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| MPROVED SYNTHESI S OF 6- ARYL- 6- ALKYL FULVENES, 5

6- ARYL- 6- ALKENYL FULVENES, AND RELATED COVPOUNDS
TECHNI CAL FI ELD OF THE I NVENTION Thi s invention
relates to the field of organic synthesis, including
synthetic nethods for fulvenes,

bi s(cycl opent adi enyl ) net hanes and rel at ed conpounds,
and 10 ansa-netal | ocenes. BACKGROUND OF THE | NVENTI ON
Met al | ocenes constitute useful conpounds for olefin
pol yneri zati ons when conbined with a cocatal yst such
as alum noxane. It is generally accepted that the 15
properties of the polyners formed using such a

ct7oct uPREVEP SR TRIE Al R R L AP LAV e,

steric and electronic features. Therefore there is
need GMé—%W%WW,M%LAMCMQMS
that allow an assortment of diverse substituents to be
incorporated into the netall ocene structure. 20

Ful venes, having the general formula C4R 4C=CRR and

t BRSNS Ny -1- 0 are

?@en usé%ﬂrf%recéu?sgr&sﬁgg 1\Fiiﬁl\llrocenes and can

Slbst | ThEHRESTRG e Webhal 1L ehe I BN, dsduding syntheti
aspect of this ut|I|ty can be seen fromthe reaction

ofmefthods doefilvineh, byl copentadiesylyinethanenatehydlated aoshpounds, and
fluorenyl-lithiumreagents as illustrated in Schene 1,

bgrausBtatiBernes/ €sul ting products can be used as |igand
precursors to form bridged or ansa-
BACKGROUND OF THE INVENTION
Metallocenes constitute useful compounds for olefin polymerizations when
combined with a cocatalyst such as aluminoxane. It is generally accepted that the
properties of the polymers formed using such a combination are determined in
large part by the structural nature of the metallocene, including its steric and
electronic featlires. Therefore, there is a need to develop new methods to prepare
metallocenes that allow an assortment of diverse substituents to be incorporated
into the metallocene structure.
Fulvenes, having the general formula C,R ,C=CRR and the structure
R R

"R R"
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nmet al | ocenes. Ansa-netal |l ocene catal ysts are useful in

ol efin polynerizations and copolynerizations, in part
because of inpact the tailored |igand set can have on

the properties of the resulti ng pol ymer. 10 Schenme 1 R

R R R RR 1) LIQ(® Cp, Ind, or Flu) ..R 2)H

Rare ‘offepusefql pprecyigpise e mptailo%ngs axg} saocpaovigde gy means  for
ZrCl2 R "R ansa-netallocene Therefore, it is of

| fit&fradig baaney ef sybstitwnteiniwts inetadloeqsr srddiiree n@se aspect of
that may provide these ligands in higher yields or

Wi uﬁhﬁ?‘tcgﬁ b%ek { fr\éﬁ{ Yhe 'réacki®n 36 ﬁll@énes' @Itﬁrcgﬁ%feﬁtadlenyl-
devel op new nmet prepare ansa-netallocen

on new ul vene nt heti c  net
ﬂlden d huoreny lltsﬁfum reagents as tHfus%ratedz in gcheme 1, because the

resulting products can be used as ligand precursors to form bridged or ansa-
metallocenes, Ansa-metallocene catalysts are useful in olefin polymerizations and
copolymerizations, in part because of impact the tailored ligand set can have on

the properties of the resulting polymer.

Scheme 1
R R
§ R QH
R R" 1} LiQ (Q= Cp, Ind, or Flu)
- " R
2) H+ R
“R Rrr
R R"

fulvene
1) 2 Buli
2) ZrCl,

ansa-metallocene

Therefore, it is of interest to develop new methods to prepare fulvenes that
may provide these ligands in higher yields or with greater selectively. It is also of
interest to develop new methods to prepare ansa-metallocenes based on new

fulvene synthetic methods.
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SUMVARY OF THE | NVENTI ON Thi s invention enconpasses
nmet hods for the selective synthesis of 6-aryl-6- alkyl
ful venes, 6-aryl-6-al kenyl fulvenes, and simlar
compounds, which constitute wuseful internediates in

preparing netall ocene conpl exes that can be
S%MWEHMT@ al yst conponents in ol efin
pol ynmeri zations. In one aspect, the nethods of this

I nvent This imfehaofl ehé@hpdssedvasihods forahesdlestivieysyathdsis of 6-aryl-6-
hi gher yields of the desired product than were

b D SR S s
e SSeanaadh peoe s GBRPaRs i o b subscquety

al coholic (protic) 10 solvent. Wile this nmethod can
aisedrad catalyst odmpomentieii olefin polyunerrizationsi but eneaaspéct, the methods
i somers or tautoners in varying concentrations is

tyfithizdhl-ohtRanEford @ehhet BREBIRYI sal@tideiana hi gl Fidldof the desired
purification, and subsequent use of the desired isoner

tadi el ¢ N .
L Sl o B SRR kil L 556 st
preparing 6-aryl-6-al kyl ful venes, 6-aryl-6-al kenyl

falkvle Aglyengs, and; Giardro-alksayb Jplysney, dO&Hée t'g'é %ﬁ@g%l of metal
formul a CAR34C=CR CH2R2 and the structure Rl CHZR2 R3
REkeddEBwith cyolopemadicneshandchétpneshar Aldehyides is amalcahyglic {protic)
or substituted aryl group; R2 is a hydrocarbyl or

SBGdnt.t Witk tHY PSR! O affbrdURdnt of Ml REREY Bﬁﬂﬂlcﬁﬁ miture of

each I nstance, Is independently selected 20 froma

RS RSCh e e LoRAERATH, S sl ey
r;aeggeerisrlguirsr(}ﬂ% iglll,o;?uerinf{c%?ii)g,ngnld sru%ggqeur;:tn? uisenof t-hg-desired isomer tedious
and difficult.

In one aspect, this present invention provides a method of selectively
preparing 6-aryl-6-alkyl fulvenes, 6-aryl-6-alkenyl fulvenes, and similar
compounds, having the general formula C,R*;C=CR'CH,R? and the structure

R1.__CH,R?

R3 R?

R? R® | or an isomer thereof:
wherein R! is an aryl or substituted aryl group; R? is a hydrocarbyl or substituted
hydrocarbyl group or hydrogen; and R?, in each instance, is independently selected
from a hydrocarbyl or substituted hydrocarbyl group; by reacting aryl-
alkylketones or aryl-alkenylketones with magnesium-cyclopentadienyl reagents in

3

o]
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O aprotic solvents. In this aspect, ethereal solvents

were typically enployed. This nethod afforded the

desi red ful vene conpound either exclusively or in

| arge excess over the undesired isoner, thereby

greatly sinplifying its isolation and purification. .
| #pretie salygatst Inghisraspecls athetral splarmts gy yypicadbyemplaygd. This
typically 5 used in the synthesis, which afforded a

hingttexd yifelddd ahet dsirdé sfutvetle promahvinind either askdiusivady te in large
providing a highly selective reaction. In another

SERREL o8y USRI LOMRAL AAOLSY BULS? A paion nd
\(/ﬁlnglg:’rﬁ%aglgﬁ{q giﬂogﬁ?félffﬁ%tgé r@qlmg YRlopgpigdienyl reagent was typically

(cycl opent adi enyl ) (f I uorenyl ) net hane 10 conpounds, ]
hesednig theesygtiresisalwhich affordedamhighacryi¢ldrofRthe( dygjredmroduct, in
the structure: CH2ZRZ VWR3 R3 R3 R3 wherein Qis a
Cyddinnet pral a hitthly sledivle. regctionyor enyl, or a
substituted analog thereof. In a further aspect, this
i nventy o [ - I Shs s .
inclu |nngn (g[ﬁg%? %%%?@gzgﬁéﬁcigng al ni ?85@8%%% aﬁ%h%é of making
unsat ur ated . noi ety attached to., the bridge. In yet
@Ppﬁ%tﬁ@@wﬁmﬁﬂ@nﬁ? nVFERROYAdDr e ¥atiotset PRFIOSY Such  as
maki ng a conpound havi ng the fornula C4R34C=CR CH2R2
aegiciobentadienglindenylymetianRl @2 RcycRpeRBdienyl)(fluorenyl)methane

compounds, having the general formula C,R’CHCR'(CH,R*)(QH) and the

structure:
1 CH,R?
R QH
R3 R®
R® R3

wherein Q is a cyclopentadienyl, an indenyl, a fluorenyl, or a substituted analog
thereof. In a further aspect, this invention provides ansa-metallocene compounds,
including ansa-metallocenes containing a pendant unsaturated moiety attached to
the bridge.

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

compound having the formula C,R*,C=CR'CH,R? and the structure:
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R3 R3 , or an isoner thereof, conprising contacting
in a nonprotic solvent: a) a ketone of the fornul a
O=CR CH2R2; and b) a cycl opent adi enyl conpound
conprising My(CoR34H) X, Mg(C5R34H)2, 5 or a

conmbi nation thereof; followed by c) a proton source;
wherein: R is an aryl oR.suBH$R%tuted aryl group
having up to about 20 carbpn atonms; R2 is a

hydr ocar byl or substi ) dreggcar byl group having
atons, or hydrogen; R3,
in each instance, is ind dently selected froma
hydrocar byl or substitgéted Pysdrocarbyl gr havi ng
from1l to about 20 car bgn at ons, ’8Fan¥§9&?e53€%?°ignd X
is d, Br, or |I. 15 In still another aspect, the
pEEBRASINE GoRACRMING BUNRIREC solMethod of making a
compound having the fornmula CAR34CHCR (CH2R2) (QH) and
the st aucketore ofiHRRBrmink FBHCR IRRS; B3d ~R3 conpri si ng:
1) contacting in a nonprotic solvent: -5- 0 a) a

ket oneypf o §d15pdrtidTtiyt coRpBuid 85 Apri&iRg Mg(CsR*H)X, Mg(CsR*,H),,

or a combination thereof, followed by

¢) a proton source;
wherein:

R' is an aryl or substituted aryl group having up to about 20 carbon atoms;

R? is a hydrocarbyl or substituted hydrocarbyl group having from 1 to
about 20 carbon atoms, or hydrogen;

R?, in each instance, is independently selected from a hydrocarbyl or
substituted hydrocarbyl group having from 1 to about 20 carbon atoms, or
hydrogen; and

XisCl, Br,or L

In still another aspect, the present invention provides a method of making a
compound having the formula C,R*,CHCR'(CH,R*{QH) and the structure:

CH,R?

R1\|Z—QH

R3\C(R3

R® R® ; comprising:

1) contacting in a nonprotic solvent:

-5- o



b) a cycl opent adi enyl conpound conprising My( C5R34H) X,
My( C5R34H) 2, or a conbination thereof; foll owed by c)
a proton source; 5 to forma conpound having the
fornmul a C4R34C=CR CH2R2 and the structure: Rl CH2R2
R3 Rs R3 R3 or an isoner thereof, . wherein: Rl is an
aryl or subgka ketonelohthel fogralaO+aRiGl-Ripand about 20

carbon 10 atons; R2 is a hydrocarbyl or substituted
hydr ocar byl bpi eyglopaitidienyl rcompbund combrising Mg (GROAN X,
atons, or hydrogen; , in each instance, is

R3
e o o SRR AT DU P 1”1 0 about

20 carbon atons, 15 or hydrogen; and Xis O, Br, or
I; and 2) SIHPILeN SYPIES CAR34C=CRICH2R2 with MQ
wherein Mis Li, Na, K MX, or o.?, whqreinzx IS
C, Brto formia campbuniddraging the ifernwlg%aRaﬁ‘aﬁlh@P&Ry land #lre
i ndenyl, a 20 fluorenyl, or a substituted anal og

t her eoftiydtgle! owed by b) a proton source, to form
AR34CHCR (CH2R2) (QH) .  -6- o0 Yet anot her aspect of
this invention is a nethﬁd o&Hggking an ansa-

R3 R®

R3 R® | or an isomer thereof,

wherein:

R'isan aryl or substituted aryl group having up to about 20 carbon
atoms;

R? is a hydrocarbyl or substituted hydrocarbyl group having from 1
to about 20 carbon atoms, or hydrogen;

R’, in each instance, is independently selected from a hydrocarbyl
ot substituted hydrocarbyl group having from 1 to about 20 carbon atoms,
or hydrogen; and

Xis Cl, Br, orI; and
2) contacting

a) C,R*,C=CR'CH,R* with MQ, wherein M is Li, Na, K, MgX, or

Mg, 5, wherein X is Cl, Br, or I, and wherein Q is a cyclopentadienyl, an indenyl, a
fluorenyl, or a substituted analog thereof; followed by

b) a proton source, to form C;R*CHCR'(CH,R?)(QH).
6- o
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nmet al | ocene having the formul a

(115-C5R34)CR (CH2R2) (ii 5-Q M X2, wherein M is
titanium zirconium or hafnium and X is a halide,
conprising: 1) contacting in a nonprotic solvent: 5 a)
a ketone of the formula O=CR CH2R2; and b) a

cycl op¥atanothangspess apthintnvenien issi mgthug oEsriing s ansa-
My( C5R34H) 2, or a conbination thereof; followed by c)

[ ACCRFOR R REX Qﬁh‘ﬂﬂéﬁMl
b OO BS e o t1 BCTRIPORMICHIRFTD QREXE aftttin M s

by ceofle 27 T ﬁﬂé“ﬁﬁ?}l@ﬁ%}ﬁ ajfaiae %@8&@8”02%%

atons; 15 R2 is _a hydrocarbyl or substituted
hydr ocb)rqs);atacgna@paﬁavac]‘sp ¥ to about 20 carbon
atons, or hydrogen; R3, in each instance, is

i ndependentd)ya Istbreco il foramla OnER @HsRByAnd or
substituted hydrocarbyl group having from1 to about

20 carbon %clo&@tday&fg@es&&%mco%ﬁwgL%(tcﬁﬁ%l)m

I; 2) cont ctl 4C=CR1

Vﬁeg(é ik II-\A ora Cémgl%atlofl thl\f/:gedf followed by

c) a proton source;
to form a compound having the formula C;R*,C=CR'CH,R? and the
structure:
R1__CH,R?

R3 R?

R? R®  or an isomer thereof,

wherein:

R! is an aryl or substituted aryl group having up to about 20 carbon
atoms;

R? is a hydrocarbyl or substituted hydrocarbyl group having from 1
to about 20 carbon atoms, or hydrogen;

R?, in each instance, is independently selected from a hydrocarbyl
or substituted hydrocarbyl group having from 1 to about 20 carbon atoms,
or hydrogen; and

XisCl, Br, or I,

2) contacting

I
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Myo. 5, wherein Xis O, Br, or I, and wherein Qis a

cycl opentadi enyl, an indenyl, a fluorenyl, or a
substituted anal og thereof, followed by b) a proton
source, to form C4R34CHCR1(CH2R2)(Q—I) having the 5
structure: % . and 3) contacthgM
CAR34CHCRIL (2RI R Qﬁlzm %@MQQWE@{GWM is higNaf K gMgX, or
base and a conpound of the fornula MLX4. These and

aViggs, Wiredin 25, ClaBpeatls andwheorkingnis &, cyahupenddienybgasndenyl, a
of the 10 present invention will becone apparent

f’iﬁﬁo‘%ﬁxgﬁ 5y lﬁiefmgﬁ &51%16%{1{(3%1‘” Kaledigyed description

di sc ose eat ur The oI | ow'ng pat ent

ot esent apiDicHel o R aﬁﬁ?a@éﬁ%ﬁffﬁé Qg faving the

herein in their entireties: Pat ent Application
Nbruckexxx, xxx (Attorney Docket No. 51879. 0155. 7;
C51757 15 0300; CPChem 210017US); U.S. Patent
Application No. xx/xxx,xxx duiReorney Docket No.
51879. 0612. 3; C51757 06RY; chem 210510US); U. S.
Patent Application No. XX/ XXX, XXX (Attorney Docket
No. 51879.0613.1; C51 -R3 CPChem 210510Us1); and
U S. Patent Application X/ xxx, xxx (Attorney
Docket No. 51879.0617. 4; 757 1010. 1; CPChem
210626US). 20 -8- 0 DERY LEDRPESGRIPTI ON OF THE

| NVENTI ON The present invention provides a nethod of

maki nGyflMeRRs c,REEHE @H,#2)(QH) with about 2 equivalents of a base

and a compound of the formula M'X,.

These and other features, aspects, embodiments, and advantages of the
present invention will become apparent after a review of the following detailed
description of the disclosed features.

The following patent applications, filed contemporancously with the
present application, are incorporated by reference herein in their entireties: U.S.
Patent Application No. xx/xxx,xxx (Attorney Docket No. 51879.0155.7; 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. 51879.0617.4; C51757 1010.1; CPChem 210626US).
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6-aryl - 6-al kyl ful venes, 6-aryl-6-al kenyl ful venes, and
sim |l ar compounds, by conbining al kyl- or
al kenyl -aryl ketones with nmagnesi um cycl opent adi enyl 5
reagents in nonprotic solvents, including etherea
solvents. This invention also rovides for the use of
t BESAIEED/RRSSRIRTHpN KAk ThEE INVENTION
bi s(cycl opent adi enyl ) met hane conpounds and rel at ed
cheni CEhs pfodedt iasertinchropiies adinetyd)fl mdikinyg | fhivehés particularly
and (cycFopentadienyI)(fIuorenyl)nethane conmpounds,
I 5 P S ]
R AR b A MR I Ches, | T el 2 Sfipounds, by
sub LiIuteq ég car bgnyl. conpound of. the fornul a 1 dienvl
ipmgralkylne P8 AlkRYFaryieiones) Vofh  BRBRYSIH T oReyadiony
group and R2 is a hydrocarbyl or substituted )
hgelgantsa itb ylonppotia olhamts, Hyelndiggretheveahsalventgn hig dpvention also
cycl opent adi enyl reagent in nonprotic solvents to

fistotndey e suse @MBER! futvenas én iplk’eéﬂﬂﬁghﬂﬁ(c pp&itadibhylymethane
S a

i'nvention affords inproved vyie nd enhanced

S L o ful y .
SN b AR B Sl Re AEN e inc nc
Honsopenadipny \GroresDinethesl, CorpRncBepa rellsss apretallocens.
Og. Chem 1955, 3, 41; Adv. Alicyclic Chem 1968, 2,

Sbhis didentionQilgo prbvddes a §fB8dess A, ca2fbihBdan eaatonmdtic substituted
which is incorporated herein by reference inits

e y | n K enge

c%%g(iﬁ{l har e n, adgf;gﬁ% bféﬁhng%yé)gf(ﬁ? ﬁtg zBﬁ’OV\vﬁ{ e%lrrgt ﬁojg ora i or
formati on of ful venes .as || gs.their variou

SHpETiad b5 LFERPPBA K- it Ay rcAtHY! B SHesilutpd Py hogpy] grpups or
fulvenes are as follows: a) the reaction of -9- 0
dyclrogeentveth enmaghasiuns ayclopentadipoyhseigent &l kowprotis solvents to
the presence of ketones or aldehydes in an alcoholic

sl Stvienad d GRherall, 4RPEL Aihé& asp el GRE Mwaatien affotdsdtimproved

yields and enhanced selectivity in fulvene syntheses.

Preparation of Fulvene Compounds

Fulvenes themselves have been known since the early 1900s. See, for
example: Chem. Rev. 1953, 53(2), 167, Chem. Rev. 1967, 68(1), 41; Progr. Org.
Chem. 1955, 3, 41; Adv. Alicyclic Chem. 1968, 2, 59; and J. Org. Chem., 1984, 49,
1849; each of which is incorporated herein by reference in its entirety. These
publications, and the references cited therein, describe many of the known
methods for formation of fulvenes as well as their various physical properties.

Two common methods for preparing fulvenes are as follows: a) the reaction of

9- o
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ketones or al dehydes in the presence of pyrollidine,

also in an al coholic solvent (see: J. Og. Chem,

1984, 49, 1849). These nethods are illustrated herein

as 5 equations 1 and 2, respectively, where the

results of their a pllcatlon to a ketone_ precursor
heyelapgntadient orithusedimncr potaszm alkekidics itRbe; pyeserce py ketones or
(or substituted aryl) group, are denonstrated. Ar ri

]a)ld in BnQcdliolRy solver?) ard bArthe resgtion of cyclaﬁeﬂtadxeﬁe with
2.3:1 2 100% conversion (1) H ArY n__- 1:2
k%’tc}neg A13eHAL ‘f‘r?@lg@fn%a&{bel& ﬁfrol‘hcﬁﬁé’ ! %ﬁoﬁoﬁ@%olvent

tuat i ons I and fcate, 1ssues sel ect vl

yi t to conp es r
Jatsst v s o 198 Dot 35 LR Bos BRERodS & “lg@g%mherem 2
substituent with at | east one a-hydrogen adJ acent to
tdguatensbband 2t wespectivedy.i wherelthe 1Gulinof dkgieapplidatipn to a ketone
exanpl e, when Rl of the formula O=CR CH2R2 is an aryl

qfrec&s&Sﬁavmg 21 RiMlI00SCR CEYR? Wiigsteil2R bfs 4rhirs7] (or substituted

formula is an aliphatic or subst’i t ut ed al i phatic
loying the nethod illustrated in

%ﬂg%&k’ %}/ E]géiﬁtrtagéag m xture of isoneric fulvene

conpounds 1 and 2, that are difficult to separate

-10- o by conventional neans. Enploying the nethod
illustrated in equation 2 for a ketone of the formula

O#\WSCHDWGEEI@I@IH A@\ffor ds a reacw on t hat |s
n
e}

Ar=ary 24h

1:2=23:1 2
100% conversion 1)

W @ \ / 1:2=10:1
20% conversion
= aryl MeOH, 24 h @)
As equations 1 and 2 indicate, issues of selectivity and yield arise when the
ketone comprises an aryl substituent (R' in the structure), and a hydrocarbyl
substituent with at least one a-hydrogen adjacent to the carbonyl functionality. In
one aspect, for example, when R' of the formula O=CR'CH,R’ is an aryl or
substituted aryl group, and when R? of this formula is an aliphatic or substituted

aliphatic group or hydrogen, employing the method illustrated in equation 1 leads

to a mixture of isomeric fulvene compounds 1 and 2, that are difficult to separate

-10- o



sufficiently slow and unsel ective to be undesirable.

While not intending to be bound by theory, it is

believed that the aryl substituent R inparts a
conparatively 5 higher reactivity to the a-hydrogen

adj acent to the carbonyl group, which |likely leads to

t e copwentivapk gepns-t \Ereplogimgethe mﬁﬂ@deﬂlagtps@t@g infeguation 2 for a
exanpl e, the synthetic nethods of the present

i otend iofhe dbremilh |SCRACHR hdesiibed theedig affoeds a reaction that is
exhaustively, by the general equations shown in

eﬁifﬁtcfﬁﬁo %v@rﬁﬂd‘lunsé%ﬁh‘?@ 't(f YeSthde r&tﬂ@sew‘ﬁ%"’}fdt QRendfdg to be

gas cnr tograp hi c anal ysis o e reaction

Xt e I ndi cat.e st ab t 80%.ganver si on
Chind g RS PefievadiiRend abd i Blipen VL IPRGRS aydpparatively
was typically obtained, VVI th 100% selectivity, that
i bighdOR%ctivity toetHeudhgdeodenratgatenbd trs thiet carbehil rowig swhiet likely
i somer. Ar\ CpMmyCl, THEl(lOO%seIectivity) 1--~0

41&&9/@@@%&&%&% Wsertlg = aryl room temp (3) A
o ~~1 OO%s ect|V|ty) Oreflux 2-3

hours 80% conver.si on er . .
ropectn o Soi i Rl dbe qelihblic pikdadt &G BRsetinvention
to 6-aryl-6- al kylful venes and

gargrillusteated herain, thaugbrmet eshayssizelyi hy thy ecusalneqatieneshown in
or a cyclopentadi ene analog with a base such as an

addentiomo e ahdim, hahs dadichtednin? thadpr @juiatiof 3| 5 @ab ethi®@atographic
nonprotic) solvent as a reaction nedium Cenerally,

10 tﬁﬁlyswlaf thd reaction mixture indicated at least about an 80% conversion of the

15

20

starting ketone to the desired fulvene product was typically obtained, with 100%

selectivity, that is, 100% of the fulvene formed constituted the desired isomer.

Ar
OIS CoMeCLTHE - (100% selectivity)
= >80% conversion

0 4 days
Ar=aryl room temp (3)
o CpMgCl, THF
Wl\ pYES . 1(100% selectivity)
0 .
© reflux 2-3 hours 0 conversion
e 4)

In another aspect, this invention provides a synthetic approach to 6-aryl-6-
alkylfulvenes and 6-aryl-6-alkenylfulvenes by reacting cyclopentadiene or a
cyclopentadiene analog with a base such as an alkylmagnesium halide in an

aprotic (also termed nonprotic) solvent as a reaction medium. Generally, the

11-
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aprotic solvent used can be an ethereal solvent such

as diethyl ether, dibutyl ether, nethyl t-butyl

et her, di phenyl ether, tetrahydrofuran,

1, 2-di net hoxyet hane, and the |ike, or conbinations

t her eof . Reacting the thus-fornmed cycl opent adi enyl

Aprofic salvent asediedn ben ethpraad seliveniowuch ay dicilydethes: dibutyl ether,
in an aprotic solvent as a 5 reaction nedium (such as
dhéethly t-batyl eftherdidiptieyyl etheer tetrblydratiyral,of DrdimethbxPethane, and
di mret hoxyet hane, and the |ike), and refluxing the

SAL VA 7 a%d?ﬁlﬁg%nsf et Qe dRBYi éﬁyﬂ{e L ts't&aﬁﬂj i&g@ioﬁéntadienyl

neut rafl zat1on using a weak aci SUC

drochloric nd the |i fords the desire
e e 1 ik Rt 0 aryIs kr @6 iR dh aBtG soent as a
cycl opent adi ene anal og can also 10 be reacted with a
dieadtionl meglnesi (sock oaspdigtbyli athen, dpnoyli ethsol tasrahydrofiaran, 1,2-

reaction medium As disclosed herein for the Gignard

rRAGeIKGethhie aREtRE like WnvaBflGxiug @He sbVelittisSneedsd, foflbwed by
al so be ethereal sol vent such as di et hyl et her,

é}ﬁ%lﬁ{}% ?%)PISI At 1?%t§or1bﬁ'ﬁi%é WJAF at:Icfj('ts d;?t% Ii’l‘??:ochlonc

be bound b theory, IS .t hought that the use of an
psichangdthe A e}s@ﬁfﬂ}féﬁtthf‘s‘é@ﬁeﬁ@r Ykt hyl et her, diethyl
et her, diisopropyl ether, di-n- propyl ether,

di - n- datapbthet heyect, ﬂmmdlottenmdiqde @taheyrclopdnfaidemylanalog can also
et her, THF, 1,2- dinethoxyethane, or any conbination

tﬂ%%@ét&d wia afa?lkﬁfnagfi@sﬂrﬁ%mtfbﬂnafm taﬁ%prouc solvent as a reaction

cycl opent adi eny anl on with an aryl-al kenyl ket one or

eved that th
AP K SRHERE piveis for B iRty FaBtat o “ﬁtc i gents used
to 20 the ar substituent, and usin the ap rot
dn fhip ease eapl 5@1‘@%6&@@@19%&‘/% suchy asbtitegﬂyl §thev,é11but§h gther gnethyl
an al cohol provides the high selectivity and high
witrlryletisdrsdiplied;] ethehustrahyirofiea apddhe likdie present
i nvention provides a nethod of making a conpound

havi ngwtlhe nbPIM AndAFBE Gotill BY4iorfnd id HRught thef HieSise of an

-12-
ethereal solvent such as dimethyl ether, diethy!l ether, diisopropyl ether, di-n-
propyl cther, di-n-butyl ether, methyl t-butyl ether, diphenyl ether, THF, 1,2-
dimethoxyethane, or any combination thereof, may assist the reaction of the
cyclopentadienyl anion with an aryl-alkenylketone or aryl-alkylketone. It is
believed that the acidity of the protons next to a ketone-functional group is due to
the aryl substituent, and using the aprotic, ethereal solvents instead of a protic
solvent such as an alcohol provides the high selectivity and high yields observed.
Thus, in one aspect, the present invention provides a method of making a

compound having the formula C,R*,C=CR'CH,R? and the structure:

-12- o
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Rl CH2ZR2 R3 Rs R3 R3 , or an isoner thereof,
conprising contacting in a nonprotic solvent: a) a
ket one of the formula O=CR CH2RZ; and b) a

cycl opent adi enyl conpound conpri si ng My( C5R34H) X,
My(C5R34H) 2, 5 or a conbinati on thereof; followed by
c) a proton source; wheR'erCHM is an aryI or
substituted aryl group hav] ng up to about 20 carbon
atoms; RZ is a hydrogarh or ggubstituted hydrocar byl
group having from1l to out 20 carbon atons, or
hydr ogen; R3, in each i N gce, 1S independently

sel ected froma hydroc yI g3 substitute _
hydr ocar byl group havi ﬁ'g from1 t8 %Bsﬁpleﬁgwé%r bon
atons, or hydrogen; and Xis O, Br, or |I. 15 The
PPORRIISIER 0P BCIEENHENANPYORGIAPRIGD or corrbl nation of
conpounds that can serve as a source of protons to

t he f of)ywketamd ofthé dommda (pafR 'GIAR| agl t he ketone with
the cycl opent adi enyl reagent. In this aspect, for

exanpl g ggo UfAdiBn} Yhitund WBnfpeis aﬁggcatnmg,%gg(c&%ﬂ)z,

i ncl ud| ng gueou anmoni um I nc
ueous, sol.uti onsqfé umsalts, and the |ike. For
&aan‘b‘?@ inglioR Hige Ollog}ga@é'n be used in this reaction.
of the R3 substituents on the ful vene structure
shovvn $er protonlPures;

wherein;

R! is an aryl or substituted aryl group having up to about 20 carbon atoms;

R? is a hydrocarbyl or substituted hydrocarbyl group having from 1 to
about 20 carbon atoms, or hydrogen;

R?, in each instance, is independently selected from a hydrocarbyl or
substituted hydrocarbyl group having from 1 to about 20 carbon atoms, or
hydrogen; and

XisCL Br,orL
The proton source can be any compound or combination of compounds that can
serve as a source of protons to the formal anion formed upon reacting the ketone
with the cyclopentadienyl reagent. In this aspect, for example, the proton source
can be water, an acid including an aqueous acid, ammonium salts including
aqueous solutions of ammonium salts, and the like. For example, aqueous HCl
can be used in this reaction.

All of the R substituents on the fulvene structure shown here

-13- o
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R CH2ZR2 R3 WVR3 R3 are not required to be the sane,
which is indicated by specifying that R3, in each

i nstance, is independently selected froma hydrocar byl
or substituted hydrocarbyl group having from1l to
about 20 carbon atons, or hydrogen Thus, R3 can be 5
sel ect ed such that the fRIL LGRS substltuted with 4
hydr ogens and no non- hydr[gen substituents, with 3

hydrogens and a singl gs nydhogen substituent, wth
(\ O
Qe

2 hydrogens and 2 non-hy En substituents, with 1
hydr ogen and 3 non- hydr i substituents, or with no
hydrogens and 4 non-hydgdgen'gubstituents. In one
aspect, the possible substitution patterns on the

SR SR B SaE I IS Sgh H ot
exanpl e, when three R3 noieties are independently
sigbteneads inslependently sgleatedaiiom a hﬁdrﬂwbyhomhsﬁmq/hy@ocarbyi

i ndependently selected to be nethyl, the follow ng

| GOUE HRving RoMOS 3b kibeut R G atRhsCoR R2diogehl? ReSHRRan be
4 HBC CH3 H3IC CH3 AB CD 15 Wile not |ntend|ng to

f&?éﬂqgua}’ thiteeY fu C]{J%ne' ‘?% k%ﬁbét eopwt 4bﬁftﬁH no non-

vene | S prepare € nuc I C reac |on a

yC en dlen with a .keton
i oo R eBt POtk egens R S SmER ROBEYGroen n
cyclopentadienyl, i ndenyl, or fluorenyl anion to a
mvith Or ydrbgerseansl 2 sonernairogandaibstituents, with 1 hydrogen and 3 non-
hydrogen substituents, or with no hydrogens and 4 non-hydrogen substituents.
In one aspect, the possible substitution patterns on the fulvene compound
depicted in the generic structure herein lead to the possibility of isomers. For

example, when three R® moieties are independently selected to be hydrogen, and

the fourth R? moiety is independently selected to be methyl, the following isomers

are possible.
RI__CH,RZ  RY__CHR? R'__CH,R? R‘l CH,R?
HsC CH
A B C D

While not intending to be bound by theory, it is believed that because the fulvene
is prepared by the nucleophilic reaction of a cyclopentadienyl reagent with a
ketone, isomers A and B are likely to predominate. The addition of a

cyclopentadienyl, indenyl, or fluorenyl anion to a mixture of these isomers renders
-14- o
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A and B equi val ent and al so renders C and D

equi val ent. However, when the netal conplex of the

ligand is forned, the conpl exes derived fromA and B

are enantioneric, and the conpl exes derived fromC

and D are enantioneric. Accordingly, when all of the

RS andbBraquinaterd and alpe rmﬂ%ﬁ‘eamd;a}r@quglent However, when the
CAR34C=CR1CH2R2 are not the sane, it is intended that

thetapendphik «ttheidigind is Rimfed2 e anMexesRkerReddram|Hsaad B are
herein refers to any isonmers that arise fromthe

R ﬁ&h@rié,ugﬁ{l ' &%E@gﬁzeggg L‘ﬁéﬁ?iji RoliS &I’ §5 446 Cenahfiomeric.

er aspec , haphthyl, or a

substitufed gnalo 1 hereof havi ng up tq_ abguyt 20
?%ﬁi}ﬂg{)’@wg’%@ﬁih 1 ‘Pfgrtth@x |%1%Sfrl&w§‘§n Be lbq‘]eﬁ.yyeneorformula

naphthyl. Also in this aspect, R2 can be al kyl, aryl,

AT RHFCRUEHR sarp st thetsethe, dnsmintended dhas dhe geneval sirugiusm

1 to about 20 carbon atoms, or hydrogen. Thus, for

exanpl e, R2 can be al kylgr'or_@hkenyl having from3 to

about 10 carbon atons. Injstill another aspect of

this invention, CH2R2 9 CH2CH3; CH2CH2CHS;

CH2CH2CH2CH3;  CH2CH2 . CH2CH2CH2CH2 CH2 CHS3;

20 CH2CH2CH2CH2CH2CH2CH3 CH2CH2CH2CH2 CH2CH2 CH3;

-15

disclosed herein refers to any isomers that arise from the possible substitution
patterns in this structure.

In another aspect, R' can be phenyl, naphthyl, or a substituted analog
thereof having up to about 20 carbon atoms. Thus, for example, R' can be phenyl
or naphthyl. Also in this aspect, R* can be alkyl, aryl, alkenyl, or a substituted
analog thereof, having from 1 to about 20 carbon atoms, or hydrogen. Thus, for
example, R* can be alkyl or alkenyl having from 3 to about 10 carbon atoms. In
still another aspect of this invention, CH,R? can be:

CH,CHs;

CH,CH,CHs;

CH,CH,CH,CHj3;

CH,CH,CH,CH,CH;;

CH,CH,CH,CH,CH,CH3;

CH,CH,CH,CH,CH,CH,CHj;

CH2CHZCH2CH2CH20H2CH2CH3J
-15- ©
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CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH3;
CH2CH2CH2CH2CH2CH2CH2CH2CH2CH3; CH, CH=CH9;
CH2CH2CH=CH2; 5 CH2CH2CH2CH=CH2; CH2CH2CH2CH2CH=CHZ;
CH2CH2CH2CH2CH2CH=CH2;  CH2CH2CH2CH2 CH2CH2CH=CH2;
CI-|2CI—I2CI—I2CI—I2CI—I2CI—|2CI—I=CI—|2 10

CH2CH2CH:C(CH3)2 CH206H5 CH206H4I\/E 15 CHZOGHSI\/EZ;
CH2 C6 HeWECH, CIHHIOREH (B H O, CHHATR HA( C6HS) ;  or
CH2C6i HA(C4H9); 20 including isoners thereof and
subst ityted_apal ogs thereof, having up to about 20
carbmg%%@ﬁ éﬁ?’n yet another aspect, R3, in each

i nstan ndependently selected from al kyl
havi ng&s?%ﬁﬂa@ﬁt‘gﬁabout 4 carbon atons; or hydrogen.
For exanp R3, in each instance, can be hydrogen.
-16- (CH2CH2CH2CH—CH2,

CH,CH,CH,CH,CH~=CH,;
CH,CH,CH,CH,CH,CH=CH,;
CH,CH,CH,CH,CH,CH,CH=CH,;
CH,CH,CH,CH,CH,CH,CH,CH=CH,;
CH,CH,CH,CH,CH,CH,CH,CH,CH=CHy;
CH,CH,C(CH;)=CH,;
CH,CH,CH=C(CH;),;

CH,C¢Hs;

CH,C¢H Me;

CH,C¢H;Me,;

CH,C¢H,Mes;

CHCeHy(CsHp);

CH,CeHy(CgHs); or

CH,CH4(C,Hy);

including isomers thereof and substituted analogs thereof, having up to about 20
carbon atoms. In yet another aspect, R?, in each instance, can be independently

selected from alkyl having from 1 to about 4 carbon atoms; or hydrogen. For

example, R’, in each instance, can be hydrogen.

-16- ©
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Yet another aspect of this invention is a nmethod of
maki ng a conpound having the fornmula CAR34C=CR CH2R2
and the structure: RL CHZR2Z R3 R3 R3 R3 conpri sing
contacting in a nonprotic solvent: 5 a) a ketone of
the formula O=CR CH2R2; and b) a cy ent adi enyl
conpou¥iet amthari aspag Kithis RBARHisn 1&/@(1@5&9 d9 zmakx@g ggcompound
conmbi nation thereof; followed by c) a proton source;
1%6 etfbﬁnmgmmc“;am‘l@ﬂizkmnﬂhsﬂ SardHreH2 CH=CH2;
H5) CH2CH2CH=CH2; O=C( C6H5) CH2CH2CH2CH=CH2;

O:C( CGH5) CH2CH2CH2CH2CHEGH, vy 2
0O=C( C6H5) CH2 CH2 CH2CH2 G 15
O=C( C6HACHB) CHRCHECHR; O O6HACHB) CH2CH2CHECH?;

O=C( C6HACH3) CH2CH2CH2
O=C( C6HACH3) CH2CH2CH2CH2
O=C( C6H4ACH3) CH2CH2CH2CH2
O=([ C6H3( CH3) 2] CH2CH=CH&" R
O=C[ C6H3( CH3) 2] CH2CH2CH=CH2; -17- o©
comprising contacting in a nonprotic solvent:
a) a ketone of the formula O=CR!CH,R%; and
b) a cyclopentadienyl compound comprising Mg(CsR* )X, Mg(CsR*H),,
or a combination thereof; followed by
¢) a proton source;
wherein the ketone can be:
0=C(C¢Hs)CH,CH=CHa;
0=C(C¢Hs)CH,CH,CH=CHj;
0=C(C¢H;s)CH,CH,CH,CH=CH,;
0=C(C¢Hs)CH,CH,CH,CH,CH=CH,;
0=C(C¢H5)CH,CH,CH,CH,CH,CH=CH,;
0=C(C¢H,CH;3)CH,CH=CHy;
0=C(C4H,CH;3)CH,CH,CH=CHy;
0=C(C¢H,CH3)CH,CH,CH,CH=CH,;
0=C(C¢H,CH;)CH,CH,CH,CH,CH=CH,;
0=C(C¢H,CH;)CH,CH,CH,CH,CH,CH=CH;
0=C[C¢H;(CH;),]CH,CH=CHy;

O=C[C6H3 (CH3)2]CH2CH2CH=CH2;
-17- o
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O=C] C6H3( CH3) 2] CH2CH2 CH2 CH=CH2;

O=C] C8H3( CH3) 2] CH2 CH2 CH2 CH2 CH=CH2;
O=C] C8H3( CH3) 2] CH2 CH2 CH2 CH2 CH2 CH=CH2;
O=C] C6H2( CH3) 3] CH2CH=CH2; 5

O=C] C6H2( CH3) 3] CH2CH2 CH=CHRi

O=C[ CabCiFH:6CBrR IHE AR CHHECHR=CH,;
O=C] C6H2( CH3) 3] CH2CH2 CH2 CH2 CH=CH2;

o- @RORCRCECHER, 0-0 COHA( CoHL
1)]C[cs|g®d%£ 3@%%:C[C6H4(CGH11)]CHZCH2CHS[CH2 (

O A IR

O=C[ 06H4 CBHL1 CH2 CH=CH2;
o= ¢ E—E@%ﬂ 2 15
O=C[ CH2CBH4( CGH5)] CH2 CH2CHECHR;

O=C] CH2E6HE{H6CH) | [CIORCHREEHEH?,
o=q CH2C6H4( C6H5) ] CH2 CH2 CH2 CH2 CHECHR

o:C[ d GPCeT v PGB e
- GO kT b G GGG -CH

&8[[ GORIIBITE S BEBEBEBGBEREH:: - 18- o
0=C[CeHL(CH;,)ICH,CH=CHy;
O0=C[C4H.(CH;,)]CH,CH,CH=CH;
O=C[CH.(C¢H;)]CH,CH,CH,CH=CH,;
O=C[CsH4(CsH, )ICH,CH,CH,CH,CH=CHj;
O=C[CH(C4H,,)]CH,CH,CH,CH,CH,CH=CH,;
O=C[CH,CsH,(CsHs)ICH,CH=CH;
O=C[CH,CeH,(CsH;)ICH,CH,CH=CH,;
0=C[CH,CH,(CsH;)]CH,CH,CH,CH=CHy;
0=C[CH,CH,(CsHs)]CH,CH,CH,CH,CH=CH,;
O=C[CH,CH,(CsHs)]CH,CH,CH,CH,CH,CH=CH,;
0=C[CH,CH,(C4Hs)]CH,CH=CH,;
O=C[CH,C¢H4(C4H)]CH,CH,CH=CH,;
0=C[CH,C¢H4(C4Ho)]CH,CH,CH,CH=CH,;
0=C[CH,C¢H4(C4Hs)]CH,CH,CH,CH,CH=CH,;

0=C [CHZ C6H4(C4H9)] CHzCHz CH2CHch2 CH:CHZ N

18- ©
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O=C( napht hyl ) CH2CH=CH2; O=C( napht hyl ) CH2CH2CH=CH2;
O=C( napht hyl ) CH2CH2CH2CH=CH2;

O=C( napht hyl ) CH2CH2CH2CH2CH=CH2; 5

O=C( napht hyl ) CH2CH2CH2CH2CH2CH=CH2; or any i somer

t hereof, or g)gi/ anal og t hereof wherein the al kenyl

gr oup QsCerphiby)edCBIFCHzanot her aspect of this
invention is a nmethod of maki ng a conpound havi ng the

f or mul@=C Bﬁf}@z)@?{z@gm{i@ﬂz,the structure: Rl CH2R2
R3 R R3 10 conprising contacting in a nonprotic

I - d@ghul a O=CR CH2R2; db
2°C¥g{%p%ﬁ{aggth§rﬁqﬁ‘%ﬁbﬁ conzg}rjl ; ng I\/g(CBR34I—I)a;]< )

My( C5R34 thereof; followed by c)
a prot _E&@HP@W)@?%@H%&E# Btone can be:
O=C( C6H5 p- al kyl ) CHRCH2CH=CH2,  O=C( CBH5

p- al kyOFOHRERIEBETHETHCH, C8:CH6H5-CH,; or any isomer thereof, or
p- cycl oal kyl ) CH2ZCH2CH=CH2, or O=C(C6H5

Rm& Ve R thitteb ERRFE R hIKEHY); grélp WMsit@iatd a8tk nother aspect of
andp- cycl oal kyI have up to about 12 carbon atons.
otﬂl%n,éﬁ‘{en of § na:) %Bap%?t n@kidd" 2 doRYhbi O Bav g MR O rmula
CR*,C=CR'CH,R? and the structure:

R _CH,R?

R? R3

R? R |
comprising contacting in a nonprotic solvent:
a) a ketone of the formula O=CR'CH,R? and
b) a cyclopentadienyl compound comprising Mg(CsR® )X, Mg(CsR*H),,
or a combination thereof; followed by
¢) a proton source;
wherein the ketone can be:
O=C(C¢H;-p-alkyl)CH,CH,CH=CH,,
0=C(C¢H;-p-alkyl)CH,CH,CH,CH=CH,,
0O=C(C¢H;-p-cycloalkyl)CH,CH,CH=CH,, or
O=C(C¢H;-p-cycloalkylYCH,CH,CH,CH=CH,;

wherein p-alkyl and p-cycloalkyl have up to about 12 carbon atoms.

-19- o



5

10

I5

havi ng the fornul a CAR34C=CR CH2R2 and the structure:
Rl CHZR2 R3 R3 R3 R3 is disclosed, conprising
contacting in a nonprotic solvent: 5 a) a ketone of
the formula O=CR CH2R2; and b) a cycl opent adi enyl
conpound coln:nt’ﬁrisi ng lgg(C_SR_34H) X, My(C5R34H) 2, or a
conbi nfax b dirtherpspset of ghisoinentinn, @ methed b making de compound
wherei n the cycl opent adi enyl conpound can conpri se
Ma{vESH-hefornibla GRA,O<CR! CHAR*Gnd tBE str@ture: combi nat i on

t hereof. Thus, for exanple, the cycl opentadienyl
conpound can conpri se l\/q:gCS &k In a further aspect,
the cycl opent adi enyl conpgghd Tan conprise My(C5H5) X
wherein X is C or Br, andithe nolar ratio of
My(C5H5) X to ket one B3 w-&ter than about 1. In
anot her aspect, the nol a gtio of Mg(CoHS5) X to 15
ket one can be greater thamapout 1.2, or the nolar
rati o of My(C5H5) X to kRt one Ricapishfisddosedt er t han
about 1.5. In yet another aspect, this invention

e S A b yen T e ur - 20- 0 R

ORI PR g 119 1 @

b) a cyclopentadienyl compound comprising Mg(CsR*;H)X, Mg(CsR’,H),,
or a combination thereof, followed by

¢) a proton source;
wherein the cyclopentadienyl compound can comprise Mg(CsHs)X, wherein X is
Cl, Br, or a combination thereof. Thus, for example, the cyclopentadienyl
compound can comprise Mg(CsH;)CL

In a further aspect, the cyclopentadienyl compound can comprise
Mg(CsHs)X wherein X is Cl or Br, and the molar ratio of Mg(CsH;s)X to ketone
can be greater than about 1. In another aspect, the molar ratio of Mg(CsH;)X to
ketone can be greater than about 1.2, or the molar ratio of Mg(CsH;)X to ketone
can be greater than about 1.5.

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

compound having the formula C;R?,C=CR'CH,R? and the structure:

20-
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a) a ketone of the formula O=CR CH2R2; and b) a

cycl opent adi enyl conpound conpri si ng My( C5R34H) X,
My(C5R34H) 2, 5 or a conbination thereof; followed by
c) a proton source; wherein the nonprotic solvent is
an ether having from2 to about 20 carbon atons, THF,
a substituted anal og t h&eofGH.Bf any conbi nati on

t hereof. Thus, the nonpr¢tic sol vent can conprise THE
I'n anot her aspect, fors exanpl egsthe 10 nonprotic

sol vent can be di net hyl o, di et hyl et her,

di i sopropyl ether, di-n- pyl ether, di-n-butyl
ether, nethyl t-butyl eisher, z@i phenyl ether, THF, 1, 2-
di met hyoxyet hane, or any conbi nati on thereof. In one
aspect, when the solvent conprises dinmethyl ether,
aeopristtpoednegctipgin e menprptictsolventiact i on i s under
pressure, so that the dinethyl ether nmay be refl uxed

at a hi)ghetodessiks firbiuéa OFURS CHRPragisur e net hod can
al so be applied to other solvents as well, such as

1 4 o o OSSR LT VAP 1,

CAR34C=CR1CH? ag_% hhe iéructure: -21- o R1 CHZR2 R3
F@SaF@HﬁQnatlﬁ?ngquQ G LBEE ¥ting in a nonprotic
solvent: a) a ketone of the formula O=CR CH2R2; and b)

a cyclopgnotadisensce; conpound conpri si ng My( C5R34H) X,
My(C5R34H) 2, 5 or a conbination thereof; followed by

wherein the nonprotic solvent is an ether having from 2 to about 20 carbon atoms,

THF, a substituted analog thereof, or any combination thereof. Thus, the
nonprotic solvent can comprise THF. In another aspect, for example, the
nonprotic solvent can be dimethyl ether, diethyl ether, diisopropyl ether, di-n-
propyl ether, di-n-butyl ether, methyl t-butyl ether, diphenyl ether, THF, 1,2-
dimethyoxyethane, or any combination thereof. In one aspect, when the solvent
comprises dimethyl ether, one method of performing this reaction is under
pressure, so that the dimethyl ether may be refluxed at a higher temperature. This
pressure method can also be applied to other solvents as well, such as diethyl
ether.

Yet another aspect of this invention is a method of making a compound

having the formula C;R*,C=CR'CH,R” and the structure:

-21- o
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c) a proton source; wherein the nonprotic sol vent
conprises THE, and contacting can occur at a
tenperature greater than about 40C for at |east about
10 hours. In this aspect, when the nonprotic solvent
conprises THF, the contacting can occur at a 10
tenperature greater thanRapoQt:RE0C for a tine from
about 5 to about 10 hours.| Furt her, when the
nonprotic sol vent congﬁis=~ THR3 the contacting can
occur at a tenperature Qreager than about 65C for a
time fromabout 1 to abol hours. In this aspect,
when the nonprotic solv gpri ses an ether with a
boiling point greater than about 40C, the contacting
can occur at a tenperature greater than 15 about 40C
f cympitisihg aentaeting an Hnonpuetsc slved: in this aspect, for
exanpl e, when contacting occurs at a tenperature

gr eat ef) 4 kaon@boiie f40fulh O-ER'CRASt ambout 5  hours,
the pressure can be selected such that the boiling

poi nt oI S 8l R3
o cat o) ¢ RTORRERIGh! Sompalui LompAsBEMECSRRIY, MACR D,
Possi bl e, Ful vene Substituents In one aspect of this
iﬁ‘iﬁéﬁ‘i’m@r‘i@tl%g‘%ﬁé@]@&’ t%yon the substituted aryl

group of R1, any substituent on the substituted

hydr ocardplot@r ssmpcepf R2, and any substituent on the
substituted hydrocarbyl group of R3 can be _

| RUERAN RN bYpRtie eddted o dniftifcd THFPahd WondREiAE Gl occur at a

noi eties I ncluding, but not limted to, an alilphatic

grou an aronmat. c 0 B : :
R R S, A0t Y B e BABNR I Phougs, Iy s asvect
group, a sulfur group, a nitrogen_group, a phosphorus
gWbem, thennenpselis sofveat prompresss hbHEg rthe pronkacding; g3 occur at a
group, a germaniumagroup, a tin group, a lead group,
atehetdtug grepter dmnphbout SOAC oo apgimefram abgaind ¢o gboup]0 hours.
an 10 organonetal lic group, or a substituted

dphi@! When HREAGProti@ B vat&eotprivis TMENaNE Béhtacting can occur at a

temperature greater than about 65°C for a time from about 1 to about 2 hours. In
this aspect, when the nonprotic solvent comprises an ether with a boiling point
greater than about 40°C, the contacting can occur at a temperature greater than
about 40°C for at least about 5 hours. Also in this aspect, for example, when
contacting occurs at a temperature greater than about 40°C for at least about 5
hours, the pressure can be selected such that the boiling point of the nonprotic

solvent is about equal to or greater than the contacting temperature.
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from1l to about 20 carbon atons; a halide; or

hydr ogen, as long as these groups do not term nate
the synthetic method for fulvene synthesis. Further,
this description can include substituted,
unsubstituted, branched, |inear, or

hBessible Fulvene bubstituents| anal ogs of these noieties. 15
This listing of possible substituents includes

subst i Inueid sperasf this¥nvmtiof@yasubetituggicor thersbgitbfedaryl group
one of these categories such as benzyl. This list also

S@gllﬂjtec%l gl%ﬂt otnhﬁ{ 'ta‘itﬁt? l‘ggﬁ'b%?bﬁf uP of R% and any
 AeetiyeRG. %%Lh{ea'ﬁs%n?qa%%r s e BPRArG iioféfﬁlih édependenﬂy

t et rahydr of | uorenyl s, and oct ahydr of | uorenyl s. _
Esedenpdce frond aesathberf of khemicalibyiietiaseimclugling, dwtmtttIlmm;:d to, an
but are not Iimted to, the follow ng groups. In each

exlaiHatie g@@@s QRtesmbe utpUE|c?§l$c SEP! WichMbirsdtiot dfiaighhatic and
ect ed

R i's i ndependently se rom an aliphatic group;

"BBEBoit AL Ben, Bp ST, 0 PR SEEPERRRL hgsphons

including but not limted to, a halide-, an al koxi de-,
OZTOHP, AhATaRNISs SHAID, A FRERYD &%’@FP:\P&‘PF%@ mpe%genw@@oup, atin
of which has from1 to about 20 carbon atons; or

hgrdupge beadAgwap) adbovsegraup, thabemoueou geoug; an a'ng/rganic group, an
unsubstituted, branched, or |inear analogs thereof. 5

E&%Fi?érﬁétaﬁfc g}bhﬁ hatd ﬁb@ﬁfﬁ‘t&%ﬁdeﬁﬁtﬁé Sherbdys aﬁlga 68e of which having

but™are not limted an aI ky group, a

E# 81 oaa?ﬂoug?§§ﬁ1§)paglpg{li%% 1dg ;ﬁ)dg gal ka%gﬂese groups do

cyclic grou and the |ike andlncludes aII
st@fttst@nmu@t@d e gyrshefic methoddor Blsershwsmthasr Fyrthesrthis description
anal ogs or derivatives thereof, in each instance

hawi inglutle aabstivetetl Qusddbsituld, bwnbhed,atmaﬁ .or Heteoatom-substituted
al i phatic groups 10 include, but are not limted to,

%{&g@'f}ﬂy&g SdEfesds paraffins and al kenyls. For

This listing of possible substituents includes substituents that may be
characterized in more than one of these categories such as benzyl. This list also
includes hydrogen, therefore the notion of a substituted indenyl and substituted
fluorenyl includes partially saturated indenyls and fluorenyls including, but not
limited to, tetrahydroindenyls, tetrahydrofluorenyls, and octahydrofluorenyls.

Examples of each of these substituent groups include, but are not limited
to, the following groups. In each example presented below, unless otherwise
specified, R is independently selected from: an aliphatic group; an aromatic group;

a cyclic group; any combination thereof; any substituted derivative thereof,
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exanpl e, aliphatic groups as used herein include

met hyl, ethyl, propyl, n-butyl, tert-butyl,

sec-butyl, isobutyl, anyl, isoanyl, hexyl, cyclohexyl,
heptyl, octyl, nonyl, decyl, dodecyl, 2-ethyl hexyl,
pentenyl, butenyl, and the |ike. Exanples of aromatic
girelysking ibut ewt Himited dnce, halidet,uar allrider or i amids-subgtituted
15 to, phenyl, biphenyl, naphthyl, anthracenyl, and

t frivatikve, théref, usliynons b sttitiuthag fraleri vatbyets20 kerbeafatoms; or
in each instance having from6 to about 25 carbons.

¢ . ves. o ti , _
ol et SR in 8 ool AFE ol SRR, DA or tinear
the like, including any heteroatom substituted

du3le8N 8ot .t her eof . 20 Exanpl es of cyclic groups, in

each instance, include, but are not limted to, o
cycl opBxahplenof alipldtmagrefiphsn eagicinstanet.yihelude, bupemeet limited
such as phenyl, bicyclic groups and the |ike,

| ¢ LH QARG gﬁé{ﬁﬁ, tal dyil skl Dby tanVeBeriyld gﬁﬂ% a dydlcaB@hyl group, an

I nSt ance aving ‘fromabout 3 to about car bon

a 4 Ih e Sti e =24 C [ :

VBT S, ACARATERINESHE™S chitlGlioopetng oM, shd inciudes all
saturation state of the cyclic, group_can be any, .
substitteds wnsybstigited.branehed. ad lisca: upless pledeyyitiyes thereof, in
net hods as di scl osed herein from any neasure of
etdchdhstunrechsvinddont dha gh whotlRd carhal atongy: olinss, aliphdie groups
saturated or be characterized by any extent of

URSRIdEr Bt 8 nop Hnlit&P&) hyBRjcartfifs sigdh ir?;?érhﬁirﬁ%d%ﬁéﬂ)gs. For

groups’ are groups conprising an aliphatic portion an

a cyclic ri.ion, exanples. of.which. incl.ude, , but ar
v Fipti ot AR B pffeirt Ml BSBEr pidb gr8BsL, o-buts,
wherein mis an integer from1l to about 10, q is_ an
i tertelpsyl, fseerhutylt dsabutylnemydi iseamyl, heryhceygrheryl, heptyl, octyl,
wherein mis an integer from1l to about 10, q is an
| iérBgedeck, doddcyl @2 -tthyllierel, penteayl, dotknyll @nd the like.
(CHZ2) nC5HgR9. g wherein mis an integer from1 to about
10, 9 ERarfifiel BF GRfthatld §BUps, in each instance, include, but are not limited
to, phenyl, biphenyl, naphthyl, anthracenyl, and the like, including substituted
derivatives thereof, in each instance having from 6 to about 25 carbons.
Substituted derivatives of ar_omatic compounds include, but are not limited to,
tolyl, xylyl, mesityl, and the like, including any heteroatom substituted derivative
thereof,

Examples of cyclic groups, in each instance, include, but are not limited to,
cycloparaffins, cycloolefins, cycloacetylenes, arenes such as phenyl, bicyclic

groups and the like, including substituted derivatives thereof, in each instance

having from about 3 to about 20 carbon atoms. Thus heteroatom-substituted
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to 9, inclusive. In each instance and as defi ned

above, R is independently selected from an aliphatic
group; an aromatic group; a cyclic group; any

conmbi nation thereof; any substituted derivative

t hereof, including but not Iinited to, a halide-,
adyictizigteups suchaas Amiadyl stebisciuded deereiar | Fhe ise@ratinsy &té'fe of the
any one of which has 15 from| to about 20 carbon

adyRIiB; grolip el BWeRy dahn@fien asfeahat dbésPhat ipeechiit the synthetic
cyclic groups |nc?,ude but are not limted to:

%@%{% dls%%%%%%@&t %@Nécwrdmgm the

CH2CB1_| 4NMe2; - CH2CBHA
“oyelicEpmpsern be septeen @ma@t@%@tﬁmwm of unsaturation.

- CH2CH2C6H4l ; - CH2CH2C6HAOWe; 20 CH2CH2CBHAOET ; .
- CFQCF]&CE&@I\hﬁtaneé;I—mmmﬁﬁ l—mkll\/bjzdio mmekgrmsz compriging an
regi oi somer thereof, and any substituted derivative

t B BhES: efcitabbARS, ekimPRRNof WhichNGiRIude, but arc not
aﬁ?}ﬁge pfol uori de, ¢ \ or#)de breom ge and i odi due -25-

3%968& ‘gg#f’ﬁf;’%?n@l 6% %g%}’égﬁl%p#); V@ﬁ&']ﬂln L s is Fan 1nt?%ea from 1 to

but are not limted to, alkox or ar QX roup
(abomy 10, awintegenbrm 1-to)i1 X U%Yﬁi z)hﬁkﬁqun ¥{hEsipgn is an
substituted derivatives thereof wherein Rin each

| infdgan dRorh S1 ap abhduy | 10, cy cik ol klyﬂegelalﬁy)lm latal Kyl inclusive; and -
substituted al kyl, substituted 5 aryl, or substituted

g(ﬁ-kré g\é' %e&&ﬁ% 1 40 rﬁ‘%%'x‘tfr&lq lct@ralB ﬁT Q& -an integer from 1

oxy or aryloxy groups (- groups
are,not |imted

| ndd Mu&%%i g&wchﬁﬂgﬁ%aﬁndsa(%@inf’gl%éavep#eﬁd 969%§§‘a“t¥’hse"'le°ted

Ilke In each instance, sulfur groups are
sfubthu rncaliphatini grqupr B EEoMaticuEEPERs B CyClith BEWD; fay epmbination
but are not limted to, -SR and the like, including

stubsbtt attyefibsRtdlieddrixative eberbbf ieciidingter @bnliRiied teas halide-,
instance is an al kyl, cycloal kyl, aryl,

an alkoxide-, or an amide-substituted derivative thereof; any one of which has
from 1 to about 20 carbon atoms; or hydrogen. In one aspect, aliphatic and cyclic
groups include, but are not limited to: -CHyC¢Hs; -CHyCHAF; -CH,C;H,Cl; -
CH,C¢H,Br; -CH,C,H,I; -CH,CsHOMe; -CH,CsH,OEt; -CHyCeHyNHy;
CH,C¢H,NMe;; -CH,CH4NEf,; -CH,CH,C4Hs; -CH,CH,C¢H,F; -
CH,CH,C¢H,Cl; -CH,CH,C¢H,Br; -CH,CH,C¢H,I; -CH,CH,CH,OMe; -
CH,CH,C¢H,0Et; -CH,CH,C¢H,NH,; -CH,CH,CsH;NMe,; -CH,CH,CsHy;NEt,;
any regioisomer thereof, and any substituted derivative thereof.

Examples of halides, in each instance, include fluoride, chloride, bromide,

and iodide.
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aral kyl, substituted al kyl, substituted aryl, or
substituted aral kyl having from1l to about 20 carbon
atons. In each instance, nitrogen groups are

ni trogen-cont ai ni ng groups, which include, but are

not limted to, -NH2, -NHR -NR2, and the |]Kke,

i ncl udiregch ifstandes PKYgANEEraUDR jave DRYZN-¢ONRIBINE, STRHRY. cxgmples
R in each instance is an al kyl, cycloal kyl, aryl,

rabiivh inchides bit atbedt Birkiet to SalbGiy brdrgtbxgrgrbupsaFOR), -OSiR;, -

substituted aral kyl having from 1 to about 20 carbon

R Y o By | / . inR i
DR OATRE 25 0 R GaGpaRAGEBIALS RHOMRR 60l wheroin R in
not limted to, -PH2, -PHR -PR2, ,..and, the .
|agle instanwe; 1§ Anyaikyl @alostktlueed @@ﬁﬁg@qﬁ?@@@%@?‘%f@bsumd
wherein R in each instance is an al kyl, cycl oal kyl,
anryl, or substikyted asalibd thavingeftoml kid gbai BStdathameatomsy [Exagples of
substituted aral kyl having from1 to about 20 carbon

RI: or 4191 S¢JOR § EnclidS Dt arddheURSitad €, methoxy,
gd?se i(():r-c n"t’%%‘?‘ﬁg grouy;%@&m cch i ncl ude, but are not d

PGP RO eI OB neRB0 BRE iR, | o

in each instance is an al kyl, cycl oal kyl, . agrryl , £
ar al kyln,caghiinstanag: sulfan grpups sus Sulferpesipiging grogps, examples o
substituted aral kyl having from 5 1 to about 20

GaliioR ingludesbutl Breeach limiridatg e SRc and ahe dikeyupscladiag substituted
car bon-cont ai ni ng groups, which include, but are not

Ldgﬂvéggesst %er&ikah(flP@ig: E}e/ilg QAP Sndthidle FOBRIAIRG, cyclﬁ)glkyl, aryl,

ubstitute groups with 1 to about

CRAE0 ShRiea B Mg Bt b Rpfof Raving from 1 1o

substituted derivatives thereof, having 10 from1l to
adbout 2R Carbam btomsat ons. I n each instance, silicon
groups are silicon-containing groups, which _
In each instance, nitrogen groups are nitrogen-containing groups, which
include, but are not limited to, -NH,, -NHR, -NR,, and the like, including
substituted derivatives thereof, wherein R in each instance is an alkyl, cycloalkyl,
aryl, aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl having from
1 to about 20 carbon atoms.
In each instance, phosphorus groups are phosphorus-containing groups,
which include, but are not limited to, -PH,, -PHR, -PR,, P(OR),, and the like,
including substituted derivatives thereof, wherein R in each instance is an alkyl,

cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl

having from 1 to about 20 carbon atoms.
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i nclude, but are not limted to, silyl groups such

al kyl silyl groups, arylsilyl groups, arylalkylsilyl
groups, siloxy groups, and the like, which in each

i nstance have from 1l to about 20 carbon atons. For
exanpl e, silicon groups include 15 trinmethylsilyl and _.
pheny|loc eydbs insyancgr @rsgnIC IZnOURSC A ASERIGCONIBRINEaEIOURS which
groups are gernmani um contai ni ng groups, Wwhich

i ineldeebuthiust rdk ginfiadd foi PAEHE, tAsRgeARYORY andshsiliky msluding
al kyl gernyl groups, arylgernyl groups,

| :
e e S
OB o o S ShST DS E,  PR2,pmin om

limted to, stannyl groups such as al kyl stannyl

gr tugbeout 20 garboantohs.gr oups, aryl al kyl st annyl groups,
stannoxy (or "stannyl oxy") groups, and the |i ke, which

in - Zh e 3bdladdestcamnsdn adssh hMcdrbol-cdhtiiting Ogroups, which
carbon atons. Thus, tin groups include, but are not

l.imte 0,.S [ ) ' . d .
GBS e BAAMBERY o RN Batid i BREE o ROABERe hReypbstinuted
are not limted to, alkyllead groups,_ aryllead .groups,
alkylagioyps walh Licoabat Ahgprben gy, iakalkyl BiouRs with, b ich about 20
i nstance, have from 1l to about 20 carbon atons. In

eqaghod #tsinaneanopandihe dikeLinsludireg Substituterbdaraiativegthereof, having
groups, which include, but are not |limted to, -BR2,

@?{% %ﬁéﬂ EIBbR atérhsS @ nonoani oni ¢ group such as
ha |c}et,0 y 28 ptom

ride, al koxide, alkyl thiolate, and the
l'i ke, .and erein Rin each instange is ap.alkyl .
cycl oa‘?‘kﬁ‘%ﬁj Apsfance, SIHGRR ErQyRSs G 5&@8 n?acioﬁlpﬁn%ng groups, which
substituted aryl, or 10 substituted aral kyl having
finolwde, hus asthioeftlimited to; 5dyl growpssuchralledsitylignaunsn aglsilyl groups,
al um num groups are al um num cont ai ni ng groups, which
| #glaliggsilyd Uiroapss siloky | droise dintdothe- teRAvhickl i2each Ahfnce have

wherein X is a nonoani onic
from 1 to about 20 carbon atoms. For example, silicon groups include
trimethylsilyl and phenyloctylsilyl groups.

In each instance, germanium groups are germanium-containing groups,
which include, but are not limited to, germyl groups such as alkylgermyl groups,
arylgermyl groups, arylalkylgermyl groups, germyloxy groups, and the like, which
in each instance have from 1 to about 20 carbon atoms.

In each instance, tin groups are tin-containing groups, which include, but

are not limited to, stannyl groups such as alkylstannyl groups, arylstannyl groups,

arylalkylstannyl groups, stannoxy (or “stannyloxy™) groups, and the like, which in
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group such as halide, hydride, alkoxide, alkyl

thiolate, and the |like, and wherein R in each

i nstance is an al kyl, cycloal kyl, aryl, aralkyl,
substituted al kyl, substituted 15 aryl, or

substituted aralkyl having froml to about 20 carbo
araghinst@esrhave ropt 1 do gbersmdt carborcatgmsugdiusin ieups m@lude but
used as substituents in each instance, include, but

adre nopLimlitedtd,8¢hrindxy gf@@RObor on groups,
or ganoal um num groups, organogal I'i um groups,

or ganO@ LdchORs@hOY Héad g?(fl%@&ﬁg GERBH gﬁ %)QJ%PS WhICh 1nclude,

organoti n groups, groups org ansi

D FaRSEE U B ShB AAR G

any substituent on the substituted aryl group of R,
ahy likapshich ue sschoimstahes, dabs fiomut ealabpud 26 carbopl atemsup
of R2, and any substituent on the substituted

hydr ocrrdayh iS¢, Bdroff3r Re€ bbracqitdamE! ot oups? Fhidh include,

sel ect ed froma varlety of chem cal noieties

0 08 T2, 558 51 o s

e ﬁg‘@iéebfﬁ%ééiﬂpaﬁﬁiﬁ BlenPHALEE ke Syt K in cach

rret hod for fulvene synthesis. The term _
hiastanaaisem dkiyds tidloalkgl, and| agikyli dubstiatededikyls sidratimted aryl, or
one of ordinary skill, and include, but are not

| LGtk zf?alkgf’ﬁdé?ﬁ@frmﬂ'fp teiiRE 20 RathdnedMgle such
het er oat ons oron, alum num gallium indium
tin lead, nit

er ls,le(r:f@ eagﬁllq My n&lg%ﬂ groups, arg, plu Pf %ggﬁ“g nc?onﬁzilﬂln% 8&ps which

tellurium andthellke 10 Preparati on of . L
Bnelude.chus pea neldiiaied YoreBned\ [ Xnd ARBXa tvétPr et du A dronoanionic
The present invention al so enconpasses a net hod of

sptotp esdhzasinlideohyadrided slkogidel alkiyhthiolate, and the like, and wherein R
cycl opent adi enyl -type noieties that are |inked by a

Cloﬁ%g%%ke G§ QM RIkyD ARl AIRI SASY, Ar ARST s ABU LRI BN NAbRtituted
aryl, or substituted aralkyl having from 1 to about 20 carbon atoms.

Examples of organometallic groups that may be used as substituents in
each instance, include, but are not limited to, organoboron groups,
organoaluminum groups, organogallium groups, organosilicon groups,
organogermanium groups, organotin groups, organolead groups, organo-transition
metal groups, and the like, having from 1 to about 20 carbon atoms.

In another aspect of this invention, any substituent on the substituted aryl

group of R!, any substituent on the substituted hydrocarbyl group of R?, and any

substituent on the substituted hydrocarbyl group of R® can be independently
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vari ous anal ogs thereof such as

(cycl opent adi enyl ) (i ndenyl ) net hane and 15

(cycl opent adi enyl ) (fl uorenyl ) met hane conpounds. Thus,

in a further aspect, this invention provides a nethod

of maki ng a conpound having the fornul a o
GeRetadHERm( THarety((afHyhearicalt inoicties dnaluding, Homt linggel to, those
R3 R3 R3 ; conprising: 1) contacting in a nonprotic
Sdikol6dHd: he2éln Adls@idciding tuk nbhEmfited 1ol etdPpABmibsdtute@hshalogs
-29- 0 b) a cycl opentadi enyl conmpound conpri sing

1 e Rol ot AoGR A Anke mBliof d AP LORLAR theBhifitic method
havi the fornula R34C=CR CH2R2 and th 5 :

JF fBlvgne -syphepisp RF e AeRaaler o RULRHtted qaplogh apillope well-
wherein: RlL is an aryl or substituted aryl group

Henowrg taipne cofatmalinarg Gkdar areh incudeyshut 1:0e R®t i lsmised to, chemical
hydr ocar byl or substituted hydrocarbyl group having

fh6idids thed RERME RRhCREBARIMDOEE boRén, MUIREEH; gBBiun,Nindium,
each instance, is independently selected froma
hs\{l%o%(,: agrerbr}{zl-mium, tin, lead, nitrogen, phosphorus, arsenic, antimony, oxygen,

sulfur, selenium, tellurium, and the like.

Preparation of Bis(cyclopentadienyl)methanes and Related Compounds

The present invention also encompasses a method of synthesizing

 compounds comprising cyclopentadienyl-type moieties that are linked by a

>CRY(CH,R?) group, namely bis(cyclopentadienyl)ymethane compounds, and
various analogs thereof such as (cyclopentadienyl)(indenyl)methane and
(cyclopentadienyl)(fluorenylymethane compounds. Thus, in a further aspect, this
invention provides a method of making a compound having the formula

C,R3,CHCR'(CH,R*)(QH) and the structure:

CH,R?2
1
R {—aH
R? R
R® R® : comprising:
; prising:

1) contacting in a nonprotic solvent:

a) a ketone of the formula O=CR'CH,R?; and
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or substituted hydrocarbyl group having froml to
about 20 carbon atons, or hydrogen; and 15 Xis d,

Br, or I; and 2) contacting a) C4AR34C=CR CH2R2 with
M2 wherein Mis Li, Na, K MX or MO0.5, wherein X
is d, Br, or I, and wherein Qis a cycl opentadienyl, ,
an indenyl ,ba af cygpperiadienyl Lcompaingd; osiprEng oME(CsR DX,
thereof; followed by 20 b) a proton source, to form
MRBCRIAT)( GHR Byifaiation t18fedfh fallomtdddry aspect, this

nmet hod can further conprise isolating the conpound
CAR34CHCRL (G281 difddurceThe possi bl e sel ections for R,
CH2R2, R3, t'he ketone, the cycl opentadi enyl conpound,

(he T8 Sl AL 8, PR LE-ESTBHRR e

sanme as those disclosed herein for the nethod to

pr epar®¥ruchEef ul vene. In the conpound

CAR34CHCRL( CH2R2) (QH), the substituent Q can be

cycl opent adi enyl or substf t utegkicycl opent adi enyl
having up to about 20 carhpn atons. In addition, Q
can be indenyl or substituyted igdenyl having up to
about 20 10 carbon at Birs er, Q can be fluorenyl
or substituted fl uorenyl /ing up to about 20 carbon
atoms. The possible sub ents on the substituted
aryl group of RL, any RBubst it uen®r dnispmer thereali t ut ed
hydr ocar byl group of R2, any substituent on the
subst it ut edwhstdimocar byl group of R3, any substituent
on the substituted cyclopentadienyl, any substituent

The. substi 3t Bd Tobv oyt i aM A TRIoURRML 5T stk 2barbon

atoms;

R? is a hydrocarbyl or substituted hydrocarbyl group having from 1
to about 20 carbon atoms, or hydrogen;

R?, in each instance, is independently selected from a hydrocarbyl
or substituted hydrocarbyl group having from 1 to about 20 carbon atoms,
or hydrogen; and

Xis Cl, Br, or I; and
2) contacting

a) C,R%,C=CR'CH,R* with MQ, wherein M is Li, Na, K, MgX, or

Mg, s, wherein X is Cl, Br, or I, and wherein Q is a cyclopentadienyl, an indenyl, a
fluorenyl, or a substituted analog thereof; followed by

b) a proton source, to form C,R*;CHCR'(CH,R*)(QH).
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Preparati on of Metall ocene Conpl exes Numerous

processes to prepare and use netall ocene-based

catal yst that can be enployed in this invention have

been reported. For exanple, U S. Patent Nos. 20

4,939, 217, 5,191,132, 5,210,352, 5,347,026, 5, 399, 636,

5ing guotger aspech 2 this zucthed 438, Suther siapspriss olagingothe7eampound
5,498,581, 5,541,272, 5,554,795, 5,563, 284,
SCHESCHOR(GCHIR) (@B, 5, 594, 078, 5, 631, 203, 5, 631, 335,

5, 654, 454, 5,668, 230, 5, 705 478, 5,705, 579,

6, 187, BR0noRibtd gelé‘@t?onszf?fi @Iﬁ‘hzgff’ tﬂ@%‘éfdnl%e&%%gblopentadienyl

nmet hods, "~ -31- o each I § i hcor por at

refer en%e her e Mﬁﬂs)gé kggﬂg’r Rroces g:dsql%gm, the

this |nvent|on have been reported in references such
a%lbst]n@ppf:s,, ang thallike, ate the same g thosealisglosad hemin for the method to
23; Kajigaeshi, S.; Kadowaki, T.; N shida, A ;

?tbp@akhem&en'éhe Chem cal 5 Society of Japan 1986
9, 97; At Jung, M ; Kehr, Or ganonet .

Chem {9 3 2 J

Srom 1 BT A eRIc e rb}@é tho WBbhe & can be
i ncor por at ed ere er e its entire
reyclaneptadigery | OF s titpied s a&w@ PaYRER & i 20 carbon
compounds that can be enployed in this invention have
tedems.r dpodditidn, Q:cadderinddnydor nbptitted iredenythavigg up to about 20
Chem stry, 1996, 522, 39-54, which is incorporated by

r@bieaemsheF@tir, Qncdnt e Bbich§t ¥r subeitited ety havmg up to
treatises also descri be such nmethods: Wiles, P.

R} 20 efosit =idips, , Tk B0 nie it ﬁurﬁ%%%ﬁ?ﬂé%@és ihfied ary1 group of

Academ c; New York, 1974. Cardin Lapp
NR, pny suriituens pgihe @bs@tute@hérﬁch:@ﬂyl goup SR any "substituent on
Or gano- Zi r coni um and - Haf ni um 15 Compounds; Hal st ead

Rhe ssubstiavedY tiydrocab; greap ho R whingh siilssticweno r o rthe esibstituted
by reference herein, inits entirety.

cyclopentadienyl, any substituent on the substituted indenyl, and any substituent

on the substituted fluorenyl are also disclosed herein.

Preparation of Metallocene Complexes

Numerous processes to prepare and use metallocene-based catalyst that can
be employed in this invention have been reported. For example, U.S. Patent Nos.
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,

5,705,478, 5,705,579, 6,187,880, 6,509,427, and 6,524,987 describe such methods,
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In one aspect, this invention provides a nethod of
maki ng an ansa- netal |l ocene having the fornul a
(r15-C5R34) CR (CH2R2) (115-Q M X2, wherein M is
titani um zirconium or hafnium and X is a halide,
risin 20 1) contacting in_a nonprotic solvent:

ng of é’Yh}%lé issmcpmporated hyirafersnorhergiran itgemtingty o Other processes
cycl opent adi enyl conpound conpri si ng My( C5R34H) X,
Mo(fiepaéHhetallocene comnfounds ithat danebe efpldyelll iavhi tmyention have
-32- o c) a proton source; to forma conpound havi ng

tﬁb%n%ﬁ&?t%cﬁm%?é‘éﬁc&%u@ﬁ%@ Bt tA1eAL: ST @PUUM‘OI Bhal 4. 2001,
5 whereini” Rl i's an” aryl or

3@5 '%ﬁf@%‘ﬂ* h;ﬁgﬁ%e@%@%‘ 59 40k, RO WiRdcl ??Isy?hemical

group having from1l to about 20 carbon atons,
h¥adiciy et JapanRE986, e dth AlbsHakse Jung MﬂdKﬁbﬁO@ntf | Yrganomet.

sel ected froma hydrocarbyl or substituted
hkreCEYI8Y [560) D3RR 1 8B VAndgA Tt HINGL; NuhgdDOUL QfpaRanbo Chem. 1998,

atons, or hydrogen; and Xis O, Br, or I; 2)
CEYY 891111BYeach of which is incorporated by reference herein, in its entirety.

Further, additional processes to prepare metallocene compounds that can be
employed in this invention have been reported in: Journal of Organometallic
Chemistry, 1996, 522, 39-54, which is incorporated by reference herein, in its
entirety. The following treatises also describe such methods: Wailes, P. C,;
Coutts, R. S. P.; Weigold, H. in Organometallic Chemistry of Titanium,
Zirconium, and Hafnium, Academic; New York, 1974. ; Cardin, D. J.; Lappert,
M. F.; and Raston, C. L.; Chemistry of Organo-Zirconium and -Hafnium
Compounds; Halstead Press; New York, 1986; each of which is incorporated by
reference herein, in its entirety.

In one aspect, this invention provides a method of making an ansa-
metallocene having the formula (n°-CsR*)CRY(CH:RH)(n*-Q)M'X,, wherein M is
titanium, zirconium, or hafnium, and X is a halide, comprising:

1) contacting in a nonprotic solvent:

a) a ketone of the formula O=CR'CH,R?; and
b) a cyclopentadienyl compound comprising Mg(CsR*,H)X,

Mg(C;sR>,H),, or a combination thereof; followed by

-32- o
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15 a) ARB4C=CRICH2R2 with MY wherein Mis Li, Na, K
MgX, or Mjo.5, and Xis O, Br, or I; and wherein Q
is a cyclopentadi enyl, an indenyl, a fluorenyl, or a
substituted anal og thereof; followed by b) a proton
source, to form CAR34CHCRL( CH2R) (QH) havi ng the
structure:; C)3IBPIOIGPIEE; R1 (H R3 R3 R3 R3 ; and 3)
contacti ng CAR34CHCR (CH2R2) (QH) with about 2

equi valosoi acdongpduaddavarthae faamie (R’ ,C-CRIEH,R? and the
MLX4. In a further aspect, this nmethod further

conpri %}%}}g@ol ating (TI5-C5R34)CR (CH2R2) - 5

(315-C§ The possible selections for R, CH2R2, R3,
the ketone, the cyclopent@digﬂ |, conpound, the nolar
ratio of Mg(C5H5) X to ket opetHithe nonprotic sol vent,
the substituents, and thg|like, are the sane as those
di scl osed herein for Rhe o3t o prepare the

ful vene. 10 In another a¥ , concerning the nethod
to prepare a conpound of formul a

(115- C5R34) CR (CH2R2) (785- Q &2, the substituent Q can
be cyclopentadienyl or substitufed cycl opentadi enyl
havi ng up to,about 20 carbon atonms. In addition, Q
can be i ndeWYFeBE substituted indenyl having up to
about 20 carbon atons. Further, Q can be fluorenyl or
substi t ut ede; isuarasyhor sybstititedgsyk grous havisgupo abatrarbon

atons. The possible substituents on the substituted
aryl gitoms; of

R? is a hydrocarbyl or substituted hydrocarbyl group having from 1
to about 20 carbon atoms, or hydrogen;

R?, in each instance, is independently selected from a hydrocarbyl
or substituted hydrocarbyl group having from 1 to about 20 carbon atoms,
or hydrogen; and

X i1s Cl, Br, or I;

2) contacting

a) C,R*,C=CR!CH,R?* with MQ, wherein M is Li, Na, K, MgX, or
Mg, s, and X is Cl, Br, or I; and wherein Q is a cyclopentadienyl, an
indenyl, a fluorenyl, or a substituted analog thereof; followed by

b) a proton source, to form C,R*;CHCR'(CH,R*)(QH) having the

structure:
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R1, any substituent on the substituted hydrocarbyl
group of R2, any substituent on the substituted

hydr ocar byl group of R3, any substituent on the
substituted cyclopentadi enyl, any substituent on the
substituted i ndenyl, and any s%bstltuent on the
substituted fluorenyl are a HeR°di scl osed herein. 20 In
a further aspect, the afs thl | ocene of this nethod
can conpri se conpoun I wth the follow ng fornul a:
-34- 0 JIXRL Zr' ~ X R} '4(3~0 R1: wherein M
is Ti, Zr, or Hf; R IS yl or substituted aryl
group haV|ng up to about’ 20\carbon atons; CH2R2 is an
al kenyl group having fr8n1ab6ﬁt 3208 about 5 12 carbon
atons; and R4 is H or a hydrocarbyl group having from
1to abpwntzichgC(aRBg[EHGRbQ@{ngy(Qﬂ) with aboutifeequiegients of a base

the ansa-netal | ocene can conprise conmpound Il wth
t ey £ ablgu rﬁg?gtﬁ 1 R zZr O R4 RZHZC R4 10
%Kd \I\#I P b ay lgt‘CI—I2R2 I's 3-butenyl

(CH2 CH=CH2

In a further aspecg this metﬂocf Hu‘ther comprises isolating (n°-CsR%)CR(CH,R?)-
(*-QMX,.

The possible selections for R, CH,R?, R?, the ketone, the cyclopentadienyl
compound, the molar ratio of Mg(CsHs)X to ketone, the nonprotic solvent, the
substituents, and the like, are the same as those disclosed herein for the method to
prepare the fulvene.

In another aspect, concerning the method to prepare a compound of the
formula  (7>-CsR3)CRYCH,RY)(M’-Q)M'X,, the substituent Q can be
cyclopentadienyl or substituted cyclopentadienyl having up to about 20 carbon
atoms. In addition, Q can be indenyl or substituted indenyl having up to about 20
carbon atoms. Further, Q can be fluorenyl or substituted fluorenyl having up to
about 20 carbon atoms. The possible_ substituents on the substituted aryl group of
R!, any substituent on the substituted hydrocarbyl group of R%, any substituent on
the substituted hydrocarbyl group of R, any substituent on the substituted
cyclopentadienyl, any substituent on the substituted indenyl, and any substituent
on the substituted fluorenyl are also disclosed herein.

In a further aspect, the ansa-metallocene of this method can comprise

compound I with the following formula:
-34- 5



10

15

(CH2CH2CH2CH=CH2) , 5- hexenyl (CH2CH2CH2CH2CH=CH2) ,

6- heptenyl (CH2CH2CH2CH2CH2CH=CH2), 7-octenyl
(CH2CH2CH2CH2CH2CH2CH=CH2) ,  3- et hyl - 3- but enyl
(CH2CH2C( CH3) =CH2) , 4- net hyl - 3- pent enyl 15
(CH2CH2CH=C( CH3) 2), or a substituted anal og thereof
havi ng up to about 12 g bph atons; and R4 is H or
t-butyl. -35- 0o EXAMPLES e present invention is
further illustrated:b e irqﬁl W ng exanpl es, which
are not to be commsfgledhin AFrway as inposing
limtations upon the sco Rhereof . On the contrary,
it is to be clearly ungers¥god that resort may be had
to 5 various other a§ features, enbodinents,
nodi fi cations, and ec'fui val ents thereof which, after
readi ng the description herein, may suggest thensel ves
to one of ordinary skill En the art wthout departing
fromthe spirit of the present invention or the scope
ofhdrbie 58 pe Tiedr, dirdifyR " iSENERNL oDETYtinSed Arythgroup having up to
sol vents used in the foll ow ng Exanples were dried and

dibdhi 20 @Erbdfi di8ms SCATRA [ BkBRASeroRSs Ha® iyl RHRNMEt 3 to about

(1- phenyl - 5- hexen-1-0one) was prepared by a procedure

|.ogous, to that,deseribed pl.and Alt [
RO Rt G R o o e A e B bRVl 58 11 about 12
of Mol ecul ar Catalysis A: Chemical, 2001, 165, 23, 15
wiarkam gtemBncor porated by reference herein inits
entirety, but using 4-brono-l- butene in the place of
al | yl dnagtildenothéad aspece rhe atrisomndtslledenarcas cloan@misecedrhpyound H
in Step 1 and Step 2 of Schene 1 in Journal of

I\épiltl?ﬁfélfﬁflogﬁ{gafo)‘ﬁhﬁzk Chem cal, 2001, 165, 23.

wherein R' is phenyl; CH,R? is 3-butenyl (CH,CH,CH=CH,), 4-pentenyl
(CH,CH,CH,CH=CH,), 5-hexenyl (CH,CH,CH,CH,CH=CH,), 6-heptenyl
(CH,CH,CH,CH,CH,CH~=CH,), 7-octenyl (CH,CH,CH,CH,CH,CH,CH=CH,),
3-methyi-3-butenyl (CH,CH,C(CH;)=CH,), 4-methyl-3-pentenyl
(CH,CH,CH=C(CH3;),), or a substituted analog thereof having up to about 12

carbon atoms; and R* is H or z-butyl.
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Cycl opent adi enyl magnesi um chl oride (CpMyCl) was

purchased from 20 Boulder Scientific as solution in

THF. CpMyCl can al so be prepared according to the
procedure detailed in U S. Patent No. 6,175,027, which

Is incorporated herein by reference in its entirety.

U.S. Patent No. 6,175, 027EXAMPBESVi des a general
description of cycl opentadi enyl Gignard synthesis

met hodBhe Argventhdtyehtion is farther pllwydratddn iy Ghbbiloadng lexamples,
reported by Stille and Gubbs in J. Og. Chem,

( ) A i _ A

r\;rﬁi%ﬁ are N8t t* e co¥tiuel ik Snl R}&?;/z%ﬁ cﬁﬁl%’iﬁg%ﬁo@upon the scope

eference Inits entirety.” D opent

nesi oul d, be prepar,ed .according t ff
HRERAE LR, (TR SBIRT) ToiReroiR, TGy Jnoggan dbshot @the had to
(1985), 293, 271, which is 5 incorporated herein by
resrious netber rmspeats, efeatures, y emippdingnts, Omodificatignspiidt equivalents
(G0 analysis data illustrating carbinol formation

rieRot @dhidh) aftabteadibg the dedtriphion Hefdit | @Ay bug@st temselves to one
recorded, were perforned as follows. Data were

B SRR St B ndoly MESghTbete precn

SIfoxane co

statipnary phase. 10 Anal ysis conditions are as
fIBV?rSWé".OréEQS‘EP@e\B&h%@P% eh¢laiBYyen pressure, 50 psi

air pressure, 44 psi helium pressure and a splitless
fGBINERAIe DEY AldtSor tenperature was set at 300C and

the detector was set at 310C. For the GC run, the

| ni ti afhe $oPvEMRS adadrif (B frllwina Exhfiptesi Wére liriBdrisdedistilled using
followed by a ranmp of 20C mnute to a final

t rature .of 300C. The final tenperature was held
f%%%ﬂaﬁ%eﬁjﬁfig‘s. 15 The Nucl ear Magneti c Resonance

(NMR) spectra reported herein were _ obtained Qon a

Var i arPevisnyiphenene € -prmyhihesgetonshwaspreped i apyogedure
300 Mz for 1H NMR (CDC13 sol vent, referenced agai nst
tanelogeak toothat desicribed bCHODHB! atd AltXér bpenylpheubred 1Henyl-4-
for 13C NVR (CDC13 sol vent, referenced agai nst central

lﬂeﬁﬁ:nglf-one) in Journal of Molecular Catalysis A: Chemical, 2001, 165, 23,
which is incorporated by reference herein in its entirety, but using 4-bromo-1-

butene in the place of allylbromide. This preparation is shown schematically in

Step 1 and Step 2 of Scheme 1 in Journal of Molecular Catalyvsis A: Chemical,

2001, 165. 23.

Cyclopentadienyl magnesium chloride (CpMgCl) was purchased from
Boulder Scientific as solution in THF. CpMgCl can also be prepared according to
the procedure detailed in U.S. Patent No. 6,175,027, which is incorporated herein
by reference in its entirety. U.S. Patent No. 6,175,027 also provides a general

description of cyclopentadienyl Grignard synthesis methods. A method for
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CHC13 at 77.00 ppm. 20 -37- o EXAMPLE 1 Preparation

of 6phenyl - 6- (3-butenyl)ful vene using cycl opent adi enyl
Grignard reagents Method 1. A 1 L round bottoned

flask was charged with 1-phenyl-4- 5 penten-1-one (50

g, 313 mmwl), THE (270 nL), and a _stir_bar, and cool ed
tprepang (yMEXpwas Adsoe renoTied gbre Sitille) and Srubles ik Qg Chem.,
of an approximately 1.1M solution in THF, 345 nmol)
WADSAY derd44it, ayhics & mtarparatedibiéreindy fefieromde invits dnéirety.

mai ntai ning the tenperature at 0 T. The resulting

m xt urg; I :
ng)ﬁ%ﬁ#gﬁyg‘éﬁ%sﬁ% doRRINYee E',;Fegfa?éd" aecording to Duff,

refl uxe t hen cool ed room

t rature. 10 This reagtion m xture wa n C oy
R ARk gt Ao rvier. . Crgenqisat e 19 s 27, which s
The pentane extracts were dried with sodiumsulfate,

f incomosated hergin berclfercne bt its enjiggisr ated to dryness to
afford 70 g of red oil. Elution of this oil through

sili caTwsi Ggs hehtangogfapicd §GB9 analye%daso| Alusatiuyl carbinol
purified yield) of the product

gt;&%ﬁﬁégl trgPél%?cp Yh eyt f 4! ﬁ?gﬁrﬁg}? Btehfifn Kithes Live '\@Emgd, were

ative preparatl

6- phenyl - 6- (3-butenyl)ful vene to, that_detai in.

PHied s taligndh | B s aaaes Opﬁmw
tenperature for about 4 days, prior to neutralizing
t drosslimited ingathyisitoxane aolumnHEB2 fEgl [BWOR$ micreh rstdtmmary phase.
wor kup as that detailed in Method 1, at |east about an

BRKAIGHIR\cBh&itiORs hfe ad AgloMST S&diP#as Yatpsi hydrogen pressure, 50 psi

6- phényl - 6- (3- butenyl ) ful vene was obtained, wth 100%
33' ,;;‘ B9 R0 ta(!l' it 'ﬁs%o.'l![@g iéj%%ﬁ'ﬁemgerature
flask was charged with 1-phenyl-4-

was set at 300°C and the detector was set at 310°C. For the GC run, the initial

temperature of 40°C was held for 1 minute, followed by a ramp of 20°C/minute to

a final temperature of 300°C. The final temperature was held for 15 minutes.

The Nuclear Magnetic Resonance (NMR) spectra reported herein were
obtained on a Varian Mercury Plus 300 NMR spectrometer operating at 300 MHz
for '"H NMR (CDCl, solvent, referenced against the peak of residual CHCI; at 7.24
ppm) and 75 MHz for >C NMR (CDCl; solvent, referenced against central line of

CHCI; at 77.00 ppm).
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penten-|-one (49.1 g, 307 mmol ), THE (200 nlL), and a
stir bar, and cooled in an ice bath. Cycl opentadi enyl
magnesi um chl ori de (330 nL of approximately 1 M -38-
o solution in THF, 330 nmol) was added dropw se over 1
hour. The pale red solution was stirred overnight
while warm ng to room t enB&AMEBEE 1 The solution was
then refluxed for 4.5 hours, during which tine the red
CB}dplarb it &% - pﬁéhyl-ﬁf-(ﬁebuteﬂﬂ)fﬁlj’eﬁé iusirgd cpsleparitgivenydt Grignard
roomtenperature again, the solution was acidified by
5££§£ S4& adding 5.5 g of ammonium chloride in 100 nL of
, and then adding 50 niL of 1 MHC . The product

o o aMatad L A ab S0 Breeied ek P Eh g gS widht 1ophenyl-4-

sodiumsul fate. Elution through silica wth heptane
apetephamet(fAgi dh3 umael), THE (270 aflf) oantbel stisba, and emsed to 0 °C.
i solated and purified yield) of the product

E)& Npﬁééitaétﬁeﬁﬁ BatoRBslnl WhieRR #3253 mEdof 14h Qipproximately 1.1M

Corrpar ative preparation of 6

OO Tara R ol %yﬂﬁrh?lgﬁé éﬂ%%"vftsé ?é%%add%m funnel, while
char ged W|th 1- phenyl - ent 8.

rinfainingethe temperatpre %Qj i Prre%l ng @ﬁfefu@ow %%l gv wagned to
C. Cycl opentadienyl lithium (245 ol ) in THE (200
niopmvaesmpetaimee, iefipued dorv B ahouas) awidthienorodadh e roevhi temperature.
mai ntai ning the tenperature at -78 C. The resulting

MRS eregctY@ﬁ nﬁkgﬁ\é Yov ARRTHER Ondulralif 8NV g R 3YOT, CarRNExtracted with
stlrre for 3 days. After this 20 tine, the reaction

dice. 155 0%t Bk b ey égﬁauﬁﬁééﬁéh ﬁﬂsrr. offnd the

vvlth sodlumsulfate filtered, and the filtra

cfilasis evaparated wy Jryaess toqfimd g abred of. EBHIO@ q>f this oil through
El uti on of

silica using heptane afforded 39 g (60% isolated and purified yield) of the product

6-phenyl-6-(3-butenyl)fulvene as a red oil.

Method 2. An alternative preparation of 6-phenyl-6-(3-butenyl)fulvene to
that detailed in Method 1 is to allow the reaction to proceed at room temperature
for about 4 days, prior to neutralizing the reaction mixture with HCl. Following a
similar workup as that detailed in Method 1, at least about an 80% conversion to
the desired product 6-phenyl-6-(3-butenyl)fulvene was obtained, with 100% of
this product constituting the desired isomer (100% selectivity).

Method 3. A 1 L round bottomed flask was charged with 1-phenyl-4-
penten-1-one (49.1 g, 307 mmol), THF (200 mL), and a stir bar, and cooled in an

ice bath. Cyclopentadienyl magnesium chloride (330 mL of approximately 1 M
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-39- othis oil through silica using heptane afforded

19 g (38% of the product 6-phenyl -

6- (3-butenyl)fulvene as a red oil. EXAMPLE 3 5

Conparative preparation of 6

phenyl - 6- (3-but enyl ) f ul vene usjng KOEt/Et Od A sol ution
ofolpaem & i I .e3 b meal) (wasedded doonwise pver dshuwred The pale red
250 nmL of absol ute ethanol was prepared. This

Kt det @ials Sotred iovarnigls wintd wdrringatodoymi tempetaiide. altek solution
10 nL of freshly cracked cycl opent adi ene was added.

ThEs BRhYEAMEMRE 4.55%1.&5,9(11111‘11%\”1%01? GeSthdredbdot GRensified. After
tenperature, after Ich ti 10 mL (62.4 mmol ) of 10

- phenyl - 4-penten-1-one was added. This so]ution was ..
odh0E e g 2t B er e, asaier e Spwtiopaps Bidified by
warnmed to 5 C and stirred for 65 hours. Wile the )
riest adding 58 graframmpriurheiogde i d0§ sl of watarpandathgr @dding 50
50 nL of 3 MHCI, followed by 100 nL of water were

agilesf. 1| MhEQPr THE ptodtesway bxteat@lwith@entahe, dnelabé pertane extracts
solution wth both ether and pentane, and the ‘

COBRY DGR RLL W%&eh%ﬁhsg‘ﬁ{’e},‘e HESHEH g{:véﬂ“ s&cﬁpﬁglsgr’"fate.T NElution

resul ting solution was dried over sodi um su

filtered, and _concentrated to.afford 12.65 0
chrRRghlieR with heptang apd gpmeenipiiony agét?ré@cu'fra@?@ﬁé&?ff 36 g (55%
6- phenyl - 6- but enyl f ul vene, was shown by GC to conpri se
7igolasedaindt herifiedeyielsi) lof theipraduet Grpbenylr&(3-batemphfudvene as a red
product constituted 15.3 % of the oil. The crude oil

wsis chr omat ogr aphed through silica using hexane to

elute the fractions, a 20 process that made it

possible to lower the isoneric product to |ess than

about 4% of the material. The conbined fractions of

ful vene obtained in this way vveighed 3.32 g (17 % .

-40- 0 EXAVPLE 4 EXAMPLE 2

Comparative preparation of 6-phenyl-6-(3-butenyl)fulvene using lithium
cyclopentadienyl

A 1 L round bottomed flask was charged with 1-phenyl-4-penten-1-one
(38.4 g, 240 mmol), THF (100 mL), and a stir bar, and cooled to —78 °C.
Cyclopentadienyl lithium (245 mmol) in THF (200 mL) was added dropwise via
an addition funnel while maintaining the temperature at —78 °C. The resulting
mixture was slowly warmed to room temperature and stirred for 3 days. After this
time, the reaction mixture was ncutralized with 2M HCl and extracted with
pentane. The pentane extracts were collected and dried with sodium sulfate,

filtered, and the filtrate evaporated to dryness to afford 46 g of red oil. Elution of
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Conparative preparation of 6

phenyl - 6- ( 3- but enyl ) ful vene using NaOEt/EtOH A fl ask

was charged with 1-phenyl-4-penten-1-one (45 g of 94 %
pure, 264 nmmol) and cool ed to O C under ni trogen.
Sodlun1ethOX|de (100 mL of i n et hanol

rihis 9l thaeugivsibien vmag heptane iaffptﬁﬁdf ll?n& é$8°46b pf therroget 6-pheny1-
addi tion of freshly cracked cycl opentadi ene (43 i,
FR@B3-burhyl)fulwens\asiangé oilThi s reaction was warnmed to
roomtenperature and stirred for 4 hours. An aliquot

of the reaction mxture was anal yzed by GC, which

i ndicated that all of the ketone had been consuned.

Wat er was added to quenc tion foll owed by
extraction 10 of the proggggi@#ﬁﬁ%pentane The pent ane
extract was dried over magnesium sulfate, filtered,
drainpatetive preparationees Gerbgvi-§t @cburendlynersusing/KDEY/EtOH
reduced pressure to afford a red oil (51.5 g). The

desi r edl sblutive b€ py@ssisheiiotiye (30 @, P MMIdIP dissdl#8d i 250 mL of
the product, but the isoneric product constituted 16%

Oafbs&nﬁe @ﬁgr%ﬁlg@gx r @U_ﬁngls SO oy SPRBALEIILY Fn 2 dry ice

epara vene usi ng

it 93 10 il ?@re%aad' £k ELoBoHET HaS S0P, o L polaion was

cracked cycl opent adi ene di ssolved in 100 nL of THE and
stivled dor B haudkrat dri dee featperatrfe; eftert whichditng i16mla462.4 mmol) of
conplete, the dry ice bath was renoved and the

regiedny R pBhesh-ULshe\Ras Bdddd e‘lihfs@ohﬁm'i Ray kGrrid Q‘dndfﬂ flﬁxuﬁs at dry
white slurry. This slurry was cooled in an ice

ggedtellir?p FhetnI \gﬁ%e:éil t2€§ ﬁ%& gt#_ﬁgﬁ’ 06t ésggoaue % W ch%%actlon

bath was t hen rempved and the
mixture was then cooled to ice temperature, 50 mL of 3 M HCI, followed by 100

mL of water were added. The product was extracted from the reaction solution
with both ether and pentane, and the combined organic layers were washed with
water. The resulting solution was dried over sodium sulfate, filtered, and
concentrated to afford 12.65 g of the crude product as a red oil. The desired
fulvene, 6-phenyl-6-butenylfulvene, was shown by GC to comprise 77.6% of the
red oil, but the undesired isomeric product constituted 15.3 % of the oil. The
crude oil was chromatographed through silica using hexane to elute the fractions, a
process that made it possible to lower the isomeric product to less than about 4%
of the material. The combined fractions of fulvene obtained in this way weighed

3.32 g (17 %).
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resulting yellow solution was stirred for 18 hours. An
al i quot of the reaction solution was anal yzed by GC
and the ketone-to-product nolar ratio was 78:17.

After the reaction mxture was stirred for 20 nore

m nutes, the nolar ratio was 5 74:20. Refluxing this
reaction mxture for 24 hEdMBbEsA a ratio of 50: 31.
Subsequent stirring of the reaction mxture for 5 days

alompararive ppepautior of pipdenpledi(aburhylyfuhend Qsing NaOve/EtOH
reacti on was abandoned. EXAMPLE 6 10. Conparative

prepar At QR is Gia ithﬁzél{’eppgi-@@{v\tg%-fl é{%]n\ée(% : 0% pure, 264

lithium cyclopentad enyl ‘A arged wi

b A Fod 8 RRFRAENAE sy e . g1 o

(2 g, 12.5 mol ) in succession. This reaction mxture,
wasetbanoly 268 mmeld ovast asided rvaa an addidien nnejuisllowed div addition of
15 reaction were periodically analyzed by GC over the

CRENHEE cBicked xydipentadiche(43inL, $28/ snthb® via syringe. This reaction
ket one-to-product ratio was 88:12. The reacti on was

SRRy SR S RO Ml SR APL, o Yo of
L{:gggtlfqn%t%%]a{y se ?1 %tzgﬁ_;g dd‘.(,‘i;ngﬁfcy}g %géggﬁ;‘t alPof %he ketone had
cycl opent adi ene (0.08 nl), and 1-phenyl -4-penten-I-one

(H@h copsurhedmmWater was added &0 guenchirthe reassioni folowed byrextraction
was stirred at room tenperature for 24 hours. An

abt leobrodast wl penndY e padakd exiraitonss deted -Aer agnesium

product ratio was 56:44 and the isoneric ratio of the
desire ulven r edu t ndesi.r.ed, ful t

itk fileled SRT ARE RIS gb8 e HRIERUIB Ukt BB el pressure
to afford a red oil (51.5 g). The desired fulvene was shown by GC to comprise

82% of the product, but the isomeric product constituted 16% of the resulting

product.

EXAMPLE 5
Comparative preparation of 6-phenyl-6-(3-butenyl)filvene using lithium
cyclopentadienyl
Butyl lithium in hexanes, 59 mlL (94.4 mmol), was added to 8.0 mL of
freshly cracked cyclopentadiene dissolved in 100 mL of THF and cooled in a dry
ice bath. After the addition was complete, the dry ice bath was removed and the
reaction mixture was stirred for 3.5 hours yielding a white slurry. This slurry was

cooled in an ice bath and 15.1 g of 1-phenyl-4-penten-1-one (94. 2 mmol) as a

4l
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5 Conparative preparations of 6

phenyl - 6- ( 3- but enyl ) f ul vene usi ng cycl opent adi ene and
pyrollidine in MeOH A flask was charged with

1- phenyl - 4- penten-1-one (2 g, 12.5 nmol) and nethano

(20 nL) ,and was cooled to 0 C._Freshly cracked

cydviapbin 48imheof(PHE wag pddeda e agq bafhgas they rgmpved and the
were then added in succession via syringe. The 10

r escltingnyeliasy walution was sthoed tfemperiatums. e Aandligtotr o the reaction
for 24 hours. An aliquot of the reaction was anal yzed

b q t 5 i : whi .
R P AR FRC R ohe PR B b ke 78:17.
t he undesired ful vene product s 13: 1. The reaction,.

v e e Fraion mystors Ny, s drdop 0 pre, ingcly the olar Fatio was
phenal-6-54 pent enyl ) ful vene usi ng cycl opent adi enyl

F4:3har Bellupingethis reaction mixfuee ot 24nbeurs| g@k derstio of 50:31.
charged with 1-phenyl -5-hexene-1-one (see: Koppl and

Ablibséqunit adtirfihg Mo ele lrédcticat alipais fée 5Cdeyd @@l roo20@dmperature
165, 23) 20 (50 g, 287 mml), THE (100 ni), and a

- par,, ake di enyl
sk BB 8037° s deabelon rkHARRSA 2 L 1. 1m
solution in THF, 345 mol) was added dropw se via an
addition funnel while maintaining the tenperature at
O T. The resulting m xture was slowy warnmed to -43-
0 roomtenperature, then EXAMREH & or 3 hours, and
subsequently cooled to room tenperature. The reaction

vasmperiiival | epaiitioh 28 HElphenple eX bty BfiViren using  lithium
pentane. The pentane extracts were dried wi th sodi um
and evaporated to dryness

sulfate, filtered,

a‘f%f%"lpéf”ﬁ’é’geé‘ﬁg of red oil. Elution of this oil through
silica 5 using heptane afforded 33 gi (529. of

6- phendyltlagk wes shareed pyish solidliaiug cyclppentadienide (1 g, 13.9 mmol),
diethyl ether (25 mL), and 1-phenyl-4-penten-1-one (2 g, 12.5 mmol) in succession.
This reaction mixture was stirred at room temperature, and aliquots from the

reaction were periodically analyzed by GC over the course of six days. After six

days the ketone-to-product ratio was 88:12. The reaction was abandoned

EXAMPLE 7
Comparative preparation of 6-phenyl-6-(3-butenyl)filvene using NaOMe/MeOH
A flask was charged with sodium methoxide (54 mg, 1 mmol), methanol
(20 mL), freshly cracked cyclopentadiene (0.08 mL), and 1-phenyl-4-penten-1-one
(160 mg, 1 mmol} in succession. This reaction mixture was stirred at room

temperature for 24 hours. An aliquot was analyzed by GC and the ketone-to-
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"H NWR (CDC13, 30C): 8 7.38 (m 5H, C6H5), 6.63 (m
1H), 6.58 (m 1H), 6.49 (m 1H), 6.11 (m 1H, ful vene
CH), 5.75 (m 1H, alkenyl CH), 4.97 (m 2H, alkenyl
CH2), 2.94 (t, 2H), 2.07 (dd, 2H, CH2), 1.53 (t, 2H,
CH3). 10 EXAMPLE 10 Preparation of

m@ﬁéptow@ﬁt‘a@ﬁ b4 1pletirg | prinerio ratiteof the desired fulvene product to
Grignard reagents The present invention al so provides
aumddsired filoenpy moduda wdse3:t.oMhe s¢uunioh veas abandoned)
internmedi ates, resulting from nucl eophilic addition of
the cyclo- 15 pentadienyl-type reagents to the aryl

al kyl ketones or aryl al kenyl ketones followed by

hydrol ysis, as foll ows.
1- phenyl pent - 4- ene- 1- one%ﬁ@?ﬁﬁ 7 granms, 310

mol es) was dissolved in 200 nL of dry THE under

nCompgrativawdenaratiohaek6-phed-dolSebutenylifulvene usingicrclopentadiene

Wiile this solution was stirred vigorously, 350 niL of
W{, SIBetn 30375 ol es; My: ketone ratio of

was added over a period of 60 mnutes. The

r esul t e t] i | fio 0

o (AR L MR 2 BOS, g v
fq%!g ap g :’{%ot f t!qdf 9%@59 (lfj Qpevx\ll?éc’dlene 2.0
chr omat ogr aphy anal ysis (GC -44 o using a flame

i k) zatli myroliginec (b3 .mIThaverajtion pddedsin slecessidrediabgyringe. The
this GC detection were as shown in Table 1. Table 1.
Ractidl RERWeeNaP R FoonMidh éhﬁlr@aﬁ@sﬂlﬂrwfdrrﬂ hélffs. An aliquot of

Car bi nol Formation Ret en]?l on Tinme(m n) Percent
| ?‘E?’%ﬁ% 'oﬁ%%a'éoa%glyﬁégﬁgla(g% eagl? ,}‘%‘?Ié tgge 18 Bﬁ?du% ra'ﬁ%%s-rﬂ?li while

the isomeric ratio of the desired fulvene product to the undesired fulvene product

was 13:1. The reaction was abandoned.

EXAMPLE 9

Preparation of 6-phenyl-6-(4-pentenyl)fulvene using cyclopentadienyl Grignard
reagents

A 1 L round bottomed flask was charged with 1-phenyl-5-hexene-1-one
(see: Koppl and Alt Journal of Molecular Catalysis A: Chemical, 2001, 165, 23)
(50 g, 287 mmol), THF (100 mL), and a stir bar, and cooled to 0 °C.
Cyclopentadienyl magnesium chloride (325 mL of an approximately 1.1M
solution in THF, 345 mmol) was added dropwise via an addition funnel while

maintaining the temperature at 0 °C. The resulting mixture was slowly warmed to

43- ©
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6.56 3.8 Ketone 8.91 32 Fulvene 9-10 (broad) > 25%
Carbinol B. Reaction for 44 hours at Room

Tenperature, Followed by 3.5 Hours Reflux 4.16 8.6

Di cycl opent adi ene 6.56 14.6 Ketone 8.91 66.9 Ful vene
9-10 Ebroad) <2 Carbinol. 5 Conditions for obtaini ng

rTOPBh taneReTaturR dhet refexedcfos nhihgurss apd sybsegyently capled to room
Table are described in the General Details section.
Semperangre! h@he e@adtioon was xtent@libed veith 28I HChrald datyacted with
(24 hours) at room tenperature produced no further

CRARGRS The! Péhnibfe %&F?«{}s albiduatied Wigh rseafn %ﬁlfgtjeg filtered, and

solution was then re xed for 3.5 hours. A subsequen

&C anal ysj s,of an aliguot, of &his.react.ion | uti.on -
SRRt dere Rt fafadt 8l (RatoRIEHR i Heueh siica
car bi nol had been converted to the ful vene, as shown .
i usingabensane afiferded 83 2 (52%aef 6-phenyldbkepatenyl Hulvenp gs a red oil.
amount of ketone increased during this process. Since
tIRENMRYQIDCIS, 30TOXNE 738 (@h,c314) Opy)} 663qRE MDY bGINEE, 1H), 6.49

have decreased during this 15 process, and whil e not

14101 | el RISy CHIEa D L 1EE SIRLAPEA 1495 G, 21,

[ e
thi’s ncreasé i'n toné “anoun

B e 4 (o E0 R0 R, o O 35 o BRchBF o e

bound by -45- o theory, this observati on suggests an

expl anation for why excess CoMgCl works well during

the ful vene preparation. Further, the conversion of

carbinol to ful vene EXAMPLE 10

Preparation of I-cyclopentadiene-I-phenylpent-4-ene-1-ol using Grignard
reagents

The present invention also provides a method to prepare the corresponding
carbinol intermediates, resulting from nucleophilic addition of the cyclo-
pentadienyl-type reagents to the aryl alkyl ketones or aryl alkenyl ketones
followed by hydrolysis, as follows.

A sample of 1-phenylpent-4-ene-1-one 50 mL, 49.7 grams, 310 mmoles)
was dissolved in 200 mL of dry THF under nitrogen and the flask was cooled in an
ice bath. While this solution was stirred vigorously, 350 mL of 1.07 M CpMgCl
(375 mmoles; Mg:ketone ratio of 1.2:1) was added over a period of 60 minutes.
The resulting yellow solution was stirred for 20 hours at room temperature, over

which time it developed a red color. A small aliquot of this reaction solution was

then removed and hydrolyzed, followed by a gas chromatography analysis (GC)

-44. o



5

10

15

shown in section B of Table 1 suggests why el evat ed
tenperatures, including but not limted to refl ux,

are useful to convert the carbinol to the fulvene
without 5 isolating the carbinol first. EXAVPLE 11
Preparation of 1-(phenyl)-1-(4

pSiEH ﬂm)tmm(u@wrb%mtam Bl mpior peekuisletified by ghis Mndetection
10 A1 L round bottoned flask was charged with
fiwererag BRowR 3 Zable 1139.6 mmol ), THE (400 nl), and a
stir bar, and cooled to -78 C as n-butyl lithium (165
mol ) was slowly added. The mi xture was warned to room
tenperature stirred overn|ght then cooled to O C

nhoam a Y| nt (20O ~ 1.71

nad A& N f .l
ullu U PII\,II)’I \vJ \'-r 'JCII Il_yl / T ul VCIIC \\JU 3! LT L IIIIUI },
di ssolved in 400 nL of ,THE was added vi a cannu
AFable 11 Gas Chsomeatoggaphes’ rﬁnalm%DmsIllgsﬁratr%Cﬂ@mql\Eermatwn

days at roomtenperature, the reaction was quenched

W (Retéaion! Binfedmbi}ACl sol uti Parceahe or gahi c ndileddifidation

extracted W 1R QLA 108 00Hours @ Wodm Fepbin@Xt I act s

2£‘I ?U ovgrmdnnyur ous NazZSUA. lkéJ()n SSI ve rﬁ &E}bel,;tadiene

O —= eHowrett—was |o olated- -ofa

of this ﬁﬁ f{wr mmh sili-c ;]Igl Ulal?f ;?Kgd”é
31.7 g (88 of thel|desired I32c1and Fulvene
1- ( ph@all fbraad)4- pentlenyl ) - 1>3% Carbinol

(cycl opent adi BnRedctibn(fbF 4o heims ot Rohaempéragirenas used
wi thout further puphlibwadd bPB.5 HOGs ReffsXAVPLE 12

Pr epar at 4(‘1'6 of 1- (- f=cyct operRraur eny )= 1= U]‘Q%Yglogentgdiene

q
)
9
<
2
]
‘E

y C 2|
f é §§ HeX—o—ehe o uUIII tH—Gt€h rKet()ne
1- (phenyB¥11-(4- 5 6%.9 Fulvene

pent efyl() reddyycl opent adi enyl2 1- (f | uor enyl ) meCagrieol

(7.20 g, 18.6 mmol), diethyl
! Conditions for obtaining retention times in the GC analysis reported in this Table are
described in the General Details section,

Stirring the reaction mixture for an additional day (24 hours) at room
temperature produced no further changes in the GC of an aliquot. The reaction
solution was then refluxed for 3.5 hours. A subsequent GC analysis of an aliquot
of this reaction solution which was then hydrolyzed revealed that much of the
carbinol had been converted to the fulvene, as shown in Table 1. However, it was
also observed that the amount of ketone increased during this process. Since the
absolute amount of dicyclopentadiene would not have decreased during this
process, and while not intending to be bound by theory, it is believed that this
increase in the ketone amount is likely due to the decomposition of some of the

carbinol back to the starting material. Again, while not intending to be bound by
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ether (250 nlL), stir bar, and cooled to -78 C as
n-butyl lithium (40 mvol) was slowly added. The
m xture was warnmed to roomtenperature, stirred
over night, and then added via cannula to Zrd 4 (4.3

18.5 mmol ) which was being stirred in, pentane (250
nLh)eom this @bsquvetipe sugesigan caplgaatinn far whyeacossr GMefd works
room 10 tenperature, stirred overnight, centrifuged,
awdll doging e fuledmprepwaticle CRittles, thélvenversivni oficaghisell todulvene
was extracted with nethyl ene chloride. This nethyl ene

Céﬂo‘w ﬁlxesecﬁgﬁ gf‘ T4 eqﬁg% t@%&g\‘jele@&@d g&ﬁ%&gr yéé” N#l@Ming but

ecante acuat e ness

a]}‘q];o el n‘? Lhe Byr(,gg%;:gls S‘l & reddl S&x’qf lgmgi] t? #pgf%ver@ ‘without
7.63 (m 3H),_748(m 4H) 15694(t 1H), 6.21 (d,
lisplafingke cagbinpl firet. 1H), 6.34 (m 1H), 5.95 (m 1H),

5.78 (m 1H, Cpu), 5.84 (m 1H pentenyl-CH), 5.09 (m

2H, pentenyl-CH2), 2.96 (m 2H), 2.22 (m 2H), 1.63

(m 2H). 13C NMR (CDC13, 30C): 6 142.77, 138. 19,

129.99, 129.88, 128. 82, 81, 127.57,

127.26, 125.35, 125. 29, %%§A§§HJ§1;4 55, 124.07,

123.87, /123.83, 123,42, 122. 9, 120.

18repgeation 5. @g I-gpprenyh- 1434 queigméﬁ éb@owfaéenﬂbf (fluorenyl)-
54. 04, 39.98, 33.85, 23.38. Although any net hods,

dmziha&s, and materials simlar to or equivalent to

t hose described herein can be used in the practice or

testing pfy thend %B&Bﬁnb@rﬂaskhﬁas fclriﬁ'g@&' ﬂﬁtﬁlﬁﬁéne 623.2 g, 139.6
devi ces and materials are erel n déscri bed. - Al |

publ i.c pat.e nent i reLn .

PR CApORRF g pAF by FRER 116 08 Fadéﬁ’t bytg] fihium (165
for the purpose of describing and discl osing, for

e was slowvly gdded. dhe maREITERas SHITISE; toOpAtepegature, stirred
described in the publications, which mght be used in
covengight, dthemicobledhie Oro€s enid §-plesylré-bpentengiulvene (Bieg, 171
5 publications di scussed above and throughout the text

Afnthd?y, WdsIRLASA! RI0YmE O6f THE Was added via cannula. After the resulting

mixture was stirred for two days at room temperature, the reaction was quenched
with saturated NH,Cl solution, the organic material extracted with diethyl ether,
and the ether extracts dried over anhydrous Na,SO,. Upon solvent removal, 69.1
g of a yellow oil was isolated. Chromatography of this oil through silica using
heptane afforded 31.7 g (58%) of the desired ligand, 1-(phenyl)-1-(4-pentenyl)-1-
(cyclopentadienyl)-1-(fluorenyl)methane, that was wused without further

purification.
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di scl osure prior to the filing date of the present
application. Nothing hereinis to be construed as an

adm ssion that the inventors are not entitled to

ant edate such disclosure by virtue of prior

invention. To the extent that any definition or usage

provi ded by any docunentfgiﬁhﬂﬂé% porated herein by
reference conflicts with the definition or usage

PPRYufREbn hegfei Ur(rfft?clépfehtﬁdidnpl) {7 \BAgerepyVi-gleshylhex-5-ene
herein controls. For any particul ar conpound di scl osed
herein eral structure presented al so
éﬁn%W5Q§§é§k% conformati onal isoners, regioisoners

and stereoisonmers that may arise froma particul ar

set ofAstpwad battamed flppk Wesh ehatged swith (thet igand, [ (ghenyl)-1-(4-
enconpasses all enantioners, diastereoners, and ot her
ognitea)- 1 J(Wmtadimiyh)et-(ﬂuomnﬂr)mieﬁ]me,i @ 2 g,rldcenmineol), diethyl
fornms, as well as m xtures of stereoisoners, as the

Cnegﬁrgfgts rrﬁﬂng'sﬁ?%ar,-ﬁlﬁ-cogléal-ﬁ' MR oW Qﬂ-@dt?l lifhidm (A0 mmol) was

king a conpound, the nethod Conpri sing:

P B PR ioRe St g el o R K Bt

conpris My( C5R34H) X foll owed by 10 a_ proton

sandrtben adfgﬁdf Oe grRNWY tmztﬁald (ha\g: g Samfrml)rrwha:hoﬁas being stirred in
CAR34C=CRI CH2R2 and a structure: K R= R R.

pentane (250 mL) at 0 °C. The resulting orange mixture was warmed to room

temperature, stirred overnight, centrifuged, and the supernatant was decanted. The
remaining solid was extracted with methylene chloride. This methylene chloride
extract was centrifuged, and the supernatant was decanted and subsequently
evacuated to dryness affording the product as a reddish solid (7.1 g, 70%).
NMR (CDCls, 30°C): & 8.19 (m, 2H), 7.87 (m, 2H), 7.63 (m, 3H), 7.48 (m, 4H),
6.94 (t, 1H), 6.21 (d, 1H, ArCH), 6.47 (m, 1H), 6.34 (m, 1H), 5.95 (m, 1H), 5.78
(m, 1H, CpH), 5.84 (m, 1H pentenyl-CH), 5.09 (m, 2H, pentenyl-CH,), 2.96 (m,
2H), 2.22 (m, 2H), 1.63 (m, 2H). *C NMR (CDCl;, 30°C): & 142.77, 138.19,
129.99, 129.88, 128.82, 128.67, 127.81, 127.57, 127.26, 125.35, 125.29, 125.23,
124.55, 124.07, 123.87, 123.83, 123.42, 122,77, 121.29, 120.23, 117.88, 115.57,
112.49, 103.62, 103.20, 79.10, 54.04, 39.98, 33.85, 23.38.

Although any methods, devices, and materials similar to or equivalent to
those described herein can be used in the practice or testing of the invention, the

typical methods, devices and materials are herein described.
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R- R 15 or an isoner thereof, wherein R is an aryl

or substituted aryl group having up to about 20 carbon
atons; R2 is a hydrocarbyl or substituted hydrocar byl

group having from1l to about 20 carbon atons, or

hydrogen; R3, in each instance, is |ndependently

sel ect Ad pybiieations and palenis| mentienedhareint asg Ingmyporated herein by
hydr ocar byl group having from1 to about 20 carbon
ateferencelin hiielr ageirsticandor thel pufose B, detribing2andl dixclosing, for
met hod of claim 11, wherein any substituent on the

U’Eﬁ?l?l? %23 offiret 05t Beblodofbeie ’?H‘\é% Gebhib&Nn 4R plbfications,
25 th bst d b

SPBicE i e gbed T aiennset ﬁoasg%ﬁ g Sefcted dgéifion. The
gr oup, an aromatic group, a cyclic gr oup a

cpulicationsodiseissed plpdnagt angd féarrdlgl@yt:thedevgtr arapsovided exdglyefor their
group, a sulfur group, a nitrogen group, a phosphorus

- diSclobur pRidR to 3 AL dte G Ak hresent applivatien 0 Wothidg herein is to
silicon group, a germaniumgroup, a tin group, a lead

959 Hann%cﬁ AU S 0 QHatathE qh@éﬁ%@ ra%' rﬁo{) gﬁtitikﬂfgog%ﬁe&ate such

ro up, an organone group, or
|vat|ve there f. any one of which havrng from1l to

closurp by JAMBSOLPBMFIVENOR | de: or hydrogen. 5 3. The

rret hod of claim1l, wherein R is phenyl, naphthyl, or
a subsTotthe eaktanaﬂha‘g any haefmatiothaw i usggeiprowded iyt agP document
carbon atons. 4. The nmethod of claim1, wherein R2 is

aﬁhc@llp%i/dted Akdin b?' tefoe c%nfﬁct§bb@§ﬁ 'tlﬁélﬁéﬁimtléﬁ (ﬁﬂ%lagg provided
thereof, having from1l to about 20 carbon atons,

hl'){‘cf{y"“ggﬂﬁodﬁg‘“&"na?{ BhSRoRasiih i kopbs o' n F2 19 an

For any particular compound disclosed hercin, any general structure
presented also encompasses all conformational isomers, regioisomers, and
sterecoisomers 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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from3 to about 10 carbon atons. 15 6. The nethod of
claiml, wherein CH2ZR2 is: CH2CH3: CH2CH2CHS:
CH2CH2CH2CH3; CH2CH2CH2CH2CH3; 20 CH2CH2CH2CH2CH2CHS;
CH2CH2CH2CH2CH2CH2CH3; CH2CH2CH2CH2CH2CH2CH2CHS3;
CH2CH2CH2CH2CH2CH2 CH2 CH2 CH3;
CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CHAGHAIMS 25 CHR CH=CHR:
CH2CH2CH=CH2; CH2CH2CH2CH=CH2; CH2CH2CH2CH2CH=CH. 2;
CH2CH2CH2CH2CH2CH=CH2; 30 CH2CH2CH2CH2CH2CH2CH=CHZ;
CH2CH2CH2CH2CH2CH2CH2CH=CH2; -50- O
CH2CH2CH2CH2CH2CH=CH2; CH2CH2C( CH3) =CH2;
CH=C(CH3) 2; CH2CBH5; 5 CH2C6HAME;

1. A method of making a compound, the method comprising:
contacting in a nonprotic solvent:

a ketone having a formula of O=CR!CH,R?; and

a cyclopentadienyl compound comprising Mg(CsR*H)X;
followed by

a proton source;

to form a compound having a formula of C,R®,C=CR'CH,R? and a structure:

or an isomer thereof; wherein

R' is an aryl or substituted aryl group having up to about 20 carbon atoms;

R? is a hydrocarbyl or substituted hydrocarbyl group having from 1 to about 20
carbon atoms, or hydrogen;

R’, in each instance, is independently selected from a hydrocarbyl or substituted
hydrocarbyl group having from 1 to about 20 carbon atoms, or hydrogen; and
XisCl, Br,or L

2. The method of claim 1, wherein any substituent on the substituted aryl group of
R!, any substituent on the substituted hydrocarbyl group of R?, and any substituent
on the substituted hydrocarbyl group of R? are independently selected from an
aliphatic group, an aromatic group, a cyclic group, a combination of aliphatic and

cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a phosphorus
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CH2C6H3Me2; CH2C6H2Me3; CH2C6H4( C6HN) ;

CH2C6H4( C5H5) ; 10 CH2C6H4(C4H9); or a substituted

anal og t hereof having up to about 20 carbon atons. 7.

The nmethod of claim 1, wherein R3, in each instance,

Is independently selected from.an al kyl group or an .
aREnyAN YPLUP SHAD: AGATHOBIETPUR: @ SHliedit STOBP.ChEBBIIIRII FFOUD, a tin

15 hyd . 8. Th th f claiml L.
roRhch e 2R a bordl ErolB alr fufbimfm 2oile: pm SRR v, an
abtehoHEAHR GOuporal FBsYutcdl R atidy thegedfl £19 dnel ¢F vHkiGh having
12 "carbon atons; or hydrogen. 20 9. The net hod of

cfrainnt tb, abeht2@ carbR8 atams; @dwhidenarthyideegeni s hydr ogen.
10. The nethod of claim1, wherein the ketone is:
O=C( C6H5) CH2CH=CH2; 25 O=C( C6H5) CH2CH2CH=CH. 2;

g?@@%%%%%% is phenyl, naphthyl, or a substituted analog

QhExeob hbifEREHE s,
O=C( C6HACH3) CH2CH=CH2; 30 O=C( C6HACH3) CH2CH2CH=CHR;
-51- 0 O=C( CBHACH3) CH2CH2 CH2 CH=CH

4. The method of claim 1, wherein R? is an alkyl, aryl, alkenyl, or a substituted

analog thereof, having from 1 to about 20 carbon atoms, or hydrogen.

5. The method of claim 1, wherein R? is an alkyl group or an alkenyl group having

from 3 to about 10 carbon atoms.

6. The method of claim 1, wherein CH,R? is:
CH,CHj;;

CH,CH,CH;;

CH,CH,CH,CH;

CH,CH,CH,CH,CH;
CH,CH,CH,CH,CH,CH;;
CH,CH,CH,CH,CH,CH,CHs;
CH,CH,CH,CH,CH,CH,CH,CH;
CH,CH,CH,CH,CH,CH,CH,CH,CH;;
CH,CH,CH,CH,CH,CH,CH,CH,CH,CH;;
CH,CH=CH,;

CH,CH,CH=CH,;

CH,CH,CH,CH=CH,;
CH,CH,CH,CH,CH=CH.,;
CH,CH,CH,CH,CH,CH=CH,;
CH,CH,CH,CH,CH,CH,CH=CH,;

CH2CH2CH2 CH2CH2CH2 CH2CH=CH2 5
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O=C( C6HACH3) CH2CH2CH2CH2CHECHR;  O=C( C6HACH3)
CH2CH2CH2CH2CH2CH.  dbd.  CHR;
O=C[ C6H3( CH3) 2] CH2CH=CH2; 5
O=C] C6H3( CH3) 2] CH2CH2CH=CH2;

PO CH ety N B et
BB & oarcn, 10
FEEH B oG ocecroe

ce%%( CH3) 3] CH2CH2 CH2 CH2 CH=CH2;
( CH3) 3] CH2CH2CH2 CH2CH2 CH=CHR;
CEBLCERME6HL1) | CH2CH=CH2; 15
(0= C6HL1] CH2CH2CH=CH2;  O=C] C6H4( CBHL11 ]
CH2; O=C C6HA( C6H11 | CH2CH2CH2CH2CH=CH2;

SR (coie) | cockaor 20

CERL CH2 00 M, 26 HS) | CH2 CH2CH=CH2;
o=q CI—IZCBGHXSCBHS)] CH2 CH2 CH2 CH=CH2;

06H5) | CH2CH2 CH2 CH2 CH=CHR;

9() HO) ] CH2CHECHR: 25
Gréluistitlat Wl el ofiBetiachip@bdbout 20 carbon atoms.

7. The method of claim 1, wherein R?, in each instance, is independently selected
from an alkyl group or an alkenyl group having from 1 to about 20 carbon atoms;

or hydrogen.

8. The method of claim 1, wherein R?, in each instance, is independently selected
from an alkyl group or an alkenyl group having from 1 to about 12 carbon atoms;

or hydrogen.
9. The method of claim 1, wherein R?, in each instance, is hydrogen.

10. The method of claim 1, wherein the ketone is:
0=C(C¢H;)CH,CH=CH,;
0=C(C¢H;)CH,CH,CH=CH.,;
0=C(C¢H;)CH,CH,CH,CH=CH,;
0=C(C¢H;5)CH,CH,CH,CH,CH=CH,;
0=C(C¢H;)CH,CH,CH,CH,CH,CH=CH;
0=C(C¢H,CH;)CH,CH=CH,;
0=C(C¢H,CH;)CH,CH,CH=CHo,;
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O=C] CH2C6H4( CAH9) ] CH2CH2 CH2 CH=CH2;
O=C] CH2C6H4( C4AH9) | CH2 CH2 CH2 CH2 CH=CH2
O=C] CH2C6H4( C4AH9) | CH2 CH2 CH2 CH2 CH2 CH=CH2;
O=C( napht hyl ) CH2CH=CH2; 30 O=C( napht hyl ) CH2CH2CH=CH2;
-52 o O=C( napht hyl ) CH2CH2 CH2 CH=CH2;
CHzCH2;

fﬁ%@?ﬂéﬁﬁ&ﬁﬁﬁ?ﬁw Toup | s Satur atod: or
RIS RER, ¢3§ Cﬁiﬁ%@ﬁ@%ﬁ% 1) CeGRGH-CrR,

<@;g§@%£§( CH2CH=CH2i
p- cycl oal kyl) CH2CH=CH2, or 10
@Q(JE@EE((EHQy]ﬂ}MMH%HWCFQCH:CHZ wher ei n p-al kyl

and p-cycl oal kyl have up to about 12 carbon atons. 12.

M[ﬁ;ﬁh(ﬁﬂdﬁ]&ﬂz&]ﬁﬁﬂiz@ﬁé%zn t he cycl opent adi enyl
ound conprises sub. 5H. sub. 5) X, wherein X is

Foalaliox  ate i e ka1 Wit d ot hel Sle Ay

ﬁﬁéﬁﬁﬁﬁi@éﬁ@%@fﬁ@&ﬁﬁ Bne oo
e T, G L The ol ar rat 1o of
N CRESE), 0CH O, L0, OFB=CHy;eat er than about 1.2. 20
0=C[C¢H,(CH,);]CH,CH,CH,CH=CH,;
0O=C[C¢H,(CH,);]CH,CH,CH,CH,CH=CH,;
O=C[CsH,(CH,);]CH,CH,CH,CH,CH,CH=CH,;
O=C[CsHo(CeH,1)]CH,CH=CH,;
O=C[C¢H4(CeH;;]CH,CH,CH=CH;;

O=C[CH4(CsH;, JICH,CH,CH,CH=CH,;

O=C[C¢H4(CsH;; JCH,CH,CH,CH,CH=CH,;
O=C[C¢H4(CsH,;,1CH,CH,CH,CH,CH,CH=CH,;
O=C[CH,CsH4(CsH5)]CH,CH=CH;
O=C[CH,C¢H,(CsH5)]CH,CH,CH=CH,;
O=C[CH,CsH4C:H5)]CH,CH,CH,CH=CH,;
O=C[CH,CsH4(C¢H5,}CH,CH,CH,CH,CH=CHj;
O=C[CH,CsH4(C¢H5)]CH,CH,CH,CH,CH,CH=CH,;
O=C[CH,C¢H4(C4H,)]CH,CH=CH,;
O=C[CH,CsH4(C4Hq)]CH,CH,CH=CH,;
O=C[CH,CsH,4(C,H)]CH,CH,CH,CH=CH,;
0O=C[CH,C¢H,(C,;H,)]CH,CH,CH,CH,CH=CH,,
O=C[CH,CsH4(C4H,)]CH,CH,CH,CH,CH,CH=CH,;
O=C(naphthyl)CH,CH=CH,;

O=C(naphthyl)CH,CH,CH=CH,;
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14. The nmethod of claim1l, wherein the

cycl opent adi enyl conpound conprises M(C5HS) X,
wherein Xis C or Br, and the nolar ratio of
My(C5H5) X to ketone is greater than about 1.5. 25 15.
The nmethod of claim1, wherein the nonprotic solvent

i ©=%rnanhiley) GHYCHyCHyGHFCht 0 about 20 car bon at oms,

T i+t FaTe sl reof, or any conbination
t?@r(g%h?ﬁly?z(ghﬁfggﬁ%mb@%f_bg;ai m 1, wherein the
n@?@(ﬁip}ﬁhﬁmH?Hzﬂiﬁz@HﬂﬂH{M{:@ 1elor afP afi16f theretWiRirein the
di i sopropyl ether, di-n-propyl ether, di-n-butyl
etlkenyl grewthis| saturpigtlyor amytipemer diergoény| et her, THF,
1, 2- di met hoxyet hane, or any conbi nation thereof. -53-
0 17. The method of claim1, wherein the nonprotic
S P VAR mE®ER oF Eaim &y thikin flekgBAORA Of claim 1,

erein the nonprotic solvent conprises THF, and 5
cORCACLH pp-atiodWCH, Gitl, GH+ERper at ure greater than about

40C for at | east about 1 ours. 19. The net hod of
cBﬁd@ﬁfRﬁé‘f@@ﬁﬁﬁléﬂ?@ﬁﬁ&%» sol vent conprises THE,

d tacki 1 rature greater than
Do P B O G RE 2 0" ¥ “about. 10
hOwC§CROp-cybdal e, CH,CH,aHrJH,;wher ei n t he
nonproti c _sol vent conprises THF, and contacting
owhericin prlleyl padpesysloplleyl fevavp to aba 12irsthongsamsor a
time fromabout 1 to about 2 hours. 15 21. The net hod
of claim1l, wherein the nonprotic solvent conprises an
efNerhewhéthod af BRIt 1N WHRRNA thddRMRintddiaiy1 8b@pbuftPSomprises

and contacti ng occurs at a tenperature grea?er t han

alM@(€. su.SH: savb. P, Ivdmsein 2bisuE] & Broang the molar ratio of
Mg(C.sub.5H.sub.5)X to ketone is greater than about 1.

13. The method of claim 1, wherein the cyclopentadienyl compound comprises
Mg(C;sHs)X, wherein X is Cl or Br, and the molar ratio of Mg(CsHs)X to ketone is
greater than about 1.2.

14. The method of claim 1, wherein the cyclopentadienyl compound comprises
Mg(CsHs)X, wherein X is Cl or Br, and the molar ratio of Mg(CsHs)X to ketone is
greater than about 1.5.

15. The method of claim 1, wherein the nonprotic solvent is an ether having from
2 to about 20 carbon atoms, THF, a substituted analog thereof, or any combination

thereof.

16. The method of claim 1, wherein the nonprotic solvent is 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.
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20 22. The nethod of claim 1, wherein contacting
occurs at a tenperature greater than about 40C for at
| east about 5 hours at a pressure such that the
boiling point of the nonprotic solvent is about equa
to or greater than the contacting tenperature. 25 23.
A nmet hod of making a conpound conprising: contacting

[ nonpsk ot i ol vent,: a ket one havi f or mul
e 5b of o2 Mrisndn R R S s e T8F g
My( C5R34H) X; followed by a proton source; 30 to form
a first conpound having a fornula of CAR34C=CRLCH2R2
ahtl Thesnethod of elaim-15shereiRtheQrRRROtIRDI RNt REMRBIseH FHENand
i soner. t her eof wherein: 5 R Jjs gn ar r
SR TR o BB srcat b Sroubatiic B atleastabout 10
atqs, R2 is a hydrocarbyl or substituted hydrocar byl
group having from1l to about 20 carbon atons, or
hydrogen; R3, in each instance, is independently

sel ected froma hydrocarbyl or substituted

hifdiridiearepd gF ela HaWiees ! FsmCRPFYiGIRdYAnt SompESBORIE, and
PR Rios i hno Rl Kol arbopbp0 Flor i from about

Lo, abdas 1Khodg X, or Myo.5, wherein X

20. The method of claim 1, wherein the nonprotic solvent comprises THF, and
contacting occurs at a temperature greater than about 65°C for a time from about 1

to about 2 hours.

21. The method of claim I, wherein the nonprotic solvent comprises an ether with
a boiling point greater than about 40°C, and contacting occurs at a temperature

greater than about 40°C for at least about 5 hours.

22. The method of claim 1, wherein contacting occurs at a temperature greater
than about 40°C for at least about 5 hours at a pressure such that the boiling point
of the nonprotic solvent is about equal to or greater than the contacting

temperature.

23. A method of making a compound comprising:
contacting in a nonprotic solvent:
a ketone having a formula of O=CR'CH,R?; and
a cyclopentadienyl compound comprising Mg(CsR?,H)X; followed by
a proton source;

to form a first compound having a formula of C*R*,C=CR,CH,R? and a structure:
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is A, Br, or I, and wherein Qis a cycl opentadienyl,
an indenyl, a fluorenyl, or a substituted anal og
thereof, followed by 15 a proton source, to forma
second conpound having a fornmul a of

CAR34CHCR (CH2R2) (QH) and a structure: CH2ZR2 R1 (H
R3 Rs R3 RR_20HsR¥. The method of claim 23, conprising
[ he second conpound. 25. The nethod of

claim hereigs Q i s cycl opentadi enyl or substituted
cycl open adi eplyl having up to about 20 carbon atons.

- 55- g met hod of claim23, wherein Qis indenyl
or substs ut ethsi ndenyl having up to about 20 carbon
atons. 27. The method of claim 23, wherein Qis

fluorenyl or substituted fluorenyl having 5 up to
about 20 carbon atoms. 28. A nethod of making an
aﬁ%@lﬁﬁﬁﬁfﬂﬁ%ﬁﬁé conprising: contacting in a
n ic solvent: a ketone having a fornula of
o= R2; and 10 a cycl opent adi enyl conpound

5 CRI dnsdrilorMubsIRedHnt groap hawegd d@yto abott 20 b6 blogss;

to,forma first conpound havi formul a of
cﬂﬁ@m@mpranbstau@rhydmagayl gravpdris frgRBto about 20

carbon atoms, or hydrogen;

R?, in each instance, is independently selected from a hydrocarbyl or substituted
hydrocarbyl group having from 1 to about 20 carbon atoms, or hydrogen; and

10 XisClL Br, orI; and
contacting
the first compound with MQ, wherein M is Li, Na, K, MgX, or Mg, 5, wherein X
is Cl, Br, or I, and wherein Q is a cyclopentadienyl, an indenyl, a fluorenyl, or a
substituted analog thereof’ followed by

15  aproton source, to form a second compound having a formula of

C,R*;CHCR'(CH,R*)(QH) and a structure:

1 CH,R?
R QH
R® R®
R R

20  24. The method of claim 23, comprising isolating the second compound.

25. The method of claim 23, wherein Q is cyclopentadienyl or substituted

cyclopentadienyl having up to about 20 carbon atoms.
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R3 R3 15 or an isomer thereof, wherein: R is an
aryl or substituted aryl group having up to about 20
carbon atons; R2 is a hydrocarbyl or substituted

hydr ocar byI group havi ng from1l to about 20 20 carbon
atons, or I n each instance, .i

i's
|2@@B’@ﬁ§@h@ 9f §}él@@t3e‘d’hf31f%‘thSW el gpstityed indenyl having up

bsti h carbyl group having from1l to about
2%%’3}1{)%(?1 8’%&’“& hydrogen; and Xis d, Br, or I|;
contacti ng 25 the first conmpound with M vvherei n M

is Li, MygX, or MgO 5, wherein X is ,
127. 3hg mﬂboé oﬁd@m 23 aWbmeeﬁ thigresyl pr smtlmm@bﬂwrenﬂ having
fluo ubstituted anal og thereof; followed
b@Pt"s%ﬂﬁ %QSWQH“?&W to form a second conpound
having a formul a of C4R34CHCR’ CH2ZR2) ((H) and a
structure: CHZR2Z RL (H R3 R3 - IT R3 R3 5 contacting
t 28 fsartnd afongong dn angdmetadloter eopprisshEnt s of a base

and a ., conpound havi pg a formula of M 4 to formthe
w&a%gamﬁ@@%@ﬂﬁév V§8%a general fornula of

(PR FERAA TR AR O] athereim M i s
a cyclopentadienyl compound comprising Mg(CsR*H)X; followed by
a proton source;

to form a first compound having a formula of C,R*C=CR'CH,R? and a structure:

R'.__CH,R?

or an isomer thereof,

wherein:

R' is an aryl or substituted aryl group having up to about 20 carbon atoms;

R? is a hydrocarbyl or substituted hydrocarbyl group having from 1 to about 20
carbon atoms, or hydrogen;

R?, in each instance, is independently selected from a hydrocarbyl or substituted
hydrocarbyl group having from 1 to about 20 carbon atoms, or hydrogen; and
Xis Cl, Br,or1;

contacting

the first compound with MQ, wherein M is Li, Na, K, MgX, or Mg, 5, wherein X
is Cl, Br, or I, and wherein Q is a cyclopentadienyl, an indenyl, a fluorenyl, or a

substituted analog thereof; followed by
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zirconium or hafnium and X is a halide. 10 29. The
met hod of claim 28, conprising isolating the
ansa-netal l ocene. 30. The nethod of claim 28, wherein
Q is cycl opentadi enyl or substituted cyclopentadienyl
havi ng up to about 20 carbon atorﬁs 15 31. The met hod
of PEQLER feurge, tademe g seeyndcomppug hayin laffed

t carbon atonms. 32. The
n%dghgﬁg%ﬁnﬁ%ﬂ%?%%gl s fluorenyl or
substituted fluorenyl having 20 up to about 20 carbon
atons. 33. The met hod of claim 28, wherein the
ansameCtHR ocene conprises conpound I  with the
fol FowngH ormul a: -57- 0 xx R2H, C R~ O wherein M is
HE, R is an aryl or substituted aryl group

about 20 carbon atons; CH2R2 is an
al ke r al kyl group having from about 3 to 5 about
12 cdrbow atons; and R4 is Hor a hydrocarbyl group
havRhg fr®m 1 to about 12 carbon atons. 34. The
met hod of claim 28, wherein the ansa-netall ocene
conprises conpound Il with the follow ng fornula: 10
Qedntacting the second compound with about 2 equivalents of a base and a

compound having a formula of M'%, to form the ansa-metallocenc having a
general formula of (n’-CsR%,)CR (CHRH) (> HM'X,, wherein M' is titanium,

zirconium, or hafnium, and X is a halide.
29. The method of claim 28, comprising isolating the ansa-metallocene.

30. The method of claim 28, wherein Q is cyclopentadienyl or substituted

cyclopentadienyl having up to about 20 carbon atoms.

31. The method of claim 28, wherein Q is indenyl or substituted indenyl having up

to about 20 carbon atoms.

32. The method of claim 28, wherein Q is fluorenyl or substituted fluorenyl having

up to about 20 carbon atoms.

33, The method of claim 28, wherein the ansa-metallocene comprises compound I

with the following formula:
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R Zr C1L R4 RZHZC R4 wherein R is phenyl; CHR2 is
3-butenyl (CH2CH2CH=CH2), 4-pentenyl
(CH2CH2CH2CH=CH2) , 5- hexenyl (CH2C. 2C. 2C. 2CH=CH2) ,
6- heptenyl 15 (CH2CH2CH2CH2CH2CH=CH2), 7-octenyl
(CH2CH2CH2CH2CH2CH2CH=CH2) ,  3- n®et hyl - 3- but enyl
( CH2CH2C(EFE) )sCH2) ,  4- et hyl - 3- pent eny|
, Oor a substituted anal og thereof
gt 12 carbon atons; and R is H or

wherein M! is Ti, Zr, or Hf: R! is an aryl or substituted aryl group having up to
about 20 carbon atoms; CH,R? is an alkenyl or alkyl group having from about 3 to
about 12 carbon atoms; and R* is H or a hydrocarbyl group having from 1 to about

12 carbon atoms.

34, The method of claim 28, wherein the ansa-metallocene comprises compound I1

with the following formula:

wherein R' is phenyl; CH,R? is 3-butenyl (CH,CH,CH=CH,), 4-pentenyl
(CH,CH,CH,CH=CH,), 5-hexenyl (CH,C.,C.,C.,CH=CH,), 6-heptenyl
(CH,CH,CH,CH,CH,CH=CHj,), 7-octenyl (CH,CH,CH,CH,CH,CH,CH=CH,),
3-methyl-3-butenyl (CH,CH,C(CH;) =CH.,), 4-methyl-3-pentenyl
(CH,CH,CH=C(CH;),), or a substituted analog thereof having up to about 12

carbon atoms; and R! is H or t-butyl.

-58- @



