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It is likewise of interest to develop mew methods to prepare bridged or ansa-
metallocene compounds, which comprise two n’-cyclopentadienyl-type ligands linked by a
chemical spacer. A variety of substituents can be incorporated into the ansa-metallocene
structure, including substituents on the cyclopentadienyl-type ligands, on the bridging group,
or both, each of which helps determine the physical properties of polyolefins prepared using
these compounds. To accomplish this task, it is also of interest to develop new preparative
methods for the ansa-metallocene parent ligand comprising two cyclopentadienyl-type

groups linked by a bridging group.
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In one aspect, this invention provides a method for making a compound of the

formula

" (I), and isomers thereof, comprising:



2. WD 2006/ 012315 PCT/ US2005/022533 R3 \ ~° R3 a)
contacting a conpound of the fornmula (lI1) and an
walbboslo12its hi um reagent in an ethereal sol vent PoTfuseevs@az2533
first mxture, wherein conmpound Il is substantially
deprotonated to formLi(ll); b) rapldly conbi ni ng the
first mxture wwth a ful vene conp
RlL R2 (I111) to forma second g3
Li &} &ontaXing @wp@YBEhd dfithé formeRt | onar Ty Ti miti D) and an
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wherein R' and R? independently are hydrogen or an aliphatic or substituted
aliphatic group having from 1 to 20 carbon atoms; and

wherein each R’ ihdependen.tly‘ikshydrpggn or an aliphati'c or substituted aliphatic
group having from 1 to 20 carbon atoms. B
Typically, compound I is formed in at least 85% yield, at least 90% yield, or at least 95%

yield.

For example; compounds of theﬂforrr_r‘iﬁla 1 that can be prepared using this invention

include the compound of the formula , Which can be prepared as

disclosed herein using the precursors
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b) rapidly combining the source of the fluorenyl anion with a fulvene compound

R _R?

&

>f the formula /' (II) to form a Imxture, wherein either the source of the
fluorenyl anion or compound III is optionally a lirnitiﬁg reagent, and wherein the limiting
-eagent, if present, has substantially reacted; and
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¢) contacting the mixture with a proton source to form

(I), and isomers thereof;
wherein R' and R? independently. are hydrogen or an aliphatic or substituted
\liphatic group having from 1 to 20 carboﬁ-ato_ms; and
* wherein each R® independently 1s Tgii.)‘ic_irl,bgen'o'r an aliphatic or substituted aliphatic

stoup having from 1 to 20 carbon atoms.



Rcan typically conprise lithium sodium potassium
magnesi um cal cium or a conbination thereof, in
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exanpl e, the source of -the fluorenyl anion having the
formula R3 00 a R3' can typically conprise a salt of
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»he rapi d combi nati on of the ethereal
Rs 3 e fluorenyl conponent Li(Il) and the
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ti.me riod less than 1 mnute.., This co nat i
compfifie f g‘.‘ oS, R B AR, FilFBi 6 £ STDBARUE hareor.
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conpounds, prior to proceedlng to the subsequent step

range rpftatkerppl sobvents, Mekidingnibuhact bmited te Heethyl otsr, ditthyl ether,
dus(fpkggﬁ %ﬁ;extr, Iéié p?%ﬁ%ﬁ teﬁ%% CJ] ];nttp.wrl%qg]r t&&ﬁxﬁtbuﬁ:}g%ﬂeﬁﬂ aéghenyf g[her
THfalltzeahmthoveétyanet beangddirbimationtherdolie et hereal sol uti on
of _fl uqrene ound to he ful vene, itjated
ol IsE PpF e rRegtiozaihe £ ﬁ‘é?b%ti%’r‘?fjége ?tlge%ltsp jon of
the SE6TRAHNBripon&RrLIEMRER €he ﬁl'[k!%n%bﬂ@guncpillt ﬁ' t%rpicﬂl\lf" QiR out
can further conprise renoving, the, volatil
overcnpe e of [P i, dhicammaion ipe o e fgorenyl and the
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f or maki.ng dansa- net al | ocene, conpound, of the
NUX Rty preyide a rem ue comprising I, optionally triturating the residue with a solvent

in which I is substantially insoluble and III is soluble, and isolating I. Examples of
solvents that are useful in this trituration inelude, but are not limited to, alcohols having
up to 8 carbon atoms, examples of vs)hich include but. ‘are not limited to methanol,
ethanol, 1—propanol n—propanol n—butanol sec»butanol t-butanol, 1-hexanol, 2-hexanol,
-hexanol any mixture thereof or any combmatlon thereof
In a further aspect of this 1nvenfuon, a,method is provided for making an ansa;

metallocene compound of the formula
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woanpouzadsof the.formula (11) and a first al kpCT/US2005/022533
lithiumreagent in a first ethereal solvent to forma
first mxture, wherein conmpound 1|1 is substantially
f ed to formLi(ll); b) rapidly conbining the
hMRture with a ful vene conpound of the
formppa RL R2 O (111) to forma second m xture,
Rriherei nwg‘hé limting reagent has substantially
rgatved, ) contacting the second mxture.. with a
&otource to forma third mxture R3 RBR R
conprivsi ng (1)AVi.sempesing i soners thereof, in at |east

85% yield; d) renoving the vol ati Leanconpengnts, from

the third mxture to provide a I @7- risi ng |;
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(TII) to form a second mixmfe, wherein the limiting reagent has substantially
reacted;

¢) contacting the second  mixture, w1th a proton source to form a third mixture

comprising (I), mcludmg isomers thereof in at least 85% yield;

d) removmg ‘the volatile components from the thlrd ‘mixture to provide a residue
comprising L; '

e) optionally triturating the residue with a solvent in which I is substantially
insoluble and TII is soluble to provide I, followed by isolation of I;

f) contacting the I with from 2 to 2.5 molar equivalents of a second alkyl lithium
reagent in a second ethereal solvent to: form a fourth mixture, wherein the I is

" substantially deprotonated to form le(l),



g) contacting the fourth m xture with M X4 and an

opti onal hydrocarbon cosolvent R3 R R M R2 ,X to
woaomsoa2Fisfth m xture conprising (1V); h) renppCngskies/ 022533

vol atil e conmponents fromthe fifth mxture to provide

IVin at |east 80%yield; i) optionally washing the

| \R)i qentpctiemhthg dperth waityeervtith Y Xomd; agreptipal dytjosappm gosolvent

the IV with .a polar, sg owed by renoving the

volatiles fromthe pola olution to provide

IV, and k) optional | ey R3tjhe IV from an

aromati c solvent; wherein: e R2 are

i ndependent |y ' sel ect e, i phatic or

substituted aliphatic geouj vihg from1l to 20

car a 0r _.hydrogen; 4 R3, | ch instance,

to 1colmsl a’lt}ﬁgie%%x%%éﬁ?ﬁ’yngégect ed froman al in%ﬁgti cC or
S ubsieriowirgdthe alol it drap@enis frdta \the) G fth moixtute t® pAide IV in at
carbon atoms, or hydrogen; M is Zr or H; and Xis

least 0% @eldior | 1t was found that yields of the

mf)%bﬁ%ﬁ?%va‘éﬁﬁl@ thd IV &Va?&n\lﬁlﬁzﬁ sBH%nt\,")' atil e conponents
were removed fromthe fifth mxture to provide |V.

Thi) sopttendibyd exteasting see B¥ widled padarpsadysat doldowdd bpnepeviag the
I Vi tthe ruct ur . Rs Zr"% ClL n SC
volsERE R AP AP i ! oy,

, osed %’er ein, wherein
c okpstindally cryst¥idzing @it IV B3thanRETihAdsH08&0() 22533 R3

wherein:

R! and R? are independently selected from an aliphatic or substituted aliphatic
group having from 1 to 20 carbon atoms‘, or h}}dr.ogen; and

R’, in each instance, is indepcndéﬁfiy selected from an aliphatic or substituted
aliphatic group having from 1 to 20 carBori atoms, or hydrogen;

M! is Zr or Hf; and o |

XisCl, Br, or I.
It was found that yields of the metallocene‘\:;s'/ere“ improved when the volatile bomponen‘ts
were removed from the fifth mixture to p;é&fid"e Iv.

This method can also be used to prepare a zirconocene analog having the structure

, according to _thé method disclosed herein, wherein compound I



3, RB 1 in has the fonnula conpound Il has the
formula R3 G-~a R3 and conpound |11 hasahe fornula
wohers®i2z815sR3 is H t-butyl, i-propyl, n-propyl pCeuisyios/022533
or methyl; and n is an integer from1l to 6. As
di scl osed herein for the parent ligand, in this aspect
al so, the rapid on of a fluorenyl conponent
Li(ll) with &R : porent 111 is typically
carried out over a period of less than 5
mnutes, less than & minute's, less than 1 mnute, or
‘less than 15 se hi s conbination time for.:the
fluorenyl and th e compounds is different t han
the total contact/Alne bet ween t hese co ou
has t ¢hepr &EBER ng to The subsequentoERREdi n ai)r 615‘%3 ormula
Also in this aspect, the first and second tﬁﬁ ea
used in the preparation of theé
ependently selected froma 'r
{ hé goTRents, including, but not
di metHyl et her,,anducmymdéﬁhgqsth%fw@abr
n- propyl ether, di-n-butyl ether, nmethyl t- butyl
di phenyl ether THF, 1, 2- dlnethoxyethane or
anR?&dﬂhﬂm@ﬂ;wmnpﬂhmmﬂqﬂleﬁhl&rneﬂbhdmdf preparing.
the netall oc ich conprises renoving the volatile
cofptAehteges @ﬁﬂtﬂ “third mixture to provide a

As di&36 LY BerehP IR ths pibnt ligahd! nin%i% Qsﬁh@i hiedlahé Yapi€ @8m@binggon of a
triturating the resiidue with a solvent in which I is
ﬂuombb@@mqnanﬂ Ki(Xhh sthy o fdvesa gompeneng 1gs [tyimeadlyt arigdoRit gaer 2
tyi f
tlmet 1?1651':08 o? Les3) se?yj ﬂ‘u%g{e Le&q:hg {rtm&%%ag%é ?‘%léﬁ Jgﬁﬁ{ 81”1%§s than 15
secdihei Thigicb@binktion aimcfhoﬁs flnarenyipnd phe al&ne aptmpnurais osnél,fferent
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subs% enipgﬂs le!he {,chyst anol , 1-hexanol, 2-hexanol
exano ﬁ n1xture thereof, or any conbination

thereof 8
Also in this aspect, the first and second ethereal solvents used in the preparation of the

Wheretui;,|

metallocene can be 1ndependently selected:.fg(‘)m a range of ethereal solvents, including, but
not limited to, dimethyl ether, diethyl ethef, diisopropyl ether, di-n-propyl ether, di-n-butyl
ether, methyl t-butyl ether, aipllenyl ether, THF, 1,2-dimeth0xyethane, or any combination
thereof. .

This method of preparing. the metallocéne, which comprises removing the volatile
components from the third mixture to prov1de a residue comiprising I, can also optionally
comprise triturating the residue with a solvent in which I is substantially insoluble and III is
soluble to provide I, followed by isolation of I. Examples of solvents that are useful in this
trituration include, but are not limited to, alcohols having up to 8 carbon atoms, examples of
which include, but are not limited to methanol ethanol, 1-propanol n-propanol, n-butanol,
- sec-butanol, t-butanol, 1-hexanol, 2—hexanol 3-hexanol, any mixture thereof, or any

combination thereof.
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aspects, features, enbodi nents, and advantages of the
wonrem@disnventi on will beconme apparent after aCTAS2®$/022533

of the follow ng detail ed description of the

di scl osed features. The foll owi ng patent applications,
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entireties Pat ent Application No. 10/877, g
disclgsedl fegigieent Appl i cati on No. 10/876,891; U.S. Patent

Application No. 10/876,930; and U. S Pateht

Apprhé C%ﬁlb@ﬁhg ateﬁtO/a%]K:a% filde c@ﬂdefn?&ﬁaﬁ%ubl? Fitr BRf present
description'of the Figures. FIGJRE 1 represents a 1H

appligetots pescinFRIAYRied Epeafereate hepdn Fethein Auitgieshilhy. Batap Application

No. afoyery, o@@n@@l Pé%éntt,k&)?pli%&k(ﬁt Nbese/si@so1t Ress yrkheappti@fion No.
ent adi en -di-tert-

10/8%9& fap@: r%ﬁwem@lmﬂmé% 19/8¥6¥Hi um dichl ori de.
FIGURE 2 represents a 1H NVR spectrumin CDC13 of the

CHERCIZGwaptis Abtiefdtiiptibobl Ry Bgudd.t er a pentane

mashlng step, for the syntheS|s of

{ oF LS8 D R GtEny n3 MR et in FRGH of taimenies pading e

after! RénAaE D Nhe | VOIAIMS) Gy @lﬁé)‘éj/rﬂl%‘élsaoﬁ‘?s BRbRhtaBRKI1N]8-(R7-di-tert-
varleté of organi ¢ conpounds conprising two

butydrorapbhesdi@agircaysrdighlotiges | i nked by a bridging
group, which constjtute useful ligands in preparing

angRuURE 3 k@@e@&ﬁs GO NR Sspectiaf ﬁieCD@LSoﬂth‘éCCHﬁﬁg extract that
herei n can plied to the preparation of

foﬂ%ﬁmfseéarpgnqavwfé%h%/%%pfehfhs&w@hws eind- qypl%?ré%@wnyl)ﬁ (2 7-di-

ten.gﬁ@m&mnﬁgﬁ&@ﬂeﬁéfﬁ{ce&%&t&@iﬂ&f&l and i ndenyl groups,
i nked indenyl and fluorenyl groups, two |inked

cyclopentadlenyl graoups, two_|inked indenyl groups
t wohe PIFREEH HERfINGT)Yidesrdonrptiod piimalgng p variels of preasig compounds

comBRITRO Wl 8y FGHenBEEMR-tFR crBiR AkSPby hlbeﬁgfag gk@ip, whid® constitute

correspondi ng ansa- netal:l eacenes,. hensel ves can
usefploligands @g@@arm&gnsggpgp% wﬁp&ﬁmt 'Ehe metbp@fqlq;plosed herein can

be apled TSk HRphRASn oij d%nff»ﬂ%d@%&ﬁ?ﬁmngt lhﬁ’mmcmgﬁtadlgx};yl bR Buorenyl

I'nvention generally afford higher yields
gromeéink@ticysb@@ru@dwm'hm ipdang] gremr@t ]éifk@d eldamd iahdBhaenyl igroags, two

llnkélfjcgf%y gé@gﬁérﬁ% g{gl)ﬂgé) ?‘S ‘ﬁﬁ?%ﬁhdengrpﬁclg(f nboun ?\f’@ﬁ}e!nﬂngroups In
eachf mswthasegcmozlﬁ%biﬁﬂ.ﬁﬁié aP(ﬁi’dchiSQlOﬁgdrﬂQ2(53ﬂa corresponding ansa-
metallocenes, which themselves can be used as. catalyst components in olefin
polymerizations. In one aspect, the methods of thls invention generally afford higher yields

of the desired product than were heretofore available. -

Ligand Synthesis. In one aspect, the present invention provides a method for making

a compound of the formula



RBRBR R21 (lI), including isoners thereof, in at
| east 85% vyield, conprising:. R3 Cta R3 a) contacting
wea 20rmpzaand of the forrmula (I1) and an al kyl PCThiS295/022533
reagent in an ethereal solvent to forma first
m xture, _wherein conpound Il is substantially
ed to formLi(ll); b) rapidly conbining the
re with a ful vene conpound of the fornula
IT1) to forma second m xture, wherein the
I ng reagent has substantially reacted; and c)
g the second mxture with a proton source to

d third mxture R corrpr|S| ng (1),
i ncl udi g |song9§n?H@P%8inrakﬁ€?% and R2 are

in at IASERENIRM b¥mse ,e%t ed froman ali phat| c or
substltut ed al I.pha group having from1l_to 20

carbon atons; or hydrogen; and R3, cAG st ance,
is i ndependent ly' selected fromgmar @ Y OR®
S Ul Sddntddtiggl a ainmmgaldf ¢ Gorpndavi ng 1to 20 (11) and an

carbon atons, or, dro en. This thod prov des
alkyllithjuanicpe@l in gi éﬂhereala&O Yeah ot fogp e, P@PH(WSTW relFlé:é?&PO“nd I
I YRS [, Il, and |11, - and.
mSu%g£%%l9d§xomﬁgwgﬁgg%@1y gglected from an allphatlc or
s Ustapidist esmbininghe ifiestgnixtipe eith o gulfensngompoyngd ®f dhe Famula
atgns, or hydrogen; and R3, in each instance, is
ependently selected froman aliphatic or
ubstituted aliphatic group having from1l to 20

rbon atons, or hydrogen. Exanples of aliphatic
oud@H) to rﬁorea@ lsecond mixture, wherem the limiting reagent has substantially

R1
|

reacted; and

¢) contacting the second mixture with a proton source to form a third mixture

- comprising (@), including isomers thereof;
‘wherein: ’

R' and R* are mdependently selected from an aliphatic or substituted aliphatic
group having from 1 to 20 carbon atoms; or hydrogen and

R, in each instance, is independently selected from an aliphatic or substituted
aliphatic group having from 1 to 20 carbori atoms, or hydrogen.

This method provides I in at least 85% yield, at least 90% yield, or at least 95% yield.

In the formulas I, II, and III, R'and R* can be independently selected from an
aliphatic or substituted aliphatic group haviﬁg from 1 to 20 carbon atoms, or hydrogen; and
R?, in each instance, is independently selected from an aliphatic or substituted aliphatic group
having from 1 to 20 carbon atoms, or hydrogen. Examples of aliphatic groups, in each

instance, include, but are not limited to, an alkyl group, a cycloalkyl group, an alkenyl group,
) 0.



i nstance, include, but are not limted to, an al kyl
group, a cycloal kyl group, an al kenyl group, 10. WO
waQew/0@1a315 PCT/ US2005/ 022533 a cycl oal kenyl pgrasmo5/022533
an al kynyl ~group, an al kadi enyl group, a cyclic group,
and the like, and _includes all substituted,
a cyglralk et ety aligmyhapey an alkatipnyh 8D Ak bysrowr, and the like, and
inclElRk M AhbsviBSed BENuBQftuted, @ran@l?éahaddq%%n&ﬁIOE?W 8Givhei tl%?&)f in
to 20 carbon atons. Thus, alliphatic groups iInclu
eachy ipstantechavAgtiqm qq o2 erbamederes aFii alivhaidhetegps mclude but are
“mot BAaf fol r@d’&ﬁ)y@ Kenyd Sraffild tzhn%)%m#rlﬁ F & éxgggfel fllpgxﬁt?yé]rﬁups as

as used herei'n include ne
usedq hpyginy include pethydt gihyl, sm@pybun*;zutyl,l tsrsﬂ»uw secémzyﬂ isobutyl, amyl,

oo, hon SUGUROER Pl 6L Do, e,

buwﬂﬂemkﬂh@hhﬂhe termisoners thereof when used to
descri be the conmpound of formula I, is generally used

toThQ 2 EBmbRahert \/\ﬂjl SIELRAM: £ a&cr%cfome cg)nﬁ)g upo %%la I, is

or di astereoners ch can aril se epen
gengrefbnused Yo widicRte, thavthis arethod aet pﬂmdmmatty»meed ¢or didstenvingdns which

can Ak d%ﬁq@iﬂg rhgglli]ttﬂlé/ 1@91!1 C&fe L Ign & Igéc \Agg?ng)?eq)( ﬁf] oft W‘cfuch are

__provi Ol SOners eSU flng rom
mdemnddlglms;l@tedugldubm deethad dihialsa yoivifeengiaomery Ires[ﬂtmj frofth®here

s9 s of as.a res
the GEGRLOTPERARL, I GhoSoldal i o IRERR DR Rl ety
arisd asra‘rmﬁulf (3] thetrh@oc}reﬁx‘mﬁyl @prétbnakting He) antddidicdohplex Fotmed from the
not hey..aspect, this- nmethod for' making the Iigand I

f“”ﬁ%ﬁﬁﬁﬂ@EEW@bﬂiacting a conmpound of the formula Il and

an alkyl. lithiumreagent-in an ethereal solvent to

f olmanothérr axpectmh(st mteﬂa,od\l\fa)e rrﬁakﬁl}gc ciephguad 1 b01h§rlses contactmg a

sub ti oto to formlLi th
comfR Lo Ihe' it B ST Fiesbl i Sty Syt ey o et
mlxmm; mheténﬂwmpuuhch Bk sﬁEﬂﬂdﬂﬂi@lﬂﬁﬂeﬁMd ©f folch LMD, @Nhis aspect,

l[ithiumreagent,. or with a ght excess of
this g?ﬂf%taﬁlaﬂoa Geachen ¢ Yc%{PWﬂyc%ﬁlqdewt &ﬂ*ﬁl afj qapimolgr agpunt of IT and

191 EihAuniRdaEnt iR habi @besdlol ¥lidr it €
anaﬁﬁat co g%ﬁé Il |sa s%bstgﬁtpalIyrdepgﬁggﬁg?% £Hw§9utwnh

frony drlmtq j 14 imolar. papivalgnds 98 et lithiver agagnt $o it mwnpound I is
subsfaﬁﬁﬂﬁ/rﬁepﬁdﬁﬁfateﬁa@ R Lii§S Gy 'k ehz @sﬁé(ct Qh%g(ﬁ{yll ﬁt@ E@%é’e tgtggtr&n be

be prépar east
used; i gyt adlo dithiumg seagerestthat iaHewsekitoths prAveted imatDerst 85% yBld. including,

o S e BRI IERAy Ae. o

any qumnaﬁwn tlesaepdnTherefars, ﬂtedl fd the l2ikgy] lithium reag&nt reaeaistb f&50A.1(XT)
Vi $,0,; k) Yo d r ot onat ed. haweve

in at le%t %5 ( I {}Qﬁ t? %Q Séé@stta ntlgl Iy é%ﬂr&&?a%dg ﬂ%‘ﬁ,?veg a%ﬁﬁlyr lla%r{d tlhg alkyl
: hthnim) lrfmgdmt (rdac) t0| ﬁ)rrmlLi(lBalsht 19asﬂ96% iyidld] at Bhstlo8®sHiel@ 500 at least 98%
yleldy | &/Ihqé o&xer reagen Sal%'i:ly %e used to deprotonate II, the lithium alkyls, including n-

BulLi, work well in this synthetic method Thus in this aspect, the duratlon of the contact
time between II and an alkyl lithium reagent is typically that time necessary to substantially
deprotonate II, that is the time necessary to form Li(II) in at least 85% yield, at least 90%
yield, at least 95% yield, or at least 98% yield |
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yield. While other reagents may be .used to

deprotonate I, the lithiumalkyls, including n- BuLi,
woande/oagdis in this synthetic nmethod. Thus, in POTAIS2005/022533

aspect, the duration of the contact tinme between II

and an alk¥ lithiumreagent is typically that'tine

necds stheyeat whanbused in thiy mgthod et br Wrercadanfly selpeied frgm a range
£ il ﬁgm S bhOndt Hulflelt 14, | disheth{l dher! GBI éﬁe@ di 1
° yi ?a , t I east 9% yi eﬁrg?e e%ns{"l 956r/o ?, HSOpmpy
ethgre élslt-p%% gthest di-n- buvbemeen@hsﬂ 31@6@@1@@9@@@@%2@513 31" HF 1,2-
cimERE RURE SR ar§ Uk Bt A ]
1m g)é}%endent I%/n?sé) ect égé?‘g oér%ﬁat{r gﬁe gﬁ)tg?to g%eheéﬂr;é}%l Wivent can be
dletbyil G\ﬂ@ﬂﬁi EHF, ercanydiondpinabien thetsof, Ianmnt enpthey asphichghengthereal solvent

. ' et her, diisopropyl ether, di-n-propyl

(mn%gﬁg&“”%%@ﬂ?%ﬁfyl ether nmet hyl t-butyl ether,

di phenyl ether, THF, 1, 2- di met hoxyet hane, or any

corfhienethétospedt of dlest Inventiopnise aampé combingteoneatiee flaerknyl compound

I F
LG Tu15GR Bfpofl il ol cpmbfiont e @ o 0T lhan 5
mingtes, less rtﬂ;arnl dopingdiestlenp Ithaet3hemute$ Aesa tign liemnatspé@s thah Itrhigute, less
, r f nyl

thaﬂ Qy %Qcoh(?#q le_sg ?ff‘aln) P set%ﬂﬁé%n% gge%lgﬁl ég se%)nrd]% 1 I%h Y aspect the rapid
contbylmlomlof )Ll((IHI‘WiﬂedlIIOth adsoele aartledmutpmer adinuf pérﬁﬁlSoﬁ lassnthan 1

an 4 m nu t han ut
mingie, B Hirf s s Mo edtid s 1R a0 £00Bftscle Rt speoncs,
or e gRnds,sedopds Tﬁiaﬂorﬁlﬁnﬁﬁﬁ@mm e fluesayltandhe fhlvene compounds

o GG g o o R s e P gt apprsgin to the
subﬂﬂﬁer@ Gtep fin the pEockRAIThd corﬁblﬁ&ﬂoﬁ tmﬁd&ie%cﬁﬂ&ﬁfhe%pS@ptﬂﬂ@ §ver which
| ess* t:han 30 seconds, |ess than

40 seconds,
the 233@%% 8?1 Rﬂene a4k phszRal rolibine 6 dbe TypRewlc Bhvaiemath b the
additiol®off M6 éﬂlih@eaﬁ | SHRESRYE fAdnb NBmipbinde BE (HEORIPRYE d§ inltited and
different than the total .contact time between these
“mﬁ%ﬁ%bunds prior to proceeding to the subsequent . step
in the process: The conbination tinme describes the

el apgRAdnbi HRer AR toVhé ®Bund Be 1A, te&neﬂflanhh&l belWENBe rapid

to the ethereal solution. of the quoren

combpnadip g thy dplyene and theefbieteslsalugion phibe éﬁm@n efaqore@al fgeuligin high

yiel@d is ak mfo%e 1G9 Pgﬁmmﬁpantlﬂﬁnﬁéd NEMonoliRhihibd Eﬂe@fe§ GaRBH Li(D),
conpl et ed e not intending to be bound by

forrg é?laéwelwmkubo HP@¥ ropptingt ALY mﬂl dIL c dgpinnahile nObfntqnﬁ%lg to be
I

bou¥1<lllJ bgr en fr% elé %{)%(ﬁggﬁa&lﬂsﬁgﬁj c@tﬁd %ﬁag%gée%% tsf&'w}éfndf}%rotonanon

reaqhios oF bi(é) toHetm &n(D), almtgewmieﬂucatx@, Inrtbua sitiatiohj sove dombination of

pitl Slfcp (i?('tlﬁ 1gﬂ9?? e%épell‘\cnlt%gi:{)ol efliofvvorﬁé) dl% o ‘:ll\ff:i" I¥| b %I Ct‘%sXh%t t%ge{her in
. solLttlon lvath unreacted Li(IY) for a sufﬁclent penod of tlme for the L1(II) to deprotonate
Li(I) to form Liy(X). This process would in, turn be expected to lower the yield of Li(I) and
its product I that would form upon quenching th;s reaction mixture with a proton source. In
contrast, and again while not intending te be bound by theory, the rapid combination of III
and Li(IT) might be expected to form Li(Y). quickly and deplete the Li(II) before it could

engage in the slower reaction with Li(I) to the extent necessary to reduce the yield of I.
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bound by theory, it is also possible that Li(lIl) could
engage in a slower deprotonation reaction of Li(l) to

woéaowwo23i§l ), along with fluorene. In .this siPaamiSes/022533
sl ow conmbination of I1l to Li(ll) mght be expected

to allow rapidly-formed Li I resent to her

| ol it Gt b e PESRE & 1e(<1°rr?maa o & e ution of
Li(Il? ehd od, anchhﬁﬁ/ﬁfc@ﬁy thfed bt sin tﬁbn‘i‘@ﬂr OhRRL&io fol A 1:).5tBolar

onn rocess wou in turn, bhe expected
ratiotod L( grpear@rw(sfme_hqdl Worlawlth AR §XqsPoefiher reﬂ%?af but also
worléé‘%gllq.xs{ rdn l}JMarqléf?@ 64hBg rEJéEl?ts r ?r?ﬁl%'e%ht 'Tl‘le)fé Hsra% B oflone

prot on sSource. contrast, agai n while not
reag¢rm pesrdhanetherothl élnbmgmamt mnibis F%ﬂctl(tm@nrb& mT@e%tdﬂrBi lgent P@' the
mole 1trac|t1l§+ of 31@31 g'h(r 111,111g 1% P%% %)&@%C@i@ q‘loieoﬁéc%()ﬁ]ok 't}{ell')on-hmltmg

y an ete t ore It coul engage
reagq:rm, drhae leg$t Gk thr: amdy frmow0f the mp(l-lll)nﬂmtg rehgent xAbﬁ tin the aspect, in

e QEERAIBE P SHSRo B L A OPBI2

excebswenLi@pn i s the conbination of the ethereal solution
of Li(II) and 111, which is typically carried out

g?h{??tl ?rf W} ?Iajspér.ﬁ% L é{r&%ﬁtomkfgntﬁn e BodlR t?artlon (ﬁ{ e Li(IL)

arati1've met hod wor
compoinié S thef fireti tbxéire rpm)g ¢ ta,pldbu tonglisiog thie bthsreﬂﬂﬂl),l sqlmtg)namth

ar r hes nt s. t v
the 1%1@/6153 COMPONIX fcagfkf%tfrorrn e(g%’&ﬁérgo a%/rgfo %(#)18/1 8s El(ﬁ? ﬁoxg fikafion in
the firktfhixtung phea@eralbldlyrcohibhﬁngrtﬁaamkmfe witin I eeap raéss e tfromn 0.4tM to

s EE3b AT 1500 TR BT B B ) Hofion o

first E’rﬁﬂnfel ﬁﬂlJrl te %pldl? agebihing @liis aixtheafith W0 ¥k Bo BBLS M, 0.6 M, 0.7

actiaon of the non- I|n1t|n rea
M, 0 Febo M 10 Mlel Donaitats bh dgrh e MorHEMEdi7 Mol fiMegd M. or
2o0mMf Li(ll) and 111, typically Ill is present in slight
excess over Li(II) In yet another aspect of the

sen |nve e concy atlon of  the Li .
G et et ROGHE & i qegipopiy Pjaﬂllﬁﬁséggo}" yield, the
prepﬁ@ﬂ%l Rehgd il e fétvﬁﬂrtﬁ@fb Ty | |ekaes§ of @hé @eﬁg&ﬂttd‘ifer tilReother 1n the
ful vene conpound I'I'l, can:be from

comfpymatiy; of the ehprpalspition of ¢ mng g ﬁhléa%*@éét O%%R%hmleng reagent

reactdf htolEask 9odapr @b Xlnﬁfi‘ﬁg)feﬁgéﬁg rdabis Soﬂ@t’%d&f 950 &hthé hiknitisp@feagent
al so be fromO0 from0.7 Mto 1.5

reacfsy oﬁlmzsz o faig aspecty the dtr:mqrmfr the taenigetj fime )betwme én&li\gla@ndoﬂl is
typléaﬂ%ttﬁ]a? tmIe' I{e?‘]ésfﬁ éﬁéﬁrtﬁat tﬁé 'hﬂlbtmth}e ﬁ ﬂg%gﬁﬁmbﬂ%%cﬁ&”tﬁa‘[ 18
the tOmBneobss®ry 9o at l_ea@ 8[9% qf the Iivhiting repgevit tolbe@oMun]@MatMast]?O@(o of the
" limitg m:‘gtrﬁ%%ntl\qe coni(ulmnwg, %ra% le%t 9%% of.fhe. l%mn%%a é}{lt b@ﬁo‘f@lﬂﬁf‘det he

provi ast
85%yield, the -
In another aspect, this invention encompasses contacting the second mixture, formed

from rapidly combining the ethereal solunqn of Li(II) with III, with a proton source to form

a third mixture comprising I. The proton seurce for this step can be any proton source that

protonates the Li(II) with IIX contact product te'provide I Iﬁ this aspect, the proton source

© can comprise water, an aqueous acid, an i,equebus ammonium salt, or any combination

thereof. The proton source can also Be‘ Wefger; -‘anAaque‘ous acid, an aqueous ammoniuhq salt,

or any combination thereof. While not réduircd, when the proton source comprises or is an
13



preparative nethod, in the event there is'.'an excess
of one reagent over the other in the conbination of
wohewsstmseal solution of Li(1l) :and Il at | eastussmsi22s33
Ff the limting reagent reacts, at |east 90% of the
imting reagent reacts, .or at |east 95% of the
aqueoys; agid; ithFgRRIERAGEATHd CAnelfCTl Ve, 3&‘,“‘51 fteﬁ?%pf%s%%%{}ﬂ's M 4 M.
Typica.‘i’lg,r @t bRkbn Bfirce boiRprie i uedus BRnatuwear. Li (11) and 111
| typically that. tine necessary such that the

limting reagent has substanti.ally reacte a

U f1eHA et dekie, orppu | Peh st sp B fpund 1
cOmpdélglgqeca{l t}rgaibab? bé Qﬁﬁéwﬁﬂ at 184st BRaSiel®O0Porakathpie, thé inethiod o this
_ reagen e consuned, .or .at |east '95% of t .t ‘
inventioszge Artise CRBREE ﬁ@awl%,thanvalaﬂ@r“f%?ﬁ&?}%% homi6e bl
provid? AGTRRTSEPrifAY T, Aptibidly (chRadie of ditiifadiigthe residue vth a solvent
_ fromrapidly conbining the.et ere%L %olut' of Légllg
in whm]} i his gubptantyglly hnsglub]eoq ,41]51(5 gelables andrisglamed. ¢ u‘s,aby escribing
the tri&}e?{i%ﬁ LEv&ER TIPS kA9 id whilR BisRuSABamPHEASDIE @id T isSsoRib&DIt is

can be any proton source that protonates the Li(ll).
intended that thislsolverrtvepstd pedeifor thedsoftienofibin the yiglds diselo g‘&@)&tn;

the proton source can conprise water, an agueous

aﬁ&&epl&rbf-séﬂ&%@ bt ATHRSHLMER btturaBén MOMAE GIbimaibt tiited to,

thereof. The proton source can also be m@ter, an,

an alcliplnaliding; et nos Hmafed TR IRhRGRYIBETR i § oarbqgatdps, Bxamples of

mtura%&{"%’dl Atd 10 hDES 6RH in WY dsecnOt thé RRIHHOR GaclvdEBut lafenot limited

proton source conprises-or is an 13 WD 2006/012315

to, maEﬁﬁblU?ﬁﬁ%/lfj)Z@ﬁB@, n-grpperdlsr-buinel, seqrbutarpbddutangl il diexagql 2-
elative ol r . fr. M 15

nesandf TR S b S o TRy BT BB 5l

trituraGibIeeléhmcsatdmprish nstimpolh ettlarfob ranyrakikintg themplo ohehy comipation

furfher conprise isolating.c I ’
were S SRS ACHEL A0 PRt ARl G
achieR¥@YRInG mettvd kibivhos ond oft drilisaryiskillein theomt, deoinding; bierot limited
conpri se renpving the volatile col t
to, eVENOTHIFnVRR UF P e SR RBQEe: 2 oo 925 gas such
as nim*eh,loﬁﬂl ith}d lﬁi@ﬂflﬁiﬁﬁliaﬂg 6latirg 1 Golmtwing theheptiopsli thtigativint ¢f the
o N0 el : _
residye| q?b(:t)ql\gleednwnh%p@y{ngﬂtglelvé ti u?q%tg)%?lgrlxts?_kr[? : k%;&%ég%ﬁp@? %%n be

carrieg 3gts % d’r??%e%ﬁddq&o@ﬁ kv 8 ofdsdidar® EHiN @Nhe i, blidihg, bht ha limited

' ially insoluble and I11 is sgluble, |t i.
to, depantinpthedriturasion soyent %W%%d%tﬁl&ﬂﬁg it Sglé‘l Fapd e
isolation of I in the yields disclosed herein.

Ex&'tmﬁcﬁﬁe_r%qu%@bﬁ/ﬁ[htiﬁvérﬁaﬁ"isame.téiﬁlﬁiraﬂlhreian whivhsthe various contact

- trituration include, ‘but::are not limted to, -an
steps gre btitiAted, ppd ﬁ@dﬁeﬁ@?ra‘ﬁlaq alypichthy vaspus Boxgﬁct asl’tega RE allowed to
procegg‘}é} g fbﬂhﬁpdﬁat@cﬁ{ DR s kAR BmpdEN AR b SheQifferbit dr g tch be the

sol'vents that can be used in this aspect of the
samei riueme iaspech, il wdiation trmnsragire & 4 P%TQCE giep fpdifiggent thap the run

tﬁ?eg Slih’u%ngn?t%%?% P Lmd ;{]1' ﬂlg_yfl’ ﬁﬁﬁ% rea@érg_ﬂ{ A\Ghereal solvent to form a

et
tempera
PYRT a ut anol exanol

first mixture, can typically be- initiated- from room temperature to -100°C, from 0°C to -
- 100°C, from -30°C to -95°C, or from -50°C to -90°C, or from -70°C to -85°C. In another
aspect, contacting II and an alkyl lithiﬁm.réagent in an ethereal solvent to form a first
mixture, can typically be initiated at rodfh,temperature, at 0°C, at -20°C, at -40°C, or at -

78°C. Once II and the alkylﬂ lithium reagent have been contacted in an ethereal solvent to
14



hexanol , 3-hexanol, any m xture thereof, or any
conbi nation thereof. Typically, the trituration
weabosgndisan conpri se methanol,. ethanol, any RCXtUS2@®5/022533
thereof, or any conbination thereof. In this aspect,

renovi ng the vol atile conponents of the third mxture
form @afirstiyaixtuag #i thy, eentasy teampyrape. RisdlR e Gembbremaniained at one or
more%g k¥ eYarskd for fhe At fon@elthe é(ﬁ‘l@alcyéjcbﬂ‘ OIn @istasp@t, thi SabBE, the
0, evaporation, evaporation under reduced pressure,
run t@wratcarolvﬁ fnerd eqom femphiatyre ©f-1¢0° @a&ons 98 to 28056}, fiopydf°C to
o he I S ar.| ti ol n e
= Cg |onaI Sltolﬁlett%rg dc)n ot?dl?hb%r gOS| ue’ OL 3%1(%%({5\4 a%Bécl? this run
tempé@fiey/dal Ge bh@omabrapdratere CATRO,ME FHIOSC fat o40°Che at HisPC.
m xture can be carried out by any nmet hod known to one
of ordinary skill_in the artq’?tllnc udj

e e immaht PP e PP Aok oF YD iy etvens

comﬂdﬁﬁd B0 ltd €brin,a §ebJ)rIdel’ﬁixlﬁQe,Q;Eﬁ typitlailyl bé per&ﬁﬂleﬂ i@l doksg. tetpdrature
anot her aspect of this i hvention is erature at
o -1l ridels ot o Srtp PB Pl PabEs, oRfiem 107
to-¢4 B2 B PBLHIE i Bhich ML R oD P B S p S RSt which
the cies bettwaen LD mchllhrsemtlatadl  Oueedhififted.ght ruortertprestursaan be for
the,. sane. In one aspect he initiatild te gature,
cxanply, SgSBRPLEEPSRR 06 1T SPBnY t it o Re i 20-C 8 4°C, o
from!-§0¥REH A§(HCECor fTdHH ST0°CANLEFCL ] MPardothed Rghe@Ntha rlil}( kertpetanirtl Ban be
reagent in an ethereal solvent to forma first
at-7¥xt ure, can typically be. initiated fromroom
tenperature to -100C, fromOCto - 100C, from-30Cto
- 98mpdihdd 43R forBa I Tat SR e ﬁi’épaferd(i@?ng ?}Qgﬂv@n‘croﬁ%ludenbut are
another aspect, contacting |l and-_an ' alKkyl
lithium reagent in an ether t to forma
first mxture, can typicei- aReéd at room
tenperature, at 0C, at -20C, =at ., or at - 78C.
Once Il and the alkyl lithiumrgagent have been
contacted in an ethereal solye i 0 14 WD 2006/ 012315
PCT/ US2005/ 022533 forma fif¢ i1 re. at the contact
tenperature, the first mxtur? cante mai nt ai ned at
not lgmitedde, a smpeunduer the fyemilat ur es”f or the dur aWhléhC@Tbethrepared
contact step. In this aspect, for exanple run
t enperature can befromroomte @ 1OC
fromOC to -100C, . from-30C t Em™ 50
as disgloeed dereny dpn repeiing e segepoupy anot her aspect , Wlth a
run tenperature can heyat_ roomtenperature, at OC, at
-20C, at -40C, or at) ~-In anot her aspect, rapidly
conbi ning .the ethe solution of Li(ll) vvitha
ful vene conpound I o forma secpond m xture,
compappfl daving thee fyevtor tred from Wl‘}@”ﬁintgnﬁ@? he dyrically H,  Eutyl, -
propyllg%gﬁtpgf re@lglcgf:m'é T, l&p\gherglﬁ‘ﬁ% ategtOfrorT 1266, & arloff@Fhspect,

I' om -
- R® can be typically t—butyl 1—propy1 n—propyl ethyl, or methyl, and wherein n can be an

integer from 1 to 6.

Another compound of the fbrmuia I that can be prepared using this invention

includes, but is not limited to, (5-cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl)]hex-1-ene.
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to -85C. The, tenperature at which this rapid

conbi nation occurs is the tenperature at which the
woaonicaardibet ween Li (I1) and 111 is initiated. ©0TAIS2005/022533

initiated, the run tenperature can be, for exanple,

fromroomtenperature to -100C, fromOC to -100C, from
Thus, 3hie ingentigg rowies pr washod fer mpking0C-cxslopeipieny o (% di-tert-

butyrfﬁgl(;n 1)Thbk-2R30%, Refpridspect . this run tenperature can be
%(! Conpounds of the formula | that can be
I but R3
%pqagg;teaggggs :25%41; gl ’éy?f\llt}?)?%%on Lﬁggpllg)? el*tﬁgxqu @%ﬁ%‘[ o an ethereal
solv%' B Nfot@Na BEsPASRRE %}B?blﬁ tllle b ﬂ-t@ﬁ b%}?ﬁl!ld?é&d ihef b‘gfaﬂtlally
by reacting the conpound. (L n compoun
deprhfawtn@ tat hmfh&%ﬂatemnéﬂmrwl); an be t ypl cal ly H,

urta 1|d1y oomlPrrll%g¥h etherBAI QRN 1b E%’( '7 erzf;l~ L}orenyg with 6-
% eger ' fSr om ]1

aspect R3 can b 7 'y t-butyl, i -propyl, n
propyl;. ethyl, -thyI and wherein n can be an
integer from1l to Anot her conpound of the fornula.
methyl-6Hatbucagl)hdvemee ed usi ngot fdrm ianseeamd Qﬂixtdrﬂciwlhdleﬁl the
isnot ljnmte ‘
hmlt(@r@@@%g@ﬁ?bﬁ?@ﬁﬁ}’)ﬂfaﬁte@?“nﬂ di -tert-butyl fluorenyl)]he
X- é) &Macting tHe>sechid 20964 ORRR LD pREH H)%gpepg& E%hlrd mixture
Thus, thls invention rowdesg or
comp@smg/éﬂ @péqﬂea@d@ny]])DSf(B Tedi; té’x:t-@utyﬂtéuqrenyl)]hex 1-ene in at least 85%
1e1<€Uty| fluorenyl)]hex-1-ene, conprising: a) contacting
Y 7-di-tert-butyl fluorene and an al kyl |ithiumreagent
in an ethereal solvent to forma first mxture,
vtheraeDmelt dvpe o7 1ok inventivnabe yiefod diselogedi tereni bat farthéradohprise
1solag§é) 9 g ;glgeghg}eﬁﬁﬁ][gq(%‘ z(dz-tetr%burtyelger trgf?)ili\ ll;]lrg? G m%t’hod can
also fur(}ﬁr; &mﬁbrrsé esrhoving ik Fblatiki@bmbdnentstirond thel third mixture to prov1de a

residfp GP P P> T R b Do SR frene. R i

aspedtChid itkntioRRgh also further comprise removing the volatile components from the

third mixture to provide a residue comprising (5-cyclopentadienyl)[5-(2,7-di-tert-
butylfluorenyl)Jhex-1-ene, optionally ﬁiturating the residue with a solvent in which (5-
cyclopentadienyl)[5- (2 7- d1-tert—buty1ﬂuorenyl)]hex—1 -ene is - substantially insoluble and 6-
methyl-6- (3-buteny1)fulvene is soluble, and 1solat1ng the (5- cyclopentadlenyl)[S (2,7-di-tert-
butylfluorenyl)Jhex-1-ene. Also in this aspect, this invention can further comprise isolating

(5-cyclopentadienyl)[5 -(2,7—di-tert—butylﬂﬁofenyl)]hex-1~ene in at least 85% yield.

Scheme 1 illustrates one aspect of this,invention for the synthesis of the parent ligand,
in which typical conditions are exempl.iﬁe.“c-l". As shown-in Scheme 1, 1.1 to 1.2 molar
equivalents of n-butyl lithium wers added t":e."‘g§7Ldi~feri:4butylﬂuorene (V) in diethyl ether at —
78°C, then this mixture was allowed to Warm‘ to room temperature and was stirred for at least
12 hours. The reaction mixture was then cooled to —78°C and 1.4 molar equivalents 6-
butenyl-6-methylifulvene (VI) were added to the reaction mixture as quickly as possible,
typically in less than 1 minute, While not ihteﬁding to be bound by theory, it is believed that-
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c) contacting the second m xture with a proton source
to forma third m xture conprising

wO3emyatanpent adi enyl ) [ 5- (2, 7-di -tert - butyl fl uorenyis)jose22533
X-1-ene in at Ieast 85% yield. In another aspect of

this inventio hod di scl osed herein can

this qaglidtaﬁglltlox& Bﬁlﬁ?dr ‘g)éaoop‘tstbq &lf.‘, drpé theyparent ligand. This reaction mixture was
then éy@u%c hieppatedheny %BﬁT&@pe?atﬂ’b atn@ Kfax Biittedl e H a8 nohike
X-1-ene. This nmethod can  also further conprise
renpving the volatile ;conponents fromthe third
Schemect ure to provide a resi due corrpri si ng
(5-cycl opent adl
X-1-ene.

i q’i‘%iss

residue with azf ol
- cycl.opent adi enyl )

-ene i s substanti y |nsol ubI e and 6- VI
met hyl - 6- ( 3- but erd3’¢FEHDeriBhi's sol ub\e, and isol ating

t he. (5-cycl ope [5(27d|

butyl f I uorenyl %S@eﬁf%@&? Also in {rﬁsiroge{asspect, this

i nvention can further conprise isolating

(5-cycl opent adi enyl ) [5-(2,7-di-tert-butyl fluorenyl)]he

x- Thedn@V)iand M reastion wabhey qushehed 8gihgmethods kdowstin et and the
prodﬁ’d% %@% cf?ér‘téd 9k té}{u?e W}%ﬁe" g&i{d' Qd?ngfnl(gfng SﬁJHh'éthﬁﬁc%oﬁ 8 the

arent 11 gand, itions
resulen@m:rbntfh@dd VAE mhdwn alc]meﬁzdhhxmgli ;che]us& of @ rﬂetﬁamsb vasgh, which

i,val ent s..of n-but were added t*
atrrfg S e oot Hherisehd il BES BrPS dee it sfosbaven
metanbdeﬁaveﬁlth@usvvamntgmﬂ alochol iR Bbitkky andeth@l Stdsh ther than

ast reatlon m xture was then
reorye@lp it G50 bReTonar el pEae B al ent s 6.
but enyl - 6- net hyl ful vene (:VI) vver e added to the

r elﬁsltolrtanremtmwmas a\&remwled,klf yenMe/}ﬁﬂéBsiobie&t mixtwred @falatyyng mtios

were {IRE dsz§I punfElcatlgn @é?qgg\?&/& a.llll}%g t engﬁgéng,l%r b%l'{reéjuctb n in

the FerRlIUE2A0&] M2 208iZed pﬂ@ﬁﬁctrml ((jbs&ﬁi'dit T8 Reinjpist provided Sbrein
dlSClé\gg %lg%ﬂ? ;(ﬁ?lt B% B{;ll{t]gqr’g{com %‘Eg e\;érl]cliﬁ%@,rogg L osnhag:] )égl%{)grahve

prepatrﬁm@fhat poGide@ihd d¥@Sd S&ﬂaﬁduﬁ&i if Bfvefielieast 12 hours.
Schene 1 1) n-BuLi, -78. Et 20, > 12h V 2) (vn , | \

Ansa-Metallocene Synthesis. In another aspect, the present invention provides a

method for making a compound of the forniula .

(IV), comprising:
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-78C, Et20 :>_"12h VI1, 3) McOJ wash + isonmers The
Li (V) and VI reaction was then quenched usi ng net hods
wenowvizaist he art and the product was i sol at eBCBAIS2005/022533
crude white solid.. conprising VII. Further
purification of the resulting parent |ligand VII was
t hen achi eved through the use' o ' ol wash,
whi ch afforded the parent |i gamy a /TR ent |y
hiaylkomatinya dompoandisetie forntubee subsequent  net alil)eoéndirst
ynt hesi s.  Usi al.cohol sh i call met hanol
sty N Rt e Besg B D TS Ht ity nBpgBiebpound
I is BaRehtidieiesiabshtaf tottben RIGUCt . | shorter reaction
times were used, if_ pentane/Et20 solvent m xtures of
vy yamidly cambeung the destgaizire with p dplyenecampornd pf e deymula
1 Ccystallization of the crude |igand, or both, a
| eduction in the overall yield of the desired product
s observed. The Exanpl es provi ded herein disclose
Il details of the synthetic nethods enpl oyed, and.
| WEHD) @tfmeﬁwémv%ue, Wthersiy the ligpkng Wagenﬁ%wueétan%%
iesired conpound .in lower yield. Ansa-Mtallocene
ynt hesis. I n anot her aspect, the present invention
pro eotesing thergtchodindxdnrevelli agromncompe tfbrofa third mixture
forniula,_R3 R3.RL NNX R2 (IV), conprising: 17 WO
2006/ 01 @ 32005/ 022533 R3 \ R3 a) contacting a
conpowk & fgrmRrla (11) and a first al kyl
lithiumreagent in a first ethereal solvent to forma
first mg e, wherein conpound Il is substantially
depr ot onaged ormLi(ll); b) rapidly conbining the
first mxture Yh a fulvene. conpound of .t.he fornula. . .
comgsiy (111 to Torm a GeloNaHREey borelRE il AHEHEs s ield
| i@yiréhéoing eRGMtildesmSonbstk &dtn Bk tird mixture to provide a residue

comprising I;

react

e) optionally triturating the residue with a solvent in which I is substantially
" insoluble and X is soluble to provide I; follbWed By isolation of I;

f) contacting the I with from 2 to 2 S;fﬁbléf equivalents of a second alkyl lithium
reagent in a second ethereal solvent to f6rm a fourth mixture, wherein the I is
substantially deprotonated to form Liz‘(I)‘;. .

g) contacting the fourth mixture with M'X, and an optional hydrocarbon cosolvent

avy;
h) removing the volatile components from the fifth mixture to provide IV in at

least 80% yield;

to form a fifth mixture comprising

i) optionally washing the IV in a non-polar sbiVent;

.18



reacted; c) contacting the second mxture with a

proton source to forma third mxture R3 RB RL R2
woaowroisitfg (1); including isoners thereof, inprat/use®sn22533

85% yield; d) renoving the volatile conponents from

the third m xture to Erovi de a residue conprising I;

e)d) optipely exfracting thealY ngith Bepolassiobigat Wipltawed By irgnaeiing the
0. whi i ially hnsalyble and 111 i
volafls B ol e A e T on of 15 1)

C Ontaptibnally drieallizing the IV fiom2An tacon2atio spiveslr equi val ent s
h of a second alkyl lithium reagent in a second

WieEther eal solvent to forma fourth nmixture, wherein the
| RSandRPsé aidbpaldbmtiPRRRdaM adalifhafi©bmMubkiititet alifatic
contacting the fourth mxture with M X4 and an

group Beviag ohy iy Hrear prmatems o hedpgenrand R3 3. R M . % X
ot o R bl BB e TR B4 Al bt uBheivred

alipliix grong hteing fiowm tie 20/ cdrboradtoms, @abyd8ge; yi el d; i)
optional | y washing the IV in a non-polar solvent; 18
VM@%%@%@PPU/ US2005/ 022533 j) optionally
exxhact Bidortihe I'V.with a polar solvent followed by
renoving the volatiles fromthe palar sol vent
solution to. provide |IV; and |c) ion
crystallizing the IV froman &% Q
wher ei n: ,

In this aspect, compound I can have the formula , cbmpound It

< .

can have the formula -, and compound III can have the formula’

F
J n
; wherein:
R’isH, t—butyl,' i-propyl, n~propyl, .‘ethyl,‘ or methyl,
n is an integer from 1 to 6;
M!is Zr; and |
Xis CL

Some of the preparative steps of t}'li.s_‘method encompass the preparation of the parent
ligand that is used to prepare the ansa#néfallocene in subsequent steps. Therefore, the
various aspects disclosed herein for the prgparation of thé parent ligand are also applicable to
that i)ortion of the ansa-metallocene synthetlc method that involved preparing the parent
ligand, including but not limited to sitep's"é,&b,]é, d and 6ptional step e. Such aspects include,
but are not limited to: contact time; 'solvénts; combination time; initiation temperature; run

temperature; alkyl lithium reagents; definitions of R!, R?%, R’ substantial deprotonation,
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Rl and RZ are independently selected froman aliphatic
or substituted aliphatic group having froml to 20
woanton2asons, or hydrogen; and R3, in each i nBCamse05/022533
i's independently selected froman aliphatic or
substituted aliphatic group having from1l to
substagfig) gracpBnand Pithg Jreggalh mQAr REOSy Preipn SpUIcesh aﬂe@% frguration
solvgts nBfhod @F isblatié#Bos I} add¥he like. R3 1N this aspect, conpound
can have.the fornula , conpound Il R3 R3 can have
the formul a and conpound_ 111 can have the formul a

whelsaj g thispaspsat, T.‘qe rsband, |the fecﬁ‘?doﬁw lith nma 6535gents eqre];splected

1nde§(€ndé¥ﬁﬁlhﬁl‘1hb is 1rﬁleffye§1dé&ﬁ off e QB8 tioh 0P Back ditfer.OThiM the SirdlalkyBRdium
i sC the preparative stgﬁs of this nethod

reagery deatrpaske vied lqome/paékﬁtliﬂewné@ag@wehe e I1to hapgpmdin ptdeast
S%Uﬁ@ﬁ IRRBPBhEndtNEnARS & NRE 8ld-8egneBuD; %Pﬁé@flli eEICstlMe3,

Therefore, the- various aspects disclosed

LICIﬂué’heLﬁfhﬁMesm 3y spmbietigntheteof hthoeacemi alkylg#higmgyeagent that
can B R0d AP ‘P%Ighﬁm}n? rea% etthaP Qfidvis g; tonated to fo Cr{m Lix(I) in at

ansa- net ene syn tic: nmetho I nvol ve
leastp%é/pareidqgt fdast Phb e'niid at ilggain@p % wm@d,wdlan@eabwg%o'ueld Thus, the

secohd gﬂ&ﬁﬁhx[u% a@%@sthaq ’caxfb Jeed % ?9 ?lkﬁﬁﬁthlﬁﬂfﬂjeagse;lﬁ% tealloésI W to be

pects I nc are no confact
prepanetﬂm‘l; at $cabtvasAt gipldcmntoilings bud nottlinnied to Melli, aitBudn, t-Buli, n—hexylLi

HASIRRS ek, PR B bl A RO o

secofl@alltyd lﬁﬁ)iﬁﬁn/l@élgEBﬂ; areRElkcle®2iiapdridait 3 8-Bulblil bty pind] lyadelected for the
[im.t ent; nolar ratios; proton
first g%%]ﬁg@gm ag}?@t‘*&&""“f‘ﬁ’@ﬁ?@t sol vents: method of

. isolation of I, and the I|ke Al'so in this aspect,
t h@hile nsttintanding imd)eﬂaeﬁﬁﬂlbiy ’ﬁh(k.'yJ thé cdnlctitime eageeﬂ BamaltRe at least

| ect dent d t of th
> i GO O oot oot i YR, BRI | GO g AP eupe

" metallocene produced by this method. Accordlngly, in this aspect, the contact time between I

and the second alkyl lithium reagent can be at least 0,5 hour at least 1 hour, at least 2 hours,
at least 3 hours, at least 4 hours, at leest 5 hours, at least 6 hours, at least 7 hours, at least &
hours, at least 9 hours, at least 10 hours, at least 11 hours, at least 12 hours, at least 13 hours,
at least 14 hours, at least 15 hours, at least 16 honrs, at least 17 hours, or at least 18 hours.
Also in this aspect, fhe contact time between I'and the second alkyl lithium reagent can be
from 1 hour to 48 hours, from 3 hours to ?;Q':Honrs, from 6 hours to 24 ‘hours, from 8 hours to

20 hours, or from 10 hours to 18 hours.

Similarly, the first and the second ethereal solvents are also selected independently,
that is independent of the selection of each other. The first and second ethereal solvents used
in this method, can be independently selected from a range of ethereal solvents, including,
but not limited to, dimethyl! ether, dlethyl ether, diisopropyl ether, di-n-propyl ether, di-n-
butyl ether, methyl t-butyl ether, d1phenyl ether, THF, 1,2-dimethoxyethane, or any
combination thereof. In one aspect, 'the first and second ethereal solvents can be
independently selected from diethyl ether, THF, or any combination thereof, and in another
aspect, the first and second ethereal solvents cen independently comprise diethyl ether.
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reagent that can be used is any al kyl |ithiumreagent
that allows | to be prepared in at |east 85%yield,
wonadeod2alg, but not limted to MLi,.n-BulLi, tPBULIS2005/022533
n- hexyl Li, Li CH2Si Me3, Li CH2Ph, Li CH2CMe3, or any
combi nati on thereof. The secand al kyl |ithium reagent
t HArnothenpsprst pisthis ipventieny theopienal hydipearaneasplvant gandie a range
of alﬁJhbt@d“@nd atoRale cSRRERE OhRt 4l HerﬁlQJl]g] 3 gl(ﬂh)itld Bos%lw;nt In one

'east 85%yield, at |east 90% yi el d, | east
aspeqfj tie Pptigpal élvdlloeaabwn oBohvntedag beThtase, P%@nes%&ﬁ’ém@ﬂ%}lﬁmﬂe
t g u
s MR 080k g AR RSS2y it LLLI
aspegjj penine pandie@dymien] oplignahessolvéntdi t ed to MeLi, n-Buli,
~t-BuLi, n-hexylLi, LiCH2Si M3, LiCH2Ph, Li CH2CMe3, or
anphe. \%@dmé @ﬁﬁ &@ntﬁ Re ROk Wit tietmbi 65the AEH kdure, can be

second al ﬁ% hi um reagents are sel ected
removeiimp emoeAloy knawrEigline 06 SRR §1 B RECHElBbNE net limited
' I |
o R B A AR ALl M g
as nitroges, dpdtiveddike. f and the at least 2 nolar equivalents
: of a second al kyl lithiumreagent is thought to affect
1 hgmi E‘E‘ﬁié‘ﬁdt GER YR G LN, tHRI PeibRl O polar solvent that
Acclgr Wm y, Int E gﬁégs fg%t tlﬁe contogclt ti msp%grt Svc\’/eveeﬁ !
can Ye usqh@ V(aﬁb ¥ esenhela sdngy |of n¢rrmlq;r$p]vgg§gmlu@@g] aliphatic or aromatic
. S
non Izoqarasgl’vlelﬁg ﬁ"tgrasgs&gy E g L??&Smlglg acﬁ% eﬁ'ﬂo?ﬁ’l%[og 8fra§ L(ﬁ@éﬁ F%‘la%e butane,
pentdmeumlopamtaﬂee astan, lieptans, cyalohdxens tme'lh}ﬂu o;uclspenmnei edse, 8r any
combjl_n 1OH (_)thl?reo ?gt’%g ?a%gésﬁdtgﬁiglﬂea(}snt- o agss[ ?Vfgts Hséeﬁtr 1SnI &ns f)ptlonal
washirgasdp ofshihmuemionat | east 15 hours, at |east 16 hours,
at | east 17 hours, or at least 18 hours. Also in this
\ en.lr*
Clé Pot ﬁ%nc?lg téog Bée R{)ﬂ ] ﬁpﬁlé&qﬁfi? 64%6{1%%%{1&1@1( the j}%g{(}garbon for
exan’fpieo rpeﬁtaim uwssht ﬁmBﬁbrisoprrmanly ro mnﬁnrduauths pumt324)f htheir &, without
m. 8 h rs to ur's,;

sacrifi GRS viehh TRl eyt et gnd M Dol ate Syds i potvents

such a@%mte 3ana e l?i‘eﬁ?}lv&? |11|Q;61uBIé (saa@%mmdﬁmﬁlzz If pbt%ﬁ‘s'ohfzeslts such as
epenaent of the eectlno a ot her e first
* ethorea] oV R sk th aPihe sBe &Y, Obiaed atter AP Ying thigeagtiop volatiles

' from G yeRfioh REGRRNMS Biily oS BV GCBrbVEN, WM Moy RNDEE If su%ﬁQfe@@lse of
sol vents, including, but not l'im-ted to, dineth

its greteresolubiite imsfhers peompagdite Beransy 1ALz Waite no ﬂn‘f«?ﬂdmg&ayrs bound

" by th@&rli}eﬁ is ‘tQa'he%d tﬁé%tré’rhoﬁﬁéﬁxé reddBENYd1att e PHEN heSleBion mixture crude
phenyl ether, THF, 1, 2-di met hoxyet hane, or any

v, r@%ﬁﬁhﬁh@%ﬁmg filesy vgegftion ﬁﬂvwegg prgioye the @verpll gteldaqaﬁ-jV because
oﬁ@%&ﬁﬂ%?k?ﬂ@@%@@h&%}ﬁ; can be independently

| et et her, THF, or any conbination

thereof, and in another aspect, the. first and second
- etlhapiermpthsraspesi ok thisiAvanign spiyend dirap parsles wpe@torgyitract IV

can b%ta'}%{ge o?Qolar solvents, including; ahphatlc or aromatic polar solvents. In this aspect,
for example, the opﬁonal polar solvent ,cah be CHCIl3;, CH,Cl,, 1,2-dichlorethane, or any

combination thereof. In this aspect, dichloromethane (CH,Cl,) is a typical polar solvent.

In a further aspect, the optional aromatic solvent that can be used to crystallize 1V,

can be a range of aromatic solveﬁts','_inclﬁtiing,f but not limited to, benzene, toluene, xylene, |



WD 2006/ 012315 PCT/ US2005/ 022533 I n anot her aspect of
this invention, the optional hydrocarbon cosol vent can
woeow/mzge of aliphatic and aromati c cosol venPeT/usai05/022533

can be typically an aliphatic cosolvent. In one

aspect,, the optional hydrocarbon cosolvent can be
1n651‘%lﬁ’f1%1r?éhy [FERACHH cnispls c aniliesn prdine, Hephgndpyridiegy g gay combination
there6fy B RBRX AL isofBL A¥koCYCl Opent-ane, octane, or any

conmbi nation thereof. In this aspect, pentane can be a

tﬁphcal tlonal cosol vent . The vol atil-e conponents of
Ghaie PriTUiARS o, S9PPat ot fift DBFITPRGOF Hher BRICRB R cthe ansa-
metalf@BndICTIT SRR ieChaksht ﬁﬁéﬁdmﬁl‘l hesated A¥drdifs W@isQhvention, in which
"ordinary skill _in the art, |nclud|ng, but not limted
typicgl gonditienisGraeiemRlifies, apomarn dhStimer2, fedireses for pispating VIII in
high ﬁ&ﬂ%&ﬁﬁ}ia@%d lﬂl@ﬁ@ fan Eﬁﬁoﬁﬁa@e@h Bf GBS for UeProtoRBtidM Jt r‘q? & well
. Simlarly, in'still another aspect
as th? h‘}S§ qf nF?FéPﬁfl @Wacttqnepr@mdu@ﬁm Forosrapwlearingedsingnthet tirae for the
depro@cﬁﬂu&?reh'&ﬁ)q otf‘ﬂl \(’]\ﬁ%ﬁt il%énﬁ A1 Qﬁn% 9‘{} 9RmAlm RO OOIQAu i at least
solvents,; inclu I'phat i c omati ¢ non-p
12 hoyts| prientosadditien mgcoaslpetetracthe,emmeclsﬂme tyledd «zfpnmimene VIIL
I 0
Rerndé{x}{g| t@g gg{ag%eé &glgsggf @@ L@g{’ﬁ?% té%gﬁ%n mlxtklrﬁyfather than
simply yohaspleating e sobdioaned cnystalam}ag oufoli’rb mmﬂlm‘me VIHE, efdbrded higher

yielag G AEE Fkey Sifh pdntRt € vl R2Rbe Feval o spfRQoife from
remowmg thle md,‘aench ‘mjatﬂes 1mlpﬂ)vbdbtha @utity of He%Mredlp&oduSt liein gedih-polar

t he droc nt ane,
solvept, S o8 RGN FaPFT o4 Siolybiefioe BrEBUIRT topuigihe friueypr solid
obtainwidt fa@titremseig ithd edabifpnl YlatiiéseinthroRACHRE S e 8/idl &fftthd Desired
terials and by-products are soluble in solvents

pl"Odnﬁch as pentane, and IV is relatively insoluble (see

Figures 1 and 2). If polar solvents such as etherea
SchemelRvents are used to wash the crude |V obtained after
repnoving the reaction volatiles fromthe reaction

he pgrihygu@j ob(\,/ | s | ut the. yield
%& S>elzﬁent ;gllty o

gelleved t hat
?@ ?ﬂ E¥ 4 eyt NE€lr eact i on
rude ﬁ% P?ﬁﬁ%? ‘than Yec&rth ng the reaction
[ helpsgmﬁqngwgmkge overill yield of 1V,

&cause of the ﬁﬁhﬂphhg{y of I'Win ethereal solvents.

| n"ye¥Iknot her asHgT estfackidli S i nvenlBn, :the pol ar

sol vent that can be used to extract IV can be a range

of polar solvents, including aliphatic or aromatic

p A for exa

og}@ona AIEE ‘%Hgfwyo %/Sten \ggiﬁgﬁ)w@u %gvfnfs sictes pentane,
it waslmQred;pknhleon @bhasayenty Suahlys CH,Cl,, which served as a suitable extraction

solvent. Figure 1 provides the "H NMR spectrum in CDCly solvent of the pentane extract,
that is, the pentane wash qugid, used in the ‘workup of the (5-cyclopentadienyl)[5-(2,7-di-tert-
butylfluorenyl)Jhex-1-ene zirconium dichiofi'de éynthesis While some metallocene product
can be observed in this spectrum, additional byproducts that were removed by this wash are
" also observed. Figure 2 prov1des the H 1 NMR spectrum in CDCl3 solvent of the CH,Cl,

extract, that followed after. a pentane washmg step, from the solid product obtained during
22



conmbi nation thereof. In this aspect, dichloronethane

(CH2C12) is a typical polar solvent. In a further
wagpwsmi23ishe optional aromatic sol vent that caRCbaSp®ed22533

to crystallize IV, can be a range of aromatic

solvents, ,including,, but not limted to, benzene,

workup| @énéhe x(9rcerﬁlepenta@lenmSz(édshmmﬂmmﬁh@eB/emez2339mum
d10h1%§%§ﬁﬂfe@§ . %ﬂ c&ﬁ@ﬁt&rﬁgn oft hfe%@tau&%h%'vﬁﬁ %sp%rsér%cpﬁ*r this
enyl pyri |n. or any -connl nati on er eor, o
specirgrg) illudtating e siigabiy of fermehod Qe hespwring fiurd WERL the ewitabiiity of
pentﬁn%gag%t\?/m E‘laf)%@t etb ggta;\{ LRIQV&B%& b%ﬁ%d\? épéedr'%l?&{rgacgg é{e\%ﬁg material,
and ﬂlﬁ@pﬂﬁ@l@tyalfdaﬂzﬁlmgs 410 exthicson mmchst@lﬂlzanon smtuemh The Examples
prov@&? tn?]rg‘m d'i:s%ﬁge hl'll?(%faﬂg ¢ g thg ;(y%% 1§/fn|eﬁ1 ds em]?]lo%t?givgn Prqvgls %Qee&'g%ired
metaﬁmnmuahlgb (ylalldglamg 1Mtraqe mbmpamm\teeprblmngtohs @fat pronizled dte desired
B otonat| ? of VI, as well as the use of proper
“mW§ BV Plocedures. For exanple, increasing the
time for the deprotonati.on reaction of the parent
li Igamdddihbna]lsspnq off {isgiinyéntiofn,t thé ermref sequerBe hparent figaraitsynthesis
i.tiQn to zircon

and o Gt aon R BanetlofhE 1)+ i B b B eproseniative
procdfutd for thie reaeipog sydiesié Gk @tdvhc&daﬂﬁ‘bmﬂﬁﬂhﬁesof Atlﬂheugh the one-pot

I and Cl4 ction m xture
mettgf NP AE BATao T DG R oS AP RS g g fgr forher
use, ﬁidIudIn@ebLﬂ'ElbﬁhﬁlﬁékEﬁ?lté/{ldd in oftfih Pol@driRAthatalyrisethed Svahll yield
VIIT. Further, using pentane to wash the resultin

of VI gyag absgyeds bt bejcompesatinelst oy grhan dapoyemd! visld Qfe‘éE? i"ggn the

syntﬁéals b b&ﬁuét@@ﬁ@ﬂﬁﬁlsélbﬁnﬁﬁé bdrdnt Bkadaerrdesi red product .
Usi ng a non-pol ar solvent such as pentane, rather

n dieth to. -wash the resulting resid
??’fdm@fft %P‘??éé}% iy BB they PreoRarationy qeﬂmwp%?f ﬁ@é“ormula
22 ' e overall yield of the desired product.

n-BuLi, O0C,. Et20, 12h S'~ ,%d 2)
{1 Zr~Cl Et 20/ pentane: ~J 3) strip to

, wherein R}, RZ, R3,, M!, and X are defined herein, using any
process to prepare metallocene compounds. that is know to one of ordinary skill, using the
parent ligand prepared acéording to this inventidn Thils, numerous processes to prepare
metallocene compounds have been reported examples of which include U.S. Patent Numbers
4,939,217, 5,191,132, 5,210,352, 5, 347, 026 15,399,636, 5,401,817, 5,420,320, 5 436 305,
5,451,649, 5,496,781, 5,498,581, 5,541,272, 5,554,795, 5,563,284, 5,565,592, 5,571,880,
5,594,078, 5,631,203, 5,631,335, 5,654,454, 5,668,230, 5,705,579, and 6,509,427 which
describe such methods, each of which is incorporated by reference herein, in its entirety.
Other processes to prepare metallocene compqﬁnds that can be employed in this invention
have been reported in references suéh as: Koppl,' A, Alt, H. G. J. Mol. Catal A. 2001, 165, 23,
Kajigaeshi, S.; Kadowaki, T:; Nishida‘, A Fujiéaki, S. The Chemical Society of Japan, 1986,
59,97, Alt, H. G.; Jung, M.; Kehr, G, J. brganomet. Chem. 1998, 562, 153-181; and folt, H.
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VI CH2Cl2 extraction VIII Wile netall ocene VIII was
sonewhat sol ubl e in non-pol ar sol vents such as
Wpeﬂﬂmnmls it was nore soluble in polar sol venpPeTaIS2(95/022533
"CH2Cl 2, which served as a suitable extraction

soI vent Figure 1 provides the 1H NWR sfpect rumin
G leppd- dofEsiemen qhﬁ’é b2 4A% &'xtlZastch oft which jis incpyperated by

referBRBt RGBS fis | dnfibh Hedr, ar@ld{hlaﬁalv@{)géé&so{o tnl%sare metallocene
(5-cycl opent adi eny 7-di

comppyndy fhat spie gl 91‘111?1@)!@d1met(w Hiversioni hn‘v\eobe@hlromr@é in: Journal of
Orgﬁ%ﬂ2£9§'@her yswl‘rkl f99%0 38, r@tﬁql l;v ﬁ%e nﬁ&gg%f‘\etd b {Ql%% I1,-]1<31rte1n n

observed I n 1S spectrum a |t|on
its enisgty  Tharvipllewingyireptises aMaéwcab@uclahsdlodhszu@P Ei; Gontts, R. S.

P, %gdg g e{l(ﬁ[‘ ;ﬁé%a.ﬂopx_let%llﬁ ?R%?ltst'\% d)f a %a%D%I‘ gZ%goln Vi e nt c{ I—faibmum,

Acadgenghi Mgy Yodp 1 9% oferdine Ds b} Lappput, Od UK. | ar(a]kRatdnﬁ@ IdtJCheﬁgtstry of

o O S SO AR gt PR, W o

which id in@mgorated bprefarence teretnl, trits@atisynt hesi s. A hi gh

concentration of pure netallocene VIII is observed in
I
| a8 P LML R G PR, s ao

encoppIsseknl casfoana/tmhl 1smhecvse Mglmsmnfemmmemmmﬂmdthat may arlse from

a palg élﬁir o%eltl Co Ssuglséi?u EESIZ C’i]ft gﬁgl 2 a%%tl}l‘ siot %%gtﬁbésses aﬂld enantlomers
dlastﬂegmdralahd Zﬁiéﬂ G}Jﬂlcﬁdédﬂ&fd whellivg ilfatanidn®sic op FRYmIEEre sLWéll as

CtJ se, ful a| | s of "t he synthetic nethods
mlxagﬁsp? c§%ée’(ﬁ°lst°81ef§r HECHIFETGBLSr ed et al | ocene in high
yield, and illustrate conparative preparations that

provi ded the desired EXAMIPDES | n | ower yield. In an
addi ti onal aspect - of this invention, the enti re

<SG O B AT Y o SR AL 95605
to beannhtraed mmngmytaahmp@mgdrrmmdnﬂ @oh dlie stcblbﬁtheﬂéef F(Oﬂi the contrary,

itis BYB SE37 yoaBh Ot et ndl oSBT SBine e petipgatures,

embo[dfrmna;[ etbdifitatietfsf bad etj\h{raled?d gﬁrebﬂ Whicﬁ‘l Eﬁér J.fets).ldhhé~I e desS@ption

di b t |
hefe“b Iq’%‘ty?ﬁul n%%’?s’il{l%f‘zl‘gtgu% ﬁﬁe{:n‘aé%glpw §k111t“ﬁ @emwgthut genartipg fipm the

spirit ¥F the pYéaent abgRtioHest tﬁé’sco%fof?l@ﬁ@érﬂ%& ¥@ink. - | ower than

that overal | vyiel d of en the synthesis was
ed. by fir l-ati-ng.the parent |ligand VII.
ﬁ’ WE’lgyS ‘ts G?Qt‘t?@aﬁgﬁ%ﬁt‘ TBes §nt91’gpass new synthetic

methwsefwrlﬂitlb QRe anscﬂnﬁféﬂ@@ﬁélq)aﬁbfnt tiendsOfi fe nRRBIBEnR prepared
therei%m Specrﬁcally, these examples demonstrate that product yields of an ansa-
metallocene parent ligand can be 1mproved by proper conditions for combining the ligand
precursors. This invention is specifically - illustrated using the two reactants, 2,7-di-tert-
butylfluorenyl lithimm and 6-butenyl- 6-methylfulvene, and through the choice of the
deprotonation method for the ligand. precursor selection of the reaction solvent, and selection

of the reaction work-up conditions.

In addition, the following examples a.nd‘éomparative examples demonstrate that high

product yields of an ansa-metallocene can be obtained by selection of the deprotonation
24 ”



R2 X wherein R1, R2, R3,, M, and X are defined
herein, using any process to prepare netall ocene
woaopouzads. that is know to one of ordinary skPCrjus2005/022533
using the parent |igand prepared according to this
i nvention. Thus, nunerous processes to prepare
condihops E9Tote rareab b delestioneolbibe reackpm seluent, andy sapticas work-up
I t 1.NU 7.
cond%h§ rllléoné‘s féﬁ@wy §§ecp f:?éaﬁg) t}]-lg BE &:rt%ft 9%%%%1%;1 1% 11}l ‘iratg(i_}n the
prepasatmazfsth@ meglln%le 3@5yclo®nm§mnm{§=(2,5~d¢%t thgylfluorenyl)Jhex-1-ene
mnmﬁmﬁ&ﬁdﬁﬁ%i 5,541,272, 5,554,795, 5,563,284, 5,565,592,
571, 880, 5 594,078, 5,631, 203, 5,631, 335,
654 454, 668, 230, 5, 705,579, and 6,509, 427 whi ch
GEB@@%E%D gwgbﬁh met hods, each of which is incorporated
by &L RERD ‘ﬁ?edhiﬁrt f&iloévﬂxg'}itxﬁm E’\x}re L dfied A 'agshné%{ l?@glsﬁl%%gen
to prepare netall ocene Caonpot hat" can
using ﬁartthdsmﬁﬂw@ntﬂ@nNudi@w Mdgeeiv R@pmm:@ NMR) ispdcn ee;metsd herein

were g@meggm a 5 alngl\élee:rsc 1;11§ %O&R Wgﬁé\{%mleter owrgﬂﬁl%%t%ﬁjl\/mz for
1H NMR (GRKI3, soBenth'i‘eﬁer@i@edlmgaaist tﬁepd:aktof re(deudlaﬁmIB al 9886 ppmp9,
97; Alt, H G ; Jung, M; Kehr, ~J. Organonet. Chem

P%%L?S@g%g églg&g%}g&ﬂ\aﬁg @jé‘h}eparﬁ acj&%a\éq N Igét%%%ﬁs}e% by Stone

and 110908/ BB he@ir 1984249,d869). of which is i ncor por at ed by
reference herein, in its entirety. Further; additiona
processes.to prepare npiahipcene conpounds that can
be enployed in this invention have been reported in:
Prepdomwonal of of O ganb{irettbjzlj)-ll quBInwwyl;leoyclojz%ﬁdze@Z);] (2,7-di-tert-

ch jis.incor, renc rein,
bun e e@fl&w’éw By Hieragiie ’b@ﬁf 91& P and § e igebutenyt
5ww§§99bg@;hods Wi | es, Coutts, R S. P.;
|gold H in Crganonetalllc Chen1stry of Titanium

ZiBrensratigm L. afdonaatite fegk Woscehgese! Gvit\efrdgarkbutglfinarene (50 g,
179. @ﬁﬁqgﬂlﬁand:)a sﬁr ’baxLQ:Q%%ﬁthﬂMa rEbber %E@uﬁaﬁé&) Place% ulder a rgtrogen

Chem'stry 0- ZI rconi um a Compoun
atmosgherst e@dﬂﬂwﬂ @ﬁ@r (Mew 960 knL)1986addedotin of canmba,c4ndi e resulting
ncor t r ef.er.en I nits
mixog 5L AR B s b RS o F Sk s R P ap it o
-but$ll1thimh (r%0 mﬂ_&ﬁ“ QoM th IRkas, 190 aonlpwseRided élowly via syringe. After

nf or.mat | I SOMer s
the BTy naR Bt 36 Sy o FRu A TR op At ey araraed togpom
temp&afafd dridUgifred ovdrphf) QP ®asy 125hdukd ! Wir MiS €meNEe FRRESE hixture
al] enantiomers, ~diastereomers, and other optical

was qogls i </ St Erbuteny boratetyBiprec4 Ly see added mpickly (indess than
1 minlf®) bt @R tertithhe S5ithQhirile® rd?x@oﬁfﬂf@%ﬁ of S flilfe G@ML Ethe mixture

requires.
was removed from the dry ice bath and warmed to room temperature, and a GC aliquot taken

after ca. 15 minutes following removal of the dry-ice bath. The GC analysis indicated 85.3%
yield of the product had formed.

Stirring was continued for 7 houts, after which time the reaction mixture was
quenched with a saturated NH;CI/H,O solution (300 mL). The organic layer was extracted
with diethy! ether, washed twice with H,Q (500 mL), dried over anhydrous Na;SQy, filtered,
and the filtrate evaporated to dryness to afford a solid. Methanol (ca. 500 mL) was added to
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EXAMPLES The present invention is further illustrated

by the foll ow ng exanples, which are not to be
woaonstoness in any way as inmposing |limtations BODWSRGNE022533

scope thereof. On the contrary, it isto be clearly

understood that resort ;may be had to various other
the sglipard de mighire pged overighitpefosl thawenduptcastd Gaely divided white

solid® QiHeY lBRbLS vtfz!éﬁqhg Wit Wb Sh, anﬂfd%ﬁg %ﬁﬂqn%@gztie g?@%} of the esired

description heréin, may suggest to‘on
parersr diggnsy y1-@athoil)-1-63-bremd)-t- (wlph%mdlaﬁlebdr@ﬂﬁ@ tentbnptiiverenyD-

methif Wis lso@a(tecf A Lﬁeﬁﬁﬂ)tu% hﬁﬁ@{lyu'n%@ LtRh, the scope. of the

appended al ms ng exanpl es and
conparatlve exanpl es enconpass new synthetic methods

f crrenseation2n dolpvme thersame presplire prleaqiived inRiaprsatipad. Fbove in a
secoﬁheﬁredatafaﬁaﬁardea ?@g(ﬁf%) JehRr el ammpnga fical ly, these

exanpl es denonstrate that product yields of an ansa-
nmet al | ocene parent |igand can be i mproved ' by proper
conditions for conblnlﬁgﬁ@ﬁ%L Pgand precursors. This

Con BRI LRSI LY RO
: buwlﬂumﬂhyéth@afemwwm}vcﬁng . ant thr Iolugh t he ch0|r ge of
AL I BRI ol I3 BBy 0

179. d hendl)eam b Gfir B, Keapiied Cwiildiat duBbES .septimadsl laQéE ubd¥® a nitrogen

| | es and conparative exanp
gs F%IEYZ q%]r}gt(alfc’ﬂugﬁoo ﬁliﬂggﬁf%s( added | s aoqamalﬂa and the resulting

mixt@8Sas bR th Ofeaen & a%@@ bR BhiDREk Y wekGrdd £ rtl‘ué){em%)%ture as
depr ot onat i on 06/ 012315 PCT/ US2005/ 022533

n-buty B i(Din% i gt l'prt\é inhsesnrs, 215 gamel) waswided slowly 08 ssringe. After
the aﬁ(ﬁt%ht df‘?zrbu%ﬁ 1%% Wa?&)‘ijn &9 é x‘ééhlé’}ﬁsrohmﬁf? wa§ QQQN dv%ﬂx%d to room

al so as 'ows. Sp eC| |ca aspect .0
tempﬁrmw&mdcﬂﬁmteé 0V¢rmg!3‘t (atiteast 1|2rh0m$h to proefpbreat dtleem soffutiom ef 2,7-di-

“”bﬁggﬁﬂéﬁﬁ pen adlenyl)[5 (2 7-di-tert-butyl fluorenyl)]he
Xx-1-ene zirconiumdichloride. GENERAL DETAILS.The
sanpghst onerkied flask fitted With aroaddntgm@mqb s chegal dith écbutenyl-6-

Sl I i ng_s
methﬂﬁﬁtgeélgr ﬁ/a%]net i € nﬁ?e)sonar?csetlr(%ﬁw sﬁ%o %{g % Iflt%grda mgogen
atmoépheei MThewetee scﬂhlﬁc&i 61&@]7-@hte&‘—9ﬁ@ﬂﬂt&ﬂeﬂyb Lichikimy pfélpblfed 28 @Qove was
a5 SRR ST, Sper el g et so0 e Tor TR T

apprdi&ﬁaltél&' 3he fibifrl 3T1ﬁtre5111t§1% d%ﬂ!‘%lor-er@ ®eaction mixture was warmed to room
ut enyl - 6- net hyl ful vene was. prepared according to
temp?fh‘@r%@t‘%

g;gregs@f@m@ght Satfolgast 12 hours) under a nitrogen atmosphere. The
reaction mixture was then quenched with the slow addition of a saturated NH4ClI/H,O

solution (300 mL), the organic. layer extracted"with ether, washed twice with H,O (500 mL),

dried over anhydrous NaySOs,. ﬁltered and the ﬁltrate evaporated to dryness. The crude
product obtained by this method was then dlssolved n pentane and maintained at 0°C in a
freezer, thereby affording the product as a white solid that was washed with cold pentane,
dried under vacuum, and isolated- and used without further purification (60.4 g, 79%).
Further product could be isolated in smaller quantities thro‘u.gh concentrating the mother

liquors and combined washings and placing thém back in freezer.
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and Little (J. Og. Chem 1984, 49, 1849). EXAMPLE 1
Preparati on of

w200 sk ) - 1- ( 3- but enyl ) - 1- cycl opent adi enyl ) - R€T/21S2005/022533
7-di-tert- buty quorenyI)mathane by the reaction of
2, 7-di-tent-butt' fluorenyl Iithiumand 6-butenyl -
6- Prepassfion,: \Asieghepeuipparalive pFepatation ofithe parewtlighichbkmeth)-1-(3-

buter%h‘)af Q:%/glﬁﬁ‘érﬁddr%yﬁ ld(‘2'7t cﬁrteﬁ-gﬁtgmutnleﬁﬁ5 ﬁ{%ﬁla{%ﬁ gcc%rdln%l {218 same

a stir er se
feacfmﬁdwmkaﬂﬂe andrm@iﬂh@twntcpm@feqns aatlisgogsden Metlmdethwfforded 34.7¢g

(459E5i08 Oftﬁ@@égﬂgx‘%g&cgggam%ﬁ%gged via a cannula, and the

resu Ing mxture was COO to -78Cin a dry-ice
bath. This m xture was stirred at this tenperature as
n-butyllithium (19.0 nEX&MBEEM i n hexanes, 190 nTrDI)

C’omé\%tz@%?ie?fnsdtz%w \S/(Lﬂ%g Ir}e- égutgiﬁif e)tre écdzafozyﬁntgfgfi@f - %ZV\IE@ tert-
buzylﬂummy)—whmrhmd~m¢ethmbm t enper at ur e ]and st :1r red
Al
"R et AT e S EEpLlithe Sraerot and wdded in

drop\@rsb lﬂtﬁ’lﬁdﬁl oter e h:y)hfsbl | of eafi@rdxﬂrﬂat&k) ondBBoRdidethe Cihat |6|-B(1teny1—6-
in less than ~1 mnute)-at .this tenperature wth
methglﬁilrwert@t 0 ’é‘oﬁ*ﬁl SBHP GRAEET ath diselgsedeineMatha tAlon Thpeesulting

reacti®hXhitbfe WRShELTRMEN o 13)’311{ %%pg{aﬁlre Gftd Qg{(r d% Vd@%s”ﬁﬁ'der a

to roomterrperature uot t
nitrogen atfpgrhers. Adicr Gus hrge,raezmddanonaiﬁ mh @f@r@tqnywm:mylfumhm and

an addgacﬁlrglaﬁ(y Lsof ﬁlg'rP%glgthﬁén %dﬁmyd{ ?]l 1% a(%lfdﬁd Poetl'Brrg?clfjx%E )%%re at

|rr|ng conti nue
roommndﬂattmermd ﬂh&amp@aemestlmdmemghMmonqtempeiaenie with a
‘ saturated NH4Cl/ H20 sol ution (300 nlL). The organic

| RELA dg Dth SRR (BBIE s

NH,Gl{HOesodution (30@ ntlh)ethi| drganit leyﬁ\,eapraeted Whteﬂredrvgaéshgés twioe with
5 e

110 GO0 §0, BB R ERDe ER s B iSRS I s

The mu;ie prafust pbteiddd dyethis giethotl ow:a;f ﬂmod}lvetlhﬁ Md)dty@ﬁallﬁsd drom a

* pentagy-BROYfon B ittty 80l iR Busby g X 4 8% P ime

produdess o witlte spAd.ent | i gand
1-(met hyl)-1-(3-butenyl)-1-(cycl opentadienyl ) - 1-(2,7-d

i-tert-butylfluorenyl) was i sol ated and used
wi t hout further puri flﬁmaélgr eparation 2. Follow ng
r i
cOmMen@qnepaaegegﬁ 0 GRSy S B b)) ﬁggézgg%g% };’B@fﬂ (%2.%%-

in a 'second reparatlon afford

butylitheasemdmelberpo unMethod 43
A THF solution of 2,7- dl-tert-butylﬂuorenyl hthlum was prepared and added in a

dropw1se fashion over the course of approx1mately one hour to the 6-butenyl-6-
methylfulvene solution (at- 0°.C) in the..,same mamner as disclosed in Method Al. The
resulting dark-colored reaction mixture wae then warmed to room temperature and stirred
overnight (at least 12 hours) under a nitrogen atmosphere. This THF reaction mixture was
then quenched with the slow addition of a saturated NH4C1/H20 solution (300 mL), the
organic layer extracted with diethyl ether washed twice with H,O (500 mL), dried over
anhydrous Na,SOy, filtered, and the ﬁltrate evaporated to dryness. The crude product
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EXAMPLE 2 Conparative preparation of
1-(methyl)-1-(3-butenyl)-1-(cycl opent adi enyl)-1-(2,
wW@-20b6/0iEs - but yf | uorenyl ) met hane - Met hod: Al PCT/US2005/022533
Preparation 1. A one-liter, flask was char ged, vvith
2, 7-di-tert-butyl fluorene. ( 179.6 mmol ) an
obta1qu| by thig rmeﬂ@qglp\wdhw digpolved iny g@b:@{staélézﬁfl dipm REVERNG |aia% g@l thereby
Di et hyl ether (about 300
oo SR Proa B D R g he esul i g
m xture was cooled to -78Cin a dry-ice bath. This
m xture was stirred at EXAMPLfedperature as

R

dz‘clzlmdimtyl l'ithiumwas conplete, the redd| sh sol ution was

w rmed to nd stirred, . .-
oV P IPUARRE Bieph R o R BR HESe R Bt raSiuciyig groduc
yields of nibialice@f ware/metirovet @ntleriptsifid borditiny,| which iclided selecting a
ther _.one-liter f]ask flttfe_thIth n addi.tion [glnnel

leng, ?h&fr?afﬂg dbe derrpionztion reasiipe 8L enﬁrﬂgf FEand Sl Quiylifhium, and
remo¥a 3f BRdatiN$b \Rns(didihyd aifier) phét 16 Bt 6F t Iuw&er a

nitrogen at m)sphere The ether soluti on

B, o et SRt O S

butenyi)a (b?rﬂo@dﬁiﬂiehﬂm1f(ﬂ,ﬂ¥ﬂ$|terQMﬁf1ﬂﬁ$tenﬂPME&@neof46 3 g, 109.0 mmol)

tel h Th dar k- col d
and o A, SO S BORE SRt G BAe £ poae ooty Piety!
. ether $3tolf ﬁﬁ) IHE)‘?MH agﬂted {Phe NBASEd 1R MBS )smyéa%a Bolkil w @@:em an

at nospher e. reaction.m xture was %ﬁ;nc ed
ice bgght While s‘@m@w Ve?dononnmwdom-batYBﬁtlurﬂa(ﬂédnlelﬁéﬁ/ D hexanes, 230

mmog %%?H Eﬁcﬁ:ﬁ s 9 tcmhé mugttﬁ%t‘)%{ gﬁ@%@? %%&ﬁédﬁﬁ%? ?;gg%gt\y\gtﬁlnm was

Thed tw ce. wi
complatdy yibiy mastldnamsmuﬂr@ wais |[Weemnedi fo wioth temiperatufd hud stireed overnight (at

leastﬁﬂ&%@%ﬁ%ﬁt&r%%%fH&f?o%pheye crude product obtained by

ssol ved i n. pentane and -

maintained at 0OCin a freezer, thereby affording the
produdtoges-filled iiibos, & ohd-Htet flask waesscharesih edthwiOh @él4og, 109.0

oo 10 4 AR, B30 300 M, gt v
300 mr.ad Lpéhtaﬁ@ uhdkr betragen) atdecd)oleﬂ ia raal 1b@batt1 uareCt I"Eﬁ diethyl ether
iU EDSEn! [k LRE otber o, LUt S, SOt
of thit9QBihd2 3o Rl Mgﬁﬁ&z& sl&newag Fhind 3. ro&ﬁ%ﬂiﬁd’rature

conpar ative preparat.i on_of parent :|igand
and sfirmedropppight {at(lgast 12 hours). The solvent was then Temoved under vacuum

'afforchHé gﬂydﬂngl dayc lﬁbﬂﬁ% E{%o%f‘zb@ ngT_',)( %as’ adled 8 the REfY! thé WRirry

I') - net hane -accordi ng t he ‘sane
centnfuged and the supernatant decanted. The remaining solid was then extracted with

methylene chloride, centrifuged, and the supernatant decanted and evaporated to dryness to
afford 55.0 g (86%) of the desired metallocene (5-cyclopentadienyl)[5-(2,7-di-tert-

butylfluorenyl) Jhex-1-ene zirconium dichloride that was used without further purification.

Preparation 2. Dupliéatipn of the procedure used in Preparation 1 on two separate
instances allowed isolation of the “metallocene h(5-cyclopentadieny1)[5-(2,7—di—tert—
butylfluorenyl) Jhex-1-ene zirconium dichloride in yields of 80% and 84% respectively.



reacti on, work-up, and crystallization conditions as

di sclosed in Method Al, afforded 34.7 g (45%vyield)
wofhodele2xdesi red product as a white solid. EXAVPCEUS2005/022533

Conpar ative preparation of

1- (et hyl ) =1- ( 3- but eny] ; % écl%él opent adi enyl )-1-(2,
7-di-tert- butyfl uoren ne - Method A2 An ether
Comﬁcgtz#\té Q*?feﬁfi a&w? (5}‘ (i@fc]?opg%x efzjzl){g[@ W(Jz’z—t!eiltlbmﬁm%@l) )Jhex-1-

repare and dr opwii se fashi on over
e’ieztfé@f?l%’é éﬁfhloa”b{?rofkfﬁﬁad@]y one hour. to the neat

j h
S2Phemet h T Wil W tng Rhuellidod, |1ncRRE) FRARSHD-1-
(Cyclmegtadkeyﬂméﬁ,ﬁwetﬁrkﬂartyi@dorpmyl)u@dxm¢ &3k gatAs emaniand a stir bar,
cappefﬂ,tn\%viil{ ? &%QJ Saeﬁhlglgéiﬁ(% 'F‘lg%eglr @er rﬁ[‘ﬂlﬁgﬁ&% ﬂn&qpﬂ?rg p!ﬂ)?etﬁyl efd &bout

. 300 rﬁL)bMHsad&éd-iﬁ-ﬂﬁmﬂﬂk lafidithe enietuntiredmdaddiedite P C 30a tiy iof bath.

the .n-butyl | ithi sal.yti:o added. to the reacti
whith S5 &' Fontingai A BRI 2 Hhepf i & s e, (Adammot) was
added$lbwiyad tavaixmirg Rla sHinged Oitdr SREPAIIRIOH 08 #-bUREL thRAL khObmplete,
m xture was then g uenched with the sl ow addltlon of a

the reaghi QR aikEHe WRE-pHERPqio TAUR (RIRsFIR A FHred fohe hejry hile under a
mtroéeg)gﬁﬁo Ehgrg_act ed with ether, washed twice wwth H2O
), dried over anhydrous Na2SO4, filtered, and
the f||trate Evaporated t.o dryness. The crude prod

ct
obt &i fﬁ%gesfﬂle idEyhexs b oBeiigE ﬂaﬂ%w Ghagesdrwith grCl (12.7 g, 54.5

mmoB a¥$ b i be£8 f)efdosmh?‘a nﬂ)%@lt & Eb @8 Qutibs @8 d(ryi)oyl charged with
M xture by vo at her eby affordi ng 50.1 g

500 gl g&pentse tupder rmrmmoobé imamsie toailigo 07 @, anWRLEIan addition
funne?(o ?2?&3 ]#Y%P%ﬁ%ﬁ{r@e‘%{/ ?@Eh%{t?c* C};/ar?nt héar}davaellseaﬁigfg ’Eolt_h? %’rCL; slurry

via thé additi¢refutinel bwr)thé comrse 0y bije hobt &t2AE, and et ﬂemﬂtn@orz@ngﬂslﬁrry was

[ution of 2 ter - but hi
warrg® ko LooBlene iyl G {iffef oV éﬁa{){fq? BaS et ahEr e stury
. was thlWeSgififkd ah@fhe fs@@@nf@dn@ﬂébaﬁt@@anmuéuateﬁ td Hﬁjness to afford 16 g of
6- bUtenﬁ)(}H‘é(S et hyl ful vene:“sol uti on in the

solid.g glhg 1 Solid, wap Shepsisactsh wniét%ndws anﬁh%ygﬁ@gm fpeffgylene

ch]orféa rééntﬁﬂlg@& aghd &&%ﬁ{;é&ﬁaﬂw&%@ aﬂ@éra{)&ﬁ@d WREYRs I FRP1 6 o
nperature and stirred . overni (at leaSt 12 hours)

(43 %)rﬂféhe desitpd mstpdlacene (drsyiencatadivey %&5 A di-teschuind Auareiies-1-

ene z¥&hiunt H‘i@ﬁloﬁa@tﬁm u\é\écﬁt}lﬂ{oﬂ?ﬁlﬁl{l& uﬂﬂ tlj(ohon of a
saturated NH4CQ / H20 sol ution 0 , the organic
| ayer extracted wi th diethyl ether; :"washed twice with
H2O (500 niL), dried ovmrﬁyﬂr ous Na2SO4, filtered,

Comﬁz;]gt J‘ he fdr Lipgte Pyeilpc{tl%;zed I)f) dr(y %ﬁ&gpenﬂlﬁenﬂ)fﬁ% 7-di-tert-
butylﬂuorenyl)]hex—] -ene zirconium dzchlorzde - Method C )

-

An aliquot of n-butyl lithium (9.3 mL, 2.5 M in hexanes, 23.3 mmol) was added
dropwise to 2,7-di-t-butylfluorene (5.85 g, 2.1‘ mmol) dissolved in Et;0 (40 mL) at 0°C. The
resulting mixture was warmed to room.temﬁcrature‘ and stirred for én additional 3 hours,
giving rise to a dark red solution (lithi.urri'-2;7;di-t-buty1ﬂuorenyl, abbreviated t-BuFluLi).
This solution was added dropwisé‘tq a solﬁtién of 6-butenyl-6-methylfulvene (3.4 g, 23.1
mmol) in 10 mL of Et,0 at 0°C over a period ‘of 30 minutes. The resulting mixture was

stirred at room temperature overnight (at least 12 hours), giving rise to a dark red solution.
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27 WD 2006/ 012315 PCT/ US2005/ 022533 obtained by this

nmet hod was then dissolved in and crystallized from
woenicanzs1at 0C, thereby affording a 76% yi el deof/ushms/022533

product as a white solid. EXAVMPLE 5 Preparation of

cycl opentadi enyl )[5-(2,. . ) ) ‘
An aéﬁﬂeqn%} BRIl Qal‘fqr% é$ éﬂyfg £ Jpe9) vas gy adiqdctg iy gplution at room

tempédhiGRl Q0 inderediiignd Al ﬂt&wwrag stﬁfe%ﬁ&r A dd@ﬂ%nﬂmi foqir@w&maark
reater and npre reproducib roduct yields

red sqhgffon) |fop@HRN NetButyghigped. 3uwd 3 Mslﬁéléme@ Zééﬁamﬂ) igg added
drop\x\ggg %g%hgégghlﬁ{%ﬁdatﬁggﬁgﬁ%nn\glg t eel%g.ﬁ{l]n %{ | ga‘H% &/%xﬁaﬁqg room
tempehmttu;el dnidt $tirredh fomrad addﬂmmalaﬂ hotirs tth Q)rme@caldark sl sadutfon of - the

sttipfey Tyt i T RBERET (o Pu o SRR Pl e AR oo

tert-bpigtfnteny/l)-geddnd): (Tl‘m dojltion Ivak Bhen added dropwise to-ZrCly (5.38 g, 23.1

eI T A R T

was WaRREtoWobl BmbetRRed arfle pirtbd) ov@ﬁﬁi%1 | giold tHRARI arflorange-brown
nitr oglen at nrosphere. Diethy et her (about 500 pl). was
sturry. 08 Sl oo Pt e e mémﬁﬁa&ttqf?@@mnﬂﬁwoa%ﬁiﬂ @&arnéas fo

give 1g @€al ArkéBrowh G6lidaThe re%'lﬂlﬁ‘%v] f1ild Wy s ekt NS %thfﬂ@ﬁ ca. 180
%utyl [ithium (23 nL i n hexanes, 230 mmol

ml) Mstha@zﬂwt §Vwa§edt 9’ drymssrioxgive BrevingialiapenenecyclaperzdiqmyBls-
(2,7- cﬁqg‘t Bﬁtﬂ@lu&fen ﬁll éﬂetﬂc&ﬂﬁmchl&%pése&neorah&ereﬁ%ﬁﬁ (91 g,

m xture was to room tenperature and stirred
28. 5"/0V19}dhih§m0%€hbe uSP@WﬁhO@@M@#‘ICmr a nitrogen
at nosphere. In a nitrogen-filled drybox a one-liter
f'A@@%uglﬁ%ny hadHss, %%&szﬁrﬁlﬂk%% ngﬂar1£2>9 7Rk t@qﬁose
capped w th’ a rubber. septum rougwt out
describtd héreinday be nsedahaheggdctwe ohtest3@ofithe wivengmnt i dypiead grethods,
nltro coal.e an-ice bath to 0C. The di et hyl
devmes[aﬁle n%?%ia;?tarer}éer%l dgs%F{’?dhl ated parent |igand was added
to the ZrCl4 slurry via ‘cannul a over the course of
t Hilk puplipdtions el mten@@le@nuedt Ieeein axgahaornegrted bavejo by lrefereyce m

€
their %\g'? ﬁ@ga@f%gﬁﬁ’g’ g%&e THlg ar Vgsﬁltogl\l\g £ h}[ean';rﬁo?eé PG Jogbtg,ms and
methedotiegies \vlaac amgrdescarfoécbrrdhmgulmnatwna n@eclsoighdbe usePentoanetion with

the pI(es bﬁy -d?SCI‘l dﬁt ﬁeéﬂs%eﬂ &htcagc ong ?IS(?JP géddibo déqen]aﬁtjh%'iél){out the text

er nat

are pfcﬁnhd mblalgy ﬂﬁ)lthedr dﬂ&loiuhemﬁxtbrth@ﬁidg datehof thepregbre rappllcatlon
oride, ntri fu 1 he nat ant decan

Noth§ e o P BB et SmbHon b e B85 Tean S ©

antedhtd @udﬂﬁﬁdclcﬁﬁ’re bR} @irﬁie'o@ ﬂ(ﬁﬁnventlon
(5-cycl opent adi enyl )| 5- (2 7-di-tert-

To the extent that any definition or usage provided by any document incorporated
herein by reference conflicts with the definition or usage provided herein, the definition or

usage provided herein controls.
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butyl fl uorenyl )] hex-1-ene zirconi umdichloride that

was used wi thout further purification. Preparation 2.
woOuplsioaztis on of the procedure used in Preparat POI/US208/022533

tvvo separate instances allowed isolation of the,

‘-netallocene (5-cyclopentadi enyl)[5-(2, 7-di-tert-

butyl fl uorenyl )] hex- 1 B rconi um di chl ori de in

yi el ds of 80% and 84% respectively. ,:28 WO

2006/ 012315 PCT/ US2005/ 022533 EXAMPLE 6 Conparative

We Olyimpar ati on of (5-cycl openi adi enyl )[5-(2,

1.

7-di -t ent f uor eny - ene zirconium
decIﬁlF%lP(iiagmaﬁlﬁ%ta%Hlp%Vn t)dh Folrﬁnfﬂ@r fl ask was charged
W th the gaien andI-(msthyI) 1-(3-butenyl)-1-
(cycl open 2,7-di-tert-butyl fl uorenyl)netha
ne (23.2 ’ and a stir bar, capped with a
rubber se 1tu y and pl aced under a n|trogen at nosphere.
Di et hyl out 300 nmL) was added to the flask

and the mif&urk Shirred and cooled to -78Cin a dry
ice bath. Wi sti rri(@y andisomensttheresficomprising:
n-butyllithium' (12 nL of 10 Min 120 mmol )
-was added slowy to the m xturg ge. After
the addition of n-butyllithi kAN nl ef €R® t he
re}amﬂtan:ﬁng”hxompemm tivafompolat o r'oom errper at u(H) amdan

alkyl zlh%rg 6%%@%‘[ 1n6 h %{;‘ea W&%e'gﬁ‘gc*t%der ﬁ%t e o oxe giveheaem c?mPound I
is sub‘s{aasmwmr&amaﬂd mmm(md 4 (12.7 g, 54.5 mmol) and

R1

a stir_bar, d with a rubber septum brought out
oP) medba P%Buamgéh%\ﬁ@%nWﬁmﬂs@@ YAne §pmpe lﬁxdsﬁ#g wfogapla
nkirogen, cooled in an ice bath to 0C, and fitted with
fan addition funnel. The diethyl ether mxture of
ilithiated parent |igand was added to the Zrd 4
ur rg}t via the addition Iunnel over the cours ﬁf one
to g

ou IRyt deem 3 srgondmixtus, WhetRiy cihemgels pisongpopad I

optloiﬁﬁg@%ftﬁﬁoga%gﬂt SHPRhALM Be BRHingtbddeRd i é’s%ﬁp hgsht (at

The resulting slurry S

substaretmﬂylrefau@ddaraind t he supernat ant decant ed and evacuat ed

comprising

ss..to afford 16 g,of
561 4 MR i et Syt df i S & thifd ixure
oxygen- f ene chloride, centrifuged, and the
supernat ﬁ ed,and evaporated to dryness to
afford 1 of the desired netal |l ocene
(5-cyclo en -dlenyl)[5 (2,7-di-tert-butyl fluorenyl)]he
X-1- ene*Zy \dn1d|chlor|de that was used w t hout
further dﬁrif bi on. EXAMPLE 7
(I), and isomers thereof;

-

wherein R' and R? independently are hydrogen or an aliphatic or substituted

aliphatic group having from 1 to 20 car.bql,;-'a_tgms; and

wherein each R independently is-hy'dro gen or an aliphatic or substituted aliphatic

group having from 1 to 20 carbon atoms.

2.

The method of Claim .l,where'in:'
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Conparative . One-Pot Preparation of
(5-cycl opentadi enyl )[5-(2, 7-di-tert-
wouboslofizaasr enyl ) Jhex- 1- ene zi rconi um di chl or i decT/US2005/022533
Met hod C An aliquot of n-butyl lithium (9 .3-1-ALP 2.5
Min hexanes, 23.3 mmol) was_added_dropwi se to
2,7-di -t-butyl fluorene (5.85 ¥y ol ) di ssolved in
S Reur e was war med
to room tenperature and stirred for an additional 3
hours, giving rise to a d ed solution (lithium
.2, 7-di -t-butyl fluorenyl, 3 rated t-BuFl uLi).
This solution was added dr ¢ S¢ 0o a solution of
6- but eny] - 6- et hyl ful vene (3”4 g, 23.1 mol) in 10 niL
ofcompotdd e tgefornulderi od ' of 30 ni nut e@mppyad II has the
resulting mxture was stirred at roomtenperature _
overni ght (at least 12 hours), giving rise to a '
red sg o1 9 WD 2006/ 012315 PCT/ US2005/ 0225 An
addel ATRSf ful vene (0..9 g, 6.2 rnmol s
formplaen added™o this sdingdt ¢arpoand d3bmas tthergermalur d
‘whér%iﬂ? resulting mxture was stirred for an additional 4
ours to provide a dark red solution. A portion of
n-Rous ¥ t-butyhi-prop§D ndpropyl, @hyd, ddhethylexshes, 23.3 ol )
was, added grro jse to this solution at 0C, after
vvl’i’iléﬁnflﬁ%gef Qﬁﬁp]\t/\%oni m xture was warmed to room
tenperature and stirred for an additional 3, hours to
provide a dark red solution of . the dilithiated
3. pé,l“h@methlngcg"r{aal(rdu fuxthgr somgrising isolating I.
1- (et hyl )-1-(3-butenyl)-1-(cycl opentadi enyl)-1-(2,7-d
i- tert-butylfluorenyl)-nmethane). This solution was
4, t e adied ofr@ipm ¢ fartheZrcGidrifibg 38mgying 3hd volmitd yomponents
f ﬁlilljs%ended in Et20,(50 r(rih% at 0C over a period of 20
Tom (e, Fgg?mtﬁ?etolpé%vd@?‘i‘f?él P RYTPE &8s war med to room
tenperature. and stirred overnight, giving rise to an

orange-brown slurry. The slurry was centrifuged and
5.t Hdesupbedhaf {reiny dc arthey camprising gemayiag the valelilte sempagents

Ve . 1. s .| « S .
fromho Bl i Lo RO R oY cpblifg U RAR) iR AP Sesidue
with exélvactin ehrhdriatubdtahialriysidaide tiod Tl wesolubde, ard sblatdaghe

(5-cycl opentadi enyl ) [ 5- ..%
(2,7-di-tert-butyl fluorenyl)]-hex-.l-ene zirconium
6. diTgRlQihGioraaids GiiRRaR 1iERo1aRh iflat(SasP3 P yick®- 5%
yield) that coul d be used w thout further
purification. Al though any nethods, devices, and
rial s, siM.la 0.0 ' e j bed
7 b TS et A R o e HEREHE
i nvention, the typical nethods, devi-ces and materials
are her ubl i cations and patent

: in described.!-.. Al
8. gt ng Glaim e WFTER) B?ar'gwat% F@W?Ptb‘ff)m@%@? dthanol,

ethanlol any mixture thereof, or any combination thereof.

9. The method of Claim 1, wherein the ethereal solvent comprises dimethyl ether,
diethyl ether, diisopropyl ether, di—n-propyliether, di-h—bﬁt}rl ether, methyl t-butyl ether,
diphenyl ether, THF, 1,2-dimethoxyethane; or any combination thereof.
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their entireties, for the 'purpose of describing and

di scl osing, for exanple, the constructs and
worbtdspdzd1gi es that are described in the publiearivsm®s/022533

whi ch mi ght be used in connection with the presently

descrlbgg i nvention, The publicatjons di scussed above

0. anthe MeBag St 1aiRel: tveharein dhe cfietspl aelyont droatyispo fiothydcfher,

THFdé)ISa(hkr%ﬁ%ﬁtaﬁéﬁﬁ{ereoi“o the filing date of the present
appl i cati on. hing herein is to be construed as

an"adntSS|on that the i nventors are not entitled to
ntj on

1. o I B Ve o <o a0y
any docunent |ncorporated herein by reference

2. pofhsmehenel Geim g whernghe camsagestsn o) Rk CHuReEsmt in the firs

mixt&e r}BhBPtoSmplaQr cohBidBP §e Ok &3 hR nREW; WSRO %514(915 %553131 to W

im 1. A method of making a cofpoun
fornula R3 R3 R R2 (1), and isoners thereof

f e rdt&h{‘cﬁ)s ClRi")ﬁg1 la\rn{h(gr?eﬁtctﬁg %:oant%tﬁ: BaglhoP é)ggnerm?mﬂregﬁent 10 the first

mixtet pebewl ragidlyvenibitiag f}&rﬁftstﬂmthfrs twithIKI, 6 feom \BIVENIEb .5 M.
conpound 11 is substantially deprotonated to form
Li(I'l); b) rapidly conbining the first mxture with a

14. Tuhenemc@mpaifch of whbBRid Mtk 1it agerftléo ris& f\/féﬂn n-

a second m xture; wherein elther Li or cornpound
BuLi| 1ttBulg, ndtﬁxwﬁnalﬂlQHaglMeﬁn ,Ll@i@zPhedg@HbCMandomﬂy ecambifaion

therebt M tiNg reagent, if present, has substantially
reacted; and c) contacting the second m xture witha -

proton source to forma third mxture R3 R3

15.  The method of Claim 1, Wherei'rt III and the alkyl lithium reagent react to form
Li(I) in at least 95% yield. | |

16.  The method of Claim 1, wherein the first mixture is combined with ITI over a time

period of less than 3 minutes.

7. The method of Claim 1, wherein the first mixture is combined with III over a time

period of less than 1 minute.

18. The method of Claim 1, wherem the ﬁrst mlxture is combmed with III over a time

period of less than 30 seconds.

19.  The method of Claim i, wherein the proton source comprises water, an aqueous

acid, an aqueous ammonium salt, or any combination thereof.

20.  The method of Claim 1, wherein'st'ép‘ a is initiated from 0°C to -100°C.
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Rl R2 conprising (I), and isoners thereof; wherein
R and R2 independently are' hydrogen or an aliphatic
wonroswestist uted aliphatic group having from 1PCoO/UR®005/022533

carbon atons; and wherein each R3 independently is
hydrogen or an aliphatic or substituted aliphatic

21 gridgpngiaed oigClpins by Wherein 3p @ds wilirtet ¥mE8°C22. The et hod
of Claiml, wherein: 31 WD 2006/012315
PCT/ US2005/ 022533 R3 %.. R3 conpound | has the

22. f diheuhethod oHGxdninld wWherdiiastep ds nondddted fforh rdidn tanpastare to - .
and conpound Ill has the fornula wherein: R3 is H,

78°C; - butyl, i-propyl, n-propyl; ethyl, or nmethyl, and n
is an integer from1l to 6. 3. The nethod of Caim1l,
further conprising i-solating I. 4. The nethod of Caim

23. 1, THeundthat of Cloimpi j whenejn stepibay infigntechromdleatto 0°C.
conmponents - fromthe third m xture to provide a
residue conprising I. 5. The nethod of Caiml,

24. ; Ui RS GO L b DO ESER WP D it Bfipel Alvde. conponents

romthe third mXxture to provide a residue conprising
I, optionally triturating the residue wth a sol vent

25, gineHod pbCIH s o s o TR oo A to -
7gccwherein | is isolated in at |east 85%yield. 7. The

met hod of A aimb5, wherein the. trituration sol vent
-conprises an al cohol. 8. The nethod of C aimb5,

rej rituration solvent connri th |
o AL S AL LIl ST SR, TR R o e
50% tiieaneefracon ditthe n@i-Hmitimfreddeai. m 1, wherein the

et hereal solvent conprises dinethyl ether, diethyl

ether, diisopropyl ether, di-n-propyl ether,
27. diTHR-hdthod ofERSh 1, WRERM. at §eatld08h 0B 1R8I miting reagent of step b has

reacted.

28.  The method of Claim 1, wherein af least 95% of the limiting reagent of step b has

reacted.

29.  The method of Clgim 1, wherein cdrhppund 1is formed in at least 85% yield.
30.  The method of Claim 1, wherein compound I is 'formed in at least 90% yield.
31.  The method of Claim 1, wherein compound I is formed in at least 95% yield.

32, A niethod for making (5-cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl)Jhex-1-
ene, comprising: | : ‘

a) contacting 2,7-di-tert-butylfluorene and an alkyl lithium reagent in an ethereal
solvent to form a first mixture, wherein tﬁé 2,7-di-tert-butylfluorene is substantially
deprotonated to form Li(2,7-di—tert—bﬁtylﬂﬁorenyl);
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di phenyl ether, THF, 1, 2-di nethoxyethane, or any
conbi nation thereof. 32 WO 2006/ 012315
WOCHI6lS2005/ 022533 10. The nethod of C ai m 1, PanaISei08/022533
t he ethereal solvent conprises diethyl ether, THF or
any conbination thereof. 11. The nethod of CI ai
R AN PG Pl 5ot heS el SO B fs ek B HoEni it 6-
12. The net hod of wherei n the concentration
of the Li(lIl) reaggnt 1n the first mxture prior to
rapi dly conbinin first mxture with IIl, is from
meth§1-8- (Mbﬁ&n%l 1%1‘}\411? he net hgdeph, & @k 'miw&ebvﬂeﬂeﬂle the
concentration of the Li(ll} reagent In the rtirst
hmltmg)rpageetIpqs.sgbstarmaﬂapaagleg adnbining the first mxture

th 1]l from Mtoflz tho@lil
a)lcon ctl%ereelserc]:o 1t Iat ﬁouor% §oeu5c§eeﬁot 1& gnxture

: com;h‘Bh.ng (Sneycﬂipbntadienﬁb{&(?. 7%1h&x-}bhﬂylﬂuok¢rﬁiﬂﬁﬁlxm&w in at least 85%
Li CH2Ph, Li CH2Cwve3, or any conbi nation thereof. 15.

vieldthe method of Claim 1, wherein Il and the, al kyl
[ithiumreagent react to form Li(lIl) in at |east 95%
yield. 16. The nethod of Caim1l, wherein the

33. f i Thetmethodi pé Clamd@nifirthed covnpriising isoletieg the (Giayeloppdadiel)[5-

nytes. 17. The nethod of C aim 1,

(278 téa“?tgbuﬁylﬁﬁore?ﬁ ]ﬁ]?x eﬁlilf’ure is conmbined with Il over a

tine period of less than 1 minute. 18. The nethod of

ml wherein the first mxture is_conbined with
34. |ﬁ1 thod ofjGaim g2, fusther, Foprising FRRRPVRE @@c gjde cogponents

from tA€ (B4 RALweS 1 hRfvilela ré@ﬁﬁx@%’ofh h@ﬁg R@Q:g@l%géﬁ!ﬂl D[5-(2,7-di-
conprises water, an aqueous d, ous a ni-um

tert- Wlﬂuoronylﬂhyx-dmbl nation ther eof 20. The met hod of
Caim1l, wherein-step ais initiated fromOC to -100C
33 WD 2006/ 012315 PCT/ US2005/ 022533 21. The nethod of

35. Cl'HienndthoWugr@him SLefurtet SorhyftisinigAtedtbvarig th%&félatﬁ@ coﬁb@nents
met hod of Claim 1, wherein.~step a is conducted

fro
from, thg thigd ﬁ%}éifuéq R grotvgie a remdylg@omprlsmg (5-cyclopentadienyl)[5- (2 7-di-
tert-butylfluorenyl)|hex-1-ene, optionally triturating the residue with a solvent in which

(5-cyclopentadieny!)[5-(2,7-di-tert-butylfluorenyl)|hex-1-ene is substantially insoluble
and 6-methyl-6-(3-butenyl)fulvene is sdlubl_c,_ and isolating the (5-cyclopentadienyl)[5-
(2,7-di-tert-butylfluorenyl) |hex-1-ene.

36. The method of Claim 32, - wherein (5-cyclopentadienyl)[5-(2,7-di-tert-
butylfluorenyl)Jhex-1-ene is isolated in at least 85% yield.

37.  The method of Claim 32, wherein the trituration solvent is an alcohol.
38.  The method of Claims 5-or 32, 'w:he';r(?in the trituration solvent comprises methanol,

ethanol, i—propaﬁol, n-propanol, n-butanol, sec-butanol, t-butanol, 1-hexanol, 2-hexanol,

3-hexanol, any mixture thereof, or any combination thereof.



23. The nethod of Caim1, wherein. step b. is
initiated fromOCto -100C. 24. The nethod of Caim
wa2006vezasn step b is initiated at -78C. 25. TheTmstied22533
of Caiml, wherein step b is conducted fromroom
tenperature to - 78C. 26. The nethod of Claim1l,
wherein the limting reagent of step b is present in
3at | Ehe methmdopfiHaimnd? ewhergintthe etherealt spdvend aompmdes idimgethyl ether,

h
SR8, BT, 5t el B, o MIGE Sty B e,
ditBenyl Iememﬁﬂ-ﬂhd,bﬁm@ﬂmmmana;\beml mrrﬁ)ﬁnalueﬁﬂtelélﬂi% of the
limting reagent of step b has reacted. 29. The
method of Claim1l, wherein conmpound | is fornmed in at

4beas1rh§5f’éﬂwaimblam§@2 Wherefiihb atly0 it feh, dgem \s&ﬁpﬁsa@ MeLi, n-

mpound | is forned in at | east 90%8” el
3*#34 hb&ubf, whexdin , LiieSaYles, ddfpletihdLICHEMer mlédaIWn cgmbmatlon
14(2 a5t 95%yield. 32. A nethod for making
cycl opent adi enyl ) [ 5- (2, 7-di -tert-butyl fluorenyl)]he
-1- ene, corrpr|3| ng: . a) contacting

: ter Iuor ne and ap al [ithiumr )
4§n aﬂh‘%tq’r% dhad O CtOE. roRGn nihe piivisel ol eof LG.-di-ter-
bﬁﬁ@ﬂ@rﬁayl)hec@mﬁmea witldim glyds tj-Hﬁ’c@@ﬁ wene%@mta%&td @nba of less

deprotonated to formLi(2,7-di-tert- utyIquorenyI
g A@nede6/ 012315 PCT/ US2005/ 022533  b) rapidly

conmbi ning the ethereal solution of
Li(2,7-di-tert-butylfluorenyl) with 6

4pet hy‘he sz(etﬁedb udferGiaipd B2y emlgreih othfeo etirexzals @olmnidn nof tLif2¢7-di-tert-

PRy goreb Ml it RS T BRI RS o fimqpegiod of less

4Ot @fhusource to forma third m xture conprising

(5-cycl opentadi enyl )[5-(2, 7-di -tent-butyl fl uorenyl)]he
Xx-1-ene in at |least 85% yield. 33. The nethod of

4?5?'03‘%? él&taﬂ; tﬂ; J*@Euuf ??'R[rl'le?%ﬂ Ohd 5BtoAl ol e (cBfprises water, an aqueous
agiddan acpleommmbmhmahml an} hexwbinattovethere8%. The net hod

of Claim32; further conprising renoving the volatile
conponent s

44, A method for making a compound of the formula

(IV), comprising:

a) contacting a compound of the formula () and a first

alkyl lithium reagent in a first ethereal solvent to form a first mixture, wherein compound

1T is substantially deprotonated to form Li(I),
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fromthe third m xture to provide a residue conprising
(5-cycl opentadi enyl )[5-(2,7-di- tert-butylfluorenyl)
wheos/012315ene. 35. The net hod of O aim 32, furPOEMUS2005/022533
conprising renmoving the volatile conponents fromthe
third mxture to provide..a residue conprisin
( ) é@@dl@'ﬁ@mbggpgﬁlw ﬁ{sg_rr(lgtum_ with a fulvene compound of the formula
ﬁft butyl fl uorenyl )] hex-1-ene, optionally triturating
e residue wth a solvent in which
9-cycl opentadi enyl ) [5-(2, 7-di -tert- butylfluorenyl)]he
| -ene is substantially .insoluble an
L méHB) fo. T ssgeRdh iy tHin VhsET @eslemusg geaggpighas substantially
rewn&ﬁolatlng the (5-cycl opentadienyl)[5- (2,
7-di-tert- butyl fluorenyl)] hex-1-ene. 36. The net hod
ofc) Chrtaetir@2the -seodnglr mixture with a proton source to form a third mixture
(5-cycl opeqt adi gyl )[5-(2, 7-di-tert-

butyIfI ) ax-| -ene is isolated in at |east 85%
yi el R° w R of O aim 32, wherein the
trituration golvent is an alcohol. 38. The nethod of
Cainms R—gf 32, wherein the trituration sol vent
conpr i sesgie I, et hanol , i-propanol, n-propanol,
tanol, se but an o
Compﬁlsﬁ xanol, 3-hexanol ﬂ)’éﬁ@uﬁﬁg?g& glerstt?%g{rég%y &yleast 8%/’ yleld;

@leérﬁ@\tihg) thet Vot o componed 2610 Gh 2@ hixture to prov1de a residue
PCT/ US2005/ 022533 39. The nethod of Caim 32, wherein
COMYK{EEet her eal sol vent conprises di nethyl ether,

d'e?tolﬁﬁbna@lglhﬁfturaﬁ'ﬁg Wf&@ﬁk v@iﬁh %rsoh@nt B RVIREY T 1§t§ﬂ€§tant1ally
di = n-butyl ether, %)f but.yl ether, diphenyl

msol@hlh emd IITHFsohmleztomrmdh Wmirte' lsqiatlcamf L onbi nati on

gt e TR _?3%2%;8&% By tOSF §'sch353h Ko

reageit H@XY Iskéondl bGERE Noentl toCHERh 0 EoctH? Gl¥ie@re, owhadin the I is
conmbination thereof. 41. The nmethod of C ai m 32,

substw@}lg,dﬁprp@a@flﬁ%f% Lig@h ution of Li(2,7-di-tert-
b ¥bifth HRALGEW Folirth ik REOHRE §1'W, &R an optional hydrogarb Ivent
Lé?ne IL %%2% but enyl) f ul ven?“ove?ngp tlc:nr?e }E)e??aédonocfoso ven
/ ey hod of C aim 32,
SN2, 7-di-tert-

| ess than m nut es.

wher ei n the et her eal BN

butyl fl uorenyl) is combi NedsH

6- met hyl - 6- ( 3- but enyl ) ulvne“,pv‘éﬁ' a time period of

less than 1 ninute. 4 Yk\od of C ai m 32,

wherein the proton sour@e 0%! ses water, an aqueous
to form a fifth mixture comprising aV);

h) removing the' volatile- components from the fifth mixture to provide IV in at
least 80% yield;

1) optionally washing the IV in a non-polar solvent; -

j) optionally extracting the v w1th a.polar solvent followed by removing the
volatiles from the polar solvent solution to provide IV; and

k) optionally crystallizing the IV frbm an aromatic solvent;
wherein: '

R! and R? are independently seléét",ed from an‘ aliphatic or substituted aliphatic

group having from 1 to 20 carbon atoms, or hydrogén; and
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acid, an aqueous ammoni um salt, or any conbination

thereof. 44. A nethod for neking a conmpound of the
woanmwi215R3 R3 fIWR(1V), conprising: R3 / R3PaY/US2005/022533

contacting a conpound of the fornula Z~~ (11) and a

first alkyl lithiumreagent in a first ethereal )

sdt'v éneaghoIignes, 45 ﬂmdeﬁﬁnd%mky gelectediomeian adiphgisupid substituted

smiSs ATRLD BER ORI RE Enipigbl -

POT/ 185200 5f02R533 b) rapidly combining the first
%tu&e vvlt:iu a fulvene conpound of the fornula Rl R2
(I 19Ch B%m a second mi xture; wherein the |imting
reagent has substantially reacted; c) contacting the
second m xture with' a proton source to forma third
45. i Theupethodaf iginRd4, VFbeZel@orrprl sing (1), including
i somers thereof, in at |ea ) Id; d) renoving
the volatile conponents fr ( m xture to
provide a residue conp [ od$|onally
triturating the residue. Mﬁth 3 solvent inwhichl is
substantially insoluble ang—{ | is soluble to' provide
I, followed by isolation of i) ®ontacting the |
with from2 to 2.5 nol ar eqL /s of a second al kyl

it hi rHeage econ ethe I I f
BB TR Sl eoon e ooy oo Yaophon B

| is substant

deprotonated to formLi2(l); g) contacting e h
m xt ure MiX4 and an optional hydrocarbon n
COS Q¥ RS g

formula , and compound IIT has the formula ! ;

wherein: ,
R? is H, t-butyl, i-propyl, n-propyl, ethyl, or methyl,
‘nisan integer from 1to 6; .
M' is Zr; and
X is Cl.

46.  The method of Claim 44, Whereiri the optional trituration solvent is an alcohol.

47.  The method of Claim 44, whercin,,j the first and second alkyl lithiufn reagents
independently comprise MeLi, n-BuLi,: t-BuLi, .n-hexylLi, LiCHZSiMe3, LiCH,Ph,

LiCH,CMe;, or any combination thercbﬂ

48.  The method of Claim 44, wherein the first and second ethereal solvents
independently comprise dimethy] ether, diethyl ether, diisopropyl ether, di-n-propyl ether,
di-n-butyl ether, methyl t—butyl ether, d1pheny1 ether THF, 1,2- dlmethoxyethane or any

combination thereof.
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RBRBR M'%X "W R2to forma fifth m xture
conprising M(IV); h) renoving the vol atile.
woaoponznss fromthe fifth mxture to provi de PETIUS26/022533

| east 80%yield; i) optionally washing the IV in a
non- pour solvent; j) optionally extracting the IV wth

49. a. Thromathod @if Wdrim 44| whenein thy foughovixhge comprises|Las(T)l issat least

QO‘V”(L'T t he pol ar sol vent solution to provide IV, and k)
°(§%€f|'onal ly crystallizing the IV froman aromati c-
solvent; wherein: RL and R2 are independently

selected from.an aliphatjc_or substituted aliphatic
20 gr ”ﬁg’ﬂir?ér&lf‘%% VBeroR (Be hydiecarPaReosabYenh Gepgeas ; butane,

pent@ed cydpdand0A6(94 2RsparBCEI SRR, QAR oy clPenta, @RERe, or
I nstance, is indepen ently selected froman aliphatic

any eymbypdionithereedd al | phatic group having from.|l to 20,
carbon atons, or hydrogen; ML. is Zr or Hf; and X is
c, Br, or I. 45. The nethod of C aim44, wherein: R3

51. R3WHe canipoiund Clain@si4t heherein mitk anon-sedam esineht| dorliaiset Meartane,
n R3 C fornmula and conpound H has tﬁye formul a

pentgfife C¥fIRPOTERC; Sengnes hepiangy oyslobsxansy methyl pygiapentancy qgipne, or

any mbTBitIoM thereof,

52.  The method of Claim 44, wherein the polar solvent comprises CHCl3, CH,Cl,, 1,2-

dichlorethane, or any combination thereof. -

53.  The method of Claim 44, wherein the aromatic solvent comprises benzene,

toluene, xylene, mesitylene, ethyl benzene; anisole, aniline, or any combination thereof.

54.  The method of Claim 44, wherein-II and the first alkyl lithium reagent react to
form Li(IT) in at least 95% yield.

55. The method of Claim 44, wherein the first mixture is combined with IITI over a

time period of less than 3 minutes.

56.  The method of Claim 44, Whereiill the first mixture is combined with III over a

time period of less than 1 minute.

57.  The method of Claim 44, wherein the first mixture is combined with III over a

time. period of less than 30 seconds.

58. A method for isolating (5-cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl)Thex-1-

ene zirconium dichloride, comprising:
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nis an integer from1l to 6; ML is Zr; and X sd.
46. The nethod of C aim 44, wherein the optional
wonrddsimzison sol vent is an al cohol. 47. The nepboasef0s/022533
Caim44, wherein: the- first and second al kyl Iithium
reagents independently conprise MeLi, n-Bulj,t-BulLi,
a-chateyting 2,7di CHE Byt Biordnie G Phfirst bikgHPCN®B, reegentifrya first

mbi.nation t hereof 48.. The hod
oGRS B ST b S llE VRSN STt ytuorne i
substbﬂ@e@l@eiégﬁﬁdﬂayedqemm 151@2 dldﬁneetrhwtymmb@nyl)du et hyl et her,
di i sopropyl ether opyl _eth

etthep ld%t:mbmtngbfbﬁﬁrsfe@t @Pal %ﬂ’ihBWé‘nS’ﬁ Ligg ﬁéﬂ-terﬁwlﬂuownyD

1, 2- di et hoxyet hane, sQbi nati on thereof. 38

VD 2006/ 012315 PCT/U82005/022533 49. The nethod of

Cl aim 44, wherein the pth mxture conprises Li2(l)
w1th'6nm§th ?%Buﬁgg fudeRd, A\ SD. The npthod 2 abcdddahidd, wherein

mhere ocar on cosol vet conpri ses but ane,
ﬂwlm@hmgmmgmmysi@@&NM&M&I%WEﬂane hept ane, cycl ohexane,

t héh%){ﬁac entcglg] {rﬁ:?tgrt a\?ﬁb oﬁroto}zyoug\%g?r%gfbﬁﬁft %%ird mixture

comp&i);ﬁrgp@l-@l’cld;‘p@htd&lﬁﬁyly{é@ﬂkcﬁ&&i—blﬂttyﬁh}brenybﬁfekalnme in at least 85%
cycl opent ane, hexane, heptane cycl ohexane, net hyl
yie 101eycl opent ane, oct ane, any- conbi nati on thereof. 52.

EELPRg o V@aﬁl'emoﬁ%oné’ﬂ?ﬁfr@ﬂnnthé hgrPRliALreSB! previtic a residue

co rises 1, 2- dichl orethane, ‘or any
comlnrcmm (ﬁactypbpenthcémd)‘[%m direst-brety Hlogreoy]) hexi lngng4
rein t Ivent o] ses n
t o ueQrPélonQ& eﬁré 5‘?@% ty eﬁeg‘ldugt @{ﬂ& bgn zgoﬁgeﬁe qn vi'hwh (5

cycl(ﬂjéhﬂadiéﬁyl)[GE(ZM-téﬂfmwthdrﬁiyl)qmﬁE@ﬁie is Mstaﬁfl‘lﬂly‘rﬁishlmﬁle and
of Cl aim44 erejn

the, f t _al
6- mqﬂ@axje@rbqt@abfulme Faphibls (apg )lsql'ﬁmg{ thg éé@f/égmtﬁwﬁ?g @.7-
d1-te§§)ug-[ﬁ§org§gﬂ _ _ G aima44, wherein the first mxture

III over a tine period of |less than
3 firi noteding the (5 cyclopentadlenyl)[S -(2,7- d1-tert—buty1ﬂuoreny1)]hex-1 ene

with from 2 to 2.5 molar equivalents .of a second alkyl lithium reagent in a second
ethereal solvent to form a fourth mixture, wherein the (5-cyclopentadienyl)[5-(2,7-di-tert-
butylfluorenyl) [hex-1-ene ‘is substantially ~ deprotonated to  form  Liy(5-
cyclopentadienyl)[5-(2,7—di-tért;buty1ﬂﬁofenyl:)]hex-1-ene; '

2) .contacting the féurthl'rniXtﬁré«vs}i'thonrCL;. and an optional hydrocarbon cosolvent
to form a @ fifth mixture éomprising (5-cyclopentadienyl)[5-(2,7-di-tert-
butylfluorenyl)Jhex-1-ene zirconium dichloride';

h) removing the volatile componénts from the fifth mixture to provide (5-
' cyclopentadien'yl)[5-(2,7-di—tert—butylﬂi;drgriyl)]hex-l-ene zitconium dichloride in at least
80% yield; | |

i) optionally washing the (5—c&cldp¢ntadienyl)[5-(2,7-di-tert-buty1ﬂuorenyl)]hex—
1-ene zirconium dichloride in a non-polar solvent; j

1) optionally extracting the (5-cyclopentadienyl)[ 5-(2,7-di-tert-

 butylfluorenyl)Jhex-1-ene  zirconium dichloride with a polar solvent followed by
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56. The nethod of Claim44, wherein the'' first

m xture is conbined with Il over a tinme period of
woesw/outEn 1 ninute. 57. The nethod of C ai m 4BCT/US2005/022533
wherein the first mxture is conbined with Il over a

time. period of |less than 30 seconds. 58. A nethod for
remojving) the velgtiles from the polar solvent solution to provide (S-cyclopentadienyl)[5-

5. ' - (2. 7-di.- tert- butyl fl 1)]h
.- RN ARG AR bz mliplichBkie iy 1 50T Tyt e
2006/ 0bRABIPCT/ USRONR2253Re  a) (Scoriopettadignyl)[5-(2,7-di-tert-

. 7-di-tert-butyl fluore and. a first alkyl |ithium
butyilugrsa et eneitepmiipcictiost e%&ﬂﬂ% M ETOFLie SO 1 st
m xture, wherein the 2,7-di-tert-butylfluorene is
substantially deprotonated to form,

59. Li{le, metiodtadr Clajsut 38, fwheseierihe firsthythereqdi solyfionophLHZ Acli-tert-
buty@ﬂ?é#l_‘& zslt 90?@3’%@8{% ﬁ-?%leulfﬁoyil-(ezig 3?%uten%l)ifﬂvene over a time period of less

than 8-nmettey | - 6- ( 3- but enyl ) ful vene, to forma second

m xture, wherein the |limting reagent has

substantial Iy reacted; (;) contacting the second -
60. ?o%%lrj Exgeﬂ#éit RracRiAt 68 SAkfse the dR&rBA1asdiBiid JoF Ki(®F7edi-tert-
butylfBorsygl) dpemtanidemigh Hinsstliyd-67Gchutenybhfulipeneydvit ytime petiyd pidess
than’fh}ﬁhﬁ%e in at |least 85%. yield; d) renoving the

volatile conmponents fromthe third mxture to provide

a residue conprising

(5-cycl opentadi.enyl)[5-(2,7-di-tert-bufylfluor ] he
61. x-STheelﬁ‘St?log)Of gﬂem# [ny S%Jr‘i‘f]i“?ﬁ?lﬁttf‘?j gtthmaf Yolugon,af m# -cg-tert-
butyBRbMAYH id rYhéd WP 6-methyl-6-(3-butenyl)fulvene over a time period of less
cyclopentad|enyl)[5-(2,?fd|~tert-butylfluorenylf]hex-
than 3@meronds. subst anti al |y i nsol ubl e and
6- met hyl - 6- ( 3- but enyl ) ful vene is sol uble, and
i solating the (5-cyclopentadienyl)[5-(2,7-
62. dkAhﬁﬂkﬁhﬂﬁﬁ%ﬁﬂg&%@ﬂgﬂ&dbh&m{bﬁmﬂﬁne; f) contacting
t he
(5-cycl opg
X-1-enad W
second al kyl
solvent ta1

[5-(2,7-di-tert-butylfluorenyl)]he
RO 2.5 nol ar equival ents of a

hi um reagent in a second ethereal

of ma fourth m xture, wherein the

(5-cycl opep@a' 1)[5-(2,7-di-tert-

but yl f 1 uor enyl x-| -e ia,subst@nti Iy, ..
deprotonated to Torm Li &S’Ba_-n ASPEIE e icg%ﬁ’flﬁm%s-(z,
7-4 'pfdv@([iﬁ% Bubybd bon &kl L@ hating @RSordilla CONt act i ng
thé fourth' mxturE wth ZrCl4 and an opti onal

hyeocayben copol vent
R® © RS ‘

b) rapidly combinihg the source of iﬁhéf'ﬂuo‘rén'yl' anion with a fulvene compound

R R2

é

of the formula (II) to form a mixture, wherein either the source of the

fluorenyl anion or compound I is optionally a limiting reagent, and wherein the limiting -
reagent, if present, has substantially readted‘;ﬁi-_ahd.
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to forma fifth mxture conprising

(5-cycl opentadi enyl )[5-(2,7-di-tert-
wouaboslofitaasr enyl ) ] hex- 1- ene zirconi um di chl or i deCcThi)s2005/022533

renovi ng the volatile conmponents from the fifth

m xture to provide (5-

cwc)lcommr@dh@nyxt)n[eBNlﬂQa progin-sowrce byl f | uor enyl ) | hex- 1
gnium di chloride in at least 80%yield; i)
washi ng the .
gnt@ti enyl ) [5- (2, 7-di-tert- butylfluorenyl)]he

R3

entadienyl)[5 (2,7-di-tert-

greny| gconi um di chloride with a
pol ar sol vent ﬁd(’St“é‘g%%gM 40° WD 2006/ 012315
PGTiduSACI 54h0 RS &Bﬁperrdemﬂ)yvam hyddogenval ant dlipbatid erubstiteted

ol ar sol ven on to provid
ahphg’gc WBP g]ﬁ‘élﬁg L&% csarbon oms, an
( 2wl¥er91h ch&f R* ﬂﬁ&ﬁ’énﬁéﬂ%@lr@ Bydrd %éﬁﬁ?f‘ah'aﬁﬁl@atlzzl or @@skkitiARd aliphatic
di chl ori de; and optionalTy crystallizing the
group Bavyg fropehtos2f @ﬂgqn)e{t@m( 2,7-di-tert-
butyl fl uorenyl )] hex-1|-ene zirconiumdichloride froman
aromatic solvent. 59. The nmethod of C aim 58, wherein
63. t MEhd methbd ef Ok sD, \sh)érellhithmsoufceLdf @2ludreadiy}t 4néert is a compound
butylfluoren i s conbi ned wi . L
COMpYISiRg i SE’%“%{J PRIASHYP, JP%‘ﬁ%“lE}v%"rk’l% PrEeqpaingipn dpereot
| ess than m nutes. 60. The nmethod of C ai m 58,
wherein the et hereal solution of Li(2,7-di-tert-
64. budyhdthadoofanaking & sorspavinil 9 thevppula
6- et hyl - enyl ) ful vene over a tinme period of
.l ess thay fim
58, whé¥ 4@ 4rBal sol ution of Li(2,7-di-tert-
butyl fl uorenyl) is conbined with

\ ds. 62. A nethod of making a
conpound of thewfgrmul aél)%d@?bméﬂth@?eok dolpris@Bd

. isoners thereof, conpri
a) providing a salt ofa ﬂuorenyl amon having the formula

LG

]

b) rapidly combining the source of the fluorenyl anion with a fulvene compound

R\.__R?
&
of the formula (1II) to form a ﬁlixture, wherein either the source of the

fluorenyl anion or compound III is optidnally a limiting reagent, and wherein the limiting

reagent, if present, has substantially reacted; and



a) providing a source of a fluorenyl'anion having the
formula R3\ O R3 b) rapidly conbining the source
wofhde@itdisor enyl anion with a ful vene conpoundPCRUSR®D5/022533
of the formula (I11) to forma m xture, wherein either
the source of the fluorenyl anion or conpound Il is
op) camtadting the mixtieiwith a pratparsoyrcabwfiomher ei n t he
limiting. reagent, if present, has substantially
@w nd 41 WO 2006/ 012315 PCT/ US2005/ 022533 «c)
WeJt vz
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Rfe mi xture with a proton source to formR3
\ RB)’RL R2 (1), and isonmers thereof; wherein R and

arons; ( 2%@'\%?1%%}?21%6%% R3 i ndependent |y

i s: hydrogen or I'C br substituted aliphatic
grvahpeih &Y ian@ RF imdepehdemhy?2fe hadogen @tanniph4R:. or Ehestieredod
..of daima2, wherein the source of a fluorenyl anion
aliphpide growp ARBRA O b‘?&%lc@&ﬁﬁafqr?%?ﬁ‘ﬁq sodi um pot assi um
MBGNSSH ¢aoh ©8hELJeRlerdly ifhRRERI R bh ARpidle of Sibstited alihatic
met hod of maki ng a conpound or nme tormula R3 R3 Rl R2
group having fgm; Isloridrogrhiondfa@est , conprising: a) providing a
salt of a fluorenyl anionn:having the fornula R3 \ O
/ R3 b) rapidly conbining the source of the fluorenyl
65. aritemathédofChinh $é&nehecanpiesall of Riflub¥enyl anion is a compound

comprising lithium, sodium, potassium, magnesium, calcium, or a combination thereof.
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of the formula 6 (111) to forma m xture, wherein
ei ther the source of the fluorenyl anion or conpound

woORkbosig2aptionally a limting reagent, and whepermskine/ 022533

limting reagent, if present, has substantially
reacted; and 42 WD 2006/ 012315 PCT/ US2005/ 022533 c¢)
contacting the mxture with a proton source to formR3
R3 R R2 (I), and isoners thereof; wherein R and R2
i ndependently are hydrogen or an aliphatic or
substituted aliphatic group having from1l to 20
carbon atons; and wherein each R3 independently is
hydrogen or an aliphatic or substituted allilphatic

group having from1l to 20 carbon atons.' 65. The :EE
met hod of Cl aim 64, wherein the salt of a fluorenyl o
anion is a conpound conprising lithium sodium
pot assi um, magnesi um cal ciu j i
thereof. 43 WD 2006/ 012315 PCT/ US2005/ 022533 m cm Bl
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