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have a fused, multiple ring structure ~or together formone or two |inking
noieties joining the two Cp groups: a_stable, conjugated diene |igand,
optionally substituted with arbyl groups, silyl groups,
hydr ocar byl siw@l97/s38€1ps, si | DS, or 5 mi XtROTAISYs/MeBEOf |
said D having from4 up to #8=men -------.-.-...-.W..‘;,_r-:_.-. and bonded to Mvia a bond
conprising dol ocalized [err]-electrons when Mis in the +2 fornal oxidation

state, and form ng PREPARATIDNIORGECVCLDAENTABIENY BIENE CORMPLEXE®T M8l
oxi dation state, said process conprising contactlng in any order: a) a

Croup 4 metal salt corhESRANGalal  DBrdoRlI obiRb ch A LkLycBholagid X

or a 10 Lew s base a a con I ene
reduci ng age@woup amransjt)oramtetqgmes)poashsﬂmm ligandsp ihe cofmplexes are valuable

(Cp-Cp)Merr e%ﬁf r the +3
formal oxi daatol c'#tg? ési%@og,m oﬁkaé@sﬁﬁr@ébmrg%drﬁ%ﬂﬂ% ?Er%n?%%&%\k %!

the +4 f o neRolvpraPyiane.on state; X is a halide, (err] hydrocarbyl oxy or

di (C(Jerr] hydrocarbyl)am do group; Dierr] is an uncoordi nated di ene having

the same number of carrheaﬁepa@u& mhbtaeteﬁmnwmdairtbﬁdyé}epdh%teﬁpﬂcﬁ D,

Merr] is a Goup f2 é cation nard ent cation o

U (Clerr] Z8oonmAas Bl dne fonesa s SencroRd Fun ABRs fyieraqes: Waudmebup 2
net al cati oral.aQehaRome gﬁg}hg& N BBSGYastlidﬁ) ;Pasuta, ét dmA@ngﬁ I8, 1g?fl?gnar d
reagent cati r.o Si a
reagents a), @Aﬁaﬁ’ﬂaé'ﬁeéﬁ% gt\é&b@#ﬁﬁ%%ﬁﬁéﬂ‘ ﬁeé‘g #ke of

reagent ©) . Clem, Ber., 1994, 127, 808\(Erkerdi)tiand bISeA-5/108, 40 L. eThespresent meRNEcHIdxe8
CONPONENt S Jgrg figst AEodeliin Wefbs/oas1s.

US-A-5,470,993 disclosed monocyclopentadienyl diene complexes with
titanium or zirconium in which the metal is in the +2 formal oxidation state, Such metat

complexes were formed by contacting a metal dihalide with a source of the cyclopentadienyl
15  dianion ligand, a reducing agent and the neutral disne compound in any order.

The present invention relates to a process for preparing metal compiexes
containing two cyclopentadienyl groups or substituted cyclopentadieny! groups, said
complex corresponding to the formula:

(Cp),MD
20 wherein:

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

Cp independently each occurrence is a substituted or unsubstituted
cyclopentadienyl group bound via delocalized n-electrons to the metal, said substituted
cyclopentadienyl group being substituted with from one to five substituents independently

25  selected from the group consisting of hydrocarbyl, silyl, germyl, halo, cyano,
hydrocarbyloxy, siloxy, and mixtures thereof, said substituent having up to 20 rionhydrogen
atoms, or optionally, two such substituents (except cyano or halo) together cause Cp to
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thereafter contacting the resulting product with conponent d), contacting
components b) and c), contacting the resulting product with conponent a)
and thereafter contacting the resulting product with conponent d), or
contacting ail four conmponents simultaneously. -2- WO 97/ 25336

PCT/ US96/ 1848 d13933¢ he di ene conplexes in which Mis in thecrassensrsi
oxi dation state, the diene is associated with Mas a [err]-conplex in which
the diene normally assunes an s-trans configuration;or an s-cis

conf'l gur at 1,0 L Riculldidly él@ﬁn&&ﬂﬂq@wg’gﬁwhﬁo%% &0 138 i im 084 8ids GARGEA 2! O

of the conjugate ene are nearly e err as defined [err]
-0.15A) 5 twhEp@mupn the conplexes in which Mis in the +4 formal
oxidation state, the diene is associated with the transition netal as a

\[M?rr]h C(r)]rrplbexdi In whi ghs%b@bréi mgaﬁamwr?bygaﬂsombaauysabmm : dnﬁ;wrat ion in
ich the bond, | engt et we M and the fqu t he

conj ugat ed Are Hgdrg&b@ PEﬁ‘I'P?l r?f‘?"'?s g]"f"f’&?’&ﬂf'{y §r§?$sf %'y@’&g&l )gmu?ﬁ'e“
formati gn Qhixtufes tisrest] said Dinaving/from 4aipitb 40 noﬂmdraaematom ahd bamdedas M4 a on
state depends. on the c t he di ene npl ex
and t he red0Pf GOMRIRNG é]q?‘%?ﬁfzea '?ﬁ?’gﬂs Y’ﬁ '{Mé} 'B."??p‘azrféﬁ'?“gﬁj"gf"°f‘ﬁk?%5n§| ex.

Uni quel y, b tvdCBbonkis With NEwReri Mdsinltise +dfprmiat ogidatibnetate, (t hat i s when t he
two Cp groups are optionally bonded toget her) the process results in

formation of incr easggd %géé smét bl ngﬁ,gdrﬁzq, rdepr m of the diene netal

conpl ex. Typically, ures ater than 60 nol e percent of
the racem c isoner are roduced. It is to be unde stoo?@h Mthe pr esent
conpl exes nay be for AbY 4mee) salt gomespanding to the.fogula MEX, o MK, 868 | exed

and [ er{g - QWi %6 Addick teréopPounds where the netal

b) a conjugated diene, D',
¢) a reducing agent, and
d) a compound of the formula: CpM* or (Cp-Gp)M',;, wherein,
M’ is titanium, zirconium or hafnium in the +3 formal oxidation state;
15 . M" is titanium, zirconium or hafnium in the +4 formal oxidation state;
X is a halide, C, hydrocarbyloxy or di(C, hydrocarbyl)amido group;
D' is an uncoordinated diene having the same number of carbons as D and the
same substitution pattern as D;
M* is a Group 1 or 2 metal cation, a Grignard reagent cation or a ri(C,
20  hydrocarbyl)silyl group; and '
nis 1 when M* is a Group 2 metal cation and n is 2 when M* is a ‘Group 1 metal
cation, a Grignard reagent cation, or a trihydrocarbyisilyl group
with the proviso that reagents a}, and d) are not contacted with orie another in the
absence of reagent c).

25 Thus, suitable processes entail:contacting components a), b) and c), and
thereafter contacting the resulting product with component d),

contacting components b) and c), contacting the resulting product with
component &) and thereafter contacting the resulting product with component d), or

contacting all four components simultaneously.
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centers are in the +2 or +4 formal oxidation state. Preferably the conpl ex
In the. +2 formal oxidation state is present in a nolar anount fromO.1 to
100. 0 percent, nore preferably in a 20 nolar amount from 10 to 100.0
percent, nost preferably in a nolar ;anount from 60 to 100.0 percent.
Techni ques fwo 93836 ati on and purification of the conplex iPrFQ"t"I'ﬁg"”Z’!“ or mal
oxi dation state fromthe foregoing m xtures are known in the art and

di scl osed for exanple in the previously nmentioned Yasuda, 1, supra, and

Erker, | tg Il i fUp{‘ﬁ,méa&qmrawmwmnqutmmgioﬁimim thed N
prepare and jsolate the conpl exes In greater .purity.
ref erence t &iangds spriiad With Masa %@ng" lg“él}féﬁl?%dlﬁ%%/féqfﬂ\agvnijsvm?%%?@@ t he
IF’eri odiISBgathglﬁigaian'bherﬁi f@BiEB&rﬁigur?ﬁdﬁi iinwm&:tlGr mnbrumgmsgmml lnugamt Fmsé’r
nc., : so, any reference . to a G oup or ups 0 oup
or "G oups a?@ﬂla?&%ﬂ t'ﬁFWF%“%Q'PP%ﬂ']e@eT@?b?%'a@égtaﬁ333%41351 °ru>s'|°n1%i? he
lj UPAC s é 3t erfyHefdas ﬁruggbebhﬁﬁxanmwmh Ms &f tgé +d foemaloxidafien sthte, the dietle 6hm es that
o not deconpose .upder. reactjon condi tion t repar.e the
conpl exes a%ﬁ‘?"dﬁtﬁg‘"‘ﬁb‘h? F@"ﬁ"Wé‘?F?‘g 838 W&Pﬁe"éﬁwﬁéﬁ 3&@“@&%&%‘{’?%
condi } | ons, sudis tonfigrationdn waich the bahd Enpths betweenl brangdthe fogscasbort dtempoithent - 3-
WD 97/ 25336 . " — . .
PCT/ US06/ 19 79TUg%As igne are significapty different (ad ¢ -0A5A). The formation of the complex
reaction or vith Mépditheettle b2 costfotmal okidafiondtatacepepts:on thie choice efthediBng,ithgands
I nclude: Jerr]-. - dj - - i epe: R e gii‘ﬂi .
[err]-1- b*ensy%g'&? @é%g%?fﬂéh%heﬁg%ﬁfﬁg ﬁﬁl Bse%'?gj’@'ﬁd é-t ut adi eng;eol?FTgr rj-2,4 5
hexadi ene; [e@mplex3- et hyl -1 , 3-pentadiene; [err]-1 ,4-ditolyl-1
, 3-butadiene; [err]-1,4- bis(trimethylsilyl)-1 ,3-butadiene, 2,3 dinethyl

but adi ene, isoprene. QGhighdi§ whererd8drie of MB%Y iSarérs miayba pieducyd e s wient ed
derivatives tﬁnt hat is, the 1,4-dj substé t uttgd gf\ . 3-di enes ang
e two Cp groups are optionally bonded together) the process results in formation of
increased quantities of the racemic form of the diene metal complex. Typically, mixtures

15  containing greater than 60 mole percent of the racemic isomer are produced.

it is to be understood that the present complexes may be formed and utilized

as a mixture of the n-complexed and o-complexed diene compounds where the metal
centers are in the +2 or +4 fonﬁal oxidation state. Preferably the complex in the +2 formal
oxidation state is present in a molar amount from 0.1 to 100.0 percent, more preferably in a

20  molar amount from 10 to 100.0 percent, most preferably in a molar amount from 60 to 100.0
percent. Techniques for separation and purification of the compilex in the +2 formal
oxidation state from the foregoing mixtures are known in the art and disclosed for example
in the previously mentioned Yasuda, |, supra, and Erker, | to lll, supra, references and may
be employed if desired to prepare and isolate the complexes in greater purity.

25 All reference to the Periodic Table of the Elements herein shall refer to the
Periodic Table of the Elements, published and copyrighted by CRC Press, Inc., 1989. Also,
any reference to a Group or Groups shall be to the Group or Groups as reflected in this
Periodic Table of the Elements using the [IUPAC system for numbering groups.

Useful dienes, D', are dienes that do not decompose under reaction
30 conditions used to prepare the complexes according to the invention. Under subsequent

polymerization conditions, or in the formation of catalytic derivatives of the present
3.



1- or 4- nonosubstituted 1 ,3-dienes) generally form[err]-conpl exes
whereas, solely internally substituted derivatives (that is, the
2,3-disubstituted 1, 3-diones and 2- or 3- 10 nonosubstituted 1, 3-di enes)
generally form[err]-conpl exes. Exanples of termnally substituted di enes
i nclude 1, 4wl ¢aespgl - 1, 3- but adi ene, 1 -phenyl -1, 3-pent adi eperngsoraid
hexadi ene. Exanples of internally substituted dlenes I ncl ude |soprene or
2, 3-di met hyl butadiene. Preferred diene |igands are 1 , 3-pentadi ene,

, 4- di phenyl ﬂ-ﬁaacﬁé nzyI
, 3- but adi ene'%p?;:;?l;3 exacriaarl ﬁaml? @Qh?&%& gﬂem' g{‘ %gdéggiepjfac 8d ?6?9&

, 3- but adi erlmﬂ"dand 1, 4-bis- (trlmethylsHyI) 1 3 but adi ene. Al geonetric
|soners of the foregoing diene conpounds may be utilized. By the term

"reduci ng agent as USgiingdiéY &islitdbte DRGEHds fholliBb:ah'- p&-dﬁﬁéﬁ%‘l’%u%le@@ sunder
reduci ng condltlons can cause the transition netal be Teduced flom the

+4 20 or J$-pevadianesni-tiphenyht.3pantadiene: mird.d-dibengyita-bitadiensi n'Rdst at e. The

sanme pr @ced.uﬁa&:.éns ﬁﬂ@hﬁ*@m é%nﬁ&sn%e@ardabiypﬂa%aa@ﬁe df-¢ae conpl exes where
Mis in the +2 formal oxidation state or in the +4 formal oxidation st ate,

t he nat ur e Dis(timgihyigitvlols-hutadigne. & 3dimetwl W%@H@%MI@*"#@MQWW med bei ng
primarily eplelés)eimnany dbsttuRe %eﬂmb&vmﬂt isfna j{‘fﬁ'-cﬂéinb@tﬁutﬁd“i Balidrias TR @

reduci ng aqents are al kali metals, alkaline ear net al s Tum num zi nc
I

and 25 al "o§&-drongsibatifutedt, Jdienes) gawa'rv o eomplexaswheteas selaly infernally
sodi un ner gubstinAEPdaivativas Ghatdslithe12 Bksabstituted ,8!diines SiRP2-idrBC exanpl es of

ppaib IR L PR s s L e AT e
preferr eldklsaﬁhlmmgdeﬁaudirmﬂbﬂer@i k,alhumhe,l Sphshyla, &pénﬁwerﬁaaﬁchz get gl S,
rr an rr nar

o ent o K Hexacidna [E8mbiep ofterrain upsBlei Ay PRlaclsSirene 8129 ymam o0

triethyl albutadienen - 4.

Preferred diene ligands are 1,3-pentadiene, 1,4-diphenyl-1,3-butadiene, 1-
15 phenyl-1,3-pentadiene, 1,4-dibenzyl-1,3-butadiene, 2,4-hexadiene, 3-methyl-1,3-
pentadiene, 1,4-ditolyl-1,3-butadiene, and 1,4-bis-(trimethylsilyi)-1,3-butadiane. All
geometric isomers of the foregoing diene compounds may be utilized.

By the term “reducing agent” as used herein is meant a metal or compound
which, under reducing conditions can cause the transition metal to be reduced from the +4
20 or+3 formal oxidation state to the +2 formatl oxidation state. The same pracedure is
employed for the preparation of the diene complexes where M is in the +2 formal oxidation
state or in the +4 formal oxidation state, the nature of formal oxidation state of M in the
complex being formed being primarily determined by the diene empiloyed. Examples ot
suitable metal reducing agents are alkali metals, alkaline earth metals, alurninum, zinc and
25 alloys of alkali metals or alkaline earth metals such as sodium/mercury amaigam and
sodium/potassium alloy. Specific examples of suitable reducing agent compounds are
sodium naphthalenide, potassium graphite, lithium alkyis, aluminum trialkyls and Grignard
reagents. Most preferred reducing agents are the alkali metals or alkaline earth metals, C,
alkyl lithium, tri C_, alkyl aluminum and C_, alkyl Grignard reagents, especially lithium, n-
30  butyl lithium, n-butyl MgCl, and triethyl aluminum.
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The' metal salts used as reactants in the present invention are preferably
G oup 4 netal halides, or dinmethoxyethane (DVE) or tetrahydrofuran (THF)
adducts thereof, nost preferably titaniumtetrachloride, zirconium
tetrachl ori dewonedassism t et rachl oride, ZrCl[err];2 THF, or Hf eciasse@siH-. 5
By the term"m xtures" used with respect to Cp substituent groups are
i ncl uded Cp noieties bearing differing groups as well as Cp noieties
bearing groups that ar%m&muﬁddsh%ﬂﬁrﬁh%#ﬂémm&dmﬁﬁhiéérﬁﬁmlblﬁﬂch as
LT by ocar by Hnet PRt o Aebtepumeians Yt Blplorise B Saaieis | ¢
hydr ocar byl oxiyersefpmbstipriferdbip yidniamaetachlotds zipeonium teirachicride shatsidm Ei 3 ents alr Ie
‘Cerr] hydrocgar .10 Lri ) rocarbyl)silyl groups. Additionally
preferably, g% Jﬁﬁ%ﬁ' %?"%ghg’%?{%ﬂn%ﬁﬂsal t, lithiumsalt or trinethylsilyl
derivative of Cp or Cp-Cp. Preferred conpl exes forned by the present
i nventionscorrespond t By thecermOfriixtlres” Mwhnfdsb%&?mbeﬁusiimenthhﬂ;&@;ta}é ani4um
zi rconi um or .haf ni referably. zirconi umor. hafoium .in the +2 or +
formal oxi datROed o bppaliffyring APpbe awalt s Ch peikyes heatna.grgups et
i ndependent | \arsmixtiréseof the previddsty npnEdenttissssuch lagihyﬁrob;rdylsnyegrguﬁsydspaean‘bél ,
silyl, gernyl,.. I | ' 0 | erré an
Rierr] having® ad@ﬁﬁ@wg’on-%%rs O@&Ewé%iéﬂ@é@é{f ; p%f R%‘c’fﬁ'a'&"é%?{"ﬁ'@pﬂa" roups
and/ or adj acdwdroRarbylogy-sybstityted hydiecartsy} gnoups. Hrefefmedsublstitents amt(l:,bywmw
hal 0 or cyan g | : rj ' a
nyclrocar bt it TG BEarblsll ol AontlysrofBabif coeBhet TR Sgrdragan,
t oget her (whdithiuri ealtdr tamethyiilgk derivative opp ar@p-pt hydr ogen hal o or cyano)
conbine to forma . _

Preferred complexes formed by the present invention correspond to the

formula:
(A)
15 'wherein:
M is titanium, zirconium or hafnium, preferably zirconium or hafnium, in the
+2 or +4 formal oxidation state;

R’ and R” in each occurrence are independently selected from the group
consisting of hydrogen, hydrocarbyl, silyl, germyl, cyano, halo and combinations thereof,

20 said R’ and R” having up to 20 non-hydrogen atoms each, or adjacent R’ groups and/or
adjacent R” groups (when R’ and R” are not hydrogen, halo or cyano) together form a
divalent derivative (for example, a hydrocarbadiyl, siladiyl or germadiyl group) or cne R’ and
one R” together (when R’ and R" groups are not hydrogen halo or cyano) combine to form a

.5
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PCT/ US96/ 19281 di val ent radical, for exanple, a hydrocarbadlyl, germdiyl
or siladlyl group, linking the two substituted cycl opentadi enyl groups; and

Dis as previously defined. Preferably, R err] and R err] Independently in

each occurr selected from5 the group consisting en,
il !c SRl

met hyl, eth all isonmers of propyl, butyl, pentyl and’ as wel |
as cycl opentyl, cycl ohexyl, norbonyl, benzyl, and trimethyl silyl, or

adj acent R P, ] ; O .

cycl opent acﬁéa!\e]nf %@%’gé’f g’%g'{e"g"[ ahggr %g@%?’maﬁ'ﬁ‘%ﬁ" gg@?g@?ﬁ@%'f‘%?@%° form ng
a fused ri rigbsfuteceyclopemadienvharotpeieng| , 2- net hyl - 4- phenyl i ndenyl ,

2- met hyl - 4- napht hyl i ndenyl , tetrahydroi ndenyl, fluorenyl,

t et rahydrof | uor enyl , pldas préVioudht ddamel. of | uor enyl group, or one Rerr] and
one Rlerr] are linked together form ng a 1, 2- ethanediyl, 2,2-propanediyl

di net hyl si | di i nki .. EX I t h o) t al I
where the matal i st PEtaE P9t B RoeRRAaf K i sell el her B asR5eG T3 bont am
or haf nisumthexgrougleonsistirg ¢fetrydrogencethyinethyl] andydllisomers mmwebéd%l_hnd N .
, 4- di ph -1 ., 3-but I I . 2, 3-di net -
3 15" ke v R SRy, y SO AR bl Al fiRERUAH o adacent™
[err]-1, 4- ¥ gwups arid/S-ddiacentiR2 igequpl iop @R eycloperiadienyhtinglfexcept hyrirageanarem

-2, 4- j ' < ' b GO g 7 3- thyl-1
[gr :)]ent adi gﬁ%@ S rékﬁr?éy&%i%gp%ﬁ%ggpgél ZI %g)ﬁig:??n%w;a [n% Bhenyl rrﬁ d
, 3- pent adi mwmﬁlmmwwm%mmmm fyerpovi; tetoahiydeeflucreny,

[err] - 104- Gr BRBRYGrotiboranil\gicip! &bhe A’ and one R® are linked together forming a 1.2

bi s(pentanet hyl -Terr]-cycl o-pentadi enyl )-zirconium-[err]-17, 4-di benzyl -1
, 3- but adi erfdhansdyl, Z»BPﬁpﬁé?ﬂ'ﬁ%?'WWFgWWUVEFSBEWPadi enyl ) zi r coni um

[err] -2, 4hexadi ene, bis(pentanethyl-[err]- cycl opentadienyl)zirconium
[err]-3-nethyl -1, 3- pExingsilésui the dbiové Ateky cormplexesaitioyd thp atetd is titanium,

E?/gl( gf ﬁ;} ? 24% ﬁ%aﬁuﬁ&rﬁé‘% Lreeierr_LEI)}ZiArEog{uR\ho? Wsbnishn ihglhgé!tb%?ﬁ»@ync?dpentadienyl)-
zirconium (n'-1,4-diphenyl-1,3-butadiene), bis(cyclopentadienyl)zirconium (2,3-dimethyl-1,3-

15  butadiene), (bis-n*-cyclopentadienyl)-zirconium n°-1,4-ditolyi-1,3-butadiene,
bis(n’-cyclopentadienyl)zirconium 1°-2,4-hexadiene, bis(n’-cyclopentadienyl)zirconium n*-3-
methyl-1,3-pentadiene, bis{n’-cyclopentadienyi)zirconium n°-1-phenyl-1,3-pentadiene,
bis(pentamethyl-n’*-cyclopentadienyl)zirconium n‘-1,4-diphenyi-1,3-butadierie,
bis(pentamethyl-n’-cycio-pentadienyl)-zirconium 1 -1,4-dibenzyl-1,3-butadiene,

- 20  bis(pentamethyl-n’-cyclopentadienyl)zirconium n'-2,4-hexadiene, bis(pentamethyl-n*
cyclopentadienyl)zirconium n‘-3-methyl-1,3-pentadiene, bis(ethyltetramethyi-n’-
cyclopentadienyl)zirconium n*-1,4-diphenyl-1,3-butadiene, bis(ethyitetramethyl-n°-
cyclopentadienyl)zirconium n"-1,4-dibenzyl-1,3-butadiene, bis(ethyltetramethyl-n’-
cyclopentadienyl)zirconium n'-2,4-hexadiense, bis(ethyltetramethyl-n’-cyclopenta-

25  dienyl)zirconium n'*-3-methyl-1,3-pentadiene, (pentamethyl-n’-cyclopentadisnyl), (n*
cyclopentadienyl)zirconium 1y'-1,4-dibenzyl-1,3-butadiene, (n’-cyclopentadianyl)zirconium
n'-2,4-hexadiene, bis(t-butyt-n>-cyclopentadienyl)-1 =2-zirconium n'-1,4-diphenyl-1,3-
butadiene, bis(t-butyl-n’-cyclopentadienyl)zirconium n'-1,4-dibenzyl-1,3-butadiens, bis(t-
butyitetramethyi-n"-cyclopentadienyl)-zirconium n‘-2,4-hexadiens, n°~cyclopentadienyl,

30 (tetramethyl-n>~cyclopentadienyl)zirconium 1 -3-methyl-1,3-pentadiene, bis(pentamethyi-n’-
cyclopentadienyf)zirconium n'-1,4-diphenyi-1,3-butadiene, bis(pentamethyi-n’-

-6-



cycl opent adi enyl ) zi rconium [err] -1, 4-di benzyl - 1, 3- but adi ene,

bi s(ethyltetranethyl-[err]- cycl opentadienyl)zirconium|[err]-2,4-hexadi ene,
bi s(ethyltetranethyl-[err]-cycl oponta- 25 di enyl ) zi rconi um

[err]-3-methyl -1, 3-pentadi ene, (pentanethyl-[err]-cycl opentadienyl),
([err]- cycl opempmzsdanyl ) zirconium[err]-1 ,4-di benzyl -1 , 3- [PETAISPGE1981
([err]- cycdopent adi enyl)zirconium[err]-2, 4- hexadi ene,
bis(t-butyl-[err]-cyctopentadiernyl)-1,2-zirconi um [err] -1, 4-diphenyl-1, 3-
but adl ene, bicyéibpdrtddidny])zirconiumyn’1 exbemyl-< H-penjddjene bisietamethyl-n’-

1,4-d '
E)ﬁ'[ H t et ran{etﬁqﬁ%’%ﬁ%@ﬂ@@ﬁﬁnesﬁ A'ﬁé 7nrtag(')erqeubr%’? e‘“?’ T“ fy‘ﬂo‘ﬁexadl ene,
[err] -cycl oplenyBziicemyin,n -sm-qtpfmymmbhtyﬁla{\erb:s]n @y@l@nﬁpmtaawzncgm.)mn‘r-nOm um

3- et hy
cycl opent aci SRR EaRR” PR b ST aBh g ¢ hexacine,
It; IC'SI' } EJ g gg ;ilnsgtz gb]é(tnbmhy]salyl:[rr -Byclopentdlefy)-AfEaMicm n'-3-methyl-1,3-pentadiene, (n° -cyclc;:j

adi
bi 5.t et r ametRyPEAEORRF @W@W@ﬁeny%ﬁ‘ bbbt SKervhr - Al G
g“e (ra :1 ]yI 5?2 Imrs*g Q%dydﬁpﬁmmwmmflsﬂb {oyeloperttadienyiiirporiyre nGhdibenzyl-1,3-
e O e
i s(trimethyly'g is(pe: i mF3&me ne,
Fl;ﬁ ' |3rre hylﬁs’(l ‘Xé&eﬁ&ﬁlzg%]nm%‘;?fgpﬁgﬁyﬁé t)uta;dlleng chrfi('h”:‘lwhdenyl):fxrcumum'n -1.4-
pent adi enyl )(ditrannym t8¢buadigrie, pis(r'ndenyl)zivemmivinary FhibYaziene, diis(yFindenyiZircdnium
, 4-di ph I
cycl Iogeﬁtn )al.dl e IT%W' q%ﬁ%}ﬁ?d.&{ee@& ép‘?t]"ew&'rcc?ﬁ'é’ﬁ‘t’bd f englq%"! 1r'%8‘ﬁ'aﬂ'ﬁﬁ err]-1
(:1 di b;aﬂzyl l](p@wtamemylwﬂapaatadlenyl)(n -ﬂurrenyt)zlrcomumnk-:-phenyld ,3-pentadiene, b;s(nd- ¥
rime ] adi en

zi rconi u% [er%iaiegfvl%rﬁ@é&h?\gﬁg— I'S béaﬁﬁzl‘t?&f“er‘rg'?ﬁcg%q'&%@ zlrecg'y ﬁ‘l’?‘% r coni ﬁm
[ err] - 3- nit hylexdgiérepand hd(néﬂmrerM)zucoblusﬂ A-mpthylricRparitadianer coni um
[err] -1, 4-di phenyl -1, 3-but adi ene, bis([err]-indenyl)zirconiumJerr]-1, 4-

di benzyl -1, 3- but adi ene yighlyrbfefréd blb-@ﬁﬁ‘ébéh)a&iehﬁ%ﬂn%ﬂuﬁ?wfbrmﬁaﬂ:ﬁbﬁi&ﬁ%ﬁdﬁ@e
bis([err]-i ndené ) zi r coni um'em{gerr ]-3-nme - pent adi ene

bi s([err] - f| FOPERINNGONEE ¥R BfiAGINGIroYps "ak'#@ﬁm@emg dienyl geAuRScPreferred

bridging groups are those corresponding to the formula (ER™,), wherein E is carbon, silicon
or germanium, R" independently each occurrence is hydrogen or a group selected from

20 silyl, hydrocarbyl, hydrocarbyloxy and combinations thereof, or two R™ groups together form
a ring system, said R™ having up to 30 carbon or silicon atoms, and x is an integer from 1 to
8. Preferably R™ Independently each occurrence is methyl, benzyl, tert-butyl or phenyi.

Examples of the foregoing bridged cyclopentadienyl containing complexes
are compounds corresponding to the formufa:



(pent anet hyl cycl opent adi enyl ) ([err]-fluorenyl)zirconium/[err]

- phenyl : 1, 3- pent adi ens, bis([err]- fluorenyl)zirconium

[err]-1, 4-di benzyl -1, 3-but adi one, bis([err]-fluorenyl)-zirconium/[err]-2,4-
15 hexadi ene, and bis([err]-fluorenyl)zirconium

[ err] - 3-met hwiggbndsagent adi ene. Highly preferred bis-cycl opeptpsRayis
conpounds of formula A include those containing one or two bridging groups
| i nki ng the cycl opent adi enyl groups. Preferred bridging groups are those
corresponding to the formula (RR'[eRY]), wherein ‘E Is carbon, silicon or
germanium R'' independently eac ccurrence is hydrogen or a group

sel ected from 20 silyl, hydrocar hydr ocar byl oxy and(Bgonbi nati ons
thereof, or two R''" groups to Rorma ring system'®aid Rl err]. having
up to 30 carbon or silicon X is an integer from1l to 8.
Preferably R'' | ndependent ence is nethyl, benzyl, tert-butyl
or phenyl. Exanples ofR’ foregoing bri cycl opent adi enyl cont ai ni ng
conpl exes are conpounds corxgspondi ng t f ormul a: WO 97/ 25336

PCT/ US96/ 19281 (B) [err] wher®s{n: 7 E, R'" and x are as previously
defined, and Rlerr] and Rerr] N h occurrence are independently

sel ected fromthe group consisti f.,hydrogen, hydrocarbyl, 5 silyl,
gernyl, cyano, halo and conbifat | l%hereof, said R err] and R err] having
up to 20 non- hydrogen atons eachR"or adjacent R err] groups and/or

adj acent R err] groups (when R err] and R err] are not hydrogen, halo or
cyano) togew‘gegf,orm a divalent derivative (for exanple, a hydro-
carbadlyl, silTadr'yl or germadiyl group) or one R err] and one R err]

t oget her (when Rl err] and err] groups are not hydrogen hal o or cyano)
conbine to forma di v BnE. FF'5a1 ld]c'hﬁ"e gs previsuslyfiefinedcand R’ and R® in each

occurrence are independently selected from the group consisting of hydrogen, hydrocarbyt,
5 silyl, germyl, cyano, halo and combinations thereof, said R’ and R” having up to 20 non-

hydrogen atoms each, or adjacent R’ groups and/or adjacent R" groups (when R’ and R”

are not hydrogen, halo or cyano) together form a divalent derivative (for example, a hydro-

each occu

carbadiyl, siladiyl or germadiyl group) or one R’ and one R" together (when R’ and R*
groups are not hydrogen halo or cyanc) combine to form a divaient radical (for example, a
10  hydrocarbadiyl, germadiyi or siladiyl group) linking the two cyclopentadieny! groups.

Such bridged structures are especially suited for the preparation of polymers
having stereoregular molecular structure. In such capacity it is preferred that the compiex
be nonsymmetrical or possess a chiral, stereorigid structure. Examples of the first type are
compounds possessing different delocalized n-bonded systems, such as one

15 cyclopentadieny} group and one fluorenyl group. Similar systems based on Ti{IV) or Zr(IV)
were disclosed for preparation of syndiotactic olefin polymers in Ewen, et al., J, Am. Chem.
Soc. 110, 6255-6256 (1980). Examples of chiral structures include bis-indenyl complexes.
Similar systems based on Ti(IV) or Zr(IV) were disciosed for preparation of isotactic olefin
polymers in Wild et al., J. Qrganomet. Chem, 232, 233-47, (1982).

20 Exemplary bridged cyclopentadieny! moieties in the compiexes of formuia (B)
are: dimethylsilanediyl-bis((2-methyl-4-phenyl)-1-indenyl)zirconium (n'-1,4-diphenyi-1,3-
butadiene), dimethyisilanediyi-bis{(2-methyi-4-(1-napthyl))-1-indenyl)zirconium (n'-1,4-

-8



10 hydrocarbadlyl, germadlyl or siladlyl group) linking the two

cycl opent adi enyl groups. Such bridged structures are especially suited for
t he preparation of polyners having stereoregular nol ecular structure. In
such capacity it is preferred that the conpl ex be nonsymmetrical or possess
a chiral, steweorisizd structure. Exanples of the first type EIRUSIOMZOLNIS
possessing different delocalized [err]-bonded systens, such as one 15

cycl opent adi enyl oup and ene_ fluorenyl grou Simlar systens based on
T(IV) or Zr (iprmryldbuadienebotreanedhitasianativbi (bphary i ereauizeonsia i m
polyners in Bueg h&&l—ﬁh—buta&ten@)”\ 2 difimedi %(2%@\yl-ﬁzﬁﬁaﬁ%ﬁqﬁa&§%mﬁﬁﬁ”p| es

of chiral structures i'ncl ude bi s- mden& conpl exes. Simlar istems based

on [err] (1V) @rl.4dphenyiSrhutadiens) §d 2P d‘M'P@Ha‘F'Q?’WBR"?ﬂ“’%@t dirhenylef i n
pol ymers in W4, dutﬂénetﬁa') 5¢ z%magéaﬁlﬂa(i&bwa@hm’ﬂdeaﬁﬁ-m&%w 1,6 hdhyi-1

Exenpl ary bridge pent adl en nmoi eti es i exes of forrrula (B)

are: di meHyl @%&H’Bﬂl 91|'2-swh§'cadiad%¥mﬁpmnmw b ’ﬂ*“'f"ﬂﬂ@?r%)? $-Putagigne)yand [2,2-

([err]-1,,4- Qinﬁ:fa judre logétftadienyl))zirconium (1,4-diphenyl-1,3-butadiene
di met hyl si | anedi %?9;‘((2%@6 4-(1- gé)llpt hyl))-1-indenyli zi rconl)um

|(D[C$-/r [J]SQ%/ 1192 81 \é\PpﬁZﬁiﬁ‘-gff‘%@b Hhepipes nvolves combining the respective reactants,

1, 2- et hanedi \préferably-ima sdiytion/egtibnallyaviiié agitatingiarehda)ing albove iambiet{ température
1, 4- di phenyl b t edi vl - bi - - 4-

- napt Ihsl) )1/ |%\5de%r71 §‘%% %ﬁ'%‘t?‘rﬁ%%‘?‘r'{m%mﬁﬁdﬁlﬁiéé’fm‘%%&%ﬁ{é@fﬂgﬁgf’ [(1

, 2- et haneWi ylrtmb()llis-aWﬂ Jaxibedlesirable. (The pocess pieferabliyis contduged imandnetie) ,

1, 2- et hanedi r Z d 1, 3-
L1, 2, hancclhhjfge e ‘P@Pg'?*%y% OSP4 rierent b7 B0 .
([err]-1,4- d|f$!n$éh§¢fer€_b'38ﬁ%t‘eﬂfpéﬁﬁ - and [2, 2-
propanedl yl (9-fluorenyl)-(cycl opent adi enyl )] zirconi um
(1, 4-di phenyl - 1, 3- but agiitlr)inert, hogmaaémig,sotvbms P GRCrRfMALON of tHe Corfgieiis/ard) 0

201 tat i g andiRHESE ARG aBE iR e R85 B el hepy ang
puri fi catison Examples inchile straightaind bpanmrBwuydmcarbnns stich lae isobwdane, butane,
pentane, hexane, heptane, octane, and mixtures thereof; cyclic and alicyclic hydrocarbons
such as cyclohexane, cycloheptane, methylcyciohexane, methyicycloheptane, and mixtures
thereof; aromatic and hydrocarbyl-substituted aromatic compounds such as benzene,
toluene, xylene, and the like, C, , dialkyl ethers, C, , dialky! ether derivatives of
20 (poly)alkylene glycols, and tetrahydrofuran. Mixtures of the foregoing list of suitable
solvents are also suitable.

The recovery procedure involves separation of the resulting byproducts and
devolatilization of the reaction medium. Extraction into a secondary solvent may be
employed if desired. Alternatively, if the desired product is an insoluble precipitate, filtration

25 or other separation technique may be employed.

The complexes are rendered cataiytically active by combination with one or
more activating cocatalysts, by use of an activating technique, or a combination thereof.
Suitable activating cocatalysts include polymeric or oligomeric alumoxanes, especially
methylalumoxane, triisobutyl aluminum modified methylalumoxane, or diisobutylalumoxane;

30 strong Lewis acids (the term “strong Lewis acid” as used herein is defined as trihydrocarbyl

5
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10 reaction is enployed may be desirable. The process preferably is
comnducted in an inert, noninterfering solvent at a tenperature from
-100[er]Cto 300[err]C, preferably from-78 to 130[err]C, nost preferably
from-10 to 120[err]C Suitable inert, noninterfering solvents for the

formation ofywhle.&94P! exes are aliphatic and aromatic hydr geqy, d
hal ohydrocar‘goﬁs'? gt hers, and cyclic ethers. 15 Exanpl es i nélfgg%zgzs rai ght

and branched-chai n hydrocarbons such as isobutane, butane, pentane, hexane,
hept ane, oGubstitutediGebupi 18icdinpeuridecespesiallyan(@idrocartsyaminiriie ot C hydr ocar bons

such as cyglohexane. cycl ohept ane t hyl cycl ohexane. hyl cycl ohept ane,

and m xt u%/e W&?‘é‘?ﬁ’?ﬁ?&ﬁ%‘?&@%gﬁad ﬁgﬁ?%@%ﬁ%ﬁ@ﬁﬁsﬁtﬁ?@gfé?w%‘ hounds

such as bercaoss inteaich bydrocacyyl enislogenalted hedrbeakisyl giGup, mbralespdciafty her s, Cl err]

di al kyl et ' 1V 2 I I . cols, and

tet ra%ydro&%b%‘gﬁﬂﬁﬁ'tafﬁ °§$‘°f’ﬁ‘8°%$e%%%§‘?§°s%?'a ysui tabl e solvents are

zgl SO ZuiSt alilisiperitatigoropbenyibgrape)pareide rhosphing, aliphatiogicohat andmmenéaptdreaddacts| t i ng
roduct s [ : tion into a

s_gg ondary sogﬁgg%\é%d?ﬁ@é'°%cg§g@qr§m§’eﬂsﬁ% ?Fe;% Q%Stg%wn%%\?gﬁwf the desired -

product i s parfluprinated ti{asyl)bowbicompeunsis: Hanpelymericy ipnigScompatible  Tencemdinatingj on

t echni que &ﬂ% ; cfddm A ' . active

by conbi na’E%i((ﬁvr?la gﬁt Oé%:éﬁ%fm%n%?\gcl gﬁ%ﬁ?? |§r_1g C(?(E:’ gﬁ%ﬁ{/@? g%@%%o@ﬁ@%sin

act i vat i ng bulksinctrgiyeis (axplajned immprecdetalherainaftensfand sombinatiass atthe Joregoing

cocat al jSt iy Sstaifsi Bhditéchiqued. | EHeTBrebSing A RIN B eatalfsiP B é’énllgﬁng

met hyl al unoxane, “tri | sobutyl al um num nodified net h?/I al ufroxane, 0
di | sobut yI 3¢dhnigembavegen pievisHgly favghtwith respectte differept mptakqompigyes inthe aci d”
as used hensliowirigtefdfinces (ERA-277/003,USAF, 158]157,95-A-5,004302/ER-ARB 651, EP-

PCT/ US98/ 19286 732, and Wosarzsst2.

The catalysts may be used to polymerize ethylenically and/cr acetylenically
15  unsaturated monomers having from 2 to 20 carbon atoms either alone or in combination.
Preferred monomers include the C, , a-olefins especially ethyiene, propylene, isobutylene,
1-butene, 1-hexene, 4-methyl-1-pentene, and 1-octene and mixtures thereof. Other
preferred monomers include vinylcyciohexene, vinyicyclohexane, styrene, C, , alkyl
substituted styrene, tetrafiuoroethylene, vinylbenzocyclobutane, ethylidenenorbormene,
20 piperylene, 1,4-hexadiene, methyl-1,4-hexadiene and 7-methyl-1,6-octadiene.

When the present bridged cyclopentadienyl polymerization catalysts are
used to polymerize prochiral olefins, syndiotactic or isotactic polymers are attainable. As
used herein, the term “syndiotactic” refers to polymers having a stereoregular structure of
greater than 50 percent, preferably greater than 75 percent syndiotactic ot a racemic triad

25  as determined by ’C nuclear magnetic resonance spectroscopy. Conversely, the term
“isotactic” refers to polymers having a stereoregular structure of greater thian 50 percent,
preferably greater than 75 percent isotactic of a meso triad as determined by “C nuclear
magnetic resonance spectroscopy. Such polymers may be usefully empioyed in the
preparation of articles and objects having an extremely high resistance to deformation due

30 tothe effects of temperature via compression molding, injection molding or other suitable
technique. |



substituted G oup 13 conpounds, especially tri (hydrocarbyl)al um num or
tri< hydrocar byl ) boron conpounds and hal ogenat ed derivatives thereof, having
from1l to 10 carbons in each hydrocarbyl or hal ogenated hydrocarbyl group,
nore especially periluorinated tri(aryl)boron conpounds, and nost
especially 5 wogersgent af | uor ophenyl ) borane); am ne, phosphi PET/USS6IPIBAL i C
al cohol and nercaptan adducts of hal ogenated tri (( err] hydrocarbyl)boron
conmpounds, especially such adducts of perfluorinated tri(aryl)boron
conpounds; nEsg@oplgmeric, ionic, conpatible, noncoofdinating, activating
conmpounds (including the use of such conmpounds under oxi di zi ng conditions);

bul k el ectrolysis (exm@h@%@sdnaemenﬂaw the b Aing akirfpids ard prbviaglai nat | ons
of the foregoing 10 activati ng cocatal ysts and tec ni aiges ﬁThe foreg0| ng

activating c@&%??@l'm@'éh%feé@ﬂ RER DAL 'c’%

taught with e&sRACL ﬂs%éﬁ e%ﬁ?@é:gp?éﬁi@&@%&&eﬁd\tﬁ% fol | owi ng
ref erences: EP-A277, 003, US A-B 153, 157, US A 5, 064, 802, EP-A-468, 651, EP-

2 e 23 o et bR HROABTL P 11 om-

to 20 car bona@hmn'e»mnepl one or in conbination. Preferred nononers
include the CJerr] a-olefins especially etylene, propylene, isobutylene,

-butene, 1 -hexene, eof
O her preferred mnomg‘éas}ﬁél ?J'B‘g v%’%&? ohexgﬁ%%\?ﬁﬂ@ g@éﬁ;ﬁ%ﬁ,ﬂéﬁ%
styrene, ( emmolkdtiys-dighenyit,3-butediens warsrvemblneﬂ i miof detrahydrefiean (THF). To

Vi nyl benzocy ok M&h xadi ene,
met hyl - 1, 4- hex;%#éﬁgglghgw F"Z oct ad?lzgmgV%enm?ﬂmmr‘aens@ﬁtg@brl dged
cycl ope ntigdi &mxanepoTheasiutipa iy ftqm ealgriess tafright arange: &%MWP@& 580 ®hi r al
ol efins, syngj g4 ﬁﬁot)%f ﬁrz-étﬁﬂérﬁ%é{ﬁxdeﬂhamﬂben IHHF) AvhPadtinh a8 a sbfd. THE SoilAdnel N,

the term’ synd| otacti refers to po mers havi ngaa stereorequl ar structure

of greater tW%@ﬁfb@dd@WPwa'ﬁWeﬂ‘é‘Phﬁmnggﬂ"gﬁT(‘eW? e yelptiles were yemovedact i ¢
of a racem c yhddraguuéad F@&d?@tﬂerfhﬂQﬁstb}’esidﬁé%@tmteﬂaﬁnhﬁﬁméxﬁnéﬁﬂnanCe

spectroscopy. Convers S ctic refe to ner ving a
st er eor equl aPXEaGtets3 ’EJP%';/‘W‘ 99'1"?5;\?@ 'rPg&P? en dpe 8’??{3‘7?5 wiéte AR B cotdbined
15 with the hexanes filtrate and volatiles removed under reduced pressure. The solid residue
was slurried in 2 mL of tetramethylsilane which was then decanted from the sofid. Further
drying under reduced pressure gave 286 mg of a red solid.

'H NMR analysis showed that racemic {1,2-ethylenebis(indenyl)]zirconium
(1.4-diphenyl-1,3-butadiene) was the major product. Conversion to the dichloride by
20 addition of concentrated HC! gave 63 percent of racemic [1 ,Z-ethyienebis(indenyl)]zircpnium
dichloride and 37 percent of the meso isomer as the only identifiable indenyl containing
products.

-11-



preferably greater -than 75 percent isotactic of a neso tr| _
by-[err] C nucl ear magnetic resonance spect roscopy. Such pol M ngmﬂi“ 1“'
usefully enployed in the preparation of articles and object

extrenely high resistance to deformation due 30 to the effects of

t enper at ur e wba74@89r €ssi on nol ding, injection nmolding or GiAisesd28AL! €
t echni que. WO 97/ 25336

PCT/ US96/ 19281 Exanpl e Having described the invention the follow ng
exanpl es arGiAWByi ded as further illustration thereof and are not to be
construed as limting. Unless stated to the contrary all parts and

percentages are exprgssed @ﬁ F% rqmpi talé?rsuplexescomainin? anple 1:

Preparation of 1 ,2-ethaned [err Zl rconi um 4-
di phenyl - [@V@'?P%%W@T@?Pslmsmﬁﬁmqyc PWM?@O@S@W mie)(%?? ng (1.00

mol ) of Zrcgréé‘doh]!m%%h%rﬁnﬁl e00 nmmol ) of 1,4-diphenyl-1,3-butadiene were
conbined in t et rahydr of uran (THF). To the sti rred sol ution was

added 0.80 m (2.00 mmol ) of 2.5 &An@Butyl lithiumin mxed 10 hexanes.

The sol dtlon turned from col orlesf )4 bri ght orange. After two m nutes 520
ng (1.00 nmol ) &hefeln:2- et hyl ene bis(indenide)] (MO )[err](THF)[err] was

added as a solid. The solution turned dark red i mredi ately. After stirring

at 25[err]C for 3 ho . |l T d der reduced pressure.
The red paste resi dug'r'%gtsa;'@ﬁr f¥|8dro§iﬁa}é1ﬁ\?wmaﬁﬁfrﬁn}€éﬂ§rx+gﬁ aé%ﬁ'?f‘ F'gﬁ‘{? ed 3

times with a total of 60 m of tol uene. The. extracts were filtered and
conmbined 15 with th@pmgmanqchap@r@nqesselsabshanr@nsmwudder r educed

pressure. ToGosdthddib F‘g?’btﬂ}f‘ou\‘i@%a%elbﬁéﬁzﬁé c?roﬁgmmdﬁ ga(ﬁ&éh {eg@ne which

was t hen decCanted fromt solid. Furth e pressure
gave 288 nﬁyQ;ppqgnqd&g\ygggpqmpamg substituted with from one to fwe subst:tuents mdependenﬂy

selected from the group consisting of hydrocarbyl, siiyl, germyl, halo, cyanc,

hydrocarbyloxy, siloxy, and mixtures thereof, said substituent having up to 20 nonhydrogen

atoms, or optionally, two such substituents (except cyano or halo) together cause Cp to

have a fused, muitiple ring structure, or together form one or two linking mcieties joining the
I5 two Cp groups;

D is a stable, conjugated diene ligand, optionaily substituted with one or
more hydrocarbyl groups, silyl groups, hydrocarbylsﬂyl groups, silylhydrocarbyl groups, or
mixtures thereof, said D having from 4 up to 40 nonhydrogen atoms and bonded to M via a
bond comprising dolocalized x-electrons when M is in the +2 formal oxidation state, and

20 forming two o-bonds with M when M is in the +4 formali oxidation state,

said process comprising contacting in any order:

a) a Group 4 metal salt corresponding to the formula M'X, or M*X,, ora
Lewis base adduct thereof,
b) a conjugated diene, D',
25 ¢) a reducing agent, and

d) a compound of the formula: CpM* or (Cp-Cp)M* , wherein,

M’ is titanium, zirconium or hafnium in the +3 formal oxidation state:

M" is titanium, zirconium or hafnium in the +4 formal oxidation state;

X is a halide, C,  hydrocarbyloxy or di(C, , hydrocarbyl)amido groug;

-12-



[err]H NVMR anal ysis showed that racem c (1, 2-ethylenebis(in i |
(1-, 4-di phenyl - 1. 3-but adi ene) was the maj or product. Conver%ﬁmmﬁﬂlaﬂﬂum‘m
dichloride by 20 addition of concentrated HCl gave 63 perce L P
, 2- et hyl enebi s(i ndenyl )] zirconiumdichloride and 37 percent of the neso

i sonmer as thewapbiasssdentifi abl e i ndenyl containing products. PCT/US$81928125336
PCT/ US96/ 19281 CLAI MS: 1. A process for preparing netal conpl exes

cont ai ning two cycl opent adi enyl groups or substituted cycl opent adl enyl

groups, sai d conpDeis apencesgivated digng avingshd samanumbes of carbons as D and the
(Cp)[err] MD whaokebbstinloh a{térﬁggbum zirconiumor hafniumin the +2 or +4
formal oxidation state; ép I ndependent |y each occurrence isa substituted or
unsubstituted cycMSpenGeupcntyi2 metalestion arionard rergenteation eep tiflaL ect rons to

the netal, sgj E#Bﬁ/ | . cycl opent adi enyl group bei ng substituted
with from o’nglygfg | E‘%@t@?i%@ents i ndependent |y sel ected fromthe group
consi sting of hydpdehmwhgn M i3 Group ganetglcationang n ig 2yyhen My Growpymetal,
siloxy, and rga¥dn b Highh@rEajent atibsl of B Rihybiod@biisilybyo up to 20 nonhydrogen
atons, or optional lrt%( two such substltuentds éatexcggt (fc'é/fn or hal o%, t oget her
cause Cp to have ¥ithhaRfovishat reegenisiaiandid) gie nat gontated wionganost imtihe or
two |ining nmbgéﬂcgsof}ga'gamrm the 15 two Cp groups; Dis a stable,

conj ugated diene ligand, optionally substituted with one or nore

hydrocarbyl groups, silbyl orpuBs, vl Q631 adim 1 Wheréth tHéRSous s metdi 48l 8gar by

groups, or
10  Group 4 metal chioride of a Lewis base adduct thereof.

3. A process according to claim 2 wherein the Group 4 metal salt is
ZrCl,, ZrCl,- 2 THF, HICl, or HICI,-2 THF.

4, A process according to claim 1 wherein the diene is 1,3-pentadiene;
1,4-diphenyl-1,3-butadiene, 1-phenyi-1,3-pentadiene, 1,4-dibenzyi-1,3-butadiene, 2,4~
15 hexadiene, 3-methyl-1,3-pentadiene, 1,4-ditolyl-1,3-butadiene, 1,4-bis-(trimethylsilyl)-1,3-
~ butadiene, 2,3-dimethyi-1,3-butadiene, or isoprene.

5. A process according to claim 1 wherein the reducing agent is an
alkali metal or alkaline earth metal, a C, alkyl lithium, a tri(C, ; alkyl) aluminum compound
or a Grignard reagent.

20 6. A process according to claim 5 wherein the reducing agent is n-butyl
lithium, n-butyl MgCl, or Al(EY),.



(REPLACEMENT SHEET)

‘'m xturés thereof, said D having fr m4 up—to—46—xonhydr ogen ahoms and

bonded to Mvia a bond conpri sing %anh %eggé fri- el ect r ons RAHAGEMENT SHEET
the:-+2 fornmal oxidation state, and Al twoj[err]-bonds with M when
Mis in the +4 formal oxidation gt tn sald.process$ conprising contacting

Merrixerr] o[erﬁ%ﬁ%@PF*@@&ﬁMM@ﬁ%ﬁ#ﬁ% b)

conj ugat ed dl ene, , c) a reducing agent, and d) a conpound of

the formula: CpMer ﬂ'}wnﬂhvér%n@l)a?{s&b &]proddae it grepdylngroettainbiddytiapéntatieny!
zirconi umC%P %gfm umin tiﬂe +3 formal oxjdation, st%t ThNM is titanium

D_

zi rconi um ﬁrﬁ‘f‘ﬁ‘ 0 et complexss passessing ianslioanp ecqmplexasare M@luable
err] hydoaemrbinl Srizafib :
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D is an PRYBMRAYIERSt ed di ene having the sane number of carbons as D and the
sanme substitution pattern as D, Merr] is a Goup 1 or 2 netal cation, a

Gignard reagent Cat’FHérb éJar%tlBﬁ blﬁ&tﬁrﬁ&temﬂbﬁ%@&%ﬂ Efsgyelo&h%ny P

nis 1 when Merr] is a metal cation and nis err] s a
Goup 1 rre?%rﬁvnué@tanémafrauwdlgmwnpl@e@eﬁﬂewrbe@m thgfollpwing M&tﬁmr ¥gsusial, ¢

group w t | re . e t t one
another 1t REebMicifos 1962 £8ETY Sudh: F5de) oFAE AR AL HIR, Bl e 1
wher ei n t H@OCGNaapﬂadﬂl)rrEﬂ@Ir, atadl.t Ade Grganomet. Chem., 1985, 24, 1 (Erker 1); Erker et al.
10 Chem. Ber., 1994, 127, 805 (Erker II); and US-A-5,198,401. The present metal complexes
were first disclosed in WO96/04290. |

US-A-5,470,993 disclosed monocyclopentadienyl diene compiexes with
titanium or zirconium in which the metal is in the +2 formal oxidation state. Such metal
complexes were formed by contabting a metal dihalide with a source of the cyclopentadienyl

15  dianion ligand, a reducing agent and the neutral diene compound in any order.

The present invention relates to a process' for préparing metal complexes
containing two cyclopentadienyl groups or substituted cyclopentadieny! groups, said
complex corresponding to the formula:

' (Cp)ZMD
20 wherein:

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

Cp independently each occurrence is a substituted or unsubstituted
cyclopentadienyl group bound via delocalized r-electrons to the metal, said substituted
cyclopentadienyl group being substituted with from one to five substituents.independently

25  selected from the group consisting of hydrocarbyl, silyl, germyl, halo, cyano,
hydrocarbyloxy, snloxy, and mixtures thereof, said substrtuent having up to 20 nonhydrogen
atoms, or optionally, two suich substntuents (except cyano or halo) together cause Cp to
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10 C?ou3“4 metal chloride of a Lewi s base adduct thereof. 3. A process

accotding to claim2 wherein the Goup 4 netal salt is ZrCl[err

2THF, Hf
wher ei n
1- phenyl
3- net hyl
1, 4- bi s-

Clerr] or H O [err]2 THF. 4. A process according t By¢
the diene is 1 pentadiene' 1, 4- di phenyl - 1, 3- butad|en.“‘vﬂ
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(57) Abstract

Bicyclopentadienyl Group 4 transition metal complexes containing a conjugated diene ligand group wherein the dienc is bound to
the transition metal either in the form of a o-complex or a r-complex are readily prepared by reacting in any order: a) a Group 4 metal
salt comresponding to the formula M"X3 or M'*X4, or a Lewis base adduct thereof, b) a conjugated diene, D', ¢) a reducing agent, and d) a
compound of the formula: CpM* or (Cp-Cp)M*,, wherein M’ is titanium, zirconium or hafhium in the +3 formal oxidation state; M** is
titanium, zirconium or hafnium in the +4 formal oxidation state; X is a halide, Ci.s hydrocarbyloxy or di{C).s hydrocarbyl)amido group;
D’ is an uncoordinated diene having the same number of carbons as D and the same substitution pattern as D; M* is a Gmup 1 or 2 metal
cation, & Grignard reagent cation or a tri(Ci-4 hydrocarbyl)snlyl group; and n is 1 when M* is a Gtoup 2 metal cation and n is 2 when M* is
a Group 1 metal cation, a Grignard reagent cation, or a trihydrocarbylsisyl group with the proviso that reagents a) and d) are not contacted
with one another in the absence of reagent c).




