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ADDITION POLYMERIZATION CATALYST
" WITH OXIDATIVE ACTIVATION

This invention relates to compositions of
matter that are useful as catalysts. to a method for
preparing the compositions of these catalysts,'and to a
method of using the compositions as addition
polymerization catalysts. More part;cuIarly, this
invention relates to catalyst compositions, to a method
of preparing these catalyst compositions and to a method
for polymerizing olefins, diolefins and/or
acetylenically unsaturated monomers wherein these

catalysts are used.

The use of Ziegler-Natta type catalysts in the
polymerization of addition polymer';zaole monomers is, of
course, well known in the prior art. In general, these
soluble systems comprise a Group U4 or Lanthanide metal
compound and a metal alkyl cocatalyst, particularly an

aluminum alkyl cocatalyst.

In EP-A-0277,004 there are disclosed certain
bis(ecyclopentadienyl) metal combounds formed by reacting
a bis{cyclopentadienyl) metal complex with salts of
Bronsted acids containing a non-coordinating compatible
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ADDI TI ON POLYMERI ZATI ON CATALYST | W TH OXI DATI VE ACTI VATI ON
This invention relates to:conpositions of matter that are usef

and to a fethod of using the conpositions as addition- polynerlzatlon
catal ysts: More particularly, this invention.relates to catal yst
conpositions, to a nethod of preparing these catal yst conpositions ‘and to
met hod for polynerizing olefins, di-olefins and/or acetylenically - -
unsat ur at ed nononers wherein these~caté¥ysts are used. The use of
Ziegler-Natta type catalysts in the polynerization of addition

pol yneri zabl e nononers is, of course, well known in the prior art. In
general , these sehidrt e §§1str€ﬁft§reom)rdlselasﬁ atp fhedr thattsiwghi de net al

complexes are usefully employed as catalysts in the

polymerization of olefins. For the teachings contained
therein the aforementioned EP-A-0277,004 is herein
incorporated in its entirety by reference thereto.

! 5
Disadvantageously it has now been found that
catalysts prepared according to the foregoing technique
are detrimentally affected by the presencé of by-product
10 aminé or phosphine compounds resulting from the catalyst

formation. -That is, the procedure of EP-A-0277,004
involves an irreversible reacpion between a ligand of
the metal compound and a cation of the Bronsted acid
- salt. In practice such cations are generally trialkyl
.15 ~ammonium or phosphonium ions that result in the
formation of a tertiary amine or phosphine by proton
transfer to the ligand during catalyst formation. Such-
amine or phosphine compounds are undesirable components
of the resulting catalyst due to their 1nh1b1t1ng effect
20 on addition polymerizations.

It would be desirable if there were provided a
addition polymerization catalyst that is activated in a
manner that forms only noninﬁerfering and inert by-
25 products.

In J. Am. Ch. Soc. 109, 4#111-4113 (1987) there
is disclosed a process for preparation of cationic

zirconium (IV) benzyl complexes by one electiron
30 oxidation of d° organometallic compounds. The solvents —
employed in the preparation of the zirconium —
metallocenes were tetrahydrofuran or methylene chloride
both of which interfere with the desired catalyst
formation and or detrimentally affect subsequent olefin
- ﬁolymerizations. In addition the reference employed an

38,845-F -2~
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conpound and a netal alkyl cocatalyst, particularly an al um num al kyl
cocat al yst . In EP-A-0277,004 there are disclosed certair

DrorTyCropenaar ey ) netal -Conpr ex w th, WP Bronsted acids cont ai ni
a non-coordi nating conpatible ' . L= 2-
| ]
| . -3
oxidizing agent containing tetraphenylborate. Such -

; anions, it has now been discovered, are unacceptable for
use in an oxidation activation process for preparing

ﬁ addition polymerization catalysts

I 5 It has now been discovered that the foregoing

and other disadvantages of the prior art ionic olefin .
! - polymerization catalysts can be avoided or at least

P reduced with the catalysts of the present invention. In
addition an improved catalyst activation procedure and
improved addition polymerization processes are provided

according to the present invention. It is, therefore,
an object of this invention to provide improved jionic

. catalyst systems which are useful in the polymerization

15 of addition polymerizable monomers including olefins,
diolefins and/or acetylenically unsaturated monomers.
It is another object of this invention to provide a
method for preparing such improved catalysts. It is a
further object of this invention to provide an improved

20 polymerization process using such improved catalysts.
It is still another object of this invention to provide
such an improved catalyst which is not subject to
formation of interfering compounds. Finally it is an
object of this invention to provide such an improved

25 catalyst which may permit better control of the product
. polymer.mplecular weight and molecular weight
; distribution.

, In accordance with the present invention there

30 is provided a catalyst useful for addition
polymerizations, which catalyst is substantially lacking
in amine byproducts, said catalyst corresponding to the
formula:
38,845-F -3-
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anion. The reference discloses the fact that such corrpllexes are usefully
catalysts in the polynerization of olefins. For the teachings

rererence thereto. ‘ Di sadvant ageously it has now
been found hat catal ysts prepared according to the foregoing technique are
detrimental }y affected by the presence of by-product ami ne or phosphine
compounds resulting fromthe catalyst formation. That is. the procedure of
EP- A- 0277, 004 invol ves an irreversi.bl e-teaction between a |igand of the
met al corrpound and a cation of the Bronsted acid salt. In practice such
cations are generally trialkyl ammoni um or phosphoniumions that result in
the formation of a tertiary ayime ar, pheepbine by proton transfer to the
| i gand during catalyst fgrmadtel QHdeqt%HCQa(ﬁ{noQ@uPrrer%QO§Qm Rz &RMBaUNds are

undesi r abl e- corrponent? of the resulting catalyst due to théir inhibiting
y

effect on additi ot 838Fy A1 P4t i ons.

M is a metal of group 4 or Lanthanide series of
the Periodic Table of the Elements; '
> X is hydride or a hydrocarbyl, silyl or germyl
group having up to 20 carbon, silicon or germanium

E e e

L atoms; .
; ¢ is an integer greater than or equal to 13 and
t A~ is a monovalent compatible noncoordinating

anion.

Preferably M is a metal of grduﬁ 4 of the
_ Periodic table of the Elements, most preferably titanium
15 ©Or zirconium. Also, preferably X is hydride or C4-Cyg
hydrocarbyl.

Further in accordance with the present
invention there is provided a process for preparing the
above addition polymerization catalyst comprising

20
contacting a derivative of a group 4 or Lanthanide metal
corresponding to the formula:
L, MX5, wherein
25 L, ¢, M, and X are as previously defined,

with an oxidizing agent which in reduced form
is noninterferihg with the resulting catalyst, said
oxidizing agent comprising a cationic oxidizer and a
20 compatible noncoordinating anion.

The oxidizing agent corresponds to the formula:

(0x*), (A7) 4 (1)
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It would be desirable if there were provided a addition polynerlzatlon
catalyst that is activated in a nmanner that forns_ onl

is discloséd a process for preparation of cationic 2|rcon|un1(|V) benzyl
conpl exes by one el ectron oxidation of d[err] organonetallic conpounds.

sol vents enployed in the preparation of the.zirconiumnetall ocenes were
tetrahydrofuran or nmethyl ene chloride bpth of which interfere with the

desired catal yst formation and or detrimentally affect subsequent ol efin
pol ynmeri zations. In addition the reference enployed an

The

? wherein: .
i 0x*2 is a non-Bronsted acid, cationic oxidizer

+haa

iAiaIing

pable of cxidizing the
.
?

é AT is as previously defined; and
b and d are integsrs selected to provide charge

()]

balance. ; -

The catalysts may be prepared by contacting the
derivative of a Group 4 or Lanthanide metal with the
10 oxidizing agent optionally in an inert diluent such as

an organic-liquid.

411 reference to the Periodic Table of the
Elements herein shall refer to the Periodic Table of the
Zlements, published znd copyrighted by CRC Press, Inc.,
1989. Also, any reference to a Group or Groups shall be
to the Group or Groups as reflected in this Periodic
Table of the Elements using the IUPAC system for

15

20 numbering groups.

Tne term "ligand or ligand system" refers to
any ancillary, electron donating or electron sharing
moiety. Such ligands include anioniec ligands and

25 neutral donor_ligands.

Illustrative but nonlimiting examples of
suitable anionic ligands include: R, -R'(OR'),OR,
(OR'),OR. -PRp, -SR. -OR, -NRp, hydride, and organo-
metalloid radicals comprising a Group 14 element wherein
each of the hydrocarbyl substituents contained in the
organic portion of said organometalloid, independently,
contains from 1 to 20 carbon atoms. In these ligands:

R is a hydrocarbyl, silyl, germyl or a

This Sheet Has Been Re laced
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- 3- oxi di zi ng agent -contai ni ng tetraphenyl borate. Such anions, it has
now been di scovered, are unacceptable for use in an. oxidation activation

rered:- 't hat the foregoing and ot her di sadvantages of the prior
art ionic ol efgn polynerization catalysts can be avoi ded or at | east
reduced with tfhe catal ysts of the present invention. In addition an

i nproved cat alfyst activation procedure and i nproved addition polymnerization
processes are{provi ded according to~the'%¥ésent invention. It is,

therefore, aniobject of this invention to provide inproved ionic

now been di sc

substituted hydrocarbyl, silyl, or germyl group of from
1 to 24 carbon, silicon, or germanium atoms;
R' is Cp_q1p alkylene, and

m is an integer from zero to ten.

5 Illustraﬁivé but non—limiting'examples of
suitable neutral donor ligands (L') include: ROR, NR3,
PR3, and SRy wherein R is as above defined. '

A et M e

The term "cationic oxidizer™ as used herein
10 refers to an organic or inorganic ion having an
oxidation potential'sufficient to cause a molecular
oxidation of the derivative of a Group 4 or Lanthanide
metal so as to form a catalytic species. Generally and
preferably the Group 4 or Lanthanide metal of the
15 derivative compound is already in the highest atomic
oxidation state. The process of the invention involves
a molecular .oxidation. Most preferred cationic
oxidizers have an oxidation potential of at least +0.20
volt and preferably at least *+0.25 volt. - Cationic

AL S il

B

: 20

! oxidizers are not Bronsted acids.

;

: As used herein, the recitation "compatible

. noncoordinating anion" means’ an anion which when

; 25 functioning as a charge balancing anion in the catalyst

f system of this invention does not transfer an anionic
' substituent or fragment thereof to any cationic species
thereby forming a neutral Group 4 or Lanthanide metal ;
product. "Compatible anions" are anions which are not
30 degraded to neutrality during catalyst preparation or

use.

The recitation "metalloid", as used herein,
includes nonmetals such as boron, phosphorus and the
like which exhibit semi-metallic characteristics.

o T




catal yst systens which are useful in the polynerization of addition
~pol ynmeri zabl e nononers including olefins, diolefins and/ or acet

met hod for preparing such inproved catalysts It is a further object of
this invent|on to provide an inproved pol ynerization process using such
I nproved catalysts. It is still another object of this invention to provide
such an inpfoved catalyst which is not subject to formation of interfering

conpounds. Finally it is an object -of Tirs i nvention to provide such an

i mproved catal yst which may permt better control of the product polymer

nol ecul ar mblght and nol ecul ar wei ght distribution. I n accordance

with the present i nvent ifow théermerel srpadovied évia el veat edryespargieftal thior addi t-i on
pol yner i zatgr ons, rebhier:caleyRst whérswlst antially |acking in amine

bypr oduct s, said catal ysts Gorfespongi ng e the Lot a: cyelo-

GbstitUted
pentadienyl or similar delocalized n-bonding group
imparting a constrained geometry to the metal active
site and containing up to 20 nonhydrogen atoms; and
M and X are as defined above. ) -

B L

By use of the term "constrained geometry"
herein is meant that the metal atom is forced to greater
10 exposure of the active metal site because of one or more

substituents on the cyclopentadienyl or substituted

cyclopentadienyl group forming a portion of a ring
structure wherein the metal is both bonded to an
'15 adjacent covalent moiety and is held in association with
the cyclopentadienyl or substituted cyclopentadienyl
group through an n2 or other n-bonding interaction. It
is understood that each respective bond between the
-~ metal atom and the constituent atoms of the
- 20 cyclopentadienyl or substituted cyclopentadienyl group
need not be equivalent. That is, the metal may -be
symmetrically or unsymmetrically m-bound to the

cyclopentadienyl or substituted cyclopentadienyl group.

25 The geometiry of the active metal site is
further defined as “ollows. The centroid of the
cyclopentadien]l or substituted cyclopentadienyl groyp

may be defined as the average of the respective X, Y,

L ¢ S

and Z coordinates of the atomic centers forming the

; 30 cyclopentadienyl or substituted cyclopentadienyl group.

; The angle., ©. formed at the metal center between the
centroid of the cyclopentadienyl or substituted
cyclopentadienyl group and each other ligand of the
metal complex may be easily calculated by standard
techniques of single crystal X-ray diffraction. Each of
38,845-F - -7-
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each occurrence is a ligand or

'S O 0%

L[err] MX+ A-, wherein: ' L i ndependently
| i gand syste M s g getal g

a nydr ocarbyl, silyl or gernyl group having up to éb

carbon, silficon or gernmani um at ons; [err] is an integer greater
to 1; and ' ' '

than or equd

e - mmrmime = 2 s o

10

15

20

25

30

these angles may increase or decrease depending on the

. molecular structure of the constrained geometry metal

mar
H

complex. These complexes whercin conc or mo
angles, ©, is less than in a similar, comparative
complex differing only in the fact that the constrain-
inducing substituent is replaced by hydrogen have
constrained geometry for purposes of the present
invention. Preferably one or more of the above angles,
@, decrease by at least 5 percent. more preferably 7.5
percent, compared to the comparative complex. Highly
preferably, the average value of all bond angles, O, is
also less than in the comparative complex.

£ £+
C Oi Tase

Preferably, monocyélopentadienyl metal
coordination complexes of group 4 or lanthanide metals
according to the present invention have constrained
gecmetry such that the smallest angle, ©, is less than
115°, more preferably less than 110°, most preferably
less than 105°. '

Highly preferred derivative compounds are
monocyclopentadienyl compounds corresponding to the

formula:

Z —y
| *
Cp* —m I

(X)2

I —
38,845-F -8- heet Has Been Replaced

TN




Preferably M

A- is a nonoval ent conpati bl e noncoordi nati ng ani on.
| nost

4 of the Periodic Table of the El enments,

{|nvent|on thdre is prOV|ded a process for preparlng t he above addi tion
pol yneri zatign catal yst including contacting a derivative of a group 4 or

‘Lant hani de mgtal corresponding to the formil a: L[ err]
MX[ err], wherein L, [err], M-%nd X are as previously defined,

wi th an oxi dizing agent which in reduced formis noninterfering with the
resul ting cagalyst sai d OXIdIZIng agent conprising a cationic oxidizer andj

a conpatlble* wherein: .

M is titanium or zirconiums

Cp* is a cyclopentadienyl or substituted
cyclopentadienyl group bound in an n3 bonding mode to M;

T e - s i P

: Z is a divalent moiety comprising oxygen,
! ‘boron, or a member of group 14 of the Periodic Table of

the Elements:

10 Y is a iinking group comprising nitrogen.
phosphorus, okygen or sulfur or optionally Z and Y
together form a fused ring system: and

X is as previously defined.

. After molecular oxidation. the highly preferred
catalysts of the invention correspond to the formula:

T N

20 _ 7 .y
e .
Cp* ——M/+ A= II
\
X

25
wherein Cp¥*¥, Z. M, X and A~ are as previously

defined.

Each carbon atom in the cyclopentadienyl
radical may be substituted or unsubstituted with the
same or a different radical selected from the group
consisting of hydrocarbyl radicals. substituted-
hydrocarbyl radicals wherein one or more hydrogen atoms
is replaced by a2 halogen atom, hydrocarbyl—substituted

30

metalloid radicals wherein the metalloid is selected

' 38,845-F -9-
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noncoor di nati ng ani on. The oxi di zi ng agent corresponds to the

f or nul a: err

erlvative of

havi ng - 0
or Lant hani def net al ;

_ from Group 14 of the Periodic Table of the Elements,
halogen radicals. 1In addition two or more such
substituents may tocgether form a fused ring sys
; Suitable hydrocarbyl and substituted-hydrocarbyl
E radicals, which may be substituted for at least one
3 hydrogen atom in the cyclopentadienyl radical, will

i contain from 1 to 20 carbon atoms and include straight

and branched alkyl radicals, cyelic hydrocarbon
radicals, alkyl-substituted cyclic hydrocarbon radicalsy

10 aromatic radicals and alkyl-substituted aromatic
radicals. Suitable organometalloid radicals include
mono-, di~ and trisubstituted. organometalloid radicals
of Group 14 elements wherein each of the hydrocarbyl
groups contain from 1 to 20 carbon atoms. More

particularly, suitable organometalloid radicals include

e e L g o,

15

; trimethylsilyl, triethylsilyl, ethyldimethylsilyl,
; methyldiethylsilyl, triphenylgermyl, trimethylgermyl and
§ ‘the like.
; .
P20 ‘Most highly preferred derivative compounds are
! amidosilane- or amidoalkanediyl- compounds corresponding
f to the formula:
.2

30

wherein:

38,845-F -10- . .
_ This Sheet Has Been Replaced




A- is as previously defined; and b and d are integers selected to
provide charge bal ance. The cat al

oxi dising agent optionally in an inert diluent such as an organic |iquid.
Al'l refereng¢e to the Periodic Table of the Elenents herein shall .refer to
the Periodic Table of the Elenents, published and copyrighted by CRC
Press, Inc.}! 1989. Also, any reference to a Goup or Goups shall be to

the Group of Groups as reflected -in This Periodic Table of the Elenents
usi ng the | UPAC system for nunbering groups. The term"ligand or
| i gand system' as used in both the clainsand the description refers to an

ancillary, &lectron donktisgioensireotr oirainannndgornd etoy anSuth .
cyclopentadienyl group;

R' each occurrence is independently selected
from hydrogen, silyl, alkyl, aryl and combinations

N s S <t s, " A

5 thereof having up to 10 carbon or silicon atoms;
: E is silicon or carbon; i
§ X independeﬁtly'each occurrence is hydride,
! 10 alkyl, or aryl of up to 10 carbons; and

Examples of the above most highly preferred
metal coordination compounds include compounds wherein

15 the R' on the amido group is methyl, ethyl, propyl,

IDUtyl, pentyl, hexyl,.(including isomers), norbornyl,

benzyl, phenyl, etc.; the cyclopentadienyl group is

cyclopentadienyl, indenyl, tetrahydroindenyl, fluorenyl,
octahydrofluorenyl, etc.; R' on the foregeing
cyclopentadienyl groups each occurrence is hydrogen,
methyl, ethyl, propyl., butyl, pentyl, hexyl, (including
ispmers), norbornyl, benzyl, phenyl, etec.; and X is
methyl, neopentyl, trimethyléilyl, norbornyl, benzyl,

25 methylbenzyl, phenyl. etec. Specific compounds include:
(tert-butylamido)(tetramethyl-q5-cyclopentédienyl)-1,2-
ethanediylzirconium dimethyl, (tert-butylamido)(tetra-
methyl-n5-cyclopentadienyl)-1,2-ethanediyltitanium
dimethylbenzyl, (methylamido)(tetramethyl-n5-

30 cyclopentadienyl)-1,2-ethanediylzirconium dibenzhydryl,
(methylamido)(tetramethyl-n5-cyclopentadienyl)-1,2-
ethanediyltitanium dineopentyl, (ethylamido)(tetra-
methyl-nb-cyclopentadienyl)-methylenetitanium diphenyl, .
(tert-butylamido)dibenzyl(tetramethyl-nS-cyclopenta-
dienyl)silanezirconium dibenzyl, (benzylamido)dimethyl-

20

38,8u45-F ' -11- is Sheet Has Been Reﬂlaced :
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| i gands i nclude anionic |igands and neutral donor ligands. [Illustrative
but nonlimting exanpl es of suitable anionic |igands include: R

_R'( 1 1=a - = UR, - PRZ, -oOR, -UR =~ NRZ, av ac, dlnd organomnetal [ ol d
“radi cal s Jconpri si ng a.(}oup 14 elenent wherei n each of t he hydrocar byl

. substitudnts contained in the organic portion of said organonetall oid,
“independdntly, contains from 1 to 20 carbon atons. In these |igands:

R is a hydrocarbyl, silyl, gernyl oria-

(Eetramethyl-q5-cyclopentadienyl)silanetitanium
di(trimethylsilyl) and (phenylphosphido)dimethyl(tetra-
methyl-nb-cyclopentadienyl)silanezirconium dib enzyl.

In the most preferred embodiment -Z-Y~ is an
5 amidosilane or amidoalkane group of up to 10 nonhydrogen
atoms, that is, (tert-butylamido)(dimethylsilyl), (tert-
butylamido)-i-ethane-2~yl, etec.

Derivative compounds which may be used in the

10 preparation of the improved catalyst of this invention
are covalently bonded metal compounds that are either
devoid of reactive hydrogens (other than hydride leaving
groups, X) or wherein potentially reactive hydrogens are
protected by bulky protecfing groups. Examples of

15 suitable organyl substituents on such metal derivative

compounds include norbornyl, nEOpenty;, trimethylsilyl

and dfphenylmethyl. Illustrative, but not limiting

examples of suitable derivative compounds ‘include:

20 tetﬁanorbornyltitanium, tetrabenzylzirconium,

) tetraneopentyltitanium, diphenoxybis(tri-

§ methylsilyl)zirconium, bis(2,6-diisopropyl-4-

: methyl)phenoxy)dibenzyltitanium, tritert-

butylsiloxy)trime;hylzirconium, dimethoxydibenzhydryl-
25 titanium, bis(2;#,6-trimethylphenoxy)dibenzyltitanium,
butoxytris({trimethylsilyl)methyl)zirconium,
dinorbornyldimethyltitanium, tribenzyltitanium hydride,
etc.; cyclopentadienyl and bis(cyclopentadienyl) metal
compounds such as bis(cyclopentadienyl)dimethyl-

30 zirconium., cyclopentadienyltribenzylzirconium,
cyclopentadienylirimethyltitanium. cyclopentadienyl-
trimethylzirconium, bis(cyclopentadienyl)
dineopentyltitanium, cyclopentadienyltri(diphenyl-
methyl)zirconium, bis(cyclopentadienyl)diphenyl-
zirconium, cyclopentadienyltrineopentyltitanium, bis(cy-
38,845-F ' -12- This Sheet Has Been Replaced
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- 6- substituted hydrocarbyl, silyl, or'gernyl group of from1l to 24

car bon,

exanpl es o

PR[err],

"cationic

i.
)

H
2

§
H
!
i

R

silicon, or germani um at ons;

s
(8]

20

25

sui tabl e neutral
d SR[err] wherein R is as above defi ned. The term
xi di zer" as used herein refers.to an organic or inorganic ion

havi ng an pX|dat|on potential sufficignt to cause a nolecul ar oxidation o
t he derlvatlve of a Group 4 or Lantharide netal so as to forma catalytic
speci es. %Enerally and preferably the Goup 4 or Lanthanide netal of the

R

I S

donor ligands (L') include: ROR NRerr],

clopentadienyl)di{m-tolyl)zirconium, biscyclopenta- -
dienyldi(p-tolyl)zirconium; hydrocarbyl-substituted
cyclopentadienyl or bis{cyclopentadicnyl) compounds such
as (pentamethylcyclopentadienyl)-(cyclopentadienyl)
dimethylzirconium, bis(ethyleyclopentadienyl)dimethyl-
zirconium, (pentamethyleyclopentadienyl)tribenzyl-
zirconium, (n-butylecyclopentadienyl)trineopentyl- -
titanium, cyclopentadienyldimethyltitanium hydride, ’ _;
bis(cyclopentadienyl)bis(diphenylmethyl)zirconium,
bis(tert-butylcyveclopentadienyl)bis(trimethylsilyl-
methyl)zirconium, bis(cyclohexylcyclopentadienyl)
dimethylzirconium, (benzylcyclopentadienyl)di(m-
tolyl)methyltitanium, (diphenylecyclopenta-
dienyl)dinorbornylmethylzirconium, bis(methylcyclo-
pentadienyl)diphenylzirconium, (tetraethylecyeclo-
sentadienyl)tribenzylzireconium, (propyleyclopentadienyl)
(cyclopentadienyl)dimethylzirconium, bis(propylecyclo-
pentadienyl)dimethylzirconium, (n-butyleyclopentadienyl)
dimethyl(n-butoxy)titanium, cyclopentadienyldiphenyl-
isopropoxyzirconium, cyclohexylmethyleyclopenta-
dienyl)cyclopentadienyldibenzylzirconium, )
bis{(cyclohexyl)methyleyclopentadienyl)dibenzyl-
zirconium, bis(eyclopentadienyl)zirconium dihydride,
benzyleyclopentadienyldimethylhafnium,
bis(indenyl)dibenzylzirconium, (tert-butylamido)di-
methyl(tetramethyl—n5-cyclopentédienyl)silane
dibenzylzirconium, (benzyléﬁido)dimethyl(tetraethyl-q5-
cyclopentadienyl)silane dibutyltitanium, and the like;
metal hydrocarbyl-substituted cyclopentadienyl metal
compounds such as ((trimethylsilyl)- '
cyclopentadienyl)trimethylzirconium, bis((trimethyl-
germyl)ecyclopentadienyl)dimethyltitanium, ((trimethyl-
stannyl)cyclopentadienyl)tribenzylzirconium, ((penta-
trimethylsilyl)ecyclopentadienyl) (eyclopenta~-

This Sheet Has Been Re(ilaced
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derivative conpound is already in the highest atom c oxidation state. The
process of the invention involves a nolecular oxidation. Mbst
cation o, ' '
preferably 3
As used her

5 _ _ _ _ _ - —a _ _ Ch J. U
| east +0.25 volt. Cationic oxidizers are not Bronsted acids. |
¢in, the recitation "conpatible noncoordinating ani on". neans an
ani on whi chfwhen functioning as a charge balancing anion in the catal yst |
system of this invention does not trangfer an anionic substituent or ;
fragnent thereof to any cationic species thereby formng a neutral G oup 4
or Lanthani e nmetal product. "Conpatible anions” are anions which are not °
degraded to neut[ality.during_cata[yst preparation or use. The
recitation ' met &ipyH)dimgshylzdrepaiwin biphiinimeshyisddel layelench as boron,
phosphor us jand tpeetadienydhd e ttyhz btdondei] -pental { tramehbylact eri sti cs.
silyl}cyclopentadienyl)tribenzyltitanium, bis{{tri-
- methylgermyl)eyclopentadienyl)diphenylhafnium; halogen-
substituted cyclopentadienyl compounds such as
> ((trifluoromethyl)cyclopentadienyl)(cyclopentadienyl)di-
methylzirconium, bis((trif;uoromethyl)cyclopenta-
dienyl)dinorbornylzirconium, ({trifluoromethyl)cyclo-

pentadienyl)tribenzylzirconium; silyl-substituted

(cyclopentadienyl)metal compounds such as
bis(cyclopentadienyl)di(trimethylsilyl)zirconium,
cyclopentadienyltri(phenyldimethylsilyl)zirconiums
bridged cyclopentadienyl-metal compounds such as

. methylenebis((cyclopentadienyl)dimethylzirconium),

f 15 ethylene-bis-((cyeclopentadienyl)dibenzylzirconium),
(dimethylsilylene)-bis-{(cyclopentadienyl) _
dimethyltitanium), methylene-bis-(cyclopentadienyl)

{ di(trimethylsilyl)zirconium, (dimethylsilylene)

f bié(cyclopeqtadienyldineopentylhafnium), ethylene-bis-
i 20 (tetrahydroindenyl)-zirconium dibenzyl and
dimethylsilylene(fluorenyl)(cyclopentadienyl)-titanium
dimethyl.

10

A e e s

Other compounds which are useful in the
catalyst compositions of this invention. especially
compounds containing other Group U4 or Lanthanide metals,
wills of course, be apparent to those skilled in the

25

art.

. 30

Compounds useful as oxidizing agents in the
preparation of the compounds of this invention will
comprise a cationic oxidizer, and one or more compatible
noncoordinating anions, as previously explained.

38,845-F ' -1l=
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Further preferred derrvatrves correspond to the forrmula: L"MX[err],
g derivative of a substituted cyclo- pentadrenyl or

“Site and containing up to 20 nonhydrogen atons; and

netal acti
s defi ned above.

and X are

In a preferred embodiment A™C of previous
formula (I) comprises an anion which is a single

ordination complex comprising a plurality of -

' llpoph111c radicals covalently coordinated to and
shielding a central formally charge-bearing metal or
metalloid atom, whichn anion is bulky and stable under
the oxidation and subsequent polymerization conditions, - f
and which anion is compatible with ahd noncoordinating ; .:
towards the resulting Group 4 or Lanthanide metal

10 containing catalyst. The anion is employed only to

provide charge balance without interfering with the
oxidizing ability of 0x™ or the catalytic properties of
the resulting catalyst. Any metal or metalloid capable

i of forming a coordination complex which is stable under

15 the reaction conditions of the present invention may be
contained in the anion. Suitable metals include, but
are not limited to, aluminum, gold and platinum.
Suitable metalloids include, but are not limited to,

j boron, phosphorus and silicon. Oxidizing agents

20 o s . . s e ek
containing anions comprising a coordination complex

containing a single boron atom are most preferred.

E Anions comprising boron which are particularly
useful in the preparation of catalysts of this invention
may be represented by the following general formula:

; [BX1XpXqXyl=

wherein:
30 B is boron in a valence state of 3;

X1 to Xu are the same or different nonreactive,
organyl or silyl radicals containing from 6 to 20 carbon
or silicon atoms. In addition two or more of X; to Xy
may be linked to each other through a .stable bridging
group. Preferably X, to Xj lack reactive hydrogen

This Sheet Has Been Replaced .
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By use of the term "constrained geonetry" herein is nmeant that the netal
atomis forced to greater exposure of the active netal site because of one
- Or NDr e “g. s v ; OpCIHtaur eIy C OLUSLI LUl cu

. cycl opentjadi enyl group formng a portion of a ring structure wherein the

' metal isjboth bonded to an adjacent covalent moiety and is held in i ?
cassoci atifon with the cycl opentadi enyl or substituted cycl opentadi enyl groug
through gn [err] or other n-bonding ifgeraction. It is understood that each
respecti e bond between the netal "atom and the constituent atons of the
cycl opentgadi enyl or substituted cycl opentadi enyl group need not be

equi valert. That Is,.the tal, _may- be trically or, uns trically
n-bound tlo the &9&FbHEt agﬁ%%;}ls’oglhesﬁﬁa% &g%c %SBe‘}ﬁvgdg%I group.
The geomgtry of hYABOSRM.i ¢entadinapnky thydrag¢nriphaenapéiyaiad as fol |l ows. The
centroid fof thepogttiopencadeenyln csurTubsént utedicyihopankadsenyl group nay |
be defingd as theosyer 3geeRf i1l 5@&9&%&%& JiteNd E&afﬁ,a%g'&at es of the

atomic cqnters (ot pLgL 105 1S 9RE Y A0beRy ard patRRLHAR] oyl opent adieny!
. . 5

¢

hydrocarbyl radicals containing from 6 to 20 carbon
atoms, 3,4,5-trifluorophenyl, etc. )

A most highly preferred compatible, non-

coordinating, anion is tetra(pentafluorophenyl)borate.
10

Suitable organic cationic oxidizers for use
according to the present invention include ferrocenium
ions, bis~indenyl Fe(III) ions, and cationic derivatives
of substituted ferrocene, and the like molecules.
Suitable metal cationie oxidizers include Ag*!, Pd*%,
Pt*zf Hg*2, Hg2+2, Au* and Cu*. Most preferred cationic

15

oxidizers are ferrocenium and Ag*! cations.

Illustrative, but not limiting, examples of
20 oxidizing agents in the preparation of the improved
'catalysts of this invention are ferrocenium
tetra(pentafluorophenyl)borate, gold (I) tetrakis

3,4,5~trifluorophenyl borate, silver tetra(penta-

25 fluorophenyl)borate and 1,1’-dimethylferrocenium
tetrakis 3.5-bistrifluoromethylphenyl borate.

Similar lists of suitable compounds containing

other metals and metalloids which are useful as

30 oxidizing agents (second components) could be made, but
such lists are not deemed necessary to a complete
disclosure. 1In this regard, it should be noted that the
foregoing list is not intended to be exhaustive and
other boron compounds that would be useful as well as
useful compounds containing other metals or metalloids

38,845-F ~16- 'This Sheet Has Been Rerlaced
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The angle. O forned at the netal center between the centroid of the
cycl opent adi enyl or substituted cyclopentadienyl group and each othe

of singl @ crystal X-ray diffraction. Each of
- 8- t’ese angl es may i ncrease or decrease depending on the

17—

would be readily apparent, from the foregoing general
equations, to those skilled in the art.

Without wishing to be bound by any particular
theory of operation it is believed that the cationic
5 oxidizer causes the molecular oxidation of the Group 4 -
or Lanthanide metal derivative, and in the process
becomes a neutral species. The oxidized metal
derivative loses a hydrogen or hydrocarbyl radical (-R)
by a ﬁnimolecular elimination reaction. Two or more

10 such radicals form a hydrogen molecule or a neutral

! organic species of the formula Ry where x is an integer
% ' greater than or equal to 2. These byproducts are of
course neutral or noninterfering with any subsequent

.15 polymerization reaction and may also be removed from the
reaction mixture. This result is much preferred to
previously known processes for catalyst activation which

" resulted in the formation of an amine or similar
reaction byproduct.

20 '

It should be noted that the two compounds
combined for preparation of the active catalyst must be
selected so as to avoid transfer of a fragment of the
anion, particularly an aryl group, to the metal cation,

25 thereby forming a catalytically inactiﬁe species. This
could be done by steric hindrance, resulting from
substitutions on the groups attached to the Group 4 or
Lanthanide metal as well as substitutions on the
aromatic carbon atoms of the anion. It follows, then,
that Group 4 and Lanthanide metal compounds (first
components) comprising, for example, perhydrocarbyl-

30

substituted cyclopentadienyl radicals could be
effectively used with a broader range of second
compounds than could first components comprising less
bulky:radicals. As the amount and size of the metal

38,845-F . -17-~ s Sheet Has Been Replaced
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nol ecul ar structure of the constrained geonetry netal conplex. Those
conpl exes wherein one or nore of the angles, O, is less than in a sim/lar

substitue is replaced by hydrogen have constrai ned geonetry for purposes
of the prgsent invention. Preferably one or nore of the above angles, O,
decrease Hy at’'I'éast 5 percent, nore preferably 7.5 percent, conpared to
the conparjative conpl ex. Highly prefejﬁgjy, t he average val ue of all bond
angles, 0,; is also less than in the conparative conpl ex.

Pref erably, nonocycl opentadi enyl netal ‘coordi nati on conpl exes of group 4 o
| ant hani de netal s according to the present invention have constrained
geonetry such t BaPsthaeakg| ressiregnetd, howeyer, mene taffAci™® nore preferabl
| ess than;110[ ercakalysist ape edtefadhby widhsséda tObfamdl. containing Hi ghly

preferred;derivahi¥gs GATRAUAMS RE-E ADNIQEYAL AREAL AU LRYba CAHRAUS

corresponélng tnggg Jf{h suggtxtueqts on the meta and/or para

positions of the phenyl rings. Another means of
5 rendering the anion more resistant to degradation is
afforded by fluorine substitution, especially perfluoro-
substitution, in the anion. Second components
containing fluoro-substituted stabilizing anions may,

¥ 10 then, be used with a broader range of first components.

EERC T T

In general, the catalyst can be prepared by
combining the two components in a suitable solvent at a
temperature within the range from -100°C to 300°C.

15 The catalyst may be used to polymerize a-

olefins and/or acetylenically unsaturated monomers
having from 2 to 18 carbon atoms and/or diolefins having
from 4 to 18 carbon atoms either alone or in
combinafion. The catalyst may also be used to
polymerize a-olefins, diolefins and/or acetylenically
unsaturated monomers in combination with other
unsaturated monomers. In general, the polymerization
may be accomplished at condiﬁions well known in the

25 prior art for Ziegler-Natta or Kaminsky-Sinn type
polymerization reactions, that is, temperafures from 0
to 250°C and pressures from atmospheric to 1000
atmospheres (100 MPa). Suépension, solution, slurry or
other process condition may be employed if desired. A
support may be employed but preferably the catalysts are
used in a homogeneous manner. It will, of course, be
appreciated that the catalyst system will form in situ if
the components thereof are added directly to the
polymerization process and a suitable solvent or
diluent, including condensed monomer, is used in said

-
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15

20

25

30

polymerization process. It is, however, preferred to .

form the catalyst in a separate step in a suitable

As indicated supra, the improved catalyst of
the present invention will, preferably, be prepared in a .
suitable solvent or diluent. Suitable solvents or
diluents include any of the solvents known in the prior
art to be useful as solvents in the polymerization of
olefins, diolefins and acetylenically unsaturated
monomers. Suitable solvents include straight and
branched-chain hydrocarbons sueh as isobutane, butane,
pentane, hexane, heptane, octane, and mixtures thereof;
cyclic and alicyelic hydrocarbons sueh as cyclohexane,
cycloheptane, methylcyclohexane, methyleycloheptane,
perfluorinated hydrocarbons such as perfluorinated Cy_qq
alkanes and aromatic and alkyl-substituted aromatic
compounds such as benzene, toluene and xyiene. Suitable
solvents also include liquid olefins which may act as

monomers or comonomers including ethylene, propylene,
butadiene, cyclopentene, 1-hexane, 3-methyl-i-pentene,
Y-methyl-1-pentene, 1,4-hexadiene, 1-octene, l1-decene,
styrene, divinylbenzene, allylbenzene and vinyltoluene
(including all isomers alone or in admixture).

It is believed that the active catalyst species
of the pfesent invention contains a metal center which
center remains cationie, unsaturated and has a metal-
carbon bond which is reactive with olefins, diolefins
and acetylenically unsaturated compounds. Also
associated with this metal center is a charge balancing

anionic remnant of the formula A~.

" This Sheet Has Béen Replaced
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wher ei n: Mis titaniumor zirconium _Cp*fis.a
[ ~or substituted cycl opent adi en bound i n an

a nenber of group 14 of the Periodic Table of the El enents:
Y is a |ligking group conprising nitrogen. phosphorus, oxygen or sul fur
.or optionflly Z and Y together forma fused ring system and

X is as pgeviously defined. 15 : After nol ecul ar oxidation. the
hi ghly préferred catal ysts of the rfA%enti on correspond to the formul a:

boron, or

The catalyst formed by the method of this
invention may be retained in solution or separated from
the sclvent, isolated, and stored for subseguent use.
As previously indicated supra, the catalyst may also be
prepared in situ during a polymerization reaction by

> passing the separate components into the polymerization
vessel where the components will contact and react to
produce the improved catalyst of this invention.
The equivalent ratio of derivative of a Group
10

4, or Lanthanide metal compound to oxidizing agent
compound employed is preferably in a range from 0.1:1 to
10:1, more preferably from 0.75:1 to 2:1, most
preferably 1.0:1.0. In most polymerization reactions

15 the equivalent ratio of catalyst:polymerizable compound
employed is from 10‘12;1 to 10'1:1, more preferably from
1076:1 to 10-3:1,

A beneficial feature of some of the caﬁalysts
20 of this invention, particularly those based on
- monocyclopentadienyl substituted titanium compounds in

combination with an oxidizing agent comprising boron, is
that when the catalysts of this invention are used to
copolymerize a-olefins, either alone or in combination
25 with diolefins, the amount of higher molecular weight
olefin or diolefin incorporated into the copolymer is
significantly increased when compared to copolymers

R W IR

prepared with the more conventional Ziegler-Natta type

catalysts. The relative rates of reaction of ethylene
30 and higher a-olefins with the aforementioned titanium-
based catalysts of this invention are so similar that
the monomer distribution in copolymers prepared with the
catalysts of this invention may be controlled by the

ratio of monomeric reactants.

I —
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20 [errj 25 . wherein Cp*. Z. H X and A- are as previously
def i ned. ' Each carbon atomin the cycl opent adi enyl 30 radica

sel ect ed %rom t he gr oup consi sting of hydrocar byl radi cal s, substituted-
hydrocar b§l radicals wherein one or nore hydrogen at ons i.s replaced by a
hal ogen ag§om hydrocar byl - substituted metal | oi d radi cal s wherein the

nmetal | oi d§i s sel ect ed 21

"Addition polymerizable monomers" usefully -
polymerized according to the present invention include,

for example, ethylenically unsaturated monomers,

acetylenic compounds, conjugated or noncon jugated

dienes, polyenes, carbon monoxide, etc. Preferred

monomers include the C2-10 a-olefins especially

ethylene, propylene, isobutylene, 1-butene, " 1-hexene, -

[ Y

B-methyl-1-pentene, and 1-octene. Other preferred
monomers include styrene, halo- or alkyl substituted

10 styrenes, tetrafluoroethylene, vinylbenzocyclobutane,
and 1,4-hexadiene. '

In general, catalysts can be selected so as to
. produce polymer products which will be free of certain
15 trace impurities such as aluminum, magnesium and
chlcride generally found in polymers produced with
Ziegler-Natta type catalysts. The polymer products
produced with 'the catalysts of this invention should,
then. have a broader range of applicationé than polymers
20 produced with more conventional Ziegler-Natta type
catalysts comprising a metal alkyl such as an aluminum
alkyl.

Having described the invention the following
25 examples are provided as further illustration thereof
and are not to be construed as limiting. ‘Unless stated
to ;bé;qontrary all parts and percentages are expressed
on 2 weight basis.

30 Example f

A catalyst mixture was prepared by combining 50
micromoles of bis{cyclopentadienyl)dibenzylzirconium and
50 micromoles of'ferrbcenium perfluorotetraphenyl borate
in 50 ml purified and deaerated toluene. The mixture

; This Sheet Has Been Replaced
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-10- from Group 14 of the Periodic Table of the El enents, and hal ogen
radicals. In addition two or nore such substituents nay together forma

orriyuJl oCdal DY

radi cal s, |ch may be substltut ed for at Ieast one hydrogen atomin the
cycl opent 3 | enyl radical. will

-22=

- was agitated for approximately 30 seconds until the blue
ferrocenium coloration was discharged.

Polymerization

5 The catalyst was combined with a mixture
comprising 2 L of mixed alkane solvent (Isogar E™
available from Exxon Chemicals Inec.), 75 ml at 50 psi
(350 kPa) of hydrogen, and ethylene (31 atmospheres, 3.1
MPa) in a 4 L reactor. The reactants were previously

10 deaerated and purified and the reactor contents were

heated to 170°C. Ten milliliters of the catalyst

solution of Example 1 were added. An immediate rapid
uptake of ethylene and considérable rise in reactor
temperature occurred. (The ethylene uptake was greater
than 100 g per minute and the temperature rise was
greater than 17°C). ‘At the end of a 10 minute reaction

15

period the réactor contents were removed and
devolatilized leaving 46 g of high density polyethylene.

20

Example 2 -

To 25 ml of deaerated purified toluene, 25
micromoles of (tert-butylamido)dimethyl(tetramethyl-n’
cyclopentadienyl)silanedibenzyizirconium and 25
micromoles of ferrocenium perfluorotetraphenyl borate
were added. The mixture was agitated for approximately
1 minute until the blue color of the solid ferrocenium

O

25

salt was discharged.

30 Polymerization

A 4 L reactor was charged with 2 L of mixed
alkane solvent (Isopar E™) and 300 ml of 1-octene,
"heated to 150°C and pressurized with ethylene to 31
atmospheres (3.1 MPa). All components had been

eet Has Been Re laced
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contain from1l to 20 carbon atons and include straight and branched al kyl
radlcals cyclic hydrocarbon radi cal s, al kyl -substituted hvdr gcar bog
SU|tab '*organonetalloid radi cal s include nono-, di- "and trlsubstltuted
organor@t al | oid radicals of Goup 14 el enents mhereln each of the

hydrocdgbyl groups contain from1l to 20 carbon atomns. “More particularly,
sui t abl{f organonetal | oid radicals include trinethylsilyl, triethylsilyl,
ethyl difethyl silyl, nethyldiethylsilyB3=triphenyl germyl, trinethylgernyl

and thefl i ke. Most highly preferred derivative conpounds are
am dosifane- or ami doal kanedi yl - conpounds corresponding to the fornula:
[err] f | previously deaerated and purified. 20 ml of the above -

catalyst solution were added resulting in an immediate
rapid uptake of ethylene and a large rise in reactor
temperature (approximately 50 g per minute ethylene
uptake and temperature rise of 26°C). At the end of a
10 minute period the reactor contents were removed and
devolatilized leaving 78 g of ethylene/l1-octene
copolymer. The 1-octene content of the polymer was 7.5
mole percent as determined by mass balance.

h

10 Example 3

A catalyst solution was prepared by mixing 10
micromoles each of (tertbutylamido)dimethyl (q5-2,3,u,5-
tetramethylcyclopentadienyl)silane dibenzyl titanium and
ferrocenium perfluorotetraphenylborate in 5 milliliters
of toluene, After'thirty seconds of agitation the blue
ferrocenium had been consumed and a greenish brown

15

solution formed.

20 _Polymerization
Addition of this catalyst solution to a stirred

(500 rpm)} two liter reactor containing Isopar-E (1000

ml), 1-octene (200 ml), hydrogen {50 ml @ 50 psi, 350

kPa) and ethylene (saturated @ 450 psi, 3 MPa) at 130°C
resulted in a 40°C temperature rise. Ten Minutes after =
addition of the catalyst solution to the reactor the o
contents were removed from the reactor and the volatiles

25

30 stripped to give 104 g of linear low density
polyethylene.

Example 4

A catalyst mixture was prepared from 10
micromoles each of ferrocenium perfluorotetraphenyl-

38,845-F -23- This Sheet Has Been Reﬂlaced




where in: | o o11-

~24-

borate and 2-(q5-cyclopentadienyl)—2 (q5-fluorenyl)
propane dibenzyl zireonium in toluene (5 mi). A
greenish solution was cbtaincd after 1 minute of

agitation.
5 Polymerization

This catalyst solution was then added to a

stirred (500 rpm) 2 liter reactor containing propylene

(200 g), Isopar-E (600 ml), and 1-octene (200 ml) at
" 10 50°C. A temperature rise of 10°C occurred upon addition
of catalyst and was maintained for 3 minutes despite
circulation of a -10°C ethylene glycol/water mixture
through the reactor's internal cooling coils. After 30
minutes the contents of the reactor were removed and
devolatilized to give 167 g of clear, rubbery,
syndiotactic propylene/1-octene copolymer.

15

20

25

30
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Mis titaniumor zirconium bound to an [err] cycl opentadi enyl droup;
R each occurrence is independently selected fromhydrogen, silyl. alkyl,

eON Or car bon; X i ndependen eac occurrence IS
of {he -above’ most EPgLf’ylng?‘éPE’QZ|||i|iﬂ1|||ﬂ|ﬂﬂﬂ||tu[!]|on ;;onpau'n@

E is siI
hydrid

Exanpl

~includ onpounds wherein the R on the am do. grcoup Is et
propyl , utyI pentyl. hexyl, (includibggd soners), norbornyl benzyl
phenyl, .4tc.; the cyclopentadlenyl group is cycl opent adi nyI, indenyl,
tetrahyd 0|ndenyl fl uorenyl,

CLATMS: >

1. A process for preparing an addition polymerization
catalyst of the formula:

5
| L, mxt a7,
wherein:- - _ -
L independently each occurrence is a ligand or ligand - ;
system; _ ' a
10 M is a metal of Group 4 or the Lanthanide series of
the Periodic Table of the Elements;
" X is hydride or a hydrocarbyl, silyl or germyl group
havinq up to 20 carbon, silicon or éermanium atoms;
_ . £ is an integer greater than or equal to 1, and
g 15 A" is a monovalent compatible noncoordinating anion,
comprising contacting a derivative of a Group 4 or
‘Lanthanide metal corresponding to the formula:
20 Lf MX2,

wherein:-
L, 2, M and each X independently are as defined above

with an oxidizing agent which in reduced form is
25 noninterfering with the resulting catalyst, said oxidising
agent corresponding to the formula:

“(oxtyp )y
~wherein:-

30 0x+1'is a non-Bronsted acid, cationic oxidizer having
a charge of (+a) capable of oxidizing the derivative of a
Group 4 or Lanthanide metal;

_ A" is as previousiy defined; and

;;”TI oo b and 4 are integers selected to prov1de charge

35 balance.
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oct ahydr of | uorenyl, etc.;
occurrence, i s hydrogen,

R on the foregoing cyclopentadienyl groups each
| h I

neopegtyl , trinethylsilyl, norbornyl, benzyl, phenyl, etc.

met hyl-benzyl ,
Speci f§i c conpounds I ncl ude: _
(tert'butylanido)(tetranethyl [err]-cycl opent adi =1 2o
et handdi yl zi rconium di met hyl , (tert-butyl am do)( w”ﬁﬂm ﬂu“mllum '
met hyli-[err] - cyclopentadlenyl)-1,2-elg@nediyltit zyl .
(et hyl am do) (tetranethyl -[err]- cycl opent adi enyl ) -1, 2-et hanedi yl zi rconi u
di benzhydryl, (methylam do)(tetramethyl-[err]-cyclopentadienyl)-1,2-
et hanedi yl ti tani um ﬂtmaeﬁ Wilaihed @ﬂ[&ﬂ@)l(.tﬁ{drﬁln the cationic
met hy”' [err] &yl‘%lgg E?W)l:)da@?&ﬁﬁc%?g{:i lagk QEQQLEHI)H.QO volt.
(tert-butylamd enzyl (tetramet err]-cycl opent a-
dienyI)S|Iane2|rcon|un1d|benzyl (benzyl am do) di net hyl -
3. A process as clalmed in Claim 2, wherein the cationic

5 oxidizer has an oxidation potential is at least +0.25 volt.

4, A process as claimed in any one of the preceding
claims, wherein ox12 is selected from ferrocenium; bis~-
indenyl Fe(III); cationic derivatives of substituted

10 ferrocenium; and metallic cations.

5. A process as claimed in Claim 4, whereln oxta is

ferrocenium or Ag'*'1

15 6. A process as claimed in any one of the preceding
claims, wherein A" is:

{BX 1 X2X3X4 1

20 wherein:
B is boron in a valence state of 3.
X; to X4 are the same or different nonreactive, organyl
or silyl radicals containing from 6 to 20 carbon or silicon
# atoms and optionally two or more of X; to X4 may be linked
25 to each other through a stable bridging group.

7. A process as claimed in -Claim 6, wherein Xir X9, X3, X4
are perfluorinated hydrocarbyl radicals containing from 6
to 20 carbons.

30
8. A process as claimed in any one of the preceding
claims, wherein M is titanium or zirconium.

9. A process as claimed in any one of the preceding

35 claims, wherein L is:
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-12- (tetranmethyl -[err]-cycl opentadi enyl) silanetitanium
di (trinethylsilyl) and (phenyl phosphi do)di nethyl (tetra-

= C = Y, 9] V] aUl C©l1Y C O C i A
nost preferred embodi ment -Z-Y- is an amidosilane or am doal kane group of

up to 10 nonhydrogen atons, that is, (tert- butyLa,m—de)—(-drneT”n‘y‘lﬁTyl)

(tert- butylam do)-1-ethane-2-yi, etc. Deriv nds whi ch
may be used in the preparation of the inproved cﬂ“‘! 3‘\ m“ mnl\nvent i on
are coval ently bonded netal conpolnds~ehat are ei

a) an anionic ligand selected from the group s
consisting of, R, -R'(OR') ,OR, .(OR'),.OR, -PRy, -SR, -OR,.
-NRy, hydride, and organometalloid radicals comprising a
Group 14 element wherein each of the hydrocarbyl
i 5 substituents contained in the organic portion of said
organometalloid, independently, contains from 1 to 20
carbon atoms, wherein : , -
R is a hydrocarbyl, silyl, germyl or a substituted )
hydrocarbyl, silyl, or germyl group of from 1 to 24 carbon,
10 silicon, or germanium atoms;
. R' is Cy.10 2lkylene, and .
* m is an integer from zero to ten; or

s
A

. b) a neutral donor ligand selected from the group
15 consisting of, ROR, NR3, PR3, and SRy wherein R is as above
defined.

10. A process as claimed in any one of the;preceding
claims, wherein L is a aerivative of a substituted

20 cyclopentadiényl group imparting a constraiﬁed geometry to
the metal active site and containing up to 20 nonhydrogen

atoms.,
j 1l. A process as claimed in Claim 10, wherein L, MX,
' 25 corresponds to the formula:

Z —y
-
Cp* —m
30
\
(X),
i |
wherein:
35 M is titanium or zirconium;
X is as defined in Claim 1; ‘—“*-———————_________
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devoi d of reactive hydrogens (other t han hydri de Ieaving groups, X) or
wher ei,n pogenti al | reacti ve hydrogens are protected by bul k rotectin

conmpounds i nclude norbornyl, neopentyl, trinethylsilyl and di phenyl net hyl .
[I'lustrative, but not limting exanpl es of suit22%9_99LL!§LLMg_nnnpounds

I ncl ude: tetrahorbornyltitanium tetrabenzylzir um
tetraneopentyltitanium diphenoxybis(tri- nethyls%“

bi s(2, 6-di i sopropyl -4- nethyl )phenoxy)ﬁ,gl benzyl tit “m“‘“m“m“m\

butyl sil oxy)trimethyl zirconi um dinmethoxydi benzhy < tttahi uin
bi s(2, 4,6-trinet hyl phenoxy) di benzyl titani um
butoxytris((trimetdps skl ¥l dyBrbpentaaii baPDidNsuskitieadad nyl di met hyl titani um

tribenzylti ta&ggmﬁ%hgﬁjﬂeggwp %g gp%nt %dése%k?%%dmghé(t%yﬁl- opent adi enyl|

metal conpoun renyl conf um
cycl opent adi enyl t r§ B&n2yiHy Bﬁl’{‘ﬂﬁe Ey‘é‘?"ﬁ’ﬁéﬁ%‘%ﬁjl%ﬁ??’i'r PRE®™hy I°Fi # ani um
cycl opent adi empiebext ©fn@rod Aidr ebriibhenPenicsiicyTdldeent dihiecByénents;
di neopent ys ti aaai um cycl opentadi enyl tri (di phenyl - nethyl)zirconi um
bIS(CyCIOpentadlethgdgpﬂﬁﬂﬁha group comprising nitrogen, phosphorus,
oxygen or sulfur or optionally Z and Y together form a
fused ring system.

rey

10 12. A process as claimed in Claim 11, wherein each X
_ independently is hydride, alkyl or aryl of up to 10 carbon
q atoms; Y is NR'; and Z is (ER'9) ., wherein each R'
independently is hydrogen, silyl, alkyl, aryl or a
combination thereof having up to 10 carbon or silicon
15 atoms; and m is 1 or 2.

13. A process as claimed in any one of the preceding
claims, wherein X is hydride or C;-C10 hydrocarbyl.

20 14. A process as claimed in Claim 13, wherein X is benzyl.

15. An addition polymerization catalyst substantially

; lacking in amine or phosphine byproducts and corresponding

b to the formula:

) 25 .
. Ly Mx* a7, ;

wherein:

L independently each occurrence is a ligand or ligand
30 system;
M is a metal of Group 4 or Lanthanide series of the
Periodic Table of the Elements;
X is hydride or a hydrocarbyl, silyl or germyl group
having up to 20 carbon, silicon or germanium atoms;
35 £ is an integer greater than or equal to 1; and
A" is a monovalent compatlble noncoordlnatlng anion.

This Sheet Has Been Rep laced 5




ZIFCOﬂIUﬁ] cyclopentadlenyltrlneopentyltltanlun1 bi s(cy-
- < Qe tadienvl)di (mtoivyl)zirconiu bi scycl opent a-

bls(cyclopentadlonyl) conpound such

e NN

16. A catalyst as claimed in Claim 15, wherein L, £, M, X,
and A" are as defined in any one of Claims 1 to 14.

17. The use as an addition polymerization catalyst of a
5 catalyst as claimed in Claim 15 or Claim 16 or obtained by
a process as claimed in any one of Claims 1 to 14.

18. A catalytic addition polymerization process
characterized in that the catalyst is as claimed in Claim

10 15 or Claim 16 or obtained by a process as claimed in any
one of Claims 1 to 14.

15

i
i
' 20
) 25

30

35

-
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as (pentanethylcyclopentadlenyl) (cycl opent adi enyl) dlnethyIZ|rcon|un1
gcl opent adi enyl ) di net hyl - zirconi um

(n-butyl cycl opent adi enyl )tri neopentyl- titanium o
cycl opent adi enyl di met hyl ti tani um hydri de, .

bi s(cycl opent adi enyl ) bi s(di phenyl nmet hyl ) zi r coni um o (E;)
bi s(tert-butyl cycl opentadi enyl)bis(trinethylsilyl- nethyl)zirconium

bi s(cycl ohexyl cycl opent adi enyl ) di metiyg-zirconi um

(benzyl cycl opent adi enyl )di (m tolyl)nmethyltitanium (diphenylcycl openta-
di enyl ) di-nor bor nyl net hyl zi rconi um bi s( et hyl cycl o-

pent adi enyl ) di phenyl zi rconi um (tetraethylcycl o-

pent adi enyl ) tri benzyl zi rconi um (propyl cycl opentadi enyl ) ///

(cycl opent adi enyl ) di net hyl zi r coni um Eﬁgpylcyclo-

pent adi enyl ) di et hyl zi rconi um (n-bu pent adi enyl )

di met hyl (n-but oxy)titani um cycl opentadi enyl di phenyl - i sopropoxyzi rconi um
cycl ohexyl Bet hyl cycl opent a- di enyl ) cycl opent adi enyl di benzyl zi rconi um

bi s((cycl ohexyl ) met hyl CW'M&@:@"Whiﬁﬁwéﬂlmﬂmwm um

bi s(cycl opent adi enyl ) zi r coni )@f’ﬂﬁ%’;\ TVATIO :
benzylcyclopentadlenyldlnerﬁgﬁhaénrunr—3?§%+n%€n§+7ﬁibenzylzirconium

(tert-butyl an do) di -

10 Addition polymerization catalysts of the formula
. Ly Mxt a- prepared'by oxidation of a Group 4 or Lanthanide
O . metal derivative of the formula Ly, MX, with an oxidizing
agent of the formula (0x+a)b(AWd are free of interfering
aminelbyproducts. In these formulae:-
- 15 _

L independently each occurrence is a ligand or
ligand system, especially a ns-gyclopentadienyl group
optionally covalently bonded to M through a substituent;

£ is an integer, especially 1;

20 ~ M is a Group 4 or Lanthanide metal, esbecially
titanium or zirconium;

X is a hydride or a hydrocarbyl, silyl or germyl group
having up to 20 carbon, silicon or germanium atoms,

‘ especially benzyl;
25 A" is a monovalent compatible noncoordinating anion,
. especially perfluorotetraphenyl borate;

0x2 is a cationic oxidizer having a charge (+a),
especially Ag+ or ferrocenium;

A" is a compatible noncoordinating anion; and

30 b and A4 are integers selected to provide charge
balance.
35 )
e
i




rr‘ét hyl (tetramet hyl [ err]-cycl opent adi-enyl ) si | ane di benzyl zi r coni um
(benzyl ami do) di net hyl (tetraethyl -[err]- cycl opent adi enyl)sil ane
di butyltitanium and the |ike; metal hydrocarbyl -substituted

cycl opent adi enyl netal conpounds such as ((4t__r I met hyg i6y|@-

cycl opent adi enyl ) tri met hyl zi rconi um bis((trinethyl 5 4 8 2 -— 0
gernyl)cycl opent adi enyl )di nethyltitanium ((trinethyl -

st annyl ) cycl opent adi enyl )]_gcfr MIEHZA, Zitefshd um_ ((pent a-
trimethylsilyl)cycl opentadi enyl) (cycl openta

-14- L independently each occurrence is a ligand or ligand system;

M is a metal of group 4 or Lanthanide series of the Periodic Table of the -
Elements; | |

X is hydride or a hydrocarbyl, silyl or germyl group having up to 20 carbon,
silicon or germanium atoms;

£ is an integer greater than or equal to 1; and

A- is a monovalent compatible noncoordinating anion.

Preferably M is a metal of group 4 of the Periodic Table of the Elements, most
preferably titanium or zirconium. Also, preferably X is hydride or C{-Cqq
hydrocarbyl. '

Further in accordance with the present invention there is provided a process
for preparing the above addition polymerization catalyst including contacting a
derivative of a group 4 or Lanthanide metal corresponding to the formula:

L, MX,;, wherein '

L, £, M, and X are as previously defined,

with an oxidizing agent which in reduced form is noninterfering with the
resulting cataiyst, said oxidizing agent comprising a cationic oxidizer and a compatible
noncoordinating anion. | |

The oxidizing agent corresponds to the formula:
Ox*t),A)y O

REPLACEMENT SHEET
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i enyl ) di met hyl zi rconi um bis((trinethylsilyl)cyclo-

pent adi enyl ) di met hyl zi rconi um penta((tri nethyl -

siyl)cycl opentadi enyl )tri benzyltitanium bis((tri- _

met hyl ger nyl ) cycl opent adi enyl ) di phenyl haf ni um hal ogen- substituted

cycl opent adi enyl conpounds such as -5- _ _ _
((trifluoromethyl)cyclopentadienyl)(cyclopentadienyl)di- nethylzirconium
bis((trifluorgnet.hyl)cyclopenta- dienyl)dinorbornylzirconium _
((trifluoro qﬁ§' cyclo- pent adi enyl )tri benzyl zi rconi um silyl-substituted

I t adi I nds as. . g . -
E)icg?cggfgpgn!t :Siye%y %W Iaﬁia) Gatjonig oxjdizer having a charge of (+a)

I t adi I ol br i dge
cycl opent adi Gy ""f o I’I‘ﬁ%ﬁ# éﬂ*éug#g)&z mﬂﬁl‘ﬂm&erﬁ
t hyl bi I rconiu
g?hyreﬁgeb: l:(lggggc?gggatg*ﬁeny%%ﬁé%z@m rconi urr)I .
Reted &y iu
o LTI;I[ o hi o (egs)crt?élgrgilg%ifeidgyl ) i (tri toI‘{)fﬁe E%é)ﬁfuér“ggm um |
(di met hyl si | yl ene) The shmlystsansybé prepated by npeithy teadcpivifile ofth B & obi S-

Lanthanide metal with the oxidising agent optionally in an inert diluent such as an

organic liquid.

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 Groups shall be to the Group or Groups as reflected

in this Periodic Table of the Elements using the ITUPAC system for numbering groups.

The term "ligand or ligand system".as used in both the claims and the
desc;ipﬁon refers to any ancillary, electron donating or electron sharing moiety. Such
ligands inclﬁde anionic ligands and neutral donor ligands.

Illustrative but nonlimiting examples of suitable anionic ligands include: R,
-R'(OR"),OR, (OR"),OR, -PR2, -SR, -OR, -NRy, hydride, and organometalloid
radicals comprising a Group 14 element wherein each of the hydrocarbyl substituents
contained in the organic portion of said 'organometalloid, independenﬂy, contains from

1 to 20 carbon atoms. In these ligands:

R is a hydrocarbyl, silyl, germyl or a

| REPLACEMENT SHEET
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,(tet rahydroi ndenyl ) - zi r coni um di benzyl and

Hi net hyl si |yl ene(fl uorenyl) (cycl opent adi enyl ) -t 191 @i&téﬂs Z -— 0
QG her conpounds which are useful in the catalyst “¥oMo¥ t™ns' ot s

i nvention, espécially conmpounds containing other Goup 4 or Lanthanide
metals, wll, of course, be apparent to t%’%Se skilTed in the art:

Conmpounds useful as oxidizing agents in th d f
this inventi nccin | idrc?g' ) gﬁgHﬁ’gﬁ%ﬂ §"§' f‘gpggfarﬁmﬂﬂm”’nﬂmﬁmoun T

conpati bl e previously expl & na

|-

1. A process for preparing an addition polymerization catalyst of the

formula: |
L; MX+ A-,

wherein:

L independently each occurrence is a ligand or ligand system;

M is a metal of group 4 or the Lanthanide series of the Periodic Table of the
Elements;

Xis hydrid;a' or a hydrocarbyl, silyl or germyl group having up to 20 carbon,
silicon or germanium atoms;

¢ is an integer greater than or equal to 1; and
A- is a monovalent compatible noncoordinating anion,
| including contacting a derivative of a Group 4 or Lanthanide metal
corresponding to the formula:
L, MX,,

wherein |

L, ¢, M and each X independently are as defined above,

with an oxidizing agent which in reduced form is noninterfering with the
resulting catalyst, said oxidizing agent corresponding to the formula:

Ox+ay(A)
wherein:

Ox*2 is a non-Bronsted acid, cationic oxidizer having a charge of (+a)
capable of oxidizing the derivative of a Group 4 or Lanfha;lide metal;

A- is as previously defined; and | THIS SHEET HAS BEEN
REPLACED

b and d are integers selected to provide charge balance. .
' REPLACEMENT SHEET
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In a preferred enbodi nrent A-c of previous formula (1)

cdonprises an anion which is a single coordination rising a

plurality of

| i pophilic radicals covalently coordinated to and shielding a

bul ky and stabl e under the oxidation and sgésequent

central formally charge-bearing netal or netalloid mmmmﬁﬂmﬂ“,gmr S

condi tions, and which anion is conpatible wth and: noncoor di'hat nd t owar ds
the resulting Goup 4 or Lanthanide nmetal containing catalyst. The anion is
enpl oyed only to pilevi de A peacgss asailaimed inclairods wharedn therdatignigioxidizardas an
oxidizing ability of O(hg&]qtor the catalytic properties of the resulting

I

catal yst. AnyXidatign pgten

deagt b ydt.of forning a coordination conpl ex

whi ch i s stabl e under

3. A process as claimed in either claim 1 or claim 2, wherein the cationic

oxidizer has an oxidation potential of at least +0.25 volt.

4, A process as claimed in any one of the preceding claims, wherein
Ox+2 is selected from ferrocenium; bisindenyl Fe(IIl); cationic derivatives of

substituted ferrocenium; and metallic cations.

5. A process as claimed in claim 4, wherein Ox*2 is ferrocenium or
Agtl,

6. A process as claimed in any one of the preceding blaims, wherein A-
is: |

BX;XoX3Xy)
wherein:

B is boron in a valence state of 3,
X, to X4 are the same or different nonreactive, organyl or silyl radicals
containing from 6 to 20 carbon or silicon atoms and optionally two or more of X; to X,

may be linked to each other through a stable bridging group.

7. A process as claimed in claim 6 wherein X, X5, X3, and X, are

perfluorinated hydrocarbyl radicals containing from 6 to 20 carbons.

8. A process as claimed in any one of the preceding claims, wherein M
is titanium or zirconium.
THIS SHEET HAS BEEﬂ REPLACEMENT SHEET
This Sheet Has Been Replaced REPLAGED
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the reaction conditions of the present invention may be contained in the
a&nion. Suitable netals include, but are not limted to, alum num gold and
plati num Suitable netalloids include, but are not Timted to, boron,
phosphorus and silicon. Oxidizing agents contai ni|\mEN IliFi Ng a
coordi nati on conpl ex containing a single-bgron at Juﬂmﬂ"ﬂ;ﬂlmﬂﬂ%mred

Ani ons conprising boron which are particularly useful 9ntthé pfeparation of
catal ysts of this invention may be represented by the follow ng general

f or mul a: Perr] Awreeess as claimed in ang dne of sheopreceding olainan oeheseintle of

3; Xlerr] to Xerr] are the sane .or different nonreactive, organyl
or silyl radiS¢als containing from6 to 20 carbon or silicon atons. In

addition two or nore of é(&err to X err btglmkedto eacF ot her
through a stable b® dgin 1 ?Jéffigo £ BFouPFORSisting of. dbic r eact i ve
hydrogen  py(OR"LOR, (OR")LOR, -PRy, -SR, -OR, -NR,, hydride, and organometalloid

radicals comprising a Group 14 element wherein each of the hydrocarbyl substituents
contained in the organic portion of said organometalloid, independently, contains from
1 to 20 carbon atoms, wherein
R is a hydrocarbyl, silyl, germyl or a substituted hydrocarbyl s11y1 or germyl
group of from 1 to 24 carbon, silicon, or germanium atoms;
R' is Cy 19 alkylene, and
m is an integer from zero to ten; or
. b) a neutral donor ligand selected from the group consisting of, ROR,
NR3, PR3, and SR, wherein R is as above defined.
o 10. A process as claimed in any one of the preceding claims, wherein L is
derivative of a substituted cyclopentadienyl group imparting a constrained geometry to

the metal active site and containing up to 20 nonhydrogen atoms.

11. A process according to claim 10 wherein Ly MX, corresponds to the
formula:
THIS SHEET Has BEEN
ot —x REPLACED
Co* ~
! — M
\ : :
), REPLACEMENT SHEET |
wherein: _ : ' 08 JUL 1996
M is titanium or zirconium;

X is as defined in claim 1;

Cp* is a cyclopentadienyl or substituted cyclopentadienyl group bound in an 13

bonding mode to M;
heet Has Been Replaced

TR




REPLACEMENT SHEET | - 16- moi eties. That is,
t'he radicals are either devoid of hydrogen, contain_only-hydregen—iTr

nonactivated positions or contain sufficient steric hindr t ect
potentially active hydrogen sites. Exanples of sui tﬂm ‘mﬁa‘l@lﬁg‘) X err]
to Xerr] are perfluorinated hydrocarbyl cragdi.cals cldof UTO'M to 20
carbon atons, 3,4,5-trifluorophenyl, etc.
Z is a divalent moiety comprising oxygen, boron, or a member of group 14 of
the Periodic Table of the Elements; and B
Y is a linking group comprising nitrogen, phosphorus, oxygen or sulfur or
optionally Z and Y together form a fused ring system.

12. A process as claimed in claim 11, wherein each X independently is
hydride, alkyl or aryl of up to 10 carbon atoms; Y is NR'; and Z is (ER'y),,, wherein E
is silicon or carbon; each R' independently is hydrogen, silyl, alkyl, aryl or a

combination thereof having up to 10 carbon or silicon atoms; and m is 1or 2.

13. A process as claimed in any one of the preceding claims, wherein X is
hydride or C{-C;o hydrocarbyl.

14. A process as claimed in claim 13, wherein X is benzyl.

15. An addition polymerization catalyst substantially lacking in amine or

phosphine byproducts, and corresponding to the formula:

A . THIS SHEET HAS BEEN
+
L, MX* A-, wherein: REPLACED

L independently each occurrence is a ligand or ligand system;
M is a metal of Group 4 or Lanthanide series of the Periodic Table of the
Elements;

X is hydride or a hydrocarbyl, silyl or germyl group having up to 20 carbon,

silicon or germanium atoms; REPLACEMENT SHEET

£ is an integer greater than or equal to 1; and

08 JUL 1996

A- is a monovalent, compatible, noncoordinating anion.

16. A catalyst as claimed in claim 15, wherein L, ¢, M, X, and A- are as

defined in any one of claims 1 to 14. :
y This Sheet Has Been Replaced
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A nost highly preferred conpatible, non- coordinating, anion is

tbt ra( pent af | uor ophenyl ) bor at e. Sui tabl e organic cationic

oxi di zers for use according to the present invention_include ferrocenium
ions, bis-indenyl Fe(lll) ions, and cationic derivatives .of subsSti
ferrocene, and the |ike npol ecul es. Suitablegnet al catr 1 T
include Ag[err], Pd[err], Pt[err], Hg[err], Hg[err], mmmmwpﬂ)”ag’r] .
Most preferred cationic oxidizers are ferroceni um and "Ag[er ] e&atsons.
Illustrative, but not limting, exanples of oxididzing agents in the
preparation of the inproved catalysts of this invention are ferrocenium

t et r a( pent af | Gor ophiehy| ) bdcatalyticpdditiop|polyraerizgtipn pcasshargctearized dppthah (he
borate, silver tetra(penta-, fluqrophenyl)borate, and ' . .

1,1 -di net hy|qaaﬁ¥%e% clpimed;ip ﬁ{“@tﬂml@mm&%mﬁm@w@ssm&m
Simlar lists_of suift h| e .congounds contai ning other netals and metall oi ds
whi ch are usé&f°t§P }itﬂ agents (second conponents) could be nmade, but

18. A process for preparing an addition polymerization catalyst as claimed
in claim 1 substantiaily as hereinbefore described with reference to any one of the

Examples.
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such lists are not deenmed necessary to a conplete di scl osure.

In this

rfegard, it should be noted that the foregding list is not intended to be
exhaustive and ot her boron conpounds that woul d be useful as well as useful

conmpounds containing other netals or netall oids
readily apparent, fromthe foregoing generg.
ABSTRACT
- ' ADDITION POLYMERIZATION CATALYST
WITH OXIDATIVE ACTIVATION

woul d be

-Addition polymerization catalysts of the formula L, MX* A- prepared by
oxidation of a Group 4 or Lanthanide metal derivative of the formula L¢; MX, with an

oxidizing agent of the formula (Ox12),(A-); are free of interfering amine or phosphine

byproducts. In these formulae:-

L independently each occurrence is a ligand or ligand system, especially a 13-

cyclopentadieny] group optionally covalently bonded to M through a substituent;

¢ is an integer, especially 1;

M is a Group 4 or the Lanthanide metal, especially titanium or zirconium;

X is hydride or a hydrocarbyl, silyl or germyl group having up to 20 carbon,

silicon or germanium atoms, especially benzyl;

A- is a monovalent, compatible, noncoordinating anion, especially

perfluorotetraphenyl borate;

Ox*2 js a cationic oxidizer having a charge of ( +a) especially Ag+ or

~ ferrocenium; and

b and d are integers selected to provide charge balance.
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eguations, to those skilled in the art. . Wthout wi shing to be
» gFund by any particular theory of operation it -is believed that the
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resulted in the formation of an amine or simlar reaction byproduct.

It should be noted that the two conpounds co
active catal yst nust be selected so as to av

t he

ADDITION POLYMERIZATION CATALYST
WITH OXIDATIVE ACTIVATION

This invention relates to compositions of
matter that are useful as catalysts. to a method for
preparing the compositions of these catalysts, and to a
method of using the compositions as addition N
polymerization batalystg. More particularly, this ’
invention relates to catalyst compositions, to a method
of pfeparing these catalyst compositions and to a method
for polymerizing olefins, diolefins and/or
acetylenically unsaturated monomers wherein these
catalysts are used.

The use of Ziegler-Natta :type catalysts in the
pplymerization of addition polymerizabie monomers is, of
course, well known in the prior art. In general, these
soluble systems comprise a Group 4 cor Lanthanide metal
compound and a metal alkyl cocatalyst, particularly an
aluminum alkyl cocatalyst.

In EP-A-0277,004 there are disclosed certain
bis(cyclopentadienyl) metal compounds formed by reacting
a bis(cyclopentadienyl) metal complex with salts of

Eronsted acids containing a non-coordinating compatible

e et
% #
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anion, particularly an aryl group, to the netal cation, thereby formng a
catalytlcally i nactive species. This could be, ndr ance,
resulting fromsubstitutions on the groups at al&EPéAC MENThSHEE b p 4 or

fant hani de netal as well as substitutions on aronet1c carpop atoms of
the anion. It follows, then, that Goup 4 and,L nt _ a] fonpounds
(first components) conprising, for exanple. pérhydrocarby bbktituted
cycl opent adi enyl radicals could be effectivel) ek bafler range of

second conpounds than could first components ¢onprising |ess bu}
radicals. As the anount and size of the netal "

anion. The reference discloses the fact that such
complexes are usefully employed as catalysts in the
pelymerization of olefins., For the teachings contained

therein the aforementioned EP-A-0277,004 is herein
incorporated in its sntirety by reference thereto.

Disadvantageously it has now been found that
catalysts prepared adcording to the foregoing technique
are detrimentally affected by the presence of by-product
aminé or phosphine compounds resulting from the catalyst
formation. That is. the procedure of EP-A-0277,004
involves an irreversible reaction between a ligand of
the metal compound and a catibn of the Bronsted acid
salt. In practice such cations are generally trialkyl
ammonium or phosphonium ions that result in the -
formation of a tertiary amine or phosphine by proton
transfer to the ligand during catalyst formation. Such
amine or phosphine compounds are undesirable components
of the resulting catalyst due to their inhibiting effect
on addition polymerizations.

It would be desirable if there were provided a
.addition polymerization catalyst that is activated in a
manner that forms only noninﬁerfering and inert by-
products.

In J. Am. Ch. Soc. 109, 4111-4113 (1987) there
is disclosed a process for preparation of cationic

zirconium (IV) benzyl complexes by one electiron
oxidation of d° organometallic compounds. The solvents
employed in the preparation of the zirconium
metallocenes were tetrahydrofuran or methylene chloride
both of which interfere with the desired catalyst
formation and cor detrimentally affect subseguent olefin

polymerizaticns. In addition the reference =mployed an



substituents are reduced, however, nore effective catal ysts are obtai ned
Wi th second conpounds cont ai ni ng ani ons whic £e.resistant to
degradati on, such as those with substituents OMEPDﬂKMHMH spEdToq para
gosi tions of the phenyl rings. Another means |ofy  dni on nore

resistant to degradation is afforded by fluor} ne bsiit |or'?especially
perfluoro- substitution, in the anion. Secon on%ghéhi§ﬁ%6ntaining

fluoro-substituted stabilizing anions may, tHen._bhe used wiil br oader
range of first components. -3n generfal, the catalyst ¢an be
prepared by conbining the two conponents I n . at a
tenperature within the range from-100[err]C to 300[err]C The

catal yst may b@xu@eshdg0apohtyWehtZenilng" Edtraphenylborate. Such

anions, it has now been discove"ed, are unacceptable for

naoo N AN AvIAAEIAn
- ML Ml UAauL L LU

o preparing

pa-

addition polymerization catalysts.

It has now been discovered that the foregoing
and other disadvantages of the prior art ionic olefin
polymerization catalysts can be avoided or at least

"1

reducgd with the catalysts of the present invention. In
addition an improved catalyst activation procedure and
improved addition polymerization processes are provided
according to the present invention. It is, therefore,
an object of this invention to provide improved ionic
catalyst systems which are useful in the polymerization
of addition polymerizable monomers including olefins,
diolefins and/or acetylenically unsaturated monomers.
It is’another object of this invention to provide a °
method for preparing such improved catalysts. It is a
further object of this invention to provide an improved
polyme;ization process using such improved catalysts.
It is still another object of this invention to provide
such an improved catalyst which is not subject to
formation of interfering compounds. Finally it is an
object of this invention to provide such an improved
catalyst which may permit better control of the product
polymer molecular weight and molecular wsight
distribution.

In accordance with the present invention there
is provided a catalyst useful for addition
" polymerizations, which catalyst is substantially lacking
in amine byproducts, said catalyst corresponding to the
formula:



olzefi ns and/ or acetylenically unsaturated nononers ' rom 2 to 18
carbon atons and/or diolefins having from4 to 18 c rggﬂmprrs ei-ther. al.one
or. in conbination. The catalyst nmay al so be used to}p ze&sa~ofef i ns,

d¥ ol efins and/ or acetyl enically unsaturated nononer$ §n _conbinationjwth
ot her unsaturated nononmers. In general, thd-polynerzatidd Ol 1926
acconpl i shed at conditions vveII known in the prior @arg. ' ta or

Kam nsky-Si nn type polyneriz |on reactions, that i#,
to 250[err]C and pressur A WEHiRric to 1000

dosi 1 oa. °2’538L3H‘1rw5ée§1ﬁr%bf°r 8} irare sk BBk POl
Cystomai 1 1orm i Nt binst ariesSle § 88 Katpalti BRRSTT L PEUbIR TableRAiRy °1 ™'

t he pol yneri ﬁérh&ﬂs process and a suitable solvent or diluent, includi ng
condensed nononer, is used in said

X is hydride or a hydrocarbyl, silyl or germyl group having up to 20 carbon,

silicon or germanium atoms;

£ is an integer greater than or equal to 1; and

A~ is a monovalent compatible noncoordinating anion.

Preferably M is a metal of group 4 of the Periodic Table of the Elements, most
preferably titanium or zirconium. Also, preferably X is hydride or C;-Cyg
hydrocarbyl. |

Further in accordance with the present invention there is provided a process
for preparing the above addition polymerization catalyst including contacting a
deri\'/ativg, of a group 4 or Lan@haﬁide'metal corresponding to the formula;lz

¥ Ly MX,, wherein '

L, ¢, M, and X are as previously defined,

with an oxidizing agent which in reduced form is noninterfering with the
resulting catalyst, said oxidizing agent comprising a cationic oxidizer and a compatible
noncoordinating anion.

The oxidizing agent corresponds to the formula:

Oxt(A)g D



-9- pol ymeri zation process. t is, however dto formthe

Catalyst in a separate step in a sui tabl e sol ve tRElPLA(CﬁMENT 8HEETnc t he sane
to the polynerization m xture. As i ndi ijmpr oved

gatal yst of the present invention will, preferaplly, epared ijn a
dphgﬁ?sﬁaﬁcl ude any of

sui tabl e sol vent or diluent. Suitable sol vBnats
the solvents known in the prior

wherein:

Ox+2 is a non-Bronsted acid, cationic oxidizer having a charge of (+a)
capable of oxidizing the derivative of a Group 4 or Lanthanide metal;

A- is as previously defined; and

b and d are integers selected to provide charge balance.

The catalysts may be prepared by contacting the derivative of a Group 4 or
Lanth}lnide metal with the oxidising agent optionally in an inert diluent such as an
organic liquid.

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 Groups shall be to the Group or Groups as reflected
in this Periodic Table of the Elements using the IUPAC system for numbering groups.

~ The term "ligand or ligand system as used in both the claims,and the
descnptlon refers to any ancﬂlary, electron donating or electron sharing mmety Such
llgands inlude anionic ligands and neutral donor hgands.

Tllustrative but nonlimiting examples of suitable anionic ligands include: R,
R'(OR"),OR, (ORD,LOR, PRy, -SR, -OR, -NRy, hydride, and organometalloid
radicals comprising a Group 14 element wherein each of the hydrocarbyl substituents
contained in the organic portion of said organometalloid, independently, contains from
1 to 20 carbon atoms. In these ligands:

R is a hydrocarbyl, silyl, germyl or a



aft to be useful as solvents in the polynerization of olefins, diolefins
and acetylenically unsaturated nononmers. Suitablf& dp straight
and branched-chai n hydrocarbons such as isobuta RE@&%EMEETut t E, hexane,
kept ane, octane, and mixtures thereof; cyclic afd]alicyclic hydfofarbons
such as cycl ohexane, cycl oheptane, nethyl cycl ohgxdney QragChwes/ c| ohept ane,
perfluorinated hydrocarbons such as perfluorinated (Jerr] al kangs}and
aromati c and al kyl -substituted aromatic _gonpounds nel tol uene
and xyl ene. Suitable solvents also include |iquild ol efins which nhy act as
. nmononmers or conononers including et hyl ene, propylene butadiene

114

cycl opent ene, 1-hexane, 3- | - 1- pentene, 4- - pent ene,

1, 4- hexadi ene, 1- GOPSHEL “tfddééf ar§§’§rre?1‘éy1d|‘?}" ﬁ?FB%hzgé'ﬁé" o IffPBenzene
and vinyl tol uene (i ﬁ@IaH|QﬁybahL $iddeens @ gnemanlumnaamhﬂ,xture). | t
is believed that the aCtIVe,ﬁﬁt§|¥§Qﬂ§9Qb“ S @k the present invention
contains a netal center M@IC Renter i ns catlon%% unsat urated and has
a nmetal - carbon bond which I's reac W th oreflns di ol efi ns and

acetyl enical ly unsaturat ePl rgr)‘ogp\ges ‘but nc())n limiting examples of

suitable neutral donor ligands (L') include: ROR, NR3,
PR3, and SR2 wherein R is as above defined.

The term "cationic oxidizer" as used herein
refers to an organic or inorganic ion having an
oxidation potential sufficient to cause a molecular
oxidation of the derivative of a Group 4 or Lanthanide
metal so as to form a catalytic species. Generally and
preferably the Group 4 or Lanthanide metal of the
derivative cbmpound is already in the highest atomic
oxidation state. The process of the invention involves
a molecular oxidation. Most preferred cationic
oxidizers have an oxidation potential of at least +0.20
volt and preferably at least +0.25 volt. Cationic
oxidizers are not Bronsted acids.

As used herein, the recitation "compatible
noncoordinating anion" means an anion which when
functioning as a charge balancing anion in the catalyst
system of this invention does ﬁot transfer an anionic
substituent or fragment thereof to any cationic species
thereby forming a neutral Group 4 or Lanthanide metal
product. "Compatible anions" are anions which are not
degraded to neutrality during catalyst preparation or
use.

The recitation "metalloid", as used herein,
includes nonmetals such as boron, phosphorus and the
like which exhibit semi-metallic characteristics.



associated with this nmetal centéer is a charge bal ancing ani onic remant of

the fornula A-.

The

= \J-
catal yst forned by the nethod of this invent d’fEPhﬁ‘?EWé\ﬁrgﬁénged in solution
¢r separated fromthe solvent, isolated, and|sfored tor subsequent use. As
previously indicated supra, the catal yst mayja sg@gmrmr in situ

during a polynerization reaction by -

-7 -

Further preferred derivatives correspond to the
formula: L"MX,, wherein:

v

"o : i : :
L" ig a derivativ a substity

ivative of
pentadienyl or similar delocalized n-bonding group
imparting a constrained geometry to the metal active
site and containing up to 20 nonhydrogen atoms; and

M and X are zs defined above.

By use of the term "constrained geometry" .
hereih is meant that the metal atom is forced to greater
exposure of the active metal site because of one or more
substituents on the cyclopentadienyl or substituted
cyclopentadienyl group forming a portion of a ring
structure wherein the metal is both bonded to an
adjacent covalent moiety and is held in association with
the cyqlopéntadienyi or substituted cyclopentadienyl
group through an nZ or other n-bonding interaction., It
is understood that %acn respective bond between the °
metal atom and the cpnstituenq atoms of the
cycldpentadienyl or substituted cyclopentadienyl group
need not be equivalent. That is. the metal may -be
symmetrically or unsymmetricaily n-bound to the
cyclopentadisnyl or substituted cyclopentadienyl group.

The geometry of the active metal site is
further defined as 7ollows. The centroid of the
cyclopentadienyl or substituted cyclopentadienyl group
may be defined as the average of the respective X, Y,
and Z coordinates of the atomic centers forming the
cyclopentadienyl or substituted cyclopentadienyl group.
The angle, ©. formed at the metal center between the
centroid of the cyclopentadienyl or substituted
cyclopentadienyl group and each other ligand of the
metal complex may be easily calculated by standard
techniques of single crystal X-ray diffraction. Each of



passing the separate conponents into the polymerization vessel where the

conponents will contact and react to produce the inproved catalyst of this
i nvention. The equival ent ratio of derﬁEpeAé l\ﬁ”f AEgy qup 4, or
kant hani de netal conmpound to oxidi zi ng agent [c d i s

preferably in a range fromO0.1:1 to 10:1, norje joreferably frgmj0.75:1 to
2:1, nost preferably 1.0:1.0. In nost pol yrer|i Zat38n0EEat99601s |t he

equi val ent ratio of catal yst: polynerizahle cdnpound enpl oyed]i4 from
10[err]:1 to 10[err]:1, nore preferably from|[lO[err]:1 to 10[enr]: 1.

A beneficial feature of sone of the catal ystslaf this _invention,
particul arly those based on nonocycl opent adi enyl substituted titanium
conpounds i n conbihesei angldst kannineriedse iarg dageersec dapeidiinagorbdihen, is that
when the catal ystfolebul i Sstirdéeittd @F EHE cbhEErd hLOROdNETRY I Eerad- Ol ef i ns.
ei ther alone or ip..cqeahi natj.Qp X\éépﬁe%@'&%w& lhe ampunt .ef..i gher

mol ecul ar wei ght ¢ di ol et C or at ot

'bjfi n @L i'n i ncorporated into the copolymer is
significantly i nctEag8d Rher® d6ipared B T FIBLyer fomparative

complex differing only in the fact that the constrain-
induecing substituent is replaced by hydrogen have
constrained geometry for purposes of the present
invention. Preferably one or more of the above angles,
©, decrease by at least 5 percent. more preferably 7.5
percent, compared to the comparative complex. Highly
preferably, the average value of all bond angles, @, is
also less than in the comparative complex.

Preferably, monocyclopentadienyl metal
coordination complexes of group 4 or lanthanide metals
according to the present invention have constrained
gecmetry such that the smallest angle, ©, is less than
115°, more preferably less than 110°, most preferably;
less than 105°. o ' ;

«
Highly preferred derivative compounds are
monocyclopentadienyl compounds corresponding to the
formula:



repared with the nore conventional Ziegler- ] St The

Iroel gtive rates of reaction of ethylene and hi gt eﬁEéﬂu&%g‘E R? hit he
aforenmentioned titanium based catal ysts of thils|invention arefsp similar
t hat the nononer distribution in copolyners pr r 3I0vaCh 1996 ¢at al ysts of
this invention may be controlled by the ratio ¢f |mononmeric reagtants.

-21- ' '
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wherein:

Cp* is z cvelopentadi substituted

cyclopentadienvl grocup dound in an n> bonding mode to M;

Z is a Jdivaient molety comprising oxygen,

boron, or z member of group 14 of the Periodic Table of

the Elemencs:

Y is a2 linking grcup comprising nitrogen.

phosphorus. oxygen or sulfur or optionally Z and Y

ox
together form az fused ring system: and -

X is as previously defined.

After molecular oxidation. the highl referred
o

catalysts of the invention correspond to the formuln:

II

unerein Cp¥*. Z.

are

as previously
defined.

Each ca

be substituted cr unsubstituted

rbon atom in the cveclopentadienyl
with the

selected from the group

radical may
same or a different radicai

consisting of hydrocarbyl radicals. substituted-

hydrocarbyi racdicals wherein one or more hydrogen atoms

atcm. hycdrccarbyl-substituted

haiogen
e allioid

rein is selected



"Addi tion polynerizabl e nononers” usefully polynerized according to the
present invention include, for exanple. ethylenically unsaturated nononersm

agetyl eni c conmpounds, conjugated or nonconjug
Preferred nononers include th
especially ethylene, propylene. isobutylene,

4- et hyl - 1- pent ene, and 1-octene. Oher pref
styrene, hal o- or al kyl substituted styrenes
vi nyl benzocycl obut ane, and 1, 4- hexadi eré0-

can be selected so as to produce polyner prod

mbnoxi de, etc.

, b
A

utene 1- hexepe
rredSﬁbﬂﬁﬁﬁﬂﬂbi clfude

,.jt gt raf | uor oet hylfepe,

I n genéral, ¢atalysts

s-uhich will belfree of

certain trace inpurities such as alum num magnesium and chl oride generally

found in pol ynerSfrwnpdus@;d W bh &l@@le%&oé\iaé haniYRE €A alembaes Thaapol ymer
product s, produced Qﬁ%h ih J_c%.’iltaly gf Ihlz |nvent|on shoul d, then. have

a broader range d? akp i cat’i ons than :
Zi egtH=rREREHES PR t‘%ﬁ\él“%t Sergoapfisidngizd metaf®al kyl such as

conventi onal
an al um num

raticed ~vﬁcl.bh nor e
Suitable hydrocarbyl and substituted-hydrocarbyl
radicals, which may be substituted for at least one
hydrogen atom in the cyclopentadienyl radical, will
contain from 1 to 20 carbon atoms and include straight
and branched aikyl radicals, cyelic hydrocarbon
radicals, alkyl-substituted cyclic hydrocarbon radicals,
aromatic radicals and alkyl-substituted aromatic
radicals. Suitable organometalloid radicals include
mono-, di- and trisubstituted-organometalloid radicals
of Group 14 elements wherein each of the hydrocarbyl
groups contain from 1 to 20 carbon atoms. More
particularly, suitable organometalloid radicals include
trimethylsilyl, triethylsilyl, ethyldimethyisilyl,
methyldiethylsilyl, triphenylgermyl, trimethyléerm}% and
the like. o

@

Most highly preferred derivative compounds are
amidosilane- or amidoalkanediyl- compounds corresponding
to the formula:

o]

wherein:



al kyl .

provided as further illustration thereof an

Havi ng descri bed the invention the follow ng exanples are
anstrued as

limting. Unless stated to the contrary alk ﬁﬁ%ﬁﬁ&ﬁﬂﬁﬂTpﬁHﬂﬁhtages are
expressed on a weight basis. Exanple 1 A—caral ystf i xture was

prepared by conbi ning 50 m cronol es of

bi s(cycl opent adi enyl ) di benzy! zi r coni um and F0 n;%95ﬁgf§§60f fler roceni um
per fl uorotetraphenyl borate in 50 n1_gq[ifred and_deas+ated tlol uene. The

m Xt ure

apeend
=~

M is titanium or zirconium, bound to an nd5-
cyclopentadienyl group;

R' each occurrence is independently selscted
from hydrogen, silyl. alkyl, aryl and combinations

thereof having up to 10 carbon or silicon atoms;
E is silicon or carbon;

X independently each occurrence is hydride,

alkyl, or aryl of up to 10 carbons: and
mis | or 2.

Examples of the above most highly preferred
metal coordination compounds include compounds wherein
the R' on the amido group is methyl, ethyl, propyl,
butyl, pentyl. hexyl, (including isomers), norbornyl,
benzyl, phenyl, etc.; the cyclopentadienyl group isa
cyclopentadienyl, indenyl, tetrahydroindenyl, fluorenyl,
octéhydrofluorenylg etec.; R' on the foregoing
cyclopentadiernyl groups each occurrence is hydrogen,
methyl, ethyl, propyl. butyl, pentyl, hexyl. (including
isomers), norbornyl, benzyl, phenyl, etc.; and X is
methyl. neopentyl, trimethyléilyl, norbornyl, benzyl,
methylbenzyl, -phenyl. etc. Specific compounds include:
(tert-butylamido)(tetramethyl-n3-cyclopentadienyl)-1,2-
ethanediylzirconium dimethyl, (tert-butylamido){tetra-
methyl-nd-cyclopentadienyl)-1,2-ethanediyltitanium
dimethylbenzyl, (methylamido)(tetramethyl-n5-
cyclopentadienyl)-1,2-ethanediylzirconium dibenzhydryl,
(methylamido){tetramethyl-n5-cyclopentadienyl)-1,2-
ethanediyltitanium dineopentyl, (ethylamido)(tetra-
methyl-n5-cvclopentadienyl)-methylenetitanium diphenyl,
(tert-butylam:do)dibenzyl(tetramethyl-n3-cyclopenta-
dienyl)silanezirconium dibenzyl, (benzylamido)dimethyl-



~22- was agitated for approximately 30 seconds unt|I t he bl ue
The

ferroceni um col oration was di scharged. Pol yg
catal yst was conbined with a nixture conpri rlﬁPQRQ_EMﬁNTnSb{EﬁT | kane sol vent
mc.), 75 nm—gt {50 psi (350

£l sopar E[err] available from Exxon Chem ca
kPa) of hydrogen, and ethylene (31 atnospherjeq, $ QEEaﬁ n{aj4 L reactor.
9
eact or
' | yst sol ution

The reactants were previously deaerated and JpUri
and

contents were heated to 170[err]C. Tem mllifli -
- of Exanple 1 were added. An inmmedi ate rapid uptake of ethylen
considerable rise in reactor ' )

(tetramethyl-q5-cyclopentadienyi)silanetitanium
di(trimethylsilyl) and (phenylphosphido)dimethyl(tetra-

methyl-nS-cyclopentadienyl)silanszirconium dibenzyl.

In the most preferred embodiment -Z-Y- is an
amidosilane or amidoalkane group of up to 10 nonhydrogen
atoms, that is, (tert-butylamido)(dimethylsilyl), (tert-
butylamido)-1-ethane-2-yl. etec.

Derivative compounds which may be used in the
preparation of the improved catalyst of this invention
are covalently bonded metal compounds that are either
devoid of reactive hydrogens (other than hydride leaving
groups, X) or wherein potentially reactive hydrogens are
protected by bulky protecting groups. Examples of
suitable organyl substituents on such metal derivative
compounds include norbornyl, neopentyl, trimethylsilyl
and dfphenylmethyl. Illustrative. but not limiting °
examples of suitable derivative compounds ‘include: -
tetﬁaherbornyltitanium; tetrabenzylzirconium,
tetraneopentyltitanium, diphenoxybis(tri-
methylsilyl)zirconium, bis(2,6-diisopropyl-i-
methyl)phenoxy)dibenzyltitanium; tritert-
butylsiloxy)trimethylzirconiuh. dimethoxydibenzhydryl-
titanium, bis(2,4,6-trimethylphenoxy)dibenzyltitanium,
butoxytris((trimethylsilyl)methyl)zirconiuh,
dinorbornyldimethyltitanium, tribenzyltitanium hydride,
etc.; cyclopentadienyl and bis(cyclopentadienyl) metal
compounds such as bis(cyclopentadienyl)dimethyl-
zirconium. cyclopentadienyltribenzylzirconium,

~cyclopentadienyltrimethyititanium. cyclopentadienyl-
trimethylzirconium, bis(cyclopentadienyl)
dineopentyltitanium, cyclopentadienyltri(diphenyl-
methyl)zirconium, bis{(cyclopentadienyl)diphenyl-

zirconium. cyclopentadienyltrinecpentyltitanium, bis(ey-



»

t‘enperature occurred. (The ethyl ene uptake was greater than 100 g per
mnute and the tenperature rise was greater than 17[err C the end of a
10 m nute reaction period the reactor conte '
devol atilized | eaving 46 g of high density )
To 25 m of deaerated purified toluene, 25 ' onol es of
(tert-butyl am-do)di nethyl (tetranmethyl-[err] 30 0CT %%
cycl opent adi enyl ) si | anedi benzyl zi rconj_um and} 2% m cronol es
per fl uorotetraphenyl borate were- added” The- §i Xture was agitatgd for
approximately 1 mnute until. the blue col ar sl eni um sal t
was di scharged. Polynerization A 4 L reactor was charged with 2 L
of mi xed al kaneleegnia@dtienysbpdm-EP By Iz} rami BOObidcysflodedetene, heated-to
150[err] C and Rpiesgidi(zedow i)kiptbyl @enf @ ctkrayrnapReiased3. 1 MPa). All
conponent s had,,p;ee,t;lm,nt,dmnyl or bisl{evele

-—ee [ RN A

~ .
dicnyl) compounds such

= (0

as (pentamethylcyclopentadienyl)-(cyclopentadienyl)
dimethylzirconium, bis(ethyleyclopentadienyl)dimethyl-
zirconium. (pentamethyicyclopentadienyl)tribenzyl-
zirconium, (n-butylecyclopentadienyl)trineopentyl-
titanium, cyclepentadienyldimethyltitanium hydride,

1

bis(cyclopentadienyli)bis(diphenylmethyl)zirconium,
bis(tert-butylevelopentadienyl)bis(trimethylsilyi-
methyl)zirconium. bis(cyclohexyleyclopentadienyl)
dimethylzirconium, (benzylecyclopentadienyl)di(m-
tolyl)methyltiianium, (diphenylecyclopenta-
dienyl)dinorbornylmethylzirconium, bis{methyleyclo-
pentadienyl)diphenylzirconium, (tetraethyleyclo-
sentadienyl)tribenzylzirconium, (propyleyclopentadienyl)
feyclopentadienyl)dimethylzirconium, bis(propyleyclo—
pentadienyl)dimethylzirconiom, (n—butylcyclopentadienyi)
dimeﬁhyl(n—butoxy)titanium, cyclopentadienyldiphenyl-
isopropoxyzirconium, cyclohexylmethyleyclopenta-
dienyl)cyclopentadienyldibenzylzirconium, B
bis{(cyclohexyl)methylcyclopentadienyl)dibenzyl-
zirconium, bis(cyclopentadienyl)zirconium dihydride,
benzylecyclopentadienyldimethylhafnium,
bis(indenyl)dibenzylzirconium, {tert-butylamido)di-
methyl(tetramethyl-n5-cyclopentadienyl)silane
dibenzylzirconium, (benzylamido)dimethyl(tetraethyl-ns-
cyclopentadienyi)silane dibutyltitanium, and the like; -
metal hydrocarbyl-substituted cyclopentadienyl metal
compounds such as ((trimethflsilyl)—
ayclopentadienyi)trimethylzirconium, bis((trimethyl-
ermyl)eveclopentadienyl)dimethyltitanium, ((trimethyl-

U oy

stannyl)cyclopentadienyl)tribenzylzirconium, ((penta-
rimethvisilyl)cyclopentadienyl){(ecyclopenta-

o



-i23- previously deaerated and purified. 20 g—of-the—abore Tat al yst
solution were added resulting in an i nmedi ate_raﬁPﬂAﬁﬁMﬂﬂeS%éhe?hyl ene and
a-large rise in reactor tenperature (approxi per minyte ethyl ene
Upt ake and tenperature rise of 26[err]C). At th 0 {minute period
t he reactor contents were renoved and S'Hj()%fl' ot

-14-

dienyl)dimethylzirconium, bis((trimethylsilyl)cyclo-
pentadienyl)dimethylizirconium, penta((trimethyl-
silyll)cyclopentadienyl)tribenzyltitanium, bis{{tri-
methylgermyl)cyclopentadienyl)diphenylhafnium; halogen-
substituted cyclopentadienyl compounds such as
((trifluoromethyl)cyclopentadienyl){(cyclopentadienyl)di-
methylzirconium, bis{(trifluoromethyl)cyclopenta-
dienyl)dinorbornylzirconium, ((trifluoromethyl)cyclo-
pentadienyl)tribenzylzirconium; silyl-substituted
(ecyclopentadienyl)metal compounds such as
bis(eyclopentadienyl)di(trimethylsilyl)zirconium,
cyclopentadienyltri(phenyldimethylsilyl)zirconiums:
bridged cyclopentadienyl-metal compounds such as
methylenebis((cyclopentadienyl)dimethylzirconium),
ethylene-bis-((cyclopentadienyl)dibenzylzirconium),
(dimethylsilylene)-bis-((cyclopentadienyl)
dimethyltitanium), methylene-bis-(cyclopentadienyl) »
di(trimethylsilyl)zirconium, (dimethylsilylene):- :
bis(bgclopentadienyldineopentylhafnium), ethylene-bis-
{(tetrahydroindenyl)-zirconium dibenzyl and
dimethylsilylene(fluorenyl)(cyclopentadienyl)-titanium
dimethyl.

Other compounds which are useful in the
catalyst compositions of this invention. especially
compounds containing other Group & or Lanthanide metals,
will. of course, be apparent to those skilled in the
art.

Compounds useful as oxidizing agents in the
preparation of the compounds of this invention will
comprise a cationiec oxidizer, and one or more compatible

noncoordinating anions, as previously explained.



devol atilized | eaving 78 g of ethyl ene/1-octene copol yner. The 1-octene
content of the polymer was 7.5 nole percent as determ ned by mass bal ance.
Exanpl e 3 A catal yst solution was prepared by mxing 10 mcronol es
each of (tertbutylam do)dinethyl ([err]-2,3,4,5- REPLACEMENT SHEET
t et ramet hyl cycl opent adi enyl ) si | ane di benzyl titanfu - { un
perfluorotetraphenyl borate in 5 mlliliters_ of toﬁu ne. AfLFF épi t

seconds of agitation the blue ferroceniumhad bee ons 0rl6 al gt eeni sh
brown solution formed. Polynerization-15- Addifti on. of this gatal yst
solution to a stirred (500 rpm) two liter reactor fcontaining |Isopar{E (1000
m), 1-octene (200 m), hydrogen (50 nl @50 psi, 1350 -kRa)—ard—ethytene
(saturated @450 psi, 3 Wra Datgfa.&ee{@reﬁlbgdlrn@muﬁd dfNpReviuerr] C
temperature rise. fopl;, mﬁugsﬁcﬁ;e%r aadglmn%pcfh e, catghyst solution to

the reactor the
ising a yl'u'u ality of

1ipophi11c rad;cals covalently coordinated to and
shielding a central formally charge-bearing metal or
metalloid atom. which anion is bulky and stable under

the oxidation and subsequent polymerization conditions,
and which anion is compatible with and noncoordinating T,
towards the resulting Group 4 or Lanthanide metal
containing catalyst. The anion is employed only to
provide charge balance without interfering with the
oxidizing ability of 0x*2 or the catalytic properties of
the resulting catalyst. Any metal or metalloid capable
of forming a coordination complex which is stable under
the reaction conditions of the present invention may be
contained in the anion. Suitable metals include, but
are not limited to, aluminum, goldr and platinum. =
Suitable metazlloids include, but are not limited to;
b&ron, phosprorus and silicon. Oxidizing agents
containing anicns comprising a coordination complex
containing a-single boron atom are most preferrea.

Anions comprising boron which are particularly
useful in the preparation of catalysts of this invention
may be represented by the following general formula:

[BX 1X2X3Xu]"

wherein:

B is boron in a valence state of 3;

X1 to Xz are the same or different nonreactive,
organyl or s"y; radicals containing from 6 to 20 carbon
or silicon atoms. 1In addition two or more of X4 to Xy
may be linked -c each other through a stable bridging
group. Preferably I, to Xu lack reactive hydrogen



chntents were removed fromthe reactor and the volatiles stripped to gi ve
104 g of linear |ow density polyethyl ene. Exar‘p:HEPﬂACEMENT SHEFR ¢at al yst

m:xture was prepared from 10 m cronol es each of A aYsY-YaYMNT:0Y
perfl uor ot et raphenyl -
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moieties. That is, the radicals are either devoid of
hydrogen, contain only hydrogen in nonactivated
positions or contain sufficient steric hindrance to
protect potentially active hydrogen sites. Examples of
suitable radicals for X; to X, are perfluorinated
hydrocarbyl radicals containing from 6 to 20 carbon
atoms, 3,4,5-trifluorophenyl, etc. '

) A most highly preferred compatible, non-
coordinating, anion is tetra(pentafluorophenyl)borate.

Suitable organic cationic oxidizers for use
according to the present invention include ferrocenium
ions, bis-indenyl Fe(III) ions, and cationic derivatives
of substituted ferrocene, and the like molecules.
Suitable metal cationic oxidizers include Ag*!, Pd*2,
Pt*?, Hg*?, Hg,*?, Au* and Cu*. Most preferred cationic
oxidizers are ferrocenium and Ag*! cations. »

Illustrative, but not limiting, examples of
oxidfzing agents in the preparétion of the improved
catalysts of this invention are ferrocenium
tetra(pentafluorophenyl)borate; gold (I) tetrakis
3,4,5-trifluorophenyl borate, silver tetra(penta-
fluorophenyl)borate and 1,1'-dimethylferrocenium
tetrakis 3.5-bistrifluoromethylphenyl borate.

Similar lists of suitable compounds containing
other metals and metalloids which are useful as
oxidizing agents (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 to bs exhaustive and
other borcn compounds that would be useful as well as
useful compounds containing other metals or metalloids



Borate and 2-([err]-cycl opentadi enyl)-2-([err] i¢¢uu4na49—qyuaam% di benzyl
zirconiumin toluene (5 m). A greenish sol uti nREPIACEMENT rBHEERf fer 1

m nute of agitation. Polynerization Thls‘tatarygr"§U§u1|on was
then added to a stirred (500 rpm 2 liter react]on t pt opyl ene (200
oreP g 58

g), lsopar-E (600 m), and 1-octene (200 m ) atf grature
rise of 10[err]C occurred upon addition of- catdly ' dntai ned for
3 mnutes despite C|rculat|on of a 10,err]C ethylene glycollmater m xture
through the reactor's internal cooling coils. After—St—mimotes—The contents

of the reactor were reaned and devol atilized to give 167 g of clear

rubbery, syndiotactic propyl ene/ 1-octene copol yner.
would be readily apparent. from the foregoing general -

equations, to those skilled in the art.

Without wishing tc be bound by any particular
theory of operation it is believed that the cationiec
oxidizer causes the molecular oxidation of the Group 4
or Lanthanide metal derivative. and in the process
becomes a neutral species. The oxidized metal
derivative loses a hydrogen or hydrocarbyl radical (-R)
by a unimolecular eliimination resaction. Two or more
such radicals form a hydrogen molecule or a neutral
organic species of the formula Ry where x is an integer
greater than or equal to 2. These byproducts are of
course neutral or noninterfering with any subsequent
polymerization reaction and may also be removed from the
reaction mixture. This result is much preferred to
previously known processes for catalyst activatioq which
resulted in the formation of an amine or similar '

reaction byproduct.
&

It should be noted that the two compounds
combined for preparation of the active catalyst must be
selected so as to avoid transfer of a fragment of the
anion, particularly an aryl group, to the metal cation,
thereby forming a catalytically inactive species. This
could be done by steric hindrance, resulting from
substitutions on the groups attached to the Group 4 or
Lanthanide metal as well as substitutions on the
aromatic carbon atoms of the anion. It follows, then,
that Group 4 and Lanthanide metal compounds (first
components) comprising, for example. perhydrocarbyl-
substituted cyclopentadienyl radicals could be
effectively used with a broader range of second
compounds than could first compcnents comprising less
bulky radicals. As the amount zand size of the metal



<25- The clains defining the invention are as foll ows:

process for prgparl ng an addltlon pol ymeri zat if ﬁsﬁ@iﬁw ﬂEEq'h?e

Llerr] MX+ A-,

ligand or Ii gand system

NCCLLL.

wher ei n: L i ndependent
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substituents are reduced, however, more effective
catalysts are obtained with second compounds containing
anions which are more resistant to degradation, such as
those with substituents on the meta and/or para
positions of the phenyl rings. Another means of
rendering the anion more resistant to degradation is
afforded by fluorine substitution, especially perfluoro-
substitution, in the anion. Second components

. containing fluoro-substituted stabilizing anions may,

then, be used with a broader range of first components.

In general, the catalyst can be prepared by
combining the two components in a suitable solvent at a
temperature within the range from -100°C to 300°C.

The catalyst may be used to polymerize a-
olefins and/or acetylenically unsaturated monomers
having from 2 to 18 carbon atoms and/or diolefins ha?ing
from 4 to 18 carbon atoms either alone or in
combination. The catalyst may also be used to
polymerize a-olefins, diolefins and/or acetylenically
unsaturated monomers in combination with other
unsaturated monomers. In general, the polymerization
may be accomplished at condiéions well known in the
prior art for Ziegler-Natta or Kaminsky-Sinn type
polymerization reactions, that is, temperahures from O
to 250°C and pressures from atmospheric to 1000
atmospheres (100 MPa). Susbension, solution, slurry or
other procass condition may be employed if desired. A
support may be employed but preferably the catalysts are
used in a homogeneous manner. ‘It will, of course, be
appreciated that the catalyst system will form in situ if
the components thereof are added directly to the
polymerization process and a suitable solvent or

diluent., including condensed monomer, is used in said

1

for mul a:

is a

A



Mis a metal of group 4 or the Lanthani de series of the Perlodlc Tabl e of

the Elenents; X is hydride or a hydro rnyl
group having up to 20 carbon, silicon or germa Jﬁ?ﬁﬂﬁﬂiﬁ  SHEE [err]
is an integer greater than or equal to 1; and . AT TS a nonoval ent
conpati bl e noncoordi nati ng ani on, I ncl udifn ;pﬁggcﬁﬁgg a
derivative of a Goup 4 or Lanthanide netal - corjels g di t He |f ormul a:
Ll[err] MX[err], wherein L, [efd], Mand dgntly are

as defi ned above,

polymerization process. 1t is, however, preferred to

form the catalyst in a separate step in a itable
sclvent prior tc adding the same to the pclymerlzat*cr

mixture.

As indicated suprz, the improved catalyst of
the present invention will, preferably, be prepared in a
suitable solvent or diluent. Suitable solvents or
diluents include any of the solvents known in the prior
art to be useful as solvents in the polymerization of
olefins, diolefins and acstylenically unsaturated
monomers. Suitable solvents include straight and
branched-chain hydrocarbons such as isobutane, butane,
pentane, hexane, heptane, octane, and mixtures thereof;’
cyclic and alicyclic hydrocarbons such as cyclohexane,
cycloheptane, methylcyclohexane, methyleycloheptane,
perfluorinated hydrocarbons such as perfluorinated Cy_qg
alkanes and aromatic and _alkyl-substituted aromatic °
compounds such as benzene, toluene and xyiene. Suitable
solvents also include liquid olefins which may act as
monomers or comonomers inciuding ethylene, propylene,
butadiene, cyclopentene, i-hexane, 3-methyi—1-pentene,
J-methyl-1-pentene, 1,4-hexadiene, 1-octene, 1-decene,
styrene, divinylbenzene, zllylbenzene and vinyltoluene
(including all isomers alone or in admixture).

It is believed that the active catalyst species
of the present invention contains a metal center which
center remains cationic, unsaturated and has a metal-
carbon bond which is reactive with olefins, diolefins
and acetylenically unsaturated compounds. Also
associated with this metal center is a chargs balancing
anionic remnant of the formula A™



vith an oxi di zing agent which in reduced formis noninterfering wth the
resulting catal yst, said oxidizing agent corresponding to the fornula:

(Ox+a) b(A-)d wherein: x+[err] is ap ﬁr‘\emkgﬂsﬂgﬁl cationic

oxi di zer having a charge of (+a) capable of px aYal ijvative of a
G oup 4 or Lanthanide netal; A- is a$ previously def|nked; and

b and d are intégers selected to provide char@e|bad Qi 1996
~~~~~~~~~~~~ -20-~

The catalyst formed by the method of this
invention may be retained in solution or separated from
y isolated, and stored for subssquent use.
As previously indicated supra, the catalyst may also be
prepared in situ during a polymerization reaction by
passing the separate components into the polymerization
vessel where the components will contact and react to
produce the improved catalyst of this invention.

The equivalent ratio of derivative of a Group
4, or Lanthanide metal compound to oxidizing agent
compound employed is preferably in a range from 0.1:1 to
10:1, more preferably from 0.75:1 to 2:1, most
preferably 1.0:1.0. 1In most polymerization reactions
the equivalent ratio of catalyst:polymerizable compound
employed is from 1012:1 to 10'1:1, more preferably from
1076:1 to 1073:1.

o

A berieficial feature of some of the catalysts
of this invention, particularly those based on
monocyclopentadienyl substituted titanium. compounds in
combination with an oxidizing agent comprising boron, is
that when the catalysts of this invention are used to
copolymerize a-olefins. either alone or in combination
with diolefins, the amount of higher molecular weight
olefin or diolefin incorporated into the copolymer is
significantly increased when compared to copolymers
prepared with the more conventional Ziegler-Natta type
catalysts. The relative rates of reaction of ethylene
and higher a-olefins with the aforementioned titanium-
based catalysts of this invention are so similar that
the monomer distribution in copolymers prepared with the
catalysts of this invention may be controlled by the
ratio of monomeric reactants.



S2.
an
as

as

“is férroceni um or

"Addition polymerizable monomers" usefully
polymerized according to the present invention include,

Tan: Tlw timmnbima .
for example, ethylenically unsaturated monomers,

(1

acetylenic compounds, conjugated or nonconjugated
dienes, polyenes, carbon monoxide, etc. Preferred
monomers include the C2-1Q a-olefins especially
ethylene, propylene. isobutylene, l1-butene, l-hexene,
k-methyl-1-pentene, and i-octene. Other preferred
monomers include'styrene, halo~- or alkyl substituted
styrenes, tetrafluoroethylene, vinylbenzocyeclobutane,
and 1,4-hexadiene.

In general, catalysts can be selected so as to
produce polymer products which will be free of certain
trace impurities such as aluminum, magnesium and
chlcride generally found in polymers produced with
Ziegler-Natta type catalysts. .The polymer productsa
produced with the catalysts of this invention should,’
then. have a broader range of applicationé than polymers
prodtced with more conventional Ziegler-Natta type
catalysts comprising a metal alkyl such as an aluminum
alkyl,

Having described the invention the following
examples are provided as further illustration thereof
and are not to be construed as limiting. ‘Unless stated
to the contrary all parts and percentages are expressed
on & weight basis.

Example 1

A catalyst mixture was prepared by combining 50
micromoles of bis(cyclopentadienyl)dibenzylzirconium and
50 micromoles of ferrccenium perfluorotetraphenyl borate

in 0 ml purifisd and deaerated toluene. The mixture

| \(,:\g-ftebghﬂ 1(%6{&%% v;as of

A process as clained in claim1, wherein the cationic oxidizer has
oxi dation potential of at |east +0.20 volt._ -
claimed in either claim1 or claim 2, whefeqgp RbEVENE iSHR
. an oxidation potential of at |east +0.25 volyg. - 4
claimed in any one of the preceding clai
sel ected fromferrocenium bisindenyl Fe(LIl);
substituted ferroceniun and netallic qation
as claimed in claim4, wherein Ox+[ er'rz]

A process

oxi di zer has

A process
IS

A process



SAg+L. 6. A process as clained in any one of the preceding
clains, wherein A- is: [BX[err] X errlXerr] X[ errll-. . wherein:

B is boron

are

in a val ence state of 3, X[
-or different nonreactive, organyl or silyl rad}c
20 carbon or silicon atonms and optionally two pr
may be |linked to each other through a stable bf i
A process as claimed in claim®6 wherei,g_Xerr]} |
perfluorinated hydrocar byl radlca s contalning from6 to 2Q carbons.

hotwgend srrdy are the sane
%gjron16to
|

nDre of. éberr to Xerr]
7

[err] X[ err]l tand X[errj

was agitated for approximately 30 seconds until the blue
ferrocenium coloration was discharged.

Polymerization

The catalyst was combined with a mixture
comprising 2 L of mixed .alkane solvent (Isopar E™
available from Exxon Chemicals Inc.), 75 ml at 50 psi
(350 kPa) of hydrogen, and ethylene (31 atmospheres, 3.1
MPa) in a 4 L reactor. The reactants were previously
deaerated and purified and the reactor contents were
heated to 170°C. Ten milliliters of the catalyst
solution of Example 1 were added. An immediate rapid
uptake of ethylene and considerable rise in reactor
temperature occurred. (The ethylene uptake was greater
than 100 g per minute and the temperature rise was
greater than 17°C). At the end of a 10 minute reaction

period the reactor contents were removed and
devolatilized 1eav1ng 46 g of high density polyethylene.

¢ i

Examnle 2

To 25 ml of deaerated purified toluene, 25
micromoles of (tert-butylamido)dimethyl(tetramethyl-n?
cyclopentadienyl)silanedibenzylzirconium and 25
micromoles of ferrocenium perfluorotetraphenyl borate
were added. The mixture was agitated for approximately
1 minute until the blue color of the solid ferrocenium
5alt was discharged.

Polymerization

A 4 L reactor was charged with 2 L of mixed
alkane solvent (Isopar E™) and 300 ml of 1l-octene,
heated to '50°C and pressurized with sthylene to 31
atmospheres (3.1 MPa). All components had been



- 8. A process as clained in any one of the precedi ng clains, wherein M
is titaniumor zirconium _T cu
REPLACEMENT SHEET 9. A pro:eBEP%ﬁg‘l A1 el fed-{ nt any one of
- the preceding clains, wherein L is: : an ani pn{c |igand
sel ected fromthe group consisting of, R - 0@0’{99(( [err] OR,
-PRerr], -SR, -OR, -NRerr], hydride, and qr anorretal oid
. =23- T

previously deaerated and purified.

catalyst

rapid uptakes o

20 ml of the above

solution were added resulting in an immediate

AbklneeT o - -1 - T g -
Cuiiys€li€ aild a 1arge rise

la

2 om - - - Ao o am
in reacuor

temperature (approximately 50 g per minute ethylene

uptake and temperature rise of 26°C).

At the end of a

10 minute period the reaccor contents were removed and

devolatilized leaving 78 g of ethylene/l-octene

copolymer.

The 1-octene content of the polymer was 7.5

mole percent as detsrmined by mass balance.

Example 3

A catalyst solution was prepared by mixing 10

micromoles each of (tertbutylamido)dimethyl (q5~2,3,u,5-
tetramethylecyclopentadienyl)silane dibenzyl titanium and

ferrocenium perfluorotetraphenylborate in 5 milliliters

of toluene.

After thirty seconds of agitation the baue

ferrocenium had been consumed and a greenish brown

solutlon formed.

Polymerization

Addition of this catalyst solution to a stirred

(500 rpm) two liter reactor containing Isopar-E (1000

ml),
kPa) and
resulted
addition
contents

1-octene (200 ml), hydrogen (50 ml € 50 psi, 350

ethylene (saturated @ 450 psi, 3 MPa) at 130°C
in a 49°C temperature rise. Ten minutes after
of the catalyst solution to the reactor the

vere removed from the reactor and the volatiles

stripped to give 104 g

polyethylene.

Example U

micromolies rro

of linear low density

ixture was prepared from 10

cenium perfluorotetraphenyl-



.radicals conprising a Goup 14 el enent wherein each of the hydrocar byl

substituents contained in the organic porti Op—ef—satet—or é¥ tall oid,

i ndependently, contains from 1 to 20 carbon aIWH&ACHHEWé%HE Ris a
-hydrocarbyl, silyl, gernyl or a substituted hydfocarbyl, silyj,} or gernyl
group of from1l to 24 carbon, silicon, or gerwa1|5ﬂgqﬂpmqg R is
Cerr] alkylene, and mis an integerjffomzero to ten;}| or

b) a neutral donor ligand selectgd fromthelgreup—eonststing of, ROR
NR3, PR3, and SR2 wherein Ris as alfove defi ngd. 10. | A process

as clainmed in any one of the precedlng clainms,™wherern L is derivative of
a substituted cyclopentadl

gy group inparting a.constrained geonetry to
borate and 2-(n°-cyclopentadienyl)-2-(n°-fluorenyl)

propane dlbenzyl zirconium in toluene (5 ml). A

esnlutin H Sk oA AP
n sclution was gbtained after 1 minute cof

Polymerization

This catalyst solution was then added to a
stirred (500 rpm) 2 liter reactor containing propylene
(200 g), Isopar-E (600 ml), and 1-octene (200 ml) at
50°C. A temperature rise of 10°C occurred upon addition
of catalyst and was maintained for 3 minutes despite
circulation of a -10°C ethylene glycol/water mixture
through the reactor's internal cooling coils. After 30
minutes the contents of the reactor were removed and
devolatilized to give 167 g of clear, rubbery,
syndidtactic propylene/l1~octene copolymer.

! s



the netal active site and containing up to 20 nonh; |
11. A process .accordi nq to claim10 wherein L[e} rmEMQBWET]lT (%‘r»ﬂes onds
to the formula: [err] wherein: M fsptrTTantum or zj rconi um

substituted eyel opd IAUTINIMINIUR oc%o 2 o7V e (T S0 GV 0%

[—

The claims defining the invention are as follows:

1. A process for preparing an addition polymerization catalyst of the
formula:

L; MX* A-,

wherein:

L independently each occurrence is a ligand or ligand system;

M is a metal of group 4 or the Lanthanide series of the Periodic Table of the
Elements;

X is hydride or a hydrocarbyl, silyl or germyl group having up to 20 carbon,
silicon or germanium atoms;

¢ is an integer greater than or equal to 1; and

A- is a monovalent compatible noncoordinating anion, »

including contacting a derivative of a Group 4 or Lanthanide me:tal
corresponamg to the formula:

L, MX,,

wherein _

L, ¢, M and each X independently are as defined above,

with an oxidizing agent which in reduced form is noninterfering with the
resulting catalyst, said oxidizing agent corresponding to the formula: |

(OxT2)(A)g
wherein:

Ox*2 js a non-Bronsted acid, cationic oxidizer having a charge of (+a)
capable of oxidizing the derivative of a Group 4 or Lanthanide metal;

A- is as previously defined; and

b and d are integers selected to provide charge balance.



‘bondi ng node to M . REPLACEMENT SHEET
REPLACEMENT SHEET —s- a dival ent rfoifety conpri si n}eoxygen,
u

boron, or a nmenber of grou the Periodi ¢ Tall e3¢f oCTefbenents; and

"Y is a linking gro i | N L!Irogen phosphdr 4s, oxygen or gul{fur or
optionally Z and Y used-RBng syt emm 13. A
process as clained i n cI al m 11, wherein each X irndependently is_

2. A process as claimed in claim 1, wherein the cationic oxidizer has an

oxidation potential of at least +0.20 volt.

3. A process as claimed in either claim 1 or claim 2, wherein the cationic

oxidizer has an oxidation potential of at least +0.25 volt.

4. A process as claimed in any one of the preceding claims, wherein
Ox+2 js selected from ferrocenium; bisindenyl Fe(IIl); cationic derivatives of

substituted ferrocenium; and metallic cations.

5. A process as claimed in claim 4, wherein Ox*2 is ferrocenium or
Agtl,

55. A procéss as claimed in any one of the preceding clahﬁs, whel_'ein A-
is: ©

[BX 1 X5X3X4]"
wherein:

B is boron in a valence state of 3,
X1 to X4 are the same or different nonreactive, organyl or silyl radicals
containing from 6 to 20 carbon or silicon atoms and optionally two or more of X; to Xy -

may be linked to each other through a stable bridging group.

7. A process as claimed in claim 6 wherein X, X5, X3, and X4 are

perfluorinated hydrocarbyl radicals containing from 6 to 20 carbons.

8. A process as claimed in any one of the preceding claims, wherein M

is titanium or zirconium.



«hydride, alkyl or aryl of up to 10 carbon atons; | YRERLACEBMENBISHEET |

(ER [err])[err], n or carbon R ndiently is
hydr ogen, silyl, al corrbl nation thefeqf j ng .upf tjo 10
“carbon or silicon g muﬂﬁim ‘w : | 9’1%%%%J 19%6pro ess as
clainmed in any one clalnzz wher gi Ls__hydride lor (Jerr]
hydrocar byl . A process as claijed in claim 13, erein X
i s benzyl. An addi tion pol ymer

substantial ly | acklng |rA§FﬁCﬁ%‘ %ﬁrclalpﬁésxphmh@nq)gfp%@mqedmgmnxsowhmhd. ng

to the formyl a: L[err] MX+ A-, wherein:
i ndependent 'Y each occurrence is a |ligand or Ilgand system

a) an anionic ligand selected from the group consisting of, R, -
R'(OR"),OR, (OR"),OR, -PRy, -SR, -OR, -NR,, hydride, and organometalloid
radicals comprising a Group 14 element wherein each of the hydrocarbyl substituents
contained in the organic portion of said organometalloid, independently, contains from
1 to 20 carbon atoms, wherein

R is a hydrocarbyl, silyl, germyl or a substituted hydrocarbyl, silyl, or germyl
group of from 1 to 24 carbon, silicon, or germanjum atoms;

R' is Cy 1o alkylene, and

m is an integer from zero to ten; or

b) a neutral donor ligand selected from the group consisting of, ROR,
NRj, PR3, and SR, wherein R is as above defined. -

}O. A process as claimed in any one of the preceding claims, wherein L is
derivative of a substituted cyclopentadienyl group imparting a constrained geometry to

the metal active site and containing up to 20 nonhydrogen atoms.

11. A process according to claim 10 wherein L, MX, corresponds to the
formula:
z
- Y
Co* ___ M/
\
(X)
wherein:

M is titanium or zirconium;
X is as defined in claim 1;
Cp*isa cyclopentadienyl or substituted cyclopentadienyl group bound in an 1

bonding mode to M;



Mis a netal of Group 4 or Lanthanide series of t quPéACEMEN:T BHEEE of t he

El enent s;

Jhaving up to 20 carb or ermanl um at o
i nteger greater thanﬂM]ﬁBﬂ E’ , t ﬁ i
conpati bl e, noncoord -28-16. |

in claim15, wherein L,
clains 1 to 14.

ydrocarbyl s[TYyT Or gernyr] group

 BQ,08T k) | * "

deflned I n any Jone of

[err], M X and A- are a

Z is a divalent moiety comprising oxygen, boron, or a member of group 14 of
the Periodic Table of the Elements; and
Y is a linking group comprising nitrogen, phosphorus, oxygen or sulfur or

optionally Z and Y together form a fused ring system.

12, A process as claimed in claim 11, wherein each X independently is
hydride, alkyl or aryl of up to 10 carbon atoms; Y is NR'; and Z is (ER'9)p,, wherein E
is silicon or carbon; each R' independently is hydrogen, silyl, alkyl, arylor a

combination thereof having up to 10 carbon or silicon atoms; and m is 1 or 2.

13. - A process as claimed in any one of the preceding claims, wherein X is
hydride or C;-C;q hydrocarbyl.

_14. A process as claimed in claim 13, wherein X is benzyi.

15. An addition polymerization catalyst substantially lacking in amine or
phosphine byproducts, and corresponding to the formila:

Ly, MX+ A-, wherein:

L independently each occurrence is a ligand or ligand system,;

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

X is hydride or a hydrocarbyl, silyl or germyl group having up to 20 carbon,
silicon or germanium atoms;

¢ is an integer greater than or equal to 1; and

A- is a monovalent, compatible, noncoordinating anion.

16. A catalyst as claimed in claim 15, wherein L, ¢, M, X, and A- are as

defined in any one of claims 1 to 14.



« REPLACEMENT SHEET | 17. A cat al ytg ri zation
process characterized in that the catalyst is a BEBM&MENM %H%TmMS or

claim 16 or obtai ned by a process—as—etaimed in gny one or—crajng 1 to 14.

" 18. A process for: p Ltion polyrediz st as
claimed in claiml suummﬁmnmﬁ reagbef ofe de:gcr egﬁ%ﬂt n feference
L

to any one of the Exanples.

17. A catalytic addition polymerization process characterized in that the
catalyst is as claimed in claim 15 or claim 16 or obtained by a process as claimed in

any one of claims 1 to 14.

18. A process for preparing an addition polymerization catalyst as claimed
in claim 1 substantially as hereinbefore described with reference to any one of the

Examples.
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ABSTRACT
ADDITION POLYMERIZATION CATALYST
WITH OXIDATIVE ACTIVATION

Addition polymerization catalysts of the formula Ly MX* A- prepared by
oxidation of a Group 4 or Lanthanide metal derivative .of the formula Ly, MX, with an
oxidizing agent of the formula (Ox+2),(A-), are free of interfering amine or phosphine
byproducts. In these formulae:-

L independently each occurrence is a ligand or ligand system, especially a n>-
cyclopentadienyl group optionally covalently bonded to M through a substituent;

£ is an integer, especially 1;

M is a Group 4 or the Lanthanide metal, especially titanium or zirconium,;

X is hydride or a hydrocarbyl, silyl or germyl group having up to 20 carbon, *
silicon or germanium atoms, especially benzyl; »

A- is a monovalent, c_ompatilile, noncoordinaﬁﬁg anion, especialiy :
perﬂuorot;traphenyl boraté;

Ox+2 is a cationic oxidizer having a charge of (+a) especially Ag+ or
ferrocenium; and

b and d are integers selected to provide charge balance.



