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25  cyclopentadienyl ring of the indenyl is substituted with a dimethylamino group in non-bridged and
Si-bridged bis-indenyl complexes useful for the formation of isotactic polypropylene and
polyethylene.

Disclosure of random heteroatom substitution in mono-Cp metallocenes is found in
EP-A-416,815, WO 95/07942, WO 96/13529, and USP’s 5,096,867 and 5,621,126. Specific

30  heteroatom substitution of the 3- and 2- position of indenyl complexes of group 4 metals was
disclosed in W098/06727 and WO/98/06728 respectively.

Despite the advance in the art, particular higher use temperature, obtained by such prior art
metal complexes Z;S were disclosed in the foregoing reference, there remains a desire for improved
metal complexes capable of even further increase in use temperature that are still capable of forming

35  catalyst compositions useful in producing polymers having high molecular weights and, for



35 catal yst conpositions useful in producing polymers having high nol ecul ar
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Z is a divalent moiety, bound to M via a covalent or coordinate/covalent bond, comprising
boron, or a member of Group 14 of the Periodic Table of the Elements, and also comprising
20  nitrogen, phosphorus, sulfur or oxygen;
X is an anionic or dianionic ligand group having up to 60 atoms exclusive of the class of
ligands that are cyclic, delocalized, n-bound ligand groups;
X’ independently each occurrence is a neutral ligand having up to 40 atoms;
p is zero, 1 or 2, and is two less than the formal oxidation state of M when X is an anionic
25  ligand, and when X is a dianionic ligand group, p is 1; and
q is zero, 1 or 2;
with the proviso that one or more of the following conditions A), B) or C), is true:
A) R¥ corresponds to the formula N(R®),, wherein R® each occurrence is aralkyl, or two R®
groups together form a divalent hydrocarbon moiety or a halo- or silyl- substituted derivative
30 thereof, said group containing from 4 to 40 atoms not counting hydrogen, and comprising at least

one aromatic substituent, A®;



one aromatic substituent, AR -2 WD 01/42315 PCT/ US00/ 31645 B) Z is
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components or the reaction product thereof:
(A) one or more metal complexes of formula (I); and
25 B) an activating cocatalyst, wherein the molar ratio of (A) to (B) is from 1:10,000 to
100:1.
Another embodiment of this invention is the foregoing catalyst composition wherein the
metal complex is in the form of a radical cation.
Further according to the present invention there is provided a polymerization process
30  comprising coﬁtacting one or more addition polymerizable monomers under polymerization
conditions with one of the aforementioned catalyst compositions.
A preferred process of this invention is a high temperature solution polymerization process
comprising contacting one or more addition polymerizable monomers under polymerization
conditions with one of the aforementioned catalyst systems at a temperature from 50°C to 250°C,

35  preferably from 150°C to 250°C, most preferably from 175°C to 220°C. Within the scope of this

invention are the polymeric products produced by the aforementioned processes.
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conprising contacting one or nore addition polynerizabl e nononers under

pol yneri zation conditions with one of the aforenenti oned catal yst systens
at a tenyeoat/ws3es from 50C to 250C, 35 preferably from 150ECT/OS@BAES nost
preferably from 175C to 220C. Wthin the scope of this invention are the
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formula (1), said precursor correspondingrtg-the fornula: RA Rc RB- Z*-Y.
RRA (Il) wherein, Y is -ORc, -SRc, -NRERE, -PRCRE; 5 RA and RE are as
previ ously defined; RB independengt ' guyrence is hydrogen, or a
hydr ocar byl , hal ohydrocarbyl, hydrocar¥
di hydr ocar byl am nohydr ocar byl , di hydr ocarbyl ani no, hydrocar byl oxy,
hydrocarbyl silyl, or trihydrocarbyl sijA Qear byl group of from1l to 80
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metal conpl ex S &592‘1 e‘gﬁl yﬁ?ﬁéﬁké%ﬁget her; Z* is SIRI CR2, SiR2SiR2,
CR&RZCREX, CRGRRad REREASPREsICRERSH;RGZCRER2, Si R&2CR&SIi R&, CR2CR2Si R2i
CR(; 2CR2CR2, . L Or R2; erein each Rc qgro i s hydroge n, al kal i
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joined tqgether, with.the proviso.that .one or bath of the follow ng
condﬁﬁ i ons matggsﬁn}euoé?gﬁer% et@}c/ﬁol%oéeﬁ‘dﬂﬂsbetcg’@wgyﬁglfer‘?'g?gﬁhﬁ’ RB) 2, wherein RB
each occurrend is SiRiy, OREY ISR G$iREMORREBR “2 CRFORALTR%EIRENERCSRHBCR i val ent
hydrocart&olgb & QG cShdaylga tituted derivative thereof,
sai d group éggtzgft]ér??’gfgw?cr%%l% %’gﬁﬁghgf%lr{rﬁ’ not” Colimt ¥ng hydr ogen, and
conprisi ng at wheeeit eacloRegmnpisatydoge, bsslkdlireets], caddr, o) magnesism halRie)catBin; or
wher ei n jd dent |y each.occurrence.is C6-20 aryl or two RD groups
t oget her I%é#rgeﬂ C%g“%po§§t§ Ehe?" agl?hfl? ez}rtrg I?%ﬁﬁlecatbor?d%?dgt ood that the foregoing
formiba (11) ®Rphdependemtly eath eumengt isdydiogen, erdt member selected from hydrocarbyl,

hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, and combinations thereof, said R®

having up to 20 nonhydrogen atoms, and optionally two R groups may be joined together,
with the proviso that one or both of the following conditions are true:
1) R® corresponds to the formula N(RP),, wherein R® each occurrence is aralkyl, or two R®
20  groups together form a divalent hydrocarbon moiety or a halo- or silyl- substituted derivative
thereof, said group containing from 4 to 40 atoms not counting hydrogen, and comprising at least
one aromatic substituent, A®;
2) Z* is -(RP),Si-, wherein R independently each occurrence is Ce.20 aryl or two RP groups
together are Cq 5 arylene.
25 It is to be understood that the foregoing formula (II) depicts one of several equivalent
interannular, double bond isomers, and that all such isomeric structures are intended to be included
by formula (II).
The final embodiment of the invention is the use of one of the foregoing compounds of
formula (II) in a synthesis to produce a Group 4 metal complex of formula (I).
30 The present catalysts and processes are especially: suited for use in the production of high
molecular weight polymers of olefin monomers, over a wide range of polymerization conditions,

and especially at elevated temperatures, with exceptionally high catalyst efficiencies. They are
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“DESCRI PTI ON' OF THE DRAW NGS Figure 1 shows
E£G NEVH) DRAWBNGDY X-ray anal ysis (ORTEP) of (N-(1, 1-
25 . . . .
di met hy! et hy! ) 8"yt iows s sinefe cpyeipl grugtusg derived by X-zay apalysiy (QRTER o5 M-(ski ndol -
2- y| 25 1 Hdinmatetoedhyd)- | Mishdtianad ni 23 8a, {42n)) 3-1 )- tihydroi2akis cthdme Chy)- 1 -Edenp! e 2) .
yl)silanaminato-(2-)-N-)titanium dimethyl (Example 2).

ess.

pol ymeri zat'i'on
t he si ng[B& DE

Figure 2 shows the single crystal structure derived by X-ray analysis (ORTEP) of (N-(1,1-
dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-isoindol-2-yl)-1H-inden-1-
yl)silanaminato-(2-)-N-)titanium dimethyl (Example 4).

30 Figure 3 shows the single crystal structure derived by X-ray analysis (ORTEP) of (N-(1,1-
dimethylethyl)-1,1-di(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-isoindol-2-yl)-1H-
inden-1-yl)silanaminato-(2-)-N-)- [(dimethylsilylene)bis(methylene)] titanium (Example 18).

Figure 4 shows the single crystal structure derived by X-ray analysis (ORTEP) of (N-(1,1-
dimethylethyl)-1,1-di(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-isoindol-2-yl)-1H-

35  inden-1-yl)silanaminato-(2-)-N-)- titanium bis(trimethylsilylmethyl) (Example 19).
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a G oup imorporatdis rsﬂaahée 1b€hetr@ntﬁx’ﬁt@ €spevigdly avith@espei@d 3o ths diselbduecdfaghthetict hi s
Peri odi c Tgbl e of . the Fllﬂ?n? t he 1 UPAC system for nunbering
groups. ASTUSES PPEFR 5?% %ﬂpri sing" is not intended to exclude
any additi onaIThemimn@mctaladﬂplbxesarecmefsmmp subidividqdutitp psfared fembodiinents, H)at es
pat ent pr Ag ﬂ the contents of any patent, patent application or

publ i cat i b8 Q%Y herein are hereby incorporated by reference in
theinnsenti ret V) Mstaboimpldxys avirespondisp@ahe foomdlite di scl osure of synthetic
techni ques and general know edge in the art. The foregoing nmetal conplexes
are preferably subdivided into preferred gnbodi nents, A) B) and C), as
follows. 15 A) Metal conpl exes correspond] ng t% the formula: (RBhN *_O;
(~) MXpX 'q Rahere Mis a G oupRd, s i @At he +2, +3 or +4 formal
oxi dation state; R' independently each ence i s hydrogen or a

hydr ocar byl , hal ohydrocarbyl, hydrocar yhy¥f®t4r byl |

di hydr ocar byl am nohydrocar byl , di hyd ar byl'afi no, hydrocarbyl oxy, 20
hydr ocar byl silyl, or tri hydrocar byl si | yl hydrocar byl group of from1l to 80
atons, not cou‘rhﬁed‘é isa/drosp & metab that ig i the t2,03tor i &armgl Oxtld%omtatm)re R' groups
from the same goindpligehiUaci B bkentO R G gerl B }R‘aro%ﬁ)r‘ﬁ ea&ﬂym&argléedr oups

together; RB i nde en dent’l Y each occurfence is aral
t oget her hy@;p«pﬁrlququbmr@qquy dihydrocarbylaminohydrocarbyl, d1hydrocarbylam1no hydrocarbyloxy,

20  hydrocarbylsilyl, or trihydrocarbylsilylhydrocarbyl group of from 1 to 80 atoms, not counting

hydrogen, or further optionally, two or more R” groups from the same or different metal complex
may be covalently linked together;

R® independently each occurrence is aralkyl, or two R® groups together form a divalent
hydrocarbon moiety or a halo- or silyl- substituted deriv'ative thereof, said group containing from 4

25  to 40 atoms not counting hydrogen, and comprising at least one aromatic substituent, A;

Z is a divalent moiety, bound to M via a covalent or coordinate/covalent bond, comprising
boron, or a member of Group 14 of the Periodic Table of the Elements, and also comprising
nitrogen, phosphorus, sulfur or oxygen;

X is an anionic or dianionic ligand group having up to 60 atoms exclusive of the class of

30 ligands that are cyclic, delocalized, n-bound ligand groups;

X’ independently each occurrence is a neutral ligand having up to 40 atoms;

-6-



hydr ocarbon noiety or a halo- or silyl- substituted derivative thereof,
said group containing from4 25 to 40 atons not counting hydrogen, and
conpri si mgo at/4d3east one aronatic substituent, AR Z is a BCVakem164%i ety,
bound to Mvia a coval ent or coordi nate/coval ent bond, conprising boron,
or a nenber ofpiteaop ot2, ok it twe 1838 thao dhecfoifizdh b dafontstate cEMewkent X js aandioaics 0
conpri si I L. xygen; X is an anionic or

di ani oni € q%ﬁ%gﬁj\g&?’%lﬁg%?a%%g% htégndt%&%’oglst dmsé)excl usive of the class of 30
| i gands t hat ariezaydlare, delocallzed n-bound |igand groups; X

i nd dent | d h to 40 at
6 v 01/ 4231 SR RBHI BN el ndnf B Rlmith 957 T8V, 09, U8 1 Gec t han The

formal oxidation state of Mwhen X is an anionic I|igand, and when X is a
dianionic ligand group, pis 1; and qs zero, (or 2. B) Metal conplexes
corresponding to the formul a: RA (EB) I RA w MXpX'g 5 Re where Mis a
Goup 4 netal that is in the +2R 3 [mal oxi dation state; R

i ndependent|ly each occurrence is hy ‘ %%hydrocarbyl
hal ohydr ocar byl , hydrocar byl oxyhyd byl , %'Dfﬂ Ydr ocar byl am nohydr ocar byl ,
ofR¥ ri hydr ocar byl si | yl hydr ocar byl

di hydgocar byl am no, hydrocar byl sRf'yl,
group of from1 to 80 atons, not counting 10 hydrogen, or further

optional I'y, tWhefy MDA €rop A niadtiasis id G2 e ov agorvial shiidatien @me; metal conpl ex
are coval ently bonded together; Z* is SiRD2; RD independently each

occur r ence i s ReGndedPerateptly dath bastrrdiice Grhgtioger, egewaﬁfca@whmrymcabyll, ene; Yis

hydr ogen hy@Pﬁwﬁo?ﬁyE%l@a'%%VBend%ydl?l %ﬁrlzy ‘%?eflngiyl, SS| lyl,

hal ogenathgdroadrbpidilyl, hﬁﬁﬁg&ﬁ&&lﬁﬂfsﬂ@myhmcaiﬂﬂ gEpof ftathi1a8 80 ik, ot couﬁtailgd REd
havi to 20 hydr n at ons Al S _an_anioni c or onlc i gan

P et Ser s b S, s SR s S T B ol S0
cyclic, deloeatitgadndadtdpethied | i gand groups; 20 X' independently each
occurrence is a neutral ligand having up to 40 atons; p is zero, 1 or 2,
and is two | e it hiR,;t he formal oxidation state of Mwhen X is an anionic

| i gand or absent and when X is a dianionic ligand group, pis 1; and
RP mdependently each occurrence is Cg.y aryl or two RP groups together are Cq 5 arylene;

Y is -O-, -S-, -NRE-, -PRF-; and

15 RE independently each occurrence is hydrogen, or a member selected from hydrocarbyil,
hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, and combinations thereof, said R* having

up to 20 nonhydrogen atoms;

X is an anionic or dianionic ligand group having up to 60 atoms exclusive of the class of

ligands that are cyclic, delocalized, n-bound ligand groups;
20 X’ independently each occurrence is a neutral ligand having up to 40 atoms;

p is zero, 1 or 2, and is two less than the formal oxidation state of M when X is an anionic

ligand or absent, and when X is a dianionic ligand group, p is 1; and
q is zero, 1 or 2.

C) Metal complexes corresponding to the formula:



gis zero, 1 or 2. C) Metal conplexes corresponding to the formula: -7 WO
01/ 42315 PCT/ US00/ 31645 RA (IC) RA O\MXpX g RA RA A where Mis a Goup
4 nmetal ™wWav1/as15n the +3 or +4 formal oxidation state; ReCT/mdapangent|y
each occurrence is hydrogen, or a hydrocarbyl, hal ohydrocarbyl,

hydr ocar byl oxyhydr ocar byl , di hydrocar Byl am nohydr ocar byl ,

di hydrocar byl am no, 5 hydrocarbylsilyl or triH¥@rocarbyl silyl hydrocar byl
group of from1l to 80 atons, ngt_coupty \0d Zhydr ogen, or further optionally,
two or nore RA groups fromthe sane ulf erent nmetal conplex my be
covalently linked together; Zis a . fEhmeﬁkpty, bound to Mvia a

coval ent or coordi nate/coval ent wvid, conprising boron, or a nenber of

G oup 14 of the Periodic Table of the El enents, and al so conprising 10

ni trogen, phos ul f [ OX) an anioni c |igand group, with
the proviso, Vﬁ’ﬁ I#ﬁé quggﬂe?%%t%%btg? gﬂ%“&?”f‘"sl OXidption iR S | yI met hyl

havi ng from 1 RAindepemiehiynach occeeie Blhkiloge, Gwhydﬁfcaxby\loha)}’okgrﬂﬂidmylt oget her
are (di il e t.h each occurrence is
a neutr a?%@%l\ﬂr l‘ffé'b 8%?%3&“@‘1’{%?56{‘]?%'&?@&1“?& 4 lhy rgcaﬂé'tlaé‘?m%orrpl ex and

havi n§ u[hyﬁrﬁcaﬂi&lﬁ[yt}@Btnhpdhﬁcaib)@sﬂyﬂlydlaéuﬂbyl(Qrduﬁ o2 £610,1 td 8@4tomds, nbtcoahtingof t he

f or egoi n ref er rﬁagenbodl r ef qrabl

di benzyl ﬁ%enoPr g"’d’ra Sgo ?rd'éj‘gf elg“Wﬁ %&P Hg(sg'%% fz’lé)‘atf?‘felgtt%% FB‘PH’]X’é

cycl oal i m’matblecz:o@nantlplmla:ﬁdogamer 20 | east one of the AR groups conprising RB
is asingle or, nmulti erln omati c ref I in the
enbod; ot - wnd B Avelp et g o Bl ST iai B AR or PR £ R okt shitetste o
cycl oal i bhevhj @ agiember o£Groum i € the Rpriodip Tablbiofthe E&nﬁnt@&n&@lsamﬂmsmg

hydr qgar b r is fysed to the cycloaliphatic group. Mst preferably,
- N( Rg?z "8 |gg" ﬁ‘gsbP%rP%S‘Lbi '8 MYB™ ple ring, fused, aza-cyclic group.

Exanpl es of theif amrmgmlcrlgand- OB wzh grequgssol, thad itl dGEast one occurrence X 1s

1 3-dih , 4-. 25 t et dro 2-yl
1 3 iy GeR R P B Rgp 1 5edhr in BB gy PP ST Bk pOREY PESIRAS ~2Yy1
1, 2 3, 4- t(damleaﬂygsdylmemrb(methxkaﬁejj i soqui noline-2-yl, 1,2,3,4-tetrahydro-2H

X’ independently each occurrence is a neutral Lewis base compound coordinated to the

15 metal complex and having up to 40 atoms;
pis 1 or 2; and
q is zero, 1 or 2.

In all of the foregoing preferred embodiments A), B) and C), N(R®),, is preferably
dibenzylamino or two R® groups together with the nitrogen atom form a cycloaliphatic group, and at
20  least one of the AR groups comprising R® is a single or multiple ring, aromatic group. More
preferably, in the embodiment wherein two R® groups together with the nitrogen atom form a
cycloaliphatic group, a single ARgroup, which is a Cg_ aromatic hydrocarbon group, is fused to the
cycloaliphatic group. Most preferably, -N(R®), is in the form of a multiple ring, fused, aza-cyclic
group. Examples of the foregoing, -N(R®), groups include: 1,3-dihydro-2H-isoindol-2-y1, 1,2,3,4-
25  tetrahydro-2H-isoquinoline-2-yl, 1,3-dihydro-2H-benzo[f]isoindol-2-yl, 1,3-dihydro-2H-
benzo[e]isoindol-2-yl, 1,2,3,4-tetrahydro-2H-benzo[g]isoquinoline-2-yl, 1,2,3 4-tetrahydro-2H-
benzo[f]isoquinoline-2-yl, 1,2,3 4-tetrahydro-2H-benzo[h]isoquinoline-2-yl, 1H-

benzo[de]isoquinolin-2(3H)-yl, and dibenzylamino groups, corresponding to the following formulas:



benzo[f]isoqui noline-2-yl, 1,2,3,4-tetrahydro-2H benzo[ h]i soqui noline-2-yl,
1H benzo[ de]isoquinolin-2(3H) -yl, and di benzyl am no groups, correspondi ng
to the fovOowsasgs fornmul as: -8 WO 01/42315 PCT/ US00/ 31645PCT/USM316USN | |
or Also in the foregoing preferred enbodi nents A), B), and C) of the
invention, -Z*- is pref R 2-, where R, each ¢ [ rence, i's
phenyl, tolyl, i yr oups toget her
are:. OO 5 M 4- met hyl phenyl ,

napht hyl , /=8

occurr
or 4-n-butyl ph p 4 nftal\ al | e present netal
conplexes is tit e foxegoi/ng pref¢ enbodi nents A)
and B), preferr met)yiy, trinmeth yl met hyl, or
two X groups toge ¢ - (et hyl nost 10
preferably trimethylsilylT wo: X grups toget Rer are
(di net hyl sil yl ene) bi s( et hyl t he enfodi nents whergin X is
trimethyl silyl nmethyl possess i nproved catal ytNc activity. In
t he enbodi nent s/ Wra
(dirrethylsilyl are
particularly stable tions. 15
Preferred RA group NRB gr oups
previously disclosgd a al kyl , aryl or
aral kyl group of ug to ents of the

invention, Y is -NR N (s Cl1-6 al kyl¥Y or cygd oal kylly preferably

i sopropyl, cycl ohexyl, Qr' t-butyN Preferred IX groups in aI|I of the

f oregoi ng enbodi nents of the invention are carbon 20 nonoxi de; phosphi nes,
especi al |'y triAteainghedbregqing preferred embddymhaittos) B).aed C) of thhmmedtioheg it ne and

bis(1, 2-q] Sphi et : I Q”Z§I< R gﬂﬁg ach
occurreng’gﬁgygﬁgﬁ? b?gér}g% e'&é;ll{‘ ;FE%%BSI}?%?%S{@@M yl’“;ﬂ“ t elﬁ}gsﬁg@ﬁ%ﬁbﬁal |y
t et r ahyditee Br groupsitepatkes areespeci al |y -9 WO 01/ 42315 PCT/ US00/ 31645

pyri di ne, bipyridi et ranet hyl et hyl enedi am ne (TMEDA), or triethyl am ne;
ol efins; and conj ] dienes having from4 to 40 carbon atons. Conpl exes
i ncluding the Ve s, especially termnally hydrocar byl

substi t ut ed- 1, i ncl ude those wherein the netal is in the +2
formab oxi dati on n.the foregoing preferred enbodi nents A) and B),

when p is 2, Qrdsp pl%%¥a%ly, M‘"' bach' orc]c&rgggésls Sﬁenyl, 4-methylphenyl, or 4-n-butylphenyl.

A preferred Group 4 metal for all of the present metal complexes is titanium.

Finally, for the foregoing preferred embodiments A) and B), preferred X groups are chloro,
methyl, trimethylsilylmethyl, or two X groups together are (dimethylsilylene)bis-(methylene), most
10 preferably trimethylsilylmethyl, or two X groups together are (dimethylsilylene)bis(methylene). In
the embodiments wherein X is trimethylsilylmethyl the complexes possess improved catalytic
activity. In the embodiments wherein two X groups together are (dimethylsilylene)bis(methylene)
the metal complexes additionally are particularly stable (robust) under typical storage and use
conditions.
15 Preferred R* groups in embodiments A), B) and C) (other than the -NR® groups previously
disclosed at the 3 position) are hydrogen, or an alkyl, aryl or aralkyl group of up to 10 carbons.
Preferably in all embodiments of the invention, Y is -NRE— where R is C, ¢ alkyl or
cycloalkyl, preferably isopropyl, cyclohexyl, or t-butyl.
Preferred X' groups in all of the foregoing embodiments of the invention are carbon
20  monoxide; phosphines, especially trimethylphosphine, triethylphosphine, triphenylphosphine and
bis(1,2-dimethylphosphino)ethane; P(ORK)3, wherein R, independently each occurrence, is
hydrocarbyl, silyl or silylhydrocarbyl; ethers, especially tetrahydrofuran; amines, especially

9.



+4 formal oxidation state, and X is independently each occurrence
preferably is chloride, nmethyl, benzyl, trinmethylsilylnmethyl, allyl,

pyrol | yl voo ot/4a31X groups together are 1, 4-butane-diyl, 2-bor/@se@/318454-diyl,
2, 3-di net hyl - 2-butene- 1, 4-diyl, 2-nmethyl-2-butene- 1,4-diyl, xylyldiyl, or
(di et hylpsiidiyé bfp@x)idﬁha(tmtriewvhﬂﬁ)enedia&ﬂné ﬂ'I\fﬁEBABDf eldthglmdml:i; otefitssand) and B),
when p is oxli tate, and X is
pr of e abiy sk forEidinelians oiciad e oo RS Rl o R T eRUPY pheny!
al lyl, orespmblﬂbadehmhallyl hydmﬁbﬁrsnmmbbﬂbmeres Anchnid tlidse whirein tie maal@s ing | S

1, Mis in rmal  _oxidation state, and X is
1, 4-di phélheylzr}?n%a% X 4t flgtrailg' 1, 3-pentadi ene or 2, 4-hexadi ene. 15 Highly

prefebred co Ehxé&emugmeﬁemgi mwnﬂmdm)mnd B);)whemp lise5 Qaswbrd, O {shnethe-e3 mul as:

[AAD [l ndofh ool B b DG RGN ORIR, T2 QT (R

wher e RHbenzgl, mahdiyylsilyjuineshnp a,llyl‘, pyryllyl@r twomgtcgabmgenbdr ;areR' 4-bnsarrekﬂ1ylr2)butemt hyl ,

benzyl , tr| t | si | t r u
(di et hyl'sh LT dj‘%"%‘{‘%"t“%?é%e ‘Y‘\A%Hﬁthﬁégﬁ?’“ 5 f% Pt -‘(re?rhyl ani no) benzyl ,
1, 4- pent &din"nethglsmyletib)bds(nibqhhlem)l -1, 3-but adi ene. In the corrpl exes of the
for alAl’ it forma i.dation
st atrrgbwhen w |Ir?prefeFA1¥em ° n %&"ﬁrﬁ)gﬁlheﬁl& heny Fero M mrr}let%gfo 8’)‘(1?2310? ion
st at e whetnteRindiXis pte,féraqdye,ri!t (MN elireethyl)ainiubbenzyh ér@i IN-AinRtHylandconeatieyl)pRnyFor
pr ef erreq1 ﬁng ét illustrative nmetal conpl exes according to the
pr esent venti on | ncI ude -10 WD 01/ 42315 PCT/ US00/ 31645
di chl or o( N- ( 1,1 pretferned hbe}hlhgdtQAhndLBl;l whbepislO; q lis 1, M is in the +2 formal oxidation

-((1, 2, 3, ) 5 3- - H | nden-
_yl)sil ané%i %%t% %bﬁ d( %l hl;{lgad(i)eng %%\Ee?n?arageﬁe or22 ¥ héxa&wne
- di mdf hyl et hyHighly ﬁre&lmhwmlexbs (u(cmdmg&p Smbatamdit ) Ber(ebp@Brddo Hgdorowukist i soi ndol
-2-yl)- 1H i nden- I)S|Ianamnato(2) N) - aniumdinmethyl; 5

(N-(1, 1-di net hyl 1) di phenyl -1-((1, 2 , T&AMI) - 3(13dihydro-2H—i
soi ndol - 2-yl) -

1(RH)2 I(RH)Z

NC(CH3)3 NC(CH3)3
Ti(R)Q TI(R’)
(IA2) (IA2)
NC(CH3)3 NC(CH3)3
Tl(Rl)z Tx(R’)

where R". is methyl, phenyl, toly! or n-butylphenyl;
R' is chloro, methyl, benzyl, trimethylsilylmethyl or two R groups together are
20  (dimethylsilylene)bis(methylene); and

R’ is allyl, 2-(dimethylamino)benzyl, 1,4-pentadiene or 1,4-diphenyl-1,3-butadiene.

In the complexes of the formula IA1’ and IA2’ the titanium metal is formally in the +3
oxidation state when R’ is allyl or 2-(dimethylamino)benzyl, and in the +2 oxidation state when R’ is
1,4-pentadiene or 1,4-diphenyl-1,3-butadiene.

25 For preferred embodiment A), illustrative metal complexes according to the present

invention include:

-10-



1 Hinden-1-yl)silanam nato-(2-)-N)-titaniumbis(trinethylsilylnmethyl);
(N-(1,1-dimethyl ethyl)-1,1-di phenyl -1-((1,2,3,3a, 7a-rl)-3-(1, 3-di hydro-2Hi
soi ndol - 3v@b)42B13+ i nden- 1-yl ) si | anam nat o- (2-) - N-) - ti t ani PAT/US00/31645

(di et hyI silyl ene)bis(nethylene); (N (1, 1-dinethylethyl)-1,1-di phenyl-I

1, 2, 3, 3a, 7aichlojo(8=(( Ldﬁndh)hgtdyl))i Zld-lphsmll-l‘l(-:(()ﬂ 2,23y,79-1)-3-01 31.d1hydr0 2H-isoindol-

i nden sj |.ana - titanium (111)

N, N- d?ﬁ‘}éfll)w ndeR- hgbﬂg at°(<?\15\FI")1) Wi et hyl et hyl ) - 1, 1- di phenyl - |
1,2,3,3a, 7a3-{,) dﬁne(tﬂylé’zhﬂ) nydripherdiH (6102, 180 a-7)-3¢( 1), 3-dihydro-2H-isoindol-2-yl)-

2,
den l-yI)S|Ianam nato-(2-)-N-)-titanium(I1)
2,

/-\
NN TN

(
H

4- di phéHynden- lexlbue%mné%@)%%&mnwﬂb@&et*%m ohexyl ) -1, 1- di phenyl - |

I( 3, 3a, 7gn-4l,1- d§ne(t14'\«{_1§hﬁj hydiRedih '{](_5102 ﬁﬁlé)ta-#yy (),3- d131§dr3—1231"1b61ﬂﬁ‘ﬂ'-2 W)-

si | anam nat o- ( tani um ycl ohexyl 1- di phenyl - |

2, 3113andpa-lwl)sﬂg1amna31 @Wﬂﬁ@nm blw%@rlamw xl)m i nden- |
si | ananmi n@??r g%eﬂggaét@l T? ﬂg&% TREDY, 3 Id\h)ﬁﬂpi QII?a‘rMIﬁns&ndolz-y )-

in
(13
(2
I
él Lhenyl - dro-2H i"soi nhdol - 2-
nden- | IH Ilqesﬂl—)d)samanma@-@@- -)Nl wn&damthuhllyil@ ebis(meshyienek i I yI mst hyI ); 20
N- | oh dol
i )(/CVC 0 exy@.ﬁﬁl}iilrﬁstlgfﬁgﬁg}ﬁh i t%qy?f( 1323 %?za 3. Br-dinfarg D BigSiRaof a2t ndlo

2-yl)-1H i nde

di mee hyI1Hiih@ehanﬁ)sbar&@mm@-me)tnan(mﬁ @yz Kl‘@,hledamleghylammOJ.benml phenyl -
(

y

[

-((1,2,3,3a,7

- I()si I ana?ﬁ ngﬁé i?”ﬁ’&%il%hﬁ P igifpﬁﬁ?yﬁll(f‘yi gg?k? III%’II‘?%?‘ ]I‘W‘Iira'r%l@ﬁ%(y deorllzzﬁI D-

(N (cycl onemden) =yl kilarhmighit@(2e)ayd)-titdnium (II) 1,4-diphenyl-1,3-butadiene;

2,3,3a,7a-Tl)-3-(1, 3-di hydro- 2Hi soi ndol - 2-y| )-11-1 25

n-1-yl)silanam nato-(2-)-N)-titanium (11) 1, 4-diphenyl -1, 3-but adi ene;

! o 3( hN ( ldibhﬁﬁmt(bwlﬁkfw ), 1J;Iiplai@il&((GI;ZJEBAJXH-WFBOIIB-alihﬂdré-(ZHrié’oiﬁd@a-,yT)a- T -
[ i soi_.ndol -2-yl ) -

d2n- iHYP‘jeglll')é}?&ﬁ‘Iaﬂ’é‘Iaéo (22)%'51{&3““?’?1 ani um A

1, 1- di net byl 19.0:% -3ldib{dte-2 H3sodlok 2yl HE-3- (1, 3-d
ro- 2HI- ngok?(s%fc%g% -)111 %@Mﬁyﬂ?ﬂggnhylﬂ;??g ?lang(r]n& ngtlo{ (2-)- ﬁl—y? IIH. t aﬁu um

di met hy| inden-1-yl)silanaminato- (2 )-titan

(

umdimethyl
N-(1,1- d t t -3ldi s ploe-3- (1, 3-d
hydro- 2H | sol o o) L g E'I’?nalrﬁlﬁéf%?@*’?f?ﬁ? P R um

bi }s/( tri mEdesl yI)pqunﬁ@tnntyr(y D-N-J- Na{nﬂmlblaﬂinﬁ@mw k1, |
oi
|

2
1
1,
[
(
(

(
-((1
i nde
di ch
3-(1
Hin
(N (
i hyd

sgg- met hy' E’ﬁgf}(}é ngl)(I iL-dﬁ)h yf@a(@azi ia)?a%j)(alsl?’s &Ih?&@&m&}'ﬁdol 2-y1)-1H-

I i ndol - anam nat o- ('2-) - ~titani um
(di et hyhlsiﬁlll-)l"r}'@ﬁl@)ﬂbmwéwdﬂﬁﬁ éﬁ@)ﬂum (dlmthmﬂmlzmmmm@nﬁusom 31645
(

[y o- 24 | sotkdae gL LI YSRHRR A Sabld Srslsqior Dk )
2-( Nll\kl%m {hyﬂ)lalgnmo)nber(zym ) t1tan1um (III) 2- (N,N—d1methylammo)benzyl | 5 (1.3-d
hydr o 20 1 s hE Ty IR LR 2 A P i e B R B L ()

1, 4- df phéardgh-1 ZM)SHdnmh&ﬂto@(lQ-N-&tltamum (1) 1,4- dlphenyl 1,3-butadiene;
di chl oro( N- (cycl ohexyl ) -1, 1- bi s(4- net hyl phenyl )-1-((1, 2, 3,3a, 7a-rl)-3-(1, 3-
di hydr o- 2H

dichloro(N-(1,1-dimethylethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-

2H-isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium;
(N-(1,1-dimethylethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-
30  isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
(N-(1,1-dimethylethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-
isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
(N-(1,1-dimethylethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene);

bi
S
di
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i soi ndol -2-yl)- 1Hinden-1-yl)silanam nato-(2-)-N)-titanium
(N-(cycl ohexyl ) -1, 1- bi s(4- et hyl phenyl )-1-((1, 2, 3,3a, 7a-rl)-3-(1, 3-di hydr o-
2H i soi ndod 0R428113 - 1H- i nden- 1-yl ) silanam nato-(2-)-N)-titpaT/wseoditeest hyl ; 10
(N-(cycl ohexyl )-1, 1-bi s(4-net hyl phenyl )-1-((1, 2,3, 3a, 7a-il)-3-(1, 3-di hydro-
2H- i soi ndol - 2(N5(ll)l-djrhbthyictbyl) 14 3piis( 4 inkthpiphenyBt Iod({,2,3)3aXa-y)-84(t , wlihydro-2H-
(N (oyel SRoR 0 EERR Lm0 T2 4N ametty Bineloegzyh g o.
2H i soi ndol - 2 (W) Milhethyiethylj:i Yibis¢d-mathgiphergt)o~(( 2,2 B; 3N—7a-nb B-t(B,BHdthdro 2H-

di net hyl. I n
(N Coyol e FAPA R BT e SR lianeiap ) fisniom 03 obeaye) 3-buagioncs. g gy o.
2H i s6i ndol -2- 15 yl)- 1H-| nden-1-yl)silanam nato-(2-)-N)-titanium (I11)
2- (N, N-di net hyl
(N Gyl ohexy ErtYPETSHERY b bisemgby PherpD 613338 T B34 3902 hydr o-
2H-i soi nﬁk@indarz YIbJIHLthnDﬂ?lﬁmllnaﬁhﬂa‘ﬁd [eRyidaien;( 2-) - N-) -titanium (11)

1, 4-di ph I t
di chl IoPo(enl\l-y( | O eelRbe)r bt A matoamd-LLDBOYTpmEhgh I Sivirp 2 bisandsk 27 1 )
-3-(1 l)tlY-ijnQean- l)s11anam1nato (2 N )- tltamum dimethyl;
2H-|50|n ol - 2- X i nden- 1- Si anamnatoé -)-N-)-titanium
(N-(191-di net @f(@tclp}lm}sdhl 1bt§(‘gl(1ﬂthﬁpllﬂw19‘llrih1e%§ 37an)3-01, 2 ddyda;2Hzaiseindel 3= (1, 3-
di h r O %/b"lH ﬁlgémp9i)51l%n¥ﬁ1)1atgr|(t ) ﬂd)etﬂarﬁ'urXIb s&h}n@t'ﬂ?irsrﬂﬁﬁhﬂyls 2-)-N-)-titanium
di
(N— ( 1 1 di net W’r(@tClD}lb)}}d)ll 1bb(4sr(1d.hﬂpltmls'ly-ll|f((ﬂe21§ By, 7 §-U,2dByde;2Haisoindol3- (1, 3-
g 2’? ?”ét HE lglﬁﬁ! Pﬂ@{ﬁﬁﬁ'h&tg&z-w.)ﬂﬁ%&‘(éﬂ&t‘ﬁ&l‘ﬁ;ﬁ%ﬂ*&ﬁa&h&l@ﬁ%f N-)-titanium
g N;](é 1- di et W#(esgt?hb))yl)ll Hb(@l@gaﬂ%myygg?% %;ln%f ;[)_L j dihgcﬂa 2;'@??1{1%0:] |3u§n 1, 3-
I ny n8n a}llat titaritu. imethylamino)ben l
i e oy PO PR Es EndibS ybenzyl;
él\L (é 1yd|§‘r mg&ﬂ%mh&m 1abb§s]maay1pmw41§glef%n% 7a1?1{? :g gg ngi&& 2)7&??1{1%0:1?% 1, 3-
hydro lkaI L 1 1 muxx 1I en utadiehe;
/S SRR g b Pt (.4 B3Ry
E ()1 1- gl met hyl ethgl) 1, 1{)‘b|s(§fI n- but yl phenyl) 1-((1,2,3,3a,7a-i1)-3-(1, 3-
((j 3/d20 42';" pﬁg@f ﬁﬁﬂﬁg&&ﬁé}'ﬁ% L1980 e RO B A S Nkl k&Nt um

dh Cﬂbgm@?ﬁfw@h Q%XDH )rrd&n Lybm&ﬁélmﬂatbm prmaMhﬂm 1 ((1 2 3 3a 7a tle 3-(1,3
| ro- | SOI i tani umnm
(N-( >c/ycl ohexy =k, lf‘lfﬁ?t@(@fhﬂ) ﬂyﬂltbysl(‘bﬁélﬁijle‘?l}’)l)(]( -1 é 3§a§a n?“é (ﬂﬁ)dllyd{%ﬂé di hydr o

-2Hi soi ﬁyaﬁhhoﬁz $-1MLihdeh- I msﬁlﬁﬁam;lmdt;z)ﬁul)ammnmmu{y2 )-N-)-titanium
di net hyl ; /4231 PCT/ USO0

(N-(cycl ohexyl(l)I (b, lﬂlf{fb‘?tbﬁ(lﬁthﬂ) blitjpprntylphenyle -1.2,3a3am3-(} Byditydyor2 /8- di hydr o
- 2H- i soi pdBlisid- ?’lb-)lHl 1hhénnﬂﬁ§kllhna)ﬂlﬁa$d bR FRahy bidaimdhylsityih&mEm

bi s(t t hyl

( 'NS§ ér§|c rﬁheiy%l)uy,l @mté(lethyi) biitbjs(habnylphemyl ) (-1 .2, 3Bagany-a=(t Bydityd(o12/8- di hydr o

( grl-mlsfﬁ;/ §’/1|22e?'11e %n 1“%3?1 ‘;]a”'iﬁl‘a)“% 2| )aﬁa%Jﬁ%ﬁ)(cﬂlget)]ylgilfylengjbfsaﬁ'étmne)

(N-(cycl Ohexym'(ILl lthﬁttlS)(lthi) buibys(hbntylpheryl ) (- 1.2,3BaTanFa-(i BYdild(o1258- di hydr o
2 R0 Bl o ARl d. 6L RO Arf RNk ARG 1)

2- (N, N-di et
(N (1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
30  isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-butadiene;

dichloro(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
isoindol-2-yl)-1H-inden- 1-yl)silanaminato-(2-)-N-)-titanium;
(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-isoindol-2-
35  yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl,;
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(N-(cycl ohexyl)-1, 1- bi s(4-n-butyl phenyl )-1-((1, 2,3,3a,7a-rl)-3-(1, 3-di hydro
-2Hisoindol -2 yl)-IHinden-1-yl)silanam nato-(2-)-N)-titanium(Il1)

1, 4- di phev@b1/42383 but adi ene; 10 PCT/US00/31645

di chl oro(N-(1, 1-di net hyl et hyl ) -1, 1-di phenyl -1-((1, 2,3,3a,7a-rl)-3-(1, 2, 3, 4-
tetr ahydr o- 2((N (cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-isoindol-2-

0 SOT RO L SRR AL b ARAT IR e et ant U
-((1,2,3, 34, 7E(N12(h9c1031c£y1)r21~3ls€14- i-bhtyphet -2 (,2,313h, 7a-3payi ,Balihydsol IH-isoindol-2-

g‘n I( Edin_ f);]]é—i @ ? -&6?;32%}11%&&%%3]él%%tar}nhr&l%ﬂn‘éﬁ?ylsdy enem(sl(r;nethylene)'
-((1,8,3, 34, 75{N'¢(|E_20‘10%e£y1)—21-31564‘ --Bhty BAAHNO-E(,3, 35)1‘7a- hP3- (1 3 d1hydro 2H-isoindol-2-

i soqui nolin den- 1-yl ) sil anam nato-&éi\]) )-tit
bi s(tri m& fh'ih gidFrywﬁilhmmatw I rtitamine «(HD M)meihﬂanapﬁhwlp -
-((1, 2, 3, 3a, 7"%N[(E9c‘lo%e£y]r)-121 %15%1’15 gﬁtl&?ﬂéﬂﬁ)ol' Q{3 31 70 5991 B Jay lfYI A-isoindol-2-

1H i nden- 1- ]ly ) si l'anaminat o- ( g

(di net hyIy9r Iyméﬁb)ﬁl)%'@nﬁlngtp—é% )*I)tltewnpiﬂ)ll ﬂﬂrpb@wylléthwﬂ)enq 1- di phenyl - |
-((1,2,3,3a,7a-i1)-3-(1,2,3,4-tetrahydro-2(1 H) :

[ inolinyl))-1Hinden-1-yl)sil ' -(2-)-N)-ti [ 1]

2 (NISL di :Tgtyh;a@mg;‘@z?mxy&fz@ ?r}adrl;hrli;f’l (230 323 A vesabydto-

N(1,1- t: a-rl)-3-(1, 2, 3, 4-tetrahyd
§o (2(I H) %@O%I“ Mr?)ﬁmﬁfhﬁg !nfig gqngtrlﬁgﬁg%o (2)) Nf)-tl tani um (| |§/
1( Elldlz pgegyl 71N5{4121tmradhyéctbyl) d;lidr;tmmd(lN(( 2:,9;311 oraxy).2, 1431etcb1hp¢lrealti)yl}i) |

a etra soqui nolin
H i nden- iso)(}‘ujlglnt‘yanlgfﬁng%ni ?yl?%éyarﬂpito t&l-?-ﬁ% t?tgmurgélmethy?q y
(N- (cycl ohexyl(N-(1,1 dirdéthyiehyl)-1)1 dj;(h]:n)a 13((B2,3,3874-h)-3-81,2,3 A2etbddrbe(Yhydr o- 2( 1H
% NI_ Sggg: g%lgi?@%{llr?yh?-l%[_-lafi 'E'X@i lilén 12;ato-(?—51-ﬁr:S|- r{gﬁu?m %1s(t21ml\#hgllsﬁ Ilrglg'trﬂyl)lm di met hyl ;
-1 (HE 1, 3 3, ?a 7anNred dﬁnétﬁylahﬁ)-4,1tda§1feaﬁmclaznz 36&7&;)1) B—mma,wrterkahwb)zlfm) ol
(N I( gygréswg %)l)n_yb lg}l%ﬁbﬁ%gl% %rmnato (5-5- 6Sntlltgnrnlm I(cisrltetlillylln]?yler}é&bls(m%:/th)rlrlgltle)y )i
-((1, 2, 3, 3a, 7aNth )i=dBnétlylehyd)- 411@511@@41;@«1)2 3@47#)1) 330918 40ekdharb 2 (39-

1Hi nden 1-yl)silanam npato-(2-)- 2
(di met hy|IS§HP1§)P layB)-bildpdeat ﬁgﬂs'éaﬁéljmna O(Q%-)(I}E\)’@Fa&%kgﬂbz N N-dimphygagpino)henzyl;
-((128, 3, 3a, 7anih - d%nétﬂylahﬁ)( 41%&511@&41;/1(1{(928(34'7& p@gyeaqémy&m(m)

1H i nden-1-yl)silanam n

2- (N, N- d|1§‘Pﬂt“ﬁ9llnélﬁrI%WB@hkyﬁ)Sﬂa{lwl(l%!%? bh@xﬁym)lur& (Iil -indenyl-1,3tbutadiene;
-((1,2,3,3a,7a-r1)-3-(1, 2,3, 4-tetrahydro- 2( 1H) - i soqui nol i nyl ) -

1H | nden 1-yl)sil anam nato-(2-)-N—)-t| tanium (I1)

1, 4- di phenyl - Hichlose(NAgycdahexylBh 1 -diphenyd 16((1,2 3,32, %-PF (1SR4 S mbyd o-2(1H)-
di chl or Oﬁg}l'q(u;mltinryg' TR ?&ﬁ%f_ba)iaxﬁnzgto 103 5408 tﬂFr;B}{J phenyl)-1-((1,2,3,3a,7a-rl)-
e

3-(1,2,3,4- t dro-2 I soqui nolin 1" Hinden- |
-yl ) 8pl ananmi na(Ndc;(cg)h)ax)ﬂH L-diphemyl-ur{1,3, N34, Ta-n)-3-(1,2,3,4-tetrahydro-2(1H)-isoquinolinyl)-

LVl PR ML s 2,208 7o) 0,25, &
dinmethyl; 5 (N (cyclohexyl) 1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,2,3,4-tetrahydro-2(1 H)-isoquinolinyl)-
,( 2': ,E é t E‘a %”E@W )e/lt)sqgnalmna’to (2b)I ﬁ()%tanugnp ¥i s&tl]rg&}{}lflgify}ﬁlétfl}gl);z’ 3,3a,7a-rl)-3-(1,2,3
2( 1H) - i soqui ngNiegdohexdyit-1, ndiphentd-y1()1S3,3,34) 20 & 162,%,2-tgtrahydre -2 (1H)M¥oginoliny1)-
bi S (Gp T My S Y TE ¥ dk-(2-)-N-)-titanium (dimethylsilylene)bis(methylene);
(N-(cyclohexyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,2,3,4-tetrahydro-2(1 H)-isoquinolinyl)-
1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-dimethylamino)benzyl;
(N-(cyclohexyl)-1,1-diphenyl-1-((1,2,3,3a,7a-1)-3-(1,2,3,4-tetrahydro-2(1H)-isoquinolinyl)-
1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-butadiene;
35
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(N-(1, 1-di methyl ethyl)-1, 1- bi s(4- et hyl phenyl )-1-((1,2,3,3a,7a-r1)-3-(1,2,3
,4-tetrahydro 2(1

H) - i soquiwobimghy - 1H-i nden- 1-yl ) si | anam nat o- (2-)-N-) -t i t ROT/WR0/31645

(di net hyl silyl ene) bi s(net hyl ene); 10

N-(1,1-di net ht,ﬁhﬁirdsmL()l-1Jd1ﬂ1etbylsm§lbnﬁtwi3(hm’fee@j@h¢nyl)-( ((1L,23,33,73ay)-88d 213)4-3- (1, 2, 3

,4-t et r ah
(1h e o B Ro 2Dy oo e i e e D PR S PR i ¢ ani um (111)
- ( (N N dl met hwl(amdlﬁétbﬁanw 1,1-bis(4- methylphenyl) 1-((1,2,3,3a,7a-1)-3-(1,2,3,4-tetrahydro-

N-(1, 1- hyl 1- 4 hy 2 7 | 1,2
4-t etr a%]g—ﬁ%soqugtohr}/yl)) 1H- 1nderP Il-sy )sﬂarrzaergnnato -(2-) 1\?/) 1tan1um(d1meth)?i 3a, Ta-r )-3-(1,2,3
(

2 iHés l ﬁiﬂ“: nQNL(n%lc%rgéth{]elﬁgﬂﬁﬁ"lJmé@ oty BRE)RE 02,632 1a-Mh-B-(1 b Baketdhylilol )
[ - ut adi

di chl oPo(z )dseariza b JH-mden-giyDsilenpainaip Bhhititroism bisripethybsilylmsthyl)y - 3. (1, 2,

g(‘llH; e|t ;ggﬁid:]o a ; imethylethy]) 1, _1-b_1sﬁ5n ethylpheny))-1-((1,2, (v. 3a.7a- )3 (2 drtetrahydro-

(N. - (cycI%H@)@%)lmmhmyl)bl%(ndenré*b'ﬁy_lapwemyﬂo)ﬁ il‘(ltlta@w@_ 3a 7a rI )-3-(1,2,3,4-tet

{j?%?[]ol %&%%ylsﬁﬂ%ébﬁﬁhﬂeﬂﬂyleﬂ)“"" nden-1-yl)silanam nato-(2-)-N)-titanium

(N-( d90| ohexyI(N-(1,1 dietbylethytipd fypiigihrenathly)phanyl) 1((R.2.3,383- Na3+(1 P SF-aRdS; 4-t et r

anydr o 260yl B ABHRRL ek 1 AR 2 S AR G ) - ) - T tanium

(N-(cycl dheetwlamlmp)beltwlsm met hyl phenyl )-1-((1,2,3,3a,7a-r1)-3-(1,2,3,4-tetr

anydr on 2011 IR ARHRI Y B RARR Sl 79398423 P2 Mokt oani um

( hI\I— ((j cycé?%ﬂyk@;;ﬂnpnnym} B{-ihdemmt Hi)bipiheninkip-(2-)N-)Ltit2ni8m3IH) Va-dighgryd-1 (31huRad@nd;- t et r

ahydr, -

i soqu?nol inyl)-1Hinden-1-yl)silanam nato-(2-)-N)-titanium (l11)

2- (N, N- di net hydichrare®™) opdatigkyl)-1,1-bis(4-methylphenyl)-1- ((l 2,3,3a,7a-1)-3-(1,2,3,4-tetrahydro-

N (cycl 1)-1, 1- hi hen 33a7ar| 31234tetr
gihy((:lrg Z?HWSJ‘WQBW% @]‘f“ﬁ’ﬂ; m"?faé’ﬁ‘)"f%ﬁ“&% P A% nat o- ()2 ) - §\|—) titani um
(1) 1,4-di thNy(bycloh3x3h))JI a8iseR@ethylphenyl)-1- ((1233a 7a-n)-3-(1,2,3,4-tetrahydro-2(1H)-

hl (N-(1,1- hy -1,1- 4-n- yl ph 1)-1-((1, 2, 7 I
E“?)C( lorzogsogmg@hny?)l lr}rle;[nden 1 yl)sﬂazlammato %? -) -t?tamllijrgl dm?etl?yny )-1-(( 3,3a 7a-rl)

t et r ahydr o- 2( k) kxRl bRW-hetbiphddgoN-=r, ¥ 5 B8 74-ANar N8 kettadydro( Dt i t ani u

En N- (1, 1- diorwppinyBt Il inglen I-yDyifanagruingo2n-Pi-asyn pisgripethylsilyimethylya v 1) - 3- (1, 2,

3,4-tet rahydr c clohex 1,1-bis(4-methyl hen 1)-1-((1,2,3,3a,7a-n)-3- 1234 tetrahydro-2(1H
2(1H) -isoqui ngﬂ(n’f/ yl‘?—l nd e%- 1-y fygna(r(n nat o- B) ( -t ta?u um(dl)met hyl ;

(N- (1, 1- dsogwinplyybt] m)ier&l-:z%iagaemnﬁom-;ﬂl bmfemymxdlme@ylillﬂer@)@%mv@ylm) 3-(1, 2,

3,4-tetrahydr 3. -
2(1H) -i soqui no |((r:1}§/cll3h-ex1yl-?- },%33%4_1?9%}?/1.})53')’3”61% %\%t?)ia)?? E) 3 S 2’?’4 tetrah%dro (1H)-
bi s( 26 mesohyingliny)} lileinHgn-1-yl)silatamivgo(2-)-MPRtEnimacTISAN M8 dgapthylamino)benzyl;

(
2
2
(
2

(N-(1, 1-di net I (43D I = 1- : 38 7 8- ~3- (1, 2,
o et oy drg*é?);lcﬁiﬁe)}yl)ll liljlbltr%t) eth?L)oP%&S-lF?@FE'XB% Tanf-S 4,23 2 aBnd@o2 )
-yl)sil am@qmnalinyl)(lll-mdw)-yt)sﬂlawmmm) (Z-3HNReti thnyitirs Kﬂlyﬂ Jediphdnys( Geutadiceae) ;
(N-(1, 1-dinethylethyl)-1, 1- bi s(4-n-butyl phenyl )-1-((1, 2,3,3a,7a-rl)-3-(1, 2,
3,4-tetrahydro 5
2( 1H) - i soqui n@lhdhmjé(N}({,]llrdmétﬁﬁahgﬂ)yll)m(hantﬁxmlmﬂhﬁ}( -2 2;3\ba) 7atn))i3ani2,88-( 1 1 1)

3 etrahydro-2(1H)-isoquinolinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium;
2= (NahF - LR DY LA RGBS

(N-(1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,2,3,4-tetrahydro-
2(1H)-isoquinolinyl)-1H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium dimethyi;

(N-(1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,2,3,4-tetrahydro-
2(1H)-isoquinolinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
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(N-(1,1-dinethylethyl)-1,1-bis(4-n-butyl phenyl)-1-((1, 2,3,3a,7a-Tl)-3-(1, 2,

3, 4-tetrahydro-

2(1 H) - i sogabned3ishyl ) - 1H i nden-1-yl ) si | anam nat o- (2-) - N-) - PCT/AROOBTOAS | )

1, 4-di phenyl -1, 3- but adi ene; 10

d|chIoro(N—(cxnkpmemﬁaﬁﬂ&hﬂ)busﬁﬁ4ﬂ%b@kmhgmﬁnuhﬁ3%mﬁ@%)34323@k%&dﬁhﬁr3 (1,2
, 3, 4- tetra dr o- i soqui no yl)- 1H-inden- |

-yl)sil an ﬂ%wn?lglyj)% )ndt:q 1=Yhs| }H?mmato -(2-)-N-)-titanium

(N-(cycl Q(Ing%m ])gﬂ);lenje)ﬁpg(ﬁlelﬁylené;utyl phenyl )-1- ((1 2,3,3a,7a-Tl)-3-(1,2,3,4-tet

rahydro-2(1 - 1soqui nol I nyl) - den-1- ¥ ?S|Ianan1nato 8212-N-) tltanlum

di nethyl ; (N @gsﬁbﬂ -(Slﬁgg(tpylﬁthz_l -141- b1s(4-n-butylpheny )-1-((1,2,3,3a,7a-n)-3-(1, -tetrallydro-

- bi s(4- nzpm)moabmm Jmclgaenzl AsAhafnall- 3G inf £OCADYdr0- 2(1H) - 15

i soqui nol i nyl ) en-1-yl) anam nato-(2-)-N)-titanium

bi s(tri wétmryhymlw)hﬁtzwﬂ );
(N-(cycl Ohexy'a)q (illﬂa—d%tﬁ,ﬁéhfl Wé(mgmymae )&1(8( %3%21?7@7]13% ({bbé@feﬁréhtl yros: 4-tet

rahydro-2(1H) "I soqui nho |ny en-1-yl ananlna t ani um
(di net hy|2§l|H)y$ogm;ylhny§( Hﬁmdyn ¢1yByilanaminato-(2-)-N-) -titanium (II) 1,4-diphenyl-1,3-butadiene;
(N-(cycl ohexyl)-1, 1- bi s(4-n-butyl phenyl )-1-((1, 2,3,3a,7a-Tl)-3-(1, 2, 3, 4-tet
rahydro-2(1H) - isoquinolinyl)-l FLinden-l-yl)siIananinato-(2-)-N—)-titanium
(111 )Y102- (N, N- dicliord()Hayrlohexyk ha pis(4-dutylphenyl)-1-((1,2,3,3a,7a-1)-3(1,2,3,4-tetrahydro-

Fanyar o- 1T udetn B el PYHNERNb L I e P (S ) 2N e um

(1) 1, 4-di phéiytyclbhdxybut, &dhsefr-l&butylphenyl) 1-((1,2,3,3a,7a-1)-3-(1,2,3 4-tetrahydro-2(1H)-

S L, o o abigamy P BV pbartudo L PRI cimsitvbor - - y1) -1

|+ i nden 1-yl ) sivl(aeronenat 01 -bad-n-butylphényBri-Ire,3,35,7a-n)-3-(1,2,3 4-tetrahydro-2(1H)-

Tl A R i e

T AT i el S i A e
_yl) si | arseAviRclingD{15-indeq- S'Y‘()?‘laaaﬁli“ﬁ??? - kk’r>rtrt%wﬂw§1m% S%Wi)/a ig(methylene);

f (N( (1 213d1329t7215¢ 1(é?;licmﬁle;)yi)l} L‘b@(épﬁlﬁﬁlﬂghen 1e) nlz((g 1,2, 3,32 g?-g) (3) I(1 % 8 /A-tetrahydro-2(1H)-
2-yl)- 1ws<>ﬁwe¢im:zl);liﬂyl§ ?rlahamlhawnw@ - Nr))tlt@mwaﬂﬂz A1(N,N-dimethylamino)benzyl;

(?l( T@g hyl g ; ! 37/31@;1&%%11&({139% ms lgﬁ&ggﬁ;%f ?’]BFEZ???B gt(?ylsy téxralaiﬁmfaﬁ@y -
H i nden- 1sogm1§1@1nwaﬁéhn by@glayarwgtoﬂ wmrtumw (I0) 1,4-diphenyl-1,3- butadlene

3,3a,7a-Tl)-3-(1, 3- dlhydro 2H benzo[ /] i soi ndol -
1M | ndeldLChloW(Nsﬂlllahlaﬂﬁlﬂatﬂlml)(lz -diphenyl-1-((,3Ai3afa-)-BY1,3-dihydro-2H-

- h 3 US00/ 31645
d chl IOPO?’RE%)@SO%ME 3ﬁ)1ﬁ1%_dl_en Fﬁﬂ&éna?ﬂﬂﬁﬂq&{f’)zﬁjﬁltf g};{l
-((122, 3, 3a, 7&N+(1 )-dﬁnf(tﬂylahyib thy! ettiphe @ 1H€NZ, 3, 4,] 3-8 300 Ddih@drpl 2fL-Henzo(/Jisoindol-
Hind | N+ t N- | oh 1)-1, 1-di ph | -
e LA ) R g - (vl ohy1 )1, 1l pheny
H i nden- 1-yl) $N4(B,mailim¢‘th)tléthj12-l,)l dij»h)zn;thlt-(a]ni B0, Th-nR hyl&-dxh5dro 2H-benzo[f]isoindol-

' soi ntol 295ty negs-doBiBaRiagrC o Siam R B Dan
bi s(trimet hyl sNl(yhhdiyyidthyl)-1,1-diphenyl-1 ((1 2,3,3a,7a-1)-3-(1,3-dihydro-2H-benzo[f]isoindol-
30  2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene);
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-benzo[f]isoindol-
2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (IIT) 2-(N,N-dimethylamino)benzyl;
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-benzo[f]isoindol-
2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-butadiene;

N, N- di et hyl am no) benzyl ; (N-(1, 1-dinmethylethyl)-1, 1-di phenyl -
1, 2,
1)

35
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N- (cycl ohexyl ) -1, 1-di phenyl - |

-((1, 2, 3, 3a, 7a- rI) 3-(1, 3-di hydro-2H benzo[f]isoindol-2-yl) 1

H i nden- W@by/gashidnan nato- (2-)-N-)-titani um PCT/US00/31645
(d| met hyl sil yl ene) bi s(nethyl ene); (N (cycl ohexyl)-1, 1-di phenyl - |
-((1, 2, 3, 3a, 7dichlofe(B-(cyclcherlylfpy drdiph2h D e(iz)B,Ba,Td-§)p3 -0 Hihgdrgi2f~- 10

1H | nden 1- 2- t.ita

2-(N, NdPﬁ%%l)Lfi) g}ﬁ%ﬂg%gﬁéwén &D%é"é’r‘ %Q/W)it‘“in‘%ﬂ?’phenw -

-( (Il 2, |3 3a, 7QNI(&9cioie;(y1)fﬁidlﬂhy1@n-Q <@k, bw;maaﬁ)ia] glsbﬁlﬂgmf)-zﬂ%eh%omll%ihddnd%m}-

1-yl)si aamnat -)- titanium (1| 4-di phenyl - ut adi ene;

di chi oro(1 -ipdeny L- ﬁ?%‘ﬂ%ﬂﬂ‘*’é Fﬁ/)y)lt‘t?“ﬁgg\"{f bt hy phenyl) 1-((1,2,3,3a, 7a-il)-

3- (1, §-di hydr QN-'k%'clohexyl) 1,1 dlphenyl 1-((1,2,3,3a,7a-1)-3-(1,3- dlhydro-ZH benzo[f]isoindol-2-yl)-
soin -1H i nden-1- I'anam nat o-(2-)-N)-titanium

2H b
(N (iniot[:l?’lfﬁ@%yll élﬂﬁliyrra}mqatq%} E()ztltwrﬁ§HSéweﬁpylillYimftbﬂ) 2,3,3a, 7a-rl1)-3-(1, 3-d

i hydro-2H N-(cyclohexyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-benzo[f]isoindol-2-yl)-
benzo[ J]i soi ndof Y 3/) Hi hden- E(yI ysil ar??;lm(nat o-y( 2-)- N Eq t ani umy)
di net hyl ; -1H-inden-1- yl)snlanammato -(2-)-N-)-titanium (dimethylsilylene)bis(methylene);

(N (L, 1 0 et il -t O SPRER bbb BehcFeARihdoh a1 3
benzdP/ | i18leindeaol-yIsilynamindthb-( 2N n-titanpny §i1) 20EM-diatethy (aino)denyylt i t ani um

bi s(trinet hysi

(N (1 1 met iy CRRpADLL L Sbhen i o emyt L dpydro 2o soiptel 240 1 5. g
i hydr o- 2HH-ibémziolsjlasami ima@(2-ENy)ttitanium (II) 1 4- d1phenyl 1,3-butadiene;

1H i nden-1-yl)silanam nato-(2-)-N)-titanium

(di met hyl sil yl ene) bi s( et hyl ene);

(N-(1, 1- di et laychidH0 1 Withethylsthgh-MatbI(4-pleenyiphgnyl): (-((1,23,33,73@y) B BHdihydrd- 1, 3=d
i hydr.g-2

beﬁz&?f] eheeaisongnl 2y g DO PEP ARG BEPI ) - i tani um (111)

2- (N, N 25 di ngnhy, Ilaimuamlaﬁyly.yI1,b1s(4-methy1pheny1) 1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-
l( hy((jli’l.olz enzsbﬂ ol {lglgé llli%la\penzl &6311%5&119%&'[8(2 ) XIl) tltanngrg :hlmetl?yl?’a fa-rl)-3-(1,3-d
1H i nden- 1- yl )(Nl(l ALt Bt Ry1f-2;1 oidtk-hrethy fpBEHy-(| b 3,334,740l A0S ityeib- -

but adi

d:chh :areg(%ﬂpze&‘m@ﬁb%w))lf&mﬂmbl -¥Psilapasingie-phkNyrtitanfum bis(trimsthysilylmethyly - 3. (1 3-
fj' Pygpfaﬁgm ﬁz{ﬁé{? 1[didaétl§\fétﬂflsl|1 gﬁﬁl iethylgndyBE0((1,2,3,3a,7a-1)-3-(1,3-dihydro-2H-
(Kl-(cycl @h@?{/]1901@0112ﬁl)31 mﬁgthyl)qjhmym)to @ Pe;tpaduma, 7a-r1) - 3- (1, 3-di hydro-
eyl T ) i e (2L L

(N- (cycl ohexyI(¥=(1.1 dimgthylethyh-d AhisthathyphanyDe11((D2 3,38 42- &3 r(1 dydo-2H-di hydr o-
2H b tit

o Don ok LB i R 5 s i)t um
(N-(&ycl dh@@tlwli)mlno)he@vlsm met hyl phenyl ) - 1- ((1, 2 3,3a,7a-rl)-3-(1, 3-di hydro-
(Zld_t Wgt E)e””glol[”ah g,')l bwg%t%é?tﬁ%} 1%@4@9@&%@% )Sil- J(?Q%@a%‘%‘?’sf(??,)diﬂ%)o 3t anium
( N- ( cycl dbexi/lijoindolt2-pl)dHdindet- hy)plasamyihdte-2-1-KI; tRarByuB 4174 -dipher@l-{,3; 3- di hydr o-
2H benz?)kff hm?m ndol - 2-yl )-1Hi nden-1-yl)silanam nato-(2-)-N-)-titanium
(1) 2

30 dichloro(N-(cyclohexyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
benzo[f]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium;
(N-(cyclohexyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-1)-3-(1,3-dihydro-2 H-
benzo[f]isoindol-2-yl)-1H-inden--yl)silanaminato-(2-)-N-)-titanium dimethyl;
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di met hyl am no) benzyl ; 10
(N-(cycl ohexyl ) -1, 1- bi s(4- et hyl phenyl )-1-((1, 2, 3,3a, 7a-rl)-3-(1, 3-di hydr o-
2H benzoyd pi/ssihdol - 2-yl ) - 1H i nden- 1-yl ) si | anam nat o- ( 2- PENUBOITEENI UM
(1) 1,4-diphenyl -1, 3- butadi ene;
di chl or o( N- ( 1, N-@yaiettehyl)-é4l tjs(§-methglphény D4-(41,B.313¢ 7 pingAyl 3-diby@oR A2, 3, 3a, 7a-r1)
-3-(1, 3- : .
bt benz ol FIEL I inP 2D infip-l ylislansmipgio (2 Nosaniap Dis(I PRSI
(N- (1, 1- disteintetiysitimpethyll, 1- bi s(4-n-butyl phenyl )-1-((1,2,3,3a,7a-rl)-3-(1, 3-
di hydr o- 2H .
bian%lo[ /11 soi ncp(;II'(-c 3201 qe}ylill—l-l O35 4'meTyl§)P3n§' )T é%%z?n*”r?&?%iﬂk'é‘-(i’?ﬂh}/@’t"r%ni um
di et Ayl ;benzo[f]isoindol-2-yl)- lH-mden 1-yl)silanaminato-(2-)-N-)-titanium
((j:\l;\(éré giﬁ_l_%ghy}/slly éfblz(meth%/legé)s(4 n- but yl phenyl )-1-((1, 2, 3,3a,7a-rl)-3-(1, 3-
Een%o[ f]isoi nC{D]l(c)?cl(}He)yl)LH-lJbi};dﬁmethylphér@l)lla@ﬁ%l}aﬁ@ﬂ 2-() 3 MhydiolZFani um

is(tri
(N (1 1 ervebhpstadTon -y Lylslmeg A o (2088, 72 1) -3 (1,3
d| hydro Zilnlnetbyimmoibéﬂzyﬁm ndol - 2-yl ) -

n-1-yl -fita

(i mahyi o1 1 I SHE DRt m§)rsé%@ythylel\san¢/@ 1 lipAdeRyNER Kb pibydro24
s(4- n- buthghpEEYAdot-3-y()( 1H-RAdeh- Mn)iﬁnaﬁﬁl}lat&ﬁ( §-Ny-ethAid (@) R4fdiphenyl-1,3-
benzo[ J] i, soi.ndol - 2-yl') - 1H-i nden- 1-yl ) si | anam nat o- ( ))- )-t| tanium (111)
2- (N, N 288 hy| ani no) benzyl ;
(N-(1,1-dinmethylethyl)-1, 1-bi s(4 n- but yl phenyl)-1-((1, 2, 3,3a, 7a-rl)-3-(1, 3-
di hydr o- 2H
b:an)z/o[ f1i soi ndinhlopo@t-Gl.1dimethyethy-1yirbisf-nradphearlb] (8.2 3,3 Tr=i3 @ drdihydre- )
1, 4-dk thMlﬁengo[ﬁmo@&Ble}lﬁmumd’éQ 1- Xl)sﬂanammato -(2-)- N; -titanium;

di chl or o( N- (cycl ohexyl -bis n- but yl phenyl)-1-((1,2,3,3a, 7a-r1)-3-(1,3
- di hydro- 2H (N-(1,1-dimet ylethyl) 1 1-blS(4 n-butylphenyl) 1-((1,2,3,3a,7a-1)-3-(1,3- d1hydro-2H

b / in i 1 i '
G s T DI P

-2H benzo[/]i éHr(lhdtﬂlm@hxltt)lyll:lmthrﬂﬂ‘én-bmtymh)ﬂsyﬂl br(d12i 38t 7Te-)-3-() 3Mibydtd- -2Hni um

di net hyl 15, \ )

(N- (cycl Cl)jﬁ%z)(()w o\ﬂgop% 621%11111%&? CII- 1‘)@9% &zﬁ? %21) ](\I )z t1t§n11§n gls(tgmethys)ll_ygqefl?l,l,?)_ di hydr o

-2H Bénzo[/]i S{Nf(h,dehmah)ﬂét)lyll-ﬂ-l-l+b|raﬂ4en-bihrymh¢myl] B(dy2i3c8at7e-n)-3-(1 3NHBydtd-2&Nni um

bis(tri i I (S| N- (cycl ohexyl)-1, |

“bi s(4- ﬁ%%@‘%’%‘le / '5% 127 ?‘ﬁ %lan g ﬂ'gﬁ()w%‘“ Phydr o- 2H 5

benzo[ /] i(@mbthdbilyl@*e}ﬁls)(mmﬂab'lﬁm;en 1-yl)silanam nato-(2-)-N)-titanium

(di met hyl si |l yl bi. s t ne) : .

(N- (cycl ohexyl(ﬁgi’?l ff%‘igtgyﬁifﬂﬁi‘g&%ﬂ‘bﬂ@ﬁ?ﬁﬁh-ﬂiﬂk {13:332damy2-( Sydibydror2 iy dr o

-2H ben:bet{zb[f]1sxmdndbe})awmalenll#h)sﬂldﬂmiﬂatgttz}}NL)aﬂaﬁiirﬂeI![I(pQ((ﬁ,-I\)-- N-)-titanium

(1) 2- h m no) benzyl; 10

(N—(é?/cl g it 1‘3‘“‘%& ‘%?’12(4 n- but yl phenyl )-1- ((1, 2, 3, 3a, 7a-r1)-3- (1, 3-di hydro
-2H (N-(1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-

benzo[f]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-

butadiene;

30 dichloro(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
benzo[f]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium;
(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
benzo[f]isoindol-2-yl)- 1H-inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
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benzo[/]isoi ndol -2-yl)-1Hinden-1-yl)silanam nato-(2-)-N)-titanium (I1)

1, 4-di phenyl -1, 3- butadi ene; dichloro(N-(1,1-dinethylethyl)-1, | -diphenyl-
| -((1,2wW08u428a5r1)-3-(1, 3-di hydro-2H 15 PCT/US00/31645
benzo[ e] i soi ndol -2-yl)-1Hinden-1-yl)silanam nato-(2-)-N)-titani um

(N-(1, 1- di net ¥-@ydighexylk] 1—bah(43h+bntylphhnyl)(( {(12,3BaFany-a-(k Bydild(ot2/3- di hydr o- 2H

3?%?L$} [AYe] W(‘T’%’lé )An)elgfﬁ' ' nd y})jﬂaﬁ rﬁn%tl -3%2- yftatrlmm%%mltnme?hysdyﬁme%yqm

-((1, 2, 3_hmt_,nm;hy|sl)yhaet(ugl,3 d| hydro 2H
gf’gfﬂf’%fﬁ;[‘gﬂwzﬂé}%ﬁﬁ bge.gf’ D baiypntayy- ARETE59:03d 3 Nidyald 44N um
l(o N- ( 15[1 ]Cliem[ﬁ]lydlﬁddh-)ll}’))‘m -frdehi- D@Bg;&hadimétlb-)lz-;-ll\ﬁ)-t\“&ar_;ﬂmt rl %23) ( &I— ;% ?! Pyd ro-2H
enzo | e I naen- 1- SI1 | anam nat O- -)- -tItanium
(di met hyl(g‘ﬂe@ykﬂgﬁﬁ)@f‘ﬁﬁhﬁﬁ @he) : (N—(){ 1-di et hyl et hyl ) - 1, 1- di phenyl - |
-((1, 2, 3, 3a, 76(NL(lc)'cl&re(()11) 31$1skwdibaryﬂdrkny1) 1-((1,2,3,3a,7a-1)-3-(1,3-dihydro-2H-

-1H-|nd | anam nat o- ( titanium (111)

benzo[ e] i soi N-

2- (N, N- 280 ﬁ%l-émwdj B’éﬁ’zwl)“k"ﬂ?"(“i}ati <%rpﬁb>(w@wf> @) N- di pheny! - |

- ((1, 2, 3,d8AetHarhind)beizy(;1, 3- i hydro 2H

benzo e]|50|ndol 2-yl)-1Hin anam nat o- SZ-}-N—) titanium (11)

1, 4- d pheny! - iN cyiehexyy- é,,l]éns(@g-butyﬁ)henyl) 1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-
di chl or o(phhio 1§dlﬁHMWIﬂrIﬂ-lnaedjl-Qbﬁﬂﬁimlhat()-((é-—)-&-)’smtg‘xﬂurz H)’ Ad;f)hér;yi 3z3di hydro- 2H

benzo[ e] i soi ndoI -1 Hindéen- I'anam nat o- (2-)-N-)-titani um
(N- (cycl Suisdigns;. 1 I - d| phenyl - |
-((1,2,3,3a,7a-rl)-3-(1, 3-di hydro- 2H benzo[ e] i soi ndol -2-yl)- 1
H i nden 1-yl)sil anam nato-(Z-P-N-)-tl t ani um di et hyl ;
(N-(cycl Ohexy|c§\chiorg_a\{j(lﬁ|-@mqhy ethyl)-1,1-diphenyl-1-((1,2,3,3a ,7a-n)-3-(1,3-dihydro-2H-
-((1,43, 3, bgﬁzogﬁls&nlol?f )(1)11}3 ngl'elmf q"il\)l_gﬂgxljhpﬁﬁz(@[)%} - ﬁ?hlﬂﬁlpl 2-yl)- 351
H i nden- 1-yl | anam ‘nat o- ( 2- tanium bis(trifethylsilylnethyl); -18
WO 01/ 42315 P@V(US@DYHB@B‘%YIHIM«Woylolh@k,g’ﬁﬁaia 1)-&i( pAraihyiiro-3H-
((1,2, 34 EZOF@S&F%%I% rg(l)]‘ll—%-ngl g'-\_f ;}@)&%EER%Z@I)‘N ﬁ&hlﬁglodlmgthyll )

H i nden- - nat o-
di met hyl si | y|@dé)lbilméﬂlﬂtﬂhylb-éﬂ@phen(lN—((b?ﬁl%ﬁ&n)‘BXl 3-dibydiogttény| - |
(

1
(
;L Hf |1 N 3 e ‘:’ _b r?lo(e? s&}‘%or% é nél% I% m%lf:g-x S'E)%_lfbnar{l tgf](? L}[I\?-%-* ﬁ%ﬁl)umdms(tnmeYhy}sﬂylmethyl)
2-
(

( N2BF di nmet hyNa( Irdinbiayizgiyl)-1 3 -diphenyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-

ol Eéélh%“ zﬂeﬁw&fr PN Db PR SRR i Cantum 1y L
1, 4- dhiyrlethi’]s8 thglene

di chl Iolroo?l\l-;ﬂ(t-lhz% éllnn?mf]rge ihyl)) d1 t1| s& Ig'%t I:/'X S)tﬁpg } % (2(}} 2,3,3a,7a-Tl)-
3- (1, 3-di hydr ylet y pheny 1,2 -1 dihydro-

2H- benzobedzofdisoiddd1-2271) 1 Bl-inkikh- n@qamn&nmhﬂoqzl)anﬁmaﬂ;aﬁqm()&(NNI:) titanium 10
I(hl\pygﬁg Z%rmetﬁﬁXILSE)ban)yll 1- bi s(4- met hyl phenyl )-1-((1,2,3,3a, 7a-Tl)-3-(1, 3-d

3enz ?Le} i soi Nq®LA A=diinthiibihiind g ttigiely)1Si(1, 28 38170.83-9+({, &diydto)2A-i t ani um
i met hy

‘benzo[eisoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-

butadiene;

30 dichloro(N-(cyclohexyl)-1,1-dipheny!-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
benzo[e]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium,;
(N-(cyclohexyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-benzo[ e]isoindol-2-yl)-
1H-inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
(N-(cyclohexyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-benzo[ e]isoindol-2-yl)-
35  1H-inden-1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
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(N-(1, 2-di methyl ethyl)-1, 1- bi s(4- et hyl phenyl )-1-((1, 2,3,3a, 7a-Tl)-3-(1, 3-d
i hydro-2H benzo[ e]i soi ndol - 2-yl ) -

1H i ndenMO Y1313 anam nat o- (2-)-N-)-titani um bi s(tri met hyPeTiugéoamasssyl ) ;
(N-(1, 1-di nmet hyl ethyl ) -1, 1- bi s(4- net hyl phenyl )-1-((1, 2,3,3a,7a-Tl)-3-(1, 3-d
i hydr o- 2H 15 (N-(cyclohexyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3~(1,3-dihydro-2 H-benzo[e]isoindol-2-yl)-

benzol o] \hAHoL ySaXla kb LAR- el RhhaRATT A i Redgha 1 tani um

(N- (1, 1- di et yik(egchohkeyylit |, 1-dipher{yl reet, Y, Bayteenyd-J 1, Edib dro-2 HeheBzn[ @) soityl-Bylf-1, 3- d
i hydro- 2H;

benzo[ e] i $oPETolYilgramingte-(3syNR-titaniym AT 2N N-fimethylPminoRensyls i ¢ ani um (111)

2- (N, Bl di net thl(ayElth@lPEM}ﬂhenﬂ-Q -((1, 2h3 ,J3a, La-n) -3-(1,3-dihydro- 2H3begzo[e]1somldol Zéyl)- 5 g
N-(1,1- % E 4- et " 7a-T1)-3-(1, 3-
i( hy((jr o- za_w%é ]O?lés}]l I?ﬂﬁ% (? 521§I§)rt tzglllaum YII) 1,4 en}ﬂn?nyll 1 g%utagle a fa ) (

1H i nden-1-yl)silanam nato-(2-)-N)-titanium (Il1) 1, 4-di phenyl-1, 3-
but adi ene;

di chl or o( N- ( cyahisreRiylyl-dimethyledyl)d dehis(srmsthertpeyybr L (L 2;38aga9a 3443 rlilydep- (1| 3-

di hydr o- 2k beﬁﬁ)[e]lsomdol 2-yl)-1H- 1nden l-yl)sﬂanammato -(2-)-N-)-titanium;
benzobe] i soi ndol i nden- 1-yl)sil anam nat o-(2-)- N-% titani um

(N- (dfcl ohexyl\- (11Igrbﬂbxl%hﬂﬁH;hls&ﬁéwghvk)h@yp(lx((22é 33da-my3K1.$-diydmo-H1di hydr o-
2H benio[b@rlﬂoﬁeﬁﬁk&gdﬂl2%'1)yi}i-111)den AhkinegRmdo b N-)-AEAThMRhAR{2- ) - N-) - i tani um

di met
( N- (cycl ohexylIN=(1,1 dim¢thylethyhd AybisidranathlyphanyD¢ 11((2.2.3,38d2- N3 1 $-dihyfo- B7-di hydr o-

2H benz %Lﬁzk@&%iﬁ%‘% t@y ﬁ%ﬂd%%ﬁ I DG ERanmYh ) S N IR BA b iftiety N idetnl AN UM

b trinmet

( :\I'-SE cylcl ohexy I(N-(1,1 Mirhétbylethyhpd Aybigthrewthlylphdny¢11((R.2.3,38da-Tia3 1 p-ddhy(o;23#-di hydr o-
24 gnzql el a0ladel: Akl LR YN FHRADAM nato- (2)- 1) -1 tani um
(N-(cycl (ﬂdmncshb'bsﬂﬁlwfp)ﬂm(méthylnm)hyl phenyl)-1-((1,2,3,3a, 7a-Tl)-3-(1, 3-di hydro-.

ot penzel ol SR Ao e b M RSB  aibbiD
(N-(cycl mhmw]l}elﬂdolabﬂ)s(ﬂl-mmm h]gyl)ptmmylhate 124-00)-@adndqlih2-@,y- 3- (1, 3- di hydro-

2H benzo[ g | )-1Hinden-1-yl)silanam nato-(2-)-N)-titanium (I1)
1, 4- di ph[éjnr{‘ﬁtﬁyia'%mc%%u zépdll ene; 5

di chhor o( N- ( 1,00-(tlji1 maxhdriyyleh iyl )1 -bls(4 mbihgiphenyhbiug V2 B13eTyh)-3 4t 6 {dihydroRBa, 7a-rl )

;—El (néeﬁ ﬁ’l ’V%E ‘F‘?‘&‘ﬁ’?&y f"g f@%ﬂiy gfa?l{uplpgﬁ (%—}ﬁl\l:l')—titanium (1) 1,4-diphenyl-1,3-

(N-(1, 1- duraeiety| et hyl ) - 1, 1- bi s(4-n-butyl phenyl )-1-((1, 2, 3,3a,7a-rl)-3-(1, 3-
di hydr o- 2H

benzo[ e] i soi ndol -2-yl)-1Hinden-1-yl)silanam nato-(2-)-N)-titanium

di net hyl ; dichloro(N-(cyclohexyl)-1,1-bis(4- methylphenyl) 1-((1,2,3,3a,7a- n) 3-(1,3-dihydro-2H-

((j:\l;“(éﬁé %ﬁ}zo%gl\gom(lo?g }A) IJH ghd?r; ?81%51 anamm ?t]?nNy) 1ta1}1u1g1( 1,2,3,3a 7a-rl)-3-(1,3-

benzo[ e] i soi n‘éﬂl(cy%iolhla))yl)lﬁ bREERedylphen$i) 1 AMEIB BATLR 2D, 3-MhydbizEani um
O ¢4 1 Bl T i D FlogREpata @y Stanipp imetayiaa, 7a-r1) - 3. (1, 3.
di hydro-2H (N.(cyclohexyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-
benzo[e]isoindol-2-yl)- 1H-inden-1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
30 (N-(cyclohexyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1 ,3-dihydro-2H-
benzo[e]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium
(dimethylsilylene)bis(methylene);
(N-(cyclohexyl)-1,1-bis(4-methylpheny!)-1-((1,2,3,3a,7a-1n)-3-(1,3-dihydro-2 H-
benzo[e]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-
35  dimethylamino)benzyl;
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benzo [e] i soindol-2-yl)-1 Hinden-1-yl)si lanam nato-(2-)-N)-titanium
(di met hyl si |l yl ene) bi s(net hyl ene);
(N-(1, 1- woet/ishiet hyl ) -1, 1- bi s(4-n-butyl phenyl)-1-((1, 2, 3pGuUR@/I16J5 3- (1, 3-
di hydro-2H 15
benzo[ e] i soi ndNl(eiahkeyl)t Hi bisgemethyphdnyi) 120BRB AaTHn)-2-(),3 Nihydiol2EanT um (111)
2- (N, N di net hyl.am no)benzyl ; (1, 1-di | et hyl ) - - bi
s( 51- n- but ﬁ?@#ﬁ%@? "-1'?2’%)( ﬁfﬂ%ﬁ“éé’% -‘“P’F‘)“?‘@'[{?‘;'%:‘tﬂtiaﬁ‘éﬁ‘?(g} k’%ﬁdl‘jphenyl‘m'
benzo[ e] ivaadpag! - 2-yl )- 1Hinden-1-yl)silanam nato-(2-)-N)-titanium(I1)
1, 4-di phenyl - 1, 3- but adi ene; 20
di chl oro(N-(cycl ohexyl)-1, 1- bi s(4-n-butyl phenyl)-1-((21,2,3,3a,7a-rl1)-3-(1,3
- di hydr ;)- 2H-2 bﬁiﬂll\ll_l?c@o(g\l_e(%l,1i@ﬁ@thﬂéﬂi&l-)a;1y5i§(4~b-ﬁdt}ilplﬁﬁﬁ)-1—((}1[2),3,§d,7a|-n)~3-(1,3-dihydro-
anam natQ-(2-)-N-)-titanjum. i _ .
(N (cycl %ﬁé@?ﬁ%‘){‘ﬂﬁowﬂﬂr@k—lH:IBQFPSA-ﬂﬁ&mﬂaﬁl—@()ﬂ?%@f‘%;7a- rl)-3-(1,3-di hydro
;j_ZH ?ﬁnlzo[ %l RiMdAimehptbthyl)-1 1 Bidcndanrydpnthysi {@PaPMaLP-3(E 3 diNdbs-b A2 ani um
I e ; .. . . . . .
(N ( cy>cll Sreze{glipeindol-2tys Hrindenyd v silanamipptp=(3-)- N titanigmabmethyly | ) - 3- (1, 3- di hydro

-2H benzo €] i(ﬁTQil/,IrI‘qnfé}%létﬁl%’twl)-},%ﬂiﬂg-ﬁfbht]ylﬁﬁteﬁﬁj-i-?(@9@,33%9])(32(1231&}53)&5-&}{153‘”i um

bi s(trinethyl sil h

( :\fg dg)lc Ingﬁ@%pq?il)séillqdlﬁtﬁl)sKfltinderbdufryibbipﬂn@ni}flptp=(.3.-_)N-)lt,itzgli3m3x§§(trialerhy)Silsln(egtlyla; di hydro
2 el ] SRl ) PR k)
(N-(cycl dvhmid]1)30i119101~2bﬂ)sl(mrindelbmw%iﬁmgnwt))-@%ﬂ\(-nﬁt21;1i3m3a, 7a-rl)-3-(1, 3-di hydro
(IZ:—II- ) bgn?ﬁhﬁﬂh&ﬁﬁﬂe&%ﬁdﬁ@ﬁ%? J;;]Iz;?en 1-yl)silanam nato-(2-)-N)-titanium
(N- (cycl ohexyl(N-(L] Hirbétsyléthyl)-bthjd(phdnsiphedyl) -1 2,3BaFa 1} 8- 3)diBrd(d2B- di hydr o

-2H ,benzol el i.soi | 2=yl ).- 1H i.nden-1-yl ) si)anam n -(2-)-N)-titanium

(1 13 S A RO Dy e T R A N AR AR 07 1645

gi chl E)(rjo](dpmc(tﬁqu:nid?)mylyl et hyl % i 1- _di gheny: -1 -((1,2,3,3a,7a-il1)-3-[ 1 H
enzo[ de]i so i n- - - i,nden- .

POy ot - ahan gy s akiehiy Lo R ARy rav sl P tre? neny - |

-((1 , 2, Dedd[elimviddol-234)f 1 H-indeb &1y p)eil dilerhinato q2H)-NG)-titanid eI H) 1,4 5liphenyl-1,3-

yl']-1Hinden-1-yl)silanam nato-(2-)-N-)-titanium dinethyl;

(N-(1, 1- PW@‘FH%N ethyl)-1, 1-di phenyl - | -((1,2,3,3a,7a-Ti)-3-]

1H benazo[ de] i soqui nol i n-2(3H) -

T A e sy g PSR AT S P i )
1H benzo[bel[giesibdonlyl)AHR (ndkh- 1-yl)silanaminato-(2-)-N-)-titanium;
yl']-1Hinden- 1- yl ) si | anz_an‘i_nat o-_&)Z-%)—el:\Ill- } :1t-i }gggg%_ 3.(1.3-dihvdro2H.
(di met hyl si | yIEHecIbethet hbisthesputylphenyD)-1-((1,2,3,3a,72a-n)-3-(1,3-dihy
(N-(1,1- %Eﬁﬁ%é}ﬂdiﬁddmlyl)=)1L}ﬂ-ﬁﬂErplil%yillanlam{néta,(2,)&,)3ﬁcax?iamﬂn}let§yl[ 1H benzo[ de] i soq
ui nol,in-2(3 (N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-
benzo[e]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-
benzo[elisoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium
(dimethylsilylene)bis(methylene);
30 (N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
benzo[e]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-
dimethylamino)benzyl;
(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
benzo[e]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-
35 butadiene;



yl]-1Hinden-1-yl)silanam nato-(2-)-N)-titanium (111)

2- (N, N-di mret hyl am no) benzyl; (N (1, 1-di nethylethyl)-1, 1-di phenyl -1
-((1, 2,3Wapve3Td )-3-[ 1H benzo[ de]isoqui nolin-2(3H) PCT/US00/31645
yl]-1Hinden-1-yl)silanam nato-(2-)-N-)-titanium(I11)

1, 4- di phenyl - 1, 3- but adi ene; 15

di chl NF L oh -1, 1-dj | =1~ ((1, 7a:T1):3-[1HDb de] i
o o bR i o g Lot oo =0
(N-(cycl Qb@é}de]iso]qpﬂmﬁi:l-p(hﬂm-yl]-lH-ilndc(ng ﬁyl@sil3na'ﬁﬁna2@e(2T}-N=)3'rt£nium;

o 1oy 1y 51 (S et BBy SRR L7 AT H-benzoldelisoquinolin-23H-

(- eyel nempinter 1 ndiahgmah ) N-Chdidn dnyta 1) -3-

1H benzo[ de] i soqui nol i n- 2&3H)-y|_] -1H 20 inden- | L

-yl) si | anani néNgl(lzduyethyly Y- drdirheni ls((1.2:3 Ant #y)-3il1 Hrberzeidylisequinolin-2(3H)-
(N-(cycl ?, %_séln)ierﬂ-_lt}r)ﬂiaﬁet}ﬁimglﬁ)@-bﬁ{e&fﬁi%n%is?tﬂmZéH-yﬂs'thfn%rh&l);

1H-benzo[ de] i soqui hal i n-2( yl o

i nden-1 -yl ) si I(M&drdimethyl¢thyl)-1 Nediphenyldmi LB eV am)-By | Bbenzbakisonvis¢line2(B4)-ene) ;
N- | - i - (1.2 3. - .

g_ o E)g% g o ?leﬁdsngarﬂ: Il -%gﬂa%}gl?%t%(g-é-ﬁ)f—l&téngm %dlﬁl@th}l@ﬂﬁlzr}e)gfs(&ethylene),

i nded01-yl) si (Nr(&didimetbyl¢thyl)-1 N-dipbenyldri( 2B 34,74-))-3-[1 H-benzo[de]isoquinolin-2(3H)-

2- (N, N- di Lam na)-henzyl.: o . . .

(Nf(cycl :3/ ﬁg@;?ﬁg@@] '?t%?gﬁ@ﬁ%'—(ﬁ?’&ﬁtﬁ?wé%l,)%é@’llf')dl-@l[yiﬂ%@%ez%{dd.e] i soqui nol i n

-2(3H) -yl ] - 1H(Ni(hdelimdthylbthgl)-Il A dphendiloi(1,2,3,Ba,R’a-))-B-[ LFAbénznjdelidojuinolin-2(3 H)-

1, 4- di phenyl.- 13- i ene: iy . .

ai el or oo b RRFRRHGIG Ayt AP BHEAPiT L, 2, 3, 33, 70 T1 ) -

3-[ 1H benzo[de]isoquinolin-2(3H-yl]-1

Hinden-1-yl)silanam natq-(2-)-N:)-titani 0
(N- ( it )r/re% r‘i‘iﬁh@f‘%&r@ﬁ&‘fgﬁ?‘l’é %Q’i‘é‘%ﬁbﬁé%‘l"?@'ﬁ)—'?'{‘f‘E?“é?[é’él‘s?S‘PP?l)“: 3-[1H
3enzoLdle]z'(ﬁgqmj_nDiﬂdBn-Z(yB)kﬂanyﬁ]hatbbdai)md)%ﬁtaﬂiumt )silanam nato-(2-)-N)-titanium

i met ; . . o
f) N- ( 1i z f! met Wrﬁf@g&t&-ﬂmﬁqyfl T3 PP ey -) LA bengal delisgquinplin 23y vIB - 11

enzo[ deliide: b “N)-titafiium dimethyl;

H i nden- 1- y?;]?iwlgarrllarri nat o-)(h:g-)lfal\ll-u;n- tuin'fta)rlli um _ bi s(trinmethysi |ylnmethyl; -21
WO 01/ 42315 p@ﬁ;(@gﬁ@p)gyihhydlphenyl-l-((1,2,3,3a,7a—n)-3-[1H-benzo[de]150qu1nohn-2¥3]—1)-yl]-YH—

N- 1-gh 23N Sifadhiu S HRRAS AN dreltiy) 1, 2, 3, 3@, 7a-r1)-3-[ 1H
gené%?deﬁf%ﬂ%ﬁﬁniaﬁ%mﬁ-%? ?&g}lﬁﬁﬁ;gg{n 1-yl gri]ellhaygl)ém nato-(2-)-N)-titani um
(di met hyl si | y|(Eﬁ@))c[ghg)()&kt,h)¢;p@ppy}-;l-((1,2,3,3a,7a-r|)- -[1H-benzo[de]isoquinolin-2(3H)-yl]-1H-

N- (1, 1-¢igmey!t 1o 30k sil45 ; ,3a,7a-rl)-3-[ 1H 5.
E)engo[ de%}dsggcl][}?ﬁrﬁ%n?ﬁl%?%ﬁ%b’-%??&ﬁlﬁﬁﬁgﬁg%\%ﬁg%é#és)}j Ilh(c:in%g 'eﬁg)?o- (2-)-N)-titanium
(111) 2-(N, N ®i(exstohgtydd, hdipbenyky1((1,2,3,3a,7a-n)-3-[1H-benzo[delisoquinolin-2(3 H)-yl]-1H-

N-(1, 1-dj pet - i - - Ba, 7a-il)-3-[ 1H
f)engo[ de](ijrlldsg%'cl]' i)lrsllgagllg%\q%t %(Igl)ln\w?{a%i i :n]@?ﬁ- 1- W&%tﬁflgx&%é}b%g 5 ?2- ) - :\I- g -t Eani um
(I ) 23, 4-di phéN;(tycIlgthyI)aut-dijlh.emb;l-(G]C]Z,3,3a,7a-n)-3-[IH-benzo[de]isoquinolin-2(3H)-yl]-IH-

i chl oF OGN YAy B ATRS Y RORRALs Al 3 32, 7a-r1)-3-[ 1

dichloro(N-(1,1-dimethylethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-[ 1 H-
benzo[delisoquinolin-2(3H)-yl]-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium,;
30 (N-(1,1-dimethylethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-[1 H-
benzo[delisoquinolin-2(3H)-yl]-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
(N-(1,1-dimethylethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-[1H-
benzo[de]isoquinolin-2(3H)-yl]-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium
bis(trimethysilylmethyl,
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benzo[ de] i soquinolin-2(3H) -yl]-1
H i nden-1-yl)silanam nato-(2-)-N)-titani um

(N-(cycl ohveryh2314, 1- bi s(4- et hyl phenyl )-1-((1, 2, 3, 3a, 7a- r POE/BS)0/31645
1H benzo[ de] i soqui nolin

2( 3H) - yI ] - 1H iNde&n -dmgthylsthy i ArisiamethyDhinyN- -« ,2138a7emm)-di[ et hyl ; 15

(N oo aeihyhof 600 RO bfto N3 3, L benzol o
bis(tri WQdilhl}tihSlsilyibri@ilk(yiebhylene)
g_ﬁ ég%;g?ggﬁygﬁdi 1z tﬁ&?t%]% qyl %l phenyg ((FQ% 3§a7a-n?3 [U[ 31

I(-tjl ndsE %)eryz{o}cﬁglko@ammlmm?]@l@ 1}r-1§héfr L-ihsahdimThato-(2-)-N-)-titanium (III) 2-(N,N-
i met hyl si ene) bi s(pet hyl ene) ;

(N- (cyc &H%%I%X‘i)mlﬂg)% ‘tﬁgge4 met hyl phenyl )-1- ((1, 2, 3, 3a, 7a-r1)-3-[
1H benzo[ de] i SRQWi1 Phéth etﬂ )ll-bls(4-meth§'£henyl) 1 ((1233a7a n)-3- [lH-

2(3H) - yI]bIH-lnden 1-yl ananin tanium (1'11)
2- (N, N- di ]1%@%5115% {19-|yl] 1H-inden-1-yl s1lanam1nato (2 }-N-)-titanium (II) 1,4-diphenyl-1,3-

(N-(cycl ghdivhe;- 1, 1- bi s(4-met hyl phenyl ) -1-((1,2,3,3a, 7a-rl)-3-[
1H benzo[ de] isoquinolin-
2(3H)10yl] 1H i nden-1-yl)silanam nato-(2-)-N)-titanium (I1)
1, 4-di phenyl - Jd;ciro%ttva(gy&&f’cxyl 11-b1s£4 -methylpheny))-1-((1,2.3 32 7a-1)-3-[1FF
nmet

dichloro N-(1,1-dil | eth )H n-but yl’'phenyl)-1 ((1233a 7a-rl)
-3-[ 1H Bgnzo|delisoquinolin- (3H)-y] 1H-inden- 1 yl)sﬂanammato (2-)-N-)-titanium,;

IR (L, L o T SR P e S Ak PP DR g tieliyhal ) 25 1

1H 2(3H)-yl]-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
benzqkdel | s0a gl heRR v mdbRASH- ko A 3k RS b8 bRedscbibai t ani um

(N-(1, 1 d_(aiﬁtyfh]ylfémdyﬂl)l-yl)ﬁﬂanbmméw-(})%hl sitapinerbjd(rinteedlsilylhedyda, 7a-rl)-3-[ 1H
benzo| de] | SOy q’ilﬁ@@ﬁ@ DY RASH T 3 3L L 2NN DAL Gepsoniihorin- L 2N UM

30 bis(tri rret
(N-(1,1- d'(amtyfhylmdwlh)l-yl)sﬂanbmmété-(mf)bul ylapiner(inethis(lfEnbidnidehyeae) | ) - 3-[ 1H

benzo[ de] i soquj nam 0- (2- titanium
it byt 51 1 oSSR bt s s A3 1M P Db enguibotn
(N ( 201- damtymyireidayh-) -yDsilanbinbrd=(D-) NU}- yﬂamhmr(m))z (ls}lﬁ(diméihﬁar&ao%arzﬂ )-3-[ 1H
benzo[ de] i soqui noI i n- Z(SH.)H yl]-1Hi ndep- 1y i | anam nat o- (2 ]) -N-)-titani um
(111) 2-(N, N N ﬁgé:g ki &)sb%ﬁityylpheny )-1-((1,2, 3a ,7a-1m)-3-[1H-benzo[de]isoquinolin-
(5 N-(1,1- Q(mtﬁwimdm A=yDsilambrh b =0 BU-Napo R ) 4 bighedyl 2 ,3%busicha- Tl ) - 3-[ 1H
benzo[ de] i soqui nolin-2(3H)-yl]-1Hinden-1-yl)silanam nato-(2-)-N)-titanium
(1'1) 1, 4-di phehlordanG, 10dina@{18Me1-1,1-bis(4-n-butylphenyl)-1- 12337
di chl or o(bl\l-(cdycl c());rlex;; % ?l)- n- legt;} ;l)ltyepn;? ) « > an\‘s}a Ba Tl)-3-[
1H 25 enzo[de]isoquinol (31-/) yl] lH 1nden-1 -yl)silanaminato-( ) N ) t1tan1um
Penzo{ de] i soqynnelidinehiEhyiy i -bldth-h RS Bnday)-1-&i LAMATRHEG1 42-) - N ) - ti tani um
( N- ( cycl Oprenlde)isoguinoliy-3(34D-wllH Bt ipdqshleyiyilpnamigata-(22)-§;)3@arhem ?Itln)eﬂlyl [ 1H benzo[ de
] i soqui nolin v 2r.) titani um
di met hyl - (N%?gym dipéth IF‘}‘MW%&‘I %‘2}‘%%@“@ L K@nw%ﬂi’?? 83 3a 7a-T1)-3-|
1H benzo[bdg})[@bmgumg]lm-a(sli) -yl]-1H-inden-1 yl)sﬂanamlnato -(2-)-N-)-titanium
2(3 yl ) silanam nato-(2-)-N)-titanium
bi S|(_23?I rr]é) gﬁ:n 95‘?{%& t%&/’l )
(N- (1 1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-[ 1 H-
benzo[de]isoquinolin-2(3H)-yl]-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium
(dimethylsilylene)bis(methylene);
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(N-(cycl ohexyl)-1, 1- bi s(4-n-butyl phenyl )-1-((1, 2, 3,3a, 7a-Tl )-3-]

1H benzo[ de]isoquinolin- 15 2(3H)-yl] -1

H i nden- W@by#3imanam nato-(2-)-N)-titani um PCT/US00/31645

(di met hyl si |l yl ene) bi s(net hyl ene);

( N- (cycl ohexyl(N-(1,1dibetsylathyl)-bu tbjd(phdniylphedy)- [-((1 2,3BaFa;mia-[TH) - 3- |

1H benzo

2(3H) -yl ][bgrﬁglfeﬁg)glumpfm ?()31-1[) Plgnlé{ﬁ%n(ri]% Oyleséla?anf\nlx_lz)to {2 %—Nr?rtltanuml 1?2 -(N,N-

2- (N, I\Ldlthlngldlrmno)ba)zbenzyl

g_ﬁ gg%;g?g:ﬁl{g u’i ﬁ bltﬁ)(leth)rll) lflftth(Ph% %';)henyl)( 2‘(1%333a37a 1"5% [-”‘I) 3-1

2( 3H) 5y JbedzdfderistenindlinyR(3&H)-y BN dRindat Byljsttapaningte-3-J-Me)ktitanirh (1)) 1,4-diphenyl-1,3-

1, 4-di ph%ny 1, 3- but adi ene; 20 dichloro(N-(1, 1-di nethylethyl)-1, 1-di phenyl -
I ((12 gﬁéla Tl)-3- (N, N-di benzyl am no)- 1H-inden- |

-yl)sil anam nato-(2-)-N)-titanium (N (1, 1-dinmethylethyl)-1,1-diphenyl-I

- -(N,Nd I -1 H-

1-y13 i Pana ARSHOG3 LRt 67w 0

(N-(1,1- %exﬁﬂatd&}ﬁb@lhmha 2(3H;.y1111p1hﬁaeﬁLr-ybs(uéﬂanana3w3@) -Nd-titdniun®- (N, N- di benzyl ani n
o) 1H i nden- 1-yl)silanam nat o- titanium bis(trinmethylsilyl methyl);
(N ( ]101 di nmet Wr(gqughpjyl)ll 1-bi( gwfpheqy) 1-((1,2,3,3a 7a-n) -3-[1H-benzo[de]isoquinolin-

- (1, 2, 3,288 A TH-lnddn-0 Ni)bhAhRRne b Rthnibmtdih &

1-yl)sil gm}ﬁﬁo ﬁz-)l-y) N-)-ti tanlxuﬁm(gl rn::ltIIrll I15| |y Iene% bi s( net hyl ene?

(N- (1, 1- di met K)Hex ¥yl 1,1-bis(4mrbwtylphenyl)-1-((1,2,3,3a,7a-n)-3-[1 H-benzo[de]isoquinolin-

-1 3(/I1) [ f’gﬁ%ﬁ)ﬂ@ﬁ%ﬁ;}m@r} ﬁ_'}h I\)I-%ﬂh?rt%g%xg?hm I]Q‘l‘mq’mm@‘%ﬂ‘ ylS§9ﬁle hglr% no) benzyl ;

( N. (1, 1-di met Wi-(excllghh)})d)j;l ]_.bd;(lbmbmy]phq:nyl) 1 -((1,2, 3 3a,7a-n)-3-[1H- benzo[de]lsoqumohn-

- 1 7 = (] i yh '_ 109,) - i - . .

1 yl )gl | a ’ﬁ%@‘t@“ﬁ@aﬂ%ﬁ@g‘él(gw ?ﬁ%am%};tfh I gﬁgsHWgeil?l%(%:ﬁly gaf)éne;

di chI or of N- ( cyBHcyvbobgxy))- 1, ] -bisth-phemiphenyh){ 1A ] 2,,33;?13&117&-[HI{ ))erfko(d&Uiquinbkimzyl amni
n

PCC)2|'/ %JSI(;(-)P% IEl)] ﬁ—?ﬂ]dfl)( Il‘é’?)(s)lh mnll%girt]oggé f? tﬁpénﬁml II)lj (tl\?IQ dlrggthylammo eer]y{ 42315

- I( § 1, I2 3, 3a, 7;;;%%31@%:) Md;sb@ﬂb&tb?henyb)hamjlﬁl_d,gmm%:} é;ﬁé benlzl)ct)[df]l?qgllnglﬁne ayl- |

yl)si ang@{% n ) aI anl g HT)E Xl in, (FI é%) enyl )gyb adien i
1,2, 378407, REgBBAY Bt imddn by pyk

yl(§5120anam nat o- (z )-N-)-titani u;r%bl s(tt)ral met hyl silylnmethyl); 5

N- | oh I 3 -T]) - 3- 1H

densae yyor | SictieriSe @Bt dbrinn s TR B RV enc):

(N-(cycl QHem&én)l-jkl)sllaﬁImﬁﬁwyj ).Nl)-ma(xﬁliknz 3, 3a 7a- TI) 3- (N, N-di benzyl ami no) - 1

H-i nden- | I -)- itanium (111 ) ) ]

NN i et R O SRy T e gy & A4 flspgylomino)-H-inden-

((1,2,3 13,3)sﬂaraﬂikn)at03(2()m Mlﬁhﬁmmbta nO) 1 Hinden- | - 10

I)5|Ianamnato ri%*{’ -titanium ( 4- di phenyl - 1, 3- but adi ene;

i ch il ety

(N,

Poro( N (1, by e A2 AT by} e 1) -
N diypRinshn#ioN0)-N-)-HrahReEssrimedisigineaimm nat o- (2-) -N-) - ti tani um

(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)- 1 H-inden-
1-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene);
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)-1H-inden-
30  l-yDsilanaminato-(2-)-N-)-titanium (III) 2-(N,N-dimethylamino)benzyl;
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-1)-3-(N,N-dibenzylamino)-1H-indene-
1-yl)silanaminato-(2-)-N-)-titanium (IT) 1,4-diphenyl-1,3-butadiene;

2
y
di
3-

dichloro(N-(cyclohexyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)-1H-inden-
35 1-yb)silanaminato-(2-)-N-)-titanium;



(N-(1, 2-di methyl ethyl)-1, 1- bi s(4- et hyl phenyl ) -1
i benzyl am no) 15 1Hinden-1-yl)silanam nato-(2-)-N)-titani um di nethyl;
(N-(1, 1- woet/ishiet hyl ) - 1, 1- bi s(4- et hyl phenyl ) -1-((1, 2, 3, BaT/P800I31$453- ( N, N- d
i benzylam no)- 1 Hinden-1-yl)silanamnato-(2-)-N)-titanium

bi s(trimet hyI INHyyohakiekwtl-),1 d(pﬂsier(yl 1 (€12, B4, Payh )e3-(Y,N) dilignzylamino)-1H-inden- 1-

- bi s(4- hen 7a TI)-3-(N, Ndi benzyl am no)- 1

H-i nden- fb ?/a)n TR a(r%n):lv'i'&ta?lﬂm i tani um

(di et hyl si | yI(Hr(eycﬂnhs;(yr)sI ipaeg)-1-(202,%,Bk, {aln )13-(N,N-dibenzylamino)-1H-inden-1-

- di et hyl et. he 2,3,3a,7a-Tl)-3-(N, N-di benzyl
an‘: no) - y P%‘Wé%’ﬁfo%z 315\§£ ‘?QHQ%%%W%% ‘XI%&%U tani um (111 g ( ey
2- (N, b+ d| met hyN- amlaméxbsn;lydl henyl-1-((1,2,3,3a,7a-1)-3-(N,N-dibenzylamino)-1H-inden-1-

(N-(1, 1-dj hy| et %.‘1 E %4rreth|pheny|21((1233a7aTI)3(NN—d
i benzyl aﬁb% %ﬂa@r(ﬁé ktltfwl)l@. imsthisHilerppismethydenc); ¢ ani um (11)

1, 4- di phenyl i ibenzvlamin

La Ofo(l\ﬁ/&gﬁﬁc)ﬁ@t}@@lﬁﬂ%ﬁ&w 1- ((1233a7a n)3fNNdb zyla o)31aH%na TI) 3 (NN

- t hyl ph
di benzyl &hfi 7mmamr(2§a£ehut1myml)(§l{)|2a@1‘ngﬂ1d}r/m§bﬁnr%my)bwzy Ltitanium

¥ Lo SRRSO ot g p b o v
(N—(d90| oheilepamingto 2 HrNs)-titanramiI]) bﬁdrp)hbr)yl 1.3¢kutadeng, 3a, 7a- Tl ) - 3- (N, N-di benzyl
amno)-1 H 30 inden-1-yl)silanam nato-(2-)-N)-titanium
bi s(trimethylsilylnmethyl); (N-(cyclohexyl)- _
¥ éeﬁl i( o et e s )1-d1m€t(15ﬂet2yl$-13d)lﬁ(&metmylpﬁer(mhbdl((g??é;agm(??n;éL hHI- ene) ;
in
(N-(cycl )g96&%?’“@1@@?‘8?“(?%@?‘%%m‘%‘s@ﬁ' E?‘& 3y3a 7o TI)-3-(N, N-dlybenzyl
amno)-1 Hi ndNF(-l,J-dyhéthyléthylhmlmlbm(eﬂlybphéﬁy))-It-((l,2)313uﬂh-(r]b -B4(N,N-dibenzylamino)-
(N (451 oandits PP RERI o NI PRI 172, 3, 35, 7a-r1) -3 (N, N di benzy
zimm4n8) ﬁ H i ndﬁr{i,l-dyrhéémlétﬁﬁﬁﬂmmﬁﬂm(eﬁrybphéﬂry)) 1-4(1,2)3]34d)Ta-41)-B XN, N-dibenzylamino)-

ip adi.ene

di chl oro( {“_‘Lenll &‘5) ?aﬂwaé% D itapiysp bistrimetpylsibimetrll - 1- (1, 2, 3, 3a, 7a- rI)
-3-(N,N- 5 di QHI(Z,Yldaﬁétﬁbﬂéthﬂl) wlwweﬁrethgdphwy))su d(amama naws((ﬁh) dibes) zylaiip U
(N-(1,1-djneth ﬁi?%lé n-u(ﬁIrlgl é’ % 33a7ar|)3(NN—
di benzy! ahi'A 1l1 ilp ‘i‘f‘“{@y} I)‘Is?lqt%ﬁ%{ ftBYIE‘ le)“eN- m?q’)flea‘}?}um di met hyl ;
(N-(201-dinmet wl(euniydlathﬁetﬂyl u@(bés(nn@mwhm}gmyg() |2\L%§36 6&-#3%3@«1%&@&%&31 N, N-

di benzyl am no) 1H-inden-1- si | anam nat o- t'ani um
bis(tri rré{-lhtyqiegqu ijllpshl-éqaﬁylpa}o 2/21 -)-titanium (III) 2-(N,N- dlmethylammo)benzyl

(N-(1,1-di net I@Nl(?tlfay&étlgfletﬂylpl ?fb‘f’s'(@mtéﬂln&bbhm}ﬁnlyg) 2 %‘3(1 oz n?B%N%ﬁdlz&zwa)mrﬁ))( N, N-

di benzyl am no) - | anam na - -N—’)

(di met hy 1Eripganeld)sHpramigatn (- )elﬂé)t}tamum {1 1,4- dlpheny -1 3-butad1ene

(N-(1,1-dimethyl ethyl) -1, 1- bi s(4-n-butyl phenyl)-1-((1, 2, 3,3a, 7a-rl)-3-(N, N\
di benzylam no) 1 Hinden-1-yl)silanam nato-(2-)-N)-ti tan| um (I11)

2- (N2N- di et hylichlerattyy(exstnbpxyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-

(N (1 " qib@gﬁll@&)hﬁ -hach Ly BliAniRaf B Y AORGRYA; 1- ((1, 2,3, 33, 7a-11) - 3- (N N

(N-(cyclohexyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)- 1H-

inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
(N-(cyclohexyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-1n)-3-(N,N-dibenzylamino)-1H-

30  inden-1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);

(N-(cyclohexyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)- 1H-

inden-1-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene);
(N-(cyclohexyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)- 1H-

inden-1-yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-dimethylamino)benzyl; and

-((1,2,3,3a,7a-Tl)-3-(N,N-d
t
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15 1Hinden-1-yl)silanamnato-(2-)-N)-titanium (I1)

1, 4-di phenyl -1, 3- but adi ene;

di chl or oW poysidhexyl ) - 1, 1- bi s(4- n- but yl phenyl ) -1-((1, 2, BCBaSHe31645) - 3- (N, N
- di benzyl am no) - 1H i nden-1-yl)silanam nato-(2-)-N)-titanium

(N ( cycl ohexy I(N«(dyclohbiyd)} 41 -bisGumythphiemyl))1-(1-2,8,33,23-8)- 3Q\ , Radibéngyldmind)-NHdi benzy

I 1 t di met hyl ;

(ﬁl—m( 2§C| olhexy[}ﬁl)sga%%mﬁl s((zsjﬁg?? 'Iumha(g: y%)dlaf'e?y )f 3tl|)1§a(€;ug1a Irlnf 3y( N, N- di benzy
lam no)-1 H inden- | -yl)silanam nato-(2-)-N)-titanium

bi s(tri net hyl %

|
(N-(cycl ohexy( lh?/t) ‘gﬁﬂ g(dzmﬁth%lﬁ?lw P - oro R (3232273 NN N di benzy
| am no) - Hibehzylandes)-1H-indan- )-Sl)ilaﬂzﬁﬁﬁhdﬁ&u)) N2-t)tadip- t i t ani um

(N (oyel ohexy bl BB ER by Bty ARy IRPem I [ 238594 - Yy et benzy

| ami no) - JlHHnddnnldﬂpmhnawlﬂm tzapﬁmtnﬁmn Qidreiryly- ) - ti tanium (111)
2- (N, N-di met hyl am no) b g
(N- (cycl ohexy =k, lfnmt@(@ - Mtbyq(iméﬁylp}mrnyl)(l( €1.3,33ada-m3-(NN-dibepaylagigbenzy

| am no - n m (11
1, 4-di )phtjalﬁ lh{%%eISy%:l}?%a)ﬂl%a?e ﬁgggtgﬁﬁﬁggﬁm%r%my%ﬁ}WB ( | I) | ustrative netal

corrle@xes i ncI(Ndéltdh@@@@byl)-éémwhﬁgtymheny\%l -f(ha, 3f3@J7F11m1|3r(§ T‘F-éwm@m% B 1)
O(IB 1) i (RI)2 Ti -25
VO 01/ 42§515‘%CT/S§(1§8§73§“ 5@ &‘N& @@ R}%ﬁ@ﬁ%@ NC( CH3) 3
NC(CH3)3 O TIXRI )leméﬂlyl(ﬂ%)l) U*B)lm-buwmhsnyl)( AR,21%;32,78n)3AON-QlHnABHGHE) 3
CH3 NC( R) C Si (Fh (1B4') Si
O O O g Ll - En il 30 ey
(N-(1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-1n)-3-(N,N-dibenzylamino)-
15 1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-butadiene;

dichloro(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-
dibenzylamino)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium;
(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)-1H-
20  inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-1n)-3-(N,N-dibenzylamino)- 1H-
inden- 1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)-1H-
inden-1-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene);
25 (N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)-1H-
inden-1-yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-dimethylamino)benzyl; and
(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)-1H-
inden-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-butadiene.
For preferred embodiment B), illustrative metal complexes include those corresponding to

30 the following formulas:

(IB1) (IB1Y)
N Si (RF)z N Si ({KF )2
NC(CH3)3 /NC(CH3)3
Ti (R')z TiR

-25-



OOTi(R)20O0OTi(R CH3 (IB5) CH3 (IB5') Si (RFh Si (RF)2 \ \ NC(CH3)3
NC(CH3)3 4Ti(R)2 Ti (R OSi (RF)2 OSi (RF)2 O NC(CH3)3 O NC(CH3) 3
(1B6') TivRI01423% Ti (R)2 OO (I1B6) (1B6') Si F)2 CJIJ BUTARE124SNC( CH3) 3
NC(CH3)3 Ti (RI)2 OTi (R -26 WD 01/42315 PCT/ US00/ 31645 CH3 (1B7) CH3
(fig) CH3 CH3 CH3_CHB2 Si (RF)2 Si (RF)2 CH3 /ME)CH3)3 3 Ti CH3 / NC(CH)

R/ R / Ti \ RF |s phenyl , especially
4-tolyl or 4+ 3 Siil\\ hyl or two Rl
groups toget ) i YJsikyF \K is allyl,
2- (di et hyl am kent 3- Pit@Eddene. "I n

t he conpl exes of the form BTiRk'Y),1B2' , 1B3' 1B4 , 1B 6" Tiy7' , and 1B8',
the titaniumnmetal is fo y in the +3 oxidation Statd/when R is al |yl
or 2-(dinmethylam no)benzyls—ahd in the +2 oxidation State when R »is

1, 4-pent adi ene or 1.4-di phenyl 1, 3-butadi eng, Il ust rat| ve netal conpl exes

accordi ng to enbodi nﬁnt B) of the pr esent iné\entl on i ncl ude

N Si (RF), N Si(RP,
/
ey’ \NC(CH3)3 CHs \/NC(CH3)3
Ti (R’)z Ti(R)
(IB3) (IB3')

CH; CH;
B4 (IB4")
(B9 Si ({zF)z Q Si®h,
‘ /NC(CH3)3 Q NC(CHs)3
O-O*=" OO
CH; (IBS) , CH; (IBS) ’

-26-



10 the foll ow ng conpl exes (which may duplicate in part conplexes wthin
enbodi nent A): dichloro(N (1, 1-di nethylethyl)-1, 1-di phenyl - |
-(tetramswdyi/43Bis cycl opent adi enyl ) si | anam nat o- ( 2-) - N ) - t PCEUBQIM1645
(N-(1, 1-di methylethyl)-1, 1-di phenyl - |
-(tetramethyl -rl-cycl opent adftenyl ) ghhanam nat o- eﬁ ) - N-Hg -titani um di met hyl ;
15 (IB&)
(N-(!, I -di met hyl et hyl Y&
nam nato-(2-)- N)-titaniu
(N-(1,1-dimethylethyl)-1,1
-(tetranmethyl -Tl -cycl op 2) titani um
(di met hyl sil yl ene) bi s( et hyl ng,)«NC(QHs)(sl 1- o(ffhet hiy| et]\bé 1, 1- di phenyl - |
-(tetramethyl - Tl - cycl opent 94 nyl ) si | anam natoV% ) titanium (111)
2- (N, N-di net hyl am no) benzwY; 1( 1, 1-di net hyl yl)-1, 1-di phenyl - |
-(tetranet hyl - Tl -cycl opent adi en | ) si | an@m nato-(2-)- N-) titanium (11)
1, 4- di phenyl - lvlzewdhtlanheenletolxﬂptbﬂtxip@pﬂ ¢spgaidlbytfetelyl yr-4in-butpliphéryhiy| - |

- (tetranet hyleﬂk Y OPEHANADMeS] bARBR RS s g ) -1 Lt um

(N-(cycl ohexyl é
- (t et r amédippgthy 1¥1€!§ﬁéb1%{plé?hv o) eand | )SI | anam nat o- (2-)-N-)- titaniundi nethyl ;

(N(CXC'OheXY'R)' a:i-ll aitl loybehzyl, 1,4- 1 4-diphenyl-13-
- (tetramet hyl - y %(1 e?’?%lmér?) 201 dnam madlene OE )lp erﬁy 13|bmad|letrj?n

bis(trimet hyl . rhwcpmpqus)ofthefmmlm/, T B3 USRSV IBS GIF " and IB8. the

(N-(cycl Qil'fh%m thet it T Ql fﬁXllle +3|o atlo state whenR is allyl or 2- 1meth lammo benzyl, and
-(tetramethyl -rl -ccoentalenxll% anam nat o- 2’ (% y tan )mzy

(di met hy Ilrsihp ¥R ewéytm@(aﬁpewhﬂyll?e rse1)4-pf{nmd(e@9 et bhdippenyl- 1 31bnd:|d1@h@ nyl - |
- (tetramet hyl pilsaamsl n‘?é?ﬁ Qgﬂﬁb&@){é&)ﬁdlﬂgﬁg @H?o&ﬁfn@nt(ﬁ% of tbplesert irfvattiod Rctdde! )

2- (N, N-di net hyl am no) benzyl; 5 (N-(cycl ohexy

1, 1- dP phéhp\fpliqwipg eqmpierss hwchrmaycyﬂeh@f%nmrap@n@meg within gmbpdiment(A): ) - N- ) -

tit I
L cﬁlmolrjcr?((l\l-()l ity qu‘h‘ﬁﬂ’@h@ygq R Ll 1 (tetranethyl -1l -
cycl opentcﬂd‘i)mntyﬂl)fsyl)sximmlm@ Y)Jitamums t i t ani um 10

o O WY AL 3 g .,

(N-(1,1- di)?éttimymehmgthy)l 1, 1 bi s(4- net hyl phenyl ) - 1- (tetrarrethyl-rl

cycl gpent adi enyl )sij a 1 tanl m bi s hyl sil t.hyl);

CYC! BNt el 1 RORILABE 0 Eoalt b A LS A TER M SRTB Y ) -

di enyl ) Nb)-Stahiamaid(thiatethy{sBylnetidy))- ti t ani um (d| met hyl si | yl ene) bi s( et hyl ene) ;
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-(tetramethyl-n-cyclopentadienyl)silanaminato-(2-)-

T%zﬁscycl opent adi enyl )sil a

N-)-titanium (dimethylsilylene)bis(methylene);
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-(tetramethyl-n-cyclopentadienyl)silanaminato-(2-)-
20  N-)-titanium (IIT) 2-(N ,N-dimethylamino)benzyl;
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-(tetramethyl-n-cyclopentadienyl)silanaminato-(2-)-
N-)-titanium (II) 1,4-diphenyl-1,3-butadiene;

dichloro(N-(cyclohexyl)-1,1-diphenyl- I -(tetramethyl-n-cyclopentadienyl)silanaminato-(2-)-
25  N-)-titanium;
(N-(cyclohexyl)-1,1-diphenyl-1-(tetramethyl-n-cyclopentadienyl)silanaminato-(2-)-N-)-
titaniumdimethyl;
(N-(cyclohexyl)-1,1-diphenyl-1-(tetramethyl-n-cyclopentadienyl)silanaminato-(2-)-N-)-
titanium bis(trimethylsilylmethyl);
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25 (N-(cyclohexyl)-1,1-bis(4-methylphenyl)-1-(tetramethyl-n-cyclopentadienyl)silanaminato-
(2-)-N-)-titanium bis(trimethylsilylmethyl);
(N-(cyclohexyl)-1,1-bis(4-methylphenyl)- 1 -(tetramethyl-n-cyclopentadienyl)silanaminato-
(2-)-N-)-titanium (dimethylsilylene)bis(methylene);
(N-(cyclohexyl)-1,1-bis(4-methylphenyl)-1-(tetramethyl-n-cyclopentadienyl)silanaminato-
30  (2-)-N-)-titanium (IIT) 2-(N,N-dimethylamino)benzyl;
(N-(cyclohexyl)-1,1-bis(4-methylphenyl)- 1 -(tetramethyl-n-cyclopentadienyl)silanaminato-
(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-butadiene;

dichloro(N-(1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-(tetramethyl-n-

35 cyclopentadienyl)silanaminato-(2-)-N-)-titanium;
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(N-(cycl ohexyl)-1,1-bi s(4-n-butyl phenyl)-1-(tetranethyl-Tl-cycl opentadi enyl
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25 dichloro(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-1-methyl-4-phenyl-1H-
inden-1-yl)silanaminato-(2-)-N-)-titanium;
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-1n)-1-methyl-4-phenyl-1H-inden-1-
yl)silanaminato-(2-)-N-)-titanium dimethyl;
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-1)- 1-methyl-4-phenyl-1H-inden-1-
30  ylsilanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-11)-1-methyl-4-phenyl-1H-inden-1-
yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene);
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-1-methyl-4-phenyl-1H-inden-1-
yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-dimethylamino)benzyl;
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(N-(1,1- dlmethylethyl) 1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-1-methyl-4-phenyl-1H-

inden-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-butadiene;

30 dichloro(N-(cyclohexyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-1-methyl-4-phenyl-1H-
inden-1-yl)silanaminato-(2-)-N-)-titanium;
(N-(cyclohexyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-1-methyl-4-phenyl-1H-inden-
1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
(N-(cyclohexyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-1-methyl-4-phenyl-1H-inden-
35 1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
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(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,2,3,4-tetrahydro-2(1 H)-
isoquinolinyl))-1H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (IIT) 2-(N,N-dimethylamino)benzyl;
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2(1 H)-isoquinolinyl)-1 Hinden-1-yl)silanam nato-(2-)-N)-titanium 25

(d| nmet hyl si |l yl ene) bi s( et hyl ene) ;

(N-(1, 1- woet/imshet hyl ) -1, 1- bi s(4- net hyl phenyl )-1-((1, 2, 3, Bar/0800wi1$433- (1, 2, 3
, 4-tetrahydro-

2( 1H) - i soqui n@Nk(hy timetiHethylién-diphghyl SHW(BRAG, Aatp3(22,} AXktjahydro@0iH)m (1 11)

2-(N N di ne . .

(n (1 1- cromgengn BERG R i G ORI O Lty -L T iadieps_ . (1 5, 3

4- t rahydro- 30

2(1H) -i soqui no %P%?ﬁ\,aé"ci%ggﬁ)”l ok 1 30P 920. 20 2105 Nadarkab§ GEAEH T 1)

1, 4- di phenyl -

di chl or oQd&qﬁlﬁylﬁithekmhérr-Ilyl:}mllahﬁlﬁlﬂatm hNL)pthaﬁmh,) 1-((1,2,3,3a,7a-r1)-3-(1, 2,
? |4) tsﬁt ;ﬁg)r/ndlr.]g{\@&(lo?hy)iyﬁ) qij-lfi}n %fiﬂii] i“l 21?!_'.;,2'1 Ta- n) 3- (1 2,3 ,4-tetrahydro-2(1H)-isoquinolinyl)-

(N-(cycl theﬂﬁﬁén)r-}l)sl—laﬂ!nﬁﬁa‘ﬂo (!ﬁi-lhébltﬁi}fﬂﬁﬂhx)neﬁiy((l 2,3,3a,7a-i1)-3-(1,2,3,4-tetr
ahydro-2(1H) - 35 isoqui no Hin

-yl ) si | anam ndNdeychehpxy-), lflipi;@fml brf{ 1 %éat Wn)% (1323 futstrghydeo-3G18D) ionpingdaoh)316 45
(N (cye! abexdn -y inif s TRLRYLRIRI bhadnbblsRideda; 72 T1) 3 (1.2, 3, 4-tet 1

ahydro-2(1 H)- isoquinolinyl)- "1H i nden-1-yl | anam nato-(2-)-N—)-t| tani um
bi s(Pi met hyl <NHgyolabexypr-),1-diphenyl-1-((1,2,3,3a,7a-n)-3- (1 2,3 ,4-tetrahydro-2(1H)-isoquinolinyl)-
(N-(cycl SR ;= )-3-(1,2,3,4-tetr
ahydr o- 2?%¥4&r %1 %gﬁl(a% F%e)tlw t%}ﬁg%kai@%/twlglilyll%ﬁgb}%ﬁﬂ%tﬂ%}?{e -)-N-)-titanium
(di met hyl si | yI(Hr{e})CIlnhsw}aet h-yliphcref) 1-(8,2,3,3a,7a-n)-3-(1,2,3,4 tetrahydro 2(1H)-isoquinolinyl)-

(% CereLaRepuby ch bRl PPLOY PRy e shyBrdpusple 5~ (52 ot o
(1) 22 (N, N- dNregciohkayi)- b pipherayl 5((1,2,3,3a 7a—n) -3-(1,2 3 ,4-tetrahydro-2(1H)-isoquinolinyl)-

ahy b 201 Ty CEuRHET m@-ﬁwﬁﬁﬁ s Rat it 2] ) “n ) e um
(rry 1, 4 di phenyl - 1, 3- but adi ene;

ijl?:c? lil.orZOgN;l( Y ‘thfé?n{fﬁ‘op ﬁ @PT}{ylLth)]ﬂ):} lbbls(ég-meﬂlyg)tfln r}/yl)p{]?(?¥|3)3aj7a-(|1()-% (% 233 z? a, 7a-rl)

H)-i Soquite_ﬂﬁhydiy-mlﬂbhkoqﬁld&ﬁryﬂ) 1}1 indéd- BRBPstiafahifatd-22- ) NN-tjtadivhani um
( N;l( 3 é% ; g'h;"dsﬁ n I(1 1 dymgthylethyl) 1,1- f's(ﬂinethy%hgny%nly ((} 23, LR (7% n?s% §a3 47t%trarh|y)dr'o?" (1.2,

(1Hpei soauH)Ie luﬁmhr)yi)liﬁ inaélreny sxwharﬁinhteqa.gmﬁmmﬁa -dimédthyl;- ti t ani um di met hyl ;
1d|netgl\4(eth - bi s(4-n- but 3a,7a-rl)-3-(1, 2,
A«

2,3
et r ahydr dN1%1 fmethﬁlct]l)glbﬁ,m -msipy hqnyiq_l,yqq gﬁja a-n) 3-(1,2,3,4-tetrahydro-

N-( 1,
4-t

yl)sila iRingo i il st

N (11 3?‘?3?2"19‘“(’%” B s bffiﬁ%w S8 T s (1.2,
4-tetrahydr (2(119/ irpgthylesh bl ADiS(hipiethy leHd’eﬁl 243 33 a-n)-3-(1,2,3,4-tetrahydro-

yl)s

1,

14

a il aaﬁm)q?&qﬁmggny)) 1YL }ndéd i %BEIH%&%@RW §t'alln¥xlnene) bi s(met hyl ene) ;
4

1-di et enyl)-1-((1,2,3,3a,7a-rl)-3-(1, 2,

ét r éﬁy‘@%éﬂg@e bls(methylene)

(
)
(
)
( 4-n-butylp

1 I t L1
( ( H) I\Lsgﬁlé'e[‘gf;:(g%da% %}!’_tth ’]f?”'bis(meﬁl'yipﬁ&%w N@1,936273 nM3 )1 bl 1)
N-(1,1- d(lriﬁtlkmlumphwll))-llﬂ-ludebrlsxlmlmamma}d (reNydtiyaniun( (1) 2(8N3a, 7a-rl)-3- (1, 2,
tet
H)el ;oqwfriﬁTmmO b?"zi'm nden-1-yl)silanam nato-(2-)-N)-titanium (H)

di phenyl - 1IN31 hwdimeth@ethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,2,3,4-tetrahydro-
30  2(1H)-isoquinolinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-butadiene;

3
2
(
3,
(
3,
(
3,
2
2-
(
3, 4-
2(1
1, 4-

dichloro(N-(cyclohexyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,2,3,4-tetrahydro-
2(1H)-isoquinolinyl)-1H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium;
(N-(cyclohexyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,2,3,4-tetrahydro-2(1H)-
35  isoquinolinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
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25

di chl oro(N-(cycl ohexyl)-1, 1- bi s(4-n-butyl phenyl)-1-((1,2,3,3a,7a-rl)-3-(1,2
, 3, 4-tet vabydu315 2(1 H)-isoquinolinyl)-1 Hinden- | PCT/US00/31645
-yl)silanam nato-(2-)-N)-titanium

(N-(cycl ohexyml-(dy,c[bhhay!s)(M}L-ﬁs@uhgth)pﬂst&nylb N-(U-2,3,33, 718, B6 2&4-1(1’(1)&1&1)8&((-1(12{)—3, 4-t et

{j?%? rh; |- 1258(}11';91 myﬁqﬁumgen l-ﬂyslilgiﬁamjﬁlgté-&d)elq )]ht%u)ré tns(?nme 1fy?ﬁlét§§l);- N-)-titanium

( Nh( gycl ghixy kﬁ§aycmhayg(wr-ms@uﬁahpﬁenwb-) ({152,433, -9, 86, L B4-tdtrphBir¢-2(1H)3, 4- t et
ot nof ATy e -y premiien A HD i sty lgRe iR methylenc)

bi s(tginmethyl gil wcrm&)lw)l])r -bis(4-methyl enyl? 1- ((1 2 3 3a 7a-n)-3-(1,2,3 4-tetrahydro-2(1H)-

(N-(cycl ohexyl ) -1, 1- bi s(4-n-butyl p% 1%Ba 7a-rl)-3- 1234tet
r ahydr o- ?G‘l“lll'l)hnypsl%H?W'Y‘WP‘)‘@‘W? (?dgﬂ h““iﬂ“)’% IP&%M@P@W% NZYl t ani um
(dimethylsily t -3-(1,2,3,4-tetrahydro-2(1H)-

(N Lol ohexal Q&k%é{y@‘(ﬁ mﬁh L}ﬁé;h% heny) 1(123(3a7a (12,34 tetr)a ydro 1(2)3 it ot
r ahydr o- gpqumglmy])siﬁqlgdqmon-ylbpylpr)ammato -(2- %lN )-titanium (1) 1,4- dlphenyl 1 3-butad1ene

1H i nden-1-yl)silanamnato-(2-)-N)-titanium (I11)

2- (N, N-di et hyl am no) benzyl; -40 WD 01/42315 PCT/ US00/ 31645

(N-(¢§cl ohexyld)cthrOINHil,é(dnnﬁh)bﬁhxl) b eévisg4-n-butylphenyd)- B((33,388.7HW)-3I1 28,8, 3, 4-t et
Eﬁr)ydflo 4?%%!3?1 dro- A g hihdlit)- LG etk thibab tANR I gk 2-) - ) -titanium
d| chI or o( N-( 1m-(dﬂmandtwlahﬁ)fl )-bib(@ndiuthmnwﬂ)-l -((1,2,3,3a,7a-1)-3-(1,2,3 4-tetrahydro-

benzo[ f] Fégl) ﬁ?ﬁ’(‘}?'né‘mﬂ)}ﬂ{lﬂge&d'éﬁmf%n ' ato %Nr% m%lr%lum(j Ene)thyl{I-) titani um
( N- (1, 1- di met ydet yhothyletAyl @i, [DJMsWhabbtylphenyl) 1-((1,2,3,3a,7a-1)-3-(1,2,3,4-tetrahydro-

AR A AT —

2-
( (I\F( (1 1213dl3 rret7 mNIT(letl Whéthﬂe?fﬁ}g)ﬂh pIvesach-bltylphenyl)-1-((1,2,3, 33 7|a_n) -3-(1,2,3 4-tetrahydro-
- a, 7a- [ 0 i.sqi ndo
2-yl)-I H?ﬂﬁaéwq&mwr)@. iaen h40% laegmyétfz%-%‘{-’l-t&ﬁﬁ%
?IN-SEE_ rl1 lhhydh lsillyl![:ﬂmd@MEt)lyle 2 3 d .
e a, 7a ro-
enzo[ f]i 50| nd (13- ‘%}I'I"?hﬂ?‘w}'i& r?‘si 91")‘%’? q’ﬁ‘ﬁ’é)rﬂ L2 3: 3€5a‘)’3ﬁF()1 gg"l"'ttﬁ
d h 1 ilan oLy Aiedn AL, 1-di h | -1
TR R i P (R AT 3 7Y i G e S SR
H-i nden- f“‘%ﬂ)%?im‘a?ﬁ?ﬁzﬁlat 0-(2-)-N-)-titanium (111)
2- (N, N-di net th$ml Hﬂ}l&ﬁﬁ@tu}l) 1 1(bN(4 ﬁ«b&wﬁﬂh@iﬁ}lﬁ}/ L@tzb}daha%)-’g =(U2pheRhiykro-
-((1,2,3,3a,7a Y-3-( dr o- 2H benzo isoin
2-yl) - 1H2(1rk8ewqmm9h9yé)rllfhwé¢ﬁ ha(l)ala(lfszlaw@) YatanipFh () | 7 dlphenyl 1,3-butadiene;
1, 4- di phenyl - 1, 3- but adi ene; di chl oro(N-(cycl ohexyl )-1, 1-di phenyl -
-((1 2,3,3a,7a-Tl)-3-(1, 3-di hydro-2H benzo 1]|so n oI- -
H i n@&n- 1- yl ) sidhlone(Nr (axalahexyd)- 3/11*315}4-@1'0?%(}1111 )- ((W(—”é?&ﬁ'@%é)@/ |293 41te§abdfili9henyl
| -((1,2 5 dol -2-yl) 20 1
1 nden- PP Cpnbtupynt i Py RS AL, el -2y

( N ( cycl ohexyI(N (@yclohexyhhb hplsc4-p-butylphenyl)-1-((1,2,3,3a,7a-n)-3- (1 2 3.4-tetrahydro-2(1H)-
-((1,2,3 B s benz E[ﬁﬁﬁ) -yl) -

1Hi ndenﬁﬁ%amﬁ? ;})Qrﬁgl%g%”afgg%gxgﬂ ﬁﬁt?(_% ?E gnl L&Juhl Es?lk ‘met hyI silylnethyl);
N- ( cycl ohexyl Nd(cyoldabiexpen-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,2,3,4-tetrahydro-2(1H)-

1H— i ﬁéen ‘quk}‘f‘j?l&ybgﬁgw‘gﬂfafggflﬁ %jnqlo t% F%—P—ﬁg)f-ﬁlt%nﬁqlm%ls tR9hs RitgthbinyD);

(di met hyl si | ylEreyduhsxynet, mplseneputyPhenyl)-1-((1,2,3,3a,7a-1)-3-(1,2,3,4-tetrahydro-2(1H)-
I( EI-OI( ﬁég: ?sgggl%/l!?hnyi]) 1%{ 1Crilldgn 1-ylgsﬂanan$1gato %Z-SQ{NS)-tltamum (31meth§'lsfl}"?fene blgfmet%yl%ne)benzo[ il
(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,2,3,4-tetrahydro-2(1H)-

isoquinolinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (IIT) 2-(N,N-dimethylamino)benzyl,
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1H i nden-1-yl)silanamnato-(2-)-N)-titanium (I11)
2- (N, N-di et hyl am no) benzyl; (N (cycl ohexyl)-1, 1-di phenyl - |
-((1, 2, 3Wapve3td ) - 3- (1, 3-di hydr o- 2H benzo[ J] i soi ndol - 2- yPET/US00/31645
1H i nden-1-yl)silanam nato-(2-)-N-)-titanium(I1)
1, 4- di phenyl - IN3eyithaxiile hé-bisBBn-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,2,3,4-tetrahydro-2( 1 H)-
gl ((:gl gl’ gl(lisi)glé\?%lmyﬂllli?mggn ?ym/llazlammglo la ?&A)t amuxXl l%hlejl1 }ﬁp}]enyl (_”]b’u?adleh?’a 7a-Tl) -
2H benzo[ f]i soi ndol - 2- yI) 1H-| nden- 1-yl)silanam nato-(2-)-N)-titani um
I(hl\l-y((jl:,l'bil'_zal et r;'i}/chForo 1 l-dlmet yl%t(hgl) qﬁitcpgheg)qen%/l % 3J3a(7£ )g(FB%%ygro I-}) 3-(1,3-d
3enzoEf} ib8fHo JHSYinddt-Yly))- 1 H=nderd ey diaiidn) ifdtd ENPNLAREMuh2- ) - N ) - ti tani um
I met y
(N-(1, 1- di et )4 wmgthyletaylsl d (diphearl HyA hddg7s- 3|4 dhydroP4i-henzefflisoiadely 3_ ¢

I hydr o- 2k:y13H-inden-1 -yl)sﬂanammato (2-)-N-)-titanium dimethyl;
benzo[ f]i soi ndol - den-1-yl)silanam nato-(2-)-N)-titani um

2-
bi s(trimet hysiNyi r‘ré%lln‘;lbylethylhri lmh?&ylz!z@i%lﬁ@ﬁ-w’s@@y 3-geydro-2H-benzof]isoindol-

,(hNyfjl » Cﬁ'ﬂﬂmﬂd@ﬁ % hitoharhidRioS@ 4N RGNt Aneny B, 32, 7a-11)-3-(1, 3-d

benzde] | soi nd¥t(1,2-djmythylpthyrd d rdiphepyly1s((1, 2.B.3a7 Rad-3( |, 2-dihy oy 2H-benzeff]isnindol-
di th i 1 itaniu im i n
E N (1, e njey% ”;ﬁ’%‘ﬁ%‘%@ﬁg@ N (dimeiylslylepebigmethylene), 1 1y-3-(1, 3-d

i hydro-2H 5 (N (1,1-dimethylethyl)-1,1-diphenyl-1 ((l 2, 3 3a ,7a-n)-3-(1,3-dihydro-2H- benzo[ﬂ1s01ndol-
g??ZNOI[\IT] :%?y;yépﬁ den Iry}'o)%xrl)a%ﬁn%qg%e(a )jNy 1t)an1uma(ﬁﬁr9 &?‘ILI 1141&32th}1am1n2>)b%ﬁzg'?nl um (111)

(N-(1, 1-di et myﬂ(&ﬂhi;frhéthﬂlsathywlsl(dfiphmlhy(l(m&,ﬁy 73-nk34(1(,3-dydro2H-Hemzo[}])sodd¢l1, 3- d
i hydr

beno 87 1 it Hirindess? Y LORPITHSER) 2R DT antum (1)

1, 4-di phenyl -1, 3- but adi ene;
di ohl or o(N (cycl el e T SO s (b T )3 (12

benzol f] IbSlﬁHo[fﬂSUmdzl'-yJY)) Ili'inuadﬁ@k)&hﬂdrﬁxﬁdtb@lﬁﬂl)naﬁxﬁurﬁz ) N-) t | tanl um
(N-(cycl ohexyl)-1,1-b 2/ 1)S 3-.di hydr o-
2H benzo[f]i s r(ewfohgxm 3 lfmhpwérér(ﬂi Ypa m)a%Qn% ﬂleBO@E ‘)enmwlswpéoéﬁr%

di metoyl ;1Hli@den-1- yl)sxlanammato (2-)-N-)-titanium dimethyl;
(N-(cycl ohexylé%J - bi s(4- net hyl phen 3a, 7a-rl)-3-(1, 3-di hydro-

2H benzo[ f] i r(ﬁ@!ﬂh%dm -} -diphenyird <. 3%Zasm)r%ﬁa}rﬂlhaCire2(fzbe)12q{ﬂl)smtliiql~3rﬁlhm

bis(tri nﬁhbménluw)“%ﬁ%mat&(ﬁi NE)LtHEIum{ §fsdtﬁ(rh@fﬁ§l§l lmethyl),
(N-(cyclohexyé% yl)-1-( a-q)-3-(1, 3-di hydro-2
H benzo [f]i (Cbi@l@lllele)ylll)dlmhwlrhﬂéﬁﬁ;@a)]ﬁ ’r(é,ﬁaiﬁ)’ﬁm'%ﬁ PQE?UND)ndPi 28 um 20

(di net hyl n e
(N-(cycl c}?\fe‘%érﬁel @ W@ﬁf ﬁ?) i (g mghyliplepelbisimetyleneyy 3. (1, 3-di hydr o-
2 @énzo[ : ] | Wi(epbihepa)y ) -dipHenyhd 6i,213,34, ;asm}hﬁaawmmrga@e)uqml)soxnaqlammm
(rery 2- ( 105 PR
(N (cycl o “)dIl %i‘%@ﬁﬁ%ﬁjﬁ Z‘X%é“r?& D 3 G digethylaminpibentsl; o (1, 3-di hydr o-
(N-(cyclohexyl)-1,1-diphenyl-1-((1,2,3, 3a ,7a-1)-3-(1,3-dihydro-2 H-benzo[f]isoindol-2-yl)-
1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-butadiene;

30 dichloro(N-(1,1-dimethylethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-
2H-benzo[flisoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium,;
(N-(1,1-dimethylethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
benzo[f]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
(N-(1,1-dimethylethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
35  benzo[flisoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium bis(trimethysilylmethyl;
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25 benzo[f]isoindol -2-yl)-1Hinden-1-yl)silanam nato-(2-)-N)-titanium (I1)
1, 4-di phenyl -1, 3- but adi ene;
di chl or oW (1142B18li et hyl et hyl ) - 1, 1- bi s(4- n- but yl phenyl ) - 1PCT/US®@/B¢Ba, 7a-r )
-3-(1, 3-di hydro- 2H benzo[f]isoindol-2-yl)-1
H-i nden- 1- yl ) SN naiiherayletag |21 )i -His(}-mieihyphényhi 1-@02,3,3a,7a-n)-3-(1,3-dihydro-2H-
((leilglér(])- W¥01 dtopyy?) 1hr-adi- fgfﬁsxﬂnabnlﬁg oPp)eﬂw-t harmarh ( 1 2 3, 38, 7a-rl) - 3- (1, 3-
benzo[f] I($mefln§il9ﬂyla}e}61$(mﬂ:tﬂiyiem£)en 1-yl)silanamnato-(2-)-N)-titani um
di met hy
(N (1, I i et ATl st ety st oA ms ey R BrvAC) 2 238y 34 34iydrordA_ 3. (1, 3-
di hyds0- Bkhzo[f]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (IIT) 2-(N,N-
benzo[f] [ SOI n oI ﬁ%@%‘l‘& 1H i nden-1-yl)silanam nato-(2-)-N)-titanium
bi s(t ri et b. -42 WD 01/42315 PCT/ US00/ 31645
(N-(1, 1-di rret r@u entmathﬁetaylfms(ms(nnmwhmgayp 23:3004n3331 3aikaroTA- 3- (1, 3-
di hydro-2H benzo][f]i sol ndg 6 e‘ﬁ‘
-yl ) si | absiFeHHEHRdeb2yl NLHymfi?Dc‘%fM tRnRingesld NI titgniwn 8o %éwéw&;i ne) ;
(N-(1, 1- gy ! et hyl ) -1, 1- bi s(4-n-butyl phenyl)-1-((1,2,3,3a,7a-Tl)-3-(1, 3-
di hydro-2H 5
benzde]lsm ndol - 2-yl )-1Hinden-1-yl)silanam nato-(2-)-N)-titanium (111)
2- (N, N- di met kyydhRpd 3%?&@{%) 1,1 bls(4 methyllphenyl) 1- S(l 2.3 (3a 7a-£|) -3- (1 3-dihydro-2H-

)

(N—(lldlrrethleth 4- n- but a?aTI) 3-(1, 3-
di hydr o- szo[f]lsomdol 1H-inden-1 -yl)sﬂanammato (2 )-N- )-t1tan1um

2922&[ L]h';] 3: ngﬁ écy%wﬁla) 5)11"1 'bil?@ﬂet%ylishe)n% 1802918 824 2300 3 Mimyad LNt um (1)

di chl or o(Dﬁnzpftllsﬂlnsihb&yl))lflimierbl-xbillamnbmtgr(%ohﬁﬁ;ﬂtémmn @mettyl3, 3a, 7a-r1)-3-(1, 3

;—S: E §L°| Z;ﬁ ) gﬁq@%la({lrl]ﬁ)%’ a?l%i F%@g Bg@%dplt?e %ﬂ&)l (}1 2,3,3a,7a-n)-3-(1,3-dihydro-2H-
(N-(cycl thtwoy]1901111210112-Iyl)slHdmderbLrWMahmnydtt)—(Zl)—N()igt&uBn Bis(timethysilyBreftly] 3- di hydr o

;“2?e:)ﬁnlzcg{sgé}ngéﬂwg%eﬂ%ayl )-1H i nden-1-yl)silanam nato-(2-)-N)-titanium
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-2H benzg[ f oi ndol ~2-yl)-1 en-.1- namnato-(2-)-N)-titani um
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-2H ben N}[‘ﬁ{ﬂlsoh‘gﬂm ]2yl) 1H i nden-1-yl)silanam nato-(2-)-N)-titanium
(rrry 2- é am no) benzyl ;
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dichloro(N-(1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-
2H-benzo[flisoindol-2-yl)-1H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium;
30 (N-(1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
benzo[f]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
(N-(1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
benzo[f]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium bis(trimethysilylmethyl;
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2H-benzo i nd I | Hinden-1-yl)silanam nato-(2-)-N)-titani um
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benzo[elisoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium;
30 (N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
benzo[elisoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
benzo[elisoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
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benzo[elisoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium
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(N-(1,1-dimethylethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
benzo[e]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-
35  dimethylamino)benzyl;
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(N-(1, 2-di et hyl ethyl)-1, 1- bi s(4-n-butyl phenyl )-1-((1, 2,3,3a,7a-rl)-3-(1, 3-
di hydro-2H benzo[e]isoindol-2-yl)-1
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-2H benzo| e Hinden-1-yl)silanam nato-(2-)-N)-titani um
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30 (N-(1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
benzo[e]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (IIT) 2-(N,N-
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(N-(1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
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(N-(1,1-dinethylethyl)-1,1-bis(4-methyl phenyl)-1-((1,2,3,3a,7a-Tl)-3-[ 1H
15

benzo[ de] i soquixdhmlm(w-(:t(laiﬂ)wtyyl]eth&ll)ﬂglndipmnﬁl-lyd() 3.83afan)-AdtH- (2-)-N-)-titani um
b t th

(N (L 1 BT Rel RO 2 AL B Rl KO BN CONDE S50 7011 -3 [ 11t

Ibe nzao[ de] i sqyyi nejlmahﬁetﬁﬁ)ﬂ) A1ydighenyll- th(l,Zl,ld 6517'&11%‘1[3) IB‘{ benzg[dle]lsoql)nnohn 2(3H)-
anam nat T net Sl ne) bl s( net hyl ene 20
(N-(1, 1- df r?éfﬁ{??‘éi%@?l %‘Lmﬂatﬁl(%'}'%l')rfétﬁﬂéf‘ e‘\ 1-((1,2,3,3a, 7a-r1)-3-[ 1H

benzo[ de] i soquNOo)iidimethydéthyl |1]1 di-;kﬁehﬂde@l' isyb mhj wpmaabwep%qﬁmm)z@yyam um
(rer) 2- (N N- . di met hyl am no

(N-(1, 1- it W%w&)wsanﬁmmatm(% -ﬁfwewwarférﬁvrft}lylills(lleli%l)3 3a, 7a-rl)-3-[ 1H

l(aleln)ZO[ dg] hsoﬂl{Nt‘(@hldln@tﬁy%&%)”tl 1=dighehyideqr, 3 ¥h ) 5h)- b aab R fisqhindin 28 H3-ani um
| en ut ad I ene,
di chi2ér O(YN-'?'EV’éFfbHé‘QWa?WHQO‘L@ -SNa-iaRipg (G retylsivine)ismsthylens); 7a-T1)-3-[ 1H

(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-1n)-3-[ 1 H-benzo[de]isoquinolin-2(3 H)-
yl]-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (IIT) 2-(N,N-dimethylamino)benzyl;

(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-1)-3-[ 1 H-benzo[de]isoquinolin-2(3 H)-
yl]-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-butadiene;

(
3H)
N,

30
dichloro(N-(cyclohexyl)-1,1-diphenyl-1-((1,2,3,3a,7a-1)-3-[ 1 H-benzo[de]isoquinolin-
2(3H)-yl]-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium,;
(N-(cyclohexyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-[ 1 H-benzo[ delisoquinolin-2(3 H)-yl}- 1H-

inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
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benzo[ de] i soquinolin-2(3H) -yl]-1

H i nden-1-yl)silanam nato-(2-)-N)-titani um

(N-(cycl ovexyhid, 1- bi s(4- met hyl phenyl ) - 1- ((1, 2, 3, 3a, 7a- TPQT/BS§0/31645
1H benzo[ de]i soquinolin 30 2(3H)-yl]-1

H i nden- 1-yl) W%(%mmxm)t bi-@diphenyN X€1t2,3,3a37acmr- B Ik bdmyd [e]isoquinolin-2(3H)-yl]-1H-

(N-(cycl ngxxl))é)51}dnm1 tso(é )rﬁas p%nr?lhebnﬂrgne%hyi (lyl’me’thyi)?’a fa-Th)-3-1

1H benzo[l oqui Rov
2(3H)-yl] - lH- Imdm*ohCWI))El-ld@man (12, 3, 2z, Ja- Y- 3-F 1tH-bempo [défisoquinolin-2 (3 H)-yl}-1H-

bis(tr | sil X o . . .
(N (vl GHEy PPEn SRR GO PR sy s @edylongs 1) 3.
1H bepzo[ de] i sRqecibbxyly-1,1-diphenyl-1 ((1 2,3,3a,7a- n) 3-[1H-benzo[delisoquinolin-2(3H)-yl]- 1H-

2(3H) -yl ]-1Hinden-1-yl) S|Ianam w )-titani um
(di met hy GeRy OSARBMRRRE AT - éfﬂ@)“um QJHI) Hﬂf‘ﬁ%‘é)i‘@“lﬁ@iaﬁ%bm 31645

(N-(cycl ohexyln: (éycldhexﬁ) B { AiphBiyy L @henyd a1 (1H-Bondo[38YiséGuindith=293 Ar)-yh]- 1H-
H benzo] decg i soquinol i

2(3H) -yl jn CHJrY%G@mU%O)@T)fI‘&WEWﬂW@t(H)éé =diphrpyl-1s3-budpdienss (111)

2- (N, N-di net hyl am no) benzyl; (N (cycl ohexyl )-1, |

- bi s(4- et hyl phenyl)-1-((1, 2 3,3a,7a-rl) Fﬂth_ benzo[ de] i soqui nol i n-
2(3HI0y1]- 1" HdichtpeatN1( y tdimpthylathyh- hdthﬂf(-ﬂw;hy yoyi)-1- ﬁhﬂ@rﬁaﬁp-iﬂ)3 -[1H-

5 ot oF DRl SRbRES R K ipdep-foyhslgnamipato-GANJigun, ) o g0l Lo

-3-[ 1H (N-(1,1-dimethylethyl)-1 1-b1$(4 methylphenyl) 1 ((1 2, 3 34, 7a n)-3-[1H-

A e PO Rkl 4
(N (l l dlmethylethyl) 1,1-bis(4- methylphenyl) l -((1,2,3,3a,7a-n)-3-[ 1 H-

benzﬁhdelolmsz% QiR el PN RadimnalStd PRS- (2) - ) - titanium

di me
(N- (1, 1- disratbypyelybydthyl1, 1- bi s(4-n- butyl phenyl )-1-((1, 2, 3,3a,7a-rl)-3-[1H
benzo

[ de] i soqui nol {N=(b¢ Sigpetyisthnli ek ey IPP e Dl e Rt 82 L ) - ti t ani um
?IN-SE '&r Ilmbérhysﬁde 1$b|qﬁiﬁbl|i1yt(3H) -yl]- lH(lzden lbyl)sﬂlanarr]nmatcl) )(2 )]_N()zn]t_anéurré sa, 7acr1)-3-[ 1
t s(4- n- but en a, 7a-r

benzo[ de? '?8%‘&%%5?“6# gﬁ’(’ﬁ@;ﬂe U3 - 1H- i nde% ] 1-yl 3/SI | anami nat o- (2-)-N-)-titanium

(1& E clm get hy! S|(N|5(l ?ﬁml}.mﬁétﬁﬁ; myl(bw(l4a4 )n,ethylphenhl) 1-((1,2,3, 3(a ,7a-n)-3-[1H- y-3-[ 1H
, 1-di me e -1, 1-hi s(4-n n - 3-

benzo[deﬁm%ﬁa}lwﬁ' %%éﬁél‘y&lf{:‘ﬁ—@fhgi% rﬁ)ﬂge}v % aawa&m%ni%fﬁﬁ) titanium

(111) 2- Qhadthylshiin®béiglRm no) benzyl ;

(ZBI- (1,1-dimet r(]'Iyll letl rZiymethylethyl) 1 1(1)i1s.(4r1m2th§l%henyl) I ((} 23, 321 a-n)3 [1 ja. 7a-rl)-3-1 1H

ben20[ debise ]1§3>Q{111n811r)2ﬁ H)-y%hh - indiénl NAGNadmhat& (- ARAH AR (10/A;4-diPhdnyL 1 Bani um
(1r) 1, 4-di phenyl - - utalene

di chlzé)roPRl-a?‘E%l ohexyl) 1, 1- bi s(4-n-butyl phenyl )-1-((1,2,3,3a,7a-Tl)-3-]
1H benzo[ de]isoquinolin-2(3H)-yl]-1 Hinden- |

-yI)sHanamnato- 0@’) )-titaniu 25

(N- (cycl ohexydichipr dpxcethmbbﬂ;bw%@ﬁtwlpheﬂyt)(li«wé33,521 3114~ 3- [ 1H benzo[ de

e anu tit
b ety o e 5 52 711 -3

1H benzo[ de] |(I§(§wiqh@mlhl 1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-[ 1 H- benzo[de]lsoqulnolm
30  2(3H)-yl]-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
(N-(cyclohexyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-[ 1 H-benzo[de]isoquinolin-
2(3H)-yl}-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
(N-(cyclohexyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-[ 1 H-benzo[de]isoquinolin-
2(3H)-yl]-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene);
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2(3H)-yl]-1 Hinden-1-yl)silanam nato-(2-)-N)-titanium

bi s(trinmethylsilylnmethyl);

(N-(cycl ov@exyh1d, 1- bi s(4-n- butyl phenyl )-1-((1, 2, 3, 3a, 7a- PCYASA31645
1H benzo[ de]isoquinolin- 30 2(3H)-yl]-1
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| | Riskrimathys yipethyIN- ) - t i t ani um (di rret hyI si | yI ene) bi s(net hyl ene) ;
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28, 3 b&&p[&ﬁ}lsdq)lm&u( N3¢l ERingdnanyy peilnabtthdter(BR)AND-titanium (II) 1,4-diphenyl-1,3-

|Ian§ mnato-(2-)-N)-titaniumbis(trimethylsilylmethyl); 20

yclo 89§F3 1, 1-di phenyl -1-((1, 2,3,3a,7a-rl)-3-(N, N-di benzyl ami no)-1Hin

-1- yI)5|Ianan1nato (2-)-N)- tltanlunI(dlnethyIS|Ierne)bls(netherne)

(cyclohexyl -1, 1-di phenyl - | .
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5B NEITohO Y N ety ey (12 A )P L1 H-depzoldelisoquinolin-

'a“@(ﬂ A 0rH - ﬂrd}:n-Ny))sﬂdnﬁlﬁiﬁhth@-()JN -titknim@iRARNY | - 1 3- but adl ene;
? 2,3,3a,7a-rl)-
H- benzo[(fe]lsoqumolm-

—_——

wQ_\< l/-\\< |AQ_

or o( N- 11d|rret){eth - |sg4 rrethlgh
N, N- (N-(cyclohexyl)-1,1-bis(4- -butylpheny 1-((1,2,3,3a,7a-n

2(3H)-yl]-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-[ 1 H-benzo[de]isoquinolin-
30  2(3H)-yl]-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene);
(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-[ 1 H-benzo[de]isoquinolin-
2(3H)-yl]-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (IIT) 2-(N,N-dimethylamino)benzyl;
(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-1)-3-[ 1 H-benzo[de]isoquinolin-
2(3H)-yl]-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-butadiene;
35
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di benzyl am no)-1 H-inden-1-yl)silanam nato-(2-)-N)-titani um
(N-(21,1-dinethylethyl)-1, 1- bi s(4- et hyl phenyl )-1-((1, 2,3,3a,7a-Tl)-3-(N,N-d
i benzyl aw@0)/4305 1H i nden- 1-yl ) sil anam nato-(2-)-N)-titarCDwsaiitetshyl ;
(N-(1, 1-di met hyl et hyl ) -1, 1- bi s(4- net hyl phenyl )-1-((1,2,3,3a,7a-Tl)-3-(N, N-d
i benzyl am no) -dIQHW(NeKéd-dleﬂhylSﬂlyl&ﬂdeinED}d-I(-C(l $-319a Ja-1)-8 €NiNidibenzylamino)-
bls(trl i

(N-(1, g % I Zlb{?{’%mi‘}‘i@b RPN | phenyl ) - 1- ((1, 2, 3, 33, 7a- Tl ) - 3- (N, N-d
i benzyl am no) -(NJ(IH-I-dlmetbylethyly-ll;1sd1ﬁ1mm3am-(m3263(a 2a-)-BYV N-dibarzilamino)- 1 H-inden-

(di net hyl SlrlrJé I en (? rﬁs I ene 49 WD 01/ 42315 PCT/ US00/ 31645

(N-(1,1- I{ Ey)) iaBI“é”( melyhy 1 phenyl )-1- ((1, 2, 3, 3a, 7a-r 1) - 3- (N, N-d
i b?nzyl g.m no) (BI (1 idnglehyldthyl)-) 3 Hdigtieayn 1N@L,D;3 32,73-nNB-(NN-diBétizylain{to)-l H-inden-

2- (N, N-di amn

(N-(1,1- drTYﬁE’?%/W‘ IWI %3‘1'%”&"%'{‘2!5%?%1%%%‘): 1-((1,2,3,3a 7a-r1)-3-(N, N-d
i benzyl ani no) (NJ(h'I'lld'lﬂ&Hylérhylb )Sldlﬂfe‘ﬁifﬂl%i 9338,7d-n)BINN- aleéuzylmn(dob -IH-inden-

1, 4- dlphenyl 1, 3- but adi ene

di chl or of Nﬁ)(SHWHHE-%}r))Ni-tlianm@anmlwﬂeﬁﬁéﬁwe}hﬂ@ex1 2,3,3a,7a-Tl)-3- (N N

di benzyl ani no)y; 'I"duH@lﬁﬂetixle'l Sdlﬁlﬁﬁﬁ ﬁﬁ 93Q 7a- Q)mygg 1')55%102 IH,\III_‘%‘} benzyl

(N-(cycl ohexyl -11b|s4rret @Ekhen N;
am ndy- 1H- Xl)ﬁd@ﬂmlqato-(yflt)) Dtiganiw élm ylamjnodhshayin di net hyl ; 10

(1 Coyel onexylied o Rlsfugt aéme)?szal ) 430400 R, 8RR dekl i itk senzy!

amno)-1H in

bis(tri m:,lt-)ﬂyilg]anqdatpe@ﬁ;l‘ﬂ -)-titanium (II) 1,4- d1phenyl 1 3-butad1ene

(N-(cycl ohexyl ) -1, 1- bi s(4- et hyl phenyl )-1-((1, 2,3, 3a, 7a-Tl ) -3- (N, N-di benzyl
amno)-1H inden- | -yl)silanam nato-(2-)-N)-titanium

(di et hyl si | yIdmhé))‘MNs((:YCQQHGWIbM)d;phenyl-l-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)—lH-inden-

(N ( q§(cl W%Af)amdfa%-&-f%étlge | phenyl)-1-((1,2,3,3a, 7a-rl)-3- (N, N-di benzyl

am no anam nato-(2-)-N)-titanium (111)
2- (N, N- di net hyNabyciuhet@)ab,yddiphemydt 1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)-1H-inden-1-

N- I net h nyl)-1-((1,2,3,3a, 7a-Tl)-3-(N, N-di benzyl
gim 518/01& T%?I%Watf]@ﬂ?)l[\gf' ltﬁw}i%%‘ggﬁ( g g 3\ §§ti tanium (I1) )3 Y
é 4hfjl phenyl - INQaﬁlﬁhafyl)l%ne-ﬁlplhinyl 1- 1((l 2, 3,?a,7a-n) -3- (N,}\I dﬁbenZ)llle)lmlimo)( l(}i-lnéieré 13 7aTl)

ichloro(N-.(1,1-di et -1,1-hi - n- but en a, 7a-
-3-(N,N %&‘&“%ﬁi@ﬁ%ﬁgbym&‘xﬁwﬁthﬁ'gﬁg‘y]%‘ly )hé’HI )a/mgm n)allto (2-)-N-)-titanium
(N-(201-dinet INLt@&lbr{dxw-’h 1ldlﬂneﬁ§14r-a1 blstsxlmls»l%xN)N 3rb€1(z%'la3m§>)3ﬁr13@enti) 3-(N, N

di benzyl am no) - 1Hinden-1-y )-titani um di met hyl ;
(N-(1,1- dI)ﬂ@PﬂyIné‘Pr@I))N htltinlbms((h&’ewybdﬂﬁm%h%(HVIh)Vleme)( (1,2,3,3a 7a-TI)-3- (N, N

di benzyl ani No)N-(&fdidh egepr Ld;zﬁh}@n hapam, 3‘@7aon)(-32(I\)NM1I)enE§'151ﬁ‘iﬂb}Jfﬁ inden-1-
bis(tri met%pa | yI net h

(N-(1,1-4D WW@PK%I))‘\E/ &tltmnlbmé{IMrIthhdymslwéwm)b@Z(ﬂ(l 2,3,3a,7a-Tl)-3- (N, N
di benzyl am no).( el Id}ﬂh&@ W3R 8505 2ok N'\Inﬂenhhm'ﬂbym inden-1-

(di met hyl silyl ene b| s( nmet’h il
(N-(251- di)ﬁb@ﬁym@w%ﬁ)ﬂltﬂnlbﬂlﬂl Lfrdiphenplg Bebwddjend;- ( (1, 2, 3, 3a, 7a- Tl ) -3- (N, N

di benzyl am no)
dichloro(N-(1,1-dimethylethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-
dibenzylamino)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium,;
(N-(1,1-dimethylethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)-
30  lH-inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
(N-(1,1-dimethylethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)-
1H-inden-1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
(N-(1,1-dimethylethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-1n)-3-(N,N-dibenzylamino)-
1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene);
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1H i nden-1-yl)silanamnato-(2-)-N)-titanium (I11)

2- (N, N-di et hyl am no) benzyl ;

(N-(1, 1- woet/ishiet hyl ) -1, 1- bi s(4-n-butyl phenyl)-1-((1, 2, 3pGHUR@/30645 3- (N, N-
di benzyl am no)- 30 1Hinden-1-yl)silanam nato-(2-)-N-)-titanium(I1)
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| am no)-1 H i nden- -yl)silanam n (2 ?N—)t ni um
(di met hyI si | w(@ﬁ@gc}gh@%{ Lyls@ﬂ@ythylghenyl) 1-((1,2,3,3a,7a-n)- 3 (N,N-dibenzylamino)-1H-

(N-(cycl ahexyly sﬁanlmblht%((éjm-w{axﬂuﬁhﬁﬂwh 1-((1,2,3,3a, 7a-rl)-3- (N, N-di benzy
| am no) - 1H i nden- 1-yl) sil anam nat o- ( 2- -N-)-tltanl um (I'11)

2- (NI di net hﬂsle(pacmby)béhlzybrs(4arn@thylphenyl) 1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)-1H- .
(1 (0 R Rl S ULIABTER el 50, 72,515 (4 1 b
1, 4- di pheny!| - INIeysighexiilehe-bisHom ek pisingh- Lef 1 Zzaxﬁpvaeﬁbs-(l‘&bbdibdizylgmtm)-pﬁef erred

nbodi NS (RF)2 NC(CH3) 3
DN G By o AR R Y (b Sdp @IS (R Nt ao)s
Si (RF)2 (1 CAXNSyclohp)T1,1-pi{4hmdthylphenghid ((nm,e},&}a) 3-RICHN- f.‘]i))éhzyﬂ'linm@/Rll)I-Z ONO)
Ti Z CH3 / NC(CH3) 3
£ (1 e T tiipisstoa e apm DTS- dhdipmino bl abd), 7 1 NA )

n- but yl phenyl (Né(fﬁlohexyl) 1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)-1H-
inden-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-butadiene.

dichloro(N-(1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-
20  dibenzylamino)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium;
(N-(1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)-
1H-inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
(N-(1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)-
1H-inden-1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
25 (N-(1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)-
1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene);
(N-(1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)-
1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-dimethylamino)benzyl;
(N-(1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)-
30  1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-butadiene;

dichloro(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-
dibenzylamino)- 1H-inden-1-yl)silanaminato-(2-)-N-)-titanium;
(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)- 1 H-

35  inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
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15 R each occurrence is trimethylsilylmethyl or two R groups together are
(di met hyl silyl ene)bi s(nethylene). Illustrative netal conpl exes according to
enbodi mrewo @/433mt| ude (in addition to those conplexes preeT/@e®/364b scl osed
Wi th respect to enbodinents A) and B)): -51 WD 01/42315 PCT/ US00/ 31645
(N-(1, 1- di met yiHeydnpeylit],1-bi4rebhtylphény(t le€(t.2380f5N)-3I(NEY - dboprhmad)dHy| ) si | a
nam 0t o s b A PR SR )
b( t (et ramet hy: {(RHeyJatkopehl Ailenphiyiphér)ani(hapda2n)-3-NN-dibbtzghinino)- 1H-
is(trine 5|
ON (1, 1 G R e1 2 S g S it Pty - 1 -
E:Kl?l( opelnt ﬁd' elr{NL()mdhamm matsm fi-Butytphenyht i-{( 82)3138)7Hin$-6 (NI NvetibbyAy Bilint) THE hyl ) ;
cycl ghexy
- (tet ramdt4yil: S&w@rnawe@t)ﬁw SRS ONrlipghylaminogenzytsiapd ni um
bi s(trimethyl SINL(Wdrmﬁekw )1 blS(4 n-butylphenyl) 1 ((1 2,3 3a 7a- -3-(N,N-dibenzylamino)-1H-
(N-(cycl ahexy -1-(tet g/u opent adi enyl ) si | anam nat

S Selhi RN R ACE I I IR S
(N-(cycl ohexyl ) -1, 1- bi s(4- et hyl phenyl )-1-(tetranmethyl -rl-cycl opent adi enyl)

silanam nato- (2-)-N)-titaniumbis(trimethylsilylnethyl);

(N-( ﬂ,()l_ di met @Plﬁyytgcoglp@x%ﬁ aﬁgqrﬁpg tq preferred €émbodiment C) correspond to the formulas:
-((1,2,3,3a, 73 1- net hyl - 4- phenyl - 1Hi nden-1 - -

yl ) si | anam naj @ )-titaniumbis(trirreth Lyl methyl); 15

(N-(1, 1-dinetk [ | -1-((X,26,3a,Va-rl)-1- rrethyl 4- phenyl -
H i nden-1- vyl )-titd bi s (AN-Et )jlmathyl)
(N-(1, 1-di net hyl ethyl) 1, e s(4-}m{(:h3y3l A ) - T- ((1)\% » - 1- met hyl
-4-phenyl -1 H inden- | -y afginat 0- (2-)-N-)-ti t apiom _/1
bls(trlrrethyIsHy(F%thyl | ohexyl ) - Jicky di g MR
-((1,2,3,3a,7a-rl)-1-netf , -phenyl -1H i nden- | -

yl ) sil anam nato-(2-)-N-)-titanium bis(trimethylsilyl rrethyl) ’
(N-(cycl ohexyl) -1, 1-di phenyl - | Hs

-((1, 2, 3, 3a, 7a- rI) 1- met hyl - 4- phenyl - 1H i nden- | -

yI)sHanameﬁto (2-)-N)-titanium bis(tringhhyl silylnet Si(RF)z
(I\I—(cyclohexy%\) 1, 1- bi s(4- met hyl phenyl ) 1-1;((1, 2, 3, 3a, 7§ -1-“&(}@{@%;3-4-phe
nyl -1 HindenNL: 'Ig;r(uacyp nat o- ( 2d¢4)N-) ,-e /.
bls(trlrret(ljy/swhyl éﬁ NC(CHD) TiR),

(N-(1, 1- di met hyl SersaN) - 1 et jy 32 5T Z-pyrrolidinyl)-
1H i nden-1 - yI)s' Tha&lp- ( 2- b"i(sl(}ztrirret si | yKIgéX hyl ) ;
(N-( 1, 1- dicass hyNet Y ) - 1, 1- dil phe

-((1,2,3,3a, 7a-r 1 y7=3-(1-pyrroli-di rriden- | - ’ ’

yl ) si | anam nat o- (2-) - N-) titanium bis(trimethylsilylmethyl); \CH,

(N-(1, 1-di et hyl et hyl ) -1, 1- bi s(4- et hyl phenyl )-1-((1, 2, 3, 3a, 73- ri)-3-(1-pyr
roIidlnyI) 1H

ce" : \'
@ NC(CH3)3 I(RN i, l
3
TR, e N \o
(ICo6) (IC8)

where R is methyl, phenyl, tolyl, or n-butylphenyl; and
15 R' each occurrence is trimethylsilylmethyl or two R' groups together are
(dimethylsilylene)bis(methylene).
Illustrative metal complexes according to embodiment C) include (in addition to those

complexes previously disclosed with respect to embodiments A) and B)):
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nden- | -yl)silanamnato-(2-)-N)-titaniumbis(trinmethylsilylnmethyl);
cycl ohexyl)-1, 1-di net hyl - |
2, 38apve3ns ) - 3-(1-pyrrolidinyl)-1Hinden- | - PCT/US00/31645
i | anani nat o- (2-)-N-)-titaniumbis(trinethylsilylnethyl);
cycl ohexyI(N-(1,1 didethylethyl)-1,1kdimethyl-1-(tetramethyl-n-cyclopentadienyl)silanaminato-(2-)-

2,3, rrol.i |nyI) 1H i nden- | -
i | anﬁﬁ?haylam&“sﬂ"@aﬁ%ﬁmm mbis(trinethylsilyl methyl): -52 WO
2315 PCT/ @SQoh 3ﬂ16ék5ylethyl) 1,1-diphenyl-1-(tetramethyl-n-cyclopentadienyl)silanaminato-(2-)-

i
(
1,
S
(
1,
S
4
cycl 4- met henyl )-1-((1,2,3,3a,7a-Tl)-3-(1-pyrrolidin
(1I¥|-| EH%‘%‘mltﬁﬁ]( efhf(i' WW% p(2 31 %\I—) 'El(tanlum J-3(1py
(
1,
in
(
-1-
(
(

FERFZFC

1 O‘\</-\o\< l/-\\< |Aw

t 5i met hyl QNL(Ythi‘thtﬁilléthylﬁ N1(bls(4_méth%h&wh)elthwa}neﬂhyﬁndl rret hyl - |
2,3,3a,7a-Tl) (2 4, 5-tetrahy r|d|nyi]
den- fyslpaegiafhawé}ﬂlﬁama@z(%) W)tltqni%w(mﬁl%?ﬁw}mml ylsilylmethyl); 5

1, 1-di net Wl(g}}clft}ﬁle)}yl)ll i-dﬂh&ﬁﬁnme'nlamétﬁ}l T%cy%’lc%@ntZ@et{ﬂ)Lﬂa%ax(l%mg (¢)-j-etrahyd

pyri di ny I% H i nden- 1- | anam nat 0-1( 2-) - tani um
r

iRkt
T G A T i e, (2

, 5-tetrahydro- | si Fanam tl tanl um
i s(t1Pi néttwwnsblb(yim@h)ﬂyl}')meth)(l)&l-(cycl ohexyl)-1,1-dinethyl- | -((1,2,3,3

2 e r)03) - Chndeontett ELHOLEByphary AN b adisn et
(N-(cycl QMW)-t)tamum-bmh(tphethylsﬂylhleth&(),l 2,3,3a,7a-Tl)-3 -(2,3,4,5-tetrahydro-
| -pyridinyl) éﬁr( r#él{l%s{’]?thyl) l)i 31 til)%qa-‘m ,935 75 )l metl}yl~4-ptheny'1 lllﬁ] inden-1-

bi s(tri net hyl
(N-(cycl Q’Dﬁlayihr)lméipIQ-bﬂ\EI deafiiinl brd(piethyls)lylinethyl); 2, 3, 3a, 7a-rl)-3-(2, 3,4, 5-tetr

anydng: | oVl e b 09 g 24 S F0AT R ) R

- di net hyIy@hxth)ibr)lmaxoi(ziymtulamhmlbls((t(n]nea}y&ﬂgaam]@r)Tl ) 3 (1 3- di hydr o- 2H i soi ndol
-2-yl)- 1Hinden-| | anam n (2? N-]
bi s{tri et hyl &N1( 41%@?{9}4 thyl) 1 l-bls(4-methy phenyl)-1- ((1 2 3 3a 7a-n) 1-methyl-4-phenyl-1H-

(N-(1,1- dﬂld%ﬁlleﬁe{nlﬁMkrﬂatol(Q R bibrnfethy®sil@imdayha- Tl ) - 3- (1, 3-di hydro- 2H-i

soi ndol - 2-yl) Ha nd en-?- ) si | anam nat o- ( g -N-)-titani um
bi s(tri met hyl @T(yyc}ﬁgpm] ) 1 d1methy1 1-((1,2,3,3a 7a-n) 1 methy1-4-phenyl IH-inden-1-

(Nr(lzol %)%BM%%MJ)N )"-ntlnlmn%dfn%%h%hﬁ% f)-1-((1,2,3,3a,7a-rl)-3-(1, 3-d

i hydr 20 isoind -yl) dén-1-vyl S|Ianamnato-(2- -N-)-titanium

o~ —— —
—va

T

O- /-\U_ﬁf—\
ZMOZ

bi s(t e rret hyl §N+(9>rc|lﬁé@*1>9] - d(mer(yéycm@aq%&gﬂayn)il-me@wh«@;phppm |H-inden-1-

-((1, 2, 3, -yl)-1 H inden- |

-yl)sil ar@g‘lﬂaﬁgn%k%é%) @aﬂh&iﬁ'(tﬁfnn%% yls???{é?rlgit)hyl silyl methyl);

(N-(cycl ohexyl(yI-(ch]_ohdx)phbMD[sM inethylphenyl)l-1-((1,2,3,3a,7a-n)-1-methyl-4-phenyl-1H-inden-

-((1, 2, [}1)1195 2-yl)-1 Hinden- |

-yl)sil an?sﬁglta%ﬁ ?—?g)]N?an ani 8&3{)& Q'ES%H}%E yI silylmethyl); 25

(N-(eycl ohexyI(l)I-(L,,l-ildnbethjldthylbﬂhydnpbthyiyll ((+,2,3/36,13-8)-3( Bayrfalidiy))- 1B-der3t-di hydr o-
o O RO PR ARG, (20 )L e

-((1, 2, 3, 3a IE A E( )-danétﬂylahﬁ)-zll-ltdﬁﬂfeﬁ;hyek(m 265,72[-1)1) B-gpaytrdldinyhyH)}-indenkt-i nden- |
-yl )SI l an?)n]anammatg)%Z% I\M_-Pltamumq)ls(tnmet yfsgl;[lli’nletrl];e bhyl stlylmethyl);

(N-(1,1-dimethylethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1 -pyrrolidinyl)-1H-
30  inden-1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
(N-(cyclohexyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-(1 -pyrrolidinyl)- 1H-inden-1-
yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
(N-(cyclohexyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)-1H-inden-1-
yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
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(N-(1, 1-di methyl ethyl)-1, 1- di phenyl -1
-((1,2,3,3a,7a-i1)-3-(1,2,3,4-tetrahydro-2(1 H - 30 isoquinolinyl)-1
H i nden- WO oy#23$3 | anam nato-(2-)-N)-titanium bi s(trl met hpCeiukgl/aretshyl ) ;
(N-(1, 1-dinet (Kll ethyl)-1, 1- bi s(4-net hyl phen (1,2,3,3a,7a-rl)-3-(1,2,3
, 4- tet r ahydr o- Apvelqhexyly b pisbmethyipheny - Q(hééﬁa Tp- Tl) 3-(1-pyrrolidinyl)-1H-inden-1-
-yI)S|Ia MAahRab P hyl si |yl met hyl);
(N-(cycl myl 1 2(221“) 1fahiuﬁ136?§(éﬂ11fﬂe§iy§s(lg1§def@1) )-3-(1,2,3,4-tetrahydro-2(1
H) - i soqui nol i r()l 11¢mﬁthﬂéﬁhylily@@¢thﬂrﬂa«i,ﬁéﬁeﬂé Zl))i-(w)ﬁiéttpttrdludmmpyrldmyl)
bis(tri } 31645
O cycﬁ%ﬂ%ﬁ i %1')&?1%%%?%%2&% @ z§|3) WAt bitedhenPGhYSRM,
-((1, 2,3, 34, 7a(N|=(I1N-M(:thylgthsl)-ll-ltcbpheaﬂyld(l(m 234,7#n)-B L3 4i5retrahpgrb)l -dyridinyl)-

Hind i j t thyl silyl methyl):

(N (ot dpnhal | 9DGRGRG 1A Nl AR HERIEARET, DY o) LI IR VE):
ghyt(ir 0- 2( 1hH) {Nr(mefhmetbylemylb)l-l bldfh-md@lphénywh) i 23BaTe-m 342,06 2; S)teﬁﬁh)ydﬂont-an' um
is(trinet

(N-(1, 1- &P X’P%:‘ "{@P 3ﬂ SE“BF‘HEI%S%)W)P apiug bis(rimephylsfiyimethyli 3_ i hydr o- 2H
benzo[ f]i soi ndNk(eyioheyl) Hiidnaemi-d=(y1,),3,34, 2R3 (28,95 (@rahy d}b)lpsrhalaﬂP 4m

bl(?g-t él rre%fgxl Si ] %nr;ggng l‘é-)d}’&hl_ﬁé‘lblﬂéhlp(l et h{sllgt h%l{y éoll di phenyl

y|( % r Ilgl Rdlegll*lﬂ(cydlc)h%k}llﬁﬂ adiphatyR1(@:2,3, 0 Ja=h)-3-as 4l Bltetrahydro-1-pyridinyl)-1H-

(1, 1- dﬁ"%’?ﬁt W)Ski%nﬁwaa 01821)%D§tanluwétlﬂmﬂwﬂéfwwneihﬂ)( 1,2,3,3a,7a-Tl)-3-(1, 3-d

S
N-
hydr o- 2H 10(SN (cyclohexyl) 1 1 bxs(4 methylphenyl) 1-((1,2,3,3a, 7a n) 3-(2,3,4,5 tetrah dro-1-
enzo[ f]i soi ndol -1-yl) anam % I'Tani um
1S
- ((
y
N-

2-
bi
(
i
b
bi (1 tri g@gg‘;u?lsé) E13111?%?ﬂyx1)sllar@mn(a@y@+)%éfeganmbla(trunms}ﬂylmeﬂ}yl), |
IZV ana At ARy I Re AERE B A 16T o

1- t ani u
(N-(cycl dHel;ngn)L m)slla@hnpmyz )N+)—t1tamum bls(tnmethylsﬂylmethyl)

1,2,3,3 7 - 3= -vl), 1.
Hgi(nden- 1- f/ll ) (ggéﬁq"é&%’ﬁl‘%’?ﬁw’l‘&q‘f T t Ar’ 3’%1&% 1 {hﬁﬁg’{'ﬂsﬁlﬂ%‘}lﬁ?ﬂ)}'; 15
(N-(cycl dHQ’m}dn)lfyll)sj_laltmrleate @I—Ny{tmybl)i(-tﬁm(t]{)ﬁlst@hﬁdEﬂ),7a rl)-3-(1, 3-di hydro-

aptpARAR e SR R R SRR P A

(N-(201- qhongbmyleﬂﬁyhdmﬂ )ﬂ)sdarimmkhyd 9/8) N()(tﬁan&rﬁb@(amﬁahylbl)yirﬁetﬁﬂ) 3- di hydr o- 2H
Eleg %? £ ﬂr:sts ﬁ;llnzllg'l(- 2}%{%}%— l+ dlﬂf‘g'lyrl.l 1 ]((P,'J,ﬁa ;a-n (’31_{[]({]3a Ehgycgro 2 -1somdoi IZtyla)nlll—%l-m

(N-(1,1- mdanuwklmwinhmm ) ﬁﬁmnmlmd(mh(eﬂhy&nﬁm&a}ym rl)-3-(1, 3-di hydro-2H
benzo[ e]isoi nglgl -2- 1Hin 3) | anam nat o- d(I2 -N-)-titanium
bi s(tri met hyl 'I Wc}?éfnm],)rb 1 d1pheny1 1- ((1 2,3,3a,7a-n)-3-(1,3-dihydro-2H-isoindol-2-yl)-1H-

(N-(1,1- didefeil%knﬁinﬁkﬁin)itoj(zibTb)-ﬁ(a&uﬁ&ﬁ&@ﬁﬁhﬁh@ﬁnh}ﬁe&iy()ﬁ 1,2,3,3a,7a-Tl)-3-(1,3-d
[ hydro 2H benzo[ e] i soi ndo

1H i Aden- 1- yI Y¥i(§vslohersyats bb{S@ r)let%odyhepylﬁ -Ari{ 1 B T n)r 3-fled-Bihy dsp R4 prinde)2) ;

(N (cycl ohaxyihdenly-H ;%éilllaﬁ‘@ﬁlmfév (i )-N )-titanium bls(trlmethylsﬂylmethylE

-((12,2,3,3a,7a-rl) hydr o- 2H benzo[ e] i Soi'ndol - 2-yl)- 25 1 H-inden-
|-yl ) si | ananvél érd(nzeﬂ;sdmn £ il KIS 84 Fen h3-US2 B gitetestieyb-R(LED-

(N-(cycl h ))-

L 3%ggﬁi¥déﬁlyl lﬂ-I'queB Pﬂééllﬁnaéunatozﬁ_ )bN Ztl(t) i IIIl ls)lggtmaetrlylillylrmthyl)

1H i nden- | - yI N¥i(1, h-ldamthbéftthle 21 Miphenyl- #(€152:3, BayT don 53-C 1r2, St duphyird-2( 1D hyl ) ;

30  isoquinolinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
(N-(1,1-dimethylethyl)-1,1-bis(4-methylphenyl)-1-((1,2,3,3a,7a-11)-3-(1,2,3,4-tetrahydro-
2(1H)-isoquinolinyl)- 1H-inden- I -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
(N-(cyclohexyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1n)-3-(1,2,3,4-tetrahydro-2(1H)-isoquinolinyl)-
1H-inden- 1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
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(N-(cycl ohexyl)-1, 1- bi s(4- et hyl phenyl )-1-((1, 2, 3,3a, 7a-rl)-3-(1, 3-di hydro-
2H benzo[e]isoindol -2-yl)- 1Hinden-1-yl)silanam nato-(2-)-N)-titanium

bi s(tri mwayl/gashyl net hyl); 30 PCT/US00/31645
(N-(1,2-dinmethylethyl)-1,1-dinmethyl-1-((1, 2, 3,3a, 7a-Tl)-3-[ 1H benzo[ de]i soq
ui nol i n- 2( 3H) (wa]cloheﬂsﬂ)muénphéhyyl @ ;Aaasva%mma 052 R4-Jetrhhy)dra-2 ¢ Hjvisaquinolinyl)-

0 Al R g 0 7o

yl]-1Hi nden my& )cs)mé)@nalm Bn&([4Qn<(tRylbhehb'1)-1 Y1t BRBayTa-H)-5(1t2,3 aedthyyso-ReEyet hyl ) ;
-54 WO 01/ 42

45 | o o :
(N-(1,1- &P%?Oﬁwlg%ﬁ ll}sgf“?(%“%‘é%%‘ldﬁ%ﬁwf? bip(impqthysiylmethyili i 1) -3-1 1H
benzos [ de] i qumﬁhétﬁyiaﬁﬁﬂmhﬁemﬂ_lbdu Msma-h)s(wdlhydro-zﬂ-
-yI)sHanamnato- -)- s(trimethylsily ?
(N-(cycl Bﬂg%ﬂw})milol]—} M}i)ﬁgtlﬁg)qn 1-yl)s1lex(a3'_nn§1t(3(23)aN-)éltq,qu)m glsTtnmethylm ylmethyl);
1

H-benzo[ de] i mqplﬂ%étl&léﬁﬁﬂ llﬂiﬂhér;lyll'l’l ({71 3. 098 ni 3-(1,3-dihydro-2H-benzo([f]isoindol-
-yl ) sil anam nat o-( -titaniumbis(trimethylsilylnmethyl);

(N- (cycl étybxhH-jndent 1-y sdamrpln@tm@ -)-No)- tltemmélsgmwtwwwm)ﬂhzl){

1H benzof de

Fhonr 1oty L REREACGIEY Blslehedbipheny 10123 3070 3:(1 3 dibydro 2
(N- (&9l bmﬁms)omﬁolﬁ-bl)slmanm Inyl)sppreamyphayo-2- X104 tgar@nn_aaxsmammhylsityhpethyl),
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25 yl)silanam nato-(2-)-N)-titanium (di net hyl silylene)bi s(nmethyl ene); and
(N-(cycl ohexyl ) -1, 1- bi s(4-net hyl phenyl )-1-((1, 2,3,3a, 7a-rl)-3-(N, Ndi benzyl
am no) - 1IWwo ondsms | PCT/US00/31645
-yl)silanam nato-(2-)-N)-titaniun(di met hyl silyl ene)bis(nmethylene). The
conpl exes can (V41 prdiapethydcthy) 1, ides(Omethglphenyboint(l 2. 330 Aen)-8-[t/Echni ques. The
reaction nd Ssui t f.eri ng solvent at a
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of the forggqing:- mem%bﬁanéhahsta@ SN- p@ﬂamgmqhmét@lsnﬁmlﬂ&eﬁgﬁﬂé) can be

errpl o&ed to produce t | ower oxidation state | exes. By the term

"redd@i ng ageﬁNl(C)f?é?héXW I, 5-dimetiyl-14(13,33,700)- %H%bﬂyn@[dvlﬁp@hnolmr?délﬂ) yil-&duci ng
conditio gﬂ%gq her to a | owner
oxi dat i o%ﬁigrt?gtl@gﬁanm%amhghl M%ﬁﬁnggﬁn{e tlgﬁn%) ‘g(EH& ﬁ/mna ents are al kali
met al s, al kal |(Né03@a1hb*vl)°fbt -dipbenyhl 4+ 293P, Gama)-3- klllﬁkmnzte[det]tsy@llmﬁlns?l(klé]-yl] hiét al s

or al kal @{gﬁ! and

sodi unt pI1 a%5| tsnm?ﬁ “%iéi%ﬁg 1%§1u§]&9{5uﬂﬁ%1§rfé}{ér)% [of Hgﬁ%ent conmpounds are
sodi um 10 naplﬁlﬂhaglommbm)l pbts(alsrsethytpl@napm((lez 3.Ba,7dan a3 1H- kqdze[,de]:sioqmmlm or
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and nagnesi u m(mu ald.lm&hlylétnﬁ} & 1idandihylqueR2,B38, 7pnpp@ﬂmngmynpinamsmﬁdmhe

pr esent |n ention kno t0 artisan and may be readily
derived fPOM3"aTHAL q@gﬁﬂﬁaﬁfn( Whylsél%gﬁéFlé meieth Re previously mentioned
publ : cati On ‘(ﬁQBléQﬁKgHyléthﬁ{Sleﬁﬁeﬂﬁﬁr((fz Beﬁlﬁal‘qj ¥- n(%,&rdlﬁélzﬁlgﬁﬁb?] 1fiheden-

conpl exes ar endered catal yti cal ination with an
activati ﬁ@'% @lﬁ’é’&f“&?"g@t) hb?'“fi‘g‘g ‘“éﬁqyyé@%' e{}%ﬁ’isﬁ%f liy%EFl)nl que, such as those

t hat p@re previgysh §ﬁltﬁ&%h§’lﬁl mg(zﬁﬁltathmhenymﬁ«mtsha 695 QYLB-(&, N1Bibadzy Ririd) N

pol ymeri zation conpl exes. Suitable actjvating cocatal %}/sts for use herein

i ncl ude pBrHYdRBr} )él)sblﬁnaé}”ilaé‘bfr?e)rll"@ tiggnipm Cimerbylsiydsrelbisanethylensishy | al unoxane,
triisobutyl 2@NalyEHBD- ﬂp%ﬁéﬂ?@ I(ﬁtj’ly h@##ﬁ%@&mﬁ%ﬂ%%}ﬁh%d&ﬁnxane

neutral Lewi s acids, such drocar byl substituted Goup 13
conpounds’l)Sl@Q?}@'@PtaK%)'I‘{'}'iltemylﬁK@@laﬂlﬁkﬁllylalvﬁm(mwlem) tri (hydrocarbyl)boron

conpounds and jalk o1 GG Hel Pe ﬂaﬁ ﬁtmk L YRTHLY, her eof ,
havi ng from 1033 }%g)%ggh)gons plﬂnyeaéﬂgzﬁ dE[ roc )0% al oglen)gt ed’%%hygr ocar byl
group’ nobslanapigatod?)N-)-titanium (dlmethylsﬂylene)bls(methylene) and
(N-(cyclohexyl)-1,1-bis(4-methylphenyt)-1-((1,2,3,3a,7a-n)-3-(N,N-dibenzylamino)-1H-
inden-1-yl)silanaminato-(2-)-N-)-titanium(dimethylsilylene)bis(methylene).

The complexes can be prepared by use of well known synthetic techniques. The reactions
30  are conducted in a suitable noninterfering solvent at a temperature from -100 to 300°C, preferably
from -78 to 100°C, most preferably from 0 to 50°C. Suitable reaction media for the formation of the
complexes include aliphatic and aromatic hydrocarbons, ethers, and cyclic ethers, particularly
branched-chain hydrocarbons such as isobutane, butane, pentane, hexane, heptane, octane, and
mixtures thereof; cyclic and alicyclic hydrocarbons such as cyclohexane, cycloheptane,

35  methylcyclohexane, methylcycloheptane, and mixtures thereof; aromatic and hydrocarbyl-
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perfluorinated tri(aryl)boron conpounds, and nost especially

tris(pentafl uoro-phenyl)borane; 25 nonpol yneric, conpatible,

noncoor diwabimgisi on form ng conpounds (including the usePOf/USUd1645
conpounds under oxidi zing conditions), especially the use of ammoni um,
phos phonisehstitutedsapmatigrompayadssoet asrbenzens, ltglhgngrand gylenti | G ondialky] athrs, € of
conpat i b coor.di nat i ons, .or, ferroc sal.ts of .conpati bl e,
noncoor ditf H‘tyP?fBera?ﬁf‘Wé'es %3@1@@@&%@@& adit ?gVé:fPﬁ:?& XS 8“3‘8?@[?301@

her ei naf aeralso suigddbtk. conbi nati ons of the foregoing activating cocatal ysts and
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{echni aues hadBUBRE Srtin Gt S b owrd P RS 1o ety BE et a
conpl &x esorhﬁeiéaeBWiel tam' ‘ﬁrgiubmg efeATdRfin EhreAnt2 Aetd) @BcompDursd 51;11?:15 3111&&57

US- A- 5, 064, 802, US- A-5, 7 US- A- 5, 350

US- A- 5, 45%lugins °°’19§‘°)3P %"“?ﬁé "d%"’fg1 M’%?%€e§?§§§°§’oa4h‘g‘lﬁét°& ‘ngfé“dé'é%“ state.

US- A- 5, 7&Rarhflds o\8GitHRY el 3dduciag dgddﬁSPé Qﬁdlfaﬁétalﬁ Q{kalnfxd éﬁﬁﬁl miealy Maﬂhmuﬁl7an]91999.
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S o R T R Bl AGE % sh Bt Sh s stee S Syt or aup
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a Ssin e neulra ew s C e Cl a rN.s a o en Qr ane
o h o et et bl SR FRES s R e R R R 4 e g e imenton
act i ?/atl B v@&bld@b@hﬁsmls shlﬁd@ﬁt&ﬁﬂiadlnii}lt&rreddﬂpﬁa‘&/edﬁ’roat@c:chﬁlqéemgat for L 10: 30
ex:tr ent a uor en ane .
o R ST e D0y R ARG WP OSSN PG Tbe Ty aunas

usefus ag9gmcatal ysts in one embodi nent of the present invention corrpri se a

cati on which a Br.onst ed aci abl.e of donat..ng. a

oot e e BT e R shaPRalS e ELR PR i R St e

" noncoor dbdaaﬂlysng usﬂ&@uﬁ&cmnﬂg\iedmlquﬂzﬁudr asyhidxs tlanae pwhloﬂshy Emd“hﬂn tlcbaetsfoﬂ ot

coor di nat e t | gl-:(me leﬁn ol rlz F n(I: rlll{ n&egr ultuble actlv tn C aéeH sf €
catalytlc derlvotP efIVel ?’Iﬁ% B PTOm o oﬁl')g\% Ysy 86%srd|nated
to such hcmmphcélxdesaotyhanebyohgemammlmgo)suést eapeceadtyl ryetlh;&djumecahc; tﬂueobuht)spl aced by
8 eb ! il nBATE O RAGORL U RALLORFRNER. SRECI (A Ll &re fo an

al
metal co Ihpdreoarbi{b asbstitoted l(}rtalpslﬂenmp@unds] iesperially miﬁ]s}tdrctcalbyllbalmmﬁmame nt t h e r e of

t d b
R L e LN e
conpl ex tacugivosdgo amchrmnelmch Imptderchby| m@xalmgﬁatedésdrpadsyl gmbgenp;enstpecnally

I th
Cont o ni g Bl ACBB kol CpRunbe BERIPL Sl Bl SRR 10T o
or nB$ al hoipglyoerie, Qan@tiblaannondmamaowblfemoﬁg dmﬂmnmds figcludiog thhasog@ so¢h t he

active c g&ﬁ#&{lﬁﬁs url%lgr &Pdﬁ}ﬁé%néipl?% r@ée%ladg i’He u?@))f MO%ELH{%OQ&OL%LI %MYG:%” the

two conponents are conb
, carbonium-, silylium- or sulfonium- salts of compatible, noncoordinating anions, or ferrocenium

salts of compatible, noncoordinating anions; bulk electrolysis (explained in more detail hereinafter);
and combinations of the foregoing activating cocatalysts and techniques. The foregoing activating

30  cocatalysts and activating techniques have been previously taught with respect to different metal
complexes in the following references: EP-A-277,003, US-A-5,153,157, US-A-5,064,802,
US-A-5,321,106, US-A-5,721,185, US-A-5,350,723, US-A-5,425,872, US-A-5,625,087,
US-A-5,883,204, US-A-5,919,983, US-A-5,783,512, WO 99/15534, and USSN 09/251,664, filed
February 17, 1999.

35 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
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ani on should be sufficiently labile to be displaced by olefinic, diolefinic
and acetylenically unsaturated conpounds or other neutral Lew s bases such
as et herwoprym3siles. Suitable netals include, but are POT/USOOMI64d t O,

al um num gallium niobiumor tantalum Suitable nmetalloids include, but
are not Icompéund havong foan dng 2 érisqk oraash hyalnatadyl groum esp@asihounds cont ai ni ng
ani ons I ' ' ' e t.akn | met al
o ot al S ERuaSaRE SRS AR A RER AT R Lo i AR, "2 Lo
conpoundgolyowtiapmiliggmericilymydrany endeonztimtionsof g hioglamewral powis acd, espeaially
avai |l abl e.. ' I . ed by
tho. o | G EABELELBIYiecHEMh b rRHe oy ARGRL Yhpellie SRt RSRMET, 3
Lewi sS5basetivafihg coehtalyits Rrefeued mglat rtidr difgoupdt metalooiplek tris(puptaflugron

noncoor di ' i i h o Vi “1h1- dds an
i nt eger ) ?%Mﬂ%%?g'g@%g%’e%ﬁre&g?gp et?ggpggﬂgo-&@%?e?%é%%% s} 'lt' gglﬁ)hlég%%r mul a:
[M Q4] -; wherSsitable iog forindgEompoB5 uselil A4 ISCMAIZLE one pnbodimpmsod the presedt unmi num

in the + d ' I : ; i . (o] rrence is
sl et ed e on iRl Bk fle% ny Bt s AR RAI AR 4, PR kil

hydr ocar lsginpatibtéenonsedrdingtingsmionu e dishiyedirhorsan, bhel termimbacosudinsting Umeads an anion

hydr qgar : | k- | . | Lipel udi ng
por naP ogah b ace et e oo P Sidrdish A 8 G LR Bbfind BOLAE SorkiBE

per hal ogendthedatslitie/ddniyetiveclam Yedltherefthng af which sainly waky\coerginated taosupld car bons
with th ' - - i i de.

Beanpl cs SRPEHs Tty R finf Sl TS B (AMecRECHy ERGRA RIS AT,

Pat ent 5,n25®odiERting anien speqicaly edfers toern anioh adhiorevien funcligningas a chirae balancinghe
counter i 3 ' ﬂﬂgg{t | ! - ' ' ysts
conpri si ﬁgﬁgﬁcﬁa\?\ﬂ% g%{agcr e pardtoig%tlﬂtar gc/eggrsl glﬂglfl& ;§url];€t %tﬁ%’@g‘tl%ygg’ﬁeég‘g?ﬁ?ﬁ%ﬁ%f

cat ally st satish thas¢by formingmdutral complelses. “Epmpatibletanipniiiare srdorfs othicheirgvept degneded |

f ormul a: * - B4) 0k | * | j il oron in
a formal t%)%uggl?% glrlll st.at1 e ' 01Ey %%Il;ﬁlegrclgmﬁlg)?%&??&gsgﬁ/@%gécﬁn %{@eﬁﬁ%yﬁ?g%sgﬁc}gyl oxy-,
f I uor ohy grlsequenpolymetizasion ohgtlieraises dfyhesripplex. hydr oxyf | uor ohydr ocar byl -,
dithydr ocar byl ghjesk RURRAY ek WRKOLBHEEREAL Bl cooRlindibhB8ih 1Bl &fhprising a charee:

si |yl hydrocarbyl - group of up to 20 nonhydrogen atons, wth theé proviso

t hat in reeringgretal prmetalgid core which anion is capable of balancing the charge of the active catalyst

20  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
include, but are not limited to, aluminum, gallium, niobium or tantalum. Suitable metalloids
include, but are not limited to, boron, phosphorus, and silicon. Compounds containing anions which

25  comprise coordination complexes containing a single metal or metalloid atom are, of course, well
known and many, particularly such compounds containing a single boron atom in the anion portion,
are available commercially.

Preferably such cocatalysts may be represented by the following general formula:
(L*-H)s" (A)*
30 wherein:

L* is a neutral Lewis base;

(L*-H)* is a conjugate Bronsted acid of L*;
A% is a noncoordinating, compatible anion having a charge of d-, and
d is an integer from 1 to 3.

35 More preferably A* corresponds to the formula: [M'Q,]’;

wherein:
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occasion is Q hydrocarbyl. Mst preferably, Qis each occurrence a
fluorinated aryl group, especially, a pentafluorophenyl group. 20

Pref erredv@emisibase salts are amonium salts, nore pref ep@bUg00/31645
trial kylammonium salts containing one or nore C1L 0 al kyl groups.

Il lustrative, Mugbagt orlalumihumgn the x 3 fpnaoxahtidgnostate asdbnpounds whi ch may be
used as an ﬁ]fnki&teh&gﬂf%ﬁ oééu%%ﬁcte iflse elatgd @B@H@E@é' &Qlkglammeh ifgpr oved
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ot raki o (CEnprciel AR PASs (nchiolo pERYO BRI biMbcarbyl- prhalogenated
tetrakis (huéncaawlwr Upltwdytlogermdasilmlhyquart(yi;edwﬂa)t sdid Qrimving uprio 20 carbons with

7ok < CRORE HEAREIN $al it funcl RN BRA A"
n-butyl t ﬂwé@mmlmdmmPMVHQSClmﬂm@ S. PNGNSCH%T}BhyI ani | i ni um

ot 4k (a. (¢ Tba ot ABRai o ey s ot B BB bk Bilancsstive o

N, N- di metcharbaamnd|is m uintivging akéasal ysts(comprisagbagry Which ga’e))arz,culaly u'seful in the

6-t etpaf e i1 hni .
pe nte{ I ugp%gﬁg%o@é% %‘l g ?pe nfs a?%u%&o%%gdn% E%Jtl)trg(gt)ye{,hg 'f(ﬂlg\l\vkm(ﬁ &g ?{all fgarrrlrlmlll ni um
t etraki s( pent dEt-HOBRNenyl ) borate, -62 WD 01/42315 PCT/ USOO/ 31645
N, N- di net hyl - ﬁvh%re ~trinmethylaniliniumtetraki s(pentafluorophenyl) borate,
di met hyl t et r adecy &nmoni um t et r aki s(pent af | uor ophenyl ) borat e,
di net hyl hexadéd‘w smomtugin debredaki s( pent af | uor ophenyl ) bor at e,
di net hyl oct ad f&%&l%& i?g&gagﬁ.lor ophenyl) borate, 5
a

met hyl di t et ra?gcy anmoniumtetra pent uor ophenyl ) borate,
met hybdi t et radb@y’ﬂlhadmmb){!ﬂhfmy@rhy%y&uh@n«)ﬁ‘pbi)tdmosl(bmbrﬂlwrdhyénowbﬁé@m) bor at e,

thyl di L, h I
borate, ™ Eg e L R A G S R S
met hyl di héxl bahfrgtmlp@ﬁvm m&@mn&o@mnwym,uvs(hpbfrmravlsm@mopn@trmry thappeet e, 10

t hyl di h I
bor at e, Q’%?‘ﬁﬁ@‘? A R B Rt ERR T g
met hyl di Genesid yllparrf%ﬂ}qunhﬁr(y}hg@ﬂbxyphenyl Ytris(pentafluorophenyl) borate,
met hypdi oct aderyl TR IS Sheh B YMHHENNANY RRGPH AL bl SiARRLbHAE eafeny! )

borate, m xtures of the foregoing,
containing one or more C,;4 alkyl groups.

Ilustrative, but not limiting, examples of boron compounds which may be used as an
activating cocatalyst in the preparation of the improved catalysts of this invention are
tri-substituted ammonium salts such as:
25  trimethylammonium tetrakis(pentafluorophenyl) borate,
triethylammonium tetrakis(pentafluorophenyl) borate,
tripropylammonium tetrakis(pentafluorophenyl) borate,
tri(n-butyl)ammonium tetrakis(pentafluorophenyl) borate,
tri(sec-butyl)ammonium tetrakis(pentafluorophenyl) borate,
30  N,N-dimethylanilinium tetrakis(pentafluorophenyl) borate,
N,N-dimethylanilinium n-butyltris(pentafluorophenyl) borate,
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,
35  N,N-dimethylanilinium pentafluorophenoxytris(pentafluorophenyl) borate,
N,N-diethylanilinium tetrakis(pentafluorophenyl) borate,
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15 di al kyl ammoni um sal ts such as: di-(i-propyl)anmmoni um

t et raki s(pent af | uorophenyl ) borate, nethyl octadecyl anmoni um

t et r aki spent/efshsior ophenyl ) borate, nethyl octadodecyl amPaOT/WR0/31645
tetraki s(pent af |l uorophenyl) borate, and dioctadecyl amoni um

t et r aki s(I‘bEﬂiiIatﬁthzlo?r‘b@rhéwh})lartﬂbﬂm etra@6(pentaflugrdpbenyt) borek, phosphoni um sal t's
such as: 'H{B{ r ophenyl ) borat e,

met hyl di 0(1:1%1% ecy Eosp gﬁ?{;}m ﬁ)ték O§@t‘§?ﬁjg&r€§phenyl) borate, and
tri(2,6- dnwhﬁbdxmw?myphmmpmklS(nenltaﬂuqrenhess(l})@mtaf | uor ophenyl ) bor at e;

di - substi §ﬂ: § 3 | oxoni um

tetrakis E)eént ?ﬁ%r é‘g eny %%%g@g@gﬂug?o?gg{g@%%dxoni um

Eet raE| s(npﬁehytlcafetrmpxiph@mylhr)l tmkis(pentafurdophdiyl)dwraeiecy| )fxonl um y )
etrakis onium salts suc

as: di (o(n?eo e g%?ﬁlﬁwy %%?henﬁﬁ&'?@%gﬁdo &Lgﬂ' )Solgcflfrt “t e, and 30

met hyl coU@d@@lesmeﬁyiammnmltlmt(dlaﬂhylal(upmmmﬂeuﬂﬁoﬁh@naﬂuymbhﬂnab boratePr ef er r ed

(L*-H)+ W‘Q
di et hyl gl%{tﬂ ddehz? ae% lgﬁ&%%{nmf gpg b lél)gove ronsted acid salts as
acti vat i mgpthybdibexadegytammbninm (hrﬂﬂoxwpmnybmsmaﬂmphwlmm ysts is known in

t he t, ']%éﬂ > , 783,512 and
el se(’1 ere (H% oﬁg?ﬂ?éﬁ# @gﬁgthpﬁluﬁxg?%g?lﬁ%im\%ﬁ o ﬁeng’@at a yst conpri ses
a salt ofmeshyihodtasia¢ydaromordim iatrgkis@egmaftuoraptieryDrvoraew or di natl ng, conpatible

ani o 5?%§W&$§ﬁemarﬁrg&1§§@{p&o§y%heﬁﬁ offbdirfherbh Renbr LorieD O/ 31645

(Oxe+ erein: ArC oxl g agént havi ng a charge
of e+,  endthyldiertidecdagemorivry lﬁdl@hyldUQmomelﬁ’l)ﬁ@B(Peata@ucromylaborptpev| ously

defi ned. bEsie &re oni ¢ oxidizing agents include: ferrocenium

hydr ocar byl - substituted® ferroceni um Ag' or Pb+2. Preferred enbodi ments of
Ad_ dbe thosedeaﬂfy@n@mpn@msemuyh@eh ned with respect to the Bronsted acid
cont ai ni ng actg (oF= - URVAS N B LY b
tetraki s(pent a }/3{; @g ﬁglotra (pe eﬁﬁg@eo}%{) toﬁaeteabove salts as activating
cocat al yﬂ@ﬂ@?ﬂdw&mmwnl@trpm(ymﬂuzmh@vﬂ)@altaﬁl, ysts is known in the art,
havi ng begm ficBab®RR HGmiBnits- téra‘ilsgzﬁmﬁ%?ﬁm&%ﬁe syjtabl e ion formng,

activating cocatal yst conpri ses is a salt of
dioctadecylammonium tetrakls(pentaﬂuorophenyl) borate;

20 tri-substituted phosphonium salts such as:

triphenylphosphonium tetrakis(pentafluorophenyl) borate,
methyldioctadecylphosphonium tetrakis(pentafluorophenyl) borate, and
tri(2,6-dimethylphenyl)phosphonium tetrakis(pentafluorophenyl) borate;

di-substituted oxonium salts such as:

25 diphenyloxonium tetrakis(pentafluorophenyl) borate,
di(o-tolyl)oxonium tetrakis(pentafluorophenyl) borate, and
di(octadecyl)oxonium tetrakis(pentafluorophenyl) borate;

di-substituted sulfonium salts such as:
di(o-tolyl)sulfonium tetrakis(pentafluorophenyl) borate, and

30  methylcotadecylsulfonium tetrakis(pentafluorophenyl) borate.

Preferred (L*-H)" cations are methyldioctadecylammonium and
dimethyloctadecylammonium. The use of the above Bronsted acid salts as activating cocatalysts for
addition polymerization catalysts is known in the art, having been disclosed in USP 5,064,802,
5,919,983, 5,783,512 and elsewhere.

35 Another suitable ion forming, activating cocatalyst comprises a salt of a cationic oxidizing

agent and a noncoordinating, compatible anion represented by the formula:

-63-



a carbeniumion and a noncoordinating, conpatible anion represented by the
formula: (c)+ A- wherein: 15 (c)+ is a ClL_20 carbeniumion; and A- is as
previ ousiwodedismed. A preferred carbeniumion is the tritpCT@watwams that is
triphenyl nethylium The use of the above carbeniumsalts as activating
cocat al ysts f @@xad@i‘vi on pol yneri zation catal ysts is known in the art,

havi ng been diw%[%}eonsed in US-A-5,6 350,723. A further suitable ion formng,
activating coca afyst conprises a conpound which is a salt 20 of a
silyliumion &nd isansivosexdiziatdgag hadogmpeiards of eani on represented by the

f or mul a: R?’Sie(i{%r?igfgégrf e{%ign: a R is Cl_,0 hydrocarbyl, and X', gq and A’
are as previously defined. r&lerred sil yliumsalt activating cocatal ysts
are tfhi net hyl $i*andidume Bpreviduslsideednt af | uor ophenyl borate, triethylsilylium

t et r aki spent af [ nyl borat.e and ether, itu adduct s.thereof. The
use of the abdoaneEPHAHINEGH nd dtal itilae: SHORBLIL hRbARS}bRulif! PO

pol yrer i ZettdcemumaAgl orPbE. Peefdrredwmbodimeiteobht arelhilznse ajors peavicusly dbfired avithn
US-A-5,6 . i exXes | capt ans, silanols, and
oxi mes w;‘?sﬁgcgzortflés:?%’tg%? g?ﬁ‘ﬁ%@%p‘ﬁ%ﬂ?ﬁ{,%%g g&;ég%'l EStes éagﬁscéﬁgf fective catal yst

acti vat on@rahim@bemtm}uob@hmmpmtcc dheluse@f the abbdwe salBlasprtostng cocatalgns foo additBuch
cocatgl V%B@ afiSidh §§L1§s§se1‘3 kh&vnu%ﬁﬁ%a%% flong bagn a1k H HuEhass Qs SUl tabl e
catal'yst "a tirvator €are expandle ant oni & conpoungs corresponding to the
formul a: (A +ainpthe( itdblg ioh)feroiing] activatergaiopatalyshcomprises Termponndwhicthmagalt efa' |
35 7" is I on r fer tons, not
counting a%jg/rgggglgﬁong%’ta ggrrlgf,?éof) Ldﬁ%ﬂ}leg% cé:rg a?lg{er?? {%)g n[?p\;\%@g?d tgyot%“gfo el\fmlg's base sites;
-64 WD 01/ 423%5 ACT/ US00/ 31645 J' independently each occurrence is a Lewi s
acid coordi nagﬁgregno at | east one Lewis base site of Z, and optionally two
or nore such groups may be joined together in a noiety having multiple
Lewi 45aci di ¢ fQirea Conatrb¢npym jon; and a nunber from?2 to 12 and 5 a', b', c',

a,nd d’ , are_int S Q&ls refvfo(agk qieﬁr{%d.3A }Mfé dtCPJ%CB{lI%\{j)I§19 tife 1 é”’altio tlt&lt isi s equal t
c' x d'. The tforegoing cocatal y$ s (I'l'Tustrated by those Having
i m dazol itdhendmbtbyliunt B userpihe diovelearbenium shits e dctivatiog ceratalysis fartaddition
| m dazol ?Qfa/gl%riﬁalagﬁlgdtﬂgﬁfi% %&»Sl—ﬁn t}féraréHRﬁ{g' debit &SIREA 7 (R 43780l A, ani ons)  may
be depicted schenmatic y as follows:
A further suitable ion forming, activating cocatalyst comprises a compound which is a salt
20  of asilylium ion and a noncoordinating, compatible anion represented by the formula:
R;iSi(X’), A
wherein:
R is C).jo hydrocarbyl, and X’, q and A" are as previously defined.
Preferred silylium salt activating cocatalysts are trimethylsilylium
25  tetrakispentafluorophenylborate, triethylsilylium tetrakispentafluorophenylborate and ether
substituted adducts thereof. The use of the above silylium salts as activating cocatalysts for addition
polymerization catalysts is known in the art, having been disclosed in US-A-5,625,087.
Certain complexes of alcohols, mercaptans, silanols, and oximes with
tris(pentafluorophenyl)borane are also effective catalyst activators and may be used according to the

30  present invention. Such cocatalysts are disclosed in US-A-5,296,433.
Another class of suitable catalyst activators are expanded anionic compounds corresponding
to the formula: (A’+al)b1(Z'J1jl)'Cld1,
wherein:
A is a cation of charge +a',
35 Z' is an anion group of from 1 to 50, preferably 1 to 30 atoms, not counting hydrogen

atoms, further containing two or more Lewis base sites;
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RBRBRE +111+1 N _J 1A t- NONJ A+ J1 N, NJAJNJ19 8" 8
u8or RR~)2(R)2 RR8 10 wherein: A + is a nonoval ent cation as
previ ouslwodeiismed, and preferably is a trihydrocarbyl ar@DUSe1G i on,
containing one or two Cl O-40 al kyl groups, especially the

met hyl bi s(t et Jaidepghdeativeash aerurronceries hwlbacsq m@mpydmwdmwm@m o9, 15

R8, inde d 1
nai ocar bl 2 Ao HRRAS TnGEEHbIAR ploSptie) IGRePhpdn R Pmo N thfoRRMple o
di - and thepv(smdrqumﬂbyall)ssllyl) group of up to 30 atons not counting

hydrogen, prefegablyp&hot® @likkha @nd J' is tris(pentafluorophenyl)borane

or tri s(penta I uorop?]eny al um nane. Exanpl es of these cat al yst actl vators

i ncl ule the t ri.toydl.codd Ay ntegesfram |, to dsyile thgproyiso tapa' x b' is equal to ¢' x d'.

met hyl bi s(tet of :
aT?Q ?&Xé&%’@&?ﬁl% (nﬁésr tgkyt'hl? e%gﬁﬁé RAEL¥id2 TR TmiS & oliSe,

bi s(tris(pentafl uoropite
bi s(tri s@pazainidaon i dsgelmides) be_nzmndmclydeb ori sybstipit¢dchenzimidazolide anions)

bis(tri %ﬁg%g xHQJQ:H ﬂ% % ARG 2- heptadecyl i mi dazol i de,

bis(tri nt arl uor opheny or ane) - 4, 5 bi s(undecyl )i m dazol i de,
bi s(tris(pentafl uorophenyl)borane)-4,5-big(heptadecyl)im dazoIRGde 25
bi s(tris(pentafluorophefyl)borane)i m daz i ni de, *

bi s(tris(pentagl+yora @N)Qb a e) 2- ¢ylid éol‘l_m oL

bi s(tri s(pentafl yorophepyl ) boyane)fF 2- und cyll dazq
bis(tris(pentafl orop& q)bo ane) 4 5 bi s uncgcyl)l dazol i

bis(tris(pentafl oro | ) bet ane) agecyr) i m da
bi s(tris(pentafl uorBpheny F)%orane) 2d| yl benzi m dazol i
bi s(tri s(pentafl uorophenyl)borane)-5, 6- bi s(undecyl ) benzi m da

bi s(tris(pentafl uorophenyl)al umane)i m dazolide, -65 WO 01R/#2315
PCT/ USOQO' 31645 bi s(tris(pentafl uorophenyl)al umane) - 2-undecyl i m dazol i de,
bi s(tris(pentafl uorophenyl)al umane) - 2- hept adecyl i m dazol i de,

bi s(tri s(pent afhetear-ophenyl ) al umane) - 4, 5- bi s(undecyl )i m dazol i de,

bi s(tris(pentafluorophenyl)al umane) -4, 5-bi s(heptadecyl )i ni dazoli de,

bi s(tris(pent &FI m&mﬂﬁmtfammﬁ@)vwln gdstyieryfind grefagably is‘a trihydrocarbyl

bi s(trisGRedhiid 4860 I@Bﬁﬁlﬂﬂn% ahwf&ws)cmao MRE eph, Ehstaidy ihei de,

bi s(tris(pentafl uorophenyl)al uman
( (mpethylbls(tetradeC)F')l)amn)l/omum or methylbls(octadecyl)ammomum- cation,

15 R®, independently each occurrence, is hydrogen or a halo, hydrocarbyl, halocarbyl,
halohydrocarbyl, silylhydrocarbyl, or silyl, (including mono-, di- and trithydrocarbyl)silyl) group of
up to 30 atoms not counting hydrogen, preferably C, 5 alkyl, and

J' is tris(pentafluorophenyl)borane or tris(pentafluorophenyl)aluminane.
Examples of these catalyst activators include the trihydrocarbylammonium-, especially,

20  methylbis(tetradecyl)ammonium- or methylbis(octadecyl)ammonium- salts of:
bis(tris(pentafluorophenyl)borane)imidazolide,
bis(tris(pentafluorophenyl)borane)-2-undecylimidazolide, bis(tris(pentafluorophenyl)borane)-2-
heptadecylimidazolide, bis(tris(pentafluorophenyl)borane)-4,5-bis(undecyl)imidazolide,
bis(tris(pentafluorophenyl)borane)-4,5-bis(heptadecyl)imidazolide,

25  bis(tris(pentafluorophenyl)borane)imidazolinide,
bis(tris(pentafluorophenyl)borane)-2-undecylimidazolinide, bis(tris(pentafluorophenyl)borane)-2-
heptadecylimidazolinide, bis(tris(pentafluorophenyl)borane)-4,5-bis(undecyl)imidazolinide,
bis(tris(pentafluorophenyl)borane)-4,5-bis(heptadecyl)imidazolinide,
bis(tris(pentafluorophenyl)borane)-5,6-dimethylbenzimidazolide,

30  bis(tris(pentafluorophenyl)borane)-5,6-bis(undecyl)benzimidazolide,
bis(tris(pentafluorophenyl)alumane)imidazolide,
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2- hept adecyl i m dazol i ni de,

bi s(tris(pentafluorophenyl)al umane) - 4, 5- bi s(undecyl )i m dazol i ni de,

bi s(tri sMpent/afBizior ophenyl ) al umane) - 4, 5- bi s( hept adecyl ) i nPdEDSOHLbe,

bi s(tris(pentafl uorophenyl)al umane) -5, 6-di net hyl benzi m dazol i de, and
bis(tri s(bp;emt;(pédtafmlomph:&m)hl)mhncbranﬂ)lecﬂnﬁidbi@i@e;rbtk&ciy(b%tnﬂhm'mphdat)aihindm) 210 A

further S bl e, act ta cl,ude. cationic Goup 13
salts cg‘?&%‘%ﬁ@ﬁ‘&? ‘?othsﬁns? ?rg&efﬂﬁ%mﬂ%)?‘ ?Pls?u,&decgﬁ/lnﬁ%z ofid erein: pM‘
is alum rbts(ms(gattdﬂuuerhmyl)alnnlancDm 5-b15het¢tadecsfl)bmdmh¢er alumnum Q is Cl1-20

hydr ocar nal bstl h one or nore groups which
i ndepend%{trlff% uﬁrogl]% rgrr%rg’ lgll’ eaz?'nh rocar byl oxy, hydrocar byl sil oxy,

hydr oSar tb;sl(tas(byﬂta‘mbrwhenytjal(ulnyml:b-amadd:wyhmldlagdh)mlm bnsm;rls@yntaﬂlmm;ihyﬂ)é)aiumne)

di (h dro rocarb h Iy I ul |do

gr ou)p/)s hav %d‘%"?{g'ﬂt%iiothgd%’g%g %ﬁt{"r?}(?ptﬂfrt@nfuﬁ] a%‘?%gé?\l% Jec)%g 5‘?\1a t wo

or 20 m)lbts(tﬁis(pgﬂmnpmphwl)iﬂemamy-ajSeinst(hqptddecryik)edldumotlmdeach ot her to for m one

or m)refu ed ri € k roup, optionall

substi tut nv&p e r}g"ﬁmp%efny%i?@a%%é o@%ﬁthﬁg%nrmlg?yﬁo%er’ %’hdpg Sgl d pQ2 havi xg

from1l tdmsaﬁs(patthhmmphdnyl)alsmmemsM&m@tﬁ)Mmprdhzgodiéﬂt ate Lew s base,

pref ably L' i nat ed t 5.t net a I ch that
) b ai s B Bl e Ak aRoRErctapsiiing e Rihic CO £ gt

m)nodent Fbfedilimgha 8RR formulaS @ number greater than zero indicating the
nunber of Lewis base noieties, L', and Arf independently each occurrence
is an anionic[M @azhd]g(r‘\(l)uMQbreferabl y Arf is selected fromthe group
consi sting of {;eiinde, Cl1- 20 hal ohydrocarbyl, and Q 1ligand groups, nore
preferably 30 I's a fluorinated hydrocarbyl noiety of froml to 30
carbon at ons, Mbistluprmiggalbhm, gxifidiym; a  f1 uori nated aromati c hydrocar byl

noi ety of fro 20 & oK. atons, and nost highly preferably Arf is a
perfl%orl nat e?larg%gt |8rc ﬁrﬁ@rocar béy noiety of from6 to 30 carbon atons.

Exanpl es of t K2 if Grzegmrmrb@ opionalty substithted with gnexgranaa¢ graiiesi wilighnindependently
tris(fluq &PJcX&r)eQﬁ]:ﬂé ?y’sdr&‘raTbggﬁ% lHyﬁllo@érUyrﬁlfo&% ﬁ&ttou%g,ﬁaryyéntlp@r at es

correspon wherein 35 M is

al uni numddhylgeﬂarhmﬁyl)agﬂw diydrocaplyyl4wide, @eﬁhydswarbyap@mer@@Wombse)pap&pptno Wrf is
perfluor %?g%karbﬂ%@'&%%ﬁmym &*ﬁpg&ﬁsl&ﬁé thaBrh?Iir%%&b!)ry gﬁmonally, two or

pent af | uo is ClL 8 al kyl, preferab 3/ Mor e
pr ef @Pabimpore Q gravs ngy begpealendy Hinkedayitheactgothgrikg form PB‘U?fsmorPrﬁ!?t’ PRESOBFRD| v,
et hyl, (gt,ms or octyl. The foregoing activating cocatalysts may al so be

used i n conbi n%t ion. An especially
Q° is an alkyl group, optionally substituted with one or more cycloalkyl or aryl groups, said

Q? having from 1 to 30 carbons;
L’ is a monodentate or polydentate Lewis base, preferably L’ is reversibly coordinated to
25  the metal complex such that it may be displaced by an olefin monomer, more preferably L’ is a
monodentate Lewis base;
1’ is a number greater than zero indicating the number of Lewis base moieties, L’, and
Arf independently each occurrence is an anionic ligand group; preferably Ar' is selected
from the group consisting of halide, C, ., halohydrocarbyl, and Q' ligand groups, more preferably
30  Ar'is a fluorinated hydrocarbyl moiety of from 1 to 30 carbon atoms, most preferably Ar'is a
fluorinated aromatic hydrocarbyl moiety of from 6 to 30 carbon atoms, and most highly preferably
Ar'is a perfluorinated aromatic hydrocarbyl moiety of from 6 to 30 carbon atoms.
Examples of the foregoing Group 13 metal salts are alumicinium tris(fluoroaryl)borates or
gallicinium tris(fluoroaryl)borates corresponding to the formula: [M”Q',L’;]" (Ar5BQ?), wherein
35 M is aluminum or gallium; Q' is C, .5 hydrocarbyl, preferably C, s alkyl; Ar'is perfluoroaryl,
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preferred conbination is a mxture of a tri (hydrocarbyl)al um num or

tri (hydrocarbyl)borane 5 conpound having from1l to 4 carbons in each

hydr ocar w0 ogssup or an amoni um borate with an ol i gormer PCT/@R0Omab4sTEr | C
al unoxane conpound. The nolar ratio of catal yst/cocatal yst enpl oyed
prefer ablpyefesrabIggeqta‘ﬂuompHﬁnyD af00Q’ & €,.4 QB! IpreferablyeC, jp nkilyle Mk prefaranty, Q' 36:0Q” t 0
10: 1, nost.. rabl fromll . when used by itself
as an act1va “%Fé c%‘f)%lg}'lflr (ilu f’,mos preferalgall mém ?’lALth%)ég uantity, generally at

| east 100 ti nd%he fdrezok@ aqtinaartihg tqcamfystsataalalscbmﬁleém ambanation. akn ésaenialy
Trls(pent fol uar | ) e alyst is
enpl o p?eferye(a chﬁg'l%m(m ? x@gr%a ﬁ}é\@ﬁ'nél%yadfo%grgwﬁurﬁlgu?%?Eﬂ(féﬁ%&c@ﬁqﬁ?&%o 1 nore
pr ef e6 ablcympqsunmhawﬂg fram 6 1<14 nrbenspim edck hydsboarblyt gnoud orlantaginimium Hdrge wahan ni ng

activating cocat aI ner enpl oyed i n approxinmately equi nol ar
quantity \Aﬁ?‘ﬁer}cmp l%'grcaalumo’%gego 0(%Xdcat al ysts, whether or not supported in

any suitabl e riha meta; ratip\pf Imealus/edcatadysp@hgkmd prferablprapgdsyfioan] :£G000yto 100:1,
unsat ur atedl FRARRR/ Sl RShAR1HATHE bRrdR, AAD GBOPAN A AT oFlL Gy Bhane, o

in corrblna? rTe it zabl e non erein
i ncl ude @b'etfsalms andctryIawig qosatalgsidlis nmnlbyndes latgeeruemtfty, genaélbrat dstdD@fimessthar e

I t t al.ni [ |
cyel 18 o BliRoarR Ay Y AR SRR HBbhSoREh oI HER S B 10| ¢
i ncl ude eytdlathgitoeatalystdsamhppedtienmolanatih or themetal @n@lexmflﬁumr(bﬁemdlé)rll v@td ves
t hat ' 2 - R I
o oupo. - TLTEY bR b ok Bt Piin BB 3: HBE Rt St e (REREALRY
et hyl i dergenandlylzophgedin apprdximexeddequmaqlaryoarsity wahithem@tal aordplehe |i ke. The

catal ysts and qr 9%?12%?,%vhgt[%hﬁrgﬁgs;u&io%_%ﬁ%cdn é!l%bfe%#g ;119\% béjésgd lo'}»o%%%% ation

of ethylene/ 1- exe
et hyllé ne/emyl;pyhl@nm,samwgt Ionerhers hpang feone 2 teet(y008 nabdn atemhqlther 410ne pént ene and

et hyl ene/ or}lblggt?o%ggﬁef&{%ﬁghéﬂ eﬂ'ﬁ Cﬁ’%gllll: m@ﬁonﬂ gﬁph%rﬁé[:e%n Bﬁlu&{ é]é(fjingprﬁ/leﬁns

propylene nonconj uga suc for exa
t er pol y mend miXtires thereeff Erafercdrainfiosere gliphatie Qrdaeomme cmg@mdacqmltaemnm\smyhc

especi al lu}ﬂ?ﬂ}rg%hpaF Qlelll Ry %QMA ?rg@ouﬁds%ggﬁh?ﬁg @q—l?l’emg: upShER . %xﬁ@és%ﬁ“ﬁle la ec ene.

1- hexene pent ene, 1-oct
long ¢ ha|lmphrﬂa@y@meee,wwdpp@rqnbeforb@enfa mld nrrbaroane der ativesahat ar@tSh'@tlwpﬂdelﬁ erred
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isobutylene, 1-butene, 1-pentene, 1-hexene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-octene,
1-decene, long chain macromolecular a-olefins, and mixtures thereof. Other preferred monomers
include styrene, C,_4 alkyl substituted styrene, ethylidenenorbornene, 1,4-hexadiene, 1,7-octadiene,
30 vinylcyclohexane, 4-vinylcyclohexene, divinylbenzene, and mixtures thereof with ethylene. Long
chain macromolecular a-olefins are vinyl terminated polymeric 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 ethylene and
other short chain olefin monomers to give small quantities of long chain branching in the resulting

35  polymer.
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catalyst in the sane reactor or in-'séparate reactors connec n series

30 or i n updarardcess conslitinne prpountered yrtheir wagm dixamplgs ingludesiiaighbing hssnehedrabpias.  An
exanpl e %Bdr%&ﬁtbn@ sthQs ﬁﬁﬁltadesblgdrﬁcdeﬁﬁﬁg héﬁné’@e&ﬂeo 2?1 an-grﬁﬂxtﬁi%ts e%%f s of
the present i1nvention are gartl cul advarit ageous t he production of
et hyl ene chidiedpépiayelicchydrogar ?W)ﬁllélﬁlcad@heémenc)’@@gmta}mﬂghﬁmngdﬂﬁgh | evel s
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i ncor por at ed into a
comonomers.

The catalysts may be utilized in combination with at least one additional homogeneous or

heterogeneous polymerization catalyst in the same reactor or in separate reactors connected in series
30  orin parallel to prepare polymer blends having desirable properties. An example of such a process
is disclosed in WO 94/00500.

The catalysts of the present invention are particularly advantageous for the production of
ethylene homopolymers and ethylene/a-olefin copolymers having high levels of long chain
branching. The use of the catalysts of the present invention in continuous polymerization processes,

35  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

-68-



-68 WO 01/42315 PCT/ USO0/ 31645 grow ng pol ymer, thereby giving a |ong
chain branch. The use of the present catal yst conpositions advantageously
al | ows f wwovhe3etonom cal production of ethyl ene/ a-ol efi nPCDpSdNITR4SS havi ng
processability simlar to high pressure, free radical produced |ow density
pol yet hy|gEewing Folgmer; tiseehy givig allengtchain rbt?@sh t Thyruse mﬁal}e preseaihathyistgpepositigns

enpl oyed aﬁQaglpJgg&f?i;yeall%vg Folr the e?%IBﬁtl éép&é? Oclflle 5&%}11‘{%)’ e ‘Q’E’ Cefsarsslha%nga ures

properties merizing e ene ne or
wi t h | ow presgsshigilityfsirgildt k¢’ hipix pmsshre; fncburedicay prbideced lovs dmlsltyamlyedrytnne nadi ene,

1, 7-oct adi ene, 'Ihh%r I%e]se tiqglg&q{)xg&%inoﬂﬁﬁ )? gér eﬂ#'gntg n:?stl ntlrpdoyed? prg?arﬁ?lé d react or

t enper at ur es, I"ar - wel i‘ces r eact or
t enpebat mobmeaﬁmvmgghpmmmmngrpemmevby yolyladmngealgmaaloyeai |l ows for the
econom cgly [

t l.| ent 10 t
and pr ocesgpelr)’gflg’ (tqeflm B rpV%t ivslﬁop%l V r)lél(%:‘%c’ @g?‘?@ %Itsﬁ aéﬂgr,bgrg etezloes
a-olefin la]‘-lohtahenéj-br-ltﬁmmnémgTh@lliﬂi)d[trermmbmﬁtﬁcﬁxf cﬁ'l’e&bdt@d re&mhelmtew’fes’ fighr e
P ocess. miterRiel Bl GPioR G Sosh R gy Blst Firiratin s B B eh SO e Wt v
byI addi t |ad¥anmfge¢dsly allowg|for ﬂiete@t;mmﬁqabptedﬁcﬁoﬁ Gt; ;aallﬁﬁh![rsllﬁntng@xcedbﬂt lﬁﬁynk;cal 2 I \é\g i (t:) 2

) r|za|onvm cte catal yst conpositio

Brei; ed P éqygrtgﬁﬁrﬁdgygqssggll d@ﬁ gé’agnmca e W%BS’O‘%%RQ@ °lef‘6é‘56§| ting
or chemi C“ﬁ" lb‘{an@fuhg%}h&ﬂm%p?rerfé?g#ﬁl suéﬁ ?Prf@%ﬂgprtoﬁlfcgg 1x1ac{1so!l gf%@ésg Rdst OF gani ¢

particulated solTd stlica gel,
al umi na, Pesferglly aéﬁrﬁam%d(ﬂ@tl@tymo‘{ea%rogel s), aluninosil | cat es,

trial kyl al um %@c&gl%QUﬂpésttloﬂ%g%?f’eg%ﬁdg{) Wgﬁ@h&caﬁa&{sywaddﬁlo%%ﬁl“ al's,

especi al |y polyol efins n a pr erogeneous catalyst
i S prepar@isHy Coreprenthty a splyerirpr ﬁﬁ‘tﬂnglamlncmﬁmlﬁ%ﬂonp\n]éb%umﬂvqeca Thei ( Cl- 4

al kyliyal Wol BoBompoR@H Hay Aottd p I@&Bﬁd@ﬁ 16434 a€2F a%/ £30&
anmoni um saII}t of 9a h droyxaya)ry ?c??l spent ﬁg}gor?o pﬁéen e%‘?‘tl(s)rcatg %g 4h as~ an
anmoni umdgrgsiting pr chemlcally attaching the requisite components on an inorganic or organic particulated

(4- hydr oxyid3, Bxahble§ bF duh yotaut aﬁtta!a@emt& tﬁltég&%ﬂttﬂé b t@p&tﬁ&%‘da‘%’g %all‘?fys(“'

hydroxyphenyl )-tris(pentafluorophenyl’)borate. Thi's activating c i's
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used addition of the activating cocatalyst.
When prepared in heterogeneous or supported form, the catalyst composition is employed in

a slurry or gas phase polymerization. As a practical limitation, slurry polymerization takes place in

30  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. If desired,
saturated hydrocarbons 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-

35  olefin monomer or monomers to be polymerized. A dispersant, particularly an elastomer, may be
dissolved in the diluent utilizing techniques known in the art, if desired.
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of the catalyst and polynmer in the reactor generall roma

mi nufés Mmengmerp agwell asypydygt @iVémaﬂs (d{jueng aﬁ?%ewﬁ%ﬁv@sanédf BECRHY sCONtYHPE ene
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hours, and preferably from 10 minutes to 6 hours.

Ethylene homopolymers and ethylene/a-olefin copolymers are particularly suited for
30  preparation according to the invention. Generally such polymers have densities from 0.85 to 0.96
g/ml. Typically the molar ratio of a-olefin comonomer to ethylene used in the polymerization may
be varied in order to adjust the density of the resulting polymer. When producing materials with a
density range of from 0.91 to 0.93 the comonomer to monomer ratio is less than 0.2, preferably less
than 0.05, even more preferably less than 0.02, and may even be less than 0.01. In the above
35  polymerization process hydrogen has been found to effectively control the molecular weight of the

resulting polymer. Typically, the molar ratio of hydrogen to monomer is less than about 0.5,
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was used to sérogupn ESIART @adilable tfioorBrakdr at>Es) Inc., Madison, Wisconsin, USA) was used

for diffractometer control, frame scans, indexing, orientation matrix calculations, least squares

25  refinement of cell parameters, crystal faces measurements and the actual data collection. Program
ASTRO (available from Bruker AXS, Inc., Madison, Wisconsin, USA) was used to set up data
collection strategy.

Raw data frames were read by program SAINT (available from Bruker AXS, Inc., Madison,
Wisconsin, USA) and integrated using 3D profiling algorithms. The resulting data were reduced to

30  produce hki reflections and their intensities and estimated standard deviations. The data were
corrected for Lorentz and polarization effects. Sufficient reflections were collected to represent a
range of 1.51 to 2.16 redundancy level with an R,y value range of 2.5 percent, at the lowest 26 shell
of reflections, to 3.0 percent at the highest 26 shell of reflections (55°). Crystal decay correction
was applied and was less than 1 percent. The unit cell parameters were refined by least squares of

35 the setting angles of the reflections.
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col | ect eqydy Qraflgrpt;vfsscﬁmed dut Jsa@g,ﬁog%n hﬁﬁp mal%;bﬂe@mrneﬁﬁmmg Ih@"lﬂ%ﬁdné’&nt h an

Rsym val ue ‘range o percent, I owest reflections, to
3.0 per cé’HtSCQilEmﬂH%Ahﬂ@hé‘ﬁtcmmwsﬁ%ﬂl‘{ed@i’ dmcf metdpdsgn SHEEXTLS tr(spatlafle e ay
correcti QiykpAKsaRg!, Maelsém Svi¥&@Asih Q§§A)tflflﬁrpwﬂ1clpﬁlfe ‘fogsl.?ﬁons-ghﬁl bEthd ndﬁqjl btom
paraneters were refined by |east squares of the setting angles ofg t he
refl eéti oyese ohtained\\bhe struemoe| Baspefinadsosy is @MQXT%éorspxg|f@1hn@tsrXrlea§t-$qmrss wer e
appl i ed bynichiRomat h&m%ﬁe%%ehmaﬂmﬁs@@m rlaf il me B LA A SHRRVAL T on
was carried out using program XPREP (avall able from Br u er AXS, Inc.

Madi son, atmsmwwlategsy\)dealrlzh@p@atme@mreﬁmégldglelooélmmrem aterms, owemods i n
SHEL XTLS5. W SA) from
SHELXTLS shalf Bl A A PouBE g/ and e Bt s A Eae !

st r uct ur eespadary extingtias wasngtorpphiedsyJibe fmplgefimemgryivag cartied outasing k- Ila@lafsttlalslﬁuar es
refi RgMenhes h@ 1§&ﬁuute@tt@ﬁf§vi‘ﬁ€5?efér@1fxde@@fﬂe %&v@ntﬂ)ﬁhl%’@?ﬂ&% ?1t% ﬁ'ﬁétgﬂ isnot .

paraneters and al atons were calculated in | i zed positions
and ref i AuBiNtzed; ﬁédléﬂnaﬂlﬁéﬂiz ip thedpnctign hasis mgrimiged,and g¥¥Rai ned from a

Di fference Foufhk@heaBRoMROn ESHIAGH aWinliO Q4 {terﬁ&%Yac%?@ﬁh%ﬂbrﬂ&l%us-(f\sﬁgfdheCt ion
for secondary extinction was not ‘appl | eo final refinenment was carried

out usi n§oTsEtipRy Wisp calgvlatedrropp vajugsdios thrlntqraatiepq] dables fenXtray Grvstgllemsaphy
r ef er encq4m) tiag wwxerﬁlhﬂﬂgﬂanﬁm@béﬁ@r&gkpre&& distMukdron. Rédenqjordr@ah@ m zed.

Addi tionally, he fuhction that 1s mnimzed, and not . The linear
absoflption coMWﬂtMtlo%tom c scattering factors and anonal ous di spersi on
corrections were gg t |val ues fromthe International Tables for
X-ray Crystall ogr hy O?l ;g /2 55 Bi rm ngham Kynoch Press
(Present distri blYf r [ZbV(FRel lﬁdw& 15 Rel evant functions: Rl=

21 (11 Fol - IFcll)Rife I5faP - wgamear[&’?m%é]z F02)2] / 2:[wF 22]] 1/2 Rint.
JIFo2 - F 02 - Fc2)2 - 12 wh
L o he nunar m?ﬁfﬁ&&fﬂ&gz’gh&nﬁﬁ 2 Yigte Sisaronbg of s daanaeal s

refi d@d w ="gm ﬁ?{?ﬁ?}]ﬁﬁefef 399+ p) 2+0. 31 *p], p = [max(FQ ,0)+ 2* Fc2]/3
Exanpl e 1 Prepar at + 0fiodfFo2)+(0.0370%p)*+0.31%p], p = [max(Fo2,0)+ 2* Fc2)/3
di chl or o@Examplelt di rrethyl et hyl) - 1 1-di nethyl-l-((l 2,3,3a,7a-il)-3-(1, 3-

di hydr o- 2Hi sqi ndol - 3/I -1H i ndep-1-yl )sil anamn ato{ -)-N-)titanium N
Preparation of lCthl'O(N-(l 1- dlmethylethyl) -1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(1,3-

dihydro-2H-isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)titanium

CH).si TiCk
( 3)2S|\ /

(A) Preparation of 2,3-dihydro-2-(1H-inden-3-yl)-1H-isoindole 1-Indanone (10.0 g,
75.1 mmol) , isoindolene (12.00 g, 100.7 mmol) and 150 mL of air free, dry toluene were loaded in
a 3-necked round bottom flask equipped with a stir bar in the dry box. The stoppered flask was
removed from the box, equipped with a Dean-Stark trap and refluxed under under N,. GC analysis

30  showed major conversion complete within 7 hr (greater than 90 percent). The reaction was allowed
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(CH3)2SI /TIC2 25 NC(CH3)3 (A) Preparation of

2, 3-di hydro-2-(1H i nden-3-yl)-1Hi soi ndol e 1-1ndanone (10.0 g, 75.1 mml),
i soi ndol av@0(/43190 g, 100.7 mmol) and 150 nL of air free, PATASWAIGSNE wer e
| oaded in a 3-necked round bottom flask equi pped with a stir bar in the
dry box. totedusamgsidaiosal IfH andkhemalyentvesameayed nisier teﬂlecebpscssueeq(m pwpledtW‘tGi a

Dean- Stark..tr f | uxed, under unde j or
CONVer Si Onth & Osﬁ ritga?fljstllﬁg ad ﬁl}ghr\{?cutlmrv\éaas‘tag;ghey%ndt B‘% at¥<§ fosl)Za%IJf]Qio eac{rla on Was
al | oned tra&eZomm&bﬁQﬁidﬁmmﬁl}UﬁiﬁD/31645 to reflux an addl tional 1 h and the

oAt h St hodl ot GOt e ML ARl drtd ?Iﬁeﬂﬁ‘oﬁ‘%zgé i ol 4808 o

di sti215I oéilz_bﬂtzrﬁgesnpﬁsam,mﬂ),and(d ndammazﬁp 3 . ' '"H(CeDe6) S: 7. 61 (d
J=7.2 Hz, 1H), :

PR T S s évsm%lﬁé CIERE I A 12@&)"‘2%2?2{4 sipdecd) o

149.1, 14599,10041563, 3338 , 127 1 126.8, 124.9, 124.5 122.6, 121.1,

120.2, 100.4, 56. 3, cul ated. CL7HI5N: 233.1204, found:

233.1205. (B) Wﬁa@%fﬂlaé?@ vaﬂgNBZ%ﬁ Wﬁrfgmé* £34%O%den- 3-yl ) - 1Hi soi ndol e

lithiumsalt 18 %r@pa@thQﬂZdnﬁﬁdwzr(dﬁnmae#b )yr)-’hb#-ismua@lﬁhﬂmh%al%SO g, 1.15
mml) was slurrled ane. Tol ue gﬁnl@mOLi was added with

stirfPng to f 3r3r‘ip‘<'5‘y§rﬁt20@|"[o‘ﬁdenrf5 ﬁ?fllﬂ"f"?‘@m R0 Igek WS slygried 4n hymbgp) )

reagent Wesfanddtififere () mb) WhdHAH& G dtieehgab Sorftd solu@in.f @BuiQ2 M e RanaSs. N
olive green\mBrem PI tate forned. This solid was decanted fromthe |iquor

and washd@¥- Q) epEeHEY AN AIG PVEr 3 inute peipd,png: sHigjed ton 2 mispiss e apoliye gregl

f1owi ng @tdcipitatd fRIRd.PONYESSlidRws Qetahitdd #SmGhe IHfhoPRKGRBRed Wil 70 naf ﬁ&ﬁnel&l MEUM
drying). Analys] H and 13C spectroscop “g%{l ndi cat ed_the pres e of

s b
appr oxi Wﬁffquipgﬁh%@og%&%ﬁ 3 frgediQmving Y ive greerhie i1 J8 8 FARerashty! I"‘ 'H
(THF1B8) vigumh dq'ﬁ ¥ .AndFydis By HE and!'*d) spedtrokdops-indicdddl thdpiksende. 03 4prroRkima ,O.ﬁ’- 25
(d, J=3.3 Hz, 4.57 (s, 4H) 13C {'H (THF D8)

8: 142. 4eq‘f§*’ée‘{§s fﬁ?sanswliéﬁpe&f"%b“%ﬂghizo 4, 119.7, 118.4, 113.3, 111.8,

20 104. 4, 83.9H @GordD bem;f‘(a J&t7231"z Bry), 232528 th, 581 6(3@ 2H), 6.25 (d, J=3.3 H
[3-(1, 3- d| hydr o- (g&PI SS?)I ndol - 2-yl ) - 1H-)| nden- J(yl ]- ) Xm dl)met h§/| et hyl §d| nmet

hyl - si | dRmWddN=34Hz, @B“W-)\ HNC

BC{'H} (THF Dy) 6: 142.4, 128.0, 126.8, 123.4, 122.6,120.4,119.7, 118.4, 113.3, 111.8,
20 104.4, 83.9, 60.0 (hexane at 32.5, 23.5, 14.4).
(C) [3-(1,3-dihydro-2H-isoindol-2-yl)-1H-inden-1-yl}-N-(1,1-dimethylethyl)dimethyl-

silanamine

g

H (;/S\i/CH3
3

HN— ¢ By
2,3-Dihydro-2-(1H-inden-3-yl)-1H-isoindole lithium salt (1.64g, 6.86 mmol) was dissolved
25  in 10 mL of THF and this solution was added dropwise to N-(zert-butyl)-N-(1-chloro-1,1-
dimethylsilyl)amine reagent (1.47g, 8.91 mmol, 1.3 eq) in 40 mL of THF. The reaction was allowed
to stir for several hours, and THF and excess electrophile were removed under reduced pressure.
The crude oil was extracted into hexane and filtered through a medium porosity frit. Solvent was
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t-Bu 2, 3-Di hydro-2-(1Hinden-3-yl)-1Hisoindole lithiumsalt (1.64g, 6.86
nmol ) was dissolved 25 in 10 nL of THE and this sol ution was added
dropwi se wood3tert - butyl )-N-(1-chloro-1,1 dinethyl silyl)paT/msowasgent
~(1.47g, 8.91 mmol, 1.3 eq) in 40 nL of THE The reaction was allowed to
stir for removeA #ndeR srdkeed PasseRrTigmivarthe dosierdsprodiichastan spsralderparod (2490668 under
reduced prASISHY. Spercehf)e crude oil was extracted into hexane and filtered
t hrough a nedi um porosi t rit. Solvent was -73 WD 01/42315 PCT/ US00/ 31645
renoved under HdHeR8: ﬁa?‘g@sa% 766 (g Vi), 7 148 (w8 @80-3118 Guct)aS3Hn 1834l d
green oil 9 96.5 percent). "H (C6D6) S: 8.10 (m 2H),
7.66 (m G (421,)%(56)113 02'?‘(?'6161)90 7.10 (m 5H), 5.37(s,1H), 3.34 (s, 4H),
0. 56 és, oH), " 12}].(((6@5)569'5795413,04() THI39(00BTB), 134.8,112%.00) 22164 12120, 10418, 55,7,

139.0, 1 1 121,

0. 44, -O%ég “ %%ﬂlo L(H%/Béum Ho Lol uanant P?Jueeﬁ é‘lu?ﬂt aEanosﬁHeerﬁp S %§°§895é“‘feor
posi tive lon,cme(pﬁﬂceltG@ﬂﬁéthammMPBBB)Obeﬁan)ar233 M2 perckOi, np@n&erm)%msm 9 (25
E)g; cent) I-I"Q?&ﬂ;ekc\éﬁt),'ﬁrf.s (§(§3'er9e’nt).Ml H+ (100 percent), 231.8 (50 percent).

[ 3- (1, 3- di hydr® 234(1,3-dihydod-2E-isoindol Byl FidB imdint hill-NH(, 1. dimethplethiph diadell) di met

hyl - ;40 aha iumsalt N NLi S __CH3 H3C LiNt-Bu To a
110 r#_) héggne E%I%ﬁl{tlmﬁ)t#%:a?)thnt aining 9.357 g (25.81 mmol) of
yl]1-N- (1, 1-di met hyl et hyl ) di met hyl - si |l anam ne was

[ 3-(1, 3-di hydro-2H
(Al
¢BuLi solution within 5 mn. During addition of

i soindol-2-yl)-1Hin

added 33.9 nL of 1.6

the n-BuLi, a yellowprecipitate appeared. 15 After stirring overnight, the
precipitate was collgcted on the frit, washed with 3 x 25 nL of hexane and
dri ed under reduced ppMNessure to give 8.85 g of product as a yell ow powder.

Yield 91.6 percent. {E) Preparation of

di chl oro( N- (1, @ lethyl)-1,1-dinmethyl-1-((1,2,3,3a,7a-rl)-3

(1, 3-di hydr o- & h/%Z yl)-1H i nden-1- yI)sHanam nato-(2-)-N-)titanium

In the drybox 8.43 mol ) of Ti C13(THF) 3 was suspended in 150 niL

of THE To this SO|utIS 1 g (22.7 20 mmol)

of N-(tert- butyI)HﬂC(l -di nmet hyl )-1- (1, 3-di hydro-2Hi soi ndol - 2-yl ) - 1H i nden

yl)silyl)amne, di |IL|N—Hf1‘B§a|t di ssol ved |n 100 nm. of THE was added Wi t hin
' this tipme g of

Pb0l 5 (148 iy e BrstRRaoufon (o nios D T7am 2a8E morath 41t bimpgyo-2H
isoindol-2- yl) 1H-inden-1-yl]-N-(1,1-dimethylethyl)dimethyl- silanamine was added 33.9 mL of 1.6
M n-Buli solution within 5 min. During addition of the n-BuLi, a yellow precipitate appeared.
15 After stirring overnight, the precipitate was collected on the frit, washed with 3 x 25 mL of hexane
and dried under reduced pressure to give 8.85 g of product as a yellow powder. Yield 91.6 percent.
(E) Preparation of dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-
(1,3-dihydro-2H-isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)titanium In the drybox 8.43
g (22.7 mmol) of TiCl3(THF) ; was suspended in 150 mL of THF. To this solution 8.51 g (22.7
20  mmol) of N-(zert-butyl)-N-(1,1-dimethyl)-1-(1,3-dihydro-2 H-isoindol-2-yl)-1H-indenyl)silyl)amine
dilithium salt dissolved in 100 mL of THF was added within 5 min. The solution was then stirred

for 2 h. After this time 4.11 g of PbCl, (14.8 mmol) was added and the solution was stirred for 2h.

>

The THF was then removed under reduced pressure. Half of the remaining residue was transferred
to a thimble and it was extracted with 130 mL of methylene chloride using continuous extraction

25  outside the drybox (9 hr). The second half of the residue was extracted in substantially the same
manner. Solvent was removed under reduced pressure and 80 mL of hexane was added to triturate
the residue. Black-green solid was collected on the frit, washed with 2 x 50 mL of hexane and dried

under reduced pressure to give 7.92 g of product. Yield was 72.7 percent.
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The THE was then renoved under reduced pressure. Half of the renaining
residue was transferred to a thinble and it was extracted with 130 nL of
met hyl enav@hl/@3idtle usi ng continuous extraction 25 outsi depCh@Savitbesx (9
hr). The second half of the residue was extracted in substantially the sane
manner. Sol ver'lm(mar)enmved 3K .81 (SO @3 1 103, OHR 6109 (& 281, 80, m_lebexame was

added to trityurate du Bl a s cgllecte
frit, é‘i\@g ivj\ﬁ*“t*ﬁ 13. 2>HZ§-0{ h%%ﬁggﬁﬁﬁﬁﬂ g&d ﬂ“rlrwg‘r géd@ié 'gr(g re to
give 7.925G =orf,7mzpduct Yi eI d was 72.7 per cent -74 V\D 01/ 42315
PCT/ US00/ 31645 SZHF d8) 6: 0.71 (s 1.31 ,
5.00 (d, 2H, Z¥pmpje2 Breparition of EN-flgl (’Hneﬂzwthzlhlrlrﬂlme‘fgl-k(@z?)3 3*57390) { s 1H)
7.18-9. 44 {\dih ﬁk&zﬂlsoﬁﬁio(-d-yl)hlﬂ-m%éhlsll)slla‘ixai’nnirm.a SNYdirhhyldtdniuns I H H = 8. 7
Hz) . Exarrpl e 5 Preparati on of

i -((1,2,3,3a,7a-r1)-3- 5

(N-(1, 1-di net hyl

(1, 3-di hydro-2H B i nden- 1-yl)silanam nato-(2-)-N)dinethylt

i tani um H3C||W Sj C \/ "ICH3 "CH H3CH3C CH3 In the drybox 0.4 g

of the dichloro( , 1-\di nrethyl ethyl )-1, 1-dinethyl-1-((1, 2, 3,3a, 7a-rl) - 3-
ity | ) - 1H-i nden- lyI)S|Ianamnato(2) N-)titani um

(1, 3-di hydro- Zb‘P"Vs? 'n
(1.1 mmol) was 3%di s e m 35 nL of Et20. To this solution 1.45 nL (2.32
mmol ) of MeLi (1.6 MNn ether) was 10 added dropwi se while stirring over a
2 m nute period. ﬁ the addition of MeLi was conpleted, the solution
was stirred for Hjes. Et20 was renoved under reduced pressure and the
resi due extracted"?‘\CMth hexane/ tol uene m xture (1/1) (2 x 20 M), the

solution filtexed dryBdeO b gt fheldichRE@N-(@ M aEayIedylh-0, | cHiyaass - nds 3a r/eehgteed
pressure to gi of crystalline dark red solid. Yield was 75.5

P eroent - (et atiangd oo S oS Bt Ao BN el EBRDIER wos

obt ai ned d@ﬂdvddsn 34 BLIoE BHOH Ukeatlis 88luffindd Bmil (mz mﬂagdf PRLEQ® M'ifrethéhpWBy 6:
0.08 (s, 3H), 0.54 S. 3H), 0.67 (s, 3H), 0.73 (s, 3H), 1.50 (s, 9H), 4.62
(d, 2%, agdpridrepwise while pirying even g 2 minuto periog ] Afigr the addition|qf MeLswagrompletery) |

g (9)1 (t, tt&"s’olu?idﬂ'bvﬁ s’tirer Ror @B)mnu@esgﬁleb Wi rerﬁmedrﬂhuer reZiugE% p(‘éigxre !md't'he 1%@1'('153" )—

13C {' H} e(t%tbe)mtﬁ heﬁansfmlueﬁe m7>;m:341/6)6(2 X9, rﬂ;B theE£4>lu541; ﬁEﬁedS ﬁnd !58 ﬁnmre 84 47,

137,00, 198058 e unrredecty iy sifo d et e i Vigh 2 12
119. 8 Hz)was 75.5psteenD 1 The281eE: PG S0P sB1LE64E(ORTEP) of the complex was obtained and is
15  reproduced as Figure 1 attached hereto.

'H (C¢De) 8: 0.08 (s, 3H), 0.54 (s, 3H), 0.67 (s, 3H), 0.73 (s, 3H), 1.50 (s, 9H), 4.62 (d, 2H,
2Jun = 11.7 Hz), 5.48 (d, 2H, iy = 11.7 Hz), 5.46 (s, 1H), 6.91 (t, 1H, *Jyy = 7.5 Hz), 6.98-7.13
(m, 5H), 7.52 (dd, 1H, *Jiy.u = 9.0 Hz, “Juy = 1.2 Hz), 7.75 (dd, 1H, *Jyuyy = 8.7, Hz, *Jis = 0.9 Hz).
BC{'H} (CeDe) 8: 2.37, 4.47, 34.65, 49.83, 54.54, 56.66, 58.01, 84.47, 104.34, 122.68, 124.10,
20  124.16,125.11, 125.48, 127.36, 128.30, 133.42, 137.80, 142.99. °C (C¢Ds) 5: 49.83 (q, 'Jeu =
119.0Hz), 54.54 (q, 'Je.n = 119.8 Hz).
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Exanpl e 3 Preparation of

dichloro(N- (1, 1-di net hyl et hyl ) -1, 1-di phenyl -1-((1, 2, 3, 3a, 7a
ri)-3-(1veedi/msds o- 2H i soi ndol - 2-yl ) - 1H i nden- 1-yl ) si | anaPCTVas@/J1245) - N- ) ti t
anium cb5a r~ ~\ Phim...gi Phi Ti-""111C | H3C H3C 4CH3 (A) Preparation
of [3-(1, 3-di BadmpleZHPreparatibalof Bichlore(N-H1ilndievethileythyl)- N1-{diphtnyl&-((1,2,3,3a,7a-

di net hyl e Si.l m.n o.a [l. 5. 98 .

O N (¢ or OB %B""ﬁ?‘{s‘? S TR e PybRaera T s Yy (0 25 L of
THE was added 1.4 I

1- (1H 3-i ndenyl)
25 nL of THF. After

i ndolinyl) lithiumsalt dissolved in
eaction mxture was stirred overnight the sol vent
was renoved under rdudgd pressure. The residue was extracted with 40 nL of
hexane and filggared. 1 SoI vent was renoved under reduced pressure giving
3. 062 of i npurpyprdduc AL %Clyel | ow-green residue. 'H (C6D6) S: 1.07 (s, 9H),

1.19 (s, 1H), 5.09 11TCI3JH H = 1.8 Hz), 4.36 (d, 2H, ZJHH = 11.4

Hz), 5.55 (d, 2H, ZJ H = 11.1 Hz), 5.49 (d, 1H 3JHH = 2.4 Hz), 6.93-7.24
(m 12H), 7.5- 7 7.70 (m 2H). 15 "C ('H (C6D6) 8: 33.69,
40.78, 50.03, 5 §€ 88 120. 97, 122.50, 123.89, 124.66, 124.90,
127.00, 127.35, 12%°63, 129 44, 129.48, 135.75, 135.86, 136.22, 137.00,

138. 84, 141. 17A) Pkéfardtion oi‘frﬁ(ﬁﬁldlh@@o I apaidal-2-90)-19f-inden-1-y1]-N-(1,1-
[3-(1,3-dj hydro- 2H-|50|ndli) 31’1‘%/ )-1Hinden-1-yl]-N(1,1-
di net fy! gf’ﬁ%}?’)"ﬂ?"@fﬂ@'ﬁ??“yﬁ AAEMRehe, dilithiumsalt 20 To a 50 nL hexane and

10 nmL tol uene 1®al W13 €(3.98 Aithal) 68 N-¥ed-bAGD-N((-Ehlsto MDdiphediyl)dilyRinthe dissolved in

)< 1y1) bkl vasgy D b W LR Fidashnsolist ol )

partly soithnixheali dissbg&&igfas nflU6f THF. Afistitid reattiod mixnee maBui;ieq oferiight tBé\olvent
recipitate a re t stirrin over ni e ecCl tate

POl T ot o IEIES pcciadireGruts. 214 Tesnunpon g RGEaF kel Samidherdauced
pressor e Sbive@iwas retndv8d gndébreBiicep prrelued givisg 3.061 efimparegesduct ¥k @¢lldww@sen/9. 8
percent. ' THF-d8) S: 1.21 (s, 9H), 4.51 (4H), 6.17 (s, 1H), 6.48 (m
2H), 7.07%Y7 (m 10H), 7.51 (d, 1H 3JHH = 7.8 Hz), 7.94 (m 4H), 8.10
(d, 1H 3JH |_H'H (C,I%) $12)07 (§,3@){1. 19 (s TEHIFS.080d, 611, °38, 833}&3,44315 d52i{ 7B 9190,

112. 62, 113.90, 116 25, 122.5 124, 126. 02,
112.62, 11399 LiPe 75 11810 (J2h 0%, 152,08 228,36 AT 6 20
7.70 (m, 2H).
15 3C{'H} (CDe) 8: 33.69, 40.78, 50.03, 56.48, 103.88, 120.97, 122.50, 123.89, 124.66,

124.90, 127.00, 127.35, 127.63, 129.44, 129.48, 135.75, 135.86, 136.22, 137.00, 138.84, 141.17,
146.15, 148.54.
(B) Preparation of [3-(1,3-dihydro-2H-isoindol-2-yI)-1 H-inden-1-yI]-N-(1,1-
dimethylethyl)diphenyl-silanamine, dilithium salt
20 To a 50 mL hexane and 10 mL toluene solution containing 3.062 g (6.3 mmol) of the N-
(tert-butyl)-N-(1,1-diphenyl)-1-(3-(1,3-dihydro-2 H-isoindol-2-yl)-1H-indenyl)silyl)amine was
added 8 mL of 1.6 M n-BulLi solution. The ligand was only partly soluble in hexane. During
addition of the n-BuLli, a yellow precipitate appeared. After stirring overnight, the precipitate was
collected on a frit, washed with 2 x 25 mL of hexane and dried under reduced pressure to give 2.50 g
25  of product as yellow powder. Yield was 79.8 percent.
'H (THF-dg) &: 1.21 (s, 9H), 4.51 (4H), 6.17 (s, 1H), 6.48 (m, 2H), 7.07-7.27 (m, 10H), 7.51
(d, 1H, *Jiy.y = 7.8 Hz), 7.94 (m, 4H), 8.10 (d, 1H, *Jizy = 7.2 Hz).
BC{'H} (THF-dg) &: 38.83, 52.41, 59.78, 94.90, 112.62, 113.90, 116.25, 118.10, 121.69,
122.55, 124.36, 124.77, 126.02, 126.37, 126.91, 133.38, 137.22, 141.99, 151.82.
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WO 01/ 42315 PCT/ US00/ 31645 (C) Preparation of

dichloro(N- (1, 1-di net hyl ethyl)-1, 1-di phenyl -1-((1, 2,3,3a,7a-rl)-3

(1, 3-di hydo ot/24H3 soi ndol - 2-yl ) - 1H- i nden- 1-yl ) si | anam nat oPCPUBNSIH45 t ani um
In the drybox 1.862 g (5.02 nmmol) of TiCl 3(THF) 3 was suspended in 20 nlL of
THF. To thi s (gplpyépapitioh T@RNHroAN-QA- mkﬁylaﬁyl) 1,1- dlphen 1-1-((1,2,3,3a,7a-n)-3-

[3-(1, 3-di hy dro 2H- i soi ndal - 2-yl ) -1H i nden-| - Y

di net hyl ét WF'}YGF‘b%ﬁWH@i"IZEY H@endmlls'claﬂammta1@-)- 'E'é‘ﬂ?‘\"@d in 30 nL of THE

was added Wi t Iy the ry kalll862'|'%1§5($&hMb @frrm @wamspéna@hmbn@omm ter
this time 0.91 g of % and t he sol ution was

stirred fif SOA\%IOH@ROS £k 02rmmolo§ (3¢ lhbé%?ﬂé(dsqmieh% yPddtinden-pyddstrls. The
resi dge \aagetlyldtiil)aphbaysifdme! dilidhiv A8 disboladd iFBO M) FMeIFGIMsQadcdayidine]

filtered. Solvent was renmoved, K under. reduced pressure |eaving a bl ack
sol i d. TRy Bag sglysion @ps thep stired far AP mitaAfies iy timg ST st FPCr(32ommeRives 9sd 100

L of methyiheBslukdhl WisistRed f5hE5 SRl TR THRGRS E&Wc&lﬂﬂﬁf reﬂ&fe'tl 9@%119& empgur e.
The solids obtained fromboth extractions were conhbi ned a 30 nL of

hexane wa&sidygdagtirsihgxirasted with ¢ xi3f gnlsf methyleng Fth‘E‘quea"Q@I"FTdeé%‘V%WP%‘@’E“@tﬁFdon a

frit, washed retutdd pridsurt lea¥ing) £ KIS oA ITEY reQheUErEl6f the frﬁ%@@dra@té@ﬁz&hlﬁ@ to give
1.95 ﬁ of .the desired_ product as a deep, purple solid. Yield was 64.
t.

per cé aqgjtiona} HiyraL ef ‘%‘PW“%W’&QC -stheselvERte a WP‘? ungler fefuced BIpIUER W@ﬁs
(ibg gl ?ed saind obt%mé@ﬂb@%ﬁ@ﬁhracl@nsa&ergbtﬁwn@ed?anaB@ a@w@ehﬂ ®hPaddedd Aﬁa D6)2 HS
S 1
TIhH < s g fiouts g Aol vas iglectay oy T wanerywits il of hdge i drie g 1 | |
I(_ld 3i ||:||‘ H éﬁdﬁf&ﬂﬁrﬁgﬁm to7g1\'1¢:-,r 17953§01(tﬁé d&h’ad proJucﬂas7a (ﬁe[( ﬁﬂrpl@ kblid. %i88 wabs4.3H) , 8. 13

(N-(1,1- AETSERY h%eesthl.g}q c)'rysial f( EﬁyﬁMF (QR’EI%IP]} oﬁthg cglaplyéw% ?bt:gnedza@d is reproduced
(1, 3-1d| hysgipi(gmglj-ausafemdabmz yl)-1H i nden-1-yl)silanam nato-(2-)-N)di nethylt
itaniumIn the

drybo
L onl oo (1 OGRS e DS L (s AF 5062 vt 213 B, $47 (4, 9o =

(1, 3- di hydpaesz ?%94§9|1mq4 872(11}’11)-’14;#*91@1@12) l7-00!), $H BRAE7EH: 1. 27)36m) dHrf ani um
(0.76 mmul issolved in 35 ni,of dleth}/ ether. To this solution 1.1
m_ (1. 75 "énb® mSDNERT (m BH 83 (H, ]é”{hélﬁi)“ #4812 added dropwi se while stirring

over a 2 mi “UtE%ai%%Ie'@iirep%Htﬁfn otfh@(ﬁiiQihhétﬁﬂem&l)JYﬁLalpl’.\@n?yl-iﬁ(l, TR, Bl-Rs- the

solution was stirred for hen her was renoved under

redu@@d (b?’@gydrfewﬂwmmzry@sll&ﬂ@eeﬂtbﬂ)mwmtpﬁ%mdxmﬁmmﬁnl% mL of
tol uene and t heysalysbi 826 ok&n@ﬁl&%(NH‘? dgﬁétl%ﬁétl%ﬁfl T—‘\ﬂgﬂ&ﬁgﬁ {a 5939‘7@!@%5

under reduced pressure. xane m xture was
stirred f(b#-dihydrol-ispindedc- }éblHdﬂdﬁasl %bllar@mt@w @n-N-igsarfiprn (0.7 4vamebavagi t h

hexane a'&%scﬁ&éd‘?ﬁb&'ﬂl &Jr die dﬁr@é{ﬁ@rd TBHESHOn 1 Q i ViE dsan?ﬁqbf) %FMfeLﬁ(g%'Mrh ether)

corrprl sing 210 produ Sol vent was renove rom3 Itrate to
gi ve 115 wegadsed ém@éfesemdnlﬁ ptEing over o mimue pariodudfter tpadgitiopjoé M¢Livgas 78. 1

per copt . c&ﬂﬁletefl 'tﬁé&ohfu%ﬁ‘%k Qﬂre\’i@& sﬁ'nﬁﬁlﬁé e fhe %thgil-wz%freﬁl&leﬁ%ﬂ&r tQhtaved by

addi ti on of nore tol uene. sol uti on was Itered and put into a

freezer (PICESFES ané\ﬁ@rrm@mextrw ‘5161 %/Iéﬁfuf?\afswd@e aﬁ@@anwé therselutipp §ligred, th r ed

cryst al s ke Bt ed o Uridts \euaNEd R reshiRd HURHS Wwal S51de BO PRI eRE 'tHeQm;(QréJ' ve
80 ng of the desired product. The single crystal X-ray structure (ORTEP)

of the cawpptasedferst kst aﬁﬁ@cpohqimraq epllected on the frit, washed with hexane and dried under
reduced pressure to give a first fraction comprising 210 mg of product. Solvent was removed from

30 the filtrate to give 115 mg of a second fraction of the product. Total yield was 78.1 percent. The
first fraction was dissolved in 3 mL of toluene followed by addition of 15 mL more toluene. The
solution was filtered and put into a freezer (-27°C) overnight. The solvent was decanted and the
resulting red crystals were washed with hexane and dried under reduced pressure to give 80 mg of
the desired product. The single crystal X-ray structure (ORTEP) of the complex was obtained and is

35  reproduced as Figure 2 attached hereto.
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35 reproduced as Figure 2 attached hereto. -77 WO 01/42315 PCT/ US00/ 31645

"H(CeD6) S: 0.26 (s, 3H, H13), 0.98 (s, 3H H12), 1.68 (s, 9H H11l), 4.52
(d, 2H, 2Xvoblet#231d.7 Hz, H14), 4.82 (d, 2H, 2JH H = 12. 0 HeCT/MHSAM16455. 65 (s,
111, H2), 6,70 (t, 111, 3JHH =7.8 Hz, C6), 6.92 (dd, 2H, 3JH H = 5.4 Hz,
4JHH = 3.3 HZH (BIL5); 0.5 GBH, H131 098 (3IH Bl 2), T687(s-9H, HI1BY,5274,Q8L, Lhlgd= 2H,

Ry 32“%%? Eﬁ—f‘) ﬂ%ﬁzﬁzgﬂmﬁ i, 2%2)5257(%984 qﬁ)’%ﬁﬁ%%ﬁuﬂ—sl SBHZ,Hﬁq}Hn

H4), 7.9%.92ddd, 2HL—FJH3§=I§I 4HZ Rk Hy Hz A1), m 99 (1, .18, Hzﬂ =HL7 83, H58.748 (Adn2H, 24,

(C1y 57t e oy 48ie BT RIS Mgt B i e g dg) ibog s

(quat p., H2L.76R (¢, cm), Juli23R. 1Hz,(H29) 7.99138, 285 *J:64)8. 1 H2 7/36= 1.2 @A) 18)12865 @R,

128. 35, ﬁg‘% (C7), 130.00, 130.13, 133.49 (quat.), 136.31 (Cl9), 136.67
(C22) 1 45 (quat.), 137.61 (quat.), 137.95 (quat.), 143.93 (quat. )
"3C (0BD6) S: 'EY'MA(AD) 5: I2IHE 1, 5829 (¢H2), 56.322813)5%6.Q2C14), 57.9QCH0581.19. 9

i et or ol DB, 1ad PERASE 180 Bl i2p 62459 12518(CH) 425.36 (C4), 127,35

3a, 7a-r| eB6)( 2832diA3\33[ 8RBT IRisuiad, 17\, ] 33149 (g 363y [ B),| 136.8M(CER,0- ( 2-) -

N-)-titai N Ti, C  HIC ~ A) Preparation of

N (t &Pt - Qé?% q“‘rlﬂ;( !1371‘4169% Qﬁﬁ%‘%‘% ’}4%39(3&% Ydir o- 2k i S0i ndol - 2- yl)-

1Hi ndenyl ) si I‘%d caphreesN1 @ 'Agk 11$9HH'¢1'2§3L56-BQ (@ ‘JC 74)11@9(15;5 &53)mTD| )

of N-(tert-butyl)-N(1 chloroll Pn/ di ssolved in 20
n. of THE was mele S Pmr@({@f@gh%ﬂe}fﬂlmethylet yl)-l 1- dl(p-tolyl)-l ((1,2,3,

1- (1K 3- lsladﬁ{?rws)(l% d.eyéoiimm;.aonlztylﬁﬁmmnmmg.nmr).mbtot&?m.ﬁ%ﬁu.ﬂl ssol ved
in 20 After the reaction mxture was stirred h and then
sol vent was renoved reduced—(r essure. The residue was extracted wth
40 m. of hexane and NS ent was renoved under reduced pressure.

gi ving 2.806 of-groduct a gray solid. Yield 101.9 percent. -78 WO
01/ 42315 PCT/ USOBLITEAS 1 (C6D6) 6: 1.10 (s, 9H), 2.01 (s, 3H), 2.08 (s,

311), 4.12 (d, 1 JN}E@'HZ) 4.39 (d, 1H, 2JH H = 11.1 Hz), 4.57
(d, 1H, 2JH H = )N555C(|d 1H, 3JHH = 2.1 Hz), 6.9-7.22 (m 10H),
H30 > Dow,
15 (A) Preparation of N-(zert-butyl)-N-(1,1-p-tolyl)-1-(3-(1,3-dihydro-2 H-isoindol-2-yl)-
1H-indenyl)sily)amine
N

-
o

To a 1.70 g (5.35 mmol) of N-(tert-butyl)-N-(1-chloro-1,1-di(3-p-tolyl)silylamine dissolved
in 20 mL of THF was added 1.279 g (5.35 mmol) of 1-(1H-3-indenyl)-1-(2,3-dihydro-1H-
20  isoindolinyl) lithium salt dissolved in 20 mL of THF. After the reaction mixture was stirred for 9 h
and then solvent was removed under reduced pressure. The residue was extracted with 40 mL of

hexane and filtered. Solvent was removed under reduced pressure giving 2.806 of product as a gray

solid. Yield 101.9 percent.
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7.56 (d, 1H 3JHH=7.8 H), 7.62 (d, 1H 3JHH= 6.9 H), 7.67 (d, | H,
3JHH=7.8 Hz), 7.83 (d, |'H 3JHH=7.8 Hz). 5 13C {'H (C6D6) 8:
21.37, 2Wa@B14B% 78, 41.09, 50.05, 56.56, 104.28, 120. 98, PARDSHEI6E23. 84,
124.71, 124.84, 126.98, 128.29, 128.52, 129.05, 132.99, 133.68, 135.08,

135. 90, 136. 01171 ax8) 89,10 (13391),0501 (3,3591),02308 GABH)24 )2 (H45H,3393 Hﬂ&SH@AS@E@l,
P t N
o toryty B B M ST 0§53 by IS AR f 108D

di l'i t hi umssad, tlHlUH]I,'e 78 B, k2 ttem;ferﬂ §=95l9tHzl);l‘7 6Faf 1, Mg 28 A26743 (6181 nmol )
of the N'3 ter Q%Styl) N-(1,1 p- tolyl)-

1-(3-(1, y% 2H i soi ndol -2-yl )-1Hi ndenyl)silyl)am ne was added 7.4 nL
of 1.6 M n- BUG{'1j0004Dd) @n21. Dy 21l AY, 3306 41109050005, 56186,10808,i120.88, 1102 h€W23.84,

Cor | oot ed AP A P16 shapEeo b b 30 gt dps ab IR HE AR IRE L Rab By ™

reduced pPBESKUBE0Y, 04927/34339,628@8 of the product as a yell ow powder. Yield

621 (5, 1ty ) RrnspplontorR-Ghrobup it Sty Sy digpridnatanh by -

7.23 (m igddhyl)slyhanine) dilifthum a1 (d, 4H, 3JH H= 7.8 Hz), 8.07 (d, 1H,
JHH=7.2 Hz

112. 9% 114, 1%“’ aﬁ%‘.‘%"%“ﬁ%’.“ﬁé FO%ﬁ?P%g?zﬁgzéséd{‘m‘ilgﬁf g%N (i‘*é’zslbz“’i%?giggt@a
(]j-|2(7:h|38r thﬁl_ﬁz ?Qi (%?é;h?&o -2¥Biboidbl- 2134)11}9&deﬂy4ﬁ11ﬂ17am116£)/as|%ﬁ&@m %L?Iﬂ 14 ;Gfl\il n- 0

O O e doutofs B Aoy o} i poly Bybifon) preaipaic arbeated oS sk B 68ani urm
lraEt _fll_g d{tl#}(saxc;\%rﬁfl?g%e vés &ﬁﬂgm% a K]ﬁ-ift W&ﬁfg}ﬂ@ ZﬁnMShédaﬁqoeﬂi‘tmﬂid Iuﬂde20 mL of
ol o1 ) ettt kv . 263 i sl B by pintdeEr Vel >6af>m(°

ol LP?BﬁmWZ? f}ﬁgc‘;?f? e (PEOD P I CPRDRSITRG, 1% bih i, ZHDIY, 9%?4}5
R e U AW AT MO SRS PNV T AR IR 2 <1 4 i Cop

was then 3]@@7/@142)1 lte{ﬁnrggngeﬁzpw%sus csz 4'5h§) gzess giyeuz 989 1415,915.ext racted
with 60 of nethyle ent_was renoved under

r educed dﬂ%%%d?%oi éé%‘hdz‘&%ll% Eg d??r%‘! éPY ?%é%@‘?ulé“ 7%5?21%% 14488448 &H ( 30
i) and the bl@pibre st ARANTRMABAALI-diRhyi@hyl 1ol TRE20L .

collected on a Trit, washed with 3 hexane and dried undéer reduced
pr es20r e (La-dijygeo-2H: 28’“910&'3 WWMPT@@SMWEQW-&%)'&"MWBW ple solid. 30

z/l&e' gl_DWaS 887 d@@%@m i. 551'%(:4de|:m§§|%_‘z§ncé(ﬂ&)% vas ﬁl‘%nd'e’d #4606, ofFHP, T2 48

-%JE HH=12.6 5.93
(s, 1 H thlﬁso%lo(lc? 206 g44. 13 F1nql) of No(rerrpptyD)-Ne(lglsp-telyD)-1141.3 gitpidyg- 241“#‘”8“‘!112%

7.15- 7 4 l)(l'ﬁ 1n8é'r°yl)51§'|331§u{eddlhﬁah11m ﬁﬂt'dlsﬁ)lvedzn 80 Hl)of TilF&gas(addedlvl'ﬂhm ﬁr?llﬂ_l'fhe 7.5
Hz), 8. 08 (d { 33. 38,

56. 87 6 folmon ws ten stifged f95 60 mirp %@r thlsztsnez 9. 7% vt beél) (BE 1!1591?1) 8as adﬂzﬂk aryizt

128. 49, 128ichOwas529ePr 60.RH. e THI AR then 13H0rRd undeBRdERd pled§irét Fhe fedifue’ 3,
141. 02, 141.22, 150.14. -79
was first extracted with 60 mL of methylene chloride and filtered. Solvent was removed under

reduced pressure leaving a black crystalline solid. Hexane was added (30 mL) and the black
suspension was stirred for 10 hour. The solids were collected on a frit, washed with 30 mL of
hexane and dried under reduced pressure to give 2.23 g of the desired product as a deep purple solid.
30  Yield was 88.2 percent.
'H (THF-dg) 8: 1.40 (s, 9H), 2.46 (s, 3H), 2.48 (s, 3H), 5.07 (d, 2H, *Jyu= 12.3 Hz), 5.45 (d,
2H, 2y = 12.6 Hz), 5.93 (s, 1H), 6.95 (d, 1H, *Jyz = 9.0 Hz), 7.08 (d, 1H, *Jyn=7.8 Hz), 7.15-7.4
(m, 9H), 7.76 (d, 1H, *Juu= 7.8 Hz), 7.82 (d, 1H, *Jy = 7.5 Hz), 8.05 (d, 1H, *Jun = 8.7 Hz).
BC{'H} (THF-dg) &: 21.71, 21.76, 33.38, 56.87, 61.41, 94.5, 107.95, 122.86, 125.77, 126.68,
35  127.84,127.92, 128.40, 128.49, 129.36, 129.79, 131.23, 131.29, 135.79, 136.43, 136.73, 141.02,
141.22, 150.14.
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WD 01/ 42315 PCT/ US00/ 31645 Exanple 6 Preparation

of (N-(1,1-dinethylethyl)-1,1-di p-tolyl-I-((1,2,3,3a,7a-rl)-3-

(1, 3-di hydo ot/2#H3 soi ndol - 2-yl ) - 1H i nden- 1-yl ) si | anam nat oPCRUpeNs1p45 et hyl t
itanium-Si \N /Il ~ CH3 CH3 H3C H3C CH3 In the drybox 0.50 g of

di chl oro( N- (1, ) . 19)-3-

(1, 3-di hydro- %I%La%gﬁ]ggép%%mh OT(%‘-I—éllg‘gglﬁhﬁ%&ﬁ -ds} ii-(é% 4 1'138(172?& ’ﬁ ) tgl’ tani um
compl ex (b3 ﬂﬂnymw--sml-aya mnﬂwlmammmﬁtoﬁz-éﬂamethmamm this

solution, 1.14 nL (1.6 nmol) of MeLi Min ether) was added dropw se
whi | e stirring over a ute perio er the addition of MeLi was
for

conpl eted, the solution frre 1.5 hour. Diethyl ether was renoved
under reduced re d t he residue extracted with 45 nL of hexane.
Hexane was renov f"releg, redyced pressure 10 giving a red crystalline

material. This sq ras\di d%ln about 7 nL of toluene and 25 ni of
hexane, filtered, t heNzgol uti&mswas put into the freezer (-27 C for 2
days. The sol verit Yas then[ decanted and the resulting crystals were washed
wi th cold hexane and i under reduced pressure to give 156 ng of
product. Yield was 33.3 pérceat 'H (C6D6) 6: 0.25 (s, 3H), 0.99 (3H), 1.72
(s, 914), 2.12 (s, 3H), 2715 (s, 3H), 4.53 (d, 2H, 15 2JHH = 11.7 Hz),

4 83 (d, 2H, 2dideldrybod 0.50 gkl dichlbro@8-(1, 5-dimdthyletleyl)/ R 1diiptol Hit-{(1,2,3,Bat7hnF38. 6

Hz,, 3JH 6..6 7.71
(a, 15 Shpriparerprbibipgel: 2 ufindht s fia-o) o gompler (7936 3 (-
7.8 Hz) . whsdisfoltdl ir{ SLOm6 Jof BiethPlletked, T thissdlutidl.13@,mIS5(L. Sﬁmoﬁﬁ)fﬁ&h a6 Md6n
57.65, 83.8 10 122. 124.51 24. 56, 125, 12
125,08, PISuS adtsd dspvise ple wiping St 3 Fiepegsd pg g aatiohy oS HRLINE oo
139. 72, T8Mpldiéd, theldfién wﬂﬂstiﬁealfqn'l 165 hour. Diethyl ether was removed under reduced pressure

ai ol or oGy b kgl BRI SUN b ke ALehi e Ladchefo B8, IRl bedpled 4

C) O 1Pk’ givingSired t:ryMﬂ'hné matSGil. Thid Gslid wds'disséidd ifthiBout A)n%fedaemtand 25 mi of

]F;C'ZI' / ?JSS o/ e)tiarggg_}ideg and (the soiuﬂgr? \Dvas?’ 1SU¥ &r)to thg (Prgezleln (O H J&S for 28 &Qays Oels/oﬂ/%n?’t]\'%?as then

decanted and the resulting crystals were washed with cold hexane and dried under reduced pressure
to give 156 mg of product. Yield was 33.3 percent
'H (C¢Dg) 8: 0.25 (s, 3H), 0.99 (3H), 1.72 (s, 9H), 2.12 (s, 3H), 2.15 (s, 3H), 4.53 (d, 2H,

15 %Jyu=11.7 Hz), 4.83 (d, 2H, “;.y = 11.7 Hz), 5.68 (s, 1H), 6.72 (dd, 1H, *Jyy=8.6 Hz, , *Juuy= 6.6
Hz), 6.9-7.2 (m, 11H), 7.30 (d, 1H, *J;.4= 8.6 H2).7.71 (d, 1H, */;u.u= 8.5 Hz), 7.93 (d, 1H, *Jun=
7.8 Hz), 8.11 (d, 1H, *Jy.y = 7.8 Hz). C{'H} (C¢Dy) 8: 21.45, 21.52, 35.30, 50.83, 56.03, 56.66,
57.65, 83.80, 105.64, 122.69, 124.51, 124.56, 125.06, 125.35, 127.33, 128.98, 129.06, 129.22,
133.51, 134.02, 134.62, 136.49, 136.84, 137.69, 139.72, 139.87, 143.84.

20 Example 7 dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(3,4-
dihydro-2(1H)-isoquinolinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium

T
ANy, e

H o
3 HaC "CHa

(A) Preparation of 1,2,3,4-tetrahydro-2-(1H-inden-3-yl)-isoquinoline
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Tet r ahydr oi soqui noline (Al drich Chem cal, 18.0g, 135.1 mml), 1-indanone
(10.0 g, 75.1 mol) and P205 (2.30g, 16.1 nmol) in 150 nL of toluene were
stirred waer/4a3iirogen and refluxed for 10 h with water pemosal/3lgisa a Dean
Stark apparatus. Upon cooling a |arge anount of fine white 5 powder
precipitated (as am ne phagsphate salts). The dark green sol uti on was
filtered under N2 thrq a medium porosity frit and assayed by NWMR after
t ol une renoval (abou nole ratio of product to ketone). Sol vent was
evapor at ed and i ndagone/ Am ne (about 3.0 g) was renoved in vacuo (90-160 C
at 0.5 mm Hg, 76 Pa)>\JHe process was stopped and the crude enam ne residue
recovered under inertj atnosphere, giving 18.0 g of dark red-green oil, 95
percent vyield.~TR \Fe 10 product was analyzed by 'H and 13C NWMR and
showed | ess t ent nole ketone. '"H (C6D6) S: 7.50 (d, J=7.2 Hz,

1H), 7.29 (d, 1H), 6.85-7.20 (m 6H), 5.36 (t, J=2.3 Hz) FD

E O ¥ esms@l%ch Chiiial (08 135 a1 pdsnont ip égﬁu 5,

134. 8( q) .mialPanl, P,02@. R, ﬂéﬁmﬂml)lﬁﬁso?mL &Qﬁlu&ne Wk st%redlﬁderéntroé&ﬂana reﬂlﬁgd 1,
53.5, 48.7 5.9, 29.5 RIV% Cg ulated C $H, 7N. 247. 1361, ?P
247. 1334. for(lg) ‘ﬁf‘bﬁﬁF‘a‘FF‘B}‘PI 4y a Dean t apparatus. Upon cooling a large amount of fine whlte

1,2, 354- tpewa&fpyarmat%d (asHmiighospRaty kalts). snﬂmafk@ndﬁeolhuéﬁwasrﬂlﬁahmnddidm Li

Crude 1 dro 2-(1H i ndep- -1 S0 |noI
vas G S Troteh o s oSO AR A bR s SE A et e RIS o g
(emer al d pgddaerto &abmH)J S6lyent 33s &Mapérhted bhdlinanbheraniBuié (abv@S. Oagddﬁdredfoﬁ&y\inse over

15 mn and the sol uti on becane dark red. VVthlnIC)n%P I?Iﬁ?rlck red
preci pi t 3BFH99-S0hEctdtmmle, 46 Ps)- e Progess pagistapred any thecrle cnamineygsidue

fl occul enécosarbd ehdéimbrt btnosgierd, gitnig@8.0%! GFaakiced- %‘één dil, bs ?er&éﬁeylelrdarmecﬁ@é_ vent
was decanted and the gunlmas Lriturated with ngane to a fine

tan pQwddrodfwas apelxzed by; Hﬂ“ql?%a“da%wﬁ%@?etam\/\%mﬁceﬁb‘ﬁ RECORD M) to give

12.5 g of vacugncgsg)edy. sm(demadnz,/m;ercz@r(d ﬁﬁ@mzoinpmagqomﬂm S\w&
obtained fromthe |

the first=¢f &t lq/'elsaéff)o% A (ta‘f= 51%}%@% 3| i"t(Fh im% 3 HBfH)\Eﬂé i‘ﬁ h’z%%lz ZH)
PCT/ USO0/ 31645 st} (@Bl ps: 1988 My o(iRg, pgr%ntzm(@l tho.1, Tiz@s agsiyyat ed

purlty of startln? enam ne was about ercent .34 (m
1H), 7. 224204 1261} 1252,d34.9, 128.2( 14914653, @73258,?@45 (m 3H), 5. 585 (d J=3.4

Hz, 1), 4.16 s 2elicufe 0 x: S005B Iuudthar Ba1(1 025 BHE. 1) 5 130( K
APT) (THF D8) S. 138.5 6.1(q), 129.3, 127.7(q), .126.9, 126.0, 125.8,

125. 4(q), 119.8) Primrshoq&f'a‘#z-""“lem drop3 €1 - inden-Soy)-isequinglinedithium:salt o)

31.5 (CH2). (C) Preparat of
N-(tert-butyl)-N(1, f@yl-l-(3-(3,4-di hydr o- 2( 1H) -
N :

Li

W th

Crude 1,2,3 4-tetrahydro-2-(1 H-inden-3-yl)-isoquinoline (15.0g, 60.6 mmol) was dissolved
in 80 mL toluene and 150 mL hexane was added with stirring (emerald green solution). 38 mL of
20 1.6 M n-BuLi was added dropwise over 15 min and the solution became dark red. Withinl0 min a
brick red precipitation formed and the stir bar stopped within 15 min as the flocculent solid went to
gum. After standing for 1 hr, the orange solvent was decanted and the gum was triturated with 100
mL of hexane to a fine tan powder which was easily filtered and washed with hexane (60 ml) to give
12.5 g of vacuum dried material. A second crop of orange powder was obtained from the liquid,

25  washed with 20 mL of hexane, and combined with the first crop to give a total of 13.65 g lithium
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i soqui nolinyl)-1Hindenyl)silyl)amne cP M2Si NH 10 A sol ution of
1,2,3,4-tetrahydro-2-(1Hinden-3-yl)-isoquinoline lithiumsalt (4.0 g, 15.8
nmol ) i nvBoom3es THE was added within 10 min. to a 60 niPTHES&E1MS on
N-(tert-butyl)-N(1- chloro-I,1-dinethylsilyl)amne (2.6 g, 15.8 muol).
After theqfdfirtvh@Rm @ ing (HmJe{%Teﬁt yidk®. TBAEkinaRd piHity bB§ts iR enaline WRUAbout 90
overni ght. The sol vent was then rennved under "reduced pressure. The residue
was extr a8t with hexane and the solution filtered. The sol vent was then
renoved under 1 % 0, Yig\ 99
percent. ' C@w )3%733{(?@?}1&%12?@ g@?g?g 2%1%1&99%2&1%3&1)@ %mogsz(z%@ 2H) ,
3 4 (m 2FD3413,JIHI |411615H2H) B4y P+x8Hz, 2HRSO0Mt, Jz3.8Hy, 2H) 8 (s, 11-1), 7.2 (m

T T g U D L S P

134. 4, 13R584(q)110.64] 171345137, 1120, B5.8284.0,57.9RCHpa5 51 (CHl), .5 (CHy).

IN_Sf)El]ﬁr Lolbluw: g(ai\l-l—é R’b’éﬁy‘i‘ 5’ }({W}bé‘ﬁ}igg(l‘é q'?lftg‘?'{'%]g @I’%S'yfgmﬂwﬁr ybox 5.85 ¢

(15.5 mmk«)qlmiohhlyl()-umihdényl)yim)aimﬁel 1-di et hyl - 1- (3-(2- (3, 4-di hydr o-
2(1H) -i1soqui nolinyl)-1Hindenyl)silyl)am ne was conbined wth 150 nL of
hexane. To this solutiop 5nm (31.2 nmol) of n-BuLi (1.6 M was added
dropwi se in about 10 M Upon 25 conpl ete addition of the n-BuLi the
solution was stirred\overmight. The resulting precipitate was collected
via filtration, washed—-wth 50 nL hexane and dried under reduced pressure
togive 5.1 go an_pff-orange powder. Yield was 85 percent. -82 WO

‘ A* (E) Preparation of
, X ef Ayl ethyl )-1,1-dimethyl -1-((1,2,3,3a,7a-r1)-3
(3, 4-di hydro-2(1H)-i sjoqui noli nyl )-1Hinden-1-yl)silanam nato-(2-)-N-)-titan
fum N-(tert-butyl )Nk imethyl- | -(3-(3,4-dihydro-2(1 H)-i °
soqui nolinyl)-1 H indenyl)gilyl)anmine, dilithiumsalt (10.0 g, 25.74 mmol)
was dissolved in 120 nL of THF. This 5 solution was added to a Ti ClB(THF)B
(9. 5414, 25. 74A50H8tion of L}sZp’e‘héqtraWdr%Zéb‘élqﬁlﬁn-éﬂl)ﬂff‘nﬂumﬂlﬂlteévhl}lﬁ salt (9t 1584 65 g,

16. 7 M| hméBsn ME@f@ﬁF&raW&dedvmﬂmornﬂﬂ%b@ﬂnmml&ﬂhtmw-(tMBu@ll)JN-(IEd an
addi tional . hour, The solvent was renoved under reduced pressure.

esi due vEloresdrdimeyisiyminege o 1 oF mmob; ddsehe addionvas e bRBleis s 80 added
and fi nal hiinir@@addticed beemigit. Theé §cwe<adwaslm réﬁswedtuﬁdewaiuwmw The r3sidueb0 L
of 2 bl vens oo, S LS Mt e The LSk Oug, Yo e d N auc LBl e
pl acetk i nprbdserefldfaemgerssgmﬂ fodud & Yiuldiway Bip efl:EntB 75 ¢ was collected. Yield was
e i (%%D@@ gs&,(gHglgbq(:;’Hs)H), ) 2? 563, 335k, 2hy’s 8 Y, ) 3.4 G 1t ™
benzylic), 4.25(m, 2H), 5.8 (s, 1H), 7.2 (m, 6H), 7.5 (m, 2H)
BC{'H}(CDCL) &: -1.1, -0.1, 29.2, 33.9, 44.0, 49.3, 49.5, 53.7, 113.1, 119.4, 123.5, 123.8,
124.2, 125.7, 126.1, 126.5, 128.9, 134.4, 134.8, 140.4, 145.8, 150.6.
20 (D) Preparation of N-(fert-butyl)-N-(1,1-dimethyl-1-(3-(2-(3,4-dihydro-2(1H)-
isoquinolinyl)-1H-indenyl)silyl)amine, dilithium salt.
In the drybox 5.85 g (15.5 mmol) of N-(tert-butyl)-N-(1,1-dimethyl-1-(3-(2-(3,4-dihydro-
2(1H)-isoquinolinyl)-1H-indenyl)silyl)amine was combined with 150 mL of hexane. To this
solution 19.5 mL (31.2 mmol) of n-BuLi (1.6 M) was added dropwise in about 10 minutes. Upon

25  complete addition of the n-BuLi the solution was stirred overnight. The resulting precipitate was

collected via filtration, washed with 50 mL hexane and dried under reduced pressure to give 5.1 g of

an off-orange powder. Yield was 85 percent.
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[4.2 (d, 1H), 4.9 (d, 1H], 6.0 (s, 111), 6.7 (d, 1H), 6,9 (d, 1H, 7.0 (m
4H), 7.6 (dd, 2H) 13C'11}(CeDe6) 6: 1.2, 3.8, 29.6, 32.7, 48.7, 51.8,
61.4, 92wWo o418, 125.4, 126.3, 126.7, 15 126.8, 128.5, pAP8S®/31443. 7,
135.0, 135.4, 150.3. Exanple 8 Preparation of

ggl-glldllh%ggt %%r@?%étdo&q#dﬁlﬂﬁo@ﬁkﬁ %lgejﬂrlﬁitﬁyﬁ)y ana l}zﬁl 32‘3 N-:S di nmet

hyl tit an@drdihydro-2¢1H)-iSaquindtinjipdHvindenVb yl)dilanaiBinatic)2-)-N-)itihinm
O cntor ol N (1, BRI, Riakeuny o SR atburol 3 AnlisipuihoRByrf far 11 ) - 3- (2- (1, 2,3

, 4-tetrahydro-
i soqw nol mdna)ll))sdyl-)hmmd,elrhtmmyxl sals (10ang 25. rmmm@)zwasdm«)lved ih 420 mIno( THF6This 21.5

d f. et 28. 2 nlL 8} \I f..MeLi
0% PSRBT RlEb 8 1 s OR e Thatif b B b,
t he m xt u]?hé:u (A5 @aEETimMbl) Wag added boa AdCThartadtion miktutelwas th'ehamgfebhn afidibonatieep

le t b h- d h I
P2 ¢ nerhouf ST o R R Tl AR P aBr i TR BN S
100 mL) atohledd, nsoambdfhdxmmsgehe add2d aet ﬁﬁaﬂmemumea&rstﬂhteteddméﬁeadde wdsr at e was

dri ed under d S re-di ssalved. in 25 rane and .
(1 o oa HsEEFESR BTt ihert difart 2 1/, Tk refiturdles iSSP giva ng
over niq hts.0 p of fiee bldckpewdar. Thi methat lkjuessifens the fikdtiamndert pacalnh tite frazewasd a

decant ed, th S wer hed.with cold. hexane to give a nass of
or ange r 62 )?gotpyq%éal% 5.“?&f&lc\/g\gg‘e&%aé\nw%s%ﬁer&mto 95 g of good quality
mat eri al was alB@DY)Bad.5 eg3HY0E (6, 3MB.S1.4(s99Hg), 2.6 QmIBH )Y [36 (inﬁfH)g3 8661 pH)];:ent) )

(s. 3. 6 ISR E e @ e S i Bl B dn 3 1y

3 6 (m 1H) 4"(4{‘H(}1¢6b§,6 2238, 25. 693i$,,48]7 5.8, 664800 110.8D1258@, 6(3M2617,H) , 7.1
13Cl ' HY(CBD6) S: 2.1, 4.5, 29.9, 34.5,

49 0, 1551 1;268532%5 1%%3’11333813;5(0 ‘b15°i08 8, 124.6, 124.8, 125.2, 126.0,

érzg gr aéL ?gnGOféga??: hfgr hﬁan&ﬁl&d@mgt]l ﬁdhlmgghhmlﬁl llhﬁﬂetaelaﬁf(ﬁl?&(ﬁ?ﬂ-zrﬁg-?)a 7a-
q) - g (3,4 drtﬁpmre-Zg I;l)-lsoqumolmyl)-1H-mden- -y])SL}:maminato-(Z- -N-)-dimethyl titanium

)-isoquinolinyl)-lIHinden-1-yl)silapamnato-(2-)-N)-titaniumN | / - 4 G

Ti C12 Ph2SiN (A) P earatlo

N-(tert-butyl)- w‘ii phen , 4-di hydro-2(1H) -
I soqui nol i nyl) - 1H—|nS|IyI)amne C|P I\ ~

\T""' Me

(D

Dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(2-(1,2,3,4-tetrahydro-
20  isoquinoline))-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (10.6 g, 21.5 mmol) were dissolved in
500 mL of ether. Then 28.2 mL (45.1 mmol) of MeLi (1.6 M, ether) were added in a period of five
minutes. The temperature of the mixture increased from 25 °C to 28 °C and the mixture changed
from deep purple to deep brownish-red, and was stirred for one hour. The volatiles were then
removed in vacuo and the residue was extracted with hexane (3 x 100 mL) and filtered through a
25  diatomaceous earth bed. The filtrate was dried under reduced pressure, re-dissolved in 250 mL of
hexane and filtered, leaving 1 g of dark residue. The solution was allowed to stand overnight in the
freezer. Crystals were formed and the solution was decanted, the crystals were washed with cold
hexane to give a mass of orange red crystals (4.9g). A second crop of 0.95 g of good quality
material was also obtained. Yield was 4.9 g + 0.95 g = 5.85 g (60 percent).
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Ph2Si NH 10 A sol ution of

1- (1H 3-indenyl)-3-(3,4-di hydro-2(1H)-isoquinolinyl) lithiumsalt (1.0 g,
3.95 nmmwWooi/m320 nL of THE was added within 10 min. to aPCUUR/3IHE
solution N-(tert-butyl )-N—(l chl oro- 1, 1 -diphenylsilyl)amne (1.14 g,

gt ??rgjmgz/erﬁ:c%ﬁ({cﬁa SOl Vg%sgﬁ%gﬁ hﬁ’ootg]g g}ﬁg{éé 02‘311 Qh r}sture The

resi due 1BHMAS (rextH)at6 (ad M)t 4 tttdx“ﬁm{)aﬁl (&, i), 68I(mt 11y, 6i(int, &)pd. lt(mr Bigh

caving 1778 §A hapolf PE R PR nASI IS B P PR R AR

N-(tert-brosyg, 124, (124.8,-1d5.pfie6 Yl 1162, 324.8, 146 dj mor 1332( 134).5, 134.9, 144.9.

(S8 "ot RS S S BSOS 2
i soqui nol jy 94-éiﬁ§ﬂﬂdﬂﬂm Dsmdwém@mmﬁm.@ y@bnﬁa’iﬁlnmo-(ﬁ)- -titaniafn hexane. To
this sol ution . mL (7 nmol ) of n-BuLi .6 M was added dropwi se in

add| tion -84 V\D 01/ 42315 PCT/ US00/ 31645 of
i rred overnight. The resulting precipitate
washed with 40 nL hexane and dried under

about 5 m nutes. Upon conp
the n-BuLi, the sol uti gf—
was collected via fi

reduced pressure to gi /5 g of product. Yield was 86 percent. (O
Preparation of N

di chl oro(N- (1, 1-4 | et hyl)-1, 1-di phenyl -1-((1,2,3,3a,7a-rl)-3- 5

(3, 4-di hydro-2 ogNi nol i nyl)-1Hinden-1-yl)silanamnato-(2-)-N-)-titan
um "~ TiCl,

N-(tert-butyl)- enyI -1-(3-(3, 4-di hydro-2(1H)-i soqui nolinyl)-1H
|ndenyI)S|IyI)amne thifimsalt (1.5 g, 2.9 mvol) was dissolved in 40
nmL of THF. This sol BhiSjN added to a TiCl3(THF)3 (1.08 g, 2.9 muol)

suspension in 40 nL of THF. Wfter PbCl12 (0.53 g 1.9 mol ) was added
as a solid. Th act i tur di t| hour. The
10 sol vent vvas&r) ﬁiﬁ %ﬁ%ﬁﬁg}eﬁ W@'ﬁﬂ'&@gﬁags‘gﬁﬁeé‘y{ ﬁﬂs dﬁm s extract ed
wi th 60 niso@ﬁndlinbrl)ammaadtl)sim)annne(ture was filter ed thr ough d| at omaceous
earth. The filtrate was dried in vacuumand the residue was triturated

wi th hexane. The residue w4 ven filtered, washed with hexane and dried i
vacuumto give 1.4 g oy a ack- purple product. Yield was 77 percent. '

n
H

(C6D6) 8: 1.6 (s, 3H), 2H), [3.5 (m 1H), 3.8 (m 1H], [4.1 (d,
1H), 4.9 (d, 111) S (s, 1H, 6.6 (d, 1H, 6.8 (m 3H), 7.0 (m 4H)),
7.3 (m 6H), 7. . 7.6 (d, 1H), 8.0 (d, 2H), 8.1 (d, 2H).
13C{' H} (C8D6) & 3.5,48.8, 51.8, 61.1, 112.2, 125.3, 126.3, 126.8,
128.1, 128.6, 9.6, 130.78, 130.84, 133.5, 134.9, 136.5, 151.1.

di rethyl titanium
10

(N-(1,1-dinmethyle hyI) 1, 1-di phenyl -1-((1,2,3,3a,7a-rl)-3-
(3, 4-di hydro-2(1B)- ‘ ol é yl')-1Hinden-1-yl)silanam nato-(2-)-N)
A solution of 1-(1H-3-indenyl)-3-(3,4-dihydro-2(1H)-isoquinolinyl) lithium salt (1.0 g, 3.95
mmol) in 20 mL of THF was added within 10 min. to a 20 mL THF solution N-(tert-butyl)-N-(1-
chloro-1,1-diphenylsilyl)amine (1.14 g, 3.95 mmol). After the addition was complete the reaction
mixture was stirred overnight. The solvent was then removed under reduced pressure. The residue
15  was extracted with hexane and the solution filtered through diatomaceous earth. The solvent was
then removed under reduced pressure leaving 1.75 g of product. Yield was 86 percent.
(B) Preparation of N-(tert-butyl)-N-(1,1-diphenyl-1-(3-(3,4-dihydro-2(1 H)-
isoquinolinyl)-1H-indenyl)silyl)amine, dilithium salt
In the drybox 1.7 g (3.4 mmol) of N-(tert-butyl)-N-(1,1-dipheny!-1-(3-(3,4-dihydro-2(1H)-
20  isoquinolinyl)-1H-indenyl)silyl)amine were dissolved in 60 mL of hexane. To this solution, 4.35
mL (7 mmol) of n-BuLi (1.6 M) was added dropwise in about 5 minutes. Upon complete addition

-84-



C6H5\ / C6H5 SIiNC(CH3)3 20 Dichloro(N-(1,1-dinethylethyl)-1,1-diphenyl- |
-((1,2,3,3a,7a-r1)-3-(3,4-di hydro-2(111)- isoquinolinyl)-

1H i ndenWoOy1/A3i3 anam nato-(2-) N )-titanium (0.25 g, O0.4renbl@sdi6asas

di ssolved in 30 nL of ether. Then 0.5 nL (0.8 mmvl es) of MeLi (1.6 M

ether) wag g&'ﬂ glé fﬂ]lé‘g dﬁ‘ﬂ&ﬁé% ‘rétééggdsorvgﬁagﬁ{‘ ﬁ%r@sﬁlﬁ‘ﬂg 8Pecxpﬂ£l§v)§§&ﬁ1ect§ Gavol atiles

WwWere renove uce ssolved in
10 nmL of ﬁluhurmnwasimrtlwnh #4Q &Lehdxanvhmd dried under cednesl plesswd ta- giverkE g ofipradutt.t he
resul ti NGyl 5 %B?’e‘)é?fﬁ re-di ssolved in hexane and filtered. The filtrate
was concentrate e point were a bright orange solid started to

precipitate. T{® Bepactivnef diailbl&(ﬁ-ﬂjl-mméthylhmgl)ilmd@ndnym4((&;2,3,&,@-11)93—0 11

2 cobel? S Hebapb Sy o b RIS e VG B P01 (5 1
3 25 (m 1H), &(ﬁn-t(uml)-mﬁ) l-d{bhany(l-dyﬁ m-dxhéyd@(mH)Zisbqunﬁthu $H- 1H), 6.6 (m

130{ H} ( d%%lé}ygl’é?yk‘@mge déﬁo‘mé‘m S%tbz&g’?"( “7m°é ;‘93‘7 d“%@‘@“é“ 4‘1’?};) °£T§‘52§{"f °‘“‘:‘LH‘22‘S. 24,

126. 11, 1@4s ad8ed to'a TIQAGTHB); (1.86g, 2B mihdh sé’sperisa& id 40 M2 Pf GBIF. Wfer Hﬂ,Pb(IB@O 934
130. 14, 13 34. 8 36. 2 137.1,

by onar at i Bl SppR v scedin ol Thtocion et wat g S an adtigns 0 °Tie 5
(1,3-h hyd)ﬂmﬁbhslr&ﬁw&dOildel?reyl{léed})féssumenhelcs}ﬁu)a&!ab axteidted #ith 60 2il) oftbljiene and .
g_é (S;[ uage th l&l){-@%h# %nwgg%ﬁ@%@%@ot? earth. The 1trat-|e-:rv;a_s 16%1%%54\1/1%% an'cﬁh%’ \N
di chl or O(lNSl(iliQ wasfitiatddywWithtHeydnk - Theresitwenids)then filfefell, RashedBwith’ Rexae) and-dfidd id-

ool ey Cutctiy o Boe L€t deed Blptiiale piotygse Vil B P hiedietf v he § n 40 L of
t ol uene. To thifs(cgm)tat 1.61s, 3H),3% (ﬂi,sz}{ﬁﬁ(ﬁnmbn 8{m, 1H)), [4.1 (d, 1H), 4.9 (d, 1H)],

reanep SRR YL o A Y e BERCET o el g SHRcED 3

Gignard g.eafeH,. ‘\?@sH@@gpA)@t 295, 3Bf5e485salswan1 1023, 19513) 12805, 129.8,4281, 1488 Ot ON
NMR spect rum of t1on he conver5| on to the dialkyl conplex

was i nCOWHSgPé299\H3%6%II§Q %‘héf”’ éru‘éﬁ& 1(3>§ 1I\/bCI CH2TMS solution (2.0 nmL) were
added to the Eﬂﬁﬁﬁlb Qmp tdtioft oaml(i h@mﬁ&ﬁﬁ&th?j'— ma&blé@@. 1RQ 233,34, T:£1)-3-

ete conversion to

ht, Al bst
SR RN VA<l M S A AR IS T8

O@ Ti(CHs)
/

C6H5>SiNC(CH3)3
20 Cetls
Dichloro(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(3,4-dihydro-2(1 H)-
isoquinolinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (0.25 g, 0.4 mmoles) was dissolved in
30 mL of ether. Then 0.5 mL (0.8 mmoles) of MeLi (1.6 M, ether) was added. The mixture was
then stirred for one hour. The volatiles were removed under reduced pressure and the residue was
25  re-dissolved in 10 mL of toluene and filtered. The filtrate was dried in vacuum and the resulting
residue was re-dissolved in hexane and filtered. The filtrate was concentrated to the point were a
bright orange solid started to precipitate. The solid was collected by filtration and dried to give 0.11
g of product. Yield was 47 percent.
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20 in the reaction mxture. Toluene was renoved under reduced pressure and
the residue was dissolved in 20 nL of hexane and filtered. The m xture
vol unme wawonediseced to 14 nL and the vessel was put into RCTUS&Zap4sf or 48
hr at -27 C. The sol vent was decanted and the dark red crystalline materi al

remai ni ng was i it f | ngear

pressure gave g‘qggﬁgsyfz (Qp%??%%%lﬁ)gw (ggﬁ?l?\%g%% Q'g:(Mig%B%ﬁf‘(a@gqﬁFﬁZJHH:

12.0 Hz),mQ1HR4L2<d, 195)4.5@, 2IB), §.9 (s, IH), 6.6Am52H), 3.0 (B6HH), (.26 9m(ED), 7.6(d, IHD 787 (d,

1H, ZJH"'fd‘Zl-élSZ 0.95 (d, I H 2JHH=10.5 Hz), 1.35 (d, | H 2JHH=

108Hz) g‘é H, 4.85 (s, 4H), 5.49 (s, 1 H, 6.85 (ddd, 1 H 3JHH
8.6 Hz, 3JH'ICEHRCEHS,299)85.249.00507, 52, 109.8012474, 125.06, 13504, 176.56 126128, 1 H,

HAE 8t Sﬁi 8 38 aufon 1 ghee Lk A, Tackoe! wlffna, 13855 Wkl 136346 837150

122. 61, 1123,89&59124 24, 125.04, 125.20, 127.55, 128.45, 133.80, 137.52,

144.66. -86 WD 01/42315 PCT/ US0Q/ 31645 12 Pre |o

TR ok o ML TE o T ol BeloNad T Y A
(1, 3-di hyd Bw%ldrbmmﬂhm& M}-)Hmdnnﬂgssﬂanwhmok na(tﬂrdeﬁ:y)sﬂ%ﬂemyn)

b| s(trimet h%SSI |yl methyl) titanium oy ."1111CH2SI Me3  Phi
' CH2Si Me i CH3 5 In the drybox 0.466 g of

di chl oro(N—(l 1-di neth Iethyl)- ]
(1, 3-di hydro-2Hi§ A T 1B n1yI)S|Ianamnato(2) N-)titani um
conplex (0.77 nmol gl e 4) was partly di ssolved in 25 nL of
diethylether. To thig solution, 1.62 nL (1.62 mol) of MCICHZTMS (1 Min
et her) was addead:uudpvm S mgzg,,v%u rring over a 2 mnute period. After the

gphenyl -1-((1, 2,3,3a,7a-rl)-3-

addi tion of G re Wwas corrpleted the solution was stirred for
2h. After that |rre ﬁf’z’ﬁ*"eﬂ ol uene was added with stirring continued
for another 2h. The s Ivent m xture was renoved under reduced pressure and
t he residue extr ai: ith 40 nmL of hexane. The solution was filtered ad
the fjjtrate was eweaporcé'f@ed to dryness under reduced pressure. Extraction
wi t h hexane was repeated one sol vent was_renoved giving

0. 334 g of r edn s FAPo eI (ot dimety e ok pieiird-( S b B T bout 4

m. of he @Iﬂ-lsfohﬂol\ll-ﬂ) m&a&pt-yl)m@mamfté ELpROtifhiudcompiex O.O¥.EX. Ninglal, -
After COO|I he sol ution was decanted and the resultln stalline red
ol 1 weaialerd Han P 1ol X UHEL 2h o Hr PBgo B 3F B0 Al TR r e, -
(C6D6)  8: mépnbsturhdhlorilibtrimétiysityeihl/] (Mé@lO:HzlfMS)d(l (V8 in Sidy) w4k ali§ed(dBopwidd)whilk. 10
s 1{32) ZS%‘E‘F"SQ’:’?’&]%T‘"W" 325'9& Ini i gf %gneéds reagfrtbD WaSéOH?ale‘%gdhe splioR )
= 8. 3 Hz, waddtitrdd for £h O AhpEdton Msp%ctﬂlﬁ‘n ()ifthe Shitn siovd-tile Daversion (6 khe, dialkyl 7 (d,
H complex was incomplete. An additional quantity of MgCICH,TMS solution (2.0 mL) were added to
the reaction mixture and the reaction mixture was stirred overnight. Analysis by 'H NMR showed
substantially complete conversion to the dialkyl complex and residual quantities of Grignard reagent
20  in the reaction mixture. Toluene was removed under reduced pressure and the residue was dissolved
in 20 mL of hexane and filtered. The mixture volume was reduced to 14 mL and the vessel was put
into a freezer for 48 hr at —27 °C. The solvent was decanted and the dark red crystalline material
remaining was washed with 3 mL of cold hexane. Drying under reduced pressure gave 0.32 g of
pure complex.
25 "H (C¢Dg) 5: -0.89 (d, 1H, /.= 12.0 Hz), 0.09 (s, 9H), 0.18 (s, 9H), 0.59 (s, 3H), 0.69 (s,
3H), 0.87 (d, 1H, Yyn= 11.7 Hz), 0.95 (d, 1H, 2y = 10.5 Hz), 1.35 (d, 1H, 2jz4 = 10.8 Hz), 1.50
(s, 9H), 4.85 (s, 4H), 5.49 (s, 1H), 6.85 (ddd, 1H, *Jyy5= 8.6 Hz, *Juy= 6.6 Hz, “Jy.y= 0.9 Hz), 7.0-
7.1 (m, 5H), 7.56 (d, 1H, *Jun=8.7 Hz), 7.79 (d, 1H, *Ji.u= 8.7 Hz).
BC{'H} (C¢Dy) 6: 2.63, 3.14, 3.72, 4.71, 34.18, 57.00, 58.91, 69.59, 77.12, 85.60, 100.79,
30 122.61, 123.90, 124.24, 125.04, 125.20, 127.55, 128.45, 133.80, 137.52, 144.66.
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20 3JH-H = 8.7 Hz), 8.02 (m 2H), 8.12 (m 2H). 13C {'H (CeD6) 8: 2.51,
3.29, 35.10, 56.81, 58.40, 69.31, 80.94, 84.08, 101.82, 122.39, 124.30,
124. 65, Wdov@31425.06, 127.49, 127.90, 128.05, 129.15, 1POT1/8300/3186. 90,
133.87, 136.29, 136.72, 137.19, 137.55, 137.77, 145.99. -87 WO 01/42315
PCT/ USOQO 3164 Prep i ON. 1. L

(N (1, 1- i ot rEVEALFS PrebirifoBREREHL PapRbnyetpyly L Luihepyt-(12,3 30 72-m03

(3, 4- di hy(dpeadiRydrbi2H-iscindoel+2ey])- 1HindehH-yhrilemarndinygto)(2HNaykisitrimethy[stylmephybbi s(t r
imethyl- silylmethyl) titanium Ti (CH2Si Me3)2 C6H5- / CbHs Si NC(CH3)3 5

Di chl or o(‘n‘\i“{‘ﬂY‘f"l-di met hyl et hyl ) - 1, 1- di phenyl -1 -((1, 2, 3, 3a, 7a-rl) - 3- (3, 4-di hy
dro-2(1H) - isoquinalinyl)-1Hinder=f-Xl|)silanam nato-(2-)-N)-titanium
(0.25 g, 0.4 mo aapl e Q. was—drssolved in 30 nL of toluene. Then 0.8
nL (0.8 nmml) of MSICERIVE (1.0 M diethylether) were added. The mixture
was stirred for 48 Jours. The solvent was renoved under reduced pressure
and the residugmmay re- #55‘?'1\3% in hexane and filtered. The filtrate was
dri ed under 10 prfcuym ~{ ozr_d 3.2 g of a dark-red oily material. Yield
was 69 percent. 'H ( ) &H5teg (d), 0.12 (s, 9H), 0.25 (s, 9H), O0.88
(m, 1.2 (mM, 1.6 (s,/9H), 2.7 (M, 2.8 (M, 3.5 (mM, 3.6 (M, 4.4 (d),

4 , 6.0 (s,H%G.G (m, 69 (M, 7.0 (M, 7.2 (M, 7.3 (d), 7.7 (d),
7

[

1

.6 (d) .
.9 (d), 8.2 (d). '%‘5 CH4) (C6D6) S: 2.3, 2.5 [Si(CH3)3], 3.1, 3.4
Si (CH3)3], 29.6, 35.0, 49.5, 53.4, 58.4, 70.0, 15 87.0, 107.8, 124.4,

24.9,5 125. 3, Ih2kke drybok26166 g of dighlgro(d % 9,1 @limetdethyl)- 1. 3diphenyl-33(142.3,387-9)-3-

134. 7, . 3 1372 , 4 g

pol yrmer | Zae el g eiiale i Fifeh 9tkdafamih Y RS radufiEh 8%y 77 mimol,

col utms  oExaaiplerd) rvas partly dissbbed it 26nih afidieth@Rthe) To TS sclwtivny 562 mrk{l 63 pimolxafom
Engl ehar R o [ [k J: ' or,

Cat al yst d@ﬁ%ﬁ@s&g% ﬂ%fﬁ)gf 4535‘?6{%%5‘;"3{’ s(rgave oﬁi‘@gﬁ?ﬁ?%?%&éﬁs‘gﬁp?g ﬁlétrh g of
argon or aidition géGrigoard wagent was completeql the soletivntvas stirged orhg édtenihetiiradh 34 mL740 ¢
Of M IEY & SA0R R Qbde8 Witn3iind Wbl for ard PR THE QDR HEiure gt Req | S

added as a nolecul ar weight control agent erentl al %rﬁigssure
expansi onurfderordused pressurezddi theiresidue gxitacted with 48 1L ¢fthesang/SEhe solhien wag fikesed | s

heat ed t Oa&tb@ﬁﬂst%ia;a@qvéﬁragaltafgcsﬁés;eﬁdemmﬁg&eﬁw Etradhdn $ath heRdn8daw t h
0 .4 MPa). Metal conpl

et hyl ene at 500 psig ( nplex as a dilute toluene solution
and” cocat §pspied oag meFe time: e selvenpras temovesl giing 0.834 greftred sakidc Oop ylhpfdhisver e

m xed in Gardriadk WARhRLoIVedlid oWt LARSGRL £R%hd Waldvas phidhty 8 fre@idflhd | ON tank and
injected into the reactor. The cocatalyst for all runs except 9-11 was

net hyldi (32faaeanyightaifisneagting, dhersalatien wasdesdntegang the resulting crystailine red solid

was washed with cold hexane and the dried under reduced pressure.

'H (C4Dq) 8: 0.67 (d, 1H, 2y = 11.7 Hz), 0.14 (s, 9H), 0.19 (s, 9H), 1.10 (d, 1H, *Jyyuy=
11.7 Hz), 1.32 (s, 2H), 1.68 (s, 9H), 4.75 (d, 1H, *J;y.;;= 12 Hz), 4.89 (d, 1H, *Jyy= 12 Hz), 5.74 (s,
1H), 6.71 (dd, 1H, *Juuy= 8.3 Hz, *Jun = 6.9 HZ), 6.94-7.10 (m, SH), 7.22-7.36 (m, 7H), 7.77 (d, 1H,

20 3Juy=8.7 Hz), 8.02 (m, 2H), 8.12 (m, 2H).

BC{'H} (C¢Dg) 8: 2.51, 3.29, 35.10, 56.81, 58.40, 69.31, 80.94, 84.08, 101.82, 122.39,
124.30, 124.65, 124.70, 125.06, 127.49, 127.90, 128.05, 129.15, 129.83, 129.90, 133.87, 136.29,
136.72, 137.19, 137.55, 137.77, 145.99.
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phenyl ) borate. (The ammoni um cation of which is derived froma m xture of
am nes avail able -88 WO 01/42315 PCT/ US00/ 31645 commercially as nethyl
bis(tal |l owpamizzej. The cocatal yst for runs 9-11 was tri s(penuadduessophenyl -
borane). The polynerization conditions were nmaintained for 15 mnutes with

et hyl ene adde nd The r t r romithe
react or, queng% F?&bﬁ%ﬂﬁ@#‘cgﬂgﬂ“ﬁ ﬁ'ai)gtqé%ﬁ?"lgg?é‘?%a%“dﬁ'wé% of a
t ol uene qolmmoaom)awqungnﬁjﬂpun-xﬁdé‘ﬂl-médaﬁmnmai-&qm-)m(tﬁmbdhyner ed phenol
ant i oxi dant mﬁﬂanoxTM 1010 from G ba Geigy Corporation) and about 133

ng/ 100g p’g'P' “Hhosphorus stabilizer (lrgafos 168 from Cba GCeigy
Corporation). Between polyneyrization runs, a wash cycle was conducted in
whi ch 850 g of m xed 3 was added to the reactor and the reactor was
heated to 150 C. The /reacyot/ was then enptied of the 10 heated sol vent

i nedi atel y before begi nfing a new pol yneri zation run. Polymers were
recovered by drying i a vacuum oven set at 140 C for about 20 hours.
Density val ues det i ved by determ ning the polynmer's mass when in air
and when i nmer @ \t et hyI ketone. Mcro nelt index values (MM) are
obt ai ned usi ng Zis Metlec  Instrument Inc. Mbdel CS-127WO015
appar at us at 19

= 1/(0.00343 t

n are un|t | ess values cal culated as 15 foll ows: MM
(€Hs); Where t = time in seconds as neasured by the
i nstrunent. ResGdPEs are contained in Table 1. -89 WD 01/42315
PCT/ US00/ 31645 _. Tab Tem, (P-/M)
10" 3 T b NAPSHIONE h%u{ﬁax S0 hiiphen T 65 ge e Fa gnio 2y (o' )
3395019(7)01992@%1m yl)- 1H&u£x-1-y2)sn(aﬁmﬂl)aa% %-9 %}8-8?9%19% 25 g,o4m4nolﬁ>ﬁxaﬁ le©) Ms 55 2
<
5. 1 3. 4 Wsbedin 0 L of tpyeheg Thet 0 mi 08 mindh Bt MBI CHIMS (b MgieRviniegl, " o
(0.3) 61.Werd added. BbOmixture waskfirrdd Mﬁ hous. ’ﬁ& s3lvent8vad réh¥ed under reditedX. 8

(0.75)5 2pGresGsurg aZd the residue wa]fslre- ssol§ed in 'he)zane and étered The filtrate was dried under

10  vacuum to afford 0.2 g of a dark-red oily material. Yield was 69 percent.
'H (C¢Ds) 3: -0.9 (d), 0.12 (s, 9H), 0.25 (s, 9H), 0.88 (m), 1.2 (m), 1.6 (s, 9H), 2.7 (m), 2.8
(m), 3.5 (m), 3.6 (m), 4.4 (d), 4.6 (d), 6.0 (s, 1H), 6.6 (m), 6.9 (m), 7.0 (m), 7.2 (m), 7.3 (d), 7.7 (d),
7.9 (d), 8.2 (d).
BC{'H}(CeDg) 8: 2.3, 2.5 [Si(CH3)3}, 3.1, 3.4 [Si(CHs)3), 29.6, 35.0, 49.5, 53.4, 58.4, 70.0,
15 87.0,107.8, 124.4,124.9,125.3, 126.4, 126.5, 126.7, 129.0, 129.5, 130.1, 133.4, 134.3, 134.7,
136.4, 136.6, 137.2, 137.7, 147.4.

Ethylene/ 1-Octene Polymerization Conditions
All liquid and gas feeds were passed through columns of alumina and a decontaminant

20  (Q-5™ catalyst available from Englehardt Chemicals Inc.) prior to introduction into the reactor.
Catalyst components are handled in a glovebox containing an atmosphere of argon or nitrogen. A
stirred 2.0 liter reactor is charged with about 740 g of mixed alkanes solvent and 118 g of 1-octene
comonomer. Hydrogen is added as a molecular weight control agent by differential pressure
expansion from a 75 mL addition tank at 25 psi (0.2 MPa). The reactor is heated to the desired

25  polymerization temperature and saturated with ethylene at S00 psig (3.4 MPa). Metal complex as a
dilute toluene solution and cocatalyst as dilute solutions in toluene or methylcyclohexane, were
mixed in a 1:1 molar ratio and transferred to a catalyst addition tank and injected into the reactor.
The cocatalyst for all runs except 9-11 was methyldi(octadecyl)ammonium tetrakis(pentafluoro-

phenyl)borate. (The ammonium cation of which is derived from a mixture of amines available
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12 Ex. 8 (0.5) 24.6 1.0 0.901 - - - 13 Ex. 8 (0.75) 51.0 1.4 0.901 216 2.15

- 14 Ex. 8 (1.0) 65.3 1.4 0.901 - - - 15 Ex. 8 (0.4) 160 27.1 1.4 0.904 163
2.10 <0. wotb4Bzrs 8 (0.5) 160 37.4 1.6 0.904 - - - 17* Ti PVBUC@/AH45160 26. 7
1.4 0.902 46 2.47 2.47 18 Ex. 10 (0.5) 140 44.5 1.9 0.898 - - - 19 Ex. 10

(09,11 g Lo EBD o s B 552 0 B SRR =
23 Ex. 11bo(a®e)1ﬂh@golﬁnqxgza@raoagao@w@mamtamegAIorEﬁ mxmes(whle)thﬂ@@ agdedpn1l. 9
0172, 1 Al s iy sohfioh Yps ey b neipltudl Gsnaq it syt isdfol - 1%,
<0.1 28 am stalfilizef Oy 49ditis. of 2201810 s@i0tion contatingidbout13 (0. 15) 140 12.1 1.7

0.897 ¢ " 67miod g]m%l bFs lﬁ%(%e}e%.p%gno% a&i&ﬁpﬁﬁgan/oxm r019ﬁ891@§£ éggy not an

exarrple o] on efficienc itani um mcro nelt
i ndex 190@rparasionpadabouy ¢33 reg/hﬁﬂgpméyrm‘r offe bhOSphmi@)stabéueT(hgafas 168rfyon5Cida

(t-butyl (tetramethyl -il 5-cycl opent adi enyl ) sil anetitani um
di met hyl %M%Mf"%do dimethyl(-((1 2 3 3a 7a- 3-(1 ( ty) rl)-

- pyrrol i di nyl )Betwéen polgmetizatibi) sin$, arvetsh tyahd was condugted inywhiclp8 moefanixedatkanel ng
to W98/ Q@Z%&}eﬁ to hOFALEY M the rRackdr wis REEAD 1 5P4 O PR R doP Vo dtién dffprleti 3FRES 14

Preparation
di chll@r o(hkatéd solgntieintegiatetyrhefgre beginninz dmewypolymeiagtionran. (( 1, 2, 3, 3a, 7a-
c /T OT L 9T 3 T Jbydryife jna va vefl set'a © s/ T
11)-3-(1,3-di hy, REbLA by 20 REENeh s8tlad o' B YIR R totrs) - V)
titaniumBu r : e &
Density values are derived by determining the polymer’s mass when in air and when immersed in
methylethyl ketone. Micro melt index values (MMI) are obtained using a Custom Scientific
Instrument Inc. Model CS-127MF-015 apparatus at 190 °C, and are unit less values calculated as
15  follows: MMI = 1/(0.00343 t - 0.00251), where t = time in seconds as measured by the instrument.

Results are contained in Table 1.
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H3C CH3 A) Tetranethylsilane[MCl 12 (THF)6 -90 WO 01/42315 PCT/ US00/ 31645
To 40 nlL diethyl ether solution of 2.5 g, 15.9 mmol of Me2Si (CH2Cl) 2 was
added 0. 8000g423185. 0 nmol of My turnings. After stirring POBURIGIE4S a | arge
amount of white solid was visible. Solvent was renoved under reduced
pressure and replaced with 40 nL of tetrg ar%d{ofuran (THF). Upon addition
of THF, all of the white solid dissolved. {1 er stirring an additional 24
h., about 20 5 mL of hexanbswasTamdediedhd t heDswltut iMm was filtered. The
filtrate was put B0 a @mekzer ((€)27CK) oB&: ni(gd). 68303 eMw/Nw MMECant ed and
| arge colorless cr staffg) P& waklfed %lt h4é’ol dD-#éxane (2X20 md5 The solid
was then dried u 39 990653 ¢ nf product 435 the THE

hexa- adduct. Yi el ( 0d8) 1 -0.21
28H5TH %E"Olo ?ﬂéc{ H?Zl vafz" THF dg): S

(s, 6H), 1.77 (m
-2.50,9. 14, 26. 37 gg,

)-1,1-di hyl nyI 1-( 2,3p3a, 7a-rl)-3
- (1, 3- di hydro- 2H-|850| r@o 29% )-«1H—|d]éen-4 g)@s an%.% na’ggﬁ §§
titaniumi) Prepareti OmpRP (1.4 2h 00,858 .
round- bottomflasklmndgﬁ gqoms)trog‘en amsrsosmhere equi pped with a .15 refl ux
condenser and a 250 nl mtroppi’ng f«unnefo.s4. 86g of -My t wnings (0.200 nol es)
were introduced. 12 br(ﬁmSQi)utyl“ berfdgne 1(042. 8Pl 0. 200 not es) and 80 nL of
THE were then addetp toEx{&(émr oppi ng 5f119nnell4 AU hi s216i me21D ni-of the
br onobenzene/ THF—s¥ 833t hd 4\ 099 |1 anount

of ethyl bronide. ¥he &t Elf‘H%n V\’6§§ t Heér st1r4rrer9°dnt| 163j ni ?l‘%{tl &h! occurred.

The rest of the br Q solyti o en ded op e to all ow
refluxing 20 to U\.,lb 1%'( %ordd 80, u.agz. r!”;)e bo gin uggzen%,g{ﬂ IF\QAS‘I?J. ution,
| ux

the m xture was he edgﬂllo‘ri@? Adntif; s thg si um was consuned. The

resul ting Gignardygol gl @ as then Jgroanszfoerr@ 6t 0 #3525038% droppi ng
funnel which MWFW%WW| ask
under a nitrogen atnosphear@.23yui pped 98wi t B2a regdsux condenser. To the round
bottomed flask, 1028 m_Emfllhep)t ane’ wasi2iént rlmiuc@&%f ol l%wedz ZB by Si Cl14
(15.3g, 0.090 nol ez} ; a ) 3
dropwi se. After atii tlEénlzv(&%) coh‘ﬁl et7é 3t héor esQ1$9c5| ng m xture vvas refl uxed
for 2h and then al ¥oweF*t4( 2ur ezz‘)Und%l16 hert
at nosphere the sol dio ng égdlts \%re Pﬂlrther
washed wi th hept ang Cabtre A—tHhe—ori gi nal
hept ane sol uti on. _at
at nospher i c PEdRpedive; no{l;{mxa[,@%ﬂfmeﬂgemgp viscous oil was then vacuum
distilled w't k&), @pbly@sy @ tidolien product at 1 nmHg, (133 Pa) at 210 C
giving 19. 3¢ tnkth fdisen190°QfcompRatie tinR@e dFhRA Uidéx determination)
5 3 (t-butylamido)dimethyl(tetramethyl-n’-cyclopentadienyl)silanetitanium dimethyl
4 (t-butylamido)dimethyl(-((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)- 1 H-inden- 1-yl)silanetitanium
dimethyl, prepared according to WQ98/06728
cocatalyst is tris(pentafluorophenyl)borane

di chl or o( N- (1, 1- di Ret hyj}

5.

10  Example 14 Preparation of dichloro(N-1,1-dimethylethyl)-1,1-(4-butyl-phenyl)-1-((1,2,3,3a,7a-
1n)-3-(1,3-dihydro-2H-isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-) titanium

A) Tetramethylsilane{MgCl], (THF),
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1i1) Preparation of bis(4-n-butyl phenyl) (t-butylam do)chl orosil ane

Di chl oro-di (4-n-butyl phenyl)silane (4.572 g, 12.51 nmmol) was dissolved in
45 L of wemet/mgligne chloride. To this solution was added RCBBS@)/3126. 03 mmol
of t-BuNH2. After stirring 35 overnight, the solvent was renoved under

reduced pressuf ey NgiefiPLSIR B3I ATEEhotth bVARiPhr cn D MO 42315

PCT/ US00/ 31645 0%0 exan ere was”“r
pressure 356bmmn@fM§®2m§gsoAﬂ’emndQSWcm¢ht p tapgkLaciount ofi Whiterselpbwastvisite. of

4-n- Bu- R, H /' HNC
B b e bt ARl R R AR e B ol fHertydp il
di ssol vchpcm agditior of GTHFT klEofivhe whitelsbbid didsolved. @fieBstisngancddylitional 24 b.hahont 20
1- d After .th
i xt ure. il Qi PSR Aot e Sl o e b Bl BB e bAPELED,
The resi chyemxghasSo@ehruastdechnwdtahd Begerchlorléss Inqxtalsevemfwaslhed wéh eddd hé&Gahe(@K20

r enoval r. uc as a,ver SC br,own ield was
91.0 per Cen)[ ’I%i 191\% reéinaF dtgl;_lreﬁ ce%Pliefsglheltﬁﬁ%vea;‘$3 &P product as t?le jl'HFK
(4- n- Bu- Ridj@Si Yield\saslzﬁdqiercnm-l ndenyl )(NH-t Bu) To a 50 nL of hexane

;sgl)r;:jglnl (r:]gnlt? eny )(?ﬁ&#dl?) gu S%Rkﬁﬁ%(ggg ZL%IDSiiZ? I@"ﬁ 3(§Lﬁff 28H0ITHtF on.

f ew ninut es af't@f'H} N{VBU{JrHPadl;()IcISt-Qﬁn 9.5, 3€B7 (IWPg,r@C%mI‘Hai‘be appear ed. After
stirring overnight, oW precipi.tate was | ected on the f

washed with 4 B dz@“?rﬂ%\(yhéil%"ﬁ%y'%‘ﬂ&')'d ‘B@"BFFB@%P“F'@GLI:&G L) @e}'gu ve 15

4.42 ¢ Ofdnhitﬂo-@%isénﬂablﬂl’-ﬁﬁUHIind?eix-ﬁylysﬁhhﬁﬁ\inm\quN-) itigm\Was 70.0 percent.
v) Preparation_qf

di chl or o( N- 1, 12 FreRaradansefigrBp-Ph)SiCla_ ¢ v - phenyl )-1- ((1, 2, 3, 3a, 7a-
rl)-3-(1, 3-di hwlarmrezlﬁem@ astdmLT&nmlbbn&iﬂﬂhMBeﬂa it geh la@iRPAREE@ipp At WithN )

b 2T B ShRoR o250 BT, 10, DL B0 T L I s, guspenced i n
(4- n- Bu- Fiht)r&ﬁbe(dB-utsmMcbhtymBeﬂzé\dqwdsg 013bb froRk))and 80 GilssOTTVIE Gere thef @ddell tof  THE
TR AL UTE ST R RCC R RN
stirred fromifgdwithasibleamouhnef eTlUEbmﬁdet e scﬁletmm tmdafred exdil oxthtipn essur e.
The resi due ¢ ceL Q OIHT L\l.tol uepne and Ler odallovsv?eﬁ/u?cﬂxt was
Fomoved UHARIEC AbiEE HFCstny EenvensiiE Sl ey P piopi et :
20  to occur. After addition of the bromo benzene/THF solution, the mixture was heated at reflux until
the magnesium was consumed.
The resulting Grignard solution was then transferred to a 250 mL dropping funnel which
was attached to a three-necked 250 mL round-bottom flask under a nitrogen atmosphere equipped
with a reflux condenser. To the round bottomed flask, 100 mL of heptane was introduced followed
25 by SiCls (15.3g, 0.090 moles). To this solution, the Grignard solution was added dropwise. After
addition was complete the resulting mixture was refluxed for 2h and then allowed to cool to room
temperature. Under an inert atmosphere the solution was filtered. The remaining salts were further
washed with heptane (3 X 40 mL), filtered and combined with the original heptane solution.
The heptane was then removed via distillation at atmospheric pressure. The resulting
30  viscous oil was then vacuum distilled with collection of the product at 1 mm Hg, (133 Pa) at
210 °C giving 19.3g (58 percent) of the desired product.
ii) Preparation of bis(4-n-butylphenyl)(t-butylamido)chlorosilane
Dichloro-di(4-n-butylphenyl)silane (4.572 g, 12.51 mmol) was dissolved in 45 mL of
methylene chloride. To this solution was added 1.83 g, 25.03 mmol of t-BuNH,. After stirring

35  overnight, the solvent was removed under reduced pressure. The residue was extracted with 45 mL
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solid. Hexane was added (35 nlL) and the bl ack suspension was stirred for
0.5 hour. The solids 25 were collected on the frit, washed with 2 x 30 nL
of hexanavand4x313 ed under reduced pressure to give 4.68 BCDUSBE64besi red
product as a bl ack-blue, crystalline solid. Yield was 92.4 percent. -92 WO

(()&I{ izi}gl I? )/ﬁg?s g{)@\le?eﬁi Sgl%%%l_s gﬁﬂlcfyfmg‘lrl@%&l%?&cli&) Bregere leaving 4.852 g of the desired
((1, 2, 3, 3@odt@t.r | ) - 3- (1, 3-di hydro- 2H-i soi ndol - 2-yl ) - 1H i nden- 1-yl ) si | anam na
to-

Eo o), SRR b il .5, 55

1, 3-di hydro-2H i soi ndyI)- 1H i nden-1-yl)silanam nato-(2-)-N)titanium
]

(1.61 g, 2.25 mol, 14) was suspended in 35 nmL of toluene. To this
suspensi on was added 4.75 mmol) of 1.6 M MeLi ether solution. The
reaction col or chang once fromdark green-black to dark red. After
stirring for 1 hour, W+t solvent was renpoved under reduced pressure. The
resi due was extracted/with 55 nL 10 of hexane and filtered. Solvent was
renoved | eavi n@ 6 S\ of the glesired product as a red solid. Exanple 16

Preparati on of i pFthyl et hyl ) -1, 1- (4- n- but yl phenyl ) - 1-

((1,2,3,3a, 7a-r ¥dr o- 2H i soi ndol - 2- yl)-1H i nden- 1-yl)si | anam na

to-(2-)-N)-titanium ,3-pentadiene N\ Bu N Bu H3C H3C CH3 15

Di chl oro(N-1, 1- di petkay hyl)-1, 1- (4- butyl - phenyl )-1-((1,2,3,3a,7a-rl)-3-(1

, 3-di hydro-2H | - I)B-lH-inden-l-yl)siIanarn'nato-(z-)-l\l-)titanium

(1.266 g, 1.77 nmpots anpl €°14) was suspended in 60 nL of hexane. The

m xture was brosl‘jght to gentle reflux and then 0.9 nL (0.89 mmol) of

pi per A ene wasTeailel? g (1143 weablof (4-ngH1-Ph), SHENSH R YissolveBrin/BuL 0f TNFiwas

THF) . Th€,44ed 2,744 g (8.37 mmol) of lithium 1-isoindolino-indenide dissolved in 30 mL of THE. After the
reaction mixture was stirred overnight solvent was removed under reduced pressure. The residue
was extracted with 50 mL of hexane and filtered. Solvent removal gave 6.870 g of product as a very
viscous red-brown oil. Yield was 91.0 percent.

10 iv) Preparation of dilithium salt of (4-n-Bu-Ph),Si(3-isoindolino-indenyl)(NH-z-Bu)

To a 50 mL of hexane solution containing 6.186 g (10.33 mmol) of (4-n-Bu-Ph),Si(3-
isoindolino-indenyl)(NH-t-Bu) was added 13.5 mL of 1.6 M n-BuLi solution. A few minutes after
n-BuLi addition, a yellow precipitate appeared. After stirring overnight, the yellow precipitate was
collected on the frit, washed with 4 x 20 mL of hexane and dried under reduced pressure to give

15  4.42 g of the desired product as a yellow powder. Yield was 70.0 percent.‘

v) Preparation of dichloro(N-1,1-dimethylethyl)-1,1-(4-butyl-phenyl)-1-((1,2,3,3a,7a-
n)-3-(1,3-dihydro-2H-isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-) titanium

In the drybox, 2.62 g (7.10 mmol) of TiCl;(THF) ; was suspended in 40 mL of THF. To this
solution, 4.32 g (7.07 mmol) of dilithium salt of (4-n-Bu-Ph),Si(3-isoindolino-indenyl)(NH-¢-Bu)

20  dissolved in 60 mL of THF was added within 2 minutes. The solution was then stirred for 60
minutes. After this time, 1.28 g of PbCl, (4.60 mmol) was added and the solution was stirred for 60
minutes. The THF was then removed under reduced pressure. The residue was extracted with 50
mL of toluene and filtered. Solvent was removed under reduced pressure leaving a black crystalline
solid. Hexane was added (35 mL) and the black suspension was stirred for 0.5 hour. The solids

25  were collected on the frit, washed with 2 x 30 mL of hexane and dried under reduced pressure to

give 4.68 g of the desired product as a black-blue, crystalline solid. Yield was 92.4 percent.
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reaction m xture was refluxed for 2.5 hour. After cooling to room
tenperature the solution was 20 filtered and sol vent was renoved under
reduced pvessuses | eaving 1.30 g of the desired product asper/ubbedakssgl assy
solid. -93 WD 01/42315 PCT/ USQOQ 31645 Exanple 17 Preparation of

N- (1, 1-di net hyl et -4, 1-di.(4-

g(l(z 3, 313 7a- ]\q%a%pnﬁg iﬁ?ﬁ@?'&'ﬁ%ﬁ‘#??ﬁ'ﬁ%‘ﬁ?%@“]‘ oy 'b“ lé’rl{ellylw)m | anam nat
0-(2-)- N, 2{3(3d;7mepby(l1,siandmeHhisoiﬂdmtzmymm)denmymmnammhtoqz JNEBEH 3 T v
N CH BU 3 H3 H3 5 To a 50 nL toluene solution containing 2.33 g,

(3.26 mmfh)meg_‘?tbtf"elﬂpbro(l\l-(l 1- di net hyl et hyl ) -

1, 1-di (4-n-butyl - phenyl) - 1, 2,3, 34q, 7 3- (1, 3-di hydro-2Hi soi ndol - 2-y
|)-1Hi nden-1- vyl )SI I an @\ um ( Exanpl e 14) was added 3. 62
g, 4.23 mol é VR € A?! asasolid. After stirring overnight
at room t enper at! he sofut Aon coI or changed from green-black to red.
Sol vent was renove d'er ; edu%d pressure. The residue was 10 extracted
with 40 nL of hexa ! A'Mehe sol vent was renoved under reduced
pressure to give a sol I'Me This material was dissolved in 40 nL
of hexane and fg ed thought a fine frit. Solvent renoval gave 2.16 g of
product as a red gl assy é}% Yield was 89.0 percent. "H NWMR (C6D6): S
-0.03 (s, 3H) 044(5 A %92 (d, IH 2JHH=12.6 Hz), 0.83 (q, 6H
3JHH = : 1.24 (m 3@11) 1.52 (m 4H), 1.54 (s, 911), 2.34 (s, 2H),

42“—61 > (5§ 841|(-| s, Z%ﬁgam_(glgl é‘{mleih%l) {]g-n- %;henyil)q (%}:| h'li Ta- ﬁ)—g { -)d;hj/éro%-( m '

Hz), 6. 941s(nmiol 2191)-1H-igign-1 ril)sidapmingto(3-) (N titatipm euﬂgﬂZaS mrl;ml,LEnsamch 12‘6W9ﬁ OH,
3JHH = 3 8.7
#ﬂﬁ%ﬂn%&ﬁ {{ﬁoluéﬂé‘ ngl'git Mgpen%o? a'ag_gd)ded 7 mﬁh efrimm]og_éyf 1; .

Hz), 8. 13 13(: (111)
NMVR ( O6D6jthergolutiogThe gactign caler, changed 4t onse fram dawy, gr@zﬂilpsk tosiarlgrfd Aferpgiming

56.63, 5 6fo$§§our891e §J1ven§€vas’3émo% u%éer rétQ)%c BSSJT%ZT%SI&%ZWﬁ%XH?JC?e% wath 551m8- 27,
124. 36, 127 7, 128.51, 0 131.03, 134.87, 135.00, 136.66,

137. 180 10fthexape améltged Solveneas rqmweé?avmgmg(ﬁhf desirstl proEgt @8l Fegsolid.

ggmgmgg: g: ﬁMrﬁ;;l@4@ 3ﬁa§9ratioﬂldﬁél @‘iﬁn&@@legﬁrﬁ]ﬁ i gﬁm@ggﬁuhﬁileg ;gr N

4.13. 25 EiAM3edermdt@dediyretdffispindelt2-Pir1H-inden-1-yDsilanaminato-(2-)-N-)-titanium
(II) 1,3-pentadiene

\6 N <>
Bu
\Q””' s

/g / ""'lll
Bu 7L
HyC
* CHa

HaC

15 Dichloro(N-1,1-dimethylethyl)-1,1-(4-butyl-phenyl)-1-((1,2,3,3a,7a-1)-3-(1,3-dihydro-2H-
isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)titanium (1.266 g, 1.77 mmol, Example 14) was
suspended in 60 mL of hexane. The mixture was brought to gentle reflux and then 0.9 mL (0.89
mmol) of piperylene was added followed by 1.86 mL (3.72 mmol) of BrMgBu (2 M in THF). The
reaction mixture was refluxed for 2.5 hour. After cooling to room temperature the solution was

20 filtered and solvent was removed under reduced pressure leaving 1.30 g of the desired product as a

black glassy solid.
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The reaction conditions of Runs 1-30 were substantially repeated using

tol uene solutions of catalyst and cocatal yst, nethyl (di(C, 18

al kyl ) amwabum3t®et r aki s( pent af | uor ophenyl ) borat e. Resul t SPCEUS0CIMSal hed i n
Table 2. -94 WO 01/ 42315 PCT/ USO0/ 31645 Table 2 Cat. / cocat C2H4 Yield

Ef ficiency Density Run Catal yst (Lunoles) 6'%7 gZ Ti MM  31* DSAT**
0.9/0.9 11 18xample i Prepgoion of (N-gh1-dimethylethyh;lel- %'(41'?"& lly‘ezy'éé 0.892 < 0.1
3? tEﬁe (If%ln g g%é 79-1153;-iﬁs-&ﬁ:yﬁmlzﬁiso%&%-yﬁ-ﬁl-inden-lcﬁﬁﬁﬁa%halt&(yjt@i)-an exanpl e
di net hyl(@m(lm',lsﬂyldiq}his(mcﬂeﬂm)]yitall,ilml di met hyl -1-(2, 3, 4, 5-t etranet hyl cycl opent

adi enyl) silanam nato titanium5 Exanple 18 Pr ation of
(N-1, 1-di et hyl et hyl ) -1, 1- (4- net hy ) -
((1,2,3,3a,7a-rl1)-3-(1, 3-digydps2H1 dol -2-yl)-1Hinden-1-yl)sil anam na

to-(2-)-N)- bis [(trinethylsi ),L’[E hyl-titanium ON w,..... S\ . Ti
%4CH CH2TMS \N H3C H3C CH3 1B k\/ek%‘s_b‘orx 42 g of
{11 (4T hylprenyl ) - 1-

di chl oro(N-1, 1-di net hyl et hyl ) - I
((1,2,3,3a,7a-rl)-3-(1, 3-di Bydr &~ 2H i spi ndol - 2- y#5- 1H i nden- 1-yl ) si | anani na
ed substantially according to

t o- (2) N-) titanium (5.42 mol) b X
exanple 5) was partly dissolved in HC of toluene. To this solution 11.6

M (s11. 6 MDYy, 8§ mEkdHidad MRutich Mﬂaﬂnr%q]iiiai'@ 26’\{%0?}@9'&@1119{0@@-‘(\4 ﬁanmémyléu%d)

stirring over a one mnute period er the addition of hi um reagent
was conpl-di(éd;butyhphensl)-4 d( L, ,é«n7wa)s3-§t $1dﬂles@r0f2éhsm5dqi@aﬂ)slléfnde@ém

tenper af h&hgn A!.%‘o 29 é;dtg‘]{?}he ]?%g{?fet ilfzﬁ%vaza@}dwﬁ%ggwdﬁ SARbVGNt  was renoved

under uce sol1d wa ssolved in 15 nL of
t ol ueneMedeCIPbMeﬁl)zKﬁ]HJé)d@h g Sobjd. éftelzls@rmng qyemighkaimeom PHRergyra thegplutignscolar| t er ed

and sol %ﬁéﬂ% rﬁ%ﬂp%geqc]:y&g%rfg rAGEda dsprérﬁ%wuﬁdér?%béa ré&sir OTRY eWeGra¢St al | i ne

solid. ne wa e m xture s stirred for 10 mn.
andl® hegxtiacted with 40 lfnL@élzt’eiﬂnef @ﬂ l;_lmreﬁo i!ih%SOl\Re@W@rr?QQ‘@ﬂ updes redgeqd Prepgige WARIYeRCt ed

by 20 flleh% ?sé' sO1il. m&amﬁbdxgsoﬁeg iflo RE. of RxGnd Yo FltEred 3Gt BERe BHti €d under
reduced pressure to give 2
Solvent removal gave 2.16 g of product as a red glassy solid. Yield was 89.0 percent.

'H NMR (C¢Ds): 8 -0.03 (s, 3H), 0.44 (s, 3H), 0.62 (d, 1H, 2iyn = 12.6 Hz), 0.83 (g, 6H, Sy =
7.9 Hz), 1.24 (m, 4H), 1.52 (m, 4H), 1.54 (s, 9H), 2.34 (s, 2H), 2.45 (d, 1H, *Jun = 13.4 Hz), 2.52 (t, 4H,
15 *Jyu=7.8 Hz),4.61 (m, 4H), 5.84 (s, 1H), 6.74 (t, 1H, *Jyyy = 7.7 Hz), 6.89 (d, 1H, *Juui = 8.7 Hz), 6.94
(m, 2H), 7.05 (m, 2H), 7.15 (d, 2H, *Juy = 7.5 Hz), 7.26 (d, 2H, *Jyu = 7.8 Hz), 7.31 (d, 1H, *Jyus = 9.0
Hz), 7.57 (d, 1H, *Juy = 8.7 Hz), 8.13 (d, 2H, *Jiuyy = 7.8 Hz), 8.17 (d, 2H, *Jin = 7.8 H2).
BC{'H} NMR (C¢D¢): §-1.08, -0.28, 14.11, 14.15, 33.70, 33.78, 35.91, 36.06, 56.63, 56.88,
80.31, 84.35, 85.24, 103.81, 122.61, 122.81, 122.82, 124.27, 124.36, 127.34, 128.47, 128.51, 129.72,
20  131.03,134.87,135.00, 136.66, 137.16, 137.79, 143.36, 144.66, 144.85.
HRMS (EI): calculated for C3sHysN,Si;Ti (M)* 646.2679, found 646.2640.
Analysis: Calculated for C3oHysN,Si,Ti: C, 72.42; H, 7.17; N, 4.33. Found: C, 72.78; H,
7.53; N, 4.13.

25  Ethylene/Octene Copolymerization
The reaction conditions of Runs 1-30 were substantially repeated using toluene solutions of
catalyst and cocatalyst, methyl(di(C,4.1s alkyl)ammonium tetrakis(pentafluorophenyl)borate. Results

are contained in Table 2.
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g of the desired product. "H NWR (C6D6): S -0.67 (d, 2H, 2JH H = 11.7 Hz,
-CH2Si (CH3)3), 0.14 (s, 9H, - CH2Si (CH3)3), 0.20 (s, 9H, -CH2Si (CH3)3),
1.10 (d, wolp/23 H = 12.0 Hz, -CH2Si (CH3)3), 1.31 (m 2HPCT/OBRGI1645H3) 3) ,
1.71 (s, 9H C(CH3)3), 2.13 (s, 6H), 4.77 (d, 2H 2JH H = 12.0 Hz), 4.91
(d, 2H 25 2JH H = 12.0 Hz), 5.78 (s, T%E? 6.73 (t, 1H, 3JH H = 7.7 Hz),
6.98 (m 3H), 7.05 (m 211), 7.13 (d, 3JHH=7.8 Hz), 7.20 (d, 211,
3JHH = 7.8 Hz), 7.33 (d 1Bt/ 8bkt. HCHHLS. 4Yield) , Efficiégey( d Dedsity 3JH H = 9.0
Hz), 7.98 (d, 2HRuBJHCwplyst 7 (Bmbled) 8(eD6 (dg 2H(BAF)H g/ml8 HMMI - 95 WO
01/ 42315 PCT/ USOGA316RSATE (0LH0NVR LICED6)99S 2. 46 3. 5089821. £, 21. 50,
35.33, 57.03, 58. 3724 fﬁg Us, 84 GH, 8 792 40902, 3485 122, @;&92 12&042 124. 78,

124.92. 125.12, j;“}l’ 5eEx-§ 28 92’031 emlii}a 49, 433 99 0894 3501 134 60,
136. 65, 137. 09, g{ HRVB, ¢ Leulated for
CA3HE8N2SI 3Ti (N g%’ %%%’ Pr &bt i bpkiop RPN of
CA3HEGN2SI 3Ti : 95 N 3.81. Found: c 65.96: H 8.74: N,

2.11. The X-ray structure (CRTEP) for the conpound is provided in Figure 3.
Exarrpl e 19 Pr e@mléb&PMPataﬁ@DledimeMW) },1-(4-methylphen)-hy | phenyl ) - 1-

((2,2,3,3 Qhy l. Hin S|Ianamna
to-(2-)- @Z?E@H% 8123%@?% e‘??éli (yn)eﬁ?] ‘?dgeﬁé)’i"sg‘ IR
,CH3 ~ |b|S[N1n(dt-lmsnlyBﬁie{hy[]}mﬁu’imA) Tetramet hyl sil ane[ MgCI ] 2( THF) 6 To 40 mL
di et hyl ether solution of 2.5 g, mol.of Me2Si (CH2C1) 2 was added 0. 851
g, 35.0 mol of My t @ overni ght |arge anmount of
white solid was visibles oy renoved under reduced pressure and
replaced with 40 of tet rofuran (THF). Upon addition of THE all of
the white solid_@'ol veg/ Afwer stirring an additional 24 hr, about 20 nL
of hexane was ad aNgSt he sal-unCHsTMBas filtered. The filtrate was put
into a freezer (-2Z7\g \ /ﬁgﬁbCH dent was decanted and | arge colorless
crystals were wa with dold hexane (2 x 20 nL). The solid was then dried
under reduced pfes¥lre to give 2.753 g of product as the THE 20
hexa- adduct. Yield waspyd—Apercent.

HaC CHs

10 In the drybox 3.42 g of dichloro(N-1,1-dimethylethyl)-1,1-(4-methyiphenyl)-1-
((1,2,3,3a,7a-n1)-3-(1,3-dihydro-2H-isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-) titanium
(5.42 mmol) (prepared substantially according to example 5) was partly dissolved in 70 mL of
toluene. To this solution 11.6 mL (11.6 mmol) of LiCH,TMS (1 M in pentane) was added dropwise
while stirring over a one minute period. After the addition of lithium reagent was completed, the

15  solution was stirred for 15 hours at room temperature. The reaction mixture was filtered and solvent
was removed under reduced pressure. The resulting solid was dissolved in 15 mL of toluene
followed by addition of 45 mL of hexane. The solution was filtered and solvent removed under
reduced pressure leaving a red-brown crystalline solid. Hexane was added (25 mL) and the mixture
was stirred for 10 min. and then put into freezer for 24 hours. Red crystalline solid was collected by

20 filtration, washed with 2 x 8 mL of cold hexane, and then dried under reduced pressure to give 2.722
g of the desired product.

'H NMR (C¢Ds): 8 -0.67 (d, 2H, 2y = 11.7 Hz, -CH,Si(CHj)3), 0.14 (s, 9H, -
CH,Si(CHj3)3), 0.20 (s, 9H, -CH,Si(CH})s), 1.10 (d, 2H, iy = 12.0 Hz, -CH,Si(CHs)3), 1.31 (m,
2H, -CH,Si(CH;)s), 1.71 (s, 9H, C(CH3)3), 2.13 (s, 6H), 4.77 (d, 2H, 2Jyn = 12.0 Hz), 4.91 (d, 2H,

25  *Jun=12.0Hz),5.78 (s, 1H), 6.73 (t, 1H, *Jyyn = 7.7 Hz), 6.98 (m, 3H), 7.05 (m, 2H), 7.13 (d, 2H,
Jun =1.8 Hz), 7.20 (d, 2H, *Jupn = 7.8 Hz), 7.33 (d, 1H, *Jyuy = 8.4 Hz), 7.78 (d, 1H, *Jyy = 9.0
Hz), 7.98 (d, 2H, *Jy = 7.5 Hz), 8.06 (d, 2H, *Ji.; = 7.8 Hz).
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"H NVR (THF-d8): 8 -1.81 (s, 4H), -0.21 (s, 6H), 1.77 (m 28H THF), 3.66
(m 28H, THF). 13C{'H} NMR (THF-d8): S -2.50,9.14,26.37 (THF), 68.46
(THF) . Bwe@neparsati on of PCT/US00/31645
(N-(1, 1-dinmethylethyl)-1, 1-di (4- net hy] phenyl )-1-((1, 2,3,3a, 7a-rl)-3-

(1o oot o 05 IRRIc Pt ST ko) SR SPELIRIR GRledig ad !

cont ai ni nN@26462247, 12493, 1A0R, 124.90; I2kl10y1Q¢ 8512852, 129.09, 129.49, 133.99, 134.30,

H 1 coi a3y Rp 1 o8 B PP B RN 0. (2 TN ) £ ani um (prepared

subst anti al | y HRMS(HI)Nnglcuhted fier G, G:NBHTIEM)f 73583485 ibndIB5.8461. added 0. 667 g,

1.05 | of 25 1 ) . |1, i irrin . 2
our s At room FEE GRUPEE Bt CeTn bt B S aBkurbnd Sob8he
conversi @74, 2he -96 WO 01/ 42315 PCT/ USO0/ 31645 product. After stirring
an addition ' ectrumdid no An addi ti onal
0.25 g of tﬁ-}g’ éf B’h‘i EOWXQRHE ‘.:OHW’P ‘ﬁpm"ﬁjﬁfsgg‘p gTeactl on mxture
turned from grmmuem Dluh‘paltaﬁoﬁ or(N- (‘ltIt-diiineﬂiyllé’tliyl)lg,lafmaddhjrlpBé’iigzl) K hours, the
sol vent vga@éﬁn?ved g reduced pressure. The residue was extracted with
40 mL of & 72l 341-pdiydpe-2 K soindoel-2yh- H-indsgp-d plsHanamipafa 2485 pressure
to gine q(d.ﬁdtmisﬂgs,ye)slgdme@,yléﬂa)]shtm{“lnd was di ssol ved back in 15 nL of
hexane. After standing at roomtenperature overnight, the solvent was
decanted and red crystals were was pexade (2 x 2 nL). These
crystals were dried under reduced e 0.448 g of the desired

product. Yield was 72.9 perc S-0.04 (s, 3H, 0.44 (s,
3H), 0.63 (d, 1H, 2JHH = 12.9

D6):
Suns /gHz 15 (s, 6H), 2.34 (m

2H), 2.45 (d, 1 H 2JHH = 12. 21\6,1{ 81 (s, 1H), 6.74 (t, 1
H 3JH H= 7.8 H), 6.88 (d 3JHIN1—66 Hz)\, 92 (m 2H), 7.05 (m
2H), 7.15 (d, 2H, 3JHH = 8.1 Hz), (d, 2H, 3§F'pH—81Hz) 7.37 (d,

1H, 3JH H = 8.4 Hz), 7.56 (d, 1H, 3!1'1@ 8. 4 Hz), 8.09 (d, 2H 3JHH =
6.9 Hz), 8.11 (d, 2H 3JH H = 7.2 H)BC13C* " 4 NMR (CBD6): S -1.10, -0. 30,

21.50, 21.56, ZpTé .‘;}tﬁy@&negﬁg§q( 827, 84.40, 85.15, 15 103.75, 122.61,
122. 81, 123. 83, 124 29 2 129. 12, 129.68, 130.98, 134. 58,

134,61, 136. 65 40imk dieihyl ather Scrlstlonﬁé 565 15-9 3unal of MeAH(CGEhCDy ragdded 6.851 g,

cal cul at ef$ o o [\ SZX'ﬁex(Mﬂ" ex%@ﬁ?lar %@dm@%h&@é’o%d wWAS HsibRl S
Cal cul ated for C39HA6N2SI 2Ti: C, 72 33. Found: C, 72.78;

H, 7553;Solyenywasgemoxsd ppder seduesd Wf%%%wrr@lem@ﬁoﬂ&ofttﬁeahwﬁ@wﬂﬁfg

provi ded Uﬁnﬁﬁ&ﬂé@oﬁHﬁﬂWﬁ&w@Q sBe@oRELH ORfa stirring an additional 24 hr, about 20
di chl oro( N-( ldlrreth Iethéqe @lldl phenyl
|S

((1,2,3,38L ?’éhqxw)e vaas @fdggapd PgA ‘yasmeieﬁdaLe filirpteywgs patriatriafeeessT (2T N ) - ti
tani um Nvernight. Solvent was decanted and large colorless crystals were washed with cold hexane
(2x20mL). The solid was then dried under reduced pressure to give 2.753 g of product as the THF
20  hexa-adduct. Yield was 27.1 percent.
'"H NMR (THF-dg): § -1.81 (s, 4H), -0.21 (s, 6H), 1.77 (m, 28H, THF), 3.66 (m, 28H, THF).
BC{'H} NMR (THF-ds): § -2.50, 9.14, 26.37 (THF), 68.46 (THF).
B) Preparation of (N-(1,1-dimethylethyl)-1,1-di(4-methylphenyl)-1-((1,2,3,3a,7a-1)-3-
(1,3-dihydro-2H-isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-[(dimethylsilylene)bis-
25  (methylene)] titanium
To a 50 mL toluene solution containing 0.60 g, 0.95 mmol of dichloro(N-(1,1-
dimethylethyl)-1,1-di(4-methyl-phenyl)-1-((1,2,3,3a,7a-1)-3-(1,3-dihydro-2 H-isoindol-2-yl)-1H-
inden-1-yl)silanaminato-(2-)-N-)titanium (prepared substantially according to the technique of
Example 5) was added 0.667 g, 1.05 mmol of Me,Si(CH,MgCl),(THF); as a solid. After stirring for

30 2 hours at room temperature, proton NMR analysis showed about 70 percent conversion to the
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Il - 9 (C6H5)2Si\ /TIA2 NC(CH3)3 (A) Preparation of
N-(tert-butyl)-N(1-chloro-1, 1-di phenylylsilyl)amne. To a solution 25 of
of 12. 66 wo (6@305 mmol ) of dichl orodi phenyl silane in 300 neCDUSOENesSe was
added 7.38 g (101 mml) of t-butyl amine. The reaction m xture was stirred

over ni ght oduaemftef SthrBhSsh ad]*ﬁ@nahﬁ%ﬁ?ﬂethw Nmeggwﬁﬂn u,a%s{chaﬁg;lug%c&dmh&mur eto

give the product as a viscous colorfess oil. The yield was 13.55 4
per cent |g;|9f the 4&6{1&3@6 yrasadded. 1¥ithis migutgs the reagjipn mixturgpyrmedzrora STeRR-Ye 1(11)"
7.85 (m l’@d agGA Yional 6 Rure the s3fvemvas remcded Brider é@lQ:e@ presshdA 1he

135. 81. -97 WO 01/ 42315 PCI/ USO0] 31645 B) Preparation of
N- ( t ert - esidpe yeanextmeted wiith @ m of exage aust e Selveny wes pymaved ynder reduced

i ndenyl ) HYG ot
PO Sl T e i B SR 0l g M

5 THE wa§taadlage|t THP™® M PSEAtrROveaght the spHEns‘@asLﬂemw% and red crystals were washed with

N-(tert- Q:'dglﬁj i f}Z(ﬁh.)O'Tﬁesﬁ' %’stglk RREHHeY Lifdek Yah @ pRSsufedo 3ire D, 44%@ of fhemmol ) .

After the n was co e the reaction mxture was stirréed
over ni ghtdeslrpld@r@@ﬂvéfmldwa%n?mfpenbrmved under reduced pressure. The residue

was extracted e ich ter 2fl. = | v t hen
renoved under re uceg ?eggﬂ& 51{#0%@@&1{?@61‘3 (‘h lﬁ Jg 1'2@1%@, e%ésvga@sw

avi n
per ceft . 21 G.1H)CB1®), 28), 214519, 1k JH9H)12 91HB34-6 him, 41%1,)5 815,980 674 G:HH. B 20

2 2 ) 3 233. 43,
gg‘ 63H) 48* 31)58h§)66]8I81)(d4%l 9J0 6864}123) 10 36) 71%53{“ %§§)2}ﬁ Jf%'i%H )324427

126.91, 1228 (d@H, 15 291 Hen7.33¢d, 1112%86 8.4 He), 66 (deHz dizy = 8331209 @521,

135.50, ®41. 209 581213(d ﬁ{lgjﬂigqﬁﬁ)l Preparation of
N-(tert-butyl); l-1-( tetrah)l/droll—l-léo2 yrrol )él-lH—l-
2

ol ) ot vl VIGEHENMR (e Srh a0 30, 5150 21063587 56,62 Skb, 90 78480 IS 5o

4.57 @ (19343 1f1§73h)1:2@%3%1(2@‘85trz@%,yl'z)le(ziz 35~ 1@995917239'68'13638t1%hr5€hmdr6@ 141
pyrrolyl - 1H 1-i ndenyl )si Tyl )am ne was conbi ned with 80 ni of hexane. To

this sol UB6ES 13316, 778, 135,66, 139.86, 143.33.
HRMS (EI): calculated for C3sHusN;Si; Ti (M)* 646.2679, found 646.2640.

Analysis: Calculated for C3oH,6N,Si,Ti: C, 72.42; H, 7.17; N, 4.33. Found: C, 72.78; H,
7.53; N, 4.13.
20 The X-ray structure (ORTEP) for the compound is provided in Figure 4.

Example 20 Preparation of dichloro(N-(1,1-dimethylethyl)-1,1-diphenyl-1-
((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium

o

CaHaSi, Vi
NC(CHg)s
(A) Preparation of N-(tert-butyl)-N-(1-chloro-1,1-diphenylylsilyl)amine. To a solution
25  of of 12.66 g (50.0 mmol) of dichlorodiphenylsilane in 300 mL of hexane was added 7.38 g (101
mmol) of t-butyl amine. The reaction mixture was stirred overnight, then filtered. The hexane was
removed under reduced pressure to give the product as a viscous colorless oil. The yield was 13.55
g (94 percent yield).
'H (C¢Dg) &: 1.10 (s, 9H), 1.51 (s, 1H), 7.14 (m, 6H), 7.85 (m, 4H). "C{'H}(CsDs) &: 33.2,
30 50.8,128.22, 130.67, 134.9, 135.81.
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(20.83 nmmol) of n-BuLi (1.6 Min hexanes) was added dropw se. Upon conpl ete
addition of the n- 20 BuLi the solution was stirred overnight. The
resul ti ngveoree3pitate was collected via filtration, -98 VeroUsdzZaisH
PCT/ US00/ 31645 washed with hexane and dri ed under reduced pressure to give
3.37 g of pro t YA S (1 Lo 12Nz g j f1. -1H-1-
di chl oro( N-( 1,%1*?(2}?lre tr%fhemftgg?u%ﬁ ﬁ?ar?;l/llﬁ?l}“-’lﬁ ,Zfrgfli?g?-%g-lr Xlir%l-y l( %LH !
pyr rol i diingemyDsilyDaminen- 1-y| ) si | anani nato-(2-)-N-)-titanium 5
N-(tert-butyl)-N(I,1-di phemyl -1-(3-tetrahydro-1H1-pyrrolyl-1H1-indenyl)s
ilyl)amne, dilithiumsalt 37 g, 7.47 mmol) was added as a solid to a
80nL solution of THE contajyning TiCL3(THF)3 (2.77 g, 7.47 mol). After 45
m nutes, PbCl2 (1 3 mol) was added as a solid. The reaction
m xture was then ¢ an additional hour. The solvent was renoved under
b due was extracted with toluene and filtered.
Tol uene was renoved undef 10 reduced pressure and the residue was

: The gab d was collected by filtration, washed with
s ed pressure. 3.39 g of product was
(CDC13) 6: 1.47 (s, 9H), 2.04 (m 4H),
3.78 (br s, 2H), 4.05 (br s, , 5.80 (s, 1H), 6.95 (m 1H), 7.05 (m
1H), 7.21-7.26 (m 2H)HNw57 &m 5H), 7.95 (m 514). 13C{' H (CDC13) 6:
25.71, 15 33.36, 50.71, 60.‘7%, 93.14, 107.76, 125.63, 126.82, 127. 34,
128. 13, 128. 19, A 28utfh, of 1 PH Bdindeh$Dpydiblidind Ihibrh,sall RA00GH 10.48Am6Y in 4BBLAE,

135. 99 28 50.48.. Exampl Pr.eparatj o f

(N (1,51 ol BB PRAIRRg PR 00 s AT S0 S0 by AL ) ghiong .1

( 1- pyr r ol diplienylylsilyl Jantimed(3103 &; 10.46anmeaihaAfterahoaddRion-wis pomplere theyéaction mixiuien  Q
NC~ T...," | \N." H.C 3.20.T . f .

diohi or oK epemipEy P S5 o g oty 0e? o) e Theposdug vy

pyrrol i diexyhited ith hexargrand thel splutibrafiltenédn Athe s¢12ent wis Jhen remmedumdéOed@edmol ) was
added 40 f 20, e~ Tt hiS. .S [ 12 nL of MeLi (1.6 Min Et20 )

was addeopr%srsorf)\l/ﬁ%lgg\?\jsg ﬁosf%’{&fiiﬁt'ngfepﬁg%nﬁ%ﬁc%%l etion of the addition, of the
MeLi tthe sol ut'Ho@@D@LY 8st.17 (se2H), 0.83 8D, 4¥)/28%6n, 2M)1 %20 () 2H) §.2516s, 1He700d.8¢he

nexane. 1 T30 o 5 URTGCED Pr B uhs SR £ 20 Rg, 2, 4857 4P88 536, G2k Uncer
reduced prasura.oeplPi27e126.931127.10f 12040127169, 128.84, (29605 1 BD7pEIsCBnt35.34,
135.50, 141.20, 145.23, 149.59.
(C) Preparation of N-(tert-butyl)-N-(1,1-diphenyl-1-(3-tetrahydro-1H-1-pyrrolyl-1H-1-
15  indenyl)silyl)amine, dilithium salt.

C (
obt ai ned (82 gnt yl| el d)

In the drybox 4.57 g (10.42 mmol) of N-(¢ert-butyl)-N-(1,1-diphenyl-1-(3-tetrahydro-1H-1-
pyrrolyl-1H-1-indenyl)silyl)amine was combined with 80 mL of hexane. To this solution 13.0 mL
(20.83 mmol) of n-BuLi (1.6 M in hexanes) was added dropwise. Upon complete addition of the n-

20  BulLi the solution was stirred overnight. The resulting precipitate was collected via filtration,
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'H (C6D6) 8: 0.14 (s, 3H), 0.87 (s, 3H), 1.32 (bs, 4H), 1.57 (s, 9H), 2.99
(bs, 2H), 3.22 (bs, 211), 5.44 (s, 11-1), 6.75 (t, 1H), 6.95 (t, 1H),
7.02- 7 3WQbB42344), 7.54 (d, 1H), 7.83 (d, 2H), 8.05 (d, PCHUS00/31645

13C{' H (C6D6) 8: 25.81, 35.30, 50.24, 50.43, 55.83, 57.36, 82.73, 105.09,

136> S %%ﬂéh%@“m%’%én&%ﬁ?eﬁ%ﬁ%%ﬁe SN P BB Breas

Exanpl e 2®rdentepar ati on of

(1 Cuot arnth Freprhiion s duRRSHCA, Lafden eyt Bl B asaTepra

1) titani pyﬂdliillﬂyi)dlﬂmﬂbml-)ﬂ)sdalgnﬂﬁato—(2-)-N-)-tltamum

v rom o hyt ) DL e AR s e B PP s

1, 0.72 nditithjumral (H3Tlg, I310Inviael) was alldedds agblid olal8Omd. solution bf ﬁ-IEaintainmgl 1.51

rsﬂt_ i E rll ﬁé H‘E%‘%ﬁ ?H?TMS (W N’{]’@}m‘ eﬁ’g;bgbg?ﬁ ? S%dﬁgm & gﬁ%l? 2}Slelagent

was conpl sahé.dl'hetrb&tlsminiﬁture Was\then Stirted e ddditionaldurmi Thctseb'ent'ﬁhe res@vedamtlennas
renoved un re ucq_ﬂ%% ﬁssur e ‘2?{{) . 5| d S gtlrgn%t“%grevmow 3§em_ of
hexane arfﬁ F(H;r&sgr& HiqRe Wasextrpelied v uglée\ﬂ 31 % % hat
was difssalethead prassalz@ud tht@esidue ®fas h&wew&mﬂe)qauft Thetsohﬁwds&:oﬂc@zberﬁlt&ﬁxon,Z?C
After two d t he sol vent enmoved der reduced e and
then abolf® i?’%‘S‘WL lbef(ax}?eagéﬁtgn f‘é{fﬁlﬁr rad%'ﬁéjgresﬁ&reb% I gp%lpf(’%ﬁ‘# Y& g&al dts(lg%n of

t he sol i dpercBhieyiald)al was put into a freezer overn| ght. The sol vent was

wor o dr1 ed undlh CHERELH bRedDuP 0T (6 AP TEaE At ot OF (B0 RO PRER. - 1

( C6D6) S: (m QH§9 0(st ilm-h 22&&5&&11—211)27@7 ) sH)07.95(nk, $I—I) 9?@{ HACDRL 5, 25971 1)

(d 4

3333(345‘, 5%11)60 % 93314(1{1)‘7 79'-625"3 ]62:98@81(273‘_51 1%8 13é2§é9 é%@ 99, '_29i24 Lé:,?),gl
7-7 HZ) @036 (3f466I13I41743133lﬂ,gl§ 135799713‘622)8;157)420 7 34 (m 71-1), 7. 70 (d 1H
JHH=29.0 Hz) 2H) ,(C6D62 59,
25.62, 35.32, %{P"m:!e 2158“&2"398" Bfr(N (7191"%'61 “y!?ttw)- 1iphegyl- -«b&%gﬂai&é 06,
127.98,  1d8yHoliakgB-2Rinabd-#RitarhdiinB. I R0- difhetrBfieshum 136 83, 137. 89,
138. 10, 23 Pre aration of
di chl oro(N- (1, 1-di mef I)- (4- met hyl phenyl ) - 1-
((1,2,3,3a,7a-rl1)-3-(1-p |d| nyI) 1H i nden-1-yl)silanam nato-(2-)-N)-ti
tanium C50F- 0-..S \ ,~nCdl | ~ SCI HBH C CH3 3 (A) Preparation

chl .aJ...C

of N-(tert-but (- i-p-tolylsilyl)am ne.
CH3

20 To 0.50 g of dichloro(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n))-3-(1-
pyrrolidinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (0.90 mmol) was added 40 mL of Et20.

To this suspension, 1.12 mL of MeLi (1.6 M in Et20 ) was added dropwise with stirring. Upon
completion of the addition, of the MeLi the solution was stirred for 30 minutes. After this time
period the Et2O was removed under reduced pressure and the residue extracted with hexane, the

25  solution filtered, the filtrate evaporated to dryness under reduced pressure to give 0.31 g of product.
Yield was 66 percent.

'H (C¢Dg) 6: 0.14 (s, 3H), 0.87 (s, 3H), 1.32 (bs, 4H), 1.57 (s, 9H), 2.99 (bs, 2H), 3.22 (bs,

2H), 5.44 (s, 1H), 6.75 (t, 1H), 6.95 (t, 1H), 7.02 —7.32 (bs, 4H), 7.54 (d, 1H), 7.83 (d, 2H), 8.05 (d,
2H). BC{'H}(C¢De) 8: 25.81, 35.30, 50.24, 50.43, 55.83, 57.36, 82.73, 105.09, 124.37, 124.86,

30 125.12,125.51, 128.32, 128.73, 129.87, 130.03, 133.63, 136.29, 136.65, 137.55, 138.13, 144.96.
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25 To a solution of of 10.0 g (35.6 mmol) of dichloro-p-ditolylsilane in
300 nL of hexane was added 5.20 g (71.1 mmol) of t-butyl am ne. The

reacti on wo xt/a3es was stirred overnight, then filtered. TheT/soe1e45nas
removed under reduced pressure to give the product as a viscous, colorless
oil. The yiel ) Ge Rt ' ; » )z 04
(s, 61-1), 7. étfg?gfe]g%mq’?e‘%r éstg‘ﬁ'(ﬁﬁﬁgg’?)ﬁmﬁtggf "hgf”(q?e‘f)'g? exp 15(&%?,38,%%%% 2
50. 80, 1Xbpypeolidinyl)-gH-indepsl-ghsilanapinam-(2-)biyyipethybiylmethyh/titaiom3 1645 ( B)

N CLer - butyl 12 R (R0 it 82T SOy b ko2 3 e 3.
pyrrol yl -p]mblikl-iriyﬂ‘)dk}hiﬂdyls-ilW’si}aamhimeto-(@c)@b)ti!ﬁnﬁlmncanﬁplex (Example 1, 0.72 mmol) was

1- (1HL3- i |. olel di ne, ~L LEhi um sal 1 i mL of
THE wis SRt SR 1o bfNAIA T e o anflon B scETRrgg

chl or o- 1 ethe)iwapadded diopivisy Whilerstireing dve 6 2 gnimBe @BiodnARSr the\idd@iontofi Grigubad t i on
was conpl et e t [ i 1 Xt ur e A ni nt was
t hen renﬁ%aggm Ui Egcéorﬁpﬁé%}du%cfg%rgl%%‘ggsr sgl.rr \éﬁﬁoé%r) Ienéllgu E'é%e\?\/%{)éveg%?sa%@g‘(’f%% %E hexane
and t he gsedundd ppessire hiidtheksiditiwasaxtraged winla30 mh efihaxempand diltered eHexanel wae d

i . ) i,el ! )
Lo ory ¢ i@l Pvifie Gy Se 5t R Sl o il fRands, I9SHE Slpnanelind i 55 1 07
(bs, 102H)freezér ?72’,(°€, Alftdy twbday @, thessolvéid)was ¢lo@0y rém8ved(umier k&ddred pr€ss¢r€pnd then
P t . ) ) ) ) ) )
N (er t - 0% Plgfhexane yas added eansing qaly pestial ditsalution ofgh splid. The vial was put into

pyrrol yl -altdezer bvethsight! The sopvenawasdecantkid and fHedaiksed drystdlsnwedeevadiiedisdth,2 2L 41 g

5.16 | f tert- ) ]
oty " ehedand bnddrt icdundentedused rpssire o, give 1346 8 Be 95575 BONSK) v1 -1 1 1- 1 nden
yl)silyl)am néHw@®;) &:00b9 (i dHYL h=80.0rHz),0k 1 5h&083),0.297(8, H)| ROB@, UM’ Bny= 6. 45

Compildt o 2RI GrBre e mar. e 25 EH Gh 25 Al Pb S ST GBI he
resul ti ngHptRGEITHELE6.964, ADIPJact BUHY), a.20i7l 3@t 719)) 7.708d hEI0 A, El9.0ig) anhes and
dri ed under Hﬁﬁggﬁ%ﬁressure to give 1.52 g of product. Yield was 61

percent . 0} on of

di chl or o( N+ (1,"{Hinesbylserby]3.59] 25621136 42 rset70y3 842068/, 79.80, 83.97, 101.19, _
§ gﬁi’ 3;713’ 392 (87154.06, 359 88 148 19! 1282910 38 H2b 38534 1o Y1k 35! BT £43%68; {55, V) - U
N-(teot-hyergs.)-N- (1, 1-di (4-nethyl phenyl)-1-(3-tetrahydro-I H 1-pyrrolyl-1H1

- 20 indenyl)sjilyl ipe, dilithiums (1,52 3.2 I added as a
soi 14 Lo a soReabalc Bieearatemet plsHloRN o g e emin b1 A e B SEHC Py
Af ter 45 (1,283,385 RG])23-(OpyPolilingll)-6H-ind@ed- )-yNsitanai RN 29 Ny - titalinl. The reacti on
m xture was then stirred _an additional hour. The solvent was renoved under
reduced pressure. The e _wasyextracted with toluene and filtered.

Tol uene was renoved unde ced pressure and the residue was triturated
wi t h hexane. --@\ ; | ected 25 by filtration, washed wi th hexane
and then dried uhder™teSiced Lggsure. 1.40 g of product was obtained.
Yield was 73 per ceris H\&%ECB’.‘S 1.33 (s, 9H), 1.99 (br s, 411), 2.36 (s,
3H), 2.39 (s 3H),13.85 (br ¥, 2H 3.87

HaC

(A) Preparation of N-(tert-butyl)-N-(1-chloro-1,1-di-p-tolylsilyl)amine.

25 To a solution of of 10.0 g (35.6 mmol) of dichloro-p-ditolylsilane in 300 mL of hexane was
added 5.20 g (71.1 mmol) of t-butyl amine. The reaction mixture was stirred overnight, then
filtered. The hexane was removed under reduced pressure to give the product as a viscous, colorless
oil. The yield was 10.83 g (96 percent).

'H (C¢D¢) 8: 1.12 (s, 9H), 2.04 (s, 6H), 7.01 (d, 4H), 7.82 (d, 2H). *C{'H}(CsDs) 5: 21.4,

30 33.2,50.80, 129.06, 132.67, 135.09, 140.46.
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br s, 2H), 5.74 (s, 1H), 7.10 (m 1H), 7.25 (bs, 5H), 7.60 (m 2H), 7.77
(s, 2H) 7.82 (d, 1H). 13C('H(CDC13) 6: 21.01, 21.68, 25.73, 333. 35,

50. 70, 66W@61/48% 69, 107.91, 125.58, 30 126.81, 127.23, 1PCT/A800/:a. 95,
128. 99, 129. 37, 131 23, 135.48, 136.08, 136.36, 140.33, 140.53, 150. 38.

E&E (1 1V\? gllﬁrgtzﬁ r%?up(it\?ﬁ?t?,z _bu né?if]‘ﬁlﬁﬁ &@-@tﬁﬁ&l‘i&&b 903Qbtrahydro-1H-1-
((1,2.3, Mridykll;-lanwywwbmnm Ayslo)uxmwﬂ ntlh3- mdwy))syrrcam hiug b (10N ) di m

thyl tit | p-th

gry)l:/)oxI Oaglzf?31 Nr?l oro M—masc?ddédck %%%fa‘lﬁgl: %@h%@' 1 5e

((1,2,3, 3¢inlcm~lrlkél -p3olylsilylyaning (1 §61gy$.23 mmoi)n@éiqr the ﬂ@tmnlvenaawnnlaleéhe(@acyow %}t it
t

a0 U ORIl B SRR Atk i LBl L DRl el 1

whi | e st i was exgaatedewithcheRangiandithe sqlationoilteretf {The salvent wasdhen remoysid umﬁft_rlredumis

P o el 1807} HBBAR! Tl phectiour . E1 20 vaas rembved wnder

r educed essure e‘residue ex W|th 45 nmL of hexane. Hexane

was renmoved undbECoPo@UTds, P R SIS (bs, HET),HP.04 (sa,g‘sH) 23000s,/B1) oF.00 @bel, 2H)y 3184 (k| i§ ne
mat eri al ., Jhi e | | | ved, .i.n about 5 nL of hexane (heating
was used)2 né‘?’? ffeﬂﬁfgébgﬁ gﬁ)s’\zgé'%sggt(mr "freezer overnight at -27 C, giving
75 nmgloof red @)yRitephration bfN-@%):tﬁ)-NQlzGdn(@nemﬂphenyl)al(%&tramm-lﬂ-m ( m
4H), 1. 72
5. 60 (s, MFOwBIH - igaprminasinh, ofitimy e, R degtis 2o (05 © BryoDpr Rkl |
Hz), 6. 96b1(ty1)}H (1,1 -di(4- MMM@IBI-B(MHWH# -pyrr6lyHEH- 14iddéniyl)silyl)ainelmas 7 12
(m 4H), H H = 7 ) 6 7.89
(o1 el Synsoy orkals "o iy, 45 (b o B @SR ¢
21. 43, 2lhxBnesPasdded3Bomvise. APoBIompbete 4dditiGf R, n-BilLidbe sdBiop8yas $08ed28,
124. 3 1 125, 50
13477 15 Toedlinebigipndy whgBiiiea i fhihon. \Gihel uniblart ng i i
Copol yneriedatd pressufigte give AR igofipowdudi Yiekhwasofl néu:nm 1-33 were substantially
repeated. Meta t | §l yst as
dilute sol uti oh)s) C?@%ﬁ?g@ﬁ%ﬁg};lgﬁnéﬁ M d%lgtﬁﬂg lult {l/\g‘{rqgl lpgiggﬁ?'n all
nmol ar r at{b23s3d, 7h-ma-|35(11fpwrmlidiwl)-dﬂcmﬂai-y-sl)mmrxﬁnacn?(l-)aN@-tumiumn jected into
the reactor. ( r _ S fdecyl ) ammoni um
tetrakis( pent Pﬁgﬁggﬁtﬁ ?‘?‘f)glftgl lgﬁ y tetr grqgltf}gykg&{lgﬂ neg i n Table 3.
20 mdenyl)sﬂyl)amme dilithium salt (1.52 g, 3.26 mmol) was added as a solid to a 80mL solution of
THF containing TiCl;(THF); (1.21 g 3.26 mmol). After 45 min, PbCl, (0.45 g, 1.63 mmol) was
added as a solid. The reaction mixture was then stirred an additional hour. The solvent was
removed under reduced pressure. The residue was extracted with toluene and filtered. Toluene was
removed under reduced pressure and the residue was triturated with hexane. The solid was collected
25 by filtration, washed with hexane and then dried under reduced pressure. 1.40 g of product was
obtained. Yield was 73 percent.
'H (CDCl;) & 1.33 (s, 9H), 1.99 (br s, 4H), 2.36 (s, 3H), 2.39 (s 3H), 3.65 ( br s, 2H), 3.87 (
br s, 2H), 5.74 (s, 1H), 7.10 (m, 1H), 7.25 (bs, 5H), 7.60 (m, 2H), 7.77 (s, 2H) 7.82 (d, 1H).
BC{'H}(CDCl;) &: 21.01, 21.68, 25.73, 333.35, 50.70, 60.86, 83.69, 107.91, 125.58,
30 126.81,127.23, 127.98, 128.95, 128.99, 129.37, 131.23, 135.48, 136.08, 136.36, 140.33, 140.53,
150.38.
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-102 WD 01/42315 PCT/ US00/ 31645 Table 3 Catal yst Tenp. Yield Density Mwv
Run nol CC) WEff' fgLM x103 MV Mn MM Z 34* TiDMB (0.4) 140 93.1 4.9
0.896 - W@0b42385* TiPl4 (0.4) 46 33.5 1.7 0.906 - - - 36PCTUBMB164. 4) 160
26.7 1.4 0.902 46 2.47 2.47 37 Ex. 21 (0.5) 140 56.6 2.4 0.898 320 1.93 -

38 Ex. 21 (O. 5 10.0
0,900 - -+ 4o ERPIEL FRfbpfaiiar i, ig%etaﬁés% At fadlopgtart: 2,000 15)
160 39. 4 &1,33032,98%)-3- (l-pyrréndnﬁ)d)-1H4nQéh—1—5))siﬁﬁam&aﬁ)-a-)?l‘l-()dlaﬁﬂhykﬂamgmg6 - 43
Ex. 24 (0.25) 64 46.7 1 44* TiDV3 (0.4) 64 76.1 4.0 0.897
67 2.23 8.9 * conparat | e of the invention efficiency, g

polymer/ g titanium 2. mct |ndex 190 C, (conparative techni que of
melt index det t|on

5 3
rarn‘},g h.)é}.3715 cycl opent adi enyl )si |l anetitani um

(t-butyl am do) di "I'"(te.

di met hyl 4. { H

(t- butylamdo)dl (-(( 33337a 71)-3-(1-pyrrolidinyl)-1Hinden-1-yl)
silanetitani um yl, p epared according to W98/ 06728 Exanpl e 25
Preparation of Hsc

[1-[ (1,2, 2a, 10b, 11- 71) - 1Haacy8'r'30pent a[| | phenant hren-2-yl]-N-(1,1- 10
et by ot ) O AR AL b S mepgheng - g
[ TL™ CH2TMBL,2,BI3g 2R VB (1 b{dﬁllﬁmﬂjﬁ}lﬁﬂ‘en 1-phdilagantinatd2¢)-N-)8Q3iugh cmplex (0.76
N (L, 1 o P PSRBT 20 AESROPEHFEr GRS RS DURREL (5 € Bt MELbY ol )
( pr epar edMén ethér) wagaddeddricpivibe Whﬂﬂﬂlrﬂ&loveiﬁhdxﬂﬁ&/p'bﬁ&ﬂ S58fterfthd fditidtu byMeX4,
1998) was artl solved in 45 e. 15 To,this solytion 8.4 nL
(54 mor YRgpmplei B gansiaaom rirac e RO BEPCies 1Rghe W st aiverie
and the residue extracted with 45 mL of hexane. Hexane was removed under reduced pressure
10  giving 0.348 mg of red, crystalline material. This red solid was dissolved in about 5 mL of hexane
(heating was used) and then the vial was put into freezer overnight at 27 °C, giving 75 mg of red
crystals.
'H (CeDg) 8: 0.26 (s, 3H), 1.01 (s, 3H), 1.44 (m, 4H), 1.72 (s, 9H), 2.01 (s, 3H), 2.14 (s, 3H),
3.12 (m, 2H), 3.36 (m, 2H), 5.60 (s, 1H), 6.70 (ddd, 1H, >J;.y= 8.7 Hz, *Jyu= 6.6 Hz, “Jyz= 0.9
15  Hz), 6.96 (ddd, 1H, *Jy;;= 8.6 Hz, *Jy;1= 6.6 Hz, *Jy.y= 0.9 Hz), 7.12 (m, 4H), 7.68 (d, 1H, *Jupu=
8.7 Hz), 7.68 (d, 1H, *Juq = 9.0 Hz), 7.89 (d, 2H, *Jyy= 7.8 Hz), 8.11 (d, 2H, *J;y.u= 7.8 Hz).
BC{H} (C¢De) 8: 21.43, 21.50, 25.82, 35.31, 49.87, 50.45, 55.53, 57.45, 83.28, 105.28,
124.31, 124.86, 125.00, 125.50, 128.86, 128.96, 129.20, 133.65, 134.08, 134.77, 136.46, 136.81,
139.57, 139.76, 144.86.
20  Ethylene 1-Octene Copolymerizations
The reaction conditions of Runs 1-33 were substantially repeated. Metal complex as a
dilute toluene solution and cocatalyst as dilute solutions in toluene or methylcyclohexane, were
mixed in a 1:1 molar ratio and transferred to a catalyst addition tank and injected into the reactor.
The cocatalyst for all runs was methyldi(octadecyl)ammonium tetrakis(pentafluorophenyl)borate.
25  Results are contained in Table 3.
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pent ane) was added over a 1 mnute period while stirring. After addition,
the reaction mxture was stirred for 2 hours and the sol vent was renoved
under redv@ed4pressure. The yell ow resi due was extract edP@ikoosdessl of hot
hexane and filtered. The solution was cooled to roomtenperature (crystals
started to forn) and put into the freeggez(-27'C) for 18 hours. Sol vent was
decanted and the 20 larg el low crystals were washed with cold hexane (2 x
10 mL) and then dr?:@alyﬁ}ndeﬁ'emédl}@‘élﬁ predSury  MWive 1.82 g of the desired
product. Yi S was(ml_i per@6ht . (Bhe E&i'ngleinly Mw/My cture
(ORTEP) of t}& cobiP Xoﬁhs b ai el oW i 9-89@pr oduced as F| @Lﬁre 5 attached
hereto. -10¥*wo O MAS@3115 PCT/ USH97 316245 OPDlevR C7D8% -19 (s, 18H,

- CH2Si (CH3) 336" o HOM 04K, 1605i (26-R3) 2b4 00.962 ( d,462H Ay 24710 8 Hz,
-CH28|(CHB)3§57 OMZQ@S)QH 140 H- 34.6c 124 8 BiB98 - CB2%i (CH333), 1.55 (s, 9H
-C(CH3)3), 63%1 Ex21%0§) 7.33 (3% 3184 30803 =365 9 H20 4JHH = 1.5 Hz),
7.39 (td, 2H393JExHR24065) Hz¢ 4JH.H 00.20880, 7.98 (ém 2H; 3JHH = 7.8
Hz), 8.24 (dA® 2Hix.23KP.H = 8'1 H656 53.13C0qut e@8&oupk4d) NWVR (C7D8): S
1.34 (q,'JC Kl = E30D(0HD) - 8Q CHBL) ,5.2. 50.90%, ' J& H = -118. 0-Hz,

- CH2Si (CH3) 3%2 3Ex0M (0l5S)Jc ‘H = IRNS. 12.Hz, 090 CH33B) , 69687 (s, C(CHS) 3),
76.89 (t,'JCAH Ex1DH05Mz, “CI—|243§‘(CHB93)0902)8 70 (s),-112.401(dd,"'Jc-H =
171.2 Hz, JC. #H4*= IriDMAD4) 124+ 11 16i0, '4e_ 0897 155.6 HZ233JC89 = 7.0 Hz),
125. 83 (dd * ch@ipetativd, ndt ah ekampld d0helinveBios Hz), 127.49 (dd, 1Jc H = 160.2
HZ, 3JC H ='8efficititty, g pdPma@bpg iMiudal (nm), 130.87 (m. 10 HRMS (El):

cal cul at ed Pomicta3aeihist BDi°Q| [Mofaplitive2&Bnidd6df mdlotdst defefmidadd) Anal ysi s

Cal cukat ed f3 Oi-b lahﬁgd)@hﬁfﬂyl(te@améﬁylgpscyd‘tbpeﬁtaalZnylwlla&txﬁﬁlumrcmﬂétﬂyl C, 65.96;

H 8.74; % \13& eth RQ 15X, 292724 R0 -Bfrolidinyl)-1H-inden-1-yl)silanetitanium
[1-[(1,2, 2a 10Rtimekhy 1g eﬂa’r‘é‘d% r&lagtbtwbbﬂ;/n anthren-2-yl]-

N-(1,1- d| nmet hyl et hyl )-1, 1-di net hyl si | anam nato(2-)-N] -

[ (di met hmix%hnblé'z%nﬁ) epi a‘ii()H%? péi&ﬁf@& lob ﬂﬁnf-iﬂﬁgél?g@nmﬁpﬁnaﬁhrenoﬂﬁl] Nectyp-- |

H3C \ N~ t ol uene suspension

cont dPni ﬁgﬂ@hﬂzﬂayg -1 lxd@stm%lanefmnaro&hb-w1!9[si(n[n(nsthzlséylyaetmbnfqn}m 1

H cycl openta[ | ] phenant hren-2-yl]-N- (1, 1-di ethyl)-1, 1-di met hyl si | anam
nato(2-)-N]-titanium derivative was adde 4 g, 2.03 nmol of

Me2Si (CH2MyC ) 2(THF) 6 as solid crys N ri ng 20 over ni ght

sol vent was renoved under reduced pgre s\ur e. esi due was extracted with
40 nL of hot H30>Si CHLTMS
HiC” N\ e
\ / \CH TMS
HaC

In the drybox 1.893 g of dichloro[1-[(1,2,3,3a,11b-1)-1H-cyclopenta[/]phenanthren-2-yl]-
N-(1,1-dimethylethyl)-1,1-dimethylsilanaminato(2-)-N]-titanium (4.09 mmol) (prepared according
to EP-A-1,017,701, USSN 09/122958, filed July 27, 1998) was partly dissolved in 45 mL of toluene.

15  To this solution 8.4 mL (8.4 mmol) of lithiumtrimethylsilylmethyl (LiCH,TMS) (1M solution in
pentane) was added over a 1 minute period while stirring. After addition, the reaction mixture was
stirred for 2 hours and the solvent was removed under reduced pressure. The yellow residue was
extracted with 40 mL of hot hexane and filtered. The solution was cooled to room temperature
(crystals started to form) and put into the freezer (-27°C) for 18 hours. Solvent was decanted and the

20  large yellow crystals were washed with cold hexane (2 x 10 mL) and then dried under reduced
pressure to give 1.82 g of the desired product. Yield was 67.5 percent. The single crystal X-ray
structure (ORTEP) of the complex was obtained and is reproduced as Figure 5 attached hereto.
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hexane and filtered. The solution was put into a freezer overnight. Sol vent
was decanted and yellow crystals were washed with 5 nL of cold hexane and
t hen dri edoonesins reduced pressure to give 350 ng of prodRCT/USTKEG6450! ut i on
was decanted and vol atiles renoved under reduced pressure and the remaining

solid was di ssof\gfk L dyEd Jtare t 4ron ynas
then put into :‘DIIFI eeze@?f)é?h@g%.ﬁgsﬁﬁgﬂg@& %lgdt) ét%-slglyﬁgs\/@? %ais}ﬁe'c,f“{m th
col d hexah&0.8hid, -€FLSi(CHD 94 RhE AbupT S HE,eCHBiEIHsR), 165 (w§HOIT(CHra6EL .

6715 (58 &A% 9800 20 - oY B R E T he), 70 M oit BER 6 92 2 10319%0)

2.37 (d, 298 (d2)PHH/En $3.85DIB 24 @m8TH*dyn 2B) HZ. 31 (m 4H), 7.89 (m 2H),

%1 70851 30, aac bplealfileh AR BT 3l “n 2 bt Bl 5998 e -,

127. 64, 1P8.084z, -QB$Si(EH,):)] 3006@, TRV 28.EHz; -G(aHOY) 60.87I(sf <HCHRNHEGS @NTG.x

67 o0, 1, el Pp] i1 A Rl B 121 F RU S0 B g e,

Pr epar at i o 165.6 B (d 47.0Eak 1 D583eddy Uy 1 2 1 37. A HrEhyF 6.6 Hzl, 1224B(d82' /8a=d 6.2 -

1,5,6, 7-tgl sahyds ps.2- 2S5 N =1-yl)silanam nato(2-)-N
“bi s (triﬁn%tﬁzﬂ g‘ff;}/’%} %‘%:‘?"?Mﬁ"ﬁg@%ﬁ'&i@ H3GI 'S\ /T..... ~ni CH2Si Me3 H3C
CH2SI Me3  H3C HRMISGHEB: daltularedtitneCcHylisiTi (BI-CHO' §0@R61, found 550.2252.

e oo (1. PRI E TR Bk 48 82l a7

(preparedNg&tiording to US-A-5,965,756) (1.71 mmol) was partly dissolved in

20 nL of toluepe. To S soluti A0 I foLi CH2T 1 Min
pent ane) was agwag%?ﬁ%aéam qfiﬂé(tl;irzratl%’lk\(?i'?ﬁgcygﬁv °‘¥$?[ﬁ8¥‘ee“a%§‘é ':'\{g'c?'.g]'

Sol ut i on Nglodirabthylgthyl)dtl-dineehylsilanamindto(2)-N§H [(dimvethilsilgene)-bis(aettiykeneh of
l'ithi rgﬁg{ant was 15 conplete, the solution was stirred for 1 hour. The
sol uti on 8%% | tered and solvent was renoved under reduced pressure

| eaving yell ow, crystalline The resulting solid was dissolved in 20
mL  of hexane and sol uti on #&3 |tered. The solution was put aside into a
freezer overnight. Thdecant ed and | arge yellow crystals were
washed with 2x10 nL 4f C®l d hexamme and then dried under reduced pressure
to give 565 rrg“:ﬁ?;ﬂoduct _Yield was 63.7 percent. 20 'H NWR (C6D6): S

0.78 (d, 2H B .H\&yﬂ%sgjma(dﬂ)s), 0.03 (s, 9H, -

\
# CH,
HsC ‘."o’
‘CHa

H3C

<3 2

To a 50 mL toluene suspension containing 0.624 g, 1.35 mmol of dichloro[1-[(1,2,3,3a,11b-n})-
1H-cyclopenta[/Jphenanthren-2-yl]-N-(1,1-dimethylethyl)-1,1-dimethylsilanaminato(2-)-N]-titanium
derivative was added 1.294 g, 2.03 mmol of Me,Si(CH,MgCl),(THF); as solid crystals. After stirring

20  overnight solvent was removed under reduced pressure. The residue was extracted with 40 mL of hot
hexane and filtered. The solution was put into a freezer overnight. Solvent was decanted and yellow
crystals were washed with S mL of cold hexane and then dried under reduced pressure to give 350 mg of
product. The solution was decanted and volatiles removed under reduced pressure and the remaining
solid was dissolved hot in 5 mL of hexane and filtered. The solution was then put into freezer overnight.

25  The precipitated solid was washed with cold hexane and dried under reduced pressure to give 165 mg of
product. Combined yield was 515 mg, 57.8 percent.

'H NMR (C¢Dy): 8 -1.27 (s, 3H), 0.19 (s, 3H), 0.56 (s, 6H), 1.33 (s, 9H), 1.81 (d, 2H, 2y =
13.8 Hz), 2.37 (d, 2H, “Jy.u = 13.5 Hz), 6.89 (s, 1H), 7.31 (m, 4H), 7.89 (m, 2H), 8.21 (m, 2H).
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CH2Si (CH3)3), 0.23 (s, 9H, -CH2Si (CH3)3), 0.52 (s, 3H, -Si(CH3)2), 0.66 (d,
2H, 2JH H = 11.7 Hz, - CH2Si (CH3)3), 0.67 (s, 3H, -Si(CH3)2), 1.29 (d, 2H,
2JH H = MOM/MAIS - CH2Si (CH3)3), 1.42 (d, 2H, 2JH H = 11PAT/ES00/31645

- CH2Si (CH3)3), 1.47 (s, 9H, C(CH3)3), 1.85 (m 2H), 2.10 (s, 3H), 2.73 (m
2H), 2.82 (m 4 e

6.25, 6.50, 19%_%1'1}26 56(:66?29? &, 3’3087%%9?3%%%455%4’ 7T éhﬁzz?é%g%l 3251.@3

113. 26, 1123.16327.64128 5], 1P8594130.5234. 65, 140. 95, 143.47, 144.01. HRVS (El):

cal cul ated for ECHN . 199 Anal ysi s

Cal cul at ed for@%ﬁ@%@?hﬁf%@é‘g%ﬁ% éa%gng ,ﬁ’j“gd%g' 2 na: C. 62.46;
H 9.84; N 3\sbsis3Calcalssd i GiHl: SN GOTO0I8J) 39154893 F_fxoanﬂpﬂeﬂz@,H 7.64; N,
Prepargatipgp of (N-(1,1-dinethylethyl)-1,1-dinmethyl-1-((1,2,3, 3a, 8a-eta)
1,5,6,7- tetrahydro 2- met hyl - s-i ndacen- 1- yI)S|Ianan1nato(2-)-hD

[ (di met hyl si | yExsmplo?s Prepangtionrof (I-(1,1diméthylethy - disgthyl-1-(@;2,3.34,8a-eta)-

G T N e R e e

1,5, 6, 7- ttisaniahmy dr 0- 2- nethyl s-indacen-1-yl)silanam nato(2-)-N)-titani um

(1 52 mol ) was solved in 30 nL of toluene. To this solution 0.538 g
(1.67 mmol ) of 2MgCl )2 (THF) 2 was added as a solid. After stirring
the solution for , the solvent was renoved under reduced pressure.
The resulting solid ~gfpl ved in 35 nL of hexane and filtered. The

sol ution was |n o] fk@ezer 10 for 2 days. Solvent was decanted and

yeIIOM/crystaI Qbrez FetebiMecol d hexane. The solid was dried under

reduced pressu %;to &ge f product. Yield was 54.5 percent. 'H NWR

(C6D6): S 0.14 (s, H)N 0.42 (s, 3H) 0.50 (dm 1H, 2JH H = 12.9 Hz), 0.59
(s, 3H), 077(5 . 1.31 (s, 9H), 1.76 (p, 3JHH = 7.2 Hz), 2.00 (d,

1H, 2JH H = 11.9 (g;, (d, 1H, 2JHH = 11.9 Hz), 2.03 (d, 1H, 2JHH =
12.6 Hz), 2.17 (s, a 62 (m 2H), 2.72 (m 2H), 2.89 (dm 1H 2JHH 15

5 22 ) o gkt oty b 4Ry D amafi it YRS BED) -
84. 96, 901,56, 7-tckthlydia-2-mekByl kandatehl1-yDsiladadtinat6(2-) ) 2itdBym {3 8pabel, acdodding o,
143. 38. US-A-5,965,756) (1.71 mmol) was partly dissolved in 20 mL of toluene. To this solution, 3.6 mL

(3.58 mmol) of LICH,TMS (1 M in pentane) was added dropwise while stirring over a one minute

period. Solution color changed at once from red to yellow. After the addition of lithium reagent was

15  complete, the solution was stirred for 1 hour. The solution was filtered and solvent was removed
under reduced pressure leaving yellow, crystalline solid. The resulting solid was dissolved in 20 mL
of hexane and solution was filtered. The solution was put aside into a freezer overnight. The
solvent was decanted and large yellow crystals were washed with 2x10 mL of cold hexane and then
dried under reduced pressure to give 565 mg of product. Yield was 63.7 percent.

20 'H NMR (C¢De): & -0.78 (d, 2H, Yy = 11.4 Hz, -CH,Si(CH;);), 0.03 (s, 9H, -
CH,Si(CH3)s), 0.23 (s, 9H, -CH,Si(CH)3), 0.52 (s, 3H, -Si(CH3),), 0.66 (d, 2H, 2y = 11.7 Hz, -
CH,Si(CHs)3), 0.67 (s, 3H, -Si(CHs),), 1.29 (d, 2H, Yiyn = 11.1 Hz, -CH,Si(CHs)s), 1.42 (d, 2H, “Ju.
u = 11.1 Hz, -CH,Si(CHs);), 1.47 (s, 9H, C(CH,)3), 1.85 (m, 2H), 2.10 (s, 3H), 2.73 (m, 2H), 2.82
(m 2H), 6.94, 7.40, 7.49.

25 BC{'H} NMR (C4Dg): 5 2.93, 3.18, 6.25, 6.50, 19.29, 26.50, 32.71, 32.77, 34.08, 58.39,
7L84,78$5,8982,11326,11953,12211,13L45,13465,14095,14147,14401.

HRMS (EI): calculated for C,;H4NSi;Ti (M)* 519.2652, found 519.2616.
Analysis Calculated for C,;HoNSi;Ti: C, 62.39; H, 9.50; N, 2.69. Found: C, 62.46; H,
9.84; N, 3.82.
30
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Exanpl e 29 Preparation of

(tetramet hyl cycl opentadi enyl )-N- (1, 1-di met hyl ethyl )-1, 1-

di met hyl svo anasihat o(2-)-NJ-bis [(trinmethylsilyl)nethyl] peTwswums H3C CH3
CH3 H3C,.-Si H3C H3C ~ Ti CH2TMs N/ CH2TM5 H3C 'CH 20 H3C 3 In the

drybox, 1.500 . B - —eta)

di chl oro(tet ra@r#gt le P Pfegséar%“g&f%ﬁ } dKEeﬂiylith&ll)- (Hmleth?' hl (Sl 2 %La’sa cta)

di met hyl é,ﬁ,ﬁmmﬂv(%n)ethﬂ-ﬂnda&m-lrwﬂ(lhn@mlm!m(l-) N)oas partly d| ssol ved in 30
mL. of he ﬁéw (8.4 nmmol) of LiCH2TMS (1 Min

pent ane) 4\?2‘3“%%“’35%;”?@" \A/E)lll%éﬁls"twf]rrl ng over a 1 mnute period. After
the addition of m i th| um reagent was conpleted, the solution was -106
WO 01/ 42315 PCTIUSPOIS¥e45 stirred for 2 hours. The sol vent was renoved
under reduced pressur€chpaving a yell owgreen crystalline solid. The solid
was di ssolved in 30 o NeKane and the solution was filtered. Sol vent
pressure leaving 1.47 g of the desired product as

was renoved u @r,,,, du
ayellowsolld ﬁ\@rgﬁ ""\g 0,DBs(s, 18H), 0.46 (s, 6H), 0.93 (s, 4H),

1.52 (s, 9H), Si5 (s, 6H). "C ("H NWR (C8D6): S 3.10,
6.44, 12.67, 15 86 33 58. 58, 08, 98.74, 129.29, 132.98. HRMS (El):
cal cul ated for C23H49 |3T| (M CH3) +456. 2418, found 456. 2418 Anal ysi s

Cal cul ated for C23Ha8N i: C, 58.68; H 10.28; N, 2.98. Found: C, 58.71;
H, 10 10.47; N, 3. 0|430 Et vl ene/ Styrene Copol ynerization The reaction

condi tions of revious polymerization were substantiall epe teg
ercept| ng- t hatn SRy 0013 6 B g IBeCTE b el bl-dpsegn it A S S G- ( 445
9]2 \évgg usx@s;ls vJ&u@hﬁﬁ@z@ieth#rrkﬁ@gc&mﬂmsnagﬁ??ahqm-twddﬂdnmm Qas aassarvea sure
0 PSI &’é ggp t he rogen lzl | erentl a [ e re Was-
(0.4 MPa)® %ok of ity e iselten 8080 opmab oéweesl(&%aM_sﬁﬁz o ot me
was 3E m( 28 W 615, lAIftee stﬁﬂ@g’iilha kotstionffor 158dlurs! the SolVés whBefylddl n(naertradileewr&samomb :J m
tetrakis ent uor %% Qr e Su e coO al ne Tabl e
1 Cat - BB At T R iaed e F o il Berar g TGFrCAbatton e B G Fee)
(g/ M1p M¥br 2 days. Solvent was decanted and yellow crystals were washed with cold hexane. The solid was
dried under reduced pressure to give 0.357 g of product. Yield was 54.5 percent.
"H NMR (C¢Ds): & 0.14 (s, 3H), 0.42 (s, 3H), 0.50 (dm, 1H, /.y = 12.9 Hz), 0.59 (s, 3H),
0.77 (s, 3H), 1.31 (s, 9H), 1.76 (p, > = 7.2 Hz), 2.00 (d, 1H, 2y = 11.9 Hz), 2.03 (d, 1H, *Jyy =
11.9 Hz), 2.03 (d, 1H, 2y = 12.6 Hz), 2.17 (s, 3H), 2.62 (m, 2H), 2.72 (m, 2H), 2.89 (dm, 1H, 2Jyx
15 =129 Hz), 6.39 (s, 1H), 7.18 (s, 1H), 7.65 (s, 1H).
BC{'H} NMR (C¢Dg): $-0.71, 0.03, 6.15, 6.81, 18.72, 26.71, 32.52, 32.79, 34.93, 56.43,
78.08, 84.96, 90.50, 114.43, 119.12, 121.79, 130.25, 132.78, 138.81, 142.86, 143.38.
Example 29 Preparation of (tetramethylcyclopentadienyl)-N-(1,1-dimethylethyl)-1,1-
dimethylsilanaminato(2-)-N]-bis[(trimethylsily])methyl]-titanium.
CHg

s HoC \
\ RICHTMS

CH 2TMS
ch#“u’«,’
CH;

20 H3C
In the drybox, 1.500 g of dichloro(tetramethylcyclopentadieny!)-N-(1,1-dimethylethyl)-1,1-
dimethylsilanaminato(2-)-N]-titanium (4.07 mmol) was partly dissolved in 30 mL of hexane. To
this mixture 8.4 mL (8.4 mmol) of LiCH,TMS (1 M in pentane) was added dropwise while stirring

over a 1 minute period. After the addition of the lithium reagent was completed, the solution was
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45* CDDT** 3/3 31 112 1.46 0.898 3.3 _ 46 Ex. 25 3/3 77 218 2.85 0.892 <
0.1 * conparative, not an exanple of the invention 20 **

[1-](1, 2Wwapl@3131-r1)-1H cycl opent a[ | ] phenant hren- 2-yl | - Re{/US@/Hb4%et hyl et h
yl)-1,1- dinet hyI si I anam nat o( 2-) - N] di met hyl titanium -107 WO 01/ 42315
PCT/ USOO/ 3164 A net al | ex he formula: A
g o e Spive s Bt Tndibeiieed RERRRL efpaaih € sl o, .

f or mal oxdrﬁbadllirﬁrsolsd anesolﬁlﬁ%dlsaae@laﬂdeﬂﬂl c}fhembambuhusdimMQVas SltdrydirSopent  or

a hydrocar byl dr.oc r

i hydr oo AT By AR BTSSR Ao Rite GELF BUPSTeNS ol Beelgr 4,

hydr ocar byl si I'fl NMRr(CLID): quﬁ(@alrsﬂylwd(y,ldwdrma,rztml 1.62 GLAH)PT.94 (sp6H)12.0D 80
at ons, o(t aﬁ%ﬁunti ng hydrogen, or further optionally, two or nore RA groups
from t5ne S or different netal conplexes or RA and RB' fromthe sanme or

di fferent netadfcCHyPIMKESDIRY IO, 6.94,abs0] 1586, 33148 d8.58,J108.98,74 11298,
independe@tl each occurrence is hydrogen, or a hydrocarbyl,
hal ohydro yl hydr ocar byl oxyhydr ocar byl , di hydrocar byl am nohydr ocar byl ,

di hydr ocar by| aRmS, (Ebyﬁldﬂ&wﬂbUﬂCﬂ}MgNSlm(ﬂmj)Wbshl&|f0uncm56 2418

tri hydrocar byl | of 0 ting
hydr ogen, and %‘b”t‘%&n ?F@m{e% éﬁ‘ﬂﬁgh ﬁBg%&QE%éb?? 3\9712 s g’é‘f‘%&? ﬁgfﬁ
conpl BX or0.4BN, ®04l an RA fromthe sane or a different netal conplex may be
coval entl I|n d to ther 15, Z is a divalent noiety, bound to Mvia a
coval ent F‘H’é’t pelyirerizationyong, conprising boron, or a nember of
Goup 14 of ht hﬂlel?&{chﬁldd:dr‘lldfﬁaﬁﬂ cﬂ'tlibfpré\hﬁxs Eabl@naaﬂiasion ook salbmuﬂtyrrwd eated Ng o
ni trogen, osphor us r or e i s an_ani onj r di anio i ga

G oup havP R hetr gt v ey et Teorteod TORGTM o) yan @S of o
cyclic, dﬁixe@ﬂéxaﬂeepl:thyiénebau adlied ugitn 8 p@Esats20@ Psig| 1.4 Milte)the dgdrbgep each
occurrence_i s a neutral |iga up to 40 atons 1l or 2,
and i ¥ tv@ ffergntial prssre;was 5P g?’ﬁgq P@ﬁ’f‘}ig’t‘a gar‘it°§ fexpgrapre W%ﬁ%bﬁﬁg(zciegn%th ani oni ¢

li gand, a@gttish@meXab S0 amﬁteanmoeathlygmllgmwm nfettyidi(btaddgl)nrichivher o, 1 or
2; with thekE)rov 0 th ?)Se or e of t eﬁ{m}J W|ng conditions A), B) or
O, is trifE ﬁfl"‘f—ﬁg’p oef %@'ﬁoﬁ‘ﬂ%’ ﬁretcﬂ‘ga’f’ Ia R(RB) 2i wherein RB each
occurrence is aralkyl, or two RB groupslet4oget her forma dival ent

hydr ocarbon noi ety or a halo-, or si Ié/h‘ sq}:)eﬁ t]#hed der vative

Cat / cocat. ciency Dent

Run Catalyst  (umoles) [£:4] () (gugTi) (gm) MMI

45* CDDT** 3/3 31 112 1.46 0.898 33
46 Ex. 25 3/3 77 218 2.85 0.892 <0.1
- * comparative, not an example of the invention
20 ** [1-[(1,2,2a,10b,11-n)-1H-cyclopenta[/]Jphenanthren-2-y1]-N-(1,1-dimethylethyl)-1,1-

dimethylsilanaminato(2-)-N]-dimethyltitanium
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t hereof, said group containing from4 to 40 atons not counting hydrogen,
and conprising at |least one aromatic substituent, AR, B) Zis (R)2Si-Y-,
wherei n avondepsendent |y each occurrence is C6-20 aryl or penURD/Ys4sups 30
together are C6-20 arylene; and Y is bonded to Mand is selected fromthe
group congj spfng of -0-, -S, -NR E-, and -PRE wherein, RE independently
each occurrence is hydrogen or a rrenber sel ected from hydrocar byl, -108
WO 01/ 42315 PCY/ uso@mmsasnplﬂmmnwtgx@c fognylg:| , hal ogenated al kyI ,

hal ogenated aryl, and conbinations theregf, said RE havi ng up to 20
nonhydrogen atonms; or C) X in at |east e occurrence is selected fromthe
group consisting of tri (hydrocar le ) si Lyl hydy ocar byl ,

tri (hydrocarbyl ) ger nyl hydr ocar byIR s thereof, or two X 5 groups
together are a divalent |igand group a (ER' 2)x' wherein E is
silicon, germaniumor carbon, but in ast bccurrence is silicon or
germani um and R independently eacR¥ occuir®ence is hydrogen or a group

selected fromsilyl, hydrocarbyl, hydrocarbyl oxy and conbinations thereof,
said R havi ngvheee Mds aBreuprdymeialghat isiin fhe &3, % &rid, formal 0xidation siaie: i nt eger from

1 tog. 10 2. R’Anﬂ&kﬁden ?’%h%&ﬁ%&@ﬁ@ﬂy@ﬂagw OFL 8y dfocarbyiloRydlocallyRB) 2, i's

dlbenzylamno or two roups together with e mtroqen atomforma
cycl oal i prydracarbyewiydroeatby a@thCE%Fé{bYBWE‘OBYdT?%@Yhﬁ‘hyéf%ﬂbié AWPRPACHEYIRE i s a
single Orhﬁﬂ'ﬂcﬁﬂaﬂgfyl e ﬂﬂxgdﬁfcmrsﬂﬁhﬁf&%yl g?oup%f A to@@%ﬂ%xnoaﬁ&ﬁﬁﬁig ng to

claim1, wherein -N n the form of multiple ring
aza- cycl i kydengener ef@Ptharﬁlﬁtta’lo oF BIRS| R eraupe 8‘PH‘| thgysamg qugfepﬁnﬁme%ﬁgp@}eﬁes

-N(RB) 2 i & R a3d #P I e 2dthd SiQiifRda: me%t &Jmplexes may be covalently linked together;
1, 2,3, 4- tetrarg‘id)ro 2H-i soqui nol i ne-

1, 3- dl‘hydr 0-2 g}ﬁlﬁmﬁqqﬂg@pﬂwpu@ngq is X@(gea* qxi?d)yerocarbyl halohydrocarbyl,

2H- benzo [ ﬁﬂ&&%ﬂgwh}/afo}ﬁrbyl Mlﬂ¥§o&WM@hy&6&r%WMle% UhydedchibtoRy,y |
1,2, 3,4-tetrahyd benzo

1,2, 3, 4- t Btdrosprbulsibd o thyigeas }'s%@gllfjckgqoyl:éﬁ;g (if |fr|oml1_|t_o 80 atoms, not counting

benzof de] hyurseh, AR bitio4IRLiwd/br. mdrE Réhghﬁpgﬁmmﬁwem aﬁtasco 16%edr RF amaapRAX
according_ to claim1 correspondi n%Fl‘S?‘SY e for A1) / \ (IA1') N

SKRI 1) 2 Nragp (@lSP'??W/NHifEFB‘)‘%“ e 5oyl M"Esedrt‘ﬁe h‘gf( |A2) (IA2") ST H
)2 ST1H ) 2 NC (HIivhldnafaoihyd bound to M via a covalent or coordinate/covalent bond, comprising

boron, or a member of Group 14 of the Periodic Table of the Elements, and also comprising

nitrogen, phosphorus, sulfur or oxygen;
X is an anionic or dianionic ligand group having up to 60 atoms exclusive of the class of
ligands that are cyclic, delocalized, n-bound ligand groups;

20 X’ independently each occurrence is a neutral ligand having up to 40 atoms;

pis zero, 1 or 2, and is two less than the formal oxidation state of M when X is an anionic
ligand, and when X is a dianionic ligand group, p is 1; and

q is zero, 1 or 2;

with the proviso that one or more of the following conditions A), B) or C), is true:

25 A) R¥ corresponds to the formula N(R®),, wherein R® each occurrence is aralkyl, or two R®
groups together form a divalent hydrocarbon moiety or a halo- or silyl- substituted derivative
thereof, said group containing from 4 to 40 atoms not counting hydrogen, and comprising at least
one aromatic substituent, A®;

B) Z is (RP),Si-Y-, wherein R independently each occurrence is Cs aryl or two R groups

30 together are Cg. arylene; and

Y is bonded to M and is selected from the group consisting of -O-, -S-, -NR®-, and -PR"-;

wherein, R® independently each occurrence is hydrogen, or a member selected from hydrocarbyl,
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OTi(R)2 Ti(R or where R'. is phenyl, tolyl or butylphenyl; R is
chloro, nethyl, trinmethylsilylnethyl or two R groups together are
di met hyl svoyl/exses 25 bi s(nethylene); and R is allyl, PCT/US00/31645
2- (di met hyl am no) benzyl, 1, 4-pentadi ene or 1, 4-di phenyl -1, 3-but adi ene.
-109 WO | E
sel ect ed r0§1 O)P C;l; ggiggé%ga?egit%lkxﬁ hal%e%ﬁ%%ﬁ%@&%ﬁxﬁh@& tﬁé?eo‘f’ sQﬂd'ﬂ :inavmg
di chl or o(ugt¢ ZQMVdngehy!tmd‘lyt) 1, 1 d| methyl- | -((1

,2,3,3a,7a-Tl) 1 S I
1H—| nden- 1- yl )ngf {éxnaé%a%apé( g{cgrr%rwﬁé ?f {lgcpilro&th\é g}oup consisting of
(N- (1, 1- drihydresariesi)sifyhydrochriyi, rm(ﬂlmrbcakby@gmn?thl@earmelra'flld)lm&tu(eitt@tedf hWMOcK 2H i
SO nd(y o (g{gu(p%to_lgietaé'rlil_rl n&llvzrﬂf:rg{ l%%")dsgr!fﬁgﬁgqﬁeny ?ﬂa((ﬁk)z)y' Witk B ERYdifidoh aééhﬁﬂfﬁum

di chl or

- ((1, 2, 3, 3Rarbé, Bhvin §rléé§t SeicbuFbnée id bitihQ®r Bétlanium, and R’ independently each
2-yl) - 1H-| nden- llégyfi;SI | anam nat Q

2 titani
(N- (1, 1- CRERUSTERSA 9$en9rigmuaﬁ<éw§q ony 9(1?11 QYCQO@{;%(;{WWWEYI?’@! 384 4i hydr o- 2H |
soi ndol - %owb)nanohkhnewée @alhwlhhﬁhé 50 RabéN driiticoMaths,mad Ryis bh Inwgbrlffﬁm 10
di chl orol(ﬁflgl-(l - di rrethyl et hyl) - 1 di (4- met hyl phenyl) 1-((1,2,3,3a,7a-Tl)-3
- (1, 3-di H9dr o-

2H i sgy ndol - 2-y1) - Me&@%ﬂleﬂi&&ﬂh@?@éﬁ:&@t emérzmmtk%; istcmsmmammo or two
(N 11d|gethylethl)-11d| (4-met hy heln%/l}J érg dt? 4 '(;I;thegg(l?)d
i hydr o- 2#.@@%&@&? Wit the pitfogenpiom forn o cyclodiiphati grbip, aid it eas o5

-yl) si | anggi %mhgﬁtohmhmpmwmmam group.
di chl or o( 1 d| nmet h Ieth ]d di met h L
((1 2.3, 3a, 7a‘5 Tl ) - @n{e g{oraplpgy%ﬂcgr ?@i‘?—ﬁla’ml]SW erein -N(R®), is in the form of a multiple

(7))

oqui n0|ﬂ1r[gyh1)e-dlhald9§lﬁfgr ) sil anam nato-(2-)-N)-titani um
11d|rrethlethl |rreth - | dr021H
fsbﬁw nol i )ﬁia%rnp & %C? é%‘g{%‘Fhlaf”ger(a’? W} )Sd%nﬁé‘?)fﬁigﬂ 9){ ﬂ%é P um(
| 0r O(i\lyl( i iﬂdbtfﬁhtyhﬁblﬁi ﬁ)ﬁhﬁmcﬂm&:&@ﬂ Flhﬁ‘(lly)‘dro-iZH blenzo[f]lsomdol -2-yl, 1,3-dihydro-
i sogui nol i Si

m nat ?Z?Lekgo)mdp -?-ahl&”ﬂ enzo@ﬁlxsoqumo %-yll llj_f bl tegr«ﬂly%royif}

1, 1- dbeﬂm[l hi¥dqirayhe-2-41, 1; z;B,ptmawdfd ZH(bénzB[hﬁs?ﬁznn)Y)argl)z )/; L 3HL 3h4I di hydro-2(1H
- isoquinoli anam nat o i met titani um

1, 1 eﬁé‘t[‘ﬁ%j‘t %‘%“HS?F;'ZE%% b%i %1,2,3,3a 7a-Tl)-3-(1, % di hydr 0- 2H |
dm 2 yl) SH i nderetal eymhplex hcmn@lmgnmclmn( Qeoheklbohdilngg(tﬂw fametlay| si | yl net hyl)
ni (N—(1,1- rrethylethyl) 1, 1- di phenyl -

oy
_N SR,

- 2(\ soqui noN"nyl )
;“?%Ctﬂﬁ)f’ met hyl si | yl me tVI}[I%((n:I U
TR,

Z

Q -~ =1
S>S5—/—0

h
1,
a
(

Z

- (
in
a
l

A_o

o~

_ZT

3a 7a-Tl) - 3 ( ;
-1- yI)sHanam nat o- (

'_\IAHIE—FU)/-\VI-\_IQ_VI—\_ 1

T
S5
o N~
D -

where RY. is phenyl, tolyl or butylphenyl;

R! is chloro, methyl, trimethylsilylmethyl or two R' groups together are dimethylsilylene-
25  bis(methylene); and

R’ is allyl, 2-(dimethylamino)benzyl, 1,4-pentadiene or 1 ,4-diphenyl-1,3-butadiene.
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di chl oro(N-1, 1-di net hyl et hyl )-1, 1- (4- butyl - phenyl )-1-((1,2,3,3a,7a-Tl)-3-(1
, 3-di hydro-2H i soi ndol -2-yl)- 1Hinden-1-yl)silanam nato-(2-)-N) titanium
30 WO 01/42315 PCT/US00/31645

(N-1, 1- di net hyl ethyl) 1, 1- (4-n-butyl phenyl )-1-((1, 2,3,3a,7a-Tl)-3-(1, 3-di hy
dro- 2Hi soi ndok- 2-y di d from th f:

Hinden- 1-yl ) si ] anam o éoun accor ﬂg)to 8la1m 1 ﬂechttei . z;’rlln u?n group consisting o

(N-1, 1- di nmet hydietlérp(N-€111- mnléthyh"rhbl)tlyl dlhethyl J((1:2(338,72;79;33@, 37dihyrk9-28~ ( 1, 3- di hy
dro-2His om&io?h_y% Pﬁ-}ndgrl_" &ﬁgﬁgan}tho)(f ha)rg m nat 0-(2-)-N)-titanium (I1)

1, 3- penta i ene

(rl\]Fg 1, 1 di et hgN-@t Ingimpthlethy ki1 (14ditetyl- 1 (DL25SBAL Th-)-36(( B RhyRir B28 Tspirib) -9 1, 3-
I hy r 35 | 0

H i nde} %‘I")dgt?'?'ghﬁ%‘ ?)txé%)'iq NTetTYlWWhyI si |yl ene) bi s(met hyl ene)]titani
um - 110 WO Oditiflarddd 1F1Ca’£nbk$9¥e?(hr?;ibﬁl45d ?H&nyl- (1,2,3,33,7a-n)-3-(1,3- d1hydro-2H-1somdol-
11d|rrethylethyl) 1, phenyl) 1(5 , 3, 3a, 7a- 7)) 3-(1, 3-di hydro-
2H i soi nde¥D-18-ihden: llylﬁliuﬁﬂ’é‘}?to' -)-NYtamipmn o nato (2-)-N-)-bi s

E(Nt E llrrﬁt g?llmilt L(ﬁ Qelniﬁ&ﬂﬁih%reihylt)f’}rl d*lﬁi‘lenﬁl 1.2, 3 3a Ta) (3((1 32d1h dgoézg-gmrnldc))l-z-ylz L ad
hydr o- 2H lfé'mdﬂ'b‘éﬂyl)ﬂ ayarymatpt(z imethyy t}tsmwanam nato-(2-)-N)-

d hyl si | :
5.( T ot v ( 1) SRR PR gL Lk PR herp-1- (123 da T (1 3o
di nyl) - 1HH-1s0imdelr?-¥1) yﬂ)llsdehdné}ﬂlmma(fﬁéz))-m)t)tamumam um
(N-(1, 1-di net h()g

-((1, 2, 3 3a, 7a* rﬁ; hél’%&h}k&’?ﬁorld nﬁ%thylwnyl)def}(lznaf STP| % n‘%‘??é‘{"d?’(‘z-)

N&l d|2 rrgtlgguhd?cﬂmyl&hlmmder( Ny()slxamarnlmaw{(m%ldhyétpylﬁtam“h phenyl -1
- a, 7as.r
yl ) si | anani nat %wlt% S?Nﬁ-l‘) g%‘g{hp I%l.)n%{/ lﬁer@"ﬂg@%% 7t]al ki dlhydm'z(lH)'
Ejl((lzhlrﬁ:;)glulacgulinr?mnyl) lﬂ-ﬁﬂd}tﬁ-&tyﬂ')ylla)lalﬁlnitoE(Q()N-)‘FBtahijdhpheny|) 1- ((1 2,3,3a,7a-rl)-3
e S e
ol i di nyl )isdddinoli A ildnam et i i tani um
e e T
[ dime b ani um

Ll I- g ( i-H_sz&lulﬁﬁhﬂ,ﬂ) 1H-1ndexr1] 1-y1)snlar1]1ammat20 -(29) N )-tlt(aliluljl-l 4 .

-rl)-1Hcycl opent a enant hr en i_met ef
di mettyl si I>/ana %i hyleggyl)- IEI(@PFFé‘Vﬁﬁll(é’lzpﬁagﬁé)) 35?%‘(‘%%’(‘15‘3/?@%@')] titani um
(N ( g-lz13@56@’58@1411}?)—mjlﬁdeﬂ—l-'&i)ﬁiﬂdﬁ%hﬁi{o =(2- )-NZ-) dlmethyl titanium,
- a, 8a-eta - 2-
ndaten-| 51 )50 PRS0 RSl et Py didsg RHncindal? i
(N- (1, 1- dipmaideyh %'l)léwdnhmﬂaat& ;@)Jﬁ@i m(imdlethylsuylmethyl) titanium,
-((1233a 8a- etaé tetrahydro-2-ne -s- indace o
1V1) o1 1 anant n@LOQRTRy sty oy G 2nia i (rid ChyieReF-seindal gy and

(1 ot raret i hgiyeh QEDAHRREN) N fiehndhy i N Whiosh, 1- i et hy si anam nat

0(2-)-N- bis[(trinmethylsilyl)nethy t’i tani um A cat al

conposi tion codpth lsdlngthzyh)hy Hel- @mbfalb'a 3363, 7@fn)c3l-@ ;411@11)@@2@ ( B) an
isoquinolinyl)- 1H-inden-1-yl)silanaminato-(2-)-N-)bis(trimethylsilylmethyl) titanium,
dichloro(N-1,1-dimethylethyl)-1,1-(4-butyl-phenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-
isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-) titanium,
30 (N-1,1-dimethylethyl)-1,1-(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-isoindol-
2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-dimethyltitanium,
(N-1,1-dimethylethyl)-1,1-(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-isoindol-
2-yl)-1H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (II) 1,3-pentadiene,
(N-(1,1-dimethylethyl)-1,1-di(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
35  isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-[(dimethylsilylene)bis(methylene)]titanium,
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activating cocatal yst, or a reaction product thereof, wherein the nolar
ratio of (A to (B) is from 1:10,000 to 100:1. 8. A process for

pol ymer i avague3es or nore addition pol yneri zabl e nononer s, PCT/ORYi1645nQ
contacting said nononer or a mxture of such nonomer s under pol yneri zati on

comptox. acoor el #EePlebylsi - GOMRRRRhISISLES 3 AlplD - BThnfyarpqip?®
hNKFX q RA% E&-mdbﬁl W)ﬁﬂdﬂa:ﬁm%15-)4?6}bis§ﬁiﬁ{eﬂa1y&ﬂ§l€meﬁ1ﬂ]—ﬁtahﬂums a (r'];‘r oupI 4 et ﬁl
occur rence | & AdrsbBsgibs R RaPRI L R e ¥ coc

hydr ocar bidimeyy+ lﬂpﬁﬂdﬂyﬂ-yl)sdhﬂhﬁdﬁm pNL)a [’(Hiﬂ&hi;{yliﬂﬂ@ﬁ)lﬁb(hlethylene)] titanium,
di hydr ocar byl am no, h dr ocar byl oxy, rocar %I sily

tri hydr ocar byI‘%‘thl‘V‘l> Aglimsthylethyh ddpdlﬁlfeni’lr]o(ﬂ 2 t36’78(’]) gt(bﬂm’lﬁjt‘)‘lyl)c% nting 5

hydr ogen,indh- 1f-%{fsllhﬁﬁnn@lat(291?ﬁ} tidaniu0 Oor nore RA groups fromthe sane or
di fferent net

be coval ently |inked t oget her;
i ndependent |y (b‘a(éﬂrg@@b!r‘l?tbﬂ%é’h@tmﬂﬂkgﬂ 23(3?,7{1%3'&13?1}?@19'%1%%@@%} form a
di val ent ;g;( Bﬂﬁ&{ot@?- __alﬁgﬁzpﬁt?ﬁuﬂal 0- or silyl- substituted derivative
0

t her eof ¥ group nt ai ni om4 to 40 atonms not counting hydrogen,
and conpri si ngdNefd,1idimethylethd)- baﬂfdMﬂtCnxd Is({b2Bi3a.den)-3-(ARyrrd @iy id-mdeh-1-al ent

noi ety lnaq}alrh aM(g?%(ﬁlsm}ﬁ%jgﬂpyl eth@ﬁ%zﬁ“ te/ coval ent bond, conpri sing

boron, or a man’(q)1 er1 odi’c Table of the El enents, and
al so conpri si rtgchlqno(NF(dgaimnetpyletshpll)drluda(4-methylphenyh)-le(xl;(gé,aajaxn)—}(lan ani oni c or
di anionic _li {o ons excl usi ve of the cl ass of

|'i gands thTf)H%r’}g) tf\:]%li/clégn'ti| é%lpo%'gnat?e(agq\l §lE)ourlllﬂl i gand groups; 15 X

I ndependent | y @®a@/1-diaehyletkyly-@,1Hdi(4amétkylphicay])14((152)3]3d) v &y (1upyriotidiafl)-aHons,; p

Is zero, .1,o0r an.the formal oxidation state of M when
X is an dRfeBHr 352!)5‘1?’1&6‘%5’ &'ﬁﬁ\& ‘ﬁﬂgtrk}y {OM, Gi anionic |igand group, p is 1;
a&?Rg;Izs zero, [14(1%3 ,1166y- lﬂ-mbaéntqqﬁmﬂn@ﬂth@mqmﬂmuLﬁﬁnﬂmﬁmﬁl ,1wherein

- stoget er with the nitrogen
at om f or “Betg aBﬂ%{‘Pi}HQt)q\gotﬁ?[éﬂﬁ‘ethé{ﬁﬁypgi‘gﬁ‘yib Nige of the AR groups

conpri sing RB dplq(laz 333an1gb&1)£m dpdioberni[qpﬁdnmme@@vmw(p1gﬁﬁmmetﬂy1) 1,A net al
conpl ex according to cla whe N(RB)2 is in the form of amJItlpIe

ring, f uéiétaet gin(l{'mwleftp@ )d\g]o u51methylsxlylene)-bls(methylene)] titanium,
(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,8a-eta)-1,5,6,7-tetrahydro-2-methyl-s-

20  indacen-1-yl)silanaminato(2-)-N)-bis[(trimethylsilyl)methyl]-titanium,
(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,8a-eta)-1,5,6,7-tetrahydro-2-methyl-s-
indacen-1-yl)silanaminato(2-)-N)- [(dimethylsilylene)bis(methylene)] titanium, and
(tetramethylcyclopentadienyl)-N-(1,1-dimethylethyl)-1,1-dimethylsilanaminato(2-)-N]-
bis[(trimethylsilyl)methyl]-titanium.

25 7. A catalyst composition comprising (A) the metal complex of claims 1-6 and (B) an
activating cocatalyst, or a reaction product thereof, wherein the molar ratio of (A) to (B) is from
1:10,000 to 100:1.

8. A process for polymerizing one or more addition polymerizable monomers,
comprising contacting said monomer or a mixture of such monomers under polymerization

30 conditions with a catalyst composition according to claim 7.

9. A metal complex according to claim 1, corresponding to the formula:

R

(RB) £ 0
Q\\pr-q
RA R
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12. A netal conplex according to claim9, wherein -N(RB)2 is

1, 3-di hydro-2Hi soi ndol - 25 2-yl, 1,2, 3,4-tetrahydro-2Hisoqui noline-2-yl,
1, 3-di hyavoeR#3benzo[ /] i soi ndol -2-yl, 1, 3-di hydro- PCT/US00/31645
2H-benzo[ e] i soi ndol - 2-yl, 1,2, 3, 4-tetrahydro-2H benzo[ g]i soqui nol i ne-2-yl,

1,2, 3,4-tet | |
ey t:t {Z%]%E%M%{E gg(ﬁ@%q'&ﬁtél Stt(?)a?ﬁéllﬂr]] | %2—%23'-&’1 fm]"ﬁ} oxidation state;

benzo[ de]i soq LR%oﬂqpnn@(lmac;r Ios;cuo“pnod isheydrogem ot mbydrqqarbyAh#eh)dtocserpl ex

e Usoo YRS SR b &S s g s
Ksnl) 2 Thyd(oRyrbyldiby, Oftrde)OcarbylSlyll(yﬁH):&bN gBup®Z from((tCI88 pRMISAOCHBBLI@ Ti (R )2
oT l; R
s chi‘oy dAiegthSf frfErroplhell. B or B0 rourP Blfthe b ot itbfentitall BRGRY

di met hyl smiwbee:nealerﬁybnbe(drtegdd;d‘,ene) and R is allyl, _

2 (0 et iy e ReBkihoy e RSILAL SDB ety OB etk Bt agre. 14
cat al yst ydmoabort mmntycm thallosmrrsgyl( A)bstithted dﬁtvahvectbﬂpdfesaxdgrom mnumn@ fbn nd
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where Mis a q(gs;!xﬁ eaﬁ.'}of@to?hmh%gﬁ I g uyﬁgvm% to%O%omsAEle%xﬂ?AJ rt%i%ﬂgg% f)n

state; R' indep each 0cca yarogen,
hal ohydr degandsythat are cyclic, delocalized, n-bound ligand groups;

15 X’ independently each occurrence is a neutral ligand having up to 40 atoms;
p is zero, 1 or 2, and is two less than the formal oxidation state of M when X is an anionic
ligand, and when X is a dianionic ligand group, p is 1; and
q is zero, 1 or 2.
10. A metal complex according to claim 9, wherein -N(RB)Z, is dibenzylamino or two
20 . R® groups together with the nitrogen atom form a cycloaliphatic group, and at least one of the AR
groups comprising R® is a single or multiple ring, aromatic group.
11. A metal complex according to claim 9, wherein -N(R®), is in the form of a multiple
ring, fused, aza-cyclic group.
12. A metal complex according to claim 9, wherein -N(R®), is 1,3-dihydro-2H-isoindol-
25  2-yl, 1,2,3,4-tetrahydro-2 H-isoquinoline-2-yl, 1,3-dihydro-2H-benzo{flisoindol-2-yl, 1,3-dihydro-
2H-benzo[elisoindol-2-yl, 1,2,3 4-tetrahydro-2H-benzo[glisoquinoline-2-yl, 1,2,3,4-tetrahydro-2H-
benzo[f]isoquinoline-2-yl, 1,2,3,4-tetrahydro-2H-benzo[/}isoquinoline-2-yl, 1H-
benzo[de]isoquinolin-2(3H)-yl, or dibenzylamino,

13. A metal complex according to claim 9 corresponding to the formula:
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hydr ocar byl oxyhydr ocar byl , di hydrocar byl am nohydr ocar byl ,

di hydrocar byl am no, hydrocarbylsilyl, or trihydrocarbylsilyl hydrocarbyl
group of weom2B1i o 80 atons, not counting 20 hydrogen, orPE€DUBINEX1645
optionally, two or nore RA groups fromthe sane or different netal conplex
are coval ently bonded together; Z* is SiRD2; RD independently each
occurrence is C6_20 23 ylﬂbb two e groups toget Ngr aﬁé)CB 20 arylene; -113
WO 01/ 42315 PCT/ { A5 Y is -0-, -S-,

i ndependent|ly eack_sgs g }

hydr ocar byl , hydrocarby
and conbi nati ons thereof,
is an anionic or dianionic
the class of |I|igands that

ect rom
dlfogexat gd ar yI

ardly en}é({
Ij(li)yp having up to 4@ BTiRdC| usi ve of
5 clic, delocalized, n-YQ »I i gand groups;
X' 1 ndependently each occurreme€ is a neutral Ilgand having up to 40 .at ons;
p is zero, 1 or 2, angahs two less than the formalgox dation state of M

when X is an ani o l'i'gand or absent and_whe is a dianionic li gand

group, pis %k co--lex according to
cl aim 18, whw oups a Pmng a
n- bonded | i ga ed Nbﬂgsk 20, & X aamupdyng to
claim19 wherein the n-b &éﬁg is an indenyl,

| uorenyl , octahydrofluo gﬁ%cenyl or

t et r ahydr oi ndenyl , tetraw
15 cyclopenta(l)phenanthr group, oroa C, _10 hydrocal substltuted,
Cl - 10 di hydrocar byl gm do- substituted, or Cl1.10 trlhydrocarbyIS|IyI

substituted deMPSFaRivemetg BRgnyl, benzylatolyl prfu lex according to claim 18,
corres pondl ng RUs thérof MéHH| t?qmetl'glsflyﬂﬂet £ & tho R! Qm%ks% getfePardl dphetiyiAylehd-
NC(CH33 &RI)Z OTl1 RI (1 NST)2 NSi (R 2 NC(CH3)3
CHa‘% 3 ‘?‘F("(e eoedr) - 114 WO 01/ 42315 PCT/ USOO/ 31645
R’ is allyl, 2-(dimethylamino)benzyl, 1,4-pentadiene or 1,4-diphenyl-1,3-butadiene.
14. A compound according to claim 9 wherein (NR®), is N-isoindonyl.
15. A catalyst composition comprising (A) the metal complex of claims 9-14 and (B) an

activating cocatalyst, or a reaction product thereof, wherein the molar ratio of (A) to (B) is from
10 1:10,000 to 100:1.
17. A process for polymerizing one or more addition polymerizable monomers,
comprising contacting said monomer or a mixture of such monomers under polymerization

conditions with a catalyst composition according to claim 15.

18. A metal complex corresponding to the formula:
R
R® Z'\\’ 0
\MXpX'q
15 i8

where M is a Group 4 metal that is in the +2, +3 or +4 formal oxidation state;

R* independently each occurrence is hydrogen, or a hydrocarbyl, halohydrocarbyl,
hydrocarbyloxyhydrocarbyl, dihydrocarbylaminohydrocarbyl, dihydrocarbylamino,
hydrocarbylsilyl, or trihydrocarbylsilylhydrocarbyl group of from 1 to 80 atoms, not counting

20  hydrogen, or further optionally, two or more R* groups from the same or different metal complex
are covalently bonded together;

Z* is SiRP;

RP independently each occurrence is Cq. aryl or two R” groups together are Cq 5 arylene;
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CH3 CH3 ~N'Si (RFh Si (ROz CH3 NO(CH3)3 CH3 NO(CH3)3 O Ti (R h O T1(R)

(1B3) (1B3') CH3 CH3 (IB4) Si ()2 (EB4') Si CORFh ~NC(CH3)3 NC(CH3)3 O

OTi cRI h O@oTi23(R) CH3 (1B5) CH3 (1B5') Si (RFh Si (R2  NCUCHB)@6NC( CH3) 3

ATi O 2 4Ti (R) OSi(ROSi(R) O NO(CH3)3 (I1B6') O NG(CH3)3 (1135) Ti W2 O
TR O(1136) (1B QN SR (N ST(RFh ~NG(GBh N(GB)3 T, (R h O

ATi (RJ) CH3 (1B%) { g"’%’ i CH3 CH3 CH3 ~~ (RF)2 T)2 S CH3 / NC(CHB) 3

CH3 Ti\ / NC( CH8%ndePénderitlyRlacHoccilirence 1sQiydro§ér5 oMOnBrhbet 23 dctedHEOh hisberadyb45

\tNPie;rgt E;j | lgq%{c{g);]rqg%lwyfl ygF%{Omaﬁg B&L E% Btﬁg?rléﬂa Ian(h?ogxtbu}élléns thereof, said RE having
(di net hyl g b 6 silydrbgdnrminisy| ene) ; and

5 X is an anionic or dianionic ligand group having up to 60 atoms exclusive of the class of

ligands that are cyclic, delocalized, n-bound ligand groups;
X’ independently each occurrence is a neutral ligand having up to 40 atoms;
p is zero, 1 or 2, and is two less than the formal oxidation state of M when X is an anionic
ligand or absent, and when X is a dianionic ligand group, p is 1; and
10 q is zero, 1 or 2.
19. A metal complex according to claim 18, wherein two or more R* groups are joined,
thereby forming a n-bonded ligand containing fused rings.
20. A metal complex according to claim 19 wherein the n-bonded ligand is an indenyl,
fluorenyl, tetrahydroindenyl, tetrahydrofluorenyl, octahydrofluorenyl, indacenyl, or
15  cyclopenta(/)phenanthrenyl group, or a C;.1o hydrocarbyl-substituted, C,.;o dihydrocarbylamido-
substituted, or Cy.jp trihydrocarbylsilyl- substituted derivative thereof.

21. A metal complex according to claim 18, corresponding to the formula:

(IB1) (IB1")

n(RF» N l(RF)z
NC(CH3)3 /NC(CH3)3
Tx(Rl)z TiR
(IB2)
NC(CH3)3 NC(CH3)3

Ti (R‘)z TncR’)
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R3 is allyl, 2-(dinethylam no)benzyl, 1, 4-pentadiene or

1, 4-di phenyl -1, 3-butadi ene. 5 22. A catal yst conposition conprising (A) the

met al comwpbex4:sis cl ai ns 18-24 and (B) an activating cocarelyseo/31645 a

reacti on product thereof, wherein the nolar ratio of (A to (B) is from

1: 10,000 to .100:1. 23. A process for polynerizing one or nore addition

pol yneri zabl e nononers, conprising contacting said nononmer or a m xture of

such nononers undercppl yneri zation 10 condichions with a catal yst

conposi tion accordi ng\t o clai m 2 24 A rretal\ conpl ex a ording to claiml

corresponding to the A0 A*' RA where Mis a
l‘

G oup 4 netal thatCHss in +3 (N'C(&Hg); orrré’(h OXI n SiNG(EH;):RA
i ndependently each occur 1{193' ,

ydr ogen,

hal ohydrocarbyl, 15 hyc yfgg@hydro byI

dihydrocarbylaninoﬁgﬁ?oc , dlhydrocé QIanlno ydrocar byl silyl, or
tr|hydrocarbyIS|IthydrocarQﬁ group of from1l to 80cgf onms, not counting
hydr ogen, or further opt|on.l y, two or ? RA grougs fromthe sanme or
different netal &Hplex nyy al ent ISP nked t hgigR,Z i s a dival ent
noi ety, bound to Mvia a rﬁ\ coor di nat e/ co\g %o conpri sing
20 boron, or a nenpe o1l 14 NECHie Pe & _of l‘f‘}rﬁgﬂﬂl enent s,
and al so conpri si itrg oeow X, is an

ani oni c |ligand gryg one occurrence X
is trialkylsilyl ~+Ng from1l to #/ each al kyl> group, or
two X groups together are @m&anMyIS|IernéMblsBﬁhthylene) 25 X

ewli s base conpound coordi nat ed
.&aﬁxls | or 2, and is two

\
CcH 1 or 2. 25. A
o& ?’e RA groups are

to the netal conplex and \ ,
| ess than the formal oxid @ st @(Cplf M
metal conpl ex according to)€tR V\ﬁ)
joined, 30 thereby form Wy Jh@%’ﬂ ning fused rings. 26. A

nmetal conpl ex according t m 25 wher el e n- bonded ligand is an
i ndenyl, fluorenyl, tet raoi ndenyl , Rydr of | uor enyl ,

oct ahydr of | uorenyl, indac and -116 W 42315 PCT/ US00/ 31645
cycl opent a( 1) phenant hrenyl groups, as wel | Cl 10 )

hydr ocar byl - subst i Cl.10 ami do- @
Si :
l(\RF)Z @ 51(31:)2
NC(CHs); NC(CHs),

(IB3) Ti@RY, (IB6") g TiR
(1B6) T me)
Z N Si({{F)z < N Si RF),
/NC(CH3)3 NC(CHs);
Ti R'), Ti(R)
2L TN1:)) CH; (B%)
CH; CH; CH; cH,
K §IRY SiR),
3 | __NC(CHz); CH | NC(CHy)s
Rl/ \RI RJ/

,or ;
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substituted, or Cl-10 hydrocarbylsilyl- substituted derivatives thereof.

27. A nmetal conplex according to claim24, corresponding to the fornula: N

Si(RF)2 WEIN(/RB)2 ~NC(CH3)3 ~NC(CH3)3 (1Cl) Ti (R)2 (ICQT/US0(AMMNE , CH3

CH3 CH3 Si (\ RRLRR¥i ﬁ}l@)lr@dﬁrl h. (R)2 (1C4) Si (R)2 Ti (NC

NC( CH3) 3 NC( CH3) 3 Ol%i 1—!%% o #e( > (1CS) 5 (1C3) CHB CH3 CH8 O Si

(R®%Si e)2 ~N W}QI,Ji\lmletbRSluhnethymNm(@eb;)@ps toggtlea® 3 o(1C6) Ti Ti (R O

or ( 1CB)y; ' ..ppenyl, tolyl or butyl phenyl; and R each
xdlfe{eﬁm@u)!?&em@gp%}%pﬁ

occurrence Is trinme yl or two R groups together are
di et hyl si | eny isiablyln{dipetbileminoltennd. 1 4apentadieng et 1 4-diphenyl-1.3 dutadienpr i si ng (A)

t he tal co ex qf %\;\i% : | | or the
reac'?lg on pr o:jng%t t ecraeil?g { e?igﬁc%gsﬁg%%)rtﬂgg?ﬁ %)éo\éﬁ)ﬁé(( rA}? c@g’%?%?‘%@h I?)om
1: 10, 000 an activetingocapdyst,Ar p reactempréduct theyeafmehdrein thg noodar ragro afdA eto 4B)is fiomn
pol ymer i %%'060{501 gIEr S, conprising contacting said nonomer or a m xture of
such nonoiet's under pol ynmerization 15 conditions with a catal yst
conposi ti on a@sdor diAngrotess fot polpm@Bing3he or méreaddipanpalyrodrizabie moasmers,a: - 117 WO
01/ 42315 PCT/ USOO/3]t645. RA . o

comprising contacting said monomer or a mixture of such monomers under polymerization

10 conditions with a catalyst composition according to claim 22.

24. A metal complex according to claim 1 corresponding to the formula:
RA
RA ()
~MXpX'q
R RA

where M is a Group 4 metal that is in the +3 or +4 formal oxidation state;

R* independently each occurrence is hydrogen, or a hydrocarbyl, halohydrocarbyl,

15 hydrocarbyloxyhydrocarbyl, dihydrocarbylaminohydrocarbyl, dihydrocarbylamino,
hydrocarbylsilyl, or trihydrocarbylsilylhydrocarbyl group of from 1 to 80 atoms, not counting
hydrogen, or further optionally, two or more R* groups from the same or different metal complex
may be covalently linked together;

Z is a divalent moiety, bound to M via a covalent or coordinate/covalent bond, comprising

20  boron, or a member of Group 14 of the Periodic Table of the Elements, and also comprising
nitrogen, phosphorus, sulfur or oxygen;

X, is an anionic ligand group, with the proviso, that in at least one occurrence X is
trialkylsilylmethyl, having from 1 to 4 carbons in each alkyl group, or two X groups together are
(dimethylsilylene)bis(methylene);

25 X’ independently each occurrence is a neutral Lewis base compound coordinated to the
metal complex and having up to 40 atoms;

pis 1 or 2, and is two less than the formal oxidation state of M; and

q is zero, 1 or 2.

25. A metal complex according to claim 24, wherein two or more R* groups are joined,

30  thereby forming a n-bonded ligand containing fused rings.

26. A metal complex according to claim 25 wherein the n-bonded ligand is an indenyl,

fluorenyl, tetrahydroindenyl, tetrahydrofluorenyl, octahydrofluorenyl, indacenyl, and
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RC RB Z*-Y RPRA(Il) wherein, Y is -ORc, -SRc, -NRcRE, -PRcRE; RA and
RE are as previously defined in claim1; RB independently each occurrence
i's hydrogemo1/e3isn hydrocarbyl, hal ohydrocarbyl, 5 PCT/US00/31645

hydr ocar Wéld}%ﬂt%ﬁaﬁﬁtm}@l g1 L“ég (’V@ﬁ:%@yll) %M*W%u@@tﬁﬁt@&' Gx 10 amido-
di hydr ocar byl am no, hydroca rocarb ilyl, ‘or

tri hydr osubstipied;ar - W’dﬁ‘@%ﬁ’bﬂi}f;l @P%ﬂb“@fdeﬂ}’?é‘ﬁ?slt Qf®0f80 atoms, not counting
hydrogen, and 2¢ptl ANtk deom %wse a&rormts cf3h 28cOYR orfd'im dicfbanent metal
conplex or RB and an RA Tromthe sane or a different metal conplex nmay be
covalently I|i Z* is SlRGZl CRGZSlRGZSlRGZ CR&ZCRE,

netal cation, t oget her are
an al kal i ne eart h net aI ' ‘ ach,li@(@ﬁs)r ence is
hydr ogen, or ﬁ sCHRA T RGN hydrocar byl, h Jﬂydl)?xy, silyl,

hal ogenat ed aI kyI al o. d aryl, and conﬁCi)ati o] reof, said RG 15
having up to 20 nonhydro at ons, and,optionally t groups may be
joined together, with the proviso that one or both of the follow ng
conditions are true: 1) RB corresponds to the fornmula N(RB)2, wherein RB
each occurrence is aralkyl, or two RB groups together folma dlpval ent

hydr ocar bongpi ety or a hal o- or silyl- sépibtituted derpaNvE®kher eof,
said group cont aining from4 to 40 atons njot couptl ng hy gen, N@(tgj{3)3

conpri sing atNke Sl(R'f)ae ar onat(@) subs RD)28| -
wher ei n R[otHgﬁdep @

CR&RZCR&XCRZ2, ‘;,' R; [ p i hy%O@en an al kal i

]%p occurrence 6 _2 o) 2gr oups
together are C6_ /. | ene. /lQIC
TiRY, Ti(R), (IC5)
(IC3)
CH;

l(RF SR,
NC(CH3)3 NC(CH3)3 i _~NC(CHy);
1
T1(R I (R)z R’/ \R‘
(IC6) acs)

where RF is methyl, phenyl, tolyl or butylphenyl; and
R! each occurrence is trimethylsilylmethyl or two R' groups together are
dimethylsilenylbis(methylene).

10 28. A catalyst composition comprising (A) the metal complex of claims 24-27 and (B)
an activating cocatalyst, or the reaction product thereof, wherein the molar ratio of (A) to (B) is from
1:10,000 to 100:1.

29. A process for polymerizing one or more addition polymerizable monomers,
comprising contacting said monomer or a mixture of such monomers under polymerization

15 conditions with a catalyst composition according to claim 28.

30. . A compound of the formula:
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wherein, Y’ is -ORS, -SR®, -NRR¥, -PRR";

R* and RF are as previously defined in claim 1;

R independently each occurrence is hydrogen, or a hydrocarbyl, halohydrocarbyl,
hydrocarbyloxyhydrocarbyl, dihydrocarbylaminohydrocarbyl, dihydrocarbylamino, hydrocarbyloxy,
hydrocarbylsilyl, or trihydrocarbylsilylhydrocarbyl group of from 1 to 80 atoms, not counting
hydrogen, and optionally, two or more R® groups from different metal complex or R® and an R*
from the same or a different metal complex may be covalently linked together;

Z* is SiR%, CR%, SiR%SiR%, CR%CR®,, CR®=CRC, CRYSiR%, CR%,SiR%,CRY,
SiR%,CR%SiRY%, CR%,CR®;SiR%, CR%,CR,CRY, BRY,, or GeR®;

wherein each R group is hydrogen, an alkali metal cation, or a magnesium halide cation, or
both R® groups together are an alkaline earth metal dication; and

RE independently each occurrence is hydrogen, or a member selected from hydrocarbyl,
hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, and combinations thereof, said R®
having up to 20 nonhydrogen atoms, and optionally two R groups may be joined together,

with the proviso that one or both of the following conditions are true:

1) R¥ corresponds to the formula N(R®),, wherein R® each occurrence is aralkyl, or two RP
groups together form a divalent hydrocarbon moiety or a halo- or silyl- substituted derivative
thereof, said group containing from 4 to 40 atoms not counting hydrogen, and comprising at least
one aromatic substituent, AR;

2) Z* is -(RP),Si-, wherein R” independently each occurrence is Cg g aryl or two RP groups

together are Cg 59 arylene.
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