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SYNTHESI S OF 6- ARYL- 6- ALKYL FULVENES, 6- ARYL- 6- ALKENYL

FULVENES, AND RELATED COVPOUNDS CROSS- REFERENCE TO
weRwsEReAPPLI CATI ONS Thi s application cl ai ns pCTmSRa0g§/022746

to U.S. Patent Application Sprlal No. 10/877,021

entitled "I nproved Synthesis of 6-Aryl-6~Al kyl

Ful venes, 6-Aryl-6~Al kenyl Ful venes, and Rel at ed

Cbnpounds," which was filed on June 25, 2004 and is

i ncor por at edSYNTHESEY @R ée\Rdr-61A KL iFUS VENES; et y .

(ol at &5 TS ERE KT e OF B Gt c. Byt haee CCHIRT ARy

syntheti c nethods for fulvenes,

bi s(cycl oﬁB&%REE?RﬁN&%Eﬁé@%BEDé@Ié@AéH%&ndS
and a#.y -netall ocenes. BACKGROUND COF THE | NVENTI ON

lvbt This OHBRASIOR Q[h%hé rpﬁbﬁty%emsl %@Wﬁﬂﬁ%tl&& St afd. n10/s77 021
yier | zations cocat aAXSt such

en‘-a%eda‘rlﬁmq’{s@( §N%the$% Of 3 Ag@h%ﬁam ;Fulé(é%eépéédylr% kefiyjgFulvenes, and
Reﬂh&@@érﬁ?&ﬁd@’f whitd W NBBOR Jia .@?dZdég'aﬁg i$ Hﬁ;grp%rated by reference
ion are determned in |arge part

herginy in éfs gitiEtynat ure of the netal | ocene, i ncI ud| ng its

steric and electronic features. Therefore, there is a
TEGAUCA0, Heysl @pTRewNveNTdSs to prepare netal | ocenes

that all ow an assortnent of diverse substituents to be
inc Bgorated [ to t he netal |l ocene structure Ful venes,

havi n%vlqgthj)erﬁ fes fo t'hB Iﬁﬁ@p OYBARKC @g@m@ 131;]18 ing éynthetlc methods for

fulSrér[ebl | HisdéyR1opERadiériy®irethafidsahd RIREIIoBD0 Buds CandRl: - it 8 ftRfes.
can provide a neans for integrating a range of

al | ocene structure. One
B%@g@%@bﬁ% {)ﬁTM\HW&\‘;n be seen fromthe reaction
of fulvenes with cycl opentadienyl-, indenyl-, and
f | udfetatigtentd tdmistititergeaf)bedngpoasdsi fbi oisfin pdlealedizatiGaweis cbmbined

ecaus esultln r ucts ¢ be us as, | i gand
Wil S L Sich R B R ol Bl pfal AGeREs St a popaes of the
po@@ie@ fosed asigg @ﬁ@falbombhnatﬁin@efré A yiARY _inZE&geolﬁﬁt Bﬁ@le structural
atlons |n part bec

ner | use of | act
naft“ﬁ? ?é‘%% i3 ]@‘%ﬁfﬂ wilpding s jigvie ag{’i 1?3 i e@e@fforf”h@ere 5 a
neéE®UddvEI0H nBR| HEBEds tSGREAR hetbHRBRes that allow an assortment of diverse

substituents to be incorporated into the metallocene structure.

Fulvenes, having the general formula C4R 4C=CRR’ and the structure

"R R
are often-useful precursors to metallocenes and can provide a means for integrating a range of
substituents into the metallocene structure. One aspect of this utility can be seen from the
reaction of fulvenes with cyclopentadienyl-, indenyl-, and fluorenyl-lithium reagents as
illustrated in Scheme 1, because the resulting products can be used as ligand precursors to

form bridged or amsa-metallocenes. Ansa-metallocene catalysts are useful in -olefin
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a-netal | ocene Therefore, it is of interest to devel op
new net hods to prepare ful venes that may provide these
woigmndssed n hi gher yields or with greater sel eecrtaskops22746
It is also of interest to devel op new nethods to
prepare -netall ocenes based “on new M/ene synthetic
o g e o M Eorl QIR fRenlL e KRR s can
ha@-carthe prepestissydf tifegespdingpolygenr yl - 6- al kenyl ful venes,
and sim |l ar conpounds, which constitute useful
internmedi ates in preparing netall ocene conpl exes that
Sclbanee be subsequently used as catal yst conponents in
olefin polyngyizations. In one aspect, the nethods of
this inventionfafford hygher chem cal Hvity and
hi gher yi elgds of tehe d¥4R (EEPIrberdEd t han)were
heretof ore a abl e. 2ymadi tional netf Prepare
6-aryl-6-alk Nul venes and 6-aryl -6-al k | ful venes
i ncl ude the teaction of metal al koxi desfwi t &
cycl opent adi éres= and ket ones or al dehydes, in an
al coholic (protic) solvent. Wile tipgswmpel hod can
afford sonme of the desired product ,2)&Cii xt ure of
i somers or tautoners in varying concentrajions is
typically generated, thereby rendering isolation,
purification, and subsequent use of the ired isomer
tedious and difficult.ln one aspect, Rt s fpfEsent
i nvention provides a nethod of selectiv repari ng
6-aryl- 6-al kyl fulvenes, 6-aryl-6-al Keny™ ful venes,
and sinilar conpounds, having the general Fornula
CARMC=CR 1CH2R2 and the structure , ewcataliogmrer

oh - - h . _
el LS L B, A HASES R A, o
prayidsupeserligaydir ingegher aneddsRE, withn geeateh sélersivelpc df is slso of interest to

e RBRAPR0 s BRRRE By SRR BRSO Ry RlE RBLA S bihoas

aryl - al kenyl ket ones wi t h nagnesi um cycl opent adi enyl
DESERFETHON OR Tapr IRVENBON/ents. I n this aspect, ethereal
solvents were typically enployed. This nethod afforded

It herfie Sheeifod ‘éhéﬁ?ﬁb%;}s%? %gjéb'&g 6 HieL1 B tyﬂig)r[egﬁzotog-a}y@—&aﬂ(yl

arge excess over "t he undesi red | soner,
fulgenest byardi6rgdkant/l i falyeness and obisntilpo reompounlsr ivwhichatcoatituté nuseful

mt%n%ﬁ%téé? ﬁ?/f)repa%inglinggl?orcgneccyo%p?&g? Eh%g ci:a%r%l suﬁs%ag&?lgr &P as catalyst

components in olefin polymerizations. In one aspect, the methods of this nvention afford

higher chemical selectivity and higher yields of the desired product than were heretofore
available. Traditional methods to prepare 6-aryl-6-alkyl fulvenes and 6-aryl-6-alkenyl
fulvenes include the reaction of metal alkoxides with cyclopentadienes and ketones or
aldehydes in an alcoholic (protic) solvent. While this method can afford some of the desired
product, a mixture of isomers or tautomers in varying concentrations is typically generated,
thereby rendering isolation, purification, and subsequent use of the desired isomer tedious and
difficult.
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used in the synthesis, which ' afforded a higher yield

of the desired product, in addition to providing a
woiglslog4ael ecti ve reaction. I n another aspect, PCIAIS2005/022746

present invention provides met hod of maki ng

bi s(cycl opent adi enyl ) met hane conpounds, and vari ous

anappgs aSikef) t@p&&ﬁ?ﬁ@&ﬁ% ﬁﬂJvﬁi@é/ ) etnod %ﬁ%ﬁ&ﬂ?&l&‘ﬁ%ﬁmﬁlﬁ% -aryl-
yclopentadleezﬂi(f uor enyl ) met hane conpounds,” havi n
6-%51% fybvaeasa 6-ardramikenyCfwgensSHOR (GHRRZPPOpYndsN Bavittee the general
ErhiHE R CRABANS! fa @ frudtyfey | opent adi enyl . an
ny uorenyl, or substi tuted analog t her eof .

In a further aspect, thls i nventi on provides

-met al | ocene conpounE ¢Ef udi ng ansanet al | ocenes

cont ai ni ng a pendant ulsaturated noi ety attached to

the bridge. In yetgrsg e Raspect, this invention

provi des a net hod of ng a conpound havi ng the
formul a C4R C=CRICH2R2—apd t he structure:or an isoner
t her eof , conprisingRéontaétingah&oﬁwﬂmaﬁbﬂtic sol vent :

wighei g lket R B O b e B LR € ooty g huted hydrocarby!

grd\@ (&&%b@enz ancDR3 an @wmhsmicb ap iddegmeattly dhedeh GRela Byddarbyl or

ot on source; ein: RL is an aryl or substituted

Subéfl tedg bystuesarbad igrryry &Yt 1520512 Y yHR epigilgs -or Ryladkegylketones with

ma?ﬂéiﬁ&?@;fc%b%nt@&eﬂl‘ bedekhibti® Qpﬂauéiaa%}ﬁsbytn BEOMBed: aé!th&@al solvents
rom1l 0 car’bon atons, or hydr R3, i n each

wepen dypigalie emplovierd e s dapthod) aéﬂaxsigé rther rd@meé fujesne carpgind either
ex@hisi ‘i‘?l’)ﬁ%f 'n{ ll&rged eﬂ‘)éﬁs;/ Q&?rtﬂé’ Iun&’ersgé{'p 13931}411 Qﬂer&fl)pg?e;ﬂ}; 9111%([3 r?'lng its

car at ons, dro gen
isofation hndanmﬂcéhorasbeme aspelek apfpiignerst cyplowxﬁadlml reeganit tias typically

usé&eﬂlqﬂg sﬁfthegﬁ,k{?vﬂgh % fofER Oauﬁghe!? %Xél(ﬁ] ar Méedesﬂ)gmoauc%ﬁgaddlt;on to

providing a highly selective reaction.

In another aspect, the present invention provides a method of making
bis(cyclopentadienyl)methane ~ compounds, and  various  analogs such  as
(cyclopentadienyl)(indenyl)methane and (cyclopentadienyl)(fluorenyl)methane compounds,
having the general formula C4R*CHCRY(CH,R*)(QH) and the structure:

1 CH,R?
R QH
R3 R®
R3 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 C4R3,C=CR'CH,R? and the structure:
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ACHCRL(CH2R2) (QH) and the structure: ; conprising: 1)

contacting in a nonprotic solvent: a) a ketone of the
woaom&seD-CRICH2R2; and b) a cycl opent adi enyl pcomseesd22746

conprising MJ(CsR3 4H) X, My(,CsR3 4H) 2, or a

conbi nation thereof; followed by c) a proton source;

to forma conpound h@NI ngy,khe fornmula CAR"C=CR 1CH2R2

and the structure:or af |sSoner thereof, wherein: Rl is

an aryl or substitytedlaryl,group having up to 20

carbon atons; R2 iI"S~§ carbyl or substituted

hydr ocar byl group ha g froml1l to 20 carbon atons, or

hydrogen; R3, in ea tance, 1S |nk?l endent |y

chosen from a hydrocarbyl* or 2 aBSPPEY E‘p ydrocarbyl
co@mmdaﬁmbmlﬁaaamoﬂmo%mcarbon atons, or hydrogen;

and 2) contacting a) C4R

ocﬁfd}%’ﬁzoﬁ\ﬁh{ﬁ#rwa %RWP% Li, Na, K MX or
My Ob)% cy\ﬁi@ﬁélﬁ:idibn?fl éotnpfolind Bhmpridig M%(@nﬁm\b@ Ve(OsFAMS, R a
%/H%I opent adj eny an indenyl, a fluorenyl, or a
corgbipasioniprend: RV her eof : fol | owed by b) a proton
SOUE)GBrothR sdupben CARTCHCR 1 CHZRZXQH) . Yet anot her
aspect of this invention is a nethod of making an a
wheygdt al | ocene having the fornula (h5-CsR3
4) QR Qﬁ%@?&ﬁﬁ’éﬁ@t% %4, ng‘(gﬂ{a%Q b agwn

ZIFCOHI um or haf ni um an rISI ng.
R”is a hydrocarbyl or substituted hydrocarbyl group havmg from 1 to 20 carbon

atoms, or hydrogen,

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

XisCl, Br,orl.

In still another aspect, the present invention provides a method of making a compound
having the formula C4R*;CHCRY(CH,R?)(QH) and the structure:

1 CH,R?
R QH
R3 R®

R® R® ; 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>sH)X, Mg(CsR>4H),, or
a combination thereof, followed by
c) a proton source;

to form a compound having the formula C4R*4C=CR*CH,R* and the structure:



1) contacting in a nonprotic solvent: a) a ketone of

the fornmul a O=CR1ICH2R2; and b) a cycl opent adi enyl
woaopmasds conpri sing Mg(CsR'H) X, My(CsR'H) 2, 8CTAIS2005/022746

conbi nation thereof; follo by c) a proton source;

to forma conmpound having the formul a AR C=CR1CH2R2

and the structure: , gor @,quizsorrer thereof, wherein: Rl

is an aryl or substituyed aryl group having up to 20

carbon atons; R2 is a hdrocgrbyl or substituted

hydr ocar byl group fagng fom 1 to 20 carbon atons, or

hydr ogen; R3, in eac tance, is independently

chosen from a hydrocgrby} ;or substituted hydrocar byl

group having from1to 20% car BAR Sepshiheregh hydr ogen;

and X i SwhkdreinBr, or 1; 2) contacting a) 4R C CR1ICH2R2

wth M) _wmwherein Mis Li, Na, K. MX or Mo.5,

wher ei n X ' an @yl ongpibstigpted arylgopn/fiesiogivg teRq erhon atoms;

cycl opent’sigh @ptocarBl ot HbSMMed hdrbd

subst ]t ut ed aﬂal ogg}tnher eof ; foﬁrgﬁaﬁﬁg{/&%;mgﬁgpﬁg?gﬁozo

soufERON 3y, §F Bydie8fing the structure: 3) contacting

CARS 4 CHER;HRXRDe, With ' AhaRH -

conﬁound of the for mﬁéﬁa %ﬁ%ﬁ%&hcégée&%ozn%{%er 18 ¥bdttuted

f ealyfirecsrbylgioap havingtiers ditpdheasbonptmms dvigdreagasandf t he

present +RvEeNk] Mokl becone apparent after a review

of the f%ﬁ(glwh%ggl{:fg!tngi | ed description of the disclosed

f eaBlgoskctitthe f ol | owi ng patent applications, filed

cont enpo IEY VS RTY . r l.icatd ar

i ncor poreg?:(ngg 4Eyb¥€e eﬁ:x@@%@wﬁ%ﬁ% Hﬁ{gﬁé’il\r‘?&’gh%%xétofgl 03
whighe®, X RBatleBt, oApphd watreinn) is a cyclopentadienyl, an indenyl, a fluorenyl, or a

substituted analog thereof, followed by
b) a proton source, to form C4R*;CHCR'(CH,R?)(QH).

Yet another aspect of this invention is a method of making an ansa-metallocene
having the formula (1’-CsR>s)CRY(CH2R?)(1*-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 cyclopentadieny! compound comprising Mg(CsR>sH)X, Mg(CsR*H),, or
a combination thereof;, followed by
c) a proton source;
to form a compound having the formula C4R?*C=CR'CH,R? and the structure:
R'__CH,R?

R? R?
R® R® | or an isomer thereof,

wherein:

R' is an aryl or substituted aryl group having up to 20 carbon atoms;
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Serial No. 10/877,039; U. S. Patent Application Serial

No. 10/876,891; U S. Patent Application Serial No.
woeQNBH646880; and U. S. Patent Application Seri abPCNwS2005/022746

10/ 876, 948. The present |nve6nt| on prow des a nethod of

maki ng ful venes, particularly 6-aryl-6- al kyl Mvenes,

6- | -

or 1 e ey e g i
nagwelmnwmmsygﬂ@@queadl enyl reagents in nonprotic

sol vent s | &é&}#‘%&t@%} ek 'ﬂﬁfeﬁ%fierﬁl& K& %omTﬁ@%rdc%%&J s@Bktituted

al so provi e use ese folven
pr emairoca@ybgrs(lp:myﬁngm adh Zhearhometdnaner ydmgenradd and
rel at ed e(gn]glal such as

1 .

(cycl open%S eny (i ndenyl ) net hane and
( cy2) coptactirgdi enyl ) - (fI uor enyI ) met hane conpounds, as

wel | as | nven S a

process gfdﬁsiéreml ni g2 aﬁmh §Whe I ¢ sgfﬁkk gﬂl?{gg{v rﬁ%‘”’
whein®0 ixyd'1, B oph undlwbérein [(@is aaycivp eata@eOR ] SHn Ry, Wlfmbmnﬂ ora

0 bstituted aryl group and R2 is a

Suq%t&rgéﬁﬁ%{hgrc?ﬁgﬁgﬁefl%t ed hydrocarbyl group, or

hydr ogern) akdtbn SuiiRgidESinOIRE)CHCR'COH AR (©bf) havieage Blrudtie:

nonprotic solvents to formfulvenes. Generally, and in

anot her aspect, thig,i Rti on affords i nproved vyi el ds

and enhanced sel ect i QHn ful vene synt heses.

Preparation of Fulyen unds Ful venes t hensel ves

have been known sinc early 1900s. See, for

exanpl e: Chem Rev. 53(2), 167; Chem Rev. 1967,

68(1), 41; Progr. Or3g. em. 331355, 3, 41; Adv.

Alicyclic Chem 1968, 2, 59; and J. O g. Chem, 1984,

49, 3)1@nctingRSH G FHRRKQHwish @@qmtf:édltheﬁaebane oyl a compound

bn its entirety. These publications, and the

Of{hg og'gng%g\gsx“m ted therein, describe many of the known

netTihasIs ahdrotheyr featuiresn aspfecté,u bvdotiserds and| hdvastagdseoft the present

A B4 BB SR Ly PSR BED B gy of o

disclyeddpentadi ene wi th sodi um or pot assi um al koxi des in
the presence of ketones or. aldehydes in an al coholic

sol nt and b the re t| on ent ad| ene
ot Mooy larpcareRRIRS " s, SELSRTGIOT Pl b? prosen
aplﬂicﬁﬁ)m fredicoapaeatbd by mf&eﬂlwéﬁtem{ mebeir dnt]r@leg LCSIel?latent Apphcat1on

il Vi dDIESE W ecpoapmucnon) sl o FRE Tl paen

Ap?ﬁcah&@Sd?na@N@J 107806,930; 4nd (AS. l@&teﬁmplﬂfc@t@dﬂ&e@m m@vuomgéphmsa.
ormul a O:CR1CH2R2 wherein RL is an aryl (or

SUb’PItle! It)rlége% mvel)(tlc)n 1% Hgs’ a Ianreﬁlogeo mgai%ﬁ/enes particularly 6-aryl-6-

alkylfulvenes, 6-aryl-6-alkenylfulvenes, and similar compounds, by combining alkyl- or

alkenyl-arylketones with magnesium-cyclopentadienyl reagents in mnonprotic solvents,
including ethereal solvents. This invention also provides for the use of these fulvenes in
preparing bis(cyclopentadienyl)methane compounds and related chemicals such as
(cyclopentadienyl)(indenyl)methane and (cyclopentadienyl)-(fluorenyl)ymethane compounds,
as well as ansa-metallocenes. This invention also provides a process of combining an a-

aromatic substituted carbonyl compound of the formula O=CR*CH,R?, wherein R is an aryl



A As equations 1 and 2 indicate, issues of selectivity

and yield arise when the ketone conprises an aryl
weubwtotasent (RL in the structure), and a hydrecamsgios/022746

substituent with at least o a- hydrogen adj acent to

the carbonyl functionality. In one aspect, for

QURARL &Y afi kRhe SR%%; '
oror subst i“?h?fbélga}\r yl Rgrsoég?mcgrb%en ﬁfed Ely fa% ar o
hydrggeanwith p pligrestmoeyclopbaedienyl wagel ingteaptotic erlvents torform fulvenes
,in€ | [ t [
OAPLEIET, i ARURY et s Bectitn el EALSR el 4Bl finced
seleptightpin fulvane saméle@sf ficult to separate by conventi onal
means. Enploying the nmethod illustrated in equation 2

5  Prdo@fatith &8LRARe Bhmbdimal Or mul a O=CR1CH R2 descri bed
herein affords a reaction that is sufficiently slow

and unsel ective to be undesirable. Wile not intending
0 PEvensy emseives, Bayieybeep tknpwn siice dhe garbh 2008 heSegr Jar exmple:

Ch&h‘bﬁév' ﬁmntﬁ@} 1'6‘7}3@71&75 z@vcgmambl vel ¥o8). aher Chem. 1955, 3, 41,
reactivit to he a-h ;gteql’; aﬁ%eacent to the car
&t

bon
Adyriggclionhhem ﬁﬁﬁe?ayﬂ eaéé "o b?84s P £§4% icpsh o ?/thh is
mc@&%ﬁaﬁe\ﬂq{érenl %f@?&e&%gﬁ% entry, OH u@hc:ﬁhlgﬁ‘s %:X({‘fﬂggt:fe&nces cited

met hods of fpresent i nvention re i US rate
10 theppdt, edeperibe omghofnge kagtmuesthods|fyr fppatidneoGéibeaned as well as their

[
v B RAFHERAUE. "I prfoard P RLGE iBys: o
ther rwaaston grf cmclopcntedlmdw&htsediumt on pfas&tsma?n aBodeso iy drespresence of
t i I ye
keffes o RS i A ECGRI Sifeh HE3D ECrRiot o o RlopRtfdiene with
ketbmes ot @]ﬁ%yrdés inhibe ﬁmém&n@f Ifymlmanie abo st art altehdli¢ k‘xﬂvdlesnsé ed Org.
I SO % sel ect |t 0/co er si on
15 ot Toha) o, SABLD iR ietiod e diRShGET SRl AR Alog: 4 and 2,
respeetively, Avhere fhieytbsultd bf their applidagsn ‘@S@Eéwne Prédussot Ryand theFormula

OB o R Rt P ey EGRb Rt i ng

cycl opent adi ene or a cycl opentadi ene analog with a
base such as an al kyl rnagnesi um halide in an aprotic

(%I so terned nOBRfBEt,EOH

Ar
Lo g g™

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

\n/\(\/)/\ @ ( 7 12=10:1
» 20% conversion

20 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’
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solvent as a reaction nmedium GCenerally, the aprotic

sol vent used can be an ethereal solvent such as
wdizedslpheeet her, di butyl ether, methyl t-butyl eCngs2005/022746

di phenyl ether, tetrahydrofuy an, 1,2- dinmethoxyethane,

and the like, or conbinations thereof Reacting the

t
or 5 R AR AR Wb B0 g s ol
is angliphatic oa substituted liplentic mlpwmhy@ggfm afspldweg Hhyelmaeshdveiflystrated in
eqx%:g]lgﬂtl yilead? ttE & misdufd B?E%ﬁg&%‘ Hﬁ%ﬂ% e&gﬁ? i e tagg %Y %ap Q}%edﬁﬁcult to

t he and refluxing t as need
sepfsitd bwmvwow ahrearhs, t Eraplogong the nmtho@dﬂwsa‘atedat ¢qatiers? frg aketone

o BR8] R Sy S0 L P AL, o

unielﬁ@ti‘(ryto I b@pmdctsardble né&Vhile nat oyentinp eém bablmmdéayathaulry; gt i dnlieved that

| th a dialkyl d
R EB Pt Gl MRS R R R R B eb et o
thevarehyl ghdp, whieh @dlg Radsto tieawendetoctivileord@iat i ¢ sol vent s

used in this case can al so be et hereal solvent such as

di e et her di but t her, meth er )
G oo Sere, oo el G 7 timalt ot od e jopStalygption are
illuapited liﬁﬁaﬂ othmgh?m b&aﬁﬁuﬂﬁ tfgrythé F@efay eqwatl%nﬁh@mﬂ]g#qhatlons 3 and
a e.use of an . ethereal solvent .such as
4 e’?%’é‘fhcataﬁl 4t figie dupidens, ﬂrg?ss% %Wa@f%%‘}alysﬁl Ofr#“bfeﬁf)‘iqn mixture

mdﬁia&@rat legHt af) BMtc&Shve@il&ﬁde thﬂﬁﬁﬂﬂm k&toﬂﬂﬁ)ﬂle ®ER&T fulvene product was
et hane, or an

ﬁilgenyl ther, THF, 1 /y %
tyPac3 iy piaing Wlﬂlrﬂélpéwiecﬁw 3@5}55%0% hef the ftyeng forgred cppstituted the
deeégli@pent adi enyl anion with an aryl -al kenyl ket one or
aryl -al kyl ketone. 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,
et her egl. saolwen |nst ead of I%éroti c solvent such as
an al cohoyf” p I ecI {(00%ysebsatvigrgh
yi el ds observed. Thus aspecisnys fumvprsment
i nventio pro i des a z(ﬁﬁa%] meki ng a conpound
havi ng tHe f8f nul a C4R R2 and the struct yBke:
or an )'\rsomer t her eof, conprl sing contacting in a
nonpr ot | X\ a) CaMgtlloFHF of f@@o%cyefgg lﬁa,)

O=CR1CH2 and n0) a ctyctopentaXti ergg 0
conpri sing My( CsR'H) XrefluyQCsRoueh 2, /C&ﬂgorrbl nation

t her eof ; AfﬁlaIYS)wed by )

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 aprotic solvent used can be an ethereal solvent
such as diethyl ether, dibutyl ether, methyl t-butyl ether, diphenyl ether, tetrahydrofuran, 1,2-
dimethoxyethane, and the like, or combinations thereof  Reacting the thus-formed
cyclopentadienyl anion with an aryl-alkenylketone or aryl-alkylketone in an aprotic solvent as
a reaction medium (such as diethyl ether, dibutyl ether, tetrahydrofuran, 1,2-dimethoxyethane,
and the like), and i‘eﬂuxing the solvent as needed, followed by hydrolytic workup or
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c) a proton source; wherein: RlL is an aryl or

substituted aryl group having up to 20 carbon at ons;
we&2006008&60ydr ocar byl or substituted hydrocar bybcgmusups/o22746

having from 1l to 20 carbon ons, or hydrogen; R3, in

each instance, is independently chosen from a

Wa@u&ﬁﬁﬁ%% i
ne qdtizalic ao\‘i/ea%g %%Hm%ddlﬂxgﬁ%%g%&én aQ{(f)W?gﬂ(%g%ffords the
dﬁBﬁﬂPﬁﬁuﬂ . The proton source can be any conpound or

conbi nati on of conpounds that can serve as a source of

pr Otrpﬂr%tlfepasbgﬁ tﬁ@EﬁﬁJ eRALOR &r9lc P&Qpéﬂpaﬁﬁné %@Jéﬁ%ﬂ alsB®e reacted

ketone with the cycl opent adi enyl reagent
witgsbdkylmpghesiamegepipeund if an ,@pr@tl@wlmgascaere@mn meedivat. ehs disclosed
herdfh 1%? gl Gﬁéﬂai'@feagen?sn t@%@&fd%o?f‘éﬁtﬁi s %ﬁ% S&htrﬁs& be, cthercal

i ncl'udi ng aqueous solutons of amoni um sa
solyengesuchiops edigthyl @the*aq dibaiys etiir, cagihie t-betel dthert h‘lmhenyl cther,

taﬂﬁﬁﬁ&h&ﬁzm@%ghggm R3 substituents on the ful vene

structure shown here are not required to be the sane,

which is indicated by specifying that R3, in each
i nsWaile @ot intendingdp de demrd Yy tkoyeit i thoneht thatdhobserdfyan ethereal

solPént %H&ﬁés'&lﬁ&hﬁﬂ éﬂ){% % glbéffler ﬁUﬁo@ Vehifag 1-51 teﬁ'xeg Qh— -butyl

car bon at ons, can sen
etherh anetivh é-batyl vlee dupilemd btitent THB, Mmﬂszmtm,gmwyamhbmatm

o800 BSOS e
aryhelkylkytdn@a g étnls shebeted tthe ribes aciditst bi the Ipyotommxt and K@tone-functional

n- [ ggen tue ens 4 .
& Ou (ﬁ%gr 0ge ! S%S 1% C{%Singqﬁ %Pﬁ%tl nglsfé%ﬁ S0 léts 6’5%@‘? B gprotic
solseuio sdahtaslhm aino};mapﬂoerdastha high beledtivity emehigiomiplds obketlepi ct ed
in the generic structure herein | ead to t he

pos i) exa
or Rl dnf afech TRORER . Pl DR, o AR, RS ppoowna
hmnmemﬁﬁunnh(EBAﬁHC@fQHﬂﬁzmmdmpﬁmdmﬁtIy chosen to be
methyl, the follow ng isoners are possible. Wile not
|ntend|ng to be boqu by, Egory, it is believed that
because the Mene is »'é%% ed by the nucl eophilic
reaction of a cycl operfadi enyl reagent with a ketone,
isomers A and B aRe sl yRY 0 predoni nate. The
addi tion of a cyclopgntgdi enyl, indenyl, or fluorenyl
anion to a mxture of these i somers renders A and B
equi val ent and al soRrend& s .Cramomerteresfal ent .

comprising 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(CsR*H),, or a

combination thereof; followed by
¢) a proton source;
wherein:
R' is an aryl or substituted aryl group having up to 20 carbon atoms;
R? is a hydrocarbyl or substituted hydrocarbyl group having from 1 to 20 carbon

atoms, or hydrogen,
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However, when the netal conplex of the ligand is
fornmed, the conpl exes derived fromA and B are
wenenstoeser i c, and the conpl exes derived from ecams2105/022746
are enantioneric. Accordingly, when all of the R3
substituents in the Mene formla CAR*C=CR 1CHZR2 are
not i t t
o rBertr Sehtuspbe, § REbERAGRY At mOEREGLaL or smpstitted
hydw tgley] froombbvieg fosdith 2@ cabdrsatoms, tor bydrggent axdns in this
str %H B, Irf anot her aspect, Rl can be phenyl,
nap t ) a substituted anal og thereof having up to
20 car bon atorrs Thus, for exanple, Rl can be phenyl
or Hegioleplsours¢ exn terany lspmpeung e eomippation e f bempguagy that can serve
r a r t t ,
as% é’clurc:[: %ﬂ(s%cln(s: at(rabt(})lﬁ fgftf%ﬁnsdﬂoﬂ ﬁ)ﬁm%ﬁ %589 réa?ﬁﬁdge e k&@ﬁ’e‘ R&n the
cy@oqmrpﬂlenyl Reagerin Iy dhisasked:, for examkbnsbb prodari gogree rcgmb%water, an acid

1nc}u%m§n ueo%é%%m%%%ﬁ lsl%@%@% 1%%%%? salts,

anﬁﬂﬁ@kl?@:dﬁ@kﬁ@-laaq d2CHR Ceid Qe 2SiAIIBs reaction.
CH2CH2CH2CH2CH2CH2CH3; CH2CH2CH2CH2 CH2CH2 CH2 CHB3;

Cro BB A DABE BB L BB e

CH2CH2CH=CH2; CH2CH2CH2CH=CH2; CH2CH2CH2CH2CH=CH 2
CH2 CH2 CH2 CH2 CH2 CH=CHRR .- @HREH2 CH2 CH2 CH2 CH2 CH=CH  2;
CH2CH2CH2CH2CH2CH2CH2 CH 2;

R R

R3 RS
are not required to 56 the same, which is indicated by specifying that R?, in each instance, is
independently chosen from a hydrocarbyl or substituted hydrocarbyl group having from 1 to
20 carbon atoms, or hydrogen. Thus, R can be chosen such that the filvene is substituted
with 4 hydrogens and no non-hydrogen substituents, with 3 hydrogens and a single non-
hydrogen substituent, with 2 hydrogens and 2 non-hydrogen substituents, with 1 hycirogen

and 3 non-hydrogen substituents, or with no hydrogens and 4 non-hydrogen substituents.

In one éspect, 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 chosen to be hydrogen, and the fourth R? moiety is independently

chosen to be methyl, the following isomers are possible.

RI__CH,R?  R'__CH,R? R'__CH,R? 1| CH,R?

C D
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CH2CH2CH2CH2CH2CH2CH2CH2CH- CH 2; CH2CH2C( CH3) =CH2;

CH2CH2CH=C( CH3) 2; CH2C6H5; CH2C6HAMe; CH2CEH3Me2;
wGRGAkiEdde 3; CH2C6HA( C6HL1) ; CH2CEHA( C6HS) ; or PCT/US2005/022746

i ncluding i sonmers thereof ) d substituted anal ogs

t hereof, having up to 20 carbon atons. |In yet another

Whﬁcﬁgcg él?cﬁrggrﬁoﬁe ﬁ’&ﬂlg&/ﬁ%r@ e & be_ﬁlévéd Bet badeRaRARM Y is prepared

ing”from car bon at ons;
by thy ehicephilic E@btlcm«zﬁ‘qﬁyelopﬂ@dlqnml neageht W}ﬁlg@ Ketore, i ISOEESHY and B are

hke%%[%%&ama}%t Tﬁngécﬁt?on &P %ﬁwgﬁta&g{ﬁ 1&15%1211 ol Qlﬁofeﬁylaamon toa

a CoO avl n
mixGAROCBER ﬁ@ﬁﬁ%&emﬂ ‘s fand Bt erqu,uyalemreandcechvpnen@eirm@ %and D equivalent

conta
Hoygtemy ch& %%Clﬁriz@-clﬁ PQQ%‘ El)ga Aty c o%g%et% eny eé%%%%ﬁ%A and
B 28O Riitiomheig, dvig (Kebdsanpld-AbXderiviid ﬁﬁRIC )P aregmangiomeric. Accordingly,

P RS oh ! B B L B PR B S B e

is ifdetde@atbh GisGii2; O=C( C6H5) CH2 CH2CH2CH=CHR; O=C( C
6H5) CH 2CHZCH2CH2 qHz Q:C(CGHS)CH
2CH2CH2CH2CH2CH=CH R |

R3._ R3
R3 R3

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 20 carbon atoms. Thus, for example, R! can be phenyl or naphthyl. Also in this dspect,
R? can be alkyl, aryl, alkenyl, or a substituted analog thereof, having from 1 to 20 carbon
atoms, or hydrogen. Thus, for example, R”* can be alkyl or alkenyl having from 3 to 10

carbon atoms. In still another aspect of this invention, CH,R? can be:

CH,CHys;

CH,CH,CHj;

CH,CH,CH,CHs;
CH,CH,CH,;CH,CHz;
CH,CH,CH,CH,CH2CHs;
CH,CH>CH,CH,CH,CH>CHs;
CH,CH,CH,CH,CH,CH,CH,CHs;
CH,CH,CH,CH,CH,CH,CH,;CH>CHj3;
CH,CH,CH,CH,CH,CH,CH,CH,CH,CHj;
CH,CH=CHa;

CH2CH,CH=CHp;
CH,CH,CH,CH=CHa,



10

15

20

25

O=C( C6H4CH3) CH2CH=CH2; O=C( C6H4CH3) CH2CH2CH=CH2; O=C(C
6HACH3) CH 2CH2CH2CH=CH 2; O=C(C 6H4CH3) CH
WaAGHhIsOAEH2CH-CH 2; O=C(C 6H4ACH3) CH 2CH2CH2CH2 etip/@is21051022746
2; = C H3(CHs) 2] CH2CH=CH2;,,
O=C[ C6H3( CHs) 2] CH2CH2CH=CH2; " O=C[ C 6H3( CHS) 2] CH
.C 6H3( CHS) 2] CH 2CH2CH2CH2CH=CH 2;
Occaég_%%}%?g] 2CH2CH2CH2CH2CH=CH 2;
@@%@ﬂ(@lﬂ@f@ﬁt@&ﬁmﬂz, O=C[ C6H2( CH3) 3] CH2CH2CH=CH2;
’ q.._q 2 CH2; O=C[ C 6H2( CH
3)S 2CH 'r CH 27 %= C 6H2(CH 3) S| CH
ZC%M&%@EEH@H{QEH@HGFG@J—M(%HM] CH2CH=CH2;

)] R BB T B G )] a4 2rocrocrooraH

2:  OHGLH,®BEE)EEH,] ) ] CH 2CH2CH2CH2CH2CH=CH 2;

o= ] CH2CH=CHR;
@%%%%@@ﬁ CH2CH2CH=CH2; O=C] CH 2C8H4( C6HS) | CH
2CHRELRMBH=CH 2;  O=C[ CH206H4( C6H5) | CH2CH2CHR2CH2CH=CH2;

S baElE oo Loy e 2

CH,CsHzMey;
CH,CsHoMes;
CH,CsHa(CsH11);
CH,CsHa(CsHs); or
CH,CsH4(CHy);

including isomers thereof and substituted analogs thereof, having up to 20 carbon atoms. In

yet another aspect, R’, in each instance, can be independently chosen from alkyl having from
1 to 4 carbon atomsj; or hydrogen. For example, R?, in each instance, can be hydrogen.

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:

R'.__-CH,R?

R3 R3

R® R3
comprising contacting in a nonprotic solvent:
a) a ketone of the forrmla O=CR'CH.R*; and

b) a cyclopentadienyl compound comprising Mg(CsR>H)X, Mg(CsR*H),, or a

~ combination thereof, followed by

¢) a proton source;,

wherein the ketone can be:
0=C(CsHs)CH,CH=CH,;
O=C(CgHs)CH,CH;CH=CHa;,
0=C(C¢H5)CH,CH,CH,CH=CHp;
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O=C] CH2CBH4( CAH9) ] CH2 CH2 CH=CH2;
O=C] CH2CBH4( C4H9) ] CH2 CH2 CH2 CH=CH2;

wWO2E6@uEs HA ( CAH9) | CHR2CH2CH2CH2CH=CH2; O=C] CH BCBit42005/022746

(CAHP) ] CH 2CH2CH2CH2CH2CH=CH, 2;

O=C( napht hyl ) CH2CH=CH2; O=C( napht hyl ) CH2CH2CH=CH2;
S s esten

O=C( napht iy cP CHz;
O=C0mafhsHa B, CRCHEHOEROEFDE=CH2; or any i soner

t hepg 3 t hereof wherein the al kenyl

gr oﬁf{%@?ﬁ%gﬁ@@%@% Il anot her aspect of this

i nvert{@Gh.CR:) et 1aH-@12; naki ng a conpound having t he

for&bﬁﬁ%&ﬁﬁégﬁ%%%gﬁz%ﬁd the structure: conprising

contac ¢ %ol vent: a) a ketone of the
f or 0aCEBxOUR)CH2ER2;Crantl.G=aHgycl opent adi enyl conpound

Chepeore R PSRRg iy e GO Lour oot wherein the
léﬁt @H@[CQ_HE(FEE)z]W‘E@H‘E;- . pdi Ié)i'Iz) CH2CH2CH=CH2,
&%%@H?@ﬂeﬁ‘#%%ﬁgﬁ% CH2CHECH,  or
%OOEGNQHE(OEM)E]G&@@MCH%EH%HWCH:CW& 2Wher Si n

| R e R B knt  on, o method of
makORg[GRHYOMRTH,dMBEHICHidB Cclecay a CARNC=CR 1CH2R2
and_the structure: s disclosed, conprising

con?PaktGeH %)3359%%‘%{2% c solvent:

0=C[CsH2(CH3)3]CH,CH,CH=CH,;
O=C[CgHa(CH3)3] CH,CH,CH,CH=CH,,
0=C[CsH2(CH3)3]CH2CH,CH,CH,CH=CHy;
0=C[CsH2(CH3)3]CH,CH,CH,CH,CH,CH=CH,;
O=C[C¢H4(CsH1;)]CH,CH=CHy;
O=C[CsH4(CsH11)]CH,CH,CH=CH,;
O=C[CsH4(CeH1)]CH,CH,CH,CH=CH,;
O=C[CeH4(CsH11)]CH,CH,CH,CH,CH=CH,;
O=C[CeH4(CsH11)]CH,CH,CH,CH,CH,CH=CHy;
O=C[CH,CsH4(CsHs)]CH,CH=CH;;
0=C[CH,CeH4(CsHs)]CH,CH,CH=CHy;
0O=C[CH,CsH4(CsHs)]CH,CH,CH,CH=CH,;
O=C[CH,CsH4(CsHs)]CH,CH,CH,CH,CH=CH,;
O=C[CH,CsHa(CsHs)]CH,CH,CH,CH,CH,CH=CHj;
O=C[CH2CsHa(C4Hs)]CH,CH=CHy;
O=C[CH,CsH4(C4Hy)]CH,CH,CH=CH,;
=C[CH,CsH4(C4H)]CH,CH,CH,CH=CH,;
O=C[CH,CsH4(C4Hy)]CH,CH,CH,CH,CH=CH;
O=C[CH,CsH4(C4Hy)]CH,CH,CH,CH,CH,CH=CH;
O=C(naphthyl)CH,CH=CHp;
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a) a ketone of the formula O=CRICH2R2; and b) a

cycl opent adi enyl conpound conpri sing MJ(CsR3 4H) X,
wOREHR&B64H) 2, or a - conbi nation thereof; fol Ponwas20y/022746

c) a proton source;wherein e cycl opent adi enyl

conpound can conprise MJ(CsH5) X, wherein X is O, Br,

regf. Thus, for exanple, the
cyc op@ﬁ@l@ﬁ @Htgﬁpgﬁﬁd can conprise MJ(CoH5) A . In

a fOFC(maphthgd}jﬁ@CHz@H@Qﬁ?@fﬂ@pent adi enyl conpound can

congr j i is d or Br, and the

m@?bélg?l?%l%%@%%{%%& one can be greater than-

1. DﬂC@lapitt]nﬁ)C}&@fbh@HzCHMzﬁﬁFﬁﬂz;rm iy ihrvey( (G61e6Y, Xir tapy analog

ke e ca gater .than 1,2 r [

N5t et Gt DAL & b oxe bl Fped o i Bycilion is =

me&mdtohﬁiaklﬁg pechpountihsvingithe fidrinnta @R&WR%CHzR?mh& cmt strficture:

maki ng a conpound haV|an§F§ formul a C4R C=CR1CH2R2

and the structure: c ng contacting in a

nonprotic solvent: a) ket one of the formula

O=CR1CH2R2; and bR3s Bent adi enyl conpound

conprising My(C5R3 4K) My(C5R3 4H) 2, or a

conbi nation thereof; /0 omed by c) a proton source;

wherein the nonprotRc soﬁvenx Is an ether having from

2 to 20 r.bo a substituted anal og
coméslpégocfon aatm a%tbn ?:rgflc SO eht

ny c i nation thereof Thus, the
nonmyxkdune@ﬁﬂwéﬁﬁmﬁzﬂ#%dﬁﬁthéend%F I'n anot her aspect,

et S RPN iR AR R B 0 o o

coﬁblh@ﬂion thkdredT: oUbyed Bt her met hyl t-butyl ether,
ngﬁﬂé ther THF, 1, 2. di r net hyoxyet hane, or any
PIBACWFfer eof In one aspect, when

Wherem the ketone can be:
0=C(CgHs-p-alkyl) CH,CH,CH=CH,,
0O=C(CsHs-p-alkyl) CH,CH2CH,CH=CH,,
0O=C(CsHs-p-cycloalkyl)CH,CH2CH=CHo, or
0O=C(CsHs-p-cycloalkyl)CH,CH,CH,; CH=CHy;
wherein p-alkyl and p-cycloalkyl have up to 12 carbon atoms.

In a further aspect of this invention, a method of making a compound having the
formula C4R34C=CR10H2R2 and the structure:
R'__CH,R?

R3 R?

R® R jsdisclosed,
comprising 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(CsR>;H),, or a -
combination thereof; followed by

¢) a proton source;
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t he solvent conprises dinethyl ether, one nethod of

performng this reaction is under pressure, so that
woOherothormsd hyl et her may be refl uxed at a hi ghePCT/US2005/022746

tenperature. This pressure gt hod can al so be applied

to ot her solvents as wel |, ch as diethyl ether. Yet

anot spect. of this invention hod of '
g e RS bl b B R 8 or o
coﬁlﬁlﬁaﬂbhuﬂh&eﬁ) MIhusi 009 egganiplacibe ngclopemadimgprofmp@mnd can comprise

8 gﬂ a) a ketone of the formula O=CRICH2R2 and b)

Megj i’?%} opent adi enyl conpound conprising MJ(CsR'H) X,

My(CsR3 H) , or a conbination thereof; followed by c)

a phat forthe asgece thewlyelbpantadidngl cooppumot das cexmpmmﬂg(csHs)X wherein

C ses . THF, .and.co [ n, occur
x  STBE PRn dghelBtenS PRABRCAHER Pahcl Siluiredy s ot another
asplett, the insolaIPRCHT, MgﬂEHs)thle keong ot becgreapérihat 1.2,corplid welar ratio of
ont ac n ocgur at a tenperature greater
M&(Eﬁﬁ))é&“fn&rca% E 5 to 10 hours. Further, when
t he nonprotic sol vent conprises THF, the cont actl ng
C aninoec aotiser a@etteﬂmnenmnmleplgwﬂ&t emethhdnf G:5KiGE f oomgound having

ur th| s aspect, when the

therf%ﬁ%’ﬂ%{:‘%éodﬁg@ﬁ@%‘%ﬁ K ether with a boiling

poi nt greater than 400C, the contacting can occur at a

tenperature greater R HIROC for at |east 5 hours.

Also in this aspect, exanpl e, when contacting

occurs at a tenpergtu greater than 400C for at |east

5 hours, the pressur be chosen such that the

boiling point of the protic solvent is about equal

to or greater than gRhe cgptacting tenperature.

Possi bl e Ful vene Substituent’s In one aspect of this
comnprisarg dootactingriy aswiyzdfi¢ sedrent: on t he substituted aryl

gro p 1 the substituted

%oclgtqﬁlwﬂh%%ﬁ&%bé@ ﬁ% gﬁy substi t uent on t he
s u bls)t d tyatoeehtmtdwbcxﬁnﬁwhd gmqmsmgﬂvlg(@sﬁaﬁ))b @g(CsR>H),, or a
en froma nunber of chem cal

COWE’P%‘?OPEE cftjth} Ybut not limted to, an aliphatic

grgb%prauan@@@eatl c group, a cyclic group, a

conbi nati on of hat| c .angd cycl n e
whgtegy the laoemttcu%o? 0 21 SUKT ¢ }S‘ﬂ%rfjl(ﬁ?%u 55 ﬁﬁ?&gpﬁér?%& HF, 2
sutE R, mﬁfbgaﬂh&@é‘f Gr %Q%mbﬂlaﬁ&f BRero8r amps, e Slohpréfé solvent can

group er mani um gr oup,
comprlse THF 1 another aspect, for example, the nonprotic solvent can be dlmethyl ether,

flr

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 dimethy!l ether, one method of perft)\fnﬁng 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 C4R340=CRICH2R2 and the structure:



10

15

20

25

tin group, a |lead group, a boron group, an alum num
group, an inorganic group, an organonetallic group, or

wae 2606l994deh ut ed derivative thereof, any one of wOTAIS2005/022746
having from 1l to 20 carbon ons; a halide; or
hydrogen, as long as these 3 oups do not term nate the
synt heti ¢ net hod foerul&gﬁ synthesis. Further, this
description can includg substituted, unsubstituted,
branched, i near, or hrterogton}substltuted analogs of
these noieties. ThIFS @/ & of possible substituents

t

i ncl udes substituents may be characterized in
nore than one of theg ategori es such as benzyl. This
list also includes gen,: therefore the notion of a

cofpiitd douta8engd fﬁq%ﬂlgmﬁ@%l@ﬁpst ituted fluorenyl includes
partially saturated |ndegﬁ¥s and fluorenyls including,

but ahletqnepf thedonmyila @R WL B 6hddeny| s,
tets ToBEAARES DY Spoufd Corir s {
 DPAYRLIMBE RN e LR P M@y o
Coﬁ@mmaﬁﬁh%@ﬁ'mﬂWWﬂH%’to the foll owi ng groups. In each
exa ed bel ow, unl ess otherw se specified, R
Hngﬁg@ gen?%y chosen from an aliphatic group; an
Wh&?eémﬁﬁ nonppotieselvent cﬁybmprl@ﬁs PR pgnd anoyttactingbéamaddcnn at a temperature
grﬁfk:)ane? Eh%%{40°ca%¥ tag %Qxigb%gﬁrgg | rsI a\égéc el} %}o)e(lrl%efgl{)fotlg q cor%prlses
THaritlesontabigig ¢cant @dudara tcapbmmrd gneaﬁelofhan amc ﬁﬂlel ﬁrhe \ﬁfom:ﬁ to 10
n11 to 20 car

olSe B FROT MG BB DR Foimm e eI B FonRRE can occur at o

terlyreeanerh gﬂ:atef)t’hah bSf€atbr atiak Ggm It doe@rieofs. LiERGIRp&S, viHen the nonprotic
I|phat| but. are

Cc each i.nstance
soff g Bt i PO AP RDTE mpibiseeis oy DS R ot onpou a
a tedkedatile gBEa0d Qhanaﬂ,Oﬁ(Y GdrQaldsasy/houdl. OARe nﬁﬂns’ﬂésﬁydﬁ,)’for S}Eaﬁhbﬂb when
an al kadi enyl group, a cyclic group, and the |ike,

contpating 8‘é‘§1rsa‘|‘tl A @ﬁlﬁ%fﬁwwe%ﬂer thws‘t%‘é fortatdeast 5 houan éII*F‘eIEeSS‘aIﬁd’an be

chdseNQRE t1A0 ﬁle%ﬁmg?)oﬁﬁ%f tH@ﬁdn}Sﬁﬁlc SOGER Y abolieqBAGH or greater than the
i nstance having from one o} carbon atons. Thu

condpqting FOPEradEBups i ncl ude, but are not linited to,
hydrocar byl s such as paraffins and al kenyls. For

Po& ARl 1eene BibdpidhisC 9roups as used herein include
nmet hyl, ethyl, propyl, n-butyl, tert- butyl sec butyl

=B e 5 A i G s R o,

sutRtifuenit ol thafWstiti@d Y&Scaﬂ%ﬁ arRp @ ROfand Eifl’)ﬂ'ﬁib‘sﬁtuéi{t QHREs subdtituted
each i nst ance, i nc but are nOt limted to,

hy el SToypsHdhygan be Ariependentlyghopmmafiemyal numbs of phemigak snoieties
inchifg bl oS HRREA 41t S0 afifhlY BFdupesn RGRERT grobf) £3G8ic group, a

combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group,

a phosphorus group, an arsenic group, a carbon group, a silicon group, a germanium group, a
tn group, a lead group, a boron group, an aluminum group, an inorgamic group, an
organometallic group, or a substituted derivative thereof, any one of which having from 1 to
20 carbon atoms; a halide; or hydrogen, as long as these groups do not terminate the synthetic
method for fulvene synthesis. Further, this description can include substituted, unsubstituted,

branched, linear, or heteroatom-substituted analogs of these moieties.
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i nstance having from6 to 25 carbons. Substituted

derivatives of aromatic conpounds include, but are not
woi2ooctedseb o, tolyl, xylyl, nmesityl, and the |i ReT/US2005/022746

i ncl udi ng any heteroatom sua tituted derivative

t her eof Exanpl es of cycl I C oups, in each instance,

i nc but r e not m.ted, t.0 ffi Do
ey BTt EEhIP Soelit et '8 L RTRR By aptericed n
mdye éyslone ogtﬂmeaepategmnhstshﬂl dsiterzyl.i Thik ﬂnsh er]ng) ia¢ibds ihlydifogeh, therefore
derjvatjves,thereof, in each ins a\/| fro
ol bt STpthEeS Fitsw ot ARRGeT oo R e
Indpnyils ped Suecenysindludiag bt @t dmited to tadhydesigdenyls, iBgahydrofluorenyls,

at ur n state of the cyclic group can be any
anigftgl?ygf ﬂg‘ AB¥lSt e that does not preclude thesynthetic

nmet hods as di scl osed herein fromany neasure of
ef f Esamplenes sachAgicthesti suhbtityent lreoupy dldclegbaups moantinkied to, the
sat.urated or, be charac erize by .any exte ) . .
ol AL HEPac i cechn SaBEl Pisd Aot O pis herwieg wyeifed R s
m@pmdpﬁtlﬁbl&)sg’( cﬁmms anostjphhidd g@u@;naralarqmat|gromrat tyaflic agadup, any

coBb B b B TR e B B B e,
aniafdogide!, of m@aﬁnﬂdetsﬁbslﬂltecﬂddrﬁat&fé thétt &P ety drledNwhiétOhd, from 1 to 20
i ncl usi ve; wherein mis an inte

catbpR 3OS Y %mg'al @ngﬁﬂfde@éw FSHPSIaTE alymsubswt%sbwhed or

ling@naldgstBerecfCsHQR9- wherein mis an integer from1 to
10, g Is an integer from1l to 9, inclusive. In each

i nst.anc s defined abpove, R i s_independentl
o BRI o SO MBIABCe, S NOER Sopialiss tozam alkyl
gréipe ki @clgmylp%oa@ )YanCAIR&iyD gfoupNa Ichas Syl aRYp SaP §1!kyﬁﬂ te@6lp, an

derivative ereof, including but not limted t

alkadiend roupa 3 Gyckio graye. andythe Jikeamhdgiasingest 3t E&béﬁtute¢ unsubstituted,
brefhShddy atd Mat Q@ch%@fo:r RWAOEehato MY &loh hdgantd Hmlﬂg £O@maRe. to 20

carbon atons; or hydrogen. In one aspect, aliphatic

carhel 2oyl | Tdugr Biph#ic sewnsdachds, bulare nablimitedyios grpeprbyls such as

BBtk CERENG 1 SRR, R g e o
propehRaa A NIEDutyL, SHl@sAdiNEtLyl, anGHACHEEE HEXyL- Qe OGer! T, octyl,
i YRR o SRR i RS

- CH2CH2C6HANME2; - CH2CHR2CBHANEL 2;: any regi oi somer
th eEémpleSaﬂfdrcamhc LEbws, it eachdnstrace, viseide ebut fazer g fimited to, phenyl,

bi %@H gkgch}qb ?%H:eggf‘ albdr tgxm Ehci 'a.gltg%ﬂ%ﬁgltécﬂfehvgg/e%thereof in each

instamsd M‘dﬂg ﬁ@xry @etm 8% catpensar éubstnylg% derdvratig¢sn b grogratici psmpounds
inc uda r%) t%Fe 8 thmlte% 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 3 to 20 carbon
atoms. Thus heteroatom-substituted cyclic groups such as furanyl are included herein. The

saturation state of the cyclic group can be any saturation state that does not preclude the
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i nclude, but are not limted to, alkoxy or aryl oxy

groups (-OR), -CSIR, -OPR2, -QAIR2, and the Ili ke,
wonedoodiasy substituted derivatives thereof, wWheCeius2085/022746

in each instance is an alkyi cycl oal kyl, aryl,

aral kyl , substituted al kyl, %ubstituted aryl, or

[ t.ut I v fro Q n Q

syl el Bl neR bR ool Aot B Beffindd R8sy, he
cydlin gfau;isewnﬂ»aisatm‘a&admbe bharacteededhy anmekﬂenx)qf unsatunation,

propoxy, butoxy, phenoxy, substituted phenoxy, and the

ik I Iy RS 1o

sul uefa!c?: olﬁstq%gﬁl ng’ﬁlg‘]r?%ﬁ%% %%ehffa%{p‘fq’J fgr%}%c%onllpﬁl cﬂnéda él, aliphatic
potbion: ak & cywdic poitivint e@uiplss of SRichriucledee biti dee poti lingikaddb ngroups such

as: . @gﬁ%&% qq’ﬁ{e!rq\ﬁgtn} Yse sgnl@e tgﬁeﬁ{cﬁn’ 1o yﬁ' n R | %’c P%oml to 5,

mCBlaivs,t -(GHW).SCkHaR iy Ivv,helsubsﬁsi a;mjmegier aﬁm;ai ], tooer g uskmtmttgﬁr dom 1 to 11,

. aral kyl ' f to 20 C
incfi et PR gl Pt D R LRI G R gy oy e om0
9, drlosips, Imieachhingtamde Lald, as hiaﬁneﬂ ﬂ)OIVQtRhS mdta}mihdhm].y chdkdd, from: an

.-NHR - NR2, ik di titute ..
A Cr T g e R, AT i R AT IP A oh JPRCEP T apy gbstiuted
derﬁ)laféyd theﬁe)é@,ldmalulimg , b radt, hrﬁhfeﬂ| toyla hﬁiﬂlaitaﬂ ﬁlkeidldal, kylan amide-

subst 1t ute or sub tltute ra avl N
substifuisg d%\@ﬂ&ﬁ%ﬁ%aﬁew PRE HCh P@?ﬁm %91 J'of Rydrogen.
In Gﬁ@ti@‘éctaﬁﬁp}ﬁﬁ@%ﬁ@@&ﬂ& &6hsainbinag Wk QD Sot H‘z’ﬁité‘d"to -CHZCGHs, -

nclude, but are not |limted to, -PH2, -PHR -PR2,
CHP?@ -Célﬁ%sﬂ4ﬁb FeRC et | deHabgdub$SHCdiaenle; -CHaCeHLOEY; -
CHg@{ﬂNﬁtz'C;-S%éngﬁﬂ\ﬁ@&f MEE@MN&ZI n. ACP3L aﬂ@%@ﬁlf@m -

, ara substituted al'k
R il i Lo Hh Ry oy R S0P -
CHYCHRAHORADORIBEAIEH L AL CASEHIRRr,, 3P POk fisHi® URteof, and
are”arsenic conta|n|ng gr oups, i nc
anyrybstitited destyative, thergefHR, - ASR2, - As(OR)2, and the I|ke
i ncluding substituted derivatives thereof, wherein R
in Kk r
1 EREBIRANE i AT o B SOk ffor Wi, ot
substituted aral kyl haV|ng from1l to 20 carbon atons
| n J8Leph instaneg OEYSBFBEN AP @ﬁwnﬁia@a@@gtmumomampm@ which
incO) B are WBt GRlitdd 6! MBSy BUly 1@;{@ &gﬁ’s % gPR% kblAle, and
e-'su st|tu

e groups t hat conpri se
theghk@u psluging substibuted derivabives thereels whenesl Ryih egelo instaned tsmnlalkyl

o0 ORI DARTE e oy MG 4 g o
1t a@ buhomatoms Examp@escdf dllsdy an wlOISIgmLIPSIﬁ -QR) anpepsancdude, but are
notlslI Tt ?g dn%e %txg:e]t yoiX9 gpgr O S‘vut toxs, fqe q%gt?m ? 8£en%x3?, ah® ]éhe like.

aryl silyl groups, aryIaIkyIS|IyI groups
In each instance, sulfur groups are sulfur-containing groups, examples of which

include, but are not limited to, -SR 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 20 carbon atoms.

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,
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sil oxy groups, and the |like, which in each instance

have from1l to 20 carbon atons. For exanple, silicon
wgnroewspw4denc| ude trimet hyl silyl and phenyl octyl 8Cirgus2005/022746

groups. In each instance, 9g mani um groups are

ger mani um cont ai ni ng gr oups, “whi ch include, but are

[ el I

Wﬂgg%ténu% Slf,ineﬁacgigp%éehrc%gs gr ggﬁgﬁyl?%l%ﬂ a?'ﬁlg@ Jﬁrgtglrﬁgdl%ﬂéyl substituted
H}Q@Tﬁybsuwdgar@kbﬂéavmmﬂomﬁetoIZDIwbom\mmh in each instance

have from1l to 20 carbon atons. In each instance, tin

01 OYPS R B1ahéd) pEAPRGL Db A\t SphothlcSfahlie!stels, Phith include,

are not limted to, stann s such

but |agsy net Emigd tepr cﬁ}bs -PERy Rz R rgrapdiple like, including substituted
deflatved ¥k ga@ﬁ&]e nJ Eo%p\%ﬁchs PROXYs G aricyi! %gﬁé(%] S a%yl aralkyl,

groups, I'n each instan
sullstltwbedzfﬁiwé,anbﬁﬁlﬁlted les or sphaituted wralkglrhaving fionc] 9d¥, cathgn atoms
are not limted to, stannoxy groups. In each instance,

| eagh gicR %ﬁ%an@é %rsleﬁé‘%—r&@ﬁ&%'afb'eﬁ&cgﬁt%ﬁhé ’gréﬁﬁB's ka?'hlb}[‘ﬁllzlv&é@ but are
but are not limted to, al roups,

nof) tignifed to,arAsHR) k%%aﬁ%@%ﬁp@nd éIFFU fhémflilqég S\}mifl@lﬁed derivatives
thé?@c&hwhé}ah%%?eacﬁlaiﬂﬁaxf& QiMyd a{)kg 2018812333105} 1) éﬁb?cﬂ&tféd alkyl,

I nStance, boron groups are cornt al roup
sulpgitifudd aryicmmbstltlbm aralkel hawing ifiom 1 todOtcatbon mms BX
-BRX, wherein X is a nopno anionic group such as

haI 'Irg%ch m’s%kéj QarbBh %Rfﬁbéjgre @by bort3hal @t Rips, Wcﬂ fA€lude, but are

e, wherein R7in each instance (S a kyl
not: Wlt@;htokylkyl hadige groapsathkgwonlpya%hahdmﬂl@@tmd@lwl groups with 1 to 20

ot f
AR s S0 B B0 Kl 1 i
sulgstignted denivatives tered & havimgyfrgmad up20 casbancitorimc| ude, but ar e
not limted to, -AlR2, -Al1X2, -AIRX, wherein Xis a
al kg}f‘&ic irfﬁs e égﬂlgﬂlz Mg@%elgﬁicblgg é]t%lﬂé éfb%pﬁ%{/}ﬁnafe(fnglﬁde but are
not figttahde silyl amuast kydh, alleylsilyd grdoph,, aralsijyl, grewms) kylalkylsilyl groups,
sISHPRb LA REE B! wnBHOF EhaUbShAMle B PHDILCMbEdigms. For

avi ng caroon a

exanpje,rsdiveh gtdupmnglu@@metﬁy&xﬂylmlﬁ phmymadbﬂakmu;tsst ituents

in each instance, include, but are not limted to,

org ﬂ{‘&%ﬁ ﬁg{l\ncger BBl %@gﬁa@& %ﬁ—rcgﬁ{zgﬁmg groups, which include,

or ganogal I'r"'uny groups, anost 11 con group
bub raganetg Bmited itey nggmyll geupo sgenet iatkytgeou) sgromsg arydgeeagl groups,

arﬂég}ldg%myf %é]_sotg%rn'g r)]% I&H)u%% aﬁ?%l?fclsh E\%Hi%ﬁ in eacg 1ﬁslga%cé hgv%’from 1

to 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 each instance have from 1

to 20 carbon atoms. Thus, tin groups include, but are not limited to, stannoxy groups.

In each instance, lead groups are lead-containing groups, which include, but are not
limited to, alkyllead groups, aryllead groups, arylalkyllead groups, and the like, which in each

instance, have from 1 to 20 carbon atoms.
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I n anot her aspect of this invention, any substituent

on the substituted aryl group of Rl, any substituent
wonodsve4aabst i t ut ed hydrocarbyl group of R2, aRdTASY005/022746

substituent on the substitutZ?d hydr ocar byl group of R3

can be independently chosen'troma variety of chem cal

nDi ¢} kRSY 1155%':&1 Bbidd grdipt aﬂ%‘%roh'c%ttaﬁ e g?oug% %ﬁal mclade but are not

di scl osed heréin, also including,
rw@@épodil%;m%sBRKuwéeremn%u%ggn@foaltmeg ercwpusech gshalide, hydride,

a]llo%ﬂﬂ Qﬁylttfﬁ% ﬁ?e HhPOHRS KL OBF]'le %he[’e%{rﬁ' il %Euﬁ‘l 151&810% ¥ 51{1 gﬁdylc cycloalkyl,

met hod f ful vene synt hesi s
arﬂeﬁéﬂ%hﬁb‘?ﬁ“@iﬁ%@lkﬂuﬂ@dﬁfat@él%}Qsowubbtltb@d\mlk}d laong ftom 1-to 20
caf®Rg afdfnsor di nary skill, and include, but are not

limted to, chem cal moi eties that include such
het eroat ons as boron, alum num gallium indium
si | iR EHh BEFTRmML ‘&Fﬁ%ﬂuﬂ FOUNS R alumnunbg@mmm gphorwhach include,

buﬁﬁl%eﬁUt %imiAtth mm}& %Xgerthﬁu Wbl g6k ?:x%bllmamomc group such as
I'Turium_and t 1 ke. Preparation

haBﬂes hdrideo plspride |38W)1/ triglpteamssthe fikie, Rafl athertiCBrip cacidinsthhe is an
a]lglgl, %?ﬂg%llf}?%glp 2 8%816 gl!rl]bgﬁtu?er&%ﬁgp %ﬁbssﬁﬁlte% a%t g}%gbs%tuted aralkyl having

S CO
fromy & fooifeqattediatomysl - t ype noi eti es that are linked by a
>CR1(CH2R2) group, nanely bis(cycl opent adi enyl ) net hane

co ”??o L] of %an\ﬂ?%%ﬁfé?ra@? L9 R tﬁ'hglﬂg ﬁ&af s S%R0@%s in each instance,
mﬁ%@%cblﬁ mmﬁdﬂrewsl 1t9, (ckrsanobazeny kiomes, hmaeoadmmmu rgdmps Tdrgmo gallium

grd@ m{ﬁ%{l}&gsﬁgglé ca)%p%%h CPT .;111' er g.%/nlglt LR FOHRS) ror\élgrﬂogﬁt ﬁré)ups organolead

raips, mganperansﬂmmtpeta]grmgns ah)i tlmdﬂctealmtzmgg‘rotrml & 20aatboatatotns.
sol vent: a) a ketone of the fornmula O=CRICH2R2; and b)

[
o ERERGERAE P TR SHTRG IR oy o
any Spbsiﬂtllmt s ihe eubstltuta‘dohydr@arbgh]gmmp obﬂwh%u ang dnlpesubstitigak @n the
sul%?li %7&5?0]6%}71 e@rogpngf I£ (ﬁp é’ll{dgnﬂy chosenai{Jom a vtarrFi‘ety of chemical

moieties including, but not limited to, those disclosed herein, also including, but not limited

to, heteroatom-substituted analogs of these moieties, as long as these groups do not terminate
the synthetic method for fulvene synthesis. The term heteroatom-substituted analogs will be
well-known to one of ordinary skill, and include, but are not limited to, chemical moieties that
include such heteroatoms as boron, aluminum, gallium, indium, silicon, germanium, 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 >CR'(CH,R?) group, namely
bis(cycélopentadienyl)methane compounds, and various analogs thereof such as
(cyclopentadienyl)(indenylymethane and (cyclopentadienyl)(fluorenylymethane compounds.
Thus, in a further aspect, this invention provides a method of making a compound having the
formula C,R*}CHCRY(CH,R?)(QH) and the structure:



5

10

15

20

25

Rl is an aryl or substituted aryl group having up to
20 carbon atons; R2 is a hydrocarbyl or substituted
woydiemosaishyl group having from1 to 20 carbon atoms2000022746

hydrogen; R3, in each instagge, is independently
chosen from a hydrocarbyl or substituted hydrocar byl
group having from1l to 2Qzearbon atons, or hydrogen;
and Xis d, Br, or fi; /a %2) contacting a) CAR*C=CR
1CH2R2 with MQ, wher ei is Li, Na, K MX or M0 5
, Wherein X is O RB R® and wherein Qis a

cycl opent adi enyl, an nyl, a fiuorenyl, or a
substituted anal og thereof; foll owed by b) a proton

source, to forn1CARB34C}H§a((mﬁm%Bmg}ﬂ I n anot her

asp netwod Cc rther conprise isolating the
ngﬁﬁﬁﬁc %ﬁ@ﬁg The possible
seI ecti OJ)SikatMle Rﬁtheﬁﬂ&lmO%B{ CHbléZ kmt one, the

Y e SR s S Ml 2o SO MDA GRS K, or

a camblinktien thérser, fllbeed be sanme as those di scl osed herein
for the thod to prepare the fulvene.ln the conpound
CAR3 4CH5E1¥ ENCH), the substituent Q can be
CY C tOpaAk dEinEsl heving the Sérndili &8> Cy-CRODEIR adi eeytructure:
havi ng up to 20 carbon at ons. In addition, Q can be
i ndenyl or subst it ut Be 4 @éhyl having up to 20 carbon
atons. Further, Q can e fluorenyl or substituted
fluorenyl having ug taEEO &ar bon atons. The possible

substituents on the 2 ituted aryl group of Rl, any
substituent on the sybstytuted hydrocarbyl group of
R2, any substituent Rdn t R sufshiidouteetherrydr ocar byl
group of ,. any substituent on the substituted

cycl opentédfe€nyl, any substituent on the substituted

i ndenyl , RBgdn &@Yoﬁs‘ﬁbﬁﬁﬁt&&lﬁ? &b ﬁahﬁgs,lﬁ b2 tabdChtoms;
quorenyI are al so discl osng her ei
R? is a hydrocarbyl or substituted hydrocarbyl group having from 17to 20
carbon atoms, or hydrogen;
R?, in each instance, is independently chosen from a hydrocarbyl or substituted
hydrocarbyl group having from 1 to 20 carbon atoms, or hydrogen; and
Xis Cl, Br, or I, and
2) contacting
a) CsR3,C=CRICH,R* with MQ, wherein M is Li, Na, K, MgX, or Mgys,
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 C4R*sCHCR'(CH,R?)(QH).
In another aspect, this method can further comprise isolating the compound

C4R*CHCRY(CH,RY)(QH).

The possible selections for RY, 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.
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Preparati on of Metall ocene Conpl exes Numerous

processes to prepare and use netall ocene-based
woaimlogsicot hat can be enployed in this inventi eaThEY®5/022746

been reported. For exanpl e,Z%J. S. Patent Nos.

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

L e 3 A e e g

cydiopSmadies or Syb5@uted 28slogEna@En?(BYinS up 34 28 88bobate B, hbaddition,
5. 668, 230 . 7Q5. , 6, 4
o GRSl o2 AR g B D0 B PR o

fluéragyd ppsibstitecd Biporeafidaeng ep tre2Gdarhoniafpnist SThepossitde substituents on
Q her ocesses 1 Rrepar tall ocene t 2
eyl SF B8 of B BT SRR fodR o R TALEaE b or v
any gubstitheat endesubstithedisydrdcabyl grodp ofRY, anyHsub@itucht oivithe, substituted
tal A, 2001 65,, 23:. Kaji,gaeshi .. KadowaKi..  T.:
cyqGPeRPdn A R & e SRy HET hdenit apd 207 Rimuclt on e
subdafaeed fludiRBd ,ardflso Adclosd hereihl. G ; Jung, M; Kehr, G J.
Organonet. Chem 1998, 562, 153-181; and Alt, H G;
Jun a O onet. Chem 1998, 568, 87-112; each
prcpitfln dhvietancsk B d by reference herein, inits
ent Nt@érgus fprocedses o gaehatel ami s meciiseas-bhsed peagqipst ethat can be

tal] ]l ocene c un that can_be e 0 in is
PRy OR TUvoROa Toshrtonal] RO SHIpIa by bdert Nk 4939217,
5,160,930 BYEtocHsk] 6,38 ens,s$,899,63699601,822, 5,8,3204,5,486j305, §,851,649,
incorporated hy refer e herei [ n_| Nt
S APB b AG Pre At bt S s e b R T oY, 338078
5,60800£3,63P33% 5,65481  56680230,703,478VETGBH B, 6,187,880, 6,509,427, and
Organonetal l'ic emstry of Titanium Zirconium and. ., .
6,5%8%? deperibecagh pnethodsetckygf which gy ncorporatgddyytefegenge herein, in its

entir@P Ether Mocesses t@%@eg%%%@c@lioc&e dommpo Bt dad b@fert’g)loyed in this

~ Organo-Zirconi um and - Haf ni um Conpounds; Hal stea

inventésmshavesbeenvispritediiggefereaestsuel asiiprl iss Alhddr Gor-Meld Catal 4.
I el [ | rety 0 ;

2o 16758 EABRAE Sl B €100 2008t s o

Japamel986) % 8ThieAlh &l iGhglunp et EeluGa/. Organomet. Chem. 1998, 562, 153-181;

am% P@f %R%A:) ﬁ%l,( Wﬁzb)(ggzr%i%tw%gm W %i6@, gq-éh%afa}cge?f which is

ani'um’ Zi rconium af nium "and X1
ncopomatdddiyneferehde lonein,au its agirétp a nonprotic solvent: a) a
ket one of the formula O=CRICH2R2; and b) a

cy Ct‘ugrﬁl%ﬂ taﬁ&ﬂi&@f %ro%gsgpsqg rﬂgep%%%élﬁbé?@ c%&ﬁﬁg’ 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:
], 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.
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4H) X, My(CsR*H) 2, or a conbination thereof; followed

by c) a proton source; to forma conpound having the
woam&scCARC=CR 1CH R2 and the structure: WheCEiIUS200R022746

is an aryl or substituted ar,yl group having up to 20

carbon atons; R2 is a hydrogarb or substituted

hyd r | t

hy dgrgg% a?lé(é&%%?}ﬁk}eﬁ%ﬁ p%&egg%ﬁlohgflgﬂ%]éﬁg g);k %&%ce& having
the tfmﬁa f(n eﬁaﬁ@ﬁ%ﬂ(@h&?)hﬂ@@ﬁ X5umremuwédlshmnmrmbmum or
hagﬂ glngalgi;eom l1to 20 carbon atons, or hydrogen;

: COFPTEMEDY contacting a) CARMC=CR
1CH2R2 with M) wherein Mis Li, Na, K MX or Mo.5,
and 1)XcangaciBg inBmomngypti¢ sohemtl wher ei n Qis a

cycl open enyl, or a

substit u%)%géegﬁé fthg?%ﬁelrﬂgdg?yd% Cﬁ v\/el)il%{ by b) a proton
source, ba WWmmyWW}mmg(ﬁfﬁ?m@( Mg CsR’H),, or
caut st iR e RN AR 2 conpound of the 0

f or nul aMl)>%4roton soufreet t her aspect, this nmethod further

ot e s Buodtng I 1RIg N SRl i e

the cycl opent adi ei i yR copppe the nolar ratio of
My(C5H5) X t o ket one, te nonpr otl c solvent, the
substituents, and I%he (ke zare the sane as those

di scl osed herein f r 5t hod t o prepare the

ful vene. I n anot her aspect, concerning the nethod to
prepare a conpound @f theasfornmula (h5-

wherein:

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

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

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

XisClL Br,or1,
2) contacting

a) C4R*4C=CRCH,R? with MQ, wherein M is Li, Na, K, MgX, or Mgys, and
X is Cl, Br, or I; and wherein Q is a cyclopentadienyl, an indenyl, a fluorenyl, ora
substituted analog thereof, followed by

b) a proton source, to form C4R*;CHCR'(CH,R?)(QH) having the structure:

1 CH,R?
R QH
R3 R3

R3 R® ; and
3) contacting C4R*sCHCR'(CH2R?)(QH) with 2 equivalents of a base and a compound
of the formula M*X,.
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C5R34) CR (CH2R2) ( h5-Q M X2, the substituent Q can be

cycl opent adi enyl or substituted cycl opent adi enyl
wbavierng4asp to 20 carbon atons. In addition, Q eamuse005/022746

i ndenyl or substituted inde X' having up to 20 carbon

atons. Further, Q can be fluorenyl or substituted

REAGRP

I
" e AR B iy SRR S TIERORIERS £
MEubstituent on the substltuted hydr ocar byl group of

R2, any substituent on the substituted hydrocarbyl

gro ffe ssﬁge S@ﬂ%{tl(ﬁlg bRt i ﬁe@}lzﬁ@ 'Rge 1! %@trohé u{ht%d%yc%ogantadlenyl

cyc nt adi en stituent ont subs
compmmdyﬂhe meked r@ﬂwofsM 5Ht5ﬁPém katenet the nonghysti¢ salvemt! the substituents,
' s
ol BUSLE N Ll 3 EBLESSA 0 Dl BUSHLAL e
co ound Il with the fO||0MAng formula: | ; wherein ML
j anothet asppct;—woncmmg éheamethwﬂo mcpamﬁasqmnouné df theyfdrmula (n5-

CSR?@e nyre%r od n%p%'ill g b h%’gs:lﬁ m%en % caiclé)F 5ot ﬁ%%?nzar?&é}eny]aﬂr subsfituted

cydlgpehtadienyd hbyldg Qp & DYy barboroat@md) ali aﬂ@mﬁﬁ apredn lbeOmaéhyﬂ} ar fdstituted

B T o 42 B TRES! oo s USRS more

h {oazold bo\ﬂffi\&rn%i 1)y bsSh1® RdBithentCHIPRR shisitiRnda bup of R1,
aﬁmgﬂw e péﬁ%ﬁnyl C%QC?&C}QC}Q , HirRBfoup o

angsqlfét;ggm pn (}équbs@qg o}y of R apy ﬁ%béggypnt(ogppe substituted

hy&@'ﬁg%% m@mumg oiPhE @ﬂ%ﬁtu{e@gc'ycl%p etntadilelnyl any substituent

on G@%@Q@@nﬁw&:@? anﬂqupéitltﬁ?qt _og_tlgfewbgﬁ\}tpd fluorenyl are also disclosed
herefgfH2CH2CH=C( CH3) 2) or a substituted anal og thereof
having up to 12 carbon atons; and R4 is H or ”-butyl.
EXAMPLES The present invention is further illustrated
by o frdher awReslg hexaapmetallocene of thiy eefod cpe cpiaprise compound I
with QRShINeHs fn@ly Way as inposing limtations upon the
scope thereof On the contrary, it is to be clearly
under st ood that resort nay be had to various other
aspects, features, }“apb nments, nodifications, and
equi val ent s t her eof n"hx af ter readi ng the
descri ption R! -

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

hydrocarbyl group having from 1 to 12 carbon atoms.

In still another aspect, the ansa-metallocene can comprise compound II with the

following formula:
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herei n, may suggest thenselves to one of ordinary
skill in the art without departing fromthe spirit of
woOhespoesent i nvention or the scope of the appeauas2005/022746
clai ms. GENERAL DETAILS The,sol'vents used in the
foll ow ng Exanples were dried and distilled using
st andard net hods. Pen efiyd phenone
(1 - phenyl - 5- hexen- | kjﬁgymas prepared by a procedure
anal ogous to that desa d@d by Kdppl and Al't for
but enyl phenong -Qheny|Z4 s-nten | -one) in Journal of
Mol ecul ar CatPaﬁl Si s A 14 sal, 2001, 165, 23, which
i's incorporated by -' = hereininits entirety,
we in the place of
allyl brom de. Thig*preyaration is shown schematically
in Step 1 and Step 2 q& Schene 1 in Journal of
Nblecular Cat al ysis A "Chenical, 2001, 5, 23.

wheyinl opéntiadi shrenll; meGiRSi uin cBHbutenxde (CHIGLCH=@RS),  4-pentenyl

B O S e My

(CMHCH@@I—MGHMPBCPE};t7ewdten&b(C}ﬁCHZGH£IZT2,CI—MH§®H1=GHZ) 3-methyl-3-

o BB T LB Bt LG0T A MERILIORL o) s

anal@siere@tliacing ap tcyTadpantont a{aMk“ i€ grdugl synt hesi s
met hods. A nethod for preparing CoMX was al so
reported by Stille and lb =X . Org. Chem,
(1989), 54, 441, which i 5Fgorated herein by
reference in |ts entirety. D cycl opentadi enyl
rragﬁlﬁajremnﬁnvdndomis fimtlep ﬂluemataﬁl}dhd fqi]gwing eRerfples, which are not to

Hi t ock, L ert .an
be (( %ge)% i ﬁlgys g}g fmp V\%I %*ﬁml-{ %% %%orn 5 oer sacl:{)ge dtrﬁﬁrg?} %rp %xe conq}ary, it is
to hef dealyc andedstodds tieantiesoet ynayThe }ﬁdstoChﬁni’mﬁt agéraphjects features,

nal s data |IIustr ar hi_nol. formation .
crnp o T i SIS (e el WP e (i G description
hert ROk ﬁa%gemmeleég‘ QroRedf astirfap) dkai. thOadt &Jlthﬁﬁtedeﬁartmg from the

recorded on an HP 5890 GC Uﬁlng a 30 m cr ossl

SPH{ERTKDA REpIeBbAATRELER P iRRSCOBS BiXhepRPERsied §1a858S. 1nj ¢ on
stationary phase. Analysis conditions are as foll ows.
GESEEHUDDEBAHA% psi (303.4 kil opascal (kPa)) hydrogen

P GRrofisn onBl o filedin: 5tammirs 4k e SRR psipg, giandard

methdH€Ct Or tenperature was set at 3000C and t he

Pentenylphenone (1-phenyl-5-hexen-1-one) was prepared by a procedure analogous to
that described by Koppl and Alt for butenylphenone (1-phenyl-4-penten-1-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 placé of allylbromide. This preparation is’
shown schematically in Step 1 and Step 2 of Scheme 1 i Journal of Molecular Catalysis 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



10

15

20

25

30

detector was set at 3100C. For the GC run, the initia
tenperature of 400C was held for 1 mnute, followed by

wea 20@mp4asd 20C/ Mt e to a final tenperature of BODAS2005/022746
The final tenperature was hgld for 15 m nutes. The
Nucl ear Magneti c Resonance ? IVR) spectra reported

entREHCINS VL&t QB! 81176 gzﬁ@h@pr\éﬁdhﬁé%&ﬁ ld%%riﬁ {i Igé% g@ﬁdlenyl

spectronmeter opeftating
Grigpard eynthesis afasirasia c Adnethed s preparing SedkeXotvay dssi @nm:ad(blﬂ@tﬂle and

G lﬁ;b 4 n
e & B oA R AP A et n g rgnee in s
entEXAMPLE 1 Preparation of 6- phenyl - 6- (3-but enyl ) ful vene

usi ng cyclopentadienyl Grignard reagents Method 1. A |

:‘_ ngiewﬁomgaggzn %1_@%1 V‘?&Jk‘f %@r%@%ﬁ/& E{&)ordnq%_"t_p (Du;fé Hitchcock,

Lappeyt, Epviprsd. | Qrg@mmetcdn@he@rg (51%) t243 0273 Cwhich is incorporated herein
by QG &Ryl magnesium chloride (325 nL of an
appr%gsrpn%@é}it §1/ IM solution in THF, 345 mmol) was

added dropwi se via an addition funnel whi | e
nai TReP#i ﬁ@omt@gltaﬁh% 7} welysisda 1w ratirgcarkinel] fmppgion reported

in PO Y1 B WESh %t&}{fl{o}{ RS R rdcOrdb® C\;Vér% Z)gﬂt L SRl Y5 %llows Data were

refiuxed for ours, and then coo roo
recouiager an HPeS89T 51 G usiegae B9 oncrpsiskinkedanetiadsilonare column 0.32 mm ID,

I 2 - . i .
0 LA ZU s MBI 50208 s oo
kﬂmamabﬂé’d)) Isydtogeh eoréssure.r 2 psic@épd rld’a)adirtmesdury,n% $sit (303.4 kPa)

1i f this oil ro
neifit Biesfcpihant B Rart ofisot <S8 Fmmstviie Si dpba RHC and the
detBdtdr Wase@dt yi Bloed. Fhr RGO g kd infiap heiptatfie 6840°C was held for 1
but enyl )ful vene as a red oil. Method 2. An alternative

e cquow 8 fragp mfé@ﬁ/mnwgimat’@wy toofpgraiEn eoft390tGatThe final
ten%@faf’dré d%’?ﬁ??ﬂm& is to allow the reaction to

room nperature for about 4 days, prior to
neutraI|Z| the reaction mxture with HO . Foll ow ng
a sThe Negle aguﬁlcdéesomce @EYR) srsetrd reppsechlstiein weee obtained on a

Voo 300 RGBT DS Sl 245 oo,

solv,ffnt tréfersnqed agaiott tlmcm:alt ofregidua CHOS adl 89H ppuh) arsioifaviHE Q0% NMR

o e Brne kR b S SRER B 557

moi ), THF (200 nlL), and a stir bar, and cooled in an
i ce bath. EXAMPLE 1

Preparation of 6-phenyl-6-(3-butenyl)fulvene using cyclopentadienyl Grignard reagents

Method 1. A 1 L round bottomed flask was charged with 1-phenyl-4-penten-1-one
(50 g, 313 mmol), THF (270 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 room temperature, refluxed for 3 hours, and then
cooled to room temperature. This reaction mixture was then neutralized with 2M HCl, and
extracted with pentane. The pentane extracts were dried with sodium sulfate, filtered, and the
filtrate evaporated to dryness to afford 70 g of red oil Elution of this oil through silicd using
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Cycl opent adi enyl magnesi um chl oride (330 niL of
approximately 1 Msolution in THF, 330 mmol) was added
wdnopwosso over 1 hour. The pal e red sol uti on WRET/US2005/022746
stirred overnight while warging to room tenperature.
The solution was then refluXed for 4.5 hours, during
< r
hlfhe PIEE 3D IF (B JFET an gRREL R & LR pOR A phenyl-6-6
lmsmwmmhmwﬁwmmf@@ﬂdlfled by first addlng 5.5 g of
amoni um chloride in 100 nL of water, and then addi ng

50 MenRh 1 MAlﬁldalterﬂ;ﬂﬁe REQAHEHn VEES6 %ﬁérfyﬁ@l(ﬁguﬁéh}ﬁﬂ‘fulvene to that

pentane, and t pent ane extracts weré collected
detpglechiadMethachl Wé? élllow B deagtioreia nevseed af GpRTY FRIEAGTAfE & about 4 days,

pribt %bt h&ﬁ‘raﬁﬂﬁ%@&hreﬁédoh%m\fﬂré %t'ﬂeﬂéﬁn@o%@ng %nﬁﬁﬂ&f RAbHAR as that

under vacuu forded 38 (55% i sol ated and
defiled ihiMethed bl qﬂ}eaﬁfabplﬁ@n@p%dmyersmn to the desired product 6-phenyl-6-(3-

[ f e
bu ﬂg‘g&gﬁﬁ Szggb :rég%gl%g’??ég% 1('6:’)54?% &ethﬁsprgdl{c?@o&‘tl utmg)gﬁév@:sﬁeg isomer
(1@péedasiivityd- ( 3- but enyl ) ful vene u3|ng l'ithium

cycl opentadienyl Al L round bottoned flask was

Cha%&%d"! tﬂ i L%ﬁﬂ&’to Qmwla%%b? &%ﬁl%helﬁég Cl))enten-l one

, a stir and cool e
(4%l @é%p@nolad’l‘éwyl(zqou mm)uran@ 22 Stihar,) anch oppled (2o@n nigg bath.

C}WI%? r@al n?’l% %‘qu?lech“fdrﬂieet%oaﬂﬂ'otf' % %@Aﬂe hl“M‘% 1011 mTHF 330

mper ature at e res
mlml)(m:f eddmdsh@vow gvendrhoad Tle paboredtselvpen aves sm@rmfemlght while

irred for S ft ar t hi
A I e e A
tinfeethé maiecoldlihetemﬁédanﬁﬁmdienrgcdt&emexghﬂ dtteommdermndatuhelagain the

.th di d the filt
solfip RSt TeE ioh 60ns &5 §l oy Sprijey fpfaL of water, and
thenl 4ddin@F0QhHL tolfi1SMAI ], t THeOoptglucs ivhd edrasst Rgthnemtaelemd the pentane

oA h 2,8, S S A, PO & RN LB o v
sﬂﬁ@ i ﬁéﬂté&ﬁpirﬁpé’drﬁéﬂtﬁﬂo&ﬁmder vacuum afforded 38.6 g (55% 1solated and
phenyl - 6- but enyl ) f ul vene usi ng KOEt/EtOH A

pugﬁmlﬁléhofdhe H@ti%f?é &7 ?ﬁym{éabp%ylkfslvs‘t? 3§ 2 1er501hmp| )
di ssolved in 250 nL of absol ute ethanol was prepared
This KOEt/Et OH sol uti on mraveEe@2d in a dry ice bath
and 10 nL of freshly cracked cycl opentadi ene wa
oawawveww%%ef aRdsd- é*rlwwéfu%vé'ee @l%dﬁk@mﬁclewemd@éyl
”%ef ﬂtrH{uﬁi bHolRh AN Ghs EHan:éd Jethh T%I(e%}-zﬂpéﬁm{ 1-ofd (38.4 g, 240

enten-l-one was IS solutlion was

rmg@ ,ﬂ“rPEd(lpérnM) ke gir bar, ang CM@ fpeﬁ%e@atqyﬁlépeltﬁrﬁéwyl lithium (245
mfﬂ@ﬁ Teeuk Qzé'b 919) and a&&e’drcfr«%imse 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 neutralized with 2M HC1 and
extracted with pentane. The pentane extracts were collected and dried with sodium sulfate,
filiered, and the filtrate evaporated to dryness to afford 46 g of red oil. Elution of this oil
through silica using heptane afforded 19 g (38%) of the product 6-phenyl-6-(3-

butenyl)fulvene as a red oil.
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for 65 hours. While the reaction m xture was then

cooled to ice tenperature, 50 nL of 3 MHO, followed
woypodb@04as of wat er were added. The product waBCT/US2005/022746

extracted fromthe reaction,solution with both ether

and pentane, and the conbined organic |ayers were

washed with water. The &géghptgg sol ution was dried

over sodiumsul fate, filtered, and concentrated to
Compdratick prapad&ioy ofb- nhhiefléf(@:detemrl)(fdm uging KOfgdt@H| . The

desjr, b f :

eSSBS HLMERE AT Sp ML GNPy e Mot
ethenvdi@ss pregared ofiss ﬂ@ﬁi&@ﬂcsmua@mm ¢agleddn a5irg ickobeth andd 0 mL of

[ I,0 | ] .

fres%'l cra;%ﬁ gcléélp slga(aiéelne Was fi%cg:d f r@% g&gﬁcgp \%Qs gt?‘%ggglg ?ﬁﬂl]arlts. %?dry ice
termﬂamre,taﬁpnsmwhltan& @0 Inniwéﬁ’z 4 hmql)soﬁrbphmybﬁpdmm-l{one vas sdded.
o o B AP TG R L 85008 55F and stives
for BXAbRIsE Whl(écth@maeﬁdnvmmtueqaaraﬁﬂmm nocdéd to ice temperature, 50 mL of 3 M

-phenyl - 6-(3-b ful S|n NaOEt / Et fl.ask .
RIS O B P PG I B 3 sty g b Seption
sol%%ewiﬂz Géthrﬂﬁiﬂé )a:na %Iéﬁaﬁ |aﬁ$i tlizwcdi\mﬂi@dtmg:ﬁﬁc Ieiytds Oalg@él washed with

odl_um et hoxi 1. w no
wafef, nJVl«; IS4 madaﬁlagw 33 gred, QUi tsp ey %‘#)ﬁ ?fF’ o%écfoagﬁntrated to
aff@ddlz 6o of thd estak yoreaire ket G}é&bﬂpemhéidieﬁfbﬁ ﬁA&nats-phenyl 6-

mol) via syrin This reaction was

butﬁ@éﬁ#‘ﬁéﬁp‘@‘iﬁaﬁhﬁ‘?"@ %)hg}Cs {9 CPTERFiSE of /- &40 106 RS re%ﬁlLanth%tundeSlred
isoRrid A& %Sﬁsh&@ecmf?q b,l;)r & tl’;‘@@ﬂ anfd Wa&doD¥asFhroHoghphed through
indicated that all of the ketone had been consuned.
siliggaeséng lwa@neafq qltp til@ fractions 1 provsssrthyl apade i posvile feelgwes the isomeric
pro%&trt@?ersé 8130 9b, &lhtﬁe RERLUE T Jopnb@feﬁtq%@ﬁons W%l’?&ﬁt&%ﬁhed in this
tract was dried over magnesium sultate, filtere
Waamldlhiﬁ B2 g(Y7p was evaporated to dryness under
reduced pressure to afford a red oil (51.5 g). The
desired fol vene was showk byipfde4t 0 conprise 82% of the
product, but the isonmeric product constituted 16% of

Comh@anmbthmtg)rmfémhg@yl@@wp@@lﬁul@@wpamawww%r ation
t
Cycgopgeke‘?xsj dphgrﬁy{f'vgﬂ lfﬂi%{l HJe}&fr%hﬂﬁn J)f §4h"/ gﬂme 2?491211121) and

coaterblo)0, *"Cnergleraidtegknt Go8inth frhltoxde ( @()emhlof 21: W&c%eni ethanol, 268 mmol)

' d
waig %&%8 %%gélgglzmlnglﬂ eVYG éﬁld(ig%n {)-'}'%eﬁfl%s clé% rrca'ICPO Olt§lene 43
mlt, 528 thino )i xﬁz&sybmgdﬂ This raactinmved wantled foarosa aatpesatundiand stiveed for 4

h01\1/\:r/ga SAISIta 1qu0?0f tLe reactlo% IL]lx))cture was analyzed by GC, which indicated that all of the

ketone had been consumed. Water was added to quench the reaction followed by extraction
of the product with pentane. The pentane extract was dried over magnesium sulfate, filtered,
and the filtrate was evaporated to dryness under reduced 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.



10

15

20

25

yielding a white slurry. This slurry was cooled in an

ice bath and 15.1 g of |-phenyl-4- penten-1-one (94. 2
wonwlejooasoa solution in 40 nL of THF was addedPCThs2006022746

bath was then renoved and t resulting yell ow

solution was stirred for 18 hours. An aliquot of the

reaction solution was anatmgppglly GC and the

ket one-to-product nolar ratio was 78:17. After the
Compargtiveqmenarseiourof ey 6 (Pbugntfilvang usine Ethinm arclopentadigny!

nol ratl o - : Luxi [ QN 3

For Py it 98 fs, 30 Rk L0 2 o I B o o Phkhi hacked
cycddpentadieng difsotvhéin Waonl ofATHF andigasldddn agiryigy batht Adigbihe addition

te ratur I QV] [ 37 '
oy SR AT rod i Lafle B8 iR PRI 2.5 hours
yiettinghe mpite 8lufr3- bTitie siptry fwis\enled usianged bathiawint5.1 g of 1-phenyl-4-

RN P P IR s s

ren@ivid ind(tRErestl)ing galidwl sopitien yis dirpd fioreld-Housn én(a2iqugt of theFeaction

mrol ) in sucegession., Thi.s, reactiqn.m xture was -Stirr
sofony s e DL Ll 10 SR ERGbr 8 kel VB8 2Bingy, Kher e
read@nEmieié A8 aatddyfoat@hyzedinbyes, e nvkr rdtibevas dr2de Reffluxing this

si X days. After six days the_ketone;to-product ratio .
resgiinh RS OFThE WAV O TR Oggiﬁﬁoﬁ%@%ﬁ&iﬁ/ﬁﬁﬁmﬁ & 148 reaction
mikeRRPRE & d¥RPseRBIAtdnRradfre provided a ratio to 40:37. The reaction was

6- phenyl - 6- ( 3- but enyl’) ful vene usi ng NaOwve/ MeOH A fl ask
abapdenedhar ged with sodi um net hoxi de (54 ng, 1 nmmmol),

nmet hanol (20 nl), freshly cracked cycl opent adi ene

(0.08 nL), and |-phenyl -ExgemiBrE-| -one (160 ng, 1

mol ) in successjon. This reactjon m xt was stirred
Coyparﬂ%mﬁrﬁm@%f ér@%dﬁ‘é#’” M}fgﬁe’ﬁﬁ‘s ‘2{8 ililgfg’dl@ %é%”e”mdl%”yl

anah e whY cfrg@ndith REliKBhRREcicRpehitadiegle (188 B.9\adnol), diethyl

56:44 and the rsoneric ratio of the desired ful vene

ethgr Gurek), erd Lrphesil tarPnienilvaiRd2 gr beioStmtag! §oqessighe This reaction
miktGRCHACR i St o S AMALER (BotCHRA R UEMBion were periodically

preparations of 6-phenyl -6- ( 3- but enyl ) ful vene using
anglyaetl bp &1 aviir dhvecamss qf\sixodays. difer $in dasthe ketpnegiorprogst ratio was

Gharge ' - l;- 4- penten-1-one (2 g, 12.5 nmol)
88’32‘&%% ﬁ%{r?%lgva% ﬁgagﬁ’{%dand was cooled to O OC. Freshly

cracked cycl opent adi ene éZ. OPT’E)7 and pyrollidine (2.3

Comparative preparation of 6-phenyl-6-(3-butenyl)fulvene using NaOMe/MeOH

A flask was charged with sodium methoxide (54 mg, 1 mmot), 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-product ratio was 56:44 and the isomeric ratio of the

desired fulvene product to undesired fulvene product was 3:1. The reaction was abandoned.
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m.) were then added in succession via syringe. The
reaction was warned to roomtenperature and stirred

wobaooedd4dsour s. An aliquot of the reaction was agalugzedo22746
by GC and the ketone-to-prgﬁ)uct ratio was 85:15, while
the isoneric ratio of the desired fulvene product to

t he undesired ful vene pg@%ﬂﬁ was 13:1. The reaction
was abandoned. EXAMPLE re%]érati on

CompBatplre pydpatnipds pEnt-ehgivl-6--veeeidvang using cyclopentadiene and

cyGl ope ienyl &Gignard reagents Al L round
pyr%%?ltnce)%e@te?ﬁask was charged with

| - ph@askl ws-chagehwith 1 phenyl-d@enteikdppt (2gd 24 mmgh gndaethgnol (20
| ecul ar t aloysi Y j .-
o 1T B T Bl R Bloppftiche G0l bidhe 2.
mL) v thync hdjed ninasticessyibn g spdigem The oedctien (vB85warimedf to room

an r oxi.mat el . IM sol utiagnqi.n THE, 345
renira B SIS B ol aRctbhERe bR afshon iy b YR and e
ket o ipaddutingtié s sRoferldleubeisaternit Ao olthe desisad| futvage product to
m xt ur s sl owl to roomt rature, then
ther‘lg‘flqsﬁ‘?fgfay‘\’%ﬁ?prﬁglfFéﬁ’lag@: gﬁﬁh%rﬁf)%lgﬁ Wéﬁ?eq%goé]ﬁél ed to room
tenperature. The reaction was neutralized with 2M HO ,
and extracted wi th pent @¥AMIDE9pent ane extracts were

dried w.th ' | , filt d d dt
Pregpiiand i at PP ione Qe GRORR SghP
t hr audh r@indivegonied Agkhveptchmgedivithn dtenBdS-lgpxée2Ppnofsee.; Koppl

U D R T S R
(10@-n§_§, 4d®a shirthar, nddfdoleito BFY. CyBlopehtddnyllthentitvenRri@325 mL
5.75 (m 1H, al ken%/,l Cl—l} 4. 97 ( 2H, ~al kenyl. CH2), s
of g appraymatay ], 18 Soiptionan THF, 346ppol) vaga'agded caqvieg 1f oh addition

%@%M&iﬁ@%ﬁﬁé ﬁ%ﬂp_@ﬂgtu?é atXor ¢y CrepenliAd nBRRre was slowly warmed

yl pent ene usi ng Gri gnar reagents The

to q@p@égmeratmeth@g @ﬂwgﬁdg@ %)h@% @g@s@smgﬁb@op]@ i @B&t@meratme.
Th REC0NS Snglgcﬁaﬁi%&ﬂwﬁﬁ 01 £RC, ahdVoalE8 fth Bntarde® S blithe extracts

rom nucl e Ic addition of . ‘
wersydried peiht sediverypifatey flkereds and avaporatediit drvaesy [affarding 67 g of red oil

et o . Of: al .k . 0 ) A
Eh}i%(/) rog;st?}lgi %1’1 ?lgréll.l OF gi\;égmg%tggt%ﬁs éxffgljf(ﬂecp‘é@dg kﬁ?’z&) of 6-phenyl-6-(4
peiltenyb &rtydnp @nt rett @ihe H Noffe (GDCHL30°AR 57.35 andH, $1H;5), 6.63 (m, 1H),

6 B S0b 0 B nd 1 E6R TRty ol s BEEH cro. 497 @
2HWIkdr91 CHL)S2. 90 tUEHOD. OWEd, SH CHHA1.53 @@t shy, 350 ni of
1.07 M CoMgd (375 mmol es; My: ketone ratio of 1.2:1)

was added over a peri odE%ﬂ@ut es. The.resulting
yel | ow |

Preparation of 1-cyclopentadiene-1-phenylpent-4-ene-1-ol using Grignard reagents
The present invention also provides a method to prepare the corresponding carbinol
intermediates, resulting from mucleophilic addition of the cyclopentadienyl-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 mnoles;



10

15

20

solution was stirred for 20 hours at roomtenperature,
over which tine it developed a red color. A small
wablomwoteeaf this reaction solution was then repovas2@8d22746

hydrol yzed, followed by a ggi chr omat ogr aphy anal ysi s
(G0) using a flane ionizati detector. The nwmjor
. i ed :
MBS UL PR A BN 80 NS, e MR Bt

solutien @ stiraddy®i 80 hepusrat eebni femiplaragurd, gtybgwamb tihess it rrﬁe@qped a red
coiop %; aﬁeanﬁﬁ& of Qgg ?F{akt‘f’on ﬁ%&gl (35%6 i d;aFg Pg(%%ﬁr%cﬁ) Bollowed

ure for an a 'ona ours
bytaegup eh@imatography durdgsds (01°) fuging heiantcﬁamgm;midetebtwe G ohjor peaks

. e .reaction, sol uti was then refluxed
ldmu“ec‘zbyqtﬂﬁ&cr gqe?&m uBSeG u}éorwn]&gagfr%él ysis of an aliquot

of this reaction

sol uti on,

reveal ed that nuch of the carbi nol

Tab

whi ch was then hydrol yzed,

had been converted

- Cdrbihol Formation >

it '@a 'Cﬂro‘ﬁ?ai grﬂﬁmm ti

?4'"

\Jbllj ITg

i oyl opentaik GAIo By, Zhhars tRean Tamaeatue.

durina -t hi
oo T T

||. aotT—oTt

pr rmpc4 f'6 and whi

e not—i nding -t
) Hg—t

SO e e

t hpnr \ﬁ Sﬁ t_is -hp

ieved_t I‘ragng this i

crease Kﬁtom

ket ones-Ymount i s

dpcgrm(ﬁ%llemﬁn of

son@-18fbrod carb

likely die to the
nol back2%% the st

artho Geghiegli 5] |

Agai n,

whi 1B Reottidmforetithony o ®obe Towpardiuby t heory, thi s
obser vat i on_sugqqé&sllsraity explamakefn

for why excess

CpMgd4.10r ks wel

during &6e ful ven

e pilepalatitadicne

Furt hes.56 t he con

ver si on afi.6car bi nol

t o f ul Ketoge shown

in secgoon B of

Tabl e 1 s@ggests wh

y el evatgebne

T eNpaba&EYEDS,

Ineluding baf not

I'1n

1ted t @aghdiux, ar e

' Qba8itibhs HPoKANMNE rdtediiof tinRE B tH@GCfaﬁaltﬂserebeté&QH s oMt
deéc%gé@hltﬁwe&{e@al ERfaR RRtiorf 1 1 St . EXAWP Preparation
fl-fhenylj-1-ft-pentenylj-I-fcyclopentadienyty-I-ff
uor enylj-methane Al L round bottoned flask was
chargjgd with fluorene (23. 23 139.6 mmol ), THF (400
g the ﬁaFﬁlo%ﬁlFXtu’fﬁrfﬁr &b afdidpneh dayy @40kSuE) 3% TR ymperature
pro du'égﬂ Wtﬂé%hﬁﬂé@% in RS Cr Qi c%u%g daf redtiBn mlﬁf’cﬁdﬁrvﬁas“ﬁﬁe?l refluxed

warmed to roomte erature irred overnlght th

forchdlhewrst A epbequen ﬂpﬁ)ﬁﬁiﬁl‘l’f@-f(hﬂu?féﬁttblﬁ yearfion snélﬁ@n( which was
th& ﬁ%yﬂwo#e)zealéy a%ﬂ&d?f e %Ql%m!a}h&f bebliFco i’l‘@e?te&q!&%% ¥hRne, as

Af't er t e resulting mxture was stirred
shtnwmmdﬁa}»k: lathw titemperlsatabsaryedt the theesnaduinb of lebane 1ncreased during
thl?qré)ttocess

20885, | uﬁl% %1ﬁoul}|1|t_l ogdlcygllopenlta icne tv&bo%lc? 519taﬂév% decreased

during this process, and Whﬂe not intending to be bound by theory, it is believed that this

Smc% It

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 theory, this observation
suggests an explanation for why excess CpMgCl works well during the fulvene preparation.
Further, the conversion of carbinol to fulvene shown in section B of Table 1 suggests why
elevated temperatures, including but not limited to reflux, are useful to convert the carbinol to

the fulvene without isolating the carbinol first.
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di ethyl ether, and the ether extracts dried over
anhydrous Na2SO4. Upon sol vent renoval, 69.1 g of a
woebdsmosqed | was isol ated. Chronatography of thPeTwiSk005/022746
t hrough silica using hept ane afforded 31.7 g (58% of
the desired |igand, 1- (pheny?‘ | - (4-pentenyl)-|
-(cycl opent adi enyl ) - |- 54M@§ ) - met hane, whi ch was
used wi t hout further pu?| |cg??¥%. EXAMPLE 12
Prépuegsian af [-Griieaf)-~({-pentenyl)-I-(cyclopentadienyl)-1-(fluorenyl)-methane

"o EL RN S et b et liCRERD o 2P 30 o, e

(400hak)yedd wi stih bath end ceeddtol-7Bpleasyd- ))utyl Lithtenp €66 emmb]) was slowly

nt adi en fl R
adcie%yc# lxture vs'za]s ea{%jeér tog u?el%e}(at%fz crl;?verrglﬁ%t %1812 Fooée%[ tg 0 °C,
and E&)h&@l—éiﬂp«?ﬁlﬂh}}l}ﬁﬂhﬁﬁh@& ng, (140 manol),) dissatved [iowWl09 rald € ACHF was

oSS AN SR B e bR I SARE 7 bi® ety mperatore
the]rsacﬁomd; aluewbhsdlwltrmtdmémgm@h splueiohn, ithe @entiamate(izlcBtratigd with

iy P 17 X P DUE PRI Noende | PRGN Sthgpmoval

9t1igeofsam6waﬁ1aﬁds veged egmahﬁfidgraﬁléseomﬁwﬂrtmagﬁ gilit usdvidSheptane
orl de

extracted wt e c Thi s net hyl en "

affeq%?l d& @Rt %{Hé v&ssgreégxsﬁ# > fl L(@léfawbér@%@%ﬁﬁéﬁﬁ@?aﬁfdwnﬂ)-
CARABhSSE, &nﬁnw&ba&qmbﬁmmgwﬁ@aoﬁ. o dryness

affo ing the product as a reddls solid (7. 1 g,

709 . 1H NVR (CDO , 3090). 19 (m 2H), 7.87 (m

2H), 7.63 (m 3H), 7.48 ; 126 94 (t, IH), 6. 21
P ratto 89 5. coni
requ ar) hl og‘r G-l @Zntﬁfﬂzen%b'b] 4(17 %iﬁmg)e % eﬁiily'{ah_e% dn® zirconium
dzc@lowe(m 2H pentenyl 2.96 (m 2H), 2.22 (m

55%%%“9@8“%8@%%]%% ”%%@g@ﬁ T g e (penemy-1-

(cytRperBaienyD71-EoresPBim@bane] P22, 1819 Hnky), di@]zyl&ﬁler (250 mL), stir

w5 Gl 28 < E G LG EE g vos

D

- wabdedDib, ro&ﬁ t&Bpera&GneSﬂmeﬂ&v&ﬁlgAt tahd tgh addnd viethod, to ZrCly (4.3 g,

eV|c teri SS|mIar or.eguiyal ent to..
18 e quadl FeRReRE e Bttty S D, 3¢ résBligg orenee
mﬁt&&twaag;vasaﬁled ferobmvepdrattre, tird oyghizal, céfﬁﬁﬂgdﬁ ,amﬂel\tlsﬁmnatant

d materjals are herein descrjbed. AUpubl
Waﬁg?‘@ﬁ‘ieé rhER FSTeATERe FltdeT4s exfractedhwgh B@&Fhaféaa 44 ﬂﬂ@ Sflytene

chbBALTeRMES Wik thRfifug&)tdndCthe Sfpern@antt Ia@s Riééaﬁl%ﬂeaﬂf subsequently
descri bi ng and dlscI03|n for exa the construct
evaghgfed to dryness affording the product as a reddish so d (’7 1 g, 70%). H NMR (CDCla,
30°C): & 8.19 (my, 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.
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met hodol ogi es that are described in the publications,

whi ch m ght be used in connection with the presently
wdeswrookmsa i nvention. The publications di scussedTalsens/ 022746

and t hroughout the text aresgrovided solely for their

di scl osure prior to the filing date of the present

appli o) j (apy e rye

R e S
degribestietren sache dieddh geuprestivy owiestingeofdhic jprvénsion; the gypidabmethods,
déﬁ&s%ggnﬁéhﬁggmhﬂﬁ%1&Q&?%gf'n't!on or usage provi ded by

any document 1 ncorporated herein by reference

conflicts with the definition or usage provided .

her Allpublidationfednidiateiis Anepkioned geeimpare wicgmgrdied kerein by reference in

zontrols. j r i e
the%pe!ﬁhlfe?l%ss,‘ af?]lj; t‘ﬂ% gﬁrg}gsep&f Jeéc‘ff‘dhl and gﬁpﬁﬂﬂgefgf %{algr%?e, @he constructs and

erern, ral structdre presente ‘ . _
meghodolopias Bebara ldescriber o tieayubbentiond, shifebrmsightriegised Bnepnestion with
L e
areeprovidpdsdely fat fthegndistlisoreepr®r toithes fibng date rof , thea pbsant hpplication.

tical.isomers whether. in_enanti i C. oL racem .

NP 58 S UORHECE: LGRS pRbubASEC oy coien
aniedné exch diselgsiire By vidhAbMBiondvehtanm 1. A nmet hod of

maki ng a conmpound having the fornmula CAR*C=CR 1CH R2

and%l“gl'f e g}lt&ﬂc‘thﬁraﬁug defiflitioft dr lu?a%gﬁagoxh%%r@oén& GSUIRE fﬁtslinﬁcgporated

contacti Ag 1 n a nonprotirc so one 6
hefedr bputefer@rEROTHRRAyithathd dofinitiorc ychisape proaificé hyteing trepdedinition or

conpri si My H X, My(CsR*H) , or a conbi nation
[$%ﬁ5333%9%%8FV%§Egﬁby c) a proton source; wherein: Rl
is an aryl or substituted aryl group having up to 20

car Banamgt manticuldR2 oinpoendhdishiased hérgin, emy geresd istrudte presented also

en hyd %%égﬂpgolnfo% oaHgnali] fas\éllnre]lg, rfeéfgls%n]ierts,oané (s)telce%lrs Qr%grs %Itla? %y alqge 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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R3, in each instance, is independently chosen froma
hydr ocar byl or substituted hydrocarbyl group having
wonewod4dso 20 car bon atons, or hydrogen; and XpCE/USR005/022746
Br, or | . 2 . The nethod o% Claim1, wherein any
substituent on the substitut®d aryl group of R1, any
substituent on the substi& hydr ocar byl group of
R2, and any substituent on € substituted hydrocar byl
group of R3 are independently chosen froman aliphatic
yp, an aromatic group, a cyclic group, a
VR%gﬁ%ﬁnation of aliphatic and cyclic groups, an oxygen
1. gr oAppethods uf fraking raocrpmpoandhbving ére frroulp C4R°OHOBPEIGRIsand the
rdroup, an arseni c group, a carbon group, a silicon
%W% p, a germaniumgroup, a tin group, a lead group, a
boron group, an al unRiQUUEHIRBUP, an inorgani c group, an
organonetal lic group, |{pr a substituted derivative

t hereof, any one g@ ’“ch hRaving from1 to 20 carbon
r \
ar.

atons; a halide; pgen. 3. The nethod of Caim1l
wherein Rl is phenyl }Yngphthyl, or a substituted

anal og thereof havi gy upRboRégaﬁﬁgﬁgg?é%ﬁﬂsérsi The

met hod of Claim1l, wherein 'S an
comapriisirgydontachingan 8 nbsroiadobeintanal og t her eof, having from

1t 0, carbgn .at oms, Q] fogen. 5. The net hod of

d d%&ﬁf@nﬁﬁggﬁﬁﬁ“ﬁgﬁ?éﬂ%ﬁﬂg k?%?or al kenyl having from

3 tb) A0cychphamiiatyd mp6undT bempristizo a0 FCHRIXN Mig(CsR*H),, or a
RSB Shees, G asag OCOCOeD

CH2 fohtfedd? CH2CH3;  CH2 CH2 CH2 CH2 CH2 CH2 CH2 CHS;

CH2CHZ2CH CH2CH CH2CH2CH2CHS;
WhESSBYHP CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH3;

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

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

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

XisCL Br,orl.

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 chosen 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 group, an arsenic group, a carbon group,
a silicon group, a germanium group, a tin group, a lead group, a boron group, an aluminum
group, an inorganic group, an organometallic group, or a substituted derivative thereof, any

one of which having from 1 to 20 carbon atoms; a halide; or hydrogen.
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CH2CH=CH2; CH2CH CH=CH2; CH2CH2CH2CH=CHZ;
CH2CH2CH2CH2CH=CH 2; CH2CH2CH CH2CH2CH=CH 2;
wCkidsHaLae? CH2 CH2CH2CH=CH 2; CH2CH2CH2 CH2 CH2 CH2 eEiRDIS1051022746
2; CH2CH2CH2CH2CH2CH CH2CH2 CH 2; CH2CH2C( CH3) =CH2;
CH2CH2CH=C( CH3) 2; CH2C6HS5; CoHAMe; CH2CoH3MeZ;

CI_|2 . @I Iﬂ( . 1 ) . .
3 w@gﬁ‘%@ ;or a sugs%ll % egl’anéiglé g%l’ trer: g%]ftutﬁ%%/r}a}?é thereof
havipg tp t22) eerbatnst ons. 7. The nethod of daim 1, .
wherein R3, in each instance, is independently chosen
fromal kyl or alkenyl having from1 to 20 carbon
4. at offbe nethot pd Ctrgerl, whereThR” iveh hikyl, afyl,Cllkdnyl, br awhistigited analog
endently chosen from

RS in. i Aale

th‘%{?q{fyllfa%g%gopkieﬁyoaﬁ%%\%hﬁ %}Sw%%%otg%n'ﬂ carbon atons; or
hydrogen. 9 . The nethod of laim1l, wherein R3, in

5 oo tut AR el YU Pl PRIl b7 B b cuton

atdmC( C6HS) CH2CH2CH=CH2; O=C( C6H5) CH2CH2 CH2CH=CH2;

6. The method of Claim 1, wherein CH,R? is:
CH,CHz;
CH,CH,CHs;
CH,CH,CH,CHg;
CH,CH,CH,CH,CH3;
CH,CH,CH,;CH,CH,CHga;
CH,CH,CH,CH,CH,;CH,CHgz;
CH,CH,CH,CH,CH,CH,CH,CHs;
CH,CH,CH,;CH,CH,CH;CH,CH,CHa;
CH,CH,CH,CH,CH,CH,CH,CH,CH,CHs;
CH,CH=CHy;
CH,CH,CH=CH,,
CH,CH,CH,CH=CHa;
CH,CH,CH,CH,CH=CHj;
CH,CH,CH,CH,CH,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,CH,CH=CHy;
CH,CH,C(CHs)=CHy;
CH,CH,CH=C(CH3)y;
CH,CeHs;
CH,CsHsMe;
CH,CsHsMey;
CH,CsHoMes;
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O=C(C 6H5) CH 2CH2CH2CH2CH=CH 2; O=C(C 6H5) CH

2CH2 CH2CH2CH2CH=CH 2;  O=C( CBHACH3) CH2CH=CHR;
WO2@(6066CH3) CH2CH2CH=CH2; O=C( C 6HACH3) CH 2CHRCHRS60S22746

2; O=C(C 6HACH3) CH 2CH2CH2CHRCH=CH 2: O=C(C B6HACH3) CH

2CH2CH2CH2CH2CH=CH 2;  O=C] C6F3( CHs) 2] CH2CH=CH2;

] CH2CH2CH=CH2;  O=C] C BH3( CHS) 2] CH
2%%@% O=C] C6Hs ( CH3) 2] gHZCHZCI(—IZCH)ZC]I—I:CHZ

@CF@@@@(@@B] CH2 CH2 CH2 CH2 CH2 CH=CHR;
%@g% CH=CHR2; O=C] C6H2( CHs) 3] CH2CH2 CH=CH;
ﬁc:@ CH 2CH2CH2CH=CH 2; O=C] C 6H2( CHS) 3] CH
zcmquze@-qa@pg thereof having up to 20 carbon atoms,
O=C[ C6H2( CH3) 3] CH2CH2 CH2 CH2 CH2 CH=CH2;
O=C[ C6H4( C6HN) ] CH 2CH=CH2-, O=C] C 6H4( C6HH) ] CH
7. 2 CHIGHRE@HHo G ZlaiD=C[vheftin ROGH eddh) mﬁ&hcﬁﬁsﬂﬁdﬁéﬂdeﬁlﬂcatdsen from

5ol R RIS W R AR A

O=C] CH2C6H4( C6H5) ] CH2CH2CH=CH2;  O=C[ CH 2C6H4( C6H ) ] CH

+ 20BERCEOY b S LM B GLOLCROBORN S o

allEOF G (DHACIAEHnEATdD) 1 (aH2@AOhAtoms; 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¢Hs)CH,CH=CH,;
=C(CsHs)CH,CH,CH=CHpg;
0O=C(CsHs)CH,CH,;CH,CH=CHj;
O=C(CsHs)CH,CH,CH,CH,CH=CHo;
O=C(CsHs)CH,CH,CH,CH,CH,CH=CH,,
O=C(CsH4CH3)CH,CH=CHg;
O=C(C¢H4CH3)CH,CH,CH=CH,;
=C(CsH4CH3)CH,CH,CH,CH=CHp;
0O=C(CsH4CH3)CH,CH,CH,CH,CH=CH,,
0=C(C¢H4CH3)CH,CH,CH,CH,CH,CH=CH,;
O=C[CsH3(CH3),]CH,CH=CHj;
O=C[CsH3(CHs),]CH,CH,CH=CH,;
O=C[CsH3(CH3)2]CH,CH,CH,CH=CH,,
O=C[C¢H3(CH3)2]CH2CH,CH,CH,CH=CHp;
O=C[C¢H3(CH3)2]CH,CH,CH,CH,CH,CH=CHj,;
O=C[CsH2(CHs3)3]CH,CH=CHg;
O=C[CsH2(CH3)3]CH,CH,CH=CHj;
O=C[C¢H2(CH3)3]CH,CH,CH,CH=CH,;
O=C[C¢H2(CHa)3]CH,CH,CH,CH,CH=CHp;
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O=C[ CH2C6H4( C4AH9) ] CH2CH2CH=CHZ2;
O=C[ CH2C6H4( C4AH9) ] CH2CH2CH2CH=CH2;
wWo2E6@uiaEs HA ( CAH9) | CH2 CH2 CH2 CH2 CH=CH2; PCT/US2005/022746
O=C[ CH2C6H4( C4H9) ] CH2CH2CH2 CH2CH=CHZ;
O=C( napht hyl ) CH2CH=CH2; O= apht hyl ) CH2CH2CH=CH2;

C-chpentl v QB4R o,
@@ﬁ@mﬁﬁpsmaﬂ@mmmmcmw or any anal og

t hepe i group is saturated; or any
i so@e? C%Gﬁ (Eé flﬂqu 2hod of daim1l, wherein the
k et ORE[Gsblx(CEE GY] CBLBH S HICACHEH2 CH2 CH=CHY,

o- PRSIt B, o

&OO%BE&SHM%HWJCMMGH&M@WCI—Q wher ei n

Sﬁéd%gnﬁég%ﬁ% gﬁl E%IZ, have up to 12 carbon atons.
Cycoiémzwgﬁwg]mggmmﬂmg;:I:ISQStE/S(C Hﬁ) X vvhcra]rgi nf
Xié_ r r I nati or ereof 13. The nethod o

e e
c onp&cmc&@((@ﬁﬂmzmﬁﬁ%&p:ghanygr : g:rpogﬂg t he

T B B BB 0 o0

cycbe%ral{zggﬂggmg)]@ggguagzconpr| ses My(C5H5) X wherein
he nolar ratio of My(C5H5) X to

ket @n@qubcgff‘fégi%ﬂ%gﬁﬂlﬁc 45. The nethod of daim 1,
V\,hebgc %&@g{mm@gg@g@ﬁ qulrrpound conpri ses

&Hwhereln and the nolar ratio
of @’g@ Cﬁ%(@@%@hﬁﬂﬁﬂz@h@ﬁf@ﬂ%
O=C[CH2CsH4(C4Hy)]CH2,CH,CH,CH,CH,CH=CHp;
O=C(naphthyl)CH,CH=CHj;
O=C(naphthyl)CH,CH,CH=CH3;
O=C(naphthy!)CH,CH,CH,CH=CHj;
O=C(naphthyl) CH,CH,CH,CH,CH=CHj;
O=C(naphthyl)CH,CH,CH,CH,CH,CH=CH,; or any analog thereof wherein the
alkenyl group is saturated; or

any isomer thereof.

11. The method of Claim 1, wherein the ketone is:
O=C(C¢Hs-p-alkyl)CH,CH,CH=CH,,
O=C(C¢Hs-p-alkyl)CH,CH,CH,CH=CH,,
O=C(CsHs-p-cycloalkyl) CH,CH,CH=CH,, or
O=C(C¢Hs-p-cycloalkyl) CH,CH,CH,CH=CHj;

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

12.  The method of Claim 1, wherein the cyclopentadienyl compound comprises
Mg(CsHs)X wherein X is Cl, Br, or a combination thereof.
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than 1.5. 16. The nethod of Caim1, wherein the

nonprotic solvent is an ether having from2 to 20
woaodmo4aad ons, THF, a substituted anal og ther ee€T/UsSR005/022746

any conbi nation thereof 17. 3The nmet hod of Claim1,

wherein the nonprotic sol veRt is dimet hyl et her,

di ethyl ether, diisopropyl ether, di-n-propyl ether,

di -n-butyl ether, nethyl t-butyl ether, diphenyl .
13.et hEhe niddigd bf 2CHimret,hosyreinh e cydepeatadicoplrisp maeyngn comprises

t f 18. The Jrethod of [ : i :
ket t
MBS IER T 1 b RS oo MR fetgne s grater
tha@llai m 1, wherein the nonprotic sol vent conprises THF,
and contacting occurs at a tenperature greater than 4

Q0C for at least 10 hours. 20. The nethod of Claim1l,
14WheTkd nndthel ndnPhahi ¢, sderen tthe ayplopsslictijf, compound comprises

IR Ko o P FER Pt i 3 BRI GBI gree

thah,1.20Mherein the nonprotic solvent conprises THF, and
contacting occurs at a tenperature greater than 650C
for atinmne from1l to 2 hours.22. The nethod of Claim

151, ﬁﬂ@”%&ﬁ?d hg ooRar of ivhefedd \t@@htcyelgﬁméacﬁ@sﬂ anpbinel comprises

with a boiling point greater than,. ntactin
MBEE)S heren Felfid ity X e Ut THAAT MEGSTBE T eipiesS reater
tha fhours. 23. The nmethod of Caim 1, wherein contacting

occurs at a tenperature greater than 400C for at | east
5 hours at a pressure such that the boiling point of

16t N€TRO {h@{h% bECRRh Y eRherkii élgeodd)%brr?gt@ ﬁcg{‘feng seale@ler hi\aRk 168 2 to 20

contacting tenperature. . d of making a
catbompioundl i3 i snbstittied dnglomtheaeofpranyambmptiorhRept QH) and

the structure: conprising: 1) contacting in a

nonprotic solvent: a) a ketone of the formula
170-CRRECHR2RA( ofGthith )l , wheryio iepenpratic selyant isclimeibnlether, diethyl ether,

dﬁ(s:gpquryil Sé.{h%g J\l’—%p%gﬁ e&@,xdi-nlﬁ{gﬁyqseﬁer, methyl t-butyl ether, diphenyl ether,
THF, 1,2-dimethoxyethane, or any combination thereof.

18.  The method of Claim 1, wherein the nonprotic solvent comprises THF.

19. The/' method of Claim 1, wherein the nonprotic solvent comprises THF, and contacting

occurs at a temperature greater than 40°C for at least 10 hours.

20.  The method of Claim 1, wherein the nonprotic solvent comprises THF, and contacting

occurs at a temperature greater than 50°C for a time from 5 to 10 hours.

21.  The method of Claim 1, wherein the nonprotic solvent comprises THF, and contacting

occurs at a temperature greater than 65°C for a time from 1 to 2 hours.



4H) 2, or a conbination thereof; followed by c) a

proton source; to forma conpound having the fornula
wWO2AR6@eLded CH2R2 and the structure: , or an i SORET/US2005/022746

thereof, wherein: RL is an gyl or substituted aryl

group having up to 20 carbon atons; R2 is a

hy car r td . r . b :
22'Y CHRERpRYY o CUHDE Whesb R dn SRR wheenPEphiso? h Mher it «
boilimg peintcgpatérghamdiBG eandernlaytingissies af & temparatwyel grsatar g 40°C for

or bstituted hydrocarbyl group having from1l to 20 -
atl&%?%}g%m%tons, or hydrogen; and Xis d, Br, or |I; and

2) contactinga) C4R C=CRICH2R2 with MY wherein Mis

Li, ~Na . 0 ab. wherein X i Br,. or 0
s 2 e el WA sliek: B & atrp@inpieader han s
forfal leat 6 gurs @t a pressubsduch thbettle beoilhgppitird tleafonprlott bawed iskegual to
b) a proton sourc to, formR CHCR aH XQH). 25. The
Orgf)@?tﬁ&gmb%e @Di Cﬁ?’%%@?ﬁt’uf%er conprising isolating 26. A
met hod of making an a-netall ocene having the fornula
(h5- C5R3 4) CR1(CH2R2) ( h5: Q). ML ML. i S _bi i1 2
2441 G O R RO e 06 rffs G aBtb Ry anc
10  thekhu&@Rtacting in a nonprotic solvent: a) a ketone of

the formul a O=CR1ICH2RZ; a%g b) a cycl opent adi enyl

conpound conpri Si ngRl}/g @%H 4H) X, My(C5R3 4H) 2, or

R3 R®

R® R® ; 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(CsR*H),, or
15  acombination thereof, followed by
C) a proton source;

to form a compound having the formula C4R3,C=CR!CH,R? and the structure:

R'.__CH,R?
R? R
R R® | oran isomer thereof,
wherein:
20 R!is an aryl or substituted aryl group having up to 20 carbon atoms;

R? is a hydrocarbyl or substituted hydrocarbyl group having from 1 to 20
carbon atoms, or hydrogen;
R3, in each instance, is independently chosen from a hydrocarbyl or substituted
hydrocarbyl group having from 1 to 20 carbon atoms, or hydrogen; and
25 X is Cl, Br, or I, and
2) contacting



a conbi nation thereof; followed by c) a proton source;

to forma conpound having the fornmula CAR*C=CR 1CH2R2
wandoeooeest ructure: , or an isonmer thereof, WheCEiUS200R022746

is an aryl or substituted aryl group having up to 20

carbon atons; R2 is a hydrocarbyl or substituted

hvd LRaE 201+ . 2 b
yr ocar bk alcalR DN Gh 1A b2 880, L ABx, 6 Mo

hydr ogen; , 1n each instance, I's indepeh
wheteds Eris CL.d#n ar hydd wbeneiny® ivg cyldpsutadienyd.chnhindemyt arfiwprenyl, or a
. ' : 20 carbon atons, or hydrogen;
su%&gll@ @X%ﬁ%ﬂr@?ﬁ&gogwe}d%yz) contacting a) CAR*C=CR
1CH2R2  vib)tarprévion swuines; i farshCi RS CHCRNEHBE)(QUX, or Myo. 5,
wherein Xis d, Br, or I, and wherein Qis a
cycl opent adi enyl, an indenyl, a fluorenyl, or a .

255 ub¥he methed of@iaino g4, thiveiree cdmprisilglisnletinl g YR LT HERKCHT,RF(QH).
source, to form C4R3 4CHCR1(CH2R2) (QH) havi ng t he
structure: 3) contacting C4AR3 4CHCRL(CH2R2) (QH) with 2

26equidvaheio8 off ambidse and @scerpUuodge ofhating fiBe Mib@mla (v’-
MLX4., 27. ,The method of Claims 24 or 26, further .

CsR ot (SilaRy) NsIMeion Y1 (R difantesmazivepuipay orhreun sud) X isce halide,

10 cofrisidg’e Method of Caims 24 or 26, wherein Qis

cycl opent adi enyl or substituted cycl opentadi enyl
havilhegnigptingon 2moepreioielvenbms. 29. The nethod of Cains

24 or 26y WIRLET POk Sl IR LGk aipst tut ed T ndenyl
having up to car bon at ons.
b) a cyclopentadienyl compound comprising Mg(CsR>H)X, Mg(CsR*4H),, or
a combination thereof, followed by
15 c) a proton source;
to form a compound having the formula C4R3,C=CR'CH,R? and the structure:

R!__.CH,R?

R® RS

R® R® | or an isomer thereof]
wherein: ‘
R' is an aryl or substituted aryl group having up to 20 carbon atoms;
20 R?* is a hydrocarbyl or substituted hydrocarbyl group having from 1 to 20
carbon atoms, or hydrogen;
R®, in each instance, is independently chosen from a hydrocarbyl or substituted
hydrocarbyl group having from 1 to 20 carbon atoms, or hydrogen; and
XisCL Br,or];
25 * 2) contacting
a) C4R*C=CR'CH,R* with MQ, wherein M is Li, Na, K, MgX, or Mgys,
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 C4R*CHCR(CH2R*)(QH) having the structure:
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30. The nethod of Clains 24 or 26, wherein Qis
fluorenyl or substituted fluorenyl having up to 20
woaodsmnda@d ons. 31. The nethod of O aim 26, whepeTmSk(we/022746
-net al | ocene conpri ses conpgynd I with the foll ow ng
formula: |; wherein ML is Ti, Zr, or H; RL is an aryl
or substituted aryl groypghaving up to 20 carbon
atonms; CH R2 is an ahken group having from3 to 12
- carbon atons; and R4 1B or a hydrocarbyl group
having from1 to drkgnRat ons. 32. The net hod of
Cl aim 26, wherein th a- met al | ocene conpri ses
compound Il with the/fofNowing fornula: 1l; wherein Rl
i s phenyl; CH2R2 i sR3-bufknyjland CH2CH2CH=CH?) ,

4- pent enyl. ( | - hexenyil
2 DB R oI (Rl Ry C A e Sk st b egppound
of @ formitadabenyl ( CH 2CH2CH2CH2CH2CH2CH=CH 2)
3-nmet hyl - 3- butenyl (CH2CH2C(CHs)=CH 2),
4- et hyl - 3- pentenyl (CH2CH2CH=C(CHs) 2) or a
27SUbshd t wepddans aClainier 20f ohavsNgfukddet Ocdrdpris@ighORolating (1’
atoms; and R4 is Hor f-butyl.
CsR74)CR(CH2R)(n-Q)M Xo.

28.  The method of Claims 24 or 26, wherein Q is cyclopentadienyl or substituted

cyclopentadienyl having up to 20 carbon atoms.

29.  The method of Claims 24 or 26, wherein Q is indenyl or substituted indenyl having up

to 20 carbon atoms.

30.  The method of Claims 24 or 26, wherein Q is fluorenyl or substituted fluorenyl having

up to 20 carbon atoms.

31, The method of Claim 26, wherein the ansa-metallocene comprises compound I with

the following formula:

wherein M! is Ti, Zr, or Hf, R! is an aryl or substituted aryl group having up to 20 carbon
atoms; CH,R? is an alkenyl group having from 3 to 12 carbon atoms; and R'isHora

hydrocarbyl group having from 1 to 12 carbon atomns.
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32.  The method of Claim 26, wherein the ansa-metallocene comprises compound IY 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,CH,CH,CH,CH=CH;), 6-heptenyl
(CHCH,CH,CH,CH,CH=CH,), 7-octenyl (CH,CH,CH,CH,CH,CH,CH=CH,), 3-methyl-3-
butenyl (CH2CH,C(CH3)=CHy), 4-methyl-3-pentenyl (CH,CH,CH=C(CHs),), or a substituted

analog thereof having up to 12 carbon atoms; and R* is H or #-butyl.



