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COVPLEXES AND OLEEIN_P | - NCGE TO RELATED
APPLI GATI ON Thi s ABEI ERHION SYRR TR Sy CLOB RN ADY BASEANG
lication No. 5 w\PfT : ){ﬁl LR : ﬁpﬂi on .
2\8?023, 768 filed Augustﬂg',dcqgggg | eﬁ(ﬁ?ﬂ?ﬁyment [ or¥z$h| (s) | nvgﬁgﬁgn
relates to a class of netal conplexes, the |ligands used to prepare these
netal conpl exes and CROSSeREFERENCEETO RBLIATED ARFMSASTION i ved therefrom
that 10 are particularly suitable for use in a polynerization process for

reparing pol yners Jpolyperization of [err]-olefins and m xtures of
Fer r]-ol efins. BackgtitARPlE3tien ?léd‘?fe’(ﬂe@%P%V-%ERTQWSMMER@U%NWH hods

: ; : . . ) 9% 545, 403.
1 ed duly 3 TORH R Petintis, 1be. wRa ol SN 30 g rlRg At 8
547,718, filed 1396y 3. 1990 (EP-A-468,651); U. S. Application Serial No.

702,475, filed May 20. 1991 (EP-A-514,828); U S. Application Serial No.
876,268, filed May 1, 1992, (EP-A-520.732) and U.S. Application Serial No.

8,003, filed JanuarFigld of theolavensiong3/ 19104), as wel | as U.S. - A5, 055, 438,

U S - A5, 057,475, U S -A-5,096,867, U S -A-5,064,802. U S -A-5,132, 380,

d WO 20 95/ 005264, T. ' of ,all.of the foregaqi tents or the
corr esponding U 5. it ieehEBHe| i 8cspt ki dBpPRago fsareabasisty to prepar
reference. U. Sthddaneidl dmpléxedambd ddfin ﬁ@?m@ri%ﬁ&n@%ﬂal@t@&érﬁé@ (Heréfr S D

conpl exes with bridged-netallocene |igands, wherein two indenyl groups are
coval ent | y 1Pi nieedparbepdamy suitaplefopusedga pobymeerizating prmessdior prepsiing peymenstiiyc h

are useful for ptO Y%'IC%ISZ&UOIPC?} X—%?Jdn% %%cll (r)ant(L)l];es%rf%EXlleﬁrqg

Background

Constrained geometry metal complexes and methods for their preparation are
disclosed in U.S. Application Serial No. 545,403. filed July 3. 1990 (EP-A-416.815);
15 U.S. Application Serial No. 547,718, filed July 3. 1990 (EP-A-468.651); U.S.
Application Serial No. 702,475, filed May 20. 1991 (EP-A-514.828); U.S. Application
Serial No. 876,268, filed May 1, 1992, (EP-A-520.732) and U.S. Application Serial
No. 8,003, filed January 21, 1993 (WO 93/19104), as well as U.S.-A-5,055,438, U.S.-
A-5,057,475, U.5.-A-5,096,867, U.S.-A-5,064,802. U.S.-A-5,132,380. and WO
20  95/00526. The teachings of all of the foregoing patents or the corresponding U. S.

patent applications are hereby incorporated by reference.

U.S. Patent No.’s 5,350,817 and 5,304,614 disclose zirconium complexes with
bridged-metallocene ligands, wherein two indeny] groups are covalently linked
together by a bridge containing carbon or silicon. which are useful for the

25  polymerization of propylene.

EP-A-577,581 discloses unsymmetrical bis-Cp metallocenes containing a

fluorene ligand with heteroatom substituents.
-1-



EP- A-577,581 di scl oses unsymretrical bis-Cp netall ocenes containing a
fluorene WQas6M#th het er oat om substituents. WD 98/ 067 2FCT/US97/13170
.PCT/ US97/ 13170 E. Barsties; S. Schaible; M-H Prosenc; U Ref; W Roll;

O Weyl and; B. D@ @fétiests.-SdhaiBld; M.ZHNB@Eent; UORGEITWIROA! OI W t B1996,
520, 63-68, and H Plenio; D. Birth J. Organonetallic Chem 1996, 519,
269- 272 di sdl’qrsm,sl;fsﬁe&smtzmng oBrganemetpélicoGleant. al&%n@lﬂ 63- 6§ 24 Hlﬁenmdenyl

is substitu di met ed a

Si - bri dged Bfﬁs th ﬁ’;aﬂs'“'l? ‘Q?:"??F h@ﬁf?gﬁ%a&w&““?Sfé%‘i’ﬂ&‘“p‘8F5?Br“b=py| ene
and pol yeth ; Len;

R S ohol m %k@l'&ﬁgﬁ%l)n ﬁtﬁ Ofkiéeprp})lgerg’l lg_%ubgd.léﬁ%ggn@}na @a’%#‘?jn%ﬁd gng ué;buﬁnlﬁf%l7 30.
3477- 3488 disrlged end 3i-bridgedddik-mdsayindefiny fornit foimattemefasmadtic potymmepyleme t he
2-position of the |ndenyl 10 group, and I. M Lee; W J. Gauthier; J. M
Bal | ; B. |yand@olyetylensi|ins Organometal lics, 1992, 11, 2115-2122 discl oses
C[err]-br| dged bi s-indenyl netall ocenes with oxygen in the 5, 6- positions of

t he i ndenyl grou Pj aApz 04 A

Sironi; M Moret p%)r%@r‘n%?r{eya ngl%gi%oﬁ igergglb %B%Ogvgsclo@ég r}rllon bri dged
bi s-i ndenyl ertcﬂiehopesagpawﬁ H. poay@em Mderoméledulas) U997, 30S34T73uB 8k iscldye 15

I ndenyl grOlrJ(%"blt has been thou]gfht t hat heteroatom substitution. as opposed

to carbon o ydgast bis-indeayl, metallegepepwith okpgenon thendppsidenof the yadeaph of a
nmet al | ocene conpl ex,, when used in an ol efin polynerization catalyst,

render s 18he ereumiapd . MeLee; ¥ 1. Gauthierai. MsBall: %rléﬂl&s\f ISofveHinsat al yst
producti vity,1of  Bol Irrc%rl t"@@dﬁ”@t‘m}t H.c[ 2 OESh0Saq A0, eﬁ;! OJaMg%rneszo

produced has 186ReT ol Ceu Ver2tact el ty. een
suggest ed thakh oxygen in the 5,6-positions of the indenyl group, while N. Piccolravazzi; P. Pino:

G. Consiglio; A. Sironi; M. Moret Organometallics, 1990. 9, 3098-3105 discloses
non-bridged bis-indenyl metaliocenes with oxygen in the 4 and 7 positions of the

15  indenyl group.

It has been thought that heteroatom-substitution, as opposed to carbon or
H-substitution, on any position of the indenyl system of a metallocene complex, when
used in an olefin polymerization catalyst, renders the catalyst less active, that is, there
is lower catalyst productivity for polymerizations with a-olefins, and the polymer

20  produced has lower molecular weight with lower tacticity. It has been suggested that
the diminished activity of this broad class of catalysts is duc to interaction of the
_ heteroatom lone pair electrons with the Lewis acid cocatalyst polymerization activator.
resulting in a more electronically deactivated Cp ring which is also more sterically
hindered. SEE P. Foster; M. D. Rausch; J. C. W. Chien. J. Organometallic Chem.
25 1996, 519, 269-272.

Disclosure of random heteroatom substitution in mono-Cp metallocenes is
found in EP-A-416,815, WO 95/07942, WO 96/13529. U.S. Patent No.’s 5,096,867

and 5,621,126 and related cases.



the dimnished activity of this broad class of catalysts is due to
I nteracti on wogsherzieteroatom | one pair electrons with the LeWmMCI/UESSI/E3170
cocatal yst polymerization activator. resulting in a nore electronically

deactivated Cp ri ngu%u) ﬁ@w'n%a@'b‘é@n fHuShtth & HetctbatymhiuBsiRaRSh mSE&ai?%cleEest er;

M D. Rausch; J. Chien. J. Oganonerallic Chem 25 19

269-272. Di sclmplexesffoxrm@smetﬁmtmx)xracmmmbenalytsutwmd hawencbmlvamages due to
nmet al | ocenes is found in EP-A-416, 815, 95/ 07gdhs WO 96/ 13 29.. U.S.
Patent No.'s SUmyeRtesntesacions ghbihe jone féF’é‘P@ Jietegoatom eit erwﬁl@m 06727

PCT/ US97/ 13170, i | s M 4@@%&3&% ‘wafo Ehbfent HRla1BEL R RALAI 3143@@4 Sihikd on

i n netal |l ocene conp exes use as I n pol ynerization cat’ s woul d

have di sadwantagﬁ@ndueofmewam%mrﬁl eractions of the lone pair electrons
of the heteroatomeither with the transition nmetal atomof the sane or a

di fferent netall ocene nolecule, or with other 5 conponents of the
catal yst system Nuwﬁmwsnmﬁmmﬁe&w% varousJpetallecepe eamplexesiised anplelires

used as ol efi n neri zati sts have been ver. obl ens
ST T emmrn veRRHEROD SRR HVE HESH Rall il anre. PR ms Bl KRR B o
under high te%x%t&ffﬁnm&xﬁﬁsabz&ﬁvm&] Gﬂ'ﬂ@bﬁﬂaﬁf@ﬁund'e?h‘gﬁlﬂé Apdgupdvant ageous
to be able to produce pol yolefins 10 w th hi ecul ar weights. It

woul d al so be palymatizagioogsnditione lablogld ke admntag@mﬁchbf; alphysprodhce polyoleﬁns
characteristics .t he | yirer s. 1o uced e t he substitution
round ¢ hdVoycrBBeiRaETBRGHAG FEiEB o ol RiEr ShaRdectyt Brate S indye
ol efin pol y”Erétﬁ&ﬂl@@icﬁ%&&hsﬁé@%ﬁﬂ@polymers produced by altermg the substitution

around the cyclopentadienyl group of the metallocenc complexes used in olefin

polymerization catalyst systems.

Summary of the invention

15 According to the present invention there are provided metal complexes

corresponding to the formula:

RA

T Gi\
MXpX'g

RC R”

where M is a metal from one of Groups 3 to 13 of the Periodic Table of the
Elements, the lanthanides or actinides, which is in the +2. +3 or +4 formal oxidation

20  state and which is n-bonded to one éyclopentadicnyl group (Cp) which is a cyclic,

delocalized, r-bound ligand group having 5 substituents: RA: (RB);-T where j is zero,

1 or2: RC: RD and Z; where RA, RB, RC and RD are R groups: and where



Sunmmary of the Invention 15 According to the present invention
t here are pmaydsimsdzet al conpl exes corresponding to the for mpcTU$sIrsizo
where Mis a netal fromone of Goups 3 to 13 of the Periodi.c Table of the

El , the | I,d .ni d igh is.i +2. 4 f I
5 e, 48 | M o 55l B D T B AP
0100 () W5 P2y il SRR ol Lot e aioli gy eapgie v

Rlerr] and Zhapbessblebend {o T;Rbiesnrjlis 2 & Nlor #néndviére] are R groups; and
where - 3- WD 98/ 06727
PCT/US97/ 13170 T is a heteroatomwhich is covalently bonded to the Cp ring,

and to RB when j iRB indeperdentiyeath@dcirrdnge & hylrogenFoChs fgrroﬂﬁ havingfiemh 1 td s 1,
Tis Oor S or Nor Pand Rerr] has a double bond to T, when | is 2, Tis
N or P; ahd ®R@eoshyiogenipms wbinhliyhedreearbylchydreearbylsdynale-supstituted | is a

havi f 0 t ich is. hyd byl ,
Pydr ocar by! ST RSy BrdeneB iRl SR R bSEy AU Beak PP e OBt ue ca
hydr ocar byl , _hPlix@E%% hyh@ﬁﬂ?mﬁﬂhfdrﬁﬂbgﬁgh}mdéﬁs BRWo, di(hydrocarbyl)amino,
hydr ocar byl si [ yl hydr ocar byl , " hydrocar byl am no, di (hydrocar byl )am no,

hydr ocar byl oxydroea®RloR, ¢k RENghtloalpebeifg Subasititédvad onk bhmeReyBipsWhRh
groups whi ch 1 ndependently each occurrence is hydrocarbyl oxy,

hydr ocar byl sindspgndendy eadhyahconencoyd kydrodazbriloxy, hatid(deydiy sdexsby| si |yl ) ani no,
e B S5 AEL A0 LN 57 phoson o
hydr ocar byl ogyhpdreeirbyyisimoyithyaedamt)phosphino, hydrocarbylsulfido, hydrocarbyl.
halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl,
hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsilyl or
hydrocarbylsilylhydrocarbyl having from 1 to 20 nonhydrogen atoms, or a
15 noninterfering group having from 1 to 20 nonhydrogen atoms: and each of RA, RC and
RD s hydrogen, or is a group having from 1 to 80 nonhydrogen atoms which is
hydrocarbyl, halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl,
hydrocarbylamino-substituted hydrocarbyl, hydrocarbyisilyl.
hydrocarbylsilylhydrocarbyl, each RA, RC or RD optionally being substituted with one
20  or more groups which independently each occurrence is hydrocarbyloxy,
hydrocarbylsiloxy, hydrocarbylsilylamino, dithydrocarbylsilyl)amino,

. hydrocarbylamino, di(hydrocarbyl)amino, dithydrocarbyl)phosphino,
hydrocarbylsulfido, hydrocarbyl, halo-substituted hydrocarbyl, hydrocarbyloxy-
substituted hydrocarbyl, hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsily!} or

25  hydrocarbylsilylhydrocarbyl having from | to 20 nonhydrogen atoms, or 2

noninterfering group having from 1 to 20 nonhydrogen atoms; or, optionaily, two or

more of RA, RB, RC and RD are covalently linked with each other to form one or
more fused rings or ring systems having from | to 80 nonhydrogen atoms for each R

group, the one or more fused rings or ring systems being unsubstituted or substituted

-4-



hydr ocar byl am no- substi tuted hydrocarbyl, hydrocarbylsilyl or

hydr ocar byl sWMOA8®6tR7ocar byl having from| to 20 nonhydrogen atBSiEUSIg3L0 1 5
noninterfering group having from1l to 20 nonhydrogen atons; and each of. RA
RC and RD is Iwidr@geor,mare graups whichlipdépenderglyf daoodcuren8dane iydyatarbytoxyat ons
whi ch is hydrocarbyl, hal o-substituted hydrocar byl i X

hydr ocar byl oxYdiwsdbylsties hM‘}’&F%fE’&]ISﬂXIIP{T“'I’RIdf(gb%(mbﬂﬁilﬂlﬁr%’ﬂ%t i tuted

hydr ocar byl , Si | | g4 g%éﬁg ... each Rerr],
Rlerr] or R elrﬂ ﬁ{og%f%& %ﬁéﬁﬁ%&@é%ﬁ@%@%ﬂ@gy&h )ﬁ@[}%mo,or nore groups
whi ch i ndepenggadobybgRalfidacydr6é RS, hafo-btsttianed Mydrectybyl hydireamyistysi | oxy,
hydrocar byl si |yl am no, di (hydrocarbylsilyl)am no, hydrocarbylam no,

di (hydr ocab by isjbstituied hydroearlivl oryedrosaryl aminshiubstituted diydeosarby |, sivdracady!silyl or
hydr ocar byl , hal o-subst it uted rocar byl .. hydrocar byl oxy- substituted

hydr ocar byl , WGWSE@P’EW@WE’HS‘?%%VH&#% IW%J@Eﬁﬁgcﬁﬁm&cﬁﬁbyl silyl or
25 hydr ocar ' J i I I nhydr ogen at ons, or
a noni nterferpﬁgﬁgrr%bgg%g%ﬁ%bwﬁo% 1[[%2 ggﬂho%%%/gerrﬁgce’ﬁgatons; or,
optionally, two or nore of Rlerr], Rerr], Rerr] and Rlerr] are covalently
| i nked wi th each otZ®ra divalémmuietpdoond robath Upsmd Mivitgs-bonds, iwthgresy sompsises
having from 1l to 80 nonhydrogen atons for each_R group,_the one or nore
fused rings oPOFQMREr emﬁ{so‘%‘ém@ 14rpfihe Periotie dable of isdlpmeptapndalso o
98/ 06727 . . , PCT/ US97/ 13170
wi th one 6? nﬁ?@pﬂ?ec‘;’unﬁgo i %}BOSPR%%eSHngn?rI%/xyéS%‘h occurrence are
hydr ocar byl oxy, hydrocar byl sil oxy, hydrocarbyl silylam no,

di (hydrocar byl si | yI} srann@ionityeh dissiomiy 1iahd grougihahing upaa b utongé xetusive of

di (hydrocar byl ) phosphi no, hydrocarbyl sul fi do, hydrocarbyl, hal o-substituted
hydr ocar byl , Hedtessf ihgpasdsyhat are cyclic, delocalized. n-bound ligand groups; .

X’ independently each occurrence is a neutral Lewis base ligating compound

having up to 20 atoms;

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

an anionic ligand; when X is a dianionic ligand group. p is I; and
q is zero, | or 2.

The above complexes may exist as isolated crystals optionally in pure form or
as a mixture with other complexes, in the form of a solvated adduct, optionally in a
20 solvent, especially an organic liquid, as well as in the form of a dimer or chelated
derivative thereof, wherein the chelating agent is an organic material, preferably a
neutral Lewis base, especially a trihydrocarbylamine.'trihydrocarbylphosphine, or

halogenated derivative thereof.

Also, according to the present invention, there is provided a catalyst system for

25  olefin polymerization prepared from catalyst system components comprising:



5 substituted hydrocarbyl, hydrocarbyl am no-substituted hydrocarbyl,
hydr ocar byWei9B6728r hydr ocar byl si | yl hydr ocar byl havi ng fr onPCTRISIZIFLI70
nonhydr ogen atons, or a noninterfering group having from1l to 20

nonhydrogen atompa) Z aza@lydt scthgdten@neirisingoaiidtal GorhpleR ofBneldtkhd Vi a

[err]-bonds, where Z conprises boron, or a nmenber of Goup 14 of the

Peri odi ¢ Ta#foreragntioned epmpleress andind al so 10  conprises nitrogen,
phosphorus, sul fur or oxygen; X is an anionic or dianionic |igand group
having up to 60 gtons _excl L&sive of the class of |igands that_are c%/chlginc,

del ocal i zed, [erfl%l boARGCRAIYSFMPOBES SOMRIISIE AR SEUYAURE Cocalaly st WRELGIR ence i s
a neutral Laihdg riSer (A)a8IBIE FRANPOOTIONGIDOY; Packidarkth &(ATBy ubdof gn p
is zero, 1 or 2, and is two less than the formal oxidation’state of M when
X i s an &ni astivatihg gezhoiquehen X is a dianionic ligand group. pis 1; and q
Is zero, | or 2. The above conpl exes may exist as isolated crystals
optionally in pure form@gfr) as a mxture wth other conplexes, in the form

of a sol vated add‘lﬂ‘@_fh,erﬁ Gmgnt of this 1gvesgon '%%)FQ}E]MF‘,SY&B’J@_Y ahefiy an organic
liquid, as wkt’\egﬁa‘ﬁ,@ égéag{f@ﬁmﬂoﬁfatﬁﬁéﬁ%m %nggéq?s ceo%&fsé vative thereof,

wherein the"cC [ I'S an org rial’, pre rgablyaneutral
Lew s base, especially a trihydrocarbyl am ne, trihydrocarbyl phosphi ne, or

hal ogenat ed deri ya})i va catapyse@dmpoNeanconsisiiigha figtal corhplex Pf 6ot thenvent i on,
there is provided a catal yst systemfor 25 ol efin polynerization prepared
from cat al y3forepetionee s sempExes@pei si ng: - 5- WD 98/ 06727

PCT/ US97/ 13170

10 (B)  acocatalyst component comprising an activating cocatalyst wherein the

molar ratio of (A) to (B) is from 1:10,000 to 100:1
wherein the metal complex is in the form of a radical cation.

Further according to the present invention there is provided a process for the

polymerization of olefins comprising contacting one or more C5_»q a-olefins under

15  polymerization conditions with one of the aforementioned catalyst systems.

A preferred process of this invention is a high temperature solution
polymerization process for the polymerization of olefins comprising contacting one or

more C;.7g a-olefins under polymerization conditions with one of the aforementioned

_catalyst systems at a temperature from about 100°C to about 250°C.

20 Within the scope of this invention are the polyolefin products produced by the
aforementioned processes. Preferred products have long chain branching and reverse

molecular architecture.

This invention also provides a cyclopentadienyl-containing ligand of one of the

aforementioned metal complexes where the ligand is in the form of:

25 (A) afree base with 2 protons capable of being deprotonated;
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af orenenti on exes; and (B) a cocatal yst conponent conprising an
activating cocatal yst wherein the nolar ratio of (A to (B) is from1:
10,000 to 100:1; ofBh@&didurysales (A) by use of an 5  activating

t echni que. Anot her enbodi ment of this invention is a catal yst systemfor
ol efin polynerizati : om cat al yst system conponents conpri si ng:
(A a catal yst céﬁggﬁéﬁm%gﬁ’psfra{t's&ng a netal conplex of one of the

af orenenti oned netal conpl exes; and 10 (B) a cocatal yst conponent
conprising an acti (B} iawgowworadisilyaed dlaaioni n the nolar ratio of (A) to (B)
Is from1:10,000 to 100:1 wherein the netal conplex is in the formof a
radi cal cation. Further according . to the present invention there is

provi ded a process Wihinihgescope 9&%?5 3sReqt o thsrinyeraionis theaisp of aneef Besst act i ng

one  or nor err errl].-al efins under 15 al ri.zatj.on conditjhons wth
one of 1 hed af HEEs TP Bimiris 3t afute s Fleral RomeleR sFIFS 1 Bub sE RS SvBRRDR
invention is @rddudd anRARbAIPIEXL offPriding mPal HERY dredlf ICRBuf PEESSoffthd t he
pol ynmeri zati on of olefins conprising contacting one or nore Clerr]

[ err] - ol ef i nsPeradic Tableyafwhd Elameots, e dafithanides anjactinidese and fromel to 4 of the

af orenenti oned catal yst systens at a tenperature from about 100[err]C to
about 250[err§i'§‘fm 0 Wthin the scope of this invention are the

pol yol ef i n products produced by the aforenentioned processes. Preferred
products have |0ong 16A3fQelt AAKUSUIHIEEEUTEIR IHRAARLhI RGN droctibf of Thi S
I nvention al so provides a cyclopentadi enyl -containin I gand of one of the
af or enent 1®netligahalecdanpéightade fivhpolgmetseover gavide tamge nf pdigmeozanoof | 25

(A) a free bage, #ibm, andEspedaty &R Emperaturck. HHRY ACBESENy aful for the

solution or bulk polymerization of ethylene/propylene (EP polymers), ethylene/octene

(A a cat akgésyélgﬁ%qponent conprising a metal conplex of one Q8713170

(EO polymers), ethylene/styrene (ES polymers). propylene and
ethylene/propylene/diene (EPDM polymers) wherein the diene is

15 ethylidenenorbornene, 1,4-hexadiene or similar nonconjugated diene. The use of
elevated temperatures dramatically increases the productivity of such processes due to
the fact that increased polymer solubility at elevated temperatures allows the use of
increased conversions (higher concentration of polymer product) without exceeding
solution viscosity limitations of the polymerization equipment as well as reduced

20  energy costs needed to devolatilize the reaction product.

The catalysts of this invention may also be supported on a support material and
used in olefin polymerization processes in a slurry or in the gas phase. The catalyst
may be prepolymerized with one or more olefin monomers in situ in a polymerization
reactor or in a separate process with intermediate recovery of the prepolymerized

25  catalyst prior to the primary polymerization process.

Up to now it has been thought that heteroatom substitution directly on a
cyclopentadienyl (Cp) group which is a cyclic, delocalized, n-bound ligand group of a

metallocene complex would not have a beneficial effect upon the usefulness of the
.



WD 98/ 06727

PCT/ US97/ MOP8OERY a dilithiumsalt; (C a magnesium salt: BETUS”R1Hono or
disilylated dianion. Wthin the scope of this aspect of the invention is

t he use of comaplex int dnealefihpolymetanibn dacalyss yystdre.s Howeverpit hdsinew de¢refoahd

conpl ex of tghtlntg invenéd'{#]n, or for synthesis to produce a netal conplex
conpri si ng Baiee preferedmeialogsne cpmplraesok thisinveptiop pathieisrealp® Tabl e of the
El emrents, the lanthanides or .actini des nd froml to 4. of the |.igands. The
ot esent - cat Py plbn AR oot sk rivnafa cR b FiTh ey APt uc | on
of 10 hi %eﬁpbﬁsxg_k@{axwmgihe%séucnpﬁef Mg ol Eedr v@eiyntgﬁx RO G

pol yneri zation conditions, and especially at elevated 't eratures. They

are espéci aldsirable eharhactenstics hehigh lcatalyshaativithes] Mepailogamer ¢onailexes wath
et hyl ene/ oct ene (EO pol yners),

et hyl ene/ propyl ene P.pQl ypers), ,

et hyl ene/ stift ﬁ%m('\é'g"gﬁ‘b&%%?“s‘f‘?%m%m?ﬂ%h‘&hﬁ Reefsyréne/ pr opyl ene/ di ene
(EPDM pol yners) wherein the diene is 15 et hyl i denenor bor nene,

1, 4- hexadi ene org§hfdsinRAMFUN F9atsd diene. The use of elevated

t enper at ures dramm‘a‘?llﬁ‘%—l‘ncr'e‘a's%ar‘rhe productivity of such processes due
to the fact that increased polynmer solubility at el evated tenperatures

al l ows the use oFigurect sesadheomyal shense ohdighlero(Nefcleditietityiethylpfl, ol yner

product) wi thout exceeding solution viscosity limtations of the

pol ymer i zat 4Bt i-(6 e Bt 3aak- e | -piperidimy Deld poien- leyidsiigparaingtos(Znelded t o

devol atiy i zg¢ fg, react ion product. The catalysts of this invention may al so
o+ “anidin, . ) . ntior

be supported on & support material and used in olefin polynerization

processes in a slurry or in the gas phase. The catal yst

Figure 2 shows the crystal structure of dichloro(N-(1,1-dimethylethyl)-1,1-

dimethyl-1-((1,2,3,3a,7a-1)-3-methoxy- | H-inden- 1-yl)silanaminato-(2-)-N-)-titanium.

Figure 3 shows the crystal structure of [N-(1,1-dimethylethyl)-1.1-dimethyl-1-
((1,2,3,3a,7a-n)-3-(1-piperidinyl)- 1 H-inden- | -yl)silanaminato-(2-)-N1{(2.3.4,5-1)-2.4-

15  hexadiene)]-titanium.

Detailed Description

All reference to the Periodic Table of the Elements herein shall refer to the
Periodic Table of the Elements, published and copyrighted by CRC Press. Inc.. 1989.
Also, any reference to a Group or Groups shall be to the Group or Groups as reflected

20 in this Periodic Table of the Elements using the IUPAC system for numbering groups.

Olefins as used herein are Cy_5( aliphatic or aromatic compounds containing

vinylic unsaturation, as well as cyclic compounds such as cyclobutene, cyclopentene,

and norbornene, including norbornene substituted in the 5- and 6-positions with C.3¢
hydrocarbyl groups. Also included are mixtures of such olefins as well as mixtures of
25  such olefins with C4.4¢ diolefin compounds. Examples of the latter compounds

include ethylidene norbornene, 1,4-hexadiene, norbornadiene. and the like. The

catalysts and processes herein are especially suited for use in preparation of ethylene/
-8~



may be prepolg{geg(rgiq%_?2 with one or nore olefin nmononers in situ gdrdser13170
pol yneri zattoh™r r or in a separate process with internedi ate recovery

of the prepol ynerized talyst prigr to the . prinar ol rization
process. Up to1‘t‘?&W“Ft°‘ﬁ§§"%ﬁ‘gﬁx@\ﬁd}ﬁﬁfnﬁﬁ&c“ﬁ&m@pgﬂﬁfﬂ?éﬁg%teh%qc pentche,
directly on a I |1 1 | ' Q&-ﬁ& :
[err]-bound I i%éi%ﬁg?%%ﬂ%ﬁﬂé&nﬁ%d%%g@égbngtlgg(éo\@m&%'g% wﬁg\% a lyﬁﬁ%
benefi ci al ef f gléthyipne) prépyleneaihd lanpasomigaidiedient, such AAF@kakpR7EPDM

PCT/ US97/ 13170 conplex in an ol efin polynerization catal yst system
However, it hatrprdympeen found that the preferred metall ocene conpl exes of
this invention with heteroatom substitution directly on a single

111, boncied O o OUR ARSI pReBRRL HESpRe LSk o oo

allowing t pr oduc ecular weig YNers

desirabl e char aahah{iphbéphir! trithigfloaprhy,ak miyigwogﬂnﬁﬁe andbisdllpcene
conpl exes with heteroatom substitution in ?he 3-position are highly
preferred. Bri giméiRgphdsphinoletiine! PEOIRY)§untRseilriRY i igydtocipyssilyher g1 yst al
structure of dichloro(N-(1,1 -dinethylethyl)- 1,1 - dinmethyl- I -((

1, 2, 3, 3a, 7a- [ egshibisation therpofperthed] édpkdially tetdahydiefuran; amines, especially pyridine,
-yl)silanam nato-(2-)-N)- 10 titanium Fiqure 2 shows the crystal
structure of dbipriding( le@mit,h)@ﬂl)’dﬁﬁ?étaﬁvp%fwgp@; and triethylamine; olefins; and

dimethyl -1:((1,2,.3, 3a,7a-lerr])-3-neth - 1H- | nde . :

1-yl)sil andm nS?’H‘-’%%?‘i -Z'ﬁ!'%ﬁlaivi%nl?ﬂﬁ? t&igg)é?'g%g a‘sﬂ%\i\srt?rﬂgleé?sylg flgfjmgtdrl%lc nﬁrr e
of [N-( 1, 1 -t pRubYiRtfue!thosewhetein eHeREaY s in the-+X fokmal ckid@tiohdstdter r |
)-3-(1 -piperidinyl)- 1Hinden- 1 -yl)silanam nato-(2-)-N[(2,3,4,5-[err]
)-2,4- 15 hexadi ene)]-titani um ) ] .

Preferred coordination complexes according to the present invention are |

complexes corresponding to the formula:

w

R B

x T-(R7)

R
RA

RY

R® | Z
X'qXpM
15 where RW, RX RY and RZ are R groups, each of which independently is

hydrogen, or is a group having from | to 80 nonhydrogen atoms which is hydrocarbyl,
halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl,
hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsilyl,
hydrocarbylsilylhydrocarbyl, each of RW, RX RY and RZ optionally being substituted
20  with one or more groups which independently each occurrence is hydrocarbyloxy,
hydrocarbylsiloxy, hydrocarbylsilylamino, di(hydrocarbylsilyl)amino,
hydrocarbylamino, di(hydrocarbyl)amino, di(hydrocarbyl)phosphino,

-9-



Detail ed Description All reference to the Periodic Table of the Elenents
herein shaMO98237 t 0 t he Periodic Table of the El ements, pJSHQ$EA3EAd
copyrighted by CRC Press. Inc.. 1989. Also, any reference to a G oup or
G oups shal I hydeodaobylswifidey, hydrooarb@, hajpssubstitniefihgdtoearbP) hydrbearbiliogyPer i odi ¢

Tabl e of the El enments using the | UPAC system for nunberin roups. A efins
as used her eﬁvhst&msd@zdma@wl,ﬁmgwerbaﬂana?maﬂel%wml %f%ﬁam)ﬂ-‘gl)'whyl i

unsaturatio . ' e

cycl opent_en_gfy @%ﬁ@é#‘mﬁéwﬁ‘gﬁﬁg?ﬁg{j ?l(t)of%k(?)trq%e g&égﬁg{aﬁstj&gﬁ in the 5-
and 6- posi t i gmsnteéédin &ﬁﬁhlyihﬁ%ﬁfﬁ[@%n&ﬂ@ﬂﬂfgﬁnﬁ{oﬁg;bﬂ@bﬂ&f—m fwo & Xt ures
of such olefins as we as m xtures of 25 such olefins with err]

di ol ef i n scorpotsrR WERSTRERARA hed RBtdre covaemBuinked wibledele omiehd foprane
nor bor nene, 1, 4-hexadi ene, norbornadi ene. and the |ike. The catal ysts and
processes hedngiar raer@ fusedamigapr §ing systesas haying Fem htoB0awahydrpgen ypmsfery| ene/
- 8- WO 98/.0

7 . ) . .
bCT/ US9T/ 1315700 R BIGPRYTAS OB fi/PerFHIed ings o8 Fing S5/ byigg ypapstituted or
hyl / : _ ) ) A ) d
et hyl ene/ pr ot@eed \Wlmbﬁlle%ﬁﬁére%?61{;1%%ml‘%r@&lﬁf&éﬁgﬂﬁ?,hé)drc;ﬁam%xﬁgﬁb an

et hyl ene/ 1- oct ene copol yners as "we as ter yner t hy pyl ene
and a nonconhysdyedtasblylsilydaeinosdittydaccarfydsilyamingd, &ydieeiohylamineol ynmers. 5
Preferred X . groups are carbo noxi de; phosphi nes, especi al

trimet hyll%pho‘é‘gwldﬁ ,arlfxllaavm,|d|b<ﬁb@%ﬁ?rﬁél,)sahqspwnedwdﬁ%@gﬁﬁ“ﬁgioaﬁ)sé%F%rml, 2-

di et hyl phosjphi | : ; € ; yey {s hydrocar byl ,
silyl or a c% Eﬁ%}%{t%ﬂﬁ%@éa@l, ﬁ%‘%r%%ar%s{ﬂ)gs%{ﬂ ‘{ay@?g({c?lg)ﬁgidrof uran;

t
er eof I al
am nes, espelgdadbdaybylymindisubstitiep iy daicardy], hedroambybiyletrhyl enedi am ne

(TMEDA), and triet hyl,?rri ne; ol Effi ns; and
hydrocarbylsilylhydrocarbyl having from 1 to 20 nonhydrogen atoms, or a

noninterfering group having from | to 20 nonhydrogen atoms.

15 Preferred RB groups are those wherein RB is hydrocarbyl, hydrocarby]lsilyl,
hydrocarbyloxy-substituted hydrocarbyl, hydrocarbylamino-substituted hydrocarby!l

and T is O or N, more preferred are those wherein RB is hydrocarbyl or

hydrocarbylsilyl and T is O or N, and still more preferred are wherein RB s

hydrocarbyl or hydrocarbylsilyl and T is N.

20 Preferred heteroatom-containing substituents at the 3-position of the Cp are
those wherein the (RB)j-T group is methoxy, ethoxy, propoxy, methylethyloxy, I,1-

- dimethyethyloxy, trimethylsiloxy, 1,1-dimethylethyl(dimethylsilyl)oxy,
dimethylamino, diethylamino, methylethylamino, methylphenylamino, dipropylamino,
dibutylamino, piperidinyl, morpholinyl, pyrrolidinyl. hexahydro-1H-azepin-1-yl,

25  hexahydro-1{2H)-azocinyl, octahydro-1H-azonin-1-yl or octahydro-1(2H)-azecinyl.

More preferred are those wherein the (RB)J'-T group is dimethylamino,

methylphenylamino, piperidiny! or pyrrolidinyl.

-10-



10 conjugated dienes having from4 to 40 carbon atons. Conpl exes incl uding
the latter YWOSBBATRZ include those wherein the netal is in t hECTASTEIH
oxidation state. Preferred coordinati on conpl exes according to the present
i nventi on are conpllesasthewaspes o tids imyentiort ¢ithef trertigand of eetd] cdmplex has one
where R err], Rerrl], err] and err] are. R groups, .each of which
i ndependent |y W@%?/hFS@Rgﬂ,gs %’r"'?%sygle&‘%‘hﬁ%ﬂ‘éwpﬁ “\c%&fﬁrl'“ TPYE B hSEM theBg Of
atonms which i - jh 1 - .
nydr ocar byl ox 0y REEh FBY b pREAISHD i b o MBI hkéromoms, which arg N. O,
hydrocar byl , I$ydr PcRediptred fig hetbadtonssaard N ari O yw ity Nrtedrey fapte higlalgpreferré.err]
Rlerr], Rerr] and Rl err] optionally being substituted 20 with one or
nore groups which indepe_ndentlty each occurrence is hydrocar byl oxy,
hydr ocar byPsi | oxy, Oherlishlypyefemred rempleses earergandde shevprmilay| ) ani no,
hydr ocar byl am no, di (hydrocar byl )am no, di (hydrocarbyl)phosphi no, -9- WO
98/ 06727 B PCT/ US97/ 13170
hydr ocar byl sul fi do, hydroc ﬁiﬂ )i hal o-substituted hydr ocar byl ,
hydr ocar byl oxy- subsgi~ut ed hydrocarbyl, hydrocarbyl am no-substituted
NX  opahydrocar byl sil yl hydrocar byl having from |
a noninterfering group having froml to 20
fonally, two or 5 nore of Rlerr], Rerr],
and err] are covalently linked with each other to
ngg or ring systens having froml to 80
nonhydr ogen at ons f)@dix R group, the one or nore fused rings or ring
systens being unsubstituted or substituted with one or nore groups which
are hydrocar byl oxy, hydrocar byl sil oxy,

where the symbols are as previously defined, or, more preferred, correspond to

nonhydr ogen at ons; OMN

Rlerr], Rerr], Rerr]

formone or nore fused r

the formula:

-(R®)

v4
X‘qXpM/

10 where the symbols are as previously defined.

Highly preferred are the metal complexes and the heteroatom-containing

ligands thereof where -Z- is -Z*-Y-, with Z* bonded to Cp and Y bonded to M, and
Y is -O-, -S-, -NR*-, -PR*-;

Z* is SiR*y, CR*2, SiR*5SiR*, CR*pCR*5, CR*=CR*, CR*;SiR*5,
15 CR*2SiR*7CR*7, SiR¥*9CR*2S8iR*5, CR*9CR*4SiR*5, CR*9CR*2CR*, or
GeR*3; and

-11-



hydr ocar byl si | yl am'no, di (hydrocarbylsilyl)am no, hydrocarbyl am no, 10

di (hydr ocawosgjesmamo, di (hydrocar byl ) phosphi no, - hydr ocar byl #@OTVUSH13170

hydrocar byl , hal o-substituted hydrocarbyl, hydrocarbyl oxy-substituted

hydrocar byl , hydrne%ﬁ&yk@danﬂgewb&kuheﬂceds hy&bg&ebbxherduﬂgmdoﬂbrﬁl Iyl or
n

hydr ocar byl si | yl hydrocarbyl having froml to 2 onhydr ogen atons, or a

noni nt er f er i ygirogachyl, hyedrocagbyloxyysilylt halogenated ikyl,dgogendtedaryl, 864

Preferred Rlerr]. groups are th wher ei n err],is hydrocarbyl,

Pyl GGar by | SR RS0t g0 K NalAREUPA 2D BORGABEES s, and Sptenally, two
hydr ocar byl agi B3gs, E?‘%H ¥ q.{;,g hs 4@.{ £ ed
are those vmaigar(gfbr@ err]ﬁq?@%gd?%g%r yf'dggﬁﬂ%/gﬂgcg% |f£%y gﬁdc?% F?ru or

N, and st | | fromre faereh eing eystaane Wherein RB is hydrocarbyl or
hydrocarbylsilyl and T is N 20 Preferred heteroat om cont ai ni ng
substituents at the 3-position of the Cp are those wherein the.
(Rlerr])[err]-T gWbess B is Zn@inestg, Mds ighg +4 Seapal exidakan soteetndyKaxy, 1, 1-

di met hyet hyl o tri | Sl 1.1-di et hyl ethyl.(di net Lyl :
di met hyl ani ! ,ég%ﬁ"gg%‘w %“‘%Xr?gé"‘ﬁ@ %{}1_"'3{3’%31‘*5%{‘% *w&&%‘ﬂ&?fsﬁtﬁx@%@ﬂ; _ ,"?’9‘)( o
di propyl am ngvo Xigpsiipsl togethe ardt Rutafle Y1, 2 /50teRBal4-0ih .2, PHinicthy1di-Bitkne-
hexahydro- 1Hazepin- 1-yl, 25 hexahydro- 1(2H)-azocinyl, octahydro-

1H azoni n- 11.¢tdiyls 2Zonethyiydbetend-1 dadiyl, avedyldl, More preferred are those
wherein the (Rlerr])[err]-T group is dinethylam no, methyl phenyl am no,

[ I di I [,i.di | .. -10- 8/ 0672 ..
P Useritia170 ©niatiey hefped s oo HEaT FOmRAES A s BeasopRE SOgBIRREor
netal conpl ePégM§ R hef® L B- {sUgedy S Wit Z*Bondbd &b Sy SAETbonBe AL AN tO
the Cp or indenyl wherein the one or

Y is -O-, -S-, -NR*-, -PR*-;

Z* is SiR*9, CR*7, SiR*2SiR*y, CR*2CR*3, CR*=CR*, CR*7S8iR*7,
CR*38iR*7CR*3, SiR*9CR*38iR*), CR*9CR*28iR*2. CR*9CR*9CR*9, or
15 GeR*9; and

R* independently each occurrence is hydrogen, or a member selected from
hydrocarbyl, hydrocarbyloxy, silyl, halogenated alky), halogenated aryl, and
combinations thereof, said R* having up to 20 nonhydrogen atoms, and optionally, two
R* groups from Z (when R* is not hydrogen), or an R* group from Z and an R* group

20 from Y form a ring system;

where p is 1, q is zero, M is in the +3 formal oxidation state, and X is 2-(N,N-
dimethyl)aminobcnzyl, 2-(N,N-dimethylaminomethyl)phenyl, allyl, methallyl,
trimethylsilylatlyl.

Also highly preferred are the metal compiexes and the heteroatom-containing

25  ligands thereof where -Z- is -Z*-Y-, with Z* bonded to Cp and Y bonded to M, and

Y is -O-, -S-, -NR*-, -PR*-;

-12-



nore fused rings or ring systens contain one or nore ring heteroatons which
are N, O S ¥ W‘P?efgrrgd ring heteroatons are N or O wi t h PQTISOHBIAYr e
highly preferred. 5 Q her highly preferred conpl exes correspond to
the formula: [err] whtissSiRfig. CRIh@iB*28iR*asCR*eURpCTH*-ER + rERI*7SiR*, 10T €
preferred, correspond to the formula: [err] z X gqXpM 10 where the
symbol s are as GRE&[IBIICR*pFiRApER*pbidR My CR*ER*p8IR *ar ERHPERARCR s campl exes
and the heteroatomcontaining |igands thereof where -Z- is -Z*-Y-, with Z*
bonded to Cp arféeR*BidAded to M and Yis -O, -S, -NR*-, -PR*-; Z* is
SiR[err], CR*[err], SiR*[err]SiR*[err], CR[err]CR*[err], CR*=CR*,
CR*[err]SiR[err], 15 CR[err]SiR[err]CR[err],

Si Re[err] CRe[ err] Si FRRT édependeptty each|ocrarresnice lishydrpgan; pr a member selected from

L 8(,06727
pCr/Usor! 13570 TrocayliyaRieeioy g, siblchalonntmed At holheensees gl 289 rermper
sel ected from hsgitosaiony therddf faRCR* Bitia) YxF t& 20 Ybnhy¥rd R4 E Qn§(|gb§%nally, two

hal ogenated aryl, and conbinations thereéo sai d havi ng up _

nonhydr ogen at digroapsifroptZ owizdn B* istnod hiRdrogem)yipsarf RO gratip(frdme @ 4Rd d@nsRhgioup
hydr ogen), or Ry group.fromZ and an R* group 5 fromY forma ring
system where 3{)‘?'EY2, TR ALGHSEMMis in the +4 formal oxidation state, and

X1is
when pis 0, qis 1, M is in the +2 formal oxidation state, and X’ is 1,4-

10  diphenyl-1,3-butadiene, 1,3-pentadiene or 2,4-hexadiene.

A variety of metals can be used in the preparation of the metal complexes of
this invention, desirably a metal from one of Groups 3 to 13 of the Periodic Table of
the Elements, the lanthanides or actinides, which is in the +2, +3 or +4 formal
oxidation state, more desirably a metal from one of Groups 3 to 13. Metal complexes

15 of this invention having somewhat different characteristics are those where M is a
metal from one of Groups 3-6, one of Groups 7-9 or one of Groups 10-12. Preferred
are those where M is a metal from Group 4, desirably Ti, Zr or Hf, with Ti and Zr
being more preferred. Ti is the most highly preferred metal, especially for use in
complexes which contain only one Cp-containing ligand which is the heteratom-

20  containing ligand of this invention, while Zr is highly preferred for use in complexes
which contain two Cp-containing ligands, at least one of which is a heteratom-

containing ligand.

In one embodiment it is preferred that Ti is in the +4 formal oxidation state,
while, alternatively it is preferred that Ti is in the +3 formal oxidation state, and more

25  preferred is that Ti is in the +2 formal oxidation state.

In another embodiment it is preferred that Zr is in the +4 formal oxidation state,

or, alternatively, in the +2 formal oxidation state.

-13-



i ndependently each occurrence nethyl, benzyl, trinethylsilylneth X
pyrol |yl OVO®HBSTX? gr oups t oget her are 1, 4-butane-diyl, 2- buPERUSIHIIAT,; yI
2, 3-di net-hyl - 2-butene- 1, 4-diyl, 2-nethy|-2-butene-1,4 diyl, or xylyldiyl.

10

het er oat om cont ali nll{ilg kwgands t hereof where -Z- is -Z*-Y-, with Z* bonded

to Cp and Y PEHRERY- ing tapse where Y is a gyoup hyirg a pripjary or secopdangseagopiey r ] |

Al so Hnghothepaspéatof éds arventidreit ispraferred nipdt &xis SN withehe more

Lo ) S ORSTAEN ighy SRR Tk B3 T pr SRRV 2

CRe-[err]CR*[err] CR*[err], or 15 GeR*2; and R* independently each

occurrence
hydr ocar byl

is hyd Fmedwooedmamarons;ﬂbestzm cbirespohiting @6 telfvtmula:
oxy, hal ogenat ed al kyl, hal ogenated aryl, and

conbi nati ons thereof said R* having to 20 nonhydrogen atons, and
two R* groups fromZ (wh is not hydrogen), or an R* group

optionally,
from Z and
zero, Mis

an R* group 20 fromY for ring system where pis 1, qgis

in the +3 formal oxidatjon{state, and X is 2-(N N

ally

di met hyl ) am nobenzyl, 2-(N, N-di i nomet hyl )phenyl, allyl, nethallyl,
trinethylsilylallyl. A so highl Vﬂre the metal conpl exes and the
het eroatom containing 25 Iligands th ref ere -Z- is -Z-Y-, with zZ*
bonded to Cp and Y bonded to M amg\i S, -NR*-, -PR*-; -12- WO

98/ 06727

PCT/ US97/ 13170
Z* is Si®[err], CR[err], is*[err"]is*[%MFi CR*[err] CR*[err], CR:=CRF,

CR*[err]SiR*[err],

10

15

20

Illustrative derivatives of metals that may be employed in the practice of the

present invention include:

(N-(1,1-dimethylethyl)- 1, 1-dimethy}-1-((1,2,3,3a,7a-1n)-3-(1-pyrrolidinyl)- 1 H-

inden-1-yl)silanaminato(2-)-N)dimethyltitanjum

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-2-methyl-3-(1-
pyrrolidinyl)- 1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1, I -dimethyl-1-((1,2,3,3a,7a-1n)-2-ethyl-3-(1-

pyrrolidinyl)- 1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2.3,3a,7a-n)-2-ethyl-6-methyl-3-(1-

. pyrrolidinyi)- 1H-inden- 1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1.2,3,3a,7a-n)-4-methyl-3-(1-

pyrrolidinyl)-1 I_-I-inden- I-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2.3.3a,7a-n)-5-ethyl-3-(1-

pyrrolidinyl}- 1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-6-(}-methylethyl)-3-(1-

pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium
-14-



CR*[err]SiR*[err]CR*[err], SiR[err]CR*[err]Si R[err],

CR‘[err] CR*[WOPIpOSTR7[err], CR:[err]CR*[err]CR*[err], or GeR*[ EGHUSIZ} TR
i ndependently each occurrence is hydrogen, or a nmenber selected fromb5
hydr ocar byl , hydr oc@¥¢ll atimethgiethyl)- 1, hadimgeayhil «(1.2813n1 7a-1efl-ethphéinaathyd34(1-

and conbi nations thereof, .said having up t 0 nonhydrogen atons, and
optional ly, tveyrmelidinylibl-ip %ﬁ)f‘yﬂﬁ‘éﬂu 0 ')‘ﬁb‘ﬁmﬁgﬁ’ﬂﬂ BP or an R* group
fromZzZ and an R* group fromY forma ring system when pis 0, gis 1, Mis
in the +2 formal oxj it OF a ol di\ph A

1, 3-but adi ene, 1, 3-{)@%[’& i e%%?}gr&yy,'gﬁ’h@ﬁ%‘?&:a(ﬁ’%(%%aaﬁaceﬂ);/@g&wn%t(él s can be
used in the pr@maﬁx@pmf-inwﬁfyf?mdnaﬁmmgxm)@fnet tRafiiwent i on, desirably
a nmetal from orie of oups 3 to 13 of the Periodic Table of the El enents,

t he | ant hani des or actinides, which is in the +2, +3 or +4 fornal oxidation
state, noré& desir abQy-( & lwiisnethyfethyl) bialimeth@t-dt(652.3,3a0a1P-5-(k1-dimetbylpthyle s

15 of this invention havipg sonewhat differe aracteristics are those
where Mis a n%l(%TPyFPgﬁil‘P%ﬁ'elggF’d@'é‘ ?’13’-‘%{""65%‘{]‘5)’#\6 UYL gne of
G oups 10-12. Preferred are those where Mis a netal from G oup 4,

desirably Ti, Zr or iy 1V T3 dy £rq:hei r refenre 21,5 the nost
hi ghly preferred rregg'lf(,i’l\éﬂsl%gtgyaefw %’%rdlﬁgg&?ﬁQg{i%ggﬁ?ég{)vﬁp%ﬂ%:grgai n only
one Cp- cont ai npyreblidigaRdHviRdeN 1 lyDsitdhantiedieral Mydimthyltitagidmai ni ng | i gand of
this invention, while Zr is highly preferred for use in conpl exes which
contain two Cp-containing |ligands, at |east one of which is a heteratom

contai ning |igand. (M-(bhdimathglethybnt,lidimethypd f b?.8d, 7Tetiat3-Gli-pyrsolidintlhéH+4
formal oxidati.on state,. whi.le, tjye jt is,.preferred that Ti is in
the +3 forl%al ‘BBF'HEHIEH‘*%%'%’P%‘?(%&?@%%Q%v%P%Pf‘%‘PE’&S"Hﬂ%‘“Fhat Ti isin the

+2 formal oxidation state. In another enbodinent it is preferred that Zr is
in the +4 formal oxpggihQimethethy))Of,1-BbHyNAlt ¥ ERSa, 7ai) i Nets1-Bn Bl

oxi dati on state.
pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N}((1,2,3,4-n)-1,3-pentadiene)titanium
(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-2-ethyt-3-(1-
pyrrolidinyl)-1H-inden- 1-yl)silanaminato(2-)-N)((1,2.3,4-1n)- 1 ,3-pentadiene)titanium

15 (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-4-methyl-3-(1-
pyrrolidinyl)- 1H-inden-1-yl)silanaminato(2-)-N)((1,2,3,4-1)- 1.3-pentadiene)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-5-ethyl-3-(1-
pyrrolidiny!)-1H-inden- 1 -yl)silanaminato(2-)-N)((1,2,3.4-1)- |,3-pentadiene)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-6-( 1-methylethy})-3-(1-
20  pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)((1,2,3,4-n)-1,3-pentadiene)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-5-ethy}-6-methyl-3-(1-
pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)((1,2,3,4-1)- 1,3-pentadiene)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-5-butyl-3-(1-
pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)((1,2,3,4-n)-1,3-pentadiene)titanium
-15-



-13- WD 98/ 06727

PCT/ US97/ 13 WAD98/8672hot her aspect of this invention it is prefmcTEs7TIdE® Y
is -NR*, with the nore preferred.-NR* being those where R* is a group
having a primary ON-EEEERahylcagNPRT demyReRaesls g bl g Miﬂt%ﬁhgﬁg are
where R* is cycl ohexyl or isopropyl. A préferréd coordi'nation co ex’is

t hat correspo3+dl-pg'rd>lmmyi¢1Hemdtd-a-yIIsﬁamdmxﬁatb{Z-);ND(r(&1213\/4311)1@:131.vat i ves of
netals that may be enplaoyed in the practice of the present i nvention

i ncl ude: (N- (PENtafiengitianiiy et hyl )- 1, 1 -dinmethyl- 1 -((
1,2,3,3a,7a-[err])-3-( 1-pyrrolidi nyI)- 1H i nden- I

-yl)sil I nat o( 2 | t't' 0 N 1,1
di hetytethyi) - SO {dfmﬁ&%l'é‘é(%z"ﬁé??](‘v 5(29*}?%?/1(13-( 1 -
i di gyl 2 Lk € 1,1
P et hyl & pyroh P I ddenkl B ARG 29O L AD AR PpbeabB Ay
pyrrol idinyl)- 1Hinden- 1 -yl)silanam nato(2-)-N )d| met hyl titanium (N-(
, 1 -di met hyl et hyl {2- (dmihth)dianmb}mlenyllmethyl)(N (1,1- dlmethylethy]) 1,1- d1methyl 1-

((1233a 7a err_g yl -6-methyl -3-(1- 15 pyrrolidin 1H i nden-
1-yl) si I anani $hes &N;én( hevmhqlmyaﬂ.fhmdml()ﬂ)sﬂanmlmk@) glompn
1-dinmethyl- 1 -(( 1,2,3,3a,7a-[err])-4-methyl-3-( 1- pyrrolldlnyl)

1H i nden- 1-yl I
1 di et hyl et Ky?f' GoRGIRG Mt ﬂwfgﬁ?ﬁ’f’g%f%@wﬁ%%w 1wyl o1
i dinyl 20
P19, Bt gt il il 20
- met hyl etl@y| )NBitgnigm
((2-(dimethylamino)phenyl)methyl)(N-(1,1-dimethylethyl)-1,1-dimethyi- 1-

((1,2,3,3a,7a-n)-2-ethyl-3-(1-pyrrolidinyl)-1H-inden-1-y})silanaminato(2-)-N)titanium

((2-(dimethylamino)phenyl)methyl)(N-(1,1-dimethylethyl)-1,1-dimethyl-1-
((1,2,3,3a,7a-n)-2-ethyl-6-methyl-3-(1-pyrrolidinyl)- 1 H-inden- 1 -yl)silanaminato(2-)-
15 Ntitanium

((2-(dimethylamino)phenyl)methyl)(N-(1.1-dimethylethyl)-1,1-dimethyl-1-
((1,2,3,3a,7a-11)-4-methyl-3-(1-pyrrolidinyl)-1H-inden- 1 -yl)silanaminato(2-)-

N)dimethyltitanium

) ((2-(dimethylamino)phenyl)methyl)(N-(1,1-dimethylethyl)-1,1-dimethyl-1-
20 ((1,2,3,3a,7a-n)-5-ethyl-3-(1-pyrrolidinyl)- | H-inden- | -yl)silanaminato(2-)-N)titanium

((2-(dimeihy]amino)pheny])methyl)(N-( 1,1-dimethylethyl)-1,1-dimethyi-1-
{(1 ,2,3,3a.7a—ﬁ)-6—( 1-methylethyl)-3-(1-pyrrolidinyl)- | H-inden- 1 -yl)silanaminato(2-)-

N)titanium

-16-



%r gg} ng?%I )v_vojélg-/ols nden- 1 -yl)silanam nato(2-)-N)dinethylti tarl]'IC'ul‘erJS-D‘;?ilM70

PCT/ US97/ 13170 (N-( 1,1 - di net hylethyl)- 1,.1. -dinet hﬁ
-((1,2,3,3a, 7a-[ er r]qz-sdiamﬁylmﬁnoiphhwl)rmst!(:le(N-ﬂyr-dimt ylnshly))- l-ldimcthplﬁl-

-yl I t thyltit t hyl
st L it e e -

H i nden- 1y|)§\|nl‘iﬁilmlnato(2 -N)di nmethyl titaniumb5 (N-(1, 1
- di net hyl et hyl) dinmethyl- 1 -((1,2,3,3a,7a-[err])-5-( 1, 1

di methyl ethyl)- 3-(1 -pyrrolidinyl)- 1Hinden- |

yl ) si | anani nat o( 2- )((Mdmﬁtymmblphaty])m:ﬁhylﬁ(ﬂ (lJ,l-ddhﬂﬁyihmbgthy-ld)metﬁylll-
d| methyl- 1 -((1,2,3,3a,7a-[err])-5-phenyl-3-(1 - pyrrolidinyl 1
Hinden- 1 Syl )(él,z,éﬂarﬁaﬂ&a)tirbmy)ﬁf(ﬂdlyn'ehﬁwt)ﬂt&mdgmI(N){xmnarmmato( )-N)mamum
i nethylethyl)- 1,1 -dinethyl- -((1 ,2,3,3a,7a-[err])-3-( 1

EILL IR SRR E il i
(12,3 33, 7ad 8 sharadnet Dylaiahy ey DU LBl aden- 1

)si | anami nat'o(2-)-N) |ene tltanlum(N-(l,
di met hyl et hyl)sHladlamihato(d-pdbtigghiuml - ((1, 2, 3 3a 7a-[err])-2-ethyl-3-( 1-
rolidiny])- 1 H-|nden- 1 yI)S|Ianamnato(2) N)(( 1.,2,3,4-[err] )- 1
-pentadi ene)titani um 1

methyl - 1 o(( 1. i(%;(@alcmlqr@mphsnﬂmmw @akdlmC‘WF%l)r’élﬁW?hﬂ 1-
d 2
et aaldn @%é%?ﬁ%ﬁi— A 3 bty i e s sitagprminereg? - o

1, 2, 3, 3a, 7a-N)@tanjym5- et hyl -3-( 1- pyrrol i di nyl) - | Hinden- 1

)S|Ianam nato(2-)-N)(( 1,2, 3, 4- [err])- 1, 3-pentadiene)titanium (N-( 1, 1
methylethyl)- 1,1 dlrrethl- 1-(( 233a 7a-[err])-6-(

thyl et hyl) - 3-( (N-mlqiwylol Mixrnythyl- 143, %.3aa-1d-2-methyl-3-(1-pyrrolidinyl)- 1 H-

si | anam nat, oée%_P ym a(namﬁna’to(Z-A)-r[IﬂedrxmLt)nymjfamux%ent adi ene)titani um

Q w<< < 'DQ.

||_\||||_\|_\|--c|_\|||_\||
Q_\<A-I
g——/\w

=
N—r

(N-cyclohexyl-1,1-dimethyl-1-((1.2,3,3a,7a-n)-2-ethyl-3-( | -pyrrolidinyl}- | H-

15  inden-l-yl)silanaminato(2-)-N)dimethyititanium

(N-cyclohexyl-1,1-dimethyl-1-((1,2,3,3a,7a-n)-2-ethyl-6-methyl-3-(1-
pyrrolidinyl)- 1H-inden- 1-yl)silanaminato(2-)-N)dimethyititanium

(N-cyclohexyl-1,1-dimethyl-1-((1,2,3,3a,7a-1n)-4-methyl-3-(1-pyrrolidiny!)- 1 H-

inden-1-yl)silanaminato(2-)-N)dimethyltitanium

20 (N-cyclohexyl-1,1-dimethyl-1-((1,2,3,3a,7a-1)-5-ethyl-3-(1-pyrrolidinyl)- 1 H-

inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-cyclohexyi-1,1-dimethyl-1-((1.2,3,3a,7a-1)-6-( 1 -methylethyl)-3-( I-
pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)dimethyititanium

(N-cyclohexyl-1,1-dimethyl-1-((1,2,3,3a,7a-11)-5-ethyl-6-methyl-3-(1-
25  pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium
-17-



(N-(1, 1 -dinethylethyl)- 1,1 -dimethyl- 1

-((1, 2, 3, 3awo0®8[06727] ) - 5-et hyl -6-nethyl -3-( | - pyrrolidinyl)PCTRSOTItSNG |

--yI)siIanam’nato(Z) N)(( 1,2,3,4-[err])- 1,3-pentadiene)titanium (N-( 1,1

-di met hyl et hyl ) - l : - §

pyrrolidinyl)- 1H-| n ec;lgie'if‘y’f:l;‘! dim&tgry{g(rlnj(%lg%gﬁ@azﬁ)i E}thﬂ-j (ppﬁ%l?&mf? 1H1

, 3- pent adi endhdén-dqyl)stlanamivitp(@8 NElidéthyltitanium

PCT/ US97/ 13170 (N-( 1 1 -di met hyl ethyl )- 1, 1 - di mat hyl - 1-((1 .
,2,3,3a,7a-[err])- 1 dlrrethlehIZ (7 I‘I‘O|Idln|t£ 1H i nden- 1

-yl ) sil anam nat o( 2(1\5'53‘9'?}(3"!1 h1glimethy}-13(§L.2.,3,33.72 @d‘i dimerhyletapddnilen (1, 1

e i 1 5

1, 3-pentadi ene) titani um ((2- (d| met hyl am no) phenyl )methyl ) (N-( 1, 1
- di net hyl gt hyl ) - |1_£ @ycl&ie’i?!—h)lld)mlthyl-ﬁ((él2@633,735}\)753?}[6%” Hrﬁyﬁoﬂdmyn-m-
pyrrolidinyl)- I nden | @anam nat o(
(2-(di net hyIiadnmd))y;b)lsémakmnmo(ﬁy)l-l)lldmtth,yltilamdmnet hyI et hyl) - 1 1 -di met hyl -
((1,2,3,3a, 7a- [err]) 2- rrethyl ( 1 -pyrrolidinyl)- 1Hinden- 1
) Si
(
(

y i 'anam nat o( 2-
( |

net hyl am no()lplh@n‘ﬂ)qu)M hkfF)e(W‘(th!LI) 11((L. &332 Ry et-Hypyrrolidinyl)-1Hr net hy! -
! o R SRR o) ey ) o

2
I
2- (di
- ((
yI)sHanamnato m yl am no) phenyl )nmethyl ) (N-(1, 1
I met

3

(
1
(
1
1
-dinmethylethyl)- 1,1 -dinethyl- 1 - ((1

;’ a, 7a-[err])-@; eamthﬁmtmtm&mﬂmy«rQI3L33LMM1))2-nMHyl Bqen- |

si | anam nat o(2-) - I\%t i tani um
(di rré@hylxa'm )fp’I*DeW’r")KiP@ yDsilapamingto(2-)-Nidiraethyltissniwm ) - 1, 1 - di net hyl -
((1,2,3,3a,7a-[err])-4-nmethyl-3-( 1 -pyrrolidinyl)- 1Hinden- 1 -yl

si | anami nat o(2-)- (l'\p glmm?hymf\} H-meﬂlyllle%yl)-l ((1,2,3.3a,7a-n)-2-ethyl-3-(1-pyrrolidinyl)-

1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

di
, 2,
_y|
((2
1 -
) si

(1,1-dimethyl-N-(1-methylethyl)-1-((1.2,3,3a,7a-1)-2-ethyl-6-methy!l-3-(1-

pyrrolidinyl)-1H-inden- I-yl)silanaminato(2-)-N)dimethyltitanium

15 (1,1-dimethyl-N-(1-methylethyl)-1-((1,2,3,3a,7a-11)-4-methyl-3-(1-
pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(1,1-dimethyl-N-(1-methylethyl)-1-((1,2,3,3a,7a-1)-5-ethyi-3-( 1 -pyrrolidinyl)-

1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(1,1-dimethyl-N-(1-methylethyl)-1-((1,2,3,3a,7a-1)-6-( 1 -methylethyl)-3-(1-
20  pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(1,1-dimethy]-N-(1-methylethyl)-1-((1.2,3,3a,7a-1n)-5-ethyl-6-methyl-3-(1-

pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(1,1-dimethyl-N-(1-methylethy!)-1-((1,2,3,3a,7a-11)-5-butyl-3-(1-pyrrolidinyl)-

1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

-18-



( di met thg B 7@henyl ynmethyl ) (N-( 1,1 -dinethylethyl)- 1, Pd:'rm!is‘nmml -
a,

2
- (20 ((1,2 a-[err])-5-ethyl-3-( 1 -pyrrolidinyl)- | H-|nden-
!)m?t L;‘{‘g{"h;f‘; 032 q 1“%@%’{? é&%yk%ﬂ?i " 28599 R%W H%Qxy&ﬁx'\%)is& !
Vi) o1 1 amari nEE B oy gy )= [ T nden-
S97/ 13170 ((2-(di met hyl am no) phenyl)nethyl) (N ( 1, 1-dinmethylethyl)-
-dinmethyl - 1- (({4; dln@;lﬂhmé—@emy]e)h)&)-é{(ﬁy’.n36,7&131)%5;1)]4@5/( -341-

l'i di nyl I I t tit
i et hyl BB BHBrAH-adEe e T (AP 1. 1 - di et hy! -
5 ((1,2,3,3a,7a-[err])-5-butyl-3-( 1-pyrrolidi nyI) | Hinden- |
)

o1 1 ang nat o 2) Nk Akt FPL 0 2D ARSI AR M (. 1

fre
et hyl et hylipded- -yll)sﬂd%{ﬁlirﬁkd(g8mﬂd}methylrhdrﬂﬂﬁn' I -
rre

(
1
-y
-d
((1,2,
- )S
P CT/ U

1
y
2

i lanam nato(2-)-N)titani um di net hyl am no) phenyl ) nethyl ) (N- (1, 1
thylethyl)- 1, 1 -dinmethyl- 1 - 10 ((1,2,3,3a, 7a-[err]
henyl -3-( 1 ;ﬂrlrdimediYhN-()phenﬁmeﬁd'éhl-((ll,Zyﬁa,gi-m-ﬂamﬂhat-é((iz- ) -

p :

T angu?a( 7:1’%’8* 8 lﬂrﬁgq"lelYSIS’SICIQ%IQ%"?W%P‘MijW“ﬂ'mfnw-m i nden- 1
s

s

1,
-p
((
1_
-y
- di
- di
yl
- di
)_

anam nat o( 2- N) di methyl titani um (N-cycl ohexyl- 1, 1 -dinethyl- 1

2

il )

S oo A <o g
2

, 3, 38, 7aH-pdeh-)i-Y)sihimrhinbio(@)- N}ﬂm&ﬂ(ylmﬂmum

|
|
|
)s
5-
N) ti
- ((
_y|
- ((
_y|
- ((

(1,1-dimethyl-N-(phenylmethyl)-1-({1 ,2,3,3a,7a-r|)—2-ethyl-6-methyl-3-('l -
pyrrolidinyl)-1H-inden- i -yl)silanaminato(2-)-N)dimethyltitanium

(1,1-dimethyl-N-(phenyimethyl)-1-((1,2,3,3a.7a-n)-4-methyl-3-(1-
pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

15 (1,1-dimethyl-N-(phenylmethyl)-1-{(1,2,3,3a,7a-1))-5-ethyl-3-( 1 -pyrrolidiny})-

1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(1,1-dimethyl-N-(phenylmethyl)-1-((1,2,3,3a,72-11)-6-( | -methylethy})-3-(1-
pyrrolidinyl)- 1 H-inden- 1 -yl)silanaminato(2-)-N)dimethyititanium

(1,1-dimethy}-N-(phenylmethyl)-1-((1,2,3,3a,7a-1)-5-ethyl-6-methyl-3-(1-
20  pymrolidinyl)-1H-inden- 1-yl)silanaminato(2-)-N)dimethyltitanium

(1,1-dimethyl-N-(phenylmethyi)-1-((1,2,3,3a,7a-n)-5-butyl-3-( 1 -pyrrolidinyl)-

1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(1,1-dimethyl-N-(phenylmethyl)-1-((1,2,3,3a,7a-1)-5-(1.1-dimethylethyl)-3-(1-
pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

-19-



pyrrolidinyl)- I Hinden- 1-yl)silanam nato(2-)-N)dinmethyltitanium
(N-cycl ohexWMO9806720- di net hyl - 1 -(( 1,2, 3,3a,7a-[err]) - 4- net MAT/ES/13170

-pyrrolidinyl)- 1 H inden- | -yl)silanam nato(2-)-N)dinmethyltitanium 20
(N-cycl ohexyl - 1, 1( I Iitilfﬁéd?ylLN (ﬂhen?(rﬂetﬁyl%] Ja1,Z3; :{aeratﬂ))s §h(§1ty|ﬂ-BL 13- (
1-pyrrolidinyl)- I nden- -yl) silanam nato( -)-N) di met hyItltanl um

(N-cycl ohexylpyrl_‘plldlny-l)iilﬂﬂndgﬂ I- YDSI(@mm@d-Nhﬁ@eﬂw]tmarﬁum 1
-nethylethyl)-3-( 1 - pyrrolidi nyI) 1H i nden- 1

1 T TR AR LT
Hinden- 1 -vyiby N- c%@(@f@@ﬁ @ﬂm@tﬁé{n }ﬁanl um -17- WO 98/ 06727

PCT/ US97/ 13170 -((1
,2,3,3a,7a-[err])-5-butyl-3-( 1 -pyrrolidi nyI) 1H inden- 1

"yl )sil angm nat o( 26§ -mxish 18- dinhdth lan((wmm&,wqb@twﬁfhnhamy@ -HHlidgeahyl - 1
((1233a 7a-[err met hyl et hyl ) - 3- pyrrolidinyl)-

1H i nden- );IBS)\lgmramm(éﬂtNi@gne;thmxunm hyltitanium5
(N-cyclohexyl 1,1 -dinethyl- ((1 2,3,3a,7a-[err])-5-phenyl -

ne 3-(
BT et LA R e v
- gyr rolidi ny|91)sx]lmhmdafHéEJ):N)Ehméfﬁ))lﬁiahWm nat o(2-)-Ndinethyltitanium (1, 1
- di met hyl - N-( -meth yl) - ,2,3,3a, 7a-[err])-2-nmethyl-3-( 1- 10

pyrrolidi nyI) 1H-| nden- l-yI )SI I anam nato(2-)-Nydinmethyltitanium (1, 1
-di nethyl -N-( 1 - n@N-ay¢lebdxyl-) ;1-dimethyl-1 3( B2 38Ba77a-1 3 |-py2oledifyl)-1 B-ipddn-1-

- rroI|d|nI 1H-i nden- 1 -yl )silanam nat o( 2- di nethyl titani um
Py y y)l)sﬂanamlr;]ato(z ) N)dx};ne)thylntamum (2-)-N Y

(1,1-dimethy}-N-phenyl-1-((1,2,3,3a,7a-1)-3-( 1 -pyrrolidinyl)- 1 H-inden-1-

yl)silanaminato(2-)-N)dimethyltitanium

(1,1-dimethyl-N-(methylphenyl)-1-((1,2.3,3a,7a-n)-3-(1-pyrrolidiny])- 1 H-

inden- l-yl)silanaminato(2-)-N)dimethyltitanium

15 (N-cyclododecyl-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-( 1 -pyrrolidinyl)-1H-inden-

1-yl)silanaminato(2-)-N)dimethyltitanium

(N-1,1-dimethyl-N-(1-methylethyl)-1-((1.2,3.3a,7a-n)-3-( | -pyrrolidinyl)-1H-

inden-]-yl)silanaminato(2-)-N)dimethyltitanium

(N-butyl-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-( | -pyrrolidinyl)- 1 H-inden-1-
20  yDsilanaminato(2-)-N)dimethyltitanium

(1,1 -diinethyl-N-propyl- 1-((1,2,3,3a,7a-n)-3-( 1 -pyrrolidinyl)-1H-inden-1-

ylsilanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyi-1-((1,2,3,3a,7a-1)-3-( 1 -pyrrolidinyl)- 1 H-
inden-1-yl)silanaminato(2-)-N)((1,2,3.4-n)-1,3-pentadiene titanium
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(1, 1 -dinethyl-N-( 1-nethylethyl)- 1

-((1, 2, 3, 3a, WR-9B867Y7) - 2- et hyl - 6-met hyl - 3-( 1- pyrrolidinyl )- HGFV§FEA0,
-yl)silanaminato(2-)-N)dinmethylti tanium 15 (1, 1 -dinethyl-N(
1 -nethyl et hyl)- 1(N<methylsi, B.dgecthy-]-€(1:23 §3aﬂﬁ'ét)+3y01 -Ryr(olidinybly tiohden-hy| ) -

1Hinden- 1 I thyltit 1, | -dinmethyl-N-( 1
- me!t Eyfgt hyl )g)ziﬁhf'%g’aag(g's%& éai’%'é'r’%[ F:Sgneé{aﬂi;pe I‘%’r‘n‘i pyrr ol : (rer nyl>/) - (
1Hinden- 1 -yl)silanam nato(2-)- N)dirrethyltltanlum(ll -dinmethyl -N-( 1
-nmethylethyl)- 1 3 - 20
p;nraro?ll gl nzl g 1H “%ﬂﬁﬁl% = &‘“?"?“s’[' gl% {75(19 : —KI% ?%g?)tll annd]eﬂ-n% (1, 1
-di methyl - N- (y 1raﬁﬁhh%'tcﬁ2-l')m)lﬁ'l 213 A gﬁp%ntadlcne)mamum

,3a, 7a-[err])=5-ethyl-6-neth (1-" pyrrolidinyl)- 1Hinden-

1- yl)si | anam nat o(2-)-N)di rrethyltltanl um (1, 1 -dimethyl-N( 1

-nmethyl ettyl)- 1 - (NLyclehéydd, Irdimethryl}]-§(1 2: 334, Yd-n B3{(1-pyrplidingl )+ H-mden;1-
1Hinden- 1 -yl)silanam nat o(( I#i N) di met hyl titani um - 18- WO 98/ 06727
PCT/ US97/ 13179)silrnamingiof2 YN (Ine8.440)- hdtrepladieng)tiyanium. ( (1
,2,3,3a,7a-[err])-5-( 1,1 -di rrethyl ethyl)-3-( 1- pyrrolidinyl)- | Hinden-

Lty " AP RN Py S B
i ot byt - - (RERTPARRIRPIIOA A3 DS T O BRATR 1 e rot i ainyl)- 1h

inden- | -yl)silanam nato(2-)-N)dinethyltitanium(1,1

- di met hyl - N- ( pheny (Inbdiméthyl-N- (el ghelyBal -{8.:2{ 334, 1a-n 23 +{epayroliding )- 1 H-
pyrrolidinyl)- 1Hinden- 1 -yl S|Ianan1nato 2-)-N)dinmethyltitanium (1, 1
- di net hyl HKL (ipdesn) rx}tselnyanymatﬂ DN((3,233.431) 71a3 P@tha')‘-ﬂeéﬂ@ﬂh% 3-(
1-pyrrolidinyl)-

(N-cyclododecyl-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)- 1 H-inden-
I-yl)silanaminato(2-)-N)((1,2,3,4-1)-1,3-pentadiene)titanium

(N-1,1-dimethyl-N-(1-methylethyl)-1-((1.2,3,3a,7a-1)-3-( 1 -pyrrolidinyl)-1H-
inden-1 -yl)silanaminato(2-)-N){(1,2,3,4-1n)-1,3-pentadiene)titanium

15 (N-butyl-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-( 1 -pyrrolidinyl)- 1H-inden-1-
yhsilanaminato(2-)-N)((1,2,3,4-1n)-1,3-pentadiene)titanium

(1,1-dimethyl-N-propyl-1-((1,2,3,3a,7a-1)-3-( 1 -pyrrolidinyl)- 1H-inden-1-
yl)silanaminato(2-)-N)((1,2,3,4-n)-1,3-pentadiene)titanium

((2-(dimethylamino)phenyl)methyl)(N-(1,1-dimethylethyl)-1,1-dimethyl-1-
20  ((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)- 1 H-inden- 1-yl)silanaminato(2-)-N)titanium

((2-(dimethylamino)phenyl)methyl}(N-methyl-1,1-dimethyl-1-((1,2,3,33,7a-n)-
3-(1-pyrrolidinyl)-1H-inden- I-yl)silanaminato(2-)-N)titanium

((2-(dimethylamino)phenyl)methyl)(N-ethyl-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-
(1-pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)titanium
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10 1H i nden- 1-yl)silanam nato(2-)- I\I)dirrethyltitanium(l 1
- di net hyl - l\l—(&)he%rrethyl)- - -((1,2,3,3a,7a-[err])-2-ethyl - neq?ﬁ?/I-S(l-
pyrrolidi nW9 i nden- 1-yl)silanam nato(2-)-N)di rrethyltl

e
(10 s AL Bl st RS

- di et hyl - N- (phenyl net hyl ) - -((1,2,3,3a,7a-[err])-6-( 1 rrethyl et hyl) - 3-
- pyrrolidinyl) dmﬁyl 0 h):ﬁ ihaedg) (it -aimethy N Shemfi vt Ry, 1,1
- di net hyl - l\l—(phen()l/%ir(mel : mo)’d yl) g“?a- ertr‘], -gj-gtwhy (6 rr%t h‘{/ﬂltﬁ.IX (1
20 pyrrol3- ﬁli-nynrt)hdmﬂg1Ihﬂmden—i—yusilmmtaﬂa(ﬂ hhlt)m(aamm N) di met hyl titani um
(1,1 -dinethyl - N—(phenyl met hyl ) - -((1,2,3,3a,7a-[err])-5-butyl-3-( 1

o Tb. L bbb s s o .
P g

PCT/ US97/ 13170 (1, 1 -di methyi - N-(phenyl methyl)- 1

-((1,2,3,3a, 7a- [e(r(i-](;lmfstwimmo)ﬁxc(w)’mmpmyl’)m-lcgldn&dadeeylll-ﬂ4dndeth 1-1-
-yI)sHanamnato thyltitani um ( -dlmaths/lethl - 1,1

-di met hyl - 21 8(31332 N; ée(lmrrpeémw - ("dE" lpx) silgparanatp(3-)-Npgimethyidtanium
1-yl)sil anam nat o( 2-) - N)d| met hyltitaniumb5 . (N-net hyl - 1 1

Y i mat ot 2B Sfehi Srndn0et ! By kb RS-

yl ) si | anam nat o( 2-
10 ((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)-1H-inden- 1 -yDsilanaminato(2-)-N)titanium

(

((2-(dimethylamino)phenyl)methyl)(N-butyl-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-
(1-pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-Ntitanium

((2-(dimethylamino)phenyl)methyl)(1.1-dimethyl-N-propyl-1-((1,2.3,3a.7a-n)-

3-(1-pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)titanium

15 (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1.2,3.32.72-1))-3-( 1 -pyrrolidinyl)- I H-

inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)- 1, 1-dimethyl-1-((1.2,3.3a.7a-1)-3-( | -piperidinyi)- 1H-

inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1.2,3,3a,7a-1)-3-(hexahydro-1H-
20  azepin-1-yl)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1.1-dimethylethyl)- 1, 1-dimethyl-1-((1,2,3,3a,7a-n)-3-(hexahydro-1(2H)-

azocinyl)- | H-inden- I-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1.1-dimethylethyl)-1,1-dimethyl-1-((1,2.3,32,7a-n)-3-(octahydro-1H-

azonin- I-yl)dimethyltitanium
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(N-ethyl - LywologigérsEt hyl - -((1,2,3,3a,7a-[err])-3-( 1 -pyrrpcressyizire
1Hinden- 1 - yl)silanam nato(2) N)d| nmet hyl titani um(N—cycIohexyI 1,

Vi f' T anam nat of 2-) OXF LT Rt RDY EIODN ittt 1 (B 2 s bbb

, 2, 3, 34, 73&5&,?1},)@"@3“ §sﬂlﬁhérﬂinmﬂéi') -Nfirhét@ifitanfum
Il anam nat o(2-)-N)di net hyl titani um -di et hyl - N- (net hyl phenyl )- 1

,2,3,3a,7a-[err])-3-( 1-pyrrolidinyl)- 1H inden- 1

si | anam nat o( 2- (N-K,dHdmeethylethyt )ahil edimgthyl-1-((1,2,3,3a,7a-1)P-(dime thybmbsiay)-1 HA,
imethyl - 1 a, 7a-[err 1 -pyrrolidinyl)- | Hinden- |
si | anam ndf"éf(“zj’)ﬁﬁﬁmal‘i‘ﬁt‘ﬁ9h Nﬁmﬁmymamfm 1 -dimethyl-N-( 1
methylethyl)- 1 -((1,2,3,3a,7a-[err] )-3-( 1 -pyrrolidinyl)- 1H inden-
S

i

i

b | _—N N~

i | anag nat o( 2- a u I-, -di hyl,- 1

2,3, 3? 7a- [grr% ’\Q\s’?(ﬂ?&% rhg Pél c{“m%},"yP (n- %%#a«ﬁ-ﬁcfé@{ylawno)—m-
| anani natigder-) - ﬂbﬂ'@ﬁlﬁ%b@-}-ﬂ?dlﬁi&l{ylmaﬂmnﬂ' met hyl - N-propyl - |
2,3,3a,7a-[err]) pyrrolidinyl)- 1Hinden- | -

| anami nato(2-)- N) di rrethyltltanl um (N-( 1,1 - dinethylethyl)- 1, 1

- di met hyl - ((1 2(N3(B&; d‘ﬂaetpghet}ﬂ)’))-BJ(dxmethpyﬂf(Cﬂl23i3a37|a—)r}) 3(dipropyldenino)t 1 H-

3- t adi tit 20-
V\D 98/ 06727 en 1 yl)N?lgnammatoQ )- ﬁ)c;lmctlplmamu pentadi ene)titanium -

PCT/U897/13170(N-m3thyI 1,1 -dinethyl- 1 -((1,2,3,3a,7a-[err])-3-( 1

Py ol idinyl)- 1H hadep: (dﬁ?xeth%%ilx)yﬁ' | @@%Mﬁe?!ﬁa 23?),% }9% -Gridity Ghdidd) 1 H-

3-pentadi ene)ti tanl um
2 3, 3a, 7a9[ermc]e)n~B-yd)sﬂanawnxzodzl-)dem)ethkaamnden- -

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1 ,2,3,3a.7a—n)-3-(ethylmethyla’mino)-

1H-inden- 1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,I-dimethyl-1-((1,2,3,3a,7a-11)-3-

(methylphenylamino)-1H-inden-}-yl)silanaminato(2-)-N)dimethyltitanium

15 (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-
(methyl(phenylmethyl)amino}- 1 H-inden- 1 -yI)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2.3,3a,7a-1)-3-((1,1-

dimethylethyl)methylamino)- 1H-inden- 1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,33,7a-11)-3-(methyl(1-
20  methylethyl)amino)-1H-inden-1-yl)silanaminato(2-)-N)dimethyititanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1n)-3~(diphenylphosphino)-
1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethy!)-1,1-dimethyl-1-((1,2,3,3a3,7a-1)-3-
(dimethylphosphino)-1H-inden- 1 -yl)silanaminato(2-)-N)dimethyltitanium
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Islana =) - 1,2,3,4-[err])- 1,3-pentadiene)tit
{l\zclycloheﬁy% 1 Sll)gn(ethyl- 1 E( ])2 3, 3a, ga [erlr]) ) Ili&'ib@?ﬁsno

-pyrrolidinyl)- 1 Hinden- | - I)S|Ianam nato(2-)-N)(( 1,2,3,4-[err])-
1, 3- pent adi ene) t i Nl urﬁlr(lﬁ_thybth)'dl) h:étdWlIBﬂlNl -dHEWYB,3afa-n)-3-

yl(§g i Izaﬁa%an7a 15 l;‘lr&"?”(ogﬁhl'ﬁ&y{ag'l[‘ Fybg‘ia"a@‘%ﬂggdﬁéﬂg?@w%ﬂi% (1, 1

-di net hyl - N-(mathylphenyl)- 1-((1,2,3,3a,7a-[err])-3-( 1 -pyrrolidinyl)- |

S ) L B A oo

, 2, 3, 3a, 7a- [ Bdsindena}- Ql)ﬂ:lanpmriané(a(-?bl-m)dlmethgzlt}thmﬁﬂen- 1
-yl)silanam nato(2-)-N)(( 1, 2, 3 -[err])-1, 3- pent adi ene)tltanl um (N 1, 1

-dinmethyl-N-( 1 -nrethyleth ? &(}1 2,3,3a,7a-[err])-3-( 1
-pyrrolidinyl)- 10-(1, wametnylethyl), & tdimathyhat (61,23 M}i("() (bis(13, 4- [err])- 1

?( Eegt gdl3 :n{%{h %%)]Wh?p?‘"ﬂ?) 1&, Iu}dgp-ldyl&{,\tayam}ﬁgﬁq(%aé%dmj_ctﬁrelt!tamum

yl)silanam nato(2-)-N)(( 1 ,2,3,4-[err])- 1 ,3-pentadiene)titanium(1,1
- di met hyl - N- pr opde (L1: dﬁﬁ]éthy}%tl'?ylﬁ?lYcﬁm[aﬁM-]l)sglﬁ%,?gg\}?w[%me{%wﬁll-i—ind%n-

Hinden- 1 - yl)silanamnato
, 3- pent adi enE\)yt)sxizmlammmtté(ezs-relﬂxmeﬁmbrmtanumo) phenyl)nmethyl ) (N-(1, 1

-di methylethyl)- 1, 1 -dimethyl- 1 - 20 ((1,2,3 ,3a,7a-[err])-3-( 1

- idinvl)- | 2-)-N)titani

Pyl ChErns ety | RBERY - (@ 33 actersithgihony 1Hepderp 3, 3

7 1

ay ?S|[ Ie;;?]a)m ﬁ%l&@‘qgﬁ%@% Na?ﬁwbér%ﬁ g‘?{ ﬁ'gt hyl am no) phenyl ) met hyl ) (N- et hyl -

yl)

-yl
1,1 -dinethyl- 1 -((1,2,3,3a, 7a [err]) 3- (I -pyrrolidinyl)- 1Hinden- 1
-yl ) sil anam nat o(@N-J ¢, N)dﬁmétayleu'ry\l)s 2.1-dimethWO1 98V,06,83,7a-1))-3-propoxy- | H-inden-1-

S
PCT/ US97/ 13170
yl)silanaminato(2-)-N)dimethyltitanium

(N-~(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,33,7a-n1)-3-butoxy- | H-inden- | -

yD)silanaminato(2-)-N)dimethyltitanium

15 (N-(1,1-dimethylethyl)-1,1-dimethyl-1+((1,2,3,3a,7a-n)-3-((1,1-
dimethylethyl)oxy)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-11)-3-(trimethylsiloxy)- 1 H-

inden-1-ylsilanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-(((1,1-
20  dimethylethyl)dimethylsilyl)oxy)-1H-inden-1-yl)silanaminato(2-)-N)dimethylititanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(1-methylethoxy)-

IH-inden- I-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-phenoxy- | H-inden- 1 -

yi)silanaminato(2-)-N)dimethyltitanium
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di met hylorggiageapheny! ) met hyl ) (N-cycl ohexyl - 1, 1 dl met hybetrbsern3ne

2-

gg1(233a ra-Terr])-3-( pyrrolldlnyl)- 1I—I-|nden-
-yl I to(2- d t h 1
e e Ay a2 A LSRR B o
Hinden- 1 I
Eg%n(zggngt h¥l>/a‘%‘n§érﬂoifh?&ﬁmnéﬁﬁg/ﬁ%\?&h??yg?hnﬂ hyIj I\I—(get hyl phenyl )- 1 -

a, 7a-[err rrolidin - i nden-
-yl ) si | anani nat o( 2-(N-(V), t-IdirgztthhyI) I>I/d1methyl 1-((1,2,3,3a,7a-1)-3~(methylthio)-1H-
((2-(di nret hyl am noiphen yl) nmet hz/ {J&N— cycl ododecyl- 1,1 -dinmethyl- 1 -
((1,2, 3, 3a, 7a-ipdsnr-}-yhsiqnamingoebN)dimeshyjtitanipo nden- 1
-yl I to(2- di met hyl ti t
(2 e o MRS S g s ohe et 3
10 ((1 72,3 3a, NS F‘eyﬂi";{e‘gy% LBy ‘T§ lh% i b a.
. L?RSI‘IS?I&‘I’ZII’II*“‘*@”*E@?&‘“ eI?Iﬂ? ?"ﬁﬁ@."%%?*% B)- 1 nden 1
y )silanam nato(2-)-N)titanium ((2-(di nmethylam no)phenyl)rrethyl)( 1,
1-

I
di met hyl - N- pr opy| (N-d1, }-d{méth@lethyBal, Taimhehyl ) {(132.8, 3i7@¥nmdlkﬁpaydnhyl) IH-
1H-inden- 1 -yl)silanamnato(2-)-N)titanium 15 N- (

- di met hy| et hylipdent!-yDsidanesipatp2-nNo(1.2,324- 31)31613-]2’92“9@??!'3))1133111(!“ 1
-pyrrolidinyl)- I H inden- 1 -yl)silanam nato(2-)-N)dinethyltitanium (N-(

Soiperi iyl 1i Otk TRS by P R RS s R 1,
1 -di met hypet mﬂeﬁm- Il IP-]IH-QIdQFtILW sﬂaﬂamlﬁﬁt%(zz) Rnda2mal®el b)peﬁfaﬁﬂ‘ﬁéﬁ‘lmﬁrﬂ 1

H 20 azepi n-

-yl)silanam nato(2 ) - N)d| rrethyltltanl um (N-( 1, 1 -dinethylethyl)- 1, 1
-dimethyl - 1 -((1, N3 l3adﬁaet[\ﬁlem]yl))k B—d(rhahﬂhNﬂQB 3a C’QIrI)-B (azﬂzchyﬂlvd )(2H)-
1Hinden- 1 -yl)silanani nat o 3/|t|tanl um (

- di met hyl et hylagocinyD-1H-j ﬁ%ﬂngIsﬂanamwety@ DG 27%‘*1%?)963@@@9)5%@ 1H

azonin- 1 -yl)dinmethyltitanium-22-
(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-(octahydro- 1 H-

azonin-1-yI}((1,2,3,4-n)-1 ,3—penta'diene)titanium

15 (N-(1,1-dimethylethyl)-1, 1-dimethyl- 1-((1,2,3,3a,7a-11)-3-(octahydro-1(2H)-
azecinyl)-1H-inden-1-yl)silanaminato(2-)-N)((1,2,3,4-1n)-1,3-pentadiene)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-11)-3-(dimethylamino)-1H-
inden- I-yl)silanaminato(2-)-N)((1,2,3,4-11)-1,3-pentadiene)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(diethylamino)- 1 H-
20  inden-1-yl)silanaminato(2-)-N)((1,2,3,4-1)-1,3-pentadiene)titanium

(N~( I., 1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(dipropylamino)-1H-
inden-1-yl)silanaminato(2-)-N)((1,2,3,4-n)-1,3-pentadiene)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1 ,2,3.3a;7£-n)-3-(dibutylamino)- 1H-
inden- 1-yl)silanaminato(2-)-N)((1,2,3,4-1)-1,3-pentadiene)titanium
~-25-



WD 98/ 06727

PCT/ US97/ MQO6RT (1, 1 -dinmethylethyl)- 1, 1 -dimethyl-  PCT/USIIANT0
1-((1,2,3,3a,7a-[err])-3-(octahydro- 1(2H)- azecinyl)- 1Hinden- 1 -
-yl ) si | anam nat of ZN)(IN)-dimcdtyﬂmhxlD-tlalndmthll-l( (1,213, BdTmHI-Bxétbylh)dtbylarihmol
-dinmethyl- 1 '8123 ££ il thyl amno)- 1 H_ inden- 1

-yl ) sil anam h’éﬁ' gen-y WHP‘?@?’HVP( - ‘SW( 354"1)‘1 -3-pentadienepitanium
-dinethylethyl)- 1, 1 -dinethyl- 1-((1,2,3,3a,7a-[err])-3- (dl et hyl am no) -

1:;; rr:etnﬂglnet ﬁyl-gll )iNl@qa(gH‘l‘ng{yﬁ{’ﬁy ]!I\i)?(r%‘?g‘h%l géﬁ‘;‘fﬁ uga]r‘gﬁ(S (di propyl am no) -
-1 l(;|l_ n;a'? ﬂsln-et lh( é/tb}?kﬁ)nﬁgm&%ﬁﬂ%dln N))? }sﬁﬁﬁ%ﬁfntad:gr(?-? Nﬂfpégz%§ 'ﬂg (3Id| but yI am no) -

| H 10 5 |pdﬂﬂdxeﬂc)ﬂ§dn)mlanam nato(2-)-N)dinethyltitanium (N (1,1
-dinmethylethyl)- 1,1 dlrrethyl- 1

1,2,3,3a, 7a-[err net hyl am no) - 1H-i nden-
-§/|()SI | anani nat E)(é ]) %wéwxﬁ}hxlhlémiwﬂml(«l 213 341?ﬁ1’@l'3ryl ethyl)- 1, 1

L T ORI 4755

- di et hyl et h};ér)tad,gm})maq;dﬁet hyl - 1 -((1,2,3,3a, 7a-[err])-3-
(et hyl ( phenyl net hyl’)am no) - 1Hinden- 1

-yl)silanam nato(2-)-N)dinethyltitanium (N-(1, 1 -dinethylethyl)- 1, 1

-dinethyl- 1 ((1(12 (3, ISramE&hyﬂ&ahyl})l Ide(r(etii){Hl (-(l.dl.m?h)‘h)@NOMl,l) met hyl am no) -
1Hi nden-_ 1 - | anam nat o( 2-2- ltitani um (

- di met hyl®t h91ﬂ)¢th511€th1')mm¥&!wyp 1y m@%ﬂrlﬂ )Séar@anwoqze)rwnl%3(4umh9r( 1- 20

t hyl et hyl -1 -yl I to(2- dinethyltit
(v (e L PRI | Y il 1 (L2 e A

,3a, 7a-[err])-3- (d| phenyl phosphino)- 1 Hinden- 1

-yl) sil anam nat o( 2N)(1 N}diimettylethyi1i-0 dndisieiiy 141,28, 3a7a0mE ey - 1, 1
-dinethyl- 1 (hl 2,3,3a, 7a-[err])-3-
met ylethyl)ammo) 1H-inden-1-yl)silanaminato(2-)-N)((1,2,3,4-n)-1,3-

pentadiene)titanium

15 (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(diphenylphosphino)-
1H-inden-1-yl)silanaminato(2-)-N){(1,2,3,4-11)-1,3-pentadiene)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-11)-3-
(dimethylphosphino)- |H-inden-1-yl)silanaminato(2-)-N)((1,2,3,4-11)-1,3-

pentadiene)titanium

20 (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-
(methylphenylphosphino)-1H-inden-1-yl)silanaminato(2-)-N)((1,2,3,4-1)-1,3-

pentadiene)titanium

(N-(1,1-dimethylethyl)-1,1-dimethy}-1-((1,2,3,3a,7a-n)-3-(dicthylphosphino)-
1H-inden-1-yl)silanaminato(2-)-N)((1,2,3,4-11)-1,3-pentadiene)titanium

-26-



(di met hyl phoawdyseyzr 1H- i nden- 1 -yl)silanam nato(2-)-N)di net md:'tmswmsmm
-23- WO 98/ 06727

POTI US9T/ 13170 (N (1oder, Pg‘}ﬁ Lﬁgl &k@ gichechy-0! é{i?ﬁ,g,éé’?a- -3-(bis(1-

-((1, 2, 3, 34, 7a[err] osp
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(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-((1,1-
dimethylethyloxy)-1H-inden- l-yl)silanaminato(2-)-N)((1,2,3,4-1)-1,3-

pentadiene)titanium

15 (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-11)-3-(trimethylsiloxy)- 1 H-
inden- 1-yl)silanaminato(2-)-N)((1,2,3,4-1)-1,3-pentadiene)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-(((1,1-
dimethylethyl)dimethylsilyl)oxy)- 1H-inden-1-yl)silanaminato(2-)-N)((1,2,3,4-11)-1,3-

pentadiene)titanium

20 (N-(1,1-dimethylethyl)- 1,1-dimethyl-1-((1,2,3,32,7a-1)-3-(1-methylethoxy)-
IH-inden-1-yl)silanaminato(2-)-N)((1,2,3,4-1)-1,3-pentadiene)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-phenoxy-1H-inden-1-
yl)silanaminato(2-)-N)((1.2,3,4-n)-1,3-pentadiene)titanium
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((2-(dimethylamino)phenyl)methyl}(N-(1,1-dimethylethyl)-1,1-dimethyl-1-
((1,2.3,3a,7a-n)-3-(hexahydro-1(2H)-azocinyl)- 1 H-inden- 1 -yl)silanaminato(2-)-

N)titanium

15 ((2-(dimethylamino)phenyl)methyl}(N-(1,1-dimethylethyl)-1,1-dimethyl-1-
((1,2,3,33,7a-1)-3-(octahydro- I H-azonin- I -y{)titanium

((2-(dimethylamino)phenylymethyl}(N-(1,1-dimethylethyl)-1,1-dimethyl-1-
((1,2,3,3a,7a-n)-3-(octahydro-1(2H)-azecinyl)- 1 H-inden-1-yl)silanaminato(2-)-

N)titanium

20 ((2-(dimethylamino)phenyl)methy})(N-(1,1-dimethylethyl)-1,1-dimethyl-1-
((1 .2,3,3a,7a-n)-3-(dimethylamino)-lH-.inden— 1-yl)silanaminato(2-)-

N)dimethyltitanium

(N-(1,1-dimethylethyD)-1,1-dimethyl-1-((1,2,3,3a,7a-1n)-3-(diethylamino)-1 H-

inden-1-yl)silanaminato(2-)-N)dimethyltitanium
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(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-((1,1-

dimethylethyl)methylamino)- 1H-inden- 1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,32,7a-1)-3-(methyl(1-

methylethyl)amino)-1H-inden- 1 -yl)silanaminato(2-)-N)dimethyItitanium

15 (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(diphenylphosphino)-

1H-inden- 1-yDsilanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethy})-1,1-dimethyl-1-((1,2,3,3a,72-1n)-3-

(dimethylphosphino)- ! H-inden- ! -yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-
20  (methylphenylphosphino)-1H-inden- 1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n1)-3-(diethylphosphino)-

1H-inden- I-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,33,7a-1)-3-(bis(1-
methylethyl)phosphino)- 1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium
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(N-(1,1-dimethylethyl)-1,1-dimethy}-1-((1,2,3,3a,7a-1)-3- (mmethylsxloxy) 1H-

m nat O

inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethy!)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(((1,1-
dimethylethyl)dimethyisilyl)oxy)-1H-inden- 1-yl)silanaminato(2-)-N)dimethyltitanium

15 (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(1-methyiethoxy)-

1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

((2-(dimethylamino)phenyl)methyl)(N-(1,1-dimethylethyl)-1,1-dimethyl-1-
((1,2,3,3a,7a-11)-3-phenoxy- 1 H-inden- |-yl)silanaminato(2-)-N)titanium

((2-(dimethylamino)phenyl)methyl)(N-(1,1-dimethylethyl)-1,1-dimethyl- 1 -
20  ((1,2,3,3a,7a-11)-3-(phenylthio)-1H-inden-1-yl)silanaminato(2-)-N)titanium

((2-(dimethylamino)phenyl)methyl)(N-(1,1-dimethylethyl)-1,1-dimethyl-1-
((1,2,3,3a,7a-n)-3-(methylthio)- 1 H-inden-1-yl)silanaminato(2-)-N)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-11)-3-(1-pyrrolidinyl)- 1 H-

inden-1-yl)silanaminato(2-)-N)dimethyltitanium
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pyrrolidinyl)- 1H-inden- I-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-11)-3-(1-pyrrolidinyl)- 1 H-
inden-1-yl)silanaminato(2-)-N)((1,2,3,4-1)-1,3-pentadiene}titanium

15 {N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-( 1 -pyrrolidinyl}-1H-
inden-1-yl)silanaminato(2-)-N)((1,2,3,4-n1)- 1,3-pentadiene)titanium

(N-(1,1-dimethylethyl)-1-methyl-1-phenyl-1-{(1,2,3,3a,7a-1n)-3-(1-
pyrrolidinyl)-1H-inden- 1-yl)silanaminato(2-)-N)((1,2,3,4-1)-1,3-pentadiene)titanium

(N-(1,1-dimethylethyl)-1,1-bis(1-methylethoxy)-1-({1,2,3,3a,7a-n)-3-(1-
20  pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N){(1,2,3,4-n)-1,3-pentadiene)titanium

(N-( 1 ,1-dimethylethyl)-1,1-diethyl-1-((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)- 1 H-
inden-1-yl)silanaminato(2-)-N)((1,2,3,4-n)-1,3-pentadiene)titanium

(N-(1,1-dimethylethyl)-1,1-dimethoxy-1-((1,2,3,3a,7a-n)-3-(1 -pyrrolidinyl)-
1H-inden-1-yl)silanaminato(2-)-N)((1,2,3,4-n)-1,3-pentadiene)titanium
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((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)- 1H-inden- 1 -yl)silanaminato(2-)-N)titanium

((2-(dimethylamino)phenyl)methyl)(N-(1,1-dimethylethyl)-1,1-dimethoxy-1-
15 ((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)- 1 H-inden-1-yl)silanaminato(2-)-N)titanium

((2-(dimethylamino)phenyl)methyl}(N-(1,1-dimethylethyl)- I -ethoxy-1-methyl-
1-((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)-1H-inden- 1 -yl)silanaminato(2-)-N)titanium

(1,1 ’-(n4— 1,3-butadiene-1,4-diyl)bis(benzene))(N-(1,1-dimethylethyl)-1,1-
* dimethyl-1-((1,2,3,3a,7a-n)-3-( 1-pyrrolidinyl)- 1H-inden-1-yl)silanaminato(2-)-

20  N)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl}-1-((1,2,3,3a,7a-1)-3-(1-pyrrolidinyl)- 1H-
inden-| -yl)si]anaminato(Z-)—N)(( 1,2,3,4-1n)-2,4-hexadiene)titanium

((2-(dimethylamino)methyl)phenyl)(N-(1,1-dimethylethyl)-1,1-dimethyl-1-
((1,2,3,3a,7a-1)-3-(1-pyrrolidinyl)- 1 H-inden- 1-yl)silanaminato(2-)-N)titanium
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methyl- 1 -((1 , 3, 3a, 7a- [err]) 3 (bis(1 - nethylethyl)phosphino)- I
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d :
pCT) LS07) 15,{'7 (v E DG Batudadite Dopbis et eNigtcionexylCl J-dmedh
rI](OZ § ﬁ?tqgg WI {@W]IH% y])illanémmat )N)nltzr.r}mml 1

, 2, 3,34, Tgy

-yI )sil anam nat

di ( ,233a 7a[err]) 3ethoxy 1 Hinden- 1-
(N-cyclohexyl-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-(} -pyrrolidinyi)- 1 H-inden-1-

1 H 1

\5{

(
y
|
I
|
|
|
, 2,
yl
|
|

|m:‘_':10\/|
SN

met hyl - 1
yl)silanaminato(2-)-N)((1,2,3,4-1)-2,4-hexadiene)titanium

((2-(dimethylamino)methyl)phenyl)(N-cyclohexyl-1,1-dimethyl-1-
((1,2,3,3a,7a-1n)-3-(l-pyrrolidinyl)-1 H-inden- 1-yl)silanaminato(2-)-N)titanium

15 dichloro(N-cyclohexyl-1,1-dimethyl-1-((1.2,3,3a,7a-1)-3-(1-pyrrolidinyl)- 1 H-

inden- I-yl)silanaminato(2-)-N)titanium

(N-cyciohexyl-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)- 1H-inden-1-

yl)silanaminato(2-)-N)bis(phenylmethyl)titanium

(N-cyclohexyl-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)-1 H-inden-1-
20  yl)silanaminato(2-)-N)bis(phenylmethy!)bis((trimethylsilyl)methyl)titanium

(N-cyclohexyl-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-( I -pyrrolidinyl)- | H-inden- 1-
yl)silanaminato(2-)-N)bis(phenylmethyl)bis(2,2-dimethylpropyl)titanium

(1,1’-(%-1,3-butadiene-1 ,4-diyl)bis(benzene))(N-cyclododecyl-1, I-dimethyl-
1-((1,2,3,3a,7a-1)-3-( 1 -pyrrolidinyl)- 1 H-inden- I -yl)silanaminato(2-)-N)titanium
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" di met hy!10 Y % (/%251%*13%@@ ﬁﬁ%yh y at @mﬁtww yhmethyljtitamipm 1
-yl)silanam nato(2-)-N)di nethyltitanium -30- WO 98/ 06727

PCT/ US97/ 13170 (N-cyclododecyl-1,1-dimethyl-1-((1,2,3,3a,.7a-1)-3-(1-pyrrolidinyl)- 1 H-inden-

|HH/-\I

-y
di
, 2,
-yl

1-yl)silanaminato(2-)-N)bis(phenylmethyl)bis(2,2-dimethylpropyl)titanium

(1.1 '-(1‘]4-1 ,3-butadiene-1,4-diyl)bis(benzene))(N-methy!-1, I -dimethyl- -
((1,2,3,3a,7a-1)-3-(1-pyrrolidinyl)- IH-inden-1 -yl)silanaminato(2-)-N)titanium

15 (N-methyl-1,1-dimethyl-1-((1,2,3,3a,7a-1n)-3-(1-pyrrolidinyl)- 1 H-inden- 1 -
yl)silanaminato(2-)-N)((1,2,3,4-1)-2,4-hexadiene)titanium

((2-(dimethylamino)methyl)phenyl)(N-methyl-1, -dimethyl-1-((1,2,3,3a,7a-n})-
3-(1-pyrrolidinyl)-1H-inden- 1 -yl)silanaminato(2-)-N)titanium

dichloro(N-methyl-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)-1H-

20 inden-1-yl)silanaminato(2-)-N)titanium

(N-methyl-1,1-dimethyl-1-((1,2,3,3a,7a-1n)-3-(1-pyrrolidinyl)-1H-inden-1-
yl)silanaminato(2-)-N)bis(phenyimethyl)titanium

(N-methyl-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(1-pyrrolidiny})- 1H-inden-1-
yl)silanaminato(2-)-N)bis(phenyimethyl)bis((trimethylsilyl)methyltitanium
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di
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-pyrrolidinyl)- 1H- i nden- - | anam nat o( 2- N)(S 34?

1, 3- pent adi ene) t i t &l [mmcglyl- -(phenylmethyl) 1 ((l 2.3,3a,7a-n)-3-(1-pyrrolidinyl)- 1H-

inden-1-yl)silanaminato(2-)-N)bis(phenylmethyl)titanium

(1,1-dimethyl-N-(phenylmethyl)-1-((1,2,3,3a,7a-n)-3-( I -pyrrolidiny})- 1 H-
15  inden-1-yl)silanaminato(2-)-N)bis(phenylmethyl)bis((trimethylsilyl)methyltitanium

(1,1-dimethyl-N-(phenylmethyl)-1-((1,2,3,3a,7a-n)-3-( I -pyrrolidinyl)- 1 H-
inden-1-yl)silanaminato(2-)-N)bis(phenylmethyl)bis(2,2-dimethylpropyl)titanium

(1,1 ’-(n4-1 .3-butadiene-1,4-diyl)bis(benzene))(1-((1,2,3,3a,7a-n)-3-
(dimethylamino)-1H-inden-1-y1)-N-(1, 1-dimethylethyl)-1,1-dimethylsilanaminato(2-)-
20  Nbtitanium

(1-((1,2,3,3a,7a-n)-3-(dimethylamino)- 1 H-inden-1-yl)-N-(1,1-dimethylethyl)-
1,1-dimethyisilanaminato(2-)-N)1,2,3,4-1)-2,4-hexadiene)titanium

((2-(dimethylamino)methyl)phenyl)(1-((1,2,3.3a,7a-n))-3-(dimethylamino)- 1 H-
inden-1-yl)-N-(1,1-dimethylethyl)-1,1-dimethylsilanaminato(2-)-N)titanium

-35-



WD 98/ 06727
PCT/ Uo7/ 1M98¥BT 1 .1 -dimethylethyl)- 1 -ethoxy- 1 - met hfFURM3IT0
-((1,2,3,3a,7a-[err]) -3 (1- pyrrolidinyl)- 1Hinden- 1

) si I anam nat of de«hNb'Q((l -1 Zﬁiﬁaﬂaf'a:) B-Kdlmelh)aarpmnb-dﬁl-mdm-l4yﬂ)aN+(u|m-

di net hyl | et hyl 1, -dinmethyl- 1
L i R b L O
) si

| anam nat o( 2-) - N)tltanl um5

e T b R 1 Pk
t

~<

A\<

-(
(
)si | anam nB,'qQ{xﬂmihyN)iFahirﬁmhwm-é-(l\@b{scbﬁéﬁﬂﬂbdtwr}tﬁﬂ)lmeny| ) met hyl JIN(L, 1
inmethylethyl)- | -nethyl- | -phenyl- 1-((1,2,3,3a,7a-[err])-3-( 1
rrolidinyl )- 1Hinden- si | anam nato(2-)-N)t| tani um
di metShyl ami nof ptdR3. 3m%it-ng-ﬁ)(@m@hﬂamlm)dmmdemleylhgﬂl—( 1) -dietiylethiyB{ 1 -

-(
ST St it B i e

dimethylethyl)- 1,1 -diethyl- I - ((1,2,63,3a, 7a-[err])-

I

; lidinyl)- 1

r E gl Ime!t % Zin‘i no fpﬁg%’}f &L7a é/)l}s(?wgﬂ%%‘gl(%{e%% t%g%@mlflmlelb)&et%phoxy-
15 ((11 ,2;dinﬁmyralahanmhﬁo(&m)ﬂnsmnenplhneuwm(l ’J-dlmHh;« ey titanium
silanam nato(2-)-N)titanium ((2-(dinmethyl am no)phenyl)nethyl)(N-( 1,1

imethylethyl)- 1 -ethoxy- 1-nmethyl- 1-((1,2,3,3a,7a-[err])-3-( 1 pyrrol

nyI ) - 1H—| nden (111 -§r1% kB {batedirineslt, @@Bd)bism:tnzbm))(mm 1- dlmethylethy]) 1.1-

- di yl)b
i ety B8 nyAineig a3 Ty ot S8 bobgfinaminatocco-

-pyrrolidinyly t&nlj‘iﬂnden' 1 yI)S|Ianamnato(2)- 20 N)titanium(N-( 1,
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1-pyrrolidinyl)- I H inden- 1-yl)silanam nato(2-)-N)((
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inden- l-y])sxlanammato(Z -3-N)((1,2, 3 4-1)-2,4-hexadiene)titanium
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N
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((2-(dimethylamino)methyl)phenyl)(N-(1,1-dimethylethyl)-1,1-dimethyl-1-
15 ((1,2,3,3a,7a-n)-3-(1-piperidinyl)-1H-inden- [ -yD)silanaminato(2-)-N)titanium

dichloro(N-(1,1-dimethylethyl)-1,!-dimethyl-1-((1,2,3,3a,7a-n)-3-(1-
piperidinyl)-1H-inden-1-yl)silanaminato(2-)-N)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-(1-piperidiny!)- 1 H-
- inden-1-yl)silanaminato(2-)-N)bis(phenylmethy!)titanium

20 (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-( 1 -piperidinyl)-1H-
inden-1-yl)silanaminato(2-)-N)bis(phenylmethyl)bis((trimethylsilyl)methyl)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-11)-3-(1 -piperidinyl)- 1H-
inden- I-yl)silanaminato(2-)-N)bis(phenylmethyl)bis(2,2-dimethylpropyl)titanium
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azepin-1-yI)-1H-inden- I-yl)silanaminato(2-)-
15 N)bis(phenylmethyl)bis((trimethylsilyl)methyl)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-11)-3-(hexahydro-1H-
azepin-1-yl)- 1H-inden-1-yl)silanaminato(2-)-N)bis(phenylmethyl)bis(2,2-

dimethylpropyhtitanium

(1,1 ’—(n4-l ,3-butadiene-1,4-diyl)bis(benzene))(N~(1,1-dimethylethyl)-1,1-
20 dimethyl-1-((1,2,3,3a,7a-n)-3-methoxy- lHTinden- I-yl)silanaminato(2-)-N)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-methoxy- 1H-inden-
I-yD)silanaminato(2-)-N)((1,2,3,4-n)-2,4-hexadiene)titanium

((2-(dimethylamino)methyl)phenyl)(N-(1,1-dimethylethyl)-1,1-dimethyl-1-
((1,2,3,3a,7a-1)-3-methoxy- 1 H-inden- 1 -yl)silanaminato(2-)-N)titanium
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yI ) si | anam nat o( 2-) ((1phenyl met hyl ) bi.s(2, 2-di met hyl propyl )titanium (1,1
-([err]- 1,3- but@Ghlém(N lladmgrhwmloﬁeh@mwl(m«dyca Satatnp$methoxy-

1-di

1-y

Ry b Mgty 0] 1) 2 ncen-

PCT/ US97/ 13170 (N-cycl ododecyl - 1,1 -dimethyl- 1 -((1,2,3,3a,7a-[err])-3-(1

} li di nyl ' {12
DSOSk R D gy e

)phenyl )(N-cypl)gl?lmdﬁm}dtea1)-Nhs(ﬂhermtdmhyl)ﬂ1amuﬁ(1 ,3,3a,7a-[err])-3-( 1
-pyrrolidinyl)- 1 Hinden- 1 -yl)silanam nato(2-)- N)tl tani um 5

di chl oro(N-cycl ododecyl - 1,1 -dine -é 3.3a,7a-[err])-3-( 1
Ty T ol Lyl - IR bdrsimehy gty Tl el §(122.§ 3R ameihoxy- | Hinden-

E B;f?g: iogioﬁsfﬂ)sxhhhwr@tﬁ(‘Z%M&(phe]nyfng&%yl%lg’((t’nmdthyeim y?)mgt})lylﬁxtgmum

-yl )silanam nat 0(2 )-N) bi s(phenyl methyl)titani um (N-cycl ododecyl - 1,1

-dimethyl - 1 - %J(?i%ﬁ&h}%!ﬂﬁf[h)mﬁe&% }?ﬁ'gghhﬂ‘iﬁﬁ"f”;ﬂ’%&‘i‘Eﬁf“"aé"‘lo 1

-yl) silanam nat o( bi s(phenyl net hyl) trimet

)t i tani um (N—wmandmimtg(& -)-N)bis(phinybhdtyyDbid(2:2-ditneth\Bpropal)iftaniuar r ] ) - 3- (

1-pyrrolidinyl)- I Hinden- 1

I)sHanamnato(ZlDzJ N),bi s( phenyl net hy Igbls 2, 2-di met hyl propyl )titanium
1'-([err]-1 it@dtle utaﬂtenn-leﬁ giyDbisdhepaaneddy() (INdimsthyethyl)-1,11

O e

1,2,3,3a,7a-[err])-3-( 1 pyrroI|d| nyl)- 1Hinden- 1-
si | anam nat o( 2N Mfdﬁmém E,ﬁd%%xﬁ%ﬁd}%?@h%ﬁ%t:&' étﬁ&lwﬂh ipden-1-

di met hyl am no) rret hyl) p eny

-y

(1

- di

)s
(
| ) si

(

3, 3a, 7a-ylgilagaminato(2-)-N)((1,2,3,4-n)-2,4-hexadiene)titanium

[

[

(
yl)
((2-
1,2,
((2-(dimethylamino)methyl)phenyl}(N-(1,1-dimethylethyl)-1,1-dimethyl-1-

((1,2,3,3a,7a-11)-3-ethoxy-1 H-inden-1-yl)silanaminato(2-)-N)titanium

15 dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-ethoxy-1H-

inden-1-yl)silanaminato(2-)-N}titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-ethoxy- | H-inden- | -
yhsilanaminato(2-)-N)bis(phenylmethyl)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl- 1 -((1,2,3,3a,72-1n)-3-ethoxy-1H-inden-1-
20  yl)silanaminato(2-)-N)bis(phenylmethyl)bis((trimethylsilyl)methyl)}titanium

{N-(1 ,l;dimethylethyl)- 1,I-dimethyl-1-((1,2,3,3a,7a-1)-3-ethoxy-1H-inden- 1 -
yl)silanaminato(2-)-N)bis(phenylmethyl)bis(2,2-dimethylpropyl)titanium
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3-( 1-pyrroljgdgiehrr 1Hinden- 1 yl)silanarri nat o( 2-) - I\I)tltanp(c_rfm597,1317o
dichloro(N-methyl- 1, 1 dlrrethyl -((1,2,3,3a,7a-[err])-3-(-

- lidinyl)- 1H 20 |
(Rﬁlﬁnra? h;/l | Qy )1 - di bl 113 bl(tefilelze é%;bhgn@g}éqr}ye))é&((l,ﬂ-dlwmy(lﬂqhﬁvnw]iw) 1

Hinden- 1- yl)sila ( | ,
Cai oyl - 1 QpetSbTIEs 3 Feiped 3 BB R K et a2

yl ) si |l anam nat)qqgnamtll\a,bl s( phenyl net hyl )b| s((trimethylsilyl)methyl)titani um
- 34- WD 98/°06727

PCT/ US97/ 13170 (N-nethyl- 1, 1 -dinmethyl- 1 -((1 ,2,3,3a,7a-[err])-3-( 1
-pyrrolidinyl)- 1 rﬂN-ﬂdbdﬂnelhylethyl)-l l-dimethyl-1-((1,2,3,3a,7a-11)-3-((1,1-

yl ) si | anam nat o(2-)-N) bi s(phenyl met hyl ) bi s(2, 2-di net hyl p I)titani um
(1,1 -([er®]- d1msthum?ad)0émglﬂfnndmdw )ymr@pnéﬁ@@n)ew{((l 3 %n?éﬂﬁet hyl -

(phenyl met hyl) 3a,7a-[err])-3-( 1 pyrrolldlnyl) 1 H-|nden- 1
-yl)si | anani né’FES‘EdZeée)t"’E?“ium N)titanium (1,1 -dinmethyl - N-(phenyl nmet hyl )- 1
-((1,2,3,3a,7a-[err])-3-(1 -pyrrolidinyl)- 1H inden-

yl ) si | anani nat o( 2- )z-wnﬁkth%la%uﬁoﬂne[ﬂwﬁﬂh):nﬁl)& blemﬂhaﬂ?M i)amld%ethyl -

(2- (dlrrethylamno)rrethyl) he (phenyl met hyl)

(1, 2, 3, 3a, 7a{{le2,83n;73-1()- Zi]:((—lﬂydmmkhydbthy)l)()xy)]lll-l—mddm-yl]sllanammato(Z)
yI)sHanamnato 2-)-N)titanium 10 dichloro( 1,1

- di et hyl - (F?Hé' Wﬁthyl) 1-((1,2,3,3a,7a-[err])-3-( 1 -pyrrolidinyl)- 1
Hinden- 1 -yl)silanam nato(2-)- N)tltanl um (1, 1

i nden 1 WP?ZYI%&*%t%?éﬁ{“@ﬁyﬁn@v(Ehén@ﬁeﬂ{@?«?. AR Y

1 EL met hyl - N- ( @hvaesiy ietynpky - | B-indenli-21)Silabamigatd@r ¥ N)titdnitml - pyrrol i dinyl)-

I~ 1

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-((, 1~
dimethylethyl)oxy)-1H-inden-1-yl)silanaminato(2-)-N)bis{phenylmethytitanium

(N-(1,1-dimethylethyl)-1,}-dimethyl-1-({1,2,3,3a,7a-n)-3-((1,1-
15  dimethylethyl)oxy)-1H-inden-1-yl)silanaminato(2-)-
N)bis(phenylmethyl)bis((trimethylsilyl)methyl)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-((1,1-
dimethylethyl)oxy)- 1H-inden-1-yl)silanaminato(2-)-N)bis(phenylmethyl)bis(2,2-
dimethylpropyl)titanium

Zd (1,7’ -('q4-l ,3-butadiene-1,4-diyl)bis(benzene))(N-(1,1-dimethylethyl)-1,1-
dimethyl-1-((1,2,3,33,7a-n)-3-(((1,1-dimethylethyl)dimethylsilyl)oxy)- | H-inden-1-

yl)silanamina_lto(2-)-N)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(((1,1-
dimethylethyl)dimethyisilyl)oxy)-1H-inden-1-yl)silanaminato(2-)-N)((1,2,3,4-11)-2,4-

25 hexadiene)titanium
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15 i nden-
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98/ 06727
PCT/ US97/ 13170 di ENrdrlodimethylethyl)-d, lxdispethyl-1-41 23387203t Rvirani no) -

1Hind
1- d: Pmte Ryl Si Idﬁléﬁ”ﬁa@@(’%ﬂ?h%ﬁ J}(& q%{'%xf}.n l]yl)sﬂanammato(2 )-
-((1, 2,3, 3a, bes&iﬁ’eh}h&u{ﬂ)[mﬁml amino)- 1 Hinden- 1 -yl)-N( 1, 1

1 H 1
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yl
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di

1 H 1

di
, 2
1-
- di

-di net hyI et hyl) - 1 -dinmethyl silanam nato(2-)-N)bis(phenyl nethyl)titani um
5 (1 -((1 2,3, 3a, 7a- Berr])-B (dimethylam no)- 1 Hinden- 1
yl)-N-( 1,1 -di néNI-(;ll,ledlmﬂﬂ)yletmyl 1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(((1.1-

-dlrrethy |I th tr| hyIsHyI)methyI)tlt
ani um (1h§ % gkgla%’é’ )%H)'C[Jé\gl?']b? ‘%yﬁgﬁfg‘?ﬁ?/ﬁa‘)mb '§ 'Ti—'ig Aden- 1 -yl)-N-(1,1
-di met hyl et hW brs(phcny'umelhyl)bns((trnmethylsnl Dmethy)titanium

-dlrrethyIsHanamnato 2-)-Nbis penylyrrethyg bi s(2, 2-di et hyl propyl )titaniu

m(l 1'-([err]- 1,3-butadiene- 1,4-di yI)bls(benzene))(N-(
1- di et hyl et hyl )(N -(1,1- dimetiﬂ;{hethyl)dl.héimglhyl I 23 RTBNBA(Kaslkerr]) -3-( 1

i pl peri dinyl )dxmethﬁethyﬂﬁxmet&yls#yl)c)xy ?:ln g‘enn?ty?{s% Ra_mul}gto 2t )(lenl um

N)bis(phenylmethyl)bis(2.2-dimethylpropyltitanium

15 (N-(1,1-dimethylethyl)-1-(((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)- | H-inden-1-
yl)dimethylsilyl)methanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-(((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)-1H-

inden- [-yl)methyl)silanaminato-(2-)-N-)dimethyltitanium

(N-(1,1-dimethylethyl)-2-((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)-1 H-inden-1-y1)-

20  ethanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-2-((1 ,2.3.3a,7a—n)-3-( 1-pyrrolidinyl)- 1 H-inden-1-yI})-

tetramethylethanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-2-((1,2,3,3a,7a-1)-3-( 1 -pyrrolidinyl)- | H-inden- 1-yl)-

1,1,2,2-tetramethyldisilanaminato(2-)-N)dimethyltitanium

-40-



(N-(1, 1 -dimethylethyl)- 1, 1 -dinmethyl- 1 -((1,2,3,3a,7a-[err])-3-(

1- pi peri di nylwoodnéteyi nden- 1 -yl)silanam nato(2-)-N) ((1, 2,3 pcTrUs9?13170
,4-[err])-2,4-hexadi ene)titani um ((2-(di met hyl am no) net yI )phenyl )(N-( 1,
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1- p: ggri fl ﬁylgl )I Hq‘%@eL MX)F‘)”@P ‘Zh%\%#& O '(N?%"["{’q&{ﬂ]“%]?n?ﬁr'eﬂ?“o PN (1,
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1- di net hyl et hyI’YC i“a“!L‘I‘%FP yimethyteanigms 35 75 [err])-3-( 1-pi peri dinyl)-
1H inden- 1-yl)silanam nato(2-)-N)bis(phenyl methyl)bis((trinmethylsilyl

thyl)tit N- ~ i t - i .- )
)E"(E‘ % é gaégguE“eﬁr](&lg %deﬂéztﬁ yi)- t ?? 3a17a-|j)-3-§ -gﬁrm}l’dmyljhﬂ-mden- yl)-
- §I6) sil a\r;\la)mgg?Bdglglgt?yhﬁatharﬁ;ﬁﬁﬁ&w&mmdﬁmkmpnﬁa(rﬁmﬂ di met hyl propyl ) titani um

PCT/ US97/ 13170 ( 1, 1’ [er rI]l 3- but adi ene-
, 4-di yl ) bi s( benzene)(N Nsk S!lmel ¥l@hhﬁt1h1yﬂmcﬁwljl-((12 3133, 7ach )n-meghoxy4l H-{nden-

, 2, 3, 3a, 7a[err hexah l-yl)- 1 Hinden- 1 -

1) si | anami nat o %")geﬁ({iﬂ‘?'l%%ﬁq%@])(lkﬂ#“%ﬁy “a"&"ﬂet hylethyl)- 1, 1--dinethyl- 1
( ,2,3,3a,7a-[err])-3-(hexahydro- 1 H 5 azepin- 1 yI)- 1H i nden-

2 | anami nat o( 2 (12—Mxﬁléth?<la2mﬁo)?hé u)ide}hyi’)m-mgxmmeﬂmamyly-aqr(mrms 3a, 7a—n¥] |

1

| ) si

- (di et hyl am no) net h , di met hyl et hyl 1, 1 -dinmnet

(1, 2,3, SQ 733‘Ilepmglu‘élmhbblaMrbyl)‘ilmaﬂa'isebi)nwmnym)nam )N ih3.4-M)- 13-

)s il anam nato§2- - ti.taniumdichloro(N-(1, 1 -dinethylethyl)--1, 1
t hy

|- 1 -(FF

tadisneltianium | o1 1) - 3- (hexahydr o-

((2-(dimethylamino)phenyl)methyl)(N-(1,1-dimethylethyl)-1,1-dimethyl-1-
(((1,2,3,3a,7a-1)-3-( 1-pyrrolidiny])- 1H-inden- 1 -yl)methyl)silanaminato-(2-)-N-
)((1,2,3,4-11)-1,3-pentadiene)titanium

15 ' ((2-(dimethylamino)phenyl)methyl}(N-(1,1-dimethylethyl)-2-((1,2,3,3a,7a-1)-
3-(1-pymrolidinyl)- 1H-inden-1-yl)-ethanaminato(2-)-N)((1,2,3,4-n)-1,3-

pentadiene)titanium

((2-(dimethylamino)phenyl)ymethyl)(N-(1,1-dimethylethyl)-2-((1,2,3,3a,7a-1)-
3-(1-pyrrolidinyl)- 1H-inden-1-yl)-tetramethylethanaminato(2-)-N)((1,2,3,4-n)-1,3-

20 pentadiene)titanium

((2-(dimethylamino)phenyl)methyl)(N-(1,1-dimethylethyl)-2-((1,2,3,3a,7a-n)-
3-(1-pyrrolidinyl)- | H-inden-1-yl)-1,1,2,2-tetramethyldisilanaminato(2-)-N)((1,2,3,4-

n)-1,3-pentadiene)titanium
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10 lH-azeln- 1 -yl)- Hinden- 1 -yl)silanam nato(2-) itani um (N-(
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1Hinden- 1 -yl)silanam nato(2-)-N) bis(phenyl methyl)bis(2,2-

di met hyl propyl)ti e ngdm&x{&m:ﬁo)gﬁér@'i)’iﬂahymﬁ gqu}i -afhef\iethyl)-1- F(123 hsﬁ,'{a-ri)-

1, 4-diyl)bi s(benzene)) I mét'h 1- 720
-((1, 2, 3, 8a, 341 {pyrrolifiing 1) E ipdeys- 1 - § Hrhdthiaramidato(2- ) N)((1,2,3.4- n) 1,3-
-yl )SI I anam nato(2-)-Ntitanium (N (1,1 -di nethylethyl)- 1, 1 -di met hyl - 1
-((1, 2,3, 3aP¢'&a<§léF¢)}l)anBUTret hoxy- 1Hinden- 1 -yl)silanam nato(2-)-N)(( 1
,2,3,4 [err]) 2, 4- hexadi ene) ti tani um
(e (et byt art g s b SR a4 B o AL - 2
-yl I . J)- -n)-1.3-
nr st ig'l%t'g{yﬁ&ldlr}%} x?nﬁdémrﬁ ‘K.dﬁ’é’%‘ﬁgﬁ' ﬁﬁ{aﬁi@‘?@ s M
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1,2, 3 7 3- et - 1H i - i .
Tyt Falfhim nat ol K CRE B BRI L nylethyD-1, 1-dimetbylal: 1
'1& nghy' et Nyt )23 3a,74-m) 3L BERBYY -1 Hlinabd- 1yh)- SertindAirda®I(5 )N yd(1 S BKOYT 3.
1-yl) si | ananperaadié@eNitabjdon s ( phenyl met hyl ) bi s((trimethylsilyl)nmethyl)titaniu
m

(N-(1,1-dimethylethyl)-1-(((1,2,3,3a,7a-1)-3-(1-pyrrolidinyl)- 1 H-inden- 1 -
yDdimethylsilyl)methanaminato(2-)-N)titanium

15 (N-(1,1-dimethylethyl)-1,1-dimethyl-1-(((1,2,3,3a,7a-1))-3-( 1 -pyrrolidinyl)-1H-

inden-1-yl)methyl)silanaminato-(2-)-N-)titanium

(N-(1,1-dimethylethyl)-2-((1,2,3,3a,7a-n)-3-(1-pyrrolidiny})- 1 H-inden-1-yl})-

ethanaminato(2-)-N)titanium

(N-(1,1-dimethylethyl)-2-((1,2,3,3a,7a-1)-3-( 1 -pyrrolidinyl)- 1 H-inden- 1-yl)-

20 tetramethylethanaminato(2-)-N)titanium

(N-(1,1-dimethylethyl)-2-((1,2,3,3a,7a-1n)-3-(1-pyrrolidinyl)- 1 H-inden-1-y1)-

1,1,2,2-tetramethyldisilanaminato(2-)-N)titanium

(N-(1,1-dimethylethyl)-3-((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)- 1 H-inden-1-yl)-

propanaminato(2-)-N)titanium
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-dinmethylethyl)- 1, §,2,3 3a, 7a-[err])-3-((1, 1 --5

di net hyI et hyl ) oxy) - (NI(H ﬁﬂ@l@hy’eti'yl)ﬁé 2 AaAs-RXBopethpx ) Heinden-1-yl)-

1,2,3,4-Terr] )ett?aném1nato(2-)—N)d1methylmamum

~— 0
|Nv———- _l\)

1 '_\/-\\< 1

AL < =
o sov
—232=

(N-(1,1-dimethylethyl)-2-((1,2,3,3a,7a-1)-3-methoxy- | H-inden-1-yl)-

tetramethylethanaminato(2-)-N)dimethyltitanium

15 (N-(1,1-dimethylethyl)-2-((1,2,3,3a,7a-1)-3-methoxy-1 H-inden-1-y})-1,1,2,2-

tetramethyldisilanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-3-((1,2,3,3a,7a-1)-3-methoxy- 1 H-inden-1-yl)-

propanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl}-1-((1,2,3,3a,7a-11)-3-methoxy-1H-inden-1-yl)-

20  methanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1-((},2,3,3a,7a-11)-3-methoxy-1H-inden- 1 -yl)-

dimethylmethanaminato(2-)-N)dimethyltitanium

(N-~(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n))-3-methoxy- | H-inden-

1-yl)-germanaminato(2-)-N)dimethyltitanium
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hexadi ene 2- (di net hyl am no) net hyl ) phenyl ) (N- (1,
-dIXrTE![ hyl e )‘%h??@k ?(( ((ZII Imet hyIy 1 - %(1 2y3) ga 7; %t(arr]() 3*(?"‘&997113"0 .

-dimethylethyl)oxgI H i nden- é )silanam nato(2-)- N)titanium 10
dichloro(N-( 1, 1¢ oﬁlnlequtf@tlﬁyyl)d (122 3@ﬁﬁetniy3 -(((hl-

1,2,3,3a, % t.h d
3(/I( ) sil anaﬁ‘l ﬂﬁrg%ﬁ&le%&)y“%{rﬁ tg}]qflflﬁ”of‘lxlb ?E mX - 'M%%é%ﬂﬂ&?‘eé‘%g‘l‘"mﬂfﬁt hyl - 1
-((1, 2, 3, 34a, K@d,L@m%ﬁ,m%n(rﬁl 1 - dinet hyI ethyl)oxy)- 1 Hinden- 1
yl) si | anami nat o( 2-) - N) bi s(phenyl nethyl)titanium (N-( 1,21-dinethylethyl)- 1

, 1 -di methyl - -((1,2,3,3a,7a-[err])-3-(( 1, 1- 15 dlrrethylethyl)oxy)
1H i nden- 1 yI )sKNa(rlalmille(lahyB 1 l-dlmethyl 1 (((1 2,3.3a,7a-m)-3-(((1,1-
N)bls(phenylmethxl)bls trlmathIS|I ) met hy tltanlum(N-(l

- di met hyl®t hgimet nemyl)dim@bﬂwxl oKy)-( rnéerglfy meshylisilegamigato((24-N- -

di et hyl et hy c?n ')léRgd_Bg nden-

-yl) S|Ianam s(phenyl nmet hyl ) bi s(2, 2- di net hyl propyl )titani um 20
(1,1 -([err]- 1 3- but adi ene- 1, 4-diyl)bis(benzene))(N-(1, 1

- di et hyl et hyl 11 r- 3 11
dimethylethyl) - N omemALNY D 211 60 Baziatn faaler 1) -3 (((

yI )si | anami ndmthylpﬂluj)dlm%thﬂ&mlldﬂyl 1H1md¢m ot hgthatamihdte(21)-1 - di met hyl - 1

- (1233a rg)hh ( 1, 1 - dinethylethyl)dinethylsilyl)oxy)-
1H i nden- ] WML 0( 2-)-N) (( 1,2, 3, 4-[err])-2, 4- 25
hexadi ene) t| tam um - 39- WO 98/ 06727

Emllusgnr%fﬁm ((%N(@llngim%ﬂg_bqq @x@apﬂe,ﬁ]yﬁ_)(&ﬁ\h( 1, 1 -dinethylethyl)-

dxmethylethyl)dlmethylsﬂyl)oxy) [H-inden-1-yl)-tetramethylethanaminato(2-)-

N)dimethyltitanium

(N-(1,1-dimethylethyl)-2-((1,2,3,3a,7a-n)-3-(((1,1-
dimethylethyl)dimethylsilyl)oxy)-1H-inden-1-yl)-1,1.2,2-tetramethyldisilanaminato(2-
15 )-N)dimethyltitanium

(N-(1,1-dimethylethyi)-3-((1,2,3,33,7a-n)-3-(((1,1-
dimethylethyl)dimethylsilyl)oxy)-1H-inden- 1 -yl)-propanaminato(2-)-

N)dimethylititanium

(N-(1,1-dimethylethyl)-1-((1,2,3,3a,7a-11)-3-(((1,1-
20  dimethylethyl)dimethylsilyl)oxy)-1H-inden-1-yl)-methanaminato(2-)-
N)dimethyltitanium

(N-(1,1-dimethylethyl)-1-((1,2,3,3a,7a-1)-3-(((1.1-
dimethylethyl)dimethylsi] yl)oxy)-1H-inden-1-yl)-dimethylmethanaminato(2-)-

N)dimethyltitanium
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((1, 2, 3, 3a, 7Twdmwosyd7 3- ((( 1, 1-dinethylethyl)di methyl silyl)oxBGT/USHE3tW@en-
1 - yl)silanamnato(2-)-N)titaniumdichloro(N-( 1, 1 -dinmethylethyl)- 1, 1

-dimethyl- 1 -((1,2,®-83 Zﬁm{tﬁ‘iléﬂrﬁr (-G(mél{h}l 1 -(@,2,3,3a,7a-m)-3-(((1,1-
dlrrethylethyl)dlrrethyIsHy) Xy) - Hin
-yl )sil anam natdu@ﬂh)'kM)yﬂ)duracﬂlmmlleQXy)ﬂ&lnddnfieylhybmmm)natdiz -1 -dinmethyl- 1

1,2,3,3a,7 , 1 - dinmethyl ethyl)dinethylsilyl -1
Hgl(nden- 1a y?)“bﬁ ‘]rfémlﬁaé‘g‘g(’Z )- N b: rsn(aph)e/nsl mgt %y: ;TFI témSIumy()N??i/) 1
-dinmethylethyl)- 1,1 -dinmethyl- 1 ((1233a 7a-)-3-((( 1, 1 - 10
di net hyl et hyl ) di met [ t
Nl)gﬁs(%p/hgny%/rrzet Ih)r/rF)B ?H%Hﬁ%ﬁ%é?gl I y ﬂg‘?ﬁq’y%) t‘rl)()![%.ii h%\@?ﬁi ?ﬁ ﬂ-ﬁnd)en I-
- di et hyl et jyl )dimetﬂ: lméﬁhﬁhamxhato(’.( 3-Nydinsthyliampuir] ) -3-((( 1, 1 -
di et hyl et hyl ) di met hy yI )oxy)- 1 Hinden- 1 -yl)silanam nato(2-)-

N) bi.s( phenyl nmet hyI ) bi s(2 -di met hyl propyl )titani um 15 (N-(C 1, 1
-dimethylethyl)- 1 (0N (lll -gingetedethabf ledjmetByl-1-(((1 Q@u&ao]al—ﬂi)ﬂy(l|}plpdnd+hylhdiHn-

1 - yl)dinmethylsil t thyl tit N( 1,1
Ly oo b e R GRARR i T @émamﬁg:m $

-pyrrolidinyl)- 1H- i nden- 1

-yl ) et hyl ) si | anam - Bie L ot

A hy?/e% hyl ) - 2- (?ﬂtlﬂ,’(zag%‘eég?ﬂ%‘g? PH Bf 33%%*‘235‘%‘?% y1Hgjpden oD

-yl)- 20 et kanasmirata(@ -y )ydihethpkitdnilimi t ani um (N- (1, 1
-dinmethylethyl)-2-(( 1 ,2,3,3a,7a-[err])-3-( 1- pyrroI|d| nyI)- 1 Hinden- 1
yl)- tetranethyl et hanam nat o ltita

- di et hyl ed®yl ) - 2- ( (Nx(1z!- émg’éhﬁa&]yﬁr?r <)L233¥ 'ia-nb?r(#zﬂll?edidﬁwlmﬂnql@rhdan-
1-yD)- 101 2, ar Sk MO hif b - R Rk Alitandind) di methyl ti tani um - 40-

(N-(1,1-dimethylethyl)-2-((1,2,3,3a,7a-n)-3-( 1-piperidinyl)-1H-inden-1-yl)-

1,1.2,2-tetramethyldisilanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-3-((1,2,3,3a,7a-1)-3-(1-piperidinyl)- | H-inden- 1-yl)-

15  propanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1-((1,2,3,3a,7a-1)-3-( 1 -piperidinyl)- |H-inden- 1 -yl)-

methanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1-((1,2,3,3a,7a-n)-3-(1-piperidinyl)- | H-inden- }-yI)-

dimethylmethanaminato(2-)-N)dimethyltitanium

20 (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-( 1 -piperidinyl)- 1 H-

inden- 1 -yl)-germanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1-(((1,2,3,3a,7a-11)-3-(ethylmethyiamino)-1 H-inden-1-

yl)dimethylsilyl)methanaminato(2-)-IN)dimethyltitanium
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VIO 98/ 06
PCT/ usgw%g’l’?ﬁ"'f’l\p( 1,1 - diret hyI ethyl)-3-(( 1 .2,3,3a 7a-[erf])-3-( 1

-pyrrolidinyl)- pr opanam nat 0,(39 di met hyI titani um
(N( 1,1 -dinmet hyNe&lqui'}ncth)dwtbxl)-zl kdmeth--(f 3.8 @—n -3pyrrolidinyl)-

1H | nden- 1 N-(1,

1 -dinethyl é?tﬁ{/lhet%&g?’? Tr@n@d%( %7))”'@ &lﬁ&g&(&é& rrol)lélcweﬁtﬂ “a"i“m (A

H i nden- 1-yl)- di met hyl met hanam nat o(2-)-N)di net hyl titani um (N-(l 1

- di met hyl et hyl) - (4.4, -@infeekythy] %-’Q ({035 e L@ el lardiSR ! oiden- 1

1H i nden- 1 -yl)-germanam nat o% I met hyl titanium

((2-(dinet hyl)aaﬁxm)rphmo@l-)-mmrpmqumm 1 -dinethylethyl)- 1
((1,2,3,3a,7a-[err])- 10 3-(1 -pyrrolidi nyl)- 1Hinden- 1

| ) di met hyl si | yI rret hanam nat o

- (
- , 2, 3, 4- - 1,3 .
pent a cho) t tani O BTREER P Ay g - %%{;i@ie}e%%l?@;z(lﬂ-nnden-x-
1- pyrrol>/i di &&I t%trari}ﬂ_h}leﬁ i c%(?r?éjmr? ’f]w’wﬁ"aﬁ’gﬁnﬂnato (2-)-N ) (( 1

,2,3,4-[err])- 1 ,3-pentadiene)titanium 15
2- (di met hyl 3 . -

((2 3(313 m;a %/e?;n] ;afl)(gme?ml_.&ﬁs?rtm))gl(ﬁh Qb_ﬂa17ﬂnﬂsiééetgyméwmm&o§(mlmden 1
- yI ) - et hanatyi)ﬂhﬂﬁ(@m)ramr(wl@;lmnammaﬂ@{ﬁf)}f)l)dlms’—tﬁyhmmmwd| ene) titani um
((2-(di et hyl am no) phenyl )methyl ) (N-( 1,1 -dinmethylethyl)-2-(( 1

,2,3,3a, 7a-[err rr
lyl)-tet ram[et hy} )é{qhénla%‘i“?f‘g%/ﬁf‘gy ?%{%)313"]27%")'3'??&”1"]"}” lamifi0)-} -inden-1-

t adi AHBAS I thyl )(N-( 1,1

E)Sinm(’jalt Ih?/}?et yl‘?}-eg- 16:?10((22‘1 %%ﬁl@@?@%ﬁegy(impyyréfl dl(nyl )- 1 H-| nden- 1
-yl)- ,1,2,2- tetrarrethyl di silanam nato(2-)-N(( 1, 2,3, 4-
[err])-1, 3- pent adNe(iel-dimeamylethy h41((1,2,3,3a,7a-1)-3- (cthylmethylammo)—lH-mdcn-l-

yl)-methanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1-((1,2,3,3a,7a-n)-3-(ethylmethylamino)- 1 H-inden- 1 -

yl)-dimethylmethanaminato(2-)-N)dimethyititanium

15 (N-(1,1-dimethylethy!)-1, 1-dimethyl-1-((1.2,3,3a,7a-1)-3~(ethylmethylamino)-

1H-inden-1-yl)-germanaminato(2-)-N)dimethyltitanium

(N-cyclohexyl-1-(((1.2,3,3a,7a-n)-3-(1-pyrrolidinyl}-1H-inden-1-
yl)dimethylsilyl)methanaminato(2-)-N)dimethyltitanium

(N-cyclohexy!-1,1-dimethyl-1-(((1,2,3,3a,7a~1)-3-(1-pyrrolidinyl)-1H-inden-1-

20  ylmethyl)silanaminato-(2-)-N-)dimethyltitanium

(N-cyclohexyl-2-((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)- 1H-inden-1-yl)-

ethanaminato(2-)-N)dimethyltitanium

(N-cyclohexyl-2-((1,2,3,3a,7a-11)-3-(1-pyrrolidinyl)- 1H-inden-1-yl)-

tetramethylethanaminato(2-)-N)dimethyltitanium
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WO 98/ 06727W0 98/06727 PCT/US97/13170
PCT/ US97/ 13170 ((2-(di nmet hyl am no) phenyl)nmethyl)(N-( 1, 1
- di net hyl et hyl ) - 3- ((N-ayo%&x?az -(@; i?Bﬁ,Da—)!L m@yn@wixmj Hiinden- t-yl)- H rden= 1
yl ) - propanam nat o(2-)-N) (( 2,3, 4 )- 1, 3- pentadlene)tltanlum

(2- (di met hyl amme)tbyﬂ@myllaammhgo@ j-N)dimet lntmrmm hyl ethyl)- 1-((1
,2,3,3a,7a-[err])- 5 3-(1-pyrrolidinyl)- 1Hinden-

TG Ao O g

-yl )1 iRy ﬁyfﬂ’e&ﬁﬂéﬁéﬁ?aﬁ%&%‘W%"?“"% G’%’l ) 41[ o X ;j g ~
pent adi ene)titanium 10 ((2-(di met hyl am no) phenyl ) net hyl ) (N-( 1,
-h; di (rjret hyget h?/l)) (N-c)aciothyrrtau(mzalz)3 iﬁ{?—ﬁ'l]o-g %124>3\Eo3am7yay mliﬁde)n Bynet hoxy-

i nden- yl ) - ger manam nat o( 2-) - err
pent adi ene) ti mhmrr(mmp@)md-memﬂmnmnhyn -(((1, 2, 3 3a 7a-[err])-3-(
l-pyrrolidinyl)- 1 Hinden- 1 -

" et hyl ot iyl )+ 1 CGSRITRFROT0 23 34 4 1034 gty i yndgnc 9D

(
1-
(

1-pyrrolidinyl mnato(2) N-)titani um
(N-(1, 1 -di ned%rlqy%ghﬂétﬁgﬁgm(‘% gﬂﬂg@ﬁgg{ﬂ?ﬁh{u@?ﬁ )-3-( -pyrrolidinyl)-
1Hinden- 1 -yl)- ethanam nato(2-)-N)titanium (N-(1, 1 -di met hyl et hyl ) -2-((
1 ,2,3,3a, 7a-[ err] )(N3excldhepyk I, didimdethy]- )—((111d3j3ldem) -3k¢lypyrrol inyl)-1H-inden-1-
tetrarreth | et hanam nato(2-)-N)titanium (N (1,1 -dinmethylethyl)-2-((

1,2, 3, 3a, 18- &br gartr@nemmalqswmmrmlhxm}ammm nden- 1 -yl)-

1,1,2,2-tetranet hyl di silanam nato(2-)-N)titani um

(N-ethyl-1-(((1,2,3.3a,7a-11)-3-(1-pyrrolidinyl)-1 H-inden- 1 -

yDdimethylsilyl)methanaminato(2-)-N)dimethyltitanium

(N-ethyl-1,1-dimethy!- I-(((1,2,3,3a.7a-n)-3-(1-pyrrolidiny!)- 1H-inden-1-

yl)methyl)silanaminato-(2-)-N-)dimethyltitanium

15 (N-ethyl-2-((1,2,3,3a,7a-1)-3-(1-pyrrolidinyl)- |H-inden- 1 -yl)-ethanaminato(2-

)-N)dimethyltitanium

(N-ethyl-2-((1,2,3,3a,7a-1n)-3-( 1 -pyrrolidinyl)- | H-inden-1-yl)-

tetramethylethanaminato(2-)-N)dimethyltitanium

(N-ethyl-2-((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)- 1H-inden-1-yI)-1,1,2,2-

20  tetramethyldisilanaminato(2-)-N)dimethyltitanium

(N-ethyl-3-((1,2.3,3a,7a-1)-3-(1-pyrrolidinyl)-1H-inden- 1 -y})-

propanaminato(2-)-N)dimethyltitanium

(N-ethyl-1-((1,2,3,32,7a-11)-3-(1-pyrrolidinyl)- 1 H-inden- 1 -y1)-

methanaminato(2-)-N)dimethyltitanium
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(N-(1, 1 6l ethyl)-3-(( 1,2,3,3a, 7a-[err])-3-( lpyrr
1I—|—inden-“£13%+ﬁl)y‘} pr opanam nat o( 2-) - N)tltanl um -42- géf’t{gé% 170
PCT/ US97/ 13170 (N-( 1,1 -dinethyleth L‘:R éil 2,3,3a, 7a- [err]) 3-( 1
“pyrrolidinyl)- 1M-ertydd=((h2 a”é&nhéﬂ ErRl 8y B(13-ndry4 theni um (N (1, 1

-di net hyl eth 1,2 1 rrolidinyl 1H—|nden- 1
yl)- di ot h%‘f’*r?é’i’ﬁ%‘ﬁé‘%{‘%‘a @Q))mf’ tékﬂm* B (N}l () 1, 1
-dinmethylethyl)- 1, 1 -dinethyl- -((1,2,3,3a,7a-[err])-3-nmet hoxy- 1
Hinden- 1 -yl)- n )- bi 6! e iR thhyl) -
e gt [erizﬁmmr]) ] Ingitr&gli)g_l qmzjm#ﬂ{?%%noﬁdlﬂbm (e 12 001)

yl)di met hyl sgéryia)unidamiamri])dimétﬁyl)uaﬂ)ﬂnnet hyI titanium (N-( 1, 1
-dinethylethyl)- 1, 1 dirrethyl -(((1,2,3,3a,7a-[err])-3-nethoxy- 1
Hinden- 10 ) Si Ianam nat o- ( -)- Ydinethyltitanium (N-( 1,1

-di met hyl%t hyl ) - 20%/76 dzmsthxbr-tfwdl-[l (1 23,3, RnirgxpethgikB-{ hppmolidinyl)-) H-
oL D O RN LR G ) 2 (2

tetrarrethylethanamnato(Z) N) di et hyl titani um 15 (N-(1,1
-di met hyl et hyl ) - 2eM 41 3. fat i yI)
1,1,2,2- tetranet ﬁq di s@ﬁlngﬁg%l%g% ngql&r@ﬂﬁg’l???f '??i X f‘ﬁr?ﬂ]y 3; (1

- di net hyl et hwr)olﬁhl()(l) 1H2m3€;r8&y?)@qe[u@rl)s]l)mzemmlf(@wybl Ydirhetimdetanivin yI )
propanam nat o(2-)-N)di met hyl titani um (N-( 1 1 -dinmethylethyl)- 1

-((1,2,3,3a, 7a-[ e 1\5]( 1 dlmetthy%X}Yyl)% (1, fgga 7a-n) 4 2m:thy| 3-(1-pyrrolidinyl)-1H-

10 inden-1-yl)-ethanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-2-((1,2,3,3a,7a-1)-2-methyl-3-( | -pyrrolidinyl)- I H-

inden-1-yl)-tetramethylethanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl})-2-((1,2,3,3a,7a-n)-2-methyl-3-( [ -pyrrolidinyl)- 1 H-

inden-1-yl)-1,1,2,2-tetramethyldisilanaminato(2-)-N)dimethyltitanium

15 (N-(1,1-dimethylethy!)-3-((1.2,3,3a,7a-1)-2-methyl-3-( 1 -pyrrolidinyl)- 1 H-

inden- 1-yl)-propanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1-((1,2,3,3a,7a-1)-2-methyl-3-( 1 -pyrrolidinyl)-1 H-

inden-1-yl)-methanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethy})-1-((1,2,3,3a,7a-n)-2-methyl-3-( 1 -pyrrolidinyl)- 1 H-

20  inden-1-yl)-dimethylmethanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-2-methy}-3-(1-

pyrrolidinyl)-1H-inden- 1 -yl)-germanaminato(2-)-N)dimethyltitanium
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20 met hagabd)gdr®t 2-) - N di methyl titanium (N-(1, 1 -dinethyl ggpxisyrasire ((1
,2,3,3a, 7a-[err])- 3rrethoxy 1Hinden- 1 --yl)- :
di met hyl met hanam nato(2-)-N)di methyltitanium (N (1, dinethylethyl)- 1,1
-dimethyl - 1 -((1,2(Bl] 3@1147thtamad}gnesLmebenzm)msém -tlimethylethyl)-1,1-
-yl)-ger manam nat o y] titaniu
PCT/ US97/ 13170d’m"§>’%1‘?'((1'2%§5%{ ‘e‘PW‘?‘ ﬂl&‘)‘g(“(‘(yf!"xe?},agﬁf‘7‘aY‘[§%lan’}‘1@lq(8()- 1
1 - dinethyl etﬁ ?L thylsilyl)oxy)- 1Hinden- 1
_yl)di met hyl si 191} met hanani nat o(2-) - N)di met hyl titani um (N-(1, 1
-dinmethylethyl)- 1, 1 -dinethyl- | -((( 1,2,3,3a,7a-[err])-3-((( 1, 1 - 5
di et hyl et hyl ) di et l’NJ(:B,III-Q(h):owle)hyl)Llﬂl-dmﬂﬂm 19((1,2,3,4,5-n)-3- (l-pyrrolldmyl) 2,4-
-yl ) met hyl ) si | anami nato-(Z-?-N- )di met hyl titanium (N-( 1,
- di et hyl ettyl §ychopeptatdien?| -gl)Skanamiraca(21)yNEC1.2,8,44n 12,4~ hexadlene)txtamum
di met hyl et hyl )di methyl silyl)oxy)- 1 Hinden- 1 -yl)-ethanam nato(2-)-
N) di met hyl titani um | et hyl

X N-(1,1.-dinet -2-((. 1.
2,3,3a, 7a-[err])- 32119{ '1d"1'e‘héﬂeﬁ’@t”§1§/|‘g% H‘ﬁhyg!l i %}455 H§13;(ds@y}t( (Ohﬂml)n%tén- 1
-yl)-tet th
Rt g&ﬁgg&?mnnagsg?mgmw{}h Ao 4 8 3l P?p@htaé.eneﬁnamum
nmet hyl et hyl ) di net hyl silyl)oxy)- 1Hinden- 1 -yI )-
2, 2-tetranet hyl di qal(anﬁdmwmn(o&nemyspheny))(wdurmhhaﬂytdmﬁm unaxfﬂ&r(yLl
imethylethyl)-3-(( 1 ,2,3,3a,7a-[err])-3-(((
(1,2,3,4,5- n) -3- (l-pyrrohdmyl) -2 4-cyc10pentad1en I-yD)silanaminato(2-)-Ntitanium

I'_\D_I

i
di e

10 dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-n)-3-(1-

pyrrolidinyl)-2 4-cyclopentadien-1-yl)silanaminato(2-)-N)titanium

(N-(1,1-dimethylethy})-1,1-dimethyl-1-((1.2,3,4,5-n)-3-(1 -pyrrolidinyl)-2,4-

cyclopentadien-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,]1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-1)-3-(1-pyrrolidinyl)-2,4-
15  cyclopentadien-1-yl)silanaminato(2-)-N)bis(phenylmethyl)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-n)-3-(1 -pyrrolidiny})-2,4-
cyclopentadien- I-yl)silanaminato(2-)-N)bis(phenylmethyl)bis((trimethylsilyl)methyl)

titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-n)-3-(1-pyrrolidinyl)-2,4-
20  cyclopentadien-1-yl)silanaminato(2-)-N)bis(phenylmethyl}bis(2,2-

dimethylpropyl)titanium

(1,1-dimethyl-N-(phenyimethyl)-1-((1,2,3,4,5-11)-3-(1-pyrrolidiny!)-2,4-
cyclopentadien-1-yl)silanaminato(2-)-N)((1,2,3,4-1)-1,3-pentadiene)titanium

((2-(dimethylamino)methyl)phenyl)(1,1-dimethyl-N-(phenylmethyl)-1-

25 ((1,2,3,4,5-n)-3-(1-pyrrolidinyl)-2,4-cyclopentadien- 1 -yl)silanaminato(2-)-N)titanium
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met hyl et W‘#;ﬂ ,;hyl silyl)oxy)- 1Hinden- 1 -yl)-propanam F?iér rf")’?"(((l

I met hyl t (N—(l 1 dlrrethylethyl) 1((1233a 7a

20 dlnethylethI)dlmathyIsHyI%em H i nden- L
met hanami nat o@Ehjerof) kdimsthyl Ni(p Yi!ﬁ?‘{’b@(’l(,“ 2394351%13%)?%1’9}11(1)“)’1)-

) -
1,2,3,3 di met hyl si |yl -1
ﬁ]den- 2 ?%' %%negehmﬁ'e%%&&%ﬁf‘naﬂl@?@%}mﬁéﬁ%t Ih;/rr)t i %la?]: u% )Zﬁy) WO
06727

CT/ UsS97/ 13170 (N- (1L, t

“((1, 2, 3, 3a, 7a- Eerﬂl )1 ?d"-n%?p N%hgﬁm%mtl)ﬁmlfzﬂj F?d. j(%é’(’m’fd’ﬁ"%u'
1Hinden- 1 yyc)lemrtadm&ﬂﬁym)aﬂa)(aﬂnyatom)-HNl)datﬂeWyﬂnmmnmum (N-( 1

,1-dimethyl éthyl)- | -(((1,2,3,3a, 7a-[err])-3-( 1 -piperidinyl)-1Hinden-1
dimet iyl hyl) - 1 LR L2258 331 plorpldingly 23k ¢yciopeniadien-

)51 Panam nat 03¢ >S¥5'&’§‘§§%£%-%W%‘Wﬁf‘%mu 1 - di et hyl et hyl ) -2 (

1,2,3,3a,7a-[err])-3-( 1-piperidinyl)- 1 Hinden- 1 -yl)-

et hanani nat o(2-)-Nrdi %Eﬂ‘xbt—ﬂ(@lr@ 9 5L8)-3- (}-p rrohdmy()bi':( cy]cloﬂentad:en 1-yl N-
-di et hyl et hyl ) - 2- (( a?a-[er f) 1- pi peri dinyl) %
-yl)- tet ranef(hyq}’@id‘iéﬁalm ﬁéﬂ@GQLyL)N)lmmhtpKZ -)-Nadimethy(tNagiufi, 1
-dinethylethyl)-2-(( 1,2,3,3a,7a-[err])-3-( 1l-piperidinyl)- 1Hinden- 1

yh)- 1 L2, 2-tet rP?Edtmethyi R cycpoadrgdgca q((%l,.. 3',9,911 - E(rl]}/pytrroi myiJ) 2,4

10 cyclopentadien- I-yl)silanaminato(2-)-N)dimethyltitanium

di
N)
1
1-
H

d
|
(
i

98/

(1.1-dimethyl-N-(phenylmethyl)-1-((1,2,3,4,5-n)-3-(1 -pyrrolidiny1)-2,4-

cyclopentadien-1-yl)silanaminato(2-)-N)bis(phenylmethyl)titanium

(1,1’~(n4-1,3-butadiene-1,4-diyl)bis(benzene))(1,1-dimethyl-N-(1-
methylethyl)-1-((1,2,3,4,5-1)-3-(1-pyrrolidinyl)-2,4-cyclopentadien-1-

15  yDsilanaminato(2-)-N)titanium

(1,1-dimethyl-N-(I-methylethyl)-1-((1,2,3,4,5-n)-3-(1-pyrrolidinyl}-2,4-
cyclopentadien-1-yl)silanaminato(2-)-N)((1,2,3,4-11)-2,4-hexadiene)titanium

(1,1-dimethyl-N-(1-methylethyl)-1-((1.2,3.4,5-n)-3-(1-pyrrolidiny!l)-2.4-
cyclopentadien-1-yl)silanaminato(2-)-N)((1,2,3,4-n)-1,3-pentadiene)titanium

20 ((2-(dimethylamino)methyl)phenyl)(1,1-dimethyl-N-(1-methylethyl)-1-
((1,2,3,4,5-1)-3-(1-pyrrolidinyl)-2,4-cyclopentadien- -yl )silanaminato(2-)-N)titanium

dichloro(1,1-dimethyl-N-(1-methylethyl)-1-((1,2,3,4,5-1)-3-(1-pyrrolidinyl)-

2.4-cyclopentadien-1-yl)silanaminato(2-)-N)titanium

-50-



(N-(1, 1 -cdwosglestast hyl)-3-(( 1,2,3,3a,7a-[err])-3-( 1 -piperpciimgd?)is1m
Hinden-. 1 -yl)- 15 propanani-nato(2-)-Nydimethyltitanium (N-( 1, 1

-di nmethyl ethyl)- 1 (( 74 Al 4L =14 pden- |
-yl)- nethanam nato( lélm%u%i if@“ eéwﬂiﬁ?lﬁn(ﬁlé(z %§3d€%%ﬂdle%?$ 1

((1, 2,3, 3a, 7ay¢lepcr]tadlen(l yl)sﬂarmmmahot@ﬁb N)dxhhvb{hymmmum -yl) -

di rrethyl nmet hanam nat o( 2-) - N) di net hyl ti t ani um 20 (N( 1, 1
-dinmethylethyl)- 1, 1 -dinethyl- 1 -((1,2,63,3a,7a-[err])-3-( 1
-piperidinyl)- 1 H( il et 31but9¢1yngé44rmah$ﬂmzx(r@))1blm) didimethylethstiphjlum
(N-(1,1 -dimethyl et rr])-3-(ethyl nethylamno)- 1
Hinden- 1 - 9!‘)‘%&@%’19@"91”14)5( 'él}’rét(hd’ﬁ!gﬁ’f awﬁcizﬁcmymmlmi/wl)@&mmm@)—
WO 98/ 0672% Yitanju

PCT/ Us97/ 13170 PR ™™ 1 -dinethylethyl)- 1,1 -dimethyl- 1 -(((1
,2,.3,3a,7a-[err])-3- (ethylnmethylam no)- 1 Hinden- 1

-yl) met hyl) si | anamionadgy!( 21 ximethgi- iy bl ; i
-di net hyl et hyl ) - 2- ( ?3 3a, 7at}l eﬁﬁhy iﬂﬁm{nme;{yw;?ﬂg‘#yﬁnzo% cycl?_gantagécr?_l -
yl) - et hanam ngl)el@zﬁ}a)mh@tdﬂzmaNb(w 23tani-Gm-hexadiene)titanium(N- (1, 1
-dinmethylethyl)-2-(( 1,2,3,3a,7a-[err])-3-(ethyl rrethyl am' no) 1Hinden- 1 -
yl)-tetranet hyl et hanam na thyltitani um (

- di met hyl et hyl ) - 2- (N-ethy- ls?éam?taghml}%iié 5cal ﬁ;fﬂwmwlawﬁos-cyciquml-l -
1y- 1, 1,2, 2- t - thyltit N-
)1/ )1 di rret hyI et gll %"%g]e?a[wfg)?ﬁg(gg%?anﬁ%( ‘&@\%@‘Hﬁnﬁg{hy: a?nmnlcj))m- ( lei nden-
1 - 10 yl)-propanam nato(2-)-Nydinethyltitanium (N (1, 1
-dimethyl eg hyl) - 1 (A (@iméthFlafBnchretifyfphinydyfeidyl- MoIdmibdyi-pr2 3 sAslen- 1

(I-pyrrolidinyl)-2,4-cyclopentadien-1-yl)silanaminato(2-)-N)titanium

dichloro(N-ethyl-1,1-dimethyl-1-((1,2,3,4,5-n)-3-(1-pyrrolidiny!)-2,4-

cyclopentadien-1-yl)silanaminato(2-)-N)titanium

(N-ethyl-1,1-dimethyl-1-((1,2,3,4,5-1)-3-(1-pyrrolidinyl)-2,4-cyclopentadien-1-

15 yl)silanaminato(2-)-N)dimethyltitanium

(1,1 ’—(n4-l .3-butadiene-1,4-diyl)bis(benzene))(N-(1,1-dimethylethyl)-1,1-
dimethyl-1-((1,2,3,4,5-n)-3-(i-piperidinyl)-2,4-cyclopentadien- 1 -yl)silanaminato(2-)-

N)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-n)-3-(1 -piperidinyl)-2,4-
20  cyclopentadien-1-yl)silanaminato(2-)-N)((1,2,3,4-11)-2,4-hexadiene)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-)-3-(1-piperidinyl)-2,4-

cyclopentadien- 1-yl)silanaminato(2-)-N)((1,2,3,4-1)-1,3-pentadiene)titanium

((2-(dimethylamino)methyl)phenyl)(N-(1,1-dimethylethyl)- 1, 1-dimethyl-1-
((1,2,3,4,5-n)-3-(1-piperidinyl}-2,4-cyclopentadien- 1-yl)silanaminato(2-)-N)titanium
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ghamg@&(z )-N)dinethyltitanium (N-( I, |1 -d| met hy{,@b{}g&.,)n“})

(( 2 r]) - 3- (ethylrrethylamno) 1H i nden-
yl) di rrethyl met hanam nat o 147(9 -N) di nethYItltanl um 15 (N-(1, 1 -
-di et hyl et hyl ) - 1dichlorg(Nvél, hylpmetmylethy) I,1-dimethyi-1-((] 2,3,4,5—1])-3—(l-piperidinyl)-
-((1,2,3,3a, 7g-,[ er t.h th Hinden- 1
-yl)-ger nanarr?‘#a“ty(? °5“3Rb<°a lrréb%f‘?’% W@’Sr’\)l\f)ﬂ-w ohexyl- 1 -(((1
2,3,3a,7a-[err])- 3( 1 -pyrrolidinyl)- 1 Hinden- 1 -

)d

yl |rrethyIS|IyI) fﬂ*?ﬁt R I | &y (RN C h-4. 1, 1

- di et hyl - (((Tﬁg "3a, 1 elr%#? ‘1"1')-&1 %y(tr(lrglglrud?mpwcﬁfsﬁ%ﬁgzg‘; 1- 20

| ) et hyl )SI I ayuampelmfd@en(-Eﬂ))sxhnhdian(nwLN)dxmmhylrritz(rﬁhmycI ohexyl - 2- ((
,2,3,3a,7a-[err])-3-( 1 -pyrrolidinyl)- 1 Hinden- 1 -yl)-

t hanani nat o(2-)-N)ydinmethyl titani um (N-cycl ohexyl-2-(( 1,2,3

,3a,7a-[ery])-3-( U l’pm"r-bBihﬂ:itadydn): 1,4-diylJbisgbenzede))(N-) 1 1 -dimethylethy)- 1, 1-

tet ramet hyl et hanam nat o( 2-) - | met hyl titani um - 46- WO 98/ 06727

PCT/ US97/ 1317émcqth>dylc((dr?e3<9|5 TP) Jt (1-piperidingb-27cydepanyadient I-yDsijfgnaminateny | ) -

1 Hinden- X% 1,2, 2-

t et r amet hyl d| N ﬂ'é'H? nat o( 2-)- N) di met hyl ti t ani um (N-cycl ohexyl -3- (( 1

,2,3,3a,7a-[err])-3-( 1 -pyrrolidinyl)- 1 Hinden- 1-yl)-

propanam nat o( 2-) - il TedietHydaani-g M-&methyl-1-((1.2.3 ]
-((1,2,3,3a, 7a-[er F%UB 1 lﬁgyrl?sghdl n§"°‘ YRR nde‘(r»é‘l'ﬂ%qlﬂmﬁﬂenyﬂammo)

met hanani nat ok a- c)yckapdnnatétehyll-ymshIanaruma(ol(@-&-ﬂ)((dtﬁe3<.9rm) 214-h¢>(a1hene)mamum
,2,3,3a,7a-[err])-3-( 1 pyrrolidinyl) 1Hinden- 1 -yl)-
di met hyl net hanam natog 3 Nz math | titani T )
10 (N-( im hylethyl) .1-dimethyl-1-((1,2,3,4,5-n)-3-(methylphenylamino)-

2.4-cyclopentadien-1-yl)silanaminato(2-)-N)((1,2,3.4-n)-1 ,3-pcntadiene)titanium'

((2-(dimethylamino)methyl)phenyl)(N-(1,1-dimethylethyl)-1,1-dimethyl- 1 -
((1,2,3,4,5-1n)-3-(methylphenylamino)-2 4-cyclopentadien-  -yl)silanaminato(2-)-

N)titanium

15 dichioro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-1))-3-

(methylphenylamino)-2,4-cyclopentadien- | -yl)silanaminato(2-)-N)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1.,2,3,4,5-n)-3-(methylphenylamino)-

2,4-cyclopentadien-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-n)-3-(methylphenylamino)-
20  2,4-cyclopentadien-1-yl)silanaminato(2-)-N)bis(phenyimethyl)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-n)-3-(methylphenylamino)-
2,4-cyclopentadien- 1 -yl)silanaminato(2-)-
N)bis(phenylmethyl)bis({trimethylsilyl)methyl) titanium
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(N-cycl ohex 9 - di met hyl - ((1 2,3,3a,7a-[err])-3-( 1PCT,U397,13170
-pyrrolidi n&l? &36 i nden- 1 -

yl(%(%erzngngg na F(erzr(%‘)(l}l)s‘ ’”ﬁ?‘h%‘%}i"r”zﬁ \ d?%%‘eﬁ“ﬁéﬁ%@-m 3j(methylphenylamino)-

yl ) di net hyl si | 2'@-&’9&6&6&@&%9!0@hhaﬁﬁrﬁkd{ﬂi)mjﬁid(pmyuﬁﬂtﬁ tﬂ&(izyi 1, 1
-dinmethyl- 1 -(((21,2,3 ,3a,7a-[err])-3-( 1 -pyrrolidinyl 1 H-|nden- 1 -
yl ) met hyl ) si | adan¢thalpmp(y?)n)anmn)d| met hyl titani um 15

(N-ethyl-2-(( 1,2,3,3a,7a- [err]) 3-( 1l-pyrrolidinyl)- 1Hinden-

1-yl)- ethanamnato(z- di met hyl titanium (N-ethyl -2-((

15,3 3a, 7a- [err]) G - pyprands ety oo -1 23,453

t et r amet hyl amnto 2-)- met hyl tit 2-

1, 2, 3, 3a, e ? I’}C"t%’ %"@01 ég?%&hpai“ﬁ ep-1 iﬁﬁj ningfy E%EW >£(i 1,2,2- 20

tetrarrethldls titani um
(N-et hyl - g ((1leﬁ&ﬁg}i ﬂflﬁart)r’?&mt lti‘mﬂpyrrol idinyl)- 1Hinden- 1 -yl)-

propanam nat o(2-)-N)di nethyltitanium (Nethyl- 1-((1,2,3,3a,7a-[err])-3-( 1
-pyrrolidinyl)- 1 H(l4#deh3,45-R)y8-fdimmatiyianmo)-2a-ochpeati@dhaey N 1,1ani um
-47- WD 98/ 06727

PCT/ US97/ 131704dimetbylathyl)1l. 1 d{methylsdargaminato(Ze}-Np{( 1.3 3¢4-1)-2 gyhaxatiede igdnjum 1H
-inden- 1 -yl )- di rret hyl met hanam nato(2-)-N)di methyltitanium (N-ethyl- 1, 1

gg“rrrrmxgltng)r/nI naéL oiz) ﬁ*‘rﬁi@ i‘kﬁslﬂ}ﬁ"g‘/mm% 5%éyd5‘ipﬁ")("aif IY’%?T& |‘1§| e%llhyl)

-(((L, 2, % 3adﬁ'ﬁet£ﬂ5fh&)) @I_ﬁﬁﬁaﬁifls@ar{anﬁnﬂwzr-ﬂf\lb@l.QBW-T"[)— ,3'—'lﬁemad|ene)mamum

((2-(dimethylamino)methyl)phenyl)(1-((1,2,3,4,5-1)-3-(dimethylamino)-2 4-
cyclopentadien-1-yl)-N-(1,1-dimethylethyl)-1,1-dimethylsilanaminato(2-)-N)titanium

dichloro(1-((1,2,3,4,5-1)-3-(dimethylamino)-2,4-cyclopentadien- 1 -yl)-N-(1,1-

dimethylethyl)-1,1-dimethylsilanaminato(2-)-N)titanium

15 . (1-((1,2,3,4,5-n)-3-(dimethylamino)-2,4-cyclopentadien- 1 -yl)-N-(1, 1-

dimethylethyl)- 1, 1-dimethylsilanaminato(2-)-N)dimethyltitanium

(1,1 ’-(T]4-I .3-butadiene-1,4-diyl)bis(benzene))(N-(1,1-dimethylethyl)-1-
((1,2,3,4,5-n)-3-(ethylmethylamino)-2,4-cyclopentadien-1-yl)-1,1-

dimethylsilanaminato(2-)-N)titanium

20 (N-(1,1-dimethylethyl)-1-((1,2,3,4,5-n)-3-(ethylmethylamino)-2,4~
cyclopentadien-1-yl)-1,1-dimethylsilanaminato(2-)-N)((1,2,3,4-11)-2,4~

hexadiene)titanium

(N-(1,1-dimethylethyl)-1-((1,2,3,4,5-11)-3-(ethylmethylamino)-2 4-
cyclopentadien-1-yl)-1,1-dimethylsilanaminato(2-)-N)((1,2,3,4-1)-1,3-
25  pentadiene)titanium
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I nden- é?%/ é{('jll met hyl si | yl) met hanam nato(2-)-N)dinmethyltitani_um N-g
- di met hy| &Y, 1 -dimethyl- 1 -((( 1,2,3,3a,7a-[err])-BCTRUSHY 'f?( 1-
pyrraolidinyl)- 1H-|nden- 1 yI)rrethyI)sHanamnato (2-)-N)dinmethyltitani um

(N (1, |1 ddl rr:st hy I(€*-Giyingth¥latind)miz1 i3] phemd )(Ne( Ir | -Hirdethptthy 1)- B¢((,2,3,4,5-1))-3-
1-pyrrolidiny

-yl )-et hanan{ﬁéyl@(efx»lamp%wﬂqgepﬁzﬁ;egnﬂ -¥ B I 1-dimethyisilanaminato(2-)-N)titanium

-dinethylethyl)-2-((1,2,3,3a,7a-[err])-2- rrethyl 3-( 1-pyrrolidinyl)- 1H

inden- 1 -yl)-tet h 1

| di et nyl e%/hi/uezr ‘%fé‘llg éa‘%gh‘?%&ﬁ%‘f PN r?hg‘g((i&’yﬁ(}%ﬂf‘ﬁ“ °ﬁ'§?r‘§t 1 H
i nden- 1-yl) t}élo%emé)dxé’n-‘}%ﬂ)r AIEfi Ak lsﬂhﬁﬂﬂﬂﬂiof@l)i?{ )&rahiuf) di met hyl titani um 15
(N( 1, 1 -dinethylethyl) (( 1 3,3a,7a-[err])-2-nmethyl-3-( 1

-pyrrolidinyl)- 1 H inden- I) propanam nat o(2-)-N)di nethyl titani um
(N-( 1,1 5dimet hyl(Nt¢iyl- dﬁnelh)(l(tﬂlylz-IBC(B,ﬁ 3 S5{rp3-{ethy2memy aylin &%, 4-
1- pyrrol i dinyl)- 1H _inden- % met hanam nat o( 2-) - N) di net hyl titani um
(N-(1,1 -di meYHoPentadien-] yi) ld(d1me yeﬂsré?rmaafpm )diaogitiiganium (1
- yrrolldlnyl) 1 H 20 i nden-

1) -

di met hyl net h n met hyl et hyl ) -
1 1 -dinethyl - Ea(qaql 815%@1&9% W’?WL{ZS r}@ﬁl{ﬁ“@é&\%glaﬁﬁ) gﬁl dinyl)- |
Hinden- 1 -y c)lo umaaam t@(cﬁm):rh selaehinxdol2- tw)bisgahe methy)@anfh 06727
PCT/ US97/ 13170 (1 ﬁm)a - but ad| ene- b| S benzene) ) (N-(1,
1 -dinethylethyl)- 1,1- dlrrethyl- 1 -( 12345-[err
-pyrrolidinyl)-2, - etheh- in mﬂw n)mo)N; 'EH t ani um
ANcly cli-& )éhll(112 &) antetin

(l-N;))(/;Lr oll (&?Ing?%lgéenjfatpgn y]) 1 :l’dnmethy qunammatggzl) 2,3,4,5-[err])-3-(

N)bis(phenylmethyl)bis((trimethylsilyl)methyl) titanium
(N-(1,1-dimethylethyl)-1-((1,2,3,4,5-n)-3-(ethylmcthylamino)-2,4-
cyclopentadien-1-yl)-1,1-dimethylsilanaminato(2-)-N)bis(phenylmethyl)bis(2,2-

dimethylpropy)titanium

15 (1,1 ’-(’q4- 1,3-butadiene-1,4-diyh)bis(benzene))(N-(1,1-dimethylethyl)-1,1-
dimethyl-1-((1,2,3,4,5-n)-3-methoxy-2,4-cyclopentadien- 1 -yl)silanaminato(2-)-

Nititantum

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((! ,2,3,4.5~n)-3-methoxy-2,4—
cyclopentadien- 1 -yl)silanaminato(2-)-N)((1,2,3,4-n)-2,4-hexadiene)titanium

20 (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-1)-3-methoxy-2.4-
cyclopentadien-1-yl)silanaminato(2-)-N)((1,2,3,4-11)-1,3-pentadiene)titanium

((2-(dimethylamino)methyl)phenyl)(N-(1,1-dimethylethyl)-1,1-dimethyl-1-
((1 ,2,3,4,5-n)-3—methoxy-2,4-cyclopentadien-1 -yl)silanaminato(2-)-N)titanium

dichloro(N-(1,1-dimethylethyl)-I,1-dimethyl-1-((1,2,3,4,5-11)-3-methoxy-2 4-

25  cyclopentadien-1-yl)silanaminato(2-)-N)titanium
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cycl 0%%2{} PCT/USITN31T0
-yI)S|Iana )-N)((1,2,3,4-[err])-2,4-hexadiene)titanium (N-(1, 1

dimetiyletvl) L of o QLpRL 1. et G Ea B et 2.

1,2,3,4-[err])¢ ckg@n&@%aﬂgﬁﬁﬁh&&\frﬁfH(mN)dlmethylmamum .

((2 (dlmethylar% ) met hyl ) phenyl) 1 -dinethylethyl)- 1, 1 -dinethyl-
((1,2,3,4,5-[err])-3-( 1-pyrrolidinyl)-2,4-cycl opentadien- 1

-yI ) si | anam nat o( 2- NX0) tudxmmhymmﬂb 1,1- dxmethyl 1-((H2. 5[, i)nMNnétﬂlox)M 4-
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WO 98/ 06727  dimethyléthyl)oxy)-2,4-cyclopentadien-1-yl)silanaminato(2-)-N)((1,2,3,4-1))-1,3-

PCT/ US97/ 13170
pentadiene)titanium

((2-(dimethylamino)methyl)phenyl}(N-(1,1-dimethylethyl)-1,1-dimethyl-1-
15 ((1.2,3.4,5-1)-3-((1,1-dimethylethyl)oxy)-2,4-cyclopentadien-1-yl)silanaminato(2-)-

N)titanium

dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3.4,5n)-3-((1,1-

dimethylethyloxy)-2,4-cyclopentadien-1-yl)silanaminato(2-)-N)titanium

(N-(1,1-dimethylethy])-1,1-dimethyl-1-((1,2,3,4,5-1)-3-((1,1-
20  dimethylethyl)oxy)-2,4-cyclopentadien- | -yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-1)-3-(hexahydro- 1 H-azepin-
1yD)-2 4-cyclopentadien-1-yl)silanaminato(2-)-N)dimethyltitanium

(N~(1,1-dimethylethy)-1,1-dimethyl-1-((1,2,3,4,5-1)-3-(hexahydro-1(2H)-

azocinyl)-2,4-cyclopentadien- I -yl)silanaminato(2-)-N)dimethyltitanium
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2.4-cyclopentadicn- 1-yl)silanaminato(2-)-N)dimethyltitanium

15 ) (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-n1)-3-(dimethy!phosphino)-

2,4-cyclopentadien-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethy))-1,1-dimethyl-1-((1,2,3,4,5-1)-3-(diphenylphosphino)-
2,4-cyclopentadien-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-1)-3-
20  (methylphenylphosphino)-2,4-cyclopentadien-1-yl)silanaminato(2-)-

N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-11)-3-ethoxy-2,4-

cyclopentadien-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethy})-1,1-dimethyl-1-((1,2,3,4,5-1)-3-propoxy-2,4-
25 cyclopentadien-1-yl)silanaminato(2-)-N)dimethyltitanium
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hexadiene)titanium
15 (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-n)-2-methyl-3-(1-

pyrrolidinyl)-2,4-cyclopentadien-1-ylsilanaminato{2-)-N)((1,2,3,4-n)-1,3-

pentadiene)titanium

((2-(dimethylamino)methyl)phenyl)(N-(1,1-dimethylethyl)-1,1-dimethyl-1-
((1,2.3,4,5-11)-2-methyl-3-(1-pyrrolidinyl)-2,4-cyclopentadien- 1 -yl)silanaminato(2-)-

20 N Jtitanium

dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-11)-2-methyl-3-(1-

pyrrolidinyi)-2,4-cyclopentadien-{ -yl)silanaminato(2-)-N)titanium

(N-(1,1-dimethylethyl)-1,1-dimethy}-1-((1,2.3,4,5-1n)-2-methyl-3-(1-

pyrrolidinyl)-2,4-cyclopentadien-1-yl)silanaminato(2-)-N)dimethyltitanium
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dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-1)-2-propyl-3-(1-

pyrrolidinyl)-2,4-cyclopentadien- 1 -y})silanaminato(2-)-N)titanium

15 (N-(1,1-dimethylethyl)-1,1-dimethyl-1-{(1,2,3,4,5-n)-2-propyl-3-(1-
pyrrolidinyl)-2,4-cyclopentadien- 1-yl)silanaminato(2-)-N)dimethyltitanium

(1,1 ’-(n4- 1,3-butadiene- 1 ,4-diyl)bis(benzene))(N-(1,1-dimethylethyl)-1,1-
dimethyl-1-((1,2,3,4,5-1)-2-methyl-4-ethyl-3-(1-pyrrolidiny})-2,4-cyclopentadien-1-

yl)silanaminato(2-)-N)titanium

20 (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-11)-2-methyl-4-ethyl-3-(1-
pyrrolidinyl)-2,4-cyclopentadien-1-yl)silanaminato(2-)-N)((1,2,3,4-n)-2,4-

hexadiene)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-1)-2-methyl-4-ethy]-3-(1-
pyrrolidinyl)-2,4-cyclopentadien- 1 -yl)silanaminato(2-)-N)((1,2,3,4-n)-1,3-

25  pentadiene)titanium
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1 (125 4 s -Gl ead et el ’?éﬁz%&pa{snam ;m Ry 1
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(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-n)-3-(1-methylethyl)-4-(1-
pyrrolidinyl)-2.4-cyclopentadien- I -yl)silanaminato(2-)-N)((1.2,3,4-n)-2,4-

hexadiene)titanium

(N-(1,1-dimethylethy})-1.1-dimethyl-1-((1,2,3,4,5-n)-3-(1-methylethyl)-4-(1-
15 pyrrdlidinyl)—2,4-cyclopentadien— 1-yl)silanaminato(2-)-N)((1,2,3,4-n)-1,3-

pentadiene)titanium

((2-(dimethylamino)methyl)phenyl)(N-(1,1-dimethylethyi)-1,1-dimethy}-1-
((1.2,3,4,5-n)-3-(1-methylethyl)-4-(1-pyrrolidinyl)-2 ,4-cyclopentadien-1 -

yl)silanaminato(2-)-N)titanium

20 dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-1)-3-(1-
methylethyl)-4-(1-pyrrolidinyl)-2,4-cyclopentadien- 1-yl)silanaminato(2-)-N)titanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-1)-3-(1-methylethyl)-4-(1-
pyrrolidinyl)-2,4-cyclopentadien-1-yl)silanaminato(2-)-N)dimethyltitanium
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-di net hyl et hyl ) - I (( 1,2,3,4,5-[err])-3-(ethyl nethyl am no) -2, 4- 10

| t adi | | -\ - .
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((1,2,3,4,5-1)-2,4,5-trimethyl-(1-pyrrolidinyl)-2,4-cyclopentadicn- 1 -yl)silanaminato(2-

WS- -

)-N)titanium

dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-1)-2,4,5-trimethyl-

(1-pyrrolidiny!)-2,4-cyclopentadien- | -yl)silanaminato(2-)-N)titanium

15 (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,4,5-n)-2,4,5-trimethyl-(1-
pyrrolidiny])-2,4-cyclopentadien-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1-methyl-1-pheny!-1-((1,2,3,4,5-n)-3-( 1-pyrrolidinyl)-

2,4-cyclopentadien-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,4,5-n)-3-(1-pyrrolidinyl)-2,4-

20  cyclopentadien-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-bis(1-methylethoxy)-1-((1,2,3,4,5-n)-3-(1-
pyrrolidinyl)-2,4-cyclopentadien-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)- 1 -ethoxy-1-methyl-1-((1,2,3,4,5-n1)-3-(1-pyrrolidinyl)-

2,4-cyclopentadien-1-yl)silanaminato(2-)-N)dimethyltitanium
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15 (N-(1,1-dimethylethyl)-2-((1,2,3,4,5-11)-3-(1-pyrrolidinyl)-2,4-cyclopentadien-

1-yD-1,1-dimethylgermanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-4,5,6,7-tetrahydro-3-(1-
pyrrolidinyl)-2,4-cyclopentadien- 1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-4,5,6,7-tetrahydro-3-
20  (methyl(1-methylethyl)amino)-2,4-cyclopentadien-1-yl)silanaminato(2-)-

N)dimethyltitanium

(N-(1,1-dimethylethyl}-1,1-dimethyl-1-((1,2,3,3a,7a-n)-4,5,6,7-tetrahydro-2-
methyl-3-(1-pyrrolidinyl)-2,4-cyclopentadien- I -yl)silanaminato(2-)-

N)dimethyltitanium
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(1-((1,2,3,3a,6a-1)-3-(dimethylamino)-1.4,5,6-tetrahydro-1-pentalenyl)-N-(1,1-
dimethylethyl))-1,1-dimethylsilanaminato(2-)-N)dimethyltitanium

20 (1-((1,2,3,3a,6a-n)-3-(dimethylamino)-1,4,5,6-tetrahydro- 1-pentalenyl)-N-(1,1-
dimethylethyl))-1,1-dimethylsilanaminato(2-)-N)((1,2,3,4-11)-1,3-pentadiene)titanium

((2-(dimethylamino)methyl)phenyl)(1-((1,2,3,3a,6a-1)-3-(dimethylamino)-
1,4,5,6-tetrahydro-1-pentalenyl)- (N-1,1-dimethylethyl))-1,1-dimethylsilanaminato(2-)-

N)titanium
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(1-((1,2,3,3a,6a-1)-3-(dimethylamino)-4,5,6-trimethyl- 1 4,5,6-tetrahydro-1-
pentalenyl)-N-(1,1-dimethylethyl))-1,1-dimethylsilanaminato(2-)-N)dimethyltitanium

(1-((1,2,3,3a,6a-1)-4-ethyl-3-(dimethylamino)-1,4,5,6-tetrahydro-1-
pentalenyl)-N-(1,1-dimethylethyl))-1,1-dimethylsilanaminato(2-)-N)dimethyltitanium

15 The complexes can be prepared by use of well known synthetic techniques.
Optionally a reducing agent can be employed to produce the lower oxidation state
complexes. Such a process is disclosed in USSN 8/241,523, filed May 13, 1994,
published as WO 95/00526, the teachings of which are hereby incorporated by
reference. The reactions are conducted in a suitable noninterfering solvent at a

20  temperature from -100 to 300°C, preferably from -78 to 100°C, most preferably from
0 to 50°C. By the term “reducing agent” herein is meant a metal or compound which,
under reducing conditions causes the metal M, to be reduced from a higher to a lower
oxidation state. Examples of suitable metal reducing agents are alkali metals, alkaline
earth metals, aluminum and zinc, alloys of alkali metals or alkaline earth metals such

25  as sodium/mercury amalgam and sodium/potassium aIon. Examples of suitable
reducing agent compounds are sodium naphthalenide, potassium graphite, lithium

alkyls, lithium or potassium alkadienyls; and Grignard reagents. Most preferred
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useful as precursors to constrained geometry catalyst systems (CGC), is depicted in

Scheme 1, below, where:

a.) excess amine, benzene, reflux 24 hr (-H,0); b. ) excess amine (8 eq), TiCly
15 (1 eq)in CHoCly, 0 °C, then add ketone and warm 1o 25 °C; ¢.) 1.05 eq n-BuLi/

hexane at 25 °C; d.) 1.0-1.5 eq Cl-silane/THF at 25 °C; e.) 2.05 eq n-BuLi/ hexane at
25°C.

R,R’,R”,R””’,R”’" independently selected in each case are H (except on the
nitrogen bound directly to the cyclopentadienyl ring), alkyl, cycloalkyl. aryl, alkaryl,

20  aralkyl, and are not limited only to these groups.
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(the 1-position is typically bonded to a silicon or other linking moiety in subsequent
compounds). Another method for the preparation of enamines involves electrophilic
amination of carbanions such as lithium indenide (E. Erdik; M, Ay Chem. Rev., 1989,
89, 1947-1980).

20 For subsequent formation of highly pure CGC-ligands, enamines prepared by
these routes must be highly pure and free of ketone, Aldol by-products and higher
weight reaction tars which typically accompany product formation. None of the
aforementioned routes uniformly provides a product which can be used without some
sort of further purification. We have found that chromatographic purification using

25 flash-grade silica gel or alumina rapidly promotes hydrolysis of the enamine to free
amine and ketone, an unfortunate consequence. Although these compounds are highly
water and air sensitive, enamines of this nature may be purified by careful fractional
distillation, or occasionally, recrystallization. In particular, rapid distillation of
indanone enamines is required to prevent thermal polymerization in the still at elevated

30 temperature. Expedient conversion of pure enamine to its corresponding anionic salt is
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((2- (di met hylsanmi by Hetidnationpdfeie apprdpriate hdmikdiahwthiopl ie foryried-in situ fromdindanong land
1 - 1,2.3,4,5-[err])-2,4,5-trimethyl-( 1- rql idi nyl .

)-2, EI( cycl opent aa&:@fﬁp]]l%[thcyme?gﬁ %tfnng‘rﬁc?’(\‘gf g{“ﬁl-ygg/&ﬂ%' iptag'fﬁ)(‘ﬁnﬂa‘divéfﬁdﬁﬁ?(‘r\l-ﬁ( Bey £
-di net hyl et hyl ) - - dicpet - 1 , - i st iné |
_pyrrolidinyl)- 2?‘&’-‘ &%‘81"' Eger‘ﬁt‘gﬁ‘.*'e’r?? ’ ?@31/? 7)%58|§I End dufert 18% I 3“40|\"|)5 S IMCTRE Berind
(N-( 1, 1 -di et bydiegrey) are albo sdsceptibletdiyydrollysis and are very oxygen sensitive. Once
-((1,2,3,4,5-[err])-2,4,5-trimethyl-( _ - pyrrolidinyl)-2,4-cycl gpent adi en-
1 -yl)si | anam naputified. theycrrerbess gxpadiently sonyauedito theigqrespyndsiggnignic salts,
-methyl - 1-phenyl-.1 -((21.2, 3,4, 5-[£trl):3:(.1 -pyrrolidinyl)-

2, 4-cycl openp%di 8’:‘.‘1&‘1‘5&{}?%?’1 %ﬂ‘ﬁfﬁ"r?%%@-’ %—hkﬂedi met hy] titanium (N-(1,1

dinmethylethyl)- 1, 1 -diphenyl- 1 -((1,2,3,4,5-[err])-3-( 1
-pyrrolidinyl)-2,4- 2Q) alcéytt|tepedticagtiimr-24hr (-H,0); b.) 1.05 eq n-BuLi/ hexane at 25
-yl)silanam nato(2-)-N)dinethyltitanium (N-( 1,1 -dinethylethyl)- 1, 1

-bis( 1 -nethyl ebtory)F.041.5 éq C-&)adeALHE k25 90;- &) (2105 eq n-BuLi/ hexane at 25 °C; and
pyrrolidinyl)-2,4-cyclopentadien- 1 -yl)silanam nato(2-)-N)dinethyltitanium

R,R’,R",R””’,R’""" independently selected in each case are H (except on

oxygen), alkyl, cycloalkyl, aryl, alkaryl, aralkyl, and are not limited only to these

15  groups.
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(N-(1, 1 dlrrethylethyl) 1 -ethoxy- 1 -nmethyl- 1 -((1,2,3,4,5-[err])-3-(
1- pyrroli dwxybse6727 4- cycl opent adi en- 1 : PCT/US97/13170
-yl )silanam nat o(2-)-N)di net hyl titani um -60- WO 98/ 06727 -

S
PCT/ U
1
)

S97/ 1317 cﬁ&?% 51, 1 -dinmethylethyl)- 1, 1 -dinethoxy- 1
2,3,4,5- -( 1 -pyrrolidinyl)-2,4- cyclopentadien- 1
[

- (
y anam nat o( 2-) - N)di methyltitanium (N-( 1,1 -dinethylethyl)-2-((

1 '_\ 1

I

4,5-Terr])-3-( 1 -pyrrolidinyl)-2,4-cycl opentadien- 1 o
hanam nat o( 2-) ON) di met hyl titani um 5 OR' (N-( 1,01 OR'
h
I

(
I
2 ’
yl ) et ha
-di net erthyIn“L_LZ 3,4, 53[err])- b
-pyrrolidi nyI) apent-adl—e-n——Lyl R ———— @@ R
1,1,2,2-tetra hanam nat o(2-)-N) titanium (N-( 3,
1

drrethylethyl) 2-(( 1,2,3,4,5-[err])-3-( ®
i

si |
3
e

-pyrrolidinyl)-2,4-cyclopentadien- 1 -yl )- 1,1
, 2, 2-tetranet hyl di si | anam nat o( 2-) - N)di methyltitanium (N-(1, 1
di met hyl ethyl)-3-(( 1,2, 3,4, 5- [err]?
yrrolidi nyk§ope 4. cycl opent adi ergnol iher 1 -yl enol ether anion

1-p
) - propanam nato(2-)-N)dinethyltitanium (N-(1, 1 -dinethylethyl)-2-((
1,2,3,4,5-Terr])-3-( 1l-pyrrolidinyl)-2,4-cyclopentadien- 1- yI)rrethyI am nat o
(2 ) N) di mret hyl titanium (N-(1,1 -di rrethylethyl) 2-(( 1,2,3,4,5-[err])-3-(
1-pyrrolidinyl)-2,4-cyclopentadien- 1 -yl)- 1, 1
- di net hyl rrethanam nato( 2 )-N)di nethyl titanium 15 (N-(1, 1
-di net hyl et hy}) - 2((d92345[err]) 3-( 1 OR'
-pyrrolidinyl)- cIo entadien-gd -§l)- 1,c1
- di et hyl ger O o{-Bt ) - I\I)dlrretﬁ Slltan.l_um_@N-_(,l , 1 Iethyl)- 1,
1 -di et hyl - 3, a, 7a-[err Ry~ W/-t et rahydr o-3
pyrrolidinyl)-2, 4- cycéopent adien- 1 y sil anam nat o(2-) - '.mef*hyl titani um
(N( 1,1 -dimethyl éihyl)- 1, 1 -dinethyl- R \NFI"
1-((1,2,3,3a,7a-[err])-4,5,6, 7-t et rahydr o- 3- &
5
CGC-ligand
OR! ©
OR'
T QO
-_— R ®
2L
P sf " R
WARN R H
H )
CGC-ligand CGC-dianion
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20 (rmethyl ( 1 -nethylethyl)am no)-2,4-cycl opentadien- 1
"yl ) si | anamMAEBITH . N di et hyl 1t ani um (K 1, 1 -di net hyl eFEIGS7RITY

-dinethyl- 1 -((1 ,2,3,3a,7a-[err])-4,5,6,7-tetrahydro-2- nethyl-3-(_

1- pyrrol i di nyl) - 2, 4-@8ee haghin putified-convergion of theraaming t(is-cprresponding anionic

N) di methyl titaniygm - 61- 98406727 . . . .
PCT/ US97/ 13170 SE‘KL"I“Y%C af”'B&?%‘FﬁW 2?%%?/‘%‘-“’ Ith 3 20BRL}AHR pase pf suitable strength in
-((1, 2,3, 3a, 7a‘ah%gf)ﬂobriéie%o@in?erftﬂirfg@w\ﬁihﬂ‘U_ﬁdé‘na‘épﬁdptiﬁﬁt bnderobid, ahhydrous
-pyrrolidinyl)-2,4-cyclopentadi en- 1 -yl)silanam nato(2-)-

N) di et hyl t i t acooditions, thecoftsmesolitl -anionicisaltdnapbhfiltered -weshed and dried in nearly
,2,3,3a,7a-[err])-4,5,6,7-tetrahydro-3-( 1- )

pyrrol i di nyP) - Suanitaiysyisld id*@wﬁcyf“!’g?‘&'%fﬁ|°£ﬁdﬁﬁ’4ﬁ*&ﬂ6€¥l be dgngptonated to the

met hyl titani um (N imethyl- 1 -((1,2,3

,3a,.7a-[err]) -!f,()él?%%p%ﬁgtarng%%?%‘?&( 1- pyrrolidinyl)-2,4-cyclopentadien- 1
-yl)silanam nato(2-)-Nydinethyltitaniumdichloro(N-( 1, 1 -dinethylethyl )-
1, 1 -dinmethyl- 1 -(The¥ozm&iohaof tanftedindd gebniziy, lifands (OGO Yigand)baked upon
1-pyrrolidinyl)-2,4-cyclopentadien- 1 -yl)silapam nato(2-)-N)titanium 10
(N-( 1, 1 -di n@eipprasemypubstityted indegpsristiaggd uppn.the anion alkylation method described by

1,2,3,3a, 7a-[ eré\?ilj'l}ikéa d éddérke%zﬁ%ggs?ggfr(& ; Devore Davi(dzl_)); _\ﬁ(blioc't, David R., PCT

pyrrolidinyl)- cycClopenta si 'anam nat o

1,2,3,4-[enp]) ind Apgt., WENODB BILEAL | $30ARIMCAN 119:160577; Carpenetti, Donald W.;
((2-(di nmet hyl am no) et hyl ) phenyl ) (N-( 1, 1 -dinmethylethyl)- 1,1 -dinethyl-
1 - Kloppenburg, Lioba; Kupec, Justin T.; Petersen, Jeffrey L. Organometallics 1996,

1, 2,3, 3a, 7a- -4 5,6, 7-tetrahydro-3- (1 | i di | ): 2, 4- t adi
o 10105 T YRI5t M AN oteRiatichit BR R ARkl i ubilles i A7
- di met hoxy- 1- hhlokeratéd SRordiry elklylamiflesorthalogefite@bcdh@ary silylamines to give the

corresponding cyclopentadienyl alkylamine or cyclopentadieny! silylamine. Under

15  halogenated secondary alkylamines or halogenated secondary silylamines are included
for example (t-butyl)(chiorodimethylsilyl)amine,
(t-butyl)(chlorodimethylsilylmethyl)amine, (t-butyl)(bromomethyldimethylsilyl)amine,
(t-butyl)(2-chloroethyl)amine, (chlorodimethylsilyl)(phenyl)amine,
(adamantyl)(chlorodiphenylsilyl)amine, (chlorodimethyisilyl)(cyclohexyl)amine,

20  (benzyl)(chlorodimethylsilyl)amine and (t-butyl)(chioromethylphenylsilyl)amine. For
example, dropwise addition of the lithio derivative of the anionic salt in THF to a
molar excess of (t-butyl)(chlorodimethylsilyl) amine in THF followed by standard
removal of lithium chloride and excess electrophile often provides highly pure ligand
which may be subsequently used without further purification. This so-called CGC-

25 ligand may be converted to its insoluble dianionic salt by reaction of the free base with

two equivalents of a base of suitable strength in an appropriate noninterfering solvent.

By appropriate noninterfering solvent in the context of the present invention is
meant a sblvent that doesn’t interfere with the formation of, or react deleteriously with,
the desired product. Such solvents suitable for the prepération of the anionic salts and

30 dianionic salts of the invention include, but are not limited to aliphatic and aromatic
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(1 -pyrrolidin 2 4-cycl opent adi en- 1
-yl)sil anam“h%¥ -N)di methyl titanium (1 -(( PCT/USITN3170
1, 2,3, 3a, 6a- [errJ) 3 (di methyl ami no)- 1,4,5,6-tetrahydro- 1

- pent al enyl ) NBY rggcar@onsdp#@pﬁlyﬂysl}wgyl)andj_)ranphed chain hydrocarbons such as butane,

- di met hyl si | t tt

(1,2 %, 30, onoruaty Redgin iRt echine, b5k, ibdpe i B’ﬁ%ﬂe& Soers and

- t al | | |

175,504 Tarr]) T R T A S ST s e Bty
-((1, 2, 3, 3a, pethydryc]oheganedmethiyloychoheptane arld i xdues theteofijurdimatic and

- entalenl I met hyl et hyl 1, .1 -dinethylsil anam nat o(2-
N)p titani u?/nﬁ) 62hydrocqy\b]']9%xg Qg aromatic (?ompounds such as benzyene toluene, xylene( )

PCT/ US97/ 13170, 2 ] )

T 2, 5, ot ot r anghyipedche gy befin: Shl il eTEDD B A i ety

- di et hoxysi | apaticaatly di)kii BIBERY bichtag dietiy] ether, dibutyl ether and methyl-t-butyl
-((1,2,3,3a,6a-[err])- 9(%“ et]ﬁyl am no)- 1, 4%5?6 tetrah{/dro- 1 yl-t-buty

- pent al enyl ) - Nether] C1g diathiylrethey deetvayivgs)of (polyfalkylene glycols, such as

-di met hyl sil anam nato(2-)-N)dinethyltitaniumb5 (N-cycl ohexyl -( 1
-((1, 2, 3, 3a, 6adinenhdxyethateliamdtdindaacand THF land rhixfuré ethe@bf dvidxturks of the

pent al enylﬁa- 1, 1 -dinethylsi I anam nat o(2-)-N)dinmethyltitanium (1 -((

1, 2, 3, 3a, 66! [ efqr$5QIng pigiaMOt WIARIRT no) - 2net hyl - 1 , 4,5, 6-tetrahydro- 1 -

pental enyl)-N- (1, 1 -di rrethyl ethyl))- 1, 1

L5, o1 e o T S o ety 1 1o
pent al enyl ) - N- {nvéntidn indiude hipgroeirby] s)a)ts oflGrdup 1 and Group 2 metals, especially alkyl or

- di th | si | t N) di et hyl ti t
i me y si | anani na Oﬂ’ém% i ne g/wwleﬁuacglagm gl@)ﬂ}l%‘t’ﬁ‘ﬁ‘by“‘mmm n-

-((1, 2, 3, 3a, 6a8PEFEs)OF StligmAEPaENG

1,4, 5, trah | :

i ot bt o | gl ider SRRFARBERNruifinburt SRR Bl inalnchium
-((1, 2, 3, 3th, 6acljleridd, ethid atagpdsidn Q:cbmﬂthy;brapylnnagneﬂxumélctﬁorﬁjet dibusfiyiagresiui,

(butyl)(ethyl)magnesium, dihexylmagnesium; Group 1 or Group 2 metals, such as
lithium, sodium, potassium and magnesium; Group 1, Group 2 or Group 13 metal
hydrides, such as lithium hydride, sodium hydride, potassium hydride or lithium
aluminum hydride; Group | or Group 2 metal amide compiexes, such as lithium

20  diisopropylamide, lithium dimethylamide, lithium hexamethyldisilazide, sodamide and

magnesium diisopropylamide.

Bases of suitable strength for the preparation of the anionic salts of the
invention include the foregoing as well as Group 1 or Group 2 metal alkoxide
complexes, such as sodium ethoxide, sodium t- butoxide, potassium butoxide and

25  potassium amylate.

Another potential synthetic approach to the formation of free base ligand
involves reacting the indenyl anionic salt with an excess of bis-electrophile, for
example, dichlorodimethylsilane in a polar, aprotic solvent such as THF.

Unexpectedly, we have found that this approach is inferior to the aforementioned
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pent al enyl - , 1 -dinethylethyl))- 1, 1 P 2113170
- di net hyl m%@%m nat 0o(2-)-Nydinethylti tanl um 15 : The %%’Pnsa gX(las can

be prepared by e of _wel | syn ti.c techniques. .
reduci ng agentt® q‘lfef°éfﬂ?f’b5§glf‘%a‘ﬁm saruteddigapd.systems ’8&%’ ageago@lon of

1004, “publ | shel*SLRa 15 g Rlafbr fodies bl R diueidsd BESEGPY 15

i ncor por at ed hiyledt@iphilensahowhen Seteaiel Yweloar.e conducted in a sui tabl e
noninterfering solvent at a 20 tenperature from-100 to 300[err]C,
preferably from-78 to 100[err]C, nost preferably fromO to 50[err]C. By
the term "reducing %@@meﬁ herein is meant a netal or conmpound whi ch, under
reduci ng conditions causes the netal M to be reduced froma higher to a

| ower oxidation state. Exanples of suitable netal reducing agents are

al kali metals, alkaline earth netals, alum numand zinc, alloy Raf al kal i
netals or al kal i nefearth lls such 25 as sodi uni ey ®oal gam and

sodi uni pot assi um aljl nplies of FBulfébl e frgauci ng ag péunds are
sodi um napht hal eni Tym gr a ? | +-thi-a Kyl s MM or

pot assi um al kadi enyl S>"and Grijgnard ad@nt s.25M8st pr ef e;ﬁés. -63- WO

98/ 06727 R/
reduci ng agents are the Hlkall met al s;oqig al kaline earth netal
l'i thi.um and magnesi um netal. Suitable reactlon medi a for tImE
t he conpl exes include aliphatic and aromati c hydrocarbons, h-rs and
cyclic ethers, particularly brganched-chain 5 hydr ocar bons Ath as

i sobut ane, but ane, pentane, hexane, heptane, octane, and m xtures thereof
cyclic and alicyclic hydrocarbans such as cycl ohexane, cycl Q;q%

met hyl cycl ohexane, nethyl cycl oNept ane, and m xtures thereo natlc and

NR*
NR'2 2
NH2R R
R e
f H
Va EtaN/CH2Cl2 R...\/ 8
Hm/ \C R NHR""

The synthetic feasibility of either approach is dependent upon steric and
electronic consideration of the substituent groups (R groups) and requires experimental

evaluation in each case.

The metallation of the dianionic salt may be accompiished by methods cited in

10 this art as well. Reaction of the dianionic salt in THF with TiCl3 (THF)3, followed by

oxidation with methylene chloride or lead dichloride is a well established procedure

(J. Okuda, . Verch, T. P. Spaniol, R. Sturmer Chem. Ber., 1996, 129, 1429-1431, D.

D. Devore EP 514,828) which affords the titanium (I'V) dichloride complex. The

dichloride may be silylated or hydrocarbylated by ligand exchange with an appropriate
15  silylating or hydrocarbylating agent, such as methyllithium, methyl magnesium

chloride, benzy! potassium, allyl lithium, trimethylsilylmethy! lithium, neopentyl
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hydr ocar byl - substituted aromati c conpounds such as benzene, tol uene, and
xyl ene, C V&9806%7al kyl ethers, C [err] dial kyl ether deri v AGTASPTA3170

(pol y) al kyl ene glycols, and 10 tetrahydrofuran. M xtures of the foregoing
are al so sui tmignesiufisromidd elptengflithieter o atoecsuplate lisubfapmysrapsniatigeny|
systens, which are useful as precursors to constrai ned geonetry catal yst
syst ens ( CGC)or hydrogasbykating ageptsisgingn BeloWel ow, where: a.) excess ani ne,
benzene, reflux 24 hr (-Herr]O; b. ) excess amne (8 eq), TiC[err] 15

SR og“eﬂe;&%%ﬁééxrérrg&g%&z@r?er b g War D B FOG tpde e Lt s
[err]C e. %&@s@hdﬂgﬁhhhhnﬂ%&lﬁhd@ﬁas[&éﬁ KescriBed By Debore #Rd cowB’r‘k‘ers
e

i ndependent |y sel ect i n each case are H (except on the nitrogen bound

directly o t(FeDsReverse it hditmwmars.D.lg)Hasha. B K. Rogen, délIJkMark%aPyA De¢kk &yl ,
20 ) St i AP F50 515 B AR B e, £OF a1 08727
PCT/ US97/ 1317Q}evens, R. D. Mussell, L. H. Crawford, D. R. Wilson, U.S. 5,556,928). Thus,
treatment of the dichloride with n-butyl lithium in the presence of an appropriate diene
produces the analogous titanium (II) diene complex for heteroatom-substituted

10 systems.

The formation of the CGC metal (III) complexes according to the invention can
be accomplished by any of several synthesis methods, among which are the following:
The reaction under anaerobic and anhydrous conditions of the dianionic salts with
trivalent metal salts, such as Group 4 metal (III) halide or alkoxide complexes, can be
15  carried out, optionally followed by silylation or hydrocarbylation with suitable
silylating or hydrocarbylating agents, to form the corresponding CGC metal (III)

halide, alkoxide, silyl or hydrocarbyl complexes of the invention.

A further synthesis method involves reducing an appropriate CGC metal (IV)
dihalide or dialkoxide complex, or, preceded by monosilylation or
20  monohydrocarbylation, the corresponding CGC (IV) sily! or hydrocarbyl monohatide
or monoalkoxide complex with a suitable reducing agent to the corresponding CGC

metal (II1) halide, alkoxide, silyl or hydrocarbyl complex.

Found to be particularly suitable in the synthesis of the CGC metal (III)
complexes according to the present invention are the methods described by Wilson (D.
25 R. Wilson US 5,504,224, 1996) which is incorporated herein by reference. For
example, cyclopentadieny! ligands can be displaced by the dianionic salts and/or by the
(stabilizing) hydrocarbylating agents from cyclopentadienyl-containing Group 4 metal
complexes in the +3 oxidation state to give the CGC metal (III) complexes of the

invention.
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The het eroat om cont ai ni ng substituent has a nitrogen in the 3-position of
the indenyl WO280§77 1- | ndanone i s a convenient starting naterfQf/UBEH13170
conversion to the correspondi ng enam ne, although formation of the latter
is not restricted tSuitapde redecing agamissfor eedueingdhe Brigatiorestatefof theimetaiscofahe

typically for b ds _kno i n the art, i,ncludj condensat i on of
secondary ami g@%?‘?@&&%?%ﬁ%s (W.*'I‘—l'.mﬁg’l hayg begp d‘ié&ﬂ%‘s‘(/\%‘%é(ﬁ aﬂge%ﬁeﬁ‘.ahthem
1981, 46, 194Qndi34d bincTEmiIn SRPRAGghdIGNAL er by- product nmay be
azeotropically renoved using a benzene or toluene solvent under refl ux

conditions and optionally an acid catal yst such as p-toluene sulfonic acid
(O.. Cervinka i n TheS\Gtabin slytatingfandthypdronabyRtng agentCfor tig; CGC etpb@fprt, Ed. ;
Wley 10 | nterscience, New York, 1994, 468-500). Wth nore

sterical | yShi rosiiexasand thesCOGunetal{EV o corplgyes ofithe invgatemiaciude aligyl .such as

vol atile amn | I ' ' A ferabl e to | o
stronger dehy I’%.tP ? ﬁé&y@}&@ﬁg}u Mb?f%gg‘“? } ?‘Jéénlllél}glyggﬁ b%gﬁqgag%“y?d@ﬁ%&g? A in
situ from tit aipheiyl;erslRghiiRbiad eyt tblymewipd diphehyiartan alekyl RichGanbigoen,
A. N lsson Act aphghﬁgm ca %lcandianasr?ﬁga Blb38, 2984@@4%- 531)% Thes(e tcwo r;e 1ﬁods

have 15  beertndrignidyaiyl: slyprasalkytsebssitntedall dusishias megylallylithimethylsihydallyl,
3-positions of the | ne, (th -basition.is typicall anded,to a .silicon
or other Ii nkiq\ﬁle%:‘ﬂg@aﬁ‘%&g‘i‘f"g@éaﬁﬁn‘f‘ahﬁ%ﬂgﬁﬁ&éﬁs S&Wb‘%{wg?‘l}gr@f‘%gbﬂ?ﬂ?‘ll)ﬂhe
reparati Ofri ' ' ; i - ' . f DA, such
D T Pi Ui ey s Mo R Ry ARl peR BT Ay o S PS8R0
For subsequentpehtadieatyl, suchods rethplipgntpdieny (0BG dtiygperdadierghani nes prepared by

th t t be.highly. .and f ket . Al.dol by- t d
S v g oA BT BB % B o
None of the af&ﬁ,gg@mygm%dq&?;;gs;a;kl}ngﬁg_{dg‘;%nq,rgm,q,gzg-(m,mr oduct whi ch can be

used w thout some Sort of furfher purificati'on. W have found that
chr omat ogr aphidémpunyidmioamebyl)phsingly apd dialklaminogradicd, sich aca-(y¥- or al umi na

A A I N SR TR
sodium, potassium, magnesium and aluminum. Preferred silylating and
hydrocarbylating agents include trimethylaluminum, methyllithium, methyl
magnesium chloride, neopentyllithium, trimethylsilylmethyl magnesium chloride and
phenyllithium. Stabilizing group-containing hydrocarbylating agents are also included,

20  especially the stabilizing group-containing hydrocarbylating agents and salts of the
stabilizing group-containing hydrocarbyl groups described in U.S. 5,504,224, whose
salts include, for example, benzyl potassium, 2-(N,N-dimethylamino)benzyllithium,
allyllithium and dimethylpentadienyl potassium. The stabilizing groups are further
described in U.S. Serial No. 8003, filed January 21, 1993 (corresponding to WO

25  93/19104), incorporated herein by reference.

Preferred halides or alkoxides of the metal (III) halide or alkoxide complexes
and the CGC metal (IIT) halide or alkoxide complexes include fluoride, chloride,
bromide, iodide, methoxide, ethoxide, i-propoxide, n- propoxide, butoxide and
phenoxide. Preferred metal (III) halide or alkoxide complexes include titanium (III)

30 chloride, titanium (III) ethoxide, titanium (HI) bromide, titanium (III) isopropoxide,
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water and air sensitive, enamnes of this nature may be purified by careful
fracti onaW@P8@67RT at i on, or occasionally, recrystallizati onPCTHSEE31T0Cul ar ,
rapid distillation of indanone enamines is required to prevent thermal

pol yner i zat i @raniufn {1113 (dithiblo)@sopebiaide) Cas3hell astlvg base Wompldnep 8flient
conversion of pure enamne to its corresponding anionic salt is -66-
98/ 06727 foregoing, especially ether complexes thereof, particularly diethyl ether, PCT/ US97/ 13170

required to gpt.ai hi ghl ure -1 gan si nce, enam ne al so be
phot ocheni ¢ a‘le%hysdgﬂ@ir% %‘gdﬁﬁcqﬁrﬂ% r‘iiémg'gyﬁﬁ[g‘ﬁ C&"}Q}%F%&JFW%S F%% ¢r7stly

mat eri al for:%' It ' ORISR b P LWti.on. In
particul ar, %nol gtaﬁgérﬂgﬁ?cﬁﬁ?ﬁ%nsg%igg t4YH(¥tth]can be rsgggﬁ:gg "3%‘5“?‘32%? ration of
t he appr Opr i iatkadeenickelopéntadiem titanifiray biecy clopestadienyIrthainmdhiveide, and al cohol

in the presence of an .acidic catalyst (L. A Paquette; A Varadarajan; E.
Bey J. Am CHissyiclopsptadipaylfitanige brméc@mzﬁlopeemem Hepwmpisopiaparidaes, |ike

t he enam ne g GepL rol.ysi.s,and .gre very
oxygen sensi B pEera R B S AHEERY BBl el SR A RE8HAE  ca 1o
thei r corr esgreispenadriyOntafiuipdinithokide andbig riletrsoynl n Schene 2, bel ow,
where: a.) al cgbr?gl, be%z_ene, reflux 24 hr (-HerrJO; E).) 1. 05 eq n-BuLi/
hexane at 25bYteb¢yciopeataflienyzirconBiraghloridei | ane/ THF at 25 [err]C, d.) 2.05
eq n-BuLi/ hexane at 25 [err]C and R R, R', R'', R'" independently

2 kary Ot ar iyl A B ol b ol ARk om Bl Y Bt

containing ligands where the ligand is in the form of:
(A) afree base with 2 protons capable of being deprotonated;
(B) adilithium salt;
(C) a magnesium salt; or
15 * (D) amono or disilylated dianion.

Within the scope of this invention is the use of a ligand of this invention for
synthesis to produce a metal complex of this invention, for synthesis to produce a
metal complex comprising a metal from one of Groups 3 to 13 of the Periodic Table of

the Elements, the lanthanides or actinides, and from | to 4 of the ligands.

20 - The ligands of this invention may be used in various forms, including salts,
with various groups attached at the Z position in syntheses leading to metal complexes
in which the metal is from Groups 3-16 of periodic table or the lanthanides, and in
which from one to four of these ligands, alone or in combination with other ligands,
are present in the metal complex. The methods of synthesis may be similar or

25 analogous to those discussed herein for the Group 4 metal complexes of this invention,
as well as various other synthetic procedures known in the art. The metal complexes

are useful] as catalysts in various reactions, including olefin polymerization reactions.
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WO 98/ 06727

PCT/ US97/ 13709806727 2 [err] WD 98/ 06727 PCT/UST13170
PCT/ US97/ 13170 Once highly purified, conversion of the enamine to its
correspondi ng ani onQbvieisty, mayingeofabese mpialgiomplenesasavell asrthenedirad tigands and
appropriate base.of .suitable strength in _an ropria nagni nterferin

sol vent. Under YERBISdpFTaceaeairde ‘ice‘,"déﬂﬁ%@gﬁ%&’"%o%‘f ﬁFSﬂgs, 1y YALIOY§ f)@%pms
sol i d anioni ¢ gthesTMATRRS afd dVoife THGEMIRE réRebndt tSfhe stubtGAl teé:r%emations is
quantitative yield. Likew se, enol ethers of 1-indanone can epr ot onat ed
to the correspoedimgenaed.oGeneraly, twithTiteachmenedfi the brifigcafrasdonsirained geoometyr v

| i gands (CGCC-1igand) based upon heteroatom substituted indenes is based
upon the ant onc@PRIEK rioha brggebbisddseammer inthe N pasitios. thedetesoasemdhen is in

Ni cki as, Pet . De L4, D Wl son, jd R, PCT 10 | nt
o+ o 55 oBroPRTRSG e Sl P ks heRIh Mokl v Sl gliema
Kl oppenbur g, LjigkaintéHieGtiod WathirBgald to Bsidesr@en, botRi IEAANs br stlehGRBOPBE al | i cs

1996, 15(6), 1572-81) in which a cycl opentadienyl anion is reacted with
el ectrophi | es sxashplasthp M -tayainta showstbaohe N-Cpdiorgs efnsomescomplénsis arpeshatterthan

secondary silylannes to gi.yve the .correspandi ng cycl opent adi en al kyl am ne
or cycl opent ad™H es?’iﬂ?f"tgf#ﬂr .Slﬂﬂagf’"%&*& Hﬁ@&%ﬁé&gﬁf Sgg@dﬁ)eglﬁwonﬁ

al kyl am neﬁ{]orCML&g,ngfl@ﬁ_@Fggg@ary silylam nes are included for exanple
(t-butyl) (chl orodi net hyl silyl)am ne,

(t-butyl) (chl orodi net hyl silyl nethyl)am ne,

(t-butyl) (bromonet hyt @i mghiusl5¢ bhed)imabmplexes with only 13 attachment, where there is no

bridge, the heteroatom in those cases may be named as being in the 1-position.

Within the scope of the above discussion relating to ligands, preferred ligands

of this invention correspond to the formula:

[" R® N(x+y+2)2
RC RA
(e,
R~ 1 —ZH
(SiRy3),
15 — -
where xisOorl,yisQorl,zisOor l,x+yisOorl,x+zisQorl, and the
other symbols are as previously defined, where the dotted circle within the Cp ring
implies the various possibilities for double bond character, partial double bond
character or aromatic character as appropriate, depending upon the values for x, y, and
20 =z

The complexes are rendered catalytically active by combination with an
activating cocatalyst or by use of an activating technique. Suitable activating
cocatalysts for use herein include polymeric or oligomeric alumoxanes, especially

methylalumoxane, triisobutyl aluminum modified methylalumoxane, or
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(t-butyl)(2-chloroethyl)am ne, (chlorodinethylsilyl)(phenyl)am ne,
(adamant y| wWOc48foé72ydi phenyl si | yl ) am ne, PCT/US97/13170
(chl orodi net hyl-silyl) (cycl ohexyl)am ne, 20

(benzyl) (chl gyobdiyimiumpkare! MéutRN BRistdeills, such as Cj_45 hydrocarbyl substituted Group
(t-butyl) (chl oronet hyl phenyl silyl)am ne. For exanple, dropw se addition of

the l'ithio daBiceaipousdspéspetiallpiti(apdrocabyaluminbnt drarigydRcabybseRns Of
(t-butyl)(chlorodinethylsilyl) amne in THF foll owed _gy. standard renoval of
i t hi um chl ofPEgowRs aad halogerdtedirgpting pedploganaied)detuativies gheargofphaving i gand

whi ch may be.subseguen 7} ] t, fLur r rification. This so-called
e 257 T GRT RS B Rty DA Y heBketdd tieiep Rl areip frof
reaction of thRcflgelRfiRindet frilat) B é’&hﬁifﬁn&sﬁind%&@é%c@iﬁllfkﬁst(@bl e
strength in an appropriate noninterfering solvent. By appropriate :

noni nt er f er i ngnafblorebiphényl)btvane,aris(gentafiorbpleenyl)bsmnt; nonpelgieeio, ¢dnpatible, a
solvent that doesn't interfere. wth the formation of, or react

del et er i ous| foRFqoRdinging. sensforremefompeunds @dvpding theaise of suphtcomrounes undse

i o e i of the. i Ui
el tde. | but xidififie POHGRbE) Fopdcta Ml e o ShABRRAL SproSprchyfih- LGB 0 57
PCT/ US97/ 131 é8rbbyitinecsitydians or palfénicmt salisyof sbmpale, mncodrdiaacie aniohsion

hydr ocar bons such as butane, pentane, hexane, heptane, octane, decane,

i ncl udi nd0 t h&rrogspisme sadlg of semBatibleNenaeordinauRg arHeRs BRIk edsrttolysissyplainedycl i c
hydr ocar bons:s cycl xan . net hyl cycl ochexane

met hyl cycl ohénpﬁ‘ggee&;t%‘gx%ﬁcg\g% ’sﬁdhc%&%?ﬁﬁé gﬂ@F ifgreg%lﬁg ggnva?mg cocatalysts

hydrocar byl - sH@sdchhidhed BiedoRigomgGRAPA cBtdlsBsand RENZBNE techRiU8HRave
xyl ene, ethyl benzene, diethylbenzene and m xtures thereof; ethers and

cyclic et her beemppreviogsly daught with respeef; ta|difjerent: metakcomplexes asthdifelloyinget her

di butyl et her d nethyl -t yi; ether @ di- I jvatives of
e ﬁtgg}gngléggFE’A A R0s Y 524181153 754, 08 K- 806 8oL EREA ¥ 431
15  (equivalent to U.S. Serial No. 07/547,718), EP-A-520,732 (equivalent to U.S. Serial
No. 07/876,268), and EP-A-520,732 (equivalent to U.S. Serial No. 07/884,966 filed

May 1, 1992), the teachings of which are hereby incorporatied by reference.

Combinations of neutral Lewis acids, especially the combination of a trialky]

aluminum compound having from 1 to 4 carbons in each alkyl group and a

20  halogenated trithydrocarbyl)boron compound having from 1 to 20 carbons in each
hydrocarbyl group, especially tris(pentafluorophenyl)borane, tris(o-
nonafluorobiphenyl)borane, further combinations of such neutral Lewis acid mixtures

. with a polymeric or oligomeric alumoxane, and combinations of a single neutral Lewis

acid, especially tris(pentafluorophenyl)borane with a polymeric or oligomeric

25 alumoxane are especially desirable activating cocatalysts. A benefit according to the
present invention is the discovery that the most efficient catalyst activation using such
a combination of tris(pentafluorophenyl)borane/alumoxane mixture occurs at reduced
levels of alumoxane. Preferred molar ratios of Group 4 metal
complex:tris(pentafluorophenyl)borane:alumoxane are from 1:1:1 to 1:5:5, more

30 preferably from 1:1:1.5 to 1:5:3. The surprising efficient use of lower levels of
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di met hoxyet hane d di oxane and THF and m xtures thereof. ot he
10 foregmﬁ'(? Eﬂog? | so suitable. Bases of suitable strength for /ﬁﬁ?ﬂﬁh

preparation of the dianionic-salts o | on i ncl ude hydrocarb
Salts of & ouglumerHe ABLe ?f%wdngent@gaﬁewa\‘ he pragicin o g}ny iq pplyae
l'ithiumor nma I thium
s-butyl l'ithi uﬁ]ﬂﬂfﬁ%ut y {erﬁ%gﬁ%ﬁyel% % I thi J%@E%bﬁ% Q%ﬁgg? ﬁm %{;Ht
chloride, ethyAddingrdly MQEQWWMWCTM\QMf alerginesi residad)land ihelfice greater

di but yl magnesi um (but (ethyl)magnesi um di hexyl magnesi um G oup | or

G oup 2 net al $largy.ce a lameﬂhl um sodi um potassi um and magnesi um G oup 1,
Goup 2 or Goup 13 netal hydrides, such as lithium hydride, sodium

hyclr ) de, PRt ase! Uyt ihhd P T MRS o Enbo e P 2
di met hyl am dethd prebéridinvearanesmiplish Sédinivifich BAdRBnsted adid cApalIe of ﬂkfﬁatmg a

di i sopropyl am de. Bases of suitable strength for the preparation of theé
ani oni ¢ sal t s poétot jandi anscampatible, nondogddinating dnoore goi mguasd bexkin, the tGmoup 1 or

Goup 2 netal al koxi de conpl exes, such as_sodi u hgj)gi ge, sodiumt-

but oxi de, pot a8SRGAYF Bf‘&ﬁ& deeazs @h gaion g spbstance whi pdoes ot RRQrdpdtedAt | aI
syntheti ¢ apprpaghdp fn@&u f:@rﬁﬁ'mriooﬁ}eﬂfrsc;rrc% ; dlthgéﬂﬁllﬁli{:‘\ﬂ&]l a%ﬁ,erd@ﬁeéc1

t he i ndenyl anionic sa an ‘excess of bis-electrophile exanpl e

di chl or odil@ret hiydrsfirbmner which 1$)mil&weahpr(mbrchnmed toesmth sompleass thefeby remaining

Unexpect edl y, Wfi‘ have f ound t hat t hi % approach is inferior to_the

af or ement i oneduifigiently labuls tgdeisplaced by a neutral Lewis base. A noncoordinating anion

PCT/ US97/ 1317Qpec1ﬂcally refers to an anion which when functioning as a charge balancing anion in a
cationic metal complex does not transfer an anionic substituent or fragment thereof 10
said cation thereby forming neutral complexes. “Compatible anions” are anions which

15  are not degraded to neutrality when the initially formed complex decomposes and are

noninterfering with desired subsequent polymerization or other uses of the complex.

Preferred anions are those containing a single coordination complex
comprising a charge-bearing metal or metalloid core which anion is capable of
balancing the charge of the active catalyst species (the metal cation) which may be

20 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, gold and platinum. Suitable metalloids
include, but are not limited to, boron, phosphorus, and silicon. Compounds containing

25  anions which 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:
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techni que for many 3-heteroatom substituted |ligand systens in that a | arge
portion ofW@A886MVgand (bis al kyl ati on adduct) is often for REHUSHEBAIR ¢ t he
use of excess electrophile, as shown in Schenme 3, below. Schenme 3 NR 2
[err] R2N 5 The synthetic feasibility (Qj*_lq'b *h@[)dappr oach i s dependent upon
steric and el ectronic consideration of the Substituent groups (R groups)
and requires experinental evaluation in each case. The netallation of the
di ani oni ¢ salt mawhegimcconpli shed by nethods cited in 10 this art as

wel | . Reaction of the dianionic salt in THFE with Tid[err] (THF)[err],

fol |l oned by oxi daf i L e chloride or lead dichloride is a well
est abl i shed proce u?ga%ﬁt&%g?@%& Verch, T. P. Spaniol, R Sturner Chem

Ber., 1996, 129, #2944 Bronstedldcidp)evore EP 514, 828) which affords the
titanium (1V) dichloride conplex. The dichloride may be silylated or

hydr ocar kgy! at ed bYA)d'gsauildor&?éﬁhﬁhmﬁgv\idd‘)pﬂiblﬁﬂﬁb@ﬁﬂiﬁ% £cHdrge ofsd-| APt i ng or
hydrocar byl ati ng agent, such as nethyllithium methyl nmagnesium chloride,
benzyl potassi um das g in¢ger oo tat3-i net hyl si | yl methyl 1ithium neopentyl
-71- WD 98/ 06727

PCT/ US97/ 13170 magnesi um by om d@_ and phenyllithium A nore conplete |ist of
appropri ate silyl Morggrederablyd AT Fompsrands i tigdamuladMQutn bel ow.

wherein:
M’ is boron or aluminum in the +3 formal oxidation state; and

10 Q independently each occurrence is selected from hydride, dialkylamido, ’
halide, hydrocarbyl, hydrocarbyloxide, halosubstituted-hydrocarbyl, halosubstituted
hydrocarbyloxy, and halo- substituted silylhydrocarby! radicals (including
perhalogenated hydrocarbyl- perhalogenated hydrocarbyloxy- and perhalogenated
silylhydrocarbyl radicals), said Q having up to 20 carbons with the proviso that in not

15  more than one occurrence is Q halide. Examples of suitable hydrocarbyloxide Q
groups are disclosed in U.S. Patent 5,296,433, the teachings of which are herein

incorporated by reference.

In a more preferred embodiment, d is one, that is, the counter jon has a single
negative charge and is A", Activating cocatalysts comprising boron which are
20  particularly useful in the preparation of catalysts of this invention may be represented

by the following general formula:
(L*-H)*(BQq);
wherein:

L* is as previously defined;
25 B is boron in a formal oxidation state of 3; and
~-78~



A gener al W%S?%J,, 4 producing the titaniun(ll) diene conpl exPErrmggI,', 70
an
(

correspondi fum(I'V) dichloride has been described by Devore an
D.

coworkers 5 . D_ Devore, F. J. Timers, D, L, Hasha, R K _Rosen, T. J.
Marks, P. A. Deck, 8 isghydasarbyl-chyfinearyiaxy- tuorinptpshydiorarbyigflugnnated p. D,

Devore, F. J. {i - : 3 . [ D. R
Wl son, U S. 5}'( %ﬁg&{égg?’zy T%ug‘grfn %@?ﬁ%ﬁ?d%a‘wgsgg{’%?’t“ﬁ rlgiez ovﬁ%%m%@gfﬂ yl

i thi umin theapiesSWRE ehedpro@iBo AP IIPRGL Aére tirediR q&&%&pi@%hMoamypgous
titanium (I1) diene conplex for heteroatom substituted 1 systens. The
formation of the CGC netal (Il Ié conpl exes according to the invention can
be acconplished by Nopt prefesehprQlis eaghohewtenced fivotinatediatyh growpi edpecialdy,tahe
fol | ow ng: SThe rr&iaffti or}] under anaerobi ¢ and anhydrous conditions of the

di ani oni ¢ Sal tENGHYPTRNE)Y) FRYP-net al salts, such as Group 4 netal (111)

hal rde or al koxi de conpl exes, can be 15 carried out, optionally followed
by silylation or hy b Vi W} lo®isH {ol Lo
hydr ocar byl ati ng agg&{gg,aﬁ{%bfaﬁﬁ%ﬂlﬁeﬁ’%oe?r igg%gr?dil&nigﬂa%c’%% aﬁa h?cliﬁ ?3m%résl'que,
al koxi de, si | yprowm dondtablearatiphs whithIneayetse wskd tab ectivating tocaralysés fnthé her

synt hesi s nethod involv reduci ng an_ appropriate CGC netal (1V) dihalide
or di al koxi de RFGRYPARIN °€%,° cﬁﬁag’éi-:sdgdh‘ﬁy"%BHB‘EF“WT‘?PP%H“‘S? apynonium salts such
nmonohydr ocar byjsation, the corresponding CGC (IV) silyl or hydrocar byl
nonohal i de or nonoal koxi de conplex with a suitable reducing agent to the
cor r espondiOng 6t ammopiun Jetfaphérthorabkoxi de, silyl or hydrocar byl
conplex. Found to be particularly suitable in the synthesis of the CGC
metal (111) conpiheldsectadesylapmpnivmg tetrrphepyderaie. i nvention are the nethods
descri bed by W. . ' n. U S 5,504,224, 1996) which is

i ncor por at ed x&érhzl?n&%'go?'éﬁetrc{é%:hgwlll%&%xarrpl e, cycl opentadi enyl |igands can
be displ aced hyiptdpglahhmoniani wetrsgHehglbaré,or by the (stabilizing)

hydr ocar byl ati ng agents from cycl opent adi enyl -cont ai ni ng G oup 4 netal
conpl exes in t‘ﬁg‘“h?s‘y&ﬂmnl“ﬁﬂ t&raphentiberateve t he CGC metal (111) conpl exes

of the 15  methyltetradecyloctadecylammonium tetraphenylborate,

N.N-dimethylanilinium tetraphenylborate,
N.N-diethylanilinium tetraphenylborate,
N,N-dimethyl(2,4,6—trimethylanilinium) tetraphenylborate,
trimethylammonium tetrakis(penta-fluorophenyl)borate,

20  triethylammonium tetrakis(pentafluorophenyl)borate,
tripropylammonium tetrakis(pentafluorophenyl)borate,
tri(n-butyl)ammonium tetrakis(pentafluorophenyl)borate,
tri(sec-butyl)ammonium tetrakis(pentafluorophenyl)borate,
N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate,

25  N,N-diethylanilinium tetrakis(pentafluorophenyl)borate,
N,N-dimethy}(2,4,6-trimethylanilinium) tetrakis(pentafluorophenyl)borate,
trimethylammonium tetrakis(2,3,4,6-tetrafluorophenyl)borate,
triethylammonium tetrakis(2,3,4,6-tetrafluorophenyl)borate,
tripropylammonium tetrakis(2,3,4,6-tetrafluorophenyl)borate,

30 tri(n-butyl)ammonium tetrakis(2,3,4,6-tetraflucrophenyl)borate,
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I nvention. -72- WO 98/ 06727

PCT/ US97/ ﬂ?_?ﬁ’ogﬁi"t abl e reduci ng agents for reducing the ox PEIUSEIIW Y o of
the metals of the CGC netal (1V) conplexes from+4 to +3 have been

descri bed abdivetiad-baty tammbniymi tatrikis(@,3z4.6¢ctrafluorophemy hodaterrgnesi um

Sui tabl e silylating, and. hydrocar byl ati agents for the CGC nmetal (IIl1) 5
conpl exes an&’b?ﬂém%&‘ﬂ‘ﬁﬂ’t"i‘fmCQ‘W‘%%%PQ%Q?RB‘P’OPWYE)F?Q‘@F&i on include al kyl,
such as met hyhy. d&dibhniliRiuAPet raki he. xylys aryl, such as
phenyl , napmahyl am lE)llhp eny?r?klgt?té 'k’)?lt,gﬁsuc E’ﬁ‘aﬂser)ggﬁ()zr§'ll(é’,éldol yl met hyl ,

di phenyl met h)IN-dithéthy (2.4, Surime sy ldnilinibmpetrakigh(2]3,4, 6 dtpaluoiphatlyl)borate.

al kyl -substituted allyl, such as nethylallyl, trimethylsilylallyl,

dimethylallyl and_trimethylallyl; trialkylsilyl, such as trinethylsilyl and
triethyl silyl: 10Dialkylampeapmaalis yahassuch as trinet hyl silyl met hyl ;

ent adi enyl : j.al. - LAyl - | . enyl uch as
ﬁet hyl pen%/adtlj IZ(I#]%J,)WC[])% #er@%}f(xbé%t?%ﬁ%(%@{ﬁuﬁr?ﬁpﬁé?ﬁ%rﬁér md;ent adi enyl ,
bi s(tri met hydigjdighoxyenimehianyieiralyptabfuadpediylboftt.
di et hyl cycl ohexadi enyl ; di al kyl am noal karyl, such as o-(N, N

di et hyl am nonet h}l/'l') phenyl ; and di al kyl am noaral kyl, such as o-(N, N 15
di met hyl am no) benZyitsubstiited phpsphopinm saltszueh at3 netals, preferably the

| t f lithi di . pot ' ' d al um Pr ef d
silylating aNETRYUPESEPSYHE FREopEMe T RFn DbR Rt et hyl al umi num
met hyl |i fdhi Um(oii@lzr)‘dﬁos@ﬁgﬁlﬁ_ﬁli tU%EHb@ﬁthﬂ&roﬂ%ﬁﬂBéﬁéH hgdi um o
trimethylsilylnmethyl magnesi um chloride and phenyllithium Stabili zing

gr oup- cont ai mi(Ag-dimarytphebyl)phdsphpragre neteakin(peradfborophehyithegiate 20 especi al |y
the stabilizing group-containing hydrocarbylating agents and salts of the

Preferred are tetrakis(pentafluorophenyl)borate salts of long chain alkyl mono-

and disubstituted ammonium complexes, especially C}4-Cy( alkyl ammonium

complexes, especially methyldi(octadecyl)ammonium
15 tetrakis(pentafluorophenyl)borate and methyldi(tetradecyl)ammonium

tetrakis(pentafluorophenyl)borate.

An especially preferred group of activating cocatalysts is

tris{pentafluorophenyl)borane, N-R3,N-R4 anilinium tetrakis(pentafluorophenyl)borate
where R3 and R4 independently each occurrence are substituted or unsubstituted
20  saturated hydrocarbyl groups having from 1 to 8 carbon atoms, (RI'R;ZNI*iCI*i3)+
. (CgH4OH)B(CgFs5)3, or (R{R;NHCH3)" B(CgFs)4 ~, where Ry and Ry
independently each occurrence are substituted or unsubstituted saturated hydrocarbyl

groups having from 12 to 30 carbon atoms.

Another suitable ion forming, activating cocatalyst comprises a salt of a
25  cationic oxidizing agent and a noncoordinating, compatible anion represented by the

formula:

-80~



stabilizing ont ai ni ng hydrocarbyl groups described in U.

5, 504, 224, mﬂﬁ R@ﬁzgs i nclude, for exanple, benzyl potassium ﬁ%rnmwunrm
2- (N, N-di net hyl am no).benzyl lithium allyllithiumand di met.hyl pent adi enyl
pot assium The stabilizing groups are furt{Gx® @cdﬁped in US. Serial No.
8003, filed January 21, 1993 (corresponding to 25 93/19104),

i ncorporated herein by reference. Preferred halides or al koxides of the
metal (111) halide omwlekdinxi de conpl exes and the CGC netal (I11) halide or
al koxi de conpl exes include fluoride, chloride, bromde, iodide, nethoxide,

et hoxi de, i-propoxide, n- propoxide, butoxide and phenoxide. Preferred
metal (111) halide o@ﬁh&thmmﬂiﬂr@agencha}dmgai:lnagé ofe+111) 30
chloride, titanium (11]1) ethOX| de, %anl um (111) bromde, titanium (l1I1)
i sopr opoxi de, -73 - €IS g@pimegepfpoy! to

PCT/ US97/ 13170 titani 1.l di chl or o) ropoxide), as well as Lew s
base conpl exts of thé@&%é&%ﬁ% pr@%‘ﬁ%ﬂ)’é ‘gt her conpl exes thereof,
particularly diethyl ether, tetrahydrofuran and et hyI ene glycol dimethyl

ether compl exes {her eatumy Rk ehir GHBLARADLAL RONte SOMBNAM S, BRURE

metal conplexes in the +3 oxidation stat |nc rlscyd

titani um biscychBantAfrRRHiukl A3 &mbeﬂl Préfdfred anssanﬁl 9§ed?tﬁ?‘ﬂ' £0¥ose

titani um bromi de, bi scycl opentadi €nyl titanium i SOpropoxi
cycl opent adi enyhnipns mwmmsljldcﬁhcﬂ w«th Jrespyct toplenB emhised wtididohesritigractivating
di phenoxi de, cycl opz)elnt adi enyl tit um di net hoxi de and

bi s((trimethyl sFPPFYRS: eBRAC ])Vé?}& EPRNENY DDA um chl ori de. 10

The ligands of this invention are 3- het eroat om substituted

cycl opent adjgny! - confraine SsidblehBRHSmihE Rl g AR i SorhtideDE bRAHBRR *
which is a salt of a carbenium ion and a noncoordinating, compatible anion |

represented by the formula:
©tA-
wherein:

15 ©t is a Cy_pq carbenium ion; and

A" is as previously defined. A preferred carbenium ion is the trity! cation, i.e.

triphenylmethylium.

A further suitable ion forming, activating cocatalyst comprises a compound
which is a salt of a silylium ion and a noncoordinating, compatible anion represented

20 by the formula:
R3Si(X")g*A-

wherein:

R is Cy_1p hydrocarbyl, and X’, q and A~ are as previously defined.
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(A) a free base with 2 protons capable of being deprotonated; (B) a
dilithi umWe98/06TX) a nmagnesiumsalt; or 15 . (D) a mPEF/eN9I3LT0 -
disilylated dianion. Wthin the scope of this invention is the use of a

ligand of this Invq*meﬁedfsnymﬁu@mhscﬂvauﬁ c&ra&wgesearatmm&lsﬂﬂmex of this
I nvention, for synthesis to produce a netal conplex conprising a netal from

one of G oups t@rakisptGtafiotdpberiydbaratdi wielglsilylivin tetakifpearainbmophedydborate and

| ant hani des or  acti ni.des d from o 4 of the |jgands. 20 The
ligands of thiether syRsHifytesha %t%@crﬁ@] élmumaﬁaﬂta avg B«‘reﬁ@rewwiwmgc@bx ts,

w th various

nmetal conpl exgsﬁrgéém%ﬁ}ﬁgsﬁéetdﬁ@ﬁﬁ séothtzmIi 93333%2 3§X%N§$F%elfa?&%rggt%bfee or

the | ant hagi dag, O omtamschgsw @8) D13€-2443f QUE ueé of IheaBovd GRIIGM safth @e or
i n conbi nation Wlt ot her ands, are present in the netal conplex. The

met hods of syﬁﬁmé@lﬂg m&tabéts pradditionqrol praerizasinn icaighysts is olaimeskie United Sates!

herein for th t hi.s,i,nvention

vari ous ot her %’%‘? %Pﬁ‘éa P&@gﬁﬁcﬁ seﬁE’HWn&?tW"f%gOIzXFF“Z*Wé' ”n‘é‘ivéfmégw exes

are useful as mahnéaeaewnipw@w e rnetﬁsaarﬁessofmmhwuﬂsmeﬂ &/ab 1 Devore,

pol yneri zation reacti ons. WO 9

PCT/ US97/ 1317 Robextilaeinge ambhRobayt Mus&dﬁes‘eSerpﬁm!berddrrw%xes, as well as the
neutral ligands and various internediates is.conplicated and chall enging,

and the ryhes in v | oUS st ens ese nanes re evol vin erefore,
ref erence bo the st mrh?%{%plf:éﬁ)g %@&Wa{;n PHEapEns.g B?ﬁ*éri‘ﬂéé?""'g%ﬁ’é‘l‘ 1y, with
attachment of utxi'(gexh? Spiin ﬁb&fané5&8&1&9&#&9&@&7@4&%s15acuv=ﬁmh%agrbe%eﬁ

bri dged bi s- eX|F| ﬁ 1-position, the roatomthen 1§ 1n

3-position. Tlaecqrﬂm!gctbuhea;breswpmsemmatS\mhs:omalgsm aghdisdidsedon Un® 29%6643%

strictl . . o
y the teachings of which are herein incorporated by reference.

The technique of bulk electrolysis involves the electrochemical oxidation of the
15  metal complex under electrolysis conditions in the presence of a supporting electrolyte
comprising a noncoordinating, inert anion. In the technique, solvents, supporting
electrolytes and electrolytic potentials for the electrolysis are used such that
electrolysis byproducts that would render the metal complex catalytically inactive are
not substantially formed during the reaction. More particularly, suitable solvents arc
20  materials that are: liquids under the conditions of the electrolysis (generally
temperatures from O to 100°C), capable of dissolving the supporting electrolyte, and
inert. “lInert solvents™ are those that are not reduced or oxidized under the reaction
conditions employed for the electrolysis. It is generally possible in view of the desired
electrolysis reaction to choose a solvent and a supporting electrolyte that are unaffected
25 by the electrical potential used for the desired electrolysis. Preferred solvents include

difluorobenzene (all isomers), dimethoxyethane (DME), and mixtures thereof.

The electrolysis may be conducted in a standard electrolytic cell containing an
anode and cathode (also referred to as the working electrode and counter electrode

respectively). Suitable materials of construction for the cell are glass, plastic, ceramic
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literal interpretation with regard to bond orders, bond | engths or
strengths. &Ky appl e, the X-ray data show that the N Cp bonpergbesain
conpl exes are shorter than woul d be expected for a single bond, which

i ndi cates at Bﬁ@gfasssasa@emwal er&oaéczéofaes a&fﬁéﬁa@é@fmﬂnnnémeomaav@eﬁénaisf the

| igands are used i n conplexes wth only [err] attachnment, where there I's no
bri dge, the héyerhict armeant beslactivesmaterialg tha amnmdfearsdbgltlngreamdmxxmre or
1-position. Wthin the scope of the above discussion relating to |igands,
preferred |i gamgowomlensf Rieinunper padladivanarsprefered ineftsondu we[r@atwalazs

where x is 0 QNo ) ah?on eﬁerﬂn\eaﬁe h?enpor? e%m?’ésaf%e sgfrﬂr%éaraéf fhétoce(lll l?@l o

and t he ot her as previous ned

Wi thin thesCp sépdﬂ&te chﬁEht@ﬁleﬁtb ah¥ dloridHg el@eﬁ&ﬂdo:.tdm;;mm&nt rid Etnkbdreldeaode
character, partial double bond character or aromatic character as

appropriate, GOWPATMAR:. uihsrverkingedcirede isoimmersed ingrigaq@n medivmicempoisisgex es

ocat alyat - or Ty REBLeGRPIEN S peietl o el s er bl St FEL PR,
cocatal ysts f at sB&Eﬁh%ﬂrﬁ&é&ﬂﬂﬁﬁﬁﬂé)ﬂﬁ{r&%&?hchbm ?Erda& W)é?ﬂ'ﬁoxane

especially met unoxane, triisobutyl a num nodi
or -75- V\D’melcﬁﬁﬁtaﬂelectrode is immersed in a mixture of the solvent and supporting

nyalr ocar by < GISSTRULR: cLIRAOTE 1S iae B s erau sk groteal Caltiiatons o

tri (hydrocar byk) e HEHW by Qedpidg(Ry 81P6ARPY BRA electrode such as a silver
electrode immersed in the cell electrolyte. The background cell current, the current
draw in the absence of the desired electrolysis, is also determined. The electrolysis is
completed when the current drops from the desired level to the background level. In

15  this manner, complete conversion of the initial metal complex can be easily detected.

Suitable supporting electrolytes are salts comprising a cation and a compatible,

noncoordinating anion, A-. Preferred supporting electrolytes are salts corresponding to

the formula G*TA™: wherein:

Gt is a cation which is nonreactive towards the starting and resulting complex,

20 and

A~ is as previously defined.

Examples of cations, G, include tetrahydrocarby! substituted ammonium or
phosphonium cations having up to 40 nonhydrogen atoms. Preferred cations are the

tetra(n-butylammonium)- and tetracthylammonium- cations.

25 During activation of the complexes of the present invention by bulk electrolysis

the cation of the supporting electrolyte passes to the counter electrode and A~ migrates
to the working electrode to become the anion of the resulting oxidized product. Either

the solvent or the cation of the supporting electrolyte is reduced at the counter
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conpounds and hal ogenat ed (i ncludi ng perhal ogenated) derivatives thereof,
havi-ng fr ov®98/867215 carbons in each hydrocarbyl or hal ogenaPEWURYU3Har byl
group, nore 5 especially perfluorinated tri(aryl)boron conpounds, and

nost especi atleytréde i Cgualthdlaf fukiOPWRA WY AORt ¥R Bxidized metal complex formed
tris(pentafl uorophenyl) borane; nonpol yneric, conpatible, noncoordinating,

i on forning gdhpwenkiag eleatrpdaii Prgferted suproring sigctmolysapreunds under oxi di zi ng
diti , i al th f I, h ' - ' )
carbont um " ERRDTSTarroYAmER T 8l SRRk B BrRaR Birates hrgsdeen hid g

anions, or 1 ’ ' | it td e l[pating ani ons;
bul k electro ?g?iﬁ?gggfg*ﬁg&f?ﬂ %?éﬂl@gﬁ?il grﬁdﬁgf&gp@g%t?d(gnd conbi nati ons
of the fd egbutythmmbniuaiienrgkis@entafiby®bberaicbdraiehni ques. The foregoi ng
activating cocatal ysts and activating techni ques have been previously
taught wth respect_to different netal conplexes in the follow ng
references: EP-A- 2/farihenrecenty discoyeredglectrpchamical technique fogemeratipn af 468, 651

to U.S: Ser | ARgestSlsaft Bl B LySheecompind Bk RE W st
No. 07/884, 96kuréé bfedindviiyordinatifg Zbmphtible af AN I ThtStenighdl i§ hoé GulRediedsed

incorporated by reference. Conbinations of neutral Lewi s acids,” especially
t he conbi nat drghclafmes intheypieylouslyumentioned bimpod SthtdsRatang applation emitiedcar bons

i n each Kyl.c.Qr,0u nd .a hal.ogenat ed [ ocar hyl ) bor gn._caonpound
navi g f o 1SE0sb CAloE REBmer AT GRSt iy Meiplsiere Clmalerar ofed o
tris(pentafl gesembanyd ibog.ane, tris(o- nonafl uorobi phenyl)borane, further
conbi nati ons of such neutral Lewis acid m xtures with a polyneric or

ol i goneri c al unoxane, and conbinations of a single neutral Lew s acid,
especi al | y tri s(pdhe &dregeing pleergshepued aetivating techpigug aed agivating cogptalysts ¢ 25
al unoxane are es,Pecbi al I{. desi r.abll e activat. ﬁg %\c/f)cat Ioﬁijtris. . A.benefit ¢
accor di ng t o EHEISSPEISR i (RMBIpAAD- {40 especiglix p %‘T"fa‘i n3uen HASPXWE 9lci ent
catal yst actj Mymcﬁsg/nauﬁﬁmhn dr GRAAPEreadrbPMbdthne compound having from 1 to 4
tris(pentafl uorophenyl)borane/al unoxane m xture occurs at reduced | evels of

al unoxant Peaspersriagagibhydroeashyl@sows with gngligometieipr polymeric alumoxane

compound.

The molar ratio of catalyst/cocatalyst employed preferably ranges from
1:10,000 to 100:1, more preferably from 1:5000 to 10:1, most preferably from !:1000
to 1:1. Alumoxane, when used by itself as an activating cocatalyst, is employed in
20 large quantity, generally at least 100 times the quantity of metal complex on a molar
basis. Tris(pentafluorophenyl)borane, where used as an activating cocatalyst, is
. employed in a molar ratio to the metal complex of form 0.5:1 to 10:1, more preferably
from 1:1 to 6:1, most preferably from 1:1 to 5:1. The remaining activating cocatalysts

are generally employed in approximately equimolar quantity with the metal complex.

25 The process may be used to polymerize ethylenically unsaturated monomers
having from 2 to 20 carbon atoms either alone or in combination. Preferred monomers
include monovinylidene aromatic monomers, especially styrene, 4-vinylcyciohexene,

vinylcyclohexane, norbornadiene and Cj. | aliphatic a-olefins, especially ethylene,

propylene, isobutylene, 1-butene, 1-pentene, 1-hexene, 3-methyl-1-pentene, 4-methyl-
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conpl ex: tris(pentafl uorophenyl)borane: al unoxane are from1:1:1 D
more 30 pr V@AM from 1:1:1.5 to 1:5:3. The surprising effrﬁ’é’#?%{?géo of

| ower | evels of WO 98/ 06727 o _

PCT/ US97/ 13170 iapemeneahdepient, antd -patense By-4odienasi and mixtegs thiegroft iréost
production of olefin polyners with high catalytic efficiencies using |ess
of the expensi \peefatradmonomecsosattiylese. prapylend. driateng, 1 hgkgneed wcianeiand ower

| evel s of alum numresjdue, and hence qgreater .clarjt. are ohtained. 5
Suitabl e ion fdPHIHES e'l E?Fd?“t?é’gﬂ“&la“gé "88‘&%&158@%4@&‘%36‘??8‘3 fbodi nent of

t he present inv ' bdhéme @ cation which is a Bronsted acid capabl e of
donating a protegrm”d%ﬂﬁ)a co%rr%éti bl e, noncoordi nating anion, A As used
herein, the term "noncoordi nati ng" neans an ani on or substance which either
does not cogrdi nat e Ingehéral, Greopyerizdtioh nonieaaccomplighed ot comatitiomsmpd Elknowd
the catalytic derivative derived 10 therefrom or which is only weakl
coor di nat ed t o iBtRePreerAs fox dicelgrdY g ory PWYngngdrwq RQIWRETIZAtIORBFICHORY, [%’é
di spl aced by a.neutra ] o r@i ' | [ i -
et ore to an altahmRRPER i PR BARRER0 U0 ORI ARl BRI aifsoleric

cationi c netal gqQuROBaAeGHheRRE! ShERASHLES soRticANSIARY CoasPhadd, buUIRNEoHA stdte agnment
thereof to said cation thereby formng neutral conplexes. "Conpatible
ani ons" are anipovaienpplymetizationgreothrstproresy eanditiarompybe eraploygd iftfiepiredieA

initially formed conpl ex.decomposes .and are, noninter.feri ] i T
subsequent !Hol ﬂf@??@’ﬁ?"t?ﬁﬂgrs(ﬁb?ah@?"ug%gSfp%{yﬁ%eré%sﬁg{%x).’ P@?Qyé%fﬁhé’g&?ﬁ{‘g%
are those cont gi:ii Ry dleff14yELLEARPIBY &R ah@ BeGABR! S ¥mpsYRE Whef Ghdcatalysts are
charge-bearing netal” or nmetalloid core which anion is capable of bal ancing
the charge of tused acs gascphoat ait shary pplysiesigatjarhpropass.allhe sunport)is praferablyay be

20 Tormed vhe e d MO GRS S vide & WS GSlof 85 (SR oR Wi Sk

from 1:100,000 to 1:10, more preferably from 1:50,000 to 1:20, and most preferably
15 from 1:10,000 to 1:30. One such polymerization process comprises: contacting,
optionally in a solvent, one or more a--olefins with a catalyst according to the present
invention, in one or more continuous stirred tank or tubular reactors, connected in
series or parallel, or in the absence of solvent, optionally in a fluidized bed gas phase
reactor, and recovering the resulting polymer. Condensed monomer or solvent may be

20 added to the gas phase reactor as is well known in the art.

In most polymerization reactions the molar ratio of catalyst:polymerizable
compounds employed is from 10-12:1 10 10-1:1, more preferably from 10-9:1 to

10-3:1.

Suitable solvents for polymerization are inert liquids. Examples include
25  straight and branched-chain hydrocarbons such as isobutane, butane, pentane, hexane,
heptane, octane, and mixtures thereof; cyclic and alicyclic hydrocarbons such as
cyclohexane, cycloheptane, methylcyclohexane, methylcycloheptane, and mixtures
thereof; perfluorinated hydrocarbons such as perfluorinated C4.1q alkanes, and the like

and aromatic and alkyl-substituted aromatic compounds such as benzene, toluene,
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sufficiently | abile to be displaced by olefinic, diolefinic and
acet yl eni cMQ3806A¥at ur at ed conpounds or other neutral Lew s RERUSITHILN as
ethers or nitriles. Suitable netals include, but are.not limted to,

al um num  golxglenedethyidbnztnean®thctike! Sultehlalsbivbsls aisoGhanst 1idd oRFifs Wkch
limted to, boron, phosphorus, and silicon. Conpounds contal ning 55

ani ons whi ch RSt 28 MOROWETH M EPMenoweIsphandis g ctivyleae propylens ibngideneet-al  or
netal | oi d at are f _course, well. known and ny, particularly such
conpounds CO%P kit ?’Y&i)oé)egfcﬁa'l Ishexs ey 'gﬁpgerﬂe'r %"Vfwg%&?‘lﬂhS enﬁo?"tnp’lﬁ‘bff“o gxanc, 3-
avai | abl e comp@R¢ll Bbéitend?4ehah @] Yembsd) | RFlNS 1S § ed by
the foll ow ng geﬁergl ?%r mul a: ﬂb?# WO 98/‘10672’7 O&We’qed&a%r' %?é?‘te'

PCT/ US97/ 131 diviigbedzenbeallylbenzdrte, vinyholnend (imdluding\ald isoaes alohd oth+ i S a
Bronsted acid;, 5 g_A)[er,r] i s_a noncoordinating, conpatible anion
having a chaRg@vgpreg. anddhe like.j Mixnres of gderagoms are also suitablg.e pref er abl y
(A)d- corresponds to the formula: [Merr]]; wherein: M is boron or

alum numin the + I ' | L . . i hdependent |y
each occurrence i ?%g‘]raec ségﬁfté}ggmhﬁgﬁ?jgfe'%ddﬁgﬂW%ﬁjﬁﬁorc’i&]thhaé%aa[re]‘?"e _
hydrocar byl , aligitionsididnydgentals or hetersgehaius polyeskrizasrneaadipstlin sépakfs wasided ut ed

hydr ocar byl oxy, and hal o- substituted silyl hydrocarbyl radicals (including
connected in series or in parallel to prepare polymer blends having desirable
10 properties. An example of such a process is disclosed in WO 94/00500, equivalent to
U.S. Serial Number 07/904.770, as well as U.S. Serial Number 08/10958, filed January

29, 1993, the teachings or which are hereby incorporated by reference herein.

Utilizing the catalyst systems of the present invention copolymers having high

comonomer incorporation and correspondingly low density, yet having a low melt

15 index may be readily prepared. That is, high molecular weight polymers are readily
attained by use of the present catalysts even at elevated reactor temperatures. This
resuit is highly desirable because the molecular weight of a-olefin copolymers can be
readily reduced by the use of hydrogen or similar chain transfer agent, however
increasing the molecular weight of o-olefin copolymers is usually only attainable by

20  reducing the polymerization temperature of the reactor. Disadvantageously, operation
of a polymerization reactor at reduced temperatures significantly increases the cost of
operation since heat must be removed from the reactor to maintain the reduced
reaction temperature, while at the same time heat must be added to the reactor effluent
to vaporize the solvent. In addition, productivity is increased due to improved polymer

25  solubility, decreased solution viscosity, and a higher polymer concentration. Utilizing

the present catalysts, o-olefin homopolymers and copolymers having densities from

0.85 g/cm3 to 0.96 g/cm3, and melt flow rates from 0.001 to 10.0 dg/min are readily

attained in a high temperature process.
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per hal ogenat ed hydrocar byl - per hal ogenat ed hydrocar byl oxy- an

per hal ogenat‘m%’xﬂﬂ hydrocarbyl radicals), said Q having up tngsgy}%&s :
with the proviso that in not 15 nore than one occurrence is Q halide.
Exanpl es of suit abl Ehdgatalystayktginexf te mpesgnoinysntameard ipaicokely ddvantageouPédrent
5, 296, 433, the teachings of which are herein incorporated by reference. In
a rmore preferrdg P&%HP%%?‘PY‘GW Borgaeolymgryandeth EoFnesopplymesnBaving

si ngl e negativ, h e LS, | yaid C rieSi bor on
wnioh are 20 Mga R3O biferafEiny T The s aAE BlShS, SRERIGTIIRRE T
i nvention may Qedta ifToninebub Yolyhterizalibopiooesses Bsieelally QoRtihebus| &hdton
wherein: L* is as previously defined; 25 B is boron in a forml
oxi dati on <t at polpime@zatingrocsses, allond fosLiegaed reactor temperatures which favor the

PCT/ US97/ 13170 IS a {1 .dr]ocar.b)&/l -, r dr ogar b}/l O)l%- % f.l uori nat ed X

hydr ocar byl -, aliehat WY HearigREs BO1YREF Shaips thaf i3y be ARGoIPUaied TP drase X ingy | -
group of up t t ' e ' | t han
one occasi on ?%‘ggmﬁggﬁggf%wgaﬂgg%% %rn glg'l }‘Ré QQéel %qg%@%%%déc%a{r&%ﬁgggtgm
fluorinated aradvagfapeguslyesijonifot the econdmieslrproducion @P Be1y¥ened-61éfin copolymers
IllTustrative, but not limting, exanples of ion formng conpounds

conpri si ng pr ohdyingipieaesastibtycamilanie high priessvess fise radiedl paedused lamadensity

cocat al yst 9 in tlh%r eegar ation of the catalysts of this invention are
tri-substitut BPEHERTOm sal ts such

In another aspect of the processes of this invention, a preferred process is a
high temperature solution polymerization process for the polymerization of olefins

comprising contacting one or more C3_pq o-olefins under polymerization conditions

with a catalyst system of this invention at a temperature from about 100°C to about
15  250°C. More preferred as a temperature range for this process is a temperature from
about 120°C to about 200°C, and even more preferred is temperature from about

150°C to about 200°C.

The present catalysts system may be advantageously employed to prepare
olefin polymers having improved processing properties by polymerizing ethylene alone
20  or ethylene/a-olefin mixtures with low levels of a “H” branch inducing diene, such as
norbornadiene, 1,7-octadiene, or 1,9-decadiene. The unique combination of elevated
reactor temperatures, high molecular weight (or low melt indices) at high reactor
temperatures and high comonomer reactivity advantageously allows for the
economical production of polymers having excellent physical properties and

25  processability. Preferably such polymers comprise a C3.9¢ a-olefin, including

ethylene, and a “H”’-branching comonomer. Preferably, such polymers are produced in
a solution process, most preferably a continuous solution process. Alternatively, such

polymers may be produced in a gas phase process or a slurry process.
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as: 10 trimet hyl anmoni um t et r aphenyl borate, nethyl di octadecyl amoni um
t et raphenywobesmeé®7 triethyl anmoni umtetraphenyl borate, tri pmwmsamm um

tetraphenyl borate, tri(-n-butyl)anmoniumtet raphenyl bor at e,

et aphony! bor 3t 6 "R R ATl Moot e PR b %ﬁ"aﬁ*a!?*f"‘*‘ﬁﬁﬂ*m'b

i ni um
hyl

(2,4, 6-
t et r aki
t et r aki
t et r aki
t et r aki
t et r aki
t et r aki
t et r aki
t et r aki
t et r aki
t et r aki
t et r aki
t et r aki

t r i methepreparationi of GP arﬂtEBleqpbl)lmTatrﬂngh tyiedeb il pradworivity NTThe
s(pent a-fl uor gphenyl ) bor at e, triethyl amoni um

s( pe nP@FF%&NﬂSW%B? gither atSP'Ius%swlammm both of which are
s(pen t Y§id

s penbt%H g% %}n)t OJrrgt gamirrsw pgg §éxr % nﬁ" PR 191-64 (1985)

s(gen Bhewmmewh)s&mbattﬁs(c%wfx@hdamnwlmbhmm difflethyl-alumoxane
s(pent af | uor ophenyl ) borate, 25 N, N- di et hyl ani |i ni im

s( pencmlywwpnefwyIsqlbmrap@ymlwmnrﬁtﬂﬂlar(dzﬁmmqlasmmmyUaSu linium

2( 2. 35320478 ARARRA. SRRS AphysiaAben ProEPBC SR i

(2, AR BRI MRS YRR Ty 1 o um

s(2,3 ,4,6-tetrafl uorophenyl)borate, -79-
In general terms, it is desirable to produce such EP and EPDM elastomers

10 under conditions of increased reactivity of the diene monomer component. The reason
for this was explained in the above-identified ‘478 patent in the following manner,
which still remains true despite the advances attained in such reference. A major
factor affecting production costs and hence the utility of an EPDM is the diene '
monomer cost. The diene is a more expensive monomer material than ethylene or

15  propylene. Further, the reactivity of diene monomers with previously known
metallocene catalysts is lower than that of ethylene and propylene. Consequently, to
achieve the requisite degree of diene incorporation to produce an EPDM with an
acceptably fast cure rate, it has been necessary to use a diene monomer concentration
which, expressed as a percentage of the total concentration of monomers present, is in

20  substantial excess compared to the percentage of diene desired to be incorporated into
the final EPDM product. Since substantial amounts of unreacted diene monomer must
be recovered from the polymerization reactor effluent for recycle the cost of

. production is increased unnecessarily.

Further adding to the cost of producing an EPDM is the fact that, generally, the
25  exposure of an olefin polymerization catalyst to a diene, especially the high
conccntrations.of diene monomer required to produce the requisite level of diene
incorporation in the final EPDM product, often reduces the rate or activity at which the
catalyst will cause polymerization of ethylene and propylene monomers to proceed.

Correspondingly, lower throughputs and longer reaction times have been required,
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WO 98/ 06727, PCT/USIT/13170
PCT/ Us97/ 13VPP3PSE: hyl (t-butyl)amoni um . )

-tetrakis(2,3,4,6-tetraf] uorqphenyl)boerate, N, N-di met hyl anilinium

Lot r aki o( 2. 3, £omagH GBI SRR A1 o aH1E1e-NoRe B EaRpIRF ST or oher

NN di ot byl - (o OIPFE P SRR POy o

tetrakis- (2,3, 4: 6-tetrafl uor ophenyl ) borate. 5 D al kyl anmoni um
salts such as: di- (Theppresent taaysrsysent aivaatapsdusyrillaivs for inpleased diemy at e, and

di cycl ohexyl ammoni um tetraki s(pent af | uor ophenyl ) borate. Tri-substituted
phosphoni um saeaaivitydhergly preparpieBRPNhpelpmers indigh yield and productivity.

tetraki s(penta rophenyl rate. 10..tri(o-tolvyl)phasphonium .

Lot r aki o( pant AAIBPERRERY PRl EbGrerd ag it Snb e AR HETE Fonsspibtni um
tetraki s( pent gfchigiidR e EPDN @oRinfers Ritf Bédedn@ing of up to 20 weight percent or

t et raki s(pent af | uorophenyl )borate salts of |ong chain al kyl nono- and

di subst i t ut ed lagmnwhich polymierx pessessspghly alesigably] fastrdureCfatasr | al kyl anmoni um
conpl exes, especially methyl di (octadecyl)ammoni um 15

t et raki s(pent af | uorgphenyl ) borate. and net hyl di (tetradecyl )apmoni u .

t etraki s(pentaf | uor P‘%—'BS?‘S\‘E g'.cnﬁﬁ“oé‘é’ c4t 6"5/3 ﬁf‘ﬁggrcxé%" 'j‘?aﬁg&i!?d?f]ﬁ‘am or
activating co | i K

i 11 i Ut ot RS EaeArpp iR B oL Y bOaE |9 o e damples o,
each occunbfenceitable nendrsijugatedatiertns amnscedghitichainedy@it dierea suchaaselj4-tnggiadierar by |
groups having from 1l to 8 carbon ataonms, (Rlerr rr]_NH rr])ferr] -
(CLorr Fer 1] Qe CPumrp AP Fraih S e Hates PSP oy R b ey
B(err]Flerr H,‘f—ﬁgﬁlth{!-l",@ﬁfcﬁxd%n@f 3,]7-&1_'?1@&55- f?t&czéd?&f%p@a#ﬁigéé YsoRRFlor
occurrence are substituted or unsubstituted saturated hydrocarbyl groups
havi ng from 12ihyirdydemeand dilyaisoocirent hsingis wing alityelic dienkosuchrag, acti vati ng
cocatal yst conprises a salt of a cationic oxidizing agent and a
noncoor di nat i rle?-CXIpRAadifns: iﬁrfdﬁﬁeﬁ%%ﬂ Sac5iPoctagiene an

15 1,5-cyclododecadiene: and multi-ring alicyclic fused and bridged ring dienes such as

tetrahydroindene, methy!l tetrahydroindene, dicyclopentadiene; bicyclo-(2,2,1)-hepta-2,
5-diene; alkenyl, alkylidene, cycloalkenyl and cycloalkylidene norbornenes such as
5-methylene-2-norbomene (MNB); 5-propenyl-2-norbornene, S-isopropylidene-2-
norbornene, 5-(4-cyclopentenyl)-2-norbomene, S-cyclohexylidene-2-norbomnene,

20  S-vinyl-2-norbornene and norbornadiene.

Of the dienes typically used to prepare EPDMs, the particularly preferred
dienes are 1,4-hexadiene (HD), 5-ethylidene-2-norbormnene (ENB), 5-vinylidene-2-
norbornene (VINB), 5-methylene-2-norbornene (MNB), and dicyclopentadiene
(DCPD). The especially preferred dienes are S-ethylidene-2-norbornene (ENB) and

25 1,4-hexadiene (HD).

The preferred EPDM elastomers may contain about 20 up to about 90 weight
percent ethylene, more preferably about 30 to 85 weight percent ethylene, most

preferably about 35 to about 80 weight percent ethylene.
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formul a: -80- WD 98/ 06727
PCT/ US97/ WRIY0§7&T r] wherein: Ox[err] is a cationic oxidizi FglH§¥#31Wavi ng
a charge of e+; e is an integer from1 to 3;. and 5 Ad- and d are

as previously deffw%haEmam Sifitablle f6PldeaN tife répathdodISr ABLRhes Wit ude:
ferroceni um hydrocarbyl- substituted ferrocenium Ag[err] or Pb[err].

Preferred erstudenesnddlienes Ag-prefecabbhosg satpharelefinse ilusisitiye deniimisthgwi t h
respect to the Bronsted acid containing activating cocatal ysts, especially
t et r aki s( perfxamples obpraraiPhaneletinsare peopylene, 1-buignes hpentens 1 diskenei én f or ni ng,

activating cocat st._ conpri ses co und which.is .a salt, of carbeni um
ion and a ndﬂ%@g?{iﬁfgﬁﬁﬁ%eg% ’aﬁ P‘E}F'ggg' °5RP% 8Rd é—saégﬁ?cgae.bil;h? ﬁlé’ﬁi"(?f%l 15
[err] whereignerdfy i ted [rR6 te EFDM £d a1 GBOREID 5 AbbR'S jerdefit, &S
previ ously e??rng)a.mcgrp&rae?er red ecar benﬁf’nﬁi oan ?s thet {mr)éfl?y%lo @ggkf@r?,rdelﬁf’e.
t ri phenyl metnxyk ipraferablyf aiabtwar20zaiabas|66 weaightfpereenn gThesdncuajupaied dizaes akyst
conprises a corrp?und which s %ff}; of g silyliumion and a
noncoor di nat8eRgally sisgmarsied intei réMr”éé oHtdP worbouhl wright perRentamore,
preferably at about | to about 15 weight percent, and most preferably at 3 to about 12
weight percent. If desired, more than one diene may be incorporated simultaneously,
10 forexample HD and ENB, with total diene incorporation within the limits specified

above.

The catalyst system may be prepared as a homogeneous catalyst by addition of
the requisite components to a solvent in which polymerization will be carried out By
solution polymerization procedures. The catalyst system may also be prepared and

15  employed as a heterogeneous catalyst by adsorbing the requisite components on a
catalyst support material such as silica gel, alumina or other suitable inorganic support
material. When prepared in heterogeneous or supported form, it is preferred to use
silica as the support material. Inorganic support materials, such as, for example, silica,
may be treated with aluminum alkyls or other chemical pacification agents to reduce

20  surface hydroxyl content of the support. The heterogeneous form of the catalyst
system may be employed in a gas phase or slurry polymerization. As a practical
limitation, slurry polymerization takes place in liquid diluents under conditions 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,

25  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 o-olefin
monomers may be used in whole or part as the diluent. Most preferably the diluent

comprises in at least major part the a-olefin monomer or monomers to be polymerized.

The catalyst system of this invention may comprise an aluminum

30 organometallic component which comprises an alumoxane, an aluminum alky! or a
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[err] wherein: Ris C[err] hydrocarbyl, and X, q and A- are LQusly
defined. - gWO9IB08FE 98/ 06727 _ PCTARS31H
PCT/ US97/ 13170 Preferred silyliumsalt activating cocatalysts are

trimet hyl si | ycomhinates therenfe dhisfdomnospianayl broprgsant in a henaslivating4meunt and
tetraki spenta Iuoro%hg{é\aﬁl}borate and et hter sul?stitt ui)iq] adduc]ts t her eof .

Si | yl'i um sal t &NH9B PREER H P pBUENEr - FEASPRE LI Y St S NS FOmBpaRndE.:
Chem Comm , d@Pdce gf*3cafity oﬁ&e%ia?s@@orhﬁé‘ﬂéﬁf,fof ithhayldo béth. 5 al .,
Organonetal | ics, 1994, 13, 2430-2443. The use of the above silyliumsalts
as activating cocatal ysts for addition polynerization catalysts is clained
in United States Pdtiemnhdéppobd eathisoitalnfandtiedality Snltlyd cataiySair icocutalyst of the

Pol yneri zation Activators For Metall ocene | exes", filed in the names of
Davi d Nei thanEdtalysesystenteandiesovrlgRay pr @awaﬁﬁggaéﬁg (s shpPovtigdterial ofthe

Sept enber 12, i . (1Al -Of 0, r.capt ans,
sil anol s, ands%%%ﬁtecs&r\?&%nﬁmf F'Vimsc &gﬁ_’gg#ﬁ%%@%ﬁ %)lr“z’iﬁ;}(ka}(]:fagrhe‘L ogy %‘gp &ffective
catal yst acti yrirginic axide "yetabhaliiefdoes sixtdienfedeof.t he present invention.
Such cocatal ysts are disclosed in U S. 5,296,433, the teachings of which
are herein incorporated by reference, The technique of bulk electrolysis

i nvol ves the el ect Peripged suppoBk fararse ghthefpresgat inventiopdrelpdecighlyeporonsder

el ectrolysis ndi t ' - n ort i el ectrolyte

conpr{ si g & FORELArARat A pRcREnER e ARSI, TR ripsCPrelretfppon

suppor ti nm el pftdrial 14t swifcaaTheausdrt MaseriabmaPbe i pahslaf AgloffrAbE PellOlizd S
are used such that electrolysis %products that woul d render the netal
a

conpl ex cat al 9t anyadthgr physisel feem itable materials include, but are not limited to, silicas
available from Grace Davison (division of W.R. Grace & Co.) under the designations

SD 3216.30, Davison Syloid 245, Davison 948 and Davison 952, and from Crossfield

under the designation ES70, and from Degussa AG under the designation Aerosil 812;
15  and aluminas available from Akzo Chemicals Inc. under the designation Ketzen Grade

B.

Supports suitable for the present invention preferably have a surface area as

determined by nitrogen porosimetry using the B.E.T. method from 10 to about 1000
m2/g, and preferably from about 100 to 600 m2/g. The pore volume of the support, as
20  determined by nitrogen adsorption, advantageously is between 0.1 and 3 cm3/g,

preferably from about 0.2 to 2 cm3/g. The average particle size depends upon the

process employed, but typically is from 0.5 to 500 um, preferably from 1 to 100 um.

Both silica and alumina are known to inherently possess small quantities of
hydroxyl functionality. When used as a support herein, these materials are preferably
25  subjected to a heat treatment and/or chemical treatment to reduce the hydroxyl content
thereof. Typical heat treatments are carried out at a temperature from 30°C to 1000°C
(preferably 250°C to 800°C for 5 hours or greater) for a duration of 10 minutes to 50

hours in an inert atmosphere or under reduced pressure. Typical chemical treatments
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not substantially formed during the reaction. Mre particularly, suitable
sol vents aW@9B®6727materials that are: |iquids under the condGW¥¥E13KT0t he
el ectrolysis (generally tenperatures fromO to 100[err]C), capable of

di ssol vi ng t RRhfdeRieAfatting withd&wiohyl aikyfititgiaBett such! BehkydrolaeN afuminbf
t hose that are not reduced or oxidized undér the reaction conditions

enpl oyed f or compowidsctrihpdnpcarbyichiorpsilage pempdunds poibydrotabytalkokesilaoé t he
desired electrolysis reaction to ghaogse a.solvent and a suppor}ing

el ectrol yte F‘r’f&?g"éﬂ‘% oﬁﬁ‘é’?’$aé@§%'35'2§‘6518‘b‘§ hydroxy) gropps are thegsemaysdayiaysed for
the desired gf&hichtiesthen: Preferred solvents include difluorobenzene (all

| soners), dinethoxyethane (DVE), and m xtures thereof. The el ectrol ysis nmay
be conducted in a standard electrolytic cell containing an anode and

cat hode (&l so ref gheasdppost may bééununiokalirzgd stithcd siladle oacidomsiladecfan@ionalizinge
respectively). Suitable materials of construction for the cell are glass,

pl astic, cerag§nte gitach thergto pgpdam sidane -(Si-R)=, or chlorosilane -(Si-Cl)= functionality,

PO Uo7 1 RCAMRCL RS, SRS BI S S RARIR A REEERE Y, o

i nert conduc ar‘'eé neant con #¥Fal s t hat

are unaffect ' ) I i LI R L num or
Do 1k um ar ComPYyrds e S8k AR S By 1 ghDs b o b e ikt
per meabl e nesihtamer slutinuan ofitHei matrigl Examplestof seipdlefuastdriafizinglakentit 0 5

separate conpartnents, the working electrode compartnent and counter

el ect r od&0 cosidernbanylsiians. baxerietty disikazanediphenylsiltne meeshy lphenylsileaet i on
medi um conpr h?ﬁ%ﬁg’sﬁ&fﬁﬁ%ﬁb@?%!ﬁ Slcgrggpa%ea%td:c d&tﬁ%ggﬁ% ylﬁgéqehgx%Bﬁrﬂaﬁésng

el ectrol yte, "an ny o eria SITe

el ectrol ysi s farfoshiaRishétz fungribhigize@silitd bnguitiidompouddieweR Wk Rbush) ectrode is
imrersed in a mxture of the solvent and supporting 10 electrolyte. The
desi red vol t digelosedindéSeBatentsild. 320 anH Se¥78:3168athe dedchingaof whishagre herein

incorporated by reference.

I5 The support may also be treated with an aluminum component selected from an

alumoxane or an aluminum compound of the formula AIR'X-Rzy-, wherein R1

independently each occurrence is hydride or R, R2is hydride, RorOR, x’is20r3,y’

is 0 or 1 and the sum of x* and y’ is 3. Examples of suitable R! and R2 groups include
methyl, methoxy, ethyl, ethoxy, propy! (all isomers), propoxy (all isomers), butyl (all
20  isomers), butoxy (all isomers), phenyl, phenoxy, benzyl, and benzyloxy. Preferably,
the aluminum component is selected from the group consisting of aluminoxanes and
- tri{C 4 hydrocarbyl)aluminum compounds. Most preferred aluminum components
are aluminoxanes, trimethylaluminum, triethyl aluminum, tri-isobuty! aluminum, and

mixtures thereof.

25 Alumoxanes (also referred to as aluminoxanes) are oligomeric or polymeric
aluminum oxy compounds containing chains of alternating aluminum and oxygen
atoms, whereby the aluminum carries a substituent, preferably an alkyl group. The

structure of alumoxane is believed to be represented by the following general formulae
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experinmental |y by sweeping the cell using a reference electrode such as a
silver el ecM¥@6T ersed in the cell electrolyte. The backgr BHHYSX#3L70
current, the current draw in the absence of the desired electrolysis, is

al so det er m neAlI(RH® | fortarcytlysalamioranms) and &oad-OhANRY-D LUsIRSNfordrifear f r om
the desired level to the background level. In 15 this manner, conplete
conver.si on ofcdnipound] whedeintisds previphsy defimed)endas iid ah meigeciangingSrorhahbe
supporting electrolytes are salts conprising a cation and a conpati bl e,
noncoor di nat i #hpubAP.diefembly atleasbabaug 4s dptoraneg aeg weically theasaciion preducts

di th | Aerrl: in: i tion.which i
nont caetive. sovarkad & S ki Gfdiihiadtiishihn alky by i donpin ' D °
previ ousl ¥ defdliae@r afRorR! gesupaf R_%Qétir%%yet@l*diffc?&itﬁﬂﬁnih%ragg&%ﬁx Bl

substituted anmoni um or phosphoni um cations having up to nonhydr ogen
atons. Pref ersush as fon exampler tgmethy | alumiagm-4ndttyHsohwtylialiminusnwith water yields

t et t hyl ' g . 25 ' i vati f th I

of the pr ecort a5 EtEDs miies bmeEnsy el ERa oA UF MOIBY 2 HIEURES ng
| ectrol yt . = ¢ Al t in

ol ot r odb ¢ o HRnany RS e WbFed R HiRGFalthi br ) 4 4fF Bride. ey e

i SLX?gﬁ ?E;gE hgotaall. ggllug%%gﬁ%h% gehdaigy EbMiginGhfioh (Pdups@nlisl ahRAHGSSHt s?atrtiﬁé"e

PCT/ US97/1031 7flumkrent rixgbcampamgdal nol ar quantity with the anount of
oxi di zed nmetal conplex fornmed at the working electrode. Preferred

D g e OBl oAt A A SR TS24 Sopouncs by
contacting an aluminum alkyl compound with an inorganic salt containing water of
crystallization are disclosed in U.S. 4,542,119, In a particular preferred embodirrllent
an aluminum alkyl compound is contacted with a regeneratable water-containing

15  substance such as hydrated alumina, silica or other substance. This is disclosed in EP-
A-338,044. Thus the alumoxane may be incorporated into the support by reaction of a
hydrated alumina or silica material, which has optionally been functionalized with
silane, siloxane, hydrocarbyloxysilane, or chlorosilane groups, with a tri (C1.10 alkyl)
aluminum compound according to known techniques. For the teachings contained

20  therein the foregoing patents and publications, or there corresponding equivalent

United States applications, are hereby incorporated by reference.

The treatment of the support material in order to also include optional
alumoxane or trialkylaluminum loadings involves contacting the same before, after or
simultaneously with addition of the complex or activated catalyst hereunder with the

25  alumoxane or trialkylaluminum compound, especially triethylaluminum or
triisobutylaluminum. Optionally the mixture can also be heated under an inert
atmosphere for a period and at a temperature sufficient to fix the alumoxane,
trialkylaluminum compound, complex or catalyst system to the support. Optionally,

the treated support component containing alumoxane or the trialkylaluminum
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carbons in each hydrocarbyl or perfluoroaryl group, especially tetra(n-

but yl ammoni wig dsiferki s( pent af | uor ophenyl ) borate. A further rmego§dmstro
di scovered el ectrochem cal technique.for generat ion of activating

cource of a naREuGHER R BsRsale Breo SRR e bR R T T ?
di scl osed and tﬁhﬂt?mﬂn]nﬂn{ﬁ&fﬁeg‘{é gm_.ssluy srentioned United States Patent
application entitled, 10 "Silylium Ca ?I oni ¢ Polymerization Activators For

Met al | ocene Conpl exes", filed on Septenmber 12, 1994. The foregoing
el ectrocheni cal actB&saddﬂrtgnlaenrimihquepmtdwabtalumﬁangtfmmhan@laynsmym al so be

d i || f
R AP IRGCILR L am‘?iﬁ%ﬁﬁéewr%@a&%ﬁméeﬁﬁé%iwﬁé REISPR SR
to 4 15  gar %Qﬁdﬁﬁ?%ﬁha {mﬂzﬂamrmh um Lﬁn&,@n [E%seﬁTeO(gf @%mﬂ“ c
und. yst enpl oye

al unoxane conpo he no ratio Iyst coca
preferably ranent. rSuzhk prbcd3d s well lﬁlﬁmim the A, mmfgebahldyscfdsemnl]iﬁﬂﬂo to
10: 1, nost preferabl from 1: 1000 to 1:1. Au used itself as

an acti vat i ng 2906%0abyStA-4% 23t G%H S n”"éé)os 32§r§’6“€?ﬁhﬁg$ PQWhgén@fr%ﬂth? at

| east 100 tine I 5|

Tri s(pent af | uo'?)([)m e°r?§ or an%‘g1 %@ﬁ Zar%fs?% as a ?J@ 't%?erg'?c é‘f%}?lyst S
enpl oyed in a dﬁ%hﬁtﬁc Fydrb&arbéh &1hﬁnf§ﬁh€4hd@gémhrféx|s©f>erftﬂ{c”h&aﬁe lhetpgméooclancnvre
preferably from1:1 to 6:1, nost preferably from1l: 1t 1. The renai ning

act i vat i ndOcodsacatanet sorane, lgzmwenm Idycaenmmuxam. mefhyboyiclohexdng agdui nol ar
quantity with t ocess

pol ymeri ze et i P’gﬂﬁ“’danf ?gﬁﬁr@‘&rt ‘HP%%&“%HB‘M‘}% ﬂ'ﬁ\?ﬁ?@f@?%‘fﬁ *ﬁydtrﬂcaﬁi(’?"c% ‘ﬁgﬁ

atoms ei ther al0B&nRhe.ItBlueMTRYRAL] M otiraiies b@ﬂalmgtﬁuﬂea%}ﬂﬁm
nonovi nyl i dene aromatic nononers, especially styrene, 4-vinylcyclohexene,

vi nyl cycl ohexmmpmodﬂgdﬂnmreﬁq@bébndh@létm] isgiinj apdraaticchydescatbonl, esperislly

espect al |y et iy ene. B OB Shon LR Y bSRE matn B HhE A e BRI S Bomidnn e

15  thereof is desirably reduced to a level less than 1.0 meq of OH per gram of support by

any of the previously disclosed techniques.

The cocatalysts of the invention may also be used in combination with a
lri.(hydrocarbyl)aluminum compound having from | to 10 carbons in each hydrocarby!
group, an oligomeric or polymeric alumoxane compound, a

20  di(hydrocarbyl)(hydrocarbyloxy)aluminum compound having from | to 10 carbons in
each hydrocarbyl or hydrocarbyloxy group, or a mixture of the foregoing compounds,
if desired. These aluminum compounds are usefully employed for their beneficial
ability to scavenge impurities such as oxygen, water, and aldehydes from the
polymerization mixture. Preferred aluminum compounds include C_g trialkyl

25  aluminum compounds, especially those wherein the alkyl groups are ethyl, propyl,
isopropyl, n-butyl, isobutyl, pentyl, neopentyl, or isopentyi, and methylalumoxane,
modified methylalumoxane and diisobutylalumoxane. The molar ratio of aluminum
compound to metal complex is preferably from 1:10,000 to 1000:1, more preferably

from 1:5000 to 100:1, most preferably from 1:100 to 100:1.
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-84 - WO _98/ 06
PCT/ US97/ 13?%48?06}€7<7antene, 1- heptene, and 1 -octene, C4 40 digﬁgg,sgglr? 70

m xtures thereof. Mst preferred nmononers are ethylene, propylene, 1
-butene, 1 -hexene, Imcongrastespiutignipolypenizasipndpkestplqearnder gandpipns irewhich the
nonconj ugat ed di en ' ' . LN neral ,
t he pol yneri za‘g?"%HF%§§£§§Aég%{%%ﬁg#eségcg{]g(r:%ﬁ% ?@ng f/}\]glrfaclgﬁg aqx%ﬂ%fyeﬁe

prior art for EpegEPDMpblymmep! Peffratbdoivenitsincludp nifeal oy dndahé Odridugact i ons,
that is, tenperatures fromO0-250[err]C, preferably 30 to 200[err] C and

pressures fronhydrecashinsrwhich are iguaba reactios iereparaturesy desirative examples ofouseful
slurry, gas phase, bul k,, splid state powder pol ynerization or other process
condi tion ray Veé‘l‘?p‘l“ﬁi}(’gﬁ aﬁ‘@"??esé‘fzséﬂ?g%% IsOPERIARS. thexane pReRtafc; getang "f'@a,
alumna, or a SERER} ; Y, ™ gvai
pol.yol efin) may aéggdrrsrp oyeﬁﬁﬂxgjﬁgyﬁ#%gﬁlﬂ%h%%@%ﬂéﬁ \%Egar?afﬁe ’(?g?%b%st S
are used in a fyon BXxea Chemicdlsiiney, cyclbylikendsaath ascyricpeatmne addeydolzpodd; ahd
preferably enployed in an anount to provide a weight ratio of catalyst
(based on met ATPMALEHVICh ap pezene. talgend ¢ylenes. ethyllenzens anddiethybanseyef r om
1: 50,000 to 1:20, and nost preferably 15 from 1:10,000 to 1:30. One such

50,000 to _ _ .
o More [orr]-of of REaby PRoung SRRl SAEEARs a8 NS Xeobe B SRV 1 0

in one or DI ecoRftinkits oSt Bé proteted Rois oy géniimd mbisnﬁe.cmérefor&@ﬁm@ﬁélfeﬂ in
series or parallel, or in the absence of solvent, optionally in a fluidized
bed gas phase qomponents apd gatalyssvenst ke preparedasd reqaygreddn prexygeaand arnisttire

monomer or soly eﬂ&wﬁy&‘gg‘f %rgre);arx}eﬁg Adfider e L€ r&@ﬁorpshaq'? ﬁgrf%%%éiﬁrr\ I;lgetsqussscg\évg bt a

known in the art. Tzation reéactions
cat al yst : pol yrary| ingdlg@s such as, for example, nitrogen.

Ethylene is added to the reaction vessel in an amount to maintain a differential
15  pressure in excess of the combined vapor pressure of the a-olefin and diene
monomers. The ethylene content of the polymer is determined by the ratio of ethylene
differential pressure to the total reactor pressure. Generally the polymerization process
is carried out with a differential pressure of ethylene of from about 10 to about 1000
psi (70 to 7000 kPa), most preferably from about 40 to about 400 psi (30 to 300 kPa).
20  The polymerization is generally conducted at a temperature of from 25 to 200°C,

preferably from 75 to 170°C, and most preferably from greater than 95 to 140°C.

The polymerization may be carried out as a batchwise or a continuous
polymerization process. A continuous process is preferred, in which event catalyst,
ethylene, a-olefin, and optionally solvent and diene are continuously supplied to the

25  reaction zone and polymer product continuously removed therefrom. Within the scope
of the terms *“‘continuous™ and “continuously” as used in this context are those
processes in which there are intermittent additions of reactants and removal of

products at small regular intervals, so that, over time, the overall process is continuous.
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conpounds eg;)lo ed is from10[err]:1 to 10[err]:1, nore preferably from
10[err]:1 W %Q”r] 1. Suitable solvents for polymerizati oPGHESYHd1P
| i qui ds. Exanpl es include 25 strai ght and branched-chai n hydrocarbons

such as i sobut ane, Withoankmitipgih ame wah eiegtepe b dmention, lone Sneadl forbaltiyihiges
t hereof; cyclic and alicyclic hydrocarbons such as cycl ohexane,
cycl ohept ane, OUrsu¢ly 2 polymsHeationrogass Hyasdoiowti clit aastsredark reagtonpeopyltemer eof ;

perfluorinated hydrocarbons such as perfl uori nat % rr] al kanes, . and t he
li ke and ar on@PFE A ’%f?%?}?ﬁd:i?SEPF?‘EP?Yeﬁ?gsﬁ""Sh‘aﬂﬁ88‘3’8 g'ﬁﬂ%ig’ogﬂﬁﬁr ad oz ene,
tol uene, -85-ethyleNOmBR6ME Zlhe reactor contains a liguid l{)hase composed substantially of

PCT/ US97/ 13170 Xyl ene, ethyl benzene and the'like. Suitable solvent's al so

i ncl ude | iSqui ethylerd,iprepydne@nd diepe apanomersiogether with any solwers we rdditiondludi ng
et hyl ene, propyl en but adi en 1 - buytepe,, cycl opentene, 1-hexene,
T heptone, " a-S1HJF o SPHirae BRI SRyl GhaRaNe: NBSCRG Biepe Sich Sent ene,
domethyl - 1 REBLARGC el,ﬂ#@&écﬂgﬁeeww%eémén%ﬁﬁ? disp BCRERR: Al Rfg ©

i vi nyl benzene, allyl'benzene, vinyltoluene (includng a I sormer s al one or

i n admi xt ur e)cocafatyst fre contisuoublly iitesdredin theeedctureigidthase. €T Racteri t abl e.
The catal yst systenms may be utilized in conbination with at |east one
addi ti onal hoSPHEFAEHE ANGPresuNre Y & consoliss indipsiiagthensolyangmpspmmienratiopar at e

react ors ﬁ)ongﬁg tégt%yspad?%dnefg!fogs %QIAQE‘%Q%%%}@‘& @51?@503135.3%%@@ l?ogﬁ.gﬁlﬁ%l osed

havi ng desir roperttes. An of "su

i n WO 94/ 0050¢blymetizatidhemt i sontiofed 6@ thearateNfiraalysOddddish. 7K etBpleNEtdniéts
U S. Serial Nunmber 08/10958, filed January 29, 1993, the teachings or which
are hereby i nefdhgpelymespiaduetds detereined by dayatiopf ethylengta proprigoaintbe syst ens

of the pr esen}cé&tgx%v%éhoﬂ cSR:Péile\érBVr%arQ%.‘ﬁEGSg me%]spective feed rates of these

components to the reactor. The polymer product molecular weight is controlled,

1S  optionally, by controlling other polymerization variables such as the temperature,
monomer concentration, or by a stream of hydrogen introduced to the reactor, as is
well known in the art. The reactor effluent is contacted with a catalyst kill agent such
as water. The polymer solution is optionally heated, and the polymer product is
recovered by flashing off gaseous ethylene and propylene as well as residual solvent or

20  diluent at reduced pressure, and, if necessary, conducting further devolatilization in
equipment such as a devolatilizing extruder. In a continuous process the mean
residence time of the catalyst and polymer in the reactor generally is from about 5

minutes to 8 hours, and preferably from 10 minutes to 6 hours.

In a preferred manner of operation, the polymerization is conducted in a
25 continuous solution polymerization system comprising two reactors connected in
series or pérall_el. In one reactor a relatively high molecular weight product (Mw from
300,000 to 600,000, more preferably 400,000 to 500,000} is formed while in the
second reactor a product of a relatively low molecular weight (Mw 50,000 to 300,000)
is formed. The final product is a blend of the two reactor effluents which are
30 combined prior to devolatilization to result in a uniform blend of the two polymer

products. Such a dual reactor process allows for the preparation of products having
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conononer i efeld ion and correspondingly low density, yet he4HehIasinmW
melt 15 ind § mayﬁtge readily prepared. That is, high nolecular \A’g?)ght

polyners are readily attained by use of the present catal ysts even at
el evat ed r eact dmpreyadaraperies  Inaprefefrad gmpodinent Bigirgachers pfeganaegied insssies.ne

ol ecul ar el gt Ol oflehl Bkl Ard PRI IR S0 B LEAH] ek pdupREyDY (e

use. of hydrogen or sim charn tran owever 1 Nncreasing the

nol ecul ar wei ghthoMdmérgdiveritlafé hpdroganisyadaedio the ssooal kdacrl ReaétbptdhdRichs aye
20 reduci ng the polynerization tenperature of the reactor.

Di sadvant ageousddjysteshach thas theoweighialig et polymer produeedenshe first readtor ¢olthat
tenperatures significantly incyeases. the cost of gperation since heat nust
be Femaved. Br orbieeRaRtiesecots wacat o AL opantal IEaddTon nearmarates o
while at the s ' 1$TSH (SRS : ;
vapori ze the sgﬁggénétoﬁlrﬁﬁg(g& ti ornm%?%gﬁgﬁé\%h%% és | n%@g%@g‘é’%ﬂﬁgh?%& This

i mproved pol ynesysi2n bensfitially bilow forderodwaioadf EPDM ipeodueistaoiigtalargenange of

hi gher pol yner concentratjon. Uilizi ngi t he present catalysts, a-olefin

horopol yner s arMOeRRYOYISIRSHiES gy siAsraRdliant Bscnethoandpracesgatility e Freferablyotho e
g/cnferr], and hﬁf{f Vit E§§TMB%99]A§%?+4% %dggwdg?%ﬁlt{n%%%&%t is

attained in a hi enperat ure process:

PCT/ US97/ 13970 atipastedrioFhly & the YadgRTrorfl 16 R0, irebly fromeiol 130 aAk8nost
particul arly advant ageous for the production of ethyl ene honopol yners and

et hyl ene/ [ er r] -pseferably ropolQ4eell®. havi ng high | evel s of 1ong chain
branchi ng. The use of the catal yst systens of the present invention in

i | . . ' ot . on &
ol yar sat on pr oD@l BE AR R EenERIERIdH fa¥ o8 SHAIIIENS aa Al 8 e
favor the for mgghagdicapolhéridatib® bfblefihg AGROPHAIR proebdefor iieapol piyrifion of

I ncorporated into a grow ng
olefins, especially the homopolymerization and copolymerization of ethylene and
15  propylene, and the copolymerization of ethylene with higher a-olefins such as, for
example, 1-butene, I-hexene, 4-methyl-1-pentene are well known in the art. Such
processes are used commercially on a large scale for the manufacture of high density
polyethylene (HDPE), medium density polyethylene (MDPE), linear low density

polyethylene (LLDPE) and polypropylene.

20 The gas phase process employed can be, for example, of the type which
employs a mechanically stirred bed or a gas fluidized bed as the polymerization
reaction zone. Preferred is the process wherein the polymerization reaction is carried
out in a vertical cylindrical polymerization reactor containing a fluidized bed of
polymer particles supported or suspended above a perforated plate, the fluidization

25 grid,bya flow of fluidization gas.

The gas employed to fluidize the bed comprises the monomer or monomers to
be polymerized, and also serves as a heat exchange medium to remove the heat of
reaction from the bed. The hot gases emerge from the top of the reactor, normally via

a tranquilization zone, also known as a velocity reduction zone, having a wider
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polymer, thereby gi'ving a |ong chain branch. The use of the present
catal ysts sYOW@6&EIvant ageously all.ows for the economi cal prRIIUSIIAILTD
ethylene/[err]-olefin copolyners having processability simlar to high

pressure, freedaaberahapthedlifdiged R HAVPrYinkthe paPRI%Snt%Ied%h thkgaggﬁ?«%argﬁﬁr

aspect of the processes of this invention, a preferred processI |
t enper at ure soB@l‘(q InopRerpnty to gravitate padciatstheded: Mecapalsyibe ndvaitigebudio use a

ol efins conprisi contacting one or .more Clerr] [err]-ol efins under

pol ynmeri zati on%cgﬁ'ﬂﬁ &".’SWQV&P&W@"%%&&%&?%&WSF Ot s Sfrﬁ?i% TINDM@h‘tIS kbn? at ad
tenperature frgmpnh r ! re preferr as
a '[rgrrper ature ﬁange%ﬁg‘?ﬁ és% trﬁlr g%c%a@’sﬁl??gad'ga gbrgggrgg&{ff&ggdr?%% A ATE of Ty ‘éﬁ?ﬁ‘c
to about 20[ eexdh@ngastb siripnhagasef phiecteat ool metieamear at ure from about
150[err]C to about 200[err]C. The present catal ysts system nay be

advant ageously enpl oyed_to prepare olefin polymers having inproved
processi ng properti &P’lﬁfﬁr&gl’VﬁE‘Pq of Gagliag B therkedainoadditzm to thercooling provided

et hylene/[err f ' .t | evel s. of , 2 "H' branch, i nducing

i one, such asPRURPIA ARS8 el e Tialie @ cheddp B8N U ue
conbi nati on of eedpeyaivedtookmetffict [oFERSERITHA €5 as bhedhtidHth S Alle ¥ Sbad Ofnd OW
nmelt indices) at h]iga& reactor tenperatures and 'high conononer reactivity

advant ageous| yvelplilswiguidempleyedinshisraaseatandre dorotxaoipleo vptati%eriaerg llihaMl ﬁ%
T S A il TRl PR o
"H'-branchi ng aemneitie cabé Bfaih@Mohonterd op c@rﬂb)‘%érlsit%ﬁgsn P BQIQHqu;uH? ofcan be

sol ution process, nost preferably a continuous solu roces

Al ternativel y, cengdehsedop previde sreh adiguje, tisicandsuitbly bafed phdgdep lOpRYRdedh a

slurry pr Ocessévabgl?a_tive cooling effect. Examples of olefin monomers which can be employed in
this manner are olefins containing about three to about eight, preferably three to six

15  carbon atoms. The volatile liquid evaporates in the hot fluidized bed to form gas
which mixes with the fluidizing gas. If the volatile liquid is a monomer or
comonomer, it will undergo some polymerization in the bed. The evaporated liquid
then emerges from the reactor as part of the hot recycle gas, and enters the
compression/heat exchange part of the rccycie loop. The recycle gas is cooled in the

20  heat exchanger and, if the temperature to which the gas is cooled is below the dew
point, liquid will precipitate from the gas. This liquid is desirably recycled
continuously to the fluidized bed. It is possible to recycle the precipitated liquid to the
bed as liquid droplets carried in the recycle gas stream. This type of process is
described, for example in EP 89691; U.S. 4,543,399; WO 94/25495 and U.S.

25 5,352,749, which are hereby incorporated by reference. A particularly preferred
method of recycling the liquid to the bed is to separate the liquid from the recycle gas
stream and to reinject this liquid directly into the bed, preferably using a method which

generates fine droplets of the liquid within the bed. This type of process is described
in BP Chemicals' WO 94/28032, which is hereby incorporated by reference.
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WD 98/ 06727
PCT/ US97/ 131§ ?&é"‘ﬁ"evi ously nentioned, the present catal yst sfgf’gﬁﬂ“&""
particularly useful in the preparation of EP and EPDM copol yners in high
yi el d and producti vi The pdiymepzativesrsacing csypemingay tHeegae flufdizedobesiab natakyredby
slurry process both of which are previ Ol@l}/ qu;own I n %\é art. Kam nsky, J,
Poly. Sci., Volthesantigous of semigconingaus adgition ol catalyshy y$cat be HiHperted

bi s(cycl opent adj ' | i 5+ : trSy,

soi Ut on pol ymey SLimPrR ki o inp R KRRRHE R B DR e piso
a slurry pol ynesd sibjaecesd tprageessymetizationsgpsforiekanple] isf pylghepienigacneily| )

zi rconi um based catal yst systens. |n general terns, it is desirable to
produce sucl EPqusRHUEHDNGTE monemer i 4 bouid inegiediluents 9 Proyide asatalyy cempesite

tivit f the di . . T for. thi
xpl ai nedt i n t HOUIBVE SRR T SRRk i e SRR bfiglitg manner
which still remains true despite the advances attained in such reference. A

maj or factor affectifge p&gﬁ'lep_tsi pibdicRadfre@NPintROARIdIARE beld by ichilykdan EPDM i s
t he di ene nonomer cost. The diene is a nore expensive nononer nmaterial than

et hyl ene or 15 copphupsrizatien ofthetrhenromeriapd pag ot ineiet gomyifnotheenen therfandized wi t h
previ ously known tall ocene catalysts .is | ower. than that of ethylene_and
bropyl ene,  CondehaRT PyEAIE - IRPAUSH £41eYSt Q5 BB lne UG therbegh &ydt-up of the
i ncor poratij@n 0, pheRYfifnIEachORM MiidveRsRs Gtk 3P Vef&"?r?édp}ﬂi | b
been necess‘ary oplﬁlse a gi ene nononer ecorslcgntratign whi ch, er?g{éag@%%iashl@s
per cent age of tdre pteferablycimianbnbd tanget pblyotefinmardscondiomittg, the ded by dfving with

substanti al excess conpared to.the.percentage of diene desired to be
i ncor por at ed i neFtEAROF MHGESTEPIIN 1B Ingdhe, ctalysinihe ppnomern ARl anysothsr

unreact ed di enegc ARR i SiksiRG tamoe/ﬁnﬁérécfyelwg%bar&%,xgalrjsszgahmt gﬁ%ctor

effluent for recycle the cost of production”is I ncrease nnecessa y.

Furt her addi ng Hydrégena chamttrankfepagehucomm inert Eddehsablet gus Wiratopetstihg in gas phase
eneral ly, the 25 xposuyre_of an ol efin pal rization catalyst to a

gi ene, e}s/pééi aﬂQﬁdgﬁiﬂg‘?ﬁﬂgﬁe. The produced polymgr xs)c/ixr?caharged continuousiy )o/r

discontinuously from the fluidized bed as desired.

The gas phase processes suitable for the practice of this invention are
preferably continuous processes which provide for the continuous supply of reactants
to the reaction zone of the reactor and the removal of products from the reaction zone

20  of the reactor, thereby providing a steady-state environment on the macro scale in the

reaction zone of the reactor.

Typically, the fluidized bed of the gas phase process is operated at temperatures
greater than 50°C, preferably from about 60°C to about 110°C, more preferably from
about 70°C to about 110°C.

25 Tyﬁically the molar ratio of comonomer to monomer used in the
polymerization depends upon the desired density for the composition being produced
and is about 0.5 or less. Desirably, when producing materials with a density range of
from about 0.91 to about 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
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concentrations of diene nononer required to produce the requisite |evel of
di ene i ncowpes®T20n in the final EPDM product, often reduce®aiigsa’goor
activity at which the catalyst will cause polynerization of ethyl ene and

propyl ene MoROIFG.B1 ! Q‘y 1c8f .Qﬁje: ra%rorfﬁ. &2 9ﬂ l&orh?r ] L fr.ough tL&.?, and
av rel . - 88 Rehaolihs

| onger reaction trnes been requ

PCT/ US97/ 131 fieferabhpalesslttiaf 0120 thoé PRAGABIQ Tesd kthadiD.63. RVEEARrPRRYAHI fess than
copol ymer el astoner or other a-ol efin copolymer elastoner. The present

cat al yst syst00@ anilmay ayemobesless than 003. f or i ncreased diene reactivity
t her eby preparing EPDM polynmers in high yield and productivity. 5

Additionally, the gatal yst, system of the present invention achieves the
econoni cal pr oduct’ﬁ'&n‘i e'l‘:iﬁ‘i%h%ﬁg FARgEs QPW%*?S d F’é?mes_c%ﬁf‘@ff’g"ﬁF ferhe gasyo

wei ght - pescemhad plab&R R thi¥HveRi AN TRAP b ARESRSToP bpE %rog&%ésrﬁi%t%bfqutthecure
rates. The nonconjugated di ene nononer ‘can be a straight chain,*branched
chai n or cyclpracticy df dosiryentishi.ene havi ng from about 6 to about 15 carbon
atons. Exanples of 10 suitable nonconjugated dienes are straight chain

acyclic dienes such as 1, 4- hexadi ene and 1, 6-octadi ene; branched chain
acyclic dienes suchnH@bst akpatgnts andpaient applisationsdercrbe,gastphnseipracessasadi ene;

3, 7-di et hyl -1 +/-0G ' mxed | L hydr ri,c d
di hydr ooci %eﬁ‘é@lc%?%gdltdgg eralglr%goglﬁk?é%}ﬁ ;% O%%%ggghﬁssﬁ‘&ﬁﬂf%'y R?@E:T%I%Y %@n?&&?‘éne;
1, 4- cycl ohexag§88;290; 4,%43(390| £062,349;6436804; 5405,92255.45Z.h9giadmaadizene: and
multi-ring alicyclic fused and bridged ring dienes such as
t et rahyddBin ,.47ﬂé§vqﬁﬁ,5@8t$'9%§»é?%?5rﬂyés@8: 81106 808 panst ERyapplisations 659,773;
bi cycl 0- (2, 2,¢h)- - k. : I | I | and
oY i 2 G ehbsBBPAAr e XtiBiifins S 5WAo033! WO bIB3Fs7, WE'ARH85Y

WO 94/28032; WO 95/13305; WO 94/26793; and WO 95/07942 all of which are

hereby incorporated herein by reference.

The catalysts, whether or not supported in any of the foregoing methods, may
15  be used to polymerize ethylenically and/or éccty]enically unsaturated monomers
having from 2 to 100,000 carbon atoms either alone or in combination. Preferred
monomers include the C_7 a-olefins especially ethylene, propylene, isobutylene,
1-butene, 1-pentene, 1-hexene, 3-methyl-1-pentene, 4-methyi-1-pentene, 1-octene,
1-decene, long chain macromolecular o-olefins, and mixtures thereof. Other preferred
20  monomers include styrene, Cj_4 alkyl substituted styrene, tetrafluoroethylene,
vinylbenzocyclobutane, ethylidenenorbornene, 1,4-hexadiene, 1,7-octadiene,
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
25  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 polymer.
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5- et hyl ene- 2- nor bornene (M\B); 5-propenyl-2-norbornene,

5-isopropyl iwieogeed27 nor bor nene, 5-(4-cycl opent enyl ) - 2- nor bor nRC®S97/13170
5- cycl ohexyli dene- 2- nor bor nene, 20 5-vi nyl - 2- nor bor nene and

nor bor nadi ene. O t diienes typhcallyv.used to pr re. EP the,....
particularly prefer Egﬁlcﬁ?léfe‘f@g’aﬁfalso%eﬁﬂ%%im %oﬂ’é&('fe-‘%}%, ﬁ:tl?a%t one ddditional
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especi al | y pr efeacwoecconnetebsingenessoran ipptalldbtocprepane polymeebliendeh®jingdesiable 1
, 4- hexadi ene (HD). The

f I ) i bout.
abolt 90 viel ghPOBERIESmARERHPIE L SUcHoh BasFrS ARERYBOND SOC s SikAgNS
percent ethyl epgg %ﬁgﬁyﬁg@%&w@%eﬁﬁs 05 apul NEQLYEIE Mo SR RNt

et hyl ene. -789-

PCT/ US97/ 13170)aHaeryed % heoR ks teachirgdior aflich drethered iﬂd&rﬁdﬁﬁe@b?@éféﬁnb@ﬁerein.
el astoners with ethylene and dienes are preferably (ferr] al pha-ol efins.

Illustrative nonlimting exarrgl es of such al pha-olefins are propylene, 1
-but ene, | - pent eneThe highlygsperedcomplexps|of this jvgpiierehave amigpgendicterpatom

-octene, 1 -degen - ol efy,n.1 : rally

i ncor porated i ﬁ?’b“eﬁ°ﬁ§g%ﬁéiﬂ’§@?§&rr‘§?9‘§t" E%ﬁ%‘ﬁ%’%%rﬂ? ) a\ggﬂ{ Esgg l(}\éﬁgﬂet?mper cent,
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15
diamagnetic d1 paramagnetic d1l

While reserving our right not to be bound by any particular theory of the
mechanism by which an olefin polymerization catalyst system comprising this
complex would operate, polymerization could occur wherein the aforementioned

20  Ti(IIl) radical cation is an active participant.
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above. The catal yst system may be prepared as a ho_rmg\meoEs gllat al yst by
addition of g35Hi si te conponents to a solvent in ich p 4p°"
will be car ﬁ&egﬂnf)ut by solution polynerization procedures. Theé@%dgﬁygtt
system may al so be prepared and 15 enpl oyed as a het erogeneous cat al yst
by adsorbing the ré-P@uﬂmrefecr@ﬁwghebﬁgm mercampoyisivnsofthisrihvemtibey which such

il I lLumni t i tabl e | .support nmterial. \Wen
brepared i n hBIESGRGHTE b8 O bylimeriEion gromesses of g’"?ﬁ’&?’éﬂ;éﬁlftgé?asimlyﬁqniﬂcg
F o i ' K ,afor. ex ,

211 ca, iy e TRhELE o iny BRIGH Mo dor AR frafit & lore? hall Wil P i b P o

agents to redumeradQlts frour thadreomyanvnydf oae ot altire BlolbMEcsHERMdrs inld e
het er ogenegus form of the catal yst system nmay be enpl oyed in a gas phase or

slurry pol ymePpiyaier backbese 5 The empirisal effachoft the Pm?m{;}fmﬁ qmﬁiwmrlmmg incthe
i I, QUi .und di,ti ' i ch, the polynmer.
broduct 1 subgroIAeE it Sishab's TashBRes it Fhaneeithapiogicak broBdy iy
pol ymeri zat i ogrelifdieBRd £ floWdcAeAIdARAE st Ihd Sadel NN RarCARARd Rl
cg p or butane

Hgg}le

I f desired, 25 sat urated hydrocarbons su as ethane,” propane

may be used i thewherestmictupaipropestidsiod tith damepasitions kewi se the a-ol efi n mononer
or a mxture of different a-olefin nononmers may be used in whole or part as

the diluent. Mbst eferably the diluent conprises in at |east major part
the [err]-olefin rr%rH ﬁ'g@h}lyn%rﬁ%’i’i?p§°g’8}9§€ COBPYYFREF FOBROSIARS of shiginysntiay st em
of this inyenhiRivetBe GRS Ardite ALY @fre is A TAAOQUNE LR bl onent
whi ch conprises an al unoxane, an al um num aﬁﬁgfll or a - g% ‘é \Cﬂé‘g@g{%?ﬂ
PCT/ US97/ 1317 @hixbrdsicnestin ¢imt SBeemoht byTWeightafnhoomnposityh wigicPhes®ehighesaa
nonactivating ampunt and ]

weight percent comonomer content. Even more preferred are polyolefin copolymer

compositions which also have long chain branches along the polymer backbone,

especially when produced with a catalyst system of this invention having a single

15  metallocene complex of this invention in a single reactor in a process for the
polymerization of an a-olefin monomer with one or more olefin comonomers, more

especially when the process is a continuous process.

Measurement of comonomer content vs log molecular weight by GPC/FTIR

The comonomer content as a function of molecular weight was measured by
20  coupling a Fourier transform infrared spectrometer (FTIR) to a Waters 150°C Gel
Permeation Chromatograph (GPC). The setting up. calibration and operation of this
system together with the method for data treatment has been described previously (L.J.
Rose et al, "Characterisation of Polyethyléne Copolymers by Coupled GPC/FTIR" in
“Charactcrisat_ion of Copolymers”, Rapra Technology, Shawbury UK, 1995, ISBN 1-
25 85957-048-86.) In order to characterize the degree 1o which the comonomer is
concentrated in the high molecular weight part of the polymer, the GPC/FTIR was

used to calculate a parameter named comonomer partition factor, Cpf. Mp and My

were also determined using standard techniques from the GPC data.
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function primarily as a scavenger, or it may interact wwth the cocatal yst
conponent tovgg %fﬁ,t he activity of the. catal yst conponent, orpdriudsy39e
both. It is undérstood with suitable functionality on the catalyst or.
cocatal yst of the 5 catal yst system can be coval ent ly or ionically
attached to the suppdsamengmsrPartitigmingmFk oF dRbonent, which conprises
a support material whi ch is a polyner, an |norgan| c oxide, a netal halide,

or & M xture ther eof 2reLer Rl BHRRGHD fsﬁ%resqs'c il {oﬁWﬁattéoﬂ

i ncl ude highly por ous Sirea um nas | ca

ther eof . The Mo3haRLEHSES 0 raltNII6S avdage (TSI cble 'Af uhig S aARY ¢

material may be 1n granul a aggl oner at Irze

physical form Suigttfrations wrthahﬁeragrdammnmcomém of clie llow& hﬁﬁkchmr wigiight cas
avai l abl e from G ace Davi son (division of WR Gace & Co.) under the

desi gnat i ons5 SD fertieng dHigheranddawey melegulan yeightaedisfinei&s baing akoveso helothe
and from Crossflr&léﬁl unde he d s natj og{l ﬁg?O and from De u)s&ﬁ G. under

t he designation Yrpplegyiar weight Becé’lvﬁ £ 1spthsimalularwey OIS cal s

I'nc. under the QeaieDRd %Eﬁ{szcﬁré @16\98 pgﬁp&ﬂ&ﬁatﬁ&”ﬁtoﬁp!h@ fel@%\grlﬁg%quanon

present invention preferably have ‘a sur ace rea as determ ned trogen
porosinmetry using the B.E.T. nethod from 10 to about 1000 nferr]/g, and
preferably from about 100 tno 600 nferr]/g. The pore volunme of the support,
as 20 det erni ned by nitrgg€h adsorption, advantageously is between 0.1
and 3 cnferr]/g, preferabl ynf romabout 0.2 to 2 cnferr]/g. The average
particle size depends upon e process enployed, but typically is fromo0.5
to 500 [err]m preferabl y'?rTr'B‘rﬁI to 100 [err]m Both silica and alum na are
known to inherently S5 5mbvher‘&“@-r1§ 'tﬂe'rﬁéle‘#achbﬁ%&ﬁ? %}%Heﬂpi’rld WYis the
When used as a support her‘e;rn—t ese materials are pretera

subjected to a heat treat me‘:n‘tj and/ or chem cal treatnent to reduce t he

hydr oxyl content thereof. ‘1’yp| cal heat treatnents are carried out at a
tenperature fromopRhieset]weiflf fi064 &Y ddierminéEb L GROVBTIRRL ﬂferr] Ertrodfeebmis | C

for 5 hours or greater) for a duration of 10 mnutes to
10  above the median molecular weight, ¢ is the mole fraction comonomer content and w; f

is the normalized weight fraction as determined by GPC/FTIR for the m FTIR data

points below the median molecular weight. Only those weight fractions, w; or wj

which have associated mole fraction comonomer content values are used to calculate

Cpf- For a valid calculation, it is required that n and m are greater than or equal to 3.

15  FTIR data corresponding to molecular weight fractions below 5,000 are not included

in the calculation due to the uncertainties present in such data.

For the polyolefin copolymer compositions of this invention, Cpf desirably is
equal to or greater than 1.10, more desirably is equal to or greater than 1.15, even more
desirably i; equal to or greater than 1.20, preferably is equal to or greater than 1.30,

20  more preferably is equal to or greater than 1.40. even more preferably is equal to or

greater than 1.50, and still more preferably is equal to or greater than 1.60.
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hours in an inert atnosphere or under reduced pressure. Typical chem cal
treatnents -P%-m WO 98/ 06727 _

PCT/ US97/ 1‘!' |?1ng ude contacting with Lewis acid al kyl ati ngl;’cgb‘]gm’%ug%ch as.
tri hydrocarbyl al um num conpounds, trihydrocarbyl chl orosil ane conpounds,

tri hydrocar byl al KATREFERNe conpounds or simlar agents. Residual hydroxyl
groups are then renoved via chemcal treatnent. 5 The support may

be f [ i zed, i I Il f ' lizi

attach ther et o pehdBRt-BYi s been dschped nd] SPRENA Aeis8 R evbignyehercby
functionalit; ' | I el;%‘]_g]{ : Lt.abl e

fﬂnct : onal : z‘?ﬁﬁ%‘lﬁgﬁ%ﬁ@ g{%é%%hﬁ)ﬁd?t al&?lgéct:&r b\}}m&{t'ﬁﬂgﬂlrgégéh'ﬁ%dr oxyl

groups of t hbisgitpwions oDEthyRae copdliineisity Sutbinaed Atalydichl ¢tbperRre RiGingRL 1 i X.
Exanpl es of suitable functionali zi g%Fggent s 10 include phenylsil ane,

hexanet hyl di Biufigs Sreuangiean¢Agio-Ad, i1 ApplieddRahemnéry| si | ane,

di et hyl sil an di ehl qrosd n | r.odi et hyl si |l ane.. Techni ques for
f or mi %g suph§¥rﬂﬁ%sflfr8%§1 ?%éﬁ@%’?cgwgﬁ ﬁ&@%@ﬁ&gam?aléwm%&m y

di scl 05ed | Nedgaic oPueHYatifg St SYQaRAAE pllyiis FRPLinkdIq dwPBERUiGUS Of v ch
are herein incCorporated by reference. 1g TRe support y al so be
treated w t hPalpethylent QubbEBhgenfantticedfecysallitaiomenpahturoxhile or an

| um num conpoupd of the.formula AR [err]. err]; wherein err
?ngrenpgndent Ir%)mé'gﬁ'ﬁ%ﬁlé GFUBALRS the Wﬁ}&“r"ﬁuﬂé"’%gh‘% ‘Nf]éﬁcl“P“-T-swh‘FdFR[gﬂé ,“l teor OR

Sui t abl o Ry ey sdonklioy RIREFDY if KL B Tompird Rsl Bl AR GRaBh
propyl (all (TREMrasjlysistiogbaye eehlpublishediisihe dpeh Yilerdiatel ov2Dthe pastorseyea)s,
butoxy (all 'fi[‘t?eo;grr?r;laslgy’dig'gr%rqgel is ti?aq?t?i(s))A(AX{::\Iyltoigz?lz-y’ll'ﬁEl?(nngIQEP)zt%cl:l?n)%ﬁe isrdg:\eecr)r? z.E) 'Y
small scale and fractions are not actually isolated. Instead, a typical liquid
chromatographic (LC) mass detector, such as an infrarcd single frequency detector, is
15 used to quantify the crystallinity distribution as a function of elution temperature. This
distribution can then be transformed to any number of alternative domains such as
short branching frequency, comonomer distribution. or possibly density. Thus, this
transformed distribution can then be interpreted according to some structural variable
like comonomer content, although routine use of ATREF for comparisons of various

20 LLDPE’s is often done directly in the elution temperature domain.

To obtain ATREF-DV data, a commercially available viscometer especially
. adapted for LC analysis, such as a Viskotek™ is coupled with the IR mass detector.
Together these two LC detectors can be used to calculate the intrinsic viscosity of the
ATREF-DV eluant. The viscosity average molecular weight of a given fraction can
25  then be estimated using appropriate Mark Houwink constants, the corresponding
intrinsic viscosity, and suitable coefficients to estimate the fractions concentration
(dl/g) as it passes through the detectors. Thus, a typical ATREF-DV report will
provide the weight fraction polymer and viscosity average molecular weight as a

function of elution temperature. Mp( is then calculated using the equation given.
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the al um num conponent is selected fromthe group consisting of
al um noxaneswarsdne72rr i (Cl err] hydrocar byl )al um num conpounds. RUF§¥S97/13170
preferred al um num conponents are al um noxanes, trinethylalumnum tri et hyl

al umi num ”'-'Sob%&]c&l;wggmp;@ﬂo%gwa«aﬁ thereof. 25
Al unoxanes (also re are oligomeric or polyneric

al um num oxy conpounds cont ai ning chains of alternating alum num and oxygen
atoris, whereby the gFhymolesnlaaveiginpanitiningt fatioeMpr ipcafutaed frymeTREFAYV
group. The structure of alunpbxane is believed to be represented by the

fol | ow ng genedah. TtaohatdceesizeO®e ratio &BhO 8vdrdge2molecular wexght of the fractions with
PCT/.US97/ 13170 (-AI(R-Oferr], for a cy C|I(i al unoxane,

Rlerr] Al-Q(-Al bih @m@prqer pomgris o the avgrags mqleruiar %sfﬁ@&ﬁ& ff%H@P%‘rVHhF’PYVs as

previ ously defined, and S b

pref erably -at F%rggr‘[xorg%roiﬂn eﬁﬁ %n&%ﬁ%@e& &Hgﬁ yPI caloﬁ{/p{ 89?@ obr?’ l%)ec&ucts
of water and ag %w:nymeaiaméiuuow@perhmr@mh& TR'EH&né’éhtﬁth/blcﬁﬂ'&B@ct%Yy
contain 5 hal'i de or al koxi de groups. Reacting several different alum num

al kyl conpoundshat & tte BREF datadxdivjsled intoitwepasts ob¢qual werghard frscaiqudmcd yl
alum num wth water yields so-called nodified or m xed al urmxanes
Preferred al unfoantss falewimgenyatinunoxane and met hyl al unbxane nodified with
m nor anounts of Cerr] alkyl groups, especially isobutyl. Al unbxanes
generally contain mnor tq substantial amounts of starting 10 al um num

al kyl conpound. Parti cul ali"itﬁéchnl gues for the preparation of al unoxane type
conmpounds by contacting affsatumi num al kyl conpound with an inorganic salt
cont ai ni ng wat er of crystalit'fl zation are disclosed in US. 4,542,119. In a

particul ar preferred errbop‘r'rrE'nt

M;
Mpf = ,El 77 where: M is the viscosity average molecular weight and w; is

an
J=

10  the normalized weight fraction as determined by ATREF-DV for the n data points in

the fractions below the median elution temperature. M; is the viscosity average
molecular weight and w; is the normalized weight fraction as determined by ATREF-

DV for the m data points in the fractions above the median elution temperature. Only

those weight fractions, wj or w; which have associated viscosity average molecular
15  weights greater than zero are used to calculate Mpf. For a valid calculation, it is

required that n and m are greater than or equal to 3.

For the polyolefin copolymer compositions of this invention, Mpf desirably is
equal to or greater than 1.15, more desirably is equal to or greater than 1.30, even more
desirably is equal to or greater than 1.40, preferably is equal to or greater than 1.50,

20 more preferébly is equal to or greater than 1.60. even more preferably is equal to or

greater than 1.70.
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an al um num al kyl compound is contacted with a regeneratabl e

wat er - cont '%' T 5 substance such as hydrated al um na, silj er
s-ubstance..&h)hl S |i’ di scl osed in EP- A-338,044. Thus the al ukobggjr?g’hlnsgg&be

i ncorporated into_the support by reaction of a hydrated alumna or silica
material, whi ch hBX3MRIEs onal |y been functionalized with silane, siloxane,
hydr ocar byl oxysi | ane, or chlorosilane groups, with a tri (([err] alkyl)

al um num conpoun ' .echniques. Eor .the teachings

cont ai ned 20 tﬁgﬁ%ﬁﬁﬁﬂ%‘q%ﬁég&%ﬁg“ﬁ?Qﬁk_Q“’e{ﬁ‘_éﬂ"g%f’lsﬁg’f‘?‘gﬁ??"‘dg%‘?Fere
cor r espondi glsl-a@ciﬂéd\mkkﬁrﬁbséﬂ&bb?ﬂnysé&hﬁc%eﬁpﬁhicﬁ%tak ﬁﬁ%eeﬁgﬁcffﬁﬁﬁ?ﬁiscloscd.

I ncorporated by reference. The treatnent of the support” materfal 1 n order
to al so i ncl Thrfolpwingesamplasasx provided as farsher yllustratiomofithe ira@ntigs andare Inoe s

cont acti the sane before, .after or sinultaneously with addition of the
compl ex o agneransmecas e nHplehdied ip i congar s Pac anbReRentazes are

trial kyl al uarr%f%%&pgwgwgfkmgﬁgci ally triethylal um num or

triisobutyl m num Option y the m xture can al so be heated under an
i nert atnosphere for a period and at a tenperature sufficient to fix the

al umoxane, trial kyliahytBOWMRAFRAR FereGBEBRhEK 0P VaAhRKY SBoF MpHM t O the

support. Optionally, the treatéd support conponent contal ni ng dl unoxane or
t he tri al kyl spectrometer.- Offemical sWftsOB¢1@aIERTmined relative to TMS or through the

PCT/ US97/ 13170. d. bj d_t ] i h st t

Femove al unoRAHELGHALT U i (et CoRRBan CoDehE Sivs sotMS.Bosi des
tacti t t | L t.h I b ted i

situ by Ron e 0 KRR ShefBRRRER rotiheomdReiane uoused Ffootoneeage | ca

5 or al um gguphlddublelcoludhdsichafiled WitH4RiGRALR AR Bid ABRDsubPotdfmiegsence

of an inert
metal oxide catalyst (Q-5® catalyst, available from Engelhard Corp.). The compounds

n-BuLi, Grignard reagents were all used as purchased from Aldrich Chemical
Company. All syntheses were performed under dry nitrogen atmosphere using a

15  combination of glove box and high vacuum techniques.

Example A

Preparation of Lithium 1-N-pyrrolidineindenidc

In a 150 ml of hexane 3.5 g of I-N-pyrrolidineindene (can be made via the
route of Noland, et al., JOC, 1981, 46, 1940) (18.8 mmol) was added. To this solution
20 . 9.5 mi of nBuLi (2.0 M) was added dropwise over a 20 minute period. The solution
was stirred 24 hours with deposition of a light yellow solid. The solid was collected
by filtration, washed with hexane, dried in vacuo to give 3.61 g (100 percent yield) of

product.
Preparation of (N-t-Butylamino)(dimethy!)!-N-pyrrolidineindenyl) silane

25 In the drybox in a round flask 100 m! of THF was stirred with 2.16 g of
CISiMeaNHCMe3 (17.3 mmol). To this solution a 50 ml THF solution containing

3.30 g (34.9 mmol) of lithium-1-N-pyrrolidineindenide was added dropwisc. The
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di luent. Such a process is well known in the art, having been disclosed in
EP- A-. 250, 600wadbdnstér 4, 9 12, 075; and U. S.-A-5, 008, 228; the teagdi/o8e13170
whi ch, or of the corresponding U S. application, are hereby.incorporated by

reference. Suitabl ' | uent s i,ncl ude

i sopent ane, hexg‘ﬁgﬁmﬁ Q%Eé‘ sgnsggoer%’%&goﬁﬂcsso L has t}ffé'rfﬁwgvgfg?fﬁéﬁ%w&e‘i
decane, cycl ohegaaague rmé basidu ekahQ¥awh ih@ﬂarféoﬂ’ﬁér@ét drfditfe %lvém 2in rgﬁBFe
such 'di l uent s ui tabl e aromatic hydrocarbon dil uents arc enz ne uene,

xyl ene, and ot hundezireduced preissuro tegive Sty ofipreducaPparcant yieihounds.  Most
preferably, the diluent is an aromatic hydrocarbon espeC|aIIy t ol uene.

Aftel. preparation inghe fore e re ual oxyl content 15
t hereof is desirabl yPF“'e"a[Pé‘é’B o?gﬂ gﬁr%w? )21 ﬂ'f&ﬁ“ﬁ hﬁfbé] é‘t’ OH per gram of
support by ayyngi,ngllmnahgéﬂlwﬁi%edl scl osed techni ques. The cocatal ysts of
the invention nay al so be used in conbination with a

tri (hydrocarbyl)al um num conpound having from1l to 10 carbons in each

hydr ocar byl gr oup, ain dieldyyhmrﬁ t3 (160D mma) bf(Net-BBwoyd aed BroJ@iaH P 1-|]- 20
di (hydr ocar byl ) dr qQcar ? 5‘)1 al um num, corrpound having froml to 10
carbons in each QHCBEQP yD§ dowith L9Qmb of bexage nTptthis solyfion hé3

for egoi ng_ COMPOAYE) 6 hirmslFs 1‘99‘5‘ (E!lﬁéﬁw'%k BT EOMROIR BEEIISSLH Y of the

enpl oyed for their to scavenge I npu

oxygen, water, asBllalistesoptesn \f/xsxﬁnteammhgmrerrheaasumorpre@:pﬁaee wht 8§1Rkfe@dia
al um num co ounds I nclude Clerr] trialkyl 25 al um num conpounds,

especi al | y hosEItgheneyashed avity hegpnefogiyssS.32 & (E¥hpercem yisdg) of a yediowoplitl,

n-butyl, isobutyl, pentyl, neopentyl, or isopentyl, and methyl al unoxane,

modi fi ed rrethylalurm r.ati o, ol

al um num conpound toisPrTe[ei"’gmlﬁBHI oﬁg?\gﬁgh@}/pr e fﬁf}éﬂ@ I}J%?rfp?(migé 6665“['8'&%193 1,
nor e preferabl yThimemDiohdgdeo 100: 1, nost preferably from 1:100 to 100: 1.
-94-

In the drybox 6.05 g (16.3 mmol) of TiCl3(THF)3 was dissolved in 75 ml of
THF. To this solution 5.32 g (1.63 mmol) of dilithium (N-t-Butylamino)(dimethyl)(1-
15  N-pyrrolidineindenyl)silane) was added as a solid while stirring. The solution was
then stirred for 45 minutes. After this time period. 2.27 g of PbCl (8.2 mmol) was
added and the solution stirred for 45 minutes. The THF was then removed under
reduced pressure. The residue was then extracted with toluene, the solution filtered.
and the toluene removed under reduced pressure. The residue was then triturated with
20  hexane and the solution cooled to -20°C for 3 hours. The blue precipitate was
collected via filtration and washed with cold hexane. The solid product was dried

under vacuum to yield 5.08 g (72 percent yield) of product.

Preparation of [(N-t-Butylamino)(dimethyl)(1 -N-pyrrolidineindenyl)silane)]
Titanium Dimethyl

25 In the drybox 0.65 g of (N-t-Butylamino)(dimethyl)(1-N-
pyrrolidineindenyl)silane)] titanium dichloride (1.5 mmol) was suspended in 50 m] of

Et;0. To this suspension 1.05 ml of MeMgBr (3.0 M) was added dropwise while
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WD 98/ 06727

PCT/ US97/ 1 9%#&2 ontrast, solution polynerization takes placEusirsizo
conditi onsw Ich the diluent acts as a solvent for the respective

conponents of the reaction, particularly the EP or EPDM pol yner. Preferred
sol vent s i ncl stdisingi aver a RO arinyte patod.nAftgethe additiny of Medig ovas camipbdiedatke | i qui d

t ti t t . | ystr.atj I f ful, 5 I

o oot IR S e e PR 30 S MR e ST S
nonene. 2 e R S RO SIS
cycl opent ane %Vgpo%/t@b RIGryAcs ?unémeéﬁ&ﬁfiﬁrés%e?&gﬁepﬁgg‘;@é?ﬁﬁenﬁ g;le}&‘j’ Qe

xyl enes, ethyl benzene and di et hyl benzene. At a e | ndi vi dual
i ngredi ent$ apradmct. as the recovered catal yst 10 conponent s nust be
protected from oxygen and noi sture. Therefore, the catal yst conponents and

catal ysts nust be ? ared .and recovered in an oxygen and noisture free
at nospher e. Prefer%—ﬁ,ﬂgﬂﬁwore, the reactions are perfornmed in the

presence of a dry, inert gas such as, for exanple, nitrogen. Ethylene is

added to the react i&’p«%’-ﬁ&?%ﬁir&cﬁ% WA eBQviﬁPﬁt’ibt%}ﬁ?cﬁ)gﬁiEffﬁ%?Q& hﬁhrg%gi ene

pressure in excess 0 e conbi ned vapor pressure a-olefinan
monomers. The sélveyt (@nsilablefremExabn Chemicallsylnern ahd 1 i ef [Hobede bymbhemerat i 0 of
ethylene differential pressure to the total reactor pressure, Generally the
pol ymer i zat i oklys¥regesswasaddedias 3 glesyiar yeight gorrol f‘&ﬁﬂégi Aidfergntiol Bressirg f

oy ene, 96, oAkl A0 % o Q0horEOR o Wi

pol ymeri zat i ofhd polgmaﬁmidnyempadmeé ofl140°C and satpledtwittetiyleiid {B0QPsigO
200[err]C, preferably from75 to 170[err]C, and nost preferably from
greater than $34NPaydiherapproprixisaaming abeatalyitiand cogaial Yib ag BOPSMpOBiHona N g

bat chw S Of SR bBH S BRI RO WAL LS ired pfeRE LRHOUR BIRER s S
transferred to a catalyst addition tank and injected into the reactor. The polymerization
15  conditions were maintained for 15 minutes with ethylene on demand. The resulting
solution was removed from the reactor, and a hindered phenol antioxidant (Irganox™
1010 from Ciba Geigy Corporation) was added to the resulting solution. Polymers
formed were dried in a vacuum oven set at 120°C for about 20 hours. Results are

contained in Table 1.

20 Table ]
Cata]ysta Cocatalyslb Efficiency¢ mid
1 B(CgFs)s 2.3 0.04
2 B(CsFs)s3 1.2 1.2

2 Caralyst | - [(N-t-Butylamino)(dimethyl)( 1-N-
pyrrolidineindenyl)silane)} Titanium Dimethyl;
Catalyst 2 - [(N-t-Butylamino)(dimethyl)(tetramethylcyclopentadienyl)

25 silane)] Titanium Dimethyl
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ethylene, [err]-olefin, and optionally solvent and di ene are continuously
suppl i ed to ywB9sBer7 reaction zone and pol ymer product continpeyaiss7ianmyved
therefrom Wthin the scope of the terns "continuous” and "continuously" as
used in this context are those processes in which there are intermttent
addi ti ons of rchdEquimelanathonntsod aatalyst andmogatalyshverspatixed tpgetheri nt er val s,
so that, over tinme, the overall process is continuous. -95- WO 98/ 06727
PCT/ US97/ 13170 S\ grhwmapolyimer peigramnliany way the scope of the invention, one
means for carrying out such a polynerization process is as follows: In a
stirred-tank rehomnelt indes§d8/BW® nonomer is introduced continuously together
with solvent, diene nononer and et hyl ene nononer. The reactor contains a

1 phese comoscr SyBsbanbt Akl s Elahere | RSN SRR °T°

nononer s toget her ol vent or additional

smal | anmoust qirgﬁao'hiéiame 2oRPorad Werd garfle@ Bt &H@Hﬁﬁoﬁ@&ﬂﬂ?ﬁ&gis%%nts (THF,
1, 7-oct adi ene of 1, 9-decadi ene may al so be added. “Cat al yst and cocatal yst

ar e cont i nuoudiexanentoleahne sethérh weteepuridfgedtbyrpassing thitoydhea eminkaad QSaadlomns.
tenperature an ressyr.e, na optrolled b dj.usting the sol vent/nononer
ot or 10t ne el s dric e NG Ao 8nd Gcuith Al pe Bl vt VAR $R8510R g
coils, jackets or both. The polynerization rate is controlb%(;l Bé the rate
of catal yst adweremeasuryeen atVajiasad--300(Eh0QMHnd Hsdh MEr. dtdtNMR and

determ ned by the.ratio of ethylene to(gro ylene in the reactor, which is

control I ed by kil BUINMR-spestrpare sefseeared 1o the ssiduat sodvest peaks 9ad arsvisperéadis t o

th tqp. Th | . | i ght. is. contyolled, 1
opt 1 onal 10 byPPELfREETD s A AR R TR Mo e P
tenperature, nipdeoBiaifdvaané AatdSpecQPDPDYndans ! NEBH)Y MVe Ryl mBED;, MESediced

to the reactor, as is .
NHz-t-Bu, 2-bromoisobutyryl bromide were purchased from Aldrich Chemical Co.

All compounds were used as received. 3-methoxy-1H-indene (J.LAm.Chem.Soc, 1984,
106, 6702), N-(1H-2-indenyl)-N,N-dimethylamine (Acta Chem Scand. 1973, 27,

15 4027), 1-(1H-2-indenyl)pyrrolidine (Acta Chem Scand. 1973, 27, 4027). tert-butyl(1H-
2-indenyloxy)dimethylsilane (Organometallics. 1996. 15. 2450), were prepared by

literature procedures.
Example |

Preparation of 1,1°,4,4’-Tetramethyl-2,3-dihydronapthalene. Benzene (500
20 mlL) and 2,3-dimethyl-2,3-butanediol (50.00 g. 341.9 mmol) were cooled in an ice-

" bathas AlCI3 (100.30 g, 752.24 mmol) was added slowly as a solid over a 30 minute
period of time under a nitrogen flow such that the mixture never exceeded room
temperature. The mixture was held at room temperature for 30 minutes and then
heated to 50°C for 1 hour. It is critical that this reaction is closely monitored by GC

25 and is terminated as the reaction is completed. Minor changes in reaction conditions
results in varying reaction times. After the reaction period the mixture decanted over
crushed ice careful to leave behind a smaller and denser oily phase. The upper phase

of the reaction mixture was then transferred to an extraction funnel and washed with
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well known in the art. The reactor effluent is contacted with a catal yst

kill agent wat er. The polyner solution is optionall )‘,Cltl%aggg 1 @n“d
W%;r t d

t he pol yne is recovered by-flashing off gaseous ethylene an

propyl ene as well as residual solvent or 20 di luent at reduced pressure,
and, if neceddMrHCl don2mlngsaterated NaHeQpKaki200 mlt)i and HpOeduk pOemi)such as
a devolatilizing extruder. In a continuous process the nmean residence tine
of the cat al yide caganipirstinarwastherdriedeaust Mgﬁbn eFhg mixture was thanefiltared &nd
mnutes to 8 hours, and preferably from 10 mnutes to 6 hours. In a
preferred naftieyolatlespranemed sesultingdn b isphation af the desied poedigt asaiclear a 25

conti nuous sal ytjon . ri ion syst conprising two reactors connected
in series or cBg{’.’gFﬁ %’P8¥{§E%n $ %rggrgryx%ﬁinel atively high nol ecul ar wei ght
product (Mwv from 300,000 to 600,000, nore preferably 400,000 to 500,000) is
formed while in th p ct 4of, _a,tel gtiyvely | nol ecul ar
wel oht (M 50, 000 TSI EGBEFAR L ILASERE R L iat M Suitd o Ml eng o
the two reactor efyal ch e c ihe ior t latilization
toresult in a uni]ém%b@ Sﬁléf%élﬁo% ’%5 ucltzé-.‘"gsﬂg%-gg dual

reactor process al f he, prepagat i f.pr t.s having -96- WO

i nproved properties. In a preferred enbodi nent the reactors are connected

in series, that i 1 S 3 o] h e, second
reactor and fres h§>r¥ogé1%lr‘rte%rq{6fszfé:f’€'z] rﬁéﬁgﬁgarhy% d'?’g'gé nf’?}‘@"ﬁ&@dﬁ?‘?%g ﬁ@ﬁg%%olnd
reactor. Reaner 1304’ {Teamedyb23edibgdrenamhuitne (36100tzhd 5981 ghiol)raatizo of

pol ymer produced in the first reactor to that 5 produced in the second
reactor i€ f bsamoisolsnytydbemide (3662 sdi% swnalhwerestiped in GHaClg (30ankkaond

reactor is copiroll t roduce the | ower | ecul ar wei ght product.. This
OQ as A]E% (4%.8% g d366.4 mmoJ) was addgcri) slowly as a so]idgundcrpa nitrogen

flow over a 30 minute period of time. This mixture was then allowed to stir at room
temperature overnight. After the reaction period the mixture was poured onto crushed
ice. The organic layer was then separated and washed with I{M HCl (| x 200 mL).

15  saturated NaHCO3 (1 x 200 mL) and H7O (1 x 200 mL). The organic fraction was

then dried over MgSOy4, filtered, and then the volatiles removed resulting in the

isolation of a dark crystalline residue. Recrystallization tfrom diethylether (0°C)
resuited in the isolation of the desired product as a white crystalline solid (30.70 g,

75.2 percent yield).

20- IH NMR (CDCl3) 8 1.2-1.4 (m, 15H). 1.71 (. 4 H), 2.6-2.7 (m, 2 H),

3.34 (dd, 1J=17.6 Hz, 3},,;=8.7 Hz, 1K), 7.41(s. 1 H), 7.76 (s, 1 H).

I3C NMR (CDCl3) § 16.50, 31.98, 32.09, 32.14. 34.58, 34.84, 35.25,
42.30, 121.92, 124.18, 133.85, 144.77, 149.94. 152.94. 209.05.

GC-MS Calculated for CygH,40 256.18. found 256.15.
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system beneficially allow for production of EPDM products having a |arge
range of Moggy sities, as well as excellent strength andpcruserisize
processabi | i ty referably t he Mooney viscosity (ASTM D1646-94, M. 1+4 @
125[err]C) of the resulting product is 10 adjusted to fall in the range
froml to 200, preferably from5 to 150 and nost b(ef rably from10 to 110.
The process of the present invention cgn pe enpl oy to advantage in the
gas -phase copol yneri zati on of ol efins. §ds phase pyocesses for the

pol yneri zation of olefins, especially obyNeri zati on and

copol yneri zation of ethylene and 15 :m; g¢—t+he copol yneri zation
of ethylene with higher [err]-olefins : s/exanpl e, 1-butene,

1- hexene, 4-nmethyl- 1 -pentene are well /Kknown in the art. Such processes
are used cormmercially on a | arge scal e/for¥ the manufacture of high density
pol yet hyl ene (HDPE), nedium density pol yethyl ene (MDPE), linear |ow density
pol yet hyl ene (LLDPE) and pol ypropyl ene. 20 The gas phase process
enpl oyed can be, for exanple, of the type whi &b enpl oys a nechanical ly
stirred bed or a gas fluidized bed as the polynerization reaction zone.
Preferred is the pr { t i d out
in a vertical cyli n%?I Cat?ﬁ*ﬂ%i%é@}tfﬁ}ﬁﬂ?@'ﬁﬁ aé:??reeg%r?r (?gignggg %nga?‘qcf‘wlz)gd bed
of pol yner par tlHGﬂum(fsmamc (1e)d THC14(6%ge BSO dnrabl) weas ad gt dropaisedo plseludon bhe
fluidization 25 grid, by a flow of fluidization gas. The gas enpl oyed to
fluidize thg beghybog dimethytdngne(libdrgr 2% mmohane206 mloobmx[aoé yinhrstiréreg ursies
al so serves as a heat exchangg nmediumto renpve the heat of reaction from
the bed. The hattw@a@ég-%@r@rga €r drygeiumps ot ml‘dt%dFéawdpfomﬁws Pivia a

Lranqui | i zat i 00 5,9, KMy ED-£15 5%, S5l dmE RIS Een-HDVENG 9B o

19.6 mmol) was added. The reaction was allowed to equilibrate to 25 °C and then was

heated to 55 °C with stirring for 10 minutes. Workup of an aliguot revealed no starting

10  material by !H NMR analysis. The solution was cooled to 10 °C and acetone
(approximately 500 mg dried over 4A sieves) was added dropwise to destroy soluble
titanium amide complex. Upon addition of the final amount of acetone all color was

discharged and TiO) was formed. The oxide was filtered through dry Celite and the

solvent reduced in vacuo to afford product (3.3 g. { 1.6 mmol) in 60 percent yield as a
15  clear oil which crystallized on standing overnight: mp = 74-75.5 °C from hexane as

light yellow prisms,

1H NMR (CgDg) 8 7.52 (2, 1H), 7.31 (s,1H). 3.03 (s. 2H), 2.83 (s, 6H), 1.97
(s, 3H), 1.67 (s, 4H), 1.35 (s, 6H), 1.33 (s, 6H).
I3C{1H} NMR (CgDg) 8 142.0, 142.7, 142.3. 140.3, 139.7, 126.4, 121.7,

20 117.2.43.3,41.4,36.0,34.7,34.6, 32.7, 32.6. 14.6.
CGMS (EI m/e, percent I) 283 (M+, 35), 268 (M-CH3. 100), 238 (10)
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PCT/U897/13178 i ter than the fluidized bed and wherein fine particles
entrained in" ﬁ&hégz stream have an opportunity to gravitate,%% SYHBL: he
bed. It can al so be advantageous to use a cyclone to renove ultra-fine
particles fromthe hot gas stream The gas is Pﬂep/nornally recycled to the
bed by neans of a bl ower or conpresso{ gnd one or” nore,heat 5 exchangers
to strip the gas of the heat of polynmesd zatjon. /A preflerred nethod of
cooling of the bed, in addition to tk . P ovi ded by the cool ed
recycle gas, is to feed a volatile | ped to provide an
evaporative cooling effect, often refe Y operation in the
condensi ng node. The volatile Iiquid gngloyed in this case can be, for
exanple, a volatile inert liquid, for 10 exanpl e. a saturated hydrocarbon
havi ng about 3 to about 8, preferably 4 to 6, carbon atons. In the case
that the nononmer or conononer itself is a volatile liquid, or can be
condensed to provide such a liquid, this can suitably be fed to the bed to
provi de an evaporative cooling effect. Exanples of olefin nononers which
can be enployed in this manner are ol efins cdAlaining about three to about
eight, preferably three to six 15 carbon atons. The volatile liquid

evaporates in the I Al 7ecC | which i ith th
f1uidizing gas. If k@h%ifé%#“aé‘f(?gdﬁ?%ﬁ‘g"‘.f"s5?v‘?r?)‘%é%%hygw"%ﬁ%’@s?w&yw |
under go sofe pd-perahaaiehdilithinnt, (2. BedimdthglagMag)os,678cketrhigrel 2(5)5:8 geMer ges
fromthe reactor as part_of the hot recycle gas, and enters the

conpr essi on/ h@gptagedhdridbbenzDindene @el Ir i 746 mmelbpras Tireedria bpsane (Jasli)ss

cooled in the . he XEhanoes ang; if the erature ich.the gas

is cooled is b"gglcl)lv‘\} @hg} ngf/’?gbl nts,Ohﬁ}og'dp iR S'Bﬁg@??}??’&f @d‘kgém]“flﬁe@&s. )

This |iquid i snidast wablaliowesisie veraiphi B&M?_ Wicmi:ﬁég@%:h& yéllo;’cjsvz Bbchfide It 1S
ui e

possi ble to recycle the gre0|p|tated |g dto the as liquid-droplets
carried in thdomeed, cfBierghe reactiempariofihe desjred poddugt weeedlerted destiftiatienl, f or

exanpl e | QOEP v?a%ﬁgd av;ithlt{t:?aneflar?tfl c’lj’rie%gl%dey%%c%ﬂ‘nzr éu%t?n ga {lﬂhy is§lation of a pale yellow
solid which was used without further purification or analysis (2.00 g, 93 percent
yield).

\N e

(LD

Me"'s' e

HN—-Bu

15
(3)

Preparation of 1-(3-(dimethylamino)-5,6,7,8-tetrahydro-2.5,6,7.8-pentamethy!-
1H-benz(f)inden-1-yl)-N-(1,1-dimethylethyl)- 1, 1-dimethylsilanamine, (3).

(3-(Dimethylamino)-5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-1H-
-112-



25 5,352,749, which are hereby incorporated by reference. A particularly
preferred Ry §ghedt7 recycling the liquid to the bed is to seppepiSy#iBern
liquid fromthe recycle gas streamand to reinject this liquid directly .

into the bed, preferably.usin nme which at fin ropl ets. of
the liquid wi ARGl _‘H‘H?_&-a‘?ﬁpg@?‘“m" o8 230 COTRE Ry, el PR 1
\%9318;33'6;'27\/\0s%ﬂ{zi%ﬁ(b?%w-(mi-sﬁtyr)mhﬂeﬁmo-u NCAFRAyNiIgBaRine’ ¢ F78E"RE3 mn)) in
PCT/ US97/ 1317 rHEF ¢ (ully.nhiszwik tuos was alle wehtoatic overnigit.i Aftehibe geastibh peniedz ed
bed is catal yzed b lt he conti nuous, Qr seni -conti nuoys i ti,on. of catalyst.
Such catal yst (BRNOBBIES MEFORMAIE And e FOME KL rac gad Pt poiBheX@r | o
B epol yer Szatt s SR AEICah BeIiRtariihe B d plaict 35 an ormngc off
of ol efin nonqpEg3ign %’ﬂc'raui)d i nert ’ diluent, to provide a catalyst
conposite conprising catalyst particles enbedded in ol efin pol ymer
particles. The polymer is produced directly in the fluidized bed by
catal yzed copol yrrerlH&tManC@D@ 66.02dan®H)a0d 6ase 3 @), nogscOFHnNdNB &, 8n t he
fluidized particles of catalyst, supported catalyst or prepolymer within
th b;ad. S]E ar tH)(jpl.iﬁlf (st MeH)1.01.4§tso|3/HhrI_ﬂat(i.oﬁﬂn.eadﬁi(mn:)rﬁ. agzﬁli(le‘védi)uﬁ't.i?r]ﬁg a
ed of preformed p r parti S c e preferably simlar to the
target polyol dpi ﬁ,&aé?&c(éngil%)i’ gnﬁn(j Wﬁ@&-gﬁ fﬁ' ld§§/i ng with inert gas or
nitrogen prior to introducing the catal yst, the nonomers and any ot her
gases which it is desl Ve | r.ecycl St.r C
di | uent gd , hydrog@?lf @%KB@S@@PZE ggintlf%'%r 3259? ??&qtg ?%rr?éersriéa%’gﬁgi%

uhen, obe | g8 S55eE SR 17 CRRSENY| 09, A T A gl o

di scharged cortinuousl’y or di scoritiTiucu S
desired. 141.36, 146.14.
\
N Li'
o
Me.’Si—Me
LiN=—t-8u
15 (4)

Preparation of (3-(dimethylamino)-1-(((!,!-
dimethylethyl)amino)dimethylsilyl)-S,6,7,8-tetrahydro-2.5,6,7,8-pentamethyl- 1 H-
benz(f)indeny!}lithium, lithium salt, (4). 1-(3-(Dimethylamino)-5,6,7,8-tetrahydro-
2,5,6,7.8-pentamethyl- | H-benz(f)inden- 1-y1)-N-(1.1-dimethylethyl)-1,1-

20 dimethylsilanamine (2.79g, 6.77 mmol) was stirred in hexane (75 mL) as n-BuLi
(16.24 mmol, 6.50 mL of 2.5 M solution in hexane) was added slowly. This mixture
was allowed to stir overnight during which time no precipitate formed. The solution
was then placed in the freezer (-10 °C) for 4 days during which time pale yellow

crystals formed. The solution was decanted away from the crystals which were then
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The gas phase processes suitable for the practice of this invention are
preferably caonti us processes which provide for the contin ; of
reactants t%&i*@gﬁﬁaction zone of the reactor and the reanaPBgémgﬁgﬁh%ts
fromthe reaction zone 20 of the reactor, thereby providing a

st eady- st at e einied noderevatuwm ahd esedeeithous father porifibeioneaanalgsis ¢1030eg,045 t he
reactor. Typically, t fluidized bed of the gas phase process is operated
at tenperaturé%“ﬁgﬁﬁf - than 50[err]C, preferably from about 60[err]C to
about 110[err]C, nore preferably from about, 70[err]C to about 110[err]C. 25
Typically the nolar ratio of conDnoner‘l“li- oner used in the

pol yneri zati on depends upon the desiregeeg fo Nibe conposi tion being
produced and is about 0.5 or |ess. Desirab y,<§§? producing materials with
a density range of from about 0.91 to about !.9§\t e conononer to nononer
ratio is less than 0.2, preferably |ess tg%w?%kﬁﬁﬁwgven nmore preferably

| ess than 0.02, and may even be | ess -99- 98/ 06727

PCT/ US97/ 13170 than 0.01. Typically, the ratio/of hydrogen to nononer is

| ess than about 0.5, preferably |ess than 042; re preferably | ess than
0.05. even nore preferably I ess than 0.02 andﬁnﬁ? even be less than 0.01
The above-descri bed ranges of process variables are appropriate for the gas
5 phase process of this invention and may be(ifitable for other processes
adaptabl e to the practice of this invention. nunber of patents and patent
applications describe gas phase processes which are adaptable for use in
the process of thi Prepacaidn shicHIGotNG Ui alimgthyldusy))-Patdmethyl-1-(3-

(dimethylamino)-5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl- | H-benz(f)inden-1-

yl)silanaminato(2-)-N)titanium, (5). (3-(Dimethylamino)-t-(((1,1-
dimethylethyl)amino)dimethylsilyl}-5,6,7,8-tetrahydro-2.5.6,7,8-pentamethyl- 1 H-
benz(f)indenyl)lithium, lithium salt (1.30 g, 2.08 mmol) in THF (30 mL) was added

10  dropwise to a slurry of TiCl3 (THF)3 ( 1.14 g, 3.08 mmol) in THF (50 mL). This
mixture was allowed to stir for | hour. PbCl3 (0.43 g. 1.54 mmol) was then added as a
solid and the mixture was allowed to stir for an additional hour. After the reaction
period the volatiles were removed and the residue was cxtracted and filtered using
hexane. The hexane solution was concentrated and placed in the freezer (-10 °C)

15  ovemnight during which time deep purple crystals formed. The solution was then

decanted away and the crystals were dried under vacuum (1.23 g. 75 percent yield).

1H NMR (CgDg) 8 0.59 (s, 3H), 0.78 (s. 3H). 1.26 (s, 3 H). 1.29(s, 3 H).

1.32(s, 3H), 1.38(s, 9H), 144 (s, 3-H.), 1.5-1.7 (m, 4 H), 2.35(s, 3 H), 2.94 (s.
6 H), 7.79 (s; 1 H), 7.81 (s, 1 H).

20 13C NMR (CgDg) 8 5.62, 6.34, 18.34, 32.18, 32.33, 32.59, 32.84, 33.42,

34.94, 35.09, 43.46, 60.83, 92.03, 122.50. 125.80, 131.70. 134.08, 146.10,
147.80, 150.14.
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4,588, 790; 4,543,399; 5,352,749; 5,436, 304; 5, 405,922; 5,462, 999;
5,461, 123; 105 3, 471; 5,032, 562; 5,028, 670; 5,473,028; 5, pepusdis1and
EP-applications , 773; 692,500; and PCT.Applications WO 94/ 29032, WO
94/ 25497, WO 94/ 25495, WO 94/28032; WD 95/ 13305; WD 94/26793; and WD
95/ 07942 al | of whi EX2BPE Tereby incorporated herein by reference. The
catal ysts, whether or not supported in any of the foregoing nethods, may 15
be -used to polynerize ethylenically and/ ar_gcetyl enically unsaturated
mononmers having from2 to 100, 000 carl s..ei ther yal one or in
conbi nati on. Preferred nononers includg 3 ('9 a-B8hkef i ns especially
et hyl ene, propyl ene, isobutylene, 1-butene, 1l-gexene, 1-hexene,
3-met hyl - 1- pent ene, 4-nethyl - 1- pentene, 1-octghe \1 decene, |ong chain
macr onol ecul ar [err]-ol efins, and m xtur é§°’}ﬁ' re?’”%”;aher preferred 20

th

nononers include styrene, C [err] alkyl su"Bstl Hr ene,

tetrafl uoroet hyl ene, vinyl benzocycl obut ane, | i denenor bonene,

1, 4- hexadi ene, 1, 7-oct adi ene, vinylcyclohexgp A4- Vvi nyl cycl ohexene,

di vi nyl benzene, and m xtures thereof with ethytefi& Long chain

macronol ecul ar [err]-olefins are vinyl term nated polyneric remants fornmed
in situ during continuous solution polynerization reactions. Under 25

sui tabl e processing conditions such | ong chai t)macronol ecul ar units are
readily polynerized into the polyrrer product along with ethylene and other

short chain olefin tie

branching in the re fﬁpﬂ Bg&}%é tﬁﬁaﬁﬁ‘mq%& g??&g%gsg “pentamethyl-

PCT/ US97/ 1351701ﬁt!§‘enﬁﬁ?]ﬁdiéfﬁt-§l)m-¥l aidsﬂetmlemyl J-i 46‘4&&@%@%@%&:;@2&) W th at

| east one additional honobgeneous or hetérogeneous polynerization catal yst

in the same or N)dimegipduitaniem, (6). Dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-(3- .
(dimethylamino)-5,6,7,8-tetrahydro-2,5,5,8,8-pentamethy!- | H-benz(f)inden-1-
yDsilanaminato(2-)-N)titanium (0.65 g, 1.23 mmol) was stirred in diethylether (50
mL) as MeMgBr (2.70 mmol, 0.90 mL of 3.0 M solution in diethylether) was added

10 slowly. This mixture was then allowed to stir for 2 hours. After the reaction period

the volatiles were removed and the residue was extracied and filtered using hexane.

Removal of the hexane resulted in the isolation of the desired product as an orange

microcrystalline solid (0.44 g, 74 percent yield).

IH NMR (CgDg) §-0.12 (s, 3 H), 0.54 (s. 3H). 0.75(s. 3H), 0.96 (s. 3

15 H), 1.21(s. 3H), 1.33(s, 3H), 1.35(s, 3 H), 1.36(s. 3H). 1.52(s, 9H), 1.6-1.7
) (m, 4H), 2.11 (s, 3H), 292 (s, 6 H), 7.65(s. | H). 7.93(s. | H).

13¢ NMR (CeDg) 85.92, 6.85, 15.48. 32.58. 32.76, 33.79, 34.51, 34.77.

35.26, 35.45, 44.47, 53.09, 53.97, 57.86, 83.82, 121.46, 124.92, 126.42, 131.45.
133.30, 142.64, 143.25, 144.51.

20

-115-



reactors connected in series or in parallel to prepare polyner blends

havi ng desi perties. An.exanple of such a process iquh.?&'
VO 94/ 00500%%‘%‘9570 0

in
urvalent to 5 U.S. Serial Nunber. 07/904, 770, as meﬁﬁggs
U S. Serial Nunber 08/10958, filed January 29, 1993, the teachings or which
are hereby incorporExampley reference herein. The highly prefered conpl exes
of this invention have a nitrogen heteroatom bond to the 3-position of the
cycl opent adi enyl group. When used in an ol efin polynerization catal yst
systemw th tris(pentafl uorophenyl)boron as the Activating 10 cocat |l yst,
an unusual blue color is observed. This can be etp the formation of a
radical cation in which the titaniumis in a formaf~oxidation state of
(1), which may exist in a dianmagnetic or gnetic formas shown
bel ow. [err] 15 di amagnetic dl paramagnetic dl1 Wile
reserving our right not to be bound b ar—t heory of the
mechani sm by which an ol efin polyneriza o st system conprising this
conpl ex woul d operate, polynerization could occur wherein the
aforenmentioned 20 Ti(lI11) radical cation is an active participant. - 101-
WD 98/ 06727 (7)
PCT/ US97/ 13170 For the preferred pol yol efin polyner conpositions of this
i nvention, which may be produced by the polynerization processes of this

invention using th : > 5 1S I ntian.. the.long.chai
branch is | onger tﬁ%’%a%:ﬁ{é&g{%ﬂféﬁg?tﬁﬂ%}ﬁéﬁn%% '%'%}641? ! %‘é@ﬁ‘fctnéh { PBW‘?‘I‘]‘@"C’ (ﬂ'
i ncor por at i5on RP,39)6,7HexaRydolschddcen! 166re 7 VOHIOAR TRARI W23 PBf pyrrolidine as

in Example 1 in 100 mL of dry benzene, except that p-toluenesulfonic acid (15 mg)

catalyst was added. GC analysis indicated that only 25 area percent conversion to
enamine occurred after 17 hours; white 80 area percent conversion occurred after 64
hours. Distillation of lower boiling ketone afforded two fractions of enamine: ketone
10 ratios (area percent GC) of 75:25 (3.1 g, bp=183-192°C @ Imm) and 85:15 (2.3 g,
bp=192-195 °C @ Imm). The viscous. dark pot residue was triturated with hexane to
give upon solvent removal 650 mg of dark oil which assayed at 91 area percent
enamine as determined by GC analysis. This material was provided for lithium salt

formation:

15 IH NMR (CDCl3) 8 7.26 (s, 1H), 7.18 (s. 1H). 3.45 (m. 4H), 3.21 (s. 2H). 2.91
(m, 4H), 2.15 (s, 3H, 2-Me), 2.05-2.17 (m, 2H), 1.95 (m. 4H).

13C{1H} NMR (CDCl3) 8 141.3, 1404, 139.3.123.2. 121.9, 121.4, 1184,

118.1,115.2, 50.9, 41.5, 33.2, 32.6, 26.0, 25.3; CGMS (EI, mv/e, percent 1) 239 (M+,
30), 224 (M-CH3, 100), 169 (27), 155 (55).

20
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5 pol ymer backbone. The enpirical effect of the presence of |ong chain
branchi ng i wblsgoempol ynmers of this invention is manifested aRCEUSHHIATY
rheol ogi cal properties which are indicated by higher flow activation
energies, and greater I[err]/I[err] than expecte omthe other structural
properties of the conpositions. Further, highly<§?§3erred pol yol efin

copol yner conpositions of this invention 10 have _#reverse nol ecul ar
architecture, that is, there is a nolecular melg xdiimum whi ch occurs in
that 50 percent by melght of the conpositi 2 as t he hi ghest wei ght
percent conononer content. Even nore p : ..Iyolefin copol yner
conposi tions which al so have | ong chaixQ b as along t he pol yner

backbone, especially when produced with a cdtal yst systemof this invention
havi ng a single 15 met al | ocene conplex of this invention in a single
reactor in a process for the polynerization ofgyn [err]-olefin nmonomer with
one or nore ol efin conononers, nore especially when the process is a

conti nuous process. Measurenent of comononer content vs | og nol ecul ar

wei ght by GPC/ FTI R Rrepacgsionrndried.3 ¢ detrahydraaé-methylrie i- yrmifdlmlJrsecul ar wei ght

(FTIR 1o a vasdaeenafifobm Bcd GRb nelrebiornT onty by asren Eopyromgne
setting up. scagb.%ggi%nﬁﬂﬁxm rﬁ&x‘e R Réx«{ggéﬁ;s ﬁi%?a.@m ng?éhgm ih h.sb*?x%_f)f

met hod for dat een escrl previ ous ose et al,
"Char act eri sat |2cmrvbsfohRuinwathIbBanpaﬂ added slobaly COhigImnsictiuc Gak Al dWed 1o stir
"Characterisation of Copol yners Rapr a . Technol og Shawbury UK, 1995, | SBN
1 - 25 8595?\@1\@%6%‘"& Whtﬁhdéﬁ‘e‘éaf"ﬁ}?&‘ﬁ%f)ﬁf‘?‘%exf‘ﬁ@ aézﬂce%n periashine Hesired

comonomer is copea gﬁ% EQla'[ﬁ'aCJaQ%#L&IB fRb& i ftralisl Coﬁgfﬁtunnggrwlﬁ ROdngTer .

the GPC/ FTIR was use 0 ca |'at e a paranet’er nane it on
factor, ( err] usdd withdutdadhdvlparifitativare aahlysis @58 ;1igngdradai yigldy.t andar d

techni ques fromthe GPC data. -102-
10
<

—Me

Me,——S!

HN—t{-Bu

(9)

Preparation of N-(1,1-dimethylethyl)-1,1-dimethyl-1-(1,5,6,7-tetrahydro-2-
methyl-3-(1-pyrrolidinyl)-s-indacen-1-yl)silanamine, (9). 1,2.3,7-Tetrahydro-6-
15  methyl-5-(1-pyrrolidinyl-s-indacenyl)lithium (0.55 g. 2.46 mmol) in THF (25 mL)
was added dropwise to a solution of N-(tert-butyl)-N-(1-chloro-1,1-
dimethylsilyDamine (1.02 g, 6.13 mmol) in THF (75 mL). This mixture was allowed

to stir overnight. After the reaction period the volatiles were removed and the residue
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PCT/ US97/ swononmer Partitioning Factor (GPGFTIR) Thep RPlo
partiti oniwh%;?g‘??or Cpf is calculated from GPC/ FTIR data. It characterizes
the ratio of the average conononer content of the higher nol ecul ar wei ght

fractions toWanexadedand fltnrechusing hexsne.cRemevaliah ghe haxane resnltadiindke wei ght 5
fractions. Hi I l.ar i i as bei ng above or
bel ow t he m#&gfo%ﬂ?g%éu&éﬁéwgﬁﬁ%gsgﬁect(?i\j@l‘%éa’t%921{’&?%?)'t he nol ecul ar

wei ght distribution is divided into two parts of equal weight. Cpf is

calculated fromth . Okt r ] eyl err] is
the nole fraction ?om%%l?egggt g??bgﬂdi &?’elr)'r SF% 3tﬁ29 %(%?I‘T%Y??Z’di'\l?gilﬁht
fraction as t &ryf 3Cﬁ§.‘/ I r e 7N I at [ ve
t he medi an ’e?u}lrnér@\?\’]e%ht, 'c%:'gs? {'ﬂ’e‘l%}I ez"lfdr:(-ag’c{?il_gh 3?6%@%;%20%?2% and
werr] issthemnQrypl7.28¢, vielHygh?.2$ (sack Hpn as determined by GPC/FTIR for the
- mFTIR data points bel ow the nedi an nol ecul ar weight. Only those wei ght
fractions, werr] or wWerr] which haye associated nole fracti on conononer
content values are used to calculatle_(®cr]. For a valid calculation, it is
required that n and mare greater tharior equal fo 3> 15 FTIR data
correspondi ng to nol ecul ar wei ght fracti OWSPE&T ow 5,000 are not included in
the cal culation due to the uncertainties préie t in such data. For the
pol yol efin copol ymer conpositions oM:Qp¥s invenyion, Clerr] desirably is
equal to or greater than 1.10, nore ’H%siNb/y\g, equal to or-greater than
1.15, even nore desirably is equal to or gfeater than 1.20, preferably is
equal to or greater than 1.30, 20 m),g{; referably is equal to or greater
than 1.40. even nore preferably is equé{H Hr greater than 1.50, and still
nmore preferably is equal to or greater than 1.60. -103 - :

(10)

Preparation of dichloro(N-(1,1-dimethylethyl)-1.1-dimethyt-1-((1,2,3,3a,8a-n))-
1,5.6,7-tetrahydro-2-methyl-3-(1-pyrrolidinyl)-s-indacen-{ -yl)silanaminato(2-)-

10  Ntitanium, (10). N-(1,1-dimethylethyl)-1,1-dimethyl-1-(1.5,6,7-tetrahydro-2-methyl-
3-(1-pyrrolidinyl)-s-indacen-1-yl)silanamine (0.84 g. 2.43 mmol) was stirred in
hexane (50 mL) as n-BuLi (4.86 mmol, 2.43 mL of 2.0 M solution in cycliohexane)
was added slowly. This mixture was allowed to stir overnight during which time little
precipitate formed. The volatiles were removed resulting in the isolation of a dark

15 residue. This residue was then dissolved in THF (30 mL) and added dropwise to a
shurry of TiCl3 (THF)3 ( 0.90 g, 2.43 mmol) in THF (50 mL). This mixture was

allowed to stir for 1 hour. PbCly (0.37 g, 1.32 mmol) was then added as a solid and
the mixture was allowed to stir for an additional 30 minutes. After the reaction period
the volatiles were removed and the residue was extracted and filtered using toluene.
20  Removal of the toluene resulted in the isolation of a black residue. This residue was
then slurried in hexane and cooled to 0°C overnight. The mixture was then filtered

resulting in the isoiation of a black microcrystalline solid. This procedure of slurrying
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WD 98/ 06727
PCT/ US97/ 13\],}?3 -DV ATREF-DV has been described in U S Pacaiisehesi7o
4,798, 081, I's hereby incorporated by reference, and in "Deterifnnation

c
of Short-Chain Byranching Distrjbutions_of Ethylene copolyners Aut omat ed
AnalyL1 cal  TemPRRETATF SPREAgOURE RO FBANE Kot FRNET B Lo e Aghgampoipd
of Appl Pol SC'“}as%lPiQh'u‘ﬁﬁerlaﬁlcﬂﬁ‘iﬁr(o.@y'ﬁp%'ﬂéfﬂeﬂﬁieﬁi'37 (1990). ATREF-DV is a
dual detector analytical systemthat is‘capable of fractionating

sem -crystalline polyners |ike Linear Low Density Polyethyl ene (LLDPE) as a

function of crystal llipzsMR CDENRES U189 8, B, 9.84 FUBtRYERYB{sy €/, MBI NGnt he
nol ecul ar wei ght of the frgcti ons. Wtﬁ regard to the 10 frac%i onatigrr‘L

ATREF-DV is an® gyoys9 tQ FENPL8as. uiM, 6 1), m0s-&loum, onHyr aqtd.onat i2om), (TRER)
anal ysi s that have been published in the open |iterature over the past 15
years. The frinddy HV4{srkHge is that this Analytical - TREF (ATREF)
technique is done on a small scale and fractions are not actually isolated.
| nstead, a typi cal I'} guig hr omat ogr aphi ¢ (LC) nmass detector, such as an
infrared single fre etector, is used to quantify the
crystallinity distribution as a functi el ution_tenpperature. This

di stribution can then be transforned to m,---- N ternative domai ns
such as short branching frequency, cormnorretri bution, or possibly
density. Thus, this transformed distributigh cgn then be interpreted
according to sonme structural variable vﬁr@é* courr/a‘ asvgr content, although
routine use of ATREF for conparisons of “Var Nads Hy LLDPE's is often done
directly in the elution tenperature donain. flo obtain ATREF-DV data, a
commercially avail abl e vi sconeter especi alckjf\adapted for LC anal ysis, such
as a Viskotek[err] is coupled with the IR was%detector. .

(n

Preparation of (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,8a-1)-1,5,6.7-

10 tetrahydro-2-methyl-3-(1-pyrrolidinyl)-s-indacen-1-yl)silanaminato(2-)-
N)dimethyltitanium, (11). Dichloro(N-(1,1-dimethylethyl)-1.1-dimethyl-1-
((1,2,3,3a,8a-n)-1,5,6,7-tetrahydro-2-methy!-3-( I -pyrrolidinyl)-s-indacen-1 -
yl)silanaminato(2-)-N)titanium(0.37 g, 0.76 mmol) was stirred in diethylether (50 mL)
as MeMgBr (1.53 mmoles, 1.02 mL of 3.0 M solution in diethylether) was added

15  slowly. This mixture was then allowed to stir for 1 hour. After the reaction period the
volatiles were removed and the residue was extracted and filtered using hexane.
Removal of the hexane resulted in the isolation of the desired product as a red solid

(0.11 g, 33 percent yield).

IH NMR (CDCl3) 8 0.038 (s, 3 H), 0.59 (s. 3H), 0.74 (s, 3H), 0.94 (s, 3

20 H), 1.54(s, 9H), 1.5-1.8 (m, 8 H), 2.21 (s. 3 H), 2.6-29(m, 6 H), 3.2-3.2 (m, 2
H), 3.7-3.8 (m, 2H), 7.53(s, 1 H), 7.68 (s, | H).
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Toget her these two LC detectors can be used to calculate the intrinsic
viscosity gf, - REF-DV el uant. The viscosity average nol @gqhafgripizght of
a given fraction can 25 then be estinat.ed using appropriate Mark Houw nk -
constants, the corresponding intrinsic viscosity, and suitable coefficients
to estimate the frEsamplad concentration (dl/g) as it passes through the
detectors. Thus, a typical ATREF-DV report will provide the weight fraction
pol ymer and vi scosity average nol ecul ar weight as a function of elution
tenperature. Merr] is then calculated using t guation given. -104 -

WD 98/ 06727

PCT/ US97/ 13170 Mol ecul ar Weight Partitioning F r The nol ecul ar wei ght
partitioning factor Merr] is calculated from JREF/ DV data. It
characterizes the ratio of the average nz 8 weight of the fractions

wi th hi gh conobnonmer content to the averg
fractions with low 5 cononomer cont ents 2
content are defined as being bel ow or above the nedian el ution tenperature
of the TREF concentration plot respectively, that is, the TREF data is
divided into two parts of equal weight. Merr] is calculated fromthe

foll ow ng equation: [err] [err] ,Wh&re: Merr] is the viscosity
average nol ecul ar weight and wWerr] is [err] 10 the nornalized wei ght

fraction as deternghne + DV, | he n.dat ojnts..in the fractions

bel ow the nedi an 2}3 [?tp?%ﬁx? égr;gglr:%'tlﬁdreég"w@!pﬁld’lng’ (? %’2 “S?CSE‘BQ'? {qhs gepeigle _

EDI 2‘?‘:3]2:5? s\ei §Bthod T6r Wbl catfyded @nBBIHEEbHAR VST EXainpld Adry pipeAdingdgs £4Ni ned
Y g, 600 mmol) was treated with TiClg (14.35 g, 75.7 mmol) in 400 mL of CH2Cl at 0

°C. 1-Indanone (10.0 g, 75.6 mmol) was added at this temperature and the reaction

mixture was brought to 25 °C. 1H NMR analysis of a worked-up aliquot revealed
complete conversion to product. Solvent was removed by rotary evaporation and the

10  resulting dark oil and TiO9 residue was triturated with 300 mL of hexane. The

solution was filtered through dry Celite and evaporated to afford crude product (20g
dark oil). The product was distilled through a 6™ Vigreaux column to afford pure
product (11.01 g, 55.1 mmol) in 73 percent yield as a light yellow oil (98 area percent

enamine by GC analysis): bp=143 °C @ 1lmm.

15 IH(CDCl3) §7.41 (d, 2H, /= 7.7 Hz), 7.27 (1. 1H,J=7.5Hz), 7.18 (d, I1H.J

=7.5 Hz),5.52 (d, |H,J =2 Hz), 3.30 (d, 2H, J = 2Hz). 3.04 (1, 4H. /= 5.2 Hz). 1.74
(m, 4H,), 1.60, (m, 2H).

13c{1H}(CDCl3) § 154.0, 144.4, 1417, 125.6. 124.6, 124.1. 119.8, 108.8,
52.3,35.8,26.2, 24.9.
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DV for the mdata points in the fractions above the nedian el ution

t enper at ur exyy§seTRNOSEe wei ght fractions, werr] or werr] whPCHUSSWE3170
associ ated viscosity average nol ecular 15 weights .greater than zero are
used to calculate Merr]. For a valid calculatioR, it is required that n
and mare greater than or equal to 3. For the@ol efin copol yner
conpositions of this invention, Merr] desira ys equal to or greater
than 1.15, nore desirably is equal to or greatgl than 1.30, even nore
desirably is equal to or greater than 1.40Q\ pre¢ferably is equal to or
greater than 1.50, 20 nore preferably 0 or greater than 1.60.
even nore preferably is equal to or gred @* 1.70. -105 - WO

98/ 06727 PCT/ US97/ 13170
Exanpl es The skilled artisan will appreciate that the invention disclosed
herein may be practiced in the absence of any conponent which has not been
specifically disclosed. The foll owm ng exanpl qy3pr e provi ded as further
illustration of the invention and are not 5 to be construed as linmting.
Unless stated to the contrary all parts and percentages are expressed on a
wei ght basis. [ err] Preparhtipeof {35 NpMpeagdimgl)r id-welesyljlahieg € 3)on -d Héardea3- XL
(300 MHz) spectroneter. Chem cal shifts were determ ned relative to TMS or

t hrough the reyDpipatidios(3 PQg.r1f. 1 mmobovasdissel vd in hé mleaf haxane apckf A|mippe2H)

[ | at i Let r.ah f HE),  di | et her,
Lol uene, | arts ntigs 7 bR Bied ropy LRI BT R hbbiingtif ke’ "

charged with agdlanét @sbeRdpdtiayallondrédipitadapsiithpaddieon 6 ke dirste. finloxi de
catalyst (Q5 catalyst, available from Engel hard Corp.). The conpounds
n-BuLi. The resulting slurry was allowed to stir 24 hours. After this time the solid

was filtered, washed with 50 mL of hexane and allowed to dry in vacuo overnight to

afford the desired anion as a yellow solid (2.96g, 14.3 mmol) in 95 percent yield.

10

&

Me"'Si'_ Me

HN—1-Bu
(i4)

Preparation of N-(1,1-dimethylethyl)-1.1-dimethyl-1-(3-(1-piperidinyl)-1H-
inden-1-yl)silanamine, (14). (3-(1-Piperidinyl)- 1H-indenyl)lithium (2.96 g, 14.4
15 mmol) was dissolved in 40 mL of THF and added dropwise to a solution of N-(tert-
butyl)-N-(1-chloro-1,1-dimethylsilyl)amine (3.20 g, 19.3 mmol) in 30 mL of THF over
a 45 minute period, with stirring continued for 25 hours. The solution was evaporated

in vacuo to give a dark red oil which was dissolved in hexane (100 mL). LiCl was
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n-BuLi, Gignard reagents were all used as purchased from Al drich Chem cal

Conpany eses were perforned under dry nitrogen at sing a
15 conb%él’?’é‘ﬂ&gf gl ove box and hi gh vacuum t echni ques. &%ﬁﬁ?@éﬁd
Preparation of Lithiuml -N-pyrrolidineindenide In a 150 nml of hexane 3.5 g

of 1- N-pyrroﬁltd’edéﬁomddriesqlmd)ﬂthastévcrita/ashanomdtxe uaﬁeMbmdovahxgmt to JCC,
1981, 46, 1940) was. added. To this solution 20 of

8 mmol
nBuLi (2.0 l\/&“’ (‘&Hﬁé’&yl (l -dignestdr1- @ pigerisingtidl- bémde@w)sﬁmlbénw ﬁ‘}ti Hn was
stirred 24 h w solid. The solid was
col l ected by ?ﬁ%b?gg%gﬁ'ﬁé‘g{%%”ﬁ mcnygreidgd in vacuo to give 3.61 g
(100 percent yield) of product. Preparation of (N-t-Butylam no)(dinethyl) I

-N-pyrrol idineind I r i Qunce f | ask
1007 o THE eas TEEDFS 1380 20, £ =5y ?kx@féﬁfﬂﬁr&@?é?ﬂ]ﬂ&gﬂ Mol ) .
To this | ugi as t g : lr) 7 Of
lithium Isjjl\l-?)SS%I [ d?rg{fl ]r%-gﬁl %Z‘iz\l)l/\’/ajs'g)éz; élegt glr—?p}gmg 330?%194](]?366%( ’ -

98/ 06727 5.5 Hz), 1.44, (p, 2H, J = 5.5 Hz), 1.09 (s, 9H), 0.50 (broad s, 1H), 0.36 (s, 3H), -0.05

PCT/ US97/ 13170 sol ution was then stirred overnight. The solvent was then
renoved undets:¥duced pressure, the residue extracted with hexane,
filtered, and the solvent again renoved under reduced pressure to give 5.13

¢ d . Uit hi
ONt - Buryl ani oy ( G RICADE 91 ssgbef’%ﬁ%ﬁ{%@ﬁ%@ﬂ@@h,'aﬁ?é-. 120 WA 2 he
drybox 5.13 99{51&3’ ml2)670t25(3 Y% _%ugyl am no) (di met hyl ) (1- N-

Mw"T——Me
10 LiN—1-Bu
(15)

Preparation of (1-(((1,1-dimethylethyl)amino)dimethylsilyl)-3-(1-piperidiny))-
1H-indenyDlithium, lithium salt, (15). In the drybox 4.73 g (14.4 mmol) of N-(1,1-
dimethylethyl)-1,1-dimethyl-1-(3-(1-piperidinyl)- 1 H-inden- | -yl)silanamine was

15 dissolved in 65 mL of hexane. To this solution 17.00 mL (34 mmol) of n-BuLi (2 M)
was added dropwise. Upon complete addition of the n-BuL.i the solution was stirred
overnight. The resulting precipitate was collected via filtration, washed with hexane
(2 x 30 mL) and dried under reduced pressure to give 4.70 g of yellow solid.

Yield 96 percent.
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pyrrolidi nei ndenyl)silane was conbined with 100 ml of hexane. To this
solution 16wo®s0€7aZ2. 6 mmol ) of nBuLi (2.0 M was added dr opwWPETUSHLIHN70
conplete addition of the n-BuLi the solution was stirred overnight. The
resulting precipitate was collected via 10 filtration, washed w th hexane
to give 5.32 g (100 percent yield) of a yellow solid. Preparation of

[ (N-t-Butylam no) (di met hyl ) (1-N-pyrrolidineindenyl)silane] Titanium
Dichloride In the drybox 6.05 g (16.3 f Tid (THF) [err] was
dissolved in 75 ml of THF. To this sol ut N—63 mol ) of dilithium
(N-t-Butylam no) (dinmethyl)( 1 - 15 N pyrr I\ei nei ndenyl ) si |l ane) was added
as a solid while stirring. The sol utiCP W) then stirred for 45 m nutes.
After this tine period. 2.27 g of Pb efr\}\g( .T'&'Cr'mol) was added and the
solution stirred for 45 minutes. The THF wa3yt hen® enoved under reduced
pressure. The residue was then extracted w t(h tol uene. the solution

filtered. and the toluene renoved under H; ed pressure. The residue was
then triturated with 20 hexane and the sg@ fffon cooled to -20C for 3
hours. The blue precipitate was collected via filtration and washed w th
col d hexane. The solid product was dried under vacuumto yield 5.08 g (72
percent yield) of product. Preparation of [(N({Q)Butyl am no) (di et hyl ) (

1- N-pyrrolidinei ndenyl )silane)] Titanium D nmethyl 25 In the drybox

0.65 g of (N-t-Butylgni dj _A-Ns nal i dinei.ndenyl) sil e

titani umdichloride %%L%g%épo#’@%ﬂé}%lﬁs%énl\%g? l{yrllaéﬂsjrlrp %’{n eEf)%{elr ﬁ?%aj]%'}% m S

suspensi on . 053-p-piperidayhBH-(ndef- IM1)siafaramdd2-0mMD RN Ren, W), & 1=-4Q - WO

98/ 06727 ) ) ) PCT/ US97/ 13170
Dimethylethyl)amino)dimethylsilyl)-3-(1-piperidiny!)- | H-indeny!)lithium, lithium salt
(4.70 g, 13.8 mmol) dissolved in 35 mL of THF was added within 2 minutes to a

suspension of TiCl3 (THF)3 (5.11 g, 13.8 mmol) in 70 mL of THF. After | hour of
mixing, PbCly (2.50 g, 9.0 mmol) was added as a solid. The reaction mixture was

10  stirred an additional hour. The solvent was then removed under reduced pressure. The
residue was extracted with 70 mL of toluene and filtered through a medium size glass
frit. Toluene was removed under reduced pressure and the residue was triturated with
30 mL of hexane. The black crystalline solid was collected by filtration, washed with
hexane (2 x 30 mL) and then dried under reduced pressure to give 4.26 g of product as

15  abrown-red solid. Yield 69 percent.

IH (CgDg) & 0.48 (s, 3H), 0.64 (s, 3H), 1.31 (m. 6H). 1.38 (s. 9H), 3.18 (m,

2H), 3.58 (m, 2H), 5.92 (s, 1H), 6.98 (1, 1H, 3/y..s = 7.54 Hz), 7.09 (1, 1H, 3Jyu = 7.5
Hz), 7.52 (d, 1H, 3Ju.1 = 8.5 Hz), 7.63 (d, 1H. 3Jy,, = 8.7 Hz).

13C{ H}(CgDg) & 1.35, 4.15, 24.35, 26.14. 32.88, 51.62. 61.46, 92.92,
20 111.79, 125.08, 128.67, 128.92, 135.42, 151.09.

HRMS (EI, M™): caled 444.1038, found 444.1033.
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stirring over a 20 mnute period. After the addition of MeMyl was

conpl et ed, '}ﬁmﬁ'& ution was stirred for 40 mnutes. Then thpcFiss was
renoved un Ee)r re zced pressure and the residue extracted Wlt?h he%ﬁﬂé%the
solution filtered, the filtrate evaporated to dryness under reduced
pressure to give OEXIaanle(GBO percent yield) of 5 product. Pol ymeri zations
A two-liter Parr reactor was charged with 740 g of Isopar-E err] m xed

al kanes sol vent (avail able from Exxon Chem cals Inc.) and 118 g of 1-octene
conononer. Hydrogen was added as a nol ecul ar wei ght control agent by
differential pressure 10 expansion froma 75 nL addition tank at 25 psi
(2070 kPa). The reactor was heated to ol ymer j i on tenperature of
140[err] C and saturated with ethyl ene Y 4 MPa). The
appropriate anount of catal yst and cocata as 0.005M solutions in
toluene were prem xed in the drybox., £€r the desired premx tine, the
solution was transferred to a catal yf.‘;c/a%r dﬁ”t ank and injected into the
reactor. The pol ymerization 15 conditio s/ r8%mai ntai ned for 15 m nutes
with ethylene on demand. The resulting sollition was renoved fromthe
reactor, and a hindered phenol anti oxi th& | rganox[err] 1010 from C ba
CGei gy Corporati on) was added to the resuk¢ing solution. Polyners forned
were dried in a vacuum oven set at 120[err]C for about 20 hours. Results
are contained in Table 1. 20 7 Table 1
Catal yst[err] Cocatal yst[err] Efficier%;)[err] M[err] 1
B(Clerr]F[err])[err] 2.3 0.04 2

B(Cl err] Flsrr]) [ er Pleparation of (N-(1,1-diméthylethyl)-1,1-dimeth ﬂl-@ﬁl@,ﬁ?@ﬁ ahyi3-l--

[ (N-t-Butyl am no) (di met hyl ) ( 1- N- pyrrolidi nei ndenyr ane anl um

Di net hyl ; Cat pipgridingl)-1H-(nden-1B0isjlnpaminatp(&)- h!écdlme[hylmamum (17) In the drybox

) (tetramet hyl gxgl RS AT TN ditnethylethyl)- 1. 1-dimethyl-1-((1,2,3.3a,72a-m)-3(}-
piperidinyl)-1H-inden-1-yl)silanaminato(2-)-N)titanium (1.35 mmol) was dissolved in
40 mL of Et0O. To this solution 0.95 mL (2.83 mmol) of MeMgI (3.0 M) was added

10  dropwise with stirring over a 5 minute period. After the addition of MeMgl was

completed, the solution was stirred for 60 minutes. Then the Et7O was removed under

reduced pressure and the residue was extracted with hexane (2 x 30 mL), the solution
was filtered and the filtrate was evaporated 1o dryness under reduced pressure to give

0.40 g (73 percent yield) of red-orange solid.

15 IH (CgDg) & -0.04 (s, 3H), 0.45 (s, 3H), 0.65 (s, 3H). 0.94 (s. 3H), 1.35 (m,
© 2H), 1.50 (m, OH), 1.53 (br s, 4H), 3.14 (m, 2H), 3.3.24 (m, 2H), 5.60 (s, 1H), 6.88 (t.
1H, 3Jyn=7.5Hz), 7.06 (1, 1H, 3Jyy=7.6 Hz), 7.5 (d. 1H. 3J,.,,= 8.5 Hz), 7.64 (d,
1H, 3Jyn=8.6 Hz).

13C{1H}(CgDg) & 2.40, 4.84, 24.94, 26.58, 34.68, 51.97, 52.41, 55.07, 58.31,
20 85.16, 108.91, 124.60, 125.02, 126.33, 128.18, 133.24, 146.27.
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25 silane)] Titanium D nmethyl -108- WO 98/ 06727

PCT/ US97/ 13100 logkéh7 Equi nol ar anmounts of catal yst and cocat al perng4/83170
prem xed toget?l [err] grans polynmer per gramTi [err] nelt index (dg/mn)
General Experinental ¢ @rrpl es 1-79. Al experinments involving 5
organonetal lic corrpoun were carried out using drybox techniques. Solvents
(THF, hexane, tol euene, ether) were purified by passing through alum na and
@@ columms. (err]Derr] was dried under 1o vacuum di still ed
before use. NVR spectra were neasured on a . (FT 300 MHz,
[err]H, 75 WMHz, [err]C). [err]H NVR and [errtf/ 3§ 1 NVR spectra are
referenced to the residual sol vent peak&mgﬁ%are—m rted in 10 ppm
relative to tetranethylsilane. Al J valfes & given in Hz. Mass spectra
(El') were obtained on the AutoSpecQFDP. | ndan NaBH4, MeMyl, n-Buli,
Me[err]Sic[err], NHz-t-Bu, 2-bronoisobutyrylj brom de were purchased from
Al drich Chem cal Co. All corrpounds wer e US‘E: &mur ecei ved. 3-net hoxy-

1H i ndene (J. Am Chem Soc, 1984, 106, 6702),

N (1H- 2-i ndenyl ) -N, N-di net hyl am ne (Acta Chem Scand. 1973, 27, 15 4027),
1- (1H-2-indenyl)pyrrolidine (Acta Chem Scand. @8y3, 27, 4027).

tert-butyl (1H 2-indenyl oxy)di net hyl si | ane (Organorret aI lics. 1996. 15.
2450), were prepared by literature procedures. le 1 Preparation of

1,1, 4,4 -Tetranet hyIpf?a@‘WW&Ndﬁdp@‘mllﬂ%‘hleén‘zé‘ﬁ@“{)ﬁd@((12-@ 3.3aianhAd -

2, 3- di et hyI 2, %1pl%9 %n?’)diﬁ linden% %s:ﬁnan%‘lnjmogtzmj 22 35! r5 Cfg hexadnene?mam%(raﬁ
(18). Dichloro(N- (I ,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-(1-
piperidinyl)- 1H-inden-1-yl)silanaminato(2-)-N)titanium (0.50 g, 1.12 mmol) was
dissolved in 35 mL of hexane. To this solution 1.28 mL (11.23 mmol) of 2,4-
hexadiene was added at once followed by dropwise addition of n-BuMgCl (1.35 mL,

10 2.69 mmol). The mixture was refluxed for 1.5 hours and then the solvent was
removed in vacuum. The black solid residue was dissolved in 15 mL of hexane,
filtered and put into the freezer (-27 °C) for three days. The solvent was then decanted
and the large, black crystals were washed with 4 mL of cold hexane and dried in under

vacuum to givel26 mg (yield 25 percent).

15 TH (CgDg) 8 0.73 (s, 3H), 0.94 (s, 3H). 1.09 (s. 9H). 1.22 (d. 3H, 3Jyy.yy = 5.4
Hz), 1.24 (m. 2H), 1.37 (m, 4H), 1.63 (m, 1H). 1.79 (m. 1H), 2.1] (d, 3H, 3/yu =54
Hz), 2.51 (m, 2H), 2.87 (m, 2H), 3.23 (dd, 1H. 2/y.4 = 13.5, Hz, 3/u.4 = 9.6), 4.00 (dd
IH, 2744 = 13.2, Hz, 3/ = 9.9), 5.69 (s, 1H). 6.69 (t. 1H, 3Jis.i = 9.6 Hz), 6.83 (d.
1H, 3Ju.4 = 8.4 Hz), 6.94 (t, IH, 3J4y.4 = 9.9 Hz). 7.88 (d, 2H. 3J;1y = 9.6H2).

20 13C{IH)(CgDg) 84.11, 6.42, 15.53, 19.75. 24.64, 26.15, 34.98, 52.38, 56.43.

79.37, 80.48,92.62, 101.21, 110.64, 112.81, 120.76, 121.54. 122.61, 123.40, 128.99.
129.50, 142.65.
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bath as AlId [err] (100 30 g, 752.24 mol) was added slowy as a solid over
a 30 mnu g& of tinme under a nitrogen flow such that I:BF ot
-never exceege roomtenperature. The m xture was held at roomIPenperature
for 30 m nutes an theT geated to 50[err]C for 1 hour. It is critical that
this reaction is B@SC nonitored by GC 25 and is terninated as the
reaction is conpl eted M nor changes in reaction conditions results in
varying reaction tines. After the reaction period the m xture decanted over
crushed ice careful to |leave behind a snmaller_gpd denser oily phase. The
upper phase of the reaction mxture was theff transferred to an extraction
funnel and washed with -109 - WO 98/ 0672

PCT/US97/ 13170 1 M HCl (1 x 200 nl), sajiwa HCO err] (2 x 200 nmL), and
H20 (1 x 200 nL). The organic fraction was hen dried over MgSd err]. The
m xture was then filtered and the volatil®s re Fd resulting in the

i solation of the desired product as a clear colorless oil (53.10 g, 82.5
percent yield). 5 [err]H NVMR (CDCl [err]) [err] 1.31 (s, 12 H),
1.71 (s, 4 H, 7.1-7.4 (m 4 H. [err]C NWRI@EDC [err]) [err] 31.67, 34.19,
35.09, 125.50, 126.45, 144.76. GC-M5 Cal cul at ed for C 14H20 188. 16, found

188.10. Ppeparati of 2, 3, Tetra nmet hyl -

1H Benz(f§i nden- FICRFRRONEF %(z’&"%"m?@ygﬁ%ﬂ imetl élcgﬁ'ﬁ&gﬁonapt hal ene (30. 00
g, 159.3 molgimandisBanabiine, (P50 S QRdY; 1 9.3 mol )
were stirred |TR se?nr CIne ér r)i) (500 ni) Srogliuog dgpp]%ggg(g@gré.?gpr (48.86 g,
366. 4 mmol ) mnmmwlmhmqammmmne lrdZQ!hdhrofahanh)tlémg@nsdldtmN afV7e8o ¢ 30

m nut e periogy%% tine. Xt ure was tf}en allowed to stir at room

Thi s ) ' )
t enper at ur e oft @mol) w{/ﬂ%n? En ) Pt siier g padedy A tiite sokidsdepositesy
onto crushed jsgiantanecusly. The reaction mixture was stirred overnight. filtered througha
10 medium frit and the solvent was removed under reduced pressurc to give 11.06 g of
colorless liquid. Yield 93 percent.

IH (CgDg) 8 0.13 (s, 6H), 0.57 (br s, 1H), 0.99 (s. 9H). 2.25 (s, 2H).

13c{1H}(CeDg) & -0.47, 19.75, 33.87. 49.51.

O
g,

15 1-Bu

(20)

Preparation of N-(zerr-butyl)-N-(1,1-dimethyl-1-((3-tetrahydro-1H-1-pyrrolyi-

1H- l-indenyl)methyl)silyl)amine, (20). To a stirred solution of 3.500 g (15.61 mmol)
-126-



ice. The organic |ayer was then separated and washed with 1 M HC (1 x 200
m). 15 savosgoeTed7 NaHCO err] (1 x 200 nL) and Herr]O (1 x POOUSY131Mhe
organic fraction was then dried over MgS err], filtered, and then the

vol ati | es renpgft-(bremantdting)-Na( It hdimeabylathybnl, bﬁxmctdyﬂsdkaxmrrymd il 30 mE of THRle.
Recrystal lization from diethyl et her (O[Ierr] C) resulted in the isolation of

the desired préeluden a52.84 gHil#.87 el of 1i(hH-Lmdeay|pyerotiding, lithgim sglbincimL
1 d 20 H, N
UsS 1y 2% 6. of THE R Adbl MRt SRl Y Chle S, it wdablq dipobieaie L

Hz, | H), 7. 4178 reattibB mixturebwisSstirfeddvertighitrah & sHivEh 1 (3G B éd dnde FdhicedP - 50,
31.98, 32.09, 32.14. 34.58, 34.84, 35.25, 42.30, 121.92, 124.18, 133. 85,

144. 77, 14% 94pres@ge 9The pBDIue5vas @RirABedwitb H0ank of hewancked fijtefedr HeRaR58asl 8,
f ound 256. 15. / 06
PCT/ US97/ 13170“["&9‘?89%%81")‘“50% éﬁﬁr"ét’%ﬂ“ oticld 100 percent.

3- (di met hyl am no) -5, 6, 7, 8-t etrahydro-2, 5, 5, 8, 8- pent anet hyl -

;J(;ll- B'?Ing(nf 2); ngeneanh;&g’({g@%[&r‘éﬁk)& gkﬁ glgiﬁng;%@’\év?nm. §4e&1‘? ;8 S“eﬁlE 08

hexane with stirri ng3under nitrogen at -30 to -40 [2e C. Largg Iurrps of
solid anide be@‘éﬁﬂ% fl@ﬁm Hit Hay b 6. ?)Hbde%f’s(dénﬂ'l Jhn = 146H2 Jun = 4
2,3,5,7-Tetrahydro-2, 5, g entaneth 1H-Benz(f)i

19.6 mol) wasHadded ("Tfﬂﬁ)r f;gt(%ﬂﬂ\)\fa% mo%blst-é (éqUTLI |beHaT %41%2)2 2Pé§nr]c

i quot relbal S b3 Ratf gt 7 Hat dr e b b MR anal ysi s, The
solution was cooled to 10 [err] C and acet one (apprOX| mately 500 ng dried

over 4A sieves) vas3adRg) @ RYsS5 9% %5 0851 FY 2585 U F4. 43.34, 49.59, 50.36,

108.05, 120.94, 123.44, 124.99, 126.04, 141.55, 148.68, 152.43.

15 Preparation of N-(1,1-dimethylethyl)-1,I-dimethyl-1-((3-(l-pyrrolidiny!)-1H-
inden-1-yl)methyl)silanamine, dilithium salt, (21). In the drybox 4.88 g (14.86 mmol)
of N-(1,1-dimethylethyl)-1,1-dimethyl-1-((3-(1-pyrrolidinyl)- | H-inden-1-
yl)methyl)silanamine was combined with 70 mL of hexane. To this solution 23.2 mL
(37.2 mmol) of n-BuLi (1.6 M) was added within 2 minutes. Within a short time a

20  yellow precipitate appeared. Upon complete addition of the #-BuL.i the solution was

stirred overnight. The resulting yellow precipitate was collected via filtration, washed
-127-



titani um am de conpl ex. Upon addition of the final anobunt of acetone all
col or wasyih sgdsas0ed and Ti O2 was forned. The oxide was fi lgcqnsdrafirough
dry Celite and the-sol vent reduced in vacuo to afford product (3.3 g, 11.6

mml) in 60 i gq:a&@- [ ' \ | Lized on
st andi ng ove\?ﬁ?g‘ﬁpﬂ%&é 4- .%ﬁ[ué‘rd%%aécregr#ﬁ\é@g%gggfse 'é%%“@eqefcc?\?v‘ prismns.
[err] H NMR (yaglay of )etlomi soliderr] 7.52 (2, 1H), 7.31 (s,1H), 3.03 (s. 2H),
2.83 (s, 6H, 1.97 (s, 3H, 1.67 (s, 4H, 1.35 (s, 6H), 1.33 (s, 6H).
13C([err]H NWVR (Clerr]Derr]) [err] 142.0, 142.7, 142.3. 140.3, 139.7,
126.4, 121.7, 20 117.2, 43.3, 41. , 34.7, 34>6, 32.7, 32.6. 14.6.
CGwvs (El, me, percent |I) 283 (M, 3 —100), 238 (10) WO
98/ 06727 \
PCT/ US97/ 13170 [err] (2) Preparation jof Gl
(3-(di net hyl am no)-5, 6,7, 8-tet rah'}/dr - 2, 5,/51:‘&.%- pent anet hyl - 5
1H benz(f)indenyl)lithium (2). 305"25'\
3- (di et hyl am no) -5, 6, 7, 8-tet rahyH’r o- 2, 5,”5, 8, 8- pent anet hyl -
1H benz(f)indene (2.11 g, 7.46 mol) vvg%sti rred in hexane (75 nmL) as
n-BuLi (4.10 nL of 2.0 Msolution intheyang, 8.20 mol) was added slowy.
This mixture was allowed to stir overrbGht G"uring which time a pale yell ow
precipitate formed. After the reaction period the desired product was
collected via filtration, 10 washed w thi3gxane, and dried under vacuum
resulting in the isolation of a pale yellow solid which was used w t hout
further purification or analysis (2.00 g, 93 percent yield). [err]

5 Preparation of dichloro(N-(1,1-dimethylethyl)-},1-dimethyl-1-({(},2,3.3a,7a~

1)-3-(1-pyrrolidinyl)- |H-inden- I -yl)methyl)silanaminato-(2-)-N-)titanium, (22). In
the drybox 5.50 g (14.85 mmol) of TiCl3(THF) 3 was suspended in 80 mL of THF. To
this solution 5.05 g (14.85 mmol) of N-(1,1-dimethylethyl)-1,1-dimethyl-1-((3-(1-
pyrrolidinyl)-1H-inden- | -yl)methyl)silanamine, dilithium salt dissolved in 50 mL of

10  THF was added within 5 minutes. The solution was then stirred for | hour. After this
time 2.68 g of PbCly (9.65 mmol) was added and the solution was stirred for 60
minutes. The THF was then removed under reduced pressure. The residue was then
extracted with 60 mL of toluene, the solution was filtered, and the toluene was
removed under reduced pressure. The residue was then triturated with 50 mL of

15  hexane and the precipitate was collected via filtration on the frit, washed with 25 mL
of cold hexane and dried under vacuum to give 3.65 g of black solid. Yield 55

percent.

TH (CgDg) & 0.37 (s, 3H), 0.51 (s, 3H), 1.46 (s. 9H), 1.53 (m, 4H), 2.25 (d,

2Jum = 14.5Hz), 2,49 (d, 2Jun = 14.5 Hz), 3.35 (m, 2H), 3.62 (m, 2H), 5.63 (s, 1H).
20 7.07 (m, 2H). 7.35 (m, 1H), 7.56 (m, 1H).

13C{IH}(CgDg) 8 6.19, 7.08, 18.93, 25.88, 33.46, 50.42, 61.30, 100.59,
119.33, 120.91, 125.09, 126.07, 126.86, 127.42, 146.10.
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15 (3) Preparation of

1- (3- (di met hywyavgeerz?5, 6, 7, 8-t etrahydro-2.5. 6. 7. 8- pent anet hyl - PCT/US97/13170
1H benz(f)inden- 1 -yl)-N(1, 1 -dinethylethyl)- 1, 1 -dinethylsilanam ne,
(3). (3-(D nmet hyl am @gaﬁ]ggl 8-tetrahydro-2,5,5, 8, 8-pentanet hyl - 1H -112-
WD 98/ 06727

PCT/ US97/ 13170 benz(f)indenyl)lithium (1.99 g, 6.87 mol) in THF (30 nl)
was added dropwi se to a solution of N-(t tyl)- 1-Chkl oro- 1,

1-di nethyl silyl)anine (1.71 g, 10.3 mol v _ This nixture was
allowed to stir overnight. After the reacti riod the volatiles were
renoved and the residue was extracted and filtaergek,usi ng hexane. 5

Renoval of the hexane resulted in the isdl atiophs§ fhe desired product as
an orange oil (2.793 g, 98 percent). "E@]’,‘fs]ﬂd\N (Cfe’rr]D[err]) [err] 0.024
(s, 3H), 0.16 (s, 3H), 1.06 (s, 9 H), =f.34j 3 H, 1.39 (s, 4 H, 1.46(s,

3H), "'1.71 (s, 3H), 2.12(s, 1H), 2.20(s, 3 H, 2.92 (s, 6 H, 3.08 (s, | H),
7.51 (s, 1H, 7.63 (s, 1H. 10 e E;CI\/R(C[err]D[err]) [err]
0.28, 1.47, 15.48, 32.57, 32.68, 32.75, 33¥82, “34.50, 34.56, 35.89, 43.63,
47.57, 49.41, 116.99, 121.76, 132.70, 139.02, 140.98, 141.36, 146.14. [err]
15 (2(3/}) Preparati on of

(3-(di methylamno)-1-((( 1, 1-

di et hyl et hyl ) am no) di mret hyl silyl)-5,6, 7, 8-tetrahydro-2,5, 6, 7, 8- pent anet hyl
- 1H Preparation of (N-(1,1-dimethylethyl)-1,1-dimethyl-1-(((1,2,3,3a,7a-n)-3-(1-

5  pyrrolidinyl)-1H-inden-1-yl)methyl)silanaminato-(2-)-N-)dimethy]-titanium, (23).
In the drybox 0.60 g of dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-(((1.2,3,3a.7a—
1)-3-(1-pyrrolidinyl)- 1 H-inden- 1 -yl)methyl)silanaminato-(2-)-N-)-titanium (1.35
mmol) was dissolved in 40 mL of Et9O. To this solution 0.945 mL (2.83 mmol) of

MeMgl (3.0 M) was added dropwise while stirring over a S minute period. The
10  solution changed color from black to dark red. After the addition of MeMgI was

completed, the solution was stirred for 1 hour. Then the EtpO was removed under

reduced pressure and the residue was extracted with hexane (2 x 20 mL), the solution
was filtered, the filtrate was evaporated to dryness under reduced pressure to give 0.35

g (65 percent yield) of black solid.

15 IH (CgDg) 8 0.23 (s, 3H), 0.38 (s, 3H), 0.40 (s. 3H). 0.82 (s, 3H), 1.54 (m,

6H) 1.60 (s. 9H), 1.99 (d, 2/y.5 = 14.5 Hz), 2.22 (d. 2/ = 14.5 Hz), 3.33 (m, 4H),
5.32 (s, 1H). 6.91 (m, 2H), 7.22 (m, 1H), 7.64 (m, 1H).

13c{IH}(CgDg) & 6.55,7.23,17.21, 25.92. 35.21, 50.27, 51.89, 57.02, 58.18.
99.09, 108.85, 116.05, 122.14, 122.92, 123.66, 124.48, 125.53, 138.31.

20
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benz(f)indenyl)lithium lithiumsalt, (4).

1-(3- (D ne 1.00)-5,6,7,8-tetrahydro- 2,5, 6, 7, 8- pent anet :
Hbenz(f)iﬁ@&Ww )-N-(1, 1 -dinethylethyl)- 1, 1 - 20 Bt

di et hyl si | anam ne (2.79q 6.77 mol) was stirred in hexane (75 nL) as

n- BuLi ~(16.24 nmol Exanple BL of 2.5 Msolution in hexane) was added sl owy.
This m xture was allowed to stir overnight during which tinme no precipitate
formed. The solution was then placed in the fr er (-10 C) for 4 days
during which tinme pale yellow crystals fornmed/ The sol uti on was decant ed
away fromthe crystals which were then -113 - 98/ 06727

PCT/ US97/ 13170 dri ed under vacuum and used w tfout further purification or
analysis (1.30 g, 45 percent yield). [er Preparation of
dichloro(N-( 1,1 -dinethylethyl)- 1, 1
(di net hyl am no) -5, 6, 7, 8-tetrahydro- 2, 5 et hyl - 1H benz(f)i nden-
1- yl)silanam nato(2-)-Ntitanium (5). thylamno)- 1 -(((21,1 -

di met hyl et hyl ) am no) di met hyl silyl)-5,6, 7, 8-tetrahydro-2,5, 6, 7, 8-pent anet hyl
- 1H benz(f)indenyl)lithium lithiumsalt (1.30 g, 2.08 mmol) in THF (30
m.) was added 10 dropwise to a slurry of T2®l[err] (THF)[err] ( 1.14 g,
3.08 mmol) in THF (50 nL). This m xture was allowed to stir for 1 hour.

PbdC 0.43 g, ,1.54. t dded | i th i xt
2l owed 1o\ siit | opEaRreanpt e gy Dpyiolidng h8n IRl he © "
vol atiles yverﬁ,déﬁdm@f éam thif1) wal d4S1Wasn 958 h&%:ﬁﬁn?&}eué béﬁr-]z@ﬁédwmmg

hexane. The hexane sol Gtion was concentrated and placed in the freezer (-10
[err] O solution 50 mL of pyrrolidiene was added. The reaction mixture was refluxed using a

- 1-(3-

Dean-Stark trap filled with 4A molecular sieves for 10 d. GC analysis showed that

conversion was on the order of 70 percent. The solvent was distilled off and the

residue was distilled under reduced pressure (1.5 Torr). The first fraction was obtained
10 at 84 °C whereas the desired compound was collected at 126-132 °C. The yield of

yellow liquid was 16.28 g, 48 percent.

IH (CgDg) 5 1.66 (m, 4H), 2.02 (s, 3H). 3.02 {s. 2H). 3.29 (m. 4H), 7.11 (1,

1H, 3/ = 7.0 Hz), 7.23 (m. 2H), 7.45 (d. 2J.y = 7.7 H2).

13C{TH}(CgDg) 8 14.68, 25.61, 41.89. 50.92. 119.94. 123.68, 123.86, 124.10.
15 126.029, 142.61, 143.50, 145.00.

(25)
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15 overni ght during which tine deep purple crystals forned. The sol ution
was t hen deodd®067ahay and the crystals were dried under vacuBGTUSIRBIY. 76
percent yield). [err]HNWR (Cerr]Derr]) [err] 0.59 (s, 3 H, 0.78 (s, 3

H. 1.26 (s, 3 H). BRrepara(isy of3(2Hnethyl- B2 1-pyrrolidinyl)- 1H-Bgleqyhlithiu), (23). 44 (s, 3

(& 1y, 20" eMethyy GrAodsuhiprepising Fea s, §LbT piaslivhs i hnotane,

32.18. 32.33. : R4 . i

122. 50, 125, a0l AR5 ™8 G P peR s Yinl Bt 2 M e inHqiprenare) S
98/ 06727 added dropwise. This mixture was allowed to stir overnight during which time a
PCT/ US97/ 13170 Exanple 2 [errg (6) Preparation of ) ]
((3- (di met Hy| aprepipitats formedg-Aftar thtipaetinmpesiod the mixure Warefilgred. The desired

H benz(f)i nden- -yl ) -N-( 1, 1 -dinethyl ethyl)- .1 : . .
1- di et hy! si | aWé?ﬁP?fé’f%(‘?-’%‘Pd &3ﬁPﬂE?ﬁ@?%‘?‘é%%&‘?%w"&%Ws'ﬂ‘%H’F‘BP’S{‘?{‘L"(*‘PS’ frying
- di net hyl et hyl il ; ; ; e '
(di met hyl ani nog%%e} Je'j“%’,“é’fj %ﬁ%‘%? év'g’(’gr funper purification oranalysis (141 & &% i nden-
1 - yl)silananperednof2ld)- N)ti tani um (0.65 g, 1.23 nmol) was stirred in

di ethylether (50 mL.) as MeMgBr (2.70 mml, 0.90 nL of 3.0 Msolution in

di et hyl et her) was added 10 slowy. This mxture was then allowed to stir
for 2 hours. After the reaction period the volatiles were renoved and the
residue was extracted and filtered using hexgne.} Renoval of the hexane
resulted in the isolation of the desired proguctjas an orange

m crocrystalline solid (0.44 g, 74 percent yi&rd

10

(26)

Preparation of N-(1,1-dimethylethyl)-1.1-dimethyl-1-(2-methyl-3-(1-
pyrrolidinyl)-1H-inden-1-yl)silanamine, (26). To a solution of N-(1,1-dimethylethyl)-
I-chloro-1,1-dimethyl-silanamine (4.27 g, 25.75 mmol) in 100 mL of THF (2-methyl-

15 1-(1-pyrrolidinyl)-1H-indenyl)lithium (3.52 g, 17.17 mmol) dissolved in 50 mL of
THF was added within 3 minutes. The color of the solution became yellow-orange.
The reaction mixture was stirred overnight and then the solvent was removed under
reduced pressure. The product was extracted with 80 mL of hexane, filtered. Hexane
was removed under reduced pressure and the flask was attached to a high-vac line (10~

20  torr) overnight to remove excess starting material. The yield of product was 5.54 g. 98

percent.
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[err]H NVR (Cerr]Derr] r .12 (s, 3 H, 0.54 (s. 3 H, 0.75 (s, 3
3

) [
H, 0.96 (yosgeéR7 H. 1.2 1.33 (s, 3 H, 1.35 i»é-rm%sh')sml 36
(s.-3 H), 1.52 (s, 9 H), 1. 7 H, 2.11 (s, 3 H, 2.92 (s,

4
7.65 (s, 1H). 7.93 rr1.C.\N r r 9 85
15.48. 32.58. 32, 7%‘@?@? 0[92’(313%)3 s 32@ b0kt Sﬁﬁg 98) §§78’9
53.97, 57.86, 83.82, 121.4 92, 126.4 131.45. 133. 42 64,
143. 25, 144. 4H), 231 (s. 3 :bé#@@'}'g) 3.25 (m, 2H) 3.39 (m, 2H), 7.15 (l lH Y
PCT/ US97/ 13170 Exanpl e 3 7) aratio 3
1-(3, 5, 6, 7- t & ahydikle H. } !h'yl74sgz)maé§éﬁ»Iﬂr{/lﬂ)myVQd‘IZi)d'l AR (d. (¥ 2Jgu=7.1
1,2,3,5,6,7- Eggsahydro s-indacen-1-one (7.0 g) was treated with 25 g of
pyrrol i di ne in Exanple 1 in 100 nL of dry benzene, except that
p-tol uenesul fonic acid (15 ng) catal yst was added. GC anal ysi s indicated

t hat | y525 h
uhi 1o 80" S a per cout ENCATRIRT sk IR R 0. DFRAE3E SHIES By on ot

| ower boilin on f i f ket one 10 rati os
(area per cen%l %3%;2 ?é ?5531?‘\85{) %'133?18 ]l? H%‘e@l mm) and 85:15
(2.3 g bp=192-195 [err]C @ 1mm) . The viscous, dark pot residue was
triturated with hexane to give upon sol vent rem)val 650 ng of dark oil

whi ch assayed at 91 area percent enam ne as determ ned by GC analysis. This

material was provided for lithiumsalt format<;oﬂn: 15 [err]H NWR

err|
1(s
6-1.

(cbCferr]) [err] 7.26 (s, 1H), 7.18 (s, 1H/ 3345 (m 4H), 3.21 (s. 2H).
2.91 (m 4H), 2.15 (s, 3H, 2-Me), 2.05-2.17 2H), 1.95 (m 4H).

O@ L

gj—Me

\\ﬁ

27)

Me—"

10 Preparation of (1-(((1,1-dimethylethyl)amino)dimethylsilyl)methyl)-2-methyl-
3-(1-pyrrolidinyl)- IH-indenyhlithium, lithium salt, (27). In the drybox 5.54 g (16.36
mmol) of N-(1,1-dimethylethyl)-1,1-dimethy!-1-(2-methyl-3-(1-pyrrolidinyl)- 1H-
inden-1-yl)silanamine was dissolved in 100 mL of hexane. To this solution 16.0 mL
(39.8 mmol) of n-BuLi (1.6 M) was added dropwise. Upon completec addition of the

15  n-BuL.i the solution was stirred overnight. The resulting precipitate was collected via
filtration, washed with 100 mL hexane and dried under reduced pressure to give 4.51 g

of yellow solid. Yield 83 percent.
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[err]C{[er rlwl-% NVR(CDCI [err])[err] 141.3, 140.4, 139.3. 123. 25&@%3{9 |

121.4, 118. 9886727 115.2, 50.9, 41.5, 33.2, 32.6, 26.0, 25.

me, percent 1) 239 (M, 30), 224 (M CH3, 100), 169 (27), 155 (55). 20

-116- WD 98/ 06727

PCT/ US97/ 13170 [err] (8) Preparation of % N7a ydro-6-nmethyl -5-( 1

-pyrrolidinyl-s- indacenyl)lithium (8). CH,

1- (3,5, 6, 7- Tet rahydr o- 2- met hyl - s-i ndaegng71- vyl i.?,yl&rol idine 5 (0.64 g, 2.93
X 00 mol, 1.50 nL of 2.0 M

mol ) was stirred in hexane (25 ni) é’g’h-‘%L‘i(
solution in cycl ohexane) was added slowy. 'l[} is Mxture was allowed to stir
overni ght during which tinme a precipitate fornmed. After the reaction period
the desired product was isolated as a tanﬁéﬁl id following filtration and
dryi ng under vacuum and used w t hout f uke r'"o@yri fication or analysis (0.55
g, 84 percent yield). 10 [err] (9) Prepaftion-of N (1,1 -dinethylethyl)-
1, 1 -dinmethyl- 1 -(1,5,6,7-tetrahydro-2- nethyl-3-(1 -pyrrolidinyl
)-s-indacen- 1 -yl)silanamne, (9), 1,2,3, 7-T@§; ahydro-6- 15 met hyl -5- (1
-pyrrolidinyl-s-indacenyl)lithium(0.55 g, 2. mml) in THF (25 L) was
added dropwi se to a solution of N-(tert-butyl)-N( 1-chloro- 1, | -
di Imet h)él si | yl') am ne Peelpatitiog of Gichforo®{( ), 1 idimdihiiiethdd)- N dimdthy b 14 12,888, 75MS-
al | owe
- 2-methyl-3-(1-pyrrolidinyl)- 1 H-inden- I-yl)silanaminato(2-}-N)titanium, (28). In the
5 drybox 4.91 g (13.24 mmol) of TiCl3 (THF)3 was suspended in 80 mL of THF. To

this solution 4.51 g (13.24 mmol) (1-(((1,1-
dimethylethyl)amino)dimethylsilyl)methy!)-2-methyl-3-(1-pyrrolidinyl)- 1 H-
indenyllithium, lithium salt dissolved in 30 mL of THF was added within S minutes.

The solution was then stirred for 55 minutes. After this time 2.39 g of PbCl; (8.60

10 mmol) was added and the solution was stirred for 55 minutes. The THF was then
removed under reduced pressure. The residue was then extracted with 70 mL of
toluene, the solution was filtered, and the tolgene was removed under reduced
pressure. The residue was then triturated with 40 mL of hexane and the precipitate
was collected via filtration, washed with 40 mL of hexane and dried under vacuum to

15 give 3.38 g of black-gray solid. Yield 56 percent.

IH (CgDg) 8 0.62 (s, 3H), 0.66 (s, 3H), 1.38 (5. 9H). 1.41 (m, 4H), 2.50 (s.
3H), 3.46 (m, 2H), 3.83 (m, 2H), 6.98 (t, 1H, 3Jy.y = 7.6 Hz), 7.10(t, 1H, 3Jyu =75
Hz),7.65 (t, 1H, 3Jy.n = 8.6 Hz), 7.70 (t, 1H, 3J4.4 = 8.8 Hz).

I3C{IH}(CgDg) 8 6.39, 6.49, 18.95, 25.99. 32.90, 52.36, 60.75, 94.47.
20 123.90, 126.95, 136.00, 147.75.
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to stir overnight. After the reaction period the volatiles were renoved and
the resi duewolBer2z7 WO 98/ 06727 PCT/US97/13170
PCT/ US97/ 13170 was extracted and filtered usi ng hexane. Renoval of the
hexane resulted in Epgnppieqhati on of the desired product as a green oil
(0.84 g, 99 percent). [err]HNWR (CDCl[err]) [err]- 0 040 (s, 3 H), 0.060
(s, 3H, 1.18 (s, 9 H, 1.9-2.2 (m 6 H, 2.17 (s, 3 H, 2.8-3.0(m 4 H),
3.16 (s, 1 H, 3.2-3.3 (m 2 H, 3.3-3 .23 (s, 1 H, 7.25
(s, L H. [err] (10) Preparation of di imethylethyl )- 1,1
-di net hyl - 1((1,2,3,3a,8a[err]) 1,5, 6, dro-2-nmethyl-3-( 1
-pyrrolidinyl )-s-indacen- -yl }si L gnagynat oy.2 c)é‘ 10 N)titanium (10).
N( 1,1 -dinmethylethyl)- 1 1 -di net;fm(—\l;q( 37-tetrahydro- 2- et hyl -
3-(1- pyrroI|d| nyl)-s-indacen-1-yl)silanam (0 4 g, 2.43 mmol) was
stirred in hexane (50 nmL) as n-BuLi (4.86 rﬁlml, 2.43 nL of 2.0 M solution

i n cycl ohexane) was added slowy. This m xtjure was allowed to stir

overni ght during which tinme little preeicpldatg formed. The volatiles were
removed resulting in the isolation of a rk 15 resi due. This residue was
then dissolved in THF (30 nL) and added dropwise to a slurry of TiCd[err]
(THF)[err] ( 0.90 g, 2.43 mmol) in THF (50 nk% This mxture was allowed to
stir for 1 hour. Pbd[err] (0.37 g, 1.32 mml) 'was then added as a solid
and the mxture was allowed to stir for an additional 30 m nutes. After the
reaction period t hePncphratibri eS(NN(ar t-dimethylethydnd | diveethel 1-due2,388,78x)2act ed

and filtered using tolu Renmoval of the toluene resulted in the
i sol ation &f amahykR- (llﬁﬂﬂh@"ylfﬁl%'ﬁdé%ﬂdﬁ@?‘lﬁ%“'“amp -)-Njdimethyltitanium, (29).

In the drybox 0.65 g (1.42 mmol) of dichloro(N-(1.1-dimethylethyi)-1,1-dimethyl-1-

((1,2,3,3a,7a-1n1)-2-methyl-3-(1-pyrrolidinyl)- | H-inden- I -y])silanaminato(2-)-
N)titanium was dissolved in 40 mL of Et9O. To this solution 1.00 mL (2.98 mmol) of

MeMgl (3.0 M) was added dropwise while stirring over a 5 minute period. The
10 solution changed color from black to very dark red. After the addition of MeMgl was

completed, the solution was stirred for 1 hour. Et2O was removed under reduced

pressure and the residue was extracted with hexane (2 x 20 mL), the solution was
filtered and the filtrate was evaporated to dryness under reduced pressure to give

0.45 g (78 percent yield) of brown-red sticky residue.

15 IH (CgDg) & -0.03 (s, 3H), 0.54 (s, 3H). 0.64 (s. 3H). 0.86 (s. 3H), 1.50 (s,
9H), 1.62 (m, 4H), 2.15 (s, 3H), 3.22 (m, 2H), 3.58 (m. 2H), 6.86 (1, IH, 3Jy.u=7.6

Hz), 7.06 (t, 1H, 3]yu = 7.5 Hz), 7.55 (d, 1H, 31, = 8.8 Hz), 7.70 (d, 1H, 3Jy.n = 8.6
Hz).

13C{H)(C4Dg) 5 6.35, 6.99, 16.41, 26.14. 34.47, 52.12, 52.58, 54.81, 57.92.
20  85.58,124.36, 124.43, 125.04, 126.83. 127.86, 129.68. 132.79, 141.06.
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then slurried in hexane and cooled to OC overnight. The m xture was then
filtered rewolgsiose7i n the isolation of a black nicrocrystalliPEI/EBVAYT Thi s
procedure of slurrying -118 - WO 98/ 06727 :
PCT/ US97/ 13170 i n igxagipte B then cooling before filtration was repeat ed
and then the bl ack conpound was dried under vacuum (0.37 g, 33 percent
yield). 1HNWR (CDCl[err]) [err] -0.78 (s, 3 , 0.84 (s, 3 H, 1.32 (s, 9
H, 1.5-2.2 (m 8 H, 2.59 (s, 3 H, 2.8-3.15377 6 H, 3.8-4.0(m 2 H,
4.1-4.3 (m 2 H, 7.42 (s, 5 1H, 7.74 (s) 1 H. Exanple 4 [err] (11)
Preparation of (N-( 1,1 -dinethylethyl) -Mmé+——4Si-di-Met hyl -
1-((1,2,3,3a,8a-[err])- 1,5,6,7- 10 tetrahydr¢-2-nethyl-3-( 1
-pyrrolidinyl)-s-indacen- 1 -yl)silanam nato(g-)- N)ydinethyltitanium (11).
Dichloro(N-( 1, 1-dimethylethyl )- 1,1 -di meChyTCy1l - ((
1,2,3,3a,8a-[err])- 1,5,6, 7-tetrahydro-2-nethyl - 3-(
1-pyrrolidinyl)-s-indacen- 1 - yl)silanam na{ 2-)-N)titaniun(0.37 g, 0.76
nmol ) was stirred in diethylether (50 nmL) as MyBr (1.53 nmoles, 1.02 nL
of 3.0 Msolution in diethylether) was added 15 slowy. This m xture was

then allowed to Stilfreéa‘?ﬁudh &‘fquehxo/atmggcﬁoh@xﬁqaﬁafneemmungﬁuﬁéﬁ@zoaok@akl es

were renoved and the Tesidue was extracted and filtered using héxane. -
Renoval of 5t helrfisokaina 2563l flask 600 nile (499d@%hmot) obdichheodiesthiydsilane sadsict as a

E gd ?),OH) d 05é%1(r§<’i 1r3alpbu?r866nt %/"Igﬁ%:g)rg)lggé{lgE]g(ngﬁn@%%OO()[g (5r7] (’}8 Lm?nrorl;ofo' 038
lithium cyclohexylamide was added as a solid slowly and stirred overnight. The THF
was removed under vacuum leaving a cloudy solution. Hexanc was added to this
mixture and the solids were filtered off and washed with hexane. The hexane was then

10 removed from the filtrate under vacuum leaving a clear light yellow product weighing

9.18 g. Yield 84 percent.

1H (CgDg) & 0.28 (s, 6H), 0.82-1.20 (m, 6H). 1.37-1.50 (m, 1H). 1.50-1.60

(m, 2H), 1.81 (d, 2H, 3/y.4 = 10.0), 2.64 (m, 1H).

13C{IH}(CgDg) & 2.27, 25.65, 25.89. 38.04. 50.67.

O
0

. _—Me
Me Si

15 HN—Cy

(30
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200 H), 1.54 (s, 9 H, 1.5-1.8 (m 8 H), 2.21 (s. 3 H, 2.6-2.9 (m 6

H . 3.2-3.20(/ba0értd . 3.7-3.8 (m 2 H), 7.53 (s, 1 H, 7.68 perubsthstre VO
98/ 06727 PCT/ US97/ 13170

EX | 5 . i _ . _ _ . . . .
According Lo the oEtErERes of Necrslofeo b ARG BE g 1 den-

formation of Examathide, (31)Y T PUEHNGE IEllord-N-cyekBexyTul, )-disiethylsitaiagthen t h
Tid[err] (1435 g, 715¢.§ rr)TymI_) in 400 niL o? CI—IE%?r]EJ%r?] at % [err}cc:\.M
1- I ndanone (1@36!g, 1883énmob i) | MbmLad J&F, dt( 1ths-dndeayppyrmelidiec, dithiumtsalt

wor ked-up. a1 1 4800 5 338arERoR ShsPEe et bbras I Wi pRasdaea Somgke. B

- al i p i X .
renoved bycrot j I | ' T i
Fesi duc wad ¢ ol T YRR RRC abesfongl TET W cRd THBGhclon ey i
through dry Calvetigtardehenahe solecht masaémoved wrdededpeaichressute2 Ohegaoducoivay .
The product was distilled through a 6" Vigreaux colum to afford pur

product (11. 0Extactsd withffoml- of hexanegad fillgredy iHaxgne wasramaysd updenregiicsd| (os
area percent enani ne hy nal ysi s, =.14
[Hg)rrw (1 ng:Id[ ejfESYZ[ lr?‘]‘%?si&wi%“‘,%‘agelid t?'%}uéﬁa{%{hﬁ“%&m 4%‘%,‘”%‘%"'9‘."?

, 7. , LeaTti fd%3al. - , _ : , 2H, J =
2y . 504 (1 S AR G B et Dby
13C([err]H (CDA [err])[err] 154.0, 144.4, 141.7, 125.6, 124.6, 124.1,
119.8, 10808, 52.3, IBFCEDRE-E01 @43H), 0:078(s, 3H), 0.36 (s. 1H), 0.80-1.30 (m, 7TH),

1.41-1.92 (m, 8H), 2.52 (m, 1H), 3.27 (m, 4H), 3.396 (s, 1H), 5.384 (s, IH), 7.252 (m,

2H), 7.586 (d, 1H, 3.4 =7.1 Hz), 7.717 (d, 1H, 3Ju.n =74 Hz).

13c{1H)(CgDg) &-2.539, -1.771, 25.286, 26.021, 26.115, 39.071, 43.603,
50.682, 51.067, 104.480, 120.944, 123.736. 123.797, 124.557. 141.484. 146.923,

<
%™

Si/Me

15 149.284.

Me—

LIN—Cy
(32)

Preparation of (1-((cyclohexylamino)dimethylsilyl)-3-(1-pyrrolidinyl)-1H-
indenyDlithium, lithium salt, (32). In the drybox 5.23 g (15.36 mmol) N-cyclohexyl-
20 1,1-dimethyl-1-(3-(1-pyrrolidinyl)-1H-inden-1-yl)silanamine was dissolved in 100 mL
of hexane. To this solution 24 mL (39.39 mmol) of n-BuLi (1.6 M) was added

dropwise. Upon complete addition of the n-BuLi the solution was stirred overnight.

-136-



WD 98/ 06727

PCT/ US97/ 131/ dsmistdy (13) Preparation of PCT/US97/13170
(3-(1-piperidinyl)-1Hindenyl)lithium (13). 1-(1Hinden-3- yl)piperidine
(3.00g, 15.1 nMijelresifidn rﬁéﬁitéféd/ak Bollextdl-vi@ FilttRioAN &aded withl100-mP offrexa
n-BuLi (1.09 eq) was added dropwi se via syringe over a 5 mnute perio The
sol uti on devel apédriad yaddroedupedpicpiuratoegivg S 1tghel ydd:ut sadid. dfield o Iﬁdrféﬂt 0.5
m. of n-BuLi. The resulting slurry was allowed to stir 24 hours. After this
time the solid was filtered, washed with 50 nL of hexane and allowed to dry
I n vacuo overnight to afford the desired anion as a yellow solid (2.96g,
14.3 mmol) in 95 percent yield. 10 [err Lon of N-( 1,1
-dinethylethyl)- 1, 1 -dinethyl- 1 -(3- Lo 1 H inden- |
-yl')silanamine, (14). (3-(1 -Piperidinyl)- ndenyl)llthl um (2.96 g, 14.4
15 mmol) was dissolved in 40 nL of THF ahd added dropwi se to a sol ution
of N-(tert- butyl)-N(1l-chloro- 1, 1 ”ﬁ thyT's4.lyI)am ne (3.20 g, 19.3
mmol) in 30 mL of THF over a 45 ninute' perigd, Wit h stirring continued for
25 hours. The solution was evaporated in vaguo to give a dark red oil which

was di ssolved in hexane (100 m.). Lid 121-

5 | (33)

Preparation of dichloro(N-cyclohexyl-1.1-dimethyl-1-((1,2,3,3a,7a-1)-3-(1-
pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)titanium, (33). In the drybox 421 g
(11.35 mmol) of TiCl3 (THF)3 was suspended in 80 mL of THF. To this solution
4.00 g (11.35 mmol) (1-((cyclohexylamino)dimethylsilyl)-3-(1-pyrrolidinyl)-1H-

10 indenyD)lithium, lithium salt dissolved in 25 mL of THF was added within S minutes.
The solution was then stirred for 45 minutes. After this time 2.05 g of PbCly (7.38
mmol) was added and the solution was stirred for 40 minutes. The THF was then
removed under reduced pressure. The residue was then extracted with 70 mL of
toluene, the solution was filtered, and the toluene was removed under reduced

15  pressure. The residue was then triturated with 30 mL of hexane and the precipitate

was collected via filtration, washed with 30 mL of hexane and dried under vacuum to

give 3.79 g of deep purple-black solid. Yield 73 percent.

TH (C¢Dg) 80.53 (s, 3H), 0.62 (s, 3H), 0.93 (m, 3H), 1.18 (m, 2H), 1.39-1.69

(m, 7H), 2.01 (d, 1H, 3/ = 12 Hz), 2.19 (d. 1H. 3/yy.y = 12 Hz), 3.21 (m, 2H), 3.54
20 (m, 2H), 4.601 (m, 1H), 5.64 (s, 1H), 7.02 (t, 1H, 3/yy = 6.9 Hz), 7.08 (t, 1H, 3/ =
6.6 Hz), 7.60 (d, 1H, 3Ji.u = 8.3 Hz), 7.65 (1, 1H. /.4 = 8.5 Hz).
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WD 98/ 06727
PCT/ US97/ 1@67&&1,{ tered fromthis solution and the sol vent \Q@fnfss‘ﬁi%\iﬂfj in
under vacuumovernight to give N-(tert-butyl)-N( 1,

1-di met hyl - 1- ( 3- Iy 1-inden
a dark bﬁr gunc(jy gi P&‘rﬁ%@‘q?@g; d 1y3: éq))c/?S)f[s"e?gPﬁ(%ﬁ%& ﬁ%@@e?&ﬁ 5[3&15P9‘?358
(t, 2H, J= 7.27 (¢t 1H, J=5 7.5 Hz),
5.73 (d, 1H lgéli% f%ﬁz‘ﬁg,z’lgé-é%*’(l?g9zzllﬂ7j3-12§rﬁ)z7) 1;63%‘%31‘&?1%1 1.63 (p, 4H J

= 5.5 Hz), 144 (p, 2H, J 5.5 Hz), 1.09 (s, 9H), 050(broads I H),
0.36 (s, 3H) - %‘;a,(n 3 - [err]C([err]H)(C[err]D[err])[err] 153. 10,
146.1, 141.5, 124 ?Eﬁ 1, 123.8, 120.2,112.2, 49.6, 44.2, 34.1, 26.7,
25.3, 0.4, -0.5. [err] 10 (15) Preparation of (1

-(((1, 1-di net hyl et hyl ) am no) di net hyl -3-( i dinyl)-
1Hindenyl)lithium lithiumsalt, (1 1:?-];2?4 73 g (14.4 mol ) of
N-(1,1- dinmethylethyl)- 1,1-dirrethy| =( 1-pi peridinyl)- 1H i nden-

. q&Hshexane To this solution

-1
1-yl)silanam ne was 15 di ssol ved in
17.00 mL (34 mmol) of n-BuLi (2 M” hé S'di?a wi se. Upon conpl ete
addition of the n-BuLi the solution was verni ght. The resulting
precipitate was collected via filtration, vvashed with hexane (2 x 30 ni)
and dried under reduced pressure to gi 4.70 g of yellow solid. Yield 96
percent. -122- WO 98/ 06727

PCT/ US97/ 13170

5 (34)

Preparation of (N-cyclohexyi-1,1-dimethyi-1-{(1,2,3.3a.7a-1n)-3-(1-
pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium, (34). In the drybox
0.70 g of dichloro(N-cyclohexyl-1,1-dimethy!-1-((1.2.3.3a.7a-n)-3-(1-pyrrolidinyl)-
IH-inden-1-yl)silanaminato(2-)-N)titanium (1.53 mmol) was dissolved in 40 mL of

10 E1p0. To this solution 1.07 mL (3.21 mmol) of MeMgl (3.0 M) was added dropwise

while stirring over a 5 minute period. The solution changed color from black to dark
red. After the addition of MeMgl was completed. the solution was stirred for | hour.

Then the Et7O was removed under reduced pressure and the residue was extracted

with hexane (2 x 20 mL), the solution was filtered and the filtrate was evaporated to
15  dryness under reduced pressure to give 0.50 g (79 percent yield) of red crystalline

solid.

IH (CgDg) 8 0.04 (s, 3H), 0.47 (s, 3H), 0.63 (s. 3H). 0.72 (s, 3H), 1.10 (m,

1H), 1.32 (m, 5H), 1.54 (m, 5H), 1.73 (m, 2H), 2.04 (d. 1H. 3.y = 6.0 Hz), 2.14 (d.
tH, 3Jy.4 = 6.0 Hz), 3.26 (m, 2H), 3.40 (m, 2H), 4.37 (m. 1H). 545 (s, 1H), 6.88 (1,

20 1H, 3Jyu=7.6Hz),7.02 (t, 1H, 3Jyu=7.6 Hz), 7.50 (d. 1H. 3Ju.x = 8.6 Hz), 7.78
(d, 1H, 3/ = 8.7 Hz).
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[err] (16) Preparation of dichloro(N-(1, 1 -dinmethylethyl)- 1, 1 -dinethyl-
-((1, 2,3, 3womsjoer27] )- 5 3-( 1 -piperidinyl)- 1Hinden- 1 PCTUS97/13170
-yl)silanam nato(2-)-N)ytitanium (16). (1 -(((1, 1-
D net hyl et hyl ) ani no) dBcgiHy csgd 15)1.68, 6.70;, D5 lsarzsimdss)z 3d54] SEIENWII7I 5By
lithiumsalt (4.70 g, di ssolved in 35 nL of THF was added Wit hin
2 mnutes to a SYINEHEINBIN], Toﬂ7{>e1r2r3]6 Tﬂmeimrsl11‘581113@,161342879%') in 70
nL of THF. After 1 hour of mxing, PbOlerr] (2.50 g, 9.0 mvl) was added
as a solid. The reaction m xture was 10 stirred an additional hour. The
sol vent was then rendxempleber reduced pressure. The residue was extracted
with-70 nL of toluene and filtered through a nedium size glass frit.
Tol uene was renoved under reduced pressure and the resi due was triturated
with 30 nmL of hexane. The black crystalline solifWwa$ %ol lected by
filtration, washed with hexane (2 x 30 nl) and then dij+ed under reduced
pressure to give 4.26 g of product as 1 own-y<ed solid. Yield 69
percent. [err]H (C[err]Dlerr]) [err] O.4 .64 (s, 3H), 1.31 (m
6H). 1.38 (s. 9H), 3.18 (m 2H), 3.58 (Rrg 92 (s, | H), 6.98 (t, 1H,
[err]Jd[err] = 7.54 Hz), 7.09 (t, 1H T[err = 7.5 Hz), 7.52 (d, 1H,
[err]J[err] = 8.5 Hz), 7.63 (d, 1H [err]J[err] = 8.7 Hz).
[err]C{[err]é—l}(C[err]D[err]) [err] 1.35, 4.15, 3§g 35, 26.14. 32.88, 51.62,
61. 46, 92.92, 20 111.79, 125.08, 128.67, 8( 135.42, 151.09. HRVB
(El', Merr]): calcd 444.1038, found 444. 1033 -123 - WO 98/ 06727
PCT/ US97/ 13170 ExanplPeeparation of (3-methoxy- 1H-indenyl)lithium, (35). 3-Methoxy-1H-indene

(9.65 g, 66.04 mmol) was dissolved in 150 mL of hexane. To this solution 50 mL of a

1.6 M solution of n-BuLi was added (80 mmol) within 10 minutes. After 20 hours of
stirring the off-white solid was collected on a medium-size frit, washed with hexane
10 (3 x 30 mL) and dried under reduced pressure to give 9.72 g of product. Yield 97

percent.

(36)

Preparation of N-(1,1-dimethylethyl)- 1-(3-methoxy-1H-inden-1-yl)-1.1-
15  dimethylsilanamine, (36). A solution of (3-methoxy- | H-indenyl)lithium (3.00 g, 19.72
mmol) in 40 mL of THF was added within 30 minutes to a 100 mL THF solution of N-
(tert-butyl)-N-(1-chloro-1,1-dimethylsilyl)amine (3.27 g. 19.72 mmol). After the

addition was complete the reaction mixture was stirred overnight. The solvent was
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[err] (17) 5 Preparation of (N-(1,1 -dinethylethyl)- 1,

1- di net hyl 'was?o%';rlz’ 3,3a,7a-[err])-3-(1- piperidinyl)- -1H i pgersoF317o
-yl)silanamnato(Z2-)-N)ydinethyltitanium (17). In the drybox 0.60 g

1|1 (zzhgogg( %f [1&):?}1 xge%r\rl?cti ?Xcheertrga/ulcla prle’s}uré.d'ﬁ"ﬁreelte@%lué whs e&tracted with hexane and the

pi peri di nyl) - Iihicidd ks ¥itiekads I THRNBIVeAEH & thed rdihdvetiantieredueed Prevstre leafi
dissolved in 40 nL of Et[err]O To this solution 0.95 nL (2.83 nmol) of
MeMgl (3.0 M Safsg afipredudt) YieldrOmpereeatwi th stirring over a 5 minute period.
After the addition of MeMyl was conpleted, the solution was stirred for 60
m nutes. Then the Et[err] O was renpbved under reduced pressure and the

resi due was extractHl(GsDe héevs, 34). 0. 130sBH), 10 ds, B 28/6s,u&B, §.85 (mr ed
and the filtrate was evaporated to dryness under reduced pressure to give
0. 40 g (73sper@®ny.2i(al. dH)0f.52 aij18; Ange=9c HA), 715 (d, 1H, 3y = POrHhHH
((err]Derr]) [err] -0.04 (s, 3H), 0.45 (s, 3H), 0.65 (s, 3H), 0.94 (s.
3H, 1.35 (m 2H), 1.50 (m 9H), 1.53 (br s, 4H), 3.14 (m 2H), 3.3.24 (m
2H), 5.69 (s, 1H), ’@(HQH}(CGDQLS{(bi&,pJf{SeB4.p8,=42726549126)4, 5640600190, 113.68,
[err]J[err]= 7.6 H), 7.5 (d, 1H, [err]J[err]= 8.5 Hz), 7.64 (d, 1H,
[err]J[err] = R3G2i424.94r25]1G, {B®24,) IM4AEO] &38.0D[ err]) [err] 2.40, 4. 84,
24.94, 26.58, 34.68, 51.97, 52.41, 55.07, 58.31, 20 85.16, 108.91,

124. 60, 125.02, 126.33, 128.18, 133.24, 146.27. -124- WO 98/ 06727

PCT/ US97/ 13170 Exanple 7 [err] (18)

9]

Me,s\i.—-Me

Li*

LiN—-Bu
10 (37N

Preparation of (1-(((1,1-dimethylethyl)amino)dimethylsilyl)-3-methoxy-1H-
indenyl)lithium, lithium salt, (37). In the drybox 5.20 g of (18.87 mmol) N-(1,1-
dimethylethyl)-1-(3-methoxy-1H-inden-1-y!)-1.1-dimethylsilanaminc was combined
with 80 mL of hexane. To this solution 23.6 mL (37.75 mmol) of n-BuLi (1.6 M) was

15 added dropwise. Upon complete addition of the n-BuL.i the solution was stirred
overnight. The resulting precipitate was collected via filtration, washed with 50 mL of

hexane and dried under reduced pressuré to give 5.00 g of product. Yield 92 percent.
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Preparation of (N-( 1, 1-dinmethylethyl)- 1,1 -dinmethyl- 1

-((1,2, 3, 3a MOPBPSRY-3-( - 5 piperidinyl)- 1 Hinden- 1  PCTUSITINT
yI) |Ianamnato(2) N)((2,3,4,5-[err])-2,4-hexadiene)titanium (18).
chIoro(N—( 1, 1-dinethylethyl)- 1, 1 @ 1 -((
,2,3,3a,7a-[err])-3-( 1- piperidinyl)- O~ch,

1 yl)silanam nato(2-)-N)titanium (0.50 g, 1. 2&A27mmol) was ‘dissolved in 35 nL
of hexane. To this solution 1.28 nL (11.23 mml\ of 2,4- hexadi ene was
added at once fol | owed by dropwi se adiCtydq of rm-B@MgO (1.35 nm, 10 2. 69
mmol ). The mixture was refluxed for 1H5hou s/a\ en the sol vent was
removed in vacuum The black solid residue wa¢ dissolved in 15 nL of
hexane, filtered and put into the freezer (-27 C) for three days. The

sol vent was then decanted and the | arge,Hsb crystals were washed with 4
nL of cold hexane and dried in under vacuyytdHgive 126 ng (yield 25
percent). 15 [err]H (CJerr]Derr]) [err] 0.73 (s, 3H), 0.94 (s,
3H). 1.09 (s, 9H). 1.22 (d. 3H, [err]J[err] =5.4 Hz), 1.24 (m 2H), 1.37
(m 4H, 1.63 (m I H, 1.79 (m IH, 2.11 (d,(38H, [err]J[err] =54 Hz) ,
2.51 (m 2H), 2.87 (m 2 [e

[err]J[err] = 9.6), EFQP@”(‘@H OfS!thT‘é(N’iljtér’P‘f‘h&]e&\a’l)z ((Illz-3§*b?4’ yPapsthoxy-

9.9),569(s . 3 fdy. I1H 3JH H
= 8.4 Hz), 6.94 ‘(ﬁmdeﬂﬁ% er r] eth&féﬂ&l%& Eg‘ﬂ% 71‘3“@5% G@Iﬁ ([(Qr’]r] J[err] =

9.6Hz). 20 5 Dzmethy[e@l{y}iaﬁlﬂﬂhﬁﬁtwwﬂ)@[ 8imdtho _/)ellﬂllndbn&ﬂ)llthﬁxrﬂ,zhthﬁlﬁa &b (5.00

19. 75, 24.64, 26.15, 34.98, 52.38, 56.43. 79.3 80. 48, 92. 62, 101. 21,

110. 64, 112. 81, glthéaamaldwasdissolpe i B0 mbaf Z3IF. {Egthipsolution HE13 (HF)g6.44

-125- WO 98/ 06727

PCT/ US97/ 13170 Exbirff} mngpl) way gdded as a solid. After 1 hour PbCly (2.42 g, 8.70 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 70 mL

10 of toluene and filtered. Toluene was removed under reduced pressure and the residue
was triturated with hexane. The solid was collected by filtration, washed with hexane
and then dried under reduced pressure. 3.92 g of product was obtained. Yield 57

percent.

1H (CgDg) & 0.41 (s, 3H), 0.58 (s, 3H), 1.33 (s. 9H), 3.71 (s, 3H), 5.70 (s. 1H).

15 7.00 (m, 2H), 7.45 (d, 1H, 3Jy.,y = 8.3 Hz), 7.60 (d, 1H. 3/y.n = 8.3 Hz).

Example 15
- 0
o7 cH,
e o
CH,
H,C
e CHo
(39)
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(19) 5 Preparation of | -(brononethyl)-N-( 1, 1 -dinethylethyl)-

1, 1 - di n@@y&,ﬁ'ﬁﬁnam’ ne, (19). To a stirred solution of 1Gd@Hushr/53032
nmmol ) of (brononet hyl)chl orodi et hyl sil.ane in 200 nL of diethylether a

olution of 7.80 04 ] ' r.
added. A whit e s0?‘."33’%2%%%?@*%k@!fg%{??%@%@gﬁ @‘%g?%ﬁé‘?}%ﬁk%&?ﬁ?&%ﬁs
stirred over nl'-smtL,lidixhétﬁylenhﬁahﬁm@m-)aNjcﬁmemgﬂdhmmnf 39). a.6d gtdi@ﬂ&‘ngqul-WaS

renoved under reduced gressure to give 11.06 g of colorless liqui Yield

93 percent. [dimethylgtayled ([ IR.8:3a]7p-1Det-niet@xy3 H-indest)yl)-0,187 (br s, 1 H),
0.99 (s, 9H), . 2.25 (s, 2H). re]l. 1 rr err]) [err] -0.47, 19.75,
33.87. 49.51. d'[ftsﬁmlﬂ‘%“g“{f??@fégr@b@ﬁ‘&{% gl%gfm\l\% pas %QSB‘ERW)W AP ml ofiEt70.
-dimethyl - 1 -((3-tetrahydr Q- 1 - lyl- 1. H 1 | o

-i ndenyi ) et h}9 §@$ WP?%@/%@& t'éo‘jl?M?Mgg}/ﬁ’&f%F added, fropissrwish siirsing oves 61
mmol ) -126- : ; " .

P Uso i 3172 e ?g'r?‘c?)d?r‘rolr{%?"h@"l'?‘flﬁ’?" 9 the addition plihc MeMel thg solption was

- di net hyl si | an@redrfer 4hmddutes. After This timesthk B1) O wad frerdo @4 u@dérirédcedrpr@dsireof
1-(1H 3-indenyl)pyrrolidine, lithiumsalt in 30 nL of THF was added w thin

5 m nut es. Thandrthecdsidue wasekuracdediwitk dwrzheattrostutiah was ditteredlaadnisafiltracwas
m xture was stirred overni ght and sol vent was renpved under reduced 5

pressure. ThetYapeTataddo danessundsr redyced pRssyer 2ivg 0-Ae g gharoduet. 1 Yield36d.
Hexane wag, re&g}g&q | eaving 4.88 g of red oil. Yield 100 percent.

IH (CgDg) 8 -0.24 (s, 3H), 0.41 (s, 3H), 0.58 (s, 3H). 0.83 (s, 3H), 1.47 (s,
9H), 3.54 (s, 3H), 3.23 (m, 4H), 5.46 (s, 1H), 6.95 (m. 1H). 7.06 (1, 1H), 7.48 (d, 1H.
3Ju.n = 8.5 Hz), 7.78 (d, 1H, 3/, = 8.5 Hz).

Example 16

15

PPh,

(40)

Preparation of (1H-inden-1-yl)diphenylphosphine. (40). In the drybox lithium
indenide (8.00 g, 65.52 mmol) dissolved in 50 mL of THF was added within 15
20  minutes to a 180 mL ether solution of diphenylchlorophosphine (14.46 g, 65.52 mmol)
(diphenylchlorophosphine was distilled before use (97 °C @ 0.4 torr)). After stirring
overnight, LiCl was separated by filtration giving a yellow solution. Solvent was
removed under vacuum leaving an off-white solid. This solid was triturated with 40
mL of hexane. Hexane was removed by decanting and the solid was dried under

25 reduced pressure to give 16.43 g of off-white solid. Yield 84 percent.
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[err]H (CJerr]Derr]) [err] 0.18 (s, 3H), 0.18 (s, 3H), 0.48 (s, 1H), 0.84
(dd, 1H [erwbMdsmeidr = 14.6 Hz, [err]J[err] = 10.2 Hz), 1.10 (PCT/BYy/1317036
(dd,” 1H, [err]J[err] = 14.6 Hz, [err]J[err] = 4.4 Hz), 1.58 (m 4H), 3.26
(m 4H), 3.67 (m 1 H), 5.25 (d, 1 H, [err]J[erPRrn= 2. 4 Hz), 7.20 (m 10
2H), 7.38 (d, 1H, [err]Jd[err] = 7.1 Hz), 5 (d, 1Hs [err]Jd[err] = 6.8
Hz). [err]{1H(Jerr]Dlerr]) [err] 2.9 8 23-72, 25.62, 34.14, 43.34,
49.59, 50.36, 108.05, 120.94, 123.44, 12 d,( }26.04, 141.55, 148.68,
152.43. [err] (21) 15 Preparati®a- o~ (1, 1-dinethylethyl)- 1,
1-dinmethyl -1-((3-(1-pyrrolidinyl)- 1H inden-1-yl)nethyl)silanam ne,
dilrthiumsalt, (21). In the drybox 4.88 g (14.86 mmol) of N( 1, 1

“dimethylethyl)- 1, 1 -dinmethyl- 1 -((3-(1-py@dlidinyl)- 1Hinden- 1 -
yl') met hyl ) si | anam ne was conbi ned vvlth 70 mL of hexane. To this solution

23.2 nL (37.2 mrml) Polpaafdiidr ({ }dlgy%gaggg%@g@emmaggn&fm 41 £ HAnLBA - 2

short time a 20 ow precipit ete a Ion o

the n-BuLi they BQipHEh)ﬂ?hdb@ﬁméf(i OO%Qé@BﬁQhﬂioD)hilas disselved Shlh intiR@ire/6f 0OMIL of
precipitate waS collected via filtration, washed -127- WO 98/ 06727

PCT/ US97/ 133 70ethet and360 mL. QﬁhchmneBahdﬂeBrSu ml. ihdemmaeliwesaddsdde thermixture

give 5.05 g (100,pe ent eIIo
Preparati on of % dﬁhgfhi(g ‘%H‘}f S“Eﬁ"ﬁﬁa W‘i“é%ﬁﬂ ?rec’fnLLf apg?“%‘?éf Eiveni was
-(((1,2,3.3a, 7?€mt{>\%dr\]nhm3reﬁuée'd$f6§sﬁﬂe'lé’dv'ﬁ')@ d wak él'ﬂ:dﬁ’ Residue. This residue was
1- yI)rrethyI )silanam nato-(2-)-N-)titanium (22).
triturated with 120 mL of hexane for 15 minutes. The hexane solution was decanted
and the residue was dried under reduced pressure to give 4.45 g of off-white solid.
10 Yield 87 percent.

PPh,

Preparation of N-(1,1-dimethylethyl)- |-(3-(diphenylphosphino)- 1H-inden- -
yb-1,1-dimethylsilanamine, (42). (1-(Diphenylphosphino}-1H-indenyl)lithium (4.45 g.
15  14.53 mmol) dissolved in 40 mL of THF was added within 15 minutes to a 100 mL
THEF solution of N-(tert-butyl)-N-(1-chloro-1,1-dimethylsilyl)amine (3.37 g, 20.34
mmol). After stirring overnight a red solution resulted. Solvent was removed under
vacuum to give a red oil. The residue was extracted with 35 mL of hexane and

filtered. Hexane was removed leaving 6.12 g of red oil. Yield 98 percent.
20 I'H NMR (CgDg) 8-0.10 (s, 3H), -0.07 (s, 3H), 0.42 (s. 1H), 1.01 (s, SH), 3.59
(m, 1H), 6.56 (m, 1H), 7.0-7.2 (m, 8). 7.54-7.66 (m, 6H).
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the drybox 5.50 g (14.85 mmol) of Tic[err](THF)[err] was suspended in 80
m. of THFgd '-,s solution 5.05 g (14.85 mol ) of N-(1,1 -gdmeddmsephy!)-
1,1 -dinethyl- -((3-( 1- pyrrolidinyl)-1Hinden-1-yl)nethyl)silanan ne,
dilithiumsalt d| f THF was added within 5 m nutes.
The sol ution was ﬁ%gnﬁgﬁﬁ%&?ﬁt%%ﬂég’ﬁ After this tine 2.68 g of
PoCl[err] (9.65 mmol) was added and the solution was stirred for 60

m nutes. The THF was then renoved under reduced pressure. The residue was
then extracted with 60 nL of toluene, the solution was filtered, and the
tol uene was renpved under reduced pressure. @ residue was then triturated
with 50 nL of 15  hexane and the precipi as® collected via filtration
on the frit, washed with 25 nL of col | nd dried under vacuumto
give 3.65 g of black solid. Yield 55 pgrcahty [err]H (C[err]D[err]) [err]
0.37 (s, 3H), 0.51 (s, 3H), 1.46 (s, 153 (m 4H), 2.25 (d,
[err]J[err] = 14.5 Hz), 2, 49 (d, [err]J[ertd—ne14.5 Hz), 3.35 (m 2H),
3.62 (m 2H), 5.63 (s, 1H. 20 7.07 (m 2H). 7.35 (m IH), 7.56 (m IH).
[err]C{1 HH(C[err]Dlerr]) [err] 6.19, 7.08, u8—-88, 25.88, 33.46, 50.42,
61.30, 100.59, 119.33, 120.91, 125.009, 126 07, 126.86, 127.42, 146.10.
-128- WD 98/ 06727

PCT/ US97/ 13170 Exanple 9 [err] (23) Prepargﬁ Yon of (N-( 1, 1

-dinethylethyl)- 1, 1 -dinethyl - -(((1,2,3,3a, 7a-[err])-3-(1 - 5
pyrrolidsnyl) - 1H>xtﬁai@tﬁbn df(l (((1 1- Dlemthy]ethyl)ammo)dnmethé/lsllyl) -3-
-yl) met hyl ) si | anam hat o- ( di net hyl -titani um

(d:phenylphosphmo)—l -1ndenyl)hth|um lithium salt, (43) N- (l I-Dimethylethyl)-1-
(3-(diphenylphosphino)-1H-inden-1-yl)-1,1-dimethylsilanamine (6.73 g, 15.67 mmol)
was stirred in hexane (100 mL) as n-BuLi was added dropwise. This mixture was
allowed to stir overnight during which time an off-white precipitate formed. After the
10 reaction period the mixture was filtered. The desired product was isolated as an off-
white solid which was washed with hexane and dried under vacuum and used without

further purification or analysis (6.04 g, 87 percent yield).

% PPh,

HaCtre1Si \

H;C/ \ Tivmgl

Ci

(44)

15 Preparation of dichloro(N-(1,1-dimethylethyl)-1-((1.2.3.3a,7a-n)-3-
(diphenylphosphino)-1H-inden-1-yl)-1,1-dimethyisilanaminato(2-)-N)titanium, (44).
(1-(((1,1-Diemthylethyl)amino)dimethylsilyl)-3-(diphenylphosphino)- 1H-
indeny!)lithium, lithium salt (3.00 g, 6.80 mmol) in THF (25 mL) was added dropwise

to a slurry of TiCl3 (THF)3 (2.52 g, 6.80 mmol) in THF (50 mL). This mixture was
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In the drybox 0.60 g of dichloro(N-(1, 1 -dinmethylethyl)- 1, 1 -dinmethyl- 1
-(((1, 2, 3, 3awes/igézzr ] ) - 3-( 1-pyrrolidinyl)- 1 Hinden- 1 - PCTAUS97/13170
-yl)mathyl)silanam' nato-(2-)-N-)-titanium (1.35 mmol) was dissolved in 40
nL of Et20 Totiehiaflowed us stirfod1 8. b2 (B84 BI3140 AnoNRME! thémadlielhs ¥aslid
added dropwi se while stirring over a 5 mnute period. The 10 sol ution

changed col or hfdthelhixaite was didswed Rdtir fdriaaraddhnadisiucl Afitep thelYeAdiion\Wafiod
conpl eted, the solution was stirred for 1 hour. Then the Et[err] O was
removed under ﬂ@dﬁ%@ideﬁoY’%T%EH‘@V%dtth%f%@Fd@é exkactedcandafiitered wsing thesngne (2

20 mL), th |t | £ d d

inder roduced BARSYRRY Byt Kt il R icclaen A el MRSt s fesiene 15
H , \ 2

E :‘r r ]3H) ( C[leSS 2] ?X&EHE&?]V%&%M lzégcaﬁégtdll?eneqm v/?, rﬁ&élgrré an@‘e”ifrltepefor&? pro%?%ur%%ﬁg

(d. [err]J[err }epeat;:dr&uklmg ma hBB)oganeonH)soluﬁo:Bﬁh(cﬁx wailsH)oolea (AB°Cyovedhight 7. 22

(m 1H), 7.64 (m,  1H) err] H}(C[ferr]D[err]) [err] 6.55, 7.23, 17.21,

25.92, 35.21, Houbing l?,ihe%ec’ﬂ?ﬂtm 8 oily resigyieeiich pigs Holatertiy, desantimpaviay,

122.92, 123. 66, ]s%ﬂn%ﬁan%a?élig %ac?hjugn §3013%2§4 perccr}{\?mqg{ 06727

PCT/ U897/ 13170 reparati

1- (2-nmet hyl - 1H 3-i ndenyl rrolidine, 2-Methyl-1- 5 I ndenone (25 g,
171 mol ) was di sso?ﬁ%yzﬁ?ﬁ)ﬂo b&(saﬁﬁ—ﬁgir%%(sb bnb28T50 9 H).s648I(ut 1 &), 50
mL of pyrrol i diene was added. The reaction mxture was refluxed using a

Dean- St ar k1@ raﬁ&?gl(@d I&%Hk 4A nol ecul ar sieves for 10 d. GC anal ysi s
showed t hat

31p{1H } NMR (CgDg) §-17.49.

Example 17
3 pPh;
HaCirre \
/ Tiees "CH
HaC \ c:43
HaC ‘
Hie  CH3
(45)
15 Preparation of (N-(1,1-dimethylethyl)-1-((1.2.3,3a,7a-1)-3-

(diphenylphosphino)-1H-inden-1-yl)-1,1-dimethylsilanaminato(2-)-
N)dimethyltitanium, (45). Dichloro(N-(1,1-dimethylethy})-1-((1,2,3,3a,7a-1))-3-
(diphenylphosphino)-1H-inden-1-yl)-1,1-dimethylsilanaminato(2-)-N)titanium((0.36 g
0.660 mmol) was stirred in diethylether (50 mL) as MeMgBr (1.46 mmol, 0.49 mL of

20 3.0 M solution in diethylether) was added dropwise. This mixture was then allowed to
stir for 1 hour. After the reaction period the volatiles were removed and the residue
was extracted and filtered using a hexane/toluene (1/1 v/v) mixture. The volatiles

were then removed under vacuum and the residue was redissolved and filtered using
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conversion was on the order of 70 percent. The solvent was distilled off

and the regighgeyss distilled under reduced pressure (1.5 Teidnuse?/isa7éi r st
fracti on was obtained 10 at .84 [err] C whereas the desired conpound was

Sglr L gﬁi _ed[ 2? rf%’? Cg&%mogal @rur%e Mé:?gg rr&hnwid m&vléonﬂah%gwggi %@«?@ﬁgmé@ 82 (s,

2H) . 3. 29 (nmdarkHd oit.(0.18 gt ,53bblrcchey1elde[err] = 7.0 Hz), 7.23 (m 2H), 7.45
(d, [err]Jd[err] =7.7 Hz). [err](1H(err]Derr]) [err] 14.68,

25. 61, 41. 89, 509 . ‘e 1231 8R, 4 : : o1 61
143.50, 145. 00. [2?{&11%@?@61?? %68(5 %\%’9@7232)@23’1"8' 057 . 38 V%' 4%,
PCT/ US97/ 131 atd 1 pyrrolidinyl)- 1

H i ndenyl ) I i 5% 8?95) 15(3%6{?%@@ 1tﬁ%enyl )pyrrolidine (16.276 g,
81.67 mml) was st[_Je? ?Pn@ hexane (250 nL) as n-BuLi (98.0 mmol, 49.0 nL of
2.0 Msoltition in ane) was added dropwi se. This m xture was al |l owed
to stir overnight during which tinme a 5 precipitate fornmed. After the
reaction period the mxture was filtered. THedesired product was isol ated
as a pale yellow solid foll owi ng washi ng wi{{ h Hexane and dryi ng under
vacuum and was used wi thout further purificayton or analysis (14.51 g, 87
percent yield). [err] 10 (26)

(46)

Preparation of 1-(1H-inden-3-yl)pyrrolidine, (46). According to a modification
of the procedure of Noland et al (Noland, W. E.; Kaneswaran, V. J. Org. Chem. 1981,
10 46, 1940-1944.), 1-indanone (25.0 g, 0.189 mol) and 50 mL of pyrrolidine which had
been dried over 3A sieves were added to a 500 mL, 3-neck flask equipped with an
overhead stirrer, Dean-Stark apparatus and condenser which was maintained under a

dry N5 atmosphere. Benzene (200 mL dried over 4A sieves) was added and the

solution was brought to reflux for 30 hours. At the end of this period 1H NMR

15 analysis of a reaction aliquot indicated a 93:7 mole percent ratio of desired product to
starting material. The bulk of the solvent was removed in vacuo and the crude dark
product was distilled (6" Vigreaux column) to give pure enamine as a light yellow oil
(24.3 g, 0.132 mol) in 70 percent yield. This compound was both air and water
sensitive and was transferred to the dry box upon distillation. Capillary GC analysis

20  indicated a hexane solution of distillate to be of 99 area percent purity: bp=125-127°C
@ 2.0 mm, bp. lit=118-120°C @ Imm;

IH (CgDg) 57.61 (d, 1H, J=7.4 Hz), 7.39 (d, 1H, J=7.4 Hz), 7.24 (1, 1H, J=7.4
Hz), 7.17 (t, 1H, J=7.4 Hz), 5.07 (s, 1H), 3.41 (m, 4H), 3.31 (s, 2H), 1.94, (m, 4).
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Preparation of N-(1, 1 -dinethylethyl)- 1,1 -dinethyl- 1 -(2-neth I-3-$1 -
pyrrolidinylweegoérrnden-. 1 -yl)silananmne, (26). To a sol uti BETESIMIT0 1
-di net hyl ethyl)- 1-chloro-1, 1-di net hyl -silanam ne (4.27 g, 25.75 mmol) in
100 mi of THFE (2- metdy| ikEeDe}5 (149 By 141 1 iy li2s B 2dlemsly) hod bi op.4, 3. 52
g, 17.17 mmol ) dissolved in 58 mL of THF was added within 3 mnutes. The
color of the s¢bptigs Wecanme yel | oworange. The reaction mxture was
stirred overni ght and then the solvent was rempved under reduced pressure.
The product was extracted with 80 nL of hexgheyfiltered. Hexane was
removed under reduced pressure and the flas wap attached to a high-vac
line (10[err] 20 torr) overnight to renpbvenexcess starting material. The
yield of product was 5.54 g. 98 percent. -13/- WD 98/ 06727

PCT/ US97/ 13170 [err]H (C[err]Derr]) Eer 0796 (s, 3H), 0.09 (s, 3H),
0.40 (s, 1H), 1.04 (s, 94, 1.77 (m .Y (s, 3H), 3.14 (s, 1H), 3.25
(m 2H), 3.39 (m 2H), 7.15 (t, 1H | efr] = 7.3 Hz), 7.23 (t, 1H,
[err]J[err] 7.4 Hz), 7.48 (d, 1H, [err]Jd[err] = 7.2 Hz), 7.50 (d, 1H,

[err]Jd[err] 7.1 Hz). 5 [err]{1 &C[err]D[err]) [err] 0.17,
1.07, 15.63, 26.00, 33.81, 48.59, 50.00, 5723, 1 19.52, 122.63, 123. 86,
124.55, 133.96, 142.73, 143.12, 144.16. (27) 1 0 Preparation of (1

-(((1,1 -di et hyl et hyl )am no) di met hyl si |l yl) net hyl) -2-net hyl -
3- (1- pyrrold di nyl) - Pidpamademypf {1I-{l-pyreohidinyil}- hHeindegll dithig@7§4.7).1 n thiadrydboy Bdk

5.54 g (16.36 mmul ) of ~dinethylethyl)- 1,1 -di pethyl-

T (2- et hyi - 3-8 089 pyreiopt b indenss pDPyriututing weg b ned S 120 fels OEesBt v e

in 100 i of hexafesoidfod 5%niS P18 hiol}6f O-BHLI (2.0 M) was added dropwise. Upon
complete addition of the n-BuLi the solution was stirred overnight. The resulting
precipitate was collected via filtration, washed with hexane and dried under reduced

10  pressure to give 3.61 g of product. Yield 99 percent.

(48)

Preparation of N-(1,1-dimethylethyl)- 1, 1-dimethyl-1-(3-(1-pyrrolidinyl)- 1 H-
inden-1-yl)silanamine, (48). A solution of (1-(1-pyrrolidiny})-1H-indenyl)lithium
15 (3.30¢g, 17.25 mmol) in 40 mL of THF was added within 30 minutes to a 100 mL THF
solution N-(rerr-butyl)-N-(1-chloro-1,1-dimethylsilyl)amine (2.86 g, 17.25 mmol).
After the addition was complete the reaction mixture was stirred overnight. The

solvent was then removed under reduced pressure. The residue was extracted with
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(39.8 mol ) of n-BuLi (1.6 M was added dropw se. Upon conpl ete addition of
the 15 Nwigdglostd¥e sol ution was stirred overni ght. The resplirhidd713170.
precipitate was collected via filtration, washed with 100 nL hexahe and
dried under mhegifeomdRhEssItHich W ' ARl ' '

I s i £ filtet€d. ATRe sclvéth was kleAemBddnddt Rlalcd3

PCT/ US97/ 131 piessuereriéavimB). 1 Pgexd prasiuconYielfd 96 partemto(N- ( 1, 1- di et hyl et hyl ) -

1, 1 -dimethyl- 1 -((1,2,3,3a,7a-[err])- 2-methyl-3-( 1-pyrrolidinyl)-
1Hinden- 1 -yl)siJanam nato(2-)-N)titanium (28). In the 5 drybox 4.91 g
(13.24 mol ) of Ti’@l[@ﬁﬁé)f(ﬂiﬂffiisg 8H),|0.0%6s. SH3peditisd9H )y 288 (i, 486, T#F(mTo this
solution 4.51 g(13.24mmol) (1-(((1, 1-

di met hy| et hy l4HBD5.20Xsli 1D} Nk sl ), Testod] YH23 1t Jay!ﬂéiz)(7.?¢emf,rv}pl3ug.hm.7_- 1H
i ndenyl)lithium lithiumsalt dissolved in 30 nL of THF was added within 5
m nutes. ¥he &l ution was then stirred for 55 mnutes. After this tine 2.39
g of PbC[err] (8.60 10 nmol ) was added and the solution was stirred for
55 minutes. The T % was t hen renmpved under reduced pressure. The residue
was then extract ed it H{GsDa) &% 71.4-2R6,1% %%d%ﬁﬁ?éﬂ-ﬁﬁa%‘i-m.|58é10e8j‘}-15,nd

t he tol uene was renpved under reduced pressure. The residue was then
triturated w‘pﬁ-léel%gbflzﬁ&a}?é%d:’@ﬁ » bﬁa%ﬁ-pi tate was col lected via
filtration, washed with 40 nL of hexane and dried under vacuumto 15 gi ve
3.38. g of black-gray solid. Yield 56 percent. [err]H (CJerr]Derr]) [err]
0.62 (s, 3H), 0.66 (s, 3H), 1.38 (s, 9H, 1.4 m 4H), 2.50 (s, 3H), 3.46
(m 2H), 3.83 (m 2H), 6.98 (t, 1H, [err]J[e@ 7.6 Hz), 7.10 (t, 1H,

[err]J[err] = 7.5 N

)

Me____s\i—— Me

Li

LiN=—={-Bu

(49)

10 Preparation of (1-(((1,1-diemthylethyl)amino)dimethylsilyl)-3-(1-pyrrolidinyl)-
1H-indenyhlithium, lithium salt, (49). In the drybox 5.13 g (16.3 mmol) of N-(1.1-
dimethylethyi)-1,1-dimethyl-1-(3-(1-pyrrolidinyl)- 1 H-inden-1-yl)silanamine were
combined with 80 mL of hexane. To this solution 16.3 mL (32.6 mmol) of n-BuL.i
(2.0 M) were added dropwise. Upon complete addition of the n-BuLi the solution was

15  stirred overnight. The resulting precipitate was collected via filtration, wéshed with 50
mL of hexane and dried under reduced pressure to give 5.33 g of product. Yield 100

percent.
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Hz), 7.65 (t, 1H, [err]J[err] =8.6 Hz), 7.70 (t, 1H, [err]J[err] = 8.8

Hz). [err] CWOBY®TeTr] D err]) [err] 6.39, 6.49, 18.95, 25.99. PGUUSYN3LY 36
60. 75, 94.47.-20 123.90, 126.95, 136.00, 147.75. -133 - VO 98/ 06727
PCT/ US97/ 13170 Exanple 11 [err] (29) ation ( 1,
1-dinmethylethyl)- 1, 1 -dinethyl- 1 % =terr])-2- 5 nethyl-3-(
1-pyrrolidinyl)- 1Hinden- 1-yl)silanamn 2-)-N)dinethy|titaniun1 (29).
In the drybox 0.65 g (1.42 mmol) of dic 1,1-dimethylethyl)- 1, 1
-dimethyl- 1 - (( 1,2,3,3a,7a-[err @25t hyf« é 1 -pyrrolidinyl)-

1H i nden- 1 yI)5|Ianan1nato(2 )- Npfita was“di ssol ved in 40 nL of
Et[-err]O. To this solution 1.00 nL (2.98 n¥ol) of MeMgl (3.0 M was added
dropwi se while stirring over a 5 mnute period. The 10 sol uti on changed
color fromblack to very dark red. AP he addi ti on of MeMgl was

conpl eted, the solution was stirred %mﬁz Nertsr . Et[err] O was renoved under
reduced pressure and the residue was extracted with hexane (2 x 20 nL), the
solution was filtered and the filtrate was ev%gorated to dryness under
reduced pressure to give 0.45 g (78 percent | d) of brown-red sticky

resi due. 15 [err]H (CJerr]Derr]) [err] -0.03 (s, 3H), 0.54 (s,

30 (i 2ty 3 b Hepweraig of Aidkuorp 2y s Rimgli et PEy (dbnethil 11,23 A5 m%”
1H, [err]J[er rﬂ(lgpy%ro’indﬂ@)ylﬁ -iffen( Hyl)ditAnatr@atd@LyeNtkarturd; BoFzTiCI{ (TAF{H,

[err]J[err] =
5  (6.05 g, 16.32 mmol) was suspended in 30 mL of THF. To this solution (1-(((1,1-

diemthylethyl)amino)dimethylsily!)-3-(1-pyrrolidinyl)- | H-indenyl)lithium, lithium salt
(5.33 g, 16.32 mmol) was added as a solid. After 1 hour PbCly (2.27 g, 8.16 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 70 mL
10 of toluene and filtered. Toluene was removed under reduced pressure and the residue
was triturated with hexane. The solid was collected by filtration, washed with hexane
and then dried under reduced pressure. 5.08 g Of product was obtained. Yield 72

percent.

1H (CgDp) 8 0.67 (s, 3H), 0.84 (s, 3H), 1.316 (s, 9H), 2.05 (br s, 4H), 3.71 ( br
15 s,2H),4.01 (brs, 2H) 7.25 (m, 2H), 7.63 (d, 1H), 7.91 (d, 1H).

13C{IH}(CgDg) 5 1.58, 25.75, 32.97, 50.49, 61.05, 93.11, 106.51, 126.32,
126.89, 127.14, 129.00, 135.82, 149.54.-

HRMS (EI, M™): calcd 430.0881, found 430.0881.
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[err]{1H ((Jerr]Derr]) [err] 6.35, 6.99, 16.41, 26.14, 34.47, 52.12,
52. 58, 543&;%&7,2.p2. 20 85.58, 124.36, 124.43, 125.04, 1%97,]1317,086
14

129.68. 1 1.06. - 13 4 - WD 98/ 06727
PCT/ US97/ 13170 Em il@ [err] (30) Preparation of 1 -chI or o- N- cycl ohexyl -
1, 1 -dinmethylsilana (30). Inthe 5 drybox in a 250 nL flask 60.0 niL

(490 89 mmol ) of dichl orod| nmet hyl sil ane was stirred in about 80 nmL of THF.
To this stirring solut|0n600g(5 64 R, um cycl ohexyl am de
was added as a solid slowy and sti e THF was renoved
under vacuum | eaving a cl oudy sol uti on. ne was added to this mixture
and the solids were filtered off and ,_,. th hexane. The hexane was

then 10 renoved fromthe filtratHcuydier f’nleaw ng a clear |ight
yel | ow product weighing 9.18 g. YH&ld 4 cefits. [err]H (C[err]D[err])
[err] 0.28 (s, 6H), 0.82-1.20 (m 6H). 37150(m 1H), 1.50-1 .60 (m

2H), 1.81 (d, 2H, [err]J[err] = 10.0), 42.64 (m 1 .
[err]{1H (Cerr]Derr]) [err] 2. 2210 @5 25. 89. 38.04. 50.67. 15
[err] (31) -135- CHq

(51)

Preparation of (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(1-

5  pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium, (51). 0.50 g Of
dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)-1H-
inden- I-yl)silanaminato(2-)-N)titanium (1.15 mmol) was suspended in 40 mL of Et20.
To this suspension 0.77 mL of MeMgl (3.0 M) was added dropwise with stirring over
a 20 minute period. Upon completion of the addition of the MeMgl the solution was

10  stirred for 40 minutes. After this time the EtoO was removed under reduced pressure

and the residue extracted with hexane, the solution filtered. the filtrate evaporated to

dryness under reduced pressure to give 0.39 g of product. Yield 86 percent.

IH (CgDg) & 0.10 (s, 3H), 0.50 (s, 3H), 0.65 (s, 3H), 0.75 (s, 3H), 1.53 (s, 9H),

3.23 (m, 4H), 3.23 (m, 4H), 5.43 (s, 1H), 6.95 (t, I H, 3Jy.n = 7.9 Hz), 7.06 (1, 1H, 3J4.
15 n=7.9Hz),7.54 (d, 1H, 3Jy.4 = 8.5 Hz), 7.63 (d, 1H, 3/y.n = 8.5 Hz).

13C{1H)(CgDg) 6 2.62, 2.71, 4.82, 4.90, 26.19, 34.90, 49.06, 50.58, 54.31,
58.00, 84.15, 104.15, 123.91, 124.49, 125.05, 125.63. 133.58, 143.95.

20
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WD 98/ 06727

PCT/ US97/ 13%W@ s#toempar ati on of N-cyclohexyl- 1, 1 -dinethyl- 1PCT/USS7/13170
-(3:(1l-pyrrolidinyl)- 1Hinden- 1 - yl)silanam ne, (31). To a solution of
1-chl or o- N- cycl oheBxample 20 - di et hyI silananm ne (3.61 g, 18.83 mml) in 150
mL of THF, 1-(1H 3-i ndenyI ypyrrolidine, lithiumsalt (3.00 g, 15.69 mol)
di ssolved in 50 nL of THF was added within 3 mnutes. The 5 color of the
sol uti on becane deep cherry-red at e WEachi on mixture was stirred
overni ght and then the sol vent was reno) nder reduced pressure. The
product was extracted with 60 nL of he an filtered. Hexane was renoved
under reduced pressure and the flal',':ﬁé { d to a high-vac |ine
(10[err] torr) for 4 hours to renove ex ss starting material. Cbtained

.23 g of product. Yield 98 percent. % [err]H (CJerr]Derr]) [err]
sff'eu

.,

-0.0l(s, 3H), 0.078 (s, 3H), 0.36 0.80-1.30 (m 7H), 1.41-1.92
(m 8H), 2.52 (m IH), 3.27 (m 4H), s(s, 1H), 5.384 (s, 1H), 7.252
(m 2H), 7.586 (d, 1H, [err]J[err] = 7.1 Hz), 7.717 (d, 1H, [err]J[err] =
7.4 Hz). [err]{1H (Cerr]Derr]) gerr -2.539, -1.771, 25.286, 26.021,
26.115, 39.071, 43.603, 50.682, 517857, 104.480, 120.944, 123.736. 123.797,
124. 557, 141.484. 146.923, 15 149. 284. [err] (32) Preparation of (I

-((cycl ohexyl am no) i met.hyl e ithium
lithiumsalt, (32). PR bE %"‘%‘ﬁ&f‘l d%@’j’ kﬁiﬁé“ SEhaag
1,1 -dinet ?yl fe;i'roﬁ&mgl]) IR frdehd ld&rfmlaﬂamﬂ'naidﬂ (tz )H)-)254 h@ﬂﬁ'i@n@fhtﬁﬁﬁﬁm
di ssol ved hexane. hi's solution
n-BuLi (1. 6 I\/p(SMasIn auddbgbak @p0gE dxdhlnm(l‘é—«)hﬁdahethatstdwﬂ)— hrh duhclﬂlyblﬂ BuLi the
solution was stirred_overnight.
((1,2,3,3a,7a-1)-3~( l-pyrrohdmyl)-IH-mden 1-yl)silanaminato(2-)-N)titanium were
combined with 0.76 g of 2,4-hexadiene and suspended in 50 mL of hexane. To this
solution 1.15 mL of n-BuLi (1.6M) were added and the solution was refluxed for 2
10  hours. The solution was then cooled to room temperature, filtered and the solvent was
removed under reduced pressure. The residue was then taken up in the minimum
amount of hexane and cooled to -20 °C overnight to give 0.16 g of product. Yield 38

percent.

1H (CgDg) 8 0.77 (s, 3H), 0.96 (s, 3H), 1.14 (s. 9H), 1.32 (m, 7H), 1.6] (m,
15 1H), 1.81 (m, 1H), 2.12 (d, 3H), 2.91 (m, 4H), 3.45 (m, 1H), 3.65 (m, 1H), 5.30 (s,

1H), 6.69 (m, 1H), 6.96 (m, 1H), 7.05 (d, 1H, 3J4.u = 8.5 Hz), 7.83 (d, 1H, 3Jy.y = 8.5
Hz2).

1Bc(IH}(CgDg) 6 4.22, 6.41, 15.88, 20.84, 25.58, 35.18, 49.66, 55.95, 78.03,
6D6

96.87, 109.79, 116.86, 112.86, 119.46, 122.15, 122.63, 122.90, 126.53, 126.92,
20 127.10, 128.88, 130.11, 130.76, 140.41.
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WD 93/ 06727

PCT/ US97/ %ﬁé;ﬁosm resulting precipitate was collected via pdtrbéPhbro,
washed with 100 of hexane and dried under reduced pressure to give 5.11

g of yellow soI| xfam % 94 percent. [err] 5

(33) Preparation™© 1or o(N-cycl ohexyl - 1, 1 -dinmethyl- 1
-((1,2,3,3a,7a-[err])-3-( -
pyrrolidinyI)-lI—I—inden-l-yI)siIanam' -)-N)
drybox 4.21 g (11.35 mml) of Tid[er
of THF. To this solution 4.00 g (11.35 (

- ((cycl ohexyl am no) di net hyl si |yl )-3n,(>§asa yrr Lﬂ%yl )- 1 H 10
indenyl)lithium lithiumsalt di ssoMfed\ n/25 of THF was added within 5
m nutes. The solution was then stirred fof 45 mnutes. After this tine 2.05
g of PoCl[err] (7.38 mmol) was added and f{the solution was stirred for 40

m nutes. The THF was then renpved undsr eQHced pressure. The residue was
then extracted with 70 nL of toluene, Bfie solution was filtered, and the

t ol uene was renoved under reduced 15 pressure. The residue was then
triturated with 30 nmL of hexane and the prggypitate was collected via
filtration, washed with 30 nL of hexane and dried under vacuumto give 3.79
g of deep purple-black solid. Yield 73 percent. [err]H (CJerr]Derr]) [err]
0.53 (s, 3H, O. @e;(awaticﬁﬂ-d)f (Ne(19]3di(mqth)8¢ﬂ)1yl)11 H:Binjathylﬂl-b(l 28,307 89 ([-m  7H),
2.01 (d, 1H err]JEerr = é@; err J[ err% =12 Hz), 3.21
(m 2H). 53. syrreldinypriH-nden- layl fnirmnatpé-) Pé(@@‘t -T)24-penta zw(mtamym

5] s ol Bl S Sl 1

dimethyl-1-((1,2,3,3a,7a-1)-3-(1-pyrrolidinyl)-1H-inden- 1-yl)silanaminato-(2-)-N--

nium (33). In the
s suspended in 80 nL

Jtitanium were dissolved in 30 mL of hexane. To this solution, 1.14 mL of piperylene
(11.6 mmol) was added all at once, followed by dropwise addition of 1.28 mL of

10 n-BuMgCl (2 M in hexanes, 2.55 mmol). The mixture was refluxed for 3 hours and
then the solvent was removed in vacuo. The residue was dissolved in 15 mL of
pentane, the solution was filtered through a Celite-covered frit, and the solvent was
removed under vacuum. The product was obtained as a slightly moist, dark brown

solid (0.47 g, 95 percent yield).

15 IH (CgDg) 5 8.10 (d, 1H, 3Jyy = 8.4 Hz), 7.82 (d, 1H, 3Jun = 8.6 Hz), 7.13

(m, 2H), 6.81 (m, 4H), 5.60 (s, 1H), 5.16 (s, 1H), 4.07 (dd, I1H, 3Juu = 11, 11 H2),
3.77 (m, 4H), 3.46 (dd, 1H, 3/ = 8, 8 Hz), 2.85 (m, 8H), 2.12 (d, 3H, 3Jun = 54 Hz),

1.8-1.4 (m, 4H), 1.38 (d, 3H, 3Juy = 5.4 Hz), 1.29 (m, 8H), 1.17 (s, 9H), 1.15 (s, 9H),
1.02 (s, 3H), 0.94 (s, 3H), 0.83 (s, 3H), 0.79 (s, 3H) ppm.
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WD 98/ 06727

PCT/ US97/ 1330 98meeémy { 1H} (Clerr] D err]) [err] 1.11, 3.10, 25. 8CT/USSU/IB170
26. 38, 35.90, 50.49, 63.91, 89.43, 106.75, 125.48, 126.40, 126.92, 127.13,
128. 67, 136. 14, 147gfdmplexanpl e 13 [err] 5

(34) Preparatlon of (N—cyclohexyl 1, 1 -dinmethyl- 1 -((
1,2,3.3a.7a-[err])-3-( 1-

pyrrolidinyI)-lI—I—inden-l-yI)siIanarn'nat di titanium (34). In
t he drybox 0.70 g of dichloro(Ncycl ohexy met hyl - 1-((
1,2,3,3a,7a-[err])-3-( 1 -pyrrolidinyl)- g

1H i.nden- 1-yl)sil anam nat o(2-) - N)tltam' 2.0l was dissolved in 40 nL

of 10 Et[err]O To this solution 1.8F nd (;VZmemI) of MMyl (3.0 M was
added dropwi se while stirring over a 5 m nufe period. The solution changed
color fromblack to dark red. After the agggtion of MeMgl was conpl et ed.
the solution was stirred for 1 hour. Th&% Et 20 was renoved under
reduced pressure and the residue was ext et e(j with hexane (2 x 20 nL), the
solution was filtered and the filtrate was evaporated to 15 dryness under
reduced pressure to give 0.50 g (79 percent ykg d) of red crystalline
solid. [err]H ((Jerr]Derr]) [err] 0.04 (s, 3H), 0.47 (s, 3H), 0.63 (s,

3H, 0.72 (s, 3H, 1.10 (m 1H), 1.32 (m 5H), 1.54 (m 5H), 1.73 (m 2H),
2.04 (d, 1H, [err]JPmpm]atiorn 6fDich>)'o(I\2~(n,4~d@rdcthy}d;hy[l)errl]dirpeuhy] 1£(162,0,30i73-1)-
3.26 (m 2 1H,

[err]J[er r 3’“( B‘Pp‘é'n]‘d‘?%ﬂH("c"ﬁe‘Iﬁ-ryllsélfgza]"J‘Péﬁor<]2 )-N?Z'E‘?"Ht‘)m (24)5@“((51 I-1H,
[err]Jlerr] = BifRethihthyl)- I 8-difethitd-(3-81-p dbiSdind )T HOinded i )si1dndine,

dilithium salt (2.41 g, 7.72 mmol) was added slowly as a solid to a slurry of ZrCly

(1.80 g, 7.72 mmol) in toluene (100 mL). This mixture was then allowed to stir
overnight. After the reaction period the mixture was filtered and the volatiles were
10 removed resulting in the isolation of the desired product as a gold microcrystalline

solid (1.7386 g, 48.9 percent yield).

TH NMR (CgDg) 8 0.51 (s, 3 H), 0.69 (5.3 H). 1.33 (5,9 H), 1.7-1.7 (m, 4
H), 3.1-3.2(m, 2H), 3.4-3.5(m, 2H), 5.59(s. ] H). 6.9-7.0(m, 2 H), 7.6-7.7 (m. |
H), 7.63 (d. 1H 3J,;4=8.5 Hz).

15 I3C NMR (CgDg) §2.28, 4.62, 25.68. 33.28. 50.68. 56.72, 82.15, 103.56,
122.56, 125.49, 125.62, 126.13, 129.28, 133.58. 142.98.

HRMS (EI, M"): calcd 474.0432, found 474.0419
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WD 98/ 06727
PCT/ USO7/ kpdénérsr ] CU1H (Clerr]Derr]) [err] 1.68, 3.70, 2hcttserdB17/,
26.82, 38.54, 38.69, 47.97, 50.64. 53.41, 61.15,- 81.51, 104.79, 123.69,
124.98, 125, 127 HBéGmpleds 16, 142.79. Exanple 14 [err] 5
(35) Preparation of (3-nethoxy-1Hindenyl)lithium (35)
3- Met hoxy- 1H i ndene (9.65 g, 66.04 mmol) was dissolved in 150 nL of hexane.
To this solution 50 nL of a 1.6 M sol of n iy, was added (80 nmol)
within 10 minutes. After 20 hours of 3 e—6ff-white solid was
collected on a nediumsize frit, washed A fAh hexane 10 (3 x 30 nL) and
dried under reduced pressure to gi wgn9si/72 Z,_g.).fCHproduct. Yield 97 percent.
[err] (36) Preparation of N (1, 1 -®WfneNyyre é’J)'l - (3-nmet hoxy- 1H i nden-
1-yl)-1, 1 - 15 dinmethylsilanamne, (3. A Sdlution of (3-nethoxy- 1
Hindenyl)lithium(3.00 g, 19.72 nmol) iy 40 nmL of THF was added within 30
mnutes to a 100 nL THF sol ution of N*© CH,
(tert-butyl)-N(21-chloro-1, 1-di net hyl sﬁcyl )am ne (3.27 g. 19.72 mol).
After the addition was conplete the reaction m xture was stirred overnight.
The solvent was -13 9 - WO 98/ 06727 (55)
PCT/ US97/ 13170 then renoved under reduced pressure. The residue was
extracted with hexane and the

Preparation of (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a~-1)-3-(1-

5  pyrrolidinyl)-1H-inden-I-yl)silanaminato-(2-)-N-)dimethylzirconium, (55).
Dichloro(N-(1,1-dimethylethyl)-1,l-dimethyl-1-((1,2,3.3a,7a-1)-3-(1-pyrrolidinyl)- 1 H-
inden-1-yl)silanaminato-(2-)-N-)zirconium (0.99 g, 2.09 mmol) was stirred in
diethylether (50 mL) as MeMgBr (4.60 mmol, 1.53 mL of a 3.0 M solution in
diethylether) was added slowly. This mixture was then allowed to stir overnight.

10 After the reaction period the volatiles were removed and the residue was extracted and
filtered using hexane. Removal of the hexane resulted in the isolation of the desired

product as a red residue (0.72 g, 79 percent yield).

TH NMR (CgDg) 8 -0.58 (s, 3H), 0.22 (s, 1 H). 0.51 (s, 3 H), 0.69 (s, 3
H), 1.37 (s, 9H), 1.0-1.2 (m, 4 H), 3.1-3.2(m. 2 H), 3.3-3.4 (m, 2 H), 5.60 (s, |
15 H), 6.88 (t, 1H, 3Juy=7.35 Hz), 6.96 (1, 1H, 3)44=6.57 Hz). 7.54 (d. 1H, 3J4=8.49
_ Hz), 7.68 (d, 1H, 3J4=8.58 Hz).

13C NMR (CgDg) 53.06, 5.11, 25.72, 34.54, 35.54, 40.32, 50.81, 55.17,
77.82, 103.10, 121.41, 122.96. 125.12, 12525, 12578, 132.33, 139.91.
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solution was filtered. The solvent was then renoved under reduced pressure
| eavi ng. 5. 20vWQ 9806727 oduct . Yiel d 96 percent. [err]H (C err] D BEFUSI713170
[err]-0.08 (s, 3H), 0.15.(s, 3H), 1.07 (s, 9H), 3.28 (s, IH), -5.35 (s, 5
1H), 7.22 (m 2H), Exatpl¢2¥ 1H, [err]J[err] = 7.9 Hz), 7.75 (d, IH 3JHH=
7.9 Hz). [err]1H(Clerr]Derr]) [err] -0.56, 0.45, 34.08, 42.26, 49.64,
56.41, - 100. 90, 118.68, 123.62, 124.94, 12,5013 139. 24, 144.80, 158.03.
[err] 10 ,.(337) Preparation of (1
-(((1, 1-dinethylethyl )am no)di m:thylsHyI)J\B/rrethoxy 1 H

I ndenyl ) lithium I|th|umsalt (37). In the grybox 5.20 g of (18.87 nmol)

N-(1,1- dinethylethyl)- - (3- met hoxys --:\- 1-yl)- 1, 1
-di net hyl si | anam ne was corrbl ned w t N hexane. To this solution
V) W

23.6 mL (37.75 mol) of n-BuLi (1.6 added dropw se. Upon
conplete addition of the n-BuLi the s®bdtiorn was stirred overnight. The
resulting precipitate was collected via filtration, washed wth 50 nmL of
hexane and dried under reduced pressure t?s(%i ve 5.00 g of product. Yield 92
percent. -140- WO 98/ 06727

PCT/ US97/ 13170 [err] (38) Preparation of dichloro(N-(1, 1 -dinethylethyl)-

I -(( 1,2,3,3a,7a- [ﬁéﬁdriﬂéﬁdmﬂodiﬁfem]ymlﬂ ﬁﬁ@ﬁ‘-‘.’» JrnME)(S&l This compound was

-dlmethylsHanamnato(Z) N)titani um  (38) 1-(((1,1
Di met hyl et fy| )nsaderby) akinowifioztbon dfythe ge’her&}trﬂmb(gd of C:hﬁslondedlwwskoﬁ {@awlgon,IR.{ hi um
salt (5.00 g, .17.40 mmol ) was. di ssol ved in 30 THF. To_this solution

Tid[err] ( THp‘.jllSéqarp 1A (x@‘tqlghemzca Scand B 1984, 38, 49- 53 ) To a 3-neck 500 mL flask

equipped with an overhead stirrer, septum and maintained under nitrogen were added
150 mL of dry hexane. The solvent was cooled to -20 to -30 °C while anhydrous
dimethylamine ( 12.6 g, 280 mmol) was purged into the solvent such that no gas

10  escaped through the bubbler. To the cooled, wcll-stirred solution was added TiCly
(6.63 g, 35.0 mmol) dropwise such that the pot temperature remained between -30 and
-15 °C (caution: a Hershberg stirrer is advisable due to titanium amide formation). The
resulting dark brown slurry was stirred for 15 minutes and allowed to come to 0 °C
before 1-indanone (4.32 g, 32.7 mmol) was added all at once as a solid. The solution

15 was allowed 1o come to room temperature, and then was heated to 60 °C for 5 minutes
whereupon more TiO7 precipitated from the slurry and the solution became clear. The
slurry was filtered through a 4 cm pad of oven-dried Celite under a nitrogen stream and
the solvent was removed in vacuo to afford title enamine (3.8 g. 23.8 mmol) in 73
percent yield as a dark oil which contained no detectable ketone by NMR analysis.

20 The product assayed at 98 area percent purity by GC analysis.

1H NMR (CDCl3) 8, 7.49 (d, 1H, J=7.4 Hz). 7.42 (d. IH, J=7.4 Hz), 7.30 (d.
1H, J=7.4 H2). 7.21 (d, 1H, J=7.4 Hz). 5.46 (s, 1H), 3.31 (s. 2H), 2.83 (s, 6H).

I3C{1H} NMR (CDCl3) 8 153.8, 144.6, 141.3, 125.6. 124.3, 123.8, 119.9,

107.8, 42.9, 35.6.
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g, 17.40 mmol ) was added as a solid. After 1 hour PbC[err] (2.42 g, 8.70
mol ) was addmiben a solid. The reaction m xture was then stpicrrsd7/esnzo
addi ti onal hour. The solvent was renoved under reduced pressure. The .

resi due was extracted with 70 nL 10 ofi;ct ol uene and filtered. Tol uene was
removed under reduced pressure and the reéhd-d‘é*swas triturated with hexane.
The solid was collected by filtration, washed with hexane and then dried
under reduced pressure. 3.92 g of _bbtained. Yield 57 percent.
[err]H (CJerr]Derr]) [err] 0.41 (¢4 .58 (s, 3H), 1.33 (s. 9H), 3.71
(s, 3H), 5.70 (s, 1H). 15 .00 (m A5 (d, 1H, [err]J[err] = 8.3 Hz),
7.60 (d, 1H, [err]J[err] 8 3 Hz). BXanple 15 [err] (39) -141- WO

98/ 06727

PCT/ US97/ 13170 Preparation of (N-( 1,1 - i75ret hyl ethyl)- 1
-((1,2,3,3a,7a-[err])-3-nmethoxy- | Hinden- 1-yl)- 1,

1-di met hyl sil anam nato(2-)-N)di nethyltitanium (39). 0.60 g dichloro(N-(
1,1 - dinethyl et hBdeparation 6 (U -@irBetBplatand)erH-Jodedy ithiuox Y 57)1 Hnitvecipbdx y1 ) - 1,
1 - dinet hyIsHanam nat o( 2523-gl%t|tan| um (1.52 mol ) was suspended in 40 nL
of Et[err] 0 3-88 (238 mmph of Meledigedyyl-1 Hom m3@mlmawg$ cqrgbloewlthdgoaddeﬁ

dropvmse Wt t e f .the
addi tion of X%'%\/E’K/%Pg? %o\e{&soqalfﬁ%‘rr?z\?\gs'%s | rregB ?%(ﬁﬁl &se(arb,&? Pt hi s
time the Et Zahwsomﬁm\aadmndﬁrmer;emtedxersbmmrvazsandea bﬁerﬁi‘gﬁt drige was
extracted with hexane, the solution was filtered and the filtrate was
evapor at ed t@SHHYRBESIDitAarascaligeted vinfiltation washes with bexape gné firipd wrtlest .

Yi el d 86

reduced pressure to give 3.58 g of product. Yield 91 percent.

HaC,

AN CH
N

Me/s"Me

HN——t-Bu

10 (58)

Preparation of 1-(3-(dimethylamino)- | H-inden- I-yl)-N-(1.1-dimethylethyl)-
1,1-dimethylsilanamine, (58). A solution of (1-(dimethylamino)-1H-indenyl}lithium
(3.58 g, 21.67 mmol) in 40 mL of THF was added within 30 minutes to a 80 mL THF
solution of N-(zert-butyl)-N-(1-chloro-1,1-dimethylsilyhamine (3.59 g, 21.67 mmol).
15  After the addition was complete the reaction mixture was stirred overnight. The
solvent was then removed under reduced pressure. The residue was extracted with
hexane and the solution was filtered. The solvent was then removed under reduced

pressure leaving 5.92 g of product. Yield 95 percent.
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10 percent. [err]H (CJerr]Derr]) [err] -0.24 (s, 3H, 0.41 (s,' 3H), 0.58
(s, 3H. O.8Wwdesmwedth, 1.47 (s, 9H), 3.54 (s, 3H), 3.23 (m 4H)CT/ESHWA 3179,
1H),-6.95 (m IH. 7.06 (t, 1H), 7.48 (d, 1H J[err]Jd[err] 8.5 Hz), 7.78

(d, 1H [err]Jlerr] my fc@@zq]@@@( fojdé(}511}%“’3%6((&%)%%8%%)0@49

(1H i nden-1-yl)di pheny i ne ryboX [Tthium i ndeni

En'sngft)eg tESaSiéw&%é?ﬁéﬁszﬁg{ %ﬁgffg(;q @héﬁkﬁﬁ'ﬂ o?a“dﬁﬁsﬁérﬁg {}1’4 Hﬂ 4/

65.52 mmol ) (dl}pg)enyl chl orophosphine was distilled before use (97 [err] C@
0.4 torr)). After stirring overnight, LiC was separated by filtration
givi-ng a yel l ow sol ution. Solvent was renoved under vacuum | eaving an

of f-white solid. ThiScdH}CyBE 3 10.46,0a3¢84 08 143.39) 4410004966 XaN 20, HEXEAE Was
removed by decanting and the solid was dried under 25 reduced pressure to

gi ve 16.43 g ofj2afds W b8 196184012404110454, persgenue.44lif2.92. WO 98/ 06727
PCT/ US97/ 13170 [err] (41) Prepar ation of (1 (d| phenyl phosphi no) -

1Hindenyl)lithium (41). ( 1HInden- 1- yl)di phenyl phosphine (5.00g, 16.65
mmol ) was dissolved in a mxture of 60 nL of 5 ether and 60 nL of hexane.
n-BuLi (7.35 nL, 18.31 mml) was added to the m xture

HaC
Ny —CHa

Li*

Me,Si—Me

LiN—-Bu

(59

Preparation of (3-(dimethylamino)-1-(((1.1-

10  diemthylethyl)amino)dimethylsilyl)-1H-indenyDlithium. lithium salt, (59). In the
drybox 5.92 g (20.51 mmol) I-(3-(dimethylamino)- | H-inden-1-yI)-N-(1,1-
dimethylethyl)-1,1-dimethylsilanamine were combined with 80 mL of hexane. To this
solution 25.6 mL (41.04 mmol) of n-BuL.i (1.6 M) was added dropwise. Upon
complete addition of the n-BuLi the solution was stirred overnight. The resulting

IS  precipitate was collected via filtration, washed with 50 mL of hexane and dried under

_reduced pressure to give 5.45 g of material. Yield 88 percent.
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within 10 mnutes. After stirring overnight no precipitate appeared.

Sol vent wagorogg®med under reduced pressure | eaving a waxy yetctmsemssiodue. -
This residue was triturated with 120 nt of hexane for 15 mi nutes. The
hexane sol ution was decanted and the +esidue was @wied under reduced
pressure to give 4.45 g of off-white 0 -N-Yiglid 87 percent. PPh2
[err]. (42) Preparation of N-(1,1-dineth @

1)- 1- (3% (di phenyl phosphi no) -
1Hinden- 1 - yl)-1,1-dinethyl sil anam ng, (\42).

(1- (D phenyl phosphi no) - 1Hi ndeny!| Hidusi um (#:%5 g, 15 14. 53 mmol)
dissolved in 40 nL of THF was adde#ic®i t\i n/15™M@inutes to a 100 nL THF
solution of N-(tert-butyl)-N-(1-chloro-1}\1-dinmethylsilyl)amne (3.37 g,
20.34 mol ). After stirring overnight %r(ed solution resulted. Solvent was

b

removed under vacuumto give a red oil he residue was extracted with 35
mL of hexane and filtered. Hexane wWB% r€ntmed | eaving 6.12 g of red oil.
Yield 98 percent. 20 [err]H NVR (Jerr]Derr]) [err]-0.10 (s, 3H),
-0.07 (s, 3H). 0.42 (s, 1H), 1.01 (s, 9H), 3.59 (m 1H), 6.56 (m 1H),
7.0-7.2 (m 8). 7.54-7.66 (m 6H). -143 - (60)\WWD 98/ 06727
PCT/ US97/ 13170 [err] P{1H} NWR (CJerr]Derr]): [err] -24.08. [err] (43) 5
Preparation of (1 -(((1,1-D enthylethyl)am no)dinmethylsilyl)-3-
Preparation of dichloro(1-((1,2,3,3a,7a-n)-3-(dimethylamino)- I H-inden-1-yl)-
N-(1,1-dimethylethyl)-1,1-dimethylsilanaminato(2-)-N)titanium, (60). (3-
5 (Dimethylamino)-1-(((1,1-diemthylethyl)amino)dimethylsilyl)- 1H-indeny})lithium,
lithium salt (5.45 g, 18.14 mmol) was dissolved in 30 mL of THF. To this solution

TiCl3 (THF)3 (6.72 g, 18.14 mmol) was added as a solid. After 1 hour PbCly (2.52 g

9.07 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
10 with 70 mL of toluene and filtered. Toluene was removed under reduced pressure and
the residue was triturated with hexane. The solid was collected by filtration, washed
with hexane and then dried under reduced pressure. 4.00 g Of product was obtained.

Yield 56 percent.

IH (CgDg) 8 0.48 (s, 3H), 0.61 (s, 3H). 1.06 (5. 9H), 2.82 (s, 3H). 5.74 (s, 1H).

15 7.00 (m, 2H), 7.14 (t, 2H, 3Jy.y = 7.5 Hz).

13C{1H)(CgDg) & 2.43, 4.85, 34.73, 42.79, 50.17, 54.73, 107.25. 124.41,
124.98, 125.09, 137.0, 145.01.

20
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(di phenyl phosphi no)-1Hindenyl )lithium Ilithiumsalt, (43).

N- (1, 1- D net hyoaslgi2y- 1- PCT/US97/13170
(3- (di phenyl phosphi no) - 1H i nden-1-yl)-1, 1-di et hyl si l.anam ne (6.73 g, 15.67
mml ) was stirred i rEtwa@aes (100 nl) as n-BulLi was added dropwi se. This

m xture was allowed to stir overnight during which tine an off-white
precipitate fornmed. After the 10 reactign period tEﬁ m xture was
filtered. The desired product was isola an ofif¢~_White solid which was
washed with hexane and dried under vacuum aG@DZEd w tHGUt further
purification or analysis (6.04 g, 87 perce eI d. [err] (44) 15
Preparation of dichloro(N-( 1, 1 -di ngthydiet hyk)wehi - ((
1,2,3,3a,7a-[err])-3- (diphenyl phosphugw') \1H-/fer'e¢].T 1-yl)- 1,1
-dlmsthyIsHanamnato(Z) N)titanium (44). 1-(((

1, 1- Di ent hyl et hyl ) am no) di net hyl si |yl )-3-(di henyl phosphino) - 1H
|ndenyI)I|th| um lithiumsalt (3.00 g, 6.80/mmol) in THF (25 nl) was added
dropwise to a slurry of Tid[err] (THF)”PCﬁr ] . 52 g, 6.80 mml) in THF (50
m.). This m xture was -144 - WO 98/ 06727

PCT/ US97/ 13170 then allowed to stir for 1 hour. PbCl[err] (0.94 g, 3.40
mml ) was then added as a solid and the m xtut@)was allowed to stir for an
addi tional hour. After the reaction period the volatiles were renoved and
the residue was extracted and filtered _usi uene. Renpval of the

tol uene resul ted i n RrRearadQn ofi(i dpl.o8:3a 7ad})n3gf@ﬂ‘33’iyi%'i“if“é)sUdﬂ@f.’e"ThiYB'N'ébildue
5 d | fi .
Thi s pr ocednr e SeihiyIFLANEE R ARGriRab ) Xha et GG 6B g BR,

cool ed (- 15[ er mlichioRM@L((I, mt«maﬂesgl1(Meuhplamﬁoer£h@nt RyHANLPA cﬁfﬂemyiemyl)-
residue which was isolated by decanting away
1,1-dimethylsilanaminato(2-)-N)titanium (1.53 mmol) was suspended in 40 mL of

Et20. To this suspension 1.07 mL of MeMgl (3.0 M) was added dropwise with

stirring over a 20 minute period. Upon completion of the addition of the MeMgI the

10 solution was stirred for 40 minutes. After this time the EtoO was removed under

reduced pressure and the residue was extracted with hexane. the solution was filtered
and the filtrate was evaporated to dryness under reduced pressure to give 0.43 g of

product. Yield 80 percent.

IH (CgDg) 6 0.03 (s, 3H), 0.44 (s, 3H). 0.63 (s. 3H). 0.85 (s, 3H). 1.49 (s. 9H).

15 2.78 (s, 6H), 5.56 (s, 1H), 6.85 (t, 1H, 3J,.p = 7.5 Hz). 7.06 (t. 1H, 3Jy.y = 7.5 Hz),
" 7.44(d, 1H, 3Jun = 8.5 Hz), 7.63 (d, 1H, 3/, = 8.7 Hz). .

20
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the solution and drying under vacuum (3.13 g, 84 percent yield). [err]H NWR
(Cerr]Dferpioodoersd 0.18 (s, 3 H), 0.54 (s, 3 H), 1.28 (5, Pciuse®ufido (s,
1 H, 10 6.8-7.8 (m 14 H. [err]P{[err]H NWR (Clerr]Dlerr]) [err]
-17.49. Exanple 17gRRRdid®r] (45) 15 Preparation of (N (1,1
-dinmethylethyl)- 1-(( 1,2,3,3a,7a-[err])-3- (diphenyl phosphino)- 1H i nden-
1-yl)- 1, 1-dinethylsilanamnato(2-)- Nydinethyltitanium (45).

Dichloro(N-( 1,1 -dimethylethyl)- 1- ((1%1‘{5’13”]) 3-

(di phenyl phosphi no)- 1Hinden- 1-yl)- 1,

1-di met hyl sil anam nato(2-)-N)titani un{(O. O mol) was stirred in
di ethyl ether (50 nL) as MeMyBr (1.46 3 Ofgsni_ of 20 3.0 Msolution
in diethylether) was added dropw se. Zwas then allowed to stir

for 1 hour. After the reaction period the % Iatlles were renoved and the

resi due was extracted and filtered usin nexane/ tol uene (1/1 v/v)
m xture. The volatiles were then renove d%#H; vacuum and the residue was
redi ssol ved and filtered using -145- V\D 98/ 06727

PCT/ US97/ 13170 hexane. Renoval of the hexane resulted in the isolation of
the desired product as a dark red oiI (0.18 (§2) 53 percent yield). [err]H
NI\/R(C[err]D[err]) [err]-0.00 (s, 3 , 0.23 (s, 3 H, 0.57 (s, 3 H, 1.18

(s, 3 H, 1.39 (s, P?’epH)atxoﬁ O}Zl (ﬁ 12, i 3@73—11?3 (dxmclh§ln}mno§ lll_-P inden-1-y1)-N-(1,1-
5 dimethylethyl)-1,1-dimethylsilanaminato(2-)-N)((2,3.4,5-11)-2,4-hexadiene)titanium,
(62). To 0.5490 g of dichloro(1-((1.2,3,3a,7a-1)-3-(dimethylamino)- 1 H-inden-1-yl)-
N-(1,1-dimethylethyl)-1,1-dimethylsilanaminato(2-)-N)titanium (1.35 mmol)
slurried/dissolved in 50 mL of hexane was added 1.4 mL of 2.4-hexadiene (12.3
mmol), followed by 1.63 mL of BuMgCl (2.0 M in Et70) (3.26 mmol) along with an

10  additional 3 mL of Et30. The reaction mixture was refluxcd for 1.5 hours, then the

reaction mixture was allowed to stir overnight. The solvents were removed under
reduced pressure and the residue was extracted with hexane. the solution was filtered
and the filtrate was evaporated to dryness under reduced pressure. After adding
hexane to dissolve the very dark product, the solution was stored overnight in a

15  freezer. The supernatant was removed to give 0.0735 g of black crystalline material.
The supernatant was concentrated, then cooled in the freezer again to give additional

product.

1H (CgDg) 8 0.72 (s, 3H), 0.94 (s, 3H). 1.10 (s. 9H), 1.26 (d, 3H, 3/ypn = 5.3

Hz), 1.60 (m, 1H), 1.78 (m, 1H), 2.10 (d, 3H, 3J4.4 = 5.5 Hz). 2.37 (s, 6H). 3.38 (m,
20  1H),3.97 (m. 1H), 5.46 (s, 1H), 6.68 (t. 1H, 3/u.s = 7.7 Hz), 6.94 (m, 2H), 7.87 (d.
1H, 3/yy = 8.5 Hz).
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5 Exanpl e 18 (46) Preparation of 1-(1Hinden-3-yl)pyrrolidine,
(46). Accorwiomgoéma7a nodification of the procedure of Nol and PEE/USP7/IINGE and,
W "E.; Kaneswaran, V. J. Og. Chem 1981, 10 46, 1940-1944.), 1-indanone
(25.0 g, 0.189 nol 13and @g)8L14czf.9,nsomlli&i'9,nmm1irczn.sham.s,emm.nnile.d, %3, 3A
sieves were added to a g m., 3-neck flask equi pped with an overhead
stirrer, Dean9$®pagk3apRe) 8 6|S6a0d2. 308510, 2k3, MIT,dl.4\ést, dH. rHigh nésdlutiodaviSa
dry N2 at mosphere. Benzene (200 nlL dried over 4A sieves) was added and the
sol ution was Balsddhr CopHaeNpSili:f 41621 Thdiausd: AI62H@7 end of this period
[err] H NWR 15 anal ysis of a reaction aliquot indicated a 93:7 nole
percent ratio of deS| red £roduct to starting material. The bul k of the
sol vent was remove&EX@mPlaélio and the crude dark product was distilled (6"
Vi greaux colum) to give pure enamne as a light yellowoil (24.3 g, 0.132
mol) in 70 percent yield. This conpo s bothegjr and water sensitive
and was transferred to the dry box u NEL Qn. Capillary GC anal ysis
20 i ndi cated a hexane solution of dist Pe to be of 99 area per cent
purity: bp= 125-127 C @2.0 mm bp. lit 18- C@lmn [err]H
(Clerr]Dlerr]) [err] 7.61 (d, 1H, gﬁg«%\ 1H, J=7.4 Hz), 7.24
(t, 1H J=7.4 Hz), 7.17 (t, IH J= (s IH), 3.41 (m 4H), 3.31
(s. 2H), 1.94, (m 4). -146- V\098/j
er

PCT/ US97/ 13170 [err]{[err]H (Cerr]

125. 5, 12452 123. 8, 1203 100. 6, 5

) [err] 149.9, 145.1, 141.6,
Bub, 25.2. (47)

(63)

Preparation of (1,1 '-(n4- 1,3-butadiene-1,4-diyl)bis(benzene))(1-((1,2,3,3a.7a-
1)-3-(dimethylamino)- I H-inden-1-yl)-N-(1,I-dimethylethyl)-1,1-
dimethylsilanaminato(2-)-N)titanium, (63). In the drybox 0.40 g of dichloro(1-

10 ((1,2.3,3a.7a-n)-3-(dimethylamino)- IH-inden-1-yl)-N-( 1.1 -dimethylethyl)-1,1-
dimethylsilanaminato(2-)-N)titanium was combined with 0.21 g of trans-1.4-
diphenylbutadiene and suspended in 30 mL of hexane. To this solution 1.27 mL of
n-BulL.i (1.6 M) was added and the solution was refluxed for 2 hours. The solution was
then cooled to room temperature, filtered and the solvent was removed under reduced

15  pressure to give 0.23 g of product. Yield 43 percent.

IH (CgDg) 8 0.68 (s, 3H), 0.82 (s, 3H). 1.25 (s. 9H). 1.47 (s, 9H). 3.45 (m,
1H), 3.60 (m, 1H), 4.15 (m. 1H) 4.65 (m, 1H), 5.20 (s. IH), 6.30- 7.55 (m, 14H).

20
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5 Preparation of (1-(1l-pyrrolidinyl)- 1Hindenyl)lithium (47). In
t he dryboxwd sa@74718. 9 Mol ) of 1-(1H-inden-3-yl)pyrrolidi necyassesaibpe ned
wi'th 100 nL of hexane. To this solution 9.5 nL (18.9 mml) of n-BuLi (2.0
M was added dropyismpledgon conpl ete addition of the n-BulLi the solution
was stirred overni ght The resulting precipitate was collected via
filtration, washed with hexane and dried under reduced 10 pressure to
give 3.61 g of product. Yield 99 perc rrj VF&; Preparation of N-( 1,1
-dimethylethyl)- 1, 1 -dinethyl- 1 -(3- olT@hnyl)- 1 H

i nden-1-yl)silanam ne, (48). A solution g
(1-(1-pyrrolidinyl)-1Hindenyl)lithiyg.k (\37-,..3-%9, 17.25 mmol) in 40 nL of
THF was added within 30 minutes to awtd0 /I'I-‘(Rcsrpl ution
N-(tert-butyl)-N(1-chloro-1,1-di rrethylsil; yaniné (2.86 g, 17.25 mmol).

After the addition was conplete the reactipn m xture was stirred overnight.
The solvent was then renoved under redy -pressure. The residue was
extracted with -147- WD 98/ 06727 MG CHs

PCT/ US97/ 13170 hexane and the solution was filtered. The solvent was then
removed under reduced pressure |eaving 5. 1368 of product. Yield 95 percent.
[err]H (CJerr]Derr]) [err] 0.07 (s, 3H), 0%b (s, 3H), 1.27 (s, 9H), 2.03
(m 4H), 3.43 (m 4H), 5.41 (s, 1H), 7.24 (m 2H), 7.53 (d, 1H, [err]J[err]

] 50 S g At o A B
123. 91, 194. 38-ind&b 1 64)-NIQ 3 -Sitheti@hPl3-1,1-dimethylsilanaminato(2-)-N)titanium, (64).
To 0.312 g of dichloro(1-((1,2,3,3a,7a-11)-3-(dimethylamino)- | H-inden-1-y)-N-(1.1-
dimethylethyl)-1.1-dimethylsilanaminato(2-)-N)titanium (0.77 mmol) dissolved in
about 35-40 mL of Et70 was slowly added 0.769 mL of NaC5H; (1.0 M in Et20)
(1.00 mmol). The purple reaction mixture was allowed to stir for a day and a half.

10 The solvents were removed under reduced pressure and the residue was extracted with
hexane, the solution was filtered and the filtrate was evaporated to dryness under
reduced pressure. After adding hexane to dissolve the very dark product, the very
intensely-colored magenta solution was stored overnight in a freezer. After removing
the supernatant and drying under reduced pressure the product was obtained as

15 0.1119 g of crystals. The supernatant was concentrated. then cooled in the freezer to

give additional product as microcrystals.

g (CeDg) & 0.50 (s, 3H), 0.60 (s, 3H), 1.31 (s. 9H). 2.73 (s, 6H), 5.69 (s, SH).

5.78 (s, 1H). 6.79 (t, 1H, 3Ju.u = 7.4 Hz), 7.15 (m, 2H), 7.33 (d, 1H, 3Jy.u = 8.2 Haz).

13C (CgDg) & 170.8, 158.6, 126.6, 124.3, 121.3, 121.1, 115.4,95.2, 88 4,
20 61.2,425, 32.9,3.9,2.7. High resolution MS: Calcd for CyoH3 CIN,SiTi:
434.14245. Found: 434.1426
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[err] (49) 10 Preparation of (21-(((1,1

- di ent hyl et WO 38@6720) di net hyl si |yl )-3-( 1-pyrrolidinyl)- PCT/USI7/13170
1Hindenyl)lithium lithiumsalt, (49). In the drybox 5.13 g (16.3 mmol) of
N- (1, 1- dinethyl et Bgampld291 -dinmethyl- 1 -(3-( 1 -pyrrolidinyl)- 1Hinden-
1 -yl)silanam ne were conbined with 80 nL of hexane. To this solution 16.3
m. (32.6 nmmol) of n-BuLi (2.0 M were ad dropwi se. Upon conplete
addition of the n-BuLi the solution wa f€d>everni ght. The
resulting precipitate was collected via fi tion, washed with 50 nL of
hexane and dried under reduced pressure t |ve 5.33 g of product. Yield
100 percent. -148- WO 98/ 06727 ma-s

PCT/ US97/ 13170 [err] (50) Preparat|on of §$ hIoro(N—( 1, 1 -dinmethylethyl)-
1,1 -dinethyl- 1 -((1,2,3,3a,7a-[err])- (1-pyrrolidinyl)- 1 Hinden- 1
-yl)siIananinato(z-)-hbtltanlun1 (50). TL%J err] (THF)[err] 5 (6.05 g,
16. 32 nmmol ) was suspended in 30 nL of ot his solution (21-(((1, 1 -

di ent hyl et hyl ) am no) di met hyl si |l yl ) -3-( 1 pyrrolldlnyl) 1H i ndenyl )l ithium
lithiumsalt (5.33 g, 16.32 mmol) was added as a solid. After 1 hour
PoCl[err] (2.27 g, 8.16 mvl) was added as a(69lid. The reaction mixture
was then stirred an addltlonal hour. The sol vent was rennved under reduced

pressure. The resi %@ Sy h&ﬂa&’}éry?(cﬂ-gl rﬂdir?a?:h leﬁaf I t‘dﬁﬂ@m

filtered. Tol uene ane he regpdue was

trituratedsw tfy hexarne.n)hel ﬁﬂ*rdldiuWﬁFlHCihH&M %sb&hafﬂlhzité(at)l-mhtam&h&ﬁ)w th

hexane

To a well-stirred solution of 0.56 g of tris(cyclopentadienyl)titanium (2.31 mmol) in
about 50 mL of THF was slowly added 0.75 g of the dilithium salt of (N-(1,1-
dimethylethyl)-1,1-dimethyi-1-(-3-pyrrolidino- 1H-inden- | -yl}silanamine (2.31 mmol)
as a powder. The yellowish-green (reddish to transmitted light) reaction mixture was

10  allowed to stir overnight. The solvents were removed under reduced pressure and the
residue was extracted with about 80 mL of toluene. the solution was filtered to remove
a very pale lavender solid from the dark olive-green-brown filtrate. Both product
fractions were dried under reduced pressure. The dark toluene-soluble product was
extracted with hexane, filtered and the solvent was removed from the deep brown

15  solution to give 0.9113 g of the product as a black-appearing powder (93 percent).
Proton NMR showed only broad humps in the 0.8 - 2.4 ppm region. ESR showed a
signal at g = 1.98 consistent with a Ti(III) complex. The pale solid collected on the
filter was extracted with THF, filtered and the solvent was removed under reduced

pressure to give 0.29 g of a pale lavender-pink solid (87 percent, based on LiC5Hs).
20  To a solution of 0.20 g of the “LiC5H3™ (2.78 mmol) in about 20 mL of THF was
added 0.179 g of FeCly (1.40 mmol). The solution was stirred for about 4-5 hours.

The solvent was removed under reduced pressure. The residue was extracted with
toluene, filtered and the solvent was removed under reduced pressure to give 0.22 g of

an orange powder which was identified as ferrocene. Yield 85 percent.
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and then dried under reduced pressure. 5.08 g O product was obtained.

Yield 72 pewossaios H 0. 67 3
1316 (s, o 2.(7315782[31 s,(cﬂ‘i&”?[?i”(%r[ié” s, 2H§S 2oL (bﬁﬂ’s(’§ﬂ313@25

(m 2H), 7.63 (d, 1%%18%66%) 93 1[err]C{[err]I—I}(C[err]D[err]) [err]

1.58, 25.75, 32.97 1, 106.51, 126.32, 126.89, 127. 14,

129. 00, 135. 82, 13% 54. H err]): calcd 430.0881, found 430.0881.
50 - 149- &#%P 3 ngh resolution MS: Calcd forCmHloFe 186.0132.

PCT/ US97/ 131 a 19 [err] (51) Preparation of (N (1,1

- di met hy| eth;—P)m‘i %ﬁl%thw -((1,2,3,3a, 7a-[err])-3-(1- 5

pyrrolidinyl)- 1H -inden- 1 yl)silanamnato(z-)-l\l)dirrethyltitanium (51).
0.50 g O dichl or g/ it,ol-dimathylethyl)- 1, 1 -dinmethyl-

1-((1, 2, 3, 3a, 7a[err 3( 1-pyrrolidinyl), 1H inden- |

-yl)silanam nato(2-)-Ntitanium (1.15 mvol) was suspended in 40 nL of

Et[err]O To this suspension 0.77 nL I (3 M was added dropw se
with stirring over a 20 m nute peri od. ron of the addition of
the MeMyl the solution was 10 stirred Jor 40 m nutes. After this tine the
Et[err] O was renoved under reduced psesgur feb t he residue extracted with
hexane, the solution filtered, the f'i*=Ft%sI vaparated to dryness under

(derr]Derr]) [err] 0.10 (s, 3H, 0.50 (¢, 3H, 0.65 (s, 3H, 0.75 (s,

reduced pressure to give 0.39 g of prOdﬁ Y| eld 86 percent. [err]H
3H), 1.53% (s, 9H), AT

(66)

Preparation of chloro(cyclopentadienyl)}(N-(1.1 -dimethylethy!)-1,1-dimethyl-1-
((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)- 1 H-inden- | -yD)silanaminato(2-)-N)titanium, (66).
To a solution of 0.0240 g of cyclopentadienyl(N-(1, 1 -dimethylethyl)-1,1-dimethyl-1-
10 ((1.2,3,3a.7a-n)-3-(1-pyrrolidinyl)- | H-inden- | -yD)silanaminato(2-)-N)titanium (0.056
mmol) from above in about 0.5 - 1 mL of CgDg in an NMR tube was added 0.048 g of

PbCl3 (0.17 mmol). The biack solution instantly turned magenta in color. After about

20 - 30 minutes, the NMR spectra were taken on the crude reaction mixture.

IH (CgDe) 8 0.52 (s, 3H), 0.64 (s, 3H). 1.17 (br. 4H). 1.34 (s, 9H), 3.16 (br,

15 2H),3.52 (br, 2H), 5.73, (s, SH), 5.83, (s. IH), 6.83 (1. IH. 3/ = 7.4 Hz), 7.2 (m,
2H), 7.37 (d, 1H, 3Jy.4 = 8.0 Hz).

13C (CgDg) 8 167.7, 158.6, 127.3, 127.0, 126.6. 124.1. 121.1, 115.2, 93.6,

88.5,61.0, 50.7, 32.9, 25.2, 4.0, 2.8. High resolution MS: Calcd for
C24H33CIN,SiTi: 460.1581 Found: 460.1580

20
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3.23 (m 4H), 3.23 (m 4H), 5.43 (s, 1H), 6.95 (t, 1H [err]J][ = 7.
Hz), 7.06 (tWQPP'”ﬂg?r]J[err] 15  [err] = 7.9 H), 7.54 (d, 1?,#&}”5”"3‘%
[err]J[err] 8.5 Hz 763(d 1H, [err]Jd[err] = 8.5 Hz).
[err]C{lH}(C[err]D[ N}WPFé"ﬂr] 2.62, 2.71, 4.82, 4.90, 26.19, 34.90, 49.06,
50. 58, 54.31, 58.00, 84.15, 104.15, 123. 91 124.49, 125.05, 125.63. 133.58.
143.95. 20 -150- WD 98/ 06727

PCT/ US97/ 13170 Exanple 20 [err] (52) Pr : 1@(1, 1
-dinmethylethyl)- 1, 1 -dinmethyl- 1 -((21,2,3 , 7a-[err])-3-( - 5
pyrrolidinyl)- 1Hinden-

1-yl)sil anam nat o(2-) - N)((2345[err135;(§\
the drybox 0.40 g of dichloro(N-( 1,1 -dine
((1,2,3,3a,7a-[err])-3-( 1 pyrrolldlnyl)?[]

itanium (52). In
, I -dimethyl- 1 -

-yl)sllanam nato(2-)-N)titaniumwere co d W ME 0‘976 g of 2, 4-hexadi ene
and suspended in 50 nL of hexane. To thi$ug0l %t on 1.15 nL of n-BuLi (1.6M
wer e added and the solution was refluxed for 2 10 hours. The sol ution was
then cooled to roomtenperature, filtered and the solvent was renpved under
reduced pressure. The residue was then taken lﬁﬁ ¥n the mini num anount of
hexane and cooled to -20 C overnight to give 0.16 g of product. Yield 38

percent. [err]H ((e Lgk k] 7 y (s
9H), 1.32 (m 7H), f’{f]f fibh Bs“ & 2f3r’ 2 "ggéi rr'{‘y'g %)35“15‘% d, 1 I
(m 4H), 3.4p (mmelﬁj)leth )-651 ﬂlﬁﬂﬁt%llanhaﬁtd@v) Nm(d@n&ﬁy(ammd-w) he@yﬁﬁxe(}m
1H), 7.05 (d, [er]J]err 8.5 Hz), 7.83 (d, 1H, err]I errﬁ):8.5
C)tltamum (67). To a solution of 0.3390 g of cyclopentadxeny -(L1-
dimethylethy])-1,1-dimethyl-1-((1.2,3,3a,7a-n)-3-( 1 -pyrrolidinyl)- 1H-inden-1-
yl)silanaminato(2-)-N)titanium (0.797 mmol) in about 20 mL of Et20 was slowly
added 0.1125 g of (2-(N,N-dimethylamino)benzyl)lithium (0.797mmol) as a powder.
10  The reaction mixture was allowed to stir overnight. The solvents were removed under
reduced pressure from the deep brownish red solution and the residue was extracted
with hexane and the very soluble brown-red solution was filtered from a very dark

solid which is much less soluble in hexane. Both product fractions were dried under

reduced pressure. Proton NMR spectra of both of the products (in CgDg) showed

15  broad featureless peaks as have been observed for other Ti(lIl) compounds. After
oxidizing the NMR samples with PbCly. it was determined by !H NMR that the
original reaction was incomplete. The solid on the frit was extracted with CgDg and
filtered and combined with the other product fraction. The solvent was removed under

reduced pressure and the residue was taken up in about 15 mL of Et9O to which was

20  then added an additional 0.0170 g of (2-(N,N-dimethylamino)benzyl)lithium (total
0.918 mmol) as a powder. After stirring overnight and removing the solvent under
reduced pressure, the residue was extracted with hexane. filtered from some solid
material and the very dark filtrate was concentrated. The solid collected on the frit was

placed in a vial with about 0.075 g of FeCly and about 3 mL of THF and let stand
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Hz). [err]C{1H(err]Derr]) [err] 4.22, 6.41, 15.88, 20.84, 25.58, 35.18,
49. 66, 55.WwbH98861203, 96.87, 109.79, 116.86, .112.86, 119. 46, PCRAISIBIIIUP2. 63,
122.90, 126.53, 126.92, 20 127.10, 128.88, 130.11, 130.76, -140.41. -151-

WO 98/ 06727 gvernight. The solvent was removed under reduced pressure and the residue was
PCT/ US97/ 13170 anple 21 [er r)L (53) Preparation of
er

) 3) ( ,
- di net hyl et tewirpeted with Gglagand filtergd intp an NNMR3ube7 NME spettrashowed the
pyrrolidinyl)- 1Hinden- 1
-yl ) si | ananipresep¢eof) Cppie(and vhat apgearstp)be 2 THI eomplek of o) iniorganiammate(isl3) . | n
the drybox 0.50 g (21.16 mml) of dichloro(N-(1,1-dinethylethyl)-1,1-
di met hyl - 1-1H (CEDQ, B2, 00ubf &) #10) {S: 6.06 (binyr FC (Dl § 720H68.008511. As the

-yl)silanam nato-(2-)-N )titaniumwere dissolved in 30 nL of hexane. To

t hi s sol 6iti diitrate. wla cohcantrapedpe verlyelaek {alitl. begamal Jrysialtizadsteadh} aakepnce,
foll owed by dropw se addition QIf 1ﬁ§ m._of 10 n-BuMgd (2 Min hexanes,
2.55 mol ). VEReuUSRIedrred splutioneflhg,seld wap fiiersg mus veashed with hexanessd daigd was

orore | Pl LA RSB RAS A Broch PTRE KOl e

sol uti on was rough ‘a covere

removed UNdeMRBSIOIOIITTHSS e @ch%scgbﬁah@@@u Bioad peaKs B irldistifRi Sifucufi@r K
brown solid (0.47 g, 95 percent yield). 15 [err]H (CJerr]Derr])

[err] 8.10 (BBR 3idwddex sipadl ar g k 1:98Bcohsistht with@2Ti(10l) cdiplekeMdgdbesr] = 8.6

Hz), 7.13 (m 2H), 6.81 (m 4H), 5.60 (s, 1 H, 5.16 (s, 1 H), 4.07 (dd,

1H, [ er APJ[ epsqeptibility (Bvangpmethad)y .50ms 4H), 3.46 (dd, 1H, [err]J[err] = 8,
8 Hz), 2.85 (m 8H), 2.12 (d, 3H, [err]J[err] = 5.4 Hz),

Example 32

D,

Hlfél-)&\ /T'\c;

N
Me
., Me
HSCH ¢ 'ICH

3 3
(68)

Preparation of chloro(1-((1.2,3,3a,7a-n)-3-(dimethylamino)-1H-inden-1-y1)-N-
15 (1,1-dimethylethyl)-1,1-dimethylsilanaminato(2-)-N){(2-

- (dimethylamino)phenyl)methyDtitanium, (68). About 0.070 g of PbCly was added to a
solution of 0.0224 g of (1-({1,2,3,3a,7a-n)-3-(dimethylamino)-1H-inden-1-y})-N-(1,1-
dimethylethyl)-1,1-dimethylsilanaminato(2-)-N){(2-{dimethylamino-N)pheny!)methyl-
C)titanium (frém above} in about Y2 to 1 mL of CgDg in an NMR tube. The reaction

20  mixture was shaken, then let stand overnight. NMR spectra showed the presence of

two isomers (approximately in a 1:2 ratio) along with a very small amount of the

(chloro)(cyclopentadienyl) complex. H (CgDg) Unique peaks of one isomer & 0.67
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1.8-1.4 (m 4H), 1.38 (d, 3H, [err]Jd[err] =5.4 Hz), 1.29 (m 8H), 1.17 (s,
9H), 1.15 (swoO9#ip6721. 02 (s, 3H), 0.94 (s, 3H), 0.83 (s, 3H), BCPHSPYINH)
ppm 20 -152- V\D 98/ 06727 '

PCT/ US97/ 13170 ﬁJf gs 213{)[ %B](s.(gﬁm 2Bre@anAL 3an, Qflzlaiml 25596, 2.54,
- di met hyl et hyl") - inethyl- 1-((1,2,3,3a, 7ra-[err])-

3-(1-pyrroli ctunm 31,Irht=nmmﬂz)l, 3yﬂ7)($m|2ana3rﬁmmom2 5)53Ns) Hﬂrmﬂ(@me 54) . N-(
1,1- Dinethylethyl)- 1, 1-dinethyl- 1- rrolidin - 1 Hinden- 1
-yl ) si | anam ridniqué péakisiofi thesather rmznarlﬁ@ 1,7(5,712*I)né188)(5vlé§ ééléﬁbl 9%1)03\419 (ds a

solid to a slurry of Zrdler;&% 7.72 mmol ) in toluene gg
This mixture Julmen 13| st} oﬂdﬁrﬁfghﬂ T6Afm, dH) 1 h32 (dbd dmnﬁerlod
the m xture was filtered and the vol iles were 10 renmoved resulting in

t he igggl abi on130$ Hehd.Qfeisi 1Y Td0ddutt, 35ie=ddt Bzi @pmmoyézr@iﬂhm@ﬁ%ﬂﬁp@ s .
1.7 i . VR 51

b (o000 s of b somats & L35 Ghr 415,648 inly 6,76t G467 15). 7.08 Gy, podimy. >
3.d4 §H5[(e£nr]§[gl)”]5 59 (s, 1H), 6.9-7.0 (m 2]H) 7(6 7.7 (mrrl H . 7.63
El 62. 25.68, 33. 28'3%382@) (g%‘%??"‘%’é) § 454. §0g§35§ 5355 gé?gé ‘f?[ Agi%ég%g’z
126.13, 129.28., 133,38,338242%, B8 148 | MEn5d % 1534 G9397 420430 4, ound

474. 0419 20
122.1,117.9.114.3, 105.5, 130.8, 95.2, 95.0. 71.7, 69.6, 62.0, 61.3, 50.0, 49.9, 47.7,

10 47.4,34.1,34.1,33.0,31.9,25.6,144,4.1,2.8,2.2, 1.3.

Example 33

HaC
y—"P"

(69)

Preparation of N-methyl-N-phenyl-1H-inden-3-amine, (69). Into a dry flask
1S  equipped with a Dean-Stark trap and a reflux condenser were placed 1-indanonc (10.0
g. 75.7 mmol), N-methylaniline (15.1 g, 141 mmol) and toluene (200 mL). A catalytic
amount of p-toluenesulfonic acid (0.1 g) was added and the mixture was refluxed

under N for 96 hours. The reaction was cooled and the toluene was removed under

reduced pressure before the remaining material was distilled under vacuum. The

20  highest boiliné fraction (6.8 g; bp 150-2° C/0.7 mm Hg) was collected as a yellow oil
which solidified to a yellow-orange solid on standing. This material was stored in a
glove box. Analysis by NMR indicated ca. 10 percent N-methylaniline in the product.
However, further distillation on another sample of distilled enamine was not successful

in lowering the amount of unwanted amine in the product.
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-153 - WD 98/ 06727

PCT/ US97/ 1WWI e 23 [err] (55) Preparation of (N-(1, »ecrrusonizizo
- di net hyl et hyl 1, 1 -dinmethyl- -(( 1,2,3,3a, 7a[err]) 3-( 1- 5

DLy e or o AR B ANAT AL G A ML L
-((1,2,3,3a, 7 err] )-3-(1l-pyrrolidinyl)- 1 H

inden-l-yl)sﬁsi hni nat o- (2-)-N)zirconium (0.99 g, 2.09 mmvl) was stirred
in diethylether (50 nL) as MeMgBr (4. 60 mml 1.53 nL of a 3.0 Msolution

overnignt. 10 alter MRSV LEReRE R el B, PR J8T a8, LA e a2
Fosul ¢ Zhdi”ﬁ Y?@ﬁé@% BB Sl DT I 3889 Tea Testaue (0,72 0,

79 percent yield). [err]HNVR(C[err]D{err])[err] -0.58(s, 3H), 0.22(s, 1H).
0.51 (s, 53H), 0.69(s, 3 H, 1.37 (s, 9 H, 1.0-1.2 (m 4 H, 3.1-3.2 (m 2
H, 3.3-3.4 (m 2 H, 560 (s, 115 H, 6.88 (t, 1H, [err]J[err]=7.35

Hz), 6.96 (t, 1H, [err]J[err]=6.57 Hz). 7.54 (d 1H, [err]J[err]=8.49 Hz),

7.68 (d, 1H, [err]J[err]=8.58 Hz). [err]C"hWi %err]D[err]) [err] 3.06,
5.11, 25.72, 34.54, 35.54, 40.32, 50.81, 55.N¢T 77.82, 103.10, 121.41,

122.96. 125.12, 125.25, 125.78, 132.33, 139.%1. 2Q.-154-

(70)

Preparation of (3-(methylphenylamino)- I H-indenyhlithium, (70). N-Methyl-
N-phenyl-1H-inden-3-amine(6.8g, 30.7 mmol) was dissolved in 100 mL of hexane and
10 12.3 mL of 2.5 M n-BuL.i (0.936 eq) was added dropwise via syringe over a 15 minute
period. The solution developed a yellow precipitate upon the addition of n-BuLi and
the slurry was allowed to stir overnight. After this time the solid was filtered, washed
with 50 mL of hexane and allowed to dry in vacue overnight to afford the desired
anion as a yellow-orange solid (5.83 g, 25.6 mmol) in 89 percent yield based upon the

15  lithio reagent.

i~ Me
Me/SI
HN~—-Bu

(71)
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WD 98/ 06727 PCT/ US97/ 13170
Exanpl e 24 {aes édoshP6) Preparation of N, N-di nmet hyl - 1H i nden- 3-RCEA/ME97/1850) .
This compound was 5 made by a nodification of the general nethod of

Carl son and Ni | ssOprédapdilon@f N-03,1-dhéBgRthyDA, 1 Arhéth Liey it
38,49-53.). To a 3- ne!gid 500 m_ﬁ flask egw B’)Sld W th gﬂg%/grﬁea ?)ia?r er,

sept um and nmilbl-midesd-y)sdesanming, r(ag)er(3v(éh§h)duhm1d'lalxﬁﬁohtHoﬂdamywmnmar(é IOg he
I t | ed t 20 to 0 i d t I

10 b0 280 midioh mEEDASONRE B 5@5@%%@%&%8@@%&#5%&8% S b aved

through the bggfa d@&gg%gnﬂﬁéﬁgyﬁi érﬁ&lndé'@' TC?ISBﬁat 59 lnuzmnmmd&daso

TiC[err] (6 ropw se s e pot tenperature

remai ned bt wesifuteJeriaddvithl &irfieg cotirued foi 2Hhowrs. HEltessolvesng wat evapdrated and
advi sabl e due to titaniumam de formation)., The resulting dark brown slurry
was stirred fdhe Esulbingailavas suhjeeied tveaasupm fopfbons. @hjsdil yves dissalyed in 100

1-ind 4. 32.7

ol utron 15 ePtios A TEoRe AERRB RS Al rRTRL A e B Rvod@iheat ea
to 60 [err]C fgéuum BvulAfzatibiPpRVINRE tﬁ@md&m 6l%el@'33hhﬁ$lﬁgiﬂﬁmréd1&l%l urry
and the solution becane clear. The slurry was tered through a 4 cm pad

of oven-dri ed98gercent yinlder a nitrogen stream and the sol vent was renoved in
vacuo to afford title enamne (3.8 g, 23.8 rrm)l) in 73 percent yi eld as a
dark oil which cont al ned no detectabl e ketone by NVR anal ysi s. The

product ad8ayed at QBNM%éCM)&aHtSWNHyJBJ "(ﬁlhnbﬁy@h& ér(}?](ﬁl NV =
(CDO [err]) [errl{ 9 (d, 1H, J=7 & 1H, J= 7.30 (d.
1H, J=7.4 Hz) 7 )17(Q9>(d.31r1 b'?%ﬁ-ﬁ;(mla 56 157-5( +BH. fotéﬁz()e“md 4pl, 83(5

6H . [err] 1'2‘}0 DMR3GGRE d8r 1ok & ] 16388 qlf‘é‘T@H) s & 35 0.80 136 3

123.8, 119.

13C{IH} NMR (CgDg) 5 149.3, 147.6, 145.7, 141.2, 129.3, 124.8, 124.3,

123.6, 121.4,120.7, 120.3, 118.8, 68.1,49.7,44.9, 41 .6. 34.1, 33.9, 33.6, 25.3,0.54, -
15 O.L

Preparation of (1-(((1,1-diemthylethyl)amino)dimethylsilyl)-3-
(methylphenylamino)-1H-indeny})lithium, lithium salt. (72). In the drybox 4.47 g
20 (12.3 mmol) N-(1,1-dimethylethyl)-1.1-dimethyl- 1-(3-(methylphenylamino)- | H-inden-
1-yl)silanamine was combined with 80 mL of hexane. To this solution 15.9 mL
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107.8, 42.9, 35.6. -155-  \\D 98/ 06727
PCT/ US97/ 1 41 (57) Preparation of PCT/US97/13170
(1- (di nethﬁ%’no L1k indenyl)lithium (57). In the.drybox 3.8 G (259

mmol ) of N, i - ' ahl i with, 100 of
nexane.  To 15 T PORBHESES Py el R Aifentomhuetypadtie ntile
dropw se. UppiBianiid siigidowid shmdcmeﬁﬁ@m?ﬁakésuhn% P&ipitdtOWayedletteldvi£d
overnight. The resulting precipitate was collected via filtration, washed
wi t h hexane hnéltmtiondwastedrwitheslimbesresandg driedoungenredacelidressare tpgoadcds
Yield 91 percePt. %err&é& (58)
Preparati on 80f Proguet digldORPEwaMtnG) - 1H i nden- 1 -yl ) - N-(

1, 1-dimethylethyl)- 1, 1 -dinethylsilanam ne, (58). A solution of (I

-(di net hy¢ ami no)- 1Hindenyl)lithium (3.58 g, 21.67 muol) in 40 nL of THF
was added within 30 mnutes to a 80 nL THF sol uti on of
N-(tert-butyl)-N(1-chloro-1, 1-di net | )am nefti8.59 g, 21.67 mmol). 15
After the addition was conplete the r ' TrePmas stirred overnight.
The-sol vent was then renoved under reduc essure. The residue was
extracted with hexane and the solution \ | ered. The sol vent was then

was f\ |
renoved under reduced pressure Ieaiﬁﬁé‘é?%\faz/é" C’product. Yield 95 percent.
N

- 156-

(73)

Preparation of dichloro(N-(1,1-dimethylethyl)-{.1-dimethyl-1-((1,2,3,33,7a-11)-

3-(1-methylphenylamino)-1H-inden- I-yl)silanaminato(2-)-N)titanium, (73). (!1-(((1.1-

10  Diemthyiethyl)amino)dimethylsilyl)-3-(methylphenylamino)- 1 H-indenyhlithium.
lithium salt (4.25 g, 11.72 mmol) was dissolved in 30 mL of THF. To this solution
TiCl3 (THF)3 (4.34 g, 11.72 mmol) was added as a solid. After | hour PbCly (1.63 g.
5.86 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

15  with 70 mL of toluene and filtered. Toluene was removed under reduced pressure and
the residue was triturated with hexane. The solid was collected by filtration. washed
with hexane and then dried under reduced pressure. 1.57 g of product was obtained.

Yield 29 percent.

IH (CgDg) 8 0.47 (s, 3H). 0.62 (s, 3H), 1.30 (s. 9H). 3.25 (s, 2H), 5.97 (s. 2H).

20  6.70 (d, 1H, 3Ju.y = 8.1 Hz), 6.80 (m, 3H, 3/,.n = 7.9 Hz) 7.06 (t, 2H, 3/ = 8.1 Hz),
7.33 (d, 2H, 3/ = 7.9 Hz), 7.58 (d, 1H, 3/ = 7.9 Hz).
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WD 98/ 06727 '

PCT/ US97/ 13 WO smsreTH (Clerr]Derr]) [err] -0.05 (s, 3H), 0.0BCTASIZA}NT0
1.06 (s, 9H), 2.68 (s, 6H), 3.40 (s, 1H), 5.63 (s, 1H), 7.24 (m -2H), 7.56
(d, 1H, [err]Jd[err]i3e (I K

[err]{1H (Cerr] O ertr] td.@ﬁ) 87]0526igj% 32561 %2'2'1]86)}[%9]%96 47191@'(9)%-'21)2451 936
1120, 120 Soedy. 13835 iy s12maibls, 198310435 4244883, idg 5, 141.38 146. 44,
152.92. [err] 3 Preparation of (3-(dimethyl'am no) - ((( 1, 1 - 10

di ent hyl et hyl ) am no) di net hyl silyl)-1Hindenyl)lithium I|th| umsalt, (59).
In the drybox 5.92 Exafifle 4 mmol ) 1-(3-(di nmet hyl am no)- 1Hinden- 1
-yl)-N-(1,1 - dinethylethyl)-1, 1-di net hyl si |l anam ne were conbi ned with 80
nm. of hexane. To this solution 25.6 nL 04 nmol) chf n-BuLi (1.6 M was
added dropwi se. Upon conplete addition 8 n Buki_the sol ution was
stirred overnight. The resulting 15 Te was'col l ected via
filtration, washed wth 50 nL of hexane and d | ed under reduced pressure to
give 5.45 g of material. Yield 88 pepgang’ -1 7»\‘3“3 WD 98/ 06727

PCT/ US97/ 13170 [err] (60) Preparatiomef W chyoroen,

1-((1,2,3,3a,7a-[err])-3-(di net hyl am no) - i nden- 1-yl)-
Ha%gCJuIIICHa
5 (74)

Preparation of (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1 ,2,3,3a,7a-n)-3l( }-
methylphenylamino)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium, (74).
0.40 g Of dichloro(N-(1,1-dimethylethyl)-1.1-dimethyl-1-({1,2,3,3a,72-11)-3-(1-
methylphenylamino)-1H-inden-1-yl)silanaminato(2-)-Nititanium (0.80 mmol) was
10  suspénded in 40 mL of Et20. To this suspension 0.57 mL of MeMgl (3.0 M) was

added dropwise with stirring over a 20 minute period. Upon completion of the
addition of the MeMgl the solution was stirred for 40 minutes. After this time the

Et>O was removed under reduced pressure and the residue was extracted with hexane.

the solution was filtered and the filtrate was evaporated to dryness under reduced

15  pressure to give 0.35 g of product. Yield 96 percent.

I1H (CgDg) §0.62 (s, 3H), 0.70 (s, 3H), 0.69 (s. 3H). 1.04 (s, 3H), 1.54 (s, 9H),

3.29 (s, 3H). 6.04 (s, 1H), 6.88 (m, 2H), 6.96 (¢, IH, 3/ = 7.9 Hz), 7.16 (1, 4H), 7.28
(d, IH, 3JH_;; =8.5 Hz) 7.55 (d, 1H, 3Ju.n = 8.5 Hz).

13c{TH}(CgDg) 8 1.58, 4.00, 34.07, 41.48, 52.29, 54.13, 58.24, 83.55.
20 112.67, 121.05, 121.98, 124.76, 126.24, 129.03, 132.45, 140.91, 148.68.
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N-( 1,1-dinmethylethyl)- 1,1-dinethylsilanam nato(2-)-Nytitanium (60). (3-
5 (D net?ymm) -1 -(((21,1 -dienthyl ethyl)am no) di net hypgrhisbyr3r7o
1Hindenyl )lithium lithiumsalt (5.45 g, 18.14 nmol) was dissolved in 30
nmL of THF. To thig faﬂ%ﬂ%}’)o” Tic[err] (THF)[err] (6.72 g, 18.14 mmol) was
added as a solid. ﬁt r hour Pbd[err] (2.52 g, 9.07 mml) was added as a
solid. The reaction m xture was then stirred an additional hour. The

sol vent was renoved under reduced pressure. The residue was extracted 10
with 70 nmL of toluene and filtered. Tol uene renoved under reduced
pressure and the residue was triturated wth\hexane. The solid was
collected by filtration, washed with hexane arnd then dried under reduced
pressure. 4.00 g O product was obtained. Yield 56 percent. [err]H

(derr]Derr]) [err] 0.48 (s, 3H), 0.6 , 1.06 (s, 9H), 2.82 (s,
3H). 5.74 (s, 1H), 15 7.00 (m 2H), @ 2H, [err]Jd[err] = 7.5 Hz).
[err]C{1IH (Cerr]Derr]) [err] 2.43, 4385 © 73, 42.79, 50.17, 54.73,
107. 25, 124.41, 124.98, 125.09, 137.0, 145.01, 20 -158- WD 98/ 06727
PCT/ US97/ 13170 Exanple 25 [err] (61) Prepgg-at$ionMsf (1
-((1,2,3,3a,7a-[err])-3-(di met hyl am no) - lH-il’qden- 1 -yl)-N( 1,1- 5

di met hyl et hyl ) -1, 1- di net hyl si | anam nat o(2-) - N)ai net hyltitanium (61). 0.60
g O Dichloro( 1 -((1,2,3,3a,7a-[err])-3-(dinmethylam no)- 1Hinden-
1-yl)-N-( 1, 1-dinethylethyl)-

(75)

Preparation of 1-(1-(chlorodimethylsilyl)-1H-inden-3-yl)pyrrolidine, (75). ‘A
5  solution of (1-(1-pyrrolidinyl}-1H-indenyl}lithium (2.00 g. 10.46 mmol) in 25 mL of
THF was added within 30 minutes to a 50 mL THF solution containing SiMe3Cly

(8.1 g, 62.76 mmol). After the addition was complete the reaction mixture was stirrcd
overnight. The solvent was then removed under reduced pressurc. The residue was
extracted with hexane and the solution was filtered. The solvent was then removed

10  under reduced pressure leaving 2.40 g of product. Yield 82 percent.

IH (CgDg) 8 0.03 (s, 3H), 0.15 (s, 3H). 1.52 (m. 4H). 3.14 (m, 4H). 3.43 (s.
1H), 5.14 (s. 1H), 7.24 (m, 2H), 7.23 (m,2H). 7.60 (m. 2H).

13C{1H)(CgDg) & -0.75, 0.48, 25.51, 42.72. 50.52. 100.02, 103.77, 121.18.
121.29, 124.30, 124.70, 125.58, 141.29, 144.61, 150.50.
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1, 1-di met hyl si |l anam nato(2-)-N)titanium (1.53 nmol) was suspended in 40 nL
of Et[err] Owdesedns suspension 1.07 nL of MeMgl (3.0 M was BEHESH3HWw se
with stirring over a 20 m nute period. Upon conpletion of the addition of
the MeMgl the 10 solution was stirred for inutes. After this tinme the
Et[err] O was renoved under reduced pressure gnd it he resi due was ‘extracted
wi th hexane, the solution was filtered and thg"filtrate was evaporated to
dryness under reduced pressure to give 0,43 ¢g of product. Yield 80 percent.
[err]H (C[err]Derr]) [err] 0.03 (s, 3 ,~2¢ (s, 3H. 0.63 (s, 3H. 0.85
(s, 3H. 1.49 (s, 9H. 15 2.78 (s, ? (s, 1H), 6.85 (t, 1H,
[err]Jd[err] 7.5 Hz), 7.06 (t, 1H, [e [exXr] = 7.5 Hz), 7.44 (d, 1H,
[err]J[err] 8.5 Hz), 7.63 (d, 1H, [err]J[er¥] 5. 8.7 Hz). 20 -159 - WO
98/ 06727 Me—S
PCT/ US97/ 13 170 Exanple 26 CH3 [err] (62) Preparation of (1
-((1,2,3,3a,7a-[err])-3-(di net hyl am no) - 1Hi R oyl )-N-( 1,1 - 5

di mret hyl et hyl )-1, 1-di net hyl sil anam nato(2-)-N)((2,3,4,5-[err])-2, 4- hexadi en
e)titanium (62). To 0.5490 g of dichloro( 1 -((
1,2,3,3a,7a-[err])-3-(dinethylam no)- 1Hindegy 1-yl)- N( 1, 1
-dinethylethyl)- 1, 1 -dinethylsilanam nato( ; N) itanium (1. 35 mol)
slurried/dissolved in 50 nL of hexane was added 1.4 niL of 2.4-hexadiene
(12.3 mol ), followed by 1.63 nL of BuMgl (2.0 Min Et[err]O (3.26 muol)
along with an Preparation of 1,1-diemthy}-N-(pheny!methyl)-1-(3-(1-pyrrolidinyl)-1H-inden-

1-yl)silanamine, (76). A solution of lithium benzylamide (0.97 g, 8.64 mmol) in 75

5 mL of THF was added within 30 minutes to a 150 mL THF solution of 1-(1-
(chlorodimethylsilyl)-1H-inden-3-yl)pyrrolidine (2.40 g, 8.64 mmol). After the'
addition was complete the reaction mixture was stirred overnight. The solvent was
then removed under reduced pressure. The residue was extracted with hexane and the
solution was filtered. The solvent was then removed under reduced pressure leaving

10 2.99 g of product. Yield 99 percent.

14 (CgDg) 8-0.04 (s, 3H), 0.06 (s, 3H). 1.58 (m. 4H). 3.22 (m, 4H), 3.76 (d.

4H), 5.32 (s,1H), 7.24 (m, 7H), 7.47 (d, 1H, 3Jy.u = 7.7 Hz). 7.63 (d, 1H, 3y =7.7
Hz).

13C{1H}(CgDg) & -2.42, -3.16, 25.47. 43.84, 48.61. 50.91, 104.08, 121.65,
15  124.64, 126.65, 127.24, 128.46, 141.43, 144.42, 146.68. 148.87.
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10 additional 3-nL of Et[err]O The reaction m xture was refluxed for 1.5

hours, thegoleergaction m xture was allowed to stir overni gotwsInsro

sol vents were renoved under reduced pressur-e.and the resi due was extracted

wi th hexane. the solution was filtered and filtrate was evaporated to

dryness under reduced pressure. After addiﬁgzaexane to dissolve the very

dark product, the solution was stored overnikgfit in a 15 freezer. The

supernat ant was renoved to give 0.0735 g off/ bl agk crystalline material. The

supernatant was concentrated, then cedfeg—1\ the freezer again to give

addi tional product. 1H(C[err]Derr]) [ii?.?Z (s, 3H), 0.94 (s, 3H, 1.10
= 2y, 1.60 (m 1H), 1.78 (m 1H),

(s, 9H), 1.26 (d, 3H, [err]J[err] = 5]

2.10 (d, 3H, [err]J[err] =5.5 Hz), 2.37 (s} _6f), 3.38 (m 20 1H), 3.97

(m 1H), 5.46 (s, 1H), 6.68 (t, 1H [er™M3{®rr] = 7.7 Hz), 6.94 (m 2H),

7.87 (d, 1H, [err]Jd[err] = 8.5 Hz). -160- .___\{_\3@/06727

PCT/ US97/ 13170 13C (Ce6D6) 8 142.9, 130.0, 128797713, 2, 122.5, 121.8,

120.1, 112.4, 109.3, 99.0, 92.3, 79.6, 78.6, 56.4, 42.3, 35.0, 20.3, 15.7,

14.4, 6.4, 4.1. Hgh resolution Ms: Calcd for C23H36N2Si Ti: 416.2127.

Found: 416.2107 Exanple 27 [err] 5 (63) Prgmgaration of (1, 1'-([err]-1

, 3-but adi ene- 1 ,4-diyl)bis(benzene))( 1 -((1,2,3,3a, 7a-

[err])-3-(dimethylamno)- | Hinden- | -yl)-N( 1, 1-dimethylethyl)- 1, 1 -
Preparation of (1-(((phenyimethyl)amino)dimethylsityl)-3-(1-pyrrolidinyl)-1H-

indenyblithium, lithium salt, (77). In the drybox 2.99 g (8.50 mmol) 1,1-diemthyl-N-

5  (phenylmethyl)-1-(3-(1-pyrrolidinyl)- 1H-inden- 1 -yl)silanamine was combined with 80
mL of hexane. To this solution 11.25 mL (18.0 mmol) of n-BuLi (1.6 M) was added
dropwise. Upon complete addition of the n-BuLi the solution was stirred overnight.
The resulting precipitate was collected via by filtration. washed with 50 mL of hexane

and dried under reduced pressure to give 2.87 g of product. Yield 93 percent.

10

.!,’:>

. ci
HaC1.:Si i
H,C” \ / ¢

(18)

Preparation of dichloro(l,1-dimethyl-N-(phenylmethyl)- 1-((1,2,3.3a,72-n)-3-
(1-pyrrolidinyl)- 1H-inden-1-yl)silanaminato(2-)-N)titanium, (78).
15 (l-(((Phenylmethyl)amino)dimcthylsilyl)-3—(1-pyrrolidinyl)-lH-indenyl)lithium.

lithium salt (2.87 g, 7.96 mmol) was dissolved in 30 mL of THF. To this solution
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di met hyl si l anam nato(2-)-N)titanium (63). In the drybox 0.40 g of

di chl oro( 1woéknoe7rdA 1, 2, 3, 3a, 7a-[err])-3-(di met hyl am no) - 1HRCKIESR7/13170
1-yl)-N (1, 1-dinmethylethyl)- 1,1 - dinethylsilanam nato(2-)-N)titani um was
conbi ned wi t hr{g&12 ITHFY (2958SE96mArol Washadayd by estideneearichobn PPERDANIO g) 30
mL of hexane. To this solution 1.27 nL of n-BuLi (1.6 M was added and the
sol ution was 3.98mnel wasad@edaur solidTMhe sedation om x s whditan stimédah addivieran
tenperature, filtered and the solvent was_ renoved under reduced 15
pressure to ghew. Fhesolyenswasgmored undesredugsd peessuset 1he wsidpewasesraqed err)

[err] 0.68 (s,. . P. s, 3k, 1.2 s, 9H), 1.47, (s, 9H) 3. 45 1H),
3.60 (m 1H). with 7B Tﬁ]°?§‘1’1‘§"“ﬁ.aég)f‘3‘ﬁ{°d1 °,('“%‘.°2'EQS(’§’?‘°1?%‘?“‘18Y E?gl‘c"'ii?%%“t‘fﬁna"f4m.
20 -161- V@ezgéﬂ.ﬁ?% triturated with hexane. The solid was collected by filtration, washed
PCT/ US97/ 1317 anple 28 [err] (64) Preparation of

chl or o( cycl opeithdekareydny (thén dried, uhdsr @dpdet pressufe). - B33Q gl Ofprddpcwanodtaingd.
IHinden- 1 -yl)-N-(1,1 -dinethylethyl)- 1, 1 ,

-di met hyl si | akiid AAPETSY - N)titanium (64). To 0.312 g of dichloro( 1
-((1,2,3 ,3a,7a-[err])-3-(dimethylam no)- 1Hinden- 1 -yl)-N( 1, 1-

( ] ! _ den- )

di S50l ved i about 'BICEBOD 7 IR G by A EBAHD). 38 (e 2B, 250 m.
NaC[er]Herr] (1.0 Min Et‘([]e r] O &1.00 mml%{. The purple reacti m xt ure
was al | oned t3H3t5.35 ¢AJ qa2 a%ha zh3i0B (m1 6H), TTAk(mNeAd (dekdd Vemsved

under reduced pressure and the residue was extracted with hexane, the

sol uti on Uhs ?1’9I}1l7ér3élé¢rd11’r$e}ﬂ-ﬁﬁ?-?zﬂ?é- was evaporated to dryness under

Example 36

e

7
HaChre:Si Ti\CHs
v Sy
HsC CHs
\N /
(79)

i Preparation of (1,1-dimethyl-N-(phenylmethyh)- 1-((1,2,3,3a.7a-11)-3(1-

15  pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium, (79). 0.30 g Of
dichloro(1, 1-dimethyl-N-(phenylmethyl)- 1-{(1.2,3.3a.72-1)-3-(1-pyrrolidinyl)- 1 H-
inden-1-yl)silanaminato(2-)-N)titanium (0.64 mmol) was suspended in 40 mL of Et0.
To this suspension 0.45 mL of MeMglI (3.0 M) was added dropwise with stirring over
a 20 minute period. Upon completion of the addition of the MeMgl the solution was

20  stirred for 40 minutes. After this time the EtoO was removed under reduced pressure

and the residue was extracted with hexane, the solution was filtered and the filtrate was
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reduced pressure. After addi ng hexane to dissolve the very dark product,

the very ﬁk% 64le¢dby - col ored magenta sol ution was stored overpagbserns e
freezer. er renovi ng the supernatant and dryi ng under reduced pressure

t he product b S tant was
concgnt r at eﬁvapt%ﬁaé%é @o&?‘geég red e&ége(g%@%gj%l%éﬁggﬁtqrgé@ g?%&dg%t as
n‘icrocrysta?&ce,ﬁ@rr]H (C[err]D[err]) [err] 0.50 (s, 3H), 0.60 (s, 3H), 1.31
(s, 9H). 2.73 (s, 6H), 5.69 (s, 5H). 5.78 (s, 1H). 6. 79 (t, 1H, [err]Jd[err]
=7.4 Hz), 7.15 (m 2H), 7.33 (d, 1H, [err]Jd[err] =8.2 Hz). [err]C
(Clerr]Derr]) [dH{C D76®58)IZL(38316) 01P(s G3H )Y DB63s, 31-2)1038 (§3H)11.521m, 4, 95. 2,
88.4, 20 61. 2, 42§ 32.9, 3.9, 2.7. Hgh resolution Ms: Calcd for

H I AT 2 6 06727
Lo L er hefldbeia) st s, fauE niR Ot 68 . 1O (1

1 -di netéyl 3 2
i met fy 3@9&970@) (t, 1H, Q,Lg%téwk{z)b 5 @, 1HEBJ,S’L. 93 38, ‘75!9[(?“1] )37“9’-?

-pyrrolidin 1H I nden- -yl)silanam nat o titanium (.

wel | -stirreq shiiyizg dOfHCBJ =99@fnzrvs( qlﬂoﬁg a:d;@m TR amwrﬂj =1
mmol ) in about 5)3 Q 'I’HFﬁ\%asso) @(y ‘%gof t he gl“thl&l’%ls&ﬂt
of (N-( 1, D:OHk)mst hyI et hyl)- 1,1 -di rret hyI 1 (-3-pyrrolidino- 1Hinden- 1
-yl)silanam ne (2. 31 nmol ) as a powder. The yell owi sh-green (reddish to
transmtted |ight action m xture was 10 al lowed to stir overnight. The

solvents were re Gé Wi5eE6)r & t063d 1gtde I5:82% 49 110668 614 2R:1e592% Wt Bact ed

with about 80 nL of toluene, the solution was filtered to renove
125.19, 125.21, 126.02, 127.08, 128.64, 128.73, 134.75. 142, 57 ] 3 72, 146.24.

10 Polymerization data for catalyst systems comprising metal complexes of this

invention are presented in Table 2.
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a very pale |avender solid fromthe dark olive-green-brown filtrate. Both
product fraowoessémere dried under reduced pressure. The dar kPCT/USIT/13170

t ol uene-sol ubl e product was extracted with hexane, filtered and the sol vent
was renoved fromthe_deep brown 15 solution to give 0.9113 g of the

product as a bl ack- 4 md%owdg (P& pefgent))g Prcgon NVR showed only

broad hunps in the Q. &}<2. 4 ppm Regi pR. H sr(m/ed &signal at g = 1.98
consistent with a Ti|({ Ig cqpl ex3 Thngpal eXs01{i¥ cdlFected on the filter
was extracted with THE/| Til t|éted|&hd | Fe slvert®wag Fempved under reduced
pressure to give 0.349 of g pal & | avender}pin solild (87 percent, based on
LiClerr]Herr]). 20 Tp a golutijon of 0.20 g af thg "Li¢err]Herr]" (2.78
nmol ) in about 20 m of} THF jwas {added 0.179 g qf FeQl[ernd] (1.40 mmol). The
solution was stirred Lor abdu® 445 hours. [The dol verit wag renoved under
reduced pressure. TH 2? [ xtre:ctedg_withqol ne| filtered and the

e NG
sol vent was renoved undEJ., red@lcetﬂgoresgjre %o g@e 0.22 ¢ of an orange
powder which was i dgnt+f+eeras—fFerroepre—rietg—85 ”chmt. -163- WO
98/ 06727

[erf]C ((err]Derr])

PCT/ US97/ 13170 [err]JHE ern]Dlefr]) [err]| 4.0Q (s).
! errggFe: 186. 0132. Found:

) (s

[err] 68.3. H gh rego & cd] gor erri]
186. 0124 Exanple 30|[@r® 5 (q6) Pr eppat i = ?
n 124 S.

oh of
chl oro(cycl opent adi ¢ t hyll Bt hy15 ©1 J{dinmethyl- 1 -

Table 2
Polymerization Data

2.3.30.7a-n)-3-(dimethylamino)- T H-inden- 1-y)-N-( 1. I -dimethylethyl)-1,1-

(m4-1.3-butadiene-1 4-diyDbis(benzene))(1-((1,2,3.3a,7a-n)-3-(dimethylamino)-

IH-inden-1-yl)-N-(1,1-dimethylethyl)- | {-dimethylsilanaminato(2-)-N)titanium

(1-((!
dimclhylsilanaminmo(2-)—N)((2.3.4.5-1])-2.4-hexudicnc)titunium

cocatalyst is B(CgF5)3

h) g/cm"

(1-((1,2,3,3a,7a-n)-3-(dimethylamino)-  H-inden-1-y})-N-( 1, 1-dimethylethyl)-1,1-
¢) melt index (g/ 10 min)

dimethylsilanaminato(2-)-N)dimethyltitanium

(hLy-

e) GPC analysis showed M,, = 246,000, M,, = 116,500, M./M, = 2.11

IH-inden- | -yl)silanaminato-(2-)-N-)dimethyltitanium
(1-((1,2,3,3a,7a-1)-3-(dimethylamino)- | H-inden- I -yl)-N-(1, | -dimethylethyl)-1,1-

| H-inden- 1 -yl)silanaminato-(2-)-N-)dimethyltitanium

d) g polymer/gTi

a)

dimethylsilanaminato(2-)-N) ((2-(dimethylamino-N)phenyl)methy]-C)titanium

tetramethyl-2-4-cyclopentadien- | -yl)silanaminato(2-)-N]dimethyl-titanium
(N-(1,1-dimethylethyl)-1,{-dimethyl-1-((1 »2,3,3a,7a-1)-3-(1-pyrrolidiny})-
(N-(1.1-dimethylethyl)-1,I-dimethyl-1-((1,2,3,3a,7a-n)-3-methoxy-

[N-(1,I-dimethylethyl)- 1, -dimethyl-1-{(1,2,3,4,5-n)- 2,3.4,5-

Compound Name? .

i
)
~
~}

f



1,2,3,3a,7a-[err] )-3-(1 -pyrrolidinyl)- 1Hinden- 1-yl

I | anam naiyfoboerdy titanium (66). To a solution of 0.0240 gcafusrisize

cl opentadi enyl (N-( 1, 1-dinmethylethyl)- 1,1 -dinethyl- 1 - 10 -
1, 2, 3, 3a. 7a-[err2 1- pyrrolidinyl

yl ) si | anani nat o( 5&YV€§‘?‘FW5E1¢"LE?H”(‘B“WS‘6‘*MI‘)’°W bl Simetbylethylbbidimetgyl-1-

ol o b Stk b REny P HPREE L B R PN T bout 20

- 30 mnutes, the NVR spectra were taken on the crude reaction m xture.
[err] H(C[err]D[etUA]T)q(t&ng;]m@NSZ (s, 3H), 0.64 (s, 3H). 1.17 (br, 4H),

((
)s
cy
((
1-

1.34 (s, 9H), 3.16 (br, 15 3.52 (br 2H), 5.73, (s, 5H), 5.83, (s,
1H), 6.83 (t, 1H, [errJer}:74Hz 7.2 (m 2H), 7.37 (d, 1H
[err]J[err] = 8.0 bwar psyl mhmﬂcvystaipﬁdanenmmszmzm 01%emsy was24. 1,

121. 1, 1152 93. 7, 32.9, 25.2, 4.0, h | ut
VB Cal od 3 o ibErEs it ol RN, Figfen, 38, Bignaed phiadhinielas diven £B Sysiaintes

WO 98/ 06727 iransferred to a Siemens SMART PLATFORM diffractomet d with a graphi
PCT/ US97/ 13176815(3% B 311 r[ng?sr] (67) " Preparat i (lmra(c): ome er c&ufpe with a graphite

d2 3, ﬁal 7ah[ F;‘rfoh):el&o(rﬂnaetylsml ,anvioK ) radiation salece (Al= 9)7|1 ())73\A§ &, CQD~(clarge coupled
I met hyl et hy
_di net hyl si | afeyiFearex dersctoqwhioh ischepbaty/P285m 5om e erpta) nEhagystabyas bashedim

S h;Tlloef hfll()lf%@o‘?“géﬁ" S‘%ﬁ'%%gfh% %f%l 003%3@“5{%3“%05?‘?3 Thissset519f 8Py ) -
1H i nden- 14 - fﬂAHe§ ebm@ene&&am%hgm& pethéidiclR sBaBHs)of sPacRRR M (ROwEkarPf

Et[err] O was sl ow
method and with a ten second exposure time. Integration of the frames followed by

reflection indexing and least squares refinement produced a crystal orientation matrix and

a monclinic lattice.

Data collection was set up to collect a total of 1381 frames in four different runs
15  covering more than one full hemisphere of data. Frame scan parameters are summarized

in the following table:

Scan  Scan Frames Exposure
Run 20 o ) X axis  width(®) (#)  time (sec)
1 -29  -26.00 000 5468 2 -0.3 626 10
2 -29  -21.00 90.00 54.68 2 -0.3 455 10
3 -29  -23.00 180.00 54.68 2 -0.3 250 10
4 -29  -26.00 0.00 5468 2 -0.3 50 10

The last run (# 4) i1s the remeasurement of the first S0 frames from run number 1.

This is done to monitor crystal and diffractometer stability and to correct for any crystal

decay.
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added 0.1 125 g of (2-(NN-di nethylam no)benzyl)lithium (0.797mpl) as a
powder. 10 WOB06R3cti on m xture was allowed to stir overni gRET/ERRU13170
sol vents were renoved under reduced pressure fromthe deep brownish red

sol ution and the rgsffeiefornéier seplincltést 40 B mbesinraiansiolidigvar X-rap bedh of 0.8
brown-red solution was filtered froma very dark solid which is nuch | ess

sol ubl e in heimen diBpieter pGesltrator powert wanset weSE KW ariBumde rProgdtcSMART! was
pressure. Proton NMR spectra of both of the products (in C6D6) showed 15
broad f eat ur ehsssifopdiffractomersnoentipbdrmran seans.dadexang. oripetatiqn matrx calangionsds .
After oxidi zi the NMR sanpl e 1, th _Pb err it was determn b rr]H
NVR-that ¢ he. SSLRHAISS FSTIETIER oL AL PR et Ras R B £ deniel o
extracted i t By RbEn 2Prhgkirh YTRD SMARPIOANST aMél WPREPLOEARTs a8 PAIV6E Siemens
fraction. The solvent was renoved under reduced pressure and the resi gue
was .t aken up crysabiogtaphis softwerfe packa@etfor sihglelerysted d2@ cotlémtion astdectiommand

addi tional 0.0170 of (2-(N, N-di net hyl am no) benzyl)lithium (total 0.918
mol ) as a poREFEATAUAR WAS UsEG LOSEHP %F?\‘feﬁﬁf’“é‘ﬁﬁeﬁénovi ng the sol vent under
reduced pressure, the residue was extracted with hexane. filtered from sone
solid material andghe prgb) f filtrate was concentrated. The solid

coll ected on the frlpf was placed in a vial with about 0.075 g of Fed [err]
and about 3 nL of THF and let stand -165- WO 98/ 06727

PCT/ US97/ 13170 ovewrl tisl.criistdlogodphiznmawvdasa fremey edrelragtbly progdiane SADNExadr e

and the residue was extracted with Cq and filtered into an NVR tube. NMVR
spectra sHoweiggiateg Pé@é%bepr&f'w%fl&ﬁ’]l%‘- gﬂlf AR SR Wewe redugsd tg praguce hk)
conpl ex of an_J . i i Al . e br s),
200 (o) 5 o PR BB fierdlies WY Ehithddd BAdeh BEGAonk ThY diradit ) )1
5 filtrate v&sectanfoelorenteshd mlacizayonaffécts OAitotabefio988 eefldcishawbicZollotttd

| eaving a deep )
representing a range of 2.7 to 3.99 redundancy level and have an Rgym value range of 3.3

percent, at the lowest 28 shell of reflections, to 4.4 percent at the highest 20 shell of
15 reflections (55°). Crystal decay correction was applied and was less than | percent. The
unit ce]l parameters were refined by least squares of the setting angles of 7091 reflections.

Unit cell parameters are:

a=1229883)A  a=90"
b=168313(4HA  B=106871(1H"
20 c=12.62653)A  y=90°

V = 250125 (10) A3

Absorption corrections were applied using program SADABS Sheldrick, G. M.
(1996). SADABS is a program for the application of absorption corrections based on psi
scans according to Blessing, Blessing, R. H. (1995). Acta Cryst. ASl, 33-38. Absorption

25  coefficient was 0.617 mm~! and minimum and maximum transmissions were 0.761 and

0.915, respectively.
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venous bl ood-red solution. The solid was filtered out, washed w th hexane
and dri edwmesee7eeduced pressure. Yield of deep reddi sh-br aaermpsewdsrro:
0.1718 g. A proton NWR of 0.0399 g of the substance in C6D6 showed broad

peaks of indistipnct structure. howed a si a* = 1. 98 consi stent

with a Ti(111) cOff BRPIREYHEAS %affﬂe‘? °“‘§1§§’@é§?$f m 4 ?&EE@H%WW{W%S 1.57
Ex 1; .

"L 2. 5. 3aceSrpited f bPA P THPRALAO SihafEibgtRes. XPRED providedthe |

-di met hyl et ?Mi&wmécﬂysraﬂb%ﬁemf Pﬁx‘ahﬁ:‘?e?ﬁ” seérpﬁraq.)e r'é'ﬂt&(no(vg%mb 365955579, With |

(di met hyl am no) phenyl) tani um Abou err

added to a sflictsi-oM<of <Q502224<a @is(ll6'<(l(<15

1,2,3,3a,7a-[err])-3-( methy’famno) TH-Tnden- 1-yl)-N-( 1,1 -
dimethylethyl )- 1, 1 -dinethylsilanam nato(2-)-N)(

(2-(di me¥ hyl am nswmﬁ;spyu@pnwm@mmmum (from above) in about [err]
to 1 nL of C[err]D[err] i n an NVR tube. The reaction 20 m xt ure vvas

haken, then | d
camers (approvi TR SRR er e I Bp UG PONEL Y ES SERARR ot of
the (chl oroj(ggysl glqgnqulje@fg%talw%;ﬁ%ssef%gg%%&%g_eglghQL;Am&“w,l siLe peaks

of one isoner [err] 0.67
PCT/ US97/ 13 MrBlisop, Wisgonsio . A (fsqm dich ﬂJe ®Bsifions &HY) of 2hdifon-Hdatorhétwere

5717 (' o phdid Tk vssaned e SHESSTLS oty hmEdopeghiier e
err] 3 7] redvifgiep THenop G it W&%’%@%‘*@*S‘é‘ﬁaﬁé@?%‘*‘ Pebamglyrt g Ao
1H, [err]J[ drerH atoms were located by a Difference Fourier map and refined without any constraints.

A toluene molecule was located on a center of inversion occupying the ring cemer.' Thus it

is disordered in the methyl group positions occupying para. positions with 50 percent site

occupation factor for each. In the final cycle of refinement. 4206 observed reflections with

15 1> 20(l) were used and the resulting Ry, wR3 and S (goodness of fit) were 3.59 percent,

8.38 percent and 1.023, respectively. A correction for secondary extinction was applied

with x = 0.0029(4). The maximum and minimum residual electron density peaks in the

final Difference Fourier map were 0.419 and -0.272. respectively. The refinement was

carried out using F2 rather than F values. R 1 is calculated to provide a reference to the

20  conventional R value but its function is not minimized. Additionally. wR3 is the functions

that is minimized and not Rj.

Figure 1 shows the crystal structure of dichloro{N-(1,}-dimethylethyl)-1,1-
dimethyl-1-((1,2,3,3a,7a-n)-3-(1-piperidinyl)- 1 H-inden- | -yl)silanaminato-(2-)-N-}-

titanium.

25 X-ray structure determination of dichloro{N-(1.1-dimethylethyl)-1,1-dimethyl-1i-

((1,2,3,3a,7a-n)-3-methoxy-1H-inden-1 -yl)silanaminato-(2-)-N-)-titanium.
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5 13.5 Hz), 5.06 (s, 1 H, 7.90 (d, 1H, [err]J[err] = 7. ﬁ
Conmon/ undi f M@ 88@672b1 e peaks of both isomers [err] 1.38 (br CfusEgaT0
(m, 6.76 (m, 6.87-(m, 7.08 (M, 740(r’r) [err]C (CJerr]Dlerr]) (both

i soners) [err] 154. %ﬁ’%gsé%a-’ﬁ‘f%@ 3, 152.9, 147.3, 142.8, 136.0, 133.4,

131.0, 130.0, 128.9 125.6, 124.3, 123.4, 123.0, 122.7,
122.3, 122.1, 117.9. 114.3, 105.5, 130.8, 95.2, 95.0. 71 7, 69.6, 62.0,
61.3, 50.0, 49.9, 4°A darkrple Block-sBdpell,caystdl of dirflerdions,0.3%bx 6.21 x 0.09 mm was
14.4,4.1,2.8,2.2, 1.3. Exanple 33 [err] (69) Preparati on of

N- et hyl - Nphemmmdmadnl?asmam NeExxeygpnd mpusted ofy 4thin 5)34;@ f1®r The aiyptabwas

o, 7507 mrol ), CREsierRg I pieTeas SYRR T LA KM B R A ccbinp R 5RB Heipbre °

XUy e 3625?2?‘?°3§2J‘5{}¥?§E%§‘*#‘%“ﬂ“&%"”ﬁ%ﬁ?*ﬁ“ Sblrte L= 0P 079150 0D (chfige sougled

tol uene was redeviee) drediddtedteduitiell ikeps a1L5.07demdten theery et Thie ey sea twak bathed in

was distilled under vacuum The 20 hi ghest boiling frac(gl on (6.8

150-2[ err] C OaFoldmingpeiEaguior herdvgation of %Mmﬁw WQ P Blrmwsf @fdl(f 0 a
| lid t andi t e ' box

Anal ysi o by NI aeh e a et sl R pEpalEuRt RRE% o heTing Bscan

However, furthefeuidSirdd With b &h RBorI¥XpoSire waollategfau@h oF tHel fRAMQNBITbWE RS
not successful In lowering the amount of unwant am ne in the product”
-167- WD 98 r€fBeddn indexing and least squares refinement produced a crystal orientation matrix and

gc;gu(sgw %E{)NOS"@B"C“ MR (dg-PhMe) [err] 6.78- 7.25 (m 9H); 5.62 (t, 1H);

Data collection was set up to collect a total of 1381 frames in four different runs
covering more than one full hemisphere of data. Frame scan parameters are summarized

in the following table:

15 Scan Scan  Frames Exposure
Run 26 W ¢ X axis  width () (#) time (sec.)
1 -29  -26.00 0.00 54.68 2 -0.3 626 10
2 29 2100 90.00 54.68 2 0.3 455 10
3 -29 -23.00 180.00 54.68 2 -0.3 250 10

20 4 29 -26.00 0.00 54.68 2 -0.3 50 10

The last run (# 4) is the remeasurement of the first S0 frames from run number 1.
This is done to monitor crystal and diffractometer stability and to correct for any crystal

decay.

Diffractometer setup includes a 0.8 mm collimator providing an X-ray beam of 0.8
25 mm in diameter. Generator power was set at 50 KV and 30 mA. Program SMART was
used for diffractometer control, frame scans, indexing. orientation matrix calculations.
least squares refinement of cell parameters, crystal faces measurements and the actual data

collection. Program ASTRO was used to set up data collection strategy.
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(s, 3H). [err]{[err]H NWR (d[err]-PhMe) [err] 149.84, 149.02, 144. 30,
141. 85, 13000306745 82, 124.98, 124.06, 121.79, 121.69, 121pdPuseisiro
113.66,42.01,35.89. 5 [err]. (70) Preparation of (3-(methyl phenyl am no)-
1H i ndenyl)lithium (70). N Methyl- N-phenyl-1Hinden-3-am ne(6.8g, 30.7
mol ) was di ssol V24TA PREPBBATRDNOf hexane and 10 12.3 nlL of 2.5 M n-Buli
(0.936 eq) was added dropwi se via syringe over a 15 mnute period. The

SPurry vas at1 oo 3 Eey RGNS i osta PR et B pibgrn AN fea™ ™ 1"
filt d, ' f ' i ght
to aftord t gt isheth Bloffting MEHRmAT ThetesNE g VAT ellectFEURRAUERRY O
89 percent yefédiohaandithejrdmeisitesldnd estimbicd staadgddeviafieis: |The dh}a wér@8- VO

98/ 06727 L PCT/ US97/ 13170
Pr epar at Pon c@frefied far Lioreniz apd polpazatipn\cffests) A glalef 4345 reflections were collected

- (3- (et hyl ' - i RV 1 N8 7
AT R A B OOl B o4

i ssol ved i |
t-butyl am n@&%iﬂﬁiﬁfgllg‘g&é%Pg??}ggﬁ?ggéf%w @%%@e rr@ﬁr%% “%rqpéglgg}r%_e %’F l]‘WLIF over
a305 m ?ufg@:mgs (359). Ohyistal dédayrdongclisnWisupptled @id Whs 18S¥han | PBRem0ITHRNt
vas evapoera u?\it c%lr} parameters were refined by least squares of the setting angles of 6109 reflections.

10 Unit cell parameters are:

a=237620(1H) A  o=90°
b=11.4403(2)A P =108.929(1)°
c=143161(2)A  y=90°

V =3681.29(8) A3

15 Absorption corrections were applied using program SADABS according to

Blessing. Absorption coefficient was 0.821 mm-land minimum and maximum

transmissions were 0.755 and 0.942, respectively.

Data preparation was carried out using program XPREP. The space group was
determined to be C2/c (# 15) based on systematic absences. XPREP provided the

20 following crystallographic parameters: 4203 unique reflections (Rint = 3.06 percent) with

indices -31 <h <30,-15<k <8,-18<1} <19,
STRUCTURE SOLUTION AND REFINEMENT:

The structure was solved by direct methods in SHELXTLS from which the
positions of all of the non-H atoms were obtained. The structure was refined, also in
25 SHELXTLS. using full-matrix least-squares refinement. The non-H atoms were refined
with anisotropic thermal parameters and all of the H atoms were located by a Difference

Fourier map and refined without any constraints. In the final cycle of refinement, 3333
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the resulting

oil was subjected to vacuumfor 4 hours. This oil was

di ssol ved i rwae80ém7of hexane and filtered of fromLid. Sol vEST/USSHHUNA in
vacuo and overni ght vacuum devol atilization provided the product (4. 6649,

13.3 mmol ) as

(d err] D[ er r] yobseryed geflegtiong wity I >

7.4 Hz), 7.00
3.464 (d, 4H,
NH). 0.04 (s,
149. 3, 147.6,
120. 3, 118. 8,

a dark red oil jn_98 rcent yield H NVR
> 2 yaf()ﬁ WES usé%i 9 5cf3qﬁ12093|_5ararqeter-; a(ae tt]wqusulgna

%E “érgg iéngMﬁss(o‘?fﬁgﬁ%{@ éd_%erc(‘gnlg% gg'f %Ia(] B28 re'gg%ﬂvely

AgEirecibpfr ietondly sxifiigh s phed w IR L EOTY TistaniFhtd
4n3. miniOm fesiddal @lecttdn Bensd peaks3d s figd DiffedhcSFotidymap wérd

0.1. [err] (72) Preparation of (1 -(((1, 1 -dienthylethyl

) ami no) di nst hyd.342 ard) -0295( mpdtvallye Ak acfiren)ent ke oareiny b siry Edrathdr tidnm
salt, (72). In the drybox 4.47 g (12.3 mmol ) N-( 1, 1-dinethylethyl)-
1,1 -di net hyl -vaiues(B; ehﬁlww%mfp%fﬁd;iermima@ﬁonuﬂvaﬁ aﬂaﬁm@w@gctmn

conbi ned with
98/ 06727

.80 nL of hexane. To th ﬁ solution 15.9 pL -169-
is not minimized. Additionally, WR3 is the functions that 1s minimized and not R.

PCT/ US97/ 13170 (25.5 mmol ) of n-BuLi (1.6 M was added dropw se. Upon

conpl ete addition th BuL] the sol ution ed over The
rererI ting precipit ‘5"%&5%&‘15“&?@83 tciipe Pf%{\ag)& (b{l{l 9\5%!’“ b nL
hexane and drigd t#QHer f $4UGeA. DL EARWR ! %-Hd¥8- PyiBstiafaRinal @R -icthhd 92

percent. 5

10

15

20

25

X-ray structure determination of [N-(1,1-dimethylethyl )-1 ,1-dimethyl-1-
((1,2,3,3a,7a-1n)-3-(1-piperidinyl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N1{(2,3,4,5-n)-2,4-

hexadiene)]-titanium.
DATA COLLECTION:

A dark purple necdle shaped crystal of dimensions 0.28 x 0.24 x 0.21 mm was
imm-ersed in oil, Paratone N, Exxon, and mounted on a thin glass fiber. The crystal was
transferred to a Siemens SMART PLATFORM diffractometer equipped with a graphite
monochromatic crystal, a MoK« radiation source (A = 0.71073 A), a CCD (charge coupled
device) area detector which is kept at 4.931 cm from the crystal. The crystal was bathed in
a cold nitrogen stream for the duration of data collection (-100° C). Three sets of 20
frames each were collected covering three perpendicular sectors of space using the  scan
method and with a ten second exposure time. Integration of the frames followed by
reflection indexing and least squares refinement produced a crystal orientation matrix and

a monclinic lattice.

Data collection was set up to collect a total of 1381 frames in four different runs
covering more than one full hemisphere of data. Frame scan parameters are summarized

in the following table:
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[ rr] (73) Preparation of dlchloro(N-( 1, 1 -dimethylethyl)- 1,1 -dinethyl-

-((1, 2, Yuodemobmzierr]) - PCT/US97/13170
3 (1-net hyI phenyl am no) - 1Hi nden- 1-yl )si |l anam nato(2-)-N)titanium (73).

(2-(((2,1- 10 Di ent hyl et hyl ) am no) di et hyl si |l yl') - 3- (et hyl phenédarri no)- 1
Hindenyl)lithium lithiumsalt (4.25 g, 11.3®wmoljcanas kiames| vEApOsWra0 ni

of THF. Tothi sol,ytion Tid[ery] (THF[err] 434 7‘6 nmo)

added as a soI kﬁter ? hour F"ﬁ)CI [err g, \g“@%}(orljrm)( ) mgedévaﬁ) as a
solid. The reaptlon9mxmooe waso.pben 35463 ed ap addi-pizonal GmUr The

sol vent was renoved under reduced pressure. The residue was_extracted 15

with 70 nL of 4ol uéBe POt 8060, To?‘h@%e wad remoldd un#tt redudld
pressuregand the rggi dug gps tlgobgrateﬂ‘ ¥4 t h hexane. gthe s%dd was 5

collected by filtration, washed W th hexane and then 0 ri ed under réduced
pressure. 1.5 g G’r29pr€%.ﬂﬁ was0.60t ai nBH68 Yi el 2l 29 p@Bcent .5 err] H30
(dJerr]Derr]) [err] 047(s 3H) 062(s 3H), 130(s 9H), 3.25 (s,
2H), 5.97 (s, ZHé. [err]J[err]. = Hz), 6.80 (m 3H
[err]J[err] = hI*’«IiéSt '?-mdé 4@'65 ‘hEFmeaéPfej"F[”éPF ]he-ﬁfS 59 fFi?i‘)‘fs from guy gumbey 1.

[err]J[err] Tﬁls7xs 801’112!)0 mgml%g c:cﬂlal yf& difﬁﬁ&l)t%é? Et]ablT ty7 an% tgi%z)rrect%groany crys\{\g

98/ 06727
PCT/ US97/ 13tdéay[ err] C {[err]H (C[err]Derr]) [err] 1.44, 3.89, 33.01,
43.21, 61.72, 93.96, 108.97, 125.93, 126.21, 126.33, 127.51, 128.15,

128. 51 135. 53 146. 83, 148.49. Exanple 34 [err] 5
(74) 10 Diffractometer setup includes a 0.8 mm collimator providing an X-ray beam of 0.8

mm in diameter. Generator power was set at 50 KV and 30 mA. Program SMART! was
used for diffractometer control, frame scans, indexing, orientation matrix calculations,
least squares refinement of cell parameters, crystal faces measurements and the actual data

collection. Program ASTRO was used to set up data collection strategy.
15 DATA PREPARATION:

All 1381 crystallographic raw data frames were read by program SAINT and
integrated using 3D profiling algorithms. The resulting data were reduced to produce hkl
reflections and their intensities and estimated standard deviations. The data were
corrected for Lorentz and polarization effects. A total of 8673 reflections were collected

20  representing a range of 1.48 to 2.18 redundancy level and have an Rgym value range of 2.5
. percent, at the Jowest 26 shell of reflections, to 2.6 percent at the highest 28 shell of
reflections (559). Crystal decay correction was applied and was less than | percent. The
unit cell parameters were refined by least squares of the setting angles of 6908 reflections.

Unit cell parameters are:

25 a=9.7153(Dh A o =86.327(1)°
b=9.7215(1) A B=89.217(1)°
c=133635(HA  y=82.840(1)°
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Preparation of (N-( 1,1 -dinethylethyl)- 1, 1 -dinethyl- 1

-((1, 2, 3, 3a,waegeert)-3-( 1- nethyl phenyl am no)- 1Hinden- 1 PCTAUS97/13170
-yl)silanam nato(2-)-N)ydinethyltitanium (74). 0.40 g O dichloro(N( 1,
1-di met hyl ethyl)- 1, 1-dinethyl - 1-(%1, 2,3,3a,7a-[err])-3-( 1-

met hyl phenyl ami no) - 1H- i n¢tent24b 72¢3) &f | anami nat o(2-)-N)titani um (0. 80 mmol )
was 10 suspended in 40 nL of Et[err]O To this suspension 0.57 nL of
MMyl (3.0 M was added dropwise with stirring over a 20 m nute period.

Upon conpl eti on of Absorpiden gdrisatiens were appliad usingprostam S HPARS aeqordingth f or
40 mnutes. After this time the Et20 was renoved under, reduced pressure and
the residue waBlegsing adbsurpion speflisielt avasOADSIBINt ARk MAREUM Andmayimym® t he

filtrat ted t d 15 t 0.35
g of product. i %Esas@srxvee‘ﬁ%ﬁﬁﬁeﬁ???%e%ﬁieé WiBerr1) B ooz (s ahy. 0.70
(s, 3H), 069(5 3H). 1.04 (s, 3H), 1.54 (s, 9H), 3.29 (s, 3H), 6.04 (s,
é“;) 12 S[SGESPW] J[Zgi)”]ﬁg@ ré aran}-)'ﬁ'wz{s%ﬁiér]ea[cﬁ'i hllflgrpr?og?arlgﬁpmzl’ 1ﬁhé§%ac61§90upzva%8
Ler o), CULer ] M Chetd LA shfkla d S Spssige Bopb oy ecb%?- taifyiize,
140.91, 148. 69br1yzxaﬂ(7 aphic pé@n&%@%g unique reflections %Rmt = 1.59 percent) with indices -
PCT/ US97/ 13170 anple 35 [err] (75) Preparation o

1- (1-(chl or odi g Ry£ 90| 3R)< K i Ndeh<3-yligpyrrolidine, (75). A5 sol ution
of (1-(1l-pyrrolidinyl)-1Hindenyl)lithium (2.00g, 10.46 mmol) in 25 nL of
THF was added within 30 mnutes to a 50 nL THF sol uti on contai ni ng
SiMe[err]C[err] STRUCTURE SOLUTION AND REFINEMENT:
10 The structure was solved by direct methods in SHELXTLS from which the
positions of all of the non-H atoms were obtained. The structure was refined, also in
SHELXTLS, using full-matrix least-squares refinement. The non-H atoms were refined
with anisotropic thermal parameters and all of the H atoms were located by a Difference
Fourier map and refined without any constraints. In the final cycle of refinement, 4838

15  observed reflections with I > 26(I) were used to refine 432 parameters and the resulting

Rj, wR» and S (goodness of fit) were 3.13 percent. 7.17 percent and 1.023, respectively.
A correction for secondary extinction was applied with x = 0.0018(7). The maximum and
minimum residual electron density peaks in the final Difference Fourier map were 0.324
and -0.368, respectively. The refinement was carried out using F2 rather than F values. R}

20 s calculated to provide a reference to the conventional R value but its function is not

minimized. Additionally, wR» is the functions that is minimized and not R).

The linear absorption coefficient, atomic scattering factors and anomalous-
dispersion corrections were calculated from values from the International Tables for X-ray
Crystallography International Tables for X-ray Crystallography (1974). Vol. IV, p. 55.

25  Birmingham: Kynoch Press. (Present distributor. D. Reidel. Dordrecht.).

~-185-



(8.1 g, 62.76 mmol.). After the addition was conplete the reaction m xture
~was stirr Lght. The sol vent was then renoved under rfé*% sure.
The resi df}go&glgé@;tract ed with hexane and the solution was TI g?’ggiﬁT
sol vent was then renoved 10 under reduced pressure |eaving 2.40 g of
product. Yield 8z=xgﬁrewhbws[ﬂwafrwthl(sﬁ[uemrd63[[@4‘-(1] )-dimethyleyD3, (-axmélhj)lrl -0. 15
(s, 3H. 1.52 4H). 3.14 (m 4H). 3.43 (s, 1H), 5.14 (s. 1H), 7.24 (m
2H), 7.23 (K12 337736‘0)) Hﬂ pmldmp/BrIrﬁ—zl{qemlryl%ﬂ@qrémaqoa[ze)rNJUZ 3.8/5r)-28- 75,
0.48, 25.51, 42d7 gg 100. 02, 103.77, 121.18. 121.29, 124.30, 124.70,
125. 58, 141.06%adigpeil-glaniimg 50 _172- WD 98/ 06727
PCT/ US97/ 13170 [err] (76) Preparation of 1, 1 -dienthyl-N(phenylnethyl)- 1
-(3-(1-pyrrolidi r]!él):%nlfhdcﬂ@n%ﬂxseéfé’ﬂ théfdr@gtﬂ%ﬁﬁxcnﬁrz @ézenﬁsnm&d«&tdr@gw%
l'ithium benzyl am de (0.97 g, 8. was added within
30 minut#8s tbelew.150 nmL THF sol utlon of 1 -( 1-
(chlorodi methyl silyl)-1Hinden-3-yl)pyrrolidine (2.40 g, 8.64 mml). After
the addition was cor‘rpl 5“%@[ @tlon m xture was stirred overnight. The
sol vent was then 313 0' } pEgliced pressure. The residue was extracted
wi th hexane and the solution was fil tered The sol vent was then renoved
under reduced pressure Ieavwgﬁg}z ofl roduct. Yield 99 percent.
[err]H (d err] D eWRRF [Ad™(Fo AJ(/SA[ (s, 3H, 1.58 (m 4H), 3.22
(m 4H), 3.76 (d, 4H), 5.32 (s,1H), 7. 24 (m 7H), 7.47 (d, 1H, [err]J[err]
= 7.7 H). 7.63 (d, 1H, [eir ] err] =.7.7, Hz).

Rint. = A [Fo? - Fo (mcan)l2/ A[Fo?)

= [A[W(Foz - Fc2)2] / (n—p)]“ 2 where n is the number of reflections and-p is the

10 total number of parameters refined

w= 1/[s2 (Fo2)+(0.0370*p)2 +0.31%p], p = [max(Fo2,0)+ 2* Fc2)/3
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[err]C{[err]H}(C[err]D[err]) [err] -2.42, -3.16, 25.47. 43.84. 48.61,

50. 91, 104. Qo 9a@dm8>. 15 124. 64, 126. 65 127. 24, 128. 46, 14'6:'17%&97/%40 42,
146-68. 148.8 -173 - WD 98/ 06727

PCT/ US97/ 13170 [err] (77) Preparation of (1

- (((phenyl net hyl ) anMDABISEHAIMEDYS:) - 3-( 1 -pyrrolidinyl)- 1H

i ndenyl)lithium lithiumsalt, (77). In the drybox 2.99 g (8.50 mmol)

1, 1-dienthyl-N- 5 (phenyl, net [ 1 Hinden- 1
-yl)sil anam ne was E’onbl t\?\h‘#%ﬁf‘ %ﬁm(gf’&'hdégégoe& .fomg% s solution 1 1.25
m. (18.0 mmol ) of n-BuLi (1. 6 M was added dropw se. Upon conpl ete addition
of the n-BuLi the solution was stighed overnight. The resulting preci pitate

was collected via by filtration, shed with 50 mL of hexanRedRdsdh REd

under reduced pressure togive 2. g o% product. Yield
4 g ety -1 (ohe i

[err] (78) Preparation ofR
1 | nden-
i nyl)- 1H i ndenyl ) 1 i t hi um

1,2,3,3a,7a-[err])-3- (1 -pyrrolj\
-yl)silanam nato(2-)-N)titaniu M]pr
- ( ol

thiumsalt (2.87 g, 7.96 mmol) was dissolved in 30 nL of THF. To this
tion -174-

|
(%Phenyl met hyl ) ami no) di net hy®’si | y! )RQ (1-pyrr
[

lu

SO
where M is a metal from one of Groups 3 to 13 of the Periodic Table of the

5  Elements. the lanthanides or actinides, which is in the +2, +3 or +4 formal oxidation

state and which is n-bonded to one cyclopentadieny! group (Cp) which is a cyclic,

delocalized, r-bound ligand group having 5 substituents: RA: ( RB)j-T where j is zero.

1 or 2; RC: RD and Z; where RA, RB, RC and RDare R groups: and where

T is a heteroatom which is covalently bonded 1o the Cp ring, and to RB when j

10 islor2, and whenjisO, TisF.Cl Br,orl; whenjis 1. Tis OorS.or N or Pand RB

has a double bond to T; when jis 2, T is N or P; and where

RB independently each occurrence is hydrogen. or. is a group having from [ to

80 nonhydrogen atoms which is hydrocarbyl. hydrocarbylsilyl. halo-substituted
hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl. hydrocarbylamino-substituted

15  hydrocarbyl, hydrocarbylsilylhydrocarbyl, hydrocarbylamino. di(hydrocarbyl)amino.
hydrocarbyloxy, each RB optionally being substituted with one or more groups which
independently each occurrence is hydrocarbyloxy, hydrocarbylsiloxy,
hydrocarbylsilylamino, di(hydrocarbylsilyl)amino, hydrocarbylamino,
di(hydrocarbyl)amino, di(thydrocarbyl)phosphino. hydrocarbylsulfido, hydrocarbyl,

20  halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl,
hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsily! or

hydrocarbylsilylhydrocarbyl having from 1 to 20 nonhydrogen atoms, or a

noninterfering group having from 1 to 20 nonhydrogen atoms: and each of RA, RC and
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errussrl vaadgodett Cerrd (0 LN IR o0 ot s pesegasyn,

reaction mxture was then stirred an additional hour. The sol vent was

renoved und D'setg% p ' LR 7Q ni of

t ol uene andq#i Ilit reg&%gﬁe%#é&v%%ﬂ?‘%% Lkg’n er nﬁgdcfégée*dﬁgxp\é\?shgﬁhegand 5

the resi due hydfocarbyl, aki-eabstivuted hydiozabyl, ipdrasalby ibxyaabgioltk € By @dcdivyl,
filtration, washed with hexane and then dried under reduced pressure. 2.30
g O producthydeesadiylaminegubsyiruedihgirogashd eitdrogagbyigilyl( Jerr] Dl err]) [err]
0.17 (s, 3H), 0.27 (s, 3H), 1.48 4H., 3..19 (m 2H), 3.50 (m 2H), 5.25
(AB q, 2H, [*wﬂcharbygsgyﬂlywarbybsﬂéh%xsgg:,OFﬂémma!lzrhyl,ngwummetdsi with one

[arr) ™ (79) 7 st grsopR v indep¥getly b onsha SbieRby o) (BT © %P

1,2,3,3a, 7a+§y§fdch3by3sil6le, hyddoearbylsilylamino, di(hydrocarbylsilyl)amino,
pyrrolidinyl)-1Hinden-1-yl)sil anam nato(Z-gl-N)dl methyltitanium (79). 0.30

7o s oyt
- i di - -1 - i -)-N)titaniu .
was pg uspend é’cféf‘%’?a‘iﬂ m&#‘@r gﬂrF@F?%d?“aTé‘%Wf‘gegh%%g?%ﬁ’ﬂnhX?.’%’t?Mq}”Sf' MeMy!

(3.0 M was sgsgﬁgmggg@a&asylg@wo&kg%p@{ ¥fity d%%mc%gﬁ Sgamcg@ﬂsyg@&f or

conpl etion o 1't1on t he sol utron wa
40 m nutl@s. hAdteeartylsilylhydroeatblgbh&tigefronO wed noahpiregerunoms, oraduced pressure

and the residue was extracted with hexane, the solution was filtered and
the filtrat &ORiuerfering group having from 1 to 20 nonhydrogen atoms; or, optionally, two or

more of RA, RB, RC and RD are covalently linked with cach other to form one or,
more fused rings or ring systems having from ! to 80 nonhydrogen atoms for each R
group, the one or more fused rings or ring systems being unsubstituted or substituted
15  with one or more groups which independently each occurrence are hydrocarbyloxy,
hydrocarbylsiloxy, hydrocarbylsilylamino, di(hydrocarbylsilyl)amino.
hydrocarbylamino, dithydrocarbyl)amino, di(hydrocarbyl)phosphino,
hydrocarbylsulfido, hydrocarbyl, halo-substituted hydrocarbyl. hydrocarbyloxy-
substituted hydrocarbyl, hydrocarbylamino-substituted hyvdrocarbyl, hydrocarbylsilyl or
20  hydrocarbylsilylhydrocarbyl having from 1 to 20 nonhydrogen atoms. or a

noninterfering group having from 1 to 20 nonhydrogen atoms:

Z is a divalent moiety bound to both Cp and M via 6-bonds, where Z comprises
boron, or a member of Group 14 of the Periodic Table of the Elements, and also

comprises nitrogen, phosphorus, sulfur or oxygen;

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

the class of ligands that are cyclic, delocalized. nt-bound ligand groups;

X’ independently each occurrence is a neutral Lewis base ligating compound

having up to 20 atoms;
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PCT/ US97/ 13 W0 9806W0r at ed t o dryness under reduced pressure t8CHUSBTBING ¢

of product. Yield 84 percent [err]H (CJerr]Dlerr]) [err] 0.12 (s, 3H), O.
8 , 3 0. 36

o Ll e ek B e 2t
. err err] =
M), 7.19 (t, a&’ﬂ"“f’“‘ # érr ﬁi‘r’]s.ad‘%‘zg“‘ %d?%’éﬁp [ }['léibr]?]\][err] - 9.0

Hz), 7.51 (d, [err]H [err]Jd[err] =9.0 Hz) 7.78 (d, 1H, [err]J[err] = 9.0
Hz). [err]C{[err] Hd S[zefo,JiQr@cr]) [err] -0.63, 1.44, 25.82, 49.57, 50.68,
54,28, 55.29, 105.19, 125.19, 125 21, 126. 02 127 08, 128.64, 128.73,
134.75. 142.57, 143,72, 146. 24, ynerization data for

catal yst systenms cohpri sT‘FFgmﬁ@iﬁ?mE’G?‘rﬁf%@ ]o‘F°ff‘1§P%“41'Fﬂ/@rif"F Bmyla present ed
in Table 2. -176- WD 98/ 06727

PCT/ US97/ 13170 [err] WO 98/ 06727 w

PCT/ US97/ 13170 X-ray structure detefm natl"p.@R'b)f d| chI oro(N—( 1, 1

1

-dinmethylethyl)- 1,1 -dimethylX 1 -{((1,2/3,3a, 7a-[err]) - 3¥kis Sheet Has Been Replaced
-pi peridinyl)- 1H—|nden- 1 - . ato(2) N-) tltanl
COLLECTI ON: RA
R
R® [ Z
5 X'gXpM

where RW, RX, RY and RZ are R groups, each of which independently is
hydrogen, or is a group having from ! to 80 nonhydrogen atoms which is hydrocarby!,
halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl,
hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsilyl.

10 hydrocarbylsilylhydrocarbyl, each of RW, RX, RY and RZ optionally being substituted
with one or more groups which independently each occurrence is hydrocarbyloxy,
hydrocarbylsiloxy, hydrocarbylsilylamino, di(thydrocarbyisilylamino,
hydrocarbylamino, di(hydrocarbyl)amino, di(hydrocarbyl)phosphino,
hydrocarbylsulfido, hydrocarbyl, halo-substituted hydrocarbyl. hydrocarbyloxy-

15  substituted hydrocarbyl, hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsilyl or
hydrocarbylsilylhydrocarbyl having from 1 to 20 nonhydrogen atoms, or a
noninterfering group having from 1 to 20 nonhydrogen atoms: or, optionally. two or
more of RW, RX, RY, RZ, RA and RB are covalently linked with each other to form
one or more fused rings or ring systems having from | to 80 nonhydrogen atoms for

20  each R group, the one or more fused rings or ring systems being unsubstituted or
substituted with one or more groups which are hydrocarbyloxy. hydrocarbylsiioxy,

hydrocarbylsilylamino, di(hydrocarbylsilyl)amino. hydrocarbylamino,
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A dark purple block-shaped crystal Pliced2 x 0.21 x 0.19 nm was
5 | rer s@g dgPisl . Paratone N, d on a t hiperaisdsesthe ber .
The crystal was transferred to a Sle TFCRM di ffractometer

equi pped with a graphite nonochronmatic crystal a MK[err] radiation source
([err] 0. 7 H(h3drdarbql )&saido( diteydgecactsyiphosphivey hg&)ocﬂbgl@ulﬁdb&ﬁjd@dcamyil,ch S

kept at 5 078 cmfromthe crystal. The crystal was bathed in a cold
ni trogen st r dala-yubstiuied hydrosarbyh hdf"%‘&‘t"é('%’rﬂ"é&‘tﬂ‘@ﬁ hQ’dfPGUb{/]err] C). Three

f 201 di cul
:gf:fo?s of 58‘38 g@faﬁﬁﬁéut‘r’% U?T‘?@%Aarﬁga@h@gi g‘%ﬂé s'{ r eet gﬁr gg(r:lolnguei;osur e
time. Integr Eﬁyhﬂf&aﬂi‘ylsﬁl?ﬂlyﬁfo%m} ﬁ@xﬁ%’ﬁﬂ@ﬂ 1big 2 deﬂ%ﬁo?r | éh AtBReXdrRg and | east

squares refinément produced a €rystal orientation matrix and a nonclinic
| attice. Bat aoooitéréaringg@ronmbaving from It to 20aionbydrogen atbmk. of 1381 franes in
four different runs 15 covering nore than one full hem sphere of data.
Franme scan paraneters are summarized in the follow ng tabl % Scan Scan
Franmes Exposure Ruh 2[ efhgmetal complex PfClalmlorClaxm 2wnergin R® is hydprarbyl,

Wlodt h (Lerr] )é'ngd oca%lskly hngrfgar%yl)%l sb?)stmg%d bbdrocaggy lé,yc{rocz'\rbylamﬁﬂo-6 g 3 2
455 10 3 subsifed hyddclfyl 4RO AL BANSE 2 -0.3 250 10 4
-29 -26.00 0.00 50 10 The last run (#

4) is the rerreasurerrent of the flrst 50 frarres fromrun nunber 1. This is

done to nonitor crystalTiwed édmpes oNElaith 3swiditini RY isadrdcartsor ect for any
crystal decay. -178-
10 "hydrocarbylsilyl and T is O or N.

5. The metal complex of Claim 4 wherein RB s hydrocarbyl or

hydrocarbylsilyl and T is N.

6. The metal complex of Claim 3 wherein the (RB)J--T group is methoxy,

ethoxy, propoxy, methylethyloxy, 1,1-dimethyethyloxy. trimethylsiloxy, 1,1-

15  dimethylethyl(dimethylsilyl)oxy, dimethylamino, diethylamino, methylethylamino.
methylphenyiamino, dipropylamino, dibutylamino, piperidiny!, morpholinyl,
pyrrolidinyl. hexahydro-1H-azepin-1-yl, hexahydro-1(2H)-azocinyl, octahydro-1H-

azonin-1-yl} or octahydro-1(2H)-azecinyl.

7. The metal complex of Claim 4 wherein the (RB)j—T group is

20  dimethylamino, methylphenylamino, piperidiny! or pyrrolidinyl.

8. The metal complex of Claim ! or Claim 2 wherein the one or more

fused rings or ring systems contain one or more ring heteroatoms which are N. O. S, or

P.

9. The metal complex of Claim 8 wherein the ring heteroatoms are N or

25 O
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WD 98/ 06727
PCT/.US97/ 131%6 9Bléf2ract onet er setup includes a 0.8 nm col | i taPET/UYSAHIIIA ng
an X-ray beamof 0.8 mmin dianeter. Cenerator power was set at 50 KV and

ndxi ng. _orentat | O meP de PatpleR osRdair] 2ShBRE Slen Rl Hefieonhb N7 Lot

paraneters, crystal faces neasurenents and the actual data 5 col |l ection.
Program ASTRO SVART 1 SAl Wffie ikl XB’BFI%XWf@ﬁiﬁ{TE cér&pbidihg o thel fermila;
crystal | ographi c software package Tfor single crystal data collection,
reduction and preparation was used to set up data collection strategy. DATA
PREPARATI ON: Al 1381 crysthhé%E?phic raw data franes were read by program
SAINT and 10 integrated usiing profiling algorithns. The resulting data
were reduced to prod reflections and their intensiThieheernd BesReRLLd
standard devi ati ons. a)a—weR'e corrected for Lorentz n
effects. A total of NEIB8~fKEf| ections were collected repr M:ﬂ(w”yma’me
of 2.7 to 3.99 redundancy/l @vel and have an Rl err] value r :
percent, at the | owest 2[ i shell of reflections, to 4.4 percent at the
hi ghest 2[err] shell of eflections (55[err]). Crystal decay correction
was applied and wasX@®Mthan 1 percent. The unit cell parameters were
refined by | east squares of the setting angles of 7091 reflections. Unit
cell parameters are; .a = 12.2988(3) A .[err]l = 90[err] b= 16.8313(4)A
[err]= 106. 871( 1)[elwrhf’°2‘8“>'mb‘§’g‘e aSP’eV“g‘b”’{y:‘]":fﬁ‘F 265(3) A [err] =
90[err] V = 2501.25 (10) A3 Absorption corrections were applied using
program SABABS Shel dpj ck Th&mebdl cOhBRR)of CRIRABScdresporidiifg ok Fermulhe
application of absorption corrections based on psi scans according to

Bl essing, Blessing, R H (1995). Acta Cryst. A51, 33-38. Absorption 25
coefficient was 0.617 mmi er rij-( .p m ni mum and nmaxi mum transm ssi ons were
0.761 and

Z
X'qXpM/

where the symbols are as previously defined.

13.  The metal complex of one of Claims 1-12 where -Z- is -Z*-Y -, with Z*

bonded to Cp and Y bonded to M, and
10 Y is -O-, -S-, -NR*-, -PR*-;

Z* is SiR*9, CR*), SiR*3SiR*y, CR*9CR*9, CR*=CR*, CR*,SiR*»,
CR*5SiR*9CR¥*3, SiR*9CR*28iR*9. CR*9CR*38iR*5, CR*9CR*2CR*9, or
GeR*7; and

-~ R* independently each occurrence is hydrogen, or a member selected from

15 hydrocarbyl, hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, and
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0. 915, respectively. -179- WO 98/T6' ( Has Been Replaced
PCT/ US97/ 1349 La preparation was ¢ lHHlMH %Hl’ng progr agrARRRE3 170" he-
space group was determined to be P2 1 ed on systematic
absences. XPREP provided the follow ng crystallographic paraneters: 5659
unl que r ef | egdrhBingtidrS[théredf, said REThaRRY; fQ?ﬂb)ZOdehydrBQér@ﬁ&ms %d[c%(ib]xal%[;[% r]
-22 erH{ k [err] 15, -16 [err]
SC]_ UTI ON AN Rmmmxrrz (when Bt*risinethydrages). oo kao &f gsqupifromdt andearhBH group
SHELXTL5 She}r.{g i § 995). SHELXTL5. Crystallographic software
package. Sie ?fgl‘wllneé SIeTyc. Madi son, Wsconsin USA, from which the
positions of all of the non-H atons were obtained. The structure was
refined, al S0 in SIS, ubtdtd, NIk b WBLAIRhARRIAaBOH e arx js o | nement
The non-H atons were reflned wi th ani sotropic thermal paraneters and all of
the H at dns independentist emthlvgciardics hmtlmndmnfﬂurnrﬁ&thmtylmamyr aflynegrotiyl srout
any constraints, A toluene nolecule was | ocated on a center of Inversion

occupyi ng t h&¢ Xr&j"‘&é‘ﬁ?é"r‘ erprg 4 qutang-diyls drwesned 4-Aivl Re3-aimethyl-buiepe-
positions oc b haQr ercent site occupation factor
for each. | npgﬁ(}{e l ?na‘%ﬁ@ycpl%}cﬁ l’?er}??/he{’r&]?& 206 observed reflections with
15 > 2[err](l) were used and the resulting Rerr], werr] and S
(goodness of fit) l1aer eT8e aittgeomplrix,of Snd88f Ceaiment | 22mkkrd Z}ZB,-Z*-Q(SP@QNZ?‘H y.
A correction for secondary extinction was applied with x 0.0029(4). The
maxi num and ?ﬁﬂﬁeﬁﬁ?rﬂpé’é’ﬂ&ﬁmndéﬁé%fw@ﬁ ddensity peaks in the final Difference
Fourier map were 0.419 and -0.272. respectively. The refinenent was carried
out using Flerr] gaighé_ -§hagrk. VBRWES. Rlerr] is calculated to provide a
ref erence to the conventional R value but its function is not
m nimzed. Additionally. wR2 is the functions

Z* is SiR*9, CR*9, SiR*28iR*p, CR*9CR*5. CR*=CR*, CR*,SiR*7,

CR*38iR*7CR*7, SiR*2CR*5SiR*9, CR*pCR*3SiR*2, CR*2CR*2CR*5, or
GeR*5; and
R* independently each occurrence is hydrogen. or 2 member selected from
15  hydrocarbyl. hydrocarbyloxy, silyl, halogenated alkyl. halogenated aryl, and
combinations thereof, said R* having up to 20 nonhydrogen atoms, and optionally. two

R* groups from Z (when R* is not hydrogen). or an R* group from Z and an R* group

from Y form a ring system;

) where p is |, q is zero, M is in the +3 formal oxidation state, and X is 2-(N.N-
20  dimethyl)aminobenzyl, 2-(N,N-dimethylaminomethylphenyl. allyl. methallyl,
trimethylsilylallyl.

15.  The metal complex of one of Claims 1-12 where -Z- is -Z*-Y-, with Z*
bonded to Cp and Y bonded to M, and

Y is -O-, -S-, -NR*-, -PR*-;
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that is mnimzed and not R err]. Figure 1 shows the crystal structure of
di chl oro( N-( dg6da®t hyl ethyl)-1,1- dinethyl- 1 -(( 1,2, 3, 3a, dériussinarrod- (
1 -piperidinyl)- 1H -inden- 1 -yl )silanam nato-(2-)-N)- titanium 25
X-ray structure determ nation of dichloro(N(

1, 1- di net hyl et hyl ) - 1Z4 isdSiRe&p QR *4,-SiR¢ASiR*3, GRF7FARFRICRI=CR MECR O SIR*5,

1H i nden- 1-yl)silanam nato-(2-)-N)-titanium - 180- WO 98/ 06727
PCT/ US97/ 13170 CRY#SiB®CREF) SiR*)BRAaSIR puCB*eCRM08iR*s h&REJCBFyERAD, @f
dinensions 0.30 x 0.21 x 0.09 mmwas inmrersed in oil, Paratone N, Exxon,

and nounted on @GeR*j;randl ass fiber. The crystal was transferred to a Sienens
SMART PLATFORM di ffractoneter equi pped with a graphite 5 nonochromati c
crystal, a MoK[err] radiation source ([err] = 0.71073 A), a CCD (charge
coupl ed device) ar eaR#dndgpensientiheash desukense ishydsogengocamembar sdiected fremal .

Th tal bat hed ,i I it t f he d t f dat
ol 1 et on (- 100y kAl Te; S aesenranaly el Soh Bt ca
covering three ' S k5,0 j | h
and wi Th & 1 on S e or A RE haPna e 20 HahAroE A en BRflo SRR
10 reflection Rhdsps froand (WeaskR* sonahgdroged), oeaeRt grupdtmr & ahdcdnyRt gloup
orientation matrix and a nonclinic lattice. Data collection was set up to

col l ect a totalfrefp Y EBM § ing@yéteny four different runs covering nore than
one full hem sphere of data. Frane scan paraneters are sumarized in the

followng table: 15 whenpiso,qis I, M is in the +2 formal oxidation state, and X>G&74. Scan
Franmes Exposure

10  diphenyl-1,3-butadiene, 1,3-pentadiene or 2,4-hexadiene.

16.  The metal complex of one of Claims 1-15 where M is a metal from one

of Groups 3-6, one of Groups 7-9 or one of Groups 10-12.

17.  The metal complex of Claim 16 where M is a metal from one of Groups

3-6.
15 18.  The metal complex of Claim 16 where M is a metal from one of Groups
7-9.
19.  The metal complex of Claim 16 where M is a metal from one of Groups
10-12.
20.  The metal complex of Claim 17 where M is a metal from Group 4.
20 21.  The metal complex of Claim 20 where M is Ti.

22.  The metal complex of Claim 20 where M is Zr.

23.  The metal complex of Claim 21 where M is Ti is the +4 formal

oxidation state.

This Sheet Has Been Replaced

AN
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Run 2[err] [err] [err] axi s width([err]) (#)
time (sec 9 -26.00 0. 00 54. 68 2 6

-1 02 %03813672‘? 90. 00 54:68 2 -0.3 P@El@swuﬁ@ 10 3
-29 -23.00 180. 00 54. 68 2 -0.3 250 1 0 20 4
-29 -26.00 24,00 The ﬁhﬂtaﬁ&)m?]ex oPClaim 21-®hete M is Bls the +3 forshal0 The | ast
run (# 4) is the reneasurenent of the first 50 frames fromrun nunber 1.
This i s doneoxidatipmrstater crystal and diffractonmeter stability and to correct
for any crystal decay D ffractoneter setup includes a 0.8 mm col | imator

providing an X-r of 0,8 25 i.n di areter. ner at_ o ower was set
at 50 KV and 30 agb g’ﬁﬁaéwewga?é@cﬂ E‘%&ﬁfsrﬁef ﬁﬁe‘*tze{ro“g%lntrol

frame scans ﬂx&ﬂﬁﬁ's‘&ﬂc orientation matrix cal culations. |east squares
refinement o? paranmeters, crystal faces nmeasurenments and the actual
data coll ection. Program ASTRO was used to set up data collection strategy.
-181- SWO 98/ 0627 The metal complex of Claim 22 where M is Zr is the +4 formal

PCT/ US97/1317Q DATA PREPARATION: Al'l 1381 crystal |l ographic raw data frames
were read byRaBIPNSRAISAI NT and i ntegrated using 3D profiling al gorithms.
The resulting data were reduced to produce hkl reflections and their

intensities and egji mag ?n,? corrected
for Lorentz and p?{ ari zgglr'%%ﬁe&?g@%g?tkqﬁ her;mgfg@%ﬁgﬁzgfc??)ons wer e

col | ected regiésivatstng a range of 2.59 to 3.76 redundancy | evel and have an
Rsym val ue range of 4.5 percent, at the lowest 2[err] shell of reflections,

to 6.0 percent at_the highest 2[err] shell of reflections (Tw%err])
Crystal decay corfcti dh¢ gl awppheéefawdoii/ﬁ@!méé% { e Y pe The

10 29. The metal complex of Claim 28 where R* is a group having a primary

or secondary carbon atom bonded to N.
30.  The metal complex of Claim 29 where R* is cyclohexyl or isopropyl.
31 The metal compiex of Claim 23 corresponding to the formula:

(_‘)

RN,
HSCH é CH,4
This Sheet Has Been Replac
A
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unit cell paraneters were refined by |east squares of the setting angles of
6109 ref | ectwoms/oei9 Unit cell parameters are: a = 23.7620( PEAUSI?IANG | =
90[err] b-=-1 1.4403(2)A [err]= 108.929(1)[err] c = 14.3161(2) A

[err]= 90 V = 3681.29(8) A3 15 Absorption corrections were applied
usi ng progr am SADAB82ac c dhemegal compicxsaf (lgim g\%ﬁﬁ’rﬁ%ﬁ%ﬁm%é‘émﬁif@m‘ﬂ@i was
0.821 merr] and m ni mum and maxi num transm ssions were 0.755 and 0. 942,
respectively. Data preparation was carried gut using program XPREP. The
space group was determined to be C2/c ( ased on systematic absences.
XPREP provided the 20 follow ng crys i.C raneters: 4203 uni que
refliections (Rlerr] = 3.06 percent) wt 31 [err] h <30,-15[err] k
[err] 8,-18 [err] 1 [err] 19. STRUCTURE SOLUTI MAND REFI NEMENT: The
structure was solved by direct nethods inH XTLIigeom whi ch the positions
of all of the non-H atons were obtained. THe st wctulce was refined, also in
25 SHELXTLS5. using full-matrix | east-squares yefinenent. The non-H atons

were refined with ani sotropic thermal paranek and all of the H atons
were located by a Difference Fourier map and wef Ffted without any
constraints. In the final cycle of refinenent, 3333 - 182 - WO 98/ 06727

PCT/ US97/ 13170 observed reflections with | > 2[err] (1) were used to refine
292 paraneters and the resulting Rerr], wR err] and S (goodness of fit)
were 3.00 percent, 6.93 percent and 1.026, respectively.

33.  The metal complex of Claim 23 corresponding to the formula:

<71
H3C|""Si Tl---uCH
4 3
HyC \CH3
HLC
5 H3C CHZ?

34,  The metal complex of Claim 23 corresponding to the formula:

>

>
Hﬂfé"is\N /Ti--.\.cé |
AT
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A correction for secondary extinction was applied with x = 0.00037(9). The
maxi-mum ang,ggghigfa4m r esi dual el ectron density peaks in the fpchalsothiher ence
Fourier map were 5 0.342 and -0.295, respectively. The.refinenment was
carried out using F2 rather than F values. R err] is calculated to provide
a reference to théSconvirimealadoniplesadfi@abm 23 icosedpending emtheformmila:m ni m zed.
Additionally, WwR2 is the functions that is mnimzed and not R err]. Figure
2 shows the crystal structure of di o(N-(1,1 -dinethylethyl)- 1,1-
dimethyl - 1-((1,2,3,3a,7a-[err])-3- = 1H-inden- 1

-yl)silanam nato-(2-)-N)-titanium 10 X:ﬁg?'structure
determnation of [N-(1, 1 -dinethylethyl)- -dinethyl- 1 -
((1,2,3,3a.7a-[err])-3-( 1-piperidinyl)-/1H\nden- 1

-yl)sil anani nat o- (2-)-N[(2, 3, 4, 5- [ FPPF\2, 47dmexadi ene)]-titani um DATA
COLLECTI ON: A dark purpl e needl e shaped éh tartmf di nrensions 0.28 x 0.24 x
0.21 mmwas 15 imrersed in oil, Paratone N, Exxon, and nounted on a thin
gl ass fiber. The crystal was transferreg a Si enens SMART PLATFORM

di ffractoneter equipped with a graphite wmondthromatic crystal, a MKa

radi ati on source ([err] = 0.71073 A), a CCD (charge coupl ed device) area
detector which is kept at 4.931 cmfromthe crystal. The crystal was bat hed
in a cold nitrogen streamfor the duration of data collection (-100[err]

C). Three sets of 20 20 franmes each were coll ected covering three

di cul t ' : ' ith at
Cecond exposur e tins. | HcaneaTosmaol Cinn 23 e e A o B i o

i ndexi ng and | east squares refinenent produced a crystal orientation matrix

and a nonclinic lattice. Data coll ecty W3S set collect a total of
1381 frames in four different runs 25 @Sy il t han one full -
hem sphere of data. Frame scan paraneterg a\e sumari zed in the follow ng
table: -183 - HyCroSi TireCl
HsC \N/ e
ch7<
5 HsC CHs

37.  The metal complex of Claim 25 corresponding to the formula:
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WD 96/ 06727
PCT/ US97/ 131%0 émeer27 Scan Frames Exposure Run 2[err] PCT/P8%7/1B170

[err] axis vvidth([err]) ( #) tirre(sec) 1 -29 .
_g? 88 90_0680 3854 6@{‘33 metal Eomplex ofg(l)zgm 23 %ggespondmg to tg%Pq\u)-mula :2,)9
-29 -23.00 180. 00 54. 68 2 -0.3 30 4

-29° -26.00 0. 00 54. 68 2 =0. 3 30 The | ast
run (# 4) is the reneasurenent of the f 9 5 om run nunber 1.
This is done to nonitor crystal and diffrackhohe er stability and to correct

for -any crystal decay. 10 Dffrg
collimator providing an X-ray beam of 0. Xdi aneter. Generator power
was set at 50 KV and 30 mA. Program &gk {\ wa$' used for diffractoneter
control, franme scans, indexing, ori emsel i ci:?Fat rix cal cul ations. | east

I

, setup includes a 0.8 nm

squares refinenent of cell paraneters, cryst faces neasurenents and the
actual data collection. Program ASTRO d to set up data collection
strategy. 15 DATA PREPARATI ON: £ 1581 crystal | ographic raw data
frames were read by program SAINT and integrated using 3D profiling
algorithns. The resulting data were reduced to produce hkl reflections and
their intensities and estimted standard devi ations. The data were
corrected for Lorentz and polarization effects. A total of 8673 reflections
were col l ected 20 pre | evel
and have an R err] vafue ?gﬁg%egfagﬁgQggFQ%H€Z£§“k$%%M%§Méq@ygﬁ@&r' shel |

of reflections, to 2.6 percent at the highest 2[err] shell of reflections
(55[err]). Crystal decay correction was ed and;gzi:bess t han |

percent. The unit cell paraneters were N squares of the
setting angles of 6908 refl ections.

- \CH4y
~~
HyCivrSi / CH,
HC” SN
ch ‘2,
5 Ha ‘CH3

40.  The metal complex of Claim 23 corresponding to the formula:

>

\ CH,
Hacu- :Si Ti-mCl
H-_,C
Cl

N
Hs%?/ “CHy

3
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Unit cell paraneters are: 25 a = 9.7153(1)A [err]
:86.327(1)‘g,§r B&i? = 9.7215(1) A [err] =89.217(1) c = 13p8pRBdizfyo
[err] = 82 8400 ) {err] -184- WD 98/ 06727

PCT/ US97/ 13170 V = 1249.72(2) Alerr] Absorption corrections were applied
usi ng program SADABS aqefisétd)@oinleRl F€I4iR023 Abrsaboidinn e fddnfulent was
0.405 merr] and m ni num and maxi num transm ssions were 0.805 and 0. 928,
respectively. 5 Dat a preparation was carried out using program
XPREP. The space group was determ ne P1 bgsed on systematic
absences. XPREP provided the follow n raphi c paraneters: 5563
uni que reflections (Rint = 1.59 percent)/W ¢pdi ces - 12[err]h
<10,-12[err]k [err]13,-15 [err] 1[ g{ gl k8" STRUCTURE SCOLUTI ON AND REFI NEMENT:
10 The structure was solvedﬁﬂy\qgrgc et hods in SHELXTLS from

whi ch the positions of all of the non-H [0S #ts e obtained. The structure
was refined, also in SHELXTLS5, using full lmatri X | east-squares refinenent.

The non-H atons were refined with anisotrppic thernmal paranmeters and all of
the H atons were |ocated by a Differd P’qmsi er map and refined w thout
any constraints. In the final cycle of 'ef inément. 4838 15  observed
reflections with I > 2[err](l) were used to refine 432 paraneters and the
resulting Rlerr], wRlerr] and S (goodness of fit) were 3.13 percent. 7.17
percent and 1.023, respectively. A correction for secondary extinction was
applied with x = 0.0018(7). The nmaxi num and

42.  The metal complex of Claim 23 corresponding to the formula:

43. The metal complex of Claim 23 corresponding to the formula:
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m ni mum r esi dual el ectron density peaks in the final Difference Fourier map
were 0.324 ango9nens. respectively. The refinenment was carri e®CausIwsing
F2 rather than F values. Rlerr] 20 is .calculated to provide a reference to
t he conventional R value but its function is not mnimzed. Additionally,
wRlerr] is the funcigsons fHiahethicomglNbfERinnE coftsgdndinglio um?mhhmear
absorption coefficient, atomc scattering factors and anomal ous- di spersion
corrections were cal cul ated fromvalues fromthe International Tables for
X-ray Crystallography International Tab oY X-ray Crystall ography
(1974). Vol. 1V, p. 55. 25 Bi rm ngha :
di stributor. D. Reidel. Dordrecht.). -185-
PCT/ US97/ 13170 Figure 3 shows the crystal tru&ﬁure of [N-(1,1
-dimethylethyl)- 1,1 -dinmethyl- 1- (G55, 3 ,,[d?rr]) 3-( 1
-piperidinyl)- 1 H-inden- I -yI)sHarf'énﬁln [(2,3 ,4,5-[err])-2,4-
hexadi ene)]-titanium Rel evant functions use e foregm ng structure
determ nations are given 5 bel ow. R err] A(||Fo| - |F[err |) /Al Fo|
wWRlerr] = [AIWMFo[err] - Fcl[err])[err]]nic Fo[err])[err]] eetfRlae Bech Replaced
A |Folerr] - Fo[err](nean)|[err]/ A[Fo[erg SHa= [A[V\(Fo[err] - mmmrmm
Fcl[err])[err]] / (n-p)] [err] where n is the nunber of reflecti

the 10 total nunber of paraneters refined w= 1/[s[err]
(Fo[err])+(0.0370*p)2 +0.31 *p], p = [mx(FJerr],0)+ 2* Fc[err]]/3 -186 -

45. The metal complex of Claim 23 corresponding to the formula:

HaC""'SI
g Ti-- MCH,
HsC
3 / \CH3
N
H,C
5 HaC CHjy

46.
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CLAI M5 1. A netal conplex corresponding to the formula: [err] where Mis
Ti, Zr, okydbsnérar J] .s 1 or 2; whenj is 1, T is O orpSrud¥yanimo s 2,
Tis Nor P, RB independently each occurrence i.s a group having from1l to
80 nonhydrogen atons which is hydrocarbyl, hydrocarbylsilyl,

hal o- substi t ut ed 47y dr oLt faytal cdwdpiéﬂaﬁctayxh@smmmmdgt:e@hemb%eﬁar byl ,

hydr ocar byl am no- substituted hydrocarbyl, or 10
hydrocar byl si |yl hydrocarbyl, each Rlerr] optionally being substituted with
one or nore groups which independently occurrence i s hydrocar byl oxy,
hydr ocar byl si | oxy, hydrocar byl silyl am no, 1::3? orogarbyI5|IyI)an1no

hydr ocar byl am no, di (hydrocarbyl)am no, d¥(hydrocarbyl)phosphi no, or

hydr ocar byl sul fi do, having from1 taﬁagsnonh lr,09en atons; or, optionally,
two RB are covalently linked with eatis” ot er IS; o formone or nore fused
rings or ring systens; Rerr], Rerr], R[enw] ﬁ?%rr] and Rlerr] are

i ndependent |y hydrogen, or a group haV|ng ron1| to 80 nonq¥drogen at ons
whi ch is hydrocarbyl, hal o-substituted™y is Sheet Has Been Repla

garbyl,
hydr ocar byl oxy-substituted hydrocarbyl, #§drocar byl ani no- SUbH"!ﬂﬂmr ””,U"l

hydr ocar byl , hydrocarbylsilyl, or hydrocarbyIS|Ithydrocarby
optionally, two or nore of RW 187 Rerr], Re err], Rerr]
Rlerr] are covalently linked with each other to formone or nore

48.  The metal complex of Claim 23 corresponding to the formula:

D

; cl
HaCeSi i
HsC” \\\ /// ¢

N

HscHﬁ/"’cH3

5 2C

49.  The metal complex of Claim 23 corresponding 1o the formula:
. >
oy,

HsC" +Si Ti: wCH,
HyC” \ \CH;;

H-ﬁﬁ/"'cm

HaC
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fused rings or ring systens; Zis a divalent noiety bound to both Cp and M
via [err]-bowmdssnemere Z conprises boron, or a nenber of G oupCTASST1xME
Periodi ¢ Table of the El enents, and al so conprises nitrogen. phosphorus.
sul fur or oxygen; X is an anionic or dianionic |igand group having up to 60
atoms excl usi ve of Sthe cThessetalf cdmpjexndSClduat2Saroerespariding todbe formiulaz ed,
[err]-bound |igand groups; X independently each occurrence is a neutral
Lewi s base |igating conpound having up tg 0 atons; 10 pis zero, |
or 2, and is two less than the formal o ates.of M when X is an
anionic ligand; when X is a dianionic Iiga up, pis 1; and g is zero,
1 or 2. 2. The netal conplex of Caim n Mis T| . The
metal conplex of Claiml or O aim 2 WSkt n‘3§ ydrocarbyl 15

hy

hydrocar byl silyl, hydrocar byl oxy- subst it ut dr*ocar byl , ocarb Ianino-
substituted hydrocarbyl and Tis Oor N 4. The net al

wherein RB is hydrocarbyl or hydrocarbylsilyl and T is O or wil

nmetal conplex of Claim4 wherein RBis W@ ol¥s byl or yI
and T is N 6. The netal conplex of Claim3 wherein the (Rlerr])[err]-

group i s methoxy, ethoxy, propoxy, nethylethyloxy, 1, 1-dinethyethyl oxy,
trinmethylsiloxy, 1,1 - dinethylethyl(dinethylsilyl)oxy, di met hyl am no,
di et hyl am no, nethyl et hyl am no, nethyl phenyl am no, di propyl an no,

di butyl am no, pi pergydi nyppe rﬂBEP&%;&IQJYEF Ch8f 25 corresponding to the formula:

52. The metal complex of Claim 26 corresponding to the formula:

O

HJC'"'-Si

Cd

HyC '\"C‘
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pyrrolidinyl, hexahydro- 1H azepin- 1-yl, hexahydro- 1(2H)-azocinyl,

oct ahydr o-wbldgesmoni n- 1-yl or octahydro- 1(2H)-azecinyl. 7PCT/USTHEB1Met al
conplex of Claim4 wherein the (Rlerr])[err]-T group is dinethylam no,

met hyl phenyl am no, piperidinyl or pyrrolidinyl. 5 8. The et al
conpl ex of C ai m3S3.or Theonétabampieit ofClaim 2eofrospondimyg tb éverformblare T, M Z,
X, X, Rerr], Rerr], j, p, and q are as previously defined in said claim

9. The net al conpl ex of Claim8 corrgsponding to the formula: [err] 10
where T, M Z, X, X, Rerr], j, p, @ r»viously defined in said
claim 10 The rretal conpl ex of one o & s 1-9 where -Z- is -Z*- Y-,

and Yis -O, -S, -NR*-, -PR*-; 189 *|s SiR*[err], CR*[err],

SiR*[err]SiR*[err], CR*[err]CR*[er Ci .,CHJCR*[err]SlR*[err]
CR*[err]SiR*[err]CR*[err], SlR*[err* %ﬁ Gilerr],

CRe[err]CR[err]SiR-[err], CR:[err]CR[erf ]CR*[err] or s Be
i ndependent|y each occurrence is hydrg a rrenber sel I
hydr ocar byl , hydrocar byl oxy, silyl, haI elﬂat ed al kyl, hal

and conbi nations thereof, said R* haV| ng up to 20 nonhydrogen atoms and
optionally, two R* groups fromZ (when R* is not hydrogen), or an R* group
fromZ and an R* group :

54.  The metal complex of Claim 23 corresponding to the formula:

N
H 04/
3 e CH,

55.  The metal complex of Claim 23 corresponding to the formula:

Y

\\CHg
H}iacc‘;/ \ / \CH:,

N
Hac%"
HaC TH,
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fromY forma ring system where pis 2, qis zero, Mis in the +4 fornal
oxi dation swoemwsizd X is 10 independently each occurrence nREHUSITIBENZYI
trimethylsilylmethyl, allyl, pyrollyl or two X groups together are

1, 4-butane-diyl, 2-butene- 1,4-diyl, 2.3-dinethyl-2-butene- 1 ,4-diyl,

2- met hyl - 2- but ene- 56, 4- Thy mcta complexl afiGihim 23 corresphrdingtathedommilex of one
of Caims 1-9 where -Z- is -Z*-Y-, and Yis -O, -S-, -NR-, -PR*-; 15

Z* is SiR*[err], CR*[err], SiR[err]S R , CR’}Herr] CR*[err], CR*=CR*,
CR*[err]SiR*[err], CR[err]SiR[err] CR* i g;r]CR*[err]SiR*[err],
CR*[err]CR*[err]SiR*[err], CR*[err]CR*[err rr], or GeR*2; and R*

i ndependent|ly each occurrence is hydrlc_;%g_[& oria. er selected from
hydrocar byl , hydrocarbyl oxy, silyl, ha®g at/e yl , hal ogenat ed aryl,
and 20 conbi nati ons thereof, said R* havi'Rg up t o 20 nonhydr ogen atons,
and optionally, two R* groups fromZ (when IS not hydrﬁg%ggemg%e ReRaced

group fromZ and an R* group fromY forgpazjng system wh 'S
zero, Mis in the +3 formal oxidation stéaie, Ghd X is Z(RHIHIF"“m u !‘
di met hyl ) am nobenzyl, 2-(N, N-di et hyl am nonet hyl ) phenyl, a , I,
25 trimethylsilylallyl. 190 12. The metal conplex of one of C ains
1-9 where -Z- is -Z*-Y-, and Yis -O, -S-, -NR*-, -PR*-; Z* is SiR*[err],
CR*[err], SiR*[err]SiR*[err], CR[err]CR*[err], CR*=CR*, CR*[err]SiR*[err],

CRe[err] Si R*[err] CR?[ er The metdRtb@blek @R'dIgi 2St&idspbhding to the formula:
CR*[err]CR*[err]SiR*[err], CR*[err]CR*[err]CR*[err], or

s S

== Ph
\ A=
HaClIl-Si Ti Lasentiitt
HC” N\ / »
N
4/ Ph
5 Ha(i-:iac "’CH:;
58.  The metal complex of Claim 23 corresponding to the formula:
oy, N~cn,
140 Si 3. eeeuetdCl
H"'::QCC.ISI Ti
CsHs
N
Hsﬁi?/ “CH,
-203-
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5 GeR*[err]; and R* independently each occurrence is hydrogen, or a
nmenber selypg bRy OM hydrocar byl , hydrocarbyl oxy, silyl, harogesstdtoal kyI ,
hal ogenat ed ‘aryl, and conbi nati ons t-hereof, said R* havi ng up to 20
nonhydr ogen atons, and optionally, two R* groups fromZ (when R* is not
hydrogen), or an5®* gmhemetdl@bmplexsi ClainiR24 goeespodding td @Bfdrmiyda:m a ring
system when p is O, qis 1, Mis in the +2 formal oxidation state, and X
is 1,4- diphenyl- 1,3-butadiene, 1 ,3-pentadiene or 2,4-hexadiene. 13.

The netal conplex of any of C ains 9 Rer e a group having a
prinmary or secondary carbon atom bonded @1 R\:} 14. The net al
conplex of Claim13 where R* is cycl oheg yI\or |sopropyl 15. The net al
conplex of Claim1 which is: (t-buti dofs: g,,j\l- per hydr opyri di nyl )i ndene-
1 -yl)(dinethylsilane)titanium di chPPori des

(t-butyl am do) (3- (N- per hydropyri di nyl )i nglene-1-yl) (di ”E‘tﬂ){s's% aned.Li ll'{eagceudm

di nmet hyl; 20
(t-butyl ami do) (2- met hyl - 3- (N, N- di et ntang) - 4, 4, 7, 7- (teiuﬂlﬂaﬂm }HH“ 6,7

- tetrahydroi ndene-1-yl) (di net hyIS|Iane)t|tan| um dICh| ori
(t-butylam do) (2-nmet hyl -3- (N, N-di net hylam no)-4,4,7 ,7-(tetramethyl)-4,5
, 6, 7- tetrahydroi ndene- 1 -yl)(dinethylsil ane)ti tani um di met hyl ;

(t-butyl am do) (2- rrethyl 3 (N—pyrrolidi nyl)-s-indacen- 1

-yl) (d t hyl |
(1 butytaim o) (28eq nrE DB o1 7 Somrmpng e formu:
=

-yl) (di nmet hyl si | ane)tl tanl um 191
H;,C" .St 2w Cl

Hc” \ / \c,,H5

H cﬁ/' ",
Tl CHy

5
61.  The metal complex of Claim 24 corresponding to the formula:
2 N>
g
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di met hyl :
(t-butyl anm P E806M7 per hydr opyri di nyl )i ndene- 1-yl ) (di met hyl si PSRESETAUM um

1, 4- hexadiene: (t-butvlamdo)(3-(Npyrrolidinyl)indene- 1
dimethyl; (t-butylam do)(3-(N-pyrrolidinyl)indene- 1

di et hyl ;

-yl) (di met hyl silane)titani um 2, 4- hexadi e}e; .13

-yl) (dimet hyl silane)titani umdichloride; _
(t-butyl ami do) ( 3- ( &2pyr ridieimgtaldompherepfcClaim 2§ (cprraspopding e thedaemilat ani um
-yl ) (di met hyl silane)titani umdichloride,
(t-butylam do) (3-(N-pyrrolidinyl)inde h@h-yl silane)titani um
(t-butylam do) (3-(N-pyrrolidinyl)indene- -yl\)(_glin hisi | ane) titani um
1, 3- pent adi ene; (t-butyl am do) (3-( NHgypsiolid ﬁi,\LI)i - 1

0 ¢
(t-butyl am do) (3-(N-pyrrolidinyl)indene- 1¥-yl )(diNQt hyl si | ane) zi rconi um
dichloride; (t-butylamdo)(3-(Npyrrolidinyl)i ndene-md

-yl') (di met hyl si | ane) zi r coni um di met hyk,c—7", Me This Shect Has Been Replaced
(t-butyl ani do) (2- met hyl - 3- (N-pyrrol i di ey i fene- 1 H“‘l ‘I“" ”l “
-yl) (di met hyl sil ane)titani um dichl oride;

(t-butyl am do) (2-net hyl -3-(N-pyrrolidinyl)indene- 1

-yl) (di met hyl silane)titanium 15 di et hyl ;

(cycl ohexyl am do) (3- (N-pyrrolidinyl)indene-1-yl)(dinethylsilane)titani um
dichl oride; (cyclolggxyl ﬂrﬁedﬁétﬁl%n(‘rhﬁ@é’éff@ﬂairﬂiZB)ébﬁrEsrpﬁlﬁﬂiﬂé td-the formula:

-yl) (di met hyl silane)titaniumdi nethyl; (t-butylam do)(3-nethoxyi ndene-
1-yl)(di methyl silane)titaniumdichloride,_(t-butyl arELdo)(S- met hoxyi ndene-
1-yl) (di net hyl si l ane)titani um di net hyl iy
(t-butyl am do) (3- (di phenyl phosphi no) i ndeme<d: 31 il mefhyl sil ane)titani um
di chl oride; (t-butylam do)(3-(di phenyl phosphiyio)i ndene- 1

-yl') (di met hyl sil ane)titani um di met hyl ... Yot

(t-butylam do) (3- (N, N-di met hyl am no) ﬁ;@;d’e - -y (di net hyl sil ane)titani um
di chloride; (t-butylam do)(3-(N, N-di nethyl no) i ndene- 1

-yl) (di met hyl silane)titani um di net hyl ; Zju%

(t-butylam do) (3-(N, N-di met hyl am no)indene/. 1 -yl)(dinethylsilane)titanium
2,4- hexadj ene; M o

64. The metal complex of Claim 23 corresponding to the formula:

S
N—ph

. CH
HaChies:Si T3
HyC” \ / ~ch,

N

HsC 4/"’CH3

HyC
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(t-butylam do)(3 (N, N-di net hyl am no) i ndene 1-yl)(di methyl silane)titanium
1,4- di phepylobuéasi ene; PCT/US97/13170 |
([err]-cycl opentadienyl)[(t-butylam do)(3-(N, N-di net hyl am no)i ndene- 1- 30
yl') (di met hyl silane)]titaniumchloride; 192 ([err]-cycl opent adi enyl)

[ (t-butyl ani do) (368.\- pThé eleitalicBinpldxd€N@m 43 corkdspohdiRs fythe forga:! ti t ani um
(rr1r); ([err]-cyclopentadienyl)[(t-butylam do)(3- (N-pyrrol i di nyl)indene- 1-
yl) (di nethyl silane)]titaniumchloride

(t-butyl am do) (3- (N-pyrrolidinyl)inde -yl )(@| silane)titani um
(111) 2-(N,N- di net hyl ) benzyl S

(t-butyl am do) (3- (N- phenyl - N- met hyl am ng dene-

1-yl') (di methyl silane)titani umdichlori de, oCl
(t-butyl ami do) (3- (N-phenyl - N- net hwa%{jﬁsh\)l/ﬂ'ege- 1-yl) (di net hyl sil ane)titani
um 10  di et hyl ; cl

(benzyl am do) ( 3- (N— pyrrolidinyl)indene-1-¥I)(di nethylsilane)titani um

di chl oride; or (benzylam do)(3- (N pyrrolydinyl)indene-

1-yl) (di met hyl silane)titani um di nft hyp—"16. A catal yst systemfor olefin
pol ymeri zati on prepared from cata 15 system corrponerrrgtss«ghtc,::p,l:,ggrBle%l1{33

(A a catal yst conponent conprising a netal conplex of onw i]ced
T

15; and (B) a cocatal yst conmponent conprising an activat
wherein the nolar ratio of (A to (B) is from1:10,000 to

5 66.  The metal complex of Claim 23 corresponding to the formula:

D

: ..\CHa
HaChes;Si Tiet
HaC” \ / NNCH,

67. A catalyst system for olefin polymerization prepared from catalyst

system components comprising:

10 (A) - acatalyst component comprising a metal complex of one of Claims 1-

66; and

(B)  acocatalyst component comprising an activating cocatalyst wherein the
molar ratio of (A) to (B) is from 1:10,000 to 100:1; or activation of (A) by use of an

activating technique.
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20 17. The catal yst systemof Claim 16 further conprisin C}7 an
al um num or gaWOPS©&T27i ¢ conponent. 18.  The catal yst system ofpcfﬁ“éﬁ%ﬁ‘&:i 0
wherein the al um num organonetal | i c conponent conprises an al unbxane, an

al um num al kyl or a caonbi nation_thereof. . The, cat al yst system of, one

of G ai s 16, 18 wher 88nt Hecaabishipem obClaim G7SbRbT CoRRIMELS 28 Aminam

or ganobor on comaﬁérﬂg %@ll@cc{xﬁpo’?@m onic or ionic. 193 20. The cat al yst
m e C

system of d ai erein CocCat al yst component conpri ses
tris(pentafluorophenyl)borane. 21. The catal yst systemof Caim 20
wherein the cocatal ygg cormmeraflyse ¥ 6£Clanh 63| wispiarite #dMinum organometallic
tris(pentafl uorophenyl)borane in a nolar ratio from1:1 to 5:1. 22. The

cat al yst syst emcomponentspmgristisiap ahgnexang, ant daminsanpiky koraconthination thersef:
conponent conprising a support material which is a polyner, an inorganic

oxide, a netal halid or m.xture thereof. . r

pol ymeri zation of ol 210? ns ﬁ‘&ﬁﬁé’yéf Wéb&ﬁf?ﬁet?@?%se&igé aﬁ%’%ﬁr{;@g ‘%@V ?t]
[err]-olefins U@Qﬁ?o%tﬁﬂﬁbf@étah%g%%i&a!c@ ovhd WhithGahehiyaie or¥&diem of one
of Clainms 16-22. 24. The process of O aim23 wherein ethyl ene, propyl ene
and optionally a nonconjugated di ene are copol ynerized. 25. The process
of C aim 23 wherein étlhyl éfte canatysosystern ofiGlaemGevhdreif ¢her docatalyst cahpdrens ar e

copol ynmeri zed. 26. . The rocEss of op)g of Clainms 23-25 wherein the process
is carried out Ccomprises ms@enta uorophenyl)borane.

72. The catalyst system of Claim 71 wherein the cocatalyst component
10 comprises an alumoxane and tris(pentafiuorophenyl)borane in a molar ratio from 1:1

to 5:1.

73.  The catalyst system of one of Claims 67-72 further comprising (D) a
support component comprising a support material which is a polymer, an inorganic

oxide, a metal halide, or 2 mixture thereof.

I5 74. A catalyst system for olefin polymerization prepared from catalyst

system components comprising:

(A)  acatalyst component comprising a metal complex of one of Claims I-

66; and

(B)  acocatalyst component comprising an activating cocatalyst wherein the

20 molar ratio of (A) to (B) is from 1:10,000 to 100:1
wherein the metal complex is in the form of a radical cation.

75. A process for the polymerization of olefins comprising contacting one

or more C9.»( o-olefins under polymerization conditions with a catalyst system of one

of Claims 67-74.
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76.  The process of Claim 75 wherein ethylene, propylene and optionally a

nonconjugated diene are copolymerized.

77.  The process of Claim 75 wherein ethylene, propylene, or ethylene and

propylene, and one or more C4.3( 0-olefins are copolymerized.

5 78.  The process of one of Claims 75-77 wherein the process is carried out

in solution.

79.  The process of one of Claims 75-77 wherein the process is carried out

in the gas phase.

80.  The process of one of Claims 75-77 wherein the process is carried out

10 inaslurmry.

81. A high temperature solution polymerization process for the

polymerization of olefins comprising contacting one or more C.p0 a-olefins under

polymerization conditions with a catalyst system of one of Claims 67-74 at a

temperature from about 100°C to about 250°C.

15 82.  The process of Claim 81 wherein the temperature is from about 120°C

to about 200°C.

83.  The process of Claim 82 wherein the temperature is from about 150°C

to about 200°C.
84. A polyolefin product produced by the process of one of Claims 75-83.

20 85.  The polyolefin product of Claim 84 wherein the product has from 0.0}

to 3 long chain branches per 1000 carbon atoms.

86.  The polyolefin product of Claim 84 wherein the product is a copolymer

composition which has a comonomer partitioning factor Cpf which is equal to or

greater than 1.10 or a molecular weight partitioning factor Mpf which is equal to or
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greater than 1.15, or a comonomer partitioning factor Cpf which is equal to or greater
than 1.10 and a molecular weight partitioning factor Mpf which is equal to or greater

than 1.15.

87.  The polyolefin product of Claim 86 wherein the copolymer composition

5  has a comonomer partitioning factor Cpf which is equal to or greater than 1.20 or a
molecular weight partitioning factor Mpf which is equal to or greater than 1.30, or a
comonomer partitioning factor Cpf which is equal to or greater than 1.20 and a

molecular weight partitioning factor Mps which is equal to or greater than 1.30.

88. A cyclopentadienyl-containing ligand of one of Claims 1-66 where the

10 ligand is in the form of:
(A) afree base with 2 protons capable of being deprotonated,;
(B) adilithium salt;
(C) a magnesium salt: or
(D) a mono or disilylated dianion.

15 89.  Use of a ligand of Claim 88 for synthesis to produce a metal complex of

one of Claims 1-66.

90.  Use of a ligand of Claim 88 for synthesis to produce a metal complex
comprising a metal from one of Groups 3 to 13 of the Periodic Table of the Elements.

the lanthanides or actinides, and from 1 to 4 of the ligands.
20

This Sheet Has Been Replaced

LT

-209-

RO N



