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tadienyl-[ 1,2 8 WD 01/47939 PCT/ EPOO/ 13191 b: 4, 3-b']

di t hi ophene) zi rconi um di chl ori de and di net hyl ;

di et hyl sil andiyl (2, 3,5-triethyl-cycl opentadi enyl)-7-(2, 5-di net hyl cycl opent




WO 01/ 47939 PCT/ EPOO/ 13191 di oxazol ) zirconi um di chl ori de and di net hyl ;
|sopropyI|dene-1 (tetrahydroi ndenyl)-7-(2,5-di net hyl cycl opent adi enyl -[1, 2-b
:4,3-b'] dioxazol)zirconiumdichloride and di net hyl ;

i sopr opy!l i WOHEAT9%¢ et r ahydr oi ndenyl )-7- (2, 5-di met hyl cycl SEERPAUIHY| - [
1,2-b:4,3-b" ] dioxazol)hafniumdichloride and dinethyl;
dinethylsiIandiyl(3-nethy|-cyclopentadienyl)-?-(2,5-dinethylcyclopentadieny
| -[ 1,2-b:4,3-b"] dioxazol)zirconiumdichloride and di net hyl ; )
di r net hydithiophenk)yirdodiveh Hichlogide baxpdintedtdi;enyl ) - 7- (2, 5- di et hyl cycl opent adi eny
|-[1,2-b: 4 di oxa oI)Z|rcon|un1 i.chl orid

di et hy| @fto X]HB‘T(%P W‘F’Pe‘é‘?@}eﬁ Hr@er ‘é}ﬁ'&?ﬁy WCIPEeIﬁa“é‘?%Hh%bc%%‘Pdpe nt adi

enyI [ 1. dttlorthes A 8%RloHatk L Hinémyg chl oride and di met hyl ;
d| met hyl S|(I)and?3z/+c(3 phenyl - cycl opent ayg’l enyl)-7-(2, 5-di net hyl cycl opent adi en

-1 1, znbthyleﬂe(m ﬂ-ﬁldﬂwk%m&dp)amadmnyib-ﬁffﬁ,drchmbﬂnylcmlopamd@hnyb[lrgfb 4,3-b’]
d thIId 2. 4-d t adi enyl ) - 7- (2, 5- di met hyl cycl t ad
.'eﬂ‘;’l ! St RIS R SHRER 6 i o1 ) o aat i mechyl O oPent®
di net hyl ﬁb g@ﬂé@ b%ﬁt@pﬁ&a@x&h@@ﬂﬁ; aqp swﬁm}m{/@ d}%nﬁad{azlh%alz:ualsope nt adi

enyl - di oxazol’) zi rconi um di chloride an

di net hyI b’l] riahldplwn(e)zlmordumsbcﬁﬂ@pgclandmabﬂnt adi enyl )-7-(2, 5- d| met hyl cycl open

t adi I | d d

o met 1 BEREERI IS R R Rl IR s e b S PR M ¢y 1 open
t adi enyl dlimdph%be)énr&yﬁhddféhwiaé@hd dimefloi um di chl ori de and di et hyI
dlnethyIS|Iand| triethyl-cycl opentadi en 2, 5- dlnethylcyclopent

adi eny| -ngthyle ae-i—(@éer}yi)d?’ &%ﬁlﬂpstbylﬁmeempﬂrm%b 4é- 'h pheegirconium
di met hyl g ﬁgﬁg X‘{Zcﬁdg%gﬁht riisopropyl-cycl opentadi enyl)-7-(2, 5-di methyl cycl o

pent adi eny ] dioxazol)zirconiumdichloride and di net hyl ;

di et hyI miethylee- ~Yi(inderp ) T-(2) Bxdittimethylsilplep¢laptineadyenyl-[1,3-B:4:3-di net hyl cycl opent ad l

Id?%![ e éq‘%QH‘BRL}VP?t}é‘]'? di. oxgwg{&rj’z‘}? (ggmer?l (ill chl ori de and di et hyl ;

entadi eniiyiind (5464 S8 MEESOBBANIdpeitdiciI 1205, 5

di oxazol )zirconi um di ori de "and

di net hyl |]4113n@nhpne)prqqnm@d5¢h)on¢eegdémmthﬂst hyl cycl opent adi enyl -[ 1, 2- b: 4, 3-b’
] di oxaz&%&&gg 5 WPt M Rh1519- 3 3% BB DibpertdientE 1026478239

PCT/ EPOO
di nmet hyl Bi]dh&nabh,ehe)im(&nm‘nﬂhhlondadﬁmmh)eﬂﬁﬂ 2, 5-di net hyl cycl opent adi enyl - [

él rZrBth/fl g‘ﬂt}’é{lﬁ ?‘$T(8§ad€’gl%1’ dp %)%2% ﬁ%@ﬁlﬁ%@%ﬁ%ﬁ nﬁ%ﬁﬂ ¢ycl opent adi eny!

-[1,2-b: ﬂ’&tlﬁdﬂheﬂé)%&ﬁ&iﬂaichﬁﬁﬂbuﬁ&wﬂ” de and di net hyl;
di met hyl si'l andi 1-(3-isopropyl -indenyl)-7-(2, 5- dlnethylcyclopentadlenyl [

1, 2-b: 4, w@ykn@ﬂd&Mﬂ zndlemi)n7t£a;5cd1mmhalcvdepwetmrﬁx,%p14 3-
di net hyl g4 -7-(2,5-di et hyl cycl opent adi enyl -[ 1,
> b 4, 3. gl@ﬂ?%%%ﬂ"% pfich ARk AR ety (2. S hyt: e

i sopr opyhieﬂl@leﬁé Hte&ﬂnﬂﬁmydmgum(awemmymwlope&adl&y&{Iimmt,:ny| cycl opent adi en

-[ 1,2-h:4 ] di t hi ophene) zi rconi um di chl ori de;
| sopr opypl]ﬂgﬂ@{l’gn%'ﬁmm’ég@h@ﬁé eadidiasists 7- (2, 5- di net hyl - cycl opent adi enyl -

i[ sc%przogyf}l %gne% 3%%}%3?&@@9&&%%29%{%% ﬂ’é{ﬂ%d()gﬁgexgamenyl}” z-é)y%? b;)]ent adi enyl -

[ 1, 2- b: dip3adol)zirchinivim dizhbomidp land dimathyd;j chl or| de; and dinethyl A particularly

e RS ST e SRS AR A BT P
~6'R (hllok@ol)\g{ﬂ&ﬁﬁmﬁdﬁﬁlmgaﬁ@dml to or different from each ot her, are
sel ected from ézro gen, a C-Czo-al Kyl, C3-Czo-cYcloal kyl, Cz-Czo-al kenyl

C6- Czo- ~methylere( sppmpyirpmlqpentad}enﬂiﬂ-(arSydlmeﬂylcydammdlenybbk 2-briad-bil

cont ai ni n roups 13-17 of the Periodic Table of
the El ene ‘r‘]ﬁf‘bmbg l(lr)t%”gcg%ﬁg g@ﬁ%&b@en and RO is different from hydrogen;
R is seir@ﬁfy&de(Brphem cgzaoﬁamdaé 1)~7- &ib&ﬂ@ﬂéwl enthdiedyld1,0/:4, RbzRt s gr oup,
wherein Qis selected fromC, gly @5 1, th@an Rt 3, Wwhi ch may be the
same as @P%ﬁd)pé?@mmfiwblﬂnéaendéw&ryl, are hydr ogen, O - Czo-al kyl ,

C3- Czo-cycl oal kyl, Cz-Czo-al kenyl, C6-C20-~5"h Cr Cao-~yl aryl,

C~- Czo- aryl al kyl r adi cal s, opti onal | y gontaining a heteroatons bel onging to

groups 13-17 of the Periodic Table of the Elenents, with the proviso that
when Qis a caxbon atom at least one of R', Rz and R3 is a 12



WO 01/ 47939 hydrogen atom PCT/EPO0O/ 13191 Particularly preferred

nmet al | ocenes of the above nentioned class are those wherein R is selected

froma phenyl group, a CHRIIRI Z group and a SiRIIR1lzR13 group, R 1, Rz

and R13 bewlﬁ‘]%@ogen or O -Czo-al kyl groups. Mst preferfE@EMPAIPhose

met al | ocene wherein QR11R1zR13 is an isopropyl or a trinmethylsilyl group.

Non-limting exanples of this class of netall ocenes are:

isopropylidene(S i sopropyl -cycl opent adi enyl }-7- (2, 5-di net hyl - cycl opent adi en
-[ 1, 2-heth ylané@,hdhﬁn@lh p&gfal@)sﬁfaa@ﬂm-ur(n @Lcﬁﬂbmglc Elopentadienyl-[1,2-b:4,3-

lsopropylldene - met hy cl opent adi enyl lnethyl-cyclopentadlenyl

[ 1,2-b: ]CQOWO])GFW%H@ loyide prdbdimethyd chI orlde .
e S Rt e LT L X SRR A AN s TR Y - cyel op

|sopropwhmd&nazﬁmﬂmmhﬂkaxMB@ﬂdd@mﬁmﬂyclopentadlenyl) 7 (2 5-di net hyl -cycl o
pent adi enyI 1 2b 4 3-b' ]-dithi ophene)zirconi um dich

i sopr opyMPd: m%%ﬁdﬁwylw@%%mlwbem §'d?n‘ft12y1?bf°éﬂﬂeﬁiaﬁ¥§ﬂﬂyﬂlé4 b:¢3=cycl op
ent adi e , 8 ;%% orﬁuﬂ dl 6&&'&8%@% j. r coni um di chl ori de;
ene a

I sopropyl i lsopropy cycl opent ényl)-4-(2, 6-di met hyl - cycl opent adi en
- [ 2, | - inetBylénd(2 Yetlitsbpropyienyelppentadienyl)r7-(2,64dimethyleyclopentadienyl-[ 1,2-b:4,3-

y

[ h I d 1)-7-(2, 5-di h I I

L ad eny b ioBEDRzRE M dichRrGE e Bt tlon: um i ehl or 1 de: Y CY el oPen
| SOpr OpYink gnaﬁg Ed_neﬂe{ém VXS Ilep&ﬁ%ygwg)s ﬁhﬂ&hﬁcﬁldﬁﬁtﬁ&'enﬁm bopgalpfi enyl -

[1,2-b: 4, 3- i ophene) zirco ichlorid
i sopropydilpm@@mqmmﬂichwhen@dimwlopent adi enyI ) - 7 (2 5-ditrinethylsilyl-

F}s/g:o?gg;t at%gﬁg%’(é%% 'rzﬂ ﬁgﬁl—ﬁ%bpgb@ﬂgagh ﬁ‘éﬂ Chl 'ﬁ@f? %/%'Ichpent adi e

nyl-[ 1, &oﬁaz@l)ﬁﬁcdmﬁhﬂmﬂeﬂﬁdainﬁ&ﬁ)ﬂi um di chl 0r|de

|sopropyI|dene(2 -di net hyl -cycl o entadleny 7-(2,5-ditrinmeth IS|IXI-cycIo
pent adi efgthyleng(2 ébs‘EH%’PB’Hﬂ'@I ey 7@ methyivelpentadienyl-[1,2-b:4
di et hyl adi enyl )-7-(2,5-di met hyl - cycl opent a
di enyl - ?ﬂgﬁ%&%&i&r@?égﬂlt aﬁ?m rconfum di chl ori de; and 13 " WD

01l 47 93Qm%i%ﬂﬂwdlah%l-cyclopentadlenyl) 7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b’] :

[T o b 4SO PR LR AR ARRBIIC 1 br { do. Anot her  advant ageoUs. cl ase

]91(‘) r Pnrj : g gﬁ%ﬂ@éﬁaﬁ l(ﬁﬁe;mﬁmi sian ey Ry dlopdntadidhl-[ 199284 B 18t0k S0z Unfiny  Of

ichloride and dJmethyl

methylene-1-(2-methyl-indenyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-
b’]dioxazol)zirconium dichloride and dimethyl;
methylene-1-(2,3-dimethyl-indenyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-
b’]Jdioxazol)zirconium dichloride and dimethyl;
methylene-1-(tetrahydroindenyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b’]
dioxazol)zirconium dichloride and dimethyl;
methylene(3-methyl-cyclopentadienyl)-4-(2,6-dimethylcyclopentadienyl-[2,1-b:4,3-b’]
dioxazol)zirconium dichloride and dimethyl;
methylene(3-isopropyl-cyclopentadienyl)-7-(2,5-ditrimethylsilylcyclopentadienyl-[1,2-b:4,3-
b’] dioxazol)zirconium dichloride and dimethyl;
methylene(3-methyl-cyclopentadienyl)-7-(2,5-ditrimethylsilylcyclopentadienyl-[ 1,2-b:4,3-b’]
dioxazol)hafhium dichloride and dimethyl;
isopropylidene(3-methyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b’]



[(CJZ ", Rs Rl14 R17 wherein T' is a sulfur atomor a CR 6 group; Tz is a
carbon atomor a nitrogen atom z is 1 or O; the ring containing T' and Tz
has doubl e bonds in the allowed position; with the proviso that if zis 1, |
T is a CRYM3BP and Tz is a carbon atomand the ring f8FHEFV/SIH penzene
ring; and if z is O, Tz bonds directly the cycl opentadi enyl ring, the 5
menbered ring formed has doubl e bonds in any of the all owed position having
an aromatic character and T' and Tz are not at the sane tine, a sulfur atom
and a nidithisphene)itvdnium dichloridSandRlimethy ~~ R 8 and R 9, the which may be

the same as or. different fromeach other, a sel ected fr hydr.Qgen, a
d - Czo- dsepyepylidene3,efhydycyclonent ?nyazlt%-dgwéﬁwfomta%faﬂa[??r‘?xg-bqlg
C- C20- il rbadirdoiintet droffothabddidinkggical . optionally containing

e

het er oat ons nging to groups 13-17"of the Periodic Table of the

El ement Ssopzopylideng(Geifsoprapylayclapentadiédiyl)-7-R, Sdinktbylcyelopentiiegylh2-tR4,3D’ L an
forma rj, onpr.ising 4.1o .8 at jch can bear substituents' An

advant aﬁ@?@%@@f@?ﬁ&é‘%@ﬁﬁ%@ﬁﬁ&ﬁ% nging to the above class is that
wher ei N Gy BdeiR(EbNen]-cf RipeitadiehyI) )2, 5 MimethYBy QdpAtARAy FGH-5R301 3191

s R19 R1 lﬂn?py% 8 .E~%I689t_'}f lggl(ﬂhiaeg)ﬂ)v\lh%rei n eR‘ XR’RA%A R % R, R s}and R

9, whi chdithigphere)zitrongmndichloride anfl difnsthylit from each other, are selected from

hyd -~ = ~Yh - - | pal - - al | 4: CB- - l,
Sl e S R R S N S e
het er oat @iffiophefis)ziedonived dicWeridé pr@fettiji;4, Rs, R6, R ~, Rs and R 9 can
forma ring conprisin o] ' can bear substituents and the

benzene lﬁ‘PHi@PYélé_?Peb%"'ﬁgﬁ%;ircé(fs’lég;n?%?ﬂ%!rﬂ]%5 -Airimethiylsihdsycdapeniadisnyldd nes

3?@?%;?@?’?%&@9@@%%&%dyhj(oﬁldgarc’ﬁi (rlriél%ehthyl;- cycl opent adi enyl - [

1, 2- b: 4, iBegropydidede(2pdiztie)-cyclopamadiang) A(2c5-didethylcyclopentadienyl-[1,2-b:4,3-b’]

O et G 2 TRl ey T (25,0 et byl cyel opentadienyl (1,

conpoundgostbpylia&ssd, & dfibofopylaelbiiaitddnynl7a2(s-Mhethyl¥ylopbntadienyl-[1,2-b:4,3-
b’] dithiophene)zirconium dichloride and dimethyl;
isopropylidene(2-methyl-4-phenyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-
b:4,3-b’] dithiophene)zirconium dichloride and dimethyl;
isopropylidene(2-methyl-4-phenyl-cyclopentadienyl)-7-(2,5-ditrimethylsilylcyclopentadienyl-
[1,2-b:4,3-b’] dithiophene)zirconium dichloride and dimethyl;
isopropylidene(2-methyl-4-isopropyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-
b:4,3-b’] dithiophene)zirconium dichloride and dimethyl;
isopropylidene(2,3,5-trimethyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-
b’] dithiophene)zirconium dichloride and dimethyl;
isopropylidene(2,3,5-triethyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-
b’] dithiophene)zirconium dichloride and dimethyl;
isopropylidene(2,3,5-triisopropyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-
b:4,3-b’] dithiophene)zirconium dichloride and dimethyl;
isopropylidene(3-cyclohexyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-
b’] dithiophene)zirconium dichloride and dimethyl;
isopropylidene(3-isopropyl-cyclopentadienyl)-7-(2,5-ditrimethylsilylcyclopentadienyl-[ 1,2~
b:4,3-b’] dithiophene)zirconium dichloride and dimethyl;



| Rta R~olO R17 16 (lIVb) wherein Rs, R6 ~ R~ and Rs are selected from
hydr ogen, a C-Czo-al kyl, C3-Czo-cycloallryl, Cz-Czo-al kenyl, C6-Czo-aryl,
C~-Czo-al kyl aryl, C7-Czo-arylal kyl radical, optionally containing

het er oat omYO/V4GPMYi ng to groups 13-17 of the Periodic TablRCTHFPOOAZIN

El emrents, and any of two adjacent R4, R6, R" and Rs can forma ring
conprising 4 to 8 atons which can bear substituents; R4 is selected from
the group consisting of O -Czo-al kyl or Cs-Czo-aryl group such as a nethyl,
ethyl, ofso Meneg3-NopropdBeyclopeadidayf- 43 8-diadth &bé&l&ﬂe BB:33-by a

noi ety of Tornul aQ Nb p?ll syapgroup HL 3 R2~ V\/nerﬂg?n and nelR?]have t he
descri bednﬂame)zmmurpﬂ@@rwmapd )Eh Mez. preferred structure of

conmpound r 18 R~olO R 7 16 (I1Vc
R o R sootppyitelit fplnllr 053 A peaielin A S S 7 N T 0 Y
CS C20 cbqﬂlﬂﬁbﬂmhe)zﬁ'ﬁo@tﬁd&hldnde@ﬁd%ml@}lkyl aryl, C--Co-aryl al kyl radical,
optional|y containing heter atons to groups, 13- 17 of the Periodic
Tabl e of lss)nr@pﬁ}déa%h@me&pﬂ%aﬂw (aé;ﬂ%ﬁthvﬂksclapﬁnta&e@m[ B4R s, R~ R s

and RI 9 § ? Gélﬁhe%rédrﬂ&nmﬂc@aﬂﬂd %&,18 atons which can bear RI9 is
rom -

sel ected e ‘group consisting o C20- al kyl or C6-Czo-aryl group

such as wmopepylidene-i(B$idimethylphédenyl)- B(Qgﬁjmnmth}ﬂmlmemmhnﬁﬂﬁ-m4 Benzene ring
t hat canhgs r.s .su 1|tuents Prefer%‘ RI4 is selected fromthe group

consi sti iophen BC%H“R‘?Id“'cW"Q%aEQ L group such as a ne-~ hyl, ethyl, or
phenyl 9{sBHRpy! 1 - g5k G hksting of CI -C
o- al kyl osrB %zregé gr@@"g o?kpmgg@l)ﬁ'ﬁg?g rrettfﬁ{}%‘a@% aﬁfeﬁﬂp[lgﬁlgﬁgl group Pref
ably vvheh]thuepla:npDZueermufdldhkmdslaad@im&tbyli_ is a group Si R~Rz~ wherein Rl

and R2 h‘iﬂsopropyhdene-l -(3-tert-butyl-indenyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-

b’]dithiophene)zirconium dichloride and dimethyl;
isopropylidene-1-(tetrahydroindenyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-
b’]dithiophene)zirconium dichloride and dimethyl;

isopropylidene(3 -methyl-cyclopentadienyl)-4-(2,6-dimethylcycfopentadienyl—[2,1-b:3,4-b’]
dithiophene)hafnium dichloride and dimethyl;
dimethylsilandiyl(3-methyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b’]
dithiophene)zirconium dichloride and dimethyl;
dimethylsilandiyl(3-ethyl-cyciopentadienyl)—7-(2,5 -dimethylcyclopentadienyl-[1,2-b:4,3-b’]
dithiophene)zirconium dichloride and dimethyl; '
dimethylsilandiyl(3-isopropyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-
b’] dithiophene)zirconium dichloride and dimethyl,;
dimethylsilandiyl(3-phenyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b’]
dithiophene)zirconium dichloride and dimethyl;
dimethylsilandiyl(2,4-dimethyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-
b’] dithiophene)zirconium dichloride and dimethyl;
dimethylsilandiyl(2,4-diethyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-
b’] dithiophene)zirconium dichloride and dimethyl;
dimethylsilandiyl(2,4-diisopropyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-
b:4,3-b’] dithiophene)zirconium dichloride and dimethyl;
dimethylsilandiyl(2,3,5-trimethyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-



the nmeani ng described above, nore preferably L is SiMeZ. advantageous

subcl ass of conpounds wherein Gis a noiety of formula (IVY is that Gis a
noiety of fornula (Nd) R s 2° T 17 R (Ivd) Tl is ~ sulfur atomor a CRI6
group; Tz WOUMAIBEr hon atom or a nitrogen atom 16 VO GEF@?%@M

PCT/ EPOO/ 13191 the 5 nmenbered ring fornmed by Tl and Tz has doubl e bonds in
any of the allowed position, having an aromati c character; with the proviso
that if T' is a sulphur atomTz is not a nitrogen atom R 4, R' and R 8 °
whi ch web‘4bdo]mﬂns;a1me)aﬁ-co:ﬁmﬂididhwmahnddmmﬂgd;ch other, are selected from

& oo’ imelspail sl o peie D %fi%rq%v?%kpaﬁl%ﬁlhﬁvﬁb@%a{ o
bel ongi @%Hﬁhlg &Iﬁgﬁm@&lﬂ ddn1dhe aﬁgﬁilgé{hﬁ Tabl e of the Elenents, and R-~and

R18 can forma ring conprising 4 to 8 atons whi ch can bear substit uents.
Parti cul Memybrlaicmd@e‘iﬁ-ameoprhmdeydomntasirmtyl)*ﬂﬁ@;kdmneﬂwlawloaentadlmb[13.20m Tl
s sul phur, .an and 3 I ifferent fromeach other are
C~- Czo- 2‘?&3}31) fg@%%n@lzwom R@@%W&%@‘mﬁ and R'$ are nethyl or phenyl
groups. Bﬁﬁﬁ@[sﬁ&ﬁcﬂ%{dﬂ@uoﬁekﬁ -clopirtddier)-7- @rsraineetwlé@)opbnmeﬁylm ol Rl Rz’

wherein ave the neaning descri bed above, nore pr ef er abl y LTis
Si Mez Acb’c'bduhlnghqno)zanmmm@@lémdﬁandfdlmﬁbylpresent invention there is

provi ded eﬁ'ly?sslincﬁ)yl(B trg% mﬁrfl-c{'c(fopen{aalegm\ﬁ-7 (bg £me£h\ﬁcyclopentad1enyl-[l 2-
b:4,3-b’] dithiophene)zirconium dichloride and dimethyl;
dimethylsilandiyl-1-(indenyl)-7-(2,5-dimethylcyclopentadienyl-{1,2-b:4,3-
b’]dithiophene)zirconium dichloride and dimethyl;
dimethylsilandiyl-1-(3-methyl-indenyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-
b’]dithiophene)zirconium dichloride and dimethyl;
dimethylsilandiyl-1-(2,3-dimethyl-indenyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-
b’]dithiophene)zirconium dichloride and dimethyl;
dimethylsilandiyl-1-(3-ethyl-indenyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-
b’]dithiophene)zirconium dichloride and dimethyl;
dimethylsilandiyl-1-(3-isopropyl-indenyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-
b’]dithiophene)zirconium dichloride and dimethyl;
dimethylsilandiyl-l-(3-isopropyl-inﬁenyl)-4-(2,6-dimethylcyclopentadienyl-[2,1-b:3,4-
b’]dithiophene)zirconium dichloride and dimethyl;
dimethylsilandiyl-1-(3-isopropyl-indenyl)-7-(2,5-ditrimethylsilylcyclopentadienyl-[1,2-b:4,3-
b’]dithiophene)zirconium dichloride and dimethyl;
dimethylsilandiyl-1-(3-methyl-indenyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-
b’]dithiophene)hafnium dichloride and dimethyl;
dimethylsilandiyl-1-(3-tertbutyl-indenyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-
b’]dithiophene)zirconium dichloride and dimethyl;
dimethylsilandiyl-1-(tetrahydroindenyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-
b’]dithiophene)zirconium dichloride and dimethyl;
isopropylidene(3-methyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b’]

dioxazol)zirconium dichloride and dimethyl;



wherein L is defined as described above; Z' is a noiety of formula (V>]: A
\ / AR4A~ B/\R B and its double bond isoners; wherein A, B, R3 and R4 are
defined as described above and the double bonds are in any of the allowed
position;, BWONYT¥WInpiety of formula (VI1): 17 WO 01/ 479FETERUMIPL and its
doubl e bond isoners; wherein R6, R, R$ and RO have the neaning as defined
above. PCT/EP00O/ 13191 The ligand of forrmula (V) can be prepared according
to the procedure known in the art, in particular when R4 and R3 are both

hydr ogerisdﬂa@yhuaﬂsiemsrl-éwdpdhtadlehsh)-a:@ 5 zngélepwﬁlagﬁplr,zbaqb-bq WO

98/ 22486. According tq. a further aspect of e present invention a process
i's provHH@éPZPEFlfQOﬁHJ%Fl@bM ¢ peshdigiethyly) | gand of fornula (V) conprising the

fol |l ow t base
sel ecte g?pr%oé‘#jtﬁ ee{(%% ogfbtpggé?)s? P%F ?tﬁglg@?z'@?’aﬁ#gﬁ g%g'lgl andey% %2'5‘91140%;]13 odi um
and pot aﬁsiazni)hlycbnmdﬂ:hhmﬂemmmhgﬂml i t hi um conpound, \/\herel n the nol ar
rati o between the co nd of t

e oD s e ST 2 R0 SELS, 35 A5 | o

ot 51 0 G RS A of Torml s (W11] 01 o compou

above anidopropdidend(2 ¥ alimethylaciiclopkntsdiemd)-242,5-dimethylcyclopentadienyl-[1,2-b:4,3-
b’]dioxazol)zirconium dichloride and dimethyl;
isopropylidene(2,4-diethyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-
b’]dioxazol)zirconium dichloride and dimethyl;
isopropylidene(2,4-diisopropyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-
b’]dioxazol)zirconium dichloride and dimethyl;
isopropylidene(2,3,5-trimethyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-
b’] dioxazol)zirconium dichloride and dimethyl;
isopropylidene(2,3,5-triethyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-
b’] dioxazol)zirconium dichloride and dimethyl;
isopropylidene(2,3,5-triisopropyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-
b:4,3-b’] dioxazol)zirconium dichloride and dimethyl;
isopropylidene(3-cyclohexyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-
b’] dioxazol)zirconium dichloride and dimethyl;
isopropylidene(3-isopropyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b’]
dioxazol)zirconium dichloride and dimethyl;
isopropylidene-1-(indenyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b’] dioxazol)zirconium
clichloride and dimethyl; |
isopropylidene-1-(3-methyl-indenyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b’]
dioxazol)zirconium dichloride and dimethyl;
isopropylidene-1-(3-ethyl-indenyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b’]
dioxazol)zirconium dichloride and dimethyl;
isopropylidene-1-(3-isopropyl-indenyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b’]
dioxazol)zirconium dichloride and dimethyl;

isopropylidene-1-(3-tert-butyl-indenyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b’]
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fromthe group consisting of chloride, brom de and iodide, preferably

chl orine and 18 WO 01/ 47939 brom ne. PCT/EP00/ 13191 When L is CRIRz the
| igand of fornmula (~ can be obtained by an alternative process conpri sing
the fol | owMP0E®8s: a) contacting a conpound of the for nﬁFE’F(PWBq&ith a
base selected fromthe group consisting of netallic sodium and potassi um
sodi um and pot assi um hydroxi de and an organolithi um conpound, wherein the
nolar ratio between the conpound of the formula (VIII1] and said base is at
| east 1:dipxd24])kifcodium Bchloride aliddiettyl;t he obt ai ned ani oni ¢ noi ety of the

formula (VI] with a conpqund of_ fornu)a R~ R6 .Ro. ~ R9 (X) wherein
B S LS RN FRh RN A A TR V=S Wil
treati ngdig,{%ggﬁ}mdﬁhgﬁughﬂi%%@%protonat| ng agent. The base used in.

step a) o processes 1S pre ly methyllithiumor n-butyllithium
Pr ef er abisypropydidemest-Geizdtiytpimigayl)-7+(2 Sdlimethylepclopemtediqnyblebb:4i3sb’h quat er nary

ammoni um,sal t . nost. preferahly.the protonating agent is amoni um
chl ori de.loml)ﬁ%dmumﬁi‘@h@ygm‘ﬁqﬁ%@y{:he conpound of formula (X) is selected
from 6, 6de&feﬂ%lshﬂcfiﬁ{ﬂﬁ@ﬁyﬁé}@lo%%t&d(&?i){fﬁ?kzéfgﬁ?%@%ehﬁhkﬁﬂql 2Moasli ting

exanpl es of cConpounds of “fornul a
cycl opendiasizehgirgativme dichloride enddimethd,

3-i sopr Q. - cycl t.adi enyl ) di net l,or asi,l ane . . ,
123 e A B AR opb e B B R Genoien P 43 hane and
1- (3- i sogioREl)EX et dichthride vhd dilneliydli Met hyl - 2, 2- di met hyl - 2- chl or o- et hane.
The conmpound of fornmula (' VI ll)q in the case where Bis a CRS can be
obt ai neddimethylsipedivEsiseprepylreyriogentadienybt T-Qap-dinebdpgyclopentadienyl-[1,2-b:4,3-

b’] dioxazol)zirconium dichloride and dimethyl;

‘dimethylsilandiyl(3-phenyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b’]
dioxazol)zirconium dichloride and dimethyl;
dimethylsilandiyl(2,4-dimethyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-
b’] dioxazol)zirconium dichloride and dimethyl;
dimethylsilandiyl(2,4-diethyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-
b’] dioxazol)zirconium dichloride and dimethyl;
dimethylsilandiyl(2,4-diisopropyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-
b:4,3-b’] dioxazol)zirconium dichloride and dimethyl;
dimethylsilandiyl(2,3,5-trimethyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-
b:4,3-b’] dioxazol)zirconium dichloride and dimethyl;
dimethylsilandiyl(2,3,5-triethyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-
b’] dioxazol)zirconium dichloride and dimethyl;
dimethylsilandiyl(2,3,5-triisopropyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-
b:4,3-b’] dioxazol)zirconium dichloride and dimethyl;
dimethylsilandiyl(3-cyclohexyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-
b’] dioxazol)zirconium dichloride and dimethyl;
dimethylsilandiyl(3-isopropyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-
b’] dioxazol)zirconium dichloride and dimethyl;
dimethylsilandiyl-1-(indenyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b’]

dioxazol)zirconium dichloride and dimethyl;
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WO 01/47939 i) treating a conpound of fornmula (XI): Oi~ CHARL ~ Br Rs
PCT/ EPOO/ 13191 wherein A is sulfur or oxygen, with a conpound of formula
(XI(): L' AB/ Rs Rs ( wherein Ais sulfur or oxygen, ii) contacting the
thus obt ai MU ¥Ruct with a reducing agent in a nolar ratBE@/EPAEEH said
reduci ng agent and the product obtained under i) of at least 1; iii)
contacting the product obtained under ii) with a conpound selected from an
or ganol i t hi um conpound, sodi um and potassiumin a nolar ratio between said

CO”POUHddiﬁﬁ&yIsh&dEqudﬁ%etﬁgtiﬁﬂé?@ -1-2, 5 8igketihylldycRipefadishyl [ 0,205:4, ter than
2, iv) treating the thus obtained product with an agent selected fromthe
group cotigxazeDaigcopium displovide anddimethylicopper i odi de and My/ Pd., in order to

and A 1 CESERRHA L CROR L RO 05 e b hl e AR T 0

accor di ngiok®ol)biecopivag aRhlogidspnd Gintethyl;ne fol |l ow ng steps: i) contacting a

OO U O ity T landis 1-(3 edprory indenyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b']
dioxazol)zirconium dichloride and dimethyl;
dimethylsilandiyl-1-(tetrahydroindenyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-b’]
dioxazol)zirconium dichloride and dimethyl;
isopropylidene(3-isopropyl-cyclopentadienyl)-7-(2,5-dimethyl-cyclopentadienyl-[1,2-b:4,3-b’]-
dithiophene)zirconium dichloride;
isopropylidene(3-methyl-cyclopentadienyl)-7-(2,5-dimethyl-cyclopentadienyl-[1,2-b:4,3-b’]-
dithiophene)zirconium dichloride;
isopropylidene(3-methyl-cyclopentadienyl)-7-(2,5-dimethyl-cyclopentadienyl-[1,2-b:4,3-b’]-
dithiophene)hafnium dichloride; and dimethyl
A particularly interesting class of bridged metallocenes of formula (I) according to the present

invention is that wherein G is a moiety of formula (IIIa):

| H R7
R9 R6

(IITa)

wherein R® and R’ equal to or different from each other, are selected from hydrogen, a

C1-Cyo-alkyl, C3-Cyp-cycloalkyl, C;-Cyo-alkenyl, Cs-Cxo-aryl, C7-Cyo-alkylaryl, C;-Cyp-arylalkyl

radical, optionally containing heteroatoms belonging to groups 13-17 of the Periodic Table of

the Elements, preferably RS is hydrogen and R is different from hydrogen;

R’ is selected from a Cg-Caoaryl, C7-Cap-alkylaryl or a QR!'R!?R" group, wherein Q is selected

from C, Si, Ge;

RY, R and R'3, which may be the same as or different from each other, are hydrogen,

C1-Cyo-alkyl, C3-Cyo-cycloalkyl, Co-Cyg-alkenyl, Cg-Cyo-aryl, C7-Cyg-alkylaryl, C7-Cyo-arylalkyl

radicals, optionally containing a heteroatoms belonging to groups 13-17 of the Periodic Table of

the Elements, with the proviso that when Q is a carbon atom, at least one of R*, R and RP is a

12



WO 01/47939 Rs Li R~ B ( wherein B is sulfur or oxygen, with a conmpound of
formula (X~ OHOC Rs 3 B R wherein B is sulfur or oxygen, and
subsequently treating with a neutralization agent; PCT/EPQQ/ 13191 ii)
treating tNé’?lr‘i‘J%”obt ai ned product with a reducing agent FETEPRYIAN ratio
bet ween sai d reduci ng agent and the conpound obtai ned under i) of at |east
1; ii1i) contacting the thus obtained product with a m xture of an

organol i t hi um conpound and tetranet hyl et hyl enedi am ne (TMEDA) in a nol ar
rati o beliydesgenatind m xture and the product obtained under ii) of at |east

2, iv) contacting the thus obtain product wth ap agent sel ected _fromthe
group c TSRS gPisFerted ppetpllooRnesy ?fggze MEéPeqt’BBF‘HéP%g“’I\/{}PP% whefesp 83 dér to
obtain r ( ! = Brin 1 ajh 2V, 1ycess
for pr egsaeﬁa%%t eag%lr?%%lugr%u%fa or n&?@@ﬁ?ﬁvﬁ%ﬁl&l{l sg[%{l%’reﬁda%orfaglg%es t he
f ol | owi nigeisg leisogen pr Colibealkyl igroupss equi nol ar ni xt ure of conpounds of

For mul aeM(o>s<tV1|)r|e}err%3 Czlxre( os::LeI r%)et:allgclene A/ ere?nl/ %{K%QRB is an isopropyl or a trimethylsilyl
group.
Non-limiting examples of this class of metallocenes are:

isopropylidene(3-isopropyl-cyclopentadienyl)-7-(2,5-dimethyl-cyclopentadienyl-[1,2-b:4,3-b’]-
dithiophene)zirconium dichloride;
isopropylidene(3-methyl-cyclopentadienyl)-7-(2,5-dimethyl-cyclopentadienyl-[1,2-b:4,3-b’]-
dithiophene)zirconium dichloride;
dimethylsilandiyl(3-trimethylsilyl-cyclopentadienyl)-7-(2,5-dimethyl-cyclopentadienyi-[ 1,2-
b:4,3-b’]-dithiophene)zirconium dichloride;
isopropylidene(2-methyl-4-isopropyl-cyclopentadienyl)-7-(2,5-dimethyl-cyclopentadienyl-[1,2-
b:4,3-b’]-dithiophene)zirconium dichloride;
isopropylidene(3-isopropyl-cyclopentadienyl)-7-(2,5-dittimethylsilyl-cyclopentadienyl-[ 1,2~
b:4,3-b’]-dithiophene)zirconium dichloride;
isopropylidene(3-isopropyl-cyclopentadienyl)-4-(2,6-dimethyl-cyclopentadienyl-[2,1-b:3,4-b’]-
dithiophene)zirconium dichloride;
isopropylidene(2-methyl-4-phenyl-cyclopentadienyl)-7-(2,5-dimethyl-cyclopentadienyl-[1,2-
b:4,3-b’]-dithiophene)zirconium dichloride;
isopropylidene(3-phenyl-cyclopentadienyl)-7-(2,5-dimethyl-c&clopentadienyl-[1,2—b:4,3-b’]-
dithiophene)zirconium dichloride;
isopropylidene(2-methyl-4-phenyl-cyclopentadienyl)-7-(2,5-ditrimethylsilyl-cyclopentadienyl-
[1,2-b:4,3-b’]-dithiophene)zirconium dichloride;
isopropylidene(2,4-dimethyl-cyclopentadienyl)-7-(2,5-dimethyl-cyclopentadienyl-[ 1,2-b:4,3-
b’]-dithiophene)zirconium dichloride;
isopropylidene(2,4-dimethyl-cyclopentadienyl)-7-(2,5-ditrimethylsilyl-cyclopentadienyl-[ 1,2-
b:4,3-b’]-dithiophene)zirconium dichloride;
dimethylsilandiyl(2,4-dimethyl-cyclopentadienyl)-7-(2,5-dimethyl-cyclopentadienyl-[1,2-b:4,3-

b’]-dithiophene)zirconium dichloride;and
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/ AB/ R3 Rs and XVII wherein A are sul fur or oxygen, PCT/EP00/13191 A R4’
~Br s wwth a Lewis acid or a mxture of a Lewis acid and a protonic acid,;
ii) treating the thus obtai ned product with CH20 in a nolar rati o between
sai d m xt uNO BAF9HZO within a range between 10:1 and 1: 1RCWER0Y/1HBht act i ng
the thus obtained product with a conpound selected froman organolithium
conpound, sodium and potassiun iv) . contacting the thus obtained product
with an agent selected fromthe group consisting of copper chloride, iodine
and My/ Pdopropylidetied®mettyl-oysldpentadieay PR diréthgasyclopéntddienyli| 12-b:X|3kb’]- The
Lew s acid used _in the ahove process is preferably selected from zinc

di chl or i dithiophsaehafiviug dichlerdede, nercury dichloride, tin tetrachl oride,

di ch ainied detlonde, mer cu ri de, oride.
or of or Ay e P OE LY JBHUBRN Rl AR e AR D MERE AT, Sbove

pr ocessemoiety dfifermula @vi)i on i s preferably copper chloride. Preferably the
reduci ng agent is a mxture of AIC 3/LiAlH4, The organic |ithium conpound
used above is preferably butyllithium AnBther alternative process for
preparing the conpound of fornula g\l 11) en Q\Bis S or O conprises the
follow ng steps: i) contacting a co ormula (X>~: Rs Br Br ~ Br A
with a base selected froman org nol /thy um tr%rrpound, sodi um or potassium
treating the obtained product W mc |ester, wherein the nolar ratio
bet ween said ester and the conpound X~ is at least 1:2, and
subsequently treating the obtained oduct wi tth a reducing agent in order
to 22 WO 01/ 47939 PCT/ EPOO/ 13191 obt(z%{,)n a conpound of fornmula (XX~: Rs Br

Br Rs

wherein

T! is a sulfur atom or a CR*® group;

T? is a carbon atom or a nitrogen atom;

zis1lor0Q;

the ring containing T' and T has double bonds in the allowed position;

with the proviso that if z is 1, T' is a CR'® group and T? is a carbon atom and the ring formed
is a benzene ring; and if z is 0, T bonds directly the cyclopentadienyl ring, the 5 membered
ring formed has double bonds in any of the allowed position having an aromatic character and
T! and T? are not at the same time, a sulfur atom and a nitrogen atom.

R'™, R, R', R", R™ and R", the which may be the same as or different from each other, are
selected from hydrogen, a C;-Cyralkyl, C;-Ca-cycloalkyl, C,-Cyp-alkenyl, Cg-Cap-aryl,
C7-Cyo-alkylaryl, C;-Cyo-arylalkyl radical, optionally containing heteroatoms belonging to
groups 13-17 of the Periodic Table of the Elements, and any of two adjacent R* RP RS RY,
R'® and R can form a ring comprising 4 to 8 atoms which can bear substituents.

An advantageous subclass of compounds belonging to the above class is that wherein G is a

moiety of formula (IVa):
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B AABr ii) contacting the conpound of fornmula (X~ with a base sel ected
froman organolithium conpound, sodium or potassi um and subsequently
treating the dinetallated conpound with an al kylating agent to obtain the
compound oVaYHMHa (1~ Rs Br Br Rs R3 ~ ~ 4 A A R or al PEFFRPVIALY
treating the dinetall axed conpound with an ester of boric acid and a
protonating agent in order to obtain the conpound of forrmula (~: Rs Br Br
Rs ~O 2B A A B(O-a and subsequently contacting with a m xture of an

al kyl ati ng agent in the presence of an tﬁgasition metal conpl ex conpound
for obtaining the conpound of for Ra (X~} iijj)g contacting the allrylated
conpound obtained by step b) with a ent; in order to obtain the
compound of formula (Xl 1>]. Prefgerap dl | cyl ating agent is sel ected
from di nmet hyl sul phate (Nb2804)3 | orosilane (Me3SiCl) and a

m xture of conpounds of fornulae R3 nl?7 wherein R3 and R4 are
defined as above and Y' is sel ected/fxomCil oride, brom de and i odide.
preferably Y is a chlorine. Preferably thhe transition nmetal conpl ex
conmpound is PdC 2 (dppfj. In the abovgs gscribed processes the reducing
agent is preferably a mxture of AlCl ¥»iAH or a 23 WO 01/ 47939

PCT/ EPOOYAG#A R'R'E, 16, 707, 1P bt RY] hich By (bEitRSialle 28 0¢ldiBERSORbN chbtother,
preferred the base is butyllithium Preferably the organic acid ester is an

ester ofapdelected fiam diydmgen.et LbtGroalkel, dedpioicigloalpdn Corilao-alkenybt €etCroram t he

group COASist] f P de, i.odi. P
feacti ong! geoeﬂ%flgﬁﬁé&lﬁg‘éﬁédg R o SRR cdrRREE 18Rl oy By of o,
aprotic sijcestrR iR , R'0fand RE cab form a ypnddngising dae Stemsawhich can bear
tetrahyd?i?f i.uane, dj net hoxyethang, djefhylether, toluene, dichlorornethane.

pent ane,s“??é%ﬁﬁs%ﬂdhg&ﬁ%‘f?&nglﬁﬁ?gﬁﬁﬁhqém ol e process, the tenperature is .
gener al 'No!f-ﬁﬂ:}ﬁiti:@%&}?ﬁﬁi&sb#ﬁ@@é@d&ﬂes%@ﬁngiﬂé?&ﬁs%@dsya@?t ween -20C and 40C.

Compounds of fornula {~ can be suitable used as I nternedi ates for the

pr epar at diorethylsilanstiylt I-Godenyl-76@, St dimethyacyclidpentfidiendf[d2eh:4.3-b31i | | furt her

aspect of..t.h esent invention is a process for the preparation of a
net al | oc%lﬁhéolglgﬁf)(z)ﬁ%odn%? fcﬁoﬁ%ﬁlfa (>), obtainable by contacting the |igand of

gener al fipdetiylsilatdi®l 1-(@-inbthel-iaQeRDAMQ, 3 dipektye-copdlopentadicnst -1 [2eb:d 3c°gs pondi ng
di ani oni ¢, conpound and thereafter wth a conpound of general fornula MXp+2,
wher ei n #ithisphepepzisconiwm dighlaids. as above. The conpound able to form said

cor r espoRdi-&igrtl SRIARE 6f EATRANMbL Brmifth AVAPRashOMBhR BrHUP consisting of
hydr oxi degjrgf?"al ﬁgjlc?i-? an kaﬁj%e- eartﬁvﬁ‘gt als, et al( i ¢ sodi um and
potassium and organonetallic lithygdm sal¥s. Preferably, the conpound able
to formsaid correspondi ng di anionic corrpuanRi]&s butylithium Non-limting

exanpl es of conpounds of fornula MXpF2-a tanium, zirconium and

haf nium tetrachl ori de. Mre sp(ﬁ% 4' G e ligand of formula {V) is

di ssolved in a polar aprotic sol vent\a t.he; obt ai ned sol ution is added
a solution of an organolithium conmpgund i

anRapol ar sol vent. The thus
obt ai ned ani oni ¢ conpound is optionally sRparated, dissolved or suspended
in a polar aprotic solvent and thereafter added to a suspension of the
conpound MXp+2 in a polar aprotic sol @®. At the end of the reaction, the

€5, S L ks e

comonl y ‘use ate of the art suc

recryst aChiCapdlkensl, (pCbaryti 107G,-isEm), e6,-Oho-sayihiks] audical, | optismeilyessmainiug t abl e
for the above reported processes are tetrahydrofurane, dinethoxyethane,
di et hyl ehterpatamg belorging it morpmb:17 Rbthe|Beripdic gble,of th Blements. 5812 of dV9ent s

sui t abl e_d: & ghove!” CEeBS,.. ar : d o) %?ﬂf‘“@’m I e.
Thr ougho:f‘fg]{1)‘:':e'¥"\|tteﬁp[2 %é\sllg, pﬁé}eﬁt ecﬁarﬂ)e@gﬁﬁdpgﬁggoggﬁé%% §/° Eep et vvee%ﬁ-g%gc and
80C, pr efubstitbénts; R4* is selected from the group consisting of Cy-Cao-alkyl or Cs-Cao-aryl group such

as a methyl, ethyl, or phenyl group;
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WO 01/ 47939 |bet ween -20C and 40C. PCT/ EPOO/ 13191 In the case in which at

| east one substituent X in the netall ocene conpound of the formula (n is
different fnrom hal ogen an alternative process for preparing it consists in
pr epari ng 14791 ogen derivative, i.e. the conpl ex wher GI/ERIPMILA
substituents are hal ogen, and then substituting the hal ogen atons with the
appropriate X groups by the nethods generally appllied. For exanple, if the
desired substituents X are al kyl groups, the netall ocenes can be made by
react i onpréfetdblyakhéV® ROMERI LT Ol A@Tb) s D58t SIRERY AR IO antR?thave the
allryll'ithi ymconpounds. General nethods for substituting X with
subst i t veeAnngsiesatbed Regvehapwgeeferablytl iaSiMed. f ur, phosphorus, oxygen, etc.

are descygi ' p 0613 h [ ref erences

t her ei n.A ¢or h%rfl‘%e[%%@el ?fI]C%%’PP%d‘eLrOf g%rgle%é%&%) %%ggepéo'gggfétd\%ﬂventi on a
catal yst fon the polynerization of al pha-lQi9efi ns i s provided, obtainable by
contacting: (A a netallocene conpolind of formya (1] LGZMXp (1) wherein L,
Z, M X, and p has been defined above and G i & a noiety of formula (~: R8
R7 RO ~R6 wherein R6, R, Rg ands RO L py be the sanme as or different
from each otther, are selected om % g consi sting of hydrogen, a

d - C2o- al kyl|, C3-C20-cycl oal kyl, C2- ? 17 C6- C20- aryl ,

C7- C20- al kyllaryl, CrCao-aryl al kyl ré 160pti onal Iy containing

het er oat ons |bel onging to groups 13-17 of The Periodic Table of the

El emrents, R6 and R and/or R8 and Rgmmn forma ring conprising from3 to 8
atons, which can bear substituents; ﬁ? the proviso that R is different
from RS anéeintref, 1, iRY7, and ®'Y hrtsylected GofithydriSeh,Sa TRICRNEYID G, -aytballdy), an
al unoxane a%d/ or a conpound capable of form ng an al kyl netal|ocene cation.

Pr ef er abCyCroralkemgl, e Giotande fe-Coonlsplantl 61-Crooarmalksl radjcal; opfionallyp centginisg

formul a ~ r.af i I t ed.

compound™ 4 %%%%fléﬁ%%é%“éfgg%}%f’ b péngal ol oot R eRf Glichb Ry
conponentwo(dijaceatR 'R ‘GRS RIE end R roan Gdrimagringéiiprisieht 1018 stomsawbithiean bearm
c‘orrpoundv%fs_for mul a H~A1R233 ~ or H A12R236 j, where R23 substituents, sane
or 25 8939 PCT/ EPO0O/ 13191 different, are hydrogen atons,

C~- CZO- aR My selCefisd Fhdth B¥Ceraus Wnsisfiky SF8)-Gfalkyl 67CHEQ- Y15 stkh 88 a methyl,

C~- C20-aryl al kyl, optionally cont ai ni ng Sili'con or germanium atonms wth the
provi so ethyliorgphenyd geupon éorms withR 'd 2 bénzersing thetroan heassysbstituends. J r anges from

0Oto 1, i Q. a,nhon-4 nt eqaer. nunber,, | 1S cti the mol ar ,ratio
o N 1 et EFHbLR™ 35 St il Shoub 3R SHine ldh 1D ol o WllE R BEGT 1 0
bet ween almsfiylj shylad phesyingbap; méferdbly RE &) badepsaefiom e ng@oirs eonsitin

P
about 10;1 and about 20000:1, and nore preferably between about 100:1 and
about 5000CH-algy er Gr-{anarylaeunsuch a5 ymethyl, styh praliend @i ng to t he

B b T s A o L SO

cont ai ni ng
aning described above, more preferably L is SiMe;.

the
Another advantageous subclass of compounds wherein G is a moiety of formula (IV) is that

wherein G is a moiety of formula (IVd)

wherein:

T'is E sulfur atom or a CR'® group;

T2 is a carbon atom or a nitrogen atom;
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wherein the substituents R23, sane or different, are described above. In
particul ar, al unoxanes of the formula: 23 R23 23 R Al - O(AI On-A R23/ R23
can be used in the case of |inear conpounds, wherein nis or an integer
from1l to P U4d*®he substituents R23 are defined as abové’CT@HP"%Wﬁi‘Dxanes
of the fornmula: R~ (Al--Ou can be used in the case of cyclic conmpounds,
wherein a is an integer from2 to 40 and the R23 substituents are defined
as above. Exanpl es of al unbxanes suitable for use according to the present
i nvent i ohe Sriempdrby ting formed s TMAA) T? hiadtdoableitoalsinyanyad flthe shneed JsBRG) ,
tetra-(2,4,4-trinmethyl pentyl)al unoxane (Tl QAO,

tetra- (?@%WWMW‘&F’W noxane (TDVBAO) and

tetra-( Y 2T ularly interesting
cocat al S‘gtﬁg% osgmgs}cszﬂbggm %ﬁ’f Is*gzilgs%g"g&cﬁ' O T/ EPOO/ 09111 i n
whi ch thR aR yalndali’l verigh nogy chepthe lsame as joe diffarent lfroancmadotbert terselected from

Non- | ti al t

App i cat PEReR: &' CrErsttan GrlpetoAiPl, Batr s &P by aoh “CrCaratiyiay,

I 2, I

L1302, 2 B et ko ety &l i e 26

WO 01/ 47mdmd’ab}§nd@helﬁlﬁmtnls;ar@(1§g;mtmy rargform layringrempyising Hierd ratagms which
tris(2-nmget hexyl ) al um ni um

tris(2- rr%atnﬁ%%: g%s[%hﬁ heptyl ) al um ni um

tris(2- nlerﬁ(vﬂlar%r Prietepiet a?@xhﬂsé @biaPbuiHds Wherein T’ is a carbon atom; T' is sulphur and
tris(2-ethyly lishyl butyl ) al um ni um

tris(2-eRhyRY 30 ﬂuqééquhffareahfrﬁmmh ethersare Ca-Cag-atkyly Ce-Feraryl prefanshlni um

tris(2- propyir,g

tris(2- |sog$opy - 3-net ﬁwf%{ﬁh%%{gr&r%gm um tris(2- |sobutyl

net hyl - pRreferdblpivhen Gi is mméietysf Zordnda (IVdpEtihy groperSiRiR> awmremm}rmd R? have
tris(2,3,3-trimeth | ) al um ni

Lr1 (2. oA leninE SeRe R e b ORI AP Lo STMen

tris(2- ehbéﬂr&ng't&i bRBthédsp&t i Yhe ?ﬂeb&ﬂt fvéfition there is provided a class of ligands of
tris{2- |soprop 3d|rrethyl yl)al um ni um

tris(2-tforpala )S|Iyl propyl)alumnlum

tris{2-nethyl-3-phenyl-butyl)alu m

tris(2-ethyl-3phenyl-butyl)alum gil“ﬁni{l V)

tris(2, 3wtéraimtlhigldef@ngde dygscribad ybgvel um ni um tri s(2 phenyl propyl)al um ni um
tris[2-(4;fluoro-p i opy! ] al um ni um

tris[2-( ‘éﬁlnb‘?lgyﬁﬁgﬁ%'f‘ yl1al um ni um
tris[2-(3-isopropyl-phenyl)-propyl]aluninium tris(2-phenylbutyl)alum nium
tris(3-nethyl-2-phenyl-butyl)alum nium) tris(2-phenyl-pentyl)al um nium
tris[2-(pentafluorophenyl)-propyl }

tris[2,2-di phenyl -ethyl]al um ni unyan

tris[2phenyl -2-net hyl - propyl ] u;z\gg R3as t he correspondi ng
conpounds wherein one of the dr ocar byl gpoups is replaced with a hydrogen
atom and those wherein one or two of R’\li;) hydrocar byl groups are repl aced
wi th an isobutyl group. Anpongst the a e al um ni um conpounds,

tri met hyamd itsndooblerbond Mbjnerd; r i | sobut yl al um ni um (TI BAL),

H: ZE% gwgyrtﬁ;émltm B%?ta?‘l? %Idi %l lgjén% nc!yegn\%lagw@ and the double bonds are in any of the
tris(2, 3a1§w$é’dgi6§ tiby.| butyl)al um ni um (TTMBA) are preferred. Non-limting
exanples of ¢ unds able to forman al kyhnet al | ocene cation are conmpounds
of for rruGaisI}ﬂEblety\Mfé'mmuhamﬂ) s a Bronsted acid, able to donate a proton and
to react irreversibly with a substituent X of the netal | ocene of formula
(>] and E is a conpatible anion, which is able to stabilize the active
catal ytic species originating fromthe reaction of the tw conpounds, and
which is sufficiently labile to be able to be renoved by an olefinic
nononer. Preferably, the anion E- consists of one or nore boron atonms. Mbre
preferably, the anion E- is an anion of the formula BAr4~-~, wherein the
substituents Ar which can be identical or different are aryl radicals such
as phenyl, pentafluorophenyl or bis(trifluoronethyl)phenyl.

Tetraki s-pent af | uorophenyl borate is pasticularly preferred. Moreover,
compounds of the formula BAr3 can conveniently be used. Conpounds of th| S
type are described, for exanple, in the published International patent
application WO 92/00333. Further, conpounds of the formrula RM-OMR, R

bei ng an al kyl or aryl group, and M is selected froman el enent of the

G oup 13 of the Periodic Table of the 27 WO 01/ 47939 PCT/ EPO0O/ 13191

El ements (new | UPAC version). Corrpounds of th| s type are descrl bed for

T YA NN AN A NN . o,




L&ZMXp (1) wherein L, Z, M X and p has been defined above and Gis a

noi ety of formula (I11]: 2s WO 01/47939 R7 R6 PCT/ EPO0/ 13191 wherein R6,
R7, Rg and R9, which nay be the sane as or different fromeach other, are
sel ected f MM¥4T89%r oup consi sting of hydrogen, a O - Cxo- JHG&ER00/13191

C3- Cxo-cycl oal kyl, Cx-Cxo-al kenyl, C6-Cxo-~Yh G -Cxo-~ylaryh CrCxo-~yl a~VIl
radi cal , optionally cont ai ni ng heteroatons bel onging to groups 13-17 of the
Periodic Table of the Elenents, R6 and R7 and/or R8 and RO can forma ring
conprising from3 to 8 atons, which can bear substituents; with the proviso
that R is different fromR8 and when R is a tert-butyl radical R8 is not
hydr ogen; and (B) an al unbxane and/ B®_a co®ound capabl e of fornming an

al kyl metall ocene cation. Preferably i fie net al | ocene conpound of formula
()) Gis a moiety of formula (Illax owllss nore preferably Gis a noiety
sel ected fromthe conpound of fordda r6 (1VB), (1Vc) or (1vd). The
process for the polynerization of olefins according to the invention can be
carried out in the liquid phase in the presence or absence of an inert

hydr ocar bon sol vent, or in the gas phaaﬁp The hydrocarbon sol vent can
either be aromatic such as tol uene, i phatic such as propane, hexane,
heptane,mkﬁ&hhhmnéomimoywkphexane The polynerlzatlon tenperature is

general | y. comls 00C and + nd, particularly between 10C
and +90CVherin ﬁyg% ég?gﬁﬁ E@@%ﬁ%@% ¥ﬁ|y conpri sed between 0,5

and 100 “pg¢ hgﬁdeoﬂ Bﬁﬁﬁlat@? Bl 0¥ 'Prédafdl ARBrdirg B ah& picBdurk MaoWh Gh @e &, Sint N

resul ting nolecul ar s of the polymers obtained. The pol ynmerization

yi el ds dpartiewdarowherhB pud yar@botﬂaﬁwdmgealthmbm afoopoela (Vo fcan be preparedyast .
The net al,l Q&€ obtai ned by the process of the invention can
Eia JFIBeLRs - ficati

thereforg or can be subjected to purification treatments.

The co WpABéUi'&]ﬁg € a fulBeCabedt ¥Sthe prRer? tnvRhiIAd rodeRd 18 pedvideddbr the blep&aidh ¢t her
before the pol yrrerl zation. The pre-contact concentrations are generally

bet ween ®ligandif Wuéa%lcpmpﬂ%‘ﬂgfhfefoﬂé‘b@gls@@éne conponent (A), while they

or o- Cont et 1 SHRHEER (orifind SecP Roimhd Q) R RAR Sl ol B s

29 consisting of metalhc sodium and potassium, sodium and potassium hydroxide and an

organolithium compound, wherein the molar ratio between the compound of the formula
(VIII) and said base is at least 1:1

R4/£;Q’B§\ R’

(VD)

wherein A, B, R? and R* are described above;

b) contacting the obtained anionic compounds of formula (VII) with a compound of
formula (IX):
T RO
LY
R8
RO
)

wherein L, RS, R7, R® and R® are defined as above and Y is a halogen radical selected
from the group consisting of chloride, bromide and iodide, preferably chlorine and
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WO 01/ 47939 PCT/ EPOO/ 13191 and, if appropriate, of small quantities of
nmononer. In the pre-contact it is also possible to use a non-polynerizable
ol efin such as isobutene, 2-butene and the like. Further, the nol ecul ar

wei ghts of MM ymer obtained, in particular of propyl eRETHEAYIAM

pol ymers, 1-butene polyners or ethylene hono or copolyners, are distributed
over relatively limted ranges. The nol ecul ar wei ght distribution can be
represented by the ratio MV Mh which, for the present polyners, is
general |y | ovimominean 4, preferably lower than 3.5 and, nore preferably,

| ower t 3.. Th Lecul ar i.ght di i bution can, be varjed by usin

i xtur oo e d 13 CROR: e end, OE Al R0 5 By OWGach By A SRV RIo0esS

pol yrmer i ZdrRihgithk RA¥®IRIsteph:a0es which differ as to the polynerization

t enperature anglor t he concentrations of the nolecul ar wei ght regul ators.
One of t¥e prowhtactingl astquipmund of ithes fanQulae(VIER dvifn athase pelégperk fiomatheogropy ocess

of the present i.nventd on 4.5 pr.opyl ene, \Wien ptopyl ene is | ynenized and G

s & ol ety SoPBRTEP . PaRiE YRR Aol dRiaesin iR dod ptassfucd FopTiog A58 of

propyl ene pol g¢gabolithiith '@Gmgmﬁiﬁ! Whetéin @iRebiMtic beiedd the c@fipounfioftle forimdla

satisfying the relation: 30 < mm< 85 can generally be obtained. Wen Gis

a noi ety sel e Brendrsaieh bapeisgblapsblidd of formula (1Ve), (1Vd) the pol ymer

obt ai uned generally have a catal yst acivity and/or intrinsic viscosity
!D

hi gher than those obtained with siAr 3 yst used in the prior art. For
example in J. Am Chem Soc. 1998, 1 0788-10,787 i sopropylidene{
(3-tertbutyl -cycl opent adi enyl R47< ’ priet silyl-cyclopenta[l, 2-b:4,3
b']-dithi ophene) }zirconiumdichloride was used for polynerizing propyl ene,
with a catalyst activity of only 13 Kg/mmyol cat.h. The pol ymers obt ai ned
generally have the triads, (nm, satisfying the relation: 70 < mm < 95

oref er abby 85cataciing e ebtainee saianic Aot a1 Be RERisiv) Wik ¥ compansd o8 rmmla

t et rahydr onap |l ene (THI S solution) higher than 0.7 preferably 0.8, nore
preferably higher than 1, even nore preferably higher than 2. Mre
interesting propyl ene polynmers obtgi nablgg wWith the process described above
are propyl ene polyner having the 0| | ow ng racteristics: - triads (nm
satisfying the relation 30 < mm < 85=f ably 55 < nmmx 85 and nore
preferably 65 < nm< 85 - nelting e oy (OH) < 70 Jlg , preferably
conprised between 5 J/g and 70 Jg§ € prefR? ably conprised between 20 J/g
and 70 J/g. The nol ecul ar wei ghts of thggoabove said propyl ene pol yners can
be quite high. Thus, the intrinsic viscosity can reach val ues of greater
than 0.7 dl/g, preferably greater thanX) dl/g, nore 30 WO 01147939

preferably greater than, 2. . PCT/EPOQ/ 13191 The propyl ene pol%ners descri bed
above are end¥h@anyRi:nRgddd BhaRarf@d Rehitiscthe Jpeaning agdefined dbare; 3 gt quite

transparent apgdiab 3 SHIEh CoBi@R FithiaGRotoddlhg agaﬁ. pol ypropyl ene of the
present invention has the followng propertres: - Haze (ASTM 2457) from 15%
to 30% Phebase asedyn step a) bV yo@Ess is-preferably nfei)UjthiaSKd-An@lithivim.om 60% t o
95% preferahly.from 70% to 85%. - Tensile nodul us STM D4065) from 1000
Vba t 6 2BOTRLY s Rl Bl SR B A Ve GO Bl Re Ao RER A Y ak
(ASTM DARB&préferably 3edfotonatHpQi¥ent iy iférdth ¢hiokigen 500% to 700% - Strength at
break (ASTM D638) from 10% to 40% preferably from10%to 30% The

mi cr ost r Yer lipsnpexagmlesnidhe sanpound ob foramla(X)tin selentestfsers Goff-dimethybfubeant

i nventio ] Eal rcial copolyners such as el astoneric,
flexiblegmgﬁg%ﬁéﬁgaﬁgll gﬂ'%@g%ggpylene, but with the difference that the
mel ti ng Noh-himitihg t hexamplygor ogfy | enmpoindshe gfr eSemiula Nv@X) i ‘oard S @lmeigl-

hi gher than the cited cqpol yner. Thus pol ypropyl ene, of the present,
i nvent i owcé%qnféélgwliﬂdw leblorgsilanss (Fusapresiybeydonsatadispylidimsthyl chjoposilane,

pol yner i z.S%.&&Ehyi- ?&B}%éﬁ'ﬁ’ad@é(ngﬁflopﬁi 19?2%5%&4?/@?@%%&35@?’%@_ -gjlliesgﬁx'rilspﬁ@

carried o I'n"the presencé’of ethyl’en& or o
cononomnmecyclopentadignyldHl 11hdimethyp2 2tdimethylR2-chloasethéne nvention i s a propyl ene

copol yner, contai ning fro -1 0.30% by nol es, eferably fr 0.1 to 20%
by ol 65 e EPEPOR 08 famgiia (VI i) the cate Yhers B is B cambe ABABPA D Aiaresn y
fr0n10.lc&gyﬂﬁﬁgﬂeﬁghﬁﬁnQ&qMﬂitS deriving froman olefin of fornula
CH2=CHR , bei ng hydrogen, a CZ-CzZQal kyl or a C6-C a-aryl group, said
propyl ene copol ymer having the follow pg characteristics:




- nelting enthalpy < 70 J/g, preferably < 50 J/g; - triads (mm of the

pol ypropyl ene honbsequences satisfy the relation: 30 < nm< 85, preferably
55 < mm < 85. Non-limting exanples of al pha-olefins which can be used as
conononer sSWMAOK4KBIcopol yners according to the present inva{iTVERQ0/23181

et hyl ene, 1-butene, 1-pentene, 1-hexene, 4-nethyl-1pentene, 1-octene,

1- decene, 1-dodecene, styrene, 1,5-hexadiene and 1,7-octadiene. A preferred
conononer is ethylene. The process according to the present invention is

al so sui tabl &)f or Rhatiag BichsipSidddreagipn.and copol yners wherein the ol efin
conononer s can be al pha- O|€PInS cycl ol efins or polyenes. Ethylene

honmopol yners having a renarkably hi gh nol ecul ar wei ght are obtai nable. In
fact, with 31 WO 01/47939 PCT/ EPO0O/ 1319] the process of the present
invention it is possible to obtain ethyl elje polynmers having intrinsic
viscosity (LV.) values as high as 5.0 dl/&.and even higher. In the

copol ynmers obtainable with the procesA t i nvention, the nolar content
of ethylene derived units is generall hWgher than 40% and preferably it
is conprised between 50% and 99% Rand st Bireferably it is conprised

bet ween 80% and 98% The nol ar content \of al pha-olefin derived units is
preferably conprised between 0% and 60% and, nore preferably, between 1 %
and 50% and nost preferably between %%%pnd 20% Non-limting exanples of
al pha-ol efins which can be used as al pha-olefins in the process of the
invention are propyhereia A ik-sbifilren exygknpeitit & bempeundrififyinula Q80)t ene, 1- hexene,
1-octene, 4,6dinethyl-1-heptene, 1l-decene, 1-dodecene, 1-tetradecene,

1- hexadecene, 1-octadecene, 1-eicosere and allyl cycl ohexane. Non-limting
exanpl es of cycl ool efins that can be as conononers in the process of
the present invention are cyclopente phexene and norbornene. The
copol yners according to the i nventBron oan al'so contain units derived from
pol yenes. The content of polyene derived units, i.:f any, is preferably
conpri sed between 0% and 30np1% and, nore preferably between 0% and 20npl1%
The polyenes that can be used as conoiRIprs in the copol ymers according to
the present invention are included in the follow ng classes: -

non- conj ugat ed di oVB§rPiR BsPKUL Qs 0¥Y&Sopol yeri ze such as, for exanpl e,

1, 5- hexadi eney; 16- é&%ﬁﬂ%%@m@ dﬁ%ﬁ% r&d&'t%ﬁf@r@&\ﬁnng a n?gleg HARRRR Of
gi vi ng unsaturated nmononeric units, articul ar conjuda i enes such
as, for exarrpl e, bhateckinesail mdubmgzgm’e&md thapnbdmtrwbtmnadomdmhpingﬁaeﬂl di enes,

such as, for anple 01 1,.4- hexadi

oot byl - 15T sosmastine Bie ottt bitedi et i mirca SBOund Stected from an
met hyl - 1, 10- dodec agtpaidtithia Gofipehnds sman%alpé&aaaa iflia661ar F6 heBifeen said
5- ethylldene 2-nor bornene The netal |l ocenes of the present invention can

al so be used for tmn?awmthzawwOPWrxgéyiﬁ?m@)eof@nu%ﬁmw@wr\mw,

al gggeggefl i ggtvzuchua%ngrtﬁpydlﬂﬁ%bm&w@%saﬁt witP GRS séledled Bohi e BRGNS

4, 6-di net hyl - 1- hepztoasleurig oecapper dtﬂoiurtbecqspzer lodidet armtiMpAhb, inl orlerxta ddten .,

| -oct adecene, 1- elcosene %gg aIL% hexane. Tn the case of

et hyl ene/ pr opy! ene®RRoYRY Rpegera Attt of the reactivity ratios r~.r2,
wherein rl is the reactivity ratio of pylene and r2 that of ethylene, is
cal cul ated according to the follomﬂ%g ND 01/ 47939 PCT/ EP0O0/ 13191
formula: rl'r2=1+f (x+1)-(f+1)'( ‘ W p~fR3= ratio between nol es of

et hyl ene units and nol es of prd%?len- unitg in the copolyner, and x= (PPP +
PPE) / EPE. The nol ecul ar wei ght of the pol ygérs can be varied by varying the
type or the concentration of the catal yst conponents or using nol ecul ar

wei ght regul ators such as, for exanpl gXIflydrogen. The tacticity of the

pol yrner ain, .i. the distribution of the relative conflguratlon of the
tertiary&a‘i insSulfug of G U 34 B%amﬁlh &iouP fhe comgrowad of fopae pYIRcspds et

al  Chem qiReied AR0Ringk9the phacids diifoisRRthd BlIGLERGRpSI t ed therein]

i) contacting a compound of formula (XIV):
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The polyners of the invention are transformable into shaped articles by
conventional material processing, such as nol ding, extrusion, injection
etc. The polynmers of the present invention can be used for the gre aration
of synthet WO 91&398er | roofing bl ends, geomenbranes, transpar&R0l/tYlect s,

f oam beds, as additive for bitunmen or as polynmer support for pignments

and/ or colors in nasterbatches. EXAMPLES General procedures. All operations
wer e perfornmed under nitrogen by using conventional Schlenk-1ine .
techni ques. Solvents were purified bﬁ;degassing with N2 and passing over
activated (8 hours, N2 purge, 300 CO)“A12G3Li and stored under nitrogen.
n-BuLi (Al drich) was used as received./ proton and car bon~spectra of

| i gands and netal | ocenes were obtain uspng a Bruker DPX 200 spectroneter
operating in the Fourier t r ansf or mRrodeBat roomtenperature at 200.13 I VIHz
and 50.32 MHz respectively. The sanples were dissolved in CDC13, CD2Cl z or
C-D6. As reference the residual peak @fIVOHC13 or CHDCla or CB6HD5 in the 1H
spectra (7.2 Vs 10 7.15 ppm respectively) and the peak of the
solvent in tﬁgﬁﬁggfgﬁgg@?ggkggg%b ppm for CDCl3) were used. Proton spectra
were acquired wth a 15 pul.se . seconds of delay between pul ses; 32
transients wel §P@P@Hmp8$ﬁgﬁﬁﬁqgaéctrun1 The carbon spectra were acquired
with a 45 pul se and 6 seconds of del ay between pul ses; about 512 transients
were stored for each spectrum CDCI1® (Al drich, 99.8 atonto D) and C6D6
(Aldrich, 99.6 aton® D) were storedcunderghol ecul ar sieves (4-5 A), while
CDzCl 2 (Aldrich, 99.8 aton?®) wasHUs recei ved. 33 WO 01/ 47939

PCTI EPOO/ 13191 . Preparation of the m\ es ,was carned out under nitrogen
using standard inert atnosphere technihg eSR' The proton and carbon spectra
of polymers were obtained using a Broker DPX 400 spectroneter operating in
the Fourier transform node at 120C at (X99. i 3 MHz and 100.61 Mz

respectively. The sanp| es,were dissolved in CzD2Cl14. As reference the
resi dual peak of CobpemB jsFUHREOTONY8§ect ra (5. 95 ppn) and the peak of the

mmm pentad in th%mﬁ%ﬁ : : .Proton spectra were
acquired with a 45 pu 2%@2%%5@“%%@%?32ag%uﬁgﬁggﬁg a%en pul ses; 256

transi ents weiip stiveatiigfthe thws bbteined tproduct With e anethanings pgant rin averodaraatiai r ed
with a 90 pul se and 12 secpnds.(15 secands for ethy] ene based rs) of
Gl ay between pur BV BSPRPSTRIEN PPt gt the corBhese SHlaedanag et I i b
3000 transientiy weidhtsctiQs Qe ftRis 6B@ihed RAGHI With3a MiktaRaby 98 Sorpdiotittiwanr | ed

out on a HP 5890 - serie 2 gas-chronatograph,and a HP 5989B quadr upol e mass
spectronet er. The $9vRqundjand (etrgmetiyiethylnediamiped TMER A} p mglar ratio between

t et rahydr onapht al e ﬂéﬁﬁ | g pak 0t the polyners (Tm
wer e measured by D&??él}-@r#iagp a%‘f%gﬁt&%%%ﬁ%t"%f%&éﬁm on an Perkin

El ner DSC- 7 i3t r ucemdcting che tiois naptdined pdsétawithad agenthseitcted fiwen dhe gobupanpl e
(5-10 ng) obtained fromthg pol ri.zation seal j,nt.,o alumin ans
ind heat ed_at - 200CA B oL elhines fTOrfo soPtes M EMeoB R o n S8 1 FUTRLE 3T
sanpl e was kept at gafiifanti OF formila(ttvay to allow a conplete nelting of al

the crystallites. Successively, after cooling to OC with a scanning speed
corresponding to 20C/ m nute, the peak tenperature was taken as
crystallization tenperature (T~)..After standing 5 mnutes at 0C, the
sanpl e was heated for the secondti 200RW th a scanni ng speed
corresponding to 20C/mn. In this %e xting run, the peak tenperature

was taken as the nelting tenperat ang the area as global nelting
enthal py (~Hf). ' The mol ecul aR*deiNg

gfi bBti on was det er ni ned by SEC
on a WATERS 200 machine in trichlorobenzene at 135C. The follow ng

abbrevi ations are used: aq. = aqueous(X¥H = tetrahydrofuran Et20 = di et hyl
et her CH2Cl12 = dj chl oronet hane 34 WO 01/47929 DVF = N N-ginethylfornanide
MezSi O 2Anghlismabive rassth Jersprepaoembs siompound (of farmulsdVHD whemAescl @ra0=
copper ( 3 i ,gﬁ% =..phosphorus oxychl oride B(Ow)3 = tri nethyl

bor at e A&QT éggeﬂﬁyﬁlu %% ichloride n-Bul ,i = normal butyllithium Dpp~

di phenyl phospdi nof emtasting en djvizDAlarmixtive b cdshponeds afifetinded BIViH) embGO\AR):ne
ZrC4 = zirconiumtetrachloride HHC 4 = hafiiiumchloride Th2Cp=

7H cycl openta 1, 2-b: 4, 3-b']-di t hi ophene cycl opent a[ b] t hi ophene
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PCT/ EPOO/ 13191 or 7Hthieno[3',2':3,4 MThzZCp =

2,5-di methyl - 7Hcycl openta[ 1, 2-b: 4, 3-b"' ] -di t hi ophene Et ThzCp =

2,5-diethyl -7H-cyclopenta[ 1, 2-b: 4, 3-b' ] -di t hi ophene PhTth‘p =

2, 5-di phenWO—"i‘ﬁjé?cl openta[ 1, 2-b: 4, 3-b' ] - di t hi ophene AcOH ECTAFRPA}ILj
(Me0) 2CH2 = di net hoxyr net hane PREPARATI ON OF THE LI GAND PRECURSORS
Synthesis of 3,3 -dibrono-2,2"-dithienylnethanol BrBr t | s ~~s OHA 2.5 M
solution of n-BuLi in hexane (24.30 nL, 60.76 mmvl) was added dropw se at
-20C to a sol ution of A0 g of 2, 3-dibronot hi ophe Al drich, 98% Mw =
241.94, d = 2.137, 60.//6 noJ, n-BuLi:2, 3-BrZthiophena) =1:1) in 90 nL of
ether. The sol uti org Rom pal e yell ow to yrf4© Ber 1 h stirring
at -20C, 2.53 nL of ethylsformate (Al drich, 97% Mv = ¥4.08, d = 0.917,

30. 38 mml, HCOCEt: 2, 3- Br 2t hi ophene #;#d0. 5: 1) in 30 nL™of ether was 35 WO
01/ 47939 PCT/ EPO0O/ 13191 added dropwi se. During the addition the solution
turned fromyellow to da¥¥llyel | ow. The reaction m xtur &XHs kept at -20C
for 15 mn, then omtenperature and stirred for 20 h.
The final pale or %%%xﬁ%’s%gﬁl\g?‘%n@\%’\gge%’our ed at 0OCinto acidic water (1.65 g

of NHACL in 75 nlL with wlbels)acididie ntix@gedfa leayeacidanl Sepeniatacid; out and t he
wat er | ayer extracted with ether { The organic | ayers were

3 25 nlL).
o et ol R g hostins AP RePOGIY At CHD i & G e eveen 6tidm at

30-35C to give an | : %y{,ﬁ rgrterized by GG MS
anal ysi s agd 1H Nl\}a{@gggﬁ)ggé%&}%%}ra%y %n@wqiﬂ%&O% Yi e?/d of the
pure product #H)85. ctactihg MR ths, opfained GG} : with 28 cémipodid, selecteds fidfh Hdn,

; 6.95 (d, 2H, J = 5.29 Hz, ; 6,41 (s, 1H ; 2.86 (bs, 1H, :
%4)2 (9 : 3(56 (23) TIWOEI“HWCS@W 250%[‘}9%“%45?21@551331204%22) [M+](, 339 (184? 337
(18), 275 (10}) 27gntabdg tHethuk lobtainelOprodect) with 98 dodidt) seldcfed ok Qe ghoh
(32), 166 (10), 164 {10), 121 (17), 111 (14), 84 (33), 83 (15), 827(26), 81
(14), 69 (11), 45 ¢a@ipting3ef qopper chivyide.HedingangfMg/Pd., in order to obtain a compound
3,3 -dibrono-2,2"-dithi BrBr ~1 | H9.45 of
3,3 -dibromp-2, 2" - ﬁeﬁ?rgfr}fé#@%lﬁg]ﬁ% obt ai ned as descr?bed above (Mwv =

354. 09, 7Phe Béwisnbid e tHe above phddaesd is PecfEratle stladtedifiorh M6 dichistdey\eddenium
di ssolved. in .8S nL of dichloronethane in a 250 nlL three-necked bottom fl ask

under ni flﬁc%_sl@éﬁe,am%%rpﬁfé?léoréﬂm tin towachjoride, triflugiohgrane,| Zigcanipmy tslxavél}lendmané
(A o e e oSG RO A BRG0P 0L, 8 TG

(Al drich wer e added dropwi se at 0OC to

t he stir Thelagenkused & thOabdvegrdackssemoiith¢ invention isepreferably coppericktodde t ur ned from
dark or t ark, red. |It.was. kept oC for 15-20 min, then allowed to

war m toa?%gwtfqéﬂﬁé?%’ﬂgég%m& %W’??Igafgiﬁb/g‘ﬂﬁﬁnd 30 min at the sanme

t enper at Wh@org&fnibﬁﬂﬁlﬁ@@blhﬁlﬁmﬁtﬁsé&bop@is?ﬁirumﬁﬁ@hﬂmaﬁ@ (Fluka, 3.69 g, Mv =
138. 21, 26.69 nnol ). was added to the dark red solution, and the resulting

m xt ur e GBSMEE plimAlive GFocess for AreRaring, i comppEidaet formplad VIIDnwheny Afip 1t @ @d on
A frit. &%Je?ﬁfe%l\ﬁmﬁngg&t frit was washed twice with CH2C12 (2 x 20 nl)
(0] ess, | t

unti | cof e filtrate was dried under vacuum at 45C for 3 h
to give a dari® redcamtdctif®a Compyund ofiforinulagdXTénal ysed by GC- M5 anal ysi s and
1H NMR spectroscopy. Purity (by GCMS) = 79.9% Yield of the pure product =

80. 3% 3-brono-2,2'-dithienyl nmet hané(s( 9.9 Bt% ) 36 WO 01/ 47939
PCT/ EP00113191 M

Br A Br

(XIX)

with a base selected from an organolithium compound, sodium or potassium,;
treating the obtained product with a formic ester, wherein the molar ratio
between said ester and the compound of formula (XIX) is at least 1:2, and

subsequently treating the obtained product with a reducing agent in order to
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and hexaet hyl di sil oxane (6.2 W% ) were present as by-products. The product

was used as such in the next step without fiu-ther purification 1H NVR (8,

pmeDCISh?lG(d 2H, J = S.38 Hz, CH); 6.94 (d, 2H, J =5 CH) ;
OWY Mz (%: 340 (28) [M- + 4], 338 (51) [WFT@PQ‘}/BI%%G (26)

[ MH], 259 (55), 257 (51} 179 (15), 178 (100), 177 (43), 89 (16), 45 (10).

Synt heS| s of 7TH cy ent a i thiophene // A 2.5 Msolution of

n-BuLi in hexane ( 6°?1‘E£ é gg’%%s added dropwi se at -50C to a

solution of 8.99 g of 3, 3" -di breno- 2, dlthlenylnethane obt ai ned as

descri bed above (Mwv = 338. 09, in 78 nL of ether under nitrogen

at nosphere in a 250 nlL flask. Af g at -50C, the dark brown

di l'i thium suspensi on was added ension of 7.26 g of Cud 2

(Aldrich, 98% Mwv = 134. 45, ©of EtzO. The reaction

m xture was kept at -50C for 30 mn, allowed to warmto -20Cin 2 h 30 mn

and then allowed to reach 0Cin few Xy es. Aliquots were taken after 30

mn at -50C, at 20C and after 1 h at OCto foIIowthe reaction state by

GC- M5 anal ysii), | tconjagting dke compoundeoffiammla (¥¥ owithe 8ubasensplactedc fipwnast ar t s

ht cyolopent ol 2. 1- SRe i kbl Saatll ¥ botslhut 84 spbegently wgptine e o,

keepi ng at OC for dimetaRBtedicompbiid withcin slkylating ageat wasbiain theesbngpoatidioght at
roomterrperature and subseﬂuently poured at 0OC into 100 nL of an aqueous 2
M HC sol ution. ng m xture was stirred for 15 mn at room

t enperat ure, flltered in order to yenove the greysh precipitate of Cu2Cl2,
the ether |ayer was separated an a¥rys phdﬁe extracted with ether.
The conbi ned et hereal extracts wer HC 2 M (100 nL), twce

wi th NaHCO3 aqg. and finally w th egher ting organi c phase (final
volume = 300 nmL) was dried withR otmgénts renoved in vacuo
giving 3.16 g of a dark red oil, which was anal ysed by GC- M5 anal ysis and
1H NMR spectroscopy. The anal ysis showeqxile presence of the desired

product together with dimers, triners and tars. The crude product was added
of 40 nL of et hanotr dismatyely frestingghe dimetallated somppendowith en ester fboric acid

yel | ow- or ange extrgct ted in
vacuo at 55C for 4‘;*1(‘;fl S%tonst}eﬁgaa%éétﬁ'ﬁ%%i%ﬁ%tgﬁwc%%g%;, wm@ﬁ crystallized
by standing at OC overnight. Pggity (g BGC— M5) 5 ca. 50% Yield of the pure
product = 20. 2% 1H NWR (8, ppm § .30 2H, J = 4.93 Hz, CH);
7.13 (d, 2H, J = 4.93 Hz, ; mz (%: 180 (9) [M' +
2], 179 (16) [I\/Hr+1] 178 100 134 {13), 89 (7), 69 (6),
45 (6). Synthesis of bis(&8kB; ) IB(OFBnol (or

3,3 ,5/5 -tetrabrono-2, 2' dlthlenyl carbinol) Br Br \ Br \ SBr ~"OHA
solution of 31.35 g of 2,3,5-tri bromd®&IBphene (Lancaster, 98% MN =

3 Mot ooy i BuckBodthu o0tz WAR £ St o g iloyRfie Aot i me"

resul ting m xture pyasena¢ bfakarhnkifioiaieml compRe RoinpoRafat obtsiningithe ¢odspound
additional 1 h and éfgen added at 0C = -1OCto a solution of 3.86 niL of
ethyl formate (Al dr? = 74.08, d = 0.917, 46.35 mol) in 20 nL of
hexane, previ gys! yogal d Phaihddy 3R vPHich B8 iR (~ 20
mn) the reac?i?on ?n xt uﬂri“%j was aedg\c;g &tgxo vvaarlm tggﬁg terrpg %r and t hen
refluxed for 1 h. iﬁmdﬂrecsobtmnﬂymbmcboﬁ/f]msnﬂméﬁﬁhed with 7.5 nL of water,

e A A L S

anal y Zedtrtiﬁ{etﬂ:;lmﬂ@{l?sﬂa%@ (MeldiBY) - dVimixtiey bf )tomp&%d@%"f foaRilal RU Y@l f'W, th
respect to ethl{%_md@rzlpe—% 9% '"HNMR (8 in CDC 3): 6.92 (s, 20,

CH); 6. 2®@hergin weidghned ag abo® dHY) i ls seleqt §qm chiqrideybromide agd dodigy.  ~3C

'z (o - DA ghlorng pieteitl bl ki vt S5 pBE s omtiind oreded gt )
269 (100)n the d4BbvetR3cribddprotdsds thedbdiiolnp) agedis Bﬂefe}ablﬁ@nnxtﬁﬂ@o@ MaR.381H, or a

PCT/ EPOO/ 13191 Synthesis of 3,3",5,5 -tetrabrono- di t hi enyl net hane Br
Br ~er \ S
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Br S Trifluoroacetic acid (0.25 nL, Aldrich, 99% MN=114.02, d =1.48, 3.24
nmol ) was added at roomtenperature to a solution of 1.75 g of

bi s( 3, 5-di br ono- 2-t hi enyl ) met hanol (93.0% MV = 511.90, 3.18 mmol) in 15 nL
of met hyl eWO B8 de containing 0.50 nL of IriethylsilandQUARPIEAL 999
MN =116.28, d = 0.728, 3.13 mmmol ). The resulting red solution was stirred
for 1 h at roomtenperature, neutralized with solid potassium carbonate
(0.4 g, MW=138.21, 2.89 nmol), filtered and evaporated off to give a pale
red sol i ghixnife edfitriefhylsilamte (ESIHY Gid OBOBOH. Hmwr&f&mm thepbase GOGLYIlithfun94 (S,
2H, CH); 4.17 (s, 2H, ,CH2). 13C NMR (8 in ):.29.30 (CH2), 109. 07,
111. 38, Hrgferaply M&ﬂ&%?ﬂéz&ﬂeﬁf%m{ ofter qu%’rrmmcut ﬁ#efmh]y ﬂlaf?ulzhm) aqEM]S 336

(91), 25 22). Synthesis
of 3,3 %k%?eg(rpo ﬂ%@o&? &%ﬁf@g&g 3‘?. eny‘%"r‘?&gﬁ%‘%’é%’d% ~CH3 ~S C

~ '~/ H AAfirthe matteoms (aerd‘Ihﬁ)ledZm& Mapmtxutsolvant&me Bninnglenalhpixauéap(réﬁb sblvents
102. 75 ) added at -20C to a sol ut| f 48

3,3, 5, 55“1?%‘9 ﬂ*&ﬁg% IZGPWEE?QO PROSSSS9SALE Iy y Rﬁb‘mz@@e@%’xyﬁhm%dlﬁ% lefher.n 100
L of Et%glen@fdQ&ﬂor&gem géﬂtﬁelﬁaa@gand%g&en@ precool ed (-20C) ether eal (10
m.) solution of dimethyl Sulphate (Aldrich, 9.72 nL, MVN= 126.13, d =

1. 333, 1Dgrirg thewhplenprocesdddhe. tehiperaturs Uk t generally deft betsqaensmmcm $07C,r ed
for 4S min_.at .-, 20C caol Lag bath was then renoved and the flow of

ni t r ogenP ‘Sf&'%’ﬂ%l%?%‘”‘/‘fnztﬁﬁ%éﬂ}%u‘{o @n of sodium hydroxide (2.5 nL, 10 nmol) was
added andompsunds XdfUfofmilia IOk Ye Shitdble dsdd s Zntbm?édldiééoi&ttﬁsf?ﬁéﬁidﬁbﬁ ofThe

resulting reaction m xture was dried by magnesi um sul phat e, I'tered, the
resi due Bwtailpeenesofiforadadl twice with ether (to recover all the product)

Vi ng. 1 ThigbloR & oSSR Bk B KR il SRRSO Rt A pfipbeslih of
pr oduct me&ﬂoden%c()mpuﬂﬁl off fehflula (B%tﬁ&ﬁxabB By comfttihl/ the' ﬁ@&dﬁ@'@eﬁ&@ﬁfo&ﬁﬂlﬁl 1H
NVR (b in.ppm CDC13) 0 Hz); 4.11 (s, 2H, CH2)

. 58 1. ;
2.39 (d, (B, W2 com glelgftfﬂmm ghe coppsRonding) dijni 01115 wpmé)andzs 88
CH2), 1 287
E47)? 20%’%("1%% M%Si&’ zllla)dqlm1 °%§é?e}ﬁ) M@%WB@ &hér%‘z%l?@@ %aéés F{gﬁ%eb as
2, 5- di neatoye- 7H- cycl opent a[l 2-b: 4 3 b']dithi ophene (or
2, 5- di yl-7Hh 3 t t hi A d
(- 700) "2 B eorhiboua gk P, i b as iphipre ‘Raepad it i SR B
dr opw se gidup -cofbltigOoft hﬁ&’o&didb@ ra,fcaflkaiao aﬁa aﬂkeﬂfne-carth metals, metallic sodium and
3,3 dlbrom)55 di t hi enyl met hane (MW = 366. 15, 29.41 nmol )

in 60 nLP@tFSS@%‘%@IndOISaDE’lHétaHWdﬂbﬂmt%S addi ti on, the brown suspension was
stirred [ lﬁ%e &9]: .]gd
(-700 s%%ggg@?odﬁé o%mélggmeqo?&&%% anﬁ@éro S Cdri egoxl?&%gs %Et?ﬁ MV
= 134. 45No#dindiEngremhiples cﬁBcampmmdetdfefonmh M¥ed arpuiticloiuym-, Tireoniess | aridng

bI ack sugﬁﬁlnsm%\ﬁ &<ept at - 70C for 10 mn, at - 50Cfor 1 h, at - 20C
for 1 h ENIAe " Then it was allowed to warmto room tenperature

and stir pfle §peeifichlf)) the | ﬁlﬁd%'f&%ﬂ@?}iﬂ%s&@ﬁ@& PR pBlax bprofic Waivert RAA @6 thef M O N
black to g ale brown by increasing the tenperature. Aliquots were taken
)

during t ametbaqlutm ls@ddqd@ sabmig fanagrgariodithium compoud: intanepolpr stieenticBhier ed

conpound Ct| elnth desir —20

el e T ntEn bt nipne Sopbateads rbpiingRpan e, AOTHEI Pafial pou$°q%f nto
160 nl ofpratic solvenn andrtherehféri adewwtajmp@dmﬁwm@mhm MG, inhepalargpio

| ayer was separat ed, the water |ayer washed with ether, the or%hnl C Iayers

col | ect edPlysnt 4 the gnd of the Fpaghions the selid Rreruct obtainied it sapareted fam

GC- M5

TR e e
CH3) 13CNNh/FHn(1hng exaomies ﬁ:i!blz&)apro‘ﬁi sobrefiSldtitablS Bor Re QR )repottb .pies ﬁH)a:
(1:31;) i?ﬂ o 6 143&?1£et3«pxye dlethy?eﬂleg'log dlc{lll\o/lfLJmetl}a%%. I&(>5n4]}m1h}1g%x§m les ofl o8

B g di\ b % ?fél\vénsts SlitabieTEE ¥ hisdve phochsstrs phintdnk SR¥AMCLIBAR A toludlle 01/ 47939

Throughout the process, the temperature is generally kept between -100°C and 80°C, preferably
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Me3Sl S PCT/ EPOO/ 13191 A 2.18 M solution of n-BuLi (65 nL, i41.7 mmol) was
added at -70C to a solution of 34.8 g of

3,3 ,5,5 -tetrabrono-2, 2" -dithienyl nrethane (70.2 nmml) in_150 nl of ether.
The ni xt urWOM4™Pirred for 30 nin at the same tenperat ur ECHEGOUBIYH 1 of
Me3Sid (280 mml) in 65 nL of ether were then added. The resulting m xture
was allowed to warmto roomtenperature, the LiCl was filtered off, and the
not her sol ution was evaporated off to give an oil which represented the
target Clotpaar20®Candd0f@ast 95% purity. To this oil 50 nL of hexane was

added a he resul.ting solution,kept, .at, -30C for 10 h. lLagge.crystal.s were
Sl at odtn HESHER WHEh AN BiF REREE 1o tis haalocgreapmind BES PR Des
product §f%entsn hilbh& HUNRRIAGk MoSest AR pRphfd i B6hsh¥s i prdfifn@ine didfopHiVR
spectroscopy. Synthesis of

2, 5- di t rdemivatizel 5¢.1the catrpley whersinbeth X sublstiterds are]haloghm, pf dhea sgbstituting the

2, 5di ot L e el Sl Yo T a0l 30 B el RS QR bk R 2RgnE) S M3
3, 3' - di bihgesifedSsubshtlidnits TR i a3yl Veroups,2the Ghdtdliovsnek ¥ah b8 tRadeby2Rectith wither

was treated with 0.23 nol of n-BuLi at -70C. At the end of the addition,

t he reacalkdmagnegivny halidess(Grignardagagents) ergwith plkwldithigp campownds: Grnerpd methods

t enper at _ . . i Vi e i

b ur o B SubgfiiB &P alinBles SHE G BoBdath b W onof il Ol U,
resul ti ngre desstibdilsin OhemaRed09494] 1660-1147,and tHelttedrefiaerices fhawie was separ at ed
and concentrated. The residue was passed through a col um cked with Si02

usi ng heR&sEding toya sl fimbeashest of the nipsentiaventign A catalygt for &%Eﬁmw@s% ©fon

was evap g £ VA : i r oily-crystalline solid which
repr esen?glgat?%gﬂgdlgggjrvgdga’g?%%%gﬁ%ﬁt‘gﬁg& 60% The crude product can be .
further @A)i fametallocene bempdmmd of formatki(Pn at OC or by recrystallization from
pentane. The title conmpound vvasLéEﬁr)@cteri zed By' H NVMR and 13C NWR
spectroscopy. Synthesis of P (

3, 3" - di br onD-RKhéreindl, ZySr, XX Hds-béerdeffhed Bbove ¥hd'BliH a Afdich of fohld T 939 Br
Br ~ B(OHy~ \ S (O1y~B \~ PCT/ EPO0/ 13191 A 1.6 N solution of n-BuLi (100
m, 160 nmmol) was added to a solR®ion oR739.6 g of

3,3 ,5 5 tetrabrono-2, 2" -dithienyl ne (79.8 mmol) in 150 nL ether at
-70C. The m xture was stirred for n at th@¥anme tenperature and 23.3 g
of B(Owe)3 (220 nmmol) in 100 R re then added. The reaction

m xture was allowed to warmto room tenperature. The resulting suspension
was treated with 100 nL of a 10% aqueous HO solution, the organic |ayer
was separate Ot WisC, ot f iaZSORont 02 tion,
evapor at ed o?‘?’hézgﬁglig?}{ég{. @ﬁ\gifgvg% tl gl%s%l f%%%ﬁdlrepresg%?ag% t éél’ a‘é‘?ude
di - bor oni ¢ acselected sfrormettie i grotph @omsisting safelyydrogehoat Ci-Gigtdlied, CuHChfFdycioblkylh). The

title conpoun s.chara ize H- n CN eclrpscopy.

Synt hesi gp of 8 2033&#"8%&%2‘5“3'& %QVP%? g%%‘%?‘ Ito ﬁ%’ﬁf@ﬂBPl’ ally . o
S Ph S 1. 81, Gecfaining’ -HeieRiafimRys 5e15hgiﬂ% hy d%@%!bps-ﬁ -of, the - BirfoicemieRirhdpe
150 . "of Diveiiamants, R aod REeolonk sl ewion sovs smpseina o 448 St s
m Xxture was Siir . 2.8 ¥ .04 into a
GoCi2) war or  Phish St B ibStitaltis Sl tod Bl T Duifibaciy KOG AIEE 15

twi ce with 30awitbail raditalRFdspdtdyiogacusi then with water and finally

evapor ated off. The residue was passed through a cgl um packed with Si02
usi ng heﬁ%)n e/ -plemoxane gnd/ora,compoupd caprhlg °f§’§@%iaﬁéﬁ@§mﬁﬁaﬁ%?n%\%§°@v apor at ed

ff, th j j ¥ ' . j I
der | vat 1 Dty HE S obbre boR PR A oPAnGR (I id BbiER o nfhld MR B PR e
13C- NVR specprefesabbyp(s. is Symbibtysselectoll from the compound of formula (IIa), (IVH), (IVc) or

2, 5-Bi pha@yi -7H-cycl opental[ 1, 2-b:4,3-b"]ditliiophene (or 2,5-Biphenyl -7H
t hi eno[ 3VY27:: 3, 4] cycl opent a[ b] t hi ophene) 42 WO 01/47939 Ph P

The alumoxane used as component (B) can be obtained by reacting water with an organo-

aluminium compound of formula H;AIR®;; or HjALRZ;, where R* substituents, same or
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S PCT/ EPOO/ 13191 A 1.6 N n-BuLi solution (11.9 nlL, 19 mml) was added to a
solution of 4.24 g of 3,3'dibrono-5,5"-diphenyl-2,2"-dithienyl nethane (8.65
mmol) in 50 nL of ether at -70C. At the end of the addition, the reaction
nm xture wa¥&47P¥d for additional 30 nmin at the sane temRGTERIP@IIThen 5.6
g of Cud 2 (41.8 mmol) was added quickly. The resulting m xture was all owed
to warmto roomtenperature and stirred overnight. The final suspension was
poured into water, the organi c phase was separated and the sol vent

evapor at @fferbf, arcThRir6 a1 Aoifs, BSCRARGE C:t G U, ClC) Ry aTGH-alMylabyl Yr02

usi ng hexanel CH2Cl 2 = 4/1 as eluent. The resulting sol ution was evapor ated
of f to |euberaylpkyl aptionally canainag silisemerEornarun alomeviihthe provise the aglegst 1. 1

g of cry Bi; i I ithl.eqC 5. o ized by
1H NWVR a‘?lﬁ Bg]‘ﬁmgéfpﬁej%l{l;ﬁg@%%b% (?g}/aﬁg%g%% b(g 12‘%@ %}Eﬁj 2 ﬁ@ﬁlrno%g{ I?“Hlltﬂge%'hléne Br
H S 1 nothisakachioh theandlamratiaohHAKwhteheib priferatitg canisiizdd betwaerbl:frahd ©00:ul veri zed

A1C13 under stirring keeping.the tenperature bel ow 40C. At the end of the
addi t i onThh&ofar JeficiDeyRE athjpigmaae; e reial of the metalloceng | is GpmpissH; hebvesas
carefull t 50979544 Hibde bid v ¥hGR .1 | et e,
stirri ngy%oggg?ﬁga?dn%%\gs?@l eqbg:argse&)géff&ﬁ}é m x%%é@uggw'%liiﬂrhg cgr@r%m;t ely.

Thi s sol The shibeikanes aisedién heucatedyst atardingrio ther iavertion aee cansidetéd) toabedlinear,

hydr ochl ori cid (100 nm, .32%, then 300 niL of 2C1l2 was added. The

oF gan o et e Sobe fomiing v Sest BB TP Hhe T ecul t1 ng

subst ance (4-brono-2-thi ophenecarbkpxal dehydepiswas di ssolved in 700 nL of

di (ethyl ene glycol) and the so-obtained soludtion was treated with 5.5 nol
of hydrazi ne hydrate. The resulti QgAlﬁ'QFu‘ﬁ& was refluxed for 30 mn. After
cooling up to roomtenperature, X775 nmol of Botassi um hydroxi de was added.
After the gas evolution was over, the distillation was started and the
fracti onVherthe %‘?W%%Rco"f%régfemﬂﬁiaée‘%qs‘&'&eﬁéhc"feepresent ed the mxture
of water Qs 804Ghe organic layer was separated and distilled
o boo BBt AR O O e R0 15104 | R (b in
ppm CDC13): 6.99 (d, 1H, Ha);236.69 (qp2lH, Hp);,22.48 (d, 3H, CH3).

Synt hesi s of 2-nethyl -4-fornyl?‘\hi ophene CHO S 1.6 Msolution of n-BuLi
(164 nmL, 0.26 nol) was added at Al::’-eO—*t@la—lei—rA\bd solution of 44.26 g of

2- met hyl - 4- br ono- t hi ophene (®%25 nol) in 300 nLwd ether. The resul ting
solution was kept under stirring at -60C = -70C for 30 mn and then was
treated v e ubéd 4 the @hsediNtiRibiydohpoiimis] Wheréid. n3ié 0t ah ihtegerGbnirl tOH#0 ehditie. The

m xture s.allowsd to warmto room tenperature, then neutralized with 10%
aqueous SEstiuenmRorarpglefined agghoneor glumexanssehthg dolas o) uti on of H3PO4 and

finally with water up to neutral pH. g;_{]e organi ¢ phase was col |l ected,

=

evaporated off and distilled at 110CLH1 OmHg. Yield 22.3 g (71 %9 . The
title conpound was characterized by’ )l§pect roscopy. Synthesis of

2,2 -dinethyl-4,4"-dithienyl net hane C~~S~~S~CHs 113 nL of 1.6 M
n- BuLi Sgdnibd ©8d (:PthéBasiddcydBs comisbaflds WherefOh W drCifte@ér Bdm 2 18 40fand the R®

2- et hyl - 4br ono- t hi ophene 810. | 77 nol) in 150 rnL of "ether at -70C under
sti rri ngsubshigenteangide asgbeMe on was kept under stizring at -60 = -70C for

30 mn a hen of .. 3 f.2 | -4-fornyl -t hi a (0,177
mol) in %8%{“#}{360?#%?%2%%1e8u%@ uF‘% \%s/aes EE’;{ﬁ%ﬁgr{)a}v{\'flgdAt?o?hv\e/arﬂr% ) rlg{?)e%%n Qre

t enper at whethylalingoxane ut (AOY, e dtetvai(isotififljahmumpats STBAORN Gdrakii4ditriarthyhashed
with water. The organic phase was separated and evaporated. The crude

bi s( 2- mePERYDAMexeRg (TIQA QL fefra-@erdimetaylbytyhatumperane &FDJ\QBAQ) ¢ lteteaish.3rol )
was obt aj - ?ﬁ@f j s3> 9 of ALC13 (0.266 nol) in 100 nL of

et her vvatslﬂg%%@ltgl 0 @%ngmz; susg)e)hsi on of 10 g of LiAIH4 (0.266 nol) in 100
m. of et Ranticulddheinteesstihg congtalyststans thossatesdribedincWO$9/21 898 end dl RET/BRO@0911He

car bi nol , (

opt ai.ne s descri bed above) jn 10Q nL ether. The reaction
m xture WagﬁFléTlﬁeGﬂ‘é(ﬁa‘fdcﬁIy P8 WC%E%#IQ%’GSBWW'rpom tenperature and
subs equemhxﬁ%(ﬁ{é%@mm&n%mmﬁg g&ﬁkﬁn%_ltylgﬂ PAT éﬁ@l‘ﬁfét{oﬁ@&%ﬁ wi th 300

m. of water an of ether. The organic phase was col | ected, washed

with wat is(2,33 tauetbyl- gt 4 - tris(3-GitietRo-bexyDEInnERQSy, 1 36, edimsthykt ed

of f. The, resi,due.was di.sii,l l.ed 90-110C/.0. 5 ield.23. 63% . The
title co tgﬁﬂfnb“\éus‘fnc hgﬁ‘%{gﬁé‘h"f@g’f’%‘i}‘%ﬂlaﬁlﬂﬁ“ c?%@c%ﬁ?eﬂ%'ﬁf%@qqmﬁ’

2, 6-di met hyl - 4H cycl opent a[ 2, 1- b: 3, 4- b’ ].di t hi ophene (or 2, 6-di nethyl -4H
thieno [3',2" :2,3] cyclopenta[b] thi of'J en e)




1.04 g of 2,2'-dinmethyl-4,4"-dithienyl nethane (5 mml) was dissolved in 30
m. of ether and added of 9 nL of a 1.6 Msolution of n-BuLi (14.4 nmol) and
of 1.74 g of TMEDA (15 nmol) at -70C under stirring. The resulting m xture
was al | oneWRrY4Em to room tenperature, stirred for 1 h, PFH@“’”Q{Hg?led again’
to -70C and treated with 2.7 g of Cul 2 (20 mmol ). The resulting reaction

m xture was allowed to warmto roomtenperature and added of 30 nlL of

wat er. The organi ¢ phase was col |l ected and passed t hrough a col um packed

wi t h si |tris@-methyl-3F¢teylipeatyl)aliminismn) tisemetivps3-ethyd hex d)aboniofuin, tris(2rmethyD-334 g
of the prodquct. . Yield 34% T tit (o]0] und was .charact.eri zed_by' H NVR
spect rog %‘?p PHEYYR, o(; t‘isrzg ﬁ'ﬁ'—"ﬁ?&ﬁgg’i B, B %F[Zfa}}’g-ﬁ-%qt#};l*

acet hyl tlhirapiemaiu, S SRS REhy-B-ntcal1 alédilnduin, Vasis@A0GEth IRy Yalu i
suspensiﬂ(}irtlﬁof 2.5 rnol (of 1C13 in.@%% mL of CHC?L% unde?1 sti P?i ng 1I?[g’epi ng

t he t enpes@tpuonyl-Beheshyldog)alunininm, end of t tiie(2esupronybd-methyl-briyl)alumirBu®, was

careful | y. added opw Se under stirring. The re i.ng m.Xxtu was .stirred
over ni gh%s(gﬁaoq{nﬁi-ﬁ-r&g@ggwﬂ@mmﬂgna m xture S%é‘%‘%—?@‘f&j‘?@ﬁ‘&“’mm
hydr ochl @23, RikkthylMexyljalunddiin, HikE2-efhgiEs)s dirdiag HurBaluhisilval egis@nsinyihe
sol vent was renoved. The resulting substance was di ssolved in 700 nL of

di et hyl ehédimeihyloentybaluminigaobt ai ned soltig(@-deriasl-3.3-dimpetylvptybalgninipy)  of

100% hydr.azi. 'y esul ti.ng Mmoot S fqr. 3040 R.
Ater solREiBmeY R Soo i, '8 Rl el Habibtifiel dsCalid:
evol ut i ophewdsbuei@aniniuhe Pr ohs(2,3-dinsetishil- Stphehybutyhakndisiam] | on wis@eshehyle
tenperature of 150C was ¢ollected. This fracftiqn represented m Xt ure of

wat er ankfop¥ UMphe EUQrePa DY ORI IEEIER: and FAIQERIPERYH0C/ 10
SRR o 10 uqrep B heRIOR) irig 2sraplogerphany
torn. Vi 0% WO QL4 7 8, PP 3):
7,05 (d!ﬁj‘iﬂfﬂl‘%@‘“_ , 6.76 (q,q;léL[%,@gHs%f E@f@ég%g”%%’%aﬂéjz‘@ 45’1.( 33 F@gezsg 4, )). _
D e s o st i
i ool v g e D R AR (Ra g asip i ety G EES dRa g a0
HzS04 anﬂwﬂyl@-ﬁkﬂ(y?%ﬁ%)g minkth8, hEVell iad thdTkoftelfdRdiig Scofifpblifida Cvitydh Bhe Bt |

t hen was washed w m. of water and finally extracted wwth CHzClz. The

organi c B aydrogabyl eaonps it weplaseddwigh p dpdrggencstoeandcthesepyhcsain pae orriwe 9fdhe due
' 203 using h | uent. Th
was pass%&&b%%gp%ﬁ%%kﬁmmﬁgoﬁ%%@_ usi ng hexane as el uen e

sol vent sre e desire was obtai ned as yellow oil.

;)/i galjd 9QMnoﬁgst KidRato®e apmhﬁ}lmmounﬁ, Gdn¢thylaluifiuTHIMA), ﬁﬁ?c(batylazthhmmﬂz

2. 5l o1 FPADN st pemsnistim oA N ey lebinig

sol ut i on(TSMBAY aftPiris@f nethi %mmﬁmﬁ ,'mgrmj;' pefertddt hi enyl met hane in
200 mL o? et.hé? was s%%%{r%aeﬂi%l&?tg Cwth 0.23 )f%?l%gf f?1r-gél_§’}uLi : Xt t he end of
t he addi NewHmitingexgngleg pecompounds;abledd forgy analigilmptaliepengeation aregpmppends afre

t enper at - Whi +aCl iql.J 1D aaJhen
0: 265 roftrifls &8 & ek B L b B, b b WERAGE bl WFed BEETRA L

al | owed ivith waunbstitventrX ofiihe erepdioedne b€ forndlagT)iand Etis heompatitle anidie whichus ableg

suspensi on S poured into.water, the organi hase separ at ed and
concent r @rtAnlizelthe Fegive %@%@eF%%?%?%%’f%&FEW@l B 4 eaTEposBds and R
(8, ppm wﬁ%i@lﬁﬂi@ie@%faﬂﬂe #be 5818 to Be féndved bytdn dRtle ménSifer Brefdtibly, thHE)
1.38 (t, 6H, CH3). MPLE 1 Synt hesi s of

2, 2- ( 3- nwtiényE- eopsists o€ nnaof mongl borah temS-Monewir¢foiablyythe epion tBa is an anion of the
1,2-b:4,.3-b' 1di tdhi ophen rop..ane 46 .. WD Q11 47939, P EPQO/ 13191 ,.3..13 nL
o' 1. CoRPOI Ao, R e BRf A yhigh Gun iR orAleteen) e S TAFHA o
1.03 g ($uchAmel ﬂheﬁ%l, PpehtathidtBitM)1- diHbisitaaReMERIphént: Tcﬁd@é—%)qlﬁdﬂubfogﬁaﬁtpe in
20 mL of ether. The resulting mxture was stirred for_additional 30 mn at
0C, t henbarefeissppragpdarly preferreh Mogpever, cempeendaiof fhedomna Barngas|cpnyshiently be

3,6, 6-tr] nrt b . The reaction.n . WAS owed
o war m 50 GNE BEGT bl celtifd 15 opalilfe LS P8R HisthfighSdet

sol ut i onapplicdudd O 9D/08383. Farther, ngmande thehlmaile RM UMK, R/bdifpShralian dr
concentrated. The resi du& was recrystallized fromhexane. Yield 1.0 tﬂ

(629 . THE EPEp-nd Mpsuseleolrd dtoum an Slement olthe GroukivRE Siseieriedic clsplp, of the

Synt hesi s of isopropylidene(

(3-net hyl -cycl opent adi enyl ) -7- (2, 5-di ng4 hyl -cycl openta[ 1, 2b: 4, 3-b' ] -di t hi op
hene) }zirconiumdichloride C1

L




2.3 mL of 1.6 Mn-BuLi solution (3.7 nrnol) was added at -70C to a
suspension of 0.6 g (1.85 mmol) of

2, 2- (3- xxxet hyl - cycl opent adi enyl ) -7- (2, 5-di net hyl -cycl openta[ 1, 2-b: 4, 3-b"]d
i t hi ophene&HWEPY in 20 nL of ether. The mixture was al | RASHERIY/ 1§ m to OC
and then was treated with 0.43 g (1.85 mml) of Zrd 4. The reaction m xture
was refluxed under stirring for 3 h, then the yellow precipitate was
filtered, washed twice with ether, dried and finally recrystallized from
CH2d 2. Bfemksits Gnef? TUPA8DYrsiol)) Colripbin®isCaMiBi WRSdktiedC faerdxampledin fe- NVR
spectroscopy.. EXAMPLE 2 Synt hesi s of isopropylidene f

( 3- et hylntesRational PateBlAPPHAEPD WO 9980 %et hyl cycl opent a[ 1, 2-b: 4, 3-b' ] - di t hi op

hene ' ' i . 47 ERQRY 13 : of
1.6 ?\/I %%ﬂa@gﬁuﬁ%ﬁﬁ%g&b%# c\i\alrégl s%ﬁgé'g;f!é’?‘z‘?i}’gﬂﬁ) Fl(gh a sus'pens]%gﬁhlg\{é%. 65
g (2.0 niwplgpositing the metallocene compound (A) or the product of the reaction thereof with the

2,2-(3-net hyl -cycgl opent adi enyl ) -7-(,2, 5-di net hyl -cycl openta[ 1, 2-b:4,3-b'Jdit
hi opheneJPRROBEREB): OT Sy qompgpent (Bland thencthemetalipeeng semppyndy (@ OR SURRRF S 0C

and t hen t ted hﬂm?ﬂg ; s 3 Qf s ct. Lt ure
was refl "tljs},(\g%r ue?fglg‘?ﬁé ts‘lﬂ?’c%i r?g or ?Q%,leglt Eenta%%%’ §§?ﬁgﬁlﬁgﬁ%ﬁéattcg g\h’ls ’
filter edpolydisiien or polypropylehe. &hb supporationcpreness if caraikd putrix an inettablvertadelf asom

. o . .
SF;E g} rzoslg;@gclgfgrbgko 4@15%@&'@4% ) P%)ggpégataé,epeﬁ{)an oF ?nqop\{avr?es ar(f s (t:én?prelra%?rg rEXgeljhlgNNR
2. 2- (2, 4ughTBERY | 0L hRRAEI Al 8Rkas S ool b itpéticopent a
[1,2-b:4,3-b']dithiophene)propane The sanme procedure described for the
synt hesi 4 syitable plaggo gits. wiush spre e agtdeisythgt-cpngtinted byworeps otganicopipperts

1,2-b:4,.3-b' ]5dithioph foll d bel t [ f
| Sopr opy RERRERAT R SAGRE Bl RRORR Bl AR, aRGuaTy Ayl 8! 6% 5 ©
cycl openivaich tHe brgdnid shipdortdis tahpaaiilieegssiinkiet Gérerpolintdd) SuppBfts 6F thes §pd drerl  of
1.6 Mn-BuLi_ sqglution (5.0 nml) was added at -70 Cto a solution of 1.03 g
(5.0 rmofigsciiiedin Eurpppan application EPcG333%ht a[ 1, 2- b: 4, 3-b' ] di t hi ophene in 20 nL

of et her . . : p o . pe ,
hen coof B 8 O PGt aficiafy Shdel g bt sl R iiChefh s e 8-
1, 3, 6, 6- thetotedimpparti¢ularlymopylene, fdiowd preffolyhdre desciibe in datemationahapplicat®n\©
al | owed ﬁz%@bm to roomtenperature and stirred for 8 h: Successively, it
was cool :30Cto add 3.13 nL of 1.6 Mn-BuLi solution (5.0 mol ). The
m xtur e Wegrthéesvitable QPBS of teVPduppdr ﬁ@u?d"ﬁ‘:cbf&? fRoth¥lisventionl & ®at( 6F fbrowP! )

n

of Zrd 4. The reaction mxture was refluxed under stirnng for 3 h and 10 nL

of CHzC1maggesivgieplidesstuch avthpsedepwibad i aterrgtional @pplicatiggMO 9 532995.
A

2, 5- di nealkylhhufthiopcdonpentd ifhe? adsuéh dr prefpadictel iwifhinester) if neoédddR!, EarlbSysefiiBsi s
of 2,2-(3-isopy.0 -cycl opent adj enyl ) -7-(2, 5-di net hyl -cycl opent a

[1, 2-b: 4?@9@%%%%@51?@?@?8?%@1%; 13 nL of a 1.6 Msolution of n-BuLi (5
nmol ) V\ﬁﬁc&ﬂﬁﬁ%@ta R Cfu&ﬁbriasg% -lgf t%? tgﬁéseﬂt- Iestionda Prdtels) isofr)rli(_)ﬁded for the

2, 5-di net hyl - 7H-cycl opent a% " ]-dithiophene in 20 of ether. The
resul ti npreparstien of walymyrs of elphp-otefind diompoisiag @btasting ane OC, morh aAlpheeeltfins

again to _-70C and treated wi.th Q..74 5. mmol )  of. .

3T s opr B o RrriaRRy eamtiiors i 20 chign S SobrBing the mrodud BIERARE e vas
al | owed tentawtibgd to roomtenperature and then treated with a saturated
aqueous solution of NHACl. The argani ¢ phase was isolated, dried by MyS04
and concébk r at ewgtallesrae campennd offgmula(Pyst al | i zed from hexane. Yield 0.85 g
(489 . The title conpound was cﬂézmeri zed by(DlH- NVR spectroscopy.

Synt hesi s of isopropylidene{ P

(3-1sopropyl -wherkingde 21, 238 aud p hds Hedn Gefilicdrbéyd ad G Bpandiafylof Zorbivda @' | -dith
i ophene) }zirconiumdichloride C 2
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3.75 mL of 1.6 Mn-BuLi solution (6.0 mmol) was added at -70C to a

suspension of 1.06 g (3.0 mmol) of

2,2-(3-isopropyl -cycl opent adi enyl )-7-(2,5-di methyl -cyclopental 1, 2-b: 4, 3-b"]

dithiophengybﬁ%ﬁ%ﬁe in 20 m_L of ether. The nixture was al I% 09B1%arm t o

0C and then was treated with 0.7 g (3.0 mmol) of Zrd 4. The reaction

m xture was refluxed under stirring for 3 h, then the yellow precipitate

was filtered, washed twice with ether, dried and fnnally recrystallized

from CH2C12. Yield 1.24 g (80% .gr8The tighke conpound was characterized by

1HNMR spectroscopy. 49 v WO 01\47939 EXAMPLE 5 PCTI EPOO/ 13191 Synt hesi s

of 2,2-(3-isopropyl-cycl opent adi en V- (2, 5-dmy i methyl silyl-cycl openta

[ 1, 2b: 4, 3-b' ] -di thi ophene) propg# e procedure as described in

Exanpl e 4 for R

2,2-(3-isopropyl -cycl opent adi enyl )-71(2, 5di net hyl -cycl openta[ 1, 2-b:4,3-b"]-

di t hi ophene) pr opane was fol | owed exceptizg t hat i

2, 5di t ri met hyWBeeip Ry R, & cang gk nivhjch manpeshesamq g5 enliffensatfzom gach other, are

2, 5-di met hyl t g i byl s hened 3" o2 cychoper bH K o was
%\%ﬁ!&h@%ﬁ fhY! gt Rb&ARE o hyélgoréll, ¥ CE Qe Mndl P Ll-b CaRRAs,

used (see bel ynt hesi I Sopropyl 1

7]~ di Eh Gpheroy 17t ean (b Sh 0t 4 CoT 3, 0o o 6. Mne Bt S0l ut | o
*]1-di thi ophene) .}.zi r¢coni um di or,i de C : o] . M n- i solution
(4 0" ol ) Pweorbiicss heeroptena, Belghgng dp @umsi Ly 1E ptfhe aisthanbile of e

2, 5-di trimet hiloglohy| RFEnd ¥ lADBPREId R® BinfoRn B il dRiRE Honl 5 188 Am&t her .
The resulting mxture was stirred for additional 30 mn at Q0C, then cool ed
agai n to - 70Cvhich can leeat substiueris; Ovitthey piogise that ROis)différent from R® and when R’ is

3-isopropyl -6, 6-di net hyl fykvene in 10 of ether. The reaction m xture was
al | oned to maﬁﬂttg%’g%%aign}?&g]ﬂ)@ﬂgeﬁrﬁ? stirred for 4 h. Successively, it
was cool @) t Oan AlGokdhe afidlosa Emptun@Eapible oMofmtiglan 2881 Hheialiocehdedlioinol ) . The
m xture was allowed to warmto OC and treated with 1. 14tg (4.9 mmléy)of
ogpyly (pow@Y),3 h

Zr d 4. Thefarghly in the gnetallosenesemppynd picfoppua (B G igacmoishiely

e | ey b by 50l S4B sEANEE LA o iENAE NHETVBS, 0vo) o

2, 5-di tr(I¥é).hyl silyl 7Hcycl openta[ 1, 2-b: 4, 3-b' ] di t hi ophene). The title

2 2 (3 i SO 1B s G i BLaKiog (bs (v FBIoB B el b 1 ey | g
i t hi ophengyi@pRae iethe Peestrdr AbRARITR ikt }@Gﬁféﬁxbbﬁgolbéht,%ﬁﬁf’ﬂie%aﬁ;]:hﬁﬁé The

fol  owed, excepting that 2,6-dinmethyl-4Hcycl opental 2, 1-b: 3, 4-b"]dithi ophene
was usedhydseqaries) @iy)e.nt san eithepbepayormtia sughCay tatemye. 91 SUpIBiin tsHels pg pespane,

i sopropyligde .
(3-i sopri(%ép)é}jggl%%%epésr?P'ga?eeorlrﬁ’?l?l}ﬁxﬂ?6- di met hyl cycl openta[2,1-b:3,4-b"]-dith
i ophene) The ipphymerivationti tehiperahde iCgénedally3comprizéd befwdeh - 80AC asb HI00°GN aldy. O

mmol ) was added at -70_C {0 tion of 1.03 5.0 mmol) o .

6 i mopHpray. Boreranafih fad 138G KRG opbmeiirabon ahesits Dokt comited The
resul ti ngetfoedt 615 @ndBgO ki rred for additional 30 mn at 0C, then cool ed
again to -70C and treated with 0.74 $5.0 mrol ) of '

3-i soproph¢ low,estmntvbmﬂyﬂzatmmemperamrelgw f argttheoresultipgmolegwlarweights ofithe owe d
to warmtg rg%rgb{ Jgerature and stirred for 4 h. Successively, it was

cool ed tB®Y% 0 add 3.13 nL of 1.6 Mn-BuLi solution (5.0 mmol). The

reacti onThe ¥élyneri%ion idldv@peidontiepurity 6CGhe aktillRadecebnipouhid &f e @tafyet.0
mol ) of ZrCd 4., The resulting reaction m xture was refluxed under stirring

for 3 h Zhemstaleesis spmpqunsls optangd biyithegprocesm of thadevention caotherenpbe uiedras. The

sol ution I r The residue was recrystallized from
GG 21 n e EpAERARE EREAT Rl

2, 6- di meThy |cotiponentso pf niven fcalystbead, Be hrdught ntopdoataed withheachi sther befofeothed was
characterized . by. 1H NVR spectroscopy, EXAMPLE 7 Synt hesjs

2. 2 (3¢ BOPGRARPE e E SR PRy aipng o SRRt ITEhL] BEHESmolt for the
[1,2-b: 4pRralodeiit t ddPRAGH S04, QRARCthey are generally between 2 and 10° moll for the

component (B). The pre-contact is generally effected in the presence of a hydrocarbon solvent
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3.13 nmL of a 1.6 Msolution of n-BuLi (5 nmmol) was added at -70C to a
solution of 1.03 g (5 nrnol) of

2,5-di methyl - 7H cycl openta[ 1, 2-b: 4, 3-b' ] -di thi ophene in 20 nL of ether. The
resul ting MORYN®%as stirred for additional 30 min at OC PGTAER0EHS! ed
again to -70C and treated wwth 0.81 g (5 nmol) of

3-tent-butyl-6,6-di nethyl ful vene in 10 nL of ether. The reaction m xture
was allowed to warmto roomtenperature and then treated with a saturated
57. A, Fhpprépidfle, RESMEPQRALIBEIEOIS Mormiee dd Shesgtbebhtadt i0F aldbipbisibleTidaus®hgani ¢
phase was isqlated, dried by MySO4 and concentrated. The residue was

r ecr yst 2R9n-BUvmerizable olsfissuch as igqbytege,Gabuienesnd the likthe tit| e compound was

char act eg) Y, i i i -tert
bt yI - oy e B It 56! b B mor st Tn ButoBRPLEBUbR o 2 1
) d%jZidr copti%yggmdj bbutene gelyfie G- ?@imf mino(lgﬁ%djﬂomml : ialfﬁdihm‘bhted olvér. RRlanvely) was
added at _, to a suspension qQf 1, .Q mol) o _ .

2, 2- ( 3- t Wmftedrapgss. %@H?ﬁl@ﬁﬁswjbrg?@@hﬁrﬁmwed by dhegpinMayinpuhicly 3. b
] di t hi op l 0; t e M YiRser mto
0C and t{r‘bggtﬁée %m&?hn&&y@elg’ %sg.kedﬁfall I]?%gﬁ‘ ﬂ%?(ﬁ’?ré%@r eact ﬁg#%@g%@ﬁ%s

r ef | uxedprefedably, dawarthan®@.f or 3 h, then the yellow precipitate was filtered,
washed tw ce with ether,.. dried and final recrystallizedq. from Cl2.
Vield 1. She Gl Segit cishiinBon 3 e o by R b res, BE iR mekipeene
Spect I 0Sggpounés<6Mbi: e néult &Rd ?ol?ﬁnerization in several stages which differ as to the
2,2-(3-1sopropyl -cycl opentadi enyl') -7-(cycl opent a

[ 1, 2- b: Apdymerizption feopieatny prdigrdhecodeentations ofthegholecudarivweight egnlatorf  n- Buli

e ol »OlE e e Bitehiba B dbioohe Raddnisb holiBicrtrafin process g therosent

resul ti nipventichlis @ropggfens.t Whee rdp9lend dipélirnasded 38d G is @imdiély stib@ed Gonl &6
again to -70C and treated with 0.74 g (5 nmpl) of . .
3-i sopr offrreyng offosmnlsy (Ha) and (k) ¢ prepyiane pplymenbavingrmmelting cnthalay 7 Rti@e was

al | oned [ t .
agueous so %ﬁ%@? gWﬁ%@#‘g g?\ %hﬂggcé{/a%%i&%gy\%tggfaﬂg ?%&gsﬁ%ﬁ S04
and concewiatasdettedTiem rths cohapound ofFdrmula VEVE)L (V) 3B palymEPOItAiR&T Sénepdiys ed

t hr ough col umm, packed with silica gel using hexane as eluent (Rf=0.8).
Vield°n. Butcr SRR SeiREy, e olind. Aot nishef Bcfiode ablayied it milac
spect r 0sgQalyst us¥d i@ Sridt art. For example in J. Am. Chem. Soc. 1998, 120, 10786-10787 _

i sopropyl i dene(3-i sopropyl -cycl opent adi enylz -7-(cyclopental 1, 2-b:4,3-b'Jdit
hi opheneisopriopyisigne{m d(3ctertbutyloeyclopemadienyd)- M4, dittimethytsdlycyciopeataivdsbip, dof

2,2-{3-1i . - I nt ad |)-7- I ta . . .

(1,20, SIREREhe SoREREE At s s ipBriiicng movgeos oite iR
of hexangetivty dffeady €8 1Ka/mmoD Gat. tThepolyridrs (0BtabneddNErnkraflly IAvd 1 Mabs Buthi)
solution. The m xture was allowed to warmto OC and treated with 0.75°¢g
(3. 2 nmosatisfingherelationn 80 <aBi € P Prefangblyi 85 mink £ 95 andan intensie yisapsindSf-

stirring,f 0 I Qi : il Ler p.ce
W th hexGsdure i (SR KT ool Bishes i, b BRrentr 6% bl
g.xiﬁ/PEE(ﬁrbg&@bl;;\ﬂigberm?ﬂleemmﬂprbeyhigherahm.i zed by 1H NMR spectroscopy.
nthesis o . : :

i sopr opyﬁ%%w%{f Sﬁ% PR pRlemes phirinapls vyithhe proogss slegsripedsaipve aremioryiivgne) } 2
i rconi umygli Qﬂlﬁ%%&oﬁod‘,{ng\@ﬁ&a&@ﬁﬁgﬁd out as described in the Exanple 6 of
WO 98/ 2248%‘.’{n EXAMPLE 10 Synthesis of chloro(1l-indenyl)dinmethylsilane

- ftriads (mm) satisfying the relation 30 < mm < 85 preferably 55 < mm< 85 and more

preferably 65 < mm < 85

- melting enthalpy (AH) < 70 J/g , preferably comprised between 5 J/g and 70 J/g more
preferably comprised between 20 J/g and 70 J/g.

The molecular weights of the above said propylene polymers can be quite high. Thus, the

intrinsic viscosity can reach values of greater than 0.7 dl/g, preferably greater than 1 dl/g, more
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Si(CH3)zCA o, 37.5 nL of a 2.5 Msolution of n-BuLi in hexane (93.75 mmol,
n- BuLi :indene = 1.1:1) was added dropwi se to a solution of indene (purity
90 % 11 g, 85.23 mml ) in 60 nL of Et20, previously cooled to -78C. At the
end of theW4¥?8n, the yellow slurry was allowed to read¢TAS8M3191 '
tenperature and sti rred for 4 hours to give an orange solution. The

sol vents were evaporated off under reduced pressure to give a yellow solid,
whi ch was taken up in 75 nL of hexane; the m | Kky suspension was sfiirred
for few pieferdbbsgreatet thane2.l i t hi um salt of indene (white pr eci pi tate) was
filtered and washed wth (,3x20 esolldwa in slurried in
53 TR ProPYsnS pelERoBREY eélahvéiéﬁ%e%léﬂw yith @904 halancq Betyes pprical
solutio / ) 50 nL
of hexa“%ﬁf’eﬂ*@pr B Coitk i g, R4 profBEC T M-boipetiof e 2

m xt ur e prasenhinventiod hasthe dellowingyropdaresper at ure and stirred overni ght. The

suspensi on rat e to dryness in vacuum

to 5| el d a%fé@ﬁlzﬁ})ﬁqm? é%%g%%,ggttem%f %‘?Jﬁg‘}%%f ree fiom its vinylic

I( SOWEL (;él @%&90%579,1'%% @m%@ﬁﬁ@%%%e@olylﬁorﬁ%%?ﬁ) 85%; O§I -(?33) lH0 26
| -

Cp-H), 7- 191ems1196nqdnlusz(HSTM ;)40%4@1171@@ ¥ipra 101290 Mpy,, prqfel@blyﬁ 7éQTMpmtp Ar).

Synt h

(>1ln| ngzlms/l 3%91\’{1’2 5-di net hyl -cycl openta[ 1, 2-b: 4, 3-b' ] - di t hi ophene)

di met hyl si IEitigatiorPatBrdk $A5TM D40G3) fromBoLYs tb so(mmeﬁrabﬁf 18din 590% #27(000%; 10| )
was added at -20C to a suspensi on o

2 5 di net hyﬂmm é%?#dé\r& P638)drom @%“}245%%{1?{;%&95’@"(‘ Moo 3¢56. 32, 10. 90
was stl rf ed o agﬁﬁg r?apﬁr&%hﬁ({] bg%n&m%ﬁhp chéltoc{rt ¥ %)e?icl)ll%'éﬂaﬂbgéﬂ‘)ét?gﬁn
sulsp;ainz |n cange Thf gcammmrm oopqlgﬂne;]rggﬁmﬂd asgaalastdm;anOﬂe:ath:I zjaiglgga%om-like
ol | nESSREPERPh 2 B diferthee o e el o gt b eTreehR At B s

then al | gught lifve@bib QL nm%@émmweuémdo &€ AThb® 'poByplopylEhe Jﬂﬂnal
dark suspensi on (al nost bi@gck was concentrat%ﬂmnder vgc%mpgnd t he

resi due Rrssent tvienliqreen\grsily IEI@a‘Pﬁ_ﬂl@ﬁe MQIE GERFBSIVE pepodwmersict was dri ed under

vacuum t gy, 998&[:%%%?138“%&1 ;326?%191{ 0&‘& 'tﬁé‘m%oﬁ%{\%gtcﬁﬂ 4 St Ymd + NVR

spectroscop resence Che desired i gand
( 78. Swt Ypresemge bhethyleretdn of SCthl&ﬁlplia-de:ﬁtr ¢Onll’[g10h'l&ﬂ Shivez ﬁ:irthamipﬁ:t 4fith8pretent

o e RO oo RGeS byt b
PCT/ EPOOQ@%%%holéd MXR;(réferaB%aa?@@Jté)m%-by%ﬁ& é%n r§6‘1‘e p@fﬁ@ihomﬂ PtoZS?%( S

Eh.

3H, Si-CH3);

CH); 6.4by (rm»bbs omutsdenvmgfrom asole@n oﬂ enpuwlﬁif)CHR?, R/beingshy pgen, 0)-
Synt heS| f

di met hy| e @ s R RS- SH 9 sonylege nelfmerélf}wfl%p € {PUqing charaptaristics;

di t hi ophene)}méltxlhg@ﬁlhalpydl70hlgopneﬁabl:y4601¥g2 5 Msolution of n-BuLi in
hexane (9.00 n, ég vvas added at ZOCtoasoIU|onof406§5n
(1-i ndenyl) - 7“’("‘§S ﬁ’éf}}%ﬂc’ YPremdsnerhogjosepiepces 53“953’}1&‘? BRI TR Febhy | si |
ane (Mv = 378 2 n-BuLi:ligand = 2:1 considering the Iigand
100% pure) inp%%(.r)ab}isif n:iaP-HEeSrS'. The resulting mixture was stirred for

addi t i onNon-lintiting eXa@ipldst df diphaallefins rwiath can tef used dsuctmbmammens mm;penlmlymersThl S

R T o
| 00% pur gintére, Pctehe, AldeB&R! P—'ElSdec@rEee‘dﬂy&klﬁJ D{S-ﬁéé&hféﬂe Eﬁtl ?QQctaa'J'aﬁe e peferfed
m xture was kept at -20C for 20 min, then allowed to warmto room

t enper at ooreongmer istathyleng. for 2 h. The final orange-br own. suspenS| on was

evapor at [ es.

Lol bene. T groged PR U bRAG iilantiGiris S bl SRt asest ot apd

washed Wedgdlyhde fwHefeirg e oRfin CdoRMAEMBRVERR! bd Alphfoltfins, mlcwleﬂhewl pcﬁybneg) be
the desired catal yst by 1HNVR An aliquot of this po )

wnshed v ERYISHE haRbpo VAR beiea  (errimbly s mslaecehage QUi BStAMa
drying 0.90 g of pure catal yst as orange powder was recovered. Yield of the
crude product (with LiCl) = 71.0% ~H MVR (S, ppm CD2Cl12): 1.01 (s, 3H,
Si-CH3); 1.29 (s, 3H, Si-CH3); 2.46 (d, 3H, CH3, J = 1.17 Hz); 2.58 (d, 3H,
CH3, J =1.17 Hz); 6.07 (d, 1H, CH, J = 3,28 Hz); 6.70 (gq, 1H, CH J = 1.17
Hz); 6.85 (g, 1H, CH, J =1.17 Hz); 6.90-7.64 (m SH, Ar). EXAWPLE 11

Synt hesi s of chl oro(2-nethyl-1-indenyl)dinmethylsilane SI(CH3)2C 55




WO 01/ 47939 PCT/ EPOO/ 13191 A 2.5 M n-BuLi solution in hexane (22.1 m,
55.25 xnrnol, n-BulLi:2-Me-indene = 1.1:1) was added dropwi se to a sol ution
of 6.54 g of 2-methylindene (Boul der Scientific Conpany 4190128, MN =

130. 19, 50WBOIMIHI%) in 70 nL of EtzQ, previously cool ed t PCTZERDI/1F1t he end
of the addition, the m xture was kept at -20C for 15 mn, then allowed to
warmto roomtenperature and stirred overnight. The sol vents were
evaporated of f under reduced pressure to give a pale orange solid, which
vas t akefhe prockdt StGhéTbreddnt Sveach it i) osﬁmné’dtﬁﬂ efend by Ka9mgliftriikigut es
at roomtenperature and filtered. e lithiumsalt of 2-methyli ndene on the
filter V\ESCO@J@Sﬂé/d)WQﬂQaﬁb%hﬁ%5 Ozll/gambe\rm)m@nu dri ed The solid was agal n

slurrie o added to stlr oIU|on of
(9.1 rrLdI“cfﬂe c‘ip"g%ﬁ 195\%“&%9 @bth S OGS Vel éﬁ aMS° tﬁ‘&L‘?'\‘ee l%161) in
60 L of déres@ngits i @RS higheOtak A0YE a@?fafep%lyhhi% @ntprivéd b&iRe@rsh%i A, the

pal e orange slurr was kept at -20C for mn, then allowed to warmto
room ten%‘g'ﬁ Gf%QWYhtMOWEFﬂ@MGanHé’ and98%. whi t e- pal e yel | ow

, 40C
Loy oot SRy %*v’ét%ﬂ ' e Cuenbed ity BRAA bfpflfoliAgeeh By RidG0 40
293 E13 c(%)m mg DV fr8fkrapybetGRGL D) and5PB, 4, m&t‘breﬂralﬂ}'ﬁétwe& 0% aﬁcﬁéoeg H568| . CHiL ,

Ar). AboNPn W&%ﬂ*@@%@)og h«'rsp@ﬁ%sqv_f%whﬁn he vsﬁe@ﬁg‘wﬁwﬁﬁw the progess of B8l meso

=1.3:1) WesuRhS e ( V 2 ) 29
(20). PN (67) &e 8‘?’?7) g“é&‘s(n%*s/%l Peé%ﬂu%%ﬁe“{% é’?tﬁ’}ft’llvﬁ&ﬁ{ﬁ%g%gést v‘v’} &

2- Me- 1-1 dethyl-i-fheptenc;ol ladacme, AlRloHedéhe,- Blitetradeueng, i drhexadeoeneand- o(cﬁﬂec&nen_

59. 00 mT?I n- Bul | :]ﬁ;l\/b hndene = 1:1) was added dropwi se to a solution of
7.87 g o ‘GEP?EFP&‘” YARIONeA8BE der Scientific Conpany 4190128, MV =130. 19,
97.6% SRoRABnIIRY dxahipleCofMbyciBbleEhs Rat &&pwe 4¢3 a¥ coRBh&ifers n % pr&t.ess Beurnd of

the addition, the m xture was kept at OC for 15 mn, then allowed to warm
to room p@mémmwcbpmtmoyc&hemanﬂmbﬁm formation of a pal e

(7. 8. r nii ptniyi ool 38 SRS oy bl BB PY SRA Bhtes 55 ©

1.1:1). édntdnhef polgenefdetinel adg] if any) is pﬂ&&rﬁbeﬁdeMe&baWEmOMdabhﬁmdnd,o
warmto room rature d stirred overnight. The final white-pale yellow
suspensi BRTGRL f%ﬁé@ﬁ?@&@fﬂ%%&go and the residue extracted with 30 nL
of tol ueMge pdlyened thatah MPIselr LU 0\ Sihtinf lsghd @
orange oi | asgproduct (10. 4seﬁg€§§- onB%eﬂ nﬁgs/zob%ﬁfrﬁ?l?%g 83. gtgoﬁ@g{ésgﬁvt\o

01/ 47939@@!10&9&)1&19_134@11m'ﬂmbﬂewmgcgs:a:st| ng 2-met hyli ndene and 9. 8% of

bi s(2-net hyl -1-i nd GCMVS f
b1 3 2. et ol -3 AR BT b 2 1 Sfoepifnctisd Blen 357155 Qi Bioh LS TRkt Y 2o
(24), 12&h6§18d1m659-n€diﬂ91 1 ﬁid%h&i@ﬁd s of

(2-net hyl -1-i ndenyl ) - 5-di et hyl -cycl openta[ 1, 2- 3-b' ].-di t hi ophene)

di met hyl si | an@ewszcasahw ggslamgdwswarﬁdsnmomwcnm,ﬂa p@mq}@r cofjugatesd divnesnp) )

was added at ¢ t t

2, 5-di et hyl - %II%—II-?(%C {)Sﬂé%l?lg B@ﬁb&%%ﬂ t%;ﬁp?el fﬁtll eeaf]go? K/B\I/ljugaé%%dlglées’ §ufh9% by

GC- M5, 9. 07 naspkar eptallaplel, traMsIl,’h—h@;nd:enb dis 1)4—hexaﬂﬁne]16-méthgl-hé%hcpfﬁﬂrene &M ting
t di t t th final f t f dar k

o1 own ol ut 1 oL Gt (EEetiidf-dedsraliens, |Sc A aBRRstPEREL

sol uti on of 2d19§es§%uél{ascﬂlbtﬁyﬁﬁeﬁemérﬁeﬂendenw )d| rret hyl sil ane 9.10 mmol ,

(2-Me-1-1nd) Si Me2Cl : MeTh2Cp =1: in of ether. The reaction mixture
was t henThe ngtalocenes m‘ethqmegent mmmcgnmraéaomeexsaﬁa)rghe pqlmeﬁzanommqgasphesefu nal

resi due. T eBlich S ol Bt Sp 7 Bieabishile FowiS Lorie bl it
vacuum t p-hekene, Bodéheg4, Gfdlﬂethylolﬂﬁep%éﬂeckﬁedéﬁ@qtd“ddecehglICt’&trH@éerfehB-héCaHSdehé ed by

GC- M5 anal ysis and ' H NVR spectroscopy. The 1H NMR anal ysis showed the
pr esenc el ¥Ftadecane dwigosene and aldoyciohexansr with | Oamt % of tol uene. Purity (by

GC-M5) =49 )
o ey ( &tike o¥ o8 in BRI U e e st B B ) -

= 1.1 Hzis the readdiviy kitiojaf pehpyiené atdi r, 8idf ofdtidylent, i cdlcdlateld accdrdingtoGhdfo)lowihg88
(bs, 1H, CH); 4.04 (s, 1 H CH; 6.65-6.66 (m 1 H CH); 6.87 (g, 1 H CH,
J=1.1Hz); 6.89 (q, 1 H CH J =1.1Hz); 7.10-7.50 (m 4H, Ar). mz (%:
393 (13) [M++ 1], 392 (40) [M+], 263 ($80), 23S (18), 187 (44), 159 (15),
59 (13). Synthesis of

di met hyl silyl {(2-net hyl -1-indenyl)-7-{2,5-di nethyl -cycl openta[1l, 2-b: 4, 3-b']
di t hi ophene)} zirconiumdichloride C 20 57 WO 01/ 47939 PCT/ EPOO/ 13191 A
2.5 Msolution of n-BuLi in hexane (7.20 nL, 18.00 nmol) was added at 20C
to a solutlon of 3 93 9 of

L, - N T 1 I T ] ~ 1. A ~ L. 1 7T 1* £ 1. * 1. . wxoaa-

-




Synt hesi s of chl oro(2-nethyl -4-phenyl -1-indenyl)dinet hyl sil ane 58 WO
01/ 47939 Si (CH3y~C PCT/ EPO0/ 13191 A 2.5 Msolution of n-BuLi in hexane
(4.85 L, 12.12 nmol) was added at 0OC to a solution of 2.50 of

2- met hyl - ANWh&Y7P39% ndene (Boul der Scientific Conpany, Mv FCIGFPB19Y7 12
mmol, n-BuLi:2-Me-4-Ph-Ind = 1:1) in 30 nL of ether. The resulting m xture
was stirred for additional 2 h at roomtenperature with final formation of
an orange solution. This solution was cooled again to 0C and added sl owy
of a sol fekhata: of 1.58 nL of dichlorodimethylsilane (Aldrich, Mv = 129.06, d
=1. 064, 13.03 mol , MeZSi C12: 2; Me-4-Ph-1nd =1.08:1) in 20 nL of ether. The
reacti onrlﬁa7id'rféx17v&¥‘{ﬁ1 HQXJ"T&Ned to warmto roomtenperature and stirred
for 1 h.gfhegifinal straw yell ow suspension was concentrated under vacuum
and the resrldlue was extracted with 50 nmL of toluene. The extract was dried
under vafauwatiaetweenandeSaf aihydéneanits almyles bHpropylenaiynitstin the copalymer, and
characteri ld%%é @ anal ysis and 1H NVR spectroscopy. Yield = 92.8% 1H
NMVR ( 8, %pfzqg f%}E 24 (s, 3H, Si-CH3); 0.48 (s, 3H, Si-CH3); 2.31 (d,
3H, CH3, THe mofcufi&r W@Eﬂt ot the71§blﬁrﬁer§ canlbd Varielilh % @r[wn%ih Qr iﬂe c&kéent}atroanf 78
Hz); 7.19-7.59 (m . mz (9%: 300 (2b) , 18) [M- + 1],
208 ( 72) theRhplysROBIPORS ommgmﬁc)culazw@mgulatmzsuﬂsa_s) oxsm@pl@ﬁydms@ (13),

95 (35), 100) esi

(>- trot hy TS e oF P HPA R ai e e disiomion of e Rlaiyp appamtion gf e ey ¢ 1
ophene} dbﬁ%ﬁayiss:e{eﬁﬁﬁeé Nwﬂ\t\@aﬁ%ﬁ@&%crﬁféa/bﬁm&owé&a Cherr. Red) Z000U1O®N Of
n- BuLi 1 n hexane méz 72 80 mMmol) was added at 20C to a solution of
1.40 g of258-B34§i nyllenmlt,eﬁ@ll%ﬂént a[1, 2-b: 4, 3-b' ] -di t hi ophene (Mwv =

206. 32
resul ti nggmZ Jf}lm?rsjo\%as S Flrtir%élgﬂ %‘ror a}%%@@onaliig%l &@bl%%%nﬁ&pﬁ%%ﬁﬁ?tggﬁg“ on
01(‘j daddalr krdoessing, suols pTam?ldmg exthisiongs inggotios eto Thegolyanat efthe gresent inve@ind aand

ed s a, sol uti gn of
ol or o oDrabs or dbs, ReRoreEon A6 SHERStsy leBbety Fagting hendoy scomsebranes, meBTRLD)
(2- Ve- 4- Bhyecks, fB4hh §écM9 &CiddNFvE%mtmne% P45 potymer &9{)&% fd? pigehdh® and/bh GoloRAR! Ih on

mxture was then allowed to warmto roomteéenperature and stirred for
The fi namagteybitcbest uti on (al nost bl ack) was concentrated under vacuum and

t he resi&%ted with 50 nL of toluene to give an oily product, which
was trea under stirring with 30 nL of pentane. After 15 rain

stirringGenpeilMgescedardsi d was formed and isolaxed by filtration. After
drying in.,vacuo, 2.03 g of a brown product was recove rity

= 83, 806 Ah QeEptions e oEm e} WMGE pitrogebt b%mawwml%nef §%ﬁ?§%@5ﬁ%§ﬂq¥ms o 35
(s, 3H §bl’vgﬂ§)were thmif’e%l ﬁfdeg%&'&nﬁhtﬁ]ﬂ@) and?pags?né gver%é’twa@'(i?’(S Hours,(N

2.55 (bs.
6.82 (q, 3Q(H’CDH.2031 andetoml uitdpr niGOSH. wuLleAldcph) was:tlﬁedlﬁs rprze}vede 88 (q, 1H,

?;4) J[ KA%F%G E’g’i‘}r’( %Bépf%(?)f ﬁg%@%‘lﬂﬁaﬁﬂ%"i %’%6‘*9“%‘%?‘1(‘%653, %@%%?@8 203

(16), 19004 kﬁéctroﬁﬁte(' Joﬁ):ratlﬁg/ ik il Féurldr transform mode at room temperature at 200.13
di et hyl si | yI {(2-nethyl -4- hené - 1-indenyl)-7-(2, S-di net hyl cycl opental 1, 2b
.4, 3-b' | MHZ aid 50a2 MBLz sespeciivelynThe samples Héfe(ﬁliﬂ@iv&d%ﬂ?@]@rp%ic 20586H6-(5. 5

Errzrr) lrrzet g;f«sz{efeﬁegﬁi/ res1du er?y?lg ogcﬁfl%ord(r}rrne)t 12 cyc 1(131 nt%l%[}i sgectrang prp]m di t hi
ophene) di5/3stgpy sad ’a.ﬂ_é prpm 46spadtively) ahd éie paak df rtm*scddermun thEO'EC\spednra7(7 001 of
201. 6 M Bfarlralutlc'){' C]qf)(alggtvlve(%g uged.1 iro%omlc a wTepeeachﬁﬁe | Otﬂ an] ggt l{ﬁse Wﬁ% sffjleconrime S0 to
delay between pulses; 32 transients were stored for each spectrum. The carbon spectra were
acquired with a 45° pulse and 6 seconds of delay between pulses; about 512 transients were
stored for each spectrum. CDCl3 (Aldrich, 99.8 atom% D) and C¢Ds (Aldrich, 99.6 atom% D)
were stored under molecular sieves (4-5 A), w'hile CD;Cl;, (Aldrich, 99.8 atom%D) was used

as received.
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WO 01/ 47939 PCT/ EPDQ 13191 reach roomtenperature and stirred for 1 h. The
sol vent was renoved under reduced pressure and the dilithiumsalt obtained
was suspended in hexane. After cooling to -70C, 1.28 g (5.5 mml) of ZrC 4
were addedWOrH&7#8action mixture was stirred at room t enptGVERY 1ML ni ght |
the yellow precipitate was filtered, washed twice with ether, dried and
finally recrystallized from CHzZC12. Yield 1.65 g (48% . The title conpound
was characterized by 1H NMR spectroscopy. EXAMPLE 13 Synt hesis of

(2- met hy! Pibpamitemyf the dafnples s evatrigdlgu? ubdet, itrdgch-wdinghitaydhehimgrt atmosphere
dinmethylsilane A 2.5 Msolution of n-BuLi in hexane (1.50 nL, 3.75 nmol)
was addelCBHIUSOC to a sol ution of 1.29 g of

7H cyclo t ol ( ok L RUL | "H
\WR G, Doy s Cardor? spolll SE JRIARSS (Yt Torfied Ripl B! U 40
resul t i ngpentrometeropraating inrthe dfofder watdfonnomede at 1208€C 20@00u18 MHzmad 100:60at i on

f d ion. , Thi | | ed [ - 20 d
dded of VEUCRHERIY HRAGeics hef BURARETTBPHE . 48P Bien Ph Fridbel pekiine
(83. 6% by, 155cBn tRAVEE spebia (5.5 Dphs e géaﬁ'o%?hel}n%ﬁns aalin HR2%D speckral) 11

5 nmL of ether. The reaction mxture was then allowed to warmto room
t enper at (A1e3 ppre) weterused) Broton ZpestraTwiese peqidted pYithok 4 & Upsenandonsegends of delay

concentr Vvacu e sticky residue s extracted with 30 nL
o "t ol ue RSt Bl 28BS b Sk G5 el B FABOESedie im0
gi ve 2. 2@oquired watht 98°kpubid andvitd seboiv 1 58edoiEbr Rihylend iMaddlifpolpeseé) TRy -
Starting chloro(2-net % - 1-i ndenyl ) di rret]?])ﬁasi | ane, hexaet hél si | oxane comi'ng
fr om pr ebstygen pulassand (PR Gvaltzb) do mmagyepFla sk pouplingsyAbous 3069 transiants Wereenpt s
to puri thoI-Ja%ﬂd&éﬁﬁ tripgand failed because of the high solubility of the
m xture 1 n apol ar solvent as pentane. The crude product was then used as
such i n GiiMSeanhlys¢seperaicarnied buf arr 4 HPrS8p0 r-iséric 2 passchrorhhtoitaph ikl a HP§98@BC1 3) :
- 0.3b (Sﬁ H Si-CHS%; - 0.35 (s, 3H Si-CH3); 2.26 (d, 3H, CH3, J = 0.98
Hz): 3.88 ?"3‘,‘1501‘74}“‘%1#?,‘;”4’.“1 (s, 1H, CH): 6.69-7.52 (m 9H, Ar). 61 WD
01/ 47 939Tﬁ%@ﬂ:&/ié¥:3§i%1(l.m&%éa§ur@ainteu'ahlydronaphta_lene éTHN) at 135°C. =~

di met hyl silyl { (2-nmet hyl - 1-i ndenyl ) -7-(cyclopental 1, 2-b: 4, 3-b' ] di t hi ophene) }
zi r coni ukhelmeltingrnoirds of the palymess (F.9 ovene mgasuasd by Bifferential bearning Galoripeetayl |

12.50 : | ut.i £ 2 0 .

(2 et ny B B PSR hinG? Py e Qimshe, R3oBing o 38 ol metad A PRigSt) ane

( Mw ): 364arfydle (ﬁl(f?ﬁlgyrﬁ’ﬂtbinedhﬁBﬂLﬂle b})@ﬁﬁﬂzaﬁoﬁ.\n&?séaldﬂdﬁ&i ﬂﬁﬂng@fﬁahea%ddmwd 1?0%
pure) in 2 of ether. The resulting mxture was_stirr or additignal 1
h at 0C aﬁf@?%mﬂ]aq SQPBRIfG SPYSH COReSROPBRIP i aingieoRbe spmple wasirnh 8t ¢0%ms
cool ed aggdi S imif a6 a&g[ﬁ,qie : i ol =

233. 03, €30 mnt)el%?ngCI AT gaﬁghfﬁ’f:%ib?%g% g@?@%&%ﬁ“ﬁ“ﬁﬁ’%ﬁé@éé@%ﬁ@) in
30 nL of Offemithrrescapning spaed|oprrespohditg to 20WninTites thecpeak itemparabueuvas taken dsept

at -20C for, . t.hen al | owed ,t.0 rmup slowy. .t oom t.enper at u nd
stirred F@Pm%lz%?onf ,'P?rl"a‘tt‘fxﬁ ﬁWEﬁ%‘@%gf‘B‘h“?ﬁa‘ﬁ 0 atb%ﬁ"d?léa%ﬁe%‘ﬁ%@ ﬁ'\7acuum
and the g&shditife @kK2002CHwith ¥kdaAniaQ spded RbrréspbntEneto 109€/m8in! Tnothils secoBd haatiHgng
mainly tars, was_elimnated, while the brown residue (3.33 g) was dried and

washed wiity theopesk tepperatyes wasrfaken ps thormehing yamperatyreBaiand dheoweaias slobelhe
resi due presence of the desired. catal yst together with an
adduct o?‘{egg}g%h@%%ﬁgﬁf)‘not i dentified (probably ZrC) 4(Et20)a or LiCl (Et20))
and few The moldyhr wdight distdbutionovaiedetdr@indd 1) SEE V@ WATERS r200Gachideyinwi t h
20 nL of CHzA12, then with EtOH (10 ni) and finally with Et20 (15 ni).
After dririchprepenzeng abi353Gt al yst as pal e brown powder was recovered. Yield

=13. 5% G : 4.1.25 (s, 3H, Si-CH3); 1.41 (s, 3H,

Si -CHB);*%§8 zgg,ab§%@ag%%§eg2_7- 79 (m 9H, Ar). ElI~AVWPLE 14 Synthesis
of chl or eqli=nembous- ( 2- phenyl - 1-i ndenyl )silane ¢~ rSi Ph o~ 62 WO 01/ 47939
PCT/ EPOO 191 %B?Pl ution of 0.96 g (5.0 mmol) of 2-phenylindene in 30 nL
of Et 20 T feEapgPiPen - 70c with 3.13 nL (5.0 mol) of a 1.6 Msol ution of
n-BuLi. ALpeLqkthg1amdi tion, the mixture was allowed to warmto room
tenperature and Stirred for 50 mn. Then it was cool ed again to 70C and
treat ed ®WiEGLa dichloromsthand 0.65 g (5.0 nmol) of MezSid 2 in 10 nL of ether.
When the addition was conpleted, the m xture was allowed to reach room
tenperature and stirred overnight. The glesulti ng reaction m xture was
filtered to renove LiCl and the sol vent3 was renoved under reduced pressure.
The crude product was used in the next step without further purification.
"HNVR (b, ppm C6D6): 7.90-7.10 (m 9H, CH); 6.95 (s, 1H, CH); 4.15 (s,
1H, CH); -0.02 (s, 3H, Si-CH3); -0.20 (s, 3H, Si-CH3). Synthesis of

di met hyl si |l yl {(2- phenyl -1-i ndenyl )-7-(2, 5-di net hyl -cycl openta[ 1, 2-b: 4, 3-b"]
di t hi ophene)} zirconiumdichloride C 31




A suspension of 1.03 g (5.0 mmol} of

2, 5-di methyl - 7Hcycl openta[ 1, 2-b: 4, 3-b' ] -di t hi ophene in 30 nL of ether was
treated at -70C with 3.13 nL of a 1.6 Mn-BuLi solution (5.0 mml)é. After
the additi P OU¥B% esulting mixture was all owed to warm t SCTESAYIRMper at ur e
and stirred for additional 50 mn at this tenperature. Then it was cool ed
again to -70C and added of an etheral solution (10 rnL) of

chl or odi net hyl - (2- phenyl - 1-i ndenyl )si |l ane com ng fromthe previous step.
The m xtDMF aBN-dinhethydfbrmamidar mt 0 room tenperature and stirred overni ght.
The lig . . . .

(2- phen@pgﬁlphﬁgﬁmgqutbf?’é@ﬂi met hyl - cycl openta[ 1, 2-b: 4, 3-b' ] di t hi ophene) ~
di met hylﬁe;]gqu:gﬁ&oghggtﬁqgi%gzed by 1H NWVR spectroscopy. 1H NMR (8, ppm
CDC13): 7.70-7.25 (m 9H, CH); 7.20 (s, 1H, CH; 6.90 (m 2H, CH); 4.60 (s,
1H, CH);CeClz& cppper (IB,chiorde 2. 6S (s, 3H, CH3); 2.60 (s, 3H, CH3); -0.44 (s,
3H, Si- - 0.66.(s, 3H,.Si-CH3). The ligand was not isolated: its

sol uti o?&gk't%%héﬂfsaf‘y‘?%@em th 7.0 nL of a 1.6 MnBuLi solution (11.2
mol ) . TB@MeRe eyl opatel Xt ure was allowed to reach room tenperature and
stirred for 1 h. The solvent was renoved under reduced pressure and the

di |'i t hi u@atelugirinmidehlorde suspended in hexane. After cooling to -70C,
1.28 g ( n £, s3 WO 01/ 47939 PCT/ EPOO/ 13191 were added.
The reac WBg%p?naé%nﬁ%u@l%s irred at roomtenperature overnight, the red
preci pi t Dppf=wighehylpidpitiflofebened twice with ether, dried and finally

recrystallized fromCHzCl 2. Yield 1.64 g (53% based on Me2Th). EXAMPLE 1S
Synt hesi SMEDA =N,N,N’,N’-tetramethylethylenediamine

(2- met hygad '¥?1§1<§'o‘i}}{ﬁﬂf fradiforpiedi €t hyl - cycl openta[ 1, 2-b: 4, 3-b' ] di t hi ophene) di m
ethylsilané“E A I‘E‘%’SCS IS A suspension of 1.17 g (5.0 mol) of ,
2, 5- di et H{Tls ZHafoywh ddendeal 1, 2-b: 4, 3-b' ] -di t hi ophene in 75 nL of ether was

treated - 70C W 3..13 f.a,1.,6 N.n-BulLi solution (5.Q 1.),., After

t he addi ﬁ’&?’" t he 'Wﬂ?@eﬁéﬁaﬂéﬁd ORbB&P%n t 0 Bom teﬁ'@?ﬁ‘ﬁ?eﬁ -
stirred éﬁlog@ﬁ’ldﬁﬂwénel h at this tenperature. Then it was cooled again to
-70C and added of a solution of 1.11 5 mol ) of

chl or o( 2Medbfyn = 2.5rdimetyl-THrayelonsntalil 2ae 3til-dichiophene et her. The resul ting
XL ure Pih,ChLORBeh G- TR Rob AT SRS} tbfloflifle St 1 T ed overnight. The

( 2rmret hy| PHFh.Qd ery5-Hipherfyd- 7hi-clyobdpeytaf 1c3-bidcBab dithibpRerte: 4, 3- b' | - di t hi ophene) di m
et hyl sil ane_was not .| sol ated, but used in solution for the catal ysts
synthesi§°§ e‘“ﬁ@?%&. "H- NVR (8, ppm CDC13): 7.55 (d, 1H CH); 7.44 (d,
1H, CH);%\Ze@ﬁCH%deeth ethdnd 5 (M 1H CH); 6.98 (m 1H CH); 6.96 (m 1H,
CH,; 6.70 (m 1H, CH); 4.10 (s, 1H, CH); 3.94 (s, 1H, CH); 2.98 (m 4H,
CH2); 2.31 (s, 3H, CH3); 1.43 (t, 3H, CH3); 1.41 (t, 3H CH3); -0.30 (s,

3H, Si- ; ' hs Of
di et hyl si ;]/?I 1 E ﬁﬁrj%lﬁ?ﬁ%?ﬂl ﬁkd%%g@? - m%t hyl -cycl opental 1, 2-b: 4,3-b"']d

i t hi opheSyjthesis 6f38t-dibreine-2|dithtenyldhbbolt zmz E ~ ~ ~ Et The |igand
solution comng fromthe previous steppas treated at -70C with 7.0 nL of a
1.6 Mn-BuLi solution (11.2 mmol). n \reaction m xture was allowed to

reach roomtenperature and stirre . JThe solvent was renoved under
reduced pressure and the 64 WO 0F74 9 BCT/ EPO0/ 13191 dilithium salt
so- obt ai ned was suspended in hexane. RAft®t cooling to -70C, 0.75 g (3.2
mmol ) of ZrC 4 were added. The reaction mxture was stirred at room
tenperature overnight, the yellow sh-red precipitate was filtered, washed

twice wi AR.EMhsnlytictrifeBalhidnhiexanc!(94.5@ oy 6045 Inimek) was added-rahvise ¥ 2D 1. 52

52% wi t h 0. Et ... EXANPLE. 16 t hes;
(ng met h;\ﬁqaﬁ‘{lﬁ%&éﬁ@ﬁt }§@0 5?%2%%%%059‘?5}5 &Fﬂ‘%\‘[e ?k"%’ E‘T“X,’s?ﬂ%iq RidobHene) di
net hyl si 6@Pemnos,ol-BhLiON3-Wr,thiopRens < 21 in0BhD. oPEther. The solution turned from pale

2, 5-di phenyl - 7Hcycl opental 1, 2-b: 4, 3-'b' | - di t hi ophene in 30 nL of ether was
treat ed yallowzggellpwhAliesbhstirristg a —20%C, .53 BULof ethylformase (Alirioh,rA7Ss, ) MwAF t er

the additjgn, 4L ) gt rmto_roomtegperature and
stirred ?%ng’adddirttﬁ?l?hép}é’?gm%@?i @#b@#ﬁgﬁf’gﬂ‘\ﬁ@%@]ﬁ&ra&g@ﬁ‘ i %8*18%85 &8 again
to -70C and added of a solution of 0.90 g (4.0 nmol) of

chl or odi et hyl (2- et hyl - 1-i ndenyl )silape in 10 nL of ether. The resulting
m xture was allowed to reach roomtenperature and stirred overnight. The

l'i gand (2-nmethyl -1-indenyl)-7-(2,5-di phenyl -cycl opent a]

1,2-b:4,3-b']-dithi ophene)di net hyl sil ane was not isolated, but used in
solution for the catal ysts synthesis. Synthesis of

di met hyl si lyl {{2-nmet hyl -1-i ndenyl )-7-(2, 5-di phenyl -cycl openta[ 1, 2-b: 4, 3-b"]
di t hi ophene)} zirconiumdichloride C 35




The ligand solution comng fromthe previous step was treated at -70C with
5.6 nL of a 1.6 Mn-BuLi solution (9.0 mmpl). Then the reaction m xture was
allowed to reach roomtenperature and stirred for additional 1 h. After
cooling toWOor@@B7932. 05 g (4.5 mmol) of Zrd 4 were added. THRCT/ERWHIIGH

m xture was stirred at roomtenperature overnight, then the violet 65

WO 01/ 47939 PCT/ EPOO/ 13191 precipitate was filtered, washed twice with
ether, dried and finally recrystallized fromCHzZCO 2. Yield |.27 g (47%w th

r espect ddded i Wise. fie laAdinon{ the SbRti6h tdnbd Frofd | g vhyé Huﬂkvs?én%uA The

sol ution of 2-nethyl- -cycl opent adi ene (125 g, inl.2 of
et hanol m&@lonrrémﬂ V@ﬁ lqutAﬂtt-e?r(i)f)GrfaI U} eninj then &Q@NWL‘IO( warnz tQmQO)‘n tﬁmmmétmsne

d f Li di h |
ol ow 1 oo kB a0 186 AT Bt PR b DE A R R 8B S78Rn 1 e
with a 1Q.6% @GfNHQCIJi&lI T mDfof MR thedrichisic 18er Waé bepaseddut G8d thehbdler Rigr and

washed wth water until neutral ﬁH The organi c phase was separat ed, dried

wi th MySodragied wibhetber Gt &3 mInEhe exganigdaygss weresaollested chte Ty Hed@4pndyi el d

L7 0 49 ey b 00 55 i P i,

G, et S entpr s b e L 42901
gltuzngﬁl u éérMéi m?g&?(@r :lfl S e gsipregcioT S5 0% g (0.2 mol) of Iithium
warmto %%gﬁggiﬁg%3 mgtz ?r(? (?%h? o_rs'%@ﬁ hngﬁtdhﬁ(ﬂigé?ggéﬁﬁ%ﬁ g&?aq
Z(r): g'éll \(I)MngtsoiHNéH):]Z,SSr(lbe, 131, =) ct phasehglas c_oI | ect ed, Y\/gslhlefj with water,

* Vi ot% 35050 (85 Trast Enea el 532%&&@@%%@9),3‘%2@@{2% B by
1H NVR. 1 P00/(lff X ﬁg@bwlbz%u)w@f H%Lﬁ@ﬂ; {105 fre\emne121 ?1736111

01/ 47939 i sopro pent adi’eéne
mol ) was(léhicsécﬁé)t, 83 616)1 Bn(36), §t1m149, 69)(1d)$55(§33h§9615)0f 12.8 g {0.32 mol) of

sodlumh X|de o THF er 30 min stirring, the reaction
mxture f%’se%fi %&#’fﬂnﬂ’}o% mf'fyl f) of acetone. The resulting
sol ution vvas kept bel ow room t enper_at uB® overni ght. Then the resulting
m xture was neutralized with a 10%ﬁion of H3P04, extracted with

hexane {3 x 100 nL) and washed wt ntil neutral pH The organic
phase was separated, dried vmth My S04 d concentrated. The residue was

distilled at 80C/ 1 ’gmHg eld 25.96 g (50% . 1H NMR 13é b. 21
(m 1H &4 8 of $3"-digromes2, 204)ﬂneeylwﬂ(aﬁpl qbipined jps dgsoyhefi gbovgr&m? 9:21
(s, 3H, % m:%o?goﬁs'?den%g stgdﬁé matedR b$108% plgéﬁ)’)wer; Afofvid M5 GiBor

Synt hesi s
2,2-(2- némlﬂpromethmpn o0 -noly thregraenkad bettgth fflagk (@dﬁmimwn latrhesphert apd ri2g] 1, 2b

3ol A SRR TARRRBOV 5176 2b 35 11 8eeePo Riio) g Baded dfbooc b ™!
2, 5- di me2.0g imI7 bF CFOOEN(Aadrich? Maw 4 Brand2, dcH 1 BB ORIEN fnkd]) W dddedropiviir . At

the end of the additiaon, the mxture was allowed to warmto room

t enper at #r € Cafry they stirredmixgire o Buring e dditiony; the a@actln@ mixfise tapesh figpudark The

ol ) of PRGN o O3y P it ep Rl o2 o8 ol

to room temppauae ane stirreld $éri 3 hehdBOemin ghthe shie tempedatune. XA fisrecosking po 0@
into 100 nL of a F1)0%a sol_ut i on of ng\lagnd extracted with hexane (2 X

50 ni). ROIESSHY S en"’é?] Bk230% & MBETld 8- 2hadhad nHpel) Wasiadded i the dlark; red
MyS04 an%l%?%@tﬂ?éjréﬁlfnngmﬁnﬁéwag%ﬁn\é@?mp?@ﬁ at %‘9’?’% Ferfifile rmagiyed

with SiOa by using hexane as eluent. The resulting soluti'on was
gi vi ng tﬁhercd y81GA fritnEhepresilue on the itdvds. Bashed tticeombiths@H,Cp (3 ¥ 20tmh)until
MeThZCp) . the

f
5 et fcldRt et Sk, e SRR R bl SRa veruym 4 457G 8o B9 v ik red il 4, 5
-b']-dit, owp@ew%hzwas%mydéa BY GOLIOIS! £halysis héd BE-NMR spectroscopy. Purity (by GC-

MS) = 79.9%. Yield of the pure product = 80.3%. 3-bromo-2,2’-dithienylmethane (9.9 wt%.)
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WO 01/ 47939 PCT/ EPOO/ 13191 A suspension of 1.11 g (3 mmol) of

2,2-(2-nmet hyl -4-isopropyl -1-cycl opent adi enyl ) - 7-i

(2, 5di net h%I:O- égl openta[ 1, 2-b: 4, 3-b']di thi ophene) propane in 10 nL of ether
and 50 mL Hexe was treated at -70C with 3.8 nL of a ¥€ GEM"H]-"WT i
solution (6.1 nunol). After the addition, the reaction m xture was al |l owed
to warmto OC and added of 0.75 g (3.2 mml) of Zrd 4. The resulting

m xture was allowed to reach roomtenperature and stirred overni ght. Then
the yel land lmxmhynﬂxrsﬂdsﬂne t(sai wig6l) wase presére rae chy-pradivesd Theiptadust tas abdias
dried andfln recr t al dfromCHZCIz Yield 1.43 g (90% . 'H NWR
(b, ppmS§ ?*PH Rygficaliongy (m 1H, CH); 6.10 (d, 1H, CH):
5.58 (d,! > )

> 26 (o Hlthlg%?pﬁzéﬁdﬂ? ié“ﬁi %43 %fs&ﬁ @H)%'94<€&|32H 11 588 519;( cd:iifbig4Hii'3H(3:H3 ,.
1.08 (d,(s 324, @H3). EXAMPLE 18 Synt he5| s of 1 3- d| met hyl - 1, 3 cycl opent adi ene

1 B el AR Rl Bl A G U PSP B TR b Uy

litium ing?@ogni—770{43?tsb?![6)r@5?1‘090‘15 prepared horn 5.76 g (0.83 nol) of

lithium an i odonmet hane. The reaction m xture was
stirred Symthesisofaiktcydiepentald 2-led,3-b’{ditlioplddteaq. sol uti on of NH4Cl. The
organi ¢ phase was coll ected, washed with water, dried with MS04 and
concentrated. The residue was disti I |l ed at 42C1100 mmHg. Yield 7.3 g (30%.

1H NVR (8, ppm CD3COCD3): 5.98 ( . 5.75 (m 1H CH); 2.80 (m 2H,
CHz); 2.02 (d, 3H, CH3); 1.90 (d, / The ligand synt hesi s was
carried out by coupling the lithiums 01S the MeThzCp precursor with

chl oro( 2, 4-di net hyl cycl opent adi enyl ) di net hyl si | ane, previous prepared from
the lithiumsalt of 1,3-dinethyl-1,3-cyclopentadi ene and MezSi Cl z. 68 VWO

01/ 47 939Aa@moh36f911Bﬁyiﬁh 'h@}&iné (PIf 30 5525 Sirholh was added dropwise at —50°C
~-7- 5-di et hyl - cycl openta[l,2b:4,3-b']-dit

(2, 4- dlnethyl cycl opent adi_en
hi ophenetp & Felugen eﬁgé’ﬁcm pﬁﬁr%@l@mg-w Slitkisaplsiehang fobtaingd 2§ described| aboye
2, 4-di
Ez, 5- d: mﬂyl cycq‘dépen? tr?xﬂbgﬁ%b m;%fe]thdﬁr uﬁder rﬁtr%e)n ahgosrgléerﬁ l?g |2F%rrl%l' ;ﬂ?\Sk20 L
of etherAfers]thr etitiad at—500C thietdarld biowr dilfthiam] supédsivnBuwas amlduslowly ‘(06a 5
I Af t th al | 0C
and addetispeion 75 T soECHEbIRIGRE AR M 124 g Pl 38 P At B onea

t o reachThORMHATRRERE Was ké;ls‘tdxt s$0°0 e 39\:&ﬁﬁ Ndied td Rafn tdr€207€l thQvh 30 min
preci pitate obtained was tered, washed twice with ether, dried and

final |y snscdhensallowed e erach 876 trzwminutes.cAliguptsawerg takgr offer 39mminar-3&C, ghm

(0 1n g B e 58 o bt dhlacdln Sy GO giligiorh abifarddl e 20, |

(s, 3H Ci3); ;indiiced ccﬁup,hng hiacBon €l at -EH08E Hus praskeds Siowdi-Hantil EXARLE108t%

synt hesi s di net h 3-tert

Ut y1 - oyt eGR4 bkEhiaheae s foadopesldl 2, 036: ARet pepingiat (' pnene
) zi rCO”foW‘i di 80! R, d@xec}e&ctiﬁﬁenﬁ:&ﬁkh%b %tiY’fé& SrbdibRdatOonP Methpdrhtavd BEd t he
same procedure described in the Exanple 18 by usiAg

3-tert- bmbyf;qugnty pWﬁ@p@@f@dn@n@Q mét efhen aqueous 2 M HCl solution. The resulting
1,3-di met hyl =% qufeﬁ%adl S0 The [Fegq'BIlrJ ilthg éﬁ%?c{c?% %n'lozv%dthg %relyl\ﬁ

spect r osto PRes?

(tetr aﬁprhMbﬁﬁy@f@gmgadkeB&Mér) }ayer(ﬁaéis@amédhm{&ﬁﬁl danesis alhhse? extratted-With - di t h
i ophene) zirconiumdichloride C5
ether. The combined ethereal extracts were washed with HC1 2 M (100 mL), twice with

NaHCO; aq. and finally with ether. The resulting organic phase (final volume = 300 mL) was

dried with Na;SO4 and the solvents removed in vacuo giving 3.16 g of a dark red oil, which
was analysed by GC-MS analysis and 'H-NMR spectroscopy. The analysis showed the
presence of the desired product together with dimers, trimers and tars. The crude product was

added of 40 mL of ethanol and stirred for 1 h at room temperature. The yellow-orange extract
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The synthesis was carried out by follow ng the same procedure described in
the Exanple 17 by usi ng 1, 2,3, 4,6, 6-esanet hyl ful vene i nstead of

1- net hyl - 3- |sopr030 -6, 6-di met hyl ful vene. The product was characterized by
NMVR spect r 86t EXAMPLE 21 69 WO 01/ 47939 PCT/ EP00/ 1 AGHERIANLS| s of
di met hyl silyl ~

(3-trimethylsilyl-cycl opentadi enyl)-7-(2,5-di nmethyl cycl openta[l, 2-b:4, 3-b']
-di t hi ophene) ~ The ligand synthesis was carried out by coupling the

l'i thi um wad tomdentréted N Tazalp aprSé&Grﬁmm Wi tohgive a dark orange oil (1.92 g), which

chloro(3 tr | silyl- open adrenyl)drnethylsrlane previ ous prepared
:fromt h‘é’y‘i‘ ‘H‘?C{J]?P?/ ‘{‘Xﬁ)"? %}4& tsilyi-1, 3-cyci opent adi ene and Me2Si C12.

Synt hesi () GRINIS) Skd. $0%. Y1eldofthe ure product = 20.2%.

(3-trimeth I-cyclo ent adi ehy 9 B -drmsthylcyclopenta[12b43b]
- di t hi opli® KIMRﬁ C@ﬁplx)r EBD(ﬂd,r?dh JC4993\H5LK§Hhr7$I3Cﬂd , 1= 2@3¢H7, CHNBBY of
(3-trinme h#g;s%%%)l -1-cycl opent adi enyl ) - 7-~

(2, 5-di 1 topental[l, 2-b:4,3-b'"]dithi ophene) ~dinethylsilane in 20 nL
of et her,agq)t n@@(ga)gwu zf@%mdﬂwﬁ H11h79¢100) fmE), %71(@%1348@5}“89%) 65- 5
mmol ). After the addition, the reaction mxture was allowed to warm’to

and adde()o45 ©).75 g (3.2 mml) of ZrCI4 The resulting mixture was aIIovved
to reach m.t eqper and,stirr h en t el

orcci pi 1 STRRGH 31 Rt meibrion bl fnefhsfol a3 ortestabepliof ity
finally gfipinetf al | yzed from CH2C12. Yi el d 1.17 g (7099 . '"H NWR (8, ppm
Ch2C12): 6.91 (rn, 1H, CH; 6.88 (m 1H, CH); 6.78 (m 1H CH); 6.08 (t,
1H, CH); 5.83 (t, 1H, CH); 2.59 (d, 3H, CH3); 2.57 (d,~ 3H, CH3); 0.91 (s,
3H, Si-CH3); 0.89 (s, 3H Si-CH3); 9HB Si (CH3)3). EXAMPLE ~22
Synt hesi s of 1-nethyl-3-phenyl -1, 3- F'ene Ph A solution of 25 g
(0.26 rnol) of 3-nethyl-2-cycl opent/enyl-gkesin 100 nL of ether was added at
-78C under argon at nosphere to #®™S0 i of phenyl litiumin 200 nL of

et her, previous prepared from5 76 g {0483 nol) of lithiumand 44 nL (0.42
nol ) of br onobenzene WO 01/ 47939 PCT/ EPOO/ 13191 reaction m xture
was stirPetplatgn aof Bl éﬁcg 9586” -tégemgthigphenea (Langestas. 9861 MWori 3B0-84H26175 The

organic H]B%a ol '§E§O
concentrate fi nmm%eg |k gﬁgﬁ&%\@@@g{ﬁ Y\J,egtéaa%ﬁg?& Timﬁﬁﬁ\}‘}‘gf 43%3‘?{% l(160% .
1H NVR ( Bexappi95. ’ﬂ)&fﬁﬁl})@bere addea -dfophse, rifhe Tbbultitid) mixGudOvdsdallodied t&M)arm6io00 -
(m 1K, %g)m temperatl.{re, st1rre& m%’uonal ?g aé&l’then ac’lde%%)“’C + -10°C to a solution of 3.86

mL of ethylformate (Aldrich, 97%, MW = 74.08, d = 0.917, 46.35 mmol) in 20 mL of hexane,

previously cooled to 0°C + -10°C. At the end of the addition (~ 20 min) the reaction mixture

was allowed to warm to room temperature and then refluxed for 1 h. The resuiting mixture
was quenched with 7.5 mL of water, the organic layer was separated out, dried over
magnesium sulphate and the solvents evaporated off giving 23.2 g of a pale brown solid,
which was analyzed by '"H NMR, '* C NMR, GC-MS. Purity = 93.0%. Isolated yield with
respect to ethylformate = 90.9%.

"H NMR (8 in ppm, CDCls): 6.92 (s, 2H, CH); 6.26 (d, 1H, CH bridge, J = 3.2 Hz); 2.73 (d,
1H, OH, J =3.2 Hz)

BC NMR (8 in ppm, CDCl;3): 67.38 (CHOH), 108.60, 113.58, 132.18 (CH), 141.10.

m/z (%): 512 (67) [M'], 494 (50), 433 (54), 352 (53), 335 (35), 285 (43), 269 (100), 242 (19),
162 (33), 81 (27), 39 (13).
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Synt hesi s of 1-nethyl-3-phenyl -6, 6-di met hyl ful vene Ph A sol ution of
1- met hyl - 3- phenyl - 1, 3-cycl opent adi ene (15.62 g, 0.1 nol) in 100 nmL of
ethanol was treated at |ow tenperature with 8.6 nL (0.12 npl) of acetone
and 9.7 mLWOP#P3%ol) of pyrrolidine. The resulting sol ut PERERMEIKHDt bel ow
room tenperature overnight. Then the reaction m xture was neutralized with
a 10 % aq. solution of H3P04, extracted with hexane (3 x 50 nL) and washed
with water until neutral pH The organic phase was separated, dried with
MySO04 argsyntlssize Bj325¢0-tefFabrones dtditienyldiethdadel ed at 85C/ | OmHg. Yield 5.89
g (30%. The desired title conmpound was characterized by' HNVR The |igand
synthesis was carried out by follow R5*tge procedure described in the
Exanpl e 17, by using 1-nethyl -3-phgny - i met hyl ful vene i nstead of
1- met hyl - 3i sopropyl - 6, 6- di met hyt % and
2,5-ditrinmethylsilyl-7H cycl opental 1, 2-b: 4, 3b']dithiophene instead of
MeThZCp. Synt hesi s of i sopropil ydene~
(2-met hyl - phen?/ - cycl opent adi enyI%ﬂMa{IZ 5trinmethyl silylcycl openta
[1, 2-b: 4Triflusrdacetictasid(@REmel, Adldrichs AP chi1dr026@ =3-484 3 R4 animpld wes addedpt 2. 0 g
(3 85 0
, 2-(2- rf@?%\}?maer%tﬁreenyla S?l-u(t,lyc ob‘Z?ﬁg |b1eS 3y§ Shbrionz%2¥ ?xllyrp‘rax%ehy SI(P3 Pé’i/MW enta[l
2 b: 4, 3510.90; dlmhmml)eme)prﬂpmenéwlaﬁ cHlorife eintfiingds50 nﬂabedaeﬂtylsmffevm th
48rrLof a,1.6 Mn-BuLi solution (7.7 3%1 After the addition, the
react i or(A%@Uﬁhu?%@W T 116@E T 148 i3 6"16’@ giresuiting resksobition wgs stirregfoRp) )

of Zrd b reaféﬁéﬂ berlft, Adutralizedith- éﬁ%@%{%’cﬁ%@%&&@ g, %L% 212589

al | owed bom t énperature an over ni e brown
preci pi tamel)pfilteaedred emgmrdted off teeglye apaléieed solid. daeldiof brude product erl08%. and

s P g N
(9L S S0P Gl ST, 00 0
i SOpr opi Aed®s)e496 @1 WEvHH 4144 Pheney [MEY 836 (st 2541 (QOQ)I, 176 (41), 125 (46), 95 (30),

7-(2,5-di hyl cg | opental 1, 2-b: 4,3-b']-dithi ophene) zirconiumdichloride
C- 11 Thed g&m Hed?®- was earned out by foll owi ng the sanme procedure described

in the %@fﬂéﬁs 3, Vi Hﬁhﬂ&s 5>-dimethy)-2,2"-dithienylmethane
2, 5-di methyl - cycl oper?t al1,2-b:4 lme B' lh}e(l:)lf)’heeneml1 nst ead of

2,5trimethylsilylcyclopenta [1, 2 b 4 ¢k ophene. The product was
characteri zed by NVR spectroscopy. f I\/P E 24 Synt hesi s of isopropilydene~
(4- phenyl -cycl opent adi enyl ) - ¢n,

7-(2,5-di nethyl -cycl openta[ 1, 2b: 4, 3”b"' ] - di t hi ophene) zirconium di chl oride
C-19 Th t

descri bg %}Ifér']&tgﬁﬁ'(%g"\%%%?‘3%;2(51)1%90182??{?&%{gLen;%@gll lhlg ?131% en%se%dggctl ead
of 1- et &ty+208Cptoem\soluioh-afi 2848\ bf) Bﬁéﬁé’-tﬁtabrqmmaﬁbdlth@sylmh&lmt(w zed by
NVR P S. T f

15 df et 3048 el L TR e B AN B stiring et B8 A MEERFHSAN G € 15,

Synt hesi &h&%aﬂ(mnﬁ,)@ohﬁbﬁ %ﬂhﬁ%fh}flléhlpﬁﬂ@ (Aldrﬁhswby&ﬂmw = 126.13, d = 1.333,

1, 3-di nmet -cycl opent adi ene (9 g, 0.1 nol) in 100 nL of ethanol was

treated thl 75{)W1103rﬂ!%l‘ﬂ§€1€4 dhoyespltipg élaqis s'esweqszowas stw@lredé@re‘l%m@ 3 n@08C;7they
(0.12 o), g b%r\{zé’shtp_gﬁ %il’éor’]\;g? %xel& %euh&\b 39 nfiftlgHh SRBpRPS 5P LoIREALYE (AR

t enper at ur e Bvern g
hydroxide (2.5 mL, 10 mmol) was added and the mixture vigorously stirred for 2 h at room

temperature. The resulting reaction mixture was dried by magnesium sulphate, filtered, the
residue on the frit washed twice with ether (to recover all the product) and the filtrate was
concentrated under reduced pressure at 40°C for 2 h giving 17.8 g of a brown solid. Purity =
87.8% (by GC-MS). Yield of pure product = 83.1% (crude yield = 94.6%).

39



WO 01147939 PCT/ EPOO/ 13191 reaction m xture was neutralized with a 10 % aq.
sol ution of H3P04, extracted with hexane (3 x 50 nL) and washed with water
until neutral pH The organi c phase was separated, dried over MyS04 and
concent r at ¥ 0IH®9r esi due was distilled at 63C/ 20mHg. Yi AE/EROYWIHITI509) .
1H NWVR (8, ppm CDC13): 6.08 (m 1H, CH); 6.03 (m 1H CH; 2.23 (d, 3H,
CH3); 2.17 (s, 3H CRB); 2.16 (s, 3H CH3); 1.99 (s, 3H CH3). The ligand
synthesis was carried out by follow ng the same procedure described in the
Exanpl e HNMR(&%B 1chd@,)06!58t(garmt OHl T vene) £31 ¢2DmICH,); 2.39 (4, 6H,

1- net hyl i sopr 6 6d|nethylfulvene and

2, 5- dltrCH&tJrWIlQJ'%J -7Hcycl openta[ 1, 2-b: 4, 3-b' ] di t hi ophene instead of

VETZCP: R OARE T o SEBETD! HEITET) 2888 A0 1P R SRGHR: 2010, 5.
L]:di t hi opdgeg) zirconiumdichloride G 15 A suspension of 2.19 g (4.8 mmol)

2,2-(2, 4mm (e 86y (43X Yk 2EPET).2064H90)) 191-@RD), 573 (14t 1031(30) §9 €203 opent a 1, 2 b

. of o SYRHEHE S AEBEIRTT T eioBeR AT  POAR PR 0 3 REBSETER | on

m xture §n ki?vpﬁ]ci,a&g@{tgqbt]ﬂlm%g,eﬂ@p added of 1.12 g (4.8 mml) of zrd 4.

The resu A xt to reach roomtenperature and stirred
over ni ght Then the red-brown preci$ 59—t ai ned was filtered, washed
twice with ether, dried and finall acrystall yzed from CHZC12. Yield 2.07
g (70% . The deS| red title corrpound fas chvaracteri zed by 1H NVR EXAMPLE 26
Synt hesi s of 3-chl oro-2-nmethyl-2-butenal ci CHO 1.3 nol (120 nL) of POC13
was added at 0OCto a 1.6 nol (120 nL) of DWMF. At the end of the addition,

t he m xt Arpreoadeda(-FTRMWA.5 MweBoli solutomnint kexpae Q71 enla nGf. 5% mmoddwhoaddedh.
Then it

vt AR R e LA B

al | oned HithieRAGBhAROMIERREE A5 IS4 Phthl) in 608HL Of tHk.0Ad the TREHS th a@iioROUr €d
into a mxture of ice and water, added of sodium acetate and extracted with

CHC13 (3t13@ bngwnpguppenyion Wagsired fm-additioaal 30 pn At dbe seme ferpamtute. Wher e
til

Fesi duo. RSl Ly fEtbelich 3%“95’%%%9%%0%9 (Gle i 138°E 0N, NV

Sth Ihezl $3445,47 64 mpmehinl %Qtzﬁlhbbcthenﬁaeﬁdﬂﬁﬂ qaickaéIIhatrESu}t@blaéEﬁuspensmn f

Et mer t oacet rno at lyution o

sod?/um ePHd ?Fg ggﬁ%%f} mifatz gQ)C%,W gg(f‘ 0%19 tlh]éﬁ%‘?atéh& fPhE r ddgnit ng

m xture wag aﬁ&bécf t:c‘)dw% E&ﬁ)oﬁﬁfﬁn?e?dﬁﬁ% il ‘éflﬁeci Q{Ierﬁ%hfn'l"he cbIi# of the reaction

3-chl or o- 2- et hyl - 2- but enal ) was added and stirring was

cont i nueﬁumwa@mngenh@om@mkttp mglemr@m by Iygaieasiigl the tezmemtmeoAhqum Wt er

arzct2” (o SR Farfin TRE GO MRFRET a0 Bl K b el

evapor at 86%f - 20°Cltiersthe aéniireﬁlaempamddu@o 9%5511 0°Cetdldlﬁth@&dsﬁed éﬁnqicﬂm&% 48 ¢
(61 % . 'HNWR (8. ppm CDCL3): 7.52 (s, C@_@ , 2H, OCH2): 2.35
(s, 3H, 6ER8%e. Télelfs_na §usp3w1°ltmf poweésnfa 1603 amsm%ghlgné? saturated

4, 5-di mg@ihéb}l@ s$1m1<|9gg;ﬁ9%?§éﬂo Sérfirdtdd, Qléyrféa%er layer v&afh Wét}'l ether, th

4,5-dirn h ene- et hy car oxyl ate was’ agded
to a 30%oxgehigtlaysrs wilestod andrdhigd 45i0i glef 4 bladl()@hﬂiwarsfobmmmin Blrityrfoly GREMS) =

resultin S re Qr ,2 was diluted in water,
aci di fi egs g%fi ?l‘f?f’ﬁla'éra pmfir'l‘@{_ggg @K%&%"‘?&g"n@ré@h under P205. Yield 15.6 g
82% . ' HiN¥mR 2 2.17
gs, /%H, :-H gnmt eS|Cs of 9‘?78 %l%\gtéﬁth&%hencézﬁs‘(& 6ﬁltH3§|_B)
3¢ NMR (® in ppm, CDCl): 15.96 (CH;), 33.13 (CH,), 116.43 (CH), 140.16, 142.16,
143.67.
m/z (%): 206 (100) [M'1, 191 (54), 173 (29), 158 (6), 147 (8).

Synthesis of 3,3’-dibromo-5,5’-ditrimethylsilyl-2,2’-dithienylmethane
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WO 01/47939 /\ PCT/ EPOO/ 13191 The 4, 5-di net hyl - 2-t hi ophenecar boxylic acid
prepared as descri bed above (0.58 nol, 90 g) was heated to 180C until the
evol ution of carbon dioxide ceased. The product was col |l ected and
distilled WOH4R0C. Yield 30 g (46% . 1H NVR (8, ppm CBETEPIBIY, (g

1H C A, 6.82 (d, 1H, CH); 2.42 (s, 3H, CH3); 2.20 (s, 3H, CH3). Synthesis
of 2,3,5-trinethyl-5,6-di hydro-4H cycl opent a[ b] t hi ophene-4-one 0 s A
solution of 10 g of P205 (0.07 nmol) in 100 nL of net hanesul fonic acid (1.54

nol) was heated at 80C under stirri NQgprBA ; M3, of 2, 3-di net htyl t hi ophene
(0.27 mol, 30 g) and nmethacrylic a (0.\35 rml) in 20 nL of CHZO z was
added and the resulting reactj, el /xt e/Was stirred at the sane

tenperature for I.5 h. Then it "was Poured into a mxture of ice and water
and stirred vigorously. The water |ayer was extracted with CH2Cl12 (3 x 50
m.), the organic |ayers were collected, washed with a 10% aqueous sol ution

of sodi umxcE M%ﬁit@nlémhlﬂumw gl 14ty ﬁﬁl&blf Wwipdddyd ¥4 -170°@@8 & Eolutidhest 3ulsey
organi c phase was isolated, dri ed over S04, evaporated off to dryness and

di sti| | eef 3,8, acietabiome:2,3 tdjthienylraethane (782 cmmol) gn 150 9L, of pihspvhe snixpwen

3h, o) Husstsist tor i fifls ey Yapbdndiida %%Mé@%séﬁ.@éﬂpm% st (5
2, 3, 5- t r ofhathdryerd thedyaldedeTtiealeItity MixteRewisOdlloed  tb walnr® trBoth tdmperature,
th| opent al ene) A sol ution of

2, 3, 5- t rihgddll was filleredgfhiand Ahe mpthes selution pyas evanmseed off torgive 4n of wigeh np| )

o Tl 485 SIS L B Sy

over ni g haddeir land thesesuliimgsalutinpdept atn-3686 forol)rledarge aysialswetaiselatel, washedind

wat er, an | ayer, wa {, r was extracted
wrt et niin SR8 sExan i S L Alomoipiilinrd ool @ crts Wiranhond et or
dri ed OVQ{wMédWﬁ{m%éﬂ@NmS;ie@tr&cﬁ ss. The _
2,3,5-trinethyl-5,6-di hydro-4H cycl opent a[ b] t hi ophen- 4-of so obtai ned was
di ssolved in 100 nL of benzene, added of 1 g ofp-toluenesulfonic acid and
was refl f.or act,ion cooled tp ro

enper at SRERGE oF o PeRuopmi i i 2P aﬂ“&%‘é B TRePh e G052 e
or gani ¢ ginsdiRyltAmetlyNiF1-9H-thibnb[34,20:30f]c Rey)ated of f to dryness.
Yield 8 g (80% base oﬁ startlngjketg'g\e) IH-NIVR(g ppm CDC 3): 6.44 (m

1H CH); 3.05 {s, 2H CH2); 2.45 (s, M 50 (s, 3H, CH3): 2.15 (s,
3H, CH3).  Synthesis of Vi
6H-6- (2, 3, 5-tri met hyl -cycl open“fé BI% hil ne) chl or odi met hyl sil ane A

solution of 1.28 g (5 mml) of 2,3, §tr|rrethyl 6H cycl opent a[ b] t hi ophene in
40 mL of EtzO was treated at -70Cvmth313rrL(5 nmmol) of a 1.6 M solution
of n-BuLi. After the addition, the m xture was allowed to warmto room

t enper at Arselution of 03 ) meljof 3,3°-dibromors Sirditrimgtiylsipio2. 3 ddidhienyimethanein 08 mel-
treated %%f\w?s SQdH wHR 0% ﬁ?l3o§ rﬂ?éﬂx (7Bt Rf mbke ﬁo% Oddtﬂltrm ik OctiGh her -
di'tion was coMp a

When the a mxture was tach room

t enper at mu;&umncbsadtmred dok aﬂdﬂfomamﬂ minl ftethe eand tenmpgrateacThenr0.265xhol &f G,
filtered to r rmve C;i, and solvent was r rmv d under reduced pressurg The
crude prwam@ ¥d 6 TeSPERS M puEe Was aflowed fo WaPRJQt ropHy tefiRprature an

Fz)urzbf '( ga§ﬂ§ﬁ§a CI:I\chilMR’Iﬂlg reﬁﬂtm:ﬁ_'%@)ss onW8§1§'ed WO,MP tite %%aﬁﬁ ph%.l';é v&@

Si - CH3) ; separated 4@ comﬂptr&ed C]H{@)remd;;erwatsqslss;daﬁrough a column packed w1th SlOz usmg
Ot 05 2Bt RO S PR el Sl L D o
crystalline or oily-crystalhne solid which represented the desired product. Yield 50-60%. The
crude product can be further purified in ether by filtration at 0°C or by recrystallization from
pentane. The title compound was characterized by "H-NMR and C-NMR spectroscopy.
Synthesis of 3,3’-dibromo-5,5’-dihydroxyboryl-2,2’-dithienylmethane
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76 WO 01/ 47939 PCT/ EPOO/ 13191 A suspension of 0.9 g (4.4 mmol) of
2,5-dimethyl -7H cycl opental 1, 2-b: 4,3-b']-dithi ophene in 20 nL of ether was
treated at -70C with 2. 75 nL of a 1.6 M n-BuLi solution (4.4 nmol After
the additi B 949 esulting mixture was all oned to war m t PGTHERPAEIber at ur e
and stirred for additional 50 mn at this tenperature. Then it was cool ed
again to -70C and added of an etheral solution (10 niL) of

6H 6- (2, 3, 5-trimet hyl cycl opent a[ b] t hi ophene) chl or odi net hyl si | ane com ng
fromthe previous step. The m xture wgsr slo)0 warmto roomtenperature
and stirred overnight. The |igand
6-{(2,3,5-trinethyl-cycl opent
(2,5-dirnethyl -cycl openta[ 1, T , ] dithi ophene)}d| met hyl si | ane

so- obt ai ned was characterized by 1H NVR 1H NWR (8, ppm GC6D6): 6.70 (m
2H, CH); 6.50 (s, 1H, CH); 4.40 (s, 1H CH); 4.10 (s, 1H CH); 2.39 (m 3H,
CH3}; 2.R4.4N. soﬁtﬂon@ﬁ%-)BuL?(ﬁfé rﬁ1316(53ﬁmowasadaeéf’oa(&lut§}ﬂ of@y%) of3,3% 65, 3H
Si-CH3}; 0.07 (s, 3H, was not i sol ated %s 2ol Uti on
was tr ea@t@bramO-ZwEﬂltthﬂylrﬁetB@erf@ 8fmm01J) 16 150 rmBuethier gb+70°Co T hé gnigturerovag .

Then th I I d, st d
for 1 n-soried Tob R0 mih 4 e SR erlhrralfi ot 28 S BIOREL PR T W BRER, L
sal t obt @ehﬂewlerw&nme@ nnecfeadﬁoﬂ %m whd hiRswedoR! with %Qooﬁqghlgéraﬂa}e TheS
mol ) of ZrCl 4 were added. The reaction m xture was stirred room
t enper at igpwting sysaprsien waniregted mithy Kl0aolmnfi al @ovagyeus HE salutions dhecorzamic ce

th th CHES 60%
W th r oo BB waid b 0t 3 Bir A5 Hue BRGTOT 60 bl chaiafla’

byl H NVRo& Iamt tirieb dthpyesuE?ﬁ@MBhaMch&gprbMﬁdd&h@ﬁrude di-boronic acid was used in the

3-chl oro- 2- net hyl - 3- I-2 propenal, Ph Cl CHO 77 VWO 01/ 47939

PCT/ EPOORSKE 8i§R “ﬂthzuhglrt%e‘ asification, Thpéite sompeund wasrharactsnzedby, B-NMRand( 216
m.) of [NEW Stré¥eopMF used as solvent). At the end of the addition, the
m xture was d t% warmto roomtenperature and stirred for 1 h. Then
it was cooled again to OC and treated with 1 nol (134 g) of propiophenone.

The resulti e m Xt to reach roomtenperature and
stirred %WB% Pfﬁ#ﬁ@m’? %s‘h%’lﬂy& Zio\ra(lftg“?yw ﬂ?% of ice and water,
added of sodium acetate and extractedg@ht bALHG]L3 (3 x 150 nL). The or gani C
phase was separated, washed with neutral pH, dried over MyS04
and evaporated off to dryness. |;Lh s distilled in vacuo, b.p.
120C/ 10 torr. Yield 163 g (90%. MR (8, ppm CDC 3): 9.52 (s,1H, CHO;
7.4S (m SH, CH); 2.12 (s, 3H, CHB) Synt hesi s of

4- et hyI 5- phenyl - 2-t hi ophene et hyl carboxyl ate 0 P OEt

Et hyl - 2- gy %Ff@%r@ﬁﬁ 9 b3 21 )i 49 n of
sodi um et hO)%I de’( 5zﬁ?n yé%@ﬁlnt ofm%'?f‘;anol a? 7@&&?@egu %%Plﬂ

m xture (G mmd)s @d5£ of dCl dmf)zt(@ﬂﬂenmpl)r £2G ol 0 DM andr 8 enl. of EtsN were

<t rr i noP e A AR YK o BEIRSMEs el i e oo e SR Bl 1.

L of wat @as pbired aitgarcid,;Glawater Waspkdat lspstéra AT ek ‘mlﬂe 18Rt B béllb%fedWW%shed
extracted vvlth CH2C 2 (4 'x 150 ni The conbi ne iﬂaﬁam c layers were dried
over M:w/r phespheyhacid, ther withewater and Bnallysevaperated otk Thenext

iifﬁwé“ 2%8%’%‘? 8"5‘%@5%?‘1 e o it S, B A sl
aci d o PThe resulting solution was evaporated off, the res1due washcd with hexane and dried to give

0.6 g of diphenyl derivative. Yield 32%. The title compound was characterized by "H-NMR

and PC-NMR spectroscopy.

Synthesis of 2,5-diphenyl-7H-cyclopenta[1,2-b:4,3-b’]dithiophene (or 2,5-diphenyl -7H-

thieno[3’,2°:3,4]cyclopenta[b]thiophene)

j
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OH The 4-net hyl - 5- phenyl - 2-t hi ophene- et hyl car boxyl ate com ng fromthe

previ ous step was added to a 30% sol ution of sodium hydroxide in 1 L of

et hanol and the resulting mxture was refluxed fox 2 h. Then it was dil uted
in water aNP &dPHcted with 200 mL of benzene. The water PFEdSPONEEN '
i solated, acidified and the mxture was filtered. The precipitate was dried
under P205. Yield 127 g (65% with respect to

03-chl or 0- 2- net hyl - 3- phenyl - 2-propenal ). 1HNWR (8, ppm CDCI3): 7.75 (s,

1H, CH); 7.50-7.40 (m 5H CH); 2.37 (s, A4 _BH3). 7s WD 01/ 47939

PCT/ EPOO/ 13191 Synt hesi s of 3-net hy- pfienyl t hi ophene /\ P The

4- met hyl - 5- phenyl - 2- t hi ophenecaPox aetd (127 g, 0.58 nol) prcpared as
descri bed above was heated to 220-239Cwntil the evol ution of carbon

di oxi de ceased. The product was collected and distilled, b.p. 120C 10 torn.
Yield 30.3 g (30%. 1H-NWR (8, ppm CDCl3): 7.60 (d, 2H CH); 7.48 (t, 2H,
CH) ;7. 38 { 6N HBulGolutiond2100mL! b elidl) wasHAdéd to AHohitioh: of%. 20 g (oF:3, 3,
CH3). Synthesis of 2-fornyl-4-nmethyl-5-phenylthi ophene P H 0.35 nol (32 niL)
of POC13ditmerddedipkienyde,4’ elithiehylmethsne (8.65 mmolpin ImL{cfethes at -70°OMet theed as
solvent) ., At .the of . the addition, the mxture | L owed war mt o

7 oom t et Bf e aGifor b Xestp, mixfle oo et F ScfiRpd A0 i ¥ et
treated wiperaturdElHun! 5.6 b€ ayCl,N408hAME]) Wee aﬂdecﬁhlﬁcﬁdﬁql‘ﬂe-reéﬂltﬁnfgﬁﬁﬁmir&w
reaction mxture was allowed to reach roomtenperature and after 12 h

sti rri ngadawedde wasmeo reomp dvmpegatare aid sHed everaightsdbe final spspragion wap pauted was

poured i 1 f 4 r i

et r act eeg ek it bl sl fep b N ang 306 Rty OB BCKEY sl was o
\(/jvi th wat piSﬁethtlirbug(;eut ¢omp I'ﬂ»aclckrdi F}ﬁhO%iETz G@l@gﬂemd/m{&?ﬂp#all/ﬁhwﬂheﬁts() The
ryness. The residque was crystallized. Yie 60, 2 85% .. 1H NVR (8, .ppm
CDC13): YSBing solufep Wm%pogqt@zoff  Togip a m}quevwb@hgmow{%d Kith hexgne apd 39

(s, 3H Rhesi 7 / K o % was b rylic
aci d coz;g@ 5 %%sgﬁ?icrgitﬂg?ﬁé% ida ﬂyﬁﬂ-g éitrﬁﬁ’gﬁiﬁ%‘! gp%)?ml;e’lﬂﬁé figt A AR
rnol ) andieiviitlang HiCoNYR sggsictsoseopy.{ 0. 12 rnol, 15.5 nlL) was added to a :

suspensi @n_of .Zn. (7 0 mol ), .in 150 nL of benzene with a catalytic
anount ogyiég?lﬁf)fﬁ'%&l?yé's{]ﬁq %}Wéhe&fe was refluxed under stirring while
all amount of Zn will not be dissol ved, an@rsubsequently dissolved in
water. The 79 WO 01/ 47939 PCT/ EPOO/ 1 organi c | ayer was i sol at ed,
washed with a 10% aq. sol ution of ed over MyS04 and evaporated off
to dryness. The residue, corresponding to

2- met hyl - 3- (4- net hyl - 5- phenyl - 2t hi enyl ) et hyl acryl ate, was used w t hout
further ;l)urification in the synthesis of the related acid. In fact, it was

added t olandedZihiopheecarbexaldshydsowayaddagd e 2R inad of pulhgrized AKH: waden plisringnd

£l q N . ti . . i ,
ot i 11 koMo R, i Mo PRI O ll of M Bl b B bbbl £
(65% . 1kblMified; Fhenph2mdIREHIYMiné. Wik ¢ssefullyladded) dropwis® uhd&Gstitring. IvhenGik;
7.20 , 1H. ;. 2.40 , 3H, ;. 2.20 , 3H, CH3).. Synthesis,_of

2- et §§| a@jwcﬁ%ashwmslﬁ ﬁeﬁmngz%ymﬁibﬁ? ot&aﬂwc%ébﬁy%@ﬁ? %%Bguﬁeﬁrhe
desired ZompleRl). TRis(bHaRLBRYdncS wab ?Bﬂﬂed Znth 3l ARAIre of 1dd OBARE) MdAbchfdRic

obt ai ned by el éectrochem cal reduction of

2- met hy| add (W0mak32%)5theh 80§ mIDof CH Ay Whsadded. Theawgahic piage was sepasated and

the solvent removed. The resulting substance (4-bromo-2-thiophenecarboxaldehyde) was

dissolved in 700 mL of di(ethylene glycol) and the so-obtained solution was treated with 5.5
mol of hydrazine hydrate. The resulting mixture was refluxed for 30 min. After cooling up to
room temperature, 2.75 mol of potassium hydroxide was added. After the gas evolution was
over, the distillation was started and the fraction before 150°C was collected. This fraction

represented the mixture of water and desired product: the organic layer was separated and
distilled at 60°C/10 torr. Yield 52%.
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1H NWVR (8, ppm CDC13): 7.50-7.30 (m 5H, CH); 6.70 (s, 1H, CH); 3.30 (dd,
1H, CH); 2.90 (m 2H, CHz); 2.30 (s, 3H, CH3); 1.30 (d, 3H, CH3). Synthesis
of 3, 5-di met hyl - 2- phenyl -5, 6-di hydr o- 4H cycl opent a[ b] t hi ophene-4-one O P A
sol uti on oWON@7W® P205 (21 nmol) in 30 ni of met hanesul f AGTEPAYIHIY 0. 46
nol) was heated at 80C under stirring. A solution of

2- et hyl - 3- (4- net hyl - 5- phenyl - 2-t hi enyl ) - 2- propanoic acid (65 mmol, 16.9 Q)
inm 20 nL of CHzZClz was added and the resulting reaction m xture was stirred
at the shIEMR@RppCDAER): 6995'(dh1ngns 69 (qNElH PR)ReR (W31, @HJ) xture of ice
and water and stirred vigorously. The water |ayer was extracted with CHzCl z
(3 x 50 mthesmhef%wmlﬂ-ioawl-ﬂnwmecol | ected, washed with a 10% aqueous
sol ution of sodium carbonate until neutralggH and finall y with water. Then

t he organi ¢ phase was isolated, dried MyS04 and evaporated off to
dryness. Yield 6.3 g (40% . 1H NWR ppm CDC13): 7.50-7.40 (m 5H, CH);
3.40 (dd, 1H, CHz); 3.05 (m 1H, ; 2880 (dd, 1H, CHz); 2.55 (s, 3H CH3);

1.40 (d, 3H, CH3). 80 WO 01/47939 PCT/EP00/ 13191 Synthesis of

3, 5-di net hyl - 2- phenyl - 6H cycl opent a[ b] t hi ophene (or

3, 5- di mephyé a2ebiaid of 7 HuTP PRI ALEO S rﬂc)lrvsgs ARAl HLH6T B a stirred solutlon o

3, 5-di net hyl - 2- phenyl - 5, 6- di hydr o> 4H cycl opent a[ b] t hi ophene- 4- one

26 mmol ) 44.26 251 2tmeshylet- h@mqmphbmmwsmdem 3@ mlmfleﬂter Grtheaésulting Sdlut(oﬁ 5 g,

13 | 50 f th Th L i i
oo Dour HES Kt ggerttietng & 5505 &2t fort 4 e fad spediaes. Spated A2 B o6
whi | e t hginylyforhaniie (@vg@ nﬁﬂ)t 1&131%% ¥ therS TSRy B QlIBkd toWBnERTRbRed

organi c | ayers were washed wat er, dried over MyS04 and evaporated off
t o dr ynetempemtue, then neutrahzed W1th 10% aqueous solution of NH;Cl, washed with 10%

3, 5-dine dj 4H-.c opent al bl t.hi en- 4- of oobtalned
was di ss%‘?"‘:/?e%s fcﬁ&io%é’frﬁépq? %“gyg%alil ﬁ’@%’ 1 “% ?l pJPt u?—fﬁgg‘ﬁp BRi8aci d
and was ¢dlfected e @vdporateddoffi #nd diaehed heu@’@m:mﬁﬂg] Xidld 22V § g@@d)eq‘hé QitleOOM
tenperature and treated with g saturated aqueous solution of NaZC03. The

or gani ¢ f¥ERQIngys chapcierized by, HAYMR, eectppeoy. and evaporated of f to dryness.
Yield 4.66 g (80% based on the starting ketone). IHNWR (8, ppm CDC13):
7.50-7.40 (m SH, CH); 6.50 (q, 1H CH); 3.20 (d, 1H CH2); 2.60 (dd, 1H
CHz) ; 2. Sgnthesis 8f2,2’cliNcthyl-6& -dithieSyIme@iddle. Synt hesi s of

6H 6- ( 2- phenyl - 3, 5-di net hyl - cycl opent a[ ] t hi ophene) chl oro di et hyl sil ane A
solution of 1.70 g (7.5 mmol) of 3,/B-¢I | - 2- phenyl -
cycl opent a[ b] t hi ophene in 40 my, t O &qted at -7OC with 5.0 nL (8

mmol) of a 1.6 Msolution of n-BuLi S AfterS the addition, the m xture was

al | oned 113 M@ dP1tEM ABRLE mmamfoqrsqnamebag hidedaqs afsenmbn bf31T @?%flztm&ﬁﬁ 400l ed
again to -70C and treated wi th sol uti on of 30 of Me2Si C12

in 10 nibigmasthipphenen:h7% mlhwlléomvﬁsetb@nw 'ew&l unslprestmmg uIbe wesylting owed

to reach an t r \V e resu act

m xt ur e SJI&?HH‘TR'? §{E{‘ “'rnc!)' ea%Lél’-dCI an@ s "" anvgatlg’e'? gﬁ%%‘i‘%dl.?%ggg tld%ced
pressur emeﬁiye4qu@&>tm6ﬂtane 0.042Bmasaa 1a@nﬂm?wieﬁ THiEmRQIE was Slfowdd! tb arm
further PUI’I fication. WO 01/ 47939 PCT/ EPOO/ 13191 ' H- NWR (

C6DB) : 7GR tompEIFiure; Fherm}ltralezeﬁomehﬂ /braquegys solytiam of %TH@l—mdomshetg w% (s,
3H, C"B) %'ZJI‘hQSorgéxlﬁ'c Fh8R% wis Sphrated Shhd Jvafdtbd. Fhd2clule Bibl2-mbi§ih) -

Synt hesi s 0
d| met hyl ﬂuéwl){r@tl(aﬁelp(hehgI-dﬁnfﬁhm%tdlﬂﬁengwdﬂmpeﬂmM$ bbtainedphene) - 7- (2, 5di et h

- cycl Ogﬁ A aénflog %%53 £ H.&;réﬁ%llt cfp%%? 1n ZIIO{)Cn?fI 'Imgﬂgeir (i;msoa{cfdgc? slcc:;vv%}9 téb\ a

suspen5|
2, 5-dine nﬁf]!@[]ﬁl | f was
treated 21{&)5&17%63 gmﬂgjh%4 ?0 %ém%‘l)bnﬂnwguliﬁh g&ﬁ?fgﬁ@ (r gsf&ltIHg 3 x)tlﬁ{e%?{s er

t he addi treased withdghe etduﬂqn o@thmcntbmoé (obxsmed hodesdribes abave) ind 00 guknetherireat ur e

a1 S SR S o Bl | PSS s Nekberti O ¢
6H 6- (3, ﬁr‘tﬂéqﬂéhﬂyhdc@d ebeowhgy@ﬂ@hﬁ@&étﬁte] Tﬁunqphemméﬂ WIR S0O RN Witk

comng fromthe previous step. The m xture was allowed to warmto room

t enper at 39Q@minef elbary Thﬁjowmhgm wasTerdlertedavieshed pith, waten, deedhy Mgﬂ%md

cycl opent a[ b] t hi ophene) } -7- { (2,5-dinethyl-cyclopenta] 1,2-b :4,3-b

] di t hi ophene) } di et hyl si | ane so- obt ai ngq was characterized by 1H NVR
"H-NMR (S, ppm C6D6): 7.60-7.10 (m 5A* CH); 6.85 (s, 1H, CH); 6.80 (s,
1H, CH); 6:50 (m 1H, CH); 4.37 (s, 1H CH); 4.10 (s, 1H CH); 2.38 (d, 3H,
CH3); 2.37 (d, 3H, CH3); 2.36 (s, 3H CH3); 2.12 (s, 3H, CH3); -0.05 (s,
3H, Si-CH3); -0.16 (s, 3H, Si-CH3). The ligand was not isolated: its
solution was treated at -70C with 8.2 nL of a 1.6 MnBuLi solution (13.1
mml) Then the reactlon mxture was aIIowed to reach room tenperature and

r —— o o

@)



WO 011 47939 PCTI EP00113191 1H NMR (S, ppm CD2Cl12): 7.44-7.36 (m SH, CH);
6.86 (q, 1H, CH J = 1.24 Hz); 6.73 (q, 1H, CH J =1.24 Hz); 6.56 (bs, 1H,
CH; 2.63 (d, 3H CH3, J =1.24 Hz); 2.50 (d, 3H, CH3, J =1.24 Hz); 2.35 (s,
3H, CH3): YOYATS9 34 CH3): 1.22 (s, 3H, Si-CH3): 1.14 (FCTHROVEI9GR) .
EXAMPLE 28 Synt hesis of 3-chl oro-2, 3-di phenyl - 2-propenal Ph CI Ph ECHO 0. 25
mol (23 nL) of POCLl3 was added at 0OCto a 0.3 nmol (23.5 nL,) of DMF. At the
end of the addition, the m xture was allowed to warmto roomtenperature
and sti revagorfated off. [TheThedud Wwasdistiltabhted+a pefidq0.5 aniHgaitld 28atge@®3%4)! The. 1

mol (19.6.9) of deoxybenzoin. The resulting reaction mxture was allowed to
reach ro'é‘ilﬁ‘E%‘Fﬁ?élp‘it”lﬁ?é}}ar%‘{t?f%zfeééyflé?%sﬁe%os?%' sanme tenperature and
subseque _ G 02l AV u | Tt ur e
of 1 oo el 8 Rkt B clenehtal2, P o JelGn G KoF .6 By LI, 1
was fil tehiarb[30Ri: 23 edopeniti[b]thivphen®t hanol and hexane. The residue was
crystallized. Yield 18.5 g (76%. 1HNVR (8, ppm CDd 3): 9.70 (s, 1H,

CHO); 7.60-7.20 (m 10H, CH). Synt '
4, 5-di phenyl - 2-t hi ophene- et hyl X cR, Et hyl - 2-ner capt oacetate (40
mmol, 4.4 mL) was added at OC to a Solutidh of sodium ethoxide (42 mmol,

2.86 i »Of: | | 1] j X4 i h
camn Lhh3 BT i ER PR A HIERRERC i) yH ORI P It SR pyd
mol , 9. &ddg)l ofad nddd€ch h6AMSblutivh d mmf iqmﬁuirmﬁetj an&e::frll?@hg of TMEDASUS ti ng
i 0p 4 heated at,50C for 2 h, t t
Cenper at BHPTh LSBT FTT06, Hhe GEoines P "08 GHie et MERo® TR
cont ai i Aghrdire Sriplel 161 Yo XbbRA'eE6n Wb LB dhciel with Al7)g o 0ECEH Q! Ned
hed h NH4CI/ wat and

organi c |l ayers were washed wt er, dried over MyS
evapor at sxhad). fThe gestitingarsactionl meixBné wds pioieito was togoomsttmpératnegarfdr asided

1 0, . _ .
nexane. Y10l 8 92 e Bl Qanid bbb et Soniln 0GR i Y12 Sl O
4, 5- di phgitiyd gel-THY reaeResoitayas eﬁzaﬁ&bt@d 88 to giWe (034 ¢ 6P@8 pRoduc Yihéld 34%.
PCT/ EPOO/ 13191 The 4, 5-di phenyl - 2-thi ophene- et hyl carboxylate (3.6 g, 12
nmol ) comhbtle saspraund wap eharesterized by ﬂd@l\@meﬁrqs@pa- 30% sol ution of sodi um
hydroxide in 20 nmL of ethanol and the resulting m xture was refluxed for 2
h. Then it was diluted in water and the water phase was acidified. The
whi t e pr Syathesinof2-othyhd+bardmocthidphlenher ed and dried at 80C. Yield 3.16 ¢
(94% . 1H-NWVR (S, ppm (CD3)2S0): 7.80 {s,glH, CH); 7.40-7.30 (m 10H, CH).

Synt hesi s of 2, 3-di phenylthi ophene P P

4, 5-di phenyl - 2-t hi ophenecar boxyl i c aci 8 g, 0.1 nol) prepared as

descri bed above was heated to 220-280C \sitil the evol ution of carbon

di oxi de ceased. The. residu s, diluted i ter apd.extracted with 1Q0 nmL
of “bens k&l shislppaimpRen e 41t 8k oS CHGa Al Sou G emsign et o

gi ve t he2smyditoFlAICRSA lmmﬁE%ECPMl?b&&gtiﬁ%%ié Jihe tebiibeMi¥ife(bBlowpduvC. APC13) :

7.35 (d, 1H, . 7.34-7.26 (m 10H, CH); (d, 1H, C A Synthesis of
2- f or my| the, endqefpthe pdditiono hpRanel pf Browes carefully added dropwise under stirring. The

resulting mixture was stirred overnight and then was poured into a mixture of ice (0.5 Kg) and

hydrochloric acid (100 mL, 32%). The organic phase was isolated and the solvent was
removed. The resulting substance was dissolved in 700 mL of diethyleneglicole and the so-
obtained solution was treated with 5.5 mol of 100% hydrazine hydrate. The resulting mixture
was refluxed for 30 min. After cooling to room temperature, 2.75 mol of KOH were added.
When the gas evolution was ended, the product was distilled. The fraction under the
temperature of 150°C was collected. This fraction represented a mixture of water and product.
The organic layer was collected and distilled at 80°C/10 torr. Yield 45%.
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H POC13 (80 mml, 7.32 nL) was added at 0OC to a sol ution of

2, 3-di phenylthlophene (18 g, 76 nmmol) in DV (18 nL, 0.23 nol). At the end
of the addition, the reaction mxture was allowed to warmto room
terrperatur@’(hﬁd”?:@fl uxed for 3 h. Then it was cool ed to r FSHERBPEORL ur e
and poured into a mxture of ice and a 10% sol uti on of sodi um hydroxide in
water. The oily precipitate obtained was filtered and washed with cold

met hanol and hexane. The residue was crystallized. Yield 15 g (75%. |H NWR
(8, ppm 'HORMARIE, pBmd EDC;): 20605 (GHE), HSY, &26 (5 1H} H3);,3:86 (qf 2HOER, )3 3.331, 3HQH,
CH). Synthesis of 2-nethyl-3-(4,5-di phenyl-2-thienyl)-ethyl acrylate 84

WO 01/ 47989 P p COzEt PCT/ EP00/ 13191 A ni xture of

2t LS{Wlﬁhgﬁnsggr@ﬁﬁgpp&?gw% tﬂﬁégﬁi@m@%ﬂdﬁ to a suspension of Zn

(4.25 g, 65 nrnol) in 100 nmL of benze a catalytic anount of I1Z. The
resulting mxture was refluxed_unger \\stir while all amount of Zn will
not be dissol ved, and subsequeﬁttly i in water. The organic |ayer

was isol ated, washed with a 10% aqg. solution of HCl, dried over MySO4 and
evapor at €ke gfethyl-6-brnmoeréyepher ebeingd du ghenprevigns srep wey digsolyed dnte 120gnLsdnzene
and was i u I S f r

Foact  or itk vl bkt vl €pifhd SERTML NG, 0 D (MOt '8

sat ur at efbactipneralisurs aldst stived @iveliighCtBen Wae vaismnwnh 306 3AL Wi Swaterodrdt fighllydr i ed
over MgSO4 and eva orat ed off to dryness. Id 17.6 % (90% . 1H NWR (8,
ppm CDCExigacted wath (H,C zxﬁhe emamcphm waszss;pwﬁ eredired gressire. 1@12)

2.30 (d,
2- et hyl %@4%@#83 ny? ¢ h| enyl Lléeg%ﬁ? 5?2? | 3ﬁéhexa&§2aﬁ elyent. The solvent
2- et hy| was fethoSedangltheigdsirad piottent waj olbthingd asayeﬂlyWamleY(ekB9(H/og, 54 nrnol ),

rycr oxt a0 P BTN tandt, CREah s 30 0 Mhasd i & o BB T on

m xture yagdhutag).i n water, aC| difi ed and filtered. The precipitate was
dri ed under bzos ield z2.1 /%1 "H NVR (8, ppm (CD3)2S0): 7.8S (d,
1H, CH); Synthesig of Z,Qﬂletmmryqlop@nta X-hi4,3:bH- ltmpphezne15 (s, 3H, CH3).

Synt hesi s of 2-nmethyl-3-(4, 5-di phez~yl -2-thienyl)-2-propanoic acid P p COzZH
The desired 2-nethyl -3-(4, 5-Bi phenyl - 2-thi enyl ) - 2- propanoi ¢ acid was

obt ai ned by el ectrochem cal redy Y piEhy| - 3- (4,

5- Bi phenyl - 2-thi enyl)-acrylic acid. Yj’ ~S 100% 1H NWVR (8, ppm

(CD3)2S0): 7.30-7.15 (m 10H, CH); CH); 3.10 (dd, 1H, CH);
2.70 (rn, ﬂmo%\'é%)o 1 fhiol O ig -m%‘%m%@ dle%%lla 2““818%%11?1 fkfihnE gﬁ&? AR/ dPdme:

Synt hesi
5- et hyl wzs Fegled BeRyI°Cowlih di23ydobeiA-BaLL: | ApBe tead bf the aidittone the- mbhaure was

stirred for additional 30 min at the same temperature. The white precipitate of the dilithium
salt was formed. Then 0.265 mol of CuCl, was added quickly at —70°C. The reaction mixture

"‘U

was allowed to warm to room temperature and stirred for 12 h. The resulting suspension was
poured into water, the organic phase was separated and concentrated. The residue was
recrystallized from ether. Yield 25%.

'H-NMR (8, ppm, CDCls): 6.86 (m, 2H, CH); 3.74 (s, 2H, CH,); 2.98 (q, 4H, CHy); 1.38 (¢,
6H, CH,).

EXAMPLE 1

Synthesis of 2,2-(3-methyl-cyclopentadienyl)-7-(2,5-dimethyl-cyclopenta [1,2-b:4,3-b’]-
dithiophene)propane
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P A solution of P205 (2.6 g, 18 mol) in 15 nlL of nethanesulfonitc acid
(0.23 nDI) mas heated at 80C under stirring. A solution of

2- et hyl - 5-di phenyl - 2-t hi enyl ) - 2- propanoi ¢ acid (18 mol 0 g in 20
m. of CHZCW ‘Wég”added and the resulting reaction m xtur ePﬁE@Pg‘t’F’i?led at
the sane tenperature for 15 mn. Then it was poured into a m xture of ice
and water and stirred vigorously. The water |ayer was extracted with CH2Cl2
(3 x 50 nmL), the organic |ayers were coll ected, washed with a 10% aqueous
solution of sodiumcarbonate until nepix@l pH and finally with water. Then
t he organi ¢ phase was isol ated, dried~gver MyS04 and evaporated off to
dryness. The residue was passed thrqgygh a colum packed with silica gel 60
by using a mxture hexane/ethyl acetatg 5/1 as eluent. The evaporation of
the red fraction was given the crys ch product Yield 2.18 g (40% .
1H-NWR (8, ppm CDC13): 7.40-7.26 ), 3. SO (dd 1H, CH2) 3.05

(m 10 @% ngﬁpégﬂ%%utm%??&%éﬁgﬁcﬂ Wﬁ?%dﬂﬁqﬁ_% —7(00 0 28ShEoir 1.03 ¢ 5

5-di rrettmhro 3fJI THERRPRAE] 16118Y, 35 R dBhidpBéteUin 20 ML of ether. Th
5- et hyl - 2Ej(;nyl hgq—G dr}ﬁ%ro [4I’-|- cycl orﬁ))ent an] tehr ophene- 91 c?neer 6. %8 g,

20 ol )reSLﬂtergnmEcumfwest stisredyiiar additiona) 3Qdmeoatt08Cath§ulcaoled Rgain toi-A014) apd. 33

uspens SRRy B A rmbh O By ond Y5 A ooty S By Mg o,
was i sol wiellowstlitd §ath @o Y&5nE kerhpiyAiire\Aa8 ﬂeﬁtrfeat‘atiewtm tsdtuﬁteaaqtléo%s %olafloml ) .

The conbl ned organic | ayers were washed with water, dried over S04 and
evapor at ¥dNi4 ’? Q;g%gggasemélsolated dried by MgSO, and concentrated. The residue was

%?éf‘iéoﬁﬁaﬂﬁ%‘t@%"tﬁ? F g R B B B S PR o

and was NMR speettoscopy. 10 m n. Then the reaction mxture was cool ed to room
tenperature reate th a sat ed aqueouys_solution of Na2C0 The
organi c %@e%ésquapglrga { (A-methy, @wﬁ enyin7-E2imethybieysiopenta %Ehzyness
giving t ?ﬁﬁ% g (60%wth respect to the
starti ngﬁl&estct(;) %ﬁkd?g%ﬁ%‘gg glghﬁ)‘&%eg)gm 13191 01I—I— NVR (b, ppm CDCL13):

7.40-7.20 (m 10H, CH); 6.48 (g, 1H CH); 3.24 (s, 2H CHz); 2.24 (d, 3H

solution of 1.28 g (4.4 mol) of 5-ne -2, 3-di phenyl -
cycl opent a[ b] t hi ophene in 40 xnL of g, s treated at -70C with 3.5 nL

(5.6 mmol) of a 1.6 Msolution of n-Bu r After the addition, the m xture
was allowed to warmto roomtenper stirred for 1 h. Then it was
cooled again to --70C and treat ion of 1.30 g (10 mmol ) of
Me2Si C12 diti | eted, the gnixture
vas al | ohedrk 8t oM p-Bultiastietl Bthin afRe TGRS ylibensiiitod DHE Tng
reacti on(ingsxtrmel)Was 4,21(3-edede1chclbpumtideentd) Gl (2a8inteey -5 Rl hta 12 5:4, 8T ed

under reduced pressure, The _crude product was used as such in_the next step

Wit _hout dithienhere)pipppng BadQ Bk oflrvhwwﬁhr guixtyrmvascalisgyed tp waymytogfC #ad thep
Si - ’CHS) 5@65( %at%(ﬁm 4§3g gﬁ@é %:gdiz{toﬁ' 2;11?%4 J fhgzg'cgﬁttbﬁ?ijﬁts Itr.‘i’g‘ﬁ%as r%ﬂt%?ed( ﬁndeisH

6 ( 5 met ftirting f@-3h pﬂhem yte- w}lobvopeﬁpmitb]vstab Iﬁhpi'eénw)aslﬁd(tﬁadidhﬂnbﬂhyﬂ, deigd langpent af

(42 rchalshesy %ﬂhr%@%?c?wﬁ:c&ﬁﬁeﬁ?atgaéw e mpoysd WRoIHEREAd 30 i

of et herpyasNMR 70Cwith 3.0 nL of a 1.6 Mn-BuLi solution (4.8
nmmol ). After the addrtro% the resulting mxture was allowed to warmto
room t enBXAMPEE 2and stirred for additional 50 nin at this t enper at ur e.
Then it scooled gar to-70 apd adgded of an et her.al

of 6 6 Sy - 29 o hartnpriaeh oo ratb Seipre e Rms Dot e At
com ng f g ft-,tifa[pmvx leg]-aitﬁﬂph&hﬁ I}thﬁhﬂﬁ%lé’lﬁéﬂde cH{P 01/47939

PCT/ EP00/'13191 al'lowed t0 warm t o oom tenperature and stirred overnight.
The ligand 6-{

(5-net hyl - 2, 3di phenyl - cycl opent a[ b] t hi ophene) }-7-{(2, 5-di met hyl - cycl opent a|
1,2-b:4,3-b'"]dithi ophene)} dinethylsilane so-obtained was characteri zed by
1H-NMR 1H-NWR (b, ppm C-.D6): 7.60-7,90 (m 10H, CH); 6.85S (m 1H CH);
6.80 (m 1H CH: 6.60 (m 1H CH): 4.35 (s, 1H CH); 4.10 (s, 1H CH);
2.40 (d, 3H, CH3); 2.38 (d, 3H, CHS), 2.05 (s, 3H, CH3); 0.05 (s, 3H,
Si-CH3); -0.20 (s, 3H, Si-CH3). The ligand was not isolated: its solution
was treated at -70Cwith 5.6 nL of a 1.6 MnBuLi solution (9.0 mmol). Then
the reaction mxture was allowed to reach roomtenperature and stirred for
1 h. The sol vent was rermved under reduced pressure and the dil |th| um salt

I AL 2 - o — e~ I — o ~ o~

CH3). Synthesis of
6H 6- ( 5- et hyl - 2, 3-di phenyl - cycl opent% hi ophene) chl oro di net hyl sil ane A




ci P ECHO 0.375 nol (35 nL) of POCl3 was added at OC to a 0.4S nol (35 nL)
of DMF. At the end of the addition, the mxture was allowed to warmto room
tenperature and stirred for 1 h. Then it was cooled again to 0C and

careful ly WQ&EHBMNith 0.15 nol (20.1 g) of phenyl acet one. PGHEPOOAZN | ng
reaction mxture was stirred at the sane tenperature for 1 h. Then it was
poured into a mxture of ice and water, added of sodium acetate and
extracted with CHC13 (3 x 50 nL). The organi c phase was separat ed, washed
with water until neutral pH, dried over S04 and carefully evaporated off
to dryness. The residue was distilled vacuo, b.p. 90-110C/ 0.21 torn.
Yield 10 g (379 . 1H NWR (8, ppm CDC 10.50 (s, 1H, CHO); 7.40-7.00 (m
5H, CH); 2.20 (s, 3H, CH3). 88 WD B4 B39 PCT/ EPO0/ 13191 Synt hesi s of

5- et hyl - 4- phenyl - 2-t hi ophene- et hyl car
Et hyl - 2- mer capt oacetate (45.8 mmol
sodi um et hoxi de (46 mmol, 3.13 0 t hanol and the resulting

o0 . t : nano. _
Lo o3BT 163 BN SoRAE (46 TRAOH S 50480 a13 90 B a Lifinsion of 0,652
cont i nue@.@vemmwiyhof ZRe(3rmathylidyappentadienyl)- W S5-diahéthylayclbpent 112-b:¢8e’pd to
ol I ect oBTiAUREnRIBRaanG in PO il of st I 4eixaie iee Allepiooneam fo 85 ng epne
combi nedygg gaRbEwltB0Y4Ss 0 finthl) FHRLE ThEILdon BUARE Wik SFBREE uhGer i s

an;d the residue was used in the next step wthout further puriftication.
The tit | érdohgpibem thenpallovhpresipitatei wasdfilteyed] Mashdd tyiex withsattry dricdyandnfisdlly of
5- et hyl - 4- nyl, +2-t i e Xyl id.P O OH The . 1

S~ ot byl TR o HRERCREED A8 AR, T Siie ot Yeecshersperipry B
step wasmq_i_dglgbchﬁso@pﬁO% sol ution of sodium hydroxide in 00 nL of ethanol
and the resulting mxture was refluxed for 2 h. Then it was diluted in
wat er anEXAMPEFEi3d with 50 xnL of benzene. The water phase was isol ated,

P205.  vi SYARgi B2 Rt el kb el 7 RS bl BB .ol
CDOCillithiophén elH COOH); 7.90 , 1H, ; 7.50-7.40 5H, X
I[2”0?)]5 (s,TB)H, p%eﬁfi'ogmrl]t esi.s 0of 2-nmeth (:-53- 51 ncm% phene P TI(’lgl -
5- met hy| -4 SHBRPrecse g‘-’ﬁi %ﬁﬁ‘é??é‘c d BB‘?(?W%"S%WS ’?Ed“’éﬁ 38'."’2’5“’%"3‘1‘?%5’9}:75(% as
descri be@ir@éﬂ@l—%y&l@ﬁer@@ﬂt,ﬁﬁ:%ﬁb’a?d@d'lﬁg&ew}éﬁdnetv%@ fayﬁeggg&rbeg{w)? ar bon

di oxi de ceased. "The product was col 'ected and di st , b.p. "117C/ 10 torn.

Yi el d 30Synthesis) . oo  iswpropylidead PCIAtdbmethybeglopetidienylB7-(hiHimehgk3) -
745 (M o etel[1,2 5:3 35 dithibphent) }zirconiut dichldride 012 2 °° (S, 3H- CH3).

MQS zI‘Clz

S
=

3.13 ml of 1.6 M n-Bul.i solution (5.0 mmol) was added at —70 °C to a solution of 1.03 g (5.0
mmol) of 2,5-dimethyl-7H-cyclopenta(1,2-b:4,3-b’]dithiophene in 20 mL of ether. The
resulting mixture was stirred for additional 30 min at 0°C, then cooled again to —70°C and
treated with 0.67 g (5.0 mmol) of 1,3,6,6-tetramethylfulvene in 10 mL of ether. The reaction
mixture was allowed to warm to room temperature and stirred for 8 h. Successively, it was
cooled to —30°C to add 3.13 mL of 1.6 M »-BulLi solution (5.0 mmol). The mixture was then
allowed to warm to 0°C and treated with 1.16 g (5.0 mmol) of ZrCl,. The reaction mixture
was refluxed under stirring for 3 h and 10 mL of CH;Cl; was added at room temperature. The
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Synt hesi s of 2-fornyl-5-nethyl-4-phenylthi ophene O 0.166 nol (15 nlL) of
POC13 was added at 0OCto a 0.5 nmol (39 nL) of DM. At the end of the
addition, the mxture was allowed to warmto roomtenperature and stirred
for 1 h. THO4Ras cool ed again to OC and treated with FCHEPAYI3IN
phenyl t hi ophene (29 g, 0.166 nol). The resulting reaction m xture was
allowed to reach roomtenperature and after 12 h stirring at the sane
tenperature was heated at 80C for 2 days. Then it was poured into a m xture’
of ice ootutivatwess aoldteddcademfataibatiditie aedduzt was Ehﬁ/sqarlxzed [itotra Cil,Sh/hekdrel ned

was fi It wi th water and subsequently w_th_ hexane. The yell ow
powder VIS FEA Yo bitedon - Sruslad- e pauplL bl RIGBIOEH)- COC15) o 6
(s, 1H, Eﬁ (s, 1H, CT); 7.55-7.40 (m 5H CH); 2.55 (s, 3H, CH3).
Synt hesi hyl - 3- (5- net hyl - 4- phenyl - 2-t hi enyl ) -ethyl acrylate P

COZEt A Suinthesﬁsaoﬁﬂ,Z-BS—isopmpyl-Eyultqiehyddiehyp)l#b(ms-ﬂhhajlybcg&ld;&itzﬁ[lg&-bQ,thﬂ- nol )
and et hy|.-2bronopropi onate (0.14 nol, 18.2 nL) was added to a suspensi on of
Zn (9.8 h‘BPl_‘L‘B‘e M€, 550 nl of benzene with a catal ytic amount of |2.
The resulti ng m xture was refluxed under ystirring while all amount of Zn

wi |l not be dissolved, and subsequent /.“\. ssolved in water. The organic

| ayer was isol ated, washed with a 10%¢. solution of HC, dried over MyS04
and evaporated off to dryness. The rgg] due was used wi thout further
purification in the synthesis of the rlated acid. The title conpound was
characterized by 1H NMR spectrosco ptifesis of

2- met hyl - 3- (5- net hyl - 4- phenyl - 2-t1rs .’v ic acid P S/~COzH 90

03, R i e S PR
sodi um hyeot)X bfle2,5-HinRRRy L TE- qfclcgfehﬁ[lqi-baLBdb’l]aiﬁmmdxef r 20 hL Shedteesthé | ng

reaction mxture was diluted in water, acjdified and fjltered. I3
preci pi t5PUDG MR was, fied fop@dditional 30 mig a5 45C W%oea%é&gyﬁ to —70°C and

2-fornyl I h
Gy: 7 SRR 0 M8 CRlol) B3R rony B ReGIBRR i FD il op e, Ko o
3H, CH3) xeaﬁimtmms mfs allowed toywarde (o&onmtthmperampdwmwem tredted with )a-@tupatedp anoi ¢

id P QQzH Th thyl - 3- t h t
or opanol st SqftESh L6 LT, e et omiant cufs PRI Gied S MdsT ana
2- met hy| cooéritrated, hle- résiatie mak -r3cr§/£thlﬁ@6tl_ ﬁ'@ﬁlr hidrafie.a¥icld 0N5efq48%). TAitle H NVR

(8, ppm CDC13) 7507205} 6.80 (s, 1H CH); 3.25 (dd, 1H,
;2. Mwnﬁunéwaseil@cte@eé y HNMHSPG%OFGOPY 30 (d, 3H, CHS) Synt hesi s of

2, 5-di nme§ s phe t

sol ution %% g of 20?l @gbarymﬂﬁ?{l n @%’ﬁ‘?@gﬁﬂ %&F’hgﬁ%g aC| CFQIC@ 46
mol ) wascyehieath[HR2-1B4,S-hijrdithiocphérid)i}Rigcontumalickiloxide CE2

2- met hyl - 3- (5- net hyl - 4- phenyl - 2-t hi enyl ) -2- propanoic acid (65 nmol, 16.9 Q)
in 20 nL of CH2O z was added and the resujting reaction m xture was stirred
at the same tenperature for 1.5 h. Th {t was poured into a m xture of ice
and water and stirred vigorously. Th er layer was extracted with CH2C z
(3 x 50 nL), the organic |ayers were,c ct ed, washed with a 10% aqueous
sol ution of sodi um carbonate until nedtra 2 pH and final | y with water. Then
the organic | ayers were coll ected, } €r MyS04 and evaporated off to
dryness. The residue was passed m packed with silica gel 60
by using a m xture of hexane/ et(k%l) acetate = 3/1 as eluent. The evaporation

of the r%as mlaef 1.6 M wdiildselation (fe0 mimo)) wasadded at y7Q9Cd taja guspernsizgoaf 1.06-8 NVR

G - PBGTh  LSebictmhinly o Sl ffBhcugh 254

d1th10phene)propane in 20 mL of ether. The mixture was allowed to warm to 0°C and then

was treated with 0.7 g (3.0 mmol) of ZrCl,. The reaction mixture was refluxed under stirring
for 3 h, then the yellow precipitate was filtered, washed twice with ether, dried and finally
recrystallized from CH,Cl,. Yield 1.24 g (80%). The title compound was characterized by 'H-
NMR spectroscopy.
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WO 0

nmet hyl - 3- phenyl - 6H cycl opent a[ b] t hi ophene (or

met hyl - 3phenyl - 1-t hi opental ene) P S A sol ution of

i met hMOQ-B43988ny| - 5, 6- di hydr o- 4H cycl opent a[ b] t hi opheRCTAERHEIPY 4 g, |

mmol) in 50 n of ether was slowy added to a solution of LiAIH4 (0.3 5

g, 9 mol) in5 0 nL of ether and stirred overnight. The resulting

suspepisi on was poured into a mxture of ice and water, the organic |ayer

was i solgkgdiprpisl e the water |ayer was extracted with ether (3 x 50 m).

The conbined organic |layers were washed with water, dried over MyS04 and

evapor at¥smthesis tof a,ﬂy(ﬂgsppromﬂ-@yclopentadlenyl)-7-(2,5-dltrlmethyls1lyl-cyclopenta [1,2-

2, 5-di e 6- di hydr o- 4H cycl opent a[ b] t hi ophen4- o0l so obt ai ned
ST AR rEpARg) e, e e

was di ssoO added of 1 g of p-toluenesulfonic acid
and was Tigf dameqﬁoéeaﬁrel& dascshbeir e Bx drhifler4efoe R{20(3-if0prépyt-eydlasentdihg)- 7t @,5-0oom

tenperature and treate a saturated aqueous solution of NaZC03. The

or gani ¢ §mgtwl WHegtﬂ[b%o“ Arlrditicphepe)mgpess areg Ellopedacxgring the ddyness.

The res! SRR RASEAABANO RO NAARIEd o s R20R MRl i ane

cryst al | fhR6[3203UGdyclotithi¥]thi h& &Zﬁféba g elbwhhe starting ketone).
"H NMR (8, p[m CDgyCO)S %] 05 e§ %Hq : g®52 g, 1H CH):; 3.24 (d,

é H, t EHZ) Synzh@(és (of |2 lpopropﬂ)deng{ 243{agprowhcym@tadie }-t(ﬁz Sal;;mm)ammsﬂyl-
nt hesi i ophene) chl oro
ai et nyl SrefopgRtaLt e g Fifbphen RaFeminm Hebige 275 o) of

2, 5-di et hyl - 3- phenyl - 6H cycl opent a[ b] t hi\ophene in 40 nmL of Et20 was
treated at -70Cwith 3.3 nL (5.3 mMmvl) o 1.6 Msolution of n-BuLi. After
the addition, the m xture was all owed warmto room tenperature and
stirred for 1 h. Subsequently it was cg@l ed again to -70C and treated with
a solution of 1.30 g (10.1 mmol ) of €12 in 10 nL of ether. Wen the
addi ti on was conpl eted, the m xture wagfall gwed to reach roomtenperature
and stirred overnight. The resulti n mxture was filtered to
renove Li Cl and sol vent was Mesfi edu&@@spressure The crude

1001/ 47558 MY HBoN T S B i e s 4 055" Bl & 588y 7

6. SO . H |
o o g gl 4—;83 mglt?l) oi33)2 ‘Schlfrﬁmetlhylﬁzllyﬂﬂi cggloglg_%tﬁﬁﬂ B‘E%B lgjs'ci?ﬁs}u%ﬁleﬁ@ﬂ 30 mitlethef ) ;

d: met hlyl Thy ;qsqﬂgng zmsﬁm as lat}mectstp hddsﬂpn%lyjcq mptem @ then; enolrdnagpinrto(708di et h
! ove! ongnidldrguPody L ohuflbh B 33065 GBIV N R hl%or Bidé rhe
2, 5-di rreiebgtlon?ﬂﬂm;te Ivmanbﬁédtonhmlto&obm] tethptiatuee e stirred t364nﬂ_Sﬁéceﬁ1¢t¢y was

ot Ehandoibio haiete A £hs fuser AT RibL B0k b TR o

and st fiRfiveiah AR fol P0UndTRafEl it ltlb'%$(4t93&%ﬁﬂ)a<§f‘121@)14 e rfeguinﬂga@aﬁﬁﬁl ed

again to -70C and added of an et heral ution
6H-6- (2, E\Avd\lme«wameﬂ@chhmdyt ghirohg |ﬁczrn’i b thpn Hieogohusion)vwds| lmletdd red honeshirated
com ng f ﬂ&e %?e %/e:pglg & ﬁroamentafzﬁ X{flle :g%%%g (’? 4‘% Vz‘a’ggd otn02 gﬁdrit@n}eﬂlyﬁsol?/fp

t enper at

6-{(2,5- m S16enta R o8y B0 YRR RG] Thd 1100 8RNl Was (chRraBtet k@b - NNR| Open
ta[ 1, 2-b: Iég IS‘] dﬁthl ophen}eﬂ)i ?@dfﬁr@t hyl si | ane so- obt ai ned was c)hhar acteri zed
by 1H NMRecttedchPIR (& ppm CDCL3): 7.45-7.20 (m SH, CH); 6.8S (s, IH CH;
6.80 (s, pdH 60 (m1H, CH); 4.30 (s, IH CH; 4.00 (s,1H CH); 2.70
(d, 3H, M%-és(d 3H, CH3): 2.60 (s, 3H, CH3); 2.30 (s, 3H, CH3);
-0.18 ( sgynthlesisSi -dBH32,2-(3850pPo cdépenthdithid)-4-(2,6ie@Rleyiopenta2, 1-6 3L At ed
its solutlon vvastreate(detl)t%-gﬁcybb &ﬁ o(f alGM%Bufl futlgn(90
mol ) . Th’ddltlliﬁphﬂ&anl:qn?nem xture was aI I owed to reach room terrper ature and
stirred e sol ven r enpyv reduc

G111 b BrateRRre st s PR 5 o a8 st Wﬁéwg%%ﬁsﬁ’sﬁ eg“yqf%f:
1.17 g (&ycidpenmaf2,1-8f3, gbqhﬂnw&e@qggggd g’géq,e[@@ctl on mxture was stirred at
room t enper ature overnight, the yellow precipitate was filtered, washed
twce with ether, dried and finally recrystallized from CH2C12. Yield 1.68
g (59% wth respect to MezTh). The desired title conpound was characterized
by 1H NVR spectroscopy. 93 WO 01/ 47889 PCT1EP00/ 13191 EXAMPLE 30

Synt hesi s of 1-brono-2-(3-indenyl)ethane

1/ 47939 PCT/ EPO0O/ 13191 Synt hesi s of
2, 5-di
2, 5-di
2, 5-di
S




A 1.6 Mn-BuLi solution in hexane (100 nL, 0.16 nol) was added at 0OCto a
solution of indene (18.6 g, MW= 116.16, 0.16 nol) in 300 nL of ether. The
resul ting suspension was allowed to warmto roomtenperature and stirred
for 4 h at "‘E%@‘/“g?ﬁ% tenperature. Then the indenyl Iithi umPSTEFeHESh was
cool ed again to -50C and added of a solution of 1,2dibronoethane (0.24 nol,
21 mL) in 50 nL of ether. The reaction m xture was allowed to warm up
slowy to roomtenperature and stirred overnight. Then it was treated with

a sat ur agpsthadigleoust sol iwépropyldenti ¥ Cl(3-f§1ﬁﬁ'09§fgéﬁlcfpeﬁfaﬂ$éﬁybaﬁ(z,ﬁ-ﬂirﬁétﬁ§‘l-

evaporated off to drgness and distilled in vacuo, b.p. 110C 0.5 torn. Yield

21.6 g (eiepentid1h:3 4’ Ldithiophene)ieireoninmcdichlopida Gy NI\/R spect r oscopy.
Synt hesi s of

1, 2-(3-indeny!)-7-(2,5-di net hyl cycl opent -2-b:4,3-b"]-dithi ophene) et hane
A sol ution of 2,5-dinethyl cycl opent af b:4,3-b']-dithi ophene (1.03 g, 5
nrnol) in 50 nm. of THF was treated at Cwith a l1l.6 Mn-BuLi solution in
hexane (3.1 nL, 5 mml). The resulti irel, Ure was stirred for additional
45 min at 0C, then cooled again to -70§/and treated with

1- brorno-2-(3-indenyl )ethane (1.12 ) in 25 nL of T13F. The
reaction mxture was allowed to nperature and subsequently
treated vvlth a saturated a&;eous sol ution of NHaCl. The organl C. phase was

i sol at ed3dAdT: efel-6 M gBuld solatien (Sdhwsined) wasraddedati-70SCiiag spiutieef 103 8(3A a
| . | | 6
oL RS B S S BlalP8 AN SR K

(()f et gyl tedaltiag (mzlxture was starred forladdltlonal [30 min at 0°C, thendcoorlfd agﬁun to —70°C and
1-i nden 5-di clopentall, 2 1thi ene) zirconium
di chl ori é@g%zwhdh”d r@@ Frmal)y 0BG béér@@f@ll ver 1t 1Ol ‘)e ther. The
1,2-(3- 'Hﬂﬂﬁﬁélx)las alfo%ve‘é télwaﬁmlﬁ&?.' &’aﬁ&éé&i Pmée@fo? An, @uEEHsél%]?nﬁ)v@Jshane

(1~26g, 3. er an hexane was”treated at
-70C wi t hoqied1t06—3IOl°G i@add 343Imok iob . 6|M rRBrEnsohitibn 5 0Lmmipl)5 ThenehagtionTixture

resulting su nsi on was, St r r,a na t ure, '
t hen coo%@ﬁ aﬁg ?it‘{ yarsqe (Lhda@gﬁgage%wc{g Hé)g(g (gﬁmboeﬁ 3{:%‘@&%&#?@ ®&ction
M xture yéastic moWee was féﬂﬁi@dtlﬁldé%ﬁ§f696rl@hhﬂ Sutbghestly BO @6t OVEHNCYR¥as The
dark ora %ﬁiprem pitate was filtered, washed twice with ether, dried and

then recPddsfzAtirgomtempgisiuee/Ehe solytion wap isplaterl pmhgpncentptegyrIiesresigpmwas

CD2CI z) ( 1 2 H, (m
oy Eos ol el Vg g 0 00w b o 2 imeti i

1H CH) ; cl@isBtaB)1-brB,4-BHditkibhene)3. Bix- 8116 Tofupoudd, wasHaracteriGeéd (g, lI-B1'NI1\/IEI-|3)

2.45 (d, 3H CHB . EXAMPLE 31 Synt hesis of

chl oro(4~p°'i‘ ‘hyl - 1-i ndenyl ) di net hyl si |l ane SI MeZCl o, The precursor

4, 7- di negwavpggne was prepared by foll ow ng standard procedure (as

reported in Tetrahedron, SI, (1995), 4347). A 1.6 Mn-BuLi solution in

hexane ( 8gnthesis of H2{3-terit-butylsyeldpentadieny)}=7+(3,5edigwkhylicyelopénta [1,2-b:4,3-b’]-

4, 7di met Bﬁ!ﬂ?% X 14 .42 g, MW= 144.22, 0.1 nol) in 200 nL of hexane and

50 nL of TRAPTORPARF ¢ | ng suspension was allowed to warmto room

tenperature and stirred for 4 h at the sake tenperature. Then the indenyl

| i thi um suspension was cooled again tg OC and added of a solution of

di chl orodi net hyl sil ane (0.2 mol, 24 nl)”in 50 nmL of THF. The resulting

suspension was allowed to warmto rovagtenperature and stirred overnight.

The precipitate of lithiumchloride wag filtered, the filtrate was

evaporated off to dryness and di st @@ ¥acuo, b.p. 98¢/ 0.5 tort. Yield

16.5 g (70% . The title conmpound™wasS”charactteri zed by NVR spectroscopy. 95

WO 01/47339 nﬁgﬁ‘ £R60/ isikfldn SHHBRES(5SMbI) was added at ~70°C to a solutlon of 1,03 g (5

(4, 7-di met hyl -1-indenyl )-7-(2, 5- dlnethylcyclopenta[l 2-b: 4, 3-b ]dlthlophene

) di met hyngmql)am& NggnqhybYH-@yclopenta[l 2-b:4,3-b’]-dithiophene in 20 mL of ether. The

2,5-di rre t hi oph 1.90 L,

mor ot PHREINRARE by e i oot J0 o By GRS b SNk aeB o ek AR (. o
m, 9.2 trméd W1fﬁhe.81 as (8 nhigl) mfméfta;um csﬂin;dﬂgdfumhe aﬂldotmgr@ ethér. Wha at
0C, then copled, a alnt Cand treated with

chl or o( 4reﬂctéﬂﬂn@t Mas; fﬁle@fﬁg 9 Wrw & Fopnsteppgeatyre and then trpated with 3 saturated
of ether. The reaction mxture was allgyed to warmto room tenperature and
subsequently treated with a saturated aqueous sol ution of NHACL. The
organi ¢ phase was isolated and the solvents were renoved. The residue was
recrystallysed fromhexane. Yield 3.67 g (98%. 1H NVR (S, ppm CDd 3):
7.07 (dd, 1H, CH); 7.05 (d, 1H .CH); 6.95 (d, 1H, CH); 6.90 (m 2H, CH);
6.60 (dd, 1H, CH); 4.00 (s, 1H, CH); 3.85 (s, 1H, CH); 2.64 (s, 3H, CH3);
2.60 (s, 3H, CH3); 2.50 (s, 3H, CH3); 2.40 (s, 3H, CH3); -0.20 (s, 3H,




WO 011 47939 PCT/ EP00113191 ether, dried and then recrystallyzed from
CH2C12. Yield 3.57 g (709 . The title conpound was characterized by NWMR
spectroscopy. EXAMPLE 32 Synt hesi s

of ~chl or o( WOO1A793i net hyl - 1-i ndenyl ) di net hyl si | ane Si Me2CIPCI/EPPH @318t ecur sor
2,4, 7-trinmethylindene was prepared by foll ow ng standard procedure (as
reported in Eur. Pat. Appl. 0693506). A 1.6 M n-BuLi solution in hexane
(37.5 nL, 60 mol) was added at 0OCto a solution of 2,4,7-trimethylindene
(9.5 9, dhkousl3uitdn SO NHCR! )Thgnox%%c”bhﬁé WeX a8afedd aAld "y NigSOT -andhe

resul ting suspension was allowed to warmto roomtenperaturé and stirred

for 4 h cencerfratesafhetresigus aaarrecrytillined from hewang. Yidld i @nes@ipenThotitleas
cool ed again . to -50C and. adde sol.ution of dichlorodinethyl silane (90
mol |, 11‘%???_%%“?%Wgﬁgli*?ﬁacg?nzfﬂ{gydqmsgﬁ?tﬂsﬁ%pysuspensi on was allowed to warm
t o room $yitRENIAL Ur 6f anois@m?ymﬁn@g/er N{3o6eit-buthPcyidpehtididyd-1{2,5-aihém -
chloride was filtered, the tiltrate was evaporated off to ‘dryness and

di sti | | eeyclopentaflid-b:h31h’]-dithiopbese)t}airconivmedichlocide C33 (6799 . 1H NVR (8, ppm
c6D6): 6.75 (d, 1H, CH); 6.60 (d, 1H, CHy 6.30 (s, 1H, CH); 3.25 (s, 1H
CH; 2.25 (s, 3H, CH3); 2.15 (s, 3H, CH3) .10 (s, 3H, CH3); -0.05 (s, 3H,
Si-CH3); -0.02 (s, 3H, Si-CH3). Synthesd
(2,4, T-tritnethyl -1-indenyl)-7-(2,5-d
hene) di net hyl sil ane A sol ution of Med il
2, 5-di met hyl cycl openta[ 1, 2-b: 4, 3-b' ] - di\t/hi'bphene (1.65 g, 8 mol) in 50 ni
of ether was treated at -70C with sBuLi solution in hexane (5.0
m., 8 mmol). The resulting m xt { for additional 45 mn at 0OC

t hen cool ed again to -70C and, 97 WO 01/ 47939 PCT/ EPO0O/ 13191 treated with
chl or o( 23-45 mls of héMyrBuLi; sqlutien (§-8immel prasiaddgdeat 70T o a suspagsion ofnl.2bgnt of

R R R R e e e L

or gani c gitldephens)prapand ai 2imanuf ethee Hel mixhirs was aBowahtoweam 06 (2Chnd .tkated

0100% . 1 3. D 3). 6.90Q (d, 1H, . 6.80 (d,. 1H ; .6.70
(o v 05 b0 ool of Zaly g Fepgtont v waqrelureg it tipd g 1, hes (s,
3H, CH3) the Areficw (precipitite Wab KilteredPWadlRd t¥ide VATS kiher -dofed GRd fidklly CddB)staliZzed0 (S,
3H, CH3); -0.15 (s, 3H Si-CH3); -0.30 (s, 3H Si-CH3). Synt¥1e5| of

di net hyl §piyCH,Cl. Yield 1.27 g (80%). The title compound was characterized by H-NMR
(2,4, 745&@@35&3 -1-indenyl ~-7-(2, 5-di net hyl cycl openta[ 1, 2-b: 4, 3b']-dithioph
ene) zirconiumdichloride CG39 A solution of

(2,4, 7- t EKAMPOEI8 1-i ndenyl ) - 7- (2, 5-di met hyl cycl openta[l, 2-b:4,3-b"]dithiop
hene) di net hyl si | ane (3.365(3,, 8.0 rrrmllz1 in 80 nL _of ether was treated at
-70C Wi tﬁy'}fxis.‘% M Rf BuL P-2<Grispprepylicyclgpsniadienyl)-7«(cyglopeata yyyp [1,2-bihd-b’]-
resul ti ngiRispRENIPRIpaies Stirred for additional 2 h at roomtenperature,
then cooled again to -70C and added of ZrCd4 (2.34 g, 10 nmol ). The
reaction mxture was allowed to warmto reomtenperature and stirred

overni ght. The orange precipitate was tered, washed twice with ether,
dried and then recrystallyzed fromCHZQN2. Yield 2.73 g (59%9. The title
compound was characterized by NVR sp¥ekroscopy) EXAMPLE 33 Synthesis of
2-met hyl - 2, 3-di hydr o- 1H cycl opent a talen-1-one 0 To a suspension of
Al1C13 ($5 g, 0.635 nmol) in 200 nL 22were added at OC first

naphal ene (32.S g, 0.254 nol) and then a sol ution of 2-nethylacryl oyl

chl ori de3.(2@I50f)].6 01 2&dtiombf) »-BolL.b(G minot)fwasHAGkd to aldedutionasfto.89ng (5 natnol)eofwas

stirred for 30 mn_at L hen h at_room tenperature and finpally, poured
into a ni ﬁtcé{Fl@Pgﬁa[il @eb:ga%ob iﬁgﬁﬂpﬁe%@ &% md 8%& j 8t T?ﬁ/gr Tyg resulting mixture
was stitred for additional 30 min at 0°C, then cooled again to —70°C and treated with 0.74 g (5

of
hyl cycl openta[ 1, 2-b: 4, 3-b" ] dithiop

mmol) of 3-isopropyl-6,6-dimethylfulvene in 10 mL of ether. The reaction mixture was
allowed to warm to room temperature and then treated with a saturated aqueous solution of

NH,4CL. The organic phase was isolated, dried by MgSO,4 and concentrated. The residue was
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WO 01/ 47939 PCT/ EPOO/ 13191 was separated, while the water |ayer was
extracted with CHC13 (3 x 150 nL). The organic | ayers were coll ected,
washed with potassium carbonate/water until neutral pH, dried over MyS04
and evapor éY‘g@il/‘Hf’f’ﬂ to dryness. Yield 28.09 g (56% . The tiRITERYBUND was
characterized by NVR spectroscopy. Synthesis of

2- et hyl -z, 3-di hydr o- 1H- cycl opent a[ a] napht al en-1-of 0 A sol ution of

2- met hyl - 2, 3-di hydr o- 1H cycl opent a[ a] napht al en-1-one (28.09 g, 0.143 nol)
in 100 npasedd thidughasohingibackedidad siliea @elsusﬁigel{b&hﬁ’las@ﬁudn't ARE4 0(83. ¥R1d)1.058
mmol ) in 200 nL of ether and refl uxed for, under stirring. The reaction

mi xt ure B£R4%). bheHilesampoupd s Fhatacterized by H W%@%@I’é’nd sl owl y

hydr ol yz e _ |
o uti or Syl br R Badl L isb Byt AL e - b A Bl
wat er | agithiophene) eircomiiacdichlohidetie6 (3 x 100 nL). The organic Iayers wer e
col l ected, washed wi th potassium carbonate/ water until neutral pH, dried
over MyS04 and evaporated off to dryness. e so-obtai ned product, as a
m xture of two isoners, was used int ext step w thout further
purification. Synthesis of 2-nethyl-3 cl opent a[ a] napht al ene A m xture of
2- met hyl - 2, 3-di hydr o- 1H cycl opent a[ ajs haI en- 1-of (obtained as descri bed
above) and 1 g of p-toluenesul phonic agi/d |n 200 nmL of benzene was refl uxed
for I h. Then the reaction mxture?s d to roomtenperature and
treated with a saturated aqueous s Na2(1)3 The or gani c phase was
i sol ated dried o and ted of t 4.2 .9 (55%
based on’sTAFH, gb?rgtgﬁcwﬁ ‘?“?‘)d?‘ﬁ%( 'ITHE%PX{ %gl]eﬂé?)ﬂ\( Re]ijﬂacﬁg)
%::ll_ Ng/:ﬁzg B:4 ﬁb’ﬁdnﬁﬁ@ﬁéﬁe)pﬁpal:@ -iff - a49m{tﬁﬂe &fHO ) of ZthéaOal{dS 60LHL &Hhexate $As (S,
(s nt hes

chl or of 2trﬁf§€—419t —My@modpénﬂa[(épn@m)h@ﬁ 2rl-8 M mRildetoltion; Thpaniztre wap
01/ 47939 n m.,

a%vb@s?tg‘s 3 %g{oﬁﬁgo%ﬁ%&ged% ?.734#]‘3 BnnofPo£24CR)) Thl rQGHRBG edcfion

12 mmol ) wa
2mret hyl - gtiktoyecapefineddajmiap ktithiap dore3 b2théd thg; yd!m:préﬂﬁxteﬂé was filterednwhshedn 50

Cermer ot BFise ap ey atied e He Realies Somd FnBeiife bR d SR8 a0

lithium m&a&@%&ﬁbxﬂﬁ%aﬁgﬁérﬁéeﬁﬁa'bg INMRpeatfstcapided of
2 nmL). The reaction mxture was all owed

dlchlorodlnethiI5|Iane 18 mol
to warm nperature and stirred overnight. The precipitate of

and ot e oPEelEC o0ef &e%’?@vpg%wé@f%@w3%@*«%85@& A EHE
CH); 7. 8althmphéﬁh)}ﬂeonuﬁna&hioﬁ&cm 4H CH) 7. 10 (s 1H, CH); 3.55 (s,

1H O 2.30 (s 3H OB). 0.22 (s Q8),,:0-0S (s, 3H Si-C).
Synt hesi & s carried out as descnbed in the xampleGof WO 98/23486.

(2-met hy @[ al napht hal en-3-yl).-7-(2, 5-di net hyl cycl openta[ 1, 2b: 4, 3-
b']-dith t hyl sil ane A sol ution of

2, 5-di meShyﬂxe;isbf)dﬂotm-in@nbl)dm’ﬂethyl]m:{ﬁet hi ophene (2.37 g, 11.5 nmol) in 75
mL of ether was treated at -70C with a )l\@n BuLi solution in hexane (7.5
nm., 12 nmol). The resulting m xture was étlfred for additional 45 mn at
0C, then cooled again to -70C and d wth

chl oro(2- net hyl - 3H-cycl openta[ a] n en-3-yl)di nethyl silane (3.14 g,

11.5 mmol ) in 25 nL of ether. The reaction mxture was allowed to warmto
room t enﬁéﬁanhpé aénizll\/k siiutiapuefn ByLi malmxenb @3t métnﬁ@hleud@qa@balsi)wlsut i on

f NHACL, . . Th
?e3| due &%%"HS‘H %?g%}aﬁo%mgwgp %"acl& Sa%ventﬁ ﬁgbé’é]lr‘ gsi\{ 3i ng ©
hex ane a re@id&@l@tcoolé’ﬂﬁiW%COKt me(eﬁ@%ﬁthejahaﬂtiw tﬁ&yelwmm@%s”ﬁillov&d&@ réadh 1H,
CH) : (d, 1H, CH); 70-7. 40 &lm 4H, , 5 (d CH): 6. 80 (s, 1
H, CH) 0P tgraperatuyg m@ﬁhrreai fis 4 &ours tpy glmrn ozm f(OéutloaHThaqs§ventz wge( s,
3H,_ CH3) Ei%p%baig &)éyredﬁb d%@ m['qntg gi\%l y}?dllomblé wl%'c_ﬁg%vas ga%)n up m\Ag 1%]1.,|04‘7939

PCTI EPOO eS| S 0

(2- met hyhe:;anh;ahenﬁlkfy a]}spamdmm\abﬂmﬂedfm(ﬁwﬁdmmh hiyd @y ditldparshi plindede (dwhaeb' ] - d
i t hi ophene), ~zirconi ?m dichloride G 40 . . Lo
precipitate) was filtered and washed with hexane (3x20 mL). The solid was again slurried in
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A sol ution of

(2 nmet hyl cycl opent a[ a] napht hal en-3-yl ) -7-(2, 5-di net hyl cycl openta[ 1, 2-b: 4, 3b
"] -dithiophene)di methylsilane (4.07 g, 9.2 mml) in 100 nL of ether was
treated atWOMAWth a 1.6 M n-BuLi solution in hexane (1FGHEPOB1fp) ) .

The resulting suspension was stirred for additional 2 h at room
tenperature, then cooled again to -70C and added of Zrd 4 (2.79 g, 12
nmol ). The reaction m xture was allowed to warmto roomtenperature and
stirred lexeneni(4MimL)Thel @ddﬁndge; pretigdefi dohitionnes Md,8iC €1h.5 wakheal. B‘Wimow th

i e S EER e o
g_i)—l) d%tfcm, Jdﬁ n‘g%.ue éaéé%ll%@ved %(E’reegi') roox%m %:glp%g’tur% %e;(ﬂoicég&lﬁa T%E‘H

%?\/PLE sé@pe(émona)b‘as_ ’ﬁbﬂ%ﬁlte_ﬁedS and She_ ilﬂh‘,ateSnroﬁg]B)tp diryre8s (rsyac&litn 18i yifld3) pale
(1-i nderxﬁﬁ?“)%nwg?é of {1- MW%W@‘FJ }E%ﬁ‘w@}ytli&f'sfn?f 644d 821} di t hi ophene) ~
zi r coni Uty sive (9% gﬁmccibélﬂhﬁzﬁg 5131/ Sigengb syzet(bgﬂ 8i-08), 8277 (b€ 1R ¢p- 1Y,

coupling the [ithiumsalt of tditrinmethylsily

7H cycl op6ddd, 1R -Cp-2).37.83 1(dd, tlH,déméﬁehw'c%&:(m,oﬂ:L( Ar) Ad8r¥$d (mmbHhr),

si | ane. ,(A.?rgs(ﬂ nS| f 1.48 g {3 rnnol) of (1-indenyl)-7-~

(2,5-dit PP 3 ﬁ? Cyclopenta[l 2-b: 4,3b' ]dithiophene) ~dinethylsilane
in 50 m—Sﬁfth@iiJ‘er Vers tr Qﬂﬂkn@l)#—@ﬁd%éth%ﬂeﬁldﬂenﬁﬂl,2-b14 8-0Y)-aitBisphene)
solution (6.5 mmol). After the addition e reaction mxture was all owed
to war m dimetiylsilreadded of 0.75 g (3.2 mmwl) of Zrda. The resul ting

m xture was allowed to reach 101 WO 0447939 PCT/ EPOO/ 13191 room
tenperature and stirred overni ght. Ahgay red precipitate obtained was
filtered, washed twice with et her, d finally recrystallyzed from
CHzCl z. Yield 1.38 g (70%. "H NVR (8, ppm CDzClz): 7.90-6.90 (m 7H, CH);
6.10 (m 1H, CH); 1.40 (s, 3H, S|-CH3;=SI1 10 (s, 3H, Si-CH3); 0.41 (s, 9H,
Si(CH3)3); 0.20 (s, 9H, Si(CH3)3). EXA ( Synt hesi s of
(3-methyl-4-trimethylsilyl-1-cycl openta | :‘ 7-(2,5-di met hyl cycl openta[ 1,
2-b: 4,3-b']-dithi ophene)di nmet hyl si |l ane A~Sotdtion of 1.03 g (5.0 mml) of
2,5-di methyl - 7H cycl openta[ 1, 2-b: 4, 3-b' ] -di t hi ophene in 40 nL of ether was
treated at -70C wth 3.13 nL of a 1.6 Mn-BuLi solution (5.0 mml2 After
t he addi Ai A, Mt sedutienxefp-Bulbkhién hexanedd. wm&wﬂmobrquaé@edatuﬂ Gitela
stirred [ £ into
2700 and BB 25 plpr e SRRl T8 PairioptiRe GAW S50 52!

chl or odi @t yinfcl; ABuly:| MEFH,Cpret. Iwbsn BQhrlloﬁgtﬁérD”pﬁe‘lieaﬁftlﬁglyﬂu)tai'd wiaestirred10 nil

of ether, T resultin i d.to.reach roomt erature and
stirred %@Hﬁq @ﬂql 1 f]r %f{‘n ﬁ)(j{'mal\qﬁrmatlon o‘?‘ea dark brown suspens??) S suspension

(3- met hylzd- tddidaet ns'tloyl 20°CY P Pefdkadbeny | LolZﬁc(r? of 4.5t gybpyah&raeﬂt a[1,
2-b:4,3-b"]-dithi ophene)di met hyl sil ane was not isolated, bul used in

sol uti onlnﬁmylldMBethulsmnpsﬂ\@N 520876510554 memlHoi8iMe,CEYieThe = 1d) in 10 mL of

di et hyl sj | net hyl -4-tri et hyl si I-1cc|o ntadle met hyl
Jovol opentbar fhé Sagop i Mo Hen BlRRie I3 3T WmPIPLPaRERY siabpbd B3 A,

l'i gand S‘I’hélﬁhﬂrdaﬂ@ﬁsﬁ@lsfoh‘lﬁ'ﬁﬁo@ﬁbl@dk?‘ﬂa@léén@dn&@teﬁ\/ﬁﬁdérﬁ/ﬁ@\hﬁﬂa:ﬂi the ?&ﬁwwda 6 3
mL of a 1.6 Mn-BuLi sol ution mmol ). After the addition, the reaction

m xt ur e geeERcted| wisle §0tral méé%lneneoa‘hf- xRt reas driedander, yaqupmgior give 46M6i & io68al 50
mnoat tgloGnt SRR AR wa Ghaflefzod bYRE-RRR spectrifofy.! e SI-NAER/ a1 3191

showed the presence of the desired ligand (78.5wt%) together with 15.1wt% of starting
IndSiMe,Cl and 6.4wt% of toluene. The ligand was used as such in the next step without

further purification.
Yield of the pure product = 79.9%.
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removed under reduced pressure and the dilithiurn salt obtai ned was
suspended in hexane. After cooling to -70C, 1.17 g (5.0 mmol) of ZrC a were
added. The reaction m xture was stirred at roomns terrperature overni ght, the
yel | ow pre¥PW4EP¥ was filtered, washed twice with hexane PCAEREY13

finally recrystallized fromEtzO Yield 0.90 g (31 %9. 1H NWVR (8, ppm
CDzC12): 6.95 (q, 1H, CH, J = 1.17 Hz); 691(q 1H, CH, J = 1.17 Hz); 5.77
(d, 1H, CH J =2.74 Hz); 5.68 (d, 1H, CH J = 2.74 Hz); 2.62 (g, 3H, CHS3,

J = 1. 17'HRMR 25,5801, €DGh): -0, (s,3E5,1Si40HAHY) 0.20 (& 3H, Si-CBh); A3B(s; 6H, QH,): s,

e T G o e

conmer ci g7t cpMAkeh was used as received (Wtco AG 10 %l vol toluene
solution, 1.7 in Al). The catal yst nmixture was prepared by dissolving the
desi red Symthesis of tofie r rmnwthykllyl{él-vﬁdemyl)%(Zpﬁ-dbmthﬂmynhpelufallt,M:%(b’]-

sol uti on, tgl&bggasol(h@ ah was stirred for 10 mn at anbi ent

t enper at dithioghe IHeATHym; icRiarige o) the aut ocl ave. Pol yreri zation

examnul es' 1- 33 oronyl ene uol yneri zation 1 of Al(i-Bu)3 (as a 1M
solution in hexane) and 290 g of pro #&re charged at roomtenperature
in a 1-L jacketed stainless-steel auto ave, equi pped with magnetically
driven stirrer and a 35-nL stainl essM%'Flzvi al, connected to a thernostat
for tenperature control, previousl i by washing with an Al (i-Bu)3
solution in hexanes and dried at eam of propene. The autocl ave
was then thernostatted at 2 C bél owThe potyneri zati on tenperature, and

then t he At pEUMN@hatidnusf ABulH i dexune J9I00EMLALALY Shihok) cadsaddded atri-209C € was
i njected |n t he aut ocI ave by means of nitro ?gen pressure through t he

stai nl es&lEidel $fal ,40he t2rpéat utleindenyDaf-(2.3-gimthylcyclopratgl bshvbA b7 bt :c on
t t t
empera &ﬁo@fbﬁe}dﬂﬁetﬂﬁglﬁﬂfe Mact ; éﬁlaié '7?%196’1 %?P?%fga-n% Ak e Tor

1 hour. Afte ting t hononmer ahd coo e reactor to room
t enper at ligand 1008 purk) ine50 mdsofththeedThemdeulting tiixtere waessred donidditional 1 hiv

Dol Ymer 02 BB Bl ot ik B RGP Bt ilagols e
prouyl engfiihmnaide® aphw@khst@t bpm@@%z&cnqw —Izzstdaewmsﬁmw‘l DICIPNERaE
homopol yneri zat i ons, (1 -Bu) a@%is a 1M sol ution in hexane 160

g of propyt: bﬁensaémnsshe b}g@rd llﬂoﬁ(upmb e} el RE pepsEneapreviyply rosled 20047939
PCT/ EPOO

ther most 4% ayeypl R s Mt Pk W62 56 (i ] UGS 10 St 260 C
and t hen teniperdtoie aadstiseal fitri2dn The final orangg-broemcaspehsien wae eeetpatayext oﬁfhunderr e

0'S f C- 20, 5. ol _of, MAQ, J f t . th
At oc! av e e B pidieagend b e pBen Yo en Gt WS alighofE e,
the t enpefeatnbdighle 3R itéludng Fas Msticd Wile ciiel YoTBIvieZal brafe! SEWRE 3440 % awﬁmhhe

polymerization carried out at constant tenperature for 1 hour.

essenti arasyltedhio b leadesiped 9mlvst\by H-NMEo viar aliquotyafitiein powider(1:50 £) waewaﬁheslg, Tg
= -13.6 7
prop~rl egt; r/yac[bﬁ kjl?ye?tvgtﬁg%h%fgm ‘lﬁ(%)’ﬁbs %E:ﬁalf?v%lfg f{ﬁg}}!&}? e of §py| ene

hono p|0| y eRtalystak Ioﬂmge pdwm‘fﬁl'as@éccv%l{eg ~Ba)dDfl (tbscradélew‘o&mJt WitioniCly= ne;oem e), ot od
propyl en re roomtenperature in 1-1_jackete
st ai nl enggﬁggl(g tﬁé?ﬁ’gg‘b §t‘pgé) alt29§8r%{ }&9%46 &‘g%ﬁa\%{% TFiquid
phase co i L lene th i p=t he
't qui d pﬁi’?i)a"ﬁﬁgﬁﬁﬁ%ﬁg PORMIIEACS PT . 416 Cin 3 - ee By o, 1 o §

cat al yst 1dGdE)a6.9%(q, ik Ch, ¢ (101 3Hz)y 690-150@n, 581, 27).nmol  of MAO, in 3 nL of

t ol uene) mtﬁ ted in the autoclave by means of nitrogen pressuxe
t hr ough ess-steel vial, the tenperature rapidly raised to the

pol yrer i gghihesis b?éﬁl@foﬂiﬁéihﬁﬂﬂlﬁd@ﬂylgmiﬁéﬁ?ﬂh?ﬁb' on carned out at constant
tenperature and pressure (2S barg)” by feeding ethylene ( 13.3 g total
absorption) for 1 hour. S2.7 g of essen ?ﬁﬂ*@ anor phous pol yner were
recovered, which has LV. =1.23 dL’e“. 8l ethylene = 6.3 W% (9.2 nmol % .

Pol ynmeri zati on exanpl e 36 propyleﬁé!g yheri zation with supported catal yst
a) Preparation of the supported catal yst The apparatus used for the
supportation is a glass cylindrical vessel nechanically stirred in order to
al l ow a good m xi ng between the Garner gand the catal ytic solution during

t he i npregnation operation. 6 g of a porous polyethylene having I. V. 21
dL/g, nean Particle size 386 ~, mand porosity 50.9 % VN (1.07 cc/g) was

| oaded into the vessel and nechanically suspended under nitrogen flow The
catal ytic solution was prepared by dissolving 24 ng of C20 in 12 nL of a
MAO sol ution (WITCO, 100g/L in toluene). Due to the limted porosity of
the carrler the I|qU|d |s dropped onto the solid unt|I the |nC|p|ent

o " -, ——— - ——- o - N 1 N Y o




mai ntai ned for 1 hour. The pol ynerization was stopped by venting and
cooling the reactor. No significant fouling was observed. The product

obt ai ned was collected and dried in an oven flushed with nitrogen at 70C
for 3 hour WO®EI9Y of pol yner was obtained with a good norRHOERO83RAVI ng an
LV, of 1.94 dL/g. The activity of the catalyst was 1.2 kgPP/g cat supp.h,
corresponding to 1. 7ton PP/ gZr.h. d) Physical characterization The pol yner
was additivated with the reported stabilisation form-ila and pelletised

wi t h t heafnd vowiBuli %l@ﬁ&ﬁﬁiﬁ&arﬂ@% BNMBLE! §5.25ma11) #A-Bal.i: mﬁmm&au &
Conponent s gCALCI_UM STEARATE MD. 0500FL]1 - PP99.75001RGANOX_B215 / ANOX BB
0210. 150§A¢A Eropviey o aoplutim affpdt siof grmethlindgne (Bauldps SciepfificsCompanyft19-

di amet er 1J@i@%‘i}%‘%@bg%ﬁ%%}fﬁ?ﬂ%@%@%ﬁ B&EE 1o IzzzngcA?@:Le%a Cver

speed: 58 rpm he 56 6bt a I"'et’'s™ wer npressi on nou

press Coafpthe ssidition)thie! ielixtge wisdapeat -hZOSKSrleSS nda7 then @llosed tOMBAN td.rOoM
Tensile test: 2.0 mm Notched 1zod: 3.2 nm1 WO 01/ 47939 Press Pl aque
Tenper at {Fperanyp agd BHERHCTHEht Thesolveatsveas gyaporjltfrﬁ off prdss gefuged pregsuredon;

Pressuregivk4 R o doli; whidh whs tikeh &/ il8b&hr, BRhdkabs; thE S ersiohNWras stirred
for 10 minutes at room temperature and filtered. The lithium salt of 2-methylindene on the
filter was washed with hexane (2 x 10 mL) and dried. The solid was again slurried in 70 mL
of hexane and added to a stirred solution of Me;SiCl; (9.1 mL, d = 1.064, MW = 129.06,
75.02 mmol, Me,SiCly/2-Me-IndLi = 1.5:1) in 60 mL of hexane, previously cooled to 020°C.
At the end of the addition, the pale orange slurry was kept at —20°C for 15 min, then allowed
to warm to room temperature and stirred overnight. The final white-pale yellow suspension
was filtered-and the filtrate brought to dryness in vacuo at 40°C to yield a yellow-orange oil as
product (8.40 g). Yield = 75.1%. quity = 89.1%.

"H NMR (5, ppm, CDCls): 0.22 (s, 3H, Si-CHz), 0.47 (s, 3H, Si-CHs), 2.36 (m, 3H, CHj),
3.65 (bs, 1H, CH), 6.70 (m, 1H, Cp-H), 7.18-7.56 (m, 4H, Ar). About 6% (by GC-MS) of
bis(2-methyl-1-indenyl)dimethylsilane (rac/meso = 1.3:1) was also present.

m/z (%): 224 (28) [M" + 2], 222 (74) [M], 129 (20), 128 (67), 127 (17), 95 (35), 93 (100).
Alternative process without 2-Me-1-Ind'Li" salt isolation

A 2.5 M n-BulLi solution in hexane (23.6 mL, 59.00 mmol, n-BuLi:2-Me-indene = 1:1) was
added dropwise to a solution of 7.87 g of 2-methylindene (Boulder Scientific Company 419-
0128, MW =130.19, 97.6%, 59.00 mmol) in 50 mL of Et,0, previously cooled to 0°C. At the
end of the addition, the mixture was kept at 0°C for 15 min, then ailowed to warm to room
temperature and stirred for 2 h with final formation of a pale yellow suspension. It was cooled
again to 0°C and added dropwise of Me;SiCl; (7.86 mL, d = 1.064, MW = 129.06, 64.80
mmol, Me;SiCly/2-Me-IndLi = 1.1:1). At the end of the addition, the reaction mixture was
allowed to warm to room temperature and stirred overnight. The final white-pale yellow
suspension was concentrated in vacuo and the residue extracted with 30 mL of toluene. The
extract was brought to dryness in vacuo at 40°C to yield a orange oil as product (10.41 g).
Yield = 79.2%. Purity = 83.6%.
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The pl agues, after conpression noulding were stored at roomtenperature at
| east 48 hours before characterisation. DSC neasurenent: obtained with a
Mettler calorinmeter with the followi ng procedure: First run: Heating the
sanpl e froMaMAEPo 200C at 20C/ nmin Crystallisation: Cool PEQ/EPP%W%OOC to
-120C at 20C/ m n Second run: Heating the sanple from-120 to 200C at
20C/ m n The physical characterization of the polyner is reported at table
2. Polynerization exanples 37-59 ethyl ene/ propyl ene uol virerl zati on .The

Et hyl en Tiacss\f etagingi2«ntihglindehe and 8poofis(2-methy® 1LinddmyBtinehyildildas (byfGC! ed
with quantities of the two gases small enough to prevent their

condens VSHWereAl meseplosi ti on of the gaseous mixture in the cylinder was

controll C at

S0'C i n W bRl PR dnglpRURRONY 3FE (FIETTATI80F 150 (6, P28

Al li hn caeyeagsn. a thernonmeter and a pipe for rmnorrers feedi ng, and kept

in a thernostatic bath. First, 100 nL of toluene

sol ut i orSYRthesis of (@nethyl-1-indsnyhd- @rﬁ'ﬂ’@@fé‘ﬂﬂﬁ@'@ﬂe‘ﬂéﬂﬁ Br4’3 hﬂ qm@phene)

pol yner i erature, the nitrogen was renoved and replaced wth the

cormnorre‘?]?&elrtnm%lta?gp with a flow rate of 1.S L/mn. When the equilibrium

pressure (1.1 atmof total press sached, 3.S pnol of the

nmet al | ocene dissolved in S nL of h nst he presence of a 3S pnol of

TIOA (3S EL of solution 1 M, was o.-o‘ to start the pol ynerization.

During the reaction, the tenperaturex¢as kept within SOt 1 C After 1 S

mn the polynerization was quenched oy\ add ng 1 rnL of nethanol, and the
o~ hanol acidified with HC :

copol ymer was precipitated with 300
filtered, washed and dried over ni ght o at SO C. Pol yrreri zation

results ch i.zation acti vi t dr2 o

Cthyl enchph oI BHIOB ST P i foienr é‘ﬁii’ el 1657 ondll S5 2l o°C 0

Pol ymer i galtianofeX 85 6f £3-Bhbihyea- cpabpreﬁmn 2a:4 %q\zmmpwﬂ@(mﬁd o8tal yst A
4L stainl ess-steel reactor, equi pped Wi t h a bl ade turbine magneti c stirrer,

pr essur e87-9%i byaB6rMSt AP armaely ﬂ@ulndMﬂbzﬁp *fleleH ini XemLonf afipnohler readting ped
wth at I 8, 0, 1
measure. BERBEel ORI el £ 0% Yh, cndlifolioh S1 %, Sl it
bat ch poTkiseslutden wasicovds! apainrto ed0andvdtiéd éfreesoldion@fR0§ goofrhkae(enethdo0 nil

of triei Cublerpiireinimeste mad M drs s tipiai o S LRE d  ofithong <
W th an ehdychans mighirk ¥as MaSIHad & warmd & roofRmpEatiE bhd Sirtd YoM §. Thér t ed

by injecting 162 ng of the catalyst prepared in exanple 37 a) into the
aut ocl avﬁn@ltdaﬂmlutma (nlamtbleck)rwatsrcogeantr@trté rlpdm@men apd thespiekyresidie was on

step was r for m nu e

t enper at Er’&%c%a |nc? é%laé?gg%‘be‘{%%g%&"% @ﬁlﬂfiéerwea B‘%‘H{? psr.'ggguétg al s
was i ncrtmgmd stlfkler&iﬁllét Whﬂ:hpobasrrﬁhmafﬂzed b%SGﬂr—]MSp%galgm eiéndZ "HONMR by
venting and coolin e react The pal yner discharged was dried in_an
oven f | uSRFEROSEPRY: HG&W %?W@@hPWP‘P thejpsesenace af¢hedesired Lisgnd-togcther With aj ned
with an 1@;@/% g%éscosrty of 4.29 dL/g and a nelting tenperature of 141.4
C. 107 1/47939 Table 1 propyl ene polynerizati on PCT/ EPO0/ 13191

Ex. Cat . nBiitgl(bpCCiMB) 5 9R.40a YiblNaDiepunapradicy= 8919%.dL/ Tm (C) 4H J/ mrl

"G 0214 T4 0000 CSATOABBRS 657 R SEEAL SIPBO SR RRIE: R A4 L0000

77anor
Tm 6320515 éH*C}éifiJHz?Z]&O@@(Héﬁ Hd 125015, 42 43434 G090 EH #3988 o361 50. 5
69. 21381 0000. 7anDthous 24.87C- 20. 387290S000. 821034073. 18C- 8131305000. 64- -
50. 69C 161HX%4404 (0 OH7 £&Hoe 9hd.LH G 11GG-CH)g 687 @0 Y, €81 § 74l 1A 6181208205001
06801966512 7 phous- 30. 813C-1911601905000. 83anor phous- -
14C—1112§H§ 40 d@é gﬁﬁnggﬁh %@n%950-14113135000 84anor phous- - 16C- 121949450
00. 79ano $39311Q IM" + 1], 392 (40 263 (100), 235 (18), 187 (44), 159 (15), 59 (13
816464500?“2?12§%é§%&8C— %160613§N%$ 8annrphoué-)19c>&oi363é 301 %5%146179
020C- 36 13ynthesis o) dimeslydsityr{(2 In‘,et):_mlj-._l-mdenyl)-7-(2,5-d1methyl-cyclopenta[1 2-b:4,3-b’]-
~79795002, @@ %5 82. 122C}§Eggp i . 691206182. 323C- 35112125001. 42- - - 24C- 28
, 2. 51255 14688 39%-57504310000. 5511 15577. 126C- 272. 4320133100
01. 241267384. 927C- 290. 3381385002. 3812367- 28C- 302. 449020410000. 861 378390. 529
C—33187$75001.861398691.730C—3723919.5§801.291216784.631C—38174745001.48121
7081. 832C-3911481485001. 751378290. 43C-4011401405002. 091196382. 9
Pol ynmeri zation was carried out at 60C. For exanples 2 and 6 the
polyneri zation tinme is 0.7S hour; for exanples 14 the tinme is 0.85 hour;
for exanple 27 the tine is 0.92 hour; for all the other exanples the
polymerization time is 1 hour. * Conparative '~ Polymerization was carried
out |n a 2 L reactor mnth 620 9 of Irqurd propylene Polynerization was




108 WO 01/ 47939 Tabl e 2 pol ypropyl ene characterizati on PCT/ EPOO/ 13191
Descri tlonUnitsValueMelt Flow Rate "L" METHOD ASTM D 1238/ 10' 2. 100HAZE on
1 nm conpresi on noul ded pl aque METHOD ASTM D 1003%26. 0G.OSS ?182)0% HAZE on 1
rm conpr esWOPIH#B ded | a ue METHOD ASTM 2457981. 0DSC meas S 1381 on to
erature second runCl13.6Meltin enthal second runJl 56. 7CRI STALLI ZZATION to
eratureCrl.5tallisation enJ/ 57, 5nam cal nechanical anal sis DMIA - tensile
con r rati onMETHOD ASTM D4065Tensi | e nbdul us at 23CM a500to eraturerature
adi ent & m n2. 0Conpr esi on noul ded | a a RedThi ckness 1mm{d ass transition
to eratureClOTensile test: Elon ati I8 erti es- METHODASTMVDG638El on ati on
at break%s70El on ation at 'el d921. O%r h at breakM a27.0Stren at 'el dM
al6. 0S eci nen w dt hmb. 98SPANTMR5TE REC23El on ation s

eednm ni i n500. 00RHEOL OGYMEASUREMEN- Y¥NAM C VI SCOSI METRYPol di s ersi

| ndex-2.4Fre enc ran a0.01 - 100 #_ad/ SF=\PERATUReC200. 0 109 WO 01/ 47939
PCT/ EPOO/ 13191 Tabl e 3 Et hyl ene/ propyl ene copol yneri zation with

t hi oceneAR.DA0 sobitighyafi 7eBulis inchexame 1§7.28 malL.P1H00 armagl) vesmsidgdret <2006t & Bocene
?anase dolutfhd 52! £65' ‘g byt [(Q-He%yﬁmn e%'yblﬁ&tgzh{m%yl-@élé&%alﬁ,Zlb:éb,g-lb/’]t-h
%37 C- 424iddbheRe)dindethyidilade L0198 S 302,665 00 274 By 4FC-R$ . 31 3610 4-Budi1igdrt3=71, 09
72.5940C-91.170.2770.5n. zn. 68. 2941C- 132. 710. 5720. 81. 5090. 3342C- 131. 160. 2740
. 21. 00822:b raniiering. the tigandu®).4% pmoe)dn 39 gulcof gthen Ahexosuitingymapers wasstired 72 52

201 160, Dbyt B 81 pf 30 i ey s g SR Ay g

2551 G32 1suSpshsita 2Fhis bushefidion Wag Cocled agddi) aQ-80CHhd 4ddéd 8BH SispaidionSH0L.9B8S. 11.
7379. 3754%%21. 430. 3382. 4x. 4176, %ﬁég -331. 820. 4322,.5n

77. 5156 2L 1udbw 3388 B 33D mmah drSlytigandy™] sbepng R e esnt04% BID) Bago 6
0. 8147. 0SPRE i ptnfiA0 Hdbushleoblcio 3300 Miledtadtivh nflxfte hWILKARAOMEDOC for! N

gas and 1n the lirqui'd phasés from C NVR anal ysis. not neasured.
01/ 479391 h, then allowed to warm to room temperature and stirred overnight. The final orange-pale

brown suspension was evaporated off under vacuum and the residue washed with ether to give
an orange powder (5.32 g), which was analysed by 'H-NMR in CD,Cl;. The 'H-NMR
analysis showed the presence of the desired catalyst together with an adduct of coordination
not identified (probably ZrCly(Et,0), or LiCl(Et;0)). The powder was washed very quickly
with 15 mL of HCI 4N, then with water (30 mL), subsequently with EtOH (20 mL) and finally
with Et;0. After drying 3.50 g of pure catalyst as orange powder was recovered. Yield of the
pure product = 77.7%.

"'THNMR (5, ppm, CD,Cl,): 1.20 (s, 3H, Si-CHz); 1.35 (s, 3H, Si-CH;); 2.39 (d, 3H, CHs, J =
0.59); 2.45 (d, 3H, CH3, ] = 1.2 Hz); 2.62 (d, 3H, CHs, J = 1.2 Hz); 6.66 (q, 1H, CH, J=1.2
Hz); 6.81 (bs, 1H, CH); 6.87 (ddd, 1H, CH, J = 0.98 Hz, J = 6.65 Hz, ] = 9.0 Hz); 7.21 (ddd,
1H, CH, J = 0.98 Hz, J = 6.65 Hz, ] = 8.61 Hz); 7.45 (dt, 1H, CH, J=0.98, Hz J = 8.61 Hz);
7.73 (dq, 1H, CH, J = 0.98 Hz, J = 9.0 Hz).

EXAMPLE 12
Synthesis of chloro(2-methyl-4-phenyl-1-indenyl)dimethylsilane
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PCT/ EPOO/ 13191 Tabl e 413C NVR characterizati on of ethyl ene/ propyl ene

copol yners. Ex. Metall ocene[ E] [ PPP] [ PPE] [ EPE] [ PEP] [ EEP] [ EEE] rl r Znol ar

fracti on37C 40. 85140. 00000. 03860. 11000. 01810. 20660. 62670. 9238C- 40. 75230. 018
00. 08440. 1WE3W/43%950. 28140. 39840. 9139C- 90. 79890. 00890. 0S2X6TEROYL193630. 262
10. 50050. 7540C- 90. 76360. 00600. 06940. 16090. 05890. 29460. 41010. 6241C- 130. 93340
. 00000. 01900. 04760. 00000. 10800. 82542. 8542C- 130. 87660. 00000. 05020. 07320. 0118
0. 17900. 68582. 4543C- 200. 79480. 00S80. 06820. 13120. 02910. 26420. 50150. 9644C- 200"

§ 70. 71210. 01470. 11330. 15980. 06240. 312
70.33700. 79 Table 5. Reactivity ratios iI H r&p r2, and their product rlr2
for ethyl enel propyl ene copol yneri zati on 5 |l e Metall ocene rl r2

r | 1 237C AB05 M- 1dfbn 7RG 0N $eRank 3065 L., 4211230mB6 Wasd@ebit@°6 43 &s4/688n 91 0. 7
0. 09~0. 012. 6~0. 443C- 206. 0f 0. 20. 16t 0. 021. 0~0. 145C-274. 3~0. 40. 13~0. 030. 6~0. 24
7C- 297. 00£12.60 207E-2-neeflayisi-phepyliindene WRopldey SrignuficCampanyy MK 7@082P0d oA
conpound_of , ge 0 I L3 s [ej ) S a
i val ont " Gib B ER PG PR :Doh 8 R of ot 8 bl kB b pited ol

and ( CRI &ditionaR2 hadd Godia températirawith fiaalt foemstioieofm erangdi soheioanThik rsohtieach
other, are selected fromh en - Czo-

dro , a d-Cza-~Yh. C3 ycloal lryl .
Cz- Czo- aVREsppled v@emée&-grayﬁ adéed stovdy 9f pyeltign of £38 mly0 lﬂlaqoawetﬁsaﬂiaea ,
opt i onal : [Mal et t i f.onm_a piiTRa =0, t.or 8
at ons m¢%ﬁﬁﬁ§gﬁea@é@6§t@bsgpt@ﬁé§@ %Pghg%gniglze?w o? 1’?101?%“:130’8( I[)%f‘?zo,gﬁlé A
(11) R "6BtirRBhaveastipnmiRBirawds Rén allddweito meymlte redne tepmpemters and stohrddf for &€nt
from eac t her, are se]ected from hydrogen, i - Czo-al k .
o G o ch P Sepe Sl spetrm vt coanof wiler TAGu, g e, wpidue was
C~- Cz0- agthapteld ¥ith UL S toldtel PR MO el ubBerdab@in®{EvONB6 L oRBdirByar e
selected fromsulfur (S), oxygen 3?0) or CRS, Wnergin R5 1s selected from

hydr ogenyellpwsolidz whigh pias chagacterized by SN wplysisepd (HVMRispesioscapy. ¥iedd ar v |
C~- Czo- ahkydaryl, C--Czo-arylalkyl radical, optionally containing a
heteroatomw th the proviso that if Ais Sor O then Bis CR5 or if Bis S
or O, thEiNMRSL3,GRB:, GIDALY0e24e(sn3H,8i-CH1)pe.48 ¢s)3E, 1Si-GH: A 2:310(dB3HACEL AT doubl e

bond in e} pasi ti.on; i S,.a i et for | 1.7) ;. ERs wherein
ro, R Pt i R Car R s T L Sl B R ke "ot ner
are sele f foae - - -
Cz- Czo- aﬁzzg%)l' g@%j%[o ar 32/1’,29%@%2%?& H;ng ﬁ% @’szz%c(g%?g?[ %5?’ %Ogdﬁzggil ,
opt i onal 292 (G3nt18P Gl NglE&oIBhiobi(3Y, $x(lePhat oms 112

Synthesis of (2-methyl-4-phenyl-1-indenyl)-7-(2,5-dimethyl-cyclopenta[1,2-b:4,3-b’]-

dithiophene)dimethylsilane
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WO 01/ 47939 PCT1EPOO/ 13191 bel onging to groups 13-17 of the Periodic Table
of the Elenents, and R6 and R7 and/or R8 and RO can forma ring conprising
from3 to 8 atons, which can bear substituents, with the proviso that R7 is
di fferent WOH4B%and when R is a tert-butyl radical, RS RE/ERIV/IHGHr ogen;
Mis an atomof a transition netal selected fromthose bel onging to group
3, 4, 5, 6 or to the lanthanide or actinide groups in the Periodic Table of
the El ements (new | LTPAC version), X, which may be the sanme or different,

i s sel echad {1 Rt GF AIRLi 3 BéRand 6. PRI, 880 Mmel) Wad Hiled at —$¥RC. to @SBRHLA .
OCOR' NR 2 or PR 2, wherein the substituents R are selected from

SR
hydr ogeref b4@ie of 2¢i-dietbyl-THseyeinpeyial lokb b’ ldithiopheriek My = 206382987,
C~- C2- al | = rov] @k kyvdy :r agiga td alMalo®
het er oat%%@%%ns]ag[ﬁl'l&?ﬁt@ %gr (%‘Er(1 '#)r%gngbﬁf%fﬁg&btﬁér}gglgﬁnéﬁ%et agg’%&rle%gofri on
st at e ofadditonak1l &l at QI wikts firal fosadrionfia diel®rown suspension. This suspension was

(3-trimethylsilyl cycl opent adi en}/I ).(7-.cycl gpent adi ti ophene) zi rconi um
di chl or i ¢pdledpgaiy Ry 287¢ apdadded slowly of a’solution of 1.90 g of chloro(2-methyl-4-phenyl-

(3 {11 o s hohECl ARRNARGT 206 34 EHhaRE o L WD SIS AG LMo -
fj 3- e': Ey: h?}t;ll))ﬁgfﬂ()lidile rof | othetc yithe aeectioad nixtorehene Jthen atlowedntoli wdrmoto deom~
| ne SI1 | anedail . .
(3ot hyl cisEPErBHE B sirgadfon2 by The sl dak ohusisndpimost blaghascaneentraied yader
| 50Pr OPVddcilgfiCunta e Ratldtb GXEhARPHIA S0l ok tolncibt PRNGPEY hRBRS FAER AN UM

di chl oride, dinethylsilanediyl O

(3-n-but Wﬂctcgcbato}%(ﬁtmdbeml.)lg wthyi) mgheoftmmané-o‘pﬂ@n@) miirx stuTing mmiwhl!y(ﬁoilid_e,
it gf%lxlglgs,d ?03’1%&& %@E@&ﬁ@ hgﬁ%ﬁaﬂh&”&%@l&%‘ééu%? B3 4 BRNGNELFLL: Sl um
(3nmet hyl gystep@ent adi enyl ) (7- cycl opent adi ti ophene) zi r coni um di chl ori de,

i sopropyl i dene

( 3-i - pr oBwity Wy G MBI 88 b, ) Yivldof theapwe pradpetio¥h&he} zi r coni um di chl ori de

and di net b ' ) . . . i
C0c S Te TN BB, XDl - 035 (5, 3H, Si-CHsY: - 0.32 (e H, Si:CHi); 228 (d, 3HL CHL T
bei ng exelOsedz); 2.55Tbe 3Bk IGH,); L #8esatK 0CHI)NG.96 @s, IH IGH)] 4.04K(g r181, CH)H 6.82

meral | ochdabRLr i 89 B T Lt Ty Eb kT 7S IR 34T el ©
4. The nekeliogangraccording to any of claims 1 to 3, wherein Aor Bis a
sul fur atomand thé other is a CH group. 113 WO 01/47939 PCT/ EPO0O/ 13191

5. The netz(%)od6hE 0O rdlnd68 @4nM' 264 (28),8631(100), 248 (Uhhr2d7 (2 BR23@0R4 ar e

t he sane r e r Cl -Czo-al kyl group, which can contain a

silicon 5@%&3?’62%3iﬁ@’ ﬁ%fﬂf’ié@@@ accordi ng %/o gnyugf cl :'B.i n 1 to 5, :/\/nerei n

Gis a Ufs#'ﬂh}ésis)i)f oimhatsilg} aﬁﬁéthyMJﬁﬁeg?-lBﬁnd@E*W-Mﬂh iﬂ{e@hﬁ@yae%eﬁacg, ual
I - -~

to or d erent fromeach other, are selected Trom hydrogen, a 0-~Yh
C3- Czo- cyd,bhllrdithiogheneyiczirdoniim dichBaidez6-28r y| , Cr Czo-al | ryl aryh
C7-Czo-aryl al kyl radical, optionally containing heteroatons belonging to
groups 13-17 of the Periodic Table of the Llenents R is selected froma
C6- Czo-aryl, C~-Czo-alkylaryl or a QRLIfAR13 group, wherein Qis selected
fromC Si, CG; R', Rz and R 3, which {@‘ be the sane as or different from
each other, are hydrogen, d-Czo-a~' S h83-Czo-cYcl oal kyl, Cz-Czo-all cenyl,
C6- Czo-aryl, C7-Czo-al kylaryl, C~-Czo-arykatkyl radicals, optionally
containing a heteroatorn, with the o@@, at when Qis a carbon atom at
| east one of R', Rz and R13 is a hydrggen atom 7. The netal |l ocene
according to claim6, wherein R is ¥efies€Cled from phenyl, a CHRI' Rl z and a

Si R11R1zR13 group, wherein Rl11l, R z angd/R13 are hydrogen or C -Czo-al kyl
groups. f é /'S

A solution of 2.58 g (5.5 mmol) of (2-methyl-4-phenyl-1-indenyl)-7-(2,5-dimethyl-
cyclopenta[1,2-b:4,3-b’]-dithiophene)dimethylsilane in 40 mL of ether was treated at —70°C
with 7.0 mL of a 1.6 M n-BulLi solution (11.2 mmol). The reaction mixture was allowed to
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8. The netal |l ocene according to any of clains 1 to 5, wherein Gis a noiety
of formula (I~ R ~Rs (t CaZ R s 2, R4 ~ T Tl' \ 17 R wherein WM WO
01/47939 PCT/EP00/ 13191 T1 is a sulfur atomor a CR16 group; TZ is a carbon
atomor a WOXMIEH atom z is 1 or 0; the ring containi ng PAT/EMYIMA has
doubl e bonds in the allowed position; with the proviso that if z is 1, Tl
Is a CR16 group and T2 is a carbon atomand the ring fornmed is a benzene
ring; and if z is 0, T2 bonds directly the cyclopentadienyl ring, the 5

nmenber edreatinghohoiciperanas aidstited 6PN G. The sdlyen®wak hen@led amaet edsded peasiltavi ng
an aromatic character and Tl and T2 are not at the sane ti e, a sul fur atom

and a ni fdbhedil ﬁhlam saf obtaimgdswasrspspenged;in Igxanes dftereanling ee781C, di 28 & fht |

| |
e o, flyih SEACLWEE QD The Pl SOt ks Gl MDA perafifc ?@E‘Pm%ﬁt‘fe“y
cont ai ni tig )haﬁbwrpmnpltme vas diltgred gwhshed rtwice swiftBether, dfied had Eﬁalil}orﬁsqﬁﬁﬂtz?@ of
t he El t dj 4. R can.forma
i ﬁg cggﬁn SFHQBK %elé §§ %?40&%0 rfléa%ﬂ%égmp%w&swaﬁ aeﬁ@gten@d%

matallocglgé@ @&gﬁydl ng to claim8, wherein Gis a noiety of forrrula (1Vb):
R19 15 R, RI's ~0~0 R17 16 (IVa) wherein R14, R's, R16, Rl7, R's and
R19, Wth he sanme as or different from each other, are selected

from hydgogen Oalk |, P = al 1,

o Cao. aPrnet " oo 8 iy ar Y- meEBIH) A blfobenalEa 03t Gopyene

cont ai ni ggmétRyWARt Ons, and any of two adjacent R14, R's, R16, R~ R's and
R19 can forma ring conprising 4 to 8 atons which can bear substituents and

t he benzene ring can be perhydrat e nmetall ocene according to claim
9, wherein Gis a noiety of formnul 15

-t

A 2.5 M solution of n-BuL.i in hexane (1.50 mL, 3.75 mmol) was added at —20°C to a solution
of 1.29 g of 7H-cyclopenta[1,2-b:4,3-b’]-dithiophene (Mw = 178.28, purity valued by 'H
NMR ca. 50wt%, 3.62 mmol, #-BuLi:Th,Cp = 1.04:1) in 20 mL of ether. The resulting
mixture was stirred for additional 1 h at 0°C with final formation of a dark brown suspension.
This suspension was cooled again to —20°C and added of a solution of 0.96 g of chloro(2-
methyl-1-indenyl)dimethylsilane (83.6% by GC-MS, Mw = 222.79, 3.62 mmol, (2-Me-1-
Ind)SiMe;CL:Th,Cp = 1:1) in 5 mL of ether. The reaction mixture was then allowed to warm
to room temperature and stirred for 2 h. The final black suspension was concentrated under
vacuum and the sticky residue was extracted with 30 mL of toluene to remove the LiCl
formed. The extract was dried under vacuum to give 2.26 g of a black oil, which was analysed
by 'H-NMR  spectroscopy. Starting  chloro(2-methyl-1-indenyl)dimethylsilane,
hexaethylsiloxane coming from previous steps and tars were also present as by-products, but
attempts to purify the desired ligand failed because of the high solubility of the mixture in
apolar solvent as pentane. The crude product was then used as such in the next step without
further purification.

'H NMR (8, ppm, CDCls): - 0.36 (s, 3H, Si-CHs); - 0.35 (s, 3H, Si-CHs); 2.26 (d, 3H, CH3, J
= 0.98 Hz); 3.89 (s, 1H, CH); 4.15 (s, 1H, CH); 6.69-7.52 (m, 9H, Ar).

61



WO 01/47939 R s R14 PCT/ EPOO/ 13191 wherein R15, R16 ~ R17, and R a are

sel ected from hydrogen, a O -CzZO al kyl, C3-CZO cYcl oal kyl, C2-C20-al kenyl
C6- C20- ~' Yh C7-Cao-al kylaryl, G CZO aryl al kyl radical, optionally

cont ai ni ngWRM&7Bat ons bel onging to groups 13-1'1 of the PEIERAVEIThb| e of
the El enments, and any of two adj acent R14, Rl s, R s, R, R ac~forma
ring conprising 4 to 8 atonms which can bear substituents; Rl4 is sel ected
fromthe group consisting of Cl-CzZO al kyl or C6-CZO aryl group. 11. The
net al | osyathé@iCcor di g t 0 Clphdthsily@Lbthyl -i¥dehyl)o7-iy¥lopénth QI 2vBI£3-Hh)VC)
R19 RL s 14 00 ~RI ~ r16 (Nc) whgr eyin“r'l(gRM, le6 ( &IHT @gndpRl agézfg 4sﬁglgc’el e]ct ed
f r om hydlithjepheng) }@ircontnm dichlorideaC340- cYcl oal kyl , C2- Czo-al | cenyl,

C6- C20-aryl, C7-CzZO al kyl aryl, C?-C20-~' ¥=alkYl radical, optionally

cont ai ni ng heteroatons belonging to @Q\ -17 of the Periodic Table of
the El enents, and.optionally any o adj acent R14, R16, R', R's and R19
can forma ring conprising 4 to 8 atMussziohi ch can bear substituents;; R19

is selected fromthe group consisting ®§f C -C2o0-al kyl or C6-CZO aryl group
or forme with Rl a a benzene ri ngt? ears substituents. 12. The
nmet al | ocene according to claim 11, SfierelMwR14 is selected fromthe group

consi sti ‘ng'?quom%Q#HéB ; {a}{ P%g%@oﬁrrﬂi, ﬁ.%‘%ﬁ&g%ﬁ%dﬁfd@{ —hﬁ'dl"f ?Lt)tzgyl ’

or phenyl group. et according to ahy of clalm
wher ei n ddhfiions salfect &G r ongt he ofjir ouR2-oetiyl-4 tindenyD{7-(Chel Grmiagl ,Ryb:4,840°]-

O, 20" Sl bt BBt B T3 Skt
wher ei n gk 1igSnd1699% bite) BT ST offeteR Fhedefittng MixtieRAY sliddd Jor ditRna LA bon
atomor a nitrogen atom the 5 nmenber ring formed by T1 and Tz has doubl e
bonds i retd3¢ with final fakhaticsdofpm biownosuspénsionn Ghisrsuspensian iveas soaled @gein;to —
20°C and added of a suspension of 1.44 g of ZrCl, (Mw = 233.03, 6.20 mmol, ZrCls:ligand =
1:1 considering the ligand 100% pure) in 30 mL of pentane, previously cooled to —20°C. The
reaction mixture was kept at —20°C for 1 h, then allowed to warm up slowly to room
temperature and stirred for 3 h. The final brown suspension was evaporated off under vacuum
and the residue extracted with 30 mL of toluene: the extract, containing mainly tars, was
eliminated, while the brown residue (3.33 g) was dried and washed with 20 mL of ether. The
'H-NMR analysis in CD,Cl, showed for the residue from ether the presence of the desired
catalyst together with an adduct of coordination not identified (probably ZrCly(Et,O), or
LiC1(Et,0)) and few tars. Again the brown powder (2.28 g) was washed very quickly with 20
mL of CH,Cl;, then with EtOH (10 mL) and finally with Et;O (15 mL). After drying 0.44 g of
catalyst as pale brown powder was recovered. Yield = 13.5%.
"H NMR (8, ppm, CD,CL): 1.25 (s, 3H, Si-CHa); 1.41 (s, 3H, Si-CHj); 2.38 (bs, 3H, CHy);
6.82-7.79 (m, 9H, Ar).

EXAMPLE 14
Synthesis of chlorodimethyl-(2-phenyl-1-indenyl)silane
o
—gf

Ph

@Q
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O wth the proviso that if Tl is a sulphur atomTz is not a nitrogen atom
R14, R~ and R $ which nmay be the same as or different fromeach other,
are selected from hydrogen, a O -Czo-al kyl, C3-Czo-cYcl oal kyl,

Cz- Czo- al kRPA478Y. Czo0- aryl, C~-Czo-al kyl aryl, C~-Czo-aryl¥ 00/AHH cal |
optionally contai ni ng heteroatoms bel ongi ng to groups 13-17 of the Periodic
Tabl e of the Elenents and Rl ~and R18 can forma ring conprising 4 to 8
atons whi ch can bear substituents. The netal |l ocene according to claim 14
wher ei n Azsolwtioa ofdx9mp (Su0anmol)lofi2sphenglitidenelin 30 adh aﬁEtzelvaas tibatedoatd-7810

gand. oPihdram Gymmod o' (oM selufon pl v Bt guAe s AAdion, B re 1. 7
is a noi slwvéaftofmo%&ﬁél &mgéau@ancﬁéthﬁd%oaﬁd nalﬁsmqbbﬁs oML agadQ BELS

wherein A, B, R3 and R4 are defined as in clainse 1-S and t he doubl e bonds
are in aﬁQ”Qndndtmt@llwmh\Bdoblueme 0.08 ;g (80 mmod) ofidvlesSiClpfin lQ)mhm%azeﬂQeﬂ When117
V\DOlI47 39 .7.R6 PCT/ EP dlts e bond isqmer WnerelnR6
N i AR s e iyl 1 B ot Rt R e

proc ess B@énﬂgme ThE S Bt dg tiigd Ractitn Ridthieass Blterb® td Hnfove\MiCl kel e £0Wen‘€\ml’se| n

G, Z and L are defined as in claim16; conprising the follow ng steps: a)
cont act i ragueyed sngasaediced presard. dibmerugde (rvodugt Whs aseBdr theerbsierwithe rﬁlltthﬂlj
group conmﬁ |r_1 lg of netallic sodium and potassium sodium and potassium
hydr oxi dBUANEET or ganic |ithium corrpound wherein the nolar ratio bet vveen
t he conpogNMRI(S, dhen, fcswgyh@o@/idga 6‘951@.@39{ CE)p4.14 @am @H}L,,-ooz\(s\ A
Ra/ \B B~R wherein and are escrl bed in clains 1-5;

3H, Si-CH3); -0.20 (s, 3H, Si-CHj).

Synthesis of dlmethylsﬂyl{(2-phenyl—1-ingienyl)-7-(2,5-dimethyl-cyclopenta[l,2-b:4,3-b’]-

dithiophene)} zirconium dichloride C-31

M&lii erlz
S S
S P

A suspension of 1.03 g (5.0 mmol) of 2,5-dimethyl-7H-cyclopenta[1,2-b:4,3-b’]-dithiophene
in 30 mL of ether was treated at —70°C with 3.13 mL of a 1.6 M »-BulLi solution (5.0 mmol).
After the addition, the resulting mixture was allowed to warm to room temperature and stirred
for additional 50 min at this temperature. Then it was cooled again to —70°C and added of an
etheral solution (10 mL) of chlorodimethyl-(2-phenyl-1-indenyl)silane coming from the
previous step. The mixture was allowed to warm to room temperature and stirred overnight.
The ligand (2-phenyl-1-indenyl)-7-{(2,5-dimethyl-cyclopenta[ 1,'2-b:4,3-b’]-
dithiophene) }dimethylsilane was characterized by lH-NMR spectroscopy.

'H-NMR (8, ppm, CDCl3): 7.70-7.25 (m, 9H, CH); 7.20 (s, 1H, CH); 6.90 (m, 2H, CH); 4.60
(s, 1H, CH); 3.70 (s, 1H, CH); 2.65 (s, 3H, CHs); 2.60 (s, 3H, CHj); -0.44 (s, 3H, Si-CH3); -
0.66 (s, 3H, Si-CH3).

The ligand was not isolated: its solution was treated at —<70°C with 7.0 mL ofa 1.6 M n-
BuLi solution (11.2 mmol). Then the reaction mixture was allowed to reach room temperature
and stirred for 1 h. The solvent was removed under reduced pressure and the dilithium salt

obtained was suspended in hexane. After cooling to -70°C, 1.28 g (5.5 mmol) of ZrCly
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b) contacting the corresponding anionic noiety of the formula (VMi>n with a
conmpound of formula (1~: 1 R 2 wherein R, R2, R, R, Rg and R$ are
described in claim1l and then treating the obtained product with a

pr ot onat i nWOMEA3? 18. A process for the preparation of aBRGTFRAYIAPLL f or nul a
(V): LG Z (V) 11s WO 01/ 47939 PCT/ EPOO/ 13191 wherein L, G and Z' are
defined as in claim 16 are defined in claim1 conprising the foll ow ng
steps: a) contacting a conpound of the formula (VJ~ with a base sel ected

from t hewgre 0Allded.0OTEE Seaction Omiiteiealvas Gtisredli di foand t@gseamieummgmi e aed
pot assi um hydr oxi de. and an orggm c.lithium co wher ei n t he nol ar

rati o betrgginitate was Eersdumashed tripewith ethgr, éned/ ﬁnﬂlygawstﬂaw fram LHCloa s t
1:1 A ~ 71{3[ ‘%FE“T’){’R&@ Wﬁq@y A, B, R3 and R4 are described as in clains
16 5 o 1 D

1-5; b) con ani oni ¢ conmpounds of the formula (" VI)~
wth a CBRAMPUEJS formula (LX): R? R6 i LY R8 R~ wherein L, R6, R, R8 and
RO are defined as in ¢clainms 1-5 and Y i %

Synthesis o (2-methyl-1-mdenyl)-7-(2 S-diethyl-cyclopenta[1,2-b:4,3-b’]-

dithiophene)dimethylsilane

A suspension of 1.17 g (5.0 mmol) of 2,5-diethyl-7H-cyclopenta[1,2-b:4,3-b’]-dithiophene in
75 mL of ether was treated at —70°C with 3.13 mL of a 1.6 M n-BulLi solution (5.0 mmol).
After the addition, the mixture was allowed to warm to room temperature and stirred for
additional 1 h at this temperature. Then it was cooled again to —70°C and added of a solution
of 1.11 g (5 mmol) of chloro(2-methyl-1-indenyl)dimethylsilane in 10 mL of ether. The
resulting mixture was allowed to reach room temperature and stirred overnight. The ligand (2-
methyl-1-indenyl)-7-(2,5-diethyl-cyclopenta[ 1,2-b:4,3-b’]-dithiophene)dimethylsilane was not
isolated, but used in solution for the catalysts synthesis (see below).

'H-NMR (3, ppm, CDCL3): 7.55 (d, 1H, CH); 7.44 (d, 1H, CH); 7.28 (m, 1H, CH); 7.15 (m,
1H, CH); 6.98 (m, 1H, CH), 6.96 (m, 1H, CH); 6.70 (m, 1H, CH); 4.10 (s, 1H, CH); 3.94 (s,
1H, CH); 2.98 (m, 4H, CH>); 2.31 (s, 3H, CHa); 1.43 (t, 3H, CH3); 1.41 (t, 3H, CH,); -0.30 (s,
3H, Si-CH3); -0.31 (s, 3H, Si-CH,).

Synthesis of dimethylsilyl{(2-methyl-1-indenyl)-7-(2,5-diethyl-cyclopenta[1,2-b:4,3-b’]-
dithiophene)} zirconium dichloride C-34

Meji -irClz

The ligand solution coming from the previous step was treated at —~70°C with 7.0 mL of a 1.6
M n-BuLi solution (11.2 mmol). Then the reaction mixture was allowed to reach room

temperature and stirred for 1 h. The solvent was removed under reduced pressure and the
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radi cal selected fromthe group consisting of chloride, brom de and i odide.
19. A process for the preparation of a netall ocene conpound as defined in
any of clains 1 to 15, obtainable by contacting' the |igand of general
formul a (VWOR493] base capable of forniing the correspon&CAFPHVBAiloni c
conpound and thereafter with a conmpound of general formula MXp.,.2, wherein
M X and p are defined as in clains 1-5. 20. A catal yst obtainabl e by
contacting: (A) a netall ocene conpound.of fornula (n L&ZMXp (>] wherein L,
Z, M X dititurp salsobsdedinglevias @dspandddninChexiatis Aftéy cuolingsto S-76°Cr0.23 ¢ (3.2
formula ()~ 119 WO 01/47939 R7.J~Rs PCT/ EPQO/ 13191 wherein R6, R, R$
and R9, WHoOPtAI(layeers added, he rractinn yixtyre pyas stired, o rogpyfegperature ofegnighty oct ed
fromt hepgr : i St e fXd: I , ) I - - I yl,
Co- Coo- alReruPRESIObLapuRE WETOARE, Mshod (R el CFR, F SmRly Y
opt i onal tegrystelized fiomdCHTe Galddm2 HeRbngithtespert ty BiPly). 13- 17 of the Peri odic
Tabl e of nts, R6 and R and/or R8 and RO can forma ring

conpri simto 8 atons, which can bear substituents; with the proviso
that R isyndlickfser ent of rom RE.AasyRheRiEy7SeE-Ahkiioblopasihpal-biAp-bg. not
hydr ogen; "and (B) an al unoxane and/or a  conpound capabl e of fTorm ng an

al kyl medihiopheneydinethylsilamecat al yst according to claim 20 wherein in the
net al | ocene conpound of formula (1) Gis a mpety of formula (Tila) or (I~
wherein said noieties are defin&H ' a xNE 6 and 8, 22. The catal yst
according to claim 21 wherein in the—RQetaHsocene conmpound of fornmula (n G
is a noiety selected fromthe conpoundjof formula (1Va) (1vb), (IVc) or
(1'vd) wherein said noieties are defioeg in ai s 9-15. 23. The catal yst
according to any of clainms 20-22, whereln -@. al unoxane i s net hyl al unoxane
(MAO, isobutyl al unoxane (TIBAO and 2.4 A et hyl pent yl al unoxane
(TTQAO). 24. The catalyst according to anfy of clainms 20-22, wherein the
conpound Ac@matenenfaf.3% Q@b&&nal)mt@s—h@ﬁmjmdwlo 6rth[I1PIb:4 3 -] -ainipphend ipf
formul-a D+E-, wherein is aBrQnsted acid, able to donate a proton and

to react 30 mleoketBenovgs Wrated 2 ~JONGS tHitaR A mk off a { 9eMeBali sdetins 410 Mokl a
(1] and Kael %c%&ﬁﬂ[ﬂ%?ttﬁéjh}%(tﬂfy P of &'t et r&ﬁn %ﬁgp%ratjmzeeaﬁdh&irfaegt fot ©
(0] Ion of t WO conp S,

catal yti C species orrginating rromthe reac oun and
whi ch i saddifidriat 58 mhinyatl thizi températvpe Biehdt as keoled apaiado by70AD and aflded of a

. 25. A f h { | f, al -ol efi
Tomort &1 AgRa LA & 108 raneh OFgRar R GeR - Flab Dt ndb G of fer. "
condi t i ohe Wshifingnfathr Walalldeel Refaé YosMeRperiturd 4Rl sifed Gverlgiﬁht.ﬁ{beli%ah@(? ess

according to clarm25 for the preparation of honp- and copol yners of 12D
%Z-methyl-l-mdenyl)-7-(2,5-d1pheny1-cyclopenta[1,2-b:4,3-b’]-ditlnophene dimethylsilane

was pot isolated, but used in solution for the catalysts synthesis.
Synthesis of dimethylsilyl{(2-methyl-1-indenyl)-7-(2,5-diphenyl-cyclopenta[1,2-b:4,3-b’]-
dithiophene)} zirconium dichloride C-35

Me,Si erlz
Ph@ Ph

The ligand solution coming from the previous step was treated at —70°C with 5.6 mL of a 1.6
M n-BuLi solution (9.0 mmol). Then the reaction mixture was allowed to reach room
temperature and stirred for additional 1 h. After cooling to —70°C, 1.05 g (4.5 mmol) of ZrCl,

were added. The reaction mixture was stirred at room temperature overnight, then the violet
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WO 01/ 47939 PCT/ EPOO/ 13191 propyl ene. 27. The process according to claim 26
wherein the process is tanmed out in the presence of an al pha-olefin

sel ected from 1- butene, 1-pentene, ~-hexene, 4-nethyl-1-pentene, loctene,

| decene aMPW4i%ecene. 28. The process according to cl ai PEPEPPERN he
preparation of hono- and copol yners of ethylene. 29. The process according
to claim 28, wherein the process is carried out in the presence of an

ol efin selected from propyl ene, 1-butene, 1-pentene, 4-nethyl-1-pentene,

1- hexenepre&;pﬁﬂb%@ﬁlténe@ -waghed byice Withees, Ried hnd a8I0ErecdsidNZeE B8R, CH,Cl,.
1-tetradecene, 1-hexadecene, 1-octadecene, 1-eicosene, al I yl cycl ohexane,
cycl opentiskbl. Zﬁ&ﬂ%é’%@ﬁ@s@ﬁﬁtorﬂhﬁh}r nene, 1,5-hexadi ene, 1-6-heptadi ene,

2- met hylE%ﬁélEEﬁal i ene, traps 1, 4-hexadi ene, cis 1, 4hexadi ene,

6- met hyl = - di ene, 3, 7-dirnethyl-1, 6-octadi ene, 11-nethyl-1,10
dodecadi Syiethesis ef 3)§,biteiaethyifuloeneor nene . 30. The process according to any
of clains 25-29 wherein the catalyst is supported on an ' inert tanmer. 31.
The process according to any of claing -30 characterized in that it is
carried out in gas phase. 32. A pr opy honopol ynmer having the foll ow ng
characteristics: - triads (mm satisfyYthe relation SS < nmx 85; - nelting
ent hal py (DID of between 5 J/g and 70 Jg. - Haze (ASTM 2457) from 15%to
30% - doss (60C) (ASTM 2457) from60%to 95% - Tensile nodul us (ASTM
D4065) fAgeiutioo®! %aethyi-lzwymtadiﬁbcﬂhlﬁaz,i 1656 mbl)lin d KL (oASThsha4@B3jeatadom

o opyl entt OBIEPBREPRORE 426 iy 0 Lol of senetms T e (& Emolltsrtatiing ng
froman @h@fdsﬁluﬁé sdlﬁﬁcrﬂvavas KpZB6IoHR roofR teiférAttird WWEHASIRNThéh &Zré&%ﬁo@inmlreor

C6- C~2- aryl group, sai d propyl ene copol yner having the follow n

char act cWRspeElized with g 1ot PriMivn of HEQy giractedryidiuboxaner(3 5480 eHL) arde
wher el n TASN P e e Heural 1 B8 RGN0 ey Wibre B L Ul A0 T 5
PCT/ EPO Oécm’ééﬂﬂated The residue was distilled at 70°C/60mmHg. Yield 112.6 g (60%).

"H NMR (3, ppm, CDCL3): 6.53 (dd, 1H, CH); 6.35 (dd, 1H, CH); 6.20 (m, 1H, CH); 2.17 (s,

3H, CHz); 2.16 (s, 3H, CH3); 2.09 (s, 3H, CHj).

Synthesis of 3-isopropyl-1-methyl-1,3-cyclopentadiene

A solution of 24 g (0.2 mol) of 3,6,6-trimethylfulvene in 100 mL of ether was added at -
78°C under argon atmosphere to a solution of 7.59 g (0.2 mol) of lithium aluminium hydride
in 200 mL of ether. The reaction mixture was allowed to warm to room temperature, stirred
for 2 h and then treated with a 10% aq. solution of NH;Cl. The organic phase was collected,
washed with water, dried with MgSQO, and concentrated. The residue was distilled at 63°C/50
mmHg. Yield 15.88 g (65%).The desired title compound was characterized by 'H-NMR.
Synthesis of 1-methyl-3-isopropyl-6,6-dimethylfulvene
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A solution of 25 g (0.26 mol) of 3-methyl-2-cyclopenten-1-one in 100 mL of ether was added
at —78°C under argon atmosphere to a solution of phenyl littum in 200 mL of ether, previous
prepared from 5.76 g (0.83 mol) of lithium and 44 mL (0.42 mol) of bromobenzene. The
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with MgSO, and concentrated. The residue was distilled at 85°C/10mmHg. Yield 5.89 g
(30%). The desired title compound was characterized by 'H-NMR.

The ligand synthesis was carried out by following the same procedure described in the
Example 17, by using 1-methyl-3-phenyl-6,6-dimethylfulvene instead of 1-methyl-3-
isopropyl-6,6-dimethylfulvene and 2,5-‘ditrimethylsilyl-7H-cyclopenta[1,2-b:4,3-
b’]dithiophene instead of MeTh,Cp.

Synthesis of isopropilydene{ (2-methyl-4-phenyl-cyclopentadienyl)-7-(2,5-
trimethylsilylcyclopenta [1,2-b:4,3-b’]-dithiophene) fzirconium dichloride C-14
Ph
Mezg iTC]z
S
MesSie™ X " ~8iMe;,

A suspension of 2.0 g (3.85 mmol) of 2,2-(2-methyl-4-phenyl-1-cyclopentadienyl)-7-(2,5-
trimethylsilylcyclopenta[1,2-b:4,3-b’]-dithiophene)propane in 50 mL of ether was treated at — -
70°C with 4.8 mL of a 1.6 M n-BuLi solution (7.71 mmol). After the addition, the reaction
mixture was allowed to warm to 0°C and added of 0.90 g (3.85 mmol) of ZrCl,. The resulting
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ll(iz)y&l(())ofﬁ-ﬁNMR Gl pha) CBERCL):- T34s | D GHY;) 7. 32 7l 2 Qi SH ( CHIl6/ 62 (8 GO 18);@.1 @x b C
(4, 1H, CH); 2.50 (s, 3H, CH3); 2.30 (s, 3H, CHa); 2.10 (s, 3H, CH3); 0.36 (s, 9H, Si(CHas)s);
0.32 (s, 9H, Si(CHs)3).
EXAMPLE 23
Synthesis of isopropilydene{ (2-methyl-4-phenyl-cyclopentadienyl)- 7-(2,5-dimethyl-
cyclopenta[1,2-b:4,3-b’]-dithiophene) tzirconium dichloride C-11
The synthesis was carried out by following the same procedure described in the Example 22
by using  2,5-dimethyl-cyclopenta[l,2-b:4,3-b’]-dithiophene = instead of  2,5-
trimethylsilylcyclopenta [1,2-b:4,3-b’]-dithiophene. The product was characterized by NMR
spectroscopy.
EXAMPLE 24
Synthesis of isopropilydend (4-phenyl-cyclopentadienyl)- 7-(2,5-dimethyl-cyclopentaf1,2-
b:4,3-b’]-dithiophene) }zirconium dichloride C-19
The synthesis was carried out by following the same procedure described in the Example 22
by using 3-phenyl-6,6-dimethylfulvene instead of 1-methyl-3-phenyl-6,6-dimethylfulvene.
The product was characterized by NMR spectroscopy.

EXAMPLE 25 '

The synthesis of 1,3-dimethyl-1,3-cyclopentadiene has been reported above in the Example
18.
Synthesis of 1,3,6,6-tetramethylfulvene

A solution of 1,3-dimethyl-1,3-cyclopentadiene (9.42 g, 0.1 mol) in 100 mL of ethanol was
treated at low temperature with 8.6 mL (0.12 mol) of acetone and 9.7 mL (0.12 mol) of

pyrrolidine. The resulting solution was kept below room temperature overnight. Then the

72



10H 10Hf: s10%4&' () - y" 10%4& () "10%H& () - *F" 109%&' () - &5 @@ DHHHHHHX M CY@
1096& ()- 10 10 10; S10%& () - 0%& ()-G19"10%&' () - GL3" 10%& () - HQQ
QQQ) PRDLC, #10%& g 41 10%& () Y10%& ()- 105 105
105y: s10964YQ §u47 - 19RRWAEYhYi Y] YKYdYNC 105 105 105@/EP00/13191
10968 () -, #10% & () 41 #10%3& ()-41, #10968& ()- 41, #109%&' () - 41kYY<[ [\ adEYNC
& 109& ()- 1&" 109 & ()- 1&" 109%& ()- 1& 10%m&’ ()- 1& 10%& ()- 1I-
10% & () - aaaaaaab{ dbC&, #109% & ()- & #10%& ()- "10% & ()-110% & ()- 10" 10"
(1 )0 @ 10%edétion-nhisteled ywhas ﬁéuiﬁhmi WitH 829 & @q.-sblutid Y6 HePQ4, (ektrictéiPAvith hexafie #1096 &

- & #109%9&
f f ggh\ el @1(5%81@0%9@3(1 )WIEQWE@%@‘( yeujrol pilokhe preagicphass wey 7@3{3@%@% & ()-

L7 1098 & { Yabhii Lid Lid : -
Lo & () SEPIBRL Y et e beE bl (R S poihiig (iek’67 &

& ()-/ & EOM& () -/ & 10% & () -/ & 109 & () -/ Ominn8oFppdELCE" 109%& () - / &' 10% &
el &1 SASME L) & GO e 6510098, Ol DI L ROP

10" @ 10% éﬁ? 516 eéﬂ(bﬂgm@r()ms\ﬂ JOHA). N ?bCL, GLO%& () - SF10%& () -

Il QLOY& ()-M $70% T0%& ) .

109%&' () - The rhgamls aﬂﬂmglslm cpryied " que daysfollpwingl ey sandy pooredwe (desogibedais, thy - 9910

() LB O Egig%3VVM%§;&§I%&V&%‘V%@M PR A
dimethylfulvene and 2,5-ditrimethylsilyl-7H-cyclopenta[1,2-b:4,3-b’]dithiophene instead of
MeTh,Cp.
Synthesis of isopropilydene{ (2,4-dimethyl-cyclopentadienyl)-7-(2,5-
trimethylsilylcyclopenta[1,2-b:4,3-b’]-dithiophene) tzirconium dichloride C-15

McZS ZrClz

S

MesSi— =

A suspension of 2.19 g (4.8 mmol) of 2,2-(2,4-dimethyl-1-cyclopentadienyl)-7-(2,5-
trimethylsilylcyclopenta[1,2-b:4,3-b’]-dithiophene)propane in 50 mL of ether was treated at —
70°C with 6.0 mL of a 1.6 M n-BulLi solution (9.6 mmol). After the addition, the reaction
mixture was allowed to warm to 0°C and added of 1.12 g (4.8 mmol) of ZrCly. The resulting

SiMe;,

mixture was allowed to reach room temperature and stirred overnight. Then the red-brown
precipitate obtained was filtered, washed twice with ether, dried and finally recrystallyzed
from CH,Cl,. Yield 2.07 g (70%). The desired title compound was characterized by 'H-NMR.

EXAMPLE 26
Synthesis of 3-chloro-2-methyl-2-butenal

‘()—m

CHO
1.3 mol (120 mL) of POCI; was added at 0°C to a 1.6 mol (120 mL) of DMF. At the end of

the addition, the mixture was allowed to warm to room temperature and stirred for 1 h. Then it
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Synthesis of 4,5-dimethyl-2-thiophene-ethylcarboxylate

b\("

OEt
Ethyl-2-mercaptoacetate (0.2 mol, 24 g) was added at 0°C to a solution of sodium ethoxide
(0.21 mol, 14.3 g) in 150 mL of ethanol and the resulting mixture was stirred at the same
temperature for 30 min. Then 3-chloro-2-methyl-2-butenal (0.2 mol, 23.7g) was added and
stirring was continued overnight. The resulting product was diluted in 100 mL of water, the
organic layer was collected and the water layer was extracted with CH,Cl; (2 x 150 mL). The
combined organic layers were dried over MgSOa, evaporated off to dryness and the residue
distilled in vacuo. Yield 22.48 g (61%).
"H-NMR (8, ppm, CDCl,): 7.52 (s, 1H, CH); 4.32 (q, 2H, OCHy); 2.35 (s, 3H, CH3); 2.12 (s,
3H, CHs); 1.35 (t, 3H, CHj).
Synthesis of 4,5-dimethyl-2-thiophenecarboxylic acid

/ \_ o

4,5-dimethyl-2-thiophene-ethylcarboxylate (0.122 mol, 22.48 g) was added to a 30% solution
of sodium hydroxide in 100 mL of ethanol and the resulting mixture was refluxed for 2 h.
Then it was diluted in water, acidified and filtered. The precipitate was dried under P,Os.
Yield 15.6 g (82%).

'H-NMR (3, ppm, CDCls): 7.60 (s, 1H, CH); 2.42 (s, 3H, CHz); 2.17 (s, 3H, CHy).

Synthesis of 2,3-dimethylthiophene
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was heated to 180°C until the evolution of carbon dioxide ceased. The product was collected
and distilled, b.p. 140°C.

Yield 30 g (46%).

'H-NMR (8, ppm, CDCL3): 7.02 (d, 1H, CH); 6.82 (d, 1H, CH); 2.42 (s, 3H, CHz); 2.20 (s,
3H, CH,).

Synthesis of 2,3,5-trimethyl-5,6-dihydro-4H-cyclopenta[b]thiophene-4-one
0

[\

A solution of 10 g of P,Os (0.07 mol) in 100 mL of methanesulfonic acid (1.54 mol) was
heated at 80°C under stirring. A mixture of 2,3-dimethtylthiophene (0.27 mol, 30 g) and
methacrylic acid (0.35 mol) in 20 mL of CH»Cl, was added and the resulting reaction mixture
was stirred at the same temperature for 1.5 h. Then it was poured into a mixture of ice and
water and stirred vigorously. The water layer was extracted with CH,Cl, (3 x 50 mL), the
organic layers were collected, washed with a 10% aqueous solution of sodium carbonate until
neutral pH and finally with water. Then the organic phase was isolated, dried over MgSOs,
evaporated off to dryness and distilled in vacuo, b.p. 110°C/1 torr. Yield 10 g (20%).

"H-NMR (8, ppm, CDCl3): 3.35 (dd, 1H, CH,); 2.98 (qd, 1H, CH); 2.66 (dd, 1H, CH,); 2.35
(s, 3H, CH3); 2.25 (s, 3H, CH3); 1.52 (d, 3H, CHj3).

Synthesis of 2,3,5-trimethyl-6H-cyclopenta[b]tﬁiophene (or 2,3,5-trimethyl-1-

thiopentalene)
Dty

A solution of 2,3,5-trimethyl-5,6-dihydro-4H-cyclopenta[b]thiophene-4-one (11 g, 61 mmol)
in 100 mL of ether was slowly added to a solution of LiAlH, (1.16 g, 30 mmol) in 100 mL of
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mL). The combined organic layers were washed with water, dried over MgSO; and
evaporated off to dryness. The 2,3,5-trimethyl-5,6-dihydro-4H-cyclopenta[b]thiophen-4-ol so
- obtained was dissolved in 100 mL of benzene, added of 1 g of p-toluenesulfonic acid and was
refluxed for 10 min. Then the reaction mixture was cooled to room temperature and treated
with a saturated aqueous solution of Na;COs;. The organic phase was isolated, dried over
MgSO, and evaporated off to dryness. Yield 8 g (80% based on starting ketone).
'H-NMR (5, ppm, CDCl;): 6.44 (m, 1H, CH); 3.05 (s, 2H, CH,); 2.45 (s, 3H, CHz); 2.20 (s,
3H, CH,); 2.15 (s, 3H, CH3).

Synthesis of 6H-6-(2,3,5-trimethyl-cyclopenta[b]thiophene)chlorodimethylsilane

pel
=g

A solution of 1.28 g (5 mmol) of 2,3,5-trimethyl-6H-cyclopenta[b]thiophene in 40 mL of Et,O
was treated at —70°C with 3.13 mL (5 mmol) of a 1.6 M solution of »n-BuLi. After the
addition, the mixture was allowed to warm to room temperature and stirred for 1 h. Then it
was cooled again to ~70°C and treated with a solution of 1.30 g (10 mmol) of Me,SiCl; in 10
mL of ether. When the addition was completed, the mixture was allowed to reach room
temperature and stirred overnight. The resulting reaction mixture was filtered to remove LiCl
and solvent was removed under reduced pressure. The crude product was used as such in the
next step without further purification.

"H-NMR (8, ppm, CsDe): 6.30 (s, 1H, CH); 3.25 (s, 1H, CH); 2.20 (s, 3H, CHa); 2.10 (s, 3H,
CH3); 1.90 (s, 3H, CHs); 0.30 (s, 3H, Si-CH3); -0.10 (s, 3H, Si-CHj).

Synthesis of dimethylsilyl{6-(2,3,5-trimethyl-cyclopenta[b]thiophene)-7-(2,5-dimethyl-
cyclopenta[1,2-b:4,3-b’]-dithiophene)} zirconium dichloride C-27
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A suspension of 0.9 g (4.4 mmol) of 2,5-dimethyl-7H-cyclopenta[1,2-b:4,3-b’]-dithiophene in
20 mL of ether was treated at —70°C with 2.75 mL of a 1.6 M »n-Buli solution (4.4 mmol).
After the addition, the resulting mixture was allowed to warm to room temperature and stirred
for additional 50 min at this temperature. Then it was cooled again to —70°C and added of an
etheral solution (10 mL) of 6H-6-(2,3,5-trimethyl-
cyclopenta[b]thiophene)chlorodimethylsilane coming from the previous step. The mixture was
allowed to warm to room temperature and stirred overnight. The ligand
6-{(2,3,5-trimethyl-cyclopenta[b]thiophene)}-7- {(2,5-dimethyl-cyclopenta[1,2-b:4,3-
b’]dithiophene)} dimethylsilane so-obtained was characterized by 'H-NMR.

"H-NMR (6, ppm, C¢Dg): 6.70 (m, 2H, CH); 6.50 (s, 1H, CH); 4.40 (s, 1H, CH); 4.10 (s, 1H,
CH); 2.39 (m, 3H, CHj3); 2.37 (d, 6H, CHs); 2.25 (s, 3H, CH3); 2.14 (s, 3H, CH3); 0.18 (s, 3H,
Si-CHas); 0.07 (s, 3H, Si-CHj).

The ligand was not isolated: its solution was treated at —70°C with 5.60 mL of a 1.6 M n-BuLi
solution (9.0 mmol). Then the reaction mixture was allowed to reach room temperature and
stirred for 1 h. The solvent was removed under reduced pressure and the dilithium salt
obtained was suspended in hexane. After cooling to —70°C, 1.17 g (5 mmol) of ZrCly were
added. The reaction mixture was stirred at room temperature overnight, the yellow precipitate
was filtered, washed twice with ether, dried and finally recrystallized from CH,Cl,. Yield 1.62
g (60% with respect to Me,Th). The desired title compound was characterized by H-NMR

spectroscopy.
EXAMPLE 27
Synthesis of 3-chloro-2-methyl-3-phenyl-2-propenal
Ph
i
CHO
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and extracted with CHCl; (3 x 150 mL). The organic phase was separated, washed with water
until neutral pH, dried over MgSO4 and evaporated off to dryness. The residue was distilled in
vacuo, b.p. 120°C/10 torr. Yield 163 g (90%).
"H-NMR (8, ppm, CDCls): 9.52 (s, 1H, CHOY); 7.45 (m, 5H, CH); 2.12 (s, 3H, CHa).
Synthesis of 4-methyl-5-phenyl-2-thiophene-ethylcarboxylate

D¢
|

Ethyl-2-mercaptoacetate (0.9 mol, 100 mL) was added at 0°C to a solution of sodium ethoxide
(1 mol, 68 g) in 500 mL of ethanol and the resulting mixture was stirred at the same
temperature for 30 min. Then 3-chloro-2-methyl-3-phenyl-2-propenal (0.9 mol, 163 g) was
added and stirring was continued overnight. The resulting product was diluted in 1.5 L of
water, the organic layer was collected and the water layer was extracted with CH>Cl, (4 x 150
mL). The combined organic layers were dried over MgSQ,, evaporated off to dryness and the
residue was used in the next step without further purification. The title compound was
characterized by '"H-NMR spectroscopy.

Synthesis of 4-methyl-5-phenyl-2-thiophenecarboxylic acid

DaV,
Pl

OH

The 4-methyl-5-phenyl-2-thiophene-ethylcarboxylate coming from the previous step was
added to a 30% solution of sodium hydroxide in 1 L of ethanol and the resulting mixture was
refluxed for 2 h. Then it was diluted in water and extracted with 200 mL of benzene. The
water phase was isolated, acidified and the mixture was filtered. The precipitate was dried
under P,0s. Yield 127 g (65% with respect to 03-chloro-2-methyl-3-phenyl-2-propenal).
'H-NMR (8, ppm, CDCls): 7.75 (s, 1H, CH); 7.50-7.40 (m, 5H, CH); 2.37 (s, 3H, CHs).

78



10! &Qy#" 109%&' () - 9"10%&' ()- 9"10%&' ()-9"109%& ()-L- 109%& ()--

109 () - _bddE) 109%& ()-,: 10%& ()-LS8"10%& ()-

93" 10%& () - 39y#" 10%& () - 9y#" 109%& ()- 9y#" 109%& () - df ghi , f GLOY& g - &, #10% &
"(O)-T) & #19BWAIBT) & #10% & ()-T)Ig 10% & ()- 10 10 PCT/EP00/13191

1010%&' () - B! 9dEf GLO%&' ()-S510% & ()-93"10% & ()-2: 10% & ()-& #10% & ()-T) &,

#1098 & ()-T) & #10% & ()-T){~bCLO%& ()-&10% & ()-110% & ()- 10" 10" 10",,;

10% & ()-98"10% & ()-96"10% & ()-"vdEbCLO%& ()-1s10% & ()-& 10% & ()-&" 10%& -

' () - &' 1084RithesissofiPteiyl-2-plica¥itBiophene

(}dEbCLO%R' ()-, 10% & ()-9"10% & ()- @ 10%& ()-®"10% & ()-@®"10% & ()- ®"1

0%& ()- @CLOY& ()-& #10% & ()-'!lg %()- 10" 10" 10", :

10% & ()-L."10% & ()- L."10% & ()-

i ndEbClO%&' () & #10% & ()-' ! &, #1006 &"() 5T &, #10% & ()-'18& #10% & ()-' ! & #10

% & o8

To0s 8 () () e e %15 Rt e%%gylﬁblg%lfg ()g’é@ 25 S apeef a3 9e30el ) 00
f #109@&: (abdve mmmc( mzzmmex?/@m thy evaltih0sfichdion )i;dklde#btm’rﬂ’le(prodﬂﬂ'was
109%& () Si10% 0 10

10@ 100/&“’(1;"“19&6“ qdy by 12076640 toir. %ieldAQ3Z (9% | £ 4100’ () - " 8yBIESH=10%

109#10%2 5 NNIR i s /BAES!
>xrrt3010%H 101 13% g&’ @Dd]g)# 8URa (1) Ry 948 (t om, THHO Y85 (@ 14, CH)OPES (d, 11,
CH); 6.98 (d, 1H CH) 2.39 (s 3H, CHy).

Synthesis of 2-formyl-4-methyl-5-phenylthiophene

Dl
P

H

0.35 mol (32 mL) of POCl; was added at 0°C to a 1.0 mol (77 mL) of DMF (excess of DMF
used as solvent). At the end of the addition, the mixture was allowed to warm to room
temperature and stirred for 1 h. Then it was cooled again to 0°C and treated with 3-methyl-2-
phenylthiophene (60 g, 0.35 mol). The resulting reaction mixture was allowed to reach room
temperature and after 12 h stirring at the same temperature was heated at 80°C for 2 days.
Then it was poured into a mixture of ice and water, added of sodium acetate and extracted
with CHCl; (3 x 150 mL). The organic phase was separated, washed with water until neutral
pH, dried over MgSO, and evaporated off to dryness. The residue was crystallized. Yield 60.2
g (85%).

TH-NMR (8, ppm, CDCl5): 9.88 (s, 1H, CHO); 7.62 (s, 1H, CH); 7.55-7.40 (m, 5H, CH); 2.39
(s, 3H, CH,).

Synthesis of 2-methyl-3-(4-methyl-5-phenyl-2-thienyl)-acrylic acid

COzH
B¢
P

H
A mixture of 2-formyl-4-methyl-5-phenylthiophene (20.2 g, 0.1 mol) and ethyl-2-
bromopropionate (0.12 mol, 15.5 mL) was added to a suspension of Zn (7 g, 0.1 mol) in 150
mL of benzene with a catalytic amount of HgBr,. The resulting mixture was refluxed under

stirring while all amount of Zn will not be dissolved, and subsequently dissolved in water. The
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&H#10% &' ;pormm foynesg# Thegegidue, corresponding to 2-methyl-3-(4-methyl-5-phenyl-2-
thienyl)ethyl acrylate, was used without further purification in the synthesis of the related acid.
In fact, it was added to a 30% aq. solution of sodium hydroxide in 100 mL of ethanol and
refluxed for 2 h. The resulting reaction mixture was diluted in' water, acidified and filtered.
The precipitate was dried under P,Os. Yield 16.7 g (65%).
"H-NMR (8, ppm, CDCl3): 7.90 (s, 1H, CH); 7.50-7.30 (m, 5H, CH); 7.20 (s, 1H, CH); 2.40
(s, 3H, CHj3); 2.20 (s, 3H, CHa).

Synthesis of 2-methyl-3-(4-methyl-5-phenyl-2-thienyl)-2-propanoic acid

cozH
DsPe
P s

H
The desired 2-methyl-3-(4-methyl-5-phenyl-2-thienyl)-2-propanoic acid was obtained by
electrochemical reduction of 2-methyl-3-(4-methyl-5-phenyl-2-thienyl)acrylic acid. Yield
~100%. .
"H-NMR (3, ppm, CDCl;): 7.50-7.30 (m, 5H, CH); 6.70 (s, 1H, CH); 3.30 (dd, 1H, CH); 2.90
(m, 2H, CHy); 2.30 (s, 3H, CH3); 1.30 (d, 3H, CHj).

Synthesis of 3,5-dimethyl-2-phenyl-5,6-dihydro-4H-cyclopenta[b]thiophene-4-one
o]

/

P

A solution of 3 g of P,0Os (21 mmol) in 30 mL of methanesulfonic acid (0.46 mol) was heated
at 80°C under stirring. A solution of 2-methyl-3-(4-methyl-5-phenyl-2-thienyl)-2-propanoic
acid (65 mmol, 16.9 g) in 20 mL of CH,Cl, was added and the resulting reaction mixture was
stirred at the same temperature for 1.5 h. Then it was poured into a mixture of ice and water
and stirred vigorously. The water layer was extracted with CH,Cl, (3 x 50 mL), the organic
layers were collected, washed with a 10% aqueous solution of sodium carbonate until neutral
pH and finally with water. Then the organic phase was isolated, dried over MgSO4 and
evaporated off to dryness. Yield 6.3 g (40%).

'H-NMR (8, ppm, CDCl3): 7.50-7.40 (m, 5H, CH); 3.40 (dd, 1H, CH,); 3.05 (m, 1H, CH);
2.80 (dd, 1H, CHy); 2.55 (s, 3H, CH3); 1.40 (d, 3H, CHs).
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YCCCCCa BA=blifiton of 3,5-dimethyl-2-phenyl-5,6-dihydro-4H-cyclopenta[b]thiophene-4-one (6.3 g, 26

mmol) in 75 mL of ether was slowly added to a solution of LiAlH, (0.5 g, 13 mmol) in 50 mL

| 10% & ()- 10" 10" 10":

of ether and stirred overnight. The resulting suspension was poured into a mixture of ice and
water, the organic layer was isolated, while the water layer was extracted with ether (3 x 50
mL). The combined organic layers were washed with water, dried over MgSO,; and
evaporated off to dryness.

The 3,5-dimethyl-2-phenyl-5,6-dihydro-4H-cyclopenta[b]thiophen-4-0l so obtained was
dissolved in 100 mL of benzene, added of 1 g of p-toluenesulfonic acid and was refluxed for
10 min. Then the reaction mixture was cooled to room temperature and treated with a
saturated aqueous solution of Na;CO;. The organic phase was isolated, dried over MgSO, and
evaporated off to dryness. Yield 4.66 g (80% based on the starting ketone).

'H-NMR (8, ppm, CDCls): 7.50-7.40 (m, 5H, CH); 6.50 (g, 1H, CH); 3.20 (d, 1H, CH,); 2.60
(dd, 1H, CHy); 2.20 (s, 3H, CHa); 1.66 (s, 3H, CH3).

Synthesis of 6H-6-(2-phenyl-3,5-dimethyl-cyclopenta[b]thiophene)chloro dimethylsilane

el
s

—

PN\

A solution of 1.70 g (7.5 mmol) of 3,5-dimethyl-2-phenyl-6H-cyclopenta[b]thiophene in 40
mL of Et;0 was treated at —70°C with 5.0 mL (8 mmol) of a 1.6 M solution of #-BuLi. After
the addition, the mixture was allowed to warm to room temperature and stirred for 1 h. Then it
was cooled again to —70°C and treated with a solution of 1.30 g (10 mmol) of Me,SiCl, in 10
mL of ether. When the addition was completed, the mixture was allowed to reach room
temperature and stirred overnight. The resulting reaction mixture was filtered to remove LiCl
and solvent was removed under reduced pressure. The crude product was used as such in the

next step without further purification.
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A suspension of 1.3 g (6.3 mmol) of 2,5-dimethyl-7H-cyclopenta[1,2-b:4,3-b’]-dithiophene in
30 mL of ether was treated at —70°C with 4.0 mL of a 1.6 M n-BuLi solution (6.4 mmol).
After the addition, the resulting mixture was allowed to warm to room temperature and stirred
for additional 50 min at this temperature. Then it was cooled again to —=70°C and added of an
etheral solution (10 mL) of 6H-6-(3,5-dimethyl-2-phenyl-
cyclopenta[b]thiophene)chlorodimethylsilane coming from the previous step. The mixture was
allowed to warm to room temperature and stirred overnight. The ligand 6-{(3,5-dimethyl-2-
phenyl- cyclopenta[b]thiophene)}-7-{(2,5-dimethyl-cyclopenta[1,2-b:4,3-b’]-
dithiophene)}dimethylsilane so-obtained was characterized by "H-NMR.

"H-NMR (3, ppm, CeDe): 7.60-7.10 (m, 5H, CH); 6.85 (s, 1H, CH); 6.80 (s, 1H, CH); 6.50
(m, 1H, CH); 4.37 (s, 1H, CH); 4.10 (s, 1H, CH); 2.38 (d, 3H, CHa); 2.37 (d, 3H, CHj3); 2.36
(s, 3H, CH3); 2.12 (s, 3H, CHjs); -0.05 (s, 3H, Si-CHj); -0.16 (s, 3H, Si-CHj).

The ligand was not isolated: its solution was treated at —70°C with 8.2 mL of a 1.6 M n-
BuLi solution (13.1 mmol). Then the reaction mixture was allowed to reach room temperature
and stirred for 1 h. The solvent was removed under reduced pressure and the dilithium salt
obtained was suspended in hexane. After cooling to —70°C, 1.51 g (6.5 mmol) of ZxCl, were
added. The reaction mixture was stirred at room temperature overnight, the yellow-brown
precipitate was filtered, washed twice with ether, dried and finally recrystallized from CH,Cl,.
Yield 2.30 g (56% with respect to Me;Th). The desired title compound was characterized by
'H-NMR.
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0.25 mol (23 mL) of POCI; was added at 0°C to a 0.3 mol (23.5 mL) of DMF. At the end of
the addition, the mixture was allowed to warm to room temperature and stirred for 1 h, Then it
was cooled again to 0°C and treated with 0.1 mol (19.6 g) of deoxybenzoin. The resulting
reaction mixture was allowed to reach room temperature, stirred for 12 h at the same
temperature and subsequently heated at 100°C for 2 h. Finally it was poured into a mixture of
ice and 10% solution of sodium acetate in water. The oily precipitate was filtered and washed
with cold methano! and hexane. The residue was crystallized. Yield 18.5 g (76%).

'H-NMR (8, ppm, CDCl5): 9.70 (s, 1H, CHO); 7.60-7.20 (m, 10H, CH).

Synthesis of 4,5-diphenyl-2-thiophene-ethylcarboxylate
=]

B

Et
Ethyl-2-mercaptoacetate (40 mmol, 4.4 mL) was added at 0°C to a solution of sodium
ethoxide (42 mmol, 2.86 g) in 50 mL of ethanol and the resulting mixture was stirred at the
same temperature for 30 min. Then 3-chloro-2,3-diphenyl-2-propenal (37 mmol, 9.0 g) was
added and stirring was continued overnight. The resulting orange suspension was heated at
50°C for 2 h, then cooled to room temperature and diluted in 100 mL of water. The so-
obtained red solution containing a precipitate was extracted with Et;0 (3 x 50 mL). The
combined organic layers were washed with NH,Cl/water, dried over MgSO4 and evaporated
off to dryness. The solid residue was recrystallized from hexane. Yield 9.2 g (81%).
"H-NMR (5, ppm, CDCl3): 7.40-7.30 (m, 11H, CH); 4.40 (q, 2H, CH); 1.40 (t, 3H, CHQ.
Synthesis of 4,5-diphenyl-2-thiophenecarboxylic acid
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POCI; (80 mmol, 7.32 mL) was added at 0°C to a solution of 2,3-diphenylthiophene (18 g, 76
mmol) in DMF (18 mL, 0.23 mol). At the end of the addition, the reaction mixture was
allowed to warm to room temperature and refluxed for 3 h. Then it was cooled to room
temperature and poured into a mixture of ice and a 10% solution of sodium hydroxide in
water. The oily precipitate obtained was filtered and washed with cold methanol and hexane.
The residue was crystallized. Yield 15 g (75%).

TH-NMR (3, ppm, CDCls): 9.95 (s, 1H, CHO); 7.82 (s, 1H, CH); 7.40-7.25 (m, 10H, CH).
Synthesis of 2-methyl-3-(4,5-diphenyl-2-thienyl)-ethyl acrylate
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Synthesis of 2-methyl-3-(4,5-diphenyl-2-thienyl)-2-propanoic acid
[=]

/

P COzH

The desired 2-methyl-3-(4,5-diphenyl-2-thienyl)-2-propanoic acid was obtained by
electrochemical reduction of 2-methyl-3-(4,5-diphenyl-2-thienyl)-acrylic acid. Yield ~100%.
'H-NMR (8, ppm, (CD3),S0): 7.30-7.15 (m, 10H, CH); 6.90 (s, 1H, CH); 3.10 (dd, 1H, CH);
2.70 (m, 2H, CHy); 1.10 (d, 3H, CHa).
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was cooled again to —70°C and treated with a solution of 1.30 g (10 mmol) of Me,SiCl; in 10

mL of ether. When the addition was completed, the mixture was allowed to reach room
temperature and stirred overnight. The resulting reaction mixture was filtered to remove LiCl
and the solvent was removed under reduced pressure. The crude product was used as such in
the next step without further purification.

. "H-NMR (3, ppm, CsDs): 7.60-7.00 (m, 10H, CH); 6.56 (m, 1H, CH); 3.40 (s, 1H, CH); 2.13
(s, 3H, CHs); 0.37 (s, 3H, Si-CHj); 0.15 (s, 3H, Si-CHj3).
Synthesis of dimethylsilyl{6-(5-methyl-2,3-diphenyl-cyclopenta[b]thiophene)-7-(2,5-
dimethyl-cyclopenta[1,2-b:4,3-b’]-dithiophene)} zirconium dichloride C-30

A suspension of 0.9 g (4.4 mmol) of 2,5-dimethyl-7H-cyclopenta[1,2-b:4,3-b’]-dithiophene in
30 mL of ether was treated at —70°C with 3.0 mL of a 1.6 M »#-BuLi solution (4.8 mmol).
Afier the addition, the resulting mixture was allowed to warm to room temperature and stirred
for additional 50 min at this temperature. Then it was cooled again to ~70°C and added of an
etheral solution (10 mL) of 6H-6-(5-methyl-2,3-diphenyl-

cyclopenta[b]thiophene)chlorodimethylsilane coming from the previous step. The mixture was
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1H, CH, J = 1.17 Hz); 6.59 (bs, 1H, CH); 2.63 (d, 3H, CHj, J = 1.17 Hz); 2.51 (4, 3H, CH,J
=1.17 Hz); 2.35 (s, 3H, CH3); 1.25 (s, 3H, Si-CH3); 1.16 (s, 3H, Si-CHj3).

EXAMPLE 29
Synthesis of 3-chloro-2-phenyl-2-butenal

cl
P

CHO
0.375 mol (35 mL) of POCI; was added at 0°C to a 0.45 mol (35 mL) of DMF. At the end of
the addition, the mixture was allowed to warm to room temperature and stirred for 1 h. Then it
was cooled again to 0°C and carefully treated with 0.15 mol (20.1 g) of phenylacetone. The
resulting reaction mixture was stirred at the same temperature for 1 h. Then it was poured into
a mixture of ice and water, added of sodium acetate and extracted with CHCl; (3 x 50 mL).
The organic phase was separated, washed with water until neutral pH, dried over MgSO, and
carefully evaporated off to dryness. The residue was distilled in vacuo, b.p. 90-110°C/0.21
torr.
Yield 10 g (37%).
'H-NMR (3, ppm, CDCls): 10.50 (s, 1H, CHO); 7.40-7.00 (m, 5H, CH); 2.20 (s, 3H, CHa).
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Synthesis of S-methyl-4-phenyl-2-thiophenecarboxylic acid
P

I\

OH

The 5-methyl-4-phenyl-2-thiophene-ethylcarboxylate coming from the previous step was
added to a 30% solution of sodium hydroxide in 100 mL of ethanol and the resulting mixture
was refluxed for 2 h. Then it was diluted in water and extracted with 50 mL of benzene. The
water phase was isolated, acidified and the mixture was filtered. The precipitate was dried
under P»0s. Yield 9.5 g (95% based on 3-chloro-2-phenyl-2-butenal).

'H-NMR (3, ppm, CDCl3): 12.00 (s, 1H, COOH); 7.90 (s, 1H, CH); 7.50-7.40 (m, 5H, CH);
2.55 (s, 3H, CHa).

Synthesis of 2-methyl-3-phenylthiophene
P

/ \

The 5-methyl-4-phenyl-2-thiophenecarboxylic acid (54 g, 0.25 mol) prepared as described
above was heated to 220~230°C until the evolution of carbon dioxide ceased. The product was

collected and distilled, b.p. 117°C/10 torr. Yield 30 g (70%).
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Synthesis of 2-methyl-3-(5-methyl-4-phenyl-2-thienyl)-ethyl acrylate
P

/\

COE

A mixture of 2-formyl-5-methyl-4-phenylthiophene (27.6 g, 0.136 mol) and ethyl-2-
bromopropionate (0.14 mol, 18.2 mL) was added to a suspension of Zn (9.8 g, 0.15 mol) in
250 mL of benzene with a catalytic amount of 1. The resulting mixture was refluxed under
stirring while all amount of Zn will not be dissolved, and subsequently dissolved in water. The
organic layer was isolated, washed with a 10% aq. solution of HCI, dried over MgSO, and
evaporated off to dryness. The residue was used without further purification in the synthesis of
the related acid. The title compound was characterized by "H-NMR spectroscopy.

Synthesis of 2-methy}-3-(5-methyl-4-phenyl-2-thienyl)-acrylic acid

P
D
COH
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Synthesis of 2,5-dimethyl-3-phenyl-6H-cyclopenta[b]thiophene (or 2,5-dimethyl-3-
phenyl-1-thiopentalene)

/

s
A solution of 2,5-dimethyl-3-phenyl-5,6-dihydro-4H-cyclopenta[b]jthiophene-4-one (4.4 g, 18
mmol) in 50 mL of ether was slowly added to a solution of LiAlH, (0.35 g, 9 mmol) in 50 mL
of ether and stirred overnight. The resulting suspension was poured into a mixture of ice and
water, the organic layer was isolated, while the water layer was extracted with ether (3 x 50
mL). The combined organic layers were washed with water, dried over MgSO4 and
evaporated off to dryness. The 2,5-dimethyl-3-phenyi-5,6-dihydro-4H-cyclopenta{b]thiophen-
4-ol so obtained was dissolved in 100 mL of benzene, added of 1 g of p-toluenesulfonic acid
and was refluxed for 10 min. Then the reaction mixture was cooled to room temperature and
treated with a saturated aqueous solution of Na,COj;. The organic phase was isolated, dried
over MgSQ, and evaporated off to dryness. The residue was passed through a column packed
with Al,Os by using hexane as eluent, The evaporation of the yellow fraction was given the
crystallized product. Yield 1.5 g (37% based on the starting ketone).
TH-NMR (8, ppm, CDCls): 7.50-7.40 (m, 5H, CH); 6.52 (q, 1H, CH); 3.24 (d, 1H, CHy); 2.60
(d, 1H, CHy); 2.24 (dd, 3H, CH3); 1.66 (s, 3H, CH3).
Synthesis of 6H-6-(2,5-dimethyl-3-phenyl-cyclopentajb]thiophene)chloro dimethylsilane
~._Cl

—81”

s
)
Ph
A solution of 1.20 g (5.3 mmol) of 2,5-dimethyl-3-phenyl-6H-cyclopenta[b]thiophene in 40
mL of EtyO was treated at —~70°C with 3.3 mL (5.3 mmol) of a 1.6 M solution of n-BuLi. After
the addition, the mixture was allowed to warm to room temperature and stirred for 1 h.
Subsequently it was cooled again to —70°C and treated with a solution of 1.30 g (10.1 mmol)
of Me,SiClz in 10 mL of ether. When the addition was completed, the mixture was allowed to
reach room temperature and stirred overnight. The resulting reaction mixture was filtered to
remove LiCl and solvent was removed under reduced pressure. The crude product was used as

such in the next step without further purification.
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'H-NMR (8, ppm, C¢Ds): 7.45-7.20 (m, 5H, CH); 6.50 (m, 1H, CH); 3.40 (s, 1H, CH); 2.38
(s, 3H, CH3); 2.12 (s, 3H, CH3); 0.36 (s, 3H, Si~CH3); 0.11 (s, 3H, Si-CHs).

Synthesis of dimethylsilyl{6-(2,5-dimethyl-3-phenyl-cyclopenta[b]thiophene)-7-(2,5-
dimethyl-cyclopenta[1,2-b:4,3-b’]-dithiophene)} zirconium dichloride C-33

S
S

MesSi Z1Cl,

S S
x P

A suspension of 0.9 g (4.4 mmol) of 2,5-dimethyl-7H-cyclopenta[1,2-b:4,3-b’]-dithiophene in
30 mL of ether was treated at —~70°C with 3.0 mL of a 1.6 M n-BulLi solution (4.8 mmol).
After the addition, the resulting mixture was allowed to warm to room temperature and stirred
for additional 50 min at this temperature. Then it was cooled again to —70°C and added of an
etheral solution (10 mL) of 6H-6-(2,5-dimethyl-3-phenyl-
cyclopenta[b]thiophene)chlorodimethylsilane coming from the previous step. The mixture was
allowed to warm to room temperature and stirred overnight. The ligand 6-{(2,5-dimethyl-3-
phenyl-cyclopenta[b]thiophene)}-7-{(2,5-dimethyl-cyclopenta[ 1,2-b:4,3-b’]-

dithiophene) }dimethylsilane so-obtained was characterized by 'H-NMR.

'H-NMR (8, ppm, CDCL): 7.45-7.20 (m, 5H, CH); 6.85 (s, 1H, CH); 6.80 (s, 1H, CH); 6.60
(m, 14, CH); 4.30 (s, 1H, CH); 4.00 (s, 1H, CH); 2.70 (d, 3H, CHa); 2.65 (d, 3H, CHs); 2.60
(s, 3H, CH3); 2.30 (s, 3H, CH3); -0.18 (s, 3H, Si-CHjs); -0.30 (s, 3H, Si-CHs).

The ligand was not isolated: its solution was treated at —70°C with 5.6 mL ofa 1.6 M n-
Buli solution (9.0 mmol). Then the reaction mixture was allowed to reach room temperature
and stirred for 1 h. The solvent was removed under reduced pressure and the dilithivm salt
obtained was suspended in hexane. After cooling to —=70°C, 1.17 g (5.0 mmol) of ZrCly were
added. The reaction mixture was stirred at room temperature overnight, the yellow precipitate
was filtered, washed twice with ether, dried and finally recrystallized from CH,Cl,. Yield 1.68
g (59% with respect to Me,;Th). The desired title compound was characterized by 'H-NMR
spectroscopy.
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EXAMPLE 30
Synthesis of 1-bromo-2-(3-indenyl)ethane

Q0

A 1.6 M n-Buli solution in hexane (100 mL, 0.16 mol) was added at 0°C to a solution of
indene (18.6 g, MW = 116.16, 0.16 mol) in 300 mL of ether, The resulting suspension was

allowed to warm to room temperature and stirred for 4 h at the same temperature. Then the

Br

indenyl lithium suspension was cooled again to —50°C and added of a solution of 1,2-
dibromoethane (0.24 mol, 21 mL) in 50 mL of ether. The reaction mixture was allowed to
warm up slowly to room temperature and stirred overnight. Then it was treated with a
saturated aqueous solution of NH,;Cl. The organic phase was isolated, evaporated off to
dryness and distilled in vacuo, b.p. 110°C/0.5 torr. Yield 21.6 g (60%). The title compound
was characterized by NMR spectroscopy.

Synthesis of 1,2-(3-indenyl)-7~(2,5-dimethylcyclopenta[1,2-b:4,3-b’]-dithiophene)ethane

s
50

A solution of 2,5-dimethylcyclopenta[1,2-b:4,3-b’]-dithiophene (1.03 g, 5 mmol) in 50 mL of
THF was treated at —70°C with a 1.6 M »n-BuLi solution in hexane (3.1 mL, 5 mmol). The
resulting mixture was stirred for additional 45 min at 0°C, then cooled again to —70°C and
treated with 1-bromo-2-(3-indenyl)ethane (1.12 g, 5 mmol) in 25 mL of THF. The reaction
mixture was allowed to warm to room temperature and subsequently treated with a saturated
aqueous solution of NH4Cl. The organic phase was isolated and the solvents were removed.
The residue was passed through a column packed with silica gel by using hexane as eluent.
Yield 1.26 g (72%). The title compound was characterized by NMR spectroscopy.

Synthesis of ethylidene] (1-indenyl)-7-(2,5-dimethylcyclopenta[1,2-b:4,3-b’]-
dithiophene) tzirconium dichloride C-37
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A solution of 1,2-(3-indenyl)-7-(2,5-dimethylcyclopentall,2-b:4,3-b’]-dithiophene)ethane
(1.26 g, 3.62 mmol) in 15 mL of ether and 60 mL of hexane was treated at —70°C with a 1.6
M n-BuLi solution in hexane (4.7 mL, 7.5 mmol). The resulting suspension was stirred for
additional 2 h at room temperature, then cooled again to —70°C and added of ZrCl, (0.94 g, 4
mmol). The reaction mixture was allowed to warm to room temperature and stirred overnight.
" The dark orange precipitate was filtered, washed twice with ether, dried and then
recrystallyzed from CH,Cl;. Yield 0.92 g (50%).
'H-NMR (3, ppm, CD,Cly): 7.70 (dd, 1H, CH); 7.45 (dd, 1H, CH); 7.20 (m, 1H, CH); 7.10
(m, 1H, CH); 6.75 (q, 1H, CH); 6.60 (q, 1H, CH); 6.55 (dd, 1H, CH); 6.40 (d, 1H, CH); 3.95-
3.80 (m, 2H, CHy); 3.65-3.55 (m, 2H, CH,); 2.60 (d, 3H, CHs); 2.45 (d, 3H, CHj).
EXAMPLE 31

Synthesis of chloro(4,7-dimethyl-1-indenyl)dimethylsilane
SIMe,C!

QU

The precursor 4,7-dimethylindene was prepared by following standard procedure (as reported
in Tetrahedron, 57, (1995), 4347).

A 1.6 M n-BulLi solution in hexane (62.5 mL, 0.1 mol) was added at 0°C to a solution of 4,7-
dimethylindene (14.42 g, MW = 144.22, 0.1 mol) in 200 mL of hexane and 50 mL of THF,
The resulting suspension was allowed to warm to room temperature and stirred for 4 h at the
same temperature. Then the indenyl lithium suspension was cooled again to -50°C and
added of a solution of dichlorodimethylsilane (0.2 mol, 24 mL) in 50 mL of THF. The
resulting suspension was allowed to warm to room temperature and stirred overnight. The
precipitate of lithium chloride was filtered, the filtrate was evaporated off to dryness and
distilled in vacuo, b.p. 98°C/0.5 torr. Yield 16.5 g (70%). The title compound was
characterized by NMR spectroscopy.
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Synthesis of (4,7-dimethyl-1-indenyl)-7-(2,5-dimethylcyclopenta[1,2-b:4,3-b’]-
dithiophene)dimethylsilane
7 N

\

S

~=si

~

©

A solution of 2,5-dimethylcyclopenta[1,2-b:4,3-b’]-dithiophene (1.90 g, 9.2 mmol) in 50 mL
of ether was treated at —70°C with a 1.6 M n-Bul.i solution in hexane (5.8 mL, 9.2 mmol).
The resulting mixture was stirred for additional 45 min at 0°C, then cooled again to —70°C
and treated with chloro(4,7-dimethyl-1-indenyl)dimethylsilane (2.18 g, 9.2 mmol) in 10 mL of
ether. The reaction mixture was allowed to warm to room temperature and subsequently
treated with a saturated aqueous solution of NH4Cl. The organic phase was isolated and the
solvents were removed. The residue was recrystallysed from hexane. Yield 3.67 g (98%).
TH-NMR (8, ppm, CDCLy): 7.07 (dd, 1H, CH); 7.05 (d, 1H,.CH); 6.95 (d, 1H, CH); 6.90 (m,
2H, CH); 6.60 (dd, 1H, CH); 4.00 (s, 1H, CH); 3.85 (s, 1H, CH); 2.64 (s, 3H, CHj); 2.60 (s,
3H, CH3); 2.50 (s, 3H, CHj3); 2.40 (s, 3H, CH,); -0.20 (s, 3H, Si-CHj); -0.40 (s, 3H, Si~-CHj).
Synthesis of dimethylsilyl{ (4,7-dimethyl-1-indenyl)-7-(2,5-dimethylcyclopenta[1,2-b:4,3-
b’]-dithiophene) fzirconium dichloride C-38

S

MesSi ZrCl,

S S
2 ==

A solution of (4,7-dimethyl-1-indenyl)-7-(2,5-dimethylcyclopenta[1,2-b:4,3-b’]-
dithiophene)dimethylsilane (3.67 g, 9.02 mmol) in 15 mL of ether and 50 mL of hexane was
treated at —70°C with a 1.6 M n-Buli solution in hexane (12.5 mL, 20 mmol). The resulting
suspension was stirred for additional 2 h at room temperature, then cooled again to ~70°C and
added of ZrCly (2.52 g, 10.8 mmol). The reaction mixture was allowed to warm to room

temperature and stirred overnight. The yellow precipitate was filtered, washed twice with
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ether, dried and then recrystallyzed from CH,Cly. Yield 3.57 g (70%). The title compound was
characterized by NMR spectroscopy.
EXAMPLE 32

Synthesis of chloro(2,4,7-trimethyl-1-indenyl)dimethylsilane
SIMeZCI

Qo

The precursor 2,4,7-trimethylindene was prepared by following standard procedure (as
reported in Eur. Pat. Appl. 0693506).
A 1.6 M n-BuLi solution in hexane (37.5 mL, 60 mmol) was added at 0°C to a solution of
2,4, 7-trimethylindene (9.5 g, MW = 158.24, 60 mmol) in 200 mL of hexane and 50 mL of
THF. The resulting suspension was allowed to warm to room temperature and stirred for 4 h
at the same temperature. Then the indeny! lithium suspension was cooled again to -50°C
and added of a solution of dichlorodimethylsilane (90 mmol, 11 mL) in 50 mL of THF. The
resulting suspension was allowed to warm to room temperature and stirred overnight. The
precipitate of lithium chloride was filtered, the filtrate was evaporated off to dryness and
distilled in vacuo, b.p. 110°C/0.5 torr. Yield 10.1 g (67%).
'H-NMR (8, ppm, CeDs): 6.75 (d, 1H, CH); 6.60 (d, 1H, CH); 6.30 (s, 1H, CH); 3.25 (s, 1H,
CH); 2.25 (s, 3H, CH,); 2.15 (s, 3H, CHj); 2.10 (s, 3H, CHj); -0.05 (s, 3H, Si-CH3);  -0.02
(s, 3H, Si-CHj3).
Synthesis of (2,4,7-trimethyl-1-indenyl)-7-(2,5-dimethylcyclopenta[1,2-b:4,3-b’]-
dithiophene)dimethylsilane

7 \

\ S

sl

~
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A solution of 2,5-dimethylcyclopenta[1,2-b:4,3-b’}-dithiophene (1.65 g, 8 mmol) in 50 mL of
ether was treated at —70°C with a 1.6 M n-BuLi solution in hexane (5.0 mL, 8 mmol). The

resulting mixture was stirred for additional 45 min at 0°C, then cooled again to —70°C and
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treated with chloro(2,4,7-trimethyl-1-indenyl)dimethylsilane (2.0 g, 8 mmol) in 20 mL of
ether. The reaction mixture was allowed to warm to room temperature and subsequently
treated with a saturated aqueoﬁs solution of NH4Cl. The organic phase was isolated and the
solvents were removed. Yield 3.36 g (~100%).

'H-NMR (8, ppm, CDCls): 6.90 (d, 1H, CH); 6.80 (d, 1H, CH); 6.70 (m, 2H, CH); 6.65 (m,
1H, CH); 4.15 (s, 1H, CH); 4.00 (s, 1H, CH); 2.65 (s, 3H, CH3); 2.63 (s, 3H, CH3); 2.55 (s,
3H, CHzs); 2.50 (s, 3H, CH3); 2.20 (s, 3H, CHa); -0.15 (s, 3H, Si-CHbz); -0.30 (s, 3H, Si-CH3).
Synthesis of dimethylsilyl{ (2,4,7-trimethyl-1-indenyl)-7-(2,5-dimethylcyclopenta[1,2-b:4,3-
b’]-dithiophene) }zirconium dichloride C-39

Me,Si rC]2

S S
= =

A solution of  (2,4,7-trimethyl-1-indenyl)-7-(2,5-dimethylcyclopentaf1,2-b:4,3-b’]-
dithiophene)dimethylsilane (3.36 g, 8.0 mmol) in 80 mL of ether was treated at ~70°C with a
1.6 M n-Buli solution in hexane (12.5 mL, 20 mmol). The resulting suspension was stirred
for additional 2 h at room temperature, then cooled again to —70°C and added of ZrCl4 (2.34
g, 10 mmol). The reaction mixture was allowed to warm to room temperature and stirred
overnight. The orange precipitate was filtered, washed twice with ether, dried and then
recrystallyzed from CH,Cl,. Yield 2.73 g (59%). The title compound was characterized by
NMR spectroscopy.

EXAMPLE 33

Synthesis of 2-methyl-2,3-dihydro-1H-cyclopenta[a]naphtalen-1-one

O 1
To a suspension of AICl; (85 g, 0.635 mol) in 200 mL of CH,Cl, were added at 0°C first
naphalene (32.5 g, 0.254 mol) and then a solution of 2-methylacryloyl chloride (26.5 g, 0.254

mol) in 50 mL of CH,Cl,. The reaction mixture was stirred for 30 min at 0°C, then 2 h at

room temperature and finally poured into a mixture of ice and water. The dark organic layer
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was separated, while the water layer was extracted with CHCl; (3 x 150 mL). The organic
layers were collected, washed with potassium carbonate/water until neutral pH, dried over
MgSO, and evaporated off to dryness. Yield 28.09 g (56%). The title compound was
characterized by NMR spectroscopy.

Synthesis of 2-methyl-2,3-dihydro-1H-cyclopentafa]naphtalen-1~o0l

et

A solution of 2-methyl-2,3-dihydro-1H-cyclopenta[alnaphtalen-1-one (28.09 g, 0.143 mol) in
100 mL of THF was slowly added to a suspension of LiAIH, (2.18 g, 58 mmol) in 200 mL of
ether and refluxed for 2 h under stirring. The reaction mixture was subsequently transferred
into a 2-L beaker and slowly hydrolyzed, under constant stirring, by dropwise addition of a
10% aq. solution of HCI until pH 5. The organic layer was separated, while the water layer
was extracted with ether (3 x 100 mL). The organic layers were collected, washed with
potassium carbonate/water until neutral pH, dried over MgSO, and evaporated off to dryness.
The so-obtained product, as a mixture of two isomers, was used in the next step without
further purification.

Synthesis of 2-methyl-3H-cyclopenta[a]naphtalene

s

A mixture of 2-methyl-2,3-dihydro-1H-cyclopenta[alnaphthalen-1-0l (obtained as described
above) and 1 g of p-toluenesulphonic acid in 200 mL of benzene was refluxed for 1 h. Then
the reaction mixture was cooled to room temperature and treated with a saturated aqueous
solution of Na;COs. The organic phase was isolated, dried over MgSO, and evaporated off to
dryness. Yield 142 g (55% based on starting 2-methyl-2,3-dihydro-1H-
cyclopenta[a]naphtalen-1-one).

"H-NMR (8, ppm, CDCl5): 8.10-7.40 (m, 6H, CH); 7.10 (s, 1H, CH); 3.50 (s, 2H, CH,); 2.33
(s, 3H, CH,).

Synthesis of chloro(2-methyl-3H-cyclopenta[alnaphthalen-3-yl)dimethylsilane
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SiMe,Cl
A 1.6 M n-BuLi solution in hexane (7.5 mL, 12 mmol) was added at -50°C to a solution of 2-
methyl-3H-cyclopenta[a]naphthalene (2.14 g, MW = 180.25, 11.9 mmol) in 50 mL of ether.
The resulting suspension was allowed to warm to room temperature and stirred for 45 min at
the same temperature. Then the lithium suspension was cooled again to —70°C and added of
dichlorodimethylsilane (18 mmol, 2.2 mL). The reaction mixture was allowed to warm to
room temperature and stirred overnight. The precipitate of lithium chloride was filtered, the
filtrate was evaporated off to dryness and dried in vacuo. Yield 3.14 g (97%).
'H-NMR (8, ppm, CsDe): 8.10 (d, 1H, CH); 7.85 (d, 1H, CH); 7.50-7.40 (m, 4H, CH); 7.10 (s,
1H, CH); 3.55 (s, 1H, CH); 2.30 (s, 3H, CH3); 0.22 (s, 3H, Si-CHj); -0.05 (s, 3H, Si-CHj).
Synthesis of (2-methylcyclopentaja]naphthalen-3-yl)~7-(2,5-dimethylcyclopenta[l,2-
b:4,3-b’]-dithiophene)dimethylsilane

7 N
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A solution of 2,5-dimethylcyclopenta[1,2-b:4,3-b’]-dithiophene (2.37 g, 11.5 mmol) in 75 mL
of ether was treated at —70°C with a 1.6 M n-Buli solution in hexane (7.5 mL, 12 mmol). The
resulting mixture was stirred for additional 45 min at 0°C, then cooled again to —70°C and
treated with chloro(2-methyl-3H-cyclopenta]alnaphthalen-3-yl)dimethylsilane (3.14 g, 11.5
mmol) in 25 mL of ether. The reaction mixture was allowed to warm to room temperature and
subsequently treated with a saturated aqueous solution of NH4Cl. The organic phase was
isolated and the solvents were removed. The residue was passed through a short column
packed with silica gel by using hexane as eluent. Yield 4.07 g (80%).

'H-NMR (3, ppm, CDCL): 8.20 (d, 1H, CH); 8.00 (d, 1H, CH); 7.70-7.40 (m, 4H, CH); 6.95
(d, 2H, CH); 6.80 (s, 1H, CH); 4.20 (s, 1H, CH); 4.15 (s, 1H, CH); 2.66 (s, 6H, CHz); 2.45 (s,
3H, CHa); -0.27 (s, 3H, Si-CHz); -0.29 (s, 3H, Si-CHj).
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A solution of (2-methylcyclopentala]naphthalen-3-yl)-7-(2,5-dimethylcyclopenta[1,2-b:4,3-
b’]-dithiophene)dimethylsilane (4.07 g, 9.2 mmol) in 100 mL of ether was treated at —70°C

with a 1.6 M »n-BuLi solution in hexane (15 mL, 24 mmol). The resulting suspension was

b D) - (<+10%& () - (<+109& ()-/11111

stirred for additional 2 h at room temperature, then cooled again to —70°C and added of ZrCly
(2.79 g, 12 mmol). The reaction mixture was allowed to warm to room temperature and stirred
overnight. The orange precipitate was filtered, washed twice with ether, dried and then
recrystallyzed from CH,ClL. Yield 2.77 g (50%).

"H-NMR (8, ppm, CD,Cl,): 8.00 (d, 1H, CH); 7.70 (d, 1H, CH); 7.60 (d, 1H, CH); 7.55 (t,
1H, CH); 7.48 (t, 1H, CH); 7.25 (s, 1H, CH); 7.15 (d, 1H, CH); 6.78 (q, 1H, CH); 6.65 (q, 1H,
CH); 2.60 (d, 3H, CHj); 2.55 (d, 3H, CHa); 2.40 (d, 3H, CHas); 1.32 (s, 3H, Si-CH3); 1.18 (s,
3H, Si-CH3).

EXAMPLE 34

Synthesis of dimethylsilyR (1-indenyl)-7-(2,5-ditrimethylsilyl-cyclopenta[1,2-b:4,3-b’]-
dithiophene) } zirconium dichloride C-13

Me,Si ETClz

S S
Me;Sie™ X #5iMe;

The C13-ligand synthesis was carried out by coupling the lithium salt of 2,5-ditrimethylsilyl-
7H-cyclopenta[1,2-b:4,3-b’]dithiophene with chloro(1-indenyl)dimethyl silane.

A suspension of 1.48 g (3 mmol) of ( 1-indeny1)-7-{ (2,5-ditrimethylsilyl-cyclopenta[1,2-b:4,3-
b’]dithiophene) fdimethylsilane in 50 mL of ether was treated at —70°C with 4.1 mL of a 1.6
M n-BulLi solution (6.5 mmol). After the addition, the reaction mixture was allowed to warm

to 0°C and added of 0.75 g (3.2 mmol) of ZrCl,. The resulting mixture was allowed to reach
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A solution of 1.03 g (5.0 mmol) of 2,5-dimethyl-7H-cyclopenta[1,2-b:4,3-b’]-dithiophene in
40 mL of ether was treated at —70°C with 3.13 mL of a 1.6 M n-BuLi solution (5.0 mmol).
After the addition, the mixture was allowed to warm to room temperature and stirred for
additional 1 h at this temperature. Then it was cooled again to ~70°C and added of a solution
of 1.22 g (5 mmol) of chlorodimethyl(3-methyl-4-trimethylsilyl-1-cyclopentadienyl)silane in
10 mL of ether. The resulting mixture was allowed to reach room temperature and stirred
overnight. The ligand (3-methyl-4-trimethylsilyl-1-cyclopentadienyl)-7-(2,5-dimethyl-
cyclopenta[1,2-b:4,3-b’]-dithiophene)dimethylsilane was not isolated, but used in solution for
the catalysts synthesis (see below).

Synthesis of dimethylsilyl{ (3-methyl-4-trimethylsilyl-1-cyclopentadienyl)-7-(2,5-
dimethyl-cyclopenta [1,2-b:4,3-b’]-dithiophene)} zirconium dichloride [C-32]

SiMe;
Mejf irclz

S S

™ =

The ligand solution coming from the previous step was treated at —70°C with 6.3 mL of a 1.6
M r-BuLi solution (10.1 mmol). After the addition, the reaction mixture was allowed to reach

room temperature and stirred for additional 50 min at this temperature. The solvent was
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received (Witco AG, 10 %wt/vol toluene solution, 1.7 M in Al). The catalyst mixture was

prepared by dissolving the desired amount of the metallocene with the proper amount of the
MAO solution, obtaining a solution which was stirred for 10 min at ambient temperature
before being injected into the autoclave.

Polymerization examples 1-33 propylene polymerization

1 mmol of Al(-Bu); (as a 1M solution in hexane) and 290 g of propylene were charged at
room temperature in a 1-L jacketed stainless-steel autoclave, equipped with magnetically
driven stirrer and a 35-mL stainless-steel vial, connected to a thermostat for temperature
control, previously purified by washing with an Al(i-Bu); solution in hexanes and dried at
50°C in a stream of propene. The autoclave was then thermostatted at 2 °C below the
polymerization temperature, and then the toluene solution containing the catalyst/cocatalyst
mixture was injected in the autoclave by means of nitrogen pressure through the stainless-steel
vial, the temperature rapidly raised to the polymerization temperature and the polymerization
carried out at constant femperature for 1 hour. After venting the unreacted monomer and
cooling the reactor to room temperature, the polymer was dried under reduced pressure at 60
°C. The polymerization conditions and the characterization data of the obtained polymers are
reported in Table 1.

Polymerization example 34 propylene/butene copolymerization
Operating as in the case of propylene homopolymerizations, 1 mmol of Al(i-Bu); (as a 1M

solution in hexane), 160 g of propylene and 154 g of 1-butene were charged at room
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temperature rapidly raised to the polymerization temperature and the polymerization carried

out at constant temperature for 1 hour. 26.5 g of essentially amorphous polymer were
recovered, which has LV.=2.29 dL/g, Ty =-13.6 °C, and butene = 27.7 wt% (22.3 mol%).

Polymerization example 35 propylene/ethylene copolymerization

Operating as in the case of propylene homopolymerizations, 1 mmol of Al(i-Bu); (as a 1M
solution in hexane), propylene and ethylene were charged at room temperature in the 1-L
jacketed stainless-steel autoclave, thermostatted at 58 °C, in order to have a liquid phase
composition of 288 g propylene and 1.5 g ethylene (0.42 %wt) in the liquid phase, and then
the toluene solution containing the catalyst/cocatalyst mixture (0.3 mg of C-20, 0.27 mmol of
MAQ, in 3 mL of toluene) was injected in the antoclave ;r)y means of nitrogen pressure
through the stainless-steel vial, the temperature rapidly raised to the polymerization
temperature and the polymerization carried out at constant temperature and pressure (25 bar-
g) by feeding ethylene (13.3 g total absorption) for 1 hour. 52.7 g of essentially amorphous
polymer were recovered, which has L.V. = 1.23 dL/g, and ethylene = 6.3 wt% (9.2 mol%).
Polymerization example 36 propylene polymerization with supported catalyst

a) Preparation of the supported catalyst

The apparatus used for the supportation is a glass cylindrical vessel mechanically stirred in
order to allow a good mixing between the carrier and the catalytic solution during the
impregnation operation. 6 g of a porous polyethylene having LV. 21 dL/g, mean Particle size
386 pm and porosity 50.9 % VN (1.07 cc/g) was loaded into the vessel and mechanically
suspended under nitrogen flow. The catalytic solution was prepared by dissolving 24 mg of C-
20 in 12 mL of a MAO solution (WITCO , 100g/L in toluene). Due to the limited porosity of
the carrier the liquid is dropped onto the solid until the incipient wetness condition is reached.
At this point the solvent is evaporated off under vacuum. All the operations are carried out at
room temperature. The catalytic solution is then added to the carrier step by step. The final
catalyst appears as a pink-violet free flowing solid with the following composition: Al 5.0%w

. and Zr 0.0705%w (AV/Zr molar ratio 240).
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polymerization was started by injecting 305 mg of the catalyst into the autoclave at 30°C, by

means of nitrogen overpressure, then the temperature was raised up to 60°C in 10 minutes and
maintained for 1 hour. The polymerization was stopped by venting and cooling the reactor. No
significant fouling was observed. The product obtained was collected and dried in an oven
flushed with nitrogen at 70°C for 3 hours. 360 g of polymer was obtained with a good
morphology having an LV. of 1.94 dL/g. The activity of the catalyst was 1.2 kgPP/g cat
supp.h, corresponding to 1.7ton PP/gZr.h.

d) Physical characterization

The polymer was additivated with the reported stabilisation formfila and pelletised with the

following processing parameters:

Stabilisation Formula

Components Kg
CALCIUM STEARATE M 0.0500
FLI-PP 99.7500
IRGANOX B215 / ANOX BB 021 0.1500
VASELIN OIL OB 30 0.0500

single screw extruder: MACGI 14 mm diameter

Cylinder Temperature: 230 °C

Feeding Temperature: 230 °C

Screw speed: 50 rpm

The so obtained pellets were compression moulded with Carver press

Compression moulding:

Plaque thickness:
Haze, Gloss, DMTA: 1.0 mm
Tensile test: 2.0 mm
Notched Izod: 3.2mm

105



WO 01/47939 PCT/EP00/13191

Press Plaque Temperature: 200 °C

Preheating time (no press): 5 min

Pressure time: 5 min

Pressure: 14 bar

Cooling: rapid in ice/water bath
The plaques, after compression moulding were stored at room temperature at least 48 hours
before characterisation.
DSC measurement: obtained with a Mettler calorimeter with the following procedure:
First run: Heating the sample from —120 to 200°C at 20°C/min
Crystallisation: Cooling from 200°C to —120°C at 20°C/min
Second run: Heating the sample from ~120 to 200°C at 20°C/min
The physical characterization of the polymer is reported at table 2.
Polymerization examples 37-59 ethylene/propylene polymerization
The Ethylen Propylene mixtures were prepared in a 5 L steel cylinder, filled with quantities of
the two gases small enough to prevent their condensation. The composition of the gaseous
mixture in the cylinder was controlled through GC analysis. The copolymerizations were
carried out at 50 °C in a 250 mL glass reactor equipped with a mechanical stirrer, an Allihn
condenser, a thermometer and a pipe for monomers feeding, and kept in a thermostatic bath.
First, 100 mL of toluene and 3.5 mmol of TIOAO solution were introduced into the nitrogen-
purged reactor. At the polymerization temperature, the nitrogen was removed and replaced
with the comonomers mixture, with a flow rate of 1.5 L/min. When the equilibrium pressure
(1.1 atm of total pressure) was reached, 3.5 pmol of the metallocene dissolved in 5 mL of
hexane in the presence of a 35 pmol of TIOA (35 pL of solution 1 M), was added to start the
polymerization. During the reaction, the temperature was kept within 50 + 1 °C. After 15 min
the polymerization was quenched by adding 1 mL of methanol, and the copolymer was
precipitated with 300 mL of methanol acidified with HCI, filtered, washed and dried overnight
in vacuo at 50 °C. Polymerization results characterization and reactivity ratios rl and 12 of
ethylene/propylene copolymers are reported in tables 3, 4 and 5.
Polymerization example 60 ethylene polymerization with supported catalyst
A 4L stainless-steel reactor, equipped with a blade turbine magnetic stirrer, pressure indicator,

temperature indicator, feed line for monomer equipped with a thermal-mass flowmeter for the
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was carried out with the following procedure. 1600 ml of liquid propane is loaded into the
reactor at 30°C, followed by 2.5 mmoles of tri-isobutylaluminum as the scavenger. The
autoclave was pressurized with an ethylene partial pressure of 5 bar. The polymerization was
started by injecting 162 mg of the catalyst prepared in example 37 a) into the autoclave at
30°C, by means of nitrogen overpressure. A prepolymerization step was carried out at 30°C
for 30 minutes. After this time the reactor temperature was incresaed up to 75°C and the
ethylene partial pressure also was increased to 10 bar. The polymerization was stopped after 2
hours by venting and cooling the reactor. The polymer discharged was dried in an oven
flushed with nitrogen at 70°C for 3 hours. 90 g of polymer was obtained with an intrinsic
viscosity of 4.29 dL/g and a melting temperature of 141.4° C.
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I"#UR () * +, - [ED]exdd eld| Activity | MAO/Zr LV. Tm(°C) | AH |mm%

<=>? @A\BCDEFGH_JKLM\NCPORST t\h)|" mohdd C deHN kdLj/gy} rmopqr piamwxy z{ ||} ~
1*{C0 | 2| 147 73 3000 0.65 amorphous| - 6.7
2 1 C1108]/ 87 153 3000 0.54 80 13 | 587
3 {CH-1| 2 | 23 12 1000 0.77 amorphous| 20 | 55.5

(TmlI=63)

41 C3) 1] 61 122 3000 0.58 139 91 89.2
5*|C4 | 1] 24 24 1000 0.19 148 98 | 943
6* | C-5 10.5]69.2 138 1000 0.57 amorphous| - 24.8
7 1C2 (03] 87 290 500 0.82 103 40 | 731
8 |C8 11 31 30 500 0.64 - - 50.6
9 |C16{ 1| 44 44 500 0.74 amorphous| - 54
wf{c7|1] 81 81 500 0.88 107 47 76
11 [C17} 1 | 120 120 500 1.06 80 19 | 66.5
12{C9 ] 1] 300 300 500 0.72 amorphous| - 30.8
13 [Cc19] 1 | 160 190 500 0.83 amorphous| - -
14 {C-111 1 | 240 240 500 0.9 amorphous - 42.6
15|c14] 1113 13 500 0.84 amorphous| - -
16 |C-12] 1 | 94 94 500 0.79 amorphous| - -
17 ({C-18] 1 | 64 64 500 1.24 123 62 84
18 1C-151 1 | 60 119 500 0.8 amorphous - -
19 (C10] 1 | 36 36 500 1.25 114 61 79.9
20 {C36( 1 | 42 41.9 500 1.43 93 28 72
21 |[C20f 1| 79 79 500 2.34 115 50 | 82.1
22 (C34( 1 | 63 63 500 1.69 120 61 82.3
23 |C35( 1] 12 12 500 1.42 - - -
24° [ C-28 |25 | 125 50 1000 1.19 146 88 | 93.7
258 1C31{3.5] 150 43 1000 0.55 111 55 | 771
26° | C-27 (2.4 ] 320 133 1000 1.24 126 73 | 84.9
27 [C-29103| 38 138 500 2.38 123 67 -
28% | C-30 [2.4 | 490 204 1000 0.86 137 83 | 90.5
29 {C-33| 1 | 87 87 500 1.86 139 86 | 91.7
30°C37] 2 | 39 19.5 500 1.29 121 67 | 84.6
31" [c38( 1 | 74 74 500 1.48 121 70 | 81.8
327 1C-39] 1 [ 148 148 500 1.75 137 82 | 904
33" [C40] 1 [ 140 140 500 2.09 119 63 | 829

Polymerization was carried out at 60°C. For examples 2 and 6 the polymerization time is 0.75 hour; for examples
14 the time is 0.85 hour; for example 27 the time is 0.92 hour; for all the other examples the polymerization time
is 1 hour.

* Comparative

* Polymerization was carried out in a 2 L reactor with 620 g of liquid propylene

§ Polymerization was carried out in a 4 L reactor with 1200 g of liquid propylene
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DSC measurement:

Melting temperature (second run) °C 113.6

Melting enthalpy (second rum) Jig 56.7

CRISTALLIZZATION temperature °C 71.5

Crystallisation enthalpy Jg 57.5

Dynamical mechanical analysis DMTA — tensile configuration METHOD ASTM D4065

Tensile modulus at 23°C _Mpa 500

temperaturerature gradient | °C/min 2.0

Compresion moulded Quenched | Thickness

plaque 1mm

Glass transition °C 10

temperature

Tensile test: Elongational properties — METHOD ASTM D638

Elongation at break % 670

Elongation at yield % 21.0

Strength at break Mpa 27.0

Strength at yield Mpa 16.0

Specimen width mm 5.98

SPAN mm 25

TEMPERATURE °C 23

Elongation speed mm/min 500.00

RHEOLOGY MEASUREMENTS VIA DYNAMIC VISCOSIMETRY

Polydispersity Index ~ 2.4

Frequency range 0.01 - 100 rad/s

TEMPERATURe °C 200.0

109




L' #3$ %&'

WO 01/47939 PCT/EP00/13191

Table 3 Ethylene/propylene copolymerization with thiocene/TIOAO catalytic systems

Ethylene/Propylene” . Copolymer
[Ex. Metallocene ~gas phase liquid phase Activity 1I.V. [n] Co nfpoi ition®
mol/mol ‘mol/mol Kgoo/geath dL/g [Ethylene, %w
37 C-4 2.46 0.582 1.2 2,01 79.25
38 C-4 1.16 0.274 0.4 0.90 66.94
39 C-9 2.60 0.614 3.7 1.09 72.59
40 C9 1.17 0.277 0.5 n.m,* 68.29
41 C-13 2.21 0.522 0.8 1.50 90.33
42 C-13 1.16 0.274 0.2 1.00 82.57
43 C-20 2.60 0.614 34 1.50 72.08
44 C-20 1.17 0.277 8.4 0.96 53.96
45 C-27 2.52 0.596 7.7 1.85 63.49
46 C-27 1.19 0.282 7.4 141 52.49
47 C-29 2.52 0.596 3.9 2,15 71.00
48 C-29 1.19 0.282 0.4 1.57 64.91
49 C-30 1.82 0.432 33 1.35 74.34
50 C-30 1.19 0.282 1.2 1.08 62.25
51 C-32 1.82 0.432 4.5 1.94 84.31
52 C-32 1.19 0.282 0.9 142 76.83
53 C-32 1.82 0.432 5.1 1.73 79.37
54 C-32 143 0.338 24 141 76.04
55 C-33 1.82 0.432 2.5 nm,° 77.51
56 C-33 1.43 0.338 8.9 1.31 nm.°
57 C-34 1.82 0.432 9.4 0.88 57.00
58 C-34 1.43 0.338 9.6 0.81 47.09
59 C-35 1.82 0.432 0.3 1.31 75.32
# Molar ratio of the monomers in the gas and in the liquid phases ° from °C NMR analysis. ° not
measured.
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Table 4 **C NMR characterization of ethylene/propylene copolymers.

Ex. | Metallocene | [E] | [PPP] | [PPE] | [EPE] | [PEP] | [EEP]| [EEE] | rn,
molar fraction
37 C-4 0.8514 |0.0000 | 0.0386 | 0.1100 | 0.0181 |0.2066| 0.6267 | 0.92
38 C-4 0.7523 |0.0180 | 0.0844 | 0.1453 | 0.0725 |0.2814| 0.3984 | 0.91
39 c-9 0.7989 |0.0089 | 0.0524 | 0.1398 | 0.0363 |0.2621 | 0.5005 | 0.75
40 C-9 0.7636 |0.0060 | 0.0694 | 0.1609 | 0.0589 |0.2946| 0.4101 | 0.62
41 C-13 0.9334 |0.0000| 0.0190 | 0.0476 | 0.0000 |0.1080| 0.8254 | 2.85
42 C-13 0.8766 |0.0000 | 0.0502 | 0.0732 | 0.0118 |0.1790| 0.6858 | 2.45
43 C-20 0.7948 |0.0058 | 0.0682 | 0.1312 | 0.0291 [0.2642( 0.5015 | 0.96
44 C-20 0.6374 {0.0568 | 0.1628 | 0.1429 | 0.0811 |0.2889 | 0.2674 | 1.07
45 C-27 0.7229 |0.0106 | 0.0974 | 0.1691 | 0.0735 |0.2941| 0.3553 | 0.66
46 C-27 0.6237 |0.0334 | 0.1588 | 0.1840 | 0.1091 |0.2933| 0.2213 | 0.59
47 C-29 07860 |0.0000| 0.0620 | 0.1519 | 0.0381 |0.2800| 0.4679 | 0.63
48 C-29 0.7351 |0.0078 | 0.0843 | 0.1729 | 0.0541 [0.3009( 0.3801 | 0.58
49 C-30 0.8129 |0.0000 | 0.0598 | 0.1272 | 0.0357 [0.2620| 0.5152 | 0.91
50 C-30 0.8326 {0.0000 | 0.0193 | 0.1481 | 0.0239 |0.2482| 0.5605 | 0.27
51 C-32 0.8896 |0.0000 | 0.0048 | 0.1056 | 0.0197 |0.1976| 0.6723 | 0.16
52 C-32 07121 [0.0147{ 0.1133 | 0.1598 | 0.0624 |0.3127] 0.3370 | 0.79

Table 5. Reactivity ratios r; and r,, and their product r,»; for ethylene/propylene

copolymerization
Example
Metallocene r ra rir
37 Cc4 10.1] = |0.3 0.08] = | 0.01 0.8 | = [0.1
39 Cc9 7.8 £ (1.2 0.06{ & | 0.04 05 | % [04
41 C-13 28.9( = (0.7 0.09 = | 0.01 26 | + |04
43 C-20 6.0 £ |02 0.16[ = | 0.02 1.0 | + 0.1
45 C-27 43| + (04 0.13| = | 0.03 06 | = |02
47 C-29 7.0 £+ [1.0 0.07) = | 0.04 05 [+ (03
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CLAIMS
1. A metallocene compound of general formula (I):
LGZMXp O
wherein

L is a divalent group bridging the moieties G and Z, selected from CR'R?, SiR'R? and
(CRIRZ)Z, R! and R?, which may be the same as or different from each other, are selected
from hydrogen, a C;-Cy-alkyl, C3;-Cy-cycloalkyl, C,-Cy-alkenyl, CgCxo-aryl,
C7-Cyo-alkylaryl, C7-Cso-arylalkyl radical, optionally containing a heteroatom, which can
form a ring having 3 to 8 atoms which can bear a substituent;

Z is a moiety of formula (II):

A—ﬁ-,« -
R4/<B B>\ R3

R® and R?, which may be the same as or different from each other, are selected from
hydrogen, a C;-Cyp-alkyl, C3-Cy-cycloalkyl, C;-Cyp-alkenyl, Cg-Cyo-aryl,
C7-Cyo~alkylaryl, C;-Coo-arylalkyl radical, optionally containing a heteroatom;

A and B are selected from sulfur (S), oxygen (O) or CR®, wherein R’ is selected from
hydrogen, a C;-Cy-alkyl, Cs3-Cyo-cycloalkyl, C,-Cy-alkenyl, Cg-Cao-aryl,
C7-Cyo-alkylaryl, C;-Cy¢-arylalkyl radical, optionally containing a heteroatom with the
proviso that if A is S or O, then B(is CR® orif Bis S or O, then A is CR®, and wherein

wherein

the rings containing A and B have a double bond in the allowed position;,

G is a moiety of formula (III):
RE R7
(I
RO R6
wherein

R R, R® and R®, which may be the same as or different from each other, are selected

from hydrogen, a C;-Cy-alkyl, C3-Cjo-cycloalkyl, C,-Cyo-alkenyl, Cs-Cpo-aryl,

C7-Coo-alkylaryl, C;-Cyo-arylalkyl radical, optionally containing containing heteroatoms
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belonging to groups 13-17 of the Periodic Table of the Elements, and R® and R” and/or
R® and R’ can form a ring comprising from 3 to 8 atoms, which can bear substituents,
with the proviso that R’ is different from R® and when R’ is a tert-butyl radical, R® is not
hydrogen;
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 TUPAC
version),
X, which may be the same or different, is selected from hydrogen atom, halogen atom, a
group R, OR'’, 0S0,CF3, OCOR', SR°, NR'%, or PR'%;, wherein the substituents R'°
are selected from hydrogen, a C;-Cy-alkyl,. C3~Cyo-cycloalkyl, C,-Cjo-alkenyl,
Ce-Cy-aryl, Cj-Cyp-alkylaryl, C;-Cy-arylalkyl radical, optionally containing
heteroatoms; '
p is an integer of from 1 to 3, being equal to the oxidation state of the metal M minus 2;
isopropylidene (3-trimethylsilylcyclopentadienyl)(7-cyclopentaditiophene)zirconium
dichloride, dimethylsilanediyl (3-trimethylsilylcyclopentadienyl)(7-
cyclopentaditiophene)zirconium dichloride, isopropylidene (3-ethylcyclopentadienyl)(7-
cyclopentaditiophene)zirconium dichloride, - dimethylsilanediyl (3-
ethylcyclopentadieny?)(7-cyclopentaditiophene)zirconium dichloride, isopropylidene (3-
n-butylcyclopentadienyl)(7-cyclopentaditiophene)zirconium dichloride,
dimethylsilanediyl (3-n-butylcyclopentadienyl)(7-cyclopentaditiophene)zirconium
dichloride, isopropylidene (3-methylcyclopentadienyl)(7-
cyclopentaditiophene)zirconium dichloride, dimethylsilanediyl (3-
methylcyclopentadienyl)(7-cyclopentaditiophene)zirconium dichloride, isopropylidene
(3-i-propylcyclopentadienyl)(7-cyclopentaditiophene)zirconium dichloride and
dimethylsilanediyl (3-i-propylcyclopentadienyl)(7-cyclopentaditiophene)zirconium
dichloride being excluded.

2. The metallocene according to claim 1, wherein the transition metal M is selected from
titanium, zirconium and hafnium.
The metallocene according to any of claims 1 to 2, wherein L is CMe; or SiMe;.

4, The metallocene according to any of claims 1 to 3, wherein A or B is a sulfur atom and

the other is 2 CH group.
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The metallocene according to any of claims 1 to 4, wherein R*> and R* are the same and
are selected from a C;-Cyo-alkyl group, which can contain a silicon atom.
The metallocene according to any of claims 1 to 5, wherein G is a moiety of formula
(Ia):
H R7

R9 R6
(MIa)
wherein
R® and R® equal to or different from each other, are selected from hydrogen, a
Ci-Cyalkyl, C3-Cy-cycloalkyl, Cp-Cyo-alkenyl, Cg-Cy-aryl, C3-Cy-alkylaryl,
C7-Cyo-arylalkyl radical, optionally containing heteroatoms belonging to groups 13-17
of the Periodic Table of the Elements
R’ is selected from a Cs-Cao-aryl, C7-Cap-alkylaryl or a QR''R'?R"? group, wherein Q is
selected from C, Si, Ge;
R“, R and RB, which may be the same as or different from each other, are hydrogen,
Ci-Cyo-alkyl, Cs-Cyo-cycloalkyl, C,-Cy-alkenyl, Cs-Cpo-aryl, C;-Cyo-alkylaryl,
C7-Cyo-arylalkyl radicals, optionally containing a heteroatom, with the proviso that when
Q is a carbon atom, at least one of R"', R'* and R"? is a hydrogen atom.
The metallocene according to claim 6, wherein R’ is selected from phenyl, a CHR!''R?
and a SiR'"R'?R" group, wherein R", R'2 and R** are hydrogen or C-Cyo-alkyl groups.
The metallocene according to any of claims 1 to 5, wherein G is a moiety of formula
avy:

Qs R

(C{z 2/R18

T
R14 /k
Tl

av)

R]7

wherein

114



10.

WO 01/47939 PCT/EP00/13191

T! is a sulfur atom or a CR'® group;

T2 is a carbon atom or a nitrogen atom;

zislor0;

the ring containing T' and T has double bonds in the allowed position;

with the proviso that if zis 1, T! is a CR'® group and T? is a carbon atom and the ring
formed is a benzene ring; and if z is 0, T? bonds directly the cyclopentadienyl ring, the
5 membered ring formed has double bond in any of the allowed position having an
aromatic character and T' and T are not at the same time, a sulfur atom and a nitrogen
atom.

R™ RY R R'Y R® and R, same or different, are selected from hydrogen, a
Ci-Cyalkyl, Cs3-Cy-cycloalkyl, Cy-Cy-alkenyl, Cq-Cy-aryl, C7-Cyo-alkylaryl,
C7-Cyo-arylalkyl radical, optionally containing heteroatoms belonging to groups 13-17 of
the Periodic Table of the Elements, any of two adjacent R*, R'5, RS, R'7, R'® and R’
can form a ring comprising 4 to 8 atoms which can bear substituents.

The metallocene according to claim 8, wherein G is a moiety of formula (IVb):

R
RIS Rl 8
@)
Rl 7
Rl 6
(IVa)

wherein R, R'®, R'6 R!7 R!® and R'®, which may be the same as or different from each
other, are selected from hydrogen, a C;-Cy-alkyl, Cs-Cyo-cycloalkyl, C,-Cyo-alkenyl,
Cs-Cararyl, Cr-Cp-alkylaryl, Cp-Cy-arylalkyl radical, optionally containing
heteroatoms, and any of two adjacent R™, R'%, R R' R' and R" can form a ring
comprising 4 to 8 atoms which can bear substituents and the benzene ring can be

perhydrated.

The metallocene according to claim 9, wherein G is a moiety of formula (IVb)
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Rl 5 H
R1 8
.Y @
R17
Rl 6
(Ivb)

wherein R, R, RY, and R'™ are selected from hydrogen, a C;-Cyp-alkyl,
Cs3-Cyo-cycloalkyl, C,-Cao-alkenyl, Cg¢Coparyl, C;-Cyo-alkylaryl, C;-Cyo-arylalkyl
radical, optionally containing heteroatoms belonging to groups 13-17 of the Periodic
Table of the Elements, and any of two adjacent R', R', R'®, R", R"® can form a ring
comprising 4 to 8 atoms which can bear substituents; R'* is selected from the group
consisting of C;-Cayp-alkyl or Cg-Cap-aryl group.

The metallocene according to claim 9, wherein G is a moiety of formula (IVc)

Rl9
H
Rl 8
G0
Rl7
R16
(Ive)

wherein R”, R16, R”, and R are selected from hydrogen, a C;-Cyp-alkyl,
C3-Cyp-cycloalkyl, C;-Cy-alkenyl, Cs-Cyparyl, C;-Cyo-alkylaryl, C;-Cyp-arylalkyl
radical, optionally containing heteroatoms belonging to groups 13-17 of the Periodic
Table of the Elements, and .optionally any of two adjacent R, R'®, R, R'® and R" can
form a ring comprising 4 to 8 atoms which can bear substituents;;

R'? is selected from the group consisting of C;-Cao-alkyl or Cs-Cao-aryl group or forms
with R'® a benzene ring that can bears substituents.

The metallocene according to claim 11, wherein R is selected from the group
consisting of C;-Cyg-alkyl or Cs-Czo-aryl group such as a methyl, ethyl, or phenyl group.
The metallocene according to any of claima 11-12, wherein R' is selected from the
group consisting of C;-Cao-alkyl or Cg-Cyo-aryl.

The metallocene according to claim 8, wherein G is a moiety of formula (IVd):
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(Ivd)
wherein
T! is a sulfur atom or a CR'S group;
T is a carbon atom or a nitrogen atom;
the 5 member ring formed by T' and T> has double bonds in any of the allowed
position, having an aromatic character;
with the proviso that if T is a sulphur atom T? is not a ni;rogen atom,
R R and R'® which may be the same as or different from each other, are selected
from hydrogen, a C;-Cypalkyl, C;-Cyo-cycloalkyl, C;-Cy-alkenyl, C¢-Cao-aryl,
Cy-Cy-alkylaryl, C7-Cyg-arylalkyl radical, optionally containing heteroatoms belonging
to groups 13-17 of the Periodic Table of the Elements and R'7and R'® can form a ring
comprising 4 to 8 atoms which can bear substituents.
The metallocene according to claim 14 wherein T2 is a carbon atom; T! is a sulphur atom
and R, R'7 and R'® equal to or different from each other are C1-Cag-alkyl, Cs-Cap-aryl.
A ligand of formula (V):

LGZ’ \2)
wherein L is defined as in claims 1-5;
Z’ is a moiety of formula (VI):
A A
s
Ak
(VD

and its double bound isomers;

wherein A, B, R3 and R* are defined as in claims 1-5 and the double bonds are in any
of the allowed positions;
G’ is a moiety of formula (VII):

117



WO 01/47939 PCT/EP00/13191

R9 R6

(V)

and its double bond isomers;
wherein RS, R7, R® and R® have the meaning as defined in any of claims 1 to 5.
17. A process for the preparation of a ligand of formula (V):
LG’Z’ %)

wherein G’, Z’ and L are defined as in claim 16;

comprising the following steps:

a) contacting a compound of the formula (VIII) with a base selected from the group
consisting of metallic sodium and potassium, sodium and potassium hydroxide
and an organic lithium compound, wherein the molar ratio between the

compound of the formula (VIII) and said base is at least 1:1;

R4/£;Q;§\R3

(VI)

wherein A, B, R* and R* are described in claims 1-5;
b) contacting the corresponding anionic moiety of the formula (VII) with a

compound of formula (IX):

1 RS
Rl
RS R2
RO
)

wherein R}, R%, RS, R7, R® and R® are described in claim 1 and then treating the
obtained product with a protonating agent.
18. A process for the preparation of a ligand of formula (V):
LGZ’ V)
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wherein L, G’ and Z’ are defined as in claim 16 are defined in claim 1 comprising the
following steps:
a)  contacting a compound of the formula (VIII) with a base selected from the group
consisting of metallic sodium and potassium, sodium and potassium hydroxide and
an organic lithium compound, wherein the molar ratio between the compound of the
formula (VIII) and said base is at least 1:1

R“/z;QBA}\ R

(VII)

wherein A, B, R? and R* are described as in claims 1-5;

b) contacting the obtained anionic compounds of the formula (VII) with a

compound of formula (IX):
R, S
LY
R8
RY
Ix)

wherein L, R®, R, R® and R® are defined as in claims 1-5 and Y is a halogen
radical selected from the group consisting of chloride, bromide and iodide.

19. A process for the preparation of a metallocene compound as defined in any of claims 1 to
15, obtainable by contacting' the ligand of general formula (V) with a base capable of
forming the corresponding dianionic compound and thereafter with a compound of
general formula MX+2, wherein M, X and p are defined as in claims 1-5.

20. A cafalyst obtainable by contacting:

(A) ametallocene compound of formula (I)
LGZMX, D

wherein L, Z, M, X, and p has been defined as in claims 1-5 and G is a moiety of
formula (II0):
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(1

RO R6

wherein RS, R’, R® and R®, which may be the same as or different from each other, are
selected from the group consisting of hydrogen, a C;-Cy-alkyl, Cs-Cyo-cycloalkyl,
Cy-Cyo-alkenyl, Cq-Cyo-aryl, C7-Cyo-alkylaryl, C;-Cyo-arylalkyl radical, optionally
containing heteroatoms belonging to groups 13-17 of the Periodic Table of the
Elements, R® and R’ and/or R® and R® can form a ring comprising from 3 to 8 atoms,
which can bear substituents; with the proviso that R’ is different from R® and when R’ is
a tertbutyl radical R® is not hydrogen; and

(B)  an alumoxane and/or a compound capable of forming an alkyl metallocene.

The catalyst according to claim 20 wherein in the metallocene compound of formula (I)
G is a moiety of formula (IIa) or (IV) wherein said moieties are defined in claims 6 and
8,

The catalyst according to claim 21 wherein in the metallocene compound of formula (T)
G is a moiety selected from the compound of formula (IVa) (IVb), (IVc) or (IVd)
wherein said moieties are defined in claims 9-15.

The catalyst according to any of claims 20-22, wherein said alumoxane is
methylalumoxane (MAO), isobutylalumoxane (TIBAO) and 2,4,4-trimethyl-
pentylalumoxane (TIOAO).

The catalyst according to any of claims 20-22, wherein the compound capable of forming
a metallocene alkyl cation is a compound of formula D'E’, wherein D' is a Brensted
acid, able to donate 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.

A process for the preparation of a polymer of alpha-olefins comprising contacting one or
more alpha-olefins under polymerization conditions with a catalyst defined in any of .
claims 20-24.

The process according to claim 25 for the preparation of homo- and copolymers of
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propylene.

The process according to claim 26 wherein the process is carried out in the presence of
an alpha-olefin selected from 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, 1-
octene, 1-decene and 1-dodecene.

The process according to claim 25 for the preparation of homo- and copolymers of
ethylene.

The process according to claim 28, wherein the process is carried out in the presence of
an olefin selected from propylene, 1-butene, 1-pentene, 4-methyl-1-pentene, 1-hexene,
1-octene, 4,6-dimethyl-1-heptene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene,
1-octadecene, 1-eicosene, allylcyclohexane, cyclopentene, cyclohexene and norbornene,
1,5-hexadiene, 1-6-heptadiene, 2-methyl-1,5-hexadiene, trans 1,4-hexadiene, cis 1,4-
hexadiene, 6-methyl-1,5-heptadiene, 3,7-dimethyl-1,6-octadiene, 11-methyl-1,10-
dodecadiene, 5-ethylidene-2-norbomene .

The process according to any of claims 25-29 wherein the catalyst is supported on an
inert carrier.

The process according to any of claims 25-30 characterized in that it is carried out in gas
phase.

A propylene homopolymer having the following characteristics:

- triads (mm) satisfy the relation 55 < mm< 85;

- melting enthalpy (AH) of between 5 J/g and 70 J/g.

- Haze (ASTM 2457) from 15% to 30%;

- Gloss (60°C) (ASTM 2457) from 60% to 95%;

- Tensile modulus (ASTM D4065) from 1000 Mpa to 200 Mpa;

- Elonéation at break (ASTM D4065) from 300% to 900%;

- Strength at break (ASTM D638) from 10% to 40%.

A propylene copolymer containing from 0.1 to 30% by moles of units deriving from an
olefin of formula CH,=CHR’, R’ being hydrogen, a C,-Cpp-alkyl or a C¢-Cj2-aryl group,
said propylene copolymer having the following characteristics:

- melting enthalpy < 70 J/g;

- triads (mm) satisfy the relation: 30 < mm < 85.

The propylene copolymer according to claim 33 wherein the olefin of formula
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CH,=CHR’ is ethylene.
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