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CONSTRAINED GEOMETRY ADDITION POLYMERIZATION CATALYSTS,
PROCESSES FOR THEIR PREPARATION, PRECURSORS THEREFOR,
METHODS OF USE, AND NOVEL POLYMERS FORMED THEREWITH

The present invention relates to metal
coordination complexes having constrained geometry. The
invention also relates to certain novel addition
polymerization catalysts comprising such metal.cbmplexes
having cohstrained'geométry. Furthermore, the invention
relates to methods for the polymerization of addition
polymerizable monomers and to the resulting polymers.

Because of the unique exposure of the active
metal site of the metal coordination complexes having
constrained geometry, catalysts resulting therefrom have
unique properties. Under certain conditions, the
catalysts of the invention are capable of preparing
novel olefin polymers having previously unknown '
properties due to their unique facile abilities to
polymerize a-olefins, diolefins, hindered vinylidene
aliphatic monomers, vinylidene aromatlc monomers and
mixtures thereof. .-
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CONSTRAI NED GEOVETRY ADDI TI ON POLYMERI ZATI ON CATALYSTS, PROCESSES FOR
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metal coordi nation corrpl exes havi ng constral ned georretry The | nventlon
also relates to:certain novel addition polynerization catal ysts conprising
such netal conpl exes having constrai ned geonetry. Furthernore, the
invention relates to nethods for the polyaerization of addition

Numerous metal coordination complexes are known
in the art ineluding such complexes involving
monocyclopentadienyl groups and substituted monocyclo-
pentadienyl groups. The present metal coordination
complexes differ from those previously known in the art

> due to the fact that the metal is bound to a delocalized
substituted n-bonded moiety in a manner so as to induce
a constrained geometry about the metal. Preferably the
metal is bound to a cyclopentadienyl, substituted
cyclopentadienyl or similar group by both a q5—bond and
a bridging linkage inéluding other ligands of the metal.
The complexes also preferably include metals having
useful catalytic properties.

10

Also previously known in the art are transition
metal coordination complexes known as tucked complexes.
Such complexes are described in Organometalllcs 6, 232-

241 (1987).

15

In US Serial No. 8,800, filed January 30, 1987
{published in eduivaleht form as EP 277,004) there are
disclosed certain bis(cyclopentadienjl) metal compounds
formed by reacting a bis(cyclopentadienyl) metal complex
with salts of Bronsted acids containing a non~

25 coordinating compatible anion. The reference discloses
the fact that such complexes are usefully employed as
_ " catalysts in the polymerization of olefins. The
{ = foregoing catalysts are not considered to be

£ 30 particularly effective olefin polymerization catalysts.

20

Previous attempts to prepare copolymers of
vinylidene aromatic monomers and a-olefins, in
particular copolymers of styrene and ethylene, have
either failed to obtain substantial incofporation of the '
vinylidene aromatic monomer or else have achieved

© 38,099A-F -2- s Sheet Has Been Replaced




polynerlzable nononers and to the resulting polymers. Because of
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unique'properties. Under certain condltlons the catal ysts of the invention
are capabl e of preparing novel olefin polyners havi ng previ ously unknown
properties due to their unique facile abilities to polynerize a-olefins,
di ol efins, hindered vinylidene allphatlcamnnoners vi nyl i dene aromatic
mononers and m xtures ther eof .

polymers of low molecular weight. In Polymer Bulletin,

20, 237-241 (1988) there is disclosed a random copolymer

' of styrene and ethylene containing 1 mole percent
styrene incorporated therein. The reported polymer
yield was 8.3 x 10'“ grams of polymer per micromole

3 titarium employed.

It has now been discovered that previously
knokn addition polymerization catalysts are incapable of
high activity and polymerization of numerous monomers

10 because they lack constrained geometry.

In one aspect the present invention relates to
a metal coordination complex having constrained

, geometry. More particularly it relates to such

4 15 coordination complexes that are usefully employed in

. combination with activating cocatalyst compounds or
mixtures of compounds to form a catalytic system
usefully employed in the polymerization of addition
polyﬁerizablé monomers, especially ethylenically

20
& unsaturated monomers.
oS
%- . ) In another aspect the present invention relates
% to a process for preparing certain components of the
: 25 above metal coordination complexes having constrained
3 : geometry and to the precursor compounds necessary

therefor.

_ In yet another aspect the present invention

3J3o relates to a process for preparing addition polymers,
especially homopolymers and copolymers of olefins,

i ‘diolefins, hindered aliphatic vinyl monomers, vinylidene

aromatic monomers and mixtures of the foregoing and to

the resulting polymer products.

" 38,099A-F o 3-
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_ urmer ous netal coordinati
ion conpl in
‘Jncludlngrsuch conplexes |nvoIV|ng nnnocyclooggtgéi;ﬁgLEgigggg—egdLhe At

fﬁgFlfﬁes differ fron1those'brev{ously knowﬂ ;ang%ﬁgﬁ b%L ﬁg (ghnatlon
e nmetal is bound.to a delocalized SUbStItut e fact

PﬁgnﬁétZF ?z Lo igdUce a constrai ned geonetry abou iety in a
Si'mi'ar group by both a nlerr]-bond enyl T4substituted cycl opent acrj?feﬁ;?blﬁl
ligands of the netal. -bond and a bridging |inkage including other

According to the present invention there is
provided a metal coordination complex comprising a metal
of group 3 (other than scandlum), 4-10 or the lanthanide
series of the Periodic Table of the Elements and a
delocalized n-bonded moiety substituted with a

5 constrain-inducing moiety, said complex having a
constrained geometry about the metal atom such that the
angle at the metal between the centroid of the
delocalized, substituted m-bonded moiety and the center

10 of at least one remaining substituent is less than such
angle in a comparative complex differing only in that
said constrain-inducing substituent is replaced by
hydrogen, and provided further that for such complexes
comprising more than one delocalized, substituted n-

15 bonded moiety, only one thereof for each metal atom of

the complex is a eyelic, delocalized, substltuted n-
bonded moiety.

_ Said metal coordination complexes are referred
g 20 to hereinafter as “metal coordination complexes of the

invention".

In addition there is provided a metal
coordination complex corresponding to the formula:

; 25
Z —x
v
Ccp* w” I
\ <
(X)q
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The conplexes al so preferably include netals haV|ng usef ul cétalyfic
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wdescrlbed in Crganonetalllcs 6, 232 241 (1987) '

In US S
8,800, filed January 30, 1987 (published in equi val BigS erlg;bo4j
there are disclosed certain bis(cycl opentadienyl) net ﬁ mﬁﬁﬁ rmed by

reacting a bis(cyclopentadienyl) metal-%onplex wth s

contai ning a non- coordinating conpatiblengnion. The reference dlsclgsgglds
the fact that such conpl exes are usefully enployed as catalysts in the
pol yneri zation of olefins. The foregoing catal ysts are not considered to be
particularly ef f 9BETSAB ol ef i n polynerlzatlon catal ysts. Pr evi ous

attenpts to prepare copql yner
: prep P M %s a.smeq,al of Group 3 (other than scandium),
4-10, or the lanthanide series of the Periodic Table of
the Elements;

Cp* is a cyclopentadienyl or substituted
cyclopentadienyl group bound in an q5 bonding mode to M;.

7Z is a moiety comprising boron, or a member of
Group 14 of the Periodic Table of the Elements, and
optionally sulfur or oxygen, said moiety having up to 20
non-hydrogen atoms, and optionally Cp¥* and Z together

10

form a fused ring system;

15 X each occurrence is an anionic ligand group or
neutral Lewis base ligand group having up to :30 non-

hydrogen atoms;

n is 0, 1, 2, 3, or 4 depending on the valence

20 of M; and

AHNER e e

Y is an anionic or nonanionic ligand group
bonded to Z and M comprising nitrogen, phosphorus,
oxygen or sulfur and having up to 20 non-hydrogen atoms,
optionally Y and Z together form a fused ring system.

3
;

25
There is also provided according to the present
_ invention a process for preparing a metal coordination
complex corresponding to the'foregoing Formula I
; comprising contacting a metal compound of the formula
= ; MX, .2 or a coordinated adduct thereof with a dianionic
salt compound corresponding to the formula:

. (L"'x)y(Cp*-Z-Y)'Z (II) or ((;x")+x)y(0p*-z-Y)'2 (111)

38,0994-F -5-
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wherein:
L is a metal of group 1 or 2 of the periodic

table of the elements,
X" is fluoro, chloro, bromo, or iodo,
. x and y are either 1 or 2 and the product of
5 x and y equals 2, and
M, X, Cp, and Y are as previously defined

in an inert, aprotic solvent.

10 Further there is provided a process for
preparing & metal coordination complex corresponding to
the foregoing Formula.I comprising the steps of:

A) contacting a metal compound of the formula
15 MX,,q or a coordinated adduet thereof with a dianionie
salt compound corresponding to the formulas II or III in
an inert, aprotic solvent; and

B) oxidizing the metal to a higher oxidation
20 state by contacting the reaction product of step A) with
a noninterfering oxidizing agent.

gl

There is also provided a catalyst useful in
addition polymerizations comprising the following

- 25 components:

a) a metal coordination complex of the
invention, preferably corresponding to Formula I, and an .
activating cocatalyst.

i L Further according to the present invention

there is provided a polymerization process comprising
~eontacting one or more addition polymerizable monomers

" under addition polymerization conditions with a catalyst
comprising:




In Polynmer Bulletin, 20, 237-241
e and et hyl ene

.séBBetHa%nn&ﬂaaépméed"“”'J
enpl oyed.

It has now:been dlscovered t hat prev “
addi tion pol ynerization catalysts are incapable of high
pol ymeri zati on of nunmerous nononers because they | ack constralned geonetry.
T

- 3- pol ymers of IOM/nDIecuIar,ﬁeight.
(1988X there is disclosed a random copol , L

a) a metal coordination complex of the
invention, preferably corresponding to Formula I, and an

activating cocatalyst.

Further still according to the present
5 invention there is provided a polymer comprising in
polymerized form one or more addition polymerizable

monomers prepared by contacting an addition
polymerizable monomer or mixture thereof under addition -
polymerization conditions with a catalyst comprising:

10
a) a metal coordination complex of the
invention, preferably correspondlng to Formula I, and an
activating cocatalyst.
15 In:still further embodiments there are provided

E1PE polymers which are highly elastic, interpolymers of
ethylene and one or more olefins other than ethylene.

In addition there are provided pseudo-random
.20 interpolymers of an a-olefin, particularly ethylene and
a vinylidene aromatic monomer, a hindered aliphatic
vinylidene monomer, or a mixture thereof.

¥ Mot e

e

=y
hd

The complexes of the invention are usefully
eﬁployed as catalysts for addition polymerization
processes to prepare polymers that are useful as molded
art;cles, films for packaging applications, and foams
for cushioning applications; and in the modification of
synthetic and naturally occurring resins. The complexes
may also be used as catalysts for hydrogenations,
catalytic cracking processes, and in other industrial

applications.

38,099A-F S, =



In one aspect the present invention relates to a netal coordination conplex -
im0 S Llii;l:{ﬂ;m_&__H!ﬁfﬂﬁﬂ‘,”;;“q,l_ It relate .

activating eocatary conpounas or m xtures o conpoun-s to forn1a
catal ytic systemusefully enployed in the polynerization of addition

pol yneri zabl e nononers, especially ethylenitally unsaturated nononers.

I n anot her aspect the present invention relates to a process for preparing
certain conponents of the above metal c8ordination conplexes having
constrai ned geonetry and to the precursor conmpounds necessary therefor.

In yet another aspect the present invention relates to a process for
preparing addition pol yneiguresspesiadlel yoputepogetteaseditbdeapodsymer s of

oleflns, constrained geometry complexes of the invention based on

single crystal X-ray data.

§ Figures 6 and 7 are computer generated models
5 of metal complexes based on single crystal X-ray data
showing less constraint than those of Figures 1-5.

Figures 8-13 illustrate calculated and observed
distribution of styrene, ethyléne and reversed styrene
10 units in ethylene/styrene copolymers observing pseudo-
random incorporation rules according to the invention.

Figure 14 illustrates lack of agreement between
calculated and observed distribution of styrene,
15 ethylene and reversed styrene units in ethylene/styrene
copolymers if completely random incorporation rules are
i followed.

. ae
e

Figure 15 showé.typical rheology curves of a
0. E1lPE resin according to the present invention. Shown
-__ave complex viscosity, ¥, and tan § curves as a
‘function of shear rate, for the resin.

. Figure 16 shows a typical curve of elastic
"“modulus versus melt index for the E1PE resins of the
present invention.

; Figure 17 shows typiecal rheology curves of a <
conventlonally prepared polyethylene resin. Shown are
-complex viscosity, n¥*, and tan 8 curves as a function of
. Sshear rate, for the resin.

By use of the term "delocalized n-bonded
;m01ety" is meant an unsaturated organic moiety, such as
those comprising ethylenic or acetylenic functionality,

8,099a-F -§-
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diolefins., hindered aliphatic vinyl nnnoners; vinyIidéne-éronatic nononer s
d dixtures of the foregoing and to the resulting polvoer |

e

-9~

wherein the n-electrons thereof are donated to the metal
to form a bond. Examples_include'alkene-, alkenyl-,
alkyne-, alkynyl-, allyl-, polyéne—, and polyenyl-
moieties as well as unsaturated cyclic systems.

e

By use of the term "constrained geometry"
g herein is meant that the metal atom is forced to greater
{ exposure of the active metal site because of one or more
substituents on the delocalized m-bonded moiety. '
Preferably the delocalized m-bonded moiety is a
10 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 delocalized n~bonded moiety
15 through n2 bonds. It is understood that each respective
bond between the metal atom and the constituent atoms of
the delocalized n-bonded moiety need not be equivalent.
That is the metal may be symmetrically or
unsymmetrically n-bpund to the n-bonded moiety.

":@73‘ B S

o
i
z

£

e The geometry of the active metal site is
-further defined as follows. The centroid of the n-
;bbnded moiety may be defined as the average of the

: éspective X, Y, and Z coordinates of the atomic centers
_férming the n-bonded moiety. The angle, O, formed at
the metal center between the centroid of the n-bonded .
}ety and- each other ligand of the metal complex may be
‘ésily calculated by standard techniques of single
-erystal X-ray diffraction: Each of these angles may
-nerease or decrease depending on the molecular

tructure of the constrained geometry metal complex.

-9- \
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provided a netal coordination conplex conprising a netal of group 3 (other
t han scandlun) 4 10 or the Ianthanlde series of the Perlodlc Table of the

[ [ [ gh g pet ween t he centr0|d of the
deIocaILzed substltuted n- bonded noiety and the center of at |east one
remai ni ng substituent is |ess than such angle in a conparative conpl ex
differing only in that said constrain-inducing substituent is replaced by
hydrogen, and provided further-that for swud® conpl exes -conprising nore than
one del ocal i zed, substituted n- bonded noiety, only one thereof for each
metal atom of the conplex is a cyclic, delocalized, substituted n- bonded

i ety. Sai ﬁsimﬁatsaé_&:ocmdiﬂaésjecm COVERILESRS Freféritayr ek op
hereinafter as "net gl Gogedi;NALLEPe CHMLEXSH, WeckbEsd BYERE 1195t 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
s comparative complex. Most preferably the metal
coordination complex having constrained geometry is in
the form of a ring structure, ie. the constrain-inducing
substituent is part of a ring system which includes the

10 metal.

E Preferably, monocyclopentadienyl metal ‘
coordination complexes of group 4 or lanthanide metals |
according to the present invention have constrained

= 15 geometry such that the smallest angle, @, is less than

119°, more preferably less than 110°, most preferably
less than 105°.

Illustrative atomic arrangements of complexes
as determined from single crystal X-ray diffraction
:values are shown in Figures 1-7T. '

Figure 1 shows the single-crystal X<ray
erystallographically determined structure of (4-methyl-
phenylamido)dimethyl(tetramethyl—ns-cyclopenta-

_ dienyl)silanetitanium dichloride. The angle formed by :
the centroid of the cyclopentadienyl ring (cz2, c3, C5,

C7 and C9), the titanium atom (TI1), and the nitrogen

atom (N14) is 105.7°.

L edaee

_ Figure 2 shows the single-crystal X-ray
crystallographieally determined structure of (t-butyi
ido)dimethyl(tetramethyl-qs-cyclppedtadienyl)silane~
Lrconium dimethyl. The angle formed by the centroid of
cyclopentadienyl ring (C2, C3, C3*, C5, and C5%),

-

-10-
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I n,addi‘tion there is provided a netal coor di nati on conpl ex corresponding to
the fornul a: :

the zirconium atom (ZR1), and the nitrogen atom (N9) was

determined to be 102.0°.

Figure 3 shows the single-crystal X-ray
crystallographically determined structure'of (phenyl
3 5 amido)dimethyl(tetramethyl—n5-eyclopentadienyl)silane-
titanium dichloride. The angle formed by the centroid
of the cyclopentadienyl ring (€2, €3, C5, C7, and C9) ,
the titanium atom (TI1), and the nitrogen atom (N14) was

determined to be 106.1°
10

SRR

Figure U4 shows the single-crystal X-ray
: ' erystallographically determined structure of (tert-butyl
i amido)dimethyl(n’-cyclopentadienyl)silanezirconium
; - dichloride. The structure shows that this molecule
H 15 crystallizes as a dimer with 2 bridging chlorides. The
angle formed by the centroid of the cyclopentadienyl
& ring (€2, C3, Cl4, C5, and C6), the zirconium atom (ZR1),
g --_ and the nitrogen atom (N10), or the angle formed by the
centroid of the cyclopentadienyl ring (C102, C103, C104,
€105, and C106), the zirconium atom (ZR101), and the
fnxtrogen atom (N110) were determined to be 99.1°.

Figure 5 shows the single-crystal X-ray
“erystallographically determined structure of (t-butyl
1émido)dimethy1(tetramethyl-n5—cyclopentadienyl)silane—
‘zirconium dichloride. The angle formed by the centroid
-of the cyclopentadienyl ring (C1, C2, C3, C4, and C5) ,
“the zirconium atom (ZR), and the nitrogen atom (N) was
etermined to be 102.0°.

Eigure 6 shows the sihgle-crystal X-ray
rystallographically determined structure of (t-butyl _
idb)tetramethyl(tetramethyl-ns-cyelopenta—

1;3.-- Pl

<zdienyl)dlSllane21rcon1um dichloride. The relatively

0994-F TR
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E long disilyl linking group that connects the cyclo-

: pentadienyl ring to the nitrogen atom of the amide
ligand allows the nitrogen atom to be less constrained.
The angle formed by the centroid of thé cyclopentadienyl
ring (€2, €3, C5, C7, and C9), the zirconium atom (ZR1),

5 and the nitrogen atom (N17) was determined to be 118.0°.
The activity of this catalyst towards olefin

¥ polymerization is considerably diminished relative to

‘the analogous monosilane linking group in (tert-butyl

amido)dimethyl(tetramethyl-n5-cyclopentadienyl)si1ane-

zirconium dichloride (Figure 5).

S .

10

B

P

Figure 7 shows the single-crystal X-ray
crystallographically determined structure of (t-butyl
amido)tetramethyl(tetramethyl—q5-cyclopenta-
dienyl)disilanetitanium dichloride. The relatively long
disilyl linking group that connects the cyclopentadienyl
ring to the nitrogen atom of the amide ligand allows the
nitrogen atom to be less constrained. The angle formed
by the centroid of the cyclopentadienyl ring (C2, C3,
C5, C7, and C9), the titanium atom (TI1), and the
.nitrogen atom (N17) was determined to be 120.5°.
/Accordingly, the activity of this catalyst towards
lefin polymerization is considerably diminished
elative to the analogous monosilane linking group in
(t-butyl amido)dimethyl(tetramethyl-qs—
'yclopentadienyl)silanetitanium dichloride.

15

QR O B SR .

_ ‘'The term "activating -cocatalyst" as used herein
sffers to a secondary component of the catalyst able to
ause the metal-containing complex to become effective
S.an addition polymerization catalyst or . alternatively
-0 "balance the ionic charge of a catalytically activated
ies. Examples of the foregoing activating '
alysts for use herein include aluminum compounds

-12-
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of G oup 3 (other than scandlun)
Perlodyc Tab}e of

-5-  _wherein: Mis a netal
Vlanphanyde“serLes_of th
Z1s a nnfety conpr|3|ng boron, or a
and optlonally
and

n[err] bondfng ‘mode to M
nenber..of Goup 14 of the Periodic Table of the Elenents,
sul fur or okygen, said noiety having up to 20 non- hydrogen at ons,

optionally Cp* and Z together forma fqged ring system

containing an Al-0 bond such as the alkylaluminoxanes,
especially methylaluminoxane; aluminum alkyls; aluminum
halides; aluminum alkylhalides; Lewis acids; ammonium
salts; noninterfering oxidizing agents, ie. silver
salts, ferrocenium ions, etc.; and mixtures of the

R SR s e 2l e o

()]

foregoing.

AU

Particular techniques for the preparation of
aluminoxane type compounds by contacting an aluminum
alkyl compound with an inorganic salt containing water

10 of crystalization are disclosed in USP 4,542,119. 1In a
pafticularly preferred embodiment an aluminum alkyl
compound is contacted with a regeneratable water-
containing substanée such as hydrated alumina, silica,

*ﬁ% or other substance. A process for preparing aluminoxane.

., employing such regeneratable substance is disclosed in

EP 338,044,

T Fry ,:,;‘?’!4‘»_-.

30

I
B

< R

Additional suitable activating cocatalysts

include compounds corresponding to the formula:

AR X"3_,

-13-
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Lew s base |igand

X each occurrence is an anionic ligand group or neutral
r p Lo 30 non- h dro.en atons N

Ilgand group ;;.--; S I - L . » 4
sul fur and haying up to 20 non- hydrogen atons optionalty Y and Z toget her...
forma fused ring system There is also provi ded according to the
present invention a process for preparing a metal coordination conpl ex
correspondi ng to the foregoing Fornul a dygconpri si ng contacting a et al
conmpound of tihe fornula MXn+2 or a coordi nated adduct thereof with a

di ani oni ¢ salt conpound corresponding to the fornul a:

(L+[err])[err](Cp ngrddd.errl (1) or ((LX")+[err])[err](Cp*- Z-[err])[err]
(1)

R is each occurrence Ci-10 alkyl or aralkyl;
X" is halogen; and
nis 1, 2 or 3.

e B L b s e

5
: Most preferably such cocatalysts are trialkyl
g aluminum compounds, particularly triethyl aluminum.
& "Addition polymerizable monomers" include for
: 10 example ethylenically unsaturated monomers, acetylenic

compounds, conjugated or nonconjugated dienes, polyenes,
carbon monoxide, ete. Preferred monomers include the
C2-10 a-olefins especially ethylene, propylene,
isobutylene, 1-butene, l1-hexene, U4-methyl-i-pentene,

15 and 1-octene. Other preferred monomers include Etyfene,
' ﬁ' halo- or alkyl substituted styrene, vinyl chloride,

” acrylonitrile, methyl aerylate, methylmethacryla%e,
tetrafluoroethylene, methacrylonitrile, vinylidene

. ..chloride, vinylbenzocyclobutane, .and 1,4-hexadiene.

By the term "hindered aliphatic vinylidene
‘compounds" is meant addition polymerizable vinylidene
monomers corresponding to the formula:

CG5=CG'R"

erein R" is an sterically bulky, aliphatic substituent
of . up to 20 carbons, G independently .each occurrence is
hydrogen or methyl, and G' independently each occurrence
S hydrogen'or methyl or alternatively G' and R"

ether form a ring system. By the term "sterically
ky" is meant that the monomer bearing this
substltuent is normally incapable of addition

~14-
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-6-"' wher ei n: Lis antal of group 1 or 2 of the peri odic
tabl e of the el enents, - :

~15=

polymerization by standard Ziegler-Natta polymerization

catalysts at a rate comparable with ethyiene

polymerizations. Preferred hindered aliphatic

vinylidene compounds are monomers in which one of the

carbon atoms bearing ethylenic unsaturation is tertiary

£ 2  or quaternary substituted. Examples of such

i substituents include'cyclic aliphatic groups such as

, cyclohexane, cyclohexene, eyclooctene, or ring alkyl or
aryl substituted derivatives thereof, tert-butyl,

© 10 norbornyl, ete. Most preferred hindered aliphatic

3 vinylidene compounds are the various isomeric vinyl-

ring substituted derivatives of cyclohexene and

substituted cyclohexenes, and S5-ethylidene-2-norbornene.

Especially suitable are 1-, 3-, and Y4-vinyleyclohexene.

R T T T T T

15
: By the term "hindered:vinylidene compound" is

meant addition polymerizable vinylidene monomers
corresponding to the formula:;

CG,=CGR™

-15-
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X' is fluoro, chloro, brono, or iodo, ~ x and y are either 1 or 2
and t he product of X and y equals 2, :

correspondlng_to the fore90|ng Fornula I conpr|5|ng t he steps of :
A) contactingia netal conpound of the fornula MXerr] or a coordi nated
adduct thereof with a dianionic salt conpound corresponding to the fornul as
[1 or I'll in an inert,  aprotic sol vent; anq% B) oxidizing the neta
to a higher oXidation state by contactlng the reaction product of step A
with a noninterfering oxidizing agent.

CG»=C(G)-Ph

e

S e v

.suﬁétituted phenyl group. Preferred vinylidene aromatic

LT

' 5 .

i monomers are monomers corresponding to the above formula
: wherein G each occurrence is hydrogen. A most preferred
% vinylidene aromatic monomer is styrene.

&

5 10 By the term "a-olefin" is meant ethylene and

the C3_10 olefins having ethylenic unsaturation in the
a-position. Preferred a-olefins are ethylene,
propylene, i-butene, isobutylene, d-methyl-1l1-pentene,
1-hexene, and 1-octene, and mixtures thereof.

. As used herein all reference to the Periodic
Table of the Elements and groups thereof shall be to the
- version of the table published by the Handbook of
Chemlstry and Phy31cs, CRC Press, 1987, utilizing the

*'g orm a ring structure with the metal atom. Each
arbon atom in the cyclopentadlenyl radical may be

-16~
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There is also provi ded a cat al yst useful

conpri'sing the fol |l ow ng conponents
conplex’of the

in addition pol ymerizations
a) a netal coordl :
|nvent|on_A, : ZTal RVAW-Lar R ?:.m.,e.vw e Rl

_ : : ron- process Conpr|5|ng contactfn .ohe or“
nor e addltlén polynerlzable nmononer s under add|t1on polynerlzat?on
condi tions WAth a catal yst conpri sing:

-17-

halogen atom, hydrocarbyl-substltuted metalloid radicals
wherein the metalloid is selected from Group 14 of the
; Periodic Table of the Elements, and halogen radicals.
In addition two or more such substituents may together
form a fused ring system. Suitable hydrocarbyl and
subStitutéd-hydrocérbyl radicals, which may be
; substituted for at least one hydrogen atom in the
' ?. eyclopentadienyl radical, will contain from 1 to 20
4 carbon atoms and inelude straight and branched alkyl
: 10 radicals, eyeclic hydrocarbon radicals, alkyl-substituted
% cyclic hydrocarbon radicals, aromatic radicals and
: alkyl-substituted aromatic radicals. Suitable organo-
metalloid 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 organo-
‘metalloid radicals include trimethylsilyl, triethyl-
;811y1, ethyldimethylsilyl, methyldiethylsilyl,
¢ yldlmethy1811y1, methyldlpheny1311yl trlphenyl-

o SDERARs A

In the previously disclosed Formula I, sultable
groups, X, are illustratively selected
consisting of hydride, halo, alkyl,
aryl, amide, aryloxy, alkoxy, phosphide,
pseudo‘halldes such as cyanlde, azide,

}né to the present invention preferably comprise
es having'altered or enhanced catalytic activity

In this regard electron donating
Fs have_been found to improve the catalytic
of the complexes. That is, even though

-17-
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a) a metal coordination conplex of the invention, preferably correspondi ng
to Fornula I, and an activating cocatalyst. . Further StIL|Wﬁ

‘contactlng ot e R o BIETOr M Xture tnereor under
addltlon polymeri zation conditions with a catal yst conprising:

;18- -

certain of the complexes do not possess constrained
geometry, the same nevertheless possess catalytie
properties, alone or in combination with activating

substances.

5 A highly preferred metal coordination complex
corresponds to the formula: :

o R AR R RN 1050 8 PRI g R oo Tt

10 R

5 Ze_
i Ty
£
e R N
N
R' (x)n

Rl

wherein R' each occurrence is hydrogen or a
m01ety selected from the group consisting of alkyl,
}ﬁy;, silyl, germyl, cyano, halo and combinations

eof (e.g. alkaryl, aralkyl, silyl substituted alkyl,

X each occurrence is hydride or a moiety

ted from the group consisting of halo, alkyl, aryl,
1y1l,% germyl, aryloxy, alkoxy, amide, siloxy and
mBinatlons thereof (e.g. alkaryl, aralkyl, silyl,

-18-
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a) a netal coordination conplex of the invention, preferably corresponding
'an actlvatlng cocatalyst In still further

o o S ‘ aantdai o ar e highl v él astic,
|nterpolyners 0 y one or nore ol €r1ns otner than et hyl ene.

In addition there ‘are provided pseudo-randominterpolyners of an a-olefin,
particularly ethylene and a vinylidene-aromatic nonomer, a hindered

al i phatic vinylidene nononer, or a mxture thereof. The conpl exes
of the invention are usefully empl oyed as cat® ysts for addition

pol yneri zati on processes to prepare polyners that are useful as nol ded
articles, filnms for packagi ng applications, and foans for cushioning

applications; and in tiemdhd ifRtD 1isYddietigariBdnaialngr ablso @ecurring
resins. The conplexes
non-hydrogen atoms;

Y is -0~, -S-, -NR¥-, -PR*-, or a neutral two
electron donor ligand selected from the group conSLStxng
5 of OR*¥, SR*, NR¥,, or PR*,;

M is as previously defined; and

Z is SiR¥2, CR®2, SiR*2SiR*p, CR*2CR¥3,

10 CR¥=CR¥, CR*2SiR*2, geR*2, BR*, BR*p; wherein:

R* each occurrence is hydrogen or a moiety
selected from the group consisting of alkyl, aryl,
silyl, halogenated alkyl, halogenated aryl groups and
combinations thereof (e.g. aralkyl, alkaryl, haloalkaryl
and haloaralkyl) having up to 20 nan-hjdrogen atoms, or
two or more R¥ groups from Y, Z, or both Y and Z form a

15

fused ring system.

It should be noted that whereas formula I and
the following formulas indicate a cyeliec structure for
" the catalysts, when Y is a neutral two electron donor
ligand, the bond between M and Y is more accurately
referred to as a coordinate-covalent bond. Also, it
should be noted that the complex may exist as a dimer or
higher oligomer.

- 20

Further preferably, at least one of R', Z, or
R* is an electron donating moiety. Thus, highly
preferably Y is a nitrogen or phosphorus containing
group corresponding to the formula -N{(R™)- or ~P(R™)-,
wherein R™ is C1;1O alkyl or aryl, ie. an amido or
phosphido group.

38,0994-F | -19-
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'atalytic cracki ng

hydr ogenat i ons,
applications.

may also be used as catal ysts for
and industrlal

pr OCGSSGS I n ot her

-20-

Most highly preferred complex compounds are
amidosilane~ or amldoalkanedlyl- compounds corresponding

“to the formula:

B'  (ER',)
2"‘\N R'

S
/

-20-
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Figures 1-5 are conput er generated nodel s of constrained geonetry conpl exes
df the invention based on single crystal X-ray data Fi gures 6 and
7 are .conputer generated nDdets‘otmq-m —conpl.a e

. L .. ‘ orstrlbutlon of styrene
e hylene and reversed styrene unrts i n ethyl ene/ styrene copolyners
observi ng pseudo- random i ncorporation rules daccording to the invention

Figure 14 illustrates | ack of agreenent between cal cul ated and observed
di stribution of styrene, ethylene and rev@ised styrene units in
et hyl ene/ styrene copol yners if conpletely randomincorporation rules are
fol | oned. Figure 15 shows typical rheol ogy curves of a

wherein:

M is titanium, zirconium or hafnium, bound in
' i roup;
an 115 bonding mode to the cyclopentadlenyl g P;

R' each occurrence is hydrogen or & moiety
selected from the group consisting of silyl, alkyl, aryl
and combinations thereof having up to 10 carbon or
silicon atonis or an ad jacent pair of R' groups fonm a
hydrocarbyl ring fused to the cyclogentadienyl moiety;

10 E is silicon or carbon;

“ X each occurrence is hydride, halo, alkyl,
‘ aryl, aryloxy or alkoxy of up to 10 carbons;

15 m is 1 or 2; and
nis 1 or 2 depending on the valence of M.

Examples of the above most highly preferred

26 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.s the cyclopentadienyl group is
cyclopentadienyl, indenyl, tetrahydroindenyl, fluorenyl,
octahydrofluorenyl, etc.; R' on the foregoing
cyclopentadlenyl groups each occurrence is hydrogen, B
methyl, ethyl, propyl, butyl, pentyl, hexyly {including
isomers), norbornyl,. benzyl, phenyl, etc.; and X is

_:30 chloro, bromo, iodo, methyl, ethyl, propyl, butyl, .

pentyl, hexyl, (including isomers), norbornyl, benzyl,

phenyl, etc. Specific. compounds include:. (tert-
butylamldo)(tetramethyl-q5-cyelopentad1enyl) -1, 2=
ethanediylzirconium dichloride, (tert-butylamido)(tetra-
methyl-q5-cyc1opentad1enyl) -1,2-ethanediyltitanium

25

38,099A-F ~21-
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El PE resin according to the present invention. Shomn are conplex vrscosrty,
i*, and tan [err] curves as _a functi f _shea for

- ' RS OW Vored
rheology curves of a conventronally prepared ponetherne resin. Shown are-:
conpl ex viscosity, n*, and tan [err] curves as a function of shear rate,
for the resin. By use of the term-"del ocalized n-bonded noiety"” is
meant an unsaturated organic nnrety, suchzas those conprising ethylenic or
acetylenic functronalrty, : '

dichloride, (methylamido)(tetramethyl-nb-
cyclopentadienyl)-1,2~ethanediylzirconium dichloride,
(methylamido) (tetramethyl-<n5-cyclopentadienyl)-1,2-
ethanediyltitanium dichloride, (ethylamido)(tetramethyl-
q5-cyclopentadienyl)-methylehetitanium dichloride,
5 (tert-butylamido)dimethyl(tetramethyl-ns-
cyclopentadienyl)silanetitanium dichloride, (tert-
butylamido)dimethyl(tetramethyl-nS5-cyclopentadienyl)
silanezirconium dibenzyl, (benzylamido)dimethyl-
(tetramethyl-n5-cyclopentadienyl)silanetitanium

10
_ dichloride, (phenylphosphido)dimethyl(tetramethyl-n5-
5!’ cyclopentadienyl)silanezirconium dibenzyl, and the like.
The complexes can be prepared by contacting the
15 metal reactant and a group I metal derivative or

Grignard derivative of the cyclopentadienyl compound in
a solvent and separating the salt byproduct. Suitable
solvents for use in preparing the metal complexes are
aliphatic or aromatic liquids such as cyclohexane,
: 20 methylcyclohexane, pentane, hexane, heptane,
é.. tetrahydrofuran, diethyl ether, Cq_y alkyl ethers of
mono- or diethylene glycol, Cqi_y alkyl ethers of mono-
or dipropylene glycol, benzene, toluene, xylene,
ethylbenzene, etc., or mixtures thereof.

é B 25

In a preferred ;mbodiment; the metal compound
is MX,,q, ie. M is in a lower oxidation state than in
the corresponding compound, MX,.,> and the oxidation
state of M in the desired final complex. A
noninterfering oxidizing agent may thereafter be
employed to raise the oxidation state of the metal. The
oxidation is accomplished merely by contacting the
reactants utilizing solvents and reaction conditions
used in the preparation of the complex itself. By the
term "noninterfering oxidizing agent" is meant a

38,099A-F ' ~22-
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-9- wherein the n-el ectr -

. ' _ ons thereof ar

bond. *Exanpl es i ncl ude al kene-, al kenyl - eald'(lznﬁt °d
oI yene-, and polyenyl- DI et i seli i

Ll )

to the netal to forma
| kynyl -, allyl

-23-

compound having an oxidation potential sufficient to
raise the metal oxidation state without interfering with
the desired complex formation or subsequent
polymerization processes. A particularly suitable
noninterfering oxidizing agent is AgCl.

5.

In order to assist in the handling of the metal
compounds employed in the present process corresponding
to the formula MXnh429 it may be beneficial first to form

10 sz solid adduct thereof by the use of a suitable

coordinating agent according to well known techniques in
the art. For example, whereas titanium tetrachloride is
ﬁ;ﬂb a fuming liquid which is difficult to handle,-one may
first form an adduct of TiCly with an ether, tertiary
amine, tertiary phosphine or other basic nonprotic

15
compound. The resulting solids may be more easily
handled. A preferred coordinating adduct is
tetrahydrofuran.
1
20 The reactions employed in preparing the metal |

complex may be conducted either heterogeneously or . |
homogeneously. That is, the various reactants or the

resulting product need not be substantially soluble in

i the solvent mixture. Generally the reactants are

éﬁ!@ 25 contacted under an inert atmosphere for a time from

several minutes to several days. Agitation may be

employed if desired. The_.temperature of the reaction is

generally from -90°C to 150°C, preferably from -20°C to

T70°C. '

30

Sgitable catalysts for use according to the
present invention are prepared by combining the metal
coordination compound and activating cocatalyst éompound
in any order and in any suitable manner. Preferably the
ratio of the coordination complex and cocatalyst on a

-

38,099A~F -23-
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herein s meant that the netal atomis forced to greater exposure of the-
active nmetal site because of one or nore substituents on the delocalized
n-bonded noi ety. Preferably the delocallzed n- bonded nolety'ls a

nnlety and is held in association with the del ocalized n-bonded noiety
through [err] bonds. It is understood that each. respective bond between the
nmetal atom and the constituent atons of the del ocalized n-bonded noiety
need not be equivalent. That is the metal Ry be symetrically or
unsymmetrically n-bound to the n-bonded noiety. The geonetry of
the active nmetal site is further defined as follows. The centroid of the n-
bonded noi ety may be defined as the average of the respective X Y, and Z
coordinates of the afigARre hasifeis SroRniifly k ke H-19ePlfbd Abiwkll, ofhe angl e,
O forned at the met @oucssi de bpireedntedcehatntheoicdtaifystheystemonmdechlso

be formed insitu if the éomponents thereof are added
directly to the polymerization process and a suitable
solvent or diluent, including condensed monomer, is used
in said polymeriiation process. Suitable solvents
inelude toluene, ethylbenzene, alkénes and mixtures
thereof. 1In certain cases the catalysts may be isolated
from solution and retained under inert atmosphere prior
10 to use. 'The catalystis' compoﬁents are sensitive to both
moisture and oxygen and should be handled and
transferred in an inert atmosphere such as nitrogen,
argon or helium or under vacuum.

The polymerization is usually conducted
according! to known techniques for Ziegler-Natta or
Kaminsky-Sinn type polymerizations. That is, the
monomer(s) and catalyst are contacted at a temperature
from -30°C to 250°C, at reduced, elevated or atmospheric
20 pressures. The pblymerizatioh is conducted under an
inert atmosphere which may be a blanketing gas such as
nitrogen, argon, hydrogen, ethylene, etc. or under
vacuum. Hydrogen may additionally be utilized in the
control of molecular weight through chain termination as
is previously known in the art. The catalyst may be
used as is or supported on a suitable support such as
alumina, MgCl, or silica to provide a heterogeneous
supported catalyst. . A solvent may be employed if
desired. Suitable solvents include toluene,
ethyibenzene, and excess vinylidene aromatic or olefin
monomer. The reaction may also be conducted under
solution or slurry conditions, in a suspension utilizing .
a perfluorinated hydrocarbon or similar liquid, in the
gas phase, ie., utilizing a fluidized bed reactor, or in

15

25

30
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noi et y, and each other ligand of the -netal conplex may be easily cal cul ated

' by standard technlques of single crystal X-ray diffraction.-Each of thes

t he angles, d
only in the fact that the constrain-inducing substituent is réeplaced by
hydr ogen have-constrai ned geonetry for

{i‘zﬁ}&- .

[err]

10

15

20

30

is less than in a simlar, conparative conplex differing

-25-

a solid phase powder polymerization. A catalytically
effective amount of the present catalyst and cocatalyst
are any amounts that successfully result in formation of
polymer. Such amounts may be readily determined by the
routine experimentation by the skilled artisan.
Preferred amodnts of catalyst and cocatalyst are
sufficient to provide an equivalent ratio of addition
polymerizable monomer:catalyst of from 1x1010:1 to
100:1, preferably from 1x108:1 to 500:1, most
preferably 1x100:1 to 1000:1. The cocatalyst is
generally utilized in an amount to provide an'equivalent
ratio of cocatalyst:catalyst from 10,000:1 to O.1:1,
preferably from 1,000:1 to 1:1. -

It is to be understood that the metal complex
may undergo various transformations or form intermediate
species prior to and during the course of &
polymerization. Thus other precursors could possibly be
conceived to achieve the same catalytic species as are
herein envisioned without departing from the scope of
the present'invention.

The resulting polymeric product is recovered by
filtering or other suitable technique. Additives and
adjuvants may be incorporated in the polymers of the
present invention in order to provide desirable
characteristics. Suitable additives inciude pigments,
UV stabilizers, antioxidants, blowing agents,
lubricants, plasticizers, photosensitizers, and mixtures
thereof. '

In the preparation of copolymers containing
vinylidene aromatic or hindered aliphatic.vinyl monomers
it is desirable that a comonomer that is an a-olefin ’
that is not particularly sterically hindered also be

38,099A-F -25-
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-16- pur poses of the present invention. Preferably one or nore of the
above angles [err] decrease by at Ieast 5 percent nor e preferably 7 5

PG RARE G ARTRG . - Sk ,
val ue of aII bond angles [err}, S also | ess than in the conparatlve
conpl ex. MNbst: preferably the metal coordination conpl ex having constrained
geormetry is in the formof a ring structure, ie. the constrain-inducing
substituent is part of a ring system whiglg.i ncl udes the netal .

Preferably, nonocycl opentadi enyl netal

employed. Without wishing to be bound by any particular
theory of operation, it is believed this is because the
active site becomes crowded with the incorporation of
the hindered vinyl compound making it unlikely that
another hindered vinyl compound could enter into the
> polymerization as the next monomer in the sequence.
After the incorporation of one or more olefins other
- than a hindered vinyl compound the active site once
again becomes available for inclusion of a hindered
vinyl monomer. On a limited basis however, the
vinylidene aromatic monomer or sterically hindered vinyl
QEH? ) monomer may insert into the polymer chain in reverse
order, ie. so as to result in two methylene groups
between the substituted polymer backbone moiety.

10 -

15
Preferably such polymers possess & Mw of

greater than 13,000, more preferably greater than 20,000
and most preferably greater than 30,000. Also
preferably such polymers possess a melt index (I,), ASTM

20 D-1238 Procedure A, condition E, of less than 125, more
preferably from 0.01 -~ 100 and most preferably from 0.1
to 10.

Due to the use of the previously mentioned
‘p 25 catalyst system comprising a coordination complex having
' constrained geometry, copolymers may be prepared that
incorporate relatively bulky or hindered monomers in
substantially random manner at low concentrations, and
at higher concentrations according to an of&ered
insertion logic. The copolymers of a-olefins,
especially ethylene and a hindered aliphatic vinylidene
compound or vinylidene aromatic monomer can further be
deseribed as "pseudo-random". That is, the copolymers
lack well defined blocks of either monomer, however the

30

-
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coordi nation conpl exes of group 4 or |anthanide netals according to the

resemt invention have constrained geometry.such that-the. sng "\

preferably | ess than 105[err]. II'lustrative atom c arrangenents of
conpl exes as determned fromsingle crystal X-ray diffraction values are
shown in Figures 1-7. Figure 1 _sé}(_)_ws the single-crystal X-ray
crystal |l ographically determ ned structure of (4-nethyl-

phenyl am do) di net hyl (tetramet hyl -n[err]-cycl openta- dienyl)silanetitani um
dichloride. The angle formed by the centroid of the cycl opentadienyl ring
(C2, C3, C5, C7 ande€B§etivRemenqmers pratidmitead £P, 1897 HRB 73X 648% at om
(N14) is 105.7[err]to eertain ruldsgure 2 shows the single-crystal X-ray

crystal l ographically determ ned structure of (t-butyl
These rules were deduced from certain

experimental details resulting from an analysis of the
5 polymers. The'polymers Wwere analyzed by 13¢c NMR
spectroscopy at 130°C with a Varian VXR-300 speétrometer
at 75.4 MHz. Samples of 200 to 250 mg polymer were
dissolved in 15 mL of hot o-dichlorobenzene/1,1,2,2-
tetrachloroethane-d, (approximately 70/30, v/v) which
was approximately 0.05 M in chromium (III)
tris(acetylacetonate) and a portion of.the resulting
solution was added to a 10 mm NMR tube. The following
parameters and conditions were used: spectral width,
16,500 Hz; acquisition time 0.090 s; pulse width, 36°;
delay, 1.0 s with the decoupler gated off during the
delay,; FT size 32K; number of scans, >30,000; line
broadening, 3Hz. Spectra, as recorded were referenced
to tetrachloroethane-d, (873.77 ppm, TMS scale).

10
15

20 .
Therefor, without wishing to 'be bound by any

particular theory, the results of the foregoing
experimental procedures indicate that a particular
distinguishing feature of pseudo-random copolymers is
_ 25 the faect that all phenyl or bulky hindering groups
éﬁp substituted on the polymer backbone are separated by 2
or more methylene units. In other words, the polymers
comprising a hindefed monomer of the present invention
* . can be described by the following general formula (using
30 Styrene as the hindered monomer for illustration):

CHz} CHp— CH—CH, {CHZ:}fCH —-l—
where j, k, and [ = 1

38,0994-F -27-
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an1do)d|ﬂethyl(tetranethyl n[err] cyclopentadienyl)silaneQ zi rconi um
dinmethyl. The angle formed by the centroid of the cycl opentadienyl ring

~28-

In further explanation of the foregoing
experimental and theoretiecal results, and without
wishing to be bound by any particular theory it can be
concluded that during the addition polymerization
reaction employing the present eatalysts; if a hindered

> monomer is inserted into the growing polymer chain, the
next monomer inserted must be ethylene or a hindered
monomer which is inserted in an inverted or "tail-to-
tail" fashion. This is illustrated below for a hindered
vinyl monomer where M is the catalyst metal center, HG

10
is a hindering group, and P is the growing polymer

chain:

e - 1

15 — M
hindered monomer | 4
. insertion -

HG
. M ) “
20 P + > M p
ethylene insertion -\/\( .
HG _
HG
' HG :
25 y HG
e 7o+ | SN
HG tail-to tail
nsertion HG -
30
HG _ .
" /
HG : head-to-tai'l _\l/\(
not allowed
HG HG
38 »0994~F ~28~




the zirooniumatom (ZR1), and the nifrogen atom (N9) was determ ned to be
102.0[err]. Figure 3 shows the single-crystal. X-ray

I ’ Baustaael st ckedidi o o Lol

e Uy AT - gl

am dé) di met hyl (t etranet hyl - g5-cycl opent adi enyl ) silane- titanium
di chloride. The angle fornmed by the centroid of the cyclopentadienyl ring
(C2, C3, C5, C7, and C9) the titaniumatom (TII), and the nitrogen atom
(N14) was determned to be 106. 1[err]. ~29- Figure 4 shows the
si ngl.e-crystal X-ray crystallographically determ ned structure of
(tertt-butyl amido)dinethyl ( n[err]-cycl opentadienyl)sil-anezirconi um
di ch.I!ori de. The structure shows that_this nolecule crystallizes as a diner
with{2 bridging chloridef R HiggPelymanizatine rRReERe r YRy I6Pet he
cycl ppent adi enyl mange CRse0Rd €4, arG5 timad @Fpertare inventedi am at om (ZR1),
and the nitrogen at£M-103i10mhihéeranabroned TRSeriohherneenbkoi d of the
Cyclgpentadlenyl &5£Hhé;cﬁ9gt é%lgﬁhnyH%%’as the insertion of another
hindered monomer at this point would place the hindering

5 substituent closer together than the minimum separation
as described above. A consequence of these
polymerization rules is the catalysts of this invention
do not homopolymerize styrene to any appreciable extent,
while a mixture of ethylene and styrene is rapidly
polymerized and mzy give high styrene content (up to 50

mole percent styrene) copolymers.

10

As a further illustration of the deseription of
the a~olefin/hindered monomer copolymer of the present
invention, a computer model of the polymerization
reaction was used to calculate the expected 3¢ NMR
‘spectrum of the polymer product. The computer program
utilized a random number generator to seleet either a~
20 olefin or hindered monomer to be inserted into a growing

polymer chain, then calculated the number of each type
of 13c mMR signals resulting from that insertion.
Polymers were computer generated by repeating this
process for 10,000 or more monomer insertions, and the
25 resulting calculated 13¢ nMR spectrum was compared to
actual experimental 3¢ NMR spectra for pseudo-random
ethylene/styrene copolymers of the invention.

15

30

. \
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C105, anH_C106), the zirconium atom (ZR101), and the nitrogen atom (N110)
were determ ned to.be 99.1. Figure 5 shows the  single-crystal
X-ray crystallographl caIIy determ ned structure of (t-butyl °

(C1, C2} C3, 4, and C5) the zirconi umatom(ZR) and the nitrogen atom (N)
was det prm ned to be 102. 0. Figure 6 shows the single-crystal
ystal l ographically determ ned structure of (t-butyl

am do) t L\t ramet hyl (tetranmethyl -n[err]-cycl oggent a- di enyl )di sil anezirconi um
dichlortde. The relatively

Computer simulations of the polymer and
_ resulting 13¢c NMR spectra of the calculated pseudo-~
i random ethylene/styrene copolymers were performed using
the" constraint that if styrene monomer were inserted
into the growing polymer chain, the next monomer
e inserted must be ethylene or a styrene which is inserted
in an inverted or "tail-to-tail"™ fashion. Optimum fits
between experimental and calculated spectra were
obtained if approximately 15 percent of the styrene
insertions are in the "tail-to-tail" manner. The
observed and calculated 13C NMR spectra for such pseudo-
random ethylene/styrene copolymers containing 1.4, 4.8,
9.0, 13, 37, and 47 mole percent styrene are shown in
figures 8-13. 1In each case, the observed and calculated

10

15 spectra zre in excellent agresment.

Computer simulation of the polymer and I

resulting 3¢ nMR spectra of completely random a-
olefin/hindered monomer copolymers were then performed

20 using no constraints on hindered monomer insertion. 1In
other words, the hindered monomer was allowed to insert
into the growing polymer chain after a previous hindered
monomer insertion if the random number generator
selected hindered monomer as the next monomer to be

25 inserted. The calculated spectra for these completely
random copolymers do not agree with the observed 3¢ NMR
spectra, as shown in figure 14 for a 37 mole percent
styrene containing ethylene/styrene copolymer.

30 Prior to polymerization according to the

present process the monomers and solvents, if any, may

be purified by.vaéuum distillation, and’/or contacted

with molecqlar‘Sieves, silica, or alumina to remove .
impurities. 1In addition, reactive blanking agents, such
as trialkylaluminum compounds, alkali metals and metal

38,099A-F o -30-
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~12- ,long disilyl l'inking group that connects the cyclo-'pentadienyl
ring to the ni trogen atomof the amde ligand allows the nitrogen atomto
be .k - )

ot

and the ni trogen atom(Nl?) was determ ned to be 118.0[err]. The activitil
of this catalyst towards ol efi'n

-31-

alloys, especially Na/K, may be used to remove

impurities.

Suitable vinylidene aromatic monomers which may
be employed according to the present invention ineclude
5 styrene as well as a-methyl styrene, the C{-Cy alkyl- or
phenyl~ ring substituted derivatives of styrene, such as
ortho-, meta-, and péra—methylstyrene, or mixtures
thereof, the ring halogenated styrenes, vinylbenzo-
‘eyclobutanes, and divinylbenzene. A Ereferred

10 vinylidene zromatic monomer is styrene.

In the polymerization of vinylidene aromatic ;
; monomers or hindered aliphatie vinylidene compounds and
olefins the monomers are preferably combined in a
15 proportion so as to achieve a vinylidene aromatic
monomer (or hindered aliphatic vinylidene compound)
content of at least 1.0 mole percent in thé resulting
polymer more preferably from 1.5 to less than 50 mole
percent, highly preferably 5.0 to 48 mole percent, and
most preferably from more than 8.0 up to 47 mole
percent. Preferred operating conditions for such
polymerization reactions are pressures from atmospheric
to 1000 atmospheres and temperatures from 30°C to 200°C.
25 Polymerizations at temperatures above the
autopolymerization temperature of the respeétiva
monomers may contain small amounts of homopolymer
polymerization products resulting from free radical

20

polymerization.
30

Certain of thelpolymers prepared according to
the present invention, especially copolymers of ethylene
and an a-olefin other than ethylene, are characterized
by unique rheological properties. In particular, it has -
been found that the polymers (hereinafter called Elastic

38,0994-F -31-
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.pol ynerization is considerably di nini shed relative to the anal ogous
si Pane i nki : _ _

| 1 tert-butyl

dichlofide. The relatively long disilyl linking group that connects the
cycl opgntadi enyl ring to the nitrogen atgg&_of the am de ligand allows the
nitrogen atomto be | ess constrai ned. The“angle forned by the centroid .of ;
the cycl opentadienyl ring (C2, C3, C5, C7, and C9), the titaniumatom ’
- (TI1), and the nitrogen atom (N17) was determ ned to be 120.5[err].
~Accordingly, the acidiiethybimeshpy ELRES) yare denarpvtontan thpdl ymeri zation is
. consi derably di m nicdme@ntidmaililyeptepdried hiveavgpalyetbpbaid angids wifi ng group
in (t-butyl am do)dinmsbyl fitihassddi: N[ Bl bolymers also have higher
- cycl opent adi enyI)SIAfgg EhtéﬁHdiﬁkd$£¥U5%5i§¥iy at high melt indices
compared to such conventional polymers. This property ' ;
5 makes the resin especially useful in the formation of
films, foams and fabricated articles, for example by
blow molding techniques. The azbove phenomenon is more
particularly defined by reference to Figure 16 wherein
complex viscosity, n®* measured in poise at 190°C , is
plotted as a function of shear rate, ®, measured in
radians per second for a typical E1PE copolymer of
‘ethylene and l1-octene according to the invention. The
slope of this curve indicates the melt is highly non-
15 Newtonian. The actual valﬁes of n* and @ utilized in

 EmA - e e do

10

the graph are:

20 se2x10° 0.01000 3.230X10* 0.2512 1.088X10°  6.310
1.511X10° 0.01585 2.713X10° 0.3981 9.336X10° 10.000
1.115X 10° 0.02512 2.293X10* 0.6310 7.964X10° 15.850
8.292X10° 0.03981 1.966X10° 1.0000 6.752X10° 25.120

25 g.322x10 0.06310 1.701X10° 1.5850 5.677X10° 39.810
4.920%10* 0.10000 1.464X10° 25120 4.721X10° 63.100
3.956X 10* 0.15850 1.265X10* 3.9810 3.854X10° 100.000°

30
38,099A~F -32-
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i . . \
The term "activating cocatal yst" as used herein refers to a secondary

corrponent of the cat aI yst abl e to cause the netal -containing conplex to
; bl dnkinses rization catalyst or alternatively to

bal anck the| oni ¢ charge of a catalyt ically activated species. _Exanpl es of ]

i g

-33-

Also'plotted in Figure 15 is the tan § value of
the same E1PE polymer. This value is unitless and is
calculated by dividing the viscous modulus value by the
elastic modulus. The actual values of tan 8 and @
utilized in the graph are:

5
tan 8 ©  tan 8 o tan § ©
. 0.5526 0.01000 ' 1.243 0.2512 1.718 6.310
é .
: 10  0.5231 0.01585 1.381 0.3981 1.677 10.000
0.5771 0.02512 1.543 0.6310 1.620 15.850
0.6597 0.03981 1.615 1.0000 1.552 . 25.120
0.7971 0.06310 1.690 1.5850 1.475 39.810
15 0.9243 .0.10000 1.729 2.5120 1.398 63.100
1.080 0.15850 1.737 3.9810 1.315 100.000

For improved performance in melt blowing
20 applications preferably the tan § value is from 0.1 to
3.0 for shear rates between 0.01-100 radian/sec.

A further property of ELlPE polymers is
~illustrated by reference to Figure 16 . The elastic
25 modulus in dynes/cmz, G', at 0.1 radian/sec., and 190°C
for several ethylene/l1-octene ELlPE resins is plotted as
a function of melt index. The resins utilized inelude
those of Examples 11, 12, 14-~-16, 18-22, 24-26, 30 and
31.

30

The values of melt index and elastic modulus
utilized in the graph are as follows:

38,099A-F ‘ -33- This Sheet Has Been Rep

i

M

L




cont ai nithg an Al - O bond such as the al kyl al uni noxanes, especially
nethylalunlnoxane aIuninun1aIkyIS' alun1nun1halldes al-um num

al ldrRRbdutl fB e Gl Rkl S sonaRRbill S LbALLNG Ol dlzl0g adent

I e. SI ver Vsal S, errocen un1|ons etc. ~and n1xtures of the foregO|ng
Particul ar techniques for the preparation of _al um noxane type conpounds by
contacti-ng an al um num al kyl conpound with an inorganic salt cont-aining
wat er of crystalization are disclosed in USP 4,542,119. In a particularly
preferred enbodi nent an al umi num al kyl cohrpound is contacted with a
regener at abl e wat er- contai ni ng substance such as hydrated alum na, silica,
or other substance. A process for preparing al um noxane. )

Melt Elastie Melt Elastic @ Melt Elastic
Index Modulus Index Modulus Index Modulus

0.10 98760  3.34 4381 1842 9669
5 0.15 . 35220 534 5858 312 4516
0.18 35920  6.38 10480  31.58 5012
0.22 14270 10.12 5276  31.69 3238
0.45 11140  10.68 6222  41.02 2972
1.72 3003  16.28 2697 - -
0 54 10620  16.32 g612 - -

Typical properties of n* and @ for a
» 15 conventionally prepared polyethylene resin are provided
in Figure 17 for comparison purposes.

It is readily seen that E1PE resins are
characterized by high elastic modulus in the melt. In
20 'particular, E1PE resins have a melt index ((I), ASTM D=
1238 Procedure A, condition E), less than 200,
preferably less than 125, most preferably less than 50
and an elastic modulus greater than 1000 dyne/cmz, more
preferably greater than 2000 dyne/cmz. All of the
25 foregoing rheological measurements are performed by
standard techniques such as are disclosed in H. A.
Barnes et al., Introduction to Rheology, Elsevier,
publishing, Inc., 1989. Densities normally range from
'0.85 to 0.97 g/ml, preferably from 0.89-0.97 g/ml.
Molecular weight distributions (Mw/Mn) are greater than
2.0, preferably from 3.0-10.0. Typically melting points
range from 50°C to 135°C. '

30

Preferred polymers additionalli demonstrate
properties of homogeneous polymers as defined in USP

38,099A4-F -34-
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enpl oying such regeneratabl e substance is disclosed in EP 338, 044.
Addltlonal SU|tabIe actlvatlng cocatalysts |nclude conpounds correspondlng

to-t he —

-35-

3,645,992, ie. ethylene copolymers having substantially
random comonomer distribution within a given molecule
and substantially the same ethylene/comonomer ratio
between molecules. Polymers produced at elevated
polymerization temperatures,'especially temperatures
5 . greater than 130°C, may exhibit a heterogeneous melt
curve. The polymers of the invention are further marked
by high eclarity. 1In particular the polymers have better
optical properties, especially lower haze than typical
ethylene polymers, making theﬁ especially well suited
for film and injecticn molding applications.

10

ﬁﬁ!@ . ' In addition those polymers comprising an olefin
and 2 vinylidene aromatic monomer, especially ethylene
and styrene, have surprisingly been found to possess
elastomeric properties. Thus, such polymers are
uniquely suited for use in applications for
thermoplastic elastomers such as impact modification of
thermbblastic and thermosetting polymers including

20 bitumens; adhesives; elastomeric moldings; ete.

15

The polymers of the invention may be modified
by typical grafting, crosslinking, hydrogenation,
functionalizing, or other reactions well known to those

25 skilled in the art. With particular regard to the

polymers comprising vinylidene aromatiec,
vinyleyclohexene, or 1,4-hexadiene functionality, the
same may be readily sulfonated or chlorinated to brovide
functionalized derivatives according to established

30 techniques. Additionally, the'vinylcyclohexene based
polymers are readily crosslinkable by. reaction of the
unsaturated ring functionality.

The polymers of the present'idvention, whether
or not further modified, may be blended with synthetic

38,099A-F -35-
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- 145 wher-ei n: R is each occurrence Cerr] aIkyI or aral kyl;

X" is hal ogen; and nis 1, 2 or 3. Most preferably such
cocatal ysts are trlalkyl alun1nun1conpounds part|cularly triethyl
al um num © "Addi-tion-polyner.i zabl e nononers"::i ncl ude for exarrpl e

et hyl eni cal | y unsaturated nononers, acetylenic corrpo.unds conj ugated or-
nonconj ugat ed di enes, pol yenes, e

-36~

or natural polymers to provide blends having desirable
properties. In particular polyethylene, ethylene/a-

- olefin copolymers, polypropylene, polystyrene, :
styrene/acrylonitrile copolymers {(including rubber
modifiéd derivatives thereof), syndiotactic polystyrene,

> polycarbonate, polyamide, aromatic polyester,
polyisoecyanate, polyurethane, polyacrylonitrile,
silicone, and polyphenyleneoxide polymers may be blended
with the polymeric compositions of the present
invention. The polymeric modifier is utilized in
amounts from 0.1 to 99.0 preferably 0.5 to 50 weight
percent. )

10

In a2 highly preferred embodiment of the
invention the polymers containing ethylene and styrene
are elastomeric as defined in the definition of an
elastomeric substance by ASTM Special Technical Bulletin
No. 184 as a substance that can be stretched at room
temperature to twicé its length and will return to its
20 original length upon release.

15

In addition to modification of synthetic
thermoplastics the present polymers are also usefully
employed as modifiers for asphait or bitumen

25 compositions. Desirably the polymers of
styrene/ethylene are utilized in this manner.

The term "bitumen" can generally be defined as

mixtures of hydrocarbons of natural or pyrogenous origin

30 or combinations of both, frequently accompanied by their
non-metallic derivatives, which'may be gaseous, liquid,
semi~solid or solid, and which are usually soluble in
carbon disulfide. For the purposes of the present
invention, bitumen of a liquid, semi-solid or solid .
nature may be utilized. From a commercial standpoint,

Thls Sheet Has Been Repla
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cakbon fonoxi de, etc. Preferred nononers include the C[err] a-olefins
especi ally ethyl ene, propyl ene, isobutylene, 1-butene, .1-hexene,
4-met hyl -1 -pentene, and 1-oetene. OQther preferred nononers include styrene,
hal o- or al kyl substituted styrene, vinyl chloride, acrylonitrile, nmethyl. .
acryl ate, methylmethacrylate, tetrafluoroethylene, methacrylonitrile,
,V|nyI|dene chl ori de, vinyl benzocycl obutane, and 1, 4- hexadi ene. By
the term "hindered aliphatic vinylidene conpounds” is nmeant addition
pol yreri zabl e vi nyl i dene nononers correspbnding to the formul a:
Cderr]=CGR'- wherein R'" is an sterically bul ky, aliphatic substituent of
up to 20 carbons, G independently each occurrence is

bitumen is generally restricted to asphalts and tars and

pitches. A listing of various bituminous materials
which can be utilized in the present invention include

the following:

5 I. Asphalts
1. Petroleum Asphalts
A. Straight-reduced asphalts
1. Atmospheric or reduced-pressure reduction
2. Solvent preéipitated, as with propane
10 B. Thermal asphalts, as residues from cracking
operations on petroleum stocks
C. Air-blown asphalts
1. Straight-blown
2. "Catalytic"-blown
2. Native Asphalts
A. With mineral content below 5 percent
1. Asphaltite$ such as gilsonite, graphamite,
and glance piteh
20 2. Bermudez and other natural deposits
. B. With mineral content over 5 percent
7. Rock asphalts
2. Trinidad and other naturai deposits
II. Tars and Derivatives

15

25 1. Residua from coke-oven-~dried coal tars
- 4. Coal tars reduced to float grades, as RT
i(road tar) grades for paving purposes
B. Coal-tar pitches, with reduction carried out
30 -to softening-point grades

2. Residua from other pyrogenous distillates as
from water-gas, wood, peat, bone, shale, rosin,
and fatty acid tars.

As can be'readily appreciated by those skilled -
in the art, the weight average molecular weight of the

This. Sheet Has Been R
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hydrogen or methyl, and G independently each occurrence is hydrogen or

nmet hyl or alternatlvely G and R' together forma ring system. By the term
"sterically bul ky" is nmeant that the nononer bearing this Substituent is
normal |y incapable of addition -~ ... .. ... L -15-

-38-

various bitumens can vary over a very wide range, for
example such as from 500 to 10,000. Additionally, the
softening point of the various types of asphalt will
also vary such as from 50°F to Y400°F.

5 " Of the many types of asphalts which may be
utilized, petroleum, and native are desiréd, with
petroleum being preferred. Of the petroleum asphalts,
the thermal asphalts are preferred.

10 The amount of bitumen utilized in the
compositions of the invention preferably ranges from 65
to 99 parts by weight with preferred amounts ranging
from 80 to 98 parts by weight.

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

20 Example 1 Preparation of

(Tert-butvlamido)dimethyl(tetramethvl-n5-cvclo-
pentadienvl)silane zirconium dichloride

To 0.443 g (1.90 mmol) 2ZrCly in a flask was
25 added 8 mL diethyl ether, then 15 mL tetrahydrofuran
(THF). To the resulting slurry was slowly added a
solution of 0.500 g (1.90 mmol) dilithium (tert- ~-butyl-
amido)dimethyl(tetramethylcyclopentadienyl)silane in 15
mL THF. The resulting yellow solution was stirred for
30 several days. The solvent was removed to give a gummy
' residue, which was extracted with 5/1 (volume) diethyl
ether/pentane and filtered from a white solid. The
solvent was removed from the yellow filtrate to give a
light-yellow powder.. Recrystallization from
ether/pentane (5/1) yielded the product (CgMey(MepSi~N-

" © This Sheet Has Been Rej Iaced
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) polynerlzatlon by standard Ziegler-Natta polynerlzatlon catalysts at a
‘rate conparable with ethylene polynerizations. Preferred.hindered

al i phatic "vinylidene conpounds are nononmers in which one of the carhon
atons bearing ethylenic unsaturation is tertiary or quaternary C
substituted. Exanples of such substituents-include cyclic aliphatic groups
such as cycl ohexane, cycl ohexene, cyclooctene, or ring alkyl or aryl -

substituted derivatives thereof, tert-b38«yl, norbornyl, etc. Mst
preferred hindered aliphatic vinylidene conpounds are the various isoneric
vinyl- ring substituted derivatives of cycl ohexene and substituted

cycl ohexenes, andtén&tsnytmgﬁeaz ma??rm&% cr,EsSbtaqqmé |s\61§H' taplee are 1-,

3-, and 4- V|nylcycl exen nyl i dene
conpound” is dl’iﬁ1 i or%ZBZ)I%/rﬁgpl 55%1 e \S/ fq]ﬁggmn 8 Srr%?ds ¢ by
correspondi ng to t angdr rif) MM .- _

Polymerization

A, Five mL of a 1.009 M solution of methyl
aluminoxane (MAO) in toluene was added to a shot tank
containing 25 mL of Y-methyl-1-pentene. The catalyst'
solution was prepared by adding 500 pL of & 0.01172 M

10 solution of CsMeu(MeZSi-N-tert-Bu)ZrCIZ in toluene to 2
mL of toluene in a second shot tank. Both shot tanks
were sezled, removed from the glove box, and attached to
a 600 mL stainless steel pressure vessel. The pressure

vessel was evacuated and purged with argon.
15
The 4-methyl-1-pentene/toluene/MAO solution was

added to the pressure vessel and warmed to 89°C under
620 kPa (90 psig) ethylene with stirring. Upon addition
' of the catalyst solution to the 4-methyl-1-
20 pentene/MAO/ethylene mixture, the ethylene pressure was
increased to 1240-1275 kPa (180-185 psig). After 2
hours the solution was cooled to 30°C and vented. The
yield of polymer obtained after drying under reduced
pressure at 100°C overnight was 10.0 g. 3¢ NMR

25
analysis of the polymer showed it to be a random
copolymer of ethylene with 4-methyl-1-pentene.
= B. The polymerization procedure of =
30 Polymerization A was essentially repeated except that 50

mL of 1-hexene was used instead of 4-methyl-1-pentene
and the catalyst concentration was 0.01012 M in toluene.
- The catalyst solution was added to the 1-
hexene/MAQ/ethylene mixture and the ethylene pressure
was increased to 1240-1275 kPa (180-185 psig). When the

b ' : Thls Sheet Has Been Rep Iaoed




CI{err] =CG&R" wherein R' is R' or an aryl substituent of up to 20
"carbons, and Gand G are as previously defined. For exanple, in addition
to hi ndered al rphatic vinyl irdene conpounds, hi ndered vinylidene conpounds
al so include the vinylidene aromati c nononers. By the term
“vinylidene aromatic nononers” is meant addition polynerizable conpounds
corresponding to the fornul a: vmereln G bndependently each occurrence is
hydrogen or nethyl and Ph is phenyl, a halo- or CJerr] alkyl-

catalyst solution was added the temberature'of the
reaction climbed to 139°C. After 30 minutes the
solution had cooled to 100°C. Heating and ethylene feed
were discontinued and the reactor was cooled and vented.
The yield of polymer obtained after drying under reduced
5 pressure at 100°C overnight was 36.8 g. 3¢ NMr
analysis of the polymer showed it to be a random
copolymer of ethylene with 1-hexene (8 percent on a mole

basis).

10 C. The polymerization procedure of
Polymerization A was essentially repeated except that
213 pL of the catalyst solution (0.01172 M in toluene)
was used, and 143 mg of solid MAQ was used. No

15 additional olefin was added. When the catalyst solution

was added to the reactor the temperature increased to
109°C due to the exothermic polymerization reaction.

The reaction was halted after 1 hour by cooling and
venting the reactor. The yield of polyethjlene obtained
20 after drying under reduced pressure at 100°C overnight
was 11.0 g.

D. 150 mL of toluene was added to the pressure
vessel employed in Polymerization A, followed by 100 g
25 of propylene. A solution of 0.828 g of MAO in 8 mL of
toluene was added, followed by 2130 pL of the catalyst
solution. The mixture was zllowed to react for 3.0 h at
8°C. The reaction mixture was quenched with acidic
- . methanol, and 0.38 g of a white, tacky material was
30 obtained. 13C NMR analysis of the polymer showed it to
be atactic polypropylene.
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Example 2 Preparation of

(Tert-butylamido)dimethvl(tetramethyl-n>-cyclo-
pentadienyl)silanetitanium dichloride

5 Preparation 1

(a) (Chloro)(dimethyl)(tetraﬁethylcyclopentadi-z,u—
enyl)silane

To a solution of 21.5 g (167 mmol)

10 dimethyldichlorosilane in 150 mL THF cooled to -40°C was
slowly added a solution of 8.00 g (55.6 mmol) sodium
1,2,3,4—tetramethylcyclopéntadienide in 80 mL THF. The
reaction mixture was allowed to warm to room temperature
and was stirred overnight. The solvent was removed, the
residue was extracted.with pentane and filtered. The
pentane was removed under reduced pressure to give the
product as a light-yellow, oil. The yield was 10.50 g
(88.0%). 'H NMR (CgDg) & 2.89 (s, 1H), 1.91 (s, 6H),
20 1.71 (s, 6H), 0.14 (s, 6H); '3C NMR (CgDg) & 137.8,

131.5, 56.6, 14.6, 11.4, 0.81.

15

(b) (Tert-~butylamino){dimethyl)(tetramethyleyclopentadi-
2,4-enyl)silane -

25 :
A solution of 11.07 g (151 mmol) t-butyl amine

in 20 mL THF was added during 5 minutes to a solution of
13.00 g (60.5 mmol) (chloro)(dimethyl)(tetramethyleyclo-
pentadienyl)silane in 300 mL THF. A precipitate formed
30 immediately. The slurry was stirred for 3 days, then
the solvent was removed, the residue was extracted with
pentane and filtered. The pentane was removed under
reduced pressure to give the product as a light-yeilow
oil. The yield was 14.8 g (97.2%). MS: 251 'H NMR
(CgDg) & 2.76 (s, 1H), 2.01 (s, 6H), 1.84 (s, 6H), 1.09

—_—
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substituted phenyl group. Preferred vinylidene aromatic nononers are
nmononers corresponding to the above fornmula wherein G-each-aoccurrence is
hydr ogen. A nost- preferred v1nyI|dene aromati c..monomer is-styrene.

By the term"a-ol efin" s neaEit” ethyl ene and "the c[err] olefins haV|ng

et hyl eni c -unsaturation in the a-position. Preferred a-olefins are

et hyl ene, propyl ene, 1-butene, isobutylene, 4-nethyl-1-pentene, 1-hexene,
and 1l-octene, and m xtures thereof. ~42- As used herein all reference
to the Periodic Table of the Elenents and groups thereof shall be to the
versi on of the table published by the Handbook of Chemistry and Physics,.

CRC Press, 1987, ut ﬁh?goﬂ]ﬁ 1@9‘33%3@%& {Jf'bamoér‘gl Ltﬁpﬁ%e based

Preferred netal coo dl 1on Xes are
conpl exes. Further 57-0, #9.3, 33.8, 15.0, 11. 2, .

(e) Dilithium (tert-butylamido)(dimethyl)-
-(tetramethyleyclo-pentadienyl)silane

To a solution of 3.000 g (11.98 mmol) (tert-
butylamino)(dimethyl)(tetramethylcyclopentadienyl)-
silane in 100 mL ether was slowly added 9.21 mL of 2.6 M
{23.95 mmol) butyl lithium in mixed Cg alkane solvent.

10 A white precipitate formed and the reaction mixture was
_stirred overnight, then filtered. The solid was washed
several times with ether then dried under reduced
pressure to givé the product as a white powder. The

yield was 3.13% g (99.8%).
15

(d) (Tert-butylamido)dimethyl(tetramethyl-n°-
—cyclopgntadienyl)silane titanium dichloride

0.721'g (3.80 mmol) Of TiCly was added to 30 mL
20 frozen (-196°C) THF. The mixture was allowed to warm to
-78°C. (dry ice bath). To the resulting yellow solution
was slowly added a solution of 1.000 g (3.80 mmol)
dilithium (tert-butylamido)(dimethyl)tetra-
methylcyclopentadienyl)silane in 30 mL THF. The
solution was allowed to warm to room temperature while
stirring overnight. The solvent was removed from the
resulting very dark solution. The residue was extracted
with pentane and filtered. Cooling in a freezer caused
the separation of a very soluble dark reddish-brown
material from a light yellow-green crystalline solid.
The solid was filtered out and recrystallized from
pentane to give the olive-green prodﬁqt. The yield was
0.143 g, 10.2%. 'H NMR (CgDg) § 2.00 (s, 6H), 1.99 (s,

25

30

s Sheet Has Been Relplaced

HlIlIIIIIII [l




preferred conpl exes are those conprising a delocalized [err] ‘bonded group
which is a cycl opentadi enyl or substituted cycl opentadienyl group which
fornms a ring structure.with the .netal atom _Preferred del ocalized n-bonded
noi eti es are-cyclopentadienyl -, -indenyl-, and fluorenyl groups, and
saturated derivatives thereof which forma ring structure with the netal
atom Each carbon atomin the cycl opentadienyl radical may be substituted
or unsubstituted with the same or a diffuigeent radical selected fromthe
group consi sting of hydrocarbyl radicals, substituted- hydrocarbyl radi cal s
wherein one or nore hydrogen atons is replaced by a S :

6H), 1.42 (s, 9H), 0.43 (s, 6H); '3C NMR (051)6) 5 140.6,
137.9, 104.0, 62.1, 32.7, 16.1, 13.0, 5.4.

Preparation 2

In a drybox, 4.0 mL of 2.0 M isopropylmagnesium
chlorlde in diethyl ether was syringed into a 100 mL
- flask. The ether was removed under reduced pressure to
leave a colorless oil. 20 mL of a 4:1 (by volume )
toluene: THF mixture was added followed by 0.97 g of
10 (tert-butylamino)dimethyl(tetramethyleyclopenta-
dienyl)silane. The solution was heated to reflux.
After 8~10 hours, a white precipitate began to form.
After refluxing for a total of 27 hours, the solution
was cooled and the volatile materials were removed
under reduced pressure. The white solid residue was
slurried in pentane and filtered to leave a white powder
i (1.23 g, 62 percent yield) of MeyCgSiMeoN-t-
BuMg,Cl,(THF) 5.

15

20 In the drybox, 0.50 g of TiCl3(THF)3 was
suspended in 10 mL of THF. 0.69 g of solid MeyCgSiMe,N-
t-BuMg2012(THF)2 was added, resulting in a color change
from pale blue to deep purple. After 15 minutes, 0.35 g
of AgCl was added to the solution. The color immediately
began to lighten to a pale green-yellow. After 1 1/2
hours, the THF was removed under reduced pressure to
leave a yellow-green solid. Toluene (20 mL) was added,
the solution was filtered, and the toluene was removed
30 wunder pressure to leave a yellow-green microecrystalline
solid, 0.51 g (quantitative yield ). The product's
identity was confirmed as (tert-butylamido)dimethyl-
(tetramethyl-qs-cyclopentadienyl)silanetitanium

25
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-17: ‘hal ogen atom hydrocarbyl -substituted netalloid radicals wherein
the nmetalloid is selected fron1C?oup 14 of the: Periodic Table of the

El enents, and. halogen radicals. "1n addi'tion-two-or nore such substituents
may tothher forma fused ring system Sui t abl e hydrocarbyl and

substi t ut ed- hydrocar byl radicals, which nay be substituted for at |east
one hydrogen atomin the cyclopentad|% radical, wll contain from1l to
20 carbon atons and include straight aﬁa branched -al kyl radicals, cyclic

hydr ocar bon radi cal s, al kyl -substituted

dichloride by 'H NMR, (CgDg): & 1.992 (s), 1. 986 (s),
S 1.414 (s), 0.414 (s).

PreparationIB

TiCly, 0.72 g (3.80 mmol) was added to 35 mL of
frozen THF (~196°C) in a flask. The mixture was warmed
to -78°C. A solution of 1.0 g {(3.80 mmol) dilithium
{(tert-butylamido)dimethyl(tetramethyleyclopentadienyl)-
silane in THF was slowly added. The resulting yellow
10 solution was warmed to room temperature and stirred
overnight. The solvent was removed to give a dark
residue which was extracted with pentane and filtered.
The product (CgMey(MepSiN-t-Bu)TiCly) was obtained as a
dark greenish-yellow crystalline material after being

15 recrystallized twice from pentane at -35 to -40°C.
Identification was confirmed by '3C and 'H NMR.
Preparation 4

20 In the drybox, TiCl3(THF)3 (2.0 g, 5.40 mmol)

was suspended in 40 mL of THF. Dilithio (tert-

butylamido)dimethyl(tetramethyleyclopentadienyl)silane

(1.42 g, 5.39 mmol ) was then added, resulting in an

immediate darkening of the color, eventually to a deep
25 blue. After 1 1/2 hours of stirring, AgCl (0.8% g, 5.86
' mmol) was added. The color immediately began to lighten
to a red/orange. After 1 1/2 hours of stirring, the THF ~
was removed under reduced pressure. Diethyl ether (50
mL) was added, the solution was filtered, and the
volatile materials were removed under reduced pressure.
This yielded 1.91 g of the product (tert-
bhtylamido)dimethyl(tetramethyl-q5-cyclopentadienyl)-
silanetitanium dichloride. 'H NMR (CgDg): & 1.992 (s),
1.987 (s), 1.415 (s), 0.415 (s).

30
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cyclic hydrocarbon radicals, aromatic radicals and - al kyl -substituted
aromatic radicals. Suitable organo- netalloid radicals:-include nono-, di-
and trisubstituted organonmetafloid radicals of Group 14 el enments wher ei n
each of the hydrocarbyl groups contain from.l to 20 carbon atons. Mre
particularly, suitable:organo- netalloid radicals include trinethylsilyl,
triethyl- silyl, ethyldinmethylsilyl, mgghyldiethylsilyl,
phenyl di met hyl si l yl, met hyl di phenylsilyl, triphenyl- silyl, -

tri phenyl gernyl, trinmethylgernyl and the |ike. In the previously

di scl osed Fornmula_l, suitable anionic |igand groups, X are illustratively
sel ect ed fron1th39§$§¥35%g%%ﬁsting of hydride, halo, alkyl, silyl,

gernyl, aryl, am de, arylox al kox hos h|de sul fide, |, pseudo

hal i des such as cyani de, X’B%”zaé't‘g °p BethYERASY SHaX e diixt “¥'

conbi nati on t her egks aecempllshedABYprrrmbllomsz yl .68k wfed, 1@ hpsr‘emﬂpl exes

accordi-ng to the geeseith bAVENt iANtdIRhEr AL aCOSMUYISR of 45 mL of

5 taoluene and 50 mL styrene in a stainless steel shot
tank. 250 pL of a2 0.010 M solution of
(tert-butylamido)dimethyl(tetramethyl-n2-
cyclopentadienyl)silanetitanium dichloride was added to
2.5 mL of toluene in a second shot tank. Both shot

10 tanks were sealed, removed from the glove box, and
attached to a 600 =L stainless steel pressure vessel.
The pressure vessel was evacuated and purged with argon.

The styrens/toluene/MAQ solution was added to
15 the pressure vessel and warmed to 89°C under 620 kPa (90
psig) ethylene with stirring. At this time the catalyst
solution was added and the pressure was increased to
1275 kPa (185 psig)} and regulated between 1240-1275Kpa i
(180-185 psig). An exotherm raised the temperature to
95°C. The temperature was lowered to 90°C and was then
reguldted between 90-92°C for the remainder of the
reaction.

20

After 1.0 h the ethylene feed was discontinued.
The reaction was vented to the atmosphere and cooled to
30°C at which time methanol was added. The product was
coliected, washed with methanol and residual solvents
were removed under reduced pressure at 120°C which
30 resulted in 9.02 g of material. . '3C NMR analysis of
this material showed it to be a random copolymer of
styrene (15.2 percent on a molar basiS) and ethylene,
free of peaks attributed to -polystyrene.

25
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structures having altered or enhanced catalytic activity -at the metal site
‘when t*he conplex is conbined with a nocatal yst. In this regard
el ectron donating substitutents have been found to inprove the catalytlc

propertles of the conplexes That i s, even though

46—

Example 3 (Olefin Polymerization)

Ethylene was polymerized by combining 5 mL of a
1 M solution of triethyl aluminum in mixed Cg alkane
solvent and 0.5 mL of a 0.01 M solution of
5 (tert-butylamido)dimethyl(tetramethyl-no-cyclopentadi~-
enyl)silanetitanium dichloride in toluene in a stainless
steel (SS) shot tank. The titanium catalyst and
triethyl aluminum cocatalyst solution was then added
under pressure to a 3 L SS pressure vessel containing 2
10 L of mixed alkane solvent (Isopar™ E, available from
Exxon Chemicals, Inc.) under 3100 kPa (450 psig)
ethylene at 150°C. The reaction temperature was
maintained at 150°C for 10 minutes. The ethylene
pressure was held constant, and a mass-flow meter
measured the uptake of ethylene to be 15.7.g. The
polymer solution was then removed from the pressure
vessel and the polyethylene was recovered-after dfying
under reduced pressure at 90°C overnight. Yield was

20 15.7 g.

- 15

Example 4 (Olefin Copolymer Polvmerization)

In a glove box under argon atmosphere, 5.0 mL
of 1.0 M solution of methylaluminoxane (MAO) in toluene
was combined with 50 mL of 71-octene in a stainless steel
(SS) shot tank fitted with ball valves on both ends. In
another SS shot tank 500 pL (5.06 pmol) of & 0.0101 M
solution of (tert-butylamido)dimethyl(tetramethfi—q5—

30 cyeclopentadienyl)silanezirconium dichloride in toluene
was added to 2 mL toluene.

25

The shot tanks were sealed, removed from the
glove box and attached to a 600 mL SS pressure vessel.
The pressure vessel was evacuated and purged with argon.
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certai ntof the conplexes do not possess constrained geonetry, .the sane
neverthel ess possess catal ytic properties, alone or i 0. combination with
aétivating substances. - - A highly preferred netal coordination
conpl ex corresponds to the forml a:

10

15

20

25

30

47~

The solution of 1-octene and MAO was added to the
pressure vessel. The solution was warmed to 89°C under
620 kPa (90 psig) ethylene with stirring. At this time
the catalyst solution was added. An exothermic reaction
occurred which raised the temperature to 142°C. The '
ethylene pressure was maintained between 1310~1345 kPa

(190-195 psig).

After 0.5 hour the ethylene feed was
discontinued. The reactor was cooled to 30°C, vented to
the atmosphere, and the reaction was quenched with
methanol. The product was collected on a2 fritted filter
and washed with methanol. Residual solvents were
removed under reduced pressure at 110°C which resulted
in 35 g of material. '3C NMR analysis indicated that
1-octene was 1ncorporated into the polymer in an amount
of 7.8 mole percent. Differential Scanning Calorimetry
(DSC) indicated a Tm of 100°C: Density 0.895 g/mL,
Mw=44,000, Mw/Mn= 6.8

Example 5 (Olefin Copolvmer Polymerization)

The procedure of Example 4 was substantially
repeated excepting that 50 mL of 1-hexene was used
instead of 1-octene. The temperature of the reaction
was maintained at 133-140°C. Polymer yield was 37 g.
Incorporation of 1-hexene was 8 percent on a molar

_basis, 21 percent by weight.

Example 6 (a-0lefin Homopolymerization)

A. Y4-Methyl-i-pentene (6.0 mL, 4.0 g) was added
to 1.0 mL of a 1.0 M MAO solution in toluene in a 20 mL
crimp-top vial. To this was added 100 pL of a 0.01172 M

" toluene solution of the zirconium complex catélyst of

Example 4. The vial was sealed, shaken, and allowed to
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[err] wherein R each occurrence is hydrogen or a noiety selected "’
fromthe group consisting of alkyl, aryl, silyl, gernyl, cyano, halo and
conbi nati ons thereof (e.g. alkaryl, aralkyl Si'lyl substituted al kyl, silyl
substituted aryl, cyanoal kyl, cyanoaryl haloalkyl, hal oaryl, hal osilyl,
etc.) having up to 20 non-hydrogen atons, or an adjacent pair of R groups
form a hydrocarbyl ring fused to the ﬁéclopentadienyl noi ety; X
each occurrence is hydride or a noiety Sélected fromthe group consisting
of halo, alkyl, aryl, silyl, gernyl, aryloxy, alkoxy, am de, siloxy and
conbi nati ons t her eof (e.o. aIkaryI aral kyl , sinI, substituted al kyl,
silyl substitutedtaindypt pegn @xype:ramre &ean é’ﬁfér gor 14l hewssal kipen
al koxyaryl, am dpedged to 48°C for an additional 24 hours. The viscous

polymer solution was precipitated by the addition of

methanol. The resulting polymer was collected and the

volatile components removed under reduced pressure for

5  four hours at 100°C to give 3.8 g of a clear polymer (95
percent yield). '3C NMR analysis indicated that the

polymer was atactic poly-4-methyl-T-pentene.

B. The procedure of Polymerization A was
essentially repeated. 3.4 g of l-hexene, 1.0 mL of MAO
solution, and 100 pL of the catalyst solution were added
to a 20 mL crimp-top vial in an argon-~filled drybox.

The vial was sealed and heated at 50°C overnight. After
}duenching with acidified ethanol and drying there was
obtained 3.0 g of poly(i~hexene).

10

15

Example 7 (Ethvlene Homopolymerization)
, :

A SS shot tank was charged with 500 pL (5.0
pmol) of a 0.010 M toluene solution of
(tert-butylamido)dimethyl(tetramethyl-q5-cycld-
pentadienyl)silanetitanium dichloride and 2.5 mL of
toluene in an argon filled glove box. 1In a second SS
shot tank, 5.0 mL of a 1.0 M solution of MAO in toluene
was added to 92 mL of toluene. Both shot tanks were
sealed, removed from the glove box and attached to a 600
mL pressﬁre vessel. The pressure vessel was evacuated
and flushed with argon and then flushed-with ethylene.

30 The cocatalyst solution was added to the pressure vessel
' and heated to 89°C under an ethylene pressure of 620 kPa
(90 psig). The catalyst solution was added to the
reactor at this time. The temperature rose to 109°C
within seconds as a result of an exothermic reaction.
The ethylene pressure was regulated between 1240-1275

20

25
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- .
am doaryl , _
etc.) having up to 20 non-hydrogen

si |l oxyal kyl, siloxyaryl, am dosil oxyal kyl, bal oal kyl, ‘hal oaryl,

base |i.gands having up to 20 non- hydrogen atons;

I
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kPa (180-185 psig). After 0.5 hours the reactor
temperature had increased to about 110°C and the uptake
of ethylene increased. After 1.0 hours ethylene feed
was discontinued, the reactor was vented to the
atmosphere, and allowed to cool. The pressure vessel
was opened, quenched with methanol, and the polymer was
isolated. After removing the volatile components, the
yield of polyethylene was 24 g.

Example 8 Hindered Vinvl Aliphatic Monomer
Polymerization

Y-vinyleyclohexene was purified by vacuum
distillation from Na/K alloy. The procedure of Example
4 was substantizlly repeated using, 50 oL of i-
vinyleyclohexene with 5.0 mL of a solution of 1.0 M
methylaluminoxane (MAO) cocatalyst in toluene in one
shot tank and 500 pL of a 0.010 M solution of (tert-
butylamido)dimethyl(tetramethyl-qs—cyclopenta-
dienyl)silanezirconium dichloride in toluene added to 2
mlL toluene in the other shot tank.

The exothermic reaction occurred which raised
the temperature to 114°C, The ethylene feed was
discontinued after th and the cooled and vented reaction
was quenched with acidified methanol.

The product was 12.6 g of material. 3¢ NMR
analysis indicated that vinylcyclohexene was
incorporited into the polymer in an amount of 1.5 mole
percent.

Example 9 (Ethvlene/Styrene Copolvmerization)

The above polymerization procedure was
substantially followed except that the reaction

_—
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Yii's -0+, -S, -NR*-, -PR‘-, or a neutral two éI-ectron donor.' | i gand

sel ected fromthe group consisting of OR*, SR*, NR*[err], -PR*[err];

Mis as previously defined; and . .-.. ..~ Zis SiR‘[err], CR*[err]
SiR[err]SIiR[er+];- CR*[err]GR*[err] ~GR* =CR*, CR*[er-r]SlR*[err]

GeR*[err]-, BR*, BR*[err]; wherein: . Rt each occurrence i s hydrogen

or a noiety sel ected fromthe group consi st.i ng of alkyl, aryl, silyl,

hal ogenat ed al kyl, hal ogenated aryl grogps and combi nations t her eof (e g.
aral kyl, al karyl, hal oal karyl and hal oaral kyl ) having up to 20 non- hydr ogen
atons, or two or nore R* groups fromY, Z .or both Y and Z forma fused
ring system It should pe noted that whereas forpula | and the
fol | owi ng formul a§e?‘§*ﬁfa(’53f'% wascyR(G.c The Fepptyr wgs filled with 150

mL of mixed alkane solvent, 500 mL of styrene and § mL
of 15 percent MAC in toluene (1000 Al:Ti). The reactor
was saturated with 1240 kPa (180 psig) of ethylene, and
20 micgomoles of [(CgMey)SiMe,(N-phenyl)]TiCly was added
5 to begin the polymerization. Ethylene was provided on
demand at 1240 kPa (180 psig). After 60 minutes, the.
solution was drained from the reactor into a container
which had a small amount of antioxidant. The polymer
was dried under vacuum. The polymer yield was 26.6 g,
melt index (I,) = 26.6. 3¢ NMR NMR analysis indicated
the polymer was 47 mole percent styrene (76 weight'
percent). No isotactie, atactic, or syndiotactic

10

sequences were observed,

15
Example 10 Ethvlene/Styvrene Copolvmerization

The reaction conditions of Example 9 were
substantially repeated to prepare styrene/ethylene
copolymers having differing styrene content. The
catalyst was (tert-butylamido)dimethyl(tetramethyl-p°-
cyclopentadienyl)silanetitanium dichloride except where
noted. MAO cocatalyst was employed in an ambunt.to
provide an Al:M atomic¢ ratio of 1000:1. Reaction
25 conditions are contained in Table I.

20

30
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t,he catal ysts, when Y is a neutral two electron donor |igand, the bond
between Mand Y is nore accurately referred to as a coordi nat e-coval ent
bond. Also, it shoul-d be noted that the conplex nay exist as a diner or_

hi gher ol i goner. - ... . Further preferably, -at-least one of R, Z, or R’
iIs an el ectron donating noiety. Thus, highly preferably Yis a n|trogen or
phosphor us cont ai ni ng group correspondlng to the formula -N(R'") - -
or'-P(R'"")-, wherein R'"" is c[err] alk¥l or aryl, ie. an am do or phosphi do
group. -51-
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- 20+ ; Most highly preferred conpl ex conpounds are anidosiléne- or

am doal kanedi yl -

10
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conpounds corresponding to the formula;-

52

Examples 11-32

In these examples, a 4 liter autoclave was
charged with 2000 mL of mixed alkane solvent (Isopar-E)
followed by various amounts of 1-octene. The catalyst
was (tert-butylamido)dimethyl{tetramethyl-n’-
cyclopentadienyl)-silanetitanium dichloride, dissolved
in toluene. The cocatalyst was a 10 percent solution of
MAO in toluene. Hydrogen, if desired, was added by
expansion from a 100 mL vessel at a pressure indicated
above the operating pressure of the reactor. The
reactor was filled with solvent, 1-octene and MAQ,
heated to the reaction temperature, then pressurized to
3100 kPa (450 psig) with ethylene until the solution was
satuated. The hydrogen (if any) was expanded into the
reactor, followed by the addition of the catalyst
solution. After 10 minutes, the solution was drained
from the reactor into a container which had a small
amount of antioxidant (Irganox 1010®, available from
Ciba~Geigy). The polymer was dried under vacuum.
Results are contained in Table II. '
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-2L- iwher ei n: Mis titanium zirconiumor hafnium bound in an
[err] bonding node to the cyclopentadienyl group; - R- each
occurrence i's hydrogen or.a nmoiety selected fromthe group consi sting of
silyl,:alkyl, aryl and conbinations thereof having up to 10 carbon or
SI|ICOﬂ atons or an adjacent pair of R groups forma hydrocarbyl ring
fused to t he cyclopentadlenyl noi ety; E is-silicon or carbon

-5}~

Examples 33-42

The procedure of Examples 11-32 was substantially
repeated, except that the catalyst was
(tert-butylamido)dimethyl(tetramethyl-qs-cyclopenta—
dienyl)silanezirconium dichloride. Results are
contained in Table III.
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X eagh otcurrence is hydride, halo, alkyl , aryl, aryloxy or. alkoxy of up
to 10 carbons; mis 1 or 2; and nis 1 or 2. depending on
t he val ence of M~ - Exanpl es of the above nost. highly preferred

met al' "¢66r di nat'i on” canpounds i ncl ude conmpounds wherein the R on the am do
group is nmethyl, ethyl, propyl, butyl, pentyl, hexyl, (including |soners)
nor bornyl, benzyl, phenyl, etc.; the cycl opentadi enyl group is

cycl opent adi enyl, indenyl, tetrahydroindenyl, fluorenyl,

oct ahydr of | uorenyl, etc.; R on the deéd%Tng cyclopentadienyl groups each
occurfence is hydrogen, nethyl, ethyl, propyl, butyl, pentyl, hexyl,

(i ncluding isoners), norbornyl, benzyl, phenyl, etc.; and X is chloro,
brono, iodo, nethyl, ethyl, propyl, butyl, pentyl, hexyl,.(including

i soners), norbornyl, benzyl, phenyl, etc. Specific conpounds incl ude:
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but'yl amdo) (tetramethyl -[err]-cycl opentadi enyl)-1, 2- et hanedi yl zi rconi um
dichloride, (tert-butylam do) (tetra- methyl-[err]-cycl opent adi enyl )-1
, 2- et hanediyl titanium - - 22-

10

15

20

25

30

=56~

Examples Y43 - 57

The procedure of Examples 11-32 was substantially
followed except that a 2000 mL reactor was used. The
catalyst was (tert-butylamido)dimethyl(tetramethyl-no-
-cyclopentadienyl)silanetitanium dichloride (2 mL of a
0.005 M solution in toluene, 10 pmoles). The cocatalyst
was 15 percent MAO in toluene (2 mL, 500 Al:Ti).

Results are contained in Table 1IV.
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di.chl ori de, (rrethyl am do) (tetranethyl -[err]- o ' 1
cycl opent adi enyl ) - 1, 2- et hanedi yl zi rconi um di chl oride, -~ - °

(met byl ani do) (tetramethyl ={-err}-cycl opent adi enyl-)y="1, 2= ‘et hanedi yl tit ani um
di chl oride, (ethylam do)(tetranethyl-

[err]=cycl opent adi enyl ) - net hyl eneti t ani um di chl or | de,

(tert-butylam do)di nethyl (tetranethyl-[err]-

cycl opent adi enyl ) si | anetitani umdichl ard de, (tert-

butyl am do) di met hyl (tetranmet hyl -[err]-cycl opent adi enyl ) si l anezirconi um

di benzyl , (benzyl am do) di net hyl - -
(tetranmethyl -[err]-cycl opentadi enyl)silanetitaniumdichloride,

(phenyl phosphi do) di nret hyl (tetranet hyl -[err] -

cycl opent adi enyl ) si | anezi rconi um di benzyl, and the |ike. The

conpl exes can be pr rceci\,ba SORL actdNg &,he, @t@lmr@ag; ant and a group |
metal derivative or'g rard Beld SuBvi8 Bf 3 & %y@lﬁpﬁht adi enyl conpound in
a sol vent and separ 28 Eaft DBrBdicl SBEtZbEeTsol vents for use in
preparing the net aI orrpl exes are aliphatic or aromatic liquids such as
cycl ohexane,
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nethquyclohexane pent ane, hexane, heptane, tetrahydrofuran, diethyl
ether,” (Jerr] alkyl ethers of nono- or diethylene glycol, (err] aIkyI

et hers- of - nono--or di-propylt-ene gl ycol, ‘benzene, -tol uene,xyl-ene,

et hyl benzene, ‘etc., or mxtures t her eof . In a preferred

enbodi nment , the netal conmpound is MX[err], ie. Mi.s in al ower oxidation
state than in the correspondi ng conpound, MXn+2 and the oxidation state of
Min the desired final conplex. A nonirb&fering oxidizing agent may
thereafter be enployed to raise the oxidation state of the netal. The

oxi dation is acconplished nerely by contacting the reactants utilizing

sol vents and reacg*mlggngk;.t-p-;oa§ep§.pql,°|l§nmg,lﬁagg&par ation of the conpl ex
itself. By the term "noninterfering oxidlzing agent IS neant a

Ethylene and/or ethylene/i1-octene were
respectively polymerized as a homopolymer or copolymer

5 by adding a solution of the appropriate catalyst in
combination with MAO or triethyl aluminum cocatalyst to
a 3L SS pressure vessel containing mixed Cg alkane

" solvent/1-octene {with varying ratios) under 3100 kPa
(450 psig) of ethylene at 150°C (or 175°C where
indicated) for 10 minutes. The. ethylene pressure was
held constant and a mass flow meter measured the uptake
of ethylene. The consequent polymer was then removed
from the pressure vessel and dried under reduced

10

pressure at 90°C overnight. Results are contained in
Table V.
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In order to assist in the handling of the nmetal. conpounds:-enployed in the
corresponding to the formula MX[err],-it may be benefici al
first to forma solid adduct thereof by the use of a suitable coordinating
1o well known techniques in the art. For exanpl e, whereas

present process

agent accordi ng

titaniumtetrachloride is a fumng liquid which is difficult to handle,
may first forman adduct of TiCl[err] with an ether,

tertiary am ne,

one

tertiary phosphine or other basic nonpé?tlc conpound. The resulting solids

may be nore easily handled. A preferré@

t et r ahydr of ur an. - The reactions enployed in preparing the neta

‘coordinating adduct is

conpl ex may be conducted either heterogeneously or honogeneously. That is,
t he various reacizempie gi8 Pheparadiiloni 0ff product need not be substantially

soluble in the solvent m xture.
an inert atnosplsan

Agi tation nmay beﬁyclopentad1envl581lane1:ii:r=m1um dlchlorlde

10
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ppofed & tertrb

. 0.100g of dehydroxylated silica (-OH
concentration = 1 mmol/g S102) was slurried in 20 mL of
mixed Cg alkane solvent under a nitrogen atmosphere in a
dri-box, with stirring in a 50 mL Erlenmeyer flask.

From this slurry 1.0 mlL was removed by syringe and
combined with 1.10 mL of a 0.011 M toluene solution of
(teft-butylamido)dimethyl(tetramethyl—qs-cyclopenta-
dienyl)silanetitanium dichloride in a 5 mL rounded-
bottomed flask and stirred for 12 h. After this period
6.7 mL of a 10 percent (w/w) solution of methyl
aluminoxane (MAO) in toluene was added to the silica
containing solution.

Polymeriiation

The polymerization was conducted by adding
under pressure the above titanium/silica/MAO slurry in a
3 L SS pressure vessel. containing 2 L of mixed alkane
solvent under 3100 kPa'(HSO.psig) of ethylene at 150°C
for 10 minutes. The ethylene pressure was held constant
and a mass flow meter measured the uptake of ethylene to
be 26.7 g. The polymer solution was then removed from
the pressure vessel and the polyethylene was recovered
after drying under reduced pressure at QYC overnight.
Yield was 30.0 g. '
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enployedi i f desired. The tenperature.of the reaction is generally from
-90[err]Cto 150[err]C, preferably from-20[err]Cto 70[err]C

Sui tabl e catalysts for use according to the present invention are prepared
by conbining the nmetal coordination conpound and activating cocatal yst
conpound in any order and in any suitable manner. Preferably the ratio of
t he coordinati on conplex and cocatal yst on a

10

15

20

25

- 30
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Example 79 Preparation of

(2-Methoxyohenv1amido)d;ggthvljtetramethvl-nﬁ—
cvelopentadienvl)silanetitanium dichloride

(a) ((Tetramethyleyclopentadienyl)dimethylsilyl)
(2-methoxyphenyl)amine

To 1.3 g (5.9 mmol) ((tetramethyleyclopenta-
dienyl)dimethylsilyl)chloride in 50 mL tetrahydrofuran
(THF) was added 0.86 g (5. 9 mmol) sodium 2-methoxy-
anilide. The mixture was stirred overnignt The
solvent was removed under reduced pressurs ané the
residue extracted with pentane. The pesniane exiracts
were filtered, combined, and concentrated to give a pzle.
yellow liguid. Yield 1.4 g (79%). 'E NMR (benzene-dg)

§ 6.91 (m, 2.2), 6.74 (m, 1.1), 6.57 (d, 1.1, J = 9),
4.25 (s, 1), 3.32 (s, 3. 7), 1.93 (s,6.7), 1.80 (s, 6.8),

. 0.13 (s, 6.3).

(b) Dilithium ((tetramethyleyclopentadienyl)-
~dimethylsilyl)-(2-methoxyphenyl)amide.

To 1.4 g (4.6 mmol) ((tetrametaylcyclopenta-
dienyl)dimethylsilyl)(Z-methoxynhenyl)amine in diethyl
ether was added dropwise 3.9 mL of 2.5 M butyl lithium
(9.8 mmol) in hexane solvent. A white precipitate
formed. Pentane was added to the mixture. The slurry

. was filtered and the solids washed with pentane.

(e¢) (2-Methoxyphenylamido)dimethyl(tetramethyl-n5-
-cyclopentadienyl)silanetitanium dichioride

To 1.6 g of dilithium ((tetramethylcveclopenta-
dienyl)dimethylsilyl)(2-methoxyphenyli)zmide slurried in
toluene was added 0.85 g TiCly. The mixture was stirred
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- 24- (ol ar basis is from1:0.1 to 1:10,000. It will, of course, be
appreci ated that the catalyst systemnay also be forned in situ if the
conponents thereof are added directly to the polynerization process and a
sui tabl e solvent or diluent, including condensed nononmer, is used in said
pol ymeri zati on process. Suitable solvents include toluene, ethyl benzene,
al kanes and mi xtures thereof. In certain cases. the catal ysts may be

i solated from sol ution and retained undq{ i nert atnosphere prior to use.
The catal ysts' conponents are sensitive to both noisture and oxygen and
shoul d be handl ed and transferred in an inert atmosphere such as nitrogen,

argon or helium or under vacuum
for three days, filtered, and the solvent was removed

under reduced pressure. The residue was slurried in
pentane and filtered to give a dark powder. Yield 0.77
g (41%). 'H NMR (benzene-dg) 8 4.10 (s, 3), 2.20 (s,
6.4),ﬂ1.99 (s, 6.6), 0.%0 (s, 6.3).

Exampnle 80 Preparation of

(4-Fluorophenvlamido)dimethvl(tetramethvl-no-
cyclopentadienvl)silanetitanium dichloride

10 .
(z2) ((Tetramethylcyclopentadienyl)dimethylsilyl)-

(4-fluorophenyl)amine

Equimolar quantities of ((tetramethyleyclo-
pentadienyl)dimethylsilyl)chloride and lithium Y-
fluorophenyl anilide were combined in THF and the
mixture stirred overnight. The solvent was removed
under reduced pressure, 1H NMMR (benzene-dg) 8 6.79 (m,
, 2.5), 6.33 (m, 2.4), 2.95 (s,1), 2.90 (s, 1), 1.87 (s,
20 6.9), 1.79 (s, 6.9), 0.02 (s, 5.8).

15

(b) Dilithium ((tetramethylcyclopentadienyl)-
dimethylsilyl) (4-fluorophenyl)amide

((Tetramethylecyclopentadienyl)dimethylsilyl)-
(4-fluorophenyl)amine in diethyl ether solvent and butyl
lithium 2.5 M. in hexane solvent were combined in
equivalent amounts. A white precipitate formed.

Pentane was added to the slurry. The precipitate was

30 filtered, washed with pentane and dried. 'H NMR (THF-
dg? 8§ 7.28 (m, 2.0}, 6.77 (m, 2), 3.27 (s, 2.7), 2.05

(s, 5.2), 2.01(s, 5.2), 0.44 (s, 4.6)

25

(e¢) (4-Fluorophenyiamido)dimethyl(tetramethyl-n--
cyclopentadienyl)silane titanium dichloride
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The* pol yneri zation is usually conducted accordi ng to known techni ques for
Ziegler-Natta or Kam nsky-Sinn type polynerizations. That is, the
nononer (s) and catal yst are contacted at a tenperature from-30[err]J]Cto
250[err] C, at reduced, elevated or atnospheric pressures. The

pol yneri zation is conducted under an inert atnosphere which may be a

bl anketi ng gas such as nitrogen, argon, hydrogen, ethylene, etc. or under
vacuum Hydrogen nay additionally be util43ed in the control of nolecul ar
wei ght through chain termnation as is previously known in the art. The
catal yst may be used as is or supported on a suitable support such as
alum na, MyCl[err] or silicg b05g3r80\(|1d§ gt £ eg\ﬁqusg@mt-rgﬂ cat al yst.

A sol vent nay be e ye Sui ents include tol uene,
et hyl benzene, and gg%%ségfln qﬁﬁ ggé¢ E J r§o i n_nmononmer. The

reaction may al so bé&{tdiaget QXﬁ&@Pe%ﬁﬂd&€F$ﬁ9déWegﬂﬁ}Pﬁﬁyk%ﬁﬂT tions, in a
suspension utilizi nglewmehthybyramidéed Aftdr ordr bond &S gi m.l&ammblhmgd,l in the

was added. After 2 h the solvent was removed under
reduced pressure. The residue was extracted with
diethyl ether. The ether extracts were filtered,
combined, and concentrated under reduced pressure to
give a.red glassy solid. Dissolution into toluene and
‘reconcentration produced a waxy solid. This solid was
extracted into pentane. The pentane extracts were
filtered, combined, and concentrated to producs z waxy
solid. This was slirried with 2 small zmount of pentane
(2 mL) and filtered to give a red powder. The yield was
15 0.18 g (28%). 'H NMR (benzena-dg) & 7.10 (t), 6.80 (&),
2.00 (s), 1.97 (s), 0.35 (s). : ‘

10

Polvmerization

The ﬁdlymerization procedire of Examples 11-32
was substantially followed using 1000 mL of mixed alkane
solvent, 200 mL of t-octene and 5 mL of 15 percent MAO
in toluene (1280 Al1:Ti) and & reaction temperature of
130°C. Hydrogen was supplied from a 75 mi tank
25 pressurized to 3450 kPa (500 psig) to give a delta

‘pressure of 345 kPa (50 psi). 10 Micromoles of the

above complex was added to begin the polymerization.

Ethylene was provided on demand at 3100 kPa (¥#50 psig).

The polymer yield was 12.8 g, Mw = 103,000, Mw/Mn =
30 4.77, density = 0.9387, melt index = 6.37.

20

Example 81 Preparation of

((2.6-Di(1-methvlethyl)phenvl)amido)dimethvl(tetra~
methvl-no-cyclooentadienvl)amidotitanium dichloride i

This Sheet Has Been Rer
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gas phase,  ie. utilizing a fluidized bed reactor, or in
- 25- a solid phase powder polynerization. A catalytically effective
anount of the present cat al yst and cocat al yst

-6l

Dilithium ({(tetramethyleyclopentadienyl)di-
methylsilyl){(2,6-di(1-methylethyl)phenyl)amide was
prepared in a manner analogous to Example 80. '

To 1.5 g (4 mmol) TiCl3-3THF in 25 mL THF was
5 added 1.5 g (4 mmol) dilithium ((tetramethylcyclopenta-
dienyl)dimethylsilyl)(2,6-di(1-methylethyl)phenyl)amide.
After 0.5 h 0.63 g (4 mmol) AgCl was added. After 1.5 h
the solvent was removed under reduced pressure. The
residue was extracted with pentane (3 x 8 mL). The
0 pentane insoluble residue was extracted with diethyl
ether. The ether extract was filtered and evaporated to
dryness to give a yellow crystalline solid. T3 MMR
(benzene-dé) d 3.04  (heptet, 2, J = 6.7T), 2.18 (s, 5.8)
1.98 (s, 5.8), 1.49 (d, 5.8, J = 6.5), 1.12 (¢, 6.2, J

= 6.8), 0.48 (s, 5.2).

15

Polvmerization i

. The polymerization procedure of Example was
20 followed using 10 micromoles of the above complex. The

polymer yield was 14.7 g.

Example 82 Preparation of

25 (Y4-Methoxvohenvlamido)dimethvl(tetramethyl-n2-
cvelopentadienvl)silanetitanium dichloride

To 0.73 g TiCly+2THF in 30 mL toluene was added
0.7 g of dilithium ((tetramethylcyclopentadienyl)di-

30 methylsilyl)(H-methoxyphényi)amide (prepared in a method
analogous to Example 81. The mixture was stirred for
two days, filtered, and concentrated under reduced
pressure. The residue was slurried in pentane and
filtered to give a brick red powder. Yield 0.61 g
(67%). 'E NMR (benzene-dg) 8 7.28 (d, 2, J = 8.8), 6.78
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are any:;anmounts that successfully result in formation of polyner. Such
anounts may be readily determ ned by the routine experinentation by the
skilled artisan. Preferred amounts of catal yst and cocatal yst are
sufficient to provide an equivalent ratio of addition polynerizable
nmononer : catal yst of from 1x10[err]:1 to 100:1, preferably from1x[err]:1 to
500: 1, nost preferably 1Xerr]:1 to 1000: 1. The cocatalyst is generally
utilized in an anount to provide an equivalent ratio of cocatalyst:catalyst
from10,000:1 to-0.1:1, preferably from1,000:1 to 1:1. It isto
be understood that the netal conplexﬂgpy undergo various transformations or
forminternedi ate species prior to during the course of a :
pol yneri zati on. Thus ot her precursors coul d possibly be conceived to
achi eve the sane catal ytic species as are herein envisioned wthout
departing frondhe@,séopd.8i, th@7pfesend)i ket ilon.5.6), 2.01 (s,

5.6), 0.4 (s, 4.8).

Polvmerizafion

The polymerization probedure of Example 80 was

5 :
followed using 10 micromoles of the above complex. The
polymer yield was 7.2 g, Mw = 79,800, Mw/Mn = 21.5, melt
index = 2.90. '

10 Example 82 Preparation of
(tetramethvl-n’-cvelopentadienyl )dimethvl(1-
methvlethoxv)silanetitanium trichloride
(a) (Tetra metnylcyclopentadlenyl)u1metnvl(|-netnyl—

15 ethoxylsilane i

To 1.0 g (4.8 mmol) (tetramethyicyclopenta-
diene)dimethylsilyl chloride in 10 mL toluene was added
- 0.38 mL (5.0 mmol) 2-propanol followed by 0.66 mL (4.7

20 mmol) triethylamine. The mixture was filtered and the
solids washed with mixed Cg alkane solvent. The wash
and the filtrate were combined and concentrated under
reduced pressure to give a pale yellow liquid. 'H NMR

25 (benzene-dg) 8 3.85 (heptet, 1, J = 6.0), 2.9 (s, 1.1),

- - 2003 (S’ 5-7)’ 1.8 (s, 6-3), 1.10 (d’ 6.3, J = 6-0), -
0.02 (s, 5.0). ;
(b) Potassium (dimethyl(1-méthy1ethoxy)sily1)—
30' ~tetramethyl-cyclopentadienide)

To 0.51 g (2.1 mmol) (tetramethylcyclqpenta;
‘dienyl)dimethyl(1-methylethoxy)silane in toluene was
added 0.33 g (2.5 mmol) potassium benzide. The solution
was filtered after 3 days and the solvent was removed
under reduced pressure to give an oil. The oil was
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The ?esur%ing pol ymeric product is recovered by filtering or other suitable
techni que. Additives and adjuvants may be incorporated in the polyners of
the present invention in order to provide desirable characteristics.

Sui tabl e additives include pignments, UV stabilizers, antioxidants, blow ng
agents,. lubricants, plasticizers, photosensitizers, and m xtures thereof.
In the preparation of copolyners containing vinylidene aromatic or hindered

al i phatic vinyl
is not particularly sterically hindered al so be

a-ol efin that

10

20

25

30

mononers it is desirabl™e that a conononer that is an

washed with pentane. Residual pentane was removed under -
reduced pressure to give an orange glassy solid. TH NMR

(THF-dg) 8 3.89 (heptet, 1, J = 6.1), 2.00 (s,6.1), 1.87

(s, 5.7), 1.05 (d, 5.1, J = 6.1), 0.22 (s, &.4).

(c) (Tetramethvl~n5-cvclooentadienvl)dimethvl(1—
methylethoxv)silanetitanium trichloride

To 0.42 g (1.1 mmol) TiCl3-3THF in 50 mL THF
was added dropwise 0.83 mmol potassium (dimethyl(1-
methylethoxy)silyl)tetramethyleyclopentadienide) in 15
mlL THF. One hour after addition was complete 0.2 g (1.3
mmol) AgCl was added. The resulting mixture was stirred
for 18 h. The solvent was removed under reduced
pressure and the residue éxtracted with pentane. The _
pentane extracts were filtered, combined, and evaporated
to a red oil. The red oil was slurried in pentane and
the mixture wes filtered. The filtrate was stored art ~
30°% for 3 }eeks which resulted in the precipitation of
an orange solid. The solution was decanted from the
solid. 'H NMR (benzene-dg) 8 3.8(heptet, 1, J = 6.0),
2.35 (s, 6.9), 1.86 (s, 7.4), 1.04 (d, 7.1, J = 6.0),
0.45(s, 6.7) .00(s), 1.97 (s}, 0.35 (s).

Example 8% Preparation of

1-(Tert-butviamido)-2-(tetramethyl-no-
—cvclonentadienvl)—1.1.2.2-tetramethvldisilanetitanium

dichloride

(a) 1-Chloro-2-(tetramethylcyeclopentadienyl)-1,1,2,2-
tetramethyldisilane

To a solution of 4.802 g (25.7 mmol) 1,2-
dichloro-1,1,2,2~tetramethyldisilane in 50 mL
dimethylether was slowly added a solution of 2.285 g
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- 26- renpl oyed. Wthout wi shing to be-bound by any particular theory of
operation, -it is believed this is because the active site becones crowded
with the incorporation of the hindered vinyl conpound meking it unlikely

t hat anot her hi ndered vinyl conmpound could enter into the polynerization as
the next monomer in the sequence. After the incorporation of one or nore

ol efins other than a hindered vinyl conpound the active site once again
becones avail able for inclusion of a hindered vinyl nononmer. On a limited
basi s however, the vinylidene aromatig7smononer or sterically hindered vinyl

- (12.8 mmol) sedium 1,2,3,u-tetramethylcyclopentadienide
in 30 mL dimethylethef. The reaction mixture was
stirred several hours, then the solvent was removed, the
residue was extracted with pentane and filtered. The
pentane was removed under reduced pressure to give the
product as a light-yellow oil. Mass spec: m/e 272 (83).
TH NMR (CgDg) 8 2.70 (s, 1H), 1.83 (s, 6H), 1.69 (s,
6H), 0.28 (s, 6H), 0.23 (s, 6H); 13C NMR (CgDg) & 135.8,
134.0, 54.4, 14.6, 11.4, 3.2, -2.4,

10 (b) 1-(Tert-butylamino)-2-(tetramethylecyclcpentadienyl)-

~1,1,2,2~tetramethyldisilane

To & solution of 3.000 g (i1.0 mmel) i-chloro-
2-(tetramethyleyclopentadienyl)-1,1,2,2-tetrazethyl-
disilane in 50 mL ether was added 2.422 g (33.1 mmol)
tert-butylamine. Precipitate formed rapidly. The
slurry was stirred for several days.at room temperature,
then was gently heated to drive the reaction to
20 completion. The solvent was removed, the residue was

extracted with pentane, the amine hydrochloride was
filtered and the pentane was removed under reduced
pressure to give the product as a yellow o0il. The yield
was 3.150 (92.5%). Mass spec: m/e 309. 'H NMR (CgDg)
25 & 2.75 (s, 1H), 1.95 (s, 6H), 1.82 (s, 6H),1.08 (s, 9H),
0.51 (s, 1H), 0.24 (s, 6H), 0.16 (s, 6H); !3C NMR (CgDg)
8 135.2, 134.4, 55.2, 50.3, 34.1, 14.9 11.6, 3.3, =-1.4.

‘15

(e) Dilithium 1-(tert-butylamido)-2-(tetramethyl-
30 -cyclopenta-dienyl)-1,1,2,2-tetramethyldisilane

To a solution of 3.00 g (9.72 mmol) 1-(tert-
butylamino)-2-(tetramethylcyclopentadienyl)-1,1,2,2-
tetramethyldisilane in 100 mL ether was slowly added
T.70 mL of 2.60 M (20.2 mmol) butyl lithium in mixed Cg
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moponer, may insert into the polyner chain in reverse order, ie. so as to
result in two nethyl ene groups between the substituted pol ymer backbone
noi ety. Preferably such pol yners possess a Mv of greater than
13,000, nore preferably greater than 20,000 and nost preferably greater
than 30, 000. Al so preferably such polynmers possess a nelt index (l[err]),
ASTM D- 1238 Procedure A, condition E, of |ess than-125, nore preferably
from0.01 - 100 and nost preferably fromO0.1 to 10. . . Due to the use
of the previously nmentioned catal yst system conprising a eoordination
conpl ex having constrained geometry, copolymers may be-prepared that
I ncorporate relatively hul ky or hindered nononers in substantially random
manner at | ow cGhkaRE r3RLvERs: Zhe 2asSWitdRersIUBRE LIRS §84181%¢ according to an
ordered inserti eeveoyl diouThe bm@pofyhmrsdoeindawebleéd md £h extpet atiian et hyI ene
and a hindered akiphaidderVidiiicedepessure to give the product as a

white powder. The yield was 2.918 g (93.4%). 'H NMR

(THF d-8) 8 2.05 (s, 6H), 1.91 (s, 6H),0.87 (s, 9H),

5 0.25 (s, 6H), -0.03 (s, 6H); '3C NMR (THF d-8) & 117.3,

113.6, 53.5, 38.4, 3%.1, 14.2 11.3, 8.4, 2.2.

(d) 1-(terp—buty1amido)-2—(tetramethyl—qs-cyclopenta-

dienyl)-1,1,2,2-tetramethyldisilane titanium dichlorids
10 |

A slurry of 0.7500 g (2.333 mmol)dilithium
1-(tert-butylamido)}-2-{tetramethyleyclopentadienyl)-
1,1,2,2-tetramethyldisilane and 0.7790 g (2.333 mmol)

. TiCly(THF)5 in 50 mL toluene was stirred for several
days. The red-orange reaction mixture was filtered and
the solvent was removed to give a sticky red solid.
This was extracted with pentane and filtered. After
concentration and cooling at -35°C in a freezer, the
shiny microecrystalline red product was collected on a
frit and washed with cold pentane to remove a dark red
oily material. TYield: 0.3643 g, 36.6%. TH NMR (CgDg)
8§ 2.20 (s, 6H), 1.94 (s, 6H), 1.48 (s 9H), 0.44 (s, 6H),
0.43 (s, 6H). 13C NMR(CgDg) § 137.7, 135.5, 112.7,

25 65.9, 35.4, 16.6, 12.5, 2.8, -2.1.

15

20

Polvmerization

The polymerization procedure of Example 80 was
30 followed using 10 micromoles of the above complex. The
polymer yield was 12.1 g, Mw = 62,400, Mw/Mn = 8.45,
melt index = 6.14, density = 0.9441.

-
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conpound or vinylidene aromati c nononer can further be described as

"pseudo- r andon' .

That is, the copolyners |lack well defined bl ocks of either

nononer, however the -27- respective
mononers.are . limted to insertion accordi ng
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Example 85 Preparation of

1—(Tert-butVIamido)—2-(tetramethvl-ns—cvclooenta—
dienvl)-1.1.2.2-tetramethvldisilanezirconium dichloride

A slurry of 0.7500 g (2.333 mmol) dilithium
1-(tertbutylamido)-2-(tetramethylcyclopentadienyl)-
1,1,2,2-tetramethyl-disilane (prepared according to the.
technique of Example 84) and 0.5436 g (2.333 mmol) ZrCly
in 75 mL toluene was stirred for several dzys. The pale
yellow reaction mixture was filtered and the solvent was
removed. The residue was extracted with pentane and
filtered. After concentrztion and cooling at -35°C in 2
freezer, the product as colorless crystals was collected
on a frit. Yield: 0.6720 g, 61.3%. 'H NMR (CgDg) &
2.14 (s, 6H), 1.9% (s, 6H), 1.49 (s, 9H), 0.36 (s, 6H),

0.34 (s, 6H). 13c NMR (CgDg) 8 134.1, 131.0, 119.7,

58.4, 34.2, 15.1, 11.8, 4.7, -2.1.

Example. 86 Preparation of

(Tert—butvlamido)(dimethvl)(tetramethvl-ns-cvclo-
pentadienvl)silanezirconium dimethvyl

A solution of 0.5000 g (1.215 mmol) (tert-
butylamido)(dimethyl)(tetramethylecyclopenta-
dienyl)silanezirconium dichloride in 35 mL ether was
cooled to -%0°C. To this was slowly added 1.41 mL
methyl lithium solution (1.72 M, 2.43 mmol). The
reaction mixture was allowed to stir at room temperature
for several hours. The solvent was removed and the
residue was extracted with pentane and filtered. The
filtrate was concentrated and chilled to -40°C. The
colorless crystals which formed were isolated by
decanting away the supernatant. Yield: 0.2215 g, 49.2
percent 'H NMR (CgDg) & 1.97 (s, 6H), 1.91 (s, 6H),
1.40 (s, 9H), 0.46 (s, 6H), 0.00 (s, 6H). 13C NMR

/
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teo«certain rules. These rul es were deduced fromcertain
experinental details resulting froman analysis of the polyners. The

pol ymers were anal yzed by 13C NWVR spectroscopy at 130[err]C with a Varian
VXR- 300 spectroneter at 75.4 MHz. Sanples of 200 to 250 ng pol yner were

di ssolved in 15 nL of hot o-dichl orobenzene/ 1,1, 2,2- tetrachl oroethane-d2
(approximately 70/ 30, v/v) which was approximately 0.05 Min chromum (I11)
tris(acetylacetonate) and a portion%~ the resulting solution was added to
a 10 mm NVR tube. The follow ng paraneters and conditions were used: '
spectral wdth, 16,500 Hz; acquisition tine 0.090 s; pulse width, 36[err];
delay, 1.0 s widgbghhe decapplzel3gajmd,064. dussny, Bheodelryg,; FT size 32K
nunber of sca 9>3 ,900; |ine broadening, 3Hz. Spectra, as recorded were
referenced to tetrachloroethane-d[err] ([err]73.77 ppm TM scale).

Therefor, witRout YL S8 B8ebihaRToR0MNd bY any

5 Preparation of (tert-butglamido)dimethvl(ns-cvclo-
pentadienyl)silanetitanium dichloride

(a) (Chloro)(cyclopentadienyl)}(dimethyl)silane

A solution of 149 g (1.16 mol) MesSiCl, in 750
mlL diethyl ether was cooled to ~78°C. Solid scdium
cyclopentadienide (30 g, 0.341 mol) was added via a
powder addition funnel over a period of 1.5 hours. The
reaction mixture was allowed to warm to room temperature

10

15 and was stirred for 16 hours. The ether and some
Me281012 were distilled out, then exhaustive vacuum
distillation removed the remaining ether, Me;SiCl, and
the product from the NaCl formed in the reacticn. The
product after fractionatidn was obtained in good yield

20 as a light-yellow oil. Mass spec: m/e 158 (16%).

{(b) (Tert-butylamino)(cyclopentadienyl){(dimethyl)silane

To a solution of 3.69 g (50.4 mmol) tert-butyl
amine in 45 mL THF was added 2.00 g (12.6 mmol)
(chloro)(eyclopentadienyl) (dimethyl)silane. Precipitate
formed quickly.. The slurry was stirred for several
days, then the amine hydrochloride was filtersd off and

25

the solvent was removed under reduced pressure to give
30 the product &3 a very pale yellowish o0il. The yield was
2.069 g (84.2%2). Mass spec: m/e 195 (6%). 7 and 13c
'~ NMR show the presence of several cyclopentadiene
isomers.
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parti culiéar theory, the results of the foregoing experinental procedures

i ndicate that a particular distinguishing feature of pseudo-random
copolynmers is the fact that all phenyl or bul ky hindering groups

substituted on the pol yner backbone are separated by 2 or nore nethyl ene
units. In other words, the polyners conprising a hindered nononer of the
present invention can be described by the followi ng general fornula (using -
styrene as the hindered nononer fefikllustration):

(e) Dilithium (tert-butylamido)(cyclopentadienyl)-
(dlmethyl)81lane

To a solution of 1.500 g (7.69 mmol)

(tertbutylamido)(cyclopentadienyl){dimethyl)silane in 60
5 mL ether was. slowly added 6.21 mL of a 1.72 M (10.68
mmol) ether solution of methyllithium, then 1.81 mL of
2.6 M (4.706 mmol) butyllithium in mixed alkane solvent
(15.39 mmol total alkyllithiums). The resulting slurry
was stirred overnight, then filtered and washed with
pentane, then dried under reduced pressure to give the
product as a white powder. The yield was 1.359 g
(85.2%). 'H NMR (THF d-8) § 5.96 (t, 2H), 5.87 (t, 2H),
1.10 (s, 9H), 0.05 (s, 6H). 13c NMR (THF d-8) d 114,
105.2, 103.5, 52, 38.3, T.3.

10

15
{d) (Tert—butylamido)dimethyl(ns-cyclopentadienyl)silane
titanium dichloride
0.7000 g (3.38 mmol) Dilithium
20

(tertbutylamido)(cyclopentadienyl){(dimethyl)silane and
1.128 g (3.38 mmol) TiCly,.(THF), were combined in a
flask with 75 mL toluene. The resulting yellow siurry
turned muddy red-brown within a few hours. The reaction
25 mixture was stirred for several days then the red '
solution was filtered and the solvents removed under
reduced pressure. The crystalline material formed was
slurried with pentane and filtered to remove the =soluble
red imﬁhrity from the brown product. The yield was
30 0.5369 g (50.9%). T'H NMR (CgDg) 8 6.60 (t, 2H), 6.07
(t, 2H), 1.38 (s, 9H), 0.18 (s, 6H). '3C NMR (CgDg) 3
126.3, 125.6, 110.0,63.7, 32.2, ~0.2.

Polvmerization
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The polymerization procedure of Example was
followed using 10 micromoles of the above complex. The
polymer yield was 28.1 g, Mw = 108,000, Mw/Mn = 3.22,
density = 0.9073, melt index = 2.92.

Example 88 Preparation of

(Tert-butvlamido)dimethyl(ns-cvclonentadienvl)silane—

zirconium dichloride -

To 0.6747 g (2.90 mmol) ZrCly in a flask was

slowly added 4 mL diethyl ether, then 4 miL THF. The
Xcess solvents were removed under vacuum to yield a
solid which was broken up to z powder. The solid was
combined with 0.6008 g (2.90 mmel) dilithium (tert-
butylamido) (eyclopentadienyl)(dimethyl)silane (prepared
according to the technique of Example 87 and 75 mL
toluene. The resulting slurry was stirred for several
days after which the colorless solution was {iltered,
the solvent removed under reduced pressure and the
residue was slurried in pentane. The product was
collected on a frit and dried under reduced pressure.
Yield was 0.6186 g (60.0%). 'H NMR (CgDg) § 6.43 (¢,
2H), 6.08 (t, 2H), 4.17 (br s, 6H), 1.27 (s, 9H), 1.03
(br s, 6H), 0.22 (s, 6H). '3c NMR (CgDg) & 122.0,
121.4, 109.5, 78, 57.2, 32.8, 25.2, 0.7. The structure
was shown by x-ray crystallography to be dimeric
(bridging chlorides) in the solid state.

Exzmple 89 Preparation of

(Anilido)(dimethyl) (tetramethvl-nJ-cvclopenta~

dienvl)silanetitanium dichloride
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theoretlcal

theory it can be

In further explanation of the foregoihg experinmental and

reaction enploying the present catalysts, if a hindered nonomer
inserted into the growi ng pol yner chain, the next nononmer inserted nust be
et hyl ene or -a hindered nononer mhich-is inserted in an inverted or
"tail-to- tail" fashion. This is ikkustrated bel ow for a hindered
nmononmer where Mis the catalyst netal center, HG is a hindering group, and
Pis the growi ng polyner chain: ’

10

15

20

25

30

{(a) (Anllldo)(dlmethyl)(tetramethylcyc1ooentad1eny1)-
-silane

To a solution of 1.500 g (6.98 mmol)
(chloro)(dimethyl)(tetramethylcyclopentadienyl)silane in
50 mL THF was slowly added 0.6911 g (6.98 mmol) lithium

‘anilide. Monitoring by GC indicated the reaction was

incomplete. Additional lithium anilide (0.08 g, 7.78
mmol total) was added. The reaction mixture was stirred
overnight. The solvent was removed, the residue was
extracted with pentane and filtered. The pentane was
removed under reduced pressure to give the product as a
pale yellow oil. The yield was 1.875 g (99.2%). Mass
spec. m/e 271 (13%). 'H NMR (CgDg) & 7.14 (m, 2H), 6.76
(t, 1H), 6.60 (d, 2H), 3.08 (s, 1H), 3.04 (s, iE), 1.89
(s, 6H), 1.79 (s, 6H), 0.07 (s, 6H). 13C NMR (CgDg) &
147.5, 136.3, 132.6, 129.6, 118.2, 116.9, 55.0, 14.3,

.11.3, -2.2. i

(b) Dilithium (anilido)(dimethyl)(tetramethylcyclopenta~
-dienyl)silane

To a solution of 1.875 g (6.91 mmol)
(anilido)(dimethyl) (tetramethylcyclopentadienyl)silane
in 50 mL ether was slowly added 5.31 mL of 2.60 M (13.8
mmol) butyllithium in hexane solvent. A small amount of
precipitate formed, but then dissolved. The reaction
mixture was stirred overnight. The product appeared to
have collected as a thick viscous o0il”in the ether
solution The solvent was removed under reduced
pressure. The resulting white solid was slurried in

' pentane, collected on a frit, washed with pentane and

dried under reduced pressure to give the product zs a

.white powder. The yield was 1.943 g (99.3%).°

S
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(e) (Anilido)(dimethyl)(tetramethyl—ns-cyclopenta-
dienyl)silanetitanium dichloride

A slurry of 0.8025 g (2.333 mmol) dilithium
(anilido)(dimethyl) (tetramethylcyclopentadienyl)silane
and 0.9871 g (2.333 mmol) TiCly(THF), in 70 mL toluene
was stirred for several days. The red-brown reaction
mixture was filtered and the solvent was removed. The
solid was triturated in pentane and the product was
collected on a frit and washed_with cold pentane to
remove a dark red oily materizl to give the product as a
vellow-beige powder. Yield: 0.6400 g, 55.8%. 'H NMR
(CgDg) & 7.32 (d, 2H), 7.18 (m, 2H), 6.85 (t, 1H), 2.02
(s, 6H), 1.99 (s, 6H), 0.42 (s, 6H). 13C NMR (CgDg) &
152.4, 141.9, 137.8, 129.39 ]24.4, 119.6, 105.3, 16.1,
13.0, 2.7. '

Polymerization 1

The polymerization §rocedure of Example 80 was
followed using 10 micromoles of the above complex. The
polymer yield was 12.8 g, Mw = 103,000, Mw/Mn = 4.77,
density = 0.9387, melt index = 6.37. '

Polymerization 2 Ethvlene/Stvrene Copolymerization

The above polymerization procedure was
substantially followed except that 900 mL of mixed
alkane solvent, 184 mL of styrene, 345 kPa (50 psi)
delta hydrogen, and 20 micromoles of [(CgMe),)SiMep(tert-
butyl)]TiCl, were used. The temperature of the reactor
was 120°C. After 10 minutes, the contents were removed
from the reactor, and 62.3 g of polymer was recaovered.
The melt index was 3.68.
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Example 90 Preparation of

(Anilido)(dimethyl)(tetramethvl-n5-cyclonenta-
dienvl)silanezirconium dichloride

To 0.6905 g (2.963 mmol) ZrCly in a flask was
slowly added 3 mL diethyl ether, then 4 mL THF. The

excess sclvents were removed under vacuum te yield a

solid which was broken up to a powder. The solid was
combined with 0.8044 g (2.963 mmol) dilithium
(anilido)(dimethyl)(tetramethyl—qs-cyclopenta-
dienyl)silane and 70 mL toluene. Within minutes the
slurry color became pale yellow-green. The slurry was
stirred for several days after which time the solution
was filtered, the solvent removed under reduced pressure
and the residue was slurried in pentane. The very pale
yellowish product was collected on a frit and dried
under reduced pressure. 'H NMR (CgDg) 8 7.21 (t, 2H),
7.1 (t, 1H), 6.97 (m, ZH), 2.50 (s, 3H), 2.46 (s, 3H),
1.87 (s, 3H), 1.85 (s, 3H), 0.53 (s, 3H), 0.40 (s, 3H).

Example 91 Preparation of

(a)'(D—Toluidino)(dimethvl)(tetramethvl—ns—
-cvelopentadienyl)silznezirconium dichloride

(p-Toluidino)(dimethyl)(tetramethylcyclopentadienyl)
gilane

To a solution of 2.000 g (9.302 mmol)
(chloro)(dimethyl)(2,3,H,S-tetramethylcyclopenta—
dienyl)silane in 70 mL THF was slowly added 1.259 g
{9.302 mmol) lithium p-toluididé {0.3 ether adduct by H
NMR). The reaction mixture was stirred overnight.
Monitoring by GC indicated the reaction was incomplete.
Additicnal lithium p-~toluidide was added in small lots
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Durlng t he polynerlzatlon reactlon ethylene may be inserted at any tine.
After an inverted or "tail-to-tail" hindered nmononer insertion, the next
nononer must be et hyl ene, as the i nsertion of another hindered nonomer at
this point would place the hindering substituent closer together than the
m ni mrum separati on as descri bed above. A consequence of these
pol ynerization rules is the catalysts of this invention do not
honmopol yneri ze styrene to any apprecT&bl e extent, while a nixture of
ethyl ene and styrene is rapidly polynerized and may give high styrene
content (up to 50 nol e percent styrene) copol yners. -

(0.725 g, 14.7 mmol total). The solvent was removed,

the residue was extracted with pentane and filtered.
"The pentane was removed under reduced pressure to give
the product as a yellow oil. The yield was 2.456 g
(92.5%). Mass spec. m/e 285 (223). 'H NMR (CgDg) 8

5 6.96 (d, 2H), 6.57 (d, 2H), 3.07 (s, 1H), 3.01 (s, 1H),
2.17 (s, 3H), 1.91 (=, 6H), 1.80 (s, 6H), 0.08 (s, 6H).
3¢ NMR (CgDg) 8 145.0, 136.2, 132.7, 130.2, 126.9,
116.9, 55.2, 20.5, 14.3, 11.3, -2.2.

10 (b) Dilithium (p-toluidino)(dimethyl)(tetrzmethyl-

-cyclopenta-dienyl)silane

To a solution of 2.233 g (7.82 mmol) (p-
toluidino){(dimethyl) (tetramethylcyclopentadienyl)silane
> in 65 mL ether was slowly added 6.17 mL of 2.60 M (16.0
mmol) butyllithium in mixed Cg alkane solvent. The
precipitate-free reaction mixture was stirred overnignt.
The solvent was removed under reduced pressure. The
resulting white solid was slurried in pentane, collected
on a frit, washed with pentane and dried under reduced
pressure to give the produét as a white powder. The
yield was 2.34 g (100%). 1y NMR (THF 8-8) d 6.42 (d,
2H), 6.18 (d, 2H), 2.09 (s, 6H), 2.01 (s, 3H), 1.94 (s,
25 6H), 0.36 (s, 6H). 13c NMR (THF 8-8) & 160.8, 129.1,
121.3, 115.9, 115.2, 112.2, 106.2, 20.8, 4.7, 11.7,
5.2.

20

(¢) (p-Toluidino)(dimethyl)(tetramethyl-n’-cyciopenta~ =
30 dienyl)silanetitanium dichloride

A slurry of 1.000 g (3.363 mmol) dilithium (p-
toluidino) (dimethyl)(tetramethyl-n°-cyclopenta-
dienyl)silane and 1.123 g (3.363 mmol) TiCly(THF), in TO

"mL toluene. The reaction mixture was stirred several

This Sheet Has Been Repl

.




As a further illustration of the description of the a-olefin/hindered
rononetr copol yner of the present invention, a conputer nodel of the

pol ymer-i zation .- reaction was used to cal cul ate the expected 13C NWR
spectrum of the polymer product. The conputer program utilized a random
nunber generator to select either a- olefin or hindered nononer to be
inserted into a growing polyner chain, then cal cul ated the nunber of each
type of 13C NWVR signals resulting fTonthat insertion. Polynmers were
conput er generated by repeating this process for 10,000 or nore nononer

i nsertions, 'and the resulting calculated 13C NVMR spectrum was conpared to
actual experi nmewyal, o MR apectha fie spieardowaantmoved! hyhene/ st yrene

copol yners of thRguh PMENsb®fd was siurried in pentane and the product
was collected on a frit and dried under reduced
pressure. The yield of olive-brown powder was 0.7172 g,
53.0%. 'H NMR (CgDg) & 7.26 (d, 2H), 7.01 (d, 2H), 2.08
5 (s, 3H),.2.08 (s, 6H), 2.00 (s, 6H), 0.45 (s, 6H). '3¢
NMR (CgDg) & 150.3, 11.7, 137.5, 133.9, 130.0, 129.7,
119.6, 21.0, 20.6, 16.4, 16.0, 13.3, 12.8, 2.8, 2.6.

(d) (p—Toluidino)(dimethyl)(tetramethyl-ns-cyclopenta-

10 ~dienyl)silanezirconium dichloride

To 0.7836 g (3.363 mmol)} ZrCly in a flask was
slowly added 3 mL diethyl ether, then U4 mL THF. The
excess solvents were removed under vacuum to yieid a
solid which was broken up to a powder. ?he solid was
combined with 1.000 g (3.363 mmol) dilithium (p-
toluidino)(dimethyl)(tetramethyl-qs-cyclopenta-
dienyl)silane and 70 oL toluene. The slurry was stirred
for” several days. The initially yellowish slurry turned
brownish. The yellow solution was filtered, the solvent
removed under reduced pressure and the solid was
slurried in pentane. The pale yellow product was
collected on a frit and dried under reduced pressure.

25 The yield was 0.8854 g (59.1%). 'H NMR (CgDg) 8 7.06
(d, 2H), 6.87 (d, 2H), 2.50 (s, 3H), 2.47 (s, 3H), 2.21
(s, 3H), 1.89 (s, 3H), 1.88 (s, 3H), 0.51 (s, 3H), 0.41
(s, 3H). The structure was shown by x-ray
crystallography to be & LiCl-containing dimer with

15

20

30 pridging chlorides.

- Exemple 92 Prevaration of

(Benzylamido)dimethvl(tetramethyl-n5-cvclonentadienyl)

- gilanetitanium dichloride .
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Conput er sinul ations of the polynmer and resulting [err]C

NVR spectra of the cal cul ated pseudo- random et hyl ene/ styrene copol yners
were performed using the constraint that if styrene nononmer were inserted
into the grow rig polymer chain, the next nonomer inserted must be ethylene
or a styrene which is inserted in an inverted or "tail-to-tail" fashion.
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(a) (Benzylamino)dimethyl(tetramethyleyclopenta-
~dienyl)silane :

" To a solution of 1.000 g (4.651 mmol)
{chloro)(dimethyl)(tetramethyleyclopentadienyl)silane in
70 mL ether was slowly added 0.526 g (4.651 mmol)
lithium benzylamide. The reaction mixture was stirred
overnight, then the solvent was removed, the residue was
extracted with pentane and filtered. The pentane was
removed under reduced pressure to give the product as a
pale yellow oil. The yield was 1.234 g (93.3%). Mass
spec. m/e 285 (18%). 1H NMR (CgDg) & 7.0-7.24 (m, 5H),
3.71 (d, 2H), 2.73 (br s, 1H), 1.88 (s, 6H), 1.76 (s,
6H), 0.43 (or t, 1H), -0.07 (s, 6H). '3C NMR (CgDg) 8
144.5, 135.7, 132.0, 128.5, 127.3, 126.7, 56.7, 46.4,
14.6, 11.4, -2.3.

(b) Dilithium (benzylamido)dimethyl(tetramethyl-
~cyclopentadienyl)siiane

To a solution of 1.091 g (3.836 mmol)
(benzylamino)(dimethyl) (tetramethyleyclopenta-
dienyl)silane in 70 mL ether was slowly added 3.1 mL of
2.60 M (8.06 mmol) butyl lithium in mixed Cg alkane
solvent. A pale pink color forms along with
precipitate. The reaction mixture was stirred
overnight. The solvent was removed under reduced
pressﬁre. The resulting solid was slurried in pentane,
collected on a frit, washed with pentane and dried under
reduced pressure to give the product as a very pale pink
powder. The yield was 1.105 g (96.9%). 'H NMR (THF d-
8) d 7.15 (m, uH), 7.00 (t, 1H), 4.02 (s, 2H), 2.0%4 (s,
6H), 1.79 (s, 6H), -0.15 (s, 6H). 13C NMR (THF d-8) d
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bet ween experinental and cal cul ated spectra were obtained if approxi mately
15 peré&ent of the styrene insertions are in the "tail-to-tail" manner. The
observed and calculated [err] C NWVR spectra for such pseudo- random

et hyl-ene/ styrene copol yners containing 1.4, 4.8, 9.0, 13, 37, and 47 nole
percent styrene are shaown in figures 8-13. In each case, the observed and
cal cul ated spectra are in excellent agreenent. Conmput er sinul ation
of the polymer and resulting 13C NVR spectra of conpletely random a-

ol ef i n/ hi nder ed nmononer copolyner§7aére t hen perfornmed using no constraints
on hindered nononmer insertion. In other words, the hindered nononer was
allowed to insert into the growi ng polyner chain after a previous hindered
mononer insei%2.dn 1884 he 12EnBom28ubbet15g8net bt-Gr 3@8 Sot BH-%i nder ed nononer
as the next mpmmarn.2p he.i nserted. The cal cul ated spectra for these

conpl etely random copol yners do not agree with the observed [err] C NWR

spectra, as e&PWBehRyldridbsd ik thl ( fetHam@hel RP-cent

-cyclopentadienyl)silanetitanium dichloride

A slurry of 0.5052 g (1.699 mmol) dilithium
(benzylamido)(dimethyl)(tetramethyl-qs—
~cyclopentadienyl)silane and 0.5673 g (1.699 mmol)
TiCly(THF), in 40 mL toluene was stirred for several
10 days.' The dark green-brown reaction mixture was

filtered and the solvent was removed. The dark oily
residue was slurried in pentane and the product was
collected on a frit and washed with cold pentane to
remove a dérk oily material to give the produet as a
15. greenish yellow.powder. Yield: 0.2742 g (40.1%). 1y
NMR (CgDg) 8 7.19 (m, 2H), T7.02 (m, 38), 5.37 (s, 2H),
1.99 (s, 6H), 1.98 (s, 6H), 0.03 (s, 6H). 13C NMR (CgDg)
§ 141.4, 140.9, 135.8, 129.0, 128.8, 126.9, 126.6,

20 126.3, 111.6, 103.6, 59.3, 15f6, 12.4, 1.7.

Polvmerization

The polymerization procedure of Example 80 was
followed using 10 micromoles of the above complex. The
polymer yield was 14.4 g, Mw = Mw/Mn = 5.0, melt index
= 251, density = 0.9690. '

25

Example 93 Preparastion of

30 (Benzvlamido)dimethvl(tetramethyl-ns-
-cvelopentadienvl)silanezirconium dichloride

. In a flask were combined 0.3930 g (1.687 mmol)
ZrCly, 0.5015 g (1.687 mmol) dilithium '
(benzylamido)dimethyl(tetramethyl-q5—cyclopenta-
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stytene contai ni ng et hyl ene/ styrene copol yner. Prior to

pol yneri zati on according to the present process the nononers and sol vents,

i f any,- may be.purified by vacuumdistillation, and/or contacted with

nol ecul ar sieves, silica, or alumina to renove inpurities. In addition,
reactive bl anking agents, such as trialkkylal um num conpounds, al kali netals

and net al
-80-

dienyl)silane and 40 mL toluene. The brownish yellow
slurry was stirred for several days then filtered and
the solvent was removed under reduced pressure. The
moist tan residue was slurried in pentane and the
product was collected on a frit and dried under reduced
pressure. “Yield of the off-white tan product: 0.2873 g
(38.23%). 1H NMR (CgqDg) & 7.51 (d, 2H), T7.23 (t, 2H),
7.09 (t, 1H), 5.48 (d, 1H), 5.00 (d, 1H), 2.45 (s, 6H),
2.05 (s, 3), 2.01 (s, 3H), 0.34% (s, 3H), 0.20 (s, 3H).
13c NMR (CgDg) 8 145.2, 135.1, 132.2, 131.8, 129. u,
129.0, 128.9, 128.8, 127.0, 126.6, 126.3, 106.6, 57.2,
16.0, 15.6, 12.5, 11.8, 2.6.

10

Example 94 Preparaticn of

15 '(Phenvlnhosohlno)dlmethvl(tntrame+nvl~nJ—cv01cuenuc-

dienvl)silanetitanium dichlgride

(a2) (Phenylphosphino)(dimethyi)(tetramethyleyclopenta-

dienyl)siiane
20

To a solution of 1.500 g (6.983 mmol)
(chloro)(dimethyl) (tetramethylcyclopentadienyl)silane in
55 mL THF was slowly added 1.1248 g (7.665 mmol, excess
added as GC monitoring indicated 1:1 reaction was
incomplete) lithium phenylphosphide (0.4 ether adduct by
g NMR spectroscopy). The reaction mixture was stirred
several days, then the solvent was removed, the residue
B was extracted with pentane and filtered. The pentane

30 Was removed under reduced pressure to give the product

as a yellow oil. The yield was 1.985 g (98.5%).

25

(b) Dilithium (phenylphosphido)dimethyl-
-{tetramethylcyclopentadienyl)silane
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- 31: all oys, especially Na/K, may be used to renove inpurities.

Suitabl e vinylidene aromati c nononers whi ch may be enpl oyed according to

the present invention include styrene as well as a-nmethyl styrene, the

Cerr] alkyl- or- phenyl- ring substituted derivatives of styrene, such as

ortho-, nmeta-, and para-nethylstyrene, or mxtures thereof, the ring

hal ogenat ed styrenes, vinyl benzo- cycl obutanes, and divinyl benzene. A

preferred vinylidene aromati c nononer _g§-sStyrene,. In the

pol yneri zation of vinylidene aromatic nononers or hindered aliphatic

vi nyl i dene conpounds and ol efins the nononers are preferably conbined in a
To a solution of 1.858 g (6.451 mmol)

(phenylphosphino) (dimethyl){tetramethylcyclopentadienyl)

silane in 65 mL ether was slowly added 5.21 mL of 2.60 M

(13.55 mmol) butyllithium in mixed Cg alkane solvent

with the formation of a yellowish precipitate. The

reactioﬁ'mixture was stirred overnight. The product was

collected on a frit and washed with pentane, then dried

under reduced pressure to give the product as a white

powder. The yield (0.5 ether adduct by TH NMR

10 spectroscopy) was 2.0845'g (95.8%).

(e) (Phenylphosphido)dimethyl(tetramethyl-asécyclopenta-
dienyl)silanetitanium dichloride

In a flask were combined 0.%00 g (2.668 mmol)
dilithium (phenylphosphido)(dimethyl)(te;ramethyl-qS—
-cyclopentadienyl)silane (0.5 sther adduct) and 0.8907 g
(2.668 mmol) TiCl4(THF)2 with 75 mL toluene. The color
instantly changed to deep gresn~black on addition of

15

20 toluene. The reaction mixture was stirred for several
days, then was filtered and the solvent was removed.
The dark residue was extracted with pentane and filtered
to leave a green-brown product on the frit (0.2477 g)
and a black glassy product on removal of the pentane

25 from the filtrate.

Polvymerization

The polymerization procedure of Example 80 was
30 followed using 10 micromoles of the above complex. The
polymer yield was 14.4 g, Mw = 27,700, Mw/Mn = 5.0, melt
index = 251, density = 0.9690.

Example 95 Preparation of

—_
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proportion so as to achieve a vinylidene aromatic nonomer (or hindered

al i phatic vinylidene conpound) content of at least 1.0 nole percent in the
resulting polymer nore preferably from1.5 to less than 50 nol e percent,
highly preferably 5.0 to 48 nole percent, and nost preferably from nore
than 8.0 up to 47 nole percent. Preferred operating conditions for such

pol yneri zation reactions are pressures from atnospheric to 1000 at nospheres
and tenperatures from30[err]C to 200F82r]C. -Pol ynerizations at

t enper at ures above the autopol ynerization tenperature. of the respective
nononers may contain small anmounts of honopol yner pol ynerization products
resul ting from f(Renrasheahipe) yimiinkal t&ramethyl-n>- Certain of the

pol yners pr epar e&cﬁ%ﬁ@ﬁ%@@nty?ﬁﬁ oY TE0 B le ©SPECT Al Y copol yner's
of ethylene and an a-o har act eri zed by

uni que rheol ogi cal prop§§ géﬂl éteﬁﬁ%bcﬂﬁéfTZP&hpéﬁ pegnfapnd that the

pol yners (hereln%fter
owly addEd 3 mL diethyl ether. The excess solvent was

5 removed under vacuum to yield a solid which was broken
up to a powder. The solid was combined with 0.9000 g
(2.668 mmol) dilithium (phenylphosphido)dimethyl-
(tetramethyl—q5-cyelopentadienyl)silane and 75 mbL
toluene. The color changed to deep red-orange con .
addition of toluene. The reaction mixture was stirred
for several days, then the crange solution was filtered
from a large quantity of dark insoluble material and the

10

solvent was removed. The residue was siurried with
= bentane and filtered. A brown solid was collected on a
frit and dried under reduced pressure.

Examole 96 Preparaticn of

(Tert-butvlamido)dimethjl(indenvl)silanetitanium
dichloride

20

(a) (Tert-butylamino)dimethyl(indenyl)silane

To a solution of 5.255 g (71.8 mmol) tert-butyl
25 amine in 75 mL ether was added 3.000 g (14.4 mmol) 9-
(chlorodimethylsilyl)indene. Preclpluate formed within
a few minutes of the start of the addition. The slurry
was stirred overnight, then the solvent was removed, the
residue was extracted with pentane and filtered. The
pentane was removed under reduced pressure to give the
light~yellow o0il product as a mixture of two isomers.
The yield was 3.313 g, (93.9%).

30

(b) Dilithium (tert-butylamido)dimethyl(indenyl)silane
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-32- ; Pol yet hyl enes or El PES) are | ess Newt oni an t han

15

20

25

.983'.

To a solution of 3.125 g (12.73 mmol) (tert-
butylamino)dimethyl(indenyl)silane in 75 mL ether was
slowly added 10.28 mL of 2.60 M (26.73 mmol) butyl-
lithium in mixed Cg alkane solvent. The color of the
precipitate-free solution darkens slightly to beige-
-orange. The reaction mixture was stirred several days,
then the solvent was removed. The Tluffy, glassy
material was Slurried with pentane. The powder clumps
together. The pentane was decanted and the washing
procedure was repeated several times, then the solid was
dried under reduced preﬂsnr The yield was 2.421 g

(73.9%).

(e) (Tert-butviamido)dimethyl{indenyl)silanetitanium

dichloride

In a2 flask were combined 1.000 g (3.887 mmol)
dilithium (tertbutyiamido)(dimethyl)(indenyl)silane and
1.298 g (3.587 mmol) TiCly(THF), with 70 mL toluene. A
deep red color developed instantly. The reaction
mixture was stirred three days, then filtered, and the
solvent was removed. The residue was extracted with
pentzne and filtered to give the product as a red
microcrystalline material. The yield was 0.4917 g

(34.9%).

Polvmerization

The polymerization procedure of Example 80 was
followed using 10 micromoles of the above complex. The

polymer yield was 14.8 g.
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conventlonally prepared |inear polyethylene resins of simlar olefin
contenf. The polymers al so have higher elastic nodulus particularly at
high nelt indices conpared to such conventional polynmers. This property
makes the resin especially useful inthe formation of filns, foans and
fabricated articles, for exanple by - bl ow nol ding techniques. The above
phenonmenon is nore particularly defined by reference to Figure 16 wherein
conpl ex viscosity, [err] neasured in pgise at 190[err]C, is plotted as a
function of shear rate, [err], measured in radians per second for a

typi cal El PE copol yner of ethylene and 1-octene according to the

I nvention. The _sl ope his curve indicates the nelt is highly non-
Newt oni an. The & tien [err] utilized in the graph are:
[err]* [err% err]. . Clerr] [err] lerr]
. (Tert-butylamido)dimethyl{indenvl)silanezirconium
dichloride
5 To 0.9057 g (3.887 mmol) ZrCly in a flask was

slowly added 2 mL THF. The excess THF was removed under
vacuum to yield a solid which was broken up to & powder.
1.000 g (3.887 mmol) dilithium (tertbutylamido)dimethyl-
(indenyl)silane was added along with 70 mL toluene. The
10 resulting slurry was stirred for severzl days after
which the sclution was filtered and the solvant removed
under reduced pressure. The residue was slurried in
pentane, filtered and dried under reduced pressurs. Thse

vield of brown-biege product was 0.5668 g (36.0%).

15

Example 98 Prepzration of
P (Methvlamido)dimethvi(tetramethvl-n54cvclonenta-

dienvl)silanetitznium dichloride

20
(a) (Me hylamlno)dlmethyl(teuramethyl -n2-
cyclopentadienyl)-silane

. To a solution of 1.900 g (8.845 mmol)

25 (chloro)(dimethyl)(tetramethyleyclopentadienyl)silane in

75 mL THF was quickly added 0.3272 g (8.846 mmol)
lithium methylamide. The clear solution was stirred
overnight, then additional_}ithium methylamide (0.008 g,
9.062 mmol total) was added as gas chromatography (GC)
30 indicated the reaction was incomplete and the solution
was stirred overnight again. The solvent was removed,
the residue was extracted with pentane and filtered, and
the pentane was removed under reduced pressure to give
- the product as a very pale yellow oil. The yield was .,
1.698 g (91.7%). Mass spec. m/e 209 (13 percent). 'E

Sheet Has Been Replaced

i




1,,962X10[ err]
1.511X10[ err]
1.115X10[err] .

0. 02000 3.230X10[err] 0.2512 1.088X10[err]
0.01585 2.713X10[err] 0.3981 9.336X103 10.000

0.02512 2.293X10[err] 0.6310 7.964X10[err]

-8.292X10[err]  0.03981 1.966X10[err] 1.0000 6.752X10[err]
0.06310 1.701X10[err] 1.5850 5.677X10[err]
0.10000 1.464X10[err] 2.5120 4.721X10[err]

0.15850 1.265X10[ egsl 3.9810 3.854X 10[err]

6. 322X10[ err]
4.920X10f err]
3.956X10[ err]

10

15

20

25

30

NMR (CgDg): & 2.82 (s, 1H), 2.33 (d, J = 6.6 Hz, 3H),
1.95 (s, 6H), 1.83 (s, 6H), -0.04 (s, 6H). 1'3c NMR
(CgDg: & 135.4, 132.7, 56.1, 27.8, 14.0, 11.0, -3.5.

(b) Dilithium(methylamido)dimethyl(tetramethylcyclo-
pentadienyl)silane

To 2 solution of 1.583 g (7.463 mmol)
(methylamino)(dimethyl) (tetramethyleyclopentadienyl)
silane.in 65 mL ether/pentane (1:1) was slowly added

6.03 mL of 2.60 M (15.7 mmol) butyllithium in mixed Cg

glkane solvent. The solution turned to a thick syrup

which broke down to a slurry. The reaction mixture was

stirred overnight, then filtered. The solid was washed

under reduced pressure to give the product as z white

several times with ether, then with pentane, then dried

powder. The yield was 1.883 g of a 0.25 ether adduct as

determined by 'H NMR spectroscopy. TH NMR (THF §-8) 8§
3.%1 (¢,d = 7.0 Hz, 1H), 2.45 (s, 3H), 2.01 (s, 6H),
1.93 (s, 6H), 1.11 (t, Jd 7.01, .5H), 0.01-0.14% (br,
6H).

{e) (Methylamido)dimethyl(tetramethyl—qs-cyclopenta-
dienyl)silanetitanium dichloride

To a solution of 0.6708 g (2.597 mmol)
dilithium (methylamido)dimethyl(tetramethyl-qS-
cyvclopentadienyli)silane in ‘80 ml THF was added all &t

once 0.9623 g (2.597 mmol) TiCl3(THF)3. The sclution -

immedizately turned intense brown-orange. The reaction

mixture was stirred four days, then 1.861 g (12.98 mmol)

‘AgCl was zdded. The slurry was stirred =everal days

after which the reaction mixture was filtered and the
solvents were removed under reduced pressure. .The
residue was extracted with toluene, the dark orange-

6. 310

15. 850
25.120
39. 810
63. 100

100. 000
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Also plotted in Figure 15 is the tan [err] value of the same El PE pol yner.
wThiszvalue is unitless and is cal culated by dividing the viscous nodul us
val ue by the elastic nodulus. The actual values of tan [err] and [err]

utilized in the graph are: tan [err] [err] tan [err]

[err] tan [err] [err] 0.5526 0.01000 1.243 z 0. 2512
1.718 6.310 0.5231 0.01585 1.381 0.3981 1.677

10. 000 0.5771 0.02512 1.543 0.6310 1.620 15. 850 0. 6597

0.03981 1.615 1.0000 1.552 25.120 0.7971 0.06310 1.690
1.5850 1.475 - 39.810 0.9243 _gf 10000 1.729 - 2.5120 1.398

63.100 1.080 0. 15850 1. 737 3.9810 1.315 100. 000

brown solution.was filtered and the solvent was removed.
After extraction with pentane and filtration, the
filtrate was concentrated to a light brown slurry in a
dark red solution. After cooling to -30°C, the bright
vellow ﬁroduct wés collected on a frit, washed with
pentane and dried under reduced pressure. The yield was
0.3168 g (37.4%). TH NMR (CgDg): 8 3.64.(s,3H), 1.97
(s, 6H), 1.95 (s, 6H), 0.21 (s, 6H). '3c NMR (CgDg): 6§
140.5, 135.5, 103.0, 41.8, 15.5, 12.3, 0.6.

10 Polvmerization

The polymerization procedure of Example 80 was
followed using 10 micromoles of the zbove complex. The

polymer yield was 30.2 g.
15

Examplz 99 Preparaticn of

(Methvlamido)dimethvl(tetramethvl-n5—cvclonenta-

dienvl)silanezirconium dichloride
20 ’

In a flask 0.5705 g (2.448 mmol) ZrCl, and
0.6318 g (2.446 mmol) dilithium (methylamido)-
dimethyl(tetramethyl—q5-cyclopenbadienyl)silane were
combined with 75 mL toluene. The slurry was stirred for
25 several days after which time the resulting pale green
soluticn was filtered, and the solvent was removed under
reduced pressure. The residue was slurried in pentane;
collected on a frit, washed with pentane and dried under
reduced pressure. The yield of very pale powder blue
30 product was 0.6162 g (68.23). H NMR (CgDg): & 3.50 (s
3H), 49 (s, 3H) 2.36 (s, 3H), 2.14 (s, 3H), 2 10 (s,
3H), 0. LG (s, 3H), 0.43 (s, 3H).
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Far inproved performance in nmelt blow ng applications preferably the tan
[err] value is fromO0.1 to 3.0 for shear rates between 0.0Q1-100 radi an/ sec.
A further property of ElIPE polymers is illustrated by reference to Figure
16 . The elastic nmodulus in dynes/cnierr], G, at 0.1 radian/sec., and
190[err] C for several ethylene/l-octene .EIPE resins is plotted as a
function of nelt index. The resins utilized include those of Exanples 11,
12, 14-16, 18-22, 24-26, 30 and 31g7-- The val ues of nelt index and
elastic modulus utilized in the graph are as foll ows:

Example 100 Preparation of

1-(Teyt-butylamido)—2-(tetramethvl-nS—cvclonenta-
dienyl)ethanediyltitanium dichloride

5 (a) Ethyl 2-(tetramethylcyclopentadienyl)acetate

A solution of 3.822 g (22.89 mmol) ethyl

bromoacetate in 25 mL TEF was cooled to -78°C and 3.000

g (20.80 g) sodium tetramethylcyclopentadienide in 50 mL
10 THF was slowly added te it. The resulting slurry was
allowed to warm to room temue"ature and was stirred
overnight. The solvent was removed, the residue was
extracted with pentane and filtered. The pentane was
removed to give a mixture of isomers. Yield was 3.733 g

15 (86.3%9). Mass spectra m/e 208 (Y41 percent).
(b) 2~(Tetramethyleyclopentadienyl)tert-butyl acetamide

16.35 mi of 2.00 M (32.7 mmol) trimethyl

o9 aluminum in toluene was added t0.2.39 g (32.7 mmol)
tert-butylamine in 50 mL toluene. The solution was
stirred for 45 minutes, then 3.40 g ethyl-2-
tetramethylecyclopentadienyl acetate was added. The
reaction mixture was stirred for several days while

25 gently warming. After aqueous workup the product amide
was obtained as a mixture of three isomers as an orange
semicrystalline paste. Mass spectra m/e 235 (21%).

(e) 1-(tert-butylamino)-2-(tetramethylcyclopentadi-
30 enyl)ethane

The amide mixture was dissolved in 120 mL ether
and 0.830 g (21.8 mmol) lithium aluminum hydride was
added. The reaction mixture was stirred overnight under
gentle heating. Menitoring by GC indicated the reaction
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Mel t

- 34- = Melt El astic El astic Mel t El astic | ndex
Mbdul us | ndex Modul us - | ndex Modul us 0. 10 98760 3.34
4381 18. 42 9669 0. 15 35220 5.34 5858 31.2
4516 0:;8 _35920 6. 38 10480 3153 5012

-88-
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- (7.82 mmol) AgCl was added.

was incomplete. The ethér was replaced by THF, more
lithivm aluminumhydride was added and the solution was
refluxed for several days. After aqueocus workup three
1-(tert-butylamino)-2~ {tetramethylcyclo-~
pentadienyl)ethane isomers were obtained.
m/e 221 (11%).

Mass spectra

(d) Dilithium 1-(tertbutylamido)-2-(tetramethyl-n--
cyeclopentadienyl)ethane

To a solution of 2.00 g (9.05 mmol) (tert-
butylamino)-2-(tetramethylcyclopentadienyl)ethane
isomers (67 percent 1-(tertbutylamino)—E-(Z,3,4,54tetra—
-methylcyclopentadi~2,4-enyl)ethane by GC, 1.34 g (6.06
pmel)) in 50 mL ether was slowly added 6. 09 mL of 2.60 M
(15.8 mmol) butylllthlum in mixed Cg alkane solvent with
formation of a yellow precipitate. The reaction mixture
was stirred three days, then fiitered. The light yellow
powder was washed several times with ether, then dried

| The yield was 0.7908 g (55.9%).
1.85 (s, 6H), 1.83
8 109.5,

10.9, 10.8.

under reduced pressure.
'H NMR (THF d-8): 8 2.43 (br m, 4H),
(s, 6H), 1.00 (s, 9H). 13C NMR (THF d-8):
107.3, 106.3, 50.5, 45.4, 29.4, 28.2, 20.2,

(e) 1-(Tert-butylamido)—2-(tetramethyl-ns-cyclopenta-
dienyl)ethanediyltitanium dichloride

In a flask 0.3650 g (1.565 mmol) dilithium 1~
(tert—butylamido)-Z—(tetramethyleyelopentadienyl)ethane
and 0.5799 g (1.565 mmol) TiC13(THF)3 were combined with
60 mL THF. The solution quickly turned green. The
reaction mixture was stirred overnight, then 1.121 g
Within a few minutes the
color began to change to brownish orange. The slurry
was stirred two days and the solvents were removed under
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0,22 14270 10.12 5276 31.69

.22 3238 0.45 11140
10. 66 6222 41.02 2972 1.72 3003 16.28 2697
- " - 2.46 10620 16. 32 6612

- -~ Typi ca
properties of [err] and [err] for a conventionally prepared polyethyl ene
resin are provided in Figure 17 for conparison purposes. It is
readily seen that ElPE resins are chgjacterized by high elastic nodulus in
the nelt. |In particular, EIPE resins have a nelt index ((12), ASTM D 1238

Procedure A, condition E), less than 200, preferably |ess than 125, nopst
preferably less than 50 and an el asti¢

- than 1
dyne/cnierr] nedteedr pfesuisey g?%ﬁ?lq,%gﬁgg6%89%6?5&&&&&;‘]3500%l of the
foregoi ng rheokgpi&r!, PRavIaboH ya&ré“&@f“?%r‘i’fgd %g sr:t_arédard t echni ques
such as are disclosed i ppdlreBidue was extracted with ::n a.nTh,e

filtered, concentrated, and cooled to ~30 ({; washed

bright orange product was collected on 2 f?ld, e

5 with a small amount of cold pentane and dr'uf6 :%) Iy

reduced pressure. The yield was 0. 1998 g Ez .J =.7.2,
NMR (CgDg): 8 8.01 (£, J = 7.2, 2H)s 2:3 or). 13c NMR
2H) ., 2.02 (s, 6H), 1.89 (s, 6H), 1.41 (s, 28'6 24.9,
(CgDg): 8 138.0, 129.3, 128.6, 69.1, 62.7, 20.0»

13.0, 12.3.

10

Polvmerization 1

¥ emerizacion proesdure of Example 80 was
The polymeriza&c- e

i 1 The
i f the g complex. 1
15 followed using 10 micromclies cf i@ above i

. _ nsity =.
poivmer yield was 64.8 g, melt index = 3.21, density
0.9262.

i

Polvmerizztion 2

' d
? The above polymerization procedure was repeate

- ido - -
excepting that 0.95 micromoles of 1-(tert butylaold )
. N - - - lum
(tetramethyl-q5-cyc1opentad1enyl)ethanediyltitan
: | coation.
dichloride was added to begiln the p0iymer1z4tio o
polymer yield was 11.4 g, melt index <0.1, denslty
0.9119.

The
25

Polymerization 3

30 The above polymerization procedure was‘ri;:?f:f
excepting that 2.5 micromoles of 1—(terotbutytimium 2
(tetramethyl-ns—cyclopentadienyl)ethaneai?lti.ani iy
dichloride was added to pbegin the polymerizauion. I
addition, 300 mL of octene and 900 mL of 1§opar was

-
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Barnes et al., Introduction to Rheol ogy, Elsevier, publishing, Inc., 1989.

_Dénsities norrrally range fromO0.85 to 0.97 g/m, preferably fromO0.89-0.97
g/m . Ml ecular weight distributions (Mv M) are greater than 2.0,

preferably from 3.0-10.0. Typically nmelting points range from50[err]Cto

135[err] C Preferred polymers additionally demonstrate properties
of honpbgeneous pol yners as defined in USP

-90-

used, and no hydrogen was used. The polymer yield was
36.2 g, melt index = 0.21, density = 0.9190.

Polymerization 4

The conditions of above polymerization 1 were
repeated'excepting that the temperature was 90°C. The
polymer yield was 66.7 g, melt index = 0.16.

Example 101 Preparztion of

10

1-(Tert-butvlamido)-2-(tetramethyl-n>-
cvelopentadienvl)ethanedivlzirconium dichloride

In a flask 0.3862 g (1.657 mmol) ZrCl, and

0.3866 g (1.657 mmol) dilithium [i-(tert-butylamido)-2-
(tetramethyl-qs—cyclopentadienyl)ethane] were combined
with 50 mL toluene. After stirring several days, 1 mL
THF was added and the slurry was stirred for an
additional day after which time the solution was
filtered, and the solivent was removed under reduced
pressure. The solid was slurried in pentane, collected
on a frit, and dried under reduced pressure. Yield of
pale yellow product was 0.6307 g (99.8%). TH NMR
(CgDg): 8 2.75 (t of d, 1H), 2.38 (m, 2H), 2.11, (s, 6H)
25 2.03 (s, 3H), 2.00 (s, 3H), 1.75 (t of d, 1H), 1.08 (s

9H). '3c NMR (CgDg): & 131.5, 128.7, 126.8, 126.5,

126.2, 56.9, 50.9, 27.9, 23.1, 13.%, 13.2, 12.6, 12.5.

15

20

Example 102 Terpolvmer Polymerization

30
Mixtures of ethylene, styrene and another

‘ add;tional polymerizable monomer were polymerized using
(tert-butylamido)dimethyl(tetramethyl-g°-
_Cyclopentadienyl)silanetitanium dichloride complex and
MAO cocatalyst iu an amount to provide an atomic ratio

R —
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-35- 3,645,992, ie. ethylene copolyners having substantially random
cononorer dlstrlbutlon within a given nol ecul e and substantially the sane
et hyl ene/ conononer rati o between nol ecul es. Polynmers produced at el evated
pol yneri zation tenperatures, especially tenperatures greater than
130[eri] C, may- exhibit a heterogeneous nelt curve. The polyners of the
invention are further marked by high clarity. In particular the polyners
have better optical properties, especially |Iower haze than typical ethylene
pol ymers, making them especially welLhisuited for filmand injection nolding
applications. In addition those polyners conprising an ol efin and
a vinylidene aromatic nononer, especially ethylene

A1/Ti of 1000:1. Reaction conditions and results are

contained in Table VI.

10

15

20

25

30

Thls Sheet Has Been Rep

T




and styrene, have surprisingly been found to possess el astoneric
properties. Thus, such polyners are uniquely suited for use in applications
for thernoplastic el astonmers such as inpact nodification of thernoplastic
and t hernosetting polyners i ncl udi ng bitumens; adhesives; elastoneric
nmol di ngs; etc. : The polyners of the invention may be nodified by
typi cal grafting, crosslinking, hydrogenation, functionalizing, or other
reactions well known to those skilled in the art. Wth particular regard to
the polyners conprising vinylidene ar®®atic, vinylcycl ohexene, or

1, 4- hexadi ene functionality, the sane may be readily sul fonated or
chlorinated to providg functionalized derivatives according to established
t echni ques. Addltloniglya the ¥yl cycl ohexene based pol yners are readily
crosslinkabl e by reacffi on of  the “unsat ur at ed ring functionality.

The polyners of the present nventlon whet her

i
= e o
S & 8
& 8 8 g
1 < 828
, .
“* = = — -
e .
>
=
pad
g
=
o B o -} -
5 2.2 o <~ o V
2 =0
D
=
>
% e Y
g o o o~ o
] 2g N
= S £
s =d
g >
= -
S = = -t w o g
'5 2 e < = &
] >
=2
o o '
9 S W v e S
= g = S & N
w &=
]
> g &g ® 2 e e
2 = = §a g g 2c
< E g =22 5 5 Ea
- S fond
& 8 I 3 = -0
-E C a2 2 =
B
- ®
© c ©
2 s o]
= [ = -
s >
<] wm
«
a —~~—
5 o™ 8 <
] :-gl N «Q
o Q [ faol
=] o ~ = =
o= 2a o =
- ol
E 24 & -
k| = " — S o
@ 8 g
= & =3
= e 5
BF ¥4 & 28 & 3
-E° FRe] - o u - “,_ =
— > [3-] (=) = - [3}
ns —=HB < < =~ = 5
d .2 ‘3 — ot e S -g
-~
3% EE
2= > 2
22 0 o o o < =
E: -y D [T - R < @S,
g 2 e &
82 g =
s B 3 =
S5 uwe o @ N Sm
og =2 E - - = o BO
a g < %0
[ e s '—._l-
S8 E>
S & =]
[ (=4
S35 S - N el T =P
= P = : o
— [ -

ThIS Sheet Has Been R(ip

N lIIIIIIIIll |




orrnot #urther nodified, may be bl ended with synthetic
- 36- or natural polyners to provide blends having desirable properties.
I n particular polyethylene et hyl ene/ a-

10

15

20

25

30

-93-

Example 103 Slurry Polvmefization

The following example demonstrates the use of z
catalyst of the present invention under siurry
conditions. The procedure of Examples 11-32 was
substantially followed, excepting that the reaction was
run under conditions where the polymer was inscluble in
the reaction medium and precipitated from the reaction
mixture as it formed. The temperature was 70°C, 10 mL
of octene, 1190 mL of mixed alkane solvent, and 5 aL of
15 percent MAO in toluene (1280 Al:Ti) were used. After
20 minutes, the reactor was drained to give 4.6 g of
polymer. Additional solvent was added to the reactor
and heated to 170°C to remove the polvmer that had
formed long filaments and wound around the stirrer. The
melt index was 0.28.

Example 104 Preparation of

(Tert—butylamido)dimethvl(tetramethvl-n5-
cvelopentadienvl)silanetitanium(III) cnloride

In the drybox, 0.24 g of TiCl3(THF); and 0.33 g
of MeyCs5SiMepN~t-BuMg,Cly(THF), were mixed. 15 mL Of
THF was added, resulting in a deep purple color. After
30 minutes the volatile materials were removed under
reduced pressure to leave a dark solid. Toluene (15 mL)
was added, the solution filtered, and the toluene was
removed under reduced pressure to leave a red-purple
powder, 0.22 g.

Polymerization

IThis Sheet Has Been Rep
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olefin eopol yners, pol ypropyl ene, polystyrene, styrene/acrylonitrile

copol ynmers (including rubber nodified derivatives thereof), syndiotactic
pol ystyrene, polycarbonate, polyam de, aromatic pol yester, polyisocyanate,
pol yur et hane, polyacrylonitrile, silicone, and pol yphenyl eneoxi de pol yners
may be bl ended with the polyneric conposi tions of the present invention.
The polyneric nodifier is utilized |2 gamounts from0.1 to 99.0 preferably
0.5 to 50 wei ght percent. a highly preferred enbodi nent of the
i nvention the polyners containing ethylene and styrene are el astoneric as
defined in the definition _of an elastoneric substance by ASTM Speci al
Techni cal Bul | etin NoThq @plymenizafiopapeecadnae o fxemple _\éet‘&#ﬁad at room

t enper at ure t ofdlliowed iusdngeni miandmoléd ofetim mbbwoe idompdex gi Tak | engt h upon

rel ease. " polymkR widdit k09 43 1nRdi hd0Atih@sk of 15yNnt hetic
Example 105

The polymerization procedure of Example 80 was
followed using 10 micromoles of
(tert-butylamido)dimethyl(tetramethyl-no-cyelo~-
pentadienyl)silanetitanium dichloride. The polymer
10 yield was 76.4 g, Mw = 56,700, Mw/Mn = 4.5, density =
0.8871, melt index (I,) = 10.13.

Example 106

The polymerization procedure of Example 105 was
substantially followed except that the temperature was
80°C, the amount of catalyst used was 2.5 micromoles,
the amount of 1-octene used was 250 mL, and the amount
of mixed zlkane solvent used was 950 mL. The rezction
20 was allowed to proceéd for 1 hour. The polymer yield
was 51.1 g. The melt index was 0.11.

15

Example 107 Preparation of

25 (Tert-butylamido)dimethvl{tetramethvlcvelooentadienyl)-
silanehafnium dichloride

In the drybox, 0.50 g of HfClu was suspended in
10 mL of toluene. 10 mL Of THF .was added, the slurry
30 Was stirred for 5 minutes, and 0.77 g of MeyCgSiMeyN-t-
BuMg,Cl,(THF), was added. THe solution was heated to
reflux. After 30 minutes, the solution was cooled, and
the volatile materials were removed under reduced
pressure. Pentane (20 mL) was added, the solution was
filtered, and the pentane was removed under reduced

This Sheet Has Been Replaced -




t h&r nopl“astics the present polyners are also usefully enployed as nodifiers
for asphalt or bitunmen conpositions. Desirably the pol yners -of
styrene/ethylene are utilized in this manner. The term "bitunmen”
can generally be defined as m xtures of hydrocarbons of natural or
pyrogenous origin or conbinations of both, frequently acconpanied by their
non-netallic derivatives, which may be gaseous, liquid, sem -5olid or
solid, and which are usually sol ubl e-95* carbon disul fide. For the purposes
of the present invention, bitumen of a |iquid, seni-solid or solid nature
may be utilized. Froma commercial standpoint,

pressure to leave a white solid. This solid was wcsheq
with a small quantity of pentane to yield 0.077 g (10%)
of a white solid, 1E NMR (CGDG) 5 2.08 (6H), 1.30
-(9H), 0.44 (6H).

5 When ethylene was pblymerized substantially
according to the procedure of Example 7, a small amount
of polyethylene was recovered.

Comparative 1

10 - :
The polymerizztion procsdure of EZxample 105 was

followed except that the cztazlysi was
pentzmethyleyclopentadienyltitanium tricialeride. The
polymer yield was 4.6 g.

15
Comparative 2

The polvmerization procedure of Example 97 was
followed except that the catalyst was (teru-

20 butylamido)pentamethyl-qs-cyclopentadienyltitanium
dichloride ('H NMR (CgDg): & 2.07 (s, 1H), 1.88 (s,
15H), 1.35 (s, 9H). 1!3c NMR (CgDg): & 61.0, 31.3,
12.6). The polymer yield was 2.0 g.

25 Comparative 3

The polymerization procedure of Example 105 was
followed except that the catalyst was bis-(tert-butyli-
amido)dimethylsilanetitanium dichloride. No polymer was

30 Observed after 10 minutes of reaction.

- Comparative §

Theupolymerization procedure of Example 105 was
followed except that the catalyst was
dicyclopentadienylzirconium dichloride. The polymer

_—
This Sheet Has B

T



-%/- , bitunen is generally restricted to asphalts and tars and pitches.
listing of various bitum nous materials which can be utili-zed in the

present invention include the following: |. Asphalts 1. Petrol eum
Asphal ts A. Straight-reduced asphalts 1. Atnospheric or
reduced- pressure reduction 2.:- Solvent precipitated, as with

pr opane %

10

15

20

25

30

yield was 109.0 g, Mw = 16,300, Mw/Mn = 3.63, melt index
ASTM D-1238 Procedure A, condition E, I,, was greater
than 1,000 indicating a very low molecular weight

polymer.

Comparative 5

The polymerization procedure of Example 105 was
followed except that the catalyst was
dicyclopentadienyltitanium dichloride. The polymer
yield was 7.3 g, melt index, ASTM D-1238 Procedure 4,
condition E, I,, was greater than 1,000 indicating a
very low molecuiar weight polymer.

This Sheet Has Been Replaced
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B. Ther nl asphal ts, as residues from cracking opérat I'ons on
petrol eum st ocks C. Air-blown asphalts 1. Straight-bl own
2. "Catalytic"-bl own 2. Native Asphalts A. Wth mineral content

bel ow 5 "percent -

1. Asphaltites such as gilsonite, graphamte,

and gl ance pitch 2. Bernmudez and ot her narura‘l—dEpUS‘rs—‘

B. Wth m neral

content over 5 percent tl-@a%@ééhké Iaced

2. Trinidad and other natural deposit_§7l_l. Tars an
Resi dua from coke-oven-dried coal tar A. Coal ! E MH""O f | oat

grades, as RT

(road tar) grades for paving

Coal -tar pitches, with reduction carried out to softeni ng- poi nt
gr ades 2. Residua from other pyrogenous distillates as
CLAIMS:

10

15

20

25

1. A metal coordinaticn complex comprising a
metal of CGroup 3 (other than seandium), 4-10 or the
lanthanide series of the Periodic Table of the Elements -
and a delocalized n-bonded moiety substicuted with a
constrzin-inducing moiety, said ccmplex having a
constrained geometry about the metal'atcm such that the
angle at the metal befween the centroid of the
delocalized, substituied n-bonded moiety and the center
of at least one rema p ng substituent is less than such
angle in an compar tive complex differing only in that
said constrain~inducing substituent is replaced by
hydrogen, and provided further that for such complexes
comprising more than one delocalized, substituted
n-bonded moiety, only one thereof for ezch metal atom of
the complex is a cyelic, delocalized, substituted
n-honded moiety.

2. A metal coordination complex as claimed in
Claim 1, wherein said delocalized n-bonded moiety is an
alkene, alkenyl, alkyne, alkynyl, allyl, polyene or
polyenyl moiety. :

3. A metal coordination complex as claimed in
Claim 1, wherein said delocallzed n-bonced moiety is &
cyelic moiety. '

" .



fr om watwer - gas, wood, peat, bone, 'shale rosin, and fatty acid tars.
As can be readily appreC|ated by those skilled 1n the art, IHE‘wEfght
average nol ecul ar weight of the “This SHeéét Has Been Rep - 38-

| .- ™

-98~

4, A metal coordination complex as claimed in
Claim 3, wherein said cyeclic moiety is cyclopentadienyl
or substituted cyclopentadienyl moiety.

5. A metal coordination complex as claimed in
5 Claim 3 or  Claim 4, wherein said cyclic moiety forms
part of a ring structure in which said metal is both
bonded to an adjacent covalent moiety and held in
association with said cyclic moiety.

10 6. A metal coordination complex corresponding

to the formula:

Z

e -
13 : Cp* ——-M/

-

20 Wwherein:

M is a metal of Group 3 (other than seandium),
4-10, or the lanthanide series of the Periodic Table of
the Elements;

25
Cp* is a cyclopentadienyl or substituted

cyclopentadienyl group bound in an q5 bonded mode to M

Z is a moiety cqmpriéing beren, or a member of
Group 14 of the Periodic Table of the Elements and
optionally sulfur or oxygen, said moiety having up to 20
non~hydrogen atoms, and optionally Cp* and Z tcgether
form a fused ring system;

30
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vari ous~bi tumens can vary over a very w de range, for exanple such as from
500 to 10,000. Additionally, the softening point of the various types of
asphalt will also vary such as from50[err]F to 400[ erriis Sheet Has Been®Bepldd&a
many types of asphalts which may be utilized, -petrol eum
desired, with petrol eumbeing preferred. O t he petrol eum MHH!IIH"]!I
thermal asphalts are preferred. The anount of bit

t he conpositions of the invention preferably ranges from65 to 99 parts by
wei ght with preferred amounts rangi aggérom 80 to 98 parts by weight.

Havi ng descri bed the invention the follow ng exanpl es are provi ded as

further illustrative and are not to be construed as linmting. Unless stated
to the '

X each occurrence is an anionic ligand group or
neutral Lewis base ligand group having up to 30 non-
hydrogen atomss

n.is ¢, 1, 2, 3 or 4 depending on the valancse
5 of M; and

Y is an anionic or nonanionic ligand group
bonded to Z and M comprising nitrogen, phosphorus,
oxygen or sulfur and having up to 20 non-hydrogen ztoms,

10 and optionally Y and Z together form & fused ring
system.

7. A metal coordination complex as claimed in
Claim 6, wherein the substituted cyclopentadienyl group
15 is cyclopentadienyl substituted by one or mores Cy_pg
hydrocarbyl, Cq_59 halohydfocarbyl halogen or Cq_pp
hydrocarbyl-substituted Group 14 metalloid or is
indenyl, tetrahydroindenyl, fluorenyl or

octahydrofluorenyl.
20
8. A metal coordiantion complex as claimed in
Claim 6 or Claim 7, wherein each X is hydride, halo,
alkyl, sily, germyl, aryl, amide, aryloxy, alkoxy,
_ siloxy, phosphide, sulfide, acyl, cyanide, zzide or
25 '
acetylacetonate.
- 9, A metal cocrdination complex as claimed in
Claim 6 corresponding to the formula: -
30
R! A
\
b4
<G
0y,
R!
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comrary parts and percentages are based on weight. Exanple 1 Preparation
of (Tert-butvlam do)di nethyl (tetranmethvl-[err]-cyclo- pentadienyl)silane
zi rconi um di chl ori de - To 0.443 g (1.90 nmol) ZrCl4 in a flask was

added 8 ni die&s etEltmTﬂ;ﬂ d5 nL tetrahydrofuran ( THF). To the

resulting slurr dded a solution of 0.500 g (1.90 mmol)
dilithium(tert di met hyl (t et ranet hyl cycl opent adi enyl )silane in
15 nmL THF. The resu I'ng yellow solution was stirred for several days. The
sol vent was renoved to give a gummy re¥idtue, which was extracted with 5/1
(volune) diethyl ether/pentane and filtered froma white solid. The sol vent
was renoved fromthe yellow filtrate to give a light-yell ow powder.
Recrystal | i zati orhf¢ianRet &adh peBh v hcebt 4 )hydiretiedrt Handile@guct
(err]Me[err] (Mghfddikd M alkyi, aryl, silyl, germyl, cyano, halo,

or a combination thereof having up to 20 non-hydrogen

atoms or an adjacent pair of R' groups form a

hydrocarbyl ring fused to the cyclopentadienyl moiety;

X ezch occurrence is hydride or a moiety
selected from halo, alkyl, siiyl, germyl, aryvl, amide,
aryloxy, alkoxy, siloxy and combinations thereof having
up te 20 non-hydrogen atoms znd neutral Lewis base

10. ligands nzving up to 20 neon-tnydrogen aioms:
7 is -0-, -S-, -NR*-. -PR¥-, or a neutral twe
electron donor ligand selected from of OR*, SR¥, NR*Q,

or PR¥,;
15
M is azs previously defined; and

. Z is Sigfz, Csz Sir*;8iR%*,, CR*,CR¥,,
CR*=CR*, Cr*,siR¥,, Ger¥,, BR¥, BR¥,;

20 :
R¥* each occurrence is hydrogen or z moiety

selected from alkyl, aryl, silyl, halogenated alkyl,
halogenated aryl groups, and combinations thereof having
up to 20 non-hydrogen ztoms or two or more R*® groups

25 from Y, Z, or both Y and Z form a fused ring system.

10. A metal coordinztion complex as claimed in
Claim 9, wherein Y is an zmido or phosphido group
corresponding to the formula -NR'''- or -PR"'4, wherein
30 R''' is Cq_qp alkyl or aryl.

17. A metal coordination compiex as claimed in
- Claim 10 which is an amidosilane or amidoalkanediyl
compound cerresponding to the formula: '

s



-39- wrtert-Bu)Zrd[err]) as an off-white crystalline solid. The yield
was 0.2207 g (28.2% . ldentification was nmade by [err]C and [err] H NMR
Pol yneri zati on

[
G

wherein:

M is titanium, zirconium or hafnium, btound in
10 an n5 bonding mode to the eyclopentadienyl grocup;

R!' each occurrence is hydrogen cr z mcisty
selected from silyl, alkyl, aryl, or combinaticns
thereof having up to 10 carbon or =silicon atoms:

15
E is silicon or carbon;
X each occurrence is hydride, halo, alkyl,
aryl, sryloxy, or alkoxy of up to 10 carbons;

20 mis 1 or 2; and
n is 1 or 3 depending on the valence of M.

12. A metal coordination complex as claimed in
25 Claim 11, wherein each R' is hydrogen, Cq.g alkyl,
norbornyl, benzyl or phenyl or R' on the
cyclopentadienyl moiety form with said moiety an
indenyl, tetrazhydroindenyl, fluorenyl or
octahydrofluorenyl group; and ¥ is chloro, brcmo, iodo,
30, Ci-6 alkyl, norbornyl, benzyl or phenyl.

13. 4 metal coordination complex as claimed in
any one of Claims 1-5, wherein szid angle is decreased
- by at least 5 percent compared with said comparative
complex. '

AR O Y o g
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A. Five M. of a 1.009 M solution of nethyl alum noxane (MAO in toluene was
added to a shot tank containing 25 nL of 4-nethyl-1-pentene. The catal yst
sol ution was prepared by adding 500 [err]L of a 0.01172 M sol ution of
Cerr]Me[err] (Me[err]Si-N-tert-Bu)Zrd[err] inThelchesteiasBeén Replasedt ol uene
In a second shot tank. Both shot tanks were seal omthe gl ove
box, and attached to a 600 nL stainless steel pre The pressure
vessel was evacuated and purged w th argon. ' e .

4- et hyl - 1- pent ene/ t ol uene/ MAO sol ut F&%¢was added to the pressure vessel
and warmed to 89[err] C under 620 kPa (90 psig) ethylene-with stirring. Upon
addition of the catalyst solution to the 4-nethyl-1- pentene/ MAQ et hyl ene
m xture, the ethyl ene prlesstimetadsconariaasibch tcomied0a82dkained (480- 185
psig). After 2 boais fhewsdeihi 94 dangtoURechoe 3@[ gEridasangd, yented. The

yi el d of p°|yneée§%§&¥.”3d after drying under reduced pressure at 100[err]C
overni ght was 10.0 g. -13C NWR _

1?. 4 metal coordination complex &s claimed in
5 Claim 13 or Claim 14, wherein said metal is a metal of
Group 4 or lanthanide metal and said angle is less than
115°.

10
16. A metal coordiantion complex zs claimed in
Clzim 15. wherein said angle is less than 105°.
17. A metal coordination complex as claimed in
15 @ny one of Claims 1 to 10 and 13 to 16, wherein said

metal is of Group 4 or lanthanide metal.

18. A metal coordination catalyst as claimed
in Clzim 17, wherein said metal is titanium, zirconium

20 OF hafnium.

19. A metal coordination complex selected from
(tert-butylamido)(tetramethyl—n5-cyclopentadienyl)—1,2-
ethanediylzirconium dichloride, (tert-butylamido)-

25 (tetramethyl—ns—cyclopentadienyl)—1,2—ethanediyltitanium
dichloride, (methylamido)-(tetramethyl-qs—
cyclopentadienyl)-1,2~ethanediyl-zirconium dichloride,
(mEthylémidb)(tetramethyl-q?-cyclopentadienyl)-1,2—
ethanediyltitanium dichloride, (ethylamido)(tetramethyl-

30 ns-cyelopentadienyl)-methylenetitanium dichloride,

"~ (tert-butylamido)dimethyl-(tetramethyl-n°-
cyclopentadienyl)silanetitanium dichloride. (tert-
butylamido)dimethyl(tetramethyl-po- '
c¢yclopentadienyl)silanezirconium dibenzyl,
(benzylamido)dimetbyl(teﬁraﬁethyl-ns-

* ¢ L M s x _ ]
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anat ysi.éﬁ of the polyner showed it to be a random copol yner of ethylene with
4- et hyl - 1- pent ene. B. The pol ynerization procedure of
Pol yrmeri zati on A was essentially repeated except that 50 nL of I-hexene was

used instead of 4-nethyl-1-pentene and the catghdSHeeOPRIEh RRblaSEY Was
0.01012 Min-toluene. The catal yst solution was _
hexene/ MAQ et hyl ene m xture and the ethyl ene pre*ﬂmmlm#":m Fased to
1240- 1275 kPa (180 185 psig). Wen the103 _

cyclopentadienyl)silanetitanium dichloride, and
(phenylphosphido)dimethyl(tetramethyl-qs—
cyclopentadienyl)silanezirconium dibenzyl.

20. A catalyst useful in addltlon
5 polymerlzatlons comorlslng

a) a metal coordination complex as claimed in
any one of the preceding claims, and

'b) an activating cocatlyst.

21. 4 cataiyst as claimed in Cizim 20, whsarsin
said activing cocatalyst comprises an zluminum compound.

22. A catzlyst as claimed in Clzim 21, wherein
15 said aluminum compound is an alkylaluminoxane, aluminum

alkyl, aluminum halide, or aluminum alkylhalide.

23. A catzalyst as claimed in Claim 20, wherein
. sald activating cocatalyst comprises a Lewis‘ac;q,

20 ammonium s8alt, or noninterfering oxidiiing agent.

24, A catalyst as claimed in Claim 21, wherein
the activating cocatalyst is selected from
alkylalumindxanes, and compounds corresponding to the
formula:

25
ALRnX"3_n
wherein:
30
R is each accurrencse Cy-10 8lkyl or aralkyl;
X" is haiogen;land

nis 1, 2 or 3.

= ¢ L M s *
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- 40- cat al yst solution was added the tenperature of the reaction
clinmbed to 139[err]C. After 30 mnutes the solution had cooled to ™

100[ err] C. Heating and ethyl ene feed .were di sconti nuedThisShédilas Ba& Réplavesd
cool ed and vented. The yield of polynmer obtained after dr

reduced pressure at 100[err]C overnight was 36.8 g. [err]

of the polyner showed it to be a random copol yner of ethyl

1- hexene (8 percent on a nole basisy104~ C. The pol yneri zation

procedure of Polynerization A was essentially repeated except that 213
[err]L of the catalyst solution (0.01172 Min toluene) was used, and 143

ng of solid MAO was used., No praddilimpabral£fihp Aascagdded. When t he

cat al yst SO|Ut|£%5rdination complex as claimed in Claim 6 comprising.

S

(a) contacting a metal compound of the formula-
Mxn+2 or M, .¢,» Or a coordinated adduct thereof with a
5 dianionie 5zlt compound corresponding to the formula:

(L+x)y(Cp*-2-Y)~2 or (LX")+x)y(Cp*-Z-¥)~2

wherein:

10 n, Cp*, M, ¥, ¥, and Z are as defined in Claim
6;

Table of the Elements,

15
x and y are either 1 or 2 and the product of x
and y equals 2, and
X" is fluoro, bromo, chloro or iodo, '
20

in an inert aprotic solvent, and, when the
metal compound is of the formula MX,, q;

(b) contacting the product of {a) with a
25 noninterfering oxidizing agent to raise the oxidation
state of the metal.

26. A process for preparing a catalyst as
claimed in Craim 20, comprising contacting a eoﬁplex as
3¢9 defined in Claim 1 or Claim 6 with an activating
cocatalyst.

27. An addition polymerization process for
Preparing a polymer by contacting one or more addition
polymerizable monomers with a catalyst under addition

AW



was added to the reactor the tenperature increased to 109[err]C due to the
exotherm c polynerization reaction. The reaction was halted after 1 hour
by cooling and venting the reactor. The yield of pol ymgbué&ngsgsgrﬁa

after drying under reduced pressure at 100[err]C overm
D. 150 nL of tol uene was added to the pressure vessel
Pol yneri zation A, followed by 100 g of propyl ene. A soI g of

MAO in 8 nL of toluene was added, .foll owed by 2130 pL of the cat al yst
-solution. The mxture was allowed to-ngsct for 3.0 h at 8[err]C The
‘reaction mxture was quenched with acidic nethanol, and 0.38 g of a white,
tacky material was obtained. 13C NVR anal ysis of the polynmer showed it to
be atactic polyp 89¥$§¥y§atlon conditions characterized in that the

catalyst is as defined in any one of Claims 20 to 24.

28. A process as claimed in Claim 27, wherein
the addition polymerizable monomers are selected from
5 ethylenically unsaturated monomers, acetylenic
compounds, conjugated or nonconjugated dienes, and
polyenes having from 2 to 20 carbons, and carbon
monoxide.

10 28. A process as claimed in Claim 27, wherein
an alpha clefin is copolymerized with 2 vinylidene
aromatic or hindered aliphatic vinyl monomers.

. 30. A process as claimed in Claim 29, wherein
15 ethylene is copolymerized with a styrehe or a
vinylcyclohexene.
i
31. A copolymer comprising ethylene and an
olefin other than ethylene obtainable by a process as
20 defined in Claim 27 and having a melt index less than
200 ((I,), ASTM D-1238 Procedure A, condition E) and an
elastic modulus greater than 1000 dyne/cm2.

32. A copolymers as claimed in Claim 31,
25 wherein the olefin other than ethylene is propylene,
isobutylene, 1-butene, 1-hexane, U4-methyl-1-pentene or
1-octene.

33. A pseudo-random polymer comprising an
30 interpolymer of zn olefin and a vinylidene aromatic
monomer and obtainable by & process as defined in Claim
27. '

34. A polymer as claimed in Claim 33,
comprising ethylene and a styrene.

LU



PR
Exanpl e 2 Preparation of
(Tert-butyl am do)di nethvl (tetranethyl-[err]-cycl o-
pent adi enyl )silanetitaniumdichloride Preparation 1 (a)

(Chl oro) (di met hyl Y’ (tetramet hyl cycl opent adi - 2, 4-
.This Sheet Has Been Rep|

] llll

35. A pseudo-random polymer comprising an
interpolymer of hindered aliphatic vinylidene compound
and an alph-olefin and obtainable by a process as
claimed in Claim 27.

5 '36. A polymer as claimed in Claim 35,
comprising ethylene and a vinyleyeclohexane.
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‘enyt) si.kane To a solution of 21.5 g (167 nmol)

di met hyl di chl orosilane in 150 nL THF cooled to -40[err]C was slowy added a
solution of 8.00 g (55.6 nmol) sodium 1, 2, 3,, 4-tetranet hyl cycl opent adi eni de
in 80 nt THF. The reaction m xture was aIIovved to warmto roomtenperature
and was sti#red overnight. The solvent was renoved, the residue was
extracted with pentane and filtered. The pentane was renopved- under reduced
pressure to give the product as a Ii_qlatr;yel |l ow oil. The yiel d vvas 10.50 g
(88.0%. [err]HNWR (C[err]Dlerr]) [err] 2.89 (s, IH 19t <s; u..,, 1 71

, 6 0.14 6 13C NWR (CoD6) 8 137.8, 1gg
(().881. H)(b) (TegtS bu'lt_igll am no) ( di gret hyl))(tet r amet h?l Wﬁaifmi‘ Iace

2,4-enyl)sil ane A -sol ution of 11. 07g(15 I amneln
20 nL THF was added during 5 minutes to a sol ution

ABSTRACT

CONSTRAINED GEOMETRY ADDITION POLYMERIZATION CATALYSTS,
PROCESSES FOR THEIR PREPARATICON, FRECURSORS THEREFOR,
METHODS OF USE, AND NOVEL POLYMERS FORMED THEREWITH

Metal coordirnztion complexes comprising a metal
5 of Group 3 (except Se), U4-10 or the lanthanide series
and a delocalized n-bonded moiety have said moiety
substituted with a constrain-inducing moiety which
reduces the angle at the metal between the centroid of
said n-bonded moiety and at least one remaining
10 substituent. Metal coordiantion complexes comprising a
metal of Group 3 (exeept Sc), U4-10 or the Lanthanide
Series and a cyclopentadienyl or substituted
eyclopentadienyl group forming part of z ring structure
in which the metal is both bonded to an adjacent
convalent moiety and held in associaztion with the
(substituted) cyclopentadienyl moiety. Amidosiizne and

15

amidoalkanediyl compcunds covalent moieties are
-particularly preferred.. - .

29 The complexes of the inventicn form addition

polymerization catalysts with aCth;n’ coecatalysts such
as Lewis zcids, ammonium saTts, ox1diz1ng agents and,

25



13: ¢80 g (60.5 mml) (chloro)(dimet hyI)(tetrarret hyl cycl o- pentadi enyl )sil ane
in 300 mL THF. A precipitate formed i mediately. The slurry was stirred for
'3 days, then the solvent was renoved, the residue was extracted with
pentane and filtered. The pentane was renoved under reduced pressure to
give the product as a light-yellowoil. The yield was 14.8 g (97.2% . ©NE:
251 Jerr]HNWR ((Jerr]Dlerr]) 8 2.7%30és, 1H), 2.01 (s, 6H), 1.84 (s, 6H),
1.09 =tuoe=

especially, aluminum compounds, particularly aluminum'
trialkyls.

Novel polymers, inecluding E1PE resins and
pseudo-random copolymers, can be obtained using the
5 catalysts of the invention.
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MH) 0.10 (s, 6H); [err]C NWR (Co6D6) [err] 135.4, 133.2, 57.0, 49.3,
33.8, 15.0, 11.2, 1.3. (c) Dlithium(tert- butylamdo)(dlrrethyl)

-(tetramet hyl cyclo pent adi enyl ) si | ane To a solution of 3. 000 g
(11.98 mol ) (tert- butyl am no)(di nethyl)(tetramethyl cycl opent adi enyl) -
silane in 100 nL ether was slowmy added 9.21 niL of 2.6 M (23.95 mvl) butyl
lithiumin mxed Cerr] alkane solvent. Awhite precipitate forned and the
reaction mixture was stirred overnight, then filtered. The solid was washed
several times with ether then dried under reduced pressure to give the
product as a white powder. The yi elld_/v\@‘lsp& 134 g (99.8% ..

i%

FIG.1




~

@d) (Tert-butyl ani do)di methyl (tetranmethyl-[err]- -cycl opentadienyl)silane
titani um dichl oride 0.721 g (3.80 mmol) O TiCl[lerr] was added to
30 nL frozen (-196[err]C) THF. The m xture was allowed to warmto -78[err]C
(dry ice bath). To the resulting yellow solution was slowly added a
solution of 1.000 g (3.80 mml) dilithium (tert-butylam do)(dinmethyl)tetra-
met hyl cycl opent adi enyl )silane in-30 nL THF. The solution was allowed to
warmto roomtenperature while -stirring overnight. The solvent was renoved
fromthe resulting very dark solution. The residue was extracted with
pentane and filtered. Cooling in a freezer caused the separation of a very
sol ubl e dark reddi sh-brown material froma |ight yell owgreen crystalline
solid. The solid was filtered o /ahl# recrystallized from pentane to give
the olive-green product. The yield was 0.143 g, 10.2% [err]H NWR
(Cerr]Derr]) [err] 2.00 (s, 6H), 1.99 (s,

F1G.2
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S
~48- 6H, 1.42 (s, 9H), 0.43 (s, 6H); [err]C NMR ((err]Derr]) [err]
140.6, 137.9, 104.0, 62.1, 32.7, 16.1, 13.0, 5.4. Preparation 2
In a drybox, 4.0 nL of 2.0 M isopropyl magnesi umchloride in diethyl ether
was syringed into a 100 nL flask. The ether was renoved under reduced
pressure to leave a colorless oil. 20 mL of a 4:1 (by volume ) toluene: THF
m xture was added foll owed by 0.97 g of
(tert-butyl am no)di nethyl (tetramethyl cycl opent a- di enyl )sil ane._ The
solution was heated to reflux. After 8-10 hours, a white. preci pltate began
to form After refluxing for a total gf/a]?hours, the 'sol ution

FlIG.4

e



yas cooled and the volatile materials were renoved under reduced pressure.
The white solid residue was slurried in pentane and filtered to | eave a
white powder (1.23 g, 62 percent yield) of Me[err]Clerr]SiMe[err]N-t-
BuMg[err]Cl [err] (THF) [err]. In the drybox, 0.50 g of
Tid[err](THF)[err] was suspended in 10 nL of. THF. 0.69 g of solid
Me[err]Cferr]SiMe[err]N- t-BuMg[err]Cl[err](THF)[err] was added, resulting
in a color change frompale blue to deep purple. After 15 mnutes, 0.35 g
of AgO was added to the solution. The color inmedi ately began to |ighten
to a pale green-yellow. After 1 1/2 hours, the THF was renoved under
reduced pressure to | eave a yell owgreen solid. Tol uene (20 nmL) was
added, the solution was filtered, an hert 0ol uene was renoved under
pressure to |l eave a yellowgreen mcrocrystalline solid, 0.51 g
(quantitative yield ). The product's identity was confirnmed as
(tert-butyl am do) di net hyl - _

(tetramethyl -[err]-cycl opent adi enﬁll) si l anetitani um

G.

cL1




= 44-

Cow

*

dichloride by 1H NWR ((err]Derr]): [érr] 1.992 (s), 1.986 (s),

1.414 (s), 0.414 (s). Preparation 3

6/1%7

F1G.6
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TiC[err] 0.72 g (3.80 nmml) was added to 35 nL of frozen THF (-196[err] C
in a flask. The mxture was warnmed to -78[err]C. A solution of 1.0 g
(3.80 mml ) dilithium : :
(tert-butylam do)di net hyl (tetranethyl cycl opentadi enyl)- silane in THF was
slowy added. The resulting yell ow solution was warned to room tenperature
and stirred overnight. The sol vent was renoved to give a dark residue which
was extracted with pentane and filtered. The product
(derr]Me[err](Meferr]SiNt-Bu)TiCl[err]) was obtained as a dark

greeni sh-yellow crystalline material after being recrystallized twice from
pentane at -35 to -40[err]C IdenthLcatiQn was confirmed by [err]C and
[err]H NMR  Preparation 4 A % Re drybox, TiC[err](THF)[err]
(2.0 g, 5.40 mol ) was suspended.in 40 nL of THF. Dilithio (tert-

but yl am do) di et hyl (t et ranet hyl cycl opent adi enyl )silane (1.42 g, 5.39 nmmol )
was then added, resulting in an i medi ate darkeni ng of the color,
eventually to a deep

FIG.7




bkue. After 1 1/2 hours of stirring, Agd (0.84 g, 5.86 nmmol) was added.
The col or imediately began to lighten to a red/orange. After 1 1/2 hours
of stirring, the THF was renoved under reduced pressure. Diethyl ether (50
m.) "was added, the solution was filtered, and the volatile nmaterials were
renoved under reduced pressure. This yielded 1.91 g of the product (tert-
butyl am do) di net hyl (tetranethyl -[err]-cycl opentadi enyl)- silanetitani um
dichloride. [err]HNWR (Clerr]Dlerr]): [err] 1.992 (s), 1.987 (s), 1.415
(s), 0.415 (s).
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-45-  Pol yITer i zation

stai nl ess steel shot t
(tert-butyl am do) di net

cycl opent adi enyl ) si I anetitani um di chloride was added to 2.5 n1_ of toluene
Both shot tanks were seal ed, renoved fromthe gl ove

box, and attached to a 600 nlL stainless steel pressure vessel. The pressure

-in a second 'shot tank.

Pol ymeri zation of a styrene/ethyl ene

m xture was acconplished by conbining 1.65 nL of a 10 percent solution of
MAO in toluene with a solution of 45 nL of toluene and 50 nL styrene in a

ank. 250 [err]L of a 0.010 M sol ution of
hyl (tetranethyl -[err]-

vessel was evacuated and purged with argon. The _
styrene/tol uene/ MAO sol ution was added tog/ 1%

FIG.9

-random Copolymer 4.8 Mole % Styrené, 15% Tail-to-Tail

Ethylen_e / Styrene Pseudo

II’ll'lllili(l’lllTl'T!ltlll!
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the pressure vessel and warnmed to 89[err] C under 620 kPa (90 psig) ethylene
with stirring. At this tinme the catal yst solution was added and the
pressure was increased to 1275 kPa (185 psig) and regul ated between

1240- 1275Kpa (180-185 psig). An exothermraised the tenperature to 95C. The
tenperature was lowered to 90[err]C and was then regul ated between .

- 90-92[err]C for the remai nder of the reaction. . After 1.0 h the

et hyl ene feed was di scontinued. The reaction was vented to the atnosphere
and cooled to 30[err]C at which tine nethanol was added. The product was
col l ected, washed with net hanol andlr@di Hal sol vents were renoved under
reduced pressure at 120[err]C which. resulted in 9.02 g of material. 13C
NMR anal ysis of this material showed it to be a random copol ynmer of styrene

(15.2 percent on a nDParrTasr77r1ﬂFrjﬂPBNWFﬂﬂ'rWHEFTqrrpqa(s attributed to
pol ystyrene. - ' :

i
3

$ %
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"Chemical Shift, ppm
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- 46- Exanple 3 (A efin Polynerization) Et hyl ene was pol yneri zed
by combining 5 nL of a 1 Msolution of triethyl alumnumin m xed CJerr]

al kane solvent and 0.5 nL of a 0.01 M solution of o :
(tert-butylam do)di nethyl (tetranmethyl -[err]-cycl opent adi -

enyl )silanetitani umdixchloride in toluene in a stainless steel (SS) shot
tank. The titanium catalyst and triethyl alum num cocatal yst sol ution was

t hen added under pressure to a 3 L SS pressure vessel containing 2 L of

m xed al kane solvent (Isopar[err] E, available from Exxon Chemcals, Inc.)
under 3100 kPa- (450 psig) 12717 :

3 g
]
v O

FIG.12

Ethylene /Styrene Pseudo-random Copolymer 37 Mole % Styrene, 15% Tail-to-Tail
Chemical Shift, ppm
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ethyl ene at 150[err]C. The reaction tenperature was mai ntai ned at 150[err]C
for 10 m nutes. The ethyl ene pressure was held constant, and a nass-fl ow
met er nmeasured the_uptake of ethylene to be 15.7 g. The pol ymer solution
was then renoved fromthe pressure vessel and the pol yethyl ene was
recovered after drying under reduced pressure at 90[err]C overnight. Yield
~was 15.7 g. Exanple 4 (A efin-Copol ynmer Pol ynerization) - In a

- gl ove box under argon atnosphere, 5.0 nmL of 1.0 M sol ution of

. met hyl al um noxane (MAO) in toluene was conbined with 50 nL of 1l-octene in a
- stainless steel (SS) shot tank fitted with ball valves on both ends. In

. another SS shot tank 500 [err]L (5.9@ [feirg nol) of a 0.0101 M sol ution of

I (tert-butylam do)dinethyl (tetramethyl-[err]-

cycl opent adi enyl ) sil anezi rconi um di chloride in toluene was added to 2 nL

t ol uene.

T [ 1 | | | I

3 £
3 ©

FIG.13

Ethylene / Styrene Pseudo-random Copolymer 47 Mole % Styrene, 15% Tail-to-Tail
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Thé ‘shot tanks were seal ed, renoved fromthe glove box and attached to a
600 nL SS pressure vessel. The pressure vessel was evacuated and purged
wi th argon. -47- The sol ution of

1-octene and MAO was added to the pressure vessel. The sol ution was war ned
to 89[err] C under

Calc.
Obs.

Chemical Shift, ppm

FIG.14

Ethylene /Styrene Random Copolymer 37 Mole % Styrene, 15% Tail-to-Tail
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620 kPa (90 psig) ethylene with stirring. At this time the catal yst

sol ution was added. An exotherm c reaction occurred which raised the
tenperature to 142[err]C. The ethyl ene pressure was nmintai ned between -
1310- 1345 kPa (190-195 psigQ). After 0.5 hour the ethylene feed was
di sconti nued. The reactor was coqled to 30[err]C, vented to the atnosphere,
and the reaction was quenched with nethanol. The product was collected on a
fritted filter and washed with nethanol. Residual solvents were renoved
under reduced pressure at 110[err]§:\/\yi R resulted. in 35 g of material.
13C NMR anal ysi s indicated that 1-octene‘was incorporated into the pol yner
in an anount of & 8 nole percent. Differential Scanning Calorinmetry (DSC)

i ndicated a Tmof§ 100[err]C. Density 0.895 g/niL, MV:M&‘3 000, Mw/ Mh= 6.8
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The procedure of Exanple 4 was substantially repeated excepting that 50 niL
of 1-hexene was used instead of 1l-octene. The tenperature of the reaction
was -mai ntai ned at 133-140[err]C. Polyner yield was 37 g. Incorporation of
1- hexene was 8 percent on a nolar basis, 21 percent by weight. Exanple 6
(a-Qd efin Honmopol yneri zati on) A. 4-Methyl-1-pentene (6.0 nL, 4.0
g) was added to 1.0 nL of a 1.0 M MAO solution in toluene in a 20 nL
crinp-top vial. To this was added 100 pL of a 0.01172 M tol uene sol ution of
t he zirconium conpl ex catal yst of Exanple 4. The vial was seal ed, shaken,
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staand at roomtenperature (ca. 20[err]C) for 16 hours, then heated to

" 48[ err]C for an additional 24 hours. The viscous pol yner sol ution was
precipitated by the addition of nmethanol. The resulting pol yner was

coll ected and the vol atile conponents renoved under reduced pressure for
four hours at 100[err]C to give 3.8 g of a clear polynmer (95 percent

yield). [err]C NVMR anal ysis-indicated that the pol ynmer was atactic

pol y- 4- net hyl - 1- pent ene. B.- The procedure of Polynerization A was
essentially repeated. 3.4 g of 1-hexene, 1.0 nL of MAO
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~ 3 P

sol utlon and 100 pL of the catal yst sol ution A4S g

crinp-top vial in an argonfllled drybox. The jvi ea%%? t‘h ‘9‘
50[err]C overtigh FHHERE L Wi th aci diff | . ﬁgegi '
was obtained 3.0|loré pEEy(HABERGE) .  Exanpl g

e 8’3 paged...... .
d vxP%&"FdEl ]th[ Bﬂg”]ﬂ.

Honopol yreri zati §n) REPLACEDA SS {ghot tank
(5.0 [err]nmol) oF=F=t=5—H i ‘solut|40n pf
(tert-butylam do) d| rret hyI (tet rarret hyl - [err] DATE OF RECEIP’I‘H"JT’\’

pent adi enyl ) si | arn ide an of ;o
Filled glove boxA I 8 e pfffd "'reés g}%‘{ i Fodeflinaflg ’?cﬁpb‘?‘ .
MAO in toly %? g ‘?lge .mL of toluene.
renoved from e gllrl oX and attached to a 600 niL pressu )
pressure vessel was evacuated and flushad with argon and t WWMW’ laced

et hyl ene. The cocatal yst solution was added ¥vo~the pressure V
heated to 89[err] C under an ethyl ene re of/KZO kPa

M
N
(x)n

R'

wherein R' at each occurrence is hydrogen or a moiety selected from alkyl, aryl, silyl, or

a combination thereof having up to 10 carbon atoms;

X at each occurrence is a moiety selected from halo, alkyl, aryl, amide, phenoxy,
or alkoxy having up to 10 carbon atoms;
Y is -NR'- or -PR'~;
M is titanium, zirconium or hafnium;
n is one or two; and

Z is SiR',.

- The present invention also provides a metal coordination complex selected from
(tert—butylamido)(tetramethyl—n5—9yc19pehtadienyl)'—1 ,2-ethanediylzirconium dichloride,
(tert-butylamido)-(tetramethyl-n 5-;yclopentadienyl)-1 ,2-ethanediyltitanium dichloride,
(méthylamido)—(tetramethyl'-n5-cyclopenmdieﬁyl)-1 ,2-ethanediyl-zirconium dichloride,
(methylamido)(tetramethyl-n3-cyclopentadienyl)-1,2-ethanediyltitanium dichloride,
(ethylamido)(tetramethyl-n3-cyclopentadienyl)-methylenetitanium dichloride, (tert-
butylaimido)dimethyl—(tetramethyl-n5-cyclopentadienyl) silanetitanium dichloride,
(tert—b_utylamido)dimethyl(tetramethyl-n5—cyclopentadienyl)Silanezirconium dibenzyl,
(benzylamido)dimethyl(tetramethyl-n3-cyclopentadienyl) silanetitanium dichloride, and
(phenylphosphido)dimethyl(tetramethyl-n3-cyclopentadienyl)silanezirconium dibenzyl.

This is the replacement sheet

Date: {7 JAN 1997



(96 psi'g). The catal yst solution was added to the reactor at this tine. The
tenperature rose to 109[err]C within seconds as a result of an exothermc

reacti on.

ERS s L e T

The ethyl ene_pressure was regul ated between 1240-1275

The present invention additionally provides a metal coordination complex
selected from (tert-butylamido)dimethyl (tetramethyl-n3-cyclopentadienyl)silanetitanium
dichloride and (tert-butylamido)dimethyl(tetramethyl-n3-cyclopentadienyl)

silanezirconium dichloride.

The present invention further provides a catalyst useful in addition
polymerizations including:
a) a metal coordination complex as described above, and

b) an activating cocatalyst.

The present invention still further provides a process for preparing a metal

coordination complex as described above including:

@ contacting a metal compound of the formula MX,, ; » or MX, 1, or a

coordinated adduct thereof with a dianionic salt compound corresponding to the formula:

(L+9)y(Cp*-Z-Y)2 or (LX")+X)y(Cp*-Z-Y)2

wherein:

n, M, X, Y, and Z are as previously defined wherein R' is as previously defined

L is a metal of Group 1 or 2 of the Periodic Table of the Elements,
'R 1

Cp¥* is R
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of ethylene increased. After 1.0 hours ethylene feed was discontinued, the
reactor was vented to the atnosphere, and allowed to cool. The pressure
vessel was opened, quenched with methanol, and the polynmer was isol ated.

After renoving t ) nts, the yield of polyethylene was 24 g.
Exanol e 8 Hi nder d""\ﬁ ﬁ%ﬁﬁﬁ B%I cTanorrer Pol yneri zat i on )
4-vi nyl cycl ohexs lvacuun®di stillation fromNa/K alloy. The

procedure of Exanpl e 4 was substanti al | y repeated using, 50 nL of 4-
vi nyl cycl oh_exene with 5.0 nL of a solution of 1.0 M nethyl al um noxane (MAO
cocatal yst in toluene in one shot tank and 500 [err]L of a 0_010 M sol uti on

of (tert- butylw %,mdlféﬁ‘_l(&pﬁ dhcd ]xﬁm &ﬁﬁﬁt

di enyl ) si | anezi r'coni oride 1n toluene added to 2.nl tquene in the
ot her shot tank.x» is fluoro, bromo, chloro or iodo,

in an inert aprotic solvent, and, when the metal compound is of the formula

MXn 415

(b) contacting the product of (a)' with a noninterfering oxidizing agent to

raise the oxidation state of the metal.

The present invention still further provides an addition polymerization process
for préparing a polymer including contacting one or more addition polymerizable
monomers with a catalyst under addition polymerization conditions characterized in that

the catalyst is as described above.

The present invention still further provides a copolymer including ethylene and
an olefin other than ethylene obtainable by a process as described above and having a
melt index ((I;), ASTM D-1238 Procedure A, condition E) from 1.72 to 200 and an

elastic modulus of at least 2972 dyne/cm?2.

The present invention still further provides a pseudo-random polymer including
an iflterpolymer of an olefin and a vinylidene aromatic monomer and obtainable by a

process as described above.

eet Has Been ReIpIaced
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The exothermic reaction occurred which raised the tenperature to 114[err] C
The ethyl ene feed was discontinued after 1h and the cool ed and vented

reaction was quenched-—wit=aeiraril eyl net hanol . The product was
12.6 g of materia). § i ndi cated that vinylcycl ohexene was
I ncorporated into Wq n_anllamount of 1.5 nole percent. Exanple 9

(Et hvl ene/ St yr enel=Gepo The above pol ynerization
procedure was substanti aI ly followed except that the reaction

The present invention still further provides a polymer when produced by a

process as described above.

The complexes of the invention mﬁy be usefully employed as catalysts for
addition polymerization processes to prepare polymers that may be useful as molded
articles, films for packaging applications, and'foams for cushioning appliéations; and in
the modification of synthetic and naturally occurring resins. The complexes may also be
used as catalysts for hydrogenations, catalytic cracking processes, and in other industrial

applications.
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- 50- tenperature was 90[err]C. The reactor was filled with 150 nL of

m xed al kane sol vent, 500 nL of styrene and 8 nL of 15 percent MAO in
t-"olhulene (1003 Al :Ti). The reactor was saturat 0 psig) of
et hyl ene, and 20 m cronol es of THIS SHEET HAS
[(C[err]Me[err])SiMe[err] (N-phenyl)]Tid [lerr] was aﬁgeq,o,t;gnt?gg{\]n t he

pol yneri zati on. Ethylene was provided on psi Q) -
After 60 mnutes, the solution was drai ned fromthe reactor into a

E(r)\gte ?I CS [: L}% Hgﬁﬁgﬁﬁﬁ&# &Fﬁ&' &% éﬁ%&ﬁ&&ﬂeﬂﬁﬂfenyfrﬂﬁg B B RifroEis atdi 6

the amide ligand allows the nitrogen atom to be less constrained. The angle formed by

the centroid of the cyclopentadienyl ring (C2, C3, C5, C7, and C9), the zirconium atom
(ZR1), and the nitrogen atom (N17) was determined to be 118.0°. The activity of this
catalyst towards olefin polymerization is considerably diminished relative to the
analogous monosilane linking group in (tert-butyl amido)dimethyl(tetramethyl-n5-

cyclopentadienyl)silanezirconium dichloride (Figure 5).

Figure 7 shows the Singlc_e-crystal X-ray crystallographically determined

structure of (t-butyl amido)tetramethyl(tetramethyl—n5—cyclopentadieny1)disilanetitanimn

- dichloride. The relatively long disilyl linking group that connects the cyclopentadienyl
ring to the nitrogen atom of the amide ligand allows the nitrogen atom to be less
constrained. The angle formed by the centroid of the cyclopentadienyl ring (C2, C3,
Cs, C7, and C9), the titanium atom (TI1), and the nitrogen atom (N 17) was determined
to be 120.5°. Accordingly, the activity of this catalyst towards olefin polymerization is
considerably diminished relative to the analogous monosilane linking group in (t-butyl

amido)dimethyl(tetramethyl-n>-cyclopentadienyl)silanetitanium dichloride.

The term "activating cocatalyst" as used herein ih both the description and
claims refers to a secondary component of the catalyst able to cause the metal-containing
complex to become effective as an addition polymerization catalyst or alternatively to
balance the ionic charge of a catalytically activated species. Examples of the foregoing

activating cocatalysts for use herein include aluminium compounds

This Sheet Has Been Replace
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i .rr'plt index (I[err]) = 26.6. [err]C NVR NVR anal ysis indicated the polyner:
was 47 mol e percent styrene (76 weight percent). No isotactic, atactic, or
*syndi ot acti c sequences were observed. ExanDl e 10 Et hyl ene/ Stvrene
Coool yneri zati on The reaction conditions of Exanple 9 were
substantially repeated to prepare styrenelethyl ene copol yners having
differing styrene content. The catal yst Was
(tert-butyl am do)di methyl (tetranethyl-[err]- cycl opentadienyl
)sil aneti tani umgichlo 'rﬂéal%%%haﬂ%l?&cﬁnﬁl@i BékresybAliAg tar iRl fyfrhupas enpl oyed
I n an anount to provide an :Matomc ratio of 1000:1. Reaction conditions

are contained in Table I. R

I—
Y
R M/
N
R (%),
Rl

wherein R' at each occurrence is hYdrogen or a moiety selected from alkyl, aryl, silyl, or

a combination thereof having up to 10 carbon atoms;

.'X at each occurrence is a moiety selected from halo, alkyl, aryl, amide, phenoxy,

or alkoxy having up to 10 carbon atoms;

Y is -NR'- or -PR'-; _ .
M is titanium, zirconium or hafnium;
n is one or two; and

Z is SiR'5.

2. A metal coordination complex according to Claim 1, wherein Y is an
amido or phosphido group corresponding to the formula -N(R" ' )- or -P(R'I ',

wherein R' ' " is Cy_j9 alkyl or aryl.

3. A metal coordination complex selected from
(tert—butylamido)(tetramethyl—n5—cyc10pentadienyl)—1,2—iethanediylz'irconium dichloride,
(tert-butylamido)-(tetramethyl-n>-cyclopentadienyl)-1,2-ethanediyltitanium dichloride,
(methylamido)—(tetramethyl—n5-cyclopentac_lienyl)—1 ,2-ethanediy1—zirconium dichloride,
(methylamido)(tetramethyl-n>-cyclopentadienyl)-1,2-ethanediyltitanium dichloride,
(ethylamido)(tetramethyl-n3-cyclopentadienyl)-methylenetitanium dichloride, (tert-

butylamido)dimethyl-(tetramethyl-n5-cyclopentadienyl) silanetitanium dichloride,

= ¢ L M 0§ x
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-98-

(tert-butylamido)dimethyl(tetramethyl-n>-cyclopentadienyl)silanezirconium dibenzyl,
(benzylamido)dimethyl(tetrame—thyl—n5-cyclopentadieny1) silanetitanium dichloride, and

(phenylphosphido)dimethyl(tetramethyl-n-cyclopentadienyl)silanezirconium dibenzyl.

_ 4. A metal coordination complex selected from (tert-
butylamido)dimethyl(tetramethyl-n3-cyclopentadienyl)silanetitanium dichloride and (tert-

butylamido)dimethyl(tetramethyl-n5-cyclopentadienyl)silanezii'conium dichloride.

5. - A catalyst useful in addition polymerizations including:

a) a metal coordination complex according to any one of the preceding
claims, and

b) an activating cocatalyst.

6. A catalyst according to Claim 5, wherein said activating cocatalyst

includes an aluminium compound.

7. A catalyst according to Claim 6, wherein said aluminum compound is

an alkylaluminoxane, aluminum alkyl, aluminum halide, or aluminum alkylhalide.

8. A catalyst according to Claim 5, wherein the activating cocatalyst is

selected from alkylaluminoxanes, and compounds corresponding to the formula:

ALRX"3.5

wherein:

R at each occurrence is Cy_1q alkyl or aralkyl;
X" is halogen; and

nis 1, 2 or 3.

This is the replacemerit sheet
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-52- Exanpl es 11-32 I'n these exanples, a 4 liter autoclave was
charged with 2000 nL of m xed al kane sol vent (Isopar-E) followed by various
;afmounts of 1-octene. The catal yst was

(tert-butylam do)di nethyl (tetranethyl-[err]-

cycl opent adi enyl ) -sil anetitani um di chl or igcge, di ssol ved

9. A catalyst useful in addition polymerisations including:

(@) a metal coordination complex corresponding to the formula
R? |
I—__
X
R M s
N
R' (X) n
R t

wherein R' at each occurrence is hydrogen or a moiety selected from alkyl, aryl, silyl,
ora combination thereof having up to 10 carbon atoms;

or an adjacent pair of R' groups form a hydrocarbyl ring fused to the
cyclopentadienyl moiety; |

X at leach occurrence is a moiéty selected from halo, alkyl, aryl, amide,

phenoxy, or alkoxy having up to 10 carbon atoms; ,

Y is -NR'- or -PR'~;
M is titanium, zirconium or hafnium;
n is one or two; and

Z is SiR' or CR',CR'5; and
(b) an activating cocatalyst being an aluminum alkyl, a Lewis acid, or a
noninterfering oxidizing agent, mixtures thereof, or mixtures of a Lewis acid or a

noninterfering oxidizing agent with an aluminoxane.

10. A catalyst according to any one of claims 5 to 8 additionally including a

support.

11. A catalyst useful in addition polymerisations including:

) AR s i the replacomen sheet
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in tol uene. The cocatal yst was a 10 percent solution of MAO in tol uene.
Hydrogen, if desired, was added by expansion froma 100 nL vessel at a
‘pressure indicated above the operating pressure of the reactor. The reactor
was filled wth solvent, 1-octene and MAO, heated to the reaction
tenperature, then pressurized to 3100 kPa (450 psig) with ethylene until
the solution was satuated. The hydrogen'ﬂ‘? “any) was expanded into the
reactor, followed by the addition of the catalyst solution. After 10

m nutes, the solytion r %'%% QBHR d SHa Qhé f («[;,ﬂﬂ;lgl ner which

had a smal |l anou _ﬁ of an |gX|8 an ()P rgano % 08& erﬂgn&)aval able from

Ci ba-Ceigy). The polyner was dried unger vaguum Results are contained in

Table It. —~— v :
R M/

N
R (X)q
Rl

wherein R' at each occurrence is hydrogen or a moiety selected from alkyl, aryl, silyl,
or a combination thereof having up to 10 carbon atoms;
or an adjacent pair of R' groups form a hydrocarbyl ring fused to the
_cyclopentadienyl moiety;
X at each occurrence is a moiety selected from halo, alkyl, aryl, amide,

phenoxy, or alkoxy having up to 10 carbon atoms;

Y is -NR'- or -PR'-;
M is titanium, zirconium or hafnium;
n is one or two; and

Z is SiR'y or CR',CR'y; and
(b) an activating cocatalyst; and
©) a support.

12. A catalyst according to claim 10 wherein the support is magnesium

chloride, silica or alumina.

13. A process for preparing a metal coordination complex according to

claim 1 including:

WL e e
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(@) contacting a metal compound of the formula MX, 5 or MX,; 1, ora

coordinated adduct thereof with a dianionic salt compound corresponding to the formula:

L+0)y(Cp*-Z-Y)2 or (LX") +X)y(Cp*-Z-Y)2

wherein:

n, M, X, Y, and Z are as defined in claim 1;
wherein R' is as defined in claim 1

L is a metal of Group 1 or 2 of the Periodic Table of the Elements,
R t

Cp* is R O i
1

I R'
R!

x and y are either 1 or 2 and the product of x and y equals 2, and

X" is fluoro, bromo, chloro or iodo,

in an inert aprotic solvent, and, when the metal compound is of the formula

MXp 113 _

(b) contacting the product of (a) with a noninterfering oxidizing agent to

raisé the oxidation state of the metal.

14. A process for preparing a catalyst according to any one of claims 5 to
12, including contacting a complex as defined in any one of claims 1 to 4 with an

activating cocatalyst.

RN O T This s the replacement sheet
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-54- Exanpl es 33-42 The procedure of Exanples 11-32 was substantially
repeat ed, except that the catal yst was

‘(tert-butyl am do)di met hyl (tetranet hyl-[err]-cycl opent a-

di enyl)silanezirconiumdichloride. =~ Results are contained in Table I1I.

-102 -

15. An addition polymerization process for preparing a polymer including
contacting one or more addition polymerizable monomers with a catalyst under addition
polymerization conditions characterized in that the catalyst is as defined in any one of

claims 5 to 12.

16. A process according to Claim 15, wherein the addition polymerizable
monomers are selected from ethylenically unsaturated monomers, acetyleﬂic compounds,

conjugated or nonconjugated dienes, and polyenes having from 2 to 20 carbons.

17. A process according to Claim 16, wherein an alpha olefin is
copolymerized with a vinylidene aromatic monomer or hindered aliphatic vinyl

monomer.

18.- A process according to Claim 17, wherein ethylene is copolymerized

with styrene or vinylcyclohexene.

19. A process according to Claim 15 wherein ethylene, propylene,
isobutylene, 1-butene, 1-hexene, 4-methyl-1-pentene, 1-octene, or a mixture thereof is

polymerized.

20. . A copolymer including ethylene and an olefin other than ethylene
obtainable by a process as defined in Claim 15 and having a melt index ((I), ASTM D-
1238 Procedure A, condition E) from 1.72 to 200 and an elastic modulus of at least 2972

dyne/cm?2.

21. A copolymer according to Claim 20, wherein the olefin other than

ethylene is propylene, isobutylene, 1-butene, 1-hexene, 4-methyl-1-pentene or 1-octene.

(NARIAMRRI o i tne replacemem shees
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-103 -
22. A pseudo-random polymer including an interpolymer of an olefin and a

vinylidene aromatic monomer and obtainable by a process as defined inblaim 15.

23. A pseudo-random polymer according to Claim 22 including ethylene

and styrene.

24, A polymer when produced by a process according to any one of Claims
15 to 19. '

25. A process according to any one of Claims 15 to 19 substantially as

herein described or exemplified.

A
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- 56-

wExanples 43 - 57

The procedufe of Exanples 11-32 was substantially

fol.l oned except that a 2000 nL reactor was used. The catal yst was

(tert-butylam do)di nethyl (tetranethyl-[err]-
-cycl opent adi enyl ) sil aneti tani um di chl oride (2 L of a 0.005 Msolution in

t ol uene,

m., 500

10 [err] nol es).

The cocatal yst was 15 percent MAO in toluene (2

CONSTRAINED GEOMETRY ADDITION POLYMERIZATION CATALYSTS,
PROCESSES FOR THEIR PREPARATION, FRECURSORS THEREFOR,
METHODS OF USE, AND NOVEL POLYMERS FORMED THEREWITH

Metal coordination complexss comprising
of Group 3 (except Sc), 4-10 or the lanthanide series
and a delocalized n-bonded moiety have said mbiet
substituted with a conStrain-inducing moiety whic

reduces the angle at the metal betwesn the centrecid of
said n-bonded moiety and at least one remaining

substituent. Metzl
metal of Group 3 (except Se), Y4-10 or the Lanthanide

cyclopentadienyl or substituted

ccordiantion complexes comprising &

Series and a

cyclopentadienyl group forming part of z ring structure
in which the metzl is beth bonded to zn cent

convalent moiety and held in association with the
(substituted) cvelcpentadienyl ety iosi
compourn »ds covalent mol
d.,

gmidoalkanediyl
particularly preferre

polymerizztion

4
as Lewis acids, ammonium salts, oxidizing

This is the replacement sheet
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‘especially, aluminum compounds. particulariy zluminzum

trialkyls.

Novel polymers, including E1PE resins and
pseudo-random copolymers, can te obtained using the
catalysts of the invention.

This is the replacement sheet
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Exarrpl es 58-77 Aefin polynerization

et hyl ene/ 1- oct ene ver e respectively polynerized as a honmopol yrer or

copol ymer by adding a solution of the appropriate catalyst
with MAO or triethyl alum numcocatalyst to a 3L SS MMME‘?@WJ

Et hyl ene and/ or

i n conbi nati on

containing m ed err] al kane sol vent/ 1-octene E i q’
apad M : 9 ! Y e 4w “Descripiion * paged szo paéga

3100 kPa

1 O Claim(s) :paged...to paged.....
-1- 00 Drawing(s) : paged ..... to paged .....
00 Abstract :paged....to paged.....

DATE OF RECEIPT 3(34%

CONSTRAINED GEOMETRY ADDITION POLYMERIZATION CATALYSTS,
PROCESSES FOR THEIR PREPARATION, PRECURSORS THEREFOR,
METHODS OF USE, AND NOVEL POLYMERS FORMED THEREWITH

The present invention relates to metal
coordination complexes having constrained geometry. The
inventioﬁ also relates to certain novel addition
polymerization catalysts comprising such metal complexes
having constrained geometry. Furthermore, the invention
relates to methods for the polymerization of addition
polymerizable monomers and to the resulting polymers.

Because of the unique exposure of the active
metal site of the metal coordination complexes having
constrained geometry, catalysts resulting therefrom have
unique properties. .Under certain conditions, the
catalysts of the invention are capable of preparing
novel olefin polymers having previously unknown
properties due to their unique facile abilities to
pPolymerize a-olefins, diolefins, hindered vinylidene
aliphatic monomers, vinylidene aromatic monomers and
mixtures thereof.

03 FEB %97
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(450 psig) of ethylene at 150[err]C (or 175[err] C where indicated) for 10
m nutes. The ethyl ene pressure was held constant and a mass fl ow neter
neasured the uptake of ethylene. The consequent polynmer was then renoved
fromthe pressure vessel and dried under reduced pressure at 90[err]C
overnight. Results are contained in Table V.

-2~

Numerous metal coordination complexes are known
in the art ihcluding such complexes involving
monocyclopentadienyl groups and substituted monocyclo-
pentadienyl groups. The present metal coordination
complexes differ from those previously known in the art
due to the fact that the metal is bound to.a delocalized.:
Subétituted n-bonded moiety in a manner so as to induce
a constrained geometry .about the metal. Preferably the
metal is bound to a cyclopentadienyl, substituted
cyclopentadienyl or similar group by both a q5-bond and
a bridging linkage including other ligands of the metal.
The complexes also preferably include metals having
useful catalytic properties.

Also previously known in the art are transition
metal coordination complexes known as tucked complexes.
Such complexes are described:in Organometallics 6, 232-
241 (1987).

In US Serial No. 8,800, filed January 30, 1987
(published in equivalent form as EP 277,004) there are
disclosed certain bis(cyclopentadienyl) metal compounds
formed by reacting a bis(cyclopentadienyl) metal complex
with salts of Bronsted acids containing a non-
coordinating compatible anion. The reference discloses
the fact that such complexes are usefully employed as
catalysts in the polymerization of olefins. The
foregoing catalysts are not considered to be
particularly effective olefin polymerization catalysts.

Previous attempts to prepare_eopolymers'of
vinylidene aromatic monomers and a-olefins, in
particular copolymers of styrene and ethylene, have
either failed to obtain substantial incorporation of the
vinylidene aromatic monomer or else have achieved

[REPLACEMENT SHEET
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polymers of low molecular weight. In Polymer Bulletin,
20, 237-241 (1988) there is disclosed a random copolymer
of styrene and ethylene containing 1 mole percent
styrene incorporated therein. The reported polymer
yield was 8.3 x 10~% grams of polymer per micromole
titanium employed. :

It has now been discovered that previously
known addition polymerization catalysts are incapable of
high activity and polymerization of numerous monomers
because they lack constrained geometry.

In one aspect the present invention relates to
a metal coordination complex having constrained -
geometry. More particularly it relates to such
coordination complexes that are usefully employed in
combination with activating cocatalyst cqmpoundé or
mixtures of compounds to form a catalytic system !
usefully employed in the polymerization of addition
polymerizable monomers, especially ethylenically
unsaturated monomers.

) In another aspect the present invention relates
to a process for preparing certain components of the
above metal coordination complexes having constrained
geometry and to the precursor compounds necessary
therefor.

In yet another aspect the present invention
relates to a process for preparing addition polymers,
especially homopolymers and copolymers of olefins,
diolefins, hindered aliphatiec vinyl monomers, vinylidene
aromatic monomers and mixtures of the foregoing and to
the resulting polymer products.

PO ARG
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- 60- Exanpl e 78 Preparation of Supported
(tert-butylam do)di nethvl (tetranethyl-[err]-

~cycl opent adi enyl ) si | anetitani um dichl oride 0. 100g of
dehydroxyl ated silica (-OH concentration [err] 1 mol/g SiJerr]) was

e

slurried in 20 nL of m xed C6 al kane sol vent under {11

1T

at]

a dri-box, with stirring in a 50 nL Erlennmeyer flagk:
mL was renoved by syringe and conbi ned wi tdy-1.10 m

r

sol ution of (tert-butylam do)dimethyl (tetramethyl-[err]-cycl openta- )

di enyl)silanetitaniumdichloride in a 5 nL rounded- bottoned flask and

rein
1.0
ne

stirred for 12 h. After thig Reréfat Qo/ctdl pPhsdhcl QnPELCRIN th¥kdVissol ution

of met hyl

provided a metal coordination complex comprising a metal
of group 3 (other than scandium), 4-10 or the lanthanide
series of the Periodic Table of the Elements and a
delocalized n~-bonded moiety substituted with a
constrain-inducing moiety, said.comp;ex having a
constrained geometry about the metal atom such that the
angle at the metal between the centroid of the
delocalized, substituted n-bonded'mbiety and the ceﬂter
of at least one remaining substituent is less than such
angle in a comparative complex differing only in that
said constrain-inducing substituent is replaced by'-
hydrogen, and provided further that for such complexes
comprising more than one delocalized, substituted no-
bonded moiety, only one thereof for each metal atom of
the complex is a eyeclice, delocalized, substituted m-
bonded moiety. '

i
Said metal coordination complexes are referred
to hereinafter as "metal coordination complexes of the
invention”.

In addition there is provided a metal

“coordination complex corresponding to the formula:

Z —x
/
¥ —u”
\
(X),




al um noxane (MAO) in toluene was added to the silica containing solution.
Pol yneri zati on The pol yneri zati on was conducted by addi ng under
pressure the above titaniumsilica/ MAO slurry in a 3 L SS pressure vessel
containing 2 L of mxed al kane sol vent under 3100 kPa (450 psig) of
ethylene at 150[err]C for 10 m nutes. The ethyl ene ,
constant and a mass fl ow neter neasured the uptake
g. The polymer solution was then renoved fromthe
pol yet hyl ene was recovered after drying Utider reduck
overnight. Yield was 30.0 g. -

wherein:

M is a metal of Group 3 (other than scandium),
4-10, or the lanthanide series of the Periodic Table of
the Elements;

Cp* is a cyclopentadienyl or substituted
cyclopentadienyl group bound in an n> bonding mode to Mj;

Z is a moiety comprising boron, or a member of
Group 14 of the Periodic Table of the Elements, and
optionally sulfur or oxygen, said moiety having up to 20
non-hydrogen atoms, and optionally Cp¥ and Z together
form a fused ring system;

X each occurrence is an anionic ligand group or
neutral Lewis base ligand group having up to 30 non-
hydrogsn atoms;

n is 0, 1, 2, 3, or 4 depending on the valence
of M; and

Y is an anionie or nonanionic ligand group
bonded to Z and M comprising nitrogen, phosphorus,
oxygen or sulfur and having up to 20 non-hydrogen atoms,
optionally Y and Z together form a fused ring system.

There is also provided according to theupresent
invention a process for preparing a metal coordination
complex corresponding to the foregoing Formula I
comprising contacting a metal compound of the formula
MX, 42 or a coordinated adduct thereof with a dianioniec
salt compound corresponding to the formula:

(L"'x)y(Cp*-Z-Y)‘z (II) or ((L_x")"")Y(Cp*-z-x)‘2 (III)




-61- Exanpl e 79 Preparation of

(2- Met hoxyphenyl am do) di net hvl (tetranmethyl -[err] -

cycl opent adi enyl )sil anetitaniumdichloride (a)

((Tetranet hyl cycl opent adi enyl ) di net hyl'silyl') (2-net hoxyphenyl)am ne

| — [AS BEEN J
e EPLAGE
wherein:

L is a metal of group 1 or 2 of the periodice
table of the elements, .

X" is fluoro, chloro, bromo, or iocdo,

x and y are either 1 or 2 and the product of
x and y equals 2, and ' -

M, X, Cp, and Y are as previously defined

in an inert, aprotic solvent.

Further there is provided a process for
preparing a metal coordination complex corresponding to
the foregoing Formula.I comprising the steps of:

_ A) contacting a metal compound of the formula
MX,,q1 or a coordinated adduet thereof with a dianionic
salt compound corresponding to the formulas II or III in
an inert, aprotic solvent; and

} oxidizing the metal to a higher oxidation
state by contacting the reaction product of step A) with
a noninterfering oxidizing agent.

, There is also provided a catalyst useful in
addition polymerizations comprising the following
“components:

a) a metal coordination complex of the
invention, preferably corresponding to Formula I, and an
activating cocatalyst.

Further according to the present invention
there is provided a polymerization process comprising
contacting one or more addition polymerizable monomers
under addition polymerization conditions with a catalyst
comprising:
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To 1.3 g (5.9 mol ) ((tetramet hyl cycl openta- dienyl)dinethylsilyl)chloride

in 50 nL tetrahydrofuran (THF) was added 0.86 g (5.9 nmol) sodium

2-met hoxy- anilide. The m xture was stirred overnight. The solvent was

removed under reduced pressure and the residue e cted with pentane. The
_pentane extracts were filtered, combined, and coffchmtatetto=gixe_a pal e
yellow liquid. Yield 1.4 g (79%. [err]H NWR (j 1 : 91 (m
2.2), 6.74 (m 1.1), 6.57 (d, 1.1, J =9), 4.25 &= o sLas o ), 1.93

(s,6.7), 1.80 (s, 6.8), 0.13 (s, 6.3). {p) Dilithi

((tetramet hyl cycl opent adi enyl ) - -di nmet hyl silyl)-(2-nmethoxyphenyl)am de.

To 1.4 g (4.6 mmol ) ((tetranethyl cycl opent a-

di enyl ) di met hyl si | yl ) (2- meph ine.in diethyl gt dded
i opui 56 3.9 ML 01 2, 5N Bt YEEER Akt AU (oA fufnat oL Cl" U0 B

white precipitate f8YRRULOTPPRFERAE CTTEPIG PR ITRIBNE TThandidh ry

activating cocatalyst.

Further still according to the present
invention there is provided a polymer comprising in
polymerized form one or more addition polymerizable
monomers prepared by contacting an addition
polymerizable'monomér or mixture thereof under addition
polymerization conditions with a catalyst comprising:

a) a metal coordination cbmblex of the _
invention, preferably corresponding to Formula I, and an
activating cocatalyst.

, In still further embodiments there are provided
EL1PE polymers which are highly elastic, interpolymers of
ethylene and 6ne or more olefins other than ethylene.

In addition there aré provided pseudo-random
interpolymers of an a-olefin, particularly ethylene and
a vinylidene aromatic monomeé, a hindered aliphatic
vinylidene monomer, or a mixture thereof.

The complexes of the invention are usefully
émployed as catalysts for addition polymerization
pfocesses to prepare polymers that are useful as molded
articles, films for packaging applications, and foams
for cushioning applications; and in the modification of
synthetiec and naturally occurring resins. The complexes
may also be used as'catalysts for hydrogenations,
catalytic cracking processes, and in other industrial
applications.




was filtered and the solids washed with pentane. (c)

(2- Met hoxyphenyl am do) di net hyl (tetranmethyl -[err] - -

-cycl opent adi enyl ) si |l aneti tani um di chl ori de To 1.6 g of dilithium
((tetranet hyl cycl openta- di enyl)dinethylsilyl)(2-nmethoxyphenyl)am de
slurried in toluene was added 0.85 g TiCl[err]. The m xture was stirred

-8-

Figures 1-5 are computer generated models of
constrained geometry complexes of the invention based on
single crystal X-ray data.

Figures 6 and T are computer generated models
of metal complexes based on single crystal X-ray data
showing less constraint than those of Figures 1-5.

Figures 8-13 illustrate calculated and observed
distribution of styrene, ethylene and reversed styrene
units in ethylene/styrene copolymers observing pseudo-
random incorporation rules according to the invention.

Figure 14 illustrates lack of agreement between
calculated and observed distribution of styrene,
ethylene and reversed styrene units in ethylene/styrene
copolymers if completely random incorporation rules are
followed.

Figure 15 shows typical rheology curves of a
E1lPE resin according to the present invention. Shown
are complex viscosity, n¥*, and tan § curves as a
function of shear rate, for the resin.

Figure 16 shows a typical curve of elastic
'mépulus versus melt index for the E1PE resins of the
present invention.

Figure 17 shows typical rheology curves of a =
conventionally prepared polyethylene resin. Shown are
complex viscosity, n*, and tan 8 curves as a function of
shear rate, for the resin.

' By use of the term "delocalized n~bonded
moiety" is meant an unsaturated organic moiety, such as
those comprising ethylenic or acetylenic functionality,
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- 62- for three days, filtered, and the sol vent was renoved under reduced
pressure. The residue was slurried in pentane and filtered to give a dark
powder. Yield 0.77 g (419% . [err]H NVR (benzene-d[err]) [err] 4.10 (s, 3),
2.20 (s, 6.4), 1.99 (s, 6.6), 0.40 (s, 6.3). Exanple 80 Preparation of

(4- Fl uorophenyl am do )dinmethyl ( tetranethyl -[err]-

cycl opent adi enyl )si | anetitaniumdichloride (a) _

((Tetranet hyl cycl opent adi enyl )di met hyl silyl)= (4-fl uorophenyl)am ne

Equi nol ar quantities of ((tetranethylcycle-

-0~

wherein the n-electrons thereof are donated to the metal
to form a bond. Examples include alkene-, alkenyl-,
alkyne-, alkynyl-, allyl-, polyene-, and polyenyl-
moieties as well as unsaturated cyclic systems.

By use of the term "constrained geometry"
herein is meant that the metal ztom is forced to greater
exposure of the active metal site because of one or more
substituents on the delocalized n-bonded moiety. '
Preferably the delocalized m-bonded moiety is a _
cyclopentadienyl or substituted Cyciopentadienyl 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 delocalized n-bonded moiety
through q5 bonds. It is understood that each respective
bond between the metal atom and the constituent atoms of
the delocalized n-bonded moiety need not be equivalent.
That is the metal may be symmetrically or
unsymmetrically n-bound to the n-bonded moiety.

_ The geometry of the active metal site is
further defined as follows. The centroid of the n-
bonded moiety may be defined as the average of the
respective X, Y, and Z coordinates of the atomic centers
-fdrming the n-bonded moiety. The angle, ©, formed at
the metal center between the centroid of the n-bonded
;ﬁb;ety and each other ligand of the metal complex may be
:éasily calculated by standard techniques of single
crystal X-ray diffraction: Each of these angles may
increase or decrease depending on the molecular
Structure of the constrained geometry metal complex.
Those complexes wherein one or more of the 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

¥ g'_;'p.? A =I‘
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pent adi enyl ) di net hyl silyl)chloride and |ithium 4- fluorophenyl anilide were
conbined in THF and the m xture stirred overnight. The solvent was renoved
under reduced pressure. [err]H NWVR (benzene-d[err]) [err] 6.79 (m 2.5),
6.33 (m 2.4), 2.95 (s,1), 2.90 (s, 1), 1.87 (s, 6.9), 1.79 (s, 6.9), 0.02
(s, 5.8). (b) Dlithium((tetranethylcycl opentadienyl)-
di met-hyl silyl) (4-fluorophenyl)am de )
((Tetranet hyl cycl opent adi enyl )di met hyl silyl)- (4-fluorophenyl)amne in
di ethyl ether solvent and butyl lithium2.5 Min hexane solvent were
conbi ned in equival ent anmounts. A white ¥recipitate formed. Pentane was
added to the slurry. The precipitate was filtered, washed with pentane and
dried. [err]H NWR (THF d[err]) [err] 7.28 (m, 2.0), 6.77 (m 2), 3.27
(s, 2.7), 2.05 (spubpdyes BfOlUKes preseyt idvddtisy. 4PByfer@b)y one or
(4- Fl uor ophenyl amipdpd difmehBYAddvet hagBdd\Y o, [ 86ddease 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. Most preferably the metal
coordination complek having constrained geometry is in
the form of a ring structure, ie. the constrain-inducing
substituent is p;rt of a ring system which includes the.

metal.

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

Illustrative atomie arrangements of complexes
as determined from single crystal X-ray diffraction
values are shown in Figures 1-7.

§ Figure 1 shows the single-crystal X-ray
erystallographically determined structure of (4-methyl-
phenylamido)dimethyl(tetramethyl-ns-cyclopenta-
dienyl)silanetitanium dichloride. The angle formed by
the centroid of the cyclopentadienyl ring (cz, c3, C5,
C7 and C9), the titanium atom (TI1), and the nltrogen
‘atom (N14) is 105.7°.

Figure 2 shows the single-crystal X-ray
crystallogbaphically determined structure of (t- -butyi
iamldo)dlmethyl(1:.etramethyl-rls-cyelopentad1enyl)51lane-
hzreonlum dimethyl. The angle formed by the centroid of
the evelopentadienyl ring (C2, C3, C3*, C5, and C5%),

H
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cycl opent adi enyl ) si | ane tltanlun1d|chlor|de
- 63- - To 0.59 g (1.6 mml) TiCl[err]3THF in 50 nL THF was added

0.50 g (1.7 nnDI) dilithium ((tetranethyl cycl opentadi enyl)di met hyl silyl) (4-

-11~

the zirconium atom (ZR1), and the nitrogen atom (N9) was
determined to be 102.0°.

Figure 3 shows the single-crystal X-ray
crystallographically'determined structure of (phenyl
amido)dimethyl(tetramethyl-qS-cyc1opentadiehy1)silane-
.titanium dichloride. The angle formed by the centroid
of the cyclopentadienyl ring (C2, C3, C5, C7, and C9) ,
_the titanium atom (TI1)}, and the nitrogen atom (N14) was
determined to be 106.1°,

. Figure Y4 shows the single-crystal X-ray
erystallographically determined structure of (tert-butyl
amido)dimethyl(q5-cyclopentadienyl)silanezirconium'“
dichloride. The structure shows that this molecule
crystallizes as a dimer with 2 bridging chlorides. The
angle formed by the centroid of the cyclopentadienyl
ring (C2, C3, C¥4, C5, and C6), the zirconium atom (ZR1),
and the nitrogen atom (N10), or the angle formed by the
centroid of the cyclopentadienyl ring (C102, C103, C104,
C105, and C106), the zirconium atom (ZR101), and the
ﬁitrogen atom (N110) were determined to be 99.1°.

Figure 5 shows the single-crystal X-ray
erystallographically determined structure of (t-butyl
-ﬁmido)dimethyl(tetramethyl-q5-eyclopentadienyl)silane-
zirconium dichloride. The angle formed by the centroid
of the cyclopentadienyl ring (CJ, C2, C3, C4, and C5) ,
the zirconium atom (ZR), and the nitrogen atom (N) was
determined to be 102.0°.

Figure 6 shows the single-crystal-x-ray
Orystallographlcally determined structure of (t-butyl
_amldo)tetramethyl(tetramethyl-qs-cyclopenta-
'dlenvl)dlSllane21rcon1um dichloride. The relatively

lrepLACHENT Sﬁﬁl‘
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fl uorophenyl )am de. After 0.5 h, 0.25 g (1.8 nmmol) Agd was added. After 2
h the sol vent was renoved under reduced pressure. The residue was extracted
with diethyl ether. The ether extracts were filtered, conbined, and
concentrated under reduced pressure to give a-red glassy solid. Dissolution’
into toluene and reconcentration produced a waxy solid. This SO|Id mas.
extracted into pentane. The pentane extracts were filtag et —2
concentrated to produce a waxy solid. This was slurrieg
of pentane (2 nL) and filtered to give a red powder. Thp yiefFrMES

g.(28% . [err]H NMR (benzene-d[err]) [etw} 7.10 (t), 6.80 (t), 2Z.00 (s)
1.97 (s), 0.35 (s). Polynerization ' The pol yneri zati on procedure
of Exanples 11-32 was substantially followed using 1000 nL of m xed al kane

solvent, 200 M. ofyohgOgi£ig1a0thiidg/krdtp tha PUcRABELIMRe! Bydi-ene (1280
AT and a reaCtIOQa& éﬂ%?rgiﬁg‘%ooine nitrogen atom of the amide

ligand allows the nitrogen atom to be less constrained.

The angle formed by the centroid of the cyclopentadienyl

ring (C2, C3, C5, CT, and C9), the zirconium atom (ZR1),

and the nitrogen atom (N17) was determined to be 118.0°.

The activity of this catalyst towards olefin

polymerization is considerably diminished relative to

the analogous monosilane linking group in (tert-butyl

amido)dimethyl(tetramethyl-qs-cyclopentadienyl)silane-

zirconium dichloride (Figure 5).

Figure 7 shows the single-crystal X-ray
crystallographically determined structure of (t-butyl
amido)tetramethyl(tetramethyl-qs—cyclopenta-
dienyl)disilanetitanium dichloride. The relatively long
disilyl linking group that connects the cyclopentadienyl
ring to the nitrogen atom of the amide ligand allows the
nitrogen atom to be less constrained. The angle formed
by the centroid of the cyclopentadienyl ring (C2, C3,
c5, C7, and C9), the titanium atom (TI1), and the
nitrogen atom (N17) was determined to be 120.5°
Accordingly, the activity of this catalyst towards
olefin polymerization is considerably diminished
relative to the analogous monosilane linking group in
‘(t-butyl amido)dimethyl(tetramethyl-n>-
eyclopentadienyl)silanetitanium dichloride.

‘"The term "activating cocatalyst” as used herein
refers to a secondary component of the catalyst able to
cause the'metal-containing complex to become effective
as an addition polymerization catalyst or alternatively
to balance the ionic charge of a catalytically activated
SPeeles. Examples of the foregoing activating
coeatalysts for use herein 1nclude aluminum compounds




130[err] C. . Hydrogen was supplied froma 75 nL tank pressurized to 3450 kPa
(500 psig) to give a delta pressure of 345 kPa (50 psi). 10 M cronol es of
t he above conpl ex was added to begin the polynerization. Ethylene was
provi ded on demand at 3100 kPa (450 psig). The polyner yield was 12.8 g, Mwv
= 103,000, MM Wn 4.77, density = 0.9387, nelt index = 6.37. Exanple 81
Preparation of ((2.6-D (1-nethylethyl)phenyl)am do)di nethyl (tetra-
met hyl -[ err]-cycl opent adi envl ) am dotitani um di chl ori de

-13-

containing an Al1-0 bond such as the alkylaluminoxanes,
especially methylaluminoxane; aluminum alkyls; aluminum
halides; aluminum alkylhalides; Lewis acids; ammonium
salts; noninterfering oxidizing agents,_ie. Silver
salts, ferrocenium ions, ete.3 and mixtures of the

foregoing.

Particular techniques for the preparation of
aluminoxane type compounds by contacting an aluminum
alkyl compound with an inorganic salt containing water
of crystalization are disclosed in USP 4,542,119, 1In a
'particularly preferred embodiment an ‘aluminum alkyl
compound is contacted with a regeneratable water- .
containing substance such as hydrated alumina, siliea,
or other substance. A process for preparing aluminoxane.
employing such regeneratable substance is disclosed in
EP 338,044, i

Additional suitable activating cocatalysts
include compounds corresponding to the formula:

AlR;X"3_,




- 64- Dilithium ((tetramethyl cycl opent adi enyl ) di -

met hyl silyi) (2, 6-di (1-nethyl et hyl ) phenyl)am de was prepared in a nmanner

anal ogous to Exanpl e 80. To 1.5 g (4 mmol) TidJ[err].3THF in 25
mL THF was added 1.5 g (4 nmmol ) dilithium ((tetranethyl cycl openta-
dienyl)dinethylsiIyI)(2,6-di(l-nethylethyl)phenyl)anide. After 0.5 h 0.63 g
(4 mol) Agd was added. After 1.5 h the solvent was renoved under reduced
pressure. The residue was extracted with pentane (3 x 8 nmL). The pentane

i nsol ubl e residue was extracted with dlethyl ether. The ether extract was

filtered and evaporated to -

wherein:

R is each occurrence Cq_q1g alkyl or aralkyl;
X" is halogen; and
nis 1, 2 or 3.

Most preferably such cocatalysts are trialkyl
aluminum compounds, particularly triethyl aluminum.

"Addition polymerizable monomers" include for
example ethylenically unsaturated monomers, acetylenic
compounds, conjugated or nonconjugated dienes, polyenes,
carbon monoxide, ete. Preferred monomers include the
C2-10 a-olefins especially ethylene, propylene, )
isobutylene, 1-butene, 1-hexene, 4-methyl-ti-pentene,
and l1-octene. Othér preferred monomers include styrene,
halo- or alkyl substituted styrene, vinyl chloride,

"acrylonitrile, methyl acrylate, methylmethaecrylate,
tetrafluoroethylene, methacrylonitrile, vinylidene
chlqride, vinylbenzocyclobutane, and 1,4-hexadiene.

| By the term "hindered aliphatic vinylidene
coqpounds" is meant addition polymerizable vinylidene
monomers corresponding to the formula:

CG,=CG'R"

ﬁhérein R" is an sterically bulky, aliphatic substituent
of up to 20 carbons, G independently each occurrence is
hYdrogen or methyl, and G' independently each occurrence
}S hydrogen or methyl or alternatively G' and R"
fogether form a ring system. By the term "sterically
bulky" is meant that the monomer bearing this
Substltuent is normally 1ncapab1e of addition
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dryness to give a yeI |l ow crystalline solid. [err]H NVR (benzene-d[err]) d
3.04 (heptet, 2, J = 6.7) 2.18 (s, 5. 8) 1.98 (s, 5.8), 1.49 (d, 5.8, J =
6.5), 1.12 (d, 6.2, J =6.8), 0.48 (s, 5.2). Polynerization The
pol yneri zati on procedure of Exanpl e was fol | owed usi ng 10 nmicronol es of the
above conpl ex. The polymer yield was 14.7 g. Exanple 82 Prepar atlon of
(4- N@thoxyphenvlan1do)d|nethyl(tetranethyl [err] -
cyclopentadlenyl)5|Ianetltanlun1d|chlor|de To 0.73 g
TiCllerr].2THF in 30 nL tol uene was added 0.7 g of dilithium
((tetranmet hyl cycl opent adi enyl )di - nethyl silyl) (4-nmethoxyphenyl)am de
(prepared in a npphpuerizakogoby &bvatdeadpl bedlbr-Natavprlymerivasistirred for

catalysts at a rate comparable with ethylene '

polymerizations. Preferred hindered aliphatic

vinylidene compounds are monomers in which one of the

carbon atoms bearing ethylenic unsaturation is tertiary

or quaternary substituted. Examples of such

substituents ineclude cyelic aliphatic groups such as

cyclohexane, cyclohexene, cyelooctene, or ring alkyl or

aryl substituted derivatives thereof, tert-butyl,

norbornyl, etc. Most preferred hindered aliphatic

vinylidene compounds are the various isomerie vinyl-

ring substituted derivatives of cyclohexene and

substituted cyclohexenes, and 5-ethylidene~2-norbornene.

Especially suitable are 1-, 3~, and Y¥-vinyleyclohexene.

By the term "hindered vinylidene compound" is
meant addition polymerizable vinylidene monomers '
corresponding to the formula:s

CG,=CGR™

Wherein R” is R" or an aryl substituent of up to 20
icarbons, and G and G' are as previously defined. For
{€xample, in addition to hindered aliphatiec vinylidene
B6ipounds, hindered vinylidene compounds also include
the vinylidene aromatic monomers.

; _ By the term "vinylidene aromatic monomers" is
heant -addition polymerizable compounds corresponding to
&he.formula:

ﬂhﬁﬁﬁin G independently each occurrence is hydrogen or
_mgthyLnand Ph is phenyl, or a halo- or Cy_y alkyl-
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two days, filtered, and concentrated under reduced pressure. The residue
was slurried in pentane and filtered to give a brick red powder. Yield 0.61
g (67%. [err]H NWR (benzene-d[err]) [err] 7.28 (d, 2, J = 8.8), 6.78

-16-

CG2=C ( G)'Ph

.substituted phenyl group. Preferred vinylidene aromatic .
monomers are monomers corresponding to the above formula
wherein G each occurrence is hydrogen. A most preferred
vinylidene aromatic monomer is styrene. '

By the term "a-olefin" is meant ethylene and
the C3_1g olefins having ethylenic unsaturation in the
a-position. Preferred a-olefins are ethylene,
propylene, 1-butene, iscbutylene, UY-methyl-l-penténe,
1-hexene, and l-octene, and mixtures thereof.

As used herein all reference to the Periodic
Table of the Elements and groups thereof shali be to the
version of the table published by the Handbook of
Chemistry and Physics, CRC Press, 1987, utilizing the
TUPAC system for naming groups.

Preferred metal coordination complexes are
gpqyp 4 or Lanthanide based complexes. Further
iﬁgferred complexes are those comprising a delocalized
n3.bonded group which is a cyclopentadienyl or
Substituted cyclopentadienyl group which forms a ring

Stiucture with the metal atom. Preferred delocalized
fizbonded moieties are cyclopentadienyl-, indenyl-, and -
Eﬁ5§EEhyl groups, and saturated derivatives thereof

. HhiBhiform a ring structure with the metal atom. 'Each
B&Fbon atom in the cyclopentadienyl radical may be
ShbStituted or unsubstituted with the same or a
nﬁ;ﬁgnent radical selected from the group consisting of
ﬁiéggcarbyl radicals, substituted-hydrocarbyl radicals
#HHEHEin one or more hydrogen atoms is replaced by a

e e e ¢ s



-65- (d. 2, J =8.9). 3.27 (s, 2.8), 2.05 (s, 5.6), 2.01 (s, 5.6),
0.44 (s, 4.8). Pol yneri zati on The pol ynerization procedure of
Exanpl e 80 was followed using 10 micronol es of the above conpl ex. The
polymer yield was 7.2 g, Mv = 79,800, Mv Mh = 21.5, nelt index = 2.90.
Exanpl e 83 Preparation of (tetranethyl-[err]-cyclopentadienyl)di nmethyl (1-
nmet hyl et hoxy) sil anetitanium trichloride (a)

(Tet ranet hyl cycl opent adi enyl ) di net hyl ( 1- net hyl -

-17- )

halogen atom, hydrocarbyl-substituted metalloid radicals
wherein the metalloid is selected from Group 14 of the
Periodic Table of the Elements, and halogen radicals.

In addition two or more such substituents may together
form-a fused ring system. 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 alkyl
radicals, cyclic hydrocarbon radicals, alkyl-substituted
eyelic hydrocarbon radicals, aromatic radicals and
alkyl-substituted aromatic radicals. Suitable organo-
metalloid radicals include mono-, di- and trisubstituted
organcmetalloid radicals of Group 14 elements wherein
each of the hydroecarbyl groups contain from 1 to 20
carbon atoms. More particularly, suitable organo-
metalloid radicals include trimethylsilyl, triethyl-
‘silyl, ethyldimethylsilyl, methyldiethylsilyl,
iPhenyldimethylsilyl, methyldiphenylsilyl, triphenyl-

8ilyl, triphenylgermyl, trimethylgermyl and the like.

. In the previously disclosed Formula I, suitable
_®Bhionic ligand groups, X, are illustratively selected
. itrom the group consisting of hydride, halo, alkyl,
¥11y1, germyl, aryl, amide, aryloxy, alkoxy, phosphide,

- ﬁ}fige, acyl, pseudo thalides such as cyanide, azide,
gte;, acetylacetonate, etc., or a combination thereof.

As pPreviously mentioned, the complexes
E&n?nding to the present invention preferably comprise
Efﬁzgiﬁres having altered or enhanced catalytic activity
EE he metal site when the complex is combined with a
TOPATEIYst. In this regard electron donating
Eﬁbs¥§tuents have been found to improve the catalytic
PYGhErties of the complexes. That is, even though

et ki 2827
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et hoxy) si | ane To 1.0 g (4.8 mol ) (tetranethyl cycl opent a-
diene)dinethylsilyl chloride in 10 nL tol uene was added 0.38 nL (5.0 muol)
2-propanol followed by 0.66 nL (4.7 nmmol) triethylam ne. The m xture was
filtered and the solids' washed with m xed CJerr] al kane solvent. The wash
and the filtrate were conbi ned and concentrated under reduced pressure to
give a pale yellow liquid. [err]H NVR (benzene-d[err]) [err] 3.85 (heptet,
1, J =6.0), 2.9 (s, 1.1), 2.03 (s, 5.7), 1.8 (s, 6.3), 1.10 (d, 6.3, J =
6.0), - 0.02 (s, 5.0). (b) Potassium (dinethyl (1-nethyl ethoxy)silyl)-
-tetranet hyl - cycl opent adi eni de) 0 0.51 g (2.1 mml)
(tetranet hyl cycl opent a- dienyl)dinethyl(T-ﬁetherthoxy)siIane I n tol uene
was added 0.33 g (2.5 nmmol ) potassi um benzide. The solution was filtered
after 3 days and the sol vent was renoved

certain of the complexes do not possess constrained

geometry, the same nevertheless possess catalytic

properties, alone or in combination with activating

substances.

A highly preferred metal coordination complex
corresponds to the formula:

Rl
Z~\\\
' Y
R M’/
N
R! (x)n
R'

wherein R’ gach occurrence is hydrogen or a
moiety selected from the group consisting of alkyl,
aryl, silyl, germyl, cyano, halo and combinations
ithereof (e.g. alkaryl, aralkyl, silyl substituted alkyl,
éiiyl substituted aryl, cyanoalkyl, cyanoaryl,
H&loalkyl, haloaryl, halosilyl, ete.) having up to 20
non-hydrogen atoms, or an adjacent pair of R' groups
%?Fﬁ”a_hydrocarbyl ring fused to the cyclopentadienyl
moietys

X each occurrence is hydride or a moiety
ﬁf}ﬁqted from the group consisting of halo, alkyl, aryl,
811yl,  germyl, aryloxy, alkoxy, amide, siloxy and
goﬁbihations thereof (e.g. alkaryl, aralkyl, silyl,
ﬁﬁﬁstituted alkyl, silyl substituted aryl, aryloxy
%?E?li aryloxyaryl, alkoxyalkyl, alkoxyaryl, amidoalkyl,
hﬁ1?9ary1, Siloxyalkyl, siloxyaryl, amidosiloxyalkyl,
b&ldaikyl, haloaryl, etc.) having up to 20 non-hydrogen

]
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under reduced pressure to give an oil. The oil was
- 66- washed with pentane. Residual pentane was renoved under reduced

pressure to give an orange glassy solid. [err]H NVR (THF-d[err]) [err]
3.89 (heptet, 1, J =6.1), 2.00 (s,6.1), 1.87 (s, 5.7) 1.05 (d, 5.1, J =
6.1), 0.22 (s, 4.4).

-19-

atoms and neutral Lewis base ligands having up to 20
non-~hydrogen atoms;

Y is -0-, -S-, -NR*-, -PR*-, or a neutral two
electron donor ligand selected from the group consisting
of OR¥, SR*, NR*,, or PR¥,;

M is as previously defined: and

Z is SiR*2, CR*2, SiR*2SiR*2, CR*2CR¥;,
CR*¥=CR*, CR*2SiR*2, Gem*,, BR*, BR*2; wherein:

R* each occurrence is hydrogen or a moiety
selected from the group consisting of alkyl, aryl,
silyl, halogenated_alkyl, halogenated aryl groups and
combinations thereof (e.g. aralkyl, alkaryl, haloalkaryl
and haloaralkyl)} having up to 20 nonéhydrogen atoms, or
two or more R* groups from Y, Z, or both Y and Z form a

fused ring system.

It should be noted that whereas formula I and
the following formulas indicate a cyeclic structure for
' the catalysts, when Y'is a neutral two electron donor
ligand, the bond between M and Y is more accurately
referred to as a coordinate-covalent bond. Also,; it
"should be noted that the complex may exist as a dimer or
“higher oligomer.

Further preferably, at least one of R', Z, or
R* is an electron donating moiety. Thus, highly
preferably Y is a nitrogen or phosphorus containing
group corresponding to the formula -N(R””)- or -P(R™)-,
wherein R™ is Cq-10 alkyl or aryl, ie. an amido or
phosphido group.




(c) (Tetranethvl-n[err]-cycl opentadi envl)di net hvl (1-
nmet hyl et hoxv) sil anetitaniumtrichl oride To 0.42 g (1.1 mmol)
Tid[err]3THF in 50 nL THF was added dropwi se 0.83 mmol potassium
(di met hyl (1- met hyl et hoxy)silyl)tetramet hyl cycl opentadi enide) in 15 nL THF.
One hour after addition was conplete 0.2 g (1.3 mol) Agd was added. The
resulting mxture-was stirred for 18 h. The solvent was renoved under
reduced pressure and the residue extracted with- pentane. The pentane
extracts were filtered, conbined, and evaporated to a red oil. The red oi
was slurried in pentane and the mxture waspddiltered. The filtrate was
stored art - 30c for 3 weeks which resulted in the precipitation of an
orange solid. The solution was decanted fromthe solid [err]H NMR
(benzene dierr]) [err] 3.8(heitehign; (s, 6.9), 1.86 (s,
7.4), 1.04 (d; 7.1, InFdofiiQhe- O %ai.,y Stk 9)60{"83“’ 1ef. 99mpapnds0ans ().

J"d"alka"mdJ-Yl-- compo
to the formulas pounds corresponding




Exanpl e 84 Preparation of 1-(Tert-butylam do)-2-(tetranethyl-[err]-
-cyclopentadienyl)-1.1 2. 2-tetranethyldisilanetitaniumdichloride (a)
1-Chl oro-2-(tetranet hyl cycl opentadi enyl )-1,1, 2, 2- tetranethyl disilane
To a solution of 4.802 g (25.7 nol) 1, 2-
dichloro-1,1,2,2-tetranethyl disilane in 50 nL di nethylether was slowy
added a solution of 2.285 g

~21-

wherein:

M is titanium, zirconium or hafnium, bound in
an n5 bonding mode to the cyclopentadienyl group;

R' each occurrence is hydrogen or a moiety
selected from the group consisting of silyl, alkyl, aryl
and combinations thereof having up to 10 carbon or
silicon atoms or an adjacent pair of R' groups form a
hydrocarbyl ring fused to the cyclopentadienyl moiety;

E is silicon or carbon;

X each occurrence is hydride, halo, alkyl,
aryl, aryloxy or alkoxy of up to 10 carbons;

m is 1 or 23 and
n is 1 or 2 depending on the valence of M.

Examples of the above éost 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 is
cyclopentadienyl, indenyl, tetrahydroindenyl, fluorenyl,
octahydrofluorenyl, etc.; R' on the foregoing
cyclopentadienyl groups each occurrence is hydrogen,
methyl, ethyl, propyl, butyl, pentyl, hexyl; (including
isomers), norbornyl, benzyl, phenyl, ete.; and X is
chloro, bromo, iodo, methyl, ethyl, propyl, butyl,
pentyl, hexyl, (including isomers), norbvornyl, benzyl,
phenyl, etc. Specific compounds include: (tert-
butylamido) (tetramethyl-n5-cyclopentadienyl)-1,2-
ethanediylzirconium dichloride, (tert-butylamido)(tetra-
methyl-nS-cyclopentadienyl)-1,2-ethanediyltitanium

vin
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-67- (12.8 mol ) sodium 1, 2, 3, 4-tetranet hyl cycl opent adi enide in 30 nL

di net hyl ether. The reaction m xture was stirred several hours, then the
sol vent was renoved, the residue was extracted with pentane and filtered.
The pentane was renoved under reduced pressure to give the product as a
light-yellow oil. Mass spec: me 272 (8% . [err]HNVR (CJerr]Derr]) [err]
2.70 (s, 1H, 1.83 (s, 6H, 1.69 (s, 6H, 0.28 (s, 6H, 0.23 (s, 6H);
[err]C NWR ((err]Derr]) [err] 135.8, 134.0, 54.4, 14.6, 11.4, 3.2, -2.4.

-22-

dichloride, (methylamido)(tetramethyl-n5-
cyclopentadienyl)-1,2-ethanediylzirconium dichloride,
(methylamido)(tetramethyl-n5-cyclopentadienyl)-1,2-
ethanediyltitanium dichloride, (ethylamido)(tetramethyl=-
né-cyclopentadienyl)~methylenetitanium dichloride,
(tert-butylamido)dimethyl(tetramethyl-n5-
cyclopentadienyl)silanetitanium dichloride, (tert-
butylamido)dimethyl(tetramethyl-ns-cyclopentadienyl)
silanezirconium dibenzyl, (benzylamido)dimethyl-
(tetramethyl-nS-cyclopentadienyl)silanetitanium
dichloride, (phenylphosphido)dimethjl(tetrameﬁhyl-n5-
cyclopentadienyl)silanezirconium dibenzyl, and the like.

The complexes can be prepared by contacting the
metal reactant and a group I metal derivative or
Grignard derivative of the cyclopentadienyl compound in
a sdlvent and separating the salt byproduct. Suitable
solvents for use in preparing the metal compleges are
aliphatic or aromatic liquids such as eyclohexéne,
methyleyclohexane, pentane, hexane, heptane,
tetrahydrofuran, diethyl ether, Cq_y alkyl ethers of
mono- or diethylene glycol, Cq_y alkyl ethers of mono-
oﬁ'dipropylené glycol, benzene, toluene, xylene,
ethylbenzene, etec., or mixtures thereof.

In a preferred ?mbodiment, the metal compound
is MXh,.1, ie. M is in a, lower oxidation state than in
the corresponding compound, MX,,2 and the oxidation
state of M in the desired final complex. A _
noninterfering oxidizing ageént may thereafter be
employed to raise the oxidation state of the metal. The
oxidation is accomplished merely by contacting the
reactants utilizing solvents and reaction conditions
used in the preparation of the complex itself. By the
term "noninterfering oxidizing agent" is meant a




(b) 1-(Tert-butylam no)-2-(tetranethyl cycl opentadi enyl) -

-1,1,2,2-tetranet hyl di sil ane To a solution of 3.000 g (11.0 mol)
1-chloro- 2-(tetranethylcyclopentadienyl)-1,1,2,2-tetranethyl- disilane in
50 mL. ether was added 2.422 g (33.1 mmol ) tert-butylam ne. Precipitate
formed rapidly. The slurry was stirred for several days at room
tenperature, then was gently heated to drive the reaction to conpletion.
The sol vent was renoved, the residue was extracted with pentane, the am ne
hydrochl oride was filtered and the pentane was renoved under reduced
pressure to give the product as a yell ow2drl. The yield was 3.150 (92.5%.
Mass spec: me 309. J[err]HNWR (Cerr]Derr]) 8 2.75 (s, 1H), 1.95 (s,
6H), 1.82 (s, 6H),1.08 (s, 9H), 0.51 (s, 1H), 0.24 (s, 6H), 0.16 (s, 6H);
[err]C NWR (( err] Qompsind &atBig 2n d3tiatiodbpolenblaB suBdidient4td 11.6, 3.3,

-1. 4. (c) Dilithi lf%‘l;e (i;lf‘er hepﬁ ﬂxaﬁaﬁ% gﬁiéeeh"léﬁ@}th)ihterferlng with

- cycl opent a- di eny| )the <4'«5_*52.i.r'edt ce:cgulx’p pgrmatmn or subsequent

polymerization processes. A partlcularly suitable
noninterfering oxidizing agent is AgCl.

In order to assist in the handling of the metal
compounds employed in the present process corresponding
to the formula MX,,», it may be beneficial first to form
a solid adduct thereof by the use of a suitable
coordinating agent according to well known techniques in
the art. For example, whereas titanium tetrachloride is
a fuming liquid which is difficult to handle, oné may-
first form an adduct of TiCly with an ether, tertiary
amine, tertiary phosphine or other basic nonprotic
compound. The resulting solids may be more easily

f handled. A preferred coordinating adduct is
tetrahydrofuran.

The reactions employed in prepqripg the metal
complex. may be conducted either heﬁercgeneously or
homogeneously. That is, the various reactants or the
reésulting product need not be substantially soluble in
the solvent mixture. Generally the reactants are
épntacted under an inert atmosphere for a time from
several minutes to several days. Agitation may be
employed if desired. The.temperature of the reaction is
generally from -90°C to 150°C, preferably from -20°C to
T0°C.

Suitable catalysts for use according to the
present invention are prepared by combining the metal
coordination compound and activating cdcatalyst compound
in any order and in any suitable manner. Preferably the
ratio of the coordination complex and cocatalyst on a

.....




To a solution of 3.00 g (9.72 nmmol) 1-(tert-

butyl am no) - 2- (tetranet hyl cycl opentadi enyl )-1,1,2,2- tetranethyldisilane in
100 nL ether was slowy added 7.70 nL of 2.60 M(20 2 mmol ) ‘butyl |ithium
in mxed C[err] - 68-

—24-

molar basis is from 1:0.1 to 1:10,000. It will, of
course, be appreciated that the catalyst system may also
be formed insitu if the components thereof are added
directly to the polymerization process and a suitable
solvent or diluent, including condensed monomer, is used-
in 'said polymerization process. Suitable solvents
include toluene, ethylbenzene, zlkanes and mixtures
thereof. In certain cases the catalysts may be isolated
from solution and retained under inert atmosphere prior
to use. The catalysts' components are_sensitive to both
moisture and oxygen'and:should be handled and
transferred in an inert atmosphere such as nitrogen,
argon or helium or under vacuum.

The polymerization is usually conducted
according to known techniques for Ziegler-Natta or
Kaminsky-Sinn type polymerizations. That is, the
monomer(s) and catalyst are contacted at a temperature
from -30°C to 250°C, at reduced, elevated or atmospheric
pressures. The polymerization is conducted under an
inert atmosphere which may be a blanketing gas such as
nitrogen, argon, hydrogen, ethylene, ete. or under
vacuum. Hydrogen may additionally be utilized in the
control of molecular weight through chain termination as
is previously known in the art. The catalyst may be
used as is or supported on a suitable support such as
alumina, MgCl, or silica to provide a heterogeneous
supported catalyst. A solvent may be employed if
desired. Suitable sdlvents include toluene,
ethylbenzene, ‘and excess vinylidene aromatic or olefin
monomer. The reaction may also be conducted under
solution or slurry conditions, in a suspension utilizing
a perfluorinated hydroecarbon or similar liquid, in the
gas phase, ie. utilizing a fluidized bed reactor, or in

e
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al kane solvent. The resulting slurry was stirred several hours. then
filtered and washed with ether, then dried under reduced pressure to give
the product as a white powder. The yield was 2.918 g (93.4%. [err]H NWR
(THF d-8) [err] 2.05 (s, 6H), 1.91 (s, 6H),0.87 (s, 9H), 0.25 (s, 6H),
-0.03 (s, 6H); [err]C NWR (THF d-8) 8 117.3, 113.6, 53.5, 38.4, 34.1, 14.2
11.3, 8.4, 2.2. (d) 1l-(tert-butylamdo)-2-(tetranethyl-[err]-cyclopenta-
dienyl)-1,1,2,2-tetranet hyl di sil anetitani um dichl ori de A slurry
of 0.7500 g (2.333 mml )dilithium ~25-

1-(tert-butylam do)-2-(tetramet hyl cycl opent adi enyl ) -

1,1,2,2-tetranethyl disilane and 0. 7790 g (2.333 nmmol) Ti d [err](THF)[err]

in 50 i toluene %E'ﬁﬁf‘s‘i E%de’i‘egﬂﬁﬂer‘iﬂlﬁo dheuéﬂaq pRpgg yeact i on

m xture was filterg ent was r e a sticky red

solid. This was e‘?&freggﬂéﬁl ‘Vﬁ°f‘ﬂt pcéfnt ﬁepraﬁﬁanpo‘fﬁt@rlgﬁt ga“ﬂf ger2ai&Ent rati on

and cooling at - 3B[ee@pyGnqunssfihedz spceqssfully result in formation of
polymer. Such amounts may be readily determined by the

routine experimentation by the skilled artisan.
Preferred amounts of catalyst and cocatalyst are
sufficient to provide an equivalent ratio of addition
polymerizable monomer:catalyst of from 1x1010:1 to
100:1, preferably from 1x108:1 to 500:1, most
preferably 1x10%:1 to 1000:1. The cocatalyst is
generally utilized in .an amount to provide an equivalent
ratio of cocatalyst:catalyst from 10,000:1 to O. 1 1,
preferably from 1, 000 1 to 1:1. :

It is to be understood that the metal complex
may undergo various transformations or form intermediate
species prior to and during the courée of a
polymerization. Thus other precursors could possibly be
conceived to achieve the same catalytic species as are
herein envisioned without departing from the scope of
: the present'invention.

. The resulting polymeric product is recovered by
filﬁering or other suitable technique. Additives and
adjuvants may be incorporated in the polymers of the
present invention in order to provide desirable
characteristics., Suitable additives include pigments,
UV stabilizers, antioxidants, blowing agents,.
lubricants, plasticizers, photoSensitizers, and mixtures
thereof. ’

In the preparation of copolymers containing
vinylidene aromatic or hindered aliphatic vinyl monomers
it is desirable that a comonomer that is an a-olefin
that is not particularly sterically hindered also be




shiny mcrocrystalline red product was collected on a frit and washed with
cold pentane to renove a dark red oily material. Yield: 0.3643 g, 36.6%
1H NWR (C6D6) [err] 2.20 (s, 6H), 1.94 (s, 6H), 1.48 (s 9H), 0.44 (s, 6H),
0.43 (s, 6H). 13C NWR(C6D6) [err] 137.7, 135.5, 112.7, 65.9, 35.4, 16.6,
12.5, 2.-8, -2.1. Polynerization The pol yneri zati on procedure of
Exanpl e 80 was fol |l owed using 10 m cronoles of the above conpl ex. The N
polymer yield was 12.1 g, Mv = 62, 400, -34¥ Mn 8.45, nelt index 6. 14,
density 0. 9441. _

employed. Without wishing to be bound by any particular
theory of operation, it is believed this is because the
active site becomes crowded with the incorporation of
the hindered vinyl compound making it unlikely that
another hindered vinyl compound could enter into the
polymerization as the next monomer in the sequence.
After the incorporation of one or more olefins other

. than a hindered vinyl compound the active site once
again becomes available for inclusion of a hindered
vinyl monomer. On a limited basis however, the
vinylidene aromatic monomer or sterically hindered vinyl
monomer may insert into the polymer chain in reverse
order, ie. so as to result in two methylene groups
between the substituted polymer backbone moiety.

Preferably such polymers possess a Mw of
greater than 13,000, more preferably greater than 20,000
and most preferably greater than 30,000. Also
preferably such polymers possess a melt index (Iy), ASTM
D-1238 Procedure A, condition E, of less than 125, more
preferably from 0.01 - 100 and most preferably from 0.1
to 10. ' )

Due to the use of the_previously mentioned
catalyst system comprising a coordination complex having
constrained geometry, copolymers may be prepared that

' iﬂsorporate relatively bulky or hindered monomers in
substantially random manner at low concentrations, and
at higher concentrations according to an ordered
insertion logic. The copolymers of a-olefins,
especially ethylene and a hindered aliphatic vinylidene
compound or-vihylidene aromatic monomer can further be
described as "pseudo-random". That is, the copolymers
lack well defined blocks of either monomer, however the
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- 69- Exanol e 85 Preparation of
1-(Tert-butylam do)-2-(tetramethyl-[err]-cycl opent a- :
dienyl)-1.1.2. 2-tetranet hvl di silanezirconi um di chl ori de A slurry
of 0.7500 g (2.333 nmol ) dilithiuml -
(tertbutyl am do)-2-(tetranethyl cycl opent adi enyl) - -
1,1,2,2-tetranet hyl -di sil ane. (prepared according to the techni que of
Exanpl e 84) and 0.5436 g (2.333 mmol) Zr@7Ferr] in 75 nL tol uene was
stirred for several days. The pale yellow reaction mxture was filtered
and the sol vent was

respective monomers are limited to insertion according

to certain rules.

These rules were deduced from certain
experimental details resulting from an analysis of the
polymers. The polymers were analyzed by 3¢ NMR
spectroscopy at 130°C with a Varian VXR-300 spectrometer-
at 75.4 MHz. Samples of 200 to 250 mg polymer were
dissolved in 15 mL of hot o-dichlorobenzene/1,1,2,2-
tetrachloroethane-d, (approximately 70/30, v/v) which
was approximately 0.05 M in chromium (III)
tris(acetylacetonate) and a portion of the resulting
solution was added to a 10 mm NMR tube. The following
parameters and conditions were used: spectral width,
16,500 Hz; acquisition time 0.090 s; pulse width, 36°
delay, 1.0 s with the découpler gated off during the
delay,; FT size 32K; number of scans, >30,000; line
broadening, 3Hz.. Spectra, as recorded were referenced
to tetrachloroethane-d, (873.77 ppm, TMS scale).

Therefor, without wishing to be bound by any
particular theory, the results of the foregoing '
experimental p?oéedﬁres indicate that a particular
distinguishing feature of pseudo-random copolymers is
the fact that all phenyl or bulky hindering groups
substituted on the polymer backbone are separated by 2
or more methylene units. In other words, the polymers
comprising a hindered monomer of the present invention
can be described by the following general formula (using
styrene as the hindered monomer for illustration):

| © @

where j, k, and I =1

ORI o, o,




removed. The residue was extracted with pentane and filtered. After
concentration and cooling at -35[err]Cin a freezer, the product as
colorless crystals was collected on a frit. Yield: 0.6720 g, 61.3%
[err]H NWVR (C[err]Dlerr]) [err] 2.14 (s, 6H ), 1.94 (s, 6H), 1.49 (s, 9H),
0.36 (s, 6H), 0.34 (s, 6H. [err]CNWR ((ferr]Derr]) [err] 134.1, 131.0,

119.1, 58.4, 34.2, 15.1, 11.8, 4.7, -2. Exanpl e 86 Preparation of
(Tert- butylamdo)(dlnethvl)(tetranethyl2 err] cycl o-
pent adi enyl ) si | anezi rconi um di net hvl A sol ution of O. 5000 g (1.215

mrol ) (tert- butylam do)(dinmethyl)(tetranethylcyclopenta-
di enyl ) si | anezi r coni um dilohfarihgée expBHapiomtdiethedPresoing t o -40[err]C

To this was sl ow yxgéidednida¥ knbaltR@dritthicl trRsum solantiwithot 72 M 2. 43
mmol ). The react i QE‘SAE}RQ Ugebe\’\@ﬁu%l%gg %&%56-3} theory ti@mpes ajdire for

several hours. The vent was reno
concluded that during the addition polymerization

reaction emploving the present catalysts, if a hindered
monomer is inserted into the growing poivmer chain, the
next monomer inserted must be ethylene or a hindered
monomer whlch is 1nserted in an inverted or "tail-to-
tail" fashion. This is illustrated below for a hindered
vinyl monomer where M is the catalyst metal center, HG
is a hindering group, and P is the growing polymer

~ chain: .

HG

hindered monomer
insertion

M
——\\\F‘P +
ethylene insertion \/T

HG
HG
: . HG '
M
M .
\\ P + \ . P
HG tail-to tail \
. insertion HG
HG
M _—__//
\r P + - _*—-’ M \/\r |4
" head-to-tail
HG not allowed




residue was extracted with pentane and filtered. The filtrate was
concentrated and chilled to -40[err]C. The colorless crystals which forned
were isolated by decanting away the supernatant. Yield: 0.2215 g, 49.2
percent [err]H NVR (Cferr]Derr]) [err] 1.97 (s, 6H), 1 91 (s. 6H), 1.40
(% 9H), 0.46 (s, 6H), 0.00 (s, 6H. [err]C NMWR

During the polymerization reaction, ethylene
may be inserted at any time. After an inverted or
"tajil-to-tail"™ hindered monomer insertion, the next
monomer must be ethylene, as the insertion of another
hindered monomer at this point would place the hindering
substituent closer together than the minimum'separation
as deseribed above. A consequence of these
polymerization rules is the catalysts of this invention
do not homopolymerize styrene to any appreciable extent,
while a mixture of ethylene and styrene is rapidly

.polymerized and may give high styrene content (up to 50
mole percént'styrene) eopolymeré. -

As a further illustration of the deseription-of
thé u-olefin/hindered monomer copolymer of the present
lnventzon, a computer model of the polymerization
reaction was used to calculate the expected 13¢c NMR

i spectrum of the polymer product. The computer program
‘utilized a random number generator to select either a-
olefin or hindered monomer to be inserted into a growing
polymer chain, then calculated the number of each type
of 13C NMR signals resulting from that insertion.
Polymers were computer generated by repeating this
process for 10,000 or more monomer insertions, and the
resulting calculatéd 3¢ nMR spectrum was compared to
actual experimental'13c NMR spectra for pseudo-random
ethylene/styrene copolymers of the invention.
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(Cerr]Derr]) [err] 130.2, 125.3, 95.7, 54.7, 35.4. 34.0, 13.9. 10.9, 6.2.
Exanpl e 87 Preparation of Preparation of
(tert-butylam do)di methyl (n[err]-cyclo- pentadienyl)silanetitanium
dichloride (a) (Chloro)(cyclopentadienyl)(dinmethyl)silane A
solution of 149 g (1.16 nol) Me[err]SiC[err] in 750 nL diethyl ether was
cooled to -78[err]C. Solid sodium-cycl opentadienide (30 g, 0.341 nol) was
added via a powder addition funnel over a period of 1.5 hours. The
reaction mxture was allowed to warmtqg.roomtenperature and was stirred
for 16 hours. The ether and some Me2SiCI'2 were distilled out; then
exhaustive vacuumdistillation renoved the remaining ether, Me2Si d 2 and

Computer simulations of the polymer and
resulting '3C NMR spectra of the calculated pseudo-
random ethylene/styrene copolymers were performed using
the constraint that if styrene monomer were inserted
into the growing polymer chain, the next monomer
inserted must be ethylene or a styrene which is inserted
in an inverted or "tail-to-thil" fashion. Optimum fits
between experimental and calculated spectra were
obtained if approximately 15 percent of the styrene
insertions are in the "tail-to-tail" manner. The .
observed and calculated !3C NMR spectfa for such pseudo-
random ethylene/styrene copolymers containing 1.4, 4.8,
9.0, 13, 37, and 47 mole percent styrene are shown in
figures 8-13. 1In each case, the observed and calculated
spectra are in excellent agreement.

Computer simulation of the polymer and
resulting 3¢ NMR Spectra of completely random a-
olefin/hindered monomer copolymérs were then performed
using no constraints on hindered monomer insertion. In
other words, the hindered monomer was allowed to insert
into the growing polymer chain after a previous hindered
monomer insertion if the random number generator
selected hindered monomer as the next monomer to be
inserted. The calculated spectra for these completely
random copolymers do not agree with the observed 13C NMR
spectra, as shown in figure 14 for a 37 mole percent
styrene containing ethylene/styrene copolymer.

Prior to polymerization according to the
present process the monomers and solvents, if any, may
be purified by vacuum distillation, and/or contacted
with molecular sieves, silica, or alumina to remove
impurities. In addition, reactive blanking agents, such
as trialkylaluminum compounds, alkali metals and metal
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t he product fromthe NaC forned in the reaction. The product after
fractionation was obtained in good yield as a light-yellow oil. Mass spec:
me 158 (16%. (b) (Tert-butyl am no) (cycl opentadi enyl) (di et hyl)sil ane

To a solution of 3.69 g (50.4 nmmol) tert-butyl amne in 45 nL THF was added
2.00 g (12.6 mmol) (chloro)(cycl opentadi enyl) (di methyl)silane. Precipitate
formed quickly. The slurry vias stirred for several days, then the am ne
hydrochl oride was filtered off and the sol vent was renoved under reduced
pressure to give the product as a very pdiie yellowi sh oil. The yield was
2.069 g (84.29% . WMass spec: mle 195 (6% . [err]H and [err]C NVR show t he
presence of several cycl opentadi ene isoners.

alloys, especially Na/K, may be used to remove
impurities.

Suitable vinylidene aromatic monomers which may
be employed according to the present invention include
styrene as well as a-methyl styrene, the Cq-Cy alkyl- or:
phenyl- ring substituted derivatives of styrene, such as
ortho-, meta-, and para-methylstyrene, or mixtures
thereof, the ring halogenated styrenes, vinylbenzo-
eyclobutanes, and divinylbenzene. A preferred

- vinylidene aromatic monomer is styrene.

In the polymerization of vinylidene aromatic
monomers or hindered aliphatic vinylidene compoﬁhds and
olefins the monomers are preferab;y combined in a
proportion so as to achieve a vinylidene aromatic

- monomer (or-hindered aliphatic vinylidene compound)
content of at least 1.0 mole percént in the resulting
polymer more preferably from 1.5 to less than 50 mole
percent, highly preferably 5.0 to 48 mole percent, and
most'preferably from more than 8.0 up to 47 mole
percent. Preferred operating conditions for such
polymerization reactions are pressures from atmospheric
to 1000 atmospheres and temperatures from 30°C to 200°C.
Polymerizations at temperatures above the
Autopolymerization temperature of the respective
monomers may contain small amounts of homopolymer
polymerization products resulting from free radical
polymerization.

Certain of the polymers prepared according to
the present invention, especially copolymers of ethylene
and an a-olefin other than ethylene, are characterized
by unique rheological properties. In particular, it has
been found that the polymers (hereinafter called Elastic
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-71- (c) Dilithium (tert-butyl am do) (cycl opentadi enyl)- (dinethyl)silane
To a solution of 1.500 g (7.69 muol) i
(tertbutyl am do) (cycl opent adi enyl ) (di methyl)silane in 60 nL ether was
slowy added 6.21 nL of a 1.72 M (10.68 mmol ) ether solution of
methyllithium then 1.81 nL of 2.6 M (4.706 mml) butyllithiumin m xed

al kane solvent (15.39 mmol total alkyllithiuns). The resulting slurry was
stirred overnight, then filtered and washed with :

- -32-

Polyethylenes or ELPEs) are less Newtonian than
conventionally prepared linear polyethylene resins of
similar olefin content. The polymers also have higher
elastic modulus particularly at high melt indices
compared to such conventional pelymers. This property
makes the resin especially useful in the - -formation of
films, foams and fabricated articles, for example by
blow molding techniques. The above phenomenon is more
particularly defined by reference to Figure 16 wherein
complex viscosity, n¥* measured in poise at 190°C , is
plotted as a function of shear rate, @, measured in
radians per second for a typical ELlPE copolymer ,of
ethylene and 1-octene according to the invention; The
slope of this curve indicates the melt is highly non-
Newtonian. The actual values of n* and w utilized in
the graph are: :

n* @ n* @ n* @
1.962X% 10° 0.01000 3.230)( 10t 0.2512 1.088x10* 6.310
1‘.511 X10° 0.01585 2.713x10* 0.3981 9.336x10° 10.000
1:115 xX10% 0.02512 2.293x10* 0.6310 7.964%10° 15.850

-8.292X10* 0.03981  1.966X10* 1.0000 6.752x10° 25.129
78.322x 10 0.06310 1.701x10* 1.5850 5.877x10° 39.810
4.920% 10 0.10000 1.464X10* 2.5120 4.721x10° 63.100

-3.956Xx10* 0.15850 1.265%X10° 3.9810 3.854x10° 100.000




pent ane, then dried under reduced pressure to give the product as a white
powder. The yield was 1.359 g (85.2%. 1H NVR (THF d-8) [err] 5.96 (t,

2H), 5.87 (t, 2H), 1.10 (s, 9H), 0.05 (s, 6H). [err]CNIVR(THF d-8) d
114, 105.2, 103.5, 52, 38.3, 7.3. (d)

(Tert butylan1do)d|nethyl([err] cycl opent adi enyl ) si | ane tltanlun1d|chlor|de
0.7000 g (3.38 mml ) Dilithium

(tertbutyl am do) (cycl opent adi enyl ) (di neghyl )silane and 1.128 g (3.38 mmuol)
TiCl[err].(THF)[err] were conbined in a flask with 75 nL toluene. The

resul ting yellow slurry turned nuddy red-brown within a few hours. The

reaction mxture was st |A'lrs%d%%oqcrtgge\l/grl;alcugguce genhg q%nr dea?.?xl LULEON was

filtered and the sol vent's der = crystalline
material formed ke %% ELRR BRL¥ReDenthhd Bidef i‘Ft‘é’rlé?&ef'% 3ndb¥e the
sol ubl e red i npuratgyuXatedh bsheubnowng pheduiscousThedylivsl ¥alwes b@. BBE9 ¢

(50.99% . [err]H NYRs£{d abthASr I The [Rthkl GediQebt of Adh, §Gl7w

utilized in the graph are:

tan 6 @ tan § ® tan & ®

0.5526 0.01000  1.243 0.2512 1718 6.310
0.5231 . 0.01585  1.381 0.3981  1.677 10.000
" 05771 002512 1543 0.6310  1.620 15.850
0.6597 0.03981 1615 1.0000  1.552 25.120
0.7971 0.06310  1.690 1.5850  1.475 39.810
0.9243 0.10000  1.729 25120  1.398 63.100
1.080 0.15850  1.737 39810 1.315 100.000

For improved performance in melt blowing
applications preferably the tan § value is from 0.1 to
3.0 for shear rates between 0.01-100 radian/sec.

_ A further property of ELPE polymers is
illﬁStrated by reference to Figure 16 . The elastic
modulus in dynes/cmz, G'; at 0.1 radian/sec., and 190°C
for several ethylene/l1-octene E1PE resins is plotted as
a function of melt index. The resins utilized include
those of Examples 11, 12, 14-16, 18-22, 24-25, 30 and
31.

The v;lues of melt index and elastic modulus
utilized in the graph are as follows:

REPLACGNENT SHEET
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(t, 2H), 1.38 (s, 9H), 0.18 (s, 6H). Jerr]C NWR (C(err]Dlerr]) [err]
126. 3, 125.6, 110.0,63.7, 32.2, -0.2. Polynerization

LLf-,;s1:;

Melt Elastic Melt Elastic Melt Elastic

Index Modulus Index Modulus Index Modulus |
0.10 98760 3.34 4381 18.42 9669
0.15 35220 5.34 ; _ 5858 31.2 4516
0.18 35920  6.38 10480 3153 5012
0.22 ' 14270 10.12 5276 31.68 3238
0.45 ' 11140 10.66 6222 +41.02 2972
1.72 3003 16.28 2697 . - -

2.46 10620 16.32 8612 - -

Typical properties of n* and @ for a
conventionally prepared polyethylene resin are provided
in Figure 17 for comparison purposes.

It is readily seen that E1PE resins are
lcharaeterized by high elastic modulus in the melt. 1In
particular, E1PE resins have a melt index ((I,), ASTM D-

1238 Procedure A, condition E), less than 200,
preferably less than 125, most preferably less than 50

and, an elastic modulus greater than 1000 dyne/cmz, more
preferably'greater than 2600 dyne/cmz. All of the
foregoing rheological measurements are performed by
standard techniques such as are disclosed in H. A.
Barnes et al., Introduction to Rheology, Elsevier,
publishing, Inc., 1989. Densities normally range from
0.85 to 0.97 g/ml, preferably from 0.89-0.97 g/ml.
Molecular weight distributions (Mw/Mn) are greater than
2.0, preferably from 3.0-10.0. Typically melting points
range from 50°C to 135°C.

Preferred polymers additionally demonstrate
properties of homogeneous polymers as defined in USP

:*WJE_A&E%E R
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-72- The pol ynerizati on procedure of Exanple was foll owed using
10 mcronol es of the above conplex. The polyner yield was 28.1 g, Mv =

108, 000, Mwm Mh 3.22, density = 0.9073, nelt index = 2.92. Exanple 88
Preparation of (Tert-butvlam do)dinethyl ([err]-cycl opentadienyl)silane-

-35-

3,645,992, ie. ethylene copolymers having substantially
random comonomer distribution within a given molecule
and substantially the same ethylene/comonomer ratio
between molecules. Polymers produced at elevated
polymerization temperatures, especially temperatures
greater than 130°C, may exhibit a heterogeneous melt
curve. The polymers of the invention are further marked
by high clarity. In particular the polymers have better
optical properties, especially lower haze than typical
ethylene polymers, making them especially well suited

- for film and injection molding applications.

In addition those polymers comprising an olefin
and a vinylidene aromatic monomer, especially ethylene
and styrene, have surprisingly been found to possess
elastomeric properties. Thus, such polymeré are
uniquely suited for use in applications for
thermoplastic elastomers such as impact modification of
thermoplastic and thermosetting polymers including
bitumens; adhésives; elastomeric moldings; ete.

The polymers of the invention may be modified
by typical grafting, crosslinking, hydrogenation, '
functionalizing, or other reactions well known to those
skilled in the art. With particular regard to the
:polymers comprising vinylidene aromatie,
vinylcyeclohexene, or 1,4-hexadiene functionality, the
same may be readily sulfonated or chlorinated to provide
functionalized derivatives according to established
techniques. Additionally, the vinylcyclohexene based
polymers are readily crosslinkable by reaction of the
unsaturated ring functionality.

The polymers of the present invention, whether
or not further modified, may be blended with synthetic

St e "




zi rconi um di chl ori de To 0.6747 g (2.90 mml) ZrCl[err] in a flask
was slowy added 4 nlL diethyl ether, then 4 nL THF. The excess sol vents
were renoved under vacuumto yield a solid which was broken up to a powder
The solid was conmbined with 0.6008 g (2.90 nmol) dilithium (tert-
but yl am do) (cycl opent adi enyl ) (di net hyl ) si |l ane (prepared according to the
techni que of Exanple 87 and 75 nL toluene. The resulting slurry was
stirred for several days after which the colorless solution was filtered,
the sol vent renoved under reduced pressure and the residue was slurried in
pent ane. The product was collected on afrit and dried under reduced
pressure. Yield was 0.6186 g (60.09% . [err]H NVMR ((ferr]Dferr]) [err] 6.43
(t, 2H, 6.08 (t, 2H), 4.17 (br s, 6H), 1‘27t§§’ 9H), 1.03 (br s, 6H), 0.22
(s, 6H). 13C NMR (] BRbqI3'ePpiymersr £9 Preyide bippda haydggslesigabdy o 32, g,
25.2, 0.7. The strorepereiesas Eh@antbyudarr aylyathylend ogthplenet/o~be di neric
(bridging chlorideskrif dpe150ers] pbBdropylene, polystyrene,

styrene/acrylonitrile copolymers (including rubber

modified derivatives thereof), syndiotactic polystyrene,

polycarbonate, polyamide, aromatic polyester,

poiyisocyanate, polyurethane, polyacrylonitrile,

silicone, and polyphenyleneoxide polymers may be blended

with the polymeric compositions of the present

invention. The polymeric modifier is utilized in

amounts from 0.1 to 99.0 preferazbly 0.5 to 50 weight

percent. '

In a highly preferred embodiment of the
invention the polymers containing ethylene and styrene
are elastomeric as defined in.the definition of an
elastomeric substance by ASTM Special Technical Bulletin
No. 184 as a substance that can be stretched at room '
temperature to twice its length’and will return to its
original length upon release.

‘ In addition to modification of synthetic
thérmoplastics the present polymers are also usefully
employed as modifiers for asphalt or bitumen
eompositions. Desirably the polymers of
styrene/ethylene are utilized in this manner.

The term "bitumen" can genefally be defined as
mixtures of hydrocarbons of natural or pyrogenous origin
or combinations of bath, frequently accompanied .by their
non-metallic derivatives, which may be gaseous, liquid,
semi-solid or solid, and which are usually soluble in
carbon disulfide. For the purposes of the present
invention, bitumen of a liquid, semi-solid or solid
nature may be utilized. From a commercial standpoint,

{RBPLACEVERT S
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Exanpl e 89 Preparation of (Anilido) (dinethvl)
(tetranmethyl-n[err]-cycl openta- dienvl)silanetitaniumdichloride

-73-

-37-

bitumen is generally restricted to asphalts and tars and
piteches. iisting of various bituminous materials
which can be utilized in the present invention include

the following:

I. Asphalts
1. Petrcleum Asphalts
4. Straight-reduced asphalts‘
i. Atmospheric or reduced-pressure reduction
2. Solvent precipitated, as with propane
Thermal asphalts, as residues from cracking
cperations on petroleum stocks '
C. Air-blown asphalts
. Straight-blown
. "Catalytic"~blown
2. Native Asphalts
A. With mineral content below 5 percent
t. Asphaltites such as gilsonite, graphamite,
and glance pitch )
2. Bermudez and other natural deposits
B. With mineral content over 5 percent
1. Roek asphalts
2. Trinidad and other naturai deposits

Pl
1
-~
ol
&

II. Tars and Derivatives
1. Residua from coke-oven-dried coal tars
. A. Coal tars reduced to float grades, as RT
;(road tar) grades for paving purposes
B. Coal-tar pitches, with reduction carried out
to softening-point grades
2. Residua from other pyrogenous distillates as
from water-gas, wood, peat, bone, shale, rosin,
and fatty acid tars.

As can be readily appreciated by those skilled
in the art, the weight average molecular weight of the




(a) (Anilido)(dinethyl)(tetranethylcycl opentadienyl)- -silane To a
solution of 1.500 g (6.98 mmol) : '
(chloro) (di met hyl) (tetramet hyl cycl opent adi enyl )silane in 50 nL THF was
slowy added 0.6911 g (6.98 mml) lithiumanilide. Mnitoring by GC

i ndi cated the reaction was inconplete. Additional lithiumanilide (0.08 g,
7.78 mmol total) was added. The reaction m xture was stirred overnight. The
sol vent was renoved, the residue was exbraet ed with pentane and filtered.
The pentane was renpved under reduced pPéssure to give the product as a
pale yellow oil. - The yield was 1.875 g (99.2% . Mass spec. me 271 (13%.
[err]HNWR (Cerr]Derr]) [err] 7.24 (m 2H), 6.76 (t, 1H), 6.60 (d, 2H),
3.08 (s, 1H), 3.(G4r{sys bErumdnsBOafsyargHpyerl.a79efy wigk) ramged7 fo5, 6H)

[5§r (r)] Cﬁl\/? (g:[legre]xg)l;,gizg ]s),c{.;egﬁflr-;;ﬂzstﬁm td3f0, 9001324 fi t188a Ay, 18Be2, 116.9,
. 0, .3, .3, 2. 2. i . . .
(ani | i do) (di met hﬁ#??'é%’}gaﬁg%'h%u“ kot Wik ious types of asphalt will

cyC ORSH o
also vary such 'as Trom 50°F to 400°F.

0f the many types of asphalts which may be
utilized, petroleum, and native are desired, with
petroleum being preferred. 'Of the petroleum asphalts,
the thermal asphalts are preferred.

The amount of bitumen utilized in the
compositions of the invention preferably ranges from 65
to 99 parts by weight with preferred amounts ranging
from 80 to 98 parts by weight.

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

Example 1 Preparation of

(Tert-butylamido)dimethyl(tetramethyl-n’-cyelo-
pentadienyl)silane zirconium dichloride

To 0.443 g (1.90 mmol) ZrCly in a flask was
added 8 mL diethyl ether, then 15 mL tetrahydrofuran
(TEF). To the resulting slurry was slowly added a
solution of 0.500 g (1.90 mmol) dilithium (tert-butyl-
amido)dimethyl(tetramethylcyclopentadienyl)silane in 15
ml. THF. The resulting yeliow solution was stirred for
several days. The solvent was removed to give a gummy
residue, which was extracted with 5/1 (volume) diethyl
ether/pentane and filtered from a white solid. The
solvent was removed from the yellow filtrate to give a
light-yellow powder.. Recrystallization from
ether/pentane (5/1) yielded the product (CgMey(MepSi-N-




-di enyl ) sil ane To a solution of 1.875 g (6.91 nmol)

(anilido) (dinmethyl)(tetranethyl cycl opentadi enyl)silane in 50 nL ether was
slowy added 5.31 nL of 2.60 M (13.8 mml) butyllithiumin hexane sol vent.
A smal | amount of precipitate formed, but then dissolved. The reaction

m xture was stirred overnight. The product appeared to have collected as a
thick viscous oil in the ether solution The solvent was renoved under
reduced pressure. The resulting white sg%]g was slurried in pentane,
collected on a frit, washed with pentane and dried under reduced pressure
to. give the product as a white powder. The yield was 1.943 g (99.3%.

tert-Bu)ZrCl,) as an off-white crystalline solid. The
yield was 0.2207 g (28.2%). Identification was made by
13¢c and 'H NMR.

Polymerization

"A. Five mL of a 1.009 M solution of methyl‘
aluminoxane (MAO) in toluene was added to a shot tank
containing 25 mL of 4-methyl-i-pentene. The catalyst
solution was prepared by adding 00 pL of a 0.01172 M
solution of CgMey(Me,Si-N~tert-Bu)ZrCl, in toluene to 2
mL of toluene in a second shot taznk. Both shot tanks
were sezled, removed from the glove box, and attached to
a 600 mL stainless steel pressure vessel. The pressure
vessel was evacuated and purged with argon.

The Y-methyl-i-pentene/toluene/MAO solution was
added to the pressure vessel and warmed to 89°C under
620 kPa (90 psig) ethylene with stirring. Upon addition
of the catalyst solution to the Y4-methyl-i-~
pentene/MAO/ethylene mixture, the ethyléne pressure was
increased to 1240-1275 kPa (180-185 psig). After 2
hours the solution was cooled to 30°C and vented. The
yield of polymer obtained after drying under reduced
pressure at 100°C overnight was 10.0 g. 13c NMR
analysis of the polymer showed it to be a random
copolymer of ethylene with 4-methyl-i-pentene.

B. The polymerization procedure of
Polymerization A was essentially repeated except that 50
mL of 1-hexene was used instead of Y-methyl-1-pentene
and the catalyst concentration was 0.01012 M in toluene.
The catalyst solution was added to the 1-
hexene/MAO/ethylene mixture and the ethylene pressure
was inereased to 1240-1275 kPa (180-185 psig). When the

[t
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-74- (c) (Anilido)(dinethyl)(tetranethyl-[err]-cyclopenta-

di enyl)silanetitani umdichloride : A slurry of 0.8025 g (2.333
mvol ) dilithium (anilido)(dinmethyl)(tetranmethylcyclopentadienyl)silane and
0.9871 g (2.333 mml) Tid[err](THF)[err] in 70 nL toluene was stirred for
several days. The red-brown reaction nmixture was filtered and the sol vent

was renoved. The solid was triturated in Q%ntane and t he product was

catalyst solution was added the temperature of the
reaction elimbed to 139°C. After 30 minutes the
solution had cooled to 100°C. Heating and ethylene feed
were discontinued and the reactor was cooled and vented.
The yield of polymer obtained after drying under reduced
pressure at 100°C overnight was 36.8 g. 3¢ NMR
analysis of the polymer showed it to'be a random
cépolymer of ethylene with 1-hexene (8 percent on a mole
basis).

C. The polymerization procedure of
Polymerization A was essentially repeated except that
213 pL of the catalyst solution (0.01172 M in toluene)
was used, and 143 mg of solid MAO was used. No-
additional olefin was added. When the catalyst solution
was added to the reactor the temperature inecreased to
109°C due to the exothermic polymerization reaction.

The reaction was halted after 1 hour by cooling and
venting the reactor. The yield of polyethylene obtained
after drying under reduced pressure at 100°C overnight
was 11.0 g.

D. 150 mL of toluene was added to the pressure
vessel employed in Poiymerization 4, followed by 100 g
of propylene. A solution of 0.828 g of MAO in 8 mL of
-toluene was added, followed by 2130 pL of the catalyst
sSolution. The mixture was allowed to react for 3.0 h at
8°C. The reaction mixture was quenched with acidie
methanol, and 0.38 g of a white, tacky material was
obtained. 13C NMR analysis of the polymer showed it to
be atactic polypropylene. ’
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collected on a frit and washed with cold pentane to renove a dark red oily
material to give the product as a yell ow beige powder. Yield: 0.6400 g,
55.8% [err]H NWR (Clerr]Derr]) [err] 7.32 (d, 2H), 7.18 (m 2H), 6.85
(t, 1H, 2.02 (s, 6H), 1.99 (s, 6H), 0.42 (s, 6H. [err]C NWR '
(derr]Derr]) [err] 152.4, 141.9, 137.8, 129.3, 124.4, 119.6, 105.3, 16.1,
13.0, 2.7. Polynerization 1 The pol yneri zation procedure of
Exanpl e 80 was followed using 10 m cromaies of the above conpl ex. The
polymer yield was 12.8 g, Mv = 103,000, MvW Wh =4.77, density = 0.9387, nelt
I ndex = 6.37. Polynerization 2 Ethvlene/ Styrene Copol yneri zation

The above pol ymerié ' ﬁr Fe_gurg E substantially foll owed except that

900 nmL of m xed al ahbPy 2pRe ; el fof styrene, 345 kPa (50 psi)
(Tert-butylamido)dimethvl(tetramethvl-ns—cvclo—
pentadienyl)silanetitanium dichloride

Preparation 1

(a) (Chloro){(dimethyl)(tetramethyicyclopentadi-2,4-
enyl)silane

To a solution of 21.5 g (167 mmol)
dimethyldichlorosilane in 150 mL THF cooled to -40°C was
slowly added a solution of 8.00 g (55.6 mmol) sodium
1,2,3,4-tetramethyleyclopentadienide in 80 mL THF, The
reaction mixture was allowed to warm to room tempgrature
and was stirred overnight. The solvent was remcvéd, the
residue was extracted with pentane and filtered. The
pentane was removed under reduced pressure to give the
product as a light-yellow o0il. The yield was 10.50 g
(88.0%). 'H NMR (CgDg) 8 2.89 (s, 1H), 1.91 (s, 6H),
1.71 (s, 6H), 0.14 (s, 6H); 13c NMR (CgqDg) & 137.8,
131.5, 56.6, 14,6, 11.4, 0.81.

{b) (Tert-butylamino)(dimethyl)(tetramethylcyclopentadi-
2,4-enyl)silane

A solution of 11.07 g (151 mmol) t-butyl amine
in 20 mL THF was added during 5 minutes to a solution of
13.00 g (60.5 mmol) (chloro)(dimethyl)(tetramethylcyclo-
pentadienyl)silane in 300 mL THF. A precipitate formed
immediately. The slurry was stirred for 3 days, then
the solvent was removed, the residue was extracted with
pentane and filtered. The pentane was removed under
reduced pressure to give the product as a light-yellow
0il. The yield was 14.8 g (97.2%). MS: 251 'H NMR
(C6D6) § 2.76 (s, 1H), 2.01 (s, 6H), 1.84 (s, 6H), 1.09

o et e e et s 5 i



delta hydrogen, and 20 micronoles of [(C[err]Me[err])Si Me[err](tert-
butyl)]TiCllerr] were used. The tenperature of the reactor was 120[err]C
After 10 m nutes, the contents were renoved fromthe reactor, and 62.3 g of
pol yner was recovered. The nelt index was 3. 68.

-75-

42—

(s, 9H), 0.10 (s, 6H); '3c NMR (CgDg) 8 135.4, 133.2,
57.0, 49039 3308, 15-0', 11.2’ 1.30

(e) Dilithium (tert-butylamido)(dimethyl)-
-(tetramethyleyclo-pentadienyl)silane

To a solution of 3.000 g (11.98 mmol) (tert-
bﬁtylamino)(dimethyl)(tetramethylcyclopentadienyl)-
silane in 100 mL ether was slowly added 9.21 mL of 2.6 M
(23.95 mmol) butyl lithium in mixed Cg alkane solvent.

A white precipitate formed and the reaction mixture was
stirred overnight, then filtered. The solid was washed
several times with ether then dried under reduced
pressure to give the product as a white powder. The
yield was 3.134 g (99.8%).

(d) (Tert-butylamido)dimethyl(tetramethyl-qs-

-cyclopentadienyl)silane titanium dichloride .

0.721 g (3.80 mmol) Of TiCly was added to 30 mL
frozen (-196°C) THF. The mixture was allowed to warm to
-78°C (dry ice bath). To the resulting yellow solution
was slowly added a solution of 1.000 g (3.80 mmol)
dilithium (tert-butylamido)(dimethyl)tetra-
methyleyclopentadienyl)silane in 30 mL THF. The

.solution was allowed to warm to room temperature while
-stirring overhight. The solvent was removed from the
resulting very dark solution. The residue was extracted
with pentane and filtered. Cooling in a freezer caused
the separation of a very soluble dark reddish-brown
material from a light yellow-green crystalline solid.
The solid was filtered out and recrystallized from
pentane to give the olive-green product. The yield was
0.143 g, 10.2%. 'H NMR (CgDg) & 2.00 (s, 6H), 1.99 (s,

03 FEB 997




Exanpl e 90 Preparation of (Anilido) (dinethyl)

(tetramethyl -[err]-cycl openta- dienyl)silanezirconiumdichloride

To 0.6905 g (2.963 nmol) ZrCl[err] in a flask was slowy added 3 nL di et hyl
ether, then 4 nL THF. The excess sol vents were renoved under vacuumto
yield a solid which was broken up to a powder. The solid was conbined with
0.8044 g (2.963 mmol ) dilithium (anilido) (dinethyl)
(tectranethyl-n[err]-cycl openta- di enyl_?ul%i | ane and 70 nL toluene. Wthin

m nutes the slurry col or became pal e yellT"owgreen. The slurry was stirred

for several days after which tine the solution was filtered, the solvent

renmoved under reduced pressure and the residue 1}§/as slurried in pentane. The
very pal e yel | owi sii)pr detrt(swaBHlool0- BZt(sd o sa 'PFi ¥MRr{dsBs) &d 1hBder reduced

pressure. [err]H NWR.6C eou.pD[ &2s1,) 3Ret,r N6712113(0, RH).,
Preparation 2 |

In a drybox, 4.0 mL of 2.0 M isopropylmagnesium
chloride in diethyl ether was syringed into a 100 mL
flask. The ether was removed under reduced pressure to
leave a colorless oil. 20.mL of a 4:1 (by volume )
toluene:THF mixture was added followed by 0.97 g of
(tert-butylamino)dimethyl(tetramethyleyclopenta-
dienyl)silane. The solution was heated to reflux.
After 8-10 hours, a white precipitate began to form.
After refluxing for a total of 27 hours, the solu;ion
was cooled and.the volatile materials were removed
under reduced'pressure. The white solid residue was
slurried in pentane and filtered to leave a white powder
(1.23 g, 62 percent yield) of MeyCySiMe N-t-
BuMg,Cl,(THF) 5.

In the drybox, 0.50 g of TiCl3(THF)3 was
suspended in 10 mL of THF. 0.69 g of solid MeyCgSiMepN-
t-BuMgZC12(THF)2 was added, resulting in a color change
from pale blue to deep purple. After 15 minutes, 0.35 g
of AgCl was added to .the solution. The color immediately
Eegan to lighten to a pale green-yellow. After 1 1/2
hours, the THF was removed under reduced pressure to
leave a yellow-green solid. Toluene (20 mL) was added,
the solution was filtered; and the toluene was removed
under pressure to leave a yellow-green microcrystalline
solid, 0.51 g (quantitative yield ). The product's
identity was confirmed as (tert-butylamido)dimethyl-
(tetramethyl—ns-cyclopentadienyl)silanetitanium

1
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7.1 (t, 1H), 6.97 (m 2H), 2.50 (s, 3H), 2.46 (s, 3H), 1.87 (s, 3H), 1.85
(s, 3H, 0.53 (s, 3H), 0.40 (s, 3H. Exanple 91 Preparation of (a)

(p-Tol uidino) (dimethyl) (tetranethvl-[err]-

-cycl opent adi enyl ) si | anezi rconi um di chl ori de

(p- Tol uidi no) (di net hyl ) (tetranet hyl cycl opent adi enyl ) sil ane To a
solution of 2.000 g (9.302 mmol) (chloro) (dinethyl) (2,3,
4,5-tetramet hyl cycl openta- dienyl)silarg4n 70 nL THF was sl owl y added
1.259 g (9.302 mmol ) lithiump-toluidide (0.3 ether adduct by [err]H NWR).
The reaction m xture-was stirred overnight. Mnitoring by GC indicated the

reaction was i ncogplof;addi Uk ORa, (ELEY)uNs Prisdbut ) da . v8s @gded in smal|
| ots :
1.414 (s), 0.414 (s).

Preparation 3

TiCly, 0.72 g (3.80 mmol) was added to 35 mL of
frozen THF (~196°C) in a flask. The mixture was warmed
to -f8°C. A solution of 1.0 g (3.80 mmol) dilithium
(tert-butylamido)dimethyl(tetramethylcyclopentadienyl)~
silane in THF was slowly added. The resulting yellow
solution was warmed to room temperature and stirred
overnight. The solvent was removed to give a dark
residue which was extracted with penténe and filtered.

" The product (CgMey(Me,SiN-t-Bu)TiCl,) was obtained as a
dark greenish-yellow crystalline material after being
recrystallized twice from pentane at -35 to -40°C.
Identification was confirmed by 3¢ and 'H NMR.

Preparation 4

In the drybox, TiCl3(THF)3 (2.0 g, 5.40 mmol)
was suspended in 40 mL of THF. Dilithio (tert-
butylamido)dfmethyl(tetramethylcyclopentadienyl)silane
(1.42 g, 5.39 mmol ) was then added, resulting in an
immediate darkening of the color, eventually to a deep
blue. After 1 1/2 hours of stirring, AgCl (0.84 g, 5.86
mmol) was added. The color immediately began to lighten
to a red/orange. After 1 1/2 hours of stirring, the THF
was removed under reduced pressure. Diethyl ether (50
mL) was added, the solution was filtered, and the
volatile materials were removed under reduced pressure.
This yielded 1.91 g of the product (tert- '
butylamido)dimethyl(tetramethyl—q5-cyclopentadienyl)-
silanetitanium dichloride. T'H NMR (CgDg): & 1.992 (s),
1.987 (s), 1.415 (s), 0.415 (s). '

R I
13 rde &% ¢
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- 76- (0.725 g, 14.7 mol total). The solvent was renoved, the residue
was extracted with pentane and filtered. The pentane was renoved under
reduced pressure to give the product as a yellowoil. The yield was 2.456
g (92.5%. Mass spec. me 285 (22% . [err]HNVR (Clerr]Derr]) [err]
6.96 (d, 2H), 6.57 (d, 2H), 3.07 (s, 1H), 3.01 (s, 1H, 2.17 (s, 3H),
1.91 (s, 6H), 1.80 (s, 6H), 0.08 (s, 6H)u'5-

Polvymerization

Polymerization of a styrene/ethylene mixture
was accomplished by combihing 1.65 mL of a 10 percent
solution of MAQ in toluene with a solution of 45 mL of
toluene and 50 mL styrene'in a 3tainless steel shot
tank. 250 uL of a 0.010 M solution of
(tert-butylamido)dimethyl(tetramethyl-n°-
cyclopentadienyl)silanetitanium dichloride was added to
2.5 mL of toluene in a second shot tank. Both shot
tanks were sealed, removed from the glove box, and
attached to a 600 mL stainless steel pressure vessel.
The pressure vessel was evacuated and purged with argon.

The styrene/toluene/MAO solution was added to
the pressure vessel and warmed to 89°C under 620 kPa (90
psig) ethylene with stirring. At this time the catalyst
solution was added and the pressure was increased to
1275 kPa (185 psig) and regulated between 1240-1275Kpa
(180-185 psig). An exotherm raised the temperature to
95°C. The temperature was lowered to 90°C and was then
regulated between 90-92°C for the remainder of the
reaction.

After 1.0 h the ethylene feed was discontinued.
The reaction was vented to the atmospheré and cooled to
30°C at which time methanol was added. The product was
collected, washed with methanol and residual solvents
were removed under reduced pressure at 120°C which.
resulted in 9.02 g of material. 13¢ MR analysis of
this material showed it to be a random copolymer of
styrene (15.2 percent on a molar basis) and ethjlene,
free of peaks attributed to polystyrene.
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[err]C NWMR (( e

rr]Derr]) [err] 145.0, 136.2, 132.7, 130.2, 126.9,

116. 9,

55.2, 20.5, 14.3, 11.3, -2.2. (b) Dilithium (p-toluidino)(dinethyl)(

cycl opent a- di enyl ) si | ane To a solution of 2.233 g (7.82

mmol) (p- toluidino) (dinmethyl) (tetranethylcyclopentadi enyl)silane in 65
m. ether was slowy added 6.17 nL of 2.60.M (16.0 mmol ) butyllithiumin
solvent. The precipitate-free reaction m xture was stirred

sol vent was renoved unggr reduced pressure. The resulting
slurried in pentane, collected on a frit, washed with

ed under reduced pressure to give the product as a white

eld was_2,34 g (100% [err]H NVR (THF [err]-8) d 6.42 (d,
Qﬁ—2i4ﬂi43¥—4#%——2ﬂ5445¥¥23L), 1.94 (s, 6H), 0.36 (s, 6H)
[err]C NWR (THF [err]- 8) [err] 160.8, 129.1, 121.3, 115.9, 115. 2,
106.2, 20.8, 14.7, 11. ﬁ ggqpe was polymerxzed by comblnlng 5 mL of a

tetramethyl - -

m xed C6 al kane
overni ght. The

white solid was
pent ane and dri
powder. The. vyi
2H), 6.18 (d, 2

1 M solution of triethyl aluminum in mixed Cg alkane
solvent and 0.5 mL of a 0.01 M solution of
(tert-butylamido)dimethyl(tetramethyl-n’-cyclopentadi-
enyl)silanetitanium dichloride in toluene in a stainless
steel (SS) shot tank. The titanium catalyst and
triethyl aluminum cocatalyst solution was then added
under pressure to a 3 L SS pressure vessel containing 2
L of mixed alkane solvent (Isopar™ E, availahle from

. Exxon Chemicals, Inec.) under 3100 kPa (450 psig)

ethylene at 150°C. The reaction temperature was

_maintained at 150°C for 10 minutes. The ethylene

pressure was held constant, and a mass-flow meter
measured the uptake of ethylene to be 15.7 g. The
polymer solution was then removed from the pressure
vessel and the polyethylene was recovered after drying
under reduced pressure at 90°C overnight. Yield was

15.7 g.

Example 4 (Olefin Copolymer Polymerization)

‘ In a glove box under argon atmosphere, 5.0 mL -
of 1.0 M solution of methylaluminoxane (MAQO) in toluene
was combined with 50 mL of 1-octene in a stainless steel
(SS) shot tank fitted with ball valves on both ends. In
another SS shot tank 500 pL (5.06 pmol) of a 0.0101 M
solution of (tert-butylamido)dimethyl(tetramethyl—q5
ecyclopentadienyl)silanezirconium dichloride in toluene
was added to 2 mL toluene.

The shot tanks were sealed, removed from the
glove box and attached to a 600 mL SS pressure vessel.
The pressure vessel was evacuated and purged with argon.

112. 2,




(c) (p-Toluidino)(dinmethyl)(tetramethyl-[err]-cycl openta-

di enyl)silanetitani umdichloride A slurry of 1.000 g (3.363 mmol)
dilithium(p- toluidino) (dinmethyl) (tetramethyl-[err]-cycl openta-

di enyl)silane and 1.123 g (3.363 mmnol) T|C1[err](THF)[err] in 70 nmL

t ol uene. The reaction mxture was stirred several

=47~

The solution of 1-octene and MAQO was added to the
pressure vessel. The solution was warmed to 89°C under
620 kPa (90 psig) ethylene with stirring. At this time
'the catalyst solution was added. An exothermic reaction
occurred which raised the temperature to 142°C. The
ethylene pressure was maintained between 1310-1345 kPa

(190-195 psig).

After 0.5 hour the ethylene feed was
discontinued. The reactor was cooled to 30°C, vented to
the atmosphere, and the reaction was quenched with
methanol. The product was collected on a fritted filter
and washed with methanol. Residual solvents were
removed under reduced pressure at 110°C which resulted.
in 35 g of material. 3¢ NMR analysis indicated that
1-octene was incorporated into the polymer in an amount
of 7.8 mole percent. Differential Scanning Calorimetry
(DSC) indicated a Tm of 100°C. Density 0.895 g/mL,
Mw=44,000, Mw/Mn= 6.8

Example 5 (Olefin Copolymer Polymerization)

The procedure of Example 4 was substantially
repeated excepting that 50 mL of 1-hexene was used
instead of 1-octene. The temperature of the reaction
was maintained at 133-140°C. Polymer yield was 37 g.
Incorporation of l1-hexene was 8 percent on a molar
basis, 21 percent by weight.

Example 6 (a-Olefin Homopolymerization)

A. Y4-Methyl-i-pentene (6.0 mL, 4.0 g) was added
to 1.0 mL of a 1.0 M MAO solution in toluene in a 20 mL
crimp-top vial., To this was added 100 pL of a 0.01172 M
toluene solution of the zirconium complex catalyst of
Example 4. The vial was sealed, shaken, and allowed to




-77- days, then filtered and the solvent was renoved. The resulting
solid was slurried in pentane and the product was collected on a frit and
dri ed under reduced pressure. The yield of olive-brown powder was 0.7172 g,
53.0% [err]HNWR (CJerr]Derr]) [err] 7.26 (d, 2H), 7.01 (d, 2H), 2.08 (s,
3H), 2.04 (s, 6H), 2.00 (s, 6H), 0.45 (s, 6H). 13C NWR (Cerr]Derr]) [err]
150.3, 141.7, 137.5, 133.9, 130.0, 129.7, 119.6, 21.0, 20.6, 16.4, 16.0,
13.3, 12.8, 2.8, 2.6. (d) (p-Tol uidi ngBedi et hyl)
(tetramethyl-[err]-cycl openta- -dienyl)silanezirconiumdichloride
To 07836 g (3.363 mml) ZrC[err] in a flask was slowy added 3 nlL di et hyl
et h?g t helf‘, 3 V\f%_sfﬁl'fd a-@"go%c@e%%eﬁfﬁwt(é%wcecf j?_‘r'"o:PV%jlﬂéggsf M%lrjrtl;m tg h
yi e a soli C S en_up. tqQ a.po r e_so ined wi
1.000 g (3. 363 m%f’?é/%i"loi E‘QJIEI g?ﬁ' (apn_ 243 P85 24 nolEs SO'th mco(ﬁ%

polymer solution was precipitated by the addition of

methanol. The resulting polymer was collected and the

volatile components removed under reduced pressure for

four hours at 100°C to give 3.8 g of a clear polymer (95

percent yield). 13C NMR analysis indicated that the

polymer was atactic poly-4-methyl-1-pentene.

B. The procedure of Polymerization A was
essentially repeated. 3.4 g of 1-hexene, 1.0 mL of MAO
solution, and 100 pL of the catalyst solution were added
to a 20 mL crimp-top vial in an argon-filled drybox.

The vial was sealed and heated at 50°C overnight. After
quenching with acidified ethanol and drying there was
obtained 3.0 g of poly(i-hexene).

Example 7 {(Ethvlene Homopolymerization)

A SS shot tank was charged with 500 uL (5.0
pmol)} of a 0.010 M toluene solution of
(tert-butylamido)dimethyl(tetramethyl-qs—cyclo-
pentadienyl)silanetitanium dichloride and 2.5 mL of
toluene in an argon filled glove box. In a second SS
shot'tank, 5.0 mL of a 1.0 M solution of MAO in toluene
was added to 92 mL of toluene. Both shot tanks were
sealed, removed from the glove box and attached to a 600
ml. pressure vessel. The pressure vessel was evacuated
and flushed with argon and then flushed with ethylene.
The cocatalyst solution was added to the pressure vessel
and heated to 89°C under an ethylene pressure of 620 kPa
(90 psig). The catalyst solution was added to the
reactor at this time. The temperature rose to 109°C
within seconds as a result of an exothermié reaction.
The ethylene pressure was regulated between 1240-1275




toluidino) (dimethyl) (tetranethyl-n[err]-cyclopenta- dienyl)silane and 70
m. toluene. The slurry was stirred for several days. The initially
yell owi sh slurry turned brownish. The yellow solution was filtered, the
sol vent renoved under reduced pressure and the solid was slurried in

pent ane. The pal e yel |l ow product was cq}lected on a frit and dried under
reduced pressure. The yield was 0.8854‘3' (59.1%9. [err]H NMR
(derr]Derr]) [err] 7.06 (d, 2H), 6.87 (d, 2H), 2.50 (s, 3H), 2.47 (s,
3H), 2.21 (s, 3H), 1.89 (s, 3H), 1.88 (s, 3H), 0.51 (s, 3H), 0.41 (s, 3H
The structure wakPshoOViOo-U¥5xpsia) .cryBteaxl Pofrimphy the peastdn C - cont ai ni ng
di mer with bridgitgip6FttiredBSd inbrRUE 182 8HRPANGLTI &Y @he uptake
(Benzyl ami do) di melehy} (&l /AR B ik af Y FIOREDF &L iPYdRe Thb@neti tanium

di chl ori de . _
was discontinued, the reactor was ventsd to the

atmosphere, and allowed to cool. The pressure vessel
was opened, quenched with methanol, and the poiymer was
isolated. After removing the volatile components, the
yield of polyethylene was 24 g. '

Example 8 Hindered Vinyl Aliphatic Monomer
Polymerization

jY-vinyleyclohexene was purified by vacuum
distillation from Na/K alloy. The procedure of Example
4 was substantially repeated using, 50 mlL of Y-
vinylcyclohexene with 5.0 mL of a solution of 1.0 M-~
methylaluminoxane (MAQ) cocatalyst in toluene in one
shot tank and 500 pL of a 0.010 M solution of (tert-
butjlamido)dimethyl(tetramethyl-qsfcyclopenta—
dienyl)silanezirconium dichloride in toluene added to 2
ml. toluene in the other shot tank.

N The exothermic reaction occurred which raised
the temperature to 114°C. The ethylene feed was
diseontinued after 1h and the cooled and vented reaction
was quenched with acidified methanol.

The product was 12.6 g of material. 3¢ NMR
analysis indicated that vinyleyclohexene was
incorporated into the polymer in an amount of 1.5 mole
percent.

Example 9 (Ethylene/Styrene Copolvmerization)

The above polymerization procedure was
substantially followed except that the reaction




- 78- (a) (Benzyl am no)di net hyl (tetranet hyl cycl openta- -dienyl)silane
To a solution of 1.000 g (4.651 nmol)
(chloro) (dimethyl) (tetramet hyl cycl opent adi enyl )silane in

-50-

temperature was 90°C. The reactor was filled with 150
mL of mixed alkane solvent, 500 mL of styrene and 8 mL
of 15 percent MAO in toluene (1000 Al:Ti). The reactor
was saturated with 1240 kPa (180 psig) of ethylene, and
20 micromoles of [(CgMey)SiMe,(N-phenyl)]TiCl, was added
to begin the polymerization. Ethylene was provided on
demand at 1240 kPa (180 psig). After 60 minutes, the
solution was drained from the reactor into a container
which had a small amount of antioxidant. The polymer
was dried under vacuum. The polymer yield was 26.6 g,
melt index (I) = 26.6. 13c NMR NMR analysis indicated
the polymer was UT mole percent styrene (76 weight
percent). No isotactiec, atactic, or syndiotactic
sequences were observed. '

Example 10 Ethvlene/Stvrene Copolvmerization

The reaction conditions of Example 9 were
substantially repeated to prepare styrene/ethylene
copolymers having differing styrene content. The
catalyst was (tert-butylamidq)dimethyl(tetramethyl-q5-
cyclopentadienylﬁsilanetitanium dichloride except where
noted. MAO cocatalyst was employed in an amount to
pﬁbvide an Al:M atomie ratio of 1000:1. Reaction
conditions are contained in Table I.




70 nL ether was slowy added 0.526 g (4.651 nmmol) |ithium benzyl am de. The
reaction mxture was stirred overnight, then the solvent was renoved, the
resi due was extracted with pentane and filtered. The pentane was renoved
under reduced pressure to give the product as a pale yellow oil. The yield
was 1.234 g (93.3% . WMass spec. me 285 (18%. [err]H NWR (C[err]Derr])
[err] 7.0-7.24 (m 5H), 3.71 (d, 2H), 2.73 (br s, 1H), 1.88 (s, 6H), 1.76
(s, 6H), 0.43 (br t. 1H), -0.07 (s, 6H). 13C NWR (Clerr]Dlerr]) [err]
144.5, 135.7, 132.0, 128.5, 127.3, 126574 -56.7, 46.4, 14.6, 11.4, -2.3.

(b) Dilithium (benzyl am do)di net hyl (tetranethyl - -cycl opentadi enyl )silane
To a solution of 1.091 g (3.836 nmol) (benzyl am no) (di net hyl)

(tetramet hyl cycl openta- dienyl)silane in 70 nL ether was slowly added 3.1
m. of 2.60 M (8.06 mmol) butyl lithiumin m xed C6 al kane solvent. A pale
pi nk col or forns al orlgcvvit :
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precipitate. The reaction m xture was stirred overnight. The sol vent was
renoved under reduced pressure. The resulting solid was slurried in
pentane, collected on a frit, washed with pentane and dried under reduced
pressure to give the product as a very pale pink powder. The yield was
1.105 g (96.9%- 1H NWR (THF d- 8) d 7.15 (m 4H), 7.00 (t, 1H), 4.02 (s,
2H), 2.04 (s, 6H), 1.79 (s, 6H), -0.15 (s, 6H). [err]C NWVR (THF d-8) d

-52-

Examples 11-32

In these examples, a 4 liter autoeclave was
charged with 2000 mL of mixed alkane solvent (Isopar-E)
followed by various amounts of l1-octene. The catalyst
was (tert-butylamido)dimethyl(tetramethyljns—
cyclopentadienyl)-silanetitanium dichloride, dissolved
in toluene., The cocatalyst was a 10 percent solution of
MAO in toluene. Hydrogen, if desired, was added by
expansion from a 100 mL vessel at a pressure indicated
above the operating pressure of the reactor. The
reactor was filled with solvent, -1~octene and MAO,
heated to the reaction temperature, then pressurized to
3100 kPa (450 psig) with ethylene until the solution. was
satuated. The hydrogen (if any) was expanded into the
reactor, followed by the addition of the catalyst
solution. After 10 minutes, the solution was drained
from the reactor into a container which had a small
amount of antioxidant (Irganox 1010®, available from
Ciba-Geigy). The polymer was dried under vacuum. i
Results are contained in Table II.
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11. 2,
The dark green-brown reaction

15. 0,
roduct as a

54. 0,
A slurry of 0.5052 g

125.0, 115.8, 111.9. 108. 3,
di i thium (benzyl am do) (di met hyl ) (tetranmethyl-n[err]-
several days.
0.

127. 9,

128.1,
in pentane and the product was &all ect ed on a frit and washed with

cold pentane to renove a dark oily materi al

greeni sh yel | ow powder.

152. 1,
(c) (Benzylam do)dinethyl (tetranethyl-[err]-

-cycl opent adi enyl ) si |l aneti tani um di chl ori de

(1.699 nol)
m xture was filtered and the solvent was renoved. The dark oily residue was

-cycl opent adi enyl )sil ane and 0.5673 g (1.699 mmol) TidJ[err](THF)[err]

40 nL toluene was stirred for

-79-
4. 6.
slurried
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NVR (Clerr]Dlerr]) [err] 7.19 (m 2H), 7.02 (m 3H), 5.37 (s, 2H), 1.99 (s,
6H), 1.98 (s, 6H), 0.03 (s, 6H). [err]C NMR (Cerr]Derr]) 8 141.4, 140.9,
135.8, 129.0, 128.8, 126.9, 126.6, 126.3, 111.6, 103.6, 59.3, 15.6, 12.4,
1.7. Polynerization The pol ynerizati on procedure of Exanple 80
was followed using 10 m cronol es of the above conpl ex. The polyner yield
was 14.4 g, Mv = MW Mh = 5.0, nelt index = 251, density = 0.9690. Exanple
93 Preparation of (Benzyl am do)di net mplttetramethyl-n[err]-

-cycl opent adi enyl ) si | anezi rconi um di chl ori de In a flask were
conmbined 0.3930 g (1.687 mol) Zrd[err], 0.5015 g (1.687 mmol) dilithium

(benzyl am do) di nE%Q}{Al(etserigm?t hyl -n[err]-cycl opent a-

The procedure of Examples 11-32 was substantially

repeated, except'that the catalyst was
(tert-butylamido)dimethyl(tetramethyl-ns—cyclopenta-

dienyl)silanezirconium"didhloride. Resglts are

contained in Table III.




- 80- di enyl)silane and 40 nL toluene. The browni sh yellow slurry was
stirred for several days then filtered and the solvent was renoved under
reduced pressure. The noist tan residue was slurried in pentane and the

-55~

Zr eff x 10-3b
50
122
285
302
230
158
0
154
84
101

Zxre
500
500
50
250
100
100
200
200

500
5

Al

Zr (mmole)
0.02
0.01
0.005
0.005
0.006
0.01
0.02
0.01
0.015
0.02

Table IIT
AH, kPa

! psi g!

345 (50)
0
690 (100)

300
300
300
450
150
150
150
300
450
45

Temp°C mL Octene

150
140
130
130

130
130
130
130
140
140

36
37
38
39
40

41
_ 42
a, equivalent ratio, assuming 58 Mw for MAO

Example
33
34
35
b. catalyst efficiency, g polymer/1 g metal




product was collected on a frit and dried under reduced pressure. Yield of
the off-white tan product: 0.2873 g (38.2%. 1H NVR ((Jerr]Dlerr]) [err]
7.51 (d, 2H), 7.23 (t, 2H), 7.09 (t, 1H), 5.48 (d, 1H, 5.00 (d, 1H),
2.45 (s, 6H), 2.05 (s, 3), 2.01 (s, 3H, 0.34 (s, 3H, 0.20 (s, 3H. [err]C
NVR (Clerr]Derr]) [err] 145.2, 135.1, 132.2, 131.8, 129.4, 129.0, 128.9,
128.8, 127.0, 126.6, 126.3, 106.6, 57:2, 16.0, 15.6, 12.5, 11.8, 2.6.
Exanpl e 94 Preparation of (Phenylphosphino)di net hyl
(tetramethyl -n[err]-cycl openta- dienyl)silanetitaniumdichloride (a)
(Phenyl phosphi no) (di net hyl ) (t et ramet hyl cycl opent a- di enyl)sil ane
To a solution of QQs9y4 6. 383 nmol )
(chloro)(dimeth cycl opent adi enyl )silane in 55 nL THF was
slowy added 1.1248 g (7.665 nmol, excess

The procedure of Examples 11-32 was substantially

followed except that a 2000 mL reactor was used. The

catalyst was (tert-butylamido)dimethyl(tetramethyl-n°-

-cyclopentadienyl)silanetitanium dichloride (2 ml. of a

0.005 M solution in toluene, 10 pmoles). The cocatalyst

was 15 percent MAO in toluene (2 mL, 500 Al:Ti).

Results are contained in Table IY.
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- 81- _ To a solution of 1.858 g (6.451 nmol) (phenyl phosphi no)
(dimmethyl) (tetranethyl cyclopentadienyl) silane in 65 nL ether was slowy
added 5.21 nL of 2.60 M (13.55 mol) butyllithiumin m xed C6 al kane
solvent with the formation of a yellow sh precipitate. The reaction m xture
was stirred overnight. The product was collected on a frit and washed wi th
pentane, then dried under reduced pressure to give the product as a white
powder. The yield (0.5 ether adduct by ? NMR spectroscopy) was 2.0845 g
(95.8%. (c) (Phenylphosphido)dinethyr% etramet hyl -n[err]-cycl opent a-

di enyl ) sil aneti tani um di chl or. de :

Examples 58-77 Olefin polymerization

Ethylene and/or ethylene/l1-octene were
respectively polymerized as a homopolymer or copolymer
by adding a solution of the appropriate catalyst in
combination with MAO or triethyl aluminum cocatalyst to
a 3L SS pressure vessei containing mixed Cg alkane
solvent/1-octene (with varying ratios) under 3100 kPa
(450 psig) of ethylene at 150°C (or 175°C where '
indicated) for 10 minutes. The ethylene pressure was
held constant and a mass flow meter measured the uptake
of ethylene. The consequent polymer was then removed
from the pressure vessel and dried under reduced -
pressure at 90°C overnight. Results are contained in
Table V.
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The pol yneri zation procedure of Exanple 80 was

| eave a green-brown product on the frit (0.2477 Q)

instantly changed to deep green-black on addition of

The reaction m xture was stirred for

(0.5 ether adduct) and 0.8907 g (2.668 mmol) Ti Cl4(THF)2 with 75 niL
The col or

t ol uene..

t ol uene.
filtered and the solvent was renoved. The dark residue was extracted with

In a flask were conmbined 0.900 g (2.668 mml) dilithium
pentane and filtered to
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- 82- (Phenyl phosphi do) di net hyl (tetranethvl -[err] -

cycl opent adi enyl ) si | anezi rconi um di chl ori de To 0.6217 g (2.668
mol) ZrC[err] in a flask was slowy added 3 nlL diethyl ether. The excess
sol vent was

'_60._

Example 78 Preparation of

Supported (tert-butvlgpido)dimethvl(tetramethvl—ns- :
cyclopentadienyl)silanetitanium dichloride

0.100g of dehydroxylated silica. (~OH
concéntration = 1 mmol/g 5102) was slurried in 20 mL of
mixed Cg alkane solvent under a nitrogen'atmospheve in a
dri-box, with stirring in a 50 mL Erlenmeyer flask.
From this slurry 1.0 mL was removed by syringe and
combined with 1.10 mL of a 0.011 M toluene solution of
(tert—butylamido)dimethyl(tetramethyl-q5-cyclopentaJ
dienyl)silanetitanium dichloride in a 5 mL rounded-
bottomed flask and stirred for 12 h. After this ﬁeriod
6.7 mL of a 10 percent (w/w) solution of methyl
aluminoxane (MAO) in toluene was added to the silica
containingisolution. '

Polymerization

The polymerization was conducted by adding
under pressure the above titanium/silica/MAQ slurry in a
3 L SS pressure vessel. containing 2'L of mixed alkane
solvent under 3100 kPa (450 psig) of ethylene at 150°C
for 10 minutes. The ethylene pressure was held constant
and a mass flow meter measured the uptake of ethylene to
be 26.7 g. The polymer solution was then removed from
the pressure vessel and the polyethylene was recovered
after drying under reduced pressure at §bﬂ3 overnight.
Yield was 30.0 g.




renmoved under vacuumto yield a sotid which was broken up to a powder. The
solid was conbined with 0.9000 g (2.668 muol) dilithium
(phenyl phosphi do) di et hyl - (tetranethyl -[err]-cycl opent adi enyl ) si | ane and
75 nL toluene. The color changed to deep red-orange on addition of toluene.
The reaction m xture was stirred for several days, then the orange solution
was filtered froma large quantity of dark insoluble material and the

sol vent was renoved. The residue was slurried with pentane and filtered.

A brown solid was collected on a frit-6rd dri ed under reduced pressure.
Exanpl e 96 Preparation of ¢Tert-butvlam do)di nethyl (i ndenvl)silanetitanium
dichloride (a) (Tert-butylam no)dinethyl (indenyl)silane - To a

sol ution of 5.25ambie’ 798pFaMRIrhtE & tafut vl

(2-Methoxyphenylamido)dimethvl(tetramethyl-no-
~ ecyclopentadienvl)silanetitanium dichloride

(a) ((Tetramethylcyclopentadienyl)dimethylsilyl)
{2-methoxyphenyl)amine '

To 1.3 g (5.9 mmol) ((tetramethyleyclopenta-
dienyl)dimethylsilyl)chloride in 50 mL tetrahydrofuran
(THF) was added 0.86 g (5.9 mmol) sodium 2-methoxy-
anilide. The mixture was stirred overnight. The
solvent was removed under reduced pressure and the
residue extracted with pentane. The pentane extracts
were filtered, combined, and concentrated to give a pale
yellow liquid. Yield 1.4 g (79%). 'H NMR (benzene-dg)
5§ 6.91 (m, 2.2), 6.74 (m, 1.1), 6.57 (d, 1.1, J = 9),
4,25 (s, 1), 3.32 (s, 3.7), 1.93 (s,6.7), 1.80 (s, 6.8),
0.13 (s, 6.3).

(b) Dilithium ((tetramethylcyclopentadienyl)-
-dimethylsilyl)-(2-methoxyphenyl)amide.

, To 1.4 g (4.6 mmol) ((tetramethyleyclopenta-
dienyl)dimethylsilyl)(2-methoxyphenyl)amine in diethyl
ether was added dropwise 3.9 mL of 2.5 M butyl lithium
(9.8 mmol) in hexane solvent. A white precipitate
formed. Pentane was added to the mixture. The slurry
was filtered and the solids washed with pentane.

(e¢) (2-Methoxyphenylamido)}dimethyl(tetramethyl-n®-
-cyclopentadienyl)silanetitanium dichloride '

To 1.6 g of dilithium ((tetramethylecyclopenta-
dienyl)dimethylsilyl)(2-methoxyphenyl)amide slurried in
toluene was added 0.85 g TiCly. The mixture was stirred

—




amne in 75 nL ether was added 3.000 g (14.4 nmmol) 9-

(chlorodimethyl silyl)indene. Precipitate formed within a few m nutes of the
start of the addition. The slurry was stirred overnight, then the sol vent
was renoved, the residue was extracted wth pentane and filtered. The

pent ane was renoved under reduced pressure to give the light-yellow oil
product as a mxture of two isoners. The yield was 3.313 g, (93.9%. (b)
Dilithium (tert-butyl am do)di nethyl(indesgyl)silane

for three days, filtered, and the solvent was removed
under reduced pressure. The residue was slurried in
pentane and filtered to give a dark powder. Yield 0.77
g (412). 'H NMR (benzene~dg) 8 4.10 (s, 3), 2.20 (s,
6.4), 1.99 (s, 6.6), 0.%40 (s, 6.3).

Example 80 Preparation of

(4-Fluorophenylamido)dimethyl (tetramethyl-no-
cyclopentadienvl)silanetitanium dichloride

(a) ((Tetramethylcyclopéntadienyl)dimgthylsilyl)-
(4-fluorophenyl)amine '

Equimolar quantities of ({(tetramethyleyclo-
pentadienyl)dimethylsilyl)chloride and lithium 4-
fluorophenyl anilide were combined in THF and the
mixture stirred overnight. The solvent was removed
under reduced ﬁressure. H NMR (benzene-dg) & 6.79 (m,
2.5), 6.33 (m, 2.4), 2.95 (s,1), 2.90 (s, 1), 1.87 (s,
6.9}, 1.79 (s, 6.9), 0.02 (s, 5.8).

(b) Dilithium ((tetramethylcyclopentadienyl)-
dimethylsilyl)(4-fluorophenyl)amide

((Tetramethylcyclopentadienyl)dimethylsilyl)-~
(4=fluorophenyl)amine in diethyl ether solvent and butyl
lithium 2.5 M in hexane solvent were combined in
equivalent amounts. A white precipitate formed.

Pentane was added to the slurry. The precipitate was
filtered, washed with pentane and dried. 'H NMR (THF-
dg) & 7.28 (m, 2.0), 6.77 (m, 2), 3.27 (s, 2.7), 2.05
(s, 5.2), 2.01(s, 5.2), 0.44 (s, U.6)

(e) (H-Fluorophenylamido)dimethyl(tetramethyl-qs-
cyclopentadienyl)silane titanium dichloride




- 83- To a solution of 3.125 g (12.73 mmol) (tert-
but yl am no) di net hyl (i ndenyl )silane in 75 nL ether was slowy added 10.28 nL
of 2.60 M (26.73 mml) butyl- lithiumin mxed Cerr] al kane solvent. The
color of the precipitate-free solution darkens slightly to bei ge- -orange.
The reaction mxture was stirred several days, then the sol vent was
renoved. The fluffy, glassy material was slurried with pentane. The
powder clunps together. The pentane waségecanted and the washi-ng procedure
was repeated several tines. then the solid was dried under reduced
pressure. The yield was 2.421 g (73.9%). (c)
(Tert-butyl am do) di met hyl (dongesy |y $hlanfbhy aficdT. St |i9r 566n THF
was added 0.50 g (1.7 mmol) dilithium
((tetramethyleyclopentadienyl)dimethylsilyl) (Y-
fluorophenyl)amide. After 0.5 h, 0.25 g (1.8 mmol) AgCl
was added. After 2 h the solvent was removed under
reduced pressure. The residue was extracted with
diethyl ether. The ether extracts were filtered,
combined, and concentrated under reduced pressure to
give a-red glassy solid. Dissolution into toluene and
reconcentration produced a waxy solid. This solid was
extracted into pentane. The pentane extracts were
filtered, combined, and concentrated to produce a waxy
solid. This was slurried with a small amount of pentane
(2 mL) and filtered to give a red powder. The yield was
0.18 g (28%). 'H NMR (benzene-dg) 8 7.10 (t), 6.80 (t),

2.00 (s), 1.97 (s), 0.35 (s).

Polyme?ization

The polymerization procedure of Examples 11-32
was substantially followed using 1000 ml of mixed alkane
solvent, 200 mL of 1l1-octene and 5 mL of 15 percent MAO
in toluene (1280 Al:Ti) and a reaction temperature of
130°C. Hydrogen was supplied from a 75 mL tank
pressurized to 3450 kPa (500 psig) to give a delta
pressure of 345 kPa (50 psi). 10 Micromoles of the
above complex was added to begin the polymerization.
Ethylene was provided on demand at 3100 kPa (450 psig).
The polymer yield was 12.8 g, Mw = 103,000, Mw/Mn =
4.77, density = 0.9387, melt index = 6.37.

Example 81 Preparation of -

{((2.6=-Di(1-methylethyl)phenyl)amido)dimethvl(tetra-
methyl-ns-cvclooentadienvl)amidotitanium dichloride

R S DYV
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In a flask were conbined 1.000 g (3.887 mml) dilithium

(tertbutylam do) (di nethyl) (i ndenyl)silane and 1.298 g (3.887 nmol)

Tid[err] (THF)[err] with 70 nL toluene. A deep red col or devel oped
instantly. The reaction m xture was stirred three days, then filtered, and
t he sol vent was renoved. The residue was extracted wth pentane and
filtered to give the product as a red mcrocrystalline material. The yield
was 0.4917 g (34.9% . Polynerization -64- The pol yneri zati on procedure
of Exanple 80 was followed using 10 mi cronol es of the above conpl ex. The

polymer yield was 14.8 g. -
: Dilithium ({(tetramethylcyclopentadienyl)di~
methylsilyl)(é,ﬁ—di(1—methylethyl)phenyl)amide was
prepared in a manner analogous to Example §0.

To 1.5 g (4 mmol) TiCl3:3THF in 25 mL THF was
added 1.5 g (4 mmol) dilithium ({(tetramethylecyclopenta-
dienyl)dimethylsilyl)(2,6-di(1-methylethyl)phenyl)amide.
After 0.5 h 0.63 g (4 mmol) AgCl was added. After 1.5 h
the solvent was removed under reduced pressure. The
residue was extracted with pentane (3 x 8 mL). The
pentane insoluble residue was extracted with diethyl

- ether. The ether extract was filtered and evaporated to
dryness to give a yellow crystalline solid. 'y NMR
(benzene~d6) d 3.04 (heptet, 2, J = 6.7), 2.18 (s, 5.8),
1.98 (s, 5.8), 1.49 (d, 5.8, J = 6.5), 1.12 {d, 6.2, J
= 6.8), 0.48 (s, 5.2).

Polvmerization

; The polymerization procedure of Example was
followed using 10 miecromoles of the above complex. The
polymer yield was 14.7 g.

Example 82 Preparation of

(4~Methoxyphenvlamido)dimethyl(tetramethyl-n2-
cyclopentadienyl)silanetitanium dichloride

To 0.73 g TiCly-2THF in 30 mL toluene was added
0.7 g of dilithium ((tetramethyleyclopentadienyl)di~-
methylsilyl)(4-methoxyphenyl)amide (prepared in a method
analogous to Example 81. The mixture was stirred for
two days, filtered, and concentrated under reduced
pressure. The residue was slurried in pentane and
filtered to give a brick red powder. Yield 0.61 g
(67%). TH NMR (benzene-dg) 8 7.28 (d, 2, J = 8.8), 6.78




- 84- Exanpl e 97 Preparation of
(Tert-butvl am do) di net hvl (i ndenyl ) si | anezirconi um di chl ori de

0.9057 g (3.887 mml) ZrdJ[err] in a flask was slowy added 2 nL THF

excess THF was renoved under

-65-~

(d, 2, 4 = 8.9), 3.27 (s, 2.8), 2.05 (s, 5.6), 2.01 (s,
5.6), 0.44% (s, 4.8).

Polvmerization

The polvmerization procedure of Example 80 was
followed using 10 micromoles of the abcve complex. The

polymer vield was 7.2 g, My = 79,800, Mw/Mn = 21.5, melt
ndex = 2.90.

[

e 82 Prepnarzation of

=]
‘..:

)
=

(tetramethvl-n“~cvelopentadienvl)dimethvl {1~
methvlethoxv)silanetitanium trichloride

(2) (Tetramethylcyeclopentadienyl)dimethyl(1-methyl-
ethoxy)silane

To 1.0 g (4.8 mmpl) (tetramethyleyclopenta-
diene)dimethylsilyl chloride in 10 mL toluene was added
0.38 mL (5.0 mmol) 2-propanol followed by 0.66 mL (4.7
mmol) triethylamine. The mixture was filtered and the
solids washed with mixed Cg alkane solvent. The wash
and the filtrate were combined and concentrated under
reduced pressure to give a pale yellow liquid. TH NMR
(benzene-dg) § 3.85 (heptet, 1, J = 6.0), 2.9 (s, 1.1),
2.03 (s, 5.7), 1.8 (s, 6.3), 1.10 (d, 6.3, J = 6.0), -
0.02 (s, 5.0).

_(b) Potassium (dimethyl(l1-methylethoxy)silyl)-
~tetramethyl-cyclopentadienide)

To 0.51 g (2.1 mmol) (tetramethylcyclopenta-
dienyl)dimethyl(1-methylethoxy)silane in toluene was

zdded 0.33 g (2.5 mmol) potassium benzide. The sclutiocn
&S filfered zfter 3 days and the solvent was removed

under reduced gressure to give an oil. The o0il was

To
The




vacuumto yield a solid which was broken up to a powder. 1.000 g (3.887
mol ) dilithium (tertbutylam do)dinethyl- (indenyl)silane was added al ong
with 70 nL toluene. The resulting slurry was stirred for several days after
which the solution was filtered and the sol vent renmpoved under reduced
pressure. The residue was slurried in pentane, filtered and dried under
reduced pressure. The yield of brown-biege product was 0.5668 g (36.0%.
Exanpl e 98 Preparation of ~66-

(Met hyl am do) di net hvl (tetranet hyl -[err]-cycl openta- dienyl)silanetitanium
dichloride (a) (Methylam no)dinethyl(tetranethyl-[err]-

cycl opent adi enyk}n&d lvane pentane. REQidufiObuhtae akslrdfieq rfie?d5 mmol ) -
(chl oro) (di met hyk){dLEEREY LG VA QAPERt AdheaYd )a3ishaggid) 78 TurTHF was

quickly added Q.ge (g )95 ($6340nlBl2), 1, 4 - 6.1, 2.00 (s,6.1), 1.87

(s, 5.7), 1.05 (d, 5.1, d = 6.1), 0.22 {s, 4.4).

(¢) (Tetramethvl-n’-cvclopentadienyl)dimethvl (1~
methvlethoxv)silanetitanium trichloride

-—
-

To 0.42 g (1.1 mmol) TiCl3.3THF in 50 mi THF
was added dropwise 0.83 mmol potassium (dimethyl(1-
methylethoxy)silyl)tetramethylcyclopentadienidef in
ml THF. One hour after addition was ccmplete 0.2 g
mmol) AgCl was =zdded. 'Thg resulting mixture was st
for 18 h. The soivent was removed undesr reduced
pressure and the'residue extracted with pentane. The-
pentane extraects were filtered, combinsd, and evaporated
to a red oil. The red oil was slurried in pentane and
the mixture wzs filtered. The filtrate was stored art -
30°% for 3 weeks which resulted in the precipitation of
an orange solid. The solution was decanted from the

" solid. 'H NMR (benzene-dg) & 3.8(heptet, 1, J = 6.0),
2.35 (s, 6.9), 1.86 (s, T7.4), 1.04 (d, 7.1, J = 6.0},
0.45(s, 6.7) .00(s), 1.97 (s}, 0.35 (s).

Example 84 Preparation of

1-(Tert-butviamido)-2-(tetramethvl-n2-
~gvclopentadienvl)~-1.1.2.2~tetramethyvidisilanetitanium

dichioride
(a) 1-Chloro-2-{tetramethylcyclopentadienyl)-1,1,2,2-

tetramethyldisilane

To z solution of 4.802 g (25.7 mmol) 1,2~
diechloro~1,1,2,2-tetramethyldisilane in 50 alL
dimethylether was slowly added az solution of 2.285 g
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l'i thi um met hyl am de. The clear solution was stirred overnight, then
additional lithiumnethylamde (0.008 g, 9.062 mol total) was added as gas
chromat ography (GC) indicated the reaction was inconplete and the sol ution
was stirred overnight again. The solvent was renoved, the residue was
extracted with pentane and filtered, and the pentane was renoved under

reduced pressure to give the product as a very pale yellow oil. The yield
was 1.698 g (91.7% . WMass spec. mle 209 (13 percent). [err]H
~6T~

(12.8 mmol) sodium 1,2,3,4-tetramethylcyciopentadienide
in 30 mL dimethylether. The reaction mixture was
stirred several hours, then the solventi was removed, the
residue was extracted with pentane and filtered. The
pentane was removed under reduced pressure to give the
product as a light-yellow oil. Mass spec: m/e 272 (8%).
'H NMR (CgDg) & 2.70 (s, 1H), 1.83 (s, 6H), 1.69 (s,
6H), 0.28 (s, 6H), 0.23 (s, 6H); '3C MR (CgDg) 8 135.8,
13%.0, 54.4, 14.6, 11.4, 3.2, -2.4.

(b) 1-(Tert~butylamino)-2~(tetramethyleyclopentadienyl)~
~1,1,2,2-tetramethyldisilane

To a solution of 3.000 g (11.0 mmol) fi-chloro=
2-(tetramethyicyclopentadienyl)~1,1,2,2-tetramethyl~
disilane in 50 mL ether was added 2.422 g (33.1 mmol)
tert-butylamine. Precipitate formed rapidly. The
glurry was stirred {or several days at room temﬁerature,
then was gently hezted to drive the reaction to
completion. The solvent was removed, the residue was
extracted with pentane, the amine h&drochloridé was
filtered and the pentane was removed under reduced
pressure to give the product as a yellow oil. The yield
was 3.150 (92.5%). Mass spec: m/e 309. T'H NMR (CgDg)
6 2.75 (s, 1H), 1.95 (s, 6H), 1.82 (s, 6H),1.08 (s, 9H),
0.51 (s, 1H), 0.24 (s, 6H), 0.16 (s, 6H); 13C NMR (CgDg)
8§ 135.2, i34.4, 55.2, 50.3, 34.1, 14.9 11.6, 3.3, -1.4,

(e¢) Dilithium 1-(tert-butylamido)-2-(tetramethyl~
-cyclopenta-dienyl)-1,1,2,2-tetramethyldisilane

To & solution of 3.00 g (9.72 mmol) 1-(tert-
butylamino)-2~(tetramethylecyclopentadienyl)-1,1,2,2-
tetramethyldisilane in 100 mL ether was slowly added
7.70 mL of 2.60 M (20.2 mmol) butyl lithium in mixed Cg
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- 85- NVR (CJerr]Derr]): [err] 2.82 (s, 1H), 2.33 (d, J = 6.6 Hz, 3H),
1.95 (s, 6H), 1.83 (s, 6H), -0.04 (s, 6H). [err]C NWR (Cerr]Derr]:
[err] 135.4, 132.7, 56.1, 27.8, 14.0, 11.0, -3.5. (b) Dilithium

(et hyl am do) di met hyl (t et ranet hyl cycl o- pent adi enyl ) si | ane_ ' To a
solution of 1.563 g (7.463 nmmol ) (nethylam no) (dinethyl)

(tetramet hyl cycl opentadi enyl) silane in 65 nL ether/pentane (1:1) was
slowy added 6.03 nL of 2.60 M (15.7 pmol) butyllithiumin m xed Cerr]

al kane solvent. The solution turned®®® a thick syrup whi ch broke down to a
slurry. The reaction mxture was stirred overnight, then filtered. The

solid was washed several tinmes with ether, then with pentane, then dried
alkane solvent. The resulting slurry was stirred

several hours, then filtered and washed with ether, then
dried under reduced pressure to give the product as a
white powder. The yield was 2.918 g (93.4%). 'H NMR
(THF d-8) 8 2.05 (s, 6H), 1.91 (s, 6H),0.87 (s, 9H),
0.25 (s, 6H), -0.03 (s, 6H); 13c NMR (THF d-8) 8 117.3,
113.6, 53.5, 38.4, 3%.1, 14.2 11.3, 8.4, z.2.

(d) 1—(tert-butylamido)-2—(tetramethyl-qs-cyclopenta—
dienyl)-1,1,2,2-tetramethyldisilane titanium dichlorids

A slurry of 0.75C00 g (2.333 mmol)dilithium
‘1-(tert-butylamido)-2-(tetramethyleyclopentadienyl)-
1,1,2,2-tetramethyldisilane and 0.7790 g (2.333 mmel)
TiC1y(THF), in 50 mL toluene was stirred for several
days. The red-orange reaction mixture was filtsred and
the solvent was removed to give & sticky red solid.

This was extracted with pentane and filtered. After i
concentration and cooling at -35°C in a freezer, the
shiny miecrocrystalline red product was collected on a
frit and washed with cold pentane to remove a dark red
0ily material. Yield: 0.3643 g, 36.6%. 'H NMR (CgDg)
§ 2.20 (s, 6H), 1.9% (s, 6H), 1.48 (s 9H), 0.44 (s, 6H),
0.43 (s, 6H). '3c mMR(CgDg) 8 137.7, 135.5, 112.7,
65.9, 35.4, 16.6, 12.5, 2.8, -2.1.

Polvmerization

The polymerization procedure of Example 80 was
followed using 10 micromoles of the above complex. The
polymer yield was 12.1 g, Mw = 62,400, Mw/Mn = 8.45,
melt index = 6.14, density = 0.9441.
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under reduced pressure to give the product as a white powder. The yield was
1.883 g of a 0.25 ether adduct as determ ned by [err]H NMR spectroscopy.
[err]H NVMR (THF [err]-8) 8 3.41 (q,J = 7.0 Hz, 1H), 2.45 (s, 3H), 2.01 (s,
6H), 1.93 (s, 6H), 1.11 (t, J = 7.01, .5H), 0.01-0.14 (br, 6H). (c)

(Met hyl am do) di net hyl (tetranet hyl -[err]-cycl openta- dienyl)silanetitani um
di chl ori de To a solution of 0.6708 g (2.597 mmol ) dilithium

(met hyl am do) di met hyl (tetranmet hyl -[errl,- cycl opentadi enyl)silane in 80 ni
THF was added all at once 0.9623 g (2.597-mmol) Tic[err](THF)[err]. The
solution imediately turned i ntense brown-orange. The reaction m xture was

stirred four days, the 1,861 g (12.98 mmmol ) AgA was added. The slurry
was stirred sevéﬁ&ﬂﬂﬂégé—aiﬂﬁﬂﬁﬁﬁﬂéﬁﬁihe reaction mixture was filtered and
t he solvents were renoved under reduced pressure. The residue was extracted
with tol uene, t \ gleido)-2-(tetramethvi-n--cvelopenta—

v : = - 0 .
dienvl)-1.1.2.2-tetramethvldisilanezirconium dichloride

A slurry of 0.7500 g (2.333 mmol) dilithium
1-(tertbutylamido)-2-(tetramethvleyclopentadienyl)-
1,1,2,2-tetramethyl-disilane (prepared according to the
technique of Example 84) and 0.5436 g (2.333 mmol) ZrCly
in 75 mL toluene was stirred for several days. The pzle
yellow reaction mixture was filtered and the solvent was
removed. The residue was extrazcted with pentane and
filtered. After conéentration and cooling at -35°C in =2
freezer, the product zs cclorless crystals was_collapted
on & frit. Yield: 0.6720 g, 51.3%. TH NMR (CgDg) 8
2.14 (s, 6#), 1.9% (s, 6H), 1.49 (s, 9H), 0.36 (s, BH),

0.34 (s, 6H). 13C NMR (CgDg) & 134.7, 131.0, 119.1,
58.4, 34.2,; 15.1, 11.8, 4.7, -2.1.

Example 86 Preparztion of

(Tert-butylamido)(dimethvl) (tetramethvl-n3-cvelo- .
pentadienvl)silanezirconium dimethvl

A solution of 0.5000 g (1.215 mmol) (tert-
butylamido)(dimethyl) (tetramethylcyclopenta~
dienyl)silanezirconium dichloride in 35 mL ether was
cooled to -%0°C. To this was slowly added 1.41 mL
methyl lithium solution (1.72 M, 2.43 mmol). The
reaction mixture was allowed to stir at room temperature
for several hours. The solvent was removed and the_
residue was extracted with pentane and filtered. The
filtrate was concentrated and chilled to -%0°C. The
colorless crystals which formed were isolated by
decanting away the supernatant. Yield: 0.2215 g, 49.2
percent 'H NMR (CgDg) 8 1.97 (s, 6H), 1.91 (s, 6H),
1.40 (s, 9H), 0.46 (s, 6H), 0.00 (s, 6H). 13C NMR

L B S R LT
T3 res ue

H
P e ur— -
o, s o s s T AR,



- 86- brown sol ution was filtered and the solvent was renoved. After
extraction with pentane and filtration, the

-~70-

(CGD6)6 130-2, 125-3’ 95-7’ 54-7, 3504,— 31‘-0, 13-9,
10.9, 6.2.

Examnle 87 Preparation of

Preparation of (tert-butylamido)dimethvl(ns-cvclo-
pentadienyl)silanetitanium dichloride

(a) {Chloro)(cyclopentadienyl)(dimethyl)silane

A solution of 149 g (1.16 mol) MeySiCl, in 750
nl diethyl ether was cooled to ~78°C. Solid sodium
cyeclopentadienide (30 g, 0.341 mol) was added via &
powder additicn funnel over a peried of 1.5 hours. The
reaction mixture was allowed to warm to room temperaturs
and wasg stirred for 16 hours. The ether and scme .
Me,SiCl, were distilled out, then exhaustive vacuum
distillation removed the remaining ether, Me,SiCl,; and
the product from the NaCl formed in the reaction. The
product after fractionation was obtained in good yield
as a light-yellow oil. Mass spec: m/e 158 (163%).

(b) (Tert-butylamino)(cyclopentadienyl)(dimethyl)silane

. To a solution of 3.69 g (50.4 mmol) tert-butyl
amine in 45 mL THF was added 2.00 g (12.6 mmol)
{chloro)(cyclopentadienyl){dimethyl)silane. Precipitate
formed gquickly. The slurry was stirred for several '
‘days, then the amine hydrochloride was filtered off and
the solvent was removed under reduced pressure to give
the product as a very pale yellowish oil. The yield was

2,069 g (84.2%). Mass spec: m/e 195 (6%). 1§ and 13C
" NMR show the presence of several cyclopentadiene
'isomers.
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filtrate was concentrated to a light brown slurry in a dark red sol ution
After cooling to -30[err]C, the bright yellow product was collected on a
frit, washed with pentane and dried under reduced pressure. The yield was
0.3168 g (37.4% . [err]HNWR (Cerr]Derr]): [err] 3.64 (s,3H), 1.97 (s,
6H), 1.95 (s, 6H), 0.21 (s, 6H). [err]CNWR ((err]Dlerr]): [err] 140.5,
135.5, 103.0, 41.8, 15.5, 12.3, 0.6. Polynerization The

pol ynmeri zation procedure of Exanplg 80 was followed using 10 mcronol es of -
t he above conpl ex. The pol yner yleld was 30.2 g. Exanple 99 Preparation of
(thhylanido)dinethvl(tetranethyl [err]- cyclopenta- di enyl ) si | anezi rconi um

di chloride (e) DLTltﬂlﬂma(é %ugyfé go?(é&%l iz 12%qufjlzerr] and
(dimethyl)silane

To 2 solutien of 1.500 g (7.69 mzol)
(tertbutylamido)(eyclopentadienyl) (dimethyl)silane in 60
mL ether was slowly added 6.21 mL of a 1.72 M (10.68
mmol) ether solution of methyllithium, then 1.81 mi of
2.6 M {(4.706 mmol) butyllithium in mixed zlkane solvent
(15.39 mmol total alkyllithiums). The resulting siurry
was stirred overnight, then fiitered and washed with
gentane, then dried under reduced pressure to give the
product as a white pdwder. The vield was 1.359 ¢
(85.2%). 'H NMR (THF ¢-8) 8 5.96 (t, 2H), 5.87 (¢, 2H),
1.10 (s, 9H), 0.05 (s, 6H). 13¢c ¥MR (TEF d-8) ¢ 114
105.2, 103.5, 52, 38.3, T.3.

(d) (Tert-butylamido)dimethyl(n’~eyclopentadienyl)silane
titanivm dichloride

0.7000 g (3.38 mmol) Dilithium
{tertbutylamido)(cyclopentadienyl)(dimethyl)silane and
1.128 g (3.38 mmol) TiCly-(THF), were combined in a
flask with 75 mL toluene. The resulting yellow slurry
turned muddy red-brown within a few hours. The reaction
mixture was stirred for several days then the red
solution was filtered and the solvents removed under
reduced pressure. The crystalline material formed was
slurried with pentane and filtered to remove the soluble
red impurity from the brown product. - The yield was
0.5369 g (50.9%). 'H NMR (CgDg) 8 6.60 (t, 2H), 6.07
{t, 2H), 1.38 (s, 9H), 0.18 (s, 6H). 13C NMR (CgDg) B
126.3, 125.6, 110.0,63.7, 32.2, -0.2.

-Polvmerization




0.6318 g (2.446 mmol) dilithium (nmethylam do) - _

dinmethyl (tetranethyl-[err]-cycl opentadi enyl )silane were conbined with 75 nL
toluene. The slurry was stirred for several days after which tine the
resulting pale green solution was filtered, and the solvent was renoved
under reduced pressure. The residue was slurried in pentane, collected on a
frit, washed with pentane and dried under reduced pressure. The yield of
very pal e powder blue product was 0.6162 g (68.2% . [err]H NWR
(Cerr]Derr]): [err] 3.50 (s, 3H), 2749 (s, 3H) 2.36 (s, 3H), 2.14 (s,

3H), -2.10 (s, 3H), 0.46 (s, 3H), 0.43 (s, 3H). A

The polymerization procedure of Example was
followed using 10 micromoles of the zbove complex. The
polymer yield was 28.1 g, My = 108,000, Mu/Mn = 2.22,
density = 0.9073, melt index = 2.92.

Example 88 Preparatiocn of

(Tert—butvlamido)dimethyl(n5-cvclonentadienvl)silane~
zirconium dichloride -

To 0.6747 g (2.90 mmol) ZrCly in a flask was
slowly added U mL diethyl ether, then % ml, THF. The
excess solvents were removed under vacuum Lo vield a
solid which was broken up to & powder. The solid was
combined with 0.6008 g (2.90 mmol) dilithium (tert-
butylamido)(c?clopentadienyl)(dimethyl)silane (prepared
according to the technigue of Example 87 and 75 mL
toluene. The'resulting slurry was stirred for several
days after which the colcorless solution was filtered,
the solvent removed under reduced pressure and the
residue was slurried in pentane. The product was
collected on a frit and dried under reduced pressure.
Yield was 0.6186 g (60.0%). 'H NMR (CgDg) 8 6.43 (t,
2H), 6.08 (t, 2H), 4.17 (br s, 6H), 1.27 (s, 9H), 1.03
(br s, 6H), 0.22 (s, 6H). 13C NMR (CgDg) § 122.0,
121.4, 109.5, 78, 57.2, 32.8, 25.2, 0.7. The structure
was shown by x-ray crystallography to be dimeric
(bridging chlorides) :in the solid state.

Example 89 Preparation of

(Anilido)(dimethvl) (tetramethvl-n2-cvclopenta-
dienvl)silanetitanium dichloride




-87- Exanpl e 100 Preparation of
1-(Tert-butylam do)-2-(tetranethyl-[err]-cycl opent a-
di enyl ) et hanedi yl titanium dichloride (a) Ethyl
2- (tetranmet hyl cycl opent adi enyl )acetate A solution of 3.822 ¢
(22.89 mmol ) ethyl bronpacetate in 25 nL THF was cooled to -78[err] C and
3.000 g (20.-80 g) sodiumtetranethyl cycl opentadi enide in 50 nL THF was
slowy added to it. The resulting _shurry was allowed to warmto room
tenperature and was stirred overnight. The solvent was renoved, the residue
was extracted wth pentane and filtered. The pentane was

(2) (Anilido)(dimethyl)(tetramethylecyclopentadienyl)-

~-silane

To a solution of 1.500 g (6.98 mmol)
(chloro)(dimethyl)(tetramethyleyclopentadienyl)silane i
50 mL THF was slowly added 0.6911 g (6.98 mmol) lithium
anilide. . Monitoring by GC indicated the reaction was
incomplete. Additional lithium anilide (0.08 g, 7.78
mmol total) was added. The reaction mixture was stirred

- overnight. The solvent was removed, thes residue was
extracted with pentane and filtered. The pentane was
removed under reduced pressure to give the product as =z

pale yellow oil. The yield was 1.375 g (99.2%). Mass
spec. m/e 271 (13%). ' NMR (CgDg) & 7.14 (m, 2¥), 6.76
(t, 1H), 6.60 (d, 2H), 3.08 (s, 1H), 3.04 (s, 1E), 1.89
(s, 6H), 1.79 (s, 6H), 0.07 (s, 6H). 13c NMR (CgDg) 8
147.5, 136.3, 132.6, 129.6, 118.2, 116.9, 55.0, i4.3,
11.3, =-2.2. '

(b) Di#lithium (anilido)(dimethyl)(tetramethyleyclopenta~-
~-dienyl)silane

To a solution of 1.875 g (6.91 mmol)
(anilido)(dimethyl)(tetramethylcyclopentadienyl)silane
in 50 mL ether was slowly added 5.31 mL of 2.60 M (13.8
mmol) butyllithium in hexane solvent. A small amount of
precipitate formed, but then dissolved. The reaction
mixture was stirred overnight. The product appeared to
have collected as a thick viscous oil in the ether
solution The solvent was removed under reduced
pressure. The resulting white solid was slurried in .

- pentane, collected on a frit, washed with pentane and
dried under reduced pressure to give the product as a
white powder. The yield was 1.943 g (99.33).
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renoved to give a mxture of isoners. Yield was 3.733 g (86.3%. Mass
spectra mle 208 (41 percent). (b) :
2- (Tetramet hyl cycl opent adi enyl )tert-butyl acetam de 16. 35 nL of
2.00 M(32.7 mol ) trimethyl alum numin toluene was added to 2.39 g (32.7
mml ) tert-butylamne in 50 nL toluene. The solution was stirred for 45
m nutes, then 3.40 g ethyl-2- tetranethyl cycl opentadi enyl acetate was
added. The reaction m xture was stirred for several days while gently
war mi ng. After aqueous workup the praguct am de was obtained as a m xture
of three isomers as an orange sem crystalline paste. Mass spectra me 235
(21%). (c) 1-(tert-butylam no)-2-(tetranethylcycl opentadi- enyl)ethane
The amide m xt ur g an; il &3QLYAG Y 120 MnethhPln NG lofdia0 (21.8 mol)
i thi um al um num hydgri de wa . ] :
dienyl)silanetitanium dichloride
A slurry of 0.8025 g (2.333 mmol) dilithium
(anilido)(dimethyl) (tetramethylcyclopentadienyl)silane
and 0.9871 g (2.333 mmol) TiCly(THF), in 70 mL toluene
was stirred for several days. The red-brown reaction
mixture was filtered and the solvent was removed. The
solid was triturated in pentane and the product was
collected on a2 frit and washed with cold pentane to
remove a dark red oily materizl toc give the product as a
vellow-beige powder. Yield: 0.6400 55.8%. 14 NMR
' (CgDg) 8 7.32 (d, 2H), 7.18 (m, 2H), 5.85 (&, iH), 2.02
(s, 6H), 1.99 (s, 6H), 0.42 (s, 6H). 1'3c NMR (CgDg) 8
152.4%, 141.9, 137.8, 129.3, 12&.%, 119.8, 105.3, 16.1,
13.0, 2.7. ) -

Polvmerization 1

The polymerizétion procedure of Example 80 was
followed using 10 micromoles of the above complex. The
polymer yield was 12.8 g, Mw = 103,000, Mw/Mn = 4.77,
density = 0.9387, melt index = 6.37.

Polvmerization 2 Ethvlene/Styrene Copolvmerizztion

The above polymerizaticn procedure was
‘substantially followed except that 900 mL of mixed
alkane solvent, 184 mL of styrene, 345 kPa (50 psi)
delta hydrogen, and 20 micromoles of [(C5Meu)SiM92(tert-
butyl)]TiCl, were used. The temperature of the reactor
was 120°C. After 10 minutes, the contents were removed
from the reactor, and 62.3 g of polymer was recovered.
The melt index was 3.68.

dn
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added. The reaction mxture was stirred overni ght under gentle heating.
Monitoring by GC indicated the reaction
- 88-

~75-

Example 90 Preparziion of

(Anilido)(dimethvl)(tetramethvl-n5-cvclooenta—
dienvl)silanezirconium dichloride

=

Tc 0.6905 g (2.963 mmol) ZrCly in & flask was
Slowly adéed 3 ml diethyl ether, then Y% mL THEF. The
excess sclvents wers removed under vacuum te vield =

solid which was broken up to a powder. The solid was

o
dienyl})silane and 70 mL %tciuene. Within minu
Slurry color becams pale vy
stirred for several days after which time the solutién
was filtered, the solvent removed uncer reducsed pressure
and the residue was slurried in pentzne. The very pale
vyellowish product was collected on a2 frit and dried
under reduced pressure. H NMR (CgDg? & T.21 (t, 2H),
7.1 (t, 18), 6.97 (m, 2H), 2.50 (=, 3H), 2.46 (=, 3H),
1.87 (s, 3H), 1.85 (s, 3H), 0.53 (s, 3H), 0.%0 (s, 3H).

Example 91 Preparation of

(a2) (p-Toluidino)(dimethvl){tetramethyl-nJ-
-cvclopentadienyl)silanezirconium dichloride

(p~Toluidino)(dimethyl) (tetramethylcyclopentadienyl)

silane

To a solution of 2.000 g (9.302 mmol)
(chloro)(dimethyl)(2,3,4,5~tetramethyleyclopenta-
dienyl)silane in 70 mL THF was slowly added 1.259 g'
(9.302 mmol) lithium p-toluidide (0.3 ether adduct by 'H
NMR). The reaction mixture was stirred overnight.
Monitoring by GC indicated the reacticn was incomplete.
Additionzl lithium p-toluidide was addsd in small lots




was i nconplete. The ether was replaced by THF, nore |ithium al um numhydri de
was added and the solution was refluxed for several days. After agueous
workup three 1-(tert-butylam no)-2-(tetranethylcyclo- pentadienyl)ethane

i somers were obtained. Mass spectra me 221 (11%. (d) Dilithium
1-(tertbutyl am do)-2-(tetranmethyl-n[err]- cycl opentadi enyl)ethane

To a solution of 2.00 g (9.05 nmol) (tert-

but yl am no) - 2- (t et ranet hyl cycl opent-adi-enyl ) et hane i soners (67 percent
1-(tertbutylam no)-2-(2, 3,4,5-tetra- -nethyl cycl opentadi -2, 4-enyl ) et hane by
GC, 1.34 g (6.06 mol)) in 50 nL ether was slowy added 6.09 nL of 2.60 M
(15.8 nmml ) bubytds teh)i wm 7 mmbh X8k 435 .al i(ﬁéﬂ%owérvcemasw@niav%@rrmtlon of a

yell ow preci p%gt@?mw LLIUELI0 R KL EE SabiEng ol 861 {dHBE TaYD: Lher

filtered. severa i‘'mes with ether,
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the product as a yellow oil. The yield was 2.456 g
(92.5%). Mass spec. m/e 285 (223). 14 NMR (CgDg) &
6.96 (d, 2H), 6.57 (d, 2H), 3.07 (s, 1H), 3.01 (s, 1H),
2.17 (s, 3H), 1.91 (s, 6H), 1.80 (s, &H), 0.08 (s, 6H).
13c NMR (CgDg) & 145.0, 136.2, 132.7, 130.2, i26.9,
116.9, 55.2, 20.5, 14.3, 11.3, -2.2.

(b) Dilithium (p-toluidino)(dimethyl)(tetramethyl-
-cyeclopenta~dienyl)silane

To a solution of 2.233 g (7.82 mmol) (p-
toluidino)(dimethyl)(tetramethylcyclopentadienyl)silaﬁé
in 65 mL ether was slowly added 6.17 mL of 2.60 M (16.0
‘mmol) butyllithium in mixed Cg alkane solvent. The
precipitate~free reaction mixture was stirred overnight.
The solvent was removed under reduced pressure. The
resulting white solid was slurried in pentane, collected
on a frit, washed with pentane and dried under reduced
pressure to give the product as a white powder. The,
yield was 2.34 g (100%). 'H NMR (THF §-8) d 6.42 (d,
2H), 6.18 (d, 2H), 2.09 (s, 6H), 2.01 (s, 3H), 1.94 (s,
6H), 0.36 (s, 6H). 13c NMR (THF 6-8) 8 160.8, 129.1,
121.3, 115.9, 115.2, 112.2, 106.2, 20.8, 4.7, 11.7,
5.2.

(e¢) (p-Toluidino)(dimethyl)(tetramethyl-n’-cyclopenta-
dienyl)silanetitanium dichloride

A slurry of 1.000 g (3.363 mmol) dilithium (p-
toluidino)(dimethyl)(tetramethyl-qs-cyclopenta-
dienyl)silane and 1.123 g (3.363 mmol) TiCly(THF), in 70
mL toluene. The reaction mixture was stirred several
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[err]H NVMR (THF d-8): [err] 2.43 (br m 4H), 1.85 (s, 6H), 1.83 (s, 6H),
1.00 (s, 9H). J[err]C NWR (THF d-8): [err] 109.5, 107.3, 106.3, 50.5, 45.4,
29.4, 28.2, 20.2, 10.9, 10.8. (e)-

1-(Tert-butylam do)-2-(tetramethyl-[err]-cycl opent a-

di enyl ) et hanedi yl titani um di chl ori de In a flask 0.3650 g (1.565
nmol ) dilithium1- (tert-butylam do)-2-(tetranethyl cycl opentadi enyl) et hane
and 0.5799 g (1.565 mmol ) Ti d 3(THF-T&rr] were conbined with 60 nL THF. The
solution quickly turned green. The reaction m xture was stirred overnight,
then 1.121 g (7.82 mmol) AgCO was added. Wthin a few m nutes the col or
began to changeajy®, hhewnfsitepeandts tndN&iveHt neswasnsidd.r ethhé wo days and

the SOlvernfs “@gghféiggvsgkfﬁnggg slurried in pentane and the product
was collected cn 2 frit and dried under reduced
pressure. The yield of olive-brown powder was 0.7172 g,
53.0%. 'H NMR (CgDg) 8 7.26 (d, 2H), 7.01 (d, 2H), 2.08
(s, 3H), 2.04 (s, 6H), 2.00 (s, 6H), 0.45 (s, 6H). 13¢C
NMR (CgDg) 8 150.3, 1#1.7, 137.5, 133.9, 130.0, 129.7,
119.6, 21.0, 20.6, 16.4, 16.0, 13.3, 12.8, 2.8, 2.6.

(d) (p-Toluidinc)(dimethyl)(tetramethyl-q5—cyclopenta-
~dienyl)}silarezirconium dichloride

To 0.7836 g (3.363 mmol) ZrCly in a flask was
slowly added 3 mL diethyl ether, then ¥ mL THF. The
excess solvents were removed under vacuum to vield &
solid which was broken up to a powder. Thg_solid was
combined with 7.000 g (3.363 mmol) dilithium (p-
toluidino)(dimethyl)(tetramethyl-qs-eyclopenta-
dienyl)%ilane and 70 mL toluene. The slurry was stirred
for several days. The initially yellowish slurry turned
brownish. The yellow solution was filtered, the solvent
removed under reduced pressure and the solid was
slurried in pentane. The pale yellow product was
collected on a frit and dried under reduced pressure.
The yield was 0.8854% g (59.1%). 'H NMR (CgDg) 8 7.06
(d, 2H), 6.87 (d, 2H), 2.50 (s, 3H), 2.47 (s, 3H), 2.21
(s, 3H), 1.89 (s, 3H), 1.88 (s, 3H), 0.51 (s, 3H), 0.41
(s, 3H). The structure was shown by x-ray
erystallography to be a LiCl—containing dimer with
bridging chlorides.

.- Example 92 Prevzration of

(Benzvlzmido)dimethyl(tetramethyl-n2-cvclopentadienvl)

Silanetitanium dichloride

aernss e o
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-89-  reduced pressure. The residue was extracted with toluene, the
solution was filtered and the solvent was renoved. The residue was
extracted with pentane, filtered, concentrated, and cooled to -30 [err]C

The bright orange product was collected on a frit,
anount of cold pentane and dried under reduced pressure. The yi

0.1904 g ( 36.0%. [err]H NWR ((err]Derr]): [err] 4.01 (t,

2.58 (t, J

(a) (Benzylamino)dimethyl(tetramethylcyclopenta~
-dienyl)silane

To a soiution of 1.000 g (%4.651 mmol)
(chlorc)(dlmethyT)(te,rcmethylcyclopentadleny1)511ane in
70 mL ether was slowly added 0.526 g (4.651 mmol)
lithium benzylamide. The reaction mixture was stirred
overnight, then the solvent was removed, the residue was
extracted with pentane and filtered. The pentane was
removed under reduced pressure to give the product as a

- pale yellow oil. The yield was 1.234 g (93.3%). Mass
7.0

spec. m/e 285 (18%). 'H NMR (CgDg) & 7.0-T.24 (m, 5i),
3.71 (d, 24), 2.73 (br s, 1H), 1.88 (s, 6H), ‘1.76 (s,
6H), 0.43 (br t, 1H), -0.07 (s, 6H). 13C NMR (CgDg) &
144.5, 135.7, 132.0, 128.5, 127.3, 125.7, 56.7, 46.4,
4.6, 11.4, -2.3.

(b) Dilithium (benzylam1ao)dlmethyl(tstrameuhvl—
-cyclopentadienyl )31lane

To a solution of 1.091 g (3.836 mmol)
(benzylamino)(dimethyl)(tetramethyleyclopenta~-
dienyl)silane in 70 mL ether was slowly added 3.1 mL of
2.60 M._(8.06 mmol) butyl lithium in mixed Cg alkane
solvent} A pale pink color forms along with
precipitate. The reaction mixture was stirred
overnight. The solvent was removed under reduced
pressure. The resulting solid was slurried in pentane,
collected on a frit, washed with pentane and dried under
reduced pressure to give the product as a very pale pink
powder. The yield was 1.105 g (96.9%). 'H NMR (THF -d-

“8) d 7.15 (m, 4H), 7.00 (t, 1iH), 4.02 (s, 2H), 2.04 (s,

6H), 1.79 (s, 6H), -0.15 (s, 6H). 13C NMR (THF d-8) d

J

= 7.2, 2H), 2.02 (s. 6H.,g1.89 (s, 6H), 141(5, OH) .
Tg/RO(cl:[zegr]D[err]): lerr] 138.0. 120°3, 128.6, 69.1, 62.7, 28.6,

washed with a small

el d was

=7.2, 2H)
[err]C

24.9,




Pol ynmeri zation 1 The pol yneri zation procedure of Exanmple 80
was followed using 10 m cronol es of the above conplex. - The pol yner yleld
was 64.8 g, nelt index = 3.21, density 0.9262. Polynerization 2

The above pol yneri zati on procedure was repeated excepting that 0.95

m cronol es of 1-(tert-butyl am do)- 2-

(tetramethyl -[err]-cycl opent adi enyl ) et hanedi yl titani um di chl ori de was added
to begin the polynerization. The polymer yield was 11.4 g, nelt index .
<0.1, density = 0.9119. Polyneriz&+on 3 The above

pol ymeri zati on procedure was repeated

152.1, 128.1, 127.9, 125.0, 115.8, 111.
15.0, 11.2, 4.6.

Yo
-
Q
co
.
L)
[§))]
£
o
~

(e¢) (Benzylamido)dimethyl(tetramethyl-n--
-cyclopentadienyl)silanetitanium dichloride

A slurry of 0.5052 g (1.699 mmei) dilithium
(benzylamldo)(Glmeuhyl)(tetrcmoth11-qs—
-cyclopentadienyl)silane and 0.5673 g (3.
TiCly(THF)5 in 40 mL toluene was stirred :
days. The dark green-brown rezction mixiure was
filtered and the solvent was removed. The dark oily
residue was sliurried in pentzne and the zroduct was
collected on &z frit and washed with coic pentane to
remove & dark oily material to give the 2roduct as az

greenish yellow powder. Yield: 0.2742 g (40.i%). 'H
ﬂMB (CgDg) 8 7.19 (m, 2H), 7.02 (m, 3H), 5.37 (s, 2H),
1.99 (s, 6H), 1.98 (s, 6H), 0.03 (s, 6H}. '3C NMMR (CgDg) '
8 141.%4, 1#0:9, 135.8, 129.0, 128.8, 128.6, 126.5,
oo

126.3, 111.6, 103.6, 59.3, 15.6, 12.%4,

Polymerization

The polymerization procedure of Example 80 was
followed using 10 micromoles of the above complex. The
polymer yield was 14.Y4 g, Mw = Mw/Mn = 5.0, melt index
= 251, density = 0.9690.

Example 93 Preparation of

(Benzylamido)dimethyl(tetramethyl-n-
—-cvclopentadienvl)silanezirconium dichloride

In a flask were combined 0.3930 gz (1.6387 mmol)
ZrCly, 0.5015 g (1.687 mmol) dilithium
(benzylamido)dimethyl(tetramethyl-qs-cyclopenta—
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excepting that 2.5 mcronoles of 1-(tert-butylam do)-2-

(tetramethyl -[err]-cycl opent adi enyl ) et hanedi yl tlitani um di chl ori de was
added to begin the polynerization. In addition, 300 nL of octane and 900
of isopar was - - 90-

-80-

dienyl)silane and 40 mL toluene. The brownish yellow
slurry was stirred for several days then filtered and
the solvent was removed under reduced pressure. The
moist tan residue was slurried in pentane and the
product was collected on-a frit and dried under reduced
pressure. Yield of the off-white tan product: 0.2873 g
(38.2¢2). 1H NMR (0685) 8 7.51 (d, 2H), 7.23 (&, 2H),
7.09 (t, 1H), 5.48 (d, 1H), 5.00 (d, 1H), 2.45 (s, €E).
2.05 (s, 3), 2.01 (s, 3H), 0.34 (s, 3H), 0.20 (s, 3H).
3¢ NMR (CgDg) 8 145.2, 135.1, 132.2, 131.8, 129.
129.0, 128.¢, 128.8, 127.0, 126.6, 126.3, 106.
16.0, 15.6, 12.5, 11.8, 2.6. :

5
57-2,

m!

Example 94 Prenaration of

(Phenvlnhosnhlno)dlmethvl(tetramefhv1—nJ-cvc‘cnenuc—
dienvl)silanetitanium dichloride

(a) (Phenylphosphino)(dimethyl)(tetramethylcyclopenta-

dienyl)silane .

To a solution of 1.500 g (6.983 mmol)
(chloro)(dlmethyl)(tetramethylcyclopentcd1enyl)s11ane in
55 mL THF was slowly added 1.1248 g (7.665 mmol, excess
zdded as GC monitoring indicated 1:1 reaction was
incomplete) lithium phenylphosphide (0.4 ether adduct by
n uMR spectroscopy). The reaction mixture was stirred
several days, then the solvent was removed, the residue
was extracted with pentane and filtered. The pentane
was removed under reduced pressure to give the product
as a yellow oil. The yield was 1.985 g (98.3%).

(b) Dilithium (phenylphosphido)dimethyi~
-(tetramethylcyclopentadienyl)silane




used, and no hydrogen was used. The polyner yield was 36.2 g, nelt index =
0.21, density = 0.9190. Polynerization 4 The condi tions of
above pol ynerization 1 were repeated excepting that the tenperature was
90[err] C. The polyner yield was 66.7 g, nelt index = 0.16. Exanple 101
Preparation of 1-(Tert-butylam do)-2-(tetranethyl-[err]-

cvcl opent adi enyl ) et hanedi yl zi rconi um di chl ori de ) In a flask 0.3862
g (1.657 mmol ) Zrd[err] and 0.3866 g (1.657 nmol) dilithium
[1-(tert-butylam do)-2- (tetramethyl-T ?T]-cyclopentadienyl)ethane] wer e
conbined with 50 nL toluene. After stirring several days, 1 nL THF was

added and the slurry was stirred for an
To a solution of 1.858 g (6.451 mmol)

(phenylphosphino)(dimethyl) (tetramethyleyclopentadienyl)
silane in 65 mL ether was slowly added 5.21 mL of 2.60 M
(13.55 mmol) butyllithium in mixed Cg alkane solvent
with the formation of a yellowish precipitate. The
reaction mixture was stirred overnight. The product was
collected on & frit and washed with pentane, then dried
under reduced pressure to give the product as a white
powder. The yield (0.5 ether adduct by 'H NMR
spectroscopy) was 2.0845 g (95.8%).

(e) (Phenylphosphido)dimethyl(tetramethyl-qE-cyclopenta—
dienyl)silanetitanium dichloride

In a flask were combined 0.600 g (2.6568 mmol)
dilithium (phenylphosphido)(dimethyl)(tetramethyl—ns—
-cyclopentadienyl)silane (0.5 ether adduct) and 0.8907 g
(2.668 mmol) TiCl4(THF)2 with 75 mL toluene. The color
instantly changed to deep green-black on addition of
toluene. The reaction mixture was stirred:for several
days, then was filtered and the solvent was removed.

The dark residue was extracted with pentane and filtered
to leave s green-brown product on the frit (0.2477 g)
and é black glassy product on removal of the pentane
from the filtrate.

Polvmerization

.The polymerization procedure of Example 80 was
followed using 10 micromoles of the above complex. The
polymer yield was 14.4% g, Mw = 27,700, Mw/Mn = 5.0, melt
index = 251, density = 0.9690.

Example 95 Preparation of




additional day after which time the solution was filtered, and the sol vent
was renoved under reduced pressure. The solid was slurried in pentane,
collected on a frit, and dried under reduced pressure. Yield.of pale yellow -
product was 0.6307 g (99.8%. 1HNWVR (Cerr]Derr]): [err] 2.75 (t of d,
1H), 2:38 (m 2H), 2.11, (s, 6H 2.03 (s, 3H), 2.00 (s, 3H, 1.75 (t of d,
1H), 1.08 (s, 9H). [err]C NWR ((err]Dlerr]): [err] 131.5, 128.7, 126.38,
126.5, 126.2, 56.9, 50.9, 27.9, 23.1,-83.4, 13.2, 12.6, 12.5. Exanple 102
Ter pol ymer Pol yneri zation M xtures of ethylene, styrene and

anot her additional polynerizable nononmer were polynerlzed u5|ng

(tert-butylamd I |
cyclopentadleny@ f@ :bn¥££ﬁl:b)gf 1(&2 and MAO cocatal yst in an

amount to prOVI znezirconium dichioride

_ To 0.6217 g (2.668 mmol) ZrCly in a flask was
slowly added 3 mL diethyl ether. The excess solvent was
removed under vacuum to yield a solid which was broken
up to a.powder. The solid was combined with 0.9000 g
(2.668 mmol) dilithium (phenylphosphico)dimethyl-
(tehramethyl-q5~cyclopentadienyl)SLlcue and 75 mL
toluene. The color changed toc deep rsd-orangs on
addition of toluene. The reaction mixture was stirred
for severzl days, then the orange solution was filtered
from a large guantity of dark insolutle zmaterizl and the
solvent was removed. The residue was siurried wit
pentane and filtered. A brown solid was collected oﬁ_a
frit and dried under reduced pressure.

Exanple 95 Prepzration of

(Tert~butvliamido)dimethyl(indenvl)silanetitanium
dichloride

(a) (Tert-butylamino)dimethyl(indenyl)silane

To a solution of 5.255 g (71.8 mmol) tert-butyl
amine in 75 mL ether was added 3.000 g (14.4 mmol) 9-
(chlorodimethylsilyl)indene. Precipitate formed within
a few minutes of the start of the addition. The slurry
was stirred overnight, then the solvent was removed, the
residue was extracted with pentane and filtered. The
pentane was removed under reduced pressure to give the
light~yellow o0il product as a mixture of two isomers.
The yield was 3.313 g, (93.9%).

(b) Dilithium (tert-butylamido)dimethyl(indenyl)silane

\REPLACEWENT it
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Al /Ti of 1000:1. Reaction conditions and results are contained in Table
VI .

-83-
Tc 2 solution of 3.125 g (12.73 mmol) (tert-
butylaminc)dimethyl(indenvl)silane in 75 mL ether was

slowly added »0.28 mL of 2.60 M (26.73 mmol) butyl-
lithium ir nixed Cg alkane solvent. The color of the
precipitate~free solution darkens slightly tc beige-
-orange. Thes reaction mixture was suzrred several days,
then the solvent was removed. The fluf{y, glassy
material was siurried with pentane. The powder clumps
together. The pentane was deecanted anc the washing

ted several times, then the solid was

su

procedure was repe
dried undsr reducsd pressurs., The yislid was 2.0

(73.9%)

(e} (Tert~butylamido)dimethyl{indenyllsilanetitanium

-~

dichlorids

1Q

¢ (3.887 mmoli)
diiithium (tsrtbutylamido)(dimethyl)(indenyl)silane and
1.298 g (3.587 mmol) TiCluy(THF), with 70 ml toluene. &
deep red color developed instantly. The reaction
mixture was siirred three days, then filtered, and the'
solvent was removed. The residue was extracted with
pentane and filtered to give the product as a red
microcrystalline material. The yield was 0.4917 g
(34.9%).

in & flask were ccabined 1.GCO

Polvmerization

The polymerization procedure of Example 80 was
followed using 10 micromoles of the above complex. The

polymer yieid was 14.8 g.




-9 2- .[err]

Example 97 Prenaration of

(Tert-butvlamidoldimethvl(indenyl)silanezirconium

dichloride

To 0.9057 g (3.887 mmol) ZrCly in a flask was
slowly added 2 mL THF. The excess THF was removed under
vacuum to yisld a solid which was broken up tc z powder.
1.000 g (3.887 mmol) dilithium (tertbutylamido)dimethyl-
(indenyl)silane was added aliong with 7O mL toluene. The
resulting slurry was stirred for severszl days zfter
which the sclution was filisred and the solvent removed

under reduced pressure. The residue was slurried in

Example 98 Prenaration of

(Methvlamido)dimethvl(tetramethvl-n5-cvclonenta—
dienvl)silanetitznium dichloride

(a) (Methylamino)dimethyl(tetramethyl-qs—
cyclopentadienyl)-silane

To a solution of 1.900 g (8.845 mmol)
(chloro)(dimethyl) (tetramethyleyclopentadienyl)silane in
75 mL THF was quickly added 0.3272 g (8.846 mmol)
lithium methylamide. The clear solution was stirred
overnight, then additional lithium methylamide (0.008 g,
9.062 mmol total) was added as gas chromatography (GC)
indicated the reaction was incomplete and the solution

. was stirred overnight again. The solvent was removed,
the residue was extracted with pentane and filtered, and
the pentane was removed under reduced pressure to give
the product as a very pale yellow oil. The yield was
1.698 g (91.7%). Mass spec. m/e 209 (13 percent). Ty




- 93- Exanpl e 103 Slurry Pol ynmeri zation The foll owm ng exanpl e
denonstrates the use of a catalyst of the present invention under slurry
conditions. The procedure of Exanples 11-32 was substantially foll owed,
excepting that the reaction was run under conditions where the polynmer was
i nsoluble in the reaction nmedium and precipitated fromthe reaction m xture
as it forned. The tenperature was 70[err]C, 10 ni

-85-

NMR (CgDg): 8 2.82 (s, 1E), 2.33 (d, J = 6.6 Hz, 3H),
1.5 (s, 6H), 1.83 (s, 64), -0.04 (s, 6K). 13c MR
(CgDg: & 135.4, 132.7, 56.1, 27.8, 14.0, 11.0, -3.5.

(b) Dilithium (methylamido)dimethyl(tetramethylicyclo-
pentadienyl)silane

-

To a solution of 1.553 g (7.263 mmol)
(methylamino)(dimethyl) (tetramethyleyclopentadienyl)
silane in 65 mL ether/pentane (1:1) was slowly added
€.03 mL of 2.60 M (15.7 mmol) butyllithium in mixed Cg

~alkane solvent. The soluticn turned toc a thick syrup
which broke down to a slurry. The reaction mixture.was
stirred overnight, then filtered. The solid-was washed
several times with ether, then with pentane, then dried
under reduced pressure te give the product as a white
powder. The yield was 1.883 g of a 0.25 ether adduect as
determined by TH NMR spectroscepy. TH MMR (THF 8—8)'85
3.%1 (q,Jd = 7.0 Hz, 1H), 2.45 (s, 3H), 2.01 (s, 6H),
1.93 (s, 6H), 1.11 (t, J = 7.01, .5H), 0.01-0.14 (br,
6H).

(e) (Methylamido)dimethyl(tetramethyl—qs—cyclopenta-
dienyl)silanetitanium dichloride

To a solution of 0.6708 g (2.597 mmol)
dilithium (methylamido)dimethyl(tetramethyl-n°-
cvelopentadienyl)silane in 80 zL THF was added all st
once 0.9623 g (2.597<mmol) TiCl3(THF)3. The sclution : -
immediztely turned intense brown-orange. The reaction
mixture was stirred four days, then 1.861 g (12.98 mmol)
'égCl was added. The slurry was stirred several days
after which the reaction mixture was filtered and the
sclvents were removed under reduced pressure. The
residue was extracted with toluene, the dark orange-
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of octene, 1190 nmL of m xed al kane solvent, and 5 nL of 15 percent MAO in
toluene (1280 Al :Ti) were used. After 20 mnutes, the reactor was drained

to give 4.6 g of polyner. Additional solvent was added to the reactor

and

heated to 170[err]C to renove the polynmer that had fornmed long filanents
and wound around the stirrer. The nelt index was 0.28. Exanple 104
Preparation of (Tert-butvlam do)dinethyl (tetranethyl-[err]-

cycl opent adi enyl )silanetitaniun(l11) chloride In the drybox,
gof Tid[err](THF)[err] and Q.33 g of _

Me[err]Clerr]SiMe[err] N-t-BuMg[err] ddgerr] (THF)[err] were m Xed. 15 nL O

THF was added, resulting in a deep purple color. After 30 m nutes the
volatile materials were renoved under

reduced pressure to | eave a dark

0.24

solid. Toluene (‘]ng r%‘:%}éx\gggna}\ga%eg]i,%%%]r%dlsglg&jttlh%nsgid\l_t%x ::%?% raerﬁl%ng? tol uene

was renoved

under re

press ve a re
After extraction with pentane and filtration, the

filtrate was concentrated to a light brown slurry in a
dark red solution. After cooling to -30°C, the bright
yellow product was collected on a frit, washed with
pentane and dried under redﬁded pressure. The yield was
0.3168 g (37.4%). TH NMR (CgDg): § 3.64 (s,3H), 1.97
(s, 6H), 1.95 (s, 6H), 0.21 (s, 6H). T3¢ NMR (CgDg): &
140.5, 135.5, 103.0, 41.8, 15.5, 12.3, 0.6.

Polvmerization

The polymerization procedure of Example 80 was
followed using 10 micromoles of the above complex. The
polymer yield was 30.2 g.

Example 92 Prenaration of
T

(Methvlamido)dimethvl(tetramethvl—n5-cvclooenta-
dienvl)silanezirconium dichloride '

In a flask 0.5705 g (2.448 mmol) ZrCl, and
0.6318 g (2.446 mmol) dilithium (methylamido)-
dimethyl(tetramethyl-n”-cyclopentadienyl)silane were
combined with 75 mL toluene. The slurry was stirred for
several days after which time the resulting pale green
solution was filtered, and the solvent was removed under
reduced pressure. The residue was slurried in pentane:
collected on a frit, washed with pentane and dried under
reduced pressure. The yield of very pale powder blue

.product was 0.6162 g (68.2%). 'H NMR (Cghg): 8 3.50 (s,

3H), 2.49 (s, 3H) 2.36 (s, 3H), 2.14 (s, 3H), 2.10 (s,
3H), 0.46 (s, 3H), 0.43 (s, 3H).

e
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powder, 0.22 g. Polynerization -94-

The pol yneri zation procedure of Exanple 80 was

-87-

Example 100 Prevaration of

1-(Tert-butylamido)—2-(tetramethvl—ns—cvclooenta-
dienvl)ethanediyltitanium dichloride

(2) Ethyl 2-(tstramethyleyclopentadienyl}acetate

A solution of 3.822 g (22.89 mmcl) ethyl
bromoacetate in 25 mL THF was cooled to -78°C and 3.000
g (20.80 g) sodium tetramethylecyclopentacienide in 50 mi
THE was slowly added teo it. The resulting slurry was
gliowed to warm to room temperature and was stirred
overnight. The solvent was removed, the residue was
extracted with pentane and fiitered. The pentane was
removed to give & mixture of isomers. <¥ield was 3.733 g
(86.39). Mass spectrz m/e 208 (41 percent).

(b) 2-(Tetramethyleyclopentadienyl)tert-outyl acetamide

16.35 mL of 2.00 M (32.7 mmol) trimethyl
aluminum in toluene was added to 2.39 g (32.7 mmol)
tert-butylamine in 50 mL toluene. The solution was
stirred for 45 minutes, then 3.40 g ethyl-2-
tetramethyleyclopentadienyl acetate was added. The
reaction mixture was stirred for several days while
gently warming. After aqueous workup the product amide
was obtained as a2 mixture of three isomers as an orange
semicrystalline paste. Mass spectra m/e 235 (21%

(e) i-(tert-butylamino)-2-{tetramethylcyclopentadi-
enyl)ethane

The amide mixture was dissolved in 120 mL ether
and 0.830 g (21.8 mmol) lithium aluminum hydride was
added. The rezction mixture was stirred overnight under
gentle heating. Monitoring by GC indicated the reaction




foll owed using 10 mcronol es of the above conplex. The polymer yield was
55.1 g, nelt index = 1.71. Exanple 105 The pol yneri zation
procedure of Exanple 80 was followed using 10 m cronol es of

(tert-butylam do)di nethyl (tetranethyl-[err]-cyclo- _

pent adi-enyl ) si l-anetitani um di chl ori de. The polyner yield was 76.4 g, Mwv =
56, 700, MM Wh = 4.5, density 0.8871, nelt index (I[err]) = 10.13. Exanple
106 - The pol ynerizati on procedure of Exanple 105 was substantially
foll owed except that the tenperature was 80[err]C, the amobunt of catal yst
used was 2.5 nicromoles, the anount W8-1-octene used was 250 ni, and the
anount of m xed al kane sol vent used was 950 niL . The reaction was al |l-owed

to proceed for 1 hour. The polyner yield
was incomplete. The ether was replaced by THF, more

lithium aluminumhydride was added and the solution was
refluxed for several days. After aqueous workup three
1-{tert-butylamino)-2~(tetramethylcyclo-
pentadienyl)ethane isomers were obtained. Mass speétra
m/e 221 (11%).

(d) Dilithium 1-{tertbutylamido)-2-(tetramethyl-no-
cyclopentadienyl)ethane

To a solution of 2.00 g (9.05 mmel) (tert-

. butylamino)-~2~(tetramethylcyciopentadienyl)ethane
isomers (67 percent 1-(tertbutylamino)-2-(2,3,4,5-tetra-
-methyleyclopentadi-2,4~enyl)ethane by GC, 1.34 g (6.06
mmol)) in 50 mL ether was slowly added 6.09 mL of 2.60 M
(15.8 mmol) butyllithium in mixed Cg alkane solvent with
formation of a yellow precipitate. The reaction mixtyre
was stirred three days, then fiitered. The light yellow
powder wa’ washed several times with ether, then dried
under reduced pressure. The yield was 0.7908 g (55.9%).
'H NMR (THF d-8): 8 2.43 (br m, 4H), 1.85 (s, 6H), 1.83
(s, 6H), 1.00 (s, 9H). 13¢c WMR (THF d-8): & 109.5,
107.3, 106.3, 50.5, 45.4, 29.4, 28.2, 20.2, 10.9, 10.8.

(e) 1—(Tert-butylamido)-2—(tetbamethyl-qs-cyclopenta-
dienyl)ethanediyltitanium dichloride '

In a flask 0.3650 g (1,565 mmol) dilithium 1-
(tert-butylamido)-2-(tetramethyleyclopentadienyl)ethane
and 0.5799 g (1.565 mmol) TiCl13(THF)3 were combined with

- 60 mL THF. The solution quickly turned green. The
reaction mixture was stirred overnight, then 1.121 g
(7.82 mmol) AgCl was added. Within a few minutes the
color began to change to brownish orange. The slurry
was stirred two days and the solvents were removed under




was 51.1 g. The nelt index was 0.11. Exanple 107 Preparation of
(Tert-butyl am do) di net hvl (t et ranet hvl cycl ooent adi envl ) - sil anehaf ni um

di chl ori de In the drybox, 0.50 g of HfCl[err] was suspended in 10
nm. of toluene. 10 nmL O THF was added, the slurry was stirred for 5
mnutes, and 0.77 g of Me[err]CJerr]SiMe[err]N-t- BuMg2Q 2( THF) 2 was added.
THe solution was heated to reflux. Aftgy 30 minutes, the solution was
cooled, and the volatile materials were renmoved under reduced pressure.
Pentane (20 nL) was added, the solution was filtered, and the pentane was

renmoved under reduced ) _ . -
) reduced pressure. The residue was extracted with ~

toluene, the solution was filtered and the solvent was
removed. The residue was extracted with pentane,
filtered, concentrated, and cooled to -30 °C. The
bright orange product was collected on 2 frit, washed
with a small zmount of cold pentané and dried under
reduced pressure. The vield was 0.190% g (36.0%). H
NMR (CgDg): § 4.01 (t, ¢ = 7.2, 2H), 2.58 (&, J = 7.2,
2H), 2.02 (s, 6H), 1.89 (s, 6H), 1.41 (s, 9H). 13c NMR
(CgDg): & 138.0, 129.3, 128.%, 69.1,.82.7, 28.6, 24.9,
13.0, 12.3. '

Polvmarizati

o]

o 1

Y S 2 e = ¢ m~pege EA B 1=
The polymerizzzicn orocsdure z° Ixamcls 80 was

followed usin ci the zzcove compiex
polymer yieid was 64.8 g, melt index = 2.21, density =
0;9262.

Polvmerization 2

The zbove polymerization procedure was repeated
excepting that 0.95 micromoles of 1-(tert-butylamido)~-2-
(tetramethyl-qs-cyclopentadienyl)ethanediyltitanium
dichloride was added to begin the poiymerization. The
polymer yield was 11.4 g, melt index <0.1, density =
0.9119. '

Polymerization 3

The above polymerization procedure was repeated
excepting that 2.5 micromoles of 1-(tert-butylamido)-2-
(tetramethyl-qsrcyclcpentadienyl)ethanediyltitanium
dichloride was added to begin the polivymerization. 1In
addition, 300 mL of octene and 900 mi of isopar was




- 95- pressure to | eave a white solid. This solid was washed with a snmal |
quantity of pentane to yield 0.077 g (10% of a white solid, 1H NWR
(derr]Derr]): [err] 2.08 (6H), 1.30 (9H), 0.44 (6H). When

et hyl ene was pol yneri zed substantially according to the procedure of
Exanple 7, a small anount of polyethyl ene was recovered. Conparative 1

-390~

used, and no hydrogen was used. The polymer yield was
36.2 g, melt index = 0.21, density = 0.9190.

Polymerization 4

The conditions of above polymerizatibn 1 were
repeated excepting that the temperature was 90°C. The
polymer yield was 66.7 g, melt index = 0,16.

Exzmple 101 Preparation of

1-(Tert-butvlamido)-2-(tetramethvl-no-
evcelooventadienvl)ethanedivizirconium dichloride

In a flask 0.3862 g (1.657 mmol) ZrCly and
0.3866 g (1.657 mmol) dilithium [1-(tert-butylamido)-2-
(tetramethy1-q5-cyclopentadienyl)ethane] were combined
with 50 mL toluene. After stirring several days, 1 mL
THF was added and the slurry was stirred for zn
additional day after which time the solution was
filtered, and the solvent was removed under }educed
pressure. The solid was slurried in pentane, collected
on a frit, and dried under reduced pressure. Yield of
pale yellow product was 0.6307 g (99.8%). TH NMR
(CgDg)E & 2.75 (t of d, 1H), 2.38 (m, 2H), 2.11, (s, 6H)
2.03 (s, 3H), 2.00 (s, 3H), 1.75 (t of d, 1H), 1.08 (s,
9H). 13c MMR (CgDg): & 131.5, 128.7, 126.8, 126.5,
126.2, 56.9, 50.9, 27.9, 23.1, 13.4, 13.2, 12.6, 12.5.

Example 102 Tervolyvmer Polymerization

Mixtures of ethylene, styrene and another
" additional polymerizzable monomer were polymerized using
(tert-butylamido)dimethyl(tetramethyl-q5-
cyclopentadienyl)silanetitanium dichloride complex and
MAQ cocatalyst iu an amount to provide an ztomic ratio




The pol yneri zation procedure of Exanple 105 was foll owed except that the
cat al yst was pent anet hyl cycl opentadi enyltitaniumtrichloride. The polyner
yield was 4.6 g. Conparative 2 The pol ynerization procedure of
Exanpl e 97 was foll owed except that the catal yst was (tert-

but yl am do) pent anet hyl -[err]-cycl opent adi enyl titaniumdichloride ([err]H
NVR (Clerr]D[err]): [err] 2.07 (s, 1H), 1.88 (s, 15H), 1.35 (s, 9H).[err]C
NVR (Cferr]Derr]): [err] 61.0, 31.3, 12.6). The polyner yield was 2.0 g.
Conparative 3 The pol ymerizgtion procedure of Exanple 105 was
foll oned except that the catal yst wds bis-(tert-butyl-

am do) di net hyl si | anetitani um dichloride. No pol ynmer was

A1/Ti of 1000:1. Reaecticn ccncitions and results are

contained in Table VI.
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The

pol yneri zati on procedure of Exanple 105 was fol |l owed except that the
The pol yner

reaction. Conparative 4

10 m nut es of

catal yst was di cycl opent adi enyl zi rconi um di chl ori de.

observed after

- 96-
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yield was 109.0 g, Mv = 16,300, MV VMn = 3.63, nelt index ASTM D-1238
Procedure A, condition E, I[err], was greater than 1,000 indicating a very
| ow nol ecul ar wei ght polynmer. Conparative 5 The pol yneri zati on
procedure of Exanple 105 was foll owed except that the catal yst was

di cycl opent adi enyl titani um dichl oride. The polyner yield was 7.3 g, nelt

I ndex, ASTM D- 1238 Procedure A, condition E, I[err] was greater than 1,000
indicating a very |ow nol ecul ar wei & pol yner.

Example 103 Slurrv Polymerization

The following example demonstrztes the use of a
catalyst of the present inventicn under slurry
conditions. The procedure of Examples 11-32 was
substantially followed, excepting that the reaction was
run under conditions where the polymer was inscluble in
the reacﬁion_medium and precipitated from the reaction
mixture as it formed. The temperzture was 70°C, 10 mL
of octene, 1190 mL of mixed zlkane solveni, and 5 al Gf
15 percent MAO in toluene (1280 Al:Ti) were used. After
20 minutes, the reacior was drained to give 4.6

C)
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»

»
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polymer. Additional solvent was added t
and heated to 170°C to remove the polyzer that had _
formed long filaments and wcund around the stirrer. The
melt index was 0.28.

Example 104 Preparation of

-
4

(Tert-butvlamido)dimethvl(tetramethvi-n~-
cvcloqentadienvl)silanetitanium(III) chloride

In the drybox, 0.24 g of TiCl3(THF)3 and 0.33 g
of MeyCgSiMepN-t~BuMg,Cl,(THF), were mixed. 15 mL Of
THF was'added, resulting in a deep purple color. After
30 minutes the volatile materials were removed under
reduced pressure to leave a dark solid. Toluene (15 mL)
was added, the solution filtered, and the toluene was
removed under reduced pressure to leave a red-purple
powder, 0.22 g. '

Polymerization
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The polymerization procedure o Example 80 was
followed using 10 micromoles of the ztcve compiex. The
polymer yield was 55.1 g, melt index = 1.71.

Example 105

The polymerization procedure ol Example 80 was
followed using 10 micromoles of _
(tert-butylamido)dimethyl(tetramethyl-n’-cyclo-
pentadienyl)silanetitznium dichloride. The polymer
yield was 76.4 g, Mw = 56,700, Mw/Mn = 2.5, density =
0.8871, melt index (Iy) = 10.13. '

Example 106

The polymerization procedure of Example 105 was
substantially followed except that the temperature was
80°C, the amount of catalyst used was Z.5 micromoles,
the amount of 1-octene used was 250 mL, and the amount
of mixed alkane solvent used was 950 =iL. The reacéion
was allowed to proceed for 1 hour. The polymer yield
was 51.1 g. The melt index was 0.11.

Example 107 Preparation of

(Tert-butylamido)dimethvl(tstramethvicvelopentadienyl)—
silanehafnium dichloride

In the drybox, 0.50 g of HfCly was suspended in
10 mL of toluene. 10 mL Of THF was added, the slurry
was stirred for 5 minutes, and 0.77 g of MéqC5SiMe2N-t-
BuMgZClz(THF)Z was added. THe solution was heated to
reflux. After 30 minutes, the solution was cooled, and
the volatile materizls were removed under reduced
pressure. Pentane (20 mL) was added, the solution was
filtered, and the pentane was removed under reduced
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pressure to leave z white solid. This soliid was washed
with a small quantity of pentzne to yield 0.077 g (10%)

of 2 white solid, 1H NMR (CgDgl): & 2.08 (6d), 1.30
(9H), 0.44 (6H).

When ethylene was polymerized substantially
according to the procedure of Example 7, a small amount
of polyethylene was recovered.

Comparative 1

The polymerizztion crocsdurs of Ixample 105 was
followed except that the caial
pentamethyleyeclopentadienyltitanium trichlcride. The
polymer yield was 4.6 g.

Comparative 2

i . The polymerization procedure of Example 97 was
followed except that the catzlyst was (tert-
butylamido)pentamethyl—qs-cyclopentadienyltitanium
dichloride ('H NMR (CgDg): & 2.07 (s, 1H), 1.88 (s,
15H), 1.35 (s, 9H). 13Cc NMR (CgDg): § 61.0, 31.3,
12.6). 'The polymer yield was 2.0 g.

Comparative 3

The polymerization procedure of Example 105 was
followed except that the catalyst was bis-(tert-butyl-
amido)dimethylsilanetitanium dichloride. No polymer was
observed after 10 minutes of reaction.

Comparaztive Y

The polymerization procedure of Example 105 was
followed except that the catalyst was
dicyelopentadienylzirconium dichloride. The polymer
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yield was 109.0 g, Mw = 16,300, Mw/Mn = 3.63, melt index
ASTM D-1238 Procedure A, condition E, I, was greater
than 1,000 indicating a very low molecular weight
polymer.

Comparative 5

" The polymerization progedure of Example 105 was
followed except that the catzlyst was .
dicyclopehtadienyltitanium dichloride. The polymer
yield was 7.3 g, melt index, ASTM D-1238 Procedure A,
condition E. I,, was greater than 1,060 indiecating =z
very low molecular weight polymer.




CONSTRAINED GEOMETRY ADDITION POLYMERISATION
CATALYSTS, PROCESSES FOR THEIR PREPARATION,
PRECURSORS THEREFORE, METHODS OF USE, AND NOVEL
POLYMERS FORMED THEREWITH

Abstract

A metal coordination complex corresponding to the formula:
RI

Z /Y
= N,
R
~wherein R' at each occurrence is hydrogen or a moiety selected from alkyl, aryl,
silyl, or a combination thereof having up to 10 carbon atoms; '
 Xat each occurrence is a moiety sclected from halo, alkyl, aryl, amide, phenoxy, or
alkoxy having up to 10 carbon atoms;
Y is-NR'- or -PR’-;
M it iitanium, zirconium or hafnium;
N is one or two; and
Zis SiRY.

The complexes of the invention form addition polymerisation catalysts with
activating cocatalysts such as Lewis acids, ammonium salts, oxidising agents and
especially aluminium compounds, particularly aluminium trialkyls.
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