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| MPROVED SYNTHESI S OF ANSA- METALLOCENES AND THEI R
PARENT LI GANDS .IN HI GH YI ELD TECHN CAL FI ELD OF THE
INVENTION 5 This invention relates to the fields of
organi c synthesis and organonetallic synthesis,

i ncludi ng synthetic nmethods for ansa-netal |l ocenes,
and their parent |igands. BACKGROUND OF THE | NVENTI ON
10 Metal | ocene compounds constitute useful catalyst
conmponents for a variety of chem cal transformations

including olefin polynerizations, where netallocenes
are of t GNIRSVEDHS VM SIS OR ANHMVEE TARL OGRS
cocatalysts. It is generally accepted that the

met al | oceAss THRIRW ARENSEL IGABDNIN iHGE YIERhDol ved in
determ ning the physical properties of the resulting
pol yol efin and hence its 15 eventual usefulness in a
vari ety of end-use applications such as in film pipe
and__ bl ow ol de ' refore, there is a need
Tigj@@U%ﬁ%ﬁq ,g?ﬁgﬁﬁﬁéiﬁﬁéﬂWﬁﬂgﬂare net al | ocenes t hat

al l ow an assortnment of substituents to be incorporated
i nt o Thise imeeslidrocesigest tacthe eficlds iof |arkeniE ssypthesis  and
interest to devel op new nethods to prepare bridged or

ofSndRRa e ts3hihesie N éntedIme Wisthetiohinethode nfor | @B atnmetallocenes,
] 5-cycl opentadi enyl -type 1 0

L

and their parent ligands.

BACKGROUND OF THE INVENTION

Metallocene compounds constitute useful .catalyst components for a
variety of chemical transformations including olefin polymerizations, where
metallocenes are often used in combination with a variety of cocatalysts. It is
generally accepted that the metallocene structure itself is intimately involved in
determining the physical properties of the resulting polyolefin and hence its
eventual usefulness in a variety of end-use applications such as in film, pipe and
blow-molded articles. Therefore, there is a need to develop new methods to
prepare metallocenes that allow an assortment of substituents to be incorporated
into the metallocene structure.

It is likewise of interest to develop new methods to prepare bridged or

ansa-metallocene compounds, which comprise two n’-cyclopentadienyl-type
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i gands |inked by a chem cal spacer. A variety of
substituents can be incorporated into the
ansa-netal | ocene structure, including substituents on
the cycl opentadi enyl-type |igands, on the bridging
group, or both, each of which helps determ ne the
physi cal properties of polyolefins prepared using
these 5 conpounds. To acconplish this task, it is also
of interest to devel op new preparative nmet hods for

t he, ansa- net al | ocene parent and _conprd si.ng. t
g0 BBRtadRord OB, GIGHDs | PridiicRy & BYTayeHl o be
group. SUMVARY CF THE | NVENTI ON 10 Th| s invention
inenpomgted Sel® thetdrodandtallocdne wxpstinesinslusing pylstitecnts on the
conmpounds conprising two cycl opent adi enyl -type groups

cﬁdléﬂf&l@h&eﬁy@tﬂﬁd dghits, oﬁfm'épbn&%lhg hyre@nsér bethe eadeblilwhich

I i gands in preparing ansa-netall ocene conplexes

S LT DTS Br h SBsRUL) 1,

aspect, the net ho s, of this invention neraII
cRPRHShi dRefcopm) lalg this f%%% des ABA of ar@?t f%éiﬁvaePeﬂeW

heretofore available. In one aspect, for exanple, the
prepiatds methotlvded the reisa-npgaliddena pE’etﬁgehg#.nd comprising two
substituents to be incorporated into the |ligand and

chdipRRRRedVRiAd %ﬁﬁs‘flmm ha bdsMERre@n  af fect and

det'erm ne "t he sical properties of polyolefins
prepared using these conmpounds. O

SUMMARY OF THE INVENTION

This invention encompasses methods for the synthesis of organic
compounds comprising two cyclopentadienyl-type groups linked by a bridging
group, which constitute useful ligands in preparing ansa-metallocene complexes.
These ansa-metallocenes can be used subsequently as catalyst components in
olefin polymerizations. In one aspect, the methods of this invention generally
afford higher yields of the desired product than were heretofore available. In one .

aspect, for example, the methods disclosed herein permit a range of substituents

to be incorporated into the ligand and the ansa-metallocene, which in turn can

affect and determine the physical properties of polyolefins prepared using these

compounds.
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2 In one aspect of this invention, a nmethod is

provi ded for the synthesis of conpounds conpri sing

I i nked cycl opent adi enyl and fl uorenyl groups,
including substituted anal ogs thereof, which are
precursors to ansa-netall ocenes conprising bridged
cycl opent adi enyl and fluorenyl |igands. However, this
5 method is also applicable to Iigands conpri sing
Iinked cycl opent adi enyl and indenyl groups, indenyl

A Sl P St OF B0 By hiton, S B ORAS S G0U AL AURS b of

invention will be illustrated throughout by exanples
cdropouride qomppising linkedotydlopstadieyt laog dhioaend wypuptn encluding
fluorenyl groups and ansa-netal |l ocenes conpri sing

sibstidged eytb@pembadicenyhichO aand pidcunioenyto | irgandstallbeenes
this aspect for exanple, this Invention provides a

[ | o
(?ﬁ cl:sylc ope #)%]7?%1 %@175%5 Mbeb8 MBI 048 Fever, this
mggl&gegré é(lgf%pggr%ﬂg dht lt]g? * lg;ﬁeg)rr]r?prfslnggc ?%(ggn cycf %Lar(l)tgdga%yl and
(5-cycl opent adi enyl ) [ 5- (2 7-di-tert-butylfluorenyl)]he

indenylegreupsidndenst andriingrenyh gicatps.oiveo Cyclopantadiersil igropsoivo
patter ns for this ligand and ansa-netal |l ocene are 15

BB PSps 5 dhschose hgran, TERSUAROAOLIL O s
throughou{ 'B'f/l A& Igples for the preparation of linked cyclopentadienyl and
fluorenyl groups and awnsa-metallocenes comprising bridged cyclopentadienyl
and fluorenyl ligands. In this aspect, for example, this invention provides a new
high-yield method for making the metallocene, (5-cyclopentadienyl)[5-(2,7-di-
tert-butylfluorenyl)|hex-1-ene zirconium dichloride, as well as its parent ligand,
(5-cyclopentadienyl){5-(2,7-di-tert-butylfluorenyl)|hex-1-ene. However, many
variations in the substitution patterns for this ligand and ansa-metallocene are
possible, as disclosed her;ain.

In one aspect, this invention provides a method for making a compound

of the formula



R3/ R3 R RzZ (l), and isoners thereof, conprising:
R3 Z~~\ /| R3 a) contacting a conpound of the fornul a
(I'1) and an alkyl lithiumreagent in an etherea
solvent to forma first mxture, wherein conmpound I
is substantially deprotonated to formULi(ll); 5 b)
rapidly conbining the first mxture with a ful vene
compound of the R R2 forrmula \ / (Il1l) to forma
second m xture, wherein either Li(Il) or conpound 111
is optional a ljmting reagent, and wherein the
[imting }en f present, has substantially

react ed?—% acsi ng the second mixture with a
proton source™y06 forma third R3I R3 RL R2 10

m xture cappr¥sing (1), and isoners thereof; wherein
R and R2 i pOepe
or R

(I), and isomers thereof, comprising:

a) contacting a compound of the formula (I

and an alkyl lithium reagent in an ethereal solvent to form a first mixture,
wherein compound I is substantially deprotonated to form Li(II);
5 b) rapidly combining the first mixture with a fulvene compound of the

R? R?
|

formula (IEX) to form a second mixture, wherein either Li(XI) or
compound II is optionally a limiting reagent, and wherein the limiting reagent,
if present, has substantially reacted; and

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

R® 4§i'“llsiiib R?
R1

D
10  mixture comprising (1), and isomers thereof;
wherein R! and R? independently are hydrogen or an aliphatic or

substituted aliphatic group having from 1 to about 20 carbon atoms; and

40
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substituted aliphatic group having from1 to about 20
carbon atons; and 40 wherein each R3 independently is
hydrogen or an aliphatic or substituted aliphatic
group having froml| to about 20 carbon atons.
Typically, conpound |I is formed in at |east about 85%
yield, at |east about 90% vyield, or at |east about
95% vyield. 5 For exanple, compounds of the formula I
that can be prepared using this R3 R3 V,//I inve
ntion_ include the conpound. of the formula,, .which .can
be pPEFFLEACHIC dneEnEoethisiioroRsS) %gﬂﬂtﬂﬂl&haﬁl%em@aw%d
R3 Z(:0- R3 (Il) and compound 111 having the fornula
aliphatieignougshavamg frem 1® abquit 28lchsbod,atembut yl , i - propyl,
n-propyl, ethyl, or nethyl, and wherein n is an

TiPERBE Cohipdind I i PfRRRH N Bt 1chst BBOL §8% yasaettieast Bbsut 90%
I'nveriti on provides a nmethod of naking a conpound of

yitepd? OI* gtrlrégslt %bgutoﬁ)ﬁ%% yﬁa?fd.

For example, compounds of the formula I that can be prepared using this

invention include the compound of the formula , which

can be prepared as disclosed  herein using the  precursors

e

(IY) and compound IIX having the formula , wherein R can be
typically H, t-butyl, i-propyl, n-propyl, ethyl, or methyl, and wherein n is an
integer from 1 to about 6.

In another aspect, this invention provides a method of making a

compound of the formula



R~ R2 (1), and isoners thereof, conprising: a)

provi ding a source of a fluorenyl anion having the
formula [R3\ ¢/ R31 b) rapidly conbining the source
of the fluorenyl anion with a fulvene R R2 1 5
conpound of the formula (I1l) to forma m xture,
wherein either the source of the fluorenyl anion or
compound 111 is optionally a limting reagent, and
wherein the limting reagent, if present, has
substanti ally reag and c) contacting the m xture

wth a pr to form R3\ / \' / RBRL R2
(1), arid redf, 10 wherein R1L and R2

i ndependent | y>&re hydrogen or an aliphatic or

substi t ut al i phatic group having from1 to about 20

car bon atong

~anth, 6 0
A

a) providing a source of a fluorenyl anion having the formula

Fecvti

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

(I), and isomers thereof, comprising;:

R1 R2
|

5  compound of the formula (IID) to form a mixture, wherein either the
source of the fluorenyl anion or compound IIT is optionally a limiting reagent,
and wherein the limiting reagent, if present, has substantially reacted; and

¢) contacting the mixture with a proton source to form

R3 Aiily “iib R3
R1

i
(I), and isomers thereof;

10 wherein R! and R? independently are hydrogen or an aliphatic or

substituted aliphatic group having from 1 to about 20 carbon atoms; and
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wherei n each R3 independently is hydrogen or an

al i phatic or substituted aliphatic group having from

1 to about 20 carbon atons. In this aspect, for

exanpl e, the source of the fluorenyl anion having the

formula R3\ /O / R3J can typically conprise

[ithium sodium potassium 5 magnesium calcium or

a conmbination thereof, in addition to conprising the

fluorenyl anion. For exanple, the source of the

fluorenyl anjqn.having the R3\ /O / J, formula ca

ty i EBE Sohat 6Enende s tgen i dB LR R s fiited

conprising lithium sodium potassium magnesi um
aliphhtd grupdraving tombl tectbiouh2@ banbeofatom® The et her eal

solvent used in this nmethod, can be independently
InSBise8p&d, fof ERiMple! MRIBuRE KFthefigalen§Piniemhsving the formula

i ncluding, but not limted to, dinethyl ether,

di et hyl ether, di.isopropyl ether, di-n-propyl ether,

{dl - er,| nmethyl t-butyl ether, diphenyl
e

72RYi met hoxyet hane, or any conbi nati on
t her @of =71 n "anot Rer casiyeithilpicotrpeise hiventni, sediumhpotasgiu,
conmbi nation of the ethereal 15 solution of the

G SOk st bedurrsamaynd,
| th t 1 minute. Thi nbi nat i ti
SR o oo OG0 4

NeC e

fluorenyl anion comprising lithium, sodium, potassium, magnesium, calcium, or

formula can typically comprise a salt of the
a combination thereof.

The ethereal solvent used in this method, can be independently selected
from a range of ethereal solvents, including, but not limited to, dimethyl ether,
diethyl ether, diisopropyl ether, di-n-propyl ether, di-n-butyl ether, methyl t-butyl
cther, diphenyl ether, THF, 1,2-dimethoxyethane, or any combination thereof.

In another aspect of the invention, the rapid combination of the ethereal
solution of the fluorenyl component Li(IT) and the fulvene compound III, is
typically carried out over a time period of less than about 1 minute. This
combination time for the fluorenyl and the fulvene compounds is different than
the total contact time between these compounds, prior to proceeding to the

7 Q
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the total contact tine between these conpounds, prior

to proceeding to the 7 0 subsequent step in the

process. The conbi nation tine describes the el apsed

time over which the addition of the fulvene to the

et hereal solution of the fluorenyl, or alternatively,

the addition of the ethereal solution of fluorene

compound to the fulvene, is initiated and conpl et ed.

5 This nethod can further conprise isolating conpound

. For exanple, the t hod .of this inyvention can .
SYOPAYRH SEB ISR P ERo i AHRNIL e SleSClines dh Rippsed time

fromthe third mxture to provide a residue conprisin
over vapth dreadddition of thadalvengta the otlestalselusiontpighe duoenyl, or

in which | is substantially insoluble and I'll is

alf@hatbledy, tAOAdHRRINAGS g dtherEXlagithiesn of fluoteneniosngduatl to the
are useful in this trituration 10 i nclude, but are not

kit 0 ving up to about 8 carbon
ﬁ%&%ﬁ%gqnéggﬁp gg %hﬁﬁ%?bh i nclude, but are not limted

to net hanol, ethapol, i-praqpanol,. n-propano],
n- bul B gRothbd G2 UsBN CoTPERR RlAtinel SRR i For example,
2- hexanol , 3-hexanol, any m xture thereof, or any

the orreithnat iodnthihieingedtion man furthtehecorapypeec trempvingi he volatile

invention, a nethod is provided for naking an 15
c%ﬂﬁ%iﬂeﬁﬁs{ 1?(4)1'11%@ MSir& AR €L Plovidea t@idae @niftising 1) optionally
triturating the residue with a solvent in which [ is substantially insoluble and IIT
is soluble, and isolating I. Examples of solvents that are useful in this trituration
include, but are not limited to, alcohols having up to about 8 carbon atoms,
examples of which include, but are not limited to methanol, ethanol, i-propanol,
n-propanol, n-butanol, sec-butanol, t-butanol, 1-hexanol, 2-hexanol, 3-hexanol,
any mixture thereof, or any combination thereof.

In a further aspect of this invention, a method is provided for making an

ansa-metallocene compound of the formula

(IV), comprising:
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X (IV), (I'V), conprising: 8 0 a) contacting a conpound
of the formula R3 -Q~-a R3 (I1) and a first alkyl
lithiumreagent in a first ethereal solvent to forma
first mxture, wherein conpound Il is substantially
deprotonated to formLi(ll); b) rapidly conbining the
first mxture with a fulvene conpound of the Rl R2 1
5 fornmula (111) to forma second m xture, wherein the
limting reagent has substantially reacted; c)
contacting the second m xture with a proton sok
forma third R3 R3 - RLR2 mxture cg h-SH

i ncluding isonmers thereof, in at |e&& @@@

yi el g cdfiact)ngr erwipugnthe thel farinkke conponents from t héll)
third mxture to provide a

and a first alky! lithium reagent in a first ethereal solvent to form a first mixture,

wherein compound II is substantially deprotonated to form Li(Xl);

b) rapidly combining the first mixture with a fulvene compound of the

R1 RZ
|

formula (ITI) to form a second mixture, wherein the limiting reagent

has substantially reacted;

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

AL S e

R‘l
<D
mixture comprising (1), including isomers thereof, in at
least about 85% yield;
d) removing the volatile components from the third mixiure to provide a
residue comprising I;
e) optionally triturating the residue with a solvent in which T is

substantially insoluble and III is soluble to provide L, followed by isolation of I;
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residue conprising |I; e) optionally triturating the
residue with a solvent in which | is substantially
insoluble and I'll is soluble to provide I, followed by
isolation of I; 9 0 f) contacting the I with from
about 2 to about 2.5 nolar equivalents of a second
al kyl lithiumreagent in a second ethereal solvent to
forma fourth mxture, wherein the | is substantially
deprotonated to formLi2(l); g) contacting the fourth

m xture wth and.an tiqnal .h arbon R3. R3
X contaciie dhe Eavth §omofines 2 Bratiohr GPE compafafigt
d '~ (IV); h) renoving the volatile conponents from
sechad falkylhlithivmureagew pr avietentl \eth¢ngalsolveatsto dpauta dogsth
yield; i) optionally washing the IV in a non-polar

mPAUME Kherdin 1RPL is@NBschivti AKX depedionged lbe fdrih Bi,{HY a pol ar
solvent followed by renmoving 10 the volatiles from

t he lar Y N ' 1.\
e, BELFgBEP 1o LB A, S5 Al crocanbon
solvent; wherein: R and Rz are ind
selected froman aliphatic or sub

cosolvent to form a fifth mixture comprising (Iv);

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

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

j) optionally extracting the IV with a polar solvent followed by removing
the volatiles from the polar solvent solution to provide I'V; and

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

R' and R? are independently selected from an aliphatic or substituted
aliphatic group having from 1 to about 20 carbon atoms, or hydrogen; and

R’ in each instance, is independently selected from an aliphatic or

substituted aliphatic group having from 1 to about 20 carbon atoms, or hydrogen;

M' is Zr or Hf and

10
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al i phatic group having from1 to about 20 carbon

atons, or hydrogen; and 15 R3, in each instance, is

i ndependently selected froman aliphatic or

substituted aliphatic group having from1 to about 20

carbon atons, or hydrogen; M is Zr or HE, and O 10

Xis d, Br, or I. It was found that yields of the

net al | ocene were i nproved when the volatile

conponents were renoved fromthe fifth mxture to

pr ov s method can al so be used to prepare a

2|rcgﬁ86gh%réﬁ 1og having the R3 | \ 1/ R3 Zr'5 nCl
"*Cl 5 structure / (~/J1 , according to the

Itnwam 6@&11111 et gselds loértbe nuetalkopa-verg imEpesth WeRpbawlatile
has the fornmula , conpound Il has R3 Z~~ a R3 the

chapSRnGs weRNEmeRsd Blontthe! fifithatxtuhetofmonmded V. n

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

according to the method disclosed herein,

LIS
(a Ly

wherein compound I has the formula / , compound II has

- O.D <

the formula , and compound III has the formula

structure

wherein:
R is H, t-butyl, i-propyl, n-propyl, ethyl, or methyl; and

n is an integer from 1 to about 6.

(=}

11
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wherein: 10 R3 is H, t-butyl, i-propyl, n-propyl,
ethyl, or nmethyl; and n is an integer from1l to about
6. 0 11 As disclosed herein for the parent ligand, in
this aspect also, the rapid conbination of a
fluorenyl conponent Li(ll) with a ftilvene conponent
Il is typically carried out over a tine period of

| ess than about 5 minutes, |ess than about 3 m nutes,
| ess than about 1 minute, or Iess t han about 15

se This. 5.co nat| n.. for,th n a
Ah 1516&5%%6@8”6%% rg lg%l?‘ nt® tﬁ %SREI% atl$ ythe bid
contact tinme between these conpounds, prior to .
cqbivetidi g 2 Buoteay] sobperns rlwr(rﬁﬂ apth A ‘rﬁh@ns r@aggent T is
Also in this aspect, the first and second etherea

typadaVl grﬁ&i’ne@ odt bert heimppepat af ian thdn tbsutmetrdhbtos g than
can be independently selected froma range of 10

algﬁgd? ar ﬁl"f\lllutéf hle\.[s%nch bﬁl&: H %1&&6 BHiesOPhar éﬁﬂlﬁ 94 stee(ands This

| di 1'sopropyl et her,

r opy r n- bu ther t hyl

cShHBRBLO PLIEL 00k B the tﬂvs*?%fefﬁw%&\sf%aﬁﬁfsw than
any conbi nation thereof. This nethod of preparing the

theetadll coead, tinki bétweomphescesompawdsnrionelo pesicegding to the
components fromthe third mxture to provide a residue

SIfH3BRGEAN® k1RG ih the process.

Also in this aspect, the first and second ethereal solvents used in the
preparation of the metallocene can be independently selected from a range of
ethercal solvents, including, but not limited to, dimethyl ether, diethyl ether,
diisopropyl ether, di-n-propyl ether, di-n-butyl ether, methyl t-butyl ether,
diphenyl ether, THF, 1,2-dimethoxyethane, or any combination thereof.

This method of preparing the metallocene, which comprises removing the
yolatile components from the third mixture to provide a residue comprising I,
can also optionally comprise triturating the residue with a solvent in which I is
substantially insoluble and I is soluble to provide I, followed by isolation of L
Examples of solvents that are useful in this trituration include, but are not limited

to, alcohols having up to about 8 carbon atoms, examples of which include, but

are not limited to methanol, ethanol, i-propanol, n-propanol, n-butanol, sec-

12 °
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15 can also optionally conprise triturating the

residue with a selvent in which | is substantially
insoluble and I'll is soluble to provide I, followed by
isolation of I. Exanples of solvents that are useful

in this trituration include, but are not limted to,
al cohol s having up to about 8 carbon atons, exanples
of which include, but are not limted to nethanol,
et hanol , i-propanol, n-propanol, n-butanol, sec- 12

but anol, t-putanol,. 1-hexanpl,, 2-hexanol . 3-hexan
byt Rbael rBPgapL 2RSROE s Aa ARG BF D ech or any

These and ot her aspects, features, enbodi nents, and
caubiaatiayterail. t he present invention will becone

apparent after a review of the following detailed 5

descTh@tel 41 6fhet hepetts Chaspd, tadodieats, Thrl hdidnegen@f the
pat ent applications, filed cont enporaneously with the

L | GRhd ' r TRARE detailed
PSS RELAPOLe BHRALASIRY RURh. B e FIRRG i
No.. xx/ xxx, xxx (Attorney Docket No. 51879.0155. 7;
dessHipion Oﬁ%ﬂéoﬁsmﬁéﬁ%@&e@ouus); U S. Patent
Application No. xx/xxx,xxx (Attorney 10 Docket No.
51870hO6bNo®ingCphRETY fGfbioati@RCHEmI 2aeBdopSeneausty, with the
Pat ent Application No. xx/xxx,xxx (Attorney Docket

priQent 2pBHSRB] Brelinc&pbrndd BS @dferencP GBS Zi fHekObibldtiesard.s.
U S. Patent Application No. xx/xxx,xxx (Attorney

p E%t;%éﬁgc)%tiog 1Y LA (AR DR N, SHBF9YTS5.7; C51757

0300; CPChem 210017US); U.S. Patent Application No. xx/xxx,xxx (Attorney

Docket No. 51879.0612.3; C51757 0660; CPChem 210510US); U.S. Patent

- Application No. xx/xxx,xxx (Attorney Docket No. 51879.0613.1; C51757 0661;

CPChem 210510US1); and U.S. Patent Application No. xx/xxx,xxx (Attorney

Docket No. 51879.0614.0; C51757 0790.1; CPChem 210283US).

BRIEF DESCRIPTION OF THE FIGURES

The following is a brief description of the Figures.

FIGURE 1 represents a 'H NMR spectrum in CDCl; of the pentane
washing step, after removal of the volatiles, for the synthesis of (5-

cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl) Jhex-1-ene zirconium dichloride.

13
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15 BRI EF DESCRI PTION OF THE FI GURES The following is a

brief description of the Figures. FIGJRE 1 represents

a 1H NWR spectrumin CDC13 of the pentane washing

step, after renoval of the volatiles, for the

synt hesi s of (5-

cycl opentadi enyl )[5-(2,7-di-tert-butyl fluorenyl)]hex-

-ene zirconiumdichloride. 13 FIGURE 2 represents a

1H NMR spectrumin CDC13 of the CH2Cl2 extract that

fsS lnlt ﬁﬁa@yf reegage%e t% %tlﬁl%h)ﬁﬁségécqglrr? EneBDélg of tthlg%HQCb extract

cycl opentadi enyl )[5-(2,7-di-tert-butyl fluorenyl)] hex-
thatnfollowedonifiem di phhiane devashiBg DERAL LB DESCRITRINSGN oF (5-

THE | NVENTI ON The present invention provides a nethod

cflopBakddichy®[ YA 7editeffbudy igiabteny] ) IXPDURE Sirc@iTpmi dittilgride.

two cycl opent adi enyl -type groups |inked by a bridging

group, which constitute useful ligands in preparing
ansa- net al | ocene conpl exes. The nethods di scl osed

DEGATbB e P RBE ey S BSVEREERT]  ana”t1 Gor enyl

groups, linked cyclopentadi enyl and indenyl groups,
| i nkEhle pregdemyinvemttbrf providenyd mgtmdpsl, malimg 4 varkey of organic
cycl opent adi enyl groups, two |inked indenyl groups,

ALy 0 OpNRR BB 05 i
gr%ﬁﬁ{ﬁzﬁ@?lgcg)h% n@ﬁ%@qﬁ}g%lnhg ?ne}gt%%arir\{\g E%Pa-ﬁlg?a%gglyeegonqﬁgxes.
The methods disclosed herein can be applied to the preparation of compounds
comprising linked cyclopentadienyl and fluorenyl groups, linked
cyclopentadienyl and indenyl groups, linked indenyl and fluorenyl groups, two
linked cyclopentadienyl groups, two linked indenyl groups, two linked fluorenyl
groups. In each case, these compounds can serve as precursor ligands to the
corresponding ansa-metallocenes, which themselves can be used as catalyst
components in olefin polymerizations. In one aspect, the methods of this
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

14
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15 conponents in olefin polynerizations. In one
aspect, the nethods of this invention generally
afford higher yields of the desired product than were
heret of ore avail able. Ligand Synthesis. In one aspect,
the present invention provides a nethod for nmeking a
conpound of the formula 14 R3\ I \ / R3 R- R2 (1),

including isoners thereof, in at |east about 85%
yield, conprising: R3 R3 a) contacting a conmpound of
the f 1) and an alkyl lithiumreagent in an
et 3l ¢ ent to forma first mxture, 5 wherein
RO s~rubstantially deprotonated to form
Li (I1T);™») rapidly conbining the first mxture with a
fulézlen compound of the Rl RZ formula \ / (Il11) to
form2 d mxture, wherein the limting reagent
has Bubs} ially reacted; and

(I), including isomers thereof,

Nego¥

and an alkyl lithium reagent in an ethereal solvent to form a first mixture,

in at least about 85% yield, comprising:

a) contacting a compound of the formula (II)

wherein compound II is substantially deprotonated to form Li(II);

b) rapidly combining the first mixture with a fulvene compound of the

R R?
l

formula (III) to form a second mixture, wherein the limiting reagent

has substantially reacted; and

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

AL e

R‘l
“ D
(I}, including isomers thereof;

mixture comprising

wherein:
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c) contacting the second m xture with a proton source
to forma third R3 RB RL RZ 10 m xture -conpri sing
(1), including isoners thereof; wherein: 15 0 R and
R2 are independently selected froman aliphatic or
substituted aliphatic group having from1 to about 20
carbon atons, or hydrogen; and R3, in each instance,
is independently selected froman aliphatic or
substituted aliphatic group having from1 to about 20

icﬁr gﬁn @8&2{%‘; 3}@85&4%%}5}5%%& %?16505%-(11 :ﬁ’c’é)glgfgngg artlg\éczg};d §3 s%ituted

yield, or at |east about 95%yield. In the fornulas I,
aliphatiagebuipi Hayving framdl Reateah 26 satbedapems extiydrogsnestded
froman aliphatic or substituted aliphatic group

haviRy fnr eaehl ihRardleOUt Adersaid sicotdl, fiom hydebgienic or
and R3, in each instance, is independently sel ected

su{?gt?t%e%n%lir]p%n?nﬁ 1g orgl%;.agrbrg gg&bﬁo'b&%h‘?% @Lxﬂb%ﬂ%‘r'tcﬁrﬁ%g{r glgg%o.gen.

avi ng _ ( carbon at ons,
ol Dels mgbed arBien | i e vaeh abeu Eong: hapebapt 0%
cycl oal kyl group, an al kenyl group, a cycl oal kenyl
yield, or at least about 95% yield.

In the formulas I, XI, and I, R' and R? can be independently selected
from an aliphatic or substituted aliphatic group having from 1 to about 20 carbon
atoms, or hydrogen; and R3, in each instance, is independently selected from an
aliphatic or substituted aliphatic group having from 1 to about 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, a cycloalkenyl
group, an alkynyl group, an alkadienyl group, a cyclic group, and the like, and_
includes all substituted, unsubstituted, branched, and linear analogs or derivatives
thereof, in each instance having from one to about 20 carbon atoms. Thus,
aliphatic groups include, but are not limited to, hydrocarbyls such as paraffins
and alkenyls. For example, aliphatic groups as used herein include methyl, ethyl,
propyl, n-butyl, tert-butyl, sec-butyl, isobutyl, amyl, isoamyl, hexyl, cyclohexyl,

heptyl, octyl, nonyl, decyl, dodecyl, 2-ethylhexyl, pentenyl, butenyl, and the like.

16
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group, an al kynyl group, an al kadi enyl group, a cyclic
group, and the like, and includes all substituted,
unsubstituted, branched, and |inear anal ogs or
derivatives 15 thereof, in each instance having from
one to about 20 carbon atons. Thus, aliphatic groups
i nclude, but are not Iimted to, hydrocarbyls such as
paraffins and al kenyls. For exanple, aliphatic groups
as used herein include nethyl, ethyl, propyl,

"onht HE SR b T il JF ok W sgmpound of

decyl,_dodecyl, 2- et hyl hexyl, gentenyl, but enyl, and
formala 1, ke gener@lyTheed: terindicgiorthaisthisnapibed canperyide seantipmers
descri be the conmpound of fornmula I, is generally used

ort dadtBdoaRiewhithtcahhirise depdipithcasorphevieitg oA R | RfTand cach
or di astereoners which can arise dependi ng upon the

3 i,ty;;0 : e .| ich
R At oL By e PG BNy RIcERU ki (B mEhollefso
provi de.r.egioisoners resulting fromwhere the bridgin
PIGY BlgpraBiRRANETS HRRting, EPBpSE it%?]wﬂ?%mgg elofige bonds " e

regioisomers of | would likely arise as a result of
cychpentadigingt Hiegi dtheyegibisprsronil ivegld leelnationpca cesmpl adsthe
formed fromthe reaction of Li(Il) with IIl. In

regRRhBAIstdSEesotorfalihs thebhRdid empRrRki Beméd &rom gantkattion of
conpriseS 10 contacting a conpound of the formula I

@ﬂﬁ kyl lithiumreagent in an ethereal solvent
L 0 f"%{r}lrrﬁg first mxture, wherein conpound Il is

subst anti al | .
In another yaspect, this method for making the ligand 1 comprises

contacting a compound of the formula IT and an alkyl lithium reagent in an
ethereal solvent to form a first mixture, wherein compound II is substantially
deprotonated to form Li(IT). In this aspect, this deprotonation reaction can by
typically carried out with an equimolar amount of I and an alkyl lithium reagent,
or with a slight excess of either, but is typically carried out with from about 1.1
to about 1.2 molar equivalents of alkyl lithium reagent so that compound II is
substantially deprotonated to form Li(II). In this aspect, the alkyl lithium reagent
that can be used is any alkyl lithium reagent that allows I to be prepared in at
least about 85% yield, including, but not limited to MeLi, n-BuLi, t-BuLi, n-
hexylLi, LiCH,SiMe;, LiCH,Ph, LiCH,CMes;, or any combination thereof.
Therefore, the II and the alkyl lithium reagent react to form Li(H) in at least

o
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deprotonated to formULi(Il). In this aspect, this
deprotonation reaction can by typically carried out
with an equi nol ar anount of Il and an al kyl [ithium
reagent, or wth a slight excess of either, but is
typically carried out with fromabout 1.1 15 to about
1.2 nol ar equivalents of alkyl lithiumreagent so that
conmpound Il is substantially deprotonated to form
Li(11). I'n this aspect, the alkyl Iithiun1reagent

th n. used It umr em
abgy %\%g/ayleﬁgt%é ké%%{&gﬁy #pgqto t%cg @ﬁ){n elaél d the
i ncl udi ng, but not l[imted to MelLi BULI
alkpklithivm nepgyp seatsdo formrbicH) inj @AQ@V@@O%PO%WIGM at least
conbi nation thereof. 20 Therefore, the Il and the

atuk YA i %"éhi eiat Ragetout 68% yiekl, f Wit Latldrirpagentsatay dastsed
O 17 out 85%yield to be substantially

%&E&ﬁ% OB G a'iﬁ/}gﬁ Cﬂlc'h)’d(ln - B‘ﬂﬂilt W%)rk alykilin this

|un1reagbnt react to fdrmlLi in at |east about

90% i el | east .. about 95% vyi el d
SO BEObg e, WIS Betie %i{@%?ﬁ uf fisy tseech Ete bqtyeen
deprotonate I1, the lithium al i ncl udi ng n-BulLi,
Itk ameliyl ilithiuhi scegestyistthipicatly r%atrt@ae TERessaryi o fubistantially
aspect, the duration of the contact tine between |1

déretoaRteATK Mat lis (I tifer RAGSALy ke fonpiladl) jh bhRiast atvoait 85%
necessary to substantially deprotonate Il, that is

gl ) RREOROL 1588 LR i bty L aelcabpthy ov

95% vyi el d, or at | east about 98%
yield

The ethereal solvent used in this method, can be independently selected
from a range of ethereal solvents, including, but not limited to, dimethyl ether,
diethyl ether, diisopropyl ether, di-n-propy! ether, di-n-butyl ether, methy! t-butyl
ether, diphenyl ether, THF, 1,2-dimethoxyethane, or any combination thereof. In
one aspect, the ethereal solvent can be diethyl ether, THF, or any combination
thereof, and in another aspect, the ethereal solvent can comprise diethyl ether.

| In another aspect of the invention, the rapid combination of a fluorenyl
compound Li(I) with a fulvene compound ITX is typically carried out over a time
period of less than about 5 minutes, less than about 4 minutes, less than about 3
minutes, less than about 2 minutes, less than about 1 minute, less than about 45

seconds, less than about 30 seconds, or less than about 15 seconds. In this
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yield 10 The ethereal solvent used in this nethod, can
be i ndependently selected froma range of etherea

sol vents, including, but not limted to, dinethyl
ether, diethyl ether, diisopropyl ether, di-n-propyl
ether, di-n-butyl ether, nethyl t-butyl ether,

di phenyl ether, THF, 1, 2-di nmethoxyethane, or any

conmbi nation thereof. In one aspect, the etherea

sol vent can be diethyl ether, THF, or any conbi nation

w56PY R T COMRASE O LORY| Bk AT oo R E HEoq qpbayer @

of the invention, the rapid conbination of a fluorenyl
timenpainddol less hanyildut al ﬁunwtenb:ss;élmab@tlﬁq sqcends, less than
typically carried out over a tine period of |ess than

alFhaun s'éc&id%ule@§ thane®out BARecddsltledk tmaﬂ ubes, 20 @ssendd)a@n less
about 3 m nut es, less than about 2 mi nut es, | ess than

t}i%ﬁ a%'i)u% ts@cg%ﬁs II‘f‘l?sSc&Hﬁﬂ tﬁ&? e 48 ﬁﬁ&%%glsand i ulvene

an a Seconds, han out secon
In this ect the rapi d conpbi atlon
CWPWQQSHS&AF&@ shage theajatale gOftS%ﬁt e ochveqn S%&%P’@&Uﬂds
of less than about 1 minute, |ess than about 50
pseconaeceddigsta tharsubsdypent #€p setheruecesseddetdoarbinditu time
30 seconds, | ess than about 20 seconds, or less than

deRABEs H 8%eARne JMrSwRiRARhOAddifBn MR fi@Veren® the cthereal
fluorenyl and the fulvene 5 conmpounds is different

SR P B, b i 8 AR i o
ﬂggr%gg ?:(S)mp-(l)-lrllr?d t:ootrfrtg IﬁTl%feng r1]s }niltrlr;fted and completed.

While not intending to be bound by theory, one explanation of why the
rapid combination of the fulvene and the ethereal solution of the lithium
fluorenyl results in high yields is as follows. It is possible that an intermediate,
mono-lithiated species, namely Li(I), forms relatively quickly upon reacting
Li(I) with III. Again, while not intending to be bound by theory, it is also
possible that Li(Il) could engage in a slower deprotonation reaction of Li(I) to
form Li,y(Y), along with fluorene. In this situation, slow combination of HI to
Li(IT) might be expected to allow rapidly-formed Li(I) to be present together in
solution with unreacted Li(IT) for a sufficient period of time for the Li(H) to

deprotonate Li(I) to form Li)T). This process would, in turn, be expected to

Jower the vield of Li(I) and its product I that would form upon quenching this

19 o
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descri bes the el apsed tinme over which the addition of
the fulvene to the ethereal solution of the
fluorenyl, or alternatively, the addition of the
et hereal solution of fluorene conmpound to the
fulvene, is initiated and conpleted. 10 While not
i ntending to be bound by theory, one expl anation of
why the rapid conbination of the fulvene and the
et hereal solution of the Iithiun1 fluorenyl results in
high yields js as foll ows. ossjble t t an. .
repeitas e Wit s optead goupads il E‘i"? jrjending
forms relatively quickly upon reactlng with
toltel bouagdiyrtheodtyi the raptd ¢omelinatiorgof Hl tes &@ﬂmnkghttbh@épwed
it is also 15 possible that Li(l11) could engage in a

to%ﬁwl(ﬂ QPE(Q&I? AAd ide efee@;@th(]!l) BEfokd (tl Jouldengdage 1th the slower
(I) ong with fluorene. In this situation, slow

L1l ed to
re & f{%p @ 90 grer)r%éj?ﬁe%% )“Ar%')m &%és ltgﬁt)(gfglfat her |n
sol ut| on vvlth unreacted Li (H) for _a suff.icient _peri
of ttk anether papact Of [thistigvergiger bt Grat@nipgyon o5 B freal
Li 2(1). This process would, in turn, be expected to 20
solwiver of b#IE)i sl Ibf whichli} tmidall)t sarpileddlmmihlgtﬂmn ahout d 1:1
form upon quenching this 19 reaction mxture wth a

mBEP TR, $OUHER- 2 1N .S AU IERRkio &NDi(AGAIN Wid ﬁreﬁ@ﬁaﬂve method
intending to be bound by theory, "the rapid

TV R b HBRTHEEH Bar R s RSB B o 11

coul d_engage in the slower reaction with Li(l) to the
melar 6310 plelhissspegents. ,I@gu:c@fephglew i85 a1 gFceps of one reagent over

the other, the limiting reagent in this reaction can be present in at least about 50%
the mole fraction of the non-limiting reagent, at least about 75% the mole
fraction of the non-limiting reagent, or at least about 90% the mole fraction of
the non-limiting reagent. Also in the‘ aspect, in the combination of the ethereal
solution of Li(IT) and III, typically III is present in slight excess over Li(II).

In yet another aspect of the present invention, the concentration of the
Li{II) compound in the first mixture, prior to rapidly combining this ethereal
Li(II) solution with the fulvene compound III, can be from about 0.2 M (molar)
to about 2.0 M. This Li(IT) concentration in the first mixture, prior to rapidly
combining this mixture with III, can also be from about 0.5 M to about 1.8 M,

from about 0.7 M to about 1.5 M, or from about 1.0 M to about 1.2 M. Further,
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5 Still another aspect of this invention is the

conbi nation of the-ethereal solution of Li(ll) and

I1l, which is typically carried out using from about a

1:1 nolar ratio to about a 1:1.5 nolar ratio of

Li(Il1):11l. This preparative nmethod works with an

excess of either reagent, but also works well using

about a 1:1 nolar ratio of these reagents. In the

event there is an excess of one reagent over 10 the

other the |ljmtin eggent .in this reacti.on can .be .
(5 LA, Soeniandfl BE QS sk nrtor o, FaRpBfhe is

the non-limting reagent, at |east about 75%the nple
mixtexst With 18, canalseobe Rbantt hyLrabwye A6, Meebaut §.¢3d about 0.8

about 90% the nole fraction of the non-limting

M, @Bg&t.9 MY sk N.0 NE adspeLl M| sbdthd . TMykiboat 1 GrMobbdid .4
ethereal solution of Li(Il) and IIl, typically IIl is

Mg%g?ﬁgfjil\ﬁ %c{ 21]26 ﬁffcaeb%ﬁt ‘?V?eM, la'bgﬁtj i..S l\Jﬁsa{%(ﬂJéM% M, or about

r'"aspec e present ‘i nvention,
concentration of the Li(H conmpound in the first
24iM¢t ure, prior to rapidly conmbining this ethereal
Li(H) solution with the ful vene conmpound 111, can be
f r onBedaost the. Betiod mbinzaking 1 preabdest ths. @nipoundiis af le@pt gbout
concentration in the first mxture, prior to rapidly

3PANRLIAI 118 priataiiineiRdMH theldvbnt ®aR i8lasexbessidfame reagent
about 0.5 Mto about 1.8 M 20 fromabout 0.7 Mto

o gt Mg AMARRE - Ui o 0H o,
it eborahs Rlaihe UG reas e’ BroanBILes Sbow Sehai b g
reg/lgen?t;g;ctts, %r it least about 95% of the limiting reagent reacts. Thus, in this
aspect, the duration of the contact time between Li(II) and III is typically that
time necessary such that the limiting reagent has substantially reacted, that is the
time necessary for at least about 85% of the limiting reagent to be consumed, at
least about 90% of the limiting reagent be consumed, or at least about 95% of the
limiting reagent be consumed.

In another aspect, this invention encompasses contacting the second
mixture, formed from rapidly combining the ethereal solution of Li(II) with III,
with a proton source to form a third mixture comprising I. The proton source for

this step can be any proton source that protonates the Li(1I) with I contact

product to provide I. In this aspect, the proton source can comprise water, an

21 °



10

15

20

M about 0.9 M about 1.0 M about 1.1 M about 1.2 M
about 1.3 M about 1.4 M about 1.5 M about 1.6 M
about 1.7 M about 1.8 M about 1.9 M or about 5 2.0
M Because the nmethod of making | provides this

conpound in at |east about 85%yield, the preparative
nmet hod, in the event there is an excess of one reagent
over the other in the conbination of the ethereal
solution of Li(lIl) and Ill, at |east about 85% of the
limting, reagent reacts,.at |east about .90% of ..t he
aqlySaUs a6l 181 PAUMATIRRBRYY sa BE e BRI Juesdr The
the limting reagent reacts. Thus, in this aspect,
ptdten gelrae camalsd beveatern AN AGHEQUSHASith ENVREGEPOUS qMIppNiig salt, or
Il is typically that time necessary such that the
ahy BbibIAtibe AGLedt. MWHils wos tajtiiicd] Wie dachrochn dduate tamprises
the time necessary for at |east about 85% of the

I [ a t .10 : ta; 9
ob ¥ eh SRR RIE 1R AHIRS b8 relaiGAT APRE for 3P
95% of the 15 Ijmti reagent be consuned. In .
fraRbeheit Gaio abaits? Mve TEPBAIEn 6 BRLEbSowEh CRRTISES
the second mxture, forned fromrapidly conbining the
agidoes ealm@olmtsabn of Li (I1) with I11, wth a proton
source to forma third m xture conprising |I. The

ot TS RARR T S SLApLAT s s o
c%rgﬁ_gliﬁl}od\s%d%%naofuﬂ% Ehclaﬁ 1’[?51%51‘1} be 1§20 9 AP 13Uk %39 yield.
For example, the method of this invention can further comprise removing the
volatile components from the third mixture to provide a residue comprising I,
optionally contacting or triturating-the residue with a solvent in which I is
substantially insoluble and HI is soluble, and isolating I. Thus, by describing the
trituration solvent as a solvent in which I is substantially insoluble and III is
soluble, it is intended that this solvent would provide for the isolation of I in the
yields disclosed herein.

Examples of solvents that are useful in this trituration include, but are not
limited to, an alcohol, including, but not limited to an alcohol having up to about
8 carbon atoms. Examples of trituration solvents that can be used in this aspect

of the invention include, but are not limited to, methanol, ethanol, i-propanol, n-

propanol, n-butanol, sec-butanol, t-butanol, 1-hexanol, 2-hexanol, 3-hexanol, any
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aqueous aci d, an aqueous ammoni um salt, or any

conbi nation thereof. The proton source can al so be
wat er, an aqueous acid, an aqueous ammoni um salt, or
any conbi nation thereof While not required, when the
proton source conprises or is an aqueous acid, the
aqueous acid can be relatively dilute, for exanple, 5
fromabout 0.5 Mto about 4 M Typically, the proton
source conprises an aqueous anmoniumsalt. This

TSt IR s, ARIE LR By s

isolated in at | east about 85%yield. For exanp
carhecomerrisedmsthanhl, s etheanelnt anyn neaRire viberesd, OB ndvi §@mbmat10n
renoving the 10 vol atile conponents fromthe third

tH¥redfUr B 1hds pépR¥i, demavirgsinduen] alensonsiongnds, of tptthivdahixyure
contacting or triturating the residue with a sol vent

cérp b\éh%lc‘me\led' 5}(3 ﬁ il (% ﬁh&fﬁnu' s Eh@gﬁ%ﬂﬂ%.r} 'slkllhstn the art,

ol"ub and escr |ng t
trlturtlon sol vept as solvent |nv\,h
l@b&%&%utmtwmﬁ%fg QR VaPARI Oy FVaRoTaticgy B‘Eﬁ‘eé fealecedspfessme
i nttended that this solvent would provide for the
evagoratinomnddr the iffow lof 2 g6 gich| apsnitoge,ovwlthsdiles. n Similarly,
Exanpl es of solvents that are useful in this

1sb[dt Er 2t fRwiRe | tHeleopthital afieurafbn o Md eeiie: odfained upon
al co i ncluding, but not limted to an al coho

rql}xl?(}%ﬂg él%d? é]%u?bg&n?or?etnﬁsafrgﬁpth%tt?x% m ﬁ%‘p%aﬁl Shélarricd out by

ven can be use S as ect

of the |nvent|on i ncl ude, but_are not ]I[n
amp e kn@vmigene of oﬁlgﬁrg ill 1p the art, inc udmg, but not limited

to, decanting the trituration solvent from the solid I, filtering off solid I, and the
like.

Yet another aspect of this invention is the temperature at which the
various contact steps are initiated, and the temperature at which the various
contact steps are allowed to proceed or run for their duration. These two
temperatures can be different or they can be the same. In one aspect, the
initiation temperature for a contact step is different than the run temperature.
Thus, contacting II and an alkyl lithium reagent in an ethereal solvent to form a
first mixture, can typically be initiated from about room temperature to about -

100°C, from about 0°C to about -100°C, from about -30°C to about -95°C, or

from about -50°C to about -90°C, or from about -70°C to about -85°C. In
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20 propanol, n-butanol, sec-butanol, t-butanol,

1- hexanol, 2-hexanol, 3-hexanol, any 22 0 m xture
thereof, or any conbination thereof. Typically, the
trituration solvent can conprise mnethanol, ethanol
any m xture thereof, or any conbination thereof. In
this aspect, renoving the volatile conponents of the
third m xture can be achieved by any method known to

one of ordinary skill in the art, 5 including, but not
imted to orgt | a ation_un [ e
angpifs ofpests cutA Rt s i BT R S Y 54 aaaeﬁﬁ‘%ﬁ%hsolvem
nitrogen, and the like. Simlarly, isolating I

tofforth awlirey migepearoyicallyi heyimaiiatesh abRbeWropBtegiRerature, at
obt ai ned upon renoving the volatile conponents from

abole ot £ChBLXL20°€, GaabbE 28rPC] edaosioudy 78Ny Omet Mddnd the

known to one of ordlnary Skl|| in the art i ncl udi ng,
Limt 10, tQ, n
Qe 7B riiehf Fia S b Pctaq pLip gl e on g frst
the |I|ike. Yet another aspect of this |nvent|on IS the

Mgt dhupentast tamPerRethe\iHF| BUNUELFTRRE MeiEpged agone or
initiated, and the tenperature at which the various

meéRNfuRClengicepsrearfer dd dumdohmiphe weathcostepuninf this adpeict, for
duration. These two 15 tenperatures can be different

engnpﬁehq}‘le%ﬂ t nBEﬁﬁnﬁadﬁﬁ-bé Bro@D@bBSIPRIM téhiferature to about -

|n|t|at|on tenperature for a contact step 1s different
1Ry froft ehpard Kolgenet 0L of s S5 cap ot 2Pel Qe or
from about -50°C to about -90°C, or from about -70°C to about -85°C. In
another aspect, this run temperature can be at about room temperature, at about
0°C, at about -20°C, at about -40°C, or at about -78°C.

In another aspect, rapidly combining the ethereal solution of Li(TF) with a
fulvene compound III to form a second mixture, can typically be performed from
about room temperature to about -100°C, from about 0°C to about -100°C, from
about -30°C to about -95°C, or from about -50°C to about -90°C, or from about -
70°C to about -85°C. The temperature at which this rapid combination occurs is

the temperature at which the contact between Li(II) and I is initiated. Once

initiated, the run temperature can be, for example, from about room temperature

to about -100°C, from about 0°C to about -100°C, from about -30°C to about -
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first mxture, can typically be initiated from about
roomtenperature to about - 100C, from about 0Cto
about -100C, from about -30C to about -95C, or 20 from
about -50C to about -90C, or from about -70C to about
-85C. In 23 another aspect, contacting Il and an
al kyl lTithiumreagent in an ethereal solvent to form
a first mxture, can typically be initiated at about
roomtenperature at about 0C, at about -20C, at
40C, or abouyut Onge |1 loco
9% %flﬁ’irlf‘fﬁn? égﬁléln (;N% aﬁ‘%‘étngﬁg%t %fcﬁglal arq’? (}e?ﬁt& Y lssec.
solvent to forma first 5 mi xture at the contact
Inf prtedr akpece, thishren figmpdranira tatr be aabooe-1HaCnt ai ned at
one or nore run tenperatures for the duration of the
cont d : ;
t enponpER of fhe M AP Bhs cirfbe [REAIEY Inirk Qﬁs{,memm
,about - 100C, from abaqut, OC to about - C m a out
inchige; t Hubp e @@C?‘HFI tedt ¢ fon aBouFomB@‘@({) Ogboﬁi g
or from about -70C to about -85C. In 10 another

aspe run tenperature can be at about room
RE-S{p R3about 0C, at about -20C, at about

-4 bout -78C. In another aspect, rapidly
corrbln ng the ethereal solution of Li(ll) wth a

ful oqpound 111 to forma second m xture, can
tyqi ]aII g perfornmed from about roomtenperature to
about 0Q¢Z, from about OC to about -100C, from 15
abo

-30C to aboytisiPefm bOprdfafil AP@YElosRPferk BPAsMcting

-90C, or from about -

the compound (II) with a compound having the

=7
| n

formula , wherein R? can be typically H, t-butyl, i-propyl, n-propyl,
ethyl, or methyl, and wherein n is an integer from 1 to about 6. In another
aspect, R® can be typically t-butyl, i-propyl, n-propyl, ethyl, or methyl, and
wherein n can be an integer from 1 to about 6.

Another compound of the formula 1 that can be prepared using this
invention includes, but is not limited to, (5-cyclopentadienyl)[5-(2,7-di-tert-
butylfluorenyl)|hex-1-ene. Thus, this invention provides a method for making

(5-cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl)lhex-1-ene, comprising:
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70C to about -85C. The tenperature at which this rapid
conbi nation occurs is the tenperature at which the
contact between Li(lIl) and Ill is initiated. Once
initiated, the run tenperature can be, for exanple,
from about roomtenperature to about -100C, from
about OC to about -100C, from about -30C to about -
240 95C, or from about -50C to about -90C, or from
about -70C to about -85C. In another aspect, this run

Forml ot 2Bl oBh bt e i RRICAR AP i o oo

include, but are not limted to, a conpound of the )
etherealibel verRIoR®rvrd fisst mixtiireh wharein éhe 2 dpdirtet-tagylfluorene is

di scl osed herein by reacting ~ ~ R3 R3 C the
SRR deprolonatddtodose i-payboglildgenyflpr mul a
wherein R3 can be typically H t-butyl, i-propyl,

n- pr | . . , I‘-'_-_'_
" LB Ab 0 S £ T ORISR0 8
be typically t-butyl, i-prop )
nmethyl, and 10 wherein n ggn
about 6.

-propyl, ethyl, or
integer from1l to

with 6-methyl-6-(3-butenyl)fulvene, , to form a second mixture,
wherein the limiting reagent has substantially reacted; and

¢) contacting the second mixture with a proton source to form a third
mixture comprising (5-cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl) Jhex-1-
ene in at least about 85% yield.

In another aspect of this in\;ention, the method disclosed herein can
further comprise isolating the (5-cyclopentadienyD[5-(2,7-di-tert-
butylfluorenyl)]hex-1-ene. This method can also further comprise removing the
volétile components from the third mixture to provide a residue comprising (5-
cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl)|hex-1-ene. In this aspect, this
invention can 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 triturating the residue with a solvent in
which (5-cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl) Jhex-1-ene is

substantially insoluble and 6-methyl-6-(3-buteny!)fulvene is sofuble, and
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Anot her conmpound of the fornmula | that can be prepared
using this invention includes, but is not limted to,
(5-cycl opentadi enyl )[5-(2,7-di-tert-

butyl fl uorenyl )] hex-1-ene. Thus, this invention

provi des a nethod for making

(5-cycl opentadi enyl )[5-(2,7-di -tert-butyl fluorenyl)]he
Xx-1-ene, conprising: 25 0 a) contacting
2,7-di-tert-butylfluorene and an al kyl 1ithiumreagent

.in.an ,ethereal sol.ve t r first m ;

isoeRe ke ey SBhedR R st@ LA R EpbRlog B HEE 1-ene. Also
substantially deprotonated to form ) . .

inj (lpis 7-aspecter tthisut iventien ewgn) ; fusthey agiomyiseonsplafing -
the ethereal solution of

cﬁdlé&n?acﬂémﬂ?ﬁI(Q,b’udiydeftlbimyléllimi'ehyl)ﬂhex'él-\&hi‘: hn at least about 85%
6- met hyl - 6- (3-butenyl )fulvene, \ / , to forma second

mxture, wherein the limting reagent has

YIS stantially reacted; and c) contacting the second

Ln oﬁ;g{:}%rqv]\ggﬁ rhl&stpe{tgst 81‘?(3 ass%légtcgf (133 En%rerrptign tfcr;rI {h% symh)gsg '&F the
(5-cyc|opentadieny]){S-(217-di-tert-but | fluorenyl)]he
paredt [igand, imwhichl tppisel emditiors5os ykehplifia® As shewpiescheme

aspect of this invention, the nethod disclosed herein

1. Cadut | uribh®out PIRhbEe eGighiRhisne 1-Betyl lithium were added to 2,7-
(5-cycl opentadienyl )[5-(2,7-di-tert-

butyl f1uorenyl )]hex:l+ene, Thi t :
e T E T

fromthe third mxture to provide a residye conpri si n%
to( warm to room temperature and was stirred for at least about 12 hours. The
reaction mixture was then cooled to —78°C and 1.4 molar equivalents 6-butenyl-
6-iethylfulvene (VI) were added to the reaction mixture as quickly as possible,
typically in less than about 1 minute. While not intending to be bound by theory,
it is believed that this rapid addition helped to boost the yield of the parent

ligand. This reaction mixture was then typically allowed to warm to room

temperature, and was stirred for at least about 12 hours.
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cycl opent adi enyl )[5-(2,7-di -tert-butyl fluorenyl)]hex-
-ene. In this aspect, this 15 invention can al so
further conprise renoving the volatile conponents from
the third mxture to provide a residue conprising
(5-cycl opentadienyl )[5-(2,7-di-tert-
butyl fl uorenyl )] hex-1-ene, optionally triturating the
residue with a solvent in which
(5-cycl opentadienyl )[5-(2,7-di-tert-butyl fluorenyl)]he
S%ﬁl_e e is substantially insoluble and
19/¢ fhyl - 6- (3-butenyl )ful vene is soluble, and 26
i solating the
(5- cycl opent adi enyh )-Balli2;78°@i -t ert - but yl f | uorenyl )] he
=—e(e. Aksp in thg agpgct, this i io AN

ise isolating (5- _
/ adienyt)[5-(2, 7-di-tert-b 0L 8
-ene i nvat | east abaut ield. 5 Scheng 1
illustrates one aspecif of "this inventior
synt he¥is of the 2pa liggngl, in whic
condi tions are exenp ed. As’ shown in
about 1.1 to about 1. | ar equi val ent
lithiumwere added t#°C, E,Odizillert - but yl
in diethyl ether at -78C, then this m xtyre was
al lowed ~to warm BdMS¥hvashper at ur e and Wasstirred
for at |east about 12 hours. The 10 reaction m xture
was then cooled to -78C and 1.4 nol ar equi val ents
6- but enyl - 6-fnethyl ful vene (VI) were added to the
[ EACEL ON . RiX , . . tvDi _—
| coa PR P eaclth I RR AREERC Fring ik BhGA: ghoa? in

bound by theory, . . . .
the al.th andythe prodl}llct was isolated as a crude white solid comprising VIL

Further purification of the resulting parent ligand VII was then achieved through
the use of a methanol wash, which afforded the parent ligand of a sufficiently
high purity to be used in the subsequent metallocene synthesis. Using an alcohol
wash, typically a methanol wash, rather than recrystallization, also helped boost

the yield of the product.

If shorter reaction times were used, if pentane/Et2O solvent mixtures of

varying ratios were used for purification through crystallization of the crude
ligand, or both, a reduction in the overall yield of the desired product was

observed. The Examples provided herein disclose full details of the synthetic
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it is believed that this rapid addition hel ped to
boost the yield of the parent Iligand. This reaction
m xture was then typically allowed to warmto room 15
tenperature, and was stirred for at |east about 12
hours. 27 0 Schene 1 1) n-BulLi, -78C, Et20, > 12h V
2) (VI) -78C, Et20, ?12h VIl 3) MeOH wash + isoners
The Li (V) and VI reaction was then quenched using

nmet hods known in 5 the art and the product was

melReRcFnied: i HEnH EnBPrelyF DRp BB e g te

VI was then achieved through the use of a nethanol

demarsH compioond &t foovedadeldhe parent |igand of a

P

sufficiently high purity to be used in the subsequent
met al4hasRital keahé €3inthesldsi g btk capedt, thephssent invention
typically a nmethanol wash, rather than

t j j - al RS, 0 the yield of
Cﬁ@kﬁﬁgﬁﬁ%?ﬁﬁ%?ﬁgﬁggﬁiﬁﬂﬁgégﬁggn tlﬁggEVere used, if
pent ane/ Et 20 sol vent m xtures of varying ratios were
used for purification through crystallization of the
crude

(IV), comprising:

a) contacting a compound of the formula {II)

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

wherein compound H is substantially deprotonated to form Li(H);

b) rapidly combining the first mixture with a fulvene compound of the

R? RZ
I

formula (III) to form a second mixture, wherein the limiting reagent

has substantially reacted;

29 o



ligand, or both, a reduction in the overall yield of
the desired product was observed. The Exanpl es

provi ded herein disclose full details of the synthetic
28 0 net hods enployed, and illustrate conparative
preparations that provided the desired conpound in

| ower yield. Ansa-Metallocene Synthesis. In another
aspect, the present invention provides a nethod for
maki ng a conpound of the formula. 5 R3\ R/ R3 R

ML, % X RzZ (1V), conprising: R3.Z~~a R3 .
Cont SLTomFREABF oA PORUER R BRI TS todhem.g sy
al kyl lithiumreagent in a first ethereal solvent to
forma first m xtfre : ein conmpound Il is
substantially d rformLi(l1); 10 b)

rapi dly conbi ni ng m xture with a ful vene
compound of the RF{

-

mixture comprising (D), including isomers thereof, in at
least about 85% yield;
d) removing the volatile components from the third mixture to provide a
5 residue comprising I;
e) optionally triturating the residue with a solvent in which I is
substantially insoluble and III is soluble to provide I, followed by isolation of I
f) contacting the I with from about 2 to about 2.5 molar equivalents of a
second alkyl lithium reagent in a second ethereal solvent to form a fourth

10 mixture, wherein the 1 is substantially deprotonated to form Li,(I);

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

cosolvent to form a fifth mixture comprising (aIVv);
h) removing the volatile components from the fifth mixture to provide IV

in at least about 80% yield;

15 i) optionally washing the IV in a non-polar solvent;
30 ©
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1 formula (Il1l) to forma second m xture, wherein the
limting reagent has substantially reacted; 29 o c)
contacting the second m xture with a proton source to
forma third R3 R3 Rl R2 mxture conprising (1),
including isonmers thereof, in at |east about 85%
yield; d) renoving the volatile conponents fromthe
third mxture to provide a 5 residue conprising |; e)
optional l'y triturating the residue with a solvent in
which | s  substanti ol u b
to p})&ptlagalﬂy S Uk v h ngilad)(q qfnsoi\fenf %01 vyed gy 1ng
contacting the I wth fromabout 2 to about 2.5 nol ar
the yolard¢sefor thé palas selyaet seluddn toinrpvidmiVeagént in a
second ethereal solvent to forma fourth 10 m xture,

wher 1@) Gbtichaily chystalzas a Maltom deprohaiajobeent;o form
Li 2(1); g) contacting the fourth m xture with M X4 and

Wﬁerei)rptlonal hydrocarbon R3 \ t / / R3

R! and R? are independently selected from an aliphatic or substituted
aliphatic group having from 1 to about 20 carbon atoms, or hydrogen; and

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

M' is Zr or Hf; and

XisCl, Br,or I.

oA LS
a1

/

In this aspect, compound I can have the formula ,

AN e

compound II can have the formula , and compound 111

Z
| n

can have the formula ; wherein:

R? is H, t-butyl, i-propyl, n-propyl, ethyl, or methyl,
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R MI,VNX Rz ~ X cosolvent to forma fifth m xture
conprising (1V); h) renoving the volatile conponents
fromthe fifth m xture to provide IV in at |east
about 80%vyield; 15 i) optionally washing the IV in a
non- pol ar solvent; 30 0 j) optionally extracting the
IVwth a polar solvent foll owed by renoving the

vol atiles fromthe polar solvent solution to provide
I'V; and k) optionally crystallizing the IV from an

aromatic solvent; wherein. 5 R and Rz are

i ndeﬁmwgq%?rgrg%&tt%a{’?l}tgm an al i phatic or

subst ilt.ut ed aliphatic group having from1l to about 20
car bbh iaZormd or hydrogen; and R3, in each instance,
I's independently selected froman aliphatic or

subskijtgtied aliphatic group having from1l to about 20
carbon atons, or hydrogen; ML is Zr or H; and 10 Xi s

a. Eme UF the p%a&etivevﬂéps of this method encompass the preparation
of the parent ligand that is used to prepare the ansa-metallocene in subsequent
steps. Therefore, the various aspects disclosed herein for the preparation of the
parent ligand are also applicable to that portion of the ansa-metallocene synthetic
method that involved preparing the parent ligand, including but not limited to
steps a, b, ¢, d and optional step e. Such aspects include, but are not limited to:
contact time; solvents; combination time; initiation temperature; run temperature;
alkyl lithium reagents; definitions of R!, R%, R® substantial deprotonation,
substantial reaction, and limiting reagent; molar ratios; proton sources; yields;
trituration solvents; method of isolation of I, and the like.

Also in this aspect, the first and the second alkyl lithium reagents are
selected independently, that is independent of the selection of each other. Thus,
the first alkyl lithium reagent that can be used is any alkyl lithium reagent that
allows I to be prepared in at least about 85% yield, including, but not limited to
MelLi, n-BuLi, t-BuLi, n-hexylLi, LiCH,SiMe;, LiCH,Ph, LiCH,CMes, or any
combination thereof, The second alkyl lithium reagent that can be used is any

alkyl lithium reagent that allows I to be deprotonated to form Lix(I) in at least

o
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In this aspect, conpound | can have the fornmula R3 /

R3 conpound Il can have the fornmula , and conpound Il
yil;,-~ can have the formula Q ; wherein: R3 is H,
t-butyl, i-propyl, n-propyl, ethyl, or nethyl, 31 n

iIs an integer from1l to about 6; ML is Zr; and Xi sd.
Sone of the preparative steps of this nmethod enconpass
the preparation 5 of the parent ligand that is used
to prepare the ansa-netal |l ocene in subsequent steps

SR g S eNSoBRRREIE o) S5 8550 287 Shte St e

applicable to that portion of the ansa- net al | ocene
alsour 9884 iyield. ndhhodhe bedondraliVishiupr eqagentni§at ¢an brapsedtis any
ligand, including but not limted to steps a, b, ¢, d

ams}pl hﬁﬁﬁx‘n%ééerﬁttﬁﬁ BlowdUPV 1@ $ResFarkM el HRasthaHoua 88%Ngleld,
[imted 10 contact tinme; solvents; combination

lqchqﬁrl'l%n]? I t I(%t ﬁ teﬁgtg?ﬁ]e 1u%ﬁ%uﬁ1uq|§19ﬂp£f ﬂ%’lﬁ’ LI@HQS Me;,

LR o CbDdam e varobirvbeh robn WhiRcbe R 3 we
seigilidjkyl lithium reagents are selected independently, n-Buli is typically -
selected for the first alky! lithium and the second alkyl lithium.

While not intending to be bound by theory, the contact time between I
and the at least about 2 molar equivalents of a second alkyl lithium reagent is
thought to affect the ansa-metallocene produced by this method. Accordingly, in
this aspect, the contact time between I and the second alkyl lithium reagent can
be at least about 0.5 hour, at least about 1 hour, at least about 2 hours, at least
about 3 hours, at least about 4 hours, at least about 5 hours, at least about 6
hours, at least about 7 hours, at least about 8 hours, at least about 9 hours, at least
about 10 hours, at least about 11 hours, at least about 12 hours, at least about 13
hours, at least about 14 hours, at least about 15 hours, at least about 16 hours, at
least about 17 hours, or at least about 18 hours. Also in this aspect, the contact

time between I and the second alkyl lithium reagent can be from about 1 hour to

about 48 hours, from about 3 hours to about 30 hours, from about 6 hours to 24
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trituration solvents; nethod of isolation of I, and
the like. Also in this aspect, the first and the
second al kyl lithiumreagents are 15 selected

i ndependently, that is independent of the selection of
each other. Thus, the first alkyl [ithiumreagent
that can be used is any al kyl lithiumreagent that
allows | to be prepared in at |east about 85%yield,

i ncluding, but not limted to MeLi, n-BuLi, t-BuLi,

n- hexyl Li, Li CH2Si Me Lj Ph, Li CH2 waQr an
QSRR EABOHL B HERE SDPHE> S EBRAORITRY 09k AP S Ftegthops 18
that can be used is any 20 al kyl lithiumreagent that
haurkows | to be deprotonated to formLi2(l) in at |east

0 32 about 85%yield, at |east about 90%yield, at
| easg;apaut B8 %st %hg th@rse@bndi Adrealauént9 8e V&) delected

Thus t he second al kyl lithiumreagent that can be

lith
ESedspufotiat B icpaidkl! AEHGTRERNbp cﬁ"o#f%??uﬁé fiflt and
but not limted to MeLi n- BuLi, t-BuLj hexyl L
SqepHEEIeNsS SOl ohlp GPebiR this phodetan B MRHeRSHOY Ksleris from

thereof. While the first and the second alkyl lithium
a kgRgaifiahaesd sdbleant adhididgfandentiniiedrioBlibiethyd ether, diethyl
typically selected for the first alkyl I|ithium and

cthBe @ﬁ@@%pﬁﬂthyﬂ il oI B iy EihendhatBy I Obigl cther,

eory, ntact tine between | and t

dilp&le@ﬁaﬁﬁerz g’g—]&fﬂtlﬁ-g?mgthox&%fqé’nael, oF ta%y %]:)m%lﬁc'a%ﬁ)%ntﬁet%loky IIn 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 can independently comprise diethyl ether.

In another aspect of this invention, the optional hydrocarbon cosolvent
can be a range of aliphatic and aromatic cosolvents, but can be typically an
aliphatic cosolvent. In one aspect, the optional hydrocarbon cosolvent can be
butane, pentane, cyclopentane, hexane, heptane, cyclohexane, methyl
cyclopentane, octane, or any combination thereof. In this aspect, pentane can be
a typical optional cosolvent.

The volatile components of the fifth mixture, like that of the third

mixture, can be removed by any method known to one of ordinary skill in the art,
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10 thought to affect the ansa-netall ocene produced by
this nmethod. Accordingly, in this aspect, the contact
time between | and the second al kyl 1ithiumreagent
can be at |east about 0.5 hour, at |east about 1
hour, at |east about 2 hours, at |east about 3 hours,
at | east about 4 hours, at |east about 5 hours, at
| east about 6 hours, at |east about 7 hours, at |east
about 8 hours, at |east about 9 hours, at Ieast 15
about 10 hours at | east about 11 hours

inghieing. Tt wet dignitesh ta, xaporatioRt CVAROrakign i Eur e‘f‘l&&é {PreSSUIe,
about 14 hours, at |east about 15 hours, at | east

ewaportiohGmkdenths float of 4 gastuchlzsutrdFent oud she ldte. at | east
about 18 hours. Also in this aspect, the contact tine

bet %g1drl>af&9 stilland@ep a%e%k k¥ khib A VnEoh! #RAPHongRRoRBolar

out "1 hour to about 48 hours, from about 3

TSP B o P, P RO T

about 10 hours to about 18 hours Simlarly gp
infludintg aliphatiseorswewatic apRgoka sodwinfe nis this @S%ﬁ% or example,
sel ected independently, that is independent of the

the edpeivinbb Ropfpokactvlvimeran Ghdutdnes peande, Sydemmtmhe, hexane,
et her eal solvents used in this nethod, can be

hélspgz%\;%[’@?a‘éﬂéﬂa}ﬁe th'q gclt)faa{fhﬁe RS, of a® B@l’h@fﬁ&tmn thereof.

I nclu ut not 'imted to,” di methyl

ether, dieth ether dii.so t.her 0
PG Sarcr b Ty B Re LTIy RY 1 g oplipfity aRiRl Hep of
di phenyl ether, THF, 1, 2-di et hoxyet hane, or any
thisoimémizan. on t her eof . I n one

While not intending to be bound by theory, it is believed that the
hydrecarbon, for example, pentane, wash functions primarily to improve the
purity of the IV without sacrificing its yield, because the starting materials and
by-products are soluble in solvents such as pentane, and IV is relatively insoluble
(see Figures 1 and 2). If polar solvents such as ethereal solvents are used to wash
the crude IV obtained after removing the reaction volatiles from the reaction
mixture, the purity of IV is improved, but the yield of IV suffers because of its
greater solubility in ethers as compared to pentane. Also while not intending to
be bound by theory, it is believed that removing the reaction volatiles from the

reaction mixture crude IV, rather than decanting the reaction solvent, helps
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aspect, the first and second ethereal solvents can be
i ndependently selected from 10 di ethyl ether, THF, or
any conbi nation thereof, and in another aspect, the
first and second ethereal solvents can independently
conprise diethyl ether. In another aspect of this

i nvention, the optional hydrocarbon cosol vent can be
a range of aliphatic and aromatic cosol vents, but can
be typically an aliphatic cosolvent. In one aspect,

_the optional hydraqocarbon_ cosol vent can he 15 ane
ipRivanee RXFEMbYsle aqfef‘9h byeavse Q%e'g‘(eafﬁ)é‘}blg% 0% ﬁ&é‘h&?ﬁmal
nmet hyl cycl opent ane, octane, or any conbi nation

stlkemteof . I n this aspect, pentane can be a typical
optional cosolvent. The volatile conponents of the

fi 1ty Qeedddiger dspéd Jripks ifberdtion, tHY pélar EB1¥drrtBat G@arbeb@ed

renmoved by any nethod known to one ‘of ordinary skill

in th t 34 0 includi;n but. n | , .
W PsRE N bie tEvapoe it A PecighR BEGR or aromatie
evaporation under the flow of a gas such as nityogen,
pelad sehventsi kB tes @spenty {or gsemle:| fhe pmional pa@ﬁée[vea% can be
this invention, the optional non-polar solvent that
CEHTL,, bEHUS B 1 120dichiphethMhe; aim dne @ombGingorotheneot: phi dhis aspect,
solvents, 5 including aliphatic or aromatic non-pol ar

dﬁﬁlo\f‘&gﬁteﬁ'rans gﬁzﬁhég) ASPGBloal E«S’l'ér gxeem! e, the optional

non- pol ar vént” can tane, pentane,

07! BRSTENGr A5 oDEEh S Bonae e M, B et
crystallize IV, can be a range of aromatic solvents, including, but not limited to,
benzene, toluene, Xylene, mesitylene, ethyl benzene, anisole, aniline, pyridine, 4-
phenylpyridine, or any combination thereof, including any isomer thereof.

Scheme 2 illustrates one aspect of this invention for the synthesis of the
ansa-metallocene VIII using the parent ligand VII prepared according to this
invention, in which typical conditions are exemplified. As shown in Scheme 2,
the process for preparing VIII in high yield encompassed using an appropriate
length of time for deprotonation of VII, as well as the use of proper extraction
procedures. For example, increasing the time for the deprotonation reaction of
the parent ligand VII using n-butyl lithium from 6 hours to at least about 12
hours prior to addition to zirconium tetrachloride, increased the yield of

metallocene VIII. Removing the volatile components of the Li(VII) and ZrCl,
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Pent ane can be a typical non-polar solvent used in
this optional washing-step of this invention. 10
While not intending to be bound by theory, it is
bel i eved that the hydrocarbon, for exanple, pentane,
wash functions primarily to inprove the purity of the
IV without sacrificing its yield, because the starting
materials and by-products are soluble in solvents
such as pent ane, and IVis relatively insoluble (see
Figures 1 and_ 2) ol ar solvents suc as et

g S L Gt s TR CaReerEUES HiFesily b s REgEilizing
after renoving the reaction volatiles fromthe

outethe meayailocena MILE affondedpligheryyiekds 0F VL Fprtberedsing pentane
the yield of IV suffers because of its greater

to> %a@ﬁ' thi tpasihIAingt REIdSe s AP ILeAndD fiRpMtremevind d@ reaction
while not intending to be bound by theory, it is

el.j eved that,re [ n Vel
VR IRt 2T @"Emagtﬁaﬁesgra?ﬁ%éﬂ%a Vel aFPner goq%lh%“@eﬂt
reaction solvent, help nprove the over
syghedscpetaney rathercihiay sligghyh ?fbers & dBEh it Tesplting reﬁldue or solid
et hereal solvents. In yet another aspect of this
obtalredtfr@n retbeingotharesuionevtlatilhaimpavet éheisweralltyseld of the
extract |V can be a range of polar sol vents, including
dc%'ixjeﬁg%dhfctor aromatic 5 polar solvents. In this
aspect, tor exanple, the optional polar solvent can be
CHC13, CH2Cl12, 1, 2-dichlorethane, or any conbination
thereof. In this aspect,

Scheme 2

1) 2 n-BuLi, 0°C,

Et,0, 212h
> r.\\\Ci
2) ZrCly, 0°C, 212h g,
Et,O/pentane
3) strip to dryness,
pentane wash, VI

CH,Cl, extraction

While metallocene VIII was somewhat soluble in non-polar solvents such
as pentane, it was more soluble in polar solvents such as CH,Cl,, which served as
a suitable extraction solvent. Figure 1 provides the 'H NMR spectrum in CDCl,
solvent of the pentane extract, that is, the pentane wash liquid, used in the

workup of the (5-cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl)]hex-1-ene
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di chl oromet hane (CH2Cl12) is a typical polar solvent.

In a further aspect, the optional aromatic sol vent

that can be used to crystallize IV, can be a range of
aromatic solvents, including, but not limted to, 10
benzene, tol uene, xylene, nesitylene, ethyl benzene,

ani sole, aniline, pyridine, 4- phenylpyridine, or any
conbi nation thereof, including any isoner thereof.
Schenme 2 illustrates one aspect of this invention for

t he synthe3|s of the tall ocene VI usi t he
ZiSRHTEWD | F@M&ie\/lsymﬁ‘ﬁﬁﬁmr 2‘% & s Hgetrbotenes prodiidt ‘can be
invention, in which typical conditions are
obseevaal nnfthﬁsdipeﬁsumhmimtwnal Byhenec?, thai5vekeeppyekbs tip wash
preparing VII1 in high yield enconpassed using an
al%pfﬂ§(53f7lFéeﬁe%l Fishe H pRividdsiRe FANNNBOE R a0aE In00DOA; MiVent of

as we he“use of proper extraction procedures

Fo , creasin e ti f or :
teeGEEt Brivuren (e BERARE 415 4 h%r b e b The QB
[ithiumfrom6 hours to at | east about 12 hqurs i.or
prosugid dtbtaioed t during cwerkum et thac m-swlaﬁentil@ieméﬁée@p{ fistert-
yield of 20 netallocene VIII. Renoving the volatile
begiharentyhet-1tdhe Aiicdan didiaide Sihesd6 Arlegh ttboeentration
m xture, rather than sinply concentrating the solution

oﬁpgrﬁcrﬁéfﬁ lg+e|é1 9is Qb'ster@&ﬁn'ﬁﬁsaiﬂe@ﬁﬁﬁe1l}ﬂstrbtm§f;ﬁé)§lﬂféﬁlhty

er vyi VIII Further, "using pentane to wash

o1 Babot gAY SRl S o SRS, HE MPRTY £

desi r ed product. Using a non-polar sol vent
solvent to remove unwanted byproducts and unreacted starting material, and the

suitability of CH,Cl, as an extraction and crystallization solvent. The Examples
provided herein disclose full details of the synthetic methods employed to
provide the desired metallocene in high yield, and illusirate comparative
preparations that provided the desired compound in lower yield.

In an additional aspect of this invention, the entire sequence of parent
ligand synthesis and metallocene preparation could be performed in a “one-pot”
process, and a representative procedure for this one-pot synthesis is provided in
the Examples. Although the one-pot method allowed ansa-metallocene VIII to
be prepared in sufficiently high purity for further use, including, but not limited

to, its use in olefin polymerization catalysis, the overall yield of VIII was
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5 such as pentane, rather than diethyl ether, to wash
the resulting residue or solid obtained fromrenoving
the reaction volatiles inproved the overall yield of
the desired product. Schenme 2 1) 2 n-BuLi, 0C, Et20
?12h ~~\Cl 2) zZrCl4, 0C, ?12h ~/zr CI Et2Q pentane
(/1 3) strip to dryness, ~J pentane wash, VIII 10
VIl CH2Cl2 extraction Wile netallocene VIII was
somewhat sol uble in non-polar solvents such as

pentane, it was npr ubl e i ol ar,.sol ve
P20 B ceRPSET Yl i totngn Pab Puta saelic o St Shef e
solvent. Figure 1 provides the 1H NMR spectrumin
SyGDEEE W cwiduetet byffirsthisolating dreepassatrligand MMat is, the
pent ane wash liquid, used in the workup of the
(5-cyet Mﬁéraﬁbgﬁydf)thé ingerfich tsttBE toréparatidn 605 oy biuhw of
x-1-ene 37 zi rconiumdi chl oride synthesis. Wi
some netal l uct can be

the formula , wherein R', R?, R?, 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 according to this invention.

Thus, 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, 5,399,636, 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
compounds that can be employed in this invention have been reported in
references such as: Koppl, A. Alt, H. G. J. Mol. Catal 4. 2001, 165, 23;
Kajigaeshi, S.; Kadowaki, T.; Nishida, A.; Fujisaki, S. The Chemical Society of

Japan, 1986, 59, 97; Alt, I. G.; Jung, M.; Kehr, G. J. Organomet. Chem. 1998,
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observed in this spectrum additional byproducts that
were renoved by this wash are al so observed. Figure 2
provi des the 1H NMR spectrumin CDCl3 solvent of the
CH2Cl 2 extract, that followed after a pentane washing
step, fromthe solid 5 product obtained during workup
of the (5-cycl opentadienyl)[5-(2,7-di-tert-

but yl fl uorenyl )] hex-1-ene zirconiumdichl ori de
synthesis. A high concentration of pure netall ocene

S R G s A 5 SRS -1

the suitability of pentane as a wash solvent to
edohnof eviicinan tiedorpyatati byt s fenedcamesaet e ist entirelyg  Further,
material, and the 10 suitability of CH2O 2 as an

a @624 tr 88 s8R Gkor¥dra nhd 2B deB caRIpsAAEs thhh BarE¥@BRIpRS/ed in

provi ded herein di'sclose full details of the synthetic.

SRS S o R L B3 DRSSy,

reparations that provided the desired conpound i.n
19Yue22y 32154, Whichals inerapeTesithlby sipeate Bereqthig its entirety. The
i nvention, the entire sequence of parent 15 |igand
fahonting sieatisuschisoetiedckibe aneh pictipadsat Watles,dtil @.; li®utts, R. S. P.;
performed in a "one-pot" process, and a

san ' f ' - B
ERISA AU RARE uhar 4T Ao eCom, s

SIS S0 R PR TO5VL D. 0 EPERE! 8 oy 1

but not limted to, its use in olefin polynerization
Cheamitiys p§ , Ongano-diiznonium yangl dHafnivn| Coppeundg Halstead Press;
New York, 1986; each of which is incorporated by reference herein, in its
entirety.

For any particular compound disclosed herein, any general structure
presented also encompasses all conformational isomers, regioisomers, and
stereoisomers that may arise from a particular set of substituents. The general
structure also encompasses all enantiomers, diastereomers, and other optical

isomers whether in enantiomeric or racemic forms, as well as mixtures of

stereoisomers, as the context requires.
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observed to be conparatively |ower than that overal
yield of VIII when the. synthesis was conducted by
first isolating the parent ligand VII. Yet another
aspect of this invention is the preparation of a
compound of R3\ I \ 1/ RBRM,®WX R2 X the
formula , wherein R, R2, R3, M, and X are defined 5
herei n, using any process to prepare netall ocene
conpounds that is know to one of ordinary skill,

usi ng the parent Iigand repared according to this

i nvention. Thus, numer® bEgsses to prepare

net al | ocene conpounds have been reported, exanples of
whi cThé netaste inleltioRat efatthbiu ifbestrated, BB ah IFllowing examples,
5,191, 132, 5,210,352, 5,347,026, 5, 399, 636,

- 40,
L Y e T L

S R ot B ogh Ao P e b

6, 509, 427 whi ch descrlbe such net hods, each of which
variousnolbepaspeay fpturest embediscnts anpdificationss asdt Fquyglents
O her processes to prepare netall ocene conpounds that

theddbfoghieRphtetatlingt thie sddsarygridr erehigunap sageese femiseties to
in 15 references such as: Koppl, A At, H G J. Ml.

o T i 1 S LAY 3P LA e
invention or the scope of the appended claims.

The following examples and comparative examples encompass new
synthetic methods for both the ansa-metallocene parent ligands and for
metallocenes prepared therefrom. Specifically, these examples demonstrate that
product yields of an ansa-metallocene parent ligand can be improved by proper
conditions for combining the ligand precursors. This invention is specifically
illustrated using the two reactants, 2,7-di-tert-butylfluorenyl lithium 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 and comparative examples
demonstrate that high product yields of an ansa-metallocene can be obtained by

selection of the deprotonation conditions for the parent ligand, selection of the
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Japan, 1986, 59, 97; Alt, H G; Jung, M; Kehr, G J.
Organonet. Chem 1998, 39 0 562, 153-181; and Alt, H
G ; Jung, M J. Oganonet. Chem 1998, 568, 87-112;

each of which is incorporated by reference herein, in
its entirety. Further, additional processes to
prepare netall ocene conpounds that can be enployed in
this invention have been reported in: Journal of
Organonetal lic Chem stry, 5 1996, 522, 39-54, which is

|ncorporated by reference herein, its irety. .Ih
repgfigm plienty ?@bﬁ%@%ﬂ &{%%‘”@e@@ldit%msglé% ke ﬂ(b ggemg"ﬁly’
Wailes, P. C; Coutts, R S. P.; Wigold, H o in
thx Wom‘ﬁthé fivenGhe i ﬁlusgrauaﬂ i itlﬁeapriepmatizn o€ threi mn’qallan@le (5-
Haf ni um  Academ c; New York, 1974. ; Cardin, D. J.

)Lc‘i‘(gpeﬁfatdue D52, 7@&1%8%&3%110@%? Jhex- Chgsissdniudldichloride.

ano- Zi conlun1and Haf ni um Conpounds; Hal st ead
Press; 10 New York, 1986; each of which is
incorporated by reference herein, inits entirety.
For anilgﬁrtlcular conpound dlsclosed herein, any

FAHture presented al so enconpasses al

confornatlonal i soners, regioisonmers, and
st er ghé soens tdedt innte folioseng riemnsplpamtere ulried @et dotilled
substituents. The general 15 structure also

uf(ﬂ:?oﬁm%gé‘?%sﬁg sﬁ\%ﬁ&td' AL Ss. AR SRRAIE Mlagitft RleBSiance
optical = iso ether in enantiomeric or racemc
(]{[Maﬁ)egaegqsr%ggé(l} er?elxnt Were o Iamec{ Sh eaob%%ggrﬁerc%% tIJ?Ss 300
NMR spectrometer operating at 300 MHz for 'H NMR (CDCl; solvent,
referenced against the peak of residual CHCI; at 7.24 ppm).

The 6-butenyl-6-methylfulvene was prepared according to the method -

used by Stone and Little (J. Org. Chem. 1984, 49, 1849).

EXAMPLE 1
Preparation  of  1-(methyl)-1-(3-butenyl)-1-cyclopentadienyl)-1-(2,7-di-tert-
butylfluorenyl)methane by the reaction of 2,7-di-tert-butylfluorenyl lithium and
6-butenyl-6-methylfulvene

Preparation 1. A one-liter flask was charged with 2,7-di-tert-

butylfluorene (50 g, 179.6 mmol) and a stir bar, capped with a rubber septum,

and placed under a nitrogen atmosphere. Diethyl ether (about 200 mL) was

=]
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40 a EXAMPLES The present invention is further
illustrated by the foll ow ng exanpl es, which are not
to be construed in any way as inposing linmtations
upon the scope thereof On the contrary, it is to be
clearly understood that resort may be had to 5
various other aspects, features, enbodi nents,
nodi fi cations, and equival ents thereof which, after
readi ng the description herein, may suggest thensel ves
to one of ordinary skill in the art wthout artin
addednvie Becanpylaj fmd;fﬁ/et Wéulﬁﬂéé@ﬁfureiwe?ﬂql%ﬂf%ﬂ gﬁgn&%%ce
of the appended clains. The foll ow ng exanpl es and
bR animarewaspliesd enbdmeageraiew aslobewilithatn ¢19.0 mL of
met hods for both the ansa-netal |l ocene parent |igands

1 @R ? xanF%?tlg ltr%‘ggg%aspiaﬂeérsﬁﬁngkow & After the addjtion of

pecifically, exanpl es nstrate that product

i el ds.of an ansa-netall ocene parent |igand can b
n-?ﬁﬂﬁ'r@%@an B EBBIES: (BRI B TRn SESTRY (g™ fHaed o room
i gand precursors. This invention is specifically
tenipetm treatneldstirsidngvarhight (% lpast @bawt £2 hours). Afier this time, the
2, 7-di-tert-butylfluorenyl lithiumand 6 15

reAMi N Hix@rd 8B obiavenergeandnd y-Butehy it dienctiatid eeref (40haL)
deprotonation nethod for the |igand precursor,

RELSBLL 3Bl AR TR LSRPRY s PR By on
fol | ow ng exanpl es and conparative exanpl es )
completion of the fulvene addition the mixture 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 about

85.3% yield of the product had formed.

Stirring was continued for 7 hours, after which time the reaction mixture
was quenched with a saturated NH,;CVH,O solution (300 mL). The organic layer
was extracted with diethyl ether, washed twice with H,O (500 mL), dried over
anhydrous Na,SQ,, filtered, and the filtrate evaporated to dryness to afford a
solid. Methanol (ca. 500 mL) was added to the solid and the mixture stirred
overnight to afford the product as a finely divided white solid. After filtration,
washing with MeOH, and drying overnight, 67 g (89%) of the desired parent
ligand 1-(methyl)-1-(3-butenyl)-1-(cyclopentadienyl)-1-(2,7-di-tert-

butylfluorenyl)methane was isolated and used without further purification

43°



denonstrate that high product yields of an
ansa- net al | ocene can be obtai ned by 20 selection of
t he deprotonation conditions for the parent |igand,
sel ection of the 41 reaction solvent, and reaction
wor k-up conditions, also as follows. Specifically,
this aspect of the invention is illustrated in the
preparation of the netall ocene (5-

cycl opentadi enyl )[5-(2,7-di-tert- butylfluorenyl)]hex-

| -ene zirconi um djchl ori de. L DETAI he .
sol vBraparationd.  Fpllayang g GIWWOE?‘%‘BP&G%QPS &t FERargign
distilled wunder nitrogen using standard nmethods. The
1 Nocveara dagneé prapaResanditcded TNYRIO%BD of theadesizpd eempound.
herein were obtained on a Varian Mercury Plus 300 NMWR

spectroneter operating at 300 Mz for 'H NVR (CDC13
solvent, 10 referenced agai nst the peak of residual

CHC13 at 7.24 ppm). Th | - 6- et hyl ful vene was
prepared accordi ng tot %?ﬁ%&ﬁ g’ used by St one and

Little (J. Og. Chem 1984, 49, 1849) )_ 511
Crprippettare evielstration of 1-(methyl)-1-(3-butényl)-1 (cyc opentadienyl)-1-

1- (et hyl)-1-(3-butenyl)-1-cycl opentadi enyl)-1-(2, 7-di
(2 T ehitertDubyiidranyipnyihynet darkody /t he reaction of
2, 7-di-tert-butylfluorenyl Iithium and

?[ ggg%iahﬁgmelt hyl Au'o\h%rlﬁelpglﬁﬁ‘(;f«%so Nehbreed ORAR! D{REI-tert-
butylfluorene (50 g, 179.6 mmol) and a stir bar, capped with a rubber septum,
and placed under a nitrogen atmosphere. Diethyl ether (about 300 mlL) was
added via a cannula, and the resulting mixture was cooled to -78°C in a dry-ice
bath. This mixture was stirred at this temperature as »-butyllithium (21.5 mL of
10 M in hexanes, 215 mmol) was added slowly via syringe. After the addition of
n-butyllithium was complete, the reddish solution was slowly warmed to room
temperature and stirred overnight (at least about 12 hours), to provide an cther
solution of 2,7-di-fert-butylfluorenyl lithium.

Another one-liter flask fitted with an addition funnel was charged with 6-
butenyl-6-methylfulvene (37 g, 253 mmol) and a stir bar, and cooled to 0°C
under a nitrogen atmosphere. The ether solution of 2,7-di-tert-butylfluorenyl
lithium prepared as above was added in a dropwise fashion to the fulvene at 0°C

via the addition funnel over the course of approximately one hour. The resulting
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butyl fl uorene (50 g, 179.6 mmol) and a stir bar,

capped with a rubber septum 20 and pl aced under a
nitrogen atnosphere. Diethyl ether (about 200 nlL) was

0 42 added via a cannula, and the resulting m xture

was cooled to -78Cin a dry-ice bath. This mxture

was stirred at this tenperature as n-butyllithium

(19.0 nmL of 10 Min hexanes, 190 mmol) was added
slowy via syringe. After the addition of

n- butyl Lithi umwas conplete, the reddi sh sol ution
daskeRIQredieleAetPn: &K B A% @%@Pgt@r B Jompprag and Strred
overnight (at |east about 12 hours). After this tinme,
otdreight éatdtassruboik  2rheurd sindeokedtrogen Z@@spheng. The reaction
6- but enyl - 6- et hyl ful vene (40 nL) was added quickly

midtrd 838 th&ifQudndHeAUl Bl tRE sldW SdBRivRCsRE Wakiraed INH,CI/H,0
stirring. On conpletion of the ful vene addition the

1 Xt d. f i .
SRR PR GRT Ol SR Y bpallptesBto
15 10 mnutes follow ng_renoval of the dry-ice bath.
(SPRembBl driesl gearehiraroua T SOrotileredsanshals Blikriopvinqzated to

product had formed. Stirring was continued for 7
diyaesss, Tkt @udeiprobudti sheainbé tryedds irnethod xwas éhenwdissolved in
guenched wth a saturated NH4Cl/ HZO sol ution (300 ni).

o) i : [ , ; : . athar
PR BT AR LA R L S e o
aszg %%g@&%@?%%sn%éé}egg\sgh fcgrcg ptgrlg‘tgng,l Argerda Elr?der vacuum, and

isolated and used without further purification (60.4 g, 79%). Further product
could be isolated in smaller quantities through concentrating the mother liquors
and combined washings and placing them back in freezer.

Preparation 2. Another comparative preparation of the parent ligand 1-
(methyl)-1-(3-butenyl)-1-(cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-
methane according to the same reaction, work-up, and crystallization conditions
as disclosed in Method A1, afforded 34.7 g (45% yield) of the desired product as

a white solid.
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solid. Methanol (ca. 500 nL) was added to.the solid

.and the mxture stirred overnight to afford the

product as a finely divided white solid. After
filtration, washing with MeOH, and dryi ng overni ght,
67 g (89% of the desired parent |igand
1-(methyl)-1-(3-butenyl)-1-(cycl opentadi enyl)-1-(2,7-d
i-tert- 20 butylfluorenyl)nethane was isol ated and
used without further purification 430 Preparation 2.

Fol | owi ng the sane procedur described in
Preparation 1 above i rﬁ)g“%g%[géé preparation afforded
70 g (90%9 of the desired conmpound. EXAMPLE 2 5
CGomypeatdei yeemrepion abf oh(iebthyl)- 1-(3-butenyl)-1-(cyclopentadienyl)-1-
1- (met hyl) - 1-(3-butenyl)-1-(cycl opent adi enyl ) - 1-
(4 ?d?—?ﬁ%—bbﬁﬂﬁ%&b‘@l)%étﬁ%ee nyinsmelhene - Method Al

[ one-liter flask was charged with

Prepar ati 6n
st v S Bersonbite B e Rl EM Rior it T e Hipyfed and

2,7-qi -t

under a nitrogen atnosphere. Diethyl ether (about 300
agded as diapveisrl éshyaraoercihf feuEse %%PRT%%@MWG%@OW to the
m xture was cooled to -78Cin a dry-ice bath. This

néit4-BiRnYRG-nSdthylfiddedd (4thDCY @ples st emasner as disclosed in
n-butyllithium(21.5 nL of 10 Min hexanes, 215 mmmol)

s added w | Lnge.. . r i L
MRV ¢ st AR miBhhe by SpBLGHREL Rpproom
slowy warnmed to room tenperature and stirre&gt L
tegwpsratiegrand sirradels £ days (ndena RBTRSST, APgSHieRy i adtes fis time,
et her
an additional 5 mL of 6-butenyl-6-methylfulvene and an additional 30 mL of the

n-butyllithium solution were added to the reaction mixture at room temperature
and this mixture was stirred overnight at room temperature.

The reaction mixture was then quenched with the slow addition of a
saturated NI1,CI/IT,0 solution (300 mL), the organic layer extracted with ether,
washed twice with HyO (500 mL), dried over anhydrous Na,SOy, filtered, and the
filtrate evaporated to dryness. The crude product obtained by this method was
dissolved in and crystallized from a pentane:Et,O solution (4:1 mixture by

volume) at about 0°C, thereby affording 50.1 g (66%) of the product as a white

solid.
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15 solution of 2,7-di-tert-butylfluorenyl |ithium

Anot her one-liter flask fitted with an addition funnel
was charged with 6- butenyl-6-nethylful vene (37 g, 253
mrol ) and a stir bar, and cooled to OC under a

ni trogen atnosphere. The ether solution of

2, 7-di-tert-butylfluorenyl [|ithium prepared as above
was added in a dropwi se fashion to the fulvene at 0C
20 via the addition funnel over the course of

approxi mately one hour._The resulting 440

dar k- col ored reaction ixOdMBLG&s warmed to room
tenperature and stirred overnight (at |east about 12
Chapusdtivengeepacatiok r of eh-(methyd phé?-dutetipk- Ir ackopeniadienyl)-1-
m xture was then quenched with the slow addition of a

(%?@-ta*ﬂ-&é)%-%g i mam Wimemo3lP ), the organic

ayer extracted wth ether, washed twice with H20 5

(500 dri ed over.-.a r.O Na2SA,...f-i 1 tered

t he ﬁ%@a?%lug%ﬁir%?'ecﬁ!}%r 2’buﬁ’ﬁyﬁg§§%jﬂﬁg rﬁ'gg pﬁ?@ag%%tand

obt ai ned by this method was then_ dissolved in  pentane
adged e dropivirsdfashion et thecourseplfanpegdmataly, gpe hour to the 6-

affording the product as a white solid that was

biREIES Wtk 110t Retfianeat OFd)eth tHedeimy acuuen af@ikclosed in
i sol ated and used wi thout further purification (60.4

799%.. rther..or qduc C ] '
MT & oIt P e BRSRCR T RS B bl grmed o
l'iquors and conbi ned washi ngs and pl aci ng them back
rqom fereReretpre andrytisprsh eiarpighb(at Agast ﬁ@utéér?ﬁaf t“ing]%r a mitrogen
preparation of the parent ligand 1
atmosphere. This THF reaction mixture was then quenched with the slow

addition of a saturated NH,CI/I1,0 solution (300 mL), the organic layer extracted

- with diethyl ether, washed twice with H,O (500 mL), dried over anhydrous

Na,SO,, filtered, and the filtrate evaporated to dryness. The crude product

obtained by this method was then dissolved in and crystallized from pentane at

about 0°C, thereby affording a 76% yield of the product as a white solid.

EXAMPLE 5
Preparation of  (5-cyclopentadienyl)[5-(2,7-di-tert-butyifluorenyl) [hex-1-ene
zirconium dichloride
The following preparations demonstrate that greater and more

reproducible product yields of metallocene were improved under specific
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(methyl)-1-(3-butenyl)-1-(cycl opentadi enyl)-1-(2,7-di -
tert-butyl fluorenyl)- nmethane according to the sane
reacti on, work-up, and crystallization conditions 15

as disclosed in Method Al, afforded 34.7 g (45%yi el d)

of the desired product as a white solid. 45 0 EXAMPLE

3 Conparative preparation of

| -(methyl)-1-(3-butenyl)-1-(cycl opentadi enyl)-1- (2,
7-di-tert-butyluorenyl)nethane - Method A2 An et her
sol.ution aof 2 7-di-tert-butylfluorenyl |ifhiumwas .
R e B Tdudioflecine 3 tptiR oS Fut i 1 P Pijgnation
course of approxi mately one hour to the neat )
r@gction erfythesparenthiipand wae bpatlihaymi and Hemexake ofdhm epaction
as disclosed in Mthod Al. The resulting reaction

solvhit ERetME e tHdIPPrivetorst-at Qo 60Mhe greédmer at ure and
stirred for 2 days under a nitrogen atnosphere. After

Chi . . oo : -
At %ﬁn&l—@éﬁ@@z s ¥harged, with fhe parent ligand 1-
t - but i thi | yti dd h

(peeDr Ro-Rrietubel- o S0y B by 6 SRR
was stirred overnight at roomtenperature. The

nrettaaiei (66.3ng,xt0% & nwasl) tahdra girdrchebpai twith Aeulheyweptum, and
addition of a saturated NH4Cl/H20O sol ution (300 niL),

o A8 1B St s sl
tﬂce:i ﬁés%ra% 'thé rrhdlx%ulgg stirred and cooled to 0°C in an ice bath. While stirring
was continued, #-butyllithium (23 mL of 10 M in hexanes, 230 mmol) was added
slowly to the mixture via syringe. After the addition of »-butyllithium was
complete, the reaction mixture was warmed to room temperature and stirred
overnight (at least about 12 hours) under a nitrogen atmosphere.

Ina nitfogen-ﬁlled drybox, a one-liter flask was charged with ZrCl, (25.4
g, 109.0 mmol) and a stir bar, capped with a rubber septum, brought out of the
drybox, charged with about 300 mL of pentane under nitrogen, and cooled in an
ice bath to 0°C. The diethyl ether mixture of dilithiated parent ligand was added
to the ZrCl, slurry via cannula over the course of thirty-minutes at 0°C, and the
resulting orange slurry was warmed to room temperature and stirred overnight (at

least about 12 hours). The solvent was then removed under vacuum affording an

orange solid. Pentane (about 200 mL) was added to the solid, the slurry
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15 filtrate evaporated to dryness. The crude product
obt ai ned by this nethod.was dissolved in and
crystallized froma pentane: Et 20 solution (4:1 m xture
by volune) at about O0C, thereby affording 50.1 g
(66% of the product as a white solid. 46 EXAMPLE 4
Conpar ative preparation of
1-(nmethyl)-1-(3-butenyl)-1-(cycl opentadi enyl)-1- (2,
7-di -tent-butyl fl uorenyl)nethane - Method A3 A THE

solution of 2,7-di-tert-butylfluaorenyl [|jthium.was
centiaiged danth dhe supgenatant ndesagiedpwi K¢ FEOAINGRS SOUR PR then

course of approximately one hour to the 6-
exiticestyith nmxahyighé chiveide, alrifuiged ahdith® @) parmatabiedesanted and
manner as disclosed in Method Al. The resulting

LKA EP QT Bnds8ABT AMPEFdTE XD U %88‘%? drh@r aaraedné@llodeaents-

tenperature and stirred overnight (at |east about 12

hour s ndey. i t.rogen t DS re.;This .THE. reagti
xS R 5 -G DRl Sl T Eg g LhgRae

a saturated NHACLl/ H20O sol ution (300 nL), the organic
thatyey vesd wkewdurthpnpyrdicatipy! et her, washed twice with

H2O (500 ni), dried over anhydrous Na2SO4, filtered,

and pheafatiohoat Bushapionaifebe hmcddyeassd iMRecparaiide 1 on two
product obtained by this nmethod was then dissolved in

YRRl | § AetaltRent (9Cyclbbesiamenyl)[s-
ﬁggg%§g¥%%ﬂgg?§§§§?éggbgépkﬁgﬁ%rgﬁtct as(agyﬁiPe sol?%?[
(2,7-di-tert-butylfluorenyl)Jhex-1-ene zirconium dichloride in yields of 80% and

84% respectively.

EXAMPLE 6

Comparative Preparation of (5-cyclopentadienyl) [5-(2,7-di-tert-butylfluorenyl)]-
hex-1-ene zirconium dichloride — Method Bl

A one-liter flask was charged with the parent ligand 1-(methyl)-1-(3-
butenyl)-1-(cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)methane (23.2 g, 54.6
mmol) and a stir bar, capped with a rubber septum, and placed under a nitrogen
atmosphere. Diethyl ether (about 300 mL) was added to the flask and the
mixture stirred and cooled to -78°C in a dry ice bath. While stirring was
continued, #-butyllithium (12 mL of 10 M in hexanes, 120 mmol) was added

slowly to the mixture via syringe. After the addition of n-butyllithrum was
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15 EXAMPLE 5 Preparation of (5-cyclopentadienyl)[5-(2,
~7-di-tert-butylfluorenyl)]hex-I -ene zirconium

di chl oride The follow ng preparations denonstrate that

greater and nore 20 reproducible product yields of

net al | ocene were i nproved under specific 47 0

condi ti ons which included selecting a length of tine

for the deprotonation reaction of the parent |igand

with butyllithium and renoval of the reaction

sol vent, (dieth I,ether;S rior. to extractiqon o

f th
copplftie {he 1speiier miTbRT was Raghed 1 roam thetengrdigddor 6
with the parent ligand 1- 5

héuretwrhile)untiel 3nbitagenykmosphees/cl opent adi enyl ) - 1- (2, 7-di -

tert-butyl fluorenyl)- nethane (46.3 g, 109.0 nmol) and

a stif a BafogeBANRAINDOH Lordihiee Masle plas Fhaged wit AgElg (12.7
under a nitrogen atnosphere. Diethyl ether (about 500

was added t e.f . ] RIog
o AR S RSP EE AT A TP Syt Gl o e
continued, n-butyllithiym (23 nL of 10 Min hex rhe.s, .
deybgnitrsod i aleEs A BhiFniPge RACTALREFY oLed i an ice
syringe. After the addition of n-butyllithium was
bathnpl B, andhfttece adth am addXionr invels The ndethybethepmixture of
tenperature and stirred overnight (at |east about 12

AOMERY MRIR 1P WhO 88 AIBRPRREE slumry via the addition funnel

over the course of one hour at 0°C, and the resulting orange slurry was warmed
to room temperature and stirred overnight (at least about 12 hours). The

resulting slurry was then centrifuged and the supernatant decanted and evacuated

“to dryness to afford 16 g of solid. The residual solid was then extracted with

anhydrous and oxygen-free methylene chloride, centrifuged, and the supernatant
decanted and evaporated to dryness to afford 13.6 g (43 %) of the desired
metallocene (5-cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl) | hex-1-ene

zirconium dichloride that was used without further purification.
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In a nitrogen-filled drybox, a one-liter flask was
charged with ZrCl4 (25.4 g, 109.0 mmol) and a stir
bar, capped with a rubber septum brought out of the
15 drybox, charged with about 300 ni of pentane under
nitrogen, and cooled in an ice bath to OC. The di et hyl
ether mxture of dilithiated parent |igand was added
to the Zrd 4 slurry via cannula over the course of
thirty-mnutes at 0C, and the resulting orange slurry

was warnmed to roomten‘ﬂf}g@wﬂﬁ%e}nd stirred overni ght

(at least about 12 ho sol vent was then
renmoved under vacuum affording an 20 orange solid.
Cosptaizve ( aBrePoR0Prapyrates aefdelP-exslemeataed)/S1(Be-di-tert-
slurry 48 centrifuged and the supernatant decanted.

bz},E?lubPé@Wﬁzé}Q]%ﬁé bflcasmtdienlorigxt riefed OM t h met hyl ene
chl oride, centrifuged, and the supernatant decanted

2nd AR YRARLALSH RO HEBRS®. S Aronl PRM P Rein, 0% undl) was

esire
cycl opentadi enyl)[5-(2, 7-di -tert-hutyl fl uorenyl)] hex-
dBeA SR oM Srfr il CRIETEenes S e MmN A b 0 (40
further purification. Preparation 2. Duplication of

mihat PrOc aiiy resulisgdmixtuly epsmarned td romntiewpersgpalant stirred
i nstances allowed isolation of the netall ocene

rof JuHEHAREN, RO Rfe iy o e golion lijam 2.7-dre
buchflc u|0196rniy ,eagb?e\%ilt%h C‘i— l?l; luf%% 'f‘l%csj so?uA‘E%)nr wa ggéédvgxlo}f)'wig'eoto a
solution of 6-butenyl-6-methylfulvene (3.4 g, 23.1 mmol) in 10 mL of Et;O at
0°C over a period of 30 minutes. The resulting mixture was stirred at room
temperature overnight (at least about 12 hours), giving rise to a dark red solution.
An additional amount of fulvene (0.9 g, 6.2 mmol) was then added to this
solution at room temperature and the resulting mixture was stirred for an
additional 4 hours to provide a dark red solution. A portion of »-butyl lithium
(9.3 mL, 2.5 M in hexanes, 23.3 mmol) was added dropwise to this solution at
0°C, after which the resulting mixture was warmed to room temperature and
stirred for an additional 3 hours to provide a dark red solution of the dilithiated
parent ligand (dilithiated 1-(methyl)-1-(3-butenyl)-1-(cyclopentadienyl)-1-(2,7-
di-tert-butylfluorenyl)methane). This solution was then added dropwise to ZrCl,

(5.38 g, 23.1 mmol) suspended in Et;O (50 mL) at 0°C over a period of 20
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EXAMPLE 6 - Conparative Preparation of

(5-cycl opentadi enyl )[5-(2,7-di-tert-butylfluorenyl)]-
hex-1-ene zirconiumdichloride - Method Bl A one-liter
flask was charged with the parent |igand
1-(methyl)-1-(3- 15

but enyl)-1- (cycl opentadi enyl )-1-(2,7-di-tert-butylfluo
renyl )methane (23.2 g, 54.6 mol) and a stir bar,
capped with a rubber septum and placed under a

nitrogen atnopsphere. D ethyl ether (about 300 nL S
miHed flhen KReUFPESRUGHE YL WARRT &Pemgvm FRRFTAHER Ees%ﬁgsfed
to -78Cin a dry ice bath. Wiile stirring was

ow@nighn Lgding misb té yh lorartgethro @b ety .oThe 6luxtyi wahesanBiged and
120 mol ) was added 20 slowy to the m xture via

thgﬁgg&%atmﬁﬁé%tédﬂﬁlcﬁ@@pbk@w &f dRTeH ) gilve Rbbil VRS of49dark

nplete, the reaction m xturée was warmed to room

T St Seroeparl SR 48 eRresdlh VA Py DB aiRL) and

one-liter flask was charged wwth zZrd 4 (12.7 g, 54.5
thershpctgiaparased to dixnessda gpedth@ingialkogens éwcygléﬁwﬁﬁ?wnylﬂ&
brought out of the 5 drybox, charged with about 500
(27L-doterpbniydieoremd Fhexilt eregdrtonimo didhloridesas dnowramet tedtsolid
0C, and fitted with an addition funnel. The diethyl

L Vit b L . Y ded
(ﬁgf%%?g@égliﬁ é,l?% coflld tiel tieBbRthRATEMerlugidRbimas adde

rry via the addition funnel over the
g?ﬂ{@hg\}g@og& I%g%glgodgf dg\gbes?ggd tnlga?cerriaerg’ l’s'%l*}l{lg]rgtoocgraerg]%?valent to
those described herein can be used in the practice or testing of the invention, the
typical methods, devices and materials are herein described.

All publications and patents mentioned herein are incorporated herein by
reference in their entireties, for the purpose of describing and disclosing, for
example, the constructs and methodologies that are described in the publications,
which might be used in connection with the presently described invention. The
publications discussed above and throughout the text are provided solely for their
disclosure prior to the filing date of the present application. Nothing herein is to

be construed as an admission that the inventors are not entitled to antedate such

disclosure by virtue of prior invention.
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to roomtenperature and stirred overnight (at | east
about 12 hours). The 10 resulting slurry was then
centrifuged and t he supernatant decanted and evacuat ed
to dryness to afford 16 g of solid. The residual solid
was then extracted with anhydrous and oxygen-free

nmet hyl ene chl oride, centrifuged, and the supernatant
decant ed and evaporated to dryness to afford 13.6 ¢
(43 @a of the desired netall ocene

o B AL ER L A bidhngty bbbt iy BEGR Aokt

MAthOUt further purification. 50 0 EXAMPLE 7

inGappeatet hereinChe réfstenee epallity withghe definition or usage provided
(5-cycl opentadienyl )[5-(2,7-di-tert-

he@éih%ih%'déﬂhﬁﬁm' Jrldiege provitiedzier€inbaoli chl ori de -

od C An aliquot of n-butyl lithium (9.3 nL, 2.5 M

i n hexanes, 23.3 mmol) was 5 added dropwi se to
2,7-di-t-buty|f|uorene (5.85 g, 21 mmol) dissolved in
Et20 (40 nl) at OC. The resulting m xture was war ned
to roomtenperature and stirred . for an additional 3
hours, giving rise to a dark red solution (lithium
2,7-di-t- butylfluorenyl, abbreviated t-BuFluLi). This
sol ution was added dropwi se to a solution of
6- but enyl - 6- net hyl ful vene (3.4 g, 23.1 mol) in 10 nL
of Et20 at 10 OC over a period of 30 mnutes. The
resulting mxture was stirred at room tenperature
overnight (at |east about 12 hours), giving rise to a
dark red sol ution
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An addi tional anount of fulvene (0.9 g, 6.2 mml) was
-then added to this solution at roomtenperature and
the resulting m xture was stirred for an additional 4
hours to provide a dark red solution. A portion of
n-butyl lithium15 (9.3 nL, 2.5 Min hexanes, 23.3
mol ) was added dropwi se to this solution at 0C,

after which the resulting m xture was warmed to room
tenperature and stirred for an additional 3 hours to
Erovide a dark red solution of the dilithiated parent

[ (dilithiated

1- (et hyl)-1-(3-butenyl) (cycl opent adi enyl )-1-(2, 7-
1d|-tEMhahuﬂpfﬁkwnm£m9¢qumﬂ¢@%W€ﬁmmméasolutlon was

t hen added dropwise to ZrCl4 20 (5.38 g, 23.1 mmol)
i O nL) at OC over a period of 20
gsul.ting mxture was warned to room
overnight, giving rise to an
urry. The slurry was centrifuged and
t he superm. decanted and evaporated to dryness to
gi ve about g4 a dark bromn solid. The remaining

solid was extrdctgd wit 5 the
extract evaporated to dR§ 888 Y %g&%?§§%%ﬁé&%%PH$ﬁ%cene
(5-cycl opent adi enyl ) [ 5-
(2,7-di-tert-butyl fluorenyl)]hex-I -
di chl ori de as an orange red SO|IdR3 \
yi el gh) cdnfirking @WothRRnd e thavdralt f ur

|y
purification. Al though any nethods, devices, and

{ erlkyletr‘[llﬁLm b %eg{ B ?{%ﬁ&%l\@%{l@e@ﬁ td ﬁ)r{n J‘E?s? ngg?ﬁé i bed

€ practice or esting

51om3n

|nvent|on t he
wherein the compound of the formula II is substantially deprotonated to form a

lithium salt of compound I1, Li(IL);
b) rapidly combining the first mixture with a fulvene compound of the

R? R?
[

formula (ITF) to form a second mixture, wherein either the lithium salt
of compound II, Li(II), or the compound of the formula I is optionally a
limiting reagent, and wherein the limiting reagent, if present, has substantially

reacted; and
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10 typical nethods, devices and materials are herein
descri bed. Al publications and patents nentioned
herein are incorporated herein by reference in their
entireties, for the purpose of describing and

di scl osing, for exanple, the constructs and

nmet hodol ogi es that are described in the publications,
whi ch mi ght be used in connection with the presently
descri bed invention. The 15 publications discussed
above and throughout the text are provided solely fgr
t hei ¢) comfasting g wcprd BRXEC PHE & PRI YERco PR Adhir
present application. Nothing hereinis to be
construed as an TNssi giT=that the inventors are not
entitled to apg 'ﬁ:cl osure by virtue of
prior invention. Q. J0 e extent that any

reference conflicts with the
definition or usage pr

ed herein, the definition

S ovi ded her ek _Lontr @t MM 1. A

m%e&%l%o%}g@r%n%i ng a conpound of O(ltlﬁém R3 Rl
R2 |

ormul a R3

wherein R! and R? independently are hydrogen or an aliphatic or
substituted aliphatic group having from 1 to about 20 carbon atoms; and
5 wherein each R? independently is hydrogen or an aliphatic or substituted

aliphatic group having from 1 to about 20 carbon atoms.

2. The method of Claim 1, wherein:

LS e
1n LY

compound I has the formula / , compound II has
. A e
10 the formula , and compound XII has the formula
=
i n
, Wherein:

R is 1, t-butyl, i-propyl, n-propyl, ethyl, or methyl, and
55 0
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(1), and isonmers thereof, conprising: R3 Z~-~\ / R3
a) contacting a conpound of the fornmula (I1) 5 and an

al kyl lithiumreagent in an ethereal solvent to forma
first mxture, wherein the conpound of the formula II
is substantially deprotonated to forma lithiumsalt

of conpound 11, Li(Il); b) rapidly conbining the first

m xture with a ful vene conpound of the Rl R2 fornula
6/ (Ill) to forma second nmi xture, wherein either the
[ithiumsalt 10 of conpound Il, Li(lIl), or the
conpBifen Bitegendonmpl iuRROULIG i s optionally a |imting
reagent, and wherein the limting reagent, if present,
has substantially reacted; and 54 0 c) contacting the
second mixture with a proton source to forma third

1 R3
t hefgg{?m a@r off(':fé‘hﬂfle fdof»d Girld )solaﬁﬂg thS@BpSund of the

ein R an ndependent |y are hydrogen
?nI al i phatic or
ormua

4. The method of Claim 1, further comprising removing the volatile
components from the third mixture to provide a residue comprising the

compound of the formula I.

5. The method of Claim 1, further comprising removing the volatile
components from the third mixture to provide a residue comprising the
compound of the formula I, optionally triturating the residue with a solvent in
which the compound of the formula I is substantially insoluble and the
compound of the formula III is soluble, and isolating the compound of the

formula L

0. The method of Claim 5, wherein the compound of the formula I is

isolated in at least about 85% yield.
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substituted aliphatic group having from1 to about 20
carbon atons; and 5 wherei.n each R3 independently is
hydrogen or an aliphatic or substituted aliphatic
group having from1l to about 20 carbon atonms. 2. The
method of Caim1l, wherein: R3 Vnl R3 conmpound | has
the forrmula , conmpound Il has R3 Z~~\ / R3 10 the
formula , and conmpound Il has the formula YA~~
wherein: R3 is H t-butyl, i-propyl, n-propyl, ethyl,
or methyl, and 55 0 n is an integer fron1f t 0 about

76. 3Ihyrecthed naCHmoP amheIon s {if  Firaigselihh gomprises an

i solating the conpound of the formula |I. 5 4. The

algehdiod of Claim 1, further conprising renoving the
volatile conponents fromthe third m xture to provide
a residue conprising the conpound of the fornmula I.

8. The method of Claim 5, wherein the trituration solvent comprises
methanol, ethanol, i-propanol, n-propanol, n-butanol, sec-butanol, t-butanol, 1-

hexanol, 2-hexanol, 3-hexanol, any mixture thereof, or any combination thereof.

9. The method of Claim 5, wherein the trituration solvent comprises

methanol, ethanol, any mixture thereof, or any combination thereof.

10.  The method of Claim 1, wherein the ethereal solvent comprises dimethyl -
ether, diethyl ether, diisopropyl ether, di-n-propyl ether, di-n-butyl ether, methyl
t-butyl ether, diphenyl ether, THF, 1,2-dimethoxyethane, or any combination

thereof.

11.  The method of Claim 1, wherein the ethereal solvent comprises diethyl

ether, THF, or any combination thereof.

12.  The method of Claim 1, wherein the ethereal solvent comprises diethyl

ether.
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10 5. The nmethod of Claim1, further conprising

r.enovi ng the volatile conponents fromthe third

m xture to provide a residue conprising the conpound
of the formula I, optionally triturating the residue
with a solvent in which the conpound of the fornula I
is substantially insoluble and the conpound of the

formula Il is soluble, and isolating the conmpound of
the 15 formula I. 6. The nethod of Claimb5, wherein
t he compound of the formula | is isolated in at |east

about 85%yield. 56 7. The nethod of Caimb5, wherein
the trituration solvent conprises an alcohol. 8. The
13ret hbte afeti@ddibfn(Bainwhewberein e coricenirationat Sl Ntbim salt of
conprises 5 nethanol, ethanol, i-propanol,

ci}nﬁ&ﬁﬁﬂl‘) UBTALUA k%é‘é%%ﬂ@ in (86D %lﬁﬂl@é pribr l%lﬁ"@ﬁ@h' colnbining the

exanol exano 3- hexanol any m xture thereof, or

nbi nation there 9 t.

SRR AR P PSR IR RS A R Mg o abou

et hanol, any m xture thereof, or any conbination
18dr eof . 10 10. The method of Claim1, wherein the

et hereal solvent conprises dinethyl - ether, diethyl

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

di -n-butyl ether, nethyl
14.  The method of Claim 1, wherein the concentration of the lithium salt of
compound II, Li(II), reagent in the first mixture prior to rapidly combining the
first mixture with the compound of the formula II1, is from about 0.7 M to about

1.5 M.

15.  The method of Claim 1, wherein the alkyl lithium reagent comprises
MeLi, n-BulLi, t-BuLi, n-hexylLi, LiCH,SiMes;, LiCH,Ph, LiCH,CMe;, or any

combination thereof.

16.  The method of Claim 1, wherein the compound of the formula II and the
alkyl lithium reagent react to form the lithium salt of compound I, Li(H), in at

least about 95% yield.
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t-butyl ether, diphenyl ether, THF,

1, 2-di net hoxyet hane, or any conbi nation thereof. 15
11. The method of Claim1l, wherein the etherea

sol vent conprises diethyl ether, THF, or any

conbi nation thereof. 12. The nethod of daiml1l,
wherein the ethereal solvent conprises diethyl 20
ether. 57 0 13. The nethod of Claim1l1, wherein the
concentration of- the lithiumsalt of conmpound I

1 EonbiThi ARG or (iiee Tnpsfierie i Hi i ﬁ%ﬁ%o%?ﬁlabls% P the

formula 111, is fromabout 0.5 Mto about 5 1.8
cdmpotivkohthe foungs 18 evematimepened of keptthen abewtd mimﬁﬁs
of the lithiumsalt of conpound II, Li(ll), reagent
inthe first mxture prior to rapidly conbining the
first mxture with the conmpound of the forrmula II1l, is

18] O%?%’%\B&i of Ml%ﬁré %bgﬂ‘fereiﬂlgp% tRstVhixtire E*L%ﬂlﬁh&? %I@lf the

erein I um reagent conpri ses

comepind e Gy TP ] e I

19.  The method of Claim 1, wherein the first mixture is combined with the

compound of the formula III over a time period of less than about 30 seconds.

20.  The method of Claim 1, wherein the proton source comprises water, an

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

21.  The method of Claim 1, wherein step a is initiated from about 0°C to

about -100°C.
22.  The method of Claim 1, wherein step a is initiated at about -78°C.

23.  The method of Claim 1, wherein step a is conducted from about room

temperature to about -78°C.
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15 16. The nethod of Claim1l, wherein the conpound of
the formula Il and the alkyl lithiumreagent react-to
formthe lithiumsalt of conmpound II, Li(Il), in at

| east about 95%vyield. 58 17. The nethod of Claim1,
wherein the first mxture is conbined with the
conpound of the formula Il over a tine period of |ess
t han about 3 m nutes. 18. The nethod of Caim 1,
vvherein the first mxture is conbined with the 5

npound of the fornula III over a. tjne riod of
24 hantbeutthad of fian 1 ovhersia Siek fois BRORES ifHAm Bout 5 1o
wherein the first mxture is conmbined with the
akopoured. of the fornmula I11 over a tine period of |ess
t han about 30 seconds. 10 20. The nethod of Caim 1,
wherein the proton source conprises water, an aqueous
aci d, an aqueous anmoni um salt, or any conbination
thereof. 21. The net hod of Cla|n11 wherein step a is
25.ni t The etifadorh Glstut, wberesn sighbus 11igeied a1 sbay -7
met hod of Caim1l, wherein step ais initiated at

about -78C. 23. The method of Caim1l, wherein step a
is conducted from about room tenperature to about
26.78the method of Claim 1, wherein step b is conducted from about room

temperature to about -78°C.

27.  The method of Claim I, wherein the limiting reagent of step b is present

in at least about 50% the mole fraction of the non-limiting reagent.

28.  The method of Claim I, wherein at least about 90% of the limiting

reagent of step b has reacted.

29.  The method of Claim 1, wherein at least about 95% of the limiting

reagent of step b has reacted.

30.  The method of Claim 1, wherein the compound of the formula I is formed

in at least about 85% yield.
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20 590 24. The nmethod of Claim1, wherein step b is
initiated fromabout O0C to- about-100C. 25. The net hod
of Claiml, wherein step b is initiated at about -78C
5 26. The nethod of Claim1, wherein step b is
conducted from about room tenperature to about -78C.
27. The nethod of Caiml1, wherein the limting

reagent of step b is present 10 in at |east about 50%
the nole fraction of the non-limting reagent. 28. The

P o L S B L3838 R

method of Claiml, wherein at | east about 95% of the
iﬂdttdtas'rta@outr‘)@%(geiﬂd.of step b has reacted. 30. The

met hod of Caim1l, wherein the conmpound of the fornula
| is formed in at |east about 85%yield. 20 60 0 31.
The nmethod of Claim1, wherein the conpound of the

3£.or mﬂl@ rr!etlildc’d éfaél%arq 1, wherein the compound of the formula I is formed

in at least about 95% yield.

33. A method for making (5-cyclopentadieny])5-(2,7-di-tert-
butylfluorenyl)]hex-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 the 2,7-di-tert-butylfluorene is
substantially deprotonated to form Li(2,7-di-tert-butylfluorenyl);

b) rapidly combining the ethereal solution of Li(2,7-di-tert-butylfluorenyl)

S

with 6-methyl-6-(3-butenyl)fulvene, , to form a second mixture,
wherein the limiting reagent has substantially reacted; and

¢) contacting the second mixture with a proton source to form a third
mixture comprising (5-cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl)|hex-1-

ene in at least about 85% yield.
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in at | east about 90% yield. 32. The nethod of C aim
1,. wherein the conmpound of the formula | is formed 5
in at | east about 95%yield. 33. A nethod for naking
(5-cycl opentadienyl )[5-(2,7-di-tert-

butyl fl uorenyl)] hex-1-ene, conprising: a) contacting
2, 7-di-tert-butylfluorene and an al kyl 1ithiumreagent
in an 10 ethereal solvent to forma first m xture,
wherein the 2,7-di-tert-butylfluorene is

substantial |y deprotonated to form .. ) )

34 ( 2The dimatldd “ohot Clamy oh3enyirgherp congsising, iselstngi dy G-
the ethereal solution of

cidloBentadienytl B6 {2 udiviet oy Elmpkdnyi Nhexad tehe.

6- met hyl - 6- ( 3- but enyl ) ful vene,I , to forma second

m xture, wherein the |imting reagent has
substantially reacted; and 15 c¢) contacting the second

3?0;%&?1& ]\#a%l‘gdaOP r(?lta%:q §Z?,u [flﬁ:rﬁletx'ocgn%r%iggtrhelmro%ingmtﬁé W tatile
(5-cycl opentadi enyl )[5-(2, 7-di -tert-butylfluorenyl)]he
componenie fremathd dhid ai¥ure g80pyavadel. a gesidng copparising (5-
met hod of Claim 33, further conprising isolating the

c%(ﬁopéﬂt&‘di%&)’[ﬁ gdi7ediyle)t-butylfluorenyl) thex-1-ene.
5-(2,7-di-tert-butylfluorenyl)]hex- | -ene. 35. The
nmet hod of Claim 33, further conprising renoving the

-vol atile

36. The method of Claim 33, further comprising 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 triturating
the residue with a solvent in which (5-cyclopentadienyl)|5-(2,7-di-tert-
butylfluorenyl)|hex-1-ene is substantially insoluble and 6-methyl-6-(3-
butenylMulvene is soluble, and isolating the (5-cyclopentadienyl}[5-(2,7-di-tert-

butylfluorenyl)]hex-1-ene.

37.  The method of Claim 33, wherein (5-cyclopentadienyl)[5-(2,7-di-tert-

butylfluorenyl)hex-1-ene is isolated in at least about 85% yield.

38.  The method of Claim 33, wherein the trituration solvent is an alcohol.
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5 conmponents fromthe third mxture to provide a
resi due conprising (5-
cycl opent adi enyl )[5-(2,7-di-tert-butyl fluorenyl)] hex-
-ene. 36. The nethod of C aim 33, further conprising
renoving the volatile conponents fromthe third
m xture to provide a residue conprising (5 10
cycl opent adi enyl )[5-(2,7-di-tert-butyl fluorenyl)] hex-
-ene, optionally trituratiing the residue with a
solvent in which (5-cyclopentadienyl)[5:(2,7:di-tert-.
3%ut yIhe destbed | of] ﬁ(i@ém énevherewy, g éHHT%W(fy sphé&st gopprises
and 6-nmet hyl -6-(3- butenyl)fulvene is soluble, and
méthahalt iettgnbhd-rbpanct) opeopeamci,empinapbl, (s2¢-butinot, driutanol, 1-
butyl fluorenyl)]hex- | -ene. 15 37. The nethod of
NUE e g -Gt tiR&e6N Yk hhP cod@bifration tesrtof.
h%%@%??ﬁ%%?@ﬂ????ﬁ%§?1-enegﬁﬁﬁisolafed i% at | east
about 85%yield. 38. The nethod of O aim 33, wherein
the trituration solvent is an alcohol. 20 62 39. The
met hod of Claim 33, wherein the trituration solvenf
4G onpFhewsthogetfidnian 33 evhenss) thejethsreq) srbjent FRrppiisshmethyl
n- but anol, sec-butanol, t-butanol, 1- hexanol,
etBeth @il ethed; Biesoppopyl edtney, di-n-propsy] tetieer edifn-botyl ather, methyl
conbi nation thereof. 5 40. The nmethod of C aim 33,

MRS Gld: ! BipnetyIekaa, Paky e dneiRELREtnd] BRLEAY! combination

thereof.

41. The method of Claim 33, wherein the alkyl lithium reagent comprises

- MeLi, n-Buli, t-Bul.i, n-hexylLi, LiCH,SiMe;, LiCH,Ph, LiCH,CMes, or any

combination thereof.

42.  The method of Claim 33, wherein the ethereal solution of Li(2,7-di-tert-
butylfluorenyl) is combined with 6-methyl-6-(3-butenyl)fulvene over a time

period of less than about 3 minutes.

43.  The method of Claim 33, wherein the ethereal solution of Li(2,7-di-tert-
butylfluorenyl) is combined with 6-methyl-6-(3-butenyl)fulvene over a time

period of less than about I minute.
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et her, diethyl ether, diisopropyl ether, di-n- propyl
ether, di-n-butyl ether, nethyl t-butyl ether,
di phenyl ether, THF, 1, 2-di nethoxyethane, or any
conbi nation thereof. 10 41. The method of O ai m 33,
wherein the al kyl lithiumreagent conprises MeLi,
n-BuLi, t-BulLi, n-hexylLi, LiCH2SI Me3, Li CH2Ph,
Li CH2Cve3, or any conbination thereof. 42. The net hod
of Caim 33, wherein the ethereal solution of
Li(2,7-di-tert- 15 butylfluorenyl) is conbined with
6- net hyl - 6- (3-butenyl )ful vene over a tinme period of
| ess than about 3 minutes. 43. The nethod of C ai m 33,
44her @ha mditkodbh€laal 33 oheieonthef ethereal oldtion of £i(2,7-di-tert-
butyl fluorenyl) is conbined with
b@t?fﬁrﬁfd?é{ﬁ 12 i %Mlﬁéﬁ’ | La1een 6)%369(3 -BufehyBful e Pevdrod time

ess ‘than about 1 m nute. 44. The met hod of

, ei.n, the ethereal solution of
pff_ri“{‘%&;féﬁlglth?%?{’gm 1P or enyl ) is combined with
6- net hyl - 6- (3-butenyl )ful vene over a tinme period of
| ess than about 30 seconds. 5 45. The nethod of C aim
33, wherein the proton source conprises water, an
480quedus nagthel oAQldAguenushasihmihie progal fopraer camyrises water, an
conbi nation thereof.

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

46. A method for making a compound of the formula

(IV), comprising:

Nego¥

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

ey

a) contacting a compound of the formula

wherein the compound of the formula Il is substantially deprotonated to form a

lithium salt of compound I, Li(II);
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46. A nethod for maki ng a conpound of the fornula R3
R/ R3fZM.1W RZ .X 10 (+V), conprising: R3 Z~~a R3
a) contacting a conpound of the formula (11) and a

first alkyl lithiumreagent in a first ethereal
solvent to forma first mxture, wherein the conpound
of the fornmula Il is substantially deprotonated to

forma [lithiumsalt of conpound H Li(ll); 64 o b)
rapi dly combining the first mxture with a fulvene
conmpound .of the , RL R2 formula 6 /. .(lI to forma
secoRY r?ﬁlgltyu"r%?bl% @ﬁenértgh EVREYES Y arféliiv&gﬁtcon}pggnd of the

substantially reacted; c) contacting the second

m Xt u L®h a proton source to forma third R3\ / \
/| RBR |R2
formula (IIT) to form a second mixture, wherein the limiting reagent

has substantially reacted;

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

LS e

2
mixture comprising " D (I), including isomers thereof, in at
least about 85% yield;

d) removing the Voiatile components from the third mixture to provide a
residue comprising the compound of the formula I;

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

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

substantially deprotonated to form a_dilithium salt of compound I, Lix(T);
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5 mxture conprising (l), including isoners thereof,
in-at |east about 85%yield; d) renoving the volatile
conmponents fromthe third m xture to provide a

resi due conprising the conpound of the fornula I; e)
optionally triturating the residue wwth a solvent in

“which the conpound 10 of the fornmula | is

substantially insoluble and the conpound of the
formula Il is soluble to provide the conpound of the

formula I, follo jsolatio t he ound . of
the BOPANPEINS the)mﬁélﬁgt%]é‘t“ﬂrﬁd"”tﬂhg’l %r?é’gkﬁru giongh Bydrocarbon
formula | with fromabout 2 to about 2.5 nolar
equi val ents of a second al kyl 1ithj [
second ethereal 15 solvent to fs
wherei n the conpound of the fornmnul
substantially deprotonated to for
conpound |, Li2(1); 65 0 g) contaBt’
mxture with M X4 and an opt i onal o
forma f N mxtur
¢ chjrlr‘p%)%}n?gci) Eowvﬁﬁhr@mﬁ\ég%ﬁl{s Vol atil e component s ?Y)om

the fifth mxture t rovide t .
h) removing the volaglepcomponents r%rom the fifth mixture to provide the

compound of the formula IV in at least about 80% yield,;

i) optionally washing the compound of the formula IV in a non-polar
solvent;

j) optionally extracting the compound of the formula IV with a polar
solvent followed by removing the volatiles from the polar solvent solution to
provide the compound of the formula IV; and

k) optionally crystallizing the compound of the formula 1V from an
aromatic solvent;
wherein:

R! and R? are independently selected from an aliphatic or substituted
aliphatic group having from 1 to about 20 carbon atoms, or hydrogen; and

R®, in each instance, is independently selected from an aliphatic or
substituted aliphatic group having from 1 to about 20 carbon atoms, or hydrogen;

M!' is Zr or Hf; and
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conmpound of the forrmula IV in at | east about 80%
yield; 5 1) optionally washing the conpound of the
formula IV in a non-polar solvent; j) optionally
extracting the conpound of the formula IV with a pol ar
solvent followed by renoving the volatiles fromthe
pol ar solvent solution to provide the conpound of the
formula 1V, and 10 k) optionally crystallizing the
compound of the formula IV froman aromatic sol vent;
wher_ei n; and R2 are independently sel ected fron1an
allﬁﬁaﬁp Iﬁko%hbstltuted al i phatic group having from
1 to about 20 carbon atons, or hydrogen; and 15 R3, in
each instance, is independently selected from an
aliphatic or substituted aliphatic group having from

t al/R&®in: or hydrogen; ML is Zr or
47’%|f Olélﬁégﬁg%nog%f @51?%@6 n:

, Br, or |I. 47. The net hod of
Claim46, wherein: R3 V R3 conp as the fornul a
, conpound Il has

R3

compound I has the formula , compound IT has

e

the formula , and compound III has the formula

P
| n

wherein:

43.

R is H, t-butyl, i-propyl, n-propyl, ethyl, or methyl,
n is an integer from 1 to about 6;
M! is Zr; and

Xis ClL

The method of Claim 46, wherein the optional trituration solvent is an

alcohol.
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R3\ / R3 Z~~ 5 the formula , and conpound IIl has the
formula wherein: R3is H t-butyl, i-propyl, -
n-propyl, ethyl, or nethyl, nis an integer froml to
about 6; 10 M is Zr; and XisC. 48. The nethod of
Cl aim46, wherein the optional trituration solvent is
an alcohol. 0 67 49. The nethod of C aim 46, wherein
the first and second al kyl lithium reagents
i ndependently conprise MeLi, n-BuLi, t-BuLi,
n- hexyl Li, Li CH2SIi Me3, Li CH2Ph, Li CH2CMe3, or any
conbi nation thereof. 5 50. The nethod of C aim 46,
wherein the first and second et hereal solvents

49 ndepandashby ofommmse() dinietdiy | thet st ,andi sschyd  adtyH elithium
diisopropyl et her, -n- propyl ether, di-n-butyl

reg % hnd'égéﬁ% nﬂg CQH{IPY‘ se ber n~ﬁﬁ191h%1ML eﬁﬂ@ﬁyiLTliFiC}ﬂzSﬂvl%,

any comnbi nation ther eof
LiCH,Ph, LiCH,CMes, or any combination thereof.

50.  The method of Claim 46, wherein the first and second ethereal solvents
independently comprise dimethyl ether, diethyl ether, diisopropyl ether, di-n-
propyl ether, di-n-butyl ether, methyl t-butyl ether, diphenyl ether, THF, 1,2-

dimethoxyethane, or any combination thereof.

51. The method of Claim 46, wherein the fourth mixture comprises the

dilithium salt of compound I, Liy(I), in at least about 90% yield.

52.  The method of Claim 46, wherein the hydrocarbon cosolvent comprises
butane, pentane, cyclopentane, hexane, heptane, cyclohexane, methyl

cyclopentane, octane, or any combination thereof.

53. The method of Claim 46, wherein the non-polar solvent comprises butane,
pentane, cyclopentane, hexane, heptane, cyclohexane, methyl cyclopentane,

octane, or any combination thereof.
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51. The nmethod of C aim 46, wherein the fourth m xture
conprises the dilithiumsalt of conpound I, Liz(l),
in at | east about 90% yield. 52. The nmethod of C aim
46, wherein the hydrocarbon cosol vent conprises 15
but ane, pentane, cycl opentane, hexane, heptane,
cycl ohexane, nethyl cycl opentane, octane, or any
conbi nation thereof. 53. The nmethod of C ai m 46,
wherei n the non-pol ar sol vent conprises butane,
pent ane, cycl opentane, hexane, heptane, cycl ohexane,
met hyl cycl opentane, 20 octane, or any conbi nation
thereof. 68 54. The nethod of C aim46, wherein the
540l aiths ohetbnd of obleimsés Whige®, thegpplar 3olvent comprises CHCL,
1, 2-di chl oret hane, or any conbination thereof. 5 55.
fgérlmtzh@iehl@ffetﬁluﬁﬂ By é&{ cRBIr@tion thged omat i ¢ sol vent
conpri ses benzene, tol uene, xyl ene, nesitylene, ethyl
benzene, anisole, aniline, or any conbination
t hereof. 56. The nethod of C aim 46, wherein the
conpound of the fornula Il d the .10 first aIkI
54 t hil bemealpskol Closndo, rheredn ? tHeydiampfiE AP LTRTSSaPEPT
compound II, Li(Il), in at |east about 95%yield. 57.
bditrenerab hede, ofyl@leanmestplenavetinditentzdre, fnisele, aniknegros ahy
conbi ned wwth the conpound of the fornmula Ill over a

cdhBBaREH Rdestf | ess than about 3 minutes.

56.  The method of Claim 46, wherein the compound of the formula II and the
first alkyl lithium reagent react to form the lithium salt of compound II, Li(II), in

at least about 95% yield.

57. The method of Claim 46, wherein the first mixture is combined with the

compound of the formula III over a time period of less than about 3 minutes.

58.  The method of Claim 46, wherein the first mixture is combined with the

compound of the formula ITI over a time period of less than about 1 minute.

59.  The method of Claim 46, wherein the first mixture is combined with the

compound of the formula III over a time period of less than about 30 seconds.
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15 58. The nethod of C aim 46, wherein the first
m xture is conbined with the conpound of the fornul a
Il over a tine period of |ess than about 1 m nute.
59. The nethod of C aim 46, wherein the first m xture
is conbined with the 20 conpound of the formula I11I
over a tinme period of |ess than about 30 seconds. 69
60. A nmethod for isolating
(5-cycl opent adienyl )[5-(2,7-di-tert-
butyl fl uorenyl)] hex-1-ene zirconi um di chl ori de,
conprising: a) contacting 2,7-di-tert-butylfluorene
and a first alkyl lithiumreagent in a 5 first )
60et heheal metodent foo f dsoteting i r stS-evickenentadisnyd &i(h 7tdidert-
2,7-di-tert-butylfluorene is substantially
b GIPBERR AR - -ené eF-BdinhAlidhleiidé, eotpising: f | uor enyl ) ;
b) rapidl'y conbining the first ethereal solution of
Li (2,7-di -tert- |. [, A g .
6. D b 2.7 s SREE WA Ml By lthium reagent in
m xture, wherein the |im¢ting reagen )
firsugsbergak soAyany to &xmt %@;I‘St]!@lx&‘}r%wmrgtr{ ﬁ?ﬁgf?ﬂ&st%%%ﬂumm
m xture with a proton source to forma third mxture
is eomparitallpgleprotonated to form Li(2,7-di-tert-butylfluorenyl);
(5-cycl opentadi enyl )[5-(2,7-di -tert-butyl fluorenyl)]he
X- 1-p)engsilily alophifamly 3RO Ukirs8SUh¥ieal dsoldiion eoPVILIE 7tdiQert-

vol at'i | € conmponents fromthe third mxture to provide
a | N
butylfluorenyl) with 6-methyl-6-(3-butenyl)fulvene, , to form a

second mixture, wherein the limiting reagent has substantially reacted;

¢) contacting the second mixture with a I-)I'O'EOI‘I source to form a third
mixture comprising (5-cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl)]hex-1-
ene in at least about 85% yield;

d) removing the volatile components from the third mixture to provide a
residue comprising (5-cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl)]hex-1-
ene;

e) optionally triturating the residue with a solvent in which (5-
cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl) Jhex-1-ene is substantially
insoluble and 6-methyl-6-(3-butenyl)fulvene is soluble, and isolating the (5-

cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl) |hex-1-ene;
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resi due conpri sing

(5-cycl opentadi enyl )[5-(2,7-di -tert-butyl fluorenyl)]he
x-1- 15 ene; e) optionally triturating the residue
with a solvent in which (5-

cycl opent adi enyl )[5-(2,7-di -tert-butyl fluorenyl)]hex-
-ene is substantially insoluble and

6- met hyl - 6- ( 3- but enyl ) ful vene is sol uble, and
-isolating the (5- cycl opentadienyl)

E:gnt( écgqq%}lglgreghe b(%t g)}cflcl)p%?l{a%gnﬂ)][g %ﬁ( 7- Al-tert ri)u‘tylﬁgoreny%]hex-

(5-cycl opentadi enyl )[5-(2,7-di-tert-butylfluore R{/
1-ene ivitnfeomi dblouf 2 corabdrat. 5 nalar appdealerts 61 aspermd alkyl hthmm

equi val ents of a second alkyl lithium reagent in a
reagé(;r?rlﬁ @%él%hﬁaéthé‘r@éwsﬁﬂ‘{re& Qo fOF A fGRtH Elixtife twifid@ein the (5-
eln the (5-

T o M,

L|2(5 cyclo entadlenyl)[5(27d-te but yl f | uoren
dqnieienated dadormy) LigGnexstdneatpdisny i i+ rfilﬁ?%%&tléﬂmqqy%ﬁh)ex-
Zr C14 and an optional hydrocarbon cosolvent to forma

1dhét h m xture conpri sing
(5-cycl opentadi enyl )[5-(2,7-di-tert-

but y@{ LotREERY! the fﬂ%ﬁ nER8E WidORHai GRl @ﬁoﬂsl hyl@obarbon

r enovi ng the vol ati | e conponents ffomthe fifth
ture
c<RgBieBBriaEl B A TS comprising (- BRSRPREPRRI P e
-ene zirconiumdichloride in at |east about 80%
byt ¥lugrenyl)jhex-1-ene zirconium dichloride;

h) removing the volatile components from the fifth mixture to provide (5-
cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl)Thex-1-ene zirconium dichloride
in at least about 80% yield;

i)  optionally washing the (5-cyclopentadienyl)[5-(2,7-di-tert-
butylfluorenyl)jhex-1-ene zirconium dichloride in a non-polar solvent;

j) optionally extracting the (5-cyclopentadienyl}[5-(2,7-di-tert-
butylfluorenyl)hex-1-ene zirconium dichloride with a polar solvent followed by
removing the volatiles from the polar solvent solution to provide (5-
cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl)Jhex-1-ene zirconium dichloride;

and
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i) optionally washing the

(5-cycl opentadi enyl )[5-(2,7-di-tert-

but yl fl uorenyl )] hex-1-ene zirconiumdichloride in a
non- pol ar solvent; 15 j) optionally extracting the
(5-cycl opentadienyl )[5-(2,7-di-tert-

butyl fl uorenyl )] hex-1-ene zirconiumdichloride with a
pol ar solvent followed by renoving the volatiles from
the pol ar solvent solution to provide (5-

cycl opent adi enyl ) [ 5- (2, 7- dl-tert but [ flu -

- enek £| COEANYN dicEritediriug: thenqg(Sreycl E’e%?zj‘%PWHﬁs @Pﬁél'%ert'

crystallizing the (5-cyclopentadienyl)[5-(2,7-di-tert-
byt drénsdy|hes Ydreenchbnbmedzhlo olei from dh @hdroaticenl fedm an

aromatic solvent. 61. The nethod of C aim 60, wherein

the first ethereal solution of Li(2,7-di- 5

tert-butylfluorenyl) is conbined with

fes SITF% ?lgé,cggf &gaeﬁ%%t»g ‘f%@%h%"ﬁg &h%rﬁgigsogﬁ?@ 89L gdi

wherein the ethereal solution of L3( 7-dj -
toptaloyty Flugsensiy is) cqmabipeshiiither gty -6-( butenyl)fulvene over a time
6- met hyl - 6- ( 3- but enyl ) ful vene over a tinme 10 period
p&iod eSless than abba® minmgsnut e. 63. The nethod of C aim
60, wherein the ethereal solution of Li(2,7-di-tert-
butyl fluorenyl) is conbined with
6- et hyl - 6- (3 but enyl )ful vene over a tine period of

6£.eSST}1Q ?r?e 0 o% C:I)'glmsgg Wﬁerem the ethereal solution of Li(2,7-di-tert-
butylfluorenyl) is combined with 6-methyl-6-(3-butenyl)fulvene over a time

period of less than about 1 minute.

63. The method of Claim 60, wherein the ethereal solution of Li(2,7-di-tert-
butylfluorenyl) is combined with 6-methyl-6-(3-butenyl}fulvene over a time

period of less than about 30 seconds.

64. A method of making a compound of the formula

AL e

R‘I

i
(I), and isomers thereof, comprising:
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15 64. A nethod of making a conpound of the fornula
RB\' 1 \'/ RBRL R2 (lI), and isoners thereof,
conprising: 72 0 a) providing a source of a fluorenyl
anion having the formula R3\ /O R3J . b) rapidly
conbi ning the source of the fluorenyl anion with a
fulvene Rl R2 conpound of the forrmula 6 (I11) to form
a mxture, wherein either the 5 source of the
quorenY: ani on or the compound of the fornula Il is
optiona a |limting reage ei.n t

i mi &) pr@vrdé@gg@ﬁ@umppf %ﬁh@é‘-‘%}yi aw&ﬁ@ﬁ éﬁﬁ?

reacted; and c) contacting the m xture with a proton
soureento jo -R3 Rl R2
A+

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

| —— |

R R?
I

compound of the formula (IIT) to form a mixture, wherein either the
source of the fluorenyl anion or the compound of the formula III is optionally a
limiting reagent, and wherein the limiting reagent, if present, has substantially

reacted; and

¢) contacting the mixture with a proton source to form

AL e

R1
“ D
(I), and isomers thereof;
wherein R and R2 independently are hydrogen or an aliphatic or
substituted aliphatic group having from 1 to about 20 carbon atoms; and
wherein each R® independently is hydrogen or an aliphatic or substituted

aliphatic group having from 1 to about 20 carbon atoms.
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(1), and isoners thereof; 10 wherein R and R2
i ndependently are hydrogen or an aliphatic or
substituted aliphatic group having from1 to about 20
carbon atons; and wherein each R3 independently is
hydrogen or an aliphatic or substituted aliphatic
group having from1 to about 20 carbon atons. 73 0
65. The nethod of Claim 64, wherein the source of a
fluorenyl anion is a conpound conprising lithium
sodi um potassium magnesi u calciu r a ..
63 onbh P TCBIO i letn 64 S BEeHhESOHSE bR HaksRg agion is a
conmpound of the formula R3\ I \ / R3 Rl R2 (l), and
carmpemidscontyetsenf lithtanpsdddimgpotassjurpy oegrkisngn.acagaim, of a a
fluorenyl anion having the formula [R3\ /O / R3] b)

S B gh Y fjgni ng the source of the fluorenyl anion
Cvl\ﬁ?h é?ﬁ%vene Rl R2 10 conpound of the fornula 6 /

(I'11) to forma m xture, wherein either the

66. A method of making a compound of the formula
LA e
R1

D
(I), and isomers thereof, comprising:

a) providing a salt of a fluorenyl anion having the formula

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

3

Rl _R?
|
compound of the formula (II) to form a mixture, wherein either the
source of the fluorenyl anion or the compound of the formula I1I is optionally a

limiting reagent, and wherein the limiting reagent, if present, has substantially

reacted; and
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source of the fluorenyl anion or the conpound of the
formula Ill is optionally a |imting reagent, and
wherein the limting reagent, if present, has
substantially reacted; and 74 0 c) contacting the
m xture wwth a proton source to form R3 R3 R0 Rz
(I'), and isoners thereof; wherein R and R2
i ndependently are hydrogen or an aliphatic or
substituted aliphatic group having from1 to about 20
carbon atons; and 5 wherein each R3 inge endently is
hy dr eheantastingthemixieg PethePretps oM e 0g%| i phati c
group having froml| to about 20 carbon atons. 67. The
met460, of CFRai m 66, wherein the salt of a fluorenyl
ant w- pound conprising |ithium sodium

) % gagnesi um calcium or a 10 conbination
t hereof/ 75 0

(D), and isomers thereof;
wherein R and R? independently are hydrogen or an aliphatic or
substituted aliphatic group having from 1 to about 20 carbon atoms; and
wherein each R? independently is hydrogen or an aliphatic or substituted

aliphatic group having from 1 to about 20 carbon atoms.

67.  The method of Claim 66, wherein the salt of a fluorenyl anion is a

compound comprising lithium, sodium, potassium, magnesium, calcium, or a

combination thereof.
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