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trial kyl g@leyni num conpound and water in a nolar ratio of 1:1 to 100: 1,

t hese al unoxanes are oligoneric |inear and/or cyclic conpounds represented
by the fBRIQRARTRDOBCEDAURE (Al--On --Al (R for linear oligoneric
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w dely used cocatal yst. Neverthel ess al kyl al unoxanes, in partrcular
met hyl al ¢@®PeHAs- t hough very active in netall ocene-based catal yst systens,

exhi bi t ve i nt- prabl in,use, such as the need faor high
al unoxane erreiﬁxgi | %%%ﬁget%r%lqgr %?%aﬁqg%s tC{?VglPBﬁﬁC§TSEIPFJ§£§FPB§ ynlfﬁ’ﬁﬁ?%i Qlefin
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etc.) andﬁ%hﬂz}'& eatgy flapmability. Moreover, it has not. been possible to
i sol at e RIASFAREY &psth¥h Pl eyl dhesscwaialysts sxbibipdew eathylens golymerization activity
levels and negligible propylene polymerization activity.
- The second generation of cocatalyst systems comprised the class of alkylalumoxanes, commonly

- obtained by reacting trialkyl aluminum compound and water in a molar ratio of 1:1 to 100:1;

these alumoxanes are oligomeric linear and/or cyclic compounds represented by the formulae:

R
R R
Al—O—Al—Q),—Al S
4 R
for linear oligomeric alumoxanes, and
}F{ - -
Al—O)m

for cyclic oligomeric alumoxanes, wherein the substituents R are usually methyl, ethyl or

isobutyl groups, n ranges from 0 to 40, and m ranges from 3 to 40. Methylalumoxane (MAQ)
- is the most widely used cocatalyst. |

Nevertheless alkylalumoxanes, and in particular methylalumoxane, though very active in

metallocene-based catalyst systems, exhibit several inherent problems in use, such as the need

for high alumoxane/metallocene molar ratios to produce satisfactory catalytic activities, their
| high reactivity toward impurities (moisture, alcohols etc.) and their easy flammability. Moreover,

it has not been possible to isolate characterizable metallocene active species using MAO.

Accordingly, some of the developments in this area involved a search for alternative cocatalysts.
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Accordingly, some of the devel opnents in this area involved a SSaY@kembar 2004
alternative cocatal ysts. 1 28 Septenber 2004 WO 01/ 62764 PCTI EP01101467
B(C6F5) 4- types of non-coordinating ani ons have been devel oped as

cocatal ysts for netall ocene-based systens. Mire specifically, these

activators apg gigfsgxchange conpounds conprising a trial Ii%lrm%lm 4
di al kyl ammoni um cation, which will irreversibly react with f f’| ocene,

and a fluorinated aryl borate ani on, ‘capabl e of stabilizing the net al | ocene
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met al | ocemrditpamaedals: gagmtihwikawes acid. Only upon addition of the

tri-n-al analltgrElnatpvlér?ogt% IQ lillgiglg tBh(% lg?t }?'alsyl;setensp Sptt:a(saertri1 %O I:Ff}:gime in Journal of
Organometallic Chemistry 488 (1995) 177-182. Bis cyclopentadienyl methyl pyrrolidyl
zirconocene has been treated with B(C¢Fs); with the formation of the pvirolydyl borate and
the metallocene cation. In this paper it is reported that the obtained salt is catalytically active
and polymerizes ethylene even if with a moderate activity. |
WO 99/64476 describes a process for the preparation of polyolefins by using a catatyst
system comprising a metallocene compound, a Lewis acid-base complex and a tri-n-
alkylaluminum compound. As described at page 4 and illustrated in the figures the function of
the Lewis base is to inhibit the reaction between the metallocene compounds and the Lewis
actd. Only upon addition of the tri-n-alkylaluminum compound the catalyst system becomes
active. This catalyst system does not solve completely the problems of the use B(C¢Fs)3, for
the reason that the anion that is weakly coordinated to the electrondeficient metal center is
always of the type MeB(CFs);” and therefore the active catalyst system is not stable for a

long time.




active. This catal yst system does not solve conpletely the probi8Ypptembarp804
use B(C6F5)3, for the reason that the anion that is weakly coordinated to
the el ectrondeficient nmetal center is always of the type McB(C6F5)3- and
therefore t%@l\gk%i,ége catal yst systemis not stable for a Iong time. 2 28
Sept ember 2004 1/ 62764 PCT/ EP01101467 Therefore, there i SCTEPYYI1§4]e
need for alternative cocatal ysts, easy to prepare, that forma stable

catal yst system and able to exert good activities in the polynerization of

ol ef i ns. ply : .new ¢l of qlefin I ri zation
cocat al ystﬁsg,?e%f %:%@%58?2@6 H{tg%&efoglsd [e{‘glrgg1 ”gxccoggtsag%%’ %aosélgf’é’lripﬁé?%?% ﬁ'erfne%%@]%l? to
al kyl al umatubysamgssem dndsblaos cteagbodactififesig liegmfymdérizatibsl esbleses. by- product s
_after the_ metall ocene actjvation, and provides stable catalytic
conposi ¢ BHSAPPHSEt IS S8Ht MRY @ritevo plasd < detispalymen gpiien recatallste vurhprsdwats
obt ai nabl i : i L.ow f I | ): H
(1) hertsy GRS b Al 3 aEREHIS SR bR U1 O etk
sel ect ed vndesuetd hbygralupts adesi $iei ngetdbcdned rogearionhalndg @rovildisn@ableOlatalytic
branched, saturated or unsaturated, C, -Cl0 alkyl, C6-C20 aryl, Cr- C2(3,t
aryl al kyl°°BRE5ERc20 al kyl aryl groups, optionally containing 0, S, N, P,
Si or halogeresahtQFentiot cd ? I SHREIH Wand Ra
f orm one or%m)re C4-C7 r?&ﬁn%,mgg%@gﬁgﬁg%g%ﬁt al n‘%ﬂrﬁ%glﬁ%?ég‘,/%&gn%r Si
at ons, tﬁétaé@npmrhagmgsthe%dmisg fogimuie @):Lewi s acid of fornula (11) MR 3
(I'1) wherein M is a netal belonging to G oup 13 of the Periodic Table of
the Elenents (IUPAC); R, equal togbr di fRSrent fromeach other, are
selected fromthe group consisting o ogen, hal ogenated C6-C20 aryl and
tial ogenated C7-C20 al kyl-aryl groups; t groups can also formwth the
metal M one condensed ring, such &-fad exaﬁpl e 9- borafl uorene conpounds.
Preferably M is B or A, and nore pref:l}tlably is B; The substituents R are
preferably selected fromthe group consisting of C6F5, C6F4H, C6F3H2,
C6H3( CF3) 2, perfluoro- biphenyl, heptaf I(Hor o- napht hyl , hexaf | uor o- napht hyl
and pent af | uor o- napht le , Most :

wherein R, R”, R and R® equal to or different from each other are selected from the group

- consisting of hydrogen, halogen, linear or branched, saturated or unsaturated, C;-Cyo alkyl,
Ce-Cao aryl, C7-Cyp arylalkyl and C7-Cy alkylaryl groups, optionally containing O, S, N, P,
Si or halogen atoms, or two or niore adjacent substituents R, R®, R® and R? form one or
more C4-C7 rings, optionally containing O, S, N, P or Si atoms, that can bear substituents;
b)  aLewisacid of formula (IT)
| - MtRY (n
wherein Mt is a metal belonging to Group 13 of the Periodic lTable of the Elements

“(IUPAC); R, equal to or different from each other, are selected from the group consisting
of halogen, halogenated C&Ci;%lhaﬁdﬂhalogenated C7-Cyo alkylaryl groups; two R!
groups can also form with the metal Mt one condensed ring, such as for example 9-
borafluorene compounds.
Preferably Mt is B or Al, and more preferably is B; The substituents R! are preferably
selected from the group comsisting of CeFs, CsFaH, CeFsH,, CeH3(CFs);, perfluoro-
biphenyl, heptafluoro-naphthyl, hexafluoro-naphthyl and pentafluoro-naphthyl; Most
preferred R! substituents are CeFsradicals.

Preferred organometallic compounds are those belonging to the following two classes (1) and

(2), having respectively formula (IIT) and (IV).




preferred R substituents are C6F5 radicals. Preferred or ganonethbentember 2004
conpounds are those belonging to the followng two classes (1) and (2),
havi ng respectively forrmula (I1l) and (1V). 3 28 Septenber 2004 WO 01162764
PCTI EPOL/ 0148yo1%rss (1) Organonetal Iic conpounds bel ongi ng #or/Eta®ms4st 1)
have the followng formula (I1l) (111) wherein M is a netal belonging to
G oup 13 of the Periodic Table of the Elenents (IUPAC); R, equal to or
different fromeach other, are selected fromthe group consisting of

hal ogen,dh?sg@genat ed C6- C20 aryl and hal ogenated C7-C20 al kyl aryl groups;
two R groups ‘can also formwith the netal] M &g]g cr{c:}_den@e&gsi ng, such as
for exanPrenomstulisf somnoands bedonstngia slassildhvsdhe ioplevingdermea RY) R4, R3 and
R2 equal to or different fromeach other, are selected fromthe group

consi sting of hydrogen, hal ogen, |inear or branched, saturated or
unsaturated, Cl-Cl0 alkyl, C6-C20 agg¢l, C7-£20 arylalkyl and Cr-C20

al kyl aryl - groups, optionally containi 0,S, N, P, Si or hal ogen atons, or
two or nore adjacent substituents R22- Hn one or nore C4-C7 rings,
optionally containing O, S, N, P L, B rably when the substituents
R2-R formone or nore rings, R4 and R Ngrm one C4-C7 aromatic ring,
optionally containing 0, S, N, or P at qsthat can bear substituents; and
R2 and R3 formone non aromatic C4-C7 r ,3optionally containing 0, S, N,
P or Si atons; wth the proviso that-ahI | east one of R2, R3, R4 and R5is
different from hydrogen. Preferably in'\ Fe or ganonetal I i ¢ conpounds of
formula ChLl), M is Bor A, and nore preferably is B; the substituents R
equal to or di fferent from each ot her, are preferably selected fromthe

group coiMiis bimetpl bElGSIES to GeFpH3 ocfdrapodicdiablecr theEicpers (IHBAG IR pisavatio 7

hept af | - ht.hyl hexaf | - h | : 5 : €
Tor e pr oPEALBrg TR fash GEE, rd BIRIARRI B B AR, o PSR B TUET
are pref er,abland HEReERAe®C YTy, AFAL2AQraups] BIdM grangk (&7 a3 Gorad With dreyhetal Mt
groups, optionally containing 0, S,

g N P, Si or hal ogen atons_or t 3
t hey - canohoeendsnsed aingnarch @s &1 -cermple § d’%ﬂ‘i"&fﬁlﬁICP?’DB‘H%Fa"r“ﬂithS‘@,St”%‘?n?%ﬁdﬁf{ P
at oms, . t pat . Sm AcRoRfer ieheiiRal Ass B anRBRiiR lok C
conpound%aoafﬁ]?%gr gﬁ%gtfllbﬁ%ﬁ%rgﬁt at e(%? foor mula (V): 4 28 Seg'?{eu%ber 2018%
hydrogen, halogen, linear or branched, saturated or unsaturated, Ci-Cio alkyl, Cg-Cap aryl, C7-Cao

R

arylalkyl and C7-Cao alkylaryl groups, opuonally containing O, S, N, P, Si or halogen atoms, or
two or more adjacent substituents R2R’ form one or more C4-C7 rings, optionally containing O,
S, N, P or Si, preferably when the substituents R>-R’ form one or more rings, R* and R® form
one C,-C; aromatic ring, optionally containing O, &, N, or P atoms, that can bear substituents;
and R? and R® form one non aromatic C,4-C5 ring, optionally containing O, S, N, P or Si atoms;
with the proviso that at least one of RZ, R?, R*and R'is different from hydrogen. -

Preferably in the organofnetallic compounds of formula (IIf) Mt is B or Al, and more prefe:ably
is B; the substituents R' equal to or different from each other, are preferably selected from the
group consisting of C¢Fs, CsFaH, CeF3H,, CsH3(CFs3),, perfluoro-biphenyl, heptafluoro-naphthyl,
hexafluoro-naphthyl and pentafluoro-naphthyl; even more preferably, R!is C¢Fs; at least one of
the substituents R® and R* are preferably a Ce-Cyo aryl, C7-Cyq arylalkyl and C7-Cyg alkylaryl
groups, optionally containring O, S, N P, Si or halogen atoms or together they can form an
aromatic Cs-C7 ring optionally containing O, S, N or P atomns, that can bear substituents.

A preferred subclass of organometallic compounds of formula (III) is that of formula (V):




WO 01/ 62764 PCT/ EP01101467 wherein B is a boron atom the subsid $eptember004
R3 and R2 have the neaning reported above and the substituents R6, the sane
or different fromeach other, are selected fromthe group consisting of
hydr ogen, h i near or branched, saturated or unsaturated, Cl-Cl0
al kyl , Cb- czqgag’(r?@?'{“cr C20 arylal kyl and C7-C20 al kylaryl gPGEAPOI01467
optionally containing O, S, N, P, Si or hal ogen atons, or two or nore

adj acent substituents R6. formone or nore C4-C7 optionally containing O,
S, NN Por Si atonms rings that can bear substituents; preferably R6 are
selected fromthe group consisti ngsof hﬁ?r ogen, hal ogen, [linear or
branched, saturated or unsaturate | - CLO al k#g. Preferably R2 and R3 are
‘hydrogen. Anot her preferred subcl as nmetal li ¢ conpounds of
formula (I'11) is that of formulagVl): HBR13 (VI) wherein the
substituents Rl and R6 have the feani above. dass (2)
~Organonetal lic conmpound bel onging to ¢l as ) "have the follow ng formul a
(1V): R3\ Re, R5 5 28 Septenber 206 WD 0l1/ 62764 PCTI EPQI/ 01467 .wherei n

M and R are defined as above; the substfBR&nts R2', R3, R4 and R equal
to or different fromeach other, are selected fromthe group consisting of
hydr ogen, hal ogen, |inear or branched, &8turated or unsaturated, G -Cl0

al kyl , -C20 aryl, C7-C20 arylal kyl and C7-C20 al kyl aryl groups,
optional " Bhtaining 0, S, N, P, Si or halogen atoms, or two or nore

adj acent BsyRA%bidngeths R2 , R3, R4 and R formone or nore C4-C7 rings
optionally cont ai ni n? 9. S,N Por Si atons, that can bear substituents;
sai d ri n§is substithents B, Rprad Rchaye topmeaoneg teportsairabovadrdithe sidntituents &idthe samnd h

R, "o Pt SR ek o s PR P A v ol Rt o b

or branched, saturated or wnsaturated, C;-Cyp alkyl, Ce-Cao aryl, C;-Cyo arylalkyl and C:-Cap

alkylaryl groups optionally containing O, S, N, P, Si or halogen atoms, or two or more adjacent
substituents R® form one or more C4-Cy optionally containing O, S, N, P or Si atoms rings that
can bear substituents; preferably R® are selected from the group consisting of hydrogen, halogen,
linear or branched, saturated or unsaturated C1-Cio alkyl. Preferably R? and R are hydrogen.
Another preferred subclass of organometallic compounds of formula (III) is that of formula (VI):

|
eE!Rja

(VD
wherein the substituents R' and R® have the meaning reported above.
Class (2)

Organometallic compound belonging to class (2) have the following formula (IV):

H
Cﬂth

5




fromthe group consisting of hydrogen, |inear or branched, sat #Satcetpugrer 2004
unsaturated, Cl-COQ al kyl, optionally containing O, S, N, P, Si or hal ogen
atons, or two or nore adjacent substituents R2 , R3, R4'and R formone or
nore CA4-C7 mingse20@fi onally containing 0, S, N, P or Si atongCTiHPat/f1467aN
bear substituents; said rings can be aliphatic or optionally can contains
doubl e bonds, with the proviso that said rings are not aromatic; A
preferred subcl ass of organonetal i ¢ conpounds of formula (1V) is that of
formula (VU): (VI1) wherein the substi{f¥ients R have the meani ng described
above and the substituents R2 and R' equal to or different from each

ot her ar &RF9%20 al kyl: preferably they are nethyl or ethyl groups. Non
Iinitatiwguﬁﬁq@pﬁggﬁgkdgpﬂﬁggnds bel onging to formula (1) are: pyrrole;

et hyl 3, 5-di et hyl -2-pyrrol ecarboxylate tert-butyl

3,4,5-tr |thm$1ﬂp9ﬂ1tu@;t@§{r ¢ 8] eR™ and Boﬁﬁﬁ%ltt@ or diffppgnt jrorn each other, are selected from the

4- dleth | -5-meth rLrol e rbo at e 4 ac

i et hyl et e ghS nERbAR Yk of byl Silinied 8 BREIRAGE C-Coo el
2-et hyl pyrLc), gyl Zzﬂczodwmmléh@ﬂ@(; ﬁkylarﬁgdjupetdwbmryrceh@;mno 0,S,N, P, Sior
4,5, 6, 7-t et rahydroi ndol’e; 1,2, 5-trimet hyl pyr Lol

d| ma'l[1 h?/l .hglogcrhh RIS POIVE: Or Fncae @:ﬂ}%engsu@st@pmﬁ RyJ }&y,eroqnél .R* form one or more C4-C-
3- 2
> (e cniBs aRphy SofBrE OISR 8 S bl Mt ol HOASuGAGRI GRS oo be

Sept enbernlighitid MCopidnaRy @dn EfoﬂaEPﬂ&likﬂ)éL%ﬁdsZ \(/ﬂt}[ ittéel pmmacmhty lsdifdyrimgsl &¢ not

pyrrol e- 2- car boxal dehyde; ‘i ndol e; 2-nethylindol e; 3-nethylindole;
 4- et hyl i@FAY: 5-net hyl i ndol e; 6-net hylindole; 7- methylindol e; o

2, 3-di m??%f%ﬂaﬂ%?igﬁru@héeﬂé REtRY| R‘hgﬁi R equdi lthQF &ﬁ@(‘éﬁtl fom 22aNb@AEO hﬁ@@l’e@red 5- &

chioroin ol e; oroi ndol e 5-chl oro-2-net hyl i ndol e; 5-bronoi ndol e;
5- met hox;ﬁmdtbbg:ow-conssthxgw hmdmg@, lifeag oe bramghed. sabtrinpd prigeswrated, Ci-Cyg alkyl,

5, 6- dlnetho ndole ni tr.oi ndol e o2
3 oeat y1 R Sk SrS IS P g dom s Biffe aBaliod bR E R,
2- et hyl lfzﬁd@{f‘@ncBRearbb@w@bld@bbéd%QSnﬂg&w@mmd@dmﬁng@r lsoxy & &e$lydﬂ:ﬁns that

phenyl - 3, 3" -di net hyl -2, 2' -dj i ndol yl - met hane, 3-indolyl acetate; 4-indolyl
acet at e; c%bwwubqtﬁép@psesqd é‘lagsbgggyly%glg}ha%pﬁg;pnonally car confains double bonds, with

4 nethox asmfyanoi ndol e; 5-cyanoi ndol e;  7-azai ndol e.
g§gﬁgﬁ?§}§§|dpgé¥fﬁiﬁﬁlan%xl) are: tris(pentafluorophenyl)borane;

t ri s( hepLdaf)ﬂefemed waipibdsh pf Qrigaroaregllic cangaRnds &F Byryl8(IV) is that of formula (VII):

hexaf | uor onapht hyl ) bor ane; tris(2,4,Ef6,7,8khexafluoronaphthyl)borane;

tris(3,4,5,6,7,8-

R? 7 ~a
R
R'3

(Vi)

P

wherein _ _

the substituents R' have the meaning described above and the substituents R* and RY equal to
or different from each other are C,-Cyq alkyl; preferably they are methyl or ethyl groups.

Non limitative examples of compounds belonging to formula (I) are:

pyrrole;  ethyl  3,5-dimethyl-2-pyrrolecarboxylate;  tert-butyl 3,4,5-trimethyl-2-pyrrole
catboxylate; ethyl 3, 4-diethyl-5-methyl-2-pyrrole carboxylate; tert-butyl 4-acetyl-3,5
dimethyl-2-pyrrole carboxylate; diethy 3,4-pyrroledicarboxylate; 2-ethylpyrmole; 2,4-
dimethylpyrrole; 2,5-dimethylpyrrole; 4,5,6,7—tetrahydroindole; 1,2,5-tnmethylpyirole; 2,4-
dimethyl-3-ethylpyrrole; 3-acetyl-2,4-dimethylpyrrole; 3-ethyl-2-methyl-1,5,6,7-tetrahydro-4-
H-indol-4-one; 2-acetylpyrrole; 2-(trichloroacetyl)pyrrole; 1,5,6,7-tetrahydro-4h-indol-4-one;
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hexaf | uor onapht hyl ) borane; tris(2,3,4, 6,7, 8-hexafl uor onapht hy| Y28ceRtember 2004
tris(2,3,4,5,7,8- hexafl uoronapht hyl ) bor ane;

triS(2,3,5, 6,7, 8 hexafl uoro-4-net hyl napht hyl ) bor ane;

tris(2,4,5,8,.7 xaf | uor o- 3- et hyl napht hyl ) bor ane;

tris(3,4, 5,@ '}’?ézﬁgxafl uor o- 2- met hyl napht hyl ) bor ane; PCT/EP01/01467
tris(2,3,4,6,7,8-hexafl uoro-5-nethyl napht hyl ) borane; tris(2,3,4,5,7, 8-
hexaf | uor o- 6- - rret hyl napht hyl )borane tri s(nonafl uorobi phenyl ) bor ane;
tr| s(2,2

oct.af | I. phenyl ) borane; tris(3,3
4,4 52§t“ °é° SPBrTolstth e L 8?‘%?‘12&)
tri S( 2, 21nd6184 Zrﬁeﬁylnﬁdo@e Dﬁieﬂfyllmﬁél@pu{iﬁkﬂﬂyﬁr&ibw dhgithylindole; 6-methylindole; 7-
trls(22 3, 6' - octafl uorohi phenyl )borane; tris(2,2 3,3

4,45, 5meﬂy&m§@lpu&;%g]whﬂy}dﬁ}f@r a,ﬁgilmethylmdole 5-fluoroindole; 4-chloroindole; 5-
tri S( 2,2 ghl%)é()%%doi’e -c}ﬁﬁ%m&ﬁ%ag hﬁ'lgf Habeo rS?:E]'gmf;lﬁd;?'les (ig’méthogymdole 4-

44 5 ’oct af 1 'uoroBi p eny 7bor ne; tri
, 6, 6 - omeﬂ{obiymﬁoh; phanytoxparmehylindole; 5,6- dlmethoxymdole 5-benzyloxyindole; 4-
tr| s(2,2,3,3

4,4 6,6 -qctafl upgro-5, nmet h hen I .
tris(2, 2nimgingoly 4 Siigoindole af F%ra?%ylsidelea et ;IF iraa )9?)6%1%5@. indole-3-
tris(2, carﬁo%alcﬁhgde 65 %et&ﬂfrﬂf)ieuﬁ)ﬁﬁ}béxfaldehpﬂﬁhg'}Métg ifidie-3-carbo zcﬁaldghyge

tris(l’ - oct af | uor o- ienyl ) borane; “tris
°,5,5° ﬁherﬁ'l 3-3édmm°till)d€9r E-dimﬁol‘yl—hmﬂ‘rmayI3)—1hldolaheacetate 4. mdolyl acetate; methyl

t 2, fl
trio( o, stofdErbaey BRI HBRPRRZ indqleceronylate: HYROingPlSH RO e,
tris(2, 37@2515415113u0r0phenyl )borane; tris(1,3-difluorophenyl)borane,

tris(2,3,5 6-tetrafluoro-4 rreth%ll phenyl ) borane; tris(2,3,4,6-tetrafl uoro-5-
et hyl phEﬁwyls@f&nmsapMci(fma H)agr o- 3- met hyl phenyl ) bor ane:

tris(2,4; _
tris(3,5- 4 t&glﬁlgm hw%?&%énwgﬁg&%&pmhﬂ)mmﬂe tris(2,3,5,6,7,8-

f | uor obi héxaﬂnbmhhp]mh}d}ﬂmemel; ) baisAd; 5,6 Rldreabilsdrpeaihatl hormph e nyrlsf D6 HER- 7
28 Sept 2004 1/ 62764 PCTI EP01/Q146 i
i chi or P PeARSER FI6) bo et £ E BRI BB ny 5o e

9-chl or Oh&aﬂta&roaaﬁﬁﬁﬁmhﬁi‘el uorene; 9rnbRtIWk7%- H&fa@ﬁ%fJ hwmhmﬁ@%ome

9- pent af | uor ophenyl -9~ or oper f | uor of | uor éne’” and

9- br ono- Bistt.08¢t, $-hmfblf0rméﬂ@¢tby1nﬂmhthﬁ)‘mmeher obj ectris6t4.b ¢ phewéupro-2-
t t |
e o bAoA IO e B 000 Al S SO 5 9

or ganOmh@daﬂh&o@ﬂ‘i@ﬂﬁl‘tﬁphﬂﬂyi)b@ﬂamé,l insbioﬁaéﬂhoroblphenyl)borane tris(2,2°, 3 5 5,6,6°-
cycl Opent%gtjg enyl ) met hyl zi rconi um bei ng excl uded g an or rret al | ic
conmpound® %T?F&B]Peé‘ylf)go%‘?rt acting a) BSCehpbtinyh&fi H@taﬂ%"?@ ‘FIB’ bAgRNe;

formul a {5 2H 4¢ 5 5¢ 6,6 -octafluorobiphenyl)borane; tris(2,2°,3.34,4,4°,6,6"-
.octaﬂuorobiphenyl)borane' tris(2,2‘,3,3‘,4,4‘,'5,5‘-octaﬂuorobiphenyl)borane'
tris(2,29,3,34,5,5%6 6‘—octaﬂuoroblphenyl)borane tris(3,3¢.4 4‘ 5,5%,6,6'-
octafluorobiphenyl)borane; tns(2,2‘ 4.4°.5,5°6 6‘-octaﬂuoroblpheny])borane
tris(2,2¢,3,3%,4,4°,6,6* -octafluoro-5,5° ~methylb1phenyl)borane ris(2,2°,3,3%,4,4°,5,5°-
octgﬂuoro-6,6‘—methylblphenyl)borane; tris(2,2¢,3,3%,5,5°,6,6*-octafluoro-4,4*-
biphenyl)borane; tris(3,3°,4,4¢,5,5°,6,6°-octafluoro-2,2 -biphenyl)borane;
tris(2,2¢,4,4°,5,5°,6,6°-octafluoro-3,3-biphenyl)borane;
tris(2,3,4,6-tetraﬂuor_opheny1)bo:ane; tris(2,3,5,6-tetraﬂuorophenyl)borane; tris(2,3,5-
triflucrophenyl)borane, tris(2,3,6-trifluorophenyl)borane; tris(1,3-difluorophenyl)borane,

tr1s(2,3,5,6-tetrafluoro-4-methylphenyl)borane; tris(2,3,4,6-tetrafluoro-5-
methylphenyl)borane; tris(?.,ﬁ-diﬂuoro;-S-methylphenyl)borane; tris(2,4-difluoro-5-
méthylphenyl)borane; tris(3,5-difluoro-2-methylphenyl)borane;
fluorobis(pentaflucrophenyl)borane; ~ chlorobis(pentafluorophenyi)borane;




(1) wherein Ra, Rs, R and Rr1l equal to or different from eachRScichtambey2804

sel ected fromthe group consisting of hydrogen, halogen, linear or

branched, saturated or unsaturated, Cl-Cl10 alkyl, C6-C20 aryl, C7-C20

aryl al kyl awe @@h2%a0 al kyl aryl . groups, optionally containi rgCI0EPIEN1487 P,

Si or halogen atons, or two or nore adjacent substituents Ra, Rb, Re and

Rd formone or nore C4-C7 rings, optionally containing O, S, N, P or Si

atons, that can bear substituents; with b) a Lewis acid of formula (I1)

M R 3 (I #ichiwhepentafldropbergl)betaat; bedifingiong (pent@floerppliedyhborahe  Péx-¢lddioed-

Tabl e of the Elements (1 UPAC); , ual to qr differerng from each ofher,

are sel ebPreReHUgRIYESy oup g‘@b‘?ﬁ&ﬁ"ﬁ‘?fﬁpgﬂu %88’5???’ hal gB%T@&rQ%‘-C@O&

aryl. an ~1G2 Koy mel WO RL groups can also form
&ﬁ@?ﬁﬂ@a ﬁm}cﬁ&]&%dg%ggig b aopbrilu@fFHidsene

wth the one con ‘ring, such as for exanple 9-borafluorene
conpoundk;is anath¢rG)bje tof theapresenaimventionl acdtalyst sysem. foPthefpobatsrizatdneoicaetmsy st

systemfor the -polynerizat.i of olefins conprises the product obtained
by cont aE‘i’T‘H@SFn%&fpg‘?rEF“f“teQ}z;{m%Ctopﬁlﬁgli’g‘i on netal organonetal |ic conmpound,
pirrol ydidy Bi s(lds Coed Op@ndimst eRvddImebivhaheepioi Usniviund, e?Svﬁ-}dll}dEId; b3s(R8

Sept enbel 2004 WO 01/ 62764 PCT/ EP01101467 SQ an organonetallic conpound
bel ongi ng t eydbpentadiany)stylagaeiymdreitgoxaded 1d 1), (V), and(V1)) or class

(2) (co unds _of fo | a é}l d descri bed above; and (O
opt i onaln&g AR RIS g Ot 8'?*1‘%1 %‘éénb\s(%{)%%)onn%r% | organonetal |ic conmpounds
for use in tfe gabmbysid swiigaht fdllomsgidante(Ini th the present invention

are conpounds suitable as olefin polynerization catalysts by coordination
or insertion polynerization. The cl@ss incRfides known transition netal

conmpounds useful in traditional Zi ey-Natta coordi nati on pol yneri zation, Qﬂ_“
the netall ocene conpounds simlarly he date transition netal
conpounds- known to be useful in cperdipati oA pol yneri zation. These w ||
typically include Goup 4-10 transition imetal conpounds wherein at |east

one netal |igand can be abstracted by t catal yst activators. As a
(D
wherein R, Rb, R® and RY equal to or different from each other are selected from the
group consisting of hydrogen, halogen, linear or branched, saturated or unsaturated,
C1-Cio alkyl, C¢-Cyo aryl, C~Cy arylalkyl and C7-Cy alkylaryl groups, optionally
containing O, S, N, P, Si or halogen atoms, or two or more adjacent substituents R?,
R®, R® and R® form one or more Cs-C7 rings, optionally containing O, S, N, P or Si
~ atoms, that can bear substituents; with

b) aLewis acid of formula (II)

MtR's ()

wherein Mt is a metal belonging to Group 13 of the Periodic Table of the Elements
(IUPAC); R, eéual to or different from each other, ére selected from the group
consisting of halogen, halogenated Cs-Cy aryl and halogenated C;-Cy alkylaryl
groups; two R’ groups can also form with the metal Mt one condensed ring, such as
for example 9-borafluorene compounds; and

(C) optionally an alkylating agent. : _

Preferably the catalyst system for the polymerization of olefins comprises the product obtained

by contacting:

(A) at least one tramsiion metal organometallic compound, pirrolydil bis(n-

cyclopentadienyl)ymethylzirconium being excluded;

8




rule, when said ligand is hydrogen or an hydrocarbyl group contZ$Septegnifargf4
1 to 20 carbon atons optionally containing silicon atons, the transition
nmetal organonetal lic catalyst conpounds can be used as such, otherw se an
al-kylating a ent has to be used in order to alkylate said cat alg The

al kyl ati on 0¥%7arried out in a separate step or in situ. PEHBPEOMATat | ng
agent is a conpound able to react with the transition netal organonetallic
cat al yst conpounds and exchange said |igand that can be abstracted, with an

consi st1 Y op wegireerreRt SRkt e HER K S RRo S o e d 147
wherein R O gaw @porQlangz) (@bﬂﬁ nc@'&f@élﬁiul@ﬂ\/%rﬁ’d\qnﬂas désefib&@hoveOfidl onal 'y

cont ai ni ng one or nore atons, z 1s 0, 1 2 Oor a non |nteger
“nunber rﬁbi%oﬂﬂfdrﬁl@lm@@ga@ms chl orine, broni ne or iodine and W| s

hyd qhl '
are et ng Pensiti o RHE e B 1Er S s Bt R RS S
“conpoundehedlpedehi MB¥dnyibal k¥ RUMPOUAR) suitdbls (£ éleﬁnt pblyRidrehtiBe Ndaydlyad Wy num

(TIOA), tris(2-nmethyl-propyl)alum num (T1B
tris(2, 3coardiatian h&;n J»Aﬁ@rtgqn) Alolnerigfionr |T§1(32°1359d ARERdssl kRewp| Fansinem unstal

L1 o( 2, 2 PRE St i A UAR el Nafi Sookafliot JOhRTRtor Tt Pt Beene

and tri s¢@mpdimds- aﬂmﬁady rmidhyﬁe Mlbyllrz)nsﬂi‘dnmdetaﬂndonﬂ@un@(&ﬁmm of bal ussbdaipes

? (ra;a r afn(atz,g |2 EH ugg%g{l MAO 991 %%EObUt%h@gﬁngé a&rou%T% Bl%())nm51tlon metal

tetra- (2, gbﬁ’fﬁlrswe% XIJ 12 WADKRRA I ﬁgwabé’t%ted by the catalyst activators. As a
tetra-(2,3,3-trinmethylbutyl)al um)xane (TTMBAO) . Difflerent fromthe catal yst

System didle] whaysdih hmdsa@/hsmlm:l arrre ealredashyt gwstcmtammg Heom prtesﬂémarbon
|nvent|ont IS stta aﬁ can bseih'cgr? aoed A resfiteol red % ass of t ansat Q
metal or §EAGNELATTTE € n%%‘&%d SO0 RUFH) 5 S I Hag gaB%’PSWQ n§ tf‘ E he
fol | ow ngorhpsinde Tat welds)ed Qs ?s&clﬁeahaﬂiﬁﬁ ar?@lkﬂrlaﬁ@g QLEAZHR 4o KeppdedRundrae Ao Mp
(Vi) PCT/EPO [01467 wherein " i s a divalent group, bridging Cp and
A, Z bei #lfYiete sgid ca@yst@bﬁvalbylaa%cwée Wﬂ@r%ﬁsa ST SIEB O I f erent from
each ot h e t loro ted
G820 afks PISIBLNERORAD Bpb kR FHIe3E oIS RANCH. SRIHTA Altaborg iBBRULS
aryl al kyd:atalgstpcmspaunds wnd RxYcloage fseldnh@ndlth@trmhlb}: arstractedaivith aB4alEyl gioupg;
%nlﬂ:ng e@%?%% d Ilf%a?tgrp Szllj %% ist sue]iecge eegrto%g Icgﬂgfstln%rowol, E{tmﬁnzﬂ bIX
RmMgU or AlR 3—sz, or alumoxanes, wherein R! can be C;-Cjg alkyl, alkenyl or alkylaryl

radicals, optionally containing one or more Si or Ge atoms, z is 0, 1 or 2 or a non integer
. number ranging from 0 to 2; U is chlorine, bromine or iodine and W is hydrogen or chlorine,
bromine or jodine atom; non-limiting examples of R'® are methyl, ethyl, butyl and benzyl;
non limiting example of AIR", W, compounds are trimethylaluminum (TMA), tris(2,4,4~
trimethyl-pentyl)aluminum (TIOA), | tris(2-methyl-propyl)aluminum (TIBA),
tris(2,3,3-trimethyl-butyl)aluminum, tns(2 3-d1mcthy1—hexyl)alummum tris(2,3-dimethyl-
butyl)aluminum, tris(2,3-dimethyl-pentyl)aluminum,  tris(2,3-dimethyl-heptyl)aluminum,
tris(2-methyl-3-ethyl-pentyl)aluminum and tris(2-ethyl-3,3-dimethyl-butyl). Non limiting
example of alumoxanes are: methylalumoxane (MAO), tetra-(isobutyl)alumoxane (TIBAO),
tetra-(2,4,4—tn'rhethy1—pentyl)alumoxane (TIOAOi, tetra—(2,3-dimethy1butyl)alﬁmoxane
{TDMBAQ) and tetra-{2,3,3-trimethylbutyl)alumoxane (TTMBAO).
Different from the catalyst system disclosed in WO 99/64476, the catalyst system of the
present invention is stable and can be isolated.
A prefeired class of transition metal organometallic compounds are metallocene compounds

belonging to the following formula (VIII)



substituted or unsubstituted, saturated, unsaturated or aromat i%® Sepfegper 2004
containing from4 to 6 carbon atons, optionally containing one or nore
heteroatons; Ais 0, S, NR8, PR8 wherein R8 is hydrogen, a |linear or
branched, saturated or unsaturated C1 -C20 alkyl, C3-C20 cycl oal kyl,

Co6- C20 aryI woo1/58s al kylaryl or C7-C20 arylal kyl, or A h@.ﬁT JeB& oS RIE

meani ng of Cp &/IIS a transition netal belonging to group 5 or to the

| ant hani de or actinide groups of the Periodic Table of the El enments (1 UPAC
version); the substituents L, equal to or different fromeach other, are
nonoani onl(Cp}{Zgha,(A)rlgands s@fIHbt ed fromthe group consisting of hydrogen,

or anchet, BEEIGTP by L it B RS : AREELRE S B Y o o0

aryl,  C7-gfdfs, afplaytoan yiiffecnt £rm €20 ottrey; lbeink Y1y drggen op linseper MMhddysaammdearnl ng

o1 or 2o AL E G 1 IO LA T shERA B Exy e S e

Zis C, Slgr(mps @ewo Rﬁcansfoxama alipheger avaaiy GgCfringm 0 to 4; r is 0, for 2;

pr ef er abl i s..an I.Nt to t (
oxi dat i on¥:§’t1%1? %Jbi)‘?t“‘F‘h%’ ‘W%‘{b\éﬁl“‘ﬁ/ﬁ‘ Fﬁcl?ﬁgn%digw & oupe"pm’“ﬁg \‘?\“ﬁg Y P28 ere M nus 2
when r =1, satsdtuted rod Sindubvtiiaed, rsatirated N chsttaragd or farcpmatit rings, 4;onth1mng rfeammmaIGI ocene
conmpound of ,formul a the divalent Dri (ZR n,)n is preferably

sel ected FFBM FHES aPtﬁﬁ‘i‘B‘l'yc%W&“%i°H§°"d’f’°r&}i’?“§°at o 2)2, (CR72)3, SiR72, GeR 2,
NR and PR is ORS, NifarRhehetdher hie ayirorgn, raapne;rrtoeblramihed;eatummd or ys@idrecd |- 5220 sai d

var rabl e AVS Chrer BEUIYL bebp St CHEm AR O Bty brEr Pl om0 1o

4 and, wheitatingoflCp; the .atons Z can be the same or different from each

th di brid CH2- Si ( 2..Th
i gand Cp Lt BRI e B § Gatph derdr %ﬂf?@%ﬂ%ﬂf@?tgﬁ# A SEPEG 1 om

t he grOUpPeﬁdﬂftSTzﬁnlddfgie(Hlenﬁb)ﬂSl(mm‘&dduﬁi);yl mono-, di-, tri- and
tetra-nmet hyl cyclo nta cIo entadlen
0 atanmnt S1e GRREHR bt d gt it S e arS BERSAEpE N fepnds peletid ny1 10

28b5ep|t en’lﬁgfn ﬁ@@éuﬁl@nﬂﬂtln@%?ﬁ{jﬁr@@fﬂﬁla@d 01487, (DﬁdR?))SIR? NR preddBR,, iwheleiny | |
32but yl -i I nde enzo..i

et hyl B lieprsr e, steaet vapsakih O HaGyT S SF R, CoCn e
5, 10- di hy drn-@,nsepal or2:7ha2;, &@ﬁlk-yﬂ.@oug(|optld§&an$td’hydmmg)6ne or more Si or Ge atoms;

N- phenyl - %re%erab?y,%%{ﬂ?s'ntrﬁgr?tgfm[e]he o | ndol - 10-yl ; 5, 6-di hydr oi ndeno[ 2, 1-

m is 1 or 2, and more specifically it is 1 when Z isN or P, and it is 2 when Z 1s C, 51 or Ge;
n is an integer ranging from O to 4;
ris 0, lor 2; preferably Qor 1; nis O whenris 0;
p is an integer equal to the oxidation state of the metal M minus r+1; i.e. minus 3 when =2,
minus 2 when r=1, and minus 1 when r=0, and ranges from 1 to 4. |
In the metallocene compound of formula (VIII), the divalent bridge (ZR )y is preferably
selected from the group consisting of CR’;, (CR’,),, (CR’,);, SiR’, GeR’,, NR and PR’, R’
having the meaning reported above; more preferably, said divalent bridge is Si(CHj),, SiPhy,
CHy, (CHy), (CHy)s or C(CHa)z. |
The variable m is preferably 1 or 2; the vaniable n ranges preferably from 0 to 4 and, whenn > 1,
the atoms Z can be the same or different from each other, such as in divalent bridges CH,-O,
CH;-S and CH,-Si(CHs)s.

- The ligand Cp, which is n-bonded to said metal M, is preferably selected from the group
consisting of cyclopentadienyl, mono-, di-, tri- and tetra-methyl cyclopentadienyl; 4-'butyl-

cyclopentadienyl; 4-adamantyl-cyclopentadienyl; indenyl; mono-, di-, tri- and tetra-methyl
10



blindol -6-yl; N-nethyl-or N phenyl -5, 6-di hydroi ndeno[ 2, | - b] i nd@8-Septgmber 2004
azapent al ene-4-yl; thiapental ene-4-yl; azapental ene-6-yl;

t hi apent al ene-6-yl; nono-, di- and tri-nethyl- azapental ene-4-yl,

2, 5-di met hy enta] 1,2-b:4,3-b']-dithiophene_ The gro is 0, S,
N(R), wher e4|vn fbg hydrogen, a linear or branched, saturat égcﬁgl’omldm
unsaturated d -C20 al kyl, C3-C20 cycl oal kyl, C6-C20 aryl, C7-C20 al kyl aryl
or C7-C20 arylalkyl, preferably R8-is nmethyl, ethyl, n-propyl, isopropyl,

n- butyl , : t n - Ny /b - nyl, nzyl., ,C ohexyl .and .
cycl o)éodg%:d;?ﬁ?i’ )r/r%?ne re?rlélren ’Igggg{y?/tsndfe ﬂ%’%me‘g& K}éﬁ%, %ﬁ%e Egnrrzé rlr%%ﬁ‘?dng"" of
Cp. Nog mmzh%;iaiq/lén@aﬁl;eﬁ,@v-tmhmt U?ﬂ?r;]}bﬁglﬁftlghﬂgSHQdEI@ﬁmihcétnle,l-b}in@iIQOI he
rac an so_for n.present). of the follow. ng conpounds; )

bre(oyel BhoRaaighy bl v R Bt i Rraipeno b1 L5CbiRIBhY S} B1 b doihioisdmsihy -
bis(tetr Lfpde LI GO h xed 4L DEIT i .
R T ) e S T e
(cycl opetiiapdneionE¥¥ll uerapanthlpud-6-ghni thinpdhtaiehbplyl; mono-, di- and tri-methyl-

B OSBRI

uor en a3 ,2-014, -

di et hy| 4 aragh vl B o IdOR,)aheGaTRUR o g 1

di et hyl si | anedi yl bi s( 2- rretRiyzl - 4-rphenylri@i' ﬁlggﬁglayzﬁ rhg%arrli(gn?rglmr:r}gtdh;?t}lmed or
di et hy| sisatirded (its alkyh &pitnyydleatierly Op£izn exvhi G g alistidryl pr C7-Cyp arylalkyl,

di met hyl gj Y1 o] yl.i ndenyl ) zi r coni.ur | et hyl

di met hy! é*’#%%iﬂ?‘yﬂ%@ ]hn-‘g‘{‘ﬂy PPAORYL ’nﬁ%’%‘ﬁ’?ﬁdé‘?ﬂﬂtﬁzg{?@n Pt PR BHjyl-phenyl,
di met hy | bénzgineghlytidniyband-ayelotiydecdl: hvappeithblp ®Enyl-hailr 60AI Hu el si@idMbaning
dizmet hyl sj | anedi yl bi s(2, 4-di nmet hyl i ndenyl ) zi r coni um di et hyl ,

di'met hyl & %mnedi yl bi s(2- net hyl - 4, 5- benzoi ndenyl ) zi r coni um di et hyl ,

di et hyl it 2Redi yLhiS02. A Zetri ety , . ,
i ot hy1 S R PR G o R LY Pl T B g meso form
di met hy| etHeamesent) bf b¢ HiBerg qompeuds: i ndenyl ) zi rconi urn di net hyl,
ggtp{\g%%g@%%ég%%%%hé%@%zm%EWI -4, 6-diisopropylindenyl) 11 28

bis(indenyl)zirconium dimethyl;

bis(tetrahydroindenyl)zirconium dimethyl;

bis(fluoreny!)zirconium dimethyl;
(cyclopentadienyl}(indenyl)zirconium dimethyl;
(cyclopentadienyl)(fluorenyl)zirconium dimethyl;
(cyclopentadienyl)(tetrahydroindeny!)zirconium dimethyi;
(flucrenyl)(indenyl)zirconium dimethyl; '
dimethylsilanediylbis(indenyl)zirconium dimethyl,
dimethylsilanediylbis(Z-methy1-4-phen)klindenyl)zirconium dimethyl,
dimethylsilaned_iylbis'(-Z-'haphthYIindenyI)zirconium dimethyl,
dimethylsilanediylbis(Z—methylindenyl)zircon.ium- dimethyl, _
dimethylsilanediylbis(2-methyl-4-t-butylindenyl)zirconium dimethyl,
dimethylsilanediylbis(2-methyl-4-isoﬁropylindenyl)zirconium dimethyl,
dimethylsilanediylbis(2,4-dimethylindenyl)zirconiuxﬁ dimethyl,
dimethylsilanediylbis(2-methyl-4,5-benzoindenyl)zirconium dimethyl,
dimethylsilanediylbis(2,4, 7-trimethylindenyl)zirconium dimethyl,
dimethylsilanediylbis(2,4,6—trimethylindenyi)zifconium dimethyl,
dimethylsilanediylbis(2,5,6-trimethylindenyl)zirconium dimethyl,

methyl(phenyl)silanediylbis(2-methyl-4,6-diisopropylindenyl)-
' 11




zi rconi um di net hyl , net hyl (phenyl ) si | anedi 28 September 2004
yl bi s(2- net hyl - 4-i sopropyl i ndenyl )- zirconi um di net hyl ,

1, 2- et hyl enebi s(i ndenyl ) zi r coni um di et hyl ,

1, 2- et hyl engbigsk#he4- di met hyl i ndenyl ) zi r coni um di et hyl , PCT/EP01/01467

1, 2- et hyl enebi s(2- et hyl - 4- phenyl i ndenyl ) zi r coni um di net hyl ,

1, 4- but anedi yl bi s(2- net hyl - 4- phenyl i ndenyl ) zi r coni um di net hyl, 1, 2-

et hyl enebi s(2- net hyl -4, 6-di i sopropyl-i ndenyl ) zi rconi um di net hyl ,

1, 4- but agiebnydhidsa2thvet hyl - 4-i sopropyl i ndenyl ) zi rconi ~ di met hyl ,

1, 4- but anedi {I bi s( 2- et zoi ndenyl ) zi rconi um di net hyl , 1, 2-.

et hyl eneBicyi@h ﬁ@flwlﬁnefhﬁbﬁ%%%&érfwerewWﬁw}?ﬁ di et hyl, [4-

(r15-cyc 1-4,6,6-trinmethyl (i'-4,5-tetrahydro-
pent al en&e‘?‘fb Slh P‘)ﬁrconl um

[4-(71" - BQ-éthylamﬂng(imiehylbnlgcohmpedinm&)dﬂy| )-4. .6-trinmethyl (rl'-4,5-

hyd | |
(Fer - bubgresit By U AT e Ry PTS G OR BRIV Eny | ) - 1, 2 - ot hane-

di met hyl § bt apNiRbidERhEM RIbhER)indenyl)zirconium dimethyl,
(tet rarret’hytiqf-?# I'5- éy(c opeir’\fgglgﬁlyl )dIyIT)Et hyl'si lyl- Y3 met hyl titani um

( et hy| ah#demitfrtediyibise-mpthyl-#pheydinsiseyidzorig Jimktpd.et hanedi yl -

dimethyltita m

(1 or t bt Y2a Rl s Ry apsp Py R RD BT YT FSHRYhny | si 1 y1 -

di et hyl lutmmmymﬂs@( thefhy i Tedphhaatopeitasi endiimkiyl, coni um di net hyl
nmet hyl ene(3 met hyl - éd opent adi enyl ) -7-(2, 5-.di net h&l cycl opent adi enyl - [

1,2-b: 4, 13r4ﬁuqtanedntlhrﬁ Werl-4 SrsarpindenyisepRipm dime
t hyl 3. hyl cycl tadienyl-[ €&
1o b4, 5P j‘@féﬁr‘?ﬁ?f%ﬂ%%é%?é%‘é%*@ﬂﬁﬁgﬁ* et el

met hyl en¢4-2n4eyd:llamltad1 emyV)ed, ﬁ,ﬁannw)é(mﬁ-léi)&%uﬁﬁycﬁo- di met hyl cycl opent adi enyl -
[ 1,2-b: 4 Mliuﬁ)ophene) zi rconi um di net hyl and di net hyl ;
rret hyI en%f(ri‘alsn@ dimeth B} opent adi enyl ) - 7- ( 2. 5- di met hyl cycl opent adi enyl -

- b A @ rilnendildiNi GRIPBSLZE PRI Uy sthembiyl.4,3nd di met hyl;
tetrahydropentalene)]dimethylzirconium,
(tert-butylamido)(tetramethyl—ns-cyclopentadienyl)- 1,2-ethane-
dimethyltitanium,
(methylamido)(tetramethy1—ns-cyciopentadienyl)dimethylsilyl-
dimethyltitamum,

(methylamido)(tetrametlwl—f-cyclopentadienyl)-1 ,2-ethanediyl-

dimethyltitanium,

(tertbutylamido)-(2,4-dimethyl-2,4-pentadien-1-yl)dimethylsiiyl-

14l

~ dimethyltitanium,

_bis(1,3-dimethylcyclopentadienyl)zirconium dimethyl,
methylene(3-methyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b’]
dithiophene)zirconium dimethyl;
methylene(3-isopropyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-{1,2-b:4,3-b’]
dithiophene)zirconium dimethyl and dimethyl; ‘
methylene(2,4-dimethyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b’]
dithiophene)zirconium dimethyl and dimethyl;

- methylene(2,3,5-trimethyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-b’]
dithiophene)zirconium dimethyl and dimethyl;

methylene-1 -;(indenyl)-7~(2,5-dimethylcycloPentadienyl—[1 ,2-b:4,3-b’]dithiophene)zirconium
: 12



meth ylene- | -(indenyl)-7-(2,5 -dinmethyl cycl opentadi enyl - [ 1,28Ssptpmigr2g04
] dithiophene)zirconium 12 28 Septenber 2004 WO 01/ 62764 PCT/ EPO1/ 01467
di met hyl and di et hyl; nethyl ene-|
- (indenyl) - % ytrimethylsilylcyclopentadienyl-[ 1,2-b:4,3- b
di t hi ophene) zg)r%)c/gn’)?’um di methyl and di net hyl ; reTEbol ey
nmet hyl ene-1 - (3-i sopropyl -i ndenyl )-7-(2, 5- d|nethylcyclopentadienyl-[
1 2-b: 4,3- b']dithiophene)zirconium-di net hyl and di net hyl; mnethyl ene-|
-(2-nethy 5- di met hyl cycl opent adi enyl -[ 1, 2-b: 4, 3-
b ] di t hi o&lﬁgwgﬁéébﬂn?tﬂ dimethyl and dinethyl;
met hyl enanb&meaenqhmnﬂy mqe,rsydﬁmﬁcmglsaymyaepdﬂyddml gp@.atzast enyl - [
1, 2-b: 4, 3 b' Jdi t hi ophene) zi rconi um di net hyl and di et hyl ;
“met hyl en idlﬂhlﬁPh@FWFQIE%I%@Wﬁhw%ﬁwqhﬁr (2, 5- di met hyl cycl opent adi enyl -

nmet hbl gng?jsﬁglegb q)@qwﬁ@lﬂ @3@‘?"”@22‘{2@?%} )?&glo EEEE& g%ﬁe[tlhy cycl opent adi enyI

2
y
- [ 1, 2- bb4d1tlﬁopkbn¢)21rdormmﬁﬁh¢myraﬂfﬂmml@ﬂnet hyl and d| met hyl ;
met hyl ene- nd nyl)-7-(2, 5-dipet hyl cy pent adi eny] 1
2-b: 4, 3- aﬂf@' : 6¥)’éﬁiﬂi‘3’é§:‘?ﬁ°ﬂ¥ﬁ‘{§? ?ﬁéfrwﬁ Wﬁ%ﬁnﬁéﬁ%ﬁ 1,2-b:4,3-
[ sopropylgaz&f}%&eﬁg&ﬁwmﬂgﬁrﬁaﬁ i & &Metnyt./- (2, 5- di met hyl cycl opent adi enyl - [

1, 2-b: 4, 3- di t hi ophene) zi r coni um di t ’hyl and di net hyl ;
i sopr opy! I'nd@lslib(@-l4teﬂﬂmm;rcﬂen(y}bd®éfd1mdihghyﬂ)np&m(d2¢@1 [1,2-b:4,3-
- di met hy"ﬁfﬁhﬁ?ﬁ%@% rcort\{mn L.ilmétﬁypand dlmethyli) ] "di t hi ophene) zi rconi urn

di net hyl
i sopr opylmsmpl%ﬁ 24- &hﬁﬁ?ﬂby&éﬁn@ﬂﬁéﬂﬂﬂ?—@@Ylﬁmgmﬁlgyﬁnfgn’iﬁ%ﬁm ngbomm adi eny

I,v-,{ |,2-b: 4 dithio hene) zi rconi um di net h and di et
i sopr opyl®’ &f@ﬁéﬁ@ )alr@mmmmqﬁw 2addigpdntadi enyl) 7- (2 5- di rret hyI cycl opent ad

| onr opyl TaRREfeP Prmdi Ty CRBIRA e AR BTN ep BRIy Moy 5.

b' ] di t hi ahberre))zireccnim dmelhyl rat kiyhetgt] di net hyI i sopr opyl i dene- I

b( ]2d|rr;a }nh %}lﬂﬁbg]g ?(;(298 5}2}7'21 %H‘g’gﬁ}é | Op r‘i)y4 3-B° }dloxazol)mrc?:)nmm

di r net hyldileandhnd dikrefidt;met hyl -i ndenyl') - 7 (2 5. d| met hyl cycl opent adi enyl - [
1, 2-b: 4, 3- b' Jdi thi ophéne) haf ni um di met hyl and di net hyl ;
1sopropylhidene(3-methyl-cyclopentadienyl)-7-(2, S-dlmeﬂxylcyclopentadxenyl [1,2-b:4,3-b"]

dithiophene)zirconium dimethyl and dimethyl;
isopropylidene(2,4-dimethyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-
b’} dithiophene)zirconium dimethyl and dimethyl;
isopropylidene(2,4-diethyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-b’]
dithiophene)zirconium dimethyl and dimethyl; '
isopropylidene(2,3,5-trimethyl-cyclopentadienyl)-7-(2,5-dimethylcyclopentadienyl-[ 1,2-b:4,3-
b’] d1ﬂu0phene)21rcomurn dlmethyl and dimethyl;

1sopropylidene-1 -(mdenyl)—7-(2,5-d1methylcyclopentadienyi—[l ,2-b:4,3~
b’}dithiophene)zirconium dimethyl and dimethyl;
isopropylidene-1-(2-methyl-indenyl)-7-(2,5-dimethylcyclopentadienyl-[1,2-b:4,3-
b’]dithiophene)zirconium dimethyl and dimethyl;

dimethylsilandiyi-1 —(Z—methyl—indenyl)-'i-(2,5-dimethylcyc]opentadienyl-[ 1,2-b:4,3-
b’}dithiophene)hafnium dimethyl and dimethyl,
dimethylsilanediyl(3-tert-butyl-cyclopentadienyl)(9-fluorenyl)zirconium dimethyl,
dimethylsilanediyl(3-isopropyl-cyclopentadienyl)(9—ﬂuoreny1)zirconium dimethyl,
dimethylsilanediyl(3-methyl-cyclopentadienyl)(9-fluorenyl)zirconium dimethyl,

dimethylsilanediyl(3-ethyl- cyclopentadlenyl)(Q fluorenyl)zirconium dimethyl,
13




di met hyl si | anedi yl (3-tert-butyl-cycl opentadi enyl) (9-fl uorenyl) Z&Sptinyrar 2004
di net hyl ,

di met hyl si | anedi yl (3-i sopropyl -cycl opent adi enyl ) (9-fl uorenyl)zirconi um
dimethyl,  woou62764 PCT/EP01/01467

di et hyl si | anedi yl ( 3- net hyl - cycI opent adi enyl ) (9-fl uorenyl) zirconiurn

di net hyl ,

di met hyl si | anedi yl (3- et hyl - cycl opent-adi enyl ) (9' fl uorenyl) zirconi um

di net hyl 1. i%tlﬁﬁe(Sa@mm}ercyaepémmnﬁjl){@ﬂzmnﬁmﬂcﬁmmamﬁﬁ\1

1-2-et hane§3 tert-butyl-cycl opentadienyl)(9-fl uor enylcglm rc ni um di nmet hyl .

1- 2- et harle (eglan@Eﬁp}s@prypylc@b@ﬂ@ﬁéﬁé%ﬂé@ﬂlﬂ@ﬂﬂ%@féﬁ@?l ni um di met hy! ,
1-2-eth di net hyl .

1.5 ot hans?CHl Ho e L ELABSRL ARL DN M M B T T ot byl

di met hyl si-pandhy{ bemyﬁe)(cﬁapmtaﬁydngy@mmmm)dumhm[dzmeﬂ}yb] t hi ophene)

?_I 2. L]h y![ Mi@gﬁnﬁé%@ég%dl y ?ﬁyiw%g(pgnta 1en)x [(f‘,)éqb] tﬁlop 3:9&)%”%&11@1

di met hyl s {?@{ﬁgls}%ﬂ nzlbﬁ 4 *‘r&ﬁ‘gﬁi}@)@p%%l f[i adijan h[?ﬂe)ﬁtc@nﬂrﬂﬁﬁﬂélﬁfl‘[e) zirco

ni um di me | bi's-6-(4-ter-butylcyclopentadi enyl
1,2-b]-t fﬂlmpﬂl@hﬂamilylbmfﬁ (14=¥Isdpmv]¢y¢lppentadlenyl 1,2 b]-thlopheneg)zwcomum dimethyl;

0 Drby Yt BB -G R Rt apeia BRI 36 M ctheneycirconium dimetby

ﬂqi gﬁrg%"h ?dn@flﬁ?lsﬂ!n’&h?lb@ -d-B-RbgRYRYSbpRRIE AP ] HioBhdte)ditoaRiesiieatiyiconi u

‘i' rZTEL ]hylt ﬁilmathdlsglmbilxlb&q 03-pheriviyelopentadigih e dyldhispbeneiarmpurm gimethyl;
Z &
di et hy| STRSRGI AL LBRN s dhef b oyclopensdiomt 2 oL hiopbenozioniu | €

1,2-b]- tdi ne] zirconiurn d| rret hyl ;

T gl PR e SRS el v
di et hyl 51.]3} ?Hgieg;iﬁbﬁmﬁl &lg]e%lﬂl rret hyl - 3- mesi t yl enecycl opent adi enyl -[ 1, 2-Db] -
e rco byl

t hi ophen rumd

di met hyl sdlhlathdlsylhrhﬂl}slbs-f( 22 & dsnethyine(hy.b-rdmetieinpieayldesirmentadicanyi L3-bk, 2- b] -

t hi ophensti1 coni.um di

di et hyl 108 “E?Pglugp‘?gl%hy& et hyl - 3- phenyl cycl opent adi enyl - [

1,2-b]- trﬂlf?@bﬁ[&ﬁiﬂdlﬂﬁﬁm{ﬂlﬁﬂhrﬁ&hﬂy}-mesﬁylenecyclopentadlenyl [1,2-b]-
dlnethyIS|Iand| bIS 52 dllsopropyl 3- phenyl cycl opent adi enyl -[ 1, 2-Db] -

t hi ophenet)lwph@t? _
di-met hyl sgih ARt hRisnh: 5_89_,5,3%hﬁmﬁ%ﬁbﬁﬁc@m{a@yﬁy@l@m@dI enyl-[ 1,2-b]-
thiophene)zirconium dimethyl;

dimethylsilandiylbis-6-(2,5 -diethyl-3-phenylcyclqpentadienyl—{ 1,2-b]-thiophene)zirconium

 dimethyl; | - &

dimethylsilandiylbis-6-(2,5-diisoprapyl-3-phenyicyclopentadienyl-[1,2-b]-
thiophene)zirconium dimethyl; ' '
dimethylsilandiylbis-6-(2,5-diter-butyl-3-phenyicyclopentadienyl-[ 1,2-b]-
thiophene)zirconium dimethyl;

dimethylsilandiylbis-6-(2,5-ditrimethylsilyl- 3-phenylcyclopentadlenyl-[I 2-b}-
thiophene)zirconium dimethyl;

dimethylsilandiylbis-6-(3-methylcyclopentadienyl-[ 1,2-b]-silole)zirconium dimethyl;
dimethylsilandiylbis-6-(3-isopropylcyclopentadienyl-[ 1,2-b]-silole)zirconium dimethyl;
dimethylsilandiylbis-6-(3-phenylcyclopentadienyl-{ 1,2-b]-silole)zirconium dimethyl;
dimethylsilandiylbis-6-(2,5-dimethyl-3-phenylcyclopentadienyl-[ 1,2-b]-silole)zirconium

dimethyl;
14



t hi ophene) zi r coni um di net hyl ; 28 September 2004
di met hyl si | andi yl bi s-6-(2,5-ditrinethylsilyl-3-phenyl cycl opent adi enyl - |
1, 2-b] - thiophene)zirconi um di met hyl;

dlnethyIS|Iaggb%h $-6-(3-nmethyl cycl opentadi enyl -[ 1,2-b]- Slkekﬁ%% n|um
di met hyl yl'silandi yl bi s-6-(3- |sopropylcyclopentad|en

1,2-b]-silole)zirconiumdi nethyl;
di met hyl si | andi yl bi s- 6- ( 3- phenyl cycl opent adi enyI [ 1,2-b]-silole)zirconi um

di net hyl ; ; t ad | -

! L e o B R PR 2
(Fj) i EEOI /@lhﬁﬂ(zj{rcont;gm e | - h I I di | -

7 gef)] yl sk a"xgﬁlé‘%n}i@gwﬁ%ﬁg X %E’Eﬁw% o S AT LR A S hent ag eny! -

di et hyl sglioqxg]girydlmlﬁ -Bmbdyb- di net hyl - 3- (2, 4, 6-tri net hyl phenyl ) cycl opent adi e
nyl-[ 1,2-b]- silole]zirconium dinethyl;

“di et hyl s‘ﬂlmﬁmlgllabﬁlsdlﬁs-[ﬁﬂ’ﬁ élmvétylhw-m@ﬂmcbscumetaﬂmhyiﬁém bilddi ity kir¢onium

1, 2-b]- S'Aﬁl ﬁHl rconi um di net hyl;
di net hyl si ancY’yI bi s-6-(2, 4,5-trinmethyl -3-phenyl cycl opent adi enyl - [

1, 2- b] - sidigl Ta6 Mms-d;mhﬁﬂéth 1Expie: 1
met hyl -1, 21 glﬁ%ﬁérog?gzl ope(nt a[2,1-b m%%i&ywkﬁ?é%&%lgﬁl&% %il@f%ﬂ%}l{x&ﬁ\'

[ di met hylEmedhyiit er t - but yl ami do)] [ (6- met hyl - N-rrethyl |

’ gl' %PKS{@%@F?&@Q{(%—%P%%&d@ ] -lxﬁe%ﬁylw,ﬁ-lillhi %lefc open afgalt E‘?{ndolﬁ-yl)]tltanmm

6- met h(n(memynet hyl -1, 2-di hydrocycl openta[ 2, 1-b]indol -2- yl)]titanium
[i..met hyl ; [dlrreth IsHyIftert butylamdod%j ]
N- et hy|[dmeshdsigldetbyiolaapénilig-methybNrmadyl- b2 ylilydiacytloprntald, |- dijimdols ;

[
[ (
d:
[(

di met hyl tert | am do N- phenyl - 1, 2-di hydrocycl opental 2, |
Eb] i ndo?/’ﬁi}{%‘]“{l EEET??‘UW di et ?1]yl[( [gi me%/hyl sily] (%/ert-)t;utyloam' dE))]
([j(
[
2

| ?re tnrﬁt thmlbédﬁghﬁﬁﬂdter@-batyﬁihm&j[ﬁb%% heRRRLAEy1-| 2Rl ey Gopahtard § i ARb A
di net hylyé)]mtyin@nedlmﬂwﬁyl ani do) ] [ (6- met hoxy- N- phenyl -1, 2-di hydr ocycl opent a[

LBl N 2 yisityi(tert-butylamido)J[(Nethyl-1,2 -dihydrocyclopenta[2,1-bjindol-2-y1)]titanium
dimethyl; _ .
[dimethylsilyl(tert-butylamido)][ (N-phenyl-1,2-dihydrocyclopenta[ 2,1-blindol2-y1)]titanium
dimethyl;
[dimethylsilyl(tert-butylamido)][(6-methyl-N-phenyl-1 ,2-dihydrocyclopeﬁta[2, 1-bJindol2-
yD}titanium dimethyl;
Ei [dimethylsilyl{tert-butylamido)][(6-methoxy-N-phenyl-1,2-dihydrocyclopenta[2,1-b]indol2-
yD)]titanium dimethyl;
[dimethylsilyl(tert-butylamido)][(N-methyl-3,4-dimethyl-1,2-dihydrocyclopenta[ 2, 1 -b]indol-2-
~ yD]titanium dimethyl; | |
[dimethylsinl(tert~butylamido)] [(N. -ethyl-3,4~d1'méthyl—1 ,2-dihydrocyclopentaf2,1-bJindol-2-
yD]titanium dimethyl;
[dimethylsilyl(tert-butytamido)][(N-phenyl-3 ,4-dimeti1y1—1 ,2~dihydroclopenta[2, 1-bJindol-2-
yhltitanium dimethyl;
as well as the corresponding dichloro, hydrochloro and dihydro compéunds and the
corresponding n*butadiene compounds.

When A is N(R®), a suitable class of metallocene complexes (A) for use in the catalysts
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yl)]titaniumdimethyl; [dimethylsilyl(tert-butylan do)] 28 September 2004
[ (N-nmet hyl -3, 4-di et hyl -1, 2-di hydrocycl openta[ 2, 1-b] indol-2- yl)]titanium
dinmethyl; [dinmethylsilyl(tert

but yl am do) | WoNsetegl - 3, 4- di met hyl -1, 2-di hydr ocycl opent a[ 2, | -fji/pealotdy
yl)]titani um di net hyl;

[di methyl silyl (tert- butyl am do) ][ (N- phenyl - 3, 4-di net hyl - 1, 2- di hydr ocl opent a
[2,1-b]indol-2- yl)]titaniumdi nethyl; as well as the correspondi ng

di chl or o, cm;ng}e@w lobrthe aim\ctntid)rhydmprimamﬂmuwdsan tdvestratodr geposidi metalysts, as

corpl exes SERTOFOR Foe-P At Ab-aR 3 HLasrs BB St PP 0 £ A0 B0 Thm
PCTI EPO1/ @1/5615;00an exes of the invention conprises the well-known
constrai ned geonetry catal ysts, as described in EP-A-0 416 815, EP-A-O 420

436, EP- Aﬁ@c@ﬂmb494pr@m@¢m@4m@@sef BAdvADion, te1groups has Mscemdinrgning oéCp,

21l a0 B Bl B

i ndenyl , deahéabivelicipenaflyl-b43-61-dithisphénd)- cycl opentaj | , 2-Db: 4,
]-dithi ophene) Sui tabl e netal | ocene conpl exes that may be used |n the
‘catal yst Sysatiednstalosear senplsxasibat gravdertsed Imibe satakyst sypemsserdingdy theproyont

cp. 353336 %&iﬁé@ﬁ&g}?@ R s O W R A T 530 5F EF
sane. Hfj 96‘”99?@??36 e e T e
-SNng;l " gﬁlse%é Y PLe %fiiblé#%l?g?ﬁ &“@fﬁpéﬁf g’éfrerﬂ Cl4garyl al kyl group,
opt i onal I rhsos%@itﬁanfsgmﬂ@ p%fem&eth@ saffe 54 alte%@ecté@ﬁsmp&r%f %foaplaensﬁ'i}%e

substituents L are selected fromthe group consisting of -
-Et, - n- BhaloggecR BOR -aph NR Bavhera@HRSinveE)-Cr albied, Co-CiRrryl 0@111-(314 @Bizdﬂah@roup,

-NMe2, ev th The |nte :
and 11 1 s ORIURLY sBfShEEieor ok SEODGs afbn; Wb Heirey TSR o e
‘meani ng of;eléamed aﬁnamgréu}ac@smﬁ@g ef @) Brpant, aget ﬂ-SBu -S@N»BluQ-Fmﬂt-Bﬂh@BﬂSMe;,

I ndenyl or tet rahydr0| ndenyl groups. Non-limting exanpl es of these
net al | oceﬁ)@t’(i‘%l" - d -NMe,, even miore preferably L 1s methyl.

The integer n ranges from 0 to 4, and it 1s preferably 1 or 2.

R

When n =0 and r =1, A can have only the meaning of Cp; Cp and A are preferably pentamethyl
cyclopentadienyl, indenyl or 4,5,6,7-tetrahydroindenyl groups.

Non-limiting examples of these metallocene complexes are:

(MesCp)MCl (Me,Cp):MCl, (MesCp)MCl,
(EMesCp)MCL, [(CeHs)MesCpLMCl,  (EtsCphMCl
(Ind),MCl, (H:Ind),MCl, (MesCp)(MesCp)MCly~
[(Si(CH;):Cpl,MCh, (MesCp)MCl; (Ind)MCI;
(HIMAMCL | | '

‘and the comesponding -MMe;, -M(OMe),, -MH,, -MHCI, -MMcOMe, -MmeOEt, -
MMeOCH;Ph, -MMeOPh -M(OEt);, -MCI(OMe), -MCI(OEt), -MPh,, -MBz;, -MMe(l, -
MPhCI, -M(NMe;); and -M(NMe;)OMe derivatives, wherein Me = methyl, Et = ethyl, Cp =
cyclopentadienyl, Ind = indenyl, HsInd = 4,5,6,7-tetrahydroindenyl, Ph = phenyl, Bz = benzyl,
and M is preferably Zr. ' |
‘Whenn=1or2andr =1, Cp and A, same or different from each other, are preferably
cyclopentadienyl, tetramethyl-cyclopentadienyl, indenyl, 4,5,6,7-tetra-hydro-indenyl, 2-methyl-
4,5,6,7-tetra-hydro-indenyl, 4,7-dimethyl-4,5,6,7-tetra-hydroindenyl, 2, 4 ,7-trimethyl-4,5,6,7-

tetra—hydro-mdenyl or flucrenyl groups; (ZR '), is preferably Me,Si1, Me;C, CH; or C;H,. Non-
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(Me3Cp) 2MC12 (Et Me4Cp) 2MC12 (I nd) 2MC12 [ (Si (CH3) 3Cp] 2MCI 2 (2BdeptEnNet 2004
and the correspondi ng (Me4Cp), MC12 ( Me5Cp) 2MC12 [ ( CBH5) Me4Cp] 2MC12
(Et5Cp) 2MC12 (H4I nd) 2MC12 (Me4Cp) (Me5Cp) MCI 2 (Me5Cp) M 3 (I nd) MC1I - Me2,

-MOw) 2, -Nk - 1, -MVeOWe, -MeCEt, MWEeOCH2Ph, -MveOPh - M OEt) 2,
MO (OME), %P’(’ . -MPh2, -MBz2, -MMVeC, - NPhO, -N(Nwezf%%%&)’“l“?
- M NMe2) OVe derivatives, wherein Me = nethyl, Et = ethyl, Cp

cycl opentadi enyl, Ind = indenyl, H4ind = 4,5, 6, 7-tetrahydroi ndenyl, Ph =

h |, .= ' I R_n-= 1.0 ndr =1, O
Pna A s drmitng Effles ot iy tberd BRBISEONE rlin Al Shelbinn > 1% 23S L g ony 1
t et r anet MWéSovbd,CpeMiCidi ﬁnél , Mﬂdm‘%cp)gwgc‘?w% ﬁt lrMZﬁg((ﬁgga_;?M?q?nyl ,
2-nethyl-_4,5,6,7-tetra- -i nden - di net - ), 7-tetra
' hyglraoi %d&%&n‘g%bﬁd&et : ?rre%/hyr/f)-cbﬁs(,}%, MEr a- hydr g-ﬁhﬁ%}@(m@rzMﬂlmor enyl

: ' f bl i CH2 or . 16 28
%{ag?gﬁbeﬁ%@%\%@éﬂgz%z P%%I?gﬁngi mti ng%&%’?@@@"ﬁkﬁet al | ocene
“conpl exebi(MaCpyMCl{ 11) ,  whébbie(Imd)sMCLor I2 gng NEM%SiCHi(Eid)zMCIQ
Coria( | nd 2R BSAHPMEId) 2V PR YU REoN Ly CoP(47- MerindMCT,
Phast (| N aiEliR AR EOL Op) MELRND Aabrlih e VC12 CoHy(2,4,7-MesHidnd)MCl:

C2HA( Me4Cp 12C2Me4( | ndﬁ/glvc (I'nd)2Mc12
C2H4( 2- Mél:HelpoNde (MCht | nYIRKEH TAFeMGE, MOle, | NYERXLEMR:-benz{e]Ind),MCl,

C2H4( 5, 6- 2 EL (2: Mok 2 HA( 2, & 7. | i ,
C2H4( 4, 7-%@4%@%4( 2%@%@%@%20%4%@&%%% 2% 2MGi 2
Me;Si(2-Me-4-Ph-Ind,MCl,  Me;Si(5,6-Mend;MCl,  Me;Si(2,4,7-MesInd),MCl,
MeSi(2-MeELIndpMCh,  Me;Si(4,7-Me;HaInd),MCl,  Me,Si(2,4,7-MesE,Tnd),MCl

- Me,Si{Benz[e]Ind),MCl; Me;Si(2-Me-Benz[e]ind),MCl, MeC(Ind),MCl;

Me,C(3-Me-Ind),MC], Me;C(3-iPr-Ind),MCk, Me,C(3-Me:Si-Ind);MCl,
Me,C(3-tBu-Ind);MCl, Me,C(3-tBu-HjndpMCl,  Me;C(3-tBu-Cp)MCh
Me>C(2-Me-4-tBu-Cp);MCl, H,C(3-tBu-Ind),MCl, H,C(3-iPr-Ind),MCl,
H,C(3-Me;Si-Ind),MCl, H,C(4,7-Me,Ind),MCl, H,C(1-Ph-5,7-Me;Ind);MCl,
H,C(2-Me-Ind);MCl, H,C(2-Me-3-Me;Si-Ind);MCl, H,C(Ind);MCl

and the corresponding -MMe,, -M(OMe),, -M(OEt),, -MCI(OMe), -MCKOEt), -MPh,, -MBz,, -
MMeCl, -MPhCI, -M(NMe,); and -M{(NMe;)OMe derivatives, wherein Me, Cp, Ind, Flu, Ph,
Bz, Halnd and M has the meanings reported above. -

-Suitable metallocene complexes (A) are the bridged bis-indenyl metallocenes as described for
instance in USP 5,145,819 and EP-A-0 485 823. ' -

Further metallocene complexes suitable for the catalyst system of the invention are the classes
of heterocyclic metallocenes” déscribed in WO 98/22486 and WO 99/24446. Among these
metallocenes, particularly preferred are the ones reported from page 15, line 8 to page 24, line
17; from page 25, line 1 to page 31, line 9; and from page 58, penultimate line, to page 63,
Iine 20 of WO 98/22486. Other preferred metallocenes are the ones obtained from the bridged
ligands listed from page 11, line 18, to page 14, line 13 of WO 99/24446

A further preferred class of transition metal organometaﬂic catalyst compounds are late

transition metal complex of formula (IX) or (X)

LaMaXapa- (D() LaMa Aa (X)
wherein M? is a metal belonging to Group &, 9, 10 or 11 of the Periodic Table of the Elements
(new IUPAC notation);'
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C2H4( Benz[ e] | nd) 2MC12Me2Si ( 2- Mel nd) 2MC12Me2Si (4, 7- Me2l nd) 2MC12 28 September 2004
Me2Si ( 2- Me- 4- Ph- | nd) 2MC12Me2Si (5, 6- Me2l nd) 2MC12Me2Si ( 2, 4, 7- Me31nd) 2MCl ~
Me2Si (2- McH4I nd) 2MC12Me2Si (4, 7- Me2H41 nd) 2MC12Me2Si (2, 477- Me3H41 nd) 2MCl 2
Me2Si ( Benz[ aid aitheZ2edC12Me2Si ( 2- Me- Benz[ e] | nd) 2MC12Me2C( | nd) 2NVed BEPO1/01467
Me2C( 3- Me- | nd) 2MC12Me2C( 3-i Pr- 1 nd) 2MC12Me2C(3 MexSi - | nd) 2MC12

Me, C(3-tBu- | ud) 2MC12Me2C( 3-t Bu- H41nd) 2MC12Me2C( 3- t Bu- Cp) 2MC12

Me2C( 2- Me- 4-t Bu- Cp) 2MCl 2 H2C( 3-t Bu- I'nd) 2MC12 H2C( 3-i Pr-1 nd) 2MC12

H2C( 3- Me3Siis 4 bljeRikeler thdGiidic Tighh@ 81 foapndMEXE):H2C( 1- Ph- 5, 7- Me21nd) 2MC12

H2C( 2- Me- | nd) 2MC12 H2C( 2- Me- 3- Me3Si - |1 nd) 2MC12 H2C( | nd) 2MC12 and t he
corresponding - Mwe2, -MOw)2, -MOCEt)2, -MI(Ow), -MC1(CEt), -MPh2,

-MBz2, - MMeCl, -MPhCl, -M NW2)2 and - - M NWe2) Ove derivatiyes, wherein M,
Cp, Ind, Flu, Ph,- Bz, H4lhd and M has the neanings repof¥ed above.

Sui tabl e net'al | ocene conpl ¢xes (A) ar e/8p£5 ridged bis-ipdenyl netall ocenes
as described for instance |naISE 5 19 2P- A- a1485 823. Further

met al | ocene conpl exes suit ablf e™f or t e catal yst system of the invention are
the classes of heterocyclic netall ocenes” described in WO 98/22486 and WO
99/ 24446. Anong these netallocenes, particularly preferred are the ones
reported frompage 15, line 8 to page 24, line 17; frompage 25, line 1 to
page 31, line 9; and from page 58, penulXmate |line, to page 63, line 20
of WO 98/2}}486 O her preferred netall ocenes are the ones obtained fromthe
bri dged W4#9gdhds listed frompage 11, line 18, to page 14, line 13 of WD
99/ 24446 @\if urthey, Qﬁ@é‘lﬁ& re@élipC liAiAg qff &fdaﬂéléﬂu@ﬁalﬁﬁﬁﬁltalﬁfn?mn@{ flotd Stoms
catal yst conpounds are late ‘transition netal conpl ex of tornula (1X) or
(X) Lal\/ta)‘:@bmg(ﬂgxy GremasAZ-1of thinBeriddic Table;s a netal belonging to Goup 8, £

17 28 seff MBEr Soge SRuEarRY Bl bbb A beloblfey) SRA B 3h b
trident at&nbﬁ@mﬁle(ﬁndfawmﬂdad foda)d meal B°; Ral M E1/ E2 Rat na wherei n:

the substituents R*, equal to or different from each other, are selected from the group

consisting of hydrogen, linear or branched, saturated or unsaturated C;-Cy alkyl, C3-Czo
cycloalkyl, Cs-Cyp aryl, C7-Cap alkvlaryl and C7-Cyp arylalkyl radicals, optionally containing
one or more atoms belonging to groups 13-17 of the Periodic Table of the Elements (such as B,
Al Si, Ge, N, P, O, §, F and Cl atciiis); or two R* substituents attached to the same atom E' or
E? form a saturated, unsaturated or aromatic C4-C71ing, having from 4 to 20 carbon atoms;
m’ and n* are independently 0, 1 or 2, depending on the valence of E' and E2, so to satisfy the
valence number of E' and E%; q° is the charge of the bidentate or tridentate ligand so that the
~ oxidation state of M*X%,X"’s or M*A” is satisfied, and the compound (IX) or (X) is overall

neutral;
X2, the same or different fiom each other, are monoanionic sigma ligands selected from the
group consisting of hydrogen, halogen, R?, OR?, OSO,CF;, OCOR?, SR?, -NR?; and PR’; groups,
wherein the R® substituents are linear or branched, saturated or unsaturated, C;-Cyg alkyl, C3-Cao
cycloalkyl, Ce-Cap aryl, C7-Cyo alkylaryl or C7-Cy arylalkyl radicals, optionally containing one
or more atoms belonging to groups 13-17 of the Periodic Table of the Elements (new TUPAC
notation), such as B, N, P, Al, Si, Ge, O, S and F atoms; or two X* groups form a metallacycle
1ing containing from 3 to 20 carbon atoms; the substituents X* are preferably the same;

) p* is an integer ranging from 0 to 3, so that the final compound (IX) or (X) is overall neutral; and
A" is a w-allyl or a a-benzyl group.
Non limiting e:‘_umple.s of late transition metal complexes are those described in WO 96/23010,
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Bis a C1-C50 bridging group linking E and E2, optionally cont?Septeulnya004
or nore atons belonging to G oups 13-17 of the Periodic Table; E and EZ2,
the sane or different fromeach other, are el enents bel ongi ng to Group 15
or 16 of they B’ﬁgﬁgpl ¢ Table and are bonded to said netal . the
substituents %a equal to or different from each other, arei’gylEEW‘HéWfrom
the group consi stl ng of hydrogen, l|inear or branched, saturat ed or
unsaturated C--C2U al kyl, C3-C20 cycloal kyl, C6-C70 aryI C7- C20 al kvl aryl
and C7- | p WRY n re ato

bel ongi %&to gpg%d%k‘i?%%ﬁ g}e'rglﬁs mso‘l”’agé 6‘49“9%5 Iliﬁge%ggk ue&ﬁ?;s B,
A, Si, Qan. NheR, S6¢. ID95F1 BNb4TH st Brovidart araltmﬂaChsmbsb¢tumtslatzfﬁfched
to the s @ﬁ;om E r E2 forma saturated, unsaturated or aromatic CA:C7

ring, o 8 {0AT0 b o9Cal ¥ -1 20498 GRbsoara dLrideqperidememtiy 19981 or
2" depen mrﬁj‘ﬁ Walj tinafy the val ence nunber
of E a_ngm9 qugg/??the o argeB%f/Ré"ﬂd(lggQé?;@a(%ng?%O?l dentate ligand so
‘that t he It 5xd Gathieo nb_s‘ciatbfethefprmmm(a‘itﬁnw pivbdda fbisthe gblydderiestionadthnk e more
conpound (| ver a neut r al the sane or different from
each ot hé’ﬁ é’)ﬁﬂ%&’ﬁ&?ﬁ% P&a@iyéﬁ’%’s@?‘@éﬁﬂ%c“?@ #haVed fromthe group
consi st i MieQhgABHRAR oriiRLA BRI
PRaZ groui)s vvherel n tﬁtei%Ra&g{}BgI{alﬁzt l}%smare FF%%% %‘P’g‘% (f’éj S urat ed
unsat QflaPlyrBIizagon nrogess; D@Sﬂomthe@fylcﬂ oay kg/px;epﬁe-aﬁdﬁo abylead 67th€ﬂ=.@ease
aIkyIary [yl | radic tlona tainin one nor e
atons bel g%fie%reé:%9 ?%%cgsaﬁ? fhf Bt ?f‘@hﬁé TEaPR e’ét A Fé‘ﬁ@rﬁ’f%duf?]ew
| UPAC  netablei cam)yst GdiﬁﬂibsﬁﬁmBund&r pBlymBhizatidh cofisiodd, S and F atoms; or two Xa
groups fg, ma netallacycle ring containing from3 to 20 carbon atons; the
Stibst i t udhe sorgangreetyiigreomponpdsy RE thaventien jate easilymrenseed baneictinef noshodt t o
3, soth raII neutral; and Aais a
n-ally %‘%@?éﬁgﬁ‘?ﬁ g}%%gﬁo%ﬁﬁﬂrﬁé]ﬁ%@l inpl es of late transition
nmet al corrpl exes are those described in WD 96/23010, 18 28 Septenber 2004 WO
01/ 62764 PCTI EPQ /41467 WD 97/ 02298, WO 98/40374 and J. Arn. Chern. Soc.
120: 4049- 4050, 1998. Brookhart et J. Rfh Chem Soc. 1995, 117, 6414
and Brookhart et al, J. Am Chem Soc: 96, 118, 267, Brookhart et al,
J. Am Chem_ Soc. 1998, 120, 4049, G , Chem Conmun. 1998, 849,
WO 96/ 27439 and Chem Ber./Recl. (&8 130‘63), 399-403. It is a further
obj ect of the present invention a procesls for the polynerization of one or
nore olefins in the presence of a cat aliflst system as descri bed above.

D
wherein R?, R%, R® and R%are described above; with a Lewis acid of formula (IT)
tR's (1D

wherein Mt and R! are described above.

The reaction between said Lewis acid and the compound of formula () is prefera:bly carried out
m an aprotic solvcnt even more preferably in a polar aprotic solvent (such as toluene, diethyl
ether or CH,Cl,), at room temperature the reaction can be carried out also in the presence of
little amount of water, preferably equal to or less than one molar equivalent with respect to the
Lewis acid. The acidity of the Lewis acid must be sufficiently high to induce the rnigration- of a
hydrogen from the N atom to the C atom in ¢ or B-position of the pyrrole ring.

The molar ratio between the organometallic compound (B) and the transition metal
organometallic catalyst compound (A), calculated as the molar ratio between the metal Mt of
the Lewis acid and the metal of the transition metal organometallic catalyst compound,
preferably ranges from 10:1 to 1:10, more preferably from 2:1 to 1:2, and even more preferably

is about 1-1.
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The organonetal lic conpounds according to the invention exert ¢gddptember 2004
activities as cocatalysts in olefin polynerization process; Mreover, they
are easy to prepare and do not lead to the rel ease of undesired

by- product s ahims2ighe netal | ocene activation. Further they arﬁ:ﬁﬁ%ﬁﬁnd
produce stable catalyst conpositions under polynerization conditions. The
organonetal | i ¢ conpounds of the invention are easily prepared by reacting,
in about stoichionetric anmounts, a -conpound having the formula (1): H (1)
wher ei N R3cchidingRe hadnidtiar, &of@sadnt PBY cabeveblydiprive Lewisuach v of gl a
(rr)y ™MR13 (I1) wherein M and R  are descri bed above. The reaction '

bet ween s8TEANPRHAKICAEHPARES tHethg olyetion- JYloraysru campeyent s(Bir edrerbgbpsed in
carried o i D Lokl : : f [ | aprotic
ol vent ( SorpimRiuRRoRick ook ooy BUER AN b5 AR e ol B3 U PRER

t he react canpmaxs.be carried out also in the presence of [little amunt of
wat er, - pr ef er ab equal or less than one nol ar equivalent with respect

to the L &F §até]]é/¥tcﬁyg?ﬁ’e°fta'§? H?"FE/“‘B‘fmf‘Ylé]SEéanﬂ%‘r’c‘i’%F PRFEPre AU eqrRRfungs of gh
to induce A g8t i R0 t j

o (3 pos T Betrcthe o sVALRANMATAR T R EH BT AR, Yhel T Ayt P

or ganonet wddidats, optrpmllydcopBliniag @n¢ loe maras ior il@natoetsak is Oy §anmahet aldoncinteger

cat al yst conpound (A C ul.at ed t.he .nolar rati o between e tal M
o e L BeTRe g e o) rar 1T % ERpHAS, ManHe pOledhs Bome AR st B g
catal yst grBRAYNGBromBicel @ abdive,’ aR@EENkRE MetBndied Oofl: HBmidRHA € cBBhgldablye

from2:1 to 1:2, and even nore preferabl is ‘about 1:1. 19 28 Septenber
2004 WO o@@maulummnEPﬁFﬂ‘ﬂéMGmsméb%ﬁan%ylrmﬁn@)ﬂhﬂmm@m i OHOAYonpistiemiethyB)

can suit : a.-m re of . . TR ganonet al i c. ounds of &7
the i nve?\ﬁ%xﬁaﬁg’éﬂé%@er, @?r@bnen#sﬁ%?ﬁ%{gﬁ%@gﬁﬁ%@ N g)mlé]rcl)’rrbi nla‘tsfloﬁ We{ﬂﬁ'i &
olt her conhﬂyl)bﬂumimgn,at _?_Lfﬁﬂﬁ,s-dﬁrim-ﬁmylbﬁlﬂn'ﬁ?ﬁiﬁ Oﬁis(ZIE—d_ﬁﬁéthyl%iéﬁfyll)aﬁlminum,
R R R LR SR e
scavenger gipyhgieLAHR 0 can be -G 0 alkyl, alkenyl or alkylaryl

radi cal s, optionall'y containing one or nore Si or Ge atons, z is O, 1 or 2
or a non An@tégretrxan}@ mpaneyl gt fanoiet 8 sceveneet kriesilwhdxant nempindlyicnetaining
iodine atgmand Wis Qe
11 1
R\ /R
Al——~0-~A1\
Rn/ R”

wherein the R substituents, which may be the same or different , are described above.

In particular, alumoxanes of the formula:

| : - £
RII\ Rll Lt r
. ./
A—0—(A—Op' ~ A
R] l/ Rl 1 RI 1

can be used in the case of linear compounds, wherein n' is 0 or an integer from 1 to 40 and the
' R substituents are defined as above, or alumoxanes of the formula:

RII

.
(Al—O)n
can be used in the case of cyclic compounds, wherein n” is an integer from 2 to 40 and the R"'
substituents are defined as above.

Examples of alumoxanes suitable as scavenger according to the present invention are

methylalumoxane (MAO), tetra-(isobutyl)alumoxane (TIBAO), tetra-(2,4,4-trimethyl-
20




chlorine, bronmine or iodine; non-liniting exanples of al um num28&eptamies 2004
are. tri-nethylalum num (TMA), tris(2,4,4-trinmethyl-pentyl)alum num (TlIQA),
tris(2-nmethyl- propyl)alum num (TIBA), tris(2,3,3-trimethyl-butyl)al um num
tris(2,3-diznethyl- hexyl)alum num tris(2,3-dinethyl-butyl)alum num
tris(2, 3-di Mﬂﬁzﬁentyl yal umi num  tris(2,3-di nethyl - hept yl YGT/ERILI#G7
tris(2-methyl-3-ethyl-pentyl)alum numand tris(2-ethyl-3,3- dinethyl-butyl)
Anot her exanpl e of conpound that can act as scavenger are al unoxane

conpounds_cont ai ni n | east one. group-of the-type: - ------- R I R |

AT O o Rgorafle, BHOAT meRath bRy bk Bt CTOVEAR g serene
same or cﬂzfj’f.[rgﬂéthylg{lgﬂﬁm,gaggprmg)&@)_ In particular, alunoxanes of the
formula: 171l R&R’I 1%-OC(Al-Onl- A] 1 1 RRI Rcan be used in the

case of |Raveaularlyonisrrsiasalumbhrangs are those disdlossd imWOr96Y899.f rom 1 to 40 and
the RIS5 substituents are.defi.ned.as above, .or al unbxanes of the . for.nul a:
R11 (A - el Rttt 1 RESE BRY R, (et BRBb R al {91 151 & an
i nteger fgddymetizhQortbaddel of esiflinlthe fOSE, IbyUSM 1A helRotBaEABePBMSonents
Exanpl es of al unbxanes suitabl e as scavenger according to the present

i nvent i orfAer@B) apsbentignalludfoxane (MAO), tetra-(isobutyl)al unbxane (TIBAO),

pont y1 ) al Ascasdite B i inal P B 7R, SseofEnd S5 60 el e PO B
tetra- (ZoBtadied randethéry imrddytedainturecareactor] WEBAEh. sepadaiel e bt alinyiniit edr8sdunag

al unoxanes _ag et hose djsclosed in W) 99/21899. The catal yst system of the
i nvent i orf*fay-He Hotadma%eEe %esob?%mtwm%he%lﬁ%ﬁatw% cgimponerits (A), (B) and

optionally (C) and said aluminum compound AIR'%;,W, or said alumoxane may be contacted

together prior to their introduction into the reactor.

The catalysts of the present invention can be used on inert supports. This may be achieved by

depostting said transition metal organometallic catalyst compound (A), or the product of the

reaction thereof with the organometallic compound (B) and optionally with the alkylating agent

{C), or said organometallic compound, and subsequently said transition metal organometallic

compound before or after the optional treatment with said alkylating agent, on inert supports

such as silica, alumina, styrene/divinylbénzene copolymers, polyethylene or polypropylene.

The thus obtained solid compound can be suitably used in gas phase polymerization.

The catalysts of the present invention can be used in the polymerization reactions of olefins.

Therefore, according to a further object, the invention provides a process for the polymerization

of one or more olefins comprising contacting one or more olefins under polymerization
conditions in the presence of a catalyst system as described above. ' ) 7
Olefins which can be ponnieri.ied with the process of the present invention are, for instance, -
olefins of formula CH2=CHR, whéréin R is hydrogen or a C;-Cyp alkyl radical.
The catalysts according fo the present invention can be conveniently used in the
homopolymerization of ethylene, in particular for the preparation of HDPE, and in the
copolymerization of ethylene, in particular for the preparation of LLDPE. Suitable comonomers
in ethylene copolymers are a-olefins of formula CHfCHR’, wherein R’ is a linear, branched or
eyclic C-Cyo alkyl radical or cycloolefins. Examples of such olefins are propylene, 1-butene, 1-
pentene, 4-methyl-1-pentene, 1-hexene, I-QCtene, allyl-cyclohexane, cyclopentene, cyclohexene,
norbomene and 4,6-dimethyl-1-heptene. |
Further suitable comonomers in said ethylene copolymers are polyenes, in particular conjugated

or non-conjugated, linear or cyclic dienes, such as 1,4-hexadiene, isoprene, 1,3-butadiene, 1,5-
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pol ymeri zation reactor or in situ in the reactor, by contacti ng@8tSeptember 2004
above-descri bed conponents (A), (B) and optionally (C). According to an
enbodi mrent of the invention, conponents (A), (B) and optionally (C are
first contgeffR.Aad then introduced into the reactor, wherepdrBeadiayel y
an al um num conpound AIR 03_ZW2, or an al unoxane has been introduced.

Al ternatively, conponents (A), (B) and optionally (C and said al um num
conpound Al R103_ZWZ or said al unoxane nmay be contacted together prior to
their ingL %giagglljgjﬁég,tgd%e_r eactor. The catalysts of the present invention
can be used on inert supports. This may be achieved by depositing said
transiti vherethalorgamgaetalies edmpandsobiestsefl the prreenidny(eayion arc YK ap Corftpbyst &t

h [ her.eof wi h | ki : ' I
W'th ¢ hocapRgneHg aen et oS R Iyl S BPRRHY dalRl FRREPHLRR!

subsequerdioht $@thGedpedis ialuin@ixan®! @l padlcy i eredtyddldrexaneonpound before or after
the optional treatnment with said al kylating agent, on inert supports such
as si | i cTheatatalysten of sthy rivyRELEN 2Ryl Sitabhe Ussp Bl PrRPYETe Jomapehiieagyiogy m

pol ypropyl ene. The th [ ' und can be suitably used in gas
phase po%@ﬁr’@ﬂaﬁéﬂ'ﬁbenl?rg%cgl%gk%ﬁf}gt?cgédg)?prﬁ e pfresent invention can be used in
t he pol ymesredai B8 cagdstsi dmBe dfventicef danshe sufilsly efal @, thapeapariting of elastofnari¢ her
obj ect, the invention provides a_process for _th Ql yperi zation one. or
more ol efcppalymenfi ahylgne wih feokchas Bﬁ TBPE%GH@;“@@H%E&EW r 15p6|(9%9i Lion
condi ti ong,.| e f 1akakal AREmSEPLEMAS AaS6ht bad abgiae,; Chadi ns
whi ch cagg%%ﬂ’p%{}@]nepa%i ?gﬁ?%ngh the pr oceséﬁof lijt he p’)res‘ent i nvention are, for
i nst ance copolymbr fuiaysomibniltyr eontain GHRT EHRortwne pEimisKeiiwing frdmagéyenes: a Cl- C20

al kyl radical, The gatalysts.accordi ng,.to the. present invention : £:%
conveni ertCYrHRES 3 Mﬁregmmﬁ‘& S]}lﬁé;f“l%]?’ﬁ i85¢Prg gZ? flpé?lsée?telin%englgfl%?églﬁ grmfor""'
the pr ep%@?éeeﬁa%n bPREsIo@8Eh ipblyidees. MeRRYMTEANdZEd 01O blefinhybeiters ki be
particular for the preparation of LLDPE. Suitable cononomers in ethylene
copol ymeeiherhemepelyatarized efcopplymanacdoplse iR lineqyadelay HORMS'S 3 | j near,
branched -or clic .CJ- ' . C fd apli&sid Ghastich

ol efins g?% Iﬁﬂﬁ%ﬁ%ﬁéﬁé}l p%g%a%%ﬁth%a&%%?{% %?&%hggﬁgléaﬁgeﬁ%&eﬁg,@% ﬁ:{axene,

1- oct ene opabhailly-if thd presxanef anyintroppdrberbon sofednbh@xierss pharebSard iydepgarbon
4,6-di nethyl -1 -heptene. Further suitable compnoners in said ethylen

copol ymeselvapieap fe %rsﬁromﬁ“?)gs}‘f}? BUCHEne, qi‘gg?t@géu%‘rasr%?ﬂg%%h?eﬁ{ at 218& ane,

| i near Or'so‘éﬁﬁh&i:% SLE08S Mb,gﬁﬁlﬂeﬁﬁynﬁﬁiﬁﬁg_ ene, isoprene, 1, 3-butadiene,
1,5 21 28 ept e’n’ger 2004 WD 01/ 62764 PCT/ EPOL/ Ol 467 . i
The polymerization temperature pr¢ferab1y ranges from 0°C to 250°C; in the preparation of

| HDPE and LLDPE, it is preferably comprised between 20°C and 150°C and, more particularly
between 40°C and 90°C; in the preparation of elastomeric copolymers, it is preferably comprised
between 0°C and 200°C, and more preferably between 20°C and 100°C. The molecular weight

i)

of the polymers can be varied simply by varying the pdlymcrization temperature, the type or the
concentration of the catalyst components, or by using molecular weight regulators, such as
hydrogen. R |
The molecular weight distribution can be varied by using mixtures of different metallocene
compiexes or by carryiﬁg out the polymerization in several stages which differ in the
'polymerization temperature and/or the concentrations of molecular weight regulator.
The polymerization yield depends on the purity of the transition metal organometallic catalyst
compound (A) in the catalyst, thefefore, said compound can be used as such or can be subjected
to purification treatments before use.

" The following examples are given for illustrative and not limiting purposes.
GENERAL PROCEDURES AND CHARACTERIZATIONS

All operations were performed under nitrogen by using conventional Schienk-line techniques.
: 22



hexadi ene and 1, 6- hept adi ene. When the organonetal | i ¢ conpound28d8ispteanben004
the present invention are used as cocatalyst in copolynerization of

et hyl ene they generally produce a pol yner having a higher nolecular weight
Wi th respect to al unpoxanes, in particular nethylal unoxane. The catal ysts of
the inventi WO @an7ée suitably used in propyl ene honmopol yneri gefkdiinkéd
particular for the production of isotactic polypropylene. Mreover, th
catal ysts of the invention can be suitably used in the preparation of
el astonmeric copolyners of ethylene with a-olefins of fornula CH2=CHR",
wher ei n Rolvestsawe-fitifical byydlegassinlf odth, Ns aehp@&singroapy heivated (8 HOURN®, purge,

4- met hyl - | = t ; 1-hexene and. 1-octene.; said copolyners may optionally
cont ai n ﬁbﬂgﬁyﬁ’ﬁ{}}gbﬁ? giveedyndsnnitroser Ande s fAldrish BBIty @R ésor Mekso ey ¥ e, a
further LIRS cat cos di h ent -L.nveRiid on are
used in Q?ﬁg%r epé? aﬁmgﬁg%f %‘é%?lt ?gl fi()jnq%)erg%{r[rlg?ltg ?A&%gg’ygjﬁlpbp a% °)p01? X}—EO&%I iC
olefin mﬁhbimgs muaity b88%pi £Hedimethyimotoln efAldech, opurityp 6V YhiNe 2i zéithettalim@rale t h
‘l'inear ol gfin, NONONES S0, 1N | ynerj zation_processes of the present

| nvent | of AR DPEY DBV BRHEVTENS: QANTEE, Pirt: Ot 14 bR Bressiaee
of an i neAtdrieydpeEar Hew) SBLY:.eM drie, 1. %ﬁie I BEAFDQ l.yent
can be e?t_her_ a?ong{i C gsuch3 gid?ol u%@gel)glag?lggtlﬁi?&gt' C ()Q%fghggg%’%?ragggn@?y
hexane, Reisphfie Compaty)tveme used @ dhestemie Zamdthy]-3,64dihydrmimtind[pétmdele. wihe

pol yner i i QF r rably ranges from OC.to 25QC: | .
pr epar at %@&h%?iekﬁlg%@ Zér?g Fﬁ?‘ﬂ%@l‘?ﬂngitg‘a Bﬁ?gg‘?rﬁ BlFif%S%ﬁf P%t%rﬁqggt %@%%qgoﬁ%nd
150C andmeftinggpoiras bf e kambyundd eleyeshiaidéiusmits 8PHary PletthhhRPREASR Of

el astomegjc _copol ypers., it is preferably conprise bet ween 0C and 200C,
anhd nore &EM%# beEM%en 20C and 100C. The nol ecul ar wei ght of the

pol ymers [ ' ' I ' .

Ehe’ {y pe s Pritgn 8 Bk TRviks B M RARAGRIQ S e AL 8 SRR REIED
mol ecul aspegbylater opguitiag on she Fuaticrasansfydr ogde at Tdven tahme sty atvEiOgst MHz

di stribufi varied by usin i Xtures. o iff t netall ocene

conpl exeéndgg 0%?/ niggfzr Wﬁeg&%f}?" { ﬁ% SB%’P ﬁe‘?’?r?afﬁ?SBIYeg AR s@éégap%tcgg@scv@ﬁ- G
differ |nefitece Bolpuidid p3ii ONCHOMG! GHINY, 310/, ke B9 RGARL A5 O, Ofzs

nol ecul ar wei ght regul at or _The -pol Kmarl zation yield dqpends on t purity
of the tPRIASPE|7ol? REBE.JESRSFGeromRdahe peakeafithe sadvent sothgotfhepecy (3384 pm for
catal ysty r e, I q‘n@) b e uch_or.can.be | ected
to puri f?lgg??gﬁﬁﬁ I gaot r?? g&be 6’?]2\% ﬂeggngﬁfaoﬁ%?ﬁegéﬁa ﬁvéeree%é]%f?@é“%raef%? I&}’zﬁ? for
i1l ustraandv2 seochdsodf délag betmgeppupesed?2 trafbiERAerPBOGDIRERcRANBEctrum. The

CHARACTERI ZATI ONS Al | operatians were perfé)rrred under. ni trogen by using
convent | GREM g@ﬁ}r@mze_r? et %ﬂ} aggspulse and 6 seconds of delay between pulses; ab_out

512 transients were stored for each spectrum. CD,Cl, (Aldrich, 99.8% atom D) was used as
received, while CDCIl; (Aldrich, 99.8% atom D) and CgDg (Aldrich, 99% atom D) were dried

over activated 4 A° molecular sieves before use. Preparation of the samples was carried out

e

under nitrogen using standard inert atmosphere techniques.
SYNTHESIS OF THE ORGANOMETALLIC BORON COMPOUNDS

Example 1
N—itris(2,3,4,5,6-pentaﬂnorophenyl)borane]3H—indole (A-2)

oD
@N

@\B(Can)s
Procedure a)
Indole (99%, 1.07 g, MW = 117.15, 9.0 mmol) was dissolved in 10 mL of CH,Cl, and
charged into a 50 mL Schlenk under nitrogen atmosphere. A solution of B(CgFs); (4.61 g,

MW = 511.99, 9.0 mmol) in 25 mL of CH,Cl; was added at room temperature under stiring.
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22 28 Septenber 2004 WO 01/ 62764 PCTI EPO1/ 01467 Sol vents were P#rSepicmbey2004
degassing with N2 and passing over activated (8 hours, N2 purge, 300 O
A1203, and stored under nitrogen. Indole (Al drich, purity 98% or Fluka,

purity 99%, ylindole (Al drich, purity 98%, 3-nethyl
(Al drich, p‘]yo%%%] pyrrole (Al drich, purity ,98%, 2,4- geg%)ﬁu?myrrol e -

(Aldrich, purity 97%, 2, 5-dirrethy|pyrro|e (A|dI’ICh purlty 989% ,
2-ethyl pyrrole (Aldrich, purity 90%- 4,5,6,7 tetrahydroindole (Al drich,

purity 98[{%%' gg%&?’?.éﬂl tﬁéﬂ'colér Qf Mé QAIHﬁdrpﬂlrﬁéa ﬁﬁﬂédgﬂ?@?,f 2484 }%ﬁl@@%@  amber

( Boul der were used as recelve
2- met hyl -yellowdichytiemiinideway it bbidrietdhe rovmsion syttewisztited mt oaom lteymratmer y

fol |l ow ng the rocedure described. in pat ent. V\D

boi s oftor . sy HIETAE BBt o WOHEHS g Y56 BRET Pl b B0t OF R ey el

i nstrument g4 kbt NVR and 13C-NVR The proton and carbon spectra of the
corrpounds wer e obtai ned using a Bruker DPX 200 spectroneter operating in

t he Four i'sl NMR{EDeCH Bt;qrtam)aé 30¢am sysmmer2d, e At ); 700-21.32 Nk 4Hand);508381, Mz
respectively. The sa s were dissolved in CDO 3, CD2ClI, or C6D6. As

refer encelfllhéfr'eépcﬁ%%zgeak of CHCL3 or CHDC12 or CBHD5 in the 1H spectra

(7.25 ppnp- € ]

sol vent .in the é’a?’g)g;?‘sgz Zg ?’nf ClZSZ)Egd?S Iogqu%hpt h@g 20
wer e used.CH: @B@ONG)}QW&W@Y e7aaam:‘z)e@>em idsigned by pDIEPT expandxeﬁt)seconds of
del ay betweena_ful ses; 32 tran5| ents were stored for each spectrum The
carbon sp8dxr Qﬁe‘?‘@'a ffed with a 45 pul se and 6 seconds of del ay between
pul ses; alb%& }5 tran5| ents were stored for each spectrum CDzC 2

(A dri ch gﬂ om D) was used as received, while CDC13 (Al drich, 99.8%;
atom D) aAdokibion of Aiddid (@B%,Gg%gawm=E))1M5,eﬁ.@Einanbi) ioveanLadtBty@ed added at - >

nol ecul ar_, si eves before use.. Preparation of S c {,ed

under v S0 g s AREPRET o CRRADSD I PR E O Al e T IS 8 0T
ORGANOVE T g?@b OV? P&he@ﬁami g 1Schlenk flask. Durin Ethe addition the color of
N-ftri s(2 3 4,5, 6- pent af | uor ophenyl ) borane] 3H-i ndol e (A-2) Procedure a)

I ndol e ( 9BeusbenFion turnad fron Whitish, to yeBownbhe repptiondnixge vad thap apwed tpfvarm
G2C12 ong: AORLREA 2 50 MPotL e OGE S RRPD oL IR St
added at mmtnahsnmer@bwee thundRe ré&dctibhiwigs already complete after 1 h stirring at room
temperature. The solvent was evapofated in vacuo to give a light yellow solid as product
(y1eld 100%).
'"H NMR (CDCl, §, ppm): 4.22 (broad AB system, 2H, H3, H3); 7.34-7.66 (m, 4H, Ar); 8.77
(d, 1H, Jyr = 5.0 Hz, H2).
‘Example 2 ) .
Synthesis of N—[tris(2,3,4,5,6-pentafluorophenyl)borane13-methyl‘3H—-indole (A-4) 5’4
H cu; , -

V/
N
EB(CeFsh

A solution of 3-methylindole (98%, 0.92 g, MW = 131.18, 6.87 mmol) in 10 mL of
dichloromethane was added at room temperature under nitrogen atmosphere to a solution of
B(C¢Fs); (BSC-382-4-0128, 99.4%, 3.53 g, MW = 511.99, 6.85 mmol) in 15 mL of
“dichloromethane in a 50 mL Schienk flask. Exothermicity was not observed. During the
addition the color of the solution turned from light yellow to yellow. After 30 min stirting at

room temperature, a 'H NMR analysis showed the presence of traces of unreacted 3-
24



23 28 Septenber 2004 WO 01/ 62764 PCT/ EPOL101467 During t he addi28iSeptembes 2004
color of the solution turned imrediately fromyell ow sh to anber vyellow,
exothermcity was not observed. The reaction mxture was stirred at room
tenperature__for 1 h, then the solvent was rem)ved in vacuo to give a

whi ti sh sol ﬁ‘tﬁo%ﬁza%duct (5.32 g). Yield = 94.4% 'H NVR ( CBRUERO/H46Tppn) :
4.30 (AB system 2H, H3, H3)1 7.39-7.72 (m 4H, Ar); 8.83 (d,

1H JHF=5. OHz, H2) . 13C NWMR (CD2C12, 5, ppm: 42.18 (C3); 118.26 (CH); 125.35

a55| gnéégrﬂﬁlltgﬁﬁ]%ér iﬁ"ﬂ’e g’ozr?e(ﬁcw 4%}%%0 7‘?%@%%4752‘%9 Wéﬁuoréggéﬁﬁé%%)‘gggak
sol ution Lled ﬂﬁ&ir%pl(a&&% rddctichn. A freMdhemishl st%?mtg%géom Wad fbnﬁw?& g?&%%?%g

was added at - under nitrogen atnosphere o a suspension
(99. 4% Sgla@agfhxtmwdmaﬁmduct @diﬁ%b) in 20 mL of ethyl ether in a 50 nmL

R FeR s R L M Y R e A

-roomten@d;ga{dJrlg _Ig\t/ag_gtgmegzjor 2 hwith final formation of a yellow
sol uti on anal ysi s showed that the reaction was already conplete

after 1 HsNMR {@dpsad, ppmirrﬂ 66 dby SOk 2. ?eﬁsstﬂ(ivﬁn) O?vmeg ;e/;zqmaH;N%R@ '(@Sc s
vacuo to t as roduct |1 e '
8, ppm: 7%22“1( Hrfkygg%@aétég%nf ﬁ Héfgt ﬂsﬂssefec’?s'%ﬁ)z G687 (%58, Uk, HAv yecopd 77

(d, 1H, J'fas?er@d‘?oxﬁ?r) Exanpl e Synt hesis of
N-[tris(2,3,4,5,6-pentafluorophenyl)borane] 3-nmethyl-3Fl indole (A-4) H,6 CH3

Af soljut |h ﬁ?C DIMR- (D h\d, ppmigsl I8 . {20@% 5);0460%7 @)MNIZJSLHJI-I%&J?@%ZT]WTIH:%)M ml)ﬁ m_
o] iC ature under nitrogen atnosphere
to a sol ng%%?(g‘]ﬁ %mﬁ%égzéﬁ 1%91%? Y9.4% 3.53 g, MW= 511.99,
6:°85 nmDIDhel dbnddexTh- rﬂéth){)l@i@fﬁd%‘f@ﬁﬁjﬁbéfﬂ%é\ﬂs avéﬁlégiere%%ynﬁ‘é?& f'xéﬁ*f n CD:CL
Exothermcity vvas not served. During the dition the col or 13
sol ut i on Tiharatéabatween the give dsﬂélermot@rveﬁﬁdwatAﬂf@nnﬁDaﬁlm stirring at room
t enper at lfx%mnqe3H NMR anal ysi s showed the presence of traces of unreacted
3__ e,

Synthesis of N-[tris(2,3,4,5,6-pentafluorophenyl)borane]2-methyl-3H-indole {A-3)

H nu

—CH;
o
SB(CeFshs 7
A solution of 2-methylindole (98%, 0.67 g, MW = 131.18, 5.01 mmol) in 10 mL of
dichloromethane was added at room temperature under nitrogen atmosphere to a solution of
g B(CsFs);s (99.4%, 2.60 g, MW = 511.99, 5.05 mmol) in 15 mL of dichloromethane in a 50
: mL Schlenk flask. Exothermicity was not observed. During the addition the color of the
solution turned f_rom—--'light: orange to orange. A 'H NMR analysis in CD,Cl; showed
quantitative conversion of the starting 2-methylindole after 1 h stirring at room temperature.
The reaction mixture became a light pink suspension after 4 h stirring at room temperature.
" The stirring was continued overmight and then the suspension was filiered on a G3 frit. The
residue on the frit was a white solid and resulted to be the desired product by 'H NMR
analysis in C¢Dg (2.16 g, yield 67.0%). The final complex is not fully soluble in CD-Cl,,
while s fully soluble in CeDe. |
'H NMR (CsDs, 0, ppm): 1.70 (m, 3H, CH;); 2.46 (AB system, 2H, J=25.63 Hz, H3'): 6.64-
6.83 (m, 3H, Ar); 7.61-7.69 (m, 1H, Ar). |

">C NMR (C4Ds, 8, ppm): 18.77 (dd, Jer = 9.20 Hz, Jor = 2.50 Hz, CH;); 46.88 (C3); 117.74
' 25



24 28 Septenber 2004 WO 01/ 62764 PCT/ EP01101467 net hyl i ndol e. PR&ep@nd@r good -
(0.45 mmol ) of tris(2,3,4,5,6-pentafluorophenyl)borane were added to
conplete the reaction. After overnight stirring, the solvent was renoved in
vacuo to give a white powder as product (yield 100%9. 'H NWVR (CD2Cl12, 8,
ppm: 1.61 (h§ouvehks CH3); 4.31 (bs, 1H H3); 7.35-7.67 (Mpefborfiagr 8- 69
(d, 1H JHF=5.3 Hz, H2), "H NWR (C6D(,, S, ppm: 0.65 (bs, 3H, éHS); 2.74
(bs, 1H, H3); 6.62-6.84 (m 3H, Ar); 7.53- 7.62 (m 1H, Ar); 7.91 (bs, IH,
H2, first diastereoisoner); 7.97 (bs, IH H2, second diastereoisoner). 13C
NVR ( CoDX( (4d, er PPy Hz Ll 72 .§4GHB)C7):483 8F (LT3027. 70 X Bri1 828. CHAr): 137 7DA3@D) ;
123.76 ( ; . 97. ;3 a); 146.52 (Cra); 179.29 (C2). The
conpl ex 3! %é‘f§%‘ﬁ%%§g¥g§€%§&g$§@om two di astereoisonmers at. 10C in
CD, - C12. nipe-20at3i-o2(actv®ken the two di astereoisoners is 55:45 at 10 Cin
CD-,d 7. Exanple, 3 Synthesis of N-[tris(2,3,4,5,6-pentafluorophenyl)boran
e] 2-met hyaaRled, qoie (A-3) A solution of 2-nmethylindole (98% 0.67 g, MV
= 131. 18, sn@hbsi§BIN-YtricRlotébo¥knddl H-isictd{acz®et hane was added at room
tenperature under nitrogen atnosphere to a solution of B(C6F5)3 (99.4%
2.60 g, MW511.99, 5.05 mmol) in di chl oronethane in a 50 nL
Schl enk flask. Exothermcity was served. During the addition the
color of the solution turned from g orange to orange. A 1H NWMR
analysis in CD2Cl 2 showed quantitative %b@yer sion of the starting
2-methylindole after 1 h stirring at roomtenperature. The reaction
?1 xtur et b@cm?% ok h?bl% (@jw,kl.m@,w&t i m.laast 1813 ﬂa_n{b;])sih 20 (r;ﬂma ca&mcgmahane .
~ tenperature. e stirring was cqontinued overnight .an en e suspensi on
was filtertdadiidin omin g-g0 Crpder Eegen AENOgR HA afSP\tuP%&fsé@sW%h%Pgd and
resul ted 119 ph1€ 15.benklaFinM8ns R I roRYhard iNMRO0 @D akyishistidsk. AQkerddf #R J,
yield 67. Ooﬁ The final conplex is not fully soluble. in C[%a%z while is
fully sol gefiion #ydispeuspeppipivres fopess; T4s repping mugtureey4e kPPLat-20ckayT 1586 (AB
system 2khd den 20vRd téi&amidp jo robmBdnpdbat@3. TH¥colllof ME kuspdns@htim&Psiéwry 1 H,
Ar). 13C NWR (C6D6, 8 pm . 18.77 (dd, JCF = 9.20 Hz, JCE = 2.50 Elz CH3) ;
46. 88 (@)&0@@9»740 Elgkzlg RENMR apalysissppied that the reaction was already complete afier

1 h stirring at room temperature. After 4 h stirring at room temperature, the suspension was

filtered on a G4 frit and the residue dried to give a pink powder, which resulted to be the
desired product by 'H NMR analysis in CD,Cl; (2.79 g, yield 79.4%).

'H NMR (CD,Cl, 8, ppm): 4.27 (bs, 2H, H3, H3"); 7.42-7.81 (m, 3H, Ar); 8.37-8.41 (m, 1H.
Ar); 9.44-9.48 (m, 1H, H2). _

TH NMR (C;D;Cl, 3, ppm): 4.19 (bs, 2H, H3, H3"); 7.29-7.72 (m, 3H, Ar); 8.3 5-8.41 (m, 1H.
Ar); 9.38-9.48 (m, 1H, H2).

m.p. = 184.8 - 185.6 °C

The synthesis of N-(trichloroborane)3-hydroindole was carried out also by using the same
conditions reported above, but adding the boron trichloride solution in eptane to the indole
solution in dichloromethane, obtaining the same results.

Example 5
Synthesis of N-[tris(2,3,4,5,6-pentafluorophenyl)borane]-2H-4,5,6,7-tetrahvdreindole (A~

13)
@
———
N
S

- CB(CgFsks
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WO 01162764 PCTI EPO /01467 (dd, JcF = 7.66 Hz, JcF = 1.84 Hz, Q3SepteadeB83004
(Ar); 2127.75 (Ar); 128.15 (Ar); 130.79 (C3a); 150.44 (d, JCF = 3.98 Hz,
Cra); 189.36 (C2). mp. = 204.3 _ 204.5 C Exanple 4 Synthesis of

N-(trichl or%bowﬁ 43|—I—i ndol e (A-20) A solution of indole (99% 1.79 & =
117.15, 15. 1% in 20 nmL of dichloromethane was added i RCHERIPIT - 20C
under nitrogen atnosphere to a solution of B3 (IMin heptane, 15 mi,
15.0 mmol ) in 15 nL of dichloronethane in a 100 nL Schlenk flask. At the

end of the__additj el l,.ow suspensi, S e e.Leaction mxture
was kept %?01913%0# gg’ﬁ?{?‘}fa y\‘ﬁl%?ﬁrbd%ﬁen@ @ﬁ%ﬁ\édw _wiﬂn-{gﬁlg'g mrgiin 3 mL of

t enper at WidhlordMethant rasalidedI8t SYEPRAPeriurt WhAGhELOM ¥imdspRuRe Y& h koMb Por
pink. A'H NWR anal ysis showed that the reaction was already conplete after

I h stir BlRef2t(9P 3bm2-ehpAY ard1.9% § 3P mamel) sn i § milngf dichlpromtharpes af ore,

th ] i frit t h i due dried to,gi
ik pousolers 8% A et LG ANeRy s bLin R dnt sl My i By 2
"i n CD2C132hif 2t R9ngempiesdare 58d 486n the bbINYR W5 2ateSin PaId to 4ive & Wil podider H3,
H3'): 7.42-7.81 (m. 3H Ar): 8. 37-8.41 (m 1H Ar): 9.44-5.48 (m 111,
H2) . 1H W‘)@E‘?Eéﬁlﬁ,mg%)ppn): 4.19 (bs, 2H, H3, H3'): 7.29-7.72 (m 3H,

The synt raarR TS 2R b e R s e AR Rapr PR 4 1oy

usi ng the.02abs 8, ¢ IHA" OHS, HEP 6o, g8’ dpp\Er’).but addi ng the boron trichloride
solutionjn eptane to the indole solution in_dichloronmethane, obtaining
the sane IQ&@B’E% §CDgbhand| rom: BY¢ KE§iagd §76); 23.87 (C4); 29.76 (C7); 66.39 (d, C2, Jop =

‘.|

Example 6
~ Synthesis of N-ftris(2,3,4,5,6-pentafluorophenylyborane}-2-methvi-6,10b-

O /
N

@\

_ ©B(CeFs)s
2-methyl-5,6-dihydroindeno[2,1-b]indole (1.77 g, MW = 219.29, 8.1 mmol) was dissoived in
10 mL of CH,Cl; and charged into a 50 mL Schlenk under nitrogen atmosphere. A solution of
B(CeFs); (4.14 g, MW = 511.99, 8.1 mmol) in 25 mL of CH,Cl; was added at room-

temperature under stirring. During the addition, the colour of the solution turned immediately

ggg t :Lsg%o,%z@ggﬁfggf%gj %@2@2%/1%&@&%3%2&6, 7-tetrahydroindole (A

from greerrto-dark brown; exothermicity was not observed. The reaction mixture was stirred at
room temperature for 1 h, then the solvent was removed in vacuo to give a brown solid as
product (5.90 g). Yield = 100%.

'H NMR (CDCl,, 8, ppm): 2.46 (s, 3H, CH:); 3.78 (d, 1H, J=20.1 Hz, CH,); 4.23 (dd, 1H, J
=20.1 Hz, J=3.0 Hz, CH.); 5.86 (s, 1H, Hi0b); 7.1.:6—7.69 (m, 7H, Ar).

“C NMR (CD,Cly, 8, ppm): 21.33 (CH3); 35.72 (d, CH,, J = 10.8 Hz); 62.88 (CH,q); 117.88
(m); 124.04; 125.31; 125.80; 129.18; 129.48; 129.98; 133.20; 134.07; 139.25; 141.19; 149.24
(d, J=4.2 Hz); 200.03 (peak assigned by a DEPT expeﬁment).

m. p. = 160.5°C + 166.1°C. '
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PCTI EPOL101467 A solution of 4,5,6,7-tetrahydroi ndole (98% 0. 88 Sgptemher2004
121.18, 5.25 mmol) in 3 nL of dichloronethane was added at room

t enperature under nitrogen atnosphere to a solution of B(C6F5)3 (99.4%
2.69 g, MV¥WOaL6T8 5.25 mmol) in 15 nli of dichl oronet hane porapr®imigds

Schl enk flask. A light exotherm city was observed. The reaction m xture was -

stirred for 30 mn at roomtenperature and then the solvent was evaporat ed
in vacuo to give a white powder as-product. (yield 100%. 'H NWR (CD2Cl 2,
S, ppm: Exaddpletym 1H, H3); 4.85 (broad AB system 2H, H2, H2'); 3.42 1.02

(zlfsm (ﬁﬁW%ﬁfﬁ§'%ﬁ£$ Pﬂz@ﬂreﬂz@mﬂ%@ I%EQW CD S i ppm)m);

140.78 (C3a); 147.02 (C3); 186.25 . &xanple 6 Synt hesi s of
N-[tris(2,3,4,5,6-pentafluorophen I)bqqang@(ccg t hyl - 6, 10b-

di hydr oi ndeno[ 2, 1- bl i ndol e (A 21) l(c) ng

2- et hyl -5, 6-di hydr oi ndeno[ 2, 1-b]in e (1.77 g, MN— 219.29, 8.1 mvol) was
dissolved in 10 nL of CH2d 2 and ch%rbbd into a 50 mL Schl enk under

ni trogen atnosphere. A solution of (C6F5)3 (4.14 g, MW= 511.99, 8.1
ol ) i N placddu@fa)CH2C12 was added at room -tenperature under stirring.
During the addition, the colour of the solution turned imediately from

- green- toAd’aHkaﬁm sodytiot afemrmicds (38%a8 3h@ Mbsetvdl, STHemmedcin o ool xtfur e

was stirr.e r.oomte tUYEfor n the so e in
S SR S TR 66 Blpdallye LR ol GB35 o 1EAR Y S
(Ch2C12, s&unbarafB(stle (99 4%35 64%‘"3/IW 357899, ds 1211ﬂ,mol)=m?:m rh LW didthinethads
(dd, 1H, J 5.86 (s, 1H, HQn): 7.16-7.69 (m TH,

Ar). 13cmﬁ/ﬂ0@@3§c§£blen’s ﬂaﬂfpﬁvrothzrfmsgv (esimpt ozgrved. The sacptaingd yelbovg regefion 7.

o Ol R PR AR it B I pEAE B 6%
assi gned gime fawbﬁélﬁghkxji'élpwmd)er ag prodit (meItBIlDOEB’O 166.1 C. 27 28 Septenber
2004 'H NMR (CD,Cly, 6, ppm): 4.71 (bs, 2H, H3, H3'); 6.94 (dq, 1H, J=5.48 Hz, /= 1.08 Hz,

H3); 7.90 (dq, 1H, J = 5.48 Hz, J = 1.08 Hz, H4); 8.58 (m, 11, J= 1.08 Hz, H?2).

13C NMR (CD,Cly, 8, ppm): 66.72 (m, C5); 128.61 (C3); 156.98 (C4); 172.04 (C2).

NOESY (CD,ClL): 8'H/8'H = 4.71/7.90 (H>/H4), 7.90/6.94 (H4/H3), 6.94/8.58 (H3/H2).

'H NMR (C¢Ds, 8, ppm): 3.70 (bs, 2H, H5, H57); 5.62 (dg, 1H, J=6.16 Hz, J = 1.08 Hz, F3);

6.51 (dq, 1H, J=6.16 Hz, J= 1.08 Hz, H4); 7.51 (m, 1H, J= 1.08 Hz, H2).

BC NMR (CeDs, 8, ppm): 65.76 (m, C5); 127.38 (C3); 155.67 (C4); 171.38 (C2).

NOESY (CsDs): 8'H/6'H = 3.70/6.51 (H5/HA4), 6.51/5.62 (HA/H3), 5.62/7.51 (H3/H2).

m. p. = 187.0 °C - 189.6 °C. . - &

Procedure b)

A light yellow solution of B(CFs); (1.182 g, MW = 511.99, 2.31 mmol) in 8 mL of toliene
was added at room temperature to a yellow solution of pyrrole (98%, 0.158 g, MW = 67.09,
2.30 mmol) in 2 mL of toluene under nitrogen atmosphere in a 25 ml Schlenk flask.
Exothermicity was not observed. The so-obtained yellow reaction mixture was stirred for 2 h
at room temperature and then the solvent was removed in vacuo to give a yellow powder as
product (1.255 g, purity 99.5%, yield 93.8%).

Example 8
Synthesis of N-[tris(2,3,4,5,6-pentafluorophenyl)borane]-2,4-dimethyl-SH-pyrrole
(A-5)

28




WD 01/ 62764 PCT/EPO 1 /01467 Exanple 7 Synthesis of 28 September 2004
N-[tris(2,3,4,5,6-pentafl uorophenyl ) boranej 5Hpyrrole (A-1) N B(C6F5)3 H
Procedure a) A yell ow orange solution of pyrrole (98% 0.35 g, MN= 67.009,
5.11 mmol ) in 10 nL of dichl oronet hane was added at room tenperature under
ni trogen at nY&HERB4t 0 a |ight yellow solution of B(C6F5)3 (89r/Ee0sb4 0,
MV = 511.99, 5.12 nmmol) in 40 nL of dichloronmethane in a 100 nL Schl enk
flask. Exothermcity was not observed. The so-obtained yell ow reaction

m xture was stirred for 2 h at roomtenperature and then the sol vent was
renoved in vacuo to give a whitezHight yell ow powder as product (yield
10099 . 1H NMR (CD2C12, 6, ppm: 4.71 ©28, H5, H5'); 6.94 (dg, 1H, J=
5.48 Hz, J= 1.08 Hz, H3); 7.90 (dq, -B(Cobiz, J= 1.08 Hz, H4): 8.58
(m 1H, J= 1.08 Hz, H2). 13C NMR (CD2C{2, 8, ppm: 66.72 (m C5); 128.61
(C3); 156.98 (C4); 172.04 (C2). NCESY Cl2): 8H6'H=4.71/7.90
(H5/H4), 7.90/6.94 (HA1H3), 694/8.58 (H3/H2). 'H NMR (C6Db, 8, ppm: 3.70
(bs, 2H, H5, H5'); 5.62 (dgq, 1H, J= 6.16 Hz, J= 1.08 Hz, H3); 6.51 (dq,
1H, J= 6.16 Hz, J=1.08 Hz, H4); 7.51 (m 1H, J= 1.08 Hz, H2). '3C NWR
(C6D6, 8, Anphpw-emngssqlmyoncy)2,4-daaetBglpyEale;(91%50.634 EOMW =4 93.1385.¢Cmol) in
NOESY ( C6 - 8 H 6 'H = 3.70/6..51 (H51 6.51/5.62 (HA1H3), 5,6217.51
(H3/ H2) . %@%}7 ‘%ﬁ%‘%}g’ﬁ"-‘ﬁ%@é&’ asa?déﬂ %%’8815%*‘8 airg ‘i"tjﬁf “{9@8@6\#%%?3}%%% a fight

B( C6F5) 3 {dlickB2olutioW¥=Bi0:E5)9999.29313.08Dlg) MW & 51 099t hueReo1yds 28dgded, At
roomtenperature to a yellow sol ution of pyrrole (98% 0.158 g, MV = 67. 009,
2.30 rnnofirhioromethpnc i o 0uaheSeiersy dask ioifyspwienet phseavab The Bdloivenk

mxtore R Preard i 3ReR (0P P B aodd R AL R oS G A R

réfroved i diffeasmonies. Ghefina ygldw gulutionces died ipvatiocdiving a2&bk Fellew potitder as

99.5% vyield 93.89 anpl e 8 Synt hesis of
N-[tris( ZPrg,gﬂ?tg?“é’ﬁpb 78k | uor ophenyl ) bor aue] - 2, 4- di met hyl -5H-pyrrole (A-5)
28

"H NMR (CD:Ch, 8, ppm): 2.20 (t, 3H, J=2.74 Hz, CH; in 2); 2.29 (d, 3H, J = 1.57 Hz, CH,
in 4); 4.82 (broad AB system, 2H, H3, H5"); 6.41 (q, 1H, /= 1.57 Hz, H3).
"H NMR (C¢Ds, 5, ppm): 1.14 (d, 3H, J = 1.47 Hz, CHsin 4); 1.41 (t, 3H, J=2.74 Hz, CHsin
2); 4.20 (bs, 2H, H5, H5"); 5.06 (bq, 1H, J = 1.47 Hz, H3).
C NMR (CD;Cly, 8, ppm): 14.56 (CH; in 4); 18.40 (CH; in 2); 70.32 (C5); 128.65 (C3);
©169.60 (C4); 185.40 (C2). |
NOESY (CD,CL): 8'H/S'H = 4.82/2.29 (HS/CH; in 4), 2.29/6.41 (CHs in 4/H3), 6.41/2.20
(H3/CHj3 in 2).
m.p. =209.2 + 211.8 °C.

Example 9 ‘
Synthesis of 771?:_[{:i$(ﬂ2,3,4,5,6-pentaﬂuorophenyl)borane]-2,5-dimethyl—5H-pyrrole (A-6)

CH,
@ 9
| AN—B(CsFg)s

CH,

A pink solution of 2,5-dimethylpyrrole (98%, 0.313 g, MW = 95.15, 3.22 mmol) in 8 mL of
dichloromethane was added at room tempefature under nitrogen atmosphere to a light yellow
solution of B(C¢Fs); (99.4%, 1.659 g, MW = 511.99, 3.22 mmol) in 15 mL of
dichloromethane in a 25 mlL Schlenk flask. Exothermicity was not observed. The reaction

29



28 Sept enber 2004 WD 01/ 62764 CH3'~' .0 O N--B(C5F6)3 ~ CH3 PCRAEepichtiks g4 |
A yel | oworange sol ution of 2,4-dinethylpyrrole (97% 0.564 g, MV= 95.15,
5.75 nrnol) in 5 nL of dichloronethane was added at room tenperature under
n| trogen atwg,;q}% to a light vyellow solution of B(C6F5)3 cgﬁlé v 267

= 511 ?24 rnnol) in 20 nL of dichl oronet hane |nl( lﬂl{ﬂnéchl enk -
flfask Exothermcity was not observed. The yell ow reactlon m xt ure was
stirred for 20 h at roomtenperature and analyzed by 'H NWR at different
times. Thedie\Rls éfﬂehqm 56l 44500 e l_?ergﬁlkeeﬁhdih ?%H%ng/NMR@t diffeleny ghlew
powder as product (yield 100% NMR (CD2C : 2.20 (t, 3H, J=
2. 74 Hz, TEHEnanighy or@gegomonmas d@fd in safcmelzglvx@gla yallﬁmpowdﬁrgz prasiustd - 98

234, Bk vl o o9 B el s BLAME B .81
4.20 (bsperdifiu Od:gahehﬁ)bor%eg ibﬁmetﬂ-ﬁLS—ﬂydr&pﬁ'?olHZ (9’@% 136ad NVR-[(4I2 84 5,6-&,
ppn) : 14’ 56 4 : w%/ 128. 65 (03) 169. 60
(C4): 185emﬂh(o@z)henwme(]@cﬁzquthy1&w wmlﬂ( hR. 29 (H5/CH3 in 4),

22916 Ak OB 3 e Sk APl B oo 209 2 - 211.8 C

N-(tris( EHm&@z%nsaﬁhﬁprlomgﬁymbmaanﬂ 112, E7diASY;y.0e B 31y,.T 812684 HA- 6)
CHSN-B(CSF )3 nk sol ution of 2, dlrrethyl ){rrole 98% 0.313 g, MV
05 15, Bl 30 2niihl) (mLES, FD): 6662 @Hlc bHlod omiet bite. b Ao 3 7 6568 1H, 2

terrperatg géﬁgﬁ nitrogen atnosphere to a light yellow solution of
B( C6F5) 3 (3’ 4%°7°1.659 g, MW= 511.99, 3.22 mmol) in 15 nL of

$ lhg hlr g;g{rlﬁgﬂanqoﬁm,@ 2BmL0. 80 e Bk, fEAsin. 5)Ex Qb ey SH LT 52, MaEzNCH; ibservied. .
(bs, 1H, H3); 5.27 (dd, 1H, J = 5.38 Hz, J = 1.17 Hz, H3); 6.21 (dm, 1H, J = 5.38 Hz, H4). o
B NMR (CD,Cl,, 8, ppm): 15.94 (d, J cr = 15.3 Hz, CH3 in 5); 19.36 (bs, CH; in 2); 77.02
(d, J cr = 15.3 Hz, CH5); 130.31 ((C3); 161.43 (C4); 185.86 (d, J/ cr=3.70 Hz C2).

NOESY (CD>Ch): 3'H/8'H = 5.41/1.23 (H5/CHj in 5), 2.20/6.62 (CH; in 2/H3), 6.62/7.67

-

(H3/H4); 7.67/5.41 (HA/H5).
N-[tris(2,3,4,5,6-pentafluorophenyl}borane] -2, 5-dimethyl-3-hydropyrrole:
'"H NMR (CD,Cls, 8, ppm): 2.03 (bs, 3H, CH3); 2.44 (m, 3H, J=2.05 Hz, CH; ); 3.71 (broad
AB system, 2H, J=26.8 Hz, A3, H3’); 6.10 (bs, 1H, H4).
'H NMR (C¢Ds, 8, ppm): 1.53 (m, 3H, CH3); 1.61 (bs, 3H, CH3); 2.09 (broad AB systermn, 2H,
J=27.1Hz, H3, H3); 4.98 (bs, 1H, H4).
Example 10 )
Synthesis of N—[tris(2,3,4,5,6-pentaﬂuprophenyl)borane]-2-ethyl—5H;p}'rrole (A-7)
CoHs

NBCeFs)

An orange solution of 2-ethylpyrrole (90%, 0.367 g, MW = 95.15, 3.47 mmol) in 5 mL of
dichloromethane was added at room temperature under nitrogen atmosphere to a light yellow
solution of B(CsFs); (99.4%, 1.80 g, MW = 511.99, 3.49 mmol) in 15 mL of dichloromethane
in a 25 mL Schienk flask. During the addition the color of the solution turned immediately
from orange to dark orange; exothermicity was not observed. The reaction mixture was stirred
overnight at room temperature: a 'H NMR analysis showed the presence of ca. 11% mol. of
unreacted 2-ethylpyrrole. Then 0.21 g (0.41 mmol) of tris(2,3,4,5,6-pentafluorophenyl)borane
30



28 Sept ember 2004 WO 01/62764 PCT/ EP01101467 ni xture was stirr @8 Septentheh 2644
roomtenperature and anal yzed by 1H NVR at different tines. The final

| i ght orange solution was dried in vacuo giving a yell ow powder as product
(1.878 g, i 19%9. The product resulted to be by NVR anal ysi s

m xt ur e. of W%F%(QZ 3,4,5, 6- PCT[E{PWO“G"

pent af | uor ophenyl )borane] 2, 5-di met hyl - 5- hydr opyrrol e (90% and
N-[tris(2,3,4,5,6- pent af | uorophenyl—) bor ane] - 2, 5- di net hyl - hydropyrrol e

109 N-

et i 1 vt ade o cbatpl s the reaction. After few minmtes stiming, the spivetyvas Fsgieysd ins

ppm : 1. 2Bcido, ot white pIwdd dslpro@bf{yte’ﬂd 590%2. 20 (d, 3H, J = 2.84 Hz, O3
2 5, ); 6.62 (dd, 1H,_J 5.48 Hz, J= 1.17 , H3): 7.67

R M@@a%w i RGBS, AB R 200 B 609 (orsa

1. 29 d, b =

5 5o (o Ayted L= B A R)y g 10 11T f5B HAY - ‘?%%Z‘Rm%%( &ty

6, ppm: 1151% ﬁﬁHzJH@F 15 3 Hz CHB in 5); 19.36 (bs, CH3 in 2); 77.02
(d JCF 1 ; 130. 31 (311‘21 161.43 (4 185.86 (d, JcF = 3.70 Hz
1‘?@2@@6 Sa@nm)sm’fé (53h{F %B(IILE/ : 2005, m,zrme 8.48 27, &HE2)i n

21113 - , 6

pent a]zl uor o 2‘%&#@ yﬁane 2’%&%}4}? zﬁ#%ﬁ?g%%éﬁ %%ﬁ%?@%ﬂyZS

ppm : 2. @3){®©3] (BHH, CH3).48 Biz4H4) . m 3H J =2.05 Hz, CH3 ); 3.71 (broad AB
system bs, 1H H4 1H NVR. ( CoeDe, ,

oo 1 ?WM&D@@ PR H AOLCH RS &@pﬁ»zf@gs bm.of0) AB0SPICaM 19447 I
27.1 Hz Ug, %( 98 (bs, 1H, H4). Exanple 10 Synthesis of

Ne[tri s(£ 4,5, 6-pent af | uor ophenyl ) bor anel - 2-et hyl -5H-pyrrole (A-7) C2H5

B{ C6F5) 3 Qg@ld_l An orange solution of 2-ethylpyrrole (90% O0.367 g, MNV=
di chl oronet hane was added at room tenperature

95.15, 3,47, mol

under ni 7 BHEHS a%ﬁlogb‘ﬁ@rn;é“ gz? -REntdigipropRenyhorausicmidazaly (BPL6Fs) 3 (99. 4%
1.80 g, MW= 511.99, 3.49 nmmol) mL of dichloronethane in a 25 nL
Schl enk flask. During the additi th\eﬁo_lgrco% She sol ution turned

i nedi atel y (CeFs)3

A colorless solution of imidazole in 5 mL of dichloromethane was added at room temperature

under nitrogen atmosphere to a light yellow so]utioﬁ of B(C¢Fs)3 (99.4%, 1.80 g, MW =
~-311.99, 3.49 mmol) in 15 mL of dichloromethane in a 25 mL Schienk flask. During the.

addition the color of the solution tumed immediately from orange to dark orange; exo_tﬂermicity

was not observed. The reaction mixture was stirred 1 hour at réom temp'erature ‘then the

5 solvent was removed in vacuo to give a white powder (2.60 g) as j)roduct (yield-100%).

'"H NMR (CD,Cl, &, ppm): 7.18-7.24 (m, 2H, H, e Hs); 8.08 (s, 1H, H>); 10.05 (bs, 1H, NH).
~HE NMR (CD;Ch, 8, ppm): 117.83 (Cs); 126.69 (Ca); 136.24 (Ca).

m.p.=214.9°C-217.8 °C.

E'xamg'le 12

Synthesis of N-[tris(2,3,4,5,6-pentafluorophenyhborane]-pyrrolidine (A-10)

NB(CeFs);

A solution of pyrrolidine | (99.5%, 034 g, MW = 71.12, 478 mmol) in 3 mL of
dichloromethane was added at room temperature under nitrogen atmosphere to a solution of

trié(?.,fi,4,5,6-pentaﬂuorophenyl)b0rane (BSC-382-4-0128, 99.4%, 2.44 g, MW = 511.99, 4.77

- 31



fromorange to dark ora-nge; exothermcity was not observed. Tha8rseptmibten 2004
m xture was stirred overnight at roomtenperature: a 'H NVR anal ysi s
showed the presence of ca. 11% nol. of wunreacted 2-ethyl pyrrol e. Then 0.21

g (0.41 mvolyoeisitsks(2, 3, 4,5, 6-pent af | uor ophenyl ) borane 30 [‘rﬁ?
- 2004 WO 01/62764 PCTI EP01/01467 were added to conplete the reactlon ter

few mnutes stirring, the solvent was renoved in vacuo to give a white
powder as product (yield 100%. 'HNWR (CD-,Cl12, b, ppm: 0.88 (t, 3H J=

7.43 Hz, B3l in2t Bl Bmilcﬂl'drorﬁ}ﬂmne th 995 GﬁLMIenﬁala%H SAeltht %xcthgén]%ﬂ?/%s
2HI-|5I-|5)688(t,IHJ 5.58 Hz, J = HB) ;

5. 58 Hobsepypd. The lem@Btur% wapmmedcfooﬁg r(nun aBHmn:lJ temﬁarmrwnd @ml) the

2,00, bl ol Ol Ay R SRl 1

5 48 Hz e NYR & 9.42 (m
c5): 130. 30%)3@ 154. 3 & c4)3 ) (b:ssépgg@ }?cz) %S%Y%Hﬁzéﬁﬁg 28%?3 63@1

N[trus(zzIB m@ébﬁ@éﬂ%(m%ﬂm@ﬂ gj -imdazole (A-9) HN~ -B(C6F5)3 A

| orl d hane was added at
(r:go(r;rtg?r;” M«ﬁ%ﬁ%e B zg%g%(g% ﬁ%{bﬁglzédgpc{% ﬁ% yel | ow sol uti on of
B(C(, F5) %Msbﬁn@m&ﬁﬂbo@m@%oﬁyﬁxmm) in 15 nL of
di chl oronethane in a 25 nL Schienk flask. During the . addition the col or

of the sdymthesis walﬂuuienmmmlemlmeﬂmlor ange to dark orange;

exot her m 0 The.r |on xture S stir I our
at roomt rrépélrL \,}llajllrsé)i.l Ol%iﬁeehel oMy tz@/gg% "L}av TRHALEFAIT E%rﬁuwﬂﬁe
powder (2 &dutihn &S g)beﬁmeﬁe (zsal Phﬂncllﬁ@%ch HHS R ST of, EtSO @m)apenod of .
7.18-7.24:- (m _2H, (s, 1H H2); 10.05 3Cf"

; I
NMVR ( CDe@bout %mlam (ewr% (f@agwn)l'z”@e eglxp@a)waswsre(ézxfoz éQ)mlrwiq@ to=giza 4ng C-
-- 217.8 ExppmBhe 12 Synthesis of
N-[tri s(f%f}gg,'& 6- pent af | uor ophenyl ) borane] -pyrrolidine (A-10) N +,, H
C NB(C6F2)B g of ZrCly (11.84 mmol) were suspended in 30 mL of pentane. The ZrCly slurry in

pentane was quickly added to the Li salt solution in Et;O (exothermic reaction). The resulting

reaction mixture was stirred for 2 hours and then brought to dryness under reduced pressure.

The light brown solid obtained was extracted with 100 mL of pentane (Soxhlet, 4.5 hours) |

and then the filirate was evaporated to dryness under reduced pressure to give 3.2 g (77 %

‘yield) of a light yellow solid, which was characterized by 'H NMR as chemlcaliy pure
Ind;ZrMe;. | |
'H-NMR (CsDs, 8, ppm): -0.78 7(5, 6H, Zr-CH3), 5.62 (t, 2H, Cp-H(2)), 5.80 (d, 4H, Cp-

H(1,3)); 6.87-6.92 (m, 4H, Ar), 7.19-7.23 (m, 4H, Ar). -

Synthesis of bis(indenyDhafnium dimethyl ' - e
32.4 mL of MeLi 1.6 M in Et;O (51.8 mmol) were added at -80 °C to a solution of 3 g of mdene

(Aldnch, 92 %, 23.7 mmol} in 30 mL of Et;0, over a period of about 10 mmut_es The reaction

mixture was allowed to warm up slowly to room temperature and stirred for 4 hours. Afier this

- time the solution became orange from light-vellow. 1.41 mL of TiCl, (Aldrich, 99%, 12.8 mmol).
were dissolved in 30 mL of pentane. Both the mixtures were cooled to -80°C and the TiCl,

solution was guickly added to the Li salt solution. The reaction mixture was allowed to warm up
slowly to Toom temperature and stirred overnight with final formation of a dark brown
suspension. The solvents were then removed under reduced pressure. The brown solid obtamned
was exfracted in a Soxhlet apparatus with péntane. The filtrate was evaporated to dryness under
reduced pressure to give 2.2 g of a dark-green powder (56 % yield).

32




A solution of pyrrolidine (99.5% 0.34 g, MN= 71.12, 4.78 mol28 Septesabet 2004
di chl oronet hane was added at room tenperature under nitrogen atnosphere to
a solution of tris(2,3,4,5,6-pentafl uorophenyl)borane (BSC-382-4-0128,
99.4% 2.44 = 511.99, 4.77 31 28 Septenber 2004 WD 01/ 62764

PCT/ EPOl/OlA%%"Wﬂ in 15 nL of dichloronethane in a 25 nl SCHERNKIEGTASK.

A light exothermicity was observed. The reaction mxture was stirred for
30 min at roomtenperature and then-the solvent was evaporated in vacuo to

e a dc el d 1009 CcD2dC 2, 5, : 6.30
2bes § mﬁaﬁkﬂ@%&%@a@ﬁ b5 GIBaHHED, 55BiEL sl One 0B 6oHE. di )
18420 6, 50.37 (C2 and C5);
23. 86 (C39H§n(4) 1(135%7 b‘@z ﬁg@% Cégm%NE CE]F\)/?LEXES SyElt hesi s of
bi s(i ndemzwm THFhGAT2L YSTISYSTEMS ORTHEINVENELONL. 6 M in Et 20
47.4m‘r0¢ roomtenperature to a solution of 3 of indene
§23 7 Mo AT%@%%@% I n 3gan o1l‘J Et 20 over a period ofg about 5
e e (Eﬁ@ﬁ&&ﬁym&ccﬁﬁﬁﬁfdhrﬁ&h%} (ﬁ"tﬁg Zrd ags(l\i\l_ji(§ 44{1153% \%\’eé Mpard Q‘Pﬁ%gdgﬁ 30

give an orange solution suspe
mL of perthephoveThpordiyntiyisisrd; yvas dissplynd anzo mr‘qmeid iyt aciddad]l B@hl%ﬁ!@uﬂder

MR Ay R R AL I e or A, e RO
pr essur e hydrbiigiold QW b:r@zmlzs Q. iU R pRrEshrdP S @&Eﬁ@&i ﬁﬁw@" iHd a8, ghoﬂjene

pent ane (Soxhl et, 4.5 hours) and then the filtrate was evaporate
dryness lYT‘?ééﬁd ¢ gt Feam R e Wlfieglsmé’ﬂ?a Duging e %dltwnelrrct)heunfe escluiighsnd a

| | - H VR |
Iyﬁ L zgngz pexo%gagagg%rg gaée?&ég thé gg“iﬁé{’t e ¥ tx@gg ! %q‘jm% gengqem% for 1
Gp-H(2)) hoar B0 30ctnindtds, Bd-thed(the 3)1yent Gvad ZerfoRd i Macudhb gz%)z 747, g 8 &9@701-%3@&&@

4H, Ar). ﬁﬁ?{geSI s .of bi slindenyl)hafni um di net hyl 32. MeLi L.6 Min
Et 20 (51 |) were added at -80 Cto a solution of3 g of i ndene

(Al dri ch!H2M¥ (28575, BRl)) -0 (%03HLZQE:H§5 21% QVEl, éﬂz%f ??ﬂi Ofxpgéﬁﬁts W,

m nut es.  The reactlon m xture was allowed to warm

t enper at 4Fe/ a9 §12, (75 861538 troults, CHA;t%52-6 55 $mt I HeCEhps. 66I(ut1Hoﬂi—tIB§:BIﬁp
orange o skght 1YL/ 0¥a by Vs P17 Th Gt (4 85! 975 B89%, S /0% 112
=83 Hz, CH).
PC-NMR (CyDs, 8, ppm): 50.48 (CHs); 79.69 (CH); 100.96 (CH); 101.29 (CH); 103.15 (CH);
106.70 (CH); 115.39 (CH); 117.27 (CH); 118.78 (CH); 122.78; 123.82; 124.82; 125.03;
125.25; 125.37; 125.79; 126.44; 126.49; 126.79; 127.01; 135.94 (C); 145.62 (C); 155.91(CH)

{peak assigned by a DEPT experiment). The remaining quaternary carbons were not

completely assigned because probably covered from the peak of CeDs.
(i CATALYST SYSTEM 2 '
Bis(indenyDhafnium dimethyl (0.50 g, Mw = 438.87, 1.14 mmol), prepared as described

- above, were dissolved in 3 mL of toluene in a 15 mL Schlenk under nitrogen atmosphere. -A
solution of 0.72 g of N-[tris(2,3,4,5,6-pentafluorophenyl)borane}3-hydroindole (Mw = 629.14,
1.14 mmol), prepared as described above, in 4 mL of toluene was added at room temperature
under stirring. During the addition, methane evolution and a light exothermicity were observed.
The reaction mixture was stirred at room temperaturc.for 3 hours, then the solvent was removed
I vacuo to give a red powder as product (1.20 g). _
"H-NMR (C¢Ds, 5, ppm): -0.85 (s, 3H, Hf-CHz); 3.74 (s, 1H, CH); 4.99 (bs, 1H, CH); 5.20
(bs, 1H, CH) 5.28 (t, 1H,J=2.5 Hz, CH); 5.38 (bt, 1H, CH); 5.60 (bt, 1H, CH); 5.80 (¢, 1H,
J=3.0Hz, CH); 6.36-7.14 (m, 11H, Ar); 7.62 (bs, 1H, CH); 7.95 (d, 1H, /= 7.9 Hz, CH).
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were dissolved in 30 nL of pentane. Both the m xtures were cool28BeptemidC004
and the TiCla solution was quickly added to the Li salt solution- The
reaction mxture was allowed to warmup slowy to roomtenperature and
stirred overnight with final formation of a dark brown suspension. The
solvents were then renoved under reduced pressure. The brown solid obtained
was extract ed 4% 56oxhl et apparatus with pentane. The fi FGFEPRIQI4
evaporated to dryness under reduced pressure to give 2.2 g of a dark-green
powder (56, %yield). 32 28 Septenber 2004 WO 01/62764 PCT/ EPO1/ 01467

'H NUR ( CRio8, YMEERIZWYION). 93 (s, 6H, H -CH3); 5.57 (t, Cp-H(2), 2H), 5.69
(d, 4H, Cp- H(lﬂ?%),,6.87-6. 92 (m 4H, Ar); 7.19-7.23 (m 4H, Ar).

PREPARATI diehsper YEATALYST SYSTEMS OF THE | NVENTI ON  CATALYST SYSTEM |

gi s(i _nge SYI!h)eZ:Efbﬁﬂ @bag&hd@emaqwrecg &g@o gﬁ dii_lzi\ér:ofﬂﬁBnﬁc@n pzxsqlzoomm! Brukgt BPRY fed as
escribed in the above-reporte nt hesi : S ssol v i 0

t ol uene i #%8 SHWOWE‘EP%Hﬂ’eéﬁwgd'ﬂgl?rl:‘%ﬂi“ttfaﬁ An Oﬁgé‘bﬂ(@r .anﬂe@gF 39583(1%1[2 1.8 g
of N-[Iri géS%egﬁv@y{), 6- pent af | uor ophenyl ) bor ane] 3- hydroi ndol e (MN = 629. 14,
2.86 mol ), prepared as described above, in 20 nL of toluene was added at
r oom t enpérmasempleiversdisselyed ip fgD: Gy ith g comenzian of B wg‘et hane evol ution and

a light %@tsgé‘c&ﬁiv@é:& Xcdﬁ?rE@wﬂQ%egd“gﬂisgmlﬁ SBhAOST dBlXTBLERecNaRIsSs. iAdoad at
roomtenperature for 1 hour and 30 m nutes, and then the solvent was

renoved i i50@eud0qtryisicats verg sigregfioneach sagrdamy dgendingrere the SPREOQURITCEING, 5,

. -0. 5 ' , ’ rence. 1 rdi L,
mﬁ = 2. g’%‘ﬂé?’f 8%)%5“’?351’%.&%‘3%@%9 ”(i% “%%?%&%2?5%5%“(‘%%m%ﬂ * %;d ik & Et ,
1H, J= 2. Zaringn, (CHY); HabrigRor( R, ALHVilBes, €. B. Macro@djeculgs BYLT7 10.4530rassigiipgntsAr ) ;
7.53 (bs, I..H 1.96. e , ' Tl X
50. 45 ( o0y Heng g fephidedo Rahbapey Mgl o, 1359, B8, TR g PP
(CH) ; 115. 39F4rCH);; Lt 7. (Sabéhi, M1 &an@ratiCE) GalimberigM) Mcgpnaiasleg 199328, 03;
125.25; 1 : : 44 126,49  190rd 27 9 Licald35: - (i, v
Ta5. 63(0) S HEEG TR Bkion N At Stprdal Kt L N X g
quat er nar Mizambon K. diyetakatl. Mormpliodtceley 138s7 yiéel.because probably covered
f th k . C=D6.: 1S } di mret hyl (0.50
g N = 455 s o Belstled R cros BRI E RN AAS Ul mELIVL

The polymer molecular weights were determined from the viscosity values.

Polymerization example 1

Ethylene polymerization

The polymerization test was carried out in a 1 L stainless-steel autoclave, thermostatted with
H,O/steam and purified by purging with ethylene at 80°C. Under ethylene purge, 513 mL
technical hexane and 1 mmol TIBA were charged into the reactor, the temperature was
brought to 80°C and the reactor vented to remove residual nitrogen, then pressurized with
ethylene up to 9.5 bar-g. 3.52 mg of the Catalyst System 1, prepared as described above,
dissolved in 1.76 mL of toluene, was injected into the reactor by means of ethylene
overpressure through a steel vial, and ethylene partial pressure was stabilized at 9.6 bar-a, (P,
11 bar-a). |
The polymerization was carried out at 80 °C for 1 hour, by maintaining a constant ethylene
partial pressure, then stopped by pressurizing CO into the reactor and venting unreacted
ethylene.

The polymer was isolated by filtration and dried under reduced pressure, at 60°C, thus

obtaining 36.1 g of polyethylene, having an intrinsic viscosity of 4.3 dL/g.
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above, were dissolved in 3 nL of toluene in a 15 nL Schl enk und8rSeptenieydn04
at nosphere. A solution of 0.72 g of N-[tris(2,3,4,5,6

pent af | uor ophenyl ) bor ane] 3- hydroi ndole (Mv = 629.14, 1.14 mmol), prepared
as describedygﬁJ%? in 4 mL of toluene was added at room tenperature under
stirring. Du 3 & addition, nethane evol ution and a | i ght PETGPREPIOTI ty
wer e observed- The reaction m xture was stirred at roomtenperature for 3
hours, then the solvent was renoved - in vacuo to give a red powder as

product ( 8, ppm: -0.85 (s, 3H H-CH3); 3.74 (s,
1H, CH): Loig afwvﬁ,mcpﬁ%zo (bs, 1H CH: 5.28 (t, 1H, J= 2.5 Hz,
CH); 5. 38 (sf, hekbhe Gide 108d@0intda 4.23H, stgﬂless-ﬁtegpst(r}ed rle'a'lztor 91:3(5)""@ fé‘ﬁow%
6.36-7.14 (m 1 IH Ar); 7.62 (bs, 1H_CH). 5 (d 33

28 Sept e Amquame(e@;vwszmcnf@ﬂ@ﬁ@ble/lomemp@mgwERr@m@mdm}ymrwere

| d at
Ao 400" ABEPEELRONITRGU Bk fo AR E0aBb 18T ot & P REERE gl P8 we %
transforrprnpﬂenahndﬂihtﬁﬂapaﬁdu%ﬂthéfba&%Sw%ﬂwnrr@@&B@ﬁid/ﬁj‘SC The sanples were

di ssolved _in C2D2C14 with a concentration of S % wv. The spectra were
acqui red We falves snmelex éﬁ?& proPaget Siaduieily deixige Bemseeh bjsuinsieny! Abowium

1500 or ?(ﬁ&ﬁoﬁ&éﬁ'ﬁ?'SeHﬂ% étc%geéﬁc 3 en?%?ggé 3882&{1#@ &’igs%?v I qlggo?l?eg%g%gﬂ ce.

spectroneter - peak was used a
Nonenc| ateguivaientsaersovnstilnigr moy:ammf re@)nre.iﬂ 2 oharofi TdisebutylRaluRinumVl. X 88 ,in C.

E. Macro Iecu 977 assignnments of the peaks are according to
Randal |, ']P T@éﬂ’dﬁb‘f‘hc %‘?éﬂ?%ﬁ 1989, C29, 201 and Tritto, |; Fan, Z;

Locat el | lIheP ol gightion Mas sfail B injedting &8 loRRGE tdotuti¥n 4
#9905, 28, % 3§@nd t he trladtmégrvﬁuF?on was detgfhlnegﬁgcgﬂ@dﬁﬁgbﬁEme

Kakugo, MRtalygirecaialyst solujior dpigrihe aitoclant, st micens df cliliiono mybmresses, ﬂt&&ZthelS

1150. Th d ht al
rasc.  TReBuryRE b haRRkd Y MPSCTERHDAC Pat ShRERY R RS R sty

val ues. oRtdrytoeuwdiniatn ® norekanplessute. At ldencoPethyRBE ngad hdid, e polymerization
pol ymeri zati on tdﬁa)mas carried out in a |l L stainless-steel autoclave,

t her nost AFedRPIh PYHPEALTREM arid [paf | $Petndythp uieastal vFRE et Icenkingitthg0C,
Under et hydcefini488estods s®bped after 60 min). The ethylene/propylene amorphous copolymer

was recovered from the hexane solution by precipitation in acetone, followed by drying under

reduced atmosphere at 70 °C for 4 hours.
. The properties of the copolymers are listed in Table 1
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techni cal hexane and 1 mmol TIBA were charged into the reactor,28%eptember 2004
tenperature was brought to 80C and the reactor vented to renove residua
nitrogen, then pressurized with ethylene up to 9.5 bar-g. 3.52 ng of the
Cat al yst System 1, prepared as. described above, dissolved in 1.76 nlL of

t ol uene, was wap@ptQd i nto the reactor by neans of ethyleqﬁgwﬁ, ggessure
through a steel vial, and ethylene partial pressure was st ized at 9.6
bar-a, (Plot 11 bar-a). The polynerization was carried out at 80 C for 1
hour, by maintaining a constant ethylene partial pressure, then stopped by
pressurizing COinto the reactor and venting unreacted ethylene. The
polymer was isolated by filtration andTPﬁE?d under reduced pressure, at

60C, thus obtaining 36.1 g of polyethylene, having an intrinsic viscosity
of 4.3 dL/g. |4 e FI BO'BHEETEE RUL P99 | trg] kelepl ksfiden) 200MEND01/ 52764

PCT/ EPO1/ 01467 Ppl ymer i zjatriobn | mxelnpl|€5 2120 2« L pf hexame were | oafed into
a 4.25-L stai|nl eps- steel| pahixr [ adoNe@GAIOr [ &in 30 C, 1 01 | OWe&li DY [add BA i n
hexane (anounts specifiegdin Table 1) asja sicavepger. Piopy)ene and

et hyl ene wer ¢t .ﬁgbnprcaquri zeg—ntgphe 5o FeaghHhe-—conposi tion
of 1.2 W % et IE‘\’¢ 8 na 22 8 Wt 04 Fr1gpy gne,1 an 52f he THFY}"?PI‘H EI:I’F‘ f the
reactor was fRen| Tt &ad Up tol30 C IThe VP& £ conpl éx was|preplared by
quickly mxind 5 Et"fEfFft?f'f Hi's i ng®nyl Zi'r cohitunm 28i t¥%ori de7ih 5[ & of

tol uene, one|é&qujR@Fent [of t hpé cocat[aPystédilseed ked i n {ol uene- (500
equi val ents ake [Ugeds.forf IMAO) | 5 and 1|f3or efjen rj@dneZ[ 7L OF Jriisobutyt| al um num
0.5 Min heyang A BA jas Tngicatedn sgbi Bl04. | bR POl yEriragion was
started by i jBe\,tA_pg the—-tottuppe—solytiomconggazRg—thesjphue ?%\
cat al yst/ cocatalyst—selytiontnto-the autgclave by oeans of yllene
over pressur e then-the |t enperature | \as i ntarned - at 50 _and® et|hyl ene
was conti nuoué‘?y ¥%d intlo thel % eactor in|or|d&f tB-5mai nt & a| &bnstt ant
pressure. Affér |482 g of |et hyl ghe wern &0 add®d,| #he §34l ymef fizat | pa1  was

stopped by pressiusd zi ng [1. 5 L] ®f CO|Bot o] § he 1Beachas, VeEmd ng; and |cool i ng
t he reactor(#ha@AEive t ged B t e 80 7968 TS .

&

et hyl ene/ pr opyi-engsamorphotus—eppoty w@ regoveed—am-thehexane
sol uti on by bt ech g t at-i-0n—-n cet Onn,“ fo 3 n\ﬂl:\%{ \/ Aryl ny unde reduced
at nosphere a g 4t or 4 hour 4~ 130 {7325 753 2.0
A4 6 30 34 (124 {218 78.3 23

17 | A5 3 1 68 1110 |97 80.9 2.66

18 | A6 3 1 14 [ 150 |64.3 78.6 2.14

19" A9 3 1 60 |08 |08 - -

20 | A0 6 1 60 |09 |09 80.5 3.2

{a) time of aging at room temperature of the catalyst/cocatalyst mixture.
{b) (b) MAO (methyl alumoxane) purchased by Witco. (c) purchased from Boulder.
* comparative example.
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The properties of the copolyners are listed in Table | 35 28 S@BtSeptserbep Q004
WO 01/ 62764 Table 1 PCT/ EPOL/ 01467 Ex. Cocat TI'BA TI BA agi ng tine kgl ge
kg/ (g,, (xh)ethyl enel.V. nmol mol (a)(d)at prem x in solventm nm n% dUl g
(b) (NVR) 2*%%%27]6313 052.081.31. 7 3*B(C6F5) 3" - 3160none- - -
4* B( C6F5) 3° 40. 477.82.2 5*B( C6F5) 3" - 63060none- 6* B( Cs ESTEP8EE6one
7A-1316010. 810. 881. 02. 9 8A-1611413. 055. 778.42. 2 9A-2312113.839.477.51.9

10A-2611116. 489.571.81. 7 11A-26301314.667.477.72.1
12A- 2153 8103.571.91. 7 13A-2225814. 2106. 575. 0 14A- 3314011. 417.179.82.5
15A- 4612 ~©932.575.32. 0 16A-46303412. 421.978.32. 3 17A-5316811. 09. 780. 92. 66

I.  Anorganometallic compound obtained by contacting

a) acompound having the following formula (I):

wherein R?, R?, R and R equal to or different from each other are selected from the
group consisting of hydrogen, halogen, linear or branched, saturated or unsaturated, -
Ci-Cio alkyl, Cs-Cyo aryl, Cr-Cap arylalkyl and Cy-Cyo alkylaryl groups, optionally
containing O, S, N, P, Si or halogen atoms, or two or more adjacent substituents R?,
R®, R® and R? form one or more C4-C; rings, optionally containing Q, S, N, P or Si
atoms, that can bear substituents; with -
b)  alLlewis acid of formula (II)
R's (1)
wherein Mt is a metal belonging to Group 13 of the Periodic Table of the Elements
(AUPAC); RI, equal to or different from each other, are selected from the group
consisting of halogen, halogenated Cg-Cyq aryl and halogenated C;-Cag alkylaryl
- groups; two R' groups can also form with the metal Mt one condensed ring.
- 2. . The organometallic compound acéording to claim 1 wherein Mt isB or Al; the substituents
R are selected from the group consisting of fluoro, CeF's, CoF4H, CeFith, CHs(CEs),
_perﬂuoro-bzphenyl heptaﬂuoro-naphthyi, hexafluoro-naphthyl and pentafluoro-naphthyl;
“ 3. The organometallic compound according to claims 1 or 2 having formula (III) .

RS rR*
H
RA Z RS
e?\'ggtR13
(I

wherein Mt is a metal belonging to Group 13 of the Periodic Table of the Elements
(IUPAC); R}, equal to or different from each other, are selected from the group consisting

of halogen, halogenated Ce-Cpo aryl and halogenated Cr-Cyo alkylaryl groups; two R!
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18A- 6311415. 064. 378. 62. 14 19* A-931600. 80. 8-- 20*A- 1061600. 90. 928 SeftetnheaR 004
time of aging at roomtenperature of the catal ystlcocatal yst m xture. (b)

(b) MAO (nme¥dwil/sdkainoxane) purchased by Wtco. (c) purchase@éﬁmﬁg‘;&yder
* conparative exanple. 36 28 Septenber 2004 WO 01/62764 Clains |. An 1

organonetal | i ¢ conpound. obtained by contacting a) a conpound having the
following formula (1): PCT/EPOL101467 m wherein Ra, Rb, R and R equal to

or di f f er entgrblipgreapadd foirheithaliemetsEViechiecbntiessd tihg group consisting of
hydrogen hal ogen, |inear or hrapnched, saturated or unsaturated, C1-C10

al {(_yl |C|( - &g the wbst@m@z% éﬁfyRaam@yR eqgval tocor detferenl fkym £agh ohen @se selected
optionally n e
adj acent subﬁs: tuen%&lgacméﬁ)lwg ot hﬁgr %én h@lo%%ﬁoﬁg@agp&ﬂ b%C%C%; t“‘{zﬁeéls”r
opt |h Oll’)l;;ﬂ I yLomsatarane%;gC?C#SalkM Q-0 aByl, CatGkaylh]&hgt amhmy@@rallsjdb@ﬂ Lg&?lqj‘g; S;
Wi t a Lewis acid of .for erein is a meta

bel ongi hg tcPP@%PBaEV P?nfﬂm’@glgf Pg'r&l &% 0 E‘ﬂ% RIOTS @Fretmosor eIppgSacent
equal to or tRA % OWBRAGR , p

Coni sting o R R e, G e (O 1o Rl SRR g o
al kyl aryl gfng&npﬂx thewgorso trtatjsastane &1 8, RomanMlB kilffehmltrfmkmhydrbgmne

d tall d
Whor el n ot | 1 bergoRtea i ST SRBON PROBHRE ERIBEY L b BOVICH B Pont EhauB B
consi sting g’ Jcﬂuﬂptber difibent fdifrleddit oﬁF%Qsele@@B@(o@Fﬁﬂs%mup conmstmg of fluoro,
per f 1 uor o- bi he tafl uor o- napht‘t\fill, hexaf | uor o- napht

he
pent af | uor o- kédﬁ}ﬁ; Fefdsichat. e I@r%bmb@uﬁdhe@éa@mmmﬁﬂwl cheanfiuore- or
2 having f Orrﬁwltﬂyl( Ju{d f)entﬁluoroﬁgi%%ﬁlyl, at least one of the substituents R” and R* are C4-Cyo éw

aryl, C3-Cxo arylalkyl and C;-Cy alkylaryl groups, optionally containing O, S, N, P, Si or

halogen atoms or together they can form an aromatic Cs-C; ring optionally containing O,
S. N, P or Si atoms, that can bear substituents.

5. The organometallic compound according to claims 3 or 4 having formula (V):

RS R
]
H
6
R y 5
R® [,
BR',

g

,\
3
1
n
4

i

wherein

B is a boron atom;

the substituents R', R?> and R? have the meaning reported in claiins 3 or 4 and the
substituents R®, the same or different from each other, are selected from the éroup
consisting of hydrogen, halogen, linear or branched, saturated or unsaturated, C;-Cjo
alkyl, Cs-Cyg aryl, C7-Cyp arylalkyl and C7-Cy alkylaryl groups optionally containing O,
S, N, P, Si or halogen atoms, or two or more édjacent substituents R® form one or more -
C4-C7 optionally containing O, S, N, P or Si atoms rings that can bear substituents;

© 6.  The organometallic compound according to claims 3 or 4 having formula (VI):
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. adj acent substituents R2-RS

wherein M is a netal belonging to Goup 13 of the Periodic Tal2i8cS epfenttiee 2004
Elenents (I1UPAC); R, -equal to or different fromeach other, are selected
fromthe group consisting of hal ogen, hal ogenated C6-C20 aryl and

hal ogenat edv@d1/62@4 al kyl aryl groups; two R 37 0 28 Sept emgir/gfifiA @

01/ 62764 PCTI EPQJ/ 01467 groups can also formwi th the netal M one

condensed ring; and the substituents R5, R4, R3 and R2 equal to or

«different fromeach other, are selected fromthe group consisting of

hydr ogen hal ogen, linear or branched, unsaturated, Cl-C o

al kyl, C6-C20 aryl, Cr7-C20 arylal kyl an 0 al kyl aryl groups,
optional Iy containing 0, S, N_gP, Si eBr  ha s ¢'8, Or two or nore

4=CF rings, optionally

that at least one R, R4, R3
6allic compound according

containing O, S, N, Por Si,;
and R2 is different from hydrog
to claim3 wherein M. is B dF A & R equal to or
different fromeach other, are sg ectéfromthe group consi sting of
fluoro, C6F5, C6F4H, C6F3HZ2, C(H%(CFB), per fl uor o- bi phenyl ,

hept af | uor o- napht hyl, hexaf | uor o- nap@ﬁyl ~and pent afl uoro- napht hyl ; at

| east one of the substituents R5 and R4 ate C6-C20 9 6 aryl, Cr7-C20

aryl al kyl and C7-C20 al kyl aryl groups,'(\q@ti onally containing 0, S, N, P, Si
or halogen atonms or together they can forman aromatic C5-C7 ring
optional Iy covhestinithapubstit@nidR' @dR® Heive tteoneningireported in tleiar Ssubst i t uent s.

he p
9
¢

(0 andr & oo RERORR R R teler e & e e b e Bl

Smeani ng repgrwed in claims 3 or 4 and the substituents R6, the same or
different fromeach other, are selected fromthe group consisting of

hydr ogen, hal ogen, |inear or branc
al kyl, C6-C20 aryl, C7-C20 arylal kyl ‘and
containing O, S, N, P, Si or halogen/ato
substituents R6 formone or nore
Si atoms rings that can bear substitie
according to clainms 3 or 4 having for

, satygated or unsaturated, Cl-Cl0

-C20 al kyl aryl groups optionally

or two or nore adjacent

illy containing O, S, N, P or
;6. The organonetallic conpound

t§13(V|): 38

Iv)

\‘

wherein

Mt and R' are defined as in claims 1 or 2;

the substituents R?, R*, R* and R” equal to or different from each other, are selected.
from the group consisting of hydrogen, halogen, linear or branched, saturated or
unsaturated, Ci-Cyo alkyl, C¢-Cyo aryl, C7-Cyo arylalkyl and C;-Cyo alkylaryl groups,
optionally containing O, S, N, P, Si or halogen atoms, or two or more adjacent
substituents R*, R, R* and R* form one or more C4-C; rings optionally containing O, S,
N, P or Si atoms, that can bear substituents; said rings can be aliphatic or optionally can
contain double bonds, with the proviso that said rings are not aromatic.

8.  The organometallic compound according to claim 7 wherein the substituents Rz', R? ', RY
and R” equal to or different from each other, are selected from the group consisting of
hydrogen, linear or branched, saturated or unsaturated, C,-Cy alkyl, optionally containing
O, S, N, P or Si atoms, or two or more adjacent substituents R, R*, RY and R* form one
or more C;-C; rings optionally containing O, S, N, P or Si atoms, that can bear
substituents; said rings can be-aliphatic or optionally can contains double bonds, with the

proviso that said rings are not aromatic.
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28 Sept enber 2004 WO 01/ 62764 PCT/EPQO /01467 O OBR13 (VI) wher8iSeptehder 2004
substituents RI and R6 have the neaning reported in claimsS. 7. The
organonetal i ¢ conpound according to clains | or 2 having the foll ow ng
formula (N) wb¥lssrdggerein M and R are defined as in claims C.P’% @1 1?}%
substituents R2', R3', R4' and R5' equal to or different from eacﬁ 60[

are selected fromthe group consisting of hydrogen, hal ogen, |inear
branched, saturated or unsaturated,, Cl-Cl O al kyl, C6-C20 aryl, C7- CZO

aryl al kyl9.andTi@ergadn ANt ermpoust abgsding EPEABRA dio R XoRhing (OmFg N, P,
Si or hal ogen atoms, or two or nore adjacent substituénts R2' R4
and R5' formone or nore C4-C7 rings Utlondﬂly contal n| ng 0, S N P or
Si atons, that can bear substituents; g
optionally can contain double bonds, with\the proviso that said rings are
not aromatic. 8. The organonetal | ifg S ~REcor di’ ng to claim7 wherein
the -substituents R2', R3 , R4 and RHe al to or different from each
other, are selected from the group consiswing of hydrogen, l|inear or
branched, saturated or unsaturated, Cl-ClD"al kyl, optionally containing O,
S, N Por Si atons, or two or nore adj nt substituents R2', R3', R4'" and
R5' formone _or npre C4-C7 rings optionally containing 0,- S, N, P or Si
atons; that ca substituents; said rings can be-aliphatic or

gy

optionally ca rovi so,t hat sa i Lare
optional| . canyEaauat; AOU D ARd g sk b, o BLRY LA, LT RhdggRe
or ganonet al | i candéﬁ*pﬁ]matkoaxdmfd-emg}dm eatlpbtiier dre @,-p hR¥I.NG for mul a (M1 )
Wher ei n hhe subs tuents have t he meaij r}g described in clainms | or
and -t he dUbstt FHRNFSYRlem @ﬁ&hwlygﬁﬂé?t‘c’f‘oo efins sampising theareduch obtained ba[re
C1- C20 al kyl _coﬂ@em,g cat al yst system for the polynerization of olefins
conprising the product obtained by

. : (A) at least one transition metal organometallic compound, pirrolydil  bis(n-

cyclopentadlenyl)meﬂlyinmomum being excluded and
(B) an organometallic compound obtained by contacting
a) a Lewis base having the following formula (I):

R R°
’ H
O .

: wherein‘R‘, R® R® and R? equal to or different from €ach ofher are selected from
the group consisting of hydrogen, halogen, linear or branched, saturated or

- unsaturated, C,-Cy alkyl, C¢-Cy aryl, Crczb'—éfﬁa]kﬁ and C;-Cyo alkylaryl groups,
‘optionally contammg 0 S, N, P, Si or halogen -atoms, or two or more adjacent
substituents Ra R®, R® and R form one or miore C4-C; rings, optionally containing
O, S, N, P or Si atoms, that can bear substituents; with

b) alewis acid of formula (II) |
. tR13_ -

whgrein Mt is a metal belonging to Group 13 of the Periodic Table of the
Elements (IUPAC); R', equal to or different from each other, are selected from
the group consisting of halogen, halbgenated Cs-Cyo aryl and halogenated C;-Cyq
alkylaryl groups; two R! groups can also form with the metal Mt one condensed
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contacting: (A) at least. one transition netal organonetallic Q8rfeptanther 2004
pirrolydil bis(rl- cycl opentadienyl)nethyl zirconium bei ng excl uded and (B)
an organonetal lic conmpound obtained by cont acti ng a) alews
Base havi ngvolweéiied | owi ng fornmula (1): rn wherein Rl, Rb, RRramdpdidiegual

to or different fromeach other are selected from the group consisting of

hydrogen, hal ogen, linear or branched, saturated or unsaturated, Cl-Cl0
al kyl, C6-C26 aryl, Cr7-C2 arylalkyi -and C7-C20 al kyl aryl groups,
optionally contaimngagnd, S, N, P, Si or halogen - atons, . or two or nore

adj acent supstituents R _and Rd formone or nore C4-C7 rings,
optionally coflt ai n?%nalg'?dns‘f‘!ﬂgﬁ?mﬁg%ﬁm%i atons, that can bear substituents;

- W th b) g LemScatfyst spfent abdiidiag td tlim 1WviRerif ke ofgﬂxﬂirxﬁétﬂli%oﬂn%%gg)ﬂ} %%s

-belonging to Goup 13 of the Periodic Table of the El enents (
equal to or @rmelefldht from each other, are selected from the group

- consi sting of halogen, halogenated C6-C20 ar4yl and hal ogenated C7-C2a

al kyl aryl groups; two R groups canRalso f&mw th the netal M one
condensed 40 o 28 Septenber 2004 WO 4 PCTI EP01/ 01467 ring; and (C
optionally an al kyl ating agent. 11, THe catal yst systemaccording to claim
10 wherein the organonetallic co n Bs formula (I11): vp'i 1tRt3
(rrr) wherein M, R, R5, R4, R3 and %& e described as in claim3. 12.
The catal yst system according to clai fRwherein the organonetal lic
conmpound (B) has fornmula (1V): wherein M; R, R2T, W, R4 and R5 are
described as in claim?7. (I}

wherein Mt, R!, R®, R, R? and R? are described as in claim 3.
12.  The catalyst system according to claim 10 wherein the organometallic compound (B) has
formula (IV):

H
- eMtR13

wherein Mt; R', R?, R¥, R* and R¥ are described as in claim 7.

13. The catalyst system according to anyone of claims 10-12 wherein the transition metal

organometallic catalyst compound has the following formula (VIII)
CPZR mW(AYML, (VI .

wherein (ZR"), is a divalent group bridging Cp and A; Z being C, Si, Ge, N or P, and
the R’ groups, equal to or different from each other, being hydrogen or linear or
branched, saturated or unsaturated Ci-Cy alkyl, C3-Czo cycloalkyl, Cs-Cpo aryl, C-Cao
aIkylai'yl or C;-Cy arylalkyl groups or two R’ can form a aliphatic or aromatic C4-Cy
ring;
Cp 1s a substituted or unsubstituted cyclopentadienyl] group, optionally condensed te one
or more substituted or unsubstituted, saturated, unsaturated or aromatic rings, containing
from 4 to 6 carbon atoms, optionally containing one or more heteroatoms;
A is O, S, NR® PR® wherein R® is hydrogen, a linear or branched, saturated or
unsaturated. C;-Cyp alkyl, Cs3-Cyp cyéloalkyl, Co-Cao aryl, C;-Cyp alkylaryl or C7-Cy
arylalkyl, or A has the same meaning of Cp;
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13. The catal yst system according to anyone of clainms 10-12 whe&i8dicptenideer 2004
transition netal organonetallic catalyst conpound has the foll ow ng
formula (MI11) (Cp)(ZR7Tm " (A rMp (MI1Il) wherein (ZR7mn is a dival ent
group bridging Cp and A, Z being C, Si, Ge, Nor P, and the R7 groups,

equal to or nt from each other, being hydrogen or #}m
br anched, sa‘tqepi; ed or unsaturated Cr-C20 al kyl, C3-C20 c%)/é oamﬁﬁ, C6- C20

aryl, Cr7-C20 alkylaryl or C7-C20 arylal kyl groups or two R7 can form a
aliphatic or aromatic Ca-C7 ring; Cp is a substituted or unsubstituted
cycl opent adi eny isgr mmitiommeiambabﬁgn@mr@emskdl o6 ondo therlamipnide stbainideut ed or

unsubsti tuted, satur, riings, containing from4
to 6 carbon at &t} S"ég}ei ﬂ%l%nfﬁ%i ﬁ%'a?%ﬁl%eﬁts ne orversm% heteroatoms; Ais O,
S, NRB, PR wheeeiubstifd8nté 5, daya o gedifferantlfiomeatch mherbammmlnadlion&asﬁgmaa@nﬁsor
unsaturated Cl- kyl, C3- al k 9 ) Kyl aryl
or C7-C20 ar yfegz @ﬁ%‘?"ﬁwe&r%gém?sﬁgxgs% dﬁé%hqs 5 R 8(5 ?C%K ’gégte er 2004
WO 01/ 62764 PCaidBROL, bkAG7R Msiadingar tor B.lfaﬁcthbdi thume:ﬁaalr ubﬂi‘uﬁsmﬁgii OeC:h alkgr Gup 3, 4,
5 6 or to the | ant i de, g ups t he odi c Ta.bl of the
El ements (| UPA@ZOV%YI"E%@HI) ‘;%"téﬁ% agyubgf E%“uaé L°r E]Eéﬂ a gﬁ% g’fﬁ’“‘l”f %‘F‘&ﬂ% Yfrom
each ot her, ar eonfigddHe@nnGreSi GiNGe itbrga Pritersd), artsatgifuemsTL tlagheGutiep

consi sting of hydrogen, . hal oge e . SR9, . NR92 d 2,
wherein RS 1's HVF} QBaringor ey e Hhe et o hathi i ar e O CedoPTal kyl
C3- C20 cycl oaikyl, C6-C20 aryI C7-C20 al kylaryl or C7-C20 aryl al kyl
group, optional!l;‘)r/ contai nin gr m)re Si or Ge atons; preferably, the
substituents LM R @ngne ?ﬁ’l é" 2, and nore specifically it is 1

when Z is N orrR0, Bitd;:intisd shehmben Z is C, Si or Ge; n is an integer

ranglngfrom0t04 ri 0;, p is an integer
equal to the oR?Sd’&t“?th*?rE‘t“éltt%‘hﬁf’xéﬁé’nﬁ’@{%fqﬁ@/l Uém}m‘ﬁrﬂM The cat al yst
syst em acggr digcdiQysaBYMAE aitbrdigaio Nydd-ck Z1avhen eiln whskin thamShdticarnmest al

organonetal | i c catal yst conmpound s the faoll gw @g{rru S ((IX) or (X '
Lalhapa (| X) SEdmas ﬁtabﬂés)l@?wn@a% e Bisygos PBERoY ﬁbg o Goup 8, 9, 10
or 11 of the Periodi’sr¥gbl@xpf the L*MPA® (X) -

wherein M? is a metal belonging to Group 8, 9, 10 or 11 of the Periodic Table of the

Elements (new TUPAC notation);

L? is a bidentate or tridentate ligémd of formula (XI):

q

E1/ \Ez Ra1na

Ra1 a

(XI)

wherein: _
B is a C,-Csp bridging group linking E' and E?, optionally containing one or more atoms
belonging to Groups 13-17 of the Periodic Table;
E' and E, the same or different from each other, are elements belonging to Group 15 or
16 of the Periodic Table and are bonded to said rhetal M
the substituents R*, equal to or different from each other, are selected from the group
consisting of hydrogen, linear or branched, saturated or unsaturated C,-Cy alkyl, Cs-
Cao cycloalkyl, Cs-Cop aryl, C7-Cap alkylaryl and C7-Cyy arylalkyl radicals, optionally
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El enent s (new | UPAC notation); La is a bidentate or trident at e 28iSsptémdfer 2004
formula (XI).- =1 ga B Rat Ma E1/ E2 Rat n a wherein: Bis a ClL-Q0
hridging gro | inking EE and E2, optionally containing one or nore atomns
bel ongi ng tWOEQ' 13 17 of the Periodic Table; E and E2, pOEREB@INR4OT
different fromeach other, are elenents belonging to Goup 15 or 16 of the
Periodic Table and are bonded to said netal Ma; the substituents Ra', equal

to or different from each other, are selected fromthe group consisting of
hydrogen, | i nEXHtaRng, pus cHEgre amG PaloBang o wreps JslTeaf (B; Pediial Taple, ofdRe

ad ﬁéf's°aLEtyFéer‘;‘§?‘I‘§%9i°z@%%Bsé§f%% Ry e o%betvmems
* cont ai ni ng onettaﬂhem ¢hesme atoel Bh gr &g fbon grsmﬂste&&mﬁm&fte& be aﬁ%dgf‘,

Tabl e of the ettments SUCh@@{% , Si, G, N P, O S, F and
or two Ra' suBg?’ maﬁtf’a' KAPORSF Y MNe sanme atom E or E2 forma

" saturated, ungAhud ated uQTepéHd@ﬂEIO g o% &%emﬁlégga {14 <9e étrhonébﬁéE[ %Zgﬁgtgsrfggn

atons; ma and na are independ entIy ep en I Ng onh
E and E2, sotbeyaleaes lebertdié vad Bhcd inthelcharge of Elc badeeitabe2or widentatetiip@nd bar ge

of the bident t,hat I e, oxi dation state of
MaXapXa' S or %ﬁt}i}gl s saéj gﬂ?ﬁéptsﬁeﬁ%&rdﬁfmﬁ 1gd, kydeﬁcemoum%a&)@rm
neutral ; Xa, klbecradmemedl: dlfferent from each other, are nonoani onic signa
| i gands sel ected from the group consi sting of hydr ogen, hal ogen, Ra, ORa,
OSCRCF3, ocoe"é thersame gy ffergnt fom prRehpothero arssmondasiveicrsigriveli@amds sbistted font S

i t d X G3-,C20
et oalhyl | ORIt A BRICP ISR 4T R s 0l Bl Y o B
“optional ly cHR’aermiups, \mlm:em nhermsabairm abelhaealdmmtnehear %ﬂﬁte&%r %st?&rgteﬁe

Peri odi ¢ Tabl of .t he (new_|I UPAC not ation), such
Si, G, O, S(gln 0[911@{‘0([‘135 ’OGquaﬁkyl C-Cao aryl, C7-Cyo atkylaryl or C7-Cag aI'ylalkyl radicals,

optionally containing one or more atoms belonging to groups 13-17 of the Periodic Table
of the Elements (new TUPAC notation), such as B, N, P, Al, Si, Ge, O, S and F atoms; or

oms)

two X* groups form a metallacycle ring containing from 3 to 20 carbon atoms; the

substituents X* are preferably the same;

P’ is an integer ranging from 0 to 3, so that the final compound (IX) or (X) is overall
neutral; and

 A'is am-allyl or a n-benzyl group.
15. A process for preparing the organometailic compounds according to anyone of claims 2-9
comprising the step of reacting, about in stoichiometric amounts, a compound Having the

&4 formula (I): ; -

R‘b Rc

RBI\S\RG

|
H

M
wherein R?, R®, R® and R are described as in claim 1; with a Lewis acid of formula (II)
MiR's (1D
wherein Mt and R’ are described as in claim 1.
16. A process for the polymerization of one or more olefins comprising contacting one or more

olefins under polymerization conditions in the presence of a catalyst system as described in

43




two Xa groups forma netallacycle ring containing from3 to 20 28&8eptember 2004
atons; the substituents Xa are preferably the sanme; pa is an integer

rangi ng fr%ﬁgkﬂ&’ so that the final compound (IX) or (X) 1‘@1‘/@1‘@0%&7
neutral; and Is a n-allyl or a 7c-benzyl group. 15. A process for
preparing the organonetallic conpounds according to anyone of clains 2-9
conprising the step of reacting, about in stoichionetric anmounts, a
compound havinghgmsfigrgula (1): H (1) wherein Ra, Rb, R and Rd are
described as i'n claiml; with a Lewis acid of formula (I1) MR 3 (I1)
wherein M. afie Rrocase ahssudingdd algimnlG| whereln etfgyleng py deseepolsnenizgted or
pol yneri zati on of one or re olefins 18] c ct.hng. o r r

ol efi ns undef°P8 ?ﬁega‘ﬁ@ﬁ E%Hﬂf%eénép%ﬁmh%e&giﬁegmbug a4 (@gt fa%’l ?/rsrﬁ] e,
system as degghiHegdr titlit T, 48, Sepladibaror 2004o¥h)1/ 62764 PCT/ EPOL/ 01467 any
of claims 10-14. 17. The process according to claim 16 wherein ethylene is
honopol yher i Eea rrecess accophing tpradeim i wheroin PRy leng iphsnenobenerizatedul a CH2=CHR |
wher ei n is a linea ck cli -g%%, i.C

cycl ool efsl'nsfheléocg‘%e&ﬁ? f)cgﬁeégb gg’g{g?fcﬂ néé Jth(f):cpcr%ﬁrm ggﬁ)eﬁrgté’f’%g%r%dﬁ’?%%eés iog
honopol ymer étggbgd withSe-ofias pf domada QHOHRIY wierah &R isld Gie€t dlleyl radical,
preparation of el astoneri ¢ copol yprers of, ethylene wth a-ol efins of

formul a CH2 eBtinallygraasn puner praporiqns ofprifs %F‘P{Wg él%i’?f]é(?‘}es- optionally

contai-n mnor proportions of units deriving from pol yenes. 44




