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CATALYST SYSTEM FOR MULTEBLOCK COPOLYMER FORMATION

Field
j0801} Embodiments relate to olefin polvmerization catalysts, thelr manufacture,
and the production of polvolefing using specific catalyst compeositions, including the

use of chain shuttling agents in the olefin polymerization process.

Introduction
{6002} The properties and applications of polvolefing depend 1o varving degress
upon the specific features of the catalysts used in their preparation. Specific catalyst
compositions, activation copditions, steric and electronic features, and the like all can
factor into the charactenistics of the resulting polymer product. Indeed, a multitude of
polvimer features, such as co-monomer incorporation, molecular weight, polvdispersity,
long-cham branching, and the related physical properties {e.g., density, modulus, melt
properties, tensile features, and optical properties), can all be affected by catalyst
design.
{0003} In recent years, the use of well-defined molecular procatalysts generally
has allowed ephanced control over polymer properties, including branching
architecture, stercochenustry, and block copolyvmer construction. This latter aspect of
polvimer design, in which both "hard” {senuicrystalline or high glass transition
terperatare) blocks and "soft™ {fow orystallinity or amorphous with low glass transition
temperatare) blocks are assembled in a polymer chain, has been especially challenging.
Advances in block copolymer formation have been seen with the use of chain-shuttling
agents {{C8As), which can exchange a growing polymer chain between different
catalyiic sites, such that portions of a single polvmer molecule are synthesized by at
least two different catalysts. In this manner, block copolymers can be prepared from a

common monomer environment by using a mixture of catalysts of different



selectivities, such as different stereoselectivities or monomer selectivities. Under the
right conditions, efficient chain shuttling can produce a multi-block copolymer that
features a random distribution of hard and soft blocks of random length.

[0004] Even with the advent of CSA and dual catalyst combinations in multi-block
copolymer preparation processes, further improvements to said processes can be made.
For example, novel catalysts that enable a wider range of processing conditions would

be valuable for commercial production.

Summary

[0005] In certain examples, the present disclosure relates to a composition
comprising an admixture or reaction product resulting from combining:

(A) afirst olefin polymerization procatalyst,

(B) asecond olefin polymerization procatalyst, and

(C) achain shuttling agent,

wherein the second olefin polymerization procatalyst comprises a metal-

ligand complex of Formula (I):
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Qs (I), wherein:

each Z1 independently is (Ci-Cap)hydrocarbon, (Ci-Caso)heterohydrocarbon,
(Ci1-Cao)hydrocarbyl, (Ci-Cao)heterohydrocarbyl, Si(R!)s, Ge(R")3, P(RC!),, N(RC),,
ORC!, SRC!, CN, CF3, R€!S(0)-, RC!S(0)s-, (R¢!),C=N-, R¢!C(0)O-, R'0C(0)-,
RC'C(O)N(R)- , (R!),NC(O)- , halogen atom, or hydrogen atom;

each R¢! independently is (C;-Cso)hydrocarbyl or (C;i-Cso)heterohydrocarbyl;

each M2 independently is a metal of any one of Groups 3 to 6 or Groups 7 to 9
of a Periodic Table of the Elements, the metal being in a formal oxidation state of +2,
+3, +4, +5, or +6;

nn is an integer of 1 or 2;
each Q1 independently is hydrogen, (C;-Cyq)hydrocarbyl, or

(C1-Cy4p)heterohydrocarbyl;



each of Q2, Q3, and Q4 independently is hydrogen, (C1-Cy4)hydrocarbyl,
(C1-C4p)hydrocarbylO-, (C-Cyp)hydrocarbylS-, (C1-Cyp)hydrocarbylS(O)-,
(C1-C4p)hydrocarbylS(O),-, ((C1-Cyphydrocarbyl);,N-, ((C1-Cyhydrocarbyl),P-,

or (C-Cyp)heterohydrocarbyl;
each Q5 independently is (C;-Cyq)hydrocarbyl or (C;-Cyq)heterohydrocarbyl;

wherein Q1 and Q2, Q2 and Q3, Q3 and Q4, and Q4 and Q5 optionally are
taken together to form a (C1-Cy4q)hydrocarbylene or (C;-Cyq)heterohydrocarbylene, or

any three or four of Q1 to Q5 optionally are taken together to form a respective

trivalent or tetravalent analog of (C1-Cy4)hydrocarbylene or

(C1-Cy4p)heterohydrocarbylene, and the remainder of Q1 to QS, are as defined above;

each of the hydrocarbyl, heterohydrocarbyl, Si(R")3, Ge(R®")3, P(R®!),,
N(R®"),, ORC!, SRE!, RCIS(0)-, RE'S(0)2-, (R¢H)2C=N-, R¢!C(0)0-, R*'OC(0)-,
RCIC(O)N(R)-, (R¢")2NC(0O)-, hydrocarbylene, and heterohydrocarbylene groups
independently is unsubstituted or substituted with one or more RS substituents; and
each RS independently is a halogen atom, polyfluoro substitution, perfluoro
substitution, unsubstituted (C;-Cig)alkyl, F3C-, FCH>O-, F2HCO-, F3CO-, oxo (i.e.,
=0), R3Si-, R3Ge-, RO-, RS-, RS(O)-, RS(O)2-, R2P-, R2N-, R2.C=N-, NC-, RC(0)O-,
ROC(0)- , RC(O)N(R)-, or RaNC(O)-, or two of the RS are taken together to form an
unsubstituted (C1-Cis)alkylene, wherein each R independently is an unsubstituted
(Ci-Cig)alkyl; and
optionally, R®!' or RS may have an additional interaction with MA.
[0006] In certain examples, the present disclosure relates to a composition for use
in the polymerization of at least one addition polymerizable monomer to form a multi-
block (segmented) copolymer, said copolymer containing therein two or more blocks or
segments differing in one or more chemical or physical properties, the composition
comprising an admixture or reaction product resulting from combining:
(A)a first olefin polymerization procatalyst,
(B) a second olefin polymerization procatalyst, and

(C) a chain shuttling agent,



wherein the second olefin polymerization procatalyst comprises a metal-
ligand complex of Formula (I).
[0007] In certain examples, the present disclosure relates to a composition for use
in the polymerization of ethylene and at least one copolymerizable comonomer other
than ethylene to form a multi-block (segmented) copolymer, said copolymer containing
therein two or more blocks or segments differing in one or more chemical or physical
properties, the composition comprising an admixture or reaction product resulting from
combining:

(A)a first olefin polymerization procatalyst,

(B) a second olefin polymerization procatalyst, and

(C) a chain shuttling agent,

wherein the second olefin polymerization procatalyst comprises a metal-
ligand complex of Formula ().
[0008] In certain examples, the present disclosure relates to an olefin
polymerization catalyst system comprising:

(A)a first olefin polymerization procatalyst,

(B) a second olefin polymerization procatalyst, and

(C) a chain shuttling agent,

wherein the second olefin polymerization procatalyst comprises a metal-
ligand complex of Formula ().
[0008a] In one aspect, the present disclosure refers to an olefin polymerization
catalyst system comprising:

(A)a first olefin polymerization procatalyst,

(B) a second olefin polymerization procatalyst, and

(C) a chain shuttling agent,
wherein the second olefin polymerization procatalyst (B) comprises a metal-ligand

complex of Formula (I):
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Qs (), wherein:



each Z1 independently is (Ci-Cso)hydrocarbon, (C-Caso)heterohydrocarbon,
(Ci-Cao)hydrocarbyl, (Ci-Cao)heterohydrocarbyl, Si(R!)s3, Ge(R!)3, P(R¢!),, N(RC),,
ORC!, SRC!, CN, CF3, R€!S(0)-, RE!S(0)2-, (R¢),C=N-, R€!C(0)O-, R'0C(0)-,
RCIC(O)N(R)- , (R¢1),NC(O)- , halogen atom, or hydrogen atom;

each R®! independently is (Ci-C3o)hydrocarbyl or (Ci-Cso)heterohydrocarbyl;

each M” independently is a metal of any one of Groups 3 to 6 or Groups 7 to 9
of a Periodic Table of the Elements, the metal being in a formal oxidation state of +2,
+3, +4, 45, or +6;

nn is an integer of 1 or 2;

each Q1 independently is hydrogen, (C;-Cy)hydrocarbyl, or

(C1-Cy4p)heterohydrocarbyl;

each of Q2, Q3, and Q4 independently is hydrogen, (C;-Cy4)hydrocarbyl,
(C1-CyphydrocarbylO-, (C;-CyphydrocarbylS-, (C1-Cy4q)hydrocarbylS(O)-,
(C1-CyphydrocarbylS(O),-, ((C1-Cyp)hydrocarbyl)oN-, ((C{-Cyp)hydrocarbyl),P-,

or (C1-C4p)heterohydrocarbyl;
each Q5 independently is (C1-Cy4q)hydrocarbyl or (C1-Cy4q)heterohydrocarbyl;

wherein Q1 and Q2, Q2 and Q3, Q3 and Q4, and Q4 and Q5 optionally are
taken together to form a (C1-Cy4)hydrocarbylene or (C-Cy)heterohydrocarbylene, or

any three or four of Q1 to Q5 optionally are taken together to form a respective

trivalent or tetravalent analog of (C1-Cy4)hydrocarbylene or

(Cl—C4O)heterohydrocarbylene, and the remainder of Q1 to Q5 , are as defined above;

each of the hydrocarbyl, heterohydrocarbyl, Si(R¢")3, Ge(R¢!)3, P(R®!),,
N(R®"),, ORC!, SRC!, REIS(0)-, R€!S(0)2-, (RE")2C=N-, R€!C(0)0-, RE'OC(0)-,
REIC(O)N(R)-, (R€"),NC(0)-, hydrocarbylene, and heterohydrocarbylene groups
independently is unsubstituted or substituted with one or more RS substituents; and

each RS independently is a halogen atom, polyfluoro substitution, perfluoro
substitution, unsubstituted (Ci-Cig)alkyl, F3C-, FCH>O-, F,HCO-, F3CO-, oxo (i.e., =0),
R38Si-, R3Ge-, RO-, RS-, RS(O)-, RS(O)2-, R2P-, RoN-, R,C=N-, NC-, RC(O)O-,
ROC(0)- , RC(O)N(R)-, or R2NC(O)-, or two of the RS are taken together to form an

4a



unsubstituted (Ci-Cig)alkylene, wherein each R independently is an unsubstituted
(Ci-Cig)alkyl; and

optionally, R®" or RS may have an additional interaction with M#; and
wherein the first olefin polymerization procatalyst (A) comprises a metal-ligand

complex having the following structure:

, wherein:

Ar* independently at each occurrence is Ce-20 aryl or inertly substituted
derivatives thereof, especially 3,5-di(isopropyl)phenyl, 3,5-di(isobutyl)phenyl, dibenzo-
1H-pyrrole-1-yl, naphthyl, anthracen-5-yl, 1,2,3,4,6,7,8,9-octahydroanthracen-5-yl;

T* independently at each occurrence is a propylene-1,3-diyl group, a
bis(alkylene)cyclohexan-1,2-diyl group, or an inertly substituted derivative thereof
substituted with from 1 to 5 alkyl, aryl or aralkyl substituents having up to 20 carbons
each;

R?! independently at each occurrence is hydrogen, halo, hydrocarbyl,
trihydrocarbylsilyl, trihydrocarbylsilylhydrocarbyl, alkoxy or amino of up to 50 atoms
not counting hydrogen; and

RP, independently at each occurrence is halo or a hydrocarbyl or
trihydrocarbylsilyl group of up to 20 atoms not counting hydrogen, or 2 RP groups
together are a divalent hydrocarbylene, hydrocarbadiyl or trihydrocarbylsilyl group of
up to 40 atoms not counting hydrogen.

[0009] In further examples, the present disclosure relates to a process for preparing
a multi-block (segmented) copolymer, said process comprising contacting one or more

addition polymerizable monomers under addition polymerizable
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conditions with a composition comprising an admixture or reaction product resulting
from combining:

(A)a first olefin polymerization procatalyst,

(B) a second olefin polymerization procatalyst, and

(C) a chain shuttling agent,

wherein the second olefin polymerization procatalyst comprises a metal-
ligand complex of Formula ().
[0010] In further examples, the present disclosure relates to a process for preparing

a multi-block (segmented) copolymer comprising ethylene and at least one

4dc



copolymerizable comonomer other than ethylene, said process comprising contacting
ethylene and one or more addition polymerizable monomers other than ethylene under
addition polymerizable conditions with a composition comprising an admixture or
reaction product resulting from combining:

(A)a first olefin polymerization procatalyst,

(B) a second olefin polymerization procatalyst, and

(C) a chain shuttling agent,

wherein the second olefin polymerization procatalyst comprises a metal-
ligand complex of Formula (I).
[0011] In further examples, the present disclosure relates to a process for preparing
a multi-block (segmented) copolymer, said process comprising contacting one or more
addition polymerizable monomers under addition polymerizable conditions with an
olefin polymerization catalyst system comprising:

(A)a first olefin polymerization procatalyst,

(B) a second olefin polymerization procatalyst, and

(C) a chain shuttling agent,

wherein the second olefin polymerization procatalyst comprises a metal-
ligand complex of Formula ().
[0012] In further examples, the present disclosure relates to a process for preparing
a multi-block (segmented) copolymer comprising ethylene and at least one
copolymerizable comonomer other than ethylene, said process comprising contacting
ethylene and one or more addition polymerizable monomers other than ethylene under
addition polymerizable conditions with an olefin polymerization catalyst system
comprising:

(A)a first olefin polymerization procatalyst,

(B) a second olefin polymerization procatalyst, and

(C) a chain shuttling agent,

wherein the second olefin polymerization procatalyst comprises a metal-
ligand complex of Formula ().
[0013] In certain examples, the foregoing processes take the form of continuous
solution processes for forming block copolymers, such as multi-block copolymers

(preferably linear multi-block copolymers of two or more monomers, especially



ethylene and a Csz. olefin or cycloolefin, and most especially ethylene and a C320 a-
olefin), using multiple catalysts that are incapable of interconversion. That is, the
catalysts are chemically distinct. Under continuous solution polymerization conditions,
the process is ideally suited for polymerization of mixtures of monomers at high
monomer conversions. Under these polymerization conditions, shuttling from the chain
shuttling agent to the catalyst becomes advantaged compared to chain growth, and
multi-block copolymers, especially linear multi-block copolymers according to the
present disclosure, are formed in high efficiency.

[0014] In another example of the present disclosure, there is provided a segmented
copolymer (multi-block copolymer), especially a copolymer comprising ethylene in
polymerized form, said copolymer containing therein two or more (preferably three or
more) segments differing in comonomer content or density or other chemical or
physical properties. The copolymer preferably possesses a molecular weight
distribution, Mw/Mn, of equal to or less than 10.0 (e.g., equal to or less than 9.0, equal
to or less than 8.0, equal to or less than 7.0, equal to or less than 6.0, equal to or less
than 5.0, equal to or less than 4.0, equal to or less than 3.0, equal to or less than 2.8,
etc.). Most preferably, the polymers of the present disclosure are ethylene multi-block
copolymers.

[0015] In yet another example of the present disclosure, there are provided

functionalized derivatives of the foregoing segmented or multi-block copolymers.

Brief Description of the Drawings

[0016] FIG. 1 exemplifies the chain shuttling process that occurs in the
polymerization processes of the present disclosure.
[0017] FIGS. 2 and 3 provide GPC traces for certain examples of the present

disclosure.

Detailed Description

Definitions

[0018] All references to the Periodic Table of the Elements refer to the Periodic
Table of the Elements published and copyrighted by CRC Press, Inc., 2003. Also, any
references to a Group or Groups shall be to the Group or Groups reflected in this

Periodic Table of the Elements using the [UPAC system for numbering groups. Unless
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stated to the contrary, implicit from the comtext, or customary in the ant, all parts and
percents are based on weight and all test methods are current as of the filing date of this
disclosure. For purposes of United States patent practice, the contents of any
referenced patent, patent apphication or publication are incorporated by reference 1n
their entiwety (or its equivalent LIS, version is so incorporated by reference in its
entivety), especially with respect to the disclosure of synthetic techniques, product and

ans, polvaers, catalysts, definitions {(to the extent not inconsistent with

b

processing desi
any definitions specifically provided m this disclosure), and general knowledge i the
art.

{0019}  Number ranges in this disclosure and as they relate to the compositions
disclosed herein are approximate, and thus may iclode values outside of the range
unless otherwise indicated. Number ranges include all values from and including the
lower and the upper values and include fractional numbers or decimals.

00204 The terms “chain shuttling agent”™ and “chain transfer agent™ refer to those
known 1o one of ordinary skill in the art. Specifically, the term “shuitling ageat” or
“chain shuttling agent”™ refers to a compound or mixture of compounds that is capable
of causing polymeryl transfer between various active catalyst sites under conditions of
polymenzation. That is, transfer of a polymer fragment occurs both to and from an
active catalyst site in g facile and reversible manner. In contrast 1o a shuttling agent or
cham shuttling agent, an agent that acts merely as a “chan transfer agent,” such as
some main-group alkvl compounds, may exchange, for example, an alkyl group on the
chain transfer agent with the growing polymer cham on the catalyst, which generally
results in fermination of the polymer chain growth. In this event, the mam-group center
may act as a repository for & dead polymer chain, rather than engaging m reversible
transter with a catalyst site in the manner i which a chain shotthng ageat does.
Desirably, the intermediate formed between the chain shuttling agent and the polvmeryl
chamn 15 not sufficiently stable relative to exchange between this intenmediate and any
other growing polymervi chain, such that chain termination is relatively rare.

j0021}  The term “procatalyst” or “catalyst precursor” used herein refers to a
transition metal species that, once combined with an activator co-catalyst, 1s capable of
polvmenzation of unsaturated monomers. For example, CpaZe(THs)z 1s a catalvst

precursor, which, when combined with an activating cocatalyst, becomes the active

e
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catalyst species “CpaZe(CHzY ™ which is capable of polymerization of vosaturated
monomers. For the sake of simplicity, the terms “procatalysts,” “transition metal

Ty L

catalysts,” “transition metal catalyst precursors,” “catalysts,” “catalyst precursors,”
“polvruenization catalysis or catalyst precarsors,” “metal complexes.” “complexes,”
“metal-ligand complexes” and like terms are meant to be interchangeable in the present
disclosure. Catalysis or procatabyvsis include those known in the art and those disclosed
in WO 2005/090426, WO 2005/090427, WO 2007035485, WO 2009/012215, WO
20147105411, U S, Patent Publication Nos. 2006/0199930, 2007:0167578,
200870311812, and UK. Patent Nos. 7,355,089 B2, B.05S8 373 BZ, and 8,785,554 B2,
all of which are mcorporated herein by reference in their entirety.

{0022} “Co-catalyst” or “activator” refer to those known m the art, e g, those
disclosed m WO 2005/090427 and U.S. Patent No. 8,501,885 B2, that can activate a
procatalyst by combining with or contacting the procatalyst to forva an active catalyst
composition.

{0023} The terms “addition polymerizable conditions,” “polymerization
conditions,” and like terms refer to conditions known to one of ordmary skill in the art
for polvmerization of unsaturated monomers,

[0024] "Polyvmer” refers to a compound prepared by polymertzing monomers,
whether of the same or g different type. The generic term polymer thus embraces the
tern homopolymer, useally employed to refer to polvimers prepared from only one type

of monomer, and the terny interpolvimer as defined below. It also embraces all forms of

¥

mterpotymers, e.g., random, block, homogeneous, heterogencous, ete. "Interpolymer’
and "copolymer” refer to a polymer prepared by the polymerization of at least two
ditferent types of monomers. These generic terms inclode both classical copolymers,
.., polyimers prepared from two different tvpes of monomers, and polymers prepared
from more than two different types of monomers, e.g., terpolymers, tetrapolymers, ete.
The term "polyvethylene” includes homopolymers of ethylene and copolymers of
ethviene and one or more C3-8 a-olefins in which ethylene comprises at least 50 mole
percent. The term "crystalline,” if emploved, refers to a polymer that possesses a first
order transition or crystalline melting point {Tm) as determined by differential scanning
calorimetry (DSC)Y or equivalent technique. The term may be used interchangeably

with the term "semicrystalline”. The term "amorphous” refers to a polvmer lacking a
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crystaliine melting point as determined by differcatial scamning calormmetry (DSCH or
equivalent techmgque.

{00251 The terms “olefin block copolymer (OBC),” “block copolymer,” “multi-
block copolymer, 7 and “segmented copolymer™ refer to a polymer comprising two or
more chemically distinct regions or segiments {referred to as "blocks™) preferably joined
in a linear manney, that 1s, a polymer comprising chemically differentiated units which
are joined {covalently bonded) end-to-end with respect to polymernized functionality,
rather than in pendent or grafted fashion. The blocks may differ in the amount or type
of comonomer incorporated therein, the density, the amount of crystalhnity, the type of
crystallinity {e.g., polvethylene versus polypropviene), the crysiallite size attributable 1o
a polymer of such composition, the type or degree of facticity {isotactic or
syndiotactic), regio- regularity or regio-trregulanity, the amount of branching, including
long chain branching or hyper-branching, the homogeneity, andfor any other chemical
or physical property. For example, the olefin block copolymer may contain “hard
blocks™ (semicrystaliine or high glass transition temperature) having lower comnonomer
content and "soft Mocks” (Jow crystallinity or amorphous with low glass transition
temperature)} having higher comonomer content. Compared to block copolymers of
the prior art, including copolvmers produced by sequential monomer addition, fluxional
catalysts, or anionic polyvmerization techigues, the block copolymers of the present
disclosure are characterized by onigque distributions of polymer polvdispersity (PDI or
Mw/Mnj}, block length distribution, andfor block number distribution, due, m a
preferred embodiment, to the effect of the shuttling agent(s) in combination with
catalysts. More specifically, when produced in a continuous process, the block
copolymers desirably possess PDI from 1.0 to 10.0 (e.g., from 1.0 to 9.0, from 1.0 10
8.0, from 1.0t 7.0, from 1.010 6.0, from 1.0 10 3.0, from 1.0 t0 4.8, from 1.010 3.5,
from 1L.Oto 3.0, from 1.7t0 2.9, from 1.8 t0 2.5, from 1.8 10 2.2, andfor from 1.8 10
2.1). When produced in a batch or senmu~batch process, the block polymers desirably
possess PDI from 1.0 to 10.0 {e.g., from 1.0 t0 9.0, from 1.0 10 8.0, from 1.0t 7.0,
from 10060, rom L.Oto 530, from 1.0t0 40 from 1.0t0 3.5, from 1 010 3.0, from
171029, from 1.8 10 2.5, from 1.8 10 2.2, and/or from 1.8 1o 2.1}

{0026]  The term "ethylene multi-block copolymer” means a nulti-block copolymer

comprising ethylene and one or more copolymerizable comonomers, wheremn ethylene
9
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comprises a plurality of the polymerized monomer units of at least one block or
segment in the polymer, preferably at least 90 mole percent, more preferably at least 98
mole percent, and most preferably at least 98 mole percent of said block. Based on
total polymer weight, the ethvlene multi-block copolymers of the present disclosure
preferably have an ethvlene content from 23 to 97 weight percent, more preferably
from 40 to 96 weight percent, even more preferably from 55 to 95 percent weight, and
most preferably from 65 to 85 weight percent.

{6027} Because the respective distingushable segments or blocks formed from two
of more monomers are joined into single polymer chains, the polymer cannot be
completely fractionated using standard selective extraction techniques, For example,
polymers containing regions that are relatively orystalline thigh density segments) and
regions that are relatively amorphous (fower density segments) cannot be selectively
extracted or fractionated using differing solvents. In a preferred embodiment, the
quantity of extractable polvmer using esther a dialkyl ether- or an alkane- solvent is less
than 10 percent, preferably less than 7 percent, more preferably less than S percent and
most preferably less than 2 percent of the total polvmer waight.

{6028} In addition, the muklti-block copolvmers of the present disclosure desirably
possess a PDI fitting a Schulz-Flory distribution rather than a Poisson distribution. The
use of the present polvmerization process results in a product having both a
polydisperse block distribution as well as a polydisperse distnibution of block sizes.
This results in the formation of polvmer products having improved and distinguishable
physical properties. The theoretical benefiis of a polvdisperse block disttibution have
been previously modeled and discussed in Potemkin, Plivsical Review E (1998) 57(6),

pp. 6902-6912, and Dobrynin, I Chem, Phvs, (19973 107(21), pp. 9234-9238,

{00291 o a turther embodiment, the polymers of the present disclosure, especially
those made m a continuous, solution polvmerization reactor, possess a most probable
distribution of block lengths. Exemplary copolvimers according to the present
disclosure are multi-block copolymers containing 4 or more blocks or segments
including terminal blocks.
{00307  The following mathematical treatment of the resulting polvmers is based on
theoretically denived pararseters that ave believed to apply to the presently disclosed
polvimers and demonstrate that, especially in a steady-state, continuous, well-mixed

1@
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reactor, the block lengths of the resulting polymer prepared using 2 or move catalysts
wiil each conform to a most probable distribation, derived in the following manner,
wherein p; is the probability of propagation with respect 1o block sequences from
catalyst 1. The theoretical treatment is based on standard assumptions and methods
known i the art and used in predicting the effects of polyimerization kinetics on
molecular architecture, including the use of mass action reaction rate expressions that
are not affected by chain or block lengths. Such methods have been previcusly

disclosed in W, H. Ray, I, Macromeol, Sci., Rev. Macromol, Chem,, TS, 1 (1972 and

AL E. Hanmelec and J. F. MacGregor, "Polymer Reaction Engineering”, K H. Reichert
and W. Geisler, Eds., Hanser, Munich, 1983, In addition, it is assumed that adjacent
sequences formed by the same catalyst form a single block. For catalyst i, the fraction
of sequences of length n s given by Xi{n], where n is an integer from | 1o infinity

representing the muuber of monomer umits in the block.

Xidn] = {I-p) p™Y most probable distribution of block lengths
N =T o anmber average block length
it 2

{60311 Each catalvst has a probability of propagation (p) and forms a polymer
segment having a unique average block length and distribution. o a most preferred
embodiment, the probability of propagation is defined as:

Rpii] N oo o £1 3 :
P ReRTT R + R TE for cach catalyst i = {1.2...}, wherg,

Rpli] == Rate of monomer consumption by catalyst i, {moles/L},
Rifi] = Total rate of chain transfer and termination for catalvst i, (moles/L},
Rsfi} == Rate of chain shattling with dormant polvmer to other catalysts,
{moles/L}, and
[C = Concentration of catalyst 1 (moles/L).
{00321 Dormant pobyimer chams refers to polymer chams that are attached to a

(CSA. The overall monomer consumption or polymer propagation rate, Rpfi], is

defined using an apparent rate constant, ky , multiplied by a total monomer

concentration, [M], as follows:

Rpti} = ko, [MYC.
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j0033]  The total chain transfer rate is given below including values for chain
transter to hydrogen (Hz). beta hydride elimination, and chain transfer to chain shaitling
agent {CSA). The reactor residence time is given by 8 and each subsoripted k value is a
rate consiant.
Rifi] = 8k H{G]+ 8 ka{Cd + 0 kalCSAYC

j0034] For a daal catalyst system, the rate of chain shuttling of polymer between
catalysts 1 and 2 is given as follows:

Rsf1]= Rs{2] = 8 ka{CSA] 0 ko[ Ci] { (2]
0035} it more than 2 catalysts are emploved, then added terms and complexity in
the theoretical relation for Refi] result, but the ultimate conclusion that the resulting
block length distributions are most probable is unaffected.
{6036} As used heretn with respect to a chemical compound, unless specifically
mdicated otherwise, the singular includes all wsomeric forms and vice versa (for
example, "hexane," includes all isomers of hexane individually or collectively). The
rermas “compounnd” and "complex” are used wmterchangeably hereimn to refer 10 organic-,
morganic- and organometal compounds. The tenm "atom™ refers to the smallest
constituent of an element regardless of fonic state, that 18, whether or not the same besrs
a charge or partial charge or 1s bonded to another atom. The term "heteroatom” refers
to an gtom other than carbon or hydrogen. Preferred heteroatoms include: F, CL Br, N,
O, P, B, S, 51, 8h, Al S, As, Seand Ge.
{037} The tenm "hydrocarbyl” refers to univalent substituents contaming only
hydrogen and carbon atoms, including branched or unbranched, saturated or
unsaturated, cyclic, polyveyelic or noncyelic speeies. Examples include alkyl-,
cycloalkyl-, alkenyl, atkadienyl- cycloalkenyl-, cycloatkadienyl-, aryl-, and alkyavl-
groups. "Sphstitvied hydvocarbyl” refers to a hydrocarbyl group that is substituted with
one or more nonhydrocarbyl substituent groups. The terms "heteroatom containing
hydrocarbyl” or "heterohydrocarbyl” refer to univalent groups in which at least one
atom other than hydrogen or carbon is present along with one or more carbon atom and
one or more hydrogen atoms. The term "heterocarbyl” refers to groups containing one
or more carbon atoms and one or more heteroatoms and no byvdrogen atoms. The bond
between the carbon atom and any heteroatom, as well as the bonds between any two
heteroatoms, may be a single or multiple covalent bond or a coordmating or other

12
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donative bond. Thus, an alkyvl group substituted with § heterocveloalkyl-, aryl-
substituted heterocycloalkvl, heteroaryls, alkyl- substifuted heteroaryl-, alkoxy-,
arvioxy-, dihydrocarbylboryl-, dihvdrocarbyiphosphino-, dibvdrocarbylamino-,
trihydrocarbyisilyvl-, hydrocarbylthio-, or hydrocarbviseleno- group 1s within the scope
of the term heteroalkyl. Examples of suitable heteroalkyl groups include cvanomethyl-,
benzoyimethyl-, (2- pyridyhmethyl-, and tnfluoromethyl- groups.
{0038]  As used herein, the term "aromatic” refers to a polyatomie, evelie,
conjugated ring systent containing (46+2) n-electrons, wherein & 1s an integer greater
than or equal to 1. The term "fused” as used herein with respect to a ring system
containing two or more polyatomic, cyclic rings means that with respect to at feast two
rings thereof] at least one pair of adjacent atoms 1% included in both rings. The term
“aryl” refers to a monoevalent aromatic substituent which may be a single gromatc nng
or multiple aromatic rings which are fused together, Hnked covalently, or linked to a
common group such as a methylene or ethylene motety. Examples of aromatic ring(s)
include phenvl, naphthyl, anthracenyvl, and biphenyl, among others.
{039} “Substituted aryl” refers to an arvl group in which one or more hydrogen
atoms bound to any carbon is replaced by one or more functional groups such as atkvl,
substitated alkyl, cycloalkyl, substituted eycloalkyl, heterocyeloathvl, substituted
heterocyeloalkyl, hatogen, alkylhalos (e g, CF4), hydroxy, amino, phosphido, alkoxy,
ammo, thio, nitro, and both satorated and unsaturated cyvehic hydrocarbons which are
fused to the aromatic ringis), hinked covalently or linked to a conumon group such as a
methylene or ethvlene mosety. The common linking group may also be a carbonyl as in
benzophenone or oxygen as in diphenvlether or nitrogen i diphenviamme.
{0040}  For copolymers produced by a given catalyst, the relative amounts of
comonomer and monomer i the copolymer and hence the copolymer composition 13
determined by relative rates of reaction of comonomer and monomer. Mathematically

the molar ratio of comonomer to monomer is given by
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0041} Here Rpe and Ry are the rates of polymerization of comonomer and
monomer respectively and /> and F ave the mole fractions of each n the copolymer.

Because F> + Fr =1 we can rearrange this equation to

R Kﬁﬁ {"3}
y = 3
Rﬁ + “gp's‘

{0042}  The individual rates of polymerization of comonomer and monomer are
typically complex functions of temperature, catalyst, and monomer/comonamer
concentrations. In the limit as comonomer concentration in the reaction media drops to
zero, Ky drops to zero, £ becomes zeroe and the polvimer consists of pure monomer. In
the himiting case of no monomer in the reactor, Ryr becomes zero and /7 is one
{provided the comonomer can polymerize alone).

{0043} For most homogeneous catalysts, the ratio of comonomer to monomer n the
reactor largely determines polymer composition as deternuned according to either the
Terminal Copolymerization Model or the Penultimate Copolymerization Model.

{0044} For random copobvmers 1 which the identity of the last monomer inserted
dictates the rate at which subsequent monomers insert, the terminal copolymerization

model s emploved. In this model, insertion reactions of the type

¢ o e & - . » s
MO M MM C (3)

j0045] Where (7 represents the catalyst, 34 represents monomaer 7, and &y is the rate

constant having the rate equation

E

R, =kl ] @

j0046] The comonemer mole fraction (=2) in the reaction media is defined by the

equation:

{0047 A simplified equation for comonamer composition can be derived as
disclosed in George Odian, Principles of Folvmerization, Second Edition, John Wiley

and Sons, 1970, as follows:
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{6048} From this equation, the mole fraction of comonomer w the polymer s solely
dependent on the mole fraction of comonomer m the reaction media and two

temperature dependent reactivity ratios defined in terms of the msertion rate constants

as:
&y *‘g“ o
fxi o . ;!“‘Q e m\\\ { }
3 3
Ry o
0049 Alernatively, i the penultimate copolvmerization model, the dentities of

the last two monomers inserted in the growing polvmer chain dictate the rate of

subsequent monomer msertion, The polymerization reactions are of the form

MM O+ M e MM MCT ()

{050} and the individual rate equations are:

b MM, =" 3] 9,

j0051}  The comonomer content can be calculated {again as disclosed in George

{Qdian, Supra.} as:
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{00521 where Xis defined as:

x=U2)

{0083} and the reactivity ratios are defined as

—
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0054} For this model as well, the polymer composition is a function only of
remperatare dependent reactivity ratios and comonomer mole fraction in the reactor.
The same is also true when reverse comonomey or monomer inserfion may ocour or
the case of the imterpolymerization of more than two monomers.

[OOSS] Reactivity ratios for use m the foregoing models may be predicted using
well known theoretical techniques or empincally derived from actaal polymerization
data. Suttable theoretical techniques are disclosed, for example, m B. G. Kyle,
Chentical and Frocess Thermodynamics, Third Addition, Prentice-Hall, 1999 and
Redhich-Kwong-Soave {RKS) Equation of State, Chemical Engineering Science, 1972,
pp. 1197-1203. Commercially available software programs may be used to assist in
deriving reactivity ratios from experimentally derived data. One example of such
software is Aspen Plus from Aspen Techaology, Inc., Ten Canal Park, Cambridge, MA
(2141-2201 USAL

{0036} Based on the foregoing theoretical considerations, the present disclosure
may alternatively be related to a composition or catalyst system for use in the
polymerization of two or more addition polymerizable monomers, especially ethylene
and at least one copolvmerizable comonomaer, to form a high molecalar weight,
segmented copolymer {multi-block copolymer), said copolymer containing therein two
or more (preferably three or more) segments or blocks dufering in one or more
chemical or physical properties as further disclosed herein, the catalyst system or
composition comprising the admixtare or reaction product resudting from combining:

{A) a first olefin polyvmenization procatalyst,

{3} a second olehin polvmernization procatalyst capable of preparing polymers
differing in chemical or physical properties from the polvmer prepared by the first
olefin polymerization procatalyst {A) under equivalent polymerization conditions, and

{C} a chain shutthing agent;

wherein the:



WO 2018/170227 PCT/US2018/022579

1 of the first olefin polyimerization procatalyst {ria), and

11 of the second olefin polymerization procatalyst {rip),

are selected such that the ratio of the reactivity ratios {(ria / rin) under the
polymerization conditions 1s 0.5 or less (e, 9.25 or less, 0125 or lesy, (L.0€ or less,
0.04 or lessy.
j0057]  Additionally, there is now provided a process, preferably a solution process
{and most preferably a continuous solution process}, for use in the polvmerization of
two or more addition polymerizable monomers {especially ethylene and at least one
copolymerizable comonomer) to form a high molecular weight, segmented copolymer
{multi-block copolymer), satd copoelymer comtaining therein two or more {prefevably
three or more) segments or blocks differing in one or more chemical or physical
properties as further disclosed herein, the process compnising the steps of combining
two or more addition polvmerizable monomers (especially ethylene and at least one
copolymerizable comonomer} under polymerization conditions with the catalyst system
ot composiion comprising the admixture or reaction product resulting from combining;

{A) a first olefin polymerization procatalyst,

{B} a second olefin polymerization procatalyst capable of preparing polymers
differing in chemical or phvsical properties from the polymer prepared by the first
olefin polvimerization procatalyst {A) under equivalent polymerization conditions, and

{C) a chain shuttling agent; and

wherein the:

r1 of the first olefin polymerization procatalyst (ris), and

11 of the second olefin polymerization procatalyst {rin).

are selected such that the ratio of the regctivity ratios {ria / 1) under the
polymerization conditions 15 0.5 or less {e.g., 0.25 or less, 0.125 or less, 0.08 or less,
.04 or less).

0058} Further, there is now provided a composition or catalyst system for ase in
the polymerization of two or more addition polvmenizable monomers (referred to as
monomer and comonomer(s) respectively), especially ethyvlene and at least one
copolymerizable comonomer, to form a bigh molecnlar weight, sepmented copolvimer
{muiti-block copelymer), said copolymer containing therein two or more (preferably

three or more) segments or blocks differing in one or more chemical or physical

17
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properties as further disclosed herein, the catalyst systent or conmposition comprising
the admixiuvre or reaction product resulting from combining:

{A) a first olefin polvmenization procatalyst,

{B} a second olefin polvmerization procatalyst capable of prepaning polymers
differing m chemical or physical properties from the polymer prepared by the first
olefin polymerization procatalyst {A) under equivalent polymerization conditions, and

{C} a chain shuttling agent; wherein:

the comonomer content in mole percent of the copolymer resulting from the
first olefin polyvmenization procatalyst (Fi), and

the comonomer content in mole percent of the copolymer resulting from the
second olefin polymerization procatalyst (),

are selected such that the ratio (Fy / F2) under the polymerization conditions s 2
or more {e.g., 4 or more, 10 or more, 15 or more, and 20 or more).

{00594 Additionally, there is now provided a process, preferably a solution process
{more preferably a continpouns sohution process), for use in the polymerization of two or
more addition polymerizable monomers (referred to as monomer and comonomer(s)
respectivelvy, especially ethylene and at least one copolymerizable comonomer, to form
a high molecolar weight, segmented copolymer {multi-block copolymer), said
copolymer containing therein two or more {preferably three or more) segments or
blocks differing in one or more chemical or physical properties as fiurther disclosed
herein, the process comprising the steps of combining under polymerization conditions:

{A) a first olefin polymerization procatalyst,

(B) a second olefin polymerization procatalyst capable of preparing polvimers
differing v chermical or physical properties from the polymer prepared by the first
olefin polymerization procatalyst (A} nnder equivalent polymerization conditions, and

{C) a chain shutthing agent; wherein:

the comonomer content in mole percent of the copolymer resulting from the
first olefin polvmerization procatalyst (Fy), and

the comonomer content in mole percent of the copolymer resulting from the
second olefin polymerization procatalyst {F2),

are selected such that the ratio (Fi/ Fz) under the polvioerization conditions s

2 or more {e.g., 4 or more, 10 or more, 15 or more, and 20 or more, and
18
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recovering the polvmer product.

Monomers

0064 Suitable monomers for use in preparing the olefin block copolymers or
multi-block copolymers of the present disclosure include ethylene and one or maore
addition polymerizable monomers {1 e, comonomers}) other than ethylene. Examples of
suitable comonomers include straight-chain or branched g-olefins of 3 to 30, preferably
3 to 20, carbon atoms, such as propylene, 1-butene, I-pemtene, 3 -methyl- 1-butene, 1-
hexene, 4-methyi-l- pentene, 3 -methyl- 1-pentene, L-octene, 1-decene, 1-dodecene, 1~
tetradecene, 1-hexadecene, 1- octadecene and 1-gicosene; cvcloolefing of 3 to 30,
preferably 3 {0 20 carbon atoms, such as cyclopentene, cvclobeptene, norbornene, 5-
methyl-2-nothormene, tetracvelododecene, and 2-methyl- 1,45, 8-dimethano-
1,2.3.4,48,5 8 Ra-octahvdrongphthalene; &i- and poly-olefing, such as butadiene,
isoprene, 4-methyl- 1 3-pentadiene, 1,3-pentadiene, 1 4-pentaciene, 1,5-hexadiene, 1,4-
hexadiene, 1 3-hexadiene, 1 3-octadiene, 1 4-octadiene, 1 5-octadiene, 1,6-octadiene,
i, 7-octadiene, ethyhidene notbornene, vinvl notbornene, dicyclopentadiene, 7-methyl-

1 6-octadiene, 4-cthylidene-8-methvi- 1, 7-nonadiene, and 5,9-dimethyl 4 8-decatriene;

aromatic vinyl compounds such as mono or poly atkylstyrenes (including styrene, o-
methvistyrene, m-methylstyrene, p-methylstvrene, o,p- dunethvistyrene, o-ethylstvrene,
m-ethyistyrene and p-ethylstyrene}, and functional group- containing derivatives, such
as methoxystyrene, ethoxystyrene, vinyibenzoic acid, methyl vinvibenzoate,
vinyibenzyl acetate, hydroxystyrene, o-chiorostyrene, p-chlorostyrene, divinylbenzene,
3-phenyipropene, 4-phenyvipropene, a~methyistyvrene, vinvichloride, 1,2-
difluoroethylene, 1,2-dichloroethylene, tetrafluoroethvlene, and 33 3-trifluoro-1-

propene.

Chann Shutiling Agenis (54 %)

j0061]  The term "shuttling agent” refers to a compound or misture of compounds

emploved in the composition/catalyst system/process of the present disclosure that is

capable of causing polvmeryl exchange between at least two active catalyst sites of the

catalvsts icloded in the composition/catalyst system/process under the conditions of

the polymerization. That is, ransfer of a polvimer fragment occurs both to and from
19
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one or more of the gctive catalyst sites. In contrast to a shutthng sgewt, a “chain
transfer agent” canses termination of polymer chain growth and amounts to a one-time
transfer of growing polymer from the catalyst to the transfer agent. Preferably, the
shuttling agent has an activity ratio Ra~p/Ra-4 of from 0.01 and 100, more preferably
from (.1 to 10, most preferably from 0.5 to 2.0, and most highly preferably from 0.8 to
1.2, wherein Ra-i 1s the rate of polymeryl transfer from catalyst A active site to catalyst
B active site via the shuttling agent, and Rg-4 1s the rate of reverse polvmeryl transfer,
Le.. the rate of exchange starting from the catalyst B active site to catalyst A active site
via the shuttling agent. Desirably, the intermediate formed between the shotthng agent
and the polymeryt chain is sufficiently stable such that chain termination 1§ relatively
rare. Destrably, less than 90 percent, preferably less than 75 percent, more preferably
less than 50 percent and most desirably less than 10 percent of shuttle-polymeryl
producis are tenminated prior 1o attaming 3 distingwishable polymer segments or blocks.
Ideally, the rate of chain shuttling {defined by the fime required to transfer a polvmer
chain {from a catalyst site to the chain shuttling agent and then back to a catalyst site) 1s
similar to or faster than the rate of polviner termination, even up to 10 or even 100
times faster than the rate of polvier termination. This permits polvmer block formation
on the same time scale as polymer propagation.

0062} Suitable chain shuttling ageuts for use herein include Group 1, 2, 12 or 13
metal compounds or complexes contaming at least one Chap hydrocarbyl group,
preferably hvdrocarbyl substituted magnesinm, alununum, gallium or zine compounds
containing from 1 to 12 carbons in each hydrocarbyl group, and reaction products
thereof with a proton source. Preferred hydrocarbyl groups are alkyl groups, preferably
inear or branched, Co~g alky! groups., Most preferved shattling agents for use in the
present invention are {rialkyl alummum and dialky! zinc compouands, especially
triethylaluminom, tri(i-propyl) alominom, tri(i-butyDalominum, wri{n-hexyhalominem,
tri{ n-octylalunmmum, tiethylgalliuom, or diethylzine. Additional suitable shuitling
agents mchude the reaction product or mixture formed by combining the foregoing
organometal compounds, preferably a ti{C~-s) alkyl aluminum or di{Ci~z) alkyl zinc
compound, especially triethylalominum, wi{i-propyl} aluminum, wi{i-butyaluminun,
tri{n-hexyhalominum, wri(n-octyDaluominum, or diethylzine, with less than a

stoichiometric quantity {relative to the number of hvdrocarbyl groups) of a secondary
20
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amine or @ hydroxyl compound, especially bis{trimethvlsitylamine, t-
buty{dimethylstloxane, 2- hydroxymethylpyndine, di{n~-pentyDanune, 2.6~-di{t-
butvhiphenol, ethyl{i-naphthyhamine, bis(2,3,6,7-dibenzo-l-azacycloheptaneamine), or
2,6-diphenviphenol. Sufficient amine or hydroxyl reagent is used such that one
hydrocarbyl group remains per metal atom. The primary reaction products of the
foregoing combinations most usetul in the present disclosure as shutthing agents are n-
cctylaluninam dibis(trimethylstlylyamide), t-propylaluminum bis(dimethyl{t-
butvlstloxide), and n-octylahumnum di{pyridingl-2-methoxide), +butyvlaluminum
bis{dimethy{t-butyl)sifoxane)}, i-butylahuninum bis{di{tnmethylsidyhamde), -
octvialuminum dipyridine-2-methoxide), i-butylaluminum bis(di(n-pentyliamide), n-
octylaluminam bis(2,6-di-t- butviphenoxide), n-octylaluminum difethyl(l-
naphthyhlamide), ethvlalominun bis(t- butyldimethyisiloxade), ethvlaluminum
difbis{irimethylsitvhamide), ethylalominam bis(2.3,6,7- dibenzo-1-
azacycloheptaneamide), n-octvialuminum bis(2,3,6,7-dibenzo-i-
azacycloheptaneamide), n-octvlaluminam bis{dimethyl{t-butyl)siloxide, ethylzine (2.6~
diphenviphenoxide), and ethyvlzine (t- butoxide}.

{6063} In further embodinments of the present disclosure, suitable chain shuttling
agents inchude metal alkyis containing a divalent metal (e.g, Zn), a trivalent metal {e.g.,
Al, or a mixture of divalent metal and trivalent metal, In certain embodiments, the
cham shuttling agent 15 a divalent metal alkyvl, sach as diatkylaane. In certam
embodiments, the chain shuitling agent i3 a trivalent metal alkyl, such as
trialkvialuminum. In certam embodiments, the organometallic compoond s a mixture
of divalent metal alkyl {e.g., dialkylzinc} and trivalent metal alkyl (e.g.,
trialkyvialuminu). In certain embodiments, the chain shutthing agent is & mixture of
trivalent metal and divalent metal at a trivalent/divalent metal ratio from 99:1 to 1:99
{e.g., from 95:5 to S0:50, from 90:10 to 80:20, from 90:10 to 70:30, etc.). In certain
embodiments, the chain shttling agent 1s a metal alkyl contamning a mixture of
alunminum and zine metals at an aluminum/zine ratio from 99:1 to 1:99 {e.g., from 95:5
to 50:50, from 90:10 to 80:20, from 90:10 to 70:30, etc.).

{00641 1t will be appreciated by the skilled artisan that a suitable shuttling agent for
one catalyst or catalyst combination mayv not necessarily be as good or even satisfactory
for use with a different catalvst or catalyst combination. Some potential shuttling agents
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may adversely affect the performance of one or more catalysts and may be undesirable
for use for that reason as well. Accordingly, the activity of the chain shuttling agent
desirably is balanced with the catalytic activity of the catalysts to achieve the desired
polymer properties. In some embodiments of the present disclosure, best results may
be obtained by use of shuttling agents having a chawn shuttling activity {as measured by
a rate of chain transter) that is less than the maximum possible rate.

{0065  Generally however, preferred shuttling agents possess the highest rates of
pobymer ranster as well as the highest transfer efficiencies (reduced incidences of
cham termination). Such shuttling agents may be used 1 reduced concentrations and
stilt achieve the desired degree of shutthing. In addition, such shuttling agents result in
production of the shortest possible polymer block fengths. Highly desirably, chain
shutthing agents with a single exchange site are employed due to the fact that the
effective molecudar weight of the polymer m the reactor is lowered, thereby reducing

viscosity of the reaction mixture and consequently reducing operating Costs.

Firsi Olefin Polvmerization Procatalvst (4)

{6066} Suitable procatalysts that would fall within the scope of the first olefin
polymenzation procatalyst {A) of the present disclosure melode the
catalysts/complexes discussed below that gre adapted for preparing pobamners of the
desired compostiion or type and capable of reversible chain transfer with a cham

W LK

shutthing agent. As noted above, the terms “procatalvsts,” “catalvsts,” “metal
complexes,” and “complexes”™ used herein are to be interchangeable. In certain
embodiments, the first olefin polymerization procatalyst {(A) is the soft block/segment
catalyst (i.e,, high comonomer incorporator) of the olefin block copolymers of the
present disclosare.

16067} Both heterogenegouns and homogeneocus catalyvsts may be emploved.
Examples of heterogeneous catalysts include the well known Ziegler-Natta
compositions, especially Group 4 metal halides supported on Group 2 metal halides or
mixed halides and alkoxides and the well known chromivwm or vanadiom based
catalysts. Preferably, the catalysts for use herein are homogeneous catalysts

comprising a relatively pure organometallic compound ov metal complex, especially

[
S



WO 2018/170227 PCT/US2018/022579

compounds or complexes based on metals selected from Groups 3-15 or the Lanthanide
series of the Peniodic Table of the Elements.

[0068]  Metal complexes for use herein may be selected from Groups 3 to 15 of the
Periodic Table of the Elements containing one or more delocalized, n-bonded ligands
or polyvalent Lewis base ligands. Examples include metallocene, halfimetaliocene,
constratned geometry, and polyvalent pyridylamine, or other polyvchelating base
complexes. The complexes are genertcally depicted by the formula: MKiXZ,, ora
diner thereof, wherein

M is a metal selected from Groups 315, preferably 3-10, more preferably 4-10,
and most preferably Group 4 of the Pertodic Table of the Elements;

K independently at each occurrence is a group contaming delocalized -~
electrons or one or more electron pairs through which K s bound to M, said K group
containing up to 50 atoms not counting hydrogen atoms, optionally two or more K
groups may be joined together forming a bridged structure, and further optionally one
or more K groups may be boand to Z, 1o X or to both Z and X;

X mdependently at each occurrence 13 a monovalent, antonic moiety having up
to 40 non- hydrogen atoms, optionally one or more X groups may be bonded together
thereby forming a divalent or polyvalent anionic group, and, further optionally, one or
more X groups and one or more Z groups may be bonded together thereby fornung a
moiety that is both covalently bound to M and coordinated thereto; or two X groups
together form a divalent anionic bigand group of up to 40 non-hydrogen atoms or
together are a conjagated diene having from 4 to 30 non-hydrogen atoms bound by
means of delocalized m-electrons to M, whereupon M is in the +2 formal oxidation
state;

7 mdependently ai each occurrence is a neatral, Lewis base donor ligand of up
to 30 non- hydrogen atoms containing at least one unshared electron pair through which
Z 1 coordmated to M;

K is an integer from 0 t0 3] x 1s an integer from 1 to 4] z1s a nuwmber from 0 to 3;
and
the som, k+x, is equal to the formal oxidation state of M.

{6069} Suitable metal complexes include those contanming from 1 to 3 a-bonded

antonic or neutral igand groups, which may be cyelic or non-cyclic delocalized #-
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bonded anionic ligand groups. Exemplary of such n-bonded groups are conjugated or
nonconjugated, cychie or non-cvelic diene and dienyl groups, allyl groups,
boratabenzene groups, phosphole, and arene groups. By the term "n-bonded” is meant
that the hgand group 15 bonded to the transition metal by a sharing of electrons from a
partially delocalized n-bond.

0074} Each atom i the delocalized r-bonded group may independently be
substituted with a radical selected from the group consisting of hydrogen, halogen,
hydrocarbyl, halohydrocarbyl, hydrocarbyl-substituted beteroatoms whergin the
heteroatom is selected from Group 14-16 of the Periodic Table of the Elements, and
such hydrocarbyl- substituted heteroatom radicals further substituted with a Group 15
or 16 hetero atom containing moiety. In addition two or more such radicals may
together form a fosed ring system, including partially ov fully hvdrogenated fused ring
systems, or they mav form a metallocycle with the metal. Included within the term
“hydrocarbyl™ are Ch.an stratght, branched and cyche alkyl radicals, Ceao aromatic
radicals, Cr.z0 alkyi-substituted aromatic radicals, and Cr.ao arvi-substituted alkyl
radicals. Swuitable hydrocarbyl-substituted heteroatom radicals include mono-, di- and
tri-substituted radicals of boron, silicon, germanium, nitrogen, phosphorus or oxygen
wherein each of the hydrocarbyl groups containg from 1 to 20 carbon atoms. Examples
include N Nedimethylamine, pyrrolidinyd, trimethylsilvl, triethvisiivl, ¢
butvidimethvisilvl, methyldi(t-buryDsilvl, triphenyigermyl, and trimethylgermyl
groups. Examples of Group 13 or 16 helero atom containing moteties include amino,
phosphine, alkoxy, or alkvithio moieties or divalent derivatives thereof, for example,
amide, phosphide, alkyleneoxy or alkylenethio groups bonded to the transition metal or
Lanthanide metal, and bonded to the hydrocarbyl group, n-bonded group, or
hydrocarbyl- substituted heteroatom,

{0071} Examples of suitable antonic, delocalized n-bonded groups mclude
eyclopentadienyl, indenyl, fluorenyl, tetrabydroindenyl, tetrahvdroflnorenyl,
octahydrofluorenyl, pentadienyl, cvolohexadienyl, dihydroanthracenvl,
hexahydroanthracenyl. decahydroanthracenyl groups, phosphole, and boratabenzyl
groups, as well as inertly substituted derivatives thereot, especially Ci-10 hydrocarbyl-
substituted or tris{Cy~jo hydrocarbylisilyl- substituted dertvatives thereof. Preferred

antonic delocalized n-bonded groups are cyclopentadienyl,
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pentamethylevelopentadienyl, tetramethvleyclopemtadionyd,
tetramethyisilvicyelopentadienyl, mdenyl, 2, 3-dimethvlimdenyi, fluorenyl, 2~
methylindenyl, 2-methyl-4-phenylindenyl, tetrabydrofluorenyl, octabvdrofluorenyl, 1-
mdacenyl, 3~pyrrohidinoinden-l-yl, 3 4-{cyclopenta{/)phenanthren-l-yl, and
tetrahydroindenyl.

{0072} The boratabenzenyl ligands are anionic igands which are boron containing
analogues to benzene. They are previously known in the art baving been described by

G. Herberich, et al,, in Organometallics, 14,1, 471-480 {1995). Preferred

boratabenzenyl ligands correspond to the formuola:
R Ri

)

RL o 4 ".-F \g 8« ;{
= 1 p B R
R R

wherein R’ is an inert substituent, preferably sefected from the group consisting
of hydrogen, hydrocarbyl, silvl, halo or germyl, said R' having up to 20 atoms not
3 ing hvdroven. and ontionallv two adiacent R srouns mav be ioined tosether, |
counting hvdrogen, and optionally two adjacent R groups may be joined together. In
complexes involving divalent derivatives of such delocalized a-bonded groups one
atom thereof is bonded by means of a covalent bond or a covalently bonded divalent
aroap to another atom of the complex thereby forming a bridged system.
{0073}  Phospholes are anionic ligands that are phosphorus containing analogues to
a cvclopeniadienyl groosp. They are previously known m the art having been described

by WO 98/30392, and elsewhere. Preferred phosphole ligands correspond o the

formula:

R"S

R? {

o &\
Or

A

R?f’" \\
RY

wherein R is as previously defined.
Suitable transition metal complexes for use herein correspond to the formula:
MKXaZz, or a dimer thereof, whevein:

M is a Group 4 metal;

)
LA
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K is a group contaming delocalized w-clectrons through which K is bound to M,
said K group contatming ap to 3 atoms not coanting hvdrogen atoms, optionally two K
groups may be joined together forming a bridged structure, and further optionally one
K may be bound to X or ¥;

X at each occwrrence is 8 monovalent, anonic moiety having up to 40 non-
hydrogen atoms, optionally one or more X and one or more K groups are bonded
together to form a metallocyele, and further optionally one or more X and one or more
Z groups are bonded together thereby forming a modety that is both covalently bound 1o
M and coordinated thereio;

Z independentty at each occurrence is 8 nentral, Lewis base doneor bgand of up
to 58 non- hvdrogen atoms containing at least one unshared electron pair through which
Z 15 coordinated to M;

k is an integer from 0 to 3; x is an integer from 1 to 4; z s a number from 040 3,
and the sam, k+x, is equal to the formal oxidation state of M.

{0074} Suitable complexes include those contaming either one or two K groups.
The latter complexes mclude those containing a bridging group hinking the two K
groups. Suitable bridging groups ave those corresponding to the formula

{ER2)e wheremn E s stlicon, germanium, tin, or carbon, R7 independently at each
occurrence is hydrogen or a group selected from stlvl, hvdrocarbyl, hvdrocarbyloxy and
combinations thereof, said R” having up 1o 30 carbon or silicon atoms, ande s 1 0 8.
Hustratively, R7 mdependently at each occurrence 1s methyl, ethyl, propyl, benzyl, ten-
butyl, phenyl, methoxy, ethoxy or phenoxy.

{0875}  Examples of the complexes containing two K groups are compounds

corresponding to the formula:

wheremn:

)
b
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M is titanium, zirconium or hafnium, preferably zivcomum or hafnium, m the
+2 or +4 formal oxidation state; RY at each occurrence independently is selected from
the group consisting of hyvdrogen, hydrocarbyl, silvl, germyl, cyano, halo and
combinations thereof, said R* having up to 20 non~ hydrogen atoms, or adjacent
R groups together form a divalent derivative {that is, a hydrocarbadiyl, siladivi or
germadiv] group) thereby forming a fused ring svstem, and

X" independently at each oconrrence is an anionic ligand group of up to 40
non-hydrogen atoms, or two X" groaps together form a divalent anionic Ligand group of
up to 40 non~hydrogen atoms or together are a conjugated diene having from 4 to 30
non-hydrogen atoms bound by means of delocahized n-electrons to M, whereapon M s
in the +2 formal oxidation state, and

R’, E and ¢ are as previously defined.

{8076} Exemplary bridged ligands contaimng two n-bonded groups ave:
dimethyibis{oyclopentadienylisilane, dimethyibis(tetramethylevelopentadianyl)silane,
dimethyibis{2-ethvloyclopentadien-t-yhsilane, dimethylbis(Z-t-butylcyclopentadien-i-
yhisilane, 2,2-bisfietramethyicoyclopentadienylipropane, dimethvibis(mden-1~vlisilane,
dinethyibis{tetrabydroinden- 1 -yhisilane, dimethyibis(fluoren-1-vl)silane,
dimethyibis{tetrahvdrofluoren~1-vlsilane, dimethytbis(2-methyl-4-phenyviinden~ -y
silane, dimethyibis(2-methyvhinden-1-yhsitane, dimethyl{cyclopentadienyl ) fluoren-1-
yhisilane, dimethyl{cyclopentadienyl}{octabydrofluoren-t-ylisilane,
diumethvl{cvclopentadienviXtetrahvdrofluoren-l-ylisilane, {1, 1, 2, 2-tetramethy)-i, 2-
bis{cvclopentadienyhdisilane, (1, 2-bis{cyclopentadienyliethane, and
dimethyl(cyclopentadienyl - i-(fluoren-1-yDmethane.

{0077} Suitable X" groups are selected from hydnde, bydrocarbyl, silyl, germyl,
halohydrocarbyl, halosilyl, sitythydrocarbyl and aminobydrocarbyl groups. or two X"
groups together form a divalent derivative of a conjugated diene or else together they
form a neutral, n-bonded, conjugated diene. Exemplary X" groaps are C1-20
hydrocarbyl groups.

j0078) Examples of metal complexes of the foregoing formula suitable for use n
the present disclosure include:

bis{cyclopentadienylzirconnundimethyl,

bis{eyclopentadienyDzirconium dibenzvl,

-~
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bis{eyclopentadienylzircontum methyl benzyl,
is{evclopentadienvhzircontom methyl pheovl,
bis{eyclopentadienyhizircontumdiphenyl,
bis{cyclopentadienyltitantum-alivi,
bis{eyclopentadienvljzirconiummethylmethoxide,
bis{evclopentadienyhzircontommethylchloride,
bis{pentamethyicyclopentadienylzirconiumdimethyl,
bis{pentamicthyloyclopentadienyl jtitaniumdimethyl,
bis{indenylizirconnandimethyl,
indenyifluorenylzircontumdimethyl,
bis(indenvhzircontommethvl(Z-(dunethylamino Yoenavly,
bis(indenylzirconmummethyltnmethvisilyl,
bis{tetrabydromdenyvlyzircontummethylirimethylsilyl,
bis{pentamethvicyclopentadienvl}zirconiummethyvibenzvi,
bis{pentamethyvicyclopentadienyzirconiuwmdibenayt,
his{pentamethylcvclopentadienvDzirconiummethyvimethoxide,
bis{pentamethyioyclopentadieny! jircontommethvichloride,
bis{methvlethylevclopentadienyl jrircontomdimethyl,
bis{butvicyvclopentadienylDztrconiumdibenzyl,
bis{t-butvleyclopentadienyhizirconnumdimethyl,
bis{ethvltetramethvicvelopentadienvhzrconimdintethyl,
bis{methvipropylevelopentadienyhzircontumdibenzyl,
bis{trimethyvisilyleyclopentadienylzircontumdibenzyl,
dimethylsilvibis{cyclopentadienyhzirconiumdichlonde,
dimethylsilylbis{eyelopentadienyhzirconiumdimethyl,
dimethylsibvlbis{i-butylevclopentadienviizircontumdichloride,
dimethylsilvibis(n-butylevclopentadienyhzirconiumdichlonide,
{dmethylsilyibis(tetramethvleyclopentadienyl)titanium(Iil) 2-
{dimethviammoybenzyl,
{dimethylsitylbis{n-butvleyclopentadienynitantum(311) 2-
{(dimethviamino benzyl, dimethylsilvibis(indenylzircontumdichloride,
28
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dimethylsilvibis{indenvhzirconiumdimethyl,
dimethylsilyibis{2-methvhndenyDzirconiumdimethyl,
dimethylsilylbis(2-methyl-4-phenylindenvhizirconiomdimethyl,
dimethylsilylbis(2-methylindenvhzirconium-1 4-diphenyl-1,3-butadiene,
dimethylsilylbis(2-methyl-4-phenviindenylizirconium (1) 1 4-diphenyl- 1.3 -
butadiene, dimethylsilylbis{4.5,6 T-tetrahvdroinden-l-vljmircontomdichloride,
dirmethylsilylbis(4,5,0, 7-teralivdroinden-l-yhzircomumdimethyi,
dimethylsilylbis(tetrabvdromdenyhzircontum(1l) 1 4-diphemd-1 3-butadiene,
dimethylsilylbis(ietramethyleyclopentadienylzirconium dimethvl,
dimethylsilvibis{fluorenvl)zircontnmdimethyl,
dimethylstlvibis(tetrahydrofivorenylzircomum bis(trimethyisiiyl),
gthyienebis(indbayhzircontumdichlonde,
ethylenehis(indenyhzircontumdimethyl,
ethyvlenebis{4,5,6,7-tetrabhydroindenyhzirconiumdichloride,
ethylenebis(4,5,6,7-tetrabydroindenyhyzircontumdimethyl,
{1sopropylidens Hevelopentadienvh{ fluorenvl zirconinmdibenzyl, and
dimethylsilyl{tetramethvicyclopentadienyl i fluorenylzivconium dimethyl
{00794 A forther class of metal complexes utilized in the present disclosure
corresponds to the preceding formula: MKZ,X,, or 8 dimer thereof, wherein M, K, X\ x
and % are as previonsly defined, and 7 15 a substituent of up {0 30 non-hydrogen atoms
that together with K forms a metallocyele with M.
{0080  Suutable Z substituents include groups containing up to 30 non-hydrogen
atoms comprising at feast one atom that is oxygen, sulfur, boron or a member of Group
14 of the Periodic Table of the Elements divectly attached to K| and a different atom,
sefected from the group consisting of nitrogen, phosphorus, oxygen or sulfur that is
covalently bonded to M.
0081} More specifically this class of Group 4 metal complexes used according to
the present invention includes "constrained geometry catalysis” corresponding to the

formula;
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wherein: M is titaniwm or zirconium, preforably titamom in the +2, +3, or +4
formal oxidation state;

K' is a delocalized, n-bonded ligand group optionally substituted with from 1
to 5 R groups,

R* at each occurrence independently is selected from the group consisting of
hydrogen, hydrocarbyl, silyl, germyl, cyane, halo and combinations thereof, said
R* having up to 20 non- hydrogen atoms, or adjacent R¥ groups together form a
divalent derivative (that is, a hvdrocarbadivl, siladiyl or germadivl group) thereby
forming a fosed ring system,

each X is a halo, hydrocarbyl, heterohydrocarbyl, hyvdrocarbyloxy or silyl
group, said group having up 1o 20 non-hydrogen atoms, or two X groups together form
a neutral C5-30 conjuzated diene or g divalent dertvative thereot;

sislor2;

Y 8 -0-, -§-, -NR'-, -PR~;

and X7 is SiR";, CR’2, SIR;SIR™;, CRCR, CR™=CR, CR:51R ™, or GeR ',
whergin

R’ independently at each occurrence 18 hydrogen or a group selecied from silvl,
hydrocarbyl, hydrocarbyloxy and combinations thereof, sasd R baving up t0 30 carbon
or silicon atoms.
j0082] Specific examples of the foregoing constrained geometry metal complexes

mcinde compounds corresponding to the formula:

giu

A4

fx\\} E’f{ .,

){ % R

e vy \\

R MO0,
Xy

wherein,

Ar is an aryl group of from 6 1o 30 atoms not counting hydrogen;

R* independently at each occurrence is hydrogen, Ar, or @ group other than Ar
selected from hydrocarbyl, trihydrocarbyisilvl, trihydrocarbylgermyl, halide,
hydrocarbyloxy, trihydrocarbylsioxy, bis(tnhydrocarbvisityliamino,

dithydrocarbyl)amino, hydrocarbadiviamino, hydrocarbvhimino,
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dithydrocarbyl)phosphino, hyvdrocarbadiviphosphino, hydrocarbylsulfido, halo-
substituted hydrocarbyl, hydrocarbyloxyv- substituted hydrocarbyl, trihydrocarbylsiiyl-
substituted hydrocarbyl, trihydrocarbylsiloxy- substituted hydrocarbyi,
bis{trihvdrocarbylsiyllamino- substituted hvdrocarbyl, dithydrocarbyljanuino-
substituted hydrocarbyl, hydrocarbyleneamino~ substituted hvdrocarbyi,
dithydrocarbyl)phosphino- substituted hydrocarbyl, hydrocarbylenephosphino-
substituted hydrocarbyl, or hydrocarbyisulfido- substituted hydrocarbyl, said R gronp
having up o 40 atoms not counting hydrogen atoms, and optionally two adjacent

R* groups may be joined together forming a polyeyelic fused ring group;

M is titaninm;

X is SiR%:, CRY:, SiR%SIR%, CR%CRY 5, CR%=CRE CR® ;SRS BRE, BROLY,
or GeR%:;

Y is -O-, -8-, -NR*- -PR%; -NR%3, or -PR;

R®, independently at each occurrence is hydrocarbyl, trihyvdrocarbylsilyl, or
trihydrocarbylsilylvdrocarbyl, said R having up to 20 atoms other than hydrogen, and
optionally two R groups or R™ together with Y or Z form a ring systeny;

R® independently at each occurrence, is hvdrogen, or @ menther selected from
hydrocarbyl, hydrocarbyvloxy, silvl, halogenated alkyvl, halogenated aryl, -NR:, and
combinations thereof, said R® having up to 20 non-hydrogen atoms, and optionally, two
R® groups or R® together with 7 forms a ring system;

Z is a neutral diene or a monodentate or polvdentate Lewis base optionally
bonded to R, R, or X:

X is hydrogen, a monovalent anionic ligand group having up to 60 atoms not
counting hydrogen, or two X groups arve joined together therebry forming a dwalemt
ligand group;

xis | or2; and

#1580, 1 or 2.
j0083] Suitable examples of the foregoing metal complexes are substituted at both
the 3- and 4- positions of a cvelopentadienyt or indeny! group with an Ar group.
Examples of the foregoing metal complexes include:

{3-phenyleyclopentadien- 1 -vlidimethyl(i-borylamidosilanetitaniom dichloride,

{3-phenvicvciopentadien- -yl }dimethyi{t-butvlamidosilapetitanium dimethyi,
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(3-phenyleyclopentadien-l-yhidimethyi(i-butvlamido)sttanciitanium (1) 13-
diphenyi-l, 3« butadiene;

(3 ~(pyrrol-1-yhiovclopentadien- 1 -yhdimethyl(-butylamido)silanetitanium
dichloride,

{3-(pyrrot-1-vheyelopentadien-1-yhidimethyl(-butviamido)silanetitanium
dimethyl.

(3 ~(pyrrol-1-yheyclopentadien- 1 -y dimethyl{t-butvlamido)sitanetitanium {11)
1 4- diphenyi-1 3-butadiene;

{3-(1-methylpyrrol-3-ylicvclopentadien- Tyl jdimethvl{t-
butylanido)silanetitamum dichlonide,

{3~ L-methylpyrrol-3-yheyelopentadien~ 1-yhdimethyl(t-
butvlamido}stanetitaniun dimethyvl,

{3-{ L-methylpyrrol-3-yhevelopentadien- -yhdimethyl{t-
butviamido)silanetitaninm (11} 1 4~ diphenyi-1,3-butadiene;

{3 4-diphenyloyclopentadien- 1 -ylidimethyl{t-butvlamido)silanetitanium
dichloride,

(3 4-diphenyicyclopentadien- 1 -yhidimethvi{t-butvlamido isilanetitan i
dimethyl,

{3 4-diphenyicyclopentadien-1-yhidimethyl{t-butvlamido)silanetitantum (1) 1,3~
pentadiene;

{3-{3-N,N-dimethylammo)phenvheyclopentadien-1 -vidimethyiit-
butvlamido)silanetitanium dichloride,

(3+3-N N-dimethylaminojphenvicvelopentadien- byl jdimethvi(t-
butylarido)silanetitanim dimethyl,

(343N, N~dimethylamino)phenyicyclopentadien- - vhdmmethyi(
butviamido)sifanetitanium (I} 1 4-diphenyl-1.3-butadiene;

{3-(4-methoxyphenyl}-4-methvicvclopentadien-1-yhidimethyi(-
butylanudo)silanetitaninm dichloride,

{3~(4-methoxyphenvi }-4-phenylevelopentadien- 1 -vlidimethyl(t-
butvlamido jsilanetitanium dimethyl,
{3-4-methoxyphenyl}-4-phenvleyclopentadien-1-yhdimethvi(t-

butviamido)silanetitaninm (11} 1 4-diphenvi-1 3-butadiene;
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(3-phenyl-4-methoxyeyvclopentadion- -yDdimethyl(-butylamidoisilanetitanium
dichloride,

{3-phenyl-4-methoxyevolopentadien- L -yvhidimethyl(-butylamido)silanetitaninm
dimethyl,

{3-phenyl-d-methoxyoyclopentadien- L-ylidimethyvi{t-butvlamido llanetitanium
{Il) 1.4~ diphenyvl-1,3-butadiene;

(3-phenyl-4-(N N-dimethylamino)evelopentadien-1-vhdunethyl{t-
butvlamido)sitanetitanium dichloride,

(3-phenyl-4-{N N-dimethvlamino jovelopentadien-1-vlidimethyl{(i-
butylanudoe)silanetitanium dimethyl,

{3~-phenyvi-d- (N N-dimethvlamino)oyclopentadien-1-yhdimethyi(t-
butvlamido)sitanetitanium (11} 1 4-diphenyl-1_3-butadiene;

2-methyl-(3 4-di{d-methviphenvheyclopentadien- L-yhdimethyl(t-
butviamido)silanetitanium dichloride,

2-methyl-(3 4-di(d-methylphenyhoyclopentadien- - yDdimethvi(t-
butviamido isilanetitaniom dimethyl,

2-methyl-(3 4-di(4-methviphenvheyclopentadien- L -vldunethvi(i-
butvlamido)silanetitanium (1) 1.4-diphenyl-1 3-botadene;

{{2,3-diphenyl)-4-(N N-dimethvlamino)evclopentadien- L-yhidimethvl{(t-
butylanudo sitane titanium dichloride,

{{2,3~-diphenyh-4-{ N, N-dumethvlamino joyclopemtadien- L-yhdimethvi{t-
butviamido)sitane titanium dimethyl,

{(2,3-diphenyli-4-(N N-dimethylanuno)cyclopentadien- 1 -yl idimethyl{t-
butylanudo stlanetitanium (1) d-diphenyl- 1.3 ~butadiene;

(2.3, Atriphenyl-S-methyleyelopentadien-1-ylidimethyl{t-
butviamido)sifanetitanium dichloride,

{23 4-riphenyl-S-methyvlcyelopentadien-b-yhdimethvl{(t
butylanudo)silanetitaninm dimethyl,

(2.3 A-triphenyl-5-methylevelopentadien-L-yhdimethyl{(t-
butvlamidojsilanetitanium (11} 1.4- diphenyl-1 3-butadiene;

{3-phenyl-d-methoxyevclopentadien- LyDdimethyl{t-boatylamdo stlasetitaniom

dichloride,

(]
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{3-phenyi-4-methoxyeyclopentadien-1 -yhidimethyl{t-butylamido)silanciitaniom
dunethyl,

{3-phenyl-4-methoxyevolopentadien- L -yvhidimethyl(-butylamido)silanetitaninm
(I} 1,4~ diphenyl-1.3 ~butadiene;

{2, 3-diphenyl-4-{n-butylieyclopentadien- L-ylidimethvl{t-
butylamido)silanetitanium dichloride,

2. 3-diphenyl-d-{n-butylicyclopentadien-byhdimethyvK -
butylamido)sifanetitanium dimethyl,

(2, 3-diphenyi-4-{n-batyliovclopentadien-t-vhidimethyl{t-
butylamido)silanetitaninm (1) 1 4-diphenyi-1,3-butadiene;

{2.3,4,5-tetraphenvicyclopentadien-t-ydimethyl{t-butylanudo s lanetitantum
dichlonide,

{2,3.4 S-tetraphenylevelopentadien-  -vhidimethyl{ -hotylanmdo)silanetitaniom
dimethyl, and (2,3 4, 5-tetraphenvicyclopentadien-t-ylidimethyl{t-
butylanudo)sitanetitaniom (I} 1 4- diphenyl-l3-butadiene.

{0084} Additional examples of suitable metal complexes herem are polyeyelic

comnplexes corresponding to the formula:

R 'R"’
m
,‘ MR,
e
RJ

where M s titantwm it the +2, +3 or +4 foral oxidation state;

R7 independently at each ocowrrence is hydride, hydroearbyl, silyl, zermyl.
halide, hydrocarbyloxy, hydrocarbylsiloxy, hydrocarbylsitylamino,
dithydrocarbyllamino, hydrocarbyleneamino, dithydrocarbyliphosphino,
hvdrocarbylene-phosphine, hyvdrocarbylsultido, halo-substituted hydrocarbyl,
hydrocarbyloxy-substituted hydrocarbyl, silyl-substituted hydrocarbyl,
hydrocarbylsiloxy-substituted hydrocarbvl, hvdrocarbylsilvlamino-substituted
hvdrocarbyl, dithvdrocarbyllamino-sebstituted hydrocarbyl, hyvdrocarbylensamino-
substituted hydrocarbyl, di{bvdrocarbyl)phosphino-substituted hvdrocarbvl,

hydrocarbylene-phosphino-substituted hvdrocarbyl, or hvdrocarbylselfido~-substituted
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hydrocarbyl, said R7 zroup having up to 40 atoms not counting hydrogen, and
optionally two or more of the foregoing groups may together form a divalent
derivative;

R¥is a divalent hydrocarbylene- or substituted hydrocarbylene group forming a
fused system with the remainder of the metal complex, said R containing from 1 to 30
atons not counting hrvdrogen;

X? is a divalent moiety, or a moiety comprising ove o-bond and a veutral two
electron pair able to form a coordinate-covalent bond to M, said X* comprising boron,
or a member of Group 14 of the Periodic Table of the Elements, and also compnsing
nitrogen, phosphorus, sulfur or oxygen;

X is a monovalent anionic ligand group having up to 60 atoms exclusive of the
class of hgands that are cyelic, delocalized, s-bound ligand groups and optionally two
X groups together form a divalent bgand group;

Z. independently af each occurrence is a neutral Hpating compound having up
to 20 atoms;

X180, lor2; and

z 15 zere of 1.

{0085 Suitable examples of such complexes are 3-phenyvi-substitnted s-indecenyl

complexes corresponding to the formula;

2,3-dimethyvl-substituted s-indecenyl complexes comresponding 1o the formulas:

Lk
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j0086] Addittonal examples of metal complexes that are usefully emploved as

catalysts according to the present mvention inclode those of the formula:
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{6087} Specific metal complexes mchade:

{B-methviene-1 8-dihydrodibenzofe Alazulen-l-y1}-N-{ 1,1~
dimethylethylidimethyisiianamide ttanivm (11) 1 4-diphenyl-1 3-butadiene,

{S~methylene~1 &-dibydrodibenzole Alamden-I-vl}-N-(11~
dinethylethyldunethyistlanamtde titaniom (1) 1 3-pentadiene,

{S-methyiene-1 8-dihydrodibenzofe ijazulten~1-y1)-N-{1,1-
dimethyiethyljdimethylsilangnide ttanium (1) 2-(N N-dimethylaminojbenzyl,

{S~-methviene~1 R-dihydrodibenzofe Alazulen- L-yl)-N-(1,1-
dunethylethyl}dimethvisilanamide titaniom (1V) dichionde,

{8-methylene-1 8-dihvdrodibenzole flazaden-1-yH-N-{1,1-

dimethylethvlidimethylsianande titanium (IV) dimethivl,

Tt
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{8-methviene-1 8-dihydrodibenzofe Alazulen- 1-v1)-N-(1,1-
dunethylethyDdmmethyisifanamide titaniom (1V) dibenzyl,
{8-difluoromethvlens-1 8-dihydrodibenzo{e Flazulen-1-v1}-N-(1,1-
divnethylethyhdimethylsidanamide ttanmum (1D 4-diphenyi-1 3-butaciene,
{8-ditfluoromethylene-~1,8-dihydrodibenzole fazulen~-1-v}-N-{1,1~
dimethylethylidimethyisilananude titanivm (1) 1 3-pentadiene,
{8-difluoromethylene-1 8-dihydrodibenzofe Alazalen- L-yl}-N-(1,1-
dimethylethyhdimethyistlanamide titamum (1) 2-(N N-dimethylaminoYbenzyl,
{S-dithsoromethylene-~1, 8-dihydrodibenzole Alazuden-1-v[}-N-{1,1-
dimethylethyl jJdimethylsilanamide ttanium (1V) dichloride,
{S~diflaoromethylene-1 8-dihvdrodibenzole #larulen-{-v1)}-N-(1,1~
dinethylethyDdimethyisilanamide titanmum (IV) dimethyl,
{8-difluoromethylene-1 8-dihydrodibenzole flazulen-1-y13-N-( 1,1~
dimethylethylidimethyisiianamide titanium (IV) dibenzyl,
{&-methyvlene~1 8-dihydrodibenzofe Alazulen-2-vH-N-(1,1-
dunethvlethyl}dimethyistlanamide titaniom (1) 1 4-diphenyi-1,3-butadiene,
{8-methylene-1,8-dihvdrodibenzofe #lazalen-2-yB-N-{1,1-
dimethylethyDdimethylstlanamide titaniwm (1) 1,3-pentadiene,
{8-methviene- 1 8-dihvdrodibenzofe A azulen-2-y13-N-{1,1-
dimethylethylidimethyvisianamide titaniom (1) 2-(N, N-dimethylamino)benzyl,
{&-methylene-1 &-dihvdrodibenzole, #larnlen-2-vi}-N-{1,1-
dimethylethyDdimethylstlanamide titanium (1V) dichloride,
{8-methviene-1 8-dihydrodibenzofe Alazulen-2-yD-N-(1, 1+
dimethylethyldimethyisianamde titanium (IV) dimetind,
{&-methylene-1 8-dihydrodibenzofe Aarulen-2-vi-N-(1,1~
dimethylethyDdimethvisilanamide titanivm (IV) dibenzyl,
{S-dithsoromethylene-~1, 8-dihydrodibenzole Alazuden-2-v[}-N-{1, 1~
dimethylethylidimethyisilanamide titanium (1) 1 4-diphenvi-1, 3-butadiene,
{8-difluoromethylene - 8-dihydrodibenzofe azulen-2-y1}-N-{11-
dimethylethylidimethyisilanamide titaniom {11) 1. 3-pentadiene,
{8-diflucromethvlene-1,8-dihydrodibenzofe Alazulen-2-y-N-(1,1-

dimethylethyvlidimethvisifanamide titanium (1) 2-(N N-dimethylaminoybenzvl,
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{8-difluoromethylene-1,8-dibydrodibenzo{e flazolen-2-y-N-{1,1-
dunethylethyDdimethyisifananmde titaniom (IV) dichlonide,

{8-difluoromethvlens-1 8-dihydrodibenzo{e Flazulen-2-v1}-N-(1,1-
divnethylethyhidimethylsilananude titanum (IV) dimethyl,

{8-ditfluoromethylene-~1,8-dihydrodibenzole #Jazulen-2-v}-N-{1,1~
dimethylethylidimethyisilananude titanivm (1V) dibenzyl, and mixtwres thereof]
especially mixtures of positional tsomers.
{6088} Further illustrative examples of metal complexes for use according to the

present invention correspond to the formula:

where M is tiianhwen in the +2, +3 or +4 formal oxidation state;

T is -NR"% or -0

R is hydrocarbyl, silyl, germyl, dilydrocarbytboryl, or halohydrocarhyl or up
to 10 atoms not counting hydrogen;

R independently at each occurrence is hyvdrogen, hydrocarbyl,
trihydrocarbylsilyvl, trihyvdrocarbylsilylhydrocarbyl, germwl, hahde, hydrocarbvloxy,
hydrocarbylsiloxy, hydrocarbylsiivlamino, di(hydrocarbyllamino,
hydrocarbyleneamino, dithydrocarbylphosphino, bydrocarbylene-phosphino,
hydrocarbyisuifido, halo- substituted hydrocarbyl, hyvdrocarbyloxy- substituted
hvdrocarbyl, silvl- substituted hydrocarbyl, bydrocarbyisiloxy- substituted hydrocarbyl,
hydrocarbylsilylamino~ substitited hydrocarbyl, difhydrocarbyDamino- substituted
hydrocarbyl, bvdrocarbylencamino-substituted hydrocarbyvl, dithvdrocarbyl}phosphino-
substituted hydrocarbyi, bydrocarbylenephosphino- substituted hydrocarbyl, or
hydrocarbylsuifido- substituted hydrocarbyl, said R Mgroup having up to 40 atoms not

counting hydrogen atoms, and optionally two or more of the foregoing adjacent
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R proups may together form a divalent derivative thereby forming a saturated or
unsaturated fused ning;

X s a divalent moiety lacking in delocalized n-electrons, or such a moiety
comprising one g-bond and a newteal two electron pair able to form a coordinate~
covalent bond to M, said X* comprising boron, or a member of Group 14 of the
Periodic Table of the Elements, and also comprising nitrogen, phosphorus, sulfor or
X VRen;

X is a monovalent anionic ligand group having up to 60 atoms exclusive of the
class of Bgands that ave cvehie figand groups bound to M through delocalized -
electrons or two X groups together are g divalent anionic higand group;

Z independently at each occurrence 18 a neutral hgating compound baving up
to 20 atoms;

180, 1,2, 003

and zis Qor 1.
j0089] {Hustratively, T 18 =N{CHs), X 15 halo or hydrocarbyl, x 182, X¥is
dimethyisilane, z is €, and R™ at each occurrence is hydrogen, a hvdrocarbyl,
hyvdrocarbyloxy, dihydrecarbylamino, hydrocarbylensamino, dihydrocarbylamino-
substitated hvdrocarbyl group, or hydrocarbyleneamino- substituted hydrocarbyl group
of up to 20 atoms not counting hvdrogen, and optionally two R groups may be joined
together,

{090} {Hustrative metal complexes of the forepoing formula that may be employed
i the practice of the present invention further include the following compounnds:

{t-butvianudo)dimethyl-{6,7thenzo-[4,5:2° 3 H{-methvlisoindol}-(3H p-indene-
2-yhsttanetitantum (11 Ld-diphenyl-l 3-butadiene,

{t-butylamido)dimethyl-{6, Thenzo-{[4. 5:27 37 [(l-methylisomdo - 3H)-indene-
2-vhsilanetitanmm (11} 1 3-pentadiene,

{t-butyvlamdo)dimethyl-{6,7 tbenzo-{4,5:2° 37 [(I-methyvhsoindol }-(3H }-ndene-
2-yhisttanetitandum (111 2-(N N-dimethviamino)benzyl,

{t-butylanudo)dimethyl-[6 7ihenzo-{4.5:2° 3" [(l-methylisoindol - 3H)~indene-
2-yhsilanetitaniom (1V) dichloride,

{t-butviamido)dimethvl-{6, 7 thenzo-{4,5:2° 37 }(I-methyhsoimndol)-(3H indene-
2-ylisttanetitandum (1V) dimethyl,
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{t-butylanudo)dimethyl-[6] [benzo-{4.5:2" 3 {l-methylisoindol-(3H Findene-2-
yhsilanetianiun {1V} dibenzyl,

{t-butviamidoidimethyl-[6,7benzo-{4,5:2° 3" [(l-methvhisoindol}-{ 3H -indene-
2ovistlanetitanium (V) is{tnimethylsilyl),

{cyclohexylamido)dimethyl-[6, 7 Tbenzo-{4 527 3" {bmethvlisoindol - 3H)-
indene-2- vhsilanetitaniom () | 4-diphenyl-1 3-butadiene,

{cvelohexylamidoidimethyl-[6,7benzo-{4,5:2° 3 }(l-methylisomdol)-(3H)-
imdene~2- yhisilapetitanium (1D 1, 3-pentadiene,

{eyclohexylamido)dimethyl-[6,7Tbenzo-{4,5:2° 3 {{-methylisomdoh-(3H)-
tndene-2- vhstlanetitaniom {H1) 2-(N, N-dimethylamino)benzyl,

{cyclohexylamidodimethyl-[6, 7 benzo-{4,5:27 3" {{l-amethylisomndol)-(3H)-
mdene-2- yhstlanetitanium (1V) dichloride,

{cvelohexviamido)dimethvl-[6, 7 benzo-{4,5:.2° 37 {{lmethylisoidoh-{ 3H)-
indene-2- visilanetitaniom {1V} dimethyi,

{cyclohexylamidodimethyl-[6, 7 henzo-{4.5:2° 3 lmethyhisoindol}-(3H)-
mdene-2~ vlislanetitanium (IV) dibeneyl,

{evelohexyvlamido)dimethyl-[6,7 Tbenzo-{4,5:2° 3 Hl-methvlisomdoD-{3H)-

mdene-2- yviisilanetitanmum (V) bis(trimethylstivi),

{t-butylanudo)di{p-methylpheny-6,7benzo-{4,5:2° 3" J(1-methylisoindol)-
{3H}-indene-2~yhistlanetiannm (1) 1 d-diphenyl-1 3-butadiene,

{t-butviamido}di{p-methviphenvl}-{6,7 [benzo-[4,5:27 3 {{1-methyvlisoindol)-
{3H)}mndene-2- yhisilanetitanmum (1) 1,3-pentadiene,

(t-butylamido)di{ p-methylphenyl}-[6, 7ibenzo-[4,5:2" 3" {(1-methylisoindol)-
{3H)-indene-2- vhsilanetitantom (HI} 2-(N N-dimethvlaminoybenzyd,

{t-butylamido)di{p-methylpheny}-{6,7 ibenzo-{4,5:2° 3 (I-methvhsoindol -
{3H)-indene-2- yhsilanetitamum (IV) dichloride,

{t-butyvlamdo)di p-methylphenyl}-{6, 7ibenzo-[4.5:27 3" {(1-methylisomdol)-
{3H)-indene-2- vhsilanetitanium (1V) dimethyl,

{t-butylanudo)di{p-methylphenyl}-{6,7 benzo-{4,5:2” 37 {(}-methvhsomndol)-
{3H}-indene-2- yljsilanetitantum (IV) dibenzyl,

{t-butviamido)di p-methylphenyl}-{6 Tihenzo-[4,5:27 3 (1-methylisoindol)-

{3H }indene-2-viistlanetitanium (IV) bis{trimethyisilyl),
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{cyclohexylamido)di(p-methylpheny!)-{6, TTbenzo-{4,5:2° 37K1-
methvhsoindol +3H-indene-2- yisianetitanium (11} 1 4-diphenyl-1 3-butadiene,
{cvolohexyviamidoidi{p-methyiphenvh)-{6, 7lbenzo-{4.5:27,3 |1
methylisomndo - 3H )-ndene-2~ysitanetitanivm (11 1,3-pentadiene,
{cyclohexylamido)di(p-methyiphenyi}-{ 6, Tlbenzo-{4,5:2° 37}~
methvhisoindol)-(3H )-indene-2-vl)silanetitanitom (1) 2-(N N-dimethvlamino)benzyl,
{cvelohexylamidodi{ p-methyiphenyi)-{6, 7 [benze-{4,5:27 37 K1
methylisoindoD-(3H}-indene-2-yhslanetitanium (1V) dichloride,
{cyclohexylamido}di(p-methylphenyl)-{ 6, 7Thenzo-{4,5:27 37}(1-
methylisoindol)-(3H)-indene-2-vhstlanetitaniom (1V) dimethyl,
{cyclohexylamidodi(p-methyiphenyh)-[6,7 fbenzo-{4,5:2° 37 |1
methylisoindoD-(3H ndene-2- vhstlanetitanivm {IV) dibenzyl; and
{cvelohexviamudo )di(p-methviphenyh)-{6, 7 fbenzo-{4,5:27 37K~
methvliseindoD-(3H)-indene-2-yhsilanetitanium (1V) bis(wrimethyisiivi).
{0091} {Hustrative Group 4 metal complexes that may be employed ia the practice
of the present disclosure further clude:
{tert-butylamido)(1,1-dimethyl-2,3.4.9,10-1,4,5,6,7 8-
hexahydronaphthalenyhdimethyisilanetitaniomdimethyvl
{tert-butvlamido¥ 1,12, 3-tetvamethyl-2,3 4.9.10-n-1,4,3,6,7 8-
hexahydronaphthalenylidimethvistlanetitamumdunethyl,
(tert-butylamido)(tetramethyl-n -cyclopentadienyl) dimethvisilanetitaniom
dibenzyl,
(tert-butylamido tetramethyl-y -cyclopentadisnylidimethylsilanetitanium
dimethyl,
{tert-butylamidoXtetramethvi-n-cyclopentadienyl - 1, 2-ethanedivititanium
dumethyl,
{tert-butylamido ) tetramethyi-y -indenyldimethyisilanetitaniom dimethyl,
(text-butylamidoY(tetramethviay-cyclopentadienyl )dimethylsilane titantum (111
2~{dimethylaminobenzyl;
(tert-butylamido){tetramethyl-n’-cyclopentadienyl Jdimeth visilanetitanium (11

allyl,
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2 4-dimethyipentadienyl,
(tert-butylamidoY(tetramethyl-n"-cyclopentadienyldimethvisilanetitanium (1)
1, 4-diphenyl-1 3-butadiene,
{tert-butylamido {tetramethyl-y -cvelopentadienyldimethyisilanetitanium (1)
1. 3-pentadiene,
(tert-butylamido ) 2-methylindenyl idimethylsilanetitanium (I} 1,4-diphenyi-1,3-
butadiene,
{teri-butylamido { 2-methylindenyldimethyisitanetitannan (1D 2 4-hexadiens,
{tert-butylanido) 2-methvhindenyldimethvisilanetitaniom (IV) 2,3-dimethyl-
1.3~ butadiene,
{tert-butylamido } 2-methylindenyldimethylsdanetitarium (IV) isoprene,
{tert-butylarmdo ) 2-methylindenyldimethylsitanetianiwn (IV)Y 1.3 -botadiene,
{tert-butvlianido (2,3 -dimethvlindenvhdimethylsilanetitanium (IV) 2,3-
dimethyl-1,3-butadiene,
{tert-butviamido )2 3-dmmethvlindenyhdimethvisilanetitanium {1V} isoprene,
{tert-butylamido 2 3-dimethylindenyhidimethylstlanetitaniom (IV) dimethyl,
{tert-botylamido X2 3-dimethylindenvhdimethylstlanctitaniom (IV) dibenzyl,
{tert-butvlamido}( 2 3-dimethylindenyldimethylsignetitanium (1V) 1,3-
bhutadiene,
{tert-butvlamido)(2 3-dimethvlindenyhidimethvisilanetitanium {I1) 1,3-
pentadiene,
{(tert-butylamido )2, 3-dimethylindenyhdimethyistlangtitanium (11 1 4-diphenyl-
1 3-butadiene,
{tert-butylamido} 2~-methyviimdenyhdimethvisilanetitaniom (I} 1 3-pentadiene,
{teri-butylamido ) 2-methyhindenyldimethylslanetitanium (IV) dimethyl,
{teri-butylamido )} 2-methylindenyldimethyisttanetitanium (IV) dibenzyl,
{tert-butvlamido} 2-methvi-4-phenylindenyldimethylsilanetitaniom (1) 1,4-
diphenyl-1,3-butadiene,
{(tert-butylamido} 2-methyi-4-phenylindenylidimethyistlanetitanivm (1) 1,3~

pentadiene,

ey
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{tert-butylamido} 2-methvi-4-phenylindenyhidimethylstlanctitanium (1) 2 4-
hexadiene,

(tert-butvlamido tetramethyl-n’-cvclopentadienylidimethyi- sifanetitanium
{1V} 1,3 ~butadiene,

{tert-butylamido {tetramethyl-w -cyelopentadienyldimethylsilanetitanium {FV)
2.3 ~dimethyl-1 3-butadiene,

(tert-butylamido)(tetramethyl-n’-cyclopentadienyl Jdimethvisilanetitanium {1V}
Isoprene,

{tert-butylamido ) tetramethyi-n -cvelopentadienyldimethyl- silanetitanium (11
1 4-dibenzyi-1,3-butadiene,

{tert-butylamido)tetramethyl-n’-cyclopentadienyl )imethyisilanetitanium (J1)
2 4-hexadiene,

(tert-hutylamido)(tetramethyl-n -cyclopentadienyldimethyl- silanetitaniun (11
3-methyl-1,3-pentadiens,

{tert-butvlamido}2 4-dimethylpentadien-3-vhidnnethylsilapettamumdimethyl,

{tert-butviamido}{6,6-
dinethyleyclohexadienyl idimethyistlanetitanivmdimethyl,

{tert-butylanudo |, I-dimethyl-2 3 4.9, 1001 .4,5,6,7 8-hexahvdronaphthalen-
4~ yhidimethylsilanetitamiumdinethyl,

{tevt~-butvlamido){1.1,2 3-tetramethyl-2 3 4.0, 10--1 4,567 R~
hexahydronaphthalen-4- yvhidimethyistlanetitaniumdimethyi,

(tert-butylamido Y tetramethyl-n’-cyvclopentadienyl methylphenylsilanetitanium
{IV) dimethyl,

{tert-butylamido{tetramethvi-y-cyclopentadieny] methvlphenyisilanetitaniom
{il) 1 4-diphenyl-1,3-butadiene,

| -{tert-butylamido)-2-{tetramethylay -cvclopentadienylethanedivititanium (IV)
divethyl, and

I -{tert-butylamido)-2-(tetramethyl-n -cyvclopentadienyl Jethanedivi-titaniwm (11
i 4-diphenyl-1_3-butadiene.
{0092 Other delocalized, n-bonded complexes, especially those containing other
Group 4 metals, will, of course, be apparent to those ghalled in the art, and are disclosed
among other places in: WO 03778480, WO 03/78483, WO 02/92610, W0 02/02577,
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US 2003/0004286 and US Patents 6,515,155, 6,555,634, 6,150,297, 6,034,022,

6,268 444, 6,015 868, 5,866,704, and 5,470,993,

{00931  Additional examples of metal complexes that are usefully employed as
catalysts are complexes of polyvalent Lewis bases, such as compounds corresponding

to the formula:
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wherein T" is a bridging group, preferably containing 2 or more atoms other
than hydrogen,

X" and ¥ are each independently selected from the group consisting of
nitrogen, sulfur, oxygen and phosphorus; more preferably both X and Y? are nitrogen,

R® and R™ independently cach occurrence are hydrogen or Cise hydrocarbyl

groups optionally containing one or more heteroatoms or inertly substinuted derivative
thereof, Non-limiting examples of suitable R® and R™ groups include alkyl, alkenyl,
arvl, aralkyl, {poly)alkylarvl and cvcloatkyl groups, as well as nifrogen, phosphorus,
oxvgen and halogen substituted derivatives thereof. Specific examples of suitable Rb

and Rb” groaps mclude methyl, ethyl, wsopropyl, ectyl, phenyl, 2 6-dimethylphenyl,
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2. 6-di{isopropvhphenyl, 2.4, 6-trimethyiphenyi, pentaflyorophenyl, 3,5-
trifluoromethyviphenyl, and benzyl;

g and g” are each independently O or 1;

M" is a metallic element selected from Groups 3 to 15, or the Lanthanide series
of the Periodic Table of the Flements. Preferably, M"isa Group 3-13 metal, more
preferably M" is a Group 4-10 metal;

1.7 is a monovalent, divalent, or trivalent anjonic Hgaud containing from 1 to 50
atoms, not counting hydrogen. Examples of suitable LY groups include halide; hydride,
hydrocarbyl, hydrocarbyloxy; dithydrocarbyliamudo, hydrocarbyleneamide,
dithydrocarbyliphosphido; hydrocarbylsultido; hvdrocarbvloxy,
tri(hydrocarbylsilyljalkyl, and carboxylates. More preferred L” groups are C1-20 alkyl,
=20 aratkyl, and chloride;

k and b’ are each independently an integer from 1 to 6, preferably from 1 {0 4,
more preferably from 1 t0 3, and j is 1 or 2, with the value h x  selected to provide
charge balance;

Z® is a neutral ligand group coordinated to MY, and containing up 1o 30 atoms
nat counting hydrogen, Preferred Z% groups include aliphatic and aromatic amines,
phosphines, and ethers, atkenes, alkadienes, and mertly substifuted dertvatives thereot.
Suitable nert substituents include halogen, alkoxy, aryloxy, altkoxyearbonyl,
aryloxycarbonyi, dihydrocarbyDamine, trithvdrocarbylstivi, and nitnle groups.
Preferred 27 yroups include triphenyiphosphine, tetrahydrofuran, pyridine, and 1,4-
diphenvibutadiene;

fis an integer from | to 3;

two or three of T, R® and R® may be joined together to form g single or
muliiple ring structare;

h is an mteger from | 1o 6, preferably from | 1o 4, more preferably from 1 1o 3;

wes ncheates any form of electronic interaction, especially coordinate or
covalent bonds, including multiple bonds, arrows signify coordinate bonds, and dotted
lines idicate optional double bonds,

{094} in one embodiment, it is preferred that RY have relatively low steric
hindrance with respect to X", In this embodiment, most preferred R® groups are steaight

chain alkyl groups, straight chain atkenyl groups, branched chain alkyl groups wherein
46



WO 2018/170227 PCT/US2018/022579

the closest branching point is at least 3 atoms removed from X, and halo,
dihydrocarbylamino, alkoxy or trthydrocarbylsiyl substituted derivatives thereof.
Highly preferred R® groups in this embodiment are C1-8 straight chain alky! gronps.
jO095] At the same time, in this embodiment R™ preferably has relatively high
steric hindrance with respect to Y®. Non-limiting examples of suitable R™ groups for
this embodiment include alkyl or alkenyl groups containing one or more secondary or
tertiary carbon centers, cycloalkyl, arvl, alkaryl, aliphatic or aromatic heterocyelic
groups, organic or morganic oligomenric, polymeric or cvelic groups, and halo,
dihvdrocarbylammne, alkoxy or tribvdrocarbylsiivl substituted dervatives thereof.
Preferred R™ groups in this embodiment contain from 3 to 40, more preferably from 3
to 38, and most preferably from 4 {0 20 atoms not counting hydrogen and are branched
or cyclic. Examples of preferred T® groups are structures corresponding to the

following formulas:

; gy B it i1y d i &
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wherein

Each RYis C1-10 hydrocarbyl group, preferably methyl, ethyl, npropyl, i
propyl, t-butyl, phenvl, 2,6~dmethyvlphenyl, benzyl, or woivl. Each R%is C1-10
hydrocarbyl, preferably methyl, ethyl, n-propyl, i-propyl, t-butvl, phenvl, 2.6~
dimethylphenyl, benzyl, or tolyl. In addition, two or more R® or R® groups, or mistures
of Rd and Re groups may together form a polyvalent derivative of a hydrocarbyl group,
such as, 1.4-butylene, 1 5-pentviene, or a multicyelhic, fused ring, polyvalent
hydrocarbyl- or heterohydrocarbyvl- group, such as naphthalene-1,8-divl.
{096} Suitable examples of the foregoing polyvalent Lewis base complexes

nchude:

e
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wherein RY at each occurrence is independently selected from the group
consisting of hyvdrogen and C1-30 hydrocarby! groups optionally containing one or
more heteroatoms, or nertly substituted derivative thereof, or further optionally, two
adjacent R* groups may together form a divalent bridging group;

d is 4

MY is a Group 4 metal, preferably titanium or hafnium, or a Group 10 metal,

preferablv Ni or Pd,
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LY is 2 monovalent ligand of up to 30 atoms not counting hvdrogen, preferably
halide or hydrocarbyl, or two LY groups together are a divalent or neutral Higand group,
preferably a Ca.se hyvdrocarbylene, hvdrocarbadivi or diene group.

{00971  The polyvalent Lewis base complexes for use in the present invention
especially mclude Group 4 metal derivatives, especially hafhinm denvatives of
hydrocarbylamine substituted heteroaryl compounds corresponding to the formula

3 \i
N - e 12
I.

o\ &
;R.. qun‘ﬁ’{{ixix'

wherein:

RY is selected from atkyl, cycloalkyl, heteroallevl, cycloheteroatkyl, aryl, and
wertly substituted dertvatives thereof containing trom 1 to 30 gtoms not counting
hydrogen or a divalent dervative thereol;

T is a divalent bridging group of from 1 to 41 atoms other than hydrogen,
preferably 1 {o 20 atoms other than hydrogen, and most preferably a mono- or di- Cl-
20 hydrocarbyi substituted methylene or stlane group; and

R is a Cs.e heteroaryl group containing Lewis base functionality, especially a
pyridin-2-yl- or substituted pynidm-2-vl group or a divalent derivative thereof

M' is a Group 4 metal, preferably hafnium;

X1 is an anionic, neatral or dianionic lgand group;

% is a number from O to 3 indicating the number of such X' groups; and bonds,
optional bonds and electron donative interactions are represented by hoes, dotted hnes
andd arrows respectively,

098] Suitable complexes are those wherein ligand formation results from
hydrogen ehimination from the amine group and optionally from the loss of one or more
additional groups, especially from R In addition, electron donation from the Lewis
base functionality, preferably an electron pair, provides additional stability 1o the metal

center. Suitable metal complexes correspond to the formula:
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wherein MY, X!, x7, R* and T' are as previously defined,

R¥ RM™ RY and R'are hydrogen, halo, or an alkvl, cycloalkyl, heteroatkyl,
heterocvcloalkyl, aryl, or silyl group of up to 20 atoms not counting hydrogen, or
adjacent R¥, R¥ R¥ or RY groups may be joined together thereby forming fused ring
derivatives, and bonds, optional bonds and electron pair donative interactions are
represented by lines, dotted lines and arrows respectively. Suitable examples of the

toregoing metal complexes correspond to the formula:

&
" §3 - )gw
wyp A . 3
B St
R FE N

o~ F k g b
o
& N

wherein

MY X, and x7 are as previonsly defined,

RB RY RY and R' are as previously defined, preferably R™, R™ and R' are
hydrogen, or C1-4 alkyl, and R*® is Co-20 aryl, most preferably naphthalenyl;

R" ndependently at each occurrence s Ci-2 alkyl, and a 15 1-5, most preferably
R*in two ortho- positions (o the nitrogen Is 1sopropyvl or t-butyl;

R and R™ independently at each occurrence are hyvdrogen, halogen, or a Ciae
alkyl or aryl group, most preferably one of R and R™ is hvdrogen and the other is a
C6-20 arvl group, especially 2-isopropyl, phenyl or a fused polycvehic arvl group, most
preferably an anthracenyl group, and bonds, optional bonds and electron pair donative
tateractions are represented by lines, dotied Hnes and arrows respectively.
[0099]  Exemplary metal complexes for use herein as catalysts corvespond to the
formula:

S
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wherein X' at each occurrence is halide, N N-dimethylamido, or Cr-1 atkyl, and
preferably at each occurrence X! is methyl;

RY independently at each occurrence is ydrogen, halogen, C1-20 alkyl, or C6-
20 aryl, or two adjacent RY groups are joined together thereby forming a ring, and fis 1-
S; and

R* independently at each occurrence 1s hvdrogen, hatogen, Cran alkyl, or Csao
aryl, or two adjacent R® groups are joined together thereby forming a ring, and ¢ is 1-3
{00100]  Suitable examples of metal complexes for use as catalysts according to the

present invention are complexes of the following fornmulas:

.
.«* 4 by
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{(HiC \?:R ik, and {HaCRHC

wherein R* is C1-4 alkyl or cycloatkvl, preferably methyl, isopropyl, t-butvl or
cyclohexyl: and

X! at each occurrence is halide, N N-dimethvlamido, or C1-4 alkyl, preferably
methvl
{00101]  Examples of metal complexes usefully emploved as catalysts according to

the present invention include:

(v
s
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[N-(2,6-di(l-methylethyDphenyDamido X o-tobyl{w-naphthalen-2-divi{ 6-pyridin-
2~ divhimethane) hafntom dimethyl;

IN-{2,6-di{}-methylethyDphenyhamido)o-tolvli o-naphthalen-2-divl{(6-pyridin-
2« divhymethane)ihathion diN N-dimethylanudo);

INA(2.6-di{l-methvlethyvl}phenyllamido ¥o-tol v} e-naphthalen-2-divi{ 6-pyridin-
2~ divlimethane)jhafniom dichloride;

N2, 6-di{}-methylethyDphenyhamido)(2-isopropyiphenvi){ o-naphthaten-2~
divi(6-pyridin-2-diyhimethane} hathiom dimethyl;

IN-(2.0~di{-methylethyliphenyllamido ¥ 2-1sopropyviphenyh{a-naphthalen-2-
diyl{6-pyridin-2-diylimethane) hafnium &N, N-dimethylamido),

IN-(2,6-di{ F-methyiethyl )phenyDamido)2-sopropyiphenvh{a-naphthalen-2-
divi 6-pyridin-2-diyhmethane} hatninm dichioride;

IN-(2,0-di{-methvlethyl iphenyljamido ¥ phenanthren-S-yh{u-naphthalen-2-
divl{ 6-pyridin-2-divlimethane) hafhium dimethyl;

INS(2,6-di(t-methylethvDphenvDamido)phenanthren-5-yl ) g-naphthalen-2-
diyl(O~pyridin-2-divl imethane} hathiom diN N-dimethyvlamido}; and

IN-(2,6-di{l-methylethyhpheayliamido Y phenanthren-5-yl w-naphthalen-2-
diyl( 6-pyridin-2-diylimethane} {bafbiom dichlonde.
j00102]  Under the reaction conditions used to prepare the metal complexes used m
the present discloswre, the hvdrogen of the 2-position of the a-naphthalene group
substituted at the 6-position of the pyridin-2-¥l group is subject to elimination, thereby
uniquely forming metal complexes wherein the metal s covalently bonded to both the
resulting amide group and to the 2-position of the o- naphthalenyl group, as well as
stabilized by coordination to the pyridinyl nitrogen atom through the electron pair of
the mitrogen atom.
[00103]  Additional suitable metal complexes of polyvalent Lewis bases for use

herem include compounds corresponding to the formula:

. wheremn:

9]
351
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R™ i3 an aromatic or inertly substituted aromatic group containing from 5 to 20
atoms not counting hydrogen. or a polyvalent derivative thereof;

T* is a hydrocarbylene or hydrocarbyl silane group having from | to 20 atoms
not counting hydrogen. or an inertly suhstifuted derivative thereof

M is a Group 4 metal, preferably zirconium or hafnium;

G is an antonic, neutral or diantonic ligand group; preferably a hahide,
hivdrocarbyl, silane, tribydrocarbyvisilvihvdrocarbyl, trihvdrocarbylsuyl, or
ditivdrocarbylamide group having up to 20 atoms not counting hydrogen:

g 18 a pumber from 1 to § indicating the number of such G groups; and bonds
and electron donative intergetions are represented by lines and arrows respectively.

j00104]  lHlustatively, such complexes correspond {o the formuda

o \’%
S ~{}
«’(} Jﬁ{ \« o

. wherein;

T? is a divalent brideing group of from 2 to 20 atoms not counting hydrogen,
preferably a substituted or unsubstituted, C3-6 alkylene group;

and Ar” independently at each occurrence is an arylene or an alkyl- or arvl-
substituted arvlene group of from 6 to 20 atoms not counting hydrogen;

M s a Group 4 metal, preferably hafhium or zirconium;

G mdependently at each ocourrence is an anionic, neutral or dignionic ligand
arogp;

g is a number from 1 to § indicating the number of such X groups; and electron
donative mieractions are represented by arrows.
{00105]  Suitable examples of metal complexes of foregoing formula inchude the

following compounds

(]
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where MY is Hf or Zr;

Artis Csazo aryl or inertly substitnted derivatives thereof, especially 3,5-
di{isopropyvliphenyl, 3,5-di(isobutyliphenyl, dibenzo-1H-pyrrole-1-vl, or anthracen-S-
v, and

T independently at each occarrence comprises a Ca.e atkylene group, a Caue
cycloalkylene group, or an inertly substituted denivative thereofl

R*! independently at each occurrence is hydrogen, halo, hvdrocarbyl,
trihydrocarbylsilyd, or trihydrocarbylsilvihydrocarbyl of up to S0 atoms not counting
hydrogen; and

G, independently at each occurrence 18 hale or g hvdrocarbyl or
tribvdrocarbylsilyl group of up 1o 20 atoms not connting hvdrogen, or 2 G groups
together are a divalent devivative of the foregoing hydrocarbyl or trihvdrocarbylsilyl
SrOUpS.

[00106]  Swtable compounds are compounds of the formulas:

La
s
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wherein Art is 3 S-di{isopropyliphenyl, 3,5-di{isobutyliphenyd, dibenzo-1H-
pyrrole-1-yl, or anthracen-S-vl,

R*! is tiydrogen, halo, or Ci-4 alkyl, especially methyl

T* is propan-1,3-diyl or butan- 4-diyl, and

(3 1s chloro, methyl or benzyl.

{00107}  An exemplary metal complex of the foregoing formula s

(v
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[00108] Swtable metal complexes for use according to the present disclosure further
include compounds corresponding to the formula
gD gD
Q \,{ ‘ 3
/f i \ \ 18
R
0 0
T“ , where:

M is zirconium or hafniom;
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R* independently at each occurrence is a divalent aromatic or mertly
substituted aromatic group containing from 3 to 20 atoms not counting hvdrogen;

T* is a divalent hydrocarhon or silane group having from 3 to 20 atoms not
counting hydvogen, or an mertly substituted derivative thereof; and

R independently at each occurrence is a monovalent ligand group of from 1 to
20 gtoms, not counting hydrogen, or two RY groups together are a divalent ligand group
of from 1 to 20 atoms, not counting hydrogen.

160109]  Such complexes may correspond to the formula:

R P
\
/{}mf}ifm 0\
2 .f-‘\fz’
AY \Q o g
AN
"I‘\)

. wherein

Ar” independently at each occurrence is an arviene or an alkyl-, aryl-, alkoxy- or
amino- substituted arylene group of from ¢ to 20 atoms not counting hydrogen or any
atoms of any substituent;

T% is a divalent hydrocarbon bridging group of from 3 to 20 atoms not counting
hydrogen, preferably a divalent sabstituted or unsebstituted Ui aliphatic,
cycloaliphatic, or bis(alkylene)- substituted cycloaliphatic group having at least 3
carbon atoms separating oxyvgen atoms; and

RY independently at each occurrence is a monovalent ligand group of from 1 to
20 atoms, not connting hvdrogen, or two RY groups together are a divalent ligand group

of from 1 to 40 atoms, not counting hydrogen.

(]
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j001168]  Further examples of metal complexes suitable for use herein melude

compounds of the formula:

{D At R

£

L 21
% "0 R
O

4
— REI

R R

RV R

. where

Ar' independently at each accurrence is Cyao arv or inertly substitured
devivatives thereof, especially 3,S-di(isopropyhphenyl, 3,5-di(isobutyljphenyl, dibenzo-
{H-pyrrole- -yl naphthyl, anthracen-5-vl, 1,2,3.4,6,7 8 9-octahydroanthracen-3-yi;

T independently at each occurrence is a propylene-1,3-divl group, a
bis{atkvienejovelohexan-1,2-divl group, or an inertly substituted derivative thereof
substituted with from 1 to § alkyl, aryl or aralkyl substituents having up to 20 carbous
gach;

R* independently at each occurrence is hvdrogen, halo, hydrocarbyl,
trihydrocarbylsilyd, tihydrocarbylsivlbvdrocartyel, alkoxy or amino of up to 30 atoms
nat counting hydrogen; and

RP, independently at each occurrence is halo or a hydrocarbyl or
trihydrocarbylsilyt group of up to 20 atams not connting hydrogen, or 2 R groups
together are a divalent hvdrocarbylene, hvdrocarbadivl or trthydrocarbylsilyl group of
up 10 40 atoms not counting hydrogen.

{00111} Exemplary metal complexes are compounds of the formuda

:.§ IR 4
Ar ) :RZD Ar
R \
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where, Ar', independently at each occurrence, s 3,5-di(isopropyliphenyl, 3,5-
di{isobutyliphenyl, dibenzo-1H-pyrrole~i-yl. or anthracen-S-vl,

R* independently at each occurrence is hydrogen, halo, hivdrocarbyl,
trihydrocarbylsilyvl, trthydrocarbylsilylhydrocarbyl, alkoxy or amino of up to 50 atoms
not counting hydrogen:

T is propan-1,3-divl or bis(methvlene)cvelohexan~1 2-diyl; and

RY, independently at each occurrence is halo or a hydrocarbyl or
tribydrocarbylsitvl groap of up to 20 atoms not counting hydrogen, or 2 RP groups
together are a hydrocarbylene, hydrocarbadiyl or hydrocarbylsilanediy] group of up to
40 gtoms not counting hivdrogen,

{00112]  Switable metal complexes accordimg to the present disclosure correspond to

the formulas:
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wherein, R” independently at each occurrence is chloro, methyl or benzyl.

{00113} Specific examples of suitable metal complexes are the following

compounds:
A} bs{{2-oxovl-3-{1.2,3,4,6,7.8 S-octahydroanthracen-3-v1 - S-{methvhiphenyl - 2-

phenoxy-1,3-propanediyibathium (IV) dimethyl,

bis{{Z-ox0¥1-3-(1,2,3 4,6,7 8 9-octabydroanthracen-3-v1)-S-(methvhphenyl)-2-

6
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phenoxy)-1,3-propancdivihatnium (IV) dichloride,
bis{{2-oxoyl-3-(1,2.3.4,6,7 8 9-octahydroanthracen-5-y1}-3~(methyl )phenyl -2~
phenoxy)-1,3-propanedivihathinm {IV) dibenzyl,

bis{{2~-ox0yl-3~(dibenzo- 1 H-pyrrole-1-y1}-S-{methvljphenvi}-2-phenoxy}-1,3-
propanedivihafoiom (IV) dimethyl,

bis({2-oxoyl-3~{dibenzo~ 1 H-pyrrole~ 1-v[3-5-{methyDphenyly-2-phenoxy)-1.3-
propanedivihafniom (1V) dichloride,
bis{(2-oxovl-3-(dibenzo-1H-pyrrole-1-y13-S-{methvhphenyl - 2-phenoxy)-1,3-

propanedivibatonen (IV) dibenzyl,

BY bis({Z~oxovl-3-(1,2 .3 4.6,7 & S-octabyvdroanthracen-5-y)-3-(methylphenvily-2-
phenoxymethyl}-1 4-butanediythafnium (IV) dimethyl,

bis{(2~oxovl-3-(1,2,3,4,6,7 8 9-octabvdroanthvacen-5-v1}-S-{methylphenyh)-2-
phenoxymethyl)-1 d-butanedivibafniom (IV) dichloride,

bis{{2-oxoyl-3-(1,2,.3,4,6,7 8 9-octahydroanthracen-5-y1}-3-(methyl )phenyl -2~
phenoxymethyl-1 4-butanedivihafnwm IV} dibenzyl,

bis{{2-oxovl-3-(dibenzo- 1 H-pyrrole-1-y13-5-{methyDphenyvly-2-phenoxymethyly-1 4-
botanedivibafniam (IV) dimethyl,

bis({2-oxoyl-3-{dibenzo- 1 H-pyrrole- 1-y1}-5-{methyliphenyl }-2-phenoxymethvi)-1,4-
butanedivihatimum (1V) dichloride,

bis{{2-oxovl-3-{dibenzo-1 H-pyvrrole- 1 -vD3-5-{methyhphenyi}-Z-phenoxymethyi)- 1 4-

butanedivthafniom (IV) dibenzyl,

C) bis{{2-oxovl-3+(1,2,3,4,6,7 8 S-actabydroantbracen-3-y-5-{racthylphenyl}-2-
phenoxy -2, 4-pentanediyvihafniem (IV) dimethyl,
bis{{2-oxovl-3-(1.2,3,4.6,7 8, 9-octahvdroanthracen-3-vl}-5-{methylyphenyl)-2-
phenoxy}2 4-pentanedivihatonen (IV) dichlonde,
bis({2-oxoyl-3-(1,2,3 4,6,7 8 9-octahydroanthracen-5-y1 )-5-(methyhphenyl)-2-
phenoxy-2 4-pentancdivihafniom (IV) dibenzyl,
bis({2-oxoyl-3-(dibenzo-1 H-pyrrole-1-y)-5-(methyhphenyi}-2-phenoxy)-2 . 4-
pentanediyihafnium (1V) dimethyl,
bis({2-oxovl-3-(dibenzo-1 H-pyrrole- 1-v1}-5-(methvl iphenvi}-2-phenoxy)-2, 4-
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pentanedivibathinm (1V) dichloride,
is{{2-~oxoyl-3-{dibenzo-1 H-pyrrole~ 1 -y[3-S<{methyDphenyl-2-phenoxy)-2 4-

pentanedivibafonium (IV) dibenzyl,

) bis({(2-oxovl-3-(1.2 3,467 8 S-octahvdroanthracen~3-v}-5-(methyDphenyi)-2~
phenoxymethyl}-methvlenetrans-1,2-cyclohexanedivihafniom (IV) dimethyl,
bis{{2~oxovl~3-(1,2,.3 4,67 8 9-octahydroanthracen-5-yi)-5-{methyl}phenyl}-2-~
phenoxymethyh-methylenetrans-1,2-cvclohexanedivthafongn (1V) dichloride,
bis{{2-ox0v1-3-(1,2,3 4,6,7 8 9-octahydroanthracen-3-vi}-S-(methyphenyl)-2-
phenoxymethyl)-methyvlenetrans- 1,2-cyclohexanedivibatniom (1V) dibenzyl,
bis((2-oxoyvl-3~{dibenzo-1 H-pyrrole-1-vD-53-{methyDphenyly-2-phenoxymethyl)-
methylenetrans-1 2-cyclohexanedivibafnium (IV) dimethyl,
bis{(2-oxovl-3-(dthenzo-1H-pyrrole-1-yI3-S<{methvhphenyl - 2-phenox ymethyl)-
methvienetrans-1,2-cyclohexanedivihathiom {1V dichlonide, and
bis{{2-oxoyl-3-(dibenzo- 1 H-pyrrole-1-vD-5-{rethylphenyl}-2-phenoxymethyl)-
methvienetrans-1,2-cyelohexanedivibafntum (IV) dibenayi.

{00114]  The foregoing metal complexes may be conveniently prepared by standard
metallation and hgand exchange procedures involving a source of the transition metal
and a neutral polytunctiona! ligand source. The techaniques emploved are the same as
or analogous to those disclosed in LISP 6,827,976 and US2004/0010103, and
elsewhera.

[00115] The metal complex is activated to form the active catalyst composition by
combination with the cocatalyst. The activation may occur prioy to addition of the
catalyst composttion to the reactor with or without the presence of other components of
the reaction mixture, or & sifir through separate addition of the metal complex and
activating cocatalyst to the reactor.

{00116} The foregomng polyvalent Lewis base complexes are conveniently prepared
by standard metallation and ligand exchange procedures involving a source of the
Group 4 metal and the neutral pobvfunctional ligand source. In addition, the complexes
may also be prepared by means of an amide elimvination and hydrocarbylation process
starting from the corresponding Group 4 metal tetrgavmde and a hvdrocarbylating

agent, such as trimethvialominum. Other techniques may be used as well. These
62
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complexes are known from the disclosures of, among others, US patents 6,320,005,
6,103,657, WO 02/38628, WO 8340195, and US 0470220050,

{00117 Catalysts having high comonomer incorporation properties are also known
to reincorporate in situ prepared fong chain olefins resalting incidentally duning the
polymerization through §- hydride elimination and chain termination of growing
polymer, or other process. The concentration of such long chain olefing is particularty
enhianced by use of continuous solution polymerization conditions at high conversions,
especially ethylene conversions of 95 percent or greater, more preferably at ethylene
conversions of 97 percent or greater. Under such conditions a small but detectable
quantity of olefin terminated polyimer may be reincorporated mto a growing polymer
chamn, resulting in the formation of long chaim branches, that 1s, branches of a carbon
length greater than would result from other deliberately added comonomer. Moreover,
such chains retlect the presence of other comonomers present in the reaction mixture.
That is, the chains may include short chain or long chamn branching as well, depending
on the comonomer composition of the reaction muixture. Long chain branching of olefin
polvmers is further described in UISPs 5,272,236, 5,278,272, and 5,665,800,

{00118]  Aliernatively, branching, tncluding hyper-branching, way be induced m a
particalar segment of the present malti-block copolymers by the use of specific
catalysts known to result in "chain-walking” w the resulting polvmer, For example,
certain homogeneous bridged bis indenyl- or partially hydrogenated bis indenyl-

zirconium catalysts, disclosed by Kaminski, et al., J, Mol Catal. A: Chenscal, 102

{1995} 59-65; Zambelli, et al., Macromolecules, 1988 21, 617-622; or Dias, etal | L

Mol Catal. A: Chemical, 185 (2002) 57-64 may be used to prepare branched

copolymers from single monomers, mclading ethylene. Higher transition metal
catalysts, especially nickel and paliadium catalysts are also known to lead to hyper-
branched polymers (the branches of which are also branched) as disclosed in
Brookhart, et al., J_Awm. Chem. Soc., 1993, 117, 64145 8415,

{00119} In one embodiment of the invention, the presence of such branching (long
cham branching, 1,3 -addition, or hyper-branching) in the polyvmers of the invention
can be confined to only the blocks or sepments resulting from activity of the first olefin
polvmenzation procatalyst {A). Accordingly, in one embodiment of the disclosure a
multi-block copolymer containing blocks or segments differing in the presence of such

03
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branching i combination with other segments or blocks substantially lacking such
branching (especially high density or highly crystalline polymer blocks), can be
produced from a single monomer containing reaction mixture, that is, without the
addition of a dehberately added comonomer. Highly preferably, in a specific
embodiment of the disclosure, a mulii-block copolymer comprising alternating
unbranched, ethylene homopolyimer segments and branched polvethvlene segments,
especially ethylene/propylene copolyimer segments, may be prepared from an mitial
reaction misture consisting essentially of ethvlene as the addition polvmenizable
monomer. The presence of such branching 1o the muolti-block copolymers of the
tavention can be detected by certain physical properties of the resulting copolvmers,
such as reduced surface imperfections daring melt extrosion {reduced melt fracture),
reduced glass transition temperature, Ty, for the amorphous segments compared to a
non-branched polyvmer segment, andfor the presence of 1,3 -addition sequences or
hyper-branching as detected by NMR techniques. The quantity of the foregomg types
of branching present in the polymers of the invention (as a portion of the blocks or
segments containing the same), 1s normally m the range from 0.01 to 10 branches per
1,000 carbons.

[00120] Exemplary procatalysts that fall within the scope of the first olefin
polymerization procatalyst (A} of the present disclosure include but are not Hmited to
Procatalysts {AL(AT), as listed below,

[0121]  Procatalyst {A L) [N-(2.6-di{1-methylethyDphenyDamido}2-
sopropyiphenylX o-naphthalen-2-divi(6-pyridim-2-divl ymethane) jhathiom dimethyt)
prepared according to the teachings of WO 03/40195 and WO 04/24740 as well as

methods known 1 the art

o4
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j00122]  Procatalyst (A2} (EX-((2,6-dusopropylphenyl} 2-methyl-3-

{octylimnoybutan-2-yhammoYtrimethyl hafhium prepared according to methods known

N

A\
N ~n-0g
\Hf/N Cet
/ \\

i the art.

{A2}
[O0123]  Procatalyst {A3Y {{27,2777{1.2-cyclohexanedivibis{methyleneoxy-
kOYibis[3-(9H-carbazol-9-y1)-5-methyi{ 1,1 -biphenyl}-2-olato-xQ1(2-)ldimethyl

hafnium prepared according to methods known 1o the art.

(A3)
j00124]  Procatalvst (A4): {167,677+ | 4-butanedivibis{oxy-kO}bis[3-(9H-carbazol-
Soyi)-3 fluoro~S-methyi-{ 1, 1 -biphenyi}-2-olato-« O] { 2-} }-dimethyl hafnium prepared

according to methods known m the art,

{00125)  Procatalyst {ASY): {167,677 L 4-butanedivibis{oxy-xO)bis] 3-{OH-carbazol-
G-vi)-3 -fluoro-S-octyl-[ 1,1 -biphenyl}-2-olato-xO1(2-)]-dimethy! hathium prepared

according to methods known w the art,
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j00126]  Procatalyst {A6): {[67.6777-{ 1 d-butanedivibis{oxyv-x (0} bis] 3-{9H-carbazol-
9-yi}-3"fluoro-3-(butvidimethvisilyl)-{ 1,1 -biphenvl]-2-olato-« O {{2-) ] -dimethyl
bafnium prepared according to methods known in the art.
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{00127}  Procatalyst (A7) (N{({6E}RO-{Butylimino-gN)-t-cyelohexen-i-y})-2,6-bis(l-
methviethyDbenzenamnato-eN jtrimethyl-hafnium prepared according to the

disclosures of WO2010:/022228 as well as methods known in the art.
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Secand Olefin Polymerization Catalyst (B)
j08128]  The second olefin polymernization procatalyst {B) of the present discloswre

comprises a metal-ligand complex of Formula (I

f=

a6
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Qs (1), wherein:

cach Z1 mdependently 15 {Cy-Lapthydrocarbon, (Ci-Caoheterohydrocarbon,
{C1-Candhivdrocarbyl, (Ci-Caotheterohydrocarbyl, SR h, Ge(RY 1, PR, NRM ',
ORY SR ON, CFx, RYIS(O)-, RYIS(ON-, (R¥ RC=N-, RYICION0-, RYOC(O)-
RUC(OINIRY- , (RY 1NC(O)- | halogen atom, or hydrogen atom;

cach R™' independently is (Ci~Cagdhvdrocarbyt or
{Cr1-Capheterohvdrocarbyl;

each M* independently is a metal of any one of Groups 3 10 6 or Groups 7
to 9 of a Pentodic Table of the Elements, the metal being in a formal oxidation state of
+2, 43, 4, 5, or +6;

o s an mteger of 1 or 2;

each Q! independently is hydrogen, {C-Cygthydrocarbyd, or
{Cy-Cypiheterohydrocarbyl;

each of Qz, Q3, and Q4 independently is hydrogen, (C-Cyqlhydrocarbyl,
(Cy-CypihydrocarbylO-, (Cy-CypihvdrocarbyvlS-~, (C-CypibydrocarbylS{O)-,
{(Cy-CypthydrocarbyiS{O)y~, ({C-CyphydrocarbyliN-, ({C-C g ihvdrocarbyl}o P,
or {C-Cyglheterohydrocarbyl;

cach Q5 independently is (C-Cypthydrocarbyl or
{(C-Cypheterohydrocarbyl;

wherein Ql and QE, Q:’v and {;}3, (;53 and Q4, and Q‘g‘ and Qf* optionally arg
taken together to form a (C-Cypthydrocarbylene or (€ -Cyglheterohydrocarbylene, or

5

any three or four s;)f(}_1 to (7 optionally are taken together to form a respective

trivalent or tetravalent analog of (C4-Cypihvdrocarbylene or

{Cy-Cypheterohydrocarbylene, and the remainder of O 10 Q3 are as defined above:
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cach of the hydrocarbyl, heterohydrocarbyl, SR s, Ge(RY' ), P(RM ',
NRY Y, ORYSRY RYS{0-, RYUS{OR-, (RY12C=N, RYICLOYO-, REIOCIO)-,
REC{OMNIR Y-, (R NC{O)-, hvdrocarbylene, and heterohvdrocarbylene groups
independently is unsubstituted or substituted with one or more RS substituents; and

each R® independently is a halogen atom, polyfluore substitution, perfluoro
substitution, unsubstituted (Ci-Cralkyl, FiCs, FCHO0-, FRHTCO-, FaCO- oxo (e, =0},
R3S, Ra(Ge-, RO-, RS-, RS{O}-, RSO, RaP-, RaN-, RaC=N-, NC-, RC{O)O-,
ROC(O)- , RC{OIN(R}- , or RaNC(O)- , or two of the R are taken together to form an
unsubstituted (Ci~Cizlalkylene, wherein each R independently is an unsubstituted
{Ci-Cigdaltkyl; and

optionally, R or RY may have an additional interaction with M%,
[00129]  In some embodiments, M is g metal of any one of Groups 3 t0 6. In other
embodiments, M® is a metal of any one of Groups 7 10 9. In some embodiments, MY ig
a metal of Group 3 (e.g., S¢, Y, La, etc.), incloding all the lanthanides, m a +3 formal
oxidation state.
{0130]  In certam embodiments, the second olefin polymerization procatalyst (B) is
the hard blocki/segment catalyst (Le., low comonomer incorporator) of the olefin block
copolymers of the present disclosure. In some embodiments, the metal-ligand complex
of formula (1) is catalytically active in its cationwe state. In other words, the metal-
higand complex of formuda (I} becomes an active catalyst when cationie and requires an
activator {co-catalyst). In cerfain embodiments, the second olefin polymerization
procatalyst {B) is active when neutral and requires no activator {cocatalyst) in order to
become an active catalyst. Neutral Group [l catalysts described in this disclosure do
not require an activator to polymerize olefins,
[0131] o certamn embodiments, Z1 is (Ci-Caohydrocarbyl, (Civ
Caotheterohvdrocarbyl, SR, or a hydrido group. In certain embodiments, Z1 is a
substituted benzyl or heteroaryibenzyl. In certain embodiments, Z1 1s selected from the

group consisting of

* X 3?:?% AN

i
OO~ Ui RO RELp N
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j00132]  The metal ligand complex of Formula (1) above, and all specific
embodiments thereof herein, s mtended to mclude every possible stereoisomer,
mchding coordination isomers, thereof.

[00133]  In some embodiments M™ is a metal of Group 3. Group 3 metals (symbol),
inchuding lanthanoids and actinoads, useful i the present disclosure are scandium {Sc),
yttrium (Y}, the lanthanides (sometimes called lanthanoiwds), especiaily lanthamam (La),
certum {(e), praseodymium {Pr}), neodyminm (Nd), promethinm (Pm), samarium {Sm},
europium {Eu), gadolintum (Gd), terbtum (Th), dysprostum (Dy)}, holium (Ho), erbium
{Er}, thuliem (Tm), viterbium (YY), and latetiam (L), and the stable actinides
{sometimes called actinoids), espeaially stable 1sotopes of actiniom {Ac), thorium {Thy,
and vrannum {Li}. Unstable actinides sach as protactiimn (Pa), neptontom (Np),
phutontum (Pu), americium (Am), curium {Cm), berkeliym (Bk), californium (Cf),
emnsteintum {Es) fermiom (Fm), mendeleviom (Md), nobehuom (No), and lawrencium
{Lr} are excluded from the actinides useful in the present disclosure. Preferred Group 3
metals are S¢ and Y. In other embodiments M* is a metal of Group 4. Preferred Group
4 metaly are those in a formal oxidation state of +3 or +4, more preferably +4. For
purposes of the present disclosure, rutherfordiwm (Rf) is excluded from the Group 4
metals usefal in the present disclosure. In still other embodiments M® is a metal of
Group 5. Group 5 metals aseful in the present disclosure are vanadium (V), niobium
{Nb}, and tantaham (Ta). For purposes of the present disclosure, dubniom (Db} 1s
excinded from the Groap 5 metals useful mn the present disclosure. In still other
embodiments M is a metal of Group 6. Group 6 metals useful in the present disclosure
are chrominm {Cr), molybdenwm (Mo), and mungsten (W), For purposes of the present
disclosure, seaborgtom (Sg) s excluded from the Group 6 metals useful in the present
disclosure. In still other embodiments M* is a metal of Group 7. Group 7 metals useful
m the present disclosure are manganese (Mn}, technetivm (T¢), and rhenium (Re),
preferably Mun. For purposes of the present disclosure, bohriam 1s excluded from Group
7 metals useful in the present disclosure. In still other embodiments M® is a metal of
Grouap 8. Group 8 metals usetul in the present disclosure are iron {Fe) and rutheniom
{Ru). For purposes of the present disclosure, osmium (Os}) and hassium (Hs) are
excluded from Group 8 metals useful 10 the present disclosure, In still other

embodiments M is a metal of Group 9. Group 9 metals useful in the present disclosure
&9
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are cobalt {Co), rhodium {Rh), and widiam {Ir), preferably Co or Rh. For purposes of
the present discloswre, mettneriam 13 excluded from Groap 9 metals useful in the
present disclosure,

[00134]  When used to describe a chemical group (e.g., (Cy-Cyplalkyl), the
parenthetical expression of the form “(C~C)," means that the unsubstituted version of

the chemical group comprises from a number X carbon atoms 1o a muymber y carbon
atoms, wheremn each x and y independently s an integer as described for the chenucal
group. Thus, for example, an unsubstituted (C-Cyglalky! contains from 1 10 40 carbon
atoms. When one or more substituents on the chemical group contain one or more
carbon atoms, the sabstitoted ((IZXmC.Y} chemical group may or may not comprise more
than v total carbon atoms; Le., the maximum total number of carbon atoms of the

substituted {Cy-C, ) chemical group would be equal to v plas the sum of the munber of

carbon atoms of each of the substituent{s). Any atom of a chemical group that1s not
specified herem s understood to be & hydrogen aton,

[00135]  In some embodiments, the metal-ligand complex of formuda (I}
independently contains one or more of the substituents R¥. Preferably there are not
morte than 20 RY, more preferably not more than 10 RS, and still more preferably not
more than 5 R¥ in the compound. Where the compound of formula {1} contains two or
more substituents R®, each R® independently is bonded to a same or different
substituted chemical group.

j00136]  In some embediments, at least ene RY is polyfluoro or perflucro. For present
purposes “polvfluore’™ and “perfluoro™ each count as one RY substituent. The term
“polv” as in “polyfluore™ means that two or more H, but not all H, bonded to carbon
atoms of a corresponding unsubstituted chemical group are replaced by a fluoro n the
substituted chemical group. The tenm “per” as m “perfluore” means each H bonded to
carbon atoms of a corresponding unsubstituted chemical group s replaced by a fluoro
i the substituted chemical group.

{00137} As used herein, the term “(C-Cypthydrocarbyl” means a hydrocarbon
radical of from 1 to 40 carbon atoms and the term “(C-Cygibydrocarbylene™ means g

hydrocarbon divadical of from 1 to 40 carbon atoms, wherein each hydrocarbon radical
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and diradical independently is aromatic or non-aromatic, saturated or nnsaturated,
straight chain or branched chain, cyclic {including mono- and polv-cvelic, fused and
non-fused polyeyelic) or acyclic, or a combination of two or more thereof, and each
hydrocarbon radical and diradical is the same as or different from another hydrocarbon
radical and diradical, respectively, and independently is unsubstituted ov substituted by
one or more RS,

{00138]  Preferably, a (Cy-Cypdhyvdrocarbyl independently is an unsubstituted or
substituted (C-Cyglalkyl, (C3-Cyplevcloalkyl {T3-Chployctoatkyl-{ C-Cophatkylene,
{Ce-Cyplaryl, or (Cu-Coglaryl{Cy~Chglatkylene. More preferably, a (Cy-
Cqpibydrocarbyl mdependently 15 an snsubstituted or substituted (Cy-
Coghhydrocarbvl, e.g., (C-Coplalkyl, (C3-Cogloycloaliyl, (C3-Cigioyeloalkyl-(Cy-
Cyglatkylene, (Cg-Canlaryl, or {Cg-Cyglarvl(C-Cyplalkylene. Still more preferably,
a (C-Cypihvdrocarbyl independently is an unsubstituted or substituted (Cy-
Cygihydrocarbyl, e g (C-Cyglalkyl, (C4-Cy gleveloalkyl, {U5-Cyqjeveloalkyl-{Cy -
Cglatievlene, (Cg-Cyglaryl, or {Cg-Cyadarvi-{C-Cylalkylene. Preferably, any (Cx-
Cygkeycloalkyl independently 1s an unsubstituted or substituted (C5-Cygloyeloalkyl.

[00139]  The term "(Cy-Cyplalkyl™ means a saturated straight or branched

hydrocarbon radical of from 1 to 40 carbon atoms that is unsubstituted or substituted by

one or more RY. Examples of unsubstituted (C 1-Cgqplatkyl are unsubstituted {Cy-
Chglatkyl, unsubstitated (C-Cy plalkyl; ansubstituted (C-Cglalkyl: methyl; ethyl; 1-
propyl; 2-propyl I-butyl; 2-butvl; Z-methyipropyl: 1,1-dimethvlethvl; 1-pentyl; 1~
hexyl; I-heptyl; 1-nonvl; and I-decyl Examples of substituted (C-Cyqplatkyl are
substitated (C-Cagnlatkyl, substituted (Cy-Cyplatkyl, trifluoromethyl, and (Cy5jalkyl.
Preferably, each (C'y-Cglalkyl independenty is methyl, triflucromethyl, ethyl, 1-
propyl, or 2-methylethyl

{0140 “The term "y -Chaplalkylene” means a saturated siraight or branched chain
duwadical of from | to 20 carbon atoms that 1s unsubstituted or substituted by one or

more R®. Preferably, (Cy-Caglatkylene, together with atoms of formula (1) through

3
o+
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which the (C-Coglalkylenc is bonded, comprise & 5- or 6-membered ring. Examples of

ansubstituted (T -Caglatkyvlene are unsubstituted (C-Cyplatkylene, including

}
ansubstituied 1.2-(C)-Cyglatkyvlene; -CHy- “CHyCHy~ (CHo iz, -CHLCHCH,
, {CHa g~ «(CHadg=, {CHa g, (CHa by, <(CHn g, and <{CHA Ly CIHYCHA)-
Examples of substitated (C-Coplalkylene are substituted {C~Cglalkylene, -CFy-
, =GO, and (CHoy } gCCHA I CHY )5~ (Lo, a 6,6-dimethyl substitated normal-1 .20~
gicosvlene).
j00141]  The term “(Cg-Cyplaryl” means an unsubstituted or substituted (by one or
more RY) mono-, bi- or tricyclic aromatic hydrocarbon radical of from 6 to 40 total
carbon atoms, of which at least from 6 1o 14 carbon atoms are ring carbon atoms, and
the mono-, bi- or tricychic radical comprises 1, 2 or 3 nings (first, second, and third
rings, respectively), wherein any second o third ring independently is fused or non-
fused to a first ving or each other, and the fivst ving is arowatic and, preferably, at least
one of any second or third rings is aromatic. Examples of unsubstituted (Cg-Cyplaryt
are unsubstituted (Cg-Coglaryl unsubstituted (Cg-Cglaryl; 2-(Cy-Cglalkyl-phenyl;
2,4-bis(Cy-Cy Jalkyl-phenyl; phenyl; fluorenyd; tetrahydrofhuorenyt; indacenyl.
hexahvdroindaceny!; indenyl; dihvdrotndenyd; naphthyl; tetrabhvdronaphthyd; and
phenanthrene. Examples of substituted {Cg-Cyplanyl are substituted {Cg-Coglarvl;
substituted {Cg-Cyglaryh; 2,4-bis[{Crgjalkyt]-phenyl; polyvtluorophenyl;
pentatiuorophenyl; and fluoren-%-one-1-yl.
{00142]  The term (Cy-Cypeveloalkyl” means a saturated cychic hydrocarbon
radical of from 3 to 40 carbon atoms that 1s wnsubstituted or substituted by one or more
R¥ FExamples of unsubstituted {Cy-Cypleycloalkyl are unsubstituted
{C3-Capleveloalkyl, unsubstituted (C3-Cypleyeloalkyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cveloheptyl, cyclooctyl, cyclononyl, and cvclodecyl.
Examples of substituted (Cx-Cyplovcloalkyl are substituted {C3-Cogleycloalkyl,

substituted (C3-C ygleycloalkyl, cyclopentanon-2-yi, and 1-fluorocyclohexyl.

e
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00143}  Examples of (C-Cyplhydrocarbylene are ynsubstituted or substituted
diradical analogs of the (Cg-Cyglaryl, (C3-Cyglovcloatkyl, and (Co-Cyplalkyl. In some
embodiments, the diradicals are on adjacent carbon atoms (e, 1 2-diradicals), or
spaced apart by one, two, or more intervening carbon atonis {e.g., respective 1,3-
divadicals, 1.4-diradicals, ete.). Preferred 15 a 1,2~ 1 3+, 1 4~ or an alpha.omega-
diradical {1.e., having maximuin spacing between the radical carbons}, more preferably
a 1,2-cdiradical. More preferved are diradical analogs, especially 1.2-diradicals, of
{Ca-Cypraryl, (C3-Cygleycloatiovl, and (Co-Cyplathyl are (Cg-Cyglarviens,
{Cq-Chgleyeloalkviene, and {CUr-Coplatkylene, respectively.

[00144]  The term “(Cy-Cygtheterohydrocarbyl” means a heterohydrocarbon radical
of from 1 to 40 carbon atoms and one or more heteroatoms N {when comprising -N=};
01 S; S(O% S(O); SHR™; PRy and N(RY), wherein independently each R™ is
unsubstitated (C-Cgdhydrocarbyl, each R” is unsubstitated (C-Cygdhydrocarbyl;
and each RY is unsabstitated (C 1-Cigdbydrocarbyl. The term “(Cy-
Cypiheterchydrocarbylene™ means a heterohydrocarbon divadical of from 110 40
carbon atoms aud one or more heteroatoms SR ), PR, NRY, N, O, S, S(O), and
S{0)~ as defined above. The heterohydrocarbon radical and each of the
heterohydrocarbon diradicals independently are on a carbon atont or heteroatom
thereof. Each heterohvdrocarbon radical and diradical independently is unsubstituted or
substituted (by one or more R™, aromatic or non-aromatic, saturated or unsaturated,
straight chain or branched chain, evelic (inchuding mono- and poly-cychie, fused and
non-~-fused polyeychic) or acyelic, or a combination of two or more thereof] and each
heterchydrocarbon is the same as or different from another heterohvdrocarbon radical
and divadical, respectively.

[00145]  Preferably, a (C-Cyptheterohydrocarbyl independently is unsubstituted or
substituted (C-Cypiheteroaliyl, {Cr-Cypheterocycloalkyl,
{Ca-Cypheterocycloalky-(C {-Comialkylene, (C4-Cyplevcloatlopt-(Cy -
Cagibeteroalkylene, (Uy-Cyplbeterocyctoalkyl-{Cy-Coptheteroalkylene, {Cy-

Cygheteroaryl, (C-Coglheteroaryl-{Cy-Coglatkylene, {(Cq-Coglarvl-{Cy-
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Cogiheteroalkylene, or (C-Coplheteroaryl-{C-Uspiheteroalkyvlene. More preferably,
a {C-Cyp)heterohydrocarbyl independently is unsubstituted or substinaed (Cy-
Coptheterohydrocarbyl, e.g., (C3~Copheteroalkyl, (Cq-Chglheterocycloalkyl,
{Ca-Chgheterocycloalkvl-(Cy -Coglalkylene, {(C3-Coplovcloalkyl-(Cy-
Caglheteroalkylene, (Ty-Coglheterocycloalkyl-{Cy-Copiheteroalkylene, (Cy-
Cagibeteroaryl, (C~Uspiheteroaryl-{Cy-Coplatkylene, {Cg-Coglaryl«(Cy-
Cagiheteroalkyviene, or (Cy-Cagheteroarvi-(C-Cagibeteroalkylene. Stll more
preferably, a (C-Cypiheterohydrocarbyl independently is unsubstituted or substituted
(Cy-Cgiheterohydrocarbyl, e.g., (C-Cyglheteroalkyl, (C4-Cygibeterocycloalkyl,
{C3-Cobeterocycloalkyl-{Cy-Cgalkylene, (T3~-Cyaoveloalkyl-{Cy~
Cgtheteroalkylene, (Cy~Cy 5 theterocycloatkyi-{(C-Cgheteroalkylene, (Cy-
Cyothetercaryl, {C-Cheteroaryl-(Cy-Cglatkylene, {Cg-Cy glarvi-{Cy-
Cegtheteroalkylene, or (Cy-C 4 theteroaryl-{Cy-Cg theteroalkylene. Preferably, any {Co-
Cygiheterocycloalkyl independently is ansubstituted or substituted (Co-
Colheterocycloalkyl.

j00146]  Examples of (C-Cygibeteroalkyl and (C-Coplheteroatkylene are saturated

straight or branched chain radical or diradical, respectively, of from 1 to 40 or 1 10 20

carbon atoms, respectively, and one or more of the heteroatoms SiR™),, PR, N(RY),
N, 0O, 8, 3{Q), and $(O), as defined above, wherein the (C-Cypthetercalkyl and (Cy-
Capibeteroalkylene independently are unsubstituted or substituted by one or more R
[00147]  Examples of unsubstituted (Cr-Cyptheterocycloalkyl are unsubstituted (Cy-
Copiheterocycloalkyl, unsubstituted (Cr-Cygheterocycloalkyl, aziridin-1-yl, oxetan-2-

yl, tetrabydroforan-3-vl, pyrrolidin-1-v, tetrabydrothiophen-S, S-dioxide-2-vi,
morpholin-d-vl, 1 4-dioxan-2-yl, hexahydroazepin-d-vi, 3-oxa-cyclooctyl, 3-thia-
cyclononyl, and 2-azg-cyclodecyl.

[00148]  Examples of unsubstituted (C-Cgptheteroaryl are unsubstituted

{C-Captheteroaryl, unsubstituted (C-Cyglbeteroaryl, pyrrol-1-vl; pyrrol-2-vl; furan-

d
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3-yi; thiophen-2-vl; pyrazol-1-yl; isoxazol-2-vl; isothiazol-5-vi; imidazol-2-vl; oxazol-
Govl thiazol-2wy; 1.2 d-triazol-1-yl; 1.3 4eoxadiazol-2-vl; 1.3 d-thiadiazol-2-vl;
tetrazol-1-vl; tetrazol-2-vl{ tetrazol-5-yl; pynidine-2-yl; pyrimidin-2-vl; pyrazin-2-vl
mmdol- -yl benzindazole-1-vl; quinolin-2-y1; and isoquinolin-1-yl

[00149}  The term “halo™ means fluoro {F), chloro {(C1), bromo (Br), or todo {1}
radical. Preferably, halo is fluoro or chloro, more preferably fluoro.

{00130]  Preferably, there are no O-03, 88, or O-S bonds, other than O-§ bonds n an

S0} or S{O); diradical functional group, in the metal-ligand complex of formula (1),
{00151}  Preferably, each substituted {Cy-C g hydrocarbyl excludes and is dufferent
than unsubstituted or substituted (T {-C 4q theterohydrocarbyl (i.e., each substituted {Cy-
Cyghydrocarbyl is as defined in the first embodiment, wherein the substituted (Cy-
Cypihydrocarbyl is not an unsubstituted or substituted (C-Cygheterohydrocarbyl),
preferably, each substituted {(C~-Cypihydrocarbylene excludes and is different than
unsubstituted or substituted {C~C gptheterohydrocarbylene; and more preferably a

combination thereof,

j00152]  The term “saturated” means facking carbon-carbon double bonds, carbon-
carbon triple bonds, and {in heteroatom-containing groups) carbon-nitrogen, carbon-
phosphorous, and carbon-silicon double bonds. Where a saturated chemical group s
substituted by one or more substituents R®, one or more double and/or triple bonds
optionally may or may not be present in substituents R®. The term “unsaturated” means
containing one or more carbon-carbon double bonds, carbon-carbon triple bonds, and
{in heteroatom-containing groups) carbon-nitrogen, carbon-phosphorous, and carbon-
sificon double bonds, not including any such double bonds that may be present m
substitnents RY, if any, or m (hetera)aromatic rings, if any.

[00133]  Some embodiments contemplate a trivalent or tetravalent analog of a
diradical group. As applied to the diradical group, the term “trivalent or tetravalent
analog” respectively means a trivadical or tetraradical that is formally derived by
abstracting one or two hyvdrogen atoms, respectively, from the diradical group.
Preferably, each absiracted hydrogen atom mdependently s taken froma C-H

functionality. A trivalent analog is preferred over a tetravalent analog.

"}
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[00154]  In some embodiments, at least one, or at least two, or all of O o QS
independently are unsubstituted (i.¢., lack substituents R%). In other embodiments, cach
substituent R® independently is a (€ 1-C yglalkyl, and more preferably a (C-Cqlalkyl.
{O01S5] In other embodiments, the metal-ligand complex of formula (1) is as

described in the first embodiment, except wheremn one radical group {e.g.,

(Cy-CypthydrocarbyiCION0-, {T-Cyplhydrocarbyl, and {Cy-Cypihvdrocarbylene) is

deleted from the definttions of any one of Q tio Qf’.

[00156]  The metal-higand complex of formula (I} may exist as an solated crystal{s),
optionally m substantially pure form (1.e., greater than 90%), or g5 a mixture with one
or more other metal-ligand complexes of formula {I); in the form of a solvated adduct,
optionally in a solvent, especially an organic Hauid, preferably an aprotic solvent; in the
fonm of a dimer; or in the form of a chelated denivative thereof, wherein the chelated
dertvative comprises the metal-ligand complex of formula (1) and a chelating agent.
Preferably, the chelating agent is an organic Lewis base {e.g., an aprotic organic solvent
such as tetrahydrofuran (THE) or an aprotic amine base such as tricthylamine).

j00157]  In some embodiments, a reducing agent is emploved to produce lower
oxidation state (e.g., +2) metal-higand complexes of formuda (1) from higher oxidation
state {e.g., +4) metal-ligand complexes of formula {1). By the term “reducing agent”
heremn is weant a metal reducing agent or reducing agent compound which, uader
reducing conditions, causes the metal, M, to be reduced from a higher to a lower
oxidation state (e.g., fronm a +6 formal oxwdation state to a -+4 formal oxidation state).
Examples of suitable metal reducing agents are alkali metals, alkaline earth metals,
aluminum and zing, and allovs of alkali metals or alkaline earth metals such as
sodiumymercwry amalgam and sodiunvpotassivm alloy. Examples of suitable reducing
agent compounds are sodiwm naphthalenide, potassium graphite, lithium alkyls, lithim
or potassium alkadienyls, and Grignard reagents (e.g, alkyl magnesivam halides). Most
preferred reducing agents are the alkali metals or alkaline earth metals, especially
lithium and magnesium metal. Switable technigues that may be adapted by an
ordinarity skilled artisan for preparing the metal-ligand complexes of the present
disclosure are known and preferably ave devived from technigues taught, for example,
in (USPNx US 3,866,704, US 5.939.047; and US 6,268 444
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j001S8]  In some embodiments, the metal-higand complex of formula (1) is 1 an
isolated form, which means being substantially solvent-free, for example, contams 10
percent by weight or less of a total of any solveni{s) used in a preparation thereof and
the metal-higand complex of formula (1) being at least 70% by weight of the isolated
form. Still more preferably, the metal-figand complex of formula (1) is i an isolated
and parified form (L.e., the metal-hgand complex of formula (I} being substantially
solvent-free and comprising at feast 80% by weight, more preferably at least 90% by
weight, of the purified form. As used herein, percent by weight is based on the total
weight of a form or mixtwe. Preferably, the weight percent of the metal-ligand
complex of formula (I} in such mixtures is determined using 13-carbon or proton

nuclear magnetic resonance {“C» or } H-NMR, respectively) spectroscopy.

[00159] The present disclosure further provides the second oletin polymerization
procatalyst (B) described herein, except that the one or more catalysts comprise one or

more of the following:
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Activator/Co-catalyst

{00160]  Ap activator is an additive which renders a procatalyst active with respect to
olefin polymerization by contacting it to, or combining i with, the procatalyst.
Commonly used activators shstract a monoamonic hgand, typically an alkyl group, in
some cases 8 benzyl or methyl group, to form a cationic metal-ligand complex of the
procatalyst, which has a weakly coordinating or noncoordinating anion derived or
present as a portion of the activating agent. For example, activators of this type mclude:
Bronsted acids, such as [R:NH]" (ammonium) based activators, e g N N-
dimethylaniinium tetrakis(pentafluovophenyliborate); and Lewis acids, such as alkyl
aluminums, polymeric or oligomeric alumoxanes {also known as aluminoxanes),
boranes {such as ris{pentafluorophenylborane), or carbocationic species (such as trityl
teatrakis(pentaflvorophenyhborate). When an alumoxane alone is used as the activator,
preferably the number of moles of the alumoxane that are eraploved is at least 100
times the number of moles of the metal-higand complex. Lower loading of alamoxanes
do not act as activators, rather they serve as scavenging agent. A scavenging agent
sequesters unpurities in the reactor prior to addition of the catalyst, and as such, does
not constityte an activator,

[00161] Suitable activating co~catalysts for use herein include atboel sluminums;
polymeric or oligomeric alumoxanes (also known as aluminoxanes); neutral Lewis
acids; and non-polvmeric, non~coordinating, ion-forming compounds {including the use
of such compounds under oxidizing conditions). A suiable activating techmque is bulk
electrolysis. Combmations of one or more of the foregoing activating co-catalysts and
techniques are also contemplated. The term “alkyl alummoem™ means a monoalkyl

alumimum dihydride or monoatkylaluminum dihatide, a dialkyl aluminum hydride or
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dialkv! alumimum halide, or a malkvialuminom, Aluminoxances aad their preparations
are known at, for example, United States Patent Number (USPN) US 6,103,657,
Examples of preferred polymeric or oligomeric alumoxanes are methylalumoxane,
trisobutvialuminum-modified methylalomoxane, and sobutylalamoxane.

[00162] Exemplary Lewis acid activating co-catalysts are Group 13 metal
compounds containing from 1 1o 3 hydrocarbyl substituents as described herein. In
some embodiments, exemplary Group 13 metal compounds are trithydrocarbyl}-
substituted-aluminum or trithvdrocarbyl)-boron compounds. In some other
embodiments, exemplary Group 13 metal compounds are tni{{C-Croalkyljahuminum
or ri{{Ce-Cys)arvi}boron compounds and halogenated (including perhalogenated)
derivatives thereofl In some other embodiments, exemplary Group 13 metal
compounds are tris(fluoro-substituted pheavliboranes, in other embodiments,

tris{ pentatiuorophenyhborane. In some embodiments, the activating co-catalyst is 4
tris{(Cy-Crothydrocarbyl hmethane borate (e g, iyl tetrakis{pentafiuorophenyl)borate)
ot a ri{{C-CahydrocarbyDammonium tetra{{C1-Cadhydrocarbyhborate {e.g,,
bis{octadecylimethylammonium tetrakis{pentafluorephenviiborate). As used herein, the
term “anmmonium’” means @ nitrogen cation that is g ((C ;—C-;:@}h5-‘dr0i:a;t.‘byi}z?€+_, a
{(C-CandhydrocarbylyN(HY T, a ((C1-CaodhydrocarbyDaN(H ), ™,
{ﬁC]~{QI3{;}h}*(¥mcm‘b}_fiE\E(ff-{}:;*:", or N{H)4 ™", wherein each {(Ci-Cagthydrocarbyl may be the
same or different.

{00163] Exemplary combinations of neutral Lewis acid activating co-catalysts
mmchide mixtures comprising a combination of a of{{C:-Cy)alkyljaluminum and a
hatogenated ti{{Ce-Crsdaryhboron compound, especially 4
tris{pentatiuorophenyiiborane. Other exemplary embodiments are combinations of such
nentral Lewis acid mixtures with a polymeric or oligomenic alumoxane, and
combinations of a single newtral Lewis acid, especially tis{pentafluorophenyl jborane
with a polviienic or oligomeric alumoxane. Exemplary embodiments rating of numbers
of moles of (metal-ligand complex}:(tris{pentafluoro-phenyiborane): (alwmoxane) fe.g.,
{Group 4 metal-bigand complex}:(tris{pentafluoro-phenyiborane):(alumoxane)] are

from 1:1:1 to 1:10:30, other exemplary embodiments are from 11:1.5 t0 1:5:10,
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jo0164]  Many activating co-catalysts and activating techaigqoes have been previously
taught with respect to different metal-ligand complexes i the following USPNs: US
5,064,802, US 5,153,157, US 5,296,433; US 5,321,106, US 3,350,723, US 5425872
US 5625087, US 5,721,185, US 5,783,512; US 5,883,204; US §919.983; US
6,696,379; and US 7,163,907, Examples of suitable bvdrocarbyloxides are disclosed in
US 5,296,433, Examples of suitable Bronsted acid salts for addition polymerization
catalysts are disclosed in US 5,064,802; US 5,919.983; US 5,783,512, Examples of
suitable salts of a cationic oxidining agent and a non-coordinating, compatible anton as
activating co-catalysts for addition polymenization catalysts are disclosed i US

5,321,106, Examples of suitable carbenium salts gs activating co-catalysts for addition

act
polymerization catalvsts are disclosed m US 5350723,

Examples of suitable silvhiom
salts as activating co-catalysts for addition polymerization catalysts are disclosed in US
5,625,087, Exaraples of suntable complexes of alcobols, mercaptans, silanols, and
oximes with fris(pentafluorophenyhborane are disclosed in US 5,296,433, Some of
these catalysts are also described in a portion of US 6,515,155 B1 beginning at column
50, at line 39, and going through column 36, at Hne 353, only the portion of which is
mcorporated by reference herein.

[00165]  In some embodiments, the procatalysts of the present disclosure may be
activated to form an active catalyst composition by combination with one or more
cocatalyst such as a cation forming cocatalyst, a strong Lewis acid, or a combination
thereof. Suitable cocatalvsts for use include polymernic or ohigomeric aluminoxanes,
especially methyl alunminoxane, as well as inent, compatible, noncoordinating, ion
forming compounds. Exemplary suitable cocatalysts include, but are not limited to
modified methyl slumimoexane (MMAQ); bisthydrogenated tallow
alkyhmethylammonium tetrakis(pentafluorophenyhborate; triethy! aluomnum (TEA);
and any combimations thereof.

[80166] In some embodiments, one or more of the foregoing activating co-catalysts
are used in combimation with each other. An especially preferred combination is a
mixture of & wi({C ~C jhydrocarbyDaluminum, wi{{C -C phydrocarbyl}borane, or an
ammonium borate with an oligomeric or polymeric alumoxane componnd. In
exemplary embodiments of the present disclosure, the co-catalyst is [{CraisHaasy)-

2CHNH] tetrakis{pentafivorophenviiborate salt.
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j00167]  The ratio of total number of moles of one or more catalysts to total number
of moles of one or more of the activating co-catalysts 13 from 110,000 to 100:1. In
some embodiments, the ratio 18 at feast 1:3000, m some other embodiments, at least
1:1000; and 1021 or less, and 1n some other embodiments, 1:1 or less. When an
alumoxane alone is used as the activating co-catalyst, preferably the number of moles
of the alumoxane that are employved is at least 100 times the number of moles of the
catalysts. When tris{pentafluorophenyhborane alone is used as the activating co-
catalyst, i1 some other emboduments, the number of moles of the
tris{pentatiaorophenyiiborane that are employed to the total number of moles of one or
more catalysts form 0.5 to 110, in some other embodiments, from 111 to 16, in some
other embodiments, from 1:1 1o 1:5. The remaiming activating co-catalysts are generally
employed i approximately mole gquantities equal 1o the total mole quantities of one or

more catalysts.

Polvmerization Processes
{H0168]  Any conventional polymerization processes may be emploved to produce
the block copolymers of the present disclosure. Such conventional polymerization
processes include, but are not limited to, sohution polymernization processes, gas phase
polymerization processes, shurry, or particle forming polymerization processes, and
combinations thereof using one or more conventional reactors, e.g., loop reactors,
1sothermal reactors, fluidized bed reactors, stirred tank reactors, batch reactors in
parailel, series, andfor any combinations thereof
[00169]  In certain embodiments of the present disclosure, multi-block copolymers
are prepared via a solution polymerization process emploving a first olefin
polymerization procatalyst {A), a second olefin polymenzation procatalyst (B), one or
more cocatalvsts, and a chain shutthing agent {C).
{00170}  The polymerization processes of the disclosure emploving a first olefin
polymerization procatalvst A, a second olefin polvimerization procatalyst B, one or
more cocatalysts, and chain shuttling agemt € may be further elucidated by reference 1o
Figure 1, where there are illustrated activated catalyst site A, 10, which under
polvmenization conditions forms a polymer chain, 13, attached to the active catalyst
site, 12, Sumilarly, active catalyst site B, 20, produces a differentiated polvmer chain,
8
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23, attached 1o the active catalyst stte, 22. A chamn shuttling agent C1, sitached to a
polymer cham prodoced by active catalyst B, 14, exchanges its polvmer cham, 23, for
the polymer chain, 13, attached to catalyst site A. Additional chain growth under
polymerization conditions causes formation of a multi-block copolymer, 18, attached to
active catalyst site A, Sunilarly, chain shuttling agent C2, attached to a polymer chamn
produced by active catalyst site A, 24, exchanges its polymer chain, 13, for the polymer
chain, 23, attached to catalyst site B. Additional chain growtly under polymerization
conditions causes formation of 8 multi-block copolymer, 28, attached to active catalyst
site B. The growang muiti-block copolymers are repeatedly exchanged between active
catalyst A and active catalyst B by means of shuttling agent C resulting in formation of
a block or segment of differing properties whenever exchange to the opposite active
catalyst site occurs. The growing polvmer chains may be recovered while attached to a
chain shutthug agent and fonctionalized i desired. Allernatively, the resulting polymer
may be recovered by scission from the active catalyst site or the shuttling agent,

through use of a proton source or other killing agent.
O171]  1vis believed (without wishing to be bound by such belieh), that the
composition of the respective segments or blocks, and especially of the end segnments of
the polymer chams, may be infloenced through selection of process conditions or other
process variables. In the polymers of the invention, the nature of the end segments i
determined by the relative rates of cham transter or termination for the respective
catalysts as well as by the relative rates of cham shuttling. Possible chain termination
mechanisms include, but are not Innited to, B-hvdrogen elimmation, §-hydrogen
transfer to monomer, {~methyl elimination, and chain transfer 1o hvdrogen or other
chain- termunating reagent such as an organosilane or chain functionahzing agent.
Accordingly, when a low concentration of chain shaitling agent i3 used, the majority of
polvmer cham ends will be generated m the polymerization reactor by one of the
foregoing cham termination mechamsms and the relative ratey of cham termmation for
catalyst {A) and (B) will determine the predominant chain terminating moiety. That is,
the catalyst having the fastest rate of cham termumation will produce relatively more
chain end segiments in the finished polymer.

{00172]  In contrast, when a high concentration of chan shutthing agent s emploved,

the majority of the polvoer chains within the reactor and upon exiting the
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polymerization zone gre attached or bound to the cham shuttling agent. Under these
reaction conditions, the relative rates of cham transfer of the polyvmerization catalysts
and the relative rate of chain shuttling of the two catalvsts primanty determines the
identily of the chain terminating moiety. If catalyst (A) has a faster cham transfer
and/or chain shuttling rate than catalyst (B}, then the majority of the chan end
segments will be those produced by catalyst {A).
{0173] At intermediate concentrations of chain shuttling agent, all three of the
aforementioned factors are instrwmental in determiining the wdentity of the fingd polymer
block. The foregomng methodology may be expanded to the analvsiy of mudti-block
polymers having more than two block types and for controlling the average block
fengths and block sequences for these polymers. For example, nsing a mixture of
catalysts 1, 2, and 3 with a chain shutthng sgent, for which each catalyst tvpe makes a
different type of polymer block, produces a linear block copolymer with three different
block types. Furthermore, if the ratio of the shuttling rate 10 the propagation rate for the
three catalysts follows the order 1223, then the average block length for the three
block types will follow the order 3>2>1, and there will be fewer mstances of 2-tvpe
blocks adjacent to 3 ~type blocks than 1-type blocks adjacent to 2-tvpe blocks.
[00174] It follows that a method exists for controlling the block length distiibution
of the various block types. For example, by selecting catalvsts 1, 2, and 3 (wherein 2
and 3 produce substantially the same polymer block type), and a chain shutthing agent,
and the shutthng rate follows the order 1 > 2 > 3, the resulting polvmer will have a
bimodal distribution of block lengths made from the 2 and 3 catalysis.
[08175]  During the polvmenization, the reaction mixfure cOmprising one or more
monomers s contacted with the activated catalyst composition according to any
suitable polymerization condittons. The process is characterized by use of elevated
temperatures and pressures. Hydrogen may be emploved as a chain transfer agent for
molecular weight control according to known techniques if desired. As m other simular
polymerizations, it is highly desirable that the monomers and solvents employed be of
sufficiently high parity that catalyst deactivation does not ocour. Any suitable technique
for monomer purification such as devolatilization at reduced pressure, contacting with
molecnlar sieves or high surface area alunnna, or a combination of the foregoing
processes may be emploved. The skilled artisan will appreciate that the ratio of chain
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shuttling agent to one or more catalvsts and or monomers in the process of the present
mvention may be varied in order to produce polvmers differing m one or more
chemical or physical properties. Supports may be employed in the present invention,
especially 1 slurry or gas-phase polymerizations. Suitable supports include solid,
particulated, high surface are, metal oxides, metalloid oxides, or mixtures thereof
{interchangeably referred to herein as an inorganic oxide). Examples includer tale,
sitica, alumina, magnesia, ttania, zirconia, Sna(d:, aluminosilicates, boresilicates, clays,
and mixtures thereot. Saitable supports preferably have a surface area as determined by
nitrogen porosimetry using the BT, method from 1 o 1000 m /g, and preferably
from 100 to 600 m*/g. The average particle size typically is from 0.1 10 500 pm,
preferably from 1 to 200 pm, more preferably 10 to 100 pm.

{00176]  In one embodiment of the invention the present catalvst composition and
optional support may be spray dried or otherwise recovered in solid, particolated form
1o provide a composition that is readily transported and handled. Suitable methods for
spray diying a lquid containing shaory are well known in the art and usefully employed
herem. Preferred techuiques for sprav diving catalvst compositions for use berein are
described in US-A's-5 648 310 and 5,672,669,

{00177}  The polymerization may be carried out as a continuous polymernization,
preferably a continuous, solution polymerization, in which catalvst components,

shuttling agent{s}, monomers, and optionally solvent; adjuvants, scavengers, and

polvmerization atds are continuously supplied 1o the reaction zone and polymer product
continvously removed there from. Within the scope of the terms "continuons” and
"continpously” as used in this context ave those processes in which there are
intermaittent additions of reactants and vemoval of products at small regular or wregular
intervals, so that, over time, the overall process 1s substantially continuous. The catalyst
compositions can be advantageously emploved in a high pressure, solution, shurry, or
aas phase polymerization process. For a solution polymerization process it 1s desirable
to employ homogeneous dispersions of the catalvst components in a liquid diluent in
which the polymer 1s soluble under the polymenization conditions emploved. One such
process utihizing an extremely fine silica or similar dispersing agent to produce such a
homogeneous catalyst dispersion where either the wetal complex or the cocatalyst is
only poorly soluble is disclosed in US-A-5, 783,512, A solution process 1o prepare the
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novel polymers of the present invention, especially a continuous solution process is
preferably carried out at a temperatare between 80°C and 230°C, more preferably
between 100°C and 210°C, and most preferably between 110%C and 2107°C. A high
pressure process 1s asually carried out al temperatares from 100°C to 400°C and at
pressures above 300 bar (30 MPa). A shurry process tvpically uses an inert hydrocarbon
dituent and temperatures of from 0°C up to a temperature just below the temperature at
which the resulting polymer becomes substantially soluble mn the inert polymerization
medium. Preferved terperatores in a sturry polymenzation are from 30°C, preferably
from 60°C up to 115°C, preferably up to 100°C. Pressures {ypically range from
atmospheric (100 kPa) to 500 pst (3.4 MPg). In all of the foregoing processes,
contineons or substantially continuouns polymenzation conditions are preferably
employed. The use of such polyinerization conditions, especially continnous, solution
polvmenization processes employing two or more active polymerization catalyst
species, allows the use of elevated reactor temperatures which resulis in the economical
production of multi-block or segmented copolymers in high vields and efficiencies.
Both homogeneous and plug-flow type reaction conditions may be emploved. The latter
conditions are preferred where tapering of the block composition is desired.

[00178]  Both catalvst compositions {A) and (B) may be prepared as a homogeneous
composition by addition of the requisite metal complexes o a solvent i which the
polymerization will be conducted or in a diluent compatible with the ultimate reaction
mixture. The desired cocatalvst or activator and the shuttling agent may be combined
with the catalyst composition etther prior to, siumultancousty with, or after combination
with the monomers to be polymerized and any additional reaction diluent.

[B0179] At all times, the individual ingredients as well as any active catalvst
composition must be protected from oxyvgen and moisture. Therefore, the catalvst
components, shuttling agent and activated catalysts must be prepared and stored in an
oxygen and moistare free atmosphere, preferably a drv, inert gas such as nitrogen.
[00180]  Without limiting in any way the scope of the invention, one means for
carrying out such a polymerization process is as follows. In a stirred-tank reactor, the
monamers to be polymerized are introduced continuously together with any solvent or
dituent. The reactor containg a Hquid phase composed substantially of monomers

together with any solvent or diluent and dissolved polvmer. Prefemred solvents include
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Cami0 hydrocarbons or mixtures thereof, especially alkanes such as hexane or mixtores
of alkanes, as well as one or more of the monomers employed 1 the polymerization.
Procatalysts along with cocatalyst and chain shatthing agent are continuously or
mtermittently miroduced in the reactor iquid phase or any recycled portion thereof.
The reactor temperature and pressure may be controlled by adjusting the
solvent/monomer ratio, the catalyst addition rate, as well as by cooling or heating coils,
jackets or both. The polymerization rate is controlled by the rate of catalyst addition.
The ethylene content of the polvmer product i1s determined by the ratio of ethylene to
comonomer in the reactor, which s controlled by manipolating the respective feed rates
of these components o the reactor. The pelyiner product molecular weight is
controlled, optionally, by controlling other polymerization variables such as the
tempergture, monomer concentration, or by the previously mentioned cham wanster
agent, as s well known in the art. Upon exiting the reactor, the effluent is contacted
with a catalvst kill agent such as water, steam or an alcohol. The polvimer solution is
optionally heated, and the polymer product is recovered by Hashing off gaseous
monomers as well as residugl solvent or diluent at reduced pressure, and, if necessary,
conducting further devolatilization in equipment such as a devolatilizing extruder, In a
continuous process the mean residence time of the catalyst and polvmer m the reactor
generally is from 5 minutes to 8 hours, and prefergbly from 10 nunutes 1o 6 hours,
{00181} Alternatively, the foregoing polymerization may be carned out in g
continuous loop reactor with or without a mononer, catalyst or shuttling agent gradient
established between differing regions thereof, optionally accompanied by separated
addition of catalysts andfor chain tansfer agent, and operating under adiabatic or non~
adiabatic solution polymertzation conditions or combinations of the foregoing reactor
conditions. Examples of suitable loop reactors and a variety of suitable operating
conditions for use therewith are found in USP's 5,877,251, 6,319,989 and 6,683,149,
[00182]  Although not as desired, the catalyst composition may also be prepared and
emploved as a heterogeneous catalyst by adsorbing the requisite components on an
mnert inorganic or organic particulated solid, as previously disclosed. In an preferred
embodiment, a heterogeneous catalyst ts prepared by co-precipitating the metal
complex and the reaction product of an inert inorganic compound and an active
hydrogen containing activator, especially the reaction product of a «ri {C1.4 alkyl)
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aluminum compound and an ammonium sali of g
hyvdroxvarvitris{pentafisorophenyiiborate, such as an ammomuom salt of (4-hyvdroxy-
3, 5-ditertiarvbutviphenyhitris(pentafluorophenyliborate. When prepared in
heterogeneous or supporied form, the catalyst composition may be employed in a sharry
or a gas phase polymerization. As a practical limtation, slurry polymerization takes
place in ligaid diluents in which the polymer product is substantially insoluble.
Preferalily, the diluent for shurry polymerization is one or more hyvdrocarbons with less
than 5 carbon atoms. If desired, saturated hydrocarbons such as ethane, propane or
butane may be used i whole or part as the diluent. As with a solution polymenzation,
the g-olefin comonomer or a mixtare of different - olefin monomers may be used in
whole or part as the diluent. Most preferably at least a major part of the diluent
comprises the g-olefin monomer or monomers to be polymerized.
[00183]  Preferably for use in gas phase polymerization processes, the support
material and resulting catalyst has a median particle diameter from 20 to 200 ym, more
preferably from 30 pm to 150 m, and most preferably from 50 pm to 100 um.
Preferably for use in slurry polvinerization processes, the support has a median particle
diameter from 1 pm to 200 um, more preferably from § pm to 100 pm, and most
preferably from 10 um to 80 pm.
j00184]  Suitable gas phase polymerization process for use herein are substantially
simiar to known processes used commercially on a large scale for the manufactore of
polvpropyiene, ethylene/ g- olefin copolyvmers, and other olefin polvimmers. The gas
phase process emploved can be, for example, of the type which employs a
mechanically stirred bed or a gas fluidized bed as the polymerization reaction zone.
Preferved is the process wheremn the polymerization reaction is carnied out in a vertical
cyhudrical polymenzation reactor contaming a fluidized bed of polymer particles
supported or suspended above a perforated plate or fluidization grid, by a flow of
fhudization gas.
[00185]  The gas employed to fluidize the bed comprises the monomer or monomers
to be polymenized, and also serves as a heat exchange medium 1o remove the heat of
reaction from the bed. The hot gases emerge from the top of the reactor, normally via a
tranquitization zone, alse known as a velocity reduction zone, having & wider diameter
than the fluidized bed and wherein fine particles entrained in the gas stream have an
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opportunity to gravitate back into the bed. It can also be advantageous to use a cyclone
to remove pltra-fine particles from the hot gas stveam. The gas 1s then normally
recyeled to the bed by means of a blower or compressor and one or more heat
exchangers to strip the gas of the heat of polymerization.

[00186] A preferred method of cooling of the bed, in addition to the cooling
provided by the cooled recyele gas, is 1o feed a volatile Hguid to the bed to provide an
evaporative cooling effect, often referred to as operation in the condensing mode. The
volatile hiquid emploved in this case can be, for example, a volatile wert hqud, for
example, a saturated hydrocarbon having 3 to &, preferably 4 to 6, carbon atoms. In the
case that the monomer or comonomer #self is ¢ volatile hquid, or can be condensed to
provide such a hiquid, this can suitably be fed to the bed to provide an evaporative
cooling effect. The volatile liquid evaporates in the hot fluidized bed to form gas which
mixes with the flutdizing gas. If the volatle liguid 1s a monomer or comonomer, it will
undergo some polvmerization in the bed. The evaporated liquid then emerges from the
reactor as part of the hot recyele gas, and enters the compression/heat exchange part of
the recyele loop. The recyele gas is conled in the heat exchanger and, if the temperature
to which the gas is cooled is below the dew point, liguid will precipitate from the gas.
This lignid is desirably recycled continnously to the fhudized bed. It s possible 1o
recyele the precipitated liquid to the bed as liquid droplets carrted in the recycle gas
stream. This tvpe of process is described, for example in EP-89691; U.S. 4,543 399,
W94 25498 and U8, 5,332,749, A particularly preferred method of recveling the
hiquid 1o the bed is 1o separate the Hgaid from the recycle gas stream and to reinject this
liquid directly into the bed, preferably using a method which generates fine droplets of
the higaid within the bed. This type of process 1s desceribed 1w WO-94/28032. The
polymerization reaction occprring in the gas fluidized bed 15 catalyzed by the
continuous or semi-continuous addition of catalyst composition according to the
mvention. The catalyst composition may be sabjected to a prepolymernization step, for
example, by polymerizing a small quantity of olefin monomer in a hquid inert diluent,
to provide a catalyst composite comprising supported catalyst particles embedded in
olefin polymer particles as well. The polymer is produced directly in the fluidized bed
by polymerization of the monomer or mixiure of monomers on the fluidized particles of

catalyst composition, supported catalyst composition or prepolvmenized catalyst
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composition within the bed. Start-up of the polymerization reaction is achioved using a
bed of preformed polymer particles, which are preferably similar {o the desired
polvmer, and conditioning the bed by drying with 1nert gas or nitrogen prior 10
mtroducing the catalyst composition, the monomers and any other gases which s
desired to have m the recyele gas stream, such as a dilnent gas, hydrogen cham transfer
agent, or an inert condensable gas when operating 1n gas phase condensing mode. The
produced polymer is discharged continuousty or semi-continnously frony the fluidized
bed as desired.

[00187] The gas phase processes most suitable for the practice of this invention are
continuons processes which provide for the continous supply of reactants to the
reaction xone of the reactor and the removal of products from the reaction zone of the
reactor, thereby providing a steady-state environment on the macro scale in the reaction
zone of the reactor. Products are readily recovered by exposure 10 reduced pressure and
optionally elevated temperatures (devolatilization) according to known techniques.
Typically, the fluidized bed of the gas phase process is operated at temperatures greater
than S0°C, preferably from 60°C to 110°C, more preferably from 70°C to 110°C.
{H0188] Examples of gas phase processes which are adaptable for use in the process
of this invention are disclosed i US Patenis: 4,588,790; 4,343, 399; 5 352 749
5,436.304; 5,405,922, 5,462,999, 5,461 123; 5 453,471, 5,032,562; 5028670
5.473.028; 5,106,804, 5,556,238; 5,541 .270; 3 608,019, and 5,616,661.

[0I89]  As previously mentioned, functionalized derivatives of multi-block
copolymers are also included within the present invention. Examples mclude metaliated
polymers wherein the metal is the remnant of the catalvst or chain shuttling agent
emploved, as well as further denivatives thereof, for examaple, the reaction product of a
metallated polymer with an oxygen source and then with water to form a hvdroxyl
terminated polvmer. In another embodiment, sufficient air or other quench agent is
added to cleave some or all of the shutthng agent-polymer bonds thereby converting at
least a portion of the polymer to a hydroxy! terminated polvmer, Additional examples
mnclude olefin terminated polymers formed by fI-hydnde elimination and ethylenic
unsaturation in the resulting polymer.

{00190}  In one embodiment of the invention the mudti-block copolymer may be

functionalized by maleation {reaction with maleic anhvdride or its equivalent),
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metatlation (such as with an alkyl hthinm reagent, optionally in the presence of a Lewis
base, especially an amine, such as tetramethylethvlenediamuing), or by mcorporation of
a diene or masked olefin in a copolymerization process. After polymerization involving
a masked olefin, the masking group, for example a trihydrocarbyisilane, may be
removed thereby exposing a more readily functionalized remnant. Techniques for
functionalization of polymers are well known, and disclosed for example in USP

5.543 458, and elsewhere.

{60191}  Because a substantial fraction of the polvmenic product exiting the reactor is
terminated with the chain shutthing agent, farther functionalization 1s relatively easy.
The metaliated polymer species can be utilized tn well known chemical reactions such
as those suttable for other alkyl- aluminum, alkyl-galliwm, alkyl-zme, or alkyl-Group 1
compounds to form amine-, hydroxy-, epoxy-, ketone, estex, nitnide, and other
functionalized terminated polymer produocts. Examples of suitable reaction techmaues
that are adaptable for use bere in are described i Negishi, "Organometallics in Organic
Svithesis”, Vol 1 and 2, (1980), and other standard texis m organometaltlic and organic

synthesis.

Polismer Produces
j00192]  In certain embodiments, multi-block copolymers {12, olefin block
copolvmers or OBCs) prepared by the compositions/catalyst systems/processes of the
present disclosure are defined as having:
[06193]  (A) Mw/Mn from 1.0 to 10.0 {e.g.. from 1.0 t0 9.0, from 1.0 to 8.0, from 1.0
t0 7.0, from 1 .00 6.0, rom 1.0 t0 5.0, from 1.5 t0 5.0, from 1.5t0 4.0, from 1.7 to 3.5,
ete.), at least one melting point, Tm, i degrees Celsius, and a denstty, d, in gravosicubic
centimeter, where in the numerical values of Tm and d correspond to the relationship:

T 2-2002.9+4538 5()1-2422.2{d¥"; andor
{00194] (B} Mw/Mq from about 1.7 to about 3.5, and 1s characterized by g heat of
fusion, AH in Vg, and a delta quantity, AT, in degrees Celsius defined as the
temperature difference between the tallest DSC peak and the tallest CRYSTAF peak,
wherein the numerical values of AT and AH have the following relationships:

AT -0 1299 AH+62 81 for AH greater than zero and up to 130 FHy,

AT248° C. for AH greater than 130 Iig,
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wherein the CRYSTAF peak is determined using at least 3 percent of the
cumulative polyvmer, and if less than § percent of the polymer has an identifiable
CRYSTAF peak, then the CRYSTAF temperature is 30° C; andior
[00195]  (C) an elastic recovery, Re, in percent at 300 percent strain and | cvele
measured with a compression-molded film of the ethylene/o-olefin interpolymer, and
has a density, d, in grams/cubic centimeter, wherein the numerical values of Reand d
satisfy the following relationship when ethylene/a-olefin interpolymer is substantially
free of a cross-linked phase:

Rex1481-1629(d); andior
[00196] (D) a molecnlar fraction which elutes between 40° €, and 130° €. when
fractionated using TREF, characterized in that the fraction has a molar comonomer
content of at least § percent higher than that of a comparable random ethviene
nterpotymer fraction eluting between the same temperatures, wherein said comparable
random ethylensg interpolvmer has the same comonomes{s} and has a melt index,
density, and molar comonomer content {based on the whole polymer) within 10 percent
of that of the ethvlene/u-olefin interpolymer; and/or
{00197]  (E) a storage modulus at 257 C,, G'(257 C)), and a storage modulas at 1007
CL G000 Cl), wherein the ratio of G25Y Cly to GT{100° ) 18 in the range of about
1:1 to ghout %1 andfor
{00198]  (F) a molecular fraction which ehutes between 40% Cand 130° €. when
fractionated using TREF, characterized in that the fraction has a block mdex of at least
0.5 and up to 1 and a molecular weight distnbution, Mw/Mn, greater than 1.3; and/or
{00199}  (G) an average block index greater than zero and up to 1.0 and a molecular
weight distribution, Mw/Mn greater than 1.3, It is understood that the olefin block
copolymer may have one, some, all, or any combination of properties (A}{G). Block
Index can be determined as described in detail in U.S. Pat. No. 7,608 668 herein
mcorporated by reference for that prepose. Analytical methods for determining
properties {A) through {G) are disclosed in, for example, UL.S. Pat. No 7,608,668, Col.
31, line 26 through Col. 35, hine 44, which 1s herem incorporated by reference for that
purpose.
{00200]  In certain embodiments, the olefin block copolviers prepared by the

compositions/catalvst systems/processes of the present disclosure have a density of
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from 0.820 gice to 0.925 giee (e, from 0.860 gice 1o 0.890 giec). In some
embodiments, the ofefin block copolvmers prepared by the composttions/catalvst
systems/processes of the present disclosure have a melt index {MI) from 0.1 /10 min
to 1000 g/10 min {e.g.. from 0.1 /10 min to 500 ¢/10 min, from 0.1 g/10 min to 100

/10 min, from 0.1 ¢/10 min to 50 ¢/ 10 mm, from 0.1 ¢/10 min to 35 g/10 min, from

i
=

<

0.1 g/10 min to 30 ¢/10, from 0.1 g/10 minto 20 g/10 min, and/or from 0.1 g0 min to
1S o/ 10 muind, as measured by ASTM D 1238 (190° (/2,16 kg). In certain
embodiments, the olefin block copolymers prepared by the compositions/catalyst
systems/processes of the present disclosure have a molecular weight of 10,080 to
250,000 g/mole (2.g., from 10,000 to 200,000 g/mole and/or from 20,000 to 175,000
gimole). In certamn embodiments, the olefin block copolymers prepared by the
composttions/catalyst systems/processes of the present disclosure have g residual zine
content from 50 ppm to 1000 ppra {e.g., from 50 ppm to 750 ppm, from 50 ppr to 500
ppm, and/or from 73 ppm to 400 ppm). In certain embodiments, the olefin block
copolymers of the present disclosure have a molecular weight distribuction (MWD or
PDD of less than 5.0 {e.g., less than 4.0, less than 3.5, less than 3.0, less than 2.9, less
than 2.8, etc.). In certamn embodiments, the olefin block copolymers of the present

disclosare have a thermo-~-mechanical resistance (TMA) of greater than 100 °C.

Examples

Methodologies

j00201] Combined Catalyst Efficiency: The combned catalyst efficiency is
calcudated by dividing the mass {e.g., the nomber of grams (Guhmer)) of the olefin block
copolvmer prepared by the mass (e.g., the total number of nulligrams or grams {Zuwewt))
of metal from both procatalysis

j00202]  SymRAD HT-GPC Analysis: The molecular weight data was determined
by analysis on a hybrid Symyx/Dow built Robot-Assisted Ditution High-Temperature
(el Permeatton Chromatographer (Sym-RAD-GPCY. The polymer samples were
dissolved by heating for 120 minutes at 160°C in 1,2 4-trichlorobenzene {TCB) ata
concentration of 10 mg/ml stabilized by 300 ppm of butvlated hydroxyl toluene

BHT}. Each sample was then diluted 1o 1 megmL immediately before the injection of a
BHT}. Each sampl then dituted to 1 mg/mL fiately before the ing f
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250 uL aghiquot of the sample. The GPC was equipped with two Polymer Labs PLgel 10
wm MIXED-B columns (300 x 10 num) at a flow rate of 2.0 mL/minute at 160°C.
Sample detection was performed using a PolyChar IR4 detector in concentration mode.
A conventional calibration of narrow polystyrene {(PS) standards was utilized with
apparent units adpusted to homo-polyethylene (PE) using known Mark-Houwink
coefficients for PS and PE in TCB at this temperature.
{0203]  Differential Scanning Calorimetry (DSC) analysis: Melt temperature
{Tm), glass transition temperature {Tg), cryvstallization temperatore {Te) and Heat of
Melt may be measured by differential scanning calorimetry (DSC Q2000, TA
Instrumments, Ine.) using a Heat-Coel-Heat temperature profile. Open-pan DSC samples
of 3-6 mg of polymer are first heated from room temperature to setpomt at 10 °C per
min, Traces are analvzed individually using TA Universal Analysis software or TA
Instruments TRIOS software.
j00204]  Density: Density measurements are conducted according 1o ASTM D792,
{00205 Melt index: L and Lo ave measured in accordance with ASTM D-1238
{190°C; 2.16 kg and 10 ky).
[00206] C NMR spectroscopy: C NMR spectroscopy is one of a number of
techniques known in the art tor measaring comonomer meorporation into a polymer.
An example of this techrigue s described for the determination of comonomer content
for ethvlenefe-olefin copolvmers in Randall (Journal of Macromolecalar Science,
Reviews in Macromolecular Chemistry and Phvsics, €29 (2 & 3), 201-317 (19893},
which is incorporated by reference herein in its entivety. The basic procedure for
determining the comonomer content of an ethylene/olefin interpolymer involves
obtaining a2 FC NMR spectnian ander conditions where the intensity of the peaks
corresponding to the different carbons in a sample 15 divectly proportional 1o the total
number of contributing nuclei in the sample. Methods for ensuring this proportionality
are known in the art and involve allowance for sufficient fime for relaxation afler a
pulse, the use of gated-decoupling techniques, relaxation agents, and the like. The
relative intensity of a peak or group of peaks 15 obtained in practice from its computer-
generated integral. After obtaining the spectrum and integrating the peaks, those peaks
assoctated with the comonomer are assigned. This assignment can be made by
reference to known spectra or Hiterature, or by synthesis and analysis of model
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compounds, or by the use of isotopically lgbeled comonomers. The mole % comonomer
can be determimed by the ratio of the integrals corresponding to the number of moles of
comonomer 1o the integrals corresponding to the number of moles of all of the
monomers 1 the interpolvmer, as described in the aforementioned Randall reference.
[80207]  The soft segment weight percentage and hard segment weight percentage of
an ethylene/olefin mterpolymer of the present disclosure is determined by DSC, and
mole % comonomer in the soft segment of an ethylene/olefin mterpolymer of the
present disclosure is detenmined by °C NMR spectroscopy and the methods described
1 WO 2006/101966 Al which 1s incorporated herein by reference in s entirety.
[00208] “C NMR Analysis: The samples are prepared by adding approximately 2.7
g of a 50/50 mixture of tetrachloroethane-d*/orthodichlorobenzene to 0.2 g sample in a
H) mm NMR tube. The samples are dissolved and homogenized by heating the tube
aud its contents to 150° C. The data are collected using ¢ JEOL Eclipse™ 400 MHz
spectrometer, Bruker 400 MHz spectrometer, or a Vartan Unity Plus™ 400 MHz
spectrometer, corresponding to a PC resonance frequency of 100.5 MHz. The data is
acquired using 236 ransients per data file with a 6 second pulse repetition delav. To
achieve minimum signal-to-noise for quantitative analysis, multiple dats files are added
together. The spectral width is 25,000 Hz with a munimuom file size of 32K data points.
The samples are analvzed at 120 C in a 10 mum broad band probe. The comonomer
mcorporation is determined using Randall's triad method (Randall, J. C; IMS-Rev.
Macromol. Chem. Phys., €29, 201-317 (1989, which is incorporated by reference
heremn m iis entirety.

{00209} Residual zinc content (ppm) may be measured by standard wmdustry
procedure, such as mass balance or an x-ray fluorescence {XRF) wethod.

[00219]  Reactivity Ratios: Reactivily ratios of the olefin polymenization

procatalysts may be determined by the discussion and mathematical formulas above.

Working Examples

{00211}  The following examples ilustrate embodiments of the present discloswre but

are not intended to be hmiting in any way. More specifically, the following, non-

himiting examples demonstrate inventive CSA and dual catalvst combinations capable

of producing olefin block copolymers having desirable properties with commercially
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acceptable catalyst efficiency and process control at clevated reactor temperatures {¢.2.,
equal to or greater than 120 °Cy.

Procatalyst Components

{00212} Exemplary, non-himiting procatalysts falling within the scope of the first
olefin polymerization procatalyst {A) of the present disclosure {(Procatalysts (Al) and

{A4}} have the structures shown below:

{(AD (Ad),
{00213]  An exemplary, non-limiting procatalyst falhng within the scope of the
second olefin polymerization procatalyst {8) of the present disclosure (Procatalyst B1)

has the following structare:

i-Pr.

/\/‘\/553

(B1).
[00214]  Svynthesis of Procatalvst {Ad)

]
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[00215] 2-iodo~4-fluorophenol {14.2 g 59.6 nuvnol} and 1 4-dibromobutane (3.6 ml.
30 mumol) are combined in acetone (200 mL) and stirred at reflux over 3 days, The

mixture 1 cooled, filtered and concentrated under vacuum. The restdoe 18 dissolved
dichloromethane (130 mL) and washed with KOH (50 mL, 3 N} and saturated K2CO3
{2x 50 mL}. The organic fraction is then dried over MgSO4 and concentrated to yield

a white powder. The white powder 1s rmsed and sonicated in hexanes, cooled, filtered,
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and dried under vacnum to vield the desired product {12.22 g, 77.3 %), L H NMR {400
Mie, CDCI S 749 (dd, J = 7.7, 3.1 Hz, ZH), 7.01 (1d, 1= 8.4, 3.1 He, 2H), 6.74 {dd, J

=00, 4.6 Hz, 2H), 4.08(d, J = 5.3 Hez 4H), 2.16 - 2.01 {m, 4H}.

i . AN R Wod N
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[0216]  The bis(aryl fodide) (10.0 g, 18.9 mmol), boronate ester (182 g, 37.7

mmol}, THF (200 mL}, and a solution of NasCO3 (12.0 g, 113 mmol) in water (50 mL)
are placed in a 500 mL 2-neck flask and are purged with nitrogen for 15 minutes. The
palladium catalyst s added to a solution 1 THF. The reaction is heated to 65 °C and
stirred overmight. The desired protected product precipitates as a white sohd formation
over the course of the reaction. The mixture 1s then cooled, filtered and the white sohd
ts washed with water. The solid s then transferred tnto a clean flask snd suspended in
a MeQH/THF mixture. Hyvdrochloric acid {3 drops) is added to the solution, and the
solution is heated to reftux overnight over which time the suspension fully
dissolves. The solution is cooled, filtered, and concentrated to vield a brownish
oil. The remaining free-flowing liquid is decanted and discarded. The viscous brown
oil remaining slowly crystallizes as a brownish solid upon standing 1 methanol for
several days. This solid is collected by Siltration, dissolved in dichloromethane and
passed through a silica plug (Rf ~ 1 in dichloromethane). The light red solution
resplting from elution with dichloromethane is collected and concentrated to vield a red
sohid which is sonicated with diethyl ether, filtered, and dried 1o vield the target
compound as an off white pinkish solid (14.98 g, 96 %), H NMR (400 MHz, CDCl:) §
825799 (m, 4H), 7.29 (ddd, /= 82, 7.1, 1.3 Hz, 4H), 7.25 - 719 {my, 6H), 7.19
742 {m, 8H), 7.00 {ddd, /=90, 77, 3.1 Hz, 2H}, 6.72 {dd, /= 9.0, 4.5 Hz, 2H]}, 6.10

, 2H), 388 - 3.64 (m, 4H}, 2.33 (s, OH}, 1.63 {1, J=3.2 Hz, 4H).
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{00217]  Addition of methyl magnesium bronude (8.812 mb., 3 M, 2.4 mmod) fo
hafnium tetrachloride (0,195 g, 0.609 mumol) is performed in a toluene (20 mL)
suspension at -35 °C. The reaction 15 stivved warming shightly over 20 minutes. This
solution s then wansterred to a solution of the Hgand in toluene (10 mL). The solution
is stirred overmight after which time the solvent 18 removed under bigh vacuum. The
residue is extracted with dichloromethane (15 mL) and filtered. The dichloromethane
14 then removed under high vacuum to vield the product as an off white solid {3325 ¢
S2%). "H NMR (400 MHz, Benzene-de) § 8.19 ~ €11 {m, 2H), 8.05{dt, } = 7.6, 1.0
He, 3H), 744 (at, T =89, 0.9 He, 4H), 7.32 (ddd, J = 8.2, 7.1, 1.3 Hz, 2H), 728 - 7.20
{m, 4H), 7.21 - 7.09 (m, SH}, 7.09{dd, } = 2.3, 0.8 Hz, 2H), 7.02(ddt, } = 7.9, 1.4, 0.7
Hz 1HYL 6.92(dd, J=23, 08 Hz, 2H), 682 {dd, J =92, 32 He, 2H), 6.57 (ddd, I =
91,72 32 Hz 2H), 460 (dd, F = 9.1, 49 Hz, 2H}3, 3.89 - 368 {m, 2H}, 3.21 {dd. ]
11.6,4.4 Hz, 2Hy, 211 (d, I = 14 Hz, 8H), 0.68 - 0.48 (m, 2H), 040 {d, I = 133 Hz,
24}, ~1.17 {5, 6H)

[00218]  Syuthesis of Procatalyst (B1)

{00219]  Syuthesis of [{E}N-(6-(butvlimino)cyclohex-1-en-1-y1}-2,6-

diisepropvlanilide]Seibis(2-dimethylaminobenzyl}|: In a mitrogen-filled glovebox, a
sohution of {£)-N-{6-(butylimino)oeyelohex-1-en-1-v1}-2 6-dissopropylaniline {0.250 g,
(¢.766 mmol, 1 equiv.} in toluene (2.5 mL} was added to a solution of Sc¢{CHz-o-
WMeaCaHa)s (0.343 g, 0.766 numol, 1 eguiv.) in toluene (2.5 mL). The material was
stirred at 60°C for 17 hours, vielding a dark brown/yellow solution. All volatiles were
removed i vacuo to vield a dark brown/vellow oil. Hexane (10 mL) was layered onto
the oil, and the muxture was stored in a -30°C freerer for 3 months, however no
appreciable amount of precipitate formed. The solution was filtered through a syringe

filter, and all volatiles were removed in vacuo, vielding a thick black oil. The o1l was
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dissolved hexamethyldisiloxane (3 mL), and stored g -30°C freczer for 3 days. A
large amount of vellow solid precipiiated from solution. The material was filtered
through a prechilled glass frit, washed with minimal cold hexamethyldisiloxane, and
dried i vaeno to vield a vellow powder (0.2506 g, S1% vield). Residual
hexamethyldisiloxane was removed by dissolving the solid in bexane and drving /v
vacuo. 'H NMR {400 MHz, Benvene-ds) § 7.21 ~7.12 (m, 3H), 699 (ddd, I

6.6, 1.8 Hz, 2H), 695 ~ 6.89 (m, 2H), 6.82 - 6.7 ("_m, 4H), 443 (¢, I=4.9 Hz, {H),
355 ¢hept, J=6.7 He, 2HY 2.73 - 2.64 {m, 2H), 2.27 (5, 12H]), 198 (1, J = 6.4 Hz, 2H),
87 g, J= 5.7 Hz, 2H), 1.61 ~ 1.48 (m, 4H), 1.44 - 1.37 (m, 2H}, 1.37 - 1.29 (m, 2H),
120 (d. J=068He, 6H), 116 (d, J =67 Hz, 6H), 121 - 1.1 (m, 2H), 0.84 (1, I=73
Hez, 3H). PC NMR (400 MHz, Benzene-ds) & 174.33, 14884, 1453 56, 14517, 144.31,
143,09, 12872, 12543, 124.71, 12380, 120.05, 118.45, 109.60, 48.33, 47.67, 44 26,
30.96,27.93 2750, 26,78, 24.62, 23.27, 22 95, 2086, 13.60.

j00220]  Svnthesis of Procatalvst (A1)

{00221]  Procatalyst {A1) is synthesized in accordance with the procedures described

m U.S. Patent No. 6953764 B2, which 1s incorporated herein by reference in s

entirety.

Polymerization Examples

Batch Reactor Polvmerization Procedure

j00222]  Batch reactor polymerization ruas were performed for Procatalysts (A1),
{A4), (B1}, an inveative CSA and dual catalyst combination (1.e., Procatalysts {A1) and
{B1) and g chain shuttling agent), and a further imventive CSA and dual catalyst
combination {1.e., Procatalvst { Ad) and {B1). The baitch reactor polymerization runs
were performed in accordance with the procedure desenbed below and the process
conditions outlined w Tables 1-3. The co~catalyst ("Cocat.”} 15
[HNMe(C18H37)2][B(CGFI)M].

{00223 A 2 L Parrreactor is used for all batch reactor polymerization runs. The
reactor is heated vie an electrical heating mantle and is cooled vig an internal serpentine
cooling coil containing water. Both the reactor and the heating/cooling system are

controlied and monttored by a Camile TG process computer. All chemicals used for
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polymerization or catalyst makeup are run through purification columns. 1-octene,
toluene, and Isopar-E {(a mixed alkanes solvent available from ExxonMobil, Inc.) are
passed through 2 columns, the first containing A2 alumina, and the second containing
Q3 reactant {available from Engelhard Chemicals Inc.). Ethylene gas 15 passed through
2 columns, the first contaming A204 alumina and activated 4A° molecular sieves, the
second containing QS reactant. Hydrogen gas is passed throogh QF reactant and A2
alumina. Nitrogen gas is passed through a single column containing A204 alumwna,
activated 4A% molecular sieves and Q3 reactant. Catalyst and cocatalyst (also called
the activator) solutions are handled in a nitrogen-filled glovebox.
j00224]  The load columu is filled with Isopar-E and 1-octene to the load setpoints by
use of an Asheroft differential pressore cell, and the matenial is transferred mto the
reactor following (at least) a wash. Hydrogen {as specified) is loaded into the reactor,
vig a shot tank with an internal volwme of approximately 75 b, winmediately following
the solvent/comonomer addition. The reactor is then heated up to the polyvmerization
remperature setpoint, Subsequently, MMAQ-3A (10 umol) and diethy! zinc (DUZ, as
specified) solutions are added to the reactor v the shot tank once the reactor is within
25 degrees of the regction temperature setpoint. Next, ethylene s added to the
specified pressure as monitored wa a micro-motion flow meter. Pinally, dilote toluene
solutions of catalvst and cocatalyst (as specified) are mixed, transferred to the shet
tank, and added to the reacior to begin the polymernization reaction. The combined
catalyst solution is then added to the reactor. The polymerization conditions are
typically mamtained for 10 min with supplemental ethvlenc added on demand to
matntain the specified pressure. Exothermic heat is continnously removed from the
reaction vessel via the tnternal coohing coil. The resulting solution 1s removed from the
reactor and stabilized by addition of 3 ml of a toluene solution containing
approximately 6.7 ¢ of a hindered phenol antioxidant (Irganox 1010 from Ciba Geigy
Corp.} and 13.3 g of a phosphorus stabilizer {Irgafos 1630 from Ciba Geigy Comp.).
Polvimers are recoverad by drving in a hood overnight and then are un for 12 hina
temperatare~-ramped vacuum oven with a final set point of 1407°C. Between
polymerization runs, a wash cycle is conducted in which Isopar-E {830 g) is added and
the reactor 1s heated to at least 160°C. The reactor is then emptied of the heated solvent
inmediately before beginning a new polymerization run.
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Ran | Reactor | Solvent | Octene | DH2 | Presswe | Rus
- Temp. {g) (g} {psi) {psi) time
) {rin)

i 120 538 36 \ 143 10
2 1540 150 36 ] 315 i1
3 {24 3535 36 £ 98 10
4 120 553 36 { 104 14}
3 120 355 36 £ 101 14
6 120 3835 56 4 a8 Y
7 120 355 56 £} oy g
X 120 555 56 0 112 10
9 130 355 55 & 116 10
10 120 555 b 0 113 10
il 120 555 56 & 112 10

12 120 555 56 0 112 10
Tablel
Run Procatalyst Cocat. MMAO-3A CSA (umel} Exotherm
Tope ol {(pmol) {umol) )
{B1) 10 2 10 {i 37
{(BH 3 6 10 { 1.5

(1.9

bd f o P e

th s L b e

(Ad) D1 612 T 0
(Al 2 4 i 0 34
(Ad)+(B1y | 011 132 it 0 14
6 | (AD+(BL) | 0172 733 10 0 i
TN TEN T {33 i0 b Iy
] (Bl 14 i2 10 { 17
9 {Al) 2 24 16 { 4.1
10 {(ADY+ (B | 088 10.56 10 0 38
il {AD+{(BI) | 088 10.56 16 250 1.3
12| (AD+(BD | 088 | 1056 To 300 13
Table 3
Run Ethylene Yield | Efficiency Tg Tm M M/ | Octene | Reactt
(&) {g} {g) | (gpolvigMetaly | (°C) *Cy Ma | {mel%) | «
nitial | added Ratio
i 1.1 3.8 1184 26,248 - 109.7 32,006 32 4.0 37
2 42.6 22 83 61542 -37 1137 162 976 23 48 103
3 i1 19 18.4 1,030 870 ~ . 76232 L 338 283 5
4 ill 449 3y 89 361 -67 % -24 .4 392,352 671 3l 53
5 12 2.8 158 313438 -63.8 -138, 848,313 625 236 -
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6 | 11l 2.1 12.1 178 168 636 | 490, | 760229 | 761 | 179 i
13.0,
113.0
71 i1 89 1 251 50,757 654 | 443, | 322933 | 13031 182 -
1129
] {26 9.2 12.2 27 358 - ~ 130,076 | 3.02 3 -
g 12.8 119 § 322 90 201 - - 813467 | 832 241 ~
10 12.1 10.3 16.7 33,236 - ~ 499 062 | 8.95 16.7 -
il 9.0 6.4 2.1 24 081 - - 54,384 403 11.9 -
12 a4 6.8 120 23,882 - - 23718 3.03 191 -

{02251 Controls for each mndividaal procatalyst are shown m Runs 14, In the
absence of a chain shuttling agent, the procatalvsts are compatible and produce polywmer
blends, as indicated by the data of Table 3, Runs 5-7. These batch reactor results
suggest that the procatalvst pair of {A4) and (B1) or (A1) and (B} may be able to
produce OBCs under the right conditions.

[O0226]  In addition, as seen m FIG. 2, the GPC trace of Run 1 shows the molecular
weight distribution of the pelvmer produced by Bl as a single catalyst, the GPC wrace
of Run 3 shows the molecular weight distribution of the polymer produced by Ad as a
single catalyst, and the GPC trace of Run 4 shows the molecular weight distribution of
the polvimer produced by A1 as a single catalyst . The GPC trace of Run 6, in which
both Bl and A4 were introduced into reactor without diethyl zinc, is bimodal, showing
molecular weight contributions from both Bl and A4, The GPC frace of Run 7, in
which both B1 and Al were introduced into reactor without disthvi zing, 1s bimodal,
showing molecular weight contributions from both B and A1, Accordmgly, FIG. 2
provides evidence that the procatalyst pair of (A1) and (B1) or (A4} and {B1) may be
able to produce OBC’s at elevated reactor temperatures,

j00227}  Asshownin Table 3 Runs 1.2, {(B1) is a low comonomer incorporator with
a reactivity ratio of 57 {at 1207°C) or 103 {at 1530°C). Table 3, Run 4 shows that at
120°C, (A1) 1s a high comonomer incorporator with a reactivity ratio of 5.3, Table 3,
Run 3 shows that at 120°C, {A4) 15 a high comonomer incorporator with a reactivity
ratio of 5. Thus, the ratio of the reactivity ratios {riafrm) at 120°C for Bl and Al (and
for BI and A4} 1s less than 0.5,

{00228]  Funthermore, as seen tn FIG. 3, the GPC trace from Runs 11 & 12, in which

both B and Al were introduced into a reactor with diethyl zine, 1s monomodal with a

R
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narrower polydispersity index, indicative of a single molecular weight distribution
comprised of polvmer chains that transferred between both catalyst sites as 1s required

for chain shutthing.

Npecific Embodiments
[00229]  The following are exemplary, non-limiting embodiments of the present
disclosure and combinations thereof.

1. A composition comprising an admixture or reaction product reseliing
from combining:

{A)a first olefin polymenization procatalyst,

{B}a second olefin polvmenization procatalyst, and

{Cya chain shutiling agent,

wherein the second olefin polymerization procatalyst comprises a metal-

ligand complex of Formula (I}

Q: Q
N
{ ™
w) 3 N \.,19511 {Zz)
Qs N’ un
Us {1y, wherein:

each Z1 independently is {Ci-Caothydrocarbon, {C-Caodheterohydrocarbon,
{C1-Canthydrocarbyl, (Ci~Caotheterohydrocarbvi, SR ), Ge(RY 15, PRV 1, N(RY' ha,
ORY SR ON, CFs, RYIS(0)-, RYS(O -, (R C=N-, RYCION0-, RYOC(O)-
RUCIOINIR)- , (R NC(O)- |, halogen atom, or hydrogen atom;

each R“" independently is (Ci-Cdhydrocarbyl or (C1-Caadheterohydrocarbyt;

each M* independently is a metal of any one of Groups 3 to 6 or Groups 710 9
of a Pentodic Table of the Elements, the metal being i a formal oxidation state of +2,
+3 b 5 or )

n s an mteger of 1 or 2;
each 0 independently is hydrogen, (C-Cypthydrocarbyl, or

{C-Cypheterohydrocarbyl
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gach of QE_., {33? and Q4 independently is hydrogen, (C-Cyg)bydrocarbyl,
{C-CypthydrocarbylO- (T -CygihydrocarbylS-, (C-CygthydrocarbylS{O)-,
{01 -CyptbydrocarbylS(Qyr-, ((Cy-Cypihydrocarby)y N-, (T -Cygthydrocarbylis Pe,
or {Cy-Cyplheterohydrocarbyl;

each (° independently is {C-Cypbydrocarbyl or (C-Cyptheterohivdrocarbyl;

wherein Q1 and Q2. Q% and Q3, O3 and Q. and Q% and Q° optionally are

taken together to form a (C-Cyplhvdrocarbylene or (C-Cypiheterohydrocarbylene, or

any three or four of Ql 10 Q° optionally are taken iogether 1o form a respective

trivalent or tetravalent analog of (C-Cypthydrocarbylens or

(C-Cyprheterchydrocarbylene, and the remainder oni to Q5, are as defined above;

cach of the bydrocarbyl, heterohvdrocarbyl, SR s, Ge(RY 15, P(RM ),
N(R" D, ORY, SRE RUIS(O)-, REISO)-, (RE 2C=N-, RYICI0Y0-, RMOC(O)-,
RUC{ON(R)-, (RYLNC(O)-, hvdrocarbylene, and heterohvdrocarbylene groups
independently is unsubstituted or substituted with one or more R substituents; and

cach RY independently is a halogen atom, polyfluore substitution, perfluore
substitution, unsubstituted (CCoglalkyl, FiCe, FCH20-, F2HCO-, F3CO-, oxo (e, =0),
RiSi-, RsGe-, RO-. RS-, R${O)-. RS(O -, RoP-, RaN-, RaC=N-, NC-, RCIOYO-,
ROC(O)- , RC{OIN(R}- , or RaNC(O)- , or two of the R are taken together to form an
unsubstituted {C1-Cr)atkylene, wherein each R independently 1 an unsubstituted
{C1-Ciglalkyl; and

optionally, R*' or R® may have an additional interaction with M™.
2. The composition of emwbodiment 1, farther comprising {I3) an activator.

3. The composition of any of the preceding embodiments, wherein M™ 18 a

metal of any of Groups 3 10 6.

4. The composition of any of the preceding embodiments, wherein M* s a

metal of Group 3 or Lanthanide.
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3. The composition of any of the preceding embodiments, wherein M is

seandiam,

6. The composition of any of the preceding embodiments, wherein 21 is

{C-Caobvdrocarbyl, (C-Caoyheterohydrocarbyl, SHRY o1 a hydido group.

¥

7. The composition of any of the preceding embodiments, wherein Z1 isa

substituted benzyl or substituted hetercarylbenzyl.

8. The composition of any of the preceding embodiments, wherein 21 is

sefected from the group consisting of
% % X E’D }c\@
R{;] ) R(‘_{} S rE ig\}' RC'i P Moo

9, The composition of any of the preceding ewmbodiments, wherein the

metal-ligand complex of Formula (1) is selected from the group consisting of!
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P

AT
'H@ el N,
TN/ N/

R Ay N e 0

10. The composition of any of the preceding embodiments, wherein the first
olefin polymerization procatalvst {A) and the second olefin polymerization procatalyst
{B) have respective reactivity ratios ry¢ and ris, such that the ratio {rieftiz) ynder

polymerization conditions is 0.5 or less.

11, The composition of any of the preceding embodiments, wherein the first
olefin polymerization procatalyst (A) comprises a metal-ligand complex of Formula

{In:
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'j N .
T {1, wherein;

M is zirconium or hafntam;

M 18 zivconium or hatnium;

R* independently at each occurrence is a divalent aromatic or inertly
substituted sromatic group containing from 5 to 20 atoms not counting hvdrogen;

T is a divalent bydrocarbon or silane group having from 3 to 20 atoms not
counting hydrogen, or an inently substituted derivative theveof, and

R” independently at each occurrence is a monovalent ligand group of from 1 to
20 atoms, not counting hydrogen, or two RY groups together are a divalent ligand group

of from 1 to 20 atoms, not counting hydrogen.

12. The composition of any of the preceding embodiments, wherein said

metal-hgand complex of Formula (1H} has the following structure:

, wherein:

Ar® independently at each occurrence is Caao aryl or inertly substituted
derivatives thereof, especially 3, 5-di{isopropyDphenyl, 3,5-diisobutyliphenyl, dibenzo-
H-pyrrole-1-vl, naphthyl, anthracen-3~-vl, 1.2,3,4.6,7 8 S-octahydroanthracen-S-vl;

T4 independently at each occurrence is a propylene-1,3-divl group, a
bis(alkylenejoyclohexan-1,2-divl group, or an inertly substituted derivative thereof
substitnted with from 1 10 5 alkyl, arvl or aralicyl substituents having up to 20 carbons

each;
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R* independently at each occurrence is hydrogen, halo, hydrocarbyl,
trihydrocarbylsilyl, trihvdrocarbvisiivlbvdrocarbyl, alkoxy or amino of up to 50 atoms
not counting hvdrogen; and

RP, independently at each occurrence is halo or a hydrocarbyl or
tribydrocarbylsilyt group of up to 20 atoms not counting hvdrogen, or 2 R? groups
together are a divalent hvdrocarbylene, hvdrocarbadivl or trthydrocarbylsilyl group of

up o 4 atoms not counting hydrogen.

13. The composition of anv of the preceding embodiments, wherein said

metal-ligand complex of Formutla (1) has the following strocture:

Ar' noopd AR
R R
A

0 ,f—‘;ﬁk\ o V4 \} RO
/ Q

1 N\
21 21 }{3 4 R 21
] J AN ‘
R R . wherein,

Ar? independently at each occurrence, is 3,5~di{isopropylphenyl, 3.5~
di{isobutyliphenyd, dibenzo-1H-pyrrole-1-vl, or anthracen-5-vi,

R* independently at each occurrence is hydrogen, halo, hvdrocarbyd,
tribydrocarbylsibvl, inhvdrocarbyisitvibvdrocarbyl, atkoxy or amino of up to 50 atomns
not counting hyvdrogen;

T4 is propan-1,3-divl or bis(methylene)eyciohesan-1 2-divl; and

R” independently at each occurrence is halo or a hydrocarbyl or
trihvdrocarbylsiivt group of up to 20 atoms not counting bydrogen, or 2 R groups
together are a hydrocarbylene, hydrocarbadivi or hydrocarbylsilanedivl group of up to

40 atows not counting hvdrogen.

14. The composition of anv of the preceding embodiments, wheremn said

metal-ligand complex of Formuda (11} is selected from the group consisting oft
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15, The composition of any of embodiments 1-10, wherein the first olefin

polymenzation pmc.m‘ai yst {A) bas the following structure:

,,,,, {\ {i\ }t s

'!,,r“\
\\ N J‘:/ ‘T \E
e N
i ~
sty

wherein X at each occurrence is halide, N, N-dimethylamido, or Cy-¢ alkyl, and
preferably at each occurrence X! is methyl;
RY independently at each occurrence is hydrogen, halogen, C1-20 alkyl, or C6-
20 aryl, or two adjacent RY groups are joined together thereby forming a ring, and fis 1-
S;and
R* independently at each occurrence is hydrogen, halogen, Crap alkyl, or Caze

arvl, or two adjacent R® groups are joined together thereby forming a ving, and ¢ is 1-5.

16. The composition of embodiment 15, wherein the first olefin

polvmenzation procatalyst {A) has the following structure:
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N

z’ N4 €
3 e {
\S\\,« e

\

,M“.:*\ .
" E.h‘.m“ B Nt ¢

{Hy t‘mg SN & NN
& \ )

iixm- ,

wherein R* is C1-4 alkyl or cycloalikoyl, preferably methyl, isopropyl, t-butyl or
cvclohexyl; and

X! at each occurrence is halide, N.N-dimethyvlamido, or Cl-3 alkyl, preferably

methyl

17, The composition of embodiment 16, wherein the first olefin

polymernzation procatalyst {A) bas the following structure:

18. The composition of any of the preceding embodiments, wherein the
chain shutthing agent is an aluminum, zing, or galhium compound containing at feast

one hydrocarbyl substituent having from 1 to 12 carbons.

19. An olefin polymerization catalyst system comprising:

{A)a first olofin polvmerization procatalyst,

{B)a second olefin polymerization procatalyst, and

{C)a chain shuttling agent,

wherein the second olefin polymerization procatalyst comprises a metal-

ligand complex of Formula (1)
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QO
N
“
Q'S ‘ '\{i;‘\ 7 l)
S
C)f% t‘\: nn
Qs (1), wherein:

cach 21 mdependently 15 {(h-Canthydrocarbon, (Ci-Caoheterohydrocarbon,
{C1-Caohiydrocarbyl, (C1-Caotheterohydrocarbyl, Si{R ), Ge(RY 3, PRY )2, N(RY),
ORYSRYON, CFy, RUIS(O)-, RSO, (R RC=N-, RHICION0-, RYOC(O)-
RUCIOINGR)- , (RY 1 NC{O)- | halogen atom, or hydrogen atom;

cach R™ independently is (Ci-Caadhvdrocarbvt or (Ci-Cstheterohvdrocarbyl;

each M independently is a metal of any one of Groups 3 to 6 or Groups 7 to 9
of a Pertodic Table of the Elements, the metal being in a formal oxidation state of +2,
+3, 4445, or 46

nn is an integer of 1 or 2;

each Qi independently is hydrogen, (Cy-Cypihydrocarbyl, or
{C-Cypbeterohydrocarbyl;

each of @2, Q3 and 03 independently 13 hydrogen, (C-Cypthvdrocarbyl,
{Cy-CyghvdrocarbylQ-, {C-CygihydrocarbylS- {C-CygihydrocarbylS(0)-,
{C-CyphvdrocarbylS(O)n-~, ((C1-Cynthydrocarbyh N-, ({C-Cyphvdrocarbyl o P-,
or {Cy-Cggiheterobydrocarbyt;

each QS mdependently 15 (Cy-Cypihydrocarbyl or {C)-Cyptbeterohydrocarbyl;

wherein Ql and {;)_2,, (}2 and Q’ Q3 and {34? and Qﬁf and ()5 aptionally are

taken together to form a (Cy-Cypihydrocarbylene or (Cy-Cyglheterohydrocarbylene, or

any three or four of ol QS optionally are taken together 10 form a respective
trivalent or tetravalent analog of {C-Cypihydrocarbylene or
{Cy-Cypbeterohydrocarbylene, and the remainder of Q} to QST are as defined above;
¢ach of the hydrocarbyl, heterohydrocarbyl, SR s, Ge(RM ), PRM Y,
N{R ', ORMSRYY RYIS(0)-, RYS{O)-, (REDH20N-, REICIOI0-, REYOCIO)-,
RUCIOMN(R -, (RENC(O)-, hydrocarbviene, and heterohydrocarbylene groups

independently is tnsubstituted or substituted with one or more R substituents; and
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cach RY independently is a halogen atom, polvfluore substitution, perfluore
substitution, unsubstituted {(Cr-Cizlalkyl, F2C-, FCHRO0-, F2HCO-, F3CO-, oxo (e, =0,
RaSt-, RyGe-, RO-, RS-, RS{O)-, RS{O-, RaP-, RaN-, RaU=N-, NC-, RC{OYO-,
ROC(O), RCIOIN(R}- , or RaNC(O)~ , or two of the R are taken together to form an
unsubstituted (C1~Cixlalkylene, wherein each R independently is an unsubstituted
{C1-Ciglalkyl; and

optionally, R or R® may have an additional intevaction with M™Y.

20. The catalyst system of embodintent 19, further comprising {13} an

GCHvator,

21. The catalyst system of embodiment 19 or 20, wherein M® is a metal of

any of Groups 3 to 6.

22, The catalyst system of any of embodiments 19-21, wherein MY is a

metal of Group 3.

23. The catalyst system of any of embodiments 19-22, wherein M* is

scandium.

24, The catalyst systern of any of embodiments 19223, wherein Z1 i

(C1-Caodhydrocarbyl, (C1-Caotheterohydrocarbyl, SR, or a hydrido group.

25. The catalyst system of any of embodiments 1924, wherein Z1 15 a

substituted benzvl or substituted heteroarytbenayl.

26. The catalyst system of any of embodiments 19-25, wherein £1 is

selected from the group consisting of!
000,00 .00 0
RCLO REIS REy RGP N

27. The catalyst system of anv of embodiments 19-26, wherein the metal-

ligand complex of Fornmula (1} is selected from the group consisting of!
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P

Adpy Nt 0 f

AT
'H@ el N,
TN \/

MeN

28. The catalyst system of anv of embodiments 19-27, wherein the first
olefin polymerization procatalyst {A) and the second olefin polymerization procatatyst
{B) have respective reactivity ratios ry¢ and ris, such that the ratio {rieftiz) under

polymerization conditions is 0.5 or less.

29. The catalyst system of any of embodiments 19-28, wherein the first
olefin polymerization procatalyst (A) comprises a metal-ligand complex of Formula

{In:
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'j N .
T {1, wherein;

M 18 zirconium or hafntam;

R* independently at each occurrence is a divalent aromatic or mertly
substituted sronatic group containing from 5 to 20 atoms not counting hvdrogen;

T is a divalent bydrocarbon or silane group having from 3 to 20 atoms not
counting hydrogen, or an inently substituted derivative theveof, and

R” independently at each occurrence is a monovalent Higand group of from 1 to
20 atoms, not counting hydrogen, or two RY groups together are a divalent ligand group

of from 1 to 20 atoms, not counting hydrogen.

30. The catalyst system of any of the embodiments 19-29, wherem said

metal-hgand complex of Formula (1H} has the following structure:

, wherein:

Ar® independently at each occurrence is Caao aryl or inertly substituted
derivatives thereof, especially 3, 5-di{isopropyDphenyl, 3,5-diisobutyliphenyl, dibenzo-
H-pyrrole-1-vl, naphthyl, anthracen-3~-vl, 1.2,3,4.6,7 8 S-octahydroanthracen-S-vl;

T4 independently at each occurrence is a propylene-1,3-divl group, a
bis(alkylenejoyclohexan-1,2-divl group, or an inertly substituted derivative thereof
substitnted with from 1 10 5 alkyl, arvl or aralicyl substituents having up to 20 carbons

each;
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R* independently at each oceurrence is hydrogen, halo, hydrocarbyl,
trihydrocarbylsilyl, trihvdrocarbvisiivlbvdrocarbyl, alkoxy or amino of up to 50 atoms
not counting hvdrogen; and

RP, independently at each occurrence is halo or a hydrocarbyl or
tribydrocarbylsilyt group of up to 20 atoms not counting hvdrogen, or 2 R? groups
together are a divalent hvdrocarbylene, hvdrocarbadivl or trthydrocarbylsilyl group of

up o 4 atoms not counting hydrogen.

31. The catalyst system of any of embodiments 19-30, whergin said metal-

ligand complex of Formula (1) has the following strocture:

Ar' noopd AR
R R
A

0 ,f—‘;ﬁk\ o V4 \} RO
/ Q

1 N\
21 21 }{3 4 R 21
] J AN ‘
R R . wherein,

Ar? independently at each occusrence, is 3,5~-di{isopropylphenyi, 3.5~
di{isobutyliphenyd, dibenzo-1H-pyrrole-1-vl, or anthracen-5-vi,

R* independently at each occurrence is hydrogen, halo, hydrocarbyl,
tribydrocarbylsibvl, inhvdrocarbyisitvibvdrocarbyl, atkoxy or amino of up to 50 atomns
not counting hyvdrogen;

T4 is propan-1,3-divl or bis(methylene)eyciohesan-1 2-divl; and

R” independently at each occurrence is halo or a hydrocarbyl or
trihvdrocarbylsiivt group of up to 20 atoms not counting bydrogen, or 2 R groups
together are a hydrocarbylene, hydrocarbadivi or hyvdrocarbylsilanedivl group of up to

40 atows not counting hvdrogen.

32. The catalyst system of any of embodiments 19-31, wherain said metal-

lgand complex of Formutla (11} 1s selected from the group consisting of:
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33, The catalyst system of any of embodiments 19-28, wherein the first

oletin ;miﬁnerixmmn procatalyst (A} has the following structure:

,,,,, {\ {i\ }t s

'!,,r“\
\\ N J‘:/ ‘T \E
i‘ P
%'y

wherein X at each occurrence is halide, N, N-dimethylamido, or Cy-¢ alkyl, and
preferably at each occurrence X! is methyl;
RY independently at each occurrence is hydrogen, halogen, C1-20 alkyl, or C6-
20 aryl, or two adjacent RY groups are joined together thereby forming a ring, and fis 1-
S;and
R* independently at each occurrence is hydrogen, halogen, Crap alkyl, or Caze

arvl, or two adjacent R® groups are joined together thereby forming a ring, and ¢ s 1-5.

34, The catalyst system of any of embodiments 19-28, wherein the first

olehn polymerization procatalyst (A} has the following structure:
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wherein R* is C1-4 alkyl or cycloalikoyl, preferably methyl, isopropyl, t-butyl or
evclohexyl; and
X! at each occurrence is halide, N.N-dimethyvlamido, or Cl-3 alkyl, preferably

methyl

35, The catalyst system of any of embodiments 19-28, wherein the first

olefin polymerization procatalvst {A) has the following structure:

36. The catalyst system of any of embodiments 19-35, wherein the cham
shutthng agent is an alominum, zine, or galhum corapound comaining at least one

hydrocarbyl substituent baving from 1 to 12 carbons.

37. A process for preparing a multi-block copolymer comprising contacting
one or more addition polymerizable monomers under addition polyimerization
conditions with a composition according 1o any of embodiments 1-18 or an olefin

polymerization catalyst system of emabodiments 19-36.

38. A progess for preparing a multi-block copolymer comprising contacting
ethylene and at least one copolymerizable comonomer other than ethylene under
addition polvmerization conditions with a compeosition according to any of

embodiments 1-18 or an olefin polvimerization catalyst system of embodiments 19-36.
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39, A process for preparing a mulii-block copolymer comprising contacting
ethylene and a C3-8 glpha-olefin under addition polymerization conditions with a
composition according to any of embodiments 1-18 or an olefin polvmerization catalyst

system of embodiments 19-36.

40, The process according o any of embodiments 37-39, wherein the

process is a continuons solution process.

41. The process of embodiment 40, wherein the process 13 carried out at a

temperature of equal to or greater than 120 °C.

42, A multi-block copolyvier prepared by the process according to any of

embodiments 37-41.

43, The multi-block copolvmer of embodiment 42, wherem the multi-block
copolymer comprises, in polymerized form, one or more addition polvmenizable
monomers, said copolymer contamiog therein two or more segments or blocks diffening
in comonomer content, crystallinity, tacticity, homogeneity, density, melting point or

glass transiion temperatwe,

44, A nudti-block copolvmer of embodument 42, wherein the multi-block
copolymer comprises, in polymerized form, ethylene and one or more copolvinerizable
comonomers, said copolvmer containing therein two or more segments or blocks
differing in comonomer content, crystallinity, tacticity, homogeneity, density, melting

point or glass transition temperature.

45, A functionalized dertvative of the mudd-block copolymer of

embodiment 42.

46. A multi-block copolymer of ambodiment 42 comprising the same o the
form of a film, at least one layer of a multilaver film, at least one laver of a laminated
article, a foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow

molded article, a roto-molded article, or an adhesive.



What is claimed is:

1. An olefin polymerization catalyst system comprising:

(A)a first olefin polymerization procatalyst,

(B) a second olefin polymerization procatalyst, and

(C) a chain shuttling agent,

wherein the second olefin polymerization procatalyst (B) comprises a metal-

ligand complex of Formula (I):

3 MA€ZI)
nn

Qs (I), wherein:

each Z1 independently is (C1-Cao)hydrocarbon, (Ci-Cao)heterohydrocarbon,
(C1-Cao)hydrocarbyl, (C1-Cao)heterohydrocarbyl, Si(R!)3, Ge(R¢!)3, P(RC!)2, N(RC),,
OR€!, SRL, CN, CF3, R!S(0)-, RE!S(0O)2-, (R¢)C=N-, R€!C(0)0-, R'0C(0)-,
RC'C(O)N(R)- , (R1),NC(O)- , halogen atom, or hydrogen atom;

each R¢! independently is (C;-Cso)hydrocarbyl or (C;i-Cso)heterohydrocarbyl;

each M2 independently is a metal of any one of Groups 3 to 6 or Groups 7 to 9
of a Periodic Table of the Elements, the metal being in a formal oxidation state of +2,
+3, +4, +5, or +6;

nn is an integer of 1 or 2;

each Q1 independently is hydrogen, (C-Cyq)hydrocarbyl, or
(C1-C4p)heterohydrocarbyl;

each of Q2, Q3, and Q4 independently is hydrogen, (C1-Cy4)hydrocarbyl,
(C1-C4p)hydrocarbylO-, (C-Cyp)hydrocarbylS-, (C1-Cyp)hydrocarbylS(O)-,
(C1-C4p)hydrocarbylS(O),-, ((C1-Cyphydrocarbyl),N-, ((C1-Cy)hydrocarbyl),P-,
or (C-Cyp)heterohydrocarbyl;

each Q5 independently is (C1-Cy4q)hydrocarbyl or (C1-Cy4q)heterohydrocarbyl;

135



wherein Q1 and Q2, Q2 and Q3, Q3 and Q4, and Q4 and Q5 optionally are
taken together to form a (C1-Cy4q)hydrocarbylene or (C;-Cyq)heterohydrocarbylene, or

any three or four of Q1 to Q5 optionally are taken together to form a respective

trivalent or tetravalent analog of (C{-Cy4)hydrocarbylene or

(C1-Cy4p)heterohydrocarbylene, and the remainder of Q1 to QS, are as defined above;

each of the hydrocarbyl, heterohydrocarbyl, Si(R¢!)3, Ge(R®")3, P(R®!),,
N(R®"),, ORC!, SRC!, RCIS(0)-, RC'S(0)2-, (R¢H)2C=N-, R¢!C(0)0-, R*'OC(0)-,
RCIC(O)N(R)-, (R¢")>NC(0O)-, hydrocarbylene, and heterohydrocarbylene groups
independently is unsubstituted or substituted with one or more RS substituents; and

each RS independently is a halogen atom, polyfluoro substitution, perfluoro
substitution, unsubstituted (C;-Cig)alkyl, F3C-, FCH>O-, F2HCO-, F3CO-, oxo (i.e., =0),
R38Si-, R3Ge-, RO-, RS-, RS(O)-, RS(O)2-, R2P-, RoN-, R2C=N-, NC-, RC(O)O-,
ROC(0)- , RC(O)N(R)-, or RaNC(O)-, or two of the RS are taken together to form an
unsubstituted (C1-Cis)alkylene, wherein each R independently is an unsubstituted
(Ci-Cig)alkyl; and

optionally, R®!' or RS may have an additional interaction with M#; and
wherein the first olefin polymerization procatalyst (A) comprises a metal-ligand

complex having the following structure:

, wherein:

Ar* independently at each occurrence is Ce-20 aryl or inertly substituted
derivatives thereof, especially 3,5-di(isopropyl)phenyl, 3,5-di(isobutyl)phenyl, dibenzo-
1H-pyrrole-1-yl, naphthyl, anthracen-5-yl, 1,2,3,4,6,7,8,9-octahydroanthracen-5-yl;
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T* independently at each occurrence is a propylene-1,3-diyl group, a
bis(alkylene)cyclohexan-1,2-diyl group, or an inertly substituted derivative thereof
substituted with from 1 to 5 alkyl, aryl or aralkyl substituents having up to 20 carbons
each;

R?! independently at each occurrence is hydrogen, halo, hydrocarbyl,
trihydrocarbylsilyl, trihydrocarbylsilylhydrocarbyl, alkoxy or amino of up to 50 atoms
not counting hydrogen; and

RP, independently at each occurrence is halo or a hydrocarbyl or
trihydrocarbylsilyl group of up to 20 atoms not counting hydrogen, or 2 RP groups
together are a divalent hydrocarbylene, hydrocarbadiyl or trihydrocarbylsilyl group of

up to 40 atoms not counting hydrogen.

2. The catalyst system of claim 1, further comprising (D) an activator.

3. The catalyst system of any of the preceding claims, wherein M* is

scandium.

4. The catalyst system of any of the preceding claims, wherein Z1 is
(C1-Cao)hydrocarbyl, (Ci-Cao)heterohydrocarbyl, Si(R¢!)3, or a hydrido
group.

5. The catalyst system of any of the preceding claims, wherein Z1 is

selected from the group consisting of:

NN NN, % PPN

|
RC]O RCIS RCIN RC12P Nz .

6. The catalyst system of any of the preceding claims, wherein the metal-

ligand complex of Formula (I) has the following structure:
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7. The catalyst system of any of the preceding claims, wherein the first
olefin polymerization procatalyst (A) comprises a metal-ligand complex

selected from the group consisting of:
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Me Me
MeoSi Q O—Hf—0 SiMe
25 Df \“D N 2
CgHq7 \, s CaHyr
F F

8. The catalyst system of any of claims 1-6, wherein the first olefin

polymerization procatalyst (A) has the following structure:

(Rf)f _
(H3C),HC &,
oY
(H;C),HC

wherein X! at each occurrence is halide, N,N-dimethylamido, or Ci-4 alkyl, and
preferably at each occurrence X' is methyl;
R! independently at each occurrence is hydrogen, halogen, C1-20 alkyl, or C6-

20 aryl, or two adjacent Rf groups are joined together thereby forming a ring, and f is 1-

5; and

R¢ independently at each occurrence is hydrogen, halogen, Ci-0 alkyl, or Ce-20

aryl, or two adjacent R® groups are joined together thereby forming a ring, and c is 1-5.

9. The catalyst system of any of claims 1-8, wherein the first olefin

polymerization procatalyst (A) has the following structure:
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