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BINUCLEAR OLEFIN POLYMERIZATION ACTIVATORS

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U. S. Provisional Patent Application Serial
No. 62/650,423 filed March 30, 2018, which is hereby incorporated by reference in its

entirety.

TECHNICAL FIELD

[0002] Embodiments of the present disclosure generally relate to olefin polymerization
catalyst systems and processes and, more specifically the catalyst systems include a

procatalyst and a bimetallic activator complex or co-catalyst.
BACKGROUND

[0003] As part of the catalyst composition in a-olefin polymerization reactions, the
activator may have characteristics that are beneficial for the production of the a-olefin
polymer and for final polymer compositions including the a-olefin polymer. Activator
characteristics that increase the production of a-olefin polymers include, but are not limited
to: rapid procatalyst activation, high catalyst efficiency, high temperature capability,

consistent polymer composition, and selective deactivation.

[0004] Olefin-based polymers such as ethylene-based polymers and propylene-based
polymers are prodoced via various catalyst systems. Selection of such catalyst systerns can be
an important factor contributing to the characteristics and properties of olefin-based
polymers. The catalyst systerns for producing polyvethylene-based polymers may include a
chromium-based catalyst system. a Ziegler-Natta catalyst system, or a molecular {either

metallocene or non-metallocene) catalyst system.



WO 2019/190925 PCT/US2019/023643

-

[0005] As part of the catalyst system, the molecular polymerization procatalyst is
activated to generate the catalytically active species {or polymerization, and this can be
achicved by any number of means. One such method eraploys an activator or co-catalyst that
is a Bronsted acid. Brgnsted acid salts containing weakly coordinating anions are conunonly
utilized to activate melecular polymerization procatalysts, particularly such procatalysts
comprising Groop 1V metal complexes. Bronsted acid salts that are fully ionized are capable

of transferring a proton to form a cationic derivative of such Group 1V metal complexes.

[0006] For activators such as Brgnsted acid salts, the cationic component may include
cations capable of fransferring a hydrogen ion such as ammounium, soifonium, or
phosphonium for example; or oxidizing cations such as ferrocenium, silver (I), or lead (II)
cations, for example; or highly Lewis acidic cations such as carbomivm or silylium, for

example.

[0007] However, once the cations of the activator or co-catalyst activate the procatalyst,
the activators may remain in the polymer composition. As a result, the cations and anions
may affect the polymer composition. Since not all ions diffuse equally, different ions affect
the polymer composition differently. In particular, the size of the ion, the charge of the ion,
the interaction of the ion with the surrounding medium, and the dissociation energy of the ion
with available counterions will affect the ion’s ability to diffuse through a surrounding

medium such as a solvent, a gel, or a polymer material.

[0008] Conventional olefin polymerization activators include weakly-coordinating or
non-coordinating anions. It has been shown that weak coordination of the anion leads to
increased catalytic efficiency of the cationic catalyst. However, since the non-nucleophilic
character of the non-coordinating anion also increases diffusion, the residual activator anion
in the produced polymer will lower the electrical resistance of the polymer, thereby
increasing electrical loss, and thereby decreasing the insulation ability of the produced

polymer.
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SUMMARY

[0009] Desirable characteristics of activators in polymer systems include abilities to
increase the production of olefin-based polymers, to increase the rate of procatalyst
activation, to increase the overall efficiency of the catalyst, to enable the catalyst system to
operate at high temperatures, to enable the catalyst system to provide consistent polymer
composition, and to enable decomposition of the activator after olefin polymerization is
complete. Activators derived from the non-coordinating anion
tetrakis(pentafluorophenyl)borate ("B(CsFs)4) capture many of these desirable characteristics.
Nevertheless, under typical polymerization reaction conditions, the "B(CgFs)4 anion fails to
decompose readily and may remain intact in the final polymer. The presence of an intact
activator in the final polymer can be deleterious to the electrical properties of the final

polymer.

[0010] Activators based on partially hydrolyzed metal trialkyls, such as methylalumoxane
(MAO) or modified methylalumoxane (MMAQO), for example, decompose more readily than
the "B(CeFs)4 anion, but suffer from poor high-temperature catalyst efficiency and broader

compositional drift in the final polymer.

[0011] There are ongoing needs for activators that efficiently activate a metal-ligand
procatalyst, that are readily broken down, and that perform well at high temperature. The
catalyst systems of the present disclosure include, in combination with Group IV
metal-ligand complexes, activators, or co-catalysts that address such needs. In particular, the
activators readily react with and activate the Group IV metal-ligand procatalyst complexes
for the production of polyolefin resins, and the polyolefin resins exhibit useful polymer
composition and electrical properties. The activators included in the catalyst systems of this
disclosure exhibit characteristics, such as abilities to increase the production of o-olefin
polymers, to increase the rate of procatalyst activation, to increase the overall efficiency of
the catalyst to enable the catalyst system to operate at high temperatures, to enable the
catalyst system to provide consistent polymer composition, and to enable decomposition of

the activators.
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[0012] The compounds of this disclosure relate to a class of compounds useful as the
activator or co-catalyst component of a catalyst system in the production of polyolefin resins.
The catalyst composition of this disclosure may be employed in an appropriate o-olefin
polymerization process to deliver polyolefins with polymer composition and electrical
properties superior to those derived from other available catalyst compositions. The
activators of this disclosure include beneficial characteristics such as rapid procatalyst
activation, high catalyst efficiency, high temperature capability, consistent polymer

composition, selective deactivation, and good electrical properties.

[0013] According to some embodiments, processes of polymerizing olefins include
contacting ethylene and a (C3—Cyp)a-olefin comonomer in the presence of a catalyst system
that includes a procatalyst and a bimetallic activator complex, the bimetallic activator
complex comprising an anion and a countercation, the anion having a structure according to

formula (I):

Qn QX -1

I
<R—O>'M—L — 1\|/[‘<O—R> )
3-n 3-x

[0014] In formula (I), each M is independently aluminum, boron, or gallium; L is chosen
from a species having at least two Lewis base sites. Each Q is independently a monodentate
ligand, and subscript x is 0, 1, or 2, and when subscript x is 0, Q of Qy is not present;
subscript n is 0, 1, or 2, and when subscript n is 0, Q of Q, is not present. Each R is
independently selected from the group consisting of radicals having formula (II) and radicals

having formula (III):

Rl 1 R2! R22

§—s|z/\ an R ()
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[0015]  In formulas (IT) and (IIT), each Y is independently carbon or silicon; each R', R'?,
RE, R*, R, R*, R®, and R” is independently chosen from (C;—Cap)alkyl, (Cs—Cap)aryl,
—H, -NRY 2, —ORC, —SRC, or halogen, wherein when R is a radical according to formula (II),
at least one of R“, Ru, and R is a halogen-substituted (C;—Cgp)alkyl, a halogen-substituted
(Ce—Cypyaryl, or —-F. When R is a radical according to formula (III), at least one of RZl, Rzz’
R* R R24, and R? is a fluorine-substituted (C1—Cyp)alkyl, a fluorine-substituted (Cs—Cap)aryl,

or —F; and the countercation has a formal charge of +1.

[0016] According to some embodiments, processes for polymerizing olefins include
contacting ethylene and a (C3—Cyp)alpha-olefin comonomer in the presence of a catalyst
system that includes a Group IV metal-ligand complex and a bimetallic activator complex.
The bimetallic activator complex includes an anion and a countercation, the anion having a

structure according to formula (I).
BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The FIGURE is a thermal gradient interaction chromatography (TGIC) spectrum

of molecular weight as a function of temperature of two comparative activators.
DETAILED DESCRIPTION

[0018] Specific embodiments of catalyst systems will now be described. It should be
understood that the catalyst systems of this disclosure may be embodied in different forms
and should not be construed as limited to the specific embodiments set forth in this

disclosure.
[0019] Common abbreviations are listed below:

[0020] R, Y, M, L, Q, and n: as defined above; Me : methyl; Et : ethyl; Ph : phenyl; Bn:
benzyl; i-Pr : iso-propyl; £-Bu : tert-butyl; £-Oct : tert-octyl (2,4,4-trimethylpentan-2-yl); Tf :
trifluoromethane sulfonate; ('BuFO)3Al : AI(OC(CF3)3)3; THF : tetrahydrofuran; Et,O :

diethyl ether; CH2Cl, : dichloromethane; CV : column volume (used in column
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chromatography); EtOAc : ethyl acetate; C¢Dg : deuterated benzene or benzene-d6 : CDCl; :
deuterated chloroform; NasSO4 : sodium sulfate; MgSOy4 : magnesium sulfate; HCI :
hydrogen chloride; r-BuLi: butyllithium; £-BulLi : zerz-butyllithium; N3 : nitrogen gas; PhMe
: toluene; PPR : parallel polymerization reactor; MAO : methylaluminoxane; MMAO :
modified methylaluminoxane; GC : gas chromatography; LC : liquid chromatography; NMR
: nuclear magnetic resonance; MS : mass spectrometry; mmol : millimoles; mL : milliliters;
M : molar; min or mins: minutes; h or hrs : hours; d : days; R¢; retention fraction; TLC :

thin-layer chromatography; rpm : revolutions per minute.

[0021] The term “independently selected” is used herein to indicate that the R groups,
such as, Rl, Rz, R3, R4, and RS, can be identical or different (e.g., Rl, Rz, R3, R4, and R’ may
all be substituted alkyls or R! and R? may be a substituted alkyl and R’ may be an aryl, etc.).
A chemical name associated with an R group is intended to convey the chemical structure
that is recognized in the art as corresponding to that of the chemical name. Thus, chemical
names are intended to supplement and illustrate, not preclude, the structural definitions

known to those of skill in the art.

[0022] The term “procatalyst” refers to a compound that has catalytic activity when
combined with an activator. The term “activator” refers to a compound that chemically reacts
with a procatalyst in a manner that converts the procatalyst to a catalytically active catalyst.

As used herein, the terms “co-catalyst” and “activator” are interchangeable terms.

[0023] When used to describe certain carbon atom-containing chemical groups, a
parenthetical expression having the form *“(C,—C,)” means that the unsubstituted form of the
chemical group has from x carbon atoms to y carbon atoms, inclusive of x and y. For
example, a (C;—Csp)alkyl is an alkyl group having from 1 to 50 carbon atoms in its
unsubstituted form. In some embodiments and general structures, certain chemical groups
may be substituted by one or more substituents such as R%. An R® substituted chemical group
defined using the “(C4—C,)” parenthetical may contain more than y carbon atoms depending
on the identity of any groups R®. For example, a “(C;—Cso)alkyl substituted with exactly one

group R®, where R® is phenyl (—=CsHs)” may contain from 7 to 56 carbon atoms. Thus, in
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general when a chemical group defined using the “(C,—C,)” parenthetical is substituted by
one or more carbon atom-containing substituents RS, the minimum and maximum total
number of carbon atoms of the chemical group is determined by adding to both x and y the
combined sum of the number of carbon atoms from all of the carbon atom-containing

substituents R®.

[0024] The term “substitution” means that at least one hydrogen atom (—H) bonded to a
carbon atom or heteroatom of a corresponding unsubstituted compound or functional group is
replaced by a substituent {e.g., R®). The term “~H” means a hydrogen or hydrogen radical
that is covalently bonded to another atom. “Hydroger” and “—H” are interchangeable, and

unless clearly specified have identical meanings.

[0025] The term “halogen-substituted” means that at least one hydrogen atom (~H)
bounded to a carbon atom or heteroatom of a corresponding unsubstituted compound or
functional group is replaced by a halogen. The term “halogen-substituted” and “halogenated”
are interchangeable. The term “perhalogenated” means that every hydrogen atom (—-H)
bonded to a carbon atom or heteroatom of a corresponding unsubstituted compound or
functional group is replaced by a halogen. The term “fluorine-substituted” means that at least
one hydrogen atom (—~H) bonded to a carbon atom or heteroatomn of a corresponding

unsubstituted compound or functional group is replaced by a fluorine atom.

[0026] In this disclosure, the term “halogen atom™ or “halogen” means the radical of a
fluorine atom (¥F) or chlorine atom {Cl). The term “halide” means anionic form of the halogen

atorn, e.g., fluoride (F7) or chloride (C17).

[0027] The term “(Ci—Capdhydrocarbyl” means a hydrocarbon radical of from 1 to 50
carbon atoms and the term “(C;—Csgyhydrocarbylene” means a hydrocarbon divadical of from
1 to 50 carbou atoms, in which each hydrocarboun radical and each hydrocarbon diradical is
aromatic or non-aromatic, saturated or unsaturated, straight chain or branched chain, cyclic
(having three carbons or more, and including mono- and poly-cyclic, fused and non-fused

polyeyclic, and bicyclic) or acyclic, and substituted by one or more R® or unsubstituted.
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[0028] In this disclosure, a (Ci—Cspdhydrocarbyl may be an unsubstituted or substituted
(Ci—Csppalkyl, (Ci—Cspjeycloaltkyl, (Ci—Coodeyeloalkyl-(Ci—Coglalkylene, (Ce—Cagdaryl, or
(Ce—Copraryl-(Cy-Capyalkylene (such as benzyl (—CH,—CgHs ).

[0029] The terms “(Ci—Csplalkyl” and “(C—Ciglalkyl” mean a saturated straight or
branched hydrocarbon radical of from 1 to 50 carbon atoms and a satarated straight or
branched hydrocarbon radical of from 1 o 18 carbon atoms. respectively, that is
unsubstituted or substituted by one or more RS, Examples of unsubstituted (C—Csplalkyl are
unsubstituted (C,—Cyplalkyl; unsubstituted (C—Ciglalkyl; unsubstituted (C—Cslalkyl;
methyl; ethyl; I-propyl; 2-propyl: 1-butyl; 2-butyl; 2-methylpropyl; 1,1-dimethylethyl; 1-
pentyl; I-hexyl; t-heptyl; I-nonyl; and t-decyl. Examples of substituted (Ci~Cap)alkyl are
substituted (C;—Chpyalkyl, substituted (Ci—Cigyalkyl, trifluoromethyl, and [Casjalkyl. The
term “[Casjalkyl” means there is a maximurn of 45 carbon atoms in the radical. including
substituents, and is, for example, a (Cy—Caalkyl substituted by one RS, which is a
{C;—Cs)alkyl, respectively. More broadly, the term “[C,Jalkyl” means there is a maximum of
7 carbon atoms, wherein z is a positive integer, in the radical, including substituents. Each
(C1—Csjalkyl may be methyl, wtifluoromethyl, ethyl, l-propyl, 1-methylethyl, or 1.1-

dimethylethyl.

[0030] The term “(Ce—Csparyl” means an unsubstituted or substituted (by one or more
R®%) mono-, bi- or tricyclic aromatic hydrocarbon radical of from 6 to 40 carbon atoms, of
which at least from 6 to 14 of the carbon atoms are aromatic ring carbon atoms. A
monocyclic aromatic hydrocarbon radical inclades ove aromatic ring; a bicyclic aromatic
hydrocarbon radical has two rings; and a tricyclic aromatic hydrocarbon radical has three
rings. When the bicyclic or tricyclic aromatic hydrocarbon radical is present, at least one of
the rings of the radical is aromatic. The other ring or rings of the aromatic radical may be
independently fused or non-fused and aromatic or non-aromatic. Examples of unsubstituted
(Ce—Cspraryl include: unsubstituted (Cs—Chplaryl, unsubstituted (Ce—Ciglaryl; 2-(C1—Cq)alkyl-
phenyl; phenyl; flnorenyl; tetrahydrofluorenyl; indacenyl; hexahydroindacenyl; indenyl;

dihydroindenyl; naphthyl; tetrahydronaphthyl; and phenanthrene. Examples of substituted
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(Co—Caplaryl include: substituted (C1—Cap)aryl; substituted (Ce—Cig)aryl; 2,4-bis{[Coolalkyl)-

phenyl; polytluorophenyl; pentafluorophenyl; and fluoren-%-one-i-yl.

[0031] The term “(Cs—Cspicycloalkyl” means a saturated cyclic hydrocarboun radical of
from 3 to 50 carbon atoms that is unsubstituted or substituted by one or more RS, Other
cycloalkyl groups {e.g., (C,—C,Jcycloalkyl) are defined in an analogous manner as having
from x to y carbon atoms and being cither unsubstituted or substituted with one or more RY.
Examples of aonsubstituted {Cy—Capleycloalkyl are unsubstituted  (Ci—Cyodeyeloalkyl,
unsubstituted  (G—Cigjeycloalkyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, cyclononyl, and cyclodecyl. Examples of sobstituted
(Cs—Cypjcycloalky!l are substituted {(C3—Cyjcycloalkyl, substituted (Cs—Cigjeycloalkyl,

cyclopentanon-2-yl, and 1-fluorocyclohexyl.

[0032] Examples of (C—Csophydrocarbylene include unsubstituted or substituted
(Ce—Cspiarylene, (Ca—Csp)cycloalkylene, and (C1—Csplatkylene (e.g., (Ci—Ca)alkylene). The
diradicals may be on the same carbon atom {e.g.., —-CH,—) or on adjacent carbon atoms (i.e.,
1.2-diradicals), or are spaced apart by one, two, or more than two intervening carbon atoms
(e.g., 1,3-diradicals, 1,4-diradicals, etc.). Some diradicals include 1.2-, 13-, 14-, or a.m-
diradicals. The o,m-diradical is a diradical that has maximom carbon backbone spacing
between the radical carbons. Some examples of (Cy-Cyplalkylene g,m-diradicals include
ethan-1,2-diyl (.e.. —“CH,CHy-), propan-1.3-diyl (i.e., ~CH;CHCHy-), 2-methylpropan-1,3-
diyl (i.e., ~CHCH(CH;)CHz—). Some examples of (Ce—Csplarylene a,o-diradicals inclade

phenyl-1,4-divl, napthalen-2.6-diyl, or napthalen-3.7-diylL

[0033] The term “(Ci—Cag)alkylene” means a saturated straight chain or branched chain
diradical (i.e., the radicals are not on ring atoms) of from 1 to 30 carbon atoms that is
unsubstituted or substituted by one or more RS. Exampies of unsubstituted (C—Csp)alkylene
are unsubstituted {C—Cypyalkylene, including unsubstituted —-CH,CHy—, —(CHj)3—, —(CHz -,
—(CHa)s—, —(CHa)s—, <(CHa)y—, —{CHg)s—, “CHCH*HCH}, and «(CHauCHHNCH3), in which

“C*” denotes a carbon atom from which a hydrogen atom is removed to form a secondary or
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tertiary alkyl radical. Examples of substituted (C;—Cspialkylene are  substituted
(Ci—Coppalkylene, —CH,—, —C(0O)—, and —(CH)CCHR(CH)s— (ie., a 6.,6-dimethyl-
substitated normal-1,20-eicosylene). Since as mentioned previously two RS may be taken
together to form a (C—Cigdalkylene, examples of substituted (C;—Cso)alkylene also include

1,2-bis(methylene)cyclopentane, 1,2-bis{methylene)cyclohexane,  2.3-bis{methylene)-7,7-

dimethyl-bicyclo{2.2.1Theptane, and 2,3-bis{methylene)bicyclof{2.2.2Joctane.

[0034] The term “(Cs~Csoycycloalkylene” roeans a cyelic diradical of from 2 to 50 carbon
atoms that is unsubstituted or substitated by one or more R®. Both radicals of the cyclic

diradical are on ring atoms of the cyclic diradical.

[0035] The term “heteroatom,” refers to an atom other than hydrogen or carbon.
Examples of groups containing one or more than one heteroatom include O, S, $(0), $(0O),,
SR ), P(RY), N(RT), -N=CR)2, ~Ge(R%)y-, or =Si(RY)—, where each R® and each R' is
unsubstituted (C—Cg)hvdrocarbyl or -H, and where each R™ is unsubstituted
(C—Cigdhydrocarbyl. The term “heterchydrocarbon” refers to a molecule or molecular
framework in which one or more carbon atoms of a hydrocarbon are replaced with a
heteroatom. The term “(C—CUspdheterohydrocarbyl” means a heterohydrocarbon radical of
from 1 to 50 carbon atoms, and the term “(C~Csptheterchydrocarbylene” means a
heterohydrocarbon diradical of from 1 to 50 carbon atorus. The heterchydrocarbon of the
(Ci—Csprheterchydrocarbyl or the (Ci—Csoyheterchydrocarbylene has one or more
heteroatoms. The radical of the heterohydrocarbyl may be on a carbon atom or a heteroatom.
The two radicals of the heterohydrocarbylene may be on a single carbon atom or on a single
heteroatom. Additionally, one of the two radicals of the diradical may be on a carbon atom
and the other radical may be on a different carbon atom; one of the two radicals may be on a
carbon atom and the other on a heteroatom; or one of the two radicals may be on a
heteroatom and the other rvadical may be on a different heteroatom. Each
(Ci—Csprheterohydrocarbyl and (C—Csgiheterohydrocarbylene may be unsubstituted or

. S. R . .
substituted (by one or more R”), aromatic or non-aromatic, saturated or unsaturated, straight
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chain or branched chain, cyclic (including mono- and poly-cyclic, fused and non-fused

polycyclic), or acyclic.

[0036] The term  “(Ci—Cspheterchydrocarbon  anion”  means an  anionic
heterohydrocarbon having from 1 to 50 carbon atoms and a formal charge of negative one
(-=1). The formal charge may be associated with a heteroatom, provided that there is more
than oune heteroatom in the anionic heterohydrocarbon. The heterohyvdrocarbon anion is
aromatic or non-aromatic, saturated or unsaturated, straight chain or branched chain, cyclic
(having three carbons or more, and including monocyclic and poly-cyclic, {osed and non-
fused polycyclie, and bicyclic) or acyclic, and substituied by one or more R® or unsubstitated.
When the hetercaromatic anion is aromatic (“(C—Csplheteroaromatic anion”), at least one
heteroatom is within the aromatic system. The lone pairs of electrons of the anion of the
heterparomatic anion are not a part of the aromatic system, and are available to form ionic

bonds or dative covalent bonds.

[0037] The (Ci—Csoiheterohydrocarbyl may be vnsubstituted or substituted. Non-limiting
examples of the (C~Cspheterohydrocarbyl include (C1—Csppheteroalkyl,
(Ci—Cspphydrocarbyl-O-, {C—Cspihydrocarbyl-S—, {C;—Cspihydrocarbyl-S(0O)—,
(Ci—Cspphydrocarbyl-S(O)s—, {(Ci—Csgihydrocarbyl-Si( Rc’)z----, {CrCsodhydrocarbyl- N(RAN)----,
(Cr-Csoybydrocarbyl-P(R P)----a {Co—Csoiheterocycloalkvl, {(Co—Crodheterocycloalkyl-
(Ci—Chpralkylene, (Ci—Cyoleycloalkyl-(C—Cigtheteroalkylene, (C:—Cigtheterocycloalkyl-
(C1—Chpdheteroalkylene, (C1—Csgpheteroaryl, {C1—Cigthetercaryl-(C—Chpalkylene,

~

(Ce—Copraryl-(C—Cigtheteroalkylene, or (C—Codheteroaryl-(C—Cyp)heteroalkylene.

[0038] The term “(Cy~Csgrheteroaryl” means an unsubstituted or substituted (by one or
more RY) mongocyclic, bicyeclic, or tricyclic hetersaromatic hydrocarbon radical of from 4 to
50 total carbon atoms and from 1 to 10 heterocatoms. A rmonocyclic heteroaromatic
hydrocarbon radical includes one heteroaromatic ring; a bicyclic heteroaromatic hydrocarbon
radical has two rings; and a tricychic heteroarornatic hydrocarbon vadical has three rings.

When the bicyclic or tricyclic hetercaromatic hydrocarbon radical is present, at least one of
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the rings in the radical is heteroaromatic. The other ring or rings of the heteroaromatic
radical may be independenily fused or non-fused and aromatic or non-aromatic. Other
heteroaryl groups {e.g., (C~Cyheteroaryl generally, such as (C4~Cyp)heteroaryl) are defined
in an analogous manner as having from x to y carbon atoms (such as 4 to 12 carbon atoms)
and being unsubstituted or substituted by one or more than one R°. The monocyclic

heteroaromatic hydrocarbon radical is a S-membered ring or a 6-membered ring.

[0039] The 5-membered ring monocyclic heteroaromatic hydrocarbon radical has 5
minus h carbon atoms, where b is the number of heteroatoms and may be 1, 2, 3, or 4; and
cach hetercatom may be O, S, N, or P. Examples of 5-membered ring hetercaromatic
hydrocarbon radicals include pyrrol-1-yl; pyrrol-2-yi: furan-3-vyl; thiophen-2-yl; pyrazol-1-vl;
isoxazol-Z-yl; isothiazol-5-yl; imidazol-2-yl; oxazol-4-yl; thiazol-2-yl; 1.2,4-triazol-1-yi;

1,3,4-oxadiazol-2-yl; 1,3 4-thiadiazol-2-yl; tetrazol-1-y1; tetrazol-2-yl; and tetrazol-5-yL

[0040] The 6-membered ring monocyclic heteroaromatic hydrocarbon radical has 6
mings h carbon atoms, where h is the number of hetercatoms and may be 1 or 2 and the
heteroatoms may be N or P. Examples of 6-membered ring heteroaromatic hydrocarbon

radicals include pyridine-2-yi; pyrimidin-2-y1; and pyrazin-2-yl.

[0041] The bicyclic heteroaromatic hydrocarbon radical can be a fused 5,6- or 6,6-ring
systermn. Examples of the fused 5,6-ring system bicyclic heteroaromatic hydrocarbon radical
are indol-1-vI; and benzimidazole-1-yl. Examples of the fused 6.5-ring system bicyclic
hetervaromatic hydrocarbon radical are guinolin-2-yl; and isoquinolin-1-yl. The tricyclic
heteroaromatic hydrocarbon radical can be a fused 5,6,5-; 5,6,6-; 6,5,6-; or 6,6,6-ring systen.
An example of the fused 5.6.5-ring system is 1,7-dihydropysrolo{3.2-flindol-1-yl. An
example of the fused 5,6,6-ring system is 1H-benzo[flindol-1-yl. An cxample of the fused
6,5,6-ring system is 9H-carbazol-9-vl. An example of the {used 6,6.6-ring sysiem is acrydin-

9-vL

[0042] The term “(Ci—Csplheteroalkyl” means a saturated straight or branched chain

radical containing one to fifty carbon atoms, and one or more heteroatom. The term



WO 2019/190925 PCT/US2019/023643
13-

(C—Cspyheteroalkylene” means a saturated straight or branched chain diradical containing
from 1 to 50 carbon atoms and one or more than one heteroatom. The hetercatoms of the
heteroalkyls or the heteroalkylenes may include Si(RC)g, GC(Rc)g, Si( R, Ge(R%)n, PR,
PR, N(RM), N(R™), N, O, OR", S, SR, S(O), and $(O),., wherein each of the heteroalkyl

and heteroalkylene groups are unsubstituted or are substituted by one or more R”.

[0043] Examples of unsubstituted (Co—Cypdheterocycloalkyl include unsubstituted
(Cr—Coppheterocycloalkyl, unsubstituted (Co—Cigtheterocycloalkyl, aziridin-l-yL, oxetan-2-yl,
tetrahydrofuran-3-yl, pyrrolidin-l-yl, tetrahydrothiophen-8,5-dioxide-2-yl, morpholin-4-vl,
1,4- dioxan-2-yl, hexahydroazepin-4-vl, 3-oxa-cyclooctyl, S-thio-cyclononyl, and 2-aza-

cyclodecyl.

[0044] The term “saturated” means lacking carbon-carbon double bonds, carbon--carbon
iriple bonds, and (in heteroatom-containing groups) carbon—nitrogen, carbon—phosphorus,
and carbon-silicon double bonds. Where a saturated chemical group is substituted by one or
more substituents RS, one or more double andfor triple bonds optionally may be present in
substituents R, The term “unsaturated” means containing one or more carbon—carbon double
bonds or carbon-carbon triple bonds, or (in heteroatom-containing groups) one or more
carbon—nitrogen double bonds, carbon—phosphoras double bonds, or carbon—silicon double
bonds, not including double bonds that may be present in substituents R, if any, or in

aromalic rings or heteroaromatic rings, il any.

[0045] Embodiments of this disclosure include processes for polymerizing olefins. In
embodiments, the process includes contacting ethylene and one or more (C3—Csp)alpha-olefin
comonomers in the presence of a catalyst system to produce a polymer resin. The catalyst
systems may include a bimetallic activator complex, the bimetallic according having a

countercation and an anion according to formula (I):
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<R—O%M—L — M*%O—R) )
3-n 3-x
[0046] In formula (I), each M is independently aluminum, boron, or gallium; L is chosen

from a species having at least two Lewis basic sites. Each Q is independently a monodentate
ligand, and subscript x is 0, 1, or 2, and when subscript x is 0, Q of Qy is not present;
subscript n is 0, 1, or 2, and when subscript n is 0, Q of Q, is not present. Each R is

independently selected from the group consisting of radicals having formula (IT) and radicals

having formula (I1I):
R] 1 RZI R22
%— Y an R® (1D
| ™~ RI2
R13 R2S R24

[0047] In formula (II), Y is independently carbon or silicon; R“, Ru, R are
independently chosen from (C;—Cao)alkyl, (Ce—Cao)aryl, -H, —NRY,, —OR®, -SR®, or
halogen. In one or more embodiments, when R is a radical having the formula (II), at least at
least one of R“, Rlz, or RPis perhalogenated (C;—Cyp)alkyl, perhalogenated (C¢—Cap)aryl, or
—F. In some embodiments, when R is a radical having the formula (II), at least at least one of
R R orRPisa halogen-substituted (C1—Cap)alkyl , a halogen-substituted (Cs—Cap)aryl, or
—F; each R™ or R is independently (C;—Csp)hydrocarbyl or —H.

[0048] In formula (III), R21, R22, R23, R24, and R® are independently chosen from
(Ci—Cypyalkyl, (Ce—Cyplaryl, —H, —NRY,, —ORC, —SRC, or halogen. In one or more
embodiments, when R is a radical having the formula (III), at least at least one of RZI, Rzz,
R”, R*™, or R¥ is perhalogenated (C;—Cyp)alkyl , perhalogenated (Cs—Cap)aryl, or —F. In

some embodiments, when R is a radical having the formula (III), at least at least one of RZl,
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Rzz, R23, R24, or R® is a halogen-substituted (C1—Cyp)alkyl, a halogen-substituted
(Cs—Cao)aryl, or —F; each R™ or R” is independently (C;—Cso)hydrocarbyl or —H.

[0049] In one or more embodiments, the bimetallic activator complex includes the anion
according to formula (I) and the countercation having a formal charge of positive one (+1).
In some embodiments of the bimetallic ionic complex, the countercation is chosen from a
protonated  tri[(C1—Cyp)hydrocarbyl] ammonium cation. In some embodiments, the
countercation is a protonated triatkylammonium cation, containing one or two (C14—Cag)alkyl
groups on the ammonium cation. In one or more embodiments, the countercation is
+N(H)RN3, where each RY is chosen from (C1—Cyp)alkyl or (Ce—Cyp)aryl. In one or more
embodiments, the countercation is +N(H)RN3, where at least two R are chosen from
(C10—Cap)alkyl. In one or more embodiments, the countercation is +N(H)RN 3, wherein RN is
{Cie~Cigyalkyl. In one or more embodiments, the countercation is +N(CH3)HRN2, wherein RY
is  (Cis—Ciglalleyl, In some embodiments, the countercation 1is chosen from
methyldi{octadecyllammoniom  cation, wmethyl{octadecyl}hexadecyl)ammoniom cation,
methyldithexadecyllammoninm  cation, or methyldi(tetradecylyammonium cation.  The
methyldi{octadecyDammonium  cation,  methyl{octadecyD(hexadecylaramonium  cation,
methyldithexadecylammonium  cation, or methyldi(fetradecyl)ammonium cation are
collectively referred to herein as armeenium cations. lonic compounds having armeenium
cations are easily formed by protonating (with anhydrous HCI in ether, for example)
methyldi{octadecylyamine, methyl{octadecyljthexadecyhDamine, methyldithexadecyl)amine,
or methyldi{tetradecyl)amine which are available from Akzo-Nobel under the Armeen™
trade names, for example Armeen™ MZHT. In other embodiments, the countercation is
triphenylmethyl carbocation (*C(CgHs)3), also referred to as trityl. In one or more
embodiments, the countercation is a tris-substituted-triphenylmethyl carbocation, such as
+C(C(,H4RC)3, wherein each R® is independently chosen from (C;—Cjp)alkyl. In other
embodiments, the countercation is chosen from anilinium, ferrocenium, or aluminoceniums.
Anilinium cations are protonated nitrogen cations, such as [HN(RS)(RN)2]+, where R is

(Ci-Cogralkyl or H and RS is chosen from (Cs—Cap)aryl, and each alkyl or aryl may be further
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substituted with —ORC, for example C¢HsNMe,H*. Aluminoceniums are aluminum cations,

such as R%AI(THF),*, where R® is chosen from (C;—Csg)alkyl.

[0050] In one or more embodiments, L is a species containing two or more than two
Lewis basic sites. In some embodiments, L is an anionic species containing at least two
Lewis basic sites. The anionic species may be polyatomic or monoatomic (such as chloride
or fluoride). Each Lewis basic site may be on a different atom of the anionic species or each
Lewis basic site may be on the same atom of the anionic species. In some embodiments, L is
chosen from (C;—Cyg)heterohydrocarbon anion, (C2—Cjg)heteroaromatic anion, _OC(O)RL,
“S(0);R", "P(0);R", —P(0),(ORY);, "NR", “OR", "SR", or halide, wherein R" is —H,
(C1—Csp)hydrocarbyl, or halogen-substituted (C;—C;p)hydrocarbyl. In some embodiments, L
is _OC(O)RL, R" is chosen from —CsFs, —CHs (methyl), ethyl, propyl, 2-propyl, n-butyl, feri-
butyl, 2,2-dimethylethyl, n-octyl, or fert-octyl (also called 1,1,3,3-tetramethylbutyl). In some
embodiments, R* may be substituted with one or more than one halogen. In other
embodiments, L is "OS(0),CF;. In some embodiments, L anionic species containing two or
more than two Lewis basic sites and is not a halogen or halide; specifically, L is anionic

species containing two or more than two Lewis basic sites and is not fluoride (-F).

[0051] In some embodiments, L is a anionic compound having the formula (IV):

R1
-7\
N ,N“i Iv)
>=R2

R3
In formula (IV), R' and R? are independently selected from —C(R")— or —N—, wherein R" is
—H, (C,—C3p)hydrocarbyl, halogen-substituted (C;—Csp)hydrocarbyl, and R? is chosen from
—H, (C;—Csp)hydrocarbyl, halogen-substituted (C;—Csg)hydrocarbyl. In some embodiments,
R%is (C,—Csp)heterohydrocarbylene connected to R>
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[0052] In some one or more embodiments, when L is according to formula (IV), R! is
—C(C11Ha3)— and R?is —C(H)-. In some embodiments, R'is -CH)-, R?is —N-, and Rj is
—H. In other embodiments, R'is —N—, R%is —-C(H)—, and R%is -H.

[0053] In one or more embodiments, when R?and R? are linked together to form a ring, L

is selected from a radical having the formula (V):

R1
~— N// \N ,_‘
” y V)
R* R4

[0054] In formula (V), each R* is independently a (C;—Csp)hydrocarbyl or —H; and R' is

as previously defined in formula (IV).

[0055] In other embodiments, L is selected from radicals having a formula (VI):
N—N.)\
N jI\%\Ry (VD
RG

[0056] In formula (VI), R, R®, and R are independently (C—Csp)hydrocarbyl or —H.

[0057] In one or more embodiments, L is selected from radicals having a formula (VII):

(VI

[0058] In formula (VII), R' is chosen from the group -H, —NRY,, —Sich, —PRPg,
(C1—Csp)hydrocarbyl; and each of R® and R is chosen from —H or (C1—Csp)alkyl.
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[0059] In some embodiments of the bimetallic activator complex of formula (I), each R is

a radical having the formula (II), wherein Y is carbon, R“, Ru, and R" are fluorine.

[0060] In some embodiments, each Q is independently a monodentate is chosen from
unsaturated (Co—Cspyhydrocarbon, unsaturated (Co—Csp)heterohydrocarbon,
(Ci—Csp)hydrocarbyl, (Ce—Csplaryl, (Ce—Csp)heteroaryl, cyclopentadienyl, substituted
cyclopentadienyl, (C4—Cj»)diene, halogen, —N(RN)z, and —NCORC, in which each RY and
each R® are independently (C;—Cagalkyl. In various embodiments, X is selected from
methyl; ethyl; I-propyl; 2-propyl; i-butyl; 2,2,-dimethylpropyl; trimethylsilyvimethyl; phenyl;
benzyl; or chloro. In some cmbodiments, cach Q is identical. In one or more embodiments,

subscript x of Qy is 0. In various embodiments, subscript n of Q, is 0.

[0061] In one or more embodiments, the bimetallic activator complex in a high-boiling-
point fully saturated hydrocarbon solution containing a concentration of 200 micromoles of
bimetallic activator complex and 20 millimoles of water in the high-boiling-point fully
saturated hydrocarbon has a dissipation factor of less than or equal to 0.1, as measured by the
Hydrocarbon Conductivity Test. In some embodiments, the dissipation factor of the
bimetallic activator complex measured in the same manner has a dissipation factor of less
than or equal to 0.05, less than or equal to 0.03, or less than or equal to 0.025. The high-
boiling-point fully saturated hydrocarbon solution (“hydrocarbon solution”) includes a high-
boiling-point fully saturated hydrocarbon solvent, water, and the bimetallic activator
complex. The high-boiling-point fully saturated hydrocarbon solvent may include a solvent
having a boiling point from about 150 °C to about 190 °C. Examples of such high-boiling-
point fully saturated hydrocarbon solvents include squalane, dodecane, eicosane, or

triacontane, for example.

[0062] The electrical properties of a polyolefin elastomer produced by a polymerization
process according to this disclosure, specifically the polyolefin elastomer produced by the
bimetallic activator complex according to formula (I) may be assessed relative to electrical
properties of other polyolefin elastomers by a Hydrocarbon Conductivity (HC) Test. The HC

Test simulates differences between the electrical properties of polyolefin elastomers produced
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by a  comparative  activator, such as  methyldi((C14—Cyp)alkyl)ammonium
tetrakis(pentafluorophenyl)borate and the bimetallic activator complexes of this disclosure.
In the HC Test, the activator is dissolved in a high-boiling-point fully saturated hydrocarbon

solvent at room temperature. (Room temperature is approximately 22.0 +2.5°C.)

[0063] The HC Test measures a dissipation factor (at 60 Hz) and a conductivity of the
hydrocarbon samples. Each of the hydrocarbon samples is measured using a Novocontrol
Technologies Broadband Dielectric Spectrometer (Alpha-A) using standard methods. Other
than the gentle heating, all sample preparation steps and measurements were performed at

room temperature.

[0064] To prepare the hydrocarbon samples for the HC Test, an amount of the activator is
added to approximately 10 mL of hydrocarbon solvent to create samples having
concentration of approximately 200 pM activator in solution. In a water-containing
hydrocarbon sample, deionized water is added to obtain a concentration of approximately 20
mM, and an amount of activator is added to obtain a 200 uM activator hydrocarbon solution.
All samples are heated to 250 °C to remove the water and any residual low-boiling-point

solvents. The dissipation factor and conductivity are measured.

[0065] The ratio of total number of moles of the one or more Group IV metal-ligand
complexes in the catalyst system to total number of moles of the one or more bimetallic

activator complex in the catalyst system is from 1:10,000 to 100:1.

[0066] In illustrative embodiments, the catalyst systems may include a bimetallic
activator complex comprising an anion and a countercation, in which the anion is according
to formula (I). The countercation, which is complexed with the anion of formula (I), is not
included in the illustrative embodiments. The illustrative embodiments of the anion of

formula (I) include the following structures:
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Polymeric Electrical Properties

[0067] Insulating mediums should be as efficient as possible. Electrical loss lowers the
efficiency of a medium to insulate in the presence of an electric field. The resistance should
be as high as possible for both alternating current (AC) and direct current (DC) systems,

because the resistance is inversely related to the power or electric loss.

[0068] In a DC system (e.g., a photovoltaic encapsulant), energy loss manifests as the
leakage of current from the encapsulated device to the external environment. This current (I)
is directly related to the voltage (V) and inversely related to the resistance of the insulating
medium (R) via the equation I =V x R Therefore, the higher the resistance the lower the

current and the current leakage.

[0069] In an AC system (e.g., cable insulation) loss manifests as the absorption of energy
by the medium in the presence of an electrical field. Measured in power (P), this loss is
determined by the equation P = V?x 0 x C x & x tand where o is the angular frequency, &' is
the relative permittivity, C is the capacitance, and tand is the dissipation factor, tand = (C x R
x ®)~', resulting in the equation P = V> x ¢ x R™. Since the resistance is inversely related to

the power loss, the higher the resistance, the lower the power loss.

[0070] One physical effect that lowers the resistance of a medium is the diffusion of ions

due to an eclectric field. In a system in which ionic diffusion dominates the electrical
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response, the resistance is related to the diffusing ions via the equation R=6 x T x &' X gg X 1
x 1 x C™" x g x N™! where g is the permittivity of vacuum (8.854 x 1072 F-m™), 1 is the
dynamic viscosity of the medium, r is the hydrodynamic radius of the ion, q is the charge of
the ion, and N is the concentration of the ion. Since increased resistance decreases energy
loss and a decrease in ion concentration increases resistance, a reduction in the concentration

of ions diffusing through the medium decreases energy loss.

[0071] In addition to size and charge, the interaction of the ion with the surrounding
medium and its dissociation energy with available counterions will affect its ability to diffuse
through a given medium. Since not all ions diffuse equally, the ability of the ions in the
activator to diffuse is an important characteristic. Without intending to be bound by theory, it
is believed that when the anion of the ionic bimetallic activator complex of formula (I) and
the countercation has a decreased diffusion, the resulting polymer of the bimetallic activator

has a decreased in energy loss, which provides good electrical properties.

Catalyst System Components

[0072] The catalyst system may inchude a procatalyst. The procatalyst may be rendered
catalytically active by contacting the complex to, or combining the complex with, a
bimetallic activator having anion of formula (I} and a countercation. The procatalyst may be
chosen from a Group IV metal-ligand complex (Group IVB according to CAS or Group 4
according to IUPAC naming conventions), such as a titanium (Ti) metal-ligand complex, a
zivconium (£r} metai-ligand complex, or a hafnium (Hf) metal-ligand compiex. Not
intending to be limiting, examples of the procatalyst may be found in the following
references: US 8372927; WO 2010022228; WO 2011102989; US 6953764; US 6900321;
WO 2017173080; US 7650930; US 6777509 WO 99/41294; US 6869904; WO 2007136496.

Theses references are herein incorporated by reference in their entirety.

[0073] In one or more embodiments, the Group 1V metal-ligand complex includes a
bis(phenylphenoxy) Group IV metal-ligand complex or a constrained geometry Group IV

metal-ligand complex.
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[0074] According to some embodiments, the bis{(phenylphenoxy) metal-ligand complex

has a structure according to formula (X):

R2 R15

R3 R1 R16 R14
()|()n
R* 0 o) R™3
M )
R® z Z R'?
N

R6 R8 R9 R11

R7 R1O

[0075] In formula (I), M is a metal chosen from titanium, zirconium, or hafnium, the

metal being in a formal oxidation state of +2, +3, or +4. Subscript n of (X), is 0, 1, or 2.
When subscript n is 1, X is a monodentate ligand or a bidentate ligand, and when subscript n
is 2, each X is chose from a monodentate ligand. L is a diradical selected from the group
consisting of  (C;—Cyp)hydrocarbylene, (C;—Cyp)heterohydrocarbylene, —Si(RC)z—,
—SiR208IR)2,  ~SIRDCR)r  ~SiRDSIR)  ~SiRLCER)SIR )
~CRDSIRRCR)-,  -NRHCR - -NRONRY-  ~CRONRHCR )
~Ge(R9),—, -P(R")~, -NRY)-, -O-, -S—, -S(0)-, -S(0)—, -N=C(R")~, -C(0)O-,
—-0C(0)—, —C(O)N(R)—, and —N(RC)C(O)—. Each Z is independently chosen from —O—, —S—,
~N(RM-, or -P(R")—; R' through R'® are independently selected from the group consisting of
-H, (C;—Cyp)hydrocarbyl, (C;—Cyp)heterohydrocarbyl, —Si(RC)3, —GC(RC)g, —P(Rp)z,
~N(RYz, —OR®, -SR®, -NO,, —CN, —CF3, R°S(0)-, R°S(0),—, -N=C(R%), R°C(0)0O-,
RCOC(O)—, RCC(O)N(R)—, (RC)ZNC(O)—, halogen, radicals having formula (XI), radicals
having formula (XII), and radicals having formula (XIII):
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46 R45 R44

RSG RSS R54
\f’;[ (XD R42 (XII) O (XIIT)

[0076]  In formulas (XI), (XII), and (XIII), each of R* — R*, R* - R® and R’' = R” is

independently chosen from —H, (C;—Cap)hydrocarbyl, (C;—C4p)heterohydrocarbyl, —Si(RC)3,
~Ge(R9)s, -P(R"), -N(R™),, -OR®, -SR®, -NO,, -CN, —CFs;, R°S(0)-, R°S(O)-,
(R),C=N—, R°C(0)0—, R°OC(0)—, REC(O)N(R™-, (R),NC(O)—, or halogen, provided at
least one of R' or R'® is a radical having formula (XI), a radical having formula (XII), or a

radical having formula (XIII).

[0077] In one or more embodiments, each X can be a monodentate ligand that,
independently from any other ligands X, is a halogen, unsubstituted (C1—Cygphydrocarbyl,
unsubstituted (C;—ChpihvdrocarbviC(O)O—, or R¥R'N-, wherein each of R® and R*

independently is an unsubstituted(C—Cop)hydrocarbyl.

[0078] Hiustrative bis(phenylphenoxy) metal-ligand complexes that may be employed in
the practice of the present invention inchade:

[0079] (2°.2"-(propane-1,3-diyibis{oxy)bis(S-chloro-3-(3,6-di-tert-octyl-9H-carbazol-9-
yi3-3methyl-5-{2.4 4-trimethylpentan-2-ylibiphenyl-2-ol)dimethyl-hafnivm;

[0080] (2,2"-(propane-1,3-diyibis{ox y)bis{3-(3,6-di-tert-butyl-9H-carbazol-9-y)-3-

chloro-3-(2,4 4-trimethyipentan-2-yhbiphenyl-2-ol)dimethyl-hatnium;

[0081] (27,27 -{propane-1,3-diyibis{oxy))bis(3-chloro-3-(3,6-di-tert-butyl-9H-carbazol-9-

-3 -fluorn-5-(2,4 4-trimethylpentan-2-yhbiphenyl-2-oydimethyl-halnium;

[0082] (27,2"-{propane-1,3-diylbis{oxybis(3-(3,6-di-tert-batyl-9H-carbarol-9-y1)-3'-

methyl-5-(2,4 4-trimethyipentan-2-yUbiphenyl-2-olydimethyl-hafnium;
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[0083] {27, 2"-(propane-1,.3-diylhis{oxy)bis(5-cyano-3-(3,6-di-tert-butyl-9H-carbazol-9-
yi3-3-methyl-5-(2.4 4-rimethylpentan-2-yDbiphenyl-2-olydimethyl-hafniuny;

[0084] (27,27 -(propane-1,3-diyibis{oxy)bis(S-dimethylamino-3-(3,6-di-tert-butyl-9H-

P

carbazol-8-y1)-3'- methyl-5-(2,4 A-trimethylpentan-2-ylbiphenyl-2-oljdimethyl-hafnium;

[0085] (27,27 -(propane-1,3-diylbis{oxy )bis(3".5-dimethyl-3-(3,6-di-tert-butyl-9H-
carbazol-9-v1}-5-(2.4,4-trimethylpentan-2-yl)biphenyl-2-ol}dimethyl-hafnium;

[0086] (27,27 -(propane-1,3-diyibis{oxy)bis(S-chloro-3-(3,6-di-tert-butyl-9H-carbazol-9-
yi}-3ethyi-3-(2,4.4-trimethylpentan-2-yUbiphenyl-2-ohdimethyl-hafoium;

[0087] (27,2"-{propane-13-diylbis{oxybis(3-(3,6-di-tert-batyl-9H-carbarol-9-y1)-3'-
methyl-5'-tert-butyl-5-(2 4 4-trimethylpentan-2-yhbiphenyl-2-ohdimethyl-hafniom;

[0088] (27,27 -(propane-1,3-diyibis{oxy))bis(3-(3,6-di-tert-butyl-9H-carbazol-9-vi)-5-

fluoro-3'-methyl-5-(2.4,4-trimethylpentan-2- vyl biphenyl-2-oDdimethyl-hafnium;
[0089] (27,2"-{propane-],3-diylbis{oxy ) bis{3-{9H-carbazol-9-y1)-5S'-chloro-3-methyl-5-
(2.4 4-mimethylpentan-2-yDhbiphenyi-2-oldimethyl-hafnium;

[0090] (2'.2"-{propane-1,3-diyibis{oxy)bis(3-(3,6-di-tert-butyl-9H-carbazol-9-y)-3-

methyl-5-triffuoromethyl-5-(2,4 4-trimethylpentan-2-vDbiphenvl-2-ohdimethy-hafuiurg;

[0091] (2°.2"(2,2-dimethyl-2-silapropane-1,3-divibis{oxy}}bis{3",5 -dichioro-3-(3,6-di-

tert-butyl-9H-carbazol-9-y1)-5-(2 4 4-trimethylpentan-2-yDbiphenyl-2-oDdimethyl-hafnivrg;

[0092] (227(2,2-dimethyl-2-silapropane-1-diyibis{oxy}}bis(5'-chloro-3-(3,6-di-tert-
butyl-9H-carbazol-9-y1-3-methyi-3-(2,4 4-trimethylpentan-2-yUbiphenyl-2-ohdimethyl-

hatnium;

[0093] (272" -(propane-1,3-diyibis{oxy)bis(3-bromo-5'-chloro-3-(3,6-di-tert-butyl-9H-

carbazol-9-y1)-5-(2.4.4-trimethyipentan-2-yhbiphenyl-2-olh)dimethyl-hafnivm;
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[0094] (27,27 -(propane-13-diylhis(oxy)}-(§'-chloro-3-(3,6-di-tert-butyl-9H-carbazol-9-vi})-
3-flnoro-5-(2.4 4-trirnethylpentan-2- ylbiphenyl-2-0l)-(3" 5"-dichloro-3-{3,0-di-tert-butyl-
9H-carbazol-9-v1)-3-(2 4 d-trimethylpentan-2-yhbiphenyl-2-oldimethyl-haloiom;

[0095] (2'.2"-{propane-1,3-diyibis{oxy)bis(3-(3,6-di-tert-butyl-9H-carbazol-9-y[)- 5"

fluore-3-uifluoromethyl-5-(2,4 A-gimethylpentan-2-yUbiphenyl-2-obhdimethyl-hafoium;
[0096] (2°.2"-{butane-{ 4-diyibis{oxy)bis(5'-chloro-3-(3,6-di-tert-butyl-9H-carbazol-9-
yi}-3-methyl-5-(2,4, 4-trimethylpentan-2-yDbipheuyl-2-ohdimethyl-hafniumy

[0097] (2'.2"-(cthane-{,2-diylbis{oxy)}bis(5'-chloro-3-(3,6-di-tert-butyl-9H-carbarol-8-
y1)-3-methyl-3-(2.4 4-timethylpentan-2-yDbiphenyl-2-oldimethyl-hafoivm;

[0098] (2°,2"{propane-1,3-diylbis{oxy)bis{5-chlore-3-(3,6-di-tert-butyl-9H-carbazol-9-
y1-3-methyl-5-(2.4 4-trimethylpentan-2-yDbiphenyl-2-ohdimethyl-zirconium;

[0099] (2',2"-{propuane-1,3-diyibis{oxy)bis(3-(3,6-di-tert-butyl-9H-carbazol-9-y1)-3',5'-
dichloro-5-(2,4 4-trimethylpentan-2-yhbiphenyl-2-ohdimethyl-titanivm; and

[00100] (2'.2"-(propane-1,3-diylbis{oxy)bis(S'-chlore-3-(3.6-di-tert-butyl-9H-carbazol-9-

yI-3-methyl-5-(2.4 4-trimethylpentan-2-yDbiphenyl-2-oldimethyl-titaninm.

[00101] According to some embodiments, the Group IV metal-ligand complex may

include a cyclopentadienyl procatalyst according to formula (XIV):
[00102] LpMX,X',X",, or a dimer thereof (XIV).

[00103] In formula (XIV), Lp is an anionic, delocalized, n-bonded group that is bound to
M, containing up to 50 non-hydrogen atoms. In some embodiments of formula (XIV), two Lp
groups may be joined together forming a bridged structure, and further optionally one Lp

may be bound to X.

[00104] In formula (XIV), M is a metal of Group 4 of the Periodic Table of the Elements
in the +2, 43 or +4 formal oxidation state. X is an optional, divalent substituent of up to 50

non-hydrogen atoms that together with Lp forms a metallocycle with M. X' is an optional
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neutral ligand having up to 20 non hydrogen atoms; each X" is independently a monovalent,
anionic moiety having up to 40 non-hydrogen atoms. Optionally, two X" groups may be
covalently bound together forming a divalent dianionic moiety having both valences bound to
M, or, optionally two X" groups may be covalently bound together to form a neutral,
conjugated or nonconjugated diene that is n-bonded to M, in which M is in the +2 oxidation
state. In other embodiments, one or more X" and one or more X' groups may be bonded
together thereby forming a moiety that is both covalently bound to M and coordinated thereto
by means of Lewis base functionality. Subscripti of Lp; is 0, 1, or 2; subscript n of X', is 0, 1,
2, or 3; subscript m of X, is O or 1; and subscript p of X",is 0, 1, 2, or 3. The sum of i + m +

p is equal to the formula oxidation state of M.

[00105] Hivstrative Group IV metal-ligand complexes may include cyclopentadienyl

procatalysts that may be employed in the practice of the present invention inclade:
[00106] cyclopentadienyltitaniumirimethyl;

[00107] cyclopentadienyititaniumiriethyl;

[00108] cyclopentadicnyltitaniumiriisopropyl

[00109] cyclopentadienyltitaniumiriphenyl;

[00110] cyclopentadienyitaniumiribenzyl;

[00111] cyclopentadienyltitanium-2.4-dimethylpentadienyl;

[00112] cyclopentadienyltitanium-2,4-dimethyipentadienyl=tricthylphosphine;
[00113] cyclopentadienyltitanium-2,4-dimethylpentadienylstrimethylphosphine;
[00114] cyclopentadienyltitaniumdimethylmethoxide;

[00115] cyclopentadienyiitaniumdimethylchioride;

[00116] pentamethylcyclopentadienyhtitaninmirimethyl;
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[00117] indenyiitaviumtrimethyl;

[00118] indenyltitaniumiriethyl;

[00119] indenyititanivmiripropyl;

[00120] indenyititaniuvmtriphenyl;

[00121] tetrahydroindenyliitaniumiribenzyl;

[00122] pentamethyicyclopentadienyltitamnmiriisopropyl;

[00123] pentamethyloyclopentadienyltitaninmiribenayl;

[00124] pentamethyicyclopentadienyltitaniomdimethylmethoxide;
[00125] pentamethyleyclopentadicoyltitantnmdimethyichloride;
[00126]  bis(y'-2.4-dimethylpentadieny]titanium;

[00127] W S(nf’-la‘@ -dimethylpentadienyhtitaniumefrimethyiphosphine;
[00128]  bis(xy’-2.4-dimethylpentadienyltitaniumstriethylphosphine;
[00129] octahydvofluorenylttaniumtrimethyl

[00130] tetrahvdroindenvititaniumirimethyl;

[00131] tetrahydrofluorenyltitaniumirimethyl;

[00132] {tect-butviamidoy(d, {-dimethyl-2,3,4.9,10-1-1,4,5,6,7 8-

hexahydronaphthalenyhdimethylsilanetitaraumdimethyl;

[00133] (tert-butylamido)(1.1,2,3-tetrarnethyl-2,3,4,9.10-1-1,4.5,6,7 8-

hexahydrovaphthalenvhdimethylsilanetitaniurndimethyl;

[00134]  (tert-butylamido)tetramethyl-y -cyclopentadienyl) dimethylsilanetitanium

dibenzyl;
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[00135] {tert-butylamudo)(tetramethyl —rgS -cyclopentadienyDdimethylslanetitaniom
dimethyl;

[00136]  (tert-butylamidoi(tetramethyln -cyclopentadienyl -1, 2-ethanediyititanium

dimethyl;
[00137]  (tert-butylanido)(tetramethyl-n -indenylydimethylsilanetitanium dimethyl;

[00138] (tert-butylamido)(ietramethyl-n -cyclopentadienylydimethylsilanetitanium (HI) 2-

{dimethylaminobenzyl;

[00139] (tert-butylamido)(ietrameth y‘i-ns~c yelopentadienvidimethyisilanetitaniom (1)

aliyl;

[00140]  (tert-butylamido)tetramethyl-n -cyclopentadienyldimethylsilanetitanium (I11)

2. 4-dimethylpentadienyl;

[00141]  (tert-butylamido)(tetramethyl-n -cyclopentadienydimethylsllanetitanium (1) 1.4

diphenyl-1,3-butadienc;

[00142] (lf:rt-butylamido)(if:tramci.hyi—ns ~cyclopentadicnyldimethylsilanetitanium (1) 1,3-

pentadiene;

[00143] (tert-butylamido) 2-methylindenyDidimethylsilanetitanivm (I1) 1,4-diphenyl-1,3-

butadiene;
[00144] ({tert-butylamido)2-methylindenyhidimethylsilanetitanivm (1) 2 4-hexadiene;

[00145] (iert-butylamido)Z2-methylindenyldimethyisilanetitanium (V) 2,3-dimethyi-1,3-

butadiene;
[00146] (ert-butylamido)2-methylindenyDdimethylsilanetitanium (IV) isoprene;

[00147] {tert-butylamudo)2-methyhindenyldimethyisilanetitaninm (IV) 1,3-butadiene;
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[00148] {(tert-butylamdo )2, 3-dimethylindenyhdimethylsilanetitanium (IV) 2,3-dimethyl-
1,3-butadiene;
[00149]  (tert-butylamido)(2,3-dimethylindenylidimethyisilanetitanium (IV) isoprene;
[00150] {tert-butylamido)(2,3-dimethylindenylidimethyisilanetitanium (IV) dimethyl;
[00151] ({tert-butylamido)2.3-dimethylindenylidimethvisilanetitanium (IV) dibenzyl;
[00152] {tert-butylamido}2.3-dimethylindenyldimethyistlanctitanium (IV) 1,3-butadiene;
[00153] ({tert-butylamido)2.3-dimethylindenylidimethvistianetitanium (31} 1,3-pentadiene;

[00154] ({tert-butyvlamido)2.3-dimethylindenylidimethyisilanetitanium (i) 1,4-diphenyl-

1. 3-butadicoe;

[00155] {tert-butylamido)2-methylindenyhidimethylstlanetitanivm (1) 1,3-pentadiene;
[00156] (tert-butylamido)2-methylindenyDdimethylstlanetitaniin (IV) dimethyl;
[00157] (tert-butylamido)2-mocthyhindenyDdimethylstlanetitaniven (IV) dibenzyl;

[00158] ({iert-butylamido)2-mwethyi-4-phenyvlindenylydimethylsilanetitanium (I1) 1,4-

P

diphenyl-1,3-butadiene;

[00159]  {tert-butylamido)}Z-methyl-4-phenylindenyl}dimethylsilanetitanium (1) 1,3+

peutadiene;

[00160] (tert-butylamndo)2-methyl-d-phenyvhndenyDdimethvlsilanetitaniom {II) 2,4-

hexadiene;

[00161]  (tert-butylamido)tetramethyt-n -cyclopentadienyldimethyl-silanetitanium (V)

1,3-butadienc;

[00162]  (tert-butylamido)tetramethyl-n’-cyclopentadienylydimethylsilanetitanium (IV)

2,3-dimethyi-1,3-butadiene;
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[00163]  (tert-butylamido)tetramethyi-n -cyclopentadicnyDdimethylsilanetitanium (JV)
isoprene;

[00164]  (tert-butylamido)(tetramethyt-n -cyclopentadienyl)dimethyl-silanetitanium (1)

1,4-dibenzyl-1,3-butadiene;

[00165]  (tert-butylamido)(tetramethyl-n -cyelopentadienyldimethylsilanetitanium (1) 2.4-

hexadiene:

[00166] (tert-butylamido)tetramethyl-ny -cyclopentadienyl)dimethyl-silanetitanium (II) 3-

methyl-1,3-pentadiene;
[00167] ({tert-butylamido)2,4-dimethylpentadien-3-yhidimethylsilanctitaniomdimethyl;
[00168] ({tert-butylamido}(6,6-dimnethyleyclohexadienyldimethylsilanetitaniurndimethyl

[00169] ({tert-butylamido)(l, I-dimnethyl-2,3,4.9,10-n-1,4,5,6,7 8-hexahydronaphthalen-4-

yhdimethvlsilanetitanivmdimethyl;

[00170] {tect-butviamidoy(d,1.2,3-tetramethyl-2,3.4,9,10-1-1,4,5,6,7 8-

hexahydronaphthalen-4-yhdimethylsilanetitaniumdimethyl;

[00171]  (tert-butylamido)(tetramethyl-n -cyelopentadienyl methylphenylsilanetitanium

(1Y) dimethyl;

[00172] ({iert-butylamido)tetrameth yi—n"" -cyclopentadienyl methylphenylsilanetitanivm

{1} 1,4-diphenyl-1.3-butadiene;

[00173]  1-{tert- butylamid@)-—fz--(tctrame{hyE-»nS ~cyclopentadienyljethanedivititanium {1V}

ditnethyl;

[00174] 1 -(teri-butylamido)-2-(etramethyl-n’-cyclopentadienyDethanediyl-titanium (I1)

1. 4-diphenyi-1,3-butadiene;

[00175] Each of the illusirative cyclopentadienyl procatalyst may include zirconium or

hafnium in place of the titanium metal centers of the cyclopentadienyl procatalyst.
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[00176] Oiher catalysts, especially catalysts containing other Group IV metal-Hgand

comiplexes, will be apparent to those skilled iu the art.

[00177] The catalyst systems of this disclosure may include co-catalysts or activators in
addition to the bimetallic activator complex having the anion of formuuia (1) and a
countercation. Such  additional  co-catalysts  may inclide, for example,
trithydrocarbyDalominum compounds having from 1 to 10 carbons in each hydrocarbyl
group, an oligomeric or pelymeric alumoxane corapound,
dithydrocarbyl)}hydrocarbyloxyjaluminums compound having from 1 to 20 carbons in each
hydrocarbyl or hydrocarbyloxy group, or mixtores of the foregoing compounds. These
aluminum compounds are uscfully employed for their beneficial ability to scavenge

impurities such as oxygen, water, and aldehydes from the polymerization mixture.

[00178] The dithydrocarbyl{hydrocarbyloxyjaluminum compounds that may be ased in
conjunction with the activators described in this disclosure correspond to the formula
T}2A10T2 or T ,=.A1(OT2)3 wherein T is @ secondary or fertiary (Ca~Ceolalkyl, such as
isopropyl, isobutyl or fer-butyl and T is a alkyl substituted (Ce-Caglaryl radical or aryl
substituted  (C,-Cappalkyl radical, such as 2,6-difert-butyl}-4-methylphenyl, 2.6-di{rert-
buty}-d-methylphenyl, 2,6-diltert-butyl}-d-methyviolyl, or 4-(3'.8 -di-tert-butyiolyh-2,6-di-

tert-butylphenyl.

[00179] Additional examples of aluminum compounds include {Cgjtrialkyl aluminom
compounnds, especially those wherein the allyl groups are ethyl, propyl, isopropyl, u-butyl,
isgbutyl, pentyl, neopentyl, or isopentyl, dialkyl{aryloxyjalominum compounds containing
from 1-6 carbons in the alkyl group and from 6 to 18 carbons in the aryl group {especially
(3, 5-di{t-bntyl)-d-methylphenoxyditisobutylaluminum), methylalimoxane, modified

methylalumoxane and diisobutylalurnoxane,

[00180] In the catalyst sysiems according to embodiments of this disclosure, the molar
ratio of the bimetallic activator complex to Group IV metal-ligand complex may be from

110,000 to 100011, such as, for example, from 1:53000 to 106:1, from 11100 to 10011 from
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110 o 100, from 115 o 1L, or from 1.25:1 to 1:1. The catalyst systems may include

combinations of one or more bimetallic activator complex described in this disclosure.

Polyolefins

[00181] The catalytic systems described in the preceding paragraphs are utilized in the
polymerization of olefins, primarily cthylene and propylene. In some embodiments, there is
only a single type of olefin or g-olefin in the polymerization scheme, creating a
homopolymer. However, additional g-olefins may be incorporated into the polymerization
procedure. The additional g-olefin co-monowmers typically have no more than 20 carbon
atoms. For example, the o-olefin co-monomers may have 3 to 10 carbon atoms or 3 to 8
carbon atoms. Exemplary g-olefin co-monomers include, but are not limited to, propylene, 1-
butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, [-nonene, I-decene, 4-methyl-I-pentene, 5-
cthylidene-2-norbornene, and 5-vinyl-2-norbornene. For example, the one or more a-olefin
co-monomers may be sejected from the group consisting of propylene, 1-butene, 1--hexene,

and 1-octene; or in the alternative, from the group consisting of 1-hexene and 1---octene.

[00182] The cthylene-based polymers, for example homopolymers and/or interpolymers
(including copolymers) of ethylene and optionally one or more co-monormers such as a-
olefins, may comprise from at least 50 mole percent (mol%) monomer units derived from
cthylene. All individual values and subranges encompassed by “from at least 50 mol%” are
disclosed herein as separate embodiments; for example, the ethylene-based polymers,
homopolymers and/or interpolymers {including copolymers) of ethylenc and optionally one
or more co-monomers such as a-olefins may comprise at least 60 mol% monomer onits
derived from ethylene; at least 70 mol% monomer units derived from ethylene; at least 0
mol% monomer units derived from ethylene; or from 50 to 100 mol% roonomer units derived

from ethylene; or from 80 to 100 mol% units derived from ethylene.

[00183] In some embodiments, the ethylene-based polymers may comprise at least 90
mole percent units derived from cthylene. All individoal values and subranges from at least

90 mole percent are included herein and disclosed herein as separate embodiments. For
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example, the ethylene-based polymers may comprise at least 93 mole percent units derived
from ethylene; at least 96 mole percent vnits; at least 97 mole percent units derived from
ethylene: or in the alternative, from 90 to 100 mole percent units derived from ethylene; from
90 to 99.5 mole percent units derived from ethylene; or from 97 1o 99.5 mole percent units

derived from ethylene.

[00184] In some embodiments of the ethylene-based polymer, the amount of additional
a-olefin is less than 50%; other embodiments include at least 0.5 mol% to 25 mol%; and in
further embodiments the amount of additional o-olefin includes at least 5 mol% to 10 mol%.

In some embodiments, the additional a-olefin is 1-octene.

[00185] Any conventional polymerization processes may be employed to produce the
ethylene-based polymers. Such conventional polymerization processes include, but are not
limited to, solution polymerization processes, gas-phase polymerization processes, slurry-
phase polymerization processes, and combinations thereof using one or more conventional
reactors such as loop reactors, isothermal reactors, floidized-bed gas-phase reactors, stirred-

tank reactors, batch reactors in parallel, series, or any combinations thereof, for example.

[00186] In one embodiment, the cthylene-based polymer may be produced via solution
polymerization in a dual reactor system, for example a dual-loop reactor system, wherein
ethylene and optionally one or more ¢-olefins are polymerized in the presence of the catalyst
systern, as described herein, and optionally one or more co-catalysts. In another embodiment,
the ethylene-based polymer may be produced via solution polymerization in a dual reactor
system, for example a dual-loop reactor system, wherein ethylene and optionally one or more
d-olefins are polymerized in the presence of the catalyst system in this disclosure, and as
described herein, and optionally one or more other catalysts. The catalyst system, as
described herein, can be used in the first reactor, or second reactor, optionally in combination
with one or more other catalysts. In one embodiment, the ethylene-based polymer may be

produced via solution polymerization in a dual reactor system, for example a dnal-loop
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reactor system, wherein ethylene and optionally one or more g-olefins are polymerized in the

presence of the catalyst systern, as described herein, 1o both reactors.

[00187] In another embodiment, the ethylene-based polymer may be produced via solution
polymerization in a single reactor system, for example a single-loop reactor system, in which
cthylene and optionally one or more g-olefins are polymerized in the presence of the catalyst
system, as described within this disclosure, and optionally one or more co-catalysts , as

described in the preceding paragraphs.

[00188] The cthylenc-based polymers may further comprise one or more additives. Such
additives include, but are not liroited fo, antistatic agenis, color enhancers, dyes, lubricants,
pigments, primary antioxidants, secondary antioxidants, processing aids, UV stabilizers, and
combinations thereof. The ethylene-based polymers may contain any amounts of additives.
The ethylene-based polymers may comprise from about § to about 10 percent by weight of
the total amount of such additives, based on the weight of the ethylene-based polymers and
the one or more additives. The ethylene-based polymers may further comprise fillers, which
may include, but are not limited to, organic or inorganic fillers. The ethylene-based polymers
may contain from about 0 to about 20 weight percent fillers such as, for example, calcium
carbonate, talc, or Mg{OH),, based on the combined weight of the ethylene-based polymers
and all additives or fillers. The ecthylene-based polymers may further be blended with one or

more polyniers to form a blend.

[00189] In some embodiments, a polymerization process for producing an ethylene-based
polymer may include polymerizing ethylene and at least one additional o-olefin in the
presence of a catalyst system, wherein the catalyst system incorporates at least one metal—
ligand complex and at least one bimetallic activator and, optionally a scavenger. The polymer
resulting from such a catalyst system that incorporates the metal-ligand complex and the co-
catalyst may have a density according to ASTM D792 (incorporated herein by reference in its
entirety) from 0.850 g/crn3 to 0.950 g/crn3, from 0.870 g/cm3 to 0.920 g/crn3, from
0.870 g/cm3 to 0.910 g/crn3 , or from 0.870 g/crn3 to 0.900 g/crn3, for example.
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[00190] In another embodiment, the polymer resulting from the catalyst system that
includes the metal-ligand complex and the bimetallic activator having an anion of formula (I)
has a melt flow ratio (I;0/Io) from 5 to 15, in which melt index I, is measured according to
ASTM D1238 (incorporated herein by reference in its entirety) at 190 °C and 2.16 kg load,
and melt index I, is measured according to ASTM D1238 at 190 °C and 10 kg load. In other
embodiments the melt flow ratio (I;¢/I) is from 5 to 10, and in others, the melt flow ratio is

from 5 to 9.

[00191] In some embodiments, the polymer resulting from the catalyst system that
includes the metal-ligand complex has a molecular-weight distribution (MWD) from 1 to 25,
where MWD is defined as My/M, with M,, being a weight-average molecular weight and M,
being a number-average molecular weight. In other embodiments, the polymers resulting
from the catalyst system have a MWD from 1 to 6. Another embodiment includes a MWD
from 1 to 3; and other embodiments include MWD from 1.5 to 2.5.

[00192] Embodiments of the catalyst systems described in this disclosure yield unique
polymer properties as a result of the high molecular weights of the polymers formed and the

amount of the co-monomers incorporated into the polymers.
Batch Reactor Procedure

[00193] Batch reactor experiments were performed in a 1-gallon continuous stirred tank
reactor. The reactor was loaded with Isopar-E hydrocarbon solvents, hydrogen, and the
appropriate amount of octene comonomer before being heated to the specified temperature
and pressurized with ethylene to 450 psi. When the reactor was at pressure the
polymerization was initiated by adding an activated catalyst solution comprising the
procatalyst, bimetallic activator complex , solvent, and triecthylaluminum scavenger.
Polymerization was allowed to proceed for 10 minutes while maintaining reactor temperature
and pressure. After the reaction was completed the polymer was collected and dried in a

vacuum oven overnight before being analyzed.
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Polyoctene Screening Procedure

[00194] Neat 1-octene (11 mL) was added to a 40 mL-vial equipped with a stir bar. The
vial was placed in a polyurethane insulating block that itself was placed on a magnetic stir
plate. The activator was added to the stirring solution. A solution of the catalyst was then
added. The vial was immediately capped with a septum screw-cap lid and a thermometer
probe was inserted into the vial such that the probe tip was submerged in the 1-octene
solution. The thermometer probe was connected to a digital recorder to record the time and
temperature at 5-second intervals. The vial was allowed to continue stirring and was

monitored for 10 minutes.
EXAMPLES

[00195] Examples 1 to § are synthetic procedures for intermediates of activators and for
activators themselves. One or more features of the present disclosure are illustrated in view

of the examples as follows:

[00196] Example 1 - Synthesis of [(‘Bu‘O);Al(pentafluorobenzoate) Al(O'Bu")3]°
[Me(H)N(octyl)2]* (Activator A):

Q )ﬁ FoC cr
3
(\/\/\/ . Fol - /\C\FCF3 F3C oFs J CF3 F3C+
. OH (014 Min CgHsF) = 2 30 o~d—o kaca
Ne F { / O——’A\"O cE
L/\/\/ 0 CeHsF (4 mL) FSCXO R £ 9 PN
FF FoC ¢ry x> (\‘H/\/\/
F E F3C CF3

[00197] An oven-dried vial was charged with N-methyldioctylamine (33 mg, 0.13 mmol),
fluorobenzene (1 mL), and a stir bar. The solution was then treated with pentafluorobenzoic
acid (28 mg, 0.13 mmol) and was stirred for 20 min. The resulting solution was then placed

in the glove box freezer (=35 °C) for 20 min. A second vial was charged with a solution of
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Al(O’BuF)g (1.9 mL, 0.26 mmol) and a stir bar and was then placed in the freezer for 20 min.
Once both solutions were cooled, the benzoic acid/amine solution was slowly added to
Al(O’BuF)g, and allowed to stir in the glovebox freezer for 1 hr. The volatiles were removed

under vacuum and the resulting oil was used as is in subsequent reactions (230 mg, 92%).

[00198] 'H NMR (400 MHz, Methylene Chloride-d,) & 5.30 — 4.89 (m, 1H), 3.27 (m, 2H),
3.14 (ddt, J = 12.6, 10.3, 6.1 Hz, 2H), 2.99 (d, J = 5.5 Hz, 3H), 1.77 (m, 3H), 1.50 — 1.22 (m,
22H), 0.97 — 0.83 (m, 6H). *’ Al NMR (104 MHz, Methylene Chloride-d») § 39.12. *C NMR
(101 MHz, Methylene Chloride-d>) & 166.41, 145.54 — 145.10 (m), 142.92 — 142.50 (m),
140.08 — 139.45 (m), 137.62 — 136.84 (m), 128.71 — 128.00 (m), 121.37 (q, J = 291.4 Hz),
79.92 — 77.79 (m), 59.17, 42.24, 32.00, 29.28 (d, J = 2.9 Hz), 26.49, 25.26, 22.97, 14.06.

[00199]  Example 2: Synthesis of ['Bu"O);Al(pentafluorobenzoate) Al(O'Bu' )]

[Armenium]* (Activator B)

0
FsC Al\l\
FiC~—0"" Q F5C FFs FiC
CF
FsC FSC/\(;CFG Fioo SFs Y‘CFS F30+ 3
0.5eq 0-5eq ok CX 9 FC
. E r F _ 3 O~Ar——0, A ’\<CF3
/ OH ro. 4 =0 1 07 R,
C18H37—N, T E ¢ F F OXCF CABHT—NI*
C18H37 \ CeHsF (4 mL) FsC 3 -
0 e # CF C18H37
F F 8 F r FsC CF3

F

[00200] An oven-dried vial was charged with Armeen M2HT (113 mg, 0.21 mmol),
fluorobenzene (1 mL), and a stir bar. The solution was then treated with pentafluorobenzoic
acid (PFBA) (45 mg, 0.21 mmol) and was stirred for 20 min. The resulting solution was then
placed in the glove box freezer (—35 °C) for 20 min. A second vial was charged with a
solution of Al(OtBuF)g, (3 mL, 0.42 mmol) and a stir bar and was then placed in the freezer for
20 min. Once both solutions were cooled, the benzoic acid/Armeen solution was slowly

added to AI(O'Bu');, and allowed to stir in the glovebox freezer for 1 hr. An aliquot was
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analyzed by NMR spectroscopy, confirming complete conversion. The volatiles were

removed under vacuum and the resulting oil was used as is in subsequent reactions.

[00201] 'F NMR (376 MHz, Benzene-dg) & -75.44, -139.84, -148.40 (ddd, J = 20.5, 16.2,
4.3 Hz), -160.30 — -160.82 (m).

[00202] Example 3 - Synthesis of ['Bu"0);Al(u-OH)AL(OBu")3] [PhsC]* (Activator C):

CF, FsC Phe_,Ph
F CF, F3C\f__CF3 F3C—}/CF3 (I:+
30\’_.CF3 i Ph
5 0.5 eq. Ph;COH FiC C‘> , CFy
-+ - — CF
FAC A| - FsC 0] AI\O/AI (0] - 3
FC——0"" 9 CeHsF (2 mL) FsC é Ao d 3
FsC Fsc/\‘CFs FaC CFs
CFs F,C CFy  FiC CF,

[00203] An oven-dried vial was charged with AI(OC(CF5)3)3 (1 mL, 0.14 mmol, 0.14 M in
Ce¢HsF), and a stir bar. The solution was placed in the glove box freezer (-35 °C) for 20 min.
While stirring, the solution was treated with PhsCOH (18 mg, 0.07 mmol) and allowed to stir
overnight in the freezer. The solution was dried under vacuum, and the resulting solid was

washed with pentane several times yielding 103 mg, an 85% yield of a solid.

[00204] 'H NMR (400 MHz, Methylene Chloride-d») & 7.89 (broad s, 15H), 2.90 (s, 1H).
F NMR (376 MHz, Methylene Chloride-d>) & -75.57. ’Al NMR (104 MHz, Methylene
Chloride-d>) § 40.14.

[00205] Example 4 —  Synthesis of [AI(OC(CFs)3)s(acetate) Al(O(C(CF3)3)3]
[Ph3C]*(Precursor to Activator D)
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0.14 M (in CgHsF)

[00206] In a nitrogen glovebox, an oven-dried vial was charged with a solution of
Al(OtBuF)g (0.66 mL, 0.092 mmol, 0.14 M in C¢HsF), and a stir bar. The resulting solution
was treated with potassium acetate (5 mg, 0.046 mmol) and allowed to stir overnight at room
temperature. The volatiles were removed under vacuum, and the resulting sticky oil was
triturated with pentane and decanted three times, producing a white powder, which was dried
under vacuum (Yield: 70 mg, 97%). 'H NMR (400 MHz, Methylene Chloride-d>) 6 2.33 (s,
1H). "°F NMR (376 MHz, Benzene-ds) 5 —75.16. *’Al NMR (104 MHz, Benzene-ds) & 38.83.

[00207] Example 5 — Synthesis of [AI(OC(CFs3)3);3(acetate) Al(O(C(CF3)3)3]
[PhsC]*(Activator D)

FsC_CFs FsC

CF, K" F.C CFs  FC
CF; F3C 3 3 3 +
e fFs 4 )| )LCFs F,C—t-CFs PhsC
Q FC PhyCCl FaC T3 0 '
FaC” "O~ai—0 | i CFs : y / Q FC
/o——Al—ok MW: 278.78 FsC” "O~Ar— ! CFs
/ CFs - o—Al~0—K
FsC O 4 - l )4 / CFs
FoC CF, CHxCl, F30>(O o
F
¥ CFRy FsC CFs FoC L, XC?: ®
FsC CFs

[00208] In a nitrogen glovebox, an oven-dried vial was charged with
[(Bu"O)s3Al(acetate)Al(O'Bu’)3] [K]* (60 mg, 0.0384 mmol), CH,Cl, (2 mL), and a stir bar.
The solution was slowly treated with trityl chloride (11 mg, 0.0384 mmol) and then placed in
the freezer (—35 °C) and stirred for 1 hr. The solution was taken out of the freezer and stirred

for an additional 1 hr at room temperature. The solution was filtered through a plug of Celite
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and the volatiles were removed under vacuum. The resulting solid was washed with pentane
and decanted three times, and then dried under vacuum (52 mg, 77%). 'H NMR (400 MHz,
Methylene Chloride-d») & 8.30 (t, J = 7.6 Hz, 3H), 7.96 — 7.85 (m, 6H), 7.68 (d, J = 7.4 Hz,
6H), 2.32 (s, 3H). ’F NMR (376 MHz, Methylene Chloride-d>) & -75.95.

[00209] Example 6 - Synthesis of AI(OC(CF3)3)3 (2—undecylirnidazolide)Al(OtBuF)g]‘[Na]+
(Precursor to Activator E)

C1qHo3
CFy CF FaC
FsC NaN"SN FsC Foc—prCFs Na
\f—CF:; 0 5 eq _ CF3 3 —'\/
Q e Q CuHas Q  CF
FsC l F C;— )\ Al—O (SZF
3 Al > 3 O—AI'— N\ = Al 3
F3C+O/ o CGHsF F3C N‘ _ N' CF3
FaC F,C” 1 CF3 o] Q
CF, FaC CF,
FsC CF3 FsC CF;

[00210] In a nitrogen glovebox, an oven-dried vial was charged with sodium
2-undecylimidazolide (54.6 mg, 0.224 mmol, 1 equiv.). A solution of AI(OC(CF3)3); (3.0
mL, 0.447 mmol, 0.149 M in fluorobenzene, 2 equiv.) was removed from a -30 °C freezer,
stirred until homogeneous, and added to the imidazolide. The reaction was stirred for 1 h,
warming to room temperature. Within the first few minutes, the reaction became
homogeneous. Hexane (15 mL) was layered onto the solution and it was allowed to sit at
room temperature for 18 h. The vial was shaken and stored in a —30 °C freezer for 6 h,
however still no solid precipitated. All volatiles were removed under reduced pressure,
yielding a white solid. The solid was triturated with hexane (5 mL) and dried under reduced
pressure (this process was repeated for a total of two times) to yield a white solid (386.1 mg,

quantitative yield).

[00211] 'H NMR (400 MHz, THF-ds) § 7.09 (s, 2H), 3.01 (t, J = 7.8 Hz, 2H), 1.53 — 1.41
(m, 2H), 1.33 — 1.13 (m, 14H), 1.12 — 1.01 (m, 2H), 0.86 (t, J = 6.8 Hz, 3H). 3C NMR (101
MHz, THF-ds) § 159.40, 124.59, 120.93 (d, Je.r = 292.7 Hz), 31.78, 30.47, 29.51, 29.43,
29.41, 29.24, 29.16, 27.44, 26.99, 22.47, 13.32. '°F NMR (376 MHz, THF-ds) & -75.51. Al
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NMR (104 MHz, THF-dg) 6 41.94 (vip = 175 Hz). HRMS (ESI) Calculated for
C38H25A12F54N206 [M_] 16850487, found 1685.057.

[00212] Example 7 - Synthesis of [AI(OC(CFj3)3)3(2-undecylimidazolide) AI{OC(CF3)3)s]

[Armeenium]* (Activator E)

/
¢Fs FaC . /.,cr CF FiC Cighar—NH"
Fgc\f_CF3 FiC _‘/CFa Na Crasr—NH" FsC éFa F.C—}-CF3 CisHsr
CigHar
e 9 iﬂ"zs ®  cR e e 9 )C\“H% Q  cFR
FaC——0—Ar—y \N”AI—O+CF3 FaC——0—Ar—y \N»AI—O+CF3
LA T S oHF ) O]
o Q
ek oo
FsC CFs FsC CF3 F,C CFy FsC CF,

[00213] In a nitrogen glovebox, an oven-dried vial was charged with sodium
[AI(OC(CF3)3)s]2[2-undecylimidizolide] (276.3 mg, 0.162 mmol, 1 equiv.), Armeenium
M2HT HCI salt (92.6 mg, 0.162 mmol, 1 equiv.), and toluene (7 mL). The reaction was
stirred at room temperature for 2 h. A fine precipitate formed. The solution was passed
through a 0.45-pm syringe filter in line with a 0.2-um syringe filter. The filter was washed
three times with 1 mL of toluene. The combined filtrates were concentrated under reduced

pressure to yield a clear oil (341.1 mg, 95% yield).

[00214] 'H NMR (500 MHz, Toluene-d8) & 7.50 (s, 2H), 3.47 (t, J = 7.7 Hz, 2H), 1.93 —
1.87 (m, 2H), 1.82 (t, J = 8.4 Hz, 4H), 1.51 (s, 3H), 1.48 — 1.13 (m, 73H), 1.03 — 0.80 (m,
16H). *C NMR (101 MHz, Toluene-d8) & 160.00, 125.00, 121.38 (d, J = 292.4 Hz), 80.63 —
77.45 (m), 56.28, 39.68, 31.97, 31.94, 30.90, 29.89, 29.82, 29.80, 29.78, 29.76, 29.70, 29.67,
29.64, 29.55, 29.48, 29.46, 29.38, 29.26, 28.81, 27.82, 27.44, 25.84, 23.70, 22.70, 22.68,
13.81. F NMR (470 MHz, Toluene-d8) & -74.68. ’Al NMR (130 MHz, Toluene-d8) &
42.48. (v1/2 = 285 Hz). HRMS (ESI) Calculated for C37H78N [M+] 536.6129, found
536.6116. Calculated for C38H25A12F54N206 [M-] 1685.0487; found 1685.0461.
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[00215] Example 8 - Synthesis of [(‘Bu"0);Al(OTH)AI(OBu")3] [PhsC]* (Activator F)

CF R A FaC cry
3 3 FaC
F3C+CF \l—CF “’ Phe_.Ph
PhsCOTF FioC CF,q ¢
| — CF Ph
AI 3C+O—A| —0 O/A' Y 3
FC o~ T Q CeHsF FaC | \ s CFg
3 S—CF
/\~ 0 3 O
FsC FsC CF:; FiC O CF3
FsC CF
FsC CFs 3 3

[00216] An oven-dried vial was charged with a solution of AI(O[BUF)3 (1 mL, 0.14 mmol,
0.14 M) and a stir bar. While stirring, the solution was treated with PhsCOTf (27 mg, 0.07
mmol), producing a clear, yellow solution. The volatiles were removed under vacuum, and
the resulting oil was then triturated with pentane and the solvent was decanted then dried
under vacuum, producing a yellow powder (98 mg, 75%; purity by '°F NMR: 77%). '"H NMR
(400 MHz, Benzene-de) 6 7.48 (t, J = 7.6 Hz, 3H), 7.10 (t, J = 7.7 Hz, 6H), 6.67 (d, J = 7.8
Hz, 6H). '°F NMR (376 MHz, Benzene-de) 5 -75.10 (s, 3F), -75.96 (s, 54F). *’ Al NMR (104
MHz, Methylene Chloride-d»): not observed.

[00217] Example 9 — Polymerization Results

[00218] The polymerizations were carried out in a batch reactor. The activator efficiency
and resulting polymer characteristics were assessed for Activators A — F each anion in the
Activators A—F had an anion according to formula (I) — and a catalyst (Catalyst 1) presumed

to form from a procatalyst according to the bis((phenylphenoxy) structure of the formula (X).
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Procatalyst 1

[00219] Each of bimetallic Activators A, B, C, D, E, and F and Comparative Activator C1
and Comparative Activator C2 (herein “Comparative C1” and “Comparative C2”) were
mixed with Procatalyst 1 to form seven catalyst systems. Comparative C2 was modified
methylaluminoxane (MMAO-3A). Comparative C1 was a compound having a
tetrakis(pentafluorophenyl)borate anion and *NH(Me)(CgHz;)> as a countercation. The
Comparative C1 and Comparative C2 have been successfully used in industrial-scale olefin

polymerization reactions.

— S

N
R FFTFR F CHy

® : 1
F B F C18H37_N\H Comparatlve C

CqgH
£ FFﬁFF . 18H37
FY'F

[00220] The efficiencies of the inventive Activators A—E and Comparative C1 and

Comparative C2 and the polymer characteristics of the polymers yielded from the inventive
Activators A—F and Comparative C1-C2 were determined. The results are summarized in

Table 1 and Table 2.



WO 2019/190925 PCT/US2019/023643

48-

[00221] The data in Table 1 were obtained at 140 °C polymerization temperature, and the
data in Table 2 were obtained at 190 °C.

Table 1: Catalyst Efficiencies of Catalyst 1 Activated with Activators at 140 °C

Activator Efficiency* M, My, PDI

Comparative C1 1,722,680 85,591 173,696 2.03
Comparative C2 1,581,318 62,630 133,754 2.14

Activator B 382,818 76,429 158,106 2.07
Activator C 964,701 88,154 194,968 221
Activator D 530,444 74,362 151749 2.04
Activator E 2,654,081 74557 156454 2.10
Activator F 686,984 102,220 206,555 2.02

*Efficiency is defined in units of grams of polymer per gram of active metal (Hf or Zr).

Table 2: Catalyst Efficiencies of Catalyst 1 Activated with Activators at 190 °C

Activator Efficiency™ M, My, PDI
Comparative C1 974,445 37,591 72,012 1.92
Activator A 342,342 46,016 89,938 1.95
Activator B 1,096,251 33,025 63,118 1.91
Activator C 730,834 43,213 84,062 1.94
Activator D 365,417 46,016 89,938 1.95
Activator F 288,157 41,513 83,569 2.01

*Efficiency is defined in units of grams polymer per gram of active metal (Hf or Zr).

Batch reactor conditions for Tables 1 and 2: 1.47 kg of Isopar™ E; 100 grams of octene, 410
psi of ethylene; activator : catalyst ratio was approximately 1.2:1; MMAO-3A was used as an

impurity scavenger at a MMAQO-3A : procatalyst mole ratio of approximately 50.
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Table 3: Polyoctene screen Peak Exotherm

Activator (2.5

PCT/US2019/023643

umol) Catalyst (umol) Max Temp. (°C)
Comparative C1 Cat. 1(2.0) 96
Activator A Cat. 1 (2.0) 120
Activator B Cat. 1 (2.0) 100
Activator C Cat. 1 (2.0) 94
Activator D Cat. 1 (2.0) 40
[00222] The results in Table 3 indicated that the Activators A, B, C, and D were capable of

activating Procatalyst 1 and producing a polyoctene homopolymer.

The “Max Temp,” in

Table 3, was the maximum adiabatic temperature in degrees Celsius in the reactor.

Increasing adiabatic temperatures indicated an increasing amount of polymer produced.

Table 4: Results from Electrical Experiments Conducted with the Hydrocarbon

Conductivity Test

Activator Dissipation Dissipation Dissipation Factor | Dissipation Factor in
Factor Factor in solution after solution after
no water with water heating to 250 °C, heating to 250 °C
(60 Hz) (60 Hz) no water (60 Hz) with water (60 Hz)
Comparative 0.16 -—-- 0.43 -—--
Cl
Activator E 0.41 0.24 1.22 0.03
[00223] The Hydrocarbon Conductivity Test, as described in this disclosure, simulates the

post-polymerization process when the produced polymer resins are washed with water to

remove the catalyst and co-catalyst residue. The results summarized in Table 4 indicate that

the Activator E has a lower dissipation factor than the B(C¢Fs)4 anion present in Comparative

Cl.

[00224]

Based on the results summarized in Table 4, it is believed that the water interacts

with the inventive Activators to reduce the contribution of the Activators to the electrical

properties. It is believed, without desiring to be bound by such belief, that the water
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chemically reacts with the activator to form degradation products that do not significantly
contribute to charge transport, thereby causing the polymers produced by the inventive
activators to exhibit low conductivity. However, it is believed that Comparative C1 does not
react with water under the conditions of the HC Test. Since Comparative C1 consists of ionic
species — anions and cations — it contributes to ionic charge transport both before and after

water addition.

[00225] As previously described, the hydrocarbon solution in the HC Test is heated to
remove water. It is believed, without desiring to be bound by such belief, that the water,
antioxidant, and/or heat of the water-removal process degrade the inventive activators,
resulting in the formation of degradation products that do not significantly contribute to
charge transport. It is assumed that Comparative C1 does not significantly degrade under the
polymerization conditions, and that, as an ionic species, Comparative C1 contributes to ionic
charge transport in the elastomer. Since the inventive activators result in the formation of
degradation products that do not significantly contribute to charge transport, the inventive

activators are able to produce insulting polymers.

[00226] In the FIGURE, the TGIC spectrum for resins generated from activators of the
present invention demonstrated that the B(C¢Fs)4 anion present in Comparative C1 achieves
monomodal composition distributions. This stands in contrast to Comparative C2, which
shows a broad, bimodal composition distribution and leads to sticky pellets. The inventive
activators achieve monomodal composition distributions similar to Comparative Cl1.
Additionally, the results summarized in Table 4 indicate that Activator E has a better

dissipation factor than the B(CgFs)4 anion present in Comparative C1.

High Comonomer Content (HCC) Method by TGIC

[00227] A commercial Crystallization Elution Fractionation instrument (CEF) (Polymer
Char, Spain) was used to perform the high temperature thermal gradient interaction
chromatography (TGIC) measurement (Cong, et al., Macromolecules, 2011, 44 (8), 3062-
3072). A HYPERCARB column (100 X 4.6 mm, Part# 35005-104646, Thermo Scientific)
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was used for separation. A “8 cm x 0.48 cm (3/16 inch ID)” stainless steel column packed
with 27-micron glass beads (Catalog# GL01918/20-27um, MO-SCI Specialty Products, LLC,
Rolla, MO, USA), was installed in front of the IR detector, in the top oven of the CEF
instrument. The experimental parameters arc as follows: a top oven/transfer line/needle
temperature at 150 °C, a dissolution temperature at 160 °C, a dissolution stirring setting at 2,
a sample loading volume of 0.400 mL, a pump stabilization time of 15 seconds, a pump flow
rate of cleaning column at 0.500 mL/m, a pump flow rate of column loading at 0.300
ml/min, a stabilization temperature at 150 °C, a stabilization time (pre, prior to load to
column) at 3.0 min, a stabilization time (post, after loaded to column) at 1.0 min, a SF
(Soluble Fraction) time at 3.0 min, a cooling rate of 3.00 °C/min from 150 °C to 30 °C, a flow
rate during the cooling process of 0.01 mL/min, heating rate of 2.00 °C/min from 30 °C to
160 °C, an isothermal time at 160 °C for 10 min, an elution flow rate of 0.500 mL/min, and

injection loop size of 140 microliters.

[00228] Samples were prepared by the PolymerChar autosampler at 160 °C, for 60
minutes, at a concentration of 4.0 mg/mL in ODCB. Prior to use, silica gel 40 (particle size
0.2 ~0.5 mm, catalogue number 10181-3, EMD) was dried in a vacuum oven at 160 °C for
about two hours. An amount of 2,5-di-tert-butyl-4-methylphenol (1.6 grams, BHT, catalogue
number B1378-500G, Sigma-Aldrich) and silica gel (5.0 grams) were added to two liters of
ortho-dichlorobenzene (ODCB, 99% anhydrous grade, Sigma-Aldrich), creating an ODCB

solution. The ODCB solution was purged with dried nitrogen (N) for one hour prior to use.

[00229] The TGIC data was processed on a PolymerChar (Spain) “GPC One” software
platform. The temperature calibration was performed with a mixture of about 4 to 6 mg of
eicosane, 14.0 mg of isotactic homopolymer polypropylene iPP (polydispersity of 3.6 to 4.0,
and molecular weight (Mw) reported as polyethylene equivalent of 150,000 to 190,000, and
polydispersity (Mw/Mn) of 3.6 to 4.0), and 14.0 mg of homopolymer polyethylene HDPE
(zero comonomer content, Mw reported as polyethylene equivalent as 115,000 to 125,000,
and polydispersity of 2.5 to 2.8), in a 10-mL vial filled with 7.0 mL of ODCB. The

dissolution time was 2 hours at 160 °C.
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[00230] The calibration process (30 °C to 150 °C for eicosane elution and HDPE elution)
included the following steps: (1) the eluting temperature was extrapolated for each of the
isothermal steps during elution according to heating rate (demonstrated in Figure 1). (2) The
delay volume was calculated, and the temperature (x-axis) was shifted corresponding to the
IR measurement channel chromatogram (y-axis), so that the eicosane peak (y-axis) is
coincident with elution temperature at 30.0 °C. The delay volume is calculated from the
temperature difference (30 °C — the actual elution temperature of the eicosane peak) divided
by heating rate of the method, and then multiplied by elution flow rate. (3) Each recorded
elution temperature was adjusted with this same delay volume adjustment. (4) The heating
rate was linearly scaled, so that the HDPE reference has an elution peak temperature of 150.0
°C, while maintaining an eicosane elution peak temperature of 30.0 °C. Finally, (5) the peak
temperature of the polypropylene was observed to be from 119.3 to 120.2 °C, which is a

validation of the calibration method.
Data processing for polymer samples of TGIC

[00231] A solvent blank (pure solvent injection) was run under the same experimental
conditions as the polymer samples. Data processing for polymer samples includes:
subtraction of the solvent blank for each detector channel, temperature extrapolation, as
described in the calibration process, compensation of temperature with the delay volume,
determined from the calibration process, and adjustment in elution temperature axis to the 30

°C and 160 °C range, as calculated from the heating rate of the calibration.

[00232] The chromatogram was integrated with PolymerChar “GPC One” software. A
straight baseline was drawn from the visible difference, when the peak falls to a flat baseline
(roughly a zero value in the blank subtracted chromatogram) at high elution temperature and

the minimum or flat region of detector signal on the high temperature side of the soluble

fraction (SF).

[00233] The upper temperature integration limit was established, based on the visible

difference when the peak falls to the flat baseline region (roughly a zero value in the blank
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subtracted chromatogram). The lower temperature integration limit was established, based on

the intersection point of baseline with the chromatogram including the soluble fraction.

[00234] The “High Comonomer Content (HCC)” is defined as the weight percentage of the
material eluting at a temperature less than or equal to 65.0 °C. The HCC was calculated by
integrating the IR measurement channel, at temperatures less than, and including, 65.0 °C,

and dividing this value by the total integration of the IR measurement channel.
Equipment Standards

[00235] All solvents and reagents are obtained from commercial sources and used as
received unless otherwise noted. Anhydrous toluene, hexanes, tetrahydrofuran, and diethyl
ether are purified via passage through activated alumina and, in some cases, Q-5 reactant.
Solvents used for experiments performed in a nitrogen-filled glovebox are further dried by
storage over activated 4A molecular sicves. Glassware for moisture-sensitive reactions is
dried in an oven overnight prior to use. NMR spectra are recorded on Bruker Avance III HD
400 MHz NMR, Varian 400-MR or VNMRS-500 spectrometers. LC-MS analyses are
performed using a Waters e2695 Separations Module coupled with a Waters 2424 ELS
detector, a Waters 2998 PDA detector, and a Waters 3100 ESI mass detector. LC-MS
separations are performed on an XBridge C18 3.5 um 2.1x50 mm column using a 5:95 to
100:0 acetonitrile to water gradient with 0.1% formic acid as the ionizing agent. HRMS
analyses are performed using an Agilent 1290 Infinity LC with a Zorbax Eclipse Plus C18
1.8um 2.1x50 mm column coupled with an Agilent 6230 TOF Mass Spectrometer with
electrospray ionization. '"H NMR data are reported as follows: chemical shift (multiplicity (br
= broad, s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, sex = sextet, sept = septet
and m = multiplet), integration, and assignment). Chemical shifts for '"H NMR data are
reported in ppm downfield from tetramethylsilane (TMS, & scale) using residual protons in
the deuterated solvent as references. ">C NMR data are determined with 'H decoupling, and
the chemical shifts are reported downfield from tetramethylsilane (TMS, & scale) in ppm

using residual carbons in the deuterated solvent as references.



