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BRI DGED METALLOCENE COVPOUNDS The invention relates to new

met al | ocergp sH@RNAs. | n particul ar, the new conpourrx/es9e/11074

nmet al | ocenes of the transition netals selected fromthe group
consisting of 5 hafnium titanium and-2irrconium These conpounds can be
used as the source of the transition netal in an olefin

pol ymeri zati on catal yst. The conpounds of the invention conprise
t hose of fornula (V) ( BRIJGER ME TAIIOCENE: SRFREBDWPIs wi t hi n t hat
formula are 10 conpounds of formula A and I B which are defined bel ow,
L-M[X][err][CP] , | A L-MY] [Cp']

| B Th&hel émventlions rgletgangodeprnrgtpiloGens| femponrdal In

sel ected fy . ou onsi St [ nj ' d titani um
X is the sgggké?%&?%fegg%t%gkszggﬁgﬁFﬁeE%ghrg??égééghagbégn$%§ or iodide)
or al kyl, prehei&bbp metlals sedegted; fzam the groyppeersiabingabfyl. The
group " .unsu i d : itu y [ | . Qr
Compourts Bpraily FLegniiall gircBtath! ThELEYEoRRGRRA! EY od bkl
pol ymer i zea80 thet spuege. ofCshgotinansétirp Bahabeinsanl ialehdnzwitterionic
formto po ' e hhout an al unoxane conponent for
activationb§?§&hggfggﬁékt?gﬁaﬁg%gl. ) ) The invention relates to
transiti on net afheospBpeysdst @f thei ABVENEYRRHESTRTI 18R (ERSSE hef r femmula

ol efin pol y{@rEzalhon~125 vhegbrean bempbanastRitEed bNatheofmiral 2rd’
where |' is ivg(E%évv M L I n which
Mis d8 eccemppusast RE §PEMHla0AR| 8RAndBorhich 3¢ cdeftred B +eWim and

titani um each of V, E and Wis the same or different and is 30
i ndependently alkyl of 1 to 6 carbon atons, halide, aqr unsubstituted or
substituted cyclopen@&ﬁiéﬁﬁh!cF] provi ded t hat ®¥ne, and only one, of

said V, E and Wis pmrengypstituted or substitutedgycl opentadienyl; and
The element L is a ligand defined below, M is a metal
selected from the group consisting of zirconium, hafnium and
15 titanium, X is the same or different and is halide (chloride,
bromide or iodide) or alkyl, preferably methyl, or aryl; and
Y is preferably alkyl. The group Cp'is an unsubstituted or
substituted cyclopentadienyl group. Compounds of formula IA
can be used in combination with alumoxane to polymerize
20 ethylene. Compounds of IB can be used in the zwitterionic
form to polymerize ethylene, without an alumoxane component
for activation of the transition metal.
The invention relates to transition metal compounds, to
their synthesis, and to their use in olefin polymerization,
25 which can be characterized by the formula I', where I' is
(V) (E) (W) M-L
in which M is selected from the group consisting of
zirconium, hafnium and titanium;
each of V, E and W is the same or different and is
30 independently alkyl of 1 to 6 carbon atoms, halide, or
unsubstituted or substituted cyclopentadienyl,
provided that one, and only one, of said V, E, and W is
unsubstituted or substituted cyclopentadienyl; and
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in which L is [err]

wherein easdvogdoi§ecrr], Rerr], Rerr] and R err] is hydrogauussiaiard of 1
to 6 carbon atons, alkylene of 2 to 10 carbon atons which form bri dged
bicyclic or tricyclic noieties; 5 A2i-s C, Si, Ge; and each of Rerr]

and R err]

at ons,

or al kynyl
Rerr],

of 1 to 6 carbon atons; R, D I s hydrogen

al kyl

carbon atons, al kali nmet al

IS the sane or different and is alkyl of 1 to 20 carbon

aryl of 6 to 20 carbon atons, al kenyl of 2 to 20 carbon atons

broni de] ;

halide is chlorine or bRem pn&=a
boron (B) or Al is alum num\(Al
bis-trifluoromethyl phenyl,

Preferred conmpounds of 1' a

ofin3 whd 20 Icdrsbon at ons; each of Rlerr], Rerr],

Rlerr], is the sanme or different, and is 10 fImerne hydr ogen,

alkyl of 1 to 6

en [chloride or
arbon at ons and
gh B is 15

[ sodi umBgr | R§ hiunj ;

ch t heQaigky! has

erri
and

enyl or al kyl
tH& conpounds of for

al kyl halide

carbon atons.
R,, |Aand IB, 20

L-M[X][err][CP] L- Iv[Y] [ Cp’ ]

| B.

10

15

20

L refer gnkRedn 'e%‘?:@xdo"i’hh R3S R, Ngnd ORI hydrodd, lalkyl of 1
to 6 carbon atoms, alkylene of 2 to 10 carbon atoms which
form bridged bicyclic or tricyclic moieties;

A is C, Si, Ge; and each of R, and R, is the same or
different and is alkyl of 1 to 20 carbon atoms, aryl of 6 to
20 carbon atoms, alkenyl of 2 to 20 carbon atoms or alkynyl
of 3 to 20 carbon atoms;

each of Ry, Ry, Rypy Ry;ry is the same or different, and is
fluorine, hydrogen, alkyl of 1 to 6 carbon atoms:;

D is hydrogen, alkyl of 1 to 6 carbon atoms, alkali
metal (sodium or lithium]; halogen [chloride or bromide];
alkyl halide in which the alkyl has 1 to 6 carbon atoms and
halide is chlcorine or bromine; and BG; or AlG; in which B is
boron (B) or Al is aluminum (Al), and

G is pentafluorophenyl, bis-trifluoromethylphenyl,
phenyl or alkyl of 1 to 6 carbon atoms.
Preferred compounds of I' are the compounds of formula
IA and IB,
L-M [X],({Cp’] IA.
L-M(Y]} [CPp']" 1B.

L refers to a ligand which has the formula

R, MR
._d//l\\»~ VW
R, C:D gi ‘/ \\ D

3 Ry Ryp 1
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- 3- I n which each of 1, 2, 3 and 4 is hydrogen, alkyl of | to 6
carbon at wies98fo14s6l udi ng met hyl, ethyl, propyl, butyl, PCTRISHULIPT4 pent vl

i somers of pentyl and hexyl and isoners of hexyl] al kyl ene of 2 to 10
carbon atons which formbridged 5 bi cyttic or trlcycllc noi eties, (such
as i ndenyl); Ais C Si, Ge,; and each of Rerr] and R[err] S

t he sane or different and is alkyl of 1 to 20, preferably 1 to 6,

car bon inawbish gegh of &.tér 29 %@?bﬁnlﬁtéﬁ%ro@#kenylkbl oftd o 6
car bon atoEﬁrE naEE$?¥ {Qﬁc%u&?n&oméﬁﬁppn é%H@P; cFyl b€@§? of Rerr],

Rlerr], Rerr|] Rerr he sane or different fuori ne,
hydr ogen, &FCBBkYIL EﬁnIYﬂ-oléméa‘f"bo‘hf a?%%yl and hexyl BRd hgemenerof al kyl

of 1106 ﬁék?@ﬁ‘,ahﬁlﬁleﬁék@k'z to 10BEMbER- &oﬁ@%ﬁ%ﬁ”f+h&%ﬂi@<{e@al ogen

(chloride or de); kyl halide in which the alk
carbon315 béFMﬁélﬁnﬁrhﬁFiﬁﬁciscc?ﬁ%ﬁ?%%SOr(§HQ#n§ﬁalQﬁﬁp err] or Alderr]
in whi ch Bai gsber og; ( Bye oF éﬁ&”éi@ﬁ“éf“ﬁg and R, is tﬁ%'§ me ? (1t

0 0

pent af | uor aphenyl , bi S- trlfluoroneth %0 phenyl or aI
6 carbon afdhEeT8RE RPfAsidedskeH %§ \Rfeﬁﬁfably 1 q?1§¢m?#¢b@Mla

the Cp' Or a¥Bmk$ aﬂymn§5b§ttéui@dca1§bon atoW$0-a DEerdy P &/ spibgd it ed
cyclopentadlen¥n grou ) on the cycl opent adi enyl group
0

| tue
can be str&PgR tom OBr%%%ﬁ%%@d%g % é? |CRan 12HIMSA  groups. The
cycl opent adi enydadf @4P Ry, Rq,CH] PR, @) SDs acmréam:_f cﬁ\: tuwﬁét@n@,r #ndrigyclic

Enhety sug agnggéelgggﬁg%%%tetra drogygenyl gésqyl or a Fa[t{agly

ydr ogena n taBdistitut e

bi cyclic or trlpygblﬁym@ézy, daheyl of 1cynzi oa)em;aﬁjreraydongg,oms{aaﬂd L can be
al so substlt t | dge pon ene or di_al IS|Iane groups,
such as - E g}ﬁ%r?] sodfﬁ% é%cai§% ﬁ' (Gl L CR R'- where

R and R }ar&nlde)shalkyalrka/h@f (mupswmrcl'hyui'reogﬁn:yl- ﬁa(sCHS)tZr ,6 carbon
Si (

c.ongli%% ut FI_%mH) a?%c]i’ﬁgléé%nls A Qtr}dlt Irgorlr ;ru[%r%I CéIA'tgﬁt gﬁplé%s 8§c#‘§)§gln’texhglrgﬁ5f

Substi t ut edhigk| Bpestboreny(B) icwlaidemidmm nkid-,, di- tri- tetra- and

pent a- SUbSt'tUtfdls pentafluorophenyl, bis-trifluoromethylphenyl,
phenyl or alkyl of 1 to 6 carbon atoms, and M is defined as
above.

20 In the formula, the Cp' group is an unsubstituted, a
mono- Or a polysubstituted cyclopentadienyl group. The
substituents on the cyclopentadienyl group can be straight-or
branched chain C,-C¢ alkyl groups. The cyclopentadienyl group
can be also a part of a bicyclic or a tricyclic moiety such

25 as indenyl, tetrahydroindenyl, fluorenyl or a partially
hydrogenated fluorenyl group, as well as a part of a
substituted bicyclic or tricyclic moiety. The
cyclopentadienyl groups and L can be alsc substituted or
bridged by polymethylene or dialkylsilane groups, such as -

30 CH,-, -CH,-CH,-, -CR'R"- and -CR'R"-CR'R"- where R' and R" are
short alkyl groups or hydrogen, -Si(CH3)2~, Si(CH3)2-CH2-CH2~-
Si(CH3)2- and similar bridge groups. Suitable groups
constituting Cp’' include unsubstituted or substituted
cyclopentadienyl. Substituted cyclopentadienyls include

35 mono-, di- tri-, tetra- and penta-substituted
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-4- cycl opentadi enyls in which the substituents are alkyl of 1 to
6 carbon at eypoedidiiégl udi ng methyl, ethyl, propyl, butyl, éﬁﬁ% }1Yd74
pentyl, isomers of pentyl, hexyl and isoners of hexyl or alkylene
groups of 3 to 10 carbon atonms which form_.%. bicyclic and tricyclic
alicyclic groups. The cycl opent adi enyl ring nay be nono-, di-, tri-,
tetra or pent a- substituted. The substitution nay be alkyl of 1 to 6

carbon at ons; cfﬁmbééh@adf@ﬁyﬂ§slﬁhﬁhﬂ@hhﬁhéY§hB§€ﬂE@Qh€§Yére alkyl of 1 to

dlnethylcyclo ent adi e trlnet | copent adi en
tetranethylcyg %. %ﬂ%% g?EYBpeﬁF%ﬁien9¥cpyl butyl,

et hyl Icycl ?peniféha@@yi ﬁ@i@iftf@éﬁdﬁ£%§%&§tgﬂy|h?xyl and isomers of
propyl cycl opent adj e pr cycl opent adi eny

but yl cycl opent &+ d?¥ a;ﬁg+@¥ §$¥§% % ﬁt%ﬁl%ﬂy¢argﬁﬁ atoms which form
hexyl cycljsﬁar&;aﬂy@md: amctmydnrlmyilgdsp@mc%ﬁg d: I1'151~Letetrahydr(t;| ndenyl
group an uor en ro ent a Jeny groups may be
substi tuted $§ﬁékﬁ§¥éﬂ¥ﬁnrlng %ﬁyt¢¥ ?é#sﬂl + TEREX3 t9% um
Corr}mundt may :%ﬁmif;ﬁmstlbtut(ﬁjéﬂ d cmet ﬁa@ﬁ%ﬁﬂ&w&x? sweltptbé Lﬁﬁ@’yp}’oﬁhﬁ%jrﬁj
cycl opent a- ie on et her. v a ene group such as

et hyl ene 20 SR (ﬂﬁh Qﬁiqgéﬁ)%ﬂﬁ& %ﬁﬁ]rkﬁ hyleparengadienyl,

al kyl ene grcnnlmﬂnﬂykﬁydmqﬂuﬁnddmﬁﬂmdﬁﬂmr1ﬁnth§b&g¥&bﬁ§ﬂ%&ﬁi§n 1, a

substitu |_en r.oup ,such .as..di hyl si | enyI5|Ierne
and neth; phéﬁ?¥ é&ﬁf cﬁﬂ?%ﬂtadﬁ?4ﬁ¥ penﬁ%&%éb%ﬁc%ﬁiﬂ é%ﬁﬁﬁQQﬁkwuj
cycl opent adi estHylgryippararadiedi, (heﬁngmetnylaydmdpeﬂﬁﬁdﬁﬁﬂ or

ent aal kyl I t he al kyl |s 1to6
(F:)arbon a%/onsl&so%’}l%i,c’pentth ngiﬁ pro;?yﬁop}f S(y Wntar‘fﬁ%/ 'pentyl

hexyl , znhnnxinyaknpﬂhﬂuﬂqﬁnykxumqﬂhyﬂhnqylcyclopentadﬂahyh,gam@ L can
be synthe5|z for 3 |t|aI
synt hesi s st g%xfgl%{?rcﬁg) s%t:t%n l aan qnd]enﬁouﬁrfc’gp'f or I a Twith a

conpoundl of ﬁ@ﬁn@myd;01ndenyl group and fluorenyl group. These
cyclopentadienyl groups may be substituted by a halogen atom
or trialkylsilyl group. The lithium compound may comprise
said cyclopentadienyl substituted by a second cyclopenta-
dienyl bonded together via an alkylene group such as ethylene
20 and propylene, an isopropylidene group, a substituted
alkylene group such as diphenylmethylene, a silylene group or
a substituted silylene group such as dimethylsilylene,
diphenylsilylene and methylphenylsilylene. The di-, tri,
tetra or penta-substituted cyclopentadienyl groups can be
25 dialkyl, trialkyl, tetraalkyl or pentaalkyl-substituted
cyclopentadienyl in which the alkyl is 1 to 6 carbon atoms,
e.g., methyl, ethyl, propyl, isopropyl, butyl, pentyl, hexyl,
and isomers of butyl, pentyl, hexyl.
The ligand L can be synthesized from compounds of formula
30 1.
The initial synthesis step comprises contacting the
compound of formula 1 with a compound of formula a,
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-5- [err] (D)

(a) WO mietsé conpounds of fornulae 1 and a, each of RC®USY7/1I®Rderr],
Rl err] Rlerr], Rerr], Rerr], Rerr], Rerr], Rerr], Rerr], and
Rlerr], and A are as defined above; 5 -&nd Rlerr] is preferably hydrogen,
al though it may be GeZ3 wherein Ge is germaniumand Z is alkyl of 1
to 6 carbon atons [including nethyl, ethyl, propyl, butyl, isobutyl,
pentyl, hexyﬁ‘and isqqergqof pentyl and hexyl agd igonmers of hexyl)
or aryl of 6 to 10 carbon gt . In preferred enbod s, Rlerr] 10 is
hydr ogen N@ile ed af R € Rlerr] is nmethyl; the I C | nert ness
of the tettamsifyl eyl openta @i on, whenyR[ er hydrogen

all ows prefere nucl eophi li ¢ di spl acenent of the A-Clerr]~bond in
compound 1 as We as lithiation of conponent 2\ T3ulting in the high
yi el d synt hesi sj of {the conmpound of 15 formula 4, in}suldsequent steps.
Cont act of tkmagyW) onpounds can be undertaken ag | @v tenperatures,
preferably bel ow anbi ent tenperatures in diethyl &t hét, for extended
peri ods of time. Conpounds of formula | in which Rerr]-Rerr], Rerr]
and Rerr] (gye nmethyl and Ais Si (silicon) are readily availabkg) I n

20 preferred enbodi nents herein_the conmpound of forrmula a is
|, 1ithi um ¥ bFR@Be - oompPouRds o Jf PN Ahehyand a, each of copoBnd Ry,

and Topmil Sg Rk T RE A2 el 1, ang i Catg e i ed Ay, or
conpou d(s?nQ Ryg is preferaFgﬂyFydrogen, although it may be GeZ, wherein

Ge 1s germanium and 2 is alkyl of 1 to 6 carbon atoms
[including methyl, ethyl, propyl, butyl, isobutyl, pentyl,
hexyl and isomers of pentyl and hexyl and isomers of hexyl]
or aryl of 6 to 10 carbon atoms. In preferred embodiments, R,

10 is hydrogen while each of R,-R, is methyl; the kinetic
inertness of the tetramethylcyclopentadiene proton, when Ry is
hydrogen, allows preferential nucleophilic displacement of
the A-C, bond in compound 1 as well as lithiation of component
2 resulting in the high yield synthesis of the compound of

15 formula 4, in subsequent steps. Contact of the two compounds
can be undertaken at low temperatures, preferably below
ambient temperatures in diethyl ether, for extended periods
of time. Compounds of formula I in which R;-R,, R and R, are
methyl and A is Si (silicon) are readily available. 1In

20 preferred embodiments herein the compound of formula a is
l,1lithium~4,bromo, -2, 3,5, 6-tetrafluorophenyl.

A compound of formula 2 is the product of the contact of

the compound of formula 1 and formula a, which is isolatable
as a solid compound. The formula of compound(s) 2 is

R, T' T’

R d A Br

é (2)
R, Rl 10 Rn
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- 6- Wien Dis bromne in conpound 2, that conpound can be

further treate (th either an alkyl lithium[n-butyllithiu a
Gignard re@éeggfoﬂsgnd subsequently with B(Cerr]F[err]) to%Tms”élrl%‘uce a

conpound 4, wherein Dis -[B((err]Flerr]] sanion. The 5 sequence can be
Illustrated by the reactions to yield conpounds of fornulae 3 and 4.
Reaction of conmpound 2 with BuLi will produce a conpound of fornula 3,

whi ch has the structu . : 0 |Ss reaction is undertaken
at tenperatures B0 g%b{ag%?lne B [érgr%‘élr)‘é?éréi %#%?e? %f’?/uré‘? gai%t&é‘?r] C, in
di et hyl et herfurtthelrotireated sdltdt icdribhaharnc@aqkynlndithifmr fu-dutvildithium]
cont acted under . i t Lthons Wit (glerrlFlerr],
at -78C, in %% adﬁgt%gsxlefhrygraﬂége “t %&%?@g&?@%b t('):lgr g’é\géegt(ﬁé%dn%%und of
15 fornul a produce a dompojund 4, wherkim dorsourdd (GfFd)ei nahaod.canhee

conver{eq 103 fefle?ban be TR ALY B cAd BLSEELORY LLeRLIA’ W N

compounds of formulae 3 and 4. Reaction of compound 2 with
BuLi will produce a compound of formula 3, which has the

structure

Re R,
R,
Rs R¢ R,
Ry \ XA
A Li
R R R R
_ 2 1 10 11 (3)
10 This reaction is undertaken at temperatures below ambient

temperature, preferably at -78°C, in diethyl ether. Without
isolation, the compound of formula 3 is contacted under
substantially the same conditions with B(C4F.);, at -78°C, in

diethyl ether for twelve hours to produce the compound of

15 formula 4.
: Ry R,
R,
. Rq R¢e Ry
3 »
7 14 / N—!_
. A B
Rl R:o R!I

(4)
The compound of formula 4 can be converted to a dianion
form by abstracting Rs; by treatment with alkyl lithium
compounds; this step is conducted in diisopropyl ether, which
20 is essential to facilitate the isolation and purification of
the compound 4 when it is a dianion, as for example when D is
-BG; in formula S and G is CgFs.
After formation of the of the compound 5, it is
contacted with a transition metal chloride, in which the



~conpounds; this step is conducted in diisopropyl ether, which 20 is
essential to facilitate the isolation and purification of t he conpound
4 when it weiods@ni on, as for exanple when Dis - B& par/isyrmdra 5 and
Gis (err]Ferr]. After formation of the of the conpound 5, it
IS contacted with a transition nmetal-Zhloride, in which the _
WO 98/ 01456 PCT/ US97/ 11074
-7- transition nmetal Mis titanium zirconiumor hafnium (Il or
V), for exbrgheitide metahihdl islet brahitmachi rdntcumior hafmiwe oM MMor

haf ni um or tJ,fanpum The reacfion_results. in ro tion of a
transition %%khlk%ﬁnﬁﬁﬁﬁﬁﬂﬁﬁ # $n%?§;%bafﬁée or tﬁéﬁq#ﬁf:rlég of
(6) zir&emiumorhafnilre conpbtamiwi. f dfell medctidh redultd Un

cycl opent adj en erivative lin | ch pent adi enyl . i denot ed by
1 Tin R FORRERA B e e b Al R s e (8
-78[err] resulws‘in production of transition 10 netal conpound
cont ai ni ng two Cyclopentadkenyl groups which is the conpound of
formula I A, abovg. *The cycl opent adi enyl noifsty s the |ithium
conpound used grl O conyert conpoun of formula 6, Lhe conmpound of
formul a 1A gan® S tituted gﬁ~§? 7 bstituted, tlhe 15

cycl opent adken it ; ,

substituted#fﬁﬁg substit\uti oh may be al kyt: tthe

met hyl cycl opent agli enyl , t hyl cycl opent adi enyl ,

trimet hyl cyl copept adi eny,, t tranethylcyclopentadieﬂ.l,

pent arret hyl cycl opent adi erfyl , ‘et hyl cycl opent adi enyl , 20 Ry

met hyl et hyl cycl opest adi enyl, propyl cycl opent adi enyl , ]
5 (6)

Reaction of the compound of formula 6 with a lithium
cyclopentadienyl derivative [in which cyclopentadienyl is
denoted by Cp']l, in methylene chloride at below ambient
temperatures [at -78°C] results in production of transition

10 metal compound containing two cyclopentadienyl groups which
is the compound of formula IA, above.

The cyclopentadienyl moiety in the lithium compound used
to convert compound of formula 6, to the compound of formula
1A can be unsubstituted or substituted; if substituted, the

IS cyclopentadienyl ring may be mono-, di-, tri, tetra or penta-
substituted. The substitution may be alkyl; and thus includes
the methylcyclopentadienyl, dimethylcyclopentadienyl,
trimethylcylcopentadienyl, tetramethylcyclopentadienyl,
pentamethylcyclopentadienyl, ethylcyclopentadienyl,

20 methylethylcyclopentadienyl, propylcyclopentadienyl,
methylpropylcyclopentadienyl, butylcyclopentadienyl,
methylbutylcyclopentadienyl, and hexylcyclopentadienyl, and
an indenylgroup, 4,5,6,7-tetrahydroindenyl group and
fluorenyl group. These cyclopentadienyl groups may be

25 substituted by a halogen atom or trialkylsilyl group. The
lithium compound may comprise said cyclopentadienyl
substituted by a second cyclopentadienyl bonded together via



met hyl propyl cycl opent adi enyl , butyl cycl opent adi enyl ,

nethylbutylcyclopentadienyl, and hexyl cycl opent adi enyl, and an

i ndenyl gr oy, él xa , 7-tetrahydroi ndenyl group and fl uorﬁl[ay,bsgh

These cyclopen |enyl groups may be 25 substituted by a hal ogen atonlor
trialkylsilyl group. The l'i thi um conpgund may conprise said

cycl opent adi enyl substituted by a second cycl opent adi enyl bonded

t oget her via WO 98/ 01456

PCT/ US97/ 110 al kyl ene
group such as%%etar%lﬁyélneéle cfoulpop;i‘lcgngs ert;'hylene ang 8%>9ﬁy&ene g%glup, a

substituted aﬁppngnykydnnﬁsgngupasa subsgiguéeyd adiky\llemee graupi Ispchnasgr oup

or a SUbStltﬁ& a¥¥6§¥H¥nﬂ ylghgﬁﬂyiﬁﬁg g§o@bnﬁkhﬁl§hbﬁkﬁgﬁted silylene

dlphenyIS|Ier enyfls

pent a- smrbs:pi tsmadd ay digedmyddiid iy engr odtheaﬁflb@ld'llahleyland
trialkyl g | - sk Lut d cI p Lenyl in
whi ch the aI %Jﬂgf%ﬁyégﬁ%abéﬁyatggg b " 1,-tet9$ ? Sgb%§| pr opy

i sopropyl, bamyﬁtlmmﬂqﬂ cmﬂipyentédleama g§9n95scan batyﬁ;abkyﬂyl hexyl
Li t hi um cycl @pentgy1, etdBIy08E! ¥BhtYEPKG1eSLBAEL Lk ceaMIEr Cl al | y

avai |l abl e ion O ound th a Gignard
r eagent or aﬁY§PﬁPﬁmﬁaﬂﬂqmﬁlré&g@ﬁ#c eShet3lkildispla&enencarbon atomhe

hal i des by alekgl g;ngtt@@ltoeﬁhqducgrsggppuwép%p}? fBﬁE‘yha f:éntpl"‘hgéﬂ X, 'S
al kyl, provide the Gignard Conpounds of fornu X
convert 8 toaéénﬁ§9W6§s o bytylor RANEYI B B§X¥bnt aki ER§UBhEYE} RpeRtRT

(wherein X '81@h?¥|der1anﬁv@st8r§ £85800y atermert fa IRy CLAL a1 dh @ borane
conpound inCluding but not limted to B(Clerr]F[err]

Phl err] C err] B(C[ BPAFEREM PE 6PTPOURENRS of P PHL RS fi}ssveyér@] FFien3rdo
abstract an abkyjknX @rOWRn amay@onyeﬁiuﬁh@eagenttf@gﬁlt.&som nei Sl seameypd to
a zwitterion for_use in ﬁ,ngrl zation w thout alunpxane activati on.

The zwitteri 8h the hé&ﬁ€8§n8§ 6# r AEPIPT B Pl T PRUCK eRPTPPPRES IRE t he
expressilon form(QVp (E) ipLwhtcarx (Vs éﬂ#ylL)ﬁho@idé&QbﬁVWhéLaﬁﬁgnAfumhich L

25 includes the gr up D wEich i %ﬁ% rr#%or Alq% tggngo I s boron
(B) or al umi num (Al yOURE84 ﬁ]PFtﬁ? g? | SRR rﬁP ?5 SEIRRQRAT r om
t he group coas$i §brmglaf Ipebyatbobacpimpythe alkyknsndlthnreKnHXudsﬂun&@l
e ¥ oA b b EFRET o e S s ELPL e SRR e
to including but not limited to B(C5F93, Phsc:B(CFs)4
20 HNR,Ph'B (C¢Fs),” to abstract an alkyl X group and convert the
transition metal compound to a zwitterion for use in
polymerization without alumoxane activation. The zwitterion
compounds of formula IB may be exemplified by the expression
(V) (E) (L)M+ or (V) (W) (L)M+ or (E) (W) (L)M+, in which L
25 includes the group D which is BG, or AlG, in which B is boron
{B) or aluminum (Al), sodium lithium or halogen and G is
selected from the group consisting of pentafluorophenyl,
bistrifluoromethylphenyl, hydrogen and alkyl of 1 to 6 carbon
atoms. In a catalyst composition the transition metal
30 compounds of IA can be combined with an alumoxane, to
activate the compound IA; the amount of alumoxane provides an
Al [alumoxane]: transition metal ratio of 50 to 10,000.
Aluminoxanes, e.g. methylalumoxane (MAO), have been used
as co-catalyst with metallocene catalysts. The class of
35 alumoxanes {used interchangeably hereinafter with



activate the conpound I A; the anount of al unbxane provides an

Al f al unoxane]: transition netal ratio of 50 to 10, 000.

Al um noxanag os@i4de et hyl al unoxane (MAO), have been used PCTASIZI@OMAL al yst
with netall ocene catal ysts. The class of 35 al unbxanes (used

I nt erchangeably hereinafter with -9.\\D 98/ 01456

PCT/ US97/ 11074 - 9-

"al um noxane") conprises oligoneric |inear and/or cyclic

al kyl al UmXﬂfﬁSﬁi@Mx&Sﬁﬂ)e@oﬁmﬂl@s}‘ @mglomelhwl(m)eae) anAI/BZ cyclikor

ol i goneric, |inear al unoxanes and Qg%ﬂf) m for 1 §g H?FIC CéC|iC

al unoxane widkdild lymoxanes) reRres &5 fozpu RIPS 46) ~BP BraLBe| y
3-20 and R ifozao@llg%ea*ﬂwl dmeiay alumcathel ehar<ab.uyamebhytn for

Met hyl al unbxane i s conmon rqduced b react.in r.imethyl al u

it vt o SiL Saom g e o fovgeRane WheIginT S 15,1540, BreERBRBOY of

A12( S04)$3. 5H20. zdvatsh)al-allwnmferla%lycan-ZlOeaaldsa dgener euedm al&yB.UgrdSup
polynerlzatlon reac Oaiﬂgy ladding trimethyl al um num and water or

wat er - cont aidh §§WP€ Salts. MAOis a mxture of oligoners with a
very W de dnﬁttwybummxahermlsemmbnwi gltbsuand hguakhytihgh an

aver age nnlecula i_ght .of 12Q MAQ i s t kept .in_15 solution in
t ol uene. ethy, &@ﬁpgﬁbw'%P ?ﬁgeﬁoP§ﬁ§ﬁ%§aF¥8ﬁagﬁ8 tBBOFYREFi zati on
of ethylenesalts, suchThs guSCdSH20f crh@llrgedl BobHAAY bHeuhQEalam@mam@ gas

h fluid,bed N I LY. f .20

Prvent 55, ' SroRs Pars FENRRETEY o <3y Mo p Rt e Bn e ohRt oty cne
in the gas @ladaegotrimeihylladppinum paoldy wekerabkowat&hecpnbainisgfrom both
the gas PhasgobGafiic sails!! dgﬁ%d)lsagdmik'ﬂﬁ?:g Q?VSlﬁngngPst}Lﬁledgr\?é{‘}y

which allo incréased throughput o roduc
catal yst. 2%ide dlSPK@b@ﬁ&@DyOftW@lﬁ@wﬁﬁﬁrwzaghﬁﬁ Qcép@$yh%leU;thw§nls

undert aken re.a pr.es be e e
emper at ur e SELaRE AE1 e ghcPOITII08. PURY [ 3Peypreal il ket |
under t akéen ﬁnlUMQOﬂléhdtbédegas phase or in a slurry reactor. The high

activity of the 3@haakabust $oRetRenpBlilAWri 98t bhi SAGCCYSO ! ok PLESSIEES
fluid bed gas phase and/or sturty Process product —produCtT o, voch
| ower actlveE¥_E§ﬁgEE§13 than those described herein are

The process of the invention may be undertaken in gas

phase, in fluid bed gas phase, or in slurry. The catalyst of.
20 the invention, allows for the production of linear low
density polyethylene in the gas phase or in a slurry
polymerization. The products from both the gas phase (e.g.
fluid bed) and slurry have a high bulk density, which allows
for increased throughput of product per weight of catalyst.
25 Preferably, the polymerization (copolymerization) is
undertaken at a temperature and/or pressure below the
sintering temperature of the polymer particles. Most
preferably, the process is undertaken in the fluid bed gas
phase or in a slurry reactor. The high activity of the
30 catalysts herein allow for efficaceous low pressure fluid bed
gas phase and/or slurry process product production. Much
lower activity catalysts than those described herein are
employed in high pressure processes at pressures which exceed
400 psi, such as solution and high pressure slurry polymeri-
35 zations. For the production of ethylene copolymers in the



enpl oyed in high pressure processes at pressures which exceed 400 psi,
such as solution and high pressure slurry polyneri- 35 zations. For the

producti on ene copolyners in the WO 98/

P sty 1 R aiibse - 10- 01;l'fl‘%s”““’r}’i’ocess |
of the present invention an operating teopgtature of 30[err] to 115C
Is preferred, and a tenperature of 70[err] to 106[err]C IS nost
preferred. Tenperatures of 75 to 90[err]C are used to prepar e

products havpfecasslensitie Grdsde tthwerBRAoranth op%raﬁﬁi@e%é’:ﬁﬂéfét@%e of |
ensity

80[err] to 100[err]C are used to prepare products aving a
of 0.92 to 0394 togdd X 'énpésr Br@fesren ogper r) tegperaturel v 610°] Eoanosbsed

to prepare p j dens] 94 o tO In
t he gas phas{eé,) ::I éntseérl"i %%év%%d%dn'si ?lf/é%%/eo%tc %h 9% "0 toc%r%%cﬁéﬁ asedsterr)c
and hi gh denstépane quitedudtss froewiedy & dedfs{isry JoE 0.91 td o SI2 rahg

pol ynmerization, |linear |ow density prqduction is conduct ed at

70[ err] anot?ﬂﬁﬁfmsc )prr%ué'ﬂ &I%Oi § d5Rdueeddtat prepare ggpdncts. _
| n_pol yIer | apty:Gp Heaidited diereldd B ol Conl & e e d WL RS,

preferably bel ow™000 psi. =~ The fl ui react or 'S ope
pressures ofl1EfCt are0@Bepsito mrepaseppebdnahkyhavingopedehed tit o Br,8gsure

of from 150 to 3%% psi, with operation at the higher pressures I n such
ranges favortioné]‘ dt transfer since an increase in pressure increases
the unit vol unme Heatth?0 gasc ybeciel,y ldhealre lg#s density production is

Exanpl e Preparat,i.on_aof (Clerr CHerr] 4H S

(CH er rfo- p- GORARFEES Ia]I%BI'B)% f:l)an.gnpégbi deLsgt(/lBFgl’H‘EF }sefhPrRederink85°Gas
careful |y i mreeledreveolmerizatibhnuleneali 08wt Befsityl SrobGcEibar {50 (100
m.) suspension of 1,4- 25 ~ dibronmo 2,3,5,6 tetrafl uorobenzene

(d err] Br [ elsopAustep) af1709Cgprngdnhigh deRsifycpreductioni hs ¢Oaducbed at

n- BuLi addi tgioee nmust be sl ow and the solution nmust be kept cold to
prevent formatron of benzyne and LiF). A Et[err]O (15 nmL) solution of
chl or odi - ménhpbd yinglr izetianst Hescrybedpbataihenpréskhees] at&l 8e1dy Si

(CHerrjs 3Q006b) Bhi(8p2Ls8kaldy HBEBWC2BY' BLEY O¥RL 21438 RLOULE,pEriod
is operated at pressures of up to 1000 psi, and is preferably
operated at a pressure of from 150 to 350 psi, with operation
at the higher pressures in such ranges favoring heat transfer
since an increase in pressure increases the unit volume heat

20 capacity of the gas.

Examples
Preparation of (C5(CH,) H-Si(CH,),~p=C¢F,Br) (1} :n-BuLi
(16.8 mL, l.6M in hexanes) was carefully injected over a 5
minute period to a ~-78°C Et,0 (100 mL) suspension of 1,4-

25 dibromo 2,3,5,6 tetrafluorobenzene (CeBr,F,) (12.9 g) and
stirred for 10 min. (Caution: n-Buli addition must be slow
and the solution must be kept cold to prevent formation of
benzyne and LiF). A Et,0 (15 mL) solution of chlorodi-
methylsilyl tetramethyl cyclopentadiene (CH,),(Cs)Si (CH,),-

30 Cl)H) (8.97 g) was then cannulated over a 7-8 minute period
into the flask containing LiC,F,Br. A yellow solution formed
immediately. The solution was left stirring at -78°C for 1

hour and then warmed to -50°C for an additional ~10 hours.



into the flask containi ng LiC[err]F[err]Br. A yell ow sol ution forned

I mredi ately. The solution was |eft stirring at -78C for 1 hour and

t hen war negyd 98/01288[ err] C for an additional -10 hours. PCT/USOWMA098/ 01456
PCT/ US97/ 11074 -11- After this
time, the reaction was allowed to warmtelieom t enper at ure overni ght.
Stirring was then stopped, to let the salts settle over a one hour
period. The remaining yell ow sol uti on was separated by cannul a

filtration. Beﬁ@yatnni t fme, Sthe/ardadtion twes fallowdd fefiamm marmnoi |y

lid. I I t f t I I
SO0 o CERUTAERL 2B e LAt R G dgld 2 PRl syl o
[err]H Si (Ckﬁbts]setﬂ[.erm}ﬁt ex rqre (Iehwr rr}GFIEJeCPd-] The_lrE(rEJ[namq @)e[lelrov])
(2): n-BuLi

-78[err]C Etf%fﬁ’d’?‘ %g%éé%mgﬁé?%% 'ﬁ)/t dlé}?le?r%egm‘}ﬂ Yor

mn. Thi$ nisédlvennasromerheuf ickina teldeeiftvian m&nqea oily sodiai. 78[err]C

adli ] on & yRPFEISSRbFOR b AR PRI TR a C 1o4h A Ped e eligper 1) o

for an addi t¢9p§1 sdfidoursi andl 1hen ¢.efgsgo 15 war mto roomtenperature
overnight. The product forned a %l\dlgl ow sol ution. Solvent was renoved

under vacuum and Preparation qfictCsiaEs ﬁéd%)WH‘I?GFQQ)(%E'SbenthhéEtzﬁ)uér
punpi ng | Yn-Buti t£, 6 et ,ald e s inbdted)SQlad %‘10@1 ring

81% Not e: TIns reaction does not proceed if pentane is use lnstead
of di et Wyl etimto (aEt-['é&'rq @t.8s (the IsvaéﬁI.lUtlon of 1 (Prépar a@m@nSbirJ:ﬂperr]

(CHerr]-Si( 1§ d 1 r

Prlerr]O[ er%_le% J[‘)rBuLl r{{gfgn{%ﬁ(ez @%/I ane’éj)Sl \e/\a/é{sd]egyrvllr? c(?mmla
into a stirriesl a 7-8‘[&?(1’ |JE&,0sophOpyl) eshéut(.eﬂ,OOﬁLﬁ(Gmsmsi omlmdediately and
then warned to roo erat ur on |ts own t|rr ng S 25 canti nued
over ni ght arI&P?réf?‘E%l n%‘ea ST LPYs PSS i 5 ormed 3)9% fﬁ’ﬁ.SkTI‘I'@si sopr opyl
ether was regpyvefeyi@ cargrd &or an hidditaldnel 1@ heave anwhihencnygtalbi ne

solid vvmch was t hen washed 1x vmthr{)aﬂg_}ane é 20 nl) and urrped dry.
Yiel d 2154 grarm to 7magm NeARPe IRERE|CYRT PFOINCSH r‘?rHISéis 3not

proceed 30 ydO1&@PNgd Bt th N Rylivieert Eta{£rﬂdn£a\t§d 'Urﬂaed'u&amuhh%nﬁomﬂ ion
of an 0|Iy | ayer at the bottom possibly a calathrate. Longer
reaction timeeequct was Washesh iedifd di3% Memeatiane.heAfter P@E‘E&éﬂed

yield of 3. 45¢ of HEM &rydtaN1inRdWotdleRlasPlisdlated. Yield 3.2 g,
81%. Note: This reaction does not proceed if pentane is used
20 ‘instead of diethylether (Et,C) as the solvent.
Preparation of (Cs(CH,),=S1i(CH,;),-p-C¢FB(CsFs); - Li (i~
Pr,0),) (3):n-BulLi (1.15 mL, 2.5 M in hexanes) was syringed
into a stirred -78°C isopropyl ether (~40 mL) solution of 2
and then warmed to room temperature on its own. Stirring was
25 continued overnight and left a white solid suspended in
solution. The isopropyl ether was removed via cannula
filtration to leave a white crystalline solid which was then
washed 1x with pentane (20 mL) and pumped dry. Yield 2.54 g,
77%. Note: Removal of the Cp methine proton does not proceed
30 to completion in either Et,0 or THF due to the formation of an
oily layer at the bottom, possibly a calathrate. Longer
reaction times (2.5 days) produces no difference in the
recovered vield of 3. Use of greater than 1 equivalent of n-
BulLi is also ineffective. Use of a smaller alkyl lithium



BuLi is also ineffective. Use of a smaller alkyl lithium WO

98/ 01456 PCT/ US97/ 11074

-12 - wo ®lgdseas methyl |ithium (MeLi) does not work e|Pt|}ﬁfsg7,ﬁ0-,4

m xture of unidentified products is recovered in this case. The use of
lithiumdinmethyl amde (LiN(CH err]) prodaces results simlar to that
when 1.1 equivalent of n-BuLi is used (i.e. - 5 50% conversion to 3).
Preparation of (zZrd J[err] ([err]-CJerr] (CHerr]-Si

(CH err]-p-&herris[ gethB1( Chent | eMel.i) doesLhoéin’f[{eéﬂ;Q{-erri) (4):
0.708 g of 3 was sus ende% in. i-Pr[er Ji((: é and, cooled to -78 C.
1.1 equiv. BEXYREE|Qf PniggRtigied,gyodu tstﬁ@nr‘éﬁ‘ag refdohPythis Sase- arm
addi tion fupnelusépes 19thaddi dimethglyenide oLiN{oH[E( bubdbbesreésﬁnes
was allowed to warmto roomtenperature and _stirred overni

solution simpharcbAcERREatBANandl WAEHIYALERE| PFi RgBURs &8 o‘é?o%% & y%# I'ow

oil layer d t+thgybottom of the flask. The excess

(i Pr)[e?r]%sgﬁﬁﬁﬁg?gdtgfg) t hen punped dry. The 15 product was then
di ssolved in -30Prrdap&+{uawx]1C¢Fer(Z}'Cand(ﬂr"eﬂt(C&;)hesl(CH3 ) e CsB/BUE Bt | e.
The supernat ant , was then f||te 3&9 hrough medi um porosity filter

paper. The &H &7Felel r [(4has Or v8det 3 prapendedefpod REABLT i ne

solid. SucGgssi Med cool&&CtysStasltzation é@@m&-&_@rz}@ﬂ errglg H&gryt g left
a yellowoily 20 . solid which becane cr %lil i ne after vacuumwas applied.

Yield .790 ghemoagded slapiy: VigxFhge 32 i rfunnel. 1:Upomt i o

t oget heg bei @£t 26ldlj Ng yellowobdli fd?hfl@di rek ptméitk&&fcﬁiéﬂ'@és rESded to
Li kewi se, vacuum transferring i-Pr[ feﬁ% nt o d ZrcJerr] also
gi ves 4. |3 9% IeQmkempREahy %Iu‘?,’t‘dn% ‘b‘éﬁlﬁ%’s‘}% wi He S9iutian

I-lPr[err] O vids concéx@@?yge%nana whées hthe §@imﬁ1g waddestsdd QN.-y %ﬁ;&:ﬂ] )
only e of Zr err ction ves_traces 0 iC
cannot be r%’rﬁovﬂ?ﬂy%ﬁs‘i’ﬁ/ der ?h’é‘l?e%‘t':?’?r%% B Tcﬁf‘hé’% Rkl &he

somnme decorrméssn(mrmedasgmnmxﬂaoieﬁeb\fefd thafl pumped Btepar ghkon of

(C[i%gﬂ-l er]rPrB%‘gf”]“H—ﬂ? ?n* %%%2‘%5?45’1 (%6%‘[ ﬁ{?kéz AnG IRkt kR pkdfed in

the salts settle. The supernatant was then filtered

through medium porosity filter p.aper. The CH,Cl, was removed
to leave a yellow crystalline solid. Successive
recrystallization from CH,Cl, /pentane left a yellow oily

20 solid which became crystalline after vacuum was applied.
Yield .790 g, 52%.
Note: Mixing 3 and ZrCl, in a l:1 ratio together before adding
cold i-Pr,0 produces similar results. Likewise, vacuum
transferring i-Pr,0 onto 3 and ZrCl, also gives 4. In all

25 cases, the product needs to be washed with a little i-Pr,0 to
remove any 2 which is formed in the reaction. Use of only
.95 equiv. of Z2rCl, in any reaction leaves traces of 3 which
cannot be removed easily. If the reaction is done in CH,Cl,
some decomposition of the ligand is observed.

30 Preparation of (2r(CH, Ph);(n°-Cs(CH,),~Si (CH;),-p-
CeFB(Ce¢Fs); + Li(Et,0),) (5): 0.200 g of 4 was suspended in ~10
mL of Et,0 and cooled to -78°. BzMgCl (161 uL, 3.2 eq) was

syringed in and the reaction was allowed to warm to room
temperature. A bright yellow solution formed immediately and



m. of Et[err]O and cooled to -78. BzMgd '(161 [err]L, 3.2 eq) was

syringed in and the reaction was allowed to warmto room t enperat ure.
A bright y¥P%8Q1486| uti on forned i nrediately and PEUSH/ 10074 56
PCT/ US97/ 11074 -13 - was
left stirring for 8 hrs. Solvent was strilbed and the pr oduct
dissolved in CHerr]Cl[err] to separate the salts. The sol ution was
cannula fil tereaegg_;ja% Jed under vacuumto | eave a bright yellow
solid. Vield%% SEHRE 498t 8- DFBi-s S°lgentr vast strippes ant preceed
well in i-PHreduk® dissolved in C Al

R HE’G‘:FP%oats er r ]s(aésfer r F0g

(zZzrdferr]([err C|err]H[err CH err] rr -
(CHerr]- Bk Flg["é‘l‘zl %69 PFFF*[ é*‘f"] dEHW Prferr varhenrtd {&ave
. 475 g of 4aWaﬁ'1 e\mblw s@43d. vieid9nédt Eé@bﬂ.yﬁga( baﬁgtfreﬁ%%- 10

of cold ( 78[err].C err cannu

solids and §[e Fé&zl ?Léo#tlgroF%%ewﬁ%hr@fbTPIZzChrs A yeI | ow sol ution
f or med. Stlrrlng S A5t h |l to settle and
t he ol Lt PSgPaEatity of, RRC: o e R SRl i Kb et (S .

CH err] O [ eprfn8rCaRg sriectiyRrab) |)zatd)ans 47 tg deyel L qaslaldiipe 4
solid. Yield |? %antltatlve by [err] HNVR Preparatl on dP (SZ

(CH err] {[&P PriHies riDass freqglerr Mo Enér P Cloder (<78 e Cit;C1, was

Si (CH 7 175
of | (6) s e Ehe. 16 e B (O AR ol PR o 78 G 2.

sus
equi v. 1§°° Cerpara &p P@va 50%y¢i BERd i veid avhsaladitaront dempd colstlfzqunjg hr .

It was themwrﬁwbﬁgdfomtgm afele ANduld WLl J: hrcf The
resul ting SOlJ{j-él on was filtiered c:Iamd t hen sol vent was é"rrrlﬁved under

vacuum to | TAREEPR 3R Febtected via cannula (£ ldinafigener Suiczesstve
[ZF(CH[erF]GH=CIHF§GI(1{:mé]r&@ﬁ&ﬂﬂidﬁ&@"ﬁ%ﬁd )a (llegj]gdé‘, crystal err]

CH S F F = 0.
éll s[sglr\r/]ed :%%Qerr]%%eerr] “Eﬁ%‘é@&l%e”] Lerr Zr]C megequi val ent of
Sampl ¢ and war e Te ook droarn o 1 aheg a?gﬁﬂhi‘ea?p i

sanpl e and war rred to roomterrperature

spect r um wes (1C8a bs e ok B MstlﬁLﬂnth@@)and('eXhl biied g of [EASQNENCES

consi st ent vmthnehe f.or tlon of the COE Spectroscopl c data:

[err] HNMVR [BFPF OZr‘“LCﬂ[feFF}(? a rqf-]Q)leGB(tiﬂ SIBHerrd.5 efuiv.

Si(CHerr] C)t,l[mmr]ﬁagoéﬁr%be@ {Hid rdRe dfdddibn %e%t?"éoqu for 1 hr.
It was then warmed to room temperature and stirred for 5 hrs.

20 The resulting solution was filtered and then solvent was

removed under vacuum to leave a yellow solid.

U'I@

In situ generation of [Zr(CH,) (THF) (M*-CsH,S1i (CH;),) (n5-
Cs(CH,) (=81 (CH;) ,~p=C,FB(C¢Fs),) ; 0.33 g of (7) was dissolved in
THF;, and cooled to -10°C. One equivalent of tris-

25 pentafluorophenyl boron was then added via spatula to the
sample and warmed to room temperature immediately. A !HNMR
spectrum was recorded within 10 minutes and exhibited
reasonances consistent with the formation of the compound.

Spectroscopic data: 'HNMR 6-0.22(s,3H,Zr-CH;); 80.63(br s, 6H,~
30 Si(CH,).,-):80.30(2,9H,-Si(CH,),); 81.79(s, 3H, Cp-

CH,) ;81.88 (2, 3H,Cp-CH,) ;81.99 (s, 3H, Cp-CH,) ;81.99 (s, 3H, Cp-

CH,) 785.72(br s, 1H, TMS-Cp) ;85.95 (br s, 1H, TMS~Cp) ;56. 40 (br



CH err]);[err]1.88(2,3H Cp-CH err]);[err]1.99(s,3H Cp-CH err]);

[err]1.99(s, 3H, Cp- CHerr]);[err]5.72(br s,IH TVM5-Cp);[err]5.95(br s,
1H, TMS- Cp) wd smionds. 40( br WO 98/ 01456 PCT/US97/11074

PCT/ US97/ 11074 -14-

s,1H TM5-Cp);[err]6.50(br s,1H, TMS-Cp). -14- CATALYST PREPARATI ON
Al'l procedures were perforned under a dry nitrogen at nosphere. Al
quuids/solvents wer e anhydr ous. 5 Catal yst A, 15 ng(0.0097 nmol)

of (zr(Clferr %s Cp) ; 56 ﬁ%f]ﬂﬁﬁr]ma‘,& (CHerr])
[err]-Cerr]( Hk % ar-panFww]mqaﬂFww]}u
(Oi-Pr[err]O [eru};ALYST HEBEAEA EQNved in 2.0 g of a MAO tol uene

Toom -t enper i b, PTAESELRAr A BUEEommAd By . adly ALER40E ¥

preparati on. atmosphere. CbAblykiq&idﬂ/agl?enbsgﬂenmnaqhydrous.
- H -n- | f
VAQY ol ueke. Sol ut | SAER L8Shos £ 3 BB A0 T b BRI U2, 2 T000) “at
t t . 1
N e e

copol yners we hese lenti'ca
polynerizationeﬁéOGEdsﬁbsed in 2desgrobes MBOHWoluene solutiord (BB |weight

stai nl ess steel aut cI ajyure _ ch d mnth 1500 nL
hept ane and 1BB*HE? Q%h% %”%%%ﬁ@g{ %f 4Al/zrh$@%%%c%%?§
tri-iso- butylaémpénmuura he&mmecmkabySt wasddseld iFeediosite by adisex| osed,

and the npe, brought to 70[err]C. 50 ng of catalyst B was
|ntroducgg '#ﬁég&gawfﬁﬁylene pressure. Ethylene wasa repl eni shed on demand

to keep reactoitPIessus e £angt ahi 0099 Iikho PSios Atﬁsecsﬁpzmswtzesc:l;S
the reactor was vented and coolfd to r omtenperature. 42.1
poI ymer were ¥@Fecdigsolved 1n (%tl\g@});oluene solution (I%Wt %

alumBSlh)yi 9Y63 mmol Al, Al/ZKO*QY0G0W at room temperatulrd,
POLYMERIZATION
15 Ethylene/l-hexene copolymers were prepared by these

1870

catalysts under identical polymerization procedures,
described below:
A 1 gallon stainless steel autoclave at room temperature
was charged with 1500 mL heptane and 150 mlL l-hexene. 1.0 mL
20 of 14 weight percent tri-iso-butylaluminum in hexane were
added. The reactor was closed, and the temperature was
brought to 70°C. 50 mg of catalyst B was introduced with
ethylene pressure. Ethylene wasa replenished on demand to
keep reactor pressure constant at 135 psi. After 60 minutes,
25 the reactor was vented and cooled to room temperature. 42.1
gm polymer were collected.

Catalyst A B

Activity

kg/gZr/hr 170 1870
30 I, (g/10 min.}) 0.07 0.04

MFR 17.3 18.1

Density {(g/cc) 0.916 0.917

Mole % C; 2.1 1.0

Melting Pt. (°C) 111.2 118.5



30 I[err] (g/10 min.) - 0.07 0.04

MFR 17.3 18.1 Density
(g/cc) WO 98/014560. 916 0.917 Mol ectshBi1034

2.1 1.0 Melting Pt. ([err] Q) 111. 2
118.5 WD 98/ 01456 -15-

PCT/ US97/ 11074 -15 -

1. A compound of the formula

in which Mis sel ectedcExIMB4 he group consisting 5 V\ﬂ“ﬁl E&M Hllm um
and titani um in which each of V, E,

di fferent and each is alkyl of 1 to 6 carbon atons, halide, or
unsubstituted or substltuted dmmmpﬁhtdﬁjitérwlfqrmljaded t hat one, and
only one, of V, E, and W is unsHﬂsh_i)tM)eij,I r substituted

cycl opentadi enyl; and in which L err] wherei n each of

Rlerr], Rerr], Rerr],irRwrirdh M &Sﬂ)&h’l@me,d dirlopl thie Hroup coasfseangon
at ons, ag kylo@%lgca;lﬁ& l%a(‘f’%{&w & t&)?t l form bridged bicyclic or

trlcycllc nol et es; ¥nd each of Rlerr] and R err]
is the same or 15 dif figr eviticincach a:lkaI, & ¥ tis 2hecsabenoat di€fesegt of 6

t 20 I f t | k I f 3
tg 20 car bgn ’H*)%a%thorﬁ’ a‘i)}ﬁm@f (1 t% Igferr]og r g?ﬁ’,oﬁégh&? &%g?lr], isot he

sanme or dif funsaistidmted oxn §1mammma eydiopentadikenplyloprbvide thabon

?lt ?ﬁun}o hal ogéngnggcg?ﬁy %;F&i |°? \Alg,yh: chi Fts%bgr %ﬁh?%lbgkgqﬁlteaogl o

substituted cyclopentadlenyl, and in which L is

R, B R
RZ @ A / D
3 R, Ryp 1

wherein each of R;, R;, Ry, Ry, is hydrogen, alkyl of 1
to 6 carbon atoms, alkylene of 2 to 10 carbon atoms which
form bridged bicyclic or tricyclic moieties;

A is C, sSi, Ge; and each of R, and R, is the same or

15 different and is alkyl of 1 to 20 carbon atoms, aryl of 6 to
20 carbon atoms, alkenyl of 2 to 20 carbon atoms or alkynyl
of 3 to 20 carbon atoms:;

each of Ry, Ry, Rygsr Ryyr is the same or different, and
is fluorine, hydrogen, alkyl of 1 to 6 carbon atoms:

20 - D is hydrogen, alkyl of 1 to 6 carbon atoms, sodium,
lithium, halogen, BG, or AlG; in which B is boron (B) and Al
is aluminum (Al), and

G is pentafluorophenyl, bis-trifluoromethylphenyl,
phenyl or alkyl of 1 to 6 carbon atoms.

25 2. The compound of Claim 1, wherein D is BG,.



I's alumnum (Al), and G i s pentafl uorophenyl,

2 °The. ool “ﬁ!ﬂ!lﬂll{l,ll!lﬁllsﬂgmm 515 sder) U @A
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compound of Claim2, wherein Gis pentgt! uor ophenyl . 4.
The conmpound of Caiml1, wherein each of Rerr], Rerr], Rerr], and
Rlerr] is methyl. 5. The conpound of Claim1l, wherein Ais Si

6. The conpound ®»f ClEhén Compditiidf eaAdindf2 Roviwkiy ¢ isis alkyl of 1 to
6 carbon atons. 7. The conpound of claim6, wherein Gis
pent af | ur opfgRfatluorophenylg A conpound of the enpirical formula
(V) (B) (L) I in which Mis selected fromthe group consisting of

zirconium hafniumand. titaniu dn _whigh each of Vand E is the
sanme or different*and The %?rq@sﬁﬁﬁla&p £t FRETEIH GRH & RihaRidRsror

unsubst i t ut eshddr rRyybski metdglcycl opent adi enyl provi ded that one, and
only one, of V, and E is unsubstituted or substituted cycl opent adi enyl ;
10 and in which L is

5. The compound of Claim 1, wherein A is Si.

6. The compound of Claim 5, wherein each of R; and R,
is alkyl of 1 to 6 carbon atoms.

7. The compound of claim 6, wherein G is

pentaflurophenyl.

8. A compound of the empirical formuia
(V) (E) (L)M°
in which M is selected from the group consisting of
zirconium, hafnium and titanium;

5 in which each of V and E is the same or different and
each is alkyl of 1 to 6 carbon atoms, halide, or
unsubstituted or substituted cyclopentadienyl provided that
one, and only one, of V, and E is unsubstituted or
substituted cyclopentadienyl:

10 and in which L is
R
R, B R
A Rs 4 ~ / \
RZ @ A D
3 R, Ryq Rn

wherein each of R;, R;, Ry, Ry, is hydrogen, alkyl of 1
to 6 carbon atoms, alkylene of 2 to 10 carbon atoms which
form bridged bicyclic or tricyclic moieties;



[err] ' wherei n each of r Rlerr], Rerr], is
hydr ogen, al kyl of 1 to 6 carHI H ml ne of 2 to 10 carbon
at ons whi ckyvo 9s/n01fissr m bri dged bicyelie KiCyC *r c noi et i ePCIUSIT11074

W08/ 01456 PCT/ US97/ 11074

-17- Ais C Si, or Ge; and eath-of Rlerr] and Rlerr] is the
sane or different and is alkyl of 1 to 20 carbon atons, aryl of 6 to
20 carbon atoms, al kenyl of 2 to 20 carbon atonms or al kynyl of 3 to 20

carbon atons; 5 A is Ceddh ofr Qedr@nd mpshy Pf Rgetnq, RR{IS rfhe samee ozane
or di fferent ?ﬂ%(érft arndlf 51uqr ')ﬁ'ﬂ JPdr ageng %lalﬂsbnogt@,mrso grgq_r Ren gatgns;

Dis hydrogen car bon atons; sodium hium_hal ogen;
al kyl hal i de2@ rca/:thqrh attmnsm alkenyd Pk @ o 20 @&Fseﬁ &tt@rr@ %d aRkvnyed | s
chlorine or I a@%norat%q‘sAlqerr] in which Bis boron (B) and Al
is alum num TAl I's selected fromthe group, consisting of

pent af | ubr o- qﬂn@hwf Rer i Nfu&xmre%hyi‘-s BRensame 98 r dhbhereRtal &34 b5 1
to 6 carmﬁg%s hP’h rogen, al}é}l ofThe teorpeurdonl atbais 8, wherein A

is Si. mpound "of Claim9, wherein each of Rlerr] and
Rlerr] is al I@Ila)fhmme@rcérlﬁ‘é’ﬁ- &forks to 6 carbon atemstheogdmméund of

claim 10, wheygly rl}np Iy 1ogerPe1A1UHAANMRY lin which the alky1AnBk0gess or
ol efin pol ymeérization conpri sing
carbon atoms and halide is chlorine or bromine; or BG, or
10 AlG, in which B is boron (B) and Al is aluminum (Al),
G is selected from the group consisting of pentafluoro-
phenyl, trifluoromethyl, phenyl, hydrogen and alkyl of 1 to

6 carbon atoms.

9. The compound of Claim 8, wherein A is Si.

10. The compound of Claim 9, wherein each of R; and R,

is alkyl of 1 to 6 carbon atoms.

11. The compound of claim 10, wherei‘n G is

pentafliurophenyl.

12. A process for olefin polymerization comprising
contacting ethylene with a transition metal catalyst, under
olefin polymerization conditions, in which the source of
transition metal is the compound of Claim 1.

13. A process for olefin polymerization comprising
contacting ethylene with a transition metal catalyst, under
olefin polymerization conditions, in which the source of
transition metal is the zwitterion of Claim 8.



contacting ethylene with a transition net 9 alyst under olefin
G

pol yneri zation conditions, in “W“ﬂ transition netal is
the conmpougd offa&s ai m 1. ess for oIefbggﬁ ner|zat|on

conpri sing contacting ethylenecmnfh a transition netal 4 under
ol efin polynerization conditions, in wgeh the source of tran5|tion
metal is the zwitterion of Claim 8. WO 98/ 01456

PCT/ US97/ 11074 - 18- 14. A process for
formi ng the conpound goddsd Mok FYHRinY RHeCeBpoLnbd o eqpauAd of the
formula J[err] with a reagent effective to abstract the

Rlerr] QNQRHP§k§¥Qﬁrﬁ9ﬂF§QRR9§nﬁM9%ﬂ§°§HG e&nt-Het ERFMIAS i nternediate with a
transition metal halide, in which the transition netal is selected fromthe
group consisting of zirconium hafniumand titanium to forma trihalide
transition nmetal salt of the internediate. 35. Bhe process of claim
14, which further conprises®he step of contacting the trihalide transition
metal salt with a conpound |ch i's Rs| i thvi um sal cyclopentadieny
conmpound whi ch conpri ses 3
ring which is nono, di

in which the substltU|on

with a reagent effective to abstract the R; group to
form an intermediate and contacting the intermediate with a
transition metal halide, in which the transition metal is
selected from the group consisting of zirconium, hafnium and
titanium, to form a trihalide transition metal salt of the
intermediate.

15. The process of claim 14, which further comprises
the step of contacting the trihalide transition metal salt
with a compound which is a lithium salt of cyclopentadienyl
compound which comprises an unsubstituted or substituted
cyclopentadienyl ring which is mono, di-, tri, tetra or
penta-substituted cyclopentadienyl, in which the substituion
is monoalkyl,dialkyl, trialkyl, tetraalkyl or pentaalkyl-
substituted cyclopentadienyl in which the alkyl is 1 to 6
carbon atoms.



isanDnoéIkyI,diaIkyI, trial kyl, H aal kyl - substituted
cycl opent adi enyl in which the al mmm' 'Mﬂﬂﬁg@ﬁ)on at ons.
* C L M 9
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- 19 - 16. A salt in which the anion is characterized by the fornul a
[err] wherein each of Rerr], Retl9s Rerr], Rerr] is hydrogen,
alkyl of 1 to 6 carbon atons, alkylene of 2 to 10 carbon atons which form
bri dged bicyclic or tricyclic noieties; Ais C Si, Ge;, and each of

Rlerr] and R erkf. i & tsed tsdme whd ctli ther entioandsi shakhaygtepizddtioy 2thear bon
at ons, aryqfq{ gzto 20 carbon atons, al kenyl of 2 to 20 carbon atons or

al kynyl 0 carbon atons; each of Ri@&r]ReRerr], Rerr],
Rlerr], is the sanme or di f;{‘erent and is fluorine, hydrogen, alkyl of 1 to
6 car bon at ons; D is hydrogen, ml kyR,of 1 tg arbon atons, alkali

met al [sodlumor Iithlunj' h al kyl halide in

whi ch the al kyl has BFi ne or bronine;

and Berr] or AIG{err] is alumnum (Al), and
G i s pentafl uorophenyl, ghenyl or alkyl of 1 to
6 carbon atons. 17&A foa F

wherein each of R;, R;, R;, Ry is hydrogen, alkyl of 1 to
6 carbon atoms, alkylene of 2 to 10 carbon atoms which form
bridged bicyclic or tricyclic moieties;

A is C, S8i, Ge; and each of R and R, is the same or
different and is alkyl of 1 to 20 carbon atoms, aryl of 6 to
20 carbon atoms, alkenyl of 2 to 20 carbon atoms or alkynyl
of 3 to 20 carbon atoms;

each of Ry, Ros, Rypy Ry, is the same or different, and is
fluorine, hydrogen, alkyl of 1 to 6 carbon atoms;

D is hydrogen, alkyl of 1 to 6 carbon atoms, alkali
metal [{sodium or lithium]; halogen {[chloride or bromide]:;
alkyl halide in which the alkyl has 1 to 6 carbon atoms and
halide is chlorine or bromine; and BG, or AlG, in which B is
boron (B) or Al is aluminum (Al), and

G is pentafluorophenyl, bis-trifluoromethylphenyl,
phenyl or alkyl of 1 to 6 carbon atoms.

17. A compound of the formula




[err] WO 98/ 01456
PCT/ US97/ 11074

wherein ea%mma;err] R er “ m“} R[err] S hy;jrzgggen%cq.mjubﬁf lto

6 carbon atons, alkylene of 2 "to 10 carbon atoms which for f"'dged
bicyclic or tricyclic noieties; -20- R5 is hydrogen or GeZ3 wherein
Ge is germaniumand Zis 5 hydrogen or all alkyl of 1 to 6 carbon atons;
Ais C Si, Ge;, and each of Rerr] and R err] is the sane or di fferent
and is alkyl vazhéréi)n?é)a&ﬁr@prkﬁt 0P, Rgryﬂ 05 ﬁya.@c en, Dy gar§eny aLQns,

al kenyl of 2 to 20 carbon ato yn 20 carbon atons; 10
each of RPeFRFPORYALPMS, F&JSF %érz] t‘?slq rﬁ-?rsb&?e ad:rOItHi fhdi@ntforand i s

fluorine, bhydgegericpdkid of ﬂri@&mrmwems D is hydrogen,
alkyl of 1 to car?lg]ratoms al k% : aclt' sodiumor lithiung;
hal ogen [ chl orfddSoPYEFEFeRePr GeZs wheZRin g ¢ i9P AT rAndh & yiS has 1

to 6 gar h@ydﬁb@éﬁ; el aliafl def ils whlérdardow altomsi;ne; and B err] or

Al i B i Al), and
G ?[seye]ntia?l EEnySSl’blcée't rﬁ’?"rff?r%hé‘tfh%p ﬂ;a/*um mgn( % al kyl of

1to Cad:hbf\eﬁémrmand is alkyl ofl& t'&émmmmndaabm@ aaﬂﬁyl7of\M66Itgl nDis
Br- 20 20 carbo]i'x9 ato-[nhe Ccfl.rﬂoe%@q.d ocg 2 t%' @Olz:ar%%r %'tgm[s) Iosr alkynyl
of 3 to 20 carbon atoms;
10 each of Rg, Ry, Ry, Ry, is the same or different, and is
fluorine, hydrogen, alkyl of 1 to 6 carbon atoms;

D is hydrogen, alkyl of 1 to 6 carbon atoms, alkali
metal [sodium or lithium}; halogen [chloride or bromide);
alkyl halide in which the alkyl has 1 to 6 carbon atoms and

15 halide is chlorine or bromine; and BG, or AlG, in which B is
boron (B) or Al is aluminum (Al), and

G is pentafluorcphenyl, bis-trifluoromethylphenyl,
phenyl or alkyl of 1 to 6 carbon atoms.

18. The compound of Claim 17, wherein D is Br.

20 18. The compound of Claim 17, wherein D is Li.



