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HETEROCYCLI C METALLCCENES AND POLYMERI ZATI ON CATALYSTS  FI ELD OF THE

| NVENTI @po o8/84a8s pr esent invention relates to new het er ocy @dmemeisiosrocenes
and to catalytic systens for the production of honopol ynmers and copol yners
having a wi de range of properti es including linear |ow density, high
densi t atactic, isotactic and nd| otactic nmers. _More particularly,

t hi s HRPERPFERLIS %&1@% 'EFQ cFATALFSTS ning at | east

one heteroatomin a ring system assom ated with a six [err] electron

centr dpga erzdw gipordinating a transition nmetal, said netallocene
bei ngfti:aggbpe of polynerizing addition polynerizable monomers. BACKGROUND
OF THE | NVENTI ON Pol yneri zation of vinyl monorers, both nono-olefins
and Thej praisehtliomeantics fetated ¢o ureanshetenooytaﬁ.ccateﬂqﬂslcscemmce
the work of Ziegler and Natta. These catal ysts are based on a central

t r ansahéohoreadialiviri corsysttenss uf oo utide dobydact tbon of homopolymens |amgdnds
and nodified by various cocatal ysts. By controlling the nature of the

| i gandoppitmenrst aavdient ral wide arangieonfigirdpertvies, aineluaiohd Neinear
co-catalyst, highly active catalytic agents can be made. In addition,

cat al ysWs demsitie raishtdehsytel d apalauirny,s détadtb dad @mdﬁom&ié on
regularity, and in the case of non-ethyl ene type nononers, stereoregular
or tagblomelrective and/or tactiospecific polyners can be nade.

1 .

More particularly, this invention relates to a new class of

metallocenes containing at least one hetercatom in a ring
system associate_d with a six T electron central radical

directly coordinating a transition metal, said metallocene

being capable of polymerizing addition polymerizable monomers.
BACKGROUND OF THE INVENTION

Polymerization of vinyl monomers, both mono-olefins and
conjugated dienes, has focused on transition metal catalysts
since the work of Ziegler and Natta. These catalysts are based
on a central transiti.on metal ion or atom surrounded by a set

of coordinating ligands and modified by wvarious cocatalysts.

By controlling the nature of the ligand system, the central
transition metal ion or atom, and the co-catalyst, highly
active catalytic agents can be made. In addition, catalysts can
be made that yield polymers with high degrees of addition
regularity, and in the case of non-ethylene typé monomers,
stereoregular or tactioselective and/or tactiospecific polymers

can be made.
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No. 3,051, 690 di scl oses a process of polynerizing olefins to controlled

hi gh nDIecuIar éelght polynmers by the controlled additiﬁg,ﬂﬁrgé%¥ggen to a
. . 9
y f

polynerl stemthat includes a hydrocarbon Jinsol I“on
pr oduct of a Goup 1VB, VB, VIB and VIII compound and an al kali netal,
alkaline earth netal, zinc, earth metal or rare earth _netal

or ganp®! alpate. cNspou 51,696 Bikkthoselsnoan pridaieseerdfi pol@ieriiarnes,
such as bis(cycl opentadienyl) titanium or zirconiumdial kyls, in

conbi pbéf s Wd abukroldled Kyighamelectlart akyidiit polifed® NByerd@!s
catalyst systens for the polynerization of ethylene. Gernan Patent

Appl | cahit £612e808388818hs 6FORGErbhenute @f polyarhdlzatlicly Hyededmwreidte
pol yneri zati on of ethylene, consisting of bis(cyclopentadienyl) titanium

di al kitheladesi BIMydratkybon aithsddi®le RHEddEL 6B pro@aciarnofake Broup
Application 2,608,933 discloses an ethylene polynerization catalyst system

i ncl ugyBg va, cares yahdowﬂqne&&hpém@uaﬁd(%[@Iﬁ&lzi[ﬁéthi[,eraulkame nis

a number fromlto 4 and Yis a hydr ocar bon group or a netalloal kyl in

conbi gaitRN Wdth BN alHIum barehkyinsosnt algjst apdevat 84rERP ndiHrates
cycl opent adi enyl ). European Patent Appl. No. 0035242 discloses a

Processy aﬁ&ﬁetﬁﬁ.@@é“ BemgbiyaeNerandi &t agln ¥ ORM KRS r&ﬂaweréefﬁaitrbe
presence of a halogen-free Ziegler catalyst systemof general formla

(Cp) [peeaMegbents, Wnehénn iax a”bh.Et(GQEfLo%éir&Eh&Teﬁy‘i) MeeiEafiufl ansttion

netal, especially zirconium and Iselt

2 zirconium dialkyls, in combination with aluminum alkyl/water

cocatalysts, form homogeneous catalyst systems for the

polymerization of ethylene.

German Patent Application 2,608,863 discloses the use of a
catalyst system for the polymerization of ethylene, consisting
of bis(cyclopentadienyl) titanium dialk&l, aluminum trialkyl
and water. Furthermore, German Patent Application 2,608,933
discloses an ethylene polymerization cataiyst system including
a catalyst of general formula (Cp)anYb; , where n is a number
from 1 to 4 and Y is a hydrocarbon éroup or a metalloalkyl in
combination with an aluminum trialkyl cocatalyst and water (Cp

indicates cyclopentadienyl).

European Patent Appl. .No., 0035242 discloses a process for
preparing ethylene and atactic .propyiene polymers in the
presence of a halogen-free Ziegler catalyst system of general
formula (Cp)npMeY;-n, where n is an integer from 1 to 4, Me is a

transition metal, especially zirconium, and Y is either
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a (Jerr]-Cerr] alkyl, a nmetalloal kyl group or other radical, in

conbi naty ' an al unoxane. U.S. Patent No. 5, 324, 800#‘13'1\;&' e a

cat al ys{wsgg emEf or polynerizing olefins including.a netal oceneezc?gt al yst
of general formula (CJerr]R [err])[err] R's (CsR [err]) MeQerr] or R's
(derr]R [err])[err] MQ, where (C5Rm_ is a substituted Cp group, and an
al urohkadzogeng| wolG&fCasadkiilhe apmaialdead ikl \awrdwp yorf ofheli Fadikdahs t hat

correspond to the manner in which each new nononer unit is added to a
growi Ag pompdngitierciveith Fvrakwmoxang| ene- pol yol efins four basic
configurations are commonly recognized, i.e. atactic, hem -isotactic,

| sot agt lC A diQLacte C hVeR: ' at o) f
cach D58t oALBNEl Rb2P 573247680} e DL IR 1Y CAIOIPOE 2 4 Eh 0o

confi 1.0, t Si & rs of ' y
equi v Pg%%“egilgl&g:yltgﬁ%f%?ge. Rﬁtcﬁgl@lm? sGbst T UeH éé%éénrgéﬁthﬁ?zﬂt and t he
2,2 s Liye [ i gal 5s0 e erred. t9,as ;~ € hyl <like
nmono ?Z*E? ganrE Eavefanoqte%t'ﬁcﬁ t1§/.s "(?tsgcf‘fc&% I’Sﬂm%s 1gxﬁi BF§§HQyzr egut ar
order of re Lupi rj . | N ~t.h I I i ' e
subst?’?\?gﬁt gagré n% gr%‘gﬁ%g%@%&ddg e%rgglpé?%\}lgt%‘ a%%%%ﬁ%%cal pl ane
containing the polymnmer backbone (the plane is oriented such that the
subst Pblgnilefims mmpdmidureparedt incaceabbetyt ofis cané€ iguiriadri oreb st tor
bel ow the plane). Instead, atactic polyners exhibit a randomdistribution
of sukshtiriespondr tenttie omanner in which each new monomer uBit is
added to a growing polyolefin chain. For non-ethylene-

polyolefins four basic configurations are commonly recognized,

i.e. atactic, hemi-isotactic, isotactic and syndiotactic.

A given polymer may incorporate regions of each configurational

type, not exhibiting the pure or nearly pure configuration.

On the opposite polymers of monomers symmetrically equivalent
to ethylene (i.e., the 1,1 substituents are identical and the

2,2 substituents are identical, sometimes referred to as
“ethylene-like monomers”) can have no tacticity.

Atactic polymers exhibit no regular order of repeat unit
orientation in the polymer chain, i.e. the substituents are not
_regularly ordered relative to a hypothetical plane containing
the polymer backbone (the plane is oriented such that the
substitﬁents on the pseudo-asymmetric carbon atoms are either
above or below the plane). Instead, atactié polymers exhibit a

random distribution of substituent orientations.
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Additionally, other type of catalyst belonging to the famly of

nmet al | oc yst are the so-called "constrai ned geonet ts,
Wi bppE oy

where one e cycl opent adi enyl groups has been r.epl ace eroat om
| i gand, such as an am no or phosphino anion. Such catal ysts are descri bed

in United States Patents No: 5,453,410, 5,399,635, and 5,350,723. Besides
net al |Asididaienablystother pypaueé perpdvey bedoasdngitrtthe phangbleiefs,

certain netallocenes are al so known to produce polyners wth varying

degr edetFllocerer sqiadvisty are tthe i sopealflied t Jcorgtnaineds qrepmetry

syndi otactic, and hem - isotactic polyners, which have unique and

regul &asakegieati nyheseectsc ki Shel @yvadopantadiemnt groupsatiassbeat i ve
to the plane containing the polynmer backbone. [Isotactic polyners have the
subst inepkacedt bricAcbetercasorashigasid, csuchbas anoamimd e arhesphimo sane
side, relative to the polyner backbone, i.e. the substituents are all

ei t heranigpn{f | §uchd cadadkysits berew déscpibed dontlriitied Stetes yPetents
backbone. Isotacticity can be determ ned through the use of NWVR 1In
converNo ol 4 NV hONehcB 29 L6235, aandsSt, 360i,F23entad is represented by
"mmmi where each "nf represents a "neso" dyad or successive nononmer units

A R e g TR L g

backbone. nown Tn art,

ot a T RedveRsiihs. [eryiir Relarifhents ‘e T knlim o
4 produce polymers with varying degrees; of sﬁereoregularity or .
tactiospecificity, such as isotactic, syndiotactic, and hemi-
isotactic polymers, which have unique and regularly repeating

stereochemistries or substituent orientations relative to the

plane containing the polymer backbone.

Isotactic polymers have the substituents attached to the
asymmetric carbon atoms oriented on the same side, relative to
the polymer backbone, i.e. the substituents are all either
configured above or _below the plane containing the polymer
backbone. Isotacticity .ca.n be determined through the use of
NMR. In conventional NMR nomenclature, an isotactic pentad is
represented by “mmmm” where each *m” represents a “meso” dyad
or successive monomer units having the substituents oriented on
the same side relative to the polymer backbone. 2As is well
known in tht_e art, any inversion of a pseudo-asymmetric carbon
in the <chain lowers the degree of isotacticity and

crystallinity of the polymer.
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contrast, the syndiotactic structure is typically described as having the
substi t ugi gg2ligeached to the asymetric carbon atons, P CTIRPED6297
pseudo- enant i onor phical ly, i.e., the substituents are oriented
alternately and regularly above and bel ow the plane containing the polyner
chai n. Syndiotacticghé- cagéalso he deterni ned throggh %ﬁ us of,Nl\é%h In
NVR  Foneereias e y FURGLLECE 15 REPS LT pt s EXPEG AN ¥ (4§50L 108G er e n
each "r" reptesents a "racem c" dyad, i.e._successive substituents on

2l tor A% FAVHRY die neubPLiEuSHEE Rtashedetar The aayBRELEIC: [RATICR n
determ nes the de,greeé)‘{ syndi otacticity of the polynmer. , There are other
vari aite®$ i n pSLFRGSd r ucPFRdorenptionoyrphicalifce, Hen®:i sot &89 ¢

pol yners are ones in which every ot her seudo- asynmetri c_ car bon at om has
its sERRSHHSIRANGT | 8RR PTIFR %ﬁerg?gelYepm Ve WLarky ppleyec AR ni ng
t he pol ymer. backbone. Wile, the other pseudo-asymmetric carbon atons can
have Hfdiow sERet PLAOR CHERERG r fhgomaiynen hehaipoyv SYRA1GATH ¢

pl ane. Since only every other pseudo-asymetric carbon is in an isotactic
conf i §@rat iakEC t Heet edeteanined &hpPugh. theot ¥s6 c ofnd Nfhdi Gitac MR
polymers are crystalline polymers and are insoluble in cold xylene.

Cryst Adqmenialatixe; nguisymsdotisntti s ypenbedcdisc zepresented bypolsmme's, from
hem -isotactic and atactic polyners, that are soluble in cold xylene and
are nhexsirstepthndr'Wienresents pasdirgicentiey” dyadal gse-t cysrerasive al |

four types of polyners (atactic, hem -isotactic, isotactic
substituents on alternate sides of the plane. The percentage of

wy dyads'in the chain determines the dégree'bf-éyndiotacticity

of the polymer.

There are other variations in polymer structures as well. For
instance, hemi—isétactic polymers are ones in which every other
pseudo-asymmetric carbon atom has its substituent oriented on
the same side relative to the plane containing the leymer
backbone. While, the other.pseudé-asymmetric carbon atoms can
have their substituents oiiented réndomly, either above or
below the plane. Since only every ofher pseudo-asymmetric
carbon is in an isotactic configuration, the term hemi is

applied.

Isotactic and syndiotactic polymers are crystalline polymers
and are insoluble in cold xylene. Cryétallinity distinguishes
both syndiotactic and isotactic polymers from hemi-isotactic
and atactic polymers, that are soluble in cold xylene and are
non-crystalline. While it is possible for a catalyst to produce
all four types of polymers (atactic, hemi-isotactic, isotactic

5
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syndiotactic), it is desirable for a catalyst to produce predom nantly or
essenti ' actic or syndiotactic polynmers having vep tactic
content?bgn éﬁ% stereochem cal defects. Several catalys%m&*%hk pr oduce
I sotactic polyolefins are disclosed in U S. Pat. Nos. 4,794,096 and
4,975,403, as_well as European Pat. Aggl. 0, 537, 130. Several catal ysts
that pRddemdigkarbiabiidt pos ydesirable fiox adrethdyst tonprodece Pat.
Nos. 3, 258, 455, 3, 305,538; 3,364,190, 4,852,851, 5,155,080, 5,225,500,
and 5prsglominantdasiaeesmantialhipti80taetits, or asyndietact it | potymersr e
known to resul t I n pol yners wth varyi ng degrees of

tact | bopdad | very. Titrdai atactitomontentisi| podks few dsterescheminal

Eur opean Patent Applications 277,003 and 277,004. Catalysts that produce
hen - idedtesdisi.c pol yol efins are disclosed in U.S. Pat. Nos. 5,036,034. In
addition to honopol yners of nonool efins, polynerization catal ysts for

DI ePadnL G0l JBL fy Of s M0PRQL ef Ly, PAIUIRIG: OF s fbnckgnal JgLefins,

or copo YIWers o urctlona ns an nDnoo ef ifs | rep

l/‘ifl o R 3 r*?é%‘en%a“t?ta?i%%tsf% 196 4855 i Z%J(irf{f%ecﬁéi‘axﬁo?spew |
t'hg""B%a GBI PR ofbaler thed & Sd T SeVRRRH GAcS itat%ou?ﬁéﬁ%%é@é%? a
signi i C%]tot%%vtair}:(:errentlyor}l.eplns are disclosed in Pat.

Nos.3,258,455, 3,305,538; 3,364,190, 4,852,851, 5,155,080,

5,225,500, and 5,459,117.

Besides neutral metallocenes, cationic metallocenes are known
to result in  polymers with varying degrees of
tactiospecificity. Cationic metallocene catalysts are disclosed
in European Patent Applications 277,003 and 277,004. Catalysts
that produce hemi-isotactic polyolefins are disclosed in U.S.

Pat. Nos. 5,036,034.

In addition to homopolymers of monoolefins, polymerization
catalysts'for préparing copolymers -of monoolefins, br polymers
of di-functional olefins, or copolymers of di-functional
olefins and monoolefins can be prepared using coordinated metal

catalysts, including metallocene catalysts.

Although many metallocene catalysts are now available, the need
for new 1ligand systems and new metallocene catalysts or
catalyst precursors for the polymerization of olefins is still

important and would represent a significant advancement in the
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new ligand systens and the catalysts derived therefromcan offer new
desi gn awo eszx2agss f or naki ng hi ghly- stereoregul ar or tacPCumpenoédT
polyners essentially free of defects, polynmers with controlled defect
statistics, and copolyners with controlled properties, or new approaches

or pePE: ZE“'S‘%‘XM b o LR Ve S Ty bl At Gk ' ycgefazs a new
I f h
st o epSExp e pafﬁ%as%d %esil%fﬂﬁ%aisﬁsé or %l‘é‘ﬁ'f"% °%°lae'

Iecular wei cul ar j stribution tact C|ty

gh
LA T S Sl S e e S Pt bR ot h
i | het t 1 t
;”XFQ%’%&%"”} ?L@?fwﬁ%ﬁf ?van e P %ﬁ?&"ﬁ%’sﬁsﬁo éh?@? on

net al beI GLP%§§H? 5. 6 or to the |anthanide or tlnlge
Cer | eSoPP ISR i robtedn PRaRsRies (IPJPA@e‘\’/eF‘EPSr?FC o8&, tor
nmetallo ene are us for t y on of ddltlon rlzable
nono a‘geég%FeFPﬁ?r qn agn% ggﬁolt%‘?er%on of C(?;H}%Teg% ymeg o
netallocenes ., of t he pr esent I nvention conprise organonetallic

coor dPFRRSF*®hpounds of nono, di or tri- functional |igand systens
coordinated to transition netal 7

SUMMARY OF THE INVENTION

The present invention provides a new class of heterocyclic-
metallocenes for the polymerization of olefins useful to
prepare polymer products with desired properties, such as a
given molecular weight, molecular weight distribution, density,

tacticity and/or terminal unsaturation.
The metallocenes according to the present invention contain at
least one heterocatom in a ring system associated with a six =

electron central radical directly coordinating a transition
metal belonging to Group 3, 4, 5, 6 or to the lanthanide or
actinide series of the Periodic Table of the Elements (IUPAC

version).

Said metallocenes are useful for the polymerization of addition
polymerizable monomers, such as a-olefins, into homopolymers
and/or copolymers.

The metallocenes of the present invention comprise

organometallic coordination compounds of mono, di or tri-

functional 1ligand systems coordinated to transition metal
7



conpl exes, preferably conpl exes of an element of Goup 3, 4, or 5 or of
the | ant hanl de series of _elenents fr Periodic Table, where the

l'i gand system incl udes A§BEEE4€ r' electron central radical to
% e ki

whi ch aW® B&3486i at ed on rrggpmr_;ggl cal s{{contai ni ng at

het eroatom The netal | t invention correspond to
formula (1):

[ errlconianedd), prlefdrably complieRaki BE @nOLN chRMAICHE TrdulsiX, [£) 1dr

el ectron central radical directly <coordinating M, to which are

fuseds ope Qf MBhE NNiaithaidHa SbPiled! dfeas) eMBALBONEromakthen PéLToSdHS ect ed
fromB, NN O A, P, S @&, G, As, Se, In, Sn, Sb and Te; (2) R' is a

i valelr O | 48800 PREN 133 28 Lol HESTude § a2 1808c00 I B3l g O OUP

havi ¢ sane neanlngs 'S an open pentadleny cont ai ning group,
a cycl opent adi e ont aj ni u het er ocycl i.c cygcl opent adi e

cont &4% qurorgrseétra niqﬁj‘tﬁ?&g g z&ﬂ’rﬁ‘ﬁb 3¥6uﬁssé’°&ﬁd's%ﬁo? s °€orﬂ‘%’1y?n ng
group, an oxygen cont ai ni ng grou a suI fur containing group; (4) Me is

an ell@fﬁ%ﬂa]a%l"o?@??\bn%’agcﬁ eas 4on§ hetgrogfofhe | anthani de or actini de
series of the Periodic Table of Elenents;

The metallocenes of the present invention correspond to formula

(I):
Y;R”1Z;55;MeQyPy (1)
wherein

(1) Y is a coordinating group containing a six nt electron

central radical directly coordinating Me, to which are
associated one or more radicals conta‘ining at least one non-
carbon atom selected from B, N, O, Al, S8i, P, S, Ga, Ge, As,
Se, In, Sn, Sb and Te;

(2) R” is a divalent bridge between the Y and Z groups;

(3) 2 is a coordinating group having the same meanings as Y or
is an open pentadienyl containing group, a cyclopentadienyl
containing group, a heterocyclic cyclopentadienyl containing
group, a nitrogen containing group, a phosphorous containing

group, an oxygen containing group or a sulfur containing group;

(4) Me is an element belonging to Group 3, 4, 5, 6 or to the
lanthanide or actinide series of the Periodic Table of

Elements;

. This Sheet Has Been Replaced

o]
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| i near or branched, saturated or unsaturated alkyl radical, aryl radical,
al kyl ar wowsz4sal , aryl al kyl radical or a halogen atom HdiyEpo706297iS a
stable non-coordinating or pseudo non- coordinating counterion; (7)

I is an integer having a value of 0 or 1; (8) j is an integer havi ng a

val ue 1.t0.3;:: (9 ji_is_an {nkeger haV| a val ue o 0.to.2: - (10)
K is ééirn eégrahéﬁéﬁ# %5J%Ea??hﬁél £8eyx ?ﬁj3ni? %ke?nféégﬁ

havi n va ue fr . r epv f ormul scrisbes. cationic
ool P e erf e, ARG SRRTURT, AR SRR RREcRY o0 6y
reactlnﬁ ﬂn I on- or a strong Lewis acid conpound with a neutral
net al #ot3 ggﬁP 8! °m1 =0) to forma cationic netallocene, either prior to or
concurrent with contacting the neutral netallocene with nononmer. Cationic

met al (epenes & e iseda arstiaigiais| pont-eocorddnatdng ooes psiemdo pohgneri ze
addition polynerizable nononers. Another object of the present invention

is a gbepdinhtlingaeduntefribor;mula (11): [err]

wherein Y, R', Z, j, i and jj have the neanings reported above; said

| i gangg)are uaeﬁ@ aﬁ;lﬂuégéﬁxhgwfﬁgla aruer spapabiron ;of the heterocyclic
net al | ocenes of the present invention. 9

(8) j is an integer having a value from 1 to 3;

(9) jj is an integer having a value from 0 to 2;
(10) k is an integer having a value from 1 to 3; and
(11) 1 is an integer having a value from 0 to 2.

Moreover, formula (I) élso describes cationic metallocenes
where 1=1 of 2. Said cationic metallocenes can be prepared by
reacting an ion-pair or a strong Lewis acid compound with.a
neutral metallocene (i.e., 1=0) to form a cationic metallocene,
either prior to or concurrent with contacting the neutral
metallocene with monomer. Cationic metallocenes are used
analogously to  neutral ones to. polymerize addition

polymerizable monomers.

Another object of the present invention is a class of ligands
of formula (II):
Y;R"3Z55 (I1)

wherein ¥, R”, Z, j, 1 and jj have the meanings reported above;
said ligands are useful as intermediates in the preparation of

the heterocyclic metallocenes of the present invention.
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obj ect of the present invention is a catalytic system for the

pol ymeri zati on of addition polynerisable nononers, conprisin the reactlon
product WRPRMBS - an heterocyclic netallocene of fornul &¢F

suitable co-catalyst. The present invention further prOV|des

process for polynerizing addition pol yneri zabl e nononers conprlsing

cont aghickthed! JBfsdt 082 fhe! R-athane Lfahvids §¥Sfaereaefai§tfé sireeéﬁ. one

addi tion pol yneri zabl e nononer. Preferably, the netallocene andt
MONO Mg, yar eheonbaiyﬁ@ragaeaeﬁr b 3ad@SfEbhONpd erﬂasiaatmaﬁbﬁer&he

net al | ocenes of " forml a can be conbi ned mntE a co-catalyst, such as an

al kyl b 'é'(i!H)g @h@&eﬂwrﬁro&é@%etﬂ&é .to or after the netallocene

of formila i's brou to contact wth nononer. Furthernore, the
met al | ocenes of fornula (I') may be used for pre-polynerization before

pol ymeeins eterogviad disuime teglerrane o/ fprmrlar (Fb am@ stabilization of the
reaction condltlons The present i nvention can al so be practiced to

producg igiiy! dglfferent types of polyners by contacting a
met al | ocene o fornula (I% esigned for each different polyner type with

one or_nore nononers. The preferred applications of practicing this
i nvenfihen iBreaenthe Wrwrnleiown dunideret hprevidédegol et hpreeessopof9rer s,
i sotactic, syndiotactic, hem -isotactic or atactic

poI yppmlymrezmg m >adéidsiarher @ lymer izakby | ermorepets ner eomprising

contacting at least one of the above catalytic systems with at
least one addition polymerizable monomer. Prefeiably, the
metallocene and the monomer are contacted together in. a
reaction zone. Alternatively, the metallocenes of formula (I)
can be combined with a co-catalyst, such as an alkyl aluminum
or an alumoxane, either prior to or after the_metallocene of

formula (I) is brought into contact with monomer.

Furthermore, the metallocenes of formula (I) may be used for
pre-polymerization before polymerisation with bulk monomer

and/or prior to the stabilization of the reaction conditions.

The present invention can also be practiced to produce intimate
blends of different types of polymers by contacting a
metallocene of formula (I) designed for each different polymer

type with one or more monomers.

The preferred applications of practicing this invention is in
the production of polyethylene, polyethylene copolymers,
isotactic, syndiotactic, hemi-isotactic or atactic
polypropylene, or mixtures thereof, polypropylene copolymers,

10



as well as polynmers and copolyners . of
mononer s. DETAI LED DESCRIEH=GR
det ai | edwipsgizisg i on the fol | GTAGgd{EEA
Radical” neans a six [err]
transition nmetal, such as t

=her addition polynerizable
NVENTION I n the present

e used: pERRPIOSET

. directly coordinating the
per ring in cycl opentadi ene,

i ndene or fl uaqrene; " HCy" neans‘u Ii-an i ncl udi ng a ntral six [err
el ect I3 r ¥&idal 2RavPRY S as ‘gi aFg °(1V5\ﬁr§al °gco %gﬁﬁ ngaa‘a'}tg'?%a]st

one heteroato "Cp" _neans a cycl opentadi enyl ring; "HCp" neans a Cp
ring éBﬂf%TﬁFﬁgLBAECEPnﬁUP§Sheteroatons; "Op" means an open pentadi enyl

| i gand having five atons in an all cis configuration and having six [err]

el ectrone galeit zedvenreont Bufther aingdudeshaethod$r Eoxx prépabéngsed
to connote the heterocyclic analogs of aromatic ring systens containing a

centr ahethlY6cefiegbefedEdrmaaandrp dedetneye! 1eghneRd Al metBodd- £6¢ for
an indene or indane ring systemcontaining at |east one heteroatom <->:

"p" MEaetivabingni BHeOmELANIGEEREs of fdiilh SHNONWHRYE andot henghore
I nt er changeabl e.

catalytically active polymerization agents.
DETAILED DESCRIPTION OF THE INVENTION

In the present detailed description the following definitions

are used:

“Central Radical” means a 8ix T electron radical directly

coordinating the transition metal, such as the five member

ring in cyclopentadiene, indene or fluorene;

“HCy” means a ligand including a central six ® electron radical

having an associated radical containing at 1least one

heterocatom; -
This Sheet Has Been Replaced

“HCp” means a Cp ring containing one or more heteroatoms;

“Cp” means a cyclopentadienyl ring; !

“Op”. means an open pentadienyl ligand having five atoms in an
all cis‘’ configuration and having six © electrons delocalized

over the five atoms;

The “h-“ prefix will be used to connote the heterocyclic
analogs of aromatic ring systems containing a central five
membered ring and a heterocyclic fused ring, e.g. h-Ind for an

indene or indane ring system containing at least one heteroatom
11
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menber-ed ring of the fused ring system h-Flu for a fluorene or fluorane

ring sy?lér;g&%gai ning at | east one heteroatomin one or P@ﬁé}g%&g.pe Si X
i pent al

menber e gs of the fused ring system or h-Pta for a ene or
pental ane ring systemcontaining a |east one heteroatomin only one of the
fused five nenbered rings of the pentalene ring system and "o-" prefix
will bha thed sioc cuemioexed heingeofptheadvasd minsy ogysbémabbvEldefori aed
fused ring systenms The Applicant found a new class of heterocyclic

met al fduemrene woich Wilderapel i cinigon siysitemhe condduigtiingn @t pdleasdr s onle

addi tion polynerizabl e nononers; said netall ocenes present two to three .
coor dhe&erogtongains onsheor otlraef e osixaimemlnemoedi wdtigsy of gahes has
a central six [err] electron radical directly coordinated to a suitable

t r ansifused reired , syotam| cbr ibs-Btss ofont ad penyradigne oot apenhglahel edsig one
het eroatom (sonetinmes abbreviated "HCy" group). The electrons in the HCy
groupsgstehe cehoabhingd aovbeaste ot i etgroapom itheoplgsenie i afemhieon i s
directed towards netal |l ocenes and catalytic systens containing them useful

I Nt hgupeldy Firiez addnberel Hidihd ioh e ypehtadéhe FRAgTeyStel; p@dd i cul ar,
the present invention is directed towards netall ocenes and catal ytic

2ol ohPre PReR i e e G FRAOER (EBR | SPERGP A d Faw . BB Sirer o
?llj%EE?’%alﬁé’g’%%r I ow d,%té/uspeoé yx(?zl.:;] lsext']set IS_LDPE) , high digm ty pol yet hyl ene
The Applicant found a new c¢lass of heterocyclic metallocenes -
with wide application for the production of polymers of
addition polymerizable monomers; said metallocenes present two

to three coordinating ligands, where_ at least one of said
cdordinating ligands has a céritral six ® electron radical
directly coordinated. t;: a suitable i:ransition metal, to which
is associated a group containing at least one heterocatom
(sometimes abbreviated “HCy” group). The electrons in the HCy

group can be delocalized over the e’ntire'groups.

The present invention is directed towards metallocenes and
catalytic systems containing them useful in the polymerization
of addition polymerizable monomers. In particular, the present
invention is directed towards metallocenes and catalytic
systems for the polymerization of polymerizable vinyl monomers,

including o-olefins (such as ethylene, propylene and butylene) -

to produce polymers such as linear low density polyethylene

(LLDPE), high density polyethylene (HDPE) and polypropylene

12
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syndi otactic, hem -isotactic, atactic or m xtures thereof). The resulting

pol yrer swiy sgriziggeended for fabrication into articles by expeuapone97

i njection nolding, thernoformng, rotational nolding, or other techniques
known in the state of the art. The polyners which can be prepared using
the netall ocenes of this invention inglude honmopol yners and copol yners of
vinyl (3RRERsELC, hSVMAGHasihic 1 oheBicisRbRciichs, 2BRAtHFeiW BLEFEREEH 2
to 12 carbon_atons; said vipnyl noponmers are preferably _ethylene, .

propy| EEedtit y| dhe FREWIYIEG POl e  13%m, 18krRded HAT ngﬁbﬁi-f%t&ﬁﬁ al so
i ncl ude various heteroatons, suych as, acrylonitrile and vinyl J‘p:yri di ne.

The hekitEQcPFELLELRS Y o EERENSIPIh| Inj ek oModGing .n BRRTBPLOFBLBIrDNO-
bi - and/or tri-functignal |igands coordinated to, conplexed with, or

ot her wakeaahanal amed dingh X uPERBFe techmiguasorkmewnl inwidhe stateast one
of said ligands is a HCy ligand coordinating the transition netal.

Parti celt@ra¥tpreferred heterocyclic netall ocenes of the present invention
i ncl ude those represented by formula (1): J[err] where: (1) Yis a

coor diad i BA1ln@a! GRIPRT BB e SpebBith A£fild OBneCEltAl14aEL o
y coor whi ch™I's

e
di rect Inating Me, to assocl ated a group contal ning at
| east Qpgs NORAH S 2iA@1ude homopolymers and copolymers of vinyl

monomers, having from 2 to 20 carbon atoms, and preferably from
2 to | 12 carbon atoms; saié' vinyl monomers are preferably
ethylene, propylene, butylene and styrene. In addition, said
vinyl monomers can also include various heteroatoms, such as

acrylonitrile and vinyl pyridine.

The heterocyclic metallocenes of this invention contain one or
more mono-, bi- and/or tri-functionmal ligands coordinated to,
complexed with, or othe_rwise associated with a suitable
transition metal, where at least one of said ligands is a HCy

ligand coordinating the transition metal.

Particularly preferred heterocyclic metallocenes of the present
invention include those represented by formula (I):

Y R” ;Z455MeQxP) (I)

where:

(1) Y is a coordinating ligand comprising a six =® electron

central radical, directly coordinating Me, to which is

associated a group containing at least one non-carbon atom

13
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fromB, NN O A, Si, P S &, G As, Se, In, Sn, Sb and Te; (2) R' is

a dival e linking Y and Z and can be a i near

Cerr]- sﬁﬁﬁ??hﬂ?kenyl radical, a (Jerr]-Clerr] bicyclic ré%#cafﬂﬁﬁgo aryl
radical or a diaryl allyl radical said radicals optionally containing
silicon, ger mani um phosphorous ni trogen, boron or alum num at ons;
(3)Z iselgctest duem iBhg Myr dup Aawi Sy the Sar@aned@@i nys. aSey 3n, S@.aﬁbopen
pent adi enyl containing group, a cyclopentadi enyl containing group, a

het er @¥cMes cycl opent adi enyl containing group, a nitrogen containing
group, a phosphorous containing group, an oxygen containing group or a
sul f u2) cent s nandivglenp; bridyeMeinkiag ¥ amenz bedrgimdpeé ca @ bngasd, 4,
or 5 or to the Ilanthanide series, preferably Lu, La, Nd, Sm or Gd; (5)
Qis a lorméararwhedal ancilyg, akleényht eddbealpnsat ayaCed bdldydlid athdbtal aryl
radi cal, alkylaryl radical, arylalkyl radical or a halogen atom (6) P

Is a anst&aby® valioxlboréinadi ddar9l «BRUO radiexl, csatidi neddigals
counterion; (7) i is an integer having a value of 0 or 1; (8) | is an

i nt eger dpddiodldwal gentadfihgt 0 311i€On, | gétmAfium] eggfhdephegodasyal ue
fromO to 2; (10) k is an integer having a value from1l to 3; and (11) 1
ilz an i HikGYgeiaVivtrch Valni el it trclns ; -
(3)Z is a coordinating group having the same meanings as Y or
is an opén pentadienyl containing group, a cyclopentadienyl
containing group, a heterocyclic cyclopentadienyl containing
group, a nitrogen containing group, a phosphorous containing
group, an oxygen 'containing group or a sulfur containing
group;
(4) Me 1is an element belonging to Group 3, 4, or 5 or to the
lanthanide series, preferably Lu, La, Nd, Sm, or Gd;
{5) Q is a linear or branched, séturated or unsaturated alkyl
radical, aryl radical, alkylaryl radical, arylalkyl radioal or
a halogen atom;
(6) P is a stable non-coordinating or pseudo non-
coordinating'counterion;
(7) 1 is an integer having a value of 0 or 1;
(8) Jj is an integer having a value from 1 to 3;
(91 jj is an integer having a value from 0 to 2;

(10) k is an integer having a value from 1 to 3; and

(11) 1 is an integer having a value from 0 to 2.

14
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particularly inportant subclass of the netall ocenes of this invention are

represenyiyogigadeor mula (111): [err] where Y is a HCy gropoerapeeeds a
non- HCy group and where R';, M, Q P, k, and 1 are as descri bed above

(i=1, j=1 and jj=1in formula (1)) and YR'Z is a ligand of the invention.
Non Iimting, exanples of said nmetall gcenes are:
i soprdp yP?HgﬁEP&ggﬂgbéMPﬂﬁQQBF)f?bﬁiéﬁﬁpéﬁiaﬁ??hpﬁﬁﬁéﬁéFe§ﬁ§c%ﬁlGﬁﬂs

di chl oride; . dinethylsilanediyl (¢cyclopentadienyl)(7-cyclopentadithiophene)
2i r contUFRREEPR (RF BT SPFESBREBS Peformd Ak opent adi enyl ) (7-
cycl opent adi t hi ophene) zi rconi um di chl ori de;

di met hyg sz iyl (3- nethylcyclopentq@qqul)(?-

cycl opent adi t hi ophene) zi r coni um di chl ori

i sopr eped 3- @f Y. nhadi enylg ( ¥ p@&b%ﬁ‘j téﬂ&p&ﬁ&fézkﬁ'conl um
di chl %W%jiég di met hyl si I%én&%gyl (3-et hysl) ca?ycrlx%ﬁpeﬁ?gdl enyl’)

cycl opgat agli tBi opheggyzir g2BI HY At AW above (i=1, j= 1 and jj=1 in
|sopropyI|dene(3 |-propylcyclopentadlenyl) (7-

cyclopggﬁﬁﬁh hi e Zip66eN di .
di met hyl si a%]edlfgr gﬁlb gff‘ogyi?’:% %%?ﬁggd?%nyﬁge invention

Lol oo8% LA DL BBk bl Rpcencs are:

cyclo pfé‘é;?zdéwi 9@3ﬁ3?2:§b iSBEh‘&EB‘i'e&@'ﬂr('?d %_yc lopentadithiophene)
zirconium dichloride;
dimethylsilanediyl(cyclopentadienyl)(7-cyclopentadithiophene)
zirconium dichloride;
isopropylidene (3-methylcyclopentadienyl) (7-
cyclopentadithiophene)zirconium dichloride;
dimethylsilanediyl(3—methylcyclopentadienyl)(7—
cyclopentadithiophene) zirconium dichloride;
isopropylidene (3-ethylcyclopentadienyl) (7-
cyclopgntadithiophene)zirconium dichloride;
dimethylsilanediyl(3-ethylcyclopentadienyl)(7-'
cyclopentadithiophene)Zirconium dichloride;
isopropylidene(3-i-propylcyclopentadienyl) (7-
cyclopentédithiophene)zirconiﬁm dichloride;
dimethylsilanediyl (3-i-propylcyclopentadienyl) (7-
cyclopentadithiophene) zirconium dichloride;
isopropylidene{3-n-butylcyclopentadienyl) (7-

cyclopentadithiophene) zirconium dichloride;

15
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di met hyl si | anedi yl (3-n-butyl cycl opent adi enyl ) (7-

CyC|0pen?§%P i2phene) zi r coni um di chl ori de; 0
i sopropyl'i g;nzgjzs%-t- but yl cycl opent adi enyl ) ( 7- , PCT/EP7N06297

cycl opent adi t hi ophene) zi rconi um di chl ori de;

di met hyl si | anedi yl (3-t-butyl cycl opent adi enyl ) (7-
cyclcuﬂ#ﬂ%ﬂhylﬁii;uywéizlK%oﬂf ntmlgmcbppaepadgenyl)(7—

i sopropyl i dene(3-trimethylsilylcyclopentadienyl)(7-

cycl opayrlnpentaghehiophesehzincdnininodigbloride;

di met hyl si l anedi yl (3-trinmethyl silylcycl opentadienyl)(7-

cycl opeseprhphl bpereac}=trputyilowcdpphhbadienyl) (7-

i sopropyl i dene(cycl opent adi enyl ) (7-cycl opent adi pyrrole) zirconium

di chl ryclgpenitadi tiii ophenelizyrconpthmpdachdoende) ( 7- cycl opent adi pyrrol e)
zi rconi um di chl ori de;

i sopr abirhettenks Blanedyyt Y3+ vpbutricyoybpentagddeayadnt(qei pyrrol e) zirconi um
di chl oride; dinethylsilanediyl (3-nethylcycl opentadienyl)(7-

cycl opeynt kopeyradiehiophenehgidcohiami déchloride;

I sopropyl i dene( 3-et hyl cycl opent adi enyl ) (7-cycl opent adi pyrrole) zirconium
di chl disateropyll hdehg 3+ taimdthiyl8idyybhyiclobepeatdengdy!()7-7-

cycl opent adi pyrrol e)zi rconi um di chl ori de;

i sopr apydisieamcé3dithiophengrapeshadnedichléride;

cycl opent adi pyrrol €) zi rconi um di chl ori de;

di met hgime tieybed yahediyh(dpytimethpeptiagieyyippéntadienyl) (7-

cycl opent adi pyrrol e)zi rconi um di chl ori de;

16 ' cyclopentadithiophene) zirconium dichloride;
isopropylidene(c&clopentadienyl)(7-cyclopentadipyr;ole)
zirconium dichloride;
dimethylsilanediyl(cyclopentadienyl)(7-cyclopentadipyrrole)
zirconium dichloride;
isopropylidene (3-methylcyclopentadienyl) (7~-cyclopentadipyrrole)
zirconium dichloride;
dimethylsilanediyl (3-methylcyclopentadienyl) (7-
cyclopentadipyrrole)zirconium dichloride;
isopropylidene (3-ethylcyclopentadienyl) (7-cyclopentadipyrrole)
zirconium dichloride; |
dimethylsilanediyl (3-ethylcyclopentadienyl) (7~
cyclopentadipyrrole)zifconium dichloride;
isopropylidene(3-i—propylcyclopentadienyl)f7-
cyclopenéadipyrrole)zirconium dichloride;
dimethylsilanediyl (3-i-propylcyclopentadienyl) (7-

cyclopentadipyrrole)zirconium dichloride;

16
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| sopropyl i dene(3-t-butyl cycl opentadi enyl)(7- cyclopentadi pyrrole)
Zi rconi ugglegzialesy | de;  di net hyl sil anedi yl (3-t-butyl cycl opertpapeicher 7-

cycl opent adi pyrrol e)zi rconi um di chl ori de; .
I sopropyl i dene(cycl opent adi enyl ) (7-cycl opent adi phosphol e) zirconi um

di chl ori de; | et hyl si | anedi yl (cycl opent.adi enyl ) (7-cycl opent adi phosphol e)

zircoﬁﬁﬂﬁ?ﬁ?ﬁﬂ{gkﬂéff'ngﬁF¥¥9¥FiBH@ 52 FHY?%J [Fopent adi enyl ) (7-

cycl opent_adi phosphol e) zj rconium di,chl Qri de; .,

o ot SRR RO DU RaL R | EYEF OB SRR aGiERy PEAfe

cycl opent adi phosphol ¢) zi rconi um di chl ori de; )

i sopr 6hyRe dunks Blaredixy ¢ shehrsyilexglppentadienyddr?sdi phosphol e) zi r coni um

di chloride; dinethylsilanediyl (3-ethylcycl gpentadi enyl) (7-:

cycl oS ERRIHRPHBYEFS{ LAY GRPGPENABFhderide; '

I sopropyl i dene 3-i-propylcyclopentadienxl)(?- .

cycl opeiRER ene tsyriepantadararile(i/deyclopentadiphosphole)

di met hyl si | anedi yl (3-1i - propyl cycl opent adi enyl ) (7-

cycl ommms%heh&?ﬂdeani um di chl ori de;

i sopropylidene(3-t-butylcyclopentadienyl)(7- .

cycl optetthyhetpaned}yl (epal opearadienyde;(7-cyclopentadiphosphole)

di met hyl si | anedi yl (3-t-butyl cycl opent adi enyl ) (7-

.cycl opsmertivmsphohtpzideoni um di chl ori de;

| sopropyl i dene(2- net hyl t hi apent al ene) (2- net hyl i ndene) zi rconi undi chl ori de;

17 isopropylidene(3-methylcyclopentadienyl)(7-
cyclopentadiphosphole)zirgonium dichloride;
dimethylsilanediyl (3-methylcyclopentadienyl) (7~
cyclopentadiphosphole) zirconium dichloride;
isopropylidene (3-ethylcyclopentadienyl) (7-
cyclopentadiphosphole) zirconium dichloride;
dimethylsilanediyl(3—ethylcydlopentadienyl)(7—
cyclopentadiphosphole)zirconiuﬁ dichloride;
isopropylidene(3-i-propylcyclopentadienyl) (7-
cyclopentadiphosphole)zirconium dichloride;
dimethylsilanediyl (3-i-propylcyclopentadienyl) (7-
cyclopentadiphosphole)zirconium dichloride;
isopropylidene (3-t-butylecyclopentadienyl) (7-
cyclopentadiphosphole)zirconium dichloride;
dimethylsilanediyl (3-t-butylcyclopentadienyl) (7-
cyclopentadiphosphole) zirconium dichloride;

isopropylidene (2-methylthiapentalene) (2-methylindene)

zirconiumdichloride;

17
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di met hyl si | anedi yl (2- et hyl t hi apent al ene) ( 2- net hyl i ndene)

zirconi y@ogidegi de; i sopropylidene(2-ethylthiapental enep&Prebfezyndene)
zi rconi undi chl ori de;

di et hyl si | anedi yl (2- et hyl t hi apent al ene) ( 2- ethyllndene)
zi rconi undi chl qri de;

i sopr SpprLhvheiianediydyi2metherkthianetalenn biRtrefdaykjndene)
zi rconi undi ¢hl ar.i de;

di et B}ESPRANEGILENIPX1GG:0py | t hi apent al ene) ( 2-i - pr opyl | ndene)
zi rconi undi chl oride; isopropylidene(:2-t-butylthiapental ene)(2-t-
but yI rtﬁegﬁ@pyﬂrléme\!%e&hydrqrﬂ@pentalene) (2-ethylindene)

di met hyl si | anedi yl t-butyl thi apental ene) (2-t-
butylzh§§ﬁéyﬂmﬂ@§h idetil or i de;

i sopropyl i dene(2-trimet i |yl thiapental ene) (2-
tr|neﬂh@?§h&}ﬁh¥&ﬂﬁ®@ﬂhé&nﬁﬁhﬁlﬁ hildpentistene) (2-ethylindene)
di met hyl sil anediyl (2-trimethylsilylthiapental ene) (2-

t ri meghyconipmdigdderiidezoni um di chl ori de;

| sopropyl i dene(cycl opent adi enyl ) (t hi apent al ene) zi rconi um di chl ori de;

di net hgbpirbapyddidgnecec iopararydi thid pert tha lgren) &2 ehepropylindenen

di chloride; isopropylidene(indenyl)(thiapental ene)zirconiumdichloride;

dinethﬁksbhénmdiphmquﬁdswl)(thiapentalene)zirconiun1dich|oride;

| sopropyl i dene(fl uorenyl) (thiapental ene)zirconiumdichloride;
dimethylsilanediyl(2-i—p;opylthiapentalene)(2-i-propylindene)
zirconiumdichloride;
isopropylidene(Z—t-butylthiapentalene)(2—t-
butylindene)zirconiumdichloride; |
dimethylsilanediyl (2-t-butylthiapentalene) (2-t-
butylindene)zirconiumdichloride;
isopropylidene(g-trimethylsilylthiapentalene)(2-
trimethylsilylindene)zirconium dichloride;
dimethylsilanediyl (2-trimethylsilylthiapentalene) (2-
trimethylsilylindene)zirconium dichioride;
isopropylidene {cyclopentadienyl) (thiapentalene)zirconium
dichloride;
dimethylsilanediyl (cyclopentadienyl) (thiapentalene) Zirconium
dichloride;
isopropylidene(indenyl) (thiapentalene)zirconium dichloride;

dimethylsilanediyl (indenyl) (thiapentalene)zirconium dichloride;

isopropylidene (fluorenyl) (thiapentalene) zirconium dichloride;

18
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di met hyl si | anedi yl (fl uorenyl) (thi apental ene)zirconium dichloride;

I sopr opyWbpodgRedseycl opent adi enyl ) (2- net hyl t hi apent al ene) 2cwEsv7i8297

di chl oride; dinethylsilanediyl (cycl opentadi enyl) (2-ethylthi apent al ene)

zi rconi um di chl ori de;

grggy'ﬁﬁé&. iyl TSI OV A QB20LAY) TR LE2nTRY B TR A e) 21 reoni um
|sopr Jcécyclopentadlenyl)(Z et hyl t hi apent al ene) zi r coni um
dICh| %ethyI5|Ianedlyl(cyclopentadlenyl)(z et hyl t hi apent al ene)

Z|rcon|un1d|chlo I de l.i,den cl opent adi enyl ) ( 2- n-
but y| FRCRFGRE} F?xﬁi?ﬁ RBREheBY ﬁéé5 P o

dlnethyIS|Ianed|yI( cl opent adi enyl ) (2- n but h thlapentalene) zi rconi um
di chl e th%ﬁﬁﬁ%ﬁ%1?ﬁ%h§%€9@PbB@n gaghdeyp

propylthlapentalene)2|rconlun1d|chlor|de

di net 1AmeY %@%@@%Y%b@ﬁ?&ﬁp§ﬁyﬁﬁegnwiﬂﬂ@pWQﬂhﬁﬁﬁhﬂ%QQﬂﬁﬁleﬁﬁkcon|um
dichloride; _ isoprop I|dene(cycIOpentadlenyI)(z phenyl
t hi ap@HaoTHe)e | eridechl ori de;

di met hyl si | anedi yl (cycl opent adi enyl ) (2- phenyl t hi apent al ene) zirconi um
di chl mhwlm%lamlapf Hel égyrdpprniacdenyi()A2-methylthiapentalene)

napht hyl t hi apent al ene) zi r coni um di chl ori de;
zirconium dichloride;

isopropylidene(cyclopentadienyl) (2~-ethylthiapentalene) zirconium
dichloride;
dimethylsilanediyl(cycloéentadienyl)(2-ethy1thiapentalene)
zirconium dichloride;

isopropylidene(cyclopentadienyl) (2-n-
butylthiapentalene)zirconium dichloride;
dimethylsilanediyl{cyclopentadienyl) (2-n-buthylthiapentalene)
zirconium dichloride;

isopropylidene(cyclopentadienyl) (2-i-
propylthiapentalene)zirconium dichloride;
dimethylsilanediyl(cyclopentadienyl)(2—i—propylﬁhiapentalene)
zirconium dichloride;
isépropylidene(cyclopentadienyl)(Z;phényl
thiapentalene)zirconium dichloride;
dimethylsilanediyl(cyclopentadienyl)(2—phenylthiapentalene)
zirconium dichloride;

isopropylidene{cyclopentadienyl) (2-

naphthylthiapentalene)zirconium dichloride;
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di met hyl si | anedi yl (cycl opent adi enyl) (2- napht hyl t hi apent al ene)  zirconi um
di chl or ix@esr2248epr opyl i dene( cycl opent adi enyl ) ( 2- PCT/EP97/06297
trinmethyl silylthiapental ene)zirconiumdichloride;
dinethylsiIanediyl(cyclopentadienyl)(z-

t t hyl i al di chl
1f'z”§ﬂ+§ﬁ&s'%@(a&?&4a P e arsRoa S loar Fy 1 £ Tharg EhigpeaFALenslim
di chl ori de; | |32£H§§ i d ne(3 met hyl cycl opent adi enyl ) ( 2-

nethyFﬂﬁF&ﬁEﬁWhl um di chl ori de;
di met hyl si | aned; yl ( 3- nethylcyclopentadlenyl)(z-
met hymmlaﬁﬁfs ¥Rt ALenyt) ber

|sopropyI|dene(3 ethylcyclopentadlenyl) (2-nmet hyl t hi apent al ene) zirconi um
di chl &rigethydisidnltRidRarialene) s FgeRien ber B4R+ ) ( 2-
met hyl t hi apent al ene) zj rconi um di chl ori de;

i sopr G3AS H.angd el eyl epentadienyl) (2=

met hyl t hi apent_al ene) zi r coni um di chl ori de;

di et mRiSIGtEREE MY BEhiaReniA ksae bptrneontenydjchboride;

met hyl t hi apent al ene) zi rconi um di chl ori de;

|soprdpﬁhﬁﬁhﬁﬂd%YibnﬂS@YS&QE&E%@@H@@h&)}%imethklﬁwiam¢np@heaeéne)2|rconlum
dichloride; dinethylsilanediyl (3-n-butylylcyclopentadienyl) (2-
nethymmnqqaﬂumﬂdwﬁhhﬁrtdmaun1d|chlor|de
i sopropylidene(3-t-butyl cycl opent adi enyl) ( 2-

isopropylidene (3~-methylcyclopentadienyl) (2~

methylthiapentalene)zirconium dichloride;
dimethylsilanediyl(3-methylcyclopentadienyl)(2-
methylthiapentalene)zirconium dichloride;
isopropylidene(3—ethylcyclopentadieny1)(z—methylthiapentalene)
zirconium dichloride;

dimethylsilanediyl (3-ethylcyclopentadienyl) (2-
methylthiapentalene)zirconium dichloride;
isopropylidene (3-i-propylcyclopentadienyl) (2-
methylthiapentalene)zirconium dichloride;_
dimethylsilanediyl(3—i-propylcyclopentadienyi)(2-
methylthiapentaiene)zirconium dichloride;
isopropylidene(3-n-butylcyclopentadienyl) (2-
methylthiapentalene)zirconium dichloride;
dimethylsilanediyl (3-n-butylylcyclopentadienyl) (2~
methylthiapentalene)zirconium dichloride;
isopropylidene(3-t-butylcyclopentadienyl) (2-

methylthiapentalene) zirconium dichloride;
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met hyl t hi apent al ene) zirconi um di chl ori de;
WO 98/ 22486 PCT/ EP7/ 06297

di met hylwiosgpegbey! (3-t-butyl yl cycl opent adi enyl ) ( 2- PCTI/EP97/06297
met hyl t hi apent al ene) zi r coni um di chl ori de; _ -
| sopropyl i dene(3-t-butyl cycl opent adi enyl) (7-

cycl opgnt al.1..2]t.hi ophen . 4] cycl nt agi ene) zjrconju di chl ori de; .
i et RS AR ARSI TY LA Pt R T e Lapama el B -

cycl opental.1..2]thio ne[ 1. 4] cycl,opentadi_ene)_ zi rconi um dichl ori de;
i et BRI APt B G0l 2 L UpARRa i ERYOF Jae

cyclopentall. 2]t hi ophene[l.4 cl gpent adi ene) _zirconium dichloride;
i sopr dﬁﬂﬂ‘%ﬁﬁ%ﬂﬁ?"%ﬁ? ?FE?BF%%%MF gPERFRARENRI Glent a[ 1. 21— _

t hi ophene[ 1. 4] cycl opent adi ene% zi rconi um di chl ori de;

di net eptalidpentalill. @thiophehel byélayedwpetitadd 91€) zirconium

cycl openta[ 1. 2] t hi ophene[ 1. 4] cycl opent adi ene) zirconium dichl ori de;
I sopr i dsriey cl opent adi enyl ) (azapent al ene) zi rconi um di chl ori de;
~di net hyl si |l anedi yl (cycl opent adi enyl ) (azapent al ene) Zi rconi um

di chl (Hiinﬂéi:'hyi%@@aiirﬂ¢B‘Eéclbﬁh9&glt1b§'@il%iiér)t(a7dienyl) (7-

nmet hyl t azapent al enyl ) zi r coni um di chl ori de;

di et gl o aieel i Sk OBRUARH SR RIIBHNAPEAR B BLERELm 21 1 cON um

dichlo

dichloride;

dimethylstanyl(3—t—butylylcyclopentadienyl)(7-
cyclopentafl.2]thiophene{l.4]}cyclopentadiene) zirconium
dichloride;

isopropylidene (3-t-butylcyclopentadienyl) (7-cyclopentall.2]-
thiophenefl.4]cyclopentadiene)zirconium dichloride;
dimethylsilanediyl (3-t-butylylcyc lopentédienyl ) (7-
cyclopentafl.2]thiophene[l.4]cyclopentadiene)zirconium
dichloride;

isopropylidene{cyclopentadienyl) (azapentalene)zirconium
dichloride;

dimethylsilanediyl (cyclopentadienyl) (azapentalene) zirconium
dichloride;

isopropylidene(cyclopentadienyl) (2-
methyltazapentalenyl)zirconium dichloride;

dimethyis ilanediyl (cyclopentadienyl) (2-methylazapentalene)

zirconium dichloride;
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21 WD 98/ 22486 PCT/ EP97/ 06297
phenyl met hyl si | anedi yl (cycl opent adi enyl ) ( 2- net hyl azapent al ene) zirconi um
di chl or i geyegmhaggPr OPY! i dene(cycl opent adi enyl ) (2- et hyl azapegipkgApsdy’ Coni um
dichloriﬁﬁzgmﬁggﬁethylsiIanediyl(cyclopentadienyl)(2ﬂethylazapentg%ége)
zirconiumdichl oride; isopropylidene(cyclopentadienyl)(2-n-

butyl azapent al ene) zi rconi um di ch]l ori de; _,

di net W@MW@%@W% tavehgrrrtadipnyiy | (2raeshvdiazapentakensl um

dichloride; . i sopropylidene(cyclopentadienyl)(2-i-
pr opy | ZaZgsuni égé;lzf%mm di chl ori de;

di met hyl si |l anedi yl (cycl opent adi enyl ) 2-i-prop{lazapentalene) Zi rconi um
di chl draRropylidene {cyclopentadienyl) (2-ethylazapentalene) zircorium

isoprggylidenp cycl opent adi enyl ) ( 2- phenyl azapent al ene) zi r coni um
di chl s¥iqietoriewt hyl si |l anedi yl (cycl opent adi enyl ) ( 2- phenyl azapent al ene)
zirconjumdichl oride; isopropylidene(cyclopentadienyl)(2-
napht danetinsks bl amed kvl teyic Lopentadsensd) (2-ethylazapentalene)
di met hyl si | anedi yl (cycl opent adi enyl') (2- napht hyl azapent al ene)  zirconi um
di chl Fiimnnivm ocpiopydrides(cycl opent adi enyl ) ( 2- :
trimethyl silylazapental ene)zirconi um di chl ori de;
isopropylidene(cyclopentadienyl) (2-n-
butylazapentalene)zirconium dichloride;
dimethylsilanediyl(cyclopentadienyl)(2-n—buthylazapentalene)
zirconium dichloride;
isopropylidene(cyclopentadiehyl)(2-i-
propylazapentalene)zirconium dichloride;
dimethylsilanediyl (cyclopentadienyl) (2-i-propylazapentalene)
zirconium dichloride;
isopropylidene(cyclopehtadienyl)(2-phenylazapentalene)zirconium
dichloride;
dimethylsilanediyl (cyclopentadienyl) (2-phenylazapentalene)
zirconium dichloride;
isopropylidene{cyclopentadienyl) (2~
naphthylazapentalene)zirconium dichlofide;
dimethylsilanediyl (cyclopentadienyl) (2-naphthylazapentalene)
zirconium dichloride;
isopropylidene (cyclopentadienyl) (2~
trimethylsilylazapentalene)zirconium dichloride;

dimethylsilanediyl (cyclopentadienyl) (2-

trimethylsilylazapentalene)zirconium dichloride;
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di met hyl si | anedi yl (cycl opent adi enyl ) ( 2-
trimethyl silylazapental ene)zirconi um di chl ori de;

22 Wg-%‘-&%/ 22486 PCTPfpbids/ 06297
iylbis

1, 2- et han (cycl opent adi enyl ) (2- met hyl azapent al-ene)  zirconi um
di chl oride; isopropylidene(3-nethylcycl opentadienyl)(2-
nmet hyl azapent al ene) zi rconi.um di ch| ori dg;
di net Hy|2ﬁqmwwwmw%§%%fbh%rl;\%éhylazapentalene)
met hyl gzapent al ene).zi r coni um di chl ori de;
| sopr > iopent adi enyl ) (2- et hyl azapent al ene) zirconi um
di chl qgride; dinethylsilanedjyl (3-ethylcyclopentadi enyl)(2-
met hy PELRFORYAIGRAS L 3 ek Gy e HeReR %@lenyf) (2-
i sopropyl.idene(3-i-propyl cycl opentadi enyl ) (2- nethyl azapent al ene)zirconi um
di chl SEtdylazananialane ) mdeFQRIWm;| db%%?w}er opent adi enyl ) ( 2-
met hyl azapent al ene) zi rconi um di chl ori de; . _
i sopr syeatdedaislanediyd Gaepvil avctapentadieni}) 42apent al ene)  zi rconi um
di chl ori de; dinethylsiIanpdiyl(3-n-putXIy[cycI0pentadieny|)(2-
met hy metdpdiazarendadendid irsenitwnodighloride;
| sopropyl i dene(3-t-butyl cycl opentadi enyl) (2-net hyl azapental ene)  zi rconi um
di chl drsicxopyliidans(Srethisleyclopenbadienyd) é Ropeshydrgapentalene)
met hyl azapent al ene) zi rconi um di chl ori de;
i sopr @dyddateingg 3lichiewidscl opent adi enyl)
dimethylsilanediyl (3-ethylcyclopentadienyl) (2-
methylazapentalene) zirconium dichloride;
isopropylidene (3-i-propylcyclopentadienyl) (2-
methylazapentalene)zirconium dichloride;
dimethylsilanediyl (3-i-propylcyclopentadienyl) (2~
methylazapentalene)zirconium dichloride;
isopropylidene (3-n-butylcyclopentadienyl) (2-methylazapentalene)
zirconium dichloride; |
dimethylsilanediyl (3-n-butylylcyclopentadienyl) (2-
methylazapentalene)zirconium dichloride;
isopropylidene(3-t-butylcyclopentadienyl) (2-methylazapentalene)
zirconium dichloride;
dimethylsilanediyl (3-t-butylylcyclopentadienyl) (2~
methylazapentalene) zirconium dichloride;

isopropylidene(3-t-butylcyclopentadienyl)
(7-cyclopentall.2]pyrrole{l.4]cyclopentadiene) zirconium -
dichloride;

dimethylsilanediyl (3-t-butylylcyclopentadienyl)
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(7-cycl openta[ 1. 2] pyrrol e[ 1. 4] cycl opent adi ene) zi rconi um dichl ori de;
di nmet hyl si | anedi yl (3-t-butylyl cycl opent adi enyl) .
23 wo 92,48/ 22486 POFEPRRF06297

(7-cyclopental 1. 2] pyrrol e[ 1. 4] cycl opent adi ene) zirconium dichloride;

di et hyl st anyl (3-t-butyl yl cycl opent adi enyl )
(7-cyclopenta 1. 2] pyrrol e[ 1. 4] cycl opent adi ene) zirconium dichloride;

i sopr dpyrcvedomenraldpinvalsl) ddxrptorenttadiene bahraanivmchl ori de;

di met hyl si | anedi yl (cycl opent adi enyl ) (oxapent al ene) zirconium dichloride;
| sopr apyhideridecycl opent adi enyl ) (bor apent al ene) zi rconi um di chl ori de;

di met hyl si | anedi yl (cycl opent adi enyl ) (bor apent al ene) zi rconi um di chl ori de;

| SOpr apitleit heNe{taHEA10(3eY -l t8 W ) P ISR TRRRTR S e ) zi rconi um

di chl oride; dinethylsilanediyl (cycl opentadi enyl) (phosphapent al ene)

o tne SYEASREHAIE I Mk Rty 288) Rl BBRB( ney Py o 1

wher ei_n é«a‘( roups, sane or different fromeach other, are HCy and where
R', MAcBlosiqe; and 1 are as described above (i=l, j=2 and jj=0in

formula (1)) and YR'Y is a |ligand of_the ) )
isopropylidene (cyclopentadienyl) (oxapentalene)zirconium

dichloride;

dimethylsilanediyl (cyclopentadienyl) (oxapentalene) zirconium
dichloride;
isopropylidene(cyclopentadienyl)(borapéntaiene)zirconium
dichloride; |

dimethylsilanediyl (cyclopentadienyl) (borapentalene)zirconium
dichloride;

isopropylidene (cyclopentadienyl) (phosphapentalene) zirconium
dichloride; | |

dimethylsilanediyl (cyclopentadienyl) (phosphapentalene)
zirconium dichloride.

Another important subclass of metallocenes according to the

present invention are represented by the formula (IV):
YR”YMeQ,P: o (IV)

wherein the Y groups, same or different from each other, are
HCy and where R”, Me, Q, P, k, and 1 are as described above
(i=1, j=2 and jj=0 in formula (I)) and YR"Y is a ligand of the

invention.
Non limiting examples of these metallocenes are:

24



invention. Non linmting exanples of these netall ocenes are:
24 WD 98/ 22486 PCT/ EP97/ 06297

i sopropy (?Wgs met hyl t hi apent al ene) zirconi undi chl ori de; pcT/EP97/06297
di met hyl si l andi yl bi s(2- et hyl t hi apental ene) zirconi-undi chl ori de;

|sopropyI|dene(2 ethylthlapentalene) zi rconi undi chl ori de;

di met hyl si | andi.y, |s( eth h| ental e zi reoni updi

sopr oLFPPEBRYLAT G Spetis L she { i CHORLIPGE RGO e
dinethyIS|Iand|be|s(2 |-propylth|apentalene) zi rconi undi chl ori de;

i sopr ogyine€BReE3 Hardityllbis @paws thelel i Zhesoalend) chl ori de;
di met hyl si | andi yl bi s(2-t-butylthiapental ene) zirconiundichloride;

| sopr opgyrrdanamdilcHisxiad;si | yl t hi apent al ene) zirconi undi chl ori de;
di met hyl si l andi yl bi s(2-trinmethylsilylthiapental ene) zirconiundichloride;

isopro | i dene( 2 henyl hi_a ental ne) ziyrcopi und|chlo
dineth Qprgﬁﬂ&ﬁdﬁi% %ﬁi%?%he?lrE?F%BﬁﬁbﬁhgeﬁPQFvde

i sopropyl i denebi s(1- phenyl 2, 5- dlnethyl 1- azapent al ene-4- yl)zirconium

di chl ogiflerhydisTalahd 1&@0%&&&%@&& énd) "2i P¥bniuAdibanbaliges- 4-

yl)zi rconi um di chl ori de;

isopropylidene(2-i-propylthiapentalene) zirconiumdichloride;

dimethylsilandiylbis(2-i-propylthiapentalene)

zirconiumdichloride;
isopropylidene(2-t-butylthiapentalene) zirconiumdichloride;

dimethylsilandiylbis(2-t-butylthiapentalene)

zirconiumdichloride;

isopropylidene(2-trimethylsilylthiapentalene)

zirconiumdichloride;

dimethylsilandiylbis(2-trimethylsilylthiapentalene)

zirconiumdichloride;
isopropylidene(2-i-phenylthiapentalene) zirconiumdichloride

dimethylsilandiylbis{2-i-phenylthiapentalene)

zirconiumdichloride;

isopropylidenebis (l-phenyl-2,5-dimethyl-1-azapentalene-4-

vl)zirconium dichloride;

dimethylsilandiylbis(l-phenyl-2,5-dimethyl-l1-azapentalene-4-

yl)zirconium dichloride;
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| sopropyl i denebi s( - phenyl -2, 5-di et hyl - 1- azapent al ene-4- yl)zirconi um

di chl ori 6982 gget hyl si | andi yl bi s(1-phenyl -2, 5-di et hyl - 1- pefR8s}ahene- 4-
yl)zirconrdamdi chl ori de; .

| sopropyl i denebi s(1- phenyl -2,5-di-t-butyl-1-azapental ene-4- yl)zirconium
di chl ori de; dinethyl$iIandiylbisgl-phenyI-Z,S-di-t-butyl-1-azapentalene-4-
y|)zirk%quqpn}éﬁpgppagj1-pheny1- ,5-diethyl-l-azapentalene-4-

i sopropyl i denebi s(1-phenyl -2, 5-di -n-butyl -1-azapental ene-4- yl)zirconi um
di chl oy} beircenisehdishlardf®rbi s( 1- phenyl - 2, 5- di - n- but yl - 1- azapent al ene- 4-
yl)zi rconi um di chl ori de;

| sopr ogyheERPELE $LAARYERY 512 ~phdhyiLRTBLE et MI-1l-azapentalene-4-~
azapent al ene-4-yl)zirconiumdichloride; dinethylsilandiylbis(1-phenyl-2,

5-di - ty4 Pybaily! alen18#2@ent al ene-4-yl ) zirconi um di chlori de; -
dipheﬁg}p?fandﬁylbis%ﬁ-phenyl-Z;S-dinethyl-l-azapentalene-4- yl)zirconi um

di chl ori de;

met hy| beepyerylidangbhed i tppran-22 5544 tmbey L - szapenta lene -4 -
4-yl)zirconiumdichloride;

et hyl pyikhgisceatumydbrbiorpdenyl - 2, 5- di net hyl - 1- azapent al ene- 4-
yl) zi rconi um di chl ori de;

Lz et §If@g§;ﬁ§?g§i;haﬁ9ms%15pﬂteh§&t-ay, S-li AR AN Apertld FAALORL UM

yl)zirconium dichloride; -

isopropylidenebis(l-phenyl-2,5-di-n-butyl-l-azapentalene-4-

yvl)zirconium dichloride;

" dimethylsilandiylbis{l-phenyl-2,5-di-n-butyl-l-azapentalene-4-
vl)zirconium dichloride;
isopropylidenebis(l-phenyl-Z,5-di4trimethylsilyl—1-

azapentalene-4-yl)zirconium dichloride;
dimethylsilandiylbis(l—phenyl-Z,5—di—trimethy1silyl-1—
azapentalene-4-yl)zirconium dichloride;

diphenylsilandiylbis (1-phenyl-2,5-dimethyl-1-azapentalene-4-
ylszirconium dichloride;
methylphenylsilandiylbis(1—pheny1—2,5-di—methyi-l—azapentalene-
4-yl)zirconium dichloride;

ethylphenylsilandiylbis (1-phenyl-2,5-dimethyl-1-azapentalene-4-
vl)zirconium dichloride;

1,2~ethandiylbis(l-phenyl-2,5-di-methyl-1l-azapentalene-4-

yvl)zirconium dichloride;

26



WD 98/ 22486 - PCT/ EP97/ 06297

| sopropyl i denebi s(1- phenyl -2, 5-di net hyl - 1- phosphapent al ene-4- yl ) zi rconi um
di chl ori ggy ogrdisgget hyl si | andi yl bi s(1- phenyl -2, 5-di net hyl - 1- peempsapaes al ene-
4-yl ) zirconiumdichl ori de; -

| sopropyl i denebi s(1- phenyl -2, 5-di et hyl - 1- phosphapent al ene-4- yl)zirconi um
di chl ori de; . . )
m|ﬂﬁf%ﬁ?ﬂ?%ﬁ%ﬂ&@%?%?}séHEHVPnQFSQMﬁﬁQ%ﬂe@h¥#E%pﬁ%ﬁ%ﬁ?&?§ﬁ§§4§ne‘4”
yl)zirconi um di chl oride; .

i sopr oby) FEeFepIvR19bsBAgrides_ di _t-butyl - 1- phosphapent al ene- 4-
yl)zirconium di chl oride; dinethylsilandiylbis(l-phenyl-2,5-di-t-butyl-1-

phosphafigde ) EBE1 4ndlh )y 1bh §QN L pRethanl20's U8imet hyl -1 -phosphapentalene-
isopropylidgﬁebis(l-p%enyl-Z,Eﬁ%i-n-butyl-1-phdgphapgntaFeng-4-

yl) zi rgop yom fE6ht Ghi 88chi1eieidly! sil andi yl bi s(1- phenyl -2, 5-di -n-butyl - 1-
phosphapent al ene-4-yl ) zirconi um di chl ori de;
isopropylidenebis(l-ghenil-Z,S-di-trinqthylsilfl-l-
phosphbgrpreP¥hidensbisi i cohemnldiZoti viiefdiyl-1-phosphapentalene-4-
dinethylsijandiylbis(l-Ehequ-Z,S-di-trinethylsilyl-l-

phosphébk#it sfentun- dLERlpgdieum di chl ori de;

di phenyl si | andi yl bi s(1- phenyl - 2, 5- di net hyl - 1- phosphapent al ene-

ret byl HEry LT Akl o b o1 1 BnERAA 2 @GR iy 31 -phosphapentalene-d

phosphppep) 2k sREuA 4k LR bEaBieym di chl ori de:

isopropylidenebis(l-phenyl—z,5-di—t-butyl—1—phosphapén£éiene—4-
vl)zirconium dichloride;
dimethylsilandiylbis(l-phenyl-2,5-di-t-butyl-1-
phosphapentalene-4-yl)zirconium dichloride;

isopropylidenebis(1l-phenyl-2,5-di-n-butyl-l-phosphapentalene-4-

vl)zirconium dichloride;
dimethylsilandiylbis(l-phenyl-z,S-di—n-butyl-l—
phosphapentalene-4-yl)zirconium dichloridé;
isopropylidenebis (l-phenyl-2,5-di-trimethylsilyl-1-
phosphapentalene-4-yl) zirconium dichloride;
dimethylsilandiylbis (l1-phenyl-2,5-di-trimethylsilyl-1-
phosphapentalene-4-yl) zirconium dichloride;

diphenylsilandiylbis (1-phenyl-2,5-dimethyl-1-phosphapentalene-

4-yl)zirconium dichloride;

methylphenylsilandiylbis (1l-phenyl-2,5-di-methyl-1-

phosphapentalene-4-yl)zirconium dichloride;
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ethylphenylsiIandiylbis(l-phgnyl-?,S-dinethyl-

phospha 4-yl)zirconiumdichloride; -

1,2-eth %Hs( 1- phenyl - 2, 5-di - net hyl - 1 phosphapent al ene L(Em'qsfm rconi um
di chl oride; isopropylidenebis(4-phenyl-2,6-dinethyl-1-thiopental ene-3-yl)
zi rconi um di chl ori de;

di et Bhyilphenvidissilandintidrig (D-mhepyet g -dinethpbnial ene-3-  yl)

zi rconi um di chl ori de;

|soprDb?BP@@@ﬁ@QﬁleqﬁnﬁnmlhzIrqpniumddﬂchlprm@mtaIene 3-yl) zirconium

di chl ori de;

ai et iy belek Madlad ey Arpliuly . £, Sl et Ideryd 1 9pROLAhEREAEa T bhe-gLT cON UM

dichl o

hsoprggx%ag%%ggdﬁygﬂgﬁggglégp di - n-butyl -1-thi opental ene-3-yl) zirconium
i chl ori de;

di et hyl si | andi yl bi s(4- phenyl -2, 6-di - n-butyl - 1-t hi opent al ene- 3-

yl) zi isopropydiicdenebidg(4-phenyl-2, 6-dimethyl-1-thiopentalene-3-yl)
| sopropyl i denebi s(4-phenyl -2, 6-di-i-propyl -1-thiopental ene-3- yl)
Zi r cogilermodiicind addiahd,oride;

di met hyl si | andi yl bi s(4-phenyl -2, 6-di -i-propyl -1-t hi opent al ene-
3-yl) | - e
sopt B0 ‘*—3*21@0 e SRR 4 RheY} 2 o e Yot thr BBiApSPERbene-3
3-yl)zi rco n1d|

dlnetﬁy éﬂ]éié%JQ§ﬁ132 6-di - (3-pyr.idyl)- 1-

thlopentalene 3 yl) zirconi um di chl ori de; . 28
WO 98A4A224686pylidenebis(4-phenyl-2, 6- dlethyl-l—thfﬁﬁéﬁ@ﬁIéﬁéEQ?yl)

zirconium dichloride;

dimethylsilandiylbis(4-phenyl-2, 6-diethyl-1-thiopentalene-3-yl)

zirconium dichloride;

isopropylidenebis (4-phenyl-2, 6-di-n-butyl-l-thiopentalene-3-yl)

zirconium dichloride;
'dimethylgilandiylbis(4—pheny1-2,6-di-n—5utyl—1—thiopentalene—3-
vl)zirconium dichloride; |
isopropylidenebis(4-phenyl—2,S-di-i-propyl-1-£hiopentalene-3-
yvl) zirconium dichloride;
dimethylsilandiylbis(4-phenyl-2,6-di-i-propyl-l-thiopentalene-
3-yl)zirconium dichloride;

isopropylidenebis(4-phenyl-2, 6-di-(3-pyridyl)-l-thiopentalene-
3-yl)zirconium dichloride; |

dimethylsilandiylbis(4-phenyl-2,6-di~(3-pyridyl)-1-

thiopentalene-3-yl)zirconium dichloride;
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| sopropyl i denebi s(4-phenyl - 2- et hyl - 6- (3-pyridyl)-1-

t hi opent al ene- 3-yl ) zi rconi um di chl ori de; '

di met hylwio ogrgdgsl bi s(4- phenyl - 2- net hyl - 6- ( 3- pyri dyI) 1-  PCI/EP97/06297
t hi opent al ene-3-yl ) zirconi um di chl ori de;

| sopropyl i denebi s(.4- phenyl - 2- et hyl - 6- (3-chi nol yl ) - 1-

t hi opent al.ene-3- | i i h oride: .

' mfﬁ%oiao}ﬁefy # %#E%e#‘%f-hl-{qéﬁﬁx.lzéréarﬁxrylﬁﬂf.-l-

t hi op en s

| sopro oot Fryl - 1-
e LR R S S AT

t hi opent al ene- 3-yl ) zi rconi um di chl ori de;

di net kidlms dkaris 31amdiyilphe (4+pRebylii-2 tmenhi/Aybsi(By-pyridyl) -1~

t hi opent al ene-3-yl ) zirconi um di chl ori de;

1, 2- et et ta bdrde pheyl] z2xrcoxivmt Aythloktidepent al ene-3-yl)  zirconi um
dichloride; . 1, 3- propandiylbis(4ephenyl-2 6- di met hyl - 1-t hi opent al ene- 3-yl)

d
.Z'SLE?“' ””‘ruo'er?iiél (e r Brme by b Brehirodyd)qit-
i ot TSR YeaSt et VA Fe SR ipame b IarARe . phenyl - 2, 5- di -
met hyl - 1- azapent al ene-4-yl) zi rconi um di chl ori de;

| sopr giyd ttieyied Dt amd iylibis ppephehghe24mebhil-Bet(By-chdnoidrt) -1 -
met hyl - 1- azapent al ene-4-yl ) zirconi um di chl ori de;

di net i idg el Vén 8- 3eyhy | 2 hrepritml anendoyinel- met hyl - 2, 5-di -
nmet hyl - 1- azapent al ene- 4-yl ) zi rconi um di chl ori de;

29 PCT/ EP97/ 06297

: 24
isopég%§¥%égn§gis(4-phenyl-2,6-di-trimethylsilyl—l-
thiopentalene-3-yl)zirconium dichloride;

dimethylsilandiylbis(4-phenyl-2, 6-di-trimethylsilyl-1-~

thiopentalene-3-yl)zirconium dichloride;

1,2-ethandiylbis(4-phenyl-2, 6-dimethyl-l1-thiopentalene-3-yl)

zirconium dichloride;
1,3-propandiylbis(4-phenyl-2,6—dime£hyl—l-thippentalene-B-yl)
zirconium dichloride; |

isopropylidene (3-methylthiopentalene-4-yl) (1-phenyl-2,5-di-

methyl-l-azapentalene-4-yl)zirconium dichloride;

dimethylsilandiyl (3-methylthiopentalene-4-yl) (1-phenyl-2,5-di-

methyl-l-azapentalene-4-yl)zirconium dichloride;

isopropylidene(3-methylthiopentalene-4-yl)} (1-methyl-2,5-di-

methyl-l-azapentalene-4-yl)zirconium dichloride;

dimethylsilandiyl(3-methylthiopentalene—4—yl)(1—methyl-2.5—di-

methyl-l-azapentalene~4-yl)zirconium dichloride;
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I sopropyl i dene(3-net hyl t hi opent al ene-4-yl)(1-t-butyl-2,5-di-

nmet hyl - 1- azapent al ene-4-yl ) zi rconi um di chl ori de;

di met hyl gj | iyl (3-met hyl t hi opent al ene-4-yl)(1-t-butyl-2,5-dj-
nethyl-lﬁ@%%@ al ene-4-yl)zirconiumdi chl ori de; . ééé&?’”””"
| sopropyl i dene( 3-net hyl t hi opent al ene-4-yl ) (1-nmethyl -2, 5-di -

nmet hyl - 1- phosphapent al ene- 4-yl ) zi rconi um di chl ori de;

di net hisepropyl ydegekdthekhirilopdnpentad-eher (il nElt byl o2 , 5-di-
met hyl - 1- phosphapent al ene- 4-yl ) zirconi um di chl ori de;

i sopr opgthyibnkt3zapehyhiknepdnydl) @ieconium RitchHlianide, 5- di -

nmet hyl - 1- phosphapent al ene- 4-yl ) zi rconi um di chl ori de;

di neth ' ' = | Al I - 4-y] r t-dautayl .- -0 - . ——
et ny| SrRetBRER A adatEy (- hRL ROIR AR LS pene e v i e el -2 5-aa- T
I sopro | den - Lt Qi ng,al -4- vl ) (1:p -2, 5-di -

ot hy1 PEEBPECT A RN 1 n8RENLT) BAE g SR e

di et hyl si | andi yl ( 3- et hyl t hi opent al ene- 4-yl ) (1- phenyl -2, 5-di - :

nmet hyl i dephopphagened Bemethy} thiopentialend-drydr)i de:metdnak ¥2y5-dibcl ass  of
netal |l ocenes of the invention is represented by fornmulae (111) or

(1V), mbéehelflipboapHapkatail emei-di-vd. )\ed rcanicmh aldchler idani ngs reported
above. Non limting exanples of these netall ocenes are:

bi s(2- get hyl t hi apent.al Yziceoni undi chl oride; .

o1 o( - AR e R AR 2 e B T ore s AT~ 4-v1) (1-methy1-2, 5-ai-

bi s(2- pethyl phosphaneatal enghalr GO0y el A% chiorides per) cpo7) 0per
bi s(2- et hyl t hi apent al ene) zi rconi undi chl ori de; '

bi s( 2- sbytopepidenkddenethydnhiopenitlaliands4-y1) (1-t-butyl-2, 5-di-

methyl-1-phosphapentalene-4-yl)zirconium'dichloride;

dimethylsilandiyl (3-methylthiopentalene-4-yl) (1-t-butyl-2,5-di-~

methyl-1l-phosphapentalene~4-yl)zirconium dichloride;

isopropylidene (3-methylthiopentalene-4-yl) (1-phenyl-2,5-di-

methyl-l-phosphapentalene-4-yl)zirconium dichloride;

dimethylsilandiyl (3-methylthiopentalene-4-yl) (1-phenyl-2,5-di-

methyl-l-phosphapentalene-4-yl)zirconium dichloride;

Another subclass of metallocenes of the invention is
represented by formulae (III) or (IV), wherein i=0 and the

remaining variable have the meanings reported above.
Non limiting examples of these metallocenes are:
bis(2-methylthiapentalene)zirconiumdichloride;
bis(2-methylazapentalene)zirconiﬁmdichloride;

bis(2—methylphosphapentalene)zircdniumdichloride;
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bi s( 2- et hyl phosphapent al ene) zi r coni undi chl ori de;

bi s(2-i-propyl thiapental ene)zirconi undi chl ori de; :

bi s(2-i -woogsykassapent al ene) zi r coni undi chl ori de; PCT/EP97/06297
bi s(2-i-propyl phosphapent al ene) zi r coni undi chl ori de; -

bi s(2-t-butylthiapental ene)zirconi undichl ori de;

bi s(2+tsb | t al ' i,undichl ari de; .
bi o( 2 Rt AT RO ERAPRRRER Rbs T R S MR r e mdger s used in the
description of the netall ocenes of fornmulae (1), (IIl1) and (I1V), the term

"assodid (2-ethyhazapéenahlehelzimeoniamdiehfiettidsf; t he group contai ni ng at
| east one heteroatom "associated to a central 6 [err] electron radical,

means-thaj., sai het erpatom i g not _an _endocvel Lc. er of the central six
el ect rl?)’ﬁs {%a?a’élglflaﬁ?éeﬁ?yeg‘ésiﬁflﬁ tzilﬁfézoﬁé‘."mﬁg?&@)?fﬁﬁég, the heteroatom
could be part of a ring condensed to the central six electron radical,
such dsis (2+itppenyvathiepearajenidizdteonitimdiichildrdd ;ounnonat et r aene

di azatricycl ounnonatetraene or in thiaazatricyclounnonatetraene or the
het er qat om can_be rt_of .a.radical linked.to.the central six electron
oat carts Bk eSed i hkeBraL B1RRE o S TG bonaed t o the centr al
radical (e.g. 3-pyridyl Cp group). Yet, another inportant subcl ass of

nmet al Imibe(®si opropyiphbsphapentalienel) zdye opdpmid ichfoxird@siuci ng pol yners
havi ng : 31 WD 98/ 22486

PCT/ ER9.7/ 06297. v Lng d ees .of, tact.icity. .Such, netall ocenes are

gener zflurilp ?%ﬁ‘é‘é%ﬁ%&agﬁnggﬁﬁasd ZHECER %l ae (111) and/ or

(I'v) (i.e., containing bridged |Iligands) having specific substitution
pat t ertsss (2t babutylaeapengapibhe) zidiconiumdicdhlgride; :

bis (2-t-butylphosphapentalene)zirconiumdichloride.

As used in the description of the metallocenes of formulae (I),
{III) and (IV), the term “associated” to a central atom, in the

context of the group containing at  least one heteroatom,
*associated to a central 6 T electron radical, means that said

heteroatom is not an endocyclic member of the central six
electron radical directly coordinating Me. For example, the
heteroatom could be part of a ring éondeﬁsed to the central six
electron radical, such as in thiapentalene, azapentalene,
dithiatricyclounnonatetraene, diazatricyclounnonatetraene or in
thiaazatricyclounnonatetraene or the heteroatom can be part of
a radical linked to the central six electron radical, such as a
heterocyclic radical substituent bonded to the central radical

(e.g. 3-pyridylCp group).

Yet, another important subclass of metallocenes of this

invention are those capable of producing polymers having
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tactioselectivity to the netall ocenes during polynerization, resulting in
the formati on of tactioselective polyners. Generally, tactioselective

catal ys ghshsgven tactiospecific catalysts, are formedp, oFds2dne
rretallof:vzgegs oPsforrruI ae (I11) and (1V), Y and /or.Z groups bear the sane

or different substituents, in sonme or all of the positions [err] and [err]
to the atons bearing the bridging group R', such that at |east one

subst VegaHing sdegpeeky ofubaatieihy - | Sechsmerpddbopnies l@%e genrarahi¥r ogen
and preferably sterically bulkier than a methyl group or an aromatic

car borepreaengad hoadbrdsiged imerylineceneamef efarmpdast of¥¥l)si anddera

met hyl group). Preferably, said netallocenes possess a specific overall
symreti®¥) Adtl t@onal contRraping orbwidger eligandsd) brayingrrpesabfict uent
can be found in United States Patent No. 5,459,117. Metallocenes of

f or nuisadstiitiytigupaltpattsrng el dikat polamer s capabhlear yphg ddgpacting
selectivity to the isotactic joining of nononmer units ("isoselective

net al tecdissgledtrictiftyr nfonethe y netedsipasries goinimer sp¢livmerpeation, :
net al | ocenes”), must show either C2 or pseudo-C2 symmetry. In isoselective
met al resaigsingnein Hee ommmatdon of | tact bdéglect pyeuplolimeaser al |y
symmetric, and both Y and Z have a single bulky [err] substituent

i rrespenenedly, tactioselective catalysts, 88d even tiE:-285p8¢8€6ic

PCT/ EP97/ 06297 of the nunmber and type of a-substituents. Alternatively,
In | sesellystse areal formeds whenr In bthenodetallncersedi lceft eEaktalaer
pseudo-bilaterally symmetric and the non-bilaterally symetric group has
only aQrmamuland| ¢Iv}, s¥banid vor .Z Aspdbagesubear the same or different

substituents, in some or all of the positions o and B to the

atoms bearing the bridging group R”, such that at least one B

substituent is a bulky substituent (i.e. sterically bulkier
than hydrogen land preferably -sterically bulkier than a methyl
group or anl aromafic' carbon atom, which has essentially the
same relative steric size as a méthyl group). Preferably, said
metallocenes possess a specific overall symmetry. Additional

information on the effect of bulky P substituent can be found

in United States Patent No. 5,459,117.

Meta_llocenes of formulae (III), capable of yielding polymers
with varying degrees of selectivity to the isotactic joining of
monomer units (“isoselective metallocenes”), including nearly
isospecific poly_mers (“isospecific metallocenes”), must show
either C2 or pseudo-C2 symmetry. In isoselective metallocenes

neither Y nor Z is bilaterally or pseudo-bilaterally symmetric,

and both Y and Z have a single bulky P substituent irrespective
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i sosel ective netall ocenes can be designed fromthe netall ocenes of formula
(I'V), but where the substituents are on one or both of the Y |igands.

Met al | oogposndssf ornul a (111) capabl e of yiel ding pol yner spes/khor0689yi Ng
degrees of selectivity to the syndiotactic joining of nononmer units

("syndi osel ective"), including'syndiospecific pol ymer s ("syndiospecific
net al | ocenes"), nust shaow either Cs pseudo-Cs symetry

syndi &fel Ehei yIRbEE| (805 EBRPe Phng- szbérté-bd*qr&i%r app.§e5|nat1vely, in

pseudo-bilaterally symetric and either Y or Z, but not both, have bul ky
[err] isdssldatcive metaipecenes I ox He, butinbet boind isybélaterally

a- substituents. Anal ogous syndi osel ective netallocenes can be

desi goad  psemdo-id 1atestr ll loc e neymmie trrarut-an@d V) theut moéh-bibateralilen -
will occur on the two Y groups. 1In the case of netall ocenes of fornul ae

(111) sythddMc hgvou RS Gy Pene OYREk{ ﬁesubgﬁae@%n%ot ﬂﬁéﬂ&@oﬁéx
[err] electrons “delocalized over five atons ‘either |n an all cis

S?nfs'[ g'r‘*ﬁa% efle Hefald %g?gggﬁ%?ﬁgbﬁoﬁ%d&%%%a% e‘é%d“?ﬁgii fepeFLont <
o B TR B R M Eia Lt 72,0 P ofE'al gaeges o
tact i Q% thwr% 9&92248@ of oxide or sulfide containing net ZﬂégggZéoaﬁgZe

t he oxygen or sulfur atomis bridged through the divalent bridge R' to the
HCy | inpagllddendyofi gondudal ( ITTNPepable ahtyindldedg . polymetrschith

propagation by the
varying degrees of selectivity to the syndiotactic joining of"
monomer units (“syndioselective”), including syndiospecific
polymers (“syndiospecific metallocenes”), must show either Cs

or pseudo-Cs symmetry. In syndioselective catalysts both Y and

Z are bilaterally or pseudo—bilaterally symmetric and either ¥

or 7, but not both, have bulky B substituents irrespective of

the number and type of o~-substituents. Analogous

syndioselective metallocenes can be designed from the
metallocenes of formula (IV), but all substitution will occur

on the two Y groups.. .

In the case of metallocenes of formulae (III) and (IV) having
non Cp type groups (i. e. ligands not having six ® electrons

delocalized over five atoms either in an all cis configuration
or in.a five membered ring{ such as NR°, PR, O or §7), the
'substituents on the non-Cp type'group and the substituents on
the HCy group must operate to sterically constrain the

metallocenes so that the resulting polymer has some degree of
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exi stence of one or nore substituents. 1In a particularly preferred cl ass
of netall ocenes of the present invention, the Y ligand is a heterocyclic
ring fusg jhe central six [err] electron central radi LfdnCl ass
is  envi sagg@“by formulae (1), (111) and (IV), wherein Y Rl O\ 200
cycl opent adi enyl group represented by the following structure: [err]
wherein the groups_Rlerr], identical or different fromeach other, are

sel ectt@FEFBHEY he FRouFHEONTaTe ngo8f Myddsyerer| i FEALige b?%ih‘é%b‘éilng
saturated or unsaturated Cerr]- C[erra al kyl , derr]- err%

cycl odnesallazraes whore the OBYVEERyPEr §RLENE @rompdsabnidasd threngh s,
and wherein at |least two adjacent R err] gboups can form a condensed

het er die | divalert | bridge) R e cehealfvnd iandasthenHCyndiigandonibl om
selected fromB, N, O A, Si, P, S, G, G, As, Se, In, Sn, Sb and Te;
R[err]immomdr@g%n,cmfé@enpvememmaﬂ aritRiy oropagation kvisatheat ed,
Cerr]-Cerr]-alkyl, (err]-Cerr]-al koxyl, C6-C20-aryl, C7-C20-

al kyl s¥istegyc aPye adRymorkesubstitnehtacyl oxyl group, optionally

34 WO 98/ 22486 PCT/ EP97/ 06297

gce)?it ﬁia a%’osg%fﬂl)he prefie rllﬁrcf g%%?s&;%%giggfrglse%aeg%gégﬁg fBFI oW ng

fornul&eesent invention, the Y ligand is a heterocyclic ring fused to
the central six &% electron central radical. Said class is

envisaged by formulae (I), (III) and (IV), wherein Y is a-
substituted cyclopentadienyl group represented by the following

structure:

Ra Ra

-wherein the groups R?®, identical or different from each other,
are selected from the group consisting .of hydrogen, linear or
branched, . saturated or unsaturated C;-Cyp-alkyl, C3-Ca0-
cycloalkyl, Cg-Czp-aryl, Cs-Cyo-alkylaryl and C;-Cyo-arylalkyl
radicals, and wherein at least two adjacent R® groups can form
a condensed heterocyclic C5-C; ring containing at least one
non-carbon atom selected from B, N, O, Al, Ssi, P, S, Ga, Ge,
As, Se, In, Sn, Sb and Te;

R® is hydrogen, halbgen, linear or branched, saturated or
unsaturated, C;-Czo-alkyl, C;~Cyo-alkoxyl, Cs-Cyo—aryl, C;-Czo-
alkylaryl, C;-Cro—arylalkyl C;-Cy acyloxyl group, optionally
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35 WD 98/ 22486
PCT/ EP97/ 06297

WO 98/22486 PCT/EP9706297

containing a silicon atom, or R® is a bridging divalent group
R” as defined above.
The preferred Y groups are represented by the £following

formulae:
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R
PCT/ EP97106297
WO 98/22486
Rb
RB
X
S,
(a)
Rb
R(!
K
x O
R?
R
(d)
Rb
X X
Rn Rm
£))
Rb
X X
Rol Rm

[err]

Rb
Ru

R&

WD 98/ 22486

PCT/EP97/06297

RbP
Ra

R Ra



37 WO 98/ 22486 PCT/ EP97/ 06297
Rb [err] wherein: (i) the X atons, the sane or different
from eaCWQ)?W‘ can be N, P, NRlerr], PRl err], 0 or S; whewerofoszed ring
has two heteroatons, then one X can be 0 or S and the other X can be N, '
P, NRerr] or PR[err] or one can be N or P and the other can be NR err] or
PR[err], so that the m)l ecul ar species represents a chemcally viable
group; (i) wherefy Rlerr] is a line® or branched Clerr]- ®berr]

hydrocarbon radidal, optionally subqtituted with one or re hal ogen,
hydr oxy, alk C3- C12 cyclohydrocarbon radical, C12
cycl ohydr oh | calpy, O bstituted nor e
hal ogen, C6 &call?n 7 ) l@ﬁr\yl r )P[err]
aryl al kyl silicon OMR X X
(s) () ()
Rb
{00k
R
b
598
»
SO
RP
(bb)
Rb
Rn R®
SO =
X RP
(ee)
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radi cal , a germani um hydrocarbon radical, a phosphorous hydrocarbon
radi cal, a nitrogen hydrocarbon radical, a boron hydrocarbon radical, an

al um nurygygnpear bon radical or a halogen atom (ii) thechedpugsy sane

or different fromeach other, can be hydrogen, a -linear or branched
Cerr]-Cerr] hydrocarbon radical, optionally substituted with one or
nor e hal ogen, hydroxy, alkoxy, a C3-Cl2 cyclohydrohal ocarbon radical,
optionally Rb 38 WD 98/ 22486

PCT/ EP97/ 0629 substituted with one or nore hal ogen, an CJerr]-Clerr]
aryl rad Cerr]-Cerr] alkylaryl radical, an (Jerr]-Clerr]

aryl al | Rmy i con hydrocarbon radical, a gernmanium

hydr ocg adical, a phosphorous hydrocarbon—Tadical, a nitrogen

hydrocarbon radical, a boron hydrocarbon radical, an al um num hydrocarbon
radi cal or (BhYhal ogen atom two adjacent R groups -can form together a
saturated, unsaturated, or aromatic fused ring; (iii) n and mare integers
whi ch Bave ;ypl ues from O to the maxi num nunber of substituents that the
ring can accommodate (e.g. for formulae (a)-(b), n can be 0, 1 or 2); and
(iv) Rerr] and Rlerr] representing [err] and [err] substituents

r espediilvéihe X stinmayr the fsaneto¥ rdnf faxentdt fivom eaghbetipedr.ogen, a |inear
or branched C[err] C err] hydrocarbon radical, optionally substituted wth

one of,Jip gir O¥¥e Of Oal %ﬁxys'_ awﬁbgr r;- qf[]‘fﬁréd r9.¥15] oﬁggr WA bon

radi c:fl opt| onal ?’; subs't i tut ed Wi one Or nore ogens,

Gerrls gee” e £55h e R LA KL e ] QALK Whentnd G 0,

aryl | con rocarbo
P, NRY or PR%, or one can be N or P and the other can be NR? or

PR%,. so that the molecular species represents a chemically

viable group;

(i) whe';:ein R is a 1linear or branched C;-Cyy hydrocarbon
radical, optionally substituted with .one or more halogen,
hydroxy, alkoxy group, a Ci3-C); cyclohydrocarbon radical, a C;-
Ci2 cyclohydrohalocarbon. radical, optionally substituted with
one or more halogen, Cg-Cz aryl z;adical, C7-Cy0 alkylaryl
radical, Cs-C3 arylalkyl radiéal, a silicon hydrocarbon
radical, a germanium hydrocarbon radical, a phosphorous
hydrocarbon radical, a nitrogen hydrocarbon radical, a 'boron
hydrocarbon radical, an aluminum hydrocarbon radical or a

halocgen atom;

{ii) the R groups, same or different from each other, can be
hydrogen, a linear or branched C;-Cy;; hydrocarbon radical,
optionally substituted with one or more halogen, hydroxy,

alkoxy, a (C3-C;2 cyclohydrohalocarbon radical, optionally
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radi cal , a germani um hydrocarbon radical, a phosphorous hydrocarbon

radi cal, a nitrogen hydrocarbon radical, a boron hydrocarbon radical, an
al um nuwdygsizzager bon radi cal or a hal ogen atom two adj aceEvENSFe629f and
Rlerr] groups can formtogether a saturated, unsaturated, or aromatic
fused ring; (v) Rlerr] and Rlerr] have the nmeanings reported above. In

its b Egﬁgﬁittuft%rfhld.@? did’ %n@:t'etlg%l enén' E’\éeE%?l QQ-yl' PRUNRT, an

polyner|2|ng an t1on polyneriza noner

as an“fe ?fol\ggkzﬁa%ﬁ’ IFETh 0R8 7P AR WY B ﬂlca%ggg :;5217,-(&@@97
pol ynﬁ&d}%% '39{10@5&:{.0+f thg p Eﬁéﬁu&ﬁ% tﬁ ormﬁri: %ﬁgﬁ &of the

i nventton, | nc udi ng a east om ocene

h id
Rt o ge%ssgp;ﬁzgzggﬂr%ée'rgzp O T
t t { t t
Cyat oRRgpRa  thy ﬂ#ggn%ﬂyﬁiﬁi°lf;ﬁ‘-?%&§t 9?855?55239@? n@@#‘e\ﬁg@@cﬁ%ﬂa YO
1]
com 1SRRPRA crF] andiaaa’sobi et o SiaedL A beESREre Rl et

tall f f I I t hat bl f d
et ol L9GRRERC (A, hndAbide 808 (b LB RE autaPl 8 produci ng

nononer s capabl e of formng polymers with tacticity, have certal n specific

substi(igiom aad@uirteardt Sintédensi MpddH MBavierR alniaml febmpseude BHEERtry.
The symetry terms generally used to describe nmetallocenes that

maximum number of substituents that the ring can accommodate

(e.g. for formulae (a)-(b), n can be 0, 1 or 2); and

(iv) R* and R’ representing o and B substituents respectively,

same or different from each other, can be hydrogen, a linear
or branched C;-Cz¢ hydrocarbon radical, optionally substituted
with one or mére halogen, hydroxy or al}coxy, a Ci;-Ci
cyclohydrocarbon radical, optionally substituted with one or
more halogens, an Cg-Czp arjrl radical, an C;-Cy alkylaryl
radical, an. C,-Cy¢ arylalkyl radical, a silicon hydrocarbon
radical, a germanium hydrocarbon radical, a phosphorous
hydrocarbon radical, a nitrogen hydrocarbon radical, a boron

hydrocarbon radical, an aluminum hydrocarbon radical or a
halogen atom; two adjacent R® and R? grbups can form together a
saturated, unsaturated, or aromatic fused ring:
(v) R* and R® have the meanings reported above.

In its broadest form, the process of the present invention

involves polymerizing an addition polymerizable monomer, such
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generate tactiosel ective polynmers are described below. The termbil ateral
symmetry neans that the ligand, such as the HCy group, Op group or Cp
group i Sy6wepRisei c With respect to a bisecting mrror plpoempeigseaed cul ar
to the plane containing the |egend, and bisecting the ligand into two
parts wwth the 2 and 5 and the 3 and 4 positions being in a mrror inmge
relationship respectively (e.g. 3,4-dinethyl-Cp or 2,5- .
di et B§l -agp) d-vhefia, meikhaobalaner S ssogathsr nwikh athex haddition

40 WD 98/ 22486 PCT/ EP97/ 06297
3,4 apdlmierdiideild ussticmerrss, Qin stiie | ptedurice O f | tleait cathlysier sgsbaink.
(e.g. nmethyl and ethyl, phenyl and pyridyl, naphthyl and quinoline, nethyl
and chiforhe Hyffegeivmndiddiiding £t Cleasthenéd anetdl Bocéner opseodmuiherr]
symmetry means that the entire netallocene is symmetric with respect to a
bi sect(iTng afid rDlco-dANELPASS | SUcH MO U 4 handdkdsl@i ng group and the atons

bonded to the bridging group I .e. the substituents on each coordinating
group a bridged, Ie MQICh are reflﬁ tively cou f , are _identical
or si rpreaeé? igye Eh@a BFERRT DYRIVAFRF 2aRKPGRSMSIPhaPTEgNA1ING

coordlnatlngéigqé; are bllaterally or, pseuydo bilaterally synmretric.

Syndi §8&4AS §V§Hbmﬁa€FéPFPecéﬁ1CpsEHHBmEf§rrf°mE§HﬁiP9y and
preferably i ncl ude two coordinating groups |inked together by a

di val ERRTRGHIRY (dE11easl PP EQIYWﬁrﬂéP Ba MOpIomeX, Wi tihed | gRERLYEIC
substituents on one coordinatin éﬁqég are sterically _larger t han
the syster afpthet doveatden Han nq:o%ﬁidiﬁastn@n@r dtalbecenanpke,

formulae (III) and/or (IV), where the ligands of said .
metallocenes bear tacticity controlling o and B substituents,

as described herein.

Many metailocenes of formulae (I), (III) and (IV) that are
capable of producing tactioselective and/or tactiospecific
polymers when contacted with monomers capable of forming
polymers with tacticity, have certain specific substitution
requirements, of;en imparting then aqtual or pseudo symmétry.
The symﬁetry terms generally used to describe metallocenes that

generate tactioselective polymers are described below.

The term bilateral symmetry means that the ligand, such as the
HCy group, Op group or Cp group is symmetric with respect to a
bisecting mirror plane perpendicular to the plane containing
the legend, and bisecting the ligand into two parts with the 2
and 5 and the 3 and 4 positions being in a mirror image -
relationship respectively (e.g. 3,4~dimethyl-Cp or 2,5-

dimethyl-Cp). The term pseudobilateral symmetry means that the
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(dithia-tricyclo[3.3.1.0.0]unnonatetraenyl)-R'-(Cp) | i gands,
(dithiatricyclo[3.3.1.0.0]unnonatetraenyl)-R'-(Op) | i gands,

(dithia- Wd%/%t@& 3.3.1.0.0]unnonatetracnyl) R'- (3, 4-di-t-pbstrbordedd7
d

i gand; or Ithia-tricyclo[3.3.1.0.0]unnonat et raenyl )R’

(2,5-dinethyl-Cp) ligands have CJerr] symetry or pseudo CJerr] symetry
depending on the | ocation of the two sulfur atons. ) )

(Di t hi &+ 3r i 29€| of & 3 SHRPGHEHRRFSit @&5%aeff| )snilax cwy o PRt ABeRficed) |

| i gands , dithia-tricycl o[ 3.3.1.0. OL . _
41 sterign bydks gde.g. methyl and ethyl, phenyl andpopyepdyles297

unnonat etraenyl )-R"-(3-thutyl -4-i sopropyl -Cp | i gands or. related

| i gandBRRBFEYHs ARdh-IIiningmRe tRyl midi ?@{@’ﬁbr opydeegennangd| fdueoxes from
these ligands will produce catalytic systens capable of vyielding

pol ymee§clwith varying degrees of syndiotacticity including polyners
with very high degrees of syndiospecificity. The term C2 or pseudo-C2

symmet Eﬁe”eﬁ'%‘i'mt hat the '%Qgﬁg?hié? a%ﬂﬁugﬂ%%ééﬁ&n&ﬁér]tﬁé{m%& p%g%ii?% a

t hrough the bridging grou system were confi

pLane, mbBSi3eceULd GOl ALl Rne SANAINDP hekyoand
i val CRESERoNsee L S bBn S A dhS o, pBECUNSPELORE BB |
Subot | CeRD ORESBRREH) NG 0 WPl WA CLubRaRlaged ol Cepen
SRR LR TR SN NL IR SR R L T LR
coupled, are identical or similar. C; or pseudo-C; symmetry
also means that both coordinating groups are bilaterally or
pseudo bilaterally symmetric. Syndioselective metallocenes show
Ce or pseudo-Cg symmetry and preferably inclu&e two

coordinating groups linked together by a divalent bridge (i=1

and j+jj=2 in formula (I)) and the P substituents on one

coordinating grbup are sterically larger than the B
substituents on the other coordinating group. For example,
(dithia- tricyg:io [3.3.1.0.0)Junnonatetraenyl)-R”~ (Cp) ligands,
(dithiatricyclo[3.3.1.0.0]Junnonatetraenyl)-R”-(0p) ligands,
(dithia-tricyclo[3.3.1.0.0] ﬁnnonatetracnyl) R”-(3,4-di-t-butyl

Cp) 1ligand, or (dithia-tricyclo[3.3.1.0. OJunnonatetraenyl) R”
(2, 5—dimethyl-Cp) ligandé have C; symmetry or pseudo Cg

symmetry depending on the location of the two sulfur atoms.

{(Dithia-tricyclo[3.3.1.0.0Junnonatetraenyl)-R”-(2-chloro-5-

methyl-Cp), ligands ' (dithia-tricyclo(3.3.1.0.0]
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azapental enyl )R' ligands, rac-bis (5-nethyl-1-thiapental enyl)R" [|igands

and bi s(cycl openta[ b] quinoline) R' ligands have C[err] symetry. Rac-
(N- pheny| wor-9se2issl - 1- azapent al enyl ) - R'- (3- phenyl -i ndenyl ) pdB8RRe297 and
rac(4-phenyl -1-thiapental enyl)-R'-(3-phenyl - indenyl-) have pseudo-Cerr]

symmetry. To produce isoselective netallocenes, the |ligands are contacted

M th lat: talli ' ich yield I Xt f
W an n(réa §%}r¥tﬁétl:xaa§nyf?—ﬁl' - I(§ -EBSE'y?LS-z;‘-“-"iE%p olp(iriz-SCpa) m X val’. @a@e Og,sggzgé)r

. u.
| sonmers

PCT/ EP97/,0629 yi el tactic | yer and rac isoners whi ch

yield G cllilé@“biojﬁ yHEY'S) .pﬁ?\"gg%g éﬁﬁmfé&fyi'so?’r‘éml’egn a&pé%‘b‘aﬁ‘tﬁ ed
by crystallijzation or _oth separation -te tni ues, well known in the art.
The syft i??ﬁn%?cﬁﬁﬁgngéfﬁfh Jﬁﬁ?ﬁﬁ%éwlf HgggPFGeEQQ?¥§§iﬂnSXﬁQFWS |
Gadek, F.J, .Cr%.Chenl, 971, 36,. 2065-2071.. Moreover, isoselective

net al | fan 4 soybﬁlé?‘ﬁgar RPIITRETS o WP haVBX VARG | vECHESBST 0r%.
Such isose|ective, netall.oc n%ﬁ enerally conprise one bjlaterally _
symet r§& TRy dP&ﬁb‘ BReYVAST AR VEEYditNgh ndegrees (9ot

bilaterally, or sepdp-bilaterally symretric). In accordance with this
i nvent i%ﬁ‘,‘%d?n?%%f’a?yéyproduce olefin copolyners particularly
copol yners of et hyl ene and/or propylene, and other olefins by a

sui t ablgne cheimiec, Obr pBEalbACsNS§mRethY" Mdahd | fhad Nenenigand has an

netal | ocenes of the present invention Can be used to control comononer

cont entaxias ofet) SpmRébey BASRRHY &hrfudH'eiRe! ¥PBagiAYC BB 3td,Cify for
the ligand system were confided to a plane, the axis would be
perpendiculgr to the plane containing the ligand. Isoselective
metallocenes have generally. C2 or pseudo-C; symmetry and
preferably include two coordinating groups linked together by a

divalent group (i=1 and j+jj=2 in formula (I)), where at least

one B substituent on one coordinating group is bulkier than the

B substituent in the same location on the other coordinating
group and where only the racemic metallocenes are active
isoselective speciés. For example, rac—bis(N-bhenyl—s-methyl-l—
azapentalenyl)R” ligands, rac-bis(5—methyl—l—thiapentalenyl)R"
ligands and bis(cyclopenta{blquinoline) R” 1ligands have C;

symmetry.

Rac- (N-phenyl-5-methyl-l-azapentalenyl)-R”-(3-phenyl-indenyl)

ligands and rac(4-phenyl-l-thiapentalenyl)-R”-(3-phenyl- .
indenyl) have pseudo-C; symmetry. .To produce isoselective
metallocenes, the ligands are contacted with an appropriate

metallic species which yields a mixture of meso isomers (which
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vinyl nononers other than ethylene or ethylene |like nononers. As already
reported above, the netall ocenes of the present invention conprise one or
nmore ri 59?&5'18@ ning at |least one heteroatom associatedpiieBeifdsocentral
Si X [erp? electron radical which directly coordinates the transition
met al . Such associated rings include the follow ng cl asses of radicals:
(i) the heteroaton(s) is contained in a cyclic substituent_
43 vieMp ogtpride polymer) and rac isomers  (whichpo7rieidr
linked to one of the atons of the central radical; (ii) the heteroaton(s)
i s conisparieetiveripglymerd) t o The aeso aandadivag, bsemersnocamn be
-endocyclic nenber of the central radical; or (iii) the heteroatons are
cont aisemhrated bbyh crystytlizatiobstox uetthel ngeparatilon ceachniqnedi cal
and in aring fused to the central radical. The rings fused to the central
r adi catell dmdmn aimneié carhonTheosyntbesiss aifurctekbpenttatblaginol dned
ring or ring systens. Additionally, the central radical can include the
phosphishaddermiladdnienBisel] cdl J. (t Batiekr, e Fukkepar g ackhemd] ny97ad, t BE,
procedure described in Quan, RW et al, J.Am Chem Soc., 1994, 116, 4489)
Exanplaose$20TEt erocyclic ring systens that can be associated wth the
central radical include, without limtation, any B, NN O A, Si, P

u

S1

Ga, As, Se, Ln, Sn, Sh or Te containing ro a ro cont aj ni ng
Lo oMIHRAYER | HECESLEG R vEn oA LIRYSRES SAD 1ELep Be B aatit abhRhy

group or aqylgroup. cont ai ning t or npre_ of these preferred T&ons. Not
Timtae AP ave inactive mesSo forms. Such isoselective metallocenes
generally comprise one bilaterally symmetric coordinating group.

and one asymmetric coordinating group (not bilaterally or

pseudo-bilaterally symmetric).

In accordance with this invention, one can also produce olefin
copolymers particularly copolymers of ethylene and/or
propylene; and other olefins by a suitable choice of
metallocenes of formula (I). The choice of metallocenes of the
present invention can be used to control comonomer content, as’
well as other properties of the'polymer, such as tacticity for

vinyl monomers other than ethylene or ethylene like monomers.

As already reported above, the metallocenes of the present
invention comprise one or more rings containing at lecst one
heteroatom, associated w;th the central six ® electron radical
which directly coordinates the transition metal. Such

associated rings include the following classes of radicals:

{i) the heteroatom(s) is contained in a cyclic substituent
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exanpl es include pyrrole, isopyrroles, pyrazole, isoimdazole,
1,2,3-triazol e, 1,2,4-triazol e, I m dazol e, I ndol i zi ne, thiophene,
1, 3-di t Ry@logra2486 1, 2, 3- oxat hi ol e, 1,2-dithiole, thiazoberErysmtdn azol e,
1, 2, 3-oxadi azole, 1, 2,4-oxadiazole, 1, 3,4-oxadiazole,

1,2, 3,4-oxatriazol e, 1,2, 3,5-oxatriazol e, thionaphthene,

I sot hi,angpht hene i soi.ndazol e enzoxazol e ant br ani |

benzotllﬁ‘ﬁ%’égé? one pm?lo?tf‘l?%%h%ﬁe%e c?%?ﬁér‘ﬂe, raﬁgéﬁﬁgﬁzofur an,

benzof uran, indole, indazole, purine, carbazole,

44 (ii) YRe9¥XLBdatom(s) is contained in a ring fuskdl/td9the6297
car bol i ne, | sot hi azol e, i soxazol e, oxazol e, furazan,

t hi endfetitaral Ry dZcADL dbazdd enot uan pendscyPyiazaenbeaxastl ehe central

sel enazol o- benzot hi azol e, i m dazot hi azol e, furoci nnol i ne,

pyri dasiivs) or oxat hi ol opyr ol e, | M dazotri azi ne,

pyri doi m dazo- qui noxal i ne, sil a-2, 4-cycl opent adi ene,

t hi apent.al enes azapent al enes . and .

di t hi at¥i%ycl bhfnoMataroakams _%ﬁai tiCoRfainagoy in ootk s 2 | f¥CddS,

wi t hout limtation, eterocyclic fused ripng systems, where the heteroatom
i s notSuPstidryent fhﬁkﬁgnFPaF ek uERARSaL oARSuUds R epiBIefiEeDhy
formul ae (a) and (si shown above. Not limtatjive exanples include nono
het er & orhe cORREFAL nFadifradr edBe LiRge TusRe FRiERBaFSREFRL Fadisal g
posi tions (using | UPAC nunbering),; . diheteroatom fluorenes again where the
het er GRS aPE et nOB-3EANetifs, URSASUFETLECo ARM PR JMRSAMMEAEthe
heteroatomis in the 4-7 positions, (I UPAC nunbering); diheteroatom indenes
agai n Tier 8 (RHNG hSYSTEREom Afditignalhy, Ahe @eBErRdnstadigrdr 6&7ciic
conpounds i ncluding thia and aza pental ene tgpe

include - the phosphino-boratabenzene radicals (that are prepared

according to the procedure described in Quan, R.W. et al,

J.Am.Chem.Soc., 1994, 116, 4489)

Examples of heterocyclic ring systems that can be associated
with the central radical include, without limitation, any B, N,
0o, Al, si, P, S, Ga, Ge, As, Se, In, Sn, Sb or Te containing
group, any dgroup containing two or more of these atoms and
preferably any N, O, P, or S containing group or any group
éontaining-two or more of these preferred atoms. Not limitative

examples include pyrrole, isopyrroles, pyrazole, isoimidazole,

1,2,3-triazole, 1,2,4-triazole, imidazole, indolizine,
thiophene, 1,3~-dithiole, 1,2,3-oxathiole, 1,2-dithiole,
thia;ole, isothiazole, 1,2,3-oxadiazole, 1,2,4-oxadiazole,
1,3,4-oxadiazole, 1,2,3,4-oxatriazole, 1,2,3,5—oxatriazole,
thionaphthene,  isothionaphthene, isoindazole, benzoxazole,
anthranil, benzothiophene, naphthothiophene, furane,

isobenzofuran, benzofuran, indole, indazole, purine, carbazole,
44



systens or heterocyclic conpounds including thia, dithia, aza, diaza and
t hi aaza systens, having three fused five nenber rings, where the central
five neRbglogeadgkNd IS an all-carbon cyclopentadi enyl ringerggore@bfse it
shoul d be apparent that certain of these ring systens will not support
substituents at the heteroatom Thus, oxygen and sul fur containing rings
wi |l not have substituents attached to the oxygen or sul fur atons.

Addi t i<@¥Rqline t hdsothiazole, ' isoxazole, oxagple, fuxe228y.22486
PCT/ EP97/ 06297 case of N, P, and As, where these atons are part of a
doubl &hignafurany \PYFaRRosRRaZ0kRt i t fereBYHaRac hBYTAFOLO®Xaze t er m
open- pent adi enyl (abbreviated as Op) is intended to refer to all six [err]
el ects@lenazapkarkanioizzeleent er taidazothiazedrnect efuzosisnal ine. al |
cis configuration, but where the five atons bearing the six [err]

el ect s dacarhazopbet of a fovathiwdsoyawleng, i. eimidaeotniazinerys do
not forma cyclopentadienyl ring system O course, all five atons shoul d
be sppamiddimidagoeauinoxaliree ot her hybri dilatRed-ciyslopemntasiimne,t

el ectron del ocalization over the five centers. One possible precursor to
t he OfHilggpeandmlgnesi s i nvention i s aazspenbalehese four of the atemsd are
part of two non-conjugated double bonds connected to and separated by a
cent r dittiahricyeleunhenatetitaehesds contribute two el ectrons each to the
| i gand system and the central atom supplies two electrons to the system

ei themdlfaddan (aspebe | 9aaRakn o 3 MAad, 2t Pl en8le! M 43 LG oSS ©f
heterocyclic fused ring systems where the heteroatom is not a
part of the central Cp rings such as compoﬁnds represented by
formulae (a) and (s) shown above. Not 1limitative examples.
include mono heterocatom containing fluorenes where the
heteroatom is in the 1-8 po;itions (using IUPAC numbering);
diheteroatom fluorenes again where the heterocatoms are in the
1-8 positions, mono heteroatom indene where the heteroatom is
in the 4-7 positions (IUPAC numbering); diheteroatom indenes
again where the heteroatom is in the 4-7 positions.
Heterocyclic compounds including thia and aza pentalene type
systems or heterocyclic compounds including thia, dithia, aza,
diaza and thiaaza systems, having three fused five member

rings, where the central five membered ring is an all-carbon

cyclopentadienyl ring.

Of course, it should be apparent that certain of these ring
systems will not support substituents at the heteroatom. Thus,
oxygen and sulfur containing rings will not have substituents

attached to the oxygen or sulfur atoms. Additionally, in ‘the
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formati on of an anionic center as for a Cor Si atom O course, other
central species could be used as well, including Ge and As. The

open- pery@geeaNe radical suitable for use in the present PWS% i ncl ude
Op ligands of formula (V):

WD 98/ 22486 - PCT/ EP97/ 06297

[err] wherein. Gis a carbon atom _a nitrogen atom a siljicon_atom or
phospR8fgs of My Pr |a§“3a AGRREheRs; Chese, aliqmR3are gpch °0h AROUPAS; caI

a PRl err]. radical an oxygen atomor a sulfur atomand L' is a

CR] er PPREer they; atildanot, BV siubs i wients A tached %Rfﬁ?Ff-radi cal, a PR4

radi cal, an oxygen atomor a sulfur atom Rerr], Rerr], Rerr], Rerr],
Rl er I itheR{ @k oBbaLb]en%aaleRwrlabﬁb&zﬁaﬂEdorasiléﬁﬁreat fisneagheat her

can be a hydrogen | i near or branched C[err]-Cerr] hydrocar bon

radi cal a h r r i near
or br e(?ﬁ'gd %er?’]l (%errit %ﬁ'%d&%rfo%lﬁr%g{l%%& 2‘{’;?&@ QI%|gne':’gérﬂé:&l ran hed
C[err] C[err] al kox r adi caI a C3-Cl12 _cycl ohydrocar bon radij cal ,

B> CORRACHARI AR G [ 2Hi Gh$  ConEEdETatary! PuB Whereaths. c20

five atoms bearing the six ® electrons are not part of a five

membered ring, 1. e., the five .atoms do not form a
cyclopentadienyl ring system. Of course, all five atoms should
be sp? hybridized or in .some other hybridization that can ’
support electron delocalization over the five centers. One
possible precursor to the Op ligands of this invention is a
system where four of the atoms are part of two non-conjugated
double bonds connected to and separateé.‘ by a central atom,
where the double bonds contribute two . electrons each to the
ligand system and the central atom supplies two electrons to
the system either directly (as the ion pair of a N or P atom)
or through the loss of a remové.b'le group, to | result i1_1 the
formation of an anionic center as for a C or Si atom. Of
course, other central species could be used as well, including

Ge and As.

The open-pentadienyl radical suitable for use in the present

invention include Op ligands of formula (V):
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al kylaryl radical, a C7-C20 arylalkyl radical, a silicon hydrocarbon

radi cal , a germanium hydrocarbon radical, a phosphorous hydrocarbon
radi cal yyo 922486 t r0gen hydrocarbon radical, a boron hydrpeggdgsierdi cal,
an al um num hydrocarbon radical or a halogen atom .Rerr] and R err],
Rlerr] or Rlerr] and/or Rerr] and Rerr], Rerr] or Rerr] can forma
4 to 6 nmenbered ring or a 6 to 20 fused ring systens; R err], Rerr], or
Rlerr] and Rlerr], Rerr], oRBegr] can be joined together so that the
five numbered atomc centers N | 47 VO
98/ 22486 s PCT/ EP97/ 06297  forning the
five centered del ocalized six=@l gceron |igand age¥ contained in a 7 to 20
menbered ring system The nunb associated wth the five atonms in —
formula (V) are there to indi @%e:'how substituent positions will be
addressed in the remainder ofthe specification. Thus, for those

net al | ocenes having a divalent bridge, said bridge will be bonded to the
central e%teqm.mhi ch is indicated as position 1, in a fashion anal ogous to
the nu ring in cyclopentadiene. Additionally, the 2 and 5 positions w |
sonetinmes be jointly referred to as the a positions or proximl positions
(proxiGmais tep thebbnpoatbtmpn)g whitrogdre dtamd 4apcesiticors witddm someta nes
be jointly referred to as the [err] or distal positions. The present

i nvenphosphlosmsprahomies a process for producing polynmers and copol yners
havi ng varying and control |l able properties including hi gh nol ecul ar

wel OhEs 15 % cRibON rRIY, 24" §ErAR QRS A o GhEELRD o pr”

tacti
radical, an oxygen atom or a s_ulfur atom and L’ is a CR'*RY
radical, a Si R'RY radical, a NR! radical, a PR*" radical, an
oxygen atom or a sulfur atom; Rz, R}, R¥, R®, R%Y RY, RY and
R®, the same or different from each other, can be a hydrogen, a’
linear or branched C;~Csg hydrocfarbdn radical, a linear or
branched C;-C;y halocarbon radical, a linea:lr or branched C;-Cyo
hydrohalocarbon radical, a 1linear or branéhed C1-Cz0 alkoxy
radical, a C3-Ci2 cyclohydrocarbon radicai , a C3~Ci2
cyclohydrohalocarbon radical, a C¢-Cz aryl radical, a C;-Cz
alkylaryl radical, a C3-Cy arylalkyl radical, a silicon
hydrocarbon radical, a germanium. hydrocarbon radical, a
phosphorous hydrocarbon radical, a nitrogen hde::ocarbon
radical, a boton hydrocarbon radical, an aluminum hydrocarbon
radical or a halogen atom; R? .and R}, R or R* and/or R® and
R, RY or R' can form a 4 to 6 membered ring or a 6 to 20
fused ring systems; R?’, R¥, or R* and RY, RY, or RY can be

joined together so that the five numbered atomic centers
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stereoregul arity, narrow or br oad nmol ecul ar wei ght distribution,
etc. The process conprises polynerizing one or nore nononers in the
presenceyplfogasg@sor nore netal l ocenes of the invention. Ppeamepbéennt has
found that netall ocenes of the present invention can also be prepared

whi ch yield stereoregul ar and stereospecific polynmer products, such as

| i near_ hi gh mol ecular wei ght o] t hyl ene l,sotactic ol yol ef.i ns,

synd: detEtng ity Seue fentared (AFOCLLaRe 815 el treR ol {oaRgs are

uni quel \ \ - 48 desi gned netall ocenes
have °§§‘ta&nqéeym feat e 24 mepbered TiREFYSESPry substituted | egend,
containing at | east one HCy coordinating group. For net al | ocenes t hat
produgie rRintieesechesbeyatedand/vty tHactivsehesisVan POOYRLEBAT 1Y) alrle
ligand that forms the netallocene of the present invention can be

subst idHéred td sHEMcaBeWdiow NAIbsBECSENE PBEakhieasnariEl Sher eidrdisted
(bridged), stereolocked and stereodirected so that: (1) the substituents
on the |@eendrehfideANdber tHie' €@pedif catlolEr TRAS, N- B¢ @HoyY ation
and/ or nonomer approach such that each successive nononer addition S
st er egetQiNldcenedNBaviihg deH Bl Bragese EQEBV'Bi‘i_Q%B kei LoNeP! | ed;
and (2) the bridging group renders the Ilgand systemrigid so that its

ot at iRihdiia do QR | SR IS dih WRILR1 87 1 1@SLELERCHs pHiaRadIPLal ligpenes
are characterized by having [err] or distal substituentsS on the [|igands

contrg lifi@hildie MdRSYAld ONeo Of thEONRERber 4! L 1AM cyclopentadiene.

Additionally, the 2 and 5 positions will sometimes be jointly
referred to as the o positions or proximal positions (proximal
to the 1 position), while the 3 and 4 positions will sometimes

be jointly referred to as the B or distal positions.

The present invention also provides a process for producing
polymers and copolymers having varying and controllable
properties including high molecular weights at high
temperatures, tactioselectivity (including tactiospecificity),
stereoregularity, narrow or broad molecular  weight
distribution, etc. The process comprises polymerizing one or
more monomers in the presence of one or more metallocenes of

the invention.

The Applicant has found that metallocenes of the present
invention can also be prepared which yield stereoregular and
stereospecific polymer products, such as linear high molecular
weight polyethylene, isotactic polyolefins, syndiotactic

polyolefins and hemi-isotactic polyolefins. These uniquely
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nor eover, " metal |l ocene configuration det erm nes

tactioselectivity. The net r esent invention can be either
non-  stwhIRkbssd/ non- st er gol d pET HAS BE&Nej| eor i gi d/ nonri9ERmloseked.
non-st ereori gi d/ st ereol ock EPLAGERoOr i gi [fi/ st er eol ocked or mxtures
thereof. Stereorigidity Is 1nparted —to the netallocenes of this

invention by a chem cal bridge connecting  two coordinating groups to form
net al IREHEReQf PetRIlecenes ) havel (p¥), a . kevihefearure jja = brigged=1 in
the general fornula (1). The bridging group prevents or greatly
restriSpecifically substituted legend, containing at leasppope JBARE
PCT/ EP97/ 06297 = coordi nating groups from undergoi ng structural
i soner¢eAdURRting-gueUPLon. The Applicant has al so found that, by
controlling the netallocenes relative steric size, catalysts can be forned
that gasert agh sk |y ol | fec ' sl ti
pol ymeﬂ;cgs!rfs Th!é‘ékp%P'?’clgrgl% Lshas a st(EJ foﬁ:ﬁé&?ﬁgt ctz?'?:zﬁrlygs%%set lro?c %lﬁéél préé&g%/rﬁ’r
I nventy Lgn e herj;i sotactisC nmer, e '
Appl i C%g;c[tﬁggeg%gﬁ}?gun?’%%@%%t e_%;rqext u?%gghgf po y%/rer s?% vﬂ-ghh dtlzltl?er ent
properxﬁét?élfé‘é?ﬂg BEeEﬁEegrQ¥enl?;°'i el e4! i q%'%@r&ﬁ&i&&é’éeﬁﬁ@?ﬁﬂf

he™ present YITer | e

net al | ocen](cas (0] . | nyen | O!’] OI’. po . ZI ng I'TD.nOrl':’El’Sl In
cat al yS 327 | N W ﬁ%‘ég%‘??‘-g#%%e{ b %{‘réﬁéﬁ%ﬁ%ﬁ%ehﬁ%ﬁﬁaﬁﬂ
Cyer optrtier bikea e MraorHATRE "Br. CHaei aith s Hlbaricuents

on the 1legend 1lock and/or direct the polymer chain-end

orientation and/or monomer approach such that each successive
monomer addition is stereospecific and the degree of
stereoselectivity can be controlled; and (2) the bridging group
renders the 1ligand system rigid so that its rotation ox

isomerization is prevented or restricted. These metallocenes
are characterized by having B or distal substituents on the

ligands controlling the orientation of monomer addition;
moreover, metallocene configuration determines

tactioselectivity.

The metallocenes of the present invention can be either non-

stereorigid/non~-stereolocked, stereorigid/non-stereolocked,
non-stereorigid/stereolocked, stereorigid/stereolocked or
mixtures thereof. Stereorigidity is imparted to the

metallocenes of this invention by a chemical bridge connecting
two coordinating groups to form metallocenes of formulae (III)
and (IV), i.e. where i=1 and j=1 in the general formula (I).

The bridging group prevents or greatly restricts the two
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"sandw ched" about a central netal atom and where all five centers of the
Cp ring are involved in nmetal coordination. The netal atomnay be a
transit i WO9BE4B6 or transition netal halide, alkyhali deP6T/ERPIOIHe. Such
‘structures are sonetines referred to as "nol ecul ar sandwi ches”

si nce the cyclopentadi enyl ligands are oriented above and bel ow a pl ane

CoNt aiRioRe i HAe iGRNt %aég,%ggo EHRAL @A IBI M ngl YTAURARING 1PS 8blnéL i 25 L1508

pl anes contalning t ring. Simlarly, the term "cationic netall ocene”
means o3 PBialdidgene in which the central coordinated netallic species
carries a positive charge, i.e., 50 WO
98/ 22486 ) PCT/ EP97/ 06297 _the netal | ocene
conpl 8ke s Appkicant asbasi ardgon tfrundt abhat, nokycostantieliFpdr pbeudo

non-coordi nating anion. However, in addition to the traditional neaning of
t he tmefalhocenas grlative mterin sirent¢aralwpbsocanhbe fermedothat
enconpass netal |l ocenes where at | east one of the groups coordinating the
cent r Ansgattal stabisbicadlyi santyeklabhie edefectisai intg 4thd emesubhing
het eroat om associated with the central radical (the <central radical
di r ecplofymeawsy.di Thae edppilicantr dss t adaondioaind That secatad ystsr dihatheg
group can be a ring system having the meanings of the first coordinating
gr ouppeesantheirvengibnc camt hieni dgsjjgne@ Wrer producect bemat bsotactict he
central ring, an Op containing ligand or a Cp containing ligand, a
ni t r opedyimegand, Tlee pAppphoant hagaral sanfounderthalt gartimate mikturesi gand.
One skilled in the art should al so recogni ze that the
of polymers with different properties can be prepared by
polymerizing monomers in the presence of metallocenes of the
present invention or polymerizing monomers in the presence of
catalysts of this invention in combination with prior art

catalysts.

In the state of the art, the term metallocene denotes an
organometallic coordination compound in which two
cyclopentadienyl containing lligands' are coordinated to or
“sandwiched” about a central metal atom and where all five
centers of the Cp ring are involved in metal coordination. The
metal atom may be a transition metal or transition metal
halide, alkyhalide or alkoxide. Such sﬁmctures are sometimes
referred to as *molecular sandwiches® since the
cyclopentadienyl ligands are oriented above and below a plane
containing the central coordinated metal atom nearly parallel
to the planes containing the Cp ring. Similarly, the term
“cationic metallocene” means a metallocene in which the central

coordinated metallic species carries a positive charge, i.e..
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perm ssible values for i, j, k and 1 will depend on the actual |igand and
on the coordinating netal; these values are wunderstood to conformto known
or ganongiglobhssggt ruct ural and electronic requirenments. | ﬁﬁ§7
radicals for use in the present invention include, .without Timtartion,
radicals represented as follows: (1) heterocyclic containing |igands where

the heteroatomis contained in the central radical; (2) Op containing
| i gandshe metallopengg/crmpgdigex is a cation associated with a stable
PCT/ EP97/ 06297 (3) cyclopentadienyl or substituted cycl opentadi enyl

r adi calan-agordimat ing Gperrieufier nph-cobhedinating @grims. R, sanme or
different fromeach other have the neanings of R, and two adjacent R

i codiofay TUSRARRGI e O Rl R febhibgiet mhe el i g
phos p AL SRS CEng pEASeR Tedrentidl TorlaRhE, ki SRR 00

't cqdthasiis *aneEFEEeBRRe T PHELE AL UpREY TRl of "Eh L oAbIRE i ng

ot om RPTRARC RS, P | Sarral el HERD! ot SPod® 18r ok carecer !

- X d_kkk i i nt havi f. 2. itab
St rucHA g b SEaths o BAHG ALt Fe=oc BFES, Mith (e cenbral® ©
tall f IS i tiqn, inglude, L th limtati |
br anc Rt (| -l ) SEPReRy  safedRl ALsog8tvy eRGraRBaSe  AbEal. a
C3-C12 cycl ohydrocarb \ . .
tr3551t on meéafp. The second coordinating group can be a ring.

system having the meanings of the first coordinating group or a
heterocyclic containing group where the heteroatom is in the
central ring, an Op containing ligand or a Cb containing
ligand, a nitrogen ligand, a phosphorus 1ligand, an oxygen

ligand or a sulfur ligand.

One skilled in the art should also recognize that the
permissible values for i, j, k and 1 will deéend on the actual
ligand and on the coordinating metal; these values are
understood to conform to known organometallic structural and

electronic requirements.

Suitable Z radicals for use in'the present invention include,

without limitation, radicals represented as follows:

(1) heterocyclic containing ligands where the heteroatom is

contained in the central radical;

{2) Op containing ligands;
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radical, an C6-C20 aryl radical, a diarylnmethylene radical, a diaryl
al |yl radi cal , a silicon hydrocarbon radi cal, dihydrocarbon
sil enyl wasl9szz4gé a ger mani um hydrocarbyl radical, a phosppetaesneor
hydr ocar bon radical, a nitrogen hydrocarbon radical, a boron
hydrocarbon radical and an alumnum hydrocarbon radical.

?%T/ erd¥) o él}%%%%‘??ﬁ$1w][ aBFe SR THF RS oG¥S LrPentadicnybnradisads,

such a enr] Flecr])[,err], and, Al err]Flerr err], and R err]C,
Rorr) O ERPRRTek: (R Al pnGiRiS RAEGaouoa . © nams. 7 boRL £ Ceyentc
hydr ocar bon, i,}/cl | o] | i ngar hydr,ocar bon bear | n% anot her

or ganonkPR| 538 %gﬁ?ﬁy Veor %aWSé'P&Hg§. 9 dBed 2nhe tWP RftiaceRt hRC2—
bri dges_(and C3 eé?c.). v\/nigh formthe backbone of polyneric supports (e.g.
the aofARYPE, S8 fDt 4R1RE aﬁﬂglegbﬁgctq% Ry ndr EafFonkinay| diiddehe aand

9-vinyl-fl uoreﬁe , et c.%, as -wel | as- functionali-zed polystyrene
pr ecur BF89GRGNAVENE: ReVABYRy FEPR B &9 Sérninal or branched boron or Al
functional groups which are bonded to the catalysts, e.g., in zwitterionic

form R add &h BhddghBEphe-OYP &Rt ips I | [ Ldqng.,and
di net hyl si | en?l:_'B bri dgi %g glrooups bei né: 62{1?{g§lﬁa?r%i%/&{)€bf€%§$¥hhggi ?Xbl e

radi cate Cﬁbfﬁﬁmandb@ﬁ? P WheFe  JRES Blitro ﬁIr iro]rfe gﬂcgérﬂ%oﬁf'g hg{c:i&'hf I the

i nclude, without |imtation, hydrogen atons, ranc

d err IRCgrddpdly didifar b1l Bebeahe. hbReahcar %&ch -
hal ocar bﬁ rpad'iycal s, linear or braﬁ%ﬁgdg%fglr P] “ger ?%\%gé%%a%%é%gﬁ
radi cadiéscribed above for radicals R! - R%; §49 is an integer having

a value from 1 to 3; or

(5) an oxygen or sulfur containing radical represented by the
formula (UR%jy), where U is oxygen or sulfur atom and where R’
is a radical as described above for radicals R!-R®; and kkk is

an integer having a value of 0 or 2.

Suitable structural bridging groups R” able to impart
stereorigidity to the metallocenes of this invention, include,
without limitation, a linear or branéhed él-cgo alkenyl radical,
a C3-Cy 'dialkyl methyl radical; a C3-Ci12 cyclohydrocarbon
radical, an Cg-Cz¢ aryl radical, a diarylmethylene radical, a
diaryl allyl radical, a silicon hydrocarbon radical,
dihydrocarbon silenyl radical, a germanium hydrocarbyl radical,
a phosphorous hydrocarbon radical, a nitrogen hydrocarbon
radical, a Dboron hydrocarbon radical and an aluminum

hydrocarbon radical.
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| i near or branched Cerr]-Cerr] al koxy radi cal s, C3 -C12
cycl ohydr ocar bon radi cal s, a Cerr]-Cerr] cycl ohydr ohal ocar bon

radi cal gyo og/aa¥é radi cal s, allylaryl radi cal s, ar peap¥heedpdi cal s,
silicon hydrocarbon radicals, germani um hydrocarbon. radicals, phosphorus

hydr ocar bon radi cals, nitrogen hydrocarbon radicals, boron hydrocarbon
radi cals, alumn rocarbon radicals.a hal ogen, at onp. Preferabl e,

said %EaﬁgﬁﬁﬁTe hégg:&g tﬁ’é‘h‘é%d“q éPﬂq“aeerlﬂmaﬁ KRLES,gj BUFR, as
trialkylsilyl | and’ ary rad| cals, where linear or branched
C[err ?l éI)F]aP dﬁg'il% Fg, an RC, R;Si, R4Et, RgPr, where c® can be \\n

08/ 22486 PCT/ EP97/ 06297 ar yl

radi BBE amYIERTIERPRr | y ST r e YHERFAFDOR hy CYCLiGpr 8§yl linear
trialkylmethyl radicals, trialkylsilyl radicals, and phen radical s are
espec‘iﬂ#’?‘:ﬁ@?@rre]aear%ﬂﬂl t | BRSEPPE suPFﬁBF@mPéi&ilé&Ics c6R é&-ﬁéﬁdl ngfto R
R, Rerr]-Rerr] Rlerr] .and Rerr] include, without [imtation,

Zwi t tSATRAFANeH i E&Fi?edsu&heasbﬁﬂ@% og@narpe[ Eerbrideer, (epdaCs etc.)

(derr]Flerr])[err Cp-Al _(CF[err])[err Cp-X-Al ((err]F[err])[err] and

Cp- X-whifk rr%P{@rr%iﬁFer Riarpelymextat aworekeayl (group Shean

al kenoxy group. The net aI | ocenes of. this invention containing zwitterionic

radi catachicei shadiotacsia mndobsarasting pgxlcmsansﬁefngamnvg -ingengr esent

i nvention and having Me=.netal of group 4 do not need an independent and

sonetamés sQeViamfhegﬂ-EQFB;lel nt @cfeni ngascouwedidi onagi . efuncedpnalhged

zwitterionic radicals nmay al so be suitable for nono and di cations of

met al potyseyrenef preguxsers amdralleotben godymexsrerithihermiénpluerfive

oxi dation state (Me(V)). They coul d even conceivably be used to create

i on- paranched boron or Al functional groups which are bonded to the
catalysts, e.g., in zwitterionic form. R,C and R3;Si bridging
groups are preferred with isopropylidene and dimethylsilenyl

bridging groups being particularly preferred.

Suitable radicals corresponding to R, R’, R'® - R’, R® and R’
includé, without limitation, hydrogen atoms, linear or branched
C1-Cz¢o hydrocarbon radicals, linear or branched Cl—Czo halocarbyl
radicals, linear or branched C;-C;; hydrohalocarbon radicals,
linear or branched C1~Cao alkoxy radiéals, C3-Ci3
cyclohydrocarbon radicéls, ‘- a C3-Ci2 cyclohydrohalocarbon
radicals, aryl radicals, allylaryl radicals, arylalkyl
radicals, silicon hydrocarbdn radicals, germanium hydrocarbon
radicals, phosphorus hydrocarbon radicals, nitrogen hydrocarbon
radicals, boron hydrocarbon radicals, aluminum hydrocarbon
radicals and halogen atoms. Preferable, said radicals are
linear or branched C;-C;¢ alkyl radicals, trialkylsilyl radicals
and aryl radicals, where linear or branched C;-C;; radicals and
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netal | ocenes with the normally neutral group 3 netals in the plus three
oxi dation state (Me(lll1)). In this case, one could obtain heterogeneous

I nsol ubhkgoiggmz4eai r systens for inproved polyner particl ep&tgporsgshy
nor phol ogy control. Preferred netals corresponding to M include,

without Ilimtation, Goup 3, 4, or 5 elenments or |anthanide elenents from

the Perigdic Table of El errents.,l\/bre-ﬁ{,eferably, Me is a, Goup 4 or 5
met al 3F¥it afATHCAS c AF M BAUChGRARGAY bePRGEEREed; methyl, 'ethyl,

54 . WO 98/ 22486 . . . . PCT/ EP97/ 06297
vost BFEPEPREY SEamdme i FAtE P trSRie URE- LYY Fadiealim sl o

Sui t abl e hydrocarbgn radi cal s or hal ogens corresponding to Q include,
wi-t-hoBReRY FRGIGR1S, ane esPesiadighdtrafeyxed - err] alkyl radical, an
aryl radical, an alkylaryl radical, an arylalkyl radical, F, d, Br and I.

Qis ppaiesankuifet witiblal pP480calandorRe8pbnefitely gl @ri nglagdm
Exenpl ary hydrocarbon radicals are nethyl, ethyl, propyl, butyl, anyl,

I soamyk, yLy | |, I, |, . yl - ethyl hexyl
and p en?Pﬁ(Eéerr%ﬁg?g&ér Ky ‘gér?{egdtf ag'ﬁ'%ts?‘ tq'%g%lir ezwgg%kﬁﬁﬁg%e,ra&%?ﬂ%l ene,
propyl ene and i sog; opyl i denyl . Exenplary hal ogen_atons include _

f1 uor FHER 23| BPrBdCePsloni n€ ({CoBsdre, ORI (CFBei ngCRrE&FrBLlEeFs)s

Exanpl es of the al kylidene radicals are nethylidene, ethylidene and

pr opy BRde B -XoBdGeFat 3 - nWhEEGe X €M FiSMNQF erddiddh Bl keny L (ErouRi e s@Buch as

al kyl am nes, aryl am nes, arylal kyl am nes and
alkenoxy group.

The metallocenes of this invention containing zwitterionic -
radicals on either one of the coordinating group the ligand of
the present invention and having Me= metal of group 4 do not
need an independent and sométimes stereochemically interfering
counterion (i.e., 1=0). These zwitterionic radicals may also be
lsuitable for mono and di cations of metallocenes of formula (I)
where Me is a groui) 5 metai in the plus five oxidation state
(Me(V)). They could even conceivably be used to create ion-pair
metallocenes with the normally neutral group 3 metals in thé
plus three oxidation state (Me(III)). In this case, one could
obtain heterogeneous insolubie ion-pair systems for improved

polymer particle size and morphology control.

Preferred metals <corresponding to Me include, without
limitation, Group 3, 4, or 5 elements or lanthanide elements
from the Periodic Table of Elements. More preferably, Me is a

Group 4 or 5 metal, titanium, zirconium and hafnium being the
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al kyl aryl am nes. Suitable non-coordinating anions corresponding to P in
the general formula include, without |imtation,

[ BF[err] (PhF[err])[err], [WPhF[err])[err]] , [ [err]]
(wherein &é%bfss@ pent af | uor ophenyl ), [ClO[err]], [S[err]derr]] eir%’]
[PF[err]] [err] [SbR[err]] and [AIR err]]; wherein each Ris i ndependentl y
d, Jerr] C%err al kyl _group (pref erabl a net hg rog{;) aryl group
(e.qg. mQSrS'-h FradpsPredeegesh th%ﬁ’(ﬁﬁ)) ebeman FuGieh dRd &Py

al kyl group. WO 98/ 22486

PCT/ EBD7 ADS$R. Tacti osel ective netal | ocenes (| .e. netall ocenes that

~produce tactioselective polyners) of the present I nvention are

gener %U:.ltaﬁﬁ%! aRy@FbERYLBY ANM 1h BY TBR! Mh W dss Uder g aggoq at ed
with the ligand or the netall ocene. As stat eag previ ously, netall ocenes

i nclug Fx@:ﬁxfd@ |W9@H§ﬁtaﬁ.@.m|i%&'t'1%nq %[ r1iR6arPoel BrdriciddBl LY, C’ral i ng

one bilaterally symretric |igand one asymmetric |li1gand an east
one byl laf Jo8r,1 ] sulshit eI c &1, p%&au kplddyPubalilan! annaia of
met al [ocenes 'having ~non-Cp groups such as constraine geometry am e or

pPhosphipg AN ORi Cchi 93idsdn@r @dues DOl ¥EEEFU§%)%8 t\/\oei#{% ggrl.gq_% THvi ng

|sotact|crty I'n’ cont’rary et al’'| dcenes”™ I nC

derr r e polymers with varying degrees of
syndi O acf‘&s&%]%}eg% Iy, ‘%’ﬁyn?.%g § are bridged, but certain

non- bri dged two netal |l ocenes can give polynmers with varying
t act | Exepdtainy t yhydroodyioen s madhcalar yang degibyd, of etbyldl.ar ignopyil .t he

node of nononer addition,
butyl, amyl, isoamyl, hexyl, isobutyl, heptyl, octyl, nonyl,
decyl, cetyl, 2-ethylhexyl and phenyl. Exemplary alkylene
radicals are methylene, ethylene, - propylene and
isopropylidenyl. Exemplary halogen atoms include <fluorine,
chlorine, bromine and iodine, chlorine being preferred.
Examples of the alkylidene radicals are methylidene, ethylidene
and propylidene. Exemplary nitrogen cOnEaining radicals include

amines such as alkyl amines, aryl amines, arylalkyl amines and

alkylaryl amines.

Suitable non-coordinating anions corresponding to P in the
general formula include, without limitation, [BF4]',B(PhF5)],.
[W(PhFs5)¢]~, ([Mo(PhFs)g]l” (wherein PhFs is pentafluo_rop.henyl).
[{C104)°, [Sn061°, [PF¢l~, I[SbR¢]” and [AIRy]; wherein each R is
independently Cl, a C;-Cs alkyl group (preferably a methyl
group), an aryl group (e.g. a phenyl or substituted phenyl

group) or a fluorinated aryl and alkyl group.
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e.g., head- to-tail or tail-to-head addition regularity. O the

net al | ocenes of this I nvention, titanocenes, zirconocenes and

haf ni ocomp98/22486 nost preferred. The present invention al sCIErOWEAEIses La,
Lu, Sm Nd and Gd netal |l ocenes. A few exenplary netal |l ocenes of the
present invention are nmnetallocenes where: (1) Y, in the YR'Z |igand,

corr ﬁegtgf;ségﬁgggggeﬁgeéa@lcscg.nezmeff S ehikarl o2 ALY 2R pE UGN
98/ 2 PCT/ EP97/ Q6297 . . conbi nati on
Wi th 'E"i"n‘ét’r?ﬁﬁlﬁ‘i’ﬁhvﬁer rli°1136"?zﬁ%) caPon B¢ acRRESPR lf’(’fleﬁ’é:lé”bul B err]
substi tuent. @5&# thet g s inthe YR'Y I|i sane or

di 11 RELRLIH © ¥ r Ba¥IRgs SYFMS NI Q8 u‘%%)SYmEFEYR[err]
is a bulky substituent or ere the R s bstltueﬁiln comnbi nati on vvlththe
ing BRBRFIRFPR (WiERe EBF oM EARACHRR (KPR MOTALIeCHIFky Aferphate

substi tuent. A few exenpl ary ,net.al ],ocenes of, the_present invention are
net al P’ﬁ%’éh‘é‘ésw er Betadipcenes, incluging |twp nkigands _RdnBavisgr GenBFae
(a)-(s) and Zis a Cpradical; Y and Z are bilaterally symTetrlc and only

one PSERERTE: YSHTMELRYs Ochaviing pae bilaterally: sympetrio) ligandyg Y
groups, in the YR'Y ligand, sane or different fromeach other are

bi | atamdl byes psymimete ian d igand sprd dat o Leastnoinze Hudky sfrsubstituehy one
of the Y group has two bul ky [err]

or pseudo P-substituent (in the case of metallocenes having

non-Cp groups such as constrained geometry amine or phosphine
anionic ligands) produce polymers with varying degrees of
isotacticity. In contrary, metallocenes including two ligands
and having Cs; or pseudo-Cs symmetry produce polymers with
varyihg degrees of syndiotacticity. Preferably, the ligands are
bridged, but certain non-bridged two metallocenes can give
polymers with varying tactioselectivity or polymers with
varying degrees of regularity in the _mo_de of monomer additionm,

e.g., head- to-tail or tail-to-head addition regularity.

Of the = metallocenes of this invention, titanocenes,
zirconocenes and hafniocenes are most preferred. The present

invention also encompasses La, Lu, Sm, Nd and G4 metallocenes.

A few exemplary metallocenes of  the present invention are

metallocenes where:

(1) Y, in the YR”Z ligand, corresponds to formulae (a)-(s)

where R® is a bulky substituent or where the R substituent in
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substituents. Yet another inportant subclass netall ocenes of this
I nvention are those capabl e of  produci ng partially crystalline

t her mophps bg/sz486 ast oneri c propyl ene pol ymers, di 1 eiddnp B?&qinable
fromthe polynerization reaction of propylene wthout the neeéno

separation steps or of sequential polynerization, which are endowed
with good nechanical properties and can be suitably used as el astoneric
mat er¢obination with the ring atom B tosghe carbopp afgtached to R~

PCT/ EP97/ 06297 and as conpatibilizers for blends of anorphous and
crystgblhies gghkglgf%ﬁgsﬁfgg%hgmnéglocenes are unbridged netal |l ocenes
' f I 1) ]

correspondi ng to rmul a erein i=0, j=1, jj=1 (i.e. containing two
unbri dged |igands) having specific substitution patterns, thus obtaining
pol yp(Rpytheegwba¥ ggdupst dei itharyR &Y aCigand) oséme oict ALl farsnmg/frapo! yner
chain, or blends of isotactic and atactic polyner chains, exhibiting

el ast ggep| %&E&P?”&@:Sresbﬂéhéé” Bd afgk?nnl‘éean‘éaiu (89val wetrdi frer gat Jrom
each other, are preferably unbridge I gands corresponding to formula

hh)': . wh i R d. h the . [
o BRHRK, St R e OF | BRERES e RotSYPSFRtURRtTH FOMRREiTon { be

catal yst synmmetry alternates between a chiral and an achiral geonetry; the

geomeviyhather mingortion fheondthe |canken attagked to R” forms a bulky

B substituent.

A few exemplary metallocenes of the present invention are

metallocenes where:

(1) Y, in the YR"Z ligand, corresponds to formulae (a)-(s) and

Z is a Cp radical; Y and Z are bilaterally symmetric and only

one of either Y or Z has two bulky B substituents; or

(2) the two Y groups, in the YR"Y ligand, same or different

from each other are bilaterally symmetric and correspond to
formulae (a)-(s), where only one of the Y group has two bulky B

substituents.

Yet another important subclass metallocenes of this invention
are those capable of producing partially crystalline
thermoplastic;elastomeric propylene polymers, directly
obtainable from the polymerization reaction of propylene
without the need of separation steps or of sequential
polymerization, which are endowed with good mechanical

properties and can be suitably used as elastomeric materials
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I nvention can be controlled by selecting suitable bulky wunbridged |Iigands
Y and Z, as suitable polynerization conditions: kA, NG
exanpl es §?&¥§§kabove descri bed netal | ocenes are: Pe*ﬁh&idaﬂf

bi s(4- phenyl - 2, 6-di met hyl -t hi opent al ene) zi r coni um di chl ori de;

bi s(4- phenyl - 2, 6-di et hyl -t hi opent al ene) zi r coni um di chl ori de;

58 and asmgqmpa;;hyilzers or blends of amorphous and cryxtRIBRIE 06297
bi s(4- phenyl - 2, 6-di propyl -t hi opent al ene) zi r coni um di chl ori de;
bis(4pphyqyef2nswdi-i-propyl-thiopentalene)zirconiun1 di chl ori de;

bi s(4- phenyl -2, 6-di - n- butyl-thiopentalene)zirconiun1dich|oride

Ei 3%8% gﬂﬂ t%lg.ogi I%ergl)lrjre%lt KI IS|t hlﬁ-&tthln?glen%qmé?%? %%%H?% o g‘ I'C OIor

B: :gjf%t{ pyTi d?ﬁ[? wg ?eﬁt hy ~hi gpgﬁt al gﬁ) Z|¢c%| uu% rgilacc% or| etwo
b (4 alr s %59%‘%’ i % PR gbERe SpEREH HhERRn Rachiehisy .%&
dReAtER bR e A OR R

within a single polymer chain, or blends of isotactic and

atactic polymer chains, exhibiting elastomeric properties.

In formula (I), Y and Z, equal or different from each other,

are preferably unbridged ligands cor:esponding to formula

@‘R‘“ (kb

wherein X, R, n and m have the meanings reported above.

(hh) *:

Said metallocenes are not rigid and upoﬁ isomerisation the
catalyst symmetry alternates betweeﬁ a chiral and an achiral
geometry; the geometry alternation in the metallocenes of the
invention can be controlled by selecting suitable bulky
unbridged ligands Y and Z, as well as suitéble polymerization

conditions:
Non limiting examples of the above described metallocenes are:
bis (4-phenyl-2, 6-dimethyl-thiopentalene)zirconium dichloride;

bis (4-phenyl-2, 6-diethyl-thiopentalene)zirconium dichloride;
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di chloride; bis(4-(2-pyrolyl)-2,6-dinethyl-thiopental ene)zirconium
di chl ori de;

bi s(4- ( 3xPodssmEEY! phenyl ) -2, 6-di net hyl -t hi opent al ene) zi r cpoTmEPY7/06297
di chl ori de; 59 - WD 98/ 22486
PCT/ EP97/ 06297

bi s(4-(3, t hyl.p t,hippent al ene) zi rcqni dichl ori de;
bi o( 4. P 4TERAY] &"%%W&wdi TRNpeRTaTRSS) S oratul BRel e s

di chl oride; bis(4-nethyl-2, 6- d|nethyl-thlopentalene)2|rconlun1d|chlor|de;
.bis(4-bhequkphdhyﬁ4Eﬂeﬂdi4ﬂﬁpunpykﬂEh&bpémta&éme)ﬂirbbnihﬂe; _

bi s(4-(trifluoronethyphenyl)-2, 6-di nethyl- thiopental ene)zirconium

di chl oaidBloriid;4- napht hyl - 2, 6- di net hyl -t hi opent al ene) zi rconi um

di chl ori de; b|s(4 (1- |ndenyl) 2, 6- d|nethyl-thlopentalene)2|rconlum

o o S M A PO PG R0ER L R EL bn0n MEHEDld 0o

bi s(4- phenyl - 2, 6-dipropyl-azapentalene)2|rconlun1d|chlor|de
bi s( 4- blier(w-p?:éhyﬁ-z - Prdipyt -lrepbathl epen talens) sirdonhumr ddehloride;
bis(4-pheny| 2, 6-di - n- butyl - azapentalene)zirconiun1dich|oride

D S0 B i) 4 A PR AL R UL S P 20 ey

bi s(4- & orfgg 2, 6- dlnethyl azapentalene)2|rcon|um
bis(4-(2-pyridyl)-2, 6-dimethyl-thiopentalene)zirconium
dichloride;

bis(4-(3-pyridyl)-2,6-dimethyl-thiopentalene)zirconium

dichloride;

bis(4-(8-chinolyl)-2;6-dimethyl-thiopentalene)zirconium

dichloride;

bis (4-(3-chinolyl)-2, 6-dimethyl-thiopentalene)zirconium

dichloride;

bis (4-(S-pyrimidyl) -2, 6-dimethyl-thiopentalene)zirconium

dichloride;

bis(4- (2-furanyl) -2, 6-dimethyl-thiopentalene)zirconium

dichloride;

bis (4- (2-pyrolyl)-2,6-dimethyl-thiopentalene)zirconium

dichloride;

bis (4~ (3,5-dimethylphenyl) -2, 6-dimethyl-thiopentalene)zirconium

dichloride;
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dibhloride; bi s(4- (3-pyridyl)-2,6-dinethyl-azapental ene)zirconium
di chl ori de; 60 WD 98/ 22486

PCT/ EP974%/8®38%486 Di s (4- (8-chinolyl)-2,6-dinmethyl - azapentgpppkiosOni um
dichloride; bis (4- (3-chinolyl) -2, 6-dimnmethyl-azapental ene)zirconi um
di chl oride; bis(4-(5- pyr|n1dyl) 2 6 di met hyl - azapent al ene) zi r coni um

dichlqrjide;  bis(4;(2-furan i_met h I-azapentalene Zi rconi um
di chl Gigié-( %«%ﬁlﬁhqs}r%%ﬂl 2266af3 feﬂe%rﬁ Y27 e um
dlchlomé$; bi s(4-(3,5-di net hyl phenyl) - dlnethyl azapent al ene) zi rconi um

di chl Gichorig %{4 (3, 5-di et hyl phenyl ) - 2 6- di met hyl - azapent al ene) zi r coni um
dichloride; bis(4-(3,5- dlnethyIS|IyIphenyI) 2, 6-di met hyl -

azapegiy (QILEOZJS-C&ﬂhéIﬁh:{ilﬂJi?lpﬁénYl) -2,6-dimethyl-
bi s(4- et hyl - 2, 6-di et hyl - azapent a ene)2|rcon|un1d|chlor|de

bi s(4 &ﬁ%@n@aﬁeﬁéﬁﬂb&bnﬂéﬁpaﬂbﬁhem rconi um di chloride;

bi s(4- (trifluoronethyphenyl) dinethyl- azapent al ene) zi r coni um
dlchlorlde bIS(4 na I-2 6- di et hyl - azapent al ene) zi r coni um di chl ori de;

bi s(4RiS (4rmathylo2 5&%@%&;1* lathperentadens)zdaqaniun gl oxride;
bis(4-phenyl-2, 6-dimethyl-thiopentalene)zirconium dichloride;

bis(4-(trifluoromethyphenyl) -2, 6-dimethyl-

thiopentalene) zirconium dichloride;
bis(4-naphthyl-2, 6-dimethyl-thiopentalene)zirconium dichloride;

bis(4-(1l-indenyl)-2, 6-dimethyl-thiopentalene)zirconium

dichloride;

bis(4—pheny152,G-dimethyl-azapentalene)zirconium dichloride;
bis(4-phenyl-2,6-diethyl-azapentalene)zirconium dichloride;
bis(4—pheny1—2,6-dipropyl—azapéntalene)zirconium dichloride;
bis(4-phenyl-2,6-di-~-i~-propyl-azapentalene)zirconium dichloride;
bis(4—phenyl—2,6-di-n-butyl-azapentalene)zirconiumldichloride;
bis(4—phenyl-2,6-di-t—butyl—azapentalene)zirconium dichloride;

bis(4-phenyl-2, 6-di-trimethylsilyl-azapentalene)zirconium

dichloride;
bis(4-(2-pyridyl)-2,6-dimethyl-azapentalene)zirconium
dichloride;
bis(44(3—pyridyl)-2,6-dimethy1-azapentalene)zirconium

dichloride;
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s(4- phenyl - 2, 6- di net hyl - phosphapent al ene) zi rconi um di chl ori de;
s(4-phaﬂy# ~di et hyl - phosphapent al ene) zi r coni um di chl opicqRipo7/06297
s(4- phenyl -2, 6-di propyl - phosphapent al ene) zi rconi um di chl ori de;

S(4-phenyl -2, 6-di -i - propyl - phosphapent al ene) zi rconi um di chl ori de;

s(4- phenyl - 2, 6-di - n- hut yl - phosphapent al ene) zi rconi.um_ di chl ori de;

s( 4- %’rérﬁ"‘l‘-‘?,'@lﬂir‘-"t’lﬁt}t'ﬁ L%‘Hﬁ%’ﬁﬂé}gﬁﬁf%ﬁ@ﬁﬁ SRLERG) FHE D i de;
s(4-phenyl -2, 6-di -trimet hyl silyl phosphapent al ene) zi rconi um

chl oPgELon3d&:i4- (2- pyridyl) -2, 6-di met hyl - phosphapent al ene) zi r coni um
chloride; bis(4-(3-pyridyl)-2,6-dinethyl-phosphapental ene)zirconi um
chl opigq4 - (B3-S +1) 64 dime fhyll FREAPbnkRd eRFIFEFedeie@) zi r coni um
chloride; bis(4-(3-chinolyl)-2,6-dinethyl-phosphapental ene)zirconi um
chl ogii eyl odlic;4- (5- pyrim dyl) -2, 6-di net hyl - phosphapent al ene) zi r coni um
chl ori de; 62

bis(4-(S-pyrimidyl)-2, 6-dimethyl-azapentalene)zirconium

dichloride;

bis(4-(2—furanyl)—2,6—dimethyl—azapentalene)zirconium

dichloride;

bis(4-(2-pyrolyl)-2,6-dimethyl-azapentalene)zirconium

dichloride;

bis(4-(3,5-dimethylphenyl) -2, 6-dimethyl-azapentalene)zirconium

dichloride;

bis(4-(3,5-diethylphenyl) -2, 6-dimethyl-azapentalene)zirconium

dichloride;

bis(4-(3,5-dimethylsilylphenyl)-2, 6-dimethyl-

azapentalene)zirconium dichloride;
bis(4-methyl-2,6-dimethyl-azapentalene)zirconium dichloride;
bis (4-phenyl~2, 6-dimethyl-azapentalene)zirconium dichloride;

bis(4- (trifluoromethyphenyl)-2, 6-dimethyl-

azapentalene)zirconium dichloride;
bis(4-naphthyl-2, 6-dimethyl-azapentalene)zirconium dichloride;
bis (4~ (1l-indenyl) -2, 6-dimethyl-azapentalene) zirconium

dichloride;
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bi s(4-(2-furanyl)-2, 6-di net hyl - phosphapent al ene) zi rconi um di chl ori de;

bi s(4-( ) -2, 6-di net hyl - phosphapentalene)zirconiu fg
bis(4-(§w§%@ﬁ%éthlphenyl) 2, 6-di net hyl - phosphapent al en bﬁ%&ﬁ#ﬁﬂ1
di chl ori de; bls(4-(3,5-diethylphenyl)-2,6 di met hyl -
phosphapent al ene) zi rconi um di chl ori de;

bi s( 4bi3,(3-phestihAZsi6diptedip)-phasphapenta Lenghatpdopévmal ene) zi r coni um
di chloride; bis(4-nethyl-2,6-dinethyl-phosphapent al ene) zi rconi um

di chl ddickdorildes( 4- phenyl - 2, 6- di net hyl - phosphapent al ene) zi r coni um
dichloride; bis(4-(trifluoronethyphenyl)-2,6-dinethyl -

ohosPRABNAL IO SRRl dispencatsne) atrcontun dieiloride;

bi s(4-(1- |ndenyl) 2, 6-di net hyl - phosphapentalene)2|rconlun1 di chl ori de.
Indee&ﬁsuhephanﬂﬂ1ixﬁﬁﬂipxpp¥krphnSmh&mbmﬁalgpe)nﬁn@eninm strategies to
control properties, such as the relative stereoselectivity and/or

st er eddjpddioride;i es, the nol ecul ar weight, and other significant polyner
properties. Metallocenes 63

bis(4-phenyl-2, 6-di-i-propyl-phosphapentalene)zirconium

dichloride;

bis(4-phenyl-2, 6-di-n-butyl-phosphapentalene)zirconium

dichloride;

bis(4-phenyl-2, 6~-di-t-butyl-phosphapentalene)zirconium

dichloride;

bis(4-phenyl-2, 6~-di-trimethylsilylphosphapentalene) zirconium

dichloride;

bis(4-(2-pyridyl) -2, 6-dimethyl-phosphapentalene)zirconium

dichloride;

bis{4-(3-pyridyl)-2,6-dimethyl-phosphapentalene)zirconium

dichloride;

bis(4-(8-chinolyl) -2, 6-dimethyl-phosphapentalene)zirconium

dichloride;

bis (4~ (3~chinolyl)})-2, 6-dimethyl-phosphapentalene) zirconium

dichloride;

bis(4-(S-pyrimidyl) -2, 6-dimethyl-phosphapentalene)zirconium

‘dichloride;
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WD 98/ 22486 PCT/ EP97/ 06297 havi ng a
single carbon bridged |igands have been nore stereospecific than t he
silicon whidshamd  anal ogs for syndiotactic specific ytwﬁﬁggbﬁg?s;
t he car bon bridged netallocenes are generally lLess stereospecific than
the silicon bridged anal ogs for isospecific catalysts. The larger the

steric.requirenents e fo he [err]-substituents, the, nore,
stere%&ﬁégszf Y& Eﬂ%téﬁé&?? .Y£T9P8§PP%P%HE§1?H39ﬁér§ﬂﬁqq9
requi renents for the conformational |ocks and the stereo- controlling

[err] S46hdOmid&#t can be used to optimize the orientation of the
chain end. And substituents at the a- position should result in increased

pol ymps sial-q@ugiir SEBF DU 2 , 6 JEMEERFENShbSYRAbEARA ] 8nd) E8F @M il Dot h

neutral metall ocenes and cationic netallocenes as evidenced by the
subscygiphibridksoci ated with the anion P having perm ssible values of 0 to
2, i.e., when 1=0, the netall ocenes are neutral and when 1=1 or 2 the

nmet al | gcenes are catiqnic, as evi denced bghthe inclusion of an anion is

the gbA&ld- BordnddmethnkPhanyl) o c®ediBeth¥t-present invention can al so be

designed to produce polynmers with.very high tacticity indices dependi ng
on t hehgsphamentakenglzireonupedichhloridace tactically specific pol yners
fromnetal |l ocenes of the present invention, the characteristics of the

[err]bggQgUd;yyuaiégh§i§héﬁiggeg,Glagﬂggﬁ fLe inportant. Thus, the "steric
requi renent” or “steric size" of the [err¥-substituents can be designed to

cONt I @hotdiapiirfifd ek Gt S 3hi §5cRioPEaaL | Ocenes, so that the
64

bis(4-(3,5~dimethylsilylphenyl) -2, 6-dimethyl-

phosphapentalene)zirconium dichloride;

bis(4-methyl-2, 6-dimethyl-phosphapentalene)zirconium

dichloride;

bis(4-phenyl-2, 6-dimethyl-phosphapentalene) zirconium

dichloride;

bis(4-(trifluoromethyphenyl) -2, 6-dimethyl-

phosphapentalene) zirconium dichloride;

bis(4-naphthyl-2, 6-dimethyl-phosphapentalene)zirconium

dichloride; and

bis(4-(1-indenyl) -2, 6-dimethyl-phosphapentalene)zirconium

dichloride.

Indeed, the metallocenes can be tailored using a number of
strategies to control properties, such as the relative
stereoselectivity and/or stereospecificities, the molecular

weight, and other significant polymer properties. Metallocenes
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arrangenent  of [err]-substituents al | ows control of t he

st er eocheni of each successive nononer addition. It
Waiids Byl

possi bl e tegically arrange substituents wth the eric
properties on an appropriate carbon(s) of the netallocene of the present

i nvention which should serve as chain end conformati onal |ocks (preferably
posi t iIEdRg n 2hesipgdeh sfaxhen | | aadyednd Jigands ouhavel sbeednf aiore
solubility (ion pair separation for better catalyst activity and

st er eRIEISReIIGiand/ Brar nsoFlei | | 8§liren bebrddgesht r @nadogsol iast

nor phol ogy), as desired. The bridged, substituted netall ocenes are

stere iptantie de specAfded comrbalwstsnal theks, canbonre dwgisidest to

t hose wi thout such coriformational |ocks. Prior art has shown, for
exanpmetalincenestaye gemerallgnlesposterenspest filce than |thep gidsiadron on
the C5 ring of bisindenyl catalysts increases the nolecular weight of
i sot adiicigesh| anadmgenEqr odussbedifiic haatdlysks er 1l ClJargér bashe
catalyst. Simlarly, a nmethyl substituent on the C6 ring of the indenyl

ring sytsdiie hateqeiib@rent e staregspecihieCi BrsuteRatdien® 0N tie RRYd i onal
I sonerism Moreover, the addition of nethyl, t-Bu, OV and Ph substituents

hod oeeaIIA £ AU OL1 1 BEchRORN], AL WO AAIE I Sl LT Nave

had steric, ronrc i nffuéncés  on cata

Z%ndi (}te%.{iizcemer%g £450 AL | %onf&ﬁ%tti.&naf of ]Y&.%Es' Zaa%rixé) "S%he stereo-

controlling pB-substituent can be used to optimize the.

orientation of the chain end. 2aAnd substituents at the o-

position should result in increased polyiner molecular weight.

The present invention is directed to both neutral metallocenes
and cationic metallocenes as evidenced by- the subscript 1
associated with the anion .P having permissible values of 0 to
2, i.e., when 1=0, the metallocenes are neutral and when 1l=1 or-
2 the metallocenes are cationic, as evidenced by the inclusion

of an anion is the general formula.

The metallocenes of the present invention can also be designed
to produce polymers with very high tacticity indices depending
on the desired tacticity. In order to produce tactically

specific polymers from metallocenes of the present invention,
the characteristics of the B-substituents_ on the bridged
ligands are important. Thus, the *“steric requirefnent" or
“stéric size” of the P-substituents can be designed to éontrol

the steric characteristics of metallocenes, so that the
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WD 98/ 22486 PCT/ EP97/ 06297 By maki ng
the sterically larger [err]-substituents different and/or the sterically

snal | er wologhidggsubstituents different, the tacti Os.elf@fcfhi‘f"ﬂdé%ﬁi ons
of the metallocenes of the present invention can be designed to Inpart any

degree of tacticity to the resulting polynmers. Thus, if one
[err]-substituent is t-butyl and another is ethyl, and the other two are
met hy lagrangemardrt | cshecif+subgtbtuehtsnet allowenes conttrdk redficedthe
relative to the one having two t-butyls and two nethyls. O course,

cat i OterRIHIWICPNSF dLREER EH8caBs9FePmblom® Haitidiel r net
neutrality. The anion P in the general forrmula is preferentially a

conpati bl e non-coordi nati ng or pseudo-non-coordinating anion that—either
does Adt M¥or LA £ RPIFS ke nPaFTARRIGRILY 8rramge \RRFY1ERBRES nat es
to the cation, yet remains sufficiently labile so that it can be readily
di spl dd hhe REGPPE t&HLC HRXEPSHEASES OR nPAoAPPToRpFiate (papRPRbSh
non- coordi nating _ or pseudo-noncoordi nating anions are described as ani ons
that $faihe Retnbleaeren,é the Areresinyentionnyhich sherldnsereet ron
or electron equivalent to the cation to produce a neutral netallocene and
a ne@s shagyprenfl czonformat konal obpaksatpPrgfexr adaumpsidnionedoidi Baei ng
anion. The useful size of the counterion P also depends on the bul ki ness
or st @aurly eqfii tdrenlsgand) hand gwhdsh ¢oudddialism conferzesobuhbiity
characteristics are inportant for good anions or counterions, such as
st abi (itop anpabondisepargisiomi oforustbeeter catalyst activity and 66
stereospecificity) and/or insolubility (for better control of .
polymer morphology), as desired. The bridged, substituted
metallocenes are stereorigid, provide chain-end conformational
locks, and are superior to those without such conformational

locks.

Prior art has shown, for example, that a methyl substituent
positioned "at the 0-Cp position on the Cs ring of bisindenyl

catalysts increases the molecular weight of | isotactic
polypropylene produced with the Et[Ind],ZrCI, based catalyst.
Similarly, a'methyl_sﬁbstituent on the C6 ring of the indenyl
ring system has reduced the stereospecificity; depending on the

positional isomerism.

Moreover, the addition of methyl, t-Bu, OMe and Ph substituents
to the coordinating groups of the ligand and to the bridging
group R” have had steric, solubility and electronic influences
on catalysts in syndiotactic and isotactic specific

polymerizations.
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sufficientl ble so that it cannot be rendered neutral Vi of the
nmet al | oc@ﬂé’\é@%{s?on el ectron extraction and the bond st reﬁ%@%’i’w?he
cation nmust be sufficiently week not interfere with nononmer coordination
and chain propagation. A preferred procedure for producing cationic

net al |pgengrRivg thlespeeseal 1iyN18ryeeN Bt iubseh taknitdy & iefertdit: r&a€oON Of
an ion-pair in a non-coordinating solvent with a netall ocene of fornula

(1), where 1=0. r exanple, triphenylcarbenium _,
tetrak‘FQ?penF&PF&GngﬁfenyI%m hat PFURSEI HERES| onSFEERTRBF . be TRt ed

with a neutral netall ocene of the present invention in a solvent such as

t ol ueneatbigeateativehevexsiaspowd nghe catdt@miiloganas | ofentheTipsesent
preparation nethod is well known in the state of the art, as described for
i nst antmventibs. cRat be Mesigrzeb, &b 0impay prahyr dedrapplifc dtaaniaity hiso
present invention is in the polynerization of alpha olefins, preferably

et hyl efige aRdsul AR Yy I OBHES, hiighlohd | Peibst PueARdiiWM BuEyDh
density polyethylene, as well as atactic, i sotactic, syndiotactic,

ot al | San A dynd Y DRELGIES apdl end S, dhids 805, ARERYER: e
e SRS Sec  BILAEL! 510y ML PP ne POLIET Bp SHALIEH roldelbect e
and " <¥or b BaR BevbREpaPBa Cut Ry A ALt BESANAT the present
i nvention. 67
Of course, cationic metallocenes require the anion P to’
maintain their net neutrélity. The anion P in the general
formula is preferentially a compatible non-coordinating or
pseudo-non-coordinating anion that either does not coordinate
with the metallocene cation or only weakiy coordinates to the
cation, yet remains sufficiently labile so that it can be
readily displaced by a ‘neutral Lewis base such as a monomer
unit. Compatible non-coordinating or pseudo-noncoordinating
anions are described as anions that stabilize the cationic
metallocenes, but do not transfer an electron or electron
equivalent to the cation to produce é neutral metallocene and a

neutral byproduct of the non-coordinating or pseudo-non-

coordinating anion.

The useful size of the counterion P also depends .on the
bulkiness or steric requirements of the ligands. In addition to
size, other characteristics are important for good anions or

counterions, such as stability and bonding. The anion must be
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pol yneri zabl e nononers suitable for use in this invention include

et hyl eni 4 aturat ed nononers or any organi c nol ecul &
term nal "vinyl group (CH2=CH), such as [err]-olefins (e.g. propyle€ne,

1- butene, 1-pentene, 1-hexene, 4-nethyl-1-pentene), vinyl halides (e.g.
vinyl fluoride and vinyl chloride), vinyl arenes (e.g. styrene,

al kyl aseffisignddas shagbgeﬁgt ethat yi&énaannnt hheoaendened) Bepcsadshy
dienes (e.g. 1,3-butadiene and isoprene). Polyethylene and polypropyl ene
are pvabibey of othe metalleceret catjonctelettrengetinsaicomnandhdhe

i nvention will be described in detail with reference to t he

pr oduckeof— storengpb| ity | thes catimfl omuspolyer spfifded epdilpheweekburot t
shoul d be understood that this invention is generally applicable to al
addi t i dntpuifems iwidili aronmmesneceordithationcand| ¢gbain peppagiaddorbe usef ul
in the polynerization of dienes to elastoners through the inclusion of

1, 4- adgi 'zoé!fe'ifﬂléj{iei:‘loc@duﬂe Zfﬁgdiﬁe:%a cing catlonic r&éggggalc%ﬁ&é' BE S

may al so“be use nvaryrng l'ative anounf's 0 I'ON Ver sus
L 4 addi L o SoLyirey 5. R0RG 8N P £ORLUGAT efby g 508 ERIOELSersdh0r o
pol ynmeri Zatiion procedure using The netal’l ocenes accor di ng 0 e present
i nvention [ S.caryje £ | pro es. . kpown j [ such as
tho- ondShrEREaEA T din AEGEE A DB Sy DA afchiToRhe BT
accordi.n t he esent invenfion t net.al | ocenes, accordi tg th
presenFQ?ngﬁtioﬁPLfe &?&f%rJE5§30c?§ﬁ(mfééTéiéariS%ép &Hﬁgﬁﬂﬁkﬁﬁgam
Althouggt@%@&é%fégg%fluorophenyl) boronate or a sfﬁilar_ion-pair may
be reacted with a neutral metallocene of the present invention
in a solvent such as toluene to generate the corresponding
cationic metallocene. This preparation method is well known in

the state of the art, as described for instance in U.S. Pat.

No. 5,225,550.

A preferred application of the present invention is in the
polymerization of alpha olefins, preferably ethylene and
propylene, to produce highiy linear, 1low, medium and high
density polyethylene, as well as atactic, isotactic,
syndiotactic, hemi-isotactic polypropylenes or mixtures
thereof. However, the metallocenes of the invention may be used
in the preparation of hemi-isotactic, isotéctic or syndiotactic
polymers obtained from other ethylenically unéaturated
monomers. For example, syndiospecific, isospecific or hemi-
isospecific polymers of 1l1l-butene, 1l-pentene, l-hexene and
styrene can be prepared using the metallocenes of the present
invention.
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active alone, they can be activated upon the addition of various

cocatal ysts. Co-catalysts, usually organo- al um num ounds such
as t RPEZAE umi num  tri al kyl oxyal umi num di al kyl al un?%ﬁ?ﬁ%‘f‘?%?es or

al kyl al um num di halides may be used in the present invention. Especially
sui tabl e al kyl al um nuns are trimethylal um num and

t ri et hydadiwdionu myolMerizdisl ¢ atmaometrsg $bbtabieé pfekeruse. in this

Met hyl al unoxane (MAO) is also usable in carrying out the nethods of the

pr esentinverariioron inedpda aéthylenioallyal unsatarhvednasonomersowt Samwst | i n
excess of the stoichionetric equivalent. The alunoxanes are polyneric

al um nwageerieo Usbeatll e hhagtinke a regresral edribyl tdwowsndCab=CHPL Msuad
(R-AI Oferr], which is a cyclic conmpound, and

R(R-Al @ - &LSJ’.éhﬁER[Férd opYlehed |1iD6@FeneOMAUNKLEIKET € 1RHek
Cerr]-Cerr] alkyl group, suc as nethyl, ethyl, propyl 'butyl an

PN, 0 S el ISR, bnide, DRLe AT e S tanyé e
obt ai n¥ine Wafxﬁm%ﬁfi‘ Carv R br oAREBER ' i Fous SERREE Py oPIRIAESd hey
e’ e P aRaR o A SRR e Ry AR bR OAN A BB en:
a1yl a.sdsfée“qqzsiélf@?fqm %p@f%‘%ﬁ%d%‘&ﬂgﬁr&w@%ﬁx? Wnching, and

alternative nethod, the alum num al kyl can be_contacted with a ]
69 polypropylene are probably of the greatest pract:.ca_l.

significance and the invention will be described in detail with
reference to the production of polyethylenes and/or
polypropylene polymers, but it should be understood that this
invention is generally applicable to all addition polymerizable
monomers. These catalysts may. also be useful in the
polymerization of dienes to elastomers through the inclusion of
1,4-addition instead of 1,2-addition. Of course, these
catalysts may also be useful. in varying the relative amounts of
1,2-addition versus 1,4-addition polymers containing conjugated

diene monomers.

The polymerization procedure using the metallocenes 'according
to the present invention is carried out according to procedures
known in the art, such as the one disclosed in U.S. Pat. No.

4,892,851.

In the catalytic systems according to the present invention the
metallocenes 'according to the present invention are used in

association with wvarious co-catalysts. Although many of the
68
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salt, such as hydrated copper sulfate. Preferably, the alunoxane is

prepar ed wayoghagdr esence of a hydrated copper sulfate: a gidrpR786oyti ON
of alumnumtrinmethyl in toluene is treated with copper sulfate
represented by the general formula CQuS(err].5Herr]Q The ratio of copper
sulfate to .alum numtrlrrethy s de rab about 1 n{_)le of .copper sulfate
for 4 CREIRT ST AGEHFehURLPPSet ﬁt} Enr BBt i IrtHEaEGHdeeR bihehe
evol uti_o of et The ratio of alumnumin_the al unox to total
metal ROt VREARHS. SOREA LYt (GG ERLYSEST M5Ued i0bPagaRAT

preferahly 5:1 to 1000 1. Th sol vents .used in the prepa,ratlon of . the

cat al yt& ms of & tion &¥hrefer@ty i netriadjaF &, i —
parti cul a,r drocar ons |nert W|th respect to_. the netall ocene. _ Such

sol vent&? gluminih,  SHElkHahEeinum ohalddes) er 3ldepiabigeinum

but ane, pent ane hexane, hept ane, oct ane,, cycl ohexane,

met hy| Gidiidieme mayo| Bend1SeR A eFrBe Rresent t RYeRBEPRo| BFRPFERIK¥ment

of pol ymer nuol ecul ar _wei ght .one can vary the al unbxane_concentrati on:
hi gher B at | oadkylalyminylse i natRe cat&Fimethy}alumipum he and
invention result in higher polymer product nolecular weight. Since, in

accor ddde thviakypinuny 4 A, dme chatpesdiredng gkheymosssinyeteryed:
products at rel atlvely hlngp, tenperature, tenperature does not constitute a
i miti dptiaradumnoxane yi {MAO) helpr ks tusalble | oienegatyringneowht athet .

The catalytic systens described herein, therefore, are suitable for the
70 methods of the present invention, especially for neutral

metallocenes, in amounts well in excess of the stoichiometric

equivalent.

The alumoxanes are polymeric aluminum -compounds which can be
represented by ltl'-le general formulae (R-Al-0O),, which is a
cyclic compound, and R(R-Al-0--),—-AlR,, which is a 1linear
compound, where R is a €;-Cs alkyl group, such as methyl,
ethyl, propyl, butyl and pentyl, and n is an integer from 1 to

20. Most preferably, R is methyl and n is 4.

Generally, in the preparation of alumoxanes from aluminum
trialkyl and water, a. mixture of the linear and cyclic
compounds is obtained. The alumoxane can be prepared in various
ways. Preferably, they are prepared by contécting water with a
solution of aluminum trialkyl, such as, for example, aluminum
trimethyl, in a suitable organic solvent, such as benzene or an
aliphatic hydrocarbon. For exaxﬁple, the aluminum alkyl is
treated with water in the form of a moist solvent. In an
alternative method, the aluminum alkyl can be contacted with a
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pol yneri zation of olefins in solution, slurry or gas phase polynerizations
and over a wi de range of tenperatures and pressures. For exanple, such

t enper at WQSAM36 be in the range of -60[err]C to 280[err]'@ré£€°"f9ﬁ7é‘?erably
in the range of 50[err]C to 160[err]C. The pressures enployed in the
process of the present invention are those usually enployed in the state

of thehg8iratpdebanall wudh ash@y@rgediccbddr ML fd s hes Esralblly gr €l er .
In a solution phase polynerization, the alunoxane is preferably dissolved

in a sHiluAbkan®ol ¥&€ntprdpavertl iy athé Nerlesende0C8ELQN hydirutRd scchp&s
tol uene and xylene, in nolar ratios of about 5X10{err] M However, greater

or | esganfareunts didAlute sRgtidheor saluhliAuittaimeeenas of téEudnwension
can be converted to supported heterogeneous catalytic systens by

deposi tirBdted d,i_umté&é&s&erasmatéafabfébeﬁue_aows O endrd NefeFhulguch
as silica, alum na and pol yethylene. The solid catalytic systens, in

conbi nahisep- 3i,00 AheR i HEDARSE ﬁpeéae PRl d Ve Bl @Btk Ner Sthefky1 ang gas

phase ol efin polynerizations. r polynerization and deactivation of the

cat al yabsiE:B.BlyOlHl%d\?dl-pﬂbl_@Eroﬁaé‘op?ef6991%%@. BoPrHCeeS &S milds kgpwn i n
the art for renoval of deactivated catalysts and solution. The solvents

nmay beaghﬁih‘éﬂl @xfixﬁéégg}lt.heﬂ:?@' i‘@ﬁétf&huigo'&v&@@nklé@ _HiPLt?’té@Le@Qi@i:itlgxg

extruded 1nto water and cut 1nto pellets or other suita onm nu
shapesofP%ggﬁggg, antioxidants and other additives, as is known in the
art, may be added to the polyner. 71

The ratio of aluminum in the alumoxane to total metal in the.
metallocene can be in the range of 0.5:1 to 10,000:1, and
preferably S:1 to 1000:1. The solvents used in the preparation
of the catalytic systems of the invention are preferably inert
hydrocarbons, in particular hydrocarbons inert with respect to

the metallocene.

Such solvents are well known and 'include, for example,
isobutane, butane, pentane, hexane,. heptane, octane,
cyclohexane, methylcyclqhexane, toluene and xylene. As a
further control and refinement of polymer molecular weight, one
can vary the alumoxane concentrétioni higher concentrations of
alumoxane in the catalytic system of the invention result in

higher polymer product molecular weight.

Since, in accordance with this invention, one can produce high
viscosity polymer products at relatively high temperature,
temperature does not constitute a limiting parameter as with
the prior art metallocene/alumoxane catalyst. The catalytic

systems described herein, therefore, are suitable for the
70
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product obtained in accordance with the process of the invention have a

wei ght I | ecul ar wei ght ranging from about 500 t Lalt)%?gmg”qoo, 000
and pr e?"grsa9 %?sglr)om about 1000 to 500, 000. The nol ecul ar q,WEI ght

di stribution (MM M) ranges preferably from1.5 to 4, but higher val ues
can be obtaipned.,K The polynmers contain 1.0 chain end unsaturation per

nol ec RALYIRGREREEON MOE aRL8EiMS alRe SPIERPR Oy iSHPRTAO OF nPRE Bhasee
nmet al | ocenes of this invention in combination with the alunoxane. The

pol ymBolyRexizablienst andr R¥as & MHide prageg: ofn/kemperaturesapide of
being fabricated into a wide variety of articles, as is known for polyner
produ@resrureed Fpsmexagnle onSpehy kerpezpturesnaay sbe ine the arangene
used in the present invention may be prepared by procedures known in the
art, &f diedTosed 2R0PCsangaprefierablysdn ghe namde ahS Qi ve XeR@76Gni c
net al | ocenes may be produced by sinply converting the neutral netall ocenes
into tThe pressuresseapdoved dm rth&rpvecesscefiutbe pnaserds imoertion

di sclosed in EP 0 277 003 and 0 277 004 or by reaction with

tri phane cthoseai usunaBdyoeapdoyedsin | théystabiecoliolthe aB(tRhRAixeféydly |
conpl exes can be used as anionic precursors for preparing the active

cati onirc tiee atangenef df tohb0fr etmwispheras iamd \gmakearhe al coholic proton
reacts with an am ne of an alkyl group on the <coordinating netal atons to

gene’ e £§i£‘z€f&§ gﬁ%gla: ﬁgggﬁe%'l‘lat% 2l g i%elﬁmogér{rléﬂ_;[f% rééé@éf%?ggi on.

The metalTocenes o n can al’'sSso be conv Suppo

heter chfé]f&@eﬁaiﬁl gt EﬁiéXfﬁgngoa}(re%%QO%:i;}ﬂi%fl@ an inert hydrocarbon

solvent such as toluene and xylene, in molar ratios of about
5X10"> M. However, greater or lesser amounts can be used. The
soluble_ metallocenes of the invention can be converted to
supported heterogeneous catalytic systems by depositing said
metallocenes on catalyst supports known in the art, such as
silica, alumina and polyethylene. The solid catalytic systems,
in combination with an alumoxane, can be usefully employed in

slurry and gas phase olefin polymerizations.

After polymerization and deactivation of the cat;alyst, the
obtained polymer can be recovered by processes well known in
the art for removal of dea_ctivated catalysts .and solution. The
solvents may be flashed off from the polymer solution and the
polymer obtained extruded into water and cut into pellets or
other suitable comminuted shapes. Pigments, antioxidants and

other additives, as is known in the art, may be added to the

polymer.
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catal ysts on supports including, without limtation, silica, alumna,

magnesi uynodisebissr i de and pol ystyrene beads. Supported netydi/EPEReE®7CaN
i nprove the bul k density of the polynmer, as further described in U S. Pat.
Nos. 4,935,474 and 4,530,914, and EP 0 427 697 and 0 426 638. The

T R ok Bt 1D SRR P AR W e
oo O PR 18, PRl ARG e AL e g

o et ponl L84 RS oF M PSRl DR B TBRIE o
R e
L At R P ) BTt BSERS SBR | GIR T
S o S LTI G ST B B 5
oS SrAdArE ol s ed BRShEaSEEIE Sl 8 S re”
P ke R 5 Retghr L) o L, S5 et S e L2

be separated fromthe neso formby crystallization. It is well known from
t he BéHump*ane. The polymers produced by the process of this present

invention are capable of being fabricated into a wide variety
of articles, as is known for polymer products derived £from

addition polymerizable monomers.

The metallocene used in the present invention may be prepared
by procedures known in the art, as disclosed in U.S. Pat. No.
4,892,851, while the active cationic metallocenes may be
produced by simply converting the neutral metallocenes into the
cationic state following - known procedures, such as those
disclosed in EP 0 277 003 and 0 277 004 or by réaction with
triphenylcarbenium boronates. Similarly, alcohol -~ B(éhf‘s)s
complexes can be used as anionic precursors for preparing the
active cationic metallocenes of the present invention where the
alcoholic proton reacts with an amine of an alkyl group on the
coordinat_:ing metal atoms to generate a cationic metallocene and

an alkoxide - B(PhFs)3; anion.

The metallocenes of this invention can also be converted to

supported heterogeneous catalytic systems by depositing the
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al. (J.Ann. Cherry Soc. 1992, 1 14, 7607 J.E. Bercaw and E.B. Coughlin.)

that racywpéstugecenes, free of the undesirable aspecific ppgRporos2e7
st ereoi sonmers, can be prepared by placing suitable-bulky substituents,

such as Si(Me)[err], on the ligand atons in a position to the bridgehead
atom The netal | ocenes of the present invention cgn be used algne or in
i xt ur CARALYSESH PR NIRRT Ehe IRGLYRYRYs, Wi thewk  Jamitatipp or silica,
Tid 4/ I\/RO 2/ TEAL catal ysts_having, internal electron donors such as

di i sob#& W}BPMaF‘EZ’L%‘,eSl%odJ-@%%F #4f andopolystyxgne, bgads. Supported

di phenyl di net hoxysi | ane and net hanol to_produce pol yners with. m xed

st er coPREMLAQCEDGFH AR | SRPTOYEstHhd UPHLKs densidhy oPEd thib| BRLVRETweidfht

di stributions. Reactor blends of polyners with optimzed _physical,

{ her maEurthesh Arearibeddin fbckogPekl Nampehr PEs. 434 andail &3k S14,
produce the optinum m xture for specific applications requiring high nelt
strengend EPylR 427a6%% and {} A26 $p3rﬂ)act strength and high rates
of crystallization, sinply by mxing catalytic species together in

appr opi,at ?\e'iﬁtlil%ene-g'eof’ﬁ;t}?é ':*[%R?élféﬁh&i é%ﬁ’ &’i@??ﬂé ERERIERAN Y Afidignse
the rate o termnation by . err|-hydride elimnation réacti ons.

Thi s, h , | s 1 . rs GAN i . yTer
ol eeut Sy SHEESEE, BV PG AN AR el L N LA 16ApR1-< M IRAMETE!
wei ght | ecul [ di | [ ] )é%q,] eqy t he
cat gl y%‘tc gagngggggrg? hg% %%vé%\g %é%%t a%r{s%%g Tﬁclﬁg x)}%ﬁdmbl acﬁ%n% agrﬁé/oél% I n
tailor 'sﬂgptog"f:s. Supporting can also be achieved by using large

(oligomeric or polymeric) insoluble anions as counter ions.

The metallocene of the present invention can be used to prepare
low, medium and high molecular weight polymers, low, moderate
and high density polymers, elastdmers, aspecific, isospecific,
syndiospecific and/or hemi-isospecific polymez;s, not only of
propylene, but of all o-olefins, such as l-butene, l-pentene,
1-hexene, 4-methyl-l-pentene and CH2=CH(CH2)pSi(CH3)3 where p is
1 to 4. Additionally, the metallocenes of this invention can
polymérize singly or in mixtures all- addition polymerizable

monomers including vinyl monomers and diene monomers.

One of ordinary skill should recognize that the metallocenes of
the invention, that can give rise to isoselectivé catalysts,
can be separated into a meso form, which is asymmetric,' and a
rac form that 1is selective i:o isotactic polymérs. The
stereospecific rac metallocenes can be separated from the meso

form by crystallization. It is well known from the Bercaw et
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pol ynmer properties in HDPE, LLDPE, i-PP, s-PP, etc. Simlarly the

chai n-en E@ﬁhﬁﬁg&tion | ocki ng substituent will influence _the rate of
reactivisv new et al | ocenes with a-ol efins such asPHrEEYT63e7
but ene and hexene. The new ligand effects on the cafalyst reactivity
rati os can be exploited to produce reactor blends wth varyi ng

conposiatli.onby. Ang eQhenres Socdi dta92qutiongd, FEDOrT.ED! Bewcalw el UbiB.
di stributions. The netallocenes of the present invention provide inproved

t ai | or €dughldaes ofthed yprazpetrsl Ivvbnuspy | ffws etdy| efige hi Ghat§PASb1e
copol yners, as reactor blends or fromreactors in series, including

{1 U7 di aspeaidisi i wiesh gatepistasRlader il | 055 pridsar@dal bpoegeactigt he
n

present invention can also be used to produce copolyners of” olefins

copol ysuhigablleo! BalRg @ubstditnaicdV { Buvll VAH9 5499985 Yn the .1igand
tactiospecificity. Hereinafter is described a general process for he

_p{ epar gkbad ;&f 0{ g’tﬁﬁ%?r}rr& eNSss %ri:[é]eelﬁrefga.rgoi nvention. I n said process,

it is 1nportant alTocene™ ®ecause 1 ow nol ecul ar
wei ght, anorphous pol yners can be produced by inpure netall ocenes.

Gener afrhg, relte Ilicieier il wH astReeiRver i ' 2hd sglating
the ligand (bridged or unbriézggg, whi ch ig ?EE% é%?b%ﬁ%ﬁ%e or ¢ 56t

AT i A R Lt

conpl exicl,/MgCl,/TEAL catalysts having internal electron donors such
as diisobutylypthalate, and external donors, such as
diphenyldimethoxysilane ;nd methanol to produce polymérs with
mixed stereochemical compositions, distributions or tailored
molecular weight distributions. Reactor blends of polymers with
optimized physical, thermal, mechanical and rheological
properties can be tailored to produce the optimum mixture for
specific applica;iOns requiring high_ melt strength, high
clarity, high impact strength and high rates of
crystallization, simply by mixing catalytic species together in

appropriate ratios.
The metallocenes of the present invention influence the rate of
termination by B-hydride elimination reactions. This,

therefore, provides a mnovel 1ligand effect for controlling
polymer molecular weights. These metallocenes can be exploited
to tailor molecular weights and hence molecular weight
distributions with mixed species of the catalysts and any other

class of catalysts. This would be advantageous in tailoring the
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The synthesis procedures are generally perfornmed under an inert gas

at nosphegwg) ogiSidyd a 9l ove box or Schl enk techni ques. The | rocess
general ly conprises the steps of 1) preparing the hal ogengﬁﬁ%@?ﬁyl at ed

metal compound, 2) preparing the ligand, 3) synthesizing the conplex, and
4) purifying the conplex., The synthesis of the bridged |igands of the

pr esen®® m%ﬁt PERPSFAASTY helPEFy] L&RR t Ut BR. G5 -BFh beter efdmddamly
contacting a ,suitable substituted fulvene with a suitable substituted
cycl opeR® aghadp-encht apRfagmakien deoking enbstituwenti onilloddifluense
sufficient to produce a bridged structure, to yield ligands with either

Cerr]the €heer obrresetiivi Efent] the prewdme€adlidcenwsBiith oFdlegiag S
cycl opent adi ene with an exo-cyclic nethylene group at the 1 position of

cycl opsidiRth 8N8rbbPdente bRtene Hrd hdBidY! efige %@éﬁgﬂ%ﬁ%}&hsf@e@%i Sh?”i gf

fulvene. Since this carbon can ultimtely becone i gi ng group

f or mul I r ) v r e ef { f e._pr t
ot ol e { Hatdfyel) Sotldat ieh V 2ARADT chlC BECRALNG NS o PoRbERE. |

0 U peaseof | srishs boruatem vogshi v hBpiaEotp, P SERLHIACLS

| i gands of the present invention . . . 3 A .

posi ti ﬁﬁ@g-gﬁg & YmBa8 %gbstl , [ 4 ot er sptes can

bo” o BierriBatiBhg | S YmiugctiatSlus %1\‘»,?\,9 MDA KAST Shhe
metallocenes of the present invention provide improved tailored
grades of polypropylene and propylene-ethylene high impact

copolymers, as reactor blends or from reactors in series,

including fluidized and stirred gas phase polymerizations.

The metallocenes of the present invention can also be used to
produce copolymers of olefins and copolymers of olefins and

dienes with varying degrees of tactiospecificity.

Hereinafter is described a general process for the preparation
of the metallocenes of the present invention. In said process,
it is important that the metallocene is “pure”, because low
molecular weight, amorphous polymers can be produced by .impure

metallocenes.

Generally, _the preparation of metallocenes comprises forming
and isolating the ligand (bridged or unbridged), which is then
aromatized or deprotonated to form a delocalized electron
system or an hetero anion, and subsequently reacted with a

metal halide or alkylide to form the final complex.
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[err] where R p is the substituent on the resulting Cp ring and where

the T, T e exocyclic carbon (C6 in fulvene) are th Cﬂ?ﬁﬁb& rs of

t he strng%?g?k%ridging group R'. As noted previously, aqire erre%ﬁnethod
of converting the neutral netallocenes to cationic netallocenes useful in
the present invention involves reaction of the neutral netallocenes wth
a tri e AR S IPIRFeATRS arer greeradlyeperdormed undemnARy | Ee%eni um
tetrakis (pentaf] uorophenyl) boronate. The catalysts of the present

i nventddh JERCEPBBrBe ARG 02 FLOYS LPF eOFol enled teshai@ies -acBae di ng
to methods known in the art, such as the one disclosed in U S Pat, Nos.
3, 893, @hesio@ragass dgeperallry compyigescthessyers P Bl Prepapingr e-
pol ymeri zed catal ysts can be prepared in the presence of cocatalysts, such
as t h&lwhdealiegenpbed predldugiateddmedpli eampnaund, t Ad prepaydadnitheri ous
el ectron donors. Preferred pre-polynerized netall ocenes of the present

i nventligandavéla wynghesizing otheol gompleny al apdend) ofpuphfyikngntehe 0. 1
- 100; ratios of less than 10 are particularly preferred. The syntheses
are corompiieont |y done at roomtenperature or lower in |ow boiling solvents
which are readily evaporated in vacuo. EXPERI MENTAL PART

The synthesis of the bridged ligands of the present invention
having the B-substituted Cp can be prepared by contacting a

suitable substituted fulvene with a suitable substituted -
cyclopentadienyl containing an anion ring, under reaction
conditions sufficient to produce a bridged structure, to yield

ligands with either C, or C; or pseudo-C; or pseudo Cg symmetry.

Fulvene 1is cyclopentadiene with an exo-cyclic methylene group
at the 1 position of cyclopentadiene ring. The exo-cyclic
methylene carbon is the 6 poéition of fulvene. Since this
carbon can ultimately become the bridging group R” in formula
(I), the preferred fulvenes for the preparation of the present
metallocenes are 6,6-disubstituted fulvenes so that the

resulting bridging group is a tertiary carbon atom.

The fulvenes useful in preparing the ligands of the present
invention have substituents in the 3 and 4 positions Q and are
generally 6,6 disubstituted, while the other sites can be

substituted or unsubstituted as shown below:
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PPA nmeans pol yphosphoric acid, the synthesis of which is described in F.D.

Popp andy¥ogkaashC Ewven, Chem Rev., 58, 321 (1958); F. UnhldcernesvdokioR
Snyder, Advances in Organic Chemstry, 1, 35(1960)- EXAMPLE 1 Synthesis

of bis(2-nmethylthiapentenyl)zirconiumdichloride a. Synthesis of

4,5-Di hydro-5-nethyl -6H cycl openta (b)thi phene-6-one [The following is a

nodi fication of the procedure &igi naCsC described by O Mth-Cohn, S
Gonowitz, Acta Chenica Scana‘r@@gé’ca 20, (1966) 1577 - 1587.] A

sol ution containing thiophene £65.7 ¢., 7B1 met hacrylic acid (66.56

g. 773 mmol ), and net hyl ene chiori de ‘F m.) were added dropwi se to a

sol ution of PPA (prepared above) over a 1 h. period, while naintaining the

temperature_at 50[err]C. . The, . reacti on jm xture s stirred an di.ti onal 2
PR o e gubelS iR Gl e oAb 8RS El gl it e

or gani | ayer_ col |l ected with nmet hyl ene .chloride jn hexane sol ution 30%
oo miEheriE o el e Sk TR LA ATty (Fowckhr iagena)) Ara dEhar of o
solution of sodium bhi.carbonate (2 >r§b25‘% rrL%, foll gwed by water (2 x 250
nl). PREVFFEaRT 9hyde DU RR] PriRILnG gRPUR Ras then dried over

magnesi um sul fate, filtered and dried in vacuo yielding 93.5 g of a dark
brownass| hekklly preeouslgl,| . aFuptéperdeat indeEho@n o tdurve@ERigalthe

produced 52.2 g (1 nmbar, 92[err]C - 98[err]C) of the target material.
Yi el dneutral metallocenes to cationic metallocenes useful in the
present invention involves reaction of the neutral metallocenes

with a triphenylcarbenium boronate. A preferred reactant is

triphenylcarbenium tetrakis (pentafluorophenyl) boronate.

The catalysts of the presefxt invention can also be used to
prepare pre~polymerized catalysts .-according to methods known in
the art, such as the one disclosed in U.S. Pat. Nos. 3,893,989,
4,200,171, 4,287,328, 4,316,966 and 5,122,583. The pre-
polymerized catalysts can be prepared in the presence of
cocatalysts, such as the ones descr:';.bed previously and

optionally in the presence of various electron donors .

Preferred pre-polymerized metallocenes of the present invention
have a weight ratio of polymer/metallocene of approximately 0.1
- 100; ratios of less than 10 are particularly preferred. The
syntheses are convenientlyl done at . room teniperature or lower in

low boiling solvents which are readily evaporated in vacuo.

EXPERIMENTAL PART
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44% 1H NVMR. CDCl[err] ppm 7.85 (d, 1H), 6.95 (d, 1H), 2.4 - 3.3 (m 2H),
1.25 (d, VePip8/22486 Synt hesi s of the 5-nethyl - 1-t hi apent al enBST/EPRY04287ne

[ The following is a nodification of the procedure originally described by
Hendrich Vol z and Henrich Kowarsch, Tet. Lett., 48 (1976) 4375]. Absolute
et hanabPX 3GRens Wasolysheosshoitid aavid@or ailte stewihedis gaseowhinidr gghl ori c
-acid until saturated. Tol uene-4-sulfono hydrazine (64 g. 343 mml) was
added asserilbgdpander.Df opdbpJand Wi tE. SMUEWENn, Chem. Rev., 58, 321

4, 5- Di bydr o- 5- met hyl - 6H cycl opent a(b) t hi phene-6- one (52.2 g. 343 mmol)
was ad(pss8ly ppwrse QHIif Endi NHLR. PENWIbr, Thead@indesdn Lur nefdanid
clear, straw colored liquid, then forned a white preci.pi-tate which was

col | ectleembytryi | L1 aB5@n96dhie precipitate was washéd with THF (800 ni) then
dried in vacuo. Yield: 100 g (91.5%. <c. Synthesis of

5-net hyl - 1-t hi pent al ene 5-riet hyl - 1-t hi apent al enyl hydrazine (12.8 g. 40
nmol ) LFutried in diethylether (100 nL) and the tenperature |owered

to -78[err]C. Methyllithium (100 mol, 1.6 M solution in

di et hy, : §2 ' r |l owed to
rise t%%%ié%ﬁté g?l%%é?ﬁggﬂggg%ﬁ%%g%% qu%iﬁ%\%ﬂaﬁmﬁt é:% g'\(?la%rd%urni ng
deep purple. A deoxygenated saturated aqueous ammonium chloride solution
was adledSymrohesis ?g AL p-BihbydrorPregthyd-&H additional 15 minutes, the

color of the solution turning yellow The slurry was then filtered through
a nediewelopenta (b)thiphene-6-one

[{The fo}lowing is a modification of the procedure originally '
described by ©O. Meth-Cohn, S. Gronowitz, Acta Chemica
Scandinavica, 20 (1966) 1577 - 1587.]

A solution containing thiophehe (65.7 g. 781 mmol), methacrylic
acid (66.56 g. 773 mmol), and methylene chloride (50 mL) were
added dropwise to a solution of PPA (prepared above) over a 1
h. period, while maintaining the temperature at 50°C. The
reaction mixture was stirred an additional 2 h. then poured
onto 1 L of ice (prepared in a 2L sep.funnel), .and the organic
layer collected with methylene chloride ie hexane solution
(30%, 100 nmL) The organic layer was then washed with water (250
mL), a saturated solution of sodium bicarbonete (2 x 250 mL),
followed by water (2 x 250 mL). The organic layer collected in
this fashion was then dried over magnesium sulfate, filtered
and dried in wvacuo yieldiné 93.5 g of a dark brown, slightly
viscous oil. Further distillation of this material produced

52.2 g (1 mmbar, 92°C - 98°C) of the target material. Yield =
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porosity frit and the solids were washed repeatedly with fresh
79 WD 98/ 22486 _ PCT/ EP97/ 06297

di et hyl gfdog244860 nlL). The diethylether in the filtrate wasctiPeRsisgnoved
in vacuo and a dark brown oil recovered (1.62 g. 306 %. Mass spectrum

(typical, first isomer; me (RA) 136 (11.4), 134 (100) 121 (25), 77
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ﬁi?eéﬁﬁ"%wcs%%emﬁe%@h' EQ' mke & sl urry. The | E’F‘r"y) was Stirred an
E??igth?’”%'wr%%eﬁﬁ@?% N TR S B BRBOEAL ST '”méi"ﬂieS”?o?
poI y zat‘$ch Wi tgogtlg E%rt h ﬁ)riurl f [ cat| 1|§}11el—l-2§l\£/§€§£HF d8 @4 (m

EFEKI S5 B0 JEE A e, vl .mb%xéfaglgﬁhh ey arg%Zt';ééﬁé‘%?m

with indirectly coupled nagnetic stirring. Catalyst (20 ng) was added to a

10 ni (§Pd$d \413§I5 Jand MAO was added (2.5 nL, 10 wt% in tol uene). An

additional 2.5 nL was added to the toluene solution used as the

pol ym@oispduiten ethanet . (39R gd| wesobreahindiwihl ehyigarsmsstywrsameet added

to the reactor_containing the toluene/MAO via cannula. The reactor was

pur gegageonsy hydrochloric acid until saturated. Toluene-4-sulfono
hydrazine (64 g. 343 mmol) was added as a dry powder,_forming'a
white slurry. 4,5—Dibydro-s-methyl-6H-cyclopenta(b)thiphene-G-.
one (52.2 g. 343 mmol) was added dropwise over a 30 minute
period. The solution turned to a clear, straw colored liquid,
then formed a white piecipitate “which was collected by
filtration. The pfecipitate Qas washed with THF (800 mL) then
dried in vacuo. Yield: 100 g (91.5%).
c. Synthesis of 5-methyl-l-thipentalene
S-methyl-l-thiapentalenyl hydrazine (12.8 g. 40 mmol) was
slurried in diethyleﬁhér (100 mL) and the temperature lowered
to -78°C. Methyllithium (100 mmol, 1.6 M solution in
diethylether, 62.5.mL) was added dropwise. The temperature was
allowed to rise to ambient stirring was continued for 16 h with
the color turning deep purple. A deoxygenated saturated aqueous
ammonium .chloride solution was added dropwise (2 mL) and
-stirred for an additional 15 minutes, the color of the solution

turning yellow. The slurry was then filtered through a medium

porosity frit and the solids were washed repeatedly with fresh
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residual nitrogen and replaced with ethylene. Ethylene was added to the
reactor and the pressure was mai ntai ned at 3 bar

/ 22486 06297
for 8 mW&tgﬁz‘%%t er which time the reaction was quenched w%ﬁ}:‘%

distilled water. The reactor contents were then poured into a deashing
solution containing HC (4 N, 120 nL) and nethanol (80 nL ). The organic
| ayer diethlylethen vERAh whder The| diledhylEedtiear rig, the) filvvate was g;
[[err]] THN = 3,47 (dI/g). EXAMPLE 3 Propyl ene pol ymeri zation with
bi s( 2-rigemyrempypdntionWacuq i andnaudadik hrownleol Pr seroyeaesbl (hed3 zait i ons
were run in a 500 nL glass reactor wth indirectly coupled magnetic
stirri3Q. Wat aMass (S@estgumas tyaided t ofarse nisghexs i JdRA)NVAAIGS
added (5.0 nL, 10 wt% in toluene). The reactor was purged of any residual
‘nitrogéhl.&hd 1341 4360)w LBLpr@SYl.ed. (R20pyl ene was added to the reactor
and the pressure was nmaintained at 3 bar for 60 mnutes after which tine
t he redct$ynthasiguefichéd (@i-te thyiit hifapdimtenylad i pedeium Tdichbari de
contents were then poured into a deashing solution containing 120 nL 4N
HCl arzlhiBfomiumetearathldlbédeor gani c | ayer was dried in vacuo under mld
heat (70[err]C, 1 h). Yield: 13.5 g viscous oil. [[err]]THN = 0.18 (dl/qg).
EXAVPLEB@0 fgnt hesd smmofl) divaeet Aybedl ﬁ&us(aﬁyetmaérawtﬁamétﬁylebm um
di chl ori de
thiapentalenyl lithium salt (400 mg, 3.6 mmol) and pentane (50
mL) and THF (5 mL) were added to make a slurry. The slurry was
stirred an additional 16 h. after which time the solvents wére
removed in vacuo and a bright yellow free flowing powder was
recovered (1 g). Sample was used for polymerization without
further purification. 1H-NMR (THF-48): ppm, 7.4 (m, 1K), 7.0
(m, 1 H), 5.9 (s, 1.5H), 5.7 (s, 1H), 2.1 (s, 3H).
EXAMPLE 2
Ethylene polymerization with bis(2-methylthiapentenyl)
zirconium dichloride
Ethylene polymerizations were run in a 500 mL glass reactor
with indirectly coupled magnetic stirring. Catalyst (20 mg) was
added to a lo.mL glass vial and MAO was added (2.5 mL, 10 wt%
in toluene). An additional 2.5 mL was added to the toluene
solution used as the polymerization solvent. The solution
containing the catalyst/MAO was added to the reactor containing
the toluene/MAO via cannula. The reactor was purged of any

residual nitrogen and replaced with ethylene. Ethylene was

added to the reactor and the pressure was maintained at 3 bar
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a. preparation of 5-nmethyl-1-thiapental ene:

81 WO 98/ 22486 PCT/ EP97/ 06297

The syntywoJghmaygs carried out according to above descri bechoip@mrlc. b.
Synt hesi s of dinethylsilylbis(2-nethylthiapentenyl):

5-nmet hyl - 1-t hi pental ene (1.62 g 11.9 mml ) was dissolved in 30 nL of -

di eth th dth [ dto -78[ e th 11.9
ol . EOR\F griBuEeE; ﬁ%F'g?h@ l§ Owif Feagiion, was micached with & 2

f1 ask and odient eal warmto roomtenperature and Stll‘&lng
vas cdbe! B ﬂ% $ e cne FEar PR  ConaRihy VaFEhI G PaRESS 077
g. 5.9, s, dissolved in, 20 nL of THE andtrbete eratyre
Iowere’cp’i‘b a7g @P‘Ff’éngTh%p%‘I‘EFP? PRER IR HRG t FES b Yt - ent3®ene

ani on was added dropw se to the stirred solution f,l ask and contents
vere tMRFRARPLWEE0r Bluak m TRSr BEFRTECSYAYAT r'Eas A@&ﬁgl Ty JAGUR HNEBE
anal ysi s %enched with_ saturated solution of aqueous amoni um chl ori de,
dri ed Bydd ﬁﬁﬁné@uﬁvsél Pdre, filtered, concentrated in vacuo, then
submtted for analysis (20549-47C, 37.6% purity by GCMS). Mass spectrum
(mMe (RMeld328.518:7)INnlTEN €16047 USB./N9. 1), 159 (36.7), 134 (53.4), 91
(81.2), 59 (27.7), 43 (10.5). vc. Synt hesi s of '

di met hype bbby s(2- met hyl t hi apentenyl)  zirconiumdichloride A solution
contai ni ng di net hyl silyl bi s(2-methylthiapentenyl) (1.78 g. 5.95 mmol) in

di et hyﬁ'x%gfieﬁgr epaﬁ@ﬂnﬁ‘@f’i’f&ti‘&n’ 78[v9:{£111C bis(2-methylthiapentenyl)
zirconium dichloride
Propylene polymerizations were run in. a 500 nmL glass reactor
with indirectly coupled magnetic stirring. Catalyst (20 mg) was
added to a 10 mL glass vial and MAO was added (5.0 mL, 10 wt$%
in toluene). The reactor was purged of any residual nitrogen
and replaced with pro_pylene. Propylene was added to the reactorx
and the pressure was maintained at 3 bé.r for 60 minutes after
which time the reaction was quenched with 5 mL of distilled
water. The reactor contents were then poured into a deashing
solution containing 120 mL 4N HCI and 80 mL methanol. The

organic layer was dried in vacuo under mild heat (70°C, 1 h).
Yield: 13.5 g viscous oil. [n)THN = 0.18 (dl/g).
EXAMPLE 4

Synthesis of dimethylsil_ylbis(2—methy1thiapenteny1)zirconium

dichloride

a. preparation of 5-methyl-1-thiapentalene:
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was treated with nethyllithium(11.9 mml, 1.6m solution in diethylether,
7.4 nmL). The contents were allowed to vvarmto

82 WO 98/2488/ 22486 PCHEPYIIG29T 06297
roomtenperature and stirring was continued for 16 h. Solvents were
renoved in vacuo and the solids were washed repeatedly wth fresh pentane

(3 x ) et s

pent ane gvvéssw@&{ %Q%e?tagneéﬁggkg ﬁe evza‘;?(?% g@%‘ nagr 2%1?%‘2%‘(;“1%_@{%?{}?? uene
and thgx %ilgl was stirred overnight. The solids were filtered and the
filtra rle in vacuo. Yield: 1.49 g (54% . EXAWPLE 5 Propylene

pol yneri zati on wth di met hyl si | yl bi s( 2-

met hyl bhi &pethesyk) pifr ddnethydisdAlydbicd 2 -Pedytldahd apentenyldat i ons were run
in a 500 nL glass reactor with indirectly coupled magnetic stirri ng

LR O e 3., B B gt R IR 40
LR AR AR SRR e A
vore (HERERERFERLRRC 0 18 Sombitig L ¥ UtFon omFRYAER %Eﬁroﬁf%ﬁ? fa 0
). G o) as1gdged ”bﬁv#%&%%l%‘%%%aﬁa i “”der £ vi%ﬁ 3 /a).
EXANPLanEm angtgg%l %emperaturfe and stlrrz.%rgo als.l %%rlll i uCelcf pteonxt'afh n y:l:r_l( 7
a separate flask, dimethyldichlorosilane (0.77 g. 5.9 mmol,
0.78 mL) was dissolved in 20 mL of THF and the temperature
lowered to -78°C. The slurry c§ntaining the 5-methyl-1-
thiperitalene anion was added dropwise to the stirred solution.
The flask and contents were then allowed to warm to room
temperature. A sample was taken for analysis, quenched with
saturated solution of agqueous ammonium chloride, dried over
magnesium sulfate, filtered, concentrated in vacuo, then
submitted for analysis (20549-47C; 37.6% purity by GCMS). Mass

spectrum (m/e (RA): 328 (18.7), 193 (100), 165 (29.1), 159

(36.7), 134 (53.4), 91 (81.2), 59 (27.7), 43 (10.5).

c. Synthesis of dimethylsilylbis (2-methylthiapentenyl)

zirconium dichloride

A solution containing dimethylsilylbis(2-methylthiapentenyl)
(1.78 g. 5.95 mmol) in diethylether (prepared above) at -78°C
was treated with methyllithium (11.9 mmol, 1.6M solution in

diethylether,. 7.4 mL). The contents were allowed to warm to
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cycl openadi t hi ophene)] zi rconi um di chl ori de
83 WD 98/ 22486 PCT/ EP97/ 06297

a. Synt keeiosngdse 7H- cycl opental[ 1. 2-b: 4. 3-b']dithi ophene pcI/EPY7/06297
7H cycl opental[ 1. 2-b: 4.3-b']dithiophene (referred to in the follow ng

exanpl es as cyclopentadithiophene) was synt hesi zed according to the

d I d bed b Kk 968, 24,
2382?3*%&%1 f ?@%wssi%ﬁé'e ml%ﬁﬁ'faﬁfsm}zsmﬁﬁ (S chopentsartae)
A t tadithio 1
0L 4, PhBg pﬁfﬂdaécag'te 55 s Balieg; Veth wastd Aepeabodii)

2.5 Msol.ution in hexanes After rri at D C faor a solution of
6, 6- di"fidtthy FF&F n%en‘%%n%od3 5% 6§W§ Pihdhn t’%ﬁfg’]a‘%ﬁe‘ge o¥8f a 30
m nut e iod. The te ature s held at Ofer 1 h and then the
cont erRAdegt 25 ar HEY PoWSsTe ARA 9 m?@aefUﬁsle#edrhf?%%ﬁ?owasméﬁ

st opped addi a solution of sat rate NH4AC e Qr ani c | ayer
was sepE Eé’l ‘glasqfé‘g wemtacsdr & %uﬁg’c?ﬁ (rggex BS HIP)1° n¥a&ri ed
over J err After filtration, . solvents were repoved by rotgevaporation
to anhgﬂsfr%spaesmgme PFRAUECIILS cvosealfiiliar9d ofPd #he (EdlgFate

nmet hanol /f acetone as a white solid (700 ng, 44% . Proton NVR (CDCl[err])
ppm  (3ried oiRregcyop3¥iglds iyl 49 ® (B4%)2H), 6.1-6.8 (m 3H), 3.1 (m

2H), 1.18, 1.29 (2s, 6H). Mass spectrum Cl7H16S2 PM= 284.

c. | sogsaprsesel cycl opent adi enyl - (7-cycl openat adi t hi ophene)]  zirconi um
di chl ori1 de. :

Propylene polymerization with dimethylsilylbis(2-

methylthiapentenyl)zirconium dichloride

Propylene polymerizations were run in a 500 mL glass reactor
with indirectly coupled magnetic stirring.'Catalyst (20 mg) was
added to a 10 mL glass vial and MAO was added (5.0 mL, 10 wt% _
in toluene). The reactor was purged of any residual nitrogen
and replaced with propylene. Propylene was added to the reactor
and the pressure was maintained at 3 bar for 60 minutes after
which time the reaction was quenched with 5 mL of distilled
water. The reactor contents were then poured into a deashing
solution containing 120 mL 4N Hci and 80 mL methanol. The

organic layer was dried in vacuo under mild heat (700C, I h).

Yield: 19.6 g white free flowing polymer, [MITHN = 0.49 (dl/g).
EXAMPLE 6

Synthesis -- of isopropylidene [cyclopentadienyl-(7-

cyclopenadithiophene) l]zirconium dichloride
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A sol ution of | sopropyl i dene(7H cycl opent adi t hi ophene)
(cycl opent adi ene) (540 ng, 1.9 mmol) in THF (20 nL) was cool ed

08/ 22486 97/.06297
to -78 C‘Yﬁ%ﬁ%ted with n-butyllithium (4.0 mol, 1.6 MPW@%

solution in hexanes). The reaction contents were sl oWy warned to 0 C and
stirring continued for 4 h giving a dark red solution. Solvents were
renovea.i Synahesia of ciH{dyciopentalbs2doe 4wasbr ¢dithiiopiene et her (15
m) at -78 C. Zrd[err] (0 443 g. 1.9 mmol) was added as a slurry in

ngka?zlnn(ﬁe%&c{ﬂf%v%ﬁne Sdlil’l ngtkpﬁlrd?éfhéﬁjfggé%gél%&%& S‘%?ud‘edprd ugéto
caguisang " sRghples) af o IBAER AN ChibeBRaBl 4P BYRRR0128E ©
:ogl ;?r;lrj?zg%/:% Eet?%&gi??szgggngg g}(__ i?a}_y?%e %% eéioiﬁegd ﬁt SQ[err]C
P AR

([Otgnl-l) q( o 65% 6 LE 7 Et hyI ene pol yneri zat i on
Wth i ? 5'%33 a&ﬁéﬁ%clzlo% T a I_%?SJ'E%% cl opent adi t hi ophene) ] zi rconi um
dichloride Ethylene polynerizations were run in a 500 nL gl ass reactor

with i kdi Tecgnomdiidee (e Toséntadbghiphehes t(cirtQopehtaddenadded to a
10 nmL gl ass vial and MAO was added (2.5 nL, 10 W% in toluene). An

pol yre PRl Ve SR Erat FahophERE o B oSt nd - B3 PRy MRoshiSTadded

to the ngacte] %Y 30ifda to -78 C and treated with n-butyllithium
(5.75 mmol, 2.3 mL of 2.5 M solution in hexanes,). After
stirring at 0° C for 2 h. a solution of 6,6-dimethylfulvene
(0.60g, 5.62 mmol) in ether (5 mL) was added over a 30 minute
.period. The temperature was held at 0° C for 1 h and then the
contents were warmed to 25 C and stirred for 16 h. The reaction
was stopped by adding a solution of saturated NH;Cl (15 mL).
The organic layer was separated, washed with saturated salt
solution (2 x 15 mL), and dried over MgSO;. After filtration,
solvents were removed by rotoevaporation to an oily residue.
The product was crystallized from a mixture of methanol/acetone
as a white solid (700 mg, 44%). Proton NMR (CDC1;) ppm: (2
isomers) '.7.23 (d. 2H), 7.10 (4. 2H), 6.1-6.8 (m, 3H), 3.1 (m,

2H), 1.18, 1.29 {(2s, 6H). Mass spectrum: Cl7H16S2 PM= 284.

c.Isopropylidene[cyclopentadienyl- (7-cyclopenatadithiophene)]

zirconium dichloride.

A solution of isopropylidene (7H-cyclopentadithiophene)

(cyclopentadiene) (540 mg, 1.9 mmol) in THF (20 mL) was cooled
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t he tol uene/ MAO vi a cannul a. The reactor was purged of any residual
nitrogen and replaced with ethyl ene. Ethylene was

85 Wwo odi2488/ 22486 PCREROIRF 06297

added to the reactor and the pressure was nmaintained at 3 bar for 8
m nutes after which tine the reaction was quenched with 5 nL of distilled

‘water. Th eactor, contents wer.e then red, into deashi n olutio
cont aifi n'?%—i ?ﬂdN,trPfg:ﬁ‘i)ma% nﬁé?ﬁﬁﬁh;%tgéﬁmnﬂf.-%rﬁﬁ“ gahr @ Py &t was
vvasheg gth wat er ,and , p&@/rrer solids were cqllected b% filtratiqn and
washed -wi th SPHBERCRedfh RiXaneR) polPReF SREEIAN RPIFERER UWSERISLMYYY heat
(50[err]C, 3 h). Yielqg: 4.3 g; l.V. (THN).= 3.7 (dllg%‘ EXAVPLE 8
Pr opy Wak@esh | i aBPBnSHA-ER1PS0 UfchE gyt | BpivaBPefydark red
(7-cycl gpent adi t hi ophene)] zirconiumdichloride Propylene polynerizations
ver e’ s@dutdon s@Erlventasierekenevedi iR vagueeat §’°Eoéﬂlde<§%?a§ﬁ§tlid@e
stirring. Catal ys'gwézg ng) was added to a 10 nL gl ass vial and MAO was
addedwas. reglunpiegodni ethexueh . mFheakteadBorC wadrfls Q- 643 ady ded dual
nitrogen and replaced with propyl ene. Propyl ene was added to the reactor
and t mnodlesas caddednaisn@ai Harey dnppentanes 18 ik kesbyf capnwlai émd i e
the reaction was quenched with 5 nL of distilled water. The reactor
cont efthe weeacthen mantehisht weredesHsiwly waohed e coeomi tiemperatune 4N
MCI and 80 niL nethanol. The organic |ayer was washed with water and
sol vewhd eensvddrdnga fowmt 36vdpor Ther .priteipi tabted coiugdesrpradudti awms n
vacuo under
collected on a closed frit, washed with ether and pentane and
dried in wvacuo (yield: 1.0 g). A sample of the title compound
used in polymerization tests was obtained by extraction with

toluene at 50°C.

Proton NMR (CD,Cly) ppm, 8, 7,42 (4, 2H), 7,21 (d, 2H), 6,44

(t, 2H), 5,84 (t, 2H), 2,05 (s, 6H).
EXAMPLE 7

Ethylene polymerization with isopropylidene(cyclopentadienyl-

(7-cyclopentadithiophene) ] zirconium dichloride

Ethylene polymerizations were run in a 500 mL glass reactor
with indirectly coupled magnetic stirring. Catalyst (10-mg) was
added to a 10 mL glass vial and MAO was added (2.5 mL, 10 wt$%
in toluene). An additional 2.5 mL was added to the toluene
solution used as the polymerization 's'olvent. The solution
containing the catalyst/ﬁAO was added to the reactor containing
the toluene/MAO via cannula. The reactor was purged of any

residual nitrogen and replaced with ethylene. Ethylene was
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mld heat (50 C, 1 h) Yield: 30 g polyner; l.V. (THN) = 0.30 (dl/qg).

86 WD 98/ 22486 PCT/ EP97/ 06297
EXAMPLE 9 Synt hesi s of i sopropylidene[(t-butylcyclopentadien ¥;) (7-
cycl opeNY@®EMPOphene)] zirconiumdichloride a. Synthesi 8CHEFI7/062

7H cycl openta[ 1. 2-b: 4.3-b']dithi ophene 7H cyclopenta[l.2- b

4.3-b']dithi ophene (referred to in the follow ng exanples as

cycl opddeddibhivhipharsicers andt khe patkssaneorwhsgmabntatnptioead 3 ebar
originally described by A Kraak et al, Tetrahedron, 1968, 24, 3381-3398.
b. préeparatminueks3aftkut whicht tdmeetthe Mdacion ras queeetived witRos 3
nmol , 5.77q, 7.3 m) and t- butyl cycl opent adi ene (50.6 mol,

6. 17gh,Wwofe disellledawateenpiTie f vaactogndoatidart at wepemhrpepehte® to an
et hanol solution (10 nm.) of KOH (10.3 mml, 0.58 g) stirring under

nitTogato Af t GeaShifid NFodMELBhINtontdin ey derrisol(yt iwn VERD ailyutgedwi th
ether, washed with 2 N HCL, water, and dried over sodiumsulfate. A sanple

of thfeEREAB1ON (@A) | amhé Oﬂrbanicg)lay\&s Wk epaRedandlchs ivatdEMmd
showi ng 90% conversion to the title conpound. The product was submtted to

di sti bbaiines- s'lcﬂ:ldé\"\@eﬁ:'@DQ&EIéﬂ:ied[W]fil@gaﬁﬁong%dzw&%ﬁea #itn 6. 24
(m 1 6.63 (m 2H). <c¢. synthesis of

lSOpr99¥Ehdﬁn@%h%nbibUt'DHeC ﬁﬁmaﬂasn&ié&wn %&h@spm thi pRheagE. A
ophene

sol ution of cycl opentadithi , 0,87 g) in
(50°C, 3 h).

Yield: 4.3 g; I.V. (THN) = 3.7 (dl/g).
EXAMPLE 8
Propylene polymerization with isopropylidene [cyclopentadienyl-

(7-cyclopentadithiophene)] zirconium dichloride

Propylene polymerizations were run in a 500 mL glass reactor
with indirectly coupled magnetic stirring. Catalyst (20 mg) was
add;é to a 10 mL glass vial and MAO was added (5.0 mL, 10 wt%
in toluene). The reactor was purged of any residual nitrogen
and replaced with propylene. Propylene was added to the reactor
and the pressure was maintained at 3 bar for 60 minutes after
which time the reaction was quenched with Slrm; of distilled
water. The reactor contents were then poured into a deashing
solution containing 120 mL 4N MCI and 80 mL methanol. The
organic layer was washed with water and solvents removed on a
rotoevaporator. The viscous polymer was dried in vacuo under

mild heat (50 C, 1 h) Yield: 30 g polymer, I.V. (THN) = 0.30

(dl/g).
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ether was cooled to -78[err]C and treated with n-butyllithium (4,9

87 WD 98/ 22486 PCT/ EP97/ 06297
mol, k8% gf 2.5 M solution in hexane). The reacti Qsor/Bbovigdssd Was
warnmed to O[err]C and stirred for 4 h. A solution of- 3-

t-butyl -6, 6-di methyl fulvene (4.9 mmol, 0.79 g) in ether (10 nL) was added
dropwise, stirred for 2 h at O[err]C, and then at room tenperature for 16
h. Th&ERE was quenched by slow addition of a saturated solutioen of
NH err]C (10 nlL). The aqueous |ayer was separated, washed with ether and

di scarglggbnddies Or ggfi C fiasbrewmfa@aeq%hudmléifdﬁsb&veadﬂeﬁﬂ) -(7-

filtered, and evaporated to an oil. The oil was redissolved in a mxture
of methanol gaghéﬁé)pred%bnm FivHidldiiged by cooling ~ormdry
ice. Yield: B‘800 ny, 48 % | sopropyl i dene[t-butyl cycl opentadi enyl - (7-

cycl opent adi t_ hi ophene)] zi rcom um di chl ori de o
| sopr Gby | SRS S1H el | (Pervpiapaatali-2-k: dodcivpdh Hi epheRfene)] (800
ng, 2.4 mmol) was dissolved in THF (20 nlL). The tenperature was | owered to

- 78[ erfleviitbPent QYL YA Lbt hi &Ny (4, ?amhopﬁe%% Mir@ffedred MoSOknt i Rel N

hexane) was added dropw se. The solution turned dark brown, was stirred

an adddy QR nd 0 HaMiess abs 7§yE§6b]e§taaE@l&&b¥>?1‘é§Q towa'sowsynEhéslztea

anbi ent 't enperat urg After gas evol Ution oppe stirring
rashedtaayiing So bl Brbediine LRy ERaLTPD ?sf?f??%%%a@m‘? R i

added for%ﬂﬁéayaﬁ 0196§0| bgs wRlg§ sglﬁgréended I n pentane (50 nL) and

stirre

b. preparation of 3—t-butyl-6,6-d—1methylfu1vene

Dry acetone (99.3 mmol, 5.77g, 7.3 mL) and t-
butylcyclopenta'diene (50.6 mmol, 6.17g) were mixed in a
dropping funnel and added at room temperature to an ethanol
solution (10 mL) of KOH (10.3 mmol, 0.5_8 g) stirring under
nitrogen. After stirring overnight, the golden solution was‘
diluted with ether, washed with 2 N. HC1l, water, and dried over
sodium sulfate. A sample of the crude organic fraction (7.4 g)

was taken for analysis (GCMS) showing 90% conversion to the

title compound. The product was submitted to distillation. !H-
NMR (CDCl3): & 1.38 (s, 9H), 2.28 (s, 6H), 6.24 (m, 1H), 6.63

(m, 2H).

c. synthesis of isopropylidene(3-t-butylcyclopentadienyl) (7H-

cyclopentadithiophene) .

A solution of cyclopentadithiophene (4.9 mmol, 0,87 g) in dry

ether was cooled to -78°C and treated with n-butyllithium (4,9
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Then, pentane was decanted off and the product dried in vacuo vyielding
1.21 g of a light brown free fl ow ng powder. The
88 WADSARASE 486 ' RECV/EIDIEIB 2907
product (1.2 g) was slurried in 30 nL Me[err]Cl[err]-. After filtering and
drying in vacuo 150 ng of the conplex was isolated. [err]H-NVR ppm [err]
7.40 (fho12H) 1.3522mtMoRH2 . 6. 30 Ebiublbn 5i85 Kdxadd), Td5rbactibh 2.0
(s, 6H), 1.2 (s, 9H). EXAWPLE 10 Propylene pol'ymeri zation W th
| sopr qalidenelds whthad YS! @reniadi seybebd- ye! 2pant adisbhiuealened 3-
zirconium dichloride Propylene polynerizations were run in a 250 nL gl ass
react Upiyil ¢ Nélld fird c PP BPeABIPLT ¢ hrrpngg Kyt €HN I he
probef%re]?n l};elxtéerna—--n'Er—errperature at@%.g%@&}éagt grg %/ng?:lh?f'gtee?n\%io? t)ol uene
(100@%&% O tealO J4fy-0 | yEj.op i ohdgne i1 C . 4.7
W% Ay The %@ntdg% gll\?/gs' t 1(erré\rr(-:‘:)és)t g%%daath%%ePr?C t?rl{{ég[%lg%érfgfz%‘r&ﬁe
desi r‘i:%n@#@!ﬁ%: al4dbr gt ed al 0 e | and
stirre or é%rul%é.:¥$og%nqu§% ﬁ%%ﬁéggg%'k%&?he ég##%ﬂ P esgﬁggg
Mononey s far, resand ur, £ ke a \ ng e The
reac??grﬁmtg?gtg;%pgdsa?gggt%hh s%ylv‘\i\?{eln r%(ncgétlﬁxg“rtpsfre is%?]gu éna‘hgd&q%é%gsm of
aci di fyi ol, nt e ot re [ titative
e W 2 L R S S

transferr o an-aci nol” ~sol vViTgorous stifTing
for several. m . fare separat.ing the organic fractjlon. After thorough
was hi r?d':ga\?\n”ﬁ \%%%gi,log’%l \c}”éer\ % \%@P%llne ve rbﬁgro%eer\‘/agﬁgéﬁ oﬁé#ﬁécedgol ymer

Was dra'n e'xpaﬁlgfgge&nggraw L:g.lhe%e Y:'i | dv:lasz 8rgc.‘ﬁ.s_solvec?l in a mixture

of methanol/acetone and the product was crystallized by cooling '

on dry ice. Yield: 800 mg, 48 %.

d.Isopropylidene[t-butylcyclopentadienyl- (7 -

cyclopentadithiophene)) zirconium dichloride

Isopropylidene([t-butylcyclopentadienyl-(7-

cyclopentadithiophene)] (800 mg, 2.4 mmol) was dissolved in THF
(20 mL). The tempe?ature was lowered to -78°C and n-
butyllithium (4.8 mmol, 1.92 mL of a 2.5 M solution in hexane)
was added dropwise. Tﬁe solution turned dark brown, was stirred
an additional 10 minutes at -78 °C, and allowed to slowly rise
to ambient temperature. After gas evélution had stopped (2 h)
stirring continued for 1 h before THF was removed under
pressure. The solids were washed with pentane and dried in
vacuo. 2rCl,; (2.5 mmol, 0.56 g) was added and the mixture of
solids were suspended in pentane (50 mL) and stirred for 16 h.
Then, pentane was decanted off and the product dried in vacuo

vielding 1.21 g of a light brown free flowing powder. The
88



polymer. 1.V. 0,3 dl/g; nmp.: 128 [err]C mrm 2,9 nol%

89 WD 98/ 22486 PCT/ EP97/ 06297
EXAMPLE d og2¥iishesi s of bi s(4-phenyl -2, 6-di met hyl -t hi opew@ﬁ, Lrconi um
dichloridé a. Preparation of 3,4-bischloronethyl-2,5-di nmethylt %g%zene In
a 2 L round bottomflask equi pped with 100 m dropping funnel and

mechani cal stirring s addeq 2, 3-dj net hyl t hi ophen (253.6 g...2. 26, mol)
and H@TQHCH é,l-% ﬁga nBRS §AUFTedrin, 29 %%@Sﬁati&sﬁ)‘:ﬁqﬁl’g’%&r% -
added in_a_sl ow streamfor 5 mnute rior tQ the dropw se addition of a
sol ut i3 CORYERTi AF VBRHRORY R AL &gﬁyﬁf@m?é@?‘l“ﬁ’;s .%om?duiﬁ-mf a
37 % solution). The tenperature was nai ntai ned between -15[err]C and

Of er r [i>maddihgd0hddcoBide Gf.2xdini RHY.1 6.20 htn) LEM,t &. 8Sonit etih, of
the addition, the contents was stirred an addition 1 h. The reaction

m xt ure g@s¢guenghedawot hst2@n(40Q Bl)(s,amg)t.he organic |ayer collected
with diethylether (400 nL). The organic |ayer was washed with a saturated
sol ution containing Na2CO3, water, dried over nagnesium sul fate, filtered,
t hen tHRAMBEE\20ts were renpved in vacuo to yield 349.0 g of reaction
product. Further purification by vacuumfractional distillation at 190

28&2%%%39%. PBehl ot il BV AR AGE PIOEken D S/ idene - | 3
| L{ L ' 4 1.2 ) .
wn TERyLoEi B gt ety IMANTH PRI ol 1 & CrindiaR e e

| odi nedfc%lloride

Propylene polymerizations were run in a 250 mL glasé reactor

with indirect coupled magnetig: stirring, internal temperature
probe, and external temperaﬁuré bath. The reactor was charged
with toluene (100 mL) and MAO (3 mL, 10 wt/% solution in
toluene from Witco Corp., 4.7 wt% Al). The contents was
thermostated at 50°C under stirring. The desired amount of a
calibrated metallocene/toluene solution was added and stirred
for 5 minutes. Propene gas was added to the desired pressure.
Monomer pressure and temperature were kept constant during the
run. The reaction was stppped after 1 h by venting the pressure
and adding S mL of acidified -methanol. The contents of the
reactor were quantitatively transferred .into an acidified
methanol solution under vigorous stirring for several minutes
before separating the organic fraction. After “ thorough washing
with water, solvents were removed by rotoevaporation. The
polymer was dried in vacuo under mild heat. Yield: 28 g

polymer. I.V. 0,3 dl/g; mp.: 128 °C; mrrm: 2,9 mol%.
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di bronoet hane (1.5 nlL). After activation was conplete, THF was

90 WD 98/ 22486 PCT/ EP97/ 06297
renoved ced with fresh THF. A sol ution contai ni ng

bi s- chl om‘{'ﬁ@f‘fm ophene (42.8 g, 205 mmwl) in THE (1 L) AL
dropwi se and stirred for additional 18 h. A solution containing

Met hyl benzoat £29 g, 213 mmol) dissolved in THF (220 nl) was added

dr opwi BERMBLEhEYr api dly stirred solution and the mixture was stirred an
additional 5 h. The reaction m xture was then quenched by adding a mxture

col TEC%%‘S‘E&&%#Q% bR b AerRtr 2 R ST SR Gl be] LR

l\/gSO4,d£ i%f{ and the solvents were renoved under vacuumto yield 6179
rg orange oil, containing 57% of the desired product. (71%

|solated yield) c. Synthe5|s of 4-phenyl -2, 6-di methyl-thiopentalene 1In a

2 L roandPbepavatibnskfwst - besbh&ocomd&hgén&mﬁ%dﬂmaﬂhYlthinpheneoI to be

dehydrated (45.9 g) was dissolved in toluene (100 nL). Paratol uensul fonic

\?\I:é:rg h ?g%d gt ree%?jugdglz%r rg ’% %[].hag?) rﬁlghfkgg'sg' l‘igtﬁﬁg%cﬁgﬁgm sTgé?Cont ent s
al | owe

oL ottt oRh, AT Ay PR SRR SR FERL 5okt
o) Ve”hﬁ%yﬁiﬁg‘i 696%?? R e R T S L S R

zi rcon] ugn so H 9.5{'19(? HCl gas was added in a slow stream for 5 minutes

prior to the dropwise addition of a éolution containing
(aqueous) formaldehyde (69.1 g, 2.3 mol, 172 mL of a 37 wt%
solution). The temperature was maintained between -15°C and 0°C
during the course of addition (1 h 20 min). After completion of
the addition, the contents was stirred an addition 1 h. The
reaction mixture was gquenched with H20 (400 mL), and the
organic layer collected with diethylether (400 mL). The organic
layer was washed with a saturated solution containing Na2CO3,
water, dried over magnesium sulfate, filtered, then the
solvents were removed in vacuo to yield 349.0 g of reaction
product. Further purification by vacuum fractional distillation

at 190 mtorr yields to 60.54 of the desired product.
b. Synthesis of 4-—phenyl-2,6—dimethyl-—thiopentalene-4-ol .

‘In a 2 L round bottom flask with mechanical stirring was added
magnesium powder (29 g, 1.2 mol) and covered with THF (20 mL).
Then the turnings were activated with 5 crystals of iodine and

dibromoethane (1.5 mL). After activation was complete, THF was
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91 WD 98/ 22486 PCT/ EP97/ 06297
In a 100 nL round bottomflask with stirring bar and sidearm was added a
80% m Xtyioosk34gs 9. 10 mmol ) contai ni ng 4- phenyl - PCI/EP97/06297

2- 6-di et hyl - 3-ene(b)thi ophene. The conplex was dissolved in dry

di ethylether (50 nmL.), then n-butyllithium (12.5 mmol, 5 nL of a 2.5 M

sol ution) was added dropwise, 0 t t .oslh 1 Xt . ti d
For 1 TPAISR Ad BRPLRESE WhER EBRRH TBPocrpHaluE ARl SPORLB4FRed 87 by
removing the. sol ve L D, . 0. Zir.cqni um rachl.qri de 16, g, nmol

s aduckr e rorettst PaioRBege, faseiial | A05CARMI (55 W LT i on

m xture stirred for 18 h,.then the solids. | ect b .

[t RSRE FroRoag ¢ Anfl, ST of0T aAHGAEAERat, Thcdt & BOMFIR0r  —
the solids collected ipn this fashion re di lved ip tgluyen t hen

fil ter‘éléﬁgal'q‘fé”ﬁ‘%l ]ﬂﬁﬁﬁi’aﬁgnkéﬁﬁvngi ﬁ'ﬁﬁoﬁ%\g@?#%?gagﬁa&ﬂ 252& assy
free flow ng solid was collected. . 1H NMR [err] ppm 7.25 (m 133#! 5.78 .
(s, 4mL) was addegiropwigm\hior the PRBAIGLENELITESS), RIULIPRY AN

bi s(4-phenyl -2, 6-di net hyl - thiopental ene)zirconiumdichloride A 250 nL

gl ass Migkdee Wast FEiRKedCARr gddikirRalod R (Thegiraction mixERre: WS

cont ai ni ng bi s(4-phenyl -2, 6-di_ met hyl - _t hi opent al ene) zi rconi um

di chl cthrer guepghedaky img nd | migtuxen9f, TBF (WRAEPrwashanied20THE00

reactor was sealed and the pressure was rajsed to 4 bar with p[Oﬁerne
gas. Telmbevasueslded and the organic fraction was collected with dry

diethylether. The organic layer was then dried over MgSO4,
filtered, and the solvents were removed under vacuum to yield
61.9 g of a bright orange oil, containing 57% of the desired

product. (71% isolated yield)
c. Synthesis of 4-phenyl-2,6-dimethyl¥thippentalene

In a 2 L round bottom flask with reflux condenser was placed
the alcohol to be dehydrated (45.9 g) was dissolved in toluene
(100 mL). Paratoluensulfonic acid monohydraﬁe (1.6 g) and 1 g
Amberlite IR-120 were added. The contents were heated to reflux
for 4 h, then the flask and the contents were allowed to cool
to room temperature. The organic layer was collected, washed
repeatedly with H20, dried over MgSO4. After filtration, the
solvent was removed by rotoevaporation to yield 41.45 g of a

dark brown oil.

d. Synthesis of bis(4-phenyl-2, 6-dimethylthiopentalene)

zirconium dichloride
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was controlled at 40[err]C during the polynerization. After 1 h, the
reactor was purged with nitrogen and the sol ution quenched

92 22486 06297
with an g&ﬁ S éol ution containing 30% (v/v) HO (37 M%P%%/é"

met hanol . After filtration of the toluene soluble material, the solvent
was renoved in vacuo. Yield: 300 polymer. %w75,4; [err]=512 (by NWR)
EXAVPLEN1IZR PPepalatisind beogtom Flaskhwidih yseixringhbay -and- gideampl - 1-
azapent al ene-4-yl)zirconiumdichloride a. Synthesis of

1- pheny'IaSZ-afﬂQQ%:I pyBPY aixtugie y2 48 hg unl 0 omred ) nstontEsining o#~phenyl -
solution in hexane) was added slowy at roomtenperature to a m xture of
1- phenp-gimedihy <3 698 (B thiwhgnend TheEDronD1 280 was | diesodivied | in
hexane (80 nlL) and stirred for 3 h. The slurry was diluted wth 300 nL of
THF andriyoddredtthelethe). (50 mb) , tBenl nyrbuayllig¢ddums| (W3 35 manet ai i mh t he
tenperature between 35-40 [err]C. After stirring at roomtenperature for
16 h, 250 arl205 Matsolution) awded addded hiropyise c ataymomatenppaatued.

The aqueous |ayer was extracted with ether (2 x 100 nmL) and the conbi ned
or gani Cher adtitonse vweas dtirtdedvd&orViSGh efoimingt ar Hnightat ovamge esapddat i on
of solvents and TMEDA yi el ded 107 g of light brown oil (98%yield, +95%

purityphrecGpitdter r WHiNhR yas r cldXdtesd r by :remol?fng 7*tHel (EulveEdt &n80

(m 1H, 6.23 (m 1H, 6.08 (m 1H, 2.24 (s, 3H. b. Synthesis of

1- phenylacooretdtecdnpymr beerachdvzlidehyde 16 g, 5 mmol) was added and
the so0lids were suspended in pentane (50 mL). The reaction
mixture was stirred for 18 h, then the solids were collected by
filtration, washed with fresh pentane, and dried in wvacuo. A
portion of the solids collected in this fashion were dissolved

in toluene, then'fi_ltered. The tb'luene was removed in vacuo and

1.38 g of a dark red glassy free flowing solid was collected.

1H- NMR: & ppm: 7.25 (m, 10H), 5.78 (s, 4H), 2.44 (s, 6H).

EXAMPLE 12

Propylene polymerization with bis(4-phenyl-2, 6-dimethyl-

thiopentalene)zirconium dichloride

A 250 mL glass reactor bottle was charged with 100 mL toluene.
A solution containing bis (4-phenyl-2, 6-dimethyl-
thiopentalene)zirconium dichloride (5 mg), and MAO (5 mL, 10
wt% in toluene) was added. The reactor was sealed and the
pressure was raised to 4 bar with propylene gas. Temperature
was controlled at 40°C during the poiymerization. After 1 h,

the reactor was purged with nitrogen and the solution gquenched
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POCl[err](0.375 nmol, 35 nL) was added dropwi se to 37 nL of DWF and

93 VO 98/ 22486 PCT/ EP97/ 06297
stirredwopsrdfasen n. The tenperature was Iovvered to Of err] ®CavEPoao6297 Xt ur e
of I (55 g, ca. 0.340 nol) and.DMF (7 nL) was added- dropw se. The vi scous
sol ution was sIovay warnmed to 50[err]C and stirred for 1h. After cooling

5081[ 0cr ug’hr%‘er %‘%ﬁ#sol uti o%ﬁq(%?%géﬁ Qﬁ/ﬁ{)ﬂﬁgg (ggdég:%g f;[c?)u:s),ISS
mn, S0, Hefpid klﬁ?f TEE P Ededog BF te Kodpee Eatil & nddiatyy 380n
Fedi seB veggl%#tds %re EReVES En""hruy oulte %?00“?€£ o

evaporatl n of the so]vent i el ded 38 g of light brown solids (60 %
yi el d)%m‘[ r'|4j HNR % hb%é %e crude product to be a m xture of

1- phenyl - 5-net hyl -2-  pyrrol ecar boxal dehyde and "’

1- pheg§h%§ | -3- pyrrol ecar boxal dehyde in ca. 4:1 ratio.

Spect i 0SC p|c y pure 1-phenyl-5-nmethyl -2-pyrrol ecar boxal dehyde  was
obt ai ned recrystallization fromether. The assignnment of the two

| sorreres:emamrﬁri rmedolfy NOERmébhylexpelbienl -phehwlH2NERdiMgthyl-1-
(CDCL[err]) of 1-phenyl-5-nmnethyl-2-pyrrol ecarboxal dehyde: 9.26 (s, 1H,

Py- COdzapéntallene-+yWidrconfdm(dicBordaE), 7.00 (d, 1H, PyH), 6.12 (d,
1H, PyH), 2.04 (s, 3H PyCHS) , rrp 85 [J[err]C [err]H-NVR [err]
(CDCL[ err EO| ecar boxal dehyde: 9.88 (s,

1H, : t}’l_e%is( ,ﬁf gﬂ— %Wl mj—méthylpyg}f-o

Butyllithium (0.700 mol, 280 mL of 2.5 M solution in hexane)
was added slowly at room temperature to a mixture of 1-
phenylpyrrole (0.695 moi, 100g) and TMEDA (0.700 mol, 106 mL)
in.hexane (80 mL) and stirred for 3 h. The slurry was diluted
with 300 mL of THF and iodomethane (0.771 mol, 48 mL ) was
added slowly maintalining. the temperature between 35-40 ° C.
After stirring at room temperature for 16 h, 250 mL of water
were added and the organic layer was separated. The aqueous
layer was extracted with ether (2 x 100 mL) and the combined
organic fractions were dried over MgSO,. After £filtration,

evaporation of solvents and TMEDA yielded 107 g of light brown
oil (98% yield, +95% purity by GC). 'H-NMR 8§ (CDCL;) : 7.29-
7.44 (m, 5H), 6.80 (m, 1H), 6.23 (m, 1H), 6.08 (m, 1H), 2.24
(s, 3H).

b. Synthesis of l-phenyl-5-methyl-2-pyrrolecarboxaldehyde II

POCl3(0.375 mol, 35 mL) was added dropwise to 37 mL of DMF and
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7.22 (m 2H, ArH), 6.68 (d, 1H, PyH), 6.62 (d, 1H, PyH), 2.39 (s, 3H,
PyCH err]). 94 WD 98/ 22486

PCT/ EP97 Synt hesi s of Et hyl

[err]- (16%2% 62 met hyl pyrrol -5- yl)nmethacrylate (I11) ‘??F’gf’%’?"”

2- phosphonopr opi onate (93.3 mol, 20 nL) was diluted wth THF (15 m.) and
added slowy to NaH (130 nmmol, 3.16 g) in THF (40 nlL) at [err]C
Stirrisgirwed ZomttAuadn.atThe oSempeEasurs: Was f bpwegesy ko apf(éragés

evol ution had ceased. The tenperature was |lowered to -10[err]C and a

sol uti sixsure 9f (B6(85 gnoica.16) B4 melboand PMF vick mldbedwasomddas

The flask and contents were warned to roomtenperature over a 30 mn.

peri oddropwilss.ndgfhe wishoug sodsitdiamtiwashsibwdycommad t he ﬁﬂgﬁ@uand
stirrer. A saturated sol ution of NH[err]d (50 mL) was added

caut i osshiyreicssfivwi bly. t hafegrigroking 26t eoopy dpmperatkuiel, thehdlaskle
product was extracted with ether (2 x 100 nL), washed wth brine solution,
dri ed waer ddes@ddrtd ,therdifi andr ebaxgedewdpiy &5 gt of ackhnshedoiice. ¥ el d:
22.5 g (96.5 9% of spectroscopically pure product. [err]H NWR

(CDC [ @0r mt%s soXition 8K, NadH ,(43A5Sml)n wald, adddd (Gaktipusly and the
PyCHC(CH err])(CJerr]Et)), 6.60 (d, 1H PyH, 6.12 (d, 1H, PyH), 4.04
(q, tHxtur@Chjes r imnpdiately heai®d €6, 90-9H, °C and stirred for 10
PyCHC(CH err])(CJerr]Et)), 2.00 (s, 3H, PyCH.rr]), 1.12 (t, 3H,

OCH[ er tfi®H[ er rihe fllask wast placed inf an E&8ylbath and the product
[err]-(1-phenyl-2-nethyl pyrrol-5- yl)isobutyrate (I1V) A solution of

(111) sclQaifizs apun dovkidwnol THE0solidvewereat colaectadeion’ b fiditeaf
hydr ogen pressure at roomtenperature :

funnel, washed with water, redissolved in dichloromethane, and
dried over MgSO,. After filtration, evaporation of the solvent
yielded 38 g of light brown solids (60 % vield). !H-NMR showed
the crude product to be a mixture .-c.)f l-phenyl-5-methyl-2-
pyrrolecarboxaldehyde and l-phenyl-2-methyl-3-
pyrrolecarboxaldehyde in ca. 4:1 ratio. Spectroscopicé.lly pure
1-phenyl—5 -methyl-2-pyrrolecarboxaldehyde was obtained by
~ recrystallization from ether.

The assignment of the two isomers was confirmed by NOESY NMR

experiment

H-NMR & (CDCL;) of 1l-phenyl-5-methyl-2-pyrrolecarboxaldehyde:
9.26 (s, 1H, Py-COH), 7.43 (m, 3H, ArH), 7.22 (m, 2H, ArH),
7.00 (d, 1H, PyH), 6.12 (d, 1H, PyH), 2.04 (s, 3H, PyCH;) , nmp
85  °C. lH-NMR B (CDCL3) of 1l-phenyl-2-methyl-3-
pyrrolecarboxaldehydé: 9.88 (s, 1H, PyCOH), 7.43 (m, 3H, ArH),
7.22 (m., 2H,. ArH), 6.68 (4, 1H, PyH), 6.62 (&, 1H, PyH), 2.39

(s, 3H, PyCH;).
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with 300 ng of 10% Pd on carbon for 1 h. Evaporation of the filtered -
golden sol ution gave ethyl [err]-(1-phenyl-2-nethylpyrrol-

S-yl)isowmgesiigs as a yellow syrup (9.4 g, 95%pure by GBgI/EPY7/06297
95 WO 98/ 22486 - -

PCT/ EP97/ 06297 [err]H—NNR[err] (cbCferr]): 7.43 (m 3H ArH), 7.23
(m 2H, ArM, 5.92 m 4. [err] CH err])
2.70 Sq(m sllﬂlthﬁ’fﬂ[err?@-i( uﬂhﬂ)(co?efr(ﬂres?ﬁyl-? Wﬂpﬁ%werpi

PyCH err]CH), 2.00 (s, 3H, PyCHerr]), 1.21 (t, 3H, OCH err]CHerr]),
1.05 (ﬂ)rﬁthﬁ#ﬂ@’eer];IEHerr]Et)). ms (me) (rel intensity): 271
([Merr]], 23), 170 (100), 154 (12), 128 (6), 77 (10). e. Synthesis

of Triathyl 2-phesphotibppbpipnatene(dy]pymmol-,5-20 mE)) weabudilutedci d
(V) A mxture of (IV) (9.4 g of crude oil, ca. 33 nmml) and

d ai seith reEme(ls (48) Tehdnvadddd afletviat 99-98H[ ¢A8PCrim1 ,1 .16 Aj) ein
cooling to roomtenperature, the solution was diluted wth 15 g of

crusherH¥F ce(40d mk) di &ted0t o°PH 1- 2svitbifigN Wals. cBirimesd ocaty room
precipitate was dissolved in ether, washed with brine solution, dried over

MySO etenperaties edoand@ evaior.atLticép ogeaxyevoliibion THad ecalasad.of Thee
solids with pentane afforded 6.6 g of V as a tan powder (84.7 %yield).

[ err] edifidtetute (W06 [oweked té 430(P¢ 2t A Eblutidh OF @f) AriBe.5. 92
(m 2H, PyH, 2.72 (dd, 1H, PyCHerr]CH(CH err])(CJerr]Et)), 2.46 (m

2H, ki er16 Gb) g)2.100 6. mBHrEFY GhEkedddea la \ﬁﬂse?’H The flask and
PyCH[err]CH(CH[err])) f. Synt hesi s

1- pherydnerkc € hydeowdrhed ®et Bdom %&P@Eﬁf&b])@'é%pae% 4nype ﬁaéﬂ:iodA

solution of (V) (25 nmmol, 6.0 g) in dichloroethane (45
resulting in a thick precipitate which decoupled the magnetic
stirrer. A sagurated solution of NH;C1 (50 mL) was added.
cautiously dissolving the preeipitate. After evaporating THF,
the crude product was extracted with ether (2 x 100 mL), washed
with brine solution, dried over MgSO,,* filtered and eveporated
to a brown oil.  Yield: 22.5 g (96.5 %) of spectroscopically
pure product. 'H-NMR (CDCl;): 7.41 (m, 3H, ArH), 7.15 (m, 3H,
ArH (2 H's) + PyCHC(CH;) (COzEt)), .6.60 (@, 1H, PyH), 6.12 (d,
1H,  PyH), 4.04 (g, 2H, OCHCH;), 2.09 (s, 3H,

PYCHC (CH;) (CO;Et)), 2.00 (s, 3H, PyCHy), 1.12 (t, 3H, OCH,CH).
d. Synthesis of Ethyl 8- (1-phenyl-2-methylpyrrol-5-
vl)isobutyrate (IV)

A solution of (III) (10 g, 37 mmol) in ethanol (50 mL) was
stirred under 3.5 bar of hydrogen pressure at room temperature

“with 300 mg of 10% Pd on carbon for 1 h. Evaporation of the
filtered golden solution gave ethyl B-(l-phenyl-2-methylpyrrol-

5-yl)isobutyrate as a yellow syrup (9.4 g , 95% pure by GC).
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was added slowly to 100 g of 87% PPA at 85-90[err]C and stirred for 3 h.
The m xture was cooled to roomtenperature, 200 g of crushed ice were

added, a ' ng continued until all PPA had dissol ve r
b e 2otk S

organic separ at ed and the
WD 98/ 22486 PCT/ EP97/ 06297 aqueous
| ayer was extracted with dichloronethane. The conbined organic fractions

wer e whashedk Wt hesbasy 1 COreas) , (hy i BR, Sakryi o .2 i ad, awer AVEHQ 3192

filtered and evaporated to an oil which solidified upon standing for 16
Vield S Bt WD o Ral8 Poed, " 2 DDA TR A ) ST
wm?%ﬁl%}i(%@ME)%HWg%%rr]@( Cl%e‘rr%@%a)m "2 %‘3’6 ¥ ?ZH M

i ent fr% 2% 2LNiKGr T OFeHhs 1 0F e {Ho0s (SHAT ¢ é&'ﬁwﬁ
(V..ﬂ?m% P8R oyt R0 kot Aioni R s (ﬁ%é‘)“e

? )7 ? ﬂ p-tol uenesul fonic acid nonohydrate (6.3 1.2 g)
vvere dit84 ol de )50 nL of absolute ethanol and stirred at 65 [err]C for

24 h. After cooling to roomtenperature and standing for several hours,
t he preci finthedisr oduciofivas @ibvdct ed ¢ir @ -pHenyl-f2rmathy lewteel vh+ h
ether and dried under vacuum (yield 5.0 g) Solvents were renoved fromthe

filtrate 1§1mgo§Qt§Qq_|ct la@id X3 g of product were crystallized from an

ether/to?,uene solution of the oily residue. Total yield: 6.2 g (51 % of

light drayiPeuHer of (IV) (9.4 g of crude oil, ca. 33 mmol) and"
Claisen’s reagent (18 mL) were heated at 90-95 °C for 1 h.
After cooling to room temperature, -the solution was diluted
with 15 g of crushed ice and acidified to pH 1-2 with 6 N HCl.
The brown oily precipit;ate was dissolved in ether, washed with
brine solution, dried over Mgsog, filteréd and evaporated to

waxy solids. Triteration of the solids with péntane afforded
6.6 g of V as a tan powder (84.7 % yield).

B NMR 5 (CDCl)): 7.43 (m, 3H, ArH), 7.21 (m, 2H, Ard), 5.92
(m, 2H, PyH), 2.72 (dd, 1H, PyCH,CH(CH;3) (CO;Et)), 2.46 (m, 2H,
PyCH,CH), 2.00 (s, 3H, PyCH;), 1.05 (d, 3H, PyCH,CH(CH)).

£. Synthesis of l-phenyl-5, 6-dihydro-~2,5-dimethyl-
cyclopenta(blazaphene-4-one (VI) | |

A solution of (V) (25 mmol, 6.0 g) in dichloroethane (45 mL)
was added slowly to 100 g of 87% PPA at 85-90 °C and stirred
for 3 h. The mixture was cooled to room temperature, 200 g of
crushed ice were added, and stirring continued until all PPA

had dissolved. The lower organic layer was separated and the
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[err]HHNVMR [err] (CDCl[err]): 7.80 (d, 2H ArH, 7.39 (m 3H ArH, 7.17
(m 4H, ArH), 6.23 (s, 1H, PyH), 3.25 (tt, 1H, PyCHerr]CH(CH err])CN ),
2.89 (davoesmh24BgCH err]), 2.35 (s, 3H, PyCHerr]), 2.24 (dCrmERe7/0639yCH2) ,
2 10 (s, 3H, Me ), 1.15 (d, 3H, PyCH[err]CH(CH[err])CN—) np 156

WD 98/ 22486 PCT/ EP97/ 06297

%ﬁ;fLyé%ioéﬁe Tays¥ Va5 sRetaptel F Qrafidioaipdadl SPERE SLERE MG 1)
cool edoégﬁaxgéff}%@gﬂsws e@,avgﬁéa %%;ﬁqxgaoggggsgm&. h.ew eidf. 69£rke8f 2.5

M BulLi exane e mxture was slo 0 room errpefa ure and
P coi e absdy "FLFtened 4R i a%e§9<cad%3é i%“%ﬁ"?a%%ﬁ%?fédz "
PLﬁﬁ;ﬁiﬁqﬁSﬁe&%%ﬁ#%%r 180 Bar 1 et peidsle 7 E%s ?&EF%%‘E%QR wifh e
somtERe) ohFes et egzh%% Ko v RERaRe &a%% bk cHiFeh o
saturated sol ution of NHL\‘%/ The hexane | ayer was separat ed dr| ed

over MfSUerf{Pletdd aft okEPEMk o ard -4 (Wma. BHg Wrdd, 7683 %dBurity
by GO MS). Proton NVR of the oil showed a single isoner.

[err] BiNVRALRY s ]6.1EDCs| elH] ) PylERQNerR 190 @ 332KMm Pot, Y H,33. 94, (3H, 1H),
5.86 (s, 1H,) 3.15 (s, 2H, CHerr] of Cerr] ring), 2.21 (s, 3H PyCH3),

2.04 gyorsiE(cEEheo-)) ,at €.9p.  (issoneBHE; - By@3nfm Skl 14rH) (86. 11345,
1H), 5.85 (s, 1H), 3.15 (s, 2H CHerr] of Cerr] ring), 2.18 (s, 3H,

5 B erplet o8 oyl iz 99
205 (4), 149 (100), 1212 (3), 104 (S5), 93 (3), 76 (5). mp 106
| °C.
g. Synthesis of the hydrazone of the ketone (VII)
The ketone (VI) (31 mmol, 7.0 g), p-toluenesulfonhydrazide (36"
mmol, 6.7 g), and p-toluenesulfonic acid monohydrate (6.3 mmol,
1.2 g) were dissolvéd in 50 leof absolute ethanol and stirred
at 65 °C for 24 h. After cooling to room temperature and
standing for several hours, the precipitated product was
" collected on a filter funnel, washed with ether aﬁd dried under
vacuum (yield 5.0 gq) Solvents were removed from the filtrate
and an édditional 1.2 g of product were crystallized -from an

ether/toluene solution of the oily residue. Total yield: 6.2 ¢

(51 %) of light gray powder.

H-NMR & (CDCli): 7.80 (d, 2H, arH), 7.39 (m, 3H, ArH), 7.17
(m, 4H, ArH), 6.23 (s, 1H, PyH), 3.25 (tt, 1H, PyCH,CH(CH3)CN-
), 2.89 (dd, 1H, PyCH;), 2.35 (s, 3H, PyCHy), 2.24 (dad, 1H,

PyCH,), 2.10 (s, 3H, Me ), 1.15 (d, 3H, PyCH,CH(CH;)CN-). mp 156
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(i) Synthesis of di met hyl si | yl bi s(4-phenyl -2, 5-di net hyl -
azapental ene) (1X) 1-phenyl-2,5-dinethyl-1-azapentalene (7.18 mmol, 1.5

g) was dissolv in ether (40 nL), cooled to -78 [err]C, W th
98 WO¥EA® 486 9%%‘#&%@??’86297

7.5 mmol of butyllithium (3 nL of a 2.5M solution in hexanes). The
solution was warned to roomtenperature and stirred for 2 h. The

preci ptCatdec}ithiumsalt was collected on a closed .filter funnel, washed
wi th pentane, and dried in vacuo. The salt (700 ng) was redissolved in
THF (48. nEyntheslied ofo 1-phenyrl-2C 5 -adidndt iy Id 1 {dzd&Bentalgnef (VIII)

di chl orodi net hyl silane was injected wth a gas tight syringe. The solution
was he@hedhyydrazoper r(MIIand 12st? mmexl f B.A6gh. wasskbatsiedr énr @00wmEd oifn
vacuo and the crude product was used wi thout further purification (The

| i gandTHRS oladetoa®d £Cpi xnd etpbakedmavith 2elr eld MR patyllithium
(CD[err]dferr]): 7.42-7.62 (m 10H, ArH), 6.45, 6.42, 6.21, (3 s, 4H),

5.86 (%1016, )mL. 3082 2(5, MHBuLZ. 48n he¥ane) A3The 4likduse WWasdl sloWwl§o,
-0.08, - 0.11 (3 s, 6H. [err]CGNWR (COerr]dJferr]): 129.4, 126.4,

126. 1 wAtmed b/ rdond Oderfpdrateirdi &an@Han 4dd3 t(iCdal 1D Gni CGHEETHF) weke 3
(CHerr]), -7.1, -7.3, -7.6 (Si-CHerr]). nme (ElI) (rel intensity): 474

(29), adf€d(1§dyingSla( Hark 2€81GRibn.198£¢&2) . 27h (Spredipitatadt hed s
of di met hyl si | yl bi s(4-phenyl -2, 5-di net hyl -4- azapental enyl ) zi rconi um

di chl oebgfie@Xand REOEEt whX GBdLA) (dRS HDSHmo)Veasd | Fupther ciplitateol ed
to - 78 [err]C, and treated with 4.8 nmmol of butyllithium (1.9 nL of a

2.5M ggk. dpi‘@dﬁéﬁaneﬁlie sollids seledd OBoMBcWREEENn (D AWBed erfr.a.qrt@twre

and stirred for 16 h. The precipitated diani on was -
funnel, washed with ether, and dried in.vacuo (7.5 g). H-NMR
of the crude product, protonated with wet CDCl;, showed a
mixture of two isomers. The sblids were suspended in hexane
(100 mL) and treated with a saturated solution of NH;Cl. The
hexane layer was separated, dried over MgSO,, filtered_ ‘and
evaporated to an oil (1.0 g yield, 85 % purity by GC/MS).

Proton NMR of the oil showed a single isomer. IH-NMR §

(CDCl3): Isomer 1 - 7.33 (m, S5H, ArH), 5.96 (s, 1H), 5.86 (s,
1H,) 3.15'(s, 2H, CH, of Cs ring), 2.21 (s, 3H, PyCHy), 2.04
(s, 3H, CH; at C-5). Isomer 2 - 7.33 (m, 5H, ArH), 6.11 (s,
1ﬂ), 5.85 (s, 1H), 3.15 (s, 2H, CH; of Cs ring), 2.18 (s, 3H,
PyCH;), 2.00 (s, 3H, CH; at C-5). me (EI) (rel intensity): 209
(100), 194 (27), 167 (5), 117 (4), 91 (5), 77 (13).

(i) Synthesis of dimethylsilylbis(4-phenyl-2,5-dimethyl-4-
azapentaléne) (IX)

l-phenyl-2,5-dimethyl-l-azapentalene (7.18 mmol, 1.5 g) was
dissolved in ether (40 mL), cooled to -78 °C, and treated with
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collected on a closed filter funnel, washed with pentane and dried in
vacuo to a tan powder (0.7 g). The dianion was mxed wth 0.32 g of

Zra [ermyooapodsgd to -78[err]C, and treated with 20 nL ofpE@kibr06297

di chl oronethane (-78 [err]C). The flask and contents were

99 WD 98/ 22486 PCT/ EP97/ 06297

slowy_ warned_ to_room tenper.atur stirred for. 4 h, and fjltered. The
filt ra?évﬁ’?%vﬁﬁo%éhté(éﬁﬂ&%&“m o&n oL RF tR ot AY SEIRFCAP REKRRAS) -

pol ynmeri zatiop tests w thout further urification. EéAI\/PL,E 14 Pr opxl ene
pol ymer T8t FBAUERPEN Wag FRTHR i?%ﬂb‘?%‘&%‘ﬁ@ﬁ?ﬁ%?&- and stirred for

di nmet hyl - 4- azapent al.ene-4-yl )zirconium di chl ori de _ Propyl ene

pol ym8Ri zatThMsPRECIPLTATER af%%lm §Pdss Yasiccatles i ABi PecFlesedl ed

magnetic stirring, .internal tenperature probe, and external tenperature
bat h. fhttesadupneias washeRdwikht perdmng, oandokdrded iniyagycef XThe 5 ni
of toluene were mxed with 3 nL of MAO (10 W % solution in_toluene from
Wt co s&bepl702. molt wes refdissnbrefdin oTHRe (ABadldr, t99kedgtat -8 °C
[err]C. The reactor was pressured to 4 bar with propylene and the

t enperandr 8 -Rasnly al 363 t 3m8d ) [ &rf |&ichlanedpoethrisidanen wass injepped
after 1 h by venting the pressure and injecting 5 nL of acidified

nmet haneith a Fae tdaiternyringe. tHee selutdon wase heatediteer B8 @t andn
acidi fied nethanol solution under vigorous stirring for several m nutes.
After separedi igrt ké br.gaSpdvehtacweme aethoneshiimy wadlo vandr theotvades
were evaporated and the polynmer was dried under vacuum and mld heat.

Yi el d prd&ugt was used without further purification (The ligand was

obtained as a mixture of isomers). H-NMR 8§ (CD,Cl,): 7.42-7.62

(m, 10H, ArH), 6.45, 6.42, 6.21, (3 s, 4H), 5.86 (s, 1H,) 3.62
(s, 2H), 2.48, 2.45, 2.43, 2.41 (4 s, 12 H), -0.06, -0.08, -
0.11 (3 s, 6H). C-NMR (CD,Cl,): 129.4, 126.4, 126.1 (ar),
117.9, 104.6 (olefinic CH), 42.5 (CH), 18.0 (CHy), 14.3 (CHy),
-7.1, -7.3, -7.6 (Si-CH3). me (EI) (rel ini:ensity): 474 (29),
266 (106),- 251 (11), 208 (21), 192 (13), 77 (5).

(11) Synthesis of dimethylsilylbis (4-phenyl-2,5~dimethyl-4-~
azapentalenyl)zirconium dichloride (X) .

Product IX (1.1 g) was dissolved in ether (20 mL), cooled to -
78 °C, and treated with 4.8 mmol of butyllithium (1.9 mL of a
2.5M sol. in hexanes). The solution was warmed to room
temperature aﬁd stirred for 16 h. The precipitated dianion was
collected on a closed filter funnel, washed with pentane and
dried in vacuo to a tan powder (0.7 g) .' The dianion was mixed
with 0.32 g of 2rxrCl;, cooled to -78°C, and treated with 20 mL
of cold dichloromethane (-78 °C). The flask and contents were
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of free flow ng powder (Mv = 47,000, DSC nelting point = 153 [err]C
[err]GNVMR nrrm pentad = 0.6 nol % . EXAMPLE 15 Synthesis

di et hyl si | met hyl t hi opent al ene) (2- nethylindene)zir | ori de
100 O\M 22486 S’Wg&?%eszg?

a. Synthesis of dinethylsilyl(2- nethylthlopentalene) chloride In a 500 nL
round bottom fl ask equi pped with sidearm stirring bar, and 125 nL

dr oppi sitpwlynebavmsed added Bdo® ot ¢iPEratrute, ofsti:t‘needisyfmet réch, and

t hi opent ahydr azi ne dissolved in THF (70 nL). N Butyllithium (250 nmol ,
100 nifbiter@ds Mrael fhilerate hasneyaporstedided dr bpaivee friee flewdmion was
stirred for an additional 5 h. after addition was conplete. The reaction
was t heowdemenahdd wisteld 2560 mpdlymerizddian nitefesr | @iithotd nifurtdher | O) .
The organic layer was collected with Et[err]O dried over nagnesium

sul fatpurifitattdn.then rotary evaporated to give a dark brown oil.
Results: area % BTR 7.6% PM= 136 79.6% ATR 12.8% In a 250
mL rouggiametiogafl ask with sidearm stirring bar, and 60 nL dropping
funnel was added the olefin (10 g, 73.5 mmol) prepared above, dissolved in

THF (1§r8%}leﬁb|3ub$h.&hbbh.§§hﬁ3§ Switd! aimérd1sthyabid (@p‘ixele-&olsﬂ i on

I n hexan dded dropw se, and the reaction was stirred for

hour s. 9fi€Pni{€4-azapentalene-4-yl) zirconium dichloride
Propylene polymerizations were run in a 250 mL glass reactor
with indirect coupled magnetic stirring, internal temperature
probe, and external temperature bath. The reactor was charged
with 100 mL of toluene. 10 mg of X in 5 mL of toluene were
mixed with 3 mL of MAO (10 wt% solution in toluene from Witco
Corp., 4.7 wt% Al) and charged to the feactor stirring at 25
°C. The reactor was pressured to 4 bar with propylene and the

temperature wa-s raised to 50 °C. The polymerization was

stopped after 1 h by venting the pressure and injecting 5 mL of
acidified methanol. | The contents of the reactor were
transferred into an acidified methanol solution under vigorous
stirring for several minutes. -Aftér sepafating the organic
fraction and washing with wafer, solvents were evaporated and
the polymer was dried under vacuum and mild heat. Yield = 15 g
of free flowing powder (Mw = 47,000, DSC melting point = 153

°c, ¥C-NMR mrrm pentad = 0.6 mol %).

EXAMPLE 15

Synthesis of dimethylsilyl (2-methylthiopentalene) (2-

methylindene) zirconium dichloride
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solvents were renoved in vacuo and the solids were washed with pentane.
In a separate 500 nL flask equi pped with 125 nL droppi ng funnel was

pr epar egyglogedabey/| di chl orosilane (19.3 g, 150 mmol, 18. 2 mHCT/ER70697)
di ssolved in THF (30 nL). The anion prepared above-was dissolved in THF

(125 nlL) and added dropw se 101 WO
98/ 22486

soIutPOnsyﬁ%?ﬁ%&ﬁx?QHﬁ%W§EQ¥%§ﬁ%¥lé? W?EﬁyéggT/Epg 6297 céékﬁg %ﬁlkgge

conpl ete, then the solvents were renoved in vacuo. An orange oil with

oranggnseal i300 Ak roendvbbetom Elask &ywipwedswith e@fidearm, stirring
di met hyl si Iyl (2- et hyl i ndenyl ) (2- nethylthiopentalene) 1In a 250 ni round

bot t obald, ashdv 126 smbedroppihyr Futihdiiiwasireddeéq Bl. dr gppiloy fmdE) o8BS
added 2-nethylindene (13 g, 100 mmol, product nade by Boul der) di ssol ved

i N THEhe? @ symmettic Bihidpén tahptra@9n8nolis401kedfind THIS MG ahu)i ap-i n

‘hexane) was added dropwi se at roomtenperature. After addition was

conpl gueyiifieHihask(290 fABLENUDOVGRE SEI r'ar@.d sAnvadedihcedadl i KHexane) A
sol ution cont ai ni ng di met hyl si lyl (2-

et hyldalsl QRREE| @Pepwhse! | dRel Rrebidtilci) wid ¥esraddedod w&mlz@ioﬁ@m

tenperature. Stirring was continued for 1 hour, after which time the
react isonpvas agueRc haddsitibn30 wils OfcapdPe viatned THR 4864 &% © w&eNCEsA at ed

on a rotary evaporated, and a sanple submtted for analysis. Results from
CC of JuehdEari tRN 2B00GMd] wBERr (4.9 ML H,0 in 50 mL Et,0). The
organic layer was collected with Et;0, dried over magnesium
sulfate, filtered, then rotary evaporated to give a dark brown
oil.
Results: area %
BTR ' 7.6%
PM = 136 79.6%

ATR 12.8%

In a 250 mL round bottomlflask with sidearm, stirring bar, and
60 mL dropping funnel was added the 6lefin (10 g, 73.5 mmol)
prepared above, dissolved in THF (15 mL). N—Butyliithiuﬁ (73.5
mmol, 29.4 mL of a 2.5 M solution in hexane) was added
dropwise, and the reaction was stirred for 16 hours. Then the
solvents were removed in vacuo and the solids were washed with
pentane. In a separate 500 mL flask equipped with 125 mbL
dropping funnel was prepared dimethyldichlorosilane (19.3 g,
150 mmol, 18.2 mL, 1.5 eq.) dissolved in THF (30 mL). The an;on
prepared above was dissolved in THF (125 mL) and added dropwise
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PM = 130 61. 9% (2-net hylindene starting material) MIR 1.6% PM = 322
31. 7% (target) ATR 4. 1% 102 WO
08/ 22486 PCT/ EP97/ 0629 S_spectrum
(ml e( RA) WOBR2#86,y 193 (100), 187 (37), 159 (37), 128 {%f%ﬁqé@rt her
purification of this material was carried out by recrystallization from

di chl oronet hane/ MeOH. The solid material recovered in this fashion was

t hen dtoedhen shianet ssoluteh@mpor Ther .réectios: miBkRire was stikred aBda %
PM = 130 10.2 MIR 27.6 PM = 322 48.5 PM = 328

6.3 Aithutes afted. 4dditionSywabesiamplede, then the solvents were

di met hyl si l yl (2- met hyl t hi opent al ene) (2- net hylindene)zirconium di chl ori de:
In a 2b@motedll aitkh Wvihleusi.deanm anbhrige+roily) baithasorangd tbelids was

di met hyl silyl (2-nmethylindenyl)(2-methylthiopentalene) Iligand (3.1 g,

9. 6 mMbkgodesedl.ved in THF (70 nL). The tenperature was reduced to
-30[err]C and n-butyllithium (20 mmol, 8 nL at 2.5 Min hexanes) was added

dropwi se. The feaction was stirred foy, 2 fier ich ti he | yent

was rettoved i %E%Sséﬁd t he °Mi ani oré%&@éf%ﬂ&%@?ﬁ‘%#%ﬁ?‘gﬁn@g( ashed

W th fresﬂ \
methylthiopentalene)

In a 250 mL round bottom flask with sidearm, stirring bar, and
60 mL dropping funnel was added 2-methylindene (13 g, 100 mmol,
product made by Boulder) dissolved in THF (20 mL). N--
Butyllithium (100 mmol, 40 mL ofla 1.6 M solution in hexane)
was added dropwise at i:'oom temperature. After addition was
complete, the flask and contents were stirred an additional 2
h. A solution containing 'dimethylsilyl(z—
methylthiopentalene)chloride in THF (30 mL) was added dropwise
at room temperature. Stirring was continued for 1 hour;, after
which time the reaction was quenched with 30 mL of a 30%
water/THF mixture, concentrated on a.'rotary evaporated, and a

sample submitted for analysis.

Results from GC of total reaction product:

BTR 0.7

PM = 130 61.9% (2—methylindene starting material)
MTR 1.6%

PM = 322 31.7% (target)

ATR 4.1%
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pentane, then dried in vacuo. The dianion was taken into the dry-box and
ZrCerr] (2.23 g, 9.6 mol) was added as a dry powder. The solids were

t hen suswovdedsgen fresh pentane (70.nmL) and PCT/EP97/06297

103 WD 98/ 22486 : PCT/ EP97/ 06297
stirred for 16 hours. Then the solvents were decanted and then the solids

i1 eres rRBkRERf, Ghfe RALE D283 YT il TR0 0 8T B e T

wer e \A@f,@ed ]\_/%éh ig’esh pentane. The solids were again dried in vacuo, then
di ssol Ved 1 n 1ol {Jene' and filtered. The toluene was renoved in vacuo and
1.6 g of a dark brown free flowng solid was recovered. EXAMPLE 16
PropylBnether mpotificaziorocf thistmateriali madylcatyiéd@- out by

met hyl t hi opent al ene) (2- net hyl i ndene) zi rconium dichloride In a 250 nL gl ass
r eact areowygsta brkzlat bbneficop l@fchipromethbnel/MeOH) Mhe soldidatéridl 10
w%in toluene). The reactor was sealed, then purged with propyl ene before
rai si nged¢dneeps@ssime this4 Bashidhe wabynehepat idyiedadin orth@s wetdxrw! | ed
at 60[err]C f or 1 h. The reactor was then purged with nitrogen, and an
aci di cevapdratteot. Resulten was used to quench the reactor contents.
The organic | ayer was collected, washed with water, then dried in vacuo.
Yield: 38 g white non-sticky fr flowwng polynmer. 1In a 250 nL gl ass
react dtias pl aced to?uén&‘%ﬁﬁogﬁt), catalyst (5 ng), and 5 nL MAO (10 wt %
in toluene). The reactor was sealed, then purged wth propyl ene before

rai si neMmtfierpgpessure 10.2

MTR 27.6
PM = 322 48.5
PM = 328 6.3
ATR 6.4

c. Synthesis of dimethylsilyl (2-methylthiopentalene) (2-

methylindene) zirconium dichloride:

In a 250 mL flask with sidearm ana stirring bar was added the
dimethylsilyl ( 2-methy1indenyl) (é—methylthiopentalene) liggnd
(3.1 g, 9.6 mmol) dissolved in THF (70 mL). Thé femperature was
reduced to -30°C and n-—butyl:!.ithium (20 mmol, 8 mL at 2.5 M in
hexanes) was added dropwise. The reaction was stirred for 2 h
after which time the solvent was removed in vacuo and the
dianion collected in this fashion was washed with fresh
pentane, then dried in vacuc. The dianion was taken into the
dry-box and ZrxrCl; (2.23 g, 9.6 mmol) was added as a dry powder.

The solids were then suspended in fresh pentane (70 mL) and
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to 4 bar. The polynerization reaction was controlled at 60[err]C for 1 h.
The reactor was then purged with nitrogen, and an acidic nethanol solution

was used to quench the reactor
VO 98/ 22W _3%2436 PCT/ EP97/ (}’éiféﬂi‘;l’g’%ﬁ’%ents.

The organic | ayer was coll ected, washed with water, then dried in vacuo.
Yield: 13 g white non-sticky free flowng polyner: %n= 84.6, Merr] =
1132 (styipgd efidrgléupomrsl.y then thX¢lEeritls werepdesangedofand then

di met hyl si lyl (2- et hyl t hi opent al enyl ) (1- phenyl -

2, 5- ditiee hyolidazwpeet grded )izi rooniaun Theh$olide werePrthesw atissolfed

t hi o(c) pent a-4-net hyl -5-di nethylsilylchloride In a 250 nL round bottom
fl ask imt dishdezpmetdinebandinfiltenéd. dThepidichilommzhethane| wass e g
(45.4 mol, 6 nL) of 2- nmethylthiopental ene (2-MTp) dissolved in 30 nL
di et hytedreed ifheateapandt the sblils welret ivashess wicdhu daredsio petdfaare] C and
50 mmol n-butyllithium was added (20 nL, 2.5 M solution in
hexanefhe Tdel tds uvepe againadeded dnr varubenpben dissdlvaed ix itolterss
additional 2 h. Ayellow solid precipitate (anion, Ilithiumsalt of the

2- eTpandagil ceped.i ThHehacolapnie owas | aeMovedhinh ki cah@dit e g/@fera] C. A
solution containing 11.7 g (91 nmmol) di nmethyl dichlorosil ane di ssolved in

20 nl dhek yredhefresaslowing 8baid wast getbeexied.red reaction mxture. The
flask and contents were allowed to warmto roomtenperature and _stirred
an addiEionaI %g h. The crude reaction m xture was then filtered and the
sol ver® R noved i n vacuo producing a

Propylene polymerization with dimethylsilyl (2-

methylthiopentalene) {(2-methylindene)zirconium dichloride

In a 250 mL glass reactor was placed toluené (100 mL), catalyst
{40 mg), and MAO (8 mL, 10 wt% in toluene). The reactor was
sealed, then purged with propylene before i'aising the pressure
to 4 bar. The polymerization r'eaction. was controlled at 60°C
for 1 h. The reactor was then purged wii:h nitrogen, and an
acidic methanol soluti&n was used E_o quenéh the reactorxr
contents. The organic layer was collected, washed with water,
then dried in wvacuo. Yield: 38 g white non-sticky free flowing

polymer.

In a 25_0 mL; glass reactor was placed toluene (100 mL), catalyst
(5 mg), é.nd 5 mL MAO (10 wt% in toluene). The reactor was
sealed, then purged with propylene before raising the pressure
to 4 bar. The polymerization reaction was controlled at 60°C
for 1 h. The reactor was then purgéd with nitrogen, aﬁd an

acidic methanol soclution was used to quench the reactor
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dark orange oil. Yield: 10.45 g: [err[]HNVR COJerr]Cl[err] (major isoner):
s ppm 7.2 (d,1H), 7.1 (d, 1H, 6.7 (m 1H), 3.6 (sH, 2.3 (s,3H), 0.4

(s, 3H), wo dhrass 3H) . 10pcT/EPYTI06297 VO
08/ 22486 PCT/ EP97/ 06297 b.
Preparation of di met hyl si |l yl (2- met hyl t hi opent al ene) ( 1-

phenyl -2, 5- di met I-1 aza nt | ene In a iﬁﬁ round boétomflask W th

si dear?ﬁ%ﬁﬁngfrr aye¥s Pt 62 FFdof waghe IWPﬁPul’ﬂatse&:lrt of

1- phenyl - 2 t.h I-1 aza nt en VIOUS pre ed), solved in
30t thefhgr i ﬁgrmy v e iﬁt? " o 0eky hres flowing

t hi o(c%\g nt a- 4- di neth | chl orlde di ssol ved |n 30 nL di et hyl
et her YIS 5 ? adé’réd at MPoUmﬁé%pe‘ PR SRA-FTOVRARA Xﬁ&?t)l onal 48

h. The reaction was then quenched with a solution containing 10%

wat er / gxikmpt.Be19r gani c | ayer was col lected, dried over magnesium sulfate,
filtered, then the solvents were renoved in vacua. Yield: 3.23 g of a dark
brown oil : [e[r]I-I-NNR err]d| erré I somer s ppm 7.5 (m 5H),
7.28 (Brepagyation of d} thy i idyl ( ﬂyetﬁ(btl(mpp@m;alsnyu ({@.-phenyll H),
3.0 - 3.3 354,21-23(m6H),15(s),02(m6H) C.

Pr eparat $odimethydi-depmppentylenyiet Hireonbgendicbhoride  phenyl

-2, 5-di net hyl - 1- azapentyl enyl)zirconiumdichloride 1In a 250 nL round

3?;;?E§FL§?5P%%EE1§ ??L?g%gﬂfgﬁgﬁp?{igﬁﬁéﬁ%gfgg—dgméghyﬁgffy¥&hloride
5-di net hyl - 1- azapent aI ene) |igand (prepared above) '

In a 250 mL round bottom flask with sidearm, stirbar and 25 mL

dropping funnel was places 6.18 g (45.4 mmol, 6 mL) of 2-

methylthiopentalene (2-MeTp) dissolved _in 30 mL diethylether.

_ The temperature of the solution was reduced to -78°C and 50

mmol n-butyllithium was added (20 mL, 2.5 M solution in

hexane). The solutionﬁ was warmed to room temperature, then

stirred an additional 2 h. A yeilqw solid precipitate (anion,

lithium salt of the 2-MeTp) was formed in the reaction flask,

which was cooled to -78°C. A solution containing 11.7.g (91

mmol) dimethyldichlorosilane dissolved in 20 mL diethylether

was added dropwise to the stirred reaction mixture. The flask

and contents were allowed to warm t§ room temperature and

stirred an additional 18 h. The crude reaction mixture was then

filtered and the solvents were removed in vacuo producing a

dark orange oil. Yield: 10.45 g: H-NMR CD,Cl, (major isomer): s

ppm: 7.2 (4,1H), 7.1 (4, 1H), 6.7 (m, 1H), 3.6 (s,1H), 2.3

(s,3H), 0.4 (s, 3H), 0.3 (s, 3H).
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di ssolved in 50 nL diethylether. Dropw se, n-butyllithiumwas added (14
mmol, 6 nL of a 2.5 Msolution in hexane), and the crude reaction m xture
was stirred an additional 2 h at room tenperature. The sol Ventw/osf t hen

renoved WO B4 and the | _ XETER
98/ 22486 PCT/ EP97/ 06297 remai ni ng
solids were washed w th pentane. Zirconium tetrachloride (1.63 g, 7

mmol ) Mas aHdegasatdosnol i 6f t hddmethylad/Ivads( 2rime e siasosersipebates) (- 70 ni
fresh pentane. The contents of the reaction flask was stirred overni ght.
The spherypls2ybrdimeghygilaledzapentalleand collected in this fashion were
suspended in toluene, filtered, and the toluene renoved in vacuo to yield

660 ny_of _a light_brown e flow olid re of |so r rac/ meso).
EXAVPLEL 18 #ﬁpwerﬁmﬁé yﬁaﬁtas}t FRSIF b R AA TR § Pt SRR e en: a.
yI)(l 8‘35 g g entylene yl)zirconi um dlchlorlde In a
250 n29FeSs rg c?o “‘B‘P& 100 nL toluene, 5 ny catalyst, and 5 nL
MAO (10% . The reactor was sealed, then purged with propyl ene before

rai si nghéhe piehiune tsaXc barof Tha-ppﬁnylarz Sdie et 1 cazapen €aléne! | ed
at 50[err]Cfor 1 h. The reactor was then purged with nitrogen, and an

aci di c(peévdbaklys bréparedps Eskdbrédiensa) 8be nradidtipadwE:s. The

organic layer was collected, washed with water, then dried in vacuo.

Resul tsoPdt 8o BBhYBBhing 1.46 g ( 6.4 mmol) thio(c)penta-4-methyl-5-
dimethylsilylchloride dissolved .in 30 mL dJdiethyl ether was
slowly added at room temperature and stirred an additional 48 -
h. The reaction was then quenchea with a solution containing
10% water/THF, the organic layer was collect.ed, dried over
magnesium sulfate, filtered, then the solvents were removed in
vacuo. Yield: 3.23 g of a dark brown 6il : H-NMR CD,Cl, (major
isomer): s ppm: 7.5 (m, SH), 7.28 (d, 1H), 7.1 (4, 1H), 7.0 (4,
1H), 6.9 (m, 1H), 5.9 - 6.3 (m, 1 H)., 3.0 - 3.3.(3s, 4H), 2.1 -

2.3 (m, 6H), 1.5 (s), 0.2 (m, 6H).

c. Preparation of dimethylsilyl(2-methylthiopentalenyl) (1~

phenyl -2,5-dimethyl-l-azapentylenyl)zirconium dichloride

In a 250 mL round bottom flask with sidearm and stirbar was
added 2.8g (7 mmol) dimethylsilyl(2-methy1thiopentalene) (1-
phenyl-2,5-dimethyl-l-azapentalene) 1ligand (prepared above)
dissolved .in 50 mL diethylether. Dropwise, n-butyllithium was
added (14 mmol, 6 mL of a 2.5 M solution in hexane), and the
crude reaction mixture was stirred an additional 2 h at xoom

temperature. The solvent was then removed in wvacuo and the
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107 (5 345.PCT) CLAIM5 1. A netallocene of fornmula (1):
wherein (1) Y is a coordinating group containing a six [err] electron

central woeghess directly coordinating M, to which romEpogese one or
nore rings containing at | east one non- carbon atomselected fromB, N,
O A, P, S &, G, As, Se, In, Sn, SbandTe (2) R'" is a divalent

OIS AR A ﬁé‘npip%ané%enfahfie “Hselang o %ﬁ‘%”g
o oup ”ctra%ﬁ%@%%é"%?é. B et PV é%%ﬁ%e?% B, Gt her
ol et BN aHTE Fi CRAT, %ussiiefns“sfedé"”t o et PhRera, %%n%?nau ?ﬂme
series (}Itetnrl: Perf Oq:h% T‘%gla?:t%.font hglaE en%gts 'stirred overnight. The
solvents were evaporated, the solids collected in this fashion
were suspended in toluene, filtered, and the toluene removed in
vacuo to yield 660 mg of a light brown free flowing solid

(mixture of isomers, rac/meso).
EXAMPLE 18

Propylene polymerization with dimethylsilyl (2-methylthiopenta-
v1l) (1-phenyl-2, 5-dimethyl-l1l-azapentylene-yl)zirconium

dichloride:

In a 250 mL glass reactor was placed 100 mL Eoluene, S mg
catalyst, and 5 mL MAO (10%). The reactor was sealed, then
purged with propylene before raising the pressure to 4 bar. The.
polymerization reaction was controlled at 50°C for 1 h. The
reactor was then purged with nitrogen, and an acidic methanol
solution was used to quench the reactor contents. The organic
layer was collected, washed with water, then dried in wvacuo.

Result: 22.8 g polymer.
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(5 Qis a linear or branched, saturated or unsaturated al kyl radical,

aryl radical, alkylaryl radical, arylalkyl radical or an halogen atom

(6) Pis ‘gﬁ%tpﬁ?%g non- coordi nati ng or pseudo non-_coordi natﬁ&@gg&%eri on;
(7) i is er having a val . i's an ving a
value from1 to 3; THIS SHEET %AE%BEE%O ' WD 98/ 22486
PCT/ EP97/ 06297 (9) jj is an intleger i from0O to 2; (10) k
is an ionxxMs having a value from1 to 3; and (11) 1+ er havi ng

a value fromO to 2. 2. The netal |l ocene according to ¢l ml S
o T

characterized in that Y contains an_heterocyclic rin
to claim?2, characterised inthat Y is a substituted cycl opent alli enyl*

cent r alt-sif Beh3hlocang 9 rfemidal (Fhdical .~ 3. The

group of fornul a: [err] v.r~» Zi\]@fé pn the gro Rlerr], identical or
different fromeach other, ar &"¥e é%t &d fromtxygroup consi sting of
hydr ogen, linear or branched, saturated or unsaturated

Cerr] ™exednal kyl, Cerr]-Cerr]- cycloalkyl, Cerr]-Clerr]-aryl,
Cerr]-Cerr]-alkylaryl and CJerr]-Cerr]-arylalkyl radicals, and wherein

at |easfi)yt w ail§ aeentobf@inatinguprrdup meantedndenrsed heier acyelbétron
Cerr]-Cerr] ring containing at |east one non-

central radical directly coordinating Me, to which are
associated one or more radicals containing at least one non-
carbon atom selected from B, N, O, Al, Si, P, S, Ga, Ge, As,
Se, In, Sn, Sb and Te;

(2) R” is a divalent bridge between the Y and Z groups;

(3) 2 is a coordinating group having the same meaning as Y or
is an open pentadie.nyl containing group, a cyclopentadienyl
containing group, a heterocyclopentédienyl containing gioup, a
nitrogen containing group, a phosphorous containing group, an
oxygen containing group or a §ulfur containing group;

(4) Me is an element belpnging to Group 3, 4, 5, 6 or to the
lanthanide or actinide series of the Periodic Table of the
Elements;

(5) Q is a linear or branched, saturated or unsaturated alkyl
radical, aryl radical, alkylaryl radical, arylalkyl radical or
an halogen atom;

(6) P is a stable non-coordinating or pseudo non- coordinating
counterion;

(7) i is an integer having a value of 0 or 1;

(8) j is an integer having a value from 1 to 3;
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carbon atomselected fromB, N, O A, S, P, S G, G, As, Se, In, Sn,
Sb and Te; Rb is hydrogen, hal og nched, saturated or

unsat ur 8@ dgniiRer r] - C[err] aI kyI “ “I n‘mm‘ mb(oxyl PCT/EP97/06297
Cerr]-Cerr]-aryl, (e s CA C20- aryl al kyl C1-C20

acyl oxyl group, opti onal I y cont a| ni ng a 5| I [ con atom or Rlerr] is the
bri dgi di.val ent  .group R..__ . : 109

4. Thé Bﬁrst:’a-'l I5c &b J%ttt:#%ﬁ' RV & WrtuecAEPR O % &f in that Y contains
at least two heteroatons. 5. The netal |l ocene according to claim1, wherein
i is X10) ks isl eandinddpper theeviageaneabuagfasmyYl e 3themdt al | ocene

according to claiml1, wherein i is 1, j is 1 and Zis a Cp containing

gr oup, pen, pentadi en cont ai n| n I Qu en Ccoftai ni ng group,

a phos(r}ﬁfg 3‘ c,sor?t%’rﬂd%egg%ﬁ o}tﬁvué% 9§S‘éﬁ gﬁﬁ%l nltr?g(}g’r oup or a sulfur

cont ai_ni ng group 7. The netall ocenes _according, to claim 1,

char a@ eTRecBetallorane aRFPTAIRd 4§00 FdRiFe nt adFBAYRCESHLAER gt (Fla® and
it conprises a radical of formula (V): [err] - where: Gis a carbon

atom Y acontdDgen adi detefosSytlion iy gasad to said central six =

electron central radical.
3. The metallocene according to claim 2, characterised in that

Y is a substituted cyclopentadienyl group of formula:

wherein the groups R?, identical of different from each other,
are selected from the group consisting of hydrogen, linear or
branched, saturated or unsaturated C;-Cyo-alkyl, C3-Cao-—
cycloalkyl, Cs=Cyp-aryl, Cy3-Czp-alkylaryl and C7-Cyp—arylalkyl
radiéals, and wherein at least two adjacent R® groups form a
condensed hetgrocyclic Cs—-C; ring containing at least 6ne non-
carbon atom selected from B, N, O, Al, Si, P, S, Ga, Ge, As,
Se, In, Sn, Sb and Te;

R® is hydrogen, halogen, linear or branched, saturated or
unsaturated, C;-Cy-alkyl, C;-Czp-alkoxyl, Cg~Co-aryl, C3-Cao-
alkylaryl, C;-Cy-arylalkyl C;-Cz acyloxyl group, optionally
containing a silicon atom, or RP is the bridging divalent

group R”.
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phosphorus atom Lis a CRerr]Rerr] radical, a SiRlerr]R radical, a

NR[err] radical, a PR err] aal @_ n atomor a sul fur atom and
L' is a CR&J@ERL%[“GH] radi clal THIS i%ie r] radical, a NR4 radical, a
PRlerr] r¥ an oxygen m R err] POYRRIP2R err],
Rlerr], Rerr] , Rerr] Rerr] and Rerr],

same or different from each
ot her, can be hydrogen, a linear or branched (ferr]-C err] hydrocarbon

radi calg. aHd NRe¥aDiobendchedor8ifh’ koClcadim N3l raiceriizedl inachherr] -

C err] hydrohal ocarbon radical, a (err]-Cerr] alkoxy radical, a
(err]-Crlddntains at least two heteroatomlO cycl ohydrocar bon
radical, a (Jerr]-Cerr] cyclohydrohal ocarbon radical, a (Jerr]-(err]

aryl rafj ophe-mar&lebEbnEl Qbcbraaidy | Y1484 £l wherChar il <@ e1f1§ is
aryl al kyI radical, a silicon hydrocarbon radical, a germanium hydrocarbon

radi caly, Or(s)kp;% gﬂoca&géqgggggﬁgrgglgal a nltrogen hydr ocar bon

r adi cal on radic an al um num hydrocar bon radi cal or a

nal ogery atgy ﬁ&eg% il cPLifL ! dpabdd gbereg“hg dis o

Rlerr],” Rerr] err| can oge her-a 4 fo

to 20 f d t d
R?err] ]::JZ?'EP‘BQ 4 %g% @geﬁ%“ra&lﬁ %HB fﬁ%e 69 G’ﬁg‘gfl&& rr]n?‘&" errérsogf

tsgiti'mx 154 r#ﬁi' ec%&%ﬁ&%i%ter%?%%@gl B0 ohdlahdld 8%3?&?%92?%%"3? "8 "

and jj=1, and at | east one erré substg%uent on either Y or Zis a bulky
group ﬁm%rélcl’?n?%}’@é’?gtﬂﬁ URyBF oBefU4FUE FPRGALRERG: F°YWR. The

net al | ocene_according to claim1, whereini is,1, j is_ 1, and ere

both - afBie MeEpdlopERsperafFyrdipg oo gdain’ 1, ' characterized in

that group Z is an open-pentadienyl containing group and it

comprises a radical of formula (V):

‘& . Wi

where:
G is a carbon atom, a nitrogen atom, a silicon atom or a

phosphorus atom;

L is a CR’R* radical, a SiR’R® radical, a NR®*" radical, a PR*
radical, an oxygen atom or a sulfur atom and L’ is a CR'RY
radical, a Si R'RY radical, a NR*" radical, a PR?! radical, an

oxygen atom or a sulfur atom;
R?, rR?}, R¥, R*, RY, RY, RY and R®, same or different from each
other, can be hydrogen, a linear or branched C;-Czp hydrocarbon

radical, a linear or branched, C;-Cz, halocarbon radical, a Ci-

C20 hydrohalocarbon radical, a C;-Cyy alkoxy radical, a C3-Ci2

o TR




bilaterally symetric and e—Y ar_Z has at |east one [err] substituent
| arger than hydrogen. 10y TH® sekel cording to claim1, wherein i

is 1, | wooskh48$d Where ne orREmMpE) Al are not bil at eCcniEPY7/08297
pseudo-bilaterally symret at |east one [err] substituent

| arger than hydrogen. 11. The met al | ocene according to claim10, having Cs

2. f

Cor [ SRRV oot o oo Sebieafifindecs Kefiens.
el ectron cent al adi ¢ ectl coor n which_ a
fuseern m{)r%rxfi I %’oﬁg‘; Lﬁ\g F‘éa?ﬂa‘@fﬁ‘é Pé‘n altaonFEe Bct ed
f B, Sb d T
dlrSQFeﬂFYEPSH% AR P kiFoR g%% Sarply zafifl@&lcgo? APREPRRIUr oup
havi ng, t he sa nmean Y or a en nt adi e conta nin roup, a
Cyol opENRRBRBRTR catBioR g Gt oOSPINEREHS oy BY R LEP By FASSRELH ol Ay,

t t h h
oy QoL ERPEER: Y SRR ”%g%h"céfi-c?aqﬁaq?% RolyrEeEaTton Tadtcal, | Afeger
havi ng a val ue of or 1; (5) IS an |nteger-haV|ngavazJuefrolml;OB
and (8}upinug M%@borhawﬁgcalvamea fRakpgepoagom; R° and R

or R¥" and/or R® and R?, RY or RY can form together a 4 to 6

membered ring or a 6 to 20 fused ring system; R®, R*, or R*

and RY RY, or RY can be joined together so that the five
numbered atomic centers of the six © electron central radical

are part of a 7 to 20 membered ring system.

8. The metallocene according to claim 1, wherein i is 1, j is
1, and at least one B substituent on either Y or Z is a bulky
group sterically larger than hydrogen or a fluorine atom.

9. The metallocene according éo claim 1, wherein i is 1, j is
1, and where both Y and Z are bilaterally or pseudo-
bilaterally symmetric and where Y or Z has at least one P
substituent larger than hydrogen.

10. The metallocene according to claim 1, wherein i is 1, j is
1, and where one or both Y and Z are not bilaterally or
pseudo-bilaterally symmetric, Y or % having at least one f
substituent larger than hydrogen.

11. The metallocene according to claim 10, having Cs or

pseudo-Cs symmetry.
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nerization of addition
product between:

13. A catalytic system for
pol yneri sabl e nononers, conpri

-an het cycljc netall ocene as of cl ai 1 to 11, and
-a sui tg‘Bgé’X@%)‘{sgat al yst . f %%Bfm‘ﬁ"
of trial kyl al um num oxyal um num

di al kyl al um nunhal i des, al kyl al um nundi hal i des and aFunuxaHe

proced.f & ligjayrderof i fuynadid t (TM) pol yneri zabl e nonone ?
ﬂﬁ

contacting at least one catalytic system as de

with at |east one addition wy®~ygerizable nppoyer. 15.°

according to claim 14, conprising contacting the netal

saldcta tic systemwith a, suitable co-catalyst, ei t her prlor
1§‘al d netallocene is brought into contact with the nononer.

16. The process according to claim 14, conprising the follow ng
steps:(1) Y is a coordinating group conta:.m.ng a six T electron

d|n

central radical directly coordinating Me, to which are
associated one or more radicals containing at least one non-
carbon atom selected from B, N, O, Al, S8Si, P, S, Ga, Ge, As,
Se, In, Sn, Sb and Te;

(2) R” is a divalent bridge between the Y and Z groups.;

(3) Z is a coordinating group having the same meaning as Y or
is an open pentadienyl containing group, a cyclopentadienyl
containing group, a heterocyclop_entadienyl containing group, a
nitrogen containing group, a phosphorous containing group, an
oxygen containing group or a sulfur containing group;

(4) i is an integer having a value of 0 or 1;

(5) j is an integer having a value from 1 to 3; and

.{6) jj is an integer having a value from 0 _to 2;

13. A catalytic system for the polymerization of addition
polymerisable monoﬁers, comprising the reaction product

between:

-an heterocyclic metallocene as described in anyone of claims 1

to 11, and
-a suitable co-catalyst.

14. The catalytic system according to claim 13, characterized

in that said co-catalyst is selected from the group consisting

* c L M S *
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a) contacting said catalytic systemwi th a soall. anount of said addition
pol yneri zabl e nononer, to for g 'EE*MK§@EEﬂd catalyst; b) contacting

t he pre_—vpalgpgyggzed cat al yst cb?*éil ln pLcEbEP (R) W th spicanaddhéloPn

pol yneriza nomers. 17. T CeS5—Ae g to claim14, for the
production of polyethyl ene, I sotactic, - syndiotactic, hem -isotactic
or atactic polypropglene, or _copol yners thereof. | : .

113 of rialkylaluminum, trialkyloxyaluminum,

dialkylaluminumhalides and alkylaluminumdihalides.

— 185. Thé catalytic system according to claim 13, characterized
in that said co-catalyst is an alumoxane.
16. A process for polymerizing addition polymerizable monomefs,
comprising contacting at 1least one catalytic system, as
described in anyone of claims 13-15, with at least one addition

polymerizable monomer.

17. The process according to claim 16, comprising contacting®
tﬁe metallocene contained in . said catalytic system with a
suitable co-catalyst, either prior to or after said
metallocene is brought into contact with the monomer.

18. The process according to cléim 16, comprising the
following steps: '

a) contacting said catalytic system with a small amount of
said addition polymerizable monomer, té form a pre-polymerized
catalyst; |

b) contacting the pre-polymerized catélyst obtained in step
(a) with said addition polymerizable monomers .

19. The process according to claim 16, for the production of
polyethylene, isotactic, syndiotaétic, hemi-isotactic or

atactic polypropylene, or copolymers thereof.
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