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POLYMERI Z‘%'Iomsg: OLEFINS FIELD OF THE | NVENTI ON The present invention
relates to a new class of netallocene conpounds, to a cabQl’§&¥1#48¢ the

pol ymeri zation of olefins containing themand to a polynerization process
carried out in the presence of said catalyst. The invention also rel ates
to the corresponding |igands useful as internediates in the synthesis of
said netal |l ocene conpounds, as well as to processes for preparing said

| i gands aMETALLOCENE aCOMROAENDSRROCESS DEGSRRITAIE RN K PAJEA PRINRANBT

Met al | oc j.t _ tadi enyl droups are known as
cat al yot DOROTREH Sty Se iR REm THs T HeRiRS rioN QifSLRFRS ont
129, 368, HreLD OB THICRVENAON bes a catal yst system for the pol ynmerization

of olefins conprrsing (a) a bis-cyclopentadienyl coordination conplex wth
a transilheamespndtindentzandrelotey t@n meiuolpss afenetalloesnt wompatal pe At @diyeniet dgr oups
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net al | ocene conpounds for the pofymerl Zatton of°a p‘ﬁsa-o er T ns erein the
silicon aywhesis sf paretdbcane corgpouadspanieias to pigreSe TSR QidtiiRends and said

cycl opent adi en}gl ring., Metallocenes of this type are used in the

pol ymer i Z5FAI87 g0 1 ene. The activity of these metall ocene-based

cat al yst $ﬂ@mléﬁtéﬁiﬁ§%¥th@d nternational application WO 98/22486 it

i s described a s containing a cyclopentadienyl radical
di r ect | y Metdlochng abipogndsheithcesvat ayelbpaittiahy] gtoapa ark @novii Sheatlyet doHipeitn@ITer OF

nore rings containi t 1 east one heteroatom These netall ocenes, in
conbi nat i ﬁomwgonﬁglpﬁm Raronesy Batent {4%368 ofopingiance, deprriberen qatsilyphayptermder on of
ol efins, gRUSInRSizdR : s otihe - i ghts that n be
obt ai ned thzt pol yrre?lipgg%) l:é%ﬁ e H%)r(ggtaarae@%@% eﬁ%}&éﬂ iccémo%rcce’%{’] e’%%%&i N
too | ow frensitionmstal anti(H)ag sitincxana Mie tiwecyalopdniatiely @foupsas e Gidealby 8 Wivalkst ens,
when used in the polynerization of propylene, is not satisfactory. It
woul d be®88irable to provide a novel class of netallocenes which, when
used in gak&de Bocy'ci ' ' l.ef] .1 N t ,cul ar of

- propyl ene, hagez&l%ihgh ac?iﬁvfttg@cgdg?%hﬁﬁgg%ﬁg}l gﬁnggﬁflg%fu#nhog%féaé?l% ysS Ve

r emai ni ngedondastrébefl.o Foreekappley B Phisntnd 489052 elateF Ub t N eRBOBE siit@hcoainingi t Y
catalyst capable of 1 8 J%NE 2004 WO 01/44318 PCT/ EPOO/ 12406 yi el di ng
pol yrer s PP Rdhog e pplvmerzation ofsiinelslins whereis ihawlicer aomris pasi aflat

di stri bubbfodstic MRk kondensed to the cyclopentadienyl ring. Metallocenes of this type are used in the

polymerization of propylene. The activity of these metallocene-based catalysts is not satisfactory.

In Interational application WO 98/22486 it is described a class of metallocenes containing a
cyclopentadienyl radical directly coordinating the central metal atom, to which are fused one or more
rings containing at least one heteroatom. These metallocenes, in combination with a suitable
cocatalyst, are used in the polymerization of olefins, such as propylene. However, the molecular
weights that can be obtained at polymerization tempefatures of industrial interest are still too low for
most utilization and the activity of those catalyst systems, when used in the polymerization of
propylene, is not satisfactory.

It would be desirable to provide a novel class of metallocenes which, when used in catalysts for the
polymerization of olefins, in particular of propylene, have high activity such that the amount of the

catalyst remaining in the formed polymer is minimized. Furthermore high-activity catalyst capable of



as,a high degree of isotacticity and thus of crystallinity would be
desirable. A novel class of netallocene conpounds has now beelg JUIRERRRged! y
found, whig 1/948?& eves the above and other results. Accordi to a first
aspect, the présent invention pr ovi des a metal | ocene conpPoliFt0324%6 he

general forrmula (1): Y “\\' \ ;gxp () z wherein Y is a noiety of formula
(11) wherein A B and D, sane or different fromeach other, are selected
froman el ement of the groups 14 to 16 of the Periodic Table of the

El ements (new | UPAC version), with the exclusion of nitrogen and oxygen;

R, R2, R@immommﬁﬁdoméwﬁhmghdnk&m emights, namovemclbcudt Weipht dafrutialeatied from

hyd C20- al kyl ., C2-C20-al k |, C6-C20- |,
C¥ E:(ngeglaﬁ P%ﬁ:gffgmeﬁls c’&’r%&“&?ﬁ‘g}/?‘h’&l%ﬂg“ d befiesighlsy ?y gg%t a| n| ng i

h

et er oat QUEO\QP LR f @x%till@ceﬂé Qdfﬂﬁwchﬁﬁg n@b bERAGE ﬁfe&t@% ﬁ)u%(%t%}ﬁ ac}neves 61;;(3 le and

El ements; wherein two can forma ring conprisin

It can f@bmeamqloﬂlgresotﬁsrprl si ng 4 to 8 atons, which can bear substl tuents;
W|ththe ]SOt when s is when R3 is hydrogen, R2 is not

hydr ogen ﬁ %% SEaSp%d%q Prf’séntdi"’ea’il%@?‘é‘ﬁ’@ afmegloeear porenokied of the gensial ect ed

fromO, %mﬁﬂg(gg in, n and s being 0 when respectively A B and D are

sel ected froman elenent of the group 16 of the Periodic Table of the

El ements (new | UPAC version); 2 TyWD 01/44318 8 JUNE 2004 PCT/ EP00112406
in, n and s being 1 when respectlve[y A, B and D are selected from an
elenent of the group 15 of the erﬂdﬂpc Tabfle of the Elenments (new | UPAC
version); in, n and s being | or\@ Ahen respectively A, B and D are
selected froman el ement of the gQDup 14 of the Periodic Table of the

El ements (new | UPAC version); and wherein the ring containing A, B and D
can have | e bonds in any of the allowed positions, having an aromatic

character;. . moiety of formula (IT)
I(R?’)s
m4)n“-B/D
\
s A
®)i RI

R2
ey

wherein

A, B and D, same or different from each other, are selected from an element of the groups 14 to 16
of the Periodic Table of the Elements (new IUPAC version), with the exclusion of nitrogen and
oxygen;

R!, R? R}, R* and R’ same or different from each other, are selected from hydrogen, a
Ci-Ca-alkyl, G-Cao-cycloalkyl, Cp-Cao-alkenyl, Cs-Cao-aryl, CrCyo-alkylaryl, C;-Cap-arylalkyl
radical, optionally containing heteroatoms belonging to groups 13-17 of the Periodic Table of the
Elements; wherein two R’ can form a ring comprising 4 to 8 atoms, or R® and R can form a ring
comprising 4 to 8 atoms, which can bear substituents; with the proviso that when s is 0 or when R is
hydrogen, R? is not hydroger;

m, n and s, equal to or different from each other, are selected from 0, 1 and 2;

m, n and s being 0 when respectively A, B and D are selected from an element of the group 16 of

the Periodic Table of the Elements (new IUPAC version);



Z s selected froma noiety of fornula (Il) as descri bed above and from a
noi ety of formula (I11): (1) wherein It, R7, 1 and It, sane or ﬂj Eei%qt
from each, {3 ?‘{? are selected from hydrogen a C - C20- al k NE 20

C3- C20- cyeroal K, C2- c20-al kenyl, ©6-C20-aryl, C7-C20- aF‘R'Ej/'F%PPSH“”ﬁ

Cr7- C20-aryl al kyl radical, opti onal | y containing heteroatons belonging to
groups 13-17 of the Periodic Table of the Elenents, R7 being different
from hydrogen; optionally Mand R7 or R7 and It can forma ring conprising
4 to 8 carbon atonms, which can bear substituents; and when Z is a noiety of
formul a (Illl,ln)aﬂd‘f!bamalzvlcamslta@uwehm,s&mullbmeckelbdtﬁm af Eloiier? a€ the @tdpNS of 1S a

di val ent r r ab sel ect ed fromthe group consisting of
Cl- C20 al yﬁgef‘g‘%%gab?e i %“ a‘ﬁf’ WG EBIB: 8- C20 arvyl i dene, c7 c2Q

al kyl arylh GeRes b&dg Lo k@bl Hgng ot eI opf ons
bel onging to grsoupgs 13-17 5fbthe ycIierl 0 clﬂ%@%%e &0&%&%%3 s arPd

silyli deméﬂné’m@qﬁahlg Oﬁyheﬂbnﬁnts(nbwchHAGversmn)such as Si Me2, Sl Ph2,

Si Me2Si Me2 I‘ﬁldl .C an atomof a transition netal sel ected from those
bel ongi ng™$ §gJ¥iB 5 Tise CQPt‘mBng%’ B ang 13 camave dopblerbapdsde awrof dhetdllavettoogitiensps i n
the Peri qgiigs et tntder. El ements (new | UPAC version), X, same or
different, is a hydrogen atom a hal ogen atom a R 0, ORl14, OSO2CF3,
OCOR10, gHs @lecteAIRDNZ naniet ¥ Ml ()43, desvtibrdabsve tah@frérl B sloietyU g idruRER):ar e
selected fromthe group consisting,of Cl1-C20 al kyl, @3-C20 cycl oal kyl,
C6-C20 aryl, C7-C20 al kylaryl and G7- C2Gysaryl al kyl radical, Optionally
cont ai ni ng het eroat ons bel ongi n o groups 13-17 of the Per| odi ¢ Tabl e of
the Elenents; p is an integer K 0 to 3Mpreferably from1l to 3, being
equal to the oxidation state of the 7 Mmnus 2, preferably pis 2;
The transition netal Mis preferapdy titanium zirconiumor hafnium More
preferably it is zirconium 3 8 JUNE 2004 WO01/44318 PCT/ EP00112406

Pr ef er ablphefeher’s WOSKI LR enzyl
groups. Prefer ably the di vg?rg%ntélr E‘P?%Jét?frﬁ%‘ﬂg"?%‘ﬂgﬂ% ?IEBSEI M%%%@@%B&rog&b%mnz,
VWerein Ri- Cze@ﬂitélt Gofo2eliytoadidn€:- Choradirenyg a Chr Cod-drel; Cﬂl’;eajs}ezhﬁptentz; -frokkyl

hyd 0- cycl oal kyl , C2-C20-al k 06- C20-aryl
1~ 20 APkl otbe, Ry Sqesane f Houp: ol e %%ﬁfhafrﬁblﬁgf e
het er oat gmemlwwm@%ﬂ&eat %rﬁ’%?&oéeﬁ ép%omyW&fﬁf bR Gnd A0L, %rfce)) %ﬁﬁ,g o

El ements; and wherern two it' can forma ctycle conprising
at ons, th‘?iltlpf@ag‘%e&ﬁar@mbmi\ulam@nbwlnsté)sqztu@tserabI y the dival ent bridging

L |l ected f t f >Si (CH3)2, >Si (C6HS) 2,
Jore” ana By  Emeick AEloatty Y BLlpB e ' %%dif&%%mror%ga@hémérﬁm :
telluri umlﬁﬁldlvﬂéﬂtfbﬂﬂgﬂ@ orbRE sreﬁfasr?vesé@é?émdrﬁ ﬂie%ro%q_aélﬂfsun cgf el aaﬁérv%de and D

are selected fromthe group 14 of the Periodic % (new
| UPAC veFsCangycloghislidensy €%-Eroadnylidlerteh y-Cas elkglarylalore, at,al arylalkylidene optionally

containing heteroatoms belonging to groups 13-17 of the Periodic Table of the Elements and

silylidene containing up to 5 silicon atoms such as SiMe,, SiPh,, SiMe,SiMe; radical;
M is an atom of a transition metal selected from those belonging to group 3, 4, 5, 6 or to the
lanthanide or actinide groups in the Periodic Table of the Elements (new IUPAC version),
X, same or different, is a hydrogen atom, a halogen atom, a R'®, OR", OSO,CF;, OCOR', SR*
NR'; or PR"; group, wherein the substituents R' are selected from the group consisting of C;-Cy
alkyl, G-Cy cycloalkyl, Cs-Cyp aryl, C;-Cyo alkylaryl and C5-Cag arylalkyl radical, optionally
containing heteroatoms belonging to groups 13-17 of the Periodic Table of the Elements;
p is an integer of from 0 to 3, preferably from 1 to 3, being equal to the oxidation state of the metal
M minus 2, preferably p is 2; '
The transition metal M is preferably titanium, zirconium or hafnium. More preferably it is zirconium;
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Wen Z is a noiety of formula (M it is preferably selected anong those of
formula (1V): R 1 R12 R3 wherein R , R12, R13, Rl14, R15 agdjijye.200a"e
or di fferygpé /f:{gﬁ) each other, are selected from hydrogen, a Cl1-C20-al kyl,
C3- C20- cy e P8R, 2- c20-al kenyl, ©B-C20-aryl, C7- C20- al KE/FBANI3406

Cr7- C20-arylal kyl radical, optionally containing heteroatons belonging to
groups 13-17 of the Periodic Table of the Elenents, optionally RI' and RE
2, or R12 and R13, or R13 and R14 can forma ring conprising 4 to 8 atons
whi ch can bear substituents. Preferably R14 and R15 are different from
hydr ogen. Priemidy the subktinall X arRkiidonng aemEomdlR0 gamylor tneyigroupsich as a phenyl or

htyl . and RE6 | C1- C20:- al ky, ,. such as.a methyl .
P! S0, 300 B e BT SN, o2 i, ol e gt oup
gn' g;sf: m/Lfﬂfdggaghxghﬁn%ﬁeﬁeie@femmﬂmgaerg.%ﬂl@giaﬁcw'Gic%d-%fcf%lan&b copheng)gi r coni u

di met hy| Sid-Garaivl G Cr-Glikfdrytye0y-ayialky patida p dptizaylly-cbitidindhetdrbitdphehegidd r coni u
m di chl ori de and. ne

thyl;,
di met hy| <P BEHeN JA-bi et the (Catedico Batdngfi thy Eleasathit andi whysin wo R can form a cycle

1, 2- b] - t hi,aphe! i i i i de. methyl; 4 8 JUNE 2004 WD
01/ 44318 mﬁﬁ %goo 1325?00885%%9‘] bl BGinRAE,

di met hy| Nérapaieydblyi the Givildnt heidgimpigiCly &) RREEd B6th altydrodpleossidtthg bisyeiigpe) zi r co
niumdi chl ori de and net

C hyl ;
di net hyl sﬁ&@#&%?ﬁﬁs“ﬁ?@&?@@pr opyl cycl opent adi enyl - [ 1, 2- b] - t hi ophene) zi r co

ni um di c L AV - . . - ..

di et hyl dft %@F@ i e 4“hﬁ’erhs_g? i, (ellurium andl pelgnjun, sotg preferably it is sulfur.

b] - t hi optPestnity BCamtliD Bie Chiclebtbd frinel @hetgiblup TRt Bfythe Periodic Table of the Elements (new

di met hyl sil andi yl bi s-6- (2, 5-di met hyl - 3- phenyl cycl opent adi enyl - [

1, 2- b] - t APBpharers: mesardemblyhentre farern atgnes- met hyl : di met hyl si | andi y! bi s- 6-

L ophendT s 2ty TP S aP RORRELS ML ool

di et hyl si | andi yl bi s-6-[ 2, 5-di net hyl -%4(2, 4, 6-trimet hyl phenyl ) cycl opent adi e
nyl-[ 1,2-b]- thiophene]zirconiugmdichloride and nethyl;

di et hyl si | andi yl bi s-6-[ 2, 5-di netihyl - 3<nest t yl enecycl opent adi enyl - [
1, 2-b] -t hi ophene] zi rconi um & c nd met '
1R 6
14

R 41' phenyl cycl opent adi enyl - [
13
1

di et hyl si | andi yl bi s-6-(2,4,5-t1
R
R R

1, 2-b] -t hi ophene) zi rconi um

wherein

R', R"?, R®, R R" and R', same or different from each other, are selected from hydrogen, a
C1-Cyralkyl, G-Cyocycloalkyl, Cp-Cap-alkenyl, Cg-Cyp-aryl, Cs-Cy-alkylaryl, C;-Cyp-arylalkyl
radical, optionally containing heteroatoms belonging to groups 13-17 of the Periodic Table of the
Elements, optionally R'' and R'?, or R"? and R, or R and R can form a ring comprising 4 to 8
atoms which can bear substituents. Preferably R' and R' are different from hydrogen. More
preferably R is a Cys-Cyq-aryl group, such as a phenyl or naphtyl group, and R is a C;-Cy-alkyl
group, such as a methyl group.

Non limiting examples of the metallocenes of the present invention are:
dimethylsilandiylbis-6-(3-methylcyclopentadienyl-[1,2-b}-thiophene)zirconium dichloride and methyl;
dimethylsilandiylbis-6-(4-methylcyclopentadienyl-[1,2-b]-thiophene)zirconium dichloride and methyl;
dimethylsilandiylbis-6-(4-isopropylcyclopentadienyl-[ 1,2-b]-thiophene)zircomium ~ dichloride  and
methyl;



di chl orirde and net hyl ; '

di net hyl si | andi yI bi s-6- (2, 5-di et hyl - 3- phenyl cycl opent adi enyl - [gly3nB]2¢da oph
ene) zi r coph ¥ $h|or|de and met hyl ;

di et hyl si ndly bi s-6- (2, 5- dllsopropyl 3- phenylcyclopen?%ﬁﬁ%ﬂ%ﬁ“ﬁl 2-b]-th
i ophene) zi rconi um dichl oride and net hyl;
dinethylsiIandiylbis-6-(2,5-diter-buty|-3-pheny|cyclopentadienyl-[

1, 2-b]- thiophene)zirconiun1 di chl ori de and net hyl ;

dlnethyIS|Iand|be|s 6-(2,5-ditrimethylsilyl-3

pheny! cycipgieisil y&w@ Grtar-ouryigyclopantagdineirE) bl bioptiewsriccdiiah| odithdeidandamdet hy! ;
dinethylgﬁhg dly|bIS -(3-net hyl cycl opent adi enyl -[ 1, 2-Db] - S|IOIe)2|rcon|um
di chl ori nd met hyl ;

di met hy| sirhamailyddbitss tﬁf3(1 t@ﬂ@f&@ﬂt&ﬂ&&ﬂ@% AR Zirdohiudi Oliichioride  and
5|Iole)2|rcon|un1d|ch oride and net

di met hy! sictathdi vl bi s- 6- (3- phenylcyclopentadlenyl [1,2-b]-silole)zirconium
di chl ori gﬂﬁﬁgﬂi 3 tevel T

di net hyl $ G rhenyleyelpneptadieny (! Srbdiorbereizbpnainmdishiarige agd methyl;

1, 2-b] sndhﬂé lsnaﬂd@msl sdchﬁ 1L bl

dlnethyIS|I§§h|ylb|s @l gg9§€?%%@£¥%%¥%£§%$}%Péﬁm]5 )m$opentad|enyl [1,
2-b] - S|Idké?mkm@©mﬂuﬁ;5 8 JUNE 2004 WO 01/44318 PCTI EPOQ 12406 di chl ori de
and net hy}l ;
d|nethyl§mPémﬂﬁ%ﬁq¥h?*%pfim@daﬂﬁ%?ﬁ?ﬂygm?ﬁﬂﬁmE@?Wﬂﬁﬁﬂﬂ9¥ﬁ%enyI)cyclopentadle
nyl-[ 1, ap&}i]eneﬁr&oaiuﬁﬂdzdhroﬁ&wnumeﬁw oride and nethyl; _

di et hyl si I'andi yl bi s-6-[ 2, 5-di ne I-3-n95|tylenecyclopentadlenyl-[1,2-b]-s
ilole]zi Idﬁmﬂiymlﬂldi)’ﬁii%ﬁﬁlzdl‘diniahﬂrﬁeﬂﬂ'étﬂilyléthylphenyl)cyclopentadienyl-[1,2—b]-

di met hyl | bi s-6- i met hyl - 3- phenyl cycl opent adi enyl - [

1, 2-b] - siw%ﬁ qﬁqg EBF and nethyl :

di met hyl fichedyRiianiBive-dr t -[1.2-b]-thi -
phenylcyclJﬁgﬁtagﬁen;ﬂ:Fzmgm%?g§?¥%?%w?T$%%ﬁ?$nl[%ﬁb%*B?Egg nethyl;
dlnethylﬁmﬂawﬁﬁyhbﬂgm6 (2, 5- d||sopropyl 3- phenylcyclopentadlenyl [1, 2-b] - si

IoIe)Z|r dIC

di et hyl g E}ﬂ 5 2%% tHm ¥1§?@S%VP?VF19@PBW€W{%%%@@W%W@HW- [1, 2-b] - si
IoIe)2|ra@mugﬁhﬁhﬁﬂﬂw@rlde and net hyl ;

di met hyl si | andi yl bi s-6-(2, 5- d|tr|nethyI5|IyI 3- phenyl cycl opent adi enyl - [

1, 2-b]- sdﬁ@t@smnﬁwtbm&(% ditithyhB-phensliey dopentadisniiy{ll 2-b]-thiophene)zirconium dichloride

dlnethyIS| Eylbls 6- ( 3- net hyl cycl opent adi enyl -[ |, 2-b] -tel | urophene) zirco
_n|un1d|cﬁf and nethyl;
dnnethylsﬂand1y1bis—6-(2,5-diisopropyl-3 -phenylcyclopentadienyl-{ 1,2-b]-thiophene)zirconium
dichloride and methyl;

dimethylsilandiylbis-6-(2,5-diter-butyl-3-phenylcyclopentadienyl-[ 1,2-b]-thiophene)zirconium
dichloride and methyl;

dimethylsilandiylbis-6-(2,5-ditrimethylsilyl-3-phenylcyclopentadienyl-[ 1,2-b}-thiophene)zirconium
dichloride and methyl,

dimethylsilandiylbis-6-(3-methylcyclopentadienyt-[ 1,2-b]-silole)zirconium dichloride and methyli;
dimethylsilandiylbis-6-(3-isopropylcyclopentadienyl-[ 1,2-b})-silole)zirconium dichloride and methyl;
dimethylsilandiylbis-6-(3-phenylcyclopentadienyl-{ 1,2-b]-silole)zirconium dichloride and methyl;
dimethylsilandiylbis-6-(2,5-dimethyl-3-phenyleyclopentadienyl-[ 1,2-b]-silole)zirconium dichforide
and methyl;

dimethylsitandiylbis-6-[2,5-dimethyl-3-(2-methylphenyl)cyclopentadienyl- 1,2-b]-silole]zirconium



di met hyl si | andi yl bi s-6-(3-1 sopropyl cycl opent adi enyl -[ 1, 2-b] -t el | ur ophene) zi

rconium di chl oride and nethyl; 8 JUNE 2004
dinethylsiIandiélbis-6-(3pheny|cycIopentadienyl-[l,Z-b]-teIIurop ene) zircon
i um di chMR 3 8nd et hyl ; PCT/EP00/12406

di met hyl si | andi yl bi s-6- (2, 5-di met hyl - 3- phenyl cycl opent adi enyl -[ 1, 2-Db]

-tel l urophene) zirconium dichloride and nethyl; '

di et hyl si | andi yl bi s-6-[ 2, 5-di net hyl - 3- (2- met hyl phenyl ) cycl opent adi enyl -[ 1,
2-b]- tellurophene]zirconiumdichloride and nethyl;

di net hyl dichlasidtiayd dkthyl6- [ 2, 5- di met hyl - 3- (2, 4, 6-tri met hyl phenyl ) cycl opent adi e
nyl-[ 1,2-b]- tellurophene]zirconiumdichloride and neth

| ;
di met hy| imesiyslgndyibis- pﬁ52‘?1133@}’1%9H;ﬁrﬂi@ﬁthiéshepxl}céd@@weqﬁwéﬁt?aldf enyl - [

éﬁhggigg@&#@%@%ﬁ%@g%ﬁiﬁ%ﬂdi chloride and nethyl; 6 8 JUNE 2004 WO
di net hyl ﬁh-:heﬂﬁ[iilaﬂd@'llﬁsv-@&(ﬂdhﬁetﬁylﬂErhﬁﬁgﬂéﬁé&ycﬁ)pmﬁﬂ*lﬁlé%P%Ié]zﬁ@nﬂﬁﬁ/| -[1,2

b] -tel l urophene) zi rconium dichl oride and nethyl;
di met hy| dichlgidgiapd methyls- (2, 5- di et hyl - 3- phenyl cycl opent adi enyl - [

ai ot hyl SR RA O Lt bR Rl Ren T PH ki i 207 1

| uropheaﬁi)@éﬁsci@oni um dichloride and nethyl;
di met hyl si | andi yl bi s-6- (2, 5-diter-butyl-3

pheny| cy éinsgwisilandiyiisyg-2Stdiehh-pheriylcyelogshiadieny’[ I e rsilelgrirediiah Kighlbte ashd
nmet hyl ; die{ﬁelt hyl sil andi yl bi s-6-(2,5-ditrinmethylsilyl-3

phenyl cyg} o%ént adienyl-[1,2 b]-tellurophene)zirconium dichloride and

net hyl;  dimethylsilandiylbis-6-(2,5-diisopropyl-3-phenylcyclopentadienyl-[ 1 2-b]-silole)zirconium dichlorid
di et hyl si 1 andi yl Bi o 6e {3 Nt hol ehel Bpant et emy - Psiqieconivn dicbleride o) 2i r co
ni um di cAdonreted and et hyl ;

di met hyl si | andi.vl.bi.s-6:.,(3:1 sopr.gpyl cycl opent adi - [ . A
1 2] 1 el SR P et R B R AR b dtloioniom. o
di met hy!| sid mdgt;y| bi s-6- (3

phenyl cycl opent adi enyl -[ 1, 2-b] -t el | urophene) zi rconi um di chl ori de and

met hyl ; dieiyijandiybisre gidsiiwetlqizl- Sehtnylerclptnt@ioniehybk siolpentadi eny! - [
(]j-l r2n=:?]hylt g}%l g%%%ﬁﬁ?%sﬁ%rfgngug} rrglt ﬁg: Ogl ?g ?rggh;:s;ﬂglnyl ) cycl opent adi enyl - [
1,2-b] - dimethylsilandiylbis-6-(3-methylcyclopentadienyl-[1,2-b]-tellurophene)zirconium ~ dichloride  and
methyl;
dimethylsilandiylbis-6-(3-isopropylcyclopentadieny!-[1,2-b]-tellurophene)zirconium  dichloride and
methyi;
dimethylsilandiylbis-6-(3-phenylcyclopentadienyl-[1,2-b}-tellurophene)zirconium ~ dichloride  and
methyl;
dimethylsilandiylbis-6-(2,5-dimethyl-3-phenylcyclopentadienyl-{ 1,2-b]- tellurophene)zirconium
dichloride and methyl;
dimethylsilandiylbis-6-[2,5-dimethy}-3-(2-methylphenyl)cyclopentadienyl-[ 1,2-b]-
tellurophene]zirconiom dichloride and methyl;
dimethylsilandiylbis-6-[2,5-dimethyl-3-(2,4,6-trimethylphenyl)cyclopentadienyl-[1,2-b]-
tellurophene}zirconium dichloride and methyl;
dimethylsilandiylbis-6-[2,5-dimethyl-3-mesitylenecyclopentadienyl-[ 1 2-b}- tellurophene]zirconium
dichloride and methyl; '



t ek | unphene] zi r coni um di chl ori de and net hyl ;

di : met hyl si I andi yl bi s-6-[2, 5-di net hyl -3-(2, 4, 6-tri net hyl phenyg) )i¢E Pppat ad
enyl-[ 1 -p@isﬁplIurophene]zirconiun1dich|oride and ne;£¥l'

di met hyl 817 andi3 bi s- 6- [ 2, 5- di net hyl - 3- nesi t yl enecycl opeft SRS |

1, 2-b] -tel l urophene] zi rconium dichloride and nethyl;

di . net hyl sil andi yl bi s-6-(2,4,5-trinmethyl -3 phenyl cycl opentadi enyl-[1, 2

b] -tel I urophene) zi rconi um di chloride and net hyl;

di met hyl si | andi yl bi s-6- (2, 5-di et hyl - 3- phenyl cycl opent adi enyl -[1, 2-b]-tel [ ur
ophene) zidmesdhyisilandivthiset (264 3-tigetpld3-plenyiysiclopentadienyl-[ 1,2-b}-tellurophene)zirconium

di met hyl si |.andi yl bi s-6-(2, 5-diisopropyl -3-phenyl cycl opent adi enyl - [
1,2-b]-t§Ph&?%6ﬁiW@$%irconiun17 8 JUNE 2004 WD 01/44318 PCT/ EPO0/ 12406

di chl ori dgn i L6 S 2. 1 T TR A

di net hyl si |§§§f1§|ﬁ%?¥%6652(52‘,h%% P rae et i Lk plophenegieonium. |

1, 2- b] - t dichlonidsphémethdi r coni um di chl ori de and net hyl ;

di net hyl si |l yl - 6- (.2, 5-di nmet hyl - 3- phenyl cycl opent adi enyl - [ o

1,2-b] -t @Weﬁ}y&gﬁ@w&‘%g%&é’ﬁ%@ -3-phengiquiigpentadianl i 24 rdlsropheredrcentar i de and
met hyl ; Qkﬂg§Q$&§E&ﬁﬁdiylbis-6-(2,5-ditrinethylsiIyI-3

phenyl cycl opent adi enyl -[ 1, 2-b] -t el | ur ophene) zi rconi um dichl ori de and

met hyl ;  dimethylsilandiylbis-6-(2,5-diter-butyl-3-phenylcyclopentadienyl-[ 1,2-b]- tellurophene)zirconium

di met hyl sj ] andi yl bi s- 6- ( 3- et hyl cycl opent adi enyl -[ 1, 2-b] - phosphol e) zi rconi u
m di chi o%@@’fgﬁaflmﬁ@fhhw :

di met hyl gi ' it-S.-Bm (= 3l i i » o
L 2-b]  prneans| Aiglos s b AARIARY L BREBLAMGIN 2 o ehaophensyrconiam
di met hy| dichlevinidiayd toethyl6- ( 3- phenyl cycl opent adi enyl - [
1,2-b]-p osg&ole)zirconiun1dich|orLde and nethyl; _ )
di met hy| &€ Hilafi‘fj'éﬂbé‘?:%@(‘?ﬂylcﬁ?l%qﬂ@-ﬁ[LQpWéﬁ{}ﬂF(@g@P)@EFQWP‘&di diglyjpride  and
1, 2-b] - phpgphol e) zi rconi um dichl ori de and nethyl ;
di et hyl si'landi yl bi s-6-[ 2, 5-di net hyl - 3- (2- net hyl phenyl ) cycl opent adi enyl - [
1, 2-b] - phetybidnelybise@riopropgdtrhipanidieylqnd-birediypliendtimBingy | Giiciaeli ykibi s- 6-
[2,5-dinet£ |-3-(2,4,6-trimethyl phenyl)cyclopentadienyl- [ 1,2-b]-
phosphol BF Ly coni um di chl ori de” and nmet hyl ;
di net hyl gi LY iRins-0n L ' - e NBSi | nt adi.enyl -[ 1, 2-b] -p
hosphole?@#ﬁ@%ﬁ%ﬂ?&ﬁéﬁgﬁ%%??%%ﬁgﬁcﬁﬁgfﬁgﬁgt&ngﬂ%%%&o i %gmm%g éﬁ

methyl;

dimethylsilandiylbis-6-(2,5-dimethyl-3-phenyleyclopentadienyl-[ 1,2-b]-tellurophene)zirconium
dichloride and methyl,
dimethylsilandiylbis-6-[2,5-dimethyl-3-(2-methylphenyl)cyclopentadienyl-[ 1,2-b]-
tellurophene]zirconium dichloride and methyl;
dimethylsilandiylbis-6-[2,5-dimethyt-3-(2,4,6-trimethylphenyl)cyclopentadienyl-[1,2-b]-
tellurophene]zirconium dichloride and methyl,
dimethylsilandiylbis-6-[2,5-dimethyl-3-mesitylenecyclopentadienyl-[ 1,2-b]- tellurophene]zirconium
dichloride and methyl;

dimethylsilandiylbis-6-(2,4,5-trimethyl-3-phenylcyclopentadienyl-[ 1,2-b]- tellirophene)zirconium
dichloride and methyl;

dimethylsilandiylbis-6-(2,5-diethyl-3-phenylcyclopentadienyl-[ 1,2-b]- tellurophene)zirconium
dichloride and methyl;

dimethylsilandiylbis-6-(2,5-diisopropyl-3-phenylcyclopentadienyl-[1,2-b)-teflurophene)zirconium



di met hyl si | andi yl bi s-6-(2, 4, 5-tri met hyl - 3- phenyl cycl opent adi enyl -[1, 2- b] - ph

osphole)2|rcon|un1 dlchlorlde and net hyl ;
di met hyl si | andi yl bi s-6-(2, 5-di et hyl -3 penyl cycl opent adi enyl - 8, JUNE 2004
1, 2- b] - pAEPYP®) zi r coni um dichl ori de and net hyl ; PCT/EP00/12406

dlnethyI5|Iand|be|s 6- (2, 5-dii sopropyl - 3- phenylcyclopentadienyl-[

1, 2- b] phosphol e) zi rconi um dichloride and net hyl;

di et hyl si | andi yl bi s-6- (2, 5-di cer-butyl -3 -penyl cycl opent adi enyl -

1, 2- b] - phosphol e) zi rconi um dichloride and nmethyl; 8 WD 01/44318 8 JUNE
2004 POdlcﬁE@'aﬂcﬂﬂiaﬁy

di rnet hyl sil yl - 5-dineth phenyl cycl opent adi enyl - [

Db - bty bic s bty bk > PheryEhomeslphyil £ bbRummhdiophicoiide. and
met hyl ;

di et hyl SI9RE39 B (2, 5-di tri met hyl si Iyl - 3- phenyl cycl opent adi enyl - [
1,2-b] - pﬂﬁﬁaﬂ{mhﬁ)&@z%&mﬁétbym pqih élBIieQﬁdléﬂﬁi[l@E]nﬁlﬂuropheneg -1-(2-methyl-4-

i sopropyl i denebi s-6-(3-net hyl cyc opent adi'enyl -1 b] hlophene)2|rcon|um
di chl or i ehenslindenybzitagrim dlchlondeandmethyl

i sopropy ar o opent adi en b i 0 ne Z|rcon|u
m di chl oﬁngygﬁ%&y ‘%}is'cgt %@5’1}? li'f%ﬁ‘@f??@e‘ga e§Y ﬁ} h@;‘@ﬂmﬁﬁ%ﬁ?%&%‘b nyl -

1, 2- b] - t hicABMRARY mEtAoNi um di chl ori de and net hyl;

i sopropyl i denebi s- 6- (2, 5- di met hyl - 3- phenylcyclopentadlenyl [ 1, 2- b] -t hi ophen

e) zi r conidinethylsdandiytbisete(3-reatig/layetbpeptadienyl-[1,2-b}-phosphole)zirconivm ~ dichloride  and

i sopropylidenebis-6-[2,5-di net hyl - 3- ( 2- nethylphenyl)cyclopentadlenyl-[

1, 2-b]- tﬁFgghene]2|rcon|un1 di chl ori de and net hy

i sopropy Hln@@%ﬁin%yﬁni—@@ﬁsdﬂdﬁ?l@ﬁdpe&acﬁ%y 194 h@%&l@m | ueshRrephadi enyl
-[ 1,2-Db]- thiophéene]zirconiumdichloride ang l;

|sopropyMEﬁﬁneb|s 6-[ 2, 5- di net hyl - 3- nES|ternecycIopentadienyl-[

1,2-b]-thio r m dlchlorld met hyl;. . e

i sopr opy M@ﬁ@y@ (gBZPlII1 vioyriprepipgieny. B??e@ﬂsﬂheﬁ}’g%ﬁﬁ@ﬂlﬁl‘é‘ai efiFplofide  and

1, 2-Db] - tﬁk@ﬁhene)2|rcon|un1 di chl ori de and net hyl ;

|sopropyI|deneb|s 6- (2, 5-di et hyl - 3- phenylcyclopentadlenyl [1,2-b]-thiophene
) zi r coni dimeghiytshdndiylbibes-(2ebrdimethy1i3yrthenyloydpreotpgibnyiElRbii phodphdl@zifvodlirh s opr opy| -
phenyl cycl gpent adi enyl - [ 1, 2- b] -t hi ophene) zi rconi um di chl ori de and nethyl
isopropyﬁ?@gﬁgﬂ?gp%g%Q 5-di t er - butyl - 3- phenyl cycl opent adi enyl - [

1, 2- b] - t RInREHRIANE IbisCAPI sUhethyl-3-(2-methylphenyl)cyclopentadienyl-[1,2-b)-
phosphole]zirconivm dichloride and methyl;

dimethylsilandiylbis-6-[2,5-dimethyl-3-(2,4,6-trimethylphenyl)cyclopentadienyl-[1,2-b]-
phosphole]zirconium dichloride and methyl;
dimethylsilandiylbis-6-[2,5-dimethyl-3-mesitylenecyclopentadienyl-[ 1,2-b]-phosphole]zirconiim
dichloride and methyl;
dimethylsilandiylbis-6-(2,4,5-trimethyl-3-phenylcyclopentadienyl-[ 1,2-b]- phosphole)zirconium
dichloride and methyl;

dimethylsilandiylbis-6-(2,5-diethyl-3-phenylcyclopentadienyl-[ 1,2-b]-phosphole)zirconium
dichloride and methyl;

dimethylsilandiylbis-6~(2,5-diisopropyl-3-phenylcyclopentadienyl-[ 1,2-b]-phosphole)zirconium
dichloride and methyl;

dimethylsilandiylbis-6-(2,5- d1ter—buty1—3-phenylcyclopentadlenyl-[l ,2-b]-phosphole)zirconium
dichloride and methyl;



di chl orirde and net hyl ;

i sopropylidenebis-6-(2,5-ditrinmethylsilyl-3-phenyl cycl opent adge

1, 2-b]- t‘pjagptg‘g{ke) zirconium dichloride and nethyl; 8 SUNE 2004

i sopr opy!' A&HEBI%- 6- (3- met nyl cycl opent adi enyl -[ 1, 2- b] - sTFYHRYH* % oni um

di chloride and nethyl; isopropylidenebis-6-(3-isopropylcyclopentadienyl-]|
1,2-b]-silole)zirconiumdichloride and nethyl;

i sopropyl i denebi s- 6- ( 3- phenyl cycl opent adi enyl -[ 1, 2-b]-silole)zirconium
dichloride and nethyl; 9 8 JUNE 2004 WO 01/ 44318 PCTI EP00112406

| sopr opy |direinadilyss-@;5% dm8hyli3rtiydye8paptadiayl-Eiy s blogtenitatd)-e43 nefifl-£2- b] - si | ol e) z

i rconium di chl oride and . nethyl:
isopropyﬂﬁﬁ@ﬂ@@%®?§gﬁf?gg@%ﬁ%?%ppﬁ§¢(2-nethyIphenyl)cyclopentadienyl-[
sopr opyl HaR e ARG A e -1 5G0 i dhenyL(12-0} phospholezironi

met hy| phelitiilolidyend opteylf adi enyl -[ 1, 2-b] - si | ol e] zi r coni um di cbl ori de and
met h

. o _ :
i sE)p?/opyIlﬁoa@ﬁgﬁlF%eb@:Gf(Qj@ﬂHﬂ%PWWd@nMQ'Pb@H@E?WB‘B@H@@P@%ﬂdql@yg- b]-silo
| St opy HIHRA RS Cson BB TR dienyl-(12-b) Giopheneleionium, dictjorde  and

1, 2- b] - sintetidyl2) zi rconi um di chl ori de and nethyl ;
i sopropyl.idenebj s-6- (2, 5-di et hyl - 3- phen Ic&glopentadienyl-[1,2-b]-siIole)zi
rconi um dqoewpﬂ}qe%p@sér{é-phw{cmlpgentamenyl-[1, -b]-thiophene)zirconium dichloride and methy?;

i sopropyl. | - Srdld S | =3~ nyleyel opent adi.enyl - .. .. .
12 ] e BB R R AR UG T 5 PREAAEL R ictoric
i sopr opy lahdkaetedyi s- 6- (2, 5-di t er- butyl - 3- phenyl cycl opent adi enyl - |
1,2-b]-silole)zirconiumdichloride and nethyl; . o

i sopr opy PMoa@REisERebis-0((2, 5 slimpgtal Bridmeihyipheny Deyglopeniadipnhlé £ b éirpbrielevnphiug
1,2-b]- sital i jum dichloride and nethyl;
isopropy?%%@%@%ﬁgﬁﬁﬁ%B-nethyIcyclopentadienyl-[1,2-b]-telIurophene)zirconiu
m di chl ofisogepgiehebis®t[Rldimethyl-3-(2,4,6-trimethylphenybcyclopentadienyl-[1,2-b]-
|sopropylLdeneb[s-ﬁ-(S-lsopropylc%clopentadlenyI-[

1, 2- b] - t drenienskreriEdichloads andrigthedhl ori de and  net hyl ;

P Y dofiERAR R (3 s S ARGRLRMpEMMlerit 2 Phidy Rl RIS =1 oot U

m di chl ori de™an

i sopr opy ldictletidelahdméhl:2, 5- di net hyl - 3- phenyl cycl opent adi enyl -[ |, 2-b] -tel | urop

hene) zir ?S%Sriogﬁlldelg%)i(s:gl-(g,zj 5Ejtxel;mgt{l]ﬁ—?:r—ni[egy){cl;y;clopentadienyl-[ 1,2-b]-thiophene)zirconium
dichloride and methyl; |
isopropylidenebis-6-(2,5-diethyl-3-phenylcyclopentadienyl-[1,2-b]-thiophene)zirconium dichloride
and methyl;
isopropylidenebis-6-(2,5-diisopropyl-3-phenylcyclopentadienyl-{ 1,2-b}- thiophene)zirconiim
dichloride and methyl,
isopropylidenebis-6-(2,5-diter-butyl-3-phenylcyclopentadienyl-[ 1,2-b]-thiophene)zirconium
dichloride and methyl;
1sopropylidenebis-6-(2,5-ditrimethylsilyl-3-phenylcyclopentadienyl-[ 1,2-b]- thiophene)zirconium
dichloride and methyl,
isopropylidenebis-6-(3-methylcyclopentadienyl-[ 1,2-b]-silole)zirconium dichloride and methyl,
isopropylidenebis-6-(3-isopropylcyclopentadienyl-{ 1,2-b]-silole)zirconium dichloride and methyl;

isopropylidenebis-6-(3-phenylcyclopentadienyl-[1,2-b]-silole)zirconium dichloride and methyl;



i sopropyl i denebi s-6-[ 2, 5-di met hyl - 3- (2- met hyl phenyl ) cycl opent adi enyl - [
1,2-b]- tellurophene]zirconiumdichloride and nethyl; 8 JUNE 2004
isopropylidenebis-6-[2,5-dinethyI-S-(2,4,6-trinethylphenyl)cyclopentagienyl
-[1, 2- b] MONPF1/ 44318 8 JUNE 2004 PCTI EPOQ 12406 t el | RGTORAHIZi r coni um
di chl oride and nethyl; isopropylidenebis-6- [2, 5

-di net hyl - 3-nesi tyl enecycl opentadi enyl -[ 1, 2-b]-tel |l urophene] zirconitun

di chl ori de and net hyl ;

i sopropylidenebi s-6-(2,4,5-trinmethyl-3-phenyl cycl opentadi enyl-[1,2-b]-tellu
r ophene) zopropylideiBbis bl BLaahdia-33MehIBEIBYniadieny]-[1,2-b]-silole)zirconium dichloride and

i sopropyl i denebi s-6- (2, 5-di et hyl - 3- phenyl cycl opent adi enyl - [

1, 2- b] - t &ecthidy ophene) zi rconi um dichl oride and met hyl ;

by AT A LRI . Sk
I sopr opy icAsRRhEmeh{12, S- 1 i ter-butyl -3 -phenyl cycl opent adi enyl - [ '

1, 2-b] -tel | urophene)zirconium dichloride and nethyl;
i sopr opy soprepididinsbB-6([2,5 Slingkithyl-B -2 trhehighenB)cphiepeythdignod- Dbt adi enyl - |

1,2-b]-tel l urophen i r.conium dichloride and net hyl;
isopropyﬁ#’§W3§F§@§&§§@ﬁﬂﬁﬁVﬂ%9clopentadienyl-[l,z-b]-telIurophene)zirconiu

m di chl ol Racheb/RL[AY ldimethryl-3-mesityl lopentadienyl-[1,2-b]-silole]zirconium dichlori
isoprOpyfﬁggﬁgbi5-6-J§¥isé%?%p§?%$%?%%gﬁ?gﬁ}éﬁ§ﬂff1}%f%ﬂmm%ﬂ$%ﬁ%%%g%e)zirco
ni um di chidonitiyy and et hyl ; _ _ _
oD PR EP b g ey 5 pH R fopentadteng T2 £ ol contuns Gchonas - 0"
isopropy&&gﬁmﬁgis-6-(2,5-dinethyl-3-pheny|cyc|opentadienyl-[l,Z-b]-teIIurop
hene) zi rconi um di chl ori de and net hyl; _ _

i sopr opy lsbptepdidersbB-6[(2,5 Slicthytvd-phaplylcBel §rzntadiertyl [ Ifhelrsibly eipohiopelivhiatdeandy | - [

1, 2-b]- te%lprophene]zirconiun1dich|oride and et hyl ;

i sopr opyf gnebis-G-[Z,S-dinethyl-3-(2,4,6-trinethylphenyl)cycIOpentadienyI
-[ 1, 2- blopdyilatieaiRRen s lni LR 1ERA LAt ﬂez-.t Zireonium dichlori
isopropyli%eﬁébig-G-ﬁi,S-é?ﬁg?hy f%*ﬁ%ﬁ%ty?%ﬁgc cl 5@%?%%93%?FF?mmk

1, 2- b] - t eddmatiophene] zi rconi um di chl ori de and net hyl ;

[ Li hi s- 6- 4,5-tri hyl - 3- ph I I i | -]1,2-b]-tel
:zgﬁgggggbﬁgﬁly !Eﬂsiizpless~6g(%,5-dit65r-l}u¥}fll-g% e y&cyg)lopg)enteagi)c/ny(f-}/ﬁ}g -seilgi[e)%icli"clzo%i% [dichloridlg] tetlu

and methyl;

isopropylidenebis-6-(2,5-ditrimethylsilyl-3-phenylcyclopentadienyl-[ 1,2-b]- silole)zirconium
dichloride and methyl;
isopropylidenebis-6-(3-methylcyclopentadienyl-[1,2-b]-tellurophene)zirconium ~ dichloride  and
methyi;

isopropylidenebis-6-(3-isopropylcyclopentadienyl-[1,2-b]-tellurophene)zirconium ~ dichloride  and
methyl;

isopropylidénebis-6-(3—phenylcyclopentadienyl—[1,2—b]—tellurophene)zimomum dichloride  and
methyl;

isopropylidenebis-6~(2,5-dimethyl-3-phenylcyclopentadienyl-f1,2-b]- tellnrophene)zirconium
dichloride and methyl;
isopropylidenebis-6-[2,5-dimethyl-3-(2-methyiphenyl)cyclopentadienyl-[1,2-b]-
tellurophene]zirconium dichloride and methyl;

isopropylidencbis-6-[2,5-dimethyl-3-(2,4,6-trimethylphenyl)cyclopentadienyl-[ 1,2-b]-

10



di ehl orrde and nethyl; 11 8 JUNE 2004 WO 01/ 44318 PCT/ EPOQ 12406

i sopropyl i denebi s- 6- (2 5-di ethyl -3 -phenyl cycl opentadi enyl -[ g juNE 2004
1,2-b]-tg| ene)2|rcon|un1 di chl ori de and net hyl ;

|sopropyI|deneg|s 6- (2, 5-di i sopropyl - 3- phenyl cycl opent adt SHEA/}2406

1, 2-b] -tel l urophene)zirconium dichloride and nethyl;
isopropylidenebis-6-(2,5-diter-buty|-3-pheny|cyclopentadienyl-[

1, 2-b] -tel lurophene)zirconium dichloride and nethyl;

i sopropylidenebi s-6-(2,5-ditrinmethylsilyl-3- phenylcyclopentadlenyl [

1, 2-b] - téﬂmaﬂ@pﬁemeymndcﬁmnhamhdwumlor|de and nethyl

|sopropyI|de i S=6- ycl nta phasphol €),zi rconi um
di chl ori G&P% QP@% ﬁﬁs %ﬂéﬁ?ﬂsi %oge d(°§yl1 g@ﬁ?ﬂ %FS?‘PE}%? ldsammadi enyl - [
1, 2- b] - phRaBiRlagd Akth@oni um di chl oride and methyl ;
|sopropyI|deneb|s 6- ( 3- phenyl cycl opent adi enyl -[ 1, 2. b] - phosphol e) zi r coni um
di chl ori @gplam:hdn@biﬁﬁl-(,’l 4,5-trimethyl-3-phenylcyclopentadienyl-{ 1,2-b]- tellurophene)zirconium
i sopropyl.i & 2, 5-di net hyl - 3- phenylcyclopentadienyl [
1, 2-b] - pHE 8W§ §5?¢ oni um dichloride and nethy
|sopropy [ I 1L/ di enyl -

, 2-b] - l'pl)dﬁ(g)[gp olb%]bglﬁr %gﬁjﬁ%&%ﬁg lg Ic?ﬂéén%ﬁ%ﬂk’ ﬁ%ﬁl}&%&eﬁ%m%
|sopropyﬂmuenbbm$mﬁhﬂ2 5-di et hyl - 3- (2, 4, 6- tr|nethylphenyl)cyclopentadlenyl

-0 1,2-b% Hpﬁﬁég % Ieé2|rcon|un1d|chlor|de and neth
i sopr opy IPHEREFIebs-or( SmﬂwﬁﬁWh§Pm%ﬂﬁﬁ¥WFVW@ﬂ§b9éﬂﬂﬁéhﬁﬁmm@ﬁypmpn
1, 2- b] - phegphrkad Aldgoni um dichl oride and nethyl ;
i sopropyl i denebi s-6-(2, 4, 5-trinethyl - 3- phenylcyclopentadlenyl [
1,2-b]- phogpbbdida)ehls-tﬁe(@,ﬁidﬁm-buqmlpherylcgielolﬁﬂnddﬁﬁjliﬂyt—b] ~tellurophene)zirconium
|sopropy enebi -6-%2,5-diethyl-3-pheny|cyc|opentadienyl [
1, 2-b] - p F@f@g? oni um di chl ori de and net hyl
|sopropyk OPMer

“2h -ph?}%p A e SR T SRR i
|sopropyﬂmmenbbmhnﬁm02 5-diter-butyl-3- phenylcyclopentadlenyl [
1, 2-b] - phosgﬁ&lﬁéglrconl m dichlgride and neth
i sopr opy FPRIRREAFTEbis: ((%D’S feyqlonsaiadisny ki 4] t@“ﬁ?ﬂ’b‘?‘i‘?ﬁ’éﬁ@@%pe rficigridany | anfl
1, 2- b] - phegphol e) zi r coni um 12

isopropylidenebis-6-(3-isopropylcyclopentadienyl-[1,2-b]-tellurophene)zirconium ~ dichloride and
methyi,

isopropylidenebis-6-(3-phenylcyclopentadienyl-[1,2-b]-tellurophene)zirconium ~ dichloride  and
methyl; ‘
isopropylidenebis-6-(2,5-dimethyl-3-phenyleyclopentadienyl-{1,2-b]- tellurophene)zirconium
dichloride and methyl;
isopropylidenebis-6-[2,5-djmethyl-3—(2-methy1phenyl)cyclopentadienyl—[1,2—b]-
tellurophene]zirconium dichloride and methyl,
isopropylidenebis—6-[2,5-d1'methyl-3—(2,4,6-trimethylphenyl)cyclopentadienyl—[1,2-b]-
tellurophene]zirconium dichloride and methyl;
isopropylidenebis-6-{2,5-dimethyl-3-mesitylenecyclopentadieny}-[ 1,2-b]-tellurophene]zirconium
dichloride and methyl;

isopropylidenebis-6-(2,4,5-trimethyl-3 -phenylcyclopentadlenyl-[l ,2-b]-tellurophene)zirconium
dichloride and methyl;
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8 .JUNE.2004 WO 01/44318 PCT/ EPOO/ 12406 di chl ori de and net hyl;

di met hyl si | andi yl bi s- 5- (2- et hyl cycl opent adi enyl - [ c] - t hi opheng) giNE @a4™
dichlorigg and_ et hyl ;

di met hyl S1T4AE 1 bi s- 5- (2-i sopropyl cycl opent adi enyl - [ c] -RHESBHEAYMe) zi r coni u
m di chl ori de and net hyl ;

di met hyl si | andi yl bi s-5-(2-phenyl cycl opent adi enyl -[ c] -t hi ophene) zi rconi um

di chl ori de and net hyl ;

di et hyl si | andi yl bi s-5- (2, 4-di net hyl - cycl opent adi enyl -[ c] -t hi ophene) zi rcon
um di chl eoprdeylidengtbisibe@ Hydiethyl-3-phenylcyclopentadienyl-[1,2-b]-tellurophene)zirconium

di met hyl sj ) andi y| bi s-5-[ (2- met hyl phenyl ) - 4- net hyl cycl opent adi enyl -[c] -t hi op
hene]zirgﬁﬁﬁﬁﬁﬁégpéﬁﬂbride and net hyl :

di et hyl 'Igﬁqg i S B D=t ] NG ' -[c]-thiop
hene] zi r ?gﬂlz]i um géegfﬁ ﬁé??@ésgpgoﬁg] %%l]tieh IP;&‘idg\élﬁ?EH}E%}Mﬂl’zcQj %ﬁ%ﬁl&%@g}c&ﬂé&

di met hyl dichlevitiliayd tetsyl5- [ 2- nesi t yl ene- 4- et hyl cycl opent adi enyl -[ c] -t hi ophene
] zi rconi um di chl orj

d d nethyl ;
di met hy| SPPrapydict eBFé:e(%ﬁ%i%?rﬁnugﬂﬁé@aﬁwéfpfglppe@wmﬁéh%-ahte@ﬁgnheqeizjmqniwrbphene) zirc

oni um di 1 . met hyl ;
dinetbylg?#%%%?@*@ggﬂB-(2,4-dicer-butyl-cyclopentadienyl-[c]-thiophene)zirc
oni um di isb;brw}ilidﬁle'ﬁimd-(2,ﬂﬁitﬂilﬁéthylsilyl-i’»-phenylcyclopentadienyl—[1,2-b]-teliur0phene?zirconium

di met hyl sj | andi yl bi s-5-(2,4-ditrinethylsilyl-cyclopentadi enyl-[c]-thiophene
) zi rconi HvledERMLReEE: and et hyl ; _ _ _

g: gﬁlt QBr/: %gﬁrgé}gih&lngﬁh%(?&%yﬁ%ﬂpé&% (GRS AR zik SR ARRBARIS ALdygon um

di met hy| sbprapydidstiebis $-(3-sopropHORIBPM A IR dHbsERI)zikcdumP hasaplie) Zingconi um
di chl ori de_and net hyl;
dinethyl§F¢thiylbis-5-(2-pheny|cyclopentadienyl-[c]-phosphole)zirconium

di chl ori Nyl : o )

i ot byl o aAOELEE e phetevclooendion -2y pbempa PSR SOk AHRER 21 « coni
um di chl aoprog/lianebis-682, blimethyl-3-phenyleyclopentadienyl-[ 1,2-b]-phosphole)zirconium

di met hyl si | andi yl bi s-5-[ (2- et hyl phenyl ) - 4- net hyl cycl opent adi enyl - [ c] - phosp
hol e] zi r rideradmetlor i de and net hyl

dighie
dinethylEgkﬁﬁﬁggﬁﬁ%ﬁﬁ%?%égﬁéﬁg{%%%%ygg%gxgggﬁg%k%gﬁﬁngﬁntadienyli[c]-phosp

hol e] zirc
di met hy| shosgholizirtdaiugr dehlodide@ainieflygne- 4- met hyl cycl opent adi enyl - [ c] - phosphol e
]zirconiumdichloride and nmethyl; 13 8 JUNE 2004 WD 01/44318
PCT/ EPOOSaoRytidenebis-6-2,5-dimethyl-3-(24,6-trimethylphenylcyclopentadienyl-{1,2-b]-
dinethyI@kﬁﬁ@@%x&gﬁgfébﬁ&%ﬁ%mghk&gpropyI-cyclopentadienyI-[c]-phosphoIe)zirc
oni um di oride an ’

isopropylidenebis-6-[2,5-dimethyl-3-mesitylenecyclopentadienyl-[ 1,2-b]-phosphole]zirconium

dichloride and methyl;

isopropylidenebis-6-(2,4,5-trimethyl-3-phenylcyclopentadienyl-[ 1,2-b]-phosphole)zirconium

dichloride and methyl;

isopropylidenebis-6-(2,5-diethyl-3-phenylcyclopentadienyl-{ 1,2-b]-phosphole)zirconium dichloride

and methyl;

isopropylidenebis-6-(2,5-diisopropyl-3-phenylcyclopentadienyl-{ 1,2-b]- phosphole)zirconium

dichioride and methyl;

isopropylidenebis-6-(2,5-diter-butyl-3-phenylcyclopentadienyl-[ 1,2-b]-phosphole)zirconium

‘dichloride and methyl;

isopropylidenebis-6-(2,5-ditrimethylsilyl-3-phenyleyclopentadienyl-[ 1,2-b]-phosphole)zirconium
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met hyl ;» '

di met hyl si | andi yl bi s-5-(2,4-liter-butyl-cyclopentadienyl-[c]-ghasgedopyzi rc
O!’]I um di %({)915’4 gl% a.nd et hyl ) . . . C 00/12496

di met hyl siTandiyl bi s-5-(2,4-ditrinethylsilyl-cycl opent adi g@’l fé‘] - phosphol e
)zirconiumdichloride and nethyl; _

di met hyl si | andi yl bi s-5-(2-net hyl cycl opent adi enyl -[c]-tell urophene) zirconi um
di chl ori de and net hyl ;

di met hyl si | andi yl bi s- 5- (2-i sopropyl cycl opent adi enyl -[c]-tel | urophene)zircon
i um di chldmw_aadlm}?ﬂlﬁm hyl ; _ _ _
O SRl S R A US SRR B S b o B SPRERT) 2! T coni um
di met hy! sihanaintdalivie20(idppft iR adayIGhRe AR kithlorda hldtmpene) zi r co
ni um di chior T de and - net ) ;pgld’: il s?qﬁa]ndi‘%bi s-B-1( 2-met hyl phenyl ) - 4

met hy| cy clingteisiladiyiimng-Cipbénytoptlbpentagitnyhie]- thioplneizitomiud idchibrdileiackemetind, et hy| ;

di net hyl si | andi yl.bi.s-5-[2-(2, 4, 6-ttinmethyl phenyl)cycl opentadjenyl-[c]-tellu
r ophene] i’ﬂ’%@%ﬂ%’ﬂiyﬁb&ﬁ Sg@i‘ldié’ﬁgﬁﬁwpﬁﬁ%ﬁ[c -thiophené)zifeonium dichlonide and

di et hyl %;eh@pdi yl bi s-5-[ 2-nesi tyl ene-4-net hyl cycl opent adi enyl -[c]-tel | uroph
ene] zi rconi um di chl oride and nethyl;

di nmet hy| slicheghyilandiylbss-BHI-Dethylpliengd bp methylkcychopaltalpayitechiephghelfirednnine! | ur ophene) z
i rconi um dhg%or' de a}_nd met hyl ;
di met hy! & i@‘?‘S‘FtEYJS- (2,4-liter-butyl-cycl opentadienyl -[c]-tellurophene)z

i rconi umggy 1R #i28.7 ARt . o A [eth L
i et nyl S R e e e s g

- ( 2- met hyhd dethyihenyl i ndenyl ) zi r coni um di chl ori de and net hyl ;
]-telluroph

di et hyl si | andi yl bj s-5-(2,4-ditrimethylsilyl-cyclopentadienyl-[e
ene)zirc &m@wﬁﬁ%&‘wlbér% Eénes‘%ed‘eﬁ'é’[‘quc?’d%{“?é?”é hébﬂ@l’@nf]@mommn dlCLlOﬂde
met hyl cyglprani-adi enyl -[ c] -t hi ophene) zi rconi um di chl ori de and net hyl ;

met hyl enebi s- 5-"( 2-i sopr opyl cycl opent adi enyl -[ e] -t hi ophene) zi rconi um

di chl or i dancttythilandiyltbist5-(2,4rdiidpydpghebiopentadiedyi-[c]-thiophene)zirconium dichloride and

phenyl cycl opent adi enyl -[c] -tliiophene)zirconi umdichloride and nethyl; 14 8
JUNE 200" 01/ 44318 PCT/ EPO0O/ 12406

met hyl enﬁpﬁeafyéﬂ&alyﬁ@s

3

di chl ori de and et fg'-&glMﬂ_ﬁﬂ"%%@%@&yﬁwhﬂom&a%ﬂ%enﬁé}ﬁ&l{d& Onpm

met hyl enetethgl; 5- [ ( 2- mei hyl phenyl ) - 4- met hyl cycl opent adi enyl -[ c] -t hi ophene] zi r
coni um dichl o

ot ny ! endBreU bty P51 8ty emy ey Lick imbarEngim &t GBenc] 7i

coni um dizgfplor i de and
dimethylsilandiylbis-5-(2-methylcyclopentadienyl-[c]-phosphole)zirconium dichloride and methyl;
dimethylsilandiylbis-5-(2-isopropylcyclopentadienyl-[c]-phosphole)zirconium dichloride and methyl;
dimethylsilandiylbis-5-(2-phenylcyclopentadienyl-[c]-phosphole)zirconium dichloride and methyl;
dimethylsilandiylbis-5-(2,4-dimethyl-cyclopentadienyl-[c]-phosphole)zirconium dichloride and
methyl,
dimethylsilandiylbis-5-[(2-methylphenyl)-4-methylcyclopentadienyl-[c]- phosphole]zirconitm
dichloride and methyl;
dimethylsilandiylbis-5-[2-(2,4,6-trimethylphenyl)cyclopentadienyl-[c}-phosphole]zirconium
dichloride and methyl;
dimethylsilandiylbis-5-[2-mesitylene-4-methylcyclopentadienyl-[c]- phosphole]zirconium dichloride
and methyl; '
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met hyl ;

nmet hyl ehebl s-5-[2-nesi tyl ene-4-net hyl cycl opent adi enyl - [ c] - t hi gpjifgelpiguconi
umdichlqride and nethyl;

rnsthylengigf’g”i‘o"3 9, 4- dllsopropyl cycl opent adi enyl - [ c] - t hi BpHEMWEY#AP4 coni um

di chl ori de and nethyl
nethylenebis-5-(2,4-diter-buty|-cyclopentadienyI-[c]-thiophene)zirconium

di chl ori de and net hyl ;

met hyl enebi s-5-(2,4-ditrinmethylsilyl-cycl opentadienyl-[c]-thiophene)zircon
um di chl climeleylsimatiyitgd-Sr(A 4-diisopropyl-cyclopentadienyl-[c}-phosphole)zirconium dichloride and
nethylen§$|§15 (2-met hyl cycl opent adi enyl -[ c] - phosphol €) zi rconi um di chl ori de
and neth

Y e " Shhan s R AOPIOPHRHR QA ARERY [ bRkARIRRARS) SRR Vi

net hyl enelsstgk 5- ( 2- phenylcyclopentadlenyl [ c] - phosphol €) zi rconi um di chl ori de
and mnet hyl ;

met hy| endfneisilmdiyibisei-GdrdifymetbyleiybpyskpamttiensHicphosphshniaisproime Jdichloridsosridum

dICh|OrIQ§ﬂ§ pd et hyl ;
met hyl enebi's-5- [ ( 2- nethylphenyl) 4- met hyl cycl opent adi enyl - [ c] - phosphol e] zi r
coniumd Idﬁi‘iﬂﬂgﬂsﬂﬂﬁyﬂﬁbﬁﬁ-(ZHﬁlﬂldyclopentad;ienyl—[cF tellurophene)zirconium dichloride and methyl;
et hyl enebi s-5 4, 6-trinmethyl pheny chclopentadlenyl [c]- phosphole]2|r
coni um d,%mﬂyﬂqlg@y (Zﬂﬁzpwyylcyclopentadxenyl- cl-tellurophene)zirconium ~ dichloride  and
met hyl enelj: gTS [ 2- mesi tyl ene- 4- nethylcyclopentadlenyl [ c] - phosphol e] zi rcon
um di chl oridé and nethyl;
(rjret mfl engbmryﬁd ﬂa(nastyhﬁb LIRBHRPIbAUGHY PRI AT BB AL PR RRO LR, £ONi UM
ichloride and ne
net hyl en @H’%‘ly@ﬂ{r@yﬂ?lscﬁ @drdinefhyHeydspentertirnt b bmypherelrjreqnhiosdithbindd aidr coni um
dichloride ?pd met hyl ;
met h. ylene §-5-(2, 4- dltrlnethyIS|IyI cycl opent adi enyl - [ c] - phosphol e) zi rcon
iumdic hldﬁmidthjreﬂ:ﬂ]ﬁ@lblsfﬁ(ﬂﬂm&hylphenyl)-dl-meﬂlylcyclopentadlenyl [c]-tellurophene]zirconium
nmet hyl enebj s-5 (2--nethy|cyc|opentad|enyI [c]-tellurophene)zirconi um
di chl ori
3?2 m/lorengﬁegfﬁlgﬂ%rlé@ﬁéﬁp[ﬁfzﬂhﬁb%em%p% cyc opgntadge ;'I [E]etlel.llulfgpﬁgle le;"]c% %r}nr contum
nethylendhﬂ&mﬁa@ﬁmaﬁmylcyclopentadienyl [c]-tellurophene)zirconi um
di chloride and_neth

met hyl enémegwéﬂaelélylbmér[%@zeﬁwwwemeéw@mlwnml [k felluresthenglzisphvemedichlaridoni um

dICh|OrIg§hﬁﬂ@ et hyl ;
nmet hyl enebi s- 3[(2-nethy|phenyl)-4-nethy|cyclopentadienyl [c]-tel | urophene]

zi r coni uﬁn&ﬂghilﬁhﬂ:iyﬂie-ﬂ(ﬁ A8liishdpy 2 0dp M@diddy/i-f4-liBrofieh ) BROGIN AtRGiR Atk Met hyl ;
nethylenebls 5-12-(2, 4, 6- tr|nethylphenyl)cyclopentadlenyl [c]- teIIurophene]
zi r coni uFE®Yichl ori de’ and met hyl ;

et hyl en@ﬁ}e&yﬁ%&l&gﬂg%‘ %ldﬁé}eoutﬁ-cyciopg e%lyflc{aet)g]ﬁurophgn%%réog'n% tcgc!hlogéeo parﬂg nejzirc

oniumdic
met hyl enathd: 5- ( 2, 4- dllsopropyl cycl opent adi enyl -[c] -tel | urophene) zi r coni um
di chl ori de and_net

nethylen@HF%WBQ@Q{%Z%@F@WL%@@D¢m@@@ﬂﬁﬁéﬂhamh%ﬁbLﬁﬁmﬁhﬂéwIurophene)zirconium
di chlori ﬂﬁnﬁﬂ&{en%%hﬁn dichloride and methyl;
dimethylsilandiylbis-5-(2,4-ditrimethylsilyl-cyclopentadienyl-[c]-tellurophene)zirconium ~ dichloride
and methyl;
methylenebis-5-(2-methylcyclopentadienyl-[c]-thiophene)zirconium dichloride and methyl;
methylenebis-5~(2-isopropylcyclopentadienyl-{c]-thiophene)zitconium dichloride and methyl;
methylenebis-5-(2-phenylcyclopentadienyl-[c]-thiophene)zirconium dichloride and methyl;
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di.nmet hyl si l yl -5- (2, 4-di net hyl - cycl opent adi enyl -[c]-tell urophene)-1-(2-nethy
| -4 phenyl i ndenyl) zirconiumdichl oride and net hyl ; JUNE 2004

met hyl enebi s-5-(2, 4-ditrinmethylsilyl- cyclopentadlenyl [%J teIPuro ene) zirc
oni um di I Y% and  net hyl ; CT/EP00/1240

di met hyl si | andi yl bi s-4-(cycl opent adi enyl -[ 2, 1- b] -t hi ophene) zi r coni um

di chl ori de and net hyl ;

di et hyl si | andi yl bi s-4-(2- et hyl cycl opent adi enyl -[ 2, 1-b] -t hi ophene) zi rconi u
m di chl ori de and net hyl ;
dinethylskmahdﬁyibﬂﬁ#@a&ﬁﬂ&yﬂﬁﬁﬂﬁhy@ty@mmmmmamﬁmmmm&dﬂhﬂeﬁﬁ:ﬁﬂ@mphene)zirc
oni um di chl o

di met hy| Sy H? r%ﬁ??sm&thrlzhﬂsyl}ﬁ*f@%kme@%%b[@hﬂ?ﬁﬁhﬁ‘éﬂi}a@mﬂ@cslpﬂ@q af ophene)
zi rconi umeglichl ori de and et hyl ;

dlnethyIS|Iand|be|s 4- (2, 5- dlter-butylcyclopentadlenyl [ 2, 1- b] -t hi ophene) z
i r coni umnatthglehebisk- W2 -(2A@-trim@hiyhenyl)cyclopentadienyl-[c]-thiophene]zirconium dichloride and

di et hyl si | andi yl bi s-4-(2,5-ditrimethylsilylcycl opentadienyl-[2,1-b]-thioph
ene) zi r c8m di chl ori de and nethyl

di met hyl (25 I t hi,ophene) - 1-
(2" et by Fiebtenchit oAb A G 2RI U B P s diniil
dinethylsmmgndlylbls 4- (cyclopentadlenyl [2,1-b]- teIIurophene)2|rconium

di chloride and neth

di net hyl memahmwsr%@# dtwquom%@wlﬂp@meaﬂdﬁ}mp@n@mmmldlsl}lorzde erdmeishiene) zi r co
ni um di cl.

dlnethyIS|ﬁgj§§V$%€%- %@Xg{ﬁdﬂgPﬁmﬁgfgﬂﬂmohIlE?%%ﬁﬁnﬁﬁyQTkﬁrdPE¥Wbrophene)z

i rconi ur methyleiidbizrs-d@-dtidlethyIBk ylclopentadienyl-[c]-thiophene)zirconium dlchlonde and methyl;
di met hyl si | andi yl bi s-4-(2,5-diiso rop | cycl opent adi enyl -[ 2, 1-b] - tel ['ur ophen
e) zi r confgHYianeH oRirershyicgelgpegieign oswglemqmmmclﬂn@w E;d@@ﬁnyimoe and

SR s s sk
di ne. et hyﬂemylemdwy(aqjh&yfbyﬂapeﬁtamﬁy[ [cchhdayﬁofeuzluydzﬁmcdll@mﬁlﬂé AR - [2 1-b]-tell
ur ophene) zi rconium dichlorid

di net hy| dethxlsestiprs-@ 4(@@&%@%%@%%9@@@%@@ anfd methyl;

rothyl - PRGN ERA e PR AN L SR B PR

1, 2- b] thbmﬂhene)(3 ter- butylcyclopentadienyl)zirconlun1d|chloride and

met hyl . di et hyl si | andi yl - 32 5- di neth henyl cycl opent adi enyl -
1,2-b] -t Aty @)5 Z- (% Q,ﬁﬁ@pqﬁw pllgnyl)cycIOpenta enyl— [c]pphosphole zircontum dichloride and

methyl;

methylenebis-5-[2-mesitylene-4-methylcyclopentadienyl-[c]-phosphole]zirconium dichloride and
methyl;

methylenebis-5-(2,4-diisopropyl-cyclopentadienyl-[c]-phosphole)zirconium dichloride and methyl;
methylenebis-5-(2,4-diter-butyl-cyclopentadienyl-{c]-phosphole)zirconium dichloride and methyl;
methylenebis-5-(2,4-ditrimethylsilyl-cyclopentadienyl-[c]-phosphole)zirconium ~ dichloride  and
methyl,

methylenebis-5-(2-methylcyclopentadienyl-[c]-tellurophene)zirconium dichloride and methyl;
methylenebis-5-(2-isopropylcyclopentadienyl-[c]-tellurophene)zirconium dichloride and methyl;
methylenebis-5-(2-phenylcyclopentadienyl-{c]-tellurophene)zirconium dichloride and methyl;
methylenebis-5-(2,4-dimethyl-cyclopentadienyl-[c]- tellurophene)zirconium dichloride and methyl;
methylenebis-5-[(2-methylphenyl)-4-methylcyclopentadienyl-{c]- tellurophene]zirconium dichloride
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phenyl i ndenyl') zi rconi um di chl ori de and met hyl;

di net hyI sil andi yl - 6- (2, 5-di net hyl - 3- phenyl cycl opent adi enyl - [ 8JUNE 2004

1, 2-b] -t hi ophene) - 1- (benzoi ndenyl ) zi rconi um di chl ori de and net

di net hyl YUAEWI - 6- (2, 5-di met hyl - 3 AT eravizie

phenyl cycl opent adi enyl -[ 1, 2-b] -si | ol e) - 1- ( 2- net hyl -

phenyl i ndenyl ) zi rconi um di chl ori de and net hyl ;

di met hyl si | andi yl - 6- (2, 5- di net hyl - 3- phenyl cycl opent adi enyl - [
1,2-b]-silole)-1- (benzoi ndenyl)zirconiumdichloride and nethyl;

di met hy| and magiLy| - 6- (2,5-dinethy| 3- phenyl cycl opent adi enyl - [

1, 2-b]- teIIurophenz)-l-(Z-nEt | - 4- phenyl i nden I)Z|rcon|un1d|chlor|de and
net hyl ; me%m‘sbrsa i Adbyimeghylphenyligylene eryl-[si!r wpRleqlaseradicierde - [ | |

b] - thiop (2 met hyl - 4- phenyl i ndenyl ) zirconi um di chl ori de and nethyl;
di met hyl s - 6- (2, 5-di net hyl - 3- phenyl cycl opent adi enyl -[ 1, 2-b] -
silole)- ine(hg}emtswuz-rﬂesiméienmhéﬂmtgaw)anzaare@m&]um@bnehé]ﬁfdoﬂan ARBlofRERY | ;

di et hyl si | andi yl - 6- (2, 5-di net hyl -3 - phenyl cycl opent adi enyl - |

1, 2- b] - t &twl ophene) - 1- (2- met hyl - 4- phenyl i ndenyl ) zi r coni um di chl ori de and
met hyl ; e i

di nmet hyI S|efhé{leae ﬁs g¢%5‘§’r((§)yﬁ@fc}%’fn%heﬁ%ln@ teﬂ p(})l%néc‘- adi mé“nc%hlop‘_j[e ?d Br]ethﬁ]hosphol e
)-1-(2- ”ﬁfehlylenﬁs- awiet-ﬂﬂﬁ&y&lbpvehﬁmem ]Qéﬂﬁﬂ%bl&hé)ﬁ@oﬁﬁ}ﬂ dWbAR bnd methyl;

di . met hyl si | andi yl - 6- 5-di net hyl - en Icyclopentadlenyl [1, 2b] ‘phosphol
e)-1- (bé@?ﬁwlsmdér@ﬁjdwqt@bmcmwdﬁd@nﬂdﬂrtalélr@mgneh-ét(hmethylw JUNE 2004 WO

01/ 44318 50323%3406 c -

dinethyl T%?QtQP ?hl?ﬂggclopentadienyl [ c]-thiophene)-1-(2-neth

yl - 4- phﬁi&ﬂl&hﬁ&%@@)ﬁl?{hﬁ]ﬁ 1 cRiéreidiesR-[AneufBhdizicconium  dichloride  and
di met hyl si |l andi yl - 5- (2, 4@%?%2%%; ?cyc g%éﬁtaéﬁ%nyl [ c] - phosphol e)-1-(2-meth

yl - 4- phéﬁ?ﬂindenyl)2|rconlunldlchlorlde and net hyl ;

d hyl si | d h h
et S O P USRS s Dhaplgpe) - - (2 et
dI net hyl ahﬁea@ﬁﬂaﬁuryﬁns(ﬂ(,zélnmym@a A mtﬁdpmﬁe%im&rﬁh abisiabgldeetit; ( 2- met h

yl -4- phenyl i ndenyl ) zirconi um di chl ori de and net
d|nethyl§m#ﬂwhﬂ%ﬁwgm%%@ﬁfbﬁﬁhﬂ%&km%W@R@ﬂé%ihhﬁ@ﬁ?ﬁ@?ﬁ?mwhosbhbnéa ad( benzoi
ndenyl)zhk%ﬂnlun1 di chl ori de and net hyl ;

di met hyl si hdiyl-4-(2,5-ditrirnethy!siIy!cyclopentadienyl-[z,l-b]-telIurop
hene) - | dinfelryRBiniipibisdt- (2P0ERYropyic e ahthdiei- Rt thieghe@MkcdRinh Wilchloride and

methyl; _

dimethylsilandiylbis-4-(2,5-diter-butyleyclopentadienyl-{2,1-b]-thiophene)zirconium  dichloride and

methyl,

dimethylsilandiylbis-4-(2,5-ditrumethylsilylcyclopentadienyl-[2,1-b]-thiophene)zirconium  dichloride
and methyl;

dimethylsityl-4~(2,5-ditrimethylsityleyclopentadienyl-[2,1-b]-thiophene)- 1-(2-methyl-4-
phenyl)zirconium dichloride and methyl,
dimethylsilandiylbis-4-(cyclopentadienyl-[2,1-b]-tellurophene)zirconium dichloride and methyl;
dimethylsilandiylbis-4-(2-methylcyclopentadienyl-[2, 1-b]-tellurophene)zirconium ~ dichloride  and
methyl;

dimethylsilandiyibis-4-(2,5-dimethylcyclopentadienyl-[2,1-b]-tellurophene)zirconium  dichloride and
methyl;

dimethylsilandiylbis-4-(2,5-diisopropylcyclopentadienyl-[2,1-b]-tellurophene)zirconium ~ dichloride
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An interesting class of netall ocene conmpounds according to the present
}nven]tion is that of formula I(kll) wherein bo]'Eh Ybiand Z are a gomﬂgzgl

ormul a is a QC20-al kyl group, preferably a roup, I't2 is
hydrogen%‘l#al/44 di ff erent from hydrogen, B and D are carg%ﬁn%?%%ﬁ Ais an
el ement of the group 16 of the Periodic Table of the El enents (new 1UPAC
version), preferably sulfur, inis O, nand s are 1. Preferably 1 is a

C6- C20-aryl group, such as a phenyl group or a naphthyl group, or a

C7- C20- al kyl aryl group wherein the al kyl group is ortho-substituted to the
aryI sub&hﬂﬂu@nt such as an ortho-net hyl phenyl group or the aryl group is

7 o i L e S BBl  of elSRHeBRETY | aefghey 200

of net al Locs according to the invention the ring that conprises the

het eroat om contains a doubl e bond and thus has an aromatic character. Non
| i mi ti ng deethyisilandiyibis-4s@jSdlitdhetbdsilglcpclopentadienyl-[2,1-b]-tellurophene)zirconium dichloride
d|nethylsngB%@%ylbis-6-(2,5-dinethyl-3-pheny|cyclopentadienyl-[

1, 2-b] -t A e) zirconium dichloride

i 1ot 1 Sl BB e O R oG RRART] 28] Bdphenba.2- b -t hi ophene)

zirconium di ¢hl orrde an

di met hy| siethgingtoptritiden)zirdniediichietideyand Srethid; - met hyl phenyl cycl opent adi enyl - [
1, 2-b]- th|0ﬁ@one] zi rconium dichl orjde. 18 8 JUNE 2004 WO 01/44318
PCTI EPOOd‘PE’ ttlanHiyt-réno- ﬁareﬂirla;r@wlara\?a?rrﬂ&&éﬂﬁy B iophere)3rist-al | ocenes

accordi ng, ﬁﬂ& jpjose wherein both Y and Z are a
noi ety o ﬁ%ﬁl Eirg h@%ﬁﬁ%ﬁ%ggroup, R is a hydrogen atom e is
differenﬁmhmMmMmmﬂoﬂEﬁmmMmmdﬁmmﬁqmgm@mﬂﬁpﬂqazo}&ﬁﬁmdwpLaxsmmwep

i sopropyl i denebi s-6- ( 4- meehyl cycl opent adi enyl -1, 2-b] - t hi ophene) zi r coni um
d|chIor|d@:&W&ﬂﬂﬁ%ﬁﬂwndNMMﬂEMﬂnwm

| SOP" OPY L8R iy . (A AR LMY ARGRLAHI Y b bpfenc- -

b] -t hi ophenejzirc nrum

|sopropyhmd&mﬁhmﬁaﬁmmﬁnﬂ@m@ﬁmwkhyﬂ@opentadrenyI [ 1, 2-b] -t hi ophene) zi rconi um
d|chIor|de and neth sopropylldenebls & %hen IcIopentadlenyI [

1, 2- b] - t HiosH¥ -Cohiimeihak blicerialepeadicrit hy pl-silole)-1-(2-methyi-4-

npthylen ga%émﬂﬁﬁﬁ¥&&M%HQBﬁ%kﬁgie”yl [ 1, 2- b] -t hi ophene) zi r coni um

drchlorr e an
nethylendmmﬂwﬁﬂﬁﬂwlsaﬂrmpymgubﬂmmﬂ@thﬂMﬁﬁyhﬂﬂlzB}bk*ﬁm4ophene)zrrconlum

di chl ori

e an thyl; .
nethylengﬁﬂ§m€@%§mF%Wﬁ%@9W¥§EPEB@ﬂWBdienyI-[l 2-b] - t hi ophene) zi r coni um

di chl ori de,aRdidrRg -&25- ethyl3-phenyloycl, 1[1,2-b]-tellurpphene)-1-(2-
nmet hyl enebleg&G (4 ?Jrﬁ e?iygr%)?e fle%y tﬂ feolf)r r?lé zr(r(I:Igrtr}f 111?1—1

dlchlor|dhmﬁmﬂmmﬁ@hmhm:aﬂmxﬂmmﬂhﬂﬂwbart|cular advantageous cl ass of
nmet al | ocene conp g d accord to the present _invention corresponds to

formul a CaMety henylgyslogentadicayly &) Wh@rﬂa Hpethiyds 2 and

phenyhndenyl)nmommn dichloride and methyl;
dimethylsilandiyl-6-(2,5-dimethyl-3-phenylcyclopentadienyl-{1,2-b]-silole)-1-(2-methyl-4-
phenylindenyl)zirconium dichloride and methy;

dimethylsilandiyl-6~(2,5-dimethyi-3-phenylcyclopentadienyl-[ 1,2-b]-tellurophene)-1-(2-methyl-4-
phenylindenyl)zirconium dichloride and methyl;
dimethylsilandiyl-6-(2,5-dimethyl-3-phenylcyclopentadienyl-[1,2-b]-phosphole)-1-(2-methyl-4-
phenylindenyl)zirconium dichloride and methy};
dimethylsilandiyl-6-(2,5-dimethyl-3-phenylcyclopentadienyl-[ 1,2-b]- phOSphole) 1-
(benzomdenyl)zrrcommn dichloride and methyl;
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R5 is not hydrogen. Non limting exanples of said class are:

di met hyl si I andi yl bi s-6-(1, 1, 2, 5-tetranet hyl -3 - phenyl cycl opengagjige ook
1, 2-b] s%&é&i# rconium dichloride and nethyl;

di met hy! 17 &4 bis-6-(1, 1,2, 5 tetranethyl -3
phenyl cycl opent adi enyl -[1, 2-b] - cycl opent adi en) zi rconi um di chl ori de. and

met hyl ; i sopropylidenebis-6-(1,1,2,5-tetranethyl -3phenyl cycl opent adi enyl - [
1,2-b]- silole)zirconium dichloride and nethyl;

i sopropylidenebis-6-(1,1, 2,5-tetranet hyl - 3- phenyl cycl opent adi enyl -[ 1, 2-Db] -
cycl opentdauttlgts)iaridiyt-612, 4+dnretthghlycppaiadiamd-attidbphkne)-Ad¢2-arcthyhd t o anot her aspect
of the present invention it is provided a class of ligands of formula (V):
Y LU (V)pﬁe“Z di*yﬁémﬁwa anfneivkba4318 PCT/ EPOO/ 12406 wherein Y is a
moi ety Ofgih PLAHARIN-YYD 4-sMREY E BioRniafienyl- B phffnotdfA - 0BneaBg 4D 0. in and s are
defined as dg?gri b)ﬁed(ébove gng ?’%& ri rygfg?o%?a?ﬁi n(g%ﬂ%é and D can have
doubl e behaslindenyBrycorddm tikidorab bredmshyhosi t i ons, having an aromatic

character; %[ld/_ or_its double bond iso is selected froma noiety of

mers ; Z' 1S
formul a @rghyisiandi-oid-hdimsthuksycigpentadipnick tiqabene)-1€2-mgiyl4-and/ or its doubl e
bond i songLSH, ; -“”E%:]ﬂ'&}@ .defined as described above; when Z' is
equal torpg@'n? A m}ag?]% I'n pg%n &Ed’ can be the sane or different from each
ot her; I|dimeshydsilatidighb€p-dibkihdiggclagentdibnyiig phdspde)- IR ehetlivdal y Z' is equal to
Y; R is a C-CQalkyl group, preferably a nethyl group, RZ is hydrogen,
R3 is di PhawirenyDaeiw de andgnefiyl D are carbon atons, A is an el enent of
the groupy1&, ahﬂqz_ . 1 08l «C t h nt n: };P%% version),
preferably SLﬁS Flur, |5Sf?gﬂngﬂs(ﬁcy%iﬁl%ll@dlgé%w%h(%hﬁgelg)gl r @fﬂ{ez? a%glr%'/l 18y
Q C20- ar yiichigtidewpd meti@gh as a phenyl group or a naphthyl group, or a
C7- C20- al kyl aryl gr oui) wherein the al kyl }Er oup i s ortho-substituted or orto
and met a-d&ipisstlangpbt (4 pdicimsthykitxjeyclopastegiealrEliOl- tellysephens -4 142-methyl-4-

ort ho- m%ﬁéﬁkﬂﬁ@&ﬂdm&&%ﬂiﬁe&ﬁn?&n%l. met hyl phenyl group. Preferably R4

An interesting class of metallocene compounds according to the present invention is that of formula

PCT/EP00/12406

(I) wherein both Y and Z are a moiety of formula (I), R is a G-Cag-alkyl group, preferably a
methyl group, ¥ is hydrogen, R is different from hydrogen, B and D are carbon atoms, A is an
element of the group 16 of the Periodic Table of the Elements (new IUPAC version), preferably
sulfur, m is 0, n and s are 1. Preferably R is a G-Cy-aryl group, such as a phenyl group or a
naphthyl group, or a G;-Cyp-alkylaryl group wherein the alkyl group is ortho-substituted to the aryl
substituent, such as an ortho-methylphenyl group or the aryl group is a 2, 4 disubstituted phenyl
group such as 2,4-dimethyl-phenyl. Preferably K is different from hydrogen. Preferably R is a
hydrogen.

In this class of metallocenes according to the invention the ring that comprises the heteroatom
contains a double bond and thus has an aromatic character.

Non limiting examples of said class are:
dimethylsilandiylbis-6~(2,5-dimethyl-3-phenylcyclopentadienyl-[ 1,2-b]-thiophene) zirconium
dichloride,

dimethylsilandiylbis-6-(3,5-dimethyl-cyclopentadienyl-[ 1,2-b]-thiophene) zirconium dichloride and
dimethylsilandiylbis-6-{2,5-dimethyl-3-(2’-methylphenylcyclopentadienyl-[1,2-b]-thiophene]

zirconium dichloride.
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is, different fromhydrogen. Preferably R5 is a hydrogen. Wen Z i's
different fromY it is preferred a noiety of formula (VI[): éﬁqégmﬁ42004
WO 01/ 44318 PCT/EPCE¥12406 Rig (VII'l) R13 and/or its double b i soners
wherei n ROV 13 R14, R15 and R16 are defined as ab‘?ﬁ/TéEP“”’I\HHG limting
exanpl es of said class are: dinmethyl bis-6-(3-nmethyl cycl opentadi enyl -[

1, 2-b] -t hi ophene) si |l ane; di nxet hyl bi s-6-(3-isopropyl cycl opent adi enyl -

1, 2-b] -t hi ophene) si | ane; di met hyl bi s- 6- (3- phenyl cycl opent adi enyl - [

1, 2- b] -t hi ophene) si | ane;

di met hyl Bingthé ffaicbladadveritdpgbus Spkesfhaallotsapentading twythe present invention are those

1, 2-b]- th| ne).sil ane;
di met hy! B @ebf’%* Bangi 2t mipeicy.of ormle (D b Kerfi(R O erospdh duaidngen pom, B

1,2-b]-th

dlnethylbls 6- i%lgﬁ%ﬁﬁgthyl 3-(2,4,6-trinethyl phenyl)cycl opent adi enyl - [

1, 2- b] - t Noa fitiéting kx:Sipled BRsaid class are:

dlnethylbls 6-[ 2, 5-di net hyl - 3- n93|tylenec%clopentadlenyl [1, 2-b] -t hi ophene]

silane; IOPREYIGICHisO: (él’éeﬂ‘YlP)’ElDI?efl’iaﬁ*ﬁﬁtl'lﬁW-b thiopheng)zirconium dichloride and methyl;

phﬁg%llh;%/g% g g”dgz%?%gi\l@ﬂ%éfo%gg%% lellit cﬁ&hrggzab i gﬁ:ri'-%n l)lzlncontum dichloride  and
1, 2-b] - thmmmhene)3|lane

di met hyl bi s-6- (2, 5- d||sog yl-3-p henylcyclopentadlenyl
1,2-b] -t hﬁOﬁrﬁﬂﬂﬁ@l}eg}&fﬁa@ré@r utylcyc10pentad1eny f1,2-b]-thiophene)zirconium dichloride and methyl;

di net hyl t adi 2-.b h
Si1ane Mo sBkedd el AU RESI RIS e andlen Ly
1, 2-b]- tIﬁleﬂﬁ)l&ﬁéb&)&(éil-lﬁétﬁylcyclopentadlenyl-[1 2- il ﬂnophene)zxrcommn dichloride and methyl;
dlnethylbls En‘%ngﬁrnethylcyclopentadlen 2-b]-silole)sil ane;

di met hy| Biedy -G-Soisprstylcys)erenipdipryibl. %h}ytimyheae)@rc@?mn élpmwde)lm Thefin:;

g: g% E;: eﬁ“’% %b%@{hﬁ@%h%% ngta%ean@ﬁ t{nl 1e eg%rooml '8'1&3{1%' L Sy,

si | ol e) sinle@9Rnebis-6- (4-phenylclopentad1enyl-[1 2-b}- tluo;?]hene)ﬂrcomum dichloride and methyl.
di met hyl bi s-6-[2, 5-di met hyl -3-(2 nethylp enyl ) cycl opent adi enyl -
1, 2-b] - siY| ebp.raﬂser |paw§ular advantageous class of metallocene compound according to the present

g' ge':)]hy!s 91\’51?@11 L:&Te?poqhsmg tt‘g]r%ufa%l) gv%erem %o{th" m ax¥:| %o?ert]y oi) fC Xnullaoﬁﬁ nx% ?sdi ﬁyl
di met hyl BP 86t Hyadwpendi net hyl - 3- nesi t yl enecycl opent adi enyl - [
1,2-b]-silole)silane;
d|nethylB@%h@mP%eﬁmEk%Pﬂ%@ﬁyﬁﬂ@-phenylcyclOpentadlenyl [ 1,2-b]-

i' |20 lb]e )s 'dln‘%ﬂ&ls lanQ{yEB% (l)r% ]bi $ te@an(xe%hy? 3 %hgntyp&clopenkpidlg h?ZY‘t%l s‘ﬁae)%cadl gnyl -
dinethylHkﬂmﬁh@ﬁﬂﬁhﬁMﬁopropyl 3- phenyl cycl opent adi enyl - [

1, 2-b]- S|Iole?S|Iane 21 8 JUNE 2004
dimethylsilandiylbis-6-(1,1,2,5-tetramethyl-3-phenylcyclopentadienyl-[ 1,2-b]-

cyclopentadien)zirconivm dichloride and methyl;
isopropylidenebis-6-(1,1,2,5-tetramethyl-3-phenylcyclopentadienyl-[ 1,2-b]- silole)zirconium
dichloride and methyl;
isopropylidenebis-6-(1,1,2,5-tetramethyl-3-phenylcyclopentadienyl-{1,2-b]-
cyclopentadien)zirconium dichloride and methyl;

According to another aspect of the present invention it is provided a class of ligands of formuta (V).

L )
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WO 01/,44318 PCT/ EP00/ 12406 di met hyl bi s-6- (2, 5-diter-butyl -3

- phenyl cycl opentadienyl -[ 1, 2 b]- silole)silane; 8 JUNE 2004
di met hyl si | yl - 6- (2, 5-di net hyl - 3- phenyl cycl opent adi enyl - 1, 2-b] -
si | ol e) - MQD4¥Bhy| - 4- phenyl i ndenyl )sil ane; CT/EP00/12406

di met hyl bi s-6-(2,5-ditrinethylsilyl-3-phenyl cycl opentadi enyl-[ 1, 2b]-
silole)silane; dinethylbis-6-(3-nethylcycl opentadi enyl -]

1, 2-b]-tellurophene)silane; dinethyl bi s-6-(3-isopropyl cycl opent adi enyl - [

1, 2-b]-tel lurophene)silane; dinethyl bis-6-(3-phenyl cycl opent adi enyl - [

1, 2- b] - t elhbsin G enaiay birogiula (VI):

di met hyl bi s-6- (2, 5-di net hyl - 3- phenyl cycl opent adi enyl -[ 1, 2-b] -t el | urophene)s
il ane; di methyl bi s-6-[2, 5-di net@ys 3- (2- met hyl phenyl ) cycl opent adi enyl - [

1, 2-b] -tel |l urophene] silaqf; ' R2
dinethylbis-6-[2,5-dinetﬂ&)nsqfé?- 6- r|nethylpheQ¥£)cyclopentadienyl-[
1,2-b]-tel | urophene] si |l ane; \

dinethylbis-6-[2,5-dinethyI33-’~
b] -tel | urophene]silane; ®R)m
di met hyl bi s-6- (2, 4,5-trinmet hyl - 3- phényl cycl opent adi enyl - [
1,2-b]-tellurao hﬁp%sigl ape; , _
di met hy! B Sf-e’é‘ﬁﬁz, 5 Ki Bt R4 A3BpRefly Me3nd) e riefierdetsydesqribed above and the ring

1,2-b]-t AL Bl ; : " : .

di et hyl B SAARPSCB KD A fave douole bonde iy ny of e llowed osips, v gy arpgpe oo
e) si | anerharatienet hyl bi s-6- (2, 5-diter-butyl-3 -phenyl cycl opent adi enyl - [

1, 2-b] -tel l urophene)sil ane;

di met hyl bi s-6-(2,5-ditrinethylsilyl-3-phenyl cycl opentadi enyl-[1,2-b]-tellur
ophene) si , ' . S-6- (3-net hyl cycl opent adi enyl - [
1,2-b]-tg#?ﬁgggﬂ%%g§%?¥gﬁ%§’ di met hyl bi s-6- (3-i sopropyl cycl opent adi enyl -[
1, 2- b] - t & swlapddom)aandianef, fosiutE V) whdiren 6 mo&ty of formula (VII):

phenyl cycl opent adi enyl -[ 1, 2-b] -t el | urophene) si | ane;

di met hyl bi s- 6- (2, 5-di net hyl - 3- phenyl cychopent adi enyl -[ 1, 2-b] -t el | urophene) s
il ane;

di et hyl bi s-6-[ 2, 5-di net hyl -3
ur ophene] sil ane; :
di net hyl bi s- 6-[ 2, 5-di net hyl - 3- ( 2,
b] -tel |l urophene] sil ane;

di met hyl bidor s bdmk-tdhdBidRA. - 3- nesi t yl enecycl opent adi enyl -[ 1, 2-b] -t el | urophe
ne] si | ane; dinethylbis-G-(2,4,5-tri met hyl - 3- phenyl cycl opent adi enyl - [

1, 2- b] - t Bl RirRSsnd Bayrs defined as described above; -

ane: BT SRE 8 G2 Ban DB ST M bt e e B ety !
dlnethylbhs;% §%F§ugyegbgl ?Pphgn%%§¥clqgﬁgtadleqﬁﬁag%pz b%ﬁ§%llurophene)s
1, 2b] - t el ligy (QWI@F&)(%@: hs2RBined above.

di net hyl bi s-6- (2, 5- iter-bytyl-3-pheny|cyclopentadienyl-[l,z-b]-telIurophen
e) si | anePrefegiblyst lindqual koY 8- {s2 Gi-QioratkyhgrburB profeeabisl amethyd prarwp i ie hygdrogen,

1201t ol Lugealenel ot 2. el phenyl Ingeeml st angi 22§ JAE 2004

Periodic Table of the Elements (new IUPAC version), preferably sulfur, m is 0, n and s are 1.

=-%ﬁyclopentadienyl-[1,2

N

Iphen%Vﬁ&yclopentadienyl-[l,Z-b]-teI
7

R
, 6-trinmet hyl phenyl)cycl opent adi enyl -[ 1, 2-

More preferably R is a G-Cy-aryl group, such as a phenyl group or a naphthyl group, or a
C+-Cyralkylaryl group wherein the alkyl group is ortho-substituted or orto and meta-substituted to
the aryl substituent, such as an ortho-methylpheny! group or 2-4 methylphenyl group. Preferably K
is different from hydrogen. Preferably R’ is a hydrogen.

When Z” is different from Y it is preferred a moiety of formula (VHI):
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diset hyl bi s-6-(2, 5-ditrinmethylsilyl-3-phenylcyclopentadienyl-[ 1,2-b]-
tel | urophene)silane; dimethylbis-6-(3-methylcyclopentadienyl gl jludE 2004
b] - phospl;l,%a)ﬁ%%ane TIRPOO/L2
di met hyl bi's G i sopropyl cycl opent adi enyl -[ 1, 2- b]phospﬁgigﬁg? 124ffe;

di met hyl bi s- 6- ( 3- phenyl cycl opent adi enyl -[ 1, 2- b] phosphol e) si | ane;
dinethylbis-6-(2,5-dinethyl-3-pheny|cyclopentadienyI-[1,2-b]-phospho|e)siIa
ne;

di ret hyl bi s-6-[ 2, 5-di znet hyl - 3- ( 2- nethylphenyl)cyclopentadlenyl [1, 2-b] - pho
sphol e] silane; dinethylbis-6- rM!

[ 2,5-di methyl -3-(2,4,6-trinmethyl\pheny )cyﬁuopentadlenyl [

1, 2- b] - phosphol €] si | ane;

di met hyl bi s- 6-[ 2, 5-di met hyly!8- cycl opevirpdi enyl - [

1, 2-b] - phosphol e] sil ane;

dlﬂEthy|bIS 6- (2, 4,5-tinmethyl - 3;pheny cchBpentadlenyI [

1, 2- b] - phosphol e) si | ane; R R

di met hyl bi s-6- (2, 5-di et hyl - 3- phenyl cycl opent adi enyl -[ 1, 2- b] - phosphol e) si | an
e; dinehﬁmhb@aoﬁmﬂgm@mgﬁagopropyI-3-pheny|cyclopentadienyl-[

1, 2-b]- phosphole)5|la

di met hy| bihgeig R '2RE, R 1R -H)wtnﬂlRder@ﬁﬂéimw aybdwspent adi enyl - |

1,2-b]-p hol e met hyl bi s-6-(2,5-ditrimethylsilyl-3
phenylcy@?% %gﬁgﬁ fiﬁfdfhf hosphol e) si | ane;

di met hy| Qinhe@i3this/d-¢36né entadi enyl -[1, 2
b] - t hi ophene) - 1- 9 lﬁﬂéﬂ@%ﬁﬁgﬁgﬁ}3?ﬁ£§ﬁ¥%§§ﬁk§ﬁe di met hyl si | andi yl - 6- (2,

5hd|nFth9mxgwﬁwﬁh@H@Wﬂ@@bﬁﬂ%&d@@ﬁwbUFZEImmmeﬁmEmphoLe? 1- (2- et hyl - 4-
t
Phonyl oy SrSgRRRaRomip e pba gL bRbHER B 2 ot hy! - a-

pheny! i ndpitylbss-d-@Fedimbasits Iﬂfeﬁah@r:ﬁpényad{ehﬁ (L gpBsHhdeRRhdi Ng to the present

i nvention are dlnethylbls 6- (2, 5-di -3 - phényl cycl’opent adi enyl - [
1,2-b]-t H.]n@;:ﬁ’ﬁh@-@ﬁkchmethy] -3- (2-methy1phenyl)cyclopentadlenyl—[1,2-b] thiophene] silane;

o Btk BRI s P RSO EEPEL B eyt -

1,2-b]- tHh&ﬂﬂm@-ﬁilSL@ﬂ&hyI'ﬁtlﬁesﬁlea{e@féﬁf[@Eﬂtﬁﬁb%@ g@r@m&egﬁméor nula (V) ar e

partlcularly useful as internedi at ands for the preparation of the
netalIocéﬁ@ﬂwbﬁﬁﬂﬂﬂd%E@EﬂWhﬁnmmﬂQkamﬁﬂbm@k@Rﬁ@ﬂn@mamﬁwmther aspect of the

present inv re.i,s vided for th reparation of a

li gand of g |y éﬁ@(ﬁcfﬁ e ygcy?_l"pe?m%ﬁ'ﬁ'&'?gf gfa?’@plﬂfé‘?)?ﬁ%‘g as described above,
Wit h t hedipieyibss- (2t5tt§fsoﬂ%pyl-§-pﬁen9hésﬂdl<51ﬂﬁtﬁdlé&ﬁﬂ[1945]%@@@3&)4?1% atom conprising
the follow ng ste é contacting a conpound of formila (D Q23 t. WO

01/ 44318dehiyiyE-62 dﬂh&P@mﬂEH@@%@%ﬂb&mWﬁ@mdﬂhlbhdmdbubkémbonds can be in any
of the alchllnoe%fgls%g(i%tdmgﬂ%gthylsﬂyl -3-phenylcyclopentadienyl-[ 1,2-b]-thiophene)silane;

dimethylbis-6-(3-methylcyclopentadienyl-[1,2-b]-silole)silane;

dimethylbis-6-(3-isopropylcyclopentadienyl-[ 1,2-b]-silole)sifane; |
dimethylbis-6-(3-phenylcyclopentadienyl-[1,2-b]-silole)silane;
dimethylbis-6-(2,5-dimethyl-3-phenylcyclopentadienyl-[ 1,2-b]-silole)silane;

~ dimethylbis-6-[2,5-dimethy-3-(2-methylphenyl)cyclopentadieny!-{ 1,2-b}-silole]silane;
dimethylbis-6-[2,5-dimethyl-3-(2.4,6-trimethylphenyl)cyclopentadienyl-[1,2-b]-silole] silane;
dimethylbis-6-[2,5-dimethyl-3-mesitylenecyclopentadienyl-[ 1,2-b]-silole)silane;
dimethylbis-6-(2,4,5-trimethyl-3-phenylcyclopentadienyl-[ 1,2-b]-silole)silane;
dimethylbis-6-(2,5-diethyl-3-phenylcyclopentadienyl-[ 1,2-b}-silole)silane;
dimethylbis-6-(2,5-diisopropyl-3-phenyleyclopentadienyl-[1,2-b]-silole)silane;

21



A, B, R3, R4, R5, n and in have the nmeaning as defined above, with a
conpound of general forrmula (X): COOH Hz Rt (X) wherein R h@ﬁ.{ﬂé%@ﬂm
meani ng %0916;145&% above; In the presence of a ring-closure agen , to
obtain the conpound of the general formula (X): R3 wherSri*¥Hadoubl e
bonds can be in any of the allowed positions; b) conversion into the
conpound of fornmula (XIl): R3 wherein the double bonds can be in any of the
al l owed positions; and when Z' is equal to Y, wherein Aand Bin Y and
Z' are the sanme or different fromeach other: c |) treating the conpound
of f or nuldaneth¥IHis-6-(@,3-titeabigpisiepiwaylactopehtddicoph [y di cikdlgkdisneand hydri des  of

al kali - and earth-al kal i tals tal l.ic sodi.um and potassium and

or ganone?lg?qﬂfy%ﬂ?’lltk(@is' ctyfp ?“YEHQEI?B‘B@%'%@&'WT?I "bmrirido0s WO 01/ 44318
PCTI EPOOplepdferyBihCt i Ng with a conpound of fornula LQ2 (XII1), wherein L
has the sanme neaning as defined above, and Q is an hal ogen atom sel ect ed
f r om chl dmiatey]bis-te@iSetitrianatiylsityd-Giptenylcpel efeatndidnlyl] 1 2rignrilsiesilandier ei n t he nol ar

rati o between the co und of fornmulae (XIl1) and (XII1) is at least 2; or
when Z' ei‘y&b&%gdﬂgﬁﬁ‘fy@w%ﬂ([W‘P}‘?eﬁ‘g%helfcﬁséﬁﬁ ng the conpound of

formul a (3 It R L Ne ek AHRC subsequent |y

contacti %%el\}mﬂy%l}# %h’c%ﬁ%ﬁﬁ%@e%%%%ﬂé@%o%ﬁﬂsﬁgmer ein L has the sane

nmeani ng dsnetigdis-G:Bephabydoyelopamnndictyli] 52-8]- hhlrghent)stirem sel ected from chl ori de,
Dt

i odi de aﬁg‘i brom de; Preferably in the process according to the present
i nvent i oS-t ietnre-rhgBreyclopentidicad barbl-febwpp pisor us

pentoxidg]-ng@{.;gfsr@__ | pnl.£ 1&ChC M@% Q3 Bher i i PPA). In the
process acco mgﬁfsocg@htgy%ﬁgg%e&@?l n g%ﬁ)gﬁ%dﬁegﬁgz’g%%éggm@fmejgnaél?’al formul a
(X) is sdinettydib-6-f2rSedimethfl-3u0 gt tHmethgigheaglictislopcadibnydy K1-5F @inlpheeishasy v i ¢
acid is ysed. Preferabltg, in the process _accordi ne% to the present invention
t he corrpgi'}??gly s-&g@ratmetiylSrmgsitgeneryeloppriadienyl b 2 fellgrophepelilargi ophene.

dimethylbis-6-(2,4,5-trimethyl-3-phenylcyclopentadienyl-[ 1,2-b]-tellurophene)silane;
dimethylbis-6-(2,5-diethyl-3-phenylcyclopentadienyl-[ 1,2-b]- tellurophene)silane;
dimethylbis-6-(2,5-diisopropyl-3-phenylcyclopentadienyl-[ 1,2-b]-tellurophene)silane;
dimethylbis-6-(2,5-diter-butyl-3-phenylcyclopentadienyl-[ 1,2-b]-tellurophene)silane;
dimethyibis-6-(2,5-ditrimethylsilyl-3-phenylcyclopentadienyl-[ 1,2-b]-tellurophene)silane;
dimethylbis-6-(3-methylcyclopentadienyl-[1,2-b]-tellurophene)silane;
dimethylbis-6-(3-isopropylcyclopentadienyl-[ 1,2-b]-tellurophene)silane;
dimethylbis-6-(3-phenylcyclopentadienyl-[1,2-b]-tellurophene)silane;
dimethylbis-6-(2,5-dimethyl-3-phenylcyclopentadienyl-[ 1,2-b]- tellurophene)silane;
dimethylbis-6-[2,5-dimethyl-3-(2-methylphenyl)cyclopentadienyl-[ 1,2-b]-telurophene] silane;
dimethylbis-6-[2,5-dimethyl-3-(2 4,6-trimethylphenyl)cyclopentadienyl-[1,2-b]- tellurophene]silane;
dimethylbis-6-[2,5-dimethyl-3-mesitylenecyclopentadienyl-[ 1,2-b}- tellurophene]silane;
dimethylbis-6-(2.4,5-trimethyl-3-phenylcyclopentadienyl-[ 1,2-b]-tellurophene)silane;
dimethylbis-6-(2,5-diethyl-3-phenylcyclopentadienyl-[ 1,2-b]-tellurophene)silane;
diniethylbis—ﬁ- (2,5-diisopropyl-3-phenylcyclopentadienyl-[ 1,2-b]-tellurophene)silane;
dimethylbis-6-(2,5-diter-buty}-3-phenyleyclopentadienyl-[ 1,2-b]-tellurophene)silane;
dimethylsilyl-6-(2;5-dimethyl-3-phenylcyclopentadienyl-{ 1,2-b]-tellurophene)-1 -(2-methyi-4-
phenylindenyl)silane; '
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In the process according to the present invention the conversion into the
conpound of forrmula (XII) preferably is carried out in the PREARGE 200l 2
reduct i on a ent and para-toul ene sulfonic acid nonohydrate. In the process
accordi ng' Y E/4HE present invention the reduction agent iFCTFPAYEAWH| y
l'ithium aI um num hydride (Li AlH4). Non-limting exanples of conpounds of
formula LQ2 (XIlI1) are dinethyldichlorosilane, diphenyldichlorosilane,

di met hyl di chl or oger mani um 2, 2-di chl oropr opane and 1, 2-di br onoet hane.
Preferably, in the process according to the present invention the conpound
of f or muldimetHbistoX2| SHditritmsthylsilyiriphsnly iy ddpetradiciyl-[ 126 - diamphandiilah)g  exanpl es of
conmpounds_able to formthe anionic compound of formula (XII) are

hydr oxi dé%ne&ﬁ’ W@rm‘?}’é}écyélppe&ﬁﬂlﬁwlﬂ %rhhpl@él?}loh)sﬁqﬂ%al i metals, nmetallic sodium
and pota aneh ) [ Preferably butyl I'ithium
IS USed &IS%E%gﬂﬁp %@L&d n?rl Llupﬂpxlg pg(ge)glfandsed in step a) are N, Pd
or Pt- basa&&gnnand{mgle@ggralbpenta@@bmi[l D] AgeoR)snet hi s ki nd which are

general |y used are descri bed in "Conprehensive organic synthesis", Eds.
B. M Tr o§tmetyihis6 @%dﬁnﬁf@yl- ﬂ&ﬁl@é%lﬁpen@;dfe@yldlmdpyp olgisilane3, Part 1.6, p.241.

25 8 JUN [EPQO/ 12406 P
bi s(( hphg}#ﬁ/ gﬁ)o\slﬂzfos%?' ]ltéarﬁ:e F PCRPOFOI OPE%chPﬁ [TB&KIP}((HEPE)])”&P% used. The
synt hesi gingthylbikes- @mﬁetbwm a@s damaaﬁpl&ny&yab@m&a@h yl LB pHo§RoRflany addi ng

a solution of an anic lithium conpound in an apol ar sol'vent to a
sol ut i ondmetfwl’%s %B pibyL(3Xngsitylpnscystopensadisniyle 1 3l ahOSpls)@I]srletm The thus

bt d th f th
added SR R P s G REPBek harek b R SR T an aprotic
pol ar soamﬂig,dblsTd:(a Mé@@%ﬁﬁyﬁ?ﬂdpen&@i@nﬁ@ ib]lﬁﬂokﬁhoﬁﬁﬂlﬁé at ed by conventi onal

general known procedures imtative exanples of aprotic polar solvents
whi ch caﬁm@élyw@eﬁj(zb%dltsmom’bw@nwkﬂd%ma@rgl [1s2etlraihspielefilangine,

di met hoxyet ha ane. Not limtative
exanpl esﬁm%egé’poﬁ a& {qﬂé"ﬁ’flts}'p 3@ g 611*6“(1?{295%@ qﬁfﬁf@%‘&s are pentane,
hexane afghcbgBEAN,5-dtIfb@glsit hs*-udﬂllc 1pEREERSSI[1 20 phApREaha € 1s preferably
kept between -180C and 80C, yanlci ms;rgzdbgrefer [b tbﬁll‘o)et ween -20C and 40C. A
still fuﬁ!ﬂ?@‘b’lsé@élébé %ﬁm@y&ﬁw@ebmﬁwﬁﬁm b] -thiopheneebE2-ethyltdhe

pr epar at a}?en 18 enb S et al | ocene conpounds of forrmula (1), obtainable by
contacti hg 4 fi Eﬁ “of formul a (V) as described above, with a conpound
capabl e a]ineﬂmsﬂanagl S(XPdifeE RO Ry diopdtaRIna-[ CRBPSHéRshole e R afehansl
thereafter wth a conpound of fornwﬁlgﬁl\/b( }}g[ vvhere%1 N?l ar?g@p have t he
meani ngsPEaylgdmybrleeabove. The conpound able to formsaid dianion is

Se_l ect Eddm{e%n?sﬁan&ygé-&':bgdun tﬂﬁi?épthiexg]ﬂcyglopené\g]eny [Ff—l?]—tgl?urophene) 1-(2-methyl-4-~

phenylindenyl)silane.

Most preferably the ligands accordihg to the present invention are
dimethylbis-6-(2,5-dimethyl-3-phenylcyclopentadienyl-[ 1,2-b]-thiophene)silane;
dimethylbis-6-[2,5-dimethyl-3-(2’-methylphenyl)cyclopentadienyl-{ 1,2-b]-thiophene] silane;
dimethylbis-6-(3,5-dimethylcyclopentadienyl-[ 1,2-b]-thiophene)silane.

The aforementioned compounds of formula (V) are particularly useful as intermediate ligands for the
preparation of the metallocene compounds of formula (T).

According to a further aspect of the present invention there is provided a process for the preparation
of a ligand of formula (V), wherein L, Y” and Z’ are defined as described above, with the proviso
that R’ is a hydrogen and D is a carbon atom, comprising the following steps:

a) contacting a compound of formula (IX)
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hydri des of alkali- and earth-alkali netals, nmetallic sodium and potassium
and organonetal lic lithium salts, and preferably said ani on BS E 2004

n- but yl | i @ Non-limting exanples of conpounds of fq; |.a N&Q‘ are
titani um éraéhlorlde zi rconium tetrachloride and hafrit(heYEchi ori de.
More specifically, said bridged |ligands are dissolved in an aprotic polar
solvent and to the obtained solution is added a solution of an organic

| ithium conmpound in an apol ar solvent. The thus obtained anionic formis
separated, dissolved in an aprotic polar solvent and thereafter added to a
suspensi on of the conpound MXp+2 igB an aprotic polar solvent. At the end
of the reaction, the solid product | obtained is separated fromthe reaction
m xture by techni ques common *? used\jn the state of the art. Non
limtating exanpl es of aprotic pdtar 5ol vents smtable for the above
reported processes are tetrahydrqofu/ane, di nmethoxyethane, diethylether,

t ol uene and dichloronethane.( A imtating exanples of apolar solvents
suitable for the above process are pentane, hexane and benzene. During the

whol e processyy, r etween -180C and 80C,
and nore 26 8 JUNEﬁggg%%%%aéé@hﬁ%%@ﬁg%%ﬁ@k%S%ﬁg& > preferably between -20C
and 40C. \WhenAaB, ReR$ IR’ ansmd X havle Sitel theseing aé definbibabowd, afith @ cempovad 6pguag of
formula (1) is different fromhalogen, it is necessary to substitute at

| east one sub®M¥/EHt X in the obtained metall ocene with at |east another
substituent different from hal ogen. S substitution reaction is carried
out by nethods known in the state of e art. For exanple, when the
substituents X are al kyl groupsﬁf%ﬁ@<é§tall ?nes can be reacted with

al kyhnagnesi um hal i des (Gignard reagepts) gg with |ithiumal kyl conmpounds.
During the whole process, the tenperature is preferably kept between -180C
and 80C, and whdréin Rl fivisatd yedBpwedfineBoveand 40C. The heterocyclic

nmet al | ocene conpounds of the present invention can conveniently be used as
cat al yst conp@ggﬂﬁﬁﬂﬁﬁﬂf4ﬁ@§%@Wvﬁﬁmﬁfaﬁmﬁmm@¢m3m¥w4Qﬂ&eg@ﬁmﬂﬁﬂﬂmb6XHlng to a
still further aspect of the present invention there is provided a catalyst
for the polymerization of ol efing obtainable by contacting: A a

nmet al | ocene conpound of forqula (1 andpB) an al uroxane and/ or a conpound
capabl e of form ng an al ky{R eta I ¢ cation. Jhe al unoxane used as
conponent (B) can be obtained by r ng water ‘W't h an organo-al um num
conpound of forrmula H AJRL 3-5 ;ﬁ' R\$6.,, where R $ substituents, same
or different, are hydrogen h@ns G C20-al kyl , C3-C2a-cycl al kyl,

C6- C20- aryl C2 optionally containing
silicon or gé%%%ﬂn@ﬁggﬁ% ‘?é?ﬁ%&nqﬁgva@§mgﬂﬁguﬁf least one 1 is

di f f er ent) fr@ﬁhﬁahgggﬂmc@agnﬂd&@ag%@(§m§n10 to 1, being also a non-integer
nunber- In this reaction the nol ar

rR3

4
o~ \ (X1
A

®)l Rl
wherein the double bonds can be in any of the allowed positions;
and _
when Z’ is equal to Y’, wherein A and B in Y’ and Z’ are the same or different from each
other;

ci) treating the compound of formula (XII) with a base selected from hydroxides and hydrides

of alkali- and earth-alkali metals, metallic sodium and potassium, and organometallic lithium
salts, and subsequently |

24



ratio of Al/water is preferably conprised between 1:1 and 100: 1. Preferably
the nolar ratio between alum numand the netal of the netal |l ogenNE 2004
conpri sed between about 10:1 and about 20000:1, and nore prererably

bet ween JbU*4HB0: 1 and about 5000: 1. Hi gher al umi nun AGTESAY Mol ar
rati o can be used with good results even if not practical on industrial
scale. The al unoxanes used in the catalyst according to the invention are
considered to be linear, branched or cyclic conpounds containing at |east
one group of the type: R19 R19 R19/ Al -O AD R19 wherein the R19

substi t uent s, conacting avithdi obpoaidt of fafrmlalyQl BN whteinE, hislthE2mamkating as

C3- C20-cycl al kyl ,  C6-C20-aryl, C7-C20-al kyl aryl or C7-C20-aryl al kyl,
optionally coﬁ‘%%?%i‘hﬁ’@je’sqnﬂi(léha‘bhal@%ﬁ“nﬁ?ﬂl lfﬁlﬁ%ﬁ?doﬁﬁf,n rlorigyy iodides amh progidg UNE
2004 PCTI EPQ . a - i of j-at sone
RIS subst i tuoht S ag o s e e AP ferllt o Ao o MALOPEUD S0 The
formula: 19 ®RIIPs&led@LAl- On-AlR R19/ R19 can be used in the case of

| i near conpounds, wherein n is O or an integer froml to 40 and the R g
substi t uent s @rdeyéf i asempeyndefdormiadVily| unoxanes of the formula: T19

ubst Seéf FAcema i ml a:
i ogbr FPom o bodbedfo BRRIpa ¥ iaie PR ol 5B B

of al unoxanescoatdtting Wi o @npbsR dAFaHuE DDQIEIVN®h@ELSEHAE tHeRMA tie@ihgdds e

met hyl al unoxane (MAO), tetra-(isobutyl)al unoxane (TIBAO), .

tetra- (2,4, 4-definedeabhya, anskdp isy nlgpenainunsetected frandploride, iodide and bromide;

tetra-(2,3-dipet hyl but vl ) al uno e_( TDVBAQ). . . .

Lot r o ( 2B Be e ST RS i e Bty vt e ds e fom

al unmoxangisosghofuspBas:edcétRinfafohie abY (FPMIK )A6d polgoheeHhelic ad (P& or ganoal uni nut n

conpound_described in the international application PCI/EPQ) 09111 such as

tris(2- plethy pocysy aysgiding|te fHeprasenf inventier] the cagmpiupd pb ggvbehiprpuly COpy sqlettedm ni um

tris[2-(4-¢chloro- V1 i ARI Lal um.nium ...

1ol 2. ( RS hRaBntate MOLRELR SRR e

phenyl - befeRtabB] i EHerdtids acédrdiss B-thediyt meertibe th borBibid ofabiemit Rkrdhil (IX) is

tris(2-phenyl-pentyl)alumnium tris[2-(pentafluorophenyl)-
1-methyl-3-bromo-thiophene.

In the process according to the present invention the conversion into the compound of formula (XII)

preferably is carried out in the presence of a reduction agent and para-toulene sulfonic acid

monohydrate.

In the process according to the present invention the reduction agent is preferably lithium aluminum

hydride (LiAlH,).

Non-limiting examples of compounds of formula LQ, (XII) are dimethyldichlorosilane,

diphenyldichlorosilane, dimethyldichlorogermanium, 2,2-dichloropropane and 1,2-dibromoethane.

Preferably, in the process according to the present invention the compound of formula LQ, (XII) is

dimethyldichlorosilane.

Non-limiting examples of compounds able to form the anionic compound of formula (XII) are

hydroxides and hydrides of alkali- and earth-alkali metals, metallic sodium and potassium, and

organometallic lithium salts. Preferably butylithium is used.

Non-limiting examples of coupling agent used in step a) are Ni, Pd or Pt-based coupling agent.

Coupling agents of this kind which are generally used are described in “Comprehensive organic
* synthesis”, Eds. B.M. Trost and LFleming, Pergamon, Oxford (1991), Vol. 3, Part 1.6, p.241.
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pr opyl]Jalum nium tris[2,2-di phenyl-ethyl]al um ni um and

tris[2-phenyl -2-nmet hyl -propyl Jal uminium Further particularl 3 JUNE'2dk4 N9
cocat al y§$ 01914§ those described in WO 99/21899 in which th aI Ky groups
have specitic branched patterns. Non-limting exanples I A I A m
conmpounds according to said PCT application are:
tris(2,3,3-trinethyl-butyl)alum num Iris(2,3-dinethyl-hexyl)al um num
tris(2,3-dinmethyl- butyl)alum num tris(2,3-dinmethyl-pentyl)alum num
tris(2,3-dinmethyl-heptyl)alum num tris(2-nmethyl- 3-ethyl-pentyl)alum num
tris(2- n@tdfqrabl@iédihl}ehylpmghil)@mm@]ﬁdﬂotmﬂcbe(lag ha(aryPy) 3s wedy| -

[] ?Pg{lzz Z{J'Hm n m' c%tﬁ‘.bqs g%cmg&{n;%e:dd?fﬁaﬁ{ﬁﬁ?% efera%i()y a}r?elduo% 3lrj rgw.]dding a solution of an
tris(2- eb@ﬁ&l ﬁthﬂﬁtcbﬁﬁkoﬁ@ﬂlta\ﬁ' BBl G D blaliH(of g e 13448)"% B UM

tris(2propyl-3-nethyl 28 8 JUNE 2004 WO 01/44318

but yl ) al seiventiithe thns cb{einell saptron pyihtai@ngréht horhpobert (X)) al uhermnmm form is then added
tris(2-isobu I-3 Iumnu

r1 (2, 3 ol ot o} bt HTE) i api oot sy Therest g num
tris(2-e Was=Y0 (WA )

tris(2- e%%efﬁa@%b net %Co%\gﬁ%%%l)% um numpmrl 3(52 i sopropyl -3, 3-di net hyl -
but yl ) al it hionitgtive rexzm(]i&‘stolf iapretidpdlai dolventp il daaliendsediin the above process are
tris(2- rrethyl - phen butyl)alumn

tris(2-efd %ﬁ‘ﬁ@ ?uﬁfthﬂ?ﬂmt foluspe 2nd qdiglerppethanie s o fmitative

buty!) al wigy mdmng bl rGREEGRNANAL AR eATRONAT WRBLELD, one of the

hydrocarb grou SIS rep rogen "at om ose wherein one
or two ODuhi@thb)&ﬂDqunmcésy|tl:1€gﬁemp¢rstuﬁr1£préiélfabl&d{e;ﬁi bbyvean- 186 qhanti B0°@ amdiporet her
interesti ng al um num conpounds are conpounds wherein R s contains an aryl
group su®iiegbly bepygen (A GRB4G9°Cor opyl ) al uni ni um

tris[2- (4 fnuglms Q%?#?%?}eﬂg&@ﬁ%%@hwlp'a cc rfblstﬁl@ {efanfifth Qe P REbLde

propyl ] al um ni um I sopropyl -pro y um ni um rrs(2

phenyl - budnyopedswififormuladl), olbmmﬂ;(eajjf&bﬂngdnnga hgmmgﬂferbwam :&I dddribeduaBove, with
tris(2phenyl - pen%gl/la]? )al um nium tris[2-(pentafl uor (Ehen yl)
P

propy! ] af GPRRGPY Fpakly plsopmisg a.cmwﬁm%ﬁwpl}%rsmw fhergplmd thereafier with a
tris)2- phany d?of%tmhvngﬁﬂ,%érk]ﬁmwaprﬂwe .«ﬁegqa&gﬁ,g? 1NeaARQUG2! uni num

conpounds, ‘trimethylal nium (TVA riiso um ni um (MVAL) ,

tris(2, 4The tampuetdaple-tp dirtysajdatiinidomis mel¢cldd@ym the group consisting of hydroxides and

trls(23 t ut num (TDVBA) and trls(233

trimet hybﬁiﬁ'g%f’? é@wm iy Fregtis S%Wélhslﬂ PERESEY: 1 sAneimelaliiq bR |

tris[ 2- (g LhHQEERN %ngﬁongsrrpmg} @l ni um (TFPPA) are preferred. Non
un

limtative exanpl es of conpo able to forma netall ocene al kyl cation
are conpbdumbisitiog exdngreyudfacdmpeyndwtud riednmlaDMN,s ac Bitdpnsi edrediride, ahbsuho gi ve

a proton an irrev bly with a substituent X of the metall ocene
of for muf§? Cg]ff‘geaﬁﬁ'g%é%‘%‘l@ E@?ﬂﬂiﬁtl bl e anion, which is able to stabilize the
active CRiod sptdifcaBPSS Sﬁd 4 fv@@ Nroti€ foikd sBRed

conmpounds, aérfljd which 1',1 g@ %%nm ent 0 Eﬂafneﬁgtoo g‘g ag B ta%&%gll%%ed by an

ol ef i ni csalino rsmddedl%rseh&madm;ga orgahie hmnm)wnwoundmm a8 sahveat. Qhe Moy ebtdd@don

atoms. More eferabl &1 anion Vis an anion of the formula BAr&
anionic form 1s separa ed, issolved 1n an aprotic polar solvent and thereafter added to a suspension

of the compound MX;., in an aprotic polar solvent. At the end of the reaction, the solid product
obtained is separated from the reaction mixture by techniques commonly used in the state of the att.
Non limitating examples of aprotic polar solvents suitable for the above reported processes are
tetrahydrofurane, dimethoxyethane, diethylether, toluene and dichloromethane. Non limitating
examples of apolar solvents suitable for the above process are pentane, hexane and benzene.

During the whole process, the temperature is preferably kept between -180°C and 80°C, and more
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~,» wher.ein substituents Ar, the sane or different fromeach other, are aryl
radi cal s such as phenyl, pentafluorophenyl, bis(trifluoronet QXJI.)N’I?%DI!I
Parti cul Wd&/m%]gferred is the tetrakis-pent af | uorophenyl c %%mﬁlt ?ﬁ

Furt hernore, conmpounds of formula BAr3 can be suitably J&é E%in Ar is a
C7-C20 aryl group optionally substituted with heteroatons. The catal ysts
used in the process of the present invention can be al so used on inert
supports. This is obtained by depositing the netall ocene (A), or the
product of the reaction of the same with the conponent (B), or the
corrponenpre(@bhabmwene?@ﬁfan@ﬂo%?he met al | ocene (A), on supports such as for

g?yrse}]lg '3?%‘5%’?2}’4%4%%‘%%5 Oﬁ%%;‘gr{%@?‘g l%ﬁ&bﬁﬁ@?"%ﬁ#@%g&g‘f‘he solid
conpoundig ;ssqle@gsa?y B&6bstitiid agemne As@entitifd thE Bﬁtalhﬁrmaﬁﬁbé]b Qb Qtfleamﬁotﬁérky'

al um num conpound as such or pre-reacted with water, 1s usefully enpl oyed
i n gas phubstdugpbdlifferentifioat hatngen. S@Ht mdupstingion feattive 1spcaas;érot1t ynmehdds Gnovarie usef ul

in the hgno- an | ymerization reaction,of olefins. Therefore, a still
further B58EwC gﬂe ﬁg’ k’ her"ﬁ{;%wg?bﬂf‘?misg( %‘E’S’f}berm?tﬁ@cﬁ’ﬁ? AP zat i on
Of One OfeaclPhit ki %M&és%arﬁ% B $IALA0 LRBAklen of one or
nore ol ef |a$1| C m)nomergﬂlh t he presence fﬁar cat al yst asﬁg ove descri bed.
The cat aPystgthevholhgropese sntmparateratis prafebly kit betsveeh 1180°Chead 80°C, and more

hono- pol r tion reactl on of olefins, such as ethylene for the
preparat%‘g% ﬁyaw -Card @ bha- ol efi ns, such as propyl ene and | -butene.

Particul gfe h&&rﬁégﬁﬁé hREndeER Yoo oRGY HYeft drlen E&Pcﬁf’é&ﬁv‘e‘?ﬁeg bl Qa0

propyl ene carri out 1n the "presence of the above-described cat al yst

cont ai ni u@lyshmmmnmmlfmmnmlyﬂknﬁabmmmt invention. It has been found that
when t he_pol %Grrerl zation of propylene is carried out in the presence of the

net al | oc & iRy st fthen asppet OB the Preponb Invetian: thetgis DieYiget 2 gfabishier Bt al ned
propyl engippl hof @ktRs, o & igh. The intrinsic viscosity (1.V.)

of the o %g}?n % pol ypropy ene I's gene?ally hi gher than 0.5 dL/g pref erably
1 dL/ g aAd canmeteliocinevahpesd affomiupDasdS5 dL/ g or even hi gher. The obt ai ned

pr opyl ene_pol rs are characterized by high isgtacticity values. Thus the
anount o se%%@eﬁw/?ﬁa@wp%ﬁ capahle P%fo’é‘%%%aélr?@‘iybm?@lﬁwﬂr? ftBneral |y the

amount  ofSAAHGAGES AN BofnbsheARE) c@lbe'?m&éaw &gm&%%@p@umﬁﬁr than

0.5. Wien the polynerization of” prop ne 1I's carried out e presence of
t he net abdmlmmniaoﬁﬁmpdmrﬂjs]R”gf ot HALR R evtierel RV esubstiorents henmedr diffgeppant  of

th bt d bl hi lly th [ ti
o0 Nt of s?dﬁ%ae é?,éocyz RSl e AN SIS S eéw@agﬁ e
val ues a%’%ﬁcolﬂ'og Efraniid ddrS U B! Y ploPb S heSHk 1A e it §i

obt ai ned Wnen the catal yst of the present 1 nvention, in particular Wnen
both Y aﬁdnzla]bgnomg Jtrangbofromi D 2o {,Itking alkda hoerteger(ﬁﬁmEErOIna]my teadfibn @2Gndkrky |
aryl or

0

ratlo ociz lewater is preferably comprised between 1:1 and 100:1.
Preferably the molar ratio between aluminum and the metal of the metallocene is comprised between
about 10:1 and about 20000:1, and more preferably between about 100:1 and about 5000:1. Higher
aluminumy/zirconium molar ratio can be used with good results even if not practical on industrial scale.
The alumoxanes used in the catalyst according to the invention are considered to be linear, branched
or cyclic compounds containing at least one group of the type:

Rl 9\ R

R1Y - R
wherein the R" substituents, same or different, are hydrogen atoms, C;-Cao-alkyl, G-Cag-cyclalkyl,

Cs-Coo-aryl, C7-ng—alkylaryl or C;-Cyp-arylalkyl, optionally containing silicon or germaniim atoms,
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aryl al kyl , is used in conjunction with conpounds able to forma netall ocene
akaI cation of formula E;V- wheLein Thanﬂlv are descr}bed aEQNﬁNEbeQh

t hese co is possible to obtain highly isospecifj S Wt
very Iomﬁ?%@#%ﬁgﬁror contents. A still further advantagégﬁgﬁgléggéteristic
of the nmetall ocenes of the invention is that the use of a small anmount of
hydr ogen, besides regul ating the nol ecul ar weight, entails a considerable
i ncrease of 30 WD 01/44318 8 JUNE 2004 PCT/ EP00112406 t he pol ymeri zati on
activities. The catalysts according to the present invention can be used

al so in & piedcOAl®R9): gwye rdpif dpnibrsipe, sofmg R “tshiestiieriotan be hilogst ptoms.of pr opyl ene
with Onel&£%@%%§ﬁ@¢@¥5§égf.L%Q% uch as for exanple ethylene, 1-butene,

1- pent ene, -pentene, I-hexene, 1l-octene, 1-decene, 1l-dodecene, 1-
tetradecene, |-esadecene, 1-o0¢f adecene,ivl-eicosgne, allylcyclohexene,
cycl opentene, styrene, cyclgﬁggene, ﬁﬁrbornen and 4, 6-di net hyl -1 - hept ene.

Copol yners propyl ene/ et hyl ene ans—Op+oat-enelAr butene are preferred. Wen
1-butene is used as conpnomeg!%copol ymers mﬁth}g%latively hi gh nol ecul ar
wei ght but relatively low nelting point are obtained. In the

propy| enehebdWteNGhE AROIMIBL SohiPtn@dddhdkiR Y i96 of Jg gto ;ﬂrﬁwla}{d fgguces the

nol ecul ar wei ght of the copolyners, that neans t ene can be used
as nol ecshtshtuents aghdefinesigu bladvie, g alamonaeds|of the Aommiblaer | nt eresti ng use of the
catal ysts according to the present invention is in the copolynerization of
ethylene with higher olefins. In parffcular, the catalysts of the invention
can be used for the preparation ofghkggﬁh Suitable olefins to be used as
conononers conprise a-olefins of th 0 | a CH2=CHR20, wherein R20 is an

al kyl radjc havi froml1 to 10 carbon atons or _an aryl, radi cal hgving
from6 tghrigé YCar g% 4 eo%s‘fydécnﬁ)méj%‘}adﬁo‘?% Fhg.s @%Frego%fz ?h@s@g&‘% ins are
pr opyl engubsttmbid £O&findd Rapdene, 4- nethyl -1 -pentene, 1-hexene, 1-octene,

1- decene, 1-dodecene, 1l-tetradecene, 1-esadecene, 1- octadecene,

1- ei cosek&ampl¢s| oF|afunerie supide faryed apading tethe projane meentioy et abathyiaheoxarer bonmene
and 4, 6- ,gi,ngrt -1 -heptene. T ol l.so tain s I
proportiéﬂ%ﬂﬁf uﬁﬁ?§m§®gﬁ$ﬁﬁﬁepﬁgﬁ} of%%%é%%ﬂgﬁaﬁgﬁ??@gﬁgmeFrgﬁ#@%»ﬁjght

or cycli GatraGDRlia@ayRotyDilufiékands ONj YIBMBEA®G) €neSiwtraS@ah-tafetlylth kaRe,

i soprene, 1,3- butadiene, 1,5-hexadiene and 1, 6-heptadi ene. e units
derivi ng FP¥RA)0l efins of formula CH2. =CHR2, R20 is an al kyl radical

v R b B, M S0 T W B, 20
copol ynmecempued elehibed inh the "Bidaonk R Ashli@ioh FOM/EPGR01001 A0SR Yas "BE@-phdhE
saturated el astoneric copolyners can contain ethylene units and a-ol efins
and/ or n&pyDaluminium, tris[2-(4-fluoro-phenyl)-propyl Jaluminium, tris[2-(4-chloro-phenyl)-
propyljaluminium, m's[2-(3-isopropyl-phenyl)—propyl]alumjnium, tris(2-phenyl-butyDaluminium,
tris(3-methyl-2-phenyl-butylaluminium, tris(2-pheny!?-pentylaluminium, trisf2-(pentafluorophenyl)-
propylJaluminium, tris[2,2-diphenyl-ethyl]atuminium and tris{2-phenyl-2-methyl-propyljaluminium.
Further particularly interesting cocatalysts are those described in WO 99/21899 in which the alkyl
groups have specific branched patterns.
Non-limiting examples of aluminum compounds according to said PCT application are:
tris(2,3,3-trimethyl-butylaluminum, tris(2,3-dimethyl-hexylaluminum, tris(2,3-dimethyl-
butyljaluminum, tris(2,3-dimethyl-pentyDaluminum, tris(2,3-dimethyl-heptyl)aluminum, tris(2-methyl-
3-ethyl-pentyl)aluminum, tris(2-methyl-3-ethyl-hexyl)ahuminum, tris(2-methyl-3-ethyl-
heptyDaluminum, tris(2-methyl—3-propyl-hexyl)élmninum, tris(2-ethyl-3-methyl-butyl)aluminum,
tris(2-ethyl-3-methyl-pentyl)aluminum, — tris(2,3-diethyl-pentyl)aluminum, —tris(2-propyl-3-methyl-
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conjugated diolefins able to cyclopolynerise. The unsaturated el astoneric
cdpol ynrers can contain, together with the units deriving fro;ﬁ‘JLmETZOM

pol ymer i ' f ethylene and a-olefins, also snmall proportions o
unsatura?@%bﬁﬁfﬁs deriving fromthe copol yneri zation of %éh@%wﬂ?wﬁe

pol yenes. The 31 8 JUNE 2004 WO 01/44318 PC i T/ EPOO/ 12406 cont ent of
unsaturated units is preferably conprised between 0 and 5% by wei ght. Non
limtative exanples of suitable ot-olefins conprise propylene, 1-butene and
4-met hyl -i - pentene. Suitable non conjugated diolefins able to
cyclopolimﬁ&m@@mm@mp@H&@K&ﬂEHMdhﬂdm@hﬂmmmmﬁ4?ﬂkﬂm?Qﬂe@mﬂgFﬂmwb?mmmmm
2-met hyl -1, 5- hexadi ene, nlimtative ex es of suitable polyenes are:
(1) po%/yérﬂﬁgg"’ ’Q%F'ée(a}yﬁ'p \])glo‘“ﬂ%’i‘% W&Pﬁmﬁ‘ﬁﬁ{’ﬁgg}‘@@@ﬁm% tfls(zrqﬂﬁég?jd‘memﬂ'

non- conj pa@hMehitlin®Nes tigHe 183 dimén! fﬂ%ﬁjaﬁﬂ& ans yich 4565 Res. \-S

6- met hyl - 1, 5- hept adi ene, }?1din%ﬁﬂg -1,6-03%%d|eﬁ§%ahﬁgﬁ§ >-Aihfey
11-nethybwimmmﬂMmdecadﬂbﬁawmﬂﬁbﬁgypﬂhhmﬂﬁm1efhﬂ@gmguthpmﬁﬂﬁmgbmmmgmm

4.5 8,9-te hydr oi nden nd 6 and_7-net -4,5,8,9- tetrahydroi ndene; -
al kenyl S‘FSE%MSTP iy "ﬂ)&ﬁﬁ@lﬂwﬁbs@ @»é@weél@?f%v@pﬂ%wa@wn@wno%wn@, the
5-isopro ' =2 . ' r |.- 2-noL b e -

ol yoyel Farat e o ARLAR TRRIARE P nb ARl BRERS ediclRE BT Abger atom,

tri cycl o-afidth@se WheRin' ohd oo nfithe agtrenathybgichps ki ecpleceEtiyhinlisobgrili oéatipi ve t her eof ;

(ii) non-conjugated diolefins able to cyclopolynerise, such as _
1. 5- hexafltsh iterepting. alymaipm aeraneunds ag compeinds Whereis Ry eeatainesnearyl(grgup suhjasgat ed

: : - .i.nt er. ' use t he
catalyst TP RRE BRLAR AL IORLGE e bR I S 1 O R
honopol y pepyljafandiniirh,h e itris[ 7B eyops p-pRenyils-Bropflfalulithig@t akrikGtBedCH@yIAuAgig t he

present inyention is for the preparation of cycloolefin polyners.
Monocycl i“&@}ﬁ%ih)ibﬁwywbtr%ﬂ&n&% e FrabRey lpertdplusuniany H@P-(wmf;@qoyhmlh-s ed or

oy 0 S LA O o A

according to the pres n-can be carried ou eous ase or
in |iqui dnphgsibe almypt alanalih yompoubderipstasnaenaiT6RA), mmtyimﬁmaﬁm%sol vent

either aromatic (such as. toluene), or aliphatic (such as propane, hexane,

hept ane, 8 6%@?@ﬁgﬂéﬁ@ﬂky€wﬁﬁbx@Hé&l TS pdmgtidbutddaiuminm erhhB{Bdrand

gener al | %isHandesehf 10 AR Hum erivsaP Ao ARl prdp Py ARG Y Apa)) Mis2-4-
fluoro-phenyl)-propylJaluminium (TFPPA) are preferred.
Non limitative examples of compounds able to form a metallocene alkyl cation are compounds of
formula D'E’, wherein D" is a Bronsted acid, able to give a proton and to react irreversibly with a
substituent X of the metaliocene of formula (I) and E is a compatible anion, which is able to stabilize
the active catalytic species originating from the reaction of the two compounds, and which is
sufficiently labile to be able to be removed by an olefinic monomer. Preferably, the anion V-
comprises one or more boron atoms. More preferably, the anion V' is an anion of the formula BAr®
), wherein substituents Ar, the same or different from each other, are aryl radicals such as phenyl,
pentafluorophenyl, bis(trifluoromethylphenyl. Particularly preferred is the tetrakis-pentaftuorophenyl
borate. Furthermore, compounds of formula BArs can be suitably used wherein Ar is a C;-Cy aryl
group optionally substituted with heteroatoms.
The catalysts used in the process of the present invention can be also used on inert supports. ‘This is

"obtained by depositing the metallocene (A), or the product of the reaction of the same with the

component (B), or the component (B) and thereafier the metallocene (A), on supports such as for
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the processes for the polynerization of propylene, it is generally
conpri sed between 20C and 150C, preferably between 40C and 99QUI¢I§?004
pol ymer i i ressure is ranging fromO0,5 to 100 bar, preferably from 2
to 50 baﬁfégﬁﬂsﬁore 32 8 JUNE 2004 WD 01/ 44318 PCTI EPOQ i Z4F8Y % er abl v
from4 to 30 bar. The nol ecul ar wei ght of the polyners can be also varied
nmerely by varying the polynerization tenperature, the type or the
concentration of the catalytic conmponents or by using nol ecul ar wei ght
regul ators such as, for exanple, hydrogen. The nol ecul ar wei ght

di st r i butkasplastisa glminay steehetsyvinySiemgnaxiopelymers polfetigilént er miyprapeitw | ocenes, or
carryi ng.put the pol rization in several s s at..different o

pol yrer i gg i foélsﬁglél%gfe% h S?mb”ﬁﬁ\{‘?rf @’ﬁ%rﬁ-‘ﬁg’bﬁa‘i} r%{ﬁﬁ)ri’il‘ybﬁm’ﬁ“ﬁ‘@m

mol ecul a@om?ﬂugms s@#patRdcted TS vRRE YOREAFA IR el infladl ShUERGRLQRE he purity

of the netall ocene conponent of the catalyst. = Theretfore, in order to

[ P;:r ease Chhb’é??@hﬁisesgﬁ tll}ymt?miumﬂ ﬁm hawet aid ?p@ymmzamt h‘ amgte:im?mﬁ?lbfjns.usgd
after a purificati rea : e conpaonents o e catal yst can be

br ought iTﬁ?folm@o%@ﬁﬁé?@?ﬂ&gf‘ﬂwﬁw‘y%w%i 3 Biqoessy éﬂlﬁ&’elym%%(%f one or
concent r §lokOiSind b hahd : fSre ek cene
conponent (A, V\hipFIe he&égl}lgﬁéﬁgﬁzéragfoﬁspgnggo\%gﬁ 10 %ﬁ;ﬁ%&g%}@ée %r t he
corrponen'of(@)alysﬂ'#selbgveeiemhechct is generally effected in the presence of a
hydrocargﬁn S Is}/er}t and, if appropriate, of snall quantities of nononer.
The pre- ¢BRHEHRYSSGE i Rresens diyeptian oo bg Rise e By hompvielymensafign igackion afgolsties,hour s.
Fig. 1 reRanlshded foamy sk gl T t E ound
pr epar ed inaExay?r%l el I%%S%ﬁ%én X—rég}%{rﬂg?g még%&g%%?&%%egg&gﬁgﬁl%ggreports
a conput Eatigdm entartstiog diselgrasnedievehan tet piynedenen od pppvad @ERpasIEth b8

Exanpl e 2 bas on X-ray. crystallography data. The foll ow ng exanples are
gi ven topfefqnffs‘%g?ftago‘ﬁﬁ{ﬂsc brd piglypticpgtamipg e metplorencap the pessené mveRbiaR-al  Par t
Gener al  {BLEbicd!fSundMht Ak i i I a

ni trogen atnosphere i_I:[l p%@g%ﬁgﬁega{%@%@%ﬁ g‘é\%ﬁ@% g‘tﬁe %e(r)ﬁl?%%#gmggg?

Sol vent s nfghocaiacogpnsils ofite weampothe delevvr evejphit dffheathtaingd propl@epolyhtisareet her ,

and tol uene re. distilled from sodi um benzophenone, pentane was distilled
from sod FW%%@? g"ﬁﬂeﬂ% AEPmsiciviscosity (Y -) ofithe RbtaipcsRey R tRdsseeamallyiigherdhany om

Car? andostfgede@sy 1 AedheUfitesch RUMLAUTRIANG d tn i’ L Of Uene SOl ) vas
purchased fromWtco Corp. Ms5. Mass specira of "organi C I nternedi ates were

measur ed The ¢btaized prpylEBARhewrd s cl@@cedaet ppaigh isotacticity values. Thus the amount of

sequences mrm (in mol %) is extremely low. In generally the amount of sequences mrrm (in mol %)
is lower than 1, preferably lower than 0.5.

When the polymerization of propylene is camried out in the presence of the metallocene compounds
of the present invention the melting point of the obtained polypropylene is considerably high. In
generally the melting point of the obtained polypropylene is higher than 145°C and can reach values
of 160°C or even higher.

Particularly interesting results are obtained when the catalyst of the present invention, in particular
when both Y and Z belong to formmuia (II) and R is Cs-Cy aryl Cs-Cyo alkyl aryl or C5-Cao
arylalkyl, is used in conjunction with compounds able to form a metallocene alkyl cation of formula
T'V" wherein T and V are described above. With these cocatalyst is possible to obtain highly
isospecific polymers with very low regio-error contents.

A still further advantageous characteristic of the metallocencs of the invention is that the use of a

small amount of hydrogen, besides regulating the molecular weight, entails a considerable increase of
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with a 5973 mass sel ective detector. 33 8 JUNE 2004 WD 01/ 44318

PCT/ EPOO/ 12406 Synt hesi s of organo- alunlnunhconpoungs for exagp)ieNE 8
Gener al yre All reactions were carried out under n t

gl ove bogkgﬁ?unéer Schl enk conditions using oven- drlekoﬁgggﬁgﬁg

tol uene solvent was dried over 4A nol ecul ar sieves. All aIkenes mere dried
over 4A nol ecul ar sieves prior to use. Tris(2-nethyl-propyl)al um num (Tt BA)
was obtained fromAlrdrich and used as pure conpound. Tris(2

phenyl - propyl)al um num - Al (CH2CHWMePh) 3 (TPPA) In a gl ove box,

al pha- neﬂﬁyﬂmeeyﬂenedvﬂeeg, 2.3 mol; Aldrich, dried over sieves

di ssol ve

i ck fl Kk CH2CHWE 2 3
(TTBA 108 ?ﬁtalys ‘"!‘mrﬁr%ethe( %rxsenW‘feé‘g‘iiIP e Serialbo it A DS F esyiped %‘P‘?"ﬁge b
the rapi dirmes;bpdmﬁaueﬁh of pr@%'leié Wa%h@atm&e RPRLAN AL Such T Br eXBfpfeldiRfind | ask

was renoved fromthe gl ove box and a reflux condenser and nitrogeéen I'ine
at t ached libnteng, hé-peutene, h@mthYH‘heentm,bdt-mgleprhdﬂlme wadecew, | bdedecenasilag a

raduat ed, col | ect.i on, vess S cetone/dry ice bath. The
?eact i ongfﬁi‘}oﬁcfﬁ ‘e ]\/ﬁgde\ﬁﬁ}enéoocw‘i%nﬁo ﬁ’icﬂif{l%sané'gy R e?yﬁngn@%nﬁWBﬁ’ur e of
110.7 C cmeiee@c bbBBmURS afd | DBichel91- 1 8fdkedX {Qporhferd Ob%]?ylérfe)e@l?fener &l UX

t enper at ure 26. 4 C), affording ca. 100% of the  theoret’ical maxi numyield
of is obupmp:der(eﬂd:ute@e @re pefpoed: Wientl hukhg is uaéld(as cammbmemeppolyatis with ndlativelly v ent

\ngiﬁ [gnglggﬁmif%%%u Er?@vglymwgﬁﬁnw m ng gLIrr: izing a dry icelacetone
Tris[2-(firdd ﬁi@ﬁﬂen@@ﬁﬁ&e)coﬂﬂﬁl&)‘g &@Qd&iﬁoﬂ Hf@tﬁﬂen@‘gt[rogglgm%c Tade ity +'§glﬁ TFPPA)

In the gl ove box, 2- | ‘'uor o- phenyl) - pr opyl ene g, 0.48 no Acr os,
dried oveffthcscroevlemyrsw@smezuhsﬂast@ﬂxmdecanbdugedanholemhr(vmghtregﬁlamga);mm a 250 ni

3- k fl Al 3 (Tl BA, 0..120 I W t dded
over 10 AP T O G SISt B B4 e BT hin SRobyRREERER |1 aok
was rerm&eghﬁéne rm&hﬁgm QML BX pARGIR S dedesCaNHE ﬂﬁe{m@%&h Bl & g%nmle' ne

attached in the funme hood. The I sobut ene product was col | ected using a
gr aduat euremﬂtioeofMdPPE/essel imersed in a -78C acetone/dry ice bath. The

ction_n war ned over 90 m.nutes _to nt al erature of
110.6 C. S“rr{h Plefing P B U & CHPORRTRRS LB Bf?ﬁli'sd?f%ﬁ’dl %&@Hzcﬁﬁ#ab WHRIFR |
t enper at {65 4 P Qudical aﬁﬁ@ﬂn@g 1630 cAB%h a(elﬁg oft BearlNGRLE hingR &R Vi el d

of isobutene. The remaining olefin and solvent were renoved I n vacuo (60C,
0. 05 nbacarbcgoltcrmm)mdﬂylcloplzﬁngmnMey of tefcadefine ne frepylent,d -gitone, Bengngfd- tri s

E%Dﬁ/gA; |40 ngnrt] e/ 1- E)?egg J ocat'elrnlé,m lpc!élcr:gneT | Sdegene l-tetrn%;[:crege Pesa elczer?él Li[n num

octadecene, 1-eicosene, allylcyclohexene, cyclopentene, styrene, cyclohexene, norbomene and 4,6-
dimethyl-1-heptene.

The copolymers may also contain small proportions of units deriving from polyenes, in particular
from straight or cyclic, conjugated or non conjugated dienes, such as 1,4-hexadiene, isoprene, 1,3-
butadiene, 1,5-hexadiene and 1,6-heptadiene.

The units deriving from ¢t-olefins of formula CH,=CHR?’, R*® is an alkyl radical having from 1 to 10
carbon atoms or an aryl radical having from 6 to 20 carbon atoms, from cycloolefins and/or from
polienes are present in the copolymers preferably in amounts ranging from 1% to 20% by mole.

The saturated elastomeric copolymers can contain ethylene units and o-olefins and/or non
conjugated diolefins able to cyclopolymerise. The unsaturated elastomeric copolymers can contain,
together with the units deriving from the polymerisation of ethylene and o-olefins, also small

proportions of unsaturated units deriving from the copolymerization of one or more polyenes. The
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8 .JUNE.2004 WO 01/44318 PCTI EPOO/ 12406 Tris (2,3 dinmethyl-butyl)al um num
was prepared according to WO 99/21899 8 JUNE 2004

Tris(2, 4W%J1y4i4§§t hyl - pentyl ) al ui ni num (TI OA) The al um n%ﬁ&%ﬁn@% or%d was
[ : :

prepared according to the method described in Liebigs A Vol une
629, 1960, Ziegler et at. "Alum niuntrial kyl e and Di al kyl -al um ni unhydri de
aus Al um ni um sobut yl - Ver bi ndungen [Al um numtrial kyl s and

di al kyl -al um num hydri des from al um num isobutyl conpounds]", pages 14-19.
PREPARATI ON OF THE METALLOCENES Exanple 1 Synthesis of dineth |silandi

| bi s-6 2c@edi ofemsatutat@luniteis plefrablysomptised befwedn-0 ahd 3%4by weight henezi r coni um

di chl ori -. 2 5-Mez- 3- Ph-cycl.opent ol 2, 3- bl t hi ophen-6-yl)ZSi M2 ZrCl, fQ
S thes s G LSS Oh HEHF G-Het SIS Oy Foh 1oaik B ipTes 0 g (610
Mol , 88 pdhkehe. HubtRAPERNhARIICiGLES qi()né %501 cﬂrﬂopllﬂ%eme %ﬂ%?,?-h%%ﬁe, 3,6 > M

solution of butyllithiumin hexane mmol ,” 210 nL I'le maintaining the
t enper at bepadine dC-mgthyldyS-ledatiieneon was conpl ete, stirring continued for an
addi ti onﬁl O0.m nutes.  The fl alsk contai ning LDA was cooled to -78 C then a
sol ut i on EBARINF FgMRlsholu Bl GOMFET F=3- br onot hi ophene di ssol ved in 60 mL

THE was ﬁﬁde%ﬂeﬁ&%ﬁ%%i IStk QRvi@s conpl ete the solution was

warnmed to O (‘i ce bath then stirred an additional 30 mn. The
t enper at ur e of litchg nor-@apigatehdisdes rstgh ase $H-lidvadienk awmes, d@-Heradicd8 oS, 6-hlathpl- a

sol ution ntai.ni ng_86. 5 610 mmol ) i odonet hane dj ssolved in 40 nL THE
was adde&l’gi(?'ﬁptﬁfi‘\ e ?-fi}rleﬁt,’l}y?-h%éw?aglg%qqngﬂIﬂeﬂ}y&rﬂéO\%dgcgigqnp;r ed an additional

30 mat -78 C,_t VAR, T Qe QR & 8 BREL AL dLiE IR tErrad.e itdgonal 1
h. The 35 t V\ob(l‘t)b??ﬁ%sfs B SO Booa > RerTetb o e gr%ngnirl ?‘5“%‘3‘3?5%5
col | ect egtratiythlvirderet hyl et her, washed with water, dried over magnesi um

sul fate, filtgged, t hen sol vents were renmoved in vacuo. Light orange oil
(89.8 g, 90.7 ! ‘é@ﬁ%@&d\?@f’@&?ﬂﬁ Spcle p O-ethyligenedsnorhamena Sisqregnlidep-2-7 1 (d,

1H), 6. 9 dfHomehnded-{-Sonr 104356 (CD2C 2): S 134.6, 130.3, 123.3,
109.8, 14.8. ENB. Mz (()%M%G, 178%’ 57), 97 (100), 81 (4), 69 (12), 53
. (14) . Synt hespayopfliclididfing siihens yWidyblopgbdiage, tricyclo-[6.2.1.0*7)4,9-undecadiene and :

the 4-methyl derivative thereof;

(i) non-conjugated diolefins able to cyclopolymerise, such as 1.5-hexadiene, 1,6- heptadiene

and 2-methyl-1,5-hexadiene;

(i)  conjugated dienes, such as butadiene and isoprene.

A further interesting use of the catalyst of the present invention is for the preparation of 1-butene

homopolymer.

A further interesting use of the catalysts according to the present invention is for the preparation of

cycloolefin polymers. Monocyclic and polycyclic olefin monomers can be either homopolymerised or

copolymerised, also with linear olefin monomers,

Polymerisation processes according to the present invention can be carried out in gaseous phase or

in liquid phase, optionally in the presence of an inert hydrocarbon solvent either aromatic (such as

toluene), or aliphatic (such as propane, hexane, heptane, isobutane and cyclohexane).

The polymerisation temperature generally ranges from about 0°C to about 250°C. In particular, in

the processes for the polymerization of propylene, it is generally comprised between 20°C and

150°C, preferably between 40°C and 90°C.

The polymerization pressure is ranging from 0,5 to 100 bar, preferably from 2 to 50 bar, and more
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To a slurry containing 3-Brono-2-net hyl t hi ophene (89.8 g, 460 mml) and 1 ¢
of  [bi s(di phenyl phosphi no) propane)] dichloronickel (N (dppp) g:lﬁmp_a 2@@@ L

di et hyl e added a solution containing phenyl mag mde in
di et hyl g‘{l}tm\,\? 56 mmol, 3 M 152 nL), dropw se. After r}gﬁf#wlon&v\es

conpl ete, the reaction flask was stored an additional |h., then quenched
with water. The organic fraction was extracted w th dichl oronet hane,
washed with water, dried over nmagnesiumsulfate, then the solvents renoved
in vacuo. A dark orange oil. (77.13 g, 87 2% by GC) was recovered. Yield:
84. 7% ' prefdRly(Bm PRMOBDHCI 2): 7.3- 7.6 (m 5H), 7.1-7.25 (m 2H), 2 6

, 3H). . 13C CD2C1 S, 139. 3 129. 6 29.2, 129,
(128. 9,H) 128 8¢ aﬁ(fwﬂzhgfglf‘ed’dyff‘f ?“bi?% 0 (yari 4mﬁrelyé1yl\)§ry“?%% é’%ﬁ‘i‘%“%) 175
(18), 17{16 &Q@e ﬁ Blgiﬁé con%&t%atlcﬁl@fthe%%gl débinporrB ofg)) uSlﬂ%ﬂOlt(C%] wéiéﬁ]t (15),
135 (4), 9 (1 5 Synt hesi s of I\/ge 3- Ph-5, 6-di hydr ocycl opent af
1,2-blt htagplh@msmh@néor/hx&mluﬁlycbogeoont aini ng 2 Me- 3- Phenyl t hi ophene (124.7 g,

542 nmmol net hacryl.i.c ac 0 nL djchl or onet hane
e Moot e Yeisth oB e tioh i, be Vi N 1 P ot e TSR o
contentsg &iefaley dr2dtion O Leveld %tgpsaﬁ REGik 1 'p% '5112%9& #nP EratlRl RAGSY! i C

acid in 2 nmL di chlor onet hane added in 60 or portions during the
reacti ondlffétfeme:bncsntranmsrmgﬂlémoledtﬂarlwmghheglﬂaltceact| on m xture was poured onto
ice.. The organic | ayer was collected wth 20% (v/v) dichl O&ﬁ%@ ane in

hexane, W4SR fpnygafldy depgnd gp ﬂt“’al?"é’&’ eb gt peipilogane comPR

car bonat HAET |um
sul f at e, q?ff’tereﬁ’%flhﬁ&‘g‘% Eﬁldg%g renos’ergé@%c%gdcﬁ% \/y ng a ar

br own oi purificitehdeatd@2. 9 g (81 7% by GC 95. 6% : used in subsequent st eps

wi t hout additi onal purlflcatlon .. Two isoners % were recovered in
a ratio 1Bf cymppnentyp N&RC? 6‘?&’2‘?“3 brS“gf‘t e gongacy bforg ﬂ)e p “%at‘en( The ), 2.3

(s, 3H), c]nta7cf gon trsttﬁan %t%')generf& ]oet(ngen gliad ﬂ@%%r(t@%tg&l&ene%gﬂﬁ ) (A%’67 6,

152.1,1 9.4 - 127.1 5, 33 17.1, 717.0,
16.2. El muesmemam ge@@ralmaen@aeﬁd)o anazm (1B} for2thd corifnentAB3 The Hre-cch@dt B6 8
JUNE 2004 WO 01/44318 PCT/ EPOQ) 12406 (38), 185 21) 184 émé} 165 (14),
152 (8), squsglly afecteq spthe Bl)fsen%%at'xeycarbosﬁ‘n%@ds approprigie, gl small quaniiesols ¢ p

droc cl 0 Rfbfer iR} ttéoﬁta&uﬁe@s %n&tluﬁo thfse/ b @Al it ind J4iH3ldm al um num
hydride 1 n ether (300 nmol 3% V\Es added dropwse at 0 Cto 202 g of

2, 5- Me2- BigPh1&pofis dn@y@n@gmtqum&hﬂoﬁhdm}mhﬂwm@nmpmmd@redars&:mlﬁmnipler1 300 nL
of,THE After a%dltlon was co | ete, the tenperature of the reaction flask
was rais gFed gn hyi%e, then stirred an additional 2 h. The

[ eact i onpyRs HANe B%u%r%&e%d%agmhh&ﬂﬂ@tﬁb@eﬂe%ﬁ ountﬁ‘)ﬁ?&g:l hashRge W

et her, ed wth water, dried over magnesi um sultate Iltered, and then
t he soI bmﬂmmsecrymmwdatavacuo "Multiple isomers of the product wer e

recovere ddi ti onal
q’h fA ﬂom%ng examples are given to illustrate and not to limit the invention.

Experimental Part

General materials and procedures

All syntheses were performed under a nitrogen atmosphere in pre-dried glassware unless stated
otherwise. Solvents for air-sensitive compounds were purified as follows: THF, ether, and toluene
were distilled from sodiumybenzophenone, pentane was distilled from sodium/benzophenone/tri-
glyme, dichloromethane was distilled from CaH; and stored over 4A sieves. Methylalumoxane (10
wt % toluene sol.) was purchased from Witco Corp.

MS. Mass spectra of organic intermediates were measured with an HP 6890 series GC equipped

with a 5973 mass selective detector.
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16 g of material was recovered by repeated washing of the lithiumprill.
The product was recovered as a yellow solid Yield: 139.1 (75%@JU“E by
GC. used w(goéﬂgissequent steps without additional purification. '

(CD2C12) : 7.8 (m 4H), 4.9 (0.5H), 4.8 (0.5H), 2.6-GEW 4"63H) 2. 4-
2.6 (m 3H), 1.1-1.3 (m 3H). 13C-NWR (CD2ClI 2): S 146.8, 140.2, 136.4,
129.5, 129-127, 80.8, 74.4, 73.7, 49.0, 43.9, 35.7, 35.4, 35.2, 19.4,
15.3, 15.27, 14.7. EIMs: mz (% 244 (100), 229 (48), 211 (26), 201 (21),
188 (10) 187 (12), 185 (15), 184 (14), 178 (16), 171 (13), 167 (12), 165
(16), 15mmﬂmwmmmomds3m¢mm® 42-48- Me

z- 3- Ph- 6- 0 ta[1, 2-bl tthi ophene To a solution containing 28 g
(114.3 m??f’l" ‘%?r E@r%e 3-Ph-4, 5, 6-tri hydrocycl openta[ 1, 2- b]t hi ophen- 4- ol
di ssol veqyjj z@aciiQIQ Were rriddQbut GRRr WarSpcadd @l Aovl ng Bpﬁﬁdepgc}ﬁ’énkgoﬁ(ﬁﬁoﬂfﬁ‘s% _
sulfonic acid (p-TSA) and the mx%ure was refiuxed for The |geact|on
m xt ur e wae-drgeé ghkssdrewilbehtolvereesolvemtivebs tdhial oveg dAinoldcalpesievansAls elparcatves. The

organic la ed with bicarbonate, water, dried (MySO4), then the
sol vent's dﬂé‘f‘@’e%mgﬁﬂ?rﬁmﬁ@ﬂ@m%r k red oil was recovered (two isoners)
12!, P Ao i R RGP B R S

150. 6, 1216159-phtltﬂ p@opy])dlﬁnﬁmlﬂAAl(OHzCHBIéPH)g (IB)8, 135.8, 134.3, 131.3,
8, 127.1, 1269, 123.5, 122.4, 41.0, 40.8, 17.2, 17.1,

129.5, 1 128.

15.1, 15. EIVWEO Aipha-mefylsbrene §483e, LHpo i%lfh 'dpiod; oyes gipvespwas disialyed m1 o
17), 20 Jos a o mmg

EZ, 25 Me2- tg‘%@ (%a;gﬁrooocy?:rf ob%é&a%ﬁ%fkb‘]@(ﬁ }%{Tﬂ?‘s‘ ]élol\l}elZO 3 1 Pt i on

cont ai ni I’Mltcﬁﬁwﬁ agded o0& 19migh by Q,frmge to the rapidly stxrred solution at ambient temperature The

2, 5- Mee- 3- hydrocycl opent a[ 1, 2-b] t hi ophene dissolved in THE (80 nL)
was adde(ﬁea&“"? f’eslﬁ\nfed?lm‘fﬁ% °‘8fth°rﬂ1%tb9’l‘ Plfdtafﬁeﬂ‘ﬁi qondergsy andenironon livpagpchedip 37" 8
JUNE 200 4 ntents
of the 11 5ae s Crrrpade oy e ves el o AR RIRRIAL MG kI ERTT 0,
added 6 4578)C(dsbomvidy Jcedfathd IThd keactind i ity Wamed dVessaolmlﬁﬁies 10 ahHitefndi0 n) .
The erature was Iovvered to -78 _C, then the THE sol ution contai ning

ani on pr Bt v e 7 was Thederstion Wsivekio roffur dpr Wchermsi(Bnal yllex E?BW?IP‘E'Fe t he
flask andaepnCsnbull Sl CEr 'R WRLMILE 08Im L AHRCHA LG RrB M S5 ! r e

for 6 h. The r€action m xture was poured onto wate he ol gani c
fraction eqnm&lenie/hﬂ)eﬂeadmmm@ oldfie dodob/amt twern@moehidi 2 daone (SORBINOS inbas, 0! f at e,
and conce ted in  vacua. The soljds were recrystal |ized from et her,

col l ecte Wﬁ?@%@aﬁr‘?%“’? 162 eef tis@rphenylprapy Deming®e yo produci ng an
ff whit 5 CcDh2Cl 2 S
7 2-7. 6 ?ﬁ]ﬁ 9\%%&""?}&’%" 'ég'y %ilgg"’%'% %ﬁ)c’}{%g&) 6@1(‘ (ﬁg , (2 5 (s, ), 6H) ,

2.1-2. 4 fmthe ldye box02-24 ﬂuor@-plifﬁyl)—pfbp?l&le((ss 1 gH).48 JhBCPNk@ {idd2(sk2gicved wa36. 9,

13 57, 2. 44 4-121,7, 68.
%Jsseﬁfec} 1211 dry to’luene ca. 70°mi) n a 250 ml 3-11eck flask. Al{CILCHMe,}: (TIBA, 27.9 ml,

0.120 mol, ex-Witco) was added over 10 min by syringe to the rapidly stirred solution. The reaction
flask was removed from the glove box and a reflux condeneer and nitrogen line attached in the fume
hood. The isobutene product was collected using a graduated collection vessel immersed in a -78°C
acetone/dry ice bath. The reaction mixture was warmed over 90 minutes to an internal temperature
of 119.6 °C. The reaction was allowed to reflux for 16 hours (final reflux temperature 123.5°C),
affording ca. 100 % of the theoretical maximum yield of isobutene. The remaining olefin and solvent
were removed in vacuo (60°C, 0.05 mbar, 90 min) utilizing a dry ice/acetone bath to give 50 g of
tris[2-(4-fluoro-phenyl)-propylJaluminum.

Tris (2,3 dimethyl-butyl)aluminum) (TDMBA)
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40. 8, 40. 7 18.1, 17.7, 15.0, -202, -2.5. EIMS: mz (9% 509.1 (9) 508 (22)
283 (100), 255 (10), 241 (6) 210 (6), 178 (18), 152 (3). SyptnAgE200l
(2,5-Me cl opent oF2, 3- bl t hi ophen-6-yl)2Si Me2 ZrCl2 To a solution
contalnlﬁvgﬂﬁgﬂﬁy (3.6 mmol ) of PCT/EPD0/12406
(2, 5- Mee- 3 Ph- 6- hydrocyclopenta[2,3-b]thiophen-6- yl)2Si Me2 slurried in 100
m. of diethylether was added a 2.5 M solution of n-butyllithiumin hexane
(2.9 nL, 7.2 mmol ) dropwi se at roomtenperature. Stirring was continued for
5 h., then 0.83 g (3.6 mmol) of zirconiumtetrachloride was added slowy
as a dryTM@ﬁUbﬁnwmﬂémwﬁdnm&mnDwmsgmmmedeubnmeﬂo&ﬂ)9%%&@9ional 3 h, then the
sol ution er sollds | lected in this fashion were washed
with Hw%a‘LLme?ﬁﬂlﬁ 8iA@m)ved in vacua |l eaving 770 ng of a
3.5 aC/ The Qluﬁﬁrfﬁhwoﬁrpoiﬁa%vas 5&?&9&3&&@@ |y 9 Qﬂﬂo& orlbbd OB Al O,
slurried in dichloronethane ltered, ~and the solvents wer removed from
t he sol utViobmei 62%ad %, :H&man phreuwmamnmmmmbrumhﬁhﬂﬁﬂ@h&ﬁﬁﬂmwwubldm 1.12 g
(47% . 'H—NNR g§PQE S 7.25-7.6 (m rac .58 (s, 2H, rac), 2.55
(s, 3H, upyks Ve mﬁ“&é&ﬂ@ﬂﬁ%ﬂ'@%ﬂ éﬁFa]lezﬁilfmﬂ“ﬂ!B]@dNF@Rﬁ?r@B@@M: S
168.8, 1 ; 5.4, 129.95, 129.47, 128.2, 119.0, 85, 19.9,
16.0, 0. gsz’b‘%l&’ﬂérﬁm gge?ﬁ/ﬁ% of theo). Exanple 2 Synthesis of
di et hyl si | andi yl bi s-6-12, 5-di net hyl - 3-(2' - net hyl - phenyl ) cycl opent adi enyl -
1,2-bl- thio henezirconiumdichloride - 2 5-Mee-3- 2MePh -c clo ento 2 3-b
thin henPREPAFAMRION OF AHHE MEBALISOGENES2004 WO 01/ 44318 PCT/ EPOQ 12406 |
Synthe5|%mg& p-fVe- 3- (2- MePh) - t hi ophene An et her solution of
nﬁgnegrun1bronlde (350 nL , 2.0 Nl 0.7 nDI) was added slowy to a
vl i RIdRING 0.7 nDI)
wat er
The

organic @ er was separated mashed mnth brlne solutlon (I C[hL) and
dried ( Sol vents were renoved in vacua. Yield: 136 g: used w thout
further purlflcatlon. " H NWMR ( S 7.2-7.4 (m 4H), 7.18 (t, 1H)

6.98 (t, 1H, 2.35 (d, 31-1), 2.2 d, 3H. EIMS: mz (% 188 ([ M+], 100),
173 (62), 155 (34), 141 (9), 128 (3B), 115 (15). Synthesis of 2,5-Me-3-
2-MePh -5 6-dih droc clo enta 1 hen- 4-one A sol ution of

2- Me- 3- (2- MePh) - t hi ophene (80 g, 0 ) and nethacrylic acid (44 g,
0.51nol) in 100 nL of dlchloroethaﬁeﬁwaéxhdded dropwi se to 1000 g of super
PPA at 80 C and stirred for 5 h. g red m xture was poured onto
crushed ice (1000 g) and stirred unti PPA was

Synthesis of 3-Bromo-2-methylthiophene

To a solution containing 62.0 g (610 mmol, 88 mL) diisopropylamine dissokved in 150 ml. THF was
added a 2.5 M solution of butyllithium in hexane (610 mmol, 210 mL) while maintaining the
temperature at 0 °C. After addition was complete, stirring continued for an .additional 30 minutes.
The flask containing LDA was cooled to —78 °C then a solution containing 100 g (610 mmol) 3-
bromothiophene dissolved in 60 mL THF was added dropwise. After addition was complete the
solution was warmed to 0 °C (ice bath), then stirred an additional 30 min. The temperature of the
reaction shury was then lowered to —78 °C, then a solution containing 86.5 g (610 mmol)
iodomethane dissolved ini 40 mL THF was added in one portion. The reaction mixture was stirred an

additional 30 m at -78 °C, then warmed to room temperature and stirred an additional 1 h. The

35



conpl et el y deconposed. The product was extracted with 30 % (v/v)

dichl oronet Yanh e in hexane (2 x 400nL). The conbi ned organl 8 JUNE2008S
were wasReghWiifa @ saturated aqueous sol ution of  NaHCGG, @ 'fﬁd (MS™) .
Sol vent s vvere rem)ved on a rot oevapor ator leaving 74 g o produc used

Wi thout further purification. "HNW (CDA3): S7.1-7.3 (m 3H), 7.0 (d,
1H 2.7-3.0 (m 2H), 2.25 (s, 3H), 2.18 (m 1H), 2.05 (s, 311), 1.2 (d,
3H. "C-NWR (CDC13): S 199.6, 167.3, 152.2, 136.6, 135.9, 133.4, 130.2,
129.7, 128.1, 125.8, 46.1, 460 32.8, 19.5, 16.9, 15.4. EIMs nlz (% 256
([ MH], 835gamgl@:rer(\71a§@yllectzé ith gdicth M@r(%)led m“@tzlz)dnedlgmr (nm);nemmsu(fatg) 152
(9), 128ﬁ¥t&%tli gﬁr%;o?\;eﬁg %v'e ré)nflovgdx?l vlf}t/c%% §1ght orange 011 @9§ 250°F %be G@)n}e(z:iovereg b thio

hene A so

2, 5- Me2- ¥ @ 708 Ph) TENREAS (vOcngye] @pens, alokd2r ]2t£h€s eﬁC‘NMR dﬁéb}aa 0. 286
‘rmt) 39 WO 01/44318 8 JUNE 2004 PCT/ EPOO/ 12406 in 0 mL of HE was,
treated W4H 1308, H3.35109.8, AHBAEIMS: PHECEILL 0, 108 (WL 1575 9%1()0),&1 (09 A2p.&8
stirring 942 roomtenperature for 3 h, water was added cautiously (50 ni)
and the Fe ulting slurry was filtered. THE was evaporated fromthe
filtratesaigksk Be2-8R13-PhehiihioBheneake was washed with dichl oronmethane (3 x
150 m.). The dichl oronethane wash and filtrate resi due were conbi ned,
washed wiphawehersy comaning)3 Bmmcelim(éWM)l@nearﬁw vapdétt mood) oamd bl ogwnofl | quid

Cirred W %ﬂﬁﬁﬁﬁﬂﬁw RO gt RGP il Se o AR Lene
sol uti onsiaidn VaRbREG 2 o rg/ ABRLBn Hrafids) diedhR HEER455QhMEl P, (lgpmm-liropwﬂé' ne

solution (50 m) ried (MgSM). Sol vents were renoved
r ot oevapéitet @Hltlbems n'gnphm,dhmremtlbn fipkswas| shimed gnadditiaggl ., then Q&ntlmd mjithgave a

I ht | | d. .Yield: 47 689 NIVR 13): S
I g 7 ge ﬁﬁowﬂgﬁ %UI ﬁ'e?ﬂ%nm)s exbél tﬁé /o(& ororget%ano ge asgeflﬂv!;t Aatgr, Edgg V&) 2.6
( ﬁmﬁ&ﬂfaﬁltﬂén the'zsoﬂ?Znts(x@mo@Mﬂ)vacgo 4644 0ra§é€|)0111§7743 of 87298, 3. 40 (s,

.13C— ?61462 145.2, 137.0, 136.4, 133: 7 102
130 0, 12’931500\@@¢ Wield19477%, "HENBIR7(S, PRI CIDHCZT 3 7.60n,1SH)1B1.9,25Xh, 2H),14. 4.

(15), 148550156 RIS (apdily f 33 1oEio G4 HEOK 1R DRy o Tl 100

2, 5- I\/be 327(?-12%%)71&@2/&1@%@&1@9%1&6{%) ?733&261) W@Rh@nmp(ﬁ@@baﬁ@&d%{ f78action
with n-bultylithium 'H NVR ( THF-dg): 2H) ), 5.5 (d,
111), 5. 69, (74, (14HS8 (2), 147 (93,143 (1), 132(40811{93(181-31-1)5 (15)2 15 (s, 3H). 13C NMWR

(THE d8) 05480, 0T A0 B0ty 1Bkl 1241 1201, 117.2

5- Mee- 3- A2MBIRA orfbaikiydr- SRy ChHRRA mﬁ&e%rﬁlﬁ%ls@pﬂﬁmﬁmmac%ﬁ uaa (6 ﬁglmi on of
2, 5- Mee- 3-( 2- I\/b@gé 6- hydrocycl opental 1, 2-Db] t hi ophene (36.9 g, 54 nmol) in
150 nl wmoljEd mEghthdagormneshang gaaddedislowly o ¢e00vg offsuBP PRA stifiing at 70 °C.

n-butyl | Jl'ﬁehflas £ dI cr(])ntgn g(%gr%srefﬁjxeds foMO h, with an additional 208 g of methacrylic acid in 250

mL dichloromethane added in 60 or 75 g portions during the reaction. After stirring for 10 h, the
reaction mixture was poured onto ice. The organic layer was collected with 20% (v/v)
dichloromethane in hexane, washed with water, a saturated solution of sodium hydrogen carbonate,
and then water. The organic layer was dried over magnesium sulfate, filtered, then solvents were
removed in vacuo leaving a dark brown oil. Yield: 202.9 g (81.7% by GC, 95.6%): used in
subsequent steps without additional purification. Note: Two isomers of 16 were recovered in a ratio
of 3:1. '"H-NMR (CD,CL). § 7.05-7.4 (m, 5H), 2.6-3.0 (m, 2H), 2.3 (s, 3H), 1.7-1.85 (m, 1H),
1.1 (d, 3H)."C-NMR (CD;,CL): & 199.9, 167.6, 152.1, 136.5, 134.6, 130.4, 129.6, 139.4 —
127.1,46.5, 33.8, 17.1, 17.0, 16.2. EIMS: m/z (%) 242 (100), 227 (54), 214 (10), 213 (17), 199
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0.155 nol). After stirring for 16 h at roomtenperature, the solution was
added dropwi se to a solution of di CE| or odi net hyl si | ane (9. 943g_;U|QEQ664m)lj)
in 70 nL stirring at -78 T. The reaction m xtur y war ne
to room t“gjrropl)e;:zgtsure and stirred for 2 days. A saturat edq) \fﬁ&%@ﬁ% sol ution
of NHACL was added slowy (10 nlL) and nost of the THE was renopved on a

r ot oevaporator. The residue was partitioned with ether (500 nL) and water
(150 nL). The water |ayer was separated, re-extracted with fresh ether
(100 nL), and the conbined ether fractions were dried (MJSO4). Evaporation
of sol veﬁ-‘tg)thél(ZjlénﬂSMl@ tﬁfS(ﬂ)‘i‘)omZdﬁ) 439 dpy 138 1Swhist@2so0l id (91% purity by
). 18. [ ) ooi-c on silica (5% CHzO /
hexane) &% P AoRG@ald ZrdWopBen-ds9l Fpo0/ 12406 of t he
target ag goM estu%@omﬂmﬁ 91 r@hﬂ}@ 'in éﬁ&& AMPmBRAG 0[N was 2dded dl%ﬁ%sé 400) ,

281 (6), 223 (5), 192 (12), 165°(6). The proton NWVR spectrums

conpl ex MAi°'&ta2® oéf 1, §-MmﬁsPh Aﬁaihlwdmcja:lbpemaﬁ,a bﬂtbmphdneﬂf-dmetdlﬂsazlvndsmB(ﬂO wk

L e P TR T A S B
(5: 2H) tengerdBirel fhen Md afaddiohd] 2 h3me reécﬂ&?wﬁssq?e&had with @%er( file ot?ﬂ)le la er63 (S
3H). Synthesis of {(2,5-Me-3-(2MePh)-cycl ope 0[2 3-bl' t hi ophéen Si Me

Zr Ci 2 A set uilkgrd with ether washed w1th water, dried over magnesium sulfate, filtered, and then the
(2,5-Mez- 31 2- MePh) - 6- hydrocyclmnta[Z 3- tllt; ] t hi ophen-6-yl)2Si Me2 (27.6 g,
51.5 mityenfsvesosred e veede MylaRle seraer af E)pro‘?h@t Pemfaeorsret Ay adiitonalay i

of n-but yb b igk Mk 5 M&@@@ reé\eétregw%ééu#% rﬁf t’{‘ﬁé ihdt Wa@&cﬂ%ﬁgm ght

at room tenperature, solvents |n vatua a pent ane
was addeds a Flowyselid dfield [169.1 y7596s 7856 b GA: cmsedTJB sbsaquentt stepd vithbuwvad ditioAn1 C4
action m xture was warnmed to room tenperature,

St ed PORCLEINAMHE PR ad L hIBUBHh 501 S8ba SOED: 218 e FahoLol | de
ver e wasb%qmvwﬁipﬁemmmgugﬁf}: NIMR c%@ B%aﬁn 852 MIGUYH i 3 Cgf/%sS g of

crude product he ‘crude product was stirred in 400 ni of or orfet hane
at room TéAPEr 104 RNME 517, BE.dy R, tihrdoligh 16807 14e7. Mpmrza(M)m4q§rooo,rM9

fiItrate er d pres ave the prodyct as ac/ meso
mxture (8591 257800, TR 1 a8 B B L Ao 28 By 1 e SorgRR
portion @fs Eiglegﬁgl/lng@(mﬁtlgrp, in dichl oronet hane, adding an equal vol une
of hexane, partial evapor at| on of dichl oronet hane under reduced

pressure, Svhthes:tshil,stm?r Phtmhvdms'dowe:nmﬁeﬁrb}tm_;@em p| tated fromthe solution
and renoyed by filtration

d |
omoved HP oot FBEo e, 1 RO 48 3 SMMRer A IDG R UERRLZ 1 AR
(CD2C12) b]tlﬁoﬂlel@@ 0( Bihso?vth mnﬁﬁ @HL ofz:olﬁtgle% adeleld a1l %CE)OTUOZI of Z)-t&lﬁ%ne Q’Hfonﬂ%élg) 7.26

(m 6H, rac) . rac) (s, 2H, nmeso), 2°3 rac),
2.32 (s, (EGTSA}@Q@C m@hx&sz(ssrgaﬂlﬁbd for aﬁ,)n,m IhR teaten mikthte wmsloe)n,cheﬁ vﬁ& Waer 6H,

o), 203 (et el LA (o3 TR, LR (e Bl e 10 (o
134. 4, 1§@g§34),]t€& b solvents were removed in vacuo. Dark red oil was recovered (two isomers).

Yield: 26.6 g (90%), 87% by GC. 'H-NMR (CD,CL): 6.8-7.6 (m, 5H), 6.1-6.3 (2s, 1H), 3.1, 2.9

(s, 2H), 2.3 (m, 3H), 1.9 (m, 3H). *C-NMR (CD,CL): § 150.6, 146.9, 145.9, 145.6, 141.0,

137.0, 136.8, 135.8, 134.3, 131.3, 129.5, 129.1, 128.8, 127.1, 126.9, 123.5, 122.4, 41.0, 40.8,

17.2,17.1, 151, 15.0. EIMS: m/z (%) 227 (20), 226 (100), 225 (34), 211 (34), 210 (17), 209

(10), 193 (19), 178 (28).

Synthesis of (2,5-Me,-3-Ph-6-hydrocyclopentaf2,3-blthiophen-6-y1), SiMe,

To a solution containing 22.6 g (100 mmol) of 2,5-Me;,-3-Ph-6-hydrocyclopenta[ 1,2-b]thiophene
dissolved in THF (80 mL) was added a 2.5 M solution of n-butyllithium in hexane (100 mmol, 40
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129.6,, 128.2, 126.3, 125.2, 118.5, 19.5, 19.47, 15.2, -0.57. EIMS. mz 697
(M ++1 of then) Exanpl e 3 Synthesis of BJUN 2004

di et hyI ‘g) %ﬁ%l bi s- 6- F3, 5- di nmet hyl cycl opent adi enyl - P%gg)%reﬁ{g enel
zirconium dichloride - Si Me2(Me2CpThi ophen)zrCh (C6) 41 “Boo4 wo
01/ 44318 PCTI EPOQ 12406 Synt hesi s of

3, 5-di net hyl - 6- hydr oqycl opent al, 1. 2- bl t hi ophen-4-one To a fl ask contai ni ng
950 g of 84% pol yphoshopric acid (Al drich) was added 180 g of P205. The

slurry was heated to 140 C for 4h (until al P205 had di ssol ved), then
cool ed t oLyt :m Prppwiure Thacongots of tho Aask mtf:asﬁmdfgr abG@digorall 5 .1 Impbeparate

3-net hyl t.hi ophe nol cid, and.6

di chi or o@h&ﬁe&aﬁsgg%géé&w Iﬂlﬁﬁ?ﬂ @XWQ@ L%é &'ﬁ?@&g%wﬁ@ e e

sol ut | Ontéﬁﬁaﬁraﬁ%lﬁrfsQOQ&E@to'% °C, %@eﬂerﬂmoﬁub@x&{mﬂ@garﬁ&l preftRdbel Whsd 30%
di chl or onet hane/ hexane sol uti on whi ch was washed wth water, saturated

bi car bonaddsd dwpwisé.dvfier avslition was tvaplatk; thedlagvead corsapsesireiatiosad foatean td fobtner ed,

then the sol vent I n vacyo. 143 of dark brown oil was
recover eff™ p?ﬁ@“eo?ri% %@deiﬁr &l I‘f’g‘?jreé‘fﬁon FaxtEreyasqiait OpignERters ety gganig,| e

yel | ow OighctdRSval EARME Hfh Qymk&nethénel"émd m@ s BrCATROURE collBiraRB S,y Sed by
means of "~ H NVR spectroscopy. Synthesis of

3, 5- di mevdbo- Ilhessulhdsmmhycdysmﬂlzetb&(ﬁn birety @iisccki @pentedfuin Rash it Hiltapdd déedlia a
flask containin

3, 5- di met'fP P ?%%(%Ewwwﬂffaﬁldzlbﬁ&(%pf@e%%bbﬁ@ BNV CRICPRO 100 m
et hanol ) Lagt© |

catal yti ??n%gﬁ?@{%%ﬁ 65, %gée{%)ug)e%%g?lgf( ﬁ@nggrg Bﬁ%%@hggr ate %ﬂééj

react i on0FEx10I5e(s6i). r BCI-MM@d(CEzﬁJIz) D |1136 g, hm EdQDédlZIZGMI fiyasye] u?;rrneﬂsm ur e.
The COO'%& solut on was filtered and t ite precipitate d by
£iltrati s 4h 1831 176 Lidr208r? édEMSv%déﬂ 3491 P g0f (17 283 (1@?) 35/6 (18)

mat eri al d his fashion. The title conmpound was anal ysed
by msanszﬁﬁ6§ 21%&% s%(e\(g%ﬁr %)55238% Synt hesi s of

3 5- di metinhesis ofij(@ds ddasSHRIp evrlappntd[2 3-Hithiobhanpre BiMegt Z1CE | ask containing 11.1
(33.3 2- sul f onohydr azi de- 3, 5-di et h I-4hydrocyc| enta[l, 2-
dha s & nilg

b1t hi ophef tog SpRjpng heke (A m’FPE"W&ss “Mepfesib-4-ygrogysipsn ﬁtbi‘ih%’P}l‘F‘@ % 5 Mn
butyli i t%Zsméz%ﬁm%'loomi%fﬂleﬁﬁweﬂlér%@% %25%55%{’&%5 ARk pupdpfor 18 h

then the'reaction was quenched w th a solution 4 1 8 2004
PCT/ EPOO2124067.2 ontodidripmise 28igorh fenetajuravdtieing dias smtimed f0rr5 W &heml0.8FIdE3.6dded at

0 C. An additi.onal. 100 wat er dded, then the THE was renoved in
vacuo. TH’é“ObrOé W@W@&@%ﬂ‘%ﬁ? tascde Slonly mte G powder. Zggeaction i was stired an

additional 3 h, then the solution was filtered. The solids collected in this fashion were washed with

ether, then the solvents were removed in vacuo leaving 770 mg of a 3:5 mac/meso mixture. The
solids remaining on the filter were then slumried in dichloromethane, filtered, and the solvents were
removed from the solution in vacuo. 350 mg pure ~rac isomer was recovered. Yield: 1.12 g (47%).
'H-NMR (CD,CL): § 7.25-7.6 (m, 10H, rac), 6.58 (s, 2H, rac), 2.55 (s, 3H, rac), 2.3 (s, 3H,
rac), 1.05 (s, 6H, rac). "C-NMR (CD,CL): & 168.8, 147.6, 145.3, 135.5, 135.4, 129.95,
129.47, 128.2, 119.0, 85, 19.9, 16.0, 0.0. EIMS: m/z 669 (M*+1 of theo).

Example 2 _
Synthesis  of _dimethylsilandivlbis-6-[2,5-dimethy]-3-(2’-methyl-phenyDevelopentadienyl-[ 1,2-b]-
thiophénelzirconium dichloride - 1(2,5-Me,»-3-(2MePh)-cvclopento[2,3-blthiophen-6-

v1),SiMe, } ZrCh (C4)
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di chl oronet hane i n hexane sol ution which was washed with water, saturated
sodi um bi carbonato solution, then water, dried over nagne5|u§hﬁﬂu §M@
then filt&rad, zéolvents were renoved on a rotoevaporatq&nﬁhﬁh ﬂp g of
dar k orange 0|? whi ch was used in subsequent steps wtho Fé¥fer
purification. The title conpound was anal ysed by neans of 'H NWR
spectroscopy. Synthesis of bis(3,5-dinethylthiopental ene)dinethylsilane To
2.9 g (20 mml) of 3,4-dinethyl-6-hydrocycl openta[ 1, 2-b]thi ophene di ssol ved
in 20 M diethylether was added a 2.5 M sol ution containing n-butyllithium
(20 mml, 8nl) in hexane. Stirrin ontinued for 2 h., then the solvents
were renoved in vacuo. The dried ds were washed with pentane, then
dissolved in 10 M THF. In a separate flask, a solution containing 1.2 g
(10 mmol ) dichl orodi net hyl si | an e THE sol ution containing the anion
was added dropwi se. Stirring contrnued<for 18 h., then the solvents were
removed in vacuo. The solids were wasted/Afitth pentane, then pentane was
renoved in vacuo yielding 3.0 g of _a free flow ng powder. The title
compound was anal ysed by neans of 'H (Spectroscopy. Synthesis of

di met hyl si | andi yl bi s(3, 5-di net hyl t hi opentyal ene) zi r coni um di chl ori de A 250
m flask was charged with 3.0 g (8.41 bi s( 3, 5-di net hyl cycl opent a[ 1, 2-
b] t hi ophene) di net hyl sil ane di ssolved in m diethyl ether. Dropw se at
roomtenperature, a solution containing 2.5 Mbutyllithiunn in hexane

(16.8 nnﬁnmmmmmfzNMﬁﬂ%ﬁkEm4mm@gmsolution was stirred for 1.5 h. then the

sol vents were reno 33 vacuo. The solids were washed with pentane, and
[

the di ahPshe wglgh ]G“a&%emamlblr‘ﬁ‘ﬁfie EPRE poRAerd-7 mAR was added sleWidaRd was
anal ysed y Beans. A t y. bave) was
slurried in pentzhg&?70 m t Rﬁg f%%%ﬁl lﬁxgﬁrgbﬁq%rlde %Fg%{q% 35&21

mmol ) wadi(ghmpiCl imtbiddofaxshea Aﬁyr sooing ervernifhitf watera@oll mL})WaSI\ﬂﬂed:ﬂmﬂb/ed the a few
drops of THE was added, then the slurry was stirred 18 h. Solvents were

renoved TEACHPALIGLre @HEAM Aereperigg.  Hheygrgagigrlayes was| seriraicd) Wepherbvidh broe sofeiond. A
3.5 g poffob@n), 3hd &RiMBBO ST s@bentBrerPiioldes v, % leleltdef?;'G%gﬁeg out ﬁlim%; g of a

dlchloronethane and the solvents agal n renov I n vacu
50/ 50 r apurifiestion. - Ni\/LRe’:D@aiﬁ:IDth@dn ViIEB] 118 (t6BH)y 6088t 8% 2. :-Gr@lsnaj 3.26f the

of Ct hoor GePHE VY w08 Isfind | Tiine TS Rah bt Cnd s 1) 825 S, F85I0 03 44318
PCT/ Epooéylrglfegﬁ oPN a5 @Q2Meﬁﬁ?§@%m&%%aﬁ@qﬁﬁﬁ&ﬁ&f)@}fﬂe Exanpl e 4

Synt hesi § of
di rret hyI Sisblaticti 9fl20e-362-M2PB)-ttliopienh Y80 & 04 2molp anddhetetdild acigh@h g ). S\edloipent adi e

nyl - enel zirc m di chl oride (C5
y ?00 rRlJ, oft A}ch?(g-oethane was adcc)ied 'Eiropw{se to 1000 g of (supe; PPA at 80 °C and stirred for 5

h. The dark red mixture was poured onto crushed ice (1000 g) and stirred until the PPA was
completely decomposed. The product was extracted with 30 % (v/v) dichloromethane in hexane (2
x 400mL). The combined organic fractions were washed with a saturated aqueous solution of
NaHCO; and dried (MgSO;). Solvents were removed on a rotoevaporator leaving 74 g of product
- used without further purification. 'H-NMR (CDCL): § 7.1-7.3 (m, 3H), 7.0 (d, 1H) 2.7-3.0 (m,
2H), 2.25 (s, 3H), 2.18 (m, 1H), 2.05 (s, 3H), 1.2 (d, 3H). "C-NMR (CDCL): § 199.6, 167.3,
152.2, 136.6, 135.9, 1334, 130.2, 129.7, 128.1, 125.8, 46.1, 46.0, 32.8, 19.5, 16.9, 15.4.
EIMS: m/z (%) 256 ([M'], 85), 241 (100), 227 (6), 213 (35), 199 (22), 184 (7), 165 (15), 152
(9), 128 (11).
Synthesis of 2,5-Me2-3-(2-MePh)-6~hvdrocyclopenta[l,2-b]thjophene
A solution of 2,5-Me;-3-(2-MePh)-5,6-dihydrocyclopenta[1,2-b]thiophen-4-one (74 g, 0.286 mol)
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Synthesis of 2-Me-3-(2,5-Me Ph)thi ophene An ether solution of
2, 5-di met hyl phenyl r nagnesi um broni de (400 nL of a 0.6 M 0. 24gnMINE%94

added sl a m xture of 3-brono-2-nethylthi ophene ( 24 not)
and 1.2 %%’}4&8(dppp) Cl2 in 100 nL of ether. After sti rp;tlzrﬁ%mg%/zé?ﬁm ght,

water (200 nlL) was added cautiously and the organic |ayer was separated,
washed with brine solution (100 nL), and dried (MgSO4). Evaporation of
solvent and starting material yielded 47 g of product used w thout further
purification. EIMS: nx/z (%9 202 (M, 100), 187 (78), 171 (29), 154 (15),
128 (16) inZ.QDBHIQ mﬁmmumdivéﬂzdﬂyn&m IR THF (1.0 M, 0.145 mol) at 0°C. After

ot o o 3SR SR B by s g0 oyt ol PG et e 24 g,
0.28 nol )was 'ﬁﬁer@@5fiiﬂ3 QJas @b@t}ﬁafea %hhﬁl@eﬁlt{‘ﬁé 2AF AR ol PR S tas 1GR9l Ssuper

PPA at 90C and stirred for . The dark red m xture was poured onto
crushed ideblofoi@®dngP xatd IBIL)L r FI'hd dighlpioinethhige WiRA and diltrate aegadue tveekey catibiredposed.

200ty Wi S3nrirE B0 getiet SRR et herred ot Uvich 62 2 ﬁﬁ%‘r@# .
aqueous %@dﬁ@t 'w%‘re%ssolm Iﬁﬂ% Q[deﬁéjanﬁ%rhe 2 %EéﬁgtﬂA% 7§ of 41 on a

r ot oevaporator | eaving 59 rown f was puri by

chr omat og\tﬂaxpttwhnglﬂmtdﬂuana smhmdm \ﬁa& W@sﬁeﬂ/ wf;h dateh {50 malne Naiage, iscnuuohe{xmne.) Yi el d:
26.1 g (429 H NVR ( CDC13) : 7.15 (d, 1H), 6.92 (s,  1H),

(2 953 H§ mP Pk ol}ﬂ'\@séo ), 2‘14)26%01@?5% S@Fﬁﬂts vzergseﬂ(%%’ed ef} g rotoevapqrator lsasgng 1.32
S 6]% o~

130.22, 130.20 130 11a 128.9 1502) %é"%%efgi ﬁg‘” qm&Sg}’eg 44%3(15.@% ! 15.4.

EI V5. i dsofibfs- 'BPEMRVICIBE)); 5 2357.§ TANIED, B47L(of,6)H), 827Tm( 37), 3,213 2HRH2 (44 8
JUNE 2004 WO 01/ 44318 PCT/ EPOQ/ 12406 198 gll) 41 (7)., 128 (15).

Synt hesi s 6: #2235 (9 350MPH) 319, 240 &> H%&‘Bdérﬁféﬂ%(%?ﬁh OpHEHE A

| ut
25 Moo S0P RSP B2 UM o b a3 KO U B it A% b 1

97 ol )mm, 123 .40ri10. bf 19BHE7 \\akt 4. rlam&dnm(%mms([m:] ab0)_p2s ae«g),uzmo etd),em(l 0 M

sol ., {728 After stirrin roomtenperature wat er

nas addoEalTEiBhdfsUELIBED. DAL rdraaical daiadpr 8r WW 1 YA et bagh o

pl ug of 5 r i | gr cake

was wasﬂ%éjh/\tmgt ﬁygf}%:{ \(%?%g?t/ neﬁi ggé%)%p@ﬁ{?; éldﬁé&él?{l: | 'or o%?ﬁa’%\e act| ons

wer e conriiMR (CHW-tZf): & he (m;‘:t}li)wa(m EshH dlﬂd’, la}),ds m?(sthdi) wmtn m;,erIS((éeﬂm;L)

After dryi g{ (3%8@4 ol Was oevapor at or .

or oduct  ded Wi T g LD TS0 b0 5 da6 s TR0 9. SA0p Ten at

60 C for f l{kRg he tol uene solution was washed with water (50
197.5.-924 e, ﬁP@lBﬁ 15.3.

m.), NaHCO3  solution (50 ni), brine solution (50 rrL) and dried (MgSOH4).
Tol uene Wasthasis wh@cdMen3-€2MePh)-6-hydrocyclopental2,3-blthiophen-6-y1),SiMe,

A solution of 2,5-Me,-3-(2-MePh)-6-hydrocyclopenta[1,2-bJthiophene (36.9 g, 0.154 mol) in 150
mL of THF was cooled to —78 °C and treated with 62 mL of r-butyllithium in hexanes (2.5 M,
0.155 mol). Afier stirring for 16 h at room temperature, the solution was added dropwise to a
solution of dichlorodimethylsilane (9.94 g, 0.077 mol) in 70 mL of THF stirring at —78 °C. The
reaction mixture was slowly warmed to room temperature and stirred for 2 days. A saturated
aqueous solution of NH,Cl was added slowly (10 mL) and most of the THF was removed on a
rotoevaporator. The residue was partitioned with ether (500 mL} and water (150 mL). The water
layer was separated, re-extracted with fresh ether (100 mL), and the combined ether fractions were
dried (MgSO,). Evaporation of solvert yielded 41 g of product as an off-white solid (91% purity by
GC). 18.7 g of crude product were chromatographed on silica (5% CH,Cl, / hexane) giving 13.3 g



r ot oevaporator and the product was purified by distillation (110 C, -0.05
torr). Yield: 11.5g (47%. 'HNW (CDC13): S 7.19 (d, 1H), @?QZ%
7.0 (s, 144 .841(5, IM 2.93 & 2.90 (ss, 2H, 2 |sorrers 3

2.25 (s, 449812 (s, 6H). "C-NVR (CDCI 3): 6 146.0, 144’ ’EP“‘ﬂi‘é"“l 136. 0,
134.8, 134.1. 133.6, 133.3, 130.4, 129.8, 128.0, 122.1, 39.9, 20.9, 19.1,
16.9; 14.2. EIMS mz (%9 254 (M 100), 239 (75), 224 (16), 206 (20), 191
(11), 178 (10), 165 (10), 149 (6), 128 (9). Synthesis of (2,5-Me-3- 2

5- MC2Ph) - 6- hydr ocycl opent af 2, 3- bl t hi ophen-6-yl ) 2Sjyle2 A sol ution of

2, 5- NEe @f@@m&emzmm@ohy@nmmpmm(%p 53RN, rziz);;iaé(nwoi 201 €6)g2234(5),7 nmol )

in H s..cool ed 78Cadteat wth 17 mL of

n- butyI ﬁ?ﬂla}n@&ﬁemg“e mect%fr da o yixtusg pfdsomers (4aehgedlor 16 h
at room {; ( oI ution
of di ohl arag A Wi Lﬂﬁ‘g*(”?‘*é Wi g B S LR R
col d bat hrapasedrbe meavgidn avvél nshultyha}magz cofthhﬂ@(THRadg) 1B7.08-&t18 (oo B}, émﬁe{s at ure
before g ueous _sol ution of NH4CL(10 ni). The

reacti onggﬁ]é&@é? 3\%“5‘%2 ?@Lﬁ?&iggﬁ’éﬁ (d(%oo ﬁzl_§9 %ﬁ})d washed with water

100 nmL t tor.
(100 L) syfidsRlor o LMIEPH.c,ROLYADLSINBRRAEIRYSA DACR 1 Ot oevapor at or

di chl or oﬁHohwamaoﬁ (a S#Magah(e Méﬂ%dxydrﬁcﬂlc@ex(tﬂg 3%]thjvh]1emr:6-yl$26ﬂ®af2 (2‘716-g\lNR5
(CDC13): b 6.9-7. (70 5 35(s
2.25' (s )m%OOZBLegeﬂl%Wscozleé@ 8. C@Pﬁi}*featedm&é iy fn@mlﬂlﬂnr@eﬁm cDal 3)

B o, 1o 8 oo bl P el g i 2° 0,8
14. 3, -7af penﬁn@(lSlEinMEwaMdﬂec{ TPhey6How Mirry 245)cooldd b 478 00)and 28R +ifh) zrcz53 (4),

237 (5), 206 %g 189 (5) 165 (3). 128 (3). Synthesis of {Me2S 2
5- Mee- 3- (B.75% R 3 piyelloy ke sragtinnapiztn waspraragsHe foosh (prmperateytied Qs §ihyad of

(2, 5 I\/Ee h (2.33
o a1 e b BET YR RRE AIRERLE W R DRRR e AR (00
in hexanea:u(lra §v1h@ SBI8. g & brudemppddpct. AlThercengki producy way edtifted) ik 400 sDosn
terrperature sol vents were renoved in vacuo and ZrCl4 = (0. 96 %@84 1 nmol )

was addedchiprametiane at memipmpegpige Q&%@Hreér@wghecewxﬁm% 0%@1? .ﬁ unger 24 h
The sol i dgn.nQt Fes&:&)éé%hﬁﬂmﬁﬂ cts § 505G cndsd m&@@ékﬁ%oé’%% ers G2 dried

under vacuum The o pro uct was stirrer 1n or onet hane
and fil t espedted by alisgiivioge h ipbeion BfieheSalcant mbase inf émimﬁheﬂmﬂ,eaddhgchnc&ﬂal
pressure giving the roduct as yel I ow solids (2.5 50150 rac/ neso

mi xt ur e) Yolume i hexags, 38 Parfirl eyaperg \%@OF"@GE]F%%‘B}CI%‘H&‘}CW HFEWEo bR ne and
treated metrgbsg"?sf?)hép%as gc‘ﬂe\%%dafrdrﬁ SRsolifod W ﬁl@@édpégt ﬁh&gﬁh%emsseéo%HDVEd by

filtration. The filtra s concentrated un duced pressure until the
sol ut i onfitetiaelveltoudy rembparfrost tanflirnggivindibe Fadsongoines. 359 ptuaty] FH-AMRr om
(CDYCLY: & 7.65 (m, 2H, meso), 7.60 (m, 2H, rac), 7.27 (m, 6H, meso), 7.26 (m, 6H, rac), 6.33
(8,2H, rac), 6.18 (s, 2H, meso), 2.34 (s, 6H, rac), 2.32 (s, 6H, meso), 2.30 (s, 6H, rac), 2.25 (s,
6H, meso), 2.09 (s, 6H, rac), 2.03 (s, 6H, meso), 1.17 (s, 3H, meso), 1.13 (s, 3H, meso), 1.08 (s,
6H, rac). *C-NMR (CD,CL): 8 (rac isomer) 148.1, 145.6, 137.3, 134.6, 134.4, 130.8, 130.4,
129.6,128.2,126.3,125.2, 118.5, 19.5, 19.47, 15.2, -0.57. EIMS: m/z 697 (M*+1 of theo).
Example 3
Synthesis of dimethylsilandiylbis-6-[3,5-dimethylcyclopentadienyl-[ 1,2-b]-thiophene] zirconium

dichloride - SiMe,(Me,CpThiophen)ZrCl) (C6)
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t he sol,ution and was collected on a closed flit. 1HNVR (CD2Cl2): S 7.43
(s, 2?% neso) , 7540 (s, (gH, rac), 7516 (d, %H, rac), 7.15 (dg RINEP092) -
7.10 , , 7.09 , 2H, nesa), 6.32 (s, 2H, ra .19 (s, 2H,
meso), 2.@1‘”{‘{32‘% 12H, nmeso), 2.33 (ss, 12H, rac), 2.29 ?%?T’F%ﬁémﬂ‘gﬁc), 2.25
(s, 6H, neso), 2.02 (s, 6H, rac), .19 (s, 3H neso), 115 (s, 3H, neso),
1.10 (s, 6H, rac). 13C NWR (CD2Ch): S (rac isoner) 148.0, 145.5, 135.7,
134.5, 134.2, 134.1, 131.3, 130.3, 129.9, 128.9, 125.2, 118.5, 21.1, 19.5,
19.3, 15.2, -0.58. EIMS: mz 725 (Mt+1 of theo). Exanple 5 S thesis of
5-Me-5 6-dih droc clo enta 1 2-b sgl eno hen-4-one. A solution of

sel enophene (9.9 g, 75.6 mol ) a crylic acid (7.8 g, 90 mol) in 50
ni L of dichloroethane was added 0 250 g of super pol yphosphoric
acid (super PPA) at 80 C and stirr ifd%ZéES h. The m xture was poured
onto crushed ice and stirred until thig PPA was conpletely deconposed- The
product was extracted with 30 % ( toronet hane i n hexane. The

conbi ned organic fractions were wash i a saturated aqueous sol ution of
NaHCO3 and dried (MgSO4). Sol vents were fenoved on a rotoevaporator

| eaving 5.25 g of crude product that was 35 % product by GC anal ysis. The
crude prg is \OES 5-aiad: - bithisshen-4@he hl or onet hane sol vent) gave
3.02 g of the target. Yield: 35% "H NWR (CD2C12): 8.6 (d, IH), 46 8 JUNE
2004 WO @2p4asi@nmang @60 of S olyplpshoprc addfAlddehp g efifled 139 g oDP0s. (Fre | H) |

2.58 (dd,, 1 1, - 13C.201. 8 9. 45.5 - 14 43.3, 126. 3,
45.9, (S ?IH‘,"YF%’%? @?tg‘?i{”%%(:} iy @ g}b“t;‘I Dby 4 ‘S,S"]?%‘B}IP%??F,“ o °<7‘1135]’€°P‘_’(‘§éf a(22) |
145 (7), sclsdfdn CStainide o(gld o1 %1)(5@@1@695&3@,%5% @fmdy ManRE1i1ad An@Go GhIO ent a
| 2-b seleno hen-4-ol In a 250 nL flask was placed 20 g (100 nmol)

5- Me- 5, 6dighiprpaeibengatas pliad. ol mpixbiesiss eafiopiddor-2h-thep s sdivienobaseduredor@icer

di et hyl her. .Dropw se olution containing,lithi al ym num hydr.i de
(oot i n T ey B S SatBed Bt D0 SR BinBbE metat sof st P AV iR 1 1 on
was conphith evatel, Rurate@ BRABA I BIMES walel AR AIHED oW SinANRIBN thltedeNQREnSt i 1 1 ed
an additional 3 h. Water was then slowy added (50 nmL) and the organics

were fil theseventsierugnoesin yasuo. &4 & efcdadcbrown pil Wisaedvytred The il wardistiled atwi- t h

ter, t dried. i | fate). Th | yer d i :
1586 o oo aphigIRINERE LI B Uit S GRS R e R Sfeinig or
i SOMer) | waOmalyRliby 3foshs b B-NMEOZebddbkopy. 202 (100) , 201 (21), 200 (51), 199

(26), 198 (22), 187 (51), 186 (8), 185 (40), 184 (29), 183 (41), 182 (17),
181 (19) S s - -4-gifonohydrazidey6-hydrgey¢lonental 1A thicghene 171 (16), 170 (9),

169 ( 15)1“6 aSﬂeEf( Q&?t!msung f9.55 g {57 Mol)d5,9%&&1-8-%%&&%10&&%,E%ﬁhllgp rtlag-éi-one
dissolved in 100 ml ethanol was added 10.6 g (57 mumol) para-toluenesulfonohydrazide and a

catalytic amount (0.6 g) para-toluenesulfonic acid monohydrate. The reaction mixture was refluxed
for 2 h, then cooled to room temperature. The cooled solution was filtered and the white precipitate
collected by fillration. The solids were dried in vacuo; 12.8 g (vield: 67.4%) of material were
collected in this fashion. The title compound was analysed by means of '"H-NMR spectroscopy.
Synthesis of 3,5-dimethyl-6-hydrocyclopenta[1.2-blthiophene

O

S

To a flask containing 11.1 g (33.3 mmol) 2-sulfonohydrazide-3,5 -dimethyl-dhydrocyclopenta[1,2-
blthiophene dissolved in 50 ml THF was added a solution containing 2.5 M n- butykithium (96 mmol,

38.4 ml) in hexane. Stirring was continued for 18 h then the reaction was quenched with a solution
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In a 500 nL flask was placed 13 g (65 mmol)

5- :ve 5, 6-di hydrocycl opent ia[l 2-b] IS1?| enophend4 ol hdldssol ved i8 J(INE2004

t ol uene g para-toluene sul fonic acid nonohydr at

contents%?‘éﬁgtl rred at roomtenperature for 18 h. tﬁ’ecﬁ);{} ?@actl on

m xture was washed with water, the organics were col lected with di et hyl
et her, dried over magnesi um sulfate, filtered, then solvents were renoved
in vacuo. 12.3 g of dark red oil was collected. 11 g were chronat ographed
wi th hexane through silica: 0.6 g of a light yellow oil were collected
from sel eqtdinms lfggél:mobrvgﬂer 9Bsdlgedym ¢-ml FTsddednat & °CYAn ratdtilmnai HOmelryater1 86

2 185. 9 9 100 182..9 81.9
563)), 1892 @5%%%)“ % 0‘1%9“9’9%“23) e pregnig 0217!5 Wag e‘éed&@az nt hesi s
of Me2Si ammb@{ntsmfqumlag@mnah k;uh?eh%% %aa{éaﬁﬁmt@dt& nehdtedRbdidiaesitdgangd) 1n a
200 nmL flask containing 0.6 g ( nmol )

5- et hyl soauthgx,dﬂlgtcy@teor;@nd aw{rlm%ntsllme Isvdprdm dlitenad Saﬂuests oYevee tiiomed4 Gn 1l

di et hyl her was agj d‘,t tlono II|th| 2.5M i n hexane, 3.2
ol 1K NPT Vet Oa%n@eal g8 v 0 PR e BHR (B
stirred bffioskion. THe BRh] o@manag&ed@'ﬂ%af%?lﬁ%&ﬂ ]%thrgéc lve the solids
and facifitate the reaction. In a separate 250-nL flask With 125-niL

addi t i onStnthesiebt higi35-diddtglithinprilal gleldhﬁylmamb) 47 WO 01/ 44318 8 JUNE 2004

PCT/ EP /12406. di ch di t | | di | d i THE Th | ut
for ool Sh'28 © Bstumbmpao, G lzawﬁ‘rfé&m&pa}%%zgm@% 4O G g dg. aboue

was addegifyioRmg agddfe2 5 M S bR fnBH ttehirh @08 6hnd1 Bmi n
terrperatur?e{/then s'?(ilrred k\gr 18 ﬁ;n T'F[L{% ction m xt%’?se ﬁ@gﬁégn%%ﬂ‘g W th
40 nL of contimsd tforr2al. ahlensthd sefivents wefe rammdmu mactbll dhe deed( etidiederelmaghatl seth. The
organics fromgthe reactian mxture were collected with di ethyl et her,

washed wP Dy dissplvedoly 10 vy P%&h%é‘?ﬂﬂﬁfesfli’ﬁlf’é‘tsé‘““‘ﬂ ponipig, 1% & &10 mmed
sol vent s g\RLBHHRAPYEH: | il ¥RCHE: syl Andlfhl ew%' Add%kﬁgr g@ﬂs %@Il}gag and

chromat ographed on silica using hexane as the uent (50%
by GCMVS) s:orﬁmm fomi&h., e e s(o]]v):nts 4215, Bmovk)l, in vaam 8 Th& polidd 22reBwash8) ,with22. 8
(3), 421. 8:@& 242, 9‘é613 241.9 (12), 240.9 (59), 239.9 (12), 238.9

(31), 23Bcnéng.gn pegiage ved grseyorpisiding 3§ gof gt frepgipwingpowdihedidle s

of Me2Si 1} KA ntal ene)2 Zirconium Di chl oride
of 28, SallRbl i 8Keh PRty u il SeLracc

Me2Si ( 2- Bwitieyib MMMM&FM@IWI@@ Qggnm%dmhi@ﬂiedi ssolved in

di et hyl h | t t but yL1j t hi dded
(1.2 %Lef« S50 Ph ek s St Hiogr Gt Mooty B el NS lenengk F or 20
m n. h&@m&my\vg%ed@s%wﬁ%om ARG Hfer. ﬁ%w%sg i rg%ng&{%}egébsﬁuw h

pentane then re-slarried 1 n fresh pentane. zirconi um
t et r achl omiathengRsMaagdighioh dnhexarteq(16. &ammﬂ |7rmbd/a$dadde¢ Yhasohaiool s gimedl@r. The

reaction Xt ur s stirred ov rnl fthen.filtered, and the SO|IdS

col I ect ol e _ﬁ)ﬁgﬁ@ﬁ%ﬁ"%mﬁ% Bng! u%h@%&h%gefmea.@@ae%@ i the

di et hyl egih@én whd dbiaife 9s a iR BroWh HowalrV Bk tRle LIRS whd atdREH By taftr 'H-
NMR spectroscopy.

The dianion (prepared above) was slurried in pentane (70 ml) then zirconium tetrachloride 1.96 g,
8.41 mmol) was slowly added as a dry powder. After addition was complete, a few drops of THF
was added, then the sharry was stirred 18 h. Solvents were removed in vacuo, then 4.5 g of a bright
yellow solid were recovered. A 3.5 g portion of this material was purified by filtering from
dichloromethane and the solvents again removed in vacuo yielding 1.3 g of a 50/50 rac meso
mixture; calculated yield 1.68 g (38.8%). Crystals of the rac isomer were obtained by slow

evaporation of a dichloromethane solution of the rac/meso mixture. The tifle ‘compound was
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g,was collected and used in subsequent polynerization studies. ~H NWR
(CbzC12): 7.0-7.4 (m 6H), 2.38 (s, 6H), 0.5 (s, 6H). Exanpl ¢ fUNE 2004
(conparlson% Di neth | silandi |bIS 4- 2 5-dinmeih 1-1- hen Ic clo entadien 1-
2 1-b - TLY4%8%i um dichlori de {Me2Si 2 5- Mee- 1- Ph- ¢ FETERAKIA%3 2-p
0l-4- 1 2}zZrd 2 N1 This conpound was prepared according to the procedure of
Exanpl e 13 described in WO 98/22486. 48 8 JUNE 2004 WD 01144318

PCT/ EPOQ' 12405 Exanple 7 (conparison) Synthesis of

di met hl ysi | andi yl bi s-4-(3-net hyl -1 -phenyl cycl opent adi enyl - (2, 1- bl - pyrrol)
zi rconi uamalwécﬁjﬁrmahsjcﬁ"‘mmmp&trb@epy. Ph- cycl opent of
3,2-blpyrrol-4-yl)2)ZrCl2 N2 | -Phenyl pyrrol e-2-carbal dehyde POC13 (107.3
g, 0.70 EEE?Eﬁés added dropwise to 76 m. of EWF (71. 7 g, 0.98 nol) and
stirred ofQtacidQr 1SRG EIRe A 85" i ph !

1- phenyl py

sl ow y. Fhmovhese]mmmtﬂﬂoﬁ&mzas slowy war rred to 50 C and stl rring
continued for 1h. After cooling to roomtenperature, the flask was opened
to the air and charged with 750 g[(off crushed ice. A 20 wt. % sol ution of
NaOH (885 nL) was added cautiou
to 85-90 C and stirred for 10 m A
process. The flask was placed in an
and the reaction m xture was extracted
The conbi ned organic fractions werg W
Evaporation of the solvent yielded 1MN=g product as an orange oi
containing ca. 10% of the I-phenylpyrrolr-S car bal dehyde i sonmer. The
product was used w thout further purifiqﬁl on. "HNWR (CDCI3): S 9.5 (s,

IH), 7.4 (m 3H, 7.3 (m 2H), 7.1 (de~*¥H), 7.0 (t, 1H), 6.35 (dd, 1H).
13C NWR t@?@o@i 178 Snmel@Sindohedsl- 9, 130.4, 128.4, 127.5, 125.4, 121.3,
110.3. E 154 (7), 142 (8), 115 49 8 JUNE 2004 WO
01/ 44318 Aﬁeﬂfkfmm A 0,6-dinTedy] ph&@hﬁa@ﬂ@s;um?ﬁfo@ﬂs) (A0EMDLYI a4 M, 0.24 mol) was

- 2- Me- 3- | pyrrol prop -2-engate A sgolution of trie
27 ohos PO B Pt VB e By 78 Bof o AEoasd ddgcet

Ni{dppp)CL in 100 mL of cther. After stirring overnight, water (200 mL) was added cautiously and

oIvent was distilled off in the
bat h, cooled to room tenperature,
V\lzm di chl oronet hane (2 x 200 nl).
hgd with water and dried (MySO04).

the organic layer was separated, washed with brine solution (100 mL), and dried (MgSO,).
Evaporation of solvent and starting material yielded 47 g of product used without further purification.
EIMS: m/z (%) 202 (M, 100), 187 (78), 171 (29), 154 (15), 128 (16), 115 (13).

Synthesis of 2,5-Me,-3-({2.5-Me,Ph)-5.6-dihydrocyclopental 1.2-blthiophen-4-one

A solution of 2-Me-3-(2,5-Me,Ph)thiophene (47 g, 0.23 mol) and methacrylic acid (24 g, 0.28 mo})
in 125ml. of dichloroethane was added dropwise to 1000 g of super PPA at 90°C and stirred for 24

h. The dark red mixture was poured onto crushed ice (1000 g) and stirred until the PPA was
completely decomposed. The product was extracted with 25 % (v/v) dichloromethane in hexane (2
X 400 mL). The combined organic fractions were washed with a saturated aqueous solution of
NaHCO; and dried (MgSO,). Solvents were removed on a rotoevaporator leaving 59 g of brown
oil. The product was purified by chromatography on silica with 50 % (v/v) dichloromethane in
hexane. Yield: 26.1 g (42%). 'H-NMR (CDCk): 6 7. (d, 1H), 7.15 (d, 1H), 6.92 (s, 1H), 2.95
(m, 2H), 2.5 (m, 1H), 2.38 (s, 1H), 2.35 (s, 3H), 2.1 (s, 3H), 1.32 (s, 3H). “C-NMR (CDCL): &
152.1, 136.2, 135.9, 1353, 13??.5,. 133.3, 130.22, 130.20, 130.11, 128.9, 12235, 46.1, 32_.9,-
20.8,19.1, 16.9, 15.4. EIMS: m/z (%) 270 (M, 86), 255 (100), 241 (6), 227 (37), 213 (25),
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slowy to a mxture of sodiumhydride (24.3 g, 1.0 nol) in 60 nL of THE at
CPC. The slurry was warmed to roomtenperature and stirred fgryjyB2064e
t enper at %801")@% I owered to -10 C and a solution of

1- phenyl pyrrol'e--2- car bal dehyde (113 g, 0.665 nmol) in 200°PTHERY 29 was
added dropw se. The reaction m xture was warned to roomtenperature over
30 mn. resulting in a thick precipitate. A saturated aqueous sol ution of
NHACL( 100 nL) was added cautiously giving a two- phase solution. THE was
distilled off and the crude product was extracted with ether (2 x 200 nL).
The et herl9&kklbd69(M§M%)hw GMS)Ih brine solution, and dried (MyS™®). The

sol vent \ﬁas eva Sr aS vvashed with hexane to
gi ve the A 10

89% (151 g). ' H NMR

CDC13 n ; t,
(1 vy 4? 1A(§ac71utﬂ> chmz ﬁbi)ez( 3?2% M@Phﬁf!"% dm}drgcﬁgge B%Hb I\f}[]_?tﬁlgﬁz éDgafg)l('z% 1 6% qg (
139. 0, 12@mlql)m29nﬂaofma3 treﬂt%WLﬂJAS]rﬁBoﬂLlA]ﬂMn&ﬂleﬂQZ}P&so]llf&n:’lmol)lﬁ@"@ 60. 2,
14. 1. E1I\I/§[f mz (9 255% , 50), 226 (5), 210 (23), 182 (100) 167 (47),
154 (12) Aipy sinng) at IGPM" cratupefof 3 hwater yag addedygautipugly {10ymEhin ﬁy‘?feaﬂ yl]
ropanoa ﬁn-f\ﬁf@re&t t - enoat e
F55pg 0t822 nol ) dgﬁ%h% CI%%DQ %ﬂ@%ﬁév%?vfbgﬂa%%ﬁfﬁ%?b&é %h? %‘F%’#\%t ane was
stirred wwased wah dphlognethaley@xadgeaenl)f Die dichibronidttiade fradiibhstvesid dgnbikd with €he

cat al yst@?nd washi ng with di chl oronet hane, solvent was renoved on a

r ot oevapdrEiegrsidug gndyyashed it W‘ES&%PL) After| dayringg 185 O thggso! VCDF-PNNM?HP@CQHB 6

Z i—l;l, ( 21 3 toevz t(grml‘hg!y_paducg %\ﬁ})l{ed]lef?dlueﬁ%ﬁﬂgrmf %‘!_%‘Jge@%ﬁl? b s fglg) 4,.0 ( q,

(CDC13) : 66 °(E?F6t Bh. 128r 900531@,7&@1&01111:&6 s&luﬂoil&ias&gasﬁ&ﬂwﬁh m?fé; G0 28), E‘Nal—ﬁ%b;
16.7, 13.9. 9. 257 216 (7)., 184 (6), 146 (100), 77
(16). 2- kRten| 45‘3;%%%;}’% P?l'étfon2£5§|f]]fp>r SphdBed ﬂ!éls%@) Theluess tvas fsmRyad on a

2- Me- 3- [ Vi 016 t t ed vvlth
7o of A LARYEA Bl oXicl RACRAPORGE duftitn QUG bl 1R 11

t he sol u{4794). \}\HQ\IMBMCBGILDﬁt’Iow(drl}S)hed (d, aeI)M(sacH)jléfmlepllmpsz&lzﬁo(@t,th 6 N
HCl . The itated free acid was extracted,with ether (2 x 200ni),
washed V\A2FI;I B’ﬁ’é‘ ) Sooui TR 240 - dFD-Sl 4 FySBa) "CRIMRBr (GRS 8id08d144Dm t he

(m 5hy, bR IR AL 5 B B e b AR Y B

H, 6.1 (42 BIMY) m/23%) 2(5mMT 16D), 229 @5, a4 2Ud),,208 (30)( b1 (3H) 178 Geo)Vessleloh- 5
6d|hydrg%g g -b ol-4-one A solution of
2%3[2% r@@rrol 2-yl]propanoic acid (43 g, 0.188 nol) in 75nL of

di chl or og%,,lﬁ_gégmg &% _Rdded gl_rl\/@é)pﬂ]%ehg;‘gg %@%% [‘ f: %&gB ig@ 100 C. After
stirringtor o, & nixtar 5 238 i lm—e&Sﬁ&e slowy onto
crushed Aceltidhel )F-budH(2 fadeLX)-6-hpkegclopenta[1,2-bjthiophene (10.6 g, 41.7 mmol) in

60 mL of THF was cooled to —78°C and treated with 17 mL of a-butyllithium in hexanes (2.5 M

sol, 42.5 mmol). After stiring for 16 h at room temperature, the reaction mixture was added
dropwise to a solution of dichlorodimethylsilane (2.69 g, 20.9 mmol) in 30 mL of THF at —78°C.
The cold bath was removed and stirring continued for 18 h at room temperature before quenching
with a saturated aqueous solution of NH;Cl (10 mL). The reaction product was diluted with ether
(250 mL) and washed with water (100 mL). After drying (MgSO,), solvents were removed on a
rotoevaporator. The product was purified by chromatography on silica with 5% (v/v)
dichloromethane in hexane. Yield: 7.0 g (59 %) Major isomer- "H-NMR (CDCL): & 6.9-7.2 (m,
6H), 6.2 (s, 2H), 3.85 (s, 2H), 2.35(s, 6H), 2.25 (s, 6H), 2.20 (s, 6H), 2.10 (s, 6H), - 0.12 (m,
6H). "C-NMR (CDCh): § 149.7, 146.2, 145.9 135.8, 135.6, 134.9, 134.8, 130.8 129.9, 127.8,
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30+% (viv) dichloronmethane in hexane (2 x 200 nl). The conbi ned or gani c
fractions were washed wth a saturated aqueous sol ution of N@I—mEm

dried (MyREPH Sol vents were renoved on a rotoevapor aving the
product as a ?%lr? solid. Yield: 37 g (93 %. 'H NWR (CDCaIESQIrmPg81724?:6 (m 2H),
7.4 (m 3H), 7.1 (d1l H), 6.4 (d, 111), 3.3 (dd, | H), O(m M, 2.6 (dd,

IH, 1.3 (d, 3H). '3C-NWR (CDCI3): S 199.6, 156.6, 138.8, 129.8, 129.2,
127.9, 127.2, 122.0, 104.1, 47.5, 30.8, 17.1. EIMS mz (% 211 (M ~,
100), 196 55? 182 (33), 167 (27), 154 (12), 120 (23), 105 (38), 77 (46).
mp 120 T.I238sI22H, t6.22296% 10, BOH4B, £hS5,58.8- BIMS:dn6d%Q 1564 @vit,251 321 1§100),

o) . b CoF BBRih S héa?gﬁ lgg%ggcg@qgﬁgg& o ). Pand p- tol uenesal fonte
aci d WDHSEIM_FHJSBB%I\EIES §Md)-3033-IR etbib BRI Onﬁbnufla}—élﬂ'gn()f et hanol at

70 C for r cooling to room enperaturé an g for several
- hours, theolyeref pitiidfed- @'bmh)mdmgydm@a 3dithiaplientG-d),SiMmn& 33 gashed

ith eth ted f th
P e at o g G Dirtat ST bat Gaietainaehat, e oy iiim b Rera (2 0M e 85t asi due
\(M th t ol Hﬁﬁt? Med s%ﬂm%%érﬂ%ﬂ%? rJo‘ﬁPQfﬁﬁér@cgre :%lv@ﬁtgweé%lﬁovgd G Jv%c@(o dandk%%VR
3.5 ( m 099 s, . Izln()ld (Was adtieg. b (&wd;m)mans)admadzhnd s mlsw)e i sirdlr BH.
13C- NWR 6 143.5, .138.9, 135.5, 129.7, 129. 128. 1,
126. 9, 1% I’J@DHC %f’]ﬂe‘i Snp ‘ﬁ%‘gﬁ% I?déz‘“t% Snt3c, agd dﬂed upgerpactys. I@fecr@e( dec) .

5-Me-1-P I
t osyl hydrplgéz}?)&;l)em‘? g%%g “ig)m(;ﬁ’%g% cﬁrtoh%r |é;tlﬂa'ﬂi'é gnd(ﬁ%reﬁnt%ah%f\}a dgfhg % eIﬁLwagf n-

butyl |'i t kimaved ondee xadnes fréssire Miviy 8 Yrodnkt) asayellowWBOlidsT(2s5 peaW50 od/msst ur e
was sl owl rned t.o omte era re and stirred for 16 h. A saturated
aqueous 5&%\% gﬁ pgio PPSEst viag reppissoluetia dlichlopamsitiaacand frpated, avith heptase o
sol vents ﬁ l{éhtsﬁeﬂd)\b ?gc@itaie thMag lien(o%&@bﬁhﬁmﬁ@ﬁ%?ﬁ@ﬂe ?&%oﬁ&ﬁﬁd@dﬁlﬁ&

extracte t h "et’her The conbi ned e racti ons were dr| ed
(MgSO4)  zadukced prshsuzenintiy thergplatidn bccame ploud;e(ﬂmnnsta]ﬁmg, thél he: 1hmta:wnrymlhz¢d friemi due

i h VO 01/ 44318.8 JUNE 2
Par 1 P00 SaES A o i on s oo i EHMRASECBE B e %w@e%mléa oy
fil i t t t
iltratiop, @5}(17 1@%1 @@(@5&? NBS (d, SMAPLIA! £ @ ﬂg{‘% th%?gD%%?'?es > §%% (%’?n 41

yel l ow oil. el d: 20 . Two | sOners-
7.3 (m EH)rac)r 649 (d 2H1 Hpso).72.84 (ssl, 12HHmes B, B33 s, IEH) racﬁ, 229 s, 6H H)Jc)6235(d

é:_DI\/S rrl % m%g%{’ﬁf ngLfYé jl]]jg)l(éoﬁf 2’8%5) 1650(3( ﬂg‘ mf*?én 1(&‘525 61@3@0)( 2% 127

(3), 116N (CIELY: Bac ildméPl4s.0, 1455, 1357, 1345, 1342, 1341, 1313, 1303, 1299
(5- Me- 1- Ph- 4(hydd§§(2:(}cllopmé’?a | 3,°2-bl'yrrol’-4-yl ySIMe2CL” A"Sol ufion 6f 5- Me-

| - Ph- 4- B3&R.d@§:2] IBén2h. 295, 193,051 .58, (FIMS2 ek 725 (BEF1 wbihpo)i n 100 nl of

et her Example 5
Synthesis of 5-Me-5,6-dihydrocyclopenta[1,2-b]selenophen-4-one,

A solution of selenophene (9.9 g, 75.6 mmol) and methacrylic acid (7.8 g, 90 mmol) in 50 mL of
dichloroethane was added dropwise to 250 g of super polyphosphoric acid (super PPA) at 80 °C
and stired for 1.5 h. The mixture was poured onto crushed ice and stirred until the PPA was
completely decomposed. The product was extracted with 30 % (v/v) dichloromethane in hexane.
The combined organic fractions were washed with a saturated aqueous solution of NaHCO; and
dried (MgSOs). Solvents were removed on a rotoevaporator leaving 5.25 g of crude product that
was 35 % product by GC analysis. The crude product was chromatographed on silica
(dichloromethane solvent) gave 3.02 g of the target. Yield: 35%. 'H-NMR (CD,CL): 8.6 (d, 1H),
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was treated wwth 28 nL of n-butyllithiumin hexanes (2.5 M 0.070 nol) -at
-170 C and stirred at roomtenperature for 16 h. Pentane (50 BLuNES08dded
to the rq@g&{lﬁgl m xture, the precipitated lithiumsalt was allowed to
settle, and theMiquid was removed with a filter stick. HAEMPL% tate was
re-dissolved in ether (150 nlL), cooled to -78 C, and dichl orodi net hyl si | ane
(10.5 nm., 0.086 nol) was added by syringe. The reaction m xture was war ned
to roomtenperature and then refluxed for 2 h. After cooling and
filtration, volatiles were renoved fromthe filtrate in vacua (100

m | |itor 72540, 110) 335 wddagHy. 12 fm,dd)c2.5a61da1idp 16 ke3); 1a 201v8,el69:5, 1253, g (77

6 5 (d M B3 (3 g Pt JoicEegy s oo i gdelledi 1 G 157 B0

(CD2Q 2) ;149 (B 4%099 iﬁpﬁ-l 91)2%. 5, 121.1, 120.6, 117.9, 106.2, 45.0, 18.0,
0.95, -1. 25.(% (S?I\)é- 1- %4]( E’)ydr ocycl opental 3, 2-b] pyrrol -4-yl)2Si Me2 A
sol ut i on Sutiithasfs 06S-Mee-3.6Rikvdrotyethperey(d Lajerhafhzn-t-ob] pyrrole (4.7 g, 24 mol)

s treated with 11,2 m of n-butyllithiumin hexanes

in 60 nL_of et he
'(3. 5 M é‘ga %ﬁwﬁrﬂéﬂwgﬂtmw ¢ & 6400 reme]) 5-Mssh¢-difnedrpayolopgmial Ligcblsalgrpsbienahd t he

slurry wase fiil 0 qﬁgﬂ‘;;r' s - lithium..salt was
re-di ssol vedbéioﬁg%gp?g_ﬂ%f H%F,%thg%ol te’ohfs?l t@’ﬂ%%%ﬂ’érg 'E% F’%‘%?%lﬁmm h ydn&e

(5- Me- 1- PhoM-in Hipdiyieibyre | @pambdia | B) REpivaysddel at4-784C) SitbeAGHK Gas/cdaplold tHanol )
dissolved in 50 nL of THF. The dark brown solution was slowy warnmed to 50

C and st FPPERMFYas pBowed tepmy tojapbichls fhen stisted g editional § e Waterrveps thee slowlyi due
t 1 i Li td f
ros " St ot LRGN ARt EVAP B B

- sol vent gave the uct as a I ef WO 1 soners-
'H NVR ( GBRGHR), the drisl (magrwsing ifate}.. 146 s¢ivantsAdye refioR if GacudH2.866z &bk (d, 1H),
6.6 (s, 2H), 6.5 (d lHé, 6.3 %d, 1H), 3.45 (s, ZHB), 2.3 (s, SI—&, 2.2 (s,
3H), - 0. 9t '8 sonpy: 9850 b GEMS; BINS: macnmmiqammenp 205 149, @), 2931614,

141.3, 1 ; , oy : : A,

106 2, 43 50y 21D B gE o gD 187 Bup st s aplyfs e 1)
252 (100§41),232 (('B) 1812Q4), (130 (10).9475((3), 174685, B2 @4)) UNE(3004 (1801 (9441398

PCT/ EPOO’Q#§406 (3). |1 Me2Si 5-Me-1-Ph-cyclopentof3, 2-b]pyrrol-4-yl)2 Zrd 2
A sol uti of (5- Me- 1- Ph-4-hydrocycl openta[ 3, 2-b] pyrrol -4-yl)2Si M2 (4.0 g,
9.0 Mol %y dikksil 005 M3 M dr& NESe £R9 @ -78 C treated with 8.0 nL of
butyl i tmwﬁ}%##%nd warmed to room tenperature.

After st fra $00gnioieskiwag iplacedt I3z (65 amsaly BMySD-dibi@eclofeatapivapRdelothent16
solvents., The residue was washed with pentane (40 niL) and dried in vacuo to

a free f VRG™ {OmL (v rnd %+ ey naractolugey glforde aidumenchiyiiate. Hedfloek ewicplie f1 ask
and the GERLBOLS Wk rethbbhffbor BVET BEDRE 1 i) IHM.}@U&,;% @Js%&%?gs?é d2 M)

and ether (1.5 nL). The solids were collected on a close unnel ,
washed wpighmigseveteamoliccted vdth dlictheDethendivied vae tidgnegind isil (e filtefidafetesobohts tee5. 9 Q) .
A portion of the crude product (5.65 g) was stirred in dichloronethane (75
m.) and Fmoyedin gacugnle 3 g pt{ gagle rod i gvas collected. 11 g were chromatographed with hexane

through silica: 0.6 g of a light yellow oil were collected from selective fractions: 90 % by GC. EIMS:
m/z (%, major isomer); 186 (2), 185.9 (18), 184.8 (25), 183.9 (100), 182.9 (92), 181.9 (92),
181.9 (60), 180.9 (63), 179.9 (45), 178.9 (23), 168.8 (27), 166.9 (13).

Synthesis of Me,Si(2-methylhydrocyclopenta[1,2-b]selenopentalene), { bridged ligand)

In a 200 mL flask containing 0.6 g (3.2 mmol) 5-methyl-4-hydrocyclopenta-[1,2,b]selenopentalene
dissolved in 40 mL diethyl ether was added a solution of n-butyllithium (2.5M in hexane, 3.2 mmol,
1.3 mL) at room temperature dropwise. The flask contents were stirred for 1 h. A small amount of
THF was added to dissolve the solids and facilitate the reaction.

In a separate 250-mL flask with 125-mL addition funnel was added 021 g (1.6 mmol)
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concentrated to a small volunme and pentane was added to precipitate the
cohplex. Yield: 4.1 g (79 9% 50/50 rac/meso). Crystals of thg jiag IoppHE"
wer e obt %5‘5’1‘}'44?1\{; sl ow evaporatl on of a dichloronethane/tol uene solution of
the rac/meso conpl ex. 'HNVR (CD2C12): S 7.3-7.5 (m 8H PCT/EROR24 ?f‘eso) 7.38

(d, j 3.5 Hz, 2}j rac), 7.15-7.25 (m 2H, rac & nmeso), 7.12 (d, ] 3.5
Hz, 2H, rreso), 6.45 (s, 2H, rac), 6.4 (s, 2H, neso), 6.32 (d, | = 3.5 Hz,
2H, rac), 6.2 (d, j = 3.5 Hz, 2H, neso), 2.4 (s, 6H, neso), 2.2 (s, 6H,

rac), 1.125 (s, 3H, neso), 1.118 (s, 3H, neso), 1.10 (s, 6H rac). Anal.
Cal ed f odictiRedstyBiggidiEsolvedin 40mB FHFH he4olgton Wisgoded tC-7850, ahd thetdpluion7 4.

POLYMERI ZATI. O\IS NERAL P DURES AND CHARA ZATI ONS Pol yneri zati on
grade pr§ M (IS Y ‘?VFdWFFﬂ‘gglﬁ?%%ecﬁfé@k@meﬁﬁa’e‘ﬁﬁl loyed to

uri 11 ed valkn 1888 el dOME kel 19 Ofhe FeaBRE AR IR LA Aﬁ'ﬁ'4§‘ﬁ‘ﬂ§o@”d

al um na. Met hyl al unoxane (toluene solution, 10% MAQ, 4 92%

pur chased S#turehad Whitiop ot}mrpomlmm chlorsle ¢hddesi drmaﬂe)/é“ﬂe orgdn(cls Boh3he ré@ﬁorﬁn&ﬁlfbol in

hept ane) was d from Akzo Nobel Chenicals. [CPh3][B(C6F5)4] was
recei ved "< ﬁ g‘e Leﬂébw Witk yater gl Gy FIWS dpdilteredyheB fieyt i on

13C NWR %&%Esr\@eré’\{%hﬁvédjﬂ kol . ar?'a r%e t? V\#@{'coll NaTala %%n%mphed on

spectroneter. The sanples were ru utrons 1n
ort hodi c hihcarlmblgrhzmeaaﬂe ettenl BOG pr@ﬂar(f@aby SOM ) SEIMSE mire BR6. 9!01;&@!2&8)(4}'!\/5

f h I I 21.8
oo 500021 kst ort {01280 S aaitah et G e BiRe s BOLRES By Bed *
PCT/ EPOO/ 3134436 of \/3éys gggqgégégnl\%g@o It?gzecond del ay between puI ses.

Decoupling“was a uri so the nucl ear Overhauser
enhanc engmtthesia of e S @untethylioirotyiclpentdfl, I-b]aslmbpmtzﬁeiﬁﬁ Pirgonin@|Digilorige| y mer
sanpl es reégeterm ned in Decalin at 135 T intrinsic viscosities

were con 0 t‘BLV\E?S&hF"a%\P&c%Pg(Q 38 &L g?m?%hé\éez@mﬂlblpyﬁeqydgmnﬁﬂa% on

chr omat ogjapieitfRe), Hsig i g Bl ;?«%(?y

nmet al | oceﬁeg@g%a yze pol yp?%)g%gl%ﬂe%%&opr‘?g%o %@#dg {blnog [T i uﬁ ‘&%96 +
(0. 7748* ddgd GI(2Mniz) 2.53M in keatineeX ampl) €Thé Yeabifont rhietuldViRs 6tifed @t 26 PEf.| tha sobme
acquired on a Bruker DPX-400Q spectroneter operating in the Fourier

t r ansf or MCTEHROVAY myvaepocThn solidsgvare washed withjpen @%ﬂ?’é?’ il igifigshorepiany. 04

pul so and 48 ZaAPALENAR RuRE oAkl o AN ANEE GgRbGh itk © 7
pol ypr opyagive mirtirepwhsy Bintd vedmipitathai Ghdral, wed eheSsolidsedliécnkl A€ vasiee Glithum

pentane. The solids were dissolved in diethylether, filtered, then the solvents removed in vacuo. 0.48

g was collected and used in subsequent polymerization studies. 'H-NMR (CD,CL): 7.0-74 (m,
6H), 2.38 (s, 6H), 0.5 (s, 6H).

Example 6 (comparison)

Dimethylsilandivibis-4-(2,5-dimethyl- 1 -phenylcyclopentadienyl-[2. I -b]-pyrrol)zirconium  dichloride
— {Me,Si(2,5-Me;-1-Ph-cyclopento[3,2-blpyrrol-4-y1),} ZrCh N1

‘This compound was prepared according to the procedure of Example 13 described in WO
98/22486.
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The peak of the PPP nethyl carbon or of the CH2 branch for pol ybutene were
used as internal refgrence at 21.8(c):hppm and 27. I73 ppm respecgi ¥ 2004
Assi gnne according to H N. eng, J. Polym Scie - Pol yner

physi cs 3‘;&??‘?“3%321, 573 (1983) and J. C. Randall, Vacr orfS XL A0S 11, 592
(1978) The intrinsic viscosity (I.V.) The intrinsic viscosities were
converted to wei ght average nol ecul ar wei ght by GPC (Myv) using an

enpirical correlation of MWand [Ti ] for netall ocene catal yzed

pol ypr opyl ene honopol ynmers. DSC Transition tenperature and ent hal py of
melting and crystallization of pol r sanples were neasured wusing a
power - conpensati on node Perkin El (PE) DSC-7 and PE PYRI'S (revision
3.03) software. A PE Intercool er Eh{Mdel FCLOOPEA) was used for cooling.
The instrument was cali brated atified (1) indiumwth Teim =
156.60 C; H = 28.71 J/g and (2) tin wWth,Jeim 231.88 C H = 60.46 J/g.
The dynam c heating /cooling rate was\20 mn. The purge gas was nitrogen

flowing at 20 + 2 cc/nmin. Athree at - cool -reheat) procedure was
enpl oyed with upper and | ower tenper imts of 25 C and 235 C,
respectively. The isothermal hold tine tween ranps was 3 mnutes. The
results of the second heat are reported C Analysis (for exanples 41-48):

Hi gh tenperature GPC anal yses were performed using the follow ng

chr omat ogxagplk ¢ (@xipAkiké)ns: 54 WO 01/ 44318 8 JUNE 2004 PCT/ EPOO/ 12406

Col um: PLgel 2 x m xed bed-B, 30 cm 10 microns Sol vent:

1, 2- di chEyespis of odimetiaylsilandivipis-Ard-mefhyl- Imhagylevslopentatlienylrif. A fbi-pyrrobe Airpeniamur e:

140 C L gt or o refr ive. index i bration: styrene Exanple 8 to
31 The Ex?}c@ﬁ%%i{yae% SIRE L PRVl 2 v dbEl. ﬂg{—éa]%wess reactor equi pped
with an air-driven magnetic sti rr@and steam water tenperature controlled

j acket. The autocl ave was swept w dry argon at 90 Cfor 1 h prior to
pol ymeri zati on. The zirconocene wasxdi ssolved in a 10 wt % tol uene sol ution
of MAQO, shaken for 10 m nutes, o.zr,o to the reactor at 15 T. Propyl ene
(2.2 L) was added, stirring was iniktyated (500 rpnm), and the reactor and
contents were heated to the polymeriz&tion tenperature within 5-7 ninutes.
In all polynerization tests, carbon @om de gas was charged to the

1-Phenvylpyrrole-2-carbaldehyde
POCk (107.3 g, 0.70 mol) was added dropwise to 76 mL of DMF (71.7 g, 0.98 mol) and stirred

for 10 min. The temperature was lowered to 0 °C and a solution of 1-phenylpyrrole (100 g, 0.70
mol) in 100 mL of dichloromethane was added slowly. The viscous solution was slowly warmed to
50 °C and stirring continued for 1h. After cooling to room temperature, the flask was opened to the
air and charged with 750 g of crushed ice. A 20 wt.% solution of NaOH (885 mL) was added
cautiously and the mixture was immediately heated to 85-90 “C and stirred for 10 min. The solvent
was distilled off in the process. The flask was placed in an ice bath, cooled to room temperature,
and the reaction mixture was extracted with dichloromethane (2 x 200 mL). The combined organic
tractions were washed with water and dried (MgSO,). Evaporation of the solvent yielded 114 g of
product as an orange oil containing ca. 10% of the 1-phenylpyrrole-3-carbaldehyde isomer. The
product was used without further purification. 'H-NMR (CDCL): § 9.5 (s, 1H), 7.4 (m, 3H), 7.3
(m, 2H), 7.1 dd, 1H), 7.0 (t, 1H), 6.35 @dd, 1H). *C-NMR § (CDC}): 178.1, 138.1, 131.9,
130.4, 128.4, 127.5, 125.4, 121.3, 110.3. EIMS: m/z (%) 171 (M", 100), 154 (7), 142 (8), 115
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reactor | h after reaching polynerization tenperature. The residual nononer
was vented while cooling the reactor to roomtenperature- Thg JP,NE%MVV&S
renmoved and dried in a vacuumoven at 50 C for 1 h before wel

Repor t ed "tW4fi es were cal cul ated frompol yner and zi rESHGEE ﬁé"ﬁ wei ght s.
The characterizing data of the obtained polyner is indicated in Table 1.
Exanpl es 32 to 34 (conparison) The sane pol ynerization as descri bed above
was carried out, using netallocenes as shown in Table 1. The
characterizing data of the obtained polynmer is indicated in Table 1.

Exanpl e 8®),PBé4Pof¥(re)y.i zati on was conducted in a 4L stainless steel reactor
equi pped wi th an air- drlven manetl c_starer and steanfwater tenperature
controll“11 bddeeeMeg Loy ipy AL FRABE with dry argon at 90C for 1 h
prior to i 9 i on of
AR i fé%f%"%hﬁsﬁm‘ﬁ?% Y e SR BotSH ol P S it

st ai nl essloslyaeh nﬁﬁﬁploﬁsddﬂm)hydﬁﬂet @¢.8ed1.0 mol)tie 60 B.if ALIF dPRapeTe sfudry3vds) vvas
added to the cooI ed reactor éZOC) and stirring was initiated (500 rp

The cat aPgaediip ooahigmpapure ane pared dorck by e femnsrahenhwagawered to4p %pdg above

wer e hontinB 8 SHbfPbyRICRERuldhde 1S ECEMR ol F A0FRE HrAESERRETCS (o

mai nt ai ndrbﬁﬂls@STheg'e@tI@frﬁk&@dSNiseN@lﬂaﬂt@ rbda@teﬁ@a@ttuei'ﬁer\/ﬁ 10ih/ 6 48ihg iBa ﬂﬁkoE 2004
PCT/ EPOO/ 12406 pressure of propene. After | h, carbon nonoxi de gas was
char ged P scipipee. r Aaglmfediaguaopy uﬁlale-ef ltlﬂéil (Y00 mnlarveps pddstl grrsibushogioner tWeas
vent ed. B LGREL Ot R, 608 e 6 QM SIRENAL UL Sewcfi SHERS B 1) 2
stream of ar gon t1or severa m nu B re openit n F‘IVI T renoved

and dri elhd dihedl exthdGit maﬂié@ﬁntﬁbm&@@uﬁ&f, arikldﬁe@@ﬁgﬂtﬁ) \Aﬂuegialvaﬂ wameedpdrated 254 g
of polynmer (19.9 w% ethene by IR anal ysis). Exanples 36-40 The
pol ymer i #utihomadegsdactesnsadedit hﬁxaneth gie e Arodus asaouetesrysialin B gt h an

The aut oflA0E s SALER CPER: AT+ Theal AT G cPRIE TR S TR, iy 53] ookt

pol yrer i zHjJ,i40n(q, AHY,d.2 €3)8H3,0l :um @H) 01*3cmmzsr(cmmo;er@ @I’IGE)AJI(Z!) Bu)B®.0vas
added to the reactor at 15 C followed by 2. | ene. Stirring was

i nitiat ed2{53804ph0,0, 424. %I 13 8el 145 ]10%- Pacﬁ‘i’ ?@f14[lcﬁﬂ‘é¥[’8(2 253 M) 2RAr ged t o
th heated to th
poley:rgfféjg’u oé%} gra ure E’f)?ﬁﬁrﬁ%) ?%7% éfg? {nﬁp’ ?(I: \Sglrgrrere;azgti O(I’)l tegts,

car bon nEth@}dN&gaa)hmﬂgyﬁﬂaz’Me reactor 1 h after reaching
pol ymeri zatjon tenperature. The residual nonomer was vented while cooling

the reactdPxWEs of ovhliReiprdteat-lrehenytparohgtyiniop-Zrasate (&hey Bd2 avad) and Eein a
vacuum opge @5 90 46058 ol auREh G Yok SR AndcREP RS SFn Rl bl 485 MBS

filtering off the catalyst and washing with dichloromethane, solvent was removed on a rotoevaporator
to give the product. Yield: 54 g (97%). 'H-NMR (CDC%): & 7.4 (m, 3H), 7.2 (m, 2H), 6.7 (m,
1H), 6.1 (m, 1H), 6.0 (m, 2H), 4.0 (g, 2H), 2.9 (m, 1H), 2.5 (m, 2H), 1.2 (t, 3H), 1.0 (d, 3H).
PC-NMR (CDCL): 6 175.6, 128.9, 127.0, 126.0, 121.8, 107.8, 60.0, 39.3, 30.3, 16.7, 13.9.
BIMS: m/z (%) 257 (M', 9), 216 (7), 184 (6), 146 (100), 77 (16).

2-Me-3-[1-phenylpyrrol-2-vl]propanoic acid

The ester ethyl 2-Me-3-[1-phenylpyrrol-2-yl]propanoate (42.1 g, 0.164 mol) was treated with 78
mL of Claisen’s reagent and heated to 90-95°C. After stirring for 1 h, the solution was poured onto
crushed ice and acidified to pH 1-2 with 6 N HCL. The precipitated free acid was extracted with
‘ether (2 x 200mL), washed with brine solution, and dried (MgSO,). Ether was removed from the
product by rotoevaporation. Yield: 27.9 g (75%). '"H-NMR (CDCL): § 7.2-7.6 (m, 5H), 6.7 (d,
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cal cul ated from pol ynmer and zirconocene wei ghts. The characteri zi ng data of

the obtained polymer is indicated in Table 2. Exanple 41 A 54l Fsz 04
reactor ggybppRgtsk Wi th turbine stirrer, steam water terrperature con and
a catalyst 1njection systemwas heat ed to 150-160C over]ﬁ(fw f1 st

purging with nitrogen, cooled and then pickled at 70C using a mxture of
TIBA (0.25 g), toluene (20 m) and propylene (500 g). The pickle mxture
was renoved and the reactor then charged with 1650 g |iquid propyl ene,

whil st increasing the tenperature from 20C to 30C. Then 4-5 % hydrogen was
added to ﬂ%e“bﬁs Bpt-1 (il . ﬁ@(at;@)?@%ﬁwrldgfdrﬁﬂ)n the gascap at 70C. Two
m nut es %fMgrl C 20 I IBA(198 ng) was injected into the
react or .00 g of tris{2-phenyl-propyl}

Al [ CH2 04%(5@6&&) lo8 z(ﬂeammkr&ayﬂf@& ﬂ]pﬁo%%o\{ce%h”@?, 2? 6.8 ‘?11101)t Gl USRE b a
bottle with a septum cap. The sol ution was cool ed using an Ice

bat h, aﬁtph@weﬂﬁa@qmsadécrd@ﬁpwmterw@@g 61 supplDA atd@8dCi mﬂewmﬂgdibrss usheng a

100 1.1 t t bel 15C. 56
10,017 4 e Sl d8E 50 ke oured RO s B ﬁh"e?@ﬁc%%ﬁer@ggow 19,4
m cronol 3o %@/‘9 tRBIeoMBHark fh 183an3 (Bx 8o 1tnE U'Prﬂ:%omﬁi'ﬂﬁi &g%k?fr&tl&fs we \Masﬁ { ai ned

solution containing 0.75 m cronol zirconium conpl ex-was react e 28 ny
TIOA (76 arﬁhwmnl)eousr bt phiyaHCOR anbdrid (Ma80ge- sfotveﬂts wetd inotdd dni gght
yel | ow. After m, nut eﬁ]ﬁl 59 r.ol xzed | al umi ni um m xture

hyd
cont ai ni AgPT? W%"mﬁ ﬂ%ﬁ%gﬁ%mﬂ:ﬁ daﬁ’&édﬂ% Bribs Mﬁ@p By Rnehiny
minutes afy,ers fn*ﬂ%H)n’H?cﬂ}'H} 60T BANEY, 3, Q%PLFPQ&E% (ag, 176, £4 KV 5B

Zi rconocg}ne sol uti on m nut es)
(usi ng 20 GANMPo(GIGI9)d 9. elseﬁples& 12%8,d29.30127.9, 4\21 Bri20.05104. N4y s, '.luhe

0C .and
cont i nued o IS0 adl A 5B RECEbrasditi: Ao Iheiahi (48 £Bb ARychigen

concent r@;g)m(ag]?. hp%ed . the gascap. The polynerization was then stopped by
i njection of rret hanol The heatl ng was then discontinued and the
propyl enaosysy i oiyitdesie col | ected. Foul ed

t | ‘ng hot - | t ted with nethanol. Th
ool §L?§pyﬁ§ﬁer%@%?ﬁ3%§éy@&a % b?%iaea%eb%” fgg{g 11 p- PP setGage)  and
conbi ned(33a;, i1V rol) Sark1 Y- Blueibinhomtc &fia nﬁﬁét%&fafé%%%”ﬁossm %{é’sﬁﬁﬁéd glaiz on

conditions and the data related to the obtail ned are cated in
Tabl e 3. MBodnpinel 2870 M&r ék peAifilmervdlingts rqmatﬂempmﬂdre&n@ttﬁxﬁlﬁig)foﬂseveealamn&e 39

b h d_f f
(i o{ 2, 30 PGP R R PRSP L e e v st 4 it wier gt .

rac- C3  Solvents were evaporated from the filtrate and additional product was obtained by triteration of the

Ct or

residue with toluene. A tan solid was recovered. Yield: 58.9 g (91 %). 'H-NMR (CDCL): & 7.9
(d, 2H), 7.1-7.6 (m, 7H), 7.1 (d, 1H), 6.7 (d, 1H), 3.5 (m, 1I0), 3.2 (dd, 1H), 2.6 (dd, 1H) 2.4
(s, 3H), 1.3 (d, 3H). "C-NMR (CDC}): & 162.2, 147.0, 143.5, 138.9, 135.5, 129.7, 129.2,
128.1,126.9, 126.3, 121.8, 121.4, 105.5, 42.8, 32.4, 21.5, 19.7. mp 186 °C (dec).
5-Me-1-Ph-4-hydrocyclopenta[2,1-blpyrrole

To a solution of the tosylhydrazone (32.5 g, 0.086 mol) in THF (200 mL) was added 76 mL of »-
butyllithium in hexanes (2.5 M, 0.189 mol) at —78°C. The reaction mixture was slowly warmed to
room temperature and stirred for 16 h. A saturated aqueous solution of NH,Cl (20 mL) was added
dropwise and the organic solvents were distilled off. Water (100 mL) was added and the mixture
was extracted with ether 2 x 100 mL). The combined ether fractions were dried (MgSO,) and |

solvent removed on a totoevaporator. The brown oily residue was stirred vigorously with hexane
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(O« 72 mcronol), pretreated with TIOA (76.5 mcronol), followed by the

al um noxane (0. 38 n’m)lh) }I\B.S added to thedreactor cgnt ai ni nggTj 2003
scavenge The pol yneri zation conditions an ated to
t he obt afvneé %%Fymsrs are indicated in Table 3. Exanp Ie’r&imﬂ%}s&ﬁ%t ers
reactor equipped with turbine stirrer, steam water terrper ature control and
a catalyst injection systemwas heat ed to 150- 160C overni ght, whil st
purging with nitrogen, cooled and then pickled at 70C using a m xture of
TIBA (0.25 g), toluene (20 m) and propyl ene (500 The pickle mxture
was r enol&@ ralndfor Hehr eBlet Beolybire progwessr y@@ Wn?‘f?dllﬁ’Sﬁlg“Qqu i @e PeEBy [Vehe

whi | st i ncreasi.n het era fro Then. 4-5 % gen was
added t o' FRB etgd; ca% e %?(r?‘rllcnpas a{iglﬁ Eyeilo‘g‘?m f&oggﬁ?ﬁﬁa JPWO ésg%lgrs Q}lti%%%

Separ at e{opCH): $8.59mO4H}, vB§h2rIﬁp7fll(wqmph@wh})I) lar6qwtﬁb 64(5, 1H)6 3 (d, 1H),

Al[ CH2CHMWe(4-F-C6H4) 13 4.5 nmmol ) were dissolved in 20 of toluene in a
bottl e whEHddHep? (mlBaE.1 FhEs L2s.i 350, 25 (sc ). B@/Iﬁom@(&@ 198i (g, 50O

o 5518 PR S FE EATE AB 0L

whi | st el Al pi-AhviasydHERES albiveroRel oy The resulting sol ution was

introducéd Tnto the reactor using an 1 njection system washed in using 20
m of toAuselnton dfSelvetiRhed-hyidBocgclopentaf2, I-blpyi@de (112 mﬂ@ﬁ’bml))'ﬂ b%)snldbéghﬂrved in

24.34 ¢ of t ol yene, ~and 0. 304, t he solutl ing 0.24
m cr onol ¥ ‘Feéﬁa “ﬁ‘ﬁmzé Gﬂp?fg’%g)‘vﬁ@% Meé@e&ff%%%%%o 3PP B ﬁ#’l‘ﬁ‘?‘l)aq

resul ti ngomNe@pdfh® rforCim OPenfah® PoVRLY VW ddfed tb B redcBbi ﬁl\ﬁeméf Qe lsfeéilsﬂa%a after
the introduction of the hydrolyzed al kyl al um ni um m xture contai ni ng 4.5

ol al ulithinoxsaltwas albwed ectle act tbe liquidreas rehéwyd aited filtérstidn dbe prciitieurason

aged for 1 nut e i nj ect ed rea to uene
295 o sebast i G2 mh] e G0 5 ate S0 Bttt 15 5l Boss 180 ).
m nut es &8s addQfGyalEnd20 i RAdiéR LA Re W@sswzﬁﬂ&! m&t@&teﬁ@émta@aﬂmbﬁ Rfuxed ng

840-1100 rpmstirfring, keeping the hydrogen concentration at 1 % in the

gas;:] ap. I Iheﬁﬁmhwmlméﬁhmnﬁw@mkhwﬁe sanmyygrbion the ifiltja gt wcmto?ﬂOO gullitorr, 40

t T t t di i i

Vent eq aifd EOHE CoRIc < dn ol Ve T et iga iR Bkpes 7 oAl enoved
usi ng hoy 3p4l ﬁ@ﬁmr(é 1@{ Al %@}, (demhzgr%st menols s, Bs, @9tsy@1r1p@ytse@ﬁ)

6&6 L
fracti ons were dried %lé nitrogen purde) and ~combined to
gi ve t he”Ca¥MR (EiDeCH): 6fl4‘b&I l)lﬂﬁob%ﬁl fieriél lﬂﬁ@%b]'éﬂré% 2245 6h8.80he.+1.8hs and

t he dat a@g}(&eéd%h:gdw& t hfopontzalglﬁﬁnw# oJ_ &%El‘i are indicated in Table 3.

Exanpl e ree—stfi larly to exanple 41 but using

the al Um%%@dﬁ%f%btsmdél@%hr NS YBopdnBEL-bPRr M (4.7 g, 24 mmol) in 60 mL of ether

tris{2, 3-di net hyl - butyl}alumnuClr%Af C%O—Rgn C% wth water.

Cat al yst wnsigsated with 11.2 mL of n-buty]hﬂnumm hexanes (2 5 M, 28 mmol) and stirred for 16 h.
Pentane (50 mL) was added and the shurry was filtered through a closed frit funnel. The tan lithiom

salt was re-dissolved in 50 mL of THF, cooled to ~78 °C, and treated with (5-Me-1-Ph-4-

hydrocyclopenta[3,2-b]pyrrol-4-y1}SiMe,Cl (6.7 g, 24 mmotl) dissolved in 50 mL of THF. The
dark brown solution was slowly warmed to 50 °C and stirred for 16 h. Velatiles were removed in
vacuo and the residue was extracted with dichloromethane to remove LiCl. Evaporation of the
solvent gave the product as a white solid. Yield: 8.5 g, (81%). Two isomers- '"H-NMR (CD,CL): &
7.5 (m, 8H), 7.25 (m, 2H), 7.05 (d, 1H), 6.95 (d, 1H), 6.6 (s, 2H), 6.5 (d, IH), 6.3 (d, 1H), 345
(s, 2H), 2.3 (s, 3H), 2.2 (s, 3H), -0.20 (s, 3H), -0.22 (s, 3H). “C-NMR (CD,CL): § 146.3,
146.2, 141.3, 140.7, 130.3, 129.9, 125.2, 120.9, 120.2, 120.1, 117.0, 106.4, 106.2, 42.8, 42.5,
18.3, 18.25, -6.9, -7.2. EIMS: m/z (%) 446 (M *, 18), 252 (100), 237 (8), 224 (7), 194 (7), 165
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C4:(0.72 mcronol), pretreated with TIOA (76.5 mcronol), followed by the
al um noxane (0.38 mml), was added to the reactor containi nggTjiR¢E 2004
scavenger, (1 | ). The product yield and properties ar.g. P\fﬁﬁ‘tds ‘Fabl e 3.
The polynerization conditions and the data related to the obtarned

polymers are indicated in Table 3. Exanple 45 This polynerization exanpl e
was carried out as exanple 41 excepting that conpound C5 is used instead
of conpound CA4. Exanple 46 This pol ynerization exanple was carried out as
exanpl e 42 excepting that conmpound C5 is used instead of conpound C4. 58
WD 01/ 443838 8 JUNE 2004 PCT/ EPOO/ 12406 Exanple 47 This pol ynmerization
exanpl e gﬁe CANL ol epting that conpound C5 is used

i nst ead fZrficoniumrati o was 250. Exanple 48
Thi's pol W@ﬂﬁtﬁ)ﬁtdfQﬂh@xﬁpﬁlh-%y%@cﬁyﬁérﬁd[?ﬂbﬁgolaﬁylﬁsm|(&30 420 84RRJ @t hat
conpound C5 is used instead of ound used instead of
TFPPA. Ex@n@le&em@aﬂlpelp@oaﬂ%t@m@w@m Bty dinah yshexihes (2enVe @drmaolni ng C3

and MAO = ted ol yet hyl ene nmer rrier For t epre aratlon
o suppoPtLCc b PO SRR AUBREIE pHohot i PERrg fol
properti @ WA SBR resBE VaP Fhdbd b findSe 4D %Tlmndnﬁew wéu&o?sﬁﬂee%wl ( 24 2

%w/V) surface area 1.4 nez/g nean pore dianeter 1.5 p.m Supportatlon
appar at uganThwvdapp rGlt (0% gr 9.6 mend) ppo rdded ito rlheoﬂask haed dlat adniests v stirsdls  of

two zones. The first zone co i nin n i egnatj.on col ym equi ped with

a mechani®CdM M@&%DW‘@WQ%%L@%%%?&( Sy s slidsivsre colléRe a6 F fed

and that sGqiM@l %h&&%&?f&&ﬁé %H@&neh%n&?vécﬁiﬁﬁ%ﬁrﬂ%taﬁ%mﬁ gseﬁ ‘}% heat ed
nt | roce er

for evaporating the solvent. In the sem co uous | oadi ng
t he car r iofthg ctulieproditca{5y65igs was stirred in dichloromethane (75 mL) and filtered. The filtrate was

concentrated to a small volume and pentane was added to precipitate the complex. Yield: 4.1 g (79
%, 50/50 rac/meso). | Crystals of the rac isomer were obtained by slow evaporation of a
dichloromethane/toluene solution of the rac/meso complex. 'H-NMR (CD,CL): & 7.3-7.5 (m, 8H,
rac & meso), 1.38 (d,j = 3.5 Hz, 2H, rac), 7.15-7.25 (m, 2H, rac & meso), 7.12 (d, j = 3.5 Hz,
2H, meso), 6.45 (s, 2H, rac), 6.4 (s, 2H, meso), 6.32 (d, j = 3.5 Hz, 2H, rac), 6.2 (d, j = 3.5 Hz,
2H, meso), 2.4 (s, 6H, meso), 2.2 (s, 6H, rac), 1.125 (s, 3H, meso), 1.118 (s, 3H, meso), 1.10 (s,
6H, rac). Anal. Caled for CyHysCLN,SiZr: C, 59.38; H, 4.65. Found: C, 59.78; H, 4.74.
POLYMERIZATIONS

GENERAL PROCEDURES AND CHARACTERIZATIONS

Polymerization grade propylene was purchased from the Matheson Gas Co. and further purified by
passing through columns of 3 angstrom molecular sieves and alumina. Methylalumoxane (toluene
solution, 10% MAO, 4.92% Al) was purchased from Witco Corp. and used as received. AKiBu);
(24.5 % sol. in heptane) was purchased from Akzo Nobel Chemicals. [CPhs]{B(CgFs)s] was
received from Asahi Glass Co.

NMR

For polymer NMR analyses, the solution “C-NMR spectra were run at 75.4MHz on a Varian
UNITY-300 NMR spectrometer.  The samples were run as 10% (w/v) solutions in
orthodichlorobenzene-d, at 130°C. Chemical shifts are referenced to TMS wusing a secondary
reference, the CHs methyl peak of polypropylene at 21.8 ppm. 5000 transients were accumulated
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solution is continuously fed to the prepolymer into an inpregnation colunn
from which the i npregnat ed prepolyner is pneunmatically conve ‘_ﬁ_"g

t he zone evaporation of the solvent and then r E agal n to
the fi rsﬁ(%#é‘;@fter separation fromthe gas stream by %ééaT;l/EgP[d 85 cycl one
(described in 'Perry's chem cal engi neers' handbook"” sixth edition page
18-73) The two zones of the | oop reactor are jacketed and naintai ned at
different tenperature to optim ze the operation that takes place in each
zone, . i npregnation or evaporation. The inpregnation colum is stirred in
or der t ol dademCMM@mlm@nm@emu@hmsqmbﬂ oRecofipling evas atvalyy bn dudngl ut i on.
Prepar at i on.. a[%‘%l}/f @ ‘?thNE 20 4 WD 01/ 44318 PCT/ EPOQ/ 12406 40.8 ¢
of PE pr &6t ﬂ‘é?o Yergadé 'llsr degym Hﬁ%?ﬁse’&fescrl bed above and the jacket
t enper at @hBtionGhuihdevibdRty E&ﬁn&%ﬂﬁi& #8d akibighidel 38 HRMinZRNSs VS Th
respectively set to 45 an °90C. recirculation of the solid in the | oop
react or WEESIE rvistosdice ovetpyconvasted g weight evpeaze triniaulgh nmmdMJ)dwhgeil gremeatiannm.

Once the set tenper e.was reag in the of a 100g/L
VA ol uf REREORHI g ELh B eoy b cotrsgcnof W 2ad Hdrasalben e ng

punp. Th =l R rnesi dual water present
in the sggﬁ%"’?‘%ﬁéﬁ%‘?@% %I\@g 389%:#3%?5‘}8#8%& }e)tshe active catalyst

i s dest r@yediauhpkm%ﬁfisthqalﬂbm eirbonrspechih evesascghiydd an $Bh1ktn DPX\a6 sppee@acted under
nitrogen b n 60 ni of the MAO sol ution. The

.d f C3
br i - o PBREEE oA F FEIEE SRR Frote o0 Tt 10 63 A0 R samlas e SHORShBur . The

[ npregnatggzciqpi@p‘;gonmug §ikef Gl rculated for 15 mnutes w thout adding
any ot her conponents to elimnate the |ast traces of solvent. The anal ysis

of the dhselargede suppat vidda 86kt @illsy ahd iS5 secorils 6686ay balwean guldsd OARNTZ0 W t h
an Al /Zr m%%@gfratlo o{ 412. Preparation of catalyst B 43.7 g of PE
pr epol yn&¥ OF RRLEPY oAt YPRIYDUIFSA rafsigals Wer siowd for ﬁ?cé‘rsﬁ‘?i’Fm‘i“e nper at ur e

rai sed ugnd BedN s ﬁl@tﬁylv &Hﬁ%r Qf]ﬁl@ G BranBS fok ‘[nglP;Elﬂ%iep&& hyQUdS, s%t@z%r ation)

while recirculating the solid int | o0p Treacto or t
pr epar at raferertch et 2130 pbmaund LB’Yt73qi)ml\ﬂé@ecﬁmhlytAssngnmdnhaﬁle ﬁcmmﬂhng tG Sl efrhengs 80

m., but @ s.split in 3 }clonsecutlve addition steps: first 15 nL to
scavenge’t ’?e%cfeﬁﬂ%lp ofygtes Prysics cdfen 2bm’d (1958 wdry Fe?andﬁlllréﬁa‘g@"?#cﬁl‘ﬁ% t he
precont agj @Qk}ﬂ'ﬂg n (obtained dissolving 180 ng of C3) and the Ilast 15 niL
of MAO al one after having fed the whol e catalytic solution. The three
sol uti oné‘htwamlcﬂmwm‘é)the support in 1.5 hours using a -constant feeding

rate. tégqre di. schar 3,9 t he su orted catal }/st t he solid was. nmai nt ai ned
inrecir IB?’F%%‘”?CB?I i ‘i?HYeété ow%%ﬁﬁYeéatg% e{~51‘1‘1‘§»r weight o EPEdNb g BN of

5. Exampl e S M b ot P A Pl R Spor ted
C3/ MAO c &8l yst

Transition temperature and enthalpy of melting and crystallization of polymer samples were measured

using a power-compensation mode Perkin Elmer (PE) DSC-7 and PE PYRIS (revision 3.03)

software. A PE Intercooler II (Model FC100PEA) was used for cooling. The instrument was

calibrated against certified (1) indium with Teim = 156.60 °C; Hy= 28.71 J/g and (2) tin with Teim

231.88 OC; Hf = 60.46 J/g. The dynamic heating /cooling rate was 20 °C/min. The purge gas was

nitrogen flowing at 20 + 2 cc/min. A three ramp (heat-cool-reheat) procedure was employed with

upper and lower temperature limits of 25 °C and 235 °C, respectively. The isothermal hold time

between ramps was 3 minutes. The results of the second heat are reported.

'GPC Analysis (for examples 41-48): High temperature GPC analyses were performed using the
following chromatographic conditions: .
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4 L of. a 0.5 M hexane solution of TIBA (2 nmml) and the amounts of
propyl ene and butene detailed in Table 4 (corresponding to Zggjl_g?%l‘?olohqui d
A

nononer s ) were |loaded into a 4.25-L stainless-
react or g‘f& 64989 The solid catal yst (see Table 4) was tﬁlxecﬁ%l)r{l'j &ct%d into

the reactor by nmeans of nitrogen overpressure through a stainless-steel
vial, which was then rinsed wwth 5 nlL of hexane, and then the tenperature
of the reactor was raised to 70 Cin 10 nin. The polynerization was
carried out at 70 C for 60 mn, then stopped with 1 L of CO and finally
the 60 WOohmn44318 8 JUeel200mixedigiB=POom1P406eoneact or was vented and

cool ed, g&c‘ifentt:he free-fl&%ﬁ% hge;‘% a‘éﬂﬁ?’{;‘%‘gﬁm was coll ected and dri ed

(vacuum oven,” 2 h, 700 d characteristics of the

obt ai nedrpR) MiZEr S are SWmBRihzed in Table 4. Exanple 54 Pol ynerization of

1- butene with supported C31MAO catalyst 4 nL of a 0.5 M hexane sol ution of

TI BA (2 rewpoatammd 850 d46fC1- butene were | oaded into. a 4.25- L

stai nl esz)-fttee_l stirred eactti%# at 30 C. The solid catalyst B (266 ng) was

then inj e6CEG%i nto t he “FEREIEF by neans of nitrogen overpressure through a

stai nl esgadrfigh: Vi al, Wolyeleas then rinsed with 5 nL of hexane, and then

the tenperature of the réactor was raised to 70 Cin 10 mn. The

pol yrer i Expmple 8tadlcarved out at 70 C for 60 mn, then stopped with 1 L of
the reactor i.sotactic

CO, and fjnal.l s vented and cool.ed. 7 of

oyt orThe Batimertelos bR G T ] el BB farioned 3k I SRR oguct

has 1. V. = 2H. 5 LW AP i zation
of  pr opy leret et el Pron e Ol faol O EIRIe SR PP i SRRGY RN 221

hexane s&C dirildnprof tolioBAue(i2ntionndhy zaododeirewasntingoivs] inh 10rvaylokae ditiai bfed i n
Table 5 rrespanding. to 3 f ligquid non s.at 70 re |l paded into
24, 25. L MAG gt ?fg‘_toéglrmess _fﬂ# Ml BB 1300 CPropiEng @-%_ b vas affijgt (see
Tabl e 5) siagy (Whaehitadli §50088m), Hhe e iRadiGARH Anils FERMRatelo B bEHELation

over pressure through a stainless-steel vial, which was then rinsed with 5
nmL of heseapeaturegmithint ié mitukee. It elhpadyradrizaten ddfstst dagbon eendxale gaawasrchirgedo the t he

pol yneri zati op .t erature in 10 mn Et hyl ene. was fed by maintaining a
const ant "6¢& Brhefgggfeéc r SOGIIERIOR (RRSE F Fesidual menomer, _}'/vasrﬁgxted Witlle

pol ymer i 2adih® the Wastof @rbdnf RnbthufeOThelRiyni Walen®OliSha Blied 18 ARGOAUEn af hEN.
stopped with 1 L of CO and finally the reactor was vented and cool ed, and

t he frees® FGirrgh befphewrighial. Rapothdettiviies veo dakohied fomndlydrer adl fivcamaenn oven,

2 h, 700 gatalysl Activl Ly And,Shay Agter LSUhce, Gin g, obtai ned pol ymers
Examples 32 to 34 (comparison)
The same polymerization as described above was carried out, using metallocenes as shown in Table
1. The characterizing data of the obtained polymer is indicated in Table 1.
Example 35
The polymerization was conducted in a 4L stainless steel reactor equipped with an air-driven
magnetic stirrer and steam/water temperature controlled jacket. The autoclave was swept with dry
argon at 90°C for 1 h prior to polymerization. C3 (0.05 mg) was dissolved in a 10wt% solution of
MAO in toluene (10mL), shaken for 10 minutes, and transferred to a stainless steel sample bomb
attached to the reactor. Propene (2.2 L) was added to the cooled reactor (20°C) and stimting was
initiated (500 rpm). The catalyst was charged to the reactor with ethene gas to 100 psi-g above the
vapor pressure of propene in the reactor. The reactor and contents were heated to 50°C within 5-7

minutes and the ethene feed was adjusted to maintain 100 psi-g overpressure above the vapor
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8 JUNE 2004 WO 01/44318 PCTI EP04112406 Tabl e 1. Bul k propene pol ynerization
resul ts w th al unoxane cocatal yst irconocene MAO Tp, 1-12, Yi gl dyNBCidow t V.
gg’% ntrm Ex. (nmg) (10% Cwvhol gKg/ g-cat | hCDL/ %%4%m_ 8C3
(o 20) 1050021418601603. 9n. d. n. d. 93 (0. 05) 105055, 399798 ¥ nd 10
(0.05)1070014629201563. 00. 540. 40 11C3 (0. 05) 107055513102601552. 2n. d. n. d.
12C3 (0.05)107055516103201561. 3n. dn.d 13C3 (0.05)5705537474801571. 10. 250. 43
14C4 (0. 05)5505515531001601. 4n.d. n.d. 15C4 (0.10)5500747401615. 8n. d. n. d.
16C4 (0.05)5505515531001611. 8n.d.n.d. 17C4 (0.10)570012212201603. 4n. d. n. d.
18C4 (0. OB5PE5E IBUEeEB0ART 1. Iy garbormenoxite @4s ¥&. DEEEYO3B2R8AF 60 kfibats thed. n. d.

2201 (0 Soidiodidntioy iiul Ty S o tby i masedsoi i G

24C5 (0. 1h2900mlehk3R Bk 3 draintted befbre spefimg. (PhedolyrBPRL IERAEE 2t B4 BN
vacuum oven at 80°C for 1 h before weighing. Yield - 254 g of polymer (19.9 wt% cthene by IR
analysis).
Examples 36-40
The polymerizations were conducted in a 4] stainless reactor equipped with an air-driven magnetic
stirrer and steam/water temperature controllied jacket. The autoclave was swept with dry argon at 90
°C for 1 h prior to polymerization. A toluene solution of the zirconocene and AKiBu); was added to
the reactor at 15 °C followed by 2.2 L of propylene. Stirring was initiated (500 1pm), a toluene
solution of [CPhs][B(C¢Fs)s] was charged to the reactor with 100 mL of propane, and the contents
were heated to the polymerization temperature within 5-7 minutes. In all polymerization tests,
carbon monoxide gas was charged to the reactor 1 h after reaching polymerization temperature. The
residual monomer was vented while cooling the reactor to room temperature. The polymer was
removed and dried in a vacuum oven at 50 °C for 1 h before weighing. Reported activitics were
calculated from polymer and zirconocene weights. The characterizing data of the obtained polymer is
indicated in Table 2.
Example 41
A 5 liters reactor equipped with turbine stirrer, steam/water temperature control and a catalyst
injection system was heated to 150-160°C overnight, whilst purging with nitrogen, cooled and then
pickled at 70°C using a mixture of TIBA (0.25 g), toluene (20 ml) and propylene (500 g). The
pickle mixture was removed and the reactor then charged with 1650 g liquid propylene, whilst
increasing the temperature from 20°C to 30°C. Then 4-5 % hydrogen was added to the gascap,
aiming at 1-1.5% hydrogen in the gascap at 70°C. Two minutes afier adding hydrogen 1 mmol
TIBA (198 mg) was injected into the reactor using 20 ml toluene.
Separately, 2.00 g of tris{2-phenyl-propyl} AlfCH,CHMe(C¢Hs)], (5.20 mmol) was dissolved in

20.0 g of toluene in a bottle with a septum cap. The solution was cooled to 0-4°C using an ice bath,
and 47 microliter of water (2.61 mmol) added in two shots using a 100 microliter syrmge whilst
maintaining the temperature below 15°C.
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26C5 (0.10)55055949401622. 6n.d.n.d. 27C5 (0, 40)5700105262. 51605. 50. 270. 26
28C5 (0.10)5705541941901611. 40. 240. 21 295 (0. 10) 5705518818801@1@,@5.@0& déz
30C5 (0. 326601604. 7n.d. n.d. 31C6 (0.40) 10500100 .d.n.d.

N (O. 40%@%@%&881551. 7n.d.n.d. (conp) 33 NI e
(0.40)107001022551521. 00. 091. 43 (conp) 34 N2
(0.40)105001467301461. 26n.d. 2.1 (conp) a) mmol of hydrogen added to the
reactor. n.d. not determ ned Nl: 50150 racl neso -

{Me2Si (2, 5- Mee- 1- Ph-cycl o%ent 0%3,_ 2- b{ pyrrot-4-yl %2% ZrCl2 N2: 50150

r acl meso Meanpiple; 135 meofraph3 ¢ pisrme]) 3vas disobied iim?3. 22 f 1oRipmy @pd0.81 g ofAD

01744318 ﬂg%%ﬁmed So%ﬁg’l Loﬁm%ﬁng%%nﬁcpo%oh %rJoLimTfr gﬁe}% w%ler‘e(ayéd \wﬁhoﬁ r[r)lg TIOA
(76.5 micromol), resulting in a color change from yellow to light yellow. After 5 minutes 1.59 g of the
hydrolyzed alkylaluminium mixture containing 0.38 mmol aluminoxane was added to this solution.
Twenty minutes after the introduction of TIBA into the reactor, the alkylated zirconocene sohution
(aged for 5 minutes) was injected into the reactor (using 20 ml toluene) at a temperature of 30°C.
After 0.5 minute the temperature was raised in 6-7 minutes to 70°C and polymén'zation was
continued for 1 hour, using 840-1100 rpm stirring, keeping the hydrogen concentration at 1 % in the
gascap. The polymerization was then stopped by injection of 5-10 ml methanol. The heating was
then discontinued and the propylene rapidly vented and the powder polypropylene collected. Fouled
material was removed using hot xylene and precipitated with methanol. The polypropylene fractions
were dried (70-80°C, 200 mbar, nitrogen purge) and combined to give the total yield of
polypropylene. The polymerization conditions and the data related to the obtained polymers are
indicated in Table 3.

Example 42 .

The experiment was performed similarly to example 39 but using the aluminoxane obtained from the
reaction of tris{2,3-dimethyl-butyl}aluminum AJCH,CHMeCHMe,]; with water. Catalyst rac-C3
(0.72 micromol), pretreated with TIOA (76.5 micromol), followed by the aluminoxane (0.38 mmol),
was added to the reactor containing TIBA scavenger (1 mmol). The polymerization conditions and
the data related to the obtained polymers are indicated in Table 3.

Example 43

A 5 liters reactor equipped with turbine stirrer, steam/water temperature control and a catalyst
injection system was heated to 150-160°C overnight, whilst purging with nitrogen, cooled and then
pickled at 70°C using a mixture of TIBA (0.25 g), toluene (20 ml) and propylene (500 g). The
pickle mixture was removed and the reactor then charged with 1650 g liquid propylene, whilst
increasing the temperature from 20°C to 30°C. Then 4-5 % hydrogen was added to the gascap,
aiming at 1-1.5% hydrogen in the gascap at 70°C.

Separately, 1.98 g of tris{2-(p- fluorophenyl)-propyl} A[CH,CHMe(4-F-CsH,)]; 4.5 mmol) were
dissolved in 20 ml of toluene in a botle with a septum cap. The solution was cooled to 0-4°C using
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an ice bath, and 41 microliter of water (2.28 mmol) added in two shots using a 100 microliter
syringe, whilst maintaining the temperature below 15°C. The resulting solution was introduced into
the reactor using an injection system, washed in using 20 ml of toluene.

Meanwhile, 13.3 mg of rac-C4 (19 micromol) was dissolved in 24.34 g of toluene, and 0.304 g of
the obtained solution containing 0.24 micromol zirconium complex was reacted with 0.11 g TIOA
(0.3 mmol), resulting in a color change from yellow to light yellow. Ten minutes afier the introduction
of the hydrolyzed alkylaluminium mixture containing 4.5 mmol aluminoxane info the reactor, the
alkylated zirconocene solution (aged for 5 minutes) was injected into the reactor (using 20 ml
toluene) at a temperature of 30°C. After 0.5 minute the temperature was raised in 6-7 minutes to
70°C and polymerization was continued for 26 minutes, using 840-1100 rpm stirring, keeping the
hydrogen concentration at 1 % in the gascap. The polymerization was then stopped by injection of
5-10 ml methanol. The heating was then discontinued and the propylene rapidly vented and the
powder polypropylene collected. Fouled matetial was removed using hot xylene and precipitated
with methanol. The polypropylene fractions were dried (70-80°C, 200 mbar, nitrogen purge) and
combined to give the total yield of polypropylene. The polymerization conditions and the data
related to the obtained polymers are indicated in Table 3.

Example 44

The experiment was performed similarly to example 41 but using the aluminoxane obtained from the
reaction of tris{2,3-dimethyl-butyl }aluminum ACH,CHMe(4-F-CsH,)); with water. Catalyst rae-
C4 (0.72 micromol), pretreated with TIOA (76.5 micromol), followed by the aluminoxane (0.38
mmol), was added to the reactor containing TIBA scavenger (! mmol). The product yield and
properties are given in Table 3. The polymerization conditions and the data related to the obtained
polymers are indicated in Table 3.

Example 45

This polymerization example was carried out as example 41 excepting that compound C5 is used
instead of compound C4.

Example 46

"This polymerization example was carried out as example 42 excepting that compound C5 is used

instead of compound C4.
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Example 47

This polymerization example was carried out as example 42 excepting that compound C5 is used
instead of compound C4 and the aluminum/zirconium ratio was 250.

Example 48

This polymerization example was carried out as example 42 excepting that compound C5 is used
mstead of compound C4 and MAQ was used instead of TFPPA.

Example 49
Preparation of a_supported catalyst system containing €3 and MAO supported on polyethylene

olymer (PE
Carrier
For the preparation of supported catalyst A and B a PE polymer with the following physical
properties was used:
mean particle size 151 ym
porosity 0.357 cc/g (24.2 %V/V)
surface area 1.4 /g
mean pore diameter 1.5 pm.

Supportation apparatus

The apparatus for the supportation of the catalyst consists of two zones. The first zone containing an
impregnation column equipped with a mechanical device in which the catalytic solution is
continuously fed and that contains the prepolymer to be impregnated and a second zone heated for
evaporating the solvent. In the semicontinuous process , afler loading the carrier, the catalytic
solution is continuously fed to the prepolymer into an impregnation column from which the
impregnated prepolymer is pneumatically conveyed through the zone for the evaporation of the
solvent and then recirculated again to the first zone after sepération from the gas stream by means of
a cyclone (described in “Perry’s chemical engineers’ handbook™ sixth edition page 18-73) The two
zones of the loop reactor are jacketed and maintained at different temperature to optimize the
operation that takes place in each zone, impregnation or evaporation. The impregnation column is

stirred in order to allow a fast and homogeneous absorption of the catalytic solution.

Preparation of catalyst A
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40.8 g of PE prepolymer was loaded in the equipment described above and the jacket temperature
of the impregnation columnn and the flashing zone was respectively set to 45 and 90°C. The
recirculation of the solid in the loop reactor was mitiated by flowing nitrogen through the flashing
column. Once the set temperature was reached in the two zones, 20 mL of a 100/l MAQ solution
in toluene (WITCO) was dosed in 15 minutes using a dosing pump. This initial amount of MAQO
reacts with the residual water present in the support (typicaily 300-400 ppm) avoiding that the active
catalyst is destroyed during supportation. The catalytic solution was prepared under nitrogen by
dissolving 173 mg of C3 in 60 mL of the MAO solution. The bright orange catalytic solution was
dosed onto the carrier in 1 hour. The impregnated support was then recirculated for 15 minutes
without adding any other components to eliminate the last traces of solvent. The analysis of the
discharged supported catalyst is : 5.75% w Al and 470 ppm Zr with an AVZr molar ratio of 412.

Preparation of catalyst B

43.7 g of PE prepolymer was loaded into the apparatus and the internal temperature raised up to the
desired values (the same as for the previous preparation) while recirculating the solid in the loop
reactor. Also for this preparation the total amount of MAO solution added to the carrier was 80 mlL,
but it was split in 3 consecutive addition steps: first 15 mL to scavenge the residual water present
onto the carrier, then 50 ml in the precontact solution (obtained dissolving 180 mg of C3) and the
last 15 mL of MAO alone after having fed the whole catalytic solution. The three solutions were
dosed to the support in 1.5 hours using a constant feeding rate. Before discharging the supported
catalyst the solid was maintained in recirculation for 15 minutes to completely dry it. The composition
of the final catalyst is 6.5% w Al, 407 ppm Zr with a Al/Zr molar ratio of 538.

Examples 50-53

Copolymerization of propylene and 1-butene with supported C3/MAO catalyst

4 mL of 2 0.5 M hexane solution of TIBA (2 mmol) and the amounts of propylene and butene
detailed in Table 4 (corresponding to 2.5 L of liquid monomers at 70 °C) were loaded into a 4.25-L
stainless-steel stirred reactor at 30 °C. The solid catalyst (see Table 4) was then injected into the
reactor by means of nitrogen overpressure through a stainless-steel vial, which was then rinsed with 5
mL of hexane, and then the temperature of the reactor was raised to 70 °C in 10 min. The

polymerization was carried out at 70 °C for 60 min, then stopped with 1 L of CO, and finally the
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reactor was vented and cooled, and the free-flowing, spherical product was collected and dried
(vacuum oven, 2 h, 70°C).
Catalyst activity and characteristics of the obtained polymers are summarized in Table 4.

ExamEl_e 54
Polﬁnerizaﬁon of 1-butene with supported C3/MAQ catalyst

4 mL of a 0.5 M hexane solution of TIBA (2 mmol) and 850 g of 1-butene were loaded into. a 4.25-
L stainless-steel stirred reactor at 30 °C. The solid catalyst B (266 mg) was then injected into the
reactor by means of nitrogen overpressure through a stamnless-steel vial, which was then rinsed with 5
ml, of hexane, and then the temperature of the reactor was raised to 70 °C in 10 min. The
polymerization was camied out at 70 °C for 60 min, then stopped with 1 L of CO, and finally the
reactor was vented and cooled. 7 g of isotactic polybutene were collected and dried (vactmum oven,
~ 2h, 70°C). This product has I.V. 1.12 dl/g, Tm = 101°C ?H = 82 J/g.
Examples 55-57 -

‘Copolymenzation of propylene and ethviene with supported C3/MAO catalyst.
4 mL of a 0.5 M hexane solution of TIBA (2 mmol) and the amounts of propylene detailed in Table

5 (comesponding to 3 L of liquid monomers at 70 °C) were loaded into a 4.25-L stainless-steel
stirred reactor at 30 °C. The solid catalyst (see Table 5) was then injected into the reactor by means
of nitrogen overpressure through a stainless-steel vial, which was then rinsed with 5 mL of hexane,
and then the temperature of the reactor was raised to the polymerization temperature in 10 min.
Ethylene was fed by maintaining a constant overpressure throughout the polymerization tests. The
polymerization was carried out for 60. min at constant femperature, then stopped with 1 L of CO,
and finally the reactor was vented and cooled, and the free-flowing, spherical product was collected
and dried (vacuam oven, 2 b, 70°C).

Catalyst activity and characteristics of the obtained polymers are summarized in Table 5.
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Table 1. Bulk propene polymerization results with alumoxane cocatalyst

Ex. [Zirconacene MAO Tp, Ha, ¥ | Yield, | Activity, Tm, w, P2y, |{mrm,
(mg) (10%) °c Mmaol g Kg/g-catih °C DLYg | Mol% |mol %
mbL
C3 (0.20) 10 50 o 212 1060 160 3.9 n.d. n.d.
iC3 (0.05) 10 50 55, 399 7980 157 2.7 nd. n.d.
10 |C3 (0.05) 10 70 0 146 2920 156 3.0 0.54 040
it [C3(0.05) 10 70 55 513 10260 1585 22 n.d. n.d.
12 [C3 {0.05) 10 70 55 516 10320 156 1.3 n.d nd
13 [C3(0.05) - 5 70 55 374 7480 157 1.1 0.25 0.43
14 C4 (0.05) 5 50 55 185 3100 160 1.4 n.d. n.d.
15 |C4 (D.10) 5 50 (4] 74 740 161 5.8 nd. n.d.
16 |C4 (0.05) 5 50 55 155 3100 161 18 nd. | nd.
17 'C4(0.10) 5 70 0 122 1220 160 3.;& nd. n.d.
18 (G4 (0.05 5 10 55 334 6680 157 1.4 n.d. nd.
19 . [C4 (0.05) 5 70 55 238 4760 160 1.5 n.d. n.d.
20 [|C4 (0.20} i0 50 0 46 230 159 5.3 n.d. n.d.
21 |C4(0.20} 10 50 85 418 2,080 160 3.3 n.d. n.d.
22 |c4 (0.20 10 70 ¢ 144 720 160 3.3 0.21 0.37
23 [C4 (0.10) 16 70 55 522 5220 159 1.7 nd. n.d.
24 G5 (0.10) 5 50 55 136 1360 163 1.9 nd. n.d.
25 1C5(0.20) 5 50 0 77 385 162 7.3 n.d. n.d.
26 C5(0.10) 5 1 50 ©o85 94 940 162 2.6 n.d. nd.
27 (C5(0.40) 5 70 0 105 262.5 160 5.5 0.27 0.26
28 |C5(0.10) 5 70 85 419 4180 161 1.4 '0.24 0.21
29 [C5 (0.10) 5 70 55 188 1880 161 2.2 nd. | no.
30 IC5(0.20) 5 70 0 132 660 160 4.7 n.d. n.d.
31 06 (0.40) 10 50 0 100 - 250 149 1.8 n.d. md.
32 [N1(9.40) 10 50 1] 35 88 155 1.7 nd. n.d.
{comp)
33 N1 (0.40} 10 70 0 102 | 255 152 1.0 0.09 143
{comp)
34 N2 {0.40) 10 50 0 1486 730 146 1.26 n.d. 2.1
{comp)

a) mmol of hydrogen added to the reactor.

n.d. not determined

N1: 50/50 rac/maso - {MezSi(2,5-Mes-1-Ph-cyclopento[3,2-blpymol-4-yi)z) ZrCh )
N2: 50/50 rac/meso -{MezSi(5-Me-1-Ph-cyclopenta(3,2-blpyrrol-4-yi}2}ZrCla
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copol ynmeri zati on of propylene and -1-butene w th supported C3 I\/Acycat al yst
PCT/ EPOO/ 1 (?g 5 MPLE50515253 (gC3+gC4)tot 1129+521000+781000+1341000+196
(gC3+gcn)|sﬁ Y8383, 4068+76. 5942+130907+186 Cat al yst BAABPA8BE959570

kg/ (gxh) 1. 470. 930. 520. 72

1.4
0.7
1,

22

XS
%
24

AH
oG |Jig*

%
0.4 | 156.4 [112.5
0.4 [ 157.1 [102.0
0.3 | 156.2 }i08B.1
0.4 [ 156.5 [105.9
0.2 | 158.6 J111.1
0.3 | 161.3 [109.2
0.4 | 160.1 [109.9
0.2,] 161.7 1103

%
96.3

6.5
96.9
95.6
97.7
96.6
68.0

1,3}
1
2
0.29

0

0

027
0.23
0.16
0.17
0.29

%21-&

LV. [Regioerrors| mmmm |atrrm] Tm2*

dlig

54.2126.9] 0.54
73.8|36.5} 0.74
89.6[35.1{ 0.85
73.3128.0( 0.75
68.5{30.2

93.81 39
62.8] 17
105 | 32

Mw Mn

Table 3 propene polymerization
0
75

Zr.h
0.29
1.22
33.5
414
515
4.2

{min} jtons PP/g
60
60
26
60
29
21
G0
60

Yield | Time | Activity
g
19
80
315
210
568
226
183
341
{calc)

AllZr
{aluminoxane)
530
520
18970
530
18020
500
250
500

precursor

AK

Q

A
AC
AK
AO
AC

MAO

0.5
0.5
0.5

C3
C3
C4
C4
Cs
C5
C5
C5

Ex |Cataiyst| ymol | Cocatalyst
0.72
0.72
0.24
072
0.25

i
42
3
7]
45
%
27
48
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l.V.1.821.871.771.62 T.141137134119 ?H92898878 2,1 (NWMR)O0.50.50.5n.d. X5
w%-1.4- Conon. w'/'* (NMR)3.55.77.514.0 a) 4,1 insertion ol yyNEBR4>
copol ymer‘jvég{/j‘ p of propylene and ethylene wth supported C3/MAO catalyst.
EXAMPLE555 ‘?gcg) 0128912811367 (gC3)uall19211841294 | ~PEY KA E1&Ps
bar0.51.00.9 (gC2)cal G cWase6. 112. 113. 1 Catal yst AAB My228213350 Tp707060
Kg/ (gxh)1.82.31.55 I.V. 1. 621. 311. 32 Cocoon. wt % (NVR)0. 710.6 65 WD 01/44318

CLAIMS 1. A netall ocene conmpound of the general fornmula (1): Y L 1MXp \/
z wherein Yis a noiety of formula (I11) M8 JUNE 2004 PCT/ EPOQ 12406

wherein A, B and D, sanme or different fromeach other, are selected from
an el enment of the groups

Table 4 copolymerization of propylene and I-butene
with supported C3/MAO catalyst

EXAMPLE 50 51 52 53
(gC3+yCd)jtot 1129+52 1000+78 1000+134 | 1000+196
(gC3+gC4jliq 1005+48.4 | 968+76.5 9424130 907+186
Catalyst B A A B

Mg 191 226 259 570
kgf/{gxh) 1.47 0.93 0.52 0.72
LV. 1.82 1.87 1.77 1.62
Tm 141 137 134 119
7H 92 89 88 78
2,1 (NMR) 05 0.5 0.5 n.d.
XS wt% - - 1.4

Comon. wit% (NMR) 35 57 75 14.0

a) 4,1 insertion only

Table 5 copolymerization of propylene and ethylene
with supported C3/MAO catalyst.

EXAMPLE 55 56 57
(2Cs) 0 1289 1281 1367
(8Csuy 1192 1184 1294
AP thyicne, bar 0.5 1.0 0.9
(8C)eatcigphase 6.1 12.1 13.1
Catalyst A A B
Mg 228 213 350
T, 70 70 60
Kg/(gxh) 1.8 23 1.55
LV. 1.62 1.31 1.32
Comon, wt% (NMR) 0.7 i 06
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14 to 16 of the Periodic Table of the El ements (new | UPAC version), wth
éhﬁfexclusion of Ritrﬁgen and ongen;dR;, R,hRg, R4 and R sgmuN £q04
ifferen ach other, are selecte rom hydr ogen, - - yl,

C3- 2D cgtfvc(f R . &0 al kenyl, 6. C20-aryl . C7-C20- gﬁﬁ?;%"é’%q?ﬁa

C -C20-arylal kyl radical, optionally containing heteroatons belonging to
groups 13-17 of the Periodic Table of the Elenents; wherein two R3 can
forma ring conprising 4 to 8 atons, or R3 and R4 can forma ring
conprising 4 to 8 atons, which can bear substituents; with the proviso
that when s is 0 or when R3 is hydrogen, R2 is not hydrogen; n, mand s,
equal to or different from each othgi; S{ selected fromO0O, 1 and 2;, m n
and s being 0 when respectively A n are selected froman el ement of
the group 16 of the Periodic Table of the El ements (new | UPAC version); m
n and s being 1 when respectively A, B and D are selected froman el enent
of the gloup Anstadpecepdrempemd ofithe zenatl formmda he El ements (new | UPAC ver si on);
66 8 JUNE 2004 WD 01144318 PCTI ERPQO 12406 in, n and s being 1 or 2 when
respectively A, B and D are selegted froman el ement of the group 14 of
the Periodic Table of the Elenents S@fMllUP version); and wherein the
ring containing A, B and D can ve/s dubl e nds in any of the all owed
positions; Z is selected froma rety of formula (11) as described above
and froma noiety .of fornula whefein R6, R7, Rs and R9, sane or different
fromeach othgr,..are selected from hydrogen, a C, -C20-al kyl,

C3- C2-cycl oal fF, C2- C20- al kenyl , C6-C20-aryl, Cr7-C20-al kyl aryl,

C7- C20- ar yl al Xyd a maiety 6fformu@ID) onal | y cont ai ni ng het er oat ons bel onging to
groups 13-17 of the Periodic Table of the Elenents, R being different
from hydrogen; optionally R6 and ®3)or R and R8 can forma ring
conprising 4 to 8 carbon at pns, ggich cgp bear substituents; and when Z is
a noi ety of fornula (11), (R)andy? n the sane or different from each
other; L is a divalent bridgingigr Mis an atofflbf a transition neta
sel ected fromthose bel ongi ng t & S 6 or to the |I|anthanide or
actinide groups in the Peri@dkc Tabl of ®'he El enments (new | UPAC versi on),
X, sane or different, is a hydrogen atom a halogen atom a Rifl, OR 0,
OSQ2CF3, 10,. SR10, NR 02 or PRi 02 group, wherein the substituents R1Q
are sel ected YO t he group consisting of Cl-C20 al kyl, C3-C20 cycl oal kyl
C6- C20 aryl, A78 GRODakdY bplivtbredMn{ich (RO, AL xéléteﬁxﬂon{aﬁ.dele%?em of R 463! 1Y
cont ai ni ng heteroatons bel onging to groups 13-17 of the

14 to 16 of the Periodic Table of the Elements (new IUPAC version), with the exclusion of

nitrogen and oxygen; ‘

R, R, R, R* and R, same or different from each other, are selected from hydrogen, a
| C-Cyralkyl, Cy-Capcycloalkyl, Cp-Cyralkenyl, Ce-Cararyl, Cy-Capalkylaryl,

C7-Cyp-arylalkyl radical, optionally containing heteroatoms belonging to groups 13-17 of the

Periodic Table of the Elements; wherein two R’ can form a ring comprising 4 to 8 atoms, or

R* and R* can form a ring comprising 4 to 8 atoms, which can bear substituents; with the

proviso that when s is 0 or when R’ is hydrogen, R? is not hydrogen;

n, m and s, equal to or different from each other, are selected from 0, 1 and 2;

m, n and s being 0 when respectively A, B and D are selected from an element of the group

16 of the Periodic Table of the Elements (new ITUPAC version);

m, n and s being 1 when respectively A, B and D are selected from an element of the group

15 of the Periodic Table of the Elements (new IUPAC version);
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Periodic Table of the Elenents; p is an integer of from1l to 3; being equal
to the oxidation state of the nmetal Mmnus 2. 2. The netal | ogengNeESsgyRNd
according to claim1, wherein the transition netal Mis selected from
titani um Y¥RP¥HEum and hafnium 3. The netal |l ocene conpBthftF%E%Hr ding to
any of clains | and 2, wherein X equal to or different fromeach other,
are chlorine atons or nethyl groups or benzyl groups. 67 WO 01/44318 8 JUNE
2004 PCT/ EP0OO/ 12406 4. The netal | ocene according to any of clains | to 3, -
wherein L is )Si(R17)2 or >C(R 7)2, wherein R', equal or different from
each ot her, ar e, seidcheig If sranviiey dspgively A, Eiandd2 Greatlbgydd, fronCar diidnicaf deoal kyl ,
C2- C20- al kenyl , C6-C20-aryl, Q C20-al kylaryl, C-C20-aryl al kyl radical ,
optionally congfai%l“rﬁmﬁé)@é?d’éfa?"éﬁﬁ’f%EBH’@?%%‘W’W%I’J%O” :3-17 of the Periodic

Tabl e of the S j L]y, t C rinsing from
3 to 8 atons t@gﬁﬁ%&# %eearé koglt%g‘gﬁ#’tfﬂ\e%}dgg c@%%%&u%{%g%#%% eoqa%c%c%@bdﬁ:ang to
claim4, wherepgitbnd, S sel ected fromthe group consisting of >Si (CH3) 2,
>Si (C6H5) 2, >CH2 and >C(CH3)2. 6. The netall ocene according to any of
claims 1 to 5, Zwirskeidirom i goishy of Ermela (IDesrdeseribedipbove and fremiaupgicty efl frowlaum and
pol oni um and B,.and D are selected fromthe group 14 of the Periodic Table
of the El enentS {new | UPAC version). 7. The netall ocene according to claim
6, wherein Ais sulfur and B and D are cagbon atons. 8. The netall ocene
conpound according to any of clains t oR7, wherein Z is noiety of the
formula (1V): RL11 (N) wherein I@I , k3, @d4, R15 and RE6, sane or
different fromeach other, are sele from hydrogen, a Cl-C20-al kyl,
C3- C20- cycl oal kyl, C2-C20-al kenyl -C28 aryl, C7-C20-al kyl aryl,
C- C20-aryl al kyl radical, optional % containing heteroatons bel onging to
groups 13-17 of the Periqdic Table of the Elenments, optionally R' and R12,
or R12 and R 3Wherglp RRES Bygad R ganpe s diffsrent fipop pahy othierngse sedacisd framiydraeentdo s
whi ch can bear St uept I C 0 a ' o claim
C?@u ?é@*é’ltlom mﬁ"z% 0 Q-E%lgf @6”@7& 1 ng—?gzcky

8, wherein 114 is a - r group an is a roup.
10. The net al | Cg€reuydhy cadival, gricilylcangining hetbraatomsihelonging ®©igroupothl NMfdrd Z are

a rxoi-ety of . Te o - . 6 7 7
. Periodic Table of the Elements, R’ being different fiom hydrogen; optionally R* and R’ or R

and R® can form a ring comprising 4 to 8 carbon atoms, which can bear substituents;
and when Z is a moiety of formula (II), Y and Z can be the same or different from each
other;
" Lisa divalent bridging group;
M is an atom of a transition metal selected from those belenging to group 3, 4, 5, 6 or to the
lanthanide or actinide groups in the Periodic Table of the Elémcnts (new IUPAC version),
X, same or diﬁ'erént, is a hydrogen atom, a halogen atom, a R', OR', 0SO.CF;,
OCOR", SR NR'Y, or PRY, group, wherein the substituents R are selected from the
" group consisting of C1-Cyq alkyl, G-Cyq cycloalkyl, G-Cap aryl, G-Cyq alkylaryl and G-
Cyo arylalkyl radical, optionally containing heteroatoms belonging to groups 13-17 of the
Periodic Table of the Elements;
p is an integer of from 1 to 3; being equal to the oxidation state of the metal M minus 2.
2. The metallocene compound according to claim 1,' wherein the transition metal M is selected
from titanivm, zirconium and hafiiom.
3. The metallocene compound according to any of claims 1 and 2, wherein X equal to or

‘different from each other, are chlorine atoms or methyl groups or benzyl groups.
67 ‘



formula (11), Ais an elenent of the group 16 of the Periodic Table of the
El ements (new |UPAC version), B and D are carbon atons, R i8 AINE 2004

c - C20- al bl LRUP, R2 is hydrogen, R3 68 8 JUNE 2004 WO 01144318

PCTI EPOO/ 1 I's different fromhydrogen, mis 0, n and SEHOYIA6 11 The
met al | ocene conpound according to claim10, wherein Ais sulfur, Ris a

C6- C20-aryl group or a C7-C20-al kylaryl group, the al kyl group being
ortho-substituted to the aryl substituent or being a 2, 4 disubstituted
phenyl group, Ris different fromhydrogen, Ris hydrogen 12. The

met al | océne c&h@@@ﬁﬁbca@c@mdm@ tat anyaofyclairhs d:ltraanhdr@l dris 28R Wher eC(R’i)z,l s a
nmet hyl group & a hth u ort ho-meth henyl
group or th?rﬁlf';ﬁy qﬁ‘ﬁ %eﬁﬁ%%ﬁ?eafgo Ffa E@W@m@ﬁhﬁ&)ﬁ:@%}ﬁgordi ng
to any of clac Foalehar Ice . (1), L
is a >C(R17)2 gf:é‘ilfg a]leﬁlﬂs zgtﬁ;%?%%g (%?grr)r,]zcﬁ-csosﬂéﬂ&?er en O%r' ri%%I%Ir’ogen.
14. A ligand oftiohady mﬁt@mng/)leterwtnmsebeﬂvngﬁlg ites graupsdli3elt7yof afie Pcmbdiul"labl(a Wie (R3)s
1 (R4)n-B-- 1 AHéR%ma its double bond, i soners R3, R4,
R5, A B, D, HMff%"pfogaly, o fd@é%ao‘afaecamefvsgigrﬁ%ﬂz’Sﬁ@n@&abeapéﬁarfrom a
moi ety of forgwkdu¥l ) and froma noiety of formula (VI1): (VII) and/or its
doubl e bond isoners; 69 8 JUNE 2004 WO 01/44318 PCT/ EPOO/ 12406 R6, R7 RS

and RO afe asTuewmetrlidoed acovrdingaforvlain 4yivbereid L is Selespdatont the Broup AonsBtigpnéf D i n
Y and Z' can QECIEI >§1%T%5)2r>cdlﬂlizfa];1§r>(efé 31;2r om each
6. The metallocene according to any of claims 1 to 5, wherein A is selected from sulfur,
selenium, tellurium and polonium and B and D are selected from the group 14 of the Periodic

Table of the Elements (new IUPAC version).

7. The metallocene according to claim 6, wherein A is sulfur and B and D are carbon atoms.
8. The metallocene compound according to any of claims 1 to 7, wherein Z is moiety of the
formula (IV):
R
R
500,
: R
R R4
wherein

R'", R? R? R“ R” and R, same or different from each other, are selected from
hydrogen, a C;-Cyralkyl, C;-Cy-cycloalkyl, C,-Cy-alkenyl, Cs-Cyp-aryl,
Cr-Cay-alkylaryl, G-Cy-arylalkyl radical, optionally containing heteroatoms belonging to
groups 13-17 of the Periodic Table of the Elements, optionally R'! and R', or R and R,
or R” and R" can form a ring comprising 4 to 8 atoms which can bear substituents.

9. The metallocene compound according to claim 8, wherein R* is a Cg-Cye-aryl group and
R'®is a C;-Cyo-alkyl group.

10.  The metallocene compound according to claim 1, wherein both Y and Z are a noiety of
formula (II), A is an elément of the group 16 of the Pericdic Table of the Elements (new

TUPAC version), B and D are carbon atoms, R’ is a C;-Cag-alkyl group, R is hydrogen, R
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other; L is a divalent bridge as defined in any of clains I to 5. 15. The
ligand of formula (V) according to claim 14, wherein both Z' 8nfUNE 7003 2
noiety of formula (VI), RE and R4 are C,-C20-al kyl groups, e is hydrogen,

1 is a Cor€&Risaarsyl or a C7-C20-al kylaryl group, A is sebegi@dnimem

sul phur, selenium telluriumand polonium B and D are selected fromthe
group 14 of the Periodic Table of the Elenents (new | UPAC version), the
di val ent bridging group L is (CH3)2Si<, Ph2Si<, >CH2 or (CH3)2C< . 16. The
| i gand according to any of clainms 14-15, wherein Ais sulfur and B and D

are carbon atoms. . JThe ligand of fornula according to claim 14,

wherein Z islséﬁ%ﬁné%?fngjfd??%?’ 1s§’1('\1ﬂdlsla§eml'] Rl(iV) R12 R13 agd/or its double

bond i somes s; THhREBIReRkdmpithd acdBiihg thifim RLyvhaed RisQupierdehidgd,.a5 i n any
0

of clainms 8 and 9; 18. A process for the preparation of a |I1gan formul a
(V) as defi neérobp oartyCofaoclleyiand grapt Gielatkyl givpehemg athoantstmtedtiotheaigt R2 i s
a hydrogen, conpprising the fol l.own ep: a nt i ng. a conpound of
formula (TX) t(tﬂen; H'?be-"]g adg()‘l Jlﬁwi“ﬁ%dfﬁhegmﬁﬁﬁ 1 erﬁ%‘%ﬁﬂ“bhm & be in
any of the al hpwgdnpositions; A B, R3, R4, R5, n and in are described in

claiml1l, with a conmpound of general formula (X): 70 8 JUNE 2004 WO
01144318 1PCT| PG 0ktfld@6e GD@PNund-RcRiing X) any of claims [0 or 11, wherein R is a methyl

group, R? is a phenyl group, a naphthyl group, ortho-methylphenyl group or 2,4-dimethy-

phenyl group.

13.  The metallocene compound according to any of claims 1-7, v;fherein both Y and Z are a
moiety of formula (II), L is a >C(R'"), group, R' is a hydrogen atom, R is different from
hydrogen.

14. A ligand of formula (V):

§R3)s
D R2
®H—
E VD)
5 /A 1
R R

and/or its double bond isomers;
R, R, R, R, R* A, B, D, n, m and s are as described in claim 1:
Z’ is selected from a mojety of formula (VI) and from a moiety of formula (VII):

R6

RZ (VID)
R7

R

and/or its double bond isomers;
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wherein R is described in claiml; in the presence of a ring-closure
agent, to obtain the conpound of the general fornula (Xl): wgejsNE 2008
doubl e bonds can be in any of the allowed positions; b) conversion into
the conpodfdiedsisornmula (Xi1): R3 (XI1) wherein the doubberken@swgan be in
any of the allowed positions; and when Z' is equal to Y, wherein A and B
inY and Z' are the sane or different from each other: c |) treating the
conmpound of forrmula (XU with a base sel ected from hydroxi des and hydrides
of alkali- and earth-alkali netals, metallic sodiumand potassium and
organonet al | i Gl pAgu s subsequent contacting with a conpound of
formula LQ2 ()%I\/)li,{ I\t/\‘;naggg %Eé?%%ﬂ?%lgcsagﬁg’ nmeaning as defined in claiml1,
and Q i s a halviged; iswyedles W,tAB wl Bin YahidZ0RhWe e hAE or GRIROURSH of
formulae (XI1) and (XITlI) is at least 2; or when. Z' 1s a conpound O
formul a (VII)Pﬂ’EQ) treating the conpound of forrmula (XIl) with a base as

defi ned under Lc\i}%ﬁivﬁgigbg&lgegsd]egye%h%gn(%rggpﬁ%ghqﬁ?ﬁsam meani ng as defined in

claiml, Z has e Sane “neani ng a claim16 and Qis a

hal ogen; 189. The lpaelasmARAVY ichdink & kiRl 1 HRorei g € e 1aNfoi i ng
agent is selected from phoslgggr us %ent oxi de- né%ﬁﬁgﬁg% ?%&n?ca%caiqgm%%ﬁm\) and
pol yphosphor i &raeldVDPRAand K e Cofipalkyligofips, Beis dydibgeh o ik aC0f)-adyBor a

met hacrylic agi ¢y _ onpound of eral forpula (1 X) is.1-nethyl-3-
phenyl -t hi Ophgﬁéﬁzﬁﬁgﬁ?ﬁgﬁgﬁgﬁ _ BUlROAT, BRI AT wriemiyE B and

(Li Al Hd) . 20. DThe speasessm a&&%@ﬁ 04 of GheCheRibiit #%ble%%{eeﬂﬁm&&segl%&%k% on

into the conpound of fornmula | ) is carried out in the presence of a
reduct i on agel¥sighdhgdyalent bridgiog grovpiL fis(61He), i, R Sio oGy dCH;),31. A process

for the preparati.on.of a. netal l ne ound, according to any of clains
lto 13, Iq(r%bt a?ﬁée ?/g%(:g%f“g?? F‘Wg&fcﬁ"émﬁ fﬁgﬁa"%a?mf%wmﬁg apd/P ﬂé‘éé%?féicﬁboﬂ o any
of claims 14 #emd7, wth a conpound capable of formng a correspondi ng

di ani oni ¢_conpound thereof and thereafter with a conpound of fornula

MXr +2, whér ei hffigard aifammyladVaacdestling tectlairs 1 rwheteini A1 almdety 2ol VIO C €SS
according to Caim 21, wherein the conjound of formula MXr.,.2 is selected
from titaniuntetrachlorid, zircgoniun etralczhl orid and hafniuntetrachlorid.
R

and/or its double bond isomers;

wherein R"!, R, R® R" R" and R'6 are defined as in any of claims 8 and 9;
18. A process for the preparation of a ligand of formula (V) as defined in any of claims 14 to 17,
D being a carbon atom and R is a hydrogen, comprising the following step:
a) contacting a compound of formula (IX)

R3

4
Rp—
! i (X)
A

5
®)f
wherein the double bonds can be in any of the allowed positions;

A, B, R, R, R’ nand m are described in claim 1, with a compound of general
formula (X):
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23. A catalyst for the polynerization of olefins, obtainable by contacting:
A) a netallocene conpound of formula (1) according to any of gl AINE 20040
13, and B) an al unbxane and/or a conpound capabl e of form ng an al kyl

met al | ocaneerissn. 24. The catal yst according to daim Z?GTn\r’%ﬁ/!iﬁi)d"' sai d

al unoxane i s obtained by contacting water w th an organo-al um num conpound
of formula H AIR $3; or Hj A12R186" where R 8 substituents, sane or
different, are hydrogen atom hal ogen, d -C20-al kyl, C3-C20-cyclallcyl, C6-
C20-ayl, Cr7-C20-al kylaryl or C7-C20-arylal kyl, optionally containing
silicon or germanium atons with the proviso that at |east one R18 is
different from hal ogen, and J ranges ¢eRHO to 1, bei ng al so a non-integer
nunber. 25. The catal yst accor dith claim?24, wherein the nolar ratio

bet ween the al uminumand water is inMhe rdfge of 1:1 and 100:1. 72 8 JUNE
2004 26. The catal yst according to claim 24, wherein said alunoxane is
selected fromthe Q&ﬁﬁ@R?&@&&h%hHﬂ%ﬁﬁlnﬁthy'a'unnxane’

tetra- (isobutyl)al unoxane, tetra-(2,4,4-trinethyl- pentyl)al unoxane,

tetra- (2, 3-di met hyhlibe piejentaobx aing-clotigt agent, 20 IbBint thé MBhHIhED WE Yie) SntaDX aNe.
27. The catalystnggcording to claim 24, characterized in that the conpound
able to forma T&the al kyl cation is a conmpound of fornula D+E_,
wherein D{ is a Bronsted acid, able. to give a proton and to react
irreversibly with a substituent X of the netall ocene of formula (1) and E-
is a conpatible anion, which is akbe to stabilize the active catalytic
species originating from the reaqtion of the twd conpounds, and which is
sufficiently labile to be &gﬁto he reg®ved by an ol ef mi ¢ nononer. 28.
The catal yst according to clai r ein the @m on E_ conprises one or

nore boron atons. 29. The catal&, ording to any of clains 23-28
wherein said netall ocene co Hﬁd of“Ntornrla (1) and said al urnoxane and/ or
a conmpound capable. of form ng an al kyl netall ocene cation are supported
on inert supports.whdfkin the QB 86 tAT belilgyRP I ABSWAFbdiRRs;0f one or nore

ol efins, said process conprising the polynerization reaction of one ore
nore ol ef i n nPnomePaversipnikethe eammhiedof gSmyladXfrl yst as claimed in any of
claims 23 to 29. 31. The process ggcording to claim 30, wherein the olefin
nononer i s propylene. 32. The protess according to claim31 wherein

propyl ene is copolymerized with one or nore al pha- olefns. 33. The process
according to claim 32 wherei Bopyl-ene is copok rized with 1-butene.

34. The process according to cl im erein p %‘%I ene is copolynerized
with ethylene. 35. The‘prq@gg&* ccogding,to claim30 for the

copol yneri zation of ethylen d propyl ene.

wherein the double bonds can be in any of the allowed positions;
and
when Z’ is equal to Y°, wherein A and B in Y* and Z’ are the same or different fiom
each other:

cl)  treating the compound of formula (XII) with a base selected from hydroxides and
hydrides of alkali- and earth-alkali metals, metallic sodium and potassium, and
organometallic lithium salts, and subsequent
contacting with a compound of formula LQ, (XTII), wherein L has the same meaning
as defined in claim 1, and Q is a halogen, wherein the molar ratio between the
compound of formulae (XIT) and (X111) is at least 2;

. 6r when Z’ is a compound of formula (VII):

¢2)  treating the compound of formula (XII) with a base as defined under cl), and
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36. The process according to claim30, wherein the olefin nononmer is

1- but ene.

19.

20.

21

22,

23.

24.

25.

73 | 8 JUNE 2004

has the same meaning as defined in claim 1, Z° has the same meaning as defined in

claim 16 and Q is a halogen;

The process according to claim 18, wherein the -ring closing agent is selected from phosphorus

pentoxide-methansulfonic acid (PPMA) and polyphosphoric acid (PPA); the compound of

-general formula (X) is methacrylic acid; the compound of general formula (IX) is 1-methyl-3-

phenyl-thiophene and the reduction agent is lithium aluminum hydride (LiATHd).

The process according to claim 18, wherein the conversion into the compound of formula (XII)

is carried out in the presence of a reduction agent and para-toulene sulfonic acid monohydrate.

A process for the preparation of a metallocene compound according to any of claims I to 13,
obtained by contacting the ligand of formula (V) according to any of claims 14 to 17, with a
compound capable of forming a corresponding dianionic compound thereof and thereafter with

a compound of formula MX,.,, wherein M, X and p are defined as in claims. ]-5.

The process according to Claim 21, wherein the compound of formula MXp.; is selected from

titaniumtetrachlorid, zirconiumtetrachlorid and hafnivmtetrachlorid.

A catalyst for the polymerization of olefins, obtainable by contacting:
A)  ametallocene compound of formula (1) according to any of claims 1 to 13, and

B)  an alumoxane and/or a compound capable of forming an alkyl metallocenecation.

The catalyst according to Claim 23, wherein said alumoxane is obtained by contacting water
with an organo-aluminum compound of formula HJAIR",; or HjAIZR';;, where R'
substituents, same or different, are hydrogen atom, halogen, C-Cyp-alkyl, C;3-Cy-cyclalkyl, Cs-
Cy-aryl, C;-Cyalkylaryl or Cr-Cyrarylalkyl, optionally containing silicon or germanium
atoms with the proviso that at least one R" is different from halogen, and J ranges from 0'to 1,

being also a non-integer number.

The catalyst according to claim 24, wherein the molar ratio between the aluminum and water is

in the range of 1:1 and 100:1.
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26.

27.

- 28.

- 29,

30.

31.

32.

33.
34.
35.

36.

8 JUNE 2004

i

The catalyst according to claim 24, wherein said alumoxane is selected from the group
comsiting  of methylalumoxane, tetra-(isobutyl)alumoxane, tetra-(2,4,4-trimethyl-
pentyl)alurhoxane, tetra—(2,3-dimethylbutyl)alumoxane, tetra—(2,3,3-trhnethylbutyl)alumoxane.

The catalyst according to claim 24, characterized in that the compound able to form a
metallocene alkyl cation is a compound of formula D'E’, wherein D" is a Bronsted acid, able to
give a proton and to react irreversibly with a substituent X of the metallocene of formula (I) and
E is a compatible anion, which is able to stabilize the active catalytic species originating from
the reaction of the two compounds, and which is sufficiently labile to be able to be removed by

an olefinic monomer.
The catalyst according to claim 27, wherein the anion E” comprises one or more boron atoms,

The catalyst according to any of claims 23-28 wherein said metallocene compound of formula
(1) and said alumoxane and/or a compound capable of forming an alkyl metallocene cation are

supported on inert supports.

A process for the polymerization of one or more olefins, said process comprising the
polymerization reaction of one ore more olefin monomers in the presence of a catalyst as

claimed in any of claims 23 to 29.
The process according to claim 30, wherein the olefin monomer is propylene.

The process according to claim 31 wherein propylene is copolymerized with one or more alpha-

olefins.

The process according to claim 32 wherein propylene is copolymerized with 1-butene.

The process according to claim 32 wherein propylene is copolymerized with ethylene.

~The process according to claim 30 for the copolymerization of ethylene and propylene.

The process according to claim 30, wherein the olefin monomer is 1-butene.
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