;e3el\T6éTwdl This invention relates to certain bridged Goup 4 truatlsfﬁa CZQEB

nmet al conpl exes possessing a unique bridging structure and to ol efin

pol ymeri zati on catal ysts obtained from such conplexes. In one form this

invention enbodies Goup 4 transition netal 5 conpl exes cont ammmm ue

bri dged, or divalent |ligand structure having two anionic, W’W{m

n- bonded | i gands attached tIBRIBGED NAETALWHQE:QHBOdI ment the I NvgARL

relates to Go 4 transition netal exes cont ai nin ni que brldged

| gand cont af ni 15 BHETGN TeRIESG iR ARPORA GLE 4 GRTRAN S B TF S ondeg

noi et i es apbdséusexg@umau@bﬁdgu@b)smrcw@aﬁ@m @I@nrﬁrpb@mnzétmn@atdwsltsio@am@dI ment
npl exes contalnlng a

the|nvent|on ”?‘i tI transitio

uni que br i ERFE&Yq XSnt APRE F%é’gt\/\ﬁ IBYENbAN @ tﬁ? HHP 46’@”5‘%@5@ o
groupss Irboa%dle@a%@ﬁtam amhuquebmeag& deaehiigan@btredtiearaviert@p or al um num
atonms which are further gated with nltro%en cont ai ni ng groups. In Angew

Chem | nt .anighic, gdglgralizede- bwedﬂm 2tgaled HeTRt9. KhaiSeqena S MhesERens the
Sul fur. angyephibh féttes i G rdk ﬁansﬂéﬁl‘ﬁeﬁg%oﬁﬁp‘?&?& c%ma‘?rﬁnggglaﬁﬁhé ‘tb?lﬁélecpor on

bridged ferrocenophanes usefu or form ng a/ ferrocenes aring
openi ng pdigyn@mmetmngmrwe:féwejiosegbmgeamuorrmée@@ﬁ Zedgi-gongied r@matrescﬁr@ru zation

of G oup
1, 2- bi s(dllorf’ér%‘I q%aﬁ%)b qrﬂ)go%br{%ocrﬁ?@gﬁgﬁélt@r:}%(e)pgﬁglgnevqtetrhee |r(1jvesn(t:|?r(|)geel I'n Chem
Ber.) 1027,to6rogr 4 reogiiorf medd complekes comdaining \ai unigust bridged tigarkDeasitainingr t o

those enply f

rsear cherdoaoplh aritlo sl Re Gl AL SRbE TR Lt DGR RRste.
deri vat i vesf eherdiondn ar alinistuor alnas whinh drafurtizar ligatied pithanitrageppentajning udi es
wer e discl gﬁg by J. Organonmet. Chem ) 530 p117-120 (1997). In

Oraanonetal '1'cs) 16, p4546-4550 (1997) boron bridged ansa netall ocene

conpl exes i ncl ddlﬁmg_m_ﬁﬁﬁm;d&lﬁg_gﬂﬂ éﬁd%&&ﬁﬁ%%&(@%‘l’d@ﬂdﬂs t her eof of
possi ﬂse UstfosbRortl A8l fer. it &ifchy P4 £1195] Sben08e8TRObP AU BOSUBSIGed! SC! OSEd.

1-t - butyl 4thorbbrg<(gedée%9%qw95Bme§d4$éMtoyIozmqrzg polyfegracene MYtehiNdPRENING no) - 1-
aza- 2- borapcﬁyrﬁérizﬁmwﬁlé)@%l%& a!’fh% s9htﬁ@£u§%ﬁ9 chQra@f&‘?Hhtnd?ﬁ‘df Gro9§ Ghd 2120(5) )

863-5. In the patent literature % npl exes for use as olefin
30 pol ynermﬁ‘é{ a'mwt'rb%wam‘ws Q‘dﬁ%b‘ﬁ@'ﬂ‘%‘ Y'ﬁﬂWQJtﬁh%&‘ %uéweeﬂ%p@aég WeHht ai ni ng
one or ”Drcﬁsél’éﬁe@ﬂn 2heRrE Bep, ii‘ﬁ 11’901d%083(ﬁ3§3§9n@fﬂo%és%adin@%'tr@ét@?b by
EP—A—4106 815 and V\D‘W i gures and are the crystal structures
( ORTEPY of ST 18 41056 oY i %@T%Q‘”EW‘SG’@&%PF}% > SAME  ar ~ nnnn-~r
01~ ~ %@é’ar&'ﬂi@sIHE@IQU'[lnb[gV@hmeI‘pSOSJwQ%QQB? G@rrbeenmphaméig@zd/a@m 4

neri zation catal ysts obtai ned

1 1
e e DA e MU AR A QRE S LR S R
1 la~ ~t 20@En¥iRed Chatv XB0RaT/7U2091 2993 Ohganomeidlics, 16 M@54E@550| al or

Formula 2 in: s titani zi rconi um _.or he +4) +3, or
0" o a1 8B on Dhpcgiars 3 flbofie SombaRen RvERE Bty uhdSed . o
nfm cyag | Cphosphmadchgs melﬁeofaf p0d§1ble udd in Ziegled- Réua pefdiEtia, Z is boron or
al um num

i S ani o |an|on| and Qu pendi ng on
he ox! dat PRTeRalE el sty Fiod Podd ielufharhis Bienec “Eoftihe i on ot at e
of M and the bi(gCdycopeatadrnyi-2- (sz,a;@té?ambthmgmﬁ@nt hz/a 2aoka-04iednar ence i S:
R~ R R~ i s i ndependently

R
each occur?yéﬁgﬂtaﬂﬁéf%a'éﬁms%\d M%ﬂ §oll %)9%18@?% hydr ocar byl ) si | yl
group, or a trl|hhueip@t@aflhwamelbridbwrr@mrcbuipme@w useasdidin gr oups 15
containing yp to 2 og(s not counti| n% ‘hédr08en' gS IS I?‘ or N(R)2; and
two R°4gro %’"?’E&E?%@?ta Bt CRTRPEENiINEURNg §UG ;98"”? JE% AEHAYEP 5°'may 20 25
more boron atoms in the bridge are generically disclosed by EP-A-416,815 and
WO 98/39369.

Figures 1-and 2 are the crystal structures (ORTEP) of the compounds of

Examples 2 and 5 respectively.
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! ¢
optionally be joined to forma ring structure. It is understoodntlné‘f Rt @3
foregoing netal conplexes nay exist as diners and that one or nore Lew s
bases may optionally be coordinated with the conplex or the diner thereof
and that when Y' or Y2 are the neutral ligands, NR 2 or PR 2, the bond to M
is a coordi nate-coval ent bond rather than a coval ent bond. In addition,
when T is R2N and Z is boron, the bond between T and Z  particularly in

the conmpounds 6P PEERT ‘AVeNtiomssiales e extainbrigged CHSHH Adransitiep atetalt j cs, "t hat

i's, the resHblbkeOarll BHRfifEI0Eaf6s tatal b bbeRTidatRel sboh, khig coRipaxed R 2N=B.
Addltlonally, according to the present invention there are prOV|ded uni que

i gand st PIEaspPadingfo Wﬁéolhd\f'mq)wrﬁa'aﬁor nmulas: -2 0 1 ~ Z 2003 WD 00l 20426
1I~RNT --Z/ YzR4A Formula 1 A/ YrRA T- Z T-Z ~ Yz' R4 or Fornula 2A
wherein Z, T, R and R5 are as defined above; PCT/US99/20538 Y'1 and Y' 2
are an anionic, cyclic or non-cyclic, n-bonded group, NR) or PR; 5 10 and
R4 is hydrogen or a trinmethylsilyl group. Such ligand groups of Fornula 1 A
or 2A are readily prepared by contacting sources of the anionic groups
(Y~R' and (Y2~R)', particularly the Giignard or alkali netal salts
thereof, with the neutral conpound TZY' or (TZ)2Y32, where Y3 is a |eaving
group, especially halide, either as neat reagents or in an inert solvent,
enpl oying tenperatures from-100 -C to 150 C. Additionally, according to
the present invention there is provided a process for preparing conpl exes
of formula 1 and formula 2 in high racemc purity in the +2 fornal

oxi dation state by contacting ligand structures of fornmula 1 A or 2A where
R4 is trinethylsilyl, or deprotonated dianionic derivatives of |igand
structures of formula 1 A or fornula 2A, with a Goup 4 precursor of the
formula 3: RS i ~~Rs LB ~M- LB Y~ "Y3 15 Formula 3 wherein Mand Y3 are
defi ned as above, 20 R6 independently each occurrence is hydrogen, a

hydr ocar byl group, a tri(hydrocarbyl)silyl group, or a

tri (hydrocarbyl)silyl hydrocarbyl group) said Rs groups containing up to 20
atons not counting hydrogen; and LB is a Lewis base, especially an ether,
am ne, or phosphine of up to 20 carbons. The reaction is desirably
conducted in an inert solvent) especially an aliphatic 25 or aromatic

hydr ocarbon or ether, enploying tenperatures from-100 -C to 150 ~C. This
technique is simlar to that disclosed in United States patent application
265,641, filed March 10, 1999, differing in that different starting
reagents are enployed. Further according to the present invention there are
provi ded catal yst conpositions suitable for the polynerization of addition
pol yneri zabl e nononers -3 0 1 ~~ ~ 2073 WO 00l 20426 PCT/ US99/ 20538
conprising one or nore netal conplexes of formula 1 or 2 in conbination
with one or nore activating cocatal ysts or activated by use of an
activating technique. Finally, according to the present invention there is
al so provided a polynerization process conprising contacting one or nore
addi tion polynerizable 5 nononers with a catal yst conposition conprising
one or nore netal conplexes of fornmula 1 or 2 in conmbination with one or
nore activating cocatalysts or activated by use of an activating techni que.
The pol ynerization is preferably perforned under solution, slurry)
suspensi on, or high pressure process conditions, and the catal yst
conposition or individual conponents thereof nay be used in a heterogeneous
state,
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_ _ ctat dal TR 2003
10 that is, a supported state or in a honbpgeneous state as dictated

process conditions. The catal ysts of the present invention can be used in
combi nation with one or nore additional catalysts of the same or different
nature either sinmultaneously or sequentially in the same or in separate
reactors. CatWPP8804&6npositions according to the present mven’["?f{ﬁs%?@g@éss
i nproved 15 catal ytic efficienci &S and i npr@ved thermal stability all ow ng
for use under higher operati ngg @erat u-r—,_es conmpared to catal ysts

conpri sing conventional netalz orrp . rmeer ences to the Periodic
Tabl e of the El enments herein sh&d refer o e Periodic Table of the

El enents, published and copyri ght¥d by CRC Pfess, Inc., 1997. 20 Al so) any
references to a G oup or G oupgorirld bBe Fbendde G oups or Goups reflected
in this Periodic Table of the El enments using the | UPAC system for nunbering
groups. By thewhere:" a- bonded" as used herein is neant that bonding occurs
through an i nt &f @akdrlin! AMOhimDG: HiEBRAN i, 58614 @d%enfg"fétlsy by t he
term |eaving group” is neant a ligand that I's rea I'spl aced by anot her
li gand under | Vgand Y& eehindemer@gntycaroanioninsycltios npnegem:t n@opded 4rdupansi ti on
met al ,QOITP,|P8X§§1 Gt gtnna uni que bridging group: (T-2Z) or (T-2Z)2, which

i nparts i nproved cat ytice properties when used in conbination with one or
nore activati nglsbo@mairymnm, activating techniques in the presence of
addition poly r i y 30
Fheory, it 1 o ok el RABRELE et iRl oRSp kB o B BUBRARY 7 o
such conpk@t@sf May be due to the eI ectronic properties of the ZT, Y and Y2
noi eties. Prefegr ol ; §OWR nt

i nvention whi cﬁrcﬁrgroipo dﬁﬁ?@ﬁrﬁu‘?%‘%ﬁ%%e are bggﬁglgéﬁréﬁgngﬁl %&rrul as 4,
5 6,10) &and 90 -4 01 A~ ~2C3 5 W 00/20426 R2 Rz Rz T-Z Rz \MJ Rz
RszForrruIa i 5:R2 \Mdj T-- Rz Rz Formula 7 R2 Rz Rz
T Z Rz \ Maj SN orr?ﬁ’?‘!%{?% defce f: 1 R\MJ T- Z~/ NR3 Formila 8
or wherein M Z, T, Qand j gre as defined alhove, NT-Z\AN/MJ | R3
Formula 6 RB1 NTZ~T 1 \ Mgj z~ N Forprul a 9 C/ US99/ 20538 R2 i s
hydrogen, or a hydrocarbyl, h#@l ohydrocar di hydr oc am nohydr ocar byl ,
tri (hydrocarbyl sigyy) hydm yl, R : N( R8) & group of up to 20
carbon or silicon atons, and tionally yadj acent oups can be
joined together, thereby formpng a fused/ri structuy e) %peci ally an

i ndenyl ligand or a substi tied i ndenyf‘ | i gand; and"f ndependent |y
hydr ogen, a hy r I ald 20 or a
71 hyr ocar byl &1 15 PEeaseaflt Seorheb b AR, ag’rr"‘“ma&’%ﬁt%@f’ b 2atoms not
counting MY bv@rgearr%ywwrgrwn or aM(t\moqarbrd)ﬁMbydr@ﬁ@r@tl graup, paid B gaeupsQ
lndep%rde%hw.rﬁeg:&pfaozwtaﬁgﬁewo‘@mmgh ogd/dri de, hydrocarbyl,

si iyl hydrocar byl 5, car byi oxi d hydrocar byl am de, said D havi ng up to
20 atons not ¢ rﬁBn@’ SP@)?O@ : Alter natively, two Q groups may be joi ned
together to forwan gﬁ%d@@@tﬂéro@b@@@rmbreaﬂt@auwegaﬁe%thﬁén@hﬁne l'i gand

whi ch is coqrdinate M1n a netall ocycl opentene fashion
optionally be joined to form a ring structure.

)

It is understood that the foregoing metal complexes may exist as dimers and
20 that one or more Lewis bases may optionally be coordinated with the complex or the
dimer thereof and that when Y or Y? are the neutral ligands, NR'; or PR';, the bond
to M is a coordinate-covalent bond rather than a covalent bond. In addition, when T
is R'2N and Z is boran, the bond between T and Z, particularly in the compounds of
formula 1, may possess double bond characteristics, that is, the resulting group may
25  more accurately depicted by the formula R':N=B.
Additionally, according to the present invention there are provided unique
ligand structures of the following formulas:



Wen Mis in the +3 oxidation state, | = 1 and Qis either 1) aﬂwﬂrkr?&l?@m
anionic stabilizing ligand selected fromthe group consisting of alkyl,
cycl oal kyl, aryl, silyl, am do, phosphido, al koxy, aryloxy, suifido groups,

and m xtures wBe f.. and being further substituted with an anj
phosphi ne, et er‘?ﬁg‘ru‘st hi oet her contai ni ng substituent able ton?f)%lrefgjns%tmosg’s

coor di nat e- coval ent bond or chel at ¥ff§ bond Wi.¥MA said -5 al fir"-~2
2003 WO 001 20426 Rz R2 ° Rz _R zy/ Rz3~M®-KR When Mis in the +2 oxidation
state, j =1 and 4 is a neutra cqnj ugat?g_ iene) 5 ligand having up to 50
atoms not counting hydrogen; or 2)»ao{3.,0 hydnpgarbyl group conprising an
et hyl enic unsaturation able to forman n3 bond wth M optionally

substituted with one or nore gdiBYEr ogardyhlighhy! or
tri (hydrocarbyl silyl)hydrocar b}/! gr oups? said Q having up to 40 carbon

atoms and f or miwhgrainZ, doRpark RizaretasMefi@sbatiovec exanpl es of the above net al

conpl exes wher ejn [, Ih the +4 oxidation state are sho el ow_in
fornul as 4a- 95"%‘24 gi 318 LAY EREAY R SOBLY L, 1zgo¢§z3d GuP. Ay - RBFBre as
defined akode: R2 Rz ' RZ RR-zNNZ R2Z M2 ~ 2~ R2 R Rz 10 Fornula 4a R2 Rz

RzNZ "~ R2 ~2N-~ ~ Rz, F | 7 ~ ~ Z NR3 \ MC=2 ' R zN
Z~§IR3 For mul aw%z'? §$$r° ﬂiﬂ%{"’g‘gﬁﬁé'?gé?@- %“CPIH%%WBHH? PéF%’g&VP bﬁ@lﬁr_renie

s a hall 49, aRYEaaRa e %%ﬂ&ﬁh&%%%ofgﬁ% Qaibmel@%)ggwiﬁm% group of up

to 10 atons not counting rogen, ~or t roups ether forma C4-20
di ene | i ggwtiRY)y padicoktig thet Griviardoralikaitmeéthicaits thepsintvetiethé meligghi on.  Most

hi ghly preferabl knd dent| ach occurrence is.chloride or a C .6
hydr ocar b)ﬂonﬁ)rob'ﬂé ﬁgr ot @%?2% @Wbﬁ sﬁt'%ﬁéetaﬁ'é‘p gf%’rpn?%oef!arc%thﬁ[ﬁq' PIREIRR adi enyl
or 2,3 di meahydagkni3-dvirt ardinen ybivartperpplopipetainidecaterca ffpives oofeCttba salsgve net al
conpl Gr‘ges wher eA e 1+3.0xidatj.on rﬁ}{aa e are shgwn bel ow in

'tMiﬁint 'y inyentipn ther Vi
formul'@s 4b- 9b, VI8N, 2PAIRa#T IR FrELt By RIS [§ RPVIdeHa PREFSEPTar e as
defi ned alpremaringCbhipgkS@s 20ba8ulkdrandlfamiuda NRGidhl @edic pudB b th&lR3~ Formul a 6a
R Rz Rz N ~' -7~ NR( = ~[ ~¢ = [ 20426 R2 R2
“re R 2nogak s alitsids ty gl fdhnd shuchysht il 13 Al RS (T
~~ Rz R Rarimethyisilyl, or deprotonated dianionic derivatives of ligand structures of formula 1A

or formula 2A, with a Group 4 precursor of the formula 3:

R _//_'\_ R6

M
L8 /vé ; LB
15 Formula 3

wherein M and Y* are defined as above,

R® independently each occurrence is hydrogen, a hydrocarbyl group, a
tri(hydrocarbyl)silyl group, or a tri(hydrocarbyl)silylhydrocarby! group, said R® groups
containing up to 20 atoms not counting hydrogen; and

20 LB is a Lewis base, especially an ether, amine, or phosphine of up to 20
carbons.

The reaction is desirably conducted in an inert solvent, especially an aliphatic
or aromatic hydrocarbon or ether, employing temperatures from -100 2C to 150 ¢C.
This technique is similar to that disclosed in United States patent application 265,641,

25 filed March 10, 1999, differing in that different starting reagents are employed.

Further according to the present invention there are provided catalyst

compositions suitable for the polymerization of addition polymerizable monomers
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Formul a 7b PCT/ US99/20538 R2 R2 ° R2 R2 R 2N~ ~ NR3~ MD Formul a 5001F5' frl003
R R2N ~ Rz MD R 2N' Z- NR~ Fornula 8b ~ or Formula 9b R3~ R 2N-Z MD
~NR3~ Formula 6b R 2N Z NRs MQ R 2N Z~NR3 wherein Q each occurrence is a
nonoval ent ani onic stabilizing |igand sel ected fromthe group consisting of
al kyl) cycl odY®§120426 y| = and silyl groups which are further sHEIUSPYLE

with one @Um;ﬁﬁbﬂr@@f@cﬂ&no@hﬁ&@ﬂoﬁwe@g ofloRfdia 3 WeStih bumﬁtn&n@tbimﬂh bRe bPrm a
coor di nat e- ooval ent bond or chel atin having up to 30

nonhydr O91@ﬂrea@qgwgt:ngoqoc@all@tsaor@@twaée%&p%fg[,ag)ﬂctlbqtlggFge tsing an

et hyl eni ¢ unsafisamt h@ébr@h?@oﬂ'@;fréﬁ merﬁt@hnﬁer@wsmpiobld%alvbst hi ghl'y
ands are 2-N, N-d | am nobenryl al lyl,

preferred n;ﬁ)l es of suc Wé’%

and 1- mat‘?fﬁ‘!mﬁ Zafipn PEsEet ‘F‘P'Ep niACting ope,ar ’Hﬁr@ AOVmERERREI%es wher ei n
Mis isn tiendre@Withd | b@cm st o@nanadsra r@%ﬂrﬁbré@ﬁéfﬂﬂ@‘inpﬂ@xe@%ﬁ wher ei n

t he defi ngt?ong of‘ y % | mglrffé as defi ng’d above R " R R

R-2N-Z ~ ippnulal OFF@"QOWE"WO” Wb Ope QT\I“DW'KEB“%C‘)CW ﬁﬁsffréﬁ'%bv For nul a
ég Egr mul @sebet dﬁ%dﬂvétﬁhgﬁﬁchrﬁque Weéo&menzat&ﬁu%p?éfér@ﬂ&%@ﬁaﬁné?ﬁ]'ddé%%/z 23%3? Rz

'MO R z I\I—%"‘I‘i’c’?NS’“L'V F&‘SRE’FY{P” Ef-ﬁ'lzilh Pressyfg AL ERsS QOQN'OZLSNP@d HBersatast 7c Formul a

8c or Formgostpndr MtVididl chinp&fdiils BERIE MaPBe ubed i AIkstkfoglen&SUY sigtal ed
di ene, optionally substituted V\‘IFth one or nore(%ctﬁgaﬁdrocar byl )silyl groups

or t rid hytirbSa? BYRRASEAwials aF BERERIegrah¥ate &5 ViPHRFEEH to 30 at ons
not count ¢digitoner To€ datandts’ dIntme prgsént irvehliorcaanTbeasedin borhmeim wii ghl'y

Siret byl - 190 FompcrEhEnatcoiavE e sans £r BHERy! Pavs BrF SaT-Bresously

i,j-gi b(enaryé heﬁtﬁaﬂyadihel‘sgme%oréﬂséﬁaﬁﬁtwéadorg liuz1 gpll enﬁ ol -1 3. but ad

, 4-bi s(trinet ut adi ene) an I napht - ut adi ene.
Preferably in Eﬁé?ylsk)f\'/‘gé’é QSHPne GErRIFIRG 1O ng Hrﬁgb'gﬁﬂgﬁglwsg%ﬁéﬂmﬂ@d’ﬁpr ence is
C, ~f 115 %Fcﬁhl&w efficiengeeanyd wmmdpgahmit ? aﬂagrﬁtyrmmmg fmrusieaqueomgherl _m)zt vl
refera Q inden rylinden-1-yl,
b 355 ky PR e S oipdfed B Ry s R iBRfas bodisPlot Y, | Tited
cycl opent eshglayds.and Y2 is fl uorenyl Zis boron and Qis halide, alkyl,

NN 1 am derglen b oD BERMI: Fal B BUSS Al Gl AEY, 07 P

havi ng up to 10 carbon ven nore a-c and 7ac, M
i s zirconPatiadic Takie of the) Elerdems, wl@hﬂ‘!ﬂdhaﬂd Q@pyﬁgi'éﬁﬂ'lmﬁﬁc fress. Ine.efe97abl y

met hysg  Dajshn ysﬁépatr Yo QfGrIopéﬁﬁeFd&gFEﬁé‘lﬁ?e to e GroUpsYr dFSlEﬁB’ ef tet?Jr OUDS

gi ves eI evat e quantit the rac i somer.
Sa-c, 6a- t thgferodied. a@&qfth%leme@tsewlngdhellﬂﬁ%@éy%wo'trmmwmg@ms 20 25

bor on and thd 2 lnéoﬁ&é&yg Eecpn?r@Wls n@%ﬁithﬁt&ﬁ%@f gmcxumﬁﬂaubneﬁ I sopropyl .

Most hi gh prete rred rreta conpl exes are those of fornulas™4a-c and 7a-c
wher ei n Yinteraetiopdnvatdngydelhcalinebplegtranis; Finatistiyyhe lemphdeaMingaenplisy|

3-i sopr Opbﬂe'aﬂfjﬁrﬂ%ar%'that% resdliy B.gbmk dWiEahdtnet ligeHd s Ji

conposi tions conprising greater than 90 percent rac iSomner. Sp%}mfl c) but
not | £% t Ferylitianst al conpl exes included with the invention described in the

foregoi ng for mthagredkAt Group 4 transition metal complexes contain a unique bridging
group: (T-Z) or (T-Z),, which imparts improved catalytic properties when used in
combination with one or more activating cocatalysts or activating techniques in the
presence of addition polymerizable monomers. While not desiring to be bound by
30 theory, itis believed that the improvement in catalytic properties for such complexes
may be due to the electronic properties of the ZT, Y and Y? moieties.
Preferred Group 4 transition metal complexes of the present invention which
correspond to formula 1 or 2 are represented in formulas 4, 5, 6, 7, 8 and 9:



di met hyl am dobor ane- bi s-rt 5-cycl opent adi enyl zirconi um di chl ori de[,] 1 APR 2603
di met hyl am dobor ane-bi s-ri s-cycl opent adi enyl zirconi um di net hyl ;

di met hyl am dobor ane- bi s-rl s-cycl opent adi enyf zirconi um bi s-di nmet hyf am de;

di et hyl am dobor ane- bi s-ri 5-cycl opent adi enyl zirconium 2-nmethyl-i ,3 30

but adi ene; _ QYO 00/20426 A~ ~ 203 WD 001 20426 PCT/ US99/ 20538 PCT/US99/20538

di met hyl am dobor ane-bi s-rt 5-cycl opent adi enyi zirconi un 2, 3-di net hyl -1,

but adi ene; di net hyi amqiobora@ae- bi s-r - cyclgpent adi enyl zirconium 2-N, N

di met hyl am nobenzyl ; hyl am dobo - bis-rls-cycl opent adi enyl
zirconiumally!; di rre bor ane; S ﬁcycl op,ent\{l enyl zirconium
rt4-1, 4- Bi phenle—l—B béf adjgne; 7—2z7 R \ T—

di met hyl am dobor ane- b{ &y Js-tyci opeht\adl/ényl zi r contun 114 2, 4- hexadi ene;

di met hyl am dobor ane- bi §icl opent alili'enyl zi rconi umh ~4- 1, 4- di napht hyl -1, 3
10 but adi ene; di met hgbkam Qﬁr ane- bi s{rts-cycl opent agienyl zirconium
rt-1-phenyl -1, 3 pentadi ene; "di met hyI aft dobor ane- bi s-rts-cycl opent adi enyl
zirconiumrts-1, 3- pe,ngﬁqae;lne 15 mula 6

di et hyl am dobor ane- bl s-rt 5- n- but yl cyc opent adi enyl 2| rconi um di chl ori de;

di met hyl am dobor ane- bi_ g-rt 5- n- but yl cycl opent adi enyl ?ar coni um di et hyl ;

di met hyl am doborane bi f- but yt@fﬁt adi enyl Zjrconi um bis

di met hyl am de; th h@)rane ¢ ah- b%t_ylz)mxl\gpent adi enyl

zi rconi um 2- net h 3R \but adi'a

di met hyl am dobor bi g2 r -®%n- b ty cycl @t adiren%l zi r M um 2, 3- di net hyl
1, 3- but adi ene; di n’E § t 5- n- buty Ty Apent adi enyl
zirconium 2-N, N di ne benzyl 5

di et hyl am dobor ane-Di s-r| SRn but yl cy i opent adi enyl #r coniumally!;
di et hyl am dobor ane | S- rts n- but y| c%‘cl gpent adi eny r_1 ZI rcom umrl4-1,4
Bi phenyl - 1, 3- but adl MR et hyl ant YOHBAane- bi s- r tFO AUt yI,cycl opent adi enyl

zirconiu Eagp
di met hyl arvvng{efﬁelgorgznge 0353% ag(?j{a eda opent adi enyl zirconium,b~4-1,4
di napht hyl - 1, R%shpdioger, or a hydrocarbyl halohydrocarbyl, dlhydrocarbylamlno-

o e ARl os B LA o Sl By Phen

di met hyl mﬁﬂfﬁ@n Btams, snd-optienally (g agiecanb B erppps 287 beiingd rts- 1, 3
pent adi engg etﬁéﬂﬁ{e%ﬂyﬁa}rﬁlﬂ?%ﬁﬁ%rﬂ'lg%’tm@fu'ré‘%ﬁe&albﬂaﬁ' rﬁd‘é?m ﬁ{ﬁh@i'o‘?'a‘ oride; 5

di met hyl ani dobor ane-bi s-rts-i nden-1-yl zi rconi um di et
di met hy| &vPadpieadndenyl igandsandden- 1- yf zi r coni um bi s- d| rret hyl ami de;

di net hyl ani dOW@g\g{egbﬁdéﬁtfg‘HyB%Qn %Wdéraaagmgmb% fmp@mharbyénmwy ene;

di et hyI am dagbor a is-rt | zi rgonium 2 but adi ene;
di met'®yI &ﬁadam&r%?ébﬂﬁiy"}wderqamﬁwos{p )ﬁaﬂ R ‘@WQ&H@tOF@%tﬂ“ﬁﬁPh%W%obenzyl
10 di met ldedgedlobor ane- bi s-rts-inden- 1-yl zi rconi um aI I yI

dlrrethylamdo ane- bi s-r15-i nden-1-yl zi rconj um enyi-1,3

but adi eno. i APR) PeRTRBIsoT RS Siale; T i) & eepprdesiy ahe

rt4-2, 4- (tjtmmdﬁmeels hdﬁdﬁehwhwm\gbwrwlesulylhgdrbbsmylndmedarwlaxm@,on| um
rt4-1, 4- di,napht -1 (3.1 ut adi ene; .

i et hy1 SRRk osad ShHARIEIS 20.2t9ms apt fRunting hycrogen.

r t 4- 15phexijdmadtivaly pevat @ djreups; may be joined together to form an alkanediyl group or a

di met hyl am ralhe-Qi s-rts-inde i r.copi nt adi ene;

di met hyl a ”ﬂ@%@’f’gﬁ@ﬂ ﬁlegeﬂ'%”‘{ ‘Q'gﬁ@fsrﬁﬂ%f[ﬁ é){i]) "'ﬂ %"?%%ﬁ’cﬁ g ride; 20
di met hyl dastdotor ane- bi s-rts-(2-net hyI [ nden 1-yl) zirconium d| met hyl ;

g: g?élh ?lrle? hmy?gm nf?/l %'ln thre -?3 SXIdar{%}'l sYate n]d éfllg élme??p' urmmovalent

di et hyl aaﬂiaxmd:)strahmnn@ilgarld SeléQedrizdrhytha grdeplednsﬁ’u)'xgmf slayli oyoldalipbtamgt) -

but adjoe r'eéilyl, amido, phosphido, alkoxy, aryloxy, suifido groups, and mixtures thereof, and
being further substituted with an amine, phosphine, ether, or thicether containing

substituent able to form a coordinate-covaient bond or chelating bond with M said
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di met hyf am dobor ane- bi s-rt5-(2-nmet hyl i nden-1-yl)zirconium 2, 3-di nethyl -1, 3
25 but adi ene; di net hyl am dobor ane-bi s-ris-(2-nmethylinden-1-yl)zirconium
2- N, N di et hyl am nobenzyl ;
di met hyl am dobor ane- bi s- rt5- {2-met hyl i nden- 1-yl)zirconium al Il}/
di met hyl ami dORABARSh| s- ~5- (2- et hyl i nden- 1-yi ) zi rconiumr| - W‘d$9;?ﬁ@§?)$l 30
1t 3 tz)uil aﬁbaﬁrﬂgwavmgwtméoaabﬂghaf@aﬂm@ tfydtdgen{ @ 2¥e4 By, ingdRBarbygrbghr coni um
r exadi ene;
di met hy| S9ABBYRE afhethylenia yrsatuation ahip(tp fTarRNR \RoPdMitBdhi um rt - 1, 4- di napht hyl
7 , 3-but adi engyy, OD{g,Qfl Gs BRddt
di rret hyl am doborezgﬁ'SbllnghgJ éoxfga@&%é{? nden é s ?lgér tgg:%lgﬁ r@#aﬁ% Ienﬁényl 1,3
pent adi efRtiongiiypubpliluied weib@ngnemmesin(hy@oeqbwﬁﬂh i nden- 1-yl ) zi rconi um

rl-Is 3- peRy to 40 carb

d| met hyl am doggéor ane llyﬁhydrocarbylgrongs e hs\r/\'g%wl% e%a o Sogsr%ncgjm um
di chl ori teming a n-complex with M.
Gl rret vt am doBgLfice Rlripied 3 hd aBBId WbtarlsoPERDES HAR ¥t b gon um
di met hyl axidaisiatate@rd showe belpr-imismhylas 4a-9hewyereindenmdelinitions iof odi um bi s

di met hyl ami gke 3
di et hyl gm dbggégngrebas defmed Ot hyl - 4- phenyl i nden- 1-yl ) zi rconi um 2- net hy!
1, 3- but adi ene; R2 gz

di met hyl am dobor ane- bi
di net hyl - 1, 3- but adi e
di met hyl am dob Zb - r\Méf(Z met hyI rﬁyl i nden- MRyI )zirconium 2-N, N 15
di et hyl anmi nobé ?\{/]T

\
di net hyt ani dobor ane\gﬁsﬂ( 2- Aty - Ry yl iRieri 1 2 coni um al | yl ;
di met hyl am dobor anegg1 -He2- met hyl\ﬂg enyl i nden- 1\Nﬁ zirconium~ -1,4

Bi phenyl -i , 3- but adi ene;

di metdyt am dobor anerdrntitar 4a5- (2 met hydrméqapbenyl i ndeporthuplehzi rconiumrl 4-2, 4
20 hexadi ene;

di met hyl am dobor ane- lges-r| 5¢( 2- net hylgg4- phe@yl i nden- 1-yl ) zirconiumrt4-1,4
di napht hyl -1, 3- but adl
di met hyl am dolg SB% 2RNRA eﬁyl i nden- 1-yl )32| rconiumrté4-1
phenyl -1, 3- pent d| ne, 2 % -NR

di met hyl am dolggpan - 22( Zhﬁrﬁt hléll |%/phenyl i n%lé”'n -yI )Nrconl um,~-1,3
pent adi ene; ﬁf N

di met hyl am dobor aneg®f’s- 1T g2 (2- et hyl - 4- phenyl i nd%ﬁ 1- Wmlzﬁ/rconl um

di chl ori de;

di met hyl am dobor an@obida 74 5- ( 2- et h)ﬂorrmlepauanyl I gden- 1 Fgimuta gaconi um di met hyl ;

30 di met hyl anmi dobor ane- bi s-rt5- (2- et hyl - 4- phehyl i nden- 1dyl ) zirconium bi s
di met hyl arﬁrpcmn Q, independently each occurrence is a ha ide, hydrocarbyl, hydrocarbyloxy,

di met hyl aphfpheEaBRakide §iotp cPaloo adin® RENBsuhfRylogeh) & the i um 2- met hyl
1, 3- but adi eng;

di met hy| SrAUpEegelins Soms a Cuge dienadligapd coorginategte Misa metpigcyrippemens 2, 3 35
di neyfy! tabnimb Wi h@g\ﬁa preﬂe1=ably e} nhdeﬁénaedu U&cﬁ/&c@ﬂéﬁ&% @hiBfidé 959%20538

di met hyl am dobor ane-"bis-r | s- (2- enyi i nden-1-yl)zirconium 2-N, N
di net hy| BiRewdrApup, or two Q groups together form a 2-methyl-1,3-batadienyl or 2,3-

di met hyl @m,g{g%qr@.g@mgleﬁ {é,ém(Z et hyl - 4 phenyl i nden-1-yl)zirconiumal |l yl;
di met hyi am dobor ane-bi s-r 2- et hyl - 4- phenyl i nden- 1M/I)2| rconiumrt-1, 4
di phenyl - 1, 3- Spesitic examples of the above metal ompléxes wherein M is’in the +3

oxidation state are shown below in formulas 4b-9b, wherein the definitions of M, Z,
20 R, R? and R® are as defined above:

QZ met hyI 4 phen)/I i nden-1-yl)zirconium 2, 3




el
di met hyl am dobor ane- bi s-, ~5- (2- et hyl - 4- phenyl i nden- 1-yl ) zi r coni un!|] rlt -;‘2842003

hexadi ene;

di met hyl am dobor ane- bi s-ri s-(2-ethyl -4-phenylinden-1-yl)zirconiumrl"-1,4
di napht hyl - 1, 3- but adi ene; i O

di met hyl am ddb029d26i s- r 15- ( 2- et hyl - 4- phenyi i nden- 1-yl ) zi r coRCTHSPE/{1538
phenyl-1,3-pentadieneﬁ$

di met hyl am dobor ane- bi '?22 et hyl - 4- phenyi i nden-1-yl)zirconiumrt4-1,3
pent adi ene; 15 R2 =

di met hyl am dobor ane- R A\5- (2 i sopr op':;‘/2 henyl i ndeqpd-yl) zi rconi um

di chl ori de; di mﬁ‘m'-l-émnao UPane bi s- ~ 36pr opy! - 4/ph§nyl ii:
den-1-yl)zirconium di R? RN RIN—Z

di met hyl am dobor ane- tﬁ g2 i sopr Opxlg/iﬂ pheny| i ndeq- 1/yl )2| rconi um bi s
20 di net hyl am de;

?r;arﬁ;rylla? gai)g{j?gﬁeg&%maﬁb( 2-1 soprogormua ghenyl i nds rmuayelb) zirconium 2

di met hyl am dobor ane- bi $- ribs- 52-i sopr oByI -4- Bpenyl i nden-1-yt)zirconium 2,3
di met hyl - 1, 3- but adi enBY_25 R

di met hyl am doborg ane- bi H2-1sopro enyl i nden-1-yl)zirconium 2-N, N
di met hyl ami nobBrdyt+Z \ RIN—Z7 22

di met hyl am doboyane blﬁg— rvi (2-i sopvlopyl -MQphenygt mdez"fR)\) zi rconi um

al lyl; R RIN—-Zipn
di net hyt am doborane hi -(2-isopropyl -4- phenylpaznmdez 1- a//) ZI rconi um
~y' -1, 4 di phenyl - “but ad¥®>ene; 30

di met hyf am dobor ane bis-rt5-(2-i SOpr opyI 4- phenyl i nden- 1- g)2| rconi um
. ~4-2, 4 hexadi ene; Formua?b a 8b or Formula

d| nmet hyI e bi s-~ 0 Zi rconi um
(14-1,4 S\Wﬁ%%ﬁctg c{n qg:cgrﬁ?réc |se?|§10% \?arl)gAt aﬁloga%%ﬂ'znlgqlﬁaﬂid g&lgcted rom

d| met hy| ahe godupr omsisting of a6, (@ebah]dramiybnmmprhgmyps whlich-ate further r conium rt 4- 1

35 phenylg n\%joar')ﬁgfé%ﬂg el To%%énlng g%osooﬂrre ﬂg&ﬁ géﬁtg%%@l tE%H- 1/599.J20538

di met hyl a or ane- | S-r Zrrconi um
rli -1, 3 pesnosdinataeiovalent bond or chelating bond W|th M, sald Q havmg up to 30 non-

di et hy T 9 AT ABRDb 0 1504 A 1BIoEbyi ARG estyahi 21 coni um S

di chl ori
di et hyl ansabisaticnable tastorm an (2 bard wigh M4-Mes highly|Arefesrad exagmples of sutrum
di et hyl
di et hyl a%lla%%dgr%rﬁez (BIIN durr{ethyzaEmnot{%zYl %Iylﬁg%t ?th¥1 %' 1-yl)zirconiumbis
di met’®y| anmi de; Spexific examples of the above metal complexes wherein M is in the +2
g{? {Tﬁty lhyl a&.ﬂég I?éeiﬁea*i)é Sridvirmbeiciw b Ias® 60 WBkdin Phdaieriiidnd &f aC2NRUM 2
di met hyl &R é‘ﬁﬁ@r @i apdetingdsaboge:net hyl - 4- napht hyl i nden- 1-yl ) zi r coni um 2, 3
di net hyl - 1, 3- butadlene
di met hyl am dobor ane- b| ?22 net hyl - 4- napht hyI i nden-1-yl)zirconium 2-N, N
15 di met hyl am nobenzyl 4 R? Rz
di met hyl ami dobor ane- pf §2t \s- (2 met hyl - t yl i ndenjg?yl ) zi rconi um al | yl ;
di net hyl ani doborfise=§i 2y | ¥Q (2 net hyI yl i ndeny1-yl ) zirconi um
rt4-1,4 Biphenyl -i ﬁj&@ €;RLN R RIL.N—Z MQ
di met hyl am dobor ane- H{ZZ me% hyl\ p%t hyl i nden\,ql ) zi rconi um
R
rt4-2,4 20 hexadlene

di met hyI am dobor ane- pl S- lE (2 met hyJ:Ormu %ght hyl i ndggr-ngu-layéc) zi rconi um
rt4-1,4 '
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di napht hyl - 1, 3- but adi ene;
di net hyl am dobor ane- bi s-, ~5- ( 2- net hyl - 4- napht hy4i nden- 1-yl ) zi rconium ~-1
phenyl - 1, 3- pent adi ene; 25
di r net hyl am dobor ane- bi s-rl s-(2-net hyl - 4- napht hyl i nden- 1-yl ) zi rconi um
rl4-1, 3 pent U0 @#20426 PCT/US99/20538
di met hyl am dobor ane- bbg ~5- ég- nmet hyl - lkzbi s( %25-t rifl uoromnethyl)phenyiinden

1-yl) zi rconi um dlchlg}@ "

di met hyl am dobqprane-hi 22 - h 5-trifluoronethyl)phenylinden
1-yi)zirconium %H-’i'\he hyk2 \NgQ HE'I]“'y‘J R2 Mg R

di nmet hyl am dob edbigsr {2-nmet hyl - (3,5 tPuN‘-I—lZoro hyI ) phenyl i nden
1-yl) zirconi um \{:[ﬁ%; @i dB 2N-Z\NR}9 rre\

di met hyl am dobor ane- bi -{2-nmet hyl - 4- bi s( 3, 5- tPuN-i-@’eLﬁgthyl ) phenyl i nden
35 1-yl)zirconi um 2-fret hyl - B 3-pbutadiene; -13 0 1 Ar ~"2603 WD 00120426
1' CTI1 US99/ 20538

di met hyl am dobor ane FBV%ular7f5 (2- et hyFPWf‘-Ebl s(3,3trifl 58? our‘rae%%yl ) phenyl i nden
1-yi ) 21 1 CQRLKIM di tionall

di met hyl am dobo@a‘%a @Bﬁ?%cejragn%ﬁé\%ﬁﬂgate? 'epe: 0|p l?na grSUDSt' n Vghenyl i nden
1-yl ) zi r c6A¢ gfrmgrer\tnmydrcmmm'uh@rﬁ@mrnrzty(hyd@carbyl)sﬂvlhydrocarbyl grouns .

ai o hy! agy, gg?ﬁéﬁm&fo%déﬁmg Pl EhiRhg fydtbgenthrribirifd HOLQSRBIBY W Reny! i nden
di met hy/| aMOdblmgmlanaférirsi Q-gseymB-are tt Hydiplderlyl- & 8dutdianef 1,Gcpamtadiend, Bphenyf i nden

1-yl) zi rc
di met hyl am bora Qﬁesr@r quz%ladépﬁ ﬁbaﬁé}ﬁ/! ??gyegta{iﬁ\ 1ugrd6?reer)tzi¥y ?phenyl i nden
10 1- y| ) zbeagienem 4edttolyl 143-|ﬁg§a§@pgn‘e4 bis(trimethylsilyl)-1,3- butadlene and 1,4-

di met hyl agj&eRA%IaNS-Hhi 5-(2-nmet hyl -4-bi s(3,5-trifluoronethyl)phenylinden
1-yl)zirconi 8m¥ pz?%gnﬁapht hyi -1, 3- but adi ene;

di met hyl ami dobe‘ﬁﬁ'@bWﬂ@IheﬂgfengﬂéQfﬁWaMHblr@E@@eﬂW f30hrcsHEEREE iF Shenyl i nden

1-yl)gprc 1
di met ﬁ?/l aamgg%éﬁg%?%%w?m%& Qﬁ% -4- &l??&sb(y !’3%8% ?rlefera%l\{ (gn eth)ﬁy\ll) prhenyl i nden

1-yl) zi rcgnp[ﬁﬁoimngeg-mgrg al ylgin@rylmden 1-yl, or 3-alkylinden-1-yI, or
di et hy| agjdehm a@f@sybbﬁamylém{s%wéawﬂo‘imhtaareay@naszd mmrmtbw Barbreny! i nden-

1 yl)zirconiumdich

di net hyl aﬁ{‘ﬁ&)‘élha\‘ﬁ,ﬁ B|k¥| NJ%Q@QW@W\% 05 1 frdiprenyl-1.3opiaginnssaidavbeeny | i nden-

1 yl') zi r can grougs @Ry Lip to 10 carbons). Even more preferably in fonnulas 4a-c and 7a-

dllmjw : ?g‘b qg%f%ﬂ@ngéqﬁrﬁgmmihg medhy?orlgodropytl mcgsft IplrJ erab thlnp henyl i nden

di et hy| aDiusing syraimssidofthese- dofnpiixey) thd-use s{ Bethyt R groupms gived bigbatebenyl i nden- 1
but adi ene;

25 yl) zfr fum 2-neth
di et hyl aﬁﬁ%ﬁ%ﬁﬂ\é@,m%&scé‘tf(ezragfsi%,merdf bi 5(3 5-trifluoromnethyl)phenylinden-1
yl) zi rconi um 2)rBodnuies Bac; 83-8-8a4t¢ ankd 8ae; M is even more preferably titanium, Z is
di met hyl a e-Ris-r15-(2-ethyl-4-Dj SO A t hyl ) phenyl i nden
P51 31 ¢ BBRRIRIT Redr il r iR M Rl Rbi g of sbRGOH™
di met Bgi am dobMoangliyweféfﬁec(metai toyrhpléxds ar¢ 105e tof fohhulas diaee &d Yavhenyl | nden-
1 yl)zircgp Y
di et hyl a?nm or alrllr)éd i &° bo ‘F %n g I¥§}I2 rHetgP/ Is-f‘( ghqgly%lr}dlep I u¥)|r3 s tprgc‘mm%enyl i nden-
1 yl)zi rcéml Lgﬁartmtylmqsergi wvhemyps, gsgeqmwmmn@ﬂonslcqampnsmg greater than 90

percent rac isomer.

Specific, but not limiting, metal complexes included with the invention

25 described in the foregoing formulas are:
dimethylamidoborane-bis-n’-cyclopentadieny! zirconium dichloride;
dimethylamidoborane-bis-n"-cyclopentadienyl zirconium dimethyl;
dimethylamidoborane-bis-n"-cyclopentadienyi zirconium bis-dimethylamide;
dimethylamidoborane-bis-n*-cyciopentadienyl zirconium 2-methyl-1,3-

30 butadiene;
-8-
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di nmet hyi am dobor ane-bi s-rls-(2-ethyl-4-bis(3,5-trifluoronethyl )pgnenéf Rné@ﬁ
1 yl)zirconiumri'-2,4-hexadi ene;

dl met hyl am dobor ane- bi s-, 15- (2- et hyl - 4- bi s(3, 5- tri f | uor onet hyl ) phenyl i nden-
1 yl) zirconi uwon-60d046 di napht hyl - 1, 3- but adi ene; PCT/US99/20538

di met h Iamdobora bis-rls et 4-Dbj s trlfl omet hyl ) phenyi i nden-
1yl )z?/r coni um r}ﬁwarﬁuﬁ@nmangbés ngxcmeghg%nyl znrconlumtfi_pﬁ dlmetn%-?,é)- y

di net hy| amuthoiismeane- bi s-rt 5- (2-et hyl -4-bi s(3,5-trifluoronethyl)phenylinden-
1 yl)zirconiumrt4.1, 3-pentadi ene; 10 _ L

di net hyl am dobgFﬁﬁQY'BW&PP?”F‘P'ﬁ BOWF"‘&‘Q'EBV'SZ(@O’BU'“ 2-N,N-

trifl uor omehétnyhmitRbghzyrden- 1-yl) zi rconi um di chl ori de;

di et hgl am dobor ane- bi s-rts-(2-isppropyl -4-bis(3,5

trifl udronet hydReEraMideserne-bjs- szmmeaV’rFéfPW‘Pm altyr;
di met hyl am dom&frﬁ%\ﬁﬂ??nﬁfo&b%n@%s htath eh}/lszgr%orﬁuﬂngh -1,4-di é)henyl -1,3-

trifluoronmeth ylin enly 2|rcnumbsd|nethy am
di met hy!| al®H !ﬁﬁ‘ﬁane bi s-rl5-(2-isopropyl -4-bis(3,5

trifl t hyl i - I i - | -1 4 i: :
oL BB B Y SIS b B S
trifl uor onet hy ldjmétayiginiduterani-bjd-h zcyotapentadieRy Zirdomiemhy/ 1 4-dhabhthgdi gne; 20

di rret %Flagjbor ane- bi s-rt5-(2-isopropyl -4-bis(3,5
trifl u ro phenyl i nden-1-yl)zirconium 2- N, N-di et hyl am nobenzyl ;

di met hyl am d0b@ltraetEylbi‘nsjobb&né&id-ﬁbwdmﬂ\tadiebyl&ﬁrﬁorﬁum n'-1-phenyl-1,3-

trifl uoronet {%B%ghenyl i nden-1-yl)zirconiumallyl;

di et hyl aff ne- bi s-~5-(2-isopropyl -4-bis(3,5 25

trifl uor omet hyldméangmidaBernad-bid-n ztyoapentadienyirtortumi Fhgdyknthd@nbut adi ene;
di nmet hyl am dobor ane- bi s- ~5- (2-i sopropyl -4-bi s(3,5
trifluoronethyl)phenylinden-1-yl)zirconiumri4-2,4-hexadi ene;

di met hgl ami dobelmétayiaingdobbfné bid- ﬁbﬁ-lbﬂg)j’dyclép@tﬁdlénﬁzwcomum dichloride;
trifluoronet hy[d) henyl i nden- 1-yl)zi rconi
, 14- 1, 4- di naph H‘&e thylamidebp pgedin g-@utylcyclopentadlenyl zirconium dimethyl;

di net hyi ami dObQﬁrﬁ&ﬁ @inﬁl’deéné%% ﬁﬂﬁfbgﬂd’éytlﬂpaitﬁl&nﬁzxrcomum bis-
trifluor omstg%yJ phenyl i nden-1 zirconi'um rt-1-phenyl - 1, 3- pent adi ene;
A

di net hyl afi™® By bi s- ~5- ( 2- |sopr opyl - 4- bi s( 3, 5

trifluoromnethyl Zhii 01 A~
2003 WO 001 204 %rﬁ%ﬁ I bﬁgggﬁggéébgé HZhlptffydBhentadiertyl PREYrtth ©0RethytBa-

di met BY| akutas#R®eane- bi s-rts- (3-i sopropyl i nden-1-yl)zirconi um di chl ori de;
di met hyl am dobqfa0RyBInkidb %n%%lé ﬁ‘l%ﬁ y’cl@ﬂ&ﬂa&uev?y H&Jrﬁ&ﬂb%gdegﬁyﬁ hyls

di met hyl am doborane IS-Tr 3-1sopropyl’i nden ')zl rconi Um
di et hy| arfi3tbutagdiene;

di net hyf dob = FARpoietal -methyl-1,3
b:Jtmastdl gngm dlorrgﬁﬁ&ﬁgg*’%%érég%gb' ﬁgR;bggxéyngés}g%%%a&% ncg@%ﬁlff yl -zimrsco%i um
2, 3-di net wyﬂetmylgmmbamséne

di met byl ani dOb%ﬁ‘&ﬁyIQhﬁfoﬁaoFan(e?bué F2RLARNyRPERadiaM) kiFddrRaR MM 2- N N 10

di et hyl am nob
di net hyl am dobomaeteyuammbbfaneaus -5 pibotydyclodentadien! gzcaniuminiithal 1 y| ;

(r:I![ m:eit Zylj?prqu% W@gg”%ﬁ’fegﬁf gn(e? | Sf)propyl i nden-1-yl)zirconi um
di et hyl am d0b@jimetaylhnmabb&né&ié-ﬁ%pmwdyhbdmadiew Yacardem i 4-t " - 2, 4
hexadiene;
30 dimethylamidobarane-bis-n°-n-butylcyclopentadienyl zirconium «*-1,4-
dinaphthyi-1,3-butadiene;
dimethylamidaborane-bis-n’-n-butylcyclopentadienyt zirconium «*-1-phenyi-
1,3-pentadiene;



n?
15 hexadi ene; dirnethyl am dobor ane- bi s-~5-(3-i sopropyl i nden-1-yl )Qi Mﬁﬁﬁ L?pr%
r~4-1, 4 di napht hyl -1, 3- but adi ene;
di met hyl am dobor ane- bi s-rt5-(3-i sopropylinden-1-yl)zirconium
rt4-1-phenyl -1, 3 pentadi ene; 20
di met hyl am doworeanesbi s-rt 5- ( 3-1 sopropyi i nden- 1-yl ) zi r coni um PCA/1593/206538
pent adi ene; di net hyl am doborane-bj s;, 1~-(3-t-hutvylinden-1syl)zirconium
di chl oride; di ﬁﬁ'fagiYM'%{H'idaﬁ%’BP%'H&:%r%‘PV‘Y'gY‘%%p9P!a§§P¥'|ﬁ'ﬁa'ﬁw-"ﬂ3y7r%‘zi rconi um
di net hyl ; p&adiengt hyl am dobor ane- bi s~s-(3-t-butylinden-i -yl)zirconium
bi s- di et hyl am de;
di nmet hyl am dobor ane-bi s-, 15-{3-t-butylinden-1-yl)zirconium 2-nethyl-1,3
but adi ene; di naimuthyadarhideberaad-isbh Sinddn- (-Jizircdaliny Hichdede; 1- yl ) zi rconi um
2, 3-dimethyl -1, 3 butadiene; 30 . S ,
di met Byl am dobdimgiaiamigoberane-bisrn hnderr | -Hasenum, dimathboni um 2- N, N
di net hyl am nob Y iS5 : .
i et Pyl ar i donAmieidgborgng gisangen  giconim pis-dmetmiges |
di net hyl ani dobdimatkeylarmigobergng-BistnBindsri-1-peiaeniuny 2 ymetiyd-dd-butadiede; 1, 4- di phenyl

d et hy | ar dobGrERaRgBpetan 58N Fdt FHBERIEf P ey (i pildiene:

rt"-2, 4- hexadi dingsthylamidoborane-bis-n°-inden-1-yizirconium 2-N,N-dimethylaminobenzyi;

di met hyl am dobor ane- bi s- rtSéé 3,—t-5butéll % nden- 1-n¥la i rconi um

rt4- 11, - di naphf’mﬁthyie,“@'gﬁﬂ?@ -Qﬁiér;\ -inden-1-ylzirconium altyi;

di met hyl am dobgfwigidthitiobdrané-Biste OHEM-1 -DERdNILMY h)-7 UL fsHBNWM 51 4- 1- phenyl - 1
(3 5 pentadi ene; di'nmet hyl am dobor ane-bi §-r~5-(3-t-butylinden-1-yl)zirconium
ri4-1 (3-Peadigheene;

di i sopropyi am ABhSare: i s L4 ' gichl oride;

di i sopropyl am g%‘?&gﬂgpﬁ?ﬁp?g%@ﬂc@gﬁg{n?g%(?)g)r?blﬂz]i %ggir??gangg%él:net hyl ; 10

di i sopropy! ani disasiniamidoberane-biscy'cindgn=hyizistosivm ni-1 dotinaphtiyl-£.3di net hyi ani de;
di i sogy opytlngm'eq(gbor ane- bi s- ~5- cycl opent adi enyl zi rconi um 2-net hyl -1, 3

but adi ene; di I sopropyl am dobor ane- bi s-rts-cycl opent adi enyi zi r coni um

2, 3- di met hy! - 1 dendfyiardideberang-His-n’-inden-1-yizirconium n*-1-phenyl-1,3-pentadiene;

di i sopropyl am -Dj S- - CveCl opent adi zd L qonj -N, N

di met hyl ani n Obgﬁ%&tﬁﬁﬂﬁldgb&aﬁé-ﬁls-x -.h&é?\-%@.‘?éo‘ﬁm N f ,§%‘n%e%e,

di i sopr op~~f am dobor ane-bi s-rts-cycl opent adi enyl zi rconi um al | yl ;

O O P RS ahd By e MRERNREL ERY DA HBhiorice:

di i sa0 opyl am dinisnaaeidoborané-siseyc(2anetnyiindéreiyl)zitoonioni dimethyt; 2, 4- hexadi ene;
di i sopropyi am dob ne-bj s-ri5-cyel)opentadi enyl zi rconi um nd- 1, 4-dj napht hyl
1, 3- but adi ene; giﬁ'i‘&@@%'&ﬁb‘?'&ﬂ?’g%%FggﬁﬁqtﬁY"Qg?Tg\flbyﬁqoﬂlb’gh?'ﬁ'm"éeﬁw'ﬁ" oni um
rt-1-phenyl -1, aini&ﬁvlﬂﬂiidaﬁﬁéné’-ﬁis-n5—ﬁz-methylinden-1-yl)zirconium 2-methyl-1,3-

di i sopropyl am doborane- bi s-rt5-cycl opent adi enyl zi rconi um

rts-1, 3- péﬁ‘l‘?gﬁf‘%ne; di i sopr opyl am dobor ane- bi s-~r ~s-i nden- 1-yl zi r coni um
dichloride; di gwihavidepddreelsahfehdhyiinber-ngBArchbnithv2 B&mhetHpn dgnet hyl ;
di i sopropyl ani doborane-bi s-rts-inden-1-yl zi rconi um bi s-di et hyl am de; 30
dii so%f opYY&fiedBbor ane- bi s-rt 5-i nden- 1-yl zi r coni um 2- met hyl - 1, 3- but adi ene;

di i sopropyl am deRan@afiBbSrahé BistHFI@Imdthitindér- 9N xiktdhimpe i et hyl - 1, 3
but adi ene; di i sopropyl am doborane-bi s-rts-indén-1-ylzirconium 2-N, N
di met hy| aftimipdamipobenzyy 0 1 Ar~~~ 2003 WO 001 20426

dimethylamidoborane-bis-n*-(2-methylinden-1-yl)zirconium ally;
dimethylamidoborane-bis-n°-(2-methylinden-1-yl)zirconium n*-1,4-diphenyi-
30 1,3-butadiene;
dimethylamidobarane-bis-n*-(2-methylinden-1-yl)zircanium v*-2,4-hexadiene;
dimethylamidoborane-bis-n°-(2-methylinden-1-yl)zirconium n*-1,4-dinaphthyi-
1,3-butadiene;

-10-



n;
PCTI US99/ 20538 di i sopr opyl am dobor ane-bi s-r!5-i nden-1-yl zi rconi um alnl M‘ R 2003

di i sopropyl am dobor ane-bi s-r!5-inden-1-yl zirconiumrt4-1, 4-di phenyl -1, 3
but adi ene; dii sopropyl am dobor ane-bi s-rl 5-i nden-1-yl zi rconi um

rl4-2, 4- hexadi ene; 5 diisopropyl am doborane-bis-rt5-inden-21-yizirconium
~"-1, 4- di napWap2@28 but adi ene; PCT/US99/20538
di i sopropyl am -bis-ris-inden- 1 LL GO 4-43 1-1,3

pent adi ene; di ?&%b@%@f%ﬁlﬁ C (’)‘Sosor'gaﬂeégp %‘lp y"”é%ﬁ&@%”@nil 21 g:%ﬂgﬁ%131

r!a-1, 3- ppenttadiesee; 10

di i sopropyl am dob ne- bi. s- ~r ~5- (2 rreﬁt#B | inden-1-vyl|)zirgoni umdjchloride;
di i sopr opyl ami g%%ﬁgﬂ@! PQ@"P@‘T&-’W@P %!"Hafé‘ M)z ré@@.np Bdﬁ'ﬁiﬂﬁ”&qﬁ\%yl ;

di i sopropyl am dobor ane- bi s-r!5-(2-net hyiinden-1-yl)zirconium bis

di met hyi am de; 15 , _ , L

dii sop"%/ opyl am EI%Pﬂﬁ@lqﬂ@faﬂ?@?‘i’@ﬁ‘ﬁ?wT%E@?{Wﬂ’!‘{ﬂ")1z'Y'}ZHB‘?ﬂ“Hﬁ1 2-nethyl -1, 3
but adi enegicHiokig@pr opyl am dobor ane- bi s-rt 5- (2- met ~~yl i nden- 1-yl ) zi rconi um
2, 3-di met hyl 1, 3-but adi ene; ) _ ) _ )

di i sopr opyl ani dERRSPYABIdoberans:hisn wRrmgthyHeRriRden--yIizirenivim simethylz o

di met hyl am nobgpgathylamidoborane-bis-n°-(2-methyl-4-phenylinden-1-yl)zirconium bis-
di i sopropyl am doboryz!anrg-l t?i g[arnFS-ls(a-%eT%in n%en-yl- yl )ZY)r(':rg%r}“ljJ%bz'ﬂ lyl;

di i sopr opgimaindeapisieane- bi s-r! 5- (2- net hyi i nden-1-yl) zi r coni um

r~-1, 45 di phenyl, - i im0 . : A vl ricmmni i )

i1 5082 opyi an A ABLRRB LIS 3" Capenyt-4 phenvindsrs Ly irsanim 2 eyl o5
hexadi ene],3dutadipnepy| am dobor ane- bi s-r! 5-{2-net hyl i nden- 1-yl ) zi rconi um
~- 1,4 di napht hyl - - i S " .

di i sopr oy am dSSPRERE P AT 5" R ey RS R

r! 4-1- phedipletiyld , poutaddinene; 30 N _ _

di i sopropyl am gobar A0eidle3rdne bid-75-FEhEW i Sy trden) ARt 2 f ki 1 3

pent adi ene;
di i sops opdimetihylarimobeezyli s- rt 5- ( 2- net hyl - 4- phenyl i nden- 1-yl ) zi rconi um

di chloride; -18. 1 Ar .~ 2003 00l 204 PCTI 1JS99~20538

di i sopr opyl ani g%%ﬁ‘ﬁﬁ@“[ﬂ@ﬁ"f%—'?%ﬁé’f‘ﬁ Y40 %H?fr"h1d\gﬁz-'rfgr§}‘|"3‘ﬂ"¥|boni um

di met hyl ; _ dimethylamidoborane-tis-n°-(2-methyl-4-phenyiinden-1-yl)zirconium n*-1,4- _
di i sopr opﬁ{ gm olobé)_[)ane,- bi s-r15-(2-met hy4-4-phenylinden-1-yl)zirconium bis
di met hyl aHiPeny'd S-butadiene;

di i sopropyl am dpisthyagidbbsrandbid-3>- (Perh&tii-ApidiaiyddniG@ikirtoniiha{*rLoni um 2

met hyl - 1, g#’ql adi ene;
di i sof? opPPEAYhor ane- bi s-r 15- ( 2- net hyl - 4- phenyl i nden- 1-yl ) zi r coni um 2, 3
di met hyl - 1, 3- bdireéth@amidoborane-bis-n’-(2-methyl-4-phenylinden-1-yl)zirconium n®*-1,4-

di 1 Sopr opy anhfe ne-bi s-r15-(2-met hyl - 4- phenyl i nden-1-yl)zirconium 2-N, N
10 dineth 1"3%‘%8%@5%5‘?%&"&

d: : s|0pr opy! ani dirhathABGrdbbdrandid-4>-(Perhemy-Apidfiiyddnrd@rirtontlishai‘rconi um
allyl; .
dii soprop?h%"&@d%ﬁ”ﬁﬁ‘é@ﬂ?’s; r 15- ( 2- met hyl - 4- phenyl i nden-i -yl ) zirconi um
r14- 1o Bi phenyiméiniamidoderRsbis- 5—(2-meth?rl-4-phenylinc_ie_n-1-yl)zirconium n*1,3-
di i sopropyi am doborane- bi s-r 15-( 3 met hyl - 4- phenyi i nden- 1-yl ) zirconi um
~"-2, 4 15PReRdigNene;
di i sopropyl am dobor ane-bi s-rts-(2-net hyl -4-phenyl i nden-1-yl)zirconium-~-1,4
di napht hyl - 1, 3- but adi ene; . s . N . .
dimethylamidoborane-bis-n’-(2-ethyl-4-phenyiinden-1-yl)zirconium dichloride;
dimethylamidoborane-bis-n’-(2-ethyl-4-phenylinden-1-yl)zirconium dimethyl;
30 dimethylamidoborane-bis-n"-(2-ethyl-4-phenylinden-1-yl)zirconium bis-
dimethylamide;
dimethylamidoborane-bis-n°-(2-ethyl-4-phenylinden-1-yl)zirconium 2-methyl-
1,3-butadiene;
dimethylamidoborane-bis-n’-(2-ethyl-4-phenylinden-1-yl)zirconium 2,3-

35 dimethyl-1,3-butadiene;
-1i1-



Ut A'] 2503
di i sopropyl am dobor ane- bi s- ns- (2- net hyl - 4- phenyl i nden-1-yl ) zirconium ~-1
phenyl - 1, 3- pent adi ene; 20
di i sopropyl am dobor ane- bi s-r| 5-(2-net hyl - 4- phenyi i nden-1-vyi) zi rconi um
ri4-1, 3 pentadi ene;
dllsopropyladW@@w%W%ﬁe bi s-r 15- ( 2- met hyl - 4- napht hyl i nden- 1- yI JFATEF30m8
di chl ori de; -
di i sopropyfam 8 eth)éﬁrgn albgrarnigls& @ eth 4 pheﬂgbdt?ﬂ; y')rf"%%“'”mfffﬁ rconi um
di net hyl ; dimethylaminobenzyl;

di i sopr opy! ar dobar ane: birr 1 157 2 SRRy HeAARRERN. jaestdn )iz r coni um bi s

di nmet hyl am de

di i sopr opyl ani dohathABRidobs rand Big- 7~ @Rty d-phengifridiehytkjlzdeanidmy*Yiz4-r coni um 2
30 net Eyl 1, 3- but:ggl ene;

di i sopPop PR YoltPHIRdiEses -  15- (2 met hyl - 4- napht hyl i nden- 1- yI )zirconium 2,3
di met hyl - 1, 3- bgirasth@BRidoborane-bis-n’-(2-ethyl-4- phenylmden 1-yl)zirconium n*-2,4-

di i sopropyf am dobor ane- bi s- QL5- ( 2 met hyl - 4- napht hyl i nden- 1-yl )2| rconi um 2
N, N- di met W¢Kedieobenryl ; 35

di i sopr opyI am @qp&h@gﬁﬂ@bgrgng%% ﬁil_%y%mgﬁcr_?r}ﬁp{m@hmI-)i|)1de¢5hi‘1mw)1z,4-r coni um

al |yl APB 2003 WO S99120538

di i sopropﬂgwmbbﬁé}ﬂ’éa%ﬁ”@rﬁ (2 met hyl - 4- (3, 5- di net hyl phenyl )i nden-1
yl)zi ngoni um r toM %rH?s hyl-4-phen Iunden 1-yhzirconium n*-1-

di i sopropyl am o ne I S- rn15 th{/ _p - 5-di f¥ uor onret r?yl phenyl )i nden-

1 yl)zircoheoyld ijemtaduende .
‘i' ;f;’g{ ‘r’gg'nf‘g‘ %ﬁh&hﬁ%ﬁ] Hodidnbbid-a>- B o ghehyineefl {1t onEh L PRieny | ) i nden-
di i sopr opydeatad@obpr ane- bi s-r15- (2-met hyl -4- (3, 5-di fl uoronet hyl phenyl )i nden-
1 yl')zirconium bi s-di methyl am de; 10
di i sopropyl am dobor ane- bi s-r 15- (2 met hyl - 4- (3, 5-di f | uor onet hyl phenyi )i nden-
1 yl) Zisr coni umdimetbylagiidaboganethisd -@risgpropyl-4-phenylinden-1-yl)zirconium
di i sopr opyc] a.mn%gbor ane-bi s-rVs-(2-net hyl -4-(3, 5-di fl uoronet hyl phenyf)i nden-
1 yI)Z|rcon|u 3-di net hyl - 1, 3- but adi ene;
di i sopr opyl am dinbeﬁwahmmmm%-ﬂa(ﬂswgrbmd%m‘eﬂyurdﬁhdo}"m@mw\phenyf )i nden-
1 15 vyl )mq’r%%rﬂxlum 2- N, N- di et hyl am nobenzyl
di i sopropy Obor ane- bi s-r 15- (2 met hyl - (3 5-di f | uor onet hyl phenyl )i nden-
1 yi) zi r coni umdihéthlytamidoborane- bis-n’-(2-isopropyl-4-phenyiinden-1-yl)zirconium bis-
diiso ane-bi s-rls-(2-nmethyl -4-(3,5-di fl uoronet hyl phenyl )i nden-
1yl) rco‘iﬂmgﬁw'l% c5'1 4- Bi phenyl - 1, 3- but adi ene; 20
di i sopropyl am d:mbemtamlmmar&-t(@-n?“fﬁ-nbwrop,y|(4a:;r$ndhrfdeodr-yimwuwaanyI )i nden-1
yI)Z|rcon|u hexadi ene;
dii sopropwngldo%ﬁpgrqben& s-,~5-(2-met hyl -4- (3, 5-di fl uoromet hyl phenyl )i nden-
1 yl)zirconi umdiri:émgzlamldobwm‘mt-my-h -[2-iBefropydi-mhenylinden-1-yl)zirconium 2,3-
di i sopropy ne:bi s-rl5-(2-nmethyl-4-(3,5-difl uoronet hyl phenyl )i nden-
1 25 vyl )Zﬁ%'@ghyﬁﬂ]&bi’?di enyI 1, 3- pent adi ene;

i i soppyl am ethglaenibolsor i pyi-4¢ nefoy v i nden-
di I ciinethgaeniBotsor&piebbié-2 - (Bisbyropyi-4theby thdeintioyiminsohiyingdiryd ) i nd

1- yI)2|rcon|u 14- ent adi ene;
di i sopr opy? ﬁmﬁlgﬂﬂ ‘?h‘?é‘zﬁh s-115- (2-et hyl - 4-phenyl i nden- 1-yl ) zi r coni um 30
di chl ori de; dlmethylamndoborane-bls n° (2 isopropyl-4-phenylinden-1-yl)zirconium allyl;

i rochyt 2 ety famidoborane s n (-Sbpropy R SHERy e yialcbAbA 1 4T
di i sopr opya,aﬁ@,gpb@rm,@hes- ~5-(2- et hyl - 4- phenyVi nden- 1-yl ) zi rconi um bi s
i et hgl am d dimethylamidoborane- bis-n’-(2-isopropyl-4-phenylinden-1-yl)zirconium n 4.2 .4-
hexadiene;
dimethylamidoborane-bis-ns—(2-isopropyl-4-phenylinden-1 -yl)zirconium n*-1,4-
dinaphthyl-1,3-butadiene;
dimethylamidoborane-bis-ns-(2-isop ropyl-4-phenylinden-1-yl)zirconium n*-1-

35 phenyl-1,3-pentadiene;
-12-
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-21 0 1 Ar”™~ 2D03 WO 001 20426 PCT/ US99/ 20538 01 APR 2003
di i sopropyl am dobor ane-bi s-rl s-(2-ethyl -4-phenyl i nden-1-yl)zirconium 2
met hyl - 1, 3- but adi ene;
di i sopropyl am dobor ane- bi s-r| 5-{2-et hyl - 4- phenyl i nden-1-yl ) zirconi um 2, 3
di net hyl - 1, 3%Q%48#%ne; 5 PCT/US99/20538
di i sopropyl am gigleeyRiffdétctand-Bis hZ{RisBY topg-apeshylindedenylizicbhight gongum 2- N, N
di met hyl am nobenzyi’;
di i sopr opRBiRHifBor ane- bi s-r | 5- ( 2- et hyl - 4- phenyl i nden- 1-yl ) zi r coni um al | yl ;
di i sopropyl am dobor ane- bi s- ~S- (2- et hyl - 4- phenyl i nden-1-yl)zirconium ~4-1, 4
Bi phenyl -1, 3-but adi ene; 10 . . . '
di i sopr opyf ani diBt8yiaRideRcsane-kis3(&meshy-4-naRAYINdaaE ALYEFGINIYMr coni um
rha-2.5 haxpdhane:
di i sopr opyl'am dobor ane- bi s-rt5-(2- et hyl - 4-phenyl i nden-1-yl)zirconiumrl-1,4
di napht hyl - 1, 3dimethytinidehorane-bis-n>-(2-methyl-4-naphthylinden-1-yl)zirconium
dii sopropgik%gygoborane- bi s-rls-(2-ethyl -4-phenyfinden-1-yl)zirconiumrt -1
15 phenyl -'1,"3-'dent adi ene;
di i sopr opyl ani dictethytamsddbasanetBis 0«2 treghyi-4-rghiathylindaddrllzirgdniammieni um rl - 1, 3
pent adi eng; .
dii soprop@F‘ae}rqyé?orgg?'ane- bi s-rls-(2-isopropyl -4-phenylinden-1-yl)zirconium 20
di chl i de; dimethylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)zirconium 2-
g: ;T:?E)r/log)%leﬂ]r}]_g’%%%g&e%e?l S-rts-(2-isopropyl -4-phenylinden-1-yl)zirconi um
di i sopropyl ani gigletiyimtiddicrarid-Bis &2 2-aiiiy0-@HapHthpiireiew! 1i-yidersordiuml 2,24 r coni um
bi s di net hyl am de; 25
di i soprop ‘}/’Eﬁi‘yﬁag’&“ﬁ%‘?ﬁﬁ;s- rls-(2-isopropyl -4-phenylinden-1-yl)zirconium 2
met hyl - 1, 3- but gigie®yRimidoborane-bis-n"-(2-methyl-4-naphthylinden-1-yl)zirconium 2-N,N-
di i sopropyl ami dobor ane- bi s-ri s-(2-isopropyl -4-phenylinden-1-yl)zirconium
2.3 ditret ﬁ'me-"i‘y"?"?,‘-"ﬁ?ﬁ“ém ene:
di i sopropyl am gigh@fmidSbcrand-bis (P 2-HditiydayHapHthpireey! i-pifkaBordiail gtk r coni um 2
30 N, N-di met hyl am nobenzyl ; _ ) ) ) .
di i sopr opy! am difieYwiamidehesane-bisrB-(2-magnsnaratyindept nd FrRoniuR v id-coni um
al lyl; diphenyl-1,3-butadiene; _ _ _ _
di i sopropyl am dobor ane- bi's- rts-{2-isopropyl - 4- phenyl i nden-1-yl).zi rconi um
rl" 1,4-Bi phenglmeiny\tprwg@mja%ggs-n -(2-methyl-4-naphthylinden-1-yl)zirconium n"-2,4-
di i sopg opybedFighebor ane- bi s-ry5- (2-i sopropyl - 4- phenyl i nden- 1-yl ) zi rconi um
ri" 35 2,4-hexadiene; -22 0 1 A~ w? 2003 WO 00] 20426 PGI/ US99/ 20538
di i sopr opyl ani diFsvsareideherang-bis(rB-(2-osyntysnarhthylindent t-HigdRONIUR v'Zh.4coni um
141, 4- dispapihiA, 3 butadehes adi ene;
di i sopropyl am dobor ane-bi s-rls-(2-isopropyl -4-phenyl i nden-1-y!)zirconiumr|
1- phenyl - 1, 3- péimaiiyiamigobgyane-bis-n -(2-methyl-4-naphthylinden-1-yl)zirconium n"-1-
di i soprop I Riferidt s-rls- (2-isopropyl -4-phenyl i nden-1-yl)zirconi um ~
1, 3- pent aglhg*r?(la?%bﬁg e _
di i soB% opyi ani diotaindamsidoberane-bis¢E-(2 sasndrdyiaphtyiindenyl-yhaicesismmrt8chl ori de;
di i soprop F&%%Rgor ane- bi s- ~5-{ 3-i sopropyl i nden-1-yl ) zirconium di net hyl; 10
dl i sopropyl'am dobor ane- bi s-rls-{3-isopropylinden-1-yl)zirconiumbis
di met hyl am de;
giis gg;ﬁp{' an dRRARMaBbSYahd-Bislr=( SRR BN dodnby hEIREHYRen-

1-yl)zirconium dichloride;

30 dimethylamidoborane-bis-ns-(z-methyl-4-bis(3,5-trifluoromethyl)phenylinden-
1-yl)zirconium dimethyl;
dimethylamidoborane-bis-ns-(2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-
1-yl)zirconium bis-dimethylamide;
dimethylamidoborane-bis-n5-(2-methyl-4-bis(3,5-tn'ﬂuoromethyl)phenylinden—

35  1-yljzirconium 2-methyl-1,3-butadiene;
-13-
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but adi ene; dii sopropyl am dobor ane-bi s-ri 5-(3-isopropylinden-1-yl)zirconium
2,3-dimethyl 15 1, 3- but adi ene;

di i sopropyl anm dobor ane- bi s-, ~5- (3-i sopropyi i nden-1-yl)zirconi um 2-N, N

di met hyl am nobenzyl ;

di i sopr opyl amNWEORGe- bi s s- (3-isopropylinden-1-yl)zirconi uﬁ?’MUﬁ??/’”S”
d :O o Py A R RE Bbtans b AR AR A8 taﬂoe'rarﬂéthg;us}meﬂmr{dfen. 420
di i sopr opy‘ﬁ'ﬁlbﬁl@gﬂum&’dﬁhsthylitapmad@smopyI i nden-1-yl)zirconium~"-2, 4

nexadienc: i1 QN ARHCARhUSL BIS D) S Lhyialel SRR "o U

di i sopr opyi-gigidohiamaaid; Widsrethdahdrobsopi,opy! i nden- 1-yl ) zi rconi um | 4- 1- phenyl
1, 3- pept adi ene;

di i sopPopyl ani G%B‘BF@W'B?%OFW%b‘P’J\ 1@apeByyriisidentiuamethylinhienyinden: 1 3

pent adi enet-yi lyl;

di i sopropyl é%?rcorggrrnaa 2 8 3t - but yl i ﬁ ) Zi rcogq um di chl ori de;
di i sopr opy! ani SoBeinyle ?%Of?frﬁsb'}f'glt%’ﬂﬁ yh 4”%!%1 5 ‘"‘?}H‘i’??% heRYINGsBt hyl ;

di i sopr opy.- ﬂgﬂ,,@gﬁgwer Bidisriehi=1( 3-blitdekdngt | nden-1-yl ) zirconi um bi s

di met hyl am d

di i sopr opyI am odimethyiamidekpranesbis 31 t(2mathylidriis(A 5 trifuoyemetbhphemyindest hy| -
35 buyg n 0} 03 WD 001 20426 PCT1US99/ 20538

di i sopr op;e/ll Q?ﬁ'r&%ﬁgpa ezl'g;%s?x?? 3-t-butylinden-1-yl)zirconium

2. 3-di met hyl -1, rﬂmbmytmkmemtmrane-bts-ns-(z-methyl 4-bis(3,5-triftluoromethyl)phenylinden-

di i sopr opyj doborane: hi s-rls-{3-t- | i nden-1-yl)zirconium 2-N, N
i oty Aok ROAERDgI e 4-dinaphifyt-# 3 butididne:

di i sopropy!l ani dmb@ft@rambwmmémésfst 2 by 14066 8,5 Lrit ol Srh B PNpHERy Rdevl ;

dii sopropyl am dobor ane-bis-rls-(3-t-butyfinden-t -yi)zirconium
ri-1,4-di phé')ﬁ}'ICOTU@ bHot-BEewd3-pentadiene;

di i sopsopyl ani dghe i L2 e tiy1i4099 8,5 Jrittlokdrh 4
hexadi ene; 10 di Sg@l@géb%ﬁ@%n%ﬁaéew s‘L rtsﬁ(S l?tt y?tﬁglgmrﬂmqefm rconi um
rt-1,4 di nhhlhzlwynmmm trgotadiene:

di i sopropyt am dobor ane-bi s-rts-(3-t-butytinden-1-yi)zirconium

rt4-1-phenyl -1, 3 pentadi ene;

di i sopropyi am d@mtmmummmsm{sm t{21ethyjibisdd Ariflupromatindphieoylindea-11, 3 15

pent adi en§,) g Qﬂ@rﬂﬂi borane bi s-rl s-cycl opent adi enyl zirconium
dichlorid I phenylam oborane bi S ~5-cycl opent adi enyl zirconi um

di met B@l ; di phemmemyimd@bcambcsm ~(B-enﬂml46¥ﬁéﬁﬁamflueroyﬂletlzyl)p¢lenylmuen -1-

bi s- di net ,ﬂ‘g}r phenyl am dobor ane- bi s-r~s-cycl opent adi enyl
zi rconi um rret dﬁ'g%‘tqgut adi ene;

di phenyl am dobofﬂlm&&ylaﬂydwmamﬁyblsopdﬂt@wl-éfb}ﬂ(f’ 2itnfioramathy)mbedylimdemmit - 1, 3

but adi ene; I bi s-, ~5-cyci opent adi enyl zirconium 2-N, N 25
di et hyl a ﬁhgen\%lb@%l ph n{/?ﬂg?h dobor ane-bi s-rl s-cycl opent adi enyl zirconi um

al | 'yl ; ~ di phenyi dimethylaonidotoranesbissy’ e(gtﬁthw)éfm%aiﬁémf;uorqmettryi)phanyllnden-1-

;|4r go%ﬁ%%%ﬂx%‘ %%é@g%‘gghg%e&ﬁé&?enyl am dobor ane- bi s-, i s-cycl opent adi enyl

di phenyl ani dobodmemybirmdbﬂxﬁamefbfsaﬁe(atmbarmﬂ(&5-trif|uoromethyl)phenyiinden-1-

zi rconi um 4 1. 4-di t adi ene;
di phenyl an¥ HB%Q’%’H%B 93\69%—1 B‘b‘éﬁ'ﬁ&& enyl zirconiumrl14-1-phenyl-1,3
dimethylamidoborane-bis-n*-(2-ethyl-4-bis(3,5-triftuoromethyl)phenylinden-1-

yl)zirconium 2-N,N-dimethylaminobenzyl;
30 dimethylamidoborane-bis-n’-(2-ethyl-4-bis(3,5-triflucromethyi)phenylinden-1-
yh)zirconium allyl;
dimethylamidoborane-bis-n’-(2-ethyl-4-bis(3,5-trifluoromethyl)phenylinden-1-
yl)zirconium *-1,4-diphenyl-1,3-butadiene;

-14-
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pent adi ene; di phenyl am dobor ane- bi s-, ~5-cycl opent adi enyl zirconi um

rt5-1, 3-pent adi ene; -24 a~ Artr~ Z~u wo oonoai b PCTI US99n0538

di phenyl am t dobor ane- bi s-r~5-n-but yl cycl opent adi enyf zi rconi um di chl ori de;
di phenyi am dobor ane- bi s-rts-n-butyl cycl opent adi enyl zirconi um di met hyl ;

di phenyl am do @848 s- r ~5- n- but yI cycl opent adi enyl zi r coni um BfKEUS9/20538
di net hyl am de; 0

Zireoni um 2- met(ﬁhPW% g&%o(?%peet%lg §1yl 4- gs@ ?MFIMArB%%lh@B%n@FﬁG%W

di phenyl aryil)diud:mnmnerm Shefdagiigmeput yl cycl opent adi enyi  zi rconi um 2, 3- di net hyl

; | ?égﬁlt 3%‘ gnﬁl raa %ﬁ%rﬁ%&ggﬁ{ gt%ylbi bls[alsstnﬂuggtt"n%lth?/?sgrlleo yﬁrrlldte(fjrlld1I _enyl

di pheny! arjidp&smian ¢ i £amapmnit ybgsiespent adi enyl zirconium al I yl;

di phenyl am dobor ane- bi s-, ~5-n-but yi cycl opent adi enyl zirconiumri 4- 1 4

Bi phenl - 1, 3- bLﬁ(@gtryfeémdqtgprane -bis-n’-(2-ethyl-4-bis(3,5-trifluoromethyl)phenylinden-1-

Bi phenyl a 4 Rl - cl opent adi enyl zirconium,h ~4-2,4

hexadi enerp)g %ﬁ{enyl q g g%ﬁtraéieg% ~5-n- but yl cycl opent adi Er ~y| zi rconi um
ri"-1,4 di naphtdiyvbﬂ@la’ﬂmbmﬁmahesme-n -(2-ethyl-4-bis(3,5-trifluoromethyl)phenylinden-1-

Bi phenyl am . dobor anex q n- but yl cycl opent adi enyl zirconi um, ~4-1-phenyl

20 1, 3- perP AT AL g pi@?ﬁ'}?‘ﬂﬁ?%oborane bi s-, ~5- n- but yl cycl opent adi enyl

zirconium, ~5-1, 3 pent adi ene;

Bi phenyl am dobogane-bi s-rts-indengl-yl zi rconi.um di chl oride; 25

di pheﬁ§| ani dob gw!ﬁ”%‘“?‘?"s’a”%ém 2 PEEOPYJO“n*?'ﬂg: i met hyl ;

di phenyl amxmm@@hémgr)ménynﬁ@ntﬂﬁﬁrrcémwnzmdhmae um bi s-di net hyl am de;
di phenyi am dobor ane- bi s-~5-i nden- 1 é} zi rconi um 2- net hyl - 1, 3- but adi ene;
f

di phenyi anmi dobdtRRBYEMidaboraneRisT-(3/spPiopWfiRiS3S; 3- di net hyl - 1, 3- but adi ene;

di phenyl ar{hmbb%@m%gﬂ\e};yr,,l,@gnLng\ﬁr}cgmmlnzd,rﬁgg)m um 2- N, N- di et hyI am nobenzyl ;
30 di phenyl am dobof ane- bi s-r15-i nden-1-yl zit coni um al | yI

di phenyi am dobcﬁ*@ﬁ@yw@d@l@%ﬁﬂm@éﬂk'1215I02109Yi(4n‘i"§(ﬁ\5' ~4- 1, 4- Bi phenyl -

but adijgne;rifRid?6ReMN DEyiRie |brgd@ athyidhddd: coni um
[~4-2. - hexadi ene: V?‘g@gﬁ%‘ﬁ b S R, D Usoes 20538

Bi phenyl ani dobdﬁ'&ﬁg\ylﬂr@d@%aﬂ%@ém'121FI0210PHdntP'§(F-’n5r 14- 1, 4- di napht hyl -1, 3

but adi ene; tnﬂ‘hd?&ﬁ@ﬂﬁk/ éiﬁh&{e%\ﬂﬁylb?ﬂuﬁoﬁu&émﬂ&ﬁﬂ 1l3-YltahieREN UM
r14- 1- phenyl - 3-penta ien

di phenyl am dobcﬂ*@ﬁ@ylﬂf@d@%aﬁmbém1(2'35|°EEOPY:'cﬁn‘P'§Kﬁ15r 14- 1, 3- pent adi ene; 5
di pheny| argigiphemnamsn @?e%yhﬂo%n@yl@%ﬁﬂ %;r‘n@ﬁ@im%t%' -1 3ldutRfnsm di chl ori de;

di phenyfam doboran i nden-I-yl)'zi rconi um di net hyl ;
di phe@Qi am dobo:htaaﬁ,nylangdmmfsar(@bmf%&iaon@ew-ﬁbwmﬁz| rconi um

bi s-di net h

di phenyl am dﬂ:ﬁ%rﬁgtrr]\gl)%tresnylrulqsen yl%erc%m?m zdl\érr;l- r_ne 'Y'?.‘“F"@Sﬁwm 2-methyl-i ,3 10

but adi ene; Bi pkfb'mtfwlﬂnddmn’fmbl&'fs(2'@59'(02}"#13@3()3!&- nden- 1-yl ) zi rconi um

él ghghgﬁﬁgﬁwl %%@gtng%@yﬁ 1-yl?TErc%m‘1m aclen 1-yl)zirconium 2-N, N

di met hyi am nobed@yttwlax@doborane-bls-n (2 isopropyl-4-bis(3,5-

di phenyl a (2 en ailyl;

i phorgl any A ahaRg Bz SRR oo SEMAMAE Y i penyi

1, 3- but adi ene; dimpthymnidobatakmbiant-(Diseprop@-4-Es(@s-hyl i nden- 1-yl )ZI rconi um
ene

rt4- 2, 4- hex
dl pheny! aHP@‘&HB’PSW@!-)W%WM@”(EYIWFHVPF"HHén”' -Rexadienesr coni um
r14-1, 4-di ”aphtdiiflbt%n%d&d?bﬁ@&b@?@-lsopropyl -4- blsﬁS 5-
di phenyl am dobor ane-bi s-r | | i nden- 1-yl)zirconi umr14-1-phenyl-1,3
tnfluoromethyl)phenyhnden 1-yl)znrcon|um 'q -1,4-dinaphthyl-1,3-butadiene;
30 dimethylamidoborane-bis-n"-(2-isopropyl-4-bis(3,5-
trifluoromethy!)phenylinden-1-yl)zirconium n*-1-phenyl-1,3-pentadiene;
dimethylamidoborane-bis-n>-(2-isopropyl-4-bis(3,5-

trifluoromethy!)phenylinden-1-yl)zirconium n*-1,3-pentadiene;

-15.-
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pent adi ene; di phenyl am dobor ane- bi s-r 15-(2- et hyl i nden-1-yl ) zirconi um
ril4-1, 3- pent adi ene; 25
di phenyl am dobor ane- bi s-r 15- ( 2- met hyl - 4- phenyl i nden- 1-yl ) zi rconi um

di chl ori de;
di phenyl am d SYSBPUAE2% s- 1 15- (2- rret hyl - 4- phenyfi nden-1-yl) zi r BRI /20538

di met hyi ; dimethylamidoborane-bis-n® (3-|sopropyl|nden- -yl)zirconium dichioride;
di phenyl am dobor ané- bi s-r 15- ( 2- et hyl - 4-phenyi i nden-1-y1) zi rconi um bi s
di et hyl anm de; diggthylamidoborane-bis-n’-(3- -isapropylinden-1-yl)zirconium dimethyl;

di pheny! ani dobarapGrhlidotolid fs WRtdibs BpRRBSN: ifjdRintiny b2 rconi um 2-nethy|
di phenyl ad’rmdtﬂytana@m bi s-r1~-(2-net hyl - 4- phenyl i nden- 1-yl )zi rconium 2, 3

dinethyl-1,3-b L {5991 20538
d: gﬁe%I ami dob%bgﬁg%egobﬂéne(gs ' %?Pp'ﬁ%ﬁg%gl‘ x)ﬁ 19(9:{n %) Do um 2- N, N
di net hy| amitadieenzy|

d: gﬁenzl am dob Zye (2 rT?H: | - den- 1- k) i.rconi umallyl;

Gi bhenyl an donOTBRSIEgHotoraie s et HePo AP RER PRGERI) PIEITEI M um 1. 4
5 Bi phenyi,sbutdedeadi ene;

di phenyl am dobor ane- bi s-rl 5- (2- et hyl - phe rBden 1- I)Z| rconl umrl"-2,4
hexadi ene: dimethylamidoborane- blS-’q -(3- lsopropyhnde 1-yl)zirconiu

di phemy! ad'lin‘é RInAnRsePzg; I | s (2 met hyl - 4- phenyl i nden- 1-yl )2| rconiumrl -
di napht hyl - - but adi ene;

di phenyi ani dob‘!i?"&ﬁylalﬁ'?'QQQQT%HBCQSNE'(%WD@P\HWQ?P;/I‘ YHEEFRMUY BYY ¢ coni um ri 4- 1
phenyl -1, 3- pengig@iriRnidoborane-bis-n’(3-i linden-1-yl -1,4-dip
di phenyl agaizglo;r ar?g N 0 orane( 2|s M h??pmpsr’)ﬁeﬁg/l |yn)é|é%omumn zZir C'OI’II mrt4- 1,3
pent adi en iene;
g: Eﬂfgif: 321_ dobgfR R Soborarelnis Y- 0pRPRMYLA-A MR donilm kLGN um
di pheldy| ahéadisoeane- bi s-r15- (2- et hyl - 4-phenyi i nden-t-yl)zirconi um di met hyl ;
ci pheny! am donatfiahiSotdvaid b & HsofioBFRY 1 fSRechith hhioni um el s
di phenyl aginapibyi-difebitadiene;5- ( 2- et hyl - 4- phenyl i nden- 1-yl )zi rconi um 2- net hyl
20 1, 3-butadie i
di phenyl am dohar Snyiagidobarane bis {3 fsogropyinden-yhzicopium sU-tehenyi 18y o
di et hyl -dgreadieneadi ene;
di ph | am dob ek Zisrconi um 2- N, N
di metiy! ani n Obfgﬁ]%&?/la%éoﬂorgne(-gis WdsofroBRA%A- 1 BAERcohidrh hal T
di phenyt aperdadieneane- bi s-rt s- (2- et hyl - 4- phenyl i nden-1-yl ) zirconium al l yl;
di phenyl am dobor ane-bi s-rl s-(2-et hyl -4-phenylinden-1-yl)zirconiumrt-1,4
Bi phenyl - 1, 3- but adi ene;
di phenyl am dob@mﬂwldmudebdrme( -Bis-el’3-bulylirideny hilatieanium gichidridepni um rt 4- 2, 4
g?gﬁgln;n:m dob%lp\gnylaﬁmgo%rgne( B'Sé"t r(.?/f b'ﬁty'&?gﬂyl)f')ﬁlcﬁ%onmﬁmflr?%twlboni umrl-1,4
g! nﬁgr? Ihgﬁn Id Obﬁﬂbmyr aneaegm&mr Irane bns—n (3 -t-butylmﬁgrr\] 1-yl)§gtéonmulm blls dlme(t:hyla_mig]e; .
[ i - i [ ~-
phgnyl Yl, 3- pen‘g'ﬁﬁ ty}gémgoborane bls-n -?é(-t-butyande )4 -yl) zlrcomum)é rzxe ‘P 8 .
di phenyl apitd@bag;ane- bi s-, ~5- ( 2- et hyl - 4- phenyl i nden- 1 yl) zi rconi umrl-1,3 35

pent adi ene; 27 a ~ Hr fi cuu,r VO 00J20426 PC p' | US99f 20538
dimethylamidoborane-bis-n"-(3-t-butylinden-1-yl)zirconium 2,3-dimethyi-1,3-

butadiene;
30 dimethylamidoborane-bis-n’-(3-t-butylinden-1-yl)zirconium 2-N,N-
dimethylaminobenzyt;
dimethylamidaborane-bis-n’-(3-t-butylinden-1-yl)zirconium allyl;
dimethylamidoborane-bis-n’-(3-t-butylinden-1-yl)zirconium n*-1,4-diphenyl-
1,3-butadiene;



Bi phenyl am dobor ane- bi s-r 15- (2-i sopr opyl - 4- pheny(i nden-1-yl ) zi rcon UmAPR 2003
di chl ori de;

di phenyi am dobor ane- bi s-r 15-(2-i sopropyl - 4- phenyl i nden-1-yl ) zirconium 5

di met hyl ;

di phenyl ani d8¥BPUER0L| s-r 15- (2- | sopr opy! - 4- phenyl i nden- 1- yf ) AT VERPERH s

di met hyl am de; dimethylamidoborane-bis-n’-(3- t-butyhnden 1-yl)zirconium n -2 4-hexadiene;
di phenyf am dobor ané-bi s-r15-{2-iso yl - 4- phenyi i nden; 1-yl ) zi rconi um 2

met hyl - 1, 3- butdi@etlamidaporane- bIS-‘n§( tbutyhnden 1-yl)zirconium n*-1,4-dinaphthyl-

di phenyl apg%ggd e-bi s-r15-(2-isopropyl - 4-phenylinden-1-yi)zirconium 2, 3

di met hyl uta i ene;

di phenyl ani dotxbmatmglamlwholﬁle{lﬂs-ns(ﬂaﬁ“wlhdm ptybrigaonivgen > 1-phedtitsoni um 2- N, N

di net y 353 (lt;%g zyI

di phenyl orane-bis-r15-(2-i sopr opyl - 4- phenyi i nden 1-yl)zirconium

allyl; 15 dimethylamidoborane-bis- M 5.(3-t-butylinden-1-yl)zirconium n*-1,3-pentadiene;

di phenyl am dobor ane- bi s-r1$- (2-i sopropyl - 4- phenyl i nden-1-yl) zi rconi um

rl4-1, 4 Bi phenyl -1, 3-but adi ene:

di phenyl am d0txﬂxsansrep&)hmidbﬂ:Srabéblssmﬁpnydpyéntddierhy&ivycbhiud\&ﬂcmer‘;de) zi rconi um
~"-2,4 hexadi e

di pheny! ani dob%'?%‘?f@glﬂ?@‘dggo@ﬁe'b?dbr%ﬂ??e’ﬁa$ﬁ@'ﬂﬁWCPWH@rp'TeS'ﬂW2| rconi um

r1"-iyod 20 di npieBhbBy aﬁald%bbrléhé-@lser{f%yclopentad|enyl21rcon|um bis-dimethylamide;

di phenyl am dobor ane-Dbi s-r 15-(2-i sqpr opyl - 4- phenyl i nden-1-yl )zirconi umr14-1

phenyl - 1, 3- perdiigeprepgamidoborane-bis-n -cyclopentadienyizifconium 2-methyl-1,3-

di phenyl ane- bi s-r 15- (2-i sopropyl - 4- phenyl i nden-1-yl ) zi rconi um

ri4-1,3 gdeungd;%ne 25

di phenyl am dobdilsaprepyamidoberang-bisen ’rayrloreniagi erwRICPABYR, 3-0imethylr 6dni um

di chl ori dg;a

di phenyl am d%%or’ane- bi s-r15-(2- met hyl - 4- napht hyl i nden- 1-yl ) zi rconi um

di mettiyl ; 30 diisopropylamidoborane-bis-n*-cyclopentadienylzirconium 2-N,N-

di phenyl agi, g%&nﬂ%e%)ﬁ r15-{2- met hyl - 4- napht hyl i nden- 1-yl ) zirconi um bi s

di met hyl am

di phenyl ani dobdilsepref Wamidob&rafe-bisen I‘r;yblOHEMQ@hmmitcpwdmllykyl ) zi rconi um 2

met hyl -
di phenyl am dob%ggwgp%flgudoggrap 5 big ?hti)/f:loaentadlﬁn%zuicom ent 1 Idjpzhlep Xlo1rﬁ?um 2,3 35
di met hyl -But&diend;adi ene; -28 0 1 Ar ~ 2003 WO 001 20426 PCT/ US99120538

di ph : gm ﬁgg rﬁ%‘rfe)p)tﬂamlc{otln rag'ngfb%?r%@&L:Ibééﬂ%gﬁ)mﬁlc%Rﬂﬁnﬁ“l‘é,x-lh&é&igr%}i um 2-N, N

di net

di phenyl am dObdli‘samijlhﬁndoﬂ:Braﬁ@-bt&:ﬁ%ybbéemaqﬁbth&cbnidem“lt,de)r%iphtrQni um al |yl ;
di phenyl Fg obor ane- bi s-r 15- ( 2- et hyl - 4- napht hyl i nden-1-yl ) zi rconi um
r1'-1,4 5 11, 3- but adi ene;

Bi phenyl am do bmrsaﬂepy]iasﬁdobBraha-bmﬁ‘hwlc}oéemaqﬁhmwyicbnidmwn‘l*r-phémjl-n ¢BNi um

rl4-2,4 hex @ iene
di phenyl E i Hane- bi s-r 15- (2- met hyl - 4- napht hyl i nden- 1-yl ) zi rconi um

r 14- 125 di naphgilsgpropyldmitidbatinedis-n &) clopentadienyizirconium n°-1,3-pentadiene;

di phenyl am dobor ane-%i S-r15-(2- nmet hyl - 4- napht hyl i nden- 1-y| )zirconiumrl4-1
phenyl - 1, 3- pent adi ene;

di pheny! am dobysapyepfidobolsheiDié-hach-ngphdnih widaivridey i ) 2i r coni um r14-1, 3

pent adi ene;
di phenyl ani dob@ﬁﬁh@PﬂﬁE“@Q@E%’ﬂWﬂeW‘Mzg?@“ﬁntdwqt\‘ﬂor onet hyl ) pheny! i nden

1-yl') zi r coni umydiyGi3bAbitfoborane-bis-n’-inden-1-yizirconium bis-dimethylamide;
30 diisopropylamidoborane-bis-ns-inden-1 -ylzirconium 2-methyl-1,3-butadiene;
diisopropylamidoborane-bis-n’-inden-1-ylzirconium 2,3-dimethyl-1,3-
butadiene; :
diisopropylamidoborane-bis-ns-inden-1 -ylzirconium 2-N,N-
dimethylaminobenzyl;



di pheny! ani dobor ane- bi s-r 15- ( 2- met hyl - 4- bi s(3, 5-t ri | uor onet hyl ) phehyAR 2083
n 1-yl)zirconi um di net hyl ;

di phenyl am dobor ane- bi s-r 15-(2-met hyl - 4-bi s(3,5-trifl uoromethyl)phenyl i nden
20 1-yl)zirconi um bi s-di net hyl am de;

di phenyl ami d8¥dPUIE26 s- 1 15- ( 2- met hyl - 4- bi s(3, 5-tri f1 uor omet hWICFARENYPhden
1-yl)zirconi Urﬂ:@oﬁ%b@ﬁhcﬂob@r&h@b@ﬁh%ﬁ@en 1-ylzirconium allyt;

di phenyl am dobor ane-bi s-r 15- ( 2- et hyl - 4-bi s{ 3, 5-tri f| uor onet hayl ) phenyl i nden
1-yl)zirconi urﬁlugogoavlmdﬂpprane@lmtladﬁrehwlzrrgmum n'-1,4-diphenyl-1

di phenyl g dehos. ane- bi s-r15- (2-met hyl - 4-bi s(3, 5-trifluoromet hyl)phenylinden
1-yl)zirconi um 2- N, N-di met hyl am nobenzyl ;

di phenyl anmi dobb«swrepwaeudqbgra(nz-hmﬁwdemquizy(:m&mm i2f4-exegiemehy| ) phenyl i nden
i-yl)zirconiu i ) 4

Bi pheéyl am dobnac')‘f'g}%fg ép%lagndqgo aferpést'ﬁ 'Pd(?l-n ll.)ygﬂrgorgu f1r4u9fn%%tgpﬂyl'§phenyl i nden
30 1-yl) Autaxteneym rt " -1, 4- BI phenyl -1 (3-but adi ene;

di phenyl am dobgr ane- bi s 5-(2-nmethyl -4-bis(3,.5-trifl uoro t hyl ) phenyl i nden
1-yl)zirconiu |§391rogylgn‘@gmg\8#@’-n -|Xden-1-y‘zw{:omumn -1-phe {’rg

di pheny| grnttefgieane- bi s-rts- (2-met hyl - 4-bi s(3,5-trifluor orret hyi ) phenyl i nden
1-yl)zirconium, 14-1, 4-di napht hyl -1, 3- but adi ene;, -,29 01 A- r~ 2003 WO
0020426 pCTngcy/s%ggglamldoborane bis-n>-inden-1-ylzirconium n*-1,3-pentadiene;

di phagyl am dobor ane-bi s-rls-(2- met hyl - 4- bi s(3 5-trifluoromnethyl)phenylinden
1-yi)zirconiumrl -1- hemé@-l 3- pe tad| ene

di phenyl ani dotﬂi‘ﬁﬁ?f@%‘?@“qq rgng: W]%‘ﬂ \Zrmethylindes- 1%'??’?9’1‘%?&'?&"?’91 ) phenyl i nden

1-yl)zirconiu Dyo..

di phenyl am dolroeélr%gn | S- rts%%ﬂ 2 me%\ hnden 1 r fr??nﬂuor?glrr'%?tnvl ) phenyl i nden-
1 yl)zirconi undiigbpriepylamittoborane-bis-n (2 methyhnden 1-yl)znrcon|um bis-

di phenyl Qﬁ] E}ﬂ@ee bis-rt5-(2-ethyl-4-bis(3,5-trifluoronethyl)phenylinden-
1 yl)zirconru I met hyf; 10

di phdayf am dobilnsamepbllaBuddb&fz{nz-bﬂ-hﬁyd2—metlhyls(cién51-yl)zrf:cbruwn @reethyl-),phenyl i nden-
1 yl)zi I‘CDQR%EH%R bl s-di net hyf am de;

Bi phenyl am orane-bis-,ts-{2-ethyl-4-bis(3,5-trifluoronethyl)phenyiinden-
1 yl)zirconi urﬂuﬁempmhmhb%fatmtmn emethylinden-1-yl)zirconium 2,3-dimethyi-

di phenyl e-bis-,~S-(2-ethyl-4-bis(3,5-trifluoronethyl)phenylinden-
1 15 vyl )?ﬁggﬁﬁf&fﬁgz 3- di et hyl - 1, 3- but adi ene;

di phenyl am dotmsameptdaauddbma(né-tm-h@@-Memyhr(dené')byl)‘n‘rtdnnimn ardMNayl ) phenyl i nden-

1 yl)zirc met hyl am nobenzyl ;

di phenyi aﬁﬁaw&%‘ ﬁ&-ﬁé&@ rts-(2-et hyI 4 bi s(3,5-trifluoronethyf)phenylinden-
1 yl)zi r coni undiigbprppylagdoborane-bis-n>-(2- methyllnden 1-yl)21rcomum allyt;

di phenyl am dob rane 4-bj s( 3 rongt.h henyl i nden- 1
yl ) zi rconiumr 2 ’i’oﬁy@f'bqﬁ)gﬁ%”e%'ssn 53 mek h¥‘§|’5{ ydzlrcomum n-1 IYd)pR i

di pheny| ang-dobmienae- bi s-, ~5- (2-et hyl -4-bi s(3, 5-trifluoronethyl)phenylinden-
1 yi)zirconiumyJsl| 4-2

di phenyl ani do%‘?%@%‘?@'&qt’ga{f‘f%&ﬂ je-methyindenct. Y'H"f"?W(’S‘rr@t‘hyl ) pheny! i nden-
1 25 2p1) zigxadieheim , ~4- 1, 4-di napht hyl - 1, 3- but adi ene;

di phenyi am dobgr ane- bi s- 3 5-tr uor omgt hyl ) phenyl i nden- 1
yl ) zi r coni um r‘ﬁ'&oﬁmﬂﬁ o%gg eﬁqgm a@rrgﬁ@yﬁnden I&zxrcomum n- 3/

Bi phenyl adm&blw«'mﬁblhb&lehés (2-ethyl -4-bis(3,5-trifluoronethyl)phenylinden-
1

diisopropylamidoborane-bis-n’°-(2-methylinden-1-yl)zirconium n*-1-phenyl-1,3-
pentadiene;
30 diisopropylamidoborane-bis-n5-(2-methylinden-1 -yl)zirconium n*-1,3-
pentadiene;

diisopropylamidoborane-bis-n"-(2-methyl-4-phenylinden-1-yl)zirconium
dichloride;



yl)zirconiumrt'-1, 3- pentadi ene; 30 01 APR 2003
di phenyl am dobor ane-bi s-rfs-{2-isopropyl-4-bis(3,5
trifiuoromethyl)phenylinden-1-yl)zirconiumdichloride;

di phenyl am dobor ane- bi s-rt 5- ( 2-isopropyl-4-bis(3,5

trifluoronmet YPYPRERAG| i nden- 1-yl ) zirconi um di rret hyl; -30 0 PCAUSI22058H WO
001 20426 di phe ] rls

trifluoronet hy@% erfgﬁ?ﬁé _‘E'Lpé ﬁ')s ?%?)Tﬁeltt}ﬁ ﬁlnﬁé? ﬁﬁ&ﬁ)’coguum

di phenyi adimethbyt ane- bi s-rl s-(2-i sopropyl - 4- b| s(3 5

trifl th 1- 5 t adi

L or e b SO AR Ao ARSNGB b B RS AT SRS
trifl uoromizbéthylpmiveny| i nden- 1-yl ) zi rconi um 2, 3-di net hyl - 1, 3- but adi ene;
di ph I dob b -(2-1. | - 4-Di , .

el f1 Ubr omet ﬁy%i%%Zwl@wéévﬁr%o%,-b559%@-?%-%%4-25h%"nnﬁmfvmar%aﬂ'%@énzyi ;
di phenyl ameilm,bqr:anmaheﬁerl s-(2- isopropyl 4- bi s(3 5 10

trifluoronethyl : Fi;'llnden 1-

di pheny! ami dob agmppgor@glbé r(%omthyT4mr@%§lngen -1-yhzirconium 2,3-

trifluor O@ﬁﬁé}ﬁiﬂ)@ﬁl@ﬂ{éﬁhﬂeen -yl)zirconium, 1-1, 4 Bi phenyl - 1, 3- but adi ene;
di phenyl am dobor ane- bi s-rl s- (2-isopropyl -4- b| s(3
trifl uor ormet hyldjigprsesmiamigebarans pisa ﬂ%ﬂ?ﬁtermnwm@ehéw&airwm 25N, N-

di pheqyi a@]rﬁi&H hafdbBAA:T | S- (2-i sopropyl -4-bis(3,5
trifluororrethy pheny I|nden 1-yl) ziirconi um

rl"-1, 4- di naph Wm@yjp@gpgma@en@s n°-(2-methyi-4-phenylinden-1-ylzirconium ally;

di phenyl am dob )
trifluoronet hy%&ﬂﬁo lla?m éb& né ??Qf;(%-@%twﬁfﬁiﬁﬁﬁmﬁﬁ 3)/ I)z'fcoé"pen e{dd‘l ene;
di phenyl aﬂinﬂ?@bﬂrh&ékIMme:l s (2-isopropyl -4-bis(3,5 20

trifluoronethyl ZisIis N o 4na

PCTI US991 20538 %9331‘2%4 BB AR bRAR (6 SRy ‘?hs?S%'”%S@ﬁM?g SO 24 i um
di chl 8%i déexatliemmny| ¢ am dobor ane- bi s- rI s- (3-isopropylinden-1-yl)zirconi um

ey P e R IORALANEA bR e bty R RS RRYInBRS b e 4. um f s

25 di net hyl am
di phenyl amiimhpbthyané-!:iutaﬂiefan {3-isopropylinden-1-yl)zirconium 2-met hyl -

but adi ene; di pliggyd ) 0RRE A0S Bl Sl FidnlaSHBRARE AR dorki Serieon -

2, 3-di net hyl 1,

di phenyl almhelm,bdraipentmhene 15- (3-i sopropylinden-1-yl)zirconium2-N, N

di met Byl am nob , , . s .

il pheAgl am dob PSIRICRYamIpaROTR PSR A S ANeTY o OB AN

di phenyl ampedtad@mnane- bi s-r 15- ( 3-1 sopropyl i nden-1-yl)zirconi um

rt4-1, 4-di phenyl 1, 3-butadiene; -31 a ~ ~~ ~ 2003 WO 00l 20426

PCT/ US99120538 di phenyl am dobor ane- bi s-r 15- (3-i sopropyl i nden-1-yl)zirconium
, 1"-2, 4 hexadi aiisgpropylamidoborane- bIS-n -(2-methyl- 4-naphthylinden- 1-y|)zu‘con|um

di phenyl arac%%gﬁr ane- bi s-r15-(3-isopropylinden-1-yl)zirconiumrl4-1,4

di napht hyl But adi ene;

diisopropylamidoborane-bis-n’°-(2-methyl-4-naphthylinden-1-yl)zirconium

dimethyl;

diisopropylamidoborane-bis-n’-(2-methyi-4-naphthylinden-1-yl)zirconium bis-
dimethylamide;

diisopropylamidoborane-bis-ns-(z-methyl—4-naphthy|inden-1 -yl)zirconium 2-

30 methyl-1,3-butadiene;

diisopropylamidoborane-bis-n*-(2-methyl-4-naphthylinden-1-yi)zirconium 2,3-
dimethyi-1,3-butadiene;

diisopropyiamidoborane-bis-n5-(2-methyi-4-naphthyﬁnden-1 -yl)zirconium 2-
N,N-dimethylaminobenzyi;

35 diisopropylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)zirconium allyl;
-19-



5 di phenyl am dobor ane- bi s-r 15-(3-i sopropyl i nden-1-yl)zirconi um 01 APR 2003
r14-1- phenyl -1, 3 pent adi ene;
di phenyl am dobor ane- bi s-r 15-{3-i sopropyl i nden-1-yi)zirconiumrl14-1,3
pent adi ene; 10 digﬁhenyl am dobor ane-bi s-rls-(3-t-butylinden-1-yl)zirconi ym
di chl oride; dVBH¥AYA2ENi dobor ane- bi s-rls-(3-t-butylinden-1-yl )ﬁl‘%‘é‘&??’ﬁw
g! fTEEth' t hd: IOh@gﬁpmﬁyﬂmmﬁé&nf-taﬁm{et%ylw-h&ﬁmyliﬁﬂ@ﬂ1-i/t)mfdoﬁluhﬁﬁml um

i s-dine ani de; ,
di phenyl a W&'ﬁbatﬁ”@q%l(&t- butyl i nden-1-yl)zirconi um 2-net hyl -1, 3
‘2’“5 ag: ene. yﬂ&kg@@@t@? f&g&ndgs‘_apé?fead?@ﬁQk@méﬂa?l‘-z(—??aémﬁwhdéd-ﬂ‘}ﬁﬂfc%hbﬁh) #4.rconi um
di phenyl - thesadianss- bi s-r | ’s-(3-t- butyl i nden- 1-yl) zi r coni um 2- N, ~d
di met Ryl am nob : : micen5_(0. 4 : 1w\ rirenmn 4
di pheryl anm dob o ahSPylemdgbarang-tis {2 methyLngontyinden Lyzrconim it
di pheny| ah#diviaphthye [-utadiend; 3- t - but yl i nden- 1-y1) zi rconi um rl - 1, 4-di phenyl
L, 3-but adi ene: o RO AR APRAANG: B Hel)Re-hdsrhiBHbdl-h BHSRs ik 2} coni um
di phehyl altﬁeuiwbb.ﬁeﬁwtdniimel:l S-(3-t-butylinden-1-yl)zirconium
rl-1,4-dinaphtiyl 1. 3-butadiene:. 25 . , , 4
i phenyl am dobdPaRQPKRIRGHE s B3 metstna Y ingen: SRR Theny | - 1, 3
pent ddi eng3-pénpdaiamet am dobor ane- bi s-rls-(3-t-butylinden-1-yl)zirconium
ril4-1, 3- pent adi ene;
bi s(trimethylsilyl)am doborane-bis-rls-cycl opentadi enyl zi rconi um
di chl ori de; 30diisopropylamidoborane-bis-n’-(2-methyl-4-(3,5-dimethylphenyl)inden-1-
bis(trimethyl silyl)am doborane-bis-rls-cyclopentadienyl zirconi um di met hyl ;
bis(tri ne‘f'ﬁ%F%’i“F%l?l A H5bor ane- bi s-, i s- cycl opent adi enyl zi r coni um bi s
di met hyl am de; diiso':;ropylamidoborane-bis-n5-(2-methyl-(3,5-dimethylphenyi)inden-1-
bi s(trinmet hgl si | éd%am' dobor ane- bi s-, ~5- cyci opent adi enyl zi r coni um
2- met'Ry| -WZICHILRATBREY: - 32 a t a~ ~ 2003 WD 001 20426 PCTI US99/ 20538
lZJI 2 ( g ri rre:] hlyl iuiksxgbagwagﬁawmmwﬁm-ﬁmwn&m%mhﬁmdnm)rna@mum

, 3-di met hyl 7 , 3-buf adi ene; .
bi s(tri ne%‘%VF%‘?"PWIW%TH’FEﬁSW'H‘HEL bi s-rl5-cycl opent adi enyl zi r coni um 2-N, N
di met hyl ami nOb&i%}éb’pyf&midoborane-bi_s-n5-(2_-methyl»4-(3,5-dimetbylpheny!)inden-_1-
bi s(trinmethylsilyl)am doborane-bis-ris-cyclopentadienylzirconiumallyl;
bi s(tri meXiFrPenipgidasthybhoradeNes - ri s- cycl opent adi enyl zi rconiumri 4-1, 4
di phegyi - 1, 3- baiis%flrcﬁﬁ_%midoborane-bi_s-n5-(2-memyl-4-(3,5-dimethylphenyg)indenq-
bis(trimethylsily Qam dobor ane- bi s-rl s-cycl opent adi enyl zi rconium , ~4-2, 4
hexadi ene),ll)zlrgonium ,3-dimethyt-1,3-butadiene;
3! s(t L 't Eelt h{ ! ZaiLs\éF)o(?ma(m&éﬁm-agsff(é-ﬁrewp&w@ammﬁme@i)rna@ﬁhum ri-1,4

i napht hyl - 1, 3- but adi ene; _
bi s(tri meYRYrRnNiLgy3-Mi-disshdaBingbenavts- cycl opent adi enyl zi r coni um
rt4-1-phenyl 1di%oP Rithi§8BOrane-bis-n>-(2-methyl-4-(3,5-dimethylphenyl)inden-1-
bi s(trimethylsilyl)am doborane-bis-rts-cyciopentadienylzirconiumrls-1,3 15
pent &8 en¥)zireeriptyalliet hyl si | yl ) ami dobor ane- bi s-, ~5-i nden- 1-yl zi r coni um
dichl oride; bi b | dr¥le 1550, 695 213 5-diReth)|Rdhyhingkgist coni um
di met hyi ; bi s(?é#ﬁ%ﬁ%{j@ﬁ%@m@?&ggﬁwﬁi ls@ 95-? nﬂen- i"ib'yl zi rconi um
bi s- di met yijgiraenider n*2Q4-diphenyl-1,3-butadiene;

bi s(trimethylsilyl)am dabarane-hisSsrfs-| N5 A- e ' -nethyl-1,3
but adi ene; bi se?%p}%}y "I“Q‘i’ °§$ ea%a’;'tg%?naeh@g%:?%’%dﬂ'émggﬁ{yﬁm #gﬁ?coni um
2, 3- di net fiydircdnidmbiftdineradiene; _ _ _

D oty ot ane. B S SrahAE TS Koty SRBy A N 25

bi s(tri mefiuleghiui )T IRRPhMGET Bicktadedenden- 1-yl zi rconi um al |yl ;
bis(tri rreﬂ?(yl si‘l yI%am’ doborgqge- bi s-~5-inden-1-yl zi rconi um

rt4-1, 4-di phengliisop,rcg)y[amig@nQ;ﬂ@-bis-n5-(2—methyl-4-(3.5-dimethy|phenyl)inden-1-
yl)zirconium n*-1-phenyl-1,3-pentadiene;
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bi s(trinmethyisilyl)am doborane-bis-rts-inden-21-yizirconium
rli"-2,4-hexadi ene; 30

bi s(trinethylsilyl)am doborane-bis-rys-inden-21-yl zirconium

, 14- 1, 4-di napht hyl 1, 3- but adi ene;

bi s(trimet hy ¥PI009436i dobor ane- bi s-rts-inden-1-yl zi rconi um , 13CTUSKEPGIE 1 3

pent adi ene; Dbi §fd ki i 1. sep er Pl S-Sk 1=yl zi rconi um
175 pont adi aop aRgEAG oIl SR S s TR R B s

bi s(t ri meylyrirceniumin’and-gefadiane- bi s-rl s-{2- met hyl i nden-1-yl ) zi rconi um

di chl ori de;

bi s(trinmethylsilyl)am doborane-bis-rl5-(2-nmethylinden-1-yl)zirconium

di et hyl ; diisopropylamidoborane-bis-n*-(2-methyl-4-(3,5-difluoromethyiphenyl)inden-1-

bi s{trinmethyl si.l %I(}%m' dobor ane- bi s-, ~5- (2-net hyl i nden-1-yl)zirconiumbis 5
di met ﬁyi a goniurn dic londe;

bi s(trinmethyl sgilsphiopflacidipordi-thé-& {2 Gethdr-4e Diikisro@athYpnendjihdedb] -Um

2- et hyl J] 3- but adj ene;

bi s(tri mefIEMIPIImaYbbor ane- bi s-ri s- (2- met hyl i nden- 1-yl ) zi r coni um 2, 3
di met hyl - 1, 3- biisagtd)Rmidddorane-bis-n®-(2-methyl-4-(3,5-difluoromethylphenyl)inden-1-

bi s(trinmethyl sil yF)_dabgji doboroane- t;i 3 (~5- ( Zyme'g hyl i nden- 1-y>PI fz¥)r'%oer“ 1um 2-N, N
di met hyl aynzﬁggawi\wls:-d:methylamude;

bi s tari et hvl i . iS55 ot Py ] . . oyl
b1 o(10) met byl ool Ao ol R Ly e h AR T 1 1, 4
Bi phenyl - W)ZBconivad-@athyl-18-butadiene; . . .

o =(Lr1 met Y| Skl lartffiorie-ti-n-(3-Rekgr-4T Sl SIBRBIYiHehyif & U™

bi s(t ri neylwpgmiuwli%%rdifmhwﬂa?r-b'etadiﬁee:rt5- (2- et hyl i nden-1-yl)zirconi um

rt4-1, 4 di naphghvl.- - | N8 5 1n AR E ot .

bi s(tri net hyl s?l%hoi%égﬁ%ggr%gér??%? a £2r ringt-hxlﬁ F%é? H‘ﬂ??’ﬁ’é’g}?—y T—h &P‘j'??‘?eé‘ah'i umrl4-1
20 pHé_nyI yl)zirBGf_pjethaNil‘?dimethylaminol_)enzyl; _ _ _ _

bi SCLr 1 ot Y1 Sl otbloBaARRRORNE- B4 5 2-Rek- LR Sl AR ipkbh i um 11 - 1. 3
bi s(tri meylmjrcemilipldllgkri dobor ane- bi s-ri s-(2-net hyl - 4- phenyl i nden- 1-y!) zi r coni
um 25 dichlori ge: . . . .

bi s(trinet hyl sg‘fs?f’5°£M388%°8P5%{‘§-‘%?’Ef‘ﬁ"é‘i*l"%‘:“ﬁ&?{9‘f"—‘9{9'6‘ﬁ3§‘9{§ﬂ“?ﬂ¥:|)a“}\‘?el‘-“w ) zi r coni
um di met hyl)zirconium n*-1,4-diphenyi-1,3-butadiene; . . .
N g?tngty'hj{1{%'o@gg?aggé’o%?‘ar}%‘-&'s-%S-H-r%‘e&\%‘-ﬂ?é,é‘-&'ﬂaé‘ra%% pnenstfifGet- 1) ) 21 reoni
bi st ri meyliwrcenibin/v'aa-Heiisnze- bi s- ns- (2- met hyl - 4- phenyl i nden- 1-yl ) zi rconi u
m 2- met hyl - 1, 3- but adi ene; s . )

bi s(tri met hyi sAfspPioRMamitrhoane-1$-52-(4-Bethy-4rkt fiffluaropritwiphenyiinden-i4 ) zi r coni
um 2, 3- di getyhiod,3-10 i 13- iene:

bis(tri rre?ﬁﬁyljlabsﬁtnrﬂjl Jr’rﬁ@%’é@gﬁéf ibgt_a,diegc_a, 2- et hyl - 4- phenyl i nden-1-yl ) zirconi
um 35 2- N, N- di diisonyopsiaimiddberang-bis-n3@-methyli4-1%.5-diflpgomethginpengipaden-1-

PGT/ U299/ 20538 . 4 Do

bi s( :{;%I mf‘%’?gﬁ“l’%'} Jn%’%%%'o}% e alduse_n1e,~5_ (2- net hyl - 4- phenyi i nden- 1-yl ~zi r coni
um al |yl ; diisopropylamidoborane-bis-n’-(2-methyl-4-(3,5-difluoromethylphenyl)inden--

Blmsg ][ Lfl gei%lpgé?lgm %Jﬁgopgﬁ[@gq%gﬁ'es r15-(2-nmethyl -4-phenyl i nden-1-yl) zirconi
bi s(trimethylsilyl)am doborane-bis-, ~S-(2-methyl -4-phenyl i nden-1-yl)zirconi
um diisopropylamidoborane-bis-n’-(2-ethyi-4-phenylinden-1-yl)zirconium
30 dichioride;
diisopmpylamidoborane-bis-ns-(2-ethyl-4-phenylinden—1 -yl)zirconium dimethyl;
diisopropylamidoborane-bis-ns-(2-ethyi-4-phenylinden-1 -yl)zirconium bis-

dimethylamide;

21-



rl4-2, 4- hexadi ene; 01 APR 2003

bi s(trinmethylsilyl)am doborane-bis-rls-(2-nethyl-4-phenylinden-1-yl)zirconi
umrt4-1, 4-di napht hyl - 1, 3- but adi ene;

bi s(trimethyl silyl)am doborane-bi s-, ~5- (2- net hyl - 4- phenyl i nden- 1- I;zi r coni
um 10 ri 4- 1- SHR#AA0426, 3- pent adi ene; _ PCT7US? /20538
bi s(tri met f]36'eﬁagziggaly@ﬁ@gﬂ%ﬁ&%@m@mé@mﬁ.a:dmh\hwdeﬁnwrﬁnaémmﬂ%n- 1-yl)zirconi
bi s’(t ri néDﬁWbi.B}bu)aaﬁﬁr@Dbor ane- bi s-, 15- (2- net hyl - 4- napht hyl i nden- 1-yl ) zirco
ni um 15 di chl og.i de- . s : Mrirmmmi )

bi s(tri met hyl s‘llj'1S§$Tg¥ﬁa@bd88?§r?8:bbﬁ"§-'(r2 ;[eét]yg-ﬁ:pr?g{\ ¥1||>r/1|d_e 21nyé)5hrf?1r§/"]"|nnzd%n 1-yl)zirco
ni um di medimgthyl-1,3-butadiene;

o1 (et met i1 silovt A dober ANE bl -6t - JRheeA- RN ML AR V1) 21 o
bis(tri Mihmkrwidnyhomizg,zlpbor ane- bi s-rts-(2-net hyl -4-napht hyl i nden-1-yl)zirco
ni um 2- net hyl - 1, 3- but adi ene; . , N .

bi s(tri met hyl s&'isw?BWPBY%@PEfﬁ‘gibbﬁ"%s-'(?reér-’y("é-'%flﬂﬁdfeﬂﬂﬁ%{)&f{{:?ﬁ‘)\”i"r’f‘éf@'n- 1-yl)zirco
ni um 2, 3-di ”E‘t@lhéb?rlapﬁaﬁﬁ&oﬁgia‘i’\@%is_-ns-(z-ethyl-4-phen linden-1-yl)zirconium n‘-1,4- _
bis(tri meéih éﬁyﬁ;kﬁﬁ@i&?orgne- b: s-rls-(2-net hyl - 4-napht hyl i nden-1-yl)zirco
ni um 25 20K [ rnobenzyl ;

f,’: s &Hg Irr§|t hy! silsyhaBPiaARRBEARSHN- T @leini4-prhiraef-Dapitetmlnifena.l- y1 ) zi rco
bis(tri rre@é?@ldiﬁn?yl ) am dobor ane- bi s-rts-(2-nethyl -4-napht hyl i nden-1-yl)zirco

niumrl 4-1, 4- Bj; - di-enein. A ; Ao : 444

bi s(trimethyl s?'ﬁgﬁ%kgaﬁ%%gp%%ff% - (I étphrre‘:"tn I;'/nld-e 2-1n)g{ozrl1rf %’;‘}F'i"n“de‘ﬁ‘-‘ 1-yl)zirco
ni um r | 4- ginapitevd f-eutadiene;
bi s(tri methyl sj ﬂﬁ%@ -Bi S5 il - -NARk | ngden- 1-yl ) zirco
niumrl 4-1, 4- d{j'lr?égpr?? % -1, g%&t%dﬁeze%ﬁﬁ%ﬁ ‘hgﬁﬂf EﬂAr1 ﬁ&%g’%hwg& 2042G

PCTI U$09| ploB®B1,3-pentadiene;

bi s(trimethyi sj; ] r =Bl _Ss 395 2-4D - A napht hyl n-d-yl)zircon
CUM -1 pheny%itk%w?_%wgﬂf%gpgdﬁg;éﬂ % (2 ett‘ﬁ 4%Wllnd%nn|aﬂ%rjaéﬁluw\%nf.§

bi s(tri nepéntadiens;l ) am dobor ane- bi s-rts-(2-net hyl - 4-napht hyl i nden-1-yl)zirco
niumrt4-1, 3-pentadi ene; 5

bi s(trimethylsilyl)am doborane-bis-rts-(3-isopropylinden-1-yl)zirconium

di chl ori de;  bi dilsopiopglamjdabiotarie)tish d@ssoriney 8 phenymdes-Ti-wizconymi nden- |

-yl) zig copi di.met hyl; 10

bi s(tzérq m?’h@%&%’yl ) am dobor ane- bi s-ri 5-(3-i sopropylinden-1-yl)zirconiumbis
di et hyl am de; diisopropylamidoborane-bis-n>-(2-isopropyl-4-phenylinden-1-yl)zirconium

bis(tri neéipr?;étlijl-l yl ) am dobor ane- bi s-rts-(3-i sopropylinden-1-yl)zirconium 2
met hyl - 1, 3-'but’ddi ene;

bi s(trimet hyl sifispbjcayiadidubosme-tis-g*-(2tiSeqr8pyldecpheopindendeyl)zirconiym bisoni um 2, 3

é:ss((j!t ﬁ%gﬁ'#ﬁ}hs‘??@%:g‘: gggbrane- bi s- ~5- (3-i sopropylinden-1-yl)zirconium
2- N, Neg~i net hy_H'dﬂmbmpbanﬂqdb;orane-bis-ns-(z-isopropyl-4-phenylinqen-1-yl)zirconium_ 2-
g: |S§/|t ;rl nEFn%\’tly?—'LlSYMtéf’l ‘etge(;)bor ane-bi s-rts-(3-isopropylinden-1-yl)zirconium
bi s(tri met hyl sidiisopjopyiatidubosare-ths-g-(2-isedr8pyiciephenplndendiepl) Zircphium 2,80ni um
L4 20 B AR pitadienstt 20! ene;
diisopropylamidoborane-bis-ns-(?_-isopropyl~4-phenylinden-1 -yl)zirconium 2-
30  N,N-dimethylaminobenzyl,
diisopropylamidoborane-bis-ns-(2-isopropyl-4-phenylinden-1 -yl)zirconium allyi;
diisopropylamidoborane-bis-n5-(2-isopropyl-4-phenylinden-1 -yl)zirconium n*-
1,4-diphenyi-1,3-butadiene;
diisopropy!amidoborane-bis-n‘"-(z-isop ropyl-4-phenylinden-1-yt)zirconium n*-

35 2,4-hexadiene;
00,
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bi s(trimethylsilyl)am doborane-bi s-~5-(3-isopropylinden-1-yl)zirconium
r~4-2, 4 hexadi ene;

bi s(tri met hyl si | yI ) am dobor ane- bi s-ri s-(3-isopropylinden-1-yl)zirconium

rt4-1,4 dinaphth 1, 3- but adi ene; 25

bi s(trimet hy ‘% %ni dobor ane-bi s-r1 5- (3-1sopropylinden-i -yTﬁmﬁ%%zr?lssg

rt4-1 phenyl - ﬂué’omemil@dldeﬂcﬁane bis-n°-(2-isopropyl-4-phenyiinden-1-yi)zirconium n'-

bis(trinet I Si tlélﬁ)lg)Jag]-@gt(z)a%%%a,ne bi s-ri5-(3-isopropylinden-1-yl)zirconium

rt4-1,3 pen dingp
3' Sg It ri mé‘t hyl siibodrdaiadRBss raRe bRinS-(2-opfopyk4-Brénifihdete 1y zitohiii gni um
i chl oride;
bi s(tri metPANY|-1 1PeaACiRMSOr ane- bi s-rts- (3-t-butyl i nden- 1-yl ) zi r coni um
di met gyl ; . -4-phenylinden-1- -
bi s(t I’gl met hyl si "F?ﬂ'?%yrﬁ"ﬂ’dﬁ%?’?{r‘\%b'ﬁu”s %Ilssoprogy Bu?r;y Pnden yfznrco)n%xln} 7(§on| um bi s
di et hyl dr3-pentadigge;: 0 1 br ~ 2003 WO 00/ 20426 PCTI US99120538
bi s(trinethylsilyi)am doborane-bis-~5-(3-t-butylinden-1-yl)zirconium
2-methyl 1, 3-but adi ene;
bi s(trimet hyI Sillﬁgﬂfymmtdbb@faﬂ%bﬁrm-(3*999(03)¥t'ﬂd§0t1y}")2ﬂf§@fﬁi“m-CiﬂF')'Q"MeQon| um 2, 3

di met hyl -1, 3-

bi s(trimethyl gﬁ%@ﬂ?@ngﬁggg?rgﬁ%b%& qugp{%pylmdg tle?zxrgonlu %}Wtzhyr'coni um 2-N, "'
di mettioyl am nobﬂeag/(bpylamidoborane-bls-n -(3-isopropylinden-1-yl)zirconium bis-

bis(trine ' In%{ée)_am' dobor ane- bi s-, ~5-(3-t-butylinden-1-yl)zirconium

al lyl; M

bis(trinet hyl Sdlxlsdrbrbmmwbsdirﬁﬁé‘—btswé (Bfisvptcpytindent tyfi)zideniudr Jmetiyi-¢ @Ai um
rf4-1,4 di phenyl -1, 3-but adi ene; 10

bi s(trl mﬁﬁ%ﬂ Syl )am dobor ane- bi s-rf5-(3-t-butylinden-1-yl)zirconium

rt4-2, 4 hexadi®iggpropylamidoborane-bis-n*-(3-isopropylinden-1-yl)zirconium 2,3-dimethyl-
bi s(trl met hyl si | yl ) am dobor ane-bi s-rf5-(3-t-butylinden-1- yI ) zi rconi um

h
rfa4- 154 d %éﬁﬁf’ﬁ’)’ﬂ?tl 3- but adi ene;
lIISS( L” WFt hyl %utb&érbﬁﬂhﬂ%@érﬁﬁ@b@lrﬁ (Blisoptdbylindeat yyihideniudr 3-N)NI rconiumrt -1
enyl - ent adil ene;
bi s(trl r’réi"ﬁ?‘lhg 9b§HFﬂoborane bi s-rf5-(3-t-butylinden-1-yl)zirconium
rt4-1, 3 pent adiig hinfddbbRABDRAYL(818 ifEhaNgydirconium allyl;
, 2-bis-rl5-(2- rlreaﬁowu phenyl i ndgy( t%iﬁp@'%z' rcoﬁ?um di chl gl’l de;
bi s(dii sopr opﬂ‘ﬁﬁﬂfégylam!ﬁ@b@fﬁée 9'321 t{ﬂgsqp:qp.y indepet-WFicanigReRy] fnden- 1
yl) zigco oA d %
bi s(d’zlyolcsgﬁﬁr or?yltg% gy or ane- bi s-rf5- gz met h‘s/l - 4- phe %%I nden-1
yl ) zi rconi um tﬁ'§0mﬁ’é©ﬂ§ﬂ0§ﬁﬁad%'b‘52'§ (BiispmAYSAAnoh YR PP BTN bdfane- 1
(2- bi s-rlsahdien®t hyl - 4- phenytinden-1 yi)zirconium 2- et hyl -1, 3- but adi ene;
bi s(dii sopropyl am do) di bor ane- 1, 2- pis-r!5- $2 nmet hyl - 4- phenyl | nden 1
yl)zirconi um Zd'@oré!’p%@WObeaBeﬁﬁtmdﬁﬁ%’mPy inden-1-yljzirconium n"-1
bi s(dii sod‘q,r, Bd@)tgalgqgane 1, 2-bis-rfs-(2-nethyl-4- phenytl nden-1 30
yl) zirconi u nmet hyl am nobenzyl
i s( A5 sopr opyd@ﬁpfégyidmbarﬁee@sm *Hddsaprenylindanet-wZicaniyAEny | Pherr 1
| )zirconjy
i s{dii sopir(rg%y am SO)dI borane- 1, 2-bi s-r!5-(2-nethyl - 4- phenyti nden- 7
1) zi rconi um wsmprpiammhynang-bs»mc(ﬁa@n findegi7i-y z)rcpnwtrnm Y803

pentadiene;

bi
y
bi
y

30 diisopropylamidoborane-bis-n*-(3-t-butylinden-1-yl)zirconium dichioride;
diisopropylamidoborane-bis-n°~(3-t-butylinden-1-yl)zirconium dimethyl;
diisopropylamidoborane-bis-n®-(3-t-butylinden-1-yl)zirconium bis-

dimethylamide;
diisopropylamidoborane-bis-n’>-(3-t-butylinden-1-yl)zirconium 2-methyl-1,3-

35 butadiene;
.23-
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WO 00120426 bi s(diisopropyl am do)di borane-t
, 2-bi s-rls-(2-nmethyl-4-phenylinden-1 yl)zirconiumrl4-2, 4- hexadi ene;
bi s(diisopropyfam do)d'iborane-1, 2-bi s-r15-(2-nethyl -4-phenylinden-1
yl)zirconiumrl -1, 4-di napht hyl - 1, 3- but adi ene;
bi s(di i sopr opMo28436di bor ane-i , 2- bi s-r 15-(2- net hyl - 4- phenyl | FERHS9D/20533
yl)zirconi um r Jfsqle =Dent sdhe R i 1wl i i 1.
bi s(diisopr opy]gdgsm&pdro di ‘g;o%%rgg%%% fﬂnggh?dzenn% '?12§rlcgrﬂ‘:yr8k?é%>9,r?er¥hdye'r¥1%
yl ) zi r conibytadieng: 1, 3- pent adi ene; PCT/ US99120538 10

di met hyf am dobqg - Wi S = L apentadl haf . um.di chi,qyi de;
di met hyf am dobgpgﬁeq Ilérp{d%ggrgﬁg %p%%ggﬁugﬂ%eﬂg{”%'%ﬁqﬁg}ﬁ%bml ;
di et hyl adinetbgamimebbnzyly | s- cycf opent adi enyl haf ni um bi s-di et hyl am de;

di met hyf am dobot.ane- hi.s-rl s-cycl open ienyi hafoium.2-nmethyl-1,3

but adi ne. 16 QISRORNSMCEB B SHE R e P BRIt i

2, 3-di et hyl - 1 disdprbpadmidiebordhaBishy’l @ripdemaderreyiicofils ¢y ChapaBhadi enyl
hafr~~i um_2-N, N di met hyl am nobenzyl ;

di met hy| atrtBWBAEAR- bi s-r 15- cyci opent adi enyl hafniumaliyl; 20

di met hyl am dobefigspeomiiamidoborabebrPsrBadiug/Midertfmditebhiuddy*la 4- di phenyl -1, 3
but adi ene; di net hyl am dobor ane-bi s-rl s-cycfopent adi enyf haf ni um

ri14-2, 4- hé‘?é%ﬂ‘%‘??é; di met hyl ami dobor ane- bi s-r 15- cycl opent adi enyl haf ni um
r14-1;4-di _”aphtdh&fp‘répﬁarﬁldb@é’t’aﬁé‘-%is-%qs-t-b_utylinden-1-¥l)z_irconium n'-1,4-

di met hyl am dobor ane-bi s-r 15-cycl opent adi ényl haf ni um r14- 1-phenyl -1, 3
pent adi endinaghthgt hjibatadiensr ane- bi s-r 15- cycl opent adi enyl haf ni um

rlis-1, 3-pent adi o L L @RS R 1B5M ; cf. adi enyl

nat ni um G chi ot aroRiE kR 8RN bRt Ry farehibn ORI 2 eny!
haf ni um dipegtadigne; di met hyl ani dobor ane- bi s-r 15-n-but yl cycl opent adi enyl

haf ni um bi s di 1 der a5 . : : 4

di met hyl ani dop THedptod S@@fgwg?%g{sy'p oy ndens uhzitcopum a3y et hyl -1, 3
but adilenepentegieneD 1 Ar R 2003 WD 001 20426 PCTI US99/ 20538

di met hyl am dobor ane- bi s-r 1$- n- but yl cycl opent adi enyl haf ni um 2, 3-di net hyl

1, 3- but adi ene; di net hyf am dobor ane- bi s-rl 5-n-butyl cycl opent adi enyl haf ni um
2-N, N di net hyidmir'enyjaeﬁaqmrar@-bis-'q5-cyclopentadienyl zirconium dichloride;

i ot iyl am dopoAAEy giagse B AR SRR, '

, ~" -1, 4- di phenyiphtnydainidabgdraneehis-n’-cyclopentadienyl zirconium bis-dimethylamide;

di met hyl am dobog ane- bi s-r 15-n- but yl cycl opent adi.enyl fn,um ~"-2,4
exadlne. 10 GIRBRHATSHACRGIR B BASR B Y APy SRR R eny | hat ni um
ri--1,4 diboeidrey! - 1, 3- but adi ene; _ _ _
dg.tf?tlf‘g'hgfn“yﬁ?g%ﬁgg@g@@@'ﬁqgn%:b?g_w‘c@@ae% R iR P4 By -1 3-

di net hyl anuteigmeane- bi s- ~5- n- but yl cycl opent adi enyl hafniumrl $-1,3 15

pent adi ene; di net hyl am dgbor ane-bis-rl s-inden-1-vyi hafnjuym dichloride;
di met hyl ani dobcs’fé{ﬁév‘al“é‘g? °§%We%a%ﬁ%'iyﬁ}?ﬂ?§%'%% Hﬁcﬁ%ﬁxﬂ'w\"

di met byl agirdetBpaMiRbBhSyl | S-i nden- 1-yl haf ni um bi s-di met hyl am de; 20

di et hyl am dobor ane- bi s- ~5-i nden- _;,L-%/I haf ni um 2- rret,h%I -1, 3- but adi ene;

di met hyi ami dobd¥Riisavigmidehoranedusin:-cygjonestadiand aregniymalylhy | - 1, 3- but adi ene;
di met hyl am dobefigHafyiBntddtopariel&R-dydiddentatidif Arcbhilimdi‘oes AynaRiinoRenzyl ;

di met hyl am dobor ane- bi s-rf5-i nden- 1-yl'haf ni um al | yl ;

di net hyl alfutes#feane- bi s- ~5-i nden-t -yl haf ni um n- 1, 4- Bi phenyl - 1, 3- but adi ene;

25 di met hyl an SaRhARRdbralcnt Efudaor R HERmen Yz RekRERE:

di met hyi am dobor'an Is-rls en- rl4-
30 diphenylamidoborane-bis-n’-cyciopentadienyl zirconium n*-1,4-dinaphthyl-1,3-
butadiene;

diphenylamidoborane-bis«n5-cyclopentadienyl zirconium n*-1-phenyl-1,3-
pentadiene;
diphenylamidoborane-bis-1°-cyclopentadieny! zirconium n°-1,3-pentadiene;

-24-
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but adi ene; di nmet hyl am dobor ane-bi s-rls-inden-i -yl hafnium
rl 4-1-phenyl -1, 3- pent adi ene; di net hyi am dobor ane-bi s-~S-i nden- 1-yl haf ni um
ri' -1, 3-pentadi ene; 30
di met hyl am dog/gl: ane- bi s-rls-(2-nethylinden-1-yl)hafniumdichloride;
di net hyi ami doPSUA843% s- 1| s- (2- met hyl i nden- 1- yI ) haf nl um di met HRFT/US99/20538
di nmet hyl am dobor ane- bi s-r| 5-(2-nmet hyl i nden- 1-yl ) haf ni um bi s-di net hyl am de;
-39 0 1 ,4r R 2003 WO 001 20426 PCTI US991 20538 o
di met hyl am dobdtirhieaylsmidetiosaneismi-Rynutieysiepentagienyh girgpnium dichieddey| - 1, 3
but adi ene; di meg hyl am &~DI 8-l S- aden-1-yl. i um
AT o it S s e L
di met hyl am dobdigheeylansdotiosarebisrat-nybutyicielopdntydigmatiioninn2 bis, N
di met hyl am. nzvyl :.
di met h%l a@rgg‘gﬁﬁﬁ(&'bi S-rls-(2-methylinden-1-yl)hafniumally!;
di met hyl am dobaiipheeylintddtosareZismt-hybutyidenpdntydighairdoam 2-methyl-1,3-
, ~4-1, 4-di ge@%l;l,s but adi ene; 10
di met hyl a _” ane- bi s-ri 5-(2-met hyl i nden-1-yl)hafni um ~' -2, 4- hexadi ene;
di met hyl ami dobaejigheaylinfiddtofarleishat-Ryutyisledpdntidigmakirdoafint b 3ldidie@ioapht hyl
1, 3-but adi_e g; dji met hyl am dobor ane- bi s-r15- (2- net hyl i nden- 1-yl ) haf ni um
rl4-1- pheﬂy:F'- ytagiepgnt adi ene; 15
di met hyl ani dobefigasyhasoRrenat-RtuyiRRpdno R LRIGARI b4y & 3- pent adi ene;
di met hyl am dnbor aneybi s-rls-( Z-ﬁt hyl -'4- phgnyl i nden- 1-yl ) haf'ni um
di chl or i déimethylaminobenzyl;
di met hyl am dobgfaRevRhiad o%r%zb & A uneRiaeswhbissle Birch ni um di et hyl ;
di met hyl ani G op ety RiriadtoParledsty ﬂw“?‘ﬁ?*%ﬁgnyf‘?'ﬁ@ﬁn'f 1“§H"§ A o 25
di net hyl am de; diphenylamidoborane-bis-n5—n-buty|cyclopentadienyl zirconium n"-1.4-
di et hyl a@gﬂfépﬁ?l[@@-%hpelo?éﬁé s- (2- net hyl - 4- phenyl i nden- 1-yl ) haf ni um 2- net hyl
1, 3- but adi €ne; " ' '
di net A§l ani dobslirhesyleimidetosanesbisrai-hytiutyicysiopentbdienté pirconidn) n&2d4k um 2, 3
di net hyl - : di ene; 25
di met hyf a#‘fe%g@grﬁegne_ bi s-rts-(2-nethyl -4-phenyiinden-1-yl)hafnium 2-N, N
di met hyl am nobefiphgnylainidoborane-bis-n*-n-butyicyclopentadienyl zirconium n*-1,4-
di met hyl aryg; 0g-hi.SxLl 5- (2- met hyl - 4- phenyl i nden-1-yl ) haf nium al | y!;
di met hyl a%‘%g‘&gﬂ%—@té@%{‘%- (2-met hyl - 4- phenyl i nden-1-yl)hafniumrl-1,4
Bi phenyl - 1, 3- bufipidngtaemid@®rane-bis-n*-n-butylcyclopentadienyl zirconium n*-1-phenyi-
di met Byt and g -bi s-rls-(2-nethyl-4-phenylinden-1-yl)hafniumrl4-2,4
hexad?énemgﬁ%@%ﬁgﬁe’m dobor ane- bi s-rl s-(2- net hyl - 4- phenyl i nden- 1-yl ) haf ni um
rl-1, 4 di napht hijgheby@niicdtadinartss-n>-adbutyl€ycbpéntaied0 Siicondnd 0/-2(3426
PCTI US991 e
di et hyi a%ggghg’bernghe- bi s-rl s-(2-nethyl -4-phenylinden-1-yl)hafniumrt4-1
phenyl -1, 3- pent adi ene; _ _
et 490 higHafyBiadoraresidlR e - RARBKLA Wik | ) Naf nium rl -1, 3
di net Bgl ani dobatigheaylanddobosanebismt-mdend~yizgbhiogl dimelibpk: 1- yI ) haf ni um
di chl ori de; . . _ . o - .
di met hy! ani dobdiiRNsaYiamidenozanesisrar-idens -2l Sisidimetyiamidgar ni um
di methyl; diphenylamidoborane-bis-n>-inden-1-ylzirconium 2-methyl-1,3-butadiene; .
di met hyl am dobor ane- bi s-r ~s- (2- nef hyl - 4-napht hyl i nden- 1-yl ) haf ni um bi s 10
di r net hyl ani de;diphenylamidoborane-bis-n -inden-1-ylzirconium 2,3-dimethyl-1,3-butadiene;
di net hyl am dobqy; ~hihS- = 2= 0et byl o A ) .NOER: AL, 2
rotry 11 pu i eﬁgmdad&?ar(e%.m Iendr-IARBRIM 3-RIEBiretihARRLBEA;
di met BQI ani dobdfighesylsnidetiosanerbisrat-fnden4t-yizirsaniugi diigklen- 1- yl ) haf ni um 2, 3

diphenylamidoborane-bis-n’-inden-1-ylzirconium n*-1,4-diphenyi-1,3-
butadiene;
diphenylamidoborane-bis-n*-inden-1-ylzirconium w*-2,4-hexadiene;



01
di et hyl - 1, 3- but adi ene; 15 APR 2003
di met hyl am dobor ane-bi s-rts-(2-net hyl -4-napht hyl i nden-1-yl ) haf nium 2-N, N
di met hyl am nobenzyl; dirr;
et hyl am dobor ane-bi s-rl s- (2 met hyl - 4-r! apht hyl i nden- 1- yI)haf nium al l yl ;
di met hyi am do¥808AM26; s-11s-(2-nethyl - 4-napht hyl i nden- 1-yl) haf’ﬁ?ﬁ-ﬁ??’g‘ﬁiﬁ 4

di phenyl - 1, 3- by 3 .

di met hyl am dobobgélJfll I'S- tﬁQ%ne( 5‘5 tmhdflaln 4ylzr=rggrr\]¢g hyT? |1h?jglr?afmws afniumrt4-2,4
hexadi enebutadleﬂe,

g: g;m’lh;‘lm dOb&Bﬁ%@ dé?’hlﬁobéar(ezbng%t NdenA-RaRBhN "'-nlqﬁrQenjyl 'alp%% Q. rea-1. 4
di net hyl anmi dobdipher/idmigebidrand-Gisaginueh-14yn@phitiy ‘i neleentkdighghaf ni um rt 4-1 25
phenyl: 1, 3- pent adi ene; _ _ _

dir net5r1yl am dobor ane- bi s-rt5-(2-net hyl -4-napht hyl i nden-1-yl)hafniumri"-1,3

pent adi ene; di 8B héwlaaﬁiumi@&ieamgn@(@nfek@nAd%nusmrr@muﬂnrumihréaey |') haf ni um
di chl oride; 30 dinmethyiam doborape-bis-rl5-(3-1sopropylinden-1-yl)hafnium

di met hyl ; di ne®RY ?%fmémg?ﬁeblﬁmi?mir(queadpw&ﬂquwaewnathyy1) haf ni um bi s
di met hyl d . haf
i met hyl ani de; dphwa?mh@aar%bag@,f eayr.a/osen(%zgg%g@zﬂéé g@gﬁ%@@i af ni um

2-methyl -1, 3 butadi‘ene; - A~ R 2003 0538
d| rret hyI am dobdiphenyldshidobararm- pig-n’<>pretyyndendleyi)zircgmil med-methyi-1,3-
é % & but adi ene;
d| rret yI am or'ane- bi s- ~5-(3-1i sopr opyl i nden-1-yl ) haf nium 2-N, N
di met hyl am nobélplagnylammoborane blS-T\ -(2- methylinden-1-yl)zirconium 2,3-dimethyl-1,3-
di met hyl a&tggggé ane-bi s-ris-(3-isopropylinden-1-yl)hafniumallyl;
di met hyl am 'ane- bi s-ri 5-(3-isopropylinden-1-yl)hafniumrl4-i, 4-diphenyl
1, 3- but adi ene; dighemjtdnyiticotraraois J¢2-hiethylimden(Byljziropmiomyd-NmNlen- 1- y1 ) haf ni um
ri-2,4-he adi.ene;
di met hyl a SiFrainabesEg ¢ s- (3-isopropylinden-1-yl)hafnium
r 14- 1154- di naphtibliényldinidotibrimg-bigin@ @ methylinden- 1-yl)zxrcon|um allyl;

di met hyl am dobor ane-bi g-ris-(3-i§ haf ni um r14- 1- phenyl -1, 3
pent adi ene; ﬁ‘@ﬁ '%56‘295%% “b?"g %I“'E‘?? HBP%?i%}Pmﬁlrjldn“ PWPTY\'af ni um
ria-1,3 pe,atmlacﬁém 15

di et hyl am dobqr ane-bi s-, ~5- (3 r)haf ni ym di chl ori de;

di net hyl ani dobg'PS '%‘i“g"m'%"e(@sﬂ%f‘i}%“ly Wi}r CORIEM s tingRdiGHe:

di met hyl am dobgipRem Bis In>loatmetHvirstain=1lvi | ) hyl am de;
di et hyl am dobo?ane ét;‘:“goéoﬁné( 33{?1 Jg!lj‘t yl |ynden 11y¥frh§§?ﬁlﬁﬂ k2)d$n thﬁ-l 3 20
but adk@ne? - 3hulrdi#RE ani dobor ane- bi s-r 15- (3-t - but yl i nden- 1- yl ) haf ni um

2, 3-di ”Et hyI Laiph a’?ﬂb&fb‘?ane-bs- 2-methylinden-1-yl)zirconium n*1-phenyl-1,3-
d| nmet hyl am doborréaﬁr?aul bis-rls- (3l % t()ut yi |ynden- Y{/Ir) hra'?mnum B-GI\rlij '

di met hy| aRPHaBERSy| ; 25
di met hyl am dOanbﬁWd?hlaoﬁdrﬁé @is-tn‘r’J?LMH(-:JtH SLRI- 119I)2|ir):5ﬁfxﬁl' 40 8lpk¥iadiene;

di met hyl am dobor ané-bi s-ris-( butyllnden 1- haf ni um
r14-1, 4-di phenyl -1, 3 butadlene

di metfyl am do%xhﬁ%@]&?ﬁﬁoﬂ&éfﬁ-@ishﬂgﬂt e nd ﬂerthﬁa%rh@fgpkl%nf&ﬁ‘ 2, 4-hexadi ene;

di rret hyl am dobo bis-, ~5b- ni um
ri"-1,4-drichlpAgeiyl 30 1, 3- but adi ene;

et |t dobgpRaandhBa s e i AU SR MR M g -1 °
Ql4- 1, 3- pent addiphenylari#oborane-bis-n® (2-methyl4 phenylmden 1-yl)znrcon|um bis-
dimethylamide;
30 diphenylamidoborane-bis-n-(2-methyl-4-phenylinden-1-yl)zirconium 2-methyl-
1,3-butadiene;
diphenylamidoborane-bis-n°-(2-methyl-4-phenylinden-1-yl)zirconium 2,3-
dimethyl-1,3-butadiene;
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di i sopropyl am dobor ane-bi s-rts-cyci opent adi enyl haf ni um di chl ori de;
di i sopropyl am dobor ane- bi s-rt5-cycl opent adi enyl haf ni um di et hyl ;
di i sopropyi arg e- bi s-rt5-cycl opent adi enyl haf ni um bi s-di <de;
di i sopropyl aﬁ%%@?%e- bi s-r 15-cycl opent adi enyi haf ni um 2- net hgﬁ@é%ﬁ?
but adi ene; di i sippergyarhidobatahebdAf-(Dimsethyi-8-phignyindemt adizieconiunad M, Nm
2, 3-di et hyl -1, 3 but adi ene;
di i sopr op?/ﬁ’fmmﬂ? F&Yhi s-rts- cycl opent adi enyl haf ni um 2-N, N
di met hyl am nobegipaatiyiardidoborane-bis-n’-(2-methyl-4-phenylinden-1-yl)zirconium allyt;
di i sopropyi anml dobor ane- bi s-rts-cycl opent adi enyl hafni um al 1yl ;
di i sopr opyl ani ¢BRVARIAgPrape-Bisti dP-HIEM-APNERYINAST i IFIS WM n21 &r pheny! - 1, 3
but adigenegipfbdG9RLRYdiaRa;dobor ane- bi s- n$- cycl opent adi enyl haf ni um
rt"-2,4-hexadiene; diisopropyl am.doborane-bis-r!5-cycl opent adL enyl haf ni um
rt4- 1, 4- di naphéipfenyianidoBomag-gigirerié-methyl-4-phenylinden-1-yl)zirconium n*-2,4-
dii sopropyé)égieggborane- bi s-, 15-cycl opent adi enyl haf ni um ry4-1- phenyl -1, 3
pent adi ene; di | sopropyl ami dobor ane- bi s-rts-cyci opent adi enyl haf ni um
, t 5- 1, 3- pent addiphenylaoiddbdraogrbispyt@meatitbémbneylipdsn-1ydzireatam 124t4raf ni um
di chloridg: diisqpf Ldobor ane- bi s-rts-inden-1-yl haf ni um di net hyl ;
dii SOpfOp@P%@t@gg gﬁﬁéh%ﬂ% r 15-i nden- 1- yl haf ni um bi s- di met hyl am de;
di i sofr opy!| ani dipbemdareidbberans-bisrid2-metyl-Aehenylimd@ateitzirteniyd nbdt adi ene;
di i sapropyl.am ar - bi s- ~5-i nden- 1-yl haf ni um 2, 3-di net hyl - 1, 3- but adi ene;
25 dii sopg%eﬂ&}'gﬁibp& g%f%ﬂ?e_ bi s-r! S-i nden-1-yl haf ni um
2- N, N- di et hy| dipherojtemnidgborank-bisapH(@mpdttayirid ehboylmdendig)zircdnidmedn;at - yl haf ni um
al l'yl; diisqgpr.opyl am doborane-bi s-, 15-i nden-1-yl haf nium, ~-1, 4- Bi phenyl -1, 3
but adi ene?ergg‘?'g'g%r opyl am dobor ane- bi s-r 15-i nden- 1- yl haf ni um
ril-2, 4- hexadi ene; 30 diisopropy!am doborane- bi s-~5-i nden- 1-yl haf ni um

- 1,,4-di napht.hyl - 1. 3 but adi ene;s , N . ..
i 1 5ol opy ! ai (BBEMAeRb AR 42 sy PRamMingRR-1-y)zirconium dichioride;
rt4-1- phenyl - lgigh@mdrmidosdi@ne-bis-n>-(2-ethyl-4-phenylinden-1-yi)zirconium dimethyl;
di i sopropyi am dobor ane-bi s-r!5-inden-1-yl hafniumr!4-1, 3-pent adi ene; -43
~ 1 A R 2Q3 dienemamidoorppe-bisap d2-effyk g phenylinden-1-yi)zirconium bis-
di i sopr opyihitylRigeane- bi s-rrl 5- (2- met hyl i nden- 1-yl) haf ni um di chl ori de;
di i sopropyl am’dobor ane- bi s-r 15- ( 2- et hyfi nden- 1-yl ) haf ni um di net hyl ;
di i sopr opy! ani 6igBenvigraidgherape-Sisrp-(gethy 'T‘TPH%W’?L@%I‘)VHHW“W Bimethyl-
di metdy| amzdsitadierd: | Sopr opyl am dobor ane- bi s-r 15- (2- net hyl i nden- 1-yl ) haf ni um
2-met hyl - 1, 3 but adi ene; g . . )
di i sopr opyl ani SigBenviamidgbarapgHisep=(Gwtt-Pheinden 1 YhZHGANIHR 2,33- di met hyl - 1, 3
but adi eneginfbithyi2 - bdiand;dobor ane- bi s-r 15- (2- met hyl i nden- 1-yl ) haf ni um 2-N, N
10 di net hyl ami'nobenzyl ; s . ) .
di i sopr opy! ani HigBenvigraidgparapa-bisep:(gethyyHPREBADISR I YREFGANIHM &Nt -
di i sopr ODMMM%@&%@ S-r15-(2- et hyl i nden-1-yl ) haf ni umr14-1, 4-di phenyl

gyi am dohor ane- bi s-r15-(2- net hyl i nden- 1-yl ) haf ni um
0

1, 3-butadien€; diisopro _
r 14- 228- hexadi gpBenyl@nidoborane-bis-n"(2-ethyl-4-phenylinden-1-yl)zirconium allyl;

dii | ami B S isl 2= ORI R 4.4 4.
11451 40 naphtRur Vadpbahc b - GRL CpRaRincer M a1 o
rnet hyl i ndighenyyi3-hutadieoen r 1- 1- phenyl - 1, 3 pent adi ene;

di i sopropyl am gaRos AGidBbGrahd-Bislf-ERtkIRERImdan 1 Jynh i ritim hiak.3 20

pent adi ene;
di i sopr ophexadienebor ane- bi s-r 15- ( 2- et hyl - 4- phenyl i nden- 1-yl ) haf ni um

di chl |de, . R hicon3_(0. A . 4. . \ 4_ B
di i sopd opyl ani GBBETViAMmidgberane bismy-(-athyl-phenylinden-i-yhzircnium it Ao
dinaphthyl-1,3-butadiene;

diphenylamidoborane-bis-n’"-(2-ethyl-4-phenyiinden-1-yl)zirconium n*-1-
phenyl-1,3-pentadiene;
diphenylamidoborane-bis-n>-(2-ethyl-4-phenylinden-1-yl)zircanium n*-1,3-

35 pentadiene;
27-
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25 di net hyl;

di i sopropyl am dobor ane- bi s-r 15- ( 2- net hyl - 4- phenyl i nden- 1-yl ) haf ni um bi s
di et hyl am de;

di i sopropyl ag rane- bi s-r15- (2- net hyl - 4- phenyl i nden- 1-yl) i 538
met hyl - 1, 3- bl%g‘g’%@ﬁ%; 30 PERA
di i sopropyl am dobor ane- bi s-r 15- { 2- net hyl - 4- phenyl i nden- 1-yl ) haf ni um 2, 3

di met hyl - 1, 3- byt adi ena: Y » e
G oony omyt or b B doborane s ns-(2soprpyt-phenyiinden-ivzjicanivm o
di net hyl dithiodbenzyl ;

0 1A R 2005 SODURIOATS BRa P TeT aB sy PR R dioghd ! N L &l 11

di i sopr opditnethytiobor ane- bi s-r 15- (2- net hyl - 4- phenyl i nden-1-yl ) haf niumr14-1, 4

di | Sopt opyl ani HRBY EREARResENS S 2RISR - SRR IRV PYWERH um —4- 2, 4

hexadi enedimethylamide;

di i sopropyl am’yqlobor ane- bi s-r15-{2- et hyl - 4- Bhen linden-1-yl)hafniumrl -1,4

di napht hyl - 1, @l@ﬁrylﬁngg@?orane-bls-n -(2-1sopropyl-4-phenylinden-1-yl)zirconium 2-

di i sopr opybgL dokatRgrebi S-, ~5-{ 2- net hyl - 4- phenyl i nden- 1-yl ) haf ni um, ~4-1

phenyl -1, 3- pg'_r-lt_adi ene;. s ) o _

di i sofr opy! ani 4ipsyiamidehasane-Bistp-(Gisor{apyd-pRRNWINGaRde W) Zreoniyma 8 um r1 - 1, 3

10 pent adyigBfiwl-1,3-butadiene;

di i sopr op;}l aﬁ‘lwqdborua%é?nbei's- r15- (2- net hyl - 4-napht hyl i nden- 1- y() haf ni um

di chl ori de; diphenytamidoborane-bis-n’~(2-isopropyl-4-phenylinden-1-yl)zirconium 2-N,N-

(cji: irrzfﬁ;lopé/"tn@myg%%%%p s-rls-(2-nmethyl - 4-napht hyl i nden- 1-yl ) haf ni um 15

di i sopr obyl ani dptenyamidbarand-bis(rP-(Bvgopydpyld-paanviingan tdzicconiyin) gt ni um bi s

di metfyl am de; ,.dij . | dobarane-hi s-x 15-( 2- et hyl -.4- htshy) i nden-i

TS ot O oA OB AT SRR BN B b boROR VA

di i sopr opgipizerytd.Benaadiers;s- , t 5- ( 2- net hyl - 4- napht hyl i nden-1-yl ) hafnium 2, 3

di net hyl -1 (3-but adi ene; hicon S (0 i PN 4

gl is ;)Er Fggﬂl azlﬁB%edTym-S%?%@?? E'-S(*b-(?ré%"ﬁﬁp-y 54 H%%’Wt"ﬂ‘{/ i 1n&%ﬁr-cf["§’/1")’ha%’#l um 2- N, N
i et hy| ambadeezyl | | | |

g: : ;lopr ggyl am &18&%,%%&5‘6&5&&%&%I(HR%%YJ@&&-BR‘&H‘J"Hé(én'-ﬂ?ﬁzﬂf&oniﬁ%‘ A0gh N um

di i sqgir opgthaphtielod (B-butadiehs;- r 15- ( 2- et hyl - 4- napht hyl i nden- 1-yl ) haf ni um

ri4-1,4 Biphenyl -1, 3-hytadiene: 5 . . , N

G 1 sopr opy| am B ATASHSEaFE B -GS RARY a RARMIRSTT KAACeETYM hatni um

~1- 2, 4 heptaghyRn8;pentadiene;

dii | am dob -bi s-r15-(2-get hyl - 4. ht.hyl i nden- 1- vl [

e SPR Rl RN et AT BRBARAA M5kt el 8 o

di i sopr opydraadieadyor ane- bi s-r 15- ( 2- net hyl - 4- napht hyl i nden- 1-yl ) haf nium r14-1

phenyl- 1, 3- pent adi ene;

di i sopr opyl am dobor ane- bi s-r 15-{ 2- net hyl - 4- napht hyl i nden- 1-yl ) haf ni um

ri"-1,3 pent addipnériyladfidosddrane-bis-n’-(2-methyi-4-naphthylinden-1-yl)zirconium

dichloride;

diphenylamidoborane—bis-n"’-(2-methy|-4-naphthy|inden-1 -yl)zirconium
dimethyl;

30 diphenylamidoborane-bis-ns-(z-methyl-4-naphthylinden—1 -yl)zirconium bis-

dimethylamide;

diphenylamidoborane-bis-q5-(2-methyl-4-naphthylinden-1 -yl)zirconium 2-
methyl-1,3-butadiene;

diphenylamidoborane-bis-ns-(2-methyl-4-naphthyIinden-1 -yl)zirconium 2,3-

35 dimethyl-1,3-butadiene;
-28-
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di i sopropyl am dobor ane- bi s-r 15- ( 3-i sopropyfi nden- 1-yl ) haf ni um di chl ori de;
di i sopropyi am dobor ane-bi s-ris-(3-isopropylinden-1-yl)hafnium di nmet hyi ;
(cji: Irré?ﬁ;log)r/r: ﬁodo%%gz%ne bi s-rfs-(3-isopropyfinden-1-yl) haf ni u”ﬁ@l‘/5599/20538
di i sopr opy!| anidipheaylanfddbiofanesbi§-3>-(Smeirgpy-naptiryinderyt yhatconium 2-NyRt hyl - 1, 3
but adi ene; %Hsopr}rgglgél a}m dobor ane- bi s-r 15-(3-i sopropyl i nden-1-yi ) haf ni um
2, 3- di melipgthyam &'ene;
di i sopr opyl amdﬁﬁn@ﬁf/lﬁﬁﬂddﬂo%ﬁef-@s-ﬁ3(2-&1@%040—)‘1bbmﬂﬁiﬁdén-}’ly))ﬁ?dcoﬂldF'thlR,rl;N, N 10
di met hyl am nobenzyl; _ . o .
di i sopr opy! anioiRbsBYamidasiosaners-n3(3-ae by bpyrPHadAdan-J v EEFoRiUmM El By |
di i sogr o;a)lghgm'gd,o@_g[,%r@ s-r15-(3-isopropylinden-1-yl)hafniumr14-1,4
Bi phenyl -1, 3-but' adi ene;
di i sopr opy! anidifhienylamiddbiosanebig-8-{ 2 mpthypy-naphtbylindeny i yhaifeonium w423: 4 15
hexadi en‘ﬁéx%ciiérﬁeom opyl am dobor ane- bi s- ~5- ( 3-i sopropyl i nden- 1-yl ) haf ni um
~-1,4 dinaph . hyl -1, 3-butadiene;
di i sopr opyl| amdiptieaylamiddiiosanedls-(34{2-semybiyiapmodinddn-yiy))pietfoniumm -t 4- 1- phenyl
1, 3- pent adi X o
dii soprog’&agﬁl&%ﬁ'g'rbéﬁ%q' 1% rts-(3-isopropylinden-1-yl)hafnium,~4-1,3
pent adi ene; didipepylamidaboratebns-ahe-ethyt-4-bapidhglinbert-yiyi)picmiun yt-Yhaf ni um
di chl ori dﬁ' q_i i$o§rto§. | am dobor ane- bi s-~5-(3-t-butylinden-1-yl)hafnium
di net hyl p 5@ c] B 'bla W"an‘i dobor ane- bi s-rt5-{3-t-butylinden-1-yl)hafnium
bi s di met hyl amighenylamidoborane-bis-n°-(2-methyl-4-naphthylinden-1-yi)zirconium n*-1,3-
di i sopropyl am dobor ane-bi s-ris-(3-t-butylinden-1-yl)hafnium 2-nethyl-1,3
but adi ené’?é"@fjle%pr opy! ani dobor ane- bi s-r15- (3-t-butyl i nden-1-yl ) haf ni um
2,3-dinmethyl-1,3 30 butadi ene;
s ﬁ;?%‘ ﬁg‘,&dg%gb OVh%rr‘rﬁdc%o?an%?bé-%S-Ez-ﬁuléw |5 B0 b b e i Oh-
di i sopr opyjipircsHupardddodties- rt 5- (3-t-butyl i nden-1-yl)hafniumal l'yl; -46 0

1 Ar R Q03 WO, Q01 20426 PCT/ US99L 2053 ) , ,

di i sopr opyl amd&gﬁw'ﬁmég‘?ﬂoéa’}ef%?ﬂgﬁ'* gtyw-lbmg%ﬁ-_trfl_ugqmlpmpam\yhnden-
:j: i4_sé’ fédi-ylotg%@%ﬂi%rg}dgnbmg?gi e (3-t-butylindep-1-yl ) haf ni um

rt4- 2? 4- ngadid(gﬁ@pylam?doboraﬁe-bis-ng’-(2-methﬁ/-4-bps 3,5-tr?ilu%rc)meathyrhpv\enylinden-

d: i S?DQOQWW%&‘Q@?@@?@?‘““SE’( 3-t-butyfinden-1-yl)hafnium

ri'-1, 4-di napht , - but adl epe;

i | Sopr opyi anARISEYRAEIHOSNe B Mot IR At g oMIRdRYIABRRYINdenoheny | - 1,
3 zegt gdi1%?ir8@ib@@TgﬂW"¢mm@3€' bis-,is-(3-t-butylinden-1-yl)hafnium
ri 4-1, 3- pent adi ene; ) ' , . i

bi s(tri met hyl SiRRENYRmidRRRRNERIS B -62-metyk§bissHh aribaramsriehanyliReenchl or i de:
bis(tri nelt)ﬂ)ﬂré&dimh)zchdd#@&ﬁwac@b@tbaiehé;s- cycl opent adi enyl haf ni um di net hyl ;
bi s(trimethyisilyl)am doborane-bis-rt5-cycl opentadi enyl haf ni um bi s

di met3Ry| ani de;diphenylamidoborane-bis-n’-(2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-

bi s(tri metykrebdivin)2Ri NlabiISnRbBeryp- cycl opent adi enyl haf ni um 2-nethyl -1, 3
15 but adi ehe;
bi s(tri met hyl Sliphanylamidehssanenismi<2-methyk¢disipendivarasmsinvipnanylindens- di net hyl

1, 3- but adj. N fivi:

bis(trinet ﬁé}lﬁg?w/rln)aam'dobor ane- bi s-rts-cycl opent adi enyl haf ni um 2-N) N
di met hyf ami nobﬁmlgﬂyganz’@oborane-bis-n5-(2-methyl-4-bis( ,5-trifluoromethyf)phenylinden-

b

i sty Dy Sk anj dohbar ane-bi s- ~5- cycl opent adi enyl haf ni um al l y!;
bi s(td;o: ﬁﬂﬁ'@{)'{uéﬁﬁm'g%&egﬂ:‘-&gpétﬁp@gg‘cycI opent adi enyl haf niumrt"-1,4
diphenylamidoborane-bis-ns-(2-methyl-4-bis(S,S-triﬂuoromethyl)phenylinden-
1-yl)zirconium n*-2,4-hexadiene;
diphenylamidoborane-bis-n’-(2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-

1-yl)zirconium n*-1,4-dinaphthyl-1,3-butadiene;

-29-
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di phenyl - 1, 3- but adi ene;
bi s(trinmethylsilyl)am doborane-bis-rl5-cycl opentadi enyl hafniumrl"-2,4
hexadi ene; 25
bi s(trinmethyi gl X({/) i dobor ane- bi s-rt5-cycl opent adi enyl haf ni U &t fsdorfisas
di napht hyl -1, g}%u adrene; f
bi s(tri met hyl si tiph¢rmytardidbiosramebilsins-(2-retroy-¢4bisiE& Strildo mmyatimdfphenyintén-1- pheny|
1, 3-pent adj epe; . .
bi s(trimet L’VB‘?T"PW%H%’&'BBG’_PV%@-’?ﬁ”éa-q“?@i cycf opent adi enyl haf ni um rt5-1,3 30
pent adi ene;  bi S&ifuﬁeﬁgﬁérhmb@drbﬂé-b@#ig.@l%}@@ﬂ@fo@(@swﬁotda%m h¥hlRGEA-UM
dichloride; bis(trinefhylsilyl)am doborane-bis-ri5-inden-1-yl'hafnium
di met hyl ; bi87itconivet hyi Siaeptadigiedobor ane- bi s-r! 5-i nden- 1- yl haf ni um
bi s- di met hyl am de; -47 0 1 Ar R 2003 WD 00/20426 PCT/ US99/ 20538
bi s(trimethylsilyl)am doborane-bis-,is-inden-1-ylhafnium 2-nmethyl-1,3
but adi ene; bi s(diphertiamidebargme-bisind¢detryhéblsHS-trilgoromety!)phgriyvtiaderi-im
2, 3-di net - adi ene; 5
bis(tri nemtﬁ'ré?'ﬁg%ﬁ?ng%m ane- bi s-r 15-i nden- 1-yl haf ni um 2- N, N
di met hyl am nobedipliénylamidoborane-bis-n’>-(2-ethyi-4-bis(3,5-triflucromethyl)phenylinden-1-
bis(tri metﬂ L sil.yl )(ﬁn‘i %ogorane- bi s-r15-i nden-1-yl hafnium al | yl ;
bts(trinet i//zllrg?rpnérp) BFt¥hor ane- bi s- ~5-i nder f - 1-yi haf ni um
~4- 1, 40Bi pheny| diphényrarhiddberaes-bisG’-(2-ethyl-4-bis(3,5-trifluoromethyl)phenylinden-1-
bis(trimethytsttyl)am doborane-bis-r15-inden-1-yl hafniumrf4-2,4-hexadi ene;
bis(tri metmjlzl'"E?rl"'?}/"I")béﬁff1 [amEehi s-r 15- i nden- 1- yI haf ni um
r 14- 1, 4- di napht Gighedyi@niadbaahebigm>-(2-ethyl-4-bis(3,5-trifluoromethyl)phenylinden- 1 -
bi s(trimet t]}/l Si I,e{l ). am dobﬁr ane-bi s-r~s-inden-t-yl haf nium ~y"-1-phenyl -1, 3
pent adi eneY/4'8°Y - Meyt hyrad8feani dobor ane- bi s- ~5-i nden- 1- yl haf ni um
~4-1, 3- pent adi edighenylamidoborane-bis-n’-(2-ethyl-4-bis(3,5-trifluoromethyl)phenylinden-1-
bi s(trjnethyl si f,zl ) am dobor ane- bi s-, 15- ( 2- net hyfi nden- 1-1rl ) haf ni um
di chl o de¥' Zirconiam' 2,3-dimethyl-1,3-butadiene;

git rsn(e E L ;/Imi‘t hyl si hiphed/RARBOsaREDRISS-biy(-2-0¥e], Srlniusrdrptni)shediAh@dim
bi s(tri met HiATSPmiym) 2. Nrdisthyamippkenzys_ ( 2- met hyl i nden- 1-yl ) haf ni um bis 20

di met hyl am de; giphenylamidoborane-bis-n’-(2-ethyl-4-bis(3,5-trifluoromethyl)phenylinden-1-
bi s(trimethyl sityt)am doborane-bis-ris-(2-nmethylinden-I-yl)hafnium 2-nethyl
1, 3- but adi ¥iggconium allyt;

bi s (t rdgret hyl si kishdrytirieRgsansoRis+s iy(- 208l SulnadrRAphdRahEEMM 2, 3
di met hyl - 1, 3- but adi gne; 25 '
bi s(tri met Yigirseniymym 4eipbead.bbyadiems: (2- net hyl i nden- 1-yl ) haf ni um 2-N, N

di met hyt am nobegzyl... : hicen3.(0- -4-bi -tr i -1-
bis(trimethyl si %f‘%" A Dl (2 e o ety D e s al ty 1 -
bi s(t ri et yiyzirsomniyim)wird, ebbxadiene; bi s-r 15- ( 2- met hyl i nden-1-yt)hafniumri1"-1, 4
Bi phenyl -1, 3-bu

adi ene: . 30 .S , . .
bi s(trinmethytsi ﬁ'ﬁﬁ?@ﬁ?@@%‘?rﬂﬁ%p’ﬁ%'—@f@y t'ﬁ'-bﬁé%-%‘W"PR'SQWW-')?P?W&PH?’% rl4-2,4
Bexadizme; )rgl)zlirconiurln 'q“-1,tcti-dgnaphthyl-163-butadiene; i nd b
is(trinet Sit am dobor ane- bi s-r15-( 2- i nden-1- afniumr-~"-1,4
di ngpht hyl - )1/ 3- B%Pé’éﬂ'%m@PbQ'a@e'b'Smgﬁ'&E’Vgi’g&g UBEMEIIBhERYINOEY] 20538
bi s(trimet m{ii,@bﬂ,mh)@m_gﬁgg[_ﬂgq)-emagieng's- (2-nmet hyl i nden-1-yl ) haf ni um
~-1- phenyl " 1, 3- pent adi ene; s _ ) .
bi s(tri met hyl si fiphgayiamidoberanebisims=(2ethy(-2-bist3 fritiupgaethyliphemdindenmr r | 4- 1, 3
yl)zirconium n*-1,3-pentadiene;
30
diphenylamidoborane-bis-n®-(2-isopropyl-4-bis(3,5-
trifluoromethy!)phenylinden-1-yl)zirconium dichloride;
diphenylamidoborane-bis-n’-(2-isopropy!-4-bis(3,5-
trifluoromethyl)phenylinden-1-yl)zirconium dimethyl;
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bi
di
bi
di
bi
bi
bi
2

bi

s(trinmethylsiiyl)am doborane-bis-r~s-(2-nethyl-4-phenylinden-1-yl)hafnium
chl ori de;

s(trimethy]silyl )arri dobor ane- bi s-rl 5-(2- net hyl - 4- phenyl i ndeg-.1- ni-um
met hyl ; 10“’% do¥iod Perrvddoisds

S(Ejl’l me';]hyl sjlﬁﬁdn»@mmgm,@r@s Ri-@-isdgrofy4mi(Byl - 4- phenyl i nden- 1-yl ) haf ni um
s-di net

s(trimdf KW%’T“P‘W»%WFM'&S’GP&d@zm%uu%b'é?lrﬂ%tf‘ﬂﬂ"'dﬁ phenyl i nden- 1-yl ) haf ni um

met hyl - 1, 3- RRfidoborane-bis-n°-(2-isopropyl-4-bis(3,5-
s(trinmet hyI lsb:*lsyl am dooo(r)arnaenéS Bl% lsoD c_:py - met(h | - 4- phenyl i nden-1-yl ) haf ni um

15 2, 3- dﬁr,%pm;petjg r@gylmpe@ﬁeyl)zurcomum2methyl -1,3-butadiene;

bi
2

bi
al
bi

SN(JI[\E):jlrrerrIaPKl ?aénagr&%m@dﬁ%%r%%'m -|E$p§o;§ﬁ-2t-r5‘?st 'gl_ - 4- phenyl i nden- 1-yl ) haf ni um

s(tri némfhgpr@new)muw’enane)szuum 8 3(dmetbyinlB-bytagiemey| i nden- 1-yl ) haf ni um
lyl; 20
s(trinethyl SI “)"a’“'d 0 (r)arnaenbe|S |@ 'S?”am’iyé’* blsi(%’yl 4- phenyl i nden-1-yl ) haf ni um

rfd 1, 4- &lfpfmwyéthmm\ebyﬁrmdnen,e)zlrcomum 2-N,N-dimethylaminobenzyt;

bi
rl
bi

S(Lri methyi syl ) dobor anc: b L) o Rt g - 4- pheny i nden- 1-y1) hat i um

s(#0i medflusrerhéml)shanginaenangzibéahium aly(;2- et hyl - 4- phenyl i nden- 1-yl ) haf ni um

rt 2514d|na

bi
bi

~

bi

1 but a
s(trimet hyl Wn]ﬂ"%%m'@g’ﬁ’f?lrjnﬁrﬂs Bi- @"??%’%%‘H’Péﬁ(ﬂ&r 4- phenyl i nden- 1- yl ) haf ni um

~4 1- pheﬁﬁf\uol@rﬁeﬂﬁ?l‘)ﬁﬁéﬁymn 1-yhzirconium n* 1 4 -diphenyi-1 3 butadiene;

s(trinethylsilyl)am doborane-Dbjs-, ~ - met h)él - 4- phenyl i nden- 1-y!) haf ni um
1, 3- pent adi éfipiengigmidoborane-bis-n"-(2- |sopropyl-4 bis(3,

s(tri mgh hSthbth e IR Rbdtidih -6 di8Rbdhe;4- napht hyl i nden-1-y1) haf i

um di chl ori

bi

s(t#bhi met hyi silwhﬂnyamlmﬂomrm&b? @-isoprogyt-4rig(Bpt - 4- napht hyl i nden- 1-yi ) haf ni

umst(j![ ?Ft q%{fL oIr ?thyl)} h%"é"@%??n‘éﬁﬁ Y'ﬁ‘l ?%Oﬁ%{%ﬁﬁ:‘] Hﬁ%ﬁ%‘ﬁ%‘?l nden- 1-yl ) haf ni

bi

um bi s-di net h>d|mmngﬂam|doborane bis-n’-(2-isopropyl-4-bis(3,5-

Blms(zt ;r:et (yﬂ}/l 3 l glﬁgj?a;qu zn?cosnlurml?]'q henytl qysl pentggght hylinden-1-yl) haf ni
bi

um 2, 3-di net hyl -

bi

s(trinmethyl sd.;bndnzagﬁ.(gbﬁged@rms -Qi-@-i6dprof@-4rad(BBl - 4- napht hyl i nden- 1-yl ) haf ni
ut adj ene

s(P; né{‘mf%m?‘wwmﬁ‘umﬂéd@zﬁ%uws -t 3:-Re8t8NA1 - napht hyl i nden- 1- yl ) haf ni

um 2- N, N-di met hyl ami nobenryl ;

bi

um 10 al |yl ; diphenylamidoborane-bisn

bi

s(trimethylsilyl)am doborane bi s-r15-(2-net hyl - 4- napht hyl i nden- 1-yl) haf ni
-(3-isopropylinden-1-yl)zirconium dichloride;

s(trimethyl i) A IRBRIANSs -5 dob g hyhaeoRRN e den- 1- 1) haf i

um r14-1, 4-di phenyl 3-

bi

s(trimethyl sqlwqﬁrwam'mw-n?ﬁiiﬁqmmnm hyDZiEoRREhPEY| | nden- 1- yl ) haf ni

umr§52 %i

bi

g
s(tri mstrﬂ ?@I rﬁ?%aam dobor ane-bi s-r15-(2-nethyl - 4- napht hyl i nden-1-yl ) haf ni

umrl14-1, 4- d| rmmﬁnygammmmta@nefaeasopropyhnden 1-yhzirconium 2-methyl-1,3-

butadiene;
diphenylamidoborane-bis-n*-(3-isopropylinden-1-yljzirconium 2,3-dimethyl-
1,3-butadiene;
30 diphenylamidoborane-bis-ns-(3-isopropylinden-1 -yl)zirconium 2-N,N-
dimethylaminobenzyl;
diphenylamidoborane-bis-n*-(3-isopropylinden-1-yl)zirconium allyi;
diphenylamidoborane-bis-n°-(3-isopropylinden-1-yl)zirconium n’-1,4-diphenyl-
1,3-butadiene;
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bi s(trimethylsilyl)amrioborane-bis-rl5-(2-nethyl-4-naphthyli ndenu- l@ﬁ@ h@p%
iumrl -1-phenyl -1, 3- pent adi ene;
bi s(trinethylsilyl)amn doborane-bis-r15-(2-nethyl -4-napht hylinden-1-yl) haf ni
um 20 r14-1, 3@ %%(;génene; PEAYORRSS
bi s(trimet hyl ¥l 1 dobor ane- bi s-r15-(3-i sopropyl i nden-1-yl
dichloride;  gighenylamiqaporane-bis-n’(3-isoprapylinden-1-yl)zirconium 1*-2,4-
3| s(t Li lrre'ﬁ‘géldisénty?) am go%or ane- bl s~rsf g ( g—i sopropyl i nden- 1-yl ) haf ni um

et hyl ; ne; | | | N
3: rsn(e { L;/lmgtn.héla_sBib%é%ﬁéﬂ\i%g’&raﬁélsfspﬂS-S(S-ris]o?)'rcgp%ﬁd%?lplr-ﬂ?ﬂl]cbﬁ'igﬁ”q"k1¥-| ) haf ni um bi s
t2)i s(t ri lrret{ingblﬁh?;ﬂl,?-&uﬁadtehe:r ane- bi s-r 15- (3-i sopropylinden-1-yl)haf ni um

- e , 3- byt adi ene: 5, . Lo 4
o1 S(t 11 et hyl o P PY PRI GBRPE BSgT 43 L8 Py inessl PP RYE A LM um 2, 3
30 di met hpéntadigngyut adi ene; . . N .
ol s(t [1;,{“;tmhﬁ{);'gsh%'%ly"i‘a%‘%8@82%Q-Ei‘s?#?@.ﬁs%%}ép%é SR JRcbRaahy ! ) hafnium 2-N. N
bi s(tri nepémhaiehetl ) am dobor ane- bi s-r 15- (3-i sopropyi i nden-1-yl) haf ni um
allyl; -50 0 1 ApR 2003 WD 00120426 PCT/ US99I 20538
bi s(trimethylsi(yl)am doborane-bis-rts-(3-isopropylinden-1-yl)hafnium
~4- 1, fp di phenyb?&e@iaﬁihaﬂéraﬁ@-bis-qs-(a-t-butynndqn-1-yl)zirconi_um dichloride; _
bi :s(t rimethyl si| él ) am dobor ane- bISSI’| 5- g'3-| §qp|r opyil | ndde_n- 1-?./I ) haf ni um
ri'-2, 4 hexadi dirBenyamidoborane-bis-n™~(3-t-butylinden-1-yl)zirconium dimethyf;
bi st ri met hy :oﬁ %ﬁh&r}q;mé@g%gﬁﬂgrggasasamwiéaén%:wﬁ%mmﬁ@a&ﬁéfmmae! um
bi s(tri met hyl siiphedyarnidoberenerbishi ’s31ibstyisdans o zisgnimdzmethyyt Bhaf ni um rt - 1
phenyl - 1, ?'@ﬁfgﬁ di ene;
bi s(trimet 'f!ly Si Tyl )am dobor ane- biss- ris-(3-i soprqpyl i nden- ;-yl ) haf nium ~-1, 3
10 peti adi ene; diphenylamidoborane-bis-n’-(3-t-butylinden-1-yl)zirconium 2,3-dimethyl-1,3-
bis(tri _rrebh%ld%i é_yl ) am dobor ane-bi s-rts-(3-t-butylinden-1-yl)hafnium
dICh|OI’Ide? 1ene; .
bi s(trimet hyi sdiphéndarmidobaaasbisbhy’s31tibbtyidddn- byl)aiiconider2-N;iy- ) haf ni um
di met hyl ; imethviami "
bis(tri rreghyﬁg"f?yf‘?%?ﬂzaomr ane- bi s-n5-(3-t - but yI.i nd.en- 1-yl)hafniumbis 15
di et hyl am de; diphenylamidoborane-bis-n’-(3-t-butylinden-1-yl)zirconium altyl;
R S R ey SO A
l(ij)l s(t Li lrregl%fzbtgéiigrge_);am dob8r ane- bi s-~5-(3-t-butyiinden-1-yl)hafnium 2,3

I methyl -1, 5- byt adi ene; . . " _
bi s(trimethyl sHP@?’?@W'HG%@P%’E'—SHRsé(-s'rttbé‘lyf'@qef"-' LYRFCPAYEN 24 eradieneim 2- N, N
di met hyi am nobapa¥hylamidoborane-bis-n°-(3-t-butylinden-1-yl)zirconium n*-1,4-dinaphthyi-
bis(tri rret%tl?m Iiélr%am_ dobor ane-bi s-rts-(3-t-butylinden-1-yl)hafnium al I yl;
bis(tri met HyPwag yam dobor ane-bi s-ris-(3-t-butylinden-1-yl)hafniumr!*'-1,4
Bi phepy| - 1, 3- bdipRehRaRiIdoB&rane-bis-n°®-(3-t-butylinden-1-ylzirconium v*-1-phenyi-1,3-
F\I s(g_rl nE})Qthagilelxg-l )'am dobor ane-bi s-rts-(3-t-butylinden-1-yl)hafnium~4-2, 4

exadi ene! '
bi s(trimethyl shiphendshideboraAa BistyS(3lishtylirddr-RyhitcoRdATn 11, ¥lphatRhem rl 4-1, 4
di napht hyi - 1, 3- but adi ene;
bi s(trinmethylsilyl)am doborane-bis-sts-(3-t-butylinden-1-yl)hafnium
rt4-1-phenyl 3Q:.4:3- ' . higon5. ienvizi ium dichloride:
bi s(tri net hyl s?\sgrég%ﬁﬁgﬂgﬁﬁ@oﬁ?? l}_'gﬂ gy%'q%ggayq'?nxggﬁ?nl@% )'cha?‘nnle'um ri -1,3
pent ad0 ene; bis(t_rimethy!sily!)amidoborane-t_)is-q -cyclopentadienylzirconium d_imethyl;
S: )S gg:c Inisaﬁ: SPZ h\%@pﬁg %Is?ﬁ%%ggb%’razﬁe%igf 550&(:%6&%‘49@@?5“8%0%' ﬂiglden' 135

dimethylamide; -

bis(trimethylsilyl)amidoborane-bis-n5-cyclopentadienylzirconium 2-methyl-1,3-
butadiene;
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(dii sopropyl am do) di borane- 1, 2-bi s-rl 5-(2-net hyl - 4- phenyl i nden-1
haf ni um di et hyl ;
(diisopropyl am do) di bor ane- 1, 2- bi s- ~5- ( 2- et hyl - 4- phenyl i nden- 1
haf ni um biveQ 82ty | ani de; 5 PCT/US99/20538
(dii sopropy baﬁhﬁk@w@ngﬁamﬁaoéoranélb@ﬂﬂc?méaedr&a@wlzif&aﬁnﬁmf,é-'dnﬁémyn-l
haf ni um 2- net hyl - 1,”3- but adi ene;
i s(dii sopropyfadieneio) di bor ane- 1, 2- bi s-rl s- ( 2- net hyl - 4- phenyf i nden- 1

haf ni 2. 3+ a =, i - . . .
i (gi Plsgg]ropyngﬁﬁgm%g‘?%\'g%&ghfpg1} ICXE:'?%antr%%'ﬁr;}flz-'rzfp ?)'Hgn%;wihﬁden- 110
haf ni udimethylaminohenayl ani nobenzyl ; _
(di bsopr opy AR AR ARGotoEr@bE-FlopabGetEl Bl atoRDRH L nden- 2
i s(diisopr opybéskt'rinhe)!dislﬂmam‘det‘lqrﬁné}bis-nﬁlcgel();Qenmdiibwmirhepibmmfl-1',mden- 1

haf ni u ~" - - Bi.phenyl - 1, 3- but adi ene; 15

i s(dii so@P@SS}Y'é#‘ﬁB‘?S@BST ane- 1, 2-bi s-rl 5- ( 2- net hyl - 4- phenyl i nden- 1
haf ni um , ~4b&(tAmbewaslyigasidoborane-bis-n’-cyclopentadienyizirconium n*-2,4-
is(diiso r0£ | am do) di bor ane-1, 2-bi s-rts-(2-nethyl -4-phenyiinden-1
') haf ni uﬁ]e’,‘ ‘ie'?' 4- di napht hyf - 1, 3- but adi ene; _
ﬁ d osopr opy bﬁis(fh'ﬁ-@)r@?shgﬁ%ﬁ‘i@oﬂc;rar&élbéﬁ{sfc?clé@ed’@&i@r’f)}lzifboﬁibﬁwt1,li‘-de”' 120

af nium rt 4- 1- phenyl -1, 3- pent adi ene;
i s(dii so_ﬁF@BQ‘P&‘nﬁaﬁ’}'éd&ﬂe&pe- 1, 2- bi s-r~5- ( 2- net hyl - 4- phenyl i nden- 1
zirconi um rbﬂ;(t?im%tt@f‘s’ﬂ?l%i@ﬂ@draﬁé:g Yy d8atadienyizirconium n*1-phenyl-
s-tet ral%et h%]qié:_ycl opentadi enyl ) ( tert-butyl am do)dii sopropyl am’dobor ane
25 titani U RRERIRS de;
(~5-tetramet hy b%Ytﬁh@ﬂ@rikﬁl?%rﬁHé{Mrﬁﬁ@bfy Ly bgeRt @A iR g1 dobor ane
titaniumdimethyl; (rts-tetranethyl cyclopentadi enyl) (tent
but yi Afi d@PMRAEBET opyl ani dobor ane titani um bi s-di met hyl ani de; 30
(,~5-tetramet hyl cycl opent adi enyl ) (t ert-butyl am do) di i sopropyl am dobor ane
titanium 2-nmethyl - 1, 3-but adi ene; (rt5-tetramethyl cycl opentadi enyl) (tent
but yl am do) di i $BErmelyisilyiirspidekarane-pisamiindend!-gzigeuniurmgichleride;but adi ene; - 52
Ul At R 1UU3 . ! L 205 3¢ iS¢ ci opent adi enyl ) (
tert-buiylam dg F?‘gé’é%é‘g'%@%%%@%g%???ﬁntlsw%nﬁéc{%g?@%@hyI am nobenzyl ;
(rl s-t et r anet hpisityicetytsiyatidohdrpie-bistn Hudept aytizidednitin bisptimpylyamidembor ane
titanhbgmal lyl . 5. . . e B _ 4 a
(rls- ?gt r amet h?P@?’é‘FB“H'eSr'{Y'?fd‘."S%E’/‘?’?'("? glrst"- BU e{/‘l 1a¥1|1z'(§%3nc'1lf"l1 gor?)ertg 'y1l‘%m' dobor ane
titani um butadiend; Bi phenyl - 1, 3- but adi ene;

(1o om oo, PR BR B0 Bt e ER AT B BTt o

ser f - but ybbatad@éngdi i sopr opyf am dobor ane

—_ —

bis(trimethyisilyl)amidoborane-bis-n°-inden-1-ylzirconium 2-N,N-
25  dimethylaminobenzyl;
bis(trimethyisilyl)amidoborane-bis-n*-inden-1-ylzirconium allyl;
bis(trimethylsilyl)amidoborane-bis-n°-inden-1-ylzirconium n*-1,4-diphenyl-1,3-
butadiene;
bis(trimethylsilylyamidoborane-bis-n°-inden-1-ylzirconium n°-2,4-hexadiene;
30 bis(trimethylsilyl)amidoborane-bis-n’-inden-1-ylzirconium n*-1,4-dinaphthyl-
1,3-butadiene;
bis(trimethylsilyl)amidoborane-bis-ns-inden-1 -ylzirconium n*-1 -phenyl-1,3-
pentadiene;
bis(tn‘methylsilyl)amidoborane-bis-qs-inden-1 -ylzirconium n*-1,3-pentadiene;
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10 titaniumrl -1, 4-di napht hyl - 1, 3- but adi ene; 01 AR 2003
(rls-tetranethyi cycl opent adi enyl ) (tent-butyl am do) di i sopropyl am dobor ane
titaniumrl"-1-phenyl -1, 3- pent adi ene;
(~5-tetranet hyl cyci opent adi enyl ) (tert-butyl am do)dii sopropyl am dobor ane
titanium rl"-WOBD/RYAE adi ene; 15 PCT/US99/20538
(~5-tetranet hyl cycl opent adi enyl ) (cycl ohexyl am do) di i sopr opyl am dobor ane
titani umdichloride; . . o _
(r1 5-t et r anet hpistioethyisiy amidoberanedichoZergthylindgs) dilizseniwp dichiandebor ane
titani um di net hyl,. . . . 5 : . . : .
(rls-tetranet h@%@?’é‘%@‘ﬁ!&sﬂ¥‘§m'%°nb€ |r3n(eéb)|/sép 6$12é”>2?/‘i“¥'h%“’88)’a¥')|zlef%°p”r'%"6§’ ,r%%%hgbbor ane
titani um bi s- dbisttimgtrgsigzimidoborane-bis-n’-(2-methylinden-1-yl)zirconium bis-
(ri5-tetragmethyl cycl opent adi enyl ) (cycl ohexyl am do) di i sopr opyl am dobor ane
ti taniqim g’-"??é‘?‘ﬁ?m-df’, 3- but adi ene;
(r15-tetramet hpisglimk ey RHiGoradedis hdizenyihaimdan)1dyjzrcgriwm phasihgebor ane 25
titanium 2, 3-di net hyl -1, 3- but adi ene;
(r15-t et r Ane?Yi8983%1 opent adi enyl ) (cycl ohexyl ani do) di i sopr opyi ani dobor ane
titani um 2- N, Nog{tAmkihylsti) daf@sidrate:bis-n>-(2-methylinden-1-yl)zirconium 2,3-
(~5-tetranet hyl cycl opentadi enyl ) (cycl ohexyl am do) di i sopr opyl am dobor ane
titani um ﬁ!’TP%lE{VHEQJbUtad'e”e;

(rl s-{gt ramet hyj 3 b X)) AR 1) : Liamj.dobor ane
1 tan G 11 1 A e PR A FBHIR LR
(rl5-tet rdmtwﬂfbwgmht adi enyl ) (cycl ohexyl am do) di i sopr opyl am dobor ane
titaniumr!4-2 ' - ; A?ﬁn ) gk Byl US99/ 20538
(rl15-tetranet h)?féggﬁ'légg‘esﬂggﬁi‘%ny r%%%}%?o exé@gﬁnld?og)@ﬂzﬁgpr opy l'rri dobor ane
titaniumrf-1, bisdﬁmatﬂytslﬂyl)amid@dmnem-aﬁ@;-methylinden-1-yl)zirconium n*-1,4-

(rls-tetr l,eygl adi enyl ) (cycl ohexyl am do) di i sopr opyl am dobor ane
titani um ?@Z‘EWBE%%‘?B%H% pent adi ene; 5

(r 15-t%t r anet hpisiyinetyésiylmidohdrinesish biemgihalindeo) eyl )ziomiwpyi*@M-dobor ane
titani um ﬁ%%%dr’\%fepem adi ene;

(,~5-tetra ¢yci opent adi enyl ) (fert-butylam do) bis(diisopropylam de)

di bor ane t i t anbis(irichetiylsilyi)asicotBar(z-bi&nt-&-matmglindenclyy) zipeniomadi* dm ) (

Pert - butyl.am } i . sopropyl am de) di borane titanium dinmethyl;

(rl s-tetr%@?ﬂ@'&ﬁéﬁ’g%@hﬁ@di enyi) (terf butyl anmi do) bis(diisopropyl ani de)

di bor ane ti t anbis(iviimethythilpipniigioromartbebis- T-| Sme bl lirdest 1hyl)zirgoniwperitiadi enyl ) (t ent
but yl gm do?1 bi a(sdi i’io ropyl am de) 15 di borane titani um

2-met A1 - PP rS5he i ?m{?rl s-tetramet hyl cycl opent adi enyl ) (tent butyl ani do)
bi s(di i sopr opy b&(triche}hythilafensioebdraresisis-ura(2mathglimdenityyl)zircanitratrdei, &ne;
(ri15-tetranet Hfél cycl opent adi enyl ) (tent - but yf am do) bi s(dii sopropyl am de)

di bor ane PFY2Rie0f 2- N, N- di met hyl ami nobenzyl ; 20

(rl15-tetranet hyl cycl opent adi enyl ) (fert-butyl am do) bis(diisopropylam de)

o 04 oy Pl ST A P R b L
25 dichloride;
bis(tn‘methylsilynamidoborane—bis-n5-(2-methy|-4-phenylinden-1 -yl)zirconium
dimethyt;
bis(trimethylsilyl)amidoborane-bis-ns-(z-methyl-4-phenylinden-1 -yl)zirconium
bis-dimethylamide;
30 bis(trimethylsilyl)amidoborane-bis-n*-(2-methyl-4-phenylinden-1-yl)zirconium
2-methyl-1,3-butadiene;
bis(trimethyisilyl)amidobo rane-bis-n°-(2-methyl-4-phenylinden-1-yl)zirconium
2,3-dimethyl-1,3-butadiene;
bis(trimethyisilyl)amidoborane-bis-n5-(2—methyl-4-phenylinden-1 ~yl)zirconium

35 2-N,N-dimethylaminobenzyl;
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(rls-tetranethyl cyci opent adi enyl ) (tert-butyi am do) bis(diisopropyl amAd%)zngg
di borane titanium ~- 2, 4- hexadi ene; (r15-tetranethyl cycl opentadi enyl)(iert
but yl am do) bi s(diisopropyl am de) di borane titanium
rl-1, 4-di napht hyl - 1, 3- but adi ene;
(r 15-t et r anetMQ1084eR26pent adi enyl )(tert but yl ani do) bi s(di i soprRsPyUSAH26fE§

(r15- ¢ ot r et o Ry o SRRtk BB R RS e Beryingeer zP am ae)

di bor ane aly;ani um , ~-1 3- pent adi ene

15-tet t hyl h i dob
{1t ani um df onl BFE=0o i Rmibog RSP RV Bh s a08 B8 lesratena
(rl5-tet rahmwtmpw@i o BesiitadkrRny | )(phenyl am do) di i sopropyl am dobor ane
titani umdi meth

(r15-t%t r anet h?lSGVE‘FgWEHY'W'@?RHW(%WéﬂM Zmeddy)-diaheByingpyil yhziasssmne

tltanlumﬁ ‘{pa Lam de; 5

(ris-tetr met hy cyc opent adi enyl )(phengl am do) di i sopr opyl am dobor ane
titani um 2- net higltriheBwisilyididotmrane-bis-n’-(2-methyl-4-phenylinden-1-yf)zirconium
(ril5-tetr tb di.enyl ) (phenyl am da) di i sopr opyl am dobor ane
titanium 3, 405}1@@@1?9%]%”%5‘3’?%% ene;

(r15-tetranet hxaisqyimleo@&mynmﬂmmndrarﬁqaheWJ ametiy)-dighenyindpy affzidaturne 10
titanj um 2; N, N-di met hyl am nobenryl ;
(ri5- 1t rﬁné‘tplli‘?mﬁ'y%:ﬁ Bﬁ’é‘ﬁf"ﬁﬂ? enyl )(phenyl am do) di i sopr opyl ami dobor ane

titani um al |yl pis(trimethylsily)amidoborane-bis-n®-(2-methyi-4-phenylinden-1-yl)zirconium
(r15-tetramet hyl cycl opent adi enyl ) (phenyl am do) di i sopropyl am dobor ane

titani um ntaSwmentd@lignesnyl - 1, 3- but adi ene; 15

(, ~5-tetranet hyl cycl opent adi enyl ) (phenyl am do) di i sopropyl am dobor ane
titaniumrl"-2, 4- hexadi ene;

(ri15-tetramet hplsdymleﬁwdaﬂvlmlmf?fqephléﬂy-l(%rmQﬁﬂl}ﬂrﬂaﬁbbvhfp&ehdnylmbmlwm
titanidim giloo ?11 ?4 di napht hyl - 1, 3- but adi ene;

(rl5-tetranet ‘cycl opent adi enyI )(phen)él am do) di i sopr opyl am dobor ane 20
titaniumr14- 1b§shem,felhyl§||$)qmmtanarm1as-n (2-methyl-4-naphthylingden- 1-yl)zirconium
(r15-tet rg{ﬁe& J cyci opent adi enyl ) (phenyl am do) di i sopr opyl am dobor ane
titaniumr - pent adi ene;

(r15-tetranet h?lsﬂycﬂeﬂw&sﬂyi;aﬂmldmdrarﬁet-blsm H2rmeithytid crephthy ingenyll-w)zirdoiomane 25
titani um EHSANB Qﬁm érlS t et ranet hyl cycl opent adi enyl ) (tent butyl am do)
di met hyl am | 't ani um di et hyl ;

(r15-2@t r anet hpisdyuﬂeﬁw(sﬂyl;aimdmt;drme—msm *fi2-mpettairderaphtiyfnstehytf-g)zirdoiomane

titani um Qi e; 30 (rt5-tetranethyl cycl opentadi enyi) (tent
but yi am dg)ﬁ%q%meagpgama%borane titani um 2- et hyl - 1, 3- but adi ene;

(r 15- t et r amet hpisdyiietytsilyEmidohydrire-bistn’ -tﬁﬂrmeltlwmdwphtwmehw 3d)nnd0rlummane
titani um 3’33&948% -W}Q-bujtag’e'l?t;'t adi ene; -55 Q1 APR 2003

bis(trimethylsilyl)amidoborane-bis-n>-(2-methyl-4-naphthylinden-1-yl)zirconium
25  2-N,N-dimethylaminobenzyl;
bis(trimethylsilyl)amidobo rane-bis-n"-(2-methyl-4-naphthylinden-1-yl)zirconium
altyl;
bis(trimethylsilyl)amidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)zirconium
n*-1,4-diphenyi-1,3-butadiene;
30 bis(tn'methylsilyl)amidoborane-bis-ns-(z-methyl-4-naphthylinden-1 -yl)zirconium
n*-2,4-hexadiene;
bis(trimethylsilyl)amidobo rane-bis-ns-(2-methy|-4-naphthy|inden-1 -yl)zirconium
n*-1,4-dinaphthyl-1,3-butadiene;
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WO 001 20426 PCTN599120538 (r15-tetranet hyl cycl opentadi enyl }(ten- but yA Bn %pg}
di met hyl am doborane titanium 2-N, N-di met hyl am nobenryl ;

(~5-tetranet hyl cycl opent adi enyl ) (tert butyl am do) dinmethyl am dobor ane
titaniumally!; 5 (~5-tetramethyfcycfopentadi enyl)(tert-butyl am do)

di met hyl am doMeaRed26i t ani um ~- 1, 4- Bi phenyl - 1, 3- but adi ene; PCT/US99/20538

(, ~5-tetranet hyf &ﬁmegwg?a%mkadetﬁ - R - ANt LAY Ly AT dgh an

titani um r1 2, 4- hexa
(r15-tet rawétﬂhthytﬂmpemﬂade enyl )(tent but yf am do) di net hyl am doborane 10

titaniumrl-1,4 1 but ef

(ri15-tetranet h91 @\7 @H@SW'SM %‘?ﬂ?ﬁ"@t 8- %u‘inyﬁhé'n% H%Sht@{"ﬁg?%yfygmrm‘ﬂpane
titani um n#4 B-gareadibng;, 3- pent adi ene; (r15-tetranet hyl cycl opentadi enyl) (tert
but yi am do) di met hyl am doborane titaniumrl4-1, 3-pent adi ene; 15

(r15-ithden-1-yl)(tent-butt'l am do)diisopropyl am doborane titani um

dichloride; (r &é(thﬁféx@m@y%.adﬂo%ﬁemﬁ Kt ?J%mb@;nha&pn%zﬂrmmbor ane
-

titani um di rret nden-1-yl) (ten= | am do) di i sopr opyl am dobor ane
titani um Bicgl Odﬂ%t hyI ami de; 20

15-i nden- 1- i
(7 L5 en 1 bl ASEAC A0 AT F1aFdl il

(ri15-i ndeﬂ"@UM) (ten butt' | am do)dii sopropyl am doborane titani um

2, 3- djgret hyl

(r15 | nden 1- yP% tP ?fantdoboda rBe |'? QOE)Brlg%%erylma%%é ﬁ'écotnlmtrgr?ljsum 2-N, N 25

di net hyl adimasihdamide

(r15-inden-1-y ' iumally!;

(rt5-inden-1-y %Et“ﬁgr?ﬁ%&'ﬁ*' %)e)c%l I SQ{)?Q%@ %g gn Ul gnl umrt4-1,4

Bi phenyl - meﬂlyd}llti’adli:tadene

(~5-inden-1-yl L.So0pro 1 L ane: ri4-2,4 30

hexadi ene; (r1l~"s|h?1\i "s/ﬂ?%"?@b%%r%u%@nl gﬁgﬁéglﬁggﬁ?%gﬁrﬁ'ﬁ%bgﬂ ane

titantam dimetiiyl4 &I-bnmpimbyl -1, 3- but adi ene;

(,~5-inden-1-y | r; l?'“\lia g or?oglsg) g%f rp\rA%g% ne titani

~4-1-phenyl 1, &Qﬁl elysiyami °rBs° anebis % AL R R B A eRo st Wb/ 20538

(~5£i gdene‘ﬂngtwlémtzrmgbr&bmt yl am (io) dii s;)propyl am Sobgrane titani umdr 13 -1,3
ent adi ene; i er | ami i ro obor ane

Ito i tanium 5 di ch étf'mféhy'szﬁe 'iar%d%b"&%'%el?'ﬁ%' el 0&!'9}’ %’ ﬁ Shim3

but yl am do) di i s&pthﬁﬁayﬁ iyt ed RNt thig-A P bsto pRinksh-1 -yl)zirconium n°*-1,4-

(r!'s- den 1-yl){terf-butyfam do)diisopropyl am dobor ane
titam%QJm H'ipg?aﬁ' yiagw'ae 10 (~5-2, 3-di met hyl i nden-1-yl ) (tert

but yl am do) di i s&mlﬁmmlmdﬂmmet-tbii-aﬁtymﬁmmai‘nhgrlH 1)3irduiuae 124 -
(r15-2,3- gi rreoLd?h%:éi nden-1-yl }(tert butyl am do)dii sopropyl am dobor ane
titani um 2% t hyl - 1, 3- but adi ene;

(rts-2, 3-di rret mskmmwylshytya{rauééwrénelm P- mdmbﬁylinaapn@myir@ﬁmﬁbpnwe
tltanlum g hyi am nobenzyi; (rts-2,3-dinmethylinden-1-yl)(tert
but yI ani d&' F@Mlp} lENfobor ane titani um

b|s(tnmethylsnlyl)amldoborane bis-n>-(3-isopropylinden-1-ylzirconium n*-1-
phenyl-1,3-pentadiene;

bis(trimethyisilyl)amidoborane-bis-n°~(3-isopropylinden-1-yl)zirconium n*-1,3-
pentadiene;

30 bis(trimethylsilyl)amidoborane-bis-qs-(s-t-butylinden-1 -yljzirconium dichloride;
bis(trimethylsilyl)amidoborane-bis-n*-(3-t-butylinden-1-yl)zirconium dimethyi;
bis(trimethylsilyl)amidoborane-bis-n°-(3-t-butylinden-1-yl)zirconium bis-

dimethylamide;
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2~f Yl ~ (~5-2, 3-di net hyl i nden-1-yl ) (tert-butyl am do)dii sopropyl am dobor ane
titaniumri 4-1, 4-di phenyl - 1, 3- but adi ene; 20
(~5-2,3-dinmethylinden-1-yl)(tert butyl am do)dii sopropyl am doborane titani um
rt4-2, 4- hexadi ene;

(rl15-2, 3-di mY®ge204zfen- 1-yl ) (tert-butyl ani do) di i sopropyl ani doBEFA§&/20538

titaniumrt i
(rte2. 3o ot P RERRSHNchodafeb BRI utoden o 2ttt
titani umb8- butaq:iq;ephenw 1, 3- pent adi ene

(rfs-2, 3-di metagetarg%ﬁga,ﬂygxm)&%s,rg@py BB GRAR R 280 0T ane

tltanlumrl4 i nd
t ert - but ydienetiyb) B-busapermpy| am dobor ane t| t ani um di chI ori de 30

(; 12 pyerol | de LA TobbSt bs A BB SRR g lobor ane

titanicum di met#
(r 1 5-2- pydirmethyeenivobemgen- 1- yl ) (tert - but yl am do) di i sopropyl am dobor ane

e T e

titani um 2- met kgltricketBy lbﬁﬂ)ﬁﬁhid%ﬂ@rane -bis-n®-(3-t-butylinden-1-ylzirconium n*-1,4-
(r15-2- pyrrol i dﬁgl i nden 1-yl) (tert-butyl am do)dii sopropyl ani dobor ane

titani um @iPRenyi-hekbupdigne;. butadl ene; 5 (ri15-2-pyrrolidenylinden-1-yl)(terf

but yl do) dii { fnehenzyl ;
(r15- 1gl)mpyr roli Ellgﬁ@rﬁ?tﬁi’% lgﬁ’:%b ?@?{blsbﬁtq ggg}h&/g%ég{; fi!s/lgﬂgicggiyf %gbor ane

titani um kexagiene;

$- 2- lid t vl
(o arpyre ol ﬁ?éfﬁfhgﬂgmafﬁhaf%gah%@#a {BTdRkAkdE R ARBhAM fopar ane
(r 15- 2- pydinaphtigriy3-butddinne:- y1 ) (tert but yI ami do) di i sopr opyf ani dobor ane

titaniumrl"-2, ,é{)}{}g%@ gﬁ{}g%&%én@b glt'bqsq‘m%émggl?&n oﬁﬂu he t3_ but adi ene:

but yl am do) di i SO orane ti t ni-um
15 (r165- 2phnyi-biCrnkatadieneden- 1-yl ) (tert butyl ami do) di i sopr opyI ani dobor ane

titanium ~4-1- ]

(QL5-2-pyrroli @Qﬁﬂﬁtﬁé\m ‘%ﬁ.'ﬂjfo)%ﬁ aﬂ@%su? y(Pé (‘)'?d |r}'33l2)2r"(§:89 am' dobor ane
titani um pentadie®e;pent adi ene;

bi s- phenyl am do- bi s(di i sopr opyI am do) di borane titanium dichloride;

bi s- phenyl am do- bi s(dii sopropyl am do) di bor ane titani um di nmet hyl ;

bi s- phenyl ani dblsmusqm&nmmm)pghomdcﬁ tishor(&methyil-doheaylindes-1di met hyI am de;
bi s i opropyl am do) di borane titani um 2- et hyl -

but a?tgney'%g@}@-dﬁé‘ am do- bi s(dii sopr. opyl am do) di borane ti tanl um

2, 3-di et hyl - lb@(dnsmmobmdo)mb@mhdr@fbam d2niEtiy(-dipheoyingenttam do) di bor ane

E): tsaghg?y’ﬁé%%ﬁ‘l sr%'g% g?ppggsln?rlnl do) di borane titaniumailyl; 30
bi s- phenyl am dbistdiis¢piopydamidojdidosanedlcd- Ulsbﬁf(a-lmtmyl-ﬂwhleuy\hndﬁn-ﬂ: 4- Bi phenyl -1, 3
142, o ne RSB ABAIIE. T, 50 < (B Sopr obyl am do) i bor ane it ani um
r 14- 12%- di naphbis{diisdprSpytamiaddjdiavesne-155bis-n’-(2-methyl-4-phenylinden-1-
yl)zirconium 2-methyl-1,3-butadiene;
bis(diisopropylamido)diborane-1,2-bis-n’-(2-methyl-4-phenylinden-1-
yl)zirconium 2,3-dimethyl-1,3-butadiene;
bis(diisopropylamido)diborane-1,2-bis-n’-(2-methyl-4-phenylinden-1-
30  ylzirconium 2-N,N-dimethylaminobenzyl;
bis(diisopropylamido)diborane-1,2-bis-n*-(2-methyl-4-phenylinden-1-
yl)zirconium ally;
bis{diisopropylamido)diborane-1,2-bis-n*-(2-methy!-4-phenylinden-1-
yl)zirconium n*-1,4-diphenyi-1,3-butadiene;
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bi s- phenyi am do- bi s(di i sopropyl am do) di borane titaniumrl 4-1-phenyl-1,3
pent adi ene; bi s-phenyl am do- bi s(dii sopropyi am do) di borane titani um
~4-1, 3-pent adi ene; 5
bi s- 2, 6- di i SO MAPEIhenyl ani do- bi s(di i sopropyl anmi do) di bor ane FIFAIIYHSE
f'! ;:hl ori dg; blt t)?]s(laiis@pﬂiﬂy%ﬁﬂé)ﬁ%bFHF‘\%W?-@EH?QZ%&&IM@MLMSIWHHW do) di bor ane

i tani um di net hyl ; ,
bi s- 2, 6- drEERNUIHNT-BrichBXadiendo- bi s( di i sopr opyl ani do) di bor ane ti tani um bi s
10 di net hyl amge.: A 1 Dhicarb (0. A : 1.
bis-2,6-dii sopﬁ%‘{ﬁ"BWepé{iﬁma{‘%?)ﬁ%’%”?(h? ib‘sso r(%p';r)‘/efthr%‘i d%r}ea‘?’%ngﬁgn% titani um 2
met hyl - 1,y8ztiecniutn gfré;4-dinaphthyl-1,3-butadiene; o _ _ _
D 2 O RS 800 AR oblra P bROPTORATL A e 1 tant um 2,3

bi s-2, 6- qn)izﬁm,r.lmp}ﬁi‘-pk;ﬁ,@yﬁwaf@ggm@b@ﬁgj i sopropyl am do) di borane titanium 2-N, N
I

di met hyl am nobenzyl ;

bis-2,6-dii somi%iﬁy'gﬁos’ FReiEmige )diomnet Y2 bisoprdataidd)amylnsteane titani um
Tyl bise am do- bi s(di i Cami do) di b
ally i 3‘?‘?‘]@"‘ B;sg}%;ﬁéﬁféqgg@yl am do- bi s(di i sopropyi am do) di bor ane

titani um rF but adi ene; 20

bi s- 2, 6-di i sopropyl phenyl am do- bi s(di i sopropyl am do) di borane titanium
rt-2,4 hexadi : , PO : : . .
bi s- 266 dii sogdr?@%t;'/wiﬁlﬁjé%%/ Oéarﬁed%'?ﬁ‘i s?Y%I?ﬁ’es“éap?r'%‘z'yﬁ‘%{’r}‘]“ﬁ‘o‘}‘%H'%%"reane titani um
r!4-1,4 di naphtimngihythndddiorad-sse;-cyclopentadienyl hafnium dimethy!; . .

D ooyt 1 R R 52 op SR RS A aRRE A Gl 27 v 111
bi s-2, 6-di I sopfimetyRifdHorASs AP < slbpsrddicngyhaniufnd-fieg)ame titani um
rl4-1,3 pentadi ene; bis-3,5-di nethyl benzyi am do- bi s(di net hyl am do) di bor ane
titani umHRHLE i de; 30 o _ _ o _

bi s- 355- di net mmnbtﬁpza)ﬂi@dﬂot#&webbi%@cpab;beﬂtﬁ@rgpmhﬂaﬁfamirhz_emﬂi gm di met hyl ;

bi s- 3, 5-di et hyl benzyl am do- bi s(di met hyl am do) di borane titaniumbis

di net hyl Htadienss; s- 3, 5- di net hyl benzyl am do- bi s(di net hyl am do) di bor ane

titani um 2- et dipbthiaduddHoreH SRS cpdloperfadlenfrirafidfB-WNO0/ 20426
PCT/ US99/ 20538 bi s- 3, 5- di et hyi benzyi am do- bi s(di net hyi am do) di bor ane
tit ani umdmstiyleminabenzyl; 3- but adi ene;

bi 5- 3, 5- i et b lagHcHehebis Ly Bbberhasiriphathionr ape ti tani um 2-N. N
di met hyl am nobenzyl; 5 _ _ . . .
bi s- 205- - di netdipethwlemiteharans-biss(¢yelerenadienybogialupon ahé-dipheamr Lt aUyl ;
bi s- 3, 5- -glitagehyy | benzyl am do- bi s(di met hyl am do) di borane titaniumri14-1,4
Bi phenyl - 1, 3-but adi ene; . . . _
bi s- 3, 5- di met ympEKiamidenateNePisrlicHeersntadisrybhainivar and4thexadieoen r 14- 2, 4
hexadi ene; 10 R el ben: i i I n: [ porane
(i tani m 7 14- 1 BRI bR VAR PRATR! ] DB AP
bi s- 3, 5- ddutadiend: benzyi ami do- bi s(di met hyl ami do) di borane titaniumr14-1
phenyg: 1, 3- pen&ir%g{hgﬁ?riidoborane-bis-ns-cyclopentadienyl hafnium n*-1-phenyl-1,3-

pentadiene;

dimethylamidoborane-bis-n>-cyclopentadieny! hafnium n°-1,3-pentadiene;

dimethylamidoborane-bis-n°-n-butylcyclopentadieny! hafnium dichloride;
30 dimethylamidobarane-bis-n-n-butyicyclopentadienyl hafnium dimethyl;
dimethylamidoborane-bis-n’-n-butylcyclopentadieny! hafnium bis-
dimethylamide;
dimethylamidoborane-bis-n’-n-butyicyclopentadienyl hafnium 2-methyl-1,3-
butadiene;
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bi s- 3, 5-di net hyl benzyi am do- bi s(di net hyi am do) di borane titaniumr1-1,3 15
pent adi ene; bi s-2, 6-di net hyl benryl am do- bi s(di net hyl am do) di borane titanium
di chl ori de) bis-2,6-dinmethyl benryl am do- bi s(di met hyl am do) di borane titani um
di et hyl ; bi s-2, 6-di met hyl benzyl am do- bi s(di met hyl am do) di borane titani um
bi s 20 di nmet HYQANRHEs PCT/US99/20538
bis-2,6-dirreth'm;f i ha (ol j ' tol 4. 2-met hyl
1, 3- but adi ene; Mlbi S- Zé/rgi%glb %?ﬁ?ﬁb@nﬁ@ﬁ%ﬂ%%yﬁ{eﬁ%aﬁ% g@;éé'?vtgor ane
titani um 23PURdienaiyl - 1, 3- but adi ene; 2

5
bi s-2, 6-di th-l,,%w' .49 Di i | & | _kapi 2-N, N
d: rsret hyl aln‘irrﬁobénzyl %’B?igbgﬁgggiﬁsfﬁ;rﬂﬁt@é%@gﬁeﬁ%}ig@pﬁfﬁﬁp%@@: ;m do) di bor ane

titani um diveftylarbingbenz§t, di net hyl benzyl ami do- bi s(di net hyl am do) di bor ane

bi 52,5 i met gl IS b RGO sk At A i urm a2, 4

hexadi ene; bi sdihelhytamigobylahebizyd awbuipicydicrediatienhyHamumay' di bapaasyt i t ani um

ri"-i ,4 gh&%ﬁh %t , 3- but adi ene;
bi s- 2, 6- di'1e ?ff‘ zyl am do- bi s(di et hyl am do) di borane titaniumr1-1 35
phenyl - 1, 3- pentiatbt@n@nidobérane-bisin Al-bity2{fisbe@d2Dl 2 24aemREDNS99/ 20538
bi s- 2, 6-d'bmet hyl benzyl am do- bi s(di net hyl am do) di borane titaniumrt4-1,3
pent adi en ?"’"_6’? ®2, 6- di i sopropy! phenyl ami do- bi s(di met hyl ani do) di bor ane
titaniaim 5 di chinfdthf&@nidoborane-bis-n®-n-butylcyclopentadienyl hafnium n‘-1,4-
bi s-2, 6-di i sopr opyl@ghenyl am do- bi s(di net hyl am do) di borane titanium
di met hy| ; d5aROtylel.3butagingpy| phenyl ani do- bi s(di met hyl ani do) di bor ane
titani um bis dypRikiddidodSrane-bis-n®-n-butylcyclopentadieny! hafnium n*-1-phenyl-1,3-
bi s- 2, 6- di i sopr Opy'wpﬁhenyﬁar%"%o'-sb'i‘ S Y AR ) dihor k. rPREm 13 5. et hy !
10 1, 3- buPerirdipee; bi s- 2, 6- di i sopr opyl phenyl ani do- bi s(di met hyi ani do) di bor ane
titanium 2, 3 dypediamibioBoaHs-BRLPOEbutylcyl dieny! hafnium n®1,3-
bi s- 2, 6-di i sopr opy’ik% %n?ﬁ%deo- b'???dﬁ"ﬁéﬁ?ﬁeé‘% 2?8)’ iabr(])urjrgnne t'3| tanium 2-N, N
di met hyl aﬁ?'ﬁ@%‘@ﬂ%yl ;15 _ _ _ _ _ _ _
bi s- 2, 6-di i sopropyl phenyl am do- bi s(di net hyl am do) di borane titaniumally!;
bi s- 2, 6-di i sopropyl phenyl am do- bi s(di met hyl arni do) di borane titaniumrt-1,4
di phenyl - 1, 3- bdmgindgmidoborane-bis-n -inden-1-yihafnium dichloride;
bi s-2,6-diisop Lada-hbiss( di e 1 g gl pc. rane titaniumrt4-2,4
hexadi ene; 20 Eﬁ?{ﬂ?ﬁ%ﬁ@i}s@%ggi)syﬂs)iﬁgérﬁ;fgiﬁnx@gm}ﬁ?(eﬁ@et hyl am do) di bor ane
titani um ~- 1, 4disielbyiamivpborine-Bishntindine hythaiium bis-dimethylamide; .
Do, SoP AR RARELAR RIS SR it SRR B abishg U Tt 1
bi s- 2, 6- di i soptimthpdraitybemnedisbySitder-nghhinivan? dajirdetngr 6 8dutddienat um rt 4- i
, 3 25 pent adi ene; . N . . . .
bi s-2, 6-di i sopHW&IhﬂmWPa’ﬁP%@m Jpdens tyinainium o NsNdmstWRmRobeRBane
titani um di chl gimelRylamidoborane-bis-n’-inden-1-ylhafnium allyl;
bis-2,6-dii soprﬁﬁ)%l phe_rcljyl am do- biss_&bi sgt ri et hy| si Ic}(IR am do) di bor ane
t! t ani um 30 di ngml oboraﬁe-ms-r.\ -i dgn- -ylh?fnlumq -1,.4- ip eny{-1,3—bu.tadlene;
P: faﬁ?ﬁm di): 203Pﬂeﬁ%{iﬁ@%@%ﬁggﬁh%&ﬁﬁ@érﬁ{-S/fhbfﬁﬁﬁwﬁ'}i4-§,'41ﬁé|x£8i€hé!0) di borane
dimethylamidobor’ane-bis-ns-inden-1 -ylhatnium n*-1,4-dinaphthyl-1,3-
butadiene;
dimethylamidoborane-bis-n>-inden-1-ylhafnium n*-1-phenyl-1,3-pentadiene;
dimethytamidoborane-bis-n*-inden-1-ylhafnium n*-1,3-pentadiene;
30
dimethylamidoborane-bis-n°~(2-methylinden-1-yl)hafnium dichloride;
dimethylamidoborane-bis-n>-(2-methylinden-1-yl)hafnium dimethyl;
dimethylamidoborane-bis-n°-(2-methylinden-1-yhhafnium bis-dimethylamide;
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bi s- 2, 6-di i sopropyl phenyi am do-bi s(bi s(trinethylsilyl)am do)di bor angq APR 2003
titani um 2-net hyl -1, 3- but adi ene; -61 01 Ar i~ 2003 WO 00l 20426 ¥
PGITNS99/ 20538

bi s- 2, 6-di i sopropyl phenyl am do- bi s(bi s(trinethyl silyl)am do)di borane
titani um 2, 3NQOHA0A3A - 1, 3- but adi ene; PCTUS99/20538
bi s- 2, 6- di i sopdi@pityRinidybaahebisy’$Z-metylindemet-yHamilny 2} msinhgio) di bor ane
titani um 2-N, N-di met hyfam nobenzyl; 5

bi s- 2, 6- di4RYSMBpy I phenyi ani do- bi s(bi s(trinet hyl silyl)ani do) di bor ane
titani um al I yldimethylamidoborane-bis-n’-(2-meth tinqen-1-¥]l)hafr_\ium 2,3-dimethyl-1,3-

bi s- 2, 6-di i sopropyl phenyl am do- bi s(bi s(tri nmethyl silyl)am do)di borane
titani umbutadiene:; di phenyl - 1, 3- but adi ene;

bi s-256- di i sop4; L O Ris S4B ik d . fidy j.do) di bor ane

(1 tantum 10 1 LA 9 YR aNE SRl T MeTARASTE W2

bi s- 2, 6- dlimethyleopyehsinayly| ami do- bi s(bi s(trimet hyl silyl)ani do)di borane

titani um ~4-1, 4-di - - butadi A an. - ; .

bi s- 2, 6-di i SOp‘?*fa‘%‘y'ﬂSaﬁ*e‘%%‘%&*%@tsm é?g{ue?@???eﬁe ¥R A 40) di bor ane
titani um, ~' - ldipletyldmitipBorpeanbiad;’¢harettnden-1-yhafnium n*-1,4-diphenyi-1,3-

bi s-2, 6- dti)uitsggrqpyl phenyi am do- bi s(bi s(trinmethyl silyl)am do)di borane
titani um° HANNe. pent adi ene;

bi s- 206- di i sopdimeiHypinciayberaneldishi*$E-didtrstindempi-jdftondi*i2ot-Beeadidrie; oni um
g: ?Egglr Iugqeai rzrgqi%;(;[st}yga’r%dgtIJ(IJrgr?g%ics)-e%é!(E-%%Wlir?drgngeyl%a?riigrlnInsg?a{-ggglpﬁtrt?ylgO) di-borane
bi s- 2, 6- di ByRaRiddnet phenyi am do- bi s(di i sopropyl am do) di borane zirconi um bis
di met hyl am de; bis-2, 6-diisopropyl phenyl am do-bi s(diigopropyl am do)di borane
zirconi um 2 25dnﬁr@my§,qmlg,ogorggg-§§rréﬁ -,methylmden-1-yl)hafmum n -1-phenyi-1,3-

bi s-2, 6- didrighepy! phenyi am do- bi s(di i sopropyfam do) di borane zirconium 2,3
di met hyl -i , 3- but adi ene; r . _ . .

bi s- 2%- di i sopdimeliviafeiAgberanerbish (2-meatyipdesplyhaiRiend Hed-RArtadiengoni um 2

N, N- di et hyl am nobenzyl; 30

bi s- 2, 6-di i sopropyl phenyl am do- bi_s(dii sopropyl am do) di borane zirconi um

ai lyl: bis- 2, euigietviaspigphorsretistir metni-4eiendiagerhyhbanig) dichlerdeie

zirconiumrll--',l,p%}lﬁ = +RuUtsad . R : ; .
bis-2,6-dii soperhﬂ‘gw p e%#%r}hne;’gl_%ﬁ g?&l I 2(‘)8?88”|hgpne%lg))ygih%fg}uénngm}elﬂgyé'oni umrl1”
2, 4- hexadi ene; dimgthylargidobagre-2608-(AMeaiv/i-2 pheaylindem-USH DAL BEIS-

bi s- i - g 1 phenyl am do- bi s(di i sopropyl am do) di borane zirconiumrt"
1, 4- |0fnapﬁm1ewg¥'but adi ene;

2, 6- di i sopdioiymidgbenanetbishi’ gL didtsydgrmbenyliagectdyhhaioiuana-methgoni um

15 193% @{%‘ 1, 3- pent adi ene;

2,6-di" sog 0 yel’phenyl am do- bi s(di i sopropyl am do) di borane zirconi um ~4
pent adi enedimethylamidoborane-bis-n*-(2-methyl-4-phenylinden-1-yhhafnium 2,3-

bi s-
rl4-
bi s-
1, 3-
dimethyl-1,3-butadiene;
25 dimethylamidoborane-bis-n>-(2-methyl-4-phenylinden-1-yl)hafnium 2-N,N-
dimethylaminobenzyt;
dimethylamidoborane-bis-n’-(2-methyl-4-phenylinden-1-yhhafnium allyl;
dimethylamidoborane-bis-n°-(2-methyl-4-phenylinden-1-ylhafnium n*-1,4-
diphenyi-1,3-butadiene;
30 dimethytamidoborane-bis-n°-(2-methyl-4-phenylinden-1-yhhafnium n*-2,4-
hexadiene;
dimethyiamidoborane-bis-ns-(2-methyl-4-pheny|inden-1 -ybhatnium n*-1,4-
dinaphthyl-1,3-butadiene;

-40-



bi s-2-tent butyl phenyl am do- bi s(dii sopropyl am do) di borane titani umU I APR 2003
di chl oride; bis-2-tert-butyi phenyi am do-bi s(dii sopropyl am do) di borane

titani umdimethyl; bis-2-tent

but yl phenyl am do- bi s(dii sopr opyi am do) di borane titani um bis dine | ami de;

bi s-2-tert - bOVQIOPRYIY| ani do- bi s(di i sopropyl ani do) di borane ti tﬁﬁTGJrﬁg%’Z(ﬁé % hy!

L 3 but adi ene; diidinarbbahLYLAREAHEAT-AnbhyiAERH- F9RARGARI10) di bor ane

titanium 2,3 15 di net hyl - but adi ene;
bi s- 2- tenp*lﬁl“b’ﬂz prranadigfedo- bi s(di i sopr opyl ani do) di borane titanium 2-N, N

di met hyl am nobgRffhyiaRbiSberahéh 2l-phenylinden-1-yf)haf -
~yl am do- bi s(di 'I sopyr%p'y ama do) l%i 'ﬁorane ti tpaﬁTyd%?l I 3)/1) afnium n"1,3

bi s- 2- t erReRAIGNGhenyi ani do- bi S(dl i sopropyi am do) di borane titaniumrl -

20 di ghenyl -1, 3- but adi ene; bis-2-tent

but yl phenyl am do- bi s(di i sopr opyI am do) di borane titaniumrl4-2,4 hexad| ene;
bi s-2-tent but §imstemgmidabatandbis (ndi(2-setnbayiaamthyliopen-dof)haigium t ani um , ~ 1, 4
25 di nap P;{ %1153 but adi ene; bi s-2-tent

but yl pheny am do- bi s(di i sopropyl am do)di borane titaniumrt4-1

phenyl - 1, 3- pendigdttestanidalngtane-bis- n (2 methyl -4- naphthylmden 1-yhhafnium dimethyt;

D 2 e O AL 2L (O SR AR RohRRRul Rl L2,

of the prdimetylabidenvention are repr esented in previously defi ned formul as
4-9 wherein T i.s 0 1 ApR

R~ R~ R-
2003 WD 00! 204@8‘%%!?’@9‘&%5?%%81 |£E1edl¥‘ @aBQ}EH'“QF?‘Sa‘t' ?fé‘é"'o\ﬁere two R
groups andefRyi- a,eebdtém&@j such as in 1,3,4,6,7,8, hexahydro-pyrimndo(1,2-a]

pyri m di nat e, below. L, fn.the foregoi eci e i s believed,
Wi t hout wi shi néi"’t %%“'96%6“%9'5gué%"@"lyégg\éf’htﬂ!‘wﬁ ghﬁff‘&%a Yroup) T is
connect edj.ﬁ@trgq-vlgabljtg@e,h@t er oat om; thereof Speci fi c but not limting,

exarrpl es of the foregoing netal | exes included within the invention
are: R N -dii seipredpyarigelargne-aist 127meg1yl -4-naphthylinden-1-yl)hafnium 2-N,N-

bor ane- bi gimietfy é}ﬁ,ﬁbmpft adi enyl zi rconi um di chl ori de; 10
N, N -di i sopropyl - phen am di nat ¢ borane-bis-rt5-cycl oRent adi enyl zi r coni um

di methyl; N, N d'Hﬁ*@ﬂﬁW'éﬁ‘%fa%@ﬁyl 1%memyhétf’éphthyhnden 1-yl)hafnium allyl;

bor ane-bi s-rls 5 g@"ﬁm L
N, N -diiso ropg)ljt;ﬁ?en Pﬁgc?nhﬁ%]%'gtzfe %ora e- ﬁaébtﬁ*l@@%ﬁ% @%ﬁ?’%. enyﬁ zi rconi um

2 15 net h@‘Phel”Yk Ui&‘ii'e'ﬁﬁb N, N -dii sopropyl phenyl - ami di nat e
b bi ~5 L
or angy bi s-, ~Sgiemh enyp& ﬁé%k%{ [ HRA ?nagmﬁyume&m y)hatdidih &giLn

N, N -dii sopr opyl - nat e r~s-cyctopent adi‘eny ZI rconl um
2 N, N- di nraxadienni nobenzyl 20 NN -dii sopr opy! - phenyl - am di nat e

bor ane- bi s- rtSdl%ﬁﬁ?ﬁﬂ&l?cghﬁenMi's%isf(@-%itﬂ'ylm-naphthytinden-1-yl)hafnium n'-1,4-
dinaphthyl-1,3-butadiene;
dimethylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)hafnium n*-1-
25 phenyl-1,3-pentadiene;
dimethylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)hafnium n*-1,3-
pentadiene;

dimethylamidoborane-bis-n’-(3-isopropylinden-1-yl)hafnium dichloride;
30 dimethytamidoborane-bis-n*-(3-isopropylinden-1-ylhafnium dimethyl;
dimethylamidoborane-bis-n’-(3-isopropyiinden-1-yhafnium bis-
dimethylamide;
dimethylamidoborane-bis-n’~(3-isopropylinden-1-yl)hafnium 2-methyi-1,3-
butadiene;
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l')
allyi; N/ N -diisopropyl - phenyl -am di nate 0T APR 2003
bor ane- bi s-ns-cyci opent adi enyl zi rconium rl 4-1, 4- Bi phenyl - 1, 3- but adi ene;
N, N - di i sopropyl - phenyl - am di nat e borane-bis-rts-cycl opentadi enyl zi r coni um
25 rl4-2,4-hexadi ene; N, N -diisopropyl-phenyl-am dinate
bor ane- bi s- , WO0028428pent adi enyl zi r coni um rt 4- 1, 4- di napht hy! - 1PSVH§P2F e
N, N -dii sopr owhemhﬁwdomm:‘dkbm%(ﬁaeompylhdmn{ysha:fy\mhoﬁemlmétwnﬂs:i rconi um
rte-1- ph% Y 3 pent adi ene; 30 N, N -diisopropyl - phenyl -am di nat e
bor ane- bi é’a}dﬂ cycl opent adi enyl zi rconi um , ~4-1, 3- pent adi ene; -C4 0t ASR

2003 wo Oonaab@n%wanﬁﬁdb%ﬁﬁ?\lé%hi@‘r@B&BWIm&er&@I kafhium peyv,Ror ane- bi s-r 15
cycl opent adi enyl zi r coni um di chl ori d

N, N~- di i SHpeBppmirphsAary| - 1, 3- di ketl M ne bor ane- bi s-r 15
cycl ogent adi eWhét'hﬁzt%HMdH@réﬂefB?é nyé&.sép&bwnu&h h SAR&ARYA afypheny! -

, 3-di ketim ne borane-bis-r15 cyc| opentadi enyl zi'rconi um bi's-dl net hyI am de;
N, N - di i sopropiynewylgmmoraneswnk@clﬁﬁwrﬁ@ylnéerahed)bafgma -1,4-diphenyl-
cyci opent a@bgt%i %ér coni um 2- et hyl - 1, 3- but adi ene;
N, N -di i sopropy phenyl - 1, 3-di ketl m ne borane-bis-ri5 10
cycl opent adi erﬂyhehhvbammmeansdn hi-ingpropyBdent a/@hefnelm n ‘-2,4-hexadiene;

cyci opent adl ery 1T BOHTSERRe o HeOHPURRRETSADG I 31 4-dinaphiny-

N,N'4dii9apbom¢bn8 phenyl 1, 3-di keti m ne borane-bis-rl15
cycl opent adi e

nyl zj rconi ym aI
NN CBE T sopr ogy ey BARAPte S EEisteraeyipgetabpisium 5°-phenyi-13
cycl opentpitRmae? i rconl um r14- 1, 4- Bi phenyl - 1, 3- but adi ene;
N, N -dii sopropyl - 13d|;<t|mne por ane- bi s- ~5
cycl opent adi er%’P?i%W %”PZP‘%MF%@Q%’&P)QWQB” ASiRathium n*1,3-
N, N - di | sepzmde; 3- phenyl 1, 3-di keti m ne borane-bis-rts 20

cycl ogent adl enyl zi rconi um | 4- 1, 4- di napht hyl - 1, 3- but adi ene;
i i sopropyl - 3- phenyl -1, 3-di keti m ne borane-bis-~5

cycl opent adi ewﬁ]étw@wmaﬁb%@queﬂwtywanpe,nyhamnmexcmonde
N, N -di i sopropyl - 3-phenyl -1, 3-di keti m ne bora

e
cycl opent adi e Qihb’ dqherane-bis-g ﬁ%ﬁ?%‘i'@ﬁ@1 E)g\afmum dimethy!;
N, N - di i sopr Omfheﬁ?lﬁ%ﬁbﬂo%f%%@hﬂﬁ—ﬁb\hﬂfrﬂeﬁ1bs!l)‘hafrﬂtﬁn bis- dnmethylamnde

cycl opent adi enyi zi f coni um di chl of i1so di nret'hyl guani di nat e
bor ane- bi s- rlammtt\ytapnmmmm k&:bme'def‘ﬁBﬂ}h\?F UTB@ methyl-1,3-

N, N -odi i L8 - di et hyl guani di nat e borane- bi s-~5

cycl opent adi eny ' Zi rconi um bi s-di et hyl am de;

N, N -diisopr opymetﬂwiwllﬁqbwldmnéﬁ ebiingss-1hihafniyn 2,3-dimethyl-1,3-

cycl opentlﬂgécﬁéwé'm rconi um 2-net hyl - 1, 3- but adi ene; PCTI US99] 20538

dimethylamidoborane-bis-n°-(3-t-butyiinden-1-yl)hafnium 2-N,N-
dimethylaminobenazyl;
25 dimethylamidcborane-bis-n’-(3-t-butylinden-1-yl)hafnium allyl;
dimethylamidoborane-bis-n>-(3-t-butylinden-1-yl)hafnium n*-1,4-diphenyl-1,3-
butadiene;
dimethylamidoborane-bis-n*-(3-t-butylinden-1-yl)hafnium n*-2,4-hexadiene;
dimethylamidoborane-bis-n*-(3-t-butylinden-1-yf)hafnium n*-1,4-dinaphthyl-
30 1,3-butadiene;
dimethylamidoborane-bis-n>-(3-t-butylinden-1-ylhafnium n*-1-phenyl-1,3-
pentadiene;
dimethylamidoborane-bis-n>-(3-t-butylinden-1-yl)hafnium n*-1,3-pentadiene;
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. . - 01 APR 2003
- 65 0 1 APR 2003 WD 00/ 20426 N, N -diisopropyl -di met hyt guani di nat e

borane-bis-ri 5 cycl opent adi enyf zirconi um 2, 3-di net hyl - 1, 3- but adi ene;

N, N - di i sopropyl - di met hyf guani di nat e borane-bis-ri5

cycl opent adi enyl zi r coni um 2- N, N- di net hyt am nobenzyl ; 5

N, N - di i sopr $8/4028#3¢et hyl guani di nate bor ane-bis-ris PCT/US99/20538
cycl opent adi enyilsapropQrimidatatdnsbis-he-Sycicbentarngbyiniueh dretibidguani di nat e
borane-bis-ri5 cyciopentadienytzirgoniumrf4-1, 4-diphenyl -1, 3-butadi ene;
N, N - di i sopr op$isoafopyiemjdeiesnedismi-evanneatasianybainum digiethyl;

cyct opent adi enyiiZl | il h i ; ; PR e

N, N -di i sopr Op%x{s_%gfo%gt nyn?’ﬁgt{?garﬂeﬁ?nsngt gﬁggjre ggagleg?/lgfl f,nyg bis-dimethylamide;

cycl opent adi engilsepropytaimigaboranedqist tcyciqpentagienyihaBiupu-aiteyid; 3-

NN-diis 5&1@{%.- di et hyl guani di nat e borane-bis-rf5

cycl opent adi ényl’zi rconium rt' -1-phenyl -1, 3- pent adi ene; 15

N, N - di i sopr opgilsodiopgtamidiapoeariechisrgt-eydnpeatagidoybaintufn 2,3-dimethyl-1,3-

cyct opentg@iaﬁinﬁt,zi rconiumrf-1, 3-pentadi ene; PCT/US99I 20538

1,3, 4, 6, 7-82f%& %(hydr o-pyrimdo[1,2-a) pyrimdinate borane-bis-rfs-inden-1
yt zi rconi um di gilsbpfopgrRimiddbotand-tis-§3-cyclodaatadngihamuyt 2-m,o[ i, 2- 3]

pyri m di ngte bor ane- bi s-rts-inden-1 ylzirconium di net hyl ;

1, 3, 4, 6, 7,‘9‘-91’\'3'2%(W98?%12M§1ri m do[ 1, 2-a] pyrinmidi nate borane-bi s-~5-i nden-1
yl zi repni um bi gisdp ol Ryiiddborie-tis-AS-8y dopentrieeymBiniialyyr i m do[ 1, 2- a]
pyrintdinate borane-bis-,~5-inden-1 25 ylzirconi um Z-petrgl - 1, 3- but adi ene;
1, 3, 4, 6, 7, 8- he¥iSRp@PYlaTdqheraterbis-n -gyclosipriagienyhatrbimp r hieliphesyk1.8- i nden- 1
yl zi r coni gifadiede;di met hyl - 1, 3- but adi ene; 1, 3, 4, 6, 7, 8- hexahydr o- pyri m do[ i

, 2-a] pyrimdinate borane-bis-rts-jnden-1 ylzirconium .

2- N, N- di et hyt difcrtipyiamidebogmebisnzciopestadisnivamiua pye thiexagdiene;2- g

pyrimdinate b BiSria sk ndens 1s w7 ' ?H}{,b, i1 4-di .
,3,4,6,7, 8- hexg[@@%ﬁ'ﬁ@ﬁ%ﬁ%ﬁgﬁaﬁ@ﬁeﬁﬁaﬁ% e bor a}l'g-dt%?asn-hmyls-i nden-1
yl zi rBoni Ldrbutadigne; Bi phenyl -1, 3-but adi ene; -66 0 1 APR 2003 WD 00/ 20426
T S bRt Pisd o

1, 3, 4, 6, 7pSnrtadigrdiydr o- pyri m do[ 1, 2-a] pyrim di nate borane-bis-rls-inden-1

yl zirconiumrl o 4-di -1.3-b ' : : 5.4 a. e

1,3,4,6,7, 8- heﬂ'éﬁﬁ’éﬁ’?’g@g@@‘?%%‘gﬁ??- Q@f?‘fbﬁnﬁe&?wgp&%&jat'r%egetr)llta}sd-'er eé-i nden-1

yl zi rconi um r 14- 1- phenyl - 1, 3- pent adi ene;

1,3, , 7, 8-he C . dol 1. 28 ridedh ek ane-bi s-ris-inden-1

yi 21 2 um 1 ARBPIRERAL A s 2 Rl A AR GdE:
diisopropylamidobarane-bis-n°-inden-1-ylhafnium dimethyl;

diisopropylamidoborane-bis-n°-inden-1-ylhafnium bis-dimethylamide;
diisopropylamidoborane-bis-n*-inden-1-ylhafnium 2-methyl-1,3-butadiene;
diisopropylamidoborane-bis-n’-inden-1-ylhafnium 2,3-dimethyi-1,3-butadiene;
25 diisopropylamidobarane-bis-n°-inden-1-ythafnium 2-N,N-dimethylaminobenzyl;
diisopropylamidoborane-bis-n>-inden-1-ylhafnium allyl;
diisopropylamidoborane-bis-n>-inden-1-ylhafnium n*-1,4-diphenyi-1,3-
butadiene;
diisopropylamidoborane-bis-n>-inden-1-ylhafnium n*-2,4-hexadiene;
30 diisopropylamidoborane-bis-n°-inden-1-ylhafnium n*1,4-dinaphthyl-1,3-
butadiene;
diisopropylamidoborane-bis-n°-inden-1-ylhafnium n*-1-phenyl-1,3-pentadiene;
diisopropylamidoborane-bis-n®-inden-1-ythafnium n*1,3-pentadiene;
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o 01AP
10 N, N -diisopropyl - phenyl -am di nate borane-bi s-rls-(2-nethyiinden- ﬁrR 2003

yl)zirconiumdi chloride; N, N -diisopropyl-phenyl -am di nate

bor ane- bi s-, ~5- (2-net hyl i nden-1 yl)zi rconi um di net hyi ;

N, N - di i sopropyl - phenyl - am di nate borane-bi s-ris-(2-methylinden-1 15

yl) zi r coni um WPR943€et hyl ami de; N, N -dii sopropyl - phenyl - ani di F&T&US99/20538

NN i i sont opsl BN el 4 BT IR e T

yl)zirconi um 2glisqwimmamiugtﬂgrané}bisaﬂi(%neihyﬂmden-1-yl)hafnium dimethyl;

N, N -dii sopropyl.-phenyl -am di nate korane-his-rj5:(2-nmethylinden-1

yi ) zi rconi um Z%Kf '%%?é?'ﬁ%%ﬂﬁ‘?ﬁﬁ'sah% ,e(ﬁ'mfﬂr@e_nai V%%%?'Bgﬂﬁgphenyl -ami di nate

bor ane- bi dimetBylé@idgaet hyl i nden-1 yl)zirconium allyl;

N, N -di i sopropyl - phenyl -am di nate Rorane-hi s-, ~5-(2-nmethyl n -1 25

yi ) 2i Foni am 1 PSP HABHPAG 08 116 EiRtafederiq Y00 el 7

NI Sd! | SODPO‘l@&ﬂelﬂ?hgnZ' ham g! nat e Eorulang.- bi s-r15- I( 2- met h?/l | n_dgn- 1t
zirconiumrl _-2,4-hexadi ene; N, N -diisopropyl-phenyl -am di nat e

%or ane- bi s- ri s I{iSOPRAVAMIAARRIADE DS 42-Fegmi nF-)Y-yl)r?aqmuX\ 2,3-dimethyl-1,3-

r14-1, 4- dhgmphinBy! - 1, 3- but adi ene; 30 N, N -diisopropyl - phenyl -am di nate

borane-bi s-ris-(2-methylinden-1 yl)zirconi umn4-1-phenyl -1, 3-pentadi ene;

N, N - di i sopr opyilisgpremamidabarpnerbis-rhd?-geshyinden-1-yhhafoint HiN-nden- 1

yl') zi { ONkiikRinviarhi .adi ene; -67 0 ~ Ar' R 2003 WD 001 20426

PGINS99/ 20538 KI?N"”-%Bl s-'2, 6-di i soprqpy! phenyl - phenyl - am di nat e

bor ane- bi s-ri sdiisoprenywgridabgsaeerpisimdemethyjinden-t-yoratoismaaliyhl or i de;

N, N - bi s- 2, 6-di | - Rhepyb-am di nat e ne- i S; 1 s- (2- et hyl -4

phenyi | nden: 1. SISSRSRMBORNE BRSP I s IhaRL Py RIANA: - £2 ohehd

N, N' - bi s- 2,36butadiengir opyi phenyl - phenyl - am di nat e bor ane-bi s-rfs-(2-nethyl -4

phenyl i nden- 1-yl.) 7] . LS di.net ides o ; 404 .

N, N - bi s- 2, 6- i roryaid e‘ﬁ?'ﬁ‘? gﬁe'w?ﬁa%%ﬁﬁ% LyRRiem g a4 headiengia: byl - 4
thﬁlnwb 3 nden;5 1;jyj:iis)qudspwﬂm'l idﬂb&allre-biﬁyﬂs-(ii-n&tw(ljlp@di-B-lyghafnium T)‘_—1,4-d]znapl(1t2hyl- A
, N - bi s-2,6-dii.sopropy! phenyl - phenyl - am di nat e bor ane- bi s-rfs-(2-nethyl -

10 phenyi f?rr?d%‘ﬁt? '?9?’) zirconi um 2, 3-di net hyl - 1, 3- but adi ene;

N, N - bi s- 2, 6- didiisoppsmrhipbestihe-plreiiyR-1amytindeat- e-yhioatainar & 5phéraa-g 2- et hyl - 4

phenyl i ndggét]éé?/elf\ézi rconi um 2- N, N-di net hyl am nobenzyl ; ké

N, N - bi s- 276" opr opy! phenyl - phenyl - am di nat e borane-bi s-ris-(2-nethyl-4

ﬁhﬁnyl i ndtzané3 1- }d_iiéqudsmrhl idﬁmcarbllwU—biﬁ.-ﬁfalz-methy(ljipderr-ylghafnium 'rt1)“_-1,3- s (2-methyl -4
, N -bis- - di i sopropy! phenyl - phenyl - am di nat e bor ane-bi s-ris-(2-nethyl -

pheny$¢ ndBﬁ["f-gﬂ?P)?zi rconi um , ~' -1, 4- di phenyi - 1, 3- but adi ene;

N, N - bi s-2, 6-di i sopropyl phe; ~yl - phenyl - am di nat e borane-bis-rls-(2-nmethyl-4

phenyl i nden-1-yl)zirconiumrf"-2 4-shexadi ene; . .
RN bi o2, 6 d S BR BRRAaRe By A ThesY BIPIHSBRLIT 5. ( 2- et hy - 4
20 phenyl idiethioiidé: vyl ) zi rconi um rl 4- 1, 4- di napht hyl - 1, 3- but adi ene;
N, N - bi s-2, 6-dij.sopropy! phenyl - phenyl - ami di nate borane-bis-rls-{2-nmethyl-4
Dhenyli nden 1. yWSCHRORIATBRSorane DRghUe ethy4 Ry KA Bries Panium
25 dimethyl;
diisopropylamidoborane—bis«n5-(2-methyl-4-phenylinden-1 -yhyhafnium bis-

dimethylamide; _
diisopropylamidoborane-bis-n5-(2-methyl-4-phenylinden-1 -yl)hafnium 2-
methyl-1,3-butadiene;
30 diisopropylamidoborane-bis-q5-(2-methyl-4-phenylinden-1 -yhhatnium 2,3-
dimethyl-1,3-butadiene;
diisopropylamidoborane-bis—n5-(2-methyl-4-phenylinden-1 -yh)hafnium 2-N,N-
dimethylaminobenzyl;
diisopropy|amidoborane-bis-ns-(2-methy|-4-phenyIinden-1 -yl)hafnium allyt;
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N) N - bi s-2, 6-di i sopropy! phenyl - phenyl - am di nate borane-bis-rls-( 2[’ rgebﬁgl 2@3

phenyl i nden-1-yl)zirconiumrl"-1, 3-pentadi ene; 25

N, N - bi s-2, 6-di i sopropy! phenyl - 3-net hyl -1, 3-di keti m ne borane-bis-rfs-(2
met hyl - 4- phenyl i nden- 1-yl ) zi rconi um di chl ori de;

N, N- - bi s- 2, 6-woicseerepy! phenyl - 3- net hyl -1, 3-di keti m ne bor anePOTAISPYHSEP

met hyl - 4- phenyl j. nden- 1-vl ) zirconi umdi net hyl . 3 , 4

NN b s, 6 PSR B R ORIy Lot R den PR 1 s- (2
met hyl - 4- gipaeyyli1BiBMtadiepé;) zi r coni um bi s-di net hyl am de;
N, N - bi s-2, 6-di i sopropy! phenyl -3-net hyl -1, 3-di ket| m pe borane-bi s-rls-{2
met hyl - 4- phenyPvméqpv@w?&qrara,eow%ﬁ@mﬁﬁwh@-mqvmﬂiﬁ@fh—uﬁ)faﬁ% S

2003 WO 0Qbyditfe: PCTIUS99J20538

N, N -bis-2, 6-diisopropy! phenyl -3-ngt hyl -1, 3-di keti m ne borane-bis-, ~5-(2
net hyl5 4- pheny Hiisppeenylanyifgbarateobis-am2Mmethyl-rabenylindensi-ginafeiuare; 1.4-

N, N' - bi s- &irGnfl/SaRk tphenyl - 3-net hyl - 1, 3-di keti m ne borane-bis-r!S-(2
nmet hyl - 4- gwgﬁg?j}ﬂnﬁgr?g%eﬁ%m rconi um 2- N, N-di et hyl am nobenzyl; 5

N, N' - bi s- 2, 6- didlisopseryfamigeaisne-gismethyethyl-Spaenvindemeyirafainebits- r | 5- (2
met hyl - 4- qiqd s 4ayl.) zi rconium al | y!;

N, N - bi s- ga%%ﬂiﬂsqg%?%&p?ﬁ@phenyl -3-net hyl -1, 3-di keti m ne borane-bis-rls-(2
net hyl - 4- pheny Hiistbeopylamitidptdransbisnin2-methyk4-Bhertylindan- 1-yBhasoitmdi ‘eha:

N, N Pd)sé 'chg)iehg,opr opy! phenyl - 3-net hyl - 1, 3-di keti m ne borane-bis-r!5-(2
met hyl = 4- ﬁeny I'iden-1-yl)zirconiumrt4-2, 4- hexadi ene;

N, N - bi s-2, 6-di i sopropy! phenyl -3-net hyl -1, 3-di keti m ne borane-bis-rls-(2

t hyl - 4- ph | iLnden- 1-vyl)zi ' | - 4- di - - but adi ;
N 5o BN RO by IR e 5L
met hyl - 4- pivhloyidenden- 1-yl ) zi rconi um rt 4- 1- phenyl - 1, 3- pent adi ene; 15
N, N - bi s-2, 6-di. ¥ | - 3- | 21 3-di 1lm -bis-rls-(2
ot hy - 4- phony FITB R RN SR T 1o DRt BT JoRBAILR, ©1 = 1<
bi s( N13- - dimethyir opyl - phenyl - am di nat e) di borane- 1, 2-bis-rts-(2-nethyl -4
phenyi i nden- 1-

l.) Zi iym dichlorkde: 20 , . .

bi s(N, N - di | so%’P%"ﬁﬁE@%ﬁéﬂ?Q’é’?ﬁ' g{ﬁlg‘?%’ﬁﬁ%ﬁ‘gﬁ%mwﬂg%’i“%ZVI‘)PE‘-“{“EE Rt hy! - 4
E'he?ﬂ :\rndg_tméthmbx)we;cow By di b 2-bi 5: (2-pet hyl -4

i s(N, N -diisoptopyi - phenyl -am di n rane-J1.2-bi s-rt5-(2- -
phenyl i nden- 1- @f'ﬁ‘%\{?@&W'Hﬁ?%?g‘?g'fﬁg{lﬁbem a-é\?ght%yhnder.\-ﬁ-yl)thafn{um &=
bIhS( N, N ;jdmetblxﬂp{mﬁlytadighgnyl -2am dlhnzlsit e) gl Eor ag_e- 1, 2-bis-~5-(2-nethyl -4 25

eny| jnden-1-yl)zirconi ym 2- net hyk-1, 3 adi - .

D SCRER i 5o NP AR e A st 2R Rbdgn -4 vkeirm 23y g

phenyl i ndefimdihyil9),3bu@iengm 2, 3- di net hyl - 1, 3- but adi ene;

R e
bi s(N, N - dirhstepaemobepagny| - am di nat e) di bor ane- 1, 2- bi s-r!5-(2-nmet hyl -4
D1 Sk, N -1 | sopiARPOHEHRPSTanG B et 2Aeityiodend-vheainirmaliy| - 4
ggggy}zs nden- 1- WiddrdsyarhiBbérane-bis4> B-ieeny-4 nhpRtnpinbiastil opafnii? n*-1 Q-1 APR
diphenyl-1,3-butadiene;
diisopropylamidoborane-bis-n5-(2-methy|-4-naphthylinden-1 -yl)hafnium n*-2,4-
hexadiene,
diisopropylamidoborane-bis-ns-(2-methyl~4—naphthylinden-1 -yl)hafnium n*-1,4-
30 dinaphthyl-1,3-butadiene;
diisopropylamidoborane-bis—ns-(2-methyl-4-naphthylinden-1 -yl)hafnium n*-1-
phenyl-1,3-pentadiene;
diisopropylamidoborane-bis-ns-(Z-rnethyl-4-naphthylinden—1 -yh)hafnium n*-1,3-
pentadiene;
35
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bi s(N, N -di i sopropyi - phenyl - am di nat e) di bor ane-1, 2-bi s-rl s-(2-net hyl -

phenyl i nden-1-yl)zirconiumr1-2, 4- hexadi ene;

bi s(N, N -dii sopropy!-phenyl -am di nat e) di borane-1, 2-bi s-rfs-(2-nethyl -

phenyl i nden- 1wya()ozabmoni um , ~4-1, 4-di napht hyl - 1, 3- but adi ene; 5PCT/US99/20538

bi s(N, N -di i sopropyl - enl-am di nat.e) di bor ane- -bis-. ~5- 2.- t hyl -
phenyl i nden- 1- {s}d@( gehoranedisy K@—?so&rogylwgm\ éd‘f%)@r?h"“m i ride;
bis(N, N -dii soarsmmﬂpymﬁworm Lds ﬂM@kdbr‘@@Vl&ﬂ@n-ﬁ ~hatrfarhldfméthyfet hyl -
phenyfinden-1-yl)zirconiumrl - - pent adi ene;

bi s(N, N - di i sofff PVMﬁm@ﬂelb'Snm(:kéPPWPWEPBT“&OY'HWH“W"?Jfbl s-r~s-(2- met hyl
-4 phenyl H,ﬁmﬁylgmwg? zi rconi um d| chI ori de;
bi s(N, N -di i sopropyl - 3- phenyl - i ketim ne)di borane-1, 2-bis-rls-(2-nethyl
-4 phe?lyl , ndend&soprgpyia{r@mhqjqxﬁecpum -|({§r|sopropyhnden 1-yhhafnium 2 -methyi-1,3-
bi s(N, N - gutlagggéopyl 3-phenyl -1, 3-di keti m ne) di bor ane- 1, 2- bi s-, ~5- ( 2- net hyl
-4 i 5 phenyiinden-1-yl)zirconium b| s-di met hyi am de; bis(N, N
--di i sopropyl - guqzmemylamc@mnedmsm H{saptopylmaen-1; -A)hafrium|2s3- -(neathyiny | -
; ~heny| [ n?%rbtﬁaé‘ér)ez' rconi um 2-nmet hyl -i , . 3-but adi ene;

S(N, N -dl’i sopropyl 3-phenyl -1, 3-di ketlmne)dl borane- 1, 2- bi s-rf5-{2-net hyl

- 4 pheny| i ndendﬂsopk@pyiamﬁbame?bu%ﬂ{%bbmbylhd@nbbgtlﬁtdir&mre 2-N-

bi s( henyl -i
, 3-di etl mn e@?‘@?ﬁﬁ%ﬂg E 2-bis-rl 5-(2- met hyl - 4 phenyl i nden-1-yl)zirconi um
2 N, N- di net hyl aiinoptﬁwmuoborane blS-n (3 |sopropylmden 1-y|)hafmum allyl;

bi s(N, N -di i sopropyi - 3- et|m

b s 1 o ( 2 HSORAP AR -(C-FOpEPY AT BB -1 4

bi s(N, N -dbhswmpmhtaaieﬁ@enyl 1, 3- d| keti m ne) di bor ane- 1, 2- bi s-rt5-(2-net hyl
-4 25 phenyi i n -1- zi.rconium, g | -1, 3- buta i ene; bi s(N

N -diisopr opyI H{‘Mﬂ) @QS"%%?"#&'@PH‘?"B@F‘Q% &‘am'%mr*t:@‘tz met hyl -
phenyis ndﬁélxalj1éﬂe) zirconiumrl -2, 4- hexadi ene; bi s( N)

N - dii sopropyl - 3- phen I-13d|ket|gnne)d|borane 1, 2-bis-rls-(2-methyl -
phenyl i nden- 1- ¢ !‘%Of’fqué#ﬁ“'@ﬁﬁqf@“e-qs'ln -§3-iraprepminden; 13l M%‘Hﬂéhé 4-30

bi s(N, N - dinas®RyIoNY-buiddpeny! - i, 3 d| ket i m ne)di borane-1, 2-bi s-rl s-(2-nethyl
-4 phenylinden-1-yl)zirconium, yl -1, 3- pent adi ene;

bi s(N, N - di i sosvwmwmmnelb@n Cgl?PPWPWEPGP'BdH)m&“ﬁmm ti-ghemy.- (2- et hyl
-4 phenyl i ddieflel zi rconiumrl’ -1, 3-pent adi ene; _70_ ~ 1 APR 2003 WO
00/ 20426 PCT/ US99/ 20538 N, di i sopr opyl - phenyl - am di nat e

bor an&? bi s-r 159 %@Dmm'dwmﬁwf) %&@HmEVW?EﬂrSGMWm dh’i‘ ori de;

N, N - di i spgrtashghe;phenyl - am di nate borane-bis-rls-(2-nethyl-4- naphthylinden
1-yl) zirconi um di nmet hyl ; 5 N, N - di i sopropyf - phenyl - am di nat e
borane-bi s-ris-(2-net hyI - napht hyl i nden 1-yl)zirconium bi s-di et hyl am de;

N, N -dii SOPVOPM#S‘OBW)ané‘rSBdF'éM@nQ% ﬁﬂlﬁylmdﬁnﬁl-y'frm(agmﬁﬁtJBHIorﬁi‘e napht hyl i nden

1-yl)zirconium 2-mneth 3- but adi ene di i’'sopr opyl - pheny( - ami di nat e
bor ane- bi s-r | sd{spprapy ldeOme&hyﬁ hietingign - =y Inpsnivm eirnetiy

go?aﬁe b;[ le ~5d%§}a #@?gnﬂ&%or%hae'ﬁ?qy- ge@%eyl )z?%c%%ﬁl??ng nate

2-N, N-di rré'mﬁ}m&amﬁebenzyl N, N' - di i sopropyl - phenyl - ami di nat e
bor ane-bi s-rl Sdﬁs%pFBFptyMldébormg-ﬂy-l(é-ﬂgﬁ?lin]dex-l1)-ﬁjhra?rﬁl%%Qlﬂy}fll,;3-
butadiene;
diisopropylamidoborane-bis-n’-(3-t-butylinden-1-yl)hafnium 2,3-dimethyl-1,3-
30 butadiene;
diisopropylamidoborane-bis-n*-(3-t-butylinden-1-yl)hafnium 2-N,N-
dimethylaminobenzyl;
diisopropylamidoborane-bis-n>-(3-t-butylinden-1-yl)hafnium allyl;
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15 N, N -diisopropyl - phenyl - am di nat e borane-bis-rls-(2-nethyl-4- 0 1 APR 2003
napht hyl i nden 1-yl)zirconiumrl -1, 4-Bi phenyl -1, 3- but adi ene;
N, N - di i sopropyl - phenyl - am di nat e borane-bi s-, ~5-{2-nmethyl -N ~~
napht hyl i nden 1-yl)zirconiumrl -2, 4- hexadi ene;
-di i sopropgloopeayl - ani di nat e bor ane- bi s-rt5-(2-net hyl - 4- PEAIHIOMIIBHden

N, N (
NN - i ] sopr opyesrmr iR AR T Al BR ROt iy - Ao ebi i | nden
1-yl) zi r cor8-butadiede;1- phenyl - 1, 3- pent adi ene

NN -dii SOpTopy dp§cg)r<1py\¥gr@am di natH 5’%%&‘8&1%‘0:&-12’33 hg%lurr"\? h—%'i—rl\léxaga h't hyli nden

1-yl)zirconium

N, N -dii SODrOpwhs&rWhoﬂor&Téim.&ﬁf v(:m ﬂﬁyrb@@ane,ﬂ)lhaﬁnurﬂa‘@% dimédmhyM

napht h I | nden 1 y zirconiumdichlorid

N, N - €BCphenyl - 1, 3-di ket i mi ne bor ane- bi s-rfs-(2-nethyl -

napht hyl l nden lmyd | ARbBTAL-BTRY PYA-i-b@Pinden-1-yhhafnium n'1-ph I-1, 3-

N, N - dllsopropy :?rf)mreny 1, 3-di ktgt |}dm n@gboraneY)bls rl g ZD e met hyT -

napht hy! i RERAILNG] ) zi r coni um b| s- di met hyl ami de;

N. N -di | sopr opWisctirapfypanitictbratiddbis R amﬁﬁ IRfIEAN SyifRafiidrh B2 ¢t

napht hyl i nden- 1 lycﬁ) ) ZI rcon?ur% 2- r{e'ﬁh'( - but a )tgne| ?1 %6@%%%&? 2003 WO
00/ 20426 N, N -di i sopropyl - 3- phenyl - 1 3- d| ketim ne

205 ot hy! - 1 S ETELR R A pyconenl b crg Ol genlopges 1

bor ane- bi s- r f s-bisPrimetiydilylYamidqgurangtbisrg nydegeln)aﬁerwmafnmm dimethyl;

porane: b 5. -5. (AR AT gﬁc?%fepﬁd;{%aﬁﬁﬁ{w apyi

N, N - di i sdpmethylamiiephenyl - 1, 3- di ketl m ne bor ane b| s-rfs- (2 rret hyl -
napht hyl i nden- Zi.r um rf" h adl
N, N -diisopr op%’l‘g@)"mﬁﬁg aingo%rq{l?tl?'?ﬁ" gycg% Hn i"?‘}BY'hK/‘P 4 10

napht hy! i bdegiehey! ) zi r coni um rf 4- 2, 4- hexadi ene

N, N -dii - 3- | -1, 3-di ket b

o o o B S Sl %fr:y@amgw
N, N - di i sos-ouabiede;phenyl - 1, 3-di ketim ne borane bis-rfs- (2 rret hyl -
napht hyl i nden-1-yl)zirconiumrf" hepyl 3- pent adj ene;
N, N - dii sopr opﬂ‘sytﬁ‘ iy ai"'%"Qﬂr@{@f&?ﬂ\néy Q'%\y@‘ ‘g“@ﬂ\' Nét hyl -

napht hyl i aﬁﬁé}hwawﬂobbﬁfypnl umrt-1, 3-pent adi ene;
bis-2,6-dii soprop%l phenyi am do-bi s(N, N;-di i so

an di g%t e) di bortih "thwwmimtarﬂr@rt?lg@ -cmpenPadlé)r&!ha um auy!

bi s- 2, 6- di | SOPILARRAFANY ISRl AR PR A 1,4-
am di nat e)di borane titaniumdi nethyl; bis-2,6-diisopropyl phenyl am do- bi s(N,
N -dii soptdt%‘?r’y'ﬂh%‘ﬁy\ad&ﬁﬁvdl nat e) di borane titani um bi s- di et hyl am de;

bi s-2, 6-di i sopwmh@hwy%ué@b&ﬁér@%-nwcy&bﬂeﬁw&@wamwz 25

am di nat e%di borane titani um 2-net hyl -1, 3- but adi ené;
bi s- 2, 6- dMEXHEHByY| phenyl ani do- bi s(N, N -di | sopr opyl - phenyl

am di pgt e) di borgi@inietiyiilifmidottratedBs-Ai-bydopenbididHinaftfim n'-1,4-
dinaphthyl-1,3-butadiene; o
bis(trimethyisilyl)amidoborane-bis-n°-cyclopentadienylihafnium n*-1-phenyi-

1,3-pentadiene;
bis(trimethylsilyl)amidoborane-bis—'q5—cyclopentadienylhafnium n°-1,3-
30 pentadiene;

bis(trimethylsilyljamidoborane-bis-n’-inden-1-ylhafnium dichloride;
bis(tn'methylsilyl)amidoborane-bis-ns-inden-1 -ylhafnium dimethyl;
bis(tn'methylsilyl)amidoborane-bis-ns—inden-1 -ylhafnium bis-dimethylamide;
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bi s- 2, 6-di i sopropyl phenyl am do-bi s(N, N -di i sopropyl - phenyl APR 2003

am di nat e) di borane titani um 2-N, N-di net hyl am nobenzyl; 30

bi s- 2, 6-di i sopropyl phenyl am do- bi s(N, N -di i sopropyl - phenyl

am di nat e) di borane titaniumallyl; )

bi s- 2, 6-di i sSO¥PIPPIBBenyl am do- bi s(N, N -di i sopropyl - phenyl PCT/US99/20538

am di nat e) di bobagAmietryiijiiiMiddobranetbBiPiRRN! 1= nainiBm AfetiRi 3-

bis-2,6-dii soprogyi pheyrzs;/n%’awn@do- bi s(N, I{f-ldi i so%‘? opyl - pheﬁiylﬁ 35

ani di nat eP'#REEPEBNe titani umrf4-2, 4- hexadi ene; -72 PCTI US99/2053% ~ 1 APR
2003 WD 00/ 204 - ; i -bis-n’-i - ' ~di -1.3-

bis-2,6-dii sopr%% t{}?”ﬁﬁ“é’r'ﬁ'}Y'?n’?’%%q%?"se( Rlsl{? JWPS&A’F%B‘W%%Q'&E}?%‘cﬁ nat e) di bor an
e titani ubwteflienes- di napht hyl - 1, 3- but adi ene;

bi s-2,6-diisop | ami.da- bi Ns- dj | SORL | - nyl

am di n5gt e) di bo?’%ﬁ}e{k@WﬁY'%@&f%’%ﬁéﬁw@ “éﬁ%ﬁﬁéﬁ@ﬂ@ 5

bi s- 2, 6- ddinstiylapinbpérxyy;,l am do- bi s(N, N - di i sopropyl - phenyl

am di nate) di borane titanium.rl"-1 3-pertadi ene; . .
bis-2,6-dii SOpE’EQWSHHﬁ‘{')Y'EﬁW'%Q%?%E‘(RI,QN ? epg&gr?%ﬁ'wn-aﬁylphenyl -1,3
di ket i m ne) di beisgnmetryisapamishceaiedbis desindkB-1 -yihafnium n*-1,4-diphenyi-1,3-
bi s-2, 6-dj i sqopropyl phenyl am do-bi s(N, N -di i sopropyl - 3- phenyl -1, 3
di ket i mi nBY'@F€8Fane titani um di met hyl ;

bi s- 245 di | SOpbRAMMBEEIIFRMISSHdRAS-Dis 'ivdmmgmamuhn?aqm‘ﬁeyéméne?
di keti m ne)di borane ti'tani um bi s-di net hyl am de; _

bi s- 2, 6- di i sopPEfyMeHMislyiamiderasara-histy -erenﬂosmaiwymwﬁﬂpﬁ@mphmym 85
di keti m nghdhepeane titani um 2-methyl -1, 3- but adi ene;

bi s-2, 6-di 1 sopropyl phenyi am do-bi s(N, N_-di i sopropyl -3-phenyl -1, 3
di ket i ni ne) di bbisitfimethyisiylamisohadant-pistiyiden- 13mafoiga w'riephenyl-1,3-

bi s-2, 6- db',ﬁg@;feggyl pheny~am do- bi s(N, N -di i sopropyl - 3-phenyl -1, 3
di keti m ne% I'borane titanium 2-N, N-di net hyl am nobenzyl; 20

bi s- 21%- di i sopbisfiymetimiaiyamidebdsang-bisii -intiensioyinaipiyin- - hBrpaptadiens;
di keti m ne)di borane titaniumallyl;

bi s- 2, 6-di i sopropyl phenyl am do-bi s(N, N -di i sopropyl - 3-phenyl -1, 3
'di ket i mi ne) di bbisérimethyisiyilamidobordnebiBinii2methylinddnbyiiuifminm; dichloride;

bi s-2,6-diisop | .am.dq- hi N's-di | [ -3- phenyl.- 1.3 25

di ket i ni ne) di bég@w@ep‘s’t%‘.'%J%hg‘?@?}i’?eggﬁ'&é%f"eeﬁ@??"“oﬂJ'Y'ﬁ‘d?“'“"yd""emv"

bi s- 2, 6- di i sopbigftyiinetremsiltpmidebdrars-BisM>-(2Hrietyindemyi -yifhaphiembis-1, 3

di ketzé'(gi n %'gel bqrane, titaniumrl 4-1, 4-di napht hyl - 1, 3- but adi ene;

bi s- #%- dESNEB ¥ pheny! ani do- bi s(N, N - di i sopropyl - 3- phenyl - 1, 3

di ket i m ne) di bots@rnmethyisip)amitobctamibiey’-(2-nitydmdene -gitesiniamb-B@thyi-

bi s-2, 6- dii %O@rﬁ?glxllphenyl am do- bi s(N, N -di i sopropyl - 3-phenyl -1, 3

di ketimn )3 BYEE titaniumrl4-1, 3- pent adi ene. PCT/ US99/ 20538 The skill ed
artisan will reiggmens/difipimiastsbraneniain®1Bratiyinden- t-pkhdigioeognsng |ist, such
as those er el gv,ggr %B. is replaced by alum numare also included within the
i nvent i ondM@MEEPUtafientioui d al so be recognized that the terms rls or rl4

may rezg 35 accursah'mbmwsa]‘/uaemaoﬁda@n@brsuﬁl(zmemwmmicquHaﬁﬁminmJNi.Nln of the
nol ecul e Hirﬂge?rr\ylgr%%obgr?zyl; 0 1 APR 2003 WO 00l 20426
bis(trimethylsilyl)amidoborane-bis-n°-(2-methylinden-1-ylhafnium allyl;
bis(trimethyisilyl)amidoborane-bis-n’-(2-methylinden-1-yhhafnium «*-1,4-
dipheny!-1,3-butadiene;
30 bis(trimethyisilyljamidoborane-bis-n’-(2-methylinden-1-yhafnium «*-2,4-
hexadiene;
bis(timethylsilyljamidoborane-bis-n®-(2-methylinden-1-yl)hafnium n*-1,4-
dinaphthyl-1,3-butadiene;

-48-



I"
PCTI US99/ 20538 condi tions) and that nol ecul es including | esser nt[}nl)éﬁrg gpﬂB
contributing atons to the electronic delocation are intended to be included
Wi thin such descriptions as well. The nost highly preferred netal conpl exes
are di nmet hyl am dobor ane- bi s(r| scycl opent adi enyl ) zi rconi urn di chl ori de)
di met hyl am doQ{ey @pelies(~5-1 nden-1 5 yl)zirconiumdichloride, pcrnusy9rosss
di met hyl am doborane bis(rls-2- rret hyl - 4- phenyl i nden- 1 zi rconi um

di chl ori de, di rR$( HW%IH‘V‘@I‘UB@W‘&Q@O'@F@(OISHS %ﬂ@twndmb éh%‘r‘i‘iﬁtj%ni‘ﬂ?wf)yb rconi um

di chl ori dey 3.pentadiene;

di met hyl am dobor ane- bi s(, ~S- 2-i sopr opy yl.- 4- phenyl i nden- 1yl ) zi r coni um

di chl ori de, bls(trlmethy|snyl)am|doborane bis-n"-(2-methylinden-1-yhhafnium =*-1,3-

di et hyl a:P %ﬁg ne- bi s(rts-2-nmethyl -4-bis(3,5trifluoronethyl)phenylinden-1
-yl)zirco hl ori de, dinmethyl am doborane-bis(r15-3 10

t - but ybi nden- 1-yl ) zi r coni um di chl ori de,

di i sopropyl am oX Nisé ?_i M) 1,d| j de,

i i 0pr opyl am AT AT DamopY R TR L e T iRl

di i sopr opydichardtehor ane- bi s(~5- 2- met hyl - 4- phenyl i nden- 1-yl ) zi r coni um

di chl ori de, .

di i sopropyl am abd%(BrF%%tgy'B'fVQ?'inldODEraQ? ﬁyﬁn 42;5]1 “P'PS/I4| F?P& M"T—eg}ﬂ)'%hla@blfﬂ]um

di chl ori dedimethgl; _ _

g: IC?”O IQIOpyI am CL rlm qul le?)grﬁ'l%j%boralng%w prlméhﬁq rR(alnlyh C(if%n 1-yl%|a?nzldnr1com um

di i sopr opydiggintsgamie; bi s(, ~5- 2-met hyl - 4-bi s(3, 5-trifl uoromet hyl) phenylind
en- 1yl ) zirconi m di Cﬁ‘b 5

di i sopr opyl am yigH ewdbobgrapew ?I‘ (PifeRthyi-f- Rﬂe]‘ﬂ"}d@BHl YoRER2sr i de,

Bi phenyl arméif gm_ﬁta{u,@{er 15-cyci opent adi enyl') zi rconi um di chl ori de, 20

di phenyl am do or anebi S( r15 i nden- ){Jlﬁ) zi rconi um di chl

di pheny! ani dobot?’%\(ﬁgﬁ?@{"ﬁ'iyﬁa@'q?@PWP Hgmt"ﬂ&eﬁpeﬂngeﬂl Tryhafnism

di chl g5l deg 3dirpbMapve, 8ButiRiAeane- bi s(rtsZ et hyl - 4- phenyl i nden- 1-yl ) zi rconi um
di chl ori de,

di pheny! ani dobd¥eltE0eiylsiyismitode eI “A2paihyharheemtindepr tyy) hainiwm @m

di chl ori den nddi ArAfoB&gF ane- bi s(r 15- 2

met hyl - 4-bi's(3,5-trifl uoromet hyl) phenyl i nden- ) zi rconi um di chl ori de, 25
di phenyi ani dobd?isdEnethylsiy)amt Of?tﬁﬁgbﬁ md@ﬁnqﬁbxh‘*y@?wmemﬁ diheiidni de,

di et hyl anj)gebor ane- hi s(~$- cycl opent adi enyl ) zi r coni um

1, 4- Bi phenyl - 1, 3but adi ene, di met hyl am dobor anebi s(r 15-i nden-1-yl ) zi,rconi um
1, 4- Bi%p?nenyl 1, tgﬁqﬂrgqmgﬁ@l)amldoborane -bis-n’-(2-methyl-4-phenylinden-1-yl)hafriium n*

di met hyl anj d@m{eﬁﬂer Bip¥tddlepe2- Met hyl - 4- phenyl i nden-1-yl ) zi rconi um
1, 4di phenyl - butadlene)

di net hyl ani doboblawgﬁhywxl)émﬂ@pwp -bis-wHnyethyiderhenytinstep: iryihabwmanr

1, 4- Bi phenylhnhyaqibig.adi ene,

di net hyl am dobor ane-'bi s(rls-2-isopropyl-4phenylinden-i - I? zi rconi um

1, 4- Bi phenyl 1, tgs([guﬂgt@y@m@amldoborane bis-n°-(2-methyl-4-phenylinden-1-yl)hafnium n -

di met hyg a bi t hyl -4-bi s(3,5-triffuoronethyl}phenylinden-1
-yl) zi rcom Sm 1, ?fn@ ﬁBZt%ft%&%‘negEut adi ene,

di met hyl am dobobla(rhmeﬁhy(sﬂyl)an@qbomne;ms-nd@rme_thw‘tymwmenrﬂn whafiumeny |

1, 3- but adi fg ?43-pent 'R 2D03 WD 001 20426 PCTI US99120538
di i sopropyl am oborane , ~5-cycl opent adi enyILz zirconium1l (4-Bi phenyl 1,3
but adi ene, di i slmpﬂmpﬂhamlsdbemmsm&-h s2rmetbyl-4tpienylindenohyiihafnium o

1,4-Biphen¥ dlene

di i sopropy aﬁ%g rahe bi s(rls-2-nethyl -4-phenylinden-1-yl)zirconium
1, 4di @tenyl - 1, 3- but adi ene,

di i sopropyl am d -4 ¥R =k /b ) gi i um
o ney i, B8R ARG Biemidbedrdelbie- HaRERYA-Rhndert VAR
diisopropyﬂmmbdmhorane bi s(r15-2-isopropyl 4- phenyl i nden- 1-yl ) zi rconi um
1, 4- Bi phenyl - ut adi - .5 . .

di i sopr opyl ani dB'S&F’Qﬁ ﬁﬂﬁ}aﬂqogommﬁ-m@bmgw; Hnapeyindens tvbRe MU eny ! i nde
n-1- yI)2|raﬁmm¢¥m 1, 4- Bi phenyl -1, 3but adi ene,

di i sopropyfam oborane-bis(,~5-3-t-buty|inden-l-yl)zirconium

1, 4- di phenyl 1, 3- but adi ene, 10

di phenyl am dobor ane- bi s(r 15-cycl opent ad#@nyl ) zi r coni um

1, 4- Bi phenyl - 1, 3but adi ene, di phenyl am dobor anebi s(r 15-i nden-1-yl)zirconi um
1 (4-Bi phenyl -1, 3but adi ene,

di phenyl am dobor ane- bi s(~S- 2- et hyl - 4- phenyl i nden- 1-yl ) zi rconi um
1, 4di phenyl - 1, 3- but adi ene,

diphenylanidoborane-bis(r15-2-ethyl 4 phenyllnden 1y|)2|rcon|un11

o o o o A ~ -



0 1 APR 2003 W O 00l 20426 PCTI US99120538 been previously taughtUV\] IAER 2003
respect to different netal conplexes in the follow ng references:

EP- A-277,003) US-A-5, f 53,157, US-A-5,064,802, US-A-5,321, 106, US
A-5,727,185, US-A-5,350,723, US-A-5,425,872, US-A-5, 625,087,

US- A- 5, 883, 2G40 o¢Heafs 5, 919, 983, US- A-5, 783,512, WO 991 15534, aod/UdssdesIs
091 251,664, filed 5 February 17, 1999.. Conmbi nations of neutral Lew s acids,
especi al |y t hebiglimatmdsivhamigeberape-pisrms(P e denaralietana’ -HaRafig™ rom 1 to
4 car bonsbig.@ineaﬁﬁa,ajdgyl group and a hal ogenated tri (hydrocarbyl)boron
conpound having from1l to 20 carbons in each hydr ocar_ba/l 1gr oup) especially
t ri s( pent af | uorig(pimsihylsiybamisiebompe-bisen -(@oainr4tiaphthylinderel -y iainivaut r al

Lewi s aci &l 18485, idde. @ pol yneric or oligoneric al unoxane, and

conbi nati ons a single’ neutral Lewi s acid, especially

tri s(Pent af | uohisirimetpyisitydamiteboriane-bis-pdRyraihyid-raphtiyligdaretyghafhiumoxane are
especi al | y .desifahbl e j.vating cocatal ysts. Preferred nolar ratios of
Goup 4 n%’?%%ﬁ%thﬂ&'gggt%%%%ent af l uoro phenyl bor ane: al unoxane are from1:1:1
to 1:10: 30, nobis(tpmethgsiyhamidoborna-bis-1i’-(8-nethyl-4naphhyliderStryt)sathiem on
formng c n ful as,cocatalysts in one enbodi nrent of the present

i nventi OnQ'W}‘]q%QM%%@gb?WLMi ch is a Bronsted acid capabl e of donating a
proton, and a wigfiméthysinl)amizobomndibisa’(@gnethylgrnaphthylinde®s 1 y§keatniuer ei n) t he
term/” noncP?r di nati ng" neans an ani on or substance which either does not
coor dithat @0 20 the G oup 4 netal containing precursor conplex and the
catal ytic der i Magamn@hyglsii)imsticbbrRnelisow (2anetidchagtnyiinbsh-nepkkntiueor di nat ed
to such coppl exes thereby remaining sufficiently labile to be displaced by
a neutralm '_-évq'@emi's@'bﬂéﬁ@ﬁ@bor di nating anion specifically refers to an
ani on whi ch wh LR (yga,ﬁ . Cy } _ i oni c

net al conpl ex (E)(gﬁsﬁér']{g%l&& pgﬁgogﬁagﬁ z‘anisg(%i rﬁ&éﬂ%s?{‘?‘lt}?ri}?% 'I#?/Pgaéﬁeﬁ‘}rﬂ t her eof
25 to sai U*-34tHesadiemrsr eby form ng neutral conpl exes. "Conpatibl e ani ons”

sai -84 ! " Compat bl e ani ons”
compl B daconpashanfiSh R RBRe ALy IR A bl O

Si r'ed subséqguen
pol yner i zgt-i drdimaphtityhe,8-hutamtieref t he conpl ex. Preferred anions are those

containing a sjngle coordination conplex 30 co i Si a ch = bearing
nmetal or netal 'E&W%‘gﬁﬁ'{yﬁﬁm{? 8%“8%?2 '@é’ﬁ%\%ﬁéﬂ%p ’g‘frﬁgﬂ%rf'ﬁa%%@ugﬁar ge of
the activq'-cahahyai3-gditadigse; (t he metal cation) which may be fornmed when the
two conponents are conbined. Also, said anion should be sufficiently labile
to be di spl acebis@jmethysiyhirejdogpeanertism «(2aRethydso3nitmiindet-y - YORBIHUR at ed
conmpoyids 0k sideigidpeut ral Lewi s bases such as ethers or nitrites. Suitable
metal's 35 include, but are not linmited to, alumnum gold and platinum
Suitable netalloids include, but are not limted to, boron, phosphorus, and
si-l i con. Conpoyi@gmethisilyl)afidobbranB-pt8(3dYEbrOR)iRE6-yikdiNp® 120538 _
cont ai ni ng_ani ons whi ch ‘conpri se coordi nati on conpl exes containing a single
netal or REPRMAPEi d atom are, of course, well known and many, particularly
such conpounds bféﬂﬁrhﬁngkﬂ}gaﬁx'cﬁibﬁan‘é-ﬁ?élﬁ‘)@-i%&ﬂbyliﬂdérm-y@)ﬁhﬁﬂmﬁ)@fn‘iétﬁ&ﬂ; are

avai |l abl e conmercli a : reléera y such cocatal ysts rmay be represented by
the f28 1 owing bistamethylsityilamidedbarangtbis-rij-(B-iserpry inc&m;ﬁml)i:lafnwm Ps-a neutral
Lew s bas‘aiméthy’éérlﬁp(f“ is a conjugate Bronsted acid of L*; 10 Ad' is a
noncoor di nating, CSTrpati bl e anion having a charge of d-, and d is an

i nteger from 1bis¢tri@ethiisiyd)apideberateHhis-At{3-isonpropdipdentd -yibatnfum 2onethyla:
[(Md,]"; vgl]gt iin: .M is boron or alumnumin the +3 formal oxidation

st at e; and' ?rﬁedependently each occurrence is selected from hydride,

di al kyl am do, balthigethyliyiyacidotoydne-tis-¢f-(Reiaotrpbyindee-1 -yihainiwo Bsi-i t ut ed

hydr ogar byl |,0; substituted hydrocarbyi oxy, and hal o- substituted

silyl ﬁ@dréﬂ?@ﬁﬂ’%ﬁ@?@ﬁ?% (i ncl udi ng pefial ogenated hydrocar byl -

per hal ogenat ed plxytdmetglsiyjamidoborarie-ienh8-egropyiedesi 1yl natnitrro @ald b |

radi cal s), ,saig Q. hgvi ng up to 20 carbons with the proviso that in not 20
mor e t han WRENYRBIROPERRYE i s 4 halide. Exanples of suitable hydrocar byl oxi de
D groups are d!b%?t'riﬁr’éﬁﬂlshyﬂ%a%ido%orﬁﬁi—ﬁ%s-@-gaﬁroéﬁﬁldehﬁ-)ﬂ)lﬁﬁﬁ@n@llﬁf erred
enbodinment, d is one, 'that is, the counter ion has a single negative charge
and is A. Activating cocatal ysts conprising boron which are particularly
useful in the preparation of catalysts of this invention may be represented
25 by the followi ng general fornula: ($£6-H)'(BGL4)'; wherein: L* is as
previously defined; Bis boron in a formal oxidation state of 3; and 30 Q
is a hydrocarbyl -, hydrocarbyl oxy-, fluorohydrocarbyl -,

f I uor ohydr ocar byl oxy hydroxyfi uorohydrocar byl -,

di hydr ocar byl ai um nunoxyf | uor ohydr ocar byl -, or fluorinated

silyl hydrocarbyl - group of up to 20 nonhydrogen atons, with the proviso-



01 003
_78_ 0 1 APR 2003 WD 00/ 20426 PCT/ US99/ 20538 Preferred Lew s base As% tzs

are amonium salts, nore preferably trial kyl ammoni um salts contai ni ng one
or nore Cl120 al kyl groups. Most preferably, D is each occurrence a

fluorinated aryl group, especially, a pentafluorophenyl group.
Il lustrati ve, “%lﬂ"%rqw limting, exanples of boron conpounds wECHURRFOHE

used 5 as an agid étﬁwsiw&rﬁidawaﬁe-bfg-,ﬁng—,as%%@ir@bh9ryumafrﬁJ}ﬁni‘*.r{m-oved
catal ysts of this invention are tri-substituted amonium salt’s such as:
tri met hyl &fhsAYichs-betadigoes (pent af | uor ophenyl ) borate, triethyl anmoni um

totr aki o( pont atlr ao ey AmBEb S s Re-o & SR ARER I Bnium 2.4
t et r aki s( emadiénaior ophenyl) borate, tri(sec-butyl)anmoni um

Lot akPa( pont aFT e RV B8 dafe-o RN roRBloRY iR o n'1.4-

n- but yl t r idingpétinyaf Cebatafidreny! ) borate, 15 N, N-di met hyl anilinium

b ltri fl. h | te, N N-di methyl anilinj 4
ot aki (. (- BOUTRRBHORERP G A Bie iR R e GBHER A bor at e
N, N-di et pykayiil,3-pentadiehet r aki s(4-(triisopropylsilyl)-2, 3, 5,

& tetrafluorophenyl) borate, N N-dipethylanilinium . 4

pent af | uor opher?bs;zw“y?%'&?'ﬁp%?f%%ﬁgﬁyT({;"s(?Bfoé?f"léf‘,deQﬂ WREVHR WY E3ni | ni um
t et r akos( pentadidneor ophenyl ) borate, N, N-dinmethyl-2,4,6-trimethylanilinium
tetraki s(pent af |l u~orophenyl ) borate, dinethyltetradecyl ammoni um

t et raki s(pent af | uorophenyl ) borate, dinethyl hexadecyl anmoni um

t et r aki s( pent afpigeirpmadayamidessraie-bBi{EEMYLgHidRESCH]rAMI ditMornde;

tetraki s(pentafl uorophenyl) borate, 25 _nethylditetradecyl anmoni um

tetraki s(pent aﬂ'ﬁﬁ(ﬁ'f’@éﬁé‘i\&)cl)§ml§’6p%{?@?‘bﬁm Ht-aiy indeadad)iiyr Siraethy

(hydr oxyphenyl Mdyi. ; )..5h ek ; t tEehkhadecyi anmoni um
(diet hél al um n)g%%aenf)l %“?f){a@ Bg‘ﬂ"?g‘?ﬂﬁo 3%%2&@“3@8%1%m% o

met hydi haliaediamigaioni um t et r aki s( pent af | uor opheny!) borat e,

met hyl di hexade mgg,ﬂ; ) L k5L Sk t : s _borate, 30
nmet hyl di hexadec%%@mm .'ﬂ'ﬂ’%’ﬂ@?ﬂé?{‘gpﬁﬂrégi%ﬁﬁe@%ﬁ)ﬂq“?%@ﬁ?gﬂém ophenyl)
borate, netdpuldtiepeadecyl ammoni um t et raki s(pent af | uor ophenyl ) borat e,

met hyl di oct ade ! i Yhemel ik k& Sk t : 1yl ) borate,
met hyl di oct adeg%(gimmﬁllﬁl )%rﬂ?ﬁgéﬁé?fg ﬁﬁfr%i%ﬁ“e’%&ﬁfﬁqhs%%@ﬁ?yl uor ophenyl )
bor at e, nidimethys!, gbutagdienedr egoi ng, 35 di al kyl amoni um salts such as: _7g_

0 1A 2003 ole! = { il t S taf h I

bor at 80 et byl S ST EAI AT b ARAP bl P Ty L =R A RB g2 0 P e
net hyl oct alifoelbgaméinaenzybm t et r aki s(pent af | uor ophenyl) borate, and

di oct adecyl ammmy éfﬁm&@h%{@m‘ﬁﬁ%ﬂ%%‘ Hﬁfig%ﬁ-ﬁwi%e ﬂtﬁf;{%m ta'ili/l’ substituted

phosphoni um salts suc riphenyl p onrumtet s( pent af | uor ophenyl )
borate, net hyl disgriredadsilypiosipboaneristrét(Bbitynent lafhatniopméiyd-) bor at e,
and tri(2,8-di | ) phosphoni urn tetraki s(pentafl uorophenyl) borate;
di - substi t“ﬁﬂ“ge&ﬁgﬁgﬁ’?‘@&%% ts such as: 10 di phenyl oxoni um

t et r aRBs( pent aftisfminogindsilyl)admiiobaraed-bisi{e(3 t-oLiylindexdryinafnium n*-2,4-

t etraki s(pent afl yorophenyl) borate, and di (octadecyl)oxoni um

t et r aki s(g}?ﬁ?‘iﬁ"’uor ophenyl) borate; di-substituted sulfoniumsalts such as:
di (a-tol yl) sul foistirioetitesilybimisioperaherbisug#(Bbetyimdenbleyliitaéniurand- 114

met hyi cot a eCp¥|LI§IP|1f3{" %‘ﬂ] t et raki s(pent af f uor ophenyl ) borate. PCT/US99/20538
Pref er r ed $TAPEYE SN ¢ et hyl di oct adecyl anmoni um and

di met hyl oct adeayd(aimmeanyisiyl)aftiobbrane-sishi*dBituiyimichor-gihagiuaat': \vpirernyé

cocat gl yst, conprises a salt of a cationic oxidizing agent and a

nonco&Pdi n1a@'PrﬁTBt?d'€Bﬁ'pati bl e ani on represented by the 20 formul a:

(~Xe+) d(Ad.) e. pdiginfdthyIsifAiamidoBoranE-Blsh{PBE-bAiIfHeAL Q) R@AMN ({taysng a charge
of a+; ais an integer from1l to 3; and 25 A~' and d are as previously
defined. [BeASIANE: of cati oni c oxidi zi ng agents include: ferrocenium

hydr ocacbyl substituted ferrocenium Ag ~ or Pb+2. Preferred enbodi nents of
Ad. are those anions previously defined w,th respect to the Bronsted acid
contai ni ng act i%(ﬂilsqgrccnytamlacp>9)5(>p@,ﬂeés%ré@m(?wethy‘-‘*-phenyhnden-1-

t et rakiss( %ﬁﬁdn‘n‘ﬁfsﬂﬁhﬁé‘yl )borate. 30 Another suitable ion formng,

activati ngﬁacocata yst conprises a conpaind which is a salt of a carbenium
ion and a noncoordi nating) conpatible anion represented by the formula: +
A. wherein: 35 +is a C, _20 carbeniumion; and -80 a 1 APR 2003 WO

001 20426 PCT/1JS99/20538 A" is as previously defined. A preferred carbenium
ion is the trityl cation, that is triphenylnmethylium A further suitable
ion form ng, activating cocatal yst conprises a conpound



which is a salt of a silyliumion and a noncoordi nating, conpat iQJIleA%%im:’
represented 5 by the fornula: R3Si (X )qg' A~ wherein: Ris C .,0 hydrocarbyl,
and X', q and A are as previously defined. Preferred silyliumsalt

acti vatl ng cocataiysts are trimethylsilyfium 10

t et r aki spent aWP@@!i“b‘ﬁﬁenyl bor at e, tr| et hyI silylium PCT/US99/20538
t et r aki spent af b t q,q%,l, s thereof.
Silyliumsalts 6@6%5@@@ tﬁ) y gene i cgﬁﬁbydﬁjé%g |{n J. Chem Soc.
Chem Corrﬁ'ﬂhaf'l@@:«}i'mgtml- 384, as vvel | as Lanbert, J. B., et al.

Organonetal | i Cﬁps&d}’gg%gg*ng%m(??]‘%@z bl ﬁseﬁﬁ?@g, P@enr@gﬁ)%/e%l £l I yliumsalts

as activating co ataly t1'on ysts is
di scl osedyhbhafugmds- dmetm&amldﬁ’ber 304,314, filed Septenber 12, i 994,

P Se L MBS AE MRl el iR 7

t ri s( pent gfhaionoEimelhy)- h),@me-mlenee al so effective catal yst acti vators and

n:ay be used a di to th rese nve uch Iysts are

i o osed i n LBB(HSOARPYamoRIRTE Te o Sean e Pt Vst
activator gl)mﬁu@m@mdﬁ@lh@m:pnutgdlgmrpounds correspondl ng to the fornul a:
(A+a)b|(ZJ10z A |sa5cat| char e+a,Z' is an
ani on group of \quﬁ?ﬁm?ﬂa@ﬁo)dﬁ?"@’@rh%ﬂﬁ‘l e V'a‘f B'PI%”V" Ntounting 25

hydr ogen Wtcamumfgmtmlgrmé}wﬁ@hmmyﬁm or nore Lewis base sites; J'

i ndependent|y each occurrence is a Lewis acid coordinated to at |east one
Lewi s base si t@'sﬂ?“s’zpmpﬂﬁ'ﬂ'deﬁqm1§bﬁm -Grmeyet-pRNYlindergt-oups may be
joined toggiQumidlyR noi ety having nulti pI e Lewis acidic functionality, j'
is a nunber from2to 12 and 30 a', b and d' are integers froml to

3) with the pr 5ip(diigopmmaylamidojdinpranes! adlﬁaﬂ -opetay-4-penylindane i ng
cocat al yst,ghdehilinysts ing imdazolide, substituted
i m dazol i 8'2" |lm ggzo W8W1 fg?ltgﬁ%‘ed i m dazol i ni de, benzi m dazolide) or
?u:oistﬂﬁ ut ed beh@(dtrsmwlamelommﬁ amsne(mpﬁuk@dhmmmal |y a\?\,h

ol | ows: L_ R 2003 WO 001 20426 R8 A~+ 1-N~-N-J~ 8 °~ g R R wherein:
PCT/ US99/ ¥®éa§%‘” %Eﬂﬂa BN 1 A Ji- N- NJJv O -2 (Rg)2 Rg Rg A +
i s a nonoval enbisisopmpAsmigioiticrarid- 1,2 did-h hRehetaped-phafytingdl-y- is a 5 10 15

20 25 30 t dr ogar by tion, containing one or two C, 0.40 alkyl

gr oups, w?( %[%Q'W?Bwr{oyg{“@a'@ﬁdecyl ) anmoni um or

et hyl bi s(oct adswb&mﬁwammpumneom -biBn®- 12%! FMQﬁédyﬂnmh occurrence, is
ar

hydrogen or a hal g, hydroc hal ocar by ohydr ocar byl

si |yl Ry dr yhapymn’ 011’9’3‘?'13‘%‘ 3- RBF‘F@@IGG& ng nono-, di- and

tri(hydrocar bYBkﬁinEbﬁerpﬁéﬁl&B)o@Joré’r% {,8-030n {20rHEth9|04 -phGMhAdHg1 hydr ogen,
preferably C, is tris(pentafl udrophenyl)borane or
tris(pent 51'94'@9ﬁ'§ﬁ%n§8)¥7@h@ﬁienane Exanpl es of these catal yst activators
i nclude the trihydrocarbyl ammoni um, especially,

net hyl bi s(tetradecyi)amoni um or rret hyl bi s(oct adecyl ) anmoni um salts of:
bi s(tris(pentaf d@tf@rpn@wvglwmmr@ra@@wa@o)dusonrOpylamvdoborane

bi s(trks( enyI ) bor ane) - 2- undecyl i m dazol i de,

bis(tr é55 g@ﬁw %@?@ ienyi ) bor ane) - 2- hept adecyl i ni dazol i de,

bis(tri s( pent aft deﬂaph@uqulmnm)‘\ymtﬂ buty(anndjﬁdlyslopmwldanddhom)e
bis(tris H&%ﬁﬂj henyl ) bor ane) - 4, 5- bi s(hept adecyl )i m dazol i de,

bi s(tris(pentafl uor henyl ) bor ane) i m dazoi i ni de,

BI SEE ri s( pent af# btetrarpbmw:yc)ldnmntadfeb ;uy%ﬂ?d?g?tnldnl)dmgtapyiladmdodborane
is(tris Q n or ane ept adecyl i m dazol i ni de
bis(tris S@E‘s 3‘“"3 ‘ﬁ’ﬁg‘ﬁ‘ ‘r?é\ orane) 4, 5-bi s(undecyl )i m dazol i ni de,

bi s(t GDs( pent aﬂﬁsuevmpbmmyélmynm@ym.téﬁ ~buty(airéqhd) ditkepydpylamidizbocaneni de,
bis(tris taf uoro }q ﬂ or ane) - 5, 6-di et hyl benzi m dazol i de,
bis(tris @B e éﬁ‘% BPCne) - 5. 6- bi s(undecyl ) benzi m dazol i de,
bis(tri S( pent af(ﬁsl-t@fr@mbﬂmcy&l@ém&\)ﬂ ){Tebaglantéo)diisopropylamidoborane

bis(tris(pentafl uorophenY ) al umane) - 2- undecyl i m dazol i de,

bi s(tri s(HENUWR Bdot@sHyhyA)afadiiie) - 2- hept adecyl i ni dazol i de,

bi s(tris(pentafl uorophenyl)al umane) -4, 5- bi s(undecyl )i m dazol i de,

bi s(tris(pentafluorophenyl)al umane) -4, 5-bi s(hept adecyl )i m dazol i de, -82 ~
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bi s(tris(pentafl uorophenyl)al umane)i m dazol i ni de,
bi s(tris(pentafluorophenyl)al umane) - 2- undecyl i m dazol i ni de)
bi s(tri s(pentafl uorophenyl)al umane) - 2- hept adecyl i m dazol i ni de,
bi s(tri s(pentafl uorophenyl } al umane) - 4, 5- bi s(undecyi )i m dazolinide, 5
bi s(tri s(pentd did®2phenyl ) al unane) - 4, 5- bi s( hept adecyl ) i m dazBCTRIS2RE20538

bi s(tris(pent at.k. < QAR : e fiat Lde, and
bi s(tris(pent Zbl %i op ﬁ%ﬂ%@%ﬁ%ﬁ@”@’%‘@f@ﬁ%gc& ;lbénrﬂ‘iaraneé ag(gfi de. The
t echni quelltamiumg-N.Nepigathydargiopeenzvol ves the el ectrochem cal oxidation of

h | AL B i f
Supptrt g 00T SEBRBHR DA BB 5 1 e

t echni quetjtasiodnaliplt s, supporting el ectrolytes and electrolytic potentials

render the. ot G- SERIoREBR Gl (P RO @S RMERRYERS | o) " ¢

formed dumtamigmtiie 4-gpathgn,3-Mragieparticul arly, suitable solvents are
materials that, are: |iquids under the conditjons of the el ectrolysis

(general ly 15 (ngf%@"a%twg@'opﬁaﬁp@nmfemb@)'§m@a>aampé°wara'ﬂge?f?ve ng the
suppor t i Na@L@GH2U-Kefadigied inert. "lnert solvents” are those that are not
reduced or oxidlzed under the reaction conditions enployed for the

el ectrol ysis. (n%—tqt@ngvéméwalqpyntpdbsw}ireét-tmwlw@wdmowwlam@pb@rene| ectrol ysi s
react4dson . @se, a. Nt o upporting electrolyte that are

unaf f1é)gt ethgrl])'gmﬁhZ""e 'e’:’%?ﬂr“?‘@gﬁt'e’%%g%{‘?'a| used for the desired el ectrolysis.
Preferred 20 s@f-tetramsethyiciclopengtiehyljtarkmmiamieo)diis dpromdareidshorane

di met hoxyet hane ,( d mxtures thereof. The electrolysis may be
conduct edtﬁ?wurg %t‘%hﬁgm@g‘hﬁ{ﬂ“&h c cell containing an anode and cat hode
(al so ref err ednt-etrndthBcyoipkhadieRVIR frEARamiig)dissprbBharfidesbansd e
respectively). Quitable materials of construction for the cell are glass,

pl astic, HaMaRivc-12%5Pemtadigneiss coated netal . The el ectrodes are prepared
from{gnert conductive materials, by which are neant conductive nmaterials
that are unaffected by the reaction m xture or reaction conditions.

Pl ati num or pahi-igifamatareyciapenadieay)(Fyrighexyamigatdisoriopamidoip@ne Nor nal |y an
i on per ne@RhiEmEdHRBe such as a fine glass frit separates the cell into
separate conparfnents, the working el ectrode conpartment and counter

el ectrode 30 carairamashiicycinpentagieryiigyciahexylamige)diisoprmpdamitebpang r eact i on
medi um cqﬁgﬁihﬁ,idﬂgeﬁ, g nmetal conplex to be activated, solvent, supporting

el ectrol yte, and an "other materials desired for noderating the

el ectdbl ysi s om -tateamathvi¢ysippenadieay)(trdlangxyamisiordisoprneylemideberane| ect rode i s
i mrer sed &R e the sol vent and supporting electrolyte. The
desired vtglg?lgrggglg%we?ﬁc@?g'r m ned by theoretical calculations or 35
experimental | y(nf'yset@m@wlwglqphetadfenvlﬁwlmxﬂam@pwi@@mep\éa@&om@@esuch as a
silver el i i adsifdde cell electrolyte. The background cell
current, ?ﬁ@ﬁ@?wgﬁ?fg?&tédgeﬁfh” R 2003 WO 00/ 20426 PCT/ US99/20538 draw in
t he absence of(n%'ﬁﬁéfamﬁ,w@@'@EB@?EUY'MGYQ*Q“GMWQid;f?&ﬂiia@nfépmmm.bmﬁlﬁ@

el ectg0l YiGh S f . =109 hhe current drops fromthe desired level to
t he b%sgkg‘?gﬁlﬁ S%%\B/@Etﬁ‘flﬁd% Wg&ﬁgﬁner) conpl ete conversion of the initial
netal conpl ex mitettamatidiyiciopdatadieng)icydiorguylamisojdiisegrppyiamidpbetaset r ol yt es
are salts PESIN1P 1.on .a conpati bl e, noncoordinating anion, A-.
Pr eferredtltéﬁg%oér@Iwngmgqt@ﬁ“ﬁp%@gl’are salts corresponding to the formula

G A ; wher ei n: (nStetrasnathylaiciopentadieofl)(tycionenylemip)disopropranidabbeanst ar t i ng and
resul ti ng'éﬁlnﬂiﬁxl‘ and 10 A" is as previously defined. Exanples of rations,
G, incl u‘g ¢ thdrocar byl substituted amoni um or phosphoniumrations
havi ngp up to 4@’ -neranysinyigetopahadiznyiReydarexgdmida)disosropylamiduborane
tetra(n-butyl anmponi - d tetraet hyl ammoni um rations. During activation
of the coﬂﬁ%‘@%‘é@'b‘%’ﬂ%@”ﬁg&éﬁ?dﬁeﬂ%mti on by bulk electrolysis 15 the
ration of the ﬁ%%ﬁétﬁ;ﬂcﬁic@%fa@IeHPI?(cW&ﬁa&ﬂaﬁﬁhol)dlﬁoﬁr@bﬂbﬁﬁddﬂo%r ode and
Am grates to the wor ki ng ‘el ectrode’ to beconme the anion of the resulting

oxi di zed {¥roUmc :2,£hexasienghe sol vent or the ration of the supporting

el ectrolyte is reduced at the counter electrode in equal nolar quantity
with the anmount of oxidized netal conplex forned at the working el ectrode.
Preferred supporting electrolytes are gg)_ t et rahydr ocar byl anmoni um sal ts of
tetrakis(perfluoroaryi') borates having from1l to 10 carbons in each

hydr ocar byl or perfluoroaryl group) especially

tetra(nbutyl ammoni um tetraki s(pentafl uorophenyl) borate. A further recently
di scovered el ectrochem cal technique for generation of activating

cocatal ysts is the electrolysis of a disilane conpound in the presence of a
25 source of a noncoordinating conpatible anion. This technique is nore

o . - N ~:
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Preferred nononers include a conbination of ethylene and one or nore
conononers selected from nonovi nyl aromati c nononers, 4-vinylcycl ohexene,

vi nyl cycl ohexane, norbomadi ene, ethylidene-norbonene, C3 10 aliphatic

a-ol efins {especially propyl ene, isobutylene, 1-butane, 1-hexane,

3- et hyl - 1- pemoaorzg42éinet hyl - 1- pent ane, and 1-octane), and Cqg. PCO/USOYRNS3S
Most preferred, nononer re mxtures of ethyle and styrene; mxtures of
et hyl ene, prop)g é‘%@aﬁ'ﬁﬁ‘yzﬁygf’a‘?{ﬁ?é"%’%}’%myﬂoﬁ? ar%'ag)gﬁ‘i’ﬂoé)ﬁéfm%q [Efe and a
nonconj ugatamilinhnbmn@-diesdreie-ald-butadibys;i denenor bor nene or 1, 4- hexadi ene, and
m xtures of ethy] ene%51 Pr opyl ene and a nonconj ugated di ne, especially

et hyl i denenor b&heisEaEethyicyCingsniadiand)(cyciohgsiasmide)disopeonyiamjgrtiorans i on may be
acconpl i sheghia nE9RRehiONs.piRbbiekgown in the prior art for Ziegler-Natta or
Kam nsky- Si nn type polg//msrlzatlon reactions, that 30 is, tenperatures from
0-250Q pr ef er &httptramethylcgcomertadiemiéeysiohesyldmidoidigopranylaenidaboranel 0, 000

at nospher gs,.. SUSPeNRS] .sol.ution) slurry, gas phase) solid state powder
pol ymer i zgﬁnb“ﬁvar'?gf ece}{r?adﬁg Séess condition may be enployed if desired. A
support) especially silica, aiumna, or a polymer (especially

poly(tetrafl uoroet hyl ene) or a | yval efin) may he enployed, .and desirably
i s enpl oyed 35 (WﬁtgRXWﬁB‘VLCé{FiBP%&ge'g}ﬁ)éted?é@‘qrwx%ﬂb%@%gﬂ?&%@a%‘f nerization
process. Garaigdpamibmidchidle; 0 1 APR 2003 WD 001 20426 PCT/ US99l 20538
preferably enployed in a nount .to provide a i,ght ratio of catalyst
(basetfon’ met i} SEHABFIYERPSageTBRE Ry Manids tigiisoproayemit)y f r om

1: 50, 000 Wmotantitamiieh dimethypr ef erably from 1: 10,000 to 1:30. In nost

pol ymeri zation rgactions the nolar ratio of catalyst: poiynerizable 5
conpounds enpl 69é‘&"ﬁ%‘efWVMF‘%em%"&n&ﬂ)&'eﬂ@UMam'd?}d%*%d'ﬁpem@v'am'qp)f rom10' 9: 1

to 10'5: 1dib5¢g,{eagh5,qu,§cgiy.gme$hmid§pr solution polynerization are inert
| i qui ds. Exanpl es include straight and branched-chai n hydrocarbons such as

i sobut ane, but dnetetrp@sthyityclopentadienyliieptoatvamide) bisidiisoamgylamidalr es t her eof ;
cycligs a”@ib%#ér@’ﬁéﬁi&m@ﬁieﬁﬁfﬁ,%%&é@ as cyci ohexane, cycl ohept ane,
10 met hyl cycl o

met hyl cycl ohexang, hept ane) and m xtures thereof;

per f | uor i nat ed (hygkamatyinyslopentpdigryl)ierbutiamiger kis(disepmpyianidgles, and

al kyl - subgiiotdHeEfah@BE i &ATROMBGS eHEN as benzene, tol uene, xylene, and

et hyl benzene. Suj ?lg%l e 'égﬁ/eﬁs{s "al'so i nclude liquid ol efins which may act

as nonomers or (@oRBABEEYcycopentadieayifiertdupiamide) Ris(disoprpylamid®dmbi nat i on

with at | @%}amaﬁ%@-“g@@me}@@gmmﬁﬁ)us or heterogeneous pol ynerization
epa

catal yst in the sane reactor or in s P ate reactors connected in series or
in paf@l | el to(priepamethylyapentadienditerbuliamide]his(disiorropylapida)i es. An
exanpl e ofy; is disclosed in WO 94/ 00500, equivalent to U S.
Seri al Nuﬁﬁq%%oﬁ?@%@@% as well as U S. Serial Nunber 08110958, filed
January 29, 1946 -teemethyidyelppentadienyll(legdntylaraite) yis{disopeopylagfida) honopol yner s

and copol r ing densift | o 85 glcm- to 0.96 glcnB, and nelt
flow rat e?[ﬁ%{%ﬁ\@ﬂﬂﬁ%q g,ig@bgﬁyldﬁ)@%dgﬁ% readily attained in a highly

ef fici ent procégstetraimethyityelbpartadiefnyi) fee-botytseids) bis(disopiapgiasnide)par ti cul arl y
advan ﬁge?ﬁs for.the pr‘%f\ti% of ethyl ene hornopol yners and

et hyl €nel l&raer]xqtﬁa%lglad]- 1EX4AV1%g high 25 levels of |ong chain branching.
The use of the (gateahirsttfyicgtiobdradieRRRIT-UURNSMH )b (Hsop AIPYiafi@s)S

pol ynmerization processgs, especiall 5 conti nuous, solution polynerfzation

pr ocesses dibgrang faniym ot bérgtneahthglab BetadiehBer at ures whi ch favor the
fom-ati on of vi 1 ; g i i isRacahporated into
a grow ng pol y#@?{i)e"thﬁgﬂgql}?&lgﬁ?/@ﬁgﬁgw(tgﬁgﬁ rllal 'E%’%‘ﬁ@r?" R‘FFIXI(?HEHSQ of the
present caihairgna titaoupos'+ t-planyl-38-pemeditnegeous| y al | ows for the econoni cal

M o Bl escur o, HriEr SRR pEe RafBRRI R BB DS BRPERRIRRI Yra' pr csent

catal yst aivgpas fitaeios wiey3penadiensi ageously enpl oyed to prepare ol efin

pol ymers having i nproved processing properties by polynerizing 35 ethyl ene
al one or ethylene/a-olefin mxtures with low |levels of a H' branch inducing
-86 0 1 APR 20D@&MRAIGO8RonBREEHNHILHIARAS)disepRbyamidbparangor bor nadi ene,
1, 7-octadi ene, or 1,9-decadi ene. The uni que conbi nati on of el evated reactor
t enper at utiE@NUmdighladideecul ar wei ght (or low nelt indices) at high reactor

t enperatures and hi gh conononer reactivity advantageously allows for the
econoni cal production of polymers havi Mf-excel | ent physical properties 5
and processability. Preferably such polyners conprise ethylene, a C3_20
a-olefin and a "H'-branchi ng conononer. Preferably, such polyners are
produced in a solution process, nost preferably a continuous sol ution
process. The catal yst composition may be prepared as a honobgeneous cat al yst
by addition of the requisite conponents to a solvent or diluent in which

L, o N T 1 L o o
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30 such as ethane, propane or butane may be used in whole or part as't
diluent. Likew se the a-olefin nononer or a mxture of different a-olefin
nononers nmay be used in whole or part as the diluent. Mst preferably at

| east a major part of the diluent conprises the a-ol efin nononer

or
nononers to bWOR204%ri zed. At all tines) the individual ingrd&TéH982038
well as the reqQy ; W from oxygen
and noi sture. ?ﬁ_ef%%&%@"?ﬁ@%%‘?@ﬁ@@ -8 @hﬁgﬂ&f@%@%@é&%&@gl 20426
PCT/ US99/ 2imwan gongtowent s and catal ysts nust be prepared and recovered in
an oxygen and nps_stur ; : t he
reactions are ggr?eg%n"geéﬁ ‘{lc&%%oﬁémg@gggk@éeng%ﬂé@%?w%?ﬁgﬁﬁégéﬁguch as, for
exanpl e, ditaniwydis-difteghyieshiderer i zati on nay be carried out as a batchw se or

a continuous 5 po | ' [ 4R r .S preferred, in
whi ch %vent cat(ﬁl {ye\s‘{g?ﬁééWF@ﬁi&a@%ﬁ@ﬁ%@é‘?@@ﬁ&“ %%"?ﬁ"@%'gﬁq‘ﬁ’%%%}é‘f‘\?ent are

cont i nuougitanisa @pinetngl-t,6-bukegdieneact i on zone and pol yner product continuously
renoved t herefr,o Wthout Jim¢ting in an .t he scope, of the invention,
one means for éaﬂ%}i%e‘ e Bﬁwag'eﬁ\qk@?’?é‘?’%?ﬁ@%%ﬁo%r%@@@édogg'a&? fol l ows: In
a stirred-titanikm 2ehaingsthy!d Bbdtldismgioner s to be pol yneri zed are introduced
continuously taogether wth sol vent d an optignal chain transfer agent.
The reactor cor(ﬂa'f%?”é?"l‘“"i}’l‘ﬂoae’b‘ﬁﬁ@@ﬁgB’Pﬁ%?gg‘s@ﬁﬁg?@ﬂ{'}?@quoE?I“em)norrer s

t oget her WidriurA YN FehivRMytaminasehzyk onal di | uent and di ssol ved pol ymer. 1f
desired, a small_ anmpbunt of a " I-tr ranch i nducing di ene such as

nor boradi ene, In7ieS@maindsysiopentadignyXphety @MIddiSoRIORYamidoRaEAs8. Cat al yst
and 15 coggdrdbillyiar e continuously introduced in the reactor |iquid phase.
The reactor tenpgrature and pressure nmay be controll ed“@/ adj usting the

sol vent / monaner(nrigatiag)ethvieyclopeategiepyiaranylagtidadisapropyaqidobosdeny cool i ng or
heati ng cQidumiASke |Rad iB§e:PoOl yneri zation rate is controlled by
the rate of caTéf‘?étﬁgggrﬁ%i 5‘5}]&% le ee't hyl ene content of the pol ymer product
i s deflérm ned HWn’-tetmmeaiinyicycopeetadighyi{phenylagidndiisariopylamideborder eact or
which is rol hed, ni pul ating the respective feed rates of these
conponent g@%}ﬁuﬁ%eﬁ%géﬁgne,rhe pol ymer product nol ecul ar weight is

control | ed, opt(hdratdmethhgyclopahtadiehyly{ghatylaeidg)disppepylaaidoborarar i abl es such

as the tenperaturne, noner, concentration, or by the previously nention
chain traqgafr}é‘fmdb@n?'gpnéﬁgtﬁylésggu‘ﬁ\ggﬁm of hydrogen introduced to the

reactor, as is (nBldtrdmemyicyciopbhadiehiyl)(pHdrglantdutisbpdpylefidoberdnel s cont act ed
with a catal yst kill agent such as water. The polyner solution is

opt i oR8l | itdlum ay:1-RhRNYE he-PsHIadIRBE: product is recovered by flashing of f
gaseous rmnoner(ﬁs-?é“'tra%ttlwyl@%lo'bgﬁt'aaiéﬁ%l)(§ﬁ%n¥%’&§idd}6iis@bﬂoﬁ?8hicﬁiboFaﬁ‘(éuCed
pressure) and, if necessary, conducting further devolatilization in

equi pnent tépiemas-1a3-@entediane:l i zi ng extruder. In a continuous process the
mean residence time of the catal yst and 30 polyner in the reactor generally
is fromabout 5 minutes to 8 hours, and preferably from 10 m nutes to 6
hours. By usi ndnateieamgtideyclopantagiepy)(fsriuthdamida) ¢j@etwiamidebasaneai nder ed
nonoviogy| tﬁ?r?@r‘ﬂ%chkmd%gered nmonovi nyi homopol yner formed from residual
quantities of the nononer are substantially reduced Ethyl ene honopol yners
and et hyl ene/ a-(of-tdtramasbyleiciopentadieny)(te-autdamide) gmethylamidehorang  pr epar ati on
accordi ng : N ition. Generally such polynmers have densities from
0.88 to o.@%"'%’ﬁ"’."eef’%i cally the nolar ratio of a-olefin conononmer to -88
0 1 APR 2003 WinD@:st20vatyl §CTipesdicpoii38t-tuitylgmisapdimethylamidolaramm| yeri zat i on
may be varji in.order. to adjust the density of the resulting polynmer. Wen
pr oduci ng tf‘trgrﬂ%'lrnirbéﬁf'g'mvﬁt?%a'g%gEnsi ty range of from0.91 to 0.93 the conononer
to nodoner rat i@ tetrdrestayltytiopedtadlengl)¢drebuipapidopdimettylamidoldBaneven nore

pr ef erably.tl ess hagy&%a% may even be less than 0.01. In the above 5
pol yneri za ?Wﬂmpé'g‘@ 5 1y %‘8 ¥'has been found to effectively control the
ol ecul ar wei ghfn’>eétrdrhethyleridpentadiengl)yerebutyl@misiop difrieyhyldrhidobarbee rati o of
hydrogen tQ nonopger, is Iesg t han about 0.5, preferably less than 0.2, nore
pr ef er abl ymP@Qg‘ﬁ'éil'f"@MStv '@V’é‘a'eﬁ’ﬁre preferably | ess than 0.02 and may even
be Less than 0.01. EXAMPLES 10 The skilled artisan will appreciate that the
i nvention disclosed herein may be practiced in the absence of any conponent
whi ch has not been specifically disclosgd. The foll ow ng exanples are
provided as further illustration of the“invention and are not to be
construed as limting. Unless stated to the contrary all parts and
percentages are expressed on a weight basis. The term"overnight", if used,
refers to 15 a time of approximatély 16-18 hours, the term"room
tenperature”, refers to a tenperature of about 20-25 C, and the term "m xed
al kanes" refers to a commercially obtained m xture of Cs.a aliphatic



Me | PCTI US99/ 20538 1 A) Preparation of Chforobi s(dimethyiani do)bdt AAPR 2003
(nodi fication of Chavant, P. Y.; Vaultier, M J. Oganonet. Chem 1993,

455, 37-46) BCl 3-SMez (62.000 g, 345.7B nmoi) and B(Nwez}3 (98.92i g,

691.56 nmole) 5 were stirred together at roomtenperature overni ght under a
ni trogen bubBV@P0208ke ni xture was then heat ed to reflex for OHGT‘rg\Eﬁ?’Z‘{Sé”

drive off any ﬁg‘?ﬁp o stir to
room t enper at u@ﬁt%t? In ﬁ%g@ws'@%a #j (ﬁ g‘g‘gnﬁlgﬂwpﬂ%uct cI eanly
(44.979 ditanjomd-Ndy-disathyanainghenzyiH Nw R (Cst) 8 2.49 (s) 12 H. '3C NM\R

(moai i cat on O Rerie P/ oBRAREbAA u b B AT AR 52" 77°

714) Chl ditasusy(alyltret hyl am da) bor ane (30. 000 g, 223.19 nmol) was refluxed in

o 553 16 nmol 1 GatieiudireRtoptPooten nBrugd Rt 7 o

several citepigmt+{tel A-ambiehg, @.&,tameﬁg at ed as evi denced by a sudden i ncrease
in the reflex., The heat was then tu he all oy added slowy so
as to maintai n("lateﬁ@["‘?"éwmyﬁfolp@’t‘taf"ﬁ%v')é@dlt{“fyt'ﬂﬁ“'ﬁ%?sd‘@ﬁwpé'ﬂ"éomt’ﬁ'@ reaction

m xture VagnidRaieds-hexddddeex for an additional hour and then stirred at
roomtenperature for three hours. The mixture was then filtered through a
pad of diat ona(c\eéﬁj@"eeihﬂwcwmmaﬁlenwmedthuly@“lﬁ@)rﬂ)m@ﬂ‘yfaé@mbqfa@e| n the

i sol o] 2 ctional vacuumdistillation resulted in
t he ﬁ?ol gtlgrtc')'H'%o 0’%@'”&@ & H@%%Su%d as a pale yellow liquid (7.756 g,
35.1 percent y(wéﬁdbaméth?lé%péﬁiﬁﬂlshyl (lertbuRdarbiso) drettylamidebddm (CeDs): 8
41.34. 1 % Pr S’P% of Bla,gg di met hyl am do) di bor ondi chl ori de

(nmodi fi ca¥ N3H98 8¢, W Z. Naturforsch., Teil B 1962, i7,
714) 25 Tetra g-ﬁéifa'ﬁ%t ¢ j u iBo)dima#hy @n(mr nyas stirred in
di et hyl et her l(<<TOO m ) W )%lﬂg@ﬁt)agbﬁa'é@ﬂ% gan? )gd %, m  of ai(%,)vaM sol ution
in di et hytiteingm’ 1v\%ré’e'é!éé’étie»dropvvl se. Th| s i xture was then allowed to stir
for sigx hours -90 0 1 Ar~R 2003 WO 001 20426 PCTI US99I1 20538 at room
tenperature. After the reaction period the volatiles were renoved and the

resi due ext r actheddgnd -yifarthudramispdiisopsopypmidedonngtitagipm dighleddeane resul t ed
in the isolatigs AR n resul ted
in the isol atlg'n"g n?h)eqﬁdgea re%{hmoﬁglgd:ﬁ%w'gé‘%gte ;g?'lﬁledvé'}ln%ﬂgpd (4.72 g,
66. 7 percent yméindien-15yl)(rogyl4raepsisopsonylattdgborans: Hpoiun e (s, 6 H. '3C
NVR (CSDSdn egw%ﬁg 41.78. 1 D) Preparation of 2,6-Disopropylaniline,
Iithium sal't (56.4 muol, 35.3 m of 1.60 M sol ution in hexane) was
adde®0dr opwi s e(rf-indensloyli{térEmutgamio Biistrrenyantggticeand litasiumiDrety)-136. 4 mol )
in hexa”%&&&’.@n@) This 10 mxtu re was allowed to stir for 3 hours during
which tinme a Whi't e precipitate fornmed. After the reaction period the
m xture was fldrfﬂmd ~ayipl ter Hmutyllrnide) diisdpropytestiidoboranentitaniuan @ 3sdimetlyl ed under
vacuum and e% thout further purification or analysis (9.99 g, 96.7
percent). f@" reparatlon of
1, 2-Bi s(2 6- di (nSuteapiyyKtdnt-Hhulgdmitip Riisipsdmyiamitiblydrame titedidiThNelde 15
BIS( rondi chloride (2.35 g, 13.0 mmmol) in diethylether (10
%a @cyﬁ W%ﬂ%}é’gy Y0 a solution of 2, 6-diisopropyianiline, lithium
salt (4.77 g, @ﬁ-lrﬁienimayl) ten%dylahldy)dﬂtdmopy{diﬁddﬁdram tit@umldlyg m xt ure was
t hen all owed t 5st r ov r ni ght roomtenpe u After ¢ reaction
period the vol ‘J@ ? @f%@@tﬂ’%‘i%’%% %%“%WP‘&&%dpghd filtered
usi ng hexgpﬁenﬁemd,@,ﬂethe hexane resulted 20 in the isolati on of a the
desired product ;as, a white solid (5. 32 88. 9 percent g "H NMR
(C6Ds, RT): 8 (0 yndens- Y'Mnfelmutﬁamlq?)d'@OPgOF{Y@m'GOQKI)Banezf'%"'P\E/“’16 By, 3.7 (s, 2
H., 7@ (Réxodien; H. 1 F) Preparation of
1,2-Bis(2,6-diiso rop | ani | i de) -1, 2- bi s(di et hyl am do) di bo;ane di lithium
salt 25 1, 2-Bi @% vlﬂmwfmmq"aeqrowazv'epef(raﬁ‘%&aﬂkyrfh -44y di bor ane
(1.82 g, ﬂlﬁb-}fﬂﬁleﬁe‘ rred in hexane (75 m) as n-BuLi (7.91 nmmol,
4.94 nm tion in hexane) was added dropw se. This m xture was
then all ovved t tn°dndan-tbykiter-guylamisojdisonrprylaraigeborane p@piuptnt-h®haPWt ur e was
filtered a %?F‘;Hqﬁ’ lt washed wel|l w th hexane and dried under vacuum
resulting i e 1solation of the desired product as a 30 white powder
(1.69 g, 90.4 percent yield). 1 § Pre§€rat|on of Dichloro-[i
, 2-Bi s(2, 6-di i sopropyl ani li de)-1, 2bi sCdi" met hyl am do) di borane] ti tani um
1,2-Bis(2,6-diisopropylanilide)-1 (2-bis(dinmethylam do)diborane, dilithium
salt (0.60 g, 1.27 mol) in THF (20 m) was added dropwi se to a slurry of
Tid3(THF) 3 35 (0.47 ¢, 1.27 mmol) in THF (50 mM) at OC. This m xture was
then allowed to stir at roomtenperature for 45 mnutes. Pbd 2 (0.177 g,
0 640 mol ) was then added as a 91 0 1 APR 2003 V\D OOI 20426
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BCI 3- SMe2 (62.000 g, 345.78 mol) and B(NME2)3 (98.921 g, 691.56 MbiAPRAIE
stirred together at roomtenperature overni ght under a nitrogen bubbler.
The m xture was then heated to reflex for one hour to drive off any
residual SMe2. Allowing the pale yellow liquid to stir to room ure
resulted in YR8t ion of 15 the desired product (139.436 5&@%?%50%8
percent yiel d) (nsiir*diéNNRylﬁ(?Iﬁfbﬂtylaﬁxid%)dﬁ%dr?ylaﬁidbbcrah@ﬁ?aNMR\ CpPs): s 39. 86.
2B) Preparation of Tetrakis(di methyl am do)di borane via C18( Nwe) 2.

Chl or obi sP%ﬁtﬂ‘gF'Pﬁil ani do) borane (30.000 g, 223.19 mmol) was refluxed in
hexane (200 m) as Na/K alloy [Na (1.539 g, 66.96 mml )/8.726 g K (8.726
g, 223.19 20 mngl@):; was added dropwi se to the solution. After the first
several drops theé$-digsthiv-Xtarduleardydisepiogyaridpbeiang tanien i ncrease in
the refl eyicnibhge;heat was then turned off and the ahoy added slowy so as to
maintain a reflex. After the addition was conplete, the reaction mxture
was heated to {refdEdinjedhyliagenntdl) tterbhiylamisig)diiaperopyamidobpraneditatiumoom

t enper at Uaiﬁ.,eft@}i. three hours. The m xture was then filtered through a 25

di at omaceous €arth pad and the vol atile conponents were renoved resulting
in the isolati bﬁ-20'3~dimqtrewihow-ﬁiyhmlﬂbutﬂambiowjha;brovalemmmbd'raesfeititarammon

resul ted o4& i tion of the desired conpound as a pale yellow liquid
(7.756 g,blgé'{jﬁgg'?@ea%t yield). "HNW (C6Ds): b 2.73 (s, 24 H. "'3C NWR
(CsDs)0 8 41. 3k -22G}infteyiadet-i -gh( terf-bdtpiamido) dilsdpropy lapidabib dmeditarourake Vi a

Bi s(catec iboron. 30 lithiumdinethylamde (10.70 g, 210.0 nmol) was
added sl o&gy\%’ggbgo”?‘b#?}f'to a solution of bis(catechol ato)di boron (10.00 g,
42.00 mol) i n(+gi2ea-tipettytiader(- 2Q0( tert-butaiamRd(EiisFivopy laimidobb eneasadilvan al | owed
to stir fgrs_qalm ﬁd%éit’o al 40 hours at roomtenperature. After the reaction
period the"e REYY Werg OH td under vacuum and the residue extracted and
filtered using(i@@dienetiRginvaral -yhftet-beylbmicansiso opyaediobbrankeaitdfumh ol ati on
of a 5el I @V&gl | . Fra,ct'hé)naL vacuumdi stillation resulted in the isolation
of th® dedi-APeHBNARERY  a pale yel low liquid (5.493 g, 66.0 percent
yield). 92 (f-213-4RRRHAZIMDYHQROAPEMRGTHIBIRDREMERLIRNR&R@hat | on of
Bi s(di met hyl am do) di borondi chl ori de. Tetrakis(di methyfam do)di borane (7.756
g, 39.19 ﬁ*rW)I) was stirred in diethylether (100 mM) at -78C as HCl (156.75
nmol , 156. 75 ”tns@tS-&in(étIyli&@érMjyl)@erit-ﬂutﬁlbﬁ‘{id&)ydii%bb@b}laﬁﬁﬁb@@@ditﬁi@ﬁw se. This
m xture wag then allowed to stir for six hours 5 at roomtenperature. After
the react Noh4ptivhedyl-t.8dutaskenei | e conponents were renmoved and the residue
extragg ed and {2 eamtuinash-NgHaseputiaiRicidiseprobPamitraRfetRethhed in the
isolation of a yellow oi’l. Fractional vacuumdistillation resulted in the

i sol at i onno®.4thexadiersir ed conpound as a pale yellow liquid (4.722 g, 66.7

(obo): § 57, ol 2ol MEekt diler el drsgPrabybrmcbier S g | P um

sal t. n- Bot-1j4-difdphttyl-mBdutaBene?5 M of 1.6 M solution in hexane) was added

dropwi se to a g@lution of. 2. 6-dj]j ropyl ani.iine (10. .40 mMmo!) in
hexane (100 m f". -.2’#]-9@%%{15?51v@@gégy%%bo%g%lsg[)ﬁopglﬁgvdoo%omagarawpi ng whi ch
time 26 whiht-e-ppesyii[B-péritedidde;f orned. After the reaction period the mxture
was filtered and the white salt shed wi.th hexane and dried under vacuum
and used wit ho(r}l '%ﬁﬁ%?V"Bﬁ?ﬁ'i'.VBQ??‘EW'BF‘@%HS%PQV'@@! grafe WyMyer cent
yield). 2g)-1Bcpp@ddidneon of 1, 2-Bis(2, 6-diisopropylar

~i l'i de)-1,2-bis(di net h_yl am do) di bor ane. Bi s(di met hyl am do) di bor ondi chl ori de
(2.350 g, 13. 00 Amimolidenwindamiyeiertputylapidediigpyropglamideletangrttaniide to a
sol ution chhl%rié"di i sopropylaniline, lithiumsalt (4.765 g, 26.01 mmol) in
di et hyl et her ( m) at OC. This m xture was then allowed to stir overni ght
at rodn t enper &t’t-pyrolifienyiindére 1 yhidert-bawamiso)digopiesylamidoborane tieniemr enoved
and the rg&i‘ @g was extracted and filtered using hexane. Renoval of the
hexane resul "in the isolation of a the desired product as a white solid
(5.322 g, 88.9(¥R-perdidenylipdei-thyl)(ter-bitRmidoddiisepropglaimidadotare-titasiuthbr m 24
H, 2.3 ( 2.8 (s, 6 H, 3.7 (s, 2 H, 7.0 (br s, 6 H. '"3C N\R
(tol uene- §§5‘?§"‘F\}‘V‘?§‘.'%1, 24.03 (br), 28.17, 36.82) 42.67, 123.19, 124.78,
140. 71, 145.02 (br). MS(El): mz 460.4025 (MH)~, calcd. (MH+ 460.4026.
2G) Preparation of

i,2-Bis(2,6-diisopropylanilide)-1,2-bigfdi methyl am do) di borane, 30
dilithiumsalt.

1, 2-Bi s(2,6-diisopropylanilide)-1,2-bis(dinethyl am do)di borane (1.820 g,
3.950 mmol ) was stirred in hexane (75 m) as n-BuLi (7.91 mmol, 4.94 m of
1.6 Msolution in hexane) was added dropwi se. This m xture was then all owed
to stir overnight. After the reaction period the mxture was filtered and
the salt washed well with 35 hexane and dried under vacuumresulting in the

-, = - Y -, PN ey o
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20 mz 578.2789 (M', calcd. (M~ 578.2781. Anal. Calcd. For
CZSHasB2N2Ti d 2: C, 58.07; H, 8.01; N, 9.67. Found: C) 8.28; H 8.2Q N,
9.42. Exanple 3 Dinethyl _ _ o _ _ _

[Zé 2-Bis(2, G;N%‘]lo;szgpzrﬁopyl ani | i de)-1, 2-bi s(di net hyi am do) di bor aHpLgllmg%t/z%gysum
Di chl or o- [ 1, 2(:BL3p¢rdliddhyimaBna Pl @hibutyiielidddigsob rapyAniditbydraritai@i bor ane]
titani um ( Exanpl eﬁg}!’a (0.%72 g, Ig)’5(9!(470 nmol ) was s(?lglrred in diethylether (40
m) as MENBBAYI(GSBUmARRSI, 0.313 m of 3.0 Msolution in diethyiether) was
added dr opwi f5?qs-é[EyﬁolmeH%IMHQnW)(@HJDQWni&&dﬁo‘pl‘op@@hi&t{!ﬁdﬂéﬁftaniﬁt er the
reaction period the volatiles viere renoved and thé residue extracted and
filtered2ukdimgthybianeutadiensRenoval of the hexane resulted in the isolation

ft desi 5. ) ar ! D | | solation
" Wk (capwy Bl efi BBl R eAgpaGE £,
3JHH = 623NNrfimebyigmindbarayks, 6 H), 2.69 (s) 6 H, 3.58 (br, 2 H), 7.0-7.2

155 07 05 161 238 BphrRedda ety gbonin s iedtanidoacs

PC T/ Us9aily@0538 Exanpl e 4 Di benryl

[1, 2-Bi s(2, 6-dis lani.lide). - bi s(.dlne 1 i bor.ane] zirconi um
Zi rconiumtet ?%é%ﬁg{r@@%n?l&d%% %',)(éB%ﬂg}@%ﬁ&@W&%A@ew@%@{%ﬁ t?%r‘f'%’@benzyl

(0. 192 gn'Q,4Adiphenyph )3-v@adiend;i rred together in diethylether (30 M) for 1
hour. 1,2 5 Bis{2, 6-diisopropylanilide)-1,2-Dbi s?di met hyl am do) di bor ane,

di i thi um sal {n (%R&fﬁ?ﬂd@nz‘%f’evdrﬂb@”@}’ 99/ diisaRforyiamMidRorana Wamem (30 )
was t hen  agdegedihgpwi se and the mixture allowed to stir for 3 hours. After
the reaction period the volatiles were removed under vacuum and the residue
extract ed and (fir2-peirelifenyindgntievibigs-buttamide)diisoprapy raidebessnectisariemt r at ed and
cooled tQ4~10 1.0k i.Ag which time ai 0 white powder precipitated.
The m xturé'mggggtgé{/m’?{bf]gé{egg' and the vol atil e conponents renoved
result§ing in tife2-pgwdlatenglinden-1tyiteddsiyanidpdishpeapy esidohpstnestitaminin (0. 123 g,
19. 8 percegt_ [ ellfjl}' ' EstNR' (toluene-da): 8 1.14 (d, 3.J,~H="6.6 Hz, 6 H),
1.22 (br T rw?am.’ HPY S b= 9.0 Hz, 2 H), 1.83 (d, 3.JHH= 9.6 Hz, 2 H),
2.10 (s, 6 H) (F-F-pyfrslidedyifdend -y Brdufyimid@)diioprépyRitBidébFar(etitanidamt) ) 6. 59
(d, ~~JHHz 7.2 Hz% 4 H, 6.77 (t) 3.JHHE 7.2 Hz, 2 H), 6.9-7.1 {m 10 H).
"3C NMR (tdriesriedieys: b 23.96 (br), 24.22 (br), 24.36 (br), 25.23 (br),
29.47, 39.72, 43.05, 62.23, 122.70, 123.73 (br), 124.08 (br), 124.33,
127.23, 130.82) 139.26 ,Sbr? .140. 16]3 ng_tr?, 144.90, 144.92, 149.d3. 20
Exarrﬁpe 5 is-phenylamido-bis(diisopropylamido}diborane titanium dichloride;

R S tehan Artwer e g S ol gl i g e P
,t"-1, 4-di phenyl - - but adi ene i oA reparation o

Di i sopropyl am RSy ‘sgcﬂlisa%rpp%&go%q%meet%&%rﬁ|bbsr-g~é1§?r§'§qorwgf.on of

t ri chl or obor arés-gtieryldvhidd-B6(ditk opropy@midojddjoravestitaniuie @-wethyial 8e at - 78C

dii sopro%adri‘g ne (13.108 m, 0.100 nole) over a 30 25 mnute period. The
sol uti on Mas At owed to stir for 1 hour, during which a white precipitate
form@l. The nibig-phenylaasidadblsdilsdpropylawmidn)ditmrareditanien2e3-dimatyl-18:d sol vent
was reno ?adi’c{}%er reduced pressure. The residue was dissolved in 100 m of
dry toluene, triethylamne (13.94 ml, 0.10 nole) was added and the sol ution
was stirred owis-phagtylansitio-bis(dilsopropgamidajdoranectitanivmiZ-N,Nvas filtered, the
resi due : APR 2003 WD 00l 20426 PCT/ US99/ 20538 washed with 20
m of to%ﬁ@?’gﬁmo\%ﬂ%y'\/\as removed under reduced pressure fromthe conbi ned
filtrates, andis-prenyiide-bisidisppropyamigdaidigdrane eniv@a@livin di still ation (25-28

[ quel, T et oy BRSO (BRERIT 1 FRRRERR ' S ¢ o

Pr epar at itotadiéne), N- di i sopr opyl am no bi s(2- net hyl - 4- phenyl i ndenyl ) borane To

25 m THF solytion of N N-dii.sopropyi am noboron di chlsQfj ¢ 28 g, 4.72
nmmol e) at roo 'ﬁ'Bﬁ?{yﬂ%{?'GP@'%?oﬁﬁaﬁém@%ﬁD%@%&FﬂJﬁ'iTh%‘i'h Wexddere:

(2- met hyl - 4phedighvéryeanidd is{ dis8Proylaididibaranetitaniu@Cy ‘i 4-Bikaphthy 8,31 xt ur e
was stirred for 24 hours. Solvent was renoved under reduced pressure. The
resi due i4a¥A& acted 10 with tol uene (2x50 ni), filtered through a nedi um
frit) and sol vent was renoved under reduced pressure to give a |light yellow
solid (2.4g, 97 percent). 5C) Preparatigpn of

rao-di i sopropyl am nobor ane-bi s-ris- (2-nethyl -4-phenyl indenyt)zirconium
ri14-1, 4- Bi phenyl -i , 3-but adi ene N, N-di i sopropyl am no

bi s(2- et hyl - 4- phenyl i ndenyl ) borane (1,20 g, 2.3 15 mmle) was dissol ved
in 40 m of toluene, 2.1 equivalents of potassiumbis(trinmethylsilyl) am de
(0.964 g) 4.8 mole ) was added and the resulting m xture was stirred at
roomtenperature for 24 hours. Volatile conponents were renoved_under

o a o S B N AN 1 Y



Exanpl e 6 Preparation of 0 1APR 2003
di i sopropyl am dobor anebi s- (cycl opent adi enyl ) zi rconi um di chl ori de 6A)

Di i sopr opyl am doboron dichloride To a solution of BCI3 (17 g, 145 nural) in
CH2Cl2 (25 m - C was slowy 35 added dii sopropyl am ne

132 mol ). A %‘A’Rua‘{“’é“’% ecipitate forned during addition. The m xé%ﬁg%géﬁ
war med to roombisppeETyEmite-bisigbpepRramlofdib@ase SanimirdA-phedi-1,30 1 ARR 2003
WO 00l 204%%1@5“ US99120538 Sol vent was renoved under high vacuum at room

t enper at ur's, I¥8€t esi due was then dissolved in benzene (45 m).

Tri et hyl am ne (bislsn&ymmidé-%&(cﬁisaa@b%xam)cﬁmg% tﬁt@ni&r‘ﬂ@fsl%-ﬂérﬁtgﬁeﬁé; room
tenperature, the mxture was then stirred overni ght at room tenperature,
then filtered to give a red solution. Vacuumdistillation (27-28 C, 4 Pa) 5
gave the produtis-g EXidprogypssryRintido-Bis(disSabafiarRias) dboftHeditanitiin VR (500 Mz)
Co0'9) d 1,26 (d, 12 5 éyg%r@Hz)l, AS{Hs oproRYiaias)didor Hanigin (100 Mz,
CDa 3) d ighioridgg o (br). "B NWR (115 MHz, CDC13) 29.4. Ms (EI" nle
(intensity)): b?sl._Q.@Mﬁs0[5')3pylét@e@g%hm-bi},?diis6&&p9|amiﬂ§)d(doré}@tit§rﬁurﬁB)

Dii sopr opél an}] obi s(cycl opent adi enyl ) borane To a solution of the above
product ( !"3@_ ; 2.1 mol) in THF (5 m) at -78 C was added dropwi se a

sol ution of |i biy-2E-di¥6propaphaienicisis(dissdogyiaridd)diBFRine titdhidmipig- 10 m) at
-78 C,, Th%.mtﬁture was slowmy warned to roomtenperature and stirred

over ni §ht dipe YJBm'qegrrper ature to give a red solution. After solvent
renoval , the 1big-2%idiis6propapieryaatiiedisiitbprosyMrmias)dbdrane tadib@reed, pentane
was then requﬁ%qdq?t jve the product (0.55 g, 100 percent) as an yellow
syrup. 38 (TPH $ Cc6D,) d 39.8 (major), 30.4 (minor). MSs (El, nlie
(intensity)): 2ikl2 6MiisogrdpylpRetylan9-bisidiiordrdiamiBs)dbbeihe tikmidfp J@s al so
recor ded an %ﬁﬁ_rﬁicgion m xture shortly after mxing the two 20 reagents
at -78 C 947 vah 1 H%‘fﬂr&?' cycl opent adi enyl di i sopr opyl boron chl ori de was
detecti®d: M ( Bisr2 Bldiis¢propgpiserylamido-Bisdiiéddropydahido)tiborerikGfAniurh2INMNR2) . 60)
Dilithiumgji H@&)Xl m,dobor yl di cycl opent adi eni de To a sol ution of the
above pr ogﬂt%tﬁﬂg. Sﬁz‘ﬁ 53 mol) in THF (7 M) at -78 C was added |ithium
di i sopropyl am dés-25-dEopmopyiphgnyoededis{disspropyldmidojdbisratiel ttarpumayiam ne

CRE L PR AR IR o

renoved, dghedyel ,8datadieneed Wit h pentane to give the product (0.58 g, 91

i olid: "H NVR.(360 THE- | .d 1.24 (d J= 6.8
porcegh), 2 * M3 Al oot R OO ol 5 o
2. 4 Hz) ' BEXANGE100 Mz, THF-de) d 23.9 (NCHCH3), 25.9 (NCHCHR), 49.3
N , 104. 4, 11 "B NVR (115 - THE-d 44.6.35 6 , 4
A - e T A TR DT R N P WA
Ar K LUU~ dbapbirgD4,3eouPsdiérdS991 20538 To a sol ution of

di i sopropyi am dobj vcl o t adi enyl ) bor.ane e 2.95 mmol) ,in Et20 (15
R R T A 0 e ML S Sy
was sbrr etiehylf!, Zpbntadieng;oom t enperature to give a slightly turbid
solution. The sol yti on was then added to a suspension of zrcd4 (,0.69 g,
3205 i) 1 B SRR RSy S Bl g PR R o (PR Rt 1 e
over ni ght pehtadieney t enperature to give an yel |l owi sh suspensi on. Sol vent was
partially renmoved and the residue concentrated and cooled to -78 C to give
t he product (0.50 g, 38 percent) as colorless crystals. "H NVR (400 MHz)
CDC13) d 1.32 (big-352dinethytberzydaridp;bisidithetrytgmiddiibofaneSitdriym dthibridey) = 2. 4

Hz)) 680 (t, 4H .4 = 2.4 Hz). '3C N 0 . CDCI3) d 24 6. 49.8,

111. 450125. 7. 'Abé%3%ﬂﬂ“&ﬂ@e&@?mﬁﬁzﬂ'%@%%ﬁﬁ%“ﬁﬁﬂﬂ'“'Eer%%}f‘ét ed for
C, 6H22BNC, 2Zr : b#39,50808thyfoenngdamiddbiddimethyianaiop)diboranetiepdumbison of

meso-di i sopropyl am dobor anebi sl i nden-1-yl)zirconium 15 di chl oride 7A)

Di i sopr opﬁ'ﬂ?ﬁ% 'quéﬁ'i nden- 1-yl ) borane To a sol ution of

di i sopropyi am did8/5edimdihgblenzyiaraidobisidiplethyBamidd)eiborsng tikenidrd 2ghethyl-0 nMmol )
in THF (10l %hﬁﬁﬁ -78 C was added drnpwi se a solution of Iithiumindenide
(1.50 g, 12° ' in THF (40 M) at -78 C. The mixture was slowy
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20 warnmed to roomtenperature and stirred overni ght at roomterrpeq a‘ttﬁ‘cr)% %[)93
give a red solution. After solvent renoval, the residue was extracted with
CH2Cl 2 (3x), filtered and the sol vent rem)ved to give the desired product
(2.12 g, 100 percent) as a white solid: "B NWR (115 MHz, C6D,) d 4
(El, me (int eWQ"(OW% 341 {Mr, 8)) 226 25 (100). HRVS (El), cﬂ%’ﬂ’%@’é&gﬁor
C2aH2a8N C2, , H2ed@\3 S%eﬂﬁﬁbéhzy?mad-bls&ﬂfﬁeﬁﬁléﬁu&ﬁdlborane titanium 2,3-
Meso-Di i sop(%mgi‘w@{na% \Péjranebl sl i nden-1-yl)zirconiumdichlori de To a
suspensi on FAZ S oduct (0.39 g) 1.41 mmol) in Et20 (10 m) at -78
C was added Iltmusumsehnmsmpm@ﬁzwaaﬁude|s(d.memy|hmnqv)@pma@lmfahmm PIRRNH (2. 62
nmol ) and But F{é‘y% %r\/j@f‘z 62 mmol ). The m xture was stirred over night at
s g

room 30 te ve an orange suspension. Solvent was renoved and
t he resbdue ext rta@tassdduméthylwizwanmo tas(dmietﬂ\;uaemed)dnbwneanmmsuyhen renoved
to give an orang%golld cO he two stergoj soners (rac

| neso, about 6: SRETeip n@er}zg@mtgf Plnﬁ?ﬁ'%’d?wqr}edﬁ?ﬁ"ﬂpdbhb4 -78 C

gave t he p@@é@ﬁpglb@wne(o 08g, 14 percent) as an orange solid. M p. =
250 -254 C (dec ). 35 "HNVR (500 MHz, CDCl 3l) 1. 54éd 6H J= 6,6 Hz), 1.57

(d, 6H J = 6.8 %535dtmzwpﬁpzm'dmeﬁjd'msthgmqp dibpfang titapivp 1 '-28-9" (m  4H)
7.17 (t, 2WeydFefed Hz)) 7.31 98 -~ 1 APR 2003 WD 00| 20426
PCTI U599/ 2053 5(dd 2H) J= 8.3, 3. 7.53 (d) 2H, J= 8.6 Hz). 'aC NWR

(75 MH20 CDCl a) tis-34: ovmetz\slb@n(m@m»s dlmgthwml dlgor@%}lyanmnsn‘ﬂ 4117. 2,

125.2, 125.4, mgﬁ 126.5, 131.4. "B NWR (115 MHz, CDCl a) 8 39.5.

HRVS (EI) ca?cul at 524F|szNC ZZr: 499.0582, found, 499.0606. MS (EI,

m e (intensity))bis- Bﬁidlmmnylbzoaylamge b(s?c)lmemlaﬂﬁ@ylboranemn(umn -1443 (80),

115 (99) E%rén tion of

rac-dii sopr opyw;'rh goﬁogghgbl slinden-1-yl)zirconium bis(di methylam de) To a

m xture of dii sdps-8ydimaihgibbnzilamideisidipkeipiamidrgdipetanertitapiutn ng-ﬂé)p A)) 10

(1 01 g4 Zﬁ%m and Zr (Nwve2)4 (0.79 g, 0.96 mmol) was added tol uene (15

The r I'ng’solution was heated to 65 C and stirred for 2 hr to give

brlght red solution. The product consisted of two isoners with a ratio of

6.7 1. The S0l U8 etieklltbftings SASNLEARAMNGAR0RE ety BicnEal: {0 01 ve

the pure rac isomer ( erce ructure was
confirned by X- rtay2@rdsmsﬁwtbeowlwao«pﬁ(@mgﬁ\y@mmm@orenetlgas\ttm dimggtoyin from
tol uene / hexangy@b era‘%ﬂe&}Xlb%ﬂrlanﬁd@%%(cﬁ}n(eﬁh%n%do)duBbMNBu(aﬁ%g/E‘Z Gslxs) d
1.20 (d, 6H J=6.8 Hz d, 6H, J= 3.86 (in,
2H), 62084 (dynemaﬂndev 2 9 Hz)) 6.74 (m) 4H), 7. oo (t, 2H J = 7 6' Hz)) 7.3
7 (dd, 2H) J = &igp, 60d1méth nzy?arﬁlao-ﬁ)ﬂ;(du?qbﬁh kniddidiBoraAe titanifm Difethp0 Mz,
CsDs) 5 24.6) 249, NCHa ))496)1056)124)1231 123.2) 124.0,
124.2) 20 19 b§53P291 "B NMR (115 MHz, CsDs) d 40.8. HRVS (El),

cal cul ated for @&H@@N@ﬁymﬁ Aardid0Bjs( dmum?tanﬁc!&)dlﬁarbﬁe titdRiunED,3-m e

(i nten&tyé% &M&M 1 (45), 429 (100), 330 (24), 226 (70) Exanple
9 Rao-Diis ’P815§9'| % nebi sl i nden- 1-yl ) zi rconi um di chl ori de 25 To a
soluti@§ of rac- tﬂs-e;eocpm@ banrykrhias-aedinethyRdedo)dibylahe titaniiuim AN, N-
bIS(dIrT'ethé/J nb%ﬂ’i‘g’ ) 0.96 mml ) in toluene (35 m) at room

t enper at ur £'REEY ePFY'mst hyhl silyl chloride (2.0 i, 15.76 mml). The
sol uti on was st ibig-2@®- dlmetrﬁlbhnaﬂamldomswmpmyammﬁdiboragé‘ﬁmnann afinge

Give the desi 1o patIEryBeronmeE e et G OR s g s Ucticrer

Singl e crysd,ma]ysuetb@mcﬁeﬁe@r X—ray structural analysis were gr own from

m xed saql vents of ec H NVR
(500 , CDCl a)b 'érg%z'%‘ewbea '20’6’%d'ﬂfq‘y'af"%@gﬁ’afaneﬂta"&“& '@‘%—12) 4.24
(heptet, 2Hexddiend: 7 Hz), 5.79 (d, 2H, J = 3.0 Hz) 6.80 (dd, 2H = 3.2,
0.7 Hz), 7.07 (t, 2H J = 7.6 Hz), 7.28 (dd 2H J = 7.0, 0.7, ,738

(t, 2H J =8.0 m?6¢ﬂ@§l¥é)§ﬂ9ﬂam@mb'Sj¢"@**y‘W9’° d'ba@"ﬂrvtw% CDCl a) d

24.7, 25.0, d,ﬁgp,&, th@Gle: 113.1 114.1, 122.0, 123.0, 125.8, 126.4,
127.2, 131.9 MR (118 M, cDCia) d 39.2. -99 0 1 Ar R 2003 WO
00/ 20a26 PCTJUS9uis20dmetigienesamidodis(dimetyismidoidicomneisaiun 2vr1- 499, 0582,

found, 499. e (intensity)): 501 (M, 20), 458 (7), 341 (18)
226 (93'%‘ 1‘%@‘?’%} e‘f?g'e(‘gg Anal . Cal cul ated for C24HZSBNCI 2Zr: C, 57.48:
H 5.19; N, 2.79. Found: Q) 5746 H 582 N 2.68. 5 Exanple 10
Preparation of

rao- (dii sopropyfam doborane) bi s(tetrahydroi nden-1yl)zirconiumdichloride A
sol ution of diisopropyfam doboranebi slinden-21-yl)zirconiumdichloride
(Exanmple 6) (0.16 g, 0.32 mmol) in CH2Cl2 (7 M) was added to an autocl ave
reactor 10 cont ai ni ng Pt02 (0.0105 g). The m xture was flushed four tines
with H {200 psi, 1.4 NPa) then charged vvlth H2 (1500 pSI, 10 4 NPa) and

1 e - M o, o M o o P YLy
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2- Met hyl - 4- napht hyl i ndene (1.00 g) 3.27 mmle) was dissolved in 20 ml o

tol uene, potassiumbis(trinethylsilyl)amde (1.05 equivalent) 3.43 muol e)
0.684 g) 30 was added and the reaction m xture was stirred at room

tenmperature for 24 hours) during which a yellow solid precipit ne
was added (20W%72888 the mixture -100 =~ ~ Af K 1UU3 WD 00! 2@@@599}?@%

PCT/ US99/ 20538 puas e sirhdthiBerZ)famiddbis(Biteetffhrhido RABUHAHE titd&igm ;701 8 ed by
vacuum filtration through a fredium porosity frit. The solid was punped dry
gi ving 1. PN§died® percent of the desired product. 11 B) Preparation of

N, N- di i sopropyi am no bi s(2-net hyl -4-napht hyl i ndenyl) borane 5 To a sol ution
of N, N-diisopropyl am noboron dichloride (0.309 g, 1.70 mmie) in 25 nml of
THF at room teﬁﬁ&vﬁﬂlﬁ@'W@@M@W@%Rﬁi@ﬂ‘%&%ﬂ‘%é'baf% tHaNIgTAF sol uti on of
pot assi umy(cAignBL:ny! - 4- napht hyl) indenide (1.00 g, 3.40 nmole). The mXxtu re
was stirred for 24 hours at roomtenperature, solvent was renoved, and the
resi due was exPisabégiisaprenyinhenylenisodus{dimetiyjamigpidibeemns tirvniuadimeibyls wer e
filtered 10 th ' AT 2 4 i r reduced
pressure to gi oo A rTsRro bR R AR RRo A B

Pr epar at i SiNSRYIRAKEN, N- di i sopr opy! ani nobor ane- bi s-rl15- (2- et hyl - 4- napht hyl
i ndenyl) zi r copjsmbidtisobrdpyiinRh Qaﬁldblbisfidim&rgmnﬂa@dibhlrdﬂedhérﬁ%@ﬂ)émm no

bi s(2- et hyl - 4- napht hyl'i ndenyl) borane (0.860 g, 1.38 15 mmol e) S

di ssoll%ed 1iPWAdiRPE of " t ol uene) 2. 05 equi val ents of potassi um

bi s(trirnethyi gisly b eBiGpyifherfiSmiio-tha(BitheVRlnfdo) iR rddfRshighd she reaction
m xture was stirred at roomtenperature for 24 hours. Volatile conponents
wer e r eno@Eeetvided-ytadigBed pressure, and the residue was redissolved in 25
m of toluene. bWQ,B%iiﬁéiréﬁylﬂ?ﬁnﬁﬁmfdécﬁﬁ(aiﬁ'@ﬂ'@laﬂ\iﬂé)@%orane titanium 2-N,N- _
(1, 4- Bi phenyl - 1, 3- but adi ene) bi s(tri et hyi phosphi ne) 20 zirconium dichloride
(0.835 g, dﬁ@ﬁy'm"?e'\ﬂé{ﬁ added and the solution was stirred for 12 h at
room tignper at ube-2,8lRsdpresighenihmidertis (Wt tiidnias)@mbotdhealtgiiudi il omaceous
earth filter aid éamd,,the sol vent of t,tle, fil iﬂrJate was renpoved ynder reduced
pressure. Furt RE2 pEisanrepynhsayiagdoiz fimeviamidpdibreaaianiymi g sbdon from
hexane t o dighehgl-103-Buitadiend;l percent) of the desired product as a dark red
solid. 25 '"H Nl\/RéCsD;?: b 7.75-7,00, (mm 30 I-% .4.82 (ts,. 2H),;
3.85-3.95(m 2Ms2.8-disdrtommiphenyamisigybis(fimeshyiargde)gipprang) titanigm v 2.6 ;

1.10- 1. 33 neRadidndd) . Exanple 12 rao-|

, 2- bi sgdi met hyl am dodi bor ane) bi s( 2- net hyl - 4- phenyl i nden- 1yl ) zi r coni um

r| - 1, 20Bi pheny bis12.8-disansepvintienyamidodss(dimeghyanidojdibofganenitanigm 'phd-30 - 101

0 1 APR 2GEhaphWRyPOB2AtERngCT! US99120538 12A) Preparation of

1, 2- Bi s(2- net h){)_ -4-phenylinden-1-yl)-1, 2-bis(di nethyl am do) diborane

Bi s(di net hyl am®$o3-8iRABPRYIRNENYRMEI-Rigl distrthviamigo)diporans: ttanitman et-hy | et her
(10 m) wapengddespehitadienese to a sol ution of 2-methyl -4-phenylindene,
lithiumsalt (1.407 5 g) 11.07 mmol) in diethylether (50 m) gt 0 C This
m xture was st iDiSref-disRrepwphenyamidedis(gigataarbideldibermpe thanivd mriPes were
renoved. TheAtadrpedue was extracted using CHZC12. Filtration and renoval of
the CH2Cl z resulted in the isolation of a the desired product as a pale
yellow solid (0.902 g, 62.6 percent yield). 12B) Preparation of

éi, S;)tB:a:g ?L m g?dtisa@mmo&eﬁwa{eﬁynammmé«brsﬁué&hpﬁwbﬂiweiesmbw@m,

1, 2- Bi s( didf¥Hi¥ean do) - 1, 2- bi s( 2- met hyl - 4- phenyl i ndene) di bor ane (0. 791 g,
1.52 mol ) and e EMisdprbSigHeAyiEmida-B(biRTEBmEthYRI) aflidd)diedrdnedrRadign | N

t ol uer&g) (50 mgovernl ght.” The reaction m xture was then refluxed for one
hour , ooldget |'roomterrperature, and dri ed under vacuum The residue was
then slurried ive-bexdaasproppoHen féhﬁdﬁi@(disﬁﬁdeﬁ?@il;@)&hﬁdd}ﬁi@bmfeytﬁér&djhi ne solid
dried und%r, vace#auy%g._%l g) 9\7’. 1 percent yield). 12B) Preparation of
rao-[ 1, 2- BISPRSANS do) - 1, 2- bi s( 2- net hyl - 4phenyl i ndene) di bor ane~zi r coni
un(trans, frans-gls-4,6kiiigbomtipHen bﬁﬂcﬁﬂ&ﬁb@.(i)imethylsilyl)amido)diborane titanium

1, 2-Bi s(diget Bé' ?gl dog -1, 2-bi s( 2- net hyl - 4- phenyl i ndene) - di bor ane, 20

di pot assi iuMesHH S{yiasigney 1. 35 ol ) was added slowy as a solid to a
solution of (1,4-diphenylbutadiene)zZrd z(PEt3)2 (0.819 g) 1.35 mmol) in
toluene (75 mM). This mxture was allowed to stir overnight. After the
reaction period the m xture was fil ter_eeﬂ_and the volatiies renmoved
resulting in the isolation of a deep red residue. The residue was then
scurried in cold hexane, filtered, and dried under vacuumresulting in 25
the isolation of the desired product as a dark red mcrocrystalline solid
(0.501 g) 45.3 percent yield). "HNW (C6D6): 8 1.1-1.2 (m 2 H), 2.02 (s,
6 H, 2.66 (s, 6 H, 2.90 (s, 6 H),

3.3-3.4(m 2H), 5. 28(s, 2H), 6. 82(d, 3JHH=6. 6Hz, 2H) ,6.9-7.3 (m |14 H),7.53 (d,

PP ~ A - A~ P R p— P — NN N OA
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tetrachloride (0.375 g, 1.17 nmmol) was slurried into 40 m of toluene. To
this slurry were added triethyip"osphine (0.346 m, 2.34 mmol, via
syringe), Li p . (Aldrich, |Iow sodium 0.081 g, 11.7 moi), and

1, 4- Bi phenyl - 1&%@&& ene (0.242 g, 1.17 mmol ). The reaction rﬁ%’g’l%@
stirred over ni ginis-2B-diS@sfopyipieFpRinaddbi(bisitimetiyisignanlde)givBeana gk m
porosity f”% .a%gl g,%omag,eou_s earth pad to renove the unreacted Li netal.
To the fil Gratlaiyd ! tRUAY8MS 0t assi um

di i sopropyi am dol-3,63ii§GpropjibhenyAnidebixbisteimet ity Rmiasgiborane titanium

K2[" Pr ZNB(%M 4- Phi ndeni de) Z ,ny(O. 700 g, 1. 17%??“82 ng 10 m of toluene
to aidin N HeEvEaMINgdRNZYeact i on mixture was stin-ed for 1 hour at room
tenper agure. Th@ist:@,buﬁa@pmpﬁpﬁ&\yraﬁnwad(mmﬁfetﬁwﬂylmd@a@éﬁaﬁemtémﬂnt he
reaction p:aﬁolpct was extracted wth hexane (twice) and filtered (nedium
porosity f@AY" with diatcnmaceous earth pad). Additional product was obtai ned
by extracting t ng-38ldisérapRsheryladsitdBisbrheren g dnibokberdnagditahiirAg a

medi um por ogi tc‘é frit an%yrd!lj&g.torraceous earth pac{m?H NMVR spectroscopi c

anal ysi s i fdi'¢atiBbemrd3-p#adiaei red rao-' PrZNB(2- Me-4 15 _

Ph-i nden- 1-yl ) 2ig{s(4 6 41iiBb stopy ey iafritbia@isaimkthysapRiminaRitoAr@ehanidhs ol ubl e
in hexane apd that the undesired neso-isoner could be separated by repeated
ext ract? on wierhhexadigRe: Final isolation and purification of

rao-" Pr2NB( 2- 'VE‘b?s'-ifbrdiigﬁb‘»‘rﬂpﬂpwérﬁfé'ﬁ'fié&bié@:'isl&hﬁfé‘{ﬂys%y rﬂHé)@ﬂ:‘oF‘aﬁ@tité{}ﬁlﬁn

acconpl i shed by soxhl et ‘extraction using hexane. After the hexane extract
becones comorliddisaphtbylt3-bbladiengs renoved and dried, yielding 20 0.042 g of

et orm ned_by oS SR RRPLBED b Se bR PR E S o5

2H): 7. 42- HOmhebyir1,3®eRadieded (d, 2H): 6.82 (d, 4H): 5.57 (s, 2H): 4.03,

m 2H) ;3. 45-3. 57. & dd.. . ey A = H%,’f)ﬁ : . le 14
rao- di f‘gopr opyl g’r%‘l %g%g?%pgh%fagﬁ@blﬁ@ﬁﬁ -p "Q%’P'?‘%?g)é’ﬁf%%‘ zﬂ%oni um

rl -1, 4- Bi pitdifrperdadienart adi ene -103 0 1 APR 2003 WO 00/ 20476

PCT/ US991 20538 In a gl ove box,

di i sopropyl am dobi s( 2- et hyl - 4- phenyl i nden- 1-yl ) borane (0.125g, 0.240

mol e) was di ssbisyaa-diisomopyiphestyiagrigo-Fisfdiisepmepyiarsidaldiceranetzircofiumot assi um
bis(trinet Wdhﬁi-rildw )am de (0.500 nol ar solution, 0.960 m, 0.480 nmole) was
added dropw se over 10 minute period at roomtenperature, after which the
soluti 88 5 was $is2.Paliserrppryiphanylamidabisigisansoryiafidalsitosangeirsonismoved under
reduced pregssth@: and the remaining solids were redissolved in 25 ni of
toluene. Waile stirring at roomtenperature, o o )

{1, 4- di phenyl - 1 b5-3GrdigerrARyPiaiamide-bis{disnpsomiiaraide)ldnomnemirconiem tis-i de
(0.145 g) QiméBylamrlee) was added and the resulting solution was stirred for
4 hours. The pr %?uct was recovered by filteri nﬁ the m xture thr Otrj?gh

di at omaceous eaPiShe-SriSARIOPURRRAVIEFIEHRISCHSAREPRYIGTIOpIGDOfaNe g PRIUB K e r
reducedspr esétinia,3-butabiieas; purification was carried out by recrystallization

from hexane to yie .he praoduct as.a dark red, sol.id, Exanple 15

oy onnr ot on of isce S ery o i Ss o aras BERERA ndeny | )
zi rconi um [Hméth@-1J3-phaidnel, 3- but adi ene. (i Pr)N (i Pr)zNC~ j (iPr)N 15 15A)
Preparation of' Pr2 N Pr)2}boron dichl oride. Diisopropyl carbodiim de
(1062 %0, 55 M B aarb O ot e Bt dronR BRRRRENAPEIME 6 c and
solid |ithinjmdimethgrmimbeasylide {1. 00 g, 9.33 mmle) was added slowy to the

sol uti over a 5 m.nute period.  The so]ution was. allowed to 20 warmto
7 oom t Aiper at ur SRErS SRS So SRl P OmlRio B P RS Al quent |y
added dropwi se ows?,6adiidfprapyiphenylaidebis{dissprdpylamiab)disapdrengreasiutid‘on (0 - O
of boron trj QJ oride (9.33 m, 9.33 nmole) and allowed to warmto room

t enper at ur & “GPPRMGHSOHREI®ES) ut i on was filtered, and sol vents were renoved
under reduced prypas et viBhéhyiandd@bisRifisdibmRarhidoRibdrar@ EircsRiuboNd- 0i | .
-104 0 1 APR Zocgigb%ié%gl 20426 PCTFjUS(Bg/%S% ’&H NVR (CGDGW83. fi-3.4
(m 2H); 3.44bexedlienggptet, 2H); 1.43 (d, 12H); 0.8 (d, 12 H). 15B)

Preparati on of bis(2-nethyl-4-phenylindenyl) {'Pr2NC(N Pr)2}borane

-p2-



"PrzNC(N Pr)2)boron dichloride (0.30g, 0.97 mvl e) was di ssol ved pnl éanZmB
of 5 THF, and potassi um (2-nethyl - 4-phenyl )i ndeni de (0.476g, 1.95 mol e)
was added. The mixture was stirred for 24 hours at roomtenperature,

foll owed by heating at reflux for 4 hours. The product m xture was all owed
to cool to ro¥Aq rature, and solvent was renoved under red§d@f99/20538
pressure. The r rs@ne tered

t hrough a nedi &§?CHJ(§1,5 g?tétkf ent g(\)/vgfg cIr]se Wﬁﬂé’%’?ﬁaﬂf@?’gb%\ Ve a | i ght
yel | ow solli.4td{r@pbtsg!-3- @lﬁaqmewnt). 15C) Preparation of

01, 4. B pheny|o o5 e BpLRE LS B ltohe B BRI e sy 1. cont um

{" Pr 2NC( N APep2ik hamenadedes533 g, 0.82 mmole) was dissolved in 20 m of

o, 168 ol o) W RRteRREn R R R s DT AT o

t enper at urie3fpentadienbpurs. Vol ati |l e conponents were renoved under reduced
pressure, and the residue was washed with 2x25 nL of hexane. Volatile
conponents were renoved under reduced pressure to yield 0.382 g (64
percent) of t hebiseangeuytghedydmipotasdisomopgplbmidoidiparane titaniofm dichisrideol | d

((a,([) ' rlggmgt e(r)rbéf a%%?%—'bﬁ?ylp‘@%ﬁylgr'md%oms Gi cé»opropgngmrg‘o ggorgr% W&RiGm AN] l Sstirring
(1, 4ditphenyl - 1, 3s-Bueadutyiphebyisthidorted(tisb ptopgipmidogdizéraneftita niombis-h| or i de
(0.084 g, oq %{h mﬁ) was added and the solution was stirred for 12 h at
roomtenpera ure e product mxture was filtered through di at omaceous
earth filter ails-@rdrtbhtylphehylemidodsis(tiisopfopyiamitogdinerang titaoived2-metted- r educed
pressure tPS%h}’a%neQn 115 ¢ (88 percent) of crude 25 product which existed as
a racl meso 'mxture.”’ Further purlflcatlon was carried out by

recrystal | i zat i @er2ftechutytptengamide-ais( Q!ISQD(M!W&B@OMIQ@@FQ%UDM& 3t ac- product

asaqgrkaue,gg%) '3douéad"sdg!VR2(CSD6) 87f|-67 (mm 26H) 5.55 (s, 2H);

4. 05- 3. 90( 7-2.4 (m 1.78 (s, 6H); 1.55 (dd,
2H); 1.25 (m 1tzsﬂ)ten@ug@r(enylamgjq)bls @og;@mﬁg o_r[@borane titanium 2-N,N-

r ao- di net h&tﬁm@fﬂyﬁa?@ﬂ b| s-rt5-(2-nethyl -4-phenyiinden-1-yl)zirconium
rt4-1, 4- Bi phenyl -1 adl ene -105 4 1 APR 2003 WD 00J20426 (Me)2N

PCTI US99/ 20538 %R)tembepfw'vlérﬁl@fb'tbp'rﬁepwvlam%@lvtfﬁ@@rﬁtaawmlyl B(NMe2) 3 was
added to BBr3 dtSnQ-@WeFl%u ngaeﬁm@ﬂdmardpvaﬁﬁuo%soen@t.emahh?tﬂhs Thi s

m xture was allowed to t|r hours at "which tinme NWVR anal ysis showed

t he r &Qct i dphenyl-hba-tudadiend;al |y quantitati ve and conplete (22.510 g, 99.9 5
percent yield). i DiEn 1.45. 16B)
Preparation of tI’I‘)lsjrget %}lgm%ozq'ﬁéusﬁg da%a%%%'l I ndﬁé ﬁ%ﬁ@g rPdglzn{ei

sol ution die@ﬁﬁ?é@hyam dod| brom)borane (0 511 g, 2.38 mmol) in tol uene (10
m) was cool ed gg. z%n%t}Fyt;me%yxaaﬁto%tﬂtﬁansﬁam%gewﬁ @B&r%)\e adReh nThiks m xture
was then 10 added dropw'se a solution o hyl - 4- phenyl i ndene,

l'i t hi um safipaghthyld3tbyadigangis nmoi) in THF (50 ml) at OC. This mixture was
then gl owed t - t ﬁmgﬁ he reaction
peri o? t he vol gttlléteefegg%ﬁ\eéﬁylgh%r%ﬁpleng%ﬁ b eﬂdbggtlaﬁiuhﬁ XE racted and
filtered uphanyl-héxentadieRenandl of the hexane resulted in the isolation of a

ée:rle'? \t,tvyloialm f:lé gtpg(z rert%%ﬁ&r%ﬁ{dﬁ eny%‘ﬁﬁyﬂ&%ora%lbgﬁ po grg?? 7|r]1hmlpf§;alt

Di net hyl anpefdadiesg.2- net hyl - 4- phenyl i ndenyl ) borane (1.010 g, 2.17 mol) and
KN(TMS) 2 (0. 866 gg"]al 4 m)
overni ght. The 'tkg%r(t: rg m X %ﬁ%@%ﬁé %E\rg'rqse E%ﬂ;on"ﬂ?o}r?g Eour ré%%ct)l ed to
r oom t#hpeindentios, are Gepeerentid ie @raviagisly d@h@&ﬂfﬁﬂ“ﬂ'ﬁ‘e4-r9€mecﬂ@l@ Ties then slurried
in hexane and filtegyed and the orgnge mcrocrystalline solid dried under
vacuum (1. 246 g, >1 per ceft i gfbl due 4o residual solvent still present
as observed by NWR). N16D) Pre

rao- ( Di net hyl amgdo- (2-4re
(frans, traps-1, 4=di nyl 11
Di net hyi am do- bi s(2- t hyl - rane, dipotassiumsalt (1.246
g, 2.30 mol) was ded slovpi aspa sol i d/to apsol ution of

(1, 4di phenyl but adi ene) Zr C z{ Et3)2'(1 391, 2. 30 nmmol) in toluene (75 m)
and allowed to stir overnight. After tt]? reaction period the m xture was
filtered and the volatiles renoved resu ?I ng in the isolation of a dark
residue. This residue was slurried in -106 0 1 APR 2003 WO 001 20426
PCTI US99/ 20538 hexane and filtered. Red crystals grew over a 2-hour period
of time fromthe sitting hexane filtrate (0.222 g). The solid on the frit
was washed through the frit using toluene and a second crop of crystals was
gr own fromth| s mxture by aI I OWI ng the sol ut| on to sI ovay concentrate over

. Y - ~—~ . NOA NN

i on of




10 (br), 123.32, 124.19, 124.32, 127.81, 127.83, 128.68, 128.74, 12§P§12003
136.06, 140.55, 143.86. MS(El): nlz759.2635 (M H)', calcd. (M H) + 759.2610.

Exanpl e 17
bi s(trinmethylsilyl)am do(ri-fluoren-9-yl)(rl-cyclopentadi enyl)borane
zi rconi um di cwW@od/za26 15 17A) Preparation of PCT/US99/20538

bi strimet hyi sil I Lithium (2.5 M
hexane, 4. 20 m‘¥‘ @@r@ﬁ@%%h&ﬁ%%&é%qggﬁ% u@%ﬁﬁﬁlﬂgﬁﬁe @%P&B{}éﬂ%n(l 66 g, i
0. 00 mmi )1,B4.6HB, hakahydjo-mtrimidd1,C-a] pyrenidiestal shomg below:ure was sl owl y war ned
up and stirred at omtenperature for 5 h to give a red solution. The

sol ution was copfed t'/g -78 C and added dropwise to a solution of 20

bi s(trinethyisi Ii oboron dichloride (TMS)2NBCI 2 (2.42 g) 10.00 nmol)
in THF (25 M) a ‘T%IC to give a light yellow solution. The sol ution was
stirred overni g%ﬁu oom tenperature. Volatile conponents were renoved,
and t he residue xtracted with pentane and filtered. The pent ane was
renoved to gi ve e deS|red od 3 70 er.c nt s a white
ol 25 i iR D8 §eroRRDS Sedbidtall ™ tstigiesuliont wisfien§ B polud by gk 5 o4
(dt, 28, Jbstiel tHat tAe Iigzhhﬁ)groﬂp 4215(d0)1né1:|tbdtﬂ)22v15tr@ HezgrpatéméQhdrdof. 2H, J = 7.6

oL 4 1575 5hedric: phnicyiRdtng, dankliR et o haieet ind e’ 17,

Prepar at i OmthDIh the invention are:

bi s(trimethylsi]yl)amdo(9-fl uoren cIo entsadl nyl ) borane 30 A sol ution
of CpNal THF (0. Ez{“ g‘ﬁ‘sﬁ‘?r %vlrﬂ'?&ny' qnﬁ(\f'ﬁé%% %’\ ‘EYC%%“')QQ%Q@Z‘&QP@&H“ dr opwi se
to a sol utdj;@momﬂe -bi stri nmet hyl SI | yam do( 9-fl uorenyl )boron chloride (0.89 g,
2.40 mml) THF at -78 C. The resulting yellow solution was slowy
war mred& o' room 'ISSPES’PEJ RRie- aé‘ﬂ'i"F‘?tPr?Qra&ﬁcP'ss’ﬂl?VPE’BeBR?Qle”WF'&Fﬂ"’“"\‘/oI atile
conponent sd.m@t@grermved under reduced pressure, and the residue was
extracted with pentane - 0 ~ ASR 2003 WD 00l 20426 PCT/ US99/ 20538 and
filtered. The p&rf‘ﬂ a‘i’i@OB@PM&R*@HV'WU‘B%‘RPQF&”:%P&%BI %}’ﬁle@B@P@ﬁY'FBCQWC to give
(400Mz, CoDy 5 00 oy T8 By, 171 (1. 2k 0= 1.4 by, 433 (s,

('s) t = S, | :
E% 93 (m 1 ) Gﬁ?'@ﬁ?f@y'mhe"ﬂ Rydingts, Oianﬁrb'SJﬂ—CykaPe'Itaé'%*)Z*fCOP"gm?(dtH)zH,
J=7.% Smét |Irlz3)aut5d,e,1@(dt 2 H J=7.4, 17Hz) 7.46 (dd, 2H, J =
7.4, 1.1 dd, 2H J =7.6, 0.8 Hz) '~C NMR (100 MHz) CsDs.) b
5.1, 43. 4 120 @Nlﬂgﬁoeﬁopx‘zﬁlewl -apgidingte bomnesis-n3eyclopentagiepyliziradnium 147 4.
"B NWR (1llpg ,l}{glﬁ-w 6. HRVE (E1) cal cul ated for CZaHz9BNSI ,
(M CH3), 386511l932 fo% ﬁ%%é 1945. 17Q))
bi s(trimethyl si Nﬁ)@ﬁpl&@hﬁ‘rmﬁ@(ﬂrﬂm'@v&ﬂe@aaﬂeéﬂﬁ aanqpﬁntaﬂiqwlzé@p@rpl%zu r coni
um 10 di chiygy. H%t&/lﬁﬁlkﬁb‘bb%l .of 'ithiumdiisopropylam de (prepared in situ
fromi PrZNH (0. 54 M) 3.84 mmol) and BuLi (2.5 M hexane, 1.61 ml, 4.03
nmol ))zq n THE (M\lnqh)somylmu qr@dlaatgcgo[ﬁqed}ﬁs m—cyciopentadlenylznrcomum
bi s(trinetyhsilyl)am do(9-fluorenyl)(cyclopentadi enyl)borane (0.77 g, 1.92
mmol ) in THF (10 m) at -78 C. The resulting mxture was slowy warned to
15 room t enper afN edigaaropyrpheai-asvidinaedieranedignyeyciorgaiadianylziredlivmi on.
Vol atile c d to give an orange solid which was then
di ssol ved H“P(lrk]ﬁﬁﬁ é/Y‘?fganﬁ@Ye?he t ol uene solution was added to a
susp”nsi on of ZNM4dilsopdyephehylGamitinble toranettis- q%u;&:lc(rﬁntdd)emytzlrediﬁurﬁ The
m Xt ur g. was, rrred to roomtenperature and stirred overnight to give a dark
red s ?)enﬁlglql SBAENE e conponents were renoved 20 under reduced pressure,
and the resi dueNRSIR¥PIRYERENYdrhidineleltRitghedtiisint-BRibdentddirtkircdmemvol ati | e
conponents yere renoved under ieduced pressure, and the residue was washed
wi th pent ane’ @ginapighyi \butadiepgioduct as red solid. np = 252 - 254 (dec.).
"H NVR (400 MHz S J=2.4
Hz)) 6.45 (1) o —sagmﬁ'k@'e%@ érﬁ'g'"??,mé%é@sﬁ §y&dﬂmta,% %@gzg&??'gmm J =
25 7.5 Hz) n*7- FHSIBnyIﬂBzxelptadheae? 8 Hz), 8.12 (d, 2H, J 8.4 Hz). "3C NWR (75

2”23 0. 5 Nk ( M -Sihpe ey g %vgsl wc'%ﬁﬁ%iam“%nvizﬁ?%vmlzg "

C24Hs 0BNSI AtH Zipentadignd434; found, 559.0443. 30 Exanpl e 18

di i sopropyl am dobor ane(~- cyci opent adi enyl ) (, 1-fl uoren-9-yl)zirconi um

di chl oride. 18A) Preparation of Diisopropylam do(9-fluorenyi)boron chloride
The reaction conditions of Exanple 17A) ‘Bker e substantially repeated
excepting that diisopropyl am dodi chl oroboron was used in place of 35

bi s(trinmethylsilyl)am do-dichloroboron. At the end of the reaction, solvent
was -108 a i ArK ~uu3 WO 00/ 20426 PCT/ US99/20538 renoved, residue was
extracted with CH2ClI2 and filtered. Volatile conponents wer e removed to

gl ve t he product (0. 91 9, 98 percent) as a yellowsh solid. "H NIVR (400

P . L ~ oA ”~ ~ ~1 a — 7 1. ~1 N A A A 71 a T N — o~ -
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10 excepting that diisopropylam do(9-fluorenyl)boron was used in place of

bas(trinmethylsilyl)am do(9-fl uorenyl)boron chloride. Reaction of CpNal THF
(0.96 g, 9.60 mmol) and dii sopropyl am do(9-fl uorenyl)boron chloride (2.98
g) 10.00 mmmol) gave a reaction m xture which was extracted with hexane and
flattered. Volvw@oses2ewere renoved to give the product (2.11 g, PERUSLA29838 )

as a yellow soljd, 15 H El), | cul ated for C24H28BN, 341 2315, found,
341. 2%29 180) m-ﬁéfgﬁrp SE)qhe?'\yl 1%d|ietlmlne borane- bls-n4'-

di i sopr opydyenipdataicapiircdniviy aicaipgsdy; adi enyl ) (~-f1 uoren-9yl) zi rconi um
di chl ori de. The reacti on conditions of exar’%)rl e 170, were substantially

repeat ed except Vi diseRrRHERASAY T -giretreb PG%P’éﬁyT)boron (1,39 g, 4.08
nmol ) was @@@geh@d%gy@armn@&mt ri met hyl silyl)am do(9-fl uorenyl)boron.
The crude reaction mxture fromthis reaction was gxtracted with tol uene
and filPtered. THN whsermeyi-Subenydnteietiniteorapehisane was added and cool ed
to -78 C t Qs bi percent yield) as a red solid. np
= 280 - %@p‘éﬁ“"“ﬁ/}&w{ bg%ﬂg)‘D@?mﬁgl 01 (d, B J = 6.6 M), 1.22 25
(d 6H, J = dneomm('ﬁeuttenylma -diketimige BoraRg-bisn°80 (pent, 1 H, J = 6.6

8 1 Hg) >0 éy%é’p%h%ad%ﬂy'z 004‘@;%"@?&%73(%‘3 %H_ ? 2 ?Z)5 HZj ?57(82 (23 %H: J

= 8.5 Hz). ' 3C NN Ril§GOopH8;phebE13}-diketidin@borabe-bis-wf9. 1, 49.8, 106.9, 122.2,

123 2,,0125 NWVR (115.5 MHz, C6D6) 8 39.4.
tn oCaratontiinRanttilin JA aReniPle dpaieft N O 1D O JH0 JEBED) B0
ﬁS ?4 'Hd 5. 30; N’ cﬂs@?opﬁsﬁaﬁmb h- 11:9dikem(nhe borattdﬂ-tloiggisty:)) zimAggng)ggem

i s(~-indep-1- irconium

001 20426 F*&Fﬂqﬁéb%?fﬁgg C%\"ﬁ??ﬂﬂfﬁt Z' @P?j#yldobor onbi s(i nden-1-yl) was
prepar ed by reaNtN mj}sd)prbbyl@mhen;zlem-dtket(rﬁtnéBorgne-mséhﬁ mol ) and

bi s(trimeth k} y % n‘ll dobor on gICh| oride) (0.48 g, 2.00 mml) in THF to

gi ve the pcf' RER a(i nygirepnium alyl. cont) as a yel | owish solid. ' H NVR (400
I\/Hé SGSDsl %3 gl ON, é« ?gﬁ%rg pyl 8- &ea@ 1(.3>mkéﬁhihe b&agg-bgsgf ZZI)H SS 98753(C£) 23’ 9%
(dt, 2H, Jevel emtad@nz'z'ﬁ&gmu"mzé)4(%@“%}4)1 g'b'ﬁaNW(ﬂS 5 MHz, C6Ds) b 56. 8.
Cal cul at bd Tor - CourRsTREP SRR dhetile BB e e, "Found: G, 70.06: H
8.06; N, SCYEE’pe’I"ﬁQ'eBV'?y'(f@Qﬂ'%nh?I4§16Ix?¢'?%ﬁn doboron bi s(inden-1-yl} (0.27 g)
0.67 mmol ) and s¢ then conbined in
toluene (10 m )ﬂigq @gé&s\%@l%g% %ISI :g-F'\'/(gh@K? gg'?%é% )lﬁon Vol ati |l e conponents
wer e r%vw‘mdwlmwwfpn%&m@mmyhf gdutdiene; product as a red foam 'H

25 400 My Gy o i B it (8, 700 3 39

5l e iy 13,708 5
128.5. "B NWR ('ﬁ% “dijs ‘RR-EPV' I81 %’5}(3""" %% %l cul ated for

C2aHa2BNaSiy2Bpen&ideng@fdonidrd uhel 3-feRtadRAel Exarrpl e 20

Bi s(t réﬂgt hyl ) si | yl am dobi s(, 1-i nden-1-yl ) boranezirconi um di chl ori de 20

Bis(tr t hyl sil yl ) am doboron bis(inden-1-yl) {0.45 g, 1.12 mmol) and

Zr (NVe2) 4 (0. 30NN -dlisdgropyiRiinhetf %@Mﬂ&dﬂé-&sw to give an internediate

whi ch was not further purified. Volatile conponents were renoved under

reduced pr BHQP?G‘V?E%CP%HEH'CRPF‘PP ‘CHZCl Z (10 m}. The mixture was stirred

with trimethyl syNfiseptopyiidifethfigdahidihate BdraréoRgpl ) overni ght at room

tenperature. Volatile conponents 25 were again renoved under reduced

pressure afiflanestadiesyiireonivm dismetdict ed with CH2CI 2 and filtered. The

sol uti was co 5tand cooled to -78 Cto

gi ve t% desire Chgf%‘éﬁéct g:fl d'@tﬁgs%@'ﬁ% E@ﬁ{‘%gs an orange solid. "H NWR

(500 MHz, egtws}enta@mytzacmumbem;lmehytamld(ed 2H J =3.3 Hz), 6.68 (dd, 2H, J

:21 09Hz)) (d 2H, J 81)11Hz),
.12 {m_30 2H Ng"\i/er'Fé‘sr°8’g|é'm%tﬂ7'§'z?r9d'k%éP%'é?%g‘ eak), 7.33 (d. 2H J = 8.4

Hz) '~C I\INRIC(pB@t}addﬂzytznrﬂth@ZBnahﬂ1&mmaﬁﬁnelm 0, 123.6, 126.5) 127.1,

127.8) 132.1. "B NWR (115.5 MHz, CsDs) s 48.5. HRMS (El) cal cul at ed f or

C20H~0BNSi 2C12Zr, 559.0434; found, 559.0432. -110 0 1 APR 2003 WO

00/ 20426 PCT/ US99120538 Exanpl e 21 Preparation of

rao- di i sopropyl ani dobor ane- bi s- 08 ( 2- i"8pr opy! - 4- phenyl i ndenyl ) zi r coni um

04-1, 4-di phenyl -1, 3-but adi ene Ph Ph ~N-g Zr~ Ph \ Ph 21 A)

2-1sopropyl - 4- phenyl indene 5 Sodium hydride (2.1 g , 60 percent dispersion

inoil) was placed in 500 m flask under nitrogen atnosphere. Hexane (about

20 mM) was added to renove the oil, the mxture was stirred briefly. After

stlrrlng stopped the NaH was aIIowed ‘to settIe and the the |IC]UI ds were

N | T A Y. Y.



The crude al kyl ati on product was dissolved in ethanol (300 nil) ang Wgr 2003
(75 m). Potassium hydroxide (20 g) was added and the m xture was refl uxed
overnight. 20 After cooling, ethanol was stripped under reduced pressure.
Hexane was added and stirred for 1 hour to dissolve any undesired organic
material s. ThWOHBREE was decanted and water was added (about AGHUSIN2053he
sol ution was Wl 0 P i concentrated HCl. The desired
car boxylic prg@&g’tﬁg\%éb@@Eﬁ%tﬁgah%}'glﬁgtg'ﬁqﬁn?%ﬁﬁed over Na2S04, and

st ri pped aysthpeniadigoyieidcqniurs 213-dimeMyR1 Spmdadieneof t he 25 crude product (10.74
g, 80 percent)indj. th ter. .hydrol ysi,s and decar boxyl ati on were
conplete. The rgﬁ&ﬂ@&%&@@dgfrﬁ‘émgl&%&g.@ﬁ%&ﬁf@(}bﬁﬁ‘ a tan solid, was used

wi t hout fayctdpentagienizircaiun 8-N,NadimesHylaphinarengd;, (50 m ) was added to the

carboxylic aci ngd the m xtu was stirred qverqight at roomtenperature
to di ?sol ve the'hgbq%ﬁqpr?wg]@%téﬁgu?rﬁg'%@lbo?@eé 18ri de was removed under
reduced myekpentadengizirdenidreamyiini ng acid chloride was -111 0 1 APR 2003 WO
00/ 20426 PCT/ U399/ 20538 di ssol ved i.n. nethyl ene chloride (75 m), This

sol uti on was agg\gEPZ"E?Qfﬁwq?é“%‘}‘ﬂg‘é?mg‘ﬂa\etqo\é}ﬁ‘ef%ﬁﬁe'I to a suspension of alur-
vm chl or i @eidpent&ictyizifconturi ik )4-4iph&MA-R BlRgigi: ori de (25 m) and cool er
~.~ih an ice bath. __¥he reaction was dallowed to warmslowy to room

t enper at ur e andy.Nstdipeprap\dwémethypuaniginatedsranerisimmwas poured 5 onto ice

(abo 10 jprred vigor I or 1 hour. The organic |ayer was
sepaﬁtgt ed%c[qﬁggnag%g%gé nﬁ'&érn ggsﬁém%geg "once with ether and the conbined

or gani ¢ | ayer sNirdiisomspddiiméthitgbanidieatechorard-tassqi- NazS04, and stri pped

under reduced ssure. The grude 2-i r | -.4- phenyl i ndanone {10.0 g) as
an or angec-yﬁﬁmﬁ{aﬁl‘%“y\ﬁé%”\&g‘éa W%t"ﬁﬂﬁ‘?mﬁﬁ%trgg%a%ﬁﬁqfi cation. 10
2- 1 sopr opyl - 4- pherdibogepRditethldudniginatéboraretbis-was stirred in a mxture of
THF and net hanol (100 nl; 211 whi | e sodi um borohydride (1.5 g, 40 nmol)
was added YClPPeRtadienyBireaniHg no dinegy- hwentadieas: stirring overnight, ice
(aboyts 50 m) W—_Cﬁgﬁﬁgpﬁ_@ﬂ“émﬁgg&ﬁ%mg@ beRshesdid-ff-ed for 0.5 h. The THF and
MeOH were renoved under Teduced pressure. Ether (about 250 m) was added)
the pH weRyclppotadienyiscordumm’-1.3pentadienridi ti on of aqueous HCl and the et her
| ayer was separated. The ether was washed with saturated sodi um bi carbonate
solution) then brine, dried over NazS04, and evaporated under reduced
pressure. The h3& &Y 8-hexahydrotmytimidebhyeaspyrimidipatlg boemesbigmoiindenet-per c~: nt )
was obt abﬂﬁ&oﬁﬁm‘?diﬁﬁ%ﬁd .an solid. It was used without purification. 20 The
0

crude m I soneri ¢ al'cohols was dissolved in toluene (150 nl) to which
p-toldfene sul f bidide6,aABHexabyGoPyrimido[ badpyrimitisatediomriedris wisndestl-uxed in a
fl ask equi e an-Stark trap for 1.5 h then cooled. Solid sodium
bi car bon;&%'g%'su%gﬁg?@ﬁd the m xture was stored overnight in a
refrigerator. T8 Gésthexahydrogytimidef1,2-aDoyrimiyingiedosangeisatindemet-or gani c

| ayer wa setidL er NazS04, and 25 stripped under reduced
pressur e?yl%(ﬁogﬁfpr@%%&uﬂé@?@g\gdémpyl - 4- phenyi i ndene (10.4 g) was obtained as
a brown oil. AhSI4GTS-ixatEiromyfimidofti2a] pyinidipatefbosye-bised-indeneent . Thi s
mat erjgal ( a Al an. inert atnosphere until ready for further
conveérsgi o”r@ﬁiﬂmﬁ%@ﬂg%ﬁ@@ﬁgw (d, 6H), 2.74 (sept, 1H), 3.39 (s, 2H),
6.53 (s, 30 1 HB,4,6,7Bhekahfdropyridido[1,2:h) Byrintidinatelrorane-bis-n*-inden-1-
2-1sopropyl.-4-phepyl i.nden| T t ol uene solution (25 m) of

2-i sopropﬁf'[%pﬁﬁ%zgifé"ﬁa&){'ég‘??”% €14, 25 mol ), in a glovebox filled with
argon, was added,46,pighdxahydrbipytimido[50Q] pyrimididatédhomm-dis-nFleden-«t ur e was
stirred atl I oomtglrﬁg&;ﬁtgure over r‘]?:/vgqt The tol uene was , 35 renoved under
reduced pfeESHMHUM ey ETMIORAY added and renoved under reduced
pressag e then agdirel7@gsd@an(dd-pytimnido[he-apydmitieawasoraid-bisag-ifden-1- h t hen
-112 0 ]],APR, 200? wo oonoaz6 PCT/US99n0538 filtered, washed with about 15
m hexaneyZfFPURaM trate dried under vacuum The Iithi umindeni de product
(3.09 g) was ObM,B,ﬁ(E-WécaﬂVd@fp@'ﬂﬁﬁ)"\%f,Q\@]‘p iRbte torarse-BRL£lihddn-yas st or ed
in the giovebox un i|” needed. "H N (da-THF): e01.27 (d, 6H), 3.02 (sept,
1 H), 5. 8Wzifepnium H)-1,4edipieenys1,3sputadigne;6. 42-6. 51 (m 2H), 7.15 (t, 1 H),
7.18 (d, 1 H), 7.26 (t, 2H), 7.82 (d, 2H). '3C NMR (de-THF): ppm 147.00,
141.54, 130.59, 130.40, 129.20, 128.16, 126.70, 125.02, 118.68, 113.92,
713.40, 91.01, 89.77, 30.62, 25.78. 21 %2'_ N, N- di i sopr opyl am do

bi s(2-i sopropyl - 4- phenyl i ndenyl ) bor an®®To 25 m tol uene sol ution of

N, N- di i sopr opyl am doboron dichloride (0.501 g, 10 2.75 mmol e) at room

t enperature was added drop w se potassium (2-isopropyl -4phenyl )i ndeni de
(1.50 g, 5.51 nmmole in 20 mM toluene). The m xture was heated to refl ux and
stirred for 6 hours. The solution was cooled to roomtenperature, filtered
through a nediumfrit, and solvent was renoved under reduced pressure to

a - — ~ o~ . o e S r
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di i sopropyl am dobor ane-bi s-rl s-(2-net hyl - 4- phenyl i ndenl-yl)zirconi um
rli-1,4-di phenyl -1, 3-butadiene In a glass flask, 0.922 m of a tol uene
solution of nethyldi goctyi ) ammoni um

hydr oxypheny! YPi%¢H8ht af i uor ophenyi ) borate (amounting to 0. 078CHISPEY sed
on 5 boron) and,3,d,7B-MéxaBjdréphirfid 1F@é]tl)gﬂmid‘ir@télbérﬁﬁe-ﬂfs-ﬂsfih@érhyl al um num
(0. 058 nmoj ,eé(% were added along with 0.290 m additional toluene. The

mi xt ure WHSIERNYT B8d21dhexgdigngiut es on a mechani cal shaker. About one hal f

(0.550 m) of ul 4. ol 1t A tasks. _ai ning 0.500
g of thoroughl 3%?2?&%%?@58?%9@%?3%%& g?'??%g?’s‘fég?%?%o --C, 4
h). The nyikireonirmé 1 shdikantttyy1 Beothdiemebr eak- up cl unps and 10 then

mechani cal |y agi.t for, an addi.t.i . 10 m. nutes, xt 8 m of m xed
hexan:;gs was adgégdf’lé'2%%?@%%?&?'?'9?ﬁ%ﬂﬂ"%@é"#@%ﬂﬁﬂ?" '5[’?59“%9('1’ Ted for an
adfli ti onaylfzitdﬁorﬁtimqt-eSpneI@.ﬂ,jab@nmieﬁel;Jre, 3.5 nmM of a 0.005 Mtol uene
solution of rac~ o , .

di i sopr opyl ani dGkbé-Zfehexrbydre-gyimidai 2yl pyAmisinats PeRBRRIST’Singen-# coni um
~4-1, 4 Bi phedHiom n81 &g (Exanpl e 14) was added. The mi xture was

agi tated 2 h orl1lI 1‘2 t}l?gé%géchani cal shaker, filtered on a glass frit, washed
(3x) with 10 mM m xed hexanes and dried under reduced pressure. The

resul §4 ng bl uenaolaeiraoflion el oHHBRAE bEANEBIAIYBlmdfRngRAl Y Zed by neutron
activation for zirconiuh content and tound to contal g p. nol e

zi r coni unyggitcorinm dichderideupport ed catal yst. 20 Sol ution Pol Yet hyl ene

Pol yreri zat i ony\, x&: I nd. 1- were purifi _sparging wth
purified ni tro&%ﬁ% ?@é@&%@%&é@%ﬁ%%ﬁﬁ%&hﬂ c@ﬁﬁ%’gﬁg%ﬁ%{ai ni ng al um na
(A-2) availzisbeiufrdimetbgiRoche I nc.) and D5 reactant (available from

Engl ehard Chemcal s at 5l ' usi oML f i nitrogen pad. All
transfers of rsngl?@ed?l'tsé&éﬁ%i pg T;at%{rﬁoﬁ@aq%éggpiag%gnsgglrﬁah Ilnﬁgn g.CCOfT‘p| i shed using
a gastbus ypatoniimdiis-gdinuimyildmidet ni t r ogen or argon. Gaseous feeds to the

(avai Labl o 1 rohi SHEERES BRI e PP BT MRRRaE et o r evi ous y

act i vat edylmjrconiestdmethykt , 3dntdienet h ni trogen and b reactant was activated
by 30 treatnen 2D0C wi t h er.cent hydrogen,in nitrogen. Batch reactor
pol ymeri zat f onF's\l’@léqj'go%gﬂﬂ!@&'é‘aaﬁhd"%ﬁ? &Braﬁa-tbg?n gg\?’?etﬁg'gg?'g'ﬁ"equi pped with an
el ect ri calylzieatiumg, 3-dirhethyl-1i3 b adiede; ser pentine coil for cooling, and a
bottom drain valye.. Pressures, te ratures. a bl . val ves were conputer
noni tDr ed and @o’%fq"ﬁ?ﬁ’@ﬂ‘.ﬁ'pb?%@'&"ﬁ%%jﬁggr@ﬁ%ﬁéﬁzﬂf’%ﬁf‘d%' "g) and 1-octene
(118 g) 3yi)aneomiuneBS|N-aindtiyianifedengyti shot tank fitted with a differenti al
pressure transgucer. or igh cell ., These |iquigd . then added to the
reactor fromt Leﬁ écg'FQ%rH\fl’\ﬁ?ﬂﬁ?ﬁ?mJ@%@ne'b 'ﬁ'(w&ﬁﬁgeﬂ%ﬁOlZOMG
PCTNS99I 2988@oribm atignt ent s of the reactor were stirred at 1200 rpm
Hydr ogen was added by differe tiactf_lex ansion (0,25 psi, 170 kPa) froma 75
shot tank infti . : of the reactor
St tank © S FRORORY PR TS Do IR AR BAnEREEof 1 h
was tden peafcesiuin*thedpashyad-fulibiémsyper at ure under 500 psig (3.4 Ma) of
et hyl ene pressure. The catal yst osition (as a 0.0050 Msolution in

5 co
t ol uene) and cb‘c’&t%ﬁ%’?%@?‘@”ﬂ'@ﬁ”ﬂﬁ"ﬁ%&gpW”?W@"ﬁé@i@@ﬂy'ﬁnéﬂ“d‘i n the gl ove box
and transf,gy; r LOvwe box to the catal yst shot tank through 1 /16
in (0.16 ﬁ)z'urctﬁﬁigfnn @di%ﬁéé%é&\éhene to aid in the transfer. The catal yst tank
was then press bl zdigopropyiipbemdiamidinate bmsas-bissi rg-methyliogen-1- Af t er t he
contents . . react or. h tabilized at the desired run tenperature of
1400 the @%{{Cgﬁ'yé‘t" h’a@‘dmsﬁ@g?é‘&aﬁﬁg% the reactor via a dip tube. The
t enped@t ur e wasl,Nedisbpriopgphbiylahidvate domabdiseih@tmetaylipdgedl t o pass through
the inter ngl, cool i rlg1ecoi | s, The reaction was allowed to proceed for 15
mi nut es WYPHTRPHN vrkPRRY dd§M8HIA8and. Additional injections of catalyst
conposi ti on pr gt @idoprapylighbRiiaffkindte bBRnE MEn TRANGHyINIER-1€NPl Oyed where
i ndi cated. The contents of the reactor were then expelled into a 4 15 liter
ni trogen pligedivresskB-paniadigoenched with i sopropyl al cohol. Approximately
10 mM of a toluene solution containing approximtely 67 ng of a hindered
phenol antioxidant (lrganoxT"" 1010 from G ba Gei gy Corporation) and 133 ny
of a phosphorus stabilizer (IrgafosT"' gA468 from G ba Gei gy Corporation)
were added. Vol atile materials were renoved fromthe polynmers in a vacuum
oven that gradually 20 heated the polynmer to 140C overni ght and cooled to
at least 50C prior to renoval fromthe oven. After conpletion of the
pol yrnerizaiton, the reactor was washed Wth 1200 m of m xed hexanes
sol vent at 150C before reuse. Results are contained in Table 1. Table 1
Catal yst/ T cocatalyst (C) Yield Density* MM ** Run Catal yst cocatal yst

R AR g =g - A AN N N NN APNS NN P —



Sol uti on Pol yprop, ~i ene Pol yneri zati on The above reaction condi tDoMPReQQﬂI"
substantially repeated excepting about 625 g of m xed al kanes sol vent and
ei ther 150 g of propylene (Pj for honopoiynmer formation, or a m xture of
150 g propylene and 7 g ethylene (E) for copolynmer formation were used.
Hydr ogen was Y4A4¥#42¢ a nol ecul ar wei ght control agent by dif fRGTERRPZ39538
pressur e expanslNrbi§-208niisopopyiphétfiphemytatradikate borlpeitis-47(22he @§i4-( 120170
kPa). The éea?t r i/vaﬁ heated to the polynerization tenperature and the
desired nB %ﬂy"&qo)er?f) YRZIGOF HFRIATGL: cocat al yst, as dilute solutions in

toluene, were RiNesls2l6-aisopRIPYPREMAMDAReMPLAICIAZRE boranktiRT-@LhERyLL a
catal yst addition tank, and injected into the reactor (three injections of

11.~nol ePh@VW%k‘VﬁH@@iuﬁﬁi@eﬁyﬁed on zirconi um over about 30 minutes for
run 163 two '”NQ@'tBi_Q-@?e-QﬁsoErdﬁ%rl!ﬁﬁbr?yl%ﬁéﬁﬂiaﬁmjiﬁété%Hn‘érﬂ@}{?(@-rﬁgﬂ £4.20 m nutes
for run 172] and a single additionfor all other runs. Results are contained
i n Tabl e phenyingen-1l)zirgepRMpbis-ANetoYaPEE26 PCT/ US991 20538 Tabl e

(o oo o gk R TR STV B BB ROl ! o) e

10/ 10, 000 pErylindsdi OyBaidc®nium B-nisthyd- 1 NERadignd;. 25 P " 743. 5155. 8-19 Ex. 5 MABU3

0.2510.25 " ""29 .A35T Y . 3330 .S " 0.5/0.5
> Babay 3152, 28 HASR,EARERoneEpheny-amidipald pREPE IS S By, 2 o' o
100" 110 41 bleriidded1 R zirdoBiuin P,3rh&thylst,3-butati@n2150. 311725 Ex.S " 1.511.5 "
1151219. 8146. 7 Ex o 13 " 1. 75/1.75 " "1019. 4147, 46927 S " 2.5125 "
1301112, 7145, NS iR 6-HiboprogyIpReay-pReny-alidinad FREETRSH-Bindim-Find 61 6000
" 70118. 9 pAHYEAEM- Byl)kiRchium 2-N,Miim&hpahinbBéniy,. 20 " - " " "126.6108- 32 Ex.
!AIG b(l\a/lroﬁgr |0é7glc)?Bl?ﬁi’_—bis-%?ﬁl-gilgs%bfb%?i%hgﬁyl-pﬁgr%ym%lm%ngg )E)% Pa%e%\{sql\é-&prlngth];lr-t?-m
met hyl di ( phératiedan-) -gneedontui aliys( pent af | uor ophenyi ) (p- (di et hyl al un noxypheny
1 )5 borate(for L by reaction of triethylal ym num and.
et hy T3 ( 06t adNey 1A ARIRaPY P RRAP PR DPRE R T BRIV bor at ) 3
met hyl bi spR&daseRm -),a}ﬂmgwﬂ‘!-$,atd%¢rfe€\9(6ﬂfe@txtda%@phenyI ) al umi nane) undecyl i
dazol i del0 Sl'um Pol y-, merization The previous reaction conditions were
1?ubst anti ally Nég;@%@@'i%&ﬁslémwge;géﬁbﬁ&%ﬁﬂgﬁnﬁawW@tﬁ'%s(z'e'm'ﬁﬂ’gb‘éii I t]tle ;
enper at UpReiRddie} ~Cand. itme:2nd no sol vent was used. eeds
wer e passgdethr ou‘gtvﬁgrcurmg%fﬂal uma?l'a %nd a 15 decont.ang nant (C -5
cat al yst avai | BiY ebis-2cHirdimograpiiphenyl-ghemit-emlidinatadoyangrtiion™tomethyi-47 v ~ y

50 O A [ [ into th tor.
Cat a1 301 ERErnt B AR Ao 2R, Cont i ni mg

at nosphere of NiNyebis-@r6-disopampgipheryl-phemyi-achidingte lbotaze-tieat{2emethgs4-c har ged
wi t h about, 50 0 r.opyl ene, dr s.added by differential pressure
expansi oin?ryﬁ?‘ge"?{Syﬁ?” Him pd}]-w%rﬁﬁ-qg.{-lpe\ﬁﬁacﬂ%ri\e,( 280 kPa). The reactor was
adjusted to tha,mnii54265-dmbwm9rphéwn{aenw-amnﬁh@tbm&r(e&ﬁs-@-(zamdml-&i urry of

—

the supported catalyst conposjtion (40 ~.g, 1.27 ~nmoie Zr) in mxed hexanes
was i nj ecPBENVIiRGen-1HBZiFoRrIM R’ -1 3rRentadigfer at ure was mmint ai ned at 25 -C for
20 mpgites then increased to 60 -C over 6.5 mnutes (2.8 mnutes for run
33) and maintained at 60 -C for a total run time of 40 m nutes. Upon

conpl etion, thB:NeigrA-disortapyipbenddaneBi\ edikeiRingdamnerdsw-(3f a t ol uene

sol ution ﬁ@ﬁfﬂhgﬁh@ﬁylﬁﬂﬁhqxjﬂﬁﬁf&&{im@%hmdékf a hi ndered phenol anti oxi dant
(I'rganoxT"" 1010 from C ba Gei ‘gpéPCorporati on) and 133 ng of a phosphorus

stabilizer (Ir YV RsREdisop pd-ScBe gy Ghdpeiminedirangchienadiéted. The

pol ymer e lAvE ol uum oven set at 140 C for about 20
hour s. R\é\?ﬁtt’g@g@ﬁgh@gﬁ?ﬁti12%%“?%“%2%&%& Table 3 Run Catal yst Zr (pnole)

Yi el dBQ@) Tm ~4N,Wibiss2,§-digop(apyipkenyd-3smeathylEk3-dietinirg) borarezbisn 42-150 283 3. 0
33 Ex. 22 4] = A7 A s S 2003 -119 1. A Goup 4
transition tgljphgé}{rhﬁ]déé 1cmz}r%%nﬁ%rﬁé’§n%'m%h§gﬁgg%f the followng fornmulas: rz
I v Mc~ 'rz vriNN-bjsRB-didoprapytphefd3ametayi2! §diketicinesorateebisof-(dher ei n: , M-
is titani s ' rof= i i *4) *3 .0r +2 oxidation state;
Y' and vz%agr‘@ﬁ'ﬁﬁg‘%ﬁié'ﬁ@&ﬂ?'|'¥/'{zé’§$@%’ﬁ?ﬁﬂ"g‘,@%@%ﬂ%“ ad(')e‘?fehonr cycllc, ~c-bonded
group) 10 NR, PR; NR 2 or PR2; Zis boron or alumnum Qis a neutral,
anionic or dlanionic ligand group dependi ng on the oxl dai 3on state of M J
is 1, 2 or 3 depending on the oxidatiopgstate of Mand the el ectronic
nature of 1~ @ T independently each occurrence is: R, RL R R~ OR2~ ~ Rs
~, R ~or R NR-! R~~~ R- Rl Is independently each occurrence

hydr ogen, a hydrocarbyl group) a 20 tri (hydrocarbyl)silyl group, or a

tri (hydrocarbyl)silyl hydrocarbyl group, said R groups containing up to 20
atons not counting hydrogen; R5 Is R or N(R ~;, and two R groups together
or, one or snore R groups toge#her witty R~ mar optionally be joined to

a ~N N .



01 APR 2003 -1 2Z0R R R T-Z~~MJ R RFormula 4 R2 Rz T-Z ~
IMO T R2 Fornula 7 5 RR RR v Rz T-ZR2 ~Maj NR3 Formula 5 Rz R2
M~ r ~N-R3 Formula s or R NT ZEN ~MJ R3 Fornmula 6 R3 1 N r
MJ ~N R3 Fornula 9 wherein M Z, T, R, Qand j are as defined in Caima1,;
R2 is hydr ogeW§ 080426 hydr acar byl , Si (R3)3 N(R3) 2, or ORg gr oBfTAIS999538% 20

carbon or sili ﬁ%tﬁﬁr@éllsﬁﬁk@ﬁﬁﬁﬁéﬁﬂ?usegﬁ% d’Wét @é‘{aorﬁ?e HigmiRe, © 20 be

j oi ned t oget her, reb ring ure;
i ndependemethy!- Wdem@edén-a-yﬁymmm b fidirgetbyipt, S-autadlehg“dr ocar byI si yI gr oup

B NSRS LRRI DA AR PRl 0020, ol
iadj acent ﬁﬁthgr Sphenyiindert-hert) ziimmnaﬂd demhyldamgiahehzqr‘ a substl tuted i ndenyl
i gan ex accor di erein Mis in
the 1 +4 oxXi ggt'\flcw g{ép qu§0prOp\gerryE%ﬂ@ﬂ]y%gibcglﬁ%!gmq 90'39%}1'5&' firrence is
hal i de, hmdmydEpnerhwdd@marymmrgonsjrﬂ arllyhydr ocar b%/l hyd[ ocar b%/I oxXi ﬂea or
ons not coun |ng ydr ogen, or
d

di hyd by ,
fwo” Q or oupe. ¢ BALHisR B SSrTRR EhRARERAIH o STGRe SoeBPaTEHET O oo
tiiene |igamg-thaényingss- H‘%/I)zM!anmM‘“f pmp%eﬁ@naé bogyehepentene, 20 5. A

metal conpl ex according t Claim 3, wherein Mis in the +3
oxi dati on st at ¥,N'jbis=3, Gam'dOF@ODSdP'@ﬁWh%memy!) Sedikatiories borene-biami d®i c

aryt, ki 1 R IR R (% BXBRRERES 12172 Bl ko eyl oxy.

aryl, sil aryl oxy,
sul fido gr oupsN,hﬁmtb-ﬁjBXdlisompylergm-meﬂqd -8, 34dikstimige borahérbisSyRsti tuted with

an am ne) osphi ne). or thiao her c ing substituent able to
forma co@gg‘\yﬁg'tpbe%%'og ﬁ 1)5’6‘??(5"”67?" é1dé&aPﬁ@‘ g{jﬁtﬁ’l’%d{eﬁ’ ®M said | | gand havi ng
up to :50 atonm NIQis-2@-disbirapiipkkryUSfriettof-1 2} diketiviine BorlslbRGH Ab group
conprising an ethé?enlc unsaturation able to forman rt3-bond with M 6. A

met al confyeEY!-4RBeMUNden-t ) éFQﬁ”l‘H”?ﬂo} Peery-M3PeNGUENE n Mis in the 10 +2

oxi dafg on st at g NIpisz2b- mgpr@;a¥|§h&1ynﬁ-kﬂe&r®J| 1%0cﬂkélﬂﬁﬁ@9m§hé‘«8émsf{§l' onal I'y
substituted with one or more 1ri (hydrocar byI )s

tri (hydr oBgiwirf-ehepyindset v airespiumynvLg: pgntag!@ing Q haV| ng up to 40 carbon
atons and formng a n-conplex with M 7. A netal conplex according to dafm

4 corresponding to Fonnuila 4a, 15 20
bis(N,N’-diisopropyl- phenyl amidinate)diborane-1,2-bis-n*-(2-methyl-4-

phenylinden-1-yl)zirconium dichloride;
20 bis(N,N -diisopropyl-phenyl-amidinate)diborane-1,2-bis-n’-(2-methy!-4-
phenylinden-1-yl)zirconium dimethy!;
bis(N,N -diisopropyi-phenyl-amidinate)diborane-1,2-bis-n°-(2-methy-4-
phenylinden-1-yl)zirconium bis-dimethylamide;
bis(N,N-‘-diisopropy(-phenyl-amidinate)dibo rane-1,2-bis-n’-(2-methyl-4-
25  phenylinden-1-yl)zirconium 2-methyl-1,3-butadiene;
bis(N,N"-diisopropyl-phenyl-amidinate)diborane-1,2-bis-n*-(2-methyl-4-
phenylinden-1-yl)zirconium 2,3-dimethyl-1,3-butadiene;
bis(N,N -diisopropyl-phenyl-amidinate)diborane-1,2-bis-n>(2-methyl-4-
phenylinden-1-yl)zirconium 2-N,N-dimethylaminobenzyl;
30 bis(N,N"-diisopropyl-phenyl-amidinate)diborane-1,2-bis-n°-(2-methyl-4-
phenylinden-1-yl)zirconium allyf;
bis(N,N -diisopropyl-phenyl-amidinate)diborane-1,2-bis-n>-(2-methyl-4-
phenylinden-1-yl)zirconium n*-1,4-diphenyl-1,3-butadiene;
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5a, 6a, 7a, 8a, or 9a; Rz R2 R-2N. .ZRZNQZR2R2R2R2R2R2N!]ZI65§~2

NR3~ NR3 R-2N-Z/ "MX ~NR3~ Fornmula 4a Rx RR Rl1~ . Z Rz R M2 R2 R2
Formula ?a Fornmula 5a R2 RZ R-2N.~ Z ~ Rz M&® 2 R-2N' Z~ NRT Formul a 6a -
R~-zN- ~ ~ NRs R~ N--Z \MX z ~NR3~ Fornula 8a ~ or Formula 9a wherein M

2, R, R, and®Re0M4¢6 as defilned in Claim4 and Q independentIGI/ERRR0SS
occurence 1S sl NBiec AT RRMIRARIAAER 03 ralo bt ocar byl am e

group of up to 10 atons i ng ogen) or two groups toget her
form a C-~.phedylinslen-1-yirimsdnivmat’ Zt%g&xald@new th Mforns a rret aI | ocycl opent ene.

8. A netal or di n e |nd tIy each
occurrence |snp?1§®ﬁ é"s(ﬁ’PmQ he”%ﬁ/"ﬂﬂhé%%@? 2&&8@3"5 Br' roups
toget her fremyindenet- hyd;rcan@nbphaﬂam@m{thpn Lodadieagt hyl - 1, 3 but adi enyl
group. ~ 1 APR 2003 -122 9. A netal n(PI ex accordipg to Claimb5

cor r esgondi ng  bisGGNrelisgpimpyI-pheny- %d'“BE Wn%ﬂ)z%‘iﬂ -MRIWVRE- v R2 R 2N Z
~. I\/QI~ [ \NR3~ Fornmula ~b R2 R2
R-2N -7 ~ eﬁé'rﬁ%m%%g““mgtjrﬁ#g%??mﬁﬁégfﬂw Z R) R2, and R3 are as
defined in d ai tm(lﬁl MirdiisQpropyleheogicamidioateidiberane- hﬂrﬂﬁraf -&hmetni-ani ¢
stab|I|2| fm p consi sting of alkyl, cycloal kyl)
aryl, and elnymrou @Z%%éﬁg'a rc%é)grﬁ%(ﬁérb 'further substituted vm'th orne or
nore am ne, phosphl ne, or et her substituents able to forma _

30 norShydr ogerarbeaissprogs SRy o iR et ansy i SR el BV S no an
et hyl eni ¢ pHesglindeat 1-gifzi@bhiemtdichionas? an rl 3 bond with M 10. A netal conpl ex
according to d

SRR M CRATCRREE R RS AT el
Formul a 8bphenglinded My ArcBhiumdimeth@; 6b 3 R-2N -Z ~ NR
bis(N,N -diisopropyi-3-phenyl-1,3-diketimine)diborane-1,2-bis-n°*-(2-methy!-4-
15  phenylinden-1-yl)zirconium bis-dimethylamide;
bis(N,N -diisopropyl-3-phenyi-1,3-diketimine)diborane-1,2-bis-n’-(2-methyl-4-
phenylinden-1-yl)zirconium 2-methyi-1,.3-butadiene;
bis(N,N-diisopropyl-3-phenyl-1,3-diketimine)dibarane-1,2-bis-n°-(2-methyl-4-
phenylinden-1-yl)zirconium 2,3-dimethyi-1,3-butadiene;
20 bis(N,N -diisopropy!-3-phenyl-1,3-diketimine)diborane-1,2-bis-n"-(2-methyl-4-
phenylinden-1-yl)zirconium 2-N,N-dimethylaminobenzyi;
bis(N,N"-diisopropyl-3-phenyi-1,3-diketimine)diborane-1,2-bis-n*>-(2-methyi-4-
phenylinden-1-yl)zirconium aliyl;
bis(N,N"-diisopropyl-3-phenyl-1,3-diketimine)diborane-1,2-bis-n*-(2-methyl-4-
25  phenylinden-1-yl)zirconium n*-1,4-diphenyi-1,3-butadiene;
bis(N,N ~diisopropyl-3-phenyl-1,3-diketimine)diborane-1,2-bis-n"-(2-methyl-4-
phenylinden-1-yl)zirconium n*-2,4-hexadiene;
bis(N,N -diisopropyl-3-phenyl-1,3-diketimine)diborane-1 ,2-bis-n’-(2-methyl-4-
phenylinden-1-yl)zirconium n*-1,4-dinaphthyi-1,3-butadiene;
30 bis(N,N"-diisopropy!-3-phenyl-1,3-diketimine)diborane-1,2-bis-n*-(2-methyi-4-
phenylinden-1-yl)zirconium n*-1-phenyl-1,3-pentadiene;
bis(N,N-diisopropyl-3-phenyl-1,3-diketimine)diborane-1,2-bis-n ®-(2-methyl-4-
phenylinden-1-yl)zirconium n*-1 3-pentadiene;
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A~Q R~2N ~NR3I 15 11. A netal conplex according to Claimé6 correspnor]ldlA% 4083
Formul a 4c, 5c, 6¢, 7c, 8¢, or 9c: RR. R R2N Z R MR R R R ' R
R 2N ~NR3~MC1 NR3 R 2N-Z, \MC ~NR3~ Formul a 4c Formula 5c¢c Fornul a 6¢ ot
ASR 2003 -123 R2 R2 R2N-Z \MQ R 2N - ~ R RR RZ R2 ° RZR~2N~~§Q¥%38
812N z~ NR~ ¥RUAWM6 7 NR nnc~ R—~ r Z~NR3 Fornula 7c ~ For Hal/4S8E80,
Fornul a 9¢ whengnigM SoherffRamidPid BhrafRnids 2 reRflal ifdéné-and Q
each occurrence 1s .ao#éo tyrfegller&g%r}‘ugat edr ien%?‘ g%ﬁe?)}ﬁ;adl Ir{%pﬁj@s‘éd}{‘ut ed with
one or noybzifganiumy dicbledge;>yl )silyl groups or

tri (hydrocarbyly §i- ) / i 0 & v u om s not
5 counti ng hydr%gllehxgmgﬁﬁﬁggﬂﬁhg@%?ﬁb% I‘ué]ﬁjélﬂ@}g‘1 ﬁaé'nﬁ?@ﬁd%%npl ex
accor di ng 1tyd)z@cenivminetwler ein the Q groups .are 1,4

di phenyl -1, 3-b I - i ene - hyl s - pen i.ene
2|, épl he%adi E~ne, g’ﬁgﬁ%ﬁ’r ?Lp%’ésﬁb%ﬁp érgiglngnpeet?or%,]éﬁ%ﬁ%&%@f&%?ég%ﬁtﬁﬂwgﬂ,
1, 4- di t ot Yk )ZjrBetiuinduk-dimethytemide; 10 bi s(tri net hyl silyl)-1, 3-but adi ene, or

1, 4-di napht hyl - 1, 3-but adi ene. 13.. A metal caonpk according.to any one of
the preceding ¢PY '%S,Wi%’yfmn%%ﬂéﬁ?f"'2'@@%?%?'%4%%?6%? 4r o @qu@ae’éccor di ng
to any ond-wjzirtteiumpreenethyng3euridere; wherein Mis zirconium 15. A netal
conpl ex according.to an ne of Cains 1 to 13) wherein Mis 20 titanium
16. A netal corﬁ)ﬂe‘?"%{’é’é@gi’?ﬁd‘ylﬂn'Q\’i‘?t%%arﬂﬁ'b'@”aﬁfﬂ‘ey‘yf'é‘ Agphiylipdent-n R is
met hyhoor 1ngp&@pyﬂn.2'@a;me@hym%utmﬁg;ex according to any one of Clains 7
to 12, wherein Qis 25 chloride, nethyl, N, N-dinethylam do) or

1, 4- dI pheny! - 1,"Nygisaprenyspheng!-anidingteporansbipax- (4Bevifngartshdingenn 7 to 12,
wherein Y'1-yaﬁqca(rau,grgeNlImgiﬁmWay,i,indHengymet hyl - 4- phenyl i nden- 1-yl . -124 19.
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di rnet hyl am dobor ane- bi s(~s-cycl opent adi enyl ) zLr cani um di chl ori de,
di i sopPopy! ar r i :-Nogisopraybpheryl-amigipateobrsencsbis wimyd-rRietybAT oaphindinten-i de,

dl i sopr op)qI_ﬁ)rzrrhbﬂg,lggrgRﬁ_gggﬁé@}}i—s%i#ﬁyI_)zi rconi um di chl oride, 10

df i sopropylarrii S 4- phenyl i nden- 1-yl) zirconl um
N,N -diisopropyl-phenyl-amidinate borane-bis-n’>-(2-methyl-4- naphthylinden-

1-yl)zirconium n*-2,4-hexadiene;
N,N -diisopropyi-phenyi-amidinate borane-bis-n’-(2-methyl-4- naphthylinden-
20  1-ylzirconium n*-1,4-dinaphthyl-1,3-butadiene;
N,N-diisopropyl-phenyl-amidinate borane-bis-n®-(2-methyl-4- naphthyiinden-
1-yl)zirconium n*-1-phenyl-1,3-pentadiene;
N,N -diisopropyl-phenyl-amidinate borane-bis-n>-(2-methyl-4- naphthylinden-

1-yl)zirconium n*-1,3-pentadiene;

25
N,N ~diisopropyl-3-phenyl-1,3-diketimine borane-bis-n’-(2-methyl-4-
naphthylinden-1-yl)zirconium dichloride;
N, N -diisopropy!-3-phenyl-1,3-diketimine borane-bis-n°-(2-methyl-4-
naphthylinden-1-yl)zirconium dimethyl;
30 N, N -diisopropyl-3-phenyl-1,3-diketimine borane-bis-n>-(2-methyi-4-

naphthylinden-1-yl)zirconium bis-dimethylamide;
N, N -diisopropyl-3-phenyl-1,3-diketimine borane-bis-n>~(2-methyl-4-
naphthylinden-1-yl)zirconium 2-methyl-1,3-butadiene;
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bis(n®-2-methyl-4-phenylinden-1-yl)zirconium dichioride, diphenylamidoborane-bis(n’-
2-ethyl-4-phenylinden-1-yl)zirconium dichloride, diphenylamidoborane-bis(n°-2-
isopropyl-4-phenylinden-1-yl)zirconium dichloride, diphenylamidoborane-bis(n’-2-
methyl-4-bis(3,5-trifluoromethyl)phenyiinden-1-yl)zirconium dichloride,

25  diphenylamidoborane-bis(n’-3-t-butylinden-1-yl)zirconium dichloride,

dimethytamidoborane-bis(ns-cyclopentadienyl)zirconium 1,4-diphenyi-1,3-
butadiene, dimethylamidoboranebis(n -inden-1-yl)zirconium 1,4-diphenyi-1,3-
butadiene, dimethylamidoborane-bis(n’~2-methyi-4-phenylinden-1-yl)zirconium 1,4-
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30  yl)zirconium 1,4-diphenyl-1,3-butadiene, dimethylamidoborane-bis(n°-2-isopropyl-4-
phenylinden-1-yl)zirconium 1,4-diphenyl-1,3-butadiene, dimethylamidoborane-bis(n°-
2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-1-yl)zirconium 1,4-diphenyl-1,3-
butadiene, dimethylamidoborane-bis(n5-3-t-butylinden-1 -yl)zirconium 1,4-diphenyl-
1,3-butadiene,
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() - 1 20 1(51%1“1@‘ )th@gﬂngsi mgtetd)m (1)a an 2a to a dianioric salt (where R

is H) via reaction with a metal amide such as sodium bis(trimethylsilylyamide or
lithium bis(trimethylsilyl)amide. The dianionic ligand derivative is then reacted with a
metal complex precursor such as MY, MY?,, or MY®; (and the corresponding Lewis
base adducts), where Y* is defined as above. Altematively, reactions employing the

25 neutral ligand, where R* is hydrogen, in combination with the metal precursors
M(NR?,)4 or MR%; can be employed. (Preparation of the ligands of formula 2a where
Y" and Y? are each an NR’' group can be readily accomplished by contacting a
diboron tetrahydrocarbyloxide compound of the formula ((R70)2B),, where R’ is C1-
10 hydrocarbyi, or two R’ groups together are Ca.20 dihydrocarbyl, especially

30 bis(catecholato)diboron with an alkali metal Cs.4 dihydrocarbylamide, especially
lithium dimethylamide.) All of the foregoing reactions are conducted in an inert
solvent such as a hydrocarbon salvent or an etheral solvent in the temperature range
of -100 2C to 150 °C.

An especially useful metal complex precursor reagent corresponds to the
35 formula 3:
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The complexes are rendered catalytically active by combination with acitvating
cocatalysts or use of activating techniques that are previously known in the art for use
with Group 4 metal olefin polymerization complexes. Suitable activating cocatalysts
for use herein include polymeric or oligomeric alumoxanes, especially

20  methylalumoxane, triilsobutyl aluminum modified methylalumoxane, or
isobutylalumoxane; neutral Lewis acids, such as C4.3q hydrocarby! substituted

Group 13 compounds, especially tri(hydrocarbyl)aluminum- or tri(hydrocarbylboron
compounds and halogenated (including perhalogenated) derivatives thereof, having
from 1 to 10 carbons in each hydrocarby! or halogenated hydrocarbyl group, more
25  especially perfluorinated tri{aryl)boron compounds, and most especially
tris(pentafluoro-phenyl)borane; nonpolymeric, compatible, noncoordinating, ion
forming compounds (including the use of such compounds under oxidizing
conditions), especially the use of ammonium-, phosphonium-, oxonium-, carbonium-,
silylium- or sulfonium- salts of compatible, noncoordinating anions, or ferrocenium
30  salts of compatibfe, noncoordinating anions; bulk electrolysis (explained in more
detail hereinafter); and combinations of the foregoing activating cocatalysts and
techniques. The foregoing activating cocatalysts and activating techniques have
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US-A-5,919,983, US-A-5,783,512, WO 99/15534, and USSN 09/251,664, filed

5 February 17, 1999.

Combinations of neutral Lewis acids, especially the combination of a

trialkylaluminum compound having from 1 to 4 carbons in each alkyl group and a
halogenated tri(hydrocarbyl)boron compound having from 1 to 20 carbons in each
hydrocarby! group, especially tris(pentafluorophenyl)borane, further combinations of
10 such neutral Lewis acid mixtures with a polymeric or cligomeric alumoxane, and
combinations of a single neutral Lewis acid, especially tris(pentafluorophenyl)borane
with a polymeric or oligomeric alumoxane are especiaily desirable activating
cocatalysts. Preferred molar ratios of Group 4 metal compiex:tris(pentafluoro-
phenylborane:alumoxane are from 1:1:1 to 1:10:30, more preferably from 1:1:1.5to
15 1:5:10.
Suitable ion forming compounds useful as cocatalysts in one embodiment of
the present invention comprise a cation which is a Bronsted acid capable of donating
a proton, and a compatible, noncoordinating anion, /.. As used herein, the term
“noncoordinating” means an anion or substance which either does not coordinate to
20  the Group 4 metal containing precursor complex and the catalytic derivative derived
therefrom, or which is only weakly coordinated to such complexes thereby remaining
sufficiently labile to be displaced by a neutral Lewis base. A noncoordinating anion
specifically refers to an anion which when functioning as a charge balancing anion in
a cationic metal complex does not transfer an anionic substituent or fragment thereof
25  to said cation thereby forming neutral compiexes. “Compatible anions” are anions
which are not degraded to neutrality when the initially formed complex decomposes
and are noninterfering with desired subsequent polymerization or other uses of the
complex.
Preferred anions are those containing a single coordination complex
30 comprising a charge-bearing metal or metalloid core which anion is capable of
balancing the charge of the active catalyst species (the metal cation) which may be
formed when the two components are combined. Also, said anion should be
sufficiently labile to be displaced by olefinic, diolefinic and acetylenically unsaturated
compounds or other neutral Lewis bases such as ethers or nitriles. Suitable metals
35 include, but are not limited to, aluminum, gold and platinum. Suitable metalloids

include, but are not limited to, boron, phosphorus, and silicon. Compounds
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U ,10% & () - P@_fg%@’y@.}(cy cocatalysig may(be rersegrig oy the following general
S5 formula:
(L-H)o" (A)*
wherein:

L* is a neutral Lewis base;

(L*-H)* is a conjugate Bronsted acid of L*;

10 A% is a noncoordinating, compatible anion having a charge of d-, and

d is an integer from 1 to 3.

More preferably A* corresponds to the formula: [M'Qu]’;
wherein:

M' is boron or aluminum in the +3 formal oxidation state; and

15 Q independently each occutrence is selected from hydride, dialkylamido,
halide, hydrocarbyl, hydrocarbyloxide, halo-substituted hydrocarbyl, halo-substituted
hydrocarbyloxy, and halo- substituted silylhydrocarbyl radicals (including
perhalogenated hydrocarbyl- perhalogenated hydrocarbyloxy- and perhalogenated
silylhydrocarby! radicals), said Q having up to 20 carbons with the proviso that in not

20 more than one occurrence is Q halide. Examples of suitable hydrocarbyloxide Q
groups are disclosed in U. S. Patent 5,296,433.

In a more preferred embodiment, d is ane, that is, the counter ion has a singie
negative charge and is A". Activating cocatalysts comprising boron which are
particularly useful in the preparation of catalysts of this invention may be represented

25 Dby the following general formula:

(L*-H)*(BQa);
wherein:

L* is as previously defined;

B is boron in a formal oxidation state of 3; and

30 Q is a hydrocarbyl-, hydrocarbyloxy-, fluorohydrocarbyl-, fluorohydrocarbyloxy-
, hydroxyfluorohydrocarbyl-, dihydrocarbylaluminumoxytiuorohydrocarbyl-, or
fluorinated silylthydrocarbyl- group of up to 20 nonhydrogen atoms, with the proviso
that in not more than one occasion is Q hydrocarbyl.
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5 as an activating cocatalyst in the preparation of the improved catalysts of this

invention are

tri-substituted ammaonium salts such as:

trimethylammanium tetrakis(pentafluorophenyl) borate,

triethylammonium tetrakis(pentafluorophenyl) borate,

10  tripropylammonium tetrakis(pentafluorophenyl) borate,
tri(n-butyl)ammonium tetrakis(pentafiuorophenyl) borate,
tri(sec-butyljammonium tetrakis(pentafluorophenyl) borate,

N,N-dimethylanilinium tetrakis(pentafluorophenyl) borate,
N,N-dimethylanilinium n-butyltris(pentaflucrophenyt) borate,

15 N,N-dimethylanilinium benzyltris(pentafluorophenyl) borate,

N,N-dimethylanilinium tetrakis(4-(t-butyldimethylsilyl)-2, 3, 5, 6-tetrafluorophenyl}
borate,

N,N-dimethylanilinium tetrakis(4-(triisopropylsilyl)-2, 3, 5, 6-tetrafluorophenyl) borate,
N,N-dimethylanilinium pentafluorophenoxytris(pentafluorophenyl) borate,

20  N,N-diethylanilinium tetrakis(pentafluorophenyl) borate,
N,N-dimethyl-2,4,6-trimethylanilinium tetrakis(pentaﬂu'orophenyl) borate,
dimethyltetradecytammonium tetrakis(pentafiuorophenyl) borate,
dimethythexadecylammonium tetrakis(pentafiuorophenyl) borate,
dimethyloctadecylammonium tetrakis(pentafluorophenyl) borate,

25 methylditetradecylammonium tetrakis(pentafluorophenyl) borate,
methylditetradecylammonium (hydroxyphenyljtris(pentafiuorophenyl) borate,
methylditetradecylammonium (diethylaluminoxyphenyl)tris(pentafluorophenyl) borate,
methyldihexadecylammonium tetrakis(pentafluorophenyl) borate,
methyldihexadecylammanium (hydroxyphenyl)tris(pentafluorophenyl) borate,

30 methyldihexadecylammonium (diethylaluminoxyphenyl)tris(pentafluorophenyl) borate,
methyldioctadecylammonium tetrakis(pentafiuorophenyl) borate,
methyldioctadecylammonium (hydroxyphenyijtris(pentaflucrophenyl) borate,
methyldioctadecylammonium (diethylatuminoxyphenylitris(pentafluorophenyl) borate,
mixtures of the foregoing,

35 dialkyl ammonium salts such as:
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triphenylphosphonium tetrakis(pentafluorophenyl) borate,
methyldioctadecylphosphonium tetrakis(pentaftucrophenyl) borate, and
tri(2,6-dimethylphenyl)phosphonium tetrakis(pentafluorophenyl) borate;
di-substituted oxonium saits such as:

10 diphenyloxonium tetrakis(pentafluorophenyl) borate,
di(o-tolyl)oxonium tetrakis(pentaflucrophenyl) borate, and
di(octadecyljoxonium tetrakis(pentafluorophenyl) borate;
di-substituted sulfonium salts such as:
di(o-tolyl)sulfonium tetrakis(pentafiuorophenyl) borate, and

15 methyicotadecylsulfonium tetrakis(pentafiuorophenyl) borate.

Preferred (L*-H)* cations are methyldioctadecylammonium and
dimethyloctadecylammonium.

Another suitable ion forming, activating cocatalyst comprises a salt of a
cationic oxidizing agent and a noncoordinating, compatible anion represented by the

20 tormula:

(OX*")o(AT)e.
wherein:

Ox*®" is a cationic oxidizing agent having a charge of e+;

e is an integer from 1 to 3; and

25 A® and d are as previously defined.

Examples of cationic oxidizing agents include: ferrocenium, hydrocarbyl-
substituted ferrocenium, Ag* or Pb*2, Preferred embodiments of A* are those anions
previously defined with respect to the Bronsted acid containing activating cocatalysts,
especially tetrakis(pentafluorophenyljborate.

30 Another suitable ion forming, activating cocatalyst comprises a compound
which is a salt of a carbenium ion and a noncoordinating, compatible anion
represented by the formula:

e A
wherein:

35 ©" is a Ci.20 carbenium ion; and
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wherein:
R is Cy.10 hydrocarbyl, and X', g and A’ are as previously defined.
Preferred silylium salit activating cocatalysts are trimethylsilylium
10 tetrakispentafluorophenylborate, triethylsilylium tetrakispentatluorophenylborate and
ether substituted adducts thereof. Silylium salts have been previously genericaliy
disclosed in J. Chem Soc. Chem. Comm., 1993, 383-384, as well as Lambert, J. B.,
et al., Organometallics, 1994, 13, 2430-2443. The use of the above silylium salts as
activating cocatalysts for addition polymerization catalysts is disclosed in US serial
15 number 304,314, filed September 12, 1994, published in equivalent form as
WQ86/08519 on March 21, 1996.

Certain complexes of alcohols, mercaptans, silanols, and oximes with
tris(pentafluorophenyli)borane are aiso effective catalyst activators and nmay be used
according to the present invention. Such cocatalysts are disclosed in USP 5,296,433.

20 Another class of suitable catalyst activators are expanded anionic compounds
corresponding to the formula: (A'4"‘-‘1)b1(2’.l'j')'C1 d'

wherein:

A' is a cation of charge +a',

Z' is an anion group of from 1 to 50, preferably 1 to 30 atoms, not counting

25  hydrogen atoms, further containing two or more Lewis base sites;

J' independently each occurrence is a Lewis acid coordinated to at least one
Lewis base site of Z', and optionally two or more such J' groups may be joined
together in a moiety having muitiple Lewis acidic functionality,

j' is a number from 2 to 12 and

30 a', b', ¢, and d' are integers from 1 to 3, with the proviso that a' x b’ is equal
toc' xd'.

The foregoing cocatalysts (illustrated by those having imidazolide, substituted
imidazolide, imidazalinide, substituted imidazolinide, benzimidazolide, or substituted
benzimidazolide anions) may be depicted schematically as follows:
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wherein:

A'* is a monovalent cation as previously defined, and preferably is a
trihydrocarbyl ammonium cation, containing one or two Cie.40 alkyl groups, especially

5 the methylbis(tetradecyl)ammonium- or methylbis(octadecyl)ammonium- cation,

R®, independently each occurrence, is hydrogen or a halo, hydrocarbyi,
halaocarbyl, halohydrocarbyl, silylhydrocarbyl, or silyl, (including mono-, di- and
tri(hydrocarbyl)silyl) group of up to 30 atoms not counting hydrogen, preferably Cy.oq
alkyl, and

10 J'is tris(pentafluorophenyliborane or tris(pentafluorophenyl)aluminane.

Examples of these catalyst activators include the trihydrocarbylammonium-,
especially, methylbis(tetradecyl)ammonium- or methylbis(octadecyl)ammonium- salts
of:
bis(tris(pentafluorophenyl)borane)imidazolide,

15  bis(tris(pentafluorophenyl)borane)-2-undecylimidazolide,
bis(tris(pentafiucrophenyl)borane)-2-heptadecylimidazolide,
bis(tris(pentafiuorophenyl)borane)-4,5-bis(undecyl)imidazolide,
bis(tris(pentafiuorophenyl)borane)-4,5-bis(heptadecyl)imidazolide,
bis(tris(pentafluorophenyl)borane)imidazolinide,

20  bis(tris(pentafluorophenyl)borane)-2-undecylimidazolinide,
bis(tris(pentafluorophenyl)borane)-2-heptadecylimidazolinide,
bis(tris(pentaflucrophenyl)borane)-4,5-bis(undecyl)imidazolinide,
bis(tris(pentafluorophenyl)borane)-4,5-bis(heptadecyl)imidazolinide,
bis(tris(pentafluorophenyl)borane)-5,6-dimethylbenzimidazolide,

25  bis(tris(pentafluorophenyl)borane)-5,6-bis(undecyl)benzimidazolide,
bis(tris(pentafluorophenyl)alumane)imidazolide,
bis(tris(pentaflucrophenyl)alumane)-2-undecylimidazolide,
bis(tris(pentafluorophenyl)alumane)-2-heptadecylimidazolide,
bis(tris(pentafiuorophenyl)alumane)-4,5-bis(undecyl)imidazolide,

30 bis(tris(pentafluorophenyljalumane)-4,5-bis(heptadecyl)imidazolide,
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bis(tris(pentafluarophenyl)alumane)-5,6-dimethylbenzimidazolide, and
bis(tris(pentafluorophenyl)alumane)-5,6-bis(undecyl)benzimidazolide.

The technigue of bulk electrolysis invoives the electrochemical oxidation of the
metal compiex under electrolysis conditions in the presence of a supporting

10  electrolyte comprising a nancoordinating, inert anion. In the technique, solvents,
suppornting electrolytes and electrolytic potentials for the electrolysis are used such
that electrolysis byproducts that wouid render the metal complex catalytically inactive
are not substantially formed during the reaction. More particularly, suitable solvents
are materials that are: liquids under the conditions of the electrolysis (generally

15 temperatures from O to 100°C), capable of dissolving the supporting electrolyte, and
inert. “Inert solvents" are those that are not reduced or oxidized under the reaction
conditions employed for the electrolysis. It is generally possible in view of the desired
electrolysis reaction to choose a solvert and a supporting electrolyte that are
unaffected by the electrical potential used for the desired electrolysis. Preferred

20 solvents include difluorobenzene (all isomers), dimethoxyethane (DME), and mixtures
thereof.

The electrolysis may be conducted in a standard electrolytic cell containing an
anode and cathode (also referred to as the working electrode and counter electrode
respectively). Suitable materials of construction for the cell are glass, plastic, ceramic

25 and glass coated metal. The electrodes are prepared from inert conductive materials,
by which are meant conductive materials that are unaffected by the reaction mixture
or reaction conditions. Platinum or palladium are preferred inert conductive materials.
Normally an ion permeable membrane such as a fine glass frit separates the cell into
separate compartments, the working electrode compartment and counter electrode

30 compartment. The working electrode is immersed in a reaction medium comprising
the metal compiex to be activated, soivent, supporting electrolyte, and any other
materials desired for moderating the electrolysis or stabilizing the resulting complex.
The counter electrode is immersed in a mixture of the solvent and supporting
electrolyte. The desired voltage may be determined by theoretical calculations or

35 experimentally by sweeping the cell using a reference electrode such as a silver
electrode immersed in the cell electrolyte. The background cell current, the current
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During activation of the complexes of the present invention by bulk electrolysis
15  the cation of the supporting electrolyte passes to the counter electrode and A-
migrates to the working electrode to become the anion of the resulting oxidized
product. Either the solvent or the cation of the supporting electrolyte is reduced at the
counter electrode in equal molar quantity with the amount of oxidized metal complex
formed at the working electrode. Preferred supporting electrolytes are
20 tetrahydrocarbylammonium saits of tetrakis(perfluoroaryl) borates having from 1 to 10
carbons in each hydrocarbyl or perfluoroaryl group, especially tetra(n-
butylammonium)tetrakis(pentafluorophenyl) borate.
A further recently discovered electrochemical technigue for generation of
activating cocatalysts is the electrolysis of a disilane compound in the presence of a
25  source of a noncoordinating compatible anion. This technique is more fully disclosed
and claimed in the previously mentioned United States Patent application serial
number 304,314, published in eqauivalent form as W086/08519.
The foregoing electrochemical activating technique and activating cocatalysts
may also be used in combination. An especially preferred combination is a mixture of
30  a trithydrocarbyl)aluminum or tri(hydrocarbyl)borane compound having from 1 to 4
carbons in each hydrocarbyl group with an oligomeric or polymeric alumoxane
compound.
The molar ratio of catalyst/cocatalyst empioyed preferably ranges from
1:10,000 to 100:1, more preferably from 1:5000 to 10:1, most preferably from 1:1000
35 to 1:1. Alumoxane, when used by itself as an activating cocatalyst, is employed in
large quantity, generally at least 100 times the quantity of metal complex on a molar
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7N havmg from 2 to 100,000 carbon atoms either alone or in combination. Preferred

monomers include the Co_o( a-olefins especially ethylene, propylene, isobutylene, 1-

butene, 1-pentene, 1-hexene, 3-methyi-1-pentene, 4-methyl-1-pentene, 1-octene, 1-
10  decene, long chain macromalecular a-olefins, and mixtures thereof. Other preferred
monomers include styrene, Cq.4 alkyl substituted styrene, tetrafluoroethylene,

vinylbenzocyclobutane, ethylidenenorbomene, 1,4-hexadiene, 1,7-octadiene,
vinylcyclohexane, 4-vinylcyclohexene, divinylbenzene, and mixtures thereof with
ethylene. Long chain macromolecular a-olefins are vinyl terminated polymeric

15  remnants formed in situ during continuous solution polymerization reactions. Under
suitable processing conditions such long chain macromolecular units are readily
polymerized into the polymer product along with ethyiene and other short chain olefin
monomers to give small quantities of long chain branching in the resuiting polymer.

Preferred monomers include a combination of ethylene and one or more
20 comonomers selected from monovinyl aromatic monomers, 4-vinylcyclohexene,

vinylcyclohexane, norbornadiene, ethylidene-norbomene, C4.1¢ aliphatic a-olefins

(especially propylene, isobutylene, 1-butene, 1-hexene, 3-methyl-1-pentene, 4-
methyl-1-pentene, and 1-octene), and C4-4q dienes. Most preferred monomers are

mixtures of ethylene and styrene; mixtures of ethyiene, propylene and styrene;

25  mixtures of ethylene, styrene and a nonconjugated diene, especially
ethylidenenorbornene or 1,4-hexadiene, and mixtures of ethylene, propylene and a
nonconjugated diene, especially ethylidenenorbomene or 1,4-hexadiene.

In general, the polymerization may be accomplished at conditions well known
in the prior art for Ziegler-Natta or Kaminsky-Sinn type polymerization reactions, that

30 s, temperatures from 0-250°C, preferably 30 to 200°C and pressures tfrom
atmospheric to 10,000 atmospheres. Suspension, solution, slurry, gas phase, solid
state powder polymerization or other process condition may be employed if desired.
A support, especially silica, alumina, or a polymer (especially
poly(tetraflucroethylene) or a polyolefin) may be employed, and desirably is empioyed

35 when the catalysts are used in a gas phase polymerization process. The support is
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preferably employed in an amount to provide a weight ratio of catalyst (based on

metal):support from 1:100,000 to 1:10, more preferably from 1:50,000 to 1:20, and
most preferably from 1:10,000 to 1:30.

In most polymerization reactions the moiar ratio of catalyst:polymerizable
compounds empioyed is from 10721 to 107:1, more preferably from 10°:1 to 10°%:1.

Suitable solvents use for solution polymerization are inert liquids. Examples
include straight and branched-chain hydrocarbons such as isobutane, butane,
pentane, hexane, heptane, octane, and mixtures thereof; cyclic and alicyclic
hydrocarbons such as cyclohexane, cycloheptane, methylcyclohexane,
methylcycloheptane, and mixtures thereof; perflucrinated hydrocarbons such as
perfluorinated C4.1 ¢ alkanes, and alkyl-substituted aromatic compounds such as

benzene, toluene, xylene, and ethylbenzene. Suitable solvents also include liquid
olefins which may act as monomers or comonomers.

The catalysts may be utilized in combination with at ieast one additional
homogeneous or heterogeneous polymerization catalyst in the same reactor or in
separate reactors connected in series or in parallel to prepare polymer blends having
desirable properties. An example of such a process is disclosed in WO 94/00500,
equivalent to U. S. Serial Numbcr 07/904,770, as well as U. S. Serial Number
08/10958, filed January 29, 1993.

Utilizing the present catalysts, a-olefin homopolymers and copolymers having
densities from 0.85 g/cm® to 0.96 g/cm®, and melt flow rates from 0.001 to 1000.0
dg/min are readily attained in a highly efficient process.

The catalysts of the present invention are particuiarly advantageous for the
praduction of ethylene homopolymers and ethylene/a-olefin copalymers having high
levels of long chain branching. The use of the catalysts of the present invention in
continuous polymerization processes, especially continuous, solution polymerization
processes, allows for elevated reactor temperatures which favor the formation of vinyl
terminated polymer chains that may be incorporated into a growing polymer, thereby
giving a long chain branch. The use of the present catalyst compositions
advantageously allows for the economical production of ethylene/a-olefin copolymers
having processability similar to high pressure, free radical produced low density
polyethylene.

The present catalyst compositions may be advantageously employed to
prepare olefin polymers having improved processing properties by polymerizing
ethylene alone or ethylene/a-olefin mixtures with low levels of a “H" branch inducing
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10109 ()Wl 8¢ GoRcgd. | The catalyst composmon may also be prepared and employed as
a heterogeneous catalyst by adsorbing, depositing or chemically attaching the
requisite components on an inert inorganic or organic particulated solid. Examples of
such solids include, silica, silica gel, alumina, clays, expanded clays (aerogels),
aluminosilicates, trialkylaluminum compounds, and arganic or inorganic polymeric

15 matenials, especially polyolefins. In an preferred embodiment, a heterogeneous
catalyst is prepared by reacting an inorganic compound, preferably a tri(Cq. alkyl
aluminum compound, with an activating cocatalyst, especially an ammonium salt of a
hydroxyary!(trispentafiuoro-phenyl)borate, such as an ammonium salt of (4-hydroxy-
3,5-ditertiarybutylphenyl)tris-(pentafluorophenyl)borate or (4-hydroxyphenyl)-

20 tris(pentafluorophenyl)barate. This activating cocatalyst is deposited onto the support
by coprecipitating, imbibing, spraying, or similar technique, and thereafter removing
any solvent or diluent. The metal complex is added to the support, also by adsorbing,
depositing or chemically attaching the same to the suppon, either subsequently,
simultaneously or prior to addition of the activating cocatalyst.

25 When prepared in heterogeneous or supported form, the catalyst composition
is employed in a slurry or gas phase polymerization. As a practical limitation, siurry
polymerization takes place in liquid diluents in which the polymer product is
substantially insoluble. Preferably, the diluent for slurry polymerization is one or more
hydrocarbons with less than 5 carbon atoms. [f desired, saturated hydrocarbons

30 such as ethane, propane or butane may be used in whole or part as the diluent.
Likewise the a-olefin monomer or a mixture of different a-olefin monomers may be
used in whole or part as the diluent. Most preferably at least a major part of the
diluent comprises the a-olefin monomer or monomers to be polymerized.

At all times, the individual ingredients as well as the recovered catalyst
35 components must be protected from oxygen and moisture. Therefore, the catalyst

-87-



10G 10G 10G@ 10%G& () - f 810%G& ()-3 710%G& () - - <dEbC 1010%& () - 01 APR 2003
210%8 () - 10%1&' ()- 10%& () - S10%1& () - G9$10%& () - dEbC 10M 10%& () -
f10%r& ()-, 10%r& ()-S10%r&' ()-9! 10%m& ()- 10%r& ()- \v+dEbC 10$ 10%r& () -

f#@0%& () -! f 10%v& ()- 10%m& ()- fGLO%& ()-+7:d
10, /10%r&(%) Wa’%ﬁ/%ég - 10%Tg (§ : *slowm'(%)-,)loo/«r&' 8 FRFusosnesss

f &10%m& ( ):em[v’bd&hﬁ:aﬁ@ﬁ&ﬁa@%s&htﬁs)tbe@)repared and recovered in an oxygen and

10100 (PR asatpse] ‘V‘“&E&%@@%ﬁ" Heiele i Aot nelfin e

10%1&’ () - grd%@ﬁc@flﬂﬁdrw%!& ey sud0asTBAr(exambRYmiogan. 10%re. () - O%r& ()-

0 .
sove (1)) <dE B FOReTBaNg TY b emeobyas Sbeyieod bl ). O O
3s10%%&: ( pamﬁmmat(c)nproclﬁs@bﬁﬁtlm.@%ﬂrc(c)ess is @arerr¢a, in \Bhiﬁh g@ysatalysy) 1090& () -
200 RSt Ao T s O
10‘VZO8/{z f& ) - reacisgtg@sae and SERMBERC(t-cotidmolSiyraroongn tigrei®ont.) - | #kwd E~t c(.?l)z 3
o Vi i b s B S B el S o
10f &GlO%Z&U( 3uc$— PaIRE (I atibh pidX¥ERIs(ds-t@ows: In a stirred-tank reactor, the
@024, () e [ BN Gt e Mo @ OH AR dermer IS bhe ano
10! #&' 10%&p&ip{ipral' chaitdiansted agent. The reactor contains a liquid phase composed
substantially of monomers together with any solvent or additional diluent and
dissolved polymer. If desired, a small amount of a “H"-branch inducing diene such as
norbomadiene, 1,7-octadiene or 1,3-decadiene may also be added. Catalyst and
15  cocatalyst are continuously introduced in the reactor liquid phase. The reactor
temperature and pressure may be controlled by adjusting the solvent/monomer ratio,
the catalyst addition rate, as well as by cooling or heating coils, jackets or both. The
polymerization rate is controlled by the rate of catalyst addition. The ethylene content
of the polymer product is determined by the ratio of ethylene to comonomer in the
20 reactor, which is controlled by manipulating the respective feed rates of these
components to the reactor. The polymer product molecular weight is controlled,
optionally, by controlling other polymerization variables such as the temperature,
monomer concentration, or by the previously mention chain transfer agent, such as a
stream of hydrogen introduced to the reactor, as is well known in the art. The reactor
25 effluent is contacted with a catalyst kill agent such as water. The polymer solution is
optionally heated, and the polymer product is recovered by flashing off gaseous
monomers as well as residual solvent or diluent at reduced pressure, and, if
necessary, conducting further devolatilization in equipment such as a devolatilizing
extruder. In a continuous process the mean residence time of the catalyst and
30 polymer in the reactor generally is from about 5 minutes to 8 hours, and preferably
from 10 minutes to 6 hours. By using a catalyst that incorporates large amounts of
hindered monovinyl monomer, hindered monovinyl homaopolymer formed from
residual quantities of the monomer are substantially reduced
Ethylene homopolymers and ethylene/a-olefin copolymers are particularly
35 suited for preparation according to the invention. Generally such polymers have

densities from 0.88 to 0.96 g/ml. Typically the motar ratio of a-olefin comonomer to
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10 The skilled artisan will appreciate that the invention disclosed herein may be
practiced in the absence of any component which has not been specifically disciosed.
The following examples are provided as further illustration of the invention and are
not to be construed as limiting. Unless stated to the contrary all parts and
percentages are expressed on a weight basis. The term “ovemight”, if used, refers to

15  atime of approximately 16-18 hours, the term “room temperature”, refers to a
temperature of about 20-25 °C, and the term “mixed alkanes” refers to a commercially
obtained mixture of Ce.s aliphatic hydrocarbons available under the trade designation
Isopar E®, from Exxon Chemicals Inc.

'H (300 MHz) and "*C NMR (75 MHz) spectra were recorded on a Varian XL-

20 300 spectrometer. 'H and *C NMR spectra are referenced to the residual solvent
peaks and are reported in ppm relative to tetramethylisilane. All Jvalues are given in
Hz. Tetrahydrofuran (THF), diethylether, toluene, and hexane were used following
passage through double columns charged with activated alumina and a purifying
catalyst (Q-5% available from Englehardt Chemicals Inc.) The compounds BCls-SMes,,

25 BBri-SMe;, B(NMey)s, n-Buli were all used as purchased from Aldrich. The
compound TiCly(THF), was prepared as described in the literature. All syntheses
were performed under dry nitrogen or argon atmospheres using a combination of
glove box and high vacuum techniques.

30 Example 1 Dichloro-[1,2-Bis(2,6-diisopropylanilide)-1,2-bis(dimethylamido)diborane]
titanium
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1A) Preparation of Chiorobis(dimethylamido)borane, (modification of Chavant, P. Y.;
Vaultier, M. J. Organomet. Chem. 1993, 455, 37-46)
BCl;-SMe; (62.000 g, 345.78 mmol) and B(NMez)s (98.921g, 631.56 mmoie)
5  were stirred together at room temperature ovemight under a nitrogen bubbler. The
mixture was then heated to reflux for one hour to drive off any residual SMe,.
Allowing the pale yeliow liquid to stir to room temperature resulted in the isolation of
the desired product cleanly (44.979 g, 99.9 percent yield).
'H NMR (CsDs): 52.49 (s, 12 H). *C NMR (CsDs): & 39.86.
10  1B) Preparation of Tetrakis(dimethylamido)diborane (modification of Noth, H;
Meister, W. Z. Naturforsch., Teil B 1962, 17, 714)
Chlorobis(dimethylamido)borane (30.000 g, 223.19 mmol) was refluxed in
hexane (200 ml) as Na/K alloy [Na (1.539 g , 66.96 mmol)/8.726 g K (8.726 g, 223.19
mmol)] was added dropwise to the solution. After the tirst several drops the reaction
15  initiated as evidenced by a sudden increase in the reflux. The heat was then tumed
off and the alloy added slowly so as to maintain a reflux. After the addition was
complete, the reaction mixture was heated to reflux for an additional hour and then
stirred at room temperature for three hours. The mixture was then filtered through a
pad of diatomaceous earth and the volatiles removed resulting in the isolation of a
20 yellow liquid. Fractional vacuum distillation resulted in the isolation of the desired
compound as a pale yellow liquid (7.756 g, 35.1 percent yieid).
'H NMR (CeDs): 5 2.74 (s, 24 H). *C NMR (CeDs): 5 41.34.
1C) Preparation of Bis(dimethylamido)diborondichloride (modification of Noth, H;
Meister, W. Z. Naturforsch., Teil B1962, 17, 714)
25 Tetrakis(dimethylamido)diborane (7.76 g, 39.29 mmol) was stirred in
diethylether (100 mi) at -78 °C as HCI (157 mmol, 157 ml of 1.0 M solution in
diethylether) was added dropwise. This mixture was then allowed to stir for six hours
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10! *H NMR (CeDe, RT): 5 0.9-1.4 (brm, 24 H), 2.3 (s, 6 H), 2.8 (s, 6 H), 3.7 (s, 2
H), 7.0 (brs, 6 H).
1F) Preparation of 1,2-Bis(2,6-diisopropylanilide)-1,2-bis(dimethylamido)diborane,
dilithium sait
25 1,2-Bis(2,6-diisopropylanilide)-1,2-bis (dimethylamido)diborane (1.82 g, 3.95
mmol) was stirred in hexane (75 ml) as n-Buli (7.91 mmol, 4.94 mi of 1.60 M solution

in hexane) was added dropwise. This mixture was then allowed to stir overnight.

After the reaction period the mixture was filtered and the salt washed well with

hexane and dried under vacuum resulting in the isolation of the desired product as a
30  white powder (1.69 g, 90.4 percent yield).

1G) Preparation of Dichloro-[1,2-Bis(2,6-diisopropylanilide)-1,2-

bis(dimethylamido)diborane]titanium

1,2-Bis(2,6-diisopropylanilide)-1,2-bis(dimethylamido)diborane, dilithium sait

(0.60 g, 1.27 mmol) in THF (20 ml) was added dropwise to a slurry of TiCla(THF)3

35 (0.47 g, 1.27 mmol) in THF (50 ml) at 0°C. This mixture was then allowed to stir at

room temperature for 45 minutes. PbCl; (0.177 g, 0.640 mmol) was then added as a
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10  2A) Preparation of Chlorobis(dimethylamido)borane.
BCls-SMe, (62.000 g, 345.78 mmol) and B(NMe.)s (98.921 g, 691.56 mmol)
were stirred together at room temperature overnight under a nitrogen bubbler. The

mixture was then heated to reflux for one hour to drive off any residual SMe,.
Allowing the pale yellow liquid to stir to room temperature resulted in the isotation of
15 the desired product (139.436 g, 93.3 percent yield).
'H NMR (C¢De¢): & 2.49 (s, 12 H). '*C NMR (C¢Ds): 5 39.86.
2B) Preparation of Tetrakis(dimethylamido)diborane via CIB(NMe)..
Chlorobisdimethylamido)borane (30.000 g, 223.19 mmol) was refluxed in
hexane (200 ml) as Na/K alloy [Na (1.539 g, 66.96 mmol)/8.726 g K (8.726 g, 223.19

20 mmol)] was added dropwise to the solution. After the first several drops the reaction
initiated as evidenced by a sudden increase in the reflux. The heat was then tumed
off and the alloy added slowly so as to maintain a reflux. After the addition was
complete, the reaction mixture was heated to reflux for an additional hour and then
stirred at room temperature for three hours. The mixture was then filtered through a

25 diatomaceous earth pad and the volatile components were removed resulting in the
isolation of a yellow liquid. Fractional vacuum distillation resulted in the isolation of
the desired compound as a pale yellow liquid (7.756 g, 35.1 percent yield).

'H NMR (CeDs): 6 2.73 (s, 24 H). *C NMR (CsDs): 6 41.37.
2C) Preparation of Tetrakis(dimethylamido)diborane via Bis(catecholato)diboron.

30 Lithium dimethylamide (10.70 g, 210.0 mmol) was added slowly as a solid to a
solution of bis(catecholato)diboron (10.00 g, 42.00 mmol) in diethylether (200 ml) at ~
20°C. This mixture was then allowed to stir for an additional 40 hours at room
temperature. After the reaction period the ether was removed under vacuum and the
residue extracted and filtered using hexane. Removal of the hexane resulted in the

35 isolation of a yeliow oil. Fractional vacuum distillation resulted in the isolation of the

desired compound as a pale yellow liquid (5.493 g, 66.0 percent yield).
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hexane resuited in the isolation of a yellow oil. Fractional vacuum distillation resulted

in the isolation of the desired compound as a pale yeliow fiquid (4.722 g, 66.7 percent
yield).
10 'H NMR (CsDe): 8 2.40 (s, 6 H), 2.50 (s, 6 H). ™C NMR (C4Ds): § 37.62, 41.78.
2E) Preparation of 2,6-Diisopropylaniline, lithium salt.
n-Buli (56.40 mmol, 35.25 ml of 1.6 M solution in hexane) was added
drapwise to a solution of 2,6-diisopropylaniline (10.00 g, 56.40 mmol) in hexane (100
ml). This mixture was allowed to stir for 3 hours during which time a white precipitate
15 formed. After the reaction period the mixture was filtered and the white salt washed
with hexane and dried under vacuum and used without further purification or analysis
(9.988 g, 96.7 percent yield).
2F) Preparation of 1,2-Bis(2,6-diisopropylat.ilide)-1,2-bis(dimethylamido)diborane.
Bis(dimethylamido)diborondichloride (2.350 g, 13.00 mmol) in diethylether (10
20 ml) was added dropwise to a solution of 2,6-diisopropylaniline, lithium salt (4.765 g,
26.01 mmol) in diethylether (50 mi) at 0°C. This mixture was then allowed to stir
overnight at room temperature. After the reaction period the volatiles were removed
and the residue was extracted and filtered using hexane. Removal of the hexane
resulted in the isolation of a the desired product as a white solid (5.322 g, 88.9
25 percentyield).
'H NMR (toluene-dg): 5 0.9-1.4 (brm, 24 H), 2.3 (s, 6 H), 2.8 (s, 6 H), 3.7 (s, 2 H), 7.0
(brs, 8 H). *C NMR (toluene-ds): § 22.51, 24.03 (br), 28.17, 36.82, 42.67, 123.19,
124.78, 140.71, 145.02 (br). MS(E!): m/z 460.4025 (M-H)", calcd. (M-H)* 460.4026.
2G) Preparation of 1,2-Bis(2,6-diisopropylanilide)-1,2-bis(dimethylamido)diborane,
30  dilithium salt.
1,2-Bis(2,6-diisopropylanilide)-1,2-bis(dimethylamido)diborane (1.820 g, 3.950
mmol) was stirred in hexane (75 mi) as n-BuLi (7.91 mmol, 4.94 ml of 1.6 M solution
in hexane) was added dropwise. This mixture was then allowed to stir ovemight.
After the reaction period the mixture was filtered and the salt washed well with
35 hexane and dried under vacuum resulting in the isolation of the desired product as a

white powder (1.6878 g, 90.4 percent yield).
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5 2H) Preparation of Dichloro-{1,2-Bis(2,6-diisopropylanilide)-1,2-
bis(dimethylamido)diboraneltitanium.
1,2-Bis(2,6-diisopropylanilide)-1,2-bis(dimethylamido)diborane, dilithium sait
(0.800 g, 1.27 mmol) in THF (20 ml) was added dropwise to a slurry of TiCla(THF),
(0.471 g, 1.27 mmal) in THF (50 ml) at 0°C. This mixture was then allowed to stir at
10 room temperature for 45 minutes. PbCl, (0.177 g, 0.640 mmol) was then added as a
solid and the mixture allowed to stir for an additional 30 minutes. After the reaction
period the volatile components were removed and the residue was extracted and
filtered using hexane. Concentration of the hexane fractions and cooling to -10°C
ovemight resuited in the formation of orange X-ray quality crystals (0.156 g, 21.3
15 percentyield). The ORTEP crystal structure (not necessarily to scale) based on X-
ray analysis is found in Figure 1.
'H NMR (toluene-ds): & 1.23 (d, >.4m= 6.6 Hz, 6 H), 1.45 (d, *Juw= 6.6 Hz, 6 H), 2.17
(s, 8 H),2.76 (s, 6 H), 3.53 (septet, "= 6.6 Hz, 4 H), 7.11 (s, 6 H). "°C NMR
(toluene-ds): 8 24.94, 24.67, 29.48, 39.33, 42.93, 124.08 (br), 17.23, 150.64. MS(EN:
20 m/z578.2789 (M)", caled. (M)* 578.2781. Anal. Calcd. For CasH4sB2NoTiClz: C, 58.07;
H, 8.01; N, 9.67. Found: C, 8.28; H, 8.20; N, 9.42.

Example 3 Dimethyl [1,2-Bis(2,6-diisopropylanilide)-1,2-bis(dimethylamido)diborane)
titanium

25 Dichloro-{1,2-Bis(2,8-diisopropylanilide)-1,2-bis(dimethytamido)diborane])
titanium (Example 2) (0.272 g, 0.470 mmol) was stirred in diethylether (40 ml) as
MeMgBr (0.940 mmol, 0.313 m! of 3.0 M solution in diethylether) was added
dropwise. This mixture was allowed to stir for one hour. After the reaction period the
volatiles were removed and the residue extracted and filtered using hexane.

30 Removal of the hexane resulted in the isolation of the desired product as a dark
yellow oil (0.209 g, 82.5 percent yield).
'H NMR (CeDe): § 1.05 (s, 6 H), 1.21 (d, *Jn = 8.9 Hz, 16 H), 1.32 (d, *Jun = 6.3 Hz,
16 H), 2.19 (s, 6 H), 2.69 (s, 6 H), 3.58 (br, 2 H), 7.0-7.2 (m, 6 H). °C NMR (CeDe): &
24.06, 24.83, 29.31, 39.58, 42.93, 57.38, 123.97, 125.18, 139.5 (br), 149.45.

35
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5 Bis(2,6-diisopropylanilide)-1,2-bis(dimethylamido)diborane, dilithium salt (Example

2@G) (0.400 g, 0.842 mmol) in diethylether (30 mi) was then added dropwise and the

mixture allowed to stir for 3 hours. After the reaction period the volatiles were
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removed under vacuum and the residue extracted and filtered using hexane. The
filtrate was then concentrated and cooled to —10°C ovemight during which time a
10 white powder precipitated. The mixture was again filtered and the volatile
compaonents removed resulting in the isolation of the desired product as a yellow oil
(0.123 g, 19.8 percent yield).
"H NMR (toluene-ds): 8 1.14 (d, *Jun= 6.6 Hz, 6 H), 1.22 (br, 6 H), 1.70 (d, *Jun= 9.0
Hz, 2 H), 1.83 (d, U= 9.6 Hz, 2 H), 2.10 (s, 6 H) 2.71 (s, 6 H), 3.0-3.2 (br, 2 H), 3.3-
15 3.5 (br, 2 H), 6.59 (d, *dun= 7.2 Hz, 4 H), 6.77 (t, *hm= 7.2 Hz, 2 H), 6.9-7.1 (m, 10 H).
3C NMR (toluene-ds): & 23.96 (br), 24.22 (br), 24.36 (br), 25.23 (br), 29.47, 39.72,
43.05, 62.23, 122.70, 123.73 (br), 124.08 (br), 124.33, 127.2%, 130.82, 139.26 (br),
140.16 (Ltr), 144.90, 144.92, 149.03.

20 Example 5 rac-diisopropylamidoborane-bis-n®-(2-methyi-4-phenylinden-1-yl)zirconium

n*-1,4-dipheny!-1,3-butadiene

5A) Preparation of Diisopropylaminobaoron dichloride.
To a methylene chloride solution of trichloroborane (1.0 M, 100 ml, 0.10 mole)
was added dropwise at -78°C diisopropylamine (13.108 mi, 0.100 male) over a 30
25 minute period. The solution was allowed to stir for 1 hour, during which a white
precipitate formed. The mixture was allowed to warm to room temperature, and
solvent was removed under reduced pressure. The residue was dissolved in 100 mi
of dry toluene, triethylamine (13.94 mi, 0.10 mole) was added and the solution was
stirred ovemight at room temperature. The mixture was filtered, the residue was
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THF solution of N,N-diisopropylaminoboron dichloride (0.858 g, 4.72
mmole) at room temperature was added drop wise lithium (2-methyi-4-
phenyl)indenide (2.00 g, 9.44 mmole in 20 ml THF). The mixture was stirred for 24
hours. Solvent was removed under reduced pressure. The residue was extracted
10 with toluene (2x50 mi), filtered through a medium frit, and solvent was removed under
reduced pressure to give a light yellow solid (2.4g, 97 percent).
5C) Preparation of rao-diisopropylaminoborane-bis-ns- (2-methyl-4-phenyi
indenyt)zirconium n*-1,4-diphenyl-1,3-butadiene
N,N-diisopropylamino bis(2-methyl-4-phenyiindenyl) borane (1.20 g, 2.3
15  mmole) was dissolved in 40 ml of toluene, 2.1 equivalents of potassium
bis(trimethylsilyl) amide (0.964 g, 4.8 mmole ) was added and the resuiting mixture
was stirred at room temperature for 24 hours. Volatile components were removed
under reduced pressure, and the resulting orange solid washed with 10 m! of hexane,
filtered and pumped dry. The dipotassium salt residue (1.3 g, 95 percent, 2.18
20 mmole) was redissolved in 25 m! of toluene. (1,4-diphenyl-1,3-butadiene)-
bis(triethylphosphine)zirconium dichloride (1.318 g, 2.18 mmole) was added and the
solution stirred for 12 h at room temperature. The product mixture was filtered
through diatomaceous earth filter aid and the solvent of the filtrate was removed
under reduced pressure. Further purification was carried out by recrystaliization from
25 hexane to yield 0.85 g (48 percent) of the desired product as a dark red solid. The
ORTEP crystal structure (not necessarily to scale) based on X-ray analysis is found in
Figure 2.
'H NMR (CsDs): 8 7.6(d, 2H); 7.42-7.00, (m, 18 H); 6.9 (d, 2H); 6.82 (d, 4H);
5.57 (s, 2H); 4.03, m, 2H); 3.45-3.57 (dd, 2H); 1.8(s,6H); 1.28-1.33 (m, 12H).
30
Example 6 Preparation of diisopropylamidoboranebis-(cyclopentadienyl)zirconium
dichloride
6A) Diisopropylamidoboron dichloride
To a solution of BCly (17 g, 145 mmol) in CH,Cl2 (25 ml) at -78 ° C was slowly
35 added diisopropylamine (18.49 ml, 132 mmal). A white precipitate formed during

addition. The mixture was warmed to room temperature to give a colorless solution.
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10 6B) Diisopropylamidobis(cyclopentadienyl) borane
To a solution of the above product (0.39 g, 2.1 mmol) in THF (5 ml) at -78 °C
was added dropwise a solution of lithium cyclopentadienide (0.31 g, 2.1 mmol) in THF
(10 ml) at-78 °C. The mixture was slowly warmed to room temperature and stirred
overnight at room temperature to give a red solution. After solvent removal, the
15  residue was extracted with pentane (3x), filtered, pentane was then removed to give
the product (0.55 g, 100 percent) as an yellow syrup.
B NMR (115 MHz, C6D,) d 39.8 (major), 30.4 (minor). MS (El, m/e
(intensity)): 241 (M+, 47), 226 (40), 176 (16), 93 (100)
GC-MS was also recorded on the reaction mixture shortly after mixing the two
20 reagents at -78 °C, from which only cyclopentadienyldiisopropylboron chloride was
detected: MS (El, m/e (intensity)): 211 (M+, 24), 196 (100), 154 (22).
6C) Dilithium diisopropylamidoboryidicyclopentadienide
To a solution of the above product (0.61 g, 2.53 mmol) in THF (7 ml) at -78 °C
was added lithium diisopropylamide (5.57 mmol, prepared in situ from
25  diisopropylamine (0.780 mi, 5.57 mmol) and Buli (2.50 M, 2.23 ml, 5.57 mmol). The
mixture was warmed to room temperature and stirred for 2 hr. Solvent was then
removed, residue was washed with pentane to give the product (0.58 g, 91 percent)
as a white solid:
'H NMR (360 MHz, THF-ds) d 1.24 (d, 12H, J = 6.8 Hz, NCHCH,), 4.54 (m,
30 2H, NCH), 5.74 (t, 4H, J= 2.4 Hz), 5.83 (t, 4H, J=2.4 Hz)
¥C NMR (100 MHz, THF-ds) d 23.9 (NCHCH,), 25.9 (NCHCHs3), 49.3 (NCH),
104.4,111.9
"B NMR (115 MHz, THF-ds) d 44.6

35 6D) Diisopropylamidoboranebis(cyclopentadienyl)zirconium dichloride
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'H NMR (400 MHz, CDCly) d 1.32 (d, 12H, J = 7.0 Hz), 2.92 (m, 2H), 5.65 (t,

10 4H,J=2.4 Hz), 6.80 (t, 4H, J = 2.4 Hz). *C NMR (100 MHz, CDCl;) d 24.6, 49.6,
111.4, 125.7. B NMR (115 MHz, CDCls) 5 37.6. HRMS (El), calculated for
C16H22BNC12Zr: 399.0269, found: 399.0272.

Example 7 Preparation of meso-diisopropylamidoboranebis(inden-1-yl)zirconium
15  dichloride
7A) Diisopropylamidobis(inden-1-yl)borane
To a solution of diisopropylamidoboron dichloride (Example 3, step A)) (1.10
g, v.0 mmol) in THF (10 ml) at -78 ° C was added dropwise a solution of lithium
indenide (1.50 g, 12.3 mmol) in THF (40 ml) at -78 ° C. The mixture was slowly
20 warmed to room temperature and stirred ovemight at room temperature to give a red
solution. After soivent removal, the residue was extracted with CH,Cl. (3x), filtered
and thé solvent removed to give the desired product (2.12 g, 100 percent) as a white
solid:
"B NMR (115 MHz, CeD,) d 41.4. MS (E!, m/e (intensity)): 341 (M+, 8), 226
25 (100). HRMS (El), calculated for CasH2sBN CaH2eBN: 341.2315, found: 341.2310
7B) Meso-Diisopropylamidoboranebis(inden-1-yl)zirconium dichloride
To a suspension of the above product (0.39 g, 1.41 mmol) in Et,O (10 ml) at
-78 °C was added lithium diisopropylamide (in situ prepared from iPraNH (2.62 mmol)
and Buli (2.50 M, 2.62 mmol). The mixture was stirred over night at room
30 temperature to give an orange suspension. Solvent was removed and the residue
extracted with toluene, and filtered. Toluene was then removed to give an orange
solid composed of a mixture of the two stereoisomers (rac / meso, about 6:4).
Repeated recrystallization (3x) from toluene at -78 °C gave the pure meso isomer
(0.08g, 14 percent) as an orange solid. M.p. =250 -254 °C (dec.).
35 'HNMR (500 MHz, CDCls) 1.54(d, 6H, J=6.6 Hz), 1.57 (d, 6H, J = 6.8 Hz),
4.27 (m, 2H, NCH), 5.91 (d, 2H, J3.0 Hz), 6.9 (m, 4H), 7.17 (t, 2H, J= 7.6 Hz), 7.31
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bis(dimethylamide)
To a mixture of diisopropylamidobis(inden-1-yl)borane (Example 4, step A))

10 (1.01 g, 2.96 mmol) and Zr(NMe)s (0.79 g, 0.96 mmol) was added toluene (15 mi).
The resulting solution was heated to 65 °C and stirred for 2 hr to give a bright red
solution. The product consisted of two isomers with a ratio of 6.7:1. The solution was
filtered, concentrated, and cooled to -78 °C to give the pure rac isomer (0.50 g, 33
percent) as red crystals. The structure was confired by X-ray diffraction analysis on

15  single crystals grown from toluene / hexane at -20 °C. M.p. =220 °C (dec.).

'H NMR (500 MHz, C¢Ds) d 1.20 (d, 6H, J = 6.8 Hz), 1.27 (d, 6H, J= 6.6 Hz),
2.61 (s, 12H), 3.86 (in, 2H), 6.04 (d, 2H, J= 2.9 Hz), 6.74 (m, 4H), 7.00 (t, 2H, J= 7.6
Hz), 7.3 7 (dd, 2H, J = 8.5, 0.9 Hz), 7.52 (d, 2H, J = 8.5 Hz). *C NMR (90 MHz,
CeDs) 5 24.6, 24.9, 47.9 (NCHs), 49.6, 105.6, 112.4, 123.1, 123.2, 124.0, 124.2,

20 126.3,129.1. "B NMR (115 MHz, C¢Ds) d 40.8. HRMS (El), calculated for
CasHasBNaZr: 517.2208, found, 517.2217. MS (El, m/e (intensity)): 517 (M+, 20), 471
(45), 429 (100), 330 (24), 226 (70)

Example 9 Rac-Diisopropylamidoboranebis(inden-1-yl)zirconium dichloride

25 To a solution of rac-diisopropylamidoboranebis(inden-1-yl)zirconium
bis(dimethylamide) (0.50 g, 0.96 mmol) in toluene (35 ml) at room temperature was
added trimethyhilsilyl chioride (2.0 ml, 15.76 mmol). The solution was stirred for 8 h at
room temperature to give an orange suspension. Solvent was removed, residue was
washed with pentane (2x) to give the desired product (0.40 g, 83 percent) as an

30 orange powder. Single crystals suitable for X-ray structural analysis were grown from
mixed solvents of CH,Cl, and hexane at -20 °C. M.p. =242 °C (dec.).

'H NMR (500 MHz, CDCl,) d 1.50 (d, 6H, J = 6.8 Hz), 1.55 (d, 6H, J= 6.6 H2),

4.24 (heptet, 2H, J=7.7 Hz), 5.79 (d, 2H, J = 3.0 Hz), 6.80 (dd, 2H, J= 3.2, 0.7 Hz),
7.07 (t, 2H, J=7.6 Hz), 7.28 (dd, 2H, J=7.0, 0.7 Hz), 7.3 8 (t, 2H, J = 8.0 Hz), 7.58

35 9d, 2H, J=8.8 Hz). *C NMR (75 MHz, CDCl,) d 24.7, 25.0, 49.6, 98.4 (BC), 113.1,

114.1, 122.0, 123.0, 125.8, 126.4, 127.2, 131.9. "'B NMR (115 MHz, CDCl,) d 39.2.
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Example 10 Preparation of rac-(diisopropylamidoborane)bis(tetrahydroinden-1-
yl)zirconium dichloride
A solution of diisopropylamidoboranebis(inden-1-yt)zirconium dichloride
(Example 8) (0.16 g, 0.32 mmol) in CH2Cl. (7 ml) was added to an autoclave reactor
10 containing PtO; (0.0105 g). The mixture was flushed four times with H, (200 psi, 1.4
MPa), then charged with H, (1500 psi, 10.4 MPa) and stirred for 15 h at room
temperature to give a greenish suspension. CH,Cl, (25 ml) was added the mixture
which was then filtered. Solvent was removed under reduced pressure and the
residue was washed with pentane (2x) to give diisopropylamidoboranebis(tetrahydro-
15  inden-1-yl)zirconium dichloride (0.15 g, 92 percent) as a slightly greenish solid.
'H NMR (400 MHz, CsDs) d 1.06 (d, 12H, J = 6.6 Hz), 1.33 (m, 2H), 1.47 (m,
2H), 1.92 (m, 4H), 2.05 (t, 1H, J=4.8 Hz), 2.09 (d, 1H, J = 5.0 Hz), 2.34 (m, 2H), 2.53
(t, 1H, J=5.3 Hz), 2.56 (t, 1H, J=5.0 Hz), 3.20 (m, 2H), E.60 (hept, 2H, J= 6.6 Hz),
5.01 (d, 2H, J = 2.9 Hz), 6.53 (d, 2H, J=2.6 Hz). *C NMR (100 MHz, CeDs) d 23.0,
20 23.6,24.4,24.7,24.8,27.0, 49.6, 109.7, 121.6, 124.2, 136.1. "'B NMR (115 MHz,
CeDe) d 39.2 ppm. HRMS (EI) Calculated for CosHas 'BNClZr 507.1208, found
507.1198

Example 11 Preparation of rac-N,N-diisopropylamidoborane-bis-n°- (2-methyl-4-
25  naphthy! indenyl) zirconium w*-1,4-diphenyl-1,3-butadiene.

IPI’)Q

11A) Preparation of potassium (2-methyl-4-naphthyl) indenide
2-Methyl-4-naphthylindene (1.00 g, 3.27 mmole) was dissolved in 20 ml of
toluene, potassium bis(trimethylsilyl)amide (1.05 equivaient, 3.43 mmole, 0.684 g)
30 was added and the reaction mixture was stirred at room temperature for 24 hours,
during which a yellow solid precipitated. Hexane was added (20 mi) and the mixture
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medium porosity frit. The solid was pumped dry giving 1.10 g, 98 percent of the

desired product.
11B) Preparation of N,N-diisopropylamino bis(2-methyl-4-naphthylindenyl) borane

5 To a solution of N,N-diisopropylaminoboron dichioride (0.309 g, 1.70 mmole)
in 25 ml of THF at room temperature was siowly added dropwise a 10 ml THF
solution of potassium (2-methyl-4-naphthyl) indenide (1.00 g, 3.40 mmole). The
mixture was stirred for 24 hours at room temperature, solvent was removed, and the
residue was extracted with toluene (2x25 ml). The combined extracts were filtered

10  through a medium frit, and solvent was removed under reduced pressure to give a
light yeliow solid (1.0 g, 95 percent).
11C) Preparation of rac-N,N-diisopropylaminoborane-bis-n’- (2-methyl-4-naphthy!
indenyl) zirconium n*-1,4-diphenyl-1,3-butadiene.

N,N-diisopropylamino bis(2-methyl-4-naphthylindenyl) borane (0.860 g, 1.38

15  mmole) was dissolved in 20 m! of toluene, 2.05 equivalents of potassium
bis(trimethyisilyl)amide (0.566 g, 2.84 mmole) was added and the reaction mixture
was stirred at room temperature for 24 hours. Volatile components were removed
under reduced pressure, and the residue was redissolved in 25 ml of toluene. While
stirring at room temperature, (1,4-diphenyl-1,3-butadiene)bis(triethylphosphine)-

20  zirconium dichioride (0.835 g, 1.38 mmol) was added and the solution was stirred for
12 h at room temperature. The product mixture was filtered through diatomaceous
earth filter aid and the solvent of the filtrate was removed under reduced pressure.
Further purification was carried out by recrystallization from hexane to yield 0.27 g
(21 percent) of the desired product as a dark red solid.

25 "H NMR (CeDs): 8 7.75-7.00, (mm, 30 H); 4.82 (s, 2H); 3.85-3.95(m, 2H); 3.62-
3.70 (dd, 2H); 1.82-1.9 (dd, 2H) 1.6 (s, 6H); 1.10-1.33 (m, 12H).

Example 12 rac-1,2-bis(dimethylamidodiborane)bis(2-methyl-4-phenylinden-1-
yl)zirconium n*-1,4-diphenyl-1,3-butadiene

X
MezN - B .
Zr: i
MeZN ’ié
Ph
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Bis(dimethylamido)diborondichloride (0.500 g, 2.77 mmol) in diethylether (10
mi) was added dropwise to a solution of 2-methyl-4-phenylindene, lithium salt (1.407
S g, 11.07 mmol) in diethylether (50 ml) at 0 °C. This mixture was stirred overnight at
room temperature and the volatiles were removed. The residue was extracted using
CH.Cl.. Filtration and removal of the CH,Cl, resulted in the isolation of a the desired
product as a pale yeliow solid (0.902 g, 62.6 percent yield).
12B) Preparation of 1,2-Bis(dimethylamido)-1,2-bis(2-methyl-4-
10  phenylindene)diborane, dipotassium salt.
1,2-Bis(dimethylamido)-1,2-bis(2-methyi-4-phenylindene)diborane (0.791 g,
1.52 mmol) and KN(TMS), (0.607 g, 3.04 mmol) were stirred together in toluene (50
mi) ovemight. The reaction mixture was then refiuxed for one hour, cooled to room
temperature, and dried under vacuum. The residue was then slurried in hexane and
15 filtered and the gold microcrystalline solid dried under vacuum (0.881 g, 97.1 percent
yield).
12B) Preparation of rac-[1,2-Bis(dimethylamido)-1,2-bis(2-methyi-4-
phenylindene)diboranelzirconium(trans, trans-1,4-diphenyl-1,3-butadiene)
1,2-Bis(dimethylamido)-1,2-bis(2-methyl-4-phenylindene)-diborane,
20  dipotassiium salt (0.808 g, 1.35 mmol) was added slowly as a solid to a solution of
(1,4-diphenylbutadiene)ZrCly(PEts), (0.819 g, 1.35 mmol) in toluene (75 mi). This
mixture was allowed to stir ovemnight. After the reaction period the mixture was
filtered and the volatiles removed resulting in the isolation of a deep red residue. The
residue was then siurried in cold hexane, filtered, and dried under vacuum resulting in
25  the isolation of the desired product as a dark red microcrystalline solid (0.501 g, 45.3
percent yield).
'H NMR (C¢De): 8 1.1-1.2 (m, 2 H), 2.02 (s, 6 H), 2.66 (s, 6 H), 2.90 (s, 6 H),
3.3-3.4 (m, 2 H), 5.28 (s, 2 H), 6.82 (d, *Jun= 6.6 Hz, 2 H), 6.9-7.3 (m, 14 H), 7.53 (d,
Sdun= 8.4 Hz, 2 H). >C NMR (CqDe): 5 15.10, 42.17, 44.36, 86.78, 93.34, 106.54,
30 119.17,123.12, 123.39, 123.71, 124.26, 127.88, 128.51, 128.90, 129.34, 135.76,
140.85, 145.80.

Example 13 ra&diisopropylamidoborane-bis-ns-(2-methyl-4-phenylinden-1 -yhhafnium
n'-1,4-diphenyl-1,3-butadiene
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N

Hatnium tetrachloride (0.375 g, 1.17 mmol) was slurried into 40 ml of toluene.
To this slurry were added triethyiphosphine (0.346 ml, 2.34 mmol, via syringe), Li
powder (Aldrich, low sodium, 0.081 g, 11.7 mmot), and 1,4-diphenyl-1,3-butadiene
(0.242 g, 1.17 mmol). The reaction mixture was stirred ovemight at room
5 temperature then filtered using a medium porosity frit and diatomaceous earth pad to
remove the unreacted Li metal. To the filtrate was added dipotassium
diisopropylamidobis(1-(2-methyl-4-phenylindenide))borane, Ka['Pr,NB(2-Me-4-Ph-
indenide),)}, (0.700 g, 1.17 mmal) using 10 ml of toluene to aid in the transfer. The
reaction mixture was stirred for 1 hour at room temperature. The toluene was
10  removed under reduced pressure and the reaction product was extracted with hexane
(twice) and filtered (medium pdrosity frit with diatcmaceous earth pad). Additional
product was obtained by extracting the salt byproduct using toluene and refiltering
using a medium porosity frit and diatomaceous earth pad.
'H NMR spectroscopic analysis indicated that the desired rac-'Pr,NB(2-Me-4-
15 Ph-inden-1-yl);Hf(1,4-diphenyl-1,3-butadiene) isomer was largely insoluble in hexane
and that the undesired meso-isomer could be separated by repeated extraction with
hexane. Final isolation and purification of rac-'Pr.NB(2-Me-4-Ph-inden-1-yl),Hf(1,4-
diphenyi-1,3-butadiene) was accomplished by soxhlet extraction using hexane. After
the hexane extract becomes colorless the thimble was removed and dried, yielding
20 0.042 g of pure rac- 'Pr,NB(2-Me-4-Ph-inden-1-yl),Hf(1,4-diphenyl-1,3-butadiene) as
determined by 'H and "*C NMR spectroscopic analysis.
*H NMR (C¢Ds): 6 7.6(d, 2H); 7.42-7.00, (m, 18 H); 6.9 (d, 2H); 6.82 (d, 4H);
5.57 (s, 2H); 4.03, m, 2H); 3.45-3.57 (dd, 2H); 1.8(s,6H); 1.28-1.33 (m, 12H).

25 Example 14 rao—diisopropylamidoborane-bis-n5~(2-methyl-4-phenylinden~1-
yh)zirconium n*-1,4-diphenyl-1,3-butadiene
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In a glove box, diisopropylamidobis(2-methyl-4-phenylinden-1-yl)borane

(0.125g, 0.240 mmole) was dissolved in 20 mi of dry THF, and 2 equivalents of
potassium bis(trimethyisilylyamide (0.500 molar solution, 0.960 ml, 0.480 mmole) was
added dropwise over 10 minute period at room temperature, after which the solution
5  was stirred for 4 hours. Volatile components were removed under reduced pressure
and the remaining solids were redissolved in 25 mi of toluene. While stirring at room
temperature, (1,4-diphenyi-1,3-butadiene)bis(triethylphosphine)zirconium dichloride
(0.145 g, 0.240 mmole) was added and the resuiting solution was stirred for 4 hours.
The product was recovered by filtering the mixture through diatomaceous earth and
10 removing the solvent of the filtrate under reduced pressure. Further purification was
carried out by recrystallization from hexane to yield the product as a dark red solid.

Example 15 Preparation of rac-{Pr.2NC(N'Pr);}borane-bis-0°- (2-methyl-4-
phenylindenyl) zirconium 0°-1,4-diphenyl-1,3-butadiene.

(lPr)N *
/

|Pr)zNC
(1Pr)N
Ph

15
15A) Preparation of Pr.NC(N'Pr)z}boron dichloride.

Diisopropylcarbodiimide (1.178 g, 9.33 mmole) was dissolved in 20 ml of
toluene, cooled to 0 2C, and solid lithium diisopropylamide (1.00 g, 9.33 mmole) was
added slowly to the solution over a 5 minute period. The solution was was allowed to

20  wamm to room temperature while stirring for 3 hours. This solution was subsequently
added dropwise over a 30 minute period to a 1 molar heptane solution (0 2C) of boron
trichloride (9.33 ml, 9.33 mmole) and allowed to warm to room temperature ovemight.
The solution was filtered, and solvents were removed under reduced pressure to yield
2.3 g (97 percent) of light yeliow oil.
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s10%G& () - 3y109 MR {CeDe): 83.6-3.4 (m, 2H); 3.4-3.25 (septet, 2H); 1.43 (4, 12H); 0.8 (d,

12 H).
15B) Preparation of bis(2-methyl-4-phenylindeny!) {'Pr2NC(N'Pr)z}borane
'Pra2NC(N'Pr).}boron dichloride (0.30g, 0.97 mmole) was dissolved in 30 ml of
5 THF, and potassium (2-methyl-4-phenyl)indenide (0.476g, 1.95 mmole) was added.
The mixture was stirred for 24 hours at room temperature, followed by heating at
reflux for 4 hours. The product mixture was allowed to cool to room temperature, and
solvent was removed under reduced pressure. The residue was extracted with
toluene (2x50 mi), filtered through a medium frit, and solvent was removed in vacuo
10  to give a light yellow solid (0.533 g, 85 percent).
15C) Preparation of rac-{'Pr.NC(N'Pr)z}borane -bis-0°- (2-methyl-4-naphthyl indenyl)
zirconium 0*-1,4-diphenyl-1,3-butadiene.
Bis(2-methyl-4-phenylindenyl) {Pr.NC(N'Pr);}borane (0.533 g, 0.82 mmole)
was dissolved in 20 mi of toluene, 2.00 equivalents of potassium
15 bis(trimethylsilyl)amide (0.0.328 g, 1.65 mmole) was added and the reaction mixture
was stirred at room temperature for 24 hours. Volatile components were removed
under reduced pressure, and the residue was washed with 2x25 mL of hexane.
Volatile components were removed under reduced pressure to yield 0.382 g (64
percent) of the orange solid dipotassium salt. A portion of this solid (0.100 g, 0.14
20 mmole) was dissolved in 15 mL of toluene. While stirring at room temperature, (1,4-
diphenyl-1,3-butadiene)bis(triethylphosphine)zirconium dichloride (0.084 g, 0.14
mmole) was added and the solution was stirred for 12 h at room temperature. The
product mixture was filtered through diatomaceous earth filter aid and the solvent of
the filtrate was removed under reduced pressure to give 0.115 g (88 percent) of crude
25  product which existed as a rac/meso mixture. Further purification was carried out by
recrystallization from hexanes to yield 0.015g (12percent) of rac-product as a dark
red solid.
'H NMR (CeDq): 6 7.6-6.7, (mm, 26 H); 5.55 (s, 2H); 4.05-3.90(m, 2H); 3.5 (dd,
2H); 2.7-2.4 (m, 2H); 1.78 (s, 6H); 1.55 (dd, 2H); 1.25 (m, 12 H); 0.95 (m, 12H).
30
Example 16 raodimethylamidoborane-bis-n‘"-(2-methyl-4-phenylinden-1 -yl)zirconium

n*-1,4-diphenyl-1,3-butadiene
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101 +10%r&’ () -) W)a( as added to'BBr; dropwise. The reaction was immediate and

exothermic. This mixture was allowed to stir for 2 hours at which time NMR analysis

showed the reaction to be essentially quantitative and complete (22.510 g, 99.9
S5  percentyield).
'H NMR (CeDs): 6 2.31 (6 H). C NMR (CeDs): 5 41.45.
168) Preparation of Dimethylamido-bis(2-methyl-4-phenylindinyl)borane.
A solution of dimethyamidodibromoborane (0.511 g, 2.38 mmoil) in toluene (10
ml) was cooled to 0°C and diethylether (2 equivelents) added. This mixture was then

10  added dropwise to a solution of 2-methyl-4-phenylindene, lithium sait (1.011 g, 4.76
mmgi) in THF (50 mi) at 0°C. This mixture was then allowed to stir for overnight at
room temperature. After the reaction period the volatile components were removed
and the residue extracted and filtered using hexane. Removal of the hexane resulted
in the isolation of a yeliow il (1.103 g, 99.9 percent yield).

15  16C) Preparation of Dimethylamido-bis(2-methyl-4-phenylindenyl)borane,
dipotassium salt.

Dimethylamido-bis(2-methyl-4-phenylindenyl)borane (1.010 g, 2.17 mmol) and
KN(TMS), (0.866 g, 4.34 mmol) were stirred together in toluene (50 ml) ovemight.
The reaction mixture was then refluxed for one hour, cooled to room temperature,

20  and dried under vacuum. The residue was then slurried in hexane and filtered and
the orange microcrystalline solid dried under vacuum (1.246 g, >100 percent yield
due to residual solvent still present as observed by NMR).
16D) Preparation of rac-{Dimethylamido-bis(2-methyi-4-phenylindene)borane]-
zirconium (trans,trans-1,4-diphenyl-1,3-butadiene).

25 Dimethyiamido-bis(2-methyl-4-pheny-lindenyl)borane, dipotassium salt (1.246
g, 2.30 mmol) was added slowly as a solid to a solution of (1,4~
diphenylbutadiene)ZrCly(PEts), (1.391, 2.30 mmol) in toluene (75 ml) and allowed to
stir ovemight. After the reaction period the mixture was filtered and the volatiles
removed resulting in the isolation of a dark residue. This residue was slurried in
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of 0.322 g (18.4 percent yield) of highly pure product.

"H NMR (CeDe): § 1.71 (s, 3 H), 1.7-1.8 (m, 2 H), 2.89 (s, 3 H), 3.4-3.5 (m, 2 H), 5.52

(s, 2 H), 6.76 (d, *dun= 7.2 Hz, 4 H), 6.8-7.4 (m, 12 H), 7.43 (d, *Jun= 8.4 Hz, 2 H).

C NMR (CsDe): 8 15.95, 39.52, 85.43, 90.93, 104.13, 117.32, 12.49, 121.65, 122.3

10 (br), 123.32, 124.19, 124.32, 127.81, 127.83, 128.68, 128.74, 128.81, 136.06,
140.55, 143.86. MS(El): m/z759.2635 (M-H)", calcd. (M-H)* 759.2610.

Example 17 bis(trimethylsilyl)amido(n-fluoren-9-yl)(n-cyclopentadienyl)borane-
zirconium dichloride.

15 17A) Preparation of bistrimethyisilylamido(9-fluorenyl)boron chioride

n-Butyllithium (2.5 M hexane, 4.20 ml, 10.50 mmol) was added to a solution of

fluorene (1.66 g, 10.00 mmol) in THF (15 ml) at -78 °C. The resulting mixture was
slowly warmed up and stirred at room temperature for 5 h to give a red solution. The
solution was cooled to -78 °C and added dropwise to a solution of

20  bis(trimethylsilylyamidoboron dichloride (TMS)NBCI, {2.42 g, 10.00 mmol) in THF (25
ml) at -78 °C to give a light yellow solution. The solution was stirred ovemight at
room temperature. Volatile components were removed, and the residue was
extracted with pentane and filtered. The pentane was removed to give the desired
product (3.70 g, 100 percent yield) as a white solid.

25 'H NMR (400 MHz, CDCl): 8 0.45 (s, 18H), 4.41 (s, 1H), 7.34 (dt, 2H, J = 7.4,
1.1 Hz), 7.42 (t, 2H, J = 7.3 Hz), 7.49 (d, 2H, J = 7.6 Hz), 7.87 (d, 2H, J = 7.4 Hz).
3C NMR (100 MHz, CDCl) 6 4.6, 121.0, 125.4, 127.2, 127.3, 143.0, 145.9. ""B NMR
(115.5 MHz, CDCl;,) 6 46.6.
17B) Preparation of bis(trimethylsilyl)amido(9-fluorenyl)(cyclopentadienyl)borane

30 A solution of CpNa/THF (0.24 g, 2.40 mmol) in THF (15 ml) at -78 °C was
added dropwise to a solution of bistrimethylsilyamido(9-fluorenyl)boron chloride (0.89
g, 2.40 mmol) THF (15 mi) at -78 °C. The resuiting yellow solution was slowly
warmed to room temperature with stirring and stirred over night. Volatile components
were removed under reduced pressure, and the residue was extracted with pentane
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15  room temperature and stirred ovemight to give a dark red solution. Volatile
components were removed to give an orange solid which was then dissolved in
toluene (15 ml). The toluene solution was added to a susp~nsion of ZrCl, (0.40 g, 1.9
mmol) in toluene (8 ml) at -78 2C. The mixture was warmed to room temperature and
stirred overnight to give a dark red suspension. Volatile components were removed
20 under reduced pressure, and the residue was extracted with toluene and then filtered.
The volatile components were removed under reduced pressure, and the residue was
washed with pentane (3x) to give the product as red solid.
mp = 252 - 254 (dec.). 'H NMR (400 MHz, CDCls): § 0.26 (s, 9H), 0.50 (s, 9H), 5.44
(t, 2H,J =2.4 Hz), 6.45 (t, 2H,J=2.4 Hz), 7.19 (d, 2H, J = 8.4 Hz), 7.31 {t, 2H, J =
25 7.5Hz),7.62 (t, 2H, J = 7.8 Hz), 8.12 (d, 2H, J = 8.4 Hz). '*C NMR (75 MHz, CDCla)
§4.8,5.9,105.3, 121.4, 122.9, 124.4, 125.4, 125.7, 129.1, 143,0. "BNMR (115.5
MHz, CDCl;) 6 48.2. HRMS (El) calculated for C24H30BNSi2CleZr: 559.0434; found,
559.0443.

30 Example 18 diisopropylamidoborane(n-cyclopentadienyi)(n-fluoren-9-yl)zirconium
dichloride.
18A) Preparation of Diisopropylamido(9-fluorenyl)boron chloride
The reaction conditions of Example 17A) were substantially repeated
excepting that diisopropylamidadichloroboron was used in place of
35  bis(trimethyisilyl)amido-dichloroboron. At the end of the reaction, solvent was
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% 109Z& ()fzaPPHEBQ 141.1 (br), 146.9. "B NMR (115.5 MHz, CDC14) 5 37.2. HRMS (El)
Calculated for C19H22BNCI, 311.1612; found, 311.1613.
18B) Diisopropylamido(cyciopentadienyl)(3-fluorenyl)borane
The reaction conditions of Exampie 17 B were substantially repeated
10  excepting that diisopropylamido(9-fluorenyl)boron was used in place of
bis(trimethylsilyl)amido(9-fluorenyl)boron chloride. Reaction of CoNa/THF (0.96 g,
9.60 mmal) and diisopropylamido(9-fluorenyl)boron chloride (2.98 g, 10.00 mmal)
gave a reaction mixture which was extracted with hexane and flittered. Volatiles were
removed to give the product (2.11 g, 62 percent) as a yellow solid.
15 HRMS (EI), Calculated for C24H2sBN, 341.2315, found, 341.2329.
18C) Preparation of diisopropylamidoborane(n-cyclopentadienyl)(n-fluaren-9-
yi)zirconium dichloride.
The reaction conditions of £xample 17C) were substantially repeated
excepting that diisopropytamido(9-fluorenyli)boron (1,39 g, 4.08 mmol) was used in
20 place of bis(trimethylsilyl)amido(S-fluorenyl)boron. The crude reaction mixture from
this reaction was extracted with toluene and filtered. The solution was concentrated,
pentane was added and cooled to -78 °C to give the product (0.75 g, 36 percent
yield) as a red solid.
; mp = 280 - 282 °C. 'H NMR (500 MHz. CsDe): 81.01 (d, 6H, J = 6.6 Hz), 1.22
25 (d, 6H,J = 6.9 Hz), 3.67 (pent, IH, J = 6.6 Hz), 3.80 (pent, 1H, J = 6.6 Hz), 5.30 (1, 2H,
J=2.4Hz),6.38 (t 2H, J =2.4 Hz), 7.05 (d, 2H, J = 8.1 Hz), 7.12 (1, 2H, J = 7.5 Hz),
7.46 (. 2H, J = 7.5 Hz), 7.92 (d, 2H, J = 8.5 Hz). "*C NNIR (90 MHz, CDC13) 5 24.2,
25.4,49.1,49.8, 106.9, 122.2, 123.2, 125.4, 125.8, 129.0, 147.9, 157. 1. "B NMR
(115.5 MHz, C8D86) & 39.4. EA, calculated for CasH26BNZrCl: C, 57.25, H, 5.57, N,
30 2.78. Found: C, 55.44; H, 5.30; N, 2.62.

Example 19 bis(trimethylsilyl)amidoborane bis(n-inden-1-yl)zircanium
bis(dimethylamide)
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2H,J=7.1,12Hz), 720 (m, 4H). "'B NI\?R ?1 1%.5 MHz, CeDs) 6 56.8. HRMS (El)
calculated for CpqHaBNSi,, 401.2166; found, 401.2182. EA, Calculated for
C24Ha2BNSiz, C, 71.82; H, 7.98; N, 3.49. Found: C, 70.06; H, 8.06; N, 3.36.

The bis(trimethylsilyl)amidoboron bis(inden-1-yl} (0.27 g, 0.67 mmol) and
10 Zr(NMe3)s (0.18 g, 0.67 mmol) were then combined in toluene (10 ml) 2 hours at 65°C
to give a red solution. Volatile components were removed under reduced pressure to
afford the product as a red foam.
'H NMR (400 MHz, CeDs): & 0.26 (s. 18H), 2.53 (s, 12H), 5.95 (d, 2H, J = 2.9
Hz), 6.64 (d, 2H, J = 2.9 Hz), 6.68 (t, 2H, J = 7.5 Hz), 6.95 (t, 2H, Jd = 7.6 Hz), 7.30 (d,
15  2H,J=8.5Hz), 7.45 (d, 2H, J = 8.8 Hz). *C NMR (100 MHz, C¢Ds) & 5.6, 47.9,
105.1, 111.5, 122.2, 122.9, 124.2, 126.4, 128.5. "'B NMR (115.5 MHz, CsDs) 6 50.3.
HRMS (El) calcuiated for CosH42BN3SioZr, 577.2057; found, 577 2061.

Example 20 Bis(trimethyl)silylamidobis(n-inden-1-yl)boranezirconium dichloride
20 Bis(trimethylsilyl)amidoboron bis(inden-1-yl) (0.45 g, 1.12 mmol) and
Zr(NMe.)4 (0.30 g, 1.12 mmol) were combined in THF to give an intermediate which
was not further purified. Volatile components were removed under reduced pressure
and replaced with CH,Cl, (10 mi). The mixture was stirred with trimethyisilane
, chloride (1.42 ml, 11.20 mmol) ovemight at room temperature. Volatile components
25  were again removed under reduced pressure and the residue was extracted with
CH.Cl, and filtered. The solution was concentrated, layered with pentane, and cooled
to -78 °C to give the desired product (0.54 g, 86 percent) as an orange solid.
'H NMR (500 MHz, CsDe): 8 0.20 (s, 18H), 5.54 (d, 2H, J = 3.3 Hz), 6.68 (dd,
2H,J=2.1,0.9 Hz), 6.85 (t. 2H, J = 7.0 Hz), 7.04 (dd, 2H, J = 8.1, 1.1 Hz), 717 (m,
30 2H, overlapped with solvent residue peak), 7.33 (d, 2H, J = 8.4 Hz). *C NMR (100
MHz, CeDs) 5 5.3, 112.8, 113.0, 123.6, 126.5, 127.1, 127.8, 132.1. "B NMR (115.5
MHz, CsDs) § 48.5. HRMS (El) calculated for CasHaoBNSI,CloZr, 559.0434; found,
559.0432.
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21A) 2-isopropyi-4-phenyl indene
5 Sadium hydride (2.1 g, 60 percent dispersion in oil) was placed in 500 mi

flask under nitrogen atmosphere. Hexane (about 20 ml) was added to remove the oil,
the mixture was stirred briefly. After stirring stopped the NaH was allowed to settle
and the the liquids were removed by syringe. This procedure was repeated once
more, then THF (200 ml) was added to the NaH and the suspension was cooled with

10  anice bath. Diethyl isopropylmalonate (10.10 g, 50.00 mmol) in THF (100ml) was
added via an addition funnel over 30 min. After addition of the malonate was
complete, the solution was stirred for an additional 40 min. A THF solution (30 m!) of
2 phenylbenzyl bromide (12.5 g, 50.5 mmol) was added via addition funnel and the
mixture was stirred overnight. The next moming 100 mi of 1N ammonium chloride

15 was added. The solution was diluted with ether (200 mi) and the organic layer was
washed with brine, dried over Na,SQs, and stripped of solvent under reduced
pressure. The orange red oil was used without further purification.

The crude alkylation product was dissolved in ethanol (300 mi) and water (75

ml). Potassium hydroxide (20 g) was added and the mixture was refluxed overnight.

20  After cooiing, ethanol was stripped under reduced pressure. Hexane was added and
stirred for 1 hour to dissolve any undesired organic materials. The hexane was
decanted and water was added (about 150 mi). The solution was made acidic (to pH
1) by adding concentrated HCl. The desired carboxylic product was extracted with
ether, dried over Na,SQO,, and stripped under reduced pressure. NMR spectra of the

25  crude product (10.74 g, 80 percent) indicated that ester hydrolysis and
decarboxylation were complete. The crude product, which solidified to a tan solid,
was used without further purification.

Thiony! chloride (50 ml) was added to the carboxylic acid and the mixture was

stirred ovemight at room temperature to dissolve the acid. The excess thionyl

30 chloride was removed under reduced pressure and the remaining acid chioride was
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layers were washed with brine, dried over Na,SO,, and stripped under reduced
pressure. The crude 2-isopropyli-4-phenylindanone (10.0 g) as an orange-brown oil
was used without further purification.

10 2-1sopropyl-4-phenylindanone (12.1 g, 48 mmol) was stirred in a mixture of
THF and methanot (100 mi; 2/1) while sodium borohydride (1.5 g, 40 mmol) was
added in small portions over 30 min. After stirring ovemight, ice (about 50 ml) was
added and the mixture was stirred for 0.5 h. The THF and MeOH were removed
under reduced pressure. Ether (about 250 ml) was added, the pH was adjusted to

15  pH 1 by the addition of aqueous HC! and the ether layer was separated. The ether
was washed with saturated sodium bicarbonate solution, then brine, dried over
Na.S0O,, and evaporated under reduced pressure. The mixture of alcohol isomers
(11.0 g, 43.5 mmol, 90 percent) was obtained as a waxy tan solid. It was used
without purification.

20 The crude mix of isomeric alcohols was dissolved in toluene (150 ml) to which
p-toluene sulfonic acid (0.5 g) was added. The solution was refluxed in a flask
equipped with a Dean-Stark trap for 1.5 h then cooled. Solid sodium bicarbonate was
added and the mixture was stored avemight in a refrigerator. The next morning water
(100 ml) was added and the organic layer was separated, dried over Na.SO., and

25  stripped under reduced pressure. The product, 2-isopropyl-4-phenylindene (10.4 g)
was obtained as a brown oil. Analysis by GC indicated a purity of >96 area percent.
This material was stored cold under an inert atmosphere until ready for further
conversion.

'H-NMR (CDCls): 0001.18 (d, 6H), 2.74 (sept, 1H), 3.39 (s, 2H), 6.53 (s,

30 1H), 7.09-7.55 (m, 8H).

21B) Lithium 2-isopropyl-4-phenylindenide

To a toluene solution (25 mi) of 2-isopropyl-4-phenylindene (3.34 g, 14.25
mmol), in a glovebox filled with argon, was added n-butyl lithium (5.500 mi, 13.75
mmol). The mixture was stirred at room temperature overmnight. The toluene was

35 removed under reduced pressure. Hexane (20 ml) was added and removed under
reduced pressure then added again (50 ml). The mixture was stirred for 1 h then
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!16())/510% ] %K@i)%ﬁéﬁiég%.b&'g( 354 B ) toluEnd 0%k Midute wadhedidd % () -
& () -r-lt; u>)<( Xﬁé gt\i{rrKe_d for:ELs hours. The solution was cooled to room temperature, filtered
through a medium frit, and solvent was removed under reduced pressure to give a
light yellow solid (1.57g, 99 percent). This material was further purified by column
15  chromatography (silica gel /hexane) to yield 0.6g (38 percent) of a light yellow solid
(96 percent pure by GC).
21D) rac-diisopropylamidoborane-bis-0°-(2-isopropyl-4-phenyl indenyl)zirconium 0°
1,4-dipheny!-1,3-butadiene
In a glove box, N,N-diisopropylamino bis(2-isopropyl-4-phenylindenyl) borane
20  (0.380g, 0.660 mmole) was dissolved in 20 mi of toluene, 2.1 equivalents of
potassium bis(trimethylsilyl) amide (0.276, 1.38 mmole ) was added and the resulting
mixture was stirred at room temperature for 24 hours. Removed volatiles under
reduced pressure and washed. The resulting orange solid was combined with 10 ml
of hexane, filtered and pumped dry. The dipotassium salt residue (0.415 g, 97
25  percent, 0.635 mmole) was redissolved in 20 mi of toluene, and (1,4-diphenyl-1,3-
butadiene)bis(triethyiphosphine)zirconium dichloride (0.384g, 0.635 mmole) was
added. The solution was stirred for 2 h at room temperature, followed by heating at
80 2C for 6 hours. The product mixture was cooled to room temperature, filtered
through diatomaceous earth and the solvent of the filtrate was removed under
30 reduced pressure. Further purification was carried out by recrystallization from
hexane to yield 0.21g (36 percent) of product as a dark red solid.
'H NMR (CeDs): § 7.62(d, 2H); 7.42-6.7, (mm, 24 H); 5.79 (s, 2H); 4.5, sept,
2H); 3.45-3.57 (dd, 2H); 2.8-2.9 (sept, 2H)1.65-1.72 (dd, 2H); 1.35(d,12H); 1.2-1.3
(m, 12H).
35
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In a glass flask, 0.922 mi of a toluene solution of methyldi(octyl)ammonium
hydroxyphenyltris(pentafluorophenyl)borate (amounting to 0.070 mmoles based on

5 boron) and 0.110 ml of a 1.9 M toluene solution of triethyl aluminum (0.058 mmoles)
were added along with 0.290 mi additional toluene. The mixture was stirred for 5
minutes on a mechanical shaker. About one half (0.550 ml) of the resuiting solution
was added to a flask containing 0.500 g of thoroughly dried silica (Grace-Davison 948
silica, heated 250 2C, 4 h). The mixture was shaken by hand to break-up clumps and

10 then mechanically agitated for an additional 10 minutes. Next 8 mi of mixed hexanes
was added to form a slurry, which was mechanically stirred for an additional 15
minutes. To this mixture, 3.5 mi of a 0.005 M toluene solution of rac-
diisopropylamidoborane-bis-n®-(2-methyl-4-phenylinden-1-yl)zirconium n*-1,4-
diphenyl-1,3-butadiene (Example 14) was added. The mixture was agitated 2 h on

15  the mechanical shaker, filtered on a giass frit, washed (3x) with 10 mi mixed hexanes
and dried under reduced pressure.

The resulting blue colored, dried, supported catalyst was analyzed by neutron
activation for zirconium content and found to contain 31.8 umole zirconium/g
formulated supported catalyst.

20
Solution Polyethytene Polymerization

Mixed hexanes and 1-octene were purified by sparging with purified nitrogen

followed by passage through columns containing alumina (A-2, available from
\ LaRoche Inc.) and Q5 reactant (available from Englehard Chemicals Inc.) at 50 psig

25  using a purified nitrogen pad. All transfers of solvents and solutions described below
were accomplished using a gaseous pad of dry, purified nitrogen or argon. Gaseous
feeds to the reactor were purified by passage through columns of A-204 alumina
(available from LaRoche inc.) and Q5 reactant. The aluminas were previously
activated by treatment at 375°C with nitrogen and Q5 reactant was activated by

30 treatment at 200°C with 5 percent hydrogen in nitrogen.

Batch reactor polymerizations were conducted in a two liter Parr reactor
equipped with an electrical heating jacket, internal serpentine coil for cooling, and a
bottom drain valve. Pressures, temperatures and block vaives were computer
monitored and controlled. Mixed alkanes solvent (about 740 g) and 1-octene (118 g)

35 were measured in a solvent shot tank fitted with a differential pressure transducer or

weigh cell. These liquids were then added to the reactor from the solvent shot tank.
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\ = \!) s931&%thrsugh 1/16 in (0.16 cm) tubing using toluene to aid in the transfer. The catalyst
tank was then pressurized to 700 psig (4.8 Mpa) using nitrogen. After the contents of
the reactor had stabilized at the desired run temperature of 140°C, the catalyst was
10 injected into the reactor via a dip tube. The temperature was maintained by allowing
cold ethylene glycol to pass through the intemal cooling coils. The reaction was
allowed to proceed for 15 minutes with ethylene provided on demand. Additional
injections of catalyst composition prepared and injected in the same manner were
employed where indicated. The contents of the reactor were then expelled into a 4
15 liter nitrogen purged vessel and quenched with isopropyi alcohol. Approximately 10
mi of a toluene solution containing approximately 67 mg of a hindered phenol
antioxidant (Irganox™ 1010 from Ciba Geigy Corporation) and 133 mg of a
phosphorus stabilizer (Irgafos™ 168 from Ciba Geigy Corporation) were added.
Volatile materials were removed from the polymers in a vacuum oven that gradually
20  heated the polymer to 140°C ovemight and cooled to at least 50°C prior to removal
from the oven. After completion of the polymerizaiton, the reactor was washed with

1200 ml of mixed hexanes solvent at 150°C before reuse. Results are contained in

Table 1.
Table 1
Catalyst/ T
cocatalyst (°C) Yield Density* MMI**
Run Catalyst cocatalyst (umoles) (9) g/ml dg/min.)
1 Ex. 2 MATB' 5/5 140 315 0.892 436
2 “ “ “ “ 26.7  0.901 186
3 “ MABU? “ 18.3  0.891 199
4 “ TPB® “ 53 0.892 500+
5 “ TPA* 5/20 " 10.2  0.896 500+
6 Ex. 3 MATB' 5/5 “ 171 0.902 33
7 “ “ “ “ 6.3 0.908 500+
8 “ MABU? “ 0.3 - -
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cation is

5 derived from a mixture of amines available commercially as methylbistallowamine).
Z methylbis(octadecyl)ammonium
bis(tris(pentafluorophenyljaluminane)undecylimidazolide
(prepared according to USSN 09/251,664, filed Feb. 17, 1999)
tris(pentafluorophenyl)borane, (CsFs)sB

10 “ tris(pentafluorophenyl)aluminane, (CeFs)sAl
5.

3

methylalumoxane available from Albemare Corp.

Solution Polypropylene Polymerization
The above reaction conditions were substantially repeated excepting about
15 625 g of mixed alkanes solvent and either 150 g of propylene (P) for homopoiymer
formation, or a mixture of 150 g propylene and 7 g ethylene (E) for copolymer
formation were used. Hydrogen was added as a molecular weight control agent by
differential pressure expansion from a 75 ml addition tank at about 17-25 psi (120-
170 kPa). The reactor was heated to the polymerization temperature and the desired
20  metal complex along with a cocatalyst, as dilute solutions in toluene, were mixed at
an appropriate molar ratio, transferred to a catalyst addition tank, and injected into the
reactor (three injections of 1 umole, 3 umole and 5 umole based on zirconium over
about 30 minutes for run 16, two injections of 5 pmole based on zirconium over about
20 minutes for run 17, and a single addition for all other runs. Results are contained
25 inTable2.
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10%4| & ()-L$ 10%4| & () - &10%:|QCptplyst rooRp &T() -Bge  Yield Tm w

10%4| & () -Audr3-GHAMA] &obdtaipst (. @dids) LOWr  (2C) (min) (9) (C) x10°

16 Ex. 1 MAO' 9/9000 P 70 51 9.2 1556 -

17 Ex.1 “ 10/10,000 EP “ 58 103 1459 -
18 Ex.5  MDAP? 1/1.25 P “ 7 435 1558 -
19 Ex.5 MABU® 0.25025 @ ° “ “  29.8 1557 357
20 Ex. 13 “ “ “ “ 30 335 157.3 330
21 Ex.5 “ 0.5/0.5 “ 85 5 422 1522 195
22  Ex. 13 “ 0.75/0.75  “ “ “ 413 1539 183
23 Ex.5 “ 0.5/0.5 “ 100 ‘124 1514 136
24 Ex.13 “ 0.75/0.75  *“ “ “ 182 150.3 117
25 Ex.5 “ 1.5/1.5 “ 115 12 19.8 146.7 75
26 Ex.13 “ 1.751.75  “ “ 10 19.4 1474 69
27 Ex.5 “ 2.5/25 “ 130 11 127 1432 48
28 Ex.13 “ 3.75/3.75  “ “ 17 164 1420 15
29 Ex.17  MAO 6/6000 “ 70 118.9 117 114
30 Ex. 18 “ “ “ “ 107.9 112 111
31 Ex.20 “ “ “ “ 1266 108 -
32 Ex.16 MABU 0.75/0.75 “ 90 15 964 1527 -

' methylalumoxane available from Albermarle Corp.

2, methyldi(octadecyl)ammoniumtris(pentafiuorophenyl)(p-(diethylaluminoxyphenyl)
5 borate
(formed by reaction of triethylaluminum and methyldi(octadecyl)ammonium
tris(pentafluoropheny!)(hydroxyphenyl) borate)
% methylbis(octadecyl)ammanium
bis(tris(pentafluorophenyl)aluminane)undecylimidazolide
10

Slumry Polymerization

The previous reaction conditions were substantially repeated excepting a
supported catalyst was employed, the temperature was between 20°C and 60 °C, and
no solvent was used. All feeds were passed through columns of alumina and a
15 decontaminant (Q-5° catalyst available from Englehardt Chemicals Inc.) prior to
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- 2272772+* 7| thgagex™ 101 from Cuba Geigy orpora lon) and 133 mg of a phosphorus stabilizer

(trgafos™ 168 from Ciba Geigy Corporation) were added. The polymer was

recovered by drying in a vacuum oven set at 140 °C for about 20 hours. Results are

15 contained in Table 3.

Table 3
Run  Catalyst Zr {umole)  Yield(g) Tm Mw  Mw/Mn
(mg) (¢C)  x 107
32  Ex. 22 (40) 1.27 61.5 150 283 3.0
33 Ex. 22 (32) 1.02 474 - - -
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1. A Group 4 transition metal complex corresponding to one of the

following formulas;

_/Y‘
/ \ TZ
\/ K/
5 Formula1 or Formula 2

or a dimer thereof
wherein:
M-is titanium, zirconlum, or hafnium in the +4, +3, or +2 oxidation slate;
Y'! and Y2 are independently an anlonic, cyclic or non-cyclic, x-bonded group,
10  NR', PR"; NR'; or PR';;
Z is boron or alumlnum;
Q is a neutral, anionic or dianlonic ligand group depending on the oxldation

state of M;
jis 1, 2 or 3 depending on the oxidation state of M and the electronic nature of

15 Q;
T independently each occurrence is:
y) 1
R R! R R’
o
RN—, Rs—g R1 C/ ( :
R1 / R1 k1

R'Is independently each occurrence hydrogen, a hydrocarbyl group, a
20  trithydrocarbylsilyl group, or a tri(hydrocarbyl)silylhydrocarbyl group, said R’ groups
containing up to 20 atoms not counting hydragen;
R®Is R’ or N(R");; and h
two R! groups tegether or one or more R* groups tegether with R® may-
optionally be joined to form a ring structure.
25
2. A metal complex dccording to Claim 1 comresponding to Formula 4, 5,

6,7,80r9:
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Formula 4 ' Formula S ' Formula 6
R R R R 73
T— Z/Q R 1z ® \
. | = MQ{22 . L N/MQ, —r /Mo,
; . R? &3 Ag
Formula 7 , Formula 8 or Formula 9

wherein M, Z, T, R', Q and j are as defined in Claim 1;
R? is hydrogen, or a hydlrawrbyl. Si(RY)s, N(R%)2, or OR® group of up to 20
5 carbon or silicon atoms, and optichally two adjacent R? groups can be jolned
together, thereby forming a fused ring structure; and
R? is independently hydrogen, a hydrocarbyl group, a trihydrocarbylsilyt group
or a trihydrocarbylsilythydrocarbyl group, said R® having up to 20 atoms not counting
hydrogen.

10
3. A metal complex according to Claim 2, wherein two adjacent R? groups

together form an indenyl ligand or a substituted indeny! ligand.

4, A metal complex according to Claim 2 or Claim 3, wherein M is in the
15  +4 oxidation state, | = 2 and Q independently each occurrence is hallde, hydride,
hydrocarbyl, sllylhydrocarbyl, hydrocarbyloxide, or dihydrocarbylamide, sald Q having
up to 20 atoms not counting hydrogen, or two Q groups together form an alkanediyl
group or a conjugated Cy.ap diené ligand that together with M form &
metallocyclopentene,

20
5. A metal complex according to Claim 2 or Claim 3, wherein M is in the

+3 oxldation state, j = 1 and Q Is elther 1) a monovalent anionic stabilizing ligand
selected from the group consisting of alkyl, cycloalkyl, aryl, silyl, amido, phosphido,
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10#1610%& 10%Zicbxy; af}Bxy, stffido gréups, @ré miQites thereof, said Q being further substituted

10

15

20

with an amine, phosphine, ether, or thicether containing substituent able to form a
coordinate-covalent bond or chelating bond with M said ligand having up to 50 atoms
not counting hydrogen; or 2) a Cs.16 hydrocarbyl group comprising an ethylenic

unsaturation able to form an n®bond with M.

6. A metal complex according to Claim 2 or Claim 3, wherein M is in the
+2 oxidation state, ] = 1 and Q is a neutral cdnjugated diens, optionally substituted
with one or more tri(hydrocarbyl)sily! or iri(hydrocarbylsilyl)hydrocarby! groups, said Q
having up to 40 carbon atoms and forming a n-complex with M.

7. A metal complex according to Claim 4 corresponding to Fommula 4a,

ba, 6a, 7a, 8a, or 9a:

RR R
/gzg-\jl"z R__ R :
R2 NR

RI.IN~Z g2 MQ2

ﬁ' R RLN—Z MQo R’zN-'Z/ \ MQ2
R2 NNRY \wr’

Formula 4a _ Formula 5a , Formula 6a
R R2 R% R
RN—Z" ;R;\ R R12N~'Z' § R ) NR?
M : MQ I N—7"
R N— Q2 ; n}/ 2 R.N—2 \
T Nt
-2
R2 RN= Y
Formula 7a , Formula 8a or Formula 93

wherein M, Z, R', R?, and R® are as defined in Claim 4 and Q, independently esach
occurrence Is a halide, hydrocarbyl, hydrocarbyloxy, or dihydrocarbylamide group of
up to 10 atoms not counting hydrogen, or two Q groups together form a Ca.2 diene
ligand that together with M forms a metallocyclopentene.

8. A metal complex according to Claim 7, wherein Q independently each
occurrence is chloride or a Cy hydrocarbyl group, or two Q groups together form a 2-
methyl-1,3-butadienyl or 2,3-dimethyi-1,3-butadienyl group.
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16. A metal complex according to any one of Claims 7 to 12, whereln R* is

methyl or isopropyl.

17. A metal complex according to any one of Claims 7 to 12, whersin Q is
25 chloride, methyl, N,N-dimethylamide, or 1,4-diphenyl-1,3-butadiene.

18. A metal complex according to Claim 7 to 12, wherein Y? and Y? are
Inden-1-yl or 2-methyl-4-phenylinden-1-yl.
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20. A metal complex according to Clalm 1, which is:
dimethylamid;oborane-bis(n5—cyclopentadlenyl)zlrcanium dichloride,
diisopropylaniidoborane-bis(n5-cyclopentadienyl)zircanium dichloride,
diisopropylamidoboranebls(n -inden-1-yl)zirconium dichloride,
10 diisopropylamidoborane-bis(r>-2-methyl-4-phenylinden-1-yl)zirconium
dichloride,
dimethylamidéborane-bis(n°-cyclopentadienyl)zirconium 1,4-diphenyl-1,3-

butadiene,
dilsopropylamidoborane-bis(r)°-cyclopentadienyl)zirconium 1,4-diphenyl-1,3-

16  butadiene,
diisopropylamidoboranebis(n®-inden-1-yl)zirconium 1,4-diphenyl-1,3-

butadiene, or
diisopropylamidoborane-bis(n°®-2-methyl-4-phenylinden-1-yi)zirconium 1,4-

diphenyl-1,3-butadiene.

20
21.  Anolefin polymerization process comprising contacting one or more
addltion polymerizable monomers under polymerization conditions with a catalyst
composition comprising one or more metal complexes as defined in any one of the
preceding claims,
25

22, A process of Claim 21, wherein the catalyst composition additionally

comprises one or more activating cocatalysts.

23.  Aprocess of Claim 21 or Claim 22 conducted under solution, slurry or

30  high pressure polymerization conditions.
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24. A process of Claim 23 conducted under slurry polymerization
conditions, wherein the catalyst additionally comprises an inert, particulated support.

25. A catalyst composition for the polymerization of addition polymerizable

monomers comprising one or more metal complexes as defined in any one of the
preceding claims in combination with one or more activating cocatalysts or activated

by use of an activaling technique.



