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PROCESS FOR PREPARATION OF SYNDIOTACTIC
VINYL AROMATIC POLYMERS

The present invention relates to a process for
polymerizing vinyl aromatic monomers, such as styrene,
to produce polymers having a high degree of syndio-
tacticity, and more particularly to a process for
preparing polymers of vinyl aromatic monomers having a
high degree of syndiotacticity using an alkyl-
aluminoxane-free catalyst. Such polymers may be
usefuily employed in the preparation of solid objects
and articles such as a moldings, films, sheets_and
foamed objects by molding, casting or the like process.

10

In USP 4,680,353 there is disclosed a process
for the prepiration of polymers of vinyl aromatie
monomers haQing a stereoregular structure of high
syndiotacticity by the use of certain coordination
catalysts. Particularly disclosed were the reaction
products of a titanium compound and an organoaluminum
compound, especially polymethylaluminoxane. The process
20 disclosed in this patent, however, requires the use of
large amounts of the polymethylaluminoxane which is very
expensive and difficult to make due to its very complex
structure. Also, this process requires an expensive
polymer purification system to remove remaining catalyst

15
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~syndiotacticity by the use of certain coordination catalysts. Particularly
di scl osed were the reaction%ppoducts of a titanium conmpound and an

di sclosed in this patent, however, requifes the use of Iarge anounts of th
polynethylalun1noxane which is very expensive and difficult to. maké due to
its very conplex structure. Also, this process requires an expensive
pol ynmer purification systemto rempove Lgai ni ng catal yst

- 2- conponents due to the use-of |arge anounts of the
polynethylaluninoxane : In EP 277,004 there are disclosed certain
bls(cyclopentadlen nds fo

bi s(cycl opent adi enY %"em%‘ ce%rfrIB? "Wetﬁ drgey a@g%ﬁ%)ns?e%l aci ds cont ai ni n
a non-coor di nat i B§ ERRH%@%%HW&G&HP@% The reference di scl oses the fact that
such conpl exes are useful ly enpl oyed as catalysts in the pol ymeri zation of
ol efi ns. Acdar BP ngTT,008 hthgnee s8at displeaed crerthéRe i s now

provi ded a processs{&Fc10bepid iRay ) wetdl Ot aidundpol oy bf reea¢itDyg aronat |
el & ron e 6088 CYURLLA1 A0 OPIAGIEE Y. GlndiCR5%: A SaBOL YIoL | 2201 e VInY

aromati ¢ nondner _un on con I t10ns a cata
char act eri zed Bronsted acids containing a non-coordlnatxng compatlb e

anion. The reference discloses the fact that such
complexes are usefully employed as catalysts in the
polymerization of olefins.

10
According to the present invention there is
now provided a process for preparing a syndiot_actic
polymer of a vinyl aromatic monomer
15

said process comprising contacting at least one
polymerizable vinyl aromatic monomer under
polymerization conditions with a catalyst characterized
in that the catalyst comprises a metal complex of the
20 formula:

[CopMXaX ' pI*A™
wherein:

25 Cp is a single qs-cyclopentadienyl group or a
qs-substituted cyclopentadienyl group which may
optionally alsoc be bonded to M through a substituent;

M is a metal of Group 3, 4, 5, 6, 8, 9, 10 or
the Lanthanide Series of the Periodic Table;

each X independently is an inert anionic ligand
or a group of formula R, with the proviso that at least
one X is R;

30

X' is an inert, neutral donor ligand;
each R independently is hydride, or is
hydroecarbyl or silyl, optionally substituted with one or
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in that the catalyst. conprises a netal conplex of the fornmula:
[err] wherein: Cpis asingle [err]-cycl opentadi

bonded to|[M through a substituent; Mis a netal of Goup 3, 4, 5,
6, 8,.9, 10 or the Lanthanide Series of the Periodic Table; . each
I ndependently s an inert anionic ligand or a group of formula R with th
proviso that at least one Xis R -~ -5 X is an inert, neutral donor
ligand; each R i ndependently is3 hydride, or is hydrocarbyl or
silyl, optionally substituted with one or :

- 3- nmore hal ogen atons or al koxy groups, and having up to 20 carbon
and/ or sificon afYifshalogen atomgnarngliosh @rPHBRpEAdRRY JRE0uUBrtal ;20 .
is an integer gremtben bivorosikipwl atemd; and the sumof mand n
is one less than the vahenae pobrM i filepbh&dnt3y bSooNti Onal ly bonded to M

through a substituent, the sum.of mand n is %lvvo J.ess tﬂq;glftme val ence of
M and A is a Roht&Er ARRERINET 2 IPPBIY &AFD & Bnsted aci
salt. i s the sum of m and n is one less than the valence

of M, or when Cp is optionally bonded to M through a
substituent, the sum of m and n is two less than the -
valence of M; and ' ' S

. A" is a noncoordinating, compatible anion of a
10 Bronsted acid salt.

As used herein, the term "syndiotactic" when used to
refer to a polymer, indicates a polymer of which greater
than 50 percent and preferably greater that 75 percent of
15 the triads present are syndiotactic, as determined by C13

nuclear magnetic resonance spectroscopy. Such polymers

~ may be usefully employed in the preparation of articles
and objects (e.g., Jia compression molding, injection
molding or other suitable technique) having an extremelj_
20 high resistance to deformation due to the effects of
temperature. '

Examples of R include aralkyl, alkaryl,
haloalkyl, silylalkyl, haloalkyl, haloaryl, haloalkaryl,
25 .halosilyl, haloalkarylsilyl, alkoxyalkyl, and so forth.

The term "inert" means noninterfering with the . ..
desired catalyst preparation or with the use of the
resulting metal complex containing compound as a

30 polymerization catalyst.

Illustrative but nonlimiting examples of X
include R, halo, NRj, PR,, OR, SR, BRy, etec.

~ Illustrative but nonlimiting examples of X'
include ROR, RSR, NR3, PR3, Co_pg olefin or diolefins,
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As used herein, the term"syndiotactic" when used to refer to a polyner,
I ndi cates a polyner of which greater than 50 percent and preferably greater

Clerr] nuél ear magnetic resonance spectroscopy. Such'polyners nay “be
usefully enployed in the preparation of articles and objects (e.g., via
conpression nolding, injection nolding or other suitable technique) havin
an extrenely high resistance to deformation due to the effects of

t enper at ure. Exanpl es of R im8tude aral kyl, al karyl, hal oal kyl,
silylal kyl, hal oal kyl, hal oaryl, hal oal karyl, haneryI, hanaIkaryIsinI
al koxyal kyl, and so forth. The ternr"inert" means noni nterfering

wi th the desiredetxat abystt doneparighh@d) ale wbid toheormseshated he resul ting

metal conpl ex CofieRitPbADIHRIPONoRS, %?thnawaaaﬁr Yangat al yst.
Illustrative but nonlimting exanples i nclude R, halo NR[err]

P OR, SR B t
e>|?[a(rarrr)lr]es_of X R[err}: %%Ht Q‘Lu}(r éf]e er?i‘n Cﬁe pr_ ngﬁnet{’@ |ng

|n%]¥

di ol efi ns, ysts used in the present invent %a(r-éz @(rch donor
| i gands are &bl ecompinbrgnadhieast twd eaxmponediohds heneimsfter f ormal coval ent
bond. ' disclosed. The first component is a derivative of a

metal of Group 3, 4, 5, 6, 8, 9, 10 or the Lanthanide
Ser;es of the Periodic Table of the Elements containirg
at least one substituent which will combine with the
cation of a second component (described hereinafter) or
alternatively which is subject to oxidative activation
as hereinafter described. The first component
additionally must be capable of forming a cation
formally having a coordination number that is one less
than its valence. The second component is a salt of a
Bronsted acid and a noncoordinating compatible anion or
alternatively a salt of an oxidizing cation and a
noncoordinating, compatible anion.

10

15

20
All reference to the Periodic Table of the

Elements herein shall refer to the Periodic Table of the
Elements, published and copyrighted by CRC Press, Inc.,
1989. Also, any reference to a Group or Series shall be

25 to the Group or Series as reflected in this Periodic
Table of the Elements, utilizing the IUPAC system for
numbering groups.

As used herein, the recitation "noncoordi-

30 nating, compatible anion" means an anion which either
does not coordinate with the first component or a
derivative thereof; or which is only weakly coordinated
to said component thereby remaining sufficiently labile
to be displaced by the vinyl aromatic monomer to be
polymerized. The recitation "noncoordinating,
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The catalytically effective ingredients of the catalysts used in the
present invention are prepared by conbl ning at | east two conponents_a
her ei naft er di scl osed. dgeri.vative of a netal o
Goup 3, 4, 5 6, 8, 9, 10 or t he Lanth‘anl de Serles of the Periodic Table
of the El errent_s containing at |east one substituent which will conbine w
the cation of a second conponent (described hereinafter) or alternatively
which is subject to oxidative activatifn as hereinafter.described. The
first conponent additional |y nust be capable of forming a cation fornally
havi ng a coordi nation nunber that is one |ess than its valence. The secon
conmponent: is a s of. .a Bronsted a d a_.noncoor di natl n npati bl e
ani on or |al terna;’:%l ariple uign oﬁ%ﬁﬁdg?ﬁf&,”ﬁé‘eﬁ%fﬁ “of" i 8 '%blrfg‘ ordi natin
conpat i blie ani orfhen f““°t1°mAlSl agct @hange hadappingrapiediie tadl e of the
El enent s iher ei n cahal¥str sfetent oft tiei sPenivedl ionTabé< not trhwmsEbenent s,

publ i Shed and capyshdhisadsPitueRE &F Q?ﬁgmérﬂ;c the;&ﬁ‘gtoﬂfﬁocaéﬂ%lr ef erence t
a Goup or Serlg?, ?hoanll bghe carta s(’é‘lf ? t§|es .as reflected in this

Periodi c,Tabi e e Bf e LA 1NST i ZF AP AARLT 3BACT R e ‘T%r-- numberi n
gr oups. _} anpany, ybdchare; ﬁ°tt4$§f'ﬁé%4 ttet neﬁtvaﬁehz:dmdar theat i ng,
conpati bk e ani oméaeteians cand itiibos athithh midseat doeatbai. coordi nate with th
first copponent or a derivative thereof; or which is only weakly - :
coordinated to said corqgameﬁﬁnthheérqhyahemwtmgu&uffl ciently labile to be
d' spl aCEd by t h@ygicﬂﬂélnt%%l' grcﬂR@OFEF JsR QQCMIXEE{A %ﬁg pr'e-ggﬁtr ecitatio

"noncoor di nafgi n
atol gnventlon are mo

re specifically depicted by the formula:

R! R"

15 R! R
Rl
wherein:
20 .
each R' independently is hydrogen, halegen, R,
N-Rp, P-Ry; OR; SR or BR,, wherein R is as previously
defined; and
25 R" is a group of the formula R' as defined

above or a divalent group of from 2 to 7 nonhydrogen
atoms that is covalently bonded to M.

Preferably, R' is alkyl or haloalkyl of up to 6
30 carbons, and preferably R" is alkyl haloalkyl of up to 6
carbons or 02_5 oxyalkylene or alkylene.

Illustrative, but not limiting examples of
metal derivatives (first components) which may be used
in the preparation of the compounds of this invention
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- 5- conpati bl e anion" specifically refers to an anion which when
functioning as a charge balancing anion in the catalyst systemof this
| VE - vaw —aa~ U U C cl €U

t he catifonic portlon of t he catalyst Cbnpatlble ani ons are al so anions
whi ch are nof” degraded to neutrality under the reaction conditions of th

present .i nventi on. ' Cycl opent adi enyl and substituted
cyclopentadlenyl groups for use-according to the present invention are
specifi¢ally depi cted by the f or nul aT®- [err] wher ei n: ] |
R independently is hydrogen, halogen, R NR2, P-R2; OR SR or BR2, ‘
wherein:R is as previously defined; and R' is a group of the
formul ajR as detidedvabbves of tithiniahentirgooiypn,ohafriom,2 to 7 nonhydrog
atoms that is eavenf, Yakuided, tadW Preferably, R is alkyl o

hal oal kyl of up to 6 carbons, and preferably R' is al kyl hal oal kyl of up
6 carbons or C[e”] Omkkﬂ'tﬁ‘}%agiy%u@{l é"Leal derivative!ddmpShadd i ve, Dbut

I|n1t|ng exanpl erivatives nents whi ch may be u

f
in the ,'prepar aﬁ on o%sgeh%”cn nPoEfH B?b{ttﬁté'epﬁlgﬁ? off € herer

devoid of reactxve hydrogens or wherein potentially
reactive hydrogens are protected by bulky protecting
groups. Illustrative, but not limiting examples of
suitable metal derivative compounds include:
tetranorborenyl titanium, tetrabenzyl zirconium,

)

10 'tetraneopentyl titanium, (cyclopentadienyl)dimethyl-
(isopropoxy)titanium, (ecyclopentadienyl)dibenzyl-
(isopropoxy)titanium, (cyclopentadienyl)dibenzyl-
(phenoxy)zirconium, (cyclopentadienyl)dibenzyl-

15 (isopropoxy)hafnium, (cyclopentadienyl)dimethylzirconium

chloride, (cyclopentadienyl)methylyitrium chloride,
bis(phenoxy)di(trimethylsilyl)zirconium, . '
phenoxytrimethylzirconium, bis(2,6—diisopropyl-4-
methyl)phenoxy)dibenzyltitanium, bis(2,4,6-
20. trimethylphenoxy)dibenzyltitanium, tri(tertiary
butyl)siloxytrimethyl zirconium, bismethoxy-
di(phenylmethyl)titanium, bis(2,4,6-trimethylphenoxy)
dibenzyltitanium, triphenoxybenzyltitanium, bis(2,4,6~
trimethylphenoxy)propylscandium,
butoxytris((trimethylsilyl)methyl)zirconium,
dimethoxydimethylzirconium, 4-(1-methyl-1-(4-methoxy-
phenyl)ethyl)phenoxy tribenzyl titanium,
dinorborneyldichlorotitanium, tribenzyltitanium hydride,
P 30 cyclopentadienyltribenzylzirconium, cyclopentadienyl-
§ tribenzyltitanium, cyclopentadienyltrimethyltitanium,
cyclopentadienyltrimethylzirconium, cyclopentadienyl-
trineopentyltitanium, cyclopentadienyltri(diphenyl-
methyl)zirconium, cyclopentad1enyltrlpheny121rcon1um,
cyclopentad1enyltrlneopentylz1rcon1um, cyclo-

25
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- 6- are derivatives of titanium zirconium hafnium chrom um

|l ant hanum etc. More preferably such netal derivative conpounds
ar et 10 $% aV Y O o o _ . v o v o -
hydr ogen$ or. wherein potentially reactive hydrogens are protected by bul

protecting groups. Illustrative, but not limting exanples of suitable
met al der| vative conpounds include: tetranorborenyl titanium tetrabenz
zi rconi um tetraneopentyl titanium _{¢cyclopentadienyl)dinethyl-

(i sopropnxy) titanium (cyclopentadienyl)dibenzyl- (isopropoxy)titanium
(cycl opent adi enyl ) di benzyl (phenoxy) zi rconi um

(cycl opént adi en %’dl ben | so opoxy) haf ni um
(cycl opgnt adi erf%//e] ch?' "CEHI“HH §&clopentadienyldi(p- .

(cycl opgnt adi eﬁwlyhﬁi}mloywm geoetédemtadéenyltrimethyltitanium
bi s(phenoxy) di (HykirDeed hylysldpdnkal { SOtV i pHURGDAKBHY Lz BREdN i r4a@ni um

b 2, 6+d 2,4, 6-
{ri et by LLZﬁﬁ%ﬁy:“‘e’e oy .‘%%%%ﬂ%eﬁ‘?’?ﬁ%?”%?‘“‘*P‘emi"ﬁ%. Poxyt fi et hyl

i r coni &m HFR (HoRSRIAREh Y A RFRAdLeny
bi s(2, 4; 6- tr| methpe Phdadrggnivai b@whyclmmwlqmlphm@hﬂeml titanium
bi s(2, 4; 6- trlcﬁﬁiﬁmd plaofmethpl &pylopentsd Wiyl tribenzylzirconium,

but oxyt r| s((t r 0l bﬁXﬂ;QJ@EE‘X ﬁ;tlr ﬁ fu 1t9ﬂé?§% ox(ydl met hyl zi rco_m u
Ao t5y |

4- (1- met hyl oxy. t.r.i benz titani um
di I(’IOI‘ bar ngyl di E’Hfgf% Péﬁ‘?‘tﬁr‘)ﬁl Fﬁ%]l ai“i' “‘ ’

cycl opent ad10enWt:M*teecnréymqpeommnyéqem@mﬁz befiosdyn

(pentamethyleyclopentadienyl)dimethylzirconium chloride,
indenyldibenzyltitanium chloride, (pentamethylecyclo~
pentadienyl)diisopropoxyhafnium chloride,

- 77 '(benzyleyclopentadienyl)di(m-tolyl) titanium chloride,

15 (diphenylcyclopentadienyl)dinorborneylzirconium
chloride, methylcyclopentadienyltriphenylzirconium,
tetraethylecyclopentadienyltribenzylzirconium,
propylcyclopentadienyltrimethylzirconium, propyleyclo-
pentadienyltrimethylzirconium, (n-butyleyclopentadienyl)
dimethyl(n-bﬁtoxy)titanium, cyclopentadienyldiphenyl-

'isopropoxyzirconium, cyclohexylmethylcyclopenté-

dienyltribenzylzirconium, cyclohexylmethylcyclopenta-

dienyltrimethylzircdnium, cyclopentadienylzirconium
dihydride, benzyleyclopentadienyldimethylhafnium,
indenyltribenzyizirconium, trimethylsilylcyclo-
pentadienyltrimethylzirconium, trlmethylgermylcyclo-
pentadienyl)trimethyltitanium, trimethyl-
stannylcyclopentadienyltribenzylzirconium, (penta-

30 trimethylsilyl)cyclopentadienyltrimethylzirconium, tri-
methylsilyleyclopentadienyltrimethylzirconium,
penta(trimethylsilyl)cyclopentadienyltribenzyltitanium,
trimethylgermyleyclopentadienyltriphenylhafnium,
cyclopentadienylbis(p-tolyl)scandium, cyclopentadienyl-
dibenzylchromium, pentamethyicyclopentadienylbis-

20
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tribenzyltitanium cyclopentadienyltrinethyltitanium
C\ cI oent adi enyl trinethyl zi rconi um cycl opent adi enyl -

cyclopenﬂadlenyltrlphenyI2|rconlun1 cyclopentadlenyltrlneopentyI2|rcon|u‘
cyclo- -7- ‘
pent adi enyl di (mtol yl)zirconium cyclopentadlenyldl(p- tonI)Z|rcon|un1 ;
cycl opentadi enyltrinmethyltitanium hydride, '
cyclopentadlenyltrldlphenylnethyI2|rC%h|un1 and the |ike;
hydr ocar byl - substi tuted cycl opent adi enyl conpounds such as
pent anet hyl cycl opent adi enyl - trinethyl zi rconi um

et hyl cycl()penta&hn&mythYMsnérlmdthvn)y1uninmungentamethylcyclo-

pent anet hyl cyclpent fehyanys t tx iRQ BRI Ay ERMHYT) scand ium, .
n- but yl cycl()pe Qgﬁ%%ﬂ}in ?f%HQ%Q%X eny&%n%ggplmgkh¥3311yl)1anthanum,

but yl cycl opent di e %
cycl ohexyl cycl G5éntagi k¢ Fd’?arFé’ﬁﬁ?T%brsééﬁNﬁﬁ cyclopentadienyl

(pent anet hyl cydmpeMttﬁjlsgnlyla)aj|tnethgdrpmecqumlcmrtt|addwyltm—
I ndtenél di bf?é}"rrlelthﬁmiﬁﬂoﬁbh@,r itder1diomt el dyeh 6y&d ta~

ent adi en i r, :
E)benzyl cyZI open cﬁigﬁ?eny‘}gp@m#q}z?ﬁ %t Iugé ﬁ'rulr%lg 1 or i de,
(di phenyl cycl ofehPEts P?Qﬁ%ﬂdFB&%?ﬁ%PFEF¥%ﬁﬁTFBﬂ+“WﬂnFB?|ER? likes;
met hyl cycl<3pernsadvtﬁﬁuusmupwﬂaﬁyKgy¢knmenua¢1enyl)metal compounds such
tetraethyl cgocl QRe By RAYAd 1dnhe BEMledh EOM U Hirconium,

propyl cycl o en;gg% At%ﬁk%ﬂ%fé}ﬁ%&?h?ﬂ% W%QPY*P%%& fypm, and

pent adi enyl tri Zl rconitum clopentadi en

di met hyl (n- but &%) t14%mni um cycl opent adi enyl di phenyl -~ i sopr opoxyzi rcon

cycl ohexyl net hyl cycl openta- dienyltribenzyl zirconi um .

cycl ohexy! net hyl cycl oftifes- composnds twhiigbt #84 2SeEhiiFmthe

cycl opent adjgenyhtzalystnicompodithynls icfethis invention especially

benzyl cycl opentggpsindsdeoRtalnh g dtnd® croup 3, 4, 5, 6, 8, 9, 10 or
Lanthanide metals will, of course, be apparent to those
skilled in the art.

20 Preferred components are titanium or zirconium

‘compounds.

Compounds useful as a second component in the

preparation of the catalyst used in this invention may,

25 in one embodiment, comprise a cation, which is a
Bronsted acid capable of donating a proton, and a
compatible, noncoordinating ‘anion. In another
embodiment such compounds comprlse an oxidizing catlon
and a compatible, noncoordinating anion. Preferred

30 anions are those containing a single coordination
complex comprising a charge-bearing metal or metalloid
core which anion is relatively large (bulky), capable of
stabilizing the active catalyst species (the Group 3, &4,
5, 6, 8, 9, 10 or Lanthanide Series cation) formed when
the two components are combined, and which will be

C-38,253B-F -8- :
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I ndenyl tri benzyl zirconium trimethylsilylcyclo-
pentyadi enyl trinmethylzirconium trimethylgernylcyclo-
st annyl cycljopent adi enyl tri benzyi zt.f Tr. cpenta- - -
trimet hyl sifl yl ) cycl opent adi enyl tri-methyl’zi'rconi um tri-
met hyl si | ylicycl opent adi enyl tri nethyl zi rconi um :
penta(tringthylsilyl)cycl opentadiienyltribenzyltitani um
trimet hyl ggrnyl cycl opent adi enyl tri phesgyl haf ni um _
cycl opent afli enyl bi s(p-tol yl)scandi um. cycl opent adi enyl - di benzyl chr om umjg
pent anet hyd cycl opent adi enyl bi s- '
(trimethylsilyl ggedndibytiy 1dBY 1P BIBIPhEYE] By the polymerizable
pent adi enyl bi s(“rl1 rftapgrlnastl.lcy;nrret P¥I ) scandi um

A Mol SRYT

pent amet h§l cycl op adreny et hyl silyl)lanthanum and the |ike;
hal ogen-substituted cyg|opentadi enyl conpounds such. as .

trifluorofethyl cycl ope%k‘ﬁdtfeé‘ﬁ’yl ’P?“r%l“%‘éth;?isz}‘?"cdo COR" .mCludes
trifl uorojret hyl BYimgEahs uchdaebpreni rsoherus 2nd cidiei dike twbiieh uor o-
net hyl cyc] ogent athigniyl senibanzyl Zicr ensidtter Bsdicshe Suikable sideyls substitut 4§
(cycl opent adi enyhgiRkd! p ORPOWYLES 1$HELa 88, aluminum,.gold, e

cycl opentiadi enyl t ri.net hyl si|yl.zirconju C e s i
cycl opent_gjgadi eny?%arﬁlfﬁﬁe%ﬁﬂs&l‘%eﬁ%‘fl'si#‘ﬁhr%a?%?c"%)eﬁﬁﬁrl‘r?fdefndnc%‘hdg’lP‘I’(te. .
Ot her conpounds2¥hineh By tedefl PPACR hPhearkanpser THHsERI NbABeof this
i nvention especlidd.y Compoudsiscantaining agiodishehiéh ampp8isel, 5, 6, 8, 9,
or Lanthani d€ nedcilssniiidn oBfipIEReESEontAn AP 8Mhg i nbbOSReskilled in theg
artf g metalloid atom are, of course, well known. In light of .
§ this, salts containing anions comprising a coordination
i

¢

complex containing a single boron atom are preferred.

15 Preferably, second components useful in the
preparation of the catalysts used in this invention may
be represented by the following general formulas:

(L-H)*{A]~ (I) or Ox™A*I~ (II)

k 20 : :

f wherein:

5 L is a neutral Lewis base;

+ .

: 25 (L-H)T is a Bronsted acid;

f [A]” is a compatible, noncoordinating anionj
_f 0x* is an organic or metallic oxidizing cations
§ and
i 30
; [A¥]" is a compatible, noncoordinating, inert,

anion. '

_ By the term "inert" as employed above is meant
that A* of formula (II) comprises an anion which is a

e This Sheet Has Been Replaced ':_ B
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Preferred conponents are titani umor zirconi um conpounds.
Conmpounds useful as a second conponent in the preparation of the catalyst
a Brongted acid capable of donatirT |
noncoog di nat iiig ani on. | n anot hey: dirment such conpounds conprise an
oxi di zgng cation and a conpati bl e, .noncoordi nating anion. Preferred ani(
are thgse containing a single coordination.conplex conprising. a
chargegbearing netal or netalleid co?%'mhich anion is relatively |l arge
(bul ky}, capable of stabilizing the-active catalyst species (the G oup
4, 5, b, 8, 9, 10 or Lanthanide Series cation) forned when the two
conpongnt s are?tnxﬂ@inemhdiaaﬂiawﬂcohpy&#Icohﬁrisipg a plurality ofsufficientl
|T ﬁbl l e_.Eto bet gﬁﬁapa@eph bﬁaaw@lsﬁ%yafédtajb(%&og\auﬂxie@rterra}d c_mononer.
e tefm"ne B S rel I ncl udes_non- s such as boron
j 1 ’ = 9
phosphprus and t%le H’%(Za v?/%lﬁg %e% P a.lﬁtlys:8%2%55?%“5”@%%%8{&| stics. '
Sui t abl e met al Bt3AREY FEompthighoatian Lenbulky 28d StPBRE (M9EFT gol d, plati
and the like. ‘e oabiativat ahd Gudisequaritudel yrientzafi@mnoendiitibhed to, boro
phosp_h‘brus?' siddceRiendntibe 1d kempiimeurtth eadt minkbbsd @ak9As Whi ch
conprige towards the resulting polymerization catalyst. The
i anion is employed only to provide charge balance without

interfering with the oxidizing ability of Ox*.

“proton, and a conpati bl e,

3 10 Anions comprising boron which are particularly

useful as [A*]” may be represented by the following
general formula:

[BX1X2X3Xq]-
; 15
wherein: -
B is boron in a valence state of 3;
X, to Xy are the same or different nonreactive,
; 20 organyl or silyl radicals containing from 1 to 20 carbon

or silicon atoms. In addition two or more of X; to Xy

f may be linked to each other through a stable bridging
group. Preferably X¢ to Xj lack reactive hydrogen
moieties., That is, the radicals are either devoid of

25 hydrogen, contain only hydrogen in nonactivated
positions or contain sufficient steric hinderence to
protect potentially active hydrogen sites. Exémples of
suitable radicals for Xy to Xy are perfluorinated

L hydrocarbyl radicals contafﬁing_from 1 to 20 carbon

- 30 atoms, 3,4,5-trifluorophenyl, 3,4-di(triflucro-

methyl)phenyl, etc.

A most highly preferred compatible, non-~
" coordinating, inert, anion for use in compounds

—_—
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coordi nati on conpl exes containing a single netal or netalloid atomare, of
course, well known. In Ilght of thIS sal ts containing ani ons conpr|5|ng a

e Ol QK el

~ogacrdinatd on. copal o aQnt YA aVe T ol .o hbhaor oy Qo o

Prefer.- Y, second onpo eNL S Userur c preparation o e catalysts
used in this-invention may be represented by the foll ow ng general
fornul,>. [err] wherein: 2L is aneutral Lew s base;
(L-H)+ §s a Bronsted acid; [A]- is a conpatible, noncoord|nat|n‘
ani on; i © Ox+ is an organic or-jetallic oxi di zi ng cati on; and :
[ A*] - L% a conpati bl e, noncoordinating, inert, anion. By the terf
"inert"t as enpl oyed above is neant that A* of formula (I1) conprises an
Sros o SeBarstenstnn s Sl 7R 4 SpreCoenannard 5100l

P enyl)bor

Suitable oxidizing cations include.organic and -
inorganic cations having sufficient electronegativity to
5 oxidize the metal derivatives. Organic oxidizing
cations for use in the compounds corresponding to
formula (II) include ferrocenium ions, indenium ions and -
cationic derivatives of substituted ferrocene, indene,
] and the like molecules. Suitable metallic oxidizing
H 0 cations include Ag*!, Pd*?, Pt*?, Hg*?, Hgo*?, Au* and
Cu*. The process of the invention involves a molecular
oxidation. The Group 3, 4, 5, 6, 8, 9, 10 or Lanthanide
metal is previously fully oxidized. Highly preferred
oxidizing cations have an oxidation potential of at
least *0.20 volt and preferably at least *0.25 volt.
Most highly preferred oxidizing cations are ferrocenium

15

e

RN

and Ag*! cations.

»

~ Without wishing to be bound by any particular
theory of operation it is believed thét_the oxidizing
cation causes the molecular oxidation of the metal
derivative, and in the process becomes a neutral
species. The oxidized metai derivative loses a hydrogen
25 or hydrocarbyl radical (*R) by a unimolecular
elimination reaction. Two or more such radicals form a
hydrogen -molecule or a neutral organic species of the
formula R€Rx) where x is an integer. These byproducts
are neutral or noninterfering with any subsequent
polymerization reaction and may also be removed from the
reaction mixture. The preparation technique is
analogous to that previously disclosed by R. Jordan, et
. al., J. A. C. S., 109, 4111-4113 (1987).

20

e e T

30

/_
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|'i pophilic radicals covalently coordinated to and shielding a central
formally charge bear| ng matal or rretaIIO|d atom Wmch anion is buI ky and

TN

- i i CLea = D By 2 Ll ey ot ay w oo Qua s el b o

whi ch an‘ on is corrpatl bI e wt h ang - noncoer dr nat i ng towards the resul ting}

pol ymeriyation catalyst. The aniion i s-enployed only to provide charge .
bal ance jvi thout interfering with the oxidizing ability of Ox+.
"Ani ons c'rrpr|5| ng boron which are particularly useful as [A*]- may be
represenged by the foll owi ng general -1t nul a: [err] wherein:
Bis borpn in a valence state of 3; . Xerr] to X[err] are the sa
or di ffegent nonreactive, organyl or silyl radicals containing from1l to @
carbon of silicon atonmEiludtradddé) inAR AN 10kiEDigE ekamglesrbrto X[ err] mayj

be |ink t | Pr ef bly X
e o chads; ieeibadas KhaT e e o
devoi d of hydroG%’fT“@Bh’t"&l%tB%F%F“ﬁﬁ}‘{iﬁ'Qﬁh?Wﬁ HEEP? &P&H g[lc?m tions or

uf fi ci tekrakier 3 ci.Hrhrbilancephanypr boraie pdiifri al |y active hydr og

contain:
anpl estefraipkh td 1Rorashiengl sbdrarteX| e 1']-dine tyarefrdie@ium

sites. B .
per f | uorg nated b gragggr%yd_b a #’P th%ﬁ‘l’lﬂﬂrlf [,g,t:gtje LR4 2,car bon at ons,
3,4,5-tr quoroiL;any di t uor o- yl') phenyl, etc. A
nost hi th y pretetSed conpatible, non- coordinating, i nert ani on for usej
I n conpounds :
P Returning to above formula (1), preferably A~

4 corresponds to the formula:

4 10

: M'Q, 1"

3 whereins-

; 15 M' is a metal or metalloid selected from Groups

E 5-15 of the Periodic Table of the Elements;

é each Q independently is hydride, dialkylamido,

% halide, alkoxide, aryloxide, hydrocarbyl, or

é 20 substltutedhydrocarbyl conta;nlng up to 20 carbon atoms

g with the proviso that in not more than one occurrence is

{ Q halide;

§ n' is an integer from 2 to 85 and’

i 25

:5 : " n=m = 13

Seaond components comprising boron are
particularly useful in the preparation of catalysts of : ]
formula (I) and may be represented by the following o

25 SSRGS 1 a3t e

30 general formula:

[L-H]*[BQy]™

. - wherein:

T it YA R S i s,
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corresponding to formula (11) is tetra(pentafluoro- phenyl)borate.
Sui tabl € oxi d| ZI ng cat ions i ncI ude organl c and | norganl c cations having

'z‘.;: B " M) e m,, W VT P WP ¥ O 1 RO XN 9P LALQC . () LY ',,_

OXIdIZI ye a O O ST “ugeavavrpte O cS PUTTU 0 O O
i ncl udef ferroceni umions, indeniumions and cationic derivati ves of
substi tijt ed ferrocene, i ndene and the like nolecules. Suitable netalli u;
OXIdIZI.l"Ig cations include Ag[err], Pd[err], Pt[err], Hg[err], Hg[err], I
and Cug#. The process of the inventipn involves a nol ecul ar oxi datlon
Goup 3 4, 5 6, 8 9, 10 or Lanthanide netal is previously fully
oxidi zed. Highly preferred oxidizing cations have an oxi dati on potenti
of at 1east +0. 20 volt_ and preferably at |east +0.25 volt. Mst highl
preferried oxidizing c t’r%r‘i‘s“g?"'erﬁlef‘%b%rﬁaﬁﬁ? and Ag[err] cations. s g
W t hout: wi shing to be_b by any particul ar theory of operation it is j',
bel i eved that the oxi b hjnglscat‘?'&ﬁ‘séﬁﬁs%"sldt’he nol ecul ar oxi dation of thef
nmet al cterlvatlve and_in the process becones a neutral species. The
oxi di zed et al derlva?|’v%bP6§%§f‘aahy%l¥%lj?€nsb?t%3?ér%caarnﬁyl radical (.R)
uni nol eécul gr elimnation reaction. Two or nore such radicals forma

hydrogen ndl ecul e or 8 HedSrarewdoyahy clefeedes of the formula R-(-Rx)
X is an integer. These byproducts are neutral or noninterfering wth any
subsequent pol yneri zattmstradits ohubmptmdymit isg  bexampdeseef f rom t he f
reacti gn m xt uscronTBEmgdEPS il Nmdye GRNLsee asS a asedong OdsingoRenhiat  pr évi ou ;

di scl osed by Rn $0RHR1E (8) fle tria1d1-SubstitulfP anfhbhlaft h3e§ 1987) .
: such as triethylammonium tetraphenylborate,
trlpropylammonlum tetraphenylborate, tri(n-
butyl)ammonium tetraphenylborate, trimethylammonium
tetra(p-tolylborate), tributylammonium tetrakis- -

15 pentafltorophenylborate, tripropylammonium tetrakis-2,4-
dimethylphenylborate, tributylammonium tetrakis-3,5-
dimethylphenylborate, triethylammonium tetrakis-(3,5-di-
trifluoromethylphenyl)borate and the like. Also
suitable are N,N~dialkyl anilinium salts such as N,N~

20 dimethylanilinium tetraphenylborate, N,N-

diethylanilinium tetraphenylborate, N,N-2,4,6-penta-
methylanilinium tetraphenylborate and the like; dialkyl
ammonium salts such as di-(i-propyl)ammonium tetrakis-
pentafluorophenylborate, dicyclohexylammonium tetra-
phenylborate and the likes; and triaryl phosphonium salts
such as triphenylphosphonium tetraphenylborate,
tri{methylphenyl)phosphonium tetrakis-pentafluorophenyl-
borate, tri(dimethylphenyl)phosphonium tetraphenylborate
30 and the like.

25

Similar lists of suitable compounds containing
other metals and metalloids which are useful as second
components could be made, but such lists are not deemed
necessary to a complete disclosure. In this regard, it
should be noted that the foregoing list is not intended

C-38,253B-F -13-~ This Sheet Has Been Replaced
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-12- Illustrative, but not limting, exanples of oxidizing
agents accordlng to fornula (II) are ferroceni um

Ol Ol - TR Luaraopneny
borateﬂ silver tetra(pentafluoropheny -orate,jl,l' dlnethylferrocenlum
tetrakigs 3, 5-bistrifluoronethyl phenyl borate and the Iike. .
Returnijng to-above formula (1), preferably A- corresponds to the fornul a;
[err] Mhereln M is a nmetal or netalloid selected from G oups§
5-15 ofj the Periodic Table of the E-é#ents; each Q i ndependent| ¥
S hydr%de di al kyl am do, halide, alkoxide, aryloxide, hydrocarbyl, or |
substltmtedhydrocarbyl containing up to 20 carbon atons wWith the provisoj
that in not ane b @RhanEL IGCHAd V1Ger | Bor@nhabmittinds that would bes an integ

from2 %1 0 8; ag ul as wellla F]use]f’ 1l comp onen’c§e&%@g1r§; BPRLY S conpri si ng
bor on dﬁe partlc arlé usef ‘e paratjon of c tﬁﬁ¥5t§10f fornul a

(1) and”r may be™PEHS n‘P%tt?lE9l?T1é’°P6f1I‘?ﬁMrﬁ§d PR’

foreg01ng general formula and examples to those skilled

3

’4
4 in the art.

R R

In general, the catalyst can be prepared by
combining the two components in a suitable solvent at a
temperature of from -100°C to 300°C. The catalyst system
can also form insitu if the components thereof are added
directly to the polymerization process and a suitable
solvent or diluent, including condensed monomer, is used
in said polymerization process. It is, however,
preferred to form the catalyst in a separate step in a
suitable solvent prior to adding the same to the
polymerization step. The catalysts' components are
generally sensitive to both moisture and oxygen and
should be handled and transferred in an inert atmosphere
such as nitrogen, argon or helium. '

20

10

15

As previously indicated, the improved catalyst
of the present invention will, preferably, be prepared
in a suitable solvent or di}uent. Suitable solvents or
diluents include any of the solvents known in the prior

25 art including, but not necessarily limited to, straight
and branched-chain hydrocarbons such as d6—12 alkanes
(hexane, heptane, octane and the like); Cg_42 cyclic and
alieyelice hydrdcarbons sudh as cyclohexane,
cycloheptane, methylcyclohexane, methyleycloheptane and

30 the like and Cg_q aromatic and alkyl-substituted
aromatic compounds such as benzene, toluene, xylene,
decalin, and the like, and mixtures thereof.

This Sheet Has Been Replace
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[err] wherein: -13- Lis a
neutral Lew s base; [L |—|]+ IS a Bronsted aci d B is boron
[l lustr@gerve, obut no Fmtlng, exanpres o [ on corrpouns I ch may -ﬂ
used as}a sé‘éond conponent in forrrul a (1) are tr| al kyl - substi tuted arrrmn
salts spich as triethyl ammoni umtetraphenyl borate, tripropyl ammoni um ‘
tetraphgényl borate, tri(n- butyl)amoniumtet raphenyl bor at'e,
trinmethyl anmoni um tetra(p-tol ylborat®dP: tributyl amoni um tetrakis-
pent af | yor ophenyl borate, tripropyl ammoni um tetrakis-2, 4-
di net hyi phenyl borate, tributyl ammoniumtetrakis-3, 5- d| net hyl phenyl borat
triethy} ammoni um t et r akies cfBa Grsdis- mdy ibkel eoploryetings (esogdneoosat e and the 9
like. Afso suitcabheysyse ol Nigpoatdylonabhd idtrgarsadst & suchvas N N- ;
ety an | sMEbeRL (ARSI LG AL o Nyl et It ani 1l um *
t et raphenyl borat e, pent a- A%ni i ni um t et raphenyl borate an
the |i ke di al kyl In general, catalysts according to the present ‘
% 5 invention can be selected so as to produce polymer
g products that will be free of certain trace metals
: generally found in polymers produced with Ziegler-Natta
typg catalysts containing cocatalysts such as aluminum
or magnesium based compounds.
10
In a highly preferred embodiment of the present
invention Cp is pentamethylcyclopentadiene, m is zero or
one, M is titanium or zirconium, n is two or three, p is
zero, X is R or OR, and A is tetrakis-pentafluorophenyl
15 borate. 1In a most preferred embodiment X is Ci-20
alkyl, aryl, aralkyl, phenoxyalkoxy and m is 0 or 1.
Suitable vinyl aromatic monomers which can be
polymerized in the process of the present invention
20 include those represented by the formula:
HC=CHg .
25
(R)s
30

e

wherein each R is independently hydrogen; an aliphatic,

cycloaliphatic or aromatic hydrocarbon group having from
1 to 10, more suitably from 1 to 6, most suitably from 1
to 4, carbon atoms; or a halogen atom. Examples of such

monomers include, styrene, chlorostyrene, n-butyl

C-38,253B-F -15~
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ammoni um sal ts such as di-(i-propyl)amoni umtetrakis-
pent af | uor ophenyl borat e, dicycl ohexyl ammoni um tetra- phenylborate and the

2 VW e a¥a¥a Lo o n LA T

RAQeRNNRARNL. LI

t et raphgmyroorate, tri(Netnyr pienyrypiospiomum tetr akl s- pentar I uor opner
borate, #tri (di net hyl phenyl ) phosphoni um t etraphenyl borate and the-like. |}
Similarglists of suitable conmpounds containing other metals and metall oif
whi ch ate useful as second conponents, could be nmade, but such lists are]
deened E_necessary to a conplete di sch)%'ure. In this regard, it should bej
"noted that the foregoing list is not intended E
- 14- ;to be exhaustive and ot her boron conpounds that woul d be useful
wel | asi usef ul SoBwpendintvd nEbntdiughe e ot hek thstareneobeies al | oi ds woul d b
i | y: appar espekiam it beitaslegoi 0gpggneraloff etyrdr and wweanpl es to thog
i

led?in theagyvle: vinyl aromaticl Bomgabthém@hgﬁtﬁb}‘éﬁe Gap be prepared |
conmbi niing the t onif)onenté in a suitable solvent at a tenperature of

-100[er¥]C to (?[e?r ‘CPATRE cat al yst systemcan also formin situ if tH

conponent s_t hereof arg _added directly to the pol ynerization process and
sui tablie s8l vent or ,dﬁ'%é’r???’m‘?rrf&agd?%d“aé(ohﬁe"r‘fg‘gﬁgmé‘ﬁﬂ?f is used in sai

pol yerdi zat i orSiBEeskulk| er jsyspRpsare POl yRariant kah conddriensher cat al yst_ i

separatie step dthea suitable reaction conditions including solid, .-

: powdered reaction conditions. The polymérization can be
conducted at temperatures of from 0°C to 160°C,

gt

10 preferably from 25°C to 100°C, more preferably from 30°C
to 80°C, for a time sufficient to produce the desired
polymer. Typical ‘reaction times are from one minute to
100 hours, preferably from 1 to 10 hours. The optimum

15 reaction time or reactor residence time will vary

depending upon the temperature, solvent and other
reaction conditions employed. The polymerization can be
conducted at subatmospheric pressure as well as
superatmospheric pressure, suitably at a pressure within

20 the range of 1 to 500 psig (100 kPa-3,400 kPa). The use
of ambient or low pressures, e.g., 1-5 psig (100-~130
kPa) is preferred in view of lower capital and equipment
costs. '

25 The polymerization may be conducted in the
presence of an inert diluent or solvent or in the
absence therédf, i.e., in the presence of excess
monomer. Examples of suitable diluents or solvents
inelude Cg-pp aliphatic, cycloaliphatic, aromatic and

30 halogenated aliphatic or aromatic hydrocarbons, as well
as mixtures thereof. Preferred diluents comprise the
C6-10 alkanes, toluene and mixtures thereof. A
particularly desirable diluent for the polymerization is
iso-octane, iso-nonane or blends thereof such as Isopar-
E®, available from Exxon Chemical Company. Suitable

—-———~___‘______~-L
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suitabl e solvent prior to adding the same to the pol ynmerization step. The
catal ysts' corrponents are general |y sensrtrve to both noi sture and oxygen

alaqalye Lo Ll NG e DB S KL 1 o £ st il ol s N o N ‘.,v',‘,

ni trogen,jargon or helium As- prevr ousl y [ ndl cat ed t“he i mpr ovedt
catal yst pf the present invention will, preferably, be prepared i'n a '
suitabl e kol vent or diluent. Suitable soI vents or diluents include any of,.
t he sol ve§1ts known in the prior art i q,cl udi ng, but not necessarily limtég
to, straight and branched-chain- hydrocar bons 'such as C[err] al kanes
(hexane, theptane, octane and the like); Cerr] cyclic and alicyclic _
hydrocarﬁons such as cycl ohexane, cycl oheptane, neth cl ohexane, -
met hyl cydl ohept3¥P &R P RelYqntcakpFmElay?eq ter BRI grf&g/”éﬁmﬁfjl substit ut eé
aromat i ¢ fconpowrhsestdtias fremz Snpsrdeok uend00xpéreat Beowlight. and the |k

and ni xtdres thereof. - 15- E
The catakysts may be eTid opesr anthonmyeneoumydabednattic wongepported on th
surface pf a suid @Qéecascu@pgr tclﬁue&nesoalmarn @4y Yahg&arom 10021 In 3§

general , rcaéal ystl’g,0 dr n teﬁ. ngle gse?rsoronye&)t '28? &ﬁﬁ be gel ected so'
1

to produce onrre dct s trace net al s
general |y f ouno”ienciﬁﬂ Phersing édﬁ%]e’(f“\ﬁmt'rp%céﬁpe‘fs’tl\lﬁﬂ aber vo&d &t al yst s
cont ai ni hg cocat abye¢rgratitén ad thl tha rrrange)rfr'rmgrﬂegr trm bfaseGOb@?rpounds

; per liter of solvent.

10 As in other similar polymerizations it is
highly desirable that the monomers and solvents employed
be of sufficiently high purity that catalyst
deactivation does not occur. Any suitable technique for
monomer purification such as devolatilization at reduced

_15 pressures, contacting with molecular sieves or high '
surface area alumina, deaeration, etc. may be employed.
In addition a small amount of an aluminum trialkyl
compound or similar scavenger may be added tq the
reaction mixture to protect the catalyst.from

20 .
deactivation by contaminants in the reaction mixture.

Purification of the resulting polymer to remove
entrained catalyst may also be desired by the
practitioner. Purification of the resulting polymer
prepared by the process of this invention- is much easier
than a conventional process since the process of this
invention does not use polyalkylaluminoxane which is
used in large quantities as cocatalyst in the
30 conventional process. Entrained catalyst may generally

be identified by residues of ash on pyrolysis of the
polymer that are attributable to catalyst metal values.
A suitable technique for removing such compounds is by
solvent extraction, e.g., extraction utilizing hot, high

C-38,253B-F -17- Sheet Has Been Replaced
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In a highly preferred enbodi nent of the present
pentanethylcyclopentadlene
tetra |s,.

agkyl ,
Suitableévinyl
t he present

Hoaan

derr]

[err]

g

cycloal i

suitablyffrom1 to 6, nost suitably from1 to 4,
atom Exe rrpl es obisigd chbowirtedi stalvedes, Haidene; ualsb@rmhyaene

-16-
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10

15

20

25

30
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aryl,

i nvention include those represented by the fornul a:

I nvention Cp is
one, Mis titaniumor

FaWaV¥e A,V,,

mis zero or

-, ;ank

zirconium n

e LAt

ar al kyl , phenoxyalkoxy and mis 0 or 1.
aremati ¢ nononers which can be polynerized in the process

> V

wherein each R is.indegéndently hydrogen; an aliphatic,
or aromatic hydrocarbon group having from1l to 10, nore q
carbon atons; or a hal og:
n- but yl

caustic followed by filtration.

Having described the invention, the following
examples are provided as further illustrative and are
not to be construed as limiting. Unless stated to the
contrary, all parts and percentages are based on weight.

B )
“

Example 1

Preparation of Catalyst

In a flask, 0.10 gm_of pentamethyleyclo-
pentadienyltitanium trimethyl was added to a suspension
of 0.343 gm of tri(ethyl)ammonium tetra(pentafluoro-
phenyl)borate in 10 ml of toluene at room temperature.
The obtained mixture was allowed to stir for 10 hours,
and then heated to 45°C for one hour. No precipitate
observed since the mixture was a very dark solution.
toluene solvent was stripped off in-vacuo thereby
leaving a black solid. This solid was washed 3 times
with 5 ml of petroleum ether and dried hbvacup: The
product comprised a composition having a structure as
identified by 13C NMR of the formula:

was
The

[Cp*TiMey]*[B(CgFg)yl™

Preparation of Syndiotactic Polystyrene

A dry 20 ml vial was charged with 0.025 gm
(28 umole) of the above catalyst and then 10.0 gm (102.9
mmol) of styrene was added. The vial was capped with a.
PTFE coated septum and a metal crimp cap, and shaken
until most of the catalyst was dissolved. The vial was
placed in a 70°C water bath for 3 hours and then the
vial was taken out from the water bath and the

[ ————
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styrene, p-vinyl toluene etc. with styrene being especially suitable.
Copol ymers of styrene and the above vinyl aromatic nmononmers other than
’ Weamney B TRV W S Y =W = YeX VX =Y 28 Wy &~ Y M I aY o) any he
conductel under slurry, bulk or suspension polynerization conditions or
ot her sujtable reaction conditions including solid, powdlered.reaction
conditiops. The polynerization can be conducted at tenperatures of fro
O[err]C{o 160[err]C, preferably fray25[err]C to 100[err]C, nore ;
preferabty from30[err]C to 80[err]C for a time sufficient to produce t§
desired [ polyner. Typical reaction tines are fromone mnute to 100 1
hours, pieferably.from1l to 10 _hours. The qpti . reagti ti.me or reactg
r esi dencga time \ﬂ%llf'm?félrz 19R BBRdF HPRGHo ttﬁ% ?we?ﬁt%?&e%g%?‘{}ém and ot h¢
reactiont condi t i"9Rs® dyed.inSTheb ksoPyosirqtz Haf o1RSE8A Weh conduct ed at :
subat rms?pheri C predbanpleansd dwled @svacselter abt@bpl3eBR2 gmpoéssure, suitably af
a pressure Wt hirgsul el 380mes. Irid r5001 f28itdpb AR rkiRas 3nd0MudeRa) . The usgl
of anbient or | QY PLESAUES Sy lae o 0P8 GohdQP sbifegdiPRly 1 S Preferred i |
view of § owef capiTtal and equi pnent” CcoOsts. e pol ymerizati on n
be conduct ed i n3tAti @8EKEYT6PCan inert diluent or solvent or in the ‘
absence jthereof, i.e., in the presence of excess nononer. Exanples of

sui tabl e diluents or sdhfenexulitael LRrdyeFErene &pf phadeileine pelidil i phatic,
aromati ¢ and hal6g2s8it etbyabsphainidc spid intagtt ¢ityhytirgreat@ornhanags wel | as |
m xtures thereoher&if 8r 83k dhl NS COMIHIFmeM@all £1JeligRL kanes, tol uene
and m xturesiathereof . A particul ar Ihé gﬁs)i rb?bgﬁzcg l.uent for the v
pol ymerization i's | &5 ORt e’ ¥ &iGnant & ehds "t hereof such as |sopar

e

E[err], :avail abE?caxEJloersn ‘Ea%on Chem cal Canpany. Suitable

The reaction conditions of Example 1 were

15 substantially repeated excepting that various catalysts
and reactant ratios were employed. Accordingly, a dry
20 ml vial was charged with the catalyst further
described in Table I. Styrene was added, the vial was
capped with a PTFE coated septum and a metal crimp cap,
and shaken until the mixture had mostly dissolved or the
mixture gelled, rendering further mixing impossible.
The vial was placed in a T0°C water bath for 3 hours and
then the vial was taken out ‘from the water bath and the
25 polymerization stopped by the addition of methanol. The

off white, insoluble polymer was washed with methanol

20

and dried in-vacuo. In all cases the polymer was
insoluble in methylene chloride and other common
solvents for atactic polystyrene. Crystalline melting
30 points were determined by differential scanning
calorimetry, DSC. Syndiotacticities were determined by
3¢ NMR analysis. Results are contained in Table I.
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17- anounts of sol vent are enployed to provide a nononer concentration
from5 percent to 100 percent by wei ght The nolar ratio of the

g LR e Gl oDkl Ldae. b0 L) (e il g bl n) SN aTa V=100 M AN a4 NI
10!. PO OUU, UUU. I, prereraply Ot 9, OUU. 0 Z0U, UUU:. T. e case Ol
using 4 solvent, the catalyst may be used at a concentration with the raj
froml1lG[err] -to 10[err] noles per liter of solvent. "~ As in ‘:'.3

simlark polynerizations it is highly desirable that the nmononers and :
sol ventrs enpl oyed be of sufficiently2frgh purity that catal yst deactivat}
does nqgt occur. Any suitable technique for nmononer purification such as
devol ati |l ization at reduced pressures, contacting with nolecul ar sieves j
hi gh surface area al uni na, deaerat f¥Me &tc. may be enployed. In additio
smal | ﬁm)unt of an alum numtrr al kyl conpound or simlar scavenger nmay b§
added %o thg, t xt t orepp Ot ect thescatalyst from derctivation g
cont aminant S £ i‘E(;h(Lg&rL—(la%Qgt |:2gg&;31 xt°Gr e Time h Yield Pignpiq REEI°Sn Bal} he f
resul titng pol ymer to renove entrained catal yst may ‘al so be desired by th
practi tii oner. Zuri f cuEEBi or8709:1t herTr esud-pi nglope| yness pr efsar ed 5By the pr ock
of thlﬁf i nventj on i ggdCh -@agher fhan @sconyenti oggy prpgess since the :
procesg of thi S I nventi on does not use EOl yal kyl al um noxane which is use
in large quantities®#8®cocal%tyst’®in th coﬁ’v%nt i oftal  pdcessT Entr ai.ned
catal yst may gener atarysbe 7isatent i fioed byoresisdsies of asheson pyrol ysi s. of }

pol ymee that gre atgiijut a,lg!,delto ,gat allygt mgt al  val ues., A suitable
techni que for renoving such corrpounds s by ‘sol vent extractron e.g.,

i

extraction uti’lizi n§®T8t, 1408 70 2.0 20.9 - 270 584
" 8 CSTTB  7500:1 70 1.5 8.6 -- 270 340
) 9 CTBOMB  10000:1 70 2.0  10.0 -- - 270 -
i 10 cerred 10000:1 70 2.0  49.8 -- 266 -
; 11 cerred® 10000:1 70 2.0 32.9 -- 265 -

a) CDTTB= cyclopentadienyldimethyltitanium tetra(pentafluoro-
phenyl)borate, (Cp*Tl(CE3)2+TB‘), CBTTB= cyclopentadienyl-
a1benzy1t1tan1um tetra(pentafluorophenyl)borate
(Cp*Tl(CHzC5Hs)2 TB~), CSTTB= cyclopentadxenyld1tr1methy1—
silylmethyltitanium tetra(pentafluorophenyl)borate
(Cp*Ti(CH2Si{CH3)3)27TB™), CTBOMB=
cyclopentad1enyld1benzy1methoxyt1tan1um tetra(pentafluoro-
phenyl)borate (Cp*Ti(CH2CgHsg)(OCH3) *tpg”)

b) 2 ml of o-dichlorobenzene added

c) 2 ml of chloroform added

d) prepared from diisopropylethylammonium tetra(pentafluoro)boron

e) unwashed catalyst ’

Examples 12-15

The reaction conditions of Example 1 were

substantially repeated excepting that an aluminum

30 trialkyl compound was also present in the reaction
mixture. Accordingly, a dry 20 ml vial was charged with
the catalyst further described in Table II. (The
catalysts were prepared according to the technique of
Example 1 or (in Example 15) by contacting in equimolar
quantities monocyclopentadienyltitaniﬁmtribenzyl with
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- 18- boiling chlorinated sol vents, acids or bases such as caustic
follomed by f||trat|on FHV|ng descri bed the I nvention, the

Iy

,,._‘94,_‘-p“-.m-o (R i) ) wade iz, = MW W= W) nenayats ckudas uicihla Cha oo 2 ' OO - O -

constirued as |mt| ng. UnI ess stat ed ‘to the contrary, aII parts and
percgntages are based on weight. Exanple 1 Preparation of Catalyst
I n ajf | ask, 0.10 gm of pentanethylcyclo- pentadi enyl titani umtrimethyl

added to a suspension of 0.343 gm of,{ri (ethyl)amonium tetra(pentafl uo
phenyil ) borate in 10 m of tol uene at room tenperature. The obtained m xt
was %Ilowed to stir for.10 hours, and then heated to 45 err]C for one hgq

No pr@m pi tate was observed Gg(':le t he m xt USHS was- a very dark sol ution.
t ol uege sol verterRaseRiym sekep (PeptafluprenbenHaPerite daviHgeaenl ack solid)

Thi s sol i d waslavasheebr8l viaksstgrehe 2ndl anfalpetineh éurdrbttler and dri ed
i n-vacuo. The qumpdisd GANPAI fidede GUIROSSA) GorBa¥dnbIndd St THES Ur e as

' dent‘i fied by st’%.Gt%vg E&?edf Qﬁnﬂle vial contam{r?gr I’t:]ne tﬂt%mrf?t lon of

Syndi Pt actic Polm)ﬁ rene
5 sy capped with a PTFE coated septum and a metal

crimp cap, and shaken until the mixture had mostly
dissolved or the mixture gelled rendering further mixing
impossible, ‘The vial was placed in a 70°C water bath
for .2 hours and then the vial was taken out from the

g AT R

E 10 water bath and the polymerization stopped by the
addition of methanol. The off white, insoluble polymer
was washed with methanol and. dried in-vacuo. In all
cases the polymer was insoluble in methylene chloride
and other common solvents for atactic polystyrene.

i 15 Crystalline melting points were determined by

' differential scanning calorimetry, DSC.
Syndiotacticities were determined by c13 NMR analysis,.
Results are contained in Table II.

-

‘Table II
Example Complex® Mole Ratio Temp Time 2 $ Mw
=yamp e LOMPIeX” ctyrene:Al:Ti °C h  Yield Syndio DSC °C x 103
12 crssP 10000:20:1 70 ° 2 29.4  --- 266 287
13 crBB® 10000:18:1 70 1.5 76.2  --- 269 92
14 crapd 65000:9:1 70 1.5 26.6 -—- 270 690
15 creg®  39000:20:1 70 1.5 67.2  —-- 269 604

a) CTBB= cyclopentadienyltitaniumdibenzyl tetra(pentafluorophenyl)borate
b) trimethylaluminum added to reaction

¢) triethylaluminum added to reaction

d) triisobutylaluminum added to reaction

i C-38,253B-F ~21- This Sheet Has Been Replaced

[




A dry 20 m vial was charged wth 0.025 gm (28 unole) of the above catal yst
and then 10. 0 gm (102 9 mml) of styrene was added The vial was capped

the chra V'S was arssorved. evial was p aceq 1n a rolerr water pa
for 3Yhours and then the vial was taken out fromthe water bath and the
-19- | polynerization was stopped by the addition of methanol. The ‘
of f-white, insoluble product was washed w th net hanol and dried in-vacuo t;
obtairnf 3.32 gmof a resultant pol-ymer” e resultant polynmer was insol ubl g
I n nmetthyl ene chl oride or other common solvents for atactic polystyrene.
The resul tant pol ystyrene had a nelting point of 268[err]C (by DSC) and
syndi o’t acticity Bfampdealer than 95 percent by 13C anal ysis. The pol ynes h
a wei ght average nol ecul ar weight (My) of 382,000. Exanples 2-11
The reg&ction conditionsInfarEazeph @ thowpneres A% {1 aldny pBpehat ed excepti nd
t hat v%rl ous cataja}astquad}dpgeaq,tlalatgrgatmgouymrmloemﬁﬂ))bed(ﬂ\(;ﬁord| ngly, a }

‘dry 20fm vi al furt esgr n Table I ]
Stg;rene was dd\égsl ﬁg’ |aInM\Agmltbggz’g§'lﬁgﬁﬁm ag%t ? mgt g%i 2lsggt{:jt)m and a :
metal arinp ap,°%uf&r"§ﬁ%ﬁ{blﬂmuh‘ttﬂa Pﬁ%t%ﬁlﬁf’ﬁ?@%‘tgd rﬁi’§f’Fy di%<&BiYed or thel

¥ was added 1 ml of dry, degassed toluene. The mixture

i was allowed to interact while being stirred for ~30

gt minutes, after which time a dark insoluble, oily product

B had formed. Styrene was added to the flask (10 ml, 87.%4

% 10 mmol) the vial was capped with a PTFE coated septum and

;. a metal crimp cap, shaken until most of the complex had

i dissolved and then placed in.a 70°C water bath for 1.5

! hours. The vial was removed from the water bath and the
15 polymerization stopped by the addition of 2 ml of

methanol. The off white, insoluble polymer was dried
in-vacuo to obtain 0.34 gms of a resultant polymer. The

polymer was insoluble in methylene chloride, MEK or
other common solvents for atactic polystjrene, and had a

20 crystalline melting point of 259°C, which is consistent
with a polymer having >90 percent syndiotacticity.

Examples 17-22

25 Pentamethylcyelopentadienyltribenzyltitanium
Tetra(pentafluorophenyl)borate catalyzed polymerization
of p-methylstyrene and t-butylstyrene

In an argon atmosphere dry box, a dry 20 ml
36 vial was charged with a calculated amount of dried,
degassed monomer to provide the monomer molar ratios
indicated in Table III. The vial was capped with PTFE
coated septum and a metal crimp eclamp, then removed from
the dry box. To this vial was added via syringe, 205 ul
of a 0.0055 M catalyst solution consiéting of the
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m xture gelled, rendering further m xing inpossible. The vial was placed in
a 70[er@]C water bath for 3 hours and then the vial was taken out fromthe

a4 . .- douaao o T WP ROPEE 272 = O ks

of f white, 1 nsoluble polyner was Wasned W T net nanol and dried I n-vacuo.
In allgcases the polymer was insoluble in nmethylene chloride and ot her
conmmo olvents for atactic polystyrene. Crystalline nelting points were
deter ed by differential scanning calorinetry, DSC Syndiotacticities
erm ned by [err]C NWR analysi?§31Results are contained in Table I

wer e f
-20- ¢ Tabl e | Ml e Exanple :
Cbnple%[err] Ratio  Tenp Sty: Ti [err]C Time h §
Yield [ Syndio UQ@c[f'é‘PfP]IEOd)(cq.G{eeﬁ-Yéd from 2 CMI'TB 3700: 1 RT A
4.0 0.4 >Oentam@fiyleychdbbntadiendtribendyB Tt Btanita00: 1 70 1.5 §
24.1 | >95 2 amet Av 1 l} ;’&Fg ggpg’h]e.? Q:» 4.0 38.0 H
: ylferrocenium tetr 1 orate
595 1269 iy : Cfteler Bditasy ey fborage 4.5 §
T . 260 an 5 equivalents of triisobutyl aluminum in tolue_ne at ;‘;
s room temperature. The vial was then placed in a 70°C
g ;
water bath for 1 hour. Polymerization was stopped by
the addition of methanol. The polymer was-washed with ;
methanol and dried under reduced pressure. 1
i
i
0 Crystalline melting points were determined by 3
differential scanning calorimetry, DSC. Results are 3
contained in Table III.
: Table III i
! 15
i Ratio Percent
" Ex. Mongmer pMeSt:Al:Ti conv DsSC °c
: 17 p-methylstyrene 67,400:5:1 50.3 169, 198
18 p-methylstyrene 120,200:5:1 14.1 167, 196
20 19 p-methylstyrene/- 78,000:5:1 55..0 238
styrene (9.5/90.5)
20 t-butylstyrene 49,100:5:1 69.4 310
21 t-butylstyrene 125,700:5:1 64.8 310
> 22 t-butylstyrene/- 76,000:5:1 56.6 -
5 styrene (10.1/89.9) :
30
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67 7
CSTTB

CBTTB
7500: 1
O —

6 CBTTBC  7500:1

1 70 2.0

10000: 1

11 . CBTTBde

32 - - - 265 --- a) CDTTB= cycl opent adml‘ ul'u_m anl u
tetr 'ntafluoro- phenyl ) bor at e, n%Cp*T|(CH[ :
cycl it adi enyl - di benzyl titaniu tet ra( pent af | tor ophenyl )bor at e

CH err]Clerr]H err])2+TB-), CSTTB= cycl opentadi enyl ditri nmethyl -
hyl titaniumtetra(pent af I uor ophenyl ) borat e

( Cp* CH err]Si(CHerr])[err])[err]+TB ), CTBOVB= N
cycl t adi enyl di benzyl met hoxytitani um tetra(pentaf! uoro- phenyl ) bor a
(Cp*Ti §CH err]Clerr]Herr])(OCH err])+TB-) b) 2 m of o-dichlorobenzene
added ¢) 2 nml of chloroformadded d) prepared from diisopropyl ethyl amoni
tetra(pentafl uoro)boron e) unwashed cat al yst Exanpl es 12-15

The reaction conditions of Exanple 1 were substantial ly repeated
excepting that apn al um num trial kyl conmpound was al so present in the
reacti bn m : Accordingly, a dry 20 m vial was charged with,
t he cat al yst further described in Table II. (The catal ysts were .
prepared according to the t echni que of n Exarrpl e 15)

i
contacting in equimdtar » PEOCRREEPE jRRgParing. & PO gkadkad ‘po1ymer
m)nocyxcl opent am%WyV%mthremwdoewzwerv\Fehd process comprising

9

contactlng a polymerizable vinyl aromatic monomer under
polymerization conditions with a catalyst characterized.
in that the catalyst comprises a metal complex of the

formula:

[CopMXpX' 1* A"

Cp is a single q5-cyclopentadienyl group
which may optionally also be bonded to M through a

M is a metal of Group 3, 4, 5, 6, 8, 9, 10 or
the Lanthanide Series of 'the Periodic Table;
-each X independently is an inert anionic ligand

or é group of formula R, with the proviso that at least

X' is an inert, neutral donor ligand;

each R independently is hydride, or is
hydrocarbyl or silyl, optionally substituted with one or
more halogen atoms or alkoxy groups, and having up to 20
carbon and/or silicon atoms;

5
wherein:
10
substituent;
15
i = one X is R3
20
|
i
H 25 .
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-21- ferroceniumtetra(pentafl uorophenyl)borate in tol uene.)
To a second vial styrene and an aI um num tri aI kyI corrpound (| n 1M

toldlenetcol utign) vero conbinod o - acdadl.,

" contarming the trtaniur ex eapped W|th a P?FEeeat—ed-ﬁsepl_um_an ‘

a met aj crinp cap, and 's"ha‘k'en unt|I the m xture had nost
di ssol ved or t’he mixture gelled rendering further m XI Em Jll immn,um’e
The vi aI was placed in a 70[err]C vvat%;j bat h for t
vial was taken out from'the - wat éF°bat h and t he polymarlzatl n stdpp
by the addi ti on of nethanol. The off white, insoluble polyner
washed wi th nethanol and dried in-vacuo. In all cases the pol yner

i nsol ubl e in nethyl ene ®#dre e indepgndenthie® edntbon sol vents for atacti
pol yst yr ene. Crystalline melting points were determ ned by
differential scanning culigramdintggerb@Ceater thgpnelt cgael it tli esherver e
determ ned by Ck3mMNMRmaaad ¥siis. one lesResndd sharwleabé aameg o Table 11.

Table Il Exanphgn E%ﬂt%hlll%kﬁd&@tﬂoow[ TSRl e %

Crigerr]  moo0BrHl ety ghe B Srg s n 58 iy Cégéo[er% CTag ot
10000: 18: 1 70"31%@ ofglipand._. 269 92 14 . CTBB[err]
65000:9:1 70 1.5 26.6 270 690 15 CTBB[ err]

39000: 20: 1 70 1.5 #5719 a noncoorzidgatign4 caypatiBBe anion of a

cycl opent adi enyBrodsteduasidoearlyl tetra(pentafl uorophenyl)borate b)

trimet hyl al um num added to reaction c) triethylal um num added to reactio
d) triisobutil al um numzaddesk pPot&AChcOBrding to Claim 1 wherein

qi the monomer is contacted with the catalyst at a
' temperature from 0°C to 160°C.

3. The process according to any of claims 1 or
15 2, wherein the molar ratio of the vinyl aromatic monomer
to the catalyst rangps from 100:1 to 500,000:1,

y, The-proegsshaecordlng to any of claims 1 to
3 wherein thejy}nyl aromatic polymer is represented by
20 the formula: '

HC=CHo

(R)s

30

wherein each R is independently hydrogen; an aliphatic,
cycloaliphatic or aromatic hydrocarbon group having from
1 to 10 carbon atoms; or a halogen atom.

FTPCTVR PRUPREEN
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-22- Exanpl e 16 In an argon atnosphere dry box, a dry 20 m
vial was charged with 2. 2 ng (4 4 [err]m)l) of bIS(2 4, 6

W ks 02 =4 M a Rt AN AT 2 V2V FalVAVA i Do 2 L hdeeleiod) Li2 10 Gl

' Symmeimeielniciny gor o, TotT vvasadedlm——et—dfy——degaeeea“

t ol uene The nirxture was allowed to interact while be| stlr

m nutesﬂ after -which tine a dark insoluble, oily prod imgg MICM
Styrene was added to the flask (10 m, 274m’r0|) the th
a PTFE coat ed septum and a netal crinp®Cap, shaken unt il m)st of the

conpl ex” had di ssol ved and then placed in a 70[err]C water bath for 1.5
hours. The vial was renpved fromthe water bath and th polrymerl zation
stopped by the addition & Zhediprokeaptanersfiinerye oFFimdi tREStAsol uble -
pol ymer was dri edhenv M3aUardntabt mornomer 34s giwgrede.a resul tant pol yner. The §
pol ymer was insoluble in nethylene chloride, MEK or other common sol vents
for atactic polystyrene, g@an@nbashodess \edoaktiinge toehny g pbiims of t@59[err] C,
whi ch is consisteni,idifl @ AOlYEE: BAkENEL230: Aer cent syndi otacticity.
Exanpl es 17-22 ent anet hyl cycl opent adi enyl tri benzyl titani um

Tetra(pent af | jior ophenyl) Bor ahe fa%aLY2eRoRALATRG! 26} loeno odid MELdy styrene
and t-butyl styrene

ere dry box, a dry 20 m -
vial was char ged bwereincGp did BF%EF“&%\%HEY"B{% g?t%dde Elegassed mononer . to-

provi de the nmononer nolar ratios
_ . 8. The prdcess according to any of claims 1 to

7 wherein each X independently is R or OR.

10
L/9. The process according to any of claims 1 to
q? 8 wherein A is tetrakis-pentafluorophenyl borate.
15
20
®
30
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indicated in Table Il11. The vial was capped with PTFE coated septum and a
net al crlnp clanp then renoved fromthe dry box To this v!al was added

B SV A T- W ot o N ONEE Moot ol ot ol SR o oua ol oo kot ue

-23-° actlon product'
tltanlun1 fdecamet hyl ferroc
eqU|vaIen§s of trllsobutyl
vi al was ihen pl aced in a _
was stopped by the additio yrer -was washed with
met hanol ‘and dried under - p! o Crystalline nelting
poi nts were determ ned by dlfferentlal scannlng calorinetry, DSC. Results

e in netrlbenzyL
y+porate and 5 -
_ tenperature The
hour-. Pol yneri zati o

are contained in Table I11. Tabl e I1
Ratio Percent Ex. Mononer pPMeSt: Al : Ti cony DSC [err] C
17 p- met hyl styrene 67,400:5:1 50. 3 169, 198

ABSTRACT

A process for preparing syndiotactic vinyl
q%a aromatic polymers comprising contacting one or more
aromatic monomers under polymerization conditions with a
catalyst corresponding to the formula:

' -
5 [CopMX X' oI A
" wherein: |

Cp is a single qs-cyclopentadlenyl or n°-
substituted cyclopentad1enyl groups;

10 M is a metal of Group 3, 4, 5, 6, 8, 9, 10 or
tﬁe Lanthanide Series of the Periodic Table;
X each occurrence is an inert anionic lignd,
with the proviso that at least one X is R;
15 X' is an inert, neutral, donor ligand;

R is hydrocarbyl, silyl, a combination thereof
or a substituted derivative thereof having up to 20
carbon, silicon or carbon and silicon atoms;

' m and p are independently 0 or 1;
20 n is an integer greater than or equal to 1;

the sum of m and n is equal to the valence of
M; and

A” is a noncoordinating, compatible anion of a

Bronsted acid salt.
25
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]_8‘___"; p- rre-t—h.y-|._5.t_y.|:_e.n.g 120,200 5: 1 4.1 67,196 ___19

p-fret hyl st yr eH@PLACEL?ﬂS 55. 4 238 REPLACEMANGhSHERTS/ 95®)
20 - t-p y styrene ﬂ,&%ﬁloo %G 69. 4 N &Qt HoR1psged <. to paged. 7.
t - but yl st yFddrscription? 5papea:. 52 1 to phdeds ... | 310 Clair: H but yéml‘}ﬁe@aﬁg azed 29
76, 000: 5: 1ﬁ_7fCla|5|(% 6 paged %yr@ggg (1esl/[89.9) [ Drawing{s) : paged . to paged .7,
CLAI MB: DD,aW, hoge) Lol geess prépari ngy a dymiasiagt! C- BlerEﬁtoO aged .
vinyl aro n%‘i‘g ;59 Baeds- ‘coffprising contacting a poI ynert Zabl e
vinyl. aro tﬁ Ctr%nomgeén * tppdgederd.z4t i on cgn ez cp\,t_ai,.xa,tqé
char act er rzet—rmthat—the—ecatalyst—coupri ses ~conptEx —of T
formul a:

10

15

20

25

components due to the use of large amounts of the polymethylaluminoxane.

In EP 277,004 there are disclosed certain bis(cyclopentadienyl) metal

compounds formed by reacting a bis(cyclopentadienyl) metal complex with salts of

Bronsted acids containing a non-coordinating compatible anion. The reference

discloses the fact that such complexes are usefully employed as catalysts in the

polymerization of olefins.

According to the present invention there is now provided a process for

preparing a polymer of a vinyl aromatic monomer having a stereoregular structure of

greater than 50 percent syndiotactic of a racemic triad said process comprising

contacting a polymerizable vinyl aromatic monomer under polymerization conditions

with a catalyst characterized in that the catalyst comprises a metal complex of the

firmula:

[CPmMZ, X' ] A"

wherein:

Cp is a single ns-cyclopentadienyl group or a n3-substituted cyclopentadienyl

group which may optionally also be bonded to M through a substituent;

M is a metal of Group 4 or the Lanthanide Series of the Periodic Table;

each X independently is an inert anionic ligand or a group of formula R, with

the proviso that at least one X is R;

X' is an inert, neutral donor ligand;

each R independently is hydride,

or is hydrocarbyl or silyl, optionally substituted with on or

This Sheet Has Been Rcilaced
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‘Lefr] " wherein: Cp is a single [err]-cyclopentadienyl group which
may optionally al sQ.kt @ fthr ough a substituent; Mis a
nmetal of G oup 3, or the Lanthanide Series of t

Peri odi ¢ Tabl e; each X ind pEndent ly is an inert anionic |ligand or

a group of fornula R. 47hJ \hag9s oyi 5o tha@egghl eRa;s;dce)Bgr{mM‘lmﬂ|““M‘MH“E

IS an inert, neutr Ilgand

or is hydrocar byl y substituted with one or tor8 hél ogen
atons or al keﬂxﬂ ups [ to 20 carbon and/or silicon atons;

- 25- m a e mdependently 0 or 1; nis an integer
greater than or equal to the sumof _mand n is one | ess than the val ence
of M or when Cp is Bptlﬁrﬁp?%ﬁs&frﬂéﬁﬂ% apalymerofi2 YRyl aromatic MARAMeErt he sum

of mand n i Bavif@alsRBcortfiair sthrRtiré b Bfeated thall! S03ptEcent syndiotactic of a racemic
triad said process comprising contacting a polymerizable vinyl aromatic monomer
5 under polymerization conditions with a catalyst characterized in that the catalyst
comprises a metal complex of the formmla:

[ComMX,X'p] A
wherein:
Cp is a single nd-cyclopentadienyl group or a n-substituted

10  cyclopentadienyl group which may optionally also be bonded to M through a
substituent;

M is a metal of Group 4 or the Lanthanide Series of the Periodic Table;

each X independently is an inert anionic ligand or a group of formula R,
with the proviso that at least one X is R;

15 X' is an inert, neutral donor ligand;

each R independently is hydride, or is hydrocarbyl or silyl, optionally
substituted with one or more halogen atoms or alkoxy groups, and having up to 20
carbon and/or silicon atoms;

m and p are independently O or 1;

20 n is an integer greater than or equal to 1, the sum of m and n is one less
than the valence of M, or when Cp is optionally bonded to M through the substituent,
the sum of m and n is two less than the valence of M; and

A’ is a noncoordinating, compatible anion of a Bronsted acid salt.

2.  The process according to Claim 1 wherein the monomer is contacted
25  with the catalyst at a temperature from O°C to 160°C.

3. The process according to any of claims 1 or 2, wherein the molar
ratio of the vinyl aromatic monomer to the catalyst ranges from 100:1 to 500,000:1.

4. The process according to any of claims 1 to 3 wherein the vinyl
aromatic polymer is represented by the formula:
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A’tis’a noncoordinati ng, conpatible anion of a Bronsted aci-é-salt.
2- The processg?ﬂngwt-o Claim 1 wherein the nmonomer is contact ed W th

Lhe catal v e et 2 e et ool MMM Illl llll

process agcey di ng:

vinyl aro noner to \t he catal yst ratfges from 100:1 to 530, 600" 1.
4. The pr olany of clainms 1 to 3 wherein the yinyl
aromatic pbdl [ nted by the formla:

HC=CH2 . _ wher eijn each R is independently hydrogen; an

al i phati c,

aromati c hydrocarbon group having from1 to 10
carbon ato

a hal ogen at om
HC=CHg

(R)s

wherein each R is independently hydrogen; an aliphatic, cycloaliphatic or aromatic
- hydrocarbon group having from 1 to 10 carbon atoms; or a halogen atom.

5. The process according to Claim 4 wherein the vinyl aromatic
5 monomer is styrene.

6. The process according to any of claims 1 to 5 wherein M is titanium
or zirconium.

7.  The process according to any of claims 1 to 6 wherein Cp is
pentamethylcyclopentadiene.

10 8.  The process according to any of claims 1 to 7 wherein each X
independently is R or OR.

9.  The process according to any of claims 1 to 8 wherein A is tetrakis-
pentafluorophenyl borate.

10. A process according to claim 1 substantially as hereinbefore described
15 with reference to any one of the Examples. '
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-26- ° 5. The process accordi ng to daima4 wherein the vi nyl
aromati c non o3 ED; - 6. The process according to any of
claims 1 to 'n| um or zirconium 7. The process
according to 6 wherein Cp is pentanethyl cycl opent adi ene.
8. The proces 1of clainse 1 to 7 wherein each X

I ndependent | yj i - 9. The process according to any of
claims 1 to 8} dki s- pent af | uor ophenyl bor at e.

26

PROCESS FOR PREPARATION OF SYNDIOTACTIC VINYL
AROMATIC POLYMERS

ABSTRACT

A process for preparing syndiotactic'yiny1
aromatic polymers comprising contacting one or‘ﬁoreb
aromatle _monomers under polymerization condltlons with a .
catalyst correspondmg to the formula. ' -

[CopMXX ' pI*A”
wherein:

Cp is a single q5—cyclopentad1eny1 or q5
substltuted cyclonentadlenyl group;
M is a metal of Group 3, 4, 5, 6, 8, 9, 10 or
the Lanthanide Series of the Periodic Table;
, X each occurrence is an inert anionic lignd,
with the pFéviso that at least one X is R;
X!"is an inerﬁ, neutral, donor ligand;
R is hydrocarbyl, silyl, a combination thereof
or a substituted derivative thereof having up to 20
carbon, silicon or carbon and silicon atoms;
m and p are independently 0 or 1;
n is an integer greater than or equal to 1;
the sum of m and n is equal to the valence of
M; and
A" is a noncoordinating, compatible anion of a
Bronsted acid salt. -
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