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PCT/ US97/ 21585 FUSED RI NG SUBSTI TUTED | NDENYL METAL g%% AND
POLYMERI ZATWE)§8/27103 P

This invention relates to a class of Goup 4 netal conplexes and to

pol ynmeri zati on FUSED RiNG SUBSTE UTED INDENYD METALCCONMPLEXES AND ROL YMEREATION
suitable for use in a polynerization propgg&#gr 5 pr epari ng

honopol ynmers and copol ynmers of ol efins or dirolefins, including copolyners
conprising two or MHdnhfidd Batddito 8 LRSS Erdus ¥ bt Sonfdlies ¥APloDolyRiaRzdtdh NJ 2
nmonovi nyl @I’OITB.U C rmr}orrer and et_htﬁl ene,_ or copol_’yrrers COIT‘PI’I sin

et hyl ene, roﬁ?ﬁa §tg dgtivgd theretrom th&ﬂ{? B@r&{: arlyfuitable for use i a polymerization process for
Constr ai neg g eoapRting hameipaly mesrgnd exgayneers ohwéfime ds dibleiinst ingudingeopplgmatsi on ar e
10  di scl oseqqinBidi ' j i al oofnbi 990
(EP- A- 416, 815?k o ﬂ_éi'#égﬁw"%p%%ub e s ?@%"’%I sulfa ség"é?i@gt%ﬁgﬁ%}r@%aar] g‘% ?{%"g’ygf
certai n novel X¥UPRFmPBPEeAN Sthylpng RECORRMETs comprisipg eiHUeNSPFOPYSNE 38 Roner

i ncl udi ng noneunjoydteddiensat i ¢ nmononers, having a pseudo-random

i ncorporation of the hindered vinyl nononmer therein. Additional teachings
of constrained Conglerinask gepmetly metabcampienes laad frethads fonthelr epaxpiiniarait i on

Serial No10Q54 diséibS8ed ih Ul dpditation3serhP8) suERo3, kikd Jukh 34 o Gerd-h-416/8%5). This
Application Se P- A-514, 828

rial .No, 702,475, filed 20, 19 - U S.
Appl i cat i on s@Pé"gﬁt'%&'“é%?%%? PF%PF@ﬂmRNESyFeT?'" f%g?w% ﬁPﬁ-"ZQEY'?%%%‘“%d u.s.
Appl i cati on Séindated vinyl morimer, 31c00Bg nianoeidyl heomedic ynoRdmers, I@8ing WEBS/dbIaARIDM as

wel | as US- A jd3pardfiaBot tﬁ@ﬁiﬁﬁe‘?e@@@l thbRomer thereinYRudiohaP@5ohR8< of constrained
US- A-5, 064, 802, US-A-5,132, 380, US-A-5,47 93

, 0, 993, v_wgfﬂs-oosge ‘and US
Provi si onal ASEPTER GaRYSEIRedeund iy 4, S Aneficptiar Sreel No, a4 1%&eﬁ3ﬂw o8 ng
metal conpb ex@s4EBE51); bt dphieationt Sarighito. 702,47, filegidddy20, TRIMKER-ABI2,82H6V.5i | ed
January 26, 193Bjicafich d@nhﬂ N& 876,268, fileld! J,léléb’e‘} EP-A-520.732) and U.S. ApSieRioHidgalt O

the present invention theré are provi net a np S
cor r espondi ng o3 PR filed ParHagy 41 993 (WOJ3,191D4), as well 5JS-A-5,055,438, USiA5057G75.s

titanium zir ¢&dSA-81096,861) &ISAA-8)064,802, IS-A-5,132,380,1US-A-5{430,083, WOI5IQ0I526,ardtUs e;

R and R' areg cnt. L. CYLJ AL |
ger my! PRSI Wit B2AbhaR VRl Subbilis R ERERRD Hlal cGhhibles
hydr ocar 9% si WY%‘Pﬁeﬁé?“géﬁ '(‘Hy%lsé'@éﬂWP?f%?ﬁé?v filed Januapy 26 3398 83 VehaSani no,
di (hydr ocar by W@dsrsqoas.no, hydrocar byl ene- phosphi no,

hydr ocar byl sul fi do, hal o-substituted hydrocarbyl,

hydr ocar byl oxy- subdcetrding th thg dresertiilyghtjonghdry lare [Bovidednetal cornplexes
hydrocarbyl, Rydsspeadityh Hd emnsgpst i tut ed hydrocarbyl,

hydr ocar byl si | yl am no- substi tuted hydrocarbyl,

di (hydrocarbyl)am no-subth_i tut ed hydrocarbyl, hydrocarbyl eneam no-

Rl

25 where M is titanium, zirconium or hafnium in the +2, +3 or +4 formal oxidation state;

R’ and R" are independently each occurrence hydride, hydrocarbyi, silyl, germyl,
halide, hydrocarbyloxy, hydrocarbylsiloxy, hydrocarbyisilylamino, di(hydrocarbyl)amino,
hydrocarbyleneamino, di(hydrocarbyl)phosphino, hydrocarbylene-phospl{ino,
hydrocarbylsulfido, halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyi, silyl-

30  substituted hydrocarby), hydrocarbylsiloxy-substituted hydrocarbyl, hydrocarbylsitylamino-
substituted hydrocarbyl, di(hydrocarbyl)amino-substituted hydrocarbyl, hydrocarbyleneamino-

-1-
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PCT/ US97/ 21585 substi tuted hydrocarbyl,

di (hydrocamaybs/phoesphi no- substi tuted hydrocarbyl, hydrocar by/Pr&TaIS97/21585
phosphi no- substi tuted hydrocarbyl, or hydrocarbyl sul fi do-substituted

hydr ocar byl , §ag,gg|,ufgd h%,ogg,byl d,(P%drochb&gﬁwo%Yﬂo%b&Rutéé) h;%pocg%gaxyirgc%?%h %E ons,

and optlonally two er form

a di val ent de,ppgs(gmng-éubsutuged hydrocarbyl, or hy@rocargbglsgjthg -suivpituted h)ﬂ;cpqg@y} [gyapaqgcn
substi t ut ed h)gfﬁuptlawiydlmetoglbﬁt\yﬁrobéﬁ Stog and bpoRally two or moe)eh tr@%fégéulig §r86ps
remai nder of tnt%? tJHZé ht% fo?rﬁ)%‘vg?éht d%nvaqwe " containing from1l to 30

nonhydr ogen Zis a divalent noiety, or a
noi ety con$r|5|ng one a-bond and a neutral two el ectron pair able to
0

form a cooPdi nat e- (%V&Féwﬁ’eHdWG’OF%b\Nﬁ“es%f sybstititeshiydrospinyenmerevp fogping afuseder
of 10 G oup systeroivith the rétadinded ofthd Aelabcdpiplexuidhe BEribifing forel 12b S0 néhyRIogen NY
ni trogen, phoa& rus, sul fur or oxygen; Xis a
nonoval ent anionit |igand group having up to 60 atons exclusive of the

cl ass of | i gands that are cyclic, delocalized, [err]-bound Iigand

gr oups; Z is a divalentimpiety ond ity comaisingereur-pendcad adedtral twg eledtron

l:ll gaf i ng COWP@&F‘Q:I@%Wb:ﬂga Eddrdifate-Lovhient bona‘ocm'ssald z compnsmg boron, or @merherdf
Ival ent i(?l O@ S 4%?Qwe P%noél g Tarl)?e ofnlgeqé‘grgerg% Iaad alio quglsmgﬁarogen, phosphorus,

pi szero,
ris zero or 1sulfU20foxygen. The above conpl exes may exi st as isol ated
crystals optionally i.n pure formor as a m xture w th other

conpl exes, in the fxag mho@seww@m@aﬁdi&w havitl F%lad ht¥mb Bxusial of Halclass of -
especi aIIy an ani c as in the tormof a dimer or chel ated

derivative thgqaé’ that are °§1’lﬂ°\ﬁﬁ@F@F‘ﬁ’  frhaundigand 9A¥PSagent i s an organic

mat eri al such as et hyl enedi am netetraacetic acid (EDTA). 25

Al so, according to)qheeqenemﬂylbadhmwntehms atnbatrad ligating campotiad havirgatpetb ot f or
olefin 15 afplsynerization conprising: A 1) a netal conpl ex of
formula (1), and 2) an activating cocatal yst, t he
nolar ratio of 1) éﬁQ froml 10,000 to 100:1, or 30 B. t he
reacti on product f W’W"& _nis igprdyaraunhiaving vp d8A A formula (1) to an
active catal yst by use of an activating technique.

-2- piszero, 1,2, or 3;

qis zero, 1 or 2, and
riszeroor1.

20 The above complexes may exist as isolated crystals optionally in pure formoras a
mixture with other complexes, in the form of a solvated adduct, optionally in a 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 such as ethylenediaminetetraacetic acid
(EDTA).

25 Also, according to the present invention, there is provided a catalyst for olefin
polymerization comprising:
A 1) a metal complex of formula (1), and
2) an activating cocatalyst,
the molar ratio of 1) to 2) being from 1:10,000 to 100:1, or
30 B the reaction product formed by converting a metal complex of formula (I) to an active
catalyst by use ot an activating technique. '
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PCT/ US97/ 21 Furt her according to the preseri;c.f n
there i's pr%%l@ process for the pol ymeri zati on of Ol e{(?é#?ﬁlésg
conprising contacting one or nore CJerr] a-ol efins under

pol ymeri zati on condiFuithenscaarding ta theerredeptinventiomihersiisgrovided a procgss forthel ) a
metal conpl ex %Iyrf'l&fz%n%f (alle)ins &%rnsx&g} contacting one or%@@?aﬁﬁtdléfﬂg LAy

cocat al yst, t he ar ratjo being from 1:10,000 to
100: 1, or p°'V’Be"zat‘°“t°ﬂBd'ﬁ’°é‘§c‘,’“ﬂq‘Gr‘faﬁﬁh’ E’P"?"& med by converting a netal
conpl ex of foraAula ()3mewal compedafdemula (), andcat al yst by use of an activating

techni que. 5 S 6 e present catalysts and processes
results in the hi ghF)an?c'vaHé 0‘gﬁroguctlon of 10 hi gh nol ecul ar wei ght

ol efin pol ymer @ed%q,r rafio\of aBOPhP@@c fm H3P.00R10 98¢ @ condi ti ons, and
especi al |y at 8l evatededctioipperoaiidi foded By @yvérting £mpRCéamdiex ot srinula (h & arl dtfive

formation of GEQXI{/S?B%S&ofanractf'lgf@qgavﬁﬁés copol yners of ethyl ene and one

or nore a-olefins I'ng greater than 3 carbon
atons), copolyners of ethylene, propylene and a di ene (EPDM copol yners),
copol ymers of et hyl Haeofahgipressit eafalygtEandpipspsassypsults iibe msﬁivgfﬂs@nwmmam
styrene, ah@l ahigh moledii@iwidhtSIBNA RN 6VE) a wiitCrafRi® byigReszafdn inbiibreand

Do o1y ho S e bghic ey s HAGH o % GRS
state in cont’i herepslymersuednglymees gmmyleﬂaamtnm o5 mope ¢-glefieg (x er. @lafing kaving greater

formation of pgay @‘%&r%on atoms), c&RRMAfrleth ﬁﬁ%&p@kﬁ@hﬂd@&éﬂé‘éﬁdﬁﬂc&%&ﬁﬁ@ﬂ y
hi gh nol ecul ar _we hi's invention may

e Do e o AP elpns and Arens (P PANORb SRosTers Pl St{dher Shrens, and a
pol yrmeri z ai? ondipno(EEdMEwlyimers), arldopglyrners biethyenegarspytnesed sfvrmect%if&bglmem)ay
be Pr epohy iRlok #8 @owpnte;bsoafpeasnms% vmeﬁa‘.d Hle FRELILEH §\e +@ férHaPo:b tin

pol yneri zation reactor or separ at e pr ocess I nt erma | ate
recovery of t h&'21S R PROFRMPES P%‘H’“@&Wﬁ??@ﬁ'%ﬁﬁ”tﬂ’ 'sm'v fesuitsip |“?FE'PS}°” of pol Vme’ S

pol ymeri zat i onegpecialyEPDM terpolymers having extidneeiyniigh malecudlaravelghtsonpl exes are
prepared by contacting the corresponding conplex in 25 the +4 or +3

oxi dation state wit bh@cam&g &lth@lnemoﬁ n,af' Ee? B& SsfpBRsd &M a ﬁJprpsﬁ H&;éﬁga m%eéd

pr ef er abl vy, qr oup derivative_havi ng
carbons i r?% ack %ﬁf'R PP V’Q?’&G}PW 9{°‘§ﬁs?sri%? plurry drin thegjas gaafe: The cpfalystmay rPef ou nd
t hat the use oprepoipnerizedwitroori & nenjel biufirl reoriceneds intsiiindi piyinerizatioh eeactor orin a

for egoi.ng reaCEécf%the%rX&és Wka?éfﬁxgdnéltla‘fécl@ rggﬂhé’ﬁfeh&?’ t&-fze& @%‘1 n?ﬁ?ngﬁg trQe'

conpl ex conpare use o er qua les o ene
addi tion, heat PHYrerRetion@ERCeS N i xture prior to 30 addition of the
conj ugat ed diene reactant, preferably to a tenperature from50 to 95
[err]C, gives a The fﬁemtrhlfmneid&m)té!ﬁmélbrebﬂey bﬁbdatmdg e lcbirgsponding complex in

Al refer e - 1.Qdi

O T
Press, Inc., 139%upApeametahglkyl derivativedraxing frer@ iy Saa@wﬁ ea?h Hoh grose oran ‘Fe"be
to the G oup odiluehto Uthas Béen feiirdaRitaith dse of fidrf 1/0a6 2Odgaivalbnts oftadtien®in théne

_El?)_e ments usi ngg%%@‘?é %é%nsﬁffets%r&%d ﬁma 'pﬂvgcy 9f R BEsired diene complex compared to
PCT/ US97/ 21585the use of larger quantitiegypidhe gdigney dn gdditipnhkgating thg reactipremixjurgypriosioat’i ¢
or ar omat i 30 COagHMIeASFthE B6Hj@alidtiene reactant, preferably to a temperature from 50 to 95 °C, gives a

further improvement in yield and purity.

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., 1995. Also, any
reference to a Group or Groups shall be to the Group or Groups as reflected in this Periodic
35  Table of the Elements using the IUPAC system for numbering groups.



vinylic unsaturation. as well as cyclic conpounds such as cycl obut ene,

cycl opent ene, and nor bor nene. i ncl udi ng nor bornene substituted in the
5 and 6 ‘poswoiegp7wgsth C err] hydrocar byl groups. Al so i PCTUSYR1885

m xtures of such olefins as well as m xtures of such olefins with CJerr]-

5 40 diolefin conpyg t he | pgg%@

et hyl i denenor bor nene, &@Qgs u@ﬂ@éuﬁim@(ﬁ @Qé)oogéﬁggno‘)?%o Pgﬁgb&ﬁhy%t%mn%

vi nyl term nat eilyininsaterationray wbikad @tiedmpairids guch as cycld)ﬁmtenpmyylnmmmt angin
process, for exggp n@nc—.ancquﬁ Rgﬁgﬂl@ﬁg%ﬂ&eg % thd 5 BYES b&ﬂwﬁ%tﬁb’?%@'h?&oégrb

pr ot on froma grow ng po mer chal n I'S process results 1 n irfcorporat’on
of extrenely | grogps. Also mcihdame mintwes h‘esucl'eeleﬁrslalglelbad yixirgs of suah, oldfionyitic@ai n

branching. dhe ¢ sts an ocess her ei n ecially suite
for use in %r eﬁg?&?“‘%ﬁ“&?“@&%% }%‘5 °°"@Pﬁr§ﬂs E’F @'M‘ﬂcdéaﬁgfdbomene' 4
et lhlyl ene{ 1 hlexaefs@nenetdw |n6mhﬁ§iiﬁﬁ]€ Nong %Haﬂn ﬁh*lyérﬁmﬁeg moR6hers enawa@drmge gﬁnngs
wel | as terpol yner of e ene ropyl ene an non e i ene,
referred to as ¥r€ﬁ3&"ﬁ8ﬁ"ﬂ‘é pocess i‘/’ by tﬁgphe"m&?mé‘toﬁ%h%@o %T%a\ﬂ "8 and
styrene, refer lper!brtfco_nas gtﬁ%gmlyweecha;n Ofthist proqess erwisdn iptorparatione extremely long
styrene and a @%ﬁﬁﬂﬂo%&%r& polYmer, eef fhb ERbid Q'aﬁc?unlésm 9&{&%@5@ processbs

Monovi nyl omat i ¢ nononer s use herein 1| ncl yl rél su}nst | tuted
et hyl ene Refef 56 EARES = N.AVRHR/oF Ve IF BYeRERlen o E'EY'?'] propylens, eihyiene/i-butene,
wher ei n: - ethylene/1-hexeher athylenetstparedamt dtyylenal locteoe copolymees assvell\ad teogdymens

Clerr] alkyl, gpgndthe, propylene and a%ﬁ%gnlugh@ﬁ%ﬂﬁgqg%dﬁo QQ@EDQ%We@%‘?dey%e%L

or hal o. exes referred
car bon nonoxi d&f etiyieneppippdene and Sty’e"‘és'ﬁ?@?%q%?'ip RAYMSYS: BHB %W%ﬁ@ o ethylene,
t ri et hyl phosphisty®netahd g heitphjpiated iens; reterebdad a§ ESBM polymers,.

di met hyl phosphi no) et hane; P(OR)[err], wherein Ris (Jerr] hydrocarbyl;
ethers, especially ) ; i Wl

ot e eSPSCLAL LY oo SR HEREHER . B85 peoPEg bl aUEil Byere
ol efins; and nscmpcalndshmqnggaefedmdaenes having from4 to 40 carbon atons.
Compl exes including such neutral diene X groups are those wherein the
metal is in the +2 fzorngl oxigdation state. Preferred
R'' groups are those corre [ o the formul a:

-4- WO 98/ 271K
PCT/ US97/ 21585 [err]

wherein:
R4 independently each occurrence is hydrogen or C4.4 alkyl, and

20 R, independently each occurrence is R4 or halo.

In the metal complexes, preferred X' groups are carbon monoxide; phosphines,
especially trimethylphosphine, triethylphosphine, triphenylphosphine and bis(1,2-
dimethylphosphino)ethane; P(OR)s, wherein R is Cq.5q hydrocarbyl; ethers, especially
tetrahydrofuran; amines, especially pyridine, bipyridine, tetramethylethylenediamine (TMEDA),

25  and triethylamine; olefins; and neutral conjugated dienes having from 4 to 40 carbon atoms.
Complexes including such neutral diene X' groups are those wherein the metal is in the +2
formal oxidation state.

Preferred R™ groups are those corresponding to the formula:



wherein R is as previously defined, nost preferably hydrogen or nethyl.
Further in_reference to the netal conplexes, X preferably is rom
t he group WO B2UGY s st ng of hal o, hydrocarbyl, silyl, d pé%hfsﬁry&fksg

N, N- di al kyl ami no substituted hydrocarbyl. The 5 nunber of X groups

whet her any neutral diene groups or div s arg pregsent. The
skilled artisan will appreci aj e that ' ri ous
substituents and the identity zof %;arg- psoVvilde charge

bal ance, thereby resulting in a newral e, when Z
IS divalent, and r is zero, pist oxi dati on
state of M Wen Z contains one 10 neukf al R

coordi nat e-coval ent bonding site, and Mis in a fornmal oxidation state of
+3, p may equal zero and r equal 1, or p may equal 2 and r equal zero. In a
final exanpl e, widreilVR' is as previSudiydefinéd) ridgt praixrabla hydisye oainethgf +2, Z nmay be a
di valent ligand group, p and r may both equal zero and one neutral
ligand group nay beFlﬁ{hgtsiﬁpéfere ce to the metal com le)'(:)ers,e)ﬁ Efefe?ﬁlﬁggélgétg@ﬁc}rﬂme roup
conpl exes used according to the pr_esen? |n?/.ent|o. are’1 conp exes

cor r espondi ng qoas:gtmof@;?qrﬁyqpcartfyé,sm, and N,N-dialkylamino syhgtitpted Rydrocarbyl. The

R i s hydr &carduydber 6fiX drydbs@eperidy ba FetRidatiodrstale SHM|WMGmEDY IsRIQRM dTRob&ErRLD,

ﬁ?h?o?ar byl or‘b'ﬁegﬂcf? gry’erlgl)e;u{rﬁ\ d?eQIe%?oruBQ & a‘?l\}a%ﬂf)é“ g[r<|a.g>g1 ralll'e Lf)rl;?sent. The &illéfaﬂga :?/rnli s

-0, -S-, - NRapprecip:that thengratity pfithe variousgbatitygnis and the identity of Z are ghosgnsto

Si R[err], CR'drévidd chaBleBalafdd, Inatdty kedtitidg in @l FefaRédniidn FokéXamipld; when Z is

E:gf [err] SR ecfivrallént,%ad rGg Fz%r%i p is two less than the formal oxidation state of M. When Z contains one

10 neutral two electron coordinate-covalent bonding site, and M is in a formal oxidation state of
+3, p may equal zero and r equal 1, or p may equal 2 and r equal zero. In a final example, if M
is in a formal oxidation state of +2, Z may be a divalent ligand group, p and r may both equal

zero and one neutral ligand group may be present.

Preferred coordination complexes used according to the present invention are
15  complexes corresponding to the formula:

(I1) (III)

ox

MX X' X",

whereain:

R’ is hydrocarbyl, di(hydrocarbylamino), or a hydrocarbyleneamino group, said R’
having up to 20 carbon atoms,

20 R" is C4.20 hydrocarbyl or hydrogen;

M is titanium;
Y is -O-, -8-, -NR*-, -PR*-; -NRz*, or -PR>*;

Z* is SiR", CR",, SiR":SiR";, CR*CR";, CR*=CR", CR*:SiR";, or GeR";

-5-
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PCT/ US97/ 21585 R* each occurrence is independently

hydr ogen, ovoaseuober sel ected from hydr ocar byl , hydr BEEUBYVIIRSS,
silyl, hal ogenated al kyl, hal ogenated aryl, and conbi nations

thereof, said R* having up to 20 non-hydrogen atons, and optionally, tw R*
groups fromzZz R* gagh eerurendeds indepengattiy busiogen,cr agrenker gplasted fifomom Z and

an R* group frigo¥arbf iydRcarbilskySisit RdBgenatedaliyl, halogenated atyl, afid cotSinafion’ € as
previ ously de ; 0, 1 or 2

zero or 1; an]::fkgrggf: said R" having up t?%%"%gwlﬁfgg?"’ afoms, and Gptionally, two R* QW?Ehf“I’ﬂgl >
provi so that: (whénh R"is not hydrogérdorniRs grbup o Zrhnti aARe gbap fom M fodn a fing dySternd
formal oxidation state (or Mis in the +3 formal oxidation state if
Yis -NR[8rr] or -RR pmtX'|dre a;previdtslyddetimedani oni ¢ | i gand sel ected fromthe
group consi sting of halide, hydrocarbyl, hydrocarbyl oxy,

di (hydrocarbyl)am dois0,10r2; di (hydrocarbyl) phosphi do, hydrocarbyl sul fi do,
and silyl groups, as well as hal o-, di (hydrocar byl )am no-,

hydr ocar byl oxy-, antiis@eeey#rasdar byl ) phosphi no-substituted derivatives 15
thereof, said X gr ou_g having up to 30 nonhydrogen atons,

when r is 1, p and P#®%Ero, Mis in the +4 fornal oxidation state, and
X' is a di ani.(?lgi')c | i, a‘Fd‘ sel ected fromthe group consisting of

hydr ocar badiyl, oxyHy %‘USY'%S/ &t and hydr ocar byl enedi oxy groups, said

X group hagi ng up t ; r.Qoe. g . , q
and r ar eq?er o, M |vgne|§% '{%M r% %r%a"ﬁ@%c}g? ﬁgfr?"g%' 8"{“%8,“!0%#3& iq\g'sgng%'*%
st abi | i zi ng arlP@ exidafigpsiate §ros fNR'e PePRE and &is amrnicpicdigpndssiesied fromghe f
g| |(yN| " 3_— ( Ni El-group_ consistiflg Bi:a'tahﬂﬂ, aydrosatdyl) W%oﬁrbyloz?{, di(t;yrc]irolcarbyl)amido, I

- (N, i met hyl. n e nd 2z .di e am no) benzyl ,
and Jf(ﬁymrocgﬁﬁpn%ﬁgrg%dWér?ﬁarg’yg‘é‘ﬁ%f a’?j;\%_'% gfupi'/l)éf & g‘l #° %ﬁ%’é' +2 formal
oxi dat i on st atddhydserarbyanine:, hydracaryloxy-, and di(hydoagrbyiiahesghioe-suhshivisd datvatives

di ene, Opﬂsonad\éryof.ssm@tgrbuﬁMidgiLIpho@mﬁorm?dreggn%thr ocarbyl 25  groups,
said X having up to 40 carbon atons and tformng a [err]-conplex with M

Most preferred net I are those. according t.o th revigus, formul a
(1) or (1l ﬂjf?eﬁ\?\%@r’ gi)éﬁéﬂ/ﬁr%&er ﬂﬁs %%ﬁefggﬁ]a,%&%“%@a%: an(ﬁjl )g.l’lls r are as
previ ousl y defdianiogic ligandiselepted frpm Wesgroup consisting jgtitydrocarbadiyl, oxyhydrocarbyhygndn p i s

2, g and r ar ewydetfbyldeditxy drolpdesatiX HRUMRAvIHPUPIRS0 MImhfdréded atorizd X is 30
i ndependent|ly each occurrence nethyl, benzyl, or halide;

when p.and q are z L. is adM}.is'n r£e 4 .farml, oxi ion state,

X' isal4- %'%ﬂlp ésd?'&a?'mafeo%bo’ A t#’%‘f’é °méaT° '?%F'P%%‘)?b "3%%1? ene ring

with M 20 stabilizing anionic ligand group selected from the group consisting of allyl, 2-(N,N5-
dimethylamino)phenyl, 2-(N,N-dimethylaminomethyl)phenyi, and 2-(N,N-dimethylamino)benzyi,

and

when p and r are zero, q is 1, M is in the +2 formal oxidation state, and X' is a neutral,
conjugated or nonconjugated diene, optionally substituted with one or more hydrocarby}
25  groups, said X' having up to 40 carbon atoms and forming a n-complex with M.

Most preferred metal complexes are those according to the previous formula (ll) or
(i), wherein M, X, X', X", R’ R", Z*, Y, p, q and r are as previously defined, with the proviso
that:

when p is 2, g and r are zero, M is in the +4 formal oxidation state, and X is
30  independently each occurrence methyl, benzyl, or halide;

when p and g are zero, ris one, and M is in the +4 formal oxidation state, X" is a 1,4-
butadieny! group that forms a metallocyclopentene ring with M,

-6-
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PCT/ US97/ 21585 when pis 1, q and r are zero, 1Syl +3
formal ‘oxi PR ate, and X is 2-(N N di met hyl am no;\% W’ﬁgﬁd
when p and r are 0, gis 1, Mis in the +2 fornmal oxidation state, and X is
1, 4- di phenyl - wherBp [sutt, gcind naregrerc] M. iSinglen+3idimes exidatioB state, and X is 2-(N,N-
Especi al |y prefiglefigdmfrdfteflytainion conpl exes corresponding to the previous
formul as (rr)y and (I117) are uniquely substituted depending on the
particular end use thereof, In particul ar, highly useful_netal,

conpl exes for use iwp%'h‘f apd ke Qoffsds Mis Byte T%ﬁ""’f“’ﬂ@"‘g%}ﬁﬁlsﬁ???e??‘lz’ét'ﬁ irri:'dlf)’f‘e"y"
et hyl ene, one bp-butadieneromb$-penthdieneonat i ¢ nononmers, and optionally an
a-olefin or diolefin conprise the foregoing conplexes (I1) or (1I11)

wherein R §s (6 20ggiatlally Sraffiet 8bdriinitioR BYpledds corr@ipBh@RY o tR pr@dUs ibHlulas and
R' is hydrogen S)r h¥l, .especjally hydrqgen. Mre refsrabti_l such
conpl exes are & ﬁ'Pfg&‘b ATeSYHHE Vﬁb‘&’%‘ﬁ“‘é‘! ﬁ’%&@‘g&ﬂﬂ thﬁB?\’ﬂ?“Ea{ég eis é@?foﬁm?"ﬁ@"%
the formul a: higlilepsdful metal complexes for use in catalyst ¢dingpobilionsSerftos capelymbrizatiorpdfex es
for use in cat @th}ﬁéﬁe, Fﬁ’é'mﬁérg 'rr%'agvi{\}? Ero}'r{%ﬁ monomer@%ﬁ@gﬂlox FanZ2did b i‘;;lefin

et hyl ene or the copol ynerization et y‘f ene and_one or re a-olefrirns,
especi al | y 1- btrmerie the feregaingcasprliaxes (b endl) wherpin R'4eCelao 2ivb eersSRINPIEBYID| exes
1) or (M4 ; | n : '!;y;{%%l )

(1- pi/r rol |( d1 idni/l ?lp%er%l %%@‘@fgﬁ (}):‘J' Zsp"g([%'%gf’j'l‘%’w&f Fﬂ_:\écbhh?h ?{_’e@\g}g;b? ef?r%b'g ﬁl(‘:qr;1
conpl exes, Y i CHHees R -RhepvisuBstiredsrindaseny cginpigres crrrpepopgdipgipithe fgrmudalt o,
and both g and r are zero. .

bst preferably such conpl exes~are
2, 3-di met hyl -substituted s i ndecenyl conpl exes ponding to the
formulas: [err] @

-7-
) V)
or =
. i
TiCH .
CH:,7Si. iCH;), CH3>SJ.\I CH,
CH
CHJ \NCCH3)3 3 NC CH,)

Highly useful metal complexes for use in catalyst compositions for the
homopolymerization of ethylene or the copolymerization of ethylene and one or more o-olefins,
15 especially 1-butene, 1-hexene or 1-octene, comprise the foregoing complexes (il) or (lil)
wherein R’ is C4_4 alkyl, N,N-dimethylamino or 1-pyrrolidinyl, and R” is hydrogen or C4_4 alkyl.
Moreover, in such complexes, Y is preferably a cyclohexylamido group, X is methyl, p is two,
and both q and r are zero. Most preferably such compiexes are 2,3-dimethyl-substituted s-
indecenyl complexes corresponding to the formulas:

CH; WD CH; wn
CcCH '
e IR O
TICH ), cu, Yy o cH
CH37sj_ l 3>1 l 3
CH3 ~x CH3 \N

20
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PCT/ US97/ 21585 Finally, highly useful netal conpl exes for

use i n cat NGe&27¢epositions for the copol ymenzat i on BETASAYRSBRE, an

a-olefin and a diene, especially ethylene, propylene and a _

nonconj ugat ed di enginafi fighipBsdtli ek EGRIRRE RYUBEREaRlycrooftpBiIALiG s

conprise the foregoin conpl exes (I1) or (I_IP erern I'S

hydr ogen, and °P?°Mm§"€ﬁ%8'ﬂ Pl ethylape an wlpfinang|a diengeshggially sRylene, propylenpaad ar r ed

?r e 2|— et hyl - somshjugdiéddlers; suttes etyldeR6HBRIORERS of DE-hE8IRINE, ddehpkiSe thb foregoing
or mul a: e Vi .

(1X) [err] complexes (li} or (/i) wherein R’ is h)fdﬁgﬁg,ﬁngh \‘feé%@%"é’('- %sgﬁ%?ug )Eréeéhy{.hlg?st Ry

be enpl oyel i prefdredpreaminetbe-substitUtel Pine@s@Rl complexes chiespbhditytoitiRciorga: 10

3- phenyl -s-i ndacen-1 -yl conplexes (alternatively referred to as

[1.2.3.4.5-n)-1.5.6.Z-tetrahydr @D i ndacenTXy| |

(t-butyl am do)di neth

CB: phenyl ¥s- i @ A" - i um (11)
ylf[e Si - 3TpHERY - s- i ndacenyl 51| dgtet i?r%ﬁ‘dﬂ,) 1, 3-
pent adi ene 3 ,

~
(t-butyl ami do) di met hyFE{er r] ~3Npt@ny - s-i ndacenyl ) si | anet | TSAFEE 1 11)
2- (N, N-di net hyl am no) benzl n, 15
(t-butyl am do) di net hyl ([ err]-3-phenyl -s-indacenyl)silanetitaniun(lV)
di net hyl ,
(t-butyl am do) di net hyl ([ err]-3-phenyl -s-i ndacenyl ) silanetitaniun(lV)
di benzyl , Hlustrative metal complexes that may be employed in the practice of the present
(1-propyl am doyehteRinRMdd:[ err] - 3- phenyl - s-i ndacenyl ) si | anetitani un(l1V)
di met hyl ,
(benzyl amj&o) di
di net hyl r’q@ g
(cycl ohexyl anBaheny Bxgshenyl - s-i ndacenyl ) si anetitani un(l V)

di methyl ', 20 g pumviamidoldimetilin.3.0nam-c.l o PP
(n-butyl ani dof dr a%‘z?d(’[‘ee‘w?"g R N P T
1, 4- di phenyl - {t-batylsmideifliraethy!(n’-3-phenyi-s-indacenyl)silanetitanium(ll) 1,3-pentadiene,

(1”;,? g;ﬁ't am dobutyRkdis)dihéthyid>-3-pREFAYArugcenifkasremshib @, N aRREtEmind)benzyl,

en 1 A " 5 . . . N N
(n-butyl a do%@PW@W‘F&?P"(T@Wﬁ“-'§=°B‘Pfyh§fl“-"§‘ief‘mf§%'!§ﬁ?‘f“)‘§‘Wh‘ﬂ'@?‘f‘l"ani um(111)
2- (NN (-biliyeido)diraethyi@)-B pReny-s-indBcenylsilanetitanium(lV) dibenzyl,
ottt 2 o bk i % BRI ndaceRR el ari it Uihdihd ! U V)
(n-butyl am d o Jeehzperidd)difnethylin’-3-phkmytslindacdnpiiismatitahiusiVadimethyani um( | V)
di benzyl, - AL o ,
(cycl o)d/od yl 5%‘%?’3?%?)%/ ezr[yg?sr Prée-nﬁ'hséﬂgﬁc? r%y-‘)ls“na %‘8%"#&’?9‘2 idf’%er}h |'i taniunm(l11)
1, 4-di phefél -1, 3- but adi ene, 30
(cycl ododecy! gibhud@arilid)Bimainyitl* e shleny-shmRByh Smhaifafa 1, £bibRéhghi, 8 Biatighd,| ) 1

, 3- pent adi ene

1, 4- di phenyl - 1,

(n-butylamido)dimethyl(n5-3-phenyl-s-indacenyl)siIanetitanium(l 1) 1,3-pentadiene,
(n-butylamido)dimethyl(ns—s-phenyl—s-indacenyl)silanetitanium(lII) 2-(N,N-
dimethylamino)benzyl,

25  (n-butylamido)dimethyl(n®-3-phenyl-s-indacenyl)silanetitanium(IV) dimethyi,
(n-butylamido)dimethyl(ns-s-phenyl-s-indacenyl)silanetitanium(lV) dibenzyl,

(cyclododecylamido)dimethyl(n5-3-phenyl-s-indacenyl)silanetitanium(l 1) 1,4-dipheny!-1,3-

butadiene,
30  (cyclododecylamido)dimethyl(n®-3-phenyl-s-indacenylsilanetitanium(li) 1,3-pentadiene,

-8-
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(cycl ododegz‘gggwmﬁdl met hyl ([err]-3-phenyl -s-indacenyl)sil ane [grsng'{m(s?sf 1)
2- (N, N- di met hyl am no) benzgl

(cycl ododecyl aﬁw@@pmmwrb@hwm-~3-pphwlry4mdacenydaleee‘t§dn)tm(lllaaﬁm.N- ani un(1V)
di met hyl, dnmeth Iamlno)benzyl

(cycl ododecyl {n J i met dy [ er r(] Rhen yl-s-i ndacen¥ sil aneti tani un(lV)
di benzyl , cyclododecylamido)dimethyl(n’-3-phenyl-s-indacenyl)silanetitanium(lV) dimethyl,

(2,4,6-tri rret higystiobédshainitiondirhébiyinf-8/phbnyBs ¥R BHyh SiahdliREARNA Mibbhzgnet i t ani ung
1) 1 4- di phenyl - 1, 3- but adi ene,

(2,4, 6-trnet hyl ani | i do) di net hyl ([err] 3- phenyl - s-i ndacenyl ) si | anetitani un(|
) 1, 3- pent adi @Aes- trimethylantlido)dimethyi(n® —3-phenyl-s-mdaceny!)snlanetltamum(ll) 1,4-diphenyl-1,3-

(2,4,6-tri rretha,ﬂ Sirlel do) di rrethyl ([err]-3-phenyl -s-indacenyl )silanetitani um
(III)2( N-10 di met h amno%rggnzl

(2, 4, 6- t r i met h@1dimedyaeiidedimethyneBrmhenystidapenydsilapeiitaniumyll) b3-pemadieneani uny
|'V) dinethyl, (246-tnmethylamhdo)d|methyl -3-phenyl-s-indacenyl)silanetitanium ?Ill) z-ﬁN N-
(2,4,6-tri tha/ atrp1 nFt hyl (1err] - phenyl -s-i ndacenyl ) sil anetitani um
V) di ben 1@3 ime ylammo enzy

(t-butyl am do)(e:mm:mmyt@rﬁsuommahméamhem-smmmwéu)methamnmt(iw direthl, (| 1)

1,

4- di ph I
(i but 1 an do) Grieet et Re e’ sepenysiotasemdpipasianiuni( SRETRL 1) 1
, 3- pent adi ene,

(t-butyl ani do)@bma.heam&r[&;os?mﬂaah@rwL-maaéé?g%Sﬁa{da}qﬁm @NE iRyl ukadiens,

2- (N, N- I et amn
(t-butyl aH15do)f£fP?M?'ﬁt9R)9ﬂeéW (n3%?4@%%@89%&%9%@%09ﬁérmﬁaﬁqmﬁ(| V)

di net hyl , and (t-butytamido)dimethoxy(n® -3-phenyl-s-indacenyl)silanetitanium(iif) 2-(N,N-

(t-butyl am do)&h&ﬁyl?@%éﬁgérﬁy“ 3- phenyl - s-i ndacenyl ) si | anetitani un{l V)

di benzyl . 20 h I-s i ndacenyl conpl exes:

(t-butyl ani do)(é}bmfﬂawb)@{mthow(a —-frapenyhs-indgcanyiiisratiianiugi(Vhdisethyaandim (1 1)
1, 4- di phenyl B RGRLEh - -

(t-butyla do)J((tjl L#gt hylg)( [ er ro]xy% %QB%"VLS fndacen%’()jsg?:neert{wsum(wgﬂg?qq'ani um (11)
1, 3- pent adi“ene,

(t but yl am do)3dHnaphthad-icdaeendl cSmplexeat hyl - s-i ndacenyl ) sil anetitanium (111)
2-(N, N 25

(1 butyt ani do) SPRERAPBERRIS sy rcecamyatimaiprin (Ll seieben Itagjene.
di net hyl , (t-butylamldo)dumethyl(n -3-naphthyl-s-indacenyl)silanetitanium (}i) 1 3-pentadlene

(1 but vt am o) gl oy S AN isScdnFAGRRAAS! 725K 21 (1)

(i -propyl 20 d AACRERFADPPEEY | - 3- napht hyl - s-i ndacenyl ) si | anetitani um (1V)
di met hyl (t-butylamido)dimethyl(n®-3-naphthyl- s-mdacenyl)sulanetntamum (IV) dimethyl,

(penzyl ani do) oy pet Il Sl s PRI IV eSca SRS (VFBRERLA™ Um (1Y)

di met hyl, and
(cycl ohexyl am(dpr):pylamddwlh’e{hell(fls}.'i-&phmplkﬂ-myéoesyl)smmamyrh)(m Hiemtityl t ani um (1V)

di et hyl )

(t-butyl ani_do)'8 ng@wp’ll”?["iér‘%’% 36’%%"3 %@éﬁ um (N et 8 (11 )

1, 4-di pheﬁ"?l - 1(c3@lq§rgxym|Mmethyl(n -3-naphthy!-s-mdacenyl)snlanetnamum (V) dimethyl

(t-butyl am do) di net hyl ([err] 3- bi phenyl -s-i ndacenyl )sil anetitanium (I1)
.35

(i but yl am do)drret RN cNREE e ny | - s-i ndacenyl ) sil anetitanium (111)
2- (N, N _ {t bhtymmidgr)ﬂmuthymsl%uplyényl-s-mdacenyl)sstanemamum (1) 1,4-diphenyl-1,3-butadiene,
(1 -but i am do) g, A RMGh &% BRI e DG RMhA e bhapiaim (1)
(t - but yI afBdo)tbytdarmige)dimethy)n*B-bibheny ks indscenpisierstianiim (IREGNe ani um (1V)

di benzyl dimethylamino)benzyl, - 9-
(t-butylamido)dimethyl(n5-3-biphenyl-s-indacenyl)silanetitanium (IV) dimethvyi,
(t-butylamido)dimethyl(ns-s-biphenyl-s-indacenyl)silanetitanium (V) dibenzyl

-9-
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(i - propyl awaesetioet hyl ([ err] - 3-bi phenyl -s-i ndacenyl ) si | anet iRGEVSAH2LIBY)
di met hyl

(benzyl ani do) ¢ B bthith Biriah . BRAIYL s Pl PR RIS LA il um (1Y)

di et hyl, and
(cycl o%exyl ami @enzylemisoidmetpdmy PLmhenyrsdndprenylsippiitasivn §\9idrestediandni um (1 V)

di met hyl NeyclohdxylEhidosHimat iyt bipfenliiAER BN sTPERAMNA FV) dimethyl
(t-butyl am do)di net hyl ([err] Kg met h?/l phenyel’s})s [ ndacen?}wg sil a%et I tani um

(1) 1,4-di phenyl -1, 3- butadlene
(t - but yl anPdo)2iinethyidmhehy Remgtdmpdlex@spheny! - s-i ndacenyl ) sil anetitani um

I 1, 3- pent
(¢ - butyl am do?‘ﬁf’ﬁ@?ﬂw’z‘t’"&“}ﬂm ey e iconspetanan () cdptenil,
(111) 2-(N, N- bptasliene; 4i npt hyl ani no) benzyl
ET V;Ju; yl a{nhd?))(dblﬁfﬁﬁrhMb)@{n%‘tﬁy](nQZ%iWVé-pﬁenW@HHéceﬁyl)lsM@%ﬁWh)(Iw1| | Bpékddienl] UM

i me

(t-butyl am &)‘H?ﬂﬁf“ﬁwvrﬁﬂwﬁﬂ 22 methy3-ehenyksingaceayiisiapgtiapium it 2 i ¢ ani um
(1V) di bedfy| .dimethylamino)b@azyet hyl - 3- bi ohenyl - s-i ndacenyl conpl exes: 15
gnt ( Pr; yllaT go)(gb.ﬁm%rnmb)gh%ﬁ,lm%-ﬁg{hpy Pﬁen L PREREhyR1dnBRAREAYV) Slefladd tani u
(t-butyl ani do)(HP‘méﬂfﬁ'99)(’17‘@‘#}’](1&2-@?&513-!3@"%%n@aww’)gﬂaﬂﬁtﬁam@nw/) dib¢rnayle-titani u
m (1) 1,3-pentadiene,
(t-butyl am do)di L yil. ([ err].- -cmat]h | -
m(li) 2- ;és
(t - but yI aitBdo)(thuhgarige)timethyln
m (1V) di met hiytadiene,

(t-butyl am do) di et hyl ( - et hP/I - 3- bi phenyl - s-i ndacenyl25| | ane-titaniu
m (1V) di ben Z)M butylamsdo)dlmethy (n -P -methyl-3- blphenyl-s-nndacenyl)suane-tltanlum i) 1,3-pentadiene,

(i- F|r g/l)cwgam ?ﬁmtﬂaﬁmbﬁr{e«a{mﬁi -2 mdBly R bipRenyLPNg4khySidnedmeray (i) 2LNane- ti t ani
um i me
(benzyl ani do) (ﬁ('ﬂ%tMW'f‘T)E?'}z}" 2-net hyl - 3- bi phenyl - s-i ndacenyl ) si | ane- ti tani um
(1V) di ne2fyl ,(-augamido)dimethyl(n®-2-methyl-3-biphenyl-s-indacenyl)silane-titanium (IV) dimethyl,

cycl ohexyl am g I netlta
b (vl ey ferBb et ;5 TP St BB S1ana BRIV akahnf 0
(t-butyl ani do)(mrﬁ@ﬂaqum@methyt( aﬂ?ﬁ'lyﬂ’rii@Phﬁéaﬂﬁtimewi)ﬁihd&@'enlym)(ﬁﬂ ldmeéwf t ani um
(1) 1,4-diph Béﬂzylémﬁb)dnmethyl(n 5%&@!—@9 henyl-s-indacenyl)silane-titanium slV) dimethyl, and

(t- butyI am do)d| met }/ err]-2-nethyl - 3-napht hyl -'s-i ndacenyl ) si | anetit ani um
(11) 1,3-pent AeHclohexy o)dimethyl(n"-2-methyl-3-biphenyl-s-indacenyl)silane-titanium (IV) dimethyl

(t-butyl agbdo) di net hyl ([err] 2- met hyI 3-napht hyl - s-i ndacenyl )si | anetitani um
(1) 2-(N.N 2-meth i am ;

(t-butyl am do)di ' [ 3-napht hyl - s-i ndacenyl ) si | anetitani um
(1'V) di met hyI t- butylamtdo)drmethyl(n -2-methyI-S-naphthyl-s-mdacenyl)sxlanetltamum (1) 1,4-diphenyl-1,3-
(t-butylam do)bdtaaﬁt-\b,yl ([err]-2-nethyl -3-napht hyl -s-i ndacenyl ) si |l anetitani um
(1'V) di benzyl

(cycl ohexyl am%%‘ﬁ“ﬂ?’??ﬁ?)ﬂmeﬂy@ 3 msthyi3-pRphthytsyindacepxsianstitaniupdi §-BPeredipRg: i  an
ium (11) 304- di-tpitganyitie)didtethyl(n’12-tethyit hakiphthgl-s-indacenyl)silanetitanium(ill) 2-(N,N-

(cycl ohexyl am(ﬂ@t%m&gg‘% err]-2-met hyl - 3- napht hyl - s-i ndacenyl )si |l anetitan
ium (I1) 1, 3- [ ene,

-10- Wi- tggylgmg@gmethyl(n -2- methyl-s-naphthyl-s-mdacenyl)s:Ianetatamum(lV) dimethyl,

PCT/ US97/ 2158%. butylamldo)drmeth im® -2-methyl-3-naphth I-s-mdacenyl)sﬂanetltamum(IV) dlbenzyl

(cyclohexyl am do? I met 3/ err ‘é yl -s-i ndac I;S|Ianet|tan
ium (111) 2- ( clohexylami inahy agrﬁaﬁw éﬁgiypyl-s mdacenyl)sﬂanetuamum (1) 1,4-diphenyl-

35  1,3-butadiene,
(cyclohexylamido)dimethyl(n5-2-methyl-s-naphthyl-s-indaceny!)siianetitanium (1} 1,3-

3- bi phenyl -s-indacenyl )silane-titaniu
|, 20
-methighd-biBhdnylhiedadenyd)silane ditamiug (I 1,4 alipbenyil-i 3ni U

pentadiene,

-10-



(cycl ohexyl am do) di nret hyl ([ err]-2-nethyl - 3-napht hyl -s-i ndacenyl )sil anetitan

ium (1V) dine and
(cycl ohexyW%sﬁ%}@l met hyl ([err] - 2- met hyl - 3- napht hyl - s- i ndacer§T S T4RSY i t an
ium (1V) dibenzyl. 5 2- met hyl - s-i ndacenyl congl exes:

(1 t 4b St ylham FIo)(cycmﬁéﬂmhﬁc[oﬁnrhémﬁmﬁatrﬁatﬂvw-s-name»nmhaewwmnamm (Ue{NN-
i phen
(t- butSI amydofdﬁe%%ﬁ&%'] 2- rret hyl - s-i ndacenyl )sil anetitani un(l1)

1, 3- pent adi enécyc!ohexylamldo)dlmethyl(n -2-methyl-3-naphthyl-s-indacenyi)silanetitanium (V) dimethyl, and
(t-butyi ani dO)(chﬁéﬁMhﬁJo?&ﬁuith%mﬁ@Irm{ﬁw -SnbpHiRREMihden A kitahmN (Y Giobh2y.

2- (N, N- 1n$ di met hyl am no) benzyl,

(t-butyla dO)dI met hyI ([err]-2- rret hyI s-i ndacenyl)silanetitaniun(lV)

di et hyl , ethyl-s-indaceny!

((j|t bg ﬁtzgl am do)(t%%tnﬁ}éfo)é Lne{hyl](n5?2-met¥1)r/]ys-|nf’acenyﬂse}%ner}&/aln)u% J!!?l?ﬁtalpthgr';‘ | l1”:~3r(but diene,
(cycl ohexyl anifcaipdEmiga)digetyién’ Fq-mélhwﬁtimalcerwl)slhadawmw)si 3-perdadiearani um (1 1)

1, 4-di pheny( i ?l c% } (M) 2-(N,N-
(gycl OPE)C(I :jfz;o;:::?j;:izyl ﬂg]‘ﬁdﬁe@)s“a %‘(t:aé’hu S%lzl(%netl tanium (1) 1
pent adi'ene,

(2 cm &hexyl am(tdgkwhnltilﬁmlmmbmbwrimam Lilaberfy) iR ARV i, i tanium (111)
| ne am n
(oycl onexyl amHBRIRAPRYEY £ PabiiadhprensdsiaeeiiaohgIOL PRt ani um (1)

di met hyl , and (cyclohexylamido)dimethyl(n’-2-methyl-s- indacenyl)silanetitanium (li) 1,4-diphenyl-1,3-

(cycl ohexyl ambgg),ghénat hyl ([err]-2-nmethyl -s-i ndacenyl)silanetitani um (IV)
di benzyl . 20 2. 3-di rreth“g s-i ndacenyl conpl exes:

(t-butyl ah® do)(mhmmtym(qom«methﬂe/ 2dnetpi-grindacenylisiianetitapiupndil)l hdreertadigieum (1 1)

1, 4-di phenyl %c fohe lamndo)JﬂHétﬁﬂéne-ﬁﬁnethyl -s-indacenyl)silanetitanium (lll? 2-(N,N-
(t-butyl am do) di net % err]-2,3-di met hyl -s-indacenyl)silanetitaniun(ll)

1, 3- pent adi end' efy'a ino)benzyl,
(t but yl am d0X@blﬂﬁéﬂywﬂ(db)zﬁméthﬂcngedmw-ﬁmha&nylmmﬁmhmS(iVI) dinesthyt, and un( | | 1)

2- (N, N-
(t- ( but yl aglo do)( gilo %"{d? g& %D\ygﬁgé)é?% ?‘I nFace"Y'ﬁa%{'gtenﬁWTéllvP g'ﬁ%?zyf ani unm( V)
di net hyl

(ItrrEutzlamdo' bl .
dib |

(Icyglnéﬁexyl am(to%')yéﬁ%)ﬂ?‘ﬂ"k"g} |2}3 ?”@th}ﬂll sipdarsmisiianefiianivm (D ) Srdiebga 35 um
(11) 1, 4-di phéntliede,3- 30 but adi ene, _ _
(eycl ohexyl am EARMES b2 il bbb BHBRTAY) 1 b 2" U
(cycl ohex$5 am(‘chb')%ﬁmmthmbwylér 1233-dimgthyfirsipddepnyl)silanettiariumiyl) PdNNanet i t ani um

(rer)y 2-(N, N dimethgfam' ;{; yl am no) benzyl,
)dl |

-s-indacenyl )silanetitaniunlV)

ER//;:I glh ﬁ;%llh? |m( ?’q Ja-dtmethyl s-|nrgacgnyl)sxlalngtttgn?um(}/\}))dg'rll lﬂ? PEt I tani um

(cycl ohexyl am(tehm)whnnm)mmb@Dlefﬂs-amaﬂnﬂLﬂaddeymyI)sﬂanetmm)ﬁblehanet i tani um
I e 1 M
referred 8@ abutedieme,3. 4. 5-[err](5.6.7. 8-

tetrahydro-5. ?&g@lsﬁexkﬁ{nfd%fﬂ%&bﬁhmihmﬁﬁ%hmge I?]éﬂﬁaetnfa‘ﬂmm (ﬁE13§ %Jentadlene,

(t-butyl am do) [err]-3- p en m di me | acena enyl )sil aneti
tani um (11 ) 1 (cyslohexy amldomum{@ﬁ(gﬂr -gmaml)sﬂane\ptamum (i) 2-(N,N-

(t-butyl am dolmetfiamincideniyl] - 3- phenyl gem di net hyl acenapht h-al enyl ) si | anet i
taniun(ll) 1, 3o gq{?% (A5 Becliet etitanium (V) dimethyi

(t-butyl ani do?"&f’%‘i"ﬁ?ﬂdﬁ PROAR RS imetid singerery ARl e m 1) ety A9 | anet i
tani un(118% Z(WNprylamldo)dlmeihmg -Bptdimetiyd-pHirelagenlyl)silanetitanium (IV) dibenzyl.

(t-butyl am do) di net hyl ([ err]-3-phenyl - gem di net hyl acenapht h- al enyl ) si |l aneti
tanium(1V) dinethyl, 10

(t-butyl am do) di net hyl ([ err]-3-phenyl -gem di met hyl acenapht h-al enyl )si | anet i
tani un(1V) di benzyl,

(n-butyl am do) di net hyl ([ err] - 3-phenyl - gem di net hyl acenapht h- al enyl ) si | aneti
taniun(ll) 1, 4- -11-



di phenyl -1 , 3- but adi ene,

(n-butyl am do) di net hyl ([ err] - 3-phenyl - gem di net hyl acenapht h-al en sil aneti
tani un{l1) WP982ME3  pent adi ene, PCT 59 /21585
(n-butyl am do) di net hyl ([err] 3- phenyl - gem di net hyl acenapht h-al enyl ) si | anet i
tani um(111) 2-4.Mheloi.ge EQ Isrfreos1 4.5- 8- .
(n-butyl am do) | acenap ny net i
tani um(1V) di i |d-1lco e

(n-butyl am dO)(dbmﬁﬁrhyb)GWrry](n%e mksap%mmﬂysmh&pﬂmmﬁhémﬁmwb yail aneti

taniun(lV) di

(cycl ododecyl gﬁ%x '813 Eaﬁﬁnf‘[ err] - 3- phenyl - gem di net hyl acenapht h- al enyl ) si |
aneti t ani uf(|I I(7'b‘&y'ﬂmdo)dlmethyl('Gﬁ-%hlmmyll'geﬂn-du@e&)yla@damﬂeqlenyl)sﬂanetltanxum(lI) 1,3-

(cycl ododecyl adghgg,)eﬁg met hyl ([er r] phenyl gem di et hyl acenapht h- al enyl ) si |
anetitani un(l | iﬁ’ di ene,

(cycl ododecy! df ‘ﬂﬂ?’ﬂ'p‘ﬁﬁ'{'}ﬁnyw e?‘P‘}QHX' %&W'@?M@W?%bﬂ%ﬂ%“ﬁﬂ%tﬁw(%?1('&Net ita
niun(111) 2-( Nihéthylamino)beriyiret hyl am no) benzyl ,

gﬁgf: ?ggldﬁﬁ}(/: Wu%fgmxdo lta'l%ﬁ(%@:{-pllengl d%n\?é] %ethggcré}xgdh{ﬁe e&lgrxl)salgr?er%%lumm\/?ldl?nghy? st
(cycl ododdRy| dibuidariterdimestyl(i’e3-pleng-gehedipbthgamenatintneidny ) silemstitaphimi(vabieendy) si |
anetitaniumIV) 30 di benzyl ,

(2,4,6-trinmethylanjli d%)dl mstpg g[err] phenyl - gem di net hyl acenapht h- al eny
1) si | aneti t ani' g Rityipmido)dimethyl(q ™3 mybmglmemylagengmﬂaalie@w@lanetltamum(lIP1 4-

(2,4, 6-tri met hyghemii- j3dajdiens hyI ([err]-3-phenyl -gem di net hyl acenapht h- al eny

I I 1), 35, 3 di en G

(24, oocri et i *x's?"ldamﬁtwé@ﬁgw‘ﬂﬁf”riv?ﬁ'rf?-%xeviswaﬁwnéagwe'amwwawgn%m- al eny
| ) sil anet ﬂ‘éamp@htﬁ@ipmq, 2- (N, N- di et hyl am no) benzyl ,

-12-

PCT/ USO7/ 2158 %A%zigﬁ?methyl(n -3-phenyl-gem-dimethylacenaphth-alenyl)silanetitanium(li} 2-(N,N-

(2, 4, 6- t ri met IMeamiRRyERet hyl ([err] - 3- phenyl - gem di met hyl acenapht h- al eny
| ) si | anet i t an|(mnmwyan1do)dxmethy;(nﬂawﬁwd;em—dumethylacenaphth-axenyl)suanentamum(IV) dimethyl,

(2.’ 4, 6-t _ri r‘ret %%Hdg)% d'ttr\n?(é %Eﬁ% er—d: eﬁ‘\glgceng&th—gleny EXet gn?una(RthE%eg l ?nyl

)silanetitani
(t-butyl aﬁpdo) di met hoxy([err]-3- phenyl gem di et hyl acenapht h- al enyl ) si | anet

I tanium (11) J(«g/érdd lamido)di 1.3-Bhenyr ﬂﬁib TE]ce hth-alenyl)sil
(t-butyl am do) r?e? 98¥<am' ?a)rr] - -ﬁhe%@eln geﬁ tﬁ? P%pcen%%'ﬁ)?'n y ‘%??9‘1")‘""1 anet
i tani un(i) 1, §iphenyl-1,3- b”“ﬂ@ﬁ‘l"adl ene, 10

(t-butyl ani d0X@cl&ﬁéd&@ﬁg&ﬁnﬁ@)ﬂﬁdeﬂ&(ﬁﬂ@ﬁbﬁnylﬁyéﬁ%diﬂn&ﬁilitléhmﬂﬂ@@ﬂhéﬂaﬁétﬁﬁdrﬁ(ﬂ)i 1,@net
taniun(l11) 2- é di met hyl am no) benzyl ,
(t-butyl am do)p 0xy( [err]-3- phenyl gem di net hyl acenapht h-al enyl ) si | anet
i tani un(l % (CVdeO@pmm?)blmeawdn -3-gem-dimethylacenaphth-alenyl)silanetitanium(ill) 2-(N,N-
(t-butyl am do)dﬁﬁéwmggngw] 3- phenyl - gem di net hyl acenapht h- al enyl ) si | anet
I tani un(lV) 1?cyclododecﬁam%o)dlmethyl('qs-s-phenyl gem-dimethylacenaphth-alenyl)silanetitanium(lVv)
dimethyl,
(cyclododecylamido)dimethyl(n®-3-phenyl-gem-dimethylacenaphth-alenyl)silanetitanium(iV)
30  dibenzyl,

(2,4,6-trimethylanilido)dimethyl(ns-s-pheny!-gem-dimethylacenaphth-alenyl)silanetitanium(ll)
1,4-diphenyi-1,3-butadiene,
(2,4,6-trimethylanilido)dimethyi(n5-3-pheny|-gem-dimethylacenaphth-alenyl)silanetitanium(lI)
35  1,3-pentadiene,
(2,4,6-trimethylanilido)dimethyl(n®-3-phenyl-gem-dimethylacenaphth-alenyl)silanetitanium (Il)
2-(N,N-dimethylamino)benzyl, |

-12-



3- napht hyl - gem di net hyl acenapht hal enyl conpl exes:

(t-butylam i hyl ([ err] - 3-napht hyl - gem di net hyl acenapht h: i ane

titani um (l\g’@svg},zzfotj di phenyl -1 . 3- but adi ene, 20 hp@{‘/ﬁgﬁ%z)l?ds

(t-butyl am do) di net hyl ([ err] - 3-napht hyl - gem di net hyl acenapht h-al enyl ) si | ane

titanium (I1) 12_.8.6—trimethylaniIiﬂ&)ﬂhﬁﬂlyﬂﬂ@a-phenyl-gem-giimethﬁlacenaphth-alenyl)silanetitanium(lV)

(t-butylam do)d yl ([ err]-3-napht hyl - gem di net hyl acenapht h- al enyl ) si | ane

titanium (I'11) 2-(N’N di et hyl am no) benzyl ,

(t - butyl ami do) 8. hEtimetiyaniidp)dreathvint-hphengegenddimethiigtenephiaplotyisisEnetitzhidm{iViane

titanium (1V) @benzy, di methyl, and

(t-butyl amdo)di net hyl ([ err]-3-napht hyl -gem di net hyl acenapht h- al enyl ) si | ane

titanium (I di benzyl

?- bibphelnyl - ge ;rit_eﬁutvlarmgd' )dimeihawgﬂsli@h?ﬂwlgleﬁﬂdmbtgyﬁéﬁnﬂﬁlﬁh—alenynsilra]an?]titar}ium (ul) )1,4_. |
t-butyl am do 1Y h r] - 3-bi phenyl - gem di net hyl acenapht h- al enyl') si | ane

titanium (11) gi’f)ﬁ?{yw’b%ﬁaﬁg\%henyl -1 , 3-but adi ene,

(t-but yi ani do) 8ibwivamjdqdimethpxys 1i-pesylydemedimetiylacenanfittaalenyiigianétitadivenyl) 4,84 | ane

titanium (11) peradiene, pent adi ene,

t - butyl ang [ h - 3-.bi ph | - di net hyl ht h- al | ) sil
B o) e bbby ST eSS L) L
(t-butyl am do) dimsthylaylircjeeneyl,- 3- bi phenyl - gem di net hyl acenapht h- al enyl ) si | ane
titanium (1V) 4. ol sa] P 827103 ao e
PCT/ US97/ 21585" b“ty'am'&')%gtg%w %&8‘5’ 8?%%‘%%3?‘%”‘]%% alenyl)silanetitanium(1V)

- 3- bi phenyl - gefigthrkerd/| acenapht h- al enyl ) sil anetitani um (1V)

gi benzy! (t-butylmiERi ity *BPHen G BB hyidsAEAHIRREy NS AEEnRR TR exes:
(t'- but yl ar‘?isdo) ﬂP?‘Hﬂ'hyl ([err]-2-nmethyl - 3- phenyl - gem di net hyl acenapht h- al enyl
)silanetitanium (I1) 1 , 4-di phenyl -1 , 3- but adi ene,

(t-butyl am do) gli Lhérh-Sintehrivis forvi RS n&&ﬁgem di met hyl acenapht h- al enyl
)silanetitanium

v . ’ - pe n ~
(t-butyl ani do) &PH¥laRYAcldirasthyl >3 maphti-oemgiresthylacgeaphtivalenybsiirestitanivphiih 1.4t eny |
) si | aneti t ani ugipkdnlyly),3-8@tadient; (N, N- di net hyl am no) benzyl ,

§ ;I_ lbg}[,]g![ ??ﬁ?ﬁ&bﬁ%&ﬂo%rﬁeﬁw@% -maétg?(%l—bgrh%%ermg}la-cgga%gia en%/@rlllar?'e(t:i%rr]l%%h(sl{]i ’g._l enyl
(t-butyl ami do)RRntasiangl ([ err] - 2- met hyl - 3- phenyl - gem di et hyl acenapht h- al enyl

)si lanetitani U@ib(tt&rl\eﬁnido)dinlmethyié(q-F-Q%Qﬁr}ﬂlly!-ﬁéwﬁ-.dimetﬂéyl cena hth-alen&s;ﬁ?rgert]i%gw (ﬂij%—?Nfiﬂg

be prepared byd'usﬁ of well ‘known synthetic chni ques.
reduci ng agent YO8RYBBINLEIYYed to produce the | ower oxidation state

conpl exes. Sucfrbatylamido)dimeihyd@d3haptanyilosrmldpsetislidcanapRBuidr)felbnetitahin (BNt heses
are conduelzed %@ RS | £ abl e noni nterfering solvent at a tenperature
from-100 to 3 feh‘ , preferably from-78 to 1 00[err]C, nobst 20
preferably froiPaylemidgRijeatng(’-3 Bephthtgeredimetnyiatenzphty-iappiisianetimniem(iV)s neant
a netal or congusdmagl whi ch, under reducing conditions causes the
netal M to be reduced froma higher to a | ower

-bi -gem-dimethylacen

30 (t-butylamido)dimethyl(n5—3-biphenyl-gem-dimethylacenaphth-alenyl)silanstitanium i 1,4-
diphenyl-1,3-butadiene,
(t-butylamido)dimethyi(ns-a-biphenyl-gem—dimethylacenaphth-atenyl)silanetitanium (n 1,3-
pentadiene,
(t-butylamido)dimethyl(n5-3-biphenyl—gem-dimethytacenaphth—alenyl)silanetitanium (B1) 2-(N,N-

35  dimethylamino)benzyl,
(t~butylamido)dimethyI(n5-3-biphenyl-gem—dimethylacenaphth-alenyl)silanetitanium {v)
dimethyl, and

-13-



oxi dation state. Exanples of suitable netal reducing agents are al kali
metal s, alkaline earth metal s, alum num and zinc, alloys of alkali
netal s or avioadsionmaearth metal s such as sodi un mer cur ypecamssganssand
sodi unif pot assi um al | oy. Exanpl es of sui tabl e reduci ng agent 25 conmpounds

1 ds h f to 20 b
ey ocar by P BRBHS R G Rt BT AR AR A L c.

l'ithium al kyl s dibenzyl | ithium or pot assi um al kadi enyl s; and Gignard
reagents. Mst preferred reducing agents are the alkali netals or
nesi um net al .

al kal i ne earth rretals eC|aII I|th|umand mag
Sui t abl e react F& S QL= le aley Z8Hpl exes i ncl ude

al i phatic ahd &(butyla&fdb;ﬂﬁhétﬁyldﬂf’drnﬁb@fqr[—@-@ﬂ&myl @Mleirn%thylaeéi»apmaialeﬁyuy%HMmmum ()
particularly br‘qn(ﬁ)h ig%l % dr ocar bons such as isobutane, butane,
pent ane, hexane, 5%\ gf and m xtures thereof; cyclic and
alicyclic hydr (idutyblm@dywm!(a§~2m}em‘iyb3rehmybgene9methhlap&raMh -alenyl)silanetitanium (II)
net hyl cycl ohex3R&entadiene, Met hyl cycl oheptane, and mi xtures thereof; aromatic
and hydrocar byl -substi t ut ed agomatic npounds such as benzene

t ol uene, and X§Tbé$¥l§m‘delde??‘]‘y'@|‘&1"!@}'15"‘%‘??@%99"(T‘EPV‘}"%E“&P'N?‘P‘%!‘)‘F&?“GB‘S"'U"‘ ()
deri vati vet0 of 2{poldimethfiathiasibergtycol s, and tetrahydrofuran. M xtures of the
f(ﬂ‘f‘gOI ng are %ﬁ&@%m&%lfﬂag Imethyl-s-phenyl-gem-dlme'thylacena;:ih’(h-alenyi)swlr-.metltamum (iv)
PCT/ US97/ 21585dimethyl, and As previously nentioned, the di ene conpl exes
wherein the ”ektf%htylaﬁldo lrﬁé}ﬁyl(ﬁzz-fn%myfé Pﬂenyl—gem—&%ﬁ%ﬁb&apﬁﬁ Qkﬁylﬁmef@kgmum (V)
conveniently pregare reaction o e’ correspondi ng net al

wherein the mefi8¥s in the +3 or +4 formal oxidation state, espeC|aIIy t he
di hal i de ctopl ex, with the neutral diene in the presence of a
reduci ng agent. In a preferred enbodi nent, it has been di scovered that

a large excess of d*rﬁ’é‘&n{p‘f‘e?cﬁ &Hod &,? epqngéd duy”@é*w tkﬂomsyam;egg@gh@ﬁes Dptionally

Accordingly, in erre ment t ere i

for preparing &T9HEiRg %He"b"ra@rﬁ’é egpipyeckie produce the doyief @g‘ﬁﬂﬂﬂﬁﬁtﬁﬁ comPlerRs- fStS’F"r‘rﬁI a:

[err] process is disclosed in Wih&S-@056.0 Thé syrthidsesare Bohdueted i 4 suitale  oxi dat i on
t at t

state; 10 o n.qterfenn{éo@nﬂat"a’1e,ﬁ;se¢%tuaq§9,e RSB AF i SR8 160 e

hydr ocar by#%l | prelpra EP 1Rr5955-sBY e ey, '@d“‘i’:ﬂg(%?(ﬂ B%’&'Pb%/’ﬂ?%?ﬁ@*a' or compound

hydr ocar byl eneahlbmannded irddoyitly car@itibyd Japbapdimenl Mty @ cedutd/frorma higherap Ailower

hydrocar byl sul fj; (?:on Q?tlu,[ eﬁgﬁﬁﬁ% d'¥hs Eglewgél(?%d% %’ bgents are alicli metals, alkaline earth

hydr ocar byl oxy- SU
hydr ocar byl , h?’&?a!?c%{wb*yv@ |3P6K‘9° §ﬁ‘!y§t° @‘\Sﬁ"éﬂPM? g aliatipg)garth metals such as

hydr ocar by! si | yddwum/mercur} amalgambat b&dﬂrﬂﬁo@é@ﬂf@ﬁ!fb?hﬂamples of suitable reducing agent

di (hydrocaggyl L aHlRasSOFblS 1S mBNANAGREBY comBike AR oA B0 Ribons in
each hydrocarbyl group, such as, sodium naphthalenide, potassium graphite, lithium alkyls,
lithium or potassium alkadienyls; and Grignard reagents. Most preferred reducing agents are
the alkali metals or alkaline earth metals, especially lithium and magnesium metal.

Suitable reaction media for the formation of the complexes include aliphatic and

30  aromatic hydrocarbons, ethers, and cyclic ethers, particularly branched-chain hydrocarbons
such as isobutane, butane, pentane, hexane, heptane, octane, and mixtures thereof; cyclic and
alicyclic hydrocarbons such as cyclohexéne. cycloheptane, methylcyclohexane,
methylcycloheptane, and mixtures thereof; aromatic and hydrocarbyl-substituted aromatic
compounds such as benzene, toluene, and xylens, C1.4 dialkyl ethers, C,.4 dialkyl ether

35  derivatives of (poly)alkylene glycols, and tetrahydrofuran. Mixtures of the foregoing are also
suitable.



substituted hydrocarbyl, di(hydrocarbyl)phosphi no-substituted hydrocarbyl,

hydr ocar byl ene- phosphi no- substi tuted hydrocarbyl, or

hydr ocar by | WI9B2#3subst i t ut ed hydrocarbyl, said R or R' PCTS37(A1585

havi ng up to 40 nonhydrogen atons, and optionally two or nore of the

fR or egoi ngd_gr O:Jps hAs preﬂ&)élytrﬁélﬂibh&f tﬁeqséﬁb%oﬂbwﬁgaﬂferéﬂemémdnsan the2(® formal
" is a diva r.ocar byl ene-. substitute

formng a f uset atlorys(iIatgce% e § nwterﬂerf lﬁgrepgrﬁﬁ:bmfa@?no&o\fﬂh C%%eg%r'gc%np a?gcpmp '?a’f d

R'' cont ai ni ngvtiereimthe nle(tpl 80n thentdydred gmmal oxidationzstaterespecially the dihalide comme)q, withy

di val ent ni etife nfliraPdidhal if the rﬁéHéﬁéé &Iarrgd&mg abémr ]rreb@eférra@ EmBodi@bit] iBthad deen

el ectron e to forma Go0r

conpri si ng bor%%ov%?aa@atrﬁel s eneéF%"B?P %é oﬁgf’lr%ﬁff'%" %CBP%'"(Q{‘V fhe
El ements, and wibreigrrederppadiynery there is pgwied phnwpiswpwgparmg a negirdl digne gempiry gen;

and co,respoxdqug@@p,q@guy is a neutral conjugated di ene conpound

havi ng up to 20 carbon at ons; conprising contacting a

met al conpl ex correspondlng to the fornul a:

-15- WD 98/ 27103 R :

where Mis titaniumin the +3
R, R, R'. and Z are as
previ ously defined;r R is a nonoval ent anionic |igand group
having up to 60 atons € he class of 5 ligands that are cyclic,
del ocal i zed, [err]-bound |igana groups; X' is a dival ent

ani oni c Ilgand group havikrg up £o 60 at ons; pis 1,or 2: and
r is zero or 1 W|thfrom1t02eqU|vaIents of a neutral

conj ugat ed di ene of the, formul a diluent in the presence
of a reduci ng agent™ '?fﬁ%er%EtB(}'@’l"l"hg'et*ﬁ@'V’@’Is%‘{af‘?fbsq"ﬂ Poduct .

10 R' and R” are independently each occurrence hydride, hydrocarbyi, silyl, germyl,

PCT/ US97/ 21585 [err]
or +4 formal oxidation

halide, hydrocarbyloxy, hydrocarbylsiloxy, hydrocarbylsilylamino, di(hydrocarbyl)amino,

hydrocarbyleneamino, di(hydrocarbyl)phosphino, hydrocarbylene-phosphino,

hydrocarbylsulfido, halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl, silyl-
~ substituted hydrocarbyl, hydrocarbylsiloxy-substituted hydrocarbyl, hydrocarbylsilylamino-

15 substituted hydrocarby!, di(hydrocarbyl}amino-substituted hydrocarbyl, hydrocarbyleneamino-
substituted hydrocarbyl, di(hydrocarbyl)phosphino-substituted hydrocarbyl, hydrocarbyiene-
phosphino-substituted hydrocarbyl, or hydrocarbylsulfido-substituted hydrocarbyl, said R’ or R”
group having up to 40 nonhydrogen atoms, and optionally two or more of the foregoing groups
may together form a divalent derivative;

20 R™ is a divalent hydrocarbylene- or substituted hydrocarbytene'group forming a fused
system with the remainder of the metal complex, said R"" containing from 1 to 30 nonhydrogen
atoms;

Z is a divalent moiety, or a moiety comprising one o-bond and a neutral two electron
pair able to form a coordinate-covalent bond to M, said Z comprising boron, or a member of
25  Group 14 of the Periodic Table of the Elements, and also comprising nitrogen, phosphorus,
sulfur or oxygen; and

X independently is a neutral conjugated diene compound having up to 20 carbon
atoms;

comprising contacting a metal complex corresponding to the formula:

-15-



In anot her preferred enbodi nent of the process, the reagents are contacted

at an elevated tenperature from50 to 95 [err]C rather than first
cont act i ngWigWs/27edgent sat a | ower t enperature and t heRCTAISST/AAF8E he
reaction tenperature. More particularly, it is desirable to conduct

- the process under condi tiRons wherein a reaction m xture conprising the
netal 15 conpl ex and rgduci ngRagent is heated to a tenperature fromb50 to

95 [err]C prior to adding_the

conpl exes are render edypaty

activating CR =$ py—Rse of an activating technique. Suitable
activating cocatal yst Q e( e g?r i ncl ude polyneric or oligoneric
al unoxanes, especially ngthyla xane, triisobutyl alum num 20 nodi fi ed
met hyl al umoxane, or isob® yl al Uhoxane; neutral Lewis acids, such as (err]
hydr ocar byl substituted G oup 13 conpounds, especially

tri (hydrocarbyl)al yn PR i d on conpounds and

hal ogenat ed (i ncl udi nllg%%[:resrt gf“(%’é’ﬁ%%%%% %%g‘?{d\%ﬁéa QQ{e, t her eof , havi ng
from1l to 10 carbons in each_hydrocarbyl or hal ogenated hydrocarbyl group,
nore especial |y peft Ridti-Rat &dre 7§ Rrayiousmssfiond: conpounds, and nost
especially tris(pentafluoro- 25 phenyl ) bor ane; nonpol yneric, conpatible,
noncoor di nati ng, i s & onovalpnt amirdciivgiad Giong hauhigg to 60 atomshexclusies afthesdlsh of

compounds §nd a2 BbiC I, 805)eo,SFHSRA Bl e USe of ammont um,

conj ugat ed di ene. The
ally active by conbination with an

phosphoni um, ©Oxonirum, carboni um, m “or sul fonium salts of
conpati bl e, noncoordi nating anions, or ferroceniumsalts of

conpati bl e, noncoordisiliyairgt anierinligansggropp having up to 60 atoms;

- 16- WD 98/ 27103

PCT/ US97/ 21585 pis l,ored:@ad r ol ysis (explained in nore detail hereinafter);
and conbi nati ons of the foregoing activating cocat al ysts and

techni ques. The forgggjjuy4activating cocatal ysts and activating techniques
have been previously taught with respect to different nmetal conplexes in
the foll ow ng . references: EP-A-277,003, US-A-5,153, 157 . .

US A 5, 064, 802, EPWD fjgl Tde? sauiypienis 2%3')9?§§P°“1593‘e‘§‘?16f’ -"7&?78%',‘%2'? an inert
Conbi nat i bds diuentotheakeskow of azeduding agemand aicbyering thecesdiing atadoet. of a

trial kyl al um num conmpound having from1 to 4 carbons in each al kyl

group and a hal ogenpddather preferred bbbdlhEAQSF e BYdchill (e Te SGUATRUE Corltidd i ah F OM 1
to 20 carbons {en each hydrocar

byl “group . especi al |
tri s(pent af | uPYHERIETPSBEFIRM 5¥Eﬁ%ﬂ@r’aﬁ‘6%ﬂh§(ﬁ CGH&’WQ tg%éﬁg?ﬂéﬁ?traa{?w?fevm s
acid 10  mi xtampesators tiftd thep clisjrigithe teacdonaérmgdararel Modé particutane, it iadekirable to
combi nati ons @éndﬁﬁﬁl‘l %} sgﬁhﬁerr%ncﬁtﬁ\é@ %g?r?in a reactibh ﬁimin.lﬁg egrﬁbr%tnlg}ﬁlw metal

tris(pentafl uorophen orane wt meric or o oneri c al unbxane are

especi al | }° deSPPRIBH andgedqucing @peRy ixhratadde ¢ deraperaivrefrory&0do 86 G prigrag adtingshe

G oup 4 netal conjugated dep8P! ex: tri s(pentafl uoro- phenyl bor ane: al unoxane are

from1:1:1 to 1:10:30, nore preferably from1:11.5 to 1:5:10. 15

Suitable ion form C f X ts . . i of

t he present qﬁ%‘\%ﬁ%g g?:eorgr_r%%r%“ecaga?yé%%&é%@me% ?(‘:’ %m&:@ at%“%’r"ﬁ%tg gﬁ acid

capabl e of doReaBtaigt « by Her efan aglivpting techniqug. Syitabla activating penatalisisdpriise batgin

ani on,b A As iheRbe PenRdriB or gltgenfeaé am:‘hamg_g@e.sﬂcm inaﬂl'iilagﬁﬁﬂ&leaﬁiisobut\(l aluniiindn

or subst e | el r does not . coordinpate t e. G oup neta

cont ai ni ﬁ%@pr ggﬂ{ﬁgdorpetmaqumoxaggh%l'%%uzlﬁr&"loﬁ%"eca?ugrla ‘?elw(':s a(lf'edr“él ?/ug ia\s/ghﬂ’gri ved

t herefrom or hydivcaboyl sibstitltyd GeRls|18 compduthds aspetidip tridydrocagifalutaingh-ox es

t her eby remai gj fnGl |, aki " t JLew s

base. Sl’(*ﬁ}%wc%%%??*ﬁﬁ%%‘ﬁémarﬁﬂ?ghfg%é’%e??ﬁeﬁgﬁ%ﬁ%&%ﬁ°@g§§§ e o

when funct i onthefpohdavingfram éo 10 carbons jregagh bydiecashyl efhajogenatednydmsriyasuR)

conpl ex does rRte dspadidil ?énna@sra@uwh@r)wmwrﬁﬁéaﬁﬁs, &1d most especlallP@spBtafiudRy- € of

to said c‘é’é : Orp]hénr}}l?bro?a%; no%rptr)Tl]yr?\ ricr.]ggr%a%hle?r?o%tl:&éiﬁgﬁng, igr? %Prﬁihg'; charﬁpo%ﬂclisp {f'nsézludﬂrge
the use of such compounds under oxidizing conditions), especially the use of ammonium-,
phosphonium-, oxonium-, carbonium-, silylium- or sulfonium- saits of compatible,

noncoordinating anions, or ferrocenium salts of compatible, noncoordinating anions; buik
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ani ons which are not degraded to neutrality when the initially forned

conpl ex de and 25 are noninterfering with desired sfibbﬁﬁgyﬁz

pol ymeri zat ’gﬁg%‘ﬁ%%t her uses of the conpl ex. re errgﬁss
anions are those containing a single coordination conplex conprising a
char ge- bear i ngelentrolsis (explaipediinlnuirel deteil kereihaftel); anui combingtiana ptibk éoregoingedctivating g

the charge of éoeﬁtalysts and teé\'ﬁ’ﬁdu\é@ ﬁ@f@#eﬁ@iﬁg SRGGING EOJaH'&%ter?\B %Etn/éﬁttod f8BnidMak ch

may be fornmed wh sal d ani on

shoul d be suf f1aP B?ﬁ'} WeW'%ﬁiyl‘@%bW@b’eﬁﬁeg‘p‘P3@6@"@9‘%"8?’?{%?‘%5 in HledP'@f”"}Qu c 30
and acetyl eni cafergnces ERIAZZN, 003, UBMER)IBACHST OUS-HEH 054,808, ER-A1468,681 SEMASE20,788Ch
as ethers gr andE -A'Q ? Jes. Suitable netals include, but are not limted
to, alum num gol 'plati num Suitable nmet al | oi ds i ncl ude, but
are not limted to, boron hosphorus, and siljcon.

cont ai ni ng ani ons wHPREN&tg ?f|"§lét"% beviaarias penecialiipe E?(%@npaé'%f’faﬂ tipkyalyminuAy| e
nmetal or competral Having fratdrto arcerbond in@ach aligy grae) andaitalsgenstdd nany,

t | ar |
DA on port i on HEPAGEIAHET SAMAL Bl oy o coteRBhein AR BBy dlodh) |
cocatal ysts nespPesialy §}5KP@§@H‘E<§€PH§W'FH@“?vdP'FW%@P"@@%"& ughdieiml dewis acid

-17- 10 nifuBsd/witk A@3lymeric or oligomeric alumoxane, and combinations of a single neutral Lewis

PCT/ US97/ 21585 . . . . rr]
wher ei n- acid, especially tnigentaﬂuorloenyl) craqiz élvvtmth Sa pglgrsngslc or oligomeric alumoxaml %’E* H) +

i s a conj ugat e2sPeeidlly desirablgjagtivgting eocatalysts, Preferred molar ratipe:efyGroyps4 metal
noncoor di nat | rtﬁ:mpreamwehﬁln@oraiah&ry;daaav\b@gmﬂxm@wﬁm@ﬁ :16-to 1800, more preferably

d t Mo f bl
colr feggolngse'?ﬁ %L?méjf?r}ﬂg&% [MQerr]]; \r/\ke1ePraner aoly Aerr] M

is boron or. alum numin the +3 fornal OX|dat|on state; and 10
i ndependeﬁﬁl y each Sdeble mﬁe@mwompwe@efﬂirampmﬂme ongjembadimentiotithe

hal i de, prégsef .weaﬁ&v&omaﬂy@la esth Nkl x éiemnéiad &richespable bdondtintydlpreeal 4nd
hal o- substi t ut £

hydr.oc ar b
o191 bydr ocar By AR e AP R B st Brar B RybstkFRgpaing’ means an
per hal ogenat ecRrigfidir seRstage whigh el&wddmmmoommmesﬁmyn ﬁyﬂtabméwm precursor
radi cal s), saidbnipleR@aNd the catalytic derWRive Aeried &R oMiHidh i b PEANY Sddrdifkadd fon

t
ot o oo R e e By i sk EARES gwfoZdevzgeutﬁ@ew's base.
In a nore pr effbnmr@dorémmm\dlansntspeqmcaly refas, to amanion whicht Wieendenetiondng asomchaage a

single - H&%@M{; Xﬁoﬁﬂ%r&ﬁorﬁ@ﬂehﬁcoﬁxple&%éé’fﬁi tr%fe?gﬁﬁﬁlér'n&’ §&b%tnﬁ9:’iﬂ2ﬁ" si ng
boron which arge | on.. cat gl ysts

o o e o rasRahSieer 4 eald eation teepby oriing Pt GyTRe. Compayiilhafiane’ als

formul a: anions whxch are not degraded to neutrality when the initially formed complex decomposes and
25  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 formed when the two components are
combined. Also, said anion should be sufficiently labile to be displaced by olefinic, diolefinic

30  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 anions which comprise coordination complexes containing a single metal or
metalloid atom are, of course, well known and many, particularly such compounds containing a

35  single boron atom in the anion portion, are available commercially.

Preferably such cocatalysts may be represented by the fongwing genera) formula:
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20 [err] wher ei n:

L* is as previously defined, Bis boronin a forml

oxi dati on syvetgrmbs3; and Q i s a hydrocar byl PCTNUSI7/21585
hydr ocar byl oxy-, fluorinated hydrocarbyl-, fluorinated 25

hydr ocar byl oxy-, or fluorinated silyl hydr o&ta_hg%lb\-)ougr oup of up to 20
nonhydr ogen atons, with the provi so I'n not nore than one
occasion is Q hydrocarbyl. Preferred Lewis base salts are
ammoni um sal t s"heigipe preferably trial kyl anmoni um salts contai ni ng
one or nore CJerr] al kyl groups. Most preferably, Qis each occurrence a
fluorinated aryl griupanespecdwid base; a pent af | uor ophenyl group.

- 18- WD 98/ 27103

PCT/ US97/ 21585 . . . 1llustrative, but not |limting, exanples of
boron conpounds whi Q‘h’H?rta'§al5’8"‘H%aé%lgré’EStﬁﬁac'd°fL' activating cocatalyst in the
preparation of the ipproved catalysts of this invention are '
tri-substi®uted amhisamosedordinatios lsompatible anion hating sxehatgelohdwamd um

t etraki s(pent afl uorophenyl) borate, 5 triethylamoni um

tetraki s(pentafl uor@glaﬁwé%erpg,ﬁa,tt@a tripropyl anmoni um
t et raki s(pent af | uorophenyl) borate, tri(n-butyl)amoni um

t et raki s(pent af |l uorgphenyl ), bogat e ri (sec:butyl)anmoni um
t et raki s(pent af | uqr‘ggrﬁgﬁ%i’%bl’bgr §y"f¥sponds to thek‘f,"ﬂé'ﬁ‘ﬁ@é#ﬂyl ani l'i ni um

t et r aki s( pent afhetR:ophenyl ) borate, 10 N, N- di met hyl ani [ i ni um
n-butyl tri s(pentafl uorophenyl) borate, NN- di et hyl ani |i ni um

benzyl tri s(pent af | uariopdtemyd Aurkiglid irBthe +3 formal okibitigh BRatshanaani | i ni um
tetrakis(4-(t-butyldinmethylsilyl)-2, 3, 5, 6-tetrafluorophenyl) borate,

N, N- di met kgl ani | i ni r.aki (L.l r | S| i . .
6-tetrafl Egr ophenyl iﬂ%’%“r}%’? g,lﬁly%(,éq cgcc[u"(%rﬁé)% i s%@%‘(tﬁ?/tr%ﬁ{n wq"n?’ud%'kyém'do' halide,
pent af | uor ophdi8mRgarpylWaeaarayIexide: baerswhplituted bydseaarbyl Balo-sityetitited hydrpeatiiaxmi um
}\I etN[ g_ki S E Eelnt adnld wuero?ﬁ!betmtnbc) lsibfh&?%‘b&rbyl ratdicals (irlw(qluding perthalfo?enated h drocaTrbyl- t

, i me - -tri ani liniumtetrakis or 0 n rate,
di net hyl oc?adé’g@ag’ﬁ?%%%ﬁg¥°g?'§g%y§ efbﬁﬁ"&?%ﬁaﬁ%ﬁﬁﬁ!ﬁ‘jcaﬁ’&r (ﬁ(éa?s),ysa}d é?gavmg
met hyi di oct adePyte 8érparbonsiwithdine privisy thatrin adt imeor tharheneg\ocjuriepeenis & halide. Examples
di al kyl anBonidisuitBleh§droskrbyidkids Q gups £ disdiodal PR IS) PRERIY 268433,

t etraki s(pent afl uorophenyl ) borate, met hyl oct adecyl ammoni um
tetraki s(pentafl uorgQphenyl)  borate, . . et hyl oct adodecyl anmoni um
t et rakis(pentafl uor‘g aﬁ“eo%f’ t "8?5 §?""£ﬁ'&""s O"e'tth%'ls'gtg? 5‘8’8%3'%%%?@ °

t et r aki s( pent dePatiye 6paTesmgnd is Bo rActivating cocatalysts cemprising $efop whish aprestistleny um

sal ts such as:usefdfin thelprépaReiby biaRHRRUAHiEWeRlidhady e ReHiésahiet 81 BRNGWINY

bor ate, general formula:

20 _ (L*-H)*(BQ4);
wherein:
L* is as previously deﬁned;
B is boron in a formal oxidation state of 3; and

Q is a hydrocarbyl-, hydrocarbyloxy-, fluorinated hydrocarbyl-, fluorinated
25  hydrocarbyloxy-, or fluorinated silythydrocarbyl- group of up to 20 nonhydrogen atoms, with the
proviso that in not more than one occasion is Q hydrocarbyi.

Preferred Lewis base salts are ammonium salts, more preferably trialkylammonium
salts containing one or more C4.4¢ alkyl groups. Most preferably, Q is each accurrence a

fluorinated aryl group, especially, a pentafluorophenyl group.
-18-



met hyi di oct adecyl phosphoni um t et r aki s( pent af | uor ophenyl ) borate, and
tri(2,6-dineth henyl ) phosphoni um t et r aki s(pent af | uor opheny .
di - substit YY@ aX’Bﬁ%l um salts such as: di phenyl oxoni U#TR%B%&SS
t etraki s(pent afl uorophenyl) borate, 30 di (o-tol yl)oxoni um

t et raki s( pent af | uor iyHtrative, butimot lititng, exathples of bororocopotirisardhjdh)raeydieiused as an

tetrakis(pent a&éﬂ%ﬁ&?&%@w in B SbRaration of the in p%ve& UQ§|?ét§ biiRe m%yfkﬂt)ﬁ)gll’eum salts

such as: (o-tol yI)squonl umtetra I's(pent af | uorophenyl ) borat e,
agg hyI é:ﬁg‘;g ésnlilllu}‘l(s)atlsus[‘régae; raki s( pent af | uor ophenyl ) borate.

PCT/ US97/ 21585tnmethylammonium tetrakisipreefaliuarapdhefytly*bokdtd,er r| cati ons are
met hyi di OCEadQﬁéﬁhﬂ%ﬂ?ﬂl&ﬁ‘téﬁﬁs(pemﬁﬂuoré}h SRhBYlapct adecyl ammoni um

Anot her suitabl.e 1Ton formng, activa |ngmocat al yst conprises a salt of a
cationic trprgRYIRDPiYM ngféﬁf(pﬁ?fﬁf'“&mﬁ B&P@enat i ng, conpati bl e anion
represent ed bytnmlfmmdl)ennmahxam tetrdkis(pentafluorophenyl) borate,

[err] cationic oxidizing agent
havi ng a charg}? szgutﬂ)ammomum tetrak's(pemaﬂugkﬁg“ghb%t?e er froml to 3; and
Alerr] and d aWd-direthyanjingirstelraiiipeniadiorophenyl) borate, Exanpl es of

cationic dOi di R NmeBaimiums-butgieis(peftafiedReniiboRslr ocar byl - substi tut ed

ferroceni um Agf\lecrnréltw?én:IPRLnel;JrJzyItnm{p?rttgffuo%g q&kggg'a{gents of Alerr] are those

ani ons previous he Bronsted acid
cont ai ni ng act¥ ()'aﬁ'mﬁgv'%'lﬂ@wﬂhﬂeyﬁt’%4-(té§p!@@ﬂeé'msyyl)-2 3, 5, 6-tetrafluorophenyl) borate,

tetraki s(pent af N%QW’IM‘MI@&%Q4 -(triisopropylsilyl)-2, 3, 5, 6-té\RALEIEEheR}) Eoi?éiée | Olnt f
S a Sa (6]

form ng, activat,
a carbeni um i o@h Jlrﬂetgy??{@ taﬁ‘ﬁ%ﬁ?&m%ﬁﬁﬁf'g@q%”gﬁ%r%wfaéepr esented by the
for mul a: 15 N Ndlethmn@n'netrakls(pentafluorophenyl) bo[’aﬁ@ r] is a (Jerr] carbenium

ion; and N,N- dlmethyl-z 4 ﬁnhﬁt@ﬁnﬂﬁn% kb pedt@iubRBRenyMobra®f erred carbeni um
|on|sthetr|§|¥ (i é) at
imethylocta ecylammomum tetrakls(pentaﬂuorophenyl) borate,

methyldioctadecylammonium tetrakis(pentafluorophenyl) borate,
dialkyl ammonium salts such as:

20  di-(i-propylJammonium tetrakis(pentafiuorophenyl) borate,
methyloctadecylammonium tetrakis(pentafluorophenyl) borate,
methyloctadodecylammonium tetrakis(pentafluorophenyl) borate, and
dioctadecylammonium tetrakis(pentafluorophenyl) borate;

tri-substituted phosphonium saits such as:

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

di-substituted oxonium salts such as:

diphenyloxonium tetrakis(pentafiuorophenyl) borate,
30  di(o-tolyl)oxonium tetrakis(pentafluorophenyl) borate, and
di(octadecyl)oxonium tetrakis(pentafiucrophenyl) borate;

di-substituted suifonium salts such as:
di{o-tolyl)sulfonium tetrakis(pentafluorophenyl) borate, and
methylcotadecylisulfonium tetrakis(pentafiuorophenyl) borate.
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20 triphenyl met hyl i um A further suitable ion formng,
activating cocatal yst conprises a conpound which is a salt of a
silylium i epoagrgy1es noncoor di nati ng, conpati bl e ani on repr eseRCEASHY2158%
f ormul a: [err]

wherein: 25 o err] hydraocarbyl . and X g and A are as
previously defined. Preferred ﬁ' "E’_cgn'ons J"Tsﬂ"é’ﬂ%&'?‘?@ﬁ%’?@ﬁ"?ﬂﬂﬁ"éﬂ?t activating
cocat al ysts ardmethylpgiadepyiammeniymm tetral i spentafl uorophenyl bor at e,
triethylsilyliumtetrakispentafluorophenyl borate and et her

substituted adduct saddief aible Rinl thmiddhdidating chaMBsPRAPriBesAYaR s b ¥ationic

9;8?” cally d{%ﬂg&%‘%‘%iﬁ%ng a noncoordinating, compatible anion represented by the formula:
PCT/ US97/-21585 Chem Soc. Chem Conm ., 1993, 383-384, as well as

Lanbert, J2 B., et al., Oganonetal lics, (Ox)«A"B094, 13, 2430-2443. The
use of the above silyliumsalts as activating cocatal ysts for addition
pol yneri zat i orwhepdigl ysts i s di scl osed in W96/ 08519 on March 21, 1996.
Certain conpl exes of al cohols, nercaptans, silanols, and oxines with 5
tris(pentafluoroph ; . al f.ect Ve C | yst activators and
may be used accordﬁ%}ﬂpsg%%%%t%rdﬁlngaégrggéw?gél%h\f‘ggﬁtc?éﬁ Such cocatal ysts are
di scl osed in USP 5, 296, 433. The techni que of bul k

el ectrol ysis invol V82 [ieoer & f 8%@Rd cal oxi dation of the netal

conpl ex under electrolysis conditions in the presence of a supporting

el ectrol yte conpri sAapdal are as previoslyatemedi nati ng, inert anion. In the

t echni que, solvents, supporting electrolytes and el ectrolytic 10

potenti al 30f or the Blgcik of dEibric @{iﬁzifu&@gn@ %mdé:fﬁ@rroceailﬁﬁ,tﬁyekx&bﬁ-st}mwéwCt S

that woul d rer}der t ex catalytically inactive are not
substantially

he *, +2 t a Corrp . . o 1
PSRRI | 5 E Pt HE’"?‘%’E&?@F&?H?‘”%‘P gf A” are thosp gpipnsRIPYeYsly defined
sui t abl e sol verithgesped tarthe Branaled atiti adbntaifiiey adtivaliny Sccatalydsr edpbdallyondi t i ons of
t he el L tenperatures fromO to 100[err]Q),
capabl e of di ggﬁ"&kp\ﬁg"aﬁﬁé‘q’?g@@?g%*ng el ectrolyte and inert. "lnert
sol vents" are those, that are not reduced or oxidized under the 15 =
reaction conditi ons GBI B{faYe iogforming, aatating sreplalyst compnses aromePyld Whidys & bl e
in vi ew oft5t hesattieta eagibnium ion andxd ertomtigsting, compatiblecamidnoerbentsd by tsoforautd: and

a supporting electrolyte that are unaffected by the el ectrical
potential used for the desired el ectrol ysis.gPieferred solvents include
di fl uor.obenzene (all isoners), dinethoxyethane (DME), and m xtures thereof.

The el ectrolysi.s may be conducted in a standard el ectrolytic cell

cont ai ni ng an wamf)ed{b 20 and cathode (also referred to as the working

el ectrode and counter el ectrode respectively). Suitable material s of
construction for tH¥izefioaabenjiminy; and astic, ceranic and gl ass coated
nmetal. The electrodes are prepared frominert conductive materials, by

whi ch are meant A" is as RIVIbUST) HatPiedBA Brcteed chrBeHiuntioR istRa rityP 64tiRH, that id he

reaction Bpxtyg r_reaction conditions. Pl ati num or palladium are
preferred | nelr{‘ﬁp%g(?ﬂ'aﬁ&qif"\?'e materials. Normally an ion perneable 25
menbrane such as a fine glass frit separates the cell into separate

compartments, the biufthesguitable ion fogming; petivatingcorairlyst pasFRiseRICHBRAYP@ Which is a

el ectrode conpar biestiliumlibeantid KonbebréihRinl, @ahPatibfe anion repredefidl Ib§ &b forinuta:
reacti on medi um conprising the nmetal conplex to be activated, solvent,
supporting el ectrolyte, and any ot her nateﬁisﬂk,§+&iesi red for noderating the
el ectrolysis or SRR e

wherein:
25 R is C1.10 hydrocarbyl, and X', g and A" are as previously defined.

Preferred silylium salt activating cocatalysts are trimethylsilylium
tetrakispentafluorophenylborate, triethylsilylium tetrakispentafiuorophenytborate and ether

substituted adducts thereof. Silylium salts have been previously generically disclosed in J.
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stabilizing the resulting conplex. The counter electrode is immersed in a

m xture of the 30 sol vent and supporting electrolyte. The degsj l?” age
may be det SVRIREHBy t heoreti cal cal cul ations or exper?ﬁt{“ﬁgﬁl‘ %y

sweeping the cell using a reference el ectrode such as a silver
el ect rode i nreClsamlSos Chiam. Cahin., ebm;taa&iag'at, as welnes banbeny a0t ak brganoniat4llics,

the current driyyai {5 bhR.0443. The SE Ufeeatb&ge %\ﬂﬁhn‘??ﬂtg E\?gctﬁlla@r%tcrogi\t&%té g:r aadnﬁtl >0

determned. The electrolysis IS co

fromthe desi r%’tﬂ"”['“é‘&%‘l°”t"6‘alyﬁé'WPQ%WMO?’@Q%‘WQ°FrMac"H!?s1 #¥ner, conpl ete 35
conversion of the initial nmetal conplex can be easily detected.

-21- WO 98Cavalr0&mplexes of alcohols, mercaptans, silanols, and oximes with

PCT/ US97/ 215585tr|s(pentafluongpheng&borar}%bﬁb% QQ!: gffegédpé)@{t&#? gctﬁét% { 9lrﬁla§%§ u@é&“ a%%“ir?g

conprising a catlon an

Preferred supp8iiqRigsest iBeantien- y‘i‘@E cagatalysig qre d@é‘P?@S'ﬂ)Hﬁﬁﬁf’f’@‘*t“& t he
formul a GA; wherein: err] is a cation which is
nonreactive towar dsThetecraigae bf gk eladrolyeis iHvbivagthe e@plrekemiaitbxidafion of the metal

Ais as previ %ﬁpgeéglﬁgér@?egtr%g is ?ondmans in the #reéﬁ%l es%pggmﬁetlé&r Iglec ﬂSl{‘q %ns

I ncl ude tetrahy m'ca
having up to W“ﬁ?ﬂﬁ‘l’i&ﬁi‘i‘@)@‘@‘i‘ %ﬂ%‘m%“ ‘hpl"@hé'ﬂ'ﬁ%émﬁ%ﬁtﬁ GHRPoRing eieﬁ@*!"é% ard ¢lectrolytic

but yl anmonDum)potenifials tce tHeatdchyl Ssame issduch Mt @BBtrolys:s byproducts that wouldJéhﬂérghe

aetiyation of hag saRk sass:gmg[ly RS PR Ly YA e Yurts AABHY Rlote™' °
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bor at e. dlﬂuorobenzene fall ﬁsspmem.rdlmeibemelhynej(Di\@E)vmdeﬂxtetee(tnerent.he m cal
techni que for generation of activating cocatal ysts is the

ﬁloﬁgg g%ySI f gf a W&'él&??yﬁ@mgﬁﬁggoddﬂcé@ﬁ ﬁ&ﬁﬁﬂ%&&u@ e}ngmagﬁsgagg%de
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hna- ol o ned | e RaBE (el fardTestiaeg Masic aatOts puleoutier slectont asrpscivan)
appl i cation s&ultalble matepals oBasBichon foutheicehard dlass, plastic, cemminandgiasscodted m as
W96/ 08519.  metal, The electredes Ir@%ré&?&ﬁmnpﬂeﬁ E&HaLERE %Egtgﬁ@l byaﬁﬂléhvﬁe It

techni que and ac used I n

I yatin at a
conbi nati on. é‘é‘ﬁ gﬁ'e\js %?W%%?aéﬁc@sﬁbmﬁa{??cﬂﬂ" ixture g reaclipR cofditigns.
tri (hydrocar by‘tla)tmthmmr paliadiom are preteyd tneaticbiyducihee raateriat= rifoomalty dndon peyreaisien 1
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supporting electrolyte, and any other materials desired for moderating the electrolysis or
stabilizing the resulting complex. The counter electrode is immersed in a mixture of the

30  solvent and supporting electrolyte. The desired voltage may be determined by theoretical
calculations or experimentally by sweeping the celi using a reference 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 this manner, complete

35  conversion of the initial metal complex can be easily detected.
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when used by itself as an activating cocatalyst, is enployed in |arge
quantity, generally at |east 100 tinmes the quantity of netal conplex
on a nol ar wieesi23103Tr i s( pent af | uor ophenyl ) borane, 30 where BETEAISAT2EH85
activating cocatal yst is enployed inanolar ratio to the metal conplex of
form0.5:1 to 10:1 bl roml:.1 to 6. [ referabl from
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1 -hexene, 3-nethyl-1 -pentene, 4-nmethyl-1 -pentene, and 1 -octene), and

Cerr] dienes. Ms# flmhe!frew@mdmewdresacmqbemca!ttmi‘mueforgemwmenef zpiidating

SE Kr Iene; m Xt eocRBlyStE is the electroffsid bk eaeuanercewémqm magreibweemssoma&w es of
et hyl ene,

ot hy | dengnor aescaARstng HRBSiBl0 AR T ooyt e B G Beadrismer g cne
2o
and a PreYieushj aptienad Utitesh StatesRatent aprlisation Serial niemten 304:3iepiblistied in

1, 4- hexadi enegqauivalent form as WOgs/o851gdener al , the pol yneri zati on may be
acconpl i shed at conditions vveI | known in the prior art for

Zi | - Nat t sk t 1
Cemperatres. o RalRe YRR ek S B Adiistd 5P d AP Eprabats Sy
pressures fr o?ﬁ‘eherﬁisﬁhmOrr‘@mat!pnlmmcem"m)madssmbméﬂon S mhes plom,

sol ution, sl ufifhydrogaSyhakAkRm &%(hﬁr&aiy &Mh B@%mg zraﬁmqaa,earbeﬁmrl |
especially

process

silica, uni enaé:ﬁﬂ éj’°°§"158$’§?ﬁ%¥'9‘ an %m%/'é’s"ﬁé’fflwgfe"‘i/a'%?’?(’? 8?"8‘29“f’%10r oet hyl ene)
or a polyolefin) nay be enployed, and desirably is enpl oyed when the
catal ysts are usedTheinglargatio qsﬁatg@smpaym iemaloyeshprpfemblysanges fremdHiGRIRto i s

preferably entdopyr@re pmefaﬁb@rmmmt 5000 wwvuﬁtfst aremwmonf it mcm t8f1:1¢ a\mﬁﬁdkahe,
( based on 30 ”%tsaé]%y %Slg an actwé% agaffgg large ti el e@ y‘efsrtom
1:50,000 to 1 Ry PR PRI 1Y 290 D S ergy ates
100 times the quantity of metal complex on a molar basis. Tris(pentafluorophenyl)borane,
30  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 meta! complex.



I n nost pol ynerization reactions the nolar ratio of catal yst: pol yrreri zabl e
conpounds enployed is from10O[err]:1 to 10 [err]:1,
from 10 [erWP%B278310 [err]: 1. Sui t abl e sol veﬁ use
solution polynerization are inert |iquids. Exanples include 35 strai ght
and branched- chai n hyelcatagatsd enstheuar noessippaiat int g ©f thb fdreguing mpethddsnmay he xsewe,
heptane, octang, po@%niﬂ sthlérciny Al A etyiGically SnsailPatdd rhénbmerEndiidRRPS RONS

such as cyclohexa
-23- 9 (y)g/cgfpfo gtoms either alone or in combination. Preferred monomers include the Cz_pq
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comononers.  tetyafiuoroethylene, vinylpenzogycigbylape ettylidepenorhornens ch4-hexagisnsi it i on

with at |east wﬁlafédwm)ﬂl@alahexbﬁﬂu%ﬂﬁmexene divinylfenbetlepfriyRiRapdshereof with
pol ymeri zation & I,n e reactors

|
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desi r abl e 1} optermedis sitygduring continuensaaiptian pofymetizdtiomrepetivne s Eindes suitable ryseessing
WO 94/ 00500. condmons such long chat%h&foﬁbl@&ﬂérﬂﬁits@r@%ﬁ&% p%%@h¥e?ftﬁto t?ﬂéaﬁcfrhlr é?l ef In
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chai ns that na{foRlyiene. 1-butens, Idexeness-agthyht-eenieng 4Rethy- heanfaner and 1egteng). and
gi ving a | ong Chapdiehesantdst prefetred s@narhers A@ mixtures of @hy!emrﬂnd(sqﬂraieymixtures of
conposi tions ad nt ag{eo sl I | ows for thg econoni cal ?ﬁp‘{ oducti.on

ot hyl enel a- ol oFETE andisty{ang MRS LEYeTe: Tiyreae ad 3poneaniyigaed diene,
pressure, 3¢ eeespadiallyathyidEnenpbardersan 1)4dwexatizmsi ang nptlines bhathydere, propylene and a

The present cahdloyfloafelRAB] ddoelily TRiiiReRiXARhe B PURLIARAB] oyed Lo prepar e

olefin - pol yners havi ng |nprove processing properties by

pol ymeri zi ng ethyleealo or eth n.m xtu .
| evels of a "H' br aR‘ 'ﬁ‘g PR "ﬁf’éﬂ%“ m§€%a°§§mﬂﬁpﬁ?f§8"%tf?é‘s Wfﬁ g’!"wn i the! "
oct adi ene, or grior 8r tbe ZmdierNatia d’rh@mmskxqaen twebolyratrizetipnobaatibes; ek 8, tlerpetatures

t enper at ur es J?drg b-238c, pt‘@irﬁﬁ#’é@{o 2064cHHd p‘&&urﬁ%tﬁﬁﬂos e Qc?ﬁ) od atnlb&rheres.

reactor t tures and hi gh conononer reacti vi tr% vant ageousl

allows fo he OB E%\‘i'“"ﬁr%‘ﬂ[}'c gasdihags: sofigisiAtapavdrLRANRPriZation oF atherprocess
physi cal pr opecdndmsn maylbgperopiey=sidtesirddy A sdpgdrip espetigilysilich, ghohiyarer 8 polpmpr | Se
et hyl ene, Fegﬁgcxa\lly poly(tetraﬁxoﬂlemyl Re)%'?glp@lyolgﬁn) ﬁﬁfﬁ@&hﬂ&eﬁomgﬂm is

Pr ef er abl y, such g )p rocess, nost
preferably a cHRR! Wﬂd‘ﬁ'@" QI?I ‘iﬁfai' §1% 3% ied énsa gasphase polymerizatiop 8’°E§isa|7§/‘§ts“9p°“ 1S
conmposi ti on nagrefeeblyretpiuyed inam 2ndunITo gRNIEe d eight raio/cf catalystqbialetiionn of

the requi g e AGERSARRK fohtt:RoWLNERo b Blhen ot TEd 66t A2otild rbs

carried out by s merization p ocedur es. he ca

conposi ti on nefrei&raply figm b?‘é%?r'éd 3Qnd enpl oyed as a het er ogeneous

catal yst by adsorbing the requisite conponents on an inert inorganic or
In most polymerization reactions the molar ratio of catalyst:polymerizable compounds

employed is from 10™%1 to 10™:1, more preferably from 10°:1 to 101,

Suitable solvents use for solution polymerization are inert liquids. Examples include
35  straight and branched-chain hydrocarbons such as isobutane, butane, pentane, hexane,
heptane, octane, and mixtures thereof; cyclic and alicyclic hydrocarbons such as cyclohexane,
-23-



organic particul ated solid. Exanples of such solids include, silica, silica
gel, alumna, 35 trial kyl al um num conpounds, and organi ¢ or inorganic

pol ymeri c mwo®siado3, especially PCT/US97/21585
- 24- WO 98/ 27103
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conti nuously t oget hBte Pigsent atalysbenmnpsionsimayhe; agvairadesuseraniqyad todrepare olefin
agent. The reaslydiersiing imisroved prébebéhdbtasertics ®YPEIprRshzing REyRAS hidhd of elylens/o-
nononer s toget her with any .sql.vent or. additional dil llujent .and
di ssol ved pol yfrer. mfpreguih Pé’d?"eé*y & Rt Lranep duciag digne, prich as norbomagipng, 4{-
i nduci ng di enecctadishe.ax 1.9etebadiened iToa @niqls Gompirtatich afwlevated teattodiewperatyres, inigly
al so be 3@5 adeleduar (BlgRl (BPIbw Uk it Re8] & high heddlof tefpBiatufsiOdhainghicBinbRdiged i n

the reactor liguid phase. Th react or, tenperature, an ressure may
be cont 1ol | ed 'S4 LRTAR5oV e lowp (o e EPERIEA PiPBatgn of Povmears HBUES Exrefny o)
addi ti on r at e,Physicalpiopertiss dnd promsksabijtyo Préieraltly sigh polyiners cpmpriisetethytene,lro®dpg The
polymeri zation rate is contralled by the rate of catal yst addition. The,

et hyl ene cont €h I""ﬂﬂ‘a"f’r"i‘e’(El 'grang""gp?ﬂ"if%g o PR ’F‘é"%d’@g@%ﬁiﬂﬁ%wg'i?egﬁ'ea?%ﬁ'f’ﬁ
of et hyl ene t preess mmsErreferablyteecontraotiosqlutinh prkedss 35 controll ed by

mani pul ating the respective feed rates of these conponents to the reactor.

The 30P0l ymer feQataRst dSpREidAhaytd #arddbaseHohioBlhcdls catist B additton oPY

controlling otFer 0l ynmeri zati on . vari abl es ,sucﬂ as the tenperature,
monomer concent$ 599{‘)'6'??, CogpopRnts R s&"@%’i"bﬂ'%‘&i/p%ﬁ"?%‘ﬂn wiike ﬁameg out by Soluion
- 25- polymerization procedures. The catalyst composition may also be prepared and employed as

a heterogeneous catalyst by adsorbing the requisite components on an inert inorganic or
organic particulated solid. Examples of such solids include, silica, silica gel, alumina,
35  trialkylaluminum compounds, and organic or inorganic polymeric materials, especially
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nononer or conShBTRNP'E: NEoge™ | undergo sorre polyrrerl zation in the bed.
The evaporated liquid then energes fromthe reactor as part of the hot
recycl e g&® and enffbe polyprizationnay besaried pdras Adatchwise brapstinmps paymerization
recycl e 1 00p. giagesser y&klm&agrobésswe@@@ea ran ivhien 8Rat catalyst, etnyraﬁ& kReRRImer hd

f the tenperature to whic cool ed
g w1 SontoRall Soiett S8 coPinSidhes pateat Fééﬁiﬁ"?ﬁ’m%e?%‘r e BRRUA T boycl ed

conti nuousl y t contitngoubly rerchvedtheleddm. It 1S possible to recycle the
condensed liquid to the bed as liquid droplets carried in the recycle gas
stream This type OWnﬁé\Rﬁrﬁﬁﬁg in%nﬂwayfﬂel% ecme :@éatrsnl &e‘rﬁbaﬁ?fdg%} dult stich
4,543, 399; V\ADSOI 94/ 2549 ,foi si d9 g rtlcularlg eferred
net hod of G ecy&P? Wﬂe"fzﬁ@"lq"iﬁffﬁ'slaﬁ Aws: b'@& irred-tank tegctor, the monpmprs TPI% i qui d
from the recycpayrgeizedare idneduned comdinnaisly] tegether Witlssdiveqiand adioptinnal opainitaosfeme

bed, preferabl Xgér\? | r@ac@k&@ﬂné"@h% ﬂﬁ@@éﬁﬁ;ﬁﬁe& édB@taﬁtfaWéf%o?xoR\Ersttgb'étﬂér QMI'\ d
W|th|nthe bed. | S Cri in BP

roces
VO 54/ 28032, any sBlvéntor add‘"""a’fﬂ%e"bancﬁ?fﬁ"f"f prgRT Bdesiech? M’Mﬁ@m the
gas fl uidi zed breoch isduciat dieyie enthtary nbiberna8iene, d (Frdctadieoe sr 1)9-decadiene may alsolibels

addi tion oo cafgieys bata§ §£re %grQ 39&1) %‘fﬂﬂ%ée@% B rdBtor liquid phakd] OFridaNi €
or organic sup ort mat rla
-26- actor temperature and pressure may be controlled by adjusting the sclvent/monomer ratio,

the catalyst addition rate, as well as by cooling or heating coils, jackets or both. The
polymerization rate is controlled by the rate of catalyst addition. The ethylene content of the
polymer product is determined by the ratio of ethylene to comonomer in the reactor, which is
35  controlled by manipulating the respective feed rates of these components to the reactor. The
polymer product molecular weight is controlled, optionally, by controlling other polymerization

variables such as the temperature, monomer concentration, or by the previously mention chain
-25-
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PCT/ US97/ 21585 The polyner is produced directly in the
fluidized be $gr7eest al yzed copol yneri zati on of t he norroTRUSIA2US8SNE
or nore conononers on the fluidized particles of catal yst, supported

catal yst or pr r-wthin the bed. Starf- f the polynerization
ot on 1o norstStel BB, MiUs'h dullin Bfiyaroat il odiBede i Bl 1T ef Ridufily the
whi ch are pref & abeyeagtasefiiyent iseontaeted withyreatalyst kithhaent such gpwater.5The polymer

cotndi tS i oRi ng tévutibe s cpfchallyhicatd! shditiRIodH BBdid) Rlrecdlared\BY flasking vi ghdboliie
art. Such proc

are use Q rciall n alar scale for the
nmanuf act ur e ofrﬁﬁrsogﬁersd%sn‘%?"ta&? r%sbqu§§sp ?ﬁ@ﬂ%ﬁem a?redx‘iealﬁﬁéf‘,‘rehégi PRFERY 1 y
pol yet hyl ede (IDMENnG furthes slevdiaiizationis ietyipmerit geohias lasievolgtiitimPeruderd In a
pol yplr opyl fente-hcon{inuous process the mela-ﬁb@si&ﬁc?elOﬁﬁ@&%ﬂaﬁ?ﬁﬁaﬁd%bfwﬁ‘i%&%ﬂc@ﬁ1 for
exanple, o e e. Wi enpl oys a chanica stirr ed or. a gas
f1uidized bed & eﬁlaﬂ%'s%%Pﬁ@%Piaiﬁ”'ﬁe%{&W%%aQbR‘H‘.’ 19>Fﬁf1“é‘*r5r'%8?'°“'s- By usiag @ he
process wher ei fatalystthplihoormmritesitige amp@escéfihteted moaovinybmlomumer, hindaredandriogiayl
cylindrical  nhomopolfkdBBidd% Bfauaf@ahtties 6ARE FoRdritd ?eéubéihﬂlaﬁﬁ%df?@e@ of
pol ymer particles supported above a perforat eg pl ate, the
fluidizatisgn grid, a flow.of fluidization gas. ) The gas
el oyed 190 Lut o 2 DR eBRY HepERRLEE o oH GBS o ABABHEP I e Sbrege
pol ymeri zed, aeedoluingtizatiarrof elefines Gas pbase peacessas (pe thewpdiymatization efroisfies, lekpediatip t
of reaction frtﬁérhomopolymeﬁfh%orp%-qoé@?né?ﬂ&ﬁogﬁﬁéﬁy@\@aﬁgﬁlg})ggr@k%@m&Op of the

reactor, normally via'a tranqw l'i zat1 on zone, nown as a

vel oci ty reductoPelimerzation ohgihy'anp with highges-olefingsychsase for exampies A dateppalhexgee, 4-

L | ui di zed methylelchentdfle WeaVef kiowniiMe laa.L in sﬁ:bl@ﬁm&%&ésabdwdg bf:lhé }éﬁctﬁﬁ?aﬁﬁéb eam
ave an oggor t uni: s | .1 he. . can.al so be

advant ageggs t%&aiééb&%g%?‘éﬁg@{c% q'atsé’%h\'/cg 'suflgﬁ f %99 clg‘%%e %g'rd'? ?g\eebg& %&ow% %r?n t he

hot gas strearfvaR®ativg&acling effask nTheaplatie liquid erejeved i thip casecan be, fonexamalesa of a

bl ovve][ OL ] volatiRGER g8, Jbr e&ﬂrﬁpl@,%eﬁﬁaté@ﬁﬂ?#&%bn ﬁﬁvﬁ'ld @@1@8{ srefefab§latbig, t he
gas of the he i zat | e produced .po 1S
drschar goa corriin sty Mok £ il ne mongmer sripmBidhiee it SV JATE e (groan be
desi r ed. condensed to proviflesugjuasliquinhtbis cpn be teddeibe bed topmvidefaprevannsatiyeact i ce

?f t{“h S i mtentdoenhgaaﬁectp}z@é@é@mfxueﬁm?n&g?s \{Vﬁ&%&% bE{e_ﬂfé@?&ﬁﬁ tWhﬁﬁth&Fé¥i f'ﬁ

or e contin US S 0 e a S e [ ea | ONn zopne N ) e
reactor and t RS ARTAING hres 18 i rieteRRl thra o s ERBPR RO S A roipdapiEs 1 or
thereby. evppasatesiinthy kot Suidizatibed teforn gasuhichrmixastwitbthet fluislizingcges. Ydtw e i n
bed of s he Gas pneadul B3 erdioRér comonemer il undergo s2M8 pEFhézatd i e e 2<
Chan 50[ er r ] C. TS ¥raarales (FU s a5tsf g TP thereaci a3 Pav ef the Botaecyple gaf. a8 #ers, m
70[ err] C 88§ 11bé eamgredsionBeat exchange partBy thiecadytly looh.e Therreayclergas isccooled drothe heater

t o nmonomer usegchdhgbiiRdROhy BRipkratiird 8 Which the g;rs;gllsﬁ‘c{w@&'& HeRAnd HSv ISR R win

density for the co sition begin roduced s 0,5 or less,.. .
Doet 1 bty wh RO o s SR T TRl 5 paeity A gmaRIBY ‘DiFethigenbet 1t

0. 93 t he conorryasible to recycle theocondensedtiiquidad the bed a$ lisid drépiats ¢anied ip thefregyglelgas
less than 0. 05%ireSWe MiEBHE offrsdess RREADES for bRitble in EP aged; 0%, 4304 s8BmWweven be
| ess t han g OJEW Ty§| cal % the rati o of hydrogen to npnoner IS "lﬂﬁ‘is t han 35
0.5, pref 8Pab) YHASAEL NS H70% 7 4foh BatieHAMPIEIANPA metiod OF apycnase TR the b

pr ef er abl y | edstotdeparate the liquidGrofZhearacyclemas siraam &rel to esirgect thisniqGid Qitectly into the
-217- WBe%%erZﬂagﬁ using a method which generates fine droplets of the liquid within the bed. This

PCT/ US97/ 21585 . ) .
type of process is described in BP Chemicals' WO 94/28032.

The polymerization reaction occurring in the gas fluidized bed is catalyzed by the
35  continuous or semi-continuous addition of catalyst. Such catalyst can be supported on an
inorganic or organic support material as described above.
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The above-descri bed ranges of process variables are appropriate for the gas

phase rocess of this invention and may be suitable fo
awgppﬁséﬁ’r@ bCtiUs6921585

processes to the practice of this invention.
A nunber of patents and patent applications descri be gas phase processes
which are 5  adapiTa®bayrhesis produded dirdedly jorthe fiidizegfbed hy sathliizedcopelymerization of

particul arly, {dePmonbmbedHdord o5§v%re7c%%onomers on tﬁ]e fﬁﬂ'&ea gmc!és %taéﬁp supported

5,436, 304; 5, 40 2: 5 453, 4

5,028, 670; 5, 45%%%8* gﬁqm‘-’f Enﬂse ey W%ﬁ@@s‘vgﬁﬁrﬁteaﬁa&m igaeieysg using
692, 500; and Pe&ed of preformig polyoet pasticies)/VEhigkl Ar2 p3erably\@rildy 12 5e3arget\ iDIyDI6fi 3AS 5,
WO 94/ 2803% V\eramoringihe beéﬁ&corduilg to te%ﬂﬁla@e%qght afé\ﬁ'sll\mo@g? nqgeqé@ Suc?'s pﬁocesses

Exanpl es trsan w reciate

i nvention di scPgy8ed sRmRsTHallyRp adérgﬁls%‘i for thg ma"“fac"”"el‘?fhtgﬁé’e%ﬁ%%'&%thﬂ?"eany
conponent whi c{HORE, maifiun dasitg paysthyienhal(MPPE), Sredapis@density@oliyethyiens (DIKOPE) and
exanpl es are pﬁ&%r%@nés further illustration of the invention and are not
to be construed a limting. Unless stated to the contrary all parts
and percentages are_expressed on a weight 1 5 basi s.

[err]H and [err]C NUe S5R0PPAPTPERSS ,ea'@@y%caé] beafor @rrmele, pHb® tyReiyhich employs a
spect ronet¥l waeehanically st:rreusmih dgra gad dlaitizéd/oerl ds tivg mﬂtuﬁﬁrmatloﬁfrre&tmi zopbs BRfdiiedS

of two struct Ufs‘ﬂ’fe LPQ@Je s %’QIHQPJ &i eﬂﬁ lzatlon reagtl?n |F}:£fﬁ£ﬁ' Slft(ﬂ'r éwsﬁn:a Waﬁcal

di et hyl et her, exan
t hr ough doubl e%ﬁ?ﬁ!ﬁ#@"ﬁ?&?‘ﬁé@"tw*ﬂﬂ aélé*ﬁ'?%'?%PfaP'Wﬁ?"rM“&m SBW@‘# abRYAGanese

m xed netal 2O0perforédifateah@hyidikation yad, bk liew of fumikbgesdsar d Corp.). The
conmpounds n- BulLi , di met hyi di chl orosi |l ane, and i1 ndan were all used as

pur chased f rom AI dri 4l't n%gehﬁgglo&gh to ﬂundlze t@%ﬂ@gs thé)ﬁ%&ﬁ%%? P‘éﬁérﬁ%’?%é or med

under dry tro en a
hi gh vacuu %ﬁ% and also serves as a heat exchange medium to remove the heat of reaction from

- 28- the bed. The hot gases emerge from the top of the reactor, normally via a tranquilization zone,
aiso known as a velocity reduction zone, having a larger cross-sectional area than the fluidized
bed and wherein fine particles entrained in the gas stream have an opportunity to gravitate
back into the bed. It can also be advantageous to use a cyclone to remove ultra-fine particles

20  from the hot gas stream. The gas is then normally recycled to the bed by means of a blower or
compressor and one or more heat exchangers to strip the gas of the heat of polymerization.
The produced polymer is discharged continuously or discontinuously from the fluidized bed as
desired.

The gas phase processes suitable for the practice of this invention are preferably
25  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 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 60°C to 110°C, more preferably from 70°C to 110°C.

30 Typically the molar ratio of comonomer to monomer used in the polymerization
depends upon the desired density for the composition being produced and is 0.5 or less.
Desirably, when producing materials with a density range of from 0.91 to 0.93 the comonomer
to monomer ratio is less than 0.2, preferably less than 0.05, even more preferably less than
0.02, and may even be less than 0.01. Typically, the ratio of hydrogen to monomer is less than

35 0.5, preferably less than 0.2, more preferably less than 0.05, even more preferably less than
0.02 and may even be less than 0.01.
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PCT/ US97/ 21585 Exanple 1 Synt hesi s of:
di chl or o[ NWaL9827¢e3net hyl et hyl ) - 1. 1-di met hyl -[ 1. 2. 3. 4. 5-[ er r ] PCTUSI7/21585
.5.6.7-tetrahydro-2- met hyl - s-indacen-1 -yl]silanam nto(2-)-N]|

t i tanium (al so ref eﬁ{e Ode@énﬁlhdqgigﬁ%/ !)ﬁ]r!g%gg \?aggﬁgWrL [aﬁproimate for the gas phase

i ndacenyl) (t-butyl am Itani u

Prepar ati on ofp'?feBs?‘"?'%W%fW?'éIF@F Payea swipkle for pherieregsagfigaptable to the practice of
| ndan (59. 087ahiginvéntiof00 nol es) and 2- br onoi sobutyryl brom de (114.9493 g,
0. 5000 noles) were stirred in CHerr]OJerr] (500 nL) at O C as

AlC[err] (201.36 gy n&nb@q‘gflpa@ﬁseaﬁﬁ g\ﬁﬁeﬁi ?pgﬁ&gorgs%escrﬁbh 3%‘4 éfha%é ﬁ?ocﬁgeb @h%ﬁqg a

nitrogen flLow. This m xture was
25 [err] C. °Af tadprtabigfor usedp therProress efdhis ingeniipn.iattisulatlys s fteats $288.788e and
al l owed to si t4,548,300:5,352,749; 5,436/308; 51406(922:65,482095; 546 1(126,28)4530471 N$,086562;

separatory fu I
CEPar S 1Y of AR RO ARb ARRS 845 R SEb g .17 4,
renoved resul t‘lpﬁbcai“ﬁ‘st 94/29032 WHP42548T WO 9a/2§%ﬁ5kW(9 p4/28032 i@ WBBD&IV&& on
resul ted in tlea/dessd; akd wo ssfo7ghe desired product as a 15 yellow oil -
(82.43g, 88.5 percent). 1b) Preparati on of

s-i ndacen+g. 2. -t et rahydr o- 6- net hyl

5,6, 7-tet?ghyd%5-ag-§%et hyl - s-i ndacen-1 -one (40.00 g, 0.2148 nol es) was
stirred in di ethyl ether (150 nlL) at O[err] C under nitrogen as

NaBH err] (8.12 g, T@.ezgﬂm’ %ﬁaésﬂy" apgreciatethat fignvention disgjopedhareip dpyde PrastiFss
The mi xture wasthtbsened bfeing dorhporehi whichthal attibeemépedficalip dlsetbsddC Théfdiiewinghe 20

reaction perl %g ﬁ]%c{ﬂa Blo¥luEd &@ﬁmﬁé’r‘hfu@é?aluﬁﬂ of e nn%h%oé % {Pe%&t% Be %ﬁ]s%éé Eéj

usi ng aqueous anirc frac
with 1 MHCQ (ipitipg. 1Ume$ﬂ_5}atedméh%ﬂn§@rwa&sawé percentagetsmexp&?ﬁ%w aweqsht he
sol ution a&d tbbﬁsrem due redi ssolved in benzene and refluxed with p-

t ol uensul phonic acid (0.11 g) using a Dean St ark apparat us for 5 hours. The
m xture was then gxtracted using M x 100 nlL. The
organi c |ayer was sé“paér"’at 8@'%3"%"%’9\%’["8@ P’I' %é’a"ﬂi‘XL (PAHMTRISPEEOMSISINE® n t he
i sol ation of tused Wddentifgel prodahte t Cmstalatrudiireeofawy sthuaturésneers also dbtain€d.36 g,

77.6 percent) Tetrahydrofuran (THF), diethylether, toluene, and hexane were used following passage  ~ 29"

1a)

through double columns charged with activated alumina and copper/manganese mixed metal

20  oxide catalyst (available from Engelhard Corp.). The compounds n-Buli,
dimethyldichlorosiiane, and indan were all used as purchased from Aldrich Chemical
Company. All syntheses were performed under dry nitrogen atmosphere using a combination
of glove box and high vacuum techniques.
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PCT/ US97/ 21585 1lc) Preparation of (1

.5.6. 7-t et PAYRRA9S- et hyl -s-indacen-1 -1yl) 1ithium PCLUS9721585
s-1 ndacen-1, 2, 3, 5-tetrahydro-6-nmethyl (25.000 g, 0.14684 noles) was stirred

in hex@z.emM.QO m.) as nBuLi (0.17621 noles, 70.48 nL of 2.5 M

sol ution in hexane) was added sl ow y. Th| S mxture was then al | oned
to stir 16 holghsingdi ] I he
reaction period t he

desired pr odudgethyi-s-indacen:
further purifiiciatenyb

1d) Preparat i on of
N-(1.1-dimgthylethyl)-1.1-dimethy-1(1.5.6.7-tetrahydro-2-nethyl -

i ndacen-1 -yi)silanamne 10

(1,5,6, 7-tetrahydro- 2- net hyl -s-indacen-1 -yl) lithium (25.0 g, 0.1419

nol es) in THF {_(28Q ) was added dropwi se to a sol ution of

di met hyl si |yl (t-butyl aGngdehl ori de (23.518 g. 0.1419 roles) in THF
(250 m.) over a 1 hour pe perssd! f time. This mxture was then allowed to
stir for 20 hours. Aftel\{S agel] on period the volatiles were renoved and
t he residue ext r actad a‘nd filtered using hexane. Renoval of the

, 94.2 percent)

hexane resulted in the isolaMion of the 1 5 desired product as a
red-yellow oil (37.55 g, 88 0 percent). le) Pregaration of
dilithio N-(1.1- dlnethylefh )-1.1-dinethyl-1-(1.5.6.7-tetrahydro- 2-

met hyl - s-i ndacen- 1 yI)S|Iananide N(1,1

-dlnethylethyl h drP 2- met hyl - s-i ndacen-1 -

yl)si | anami nel RO 0. fARUSIYdGheel] 880 ane (110 nl) as
nBuLi (0.05876 m)l es, 20 23 5n of 25 M soI ut| on in hexane) was added
dropwi se. This ni x tingtan (9620876 e A.5800 owied) 4nd 2-bromoisobgtyiyl bro@ideddit$949afd, 0:500h e
reaction peri %lésmer@%wﬁd cngdgi;s% gt TUHEH (209.38 gl 1.6161 ni&ikd) Wis 204!

\(“6?12f2l lgt ' %I ol W&ﬁs a SV\lflf under a nlﬁgen%%\tupril'g%g}g{:re&%gl ?tvlle%r{o gtrlr fgrn ahgixrs at 20-

di chl or o[ N-( 1 25 Qi Am:'ltt_;el readigh peribd thalimixatrdiyas polirdd. Fericdarfdxaiioived tb.si.16.hburs.

}I)ei[ |r ?m/gr 0- 2- MRb Mishur® whd#RF B8kahted Yitd & isbFHr Bl AirReranti 1Y refnbih G s4k8 washed well

N- (1, 1- di met hyftBCHYPh- Thepropnicdaeyvas thea sepagated andithe,yplasiles remeved requitia inthe cen

-1- - y| Jsolatiemeirai ddek dji4 VaBiingdistifatish4dsultaminalse isolation diFthe 46sired)produst ascled
dropwi se {9 a SiloW di | 3(THF) 3 (5.369 g, 0.001446 noles) in THF
(100 ni). Thlg r‘nxtll 8é)'I\%/aaas Frczh to stir for 1 hour. Pb( err]
(2.614 g, O. 000940 ol es) was then added and the mxture allowed to stir
for an repaation, of 5rindacen REEEr¥ 8 ¥eriod the volatiles were

renoved and the residue extracted 30 and filtered using toluene. Renoval
of the tol uene reslazdtrahydtci2zmethglsaindamendfona (400, 0] #8lmeles) was stirredin S

residue was t B%ﬂwy&iﬂél‘ [5G & PEXANE n%ge& i’ﬁl&iﬁ-ﬁ éé $8lgP6. Qﬂié%ol&‘@%s@%ﬁ (100

| at ed f t
Figure 1 1t P YeF el sgua e Fitite e 1o slated o e Bgurs ot 20-B0C Mokt

- 30- 20  reaction period the mixture was poured on ice and the mixture acidified using aqueous 1 M HCI
solution. The organic fraction was then washed with 1 M HC! (2 x 100 mL). The volatiles were
then removed from the solution and the residue redissolved in benzene and refluxed with p-
toluensulphonic acid (0.11 g) using a Dean-Stark apparatus for 5 hours. The mixture was then
extracted using 1 M NaHCO; (2 x 100 mL). The organic layer was separated and the volatiles
25  removed resulting in the isolation of the desired product as a white crystalline solid (28.36 g,
77.6 percent).
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PCT/ US97/ 21585 Exanple 2 Synt hesi s of: di nethyl (gyz

-di met hyl eW@b82M031 -dinmethyl-[1.2.3.4.5-[err])-1.5.6. 7-t et ®&F 5’&9 1685

met hyl - s-i ndacen- 1- yI]S|Ianan1nto( -)-N tltanlun1(also referred to as

di et hyl si | Y1 () et Bitbersion of (1.6 7hdidAGE0Y ighani undi met hy|
chloro |ne y

-dlrrethyl [12345h tetrah dro g ) .

i ndacen-1-yl | si | anafi" ?‘:8(‘512)'3 Rﬂetftah¥dé%f5mﬂf qu)()o? S' @m%sbﬂafﬁ"%l"es) was

stirred in hexaned4@Q inly) astrilBeli (0.3062Lnoless 70/88/Brof £.6 MSERRIGN inHezane) Wad8dddd of

3.0 M sol uti ongydyfly, OFrat didduRd &y tg\en allowpd to%ﬁ@%?sddu?ihf%}fh ngb%lﬁ‘ﬁl‘écﬂﬁtﬁte)ﬁas

then stirred for '30 m nutes reaction

were r en‘ovsd AHfter the seactien Reried thermisuredvps dikered rqsvléwa thedsqigiop aithp desirad Riogust

of the 10 hesapalayetow satid whithiwae usatDlithoutdartier plrfieatide 8+ dratysie (DIB6D gas4.21

solid (0.368 ﬂ 6 percent). Exanple 3 Synt hesi s of:

dichlororN—(03y %xyl) 11d|nethyl [1.2.3.4.5-n)-1 '
.6.7- tetrahydro 2- rrethyl

tltanlum(als c 6

THEY e ‘ }
i ndacenyl )(cquwﬂamﬁl tanl urrdl chI oride [err] 3a)

Preparation of

hl di hyl (1. 5. I

1.5,6.7- ?E?réhgdro G BiRREE ety --'%199/46@ it Esb ol 9*%; sy THF

0. 13831 nol es)E§GymL) was adqﬂﬂfea\w@ema)sowagngf h)dﬁ*'wﬁxm!@"!r@) logide (28538 9of
Me2Si Cl 2 (89. 2619 molksfHitl T8 (250 ME) overa 1 hour pe?fdr:lFofénﬂnEDTﬁik)nuxtthM@s thex alidwiedibs

then allowed tsgr fgf éd hO%FS %\Qte? f?le Lgag{l(lﬂrp(fﬂ?é'th% VhBHI gweléfn%r%ve{i di dESfJU action

r—lC:

(D=

es

| ndacen 1- yI ] SI | anam nt o( 2-
1,567

period the v eoresidue extrac tered
usi ng hmd arﬁéﬂtereﬁweg heypne. r@emmfé"‘er*@%net'éﬂiltﬁﬁ'"tﬂmefs?'%ﬂﬂ"&! then of
t he desir&8 prdasiritpratuictads axbd-yeliow oil (37148 d,880meedeat).! i ne solid (31.1451 g,

85.7 percent). 3b) Preparati on of
N- (cycl ohexyl )iu). ' e o

yl ) si | anam ne
Chl or odi et hy REENESHNCACE tehaNigice -s-indacen-1-yl) silane (5.67 g,
0. 0216 nol es) was st| rred in hexane (50 nmL) as NEt3 (2.18 g, 0.0216
mol es) and cycl ohexy{igrtinethylethyl)-1(12dithahgs1-(0, 584 ttrafydos)-memyia-indkded1- Thi s

ms)it ure was alhamMRanheedd d, 0Xe7 idleSy wd diiftbd 'Hexane (110 mL) as nBuLi (0.05876 moles,
20  23.5 mL of 2.5 M solution in hexane) was added dropwise. This mixturs was then allowed to
stir 16 hours. After the reaction period the desired product was isolated as a light yellow solid

via filtration which was used without further purification or analysis (6.22 g, 75 percent).

25 Dilithio N-(1,1-dimethylethyl)-1,1-dimethyl-1-(1,5,6,7-tetrahydro-2-methyl-s-indacen-1-
yl)silanamide (4.504 g, 0.01446 moles) in THF (40 mL) was added dropwise to a slurry of
TiCls(THF); (5.359 g, 0.001446 moles) in THF (100 mL). This mixture was allowed to stir for 1
hour. PbCl; (2.614 g, 0.000940 moles) was then added and the mixture allowed to stir for an
additional hour. After the reaction period the volatiles were removed and the residue extracted

30 and filtered using toluene. Removal of the toluene resulted in the isolation of a dark residue.
This residue was then slurried in hexane and the desired product was then isolated via filtration
as a red solid (3.935 g, 65.0 percent). Figure 1 is the X-ray crystal structure of this complex.
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PCT/ US97/ 21585 reaction penod the mxture was filter ,ﬁ(ﬁ%
vol atiles refo¥Et% esulti ng in the isolation of t he dg,g:I re 7%Fggsauct
as a yellow oil (6.62 g, 94.3 percent). 3¢) Preparation of

rN-(cycl oheyl )Example2di met hyl -[1.2.3.4.5-n)-1 .5.6.7-tetrahydro-2-nethyl -s-
I ndacen-1-yl]lsilanam nto(2-)-N] dilithium 5

N- (cycl ohexyl ) syhtnbsis e Biptetholin-t1, 1 -Gitnethvith(n-i QLRI 02 S2EBHRYE 6 $1dyRAGHED: 1
-yl)sil anam ne . 0. 67 g, 0. 020438 ol eS) was 'stirred in hexane ("100
m.) as nBuLi ( Relgvi-gondacen-io I, tangl u‘ O (2 - B titanium (also refetyed to.ag dimethysilvit2-methyi-s-

cycl ohexane) viadacanldadutylanmidoyTita ure was then allowed to stir 16
hours. After the reaction period the desired product was isolated as a

solid whi cly was USe@'ichloro[N-u,1‘Mir}1§:ﬁg{ath{qf‘éyg?@§ew}-‘qizfod',&é@}j-g’,@,s%’-tsgééﬁh%%@gﬁz%23

g, product still contalned res 1B ara
di chl or or N- ( cyBdaspEkyllsjlanaminto@ )i titapium (1), (0.450 @ 6091408 oles) wagstired frahy dr o- 2-
met hyl - s- i ndacdehylethetldosmi)aameamyss (Cegz2inoles 808 Hillof 3.0 M solution in diethylether)

2 505y -1, g AT DI it e en e oy g inpts. Aer e reacion period the

yl ] si | anam nt ofeltiles npredemnpyedianchtieresiGlemxirgntiand fiteree udingaexand. didmovaldd de as

a solid tdoa SeMéreyreflited in the isoldiidnldf fe'db&irbiE)dde&t =k a@Zﬁo@@.aﬁs 90088 bércBm.€S) N
THF (50 nL). This mxture was allowed to stir for 30 1 m nut es.

PbCl [err] (3.85 9’1'% 0136 nol es) was then added and the m xture allowed to

stir for an ditional hour. After the reaction period the volatiles

were renoved and the residue extracted and filtered using tol uene.
Renoval of thedvpihkesisakdichianiN-(yciohexyliabl-dimethyklil 218.4F-1h1.6.87ketrahyind:famethyl-s-
This residue VigfcédeOnsRARHMiInEA-)iN] iRRK AR Rfbral & SCRnbRAsIRIRAERLd-SO! at ed

via filtration as a sol1d . (1 °q, 39.2 percent). 0 anple 4

Synthesi s of: indacenyl ohexyl-amido) TitaniumdichlQride

di ret hyl [ N- (cycl ohexyl )-1.1-dinmethyl-[1.2.3.4.5-n)-1.5.6.7-tetrahydro- 2-net
hyl - s- indac | ]silanam nto(2-)-Ntitanium (also referred to as
di nmet hyl silyl (2-neth .@
i ndacenyl ) (cycl ohexyl - am &Lt ani umdi et hyl

Di chl or o[ N- (cycl ohexyl ) - 1 'Jgitzhyl-[l ,2,3,4,5-[err])-1

, 5,6, 7-tetrahydro- 2- net ’Sii:i- A I ndacen-1-yl]silanam nto(2-)-N]titanium

(0.400 g, 0.00904 noles) was¥Nstirred in diethylether (50" nL) as
MeMgBr -(0.0181 nol es, 0.60 of 3.0 Msolution in diethylether) was added
slowy. This m xture wa n stirred for 1 hour. After the reaction period
the volatiles were renoved and the residue extracted and filtered
usi ng hexdRe. Renoval of the hexane resulted in the isolation of the
desired product as a solid (0.309 g, 85.1 percent).

-32- Pr tion o imeth

1.5,8,7-tetrahydro-2-methyl-s-indacen-1-yi)lithium (1c)) (24.36% g, 0.13831 moles) in
THF (100 mL) was added dropwise to a solution of Me,SiCl, (89.252 g, 0.69155 moles) in
THF (150 mL). This mixture was then allowed to stir at 20-25 °C for 5 hours. After the
20  reaction period the volatiles were removed and the residus extracted and filtered using
hexane. The removal of the hexane resulted in the isolation of the desired product as an off-
white crystaliine sofid (31.1451 g, 85.7 percent).

viisilanamine

25 Chloradimethyl(1,5,8,7-tetrahydro-2-methyl-s-indacen-1-yl) silane (5.67 g, 0.0216
moles) was stirred in hexane (50 mL) as NEt; (2.18 g, 0.0216 moles) and cyclohexylamine

(2.13 g, 0.0216 moles) were added. This mixture was allowed to stir 16 hours. After the
-3%-
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PCT/ US97/ 21585 Exanple 5 Synthesis of: dichloro[N-(1.1

- di met hyl etwpl98r22103- di met hyl -[ 1. 2. 3. 4. 5-n) - 1. 5. 6. 7-t et r ahydr ®CX/H97/21585

di met hyl -s-indacen-1 -yl]silanam nto(2-)-N] titanium (also referred to as
g: xt Eg: S'Sl ?’lm(ja%agtﬁo rje(\?d%\ mnfturew Oguﬁer%daannld l}rhed\folaﬂ es rem ved resultua,m ]the isolation of
5a) Pr epar aﬂhﬁﬂ?s'fﬁd@quﬁtd’é@eﬁﬂqﬂ’gl(9%9’5%%3@61%?)0 6 7- di net hyl

s-1 ndacen-1, 2, 3, 5- tetrahydro 6- rrethyl (36.0647 g, 0.2118 rml es) was stirred
in hexane PR tatibl) ofd Rh&S St D8 4.2 4 - i

cycl ohexane) Vas added. . Thi s 'xture was then aI I owed to stl r 16
hours. After t latiles were renmoved 1 O and the
white solid redissolved in THF (100 nL) and added dropwi se to a m xture of
Vel (81. 3673 Q-cridend-wbtimsihyt hi118:57-terahydro-2-methp-§ipdacp® 1-yisilasamine

m xture was t hegsag, loasss ﬁ\@le@t\ﬁars sﬁﬁed in hexan@ P86 L ks 3@12@ d48td thbles, E"i %1 mL of
vol atiles were,t [acte

PETRb ol AL REH ML A T AR S A pee
desired pr oducthOlas Aftg tHlegeaction peripd tHeqlesicid pr¢ddét. V88 (Blated B4 stlipwhiceway usedl 5
Sb) Pr epar at wdRouRfurther purification ar analysis (7.23 g, product still contained residual hexane).
(1.5.6.7- tetrahydro 2. 3-dimethyl -s-1ndacen-1-yl) i thi um

s- | ndacen- 110 / h .
stirred in
solution in hexmy dares ¢ ¢

to stir 16 hours. After the reactlon period the solid was col | ected

via suction filtrat At .
further purificati oqu@%aa‘&?) '1.% etﬁﬁﬂ gg% \Q%gctgtrﬁ}gﬁro-‘ksrﬂ%h%‘s 'MLH
Preparation of yilsilanaminto(2-)-N] dlhthmm 23 g, 0214 moles) was slowly added as a solidtoa slurry of
chl or odi net hy| Ficigri)/7ieelgl alueds Mos)3n BHRE0): Fhik riare vad alowesitd @infor 30

(15,6 7- 185 abdha: fude 444 Wb dfalds U LAT Rl Shh SoF

nol es) in THF w'se
Me[ err] Si O [ er Afditongl hogr. diftepthg reggtiongieded thP Molatilgs wesgremoved angythe reyidue extfagtedr e

was t ge {1 hal |2§V\Bﬁh ﬁl@reﬁtubihg ®iuehB- §5m6\%|l 6f]t|% taﬁemgmed iﬁftﬁ@nemaﬂw of @aﬁrklrémjue
perio e

es.were r esi dpe nd
Fil tored usi ng e atee Ws SR b M gkensWhd e ool aie: btV e on
i sol ati on of tﬁ@!ldd@}iméﬂzmem!!ﬂ&{ as an orange/ br own 0|I (10.35 g,
76.7 petrcent).

20 Exampled

indacenyl)(cvclohexvl-amido) Titaniumdi

DichlorofN-(cyclohexyl)-1,1-dimethyl-[1,2,3,4,5-n)-1,5,6,7-tetrahydro-2-methyl-s-

25  indacen-1-yi]silanaminto(2-)-Njtitanium (0.400 g, 0.00904 moles) was stirred in diethylether
(50 mL) as MeMgBr (0.0181 moles, 0.60 mL of 3.0 M solution in diethylether) was added
slowly. This mixture was then stirred for 1 hour. After the reaction period the volatiles were
removed and the residue extracted and filtered using hexane. Removal of the hexane resulted
in the isolation of the desired product as a solid (0.309 g, 85.1 percent).
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PCT/ US97/ 2 21585 5d) - Preparati on of )
N-(1. 1-di nggy g% 3yl )-1.1-dinethyl-1-(1.5.6.7-tetrahydro- 2. pcinss7m158ss-
i ndacen- 1- yI) I 'anam ne

Chl orodi nethyl (1, 5, 6, 7-tetrahydro- 2, 3-di net hyl -s-i ndacen-1-yl) sil ane
(3.637 g, Exampie 91217 noles) was stirred in hexane (50 nl) as NEt3 (1.94
g, 0.01916 nol es) and t- 5 butyI ani ne (1 12 g, 0. 01533 m)l es) wer e

added. This i tnetha d

period the m g .'4‘&;3_,.‘1".11.1:‘; 4L e o BRY Sl A -'” the
i solation of The Ue &0 pr odu S 0 Vel T OW O g, J0.6

per Cent) . d‘ 13) 3\.\ envbits ‘;‘: = =‘.Al4’. g Aileidle

[N-(1.1-di methyl ethyl ) -1 . 1-di net hyl -

(1)
[1.2.3.4.5-n)-1.5.6.7-tetrahydro- 2. 3-
di met hyl - s-i ndacen- si | anam nt o( 2-) -

N dilithium 10
, 9,6, 7-tetrahydro- 2, 3-di net hyl -s-i nd
3.461 g, 0.01 107 nol es) was stirred in

acen-| - yl)sila

hexane (100 nlL) as nBu M%o. 325 noles, 14.5 nL of 1.6 M solution
i n hexane) was added sl ’{ )"Fr’rcsl’m xture was then al | oned to stir
16 hours. After the reactiom’period the volatiles were renpoved and the
desi red product was /i sol ated as an orange gl assy solid which was
used wi thout further puridfsation or analysis 15 (3.853 g, product still
cont ai ned 5hexane) 5f) Preparation of dichloro[N-(1 .1

-di net hyl et hyl ) - 1 dlrrethyl [1 2.3.4.5- eta) 1.5.6.7-
tetrahydro 2.5 di nkiebarbtidd-of s-irnvidce gdrb-8Tadimethyd( 2- ) - N] titani um
[N-(1,1 dlrrethylethyl) 1, 1 dln'ethyl [1 2345[err]) 1

, 5, 6, 7-tetrahydro- gln@a@nm f'.ﬂtetn%h:gdro-e-met y| @6%5% S NAL ﬁ]bl@éméﬂﬁ&f Y ) N

d|||th|um(0 500 as a solid

slurry of Ti Cﬁ?‘%’?er ﬁ“ﬁ*‘)‘f’@?‘? olesy, 11548 my- of & Wf??@"h‘iﬁyé@ﬁ‘e’?aﬁeh"l‘i@ ac’eed n{')ls

Thi s m xt ur e miaisireavdsain@taliowed to stit 16 Ilurst After th@ rdactivhperiddthd (aatiids wdre AdToved
0. 0007374 gl )thé’\@}ﬁtg}sgﬁdﬂ'reéigg%d ML QGO erérgira{%ﬁéti Jirgﬁf\ﬁge oamixturd G T Tor

an additional our reacti o e Vo es were renoved
and the (51,3843 ¢ 086X elgekin fHE P rfﬂmaf BredThismixtre weg tberalionediR alir 181 t he
t ol uene resul ttomk dtao-kbec. Tied wldties wafe then removei dibditie residustixtractddarsd filtlesiddue
was then sl ur h i

our s. - The. e Eagiher BB Be RBANS skl gl 1Y desld frbuictag a gae
(0.196 g, 49. @'%P'&éﬁ? 039 94.4 percemt) arpl e 6 Synt hesi s of:

di met hyl [ N- (1. 1-di n‘ethylethyl) 1.1- d| rrethyl [1 2 3.4.5-[err])-1.5.6.7-tetra
hydro-2. 3% 5b o DA I IR NN péthyirearigfaceinol-Aiithivl t i t ani um (al so
referred to as di rrethyl silyl(2.3-

di met hyl - s- i ndaceny]ng;ﬁhqtéfihg .%R,)Jé&é}%rh@l%ﬁ%?%' 9,0 Omoles)w tirred in
580

Dichloro(N-(1 ,1-d -1
|5, 6, 7- t et r aMipRRe G0GmLY as nBul’ Pﬁ%“twﬁ% abehzﬁwiﬁc']%m e RS siowiy|
titani um (0. 4fded), TH ARLEDGaBEeeaowad D stit 16 Hakek. i After the reactiothpetibid/ihe isblitk wds50

m) as Me Ng Br m}l&t&‘%@ ltgmht?a?ion Qs ?r? ] gﬁhaf? E?\gdeg wﬁ%? ng‘%e& Wth&xt ngdrﬂéﬂgﬁ )

was adde S _m Xt Irre our.

reaction Ber|95&”?'Yr“é5(9279'6098?'5?'1t)|-es were renoved and the residue extracted
and filtered using hexane. Renobval of the

- 34- 5 Preparation of chl i 6.7-te dro-2,3-di -5-j -1

(1.5,6,7-tetrahydro-2,3-dimethyi-s-indacen-1-yl)lithium (9.27 g, 0.04874 moles) in THF
(90 mL) was added dropwise to a solution of Me.SiCl (18.90 g, 0.1463 moles) in THF (50
mL). This mixture was then allowed to stir at 20-25 °C 16 hours. After the reaction period the
25  volatiles were removed and the residue extracted and filtered using hexane. The removal of
the hexane resulted in the isolation of the desired prbduct as an orange/brown oil (10.35 g,
76.7 percent).
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PCT/ US97/ 21585 hexane resulted in the isolation of the d s%fzf&s
product asVM¥27AWye-red solid (0.347 g, 88.5 per cent )"C'r

Exampl e 7 Synt heS| s of:

di chl or o[ N- ( c\&g ¥ihakatib Elqlmyetindel W 3 A Shd-s3- d
imethyl- 5 -|nq_c' n'% ]S|Ianamnto(2) N]tltanlum(a soreferredto
as di net hyl si I -S-

i ndacenyl ) (cycl ohe e/l am do) Ti t ani undi chl ori de [err] 7a)
Preparation of h!orodlmethylﬁ 5,6,7-tetrahydro-2,3-dimethyl-s-indacen-1-yl) silane (3.537 g,

N- g cycl or11exyl )0:01217 pholeB) sl stifred ih-hexdhe (50 MLY NEL @:93 .g30.019M8irhYés) and t-
i ndacen-

|
Ol o ot ey torbenAT12G, o.0fkan moles) werg adech risgmip. e Algwed o 5 1600 5. 00
g, 0.01806  Afterthayraction pesied theinrixterd wan filtkerschansl i ®latiies rersoveBirésutting iftBe 29 g,

0. 03251 nol es)lsdl’dﬁgnBf'tﬁé@és@@@ﬁ%ht?d%@ﬁhgmyeﬂowo(l%-aé;s];'%88@5%& ol es) were
added. This m xture was allowed to stir hour s fter the reaction
period the m xt as filtered apd the volat_ll ed resultinlnthe
i sol ati on of ERaLaligE o Nald. LIl iig 4 ¢ 15 irg

percent). imetip)l-s-i sidr p-)-INIilitaiyra Iohexyl )-1.1- d| rret hyI tl
.2.3.4.5-n)-1 .5. 6 7- tetrahydro 2 3- di et hyl - s-i ndacen-1

- )d/: ]mzlt L;lna? ?t10( 2- )N ﬂadn%ig?lk;ﬂk% 1,]-dimethyk-1-( 567-thkrérgbﬁ%lzoél&mé{wr-§-m&acen-1-

yl ) si | anani ne )’g' 'ﬁe 304t PSPCWHBT @g'fs)\%:? sg%:?dr'Pgﬁ‘ai”ﬁ?Wé’iéﬁé‘s('%“m_?z%

n- BuLi (O. 0345rz¢bles 14.5 mindfass M E8luonnih hefand). viasMdded sidwip nThisimixexawsy thea allavade d

slowly. This md %i-46h LY}@SAM?% n@é&tn@)ﬁﬁ&oﬁ%e voﬁé?ile§h)efe rtaﬂBVﬁZi?anB%géeswé% ;Br%&uéthe

reaction period the exane was
removed resul tY3RdpolipdER@nicasng olagty sSid whieh H%%‘FSPEH'“?H“&H‘GE?’ p&ﬂ“"&ﬁ"’b‘?"@?ﬁ‘@@s's
gl assy solldd WhBsdg, product stil sontaieet véxam)ut further purification or analysis

(5.56 g, 99.9 percent). _ 7c) Preparation of

di chl or o[ N- (cyg| Oheﬁé(a}zi'nilsf(ﬂ bR - 'Jlld JL' i5f'p b9 2 5.4 SLt211Y 8607
2. 3-di met hyl - s | _ndacen- 1- Sl anam n - ani um
[N-(cyclohexyl -23- methyl3rs-indacen-1-vilsilapaminto(2 AL itaniy

, 5,6, 7-tetrahydro-2, 3-di rrethyl S- |ndacen 1 -
yI ] si | ananmi'nt o( 2-) -INj(t1-dimethyiethy)Q, BGiMetyyl-[0.23WE28)- 115 b Z3dtrahpdro 2| 3adingthgieeded as

?ns '(I)':—I::dSE)O a ?r{rﬁ{:érﬁﬁ rﬁ/lEllanam%o(Z - q c{llﬁﬂturh Tﬂ@ Sg{ edch%aé ngég)%é sldiy 36 8s Tofif)
26”_ to a slurry of TiCl3(THF); (0.455 g, 0. 001229 moiles) in THF (50 mL). This mixture was allowed
to stir for 2 hours. PbCl, (0.205 g, 0.0007374 moles) was then added and the mixture allowed
to stir for an additional hour. After the reaction period the volatiles were removed and the
residue extracted and filtered using toluene. Removal of the toluene resulted in the isolation of
a dark residue. This residue was then slurried in hexane and cooled in a refrigerator for 72
25 hours. The desired product was then isolated via filtration as a solid (0.196 g, 49.1 percent).

Example 6

-s-indacenyl){t-butylamido) Titaniumdime

30 Dichloro[N-(1,1-dimethylethyl)-1,1-dimethyl-[1,2,3,4,5-.eta.)-1,5,6,7-tetrahydro-2,3-
dimethyl-s-indacen-1-yl]silanaminto(2-)-N] titanium (0.433 g, 0.001006 moles) was stirred in
diethylether (50 mL) as MeMgBr (0.002012 moles, 0.67 mL of 3.0 M solution in diethylether)
was added siowly. This mixture was then stirred for 1 hour. After the reaction period the
volatiles were removed and the residue extracted and filtered using hexane. Removal of the
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PCT/ US97/ 21585 hours. PbC[err] (0.317 g, 0.001142 noles) was then
added and tywe sgh¥doyre allowed to stir for an addi t i on#HCTMBIT21585t er
the reaction period the volatil es vvere renoved and the residue extract ed
and filtered usin tqu of the toluene resulted in

i sol ation of 3‘ 551}88 R thprfesirgd AIOQYHRs\ 39O ang 8 FRdsolid t°r3éa g §8-5
hexane and comeetd!nt)n a refrigerator for 72 hours. The desired 5 pr oduct
was then isolated via filtration as a solid (0.259 g, 43.8 percent).

le 8 E;grqﬁ@/l'lt hesi s of:
dlmethyl[N-(cycIo exyl) 1.1-dimethyl-[1.2.3.4.5-n)-1.5.6.7-tetrahydro-2. 3-
di rethyl -s-in : ' anlym al so tr,teferred to as'

di met hyl - dave bt ! , i
D|chloro[N-(cy, idnidias 4 eta) 1567tetrahydr02
, 3-di met hyl - y narr nto(2) N] titanium (0.300 g,

0. 0006588 rml es) was stirred in diethylether (50 nL) as MeMyBr
(0.001447 rnoles, O. 3.0 Msolution in diethylether) was added
slowy. This m xture irred for 1 hour. After the reaction period
the volatiles were ed and the residue extracted and filtered
usi ng hexane. Renoval of~{ hexgng resulted 1 5 in the isolation of the
desired product as an or‘a'nge solid (0.249 g, 91.2 percent). Exanpl e

9 Synt hesi s of:
dichloro[N-(1.1-dinethylethyl)-1.1-dinmethyl-[1.2.3.4.5-n)-1.5.6.7-tetrahydr
0- 2- met hyl - 3- ph s-indacen-1 yl]silanam nto(2-)-Ntitanium (al so
referred to as di met hysip¥yl (

met hyl - 3- phenyl - s-i ndacenyl ) (t-butyl am do) Ti tani undi chloride [err]

20 9a) Prepar ation of

s-1 ndacen- 1. 2.78) epaiationol Gong meny 2

s- | ndacen- LZMA&M&M& net hyl (1 b)) (20.00 g, 0.0174 nol es) was
stirred in di ethylether (200 nL) at O [err] C under nitrogen as PhMBr

(0.150 nolgs, 50. 0 tJ r d
(0,150 o, %0 OSSR 85 38
hours. After tmRles)was stirsd in bexapel (G0el) s NiEts(@29a.0-¢R28 h owles) 4y fﬁmﬂhﬁn@ﬁf@%r
i ;:e Tge m xt yn.et g,oo1azwgsrotésheareaeuah FihRdniktdidwas am‘ﬁda 18 61t 8 WBurkIChftér b
stirred vigor n| . \Was .
separated an dq'géén t%'h W Pé Ie;% lt?ag 83%81% l%ttl%s r&moheaarx ltm the E&Q%{%‘l
Filtration folth%)‘éﬁﬂe%VO#MWQ ¥ oil §F. 5&9\@0\901%9010 -es resul ted i n t he
I sol ation of a pale yeIIow oi | .

15

N-(cyclohexyl)-1,1-dimethyl-1-(1,5,6,7-tetrahydro-2,3-dimethyl-s-indacen-1-
yl)silanamine (5.30 g, 0.01570 moles) was stirred in hexane (75 mL) as n-BuLi (0.03454
moles, 13.8 mL of 2.5 M solution in hexane) was added slowly. This mixture was then aliowed
20  to stir for 72 hours. After the reaction period the hexane was decanted away and the volatiles
were removed resuiting in the isolation of the desired product as an orange glassy solid which
was used without further purification or analysis (5.56 g, 99.9 percent).

25 [N-(cyclohexyl)-1,1-dimethyl-{1,2,3,4,5-1)-1,5,6,7-tetrahydro-2,3-dimethyl-s-indacen-1-
yilsilanaminto({2-)-N]dilithium (0.500 g, 0.01428 moles) was slowly added as a solid to a slurry

of TiCls(THF); (0.529 g, 0.001428 moles) in THF 50 mL. This mixture was aliowed to stir for 2
-35-
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PCT/ US97/ 21585 The desired product was isolated as a white soli d

fol | owi ng' tMO 5BRBEWFst al | i zati on of the yell ow oil f r o FICHEISEH21588 O
[err]C (18.90 g, 71.4 percent). 9b) Preparation of

(6- et hyl - 7- phﬁﬂb&' Fhey (@3 frd, @tJOQ‘WEQe w‘aQﬁt@ﬁ Q806 )ahdi tHa! rHﬁhre allowed to sttrfor an

s- | ndacen- 1, r ah en (18. 90 nol es mas
stirred 5 "tﬁ“ﬁ&%ﬁh‘é" ég‘ﬂ “Pﬁ_')ea%t?“ﬁglﬂf’ "F')e( %ks H’ﬁfeerﬁmc' 6"?&'9%‘?“929"63‘
solution in cya:ﬂdcﬁhqﬁauw)g talaene. Removaisif theltgluend dextiitedTihithe |su|atrbnmEa geas resides

al | owed to stithislBsiias thdl diGited nn‘ﬁeia%@%%\? 956!&3% é%#ngtepﬁor for 72 hour3Orhéld

collected yia suction filtration as ch was use
without fu the9'°d"°tWasth%U?‘?'T‘F?:&Ff'@fﬁt“lﬁ‘rasérfﬁ"i/@rzég '1473 W‘?"Q, 92.1 percent).
9c) Preparation of

chl or odi net hy|Examble® 7- t et r ahydr o- 2- et hyl - 3- phenyl - s-i ndacen-1- 1 0
yl)sil ane

(6-Met hyl - 7- phs A2 J,

0. 07068 nol es) _u Ton of
Me[err] SiC [ er¥ Alao
[err]C. This rdimx 3 sHelodave Rimdimeal
After the react i on per| od the vol atil es were rem)ved and the residue

extractedignd filt e HRi (Q@%,@;) -1 hﬁﬁ‘n%g@ 1-5, ,45 %EH}V@% 69ftetiaﬂ9dr9§)§ad?rﬁe hyl-s- ow

resulted in the iso atlo
oi | (23.0231 dndaggn 1y1§g¢r@@mt9(2 )-N] titanium (9.8 0 g, 0. qap@iggrr%ﬂlesa,waﬁftlrred in dlethylether
N-(1.1-di met hMBtEtnhyés)MéMdBrdt) oBt4ay Imoles( d.46mb of3.0 Méoﬁ:hyrdlh@heﬂ'iylmiehwtas&dded

D b met g A0 TSRSt s Ay oo i o plafs o,
(5.3483 g, 20 femevegfsmem'@@)e%@e%andrﬂﬁeﬁd uﬁnmawe F(efma'rﬁtsheéexmrf%#teq
(2.2579 g150. GR3Isonmibred thexdisdiréd product as arDethiteadlid (©.244 9 %A IWpeicent), 02721

nol es) were added. This m xture was allowed to stir for 24 hour s.
After the reaglLop.Reriod the mxture was filtered and the volatiles
renmoved resul tTn the isolation of the desired product as a

yell ow oil (5. 4118 g,
rN- (1. 1-di net FAHEEHSA
met hyl - 3- phenygetis
N-(1,1 dimet
- di net hyl -

1- yI)sHanam ne (5 4118 g, O. 01441 nol es) was stirred in hexane (100 nmL) as

91.3 ercent) 9e) Preparat|on of
hlaro]? lathwl)- h1-gimethvi[1 2.3 §:7ctatra)

nBuLi (0.032 [T 16.00 nmL of 2.0 Msolution in cycl ohexane) was
added slowy. This m u- tdmen allowed to stir 16 hours. After
the reaction period the de G product was isolated as a pale 30 yel | ow

solid via filtration whisch;wa d wi t hout further purification or
anal ysis (5.2255 g, 93.6~ Ny’ percent)

-37- g

9 P ration_of s-indacen-1 - hydro-6- \-7-

20

s-Indacen-1,2,3,5-tetrahydro-6-methyi (1b)),(20.00 g, 0.0174 moles) was stirred in
diethylether (200 mL) at 0 °C under nitrogen as PhMgBr (0.150 moles, 50.00 mL of 3.0 M
solution in diethylether) was added slowly. The mixture was then allowed to stir at 20-25 °C for
25 3 hours. After the reaction period the mixture was quenched by pouring over ice. The mixture
was then acidified (pH=1) with aqueous HCI and stirred vigorously for 30 minutes. The organic
layer was then separated and washed with HzO (2 x 100 mL) and then dried over MgSO..
Filtration followed by the removal of the volatiles resulted in the isolation of a pale yellow oil.
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PCT/ US97/ 21585 9f) Preparation of

di chl or o[ Nw@ sdrzdoset hyl et hyl )-1. 1-dinmethyl -[ 1. 2. 3. 4. 5-n) - 1 . BCBUS97/21585

t et rahydr o- 2- net hyl - 3- phenyl - s-i ndacenl - 1-yl ] silanam nto(2-)-N titanium
(gl' é17 te'([jlr gﬁ; l % éréet%r%cg(ﬁml%as |%oqq£c{l1 Xs aLvr]i\te s:o?’sd ?dl!éwnh& (he n)ecr;;stalhzaﬂon of the yellow oil
s-i ndacen- 1- qu%“h%aﬁ?trﬁ 6{(28)90&]71d4p¢f9¢ﬂthm (5.2255 g, 0.01349 noles) in
THF (50 nlL) was 5 added dropvmse to a slurry of T|C1[err](THF)[err]
(4.9975 g, 0.0d , Cheii ) 1. S ] o Ruas al | owed
to stir for 2 hours. PbCI [err] (1 9286 g, O. 006935 ol es) was t hen added

and the m xt yfn@e@én'% g-tét%h%rh J\&h}? %%@@ﬂ 1t8| Qg%hoe&rgzés maéfs} ks S8

reaction period the ex rac?ed

and filtered Usha¥pned09enle as REHW%PO wpleg,h 0. %m&eﬁ%o Mesqlytioa ip cyclohexang)washe
i sol ation of asishay Kdde@s TR euxnIb Mﬁs tRa ladwed\wsvrtﬂaeﬁu.el Atter tHaGeddiioh pardachand

cooled to -10 s]oh9 c&lg&%g ﬁf ﬂfr?ti?rned aggg Avlhge powdger&ln%ﬁy'agm a %l&%gfa rther

filtration as B 784 CIys
Exanpl e 10 punflcat@ymameysls (1(§’f830§lln€2 ﬂlyvb{cmlt( 1
. 1-di met hyl et hyl )-1. 1- di net hyl - [1 2.3.4.5-[err])-1.5.6.7-tetrahydro- 2-

et hyl - 3- phenyé S- | Pdpgratnlof ¥hibrBH B b tdtramybifbiad-thamiisBHealisAndRbeAL €d t o
as di rreth i I{Z
met hyl - ﬁ)‘ﬁ"'sﬁsndacenyl ) (t-butyl am doy) Ti t ani undi net hyl [err]

Pre aratlon of
di ngt hyl [ N- ( 1, 1- di nétMsindTtpppy-1.28.Setravaa-s-ndaceng) ighigm(17.8305 g5 0.97@6H melps)dr
(E))l- 2;] or o[ N ( rlnah k5 DBRMs adled mdgw.e@ro_la éﬂth]ﬁ@h bamamsiar @{.8694 d\b. 656 adlddlin
chloro | - . .

723, 4 5 Lerri Hbﬁ’%%tog‘ié?ﬁw{fdp%wze RARYT Hlgied s sir ot 2028 16 oy, A tpe
- yI ] si | anani ntregctiop pefodithe oldtileswere BPYedjandhe BsBYS exttacied pndfilterert wsinged i n
di et hyl et Her (@Qaﬁ@)Th@%rh@XDﬁﬁhe(ﬁth@@%@Qtem #18 isofdtiSof ke @siréd Hroblictab Ht i on
I n dlethylether%f Wﬁéfs gﬁe %I é’ This m xture was then stirred for
1 hour. After Y¥78YsYeiw P! % GFBRErCen). ol atiles were removed and the

residue extracted and filtered usi ng hexane Rem)val of the hexane
resulted in th oPraparat i at.driivagthyh ranvdiotd-mell

resi due (0. 496 afisAacen T BaRRRREN ) -

Chlorodimethyl(1,5,6,7-tetrahydro-2-methyl-3-phenyl-s-indacen-1-yl)silane (5.3483 g,
20  0.01578 moles) was stirred in hexane (100 mL) as NEt; (2.2579 g, 0.02231 moles) and t-
butylamine (1.9898 g, 0.02721 moles) were added. This mixture was allowed to stir for 24
hours. After the reaction period the mixture was filtered and the volatiles removed resulting in

the isolation of the desired product as a yellow oil {(5.4118 g, 91.3 percent).

25

N-(1,1-dimethylethyl)-1,1-dimethyl-1-(1,5,6,7-tetrahydro-2-methyi-3-phenyl-s-indacen-
1-yhsilanamine (5.4118 g, 0.01441 moles) was stirred in hexane (100 mL) as nBuli (0.032
moles, 16.00 mL of 2.0 M solution in cyclohexane) was added slowly. This mixture was then
allowed to stir 16 hours. After the reaction period the desired product was isolated as a pale
30  vyellow solid via fittration which was used without further purification or analysis (5.2255 g, 93.6
percent).
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PCT/ US97/ 21585 Exanple 1 1 Synt hesi s of:

di chl or o] NW@982HAExyl )-1.1 .dinethyl-[1.2.3.4.5-n)-1 PCT/US97/21585
.5.6.7-tetrahydro- 2 rret hyI 3-

phenyl S-i 3,, dphi

di met hyl si | yl

phenyl - s-i nda

1la) Preparation

N (cycl ohexyl ) - 1. 1I'ﬁﬁrﬂef¥"ﬁ9m¥'§th(')r1 S-dignethyl-E 2 Hh§M-0.58, TietrahyrroR-metayiydtohenyl-

i ndacen-1 ylélrﬁaée@ﬂaﬂ]\sllﬁammto(z)N] dilithium (5.2255 g,001349 molss) in THF (50m was

Chl di h t h ph |
(ocyy O 8 ™ by Bcgge Wik RN TR (Reo7Epl k0 7 'Eﬁ)észiﬁg?wo%uﬁsis' as
NEt 3 (2. 9673 Gixiuge Ba0@pwedloss) fotDhoura rRbQi(¢ 9888: YI0aRIISandles) 685 Bey AddbdBhE5 1
nmol es) were aﬁl@ﬂdxturzﬁllo‘iveﬂ‘té&lﬂ kP a%édn@nhﬂwﬁp Af@r $k 'réactnon pelglod $e (lolgt‘%stWe%S

After the reaptlon tered e vol

ri od

r emoved "P@%q.ff) eF'H“eE ‘Ff‘é'a?tg‘gf‘%ﬂ fi"ﬁ?‘?“d‘ﬁ"‘? F?@‘ea%sﬁ?’@?i’ab?‘ elelpenggesuited

yell ow oil ( 5'"8‘%9“@“ 893 @arfoeasitleart This residue was thébsglurriedPindpeana tahd tooldd to -10
N-(cycl qruax 4 - p - | - 3-

E)heglyly S-i ndzlde ﬁ'ejd-egie]msbﬁagﬁ# 'rtl'feg??soﬁ Ni dﬁ1a Plg%fznr 1?5@'[&49 E&xd%ﬁ.‘?@(}ﬂ}f

N- (cycl ohexyl Qpﬁ_m ’ﬁr met hyl -

-(1,5, 6, 7-tetrahydr o- 2- net hyl -3- phenyl - s-i ndacen-1 - yl ) si | anam ne
(5.8969 g, O.Bxend 100l es) was stirred in hexane (100 nL) as nBuLi (0.032
nol es, 16.00 nL of 2.0 Msolution in cycl ohexane) vvas added slowy. This

m xt ure was tmﬁ%ﬁﬁqﬂ%&% n36. ’ 60;1 4 sticky
precipitate forned. The volatl e's. : o r?"@fﬁz—

resul ting pal®sy

err] 5

period 235 sthyi 3dnde N f4
powder which was used WI t hout furt her purification or analysis
(5.3101 g, 87.5 per t). 11 c¢) Pregaration of

di chl orof N-(cycl oh
.5.6.7-tetrahydro- 2-
yI]S|Ianamno(2) N tit

-dinmethyl-[1 ,2,3,4,5-] $J']\

.1 -dinmethyl-[1 .2.3.4.5-n)-1
#%5| - 3- phenyl - s-i ndacen- 1

[ N-(cycl ohexyl)-1 ,1
Ti (8HG27-t et r ahydr o- 2- et hyl - 3- phenyl -

Dichloro{N-(1,1-dimethylethyi)-1,1-dimethyl-{1,2,3,4,5-n)-1,5,6,7-tetrahydro-2-methyl-3-
20 phenyl-s-indacen-1-yljsilanaminto(2-)-Nj titanium (0.6774 g, 0.001376 moles) was stirred in
disthylether (S0 mL) as MeMgBr (0.002760 moles, 0.92 mL of 3.0 M solution in disthylether)
was added slowly. This mixture was then stirred for 1 hour. After the reaction period the
volatiles were removed and the residue extracted and filtered using hexane. Removal of the
hexane resuited in the isolation of the desired product as a sticky yeliow-red residue (0.4965 g,
25  79.9 percent). '
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25 I ndacen-1-yl]silanam nto(2-)-Ndilithium(5.3103 g, 0.01284 noles) in
THF (50 nL) was added dropwise to a slurry of Tid[err](THF)3 (4.7570 ,

g, 0.01284 ) edidsn THF 100 nlL). This mixture was al | opegisorsises
for 2 hours. PbC[err] (1.8896 g, 0.006795 noles) was then added and the

- 39- 03
PCT/ US97/ 21585_%

m xture allowed to stir for an additional hour.

After the reactlon perlod t he voI atlles ver e rem)ved and t he residue
extracted and eYlinesiss hiorg Clokexp)-1.Relimeliad-[10%.3.4.64 > BoLPin®

in the isolatig ohend f-'aﬁ-k- ik -fmn A:NHitaitn u:uL-l 2d {o B84 |£| [f n -f. -3-
hexane and cooled |tcg- 0 err]C._ e dgesir ed BSTOCUCT

i sol ated via f¥ee¥erpdagendi(cyclohexyiamidalitaniumdichiodde § (3. 0765 g, 5 46.2
percent). Exarrpl e 12 Synt hesis of: dinethyl [N-(cycl hexyl) -

1.1-dinmethyl-[1.2.3.
phenyl - s-i ndacen- 1-y
di met hyl si |l yl ( 2- nethyl

5 err])-1.5.6.7-tetrahydro- 2- net hyl - 3-
.-. negf2-)-Ntitanium (also referred to as

phenyl - s-i ndacenyl ) (cycl xylhami )T| tani undi nethyl [err] 10
Di chl or o[ N- (cycl ohexyl ) -4 l-d),ﬁ‘bcf -[1,2,3,4,5-[err])-1
, 5, 6, 7-tetrahydro- 2- net hyl -3N phenyl -s-indacen-1

di et hyl ether (50 nL) as Br (0.002760 noles, 0.92 nL of 3.0 Msolution
i n di ethyl ether) added slowy. This m xture was then stirred for

-yI]S|Ianam nto(2-)-Ntitani gm(o. 7164 g, 0.001382 noles) was stirred in
1 hour. Afer the reacti’on period the 15 vol atil es were renpoved and the

resi due extracted and filtered usi ng hexane Renoval of the hexane
resulted in thtda : JiREHE U Ol 5ES7-RtrSvdFIY- mbivl-QWR &R
resi due (0.51084Ben-1-vi) sitandrhing percent) Exanpl e 13 ynthesi s
of : dichloror

.2-di methyl ethyl)-1, dlneth'}{a L err%‘r 1.5.6.7-tetrahydro-3- 20
phenyl - s-i ndacen- 1-§9resimainyii 5, -5(‘9253)‘3“#(9‘?1’&931&{! pivgnat-ssipdacendrylesiianan(9a)

di met hyl si | yl ((3-5p4eg)Pl01633 moles) wasrsd:ecdanh&xane (100 mL) as NEt; (2.9673 g, 0.02932 moles)

-yl) (t - butyyl a@n@%}é[dh%%dﬁﬂykpéyﬁ | 16165k Glof e]s) were added. This mixture was allowed to stir
for 24 hours. After the reaction period the mixture was filtered and the volatiles removed
resulting in the isolation of the desired product as a yellow oil (5.8969 g, 89.9 percent).

15 N-{cyclohexyl)-1,1-dimethyl-1-(1,5,6,7-tetrahydro-2-methyl-3-phenyl-s-indacen-1-
yl)silanamine (5.8969 g, 0.01468 moles) was stirred in hexane {100 mL) as nBuli (0.032
moles, 16.00 mL of 2.0 M solution in cyclohexane) was added slowly. This mixture was then
allowed to stir 16 hours during which time a sticky precipitate formed. The volatiles were then
removed and the resulting pale yellow solid sturried in cold hexane. After the reaction period

20  the solid was collected via suction filtration as a yellow powder which was used without further
purification or analysis (5.3101 g, 87.5 percent).

[N-(cyclohexyl)-1,1-dimethyl-[1,2,3,4,5-n)-1,5,6,7-tetrahydro-2-methyl-3-phenyl-s-
25 indacen-1-yl]silanaminto(2-)-N]dilithium (5.3103 g, 0.01284 moles) in THF (50 mL) was added
dropwise to a slurry of TiCls(THF)s (4.7570 g, 0.01284 moles) in THF 100 mL). This mixture
was allowed to stir for 2 hours. PbCl, (1.8896 g, 0.006795 moles) was then added and the
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PCT/ US97/ 21585 13a) Preparation of s-hydrindacen-1
(2H) - one-'3. 08871193t r ahydr o | ndan (94.00 g, PETAGSH2188P es)
and 3-chl oropropi onyl chloride (100.99 g, 0.7954 nol es) were stirred

in CH err] d [ emikdure(aiWedth stirtbr h ddatibddrnés. Altdrherbadtion peidddfe SlatibsWerd

nol es) was added slo unde nitrogen flow._The xture was then
ol oved to ot 1 Prayedsg e Tpailaleded it Beset Bliayokien cRemvalon el endd spved
removed. The nihsheusoéatiomsS a dasinresided. eThig residud wasrthdd siurdectio hexameraad ecbled to -10
Herr] SO err] «50fe tsred haWhiot wad tefl idoftdd vid fthtibiad £ FedRhisRNing kol (3.0765 g,
preci pitat § T%e2 m xture was then |eft under nitrogen for 16 hours
at 20-25 [&r]CPAEMi xt ure was then heated to 90 [err]C while stirring.
After 2 hours crushed ice was added and the mixture agitated. The m xture
was t hen Exampleri@f erred to a beaker and washed with Herr] O and

di ethylether. The fractions were filtered and 1 O conbi ned. The m xture
was extract ed g¥niBsiEbedimk® PO TANE Ay W P AR E Gy 1 VST 1 8

separated and olatil i € C \ nen 1sol at ed
Vi a re € indacel sil N Wiitarum (3 seferrad tg as dimethyisi 1{2-me
crystals (22. Yhegd-sriadenpiitwiihbXylamido jumbiBiekhyl Pr epar ati on of
s-1 ndacen-1. 2. 3. 5-t etrahydr o- 7- phenyl
s- Hydri ndacen- 1( 2H) - -3,5,6,7-tetrahydro (12.00 g, 0.06967 nol es) was
stirred in 15 die r (2991 m.) at O[err]C as PhMgBr (0.105 nol es,
35.00 nL of 3.0 Msolu &3 di et hyl et her) was added slowly. This

m xture was then all owed t *r 16 hours at 20-25 [err]C. After the
reaction period the m xtWss waSTideenched by pouring over ice. The nixture
was then acidified (pg#l) with HO and stirred vigorously for 2
hours. The organic |ayer wag then separated and washed with Herr]O
(2 x 100 nL) and then dri over MgS err]. Filtration foll owed 20 by the
removal of the volatile ulted in the isolation of the desired product
as a dark1ieil (14.68 g, 90.3 percent). 13c) Preparation of

(7-phenyl -1.2.3.5-tetrahydro-s-indacenyl)lithium .

s-1 ndacen-1, 2, 3, 5-t i - l. (14, = Q. tirred
i n hexane ﬁl@%ﬁoﬁgﬁqﬁbﬁﬂﬁ%ﬁ‘."1%%'5"[ﬁ'gﬁgtsﬁ-%&g.éé%%ﬂ%g&%% %eqﬁ)(‘%bl ution
i n cycl ohexanehenyks-inghesnt lyyilsianaminti2-orN]tiEmius 9i718419.0.004882 melas)ayasstised ino
stir 16 hour s.diethyietier [50enil) @8 MaMyBr LR00296b hiiBs, DR infl. IMBD M solution if Bielhfreingd Vi @
SUCF | on f ! 't rav&a's%gdeads slo%vy ell Ii OV\f tsu0| ; éjsztg’m s(ilh 93%31 %gedf@n %{Fo%[actgow;}engJ tiq
purification or halVAsTRIupe was tpenstired fof 1 hour, Ataripe T 3d)
Prepar at i aﬁ ofvolatiles were removed and the residue extracted and filtered using hexane. Removal of the

chl or odi net hylHetarfe.résuifed iR tHeaboiatoR oPthe 8%l pRuldidas gﬁbk% lowsred ARRIue (0.5102 g,
(7-phenyl -1, 2’7';’35156'50%%6 ahydr o-s-i ndacenyl )l ithium (12. 2075 g, 0.05102 noles)
in THF ’ ’

X e 1
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30 (50 nmL) was added dropwi se to a solution of Me[err]SiCl[err] (19.5010
g, 0.1511 noles) in THF (100 m) at O [err]C. This m xture was then
al | oned tovwoiogrles20-25 [err] C for 16 hours. After the reactPioIs97/21585
period the volatiles were renoved and the residue extracted and filtered
usi ng hexane. , of t he hexane resu ted in the isolation of
the desired prét Lo s : 6./-te g 91.1 percent).
-41- WO 98/ 27103

PCT/ US97/ 21585 Indan (9HAND)g, 0.795¢ pwiea} arrd-ehfioropropionyl chloride (100.99 g, 0.7954

N (1. 1- di et Do beb sibrsk HOREE b0 L ok o Cla 1515620 6730 AOREY haadded

O % ot et Ly PRV ARGET 2 Hiegen oy, The e e teenalonecin s 42625 1962 pawe:s 77

g, 0.033225  The volatidseeye thes repioved. €thei mixtheweasehantboledrto)0 *OsariiEbhaantrated 3. 5123
g, 0.03471 nmohgsy, @6¢miy schWl)V écﬁl@j F@ultﬁq in fér%a@cgn rechntQ§5 Q‘ﬁe MRl )JvaW'[eﬁ left

added. This m xture was al

reaction peri B3 AR #ﬁéwasat £0-B3 &r- eweam'awwso'aﬁndlaﬂee& % Tro\hilg stiring.
resul ting i n Aher 2 iwatsainishad ice was addat] ahll thedaigtureaitped dihetmigtareavais hivenk

red-yel | ow O' rﬁ% ﬁ?{%b%kﬁﬁ%d@agﬁémmgﬁ and dlethyleth:ezf'}he fra'&::)lr &l Vet ﬁltg%d%fnd

[N(21.1
- di net hylfq 1. 2"’3"‘@?“5 PEFP’]“)'?I’%G’GW&‘FM@ »2epmL). The orgapie fayervasitigfacen- 1
-yl ]si I anam ntefaratga AMddind vdidiiies i@movel. The desired produbk wds then létblﬂ@di Bl ethyl)-1,1

y?l) gF It Q%Lam nFeejc {y?ﬁﬁ%%ngé%ﬁﬁ\s)\éggéﬁ h?eg% yﬁ‘ g'gﬁ E?zzéz e grﬁgm 100 m.) as

nBuLi (0.070 m)l es, 35 00 m. of 2.0 M solution in cycl ohexane) was
added sl ow y. 19 s Prapasationotglrdacensh.2.9.5-tetrahvdtorTogheavit o stir 16 hours during
which time no salts crashed out of the dark red sol ution. After t he

reaction period the-Hyodraiaténer2ijesne-3;REDved@hydisl (12106 gf €663 encips) whd stined ihed

wi th hexapgp (§1eﬂ1¥IEther (50058}.{%'1)0‘*0 Z?Shﬁ?ér‘ioﬁﬁéjm&giis%ﬁ ﬁ%a@ﬁ&}mﬂf&ﬂ@ﬁd dry and

used wi t hout catio
percent). dlethyletjjg@)vas paded slowtyi dhis arixtare wes dien[afewet. tq_stlr 16 hours at 20-25 °C.

- di et hyl et hyAjterthelregtitior b&jod-tHe mikturelwas dhiehcte@by bouking ofler e, The mixture was then
tetrahydro-3- ?ﬁcﬁ{%{ (P'FQI ﬁ)%ﬁ%&nan]d stIX'LA bérg&?ﬁop@ FI(RJ(’SZ _'l)h_e Ig]'gtahng ‘i’H}LxLW&s then

[N-(1,1 -dime

-di met hyl - [ 1, iePafaliedsanFevaﬁq@ch_«_thB*z@ (2 x118@ mbhgnsk thergirigh evRf IMaSO..n Gilielian foljawed
1-yl]si | @am B} Bk Zemovh] o tHel vVolRtile§tes ditea FPihe tholablordf Aeddediddasidductas Htark 60 L)
was added dro 6% to a slurry of TiCd[err](THF)[err] (4.5005 g,
0.012124 nol esg} i OrPE3 PEBH™L) . This mixture was allowed to stir for
2 hours. Pbd [err] (1 7136 0 0 006162 nol es) was then added and the

m xture 3] goaration of {7-phemy Aetrphydressdndaeepyblithivp t er t he reaction
period the voIatlles wer e reaned and t he resi due extracted and
filtered using tol ggidacenRE2B5abtrabidrblrphbM (RIE3 essdmeﬁblesnwhmxrras in hexane

| solation of @F f’r@)( srrr?éJngeosomllfg )"Oe&:, dgllil 8f é’\@ M oh‘;ﬁé‘n IE ﬁ)zc orhie:?a(?lﬁj \Pasgs%me and

cooled tq O 5ire Poduct oWas
filtrati & asa%Feﬂeablb rigitTe wag then pliqwed teelr i18 heurs.5Aften the reagtionsperiod the solid was

percent). Fi gedliectéd vig sidiien AtrdtdM as b ysiloM sofid WhiEH Wiscused withvat faang ip@ification or

analysis (12.2075 g, 81.1 percent).

(7-phenyi-1,2,3,5-tetrahydro-s-indacenyt)lithium (12.2075 g, 0.05102 moles) in THF
30 (50 mL) was added dropwise to a solution of Me;SiCl, (19.5010 g, 0.1511 moles) in THF (100
mL) at 0 °C. This mixture was then allowed to stir at 20-25 °C for 16 hours. After the reaction
period the volatiles were removed and the residue extracted and filtered using hexane. The
removal of the hexane resulted in the isolation of the desired product as a yellow oil (15.1492
g, 91.1 percent).
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-42- WD 98/ 27103 :
PCT/ US97/ 21585 Exanpl e 14 Synt hesi s of dinethyl %N— _%1. 1

- di met hy| eM@A8270031 -dinethyl-[1.2.3.4.5-[err])-1.5.6.7-tetrk g 7/A1585
phenyl - s-i ndacen- 1- yI ] si I anam nto(2-)-Ntitanium (al so referred to as

di et hyl si | yl (13ephesrgpars LAGA itre idraBipamliget hyl
[err] . A-viisil ine Drchloro[N-(l 1 -di rrethylethyl

-dinmethyl-1 -[(L23 4, 1)-1,5,6,7-tetrahydro-3-

phenyl - s-i ndacen 1 -yl ]sr | anam nat o(2-)-Ntitanium (0.4970 g, 0.001039

mol es) was stirred Morodimethyiffi. %8 Ryeteahydse-3(phenyksjndaceniiyigiane((10.8277 0, AHB3R2

0.70 nL of 3. Gndvsy labibtirfa in hbﬂh@hhu |nrf£§ B@Nista\(@mza g, 0.038AdRsles) kANU- Uutyréﬂhhs

Dot ati Tea 3 o 12Bg74 4 0idBEes Mbjed) iio% e, Tk Ais pERAIGR 0T 17 Ro bhsr At
hexane. Renov athe @ﬁctton oetinshthe mixture was filisrad anddhs yelatilee rémayed resultingin thehigolation

desired producsk tadesiredrstRbt 68 thier(vreaq)errddv 614858 o) 88 FQertent). percent).
Exanple 1 5 Synt hesi s of

drchloro[N-(cy1L : Wyl . 3.4, 5 . 9.6, 7-tetrahydro-3
- phenyl - 1 HTORCeT= =y St afrar Ao MY cipmt i - .
as di rrethyIS|I -5 {iruay ilamel A ilithi
yl (cycl ohexyl am do) Ti t ani umjl chI ori de [err]
10 N-(1,1-dimethylethyl)-1,1-dimethyl-1-(1,5,6,7-tetrahydro-3-phenyl-s-indacen-1-
yl)silaneamine (10.6551 g, 0.02947 moles) was stirred in hexane (100 ml.) as nBuLi (0.070

moles, 35.00 mL of 2.0'M solution in cyclohexane) was added slowly. This mixture was then

allowed to stir 16 hours during which time no salts crashed out of the dark red solution. After
the reaction period the volatiles were removed and the residue quickly washed with hexane (2
15 x50 mL). The dark red residue was then pumped dry and used without further purification or

analysis (9.6517 g, 87.7 percent).

[N-(1,1-dimethylethyl}-1,1-dimethyl-[1,2,3,4,5-1)-1,5,6,7-tetrahydro-3-phenyl-s-indacen-

20  1-yijsilanaminto(2-)-N]dilithium (4.5355 g, 0.01214 moles) in THF (50 mL) was added dropwise
to a slurry of TiCls(THF)s (4.5005 g, 0.01214 moles) in THF {100 mL). This mixture was
allowed to stir for 2 hours. PbCl, (1.7136 g, 0.006162 moles) was then added and the mixture
allowed to stir for an additional hour. After the reaction period the volatiles were removed and
the residue extracted and filtered using toluene. Removal of the toluene resulted in the

25  isolation of a dark residue. This residue was then slurried in hexane and cooled to 0 °C. The
desired praduct was then isolated via filtration as a red-brown crystalline solid (2.5280 g, 43.5
percent). Figure 2 is the X-ray crystal structure of the complex.
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1 5a) Preparation of N-(cyclohexyl)-1,1 -dinethyl-

-(1.5.6.7-tetrahydro- 3-phenyl -s-i ndacen-1 - yl)sil anam ne 20

Chl or odi netygloga7193 6, 7- t et r ahydr o- 3- phenyl -s-i ndacen-1 -yl ) sSPCHUSITASEH23 .
g, 0.01182 nol es) was stirred in hexane (100 nL) as NEt[err] (1.5136
g, 0.01496 mlw cycl ohexyl am ne (1.2107 g, 0.01221 noles) were
added. This mXture was allowed to stir for

-43- WO 98/27103

PCT/ US97/ 215853
was filtered

of the desi reqnpr %gg&ﬁﬂgi 8 %!SH'!QWU oi!il ﬁ 4I 3313 g, 94 5 per cent)

15b) Pr epar

[ N-(cycl ohexyl)-1.1-dimethyl-[1.2.3.4.5-[err])-1.5.6.7-tetrahydro- 3-phenyl -
S- i ndacen- [lanam nto(2-)-Ndilithium 5
tra
7

N- (cycl ohexyl)-1,1 - 4,5 6,7-te hydr o- 3- phenyl - s-i ndacen-1
-yl )silanam ne . g, 00111 nol es) was stirred i n hexane
(100 nL) as nBuLi (0.024 Mpihte, 00 ML of 2.0 Msolution in

cycl ohexane) was added sto %/Thl S mixture was then allowed to stir 16
hours during which tine a stfcky precipitate forned. The volatiles were

t hen renoved and t he resulting pale yellow solid slurried in cold
hexane. Af ger t he reacti on riod the solid was 10 coll ected via suction
filtration“as a red crystalline powder which was used without further
purification or analysis (5.3101 g, 87.5 percente 13c)
Preparation of Dichloro[N-(1,1-dimethylethyl)-1,1-dimethyl-1-{(1,2,3,4,5-1)-1,5,6,7-tetrahydro-3-

di chl or o[ N- ( c\ypksynexiahdenls- wrsdamﬁavd(z-;-nptéah@n @14@759[@0051]0)39 ﬂnofesﬁwa?sgtiaba ahydr
E);\I' (cycl ohexylt?g@‘%‘ker?sol rglgaa%%el\}gBr)(d JJ(E1 mor?esnb 98 9.(0% 3)0 I\Il}llsélut o% 4 rTi'l'vylether) was

- di met hyl - [ 1, Bddedisianly.eThig pixturgwas thep stirresiigrol eus- Mtes thel reactipm period e volatiles
yl]si | anaOnt afe?d derdiliét Aridthé wmaﬁéeﬁﬂa%édgmd DO MBS, Remolhifor thetheldne Was

ol 05) 1 ' TH P e SaiR ottt d'd ol P i 8 7 5 0

hours. Pbd [ errefceft).. 5373 g, 0.005529 nol es) was then added and the m xture
allowed to stir for an additional hour. After the reaction period the

vol ati |l es wer eexapprved and the residue extracted and filtered using
tol uene. Renoval of the toluene resulted in the 20 i solation of a dark
residue. This [ coh i Sl D ane, i € err] C

The - desTTET
crystal | i A@ sdidaden-
Synt hesi s of dj

-dinmethyl -[ (1. 2. etrahydro 3- phenyl -s- 25
i ndacen- 1- yI]sHanam nto(2-)- N]tltanl um (also referred to as
di et hyl si |l yl ( 3-phe indacen-1 -

CeHs

\Si TiClz
—

\N/

20 Chlorodimethyl{1,5,6,7-tetrahydro-3-phenyl-s-indacen-1-yl) silane (3.8523 g, 0.01182
moles) was stirred in hexane (100 mL) as NEY; (1.5136 g, 0.01486 moles) and

cyclohexylamine (1.2107 g, 0.01221 moles) were added. This mixture was allowed to stir for
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) (cycl ohexyl am do) Ti t ani undi net hyl

i chl or o[ N-(cycl ohexyl)-1,1 -di net hyl -

(1,2,3,4,VQesrny3 1, 5,6, 7- tetrahydro 3- phenyl - PCT/US97/21585
dacen 1-yllsilanam nato(2-)-Ntitanium (0. 5581 g, 0. 001 106 nol es) was
r

i

d di et h
g 0 rMesoi L‘t | l)ﬁ éllmogfse?’ﬁer the 2 feac o(w%kgn(m'th dﬁr\%n%%&@sﬁﬁtﬁ a99 %ﬁ\{ olg llFﬁ I;efnﬁ}{eed Rﬁ&r@""g
then stirred fdP! 'sﬁ’tf‘d?" °WFQ %ﬁs'rechrerow@am Yaiow ek €4@§1Q 9»&94\5cnemehl)es wer e

removed and the residue extract ed and fil ter ed usi ng hexane Rermval of the
hexane resul t edsb g-[tles 5 © 0ll ;

yel | owred rem%%&ﬁﬁﬁiﬁmem).
-44- WO

PCT/ US97/ 21585 reparation of dichloro[N-(1.1
-dimethyl etRyl)-1.1 N‘H’Vﬂ%’t‘w} T M"mezhvkt 4,56, [/é@ttaryc(res-ahqnyes indageatiysianamine
5. 5. 8. 8-t etr ands.n§13-g3 0jpierTyrhelds) was stirred in hexane (100 mL) as nBuLt (0.024 moles, 12.00 mL of

i ot myl &1 11 (MR PR ey Soed I b e o e o510 1
5 but yl am do)h?P‘ts gﬁql@MIc&lﬁm@ra giisky prpeipitaje formed. The volatiles wereltfier) remByeeizmtiatid on

of 2.3.5.7-tet nradupiely ﬁal@yeﬁloﬁs@hdﬁlrﬁéiﬁﬁﬁ@d’ hexkndaARENAS ife)abtf&q%gndh th&EHRd was
A sol utiony tetranmet | ene ?%’g .. 0.29

f h
nol ) and 3-9 %OI%C%H%B sua'f’oﬁ?{%'ﬁ‘iﬂ as(ﬁfﬁ%??’ﬁ@“"{%"?wgﬂ Vy"l’? Z@sr‘f‘ﬁﬂw'thﬁ”‘rﬂé'f'}?yl ene
chlori de (50 mp)’”fm@"a’ddwstsd5é1@1tQ,Iﬂiéabetbént) sol uti on of al umi num chl oride
(39.9g, 0.3nmol) in nethylene chloride (200 m). The m xture was

stirred at 20- 35¢) erw;ﬂ@aft@ otZdidMord) (¢ BLAM§E
chl oride | ayer VRS e tnec, nagneS| UM SUTTaT & & he

vol atil es renpved 200 The oil was added to a
stirred solution of concent rat ed sul fUI’I c acid ( 300m) and heated to 70
[err]C for 5 hr and[NfeyelohexylB0,1{dimethyG[12)3,4,5-nh 5,6 etrahyaotd-ghenylisiidaeen-1as

et hyl ene. ﬁ?ﬁ”@"""%’ﬁm‘i‘? AL ERel) 5B‘df’%tf*”@sgﬂef**ﬂ%n%hf‘?a%%ga%r°%w S

TR (3,8985 g4 001062 molep) im HHiF O AN Hrieimixture was

vol atil es rem)\Pe‘d

filtered to yi ellcavetiwestipfoodhiotrs.aBb@, 13379y G0U552H rodted is B@n aadda@’nﬁ@(@r)uxture
17b)  Prepar at hjhelto stir Rr 4n BdcitfoREI Y Hidr tRe Readtich ofdd RTINS ward L Ved aha
%e residue extracted and filtered using toluene. Removal of the toluene resulted in the

20  isolation of a dark residue. This residue was then slurried in hexane and cooled to 0 °C. The

desired product was then isolated via filtration as a red-brown crystalline solid (2.7655 g, 52.0
percent).

H Benz(f)i nden

25

Dichloro[N-(cyclohexyl)-1,1-dimethyl-1-[(1,2,3,4,5-n)-1 ,5,6,7-tetrahydro-3-phenyl-s-
indacen-1-yllsilanaminato(2-)-N]titanium (0.5581 g; 0.001106 moles) was stirred in diethylether
(50 mL) as MeMgBr (0.0022 moles, 0.74 mL of 3.0 M solution in diethylether) was added
30  slowly. This mixture was then stirred for 1 hour. After the reaction period the volatiles were
removed and the residue extracted and filtered using hexane. Removal of the hexane resulted
in the isolation of the desired product as a yellow-red residue (0.2118 g, 41.3 percent).



2,3,5 7-tetrahydro-5,5,7,7-tetranethyl -1 H Benz(f)inden-1 -one (1.74g, 0.09
nol ) was 20 di ssolved in tetrahydrofuran (50m) and treated with a

sol uti on ‘ofwplgnyles magnesi um brom de (10m of 1 M sol utkGERIUSIV/ZEEHS)
and allowed to stir for 1 hr at roomtenperature. The reaction

m xt ure was pqﬁgﬁﬂmigéo wat er and extracted with benzene. The benzene | ayer
was separ at ed d dried over magnesi um sul fate. p-Tol uene sul fonic

acid (0.05g) was added to the benzene sol uti on and refluxed for 2 hr.
The reaction niiepa of dichloraiiN-(1 11 dimethylethw)-H ddiseathyl-tea biE.7.8-dalabydr

bi car bonat e so.gBj eie-90 : TE A ACA T, hOWH @5 OUS
magnesi um sul f at e an j Lel d gh product as a ol
(1.8g, 62 per . 0 et

-45- 5 WnerdmpiddTitniumdichloride

PCT/ US97/ 21585 17c) Preparation of N- (1.1 -dinethylethyl)-1.1
-dinethyl-1 -(5.6.7,8-tetrahydro-5.5. 8. 8-

t et r amet hyl - 3- phenyl nz(f)inde-1 -yl)silanam ne

5,6, 7, 8-Tetrahydro-5; traprf hyl - 3- phenyl -1 H-Benz(f)indene (0.7270
g, 0. 002404 nDIes) rred in hexane (50 nL) as nBuLi (0.0026
noles, 1.04 nL of 225 M 5 soNytion on hexane) was added slowy. This

m xture was allowed to stl.r/?’Qr /6T’rﬂ§tars The vol atiles were then
removed and the residue redi ssdl’ved in THF (30 nL) and added dropw se

to a solution of dinethylsilyl/t-butylam no)chloride (0.4917 g, 0.002967
noles) in THF (50 ni). &SYRis mxture was then allowed to stir 16
hours. After the reaction period the volatiles were renoved and the
residue extracted and frltered usrng hexane Rennval of the hexane resulted

10 in the i : he3d St #ihdan-Dbhe Whi ch
was used w t hout further pur| f| catr on or anaI ysr s (1.0037 g, 96.7
er cent 17 I 1
P di met h§/| (1. 7 g%‘ol tr(JE of"g,gﬁ%f-tla%ygio-é?é,é;.B—téttlfameM'yKrtlaphthalghé%ga,yd.fé JﬂXn‘) Lndl's-

t et r ahydr o- 5. 5ch§:r@r?p&nylmmﬁ,(37§g%rypll ip methylene chloride (50 ml) was added to a stirred
H Benz(f) il@de-sbiwiby sfidiumiiaum cradrioie 239.9g\013iriod i mathylene chloride (200 mi). NrheImidture was

- ((j|5mét gylgez Qtllr&)a' %?%20?“53&?% ahd gour?d]m foice w%ter Tlhe mejhylene chloride layer was
Lh Bons( 1) | ndceEpIen agd padaver/Baqnesiousvilae s e yaiaties tomesss to lsidasioll (839).

hexane (50 nl)Thesoil was added-ti3H biirrddGolktidh’Sf coRdentated suldridciddf 300nih didhehtdtikdrD | N
hexane) vas aCL(éE‘Tg'. 5 Mné tt@n)&; w %@é hr. tThe reatcg%rpm%ulreo\)g%%]otuped%{ﬂ%: rwa?e@ ahg urs.

The volatrles re then re
esi due di15s ol aCEd Wi FEthdgne shioride 208 ile dhemstilea chieride '&Yerwes drisd over
Ti A [ er r] ( THF)hagnebiut Quifitsl &ndhe volatlles erS\Q@S Zhe FEIdGS Was dilxried i hot Hé@n¥akd

allowed to sti 2 urs., PhCl [ e t hen 20 added.

After the reac[’tF{)eﬁw’ee'?% pﬁ?@maglad't ‘T e ! amegj%é%r? recﬁ'§t<);1nd t he residue
extracted and frltered usrno toluene ReanaI of the toluene resul ted
in the isol atidE Prgpafatio 28/ riRtranyd : xagthvidphend-1iiRe indpRe ol ved
i n hexane and reflltered Rem)val of the hexane resulted in the

i sol ati ;)n of the dexs,5@detiihpdlo6ls, ABtetraniathig- WBBerdumd(eﬂ-ﬁoﬁ@@ .B4g, 5090nol) was

per cent

ot hyl [ RO 1. drssaﬁé@‘?‘%ﬁhtﬁ"fr R gsoph gl Wty Qsotion of ppenyt magnesiym promide,
hydr o- (10ml of 1M solutron rn F) and allowed to strrfor1 hr at room temperature. The reaction

.;3 F 8. E tetr arm.tdnpd wad-plo iRt YHto Wile Bhazdxiradiétiwith-behehel Tn@bRrzahdkayerwdy]sepiratetum
al SO KNnown as . . . .
di net hyl si |yl (F'PF SepRadtAen wifateg PTolugpe sRNR ST CPah KR aTasA 1 e bomsepe -

solution and refluxed for 2 hr. The reaction mixture was contacted with 5 percent aqueous

25  sodium bicarbonate solution. The benzene layer was separated, dried over anhydrous
magnesium sulifate and the volatiles removed to yield the product as a oil (1.8g, 62 percent).
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butyI am do) Ti t ani undi et hyl [err]

6- WD 98/ 27103
PCT/USQ?/?Wﬁ&Elzﬂos Dichloro(N-(1 ,1 -dimethylethyl)-1 , PCHUSAIZAS- (1
,2,3,4,5-Terr])(5,6,7, 8- tetrahydro 5, 5 8, 8-tetranet hyl -

3-phenyl - 1H- Bepg (f b |N)- L AR ARRL, %a?mgf'hg%a-i.&s?‘@. ,V,‘d—;%t%%é&é%%<gj%-
0. 001349 nol es vvas rre n dl ethyletner
(0.0027 nol es! I -4 HBenzBigdenl viislanaiine di et hyl et her) was added

slowy. This mxture was then allowed to stir for one hour. After the 5
reaction per| od t hé,87a-Tdtiahybo-85(8:8, tetramethgi-Gplebnyiie-Bera(fihdene i 7230 ged and
filtered usin |
8.002404 mole'%?%gﬁﬁtr egeﬁ\rﬂé\:@'le L.f"gs {B‘iﬁﬁ(ﬁ%nﬁ@& j{%),eldq; rﬁL B@%y 3
I

i solation of the desired
per cent) . g solution OEQ%P)BNafgdded slowly 'Bp%@gméq Vvasaligyved to stir for 6 hours The

di chl or or N- ( 1vdatissvedrdtyibetdmovd dndltheliesidhdipekisédved. i3 THF B0 rall) rahd bdded. dfopvideet 1 a
hydro- 10 2to5a &ln@oﬁff%nétmﬁg gtyfanmo ch onde g) 498 aP 0. 0(?(2967 moleg) in THF (50 mL).

H Benz(f)i nde- ananina
di met hyl si |yl ('["%m"ﬁt"f% was @eaa@wd Rt éﬁr@qw@l /étt,eéwgmcn@n Retiod the vplaliles W@y | ani d
2) t1 it Zni4um di eioved &k the residi@ésttlacted andhflltered usmg hexahaahemwawﬁh@hea@ﬁe e&:ix_n)ted g
' "ryet apt hal ene an
23 ai ot 191 - B ol 81 et oBABR 03 iR Gecl i wes TSR B Rut aer
purification or analysis {1.0037 g, 96 7 percent).

17 Preparation of dichloro[N-(1.1-dime -1.1-dimethyl- 3.4.5-1){(5.6

N-(1,1-dimethylethyl)-1,1-dimethyl-1-(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-3-phenyl-

15 tH-Benz(f)inde-1-yl)-silanamine (1.0037 g, 0.002325 moles) was stirred in hexane (50 mL) as
n-Buli (0.00475 moles, 1.90 mL of 2.5 M solution in hexane) was added. This mixture was
then allowed to stir 16 hours. The volatiles were then removed from the mixture and the yellow
residue dissolved in THF (25 mL) and added dropwise to a slurry of TiCls(THF); (0.8616 g,
0.002325 moles). This mixture was allowed to stir for 2 hours. PbCl, (0.3678 g) was then

20  added. Afterthe reaction period the volatiles were removed and the residue extracted and
fiitered using toluene. Removal of the toluene resulted in the isolation of a dark residue. This
residue was then redissolved in hexane and refiltered. Removal of the hexane resulted in the
isolation of the desired product as a dark residue (0.7400 g, 58.0 percent).

Example 18

25
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an ice-bath as solid AlC[err] (100.30 g, 752.24 mmol) was slowy added
over a 30 m nute period of tinme under a nitrogen flow at 25 [err]C
The m xt ur aveasr2Ebsrred at 25[err]C for 30 minutes and PCTAEY7TRES6 ed
to 50 [err]C for 1 hour. Gas chromatography was used to m)nitor t he

conpl eti on of i

Wagp decant ed o()\l/%‘}m’%mLﬁsE(aé!q &@gézﬂl“@’\ I é&%@gn (123 ‘{ﬁéﬁ)gs 89 ﬁhg' uant | ? E’Qtéhfé 'ﬁ"
denser oily p%E“V‘TH@%E‘@&‘H%d"@bﬂ%ﬂ“ﬁﬁﬂ%ﬁd‘%‘?fa@mK(e?‘toédi» 9801%49 m‘-’*es) was
extraction fusiesd .alﬁtmaﬁbedswhu) bs eMgBi0.0047 /0186 @.90lnL. ofBa8 MIsaluish iNaHCOB (2

x 200 nL), an H err anic fracti

dried over My &h yt%g s)&d%ﬁ’d & ﬁh%'ﬂ ewasr}stf'] ?'@qui%aﬁqd@ %B%elrg'?
removed fr8m treastien paripdthe vp@glaqs tvenegemweti land the psidue entrastedtand filtered vsiny
product as a Glfile. RemMBVd 86the ﬁb)lané Puilda |ﬂthe$s%la§orpﬁrtﬁ§égsnr¥d ﬂb&ﬂct as £ 8ark solid

H NVR d 12 4
%gms([err](% @tfb@?’[‘é?tg]) d 31. ?7 34, 19( 35, ogi) 125. 50 1(26 45, i

144. 76. GC- M5 Cal cul ated for C[err]H[err] 188. 16, found 188. 10.
-47- WD 98/ 27103

PCT/ US97/ 2158%xample 19 19b) Preparation of

2.3.5.7-Tetrhydro-2.5.5. 8. 8- pentamethyl 1 H-Benz(f)lnden 1 one

1,1, 4, 4" - Tet rresRtdigh ofich Ik Gi .

2- bronoi s

CH[err]CI?Q 2

nmol ) was sIo s ) g atvian I
was t hen aIIovved to stir for 16 hours at 20[err]C After the
reaction period the m xtuype was poured onto crushed ice. The organic
| ayer was then separ and washed with 1 MHCO (1 x 200 n),

saturated NaHCJO err and Herr]O (1 x 200 nL). The organic
fraction was then dried < pver MgSderr], filtered, and the volatiles
removed resulting in the |so at of a dark crystalllne 10 resi due.
Recrystallization from dle.t— H et 1(O[err]C) resulted in the isolation of

t he [err]H NI\/R( [err]): d 2-1.4 (m 15 H), 1.71 (s, 4 H),
2.6-2.7 (m 2 H), 3.34 (dd, rr] = 17.6 HzZ, [err] = 8.7 Hz, 1 H),
7.41 (s, 1 H), 7.76 (s, 1 H)@‘ [err]C{[err]H NWR (CDCl[err]): d
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. 15 GC- M5 Cal cul ated for
Cerr]H err] O 256.18, found 256. 15. 19c¢) Preparati on of

5.6.7.8-Tetrahydro- 2 5 5. 8. 8- pent arret hyI 1H benz(f)| ndene

(2,3,5,7-Tet r d88 gparatian g el strameitipd-2.3idihparangothalenden- 1 - one (14.89 g,
58. 08 m"m{ll% ad NaBHLer (2. Zlh% .5 0) were stirred in .
di et hyl et ( 20BenzeNe (500 mb} a1 %rgmemx BPute'm?' 639-00 g 3¢ 1 -Qenol)arseicqlestip y

Thi s m xtur e watceddathasesdiid AlCkdT00.30 o) R5324 mmbi) @as lewlp eddedwver :300minute period
of time under a nitrogen flow at 25 °C. The mixture was stirred at 25°C for 30 minutes and

then heated to 50 °C for 1 hour. Gas chromatography was used to monitor the completion of
the reaction. After reaction completion the mixture was decanted over crushed ice leaving

20  behind a small quantity of the denser oily phase. The decanted portion was transferred to an
extraction funnel and washed with 1 M HCI (1 x 200 mL), saturated NaHCO; (2 x 200 mL), and
H20 (1 x 200 mL). The organic fraction was then dried over MgSO4. The mixture was then
filtered and the volatiles removed from the filtrate resulting in the isolation of the desired
product as a clear colorless oil (53.10 g, 82.5 percent yield).

25 "HNMR (CDClg): d 1.31 (s, 12 H), 1.71 (s, 4 H), 7.1-7.4 {m, 4 H).
13c{1H) NMR (CDClg3): d 31.67, 34.19, 35.09, 125.50, 126.45, 144.76.

GC-MS Calculated for CisH2 188.186, found 188.10.
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then stirred at roomtenperature overnight. After the reaction period the

m xture was poured onto crushed ice and nmade acidic with HCl. The
or gani ¢ |'awed 9gygrAaed hen separated and washed with 1 M HQTAB7RISBSO
m.). The volatiles were then renoved fromthe organic |ayer and the

resi due refluxed in benzene (300 nL) with p-toluenesulfonic acid (0.12 Q)
using a 25 Dean- Stark apparatus until no nnre H20 was evol ved. The

m xture was t hegy, . 4+ Totrs ) A )

vol atil es were renoved e organic ayer

i sol ati on of a yel i aw-TétlametfyE2, 3siihglilohatidiens (50.007, wan(rﬁtia)eiﬁd]zci)rorgay@ufyﬁa

S?Z: (rj;ad pr OdUCBro%ﬁisg:fsg 2 q_ﬂﬁm r%s[‘re $ lrﬁdtm g?-l élﬁgﬂ(?%&ité) é')ag @%rgg&”ga 8& gH)
2.24 ( s 3 54) 36§. @,t@meg wagslpsyly agdgiqur@gr a fjitregen flow overﬁOg@m(tgs Tlhlq-v\lxtuve was then 1

H) Blﬂ%d @{Jtl%F ]6 ﬁ'&ur%Oém&ﬁ{er rbctiof Jfﬁ)d% mixtire was quﬁréb‘bnto
35.46, 42.44, 117.

2

143. 46, 145. 20 Cridried e, Tha o °'@“R/Eyﬁﬁﬂ'isl}?%{t?aaﬁa@f‘ aCfé’F?’]eH["ﬂ‘f‘r?’”iﬁ'd‘ i§°° fblnd
240. 15 saturated NaHCOj3 (1 x 200 mL) and HzO (1 x 200 mL). The organic fraction-wb8-then dried
WD 98/ 27103 MaSO... fil i f
PCT/ US97/ 85over @S0y, fi tered Sad thelgolatues removed relgultmg in the isolation of a dark crystalline

5. 6. 7. 8- Tet't ah(paidue: z“@rvstaﬁﬂ%}wﬁérﬁmw@her i‘P—IQPJEﬁﬁE'(eP)"P thaéselation phthg um sal t
5,6.7,8-Tetrahydno-2,5, 5, 8, 8- gentarreth I-l H benz(f)indene (3.103 g, 12.91
ol ) was BNMA (PGl dhbgdrfem; 15 mmg, AHIERE7 (Tn 200, 76199 Ta 6 T
of 2.5 Msolutj,0f,in a _ﬁ.ﬂ% opwi se. This m xture was then
allowed to sti dr‘é)f‘é‘rH 14?%63% ?r%?‘sng @ ﬁ\{é precipitate formned.
The precipitate \/@sgcol lected via filtration, vvashed wi th hexane, and dried

under vacuum Th HO MR (CRk): 65 18cP0nB - Bfb 32-0P 32 e 34-3: PF 81 3B 50 A28, 121.92,

anal ysi s (2. 08724018, $43.48, 144.77, 14964,688b4 V50808 - 10  19e) Preparation of
N- (1. 1- Di net hyl ethyl )-5.6.7.8-tetrahydro-1. 1-di nethyl -1-(2.5.5. 8. 8-

pent anet hyls 1 H- lem&iCaicores-fr GrbhisO 286\ a8TifGhd 256.15. A sol ution of
5.6,7,8-tetrahydro-2, 5,5, 8, 8-pent anet hyl - 1Hbenz(f)indene, |ithium salt
(3.372 g, 13.69 mmol) in THF (25 nmL) was added dropw se to a
solution of N-(tert- butyl) N-(1-chl oro- 1,1 ) I)am'ne

(3.403 g, 20.5%%werf HopLae- o Og/ae-fetranvqrg SRR I
oxtracted and - RASTIIRRe ek A S 'Ev?*@me@w ¥ on8 Ot o 28 R ol
in the jsol atiany NeBHs (82 10m $B1Saumpl) wenecstirred in diethykethea (200 Ml al Q)CIaS(eﬁtaMngl

31)9 BOPigC?g Ying) vhs- added sjowly. This mixglr& vkt HWeél g\ﬁa{rﬁﬂﬂvﬁ’} t’b]rdom thriferafile 65d 3 0

(s, 3 H, 1. 4gthﬁ stlrrgd pbro&r temp%%q.tre@vgmg‘@ Aifgr reagtxqub peg'tgd e r{\jéturelwqg)pougc]%?
(s, 1 H, 7.4lortscrushed@e and ijade AciBis wit HCL THje organic layer was then separated and
washed with 1M HCI (1 x 100 mL). The volatiles were then removed from the organic layer
and the residue refluxed in benzene (300 mL) with p-toluenesuifonic acid (0.12 g} using a
25  Dean-Stark apparatus until no more H.O was evoived. The mixture was then washed with 1M
NaHCO; (2 x 100 mL) and the volatiles were removed from the organic layer resulting in the
isolation of a yellow oil. Recrystallization from MeOH (0°C) gave the desired product as off-

white crystals (10.37 g, 74.3 percent yield).

"H NMR (CDCL,): d 1.43 (s, 12 H), 1.82 (s, 4 H), 2.24 (s, 3 H), 3.36 (s, 2 H), 654 (s, 1 H),
30 7.33(s, 1H),7.45 (s, 1 H)

13C{1H) NMR (CDC,): d 16.94, 32.25, 34.44, 35.46, 42.44, 117.33, 121.21, 126.80,
139.89, 140.52, 142.55, 143.46, 145.20

GC-MS Calculated for CighHas 240.19, found 240.15
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[err]{[err]H NWR (C[err] Derr]): [err] -0.32, 1.45, 18.15, 32.53, 32.75,
33.77, 34.50, 34.60, 35. 49. 44, 50. 28, 117. 60,

121. 53, 126.w6,98291030, 141. 47 143.18, 143.61, 147.13 BOX/YS97/21585
Preparation of N-(1.1-dinet hyI ethyl)-5.6.7.8-tetrahydro-1.1 -dinethyl -
-(2.5.5.8.8- 25 pent anet hyl -1 H-benz(f)i nden-1 -yl)silanam ne. dilithi um
sal t N(1,1 - Drrrethylethyl) 678tetrahydr011 dlrrethyl
-(2,5,5, 8, 8- pefgs aWhmtontsi oY f 428
13.66 mmol ) was stirr
14.54 nL of 2 0 ¥, 5 8-Tbtradpdior, 5.5,8 BQaatam@ /- WaBeri(lfireidnel (01081igs €2. sﬁfntrer) w%s

hour s O et hy rég ?Peﬁé&é(dﬂeew%i) g%ﬁ%hhg{ﬁjgé’@lnéf’?ﬁeﬁrf&% NP SSER u?ﬁgx%ﬁéﬁl%

vi scous. i 'S X ureresutrn ina
decrease of t hsded dwpwisey This mpte was then glipwed do stiséor 16 hours dwr"@d\fhﬁﬁht“a'ler%)n of a

yel l ow sol i d. drBeigitaks fsimede THE predipitdiels tsliebtbd Via ANEtcH, @hshed Hith Béxahé@ind dried
reaction und@?\zﬁlcgum Pﬁs mfoétgcltl I{NSS \f.'xvfaesd vwh t%rﬁ'r rx&@caﬂ%bﬁﬂaq@}[}sr& Efoéfms ts' O'?h

of the desired produ as a

hexane, dried RawRst vieldeuum and used wi t hout further purification or
anal ysis (4.135 g, 79.3 percent yield). 35

-49- WD 98/ 27103

PCT/ US97/ 33585,

- di et hyl et'hyl :
t et rahydro- 2. ReDlanes

H benz(f)i nden- 1- yI}erananato %) N-(1
-di net hyl et hyl ) - g\ i uyorgoftseq ' 5126} ygrg_ 2; ,5,@§—ﬁ@@tﬂwth¥ﬂ -1H-benz(f)indene, lithium’ salt (3.372
-(2,5,5, 8, 8- pemtiametrmydi)yid THF (25 mL) waslzeraad drppwiseto-alsotuyibn ofiN-gerabatylpN-(1-chioro-

L)oo =2 A ald D BBy 2o yteh g ST e o Qg °©

'
This m xt J%e wa gtir for 16 houer me evqlatﬂersm’erqrerrwrd anﬂﬁm fegifyg ewrfcfseamb
5.420 Mol ) waitetddaging deiade aRemoiDbi the Ré}Ané Rulted in the isdlaidriidf ehecddspadEstodit

stir for an adgi action period the volatiles were
5 HsI0RaL 6 0. 85 4 By el

renoved and the T1e€s ‘tered using tol uene. The tol uene

The solid s dri HAMGaIMNA000 ¢ A0 Te Ty UHh 156 Gy HEIRRG: 37F o1o4 64 B
desired product4®ts, AHHAEE (8,81 .20 Gord/id) 811Bis8 H.AE. 12s(UH)LBS7 ¢s, 1TH). V4 pbsy tent

yield). 20 H)753i¢rH)]HNI\/R(C[err]D[err]) d 0.47 (s, 3 H, 0.71 (s, 3
H, 1.21 (s, i (s, 1.28 (s, 3 H), 1.33 (s, 3 H, 1.36

(s, 3 H, 1. 56 (”BC{QHWIMRZ(C%E%)(ﬁosg s, 1513%2(5% 3@7%3#34@0(&6&3%1 7.78
(s, 1 IS-% {2% ]93 I—&g E(gﬁerr err

5.35, 19.40, 44550.28 197.60,321§9, 128 06g139.08514 47, 61, i 13149 76
121.62, 123.39, 124.76, 133.43, 135 38, 144.75, 146. 87 148. 74

HRVS (El, M Calculated for CJerr]JHerr]d[err] NS Ti 485.15518, Found

485. 1552 W&W&Mmmim
25 . .

N-(1,1-Dimethylethyl)-5,6,7,8-tetrahydro-1,1-dimethyl-1-(2,5,5,8,8-pentamethyl-1H-

benz(flinden-1-yl}silanamine (5.049 g, 13.66 mmol) was stirred in hexane (75 mL) as n-Buli
(29.08 mmol, 14.54 mL of 2.0 M solution in cyclohexane) was added dropwise. After 2 hours
this mixture was clear and yellow but had become extremely viscous. Diethylether (10 mL)

30  was added to this mixture resulting in a decrease of the viscosity of the solution and the
precipitation of a yellow solid. This mixture was allowed to stir overnight. After the reaction
period the mixture was filtered resulting in the isolation of the desired product as a fine yellow
-powder which was washed with hexane, dried under vacuum, and used without further
purification or analysis (4.135 g, 79.3 percent yield).

35

-49-



Preparation of [N-(1.1 -dinethylethyl)-1 .1 -dinethyl-(
1.2.3.4.5-[Terr])(5.6.7.8-tetrahydro-2.5.5.8.8- 20

pent anet hy lwélgBea3 () i nde- 1-yl ) sil anam nat o(2-)-N titani um gcwashy21568l so
known as

di met hyl si |yl (
do) titani um di-ret
solution in diletdyhetdi .-_: | reppiflinge , i

di chloro(N- (1, 1-di n'eth Ieth 1 1 di rrethyl-l-((l 2 3, 3a 9a- errl) 5,6,7, 8-

tetrahydro- N-(17; CBmSthHe‘ ‘ B¥ Srietrabydro-1, Irdimethvi(1 (3.5 S edhpentamethyi-1H-

2 é{)) rSﬁL I) an%a_m naasné@m)derh\l) Yyhdiamiring, afitnihdPsall (4.935%9) 90 mrairaoa)%THF {28 el %B!![idﬁdher
1S ur e actl on

boriod 8 ° ThAhLE At B HERERFL DA Bla . AR iadi R Do (s o, TEE S e

filtered usi ngﬂ“h‘éﬁ@mé“r fRehiaual Plfflz (1.507 g, 5. é&ﬁemmd)(‘aaﬁath?@@iﬁﬂe@ e@Ia selidtapd the

i sol ation of thgweeRlowsdhtoRNiCE & addfiorhl M&r] ANErAd rebdliodgdtiod theBblalePREfeeNt

}”58[ d). r%ogﬁgi/aﬁ! irﬁasresmue extracted and filtered using toluene. The toluene was then removed

PCT/ US97/ 21585nd the residuetsturigd ip h@%ane and filteredPrTop acldtwas driesf untieQrapeumy eedultimgein
[N-(1 .1-digmetihy Isgfamﬂ of the: dLSIFudrH?&JMtl as(ajde%? ?bdq‘mérof:r%t&lﬁr%(séhoa('ﬂag g, 79.0 percent

tetrahydro 2. a}?ﬁi 8- pent anet hyl - Benz

i nde-1-yl)sil ‘?ﬁnato(Z) N]tltanlum(also known as

di rethyl silyl ([enr g pent anet hyl acen (ght hal enyl - g(t but yl am
do)titanium1.3- H ﬁ?e?ﬁé’o‘?@nﬁ):“") 0.71 (s, 3 H), 1.21 :?j“bﬁizér(%?r@)’(ﬁ 8 (sq3 H),

- di met hyl et hyl9).33(s, A H}, di3sgs, ByH); 156 (M, & H)2.31 323 Aps[7ers, I H 5.4 (€, BHY, ai7ead)ydr o-
2,5,5,8, 8- pent@)rrethyl 1 Hbenz(f)inden-1 -yl)silanam nato(2-)-N)titanium
(0 600 g, 1.24 'nmmol) was dissolved in 50 mM of hexane. The reaction

m xture wag br Ougbéﬂ\%\i/gmﬂﬁgggl%) W& doU& 35 1]9]4Phé2$%5 &7 aaﬁf"sﬂtabg%& E?Rgd (6.2

nmol ) of piperyl ene ohce 'f'o 10
(2.60 mol , 1 976, tA1.62, I?@@%lﬂ%ﬁﬁbﬁ@nﬁﬁ@ Mﬂﬁ he6-87, 148+ i xt ure was
refl uxed for to ro srqat[gg{}%grature the reaction

m xture was fil t%ﬁ’ (Fh%'hﬁﬂcﬁat%&?r fquﬁi@PklgSl?' ¥485.15 ARR1¥8 vent was

renoved under reduced pressure |eaving 0.401 g of the desired product as a
dark green vi wl id. Yield was 68 percent. Example 22 15

Preparation of
4hexad|ene[N-(11d|rrethylethl) 12345 n) 1567

tetrahydro 2- rreeparation of Ihifd ddimathyle

-1.1 dlrreth | -

referred 20 a I-1HBen inde-1-visil i -)-Nltitanium dime als knw s

MeMgBr (1.98 mmol, 0.66 mL. of 3.0M solution in diethylether) was added dropwise to a
solution of dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,9a-n)-5,6,7,8-tetrahydro-
2,5,5,8,8-pentamethyl-1H-benz(f)inden-1-yl)silanaminato(2-)-N)titanium (0.439 g, 0.800 mmol)

25  in diethylether (50 mL). This mixture was allowed to stir for 1 hour. After the reaction period
the volatiles were removed and the residue extracted and filtered using hexane. Removal of
the hexane resulted in the isolation of the desired product as a yeliow oil (0.326 g, 81.2 percent
yield).
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(t-Butyl am do)di net hyl ([err]-2-nmethyl -s-indacen-1-yl)silanetitanium

di chl ori de (Exanple 1)) (0.300 grans, 0.72 ,nnol) is suspended in 50
mL of cycl owexssneiosn a 100 nL 20 round bottom fl ask. Ten eqBCTAISEHRESSHf
2, 4- hexadi ene (0.822 nl, 7.21 nmol) are added to the contents of the
flask faol | one and a quarter equivalents of a 2.0 MEt[err]O

sol ution of nw BuMgd (0.81 nm.. 1.62 mmol). The flask is fitted with
a condenser and the reactlon mxture i's heated to refI ux for one
hour. Upon cooHRRRjationg patadigngyiN sethylette slifpaii g

| eave a resi dustrdthad-2.535.8 BRNA

: . 1> ili“ ‘t ==lf l’—b Y ci 1l -\tlLlL v, J hl -hu ‘.5. $ 'I‘Ali
di at onraceous earth o filter ard (Celi e on.a 10-15 mmglass frit
The hexane is ¥ S i"‘ TeSz2.0.24 i!.‘,;f ametny.acenapht alenyl- H{t-butviamidait! aiumJd 3-

(g) of a bﬁommenjgnmﬂol id as the desired product (equi vaI ent to a 94
per cent yield).

-51- WO 98/ 2 i o ) i
T USo7/ 21585 Bnétﬁé’fo%xu Alimethylathy))-1, 1-d|m?§hy!- {(1,2:3,32,921)-5,6,7,8-tetrahydro

1. 3- pent adi ened*PEH: meammvm}ﬂ B‘PW'WGD-&)!'H!'%{"HWQ(’{ kN)tQa@nn(OsﬁQQ)& 1.24 rgnap)
te]E rahygr 0- 2- nidshdsoiSed iR Ba e Bf Hexihd. STHerB LA bdute Wadlbrolgfit&gdhtie (L. OTo this
referred to as

d| met hyl si | yl (Sflunor% ?16% ] ‘-suzn’a’é‘c?' Ofy‘f'?e(r’(’erbew aéj%e%o Xdii 3°H°ﬂ"ﬁ%@%‘*d‘“ fn'B'é'H%c}'
10" @80 mami 110 €648 M sasion it et vietherk rax@reswasgs@ma wrnys hour.

r1 Spgit ed Ie;( C empoagoéliagto rbam temperatu@lHé wRakAlsixt0fe wasite@a ftrﬁtsljgwaemédlurﬁ Qiz8krit,
nmo na

equi val ents of %é %‘?Wﬁﬁé%%" g%ﬁjﬁcj&ﬁe‘%‘fmﬁ”mﬁ?‘m{gﬁ ‘gg gn‘f_t ‘?eiﬁe‘ﬂ?fﬁ%fwd asa
i nst ead of t hedagk g_rgerewpwmm Yielsfwasifi® pere®ntM Et [err] O sol uti on of n- Bul\/gO
I's used. In addition, the reflux tinme is increased to three hours.
As a result, (Exdmpezof a brown oily solid (86 percent 10 yi el d) of the
desired product is obtained. The product is isolated as a mixture of the
prone and Pre L ! o f

1, 3- pent adi enes XAl = _
1. 4- di phenyl - tetrahlg LethiHstindate Jiisitendminte ) titami 3 z ) 8
-dinmethyl -[ 1. Z ﬁvlfzerﬁét )l—s-md D(tbutviamido)titanium 2.4- di _ _
.5.6.7-tetrahydr o- -phenyl -s-1| nﬁacen- ’Iyi i ['anam nf o% 3 5 - !I{l| titanium (al so
referred to as 15

di net hyl si | yl (3- pheppltylamidokiraehylh’pindtiyl-birdytenni-gzjidristimnismgichioride

. 4-di phenyl -1 (E)%a‘npplllé ﬁ?to%b%)grams, 0.72 mmol) is suspended in 50 mL of cyclohexane in a 100 mL
20  round bottom flask. Ten equivalents of 2,4-hexadiene (0.822 mL, 7.21 mmol) are added to the
contents of the flask followed by two and a quarter equivalents of a 2.0 M Et,O solution of n-

BuMgCl (0.81 mL. 1.62 mmol). The flask is fitted with a condenser and the reaction mixture is
heated to reflux for one hour. Upon cooling, volatiles are removed under reduced pressure to
leave a residue that is then extracted with hexane and filtered through a diatomaceous earth

25  filter aid (Celite™) on a 10-15 mm glass frit. The hexane is removed under reduced pressure
to afford 0.29 grams (g) of a brown oily solid as the desired product (equivalent to a 94 percent
yield).
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(t-Butyl am do) di net hyl ([ err]-3-phenyl -s-indacen-1-yl)silanetitanium

di chl ori de (Exanmple 13) (0.478 grams, 1.00 mml) is suspended in 40
mL of ntxedw@@gﬁg ina 100 nm round bottom fl ask Onep@flgsordisest of
1, 4- di phenyl ut adi ene (0.206 g) is added to the contents of

the flask fol I owed by 2.1 equivalents of n-butyllithium (1.3 nL of a 1.60M
sol ution in 20ExamRledtes). The flask i's fitted with a condenser, stirred

for 45 mnutes at 20 [err]C and heated to reflux for 2.5 hours. Upon
cooling, the m_x_s_t_dmaj. n NUS | - i e 1.5.6.7-

pol ytetrafl uoroet hyl epe Il L 8L e vol atl] es are renpved.under reduced
pressure to affof UW"_’ ety s aRen-Ta4lsiispary - 4} RNEAI88E g in 99

percent yi el d. dime
1. 3-pent adi ene[ N- (1. 1-di rrethyl ethyl) 1.1- d| rrethyl (1 2. 3 4.5-[err])(5.6.7.8
tetrahydro-5.5.8 8-tetranmethyl -3
H Benz(f)i nde- 1-yl ) IP¢ ffﬁ&trﬁ"rﬁ’at‘%'(%5Pf?{FFf"P’Fé-’Ela[ﬁﬁ”P%FP@@"V repeated gxcgpiing sat 15

di met hysi |yl ([eam\}aranmermyden&dﬁn&r&)a&nt ab.BR ARt iiskaa RadB 1 baheinaéntdoty| ) (t -
butyl am do)tit ent ad

(t-Butyl ani do) dF teHyr"’(d[‘g’P Fj‘“"éa"tmse?ff %5 Mhgxpng soistiqn of BiBULHRSE Min i mmel)
di chl oride 30 mste@EnahepZ 25 aQivalebtslof thed (BVE}L,OGsokfiornafm BuMgC| suspe nideddition, tHa

m. of m xed he)l‘é?lﬂgﬁmé R i rebQ04 [31(1}8’9% gou rT?_ AL, é%%g%l %g%f ol St orﬁ'smae@g Pg'g%rﬁ '

equi val ent ent adi ene ontents of

the flask f%r | d\ﬁ/é’blofﬁrgﬁ desitedpspeict eqratamati eFhesreshictis buﬁw lap tarnmwe(o@trs pme@hda

1. 60M supine isomers resulting from the orientation of 1,3-pentadiene. -52-

98/ 27103

PCT/ US97/ 21585 solution in hexanes). The flask is fitted with a
condenser and ﬁea"?%%'—dto reflux for 4 hours. Upon cooling, the

m xt ure was flltered u3|ng di atomaceous earth fllter ald and a gI ass frit
filter. 4-diphe Q : methyiethvik

0.197 g of an Y@y At And 1528 ihtso ) ntitdHiRe o eleRB@toMst N
what is beL [ 5
whi ch was mt-iviamy o AL COHPHE R ‘
spectrum |nd| cat ed the presence of both the supl ne and and prone

i somers of the netal
1. 3- pent adi enekﬁ?qql (28% %e?ﬁdlfnetthhm : 1‘)% d?he - {t)frt?egtaw%%cgﬁt 1 5.6.7-
t et r ahydr o- 3- pkRxaipled3) @dd8 erants, yD!p mmvamsnsmr@eczmylom}lt ¢itraixad hexgrgsdma 100 mL

referred to as rol.m@ bottom ﬂask. One equtvalent of 1 4-d|phen3fl -1,3-butadiene (0 206 g) is added to the
di rrethyIS|IyI(3 cen-1- am do

1. 3- pent adi ene rP tents of Ithe ﬂask followed by 1 %walpptp Sfrfgbtgymt@ra rﬁj?' @Lﬁ a,}H§0M solution in
substanti @0y heaned)cTndisisk @ fi&e@@rth & torf8ngeABtieddbr 45 minutes at 20 °C and heated to

t-butyl d 3- it

G chi'or i de. - onteMElsr bty poot SO sir i REs Biareaek B A I BBR T, o1
(0.3 nmL), and EOlmeﬁlajlhmetbﬂenamberﬁhe volfatiles dve teyidved {midenme(idced pressure to affordf a 1
 6OM sol uti on bRoBE¥ANSHL as H¥ladd i koifssin 89Bbibrk jiblued Wi th @ condenser and

heated to 15 r ef qu for 4 ours. pon cooling, the mxture was filtered

usi ng di atomachus egrth filter aid and a glass frit filter and the
resi due washed ith 10 nL m xed hexanes. The volatiles wer e
renoved fromthe conbined filtrates under reduced pressure to afford 0.777

g of the 25 P ion of 1,3- jonefN-(1.1-di N-1.1-dimethyl- -1)(5.6,7.8-

(t-Butylamido)dimethyl(n®-3-phenyl-s-indacen-1-yl)silanetitanium dichloride

30  (Example 13) (0.177 grams, 0.37 mmol) is suspended in 50 mL of mixed hexanes in a 100 mL
round bottom flask. Fifteen molar equivalents of 1,3-pentadiene (0.55 ml.) is added to the
contents of the flask followed by 2.1 molar equivaients of n-butyllithium (0.5 mL of a 1.60M
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product as a dark, olive green solid containing 48 nole percent of the

desired netal conplex (85 weight percent yield). The product purity
was hi gher woagrz1ib® product obtained in 20 Exanple 25. PCT/US97/21585
Pol ymeri zati ons et hyl ene/ styrene copol yneri zati on A

two-liter Parr reactor is charged with approxi mtely 360 g of |sopar-E err]
m xed 25  al ksphdion édievanss). (Emdl'aﬁdbﬁtt;edfwithm @rstenseGindrneatat! to mefiux fpr abebrsic0 ¢
of styrene conDRsHRbling, the m:xtlllrlémé RISy & Q@ﬂ%&ﬂaéﬁ @edmlflﬁ&“ajld”‘énd"g;%%tfnt filter.

control agent by différenti ressure e sl on ro

addi tion tank &te witissate removed q@li‘%t)’eduFﬁ%P'ieé%& toraffped 0netacad 2b gnmge. [dary plveand
sat urated wi t hgreen solid p@'ﬂﬁﬁf hﬁﬁ??wm wiAGs Mé@dﬁébﬂomecuﬁhﬁﬁﬂ WG @driadiene,

t of tal yst b
0. 005M Sol 5t 1 oHHeH W54 1D “CayBPe tPmisemsilsopBRr b e

in the drybox. the pegserceaf Aoth theslipine amd arel pnéned@drﬁdrydtthmdtammal yst .
(Excepting for run 3 where the cocatal yst was net hyl al unoxane in a
ratio Al:Ti of :da ) After the desired prem x time, the solution
is transferred to a catalyst addition tank and injected into the reactor.
The pol yner i zat | on cond| tions ar e rral nt a| ned for 30 m nut es WI th

et hyl ene on deréigsiss RegiadienelN-(1.2-dirgg digy 3¢
added peri odi catrh

- 53- \ .

PCT/ US97/ 2110585 opr opyT —al cohol and a
hi ndered phenol anti oxi dant (I rganox[ err] 1010 from G ba Gei gy
Corporation) is addeg 60%&16}% df ER4thrid Q@wé@lsﬂﬁét%allyp%éé@ruil P@rgaeﬁ a@r.ﬁamu) of
dried in a vacuum oven set s135[err]C hours. Resul'ts using

catal ysts of t ﬁ@"WHV‘é‘ﬁFWﬁﬁW'(’\ ‘3'Phe"é{|’%‘"§ﬁ‘6ﬁﬂﬁ‘X‘)ﬁ"al‘atﬁ?’é”@ dichicrids, one and' b el
Table 1 molar equivalents BEI113-pentadieneC(0/BThIO Xand 2.1 molaféq‘uivﬁleﬁ@@Yl[n-ﬁﬂt?!]sth:um (2.5

;t %r eneferr] mL of a 1.60M iolutlon in hexag(s&nﬁxeeﬂafgé angm(ta"ttecgg%h a condenser and rfgteg to

3* F_1>5arrpte§u>§|_fer 4 hours. Up@(cooling, the mixture wiB filfered using diatomaceopgearinifiltenajd ans

pol ymer per gféHB Iaﬁ frit filter afd the resndJMa%hPc?t(c&%%P%bWLerﬂﬁed hexanes. The volg:tllegvp‘o

cocat al yst I 'ene/ octene copolymneri z

stirred 3.8 | |‘f‘@!ﬁ rereayey emiipescambined dtratgs uRder serycey Rpssuedp afford PIFT P ofitheed

al kanes sol vengroduct as a ddri\6ivd gBéresdiié eamﬁmx@me bR 'Ebﬁ‘céﬁt%f iR Gesircdibtad 26mpleRf
1- oct ene conon t control

agent by di ffe&gemefggweﬁeég‘@%?)wg?B?HQ?'BH"'Y F"ﬁ?ﬁ"ahefg’aﬁlfhe p'°é”°{°b§?j'bqq{]?on t ank
at 25 psi ®Q 202ampRad5. The reactor was heated to the pol ynerization
tenperature 15 of 130 [err]C and saturated with ethylene at 450 psig (3.1
MPa). Approximately 2.0 [err]nol each of catal yst and

trispent af | uor paRehebidpg ane cocatal yst as 0.005 M sol utions in toluene were
prem xed in a drybox, transferred to a catalyst addition tank and injected
into the react gr. OVer

ne copol
A two-liter Parr reactor is charged with approximately 360 g of isopar-E™ mixed

25  alkanes solvent (available from Exxon Chemicals Inc.) and 460 g of styrene comonomer.
Hydrogen is added as a molecular weight control agent by differential preséure expansion from
a 75 mL addition tank at 25 psid (2070 kPa). The reactor is heated to 90 °C and saturated with
sthylene at 200 psig (1.4 MPa). The appropriate amount of catalyst and cocatalyst
(trispentafiuorophenylborane) as 0.005M solutions in toluene (approximately 2 umole) are

30  premixed in the drybox to give a 1:1 molar ratio of catalyst and cocatalyst. (Excepting for run 3
where the cocatalyst was methylalumoxane in a ratio Al:Ti of 1000:1.) After the desired premix
time, the solution is transferred to a catalyst addition tank and injected into the reactor. The
polymerization conditions are maintained for 30 minutes with ethylene on demand. Additional
quantities of premixed catalyst are added periodically. The resulting solution is removed from
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approximately a four mnute period. The polynerization conditions were
mai ntained for 10 m nutes with ethyl ene on denmand. The resulting
sol uti on WwagobgpREsd fromthe reactor, and a 20 hi nder ed pheoraIs97/21585
anti oxi dant (I rganox[err] 1010 from G ba Gei gy Cor poration) was added to

t he re ' | I IS f were dri Ln.a vacu oven
set at 120 [ orh (5o Sakhiin SbroRPAonp TR ntBleS skl Sty (BHEHS
Table 2 1010 from Ciba GeggyCorporation) isadpgedio the resuitingmiofution. éralyniers foymed are
Ml[err] dried in a vacuum @ven set at 1359@6%@h&rs Results using@R®catalysts of the iAvéhfion

5 Exarrplrash i Tabl 13 500 43 6

Exanpl e 8 °fggn Tabte 0.3 [err] kil ogranms pol yner
per gram Tii 25 melt index |[err] dg/mn Et hyl ene/

1- Cct ene Oépolyrrerl zations Fale © liter Parr reactor is charged
W th approxi mately 74yng of ene? sol vent
(avail abl e from ExxoniChem|Ca&ksmbiBqo _ g o [ENe conononer .
Hydrogen 30 was added as |aeg@h@ewhal wei gd@t; cont oI agient by differential
pressure expansion fram a 715Example 16L| addi tg®n tank at 186 psid (2070 kPa) .

The reactor was heahiegfamspblhaemkymﬁmzatlon tenperature of 140[err]C
and saturated with reolepéreerd stytenB00 psig. Then 0.5 [err]nol each of catal yst
- 54- * MAO cocgtalysB( [ err] F[err])[err] cocatal yst as 0.005 M
solutions in toluene were prem xed in a drybox, transferred to a

catal yst addition tank, and injected into the reactor. The pol ynerization

condi t i ondOwerethvismiehtoaiene dodotyinedifiioni nut es wi t h et hyl ene on denmand. The

resul ting solution was renoved fromthe reactor, and a hindered
phenol anti oxi dant AQZreHQBQ rlrésﬂ Qxsk gﬁa{r edjvgslxolﬁo g%fl o#%’ s alican ssolvent
I rgafosf[err] 1168 from rporatl 3 e res ﬁ

sol uti on. avall ?‘q“&q?ﬁ‘ﬂfa!ﬁé?‘é) Hy; 18 Ql%"Qc‘@&%ERWﬁ’BVEh Hydroggp Wfs

40[err] C for Zﬁdéd)aara;molmsarlmteg;hamﬂtrol agent byGiffetentiai@eessire BagHnsion from a 75 mL

-I\r/g:)lt e 3 (1 23ddmon tank at 25'3% (2070?%5})'% ﬁaégﬁ%)ag hfﬁ&y ([o%&r Aoéynber%%ﬁltérxgeg{tg%z

| nde
6.4 2&5 of 130 2C and sgturated wifhethyjene at 450 psigs(3.1 MPa). Approxigggly 2.0 umol eachpofs 3

Eéx - Ex. 25 catalyst ahd%nspentaﬂuoroph&wy&%%ne cocatalyst 8s d.805 M solutions in toluene were 10

conpar ati ve, # %m"éeﬁj '%?gﬂ‘[?f”é%@f's’f?rﬁeé’ P ﬁ\?@ﬁBF'cﬁ‘FgTB" tank and injected '"“Ttg? feafieTeyeL
(t-but yl ani doyapmsmatslys fourTeitute pedase The polymetizatiorn coddiions Were taintained fori 10

1 , 3- pent adi emginutes with ethylene on defnBhd. ]Tﬂégesm&lnl_/; [¥Bfidh Wis removed from the reacto[' ehd k
g/ rrL 15 5 Oont i,nu

riz
pr opy!| ene2Candingde §|Pﬁ%né’ﬁ%'3‘ﬂ%f$%ﬁ€q%8°% HEBM gﬁ@l%ﬁi{r Reielels) Y?scfﬁg %Pé{‘]e
prepar ed usi ndesulingsg@ion. £plymesdormed wefendriedtireal vacaunoyémseat at t20ECdor 20dwhigned
for conti nUOUResults are cadflfiliekiidTayi 2.F €act ant s and continuous renoval of
pol ynmer solution, devolatilization and pol yner

Table 2
Run | complex | Efficiency’ | M2
4 Example 2 1,800 0.44
5 Example 6 3,500 0.43
8 Example 8 700 0.3
kﬂograms polymer per gram Ti
25 2 melt index I, dg/min

A 2.0 liter Parr reactor is charged with approximately 740 g of Isopar-E™ mixed alkanes
solvent (available from Exxon Chemicals inc.) and 118 g of 1-octene comonomer. Hydrogen
30  was added as a molecular weight control agent by differential pressure expansion from a 75
mL addition tank at 25 psid (2070 kPa). The reactor was heated to the polymerization

temperature of 140°C and saturated with ethylene at 500 psig. Then 0.5 umol each of catalyst
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recovery, operating at 475 psig (3. e-and 90 [err]C
tenperature. In Runs 11 and 12 20 THS SEEEY HADOBEENeX used
according t YEBEM3 1. In Run 14 the netREPLARR| ex ‘S’g’g(a'%ég'ﬁ%ﬁgs

conparative conplex, (t-
but yl am do) di mendB|CsFspicoeareiystiak 0y005 Spsoitionts ik tojuehs whrapednhikett ih didrybox, transferred
, 3- pent adi enevvsc% {:;%fétf'sl? Fddmon tank, LAaqxﬁct&d)lBto%é erth> 'ﬁ% b&%é%ﬁo%ﬁdxt}on]s wke% h.

Propyl ene flo meri zat'l ons

added as a nol ér@maa’%ed\xgrﬂaﬁem%ﬁwfbﬂhﬂej@m %gnchdﬂw@de%'iﬂnaswmwaaﬁ@“@fe Jrgm
scc/min. 25  Feeeamwadnalayttidetay phbhol pRtloyidaiti(e7ahg ofRyanas™ a01ontBanagd biaryafls™
trispentaflgior

(MVRO ava 151 23 Fopt ORARRAocrbdlor) was aaed i REUlo R, et L e
propyl ene, and9MRFUR ByetumvEn sekab 1 4REQ far r?@(bo‘éfs sﬂ?ﬁj'lt%a@tcf’@a'ﬁﬂb@ﬁ@b'e 3ei ng

I ntroduced into a di luent m xture c’pg'prl sing a m xed al kane sol vent
(I sopar-E[err], available from Exxon 20Bleni cal s I nc. ) and et hylidene
nor bonene (ENB) to foRun a |@Gomplexdd Eftmshcyfi x|t urRersibdt as el indeotia)i nuous| y
injected into the readtor.| TBEPhgtal zonpl aledoghe docatéd yst m xture

wer e simlarly donbijnek.Bn |t he B&ne di | ué®89and |al s®.4Hnti nuously
injected into the readtor.| Ex.25 |The t.8actor eXié89strdam W conti nuously
removed fromthe react!®r, li ke dd wit-h catlal y§t39k| I I 0.09%wat er) and
hi nder ed bi sphenol ant@ﬁ‘??@ﬁ‘fﬁv “°"é‘ﬁ(fx?‘ﬁﬁ‘¢efdb%lﬁtﬂeﬂ“ separ at or, where

nol t en pol yner ?'O fou M)?m%ﬂﬁ?‘ﬁ'@ﬂ‘ﬂq’%ﬁ iemiptitaniira 41 1 5
nonomner s, Lydrogen ﬁT: The nolten polynmer was fed to an
extruder, fornmed mt@oiﬂn 9 %ool ed, pell etized and

55 WO 98/ 271

PCT/ US97/ 21585 collected for analysis. Details of processing

condi tions andcl rortles are contained in Tabl e 4.

Tabl e 4 Slimms PLEREEEE2AE MAO  derr] Prod. W. W %
Efficiency[err] Pol yrrer Flow Flow Flow Flow Flow Conv
rate % C[ef¥] ENB Ethylene, propylend/mod etpylidene norbornene (ERQMHprpblymehdonipykitions are

(()9?3 h) 69 (9/ h) pregare/a usu(sdﬂ/a% Lstlrred oil 1acke7ted YLBGAR! rEé’cﬁcﬁrdEllgned for c:o;rh:’nuoﬂs7 0

17.3 0.3 42add|t;98 of regefants ygd qontuluogs regyoval of pojymer solutlon, gevglatmzatton anggpolymer
13 17.3 0.2 retdéry, ofdlating¥d 475 gdiy 8.3 MP4) preaSure ahd 90 °C temperatute. In Runs 11 akt12

14 15.9 0.2, 34 2
[err] not an e&ﬁﬁfﬂ? c%'f'g?ﬁ%sedmﬁfﬁpﬁf?% a§°°'§T%3°|ﬁ?‘a'RﬂeﬂofWﬂ% tae fetat complex

(M[err] @®5 psﬁdMaﬁacAs“ﬁMaMsﬁdbﬁhp&&)(t- The resul ting pol yners not
only have si gny y&a:&rﬁ RblainebifteRangtlbhRpe addry aaﬁé.&nﬁﬁ{m@é&qa&&e lEthy}fenEhe

control, there cat i ecu ar wel speci al run
13 using a 10 flows f@faampemaxa&meswawm‘ekm rPrpmer\ﬁélp\a$ oF 8l nq%vmeméatwes was e lko/h.

82{ glat ;?2 3 ]E at ﬂydr@énétneé]c{@fég %@E?\i‘ld{&hlag\ﬂggm cgntré:l ﬂéﬁﬁka%' drﬂgéd ﬁf a floW r8B of 86 sdcBhint he
y i nvent i i u u
essential |y eqlfffsacaqst ?Qﬁ‘}@g@%ﬁ%@ H‘BF‘F%%E’? ?KEP%""@P@’HP’M“&H?WV (FAB)

i mproved. 25  and modified methylalumoxane (MMAO available from Akzo Nobel). in the process, ethylene,

propylene, and hydrogen were combined into a single stream before being introduced into a

diluent mixture comprising a mixed alkane solvent (lsopér»ETM, available from Exxon

Chemicals inc.) and ethylidene norbornene (ENB) to form a combined feed mixture that was

continuously injected into the reactor. The metal complex and the cocatalyst mixture were
30  similarly combined in the same diluent and also continuously injected into the reactor.

The reactor exit stream was continuously removed from the reactor, injected with catalyst
kill {water} and hindered bisphenol antioxidant, and introduced into a separator, where molten
polymer was continuously separated from the unreacted monomers, hydrogen, and diluent.
The moiten polymer was fed to an extruder, formed into strands, cooled, pelletized and
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nmet al

oxi dati on st ag

Tab

Run

11
12
13

le 4.

Diluent
Flow
(ka/h)

17.0

17.3

17.3

14*

VHAT IS CLAI MED | S:

conplsaxoggigesponding to the f.ormula (1):
where Mis titanium zirconium or

ENB
Flow
(ka/h)
0.3
0.3
0.2

15.9

Cat | FAB
Flow | Flow
{g/h) | (g/h)
69 78
42 | 48
120 | 80

0.2

hafniumin the +2,

[err]

+3 or

1 A

PCT/USS7/21585

+4 for nal

o‘?lécted for analysis. Details of processing conditions and polymer properties are contained in

340 | 430

; notan example of the invention
"Kg polymer/ g Ti

" (ML1.s @125 °C, ASTM D1646-94)

Table 4

MAO| C, |Prod.] Wt. | Wt % | Efficiency’| Polymer
Flow | Conv | rate |% C3| ENB Mooney
| {a/h) | % i{ka/h) Viscosity?
68 1751 ] 18| 48 77 22 30

40 | 76.7 | 1.8 | 52 4.5 3.6 25

90 | 755 | 18| 50 5.1 1.9 60
650 | 77.0 § 20| 52 5.1 0.9 2

The resulting polymers not only have significantly increased Mooney viscosity compared to
the control, thereby indicating increased molecular weight, especially for run 13 using a

10

titanium catalyst wherein the metal is in the +2 formal oxidation state, but the catalyst and

cocatalyst efficiencies for the catalysts of the invention in preparing such polymers under
essentially equivalent process rates and condtions were significantly improved.



5 R and R' are inde;H"Mﬂ M"#ﬁ!m ﬂﬁcurrence hydri de,
hydr ocar byl sil ger nyl , ) ar byl oxy,

hydr ocar byI‘%?P%ﬁ hydrocar byl si | yl am no, di (hydrocar byl ) am rﬁFTIUS”’nsss

hydr ocar byl eneam no di (hydrocar byl ) phosphi no, hydrocar byl ene- phosphi no,

hydr ocar byl suWMHAdAS GhalMEB (89St i t ut ed hydrocar byl ,

hydr ocar byl oxy- substituted hydrocarbyl, silyl- substituted

hydr ocar byl , hydrocarbyIS|Io t carb

hydr ocar byl si | yl am no- 1 g@é‘tgf)%wpq% %95{%9%8%? F‘wmmu'a :

di (hydrocarbyl) am no- subst I tuted hydrocarbyl, hydrocar byl eneani no-

substituted hydrocarbyl , Rdi (hydgocar byl )phosphl no- substi tuted hydrocarbyl,

hydr ocar byl ene- ph'sphlne substituted hydrocarbyl, or

hydr ocar byl sul fi do- sub ) eld\hydr ocar byla) said R or R group
U ™

having up to 40 f@( s~Rand optlonally two or nmore of the
f oregoi ng groups g}ﬁ&;}m a divalent derivative; 15

R'' is a dival ent hydrocgrbyl epes bstituted hydrocarbyl ene group
formng a fused syrt em w& h the renmi nder of the metal conplex, said
R'* containing from1 to 30 nonhydrogen at ons; Zis a

di valent noiety, or a npjiety conprising one [err]-bond and a neutral two
el ectron pai Mhefp Muis titgnjugh Zirceniuasr dafpiunein thetRy t5er Hdaenal exislation stage; 7
conprising boron, or a nenber of 20 G oup 14 of the Periodic Table of the

El ement s, Yand al soRtandil"iase indepententig each qebarsgmbehydtide, hydrocarisyl stiyly getrhylpXygen;

the class of e kAl HERCaBl Rl IR CGa v find AR NI, T gana
gr oups; hydrocarbyler eaging, dfifays é‘?‘\’é@bf'@ﬂ*&?s@mh%%?’b"@ﬁ%'@hqsgh'aqneut ral
ligating conplygnmgtaibgsiliid, hao-sabsifitedthydrosirbyiBhydrocarbyloxy-substituted Rffdrdcarb, silyl-

di val ent ani Owbgtltbkgﬂy'qucQHW RydlBdB\ki8-duBstfiRefhydRarby, hydrocarbylsﬂylammoD s

aelr g zer J% 1 ﬂ{bstgutegmprocarbyl di(hydrocarbyaming-gyhstityted hydrocarbyi, hydrocarbyleneamglo- The

met al conpl exsubktit(ied hyardcavdys; WithydirddarbyBsHobSHHidtRsLBitited hydtoch®yIhidPocarbylehéy I |
phosphino-substituted hydrocarbyl, or hydrocarbylsulfido-substituted hydrocarbyl, said R’ or R”
group having up tc 40 nonhydrogen atoms, and optionally two or more of the foregoing groups
may together form a divalent derivative;

15 R™ is a divalent hydrocarbylene- or substituted hydrocarbylene group forming a fused
system with the remainder of the metal complex, said R™ containing from 1 to 30 nonhydrogen
atoms;

Z is a divalent moiety, or a moiety comprising one o-bond and a neutral two electron
pair able to form a coordinate-covalent bond to M, said Z comprising boron, or a member of
20  Group 14 of the Periodic Table of the Elements, and also comprising nitrogen, phosphorus,
sulfur or oxygen;

X is a monovalent anionic ligand group having up to 60 atoms exclusive of the class of
ligands that are cyclic, delocalized, n-bound ligand groups;

X’ independently each occurrence is a neutral ligating compound having up to 20
25 atoms;

X" is a divalent anionic ligand group having up to 60 atoms;
piszero, 1, 2, 0r 3;

-57-



wherein R is as previously defined in cl |m 3. The _

metal conplex of Claim1 correspoumu ll “ Bl la: [err] 10

wherein: ' wWo0 9827103 R is hydr car byl am nopcTIsoOB21585
Vi ng

hydr ocar byl eneam no group, said R ‘ha up to 20 carbon atons,
R' is (err] hydrocarb ydr ogen; Mis titanium 15
Yis -0, -5, -NR*%'SX%&*‘Q'%“" Z is SiR[err], CR[err],

SlR*[err]SlR*[err] CR*2CR*2, CR*=CR*, CR*2SiR*[err], or GeR*[err];

R* each occurrence |'§4efﬂj@ﬂendently hydrogen or a member selected from
hydr ocar byl , hydrocarbyl oxy, silyl, hal ogenated al kyqg, hal ogenated aryl,
and conbi nations t hereof, sai d Rl err] having up to 20 non-hydrogen
atons, and optionally, two R* groups fromZ 20 (when R* is not hydrogen),

Ca 0 0UP T oMt B heerbol iy § Sharfio L BeBiohlitionis e 1

pis 0,1 or 2; g is zero or one; and
R' U 1
RI
R'—< R" or
R
R. Rl Rl R'

wherein R’ is as previously defined in claim 1.

3. The metal complex of Claim 1 corresponding to the formula:

(III)

or

10  wherein:

R’ is hydrocarbyl, di(hydrocarbylamino), or a hydrocarbyleneamino group, said R’
having up to 20 carbon atoms,

R" is C4.gp hydrocarbyt or hydrogen;
M is titanium;
15 Y is -O-, -8-, -NR*-, -PR*-;
Z* is SiR*z, CR",, SiR*;SiR*;, CR*;CR";, CR*=CR*, CR*;SiR";, or GeR*;;
R* each occurrence is independently hydrogen, or 2 member selected from
hydrocarbyl, hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, and combinations

thereof, said R* having up to 20 non-hydrogen atoms, and optionally, two R* groups from Z
20  (when R*is not hydrogen), or an R* group from Z and an R* group from Y form a ring system;
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ris zeroor 1; 5 vmlm \tﬂwjm@mﬂﬂmthat when p
is 2, qand r are zero, Mis ilm I."oxi dati on st at éﬁ?%\ﬂdlﬁs'n
the +3 . WOIBRT oxidation state if Yis -NR*[err] or -PRE%e f , and X
is an anionic ligand selected fromthe group consi sting of halide,
hydr ocar byl , hydrocgrdyl oxy.. . di (hydrocarbyl.) am do,

di (-hydr ocar byl )phosgh)?d%",&ﬁ)? r%s((:%l¥'8§/$'§‘31r'ﬂ‘"¥\do, and silyl groups, as well as
hal o-, 10 di (hydr %adl?)élrkam no-, hydrocar byl oxy-, and

di (hydrocar byl )phosg I no-substituted derivatives thereof, said X
group having up to 3 RYUPsisoHan atons, when r is 1, p and
g are zero, Mis in'the +4 formal oxidation state, and X' is a

di ani onic |igand setget®@riiy omthe group consisting of hydrocarbadiyl,

oxyhydrocar byl , and hydr ocar byl enedi oxy groups, said X group having
up to 30 ndnhydr ogewnitiathe BRoviso Hat: when p is 1, q and r are zero, M
Is in the +3 formal oxidation state, and X is a stabilizing anionic

| igand group sel ect wherfpisi® g aad gare uprockdiisin sl wigfornfal axidafibn state((bl Mkis in the +3
di met hyl ani no) f%hﬁé%kid%%h &Rl FidRIRRYd aPRIC AR J?)é'a)npal?:fb'ﬂ%wﬁamlecte from the
2- (N, N-di net hyl am nc')1)_ enz¥l,_ and . en p.and r are
zero, q is 1, WPHRCnIstngst halidefygoransyl hydrocahyioyadithydagibydamido. 5 neut r al |
20 coEj ggat edbdithydmmwwpbmhidd, rytietgroylayiido canalsliy gfoubss tab el &slhate-f h one or
nor e r r by ' ke : : .

ydr ogs Mlkhggr%ir%y)?géwmﬂl;dﬁ%mé@drtgbl&ﬁy-, Qﬁ&’&t(f\gdrg&rwgPﬁ&pﬁl%-@%&%@{egi&g\gﬁng?sex

formng a [err

according to cirafeqt said ¥ orueheras Heytord9 nonkydresenatorrs, [err]
-59- WO 98/ 27103
PCT/ US9721585 whenris 1, p &nd q are 2eEM 3 in thengdl fenmabaxddatidn stgtef andoX”as an 1

correspondi NG §ignibdiighRf SBtdcted from the group consisting of hydrocarbadiyl, oxyhydrocarbyl, and
hydrocarbylenedioxy groups, said X group having up to 30 nonhydrogen atoms,

15 ‘when p is 1, q and r are zero, M is in the +3 formal oxidation state, and X is a
stabilizing anionic ligand group selected from the group consisting of allyl, 2-(N,N-
dimethylamino)phenyl, 2-(N,N-dimethylaminomethyl)phenyi, and 2-(N,N-dimethylamino)benzyi,
and

when p and r are zero, g is 1, M is in the +2 formal oxidation state, and X’ is a neutral,
20  conjugated or nonconjugated diene, optionally substituted with one or more hydrocarbyl
groups, said X' having up to 40 carbon atoms and forming a n-complex with M.

4. A metai complex according to claim 1 corresponding to the formula:

©) @)

0. -~ 0
. o
CH37Si 'II'J-CHg)z cn3>si\l CH,
Hj \NCCH3), CHj NC CH3 ),
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E:gHLspondi ng to the formil HIIIIIJB"” Illﬂ\wﬂlﬂyl compt ex aCCOFdi({l/lgl }? cams
* L MAs

(I'X) [err] wo 9827103 - yst for ol efin pptymspi/zizss on

i ncl udi ng exclusively or nonexcl usively: A 1) a netal conplex of
Claim1, and 5 %%t gn apﬁtivati_ng- cocatal yst, 10 the nolar ratio
of 1) to 2) being from 1 TBEHTRTHIGK aperRiding tojaim 1 corresgonding forfhe fosgial on

product formed by convertipng a met al conplex of O ai mdufo gpmactive
catal yst by use, of an_actipyati _né{nt echni que. 8. The ol efin

pol yneri zat i ﬁ'@' Cl ai m 7 whegei 1 geencat al yst
r

additionally iy y or none C
%i zat i on
wst si g’dditi na) |y

trispentaf!| uor opfie ae. 15 : f

catalyst of Caim8 whareily,thdBéslvating cocatak

i ncl udes excl usively rH%ne@ usi vel y an al unoxang;and

t nspent af | uor ophenyl borane in & polar ratio from 1: to 5 1

10. A process for the polyneri 2t of ol efins conprisings cting one
or nore Cerr] a-olefins und ymeri zation conditions a
catal yst of one of Cains 7-9. 24 11. The process Gfai m 10
which is carried out under solutio lurry or gas- phase
pol ymeri zati on conditions. - 60-
WD 98/ 27103 PCT/ US97/ 21585
6. A metal complex according to claim 1 corresponding to the formula:
(VIII) (IX)
Q= = IO
. T
CH3> s ’II‘J. (CH,), C33>Si \I CH,
5 CHy “SNc(chy), s NC(CHz)y -

7. A catalyst for olefin polymerization inciuding exclusively or nonexclusively:
A, 1) a metal complex of Claim 1, and
2) an activating cocatalyst,
10 the molar ratio of 1) to 2) being from 1:10,000 to 100:1, or
B. the reaction product formed by converting a metal complex of Claim 1 to an active
catalyst by use of an activating technique.

8. The olefin polymerization catalyst of Claim 7 wherein the activating cocatalyst
additionally includes exclusively or nonexclusively trispentafluorophenylborane.

15 9. The olefin polymerization catalyst of Claim 8 wherein the activating cocatalyst
additionally includes exclusively or nonexclusively an alumoxane and
trispentafluorophenylborane in a molar ratio from 1:1 to 5:1.

10. A process for the polymerization of olefins comprising contacting one or more

C2-100,000 @-olefins under polymerization conditions with a catalyst of one of Claims 7-8.

20 11.  The process of Claim 10 which is carried out under solution, siurry or gas-

phase polymerization conditions.
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12. A process wherein ethyl enmmgmmnuﬁ" _copolynerized in the
presence of _~W0,98127103a cat allést ngﬁgfl sing the netal conpl ex of

claim4. - A pY 00€es3 n ethyl ene, prBp 2138
optional Iy a conjugated di ene or ~styrene are copolynerized in the
plrejsenge of a catal ysa. coki?eéswpl:igarmlén%ldm fsﬁ/l%lﬁe Brétc% ouméﬁzﬁdﬁ.qnp[,,%éen%g of
claimé. a catalvst 1. . rocess of claim ichis a

conti nuous, sol ution polyTer | ZAm 'o'ﬁg the el complgx gfstaim 4. 15.

A process for preparjng a neutral diene conplex corresponding to the
formula: [err] 13.71 oA process wherein gipiigne, vppyiene andioptionaliyra dohjegartdd diemesy

oxi dati on st at esfyrene are copolymerized in fle pAsdenda of a’&:&m&&@&ﬂﬁ&kﬂﬁﬂ}cbrﬁpm{ﬂhe metal
al 1 de,

occurrence BYdrdofiexayds; rbyl, silyl, gemmyl,
hydr ocar byl oxy, ﬁ?gfocgé@ﬁsi | oxy, hydrocarbyl silylam no,

di (hydrocar byl )am no hydr ocar byl eneani no, di (hydrocar byl ) phosphi no,
hydr ocar byl ene- phos pk‘i' no, The process ¢f glajre $3whigh iswl contihupush sblation wolytrietizsitienl
hydr ocar byl , hydecesar byl oxy- substituted hydrocarbyl, silyl- 15
substituted hydrocarbyl, hydrocarbyl sil oxy-substituted hydrocarbyl,
hydrocar byl si | yl am ng- I tut ed hydrocar byl .
di (hydrocar byl ) anm no- subst Frtofﬁsgg;? ﬁpye&tf‘%”@aﬂv ral %‘BFB%B{P’bW'@ﬁ%%ﬂ"ﬁéq‘he formula:
substituted hydrocarbyl, di (hydrocarbyl)phosphi no-substituted hydrocarbyl,
hydr ocar byl ene- phdSphi nogsubstituted hydrocarbyl, or
hydr ocar byl sul fi do-substi tjut ed drocarbyl, said R or R gr oup
havi ng up to 40 nonhydr ogaR i and optionally two or nore of the
foregoi ng groups 20 gr 1‘.‘;: 0" r@ Rorm a dival ent derivati ve;
R " is a dival ent hydrotars S [ substituted hydrocarbyl ene group
formng a fused sysitem wAt £he renminder of the netal conpl ex, said
R'' containing from1l to % nonMydrogen at ons; Zis a
di val ent noiety, or a noiety conprising one a-bond and a neutral two
el ectron 21'5% pair able to forma coordinate-coval ent bond to M said Z
conpri si ng boron, or*M&reddsianiug in the +2 formeberidatian getet he Peri odi ¢ Tabl e of
the El enents, and al so conprising nitrogen, phosphorus, sul fur or
oxygen; and R’and R" are independently each ocelirrentig@ndy] ydrbaartivg sifyl, j8rrhyl,al
conj ugat ed di eRgideOraRY Vinarb (ki iaming. di t QIs;
conpri sing congadct ?% amrrg!t;sgl ,@or?%? %x‘%%?ycgé%o f'yrilra%m'?% d{(’%j rc?cgrrbxﬁﬁ"%{':m’[ err|
ydrocarbyleneamino, di(hydrocarbyl)phosphino, hydrocarbylene-phosphino,
- hydrocarbyisulfido, halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl, silyl-
15 substituted hydrocarbyl, hydrocarbylsiloxy-substituted hydrocarbyl, hydrocarbyisilyiamino-
substituted hydrocarbyl, di(hydrocarbyl)amino-substituted hydrocarbyl, hydrocarbyleneamino-
substituted hydrocarbyl, di(hydrocarbyl)phosphino-substituted hydrocarbyl, hydrocarbylene-
phosphino-substituted hydrocarbyl, or hydrocarbylsulfido-substituted hydrocarbyl, said R’ or R”
group having up to 40 nonhydrogen atoms, and optionally two or more of the foregoing groups

20  may together form a divalent derivative;

R™ is a divalent hydrocarbylene- or substituted hydrocarbylene group forming a fused
system with the remainder of the metal complex, said R™ containing from 1 to 30 nonhydrogen
atoms;

Zis a divalent moiety, or a moiety comprising one o-bond and a neutral two electron
25  pair able to form a coordinate-covalent bond to M, said Z comprising boron, or a member of
Group 14 of the Periodic Table of the Elements, and also comprising nitrogen, phosphorus,
sulfur or oxygen; and
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where Mis titaniumin the |, oxidation state; ,
R, R, R, and Z are as pH H&ﬂ ,gkﬂgmﬁ Xis a
avil m

nmonoval ent & éd¥es | | gand greupx 60 at ons excl uspEegdriiless

cl ass of | i gands that are cyclic, delocalized, [err]-bound

| i gand groups; .., 10 ) X" is a divalent anionic |i %and group
having up to 60 at 5n;§c,1ependenﬂy is a neutral conjugated dni;'leicgmggt@p hgymgiymtoz carbon

r is zero or #atoms; with from1l to 2 equivalents of a
neutral conjugated diene of the formula X in an inert di | uent
In the presence of | | 0Ck: i ng product.
R F L b e R T
conprising the netal conpl ex and reducing agent is heated to a
tenmperature from50 to 9% priog to adding the conj ugat ed

di ene. '

62

5 where M is titanium in the +3 or +4 formal oxidation state;
R’, R", R™, and Z are as previously defined;

X is a monovalent anionic ligand group having up to 60 atoms exclusive of the class of

ligands that are cyclic, delocalized, ®-bound ligand groups;
X" is a divalent anionic ligand group having up to 60 atoms;
10 pis 1,0r2; and
ris zero or 1

with from 1 to 2 equivalents of a neutral conjugated diene of the formula X’ in an inert
diluent in the presence of a reducing agent and recovering the resuiting product.

16. The process of claim 16 wherein a reaction mixture comprising the metal
15 complex and reducing agent is heated to a temperature from 50 to 95 ° prior to adding the

conjugated diene.
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