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PROCESS FOR PREPARING AN OLEFIN-ACRYLATE BIBLOCK COPOLYMER

CROSS-REFERENCE TO RELATED APPLICATIONS
{0081] The present application clatms benefit of priority to U.S. Application No.
62/954,941, filed on December 38, 2019, which is incorporated herein by reference in its
entirety.
BACKGROUND
{00G2] The present disclosure is directed to a process to synthesize olefin-acrylate diblock
copolymers using nitroxide-mediated polymerization (NMP) of an acrylate monomer o
prepare a functionalized polyacrylate that is subsequently end-capped with an alpha-
substituted acrylate monomer (such as an alpha-(alkyl) acrylate monomer or an alpha-
{polymeryl) acrylate monomer). During the process, the alpha-substituted acrylate monomer,
which is amenable o reaction using standard NMP processes known in the art, is employed
as an end-capping monomer of a polyacrylate prodaced by NMP to form an olefin-acrylate
diblock copolymer. This process had not been realized until the disclosures of the present
application.
SUMMARY
{0083] The present disclosure is directed to a process for preparing an olefin-acrylate
diblack copolymer, the process comprising:

a}  performing nifroxide-mediated polymerization (NMP) by combining NMP
materials comprising an acrylate monomer and a nitroxide initiator, thereby forming a
nitroxide macroinitiator; and

b combining end-capping-reaction materials comprising an alpha-substituted
acrylate and the nitroxide macroinitiator, thereby forming the olefin-acrylate diblock
copolymer.

BRIEF DESCRIPTION OF DRAWINGS
{0004] FIGS. 1A and 1B provide the 1H NMR and 13C NMR spectra, respectively, for
Example 1.

DETAILED DESCRIPTION

Definitions
[6005] Al references to the Periodic Table of the Flerpents herein shall refer to the
Periodic Table of the Elements, published and copyrighted by CRC Press, Inc.. 2003, Also,
any references to a Group or Groups shall be to the Group or Groups reflected in this Periodic

Table of the Elements using the IUPAC systern for numbering groups.
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{0006] Unless stated to the contrary, implicit from the context, or customary in the art, all
parts and percents are based on weight.

{8007] For purposes of United States patent practice, the contents of any patent, patent
application, or publication referenced herein are hereby incorporated by reference in their
entirety (or the equivalent US version thereof is so incorporated by reference) especially with
respect to the disclosure of synthetic techniques, definitions (to the extent not inconsisteni
with any definitions provided herein) and general knowledge in the art,

{6088] The numerical ranges disclosed herein include all values from, and including, the
lower and upper value. For ranges containing explicit values {e.g., 1, or 2, 0r 3 to 5, 0r 6, or
7), any subrange between any two explicit values is included (e.g., Tto 2; 2106, Sto7; 3 to
7; 5 to 6; ete.). The numerical ranges disclosed herein further include the fractions between
any two explicit values.

{00891  The terms “comprising,” “including,” “baving” and their derivatives are not
intended to exclude the presence of any additional component, step or procedure, whether or
not the same is specifically disclosed. In contrast, the term “consisting essentially of”
excludes from the scope of any succeeding recitation any other component, step, or
procedure, excepting those that are not essential to operability. The term “counsisting of”
excludes any component, step, or procedure not specifically delineated or listed. The term
“or,” unless stated otherwise, refers to the listed mermbers individually as well as in any
combination.

{0016] As used herein, the terms “hydrocarbyL” “hydrocarbyl group,” and like terms refer
to comapounds composed entirely of hydrogen and carbon, including aliphatic, aromatic,
acyclie, cyclic, polyeyclic, branched, unbranched, saturated, and unsaturated compounds.
The terms “hydrocarbyl,” “hydrocarbyl group,” “alkyl.” “alkyl group.” “aryl,” “aryi group,”
and hike terms are intended to include every possible tsomer, including every structural
isomer o stereoisomer.

{0011] The term “cyclic” vefers to a series of atoms in a polymer or compound where such
a series includes one or more rings. Accordingly, the term “cyclic hydrocarbyl group” refers
to a hydrocarbyl group that contains one or more rings. A “cyclic hydrocarbyl group,” as
used herein, may contain acyclic (linear or branched) portions in addition to the one or more
rings.

{0012] The term "polymer” refers to a material prepared by reacting (i.e., polymerizing) a
set of monormers, wherein the set is a homogenous (i.e., only one type) set of roonomers or a
heterogeneous {i.e., more than one type) set of monomers. The term polymer as used berein
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inclhudes the term "homopolymer,” which refers to polymers prepared from a homogenous set
of monomers, and the term “interpolymer” as defined below.

{0013]  The torm "interpolymer” refers to a polyrer prepared by the polymerization of at
least two different types of monomers. This term inchude both “copolymers,” i.e., polymers
prepared from two different types of monomers, and polymers prepared from more than two
different types of monormers, e.g., terpolyroers, fetrapolymers, etc. This terra also embraces
all forms of interpolymers, such as random, block, homogencous, heterogeneous, etc.

{6014] A “polyolefin” is a polymer produced from the polymerization of an olefin as a
monomer, where an olefin monomer is a Hnear, branched, or cyclic corpound of carbon and
hydrogen baving at least one double bond. Accordingly, the term “polyolefin,” as used
herein, inclodes and covers the terms “ethylene-based polymer,” “propylene-based polymer,”

39 66

“ethylene homopolymer,” “propylenc homopolymer,” “ethylene/alpha-olefin interpolymer,”

LIS

“ethylene/alpha-olefin copolymer,” “cthylenc/alpha-olefin multiblock interpolymer,” “block

39 ¢x 25

composite,” “specified block composite,” “crystalline block composite,” “propylene/alpha-
olefin interpolymer,” and “propylene/alpha-olefin copolymer.”

{0015] An “cthylene-based polymer” is a polymer that contains a majority amount of
polymerized ethylene, based on the weight of the polymer, and, optionally, may further
contain polymerized units of at least one comonomer. An “cthylene-based interpolymer” is
an interpolymer that contains, in polymerized form, a majority amount of ethylene, based on
the weight of the interpolymer, and further contains polymerized units of at least one
comonomer. An “ethylene homopolymer” is a polymer that comprises repeating units
derived from ethylene but does not exclude residual amounis of other components.

{8016] The term “cthylenc/alpba-olefin nterpolymer,” as used berein, refers to a polymer
that comprises, in polymerized form, a majority weight percent of ethylene (based on the
weight of the interpolymer), and at least one comonomer that is an alpha-olefin. The
ethylene/alpha-olcfin interpolymer may be a randor or block interpolymer. The terms
“ethylene/alpha-olefin copolymer™ and “ethylene/alpha-olefin multi-block interpolymer” are
covered by the term “ethylene/alpha-olefin interpolymer.”

{8017] The term “cthylenc/alpha-olefin copolymer,” as used herein, refers to a copolymer
that coraprises, in polymerized form, a majority weight percent of ethylene (based on the
weight of the copolymer), and a comonomer that is an alpha-olefin, where ethylene and the
alpha-olefin are the only two monomer types. The ethylene/alpha-olefin copolymer may be a

randoro of block copolymer.



WO 2021/138076 PCT/US2020/065768

{0018] The term “ethylene/alpha-olefin multi-block interpolymer” or “olefin block
copolymer,” as used herein, refers {0 an interpolymer that includes ethylene and one or more
copolymerizable alpha-olefin comonomers in polyroerized form, characterized by multiple
blocks or segments of two or more (preferably three or more) polymerized monomer units,
the blocks or segments differing in chemical or physical properties. Specifically, this term
refers to a polymer comprising fwo or more (preferably three or more) chemically distinet
regions or segments (referved to as “blocks”) joined in a linear manner, that is, a polymer
comprising chemically differentiated units which are joined (covalently bonded) end-to-end
with respect to polymerized functionality, rather than in pendent or grafted fashion, The
blocks differ in the arnouant or type of comonomer incorporated therein, the density, the
amount of crystallinity, the type of crystallinity {e.g., polyethylene versus polypropylene), the
crystallite size attributable to a polymer of such composition, the type or degree of tacticity
(isotactic or syndiotactic), region-regularity or region-uregularity, the amount of branching,
including long chain branching or hyper-branching, the homogeneity, and/or any other
chemical or physical property. The block copolymers are characterized by unique
distributions of both polymer polydispersity (P31 or Mw/Mn) and block length distribution,
e.g.. based on the effect of the use of a shuttling agent(s) in combination with catalyst
systems. Non-limiting examples of the olefin block copolymers of the present disclosuore, as
well as the processes for preparing the same, are disclosed in U.S. Patent Nos. 7,858,706 B2,
8,108,374 B2, 8,318,864 B2, 8,609,779 B2, 8,710,143 B2, 8,785,551 B2, and 9,243,090 B2,
which are all incorporated herein by reference in their entirety.

{001%] The term “block composite” ("BC”) refers to a polymer comprising three polymer
coraponents: (i) an cthylene-based polymer (EP) having an ethylene content from 10 mol% to
90 mol% (a soft copolymer), based on the total motes of polymerized monomer units in the
ethylene-based polymer (EP); (it) an alpha-olefin-based polymer (AGP) having an alpha-
olefin content of greater than 90 mol% (a hard copolymer), based on the total moles of
polymerized monomer units in the alpha-olefin-based polymer (AQP); and (i1} a block
copolymer (diblock copolymer) having an ethylene block (EB} and an alpha-olefin block
{AOB); wherein the cthylene block of the block copolymer is the same composition as the EP
of component (1) of the block composite and the alpha-olefin block of the block copolymer is
the same composition as the AOP of component (it) of the block composite. Additionally, in
the block composite, the compositional split between the amount of EP and AOP will be
essentially the same as that between the corresponding blocks in the block copolymer. Non-

himiting examples of the block composites of the present disclosure, as well as processes for
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preparing the same, are disclosed in U.S. Patent Nos. 8,686,087 and 8,716,400, which are
incorporated herein by reference in their entirety.

{8020] The term “specitied block composite” (“SBC”) refers to a polymer comprising three
polymer components: (i) an ethylene-based polymer (EP) having an ethylene content from 78
mol% to 90 mol% (a soft copolymer), based on the total moles of polymerized monomer
units in the ethylene-based polymer (EP); (i) an alpha-olefin-based polymer (AGP) baving
an alpha-olefin content of from 61 mol% to 90 mol% (4 hard copolymer), based on the total
moles of polymerized monomer units in the alpha-olefin-based polymer (AOP); and (i) a
block copolymer (diblock copolymer) baving an ethylene biock (EB) and an alpha-olefin
block (AOB); wherein the ethylene block of the block copolymer is the same composition as
the EP of component (i) of the specified block composite and the alpha-olefin block of the
block copolymer is the same composition as the AOP of component (it} of the specified block
composite. Additionally, in the specified block composite, the compositional split between
the amount of EP and AOP will be essentially the same as that between the cotresponding
blocks in the block copolymer. Non-Hmiting examples of the specified block composites of
the present disclosure, as well as processes for preparing the same, are disclosed in WO
{00211 The term "crystalline block composite” ("CBC") refers to polymers comprising
three components: (i) a crystalline cthylene based polymer (CEP) having an ethylene content
of greater than 90 m00l%, based on the total rooles of polymerized monomer vnits in the
crystaliine ethylene based polymer (CEP); (i) a crystalline alpha-olefin based polymer
{CAQOP) having an alpha-olefin content of greater than 90 mol%, based on the total moles of
polymerized monomer units in the crystalline alpha-olefin based copolymer (CAOP); and
{1i1) a block copolymer corprising a crystalline ethylene block (CEB) and a crystalline alpha-
olefin block (CAOB); wherein the CEB of the block copolymer is the same composition as
the CEP of component (1) of the crystalline block composite and the CAOB of the block
copolymer is the same composition as the CAOP of component (1) of the crystalline block
composite. Additionally, in the crystalline block composite, the composttional split between
the amount of CEP and CAOP will be essentially the same as that between the corresponding
blocks in the block copolymer. Non-liniting examples of the crystalline block composites of
the present disclosure, as well as the processes for preparing the same, are disclosed in US
Pat. No. 8,822,598 B2 and WO 2016/01028961 Al, which are incorporated herein by

reference in its entirety.
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{8022] A “propylene-based polymer” is a polymer that contains a majority amount of
polymerized propylene, based on the weight of the polymer, and, optionally, may further
contain polymerized units of at least one comonomer. A “propylenc-based interpolymer” is
an interpolymer that contatns, in polymerized form, a majority amount of propylene, based on
the weight of the interpolymer, and further contains polymerized units of at least one
comonomer. A “propyviene homopolymer” is a polymer that coroprises repeating units
derived from propylene but does not exclude residual amounts of other coroponents.

{6023] The term “propylene/alpha-olefin interpolymer.” as used herein, refers to a polymer
that comprises, in polymerized form. a majority weight percent of propylene (based on the
weight of the interpolymer), and at least one comonomer that is an alpha-olefin (where
ethylene is considered an alpha-olefin). The propylene/alpha-olefin interpolymer may be a
random or block interpolymer. The term “propylene/alpha-olefin interpolymer” includes the
term “propylene/alpha-olefin copolymer.”

{6024] The term “propylene/alpha-olefin copolymer,” as used herein, refers to a copolymer
that comprises, in polymerized form, a majority weight percent of propylene (based on the
weight of the copolymer), and a comonomer that is an alpha-olefin, wherein propylene and
the alpha-olefin are the only two monomer types. The propylene/alpha-olefin copolymer
may be a random or block copolymer.

{0025]  The terms “polymeryl,” “polymeryl group” and like terms refer to a polymer
moissing one hydrogen.

{8026] The terms “polyoletinyl,” “polyolefinyl group” and like terms refer to a polyolefin
missing one hydrogen.

Nitrogen-mediated polymerization (NMFP)

{0027]  Step a) of the process of the present disclosure is directed to forming a
functionalized polyacrylate via nitroxide-mediated polymerization. Specifically, step a) of
the present process is directed to performing nitroxide-mediated polymerization (NMP} by
combining NMP materials comprising an dcrylate monomer and a nitroxide initiator, thereby
forming a nitroxide macroinitiator. Technigues suitable for NMP polymerization for step a)
include, for example, those described in J. Am. Chem. Soc., 121, 3904-3920, 1999 and U.S.
Patent No. 4,581,429, which are incorporated herein by refetence.

{6028] In certain embodiments, the acrylate monomer of step a) bas the formula ()

0
T,JL\CD,Fae

(HI),
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wherein R1 is a C1-C30 hydrocarbyl group.

{6029] In certain embodiments, R1 is a C1-C30 hydrocarbyl group that may be linear
branched, or cyclic. In further embodiments, R1 is a C1-C30 alky! group that may be linear,
branched, or cyclic. For example, R1 may be a linear, branched, or cyclic atkyl group
comprising from 1 to 30 carbon atoms, or from 1 to 20 carbon atoms, or from 1 to 10 carbon
atoms, or from 1 to 8 carbon atoms.
{60381  In certamn embodiments, the nitroxide initiator has the formada V)

r1s, R16

R14-C,
R13. N-O—-Z
IC\

RIZVR1t (IV); wherein:

Z represents a group having at least ong carbon atom and is such that the free radical
2 derived from 7, is capable of initiating polymerization of the acrylate monomer of the
formuda (JI) by free radical polymerization and the radical functionality resides on a carbon
ator,

R16, R15, R12, and R11 represent the same or different straight chain or branched
substituted or unsubstituted alkyl groups of a chain length sufficient to provide steric
hindrance and weakening of the O—7 bond of the compound of the formuda (IV), and

R14 and R13 represent the same or different straight chain or branched substituted
alkyl groups or RI4CNCR13 may be part of a cyclic structure which may have fused with it
another saturated or aromatic ring, the cyclic structure or aromatic ring being optionally
substituted.

{6031] Examples of the nitroxide initiator of the formula (IV) include but are not limited to
those disclosed in U.S. Patent No. 4,581,429, which is incorporated herein by reference.
{6032] In certain embodiments, the nitroxide macroinitiator formed in step a) has the

formula (V)

R12
R11-p-R13
i
. R14
,’ A - o
24 O C-pis
< " R1B
07 "OR1 (V). wherein:

7 represents a group having at teast one carbon atom and s such that the free radical
Z+ dervived from 2 is capable of initiating polymerization of the acrylate monorer of the
formuda () by free radical polymerization and the radical functionality resides on a carbon

atorm;
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R16, R15, R12, and R11 represent the same or different straight chain or branched
substituted or unsubstituted alkyl groups of a chain length sufficient to provide steric
hindrance and weakening of the O—Z bond of the compound of the forraula (TV);

R14 and R13 represent the same oy different straight chain or branched substituted
alky! groups or RI4CNCRI13 may be part of a cyclic structure which may have fused with it
another saturated or aromatic ring, the cyelic structure or aromatic ring being optionally
substituted;

R1is a CI-C30 hydrocarbyl group; and

nis from 2 to 500.

{0033] RI! of the nitroxide macroinitiator of the formula (V) is the same as {and may be any
embodiment of) the R1 of the acrylate monomer of the formula (HI).

{0034] In certain embodiments, step a) of the present process may be performed neat. In
further embodiroents, the NMP roaterials in step a) of the present process further coraprise a
sofvent, such as a hydrocarbon solvent.

{8035] In certain embodiments, step a) of the present process is performed at a temperature
that is high enough to generate an active nitroxide radical. For example and without
limitation, step a) of the present process may be performed at a temaperature from 100 to
150°C.

End-capping

{0036] Step b) of the present process is directed to end-capping a functionalized
polyacrylate with an alpha-substituted acrylate, such as alpha-(alkyl) acrylate or an alpha-
{polymeryl) acrylate, to form an olefin-acrylate diblock copolymer. Specifically, step b)) of
the present process 8 directed to combining end-capping-reaction materials coroprising the
alpha-substituted acrylate and the nitroxide macroinitiator of the formula (V), thereby
forming the olefin-acrylate diblock copolymer.

{0037]  In certain embodiments, the alpha-substituted acrylate has the fornmla (3):

U1
wherein R is a C1-C26 hydrocarbyl group or a polyolefinyl group; and
R1is a Ci-C30 hydrocarbyl group.

{6838] RI may be any embodiment as described above.

[0039]  In cerfain embodiments, R is a C1-C26 hydrocarbyl group. In ebodiments

wherein R is a Ci-C26 hydrocarbyl group, R may be a C1-C26 alkyl group that moay be

8



WO 2021/138076 PCT/US2020/065768

Linear, branched, or cyclic. For example, R may be a linear, branched, or eyclic alkyl group
comprising from 1 to 26 carbon atoms, or from 1 to 10 carbon atoms, or from 1 to 8 carbon
atoms.

{0046] In further embodiments, R is a polyolefinyl group. In certain embodiments, R is a
polyolefinyl group, which can be defined by the properties of R-H, wherein R-H has a
nuraber average molecular weight of greater than 365 g/mol. In further embodiments, Ris a
polyolefinyl group, which can be defined by the properties of R-H, wherein R-H has a
number average molecular weight from greater than 365 g/mol to 10,000,000 g/mol. or from
greater than 365 g/mol to 5,000,000 g/mol, or from greater than 365 g/mol to 1,000,800
g/mol, or from greater than 365 g/mol to 750,000 g/mol, or from greater than 365 g/mol to
500,000 g/mol. or from greater than 365 g/mot to 250,000 g/mol.

{0041] In further embodiments, R is a polyolefinyl group, which can be defined by the
propertics of R-H, wherein R-H has a density from 0.850 to 9.965 g/cc, or from 0.860 to
0.950 g/ce, or from 0.865 to 0.925 g/ec.

{8042] In further embodiments, R is a polyolefinyl group, which can be defined by the
propertics of R-H, wherein R-H has a melt index (12} from 0.01 0 2,000 g/10 minutes, or
from .01 to 1,500 g/10 minutes, or from 0.1 to 1,000 g/10 minutes, or from .1 to 500 g/10
minutes, or from 0.1 to 100 g/10 minutes.

{8043] [In further embodiments, R is a polyelefinyl group, which can be defined by the
properties of R-H, wherein R-H has a nurober average molecular weight distribution
{Mw/Mn or PDI) from 1 to 10, or from 1 to 7, or from 1 to 5, or from 2 to 4.

{0044] In cortain embodiments, R is an ethylene homopolymeryl group comprising units
derived from ethylene.

{0045] In certain embodiments, R is an ethylene/alpha-olefin interpolymeryl group
comprising units derived from ethylene and at least one C3-C30 alpha-olefin. The C3-C30
alpha-olefin may be, for example, 1-butene, 4-methyl-1-pentene, 1-hexene, -octene, 1-
decene, 1-dodecene, 1-tetradecene, §-hexadecene, or 1-octadecene.

{6046] In certain embodiments, R is an ethylene/alpha-olefin copolymeryl group
corprising units derived from ethylene and a ©3-C30 alpha-olefin. The C3-C30 alpha-olefin
may be, for example, propylene, 1-butene, 4-methyl-1-pentene, 1-hexene, -octene, 1-decene,
{-dodecene, 1-tetradecene, 1-hexadecene, or -octadecene.

{00471 In certain embodiments, R is an ethylene/alpha-olefin multi-block interpolymeryl

group ot olefin block copolymeryl group as defined herein.
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{0048] In further embodiments, R is a polymeryl group of a block coroposite, a specified
block composite, or a crystalline block composiie, as defined herein.

{0049]  In certain crobodiments, R is a propylene homopolymery! group comprising units
derived from propylene.

{00561 In certain embodiments, R is a propylene/alpha-olefin interpolymeryl group
comprising units derived fromo propylene and at least one comonomer that is ethylene or a
C3-C30 alpha-olefin. The C3-C30 alpha-olefin may be, for example, propylene, 1-butene, 4-
methyl-T-pentens, 1-hexene, P-octene, I-decene, 1-dodecens, 1-tetradecene, 1-hexadecene, or
1-octadecene.

[0051] In cerfain embodiments, R is a propylene/alpha-olefin copolymeryl group
coroprising units derived from propylene and a comonomer that is ethylene or a C3-C30
alpha-olefin. The C3-C30 alpha-olefin may be, for example, propylene, I-butene, 4-methyl-
1-pentene, I-hexene, 1-octene, 1-decene, 1-dodecene, f-tetradecene, 1-hexadecene, or 1-
octadecene.

{6032] The alpha-substituted acrylate of the formula (I} may be prepared by any process.
A non-limiting process for preparing the alpha-substituted acrylate of the formula (H) is the
process disclosed in copending US Provisional Application Nos. 62/954,941 and 62/954,936.
For example, the alpha-substitiuted acrylate of the formula (IT) may be prepared by combining
materials comprising an alpha-(halomethyl) acrylate and an organometallic compound of the
formula RoZn or K3AL wherein R is as defined herein. In such a non-limiting process, a
nucleophilic substitution reaction occurs whereby a halogen is a leaving group that is
replaced by an R of the organometallic compound of the formula R:Zn or R3AL

{8033]  In certain embodiments, the resulting olefin-acrylate diblock copolymer of the

present process has the formula (VI):

{0054] Cleardy. each of Z, R, R1, R11-R16, and n of the olefin-acrylate diblock copolymer
of the formula (VI) are as they are defined above in connection with steps a) and b) of the
present process.

{8035] In certain embodiments, step b) of the present process may be performed neat. In
further embodiments, the end-capping-reaction materials in step b) of the present process

further comprise a solvent, such as a hydrocarbon solvent.
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{8036] In certain embodiments, step b) of the present process is performed at a temperature
that is high enough to generate an active nitroxide radical. For example and without
limitation, step ¢) of the present process may be performed at a teroperature from 100 to
150°C.

{0057] The present process may be described but is not limited to the following scheme,
wherein “controlled radical polymerization” refers o nitroxide-mediated polymerization as

described above.

OVOR’S Qs OR1
{)’?} e S Zz N
condrotied ' n
rr?g?ciiir poiy;;g??:g‘im polyacrylate linear acryiate-olefin diblock
: Oy 2ATANON

{0038] Specific embodiments of the present disclosure include but are not limited to the

following:

1. A process for preparing an olefin-acrviate diblock copolyrer, the process coraprising:
a4} performing nitroxide-mediated polymerization (NMP) by combining NMP
materials comprising an acrylate monomer and a nitroxide initiator, thereby forming a
nitroxide macroinitiator; and
b)  combining end-capping-reaction materials comprising the alpha-substituted
acrylate and the nitroxide macroinitiator, thereby forming the olefin-acrylate diblock

capolymer.

2. The process of embodiment 1, wherein:

the alpha-substituted acrylate has the formula (If):

(1L
the acrylate monomer has the formula (1)

0

(Lg,m
5 {IHy;

the nitroxide imtiator has the formuala (IV):

i1
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Y
RiZRM avy

the nitroxide macroinitiator has the formula (V)

R12
R11~p-R13

N R14

S
R15
Z%\ﬁ 216
>

o7 TOR v,

the olefin-acrylate diblock copolymer has the formula (VI3

(V1) and wherein:
cach R1 independently is a C1-C30 hydrocarbyl group;
each R independently is a C1-C26 hydrocarbyl group or a polyolefinyl group;
each 7 independently represents a group having at least one carbon atom and is such
that the free radical Z- derived from 7 is capable of initiating polymerization of the acrylate
monomer of the formula (1) by free radical polymerization and the radical functionality
restdes in a carbon atom;
each R16, Ri5, R12Z, and R11 represent the same or different straight chain or
branched substituted or unsubstituted alkvl groups of a chain length sufficient to provide
steric hindrance and weakening of the O—27 bond of the compound of the formula (IV);
each R14 and R13 represent the same or different straight chain or branched
substituted alkyl groups or RI4CNCRI3 may be part of a cyclic structure which may have
fused with it another saturated or aromatic ring, the cyclic structure or aromatic ring being
optionally substituted; and

n is from 2 to 500,

3. The process of any of the previous embodiments, wherein each R1 independently s a
CI1-C30, or C1-C10, or C1-C8, alkyl group that is linear, branched, or cyclic.
4. The process of any of the previous embodiments, wherein each R independently is a

C1-C26 hydrocarbyl group.
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5. The process of embodiment 4, wherein each R independently is a C1-C30, or C1-CI0,

or C1-C8 alkyl group that is linear, branched, or cyclic.

6. The process of any of embodiments 1-3, wherein each R independently is a
polyolefinyl group.
7. The process of embodiment 6, wherein the polyolefinyl group is an ethylene-based

polymeryl group.

8. The process of embodiment 7, wherein the polyolefinyl group is an ethylene

homopolymeryl group comprising units derived from ethylene.

9. The process of emabodiment 7, wherein the polyolefinyl group is an ethviene/alpha-
olefin interpolymeryl group comprising units derived from ethylene and a C3-C30 alpha-

olefin.

10. The process of embodiment 7, wherein the polyolefinyl group s an ethylene/alpha-
P poty yigroup Y p

olefin copolymeryl group comprising units derived from ethylene and a C3-C38 alpha-olefin.

1L The process of erabodiment 9 or 10, wherein the C3-C30 alpha-olefin is selected from

the group consisting of propylene, 1-butene, I-hexene, and [-octene.

12, The process of embodiment 7, whercin the polyolefiny group is an cthylene/alpha-

olefin multiblock interpolymeryl group.

13. The process of embodiment 6, wherein the polyolefinyl group is selected from the
group consisting of a polymervl group of a block cormposite, a specified block composite, and

a crystalline block composite.

14, The process of embodiment 6, wherein the polyotefinyl group is a propylene-based

polymervl group.

15, The process of emabodiment 14, wherein the polyolefinyl group is a propylene

homopolymeryl group comprising units dertved from propylene.
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i6. The process of embodiment 14, wherein the polyolefinyl group is a propylene/alpha-
olefin interpolymoeryl group coraprising units devived from propylene and cither ethylene or a

C4-C30 alpha-olefin.

7. The process of emnbodiment 14, wherein the polyolefinyl group is a propylene/alpha-
olefin copolymeryl group comprising units derived from propylene and either ethylene ot a

C4-C30 alpha-clefin.

i8. The process of embodiment 16 or 17, wherein the C4-C30 alpha-olefin is selected

from the group consisting of -butene, I-hexene, and t-octene.

19, The process of any of embodiments 6-18, wherein the polyolefinyl group can be
defined by the properties of R-H, and wherein R-H has a mumber average molecular weight

of greater than 365 g/mol.

2. The process of any of embodiments 6-19, wherein the polyolefinyl group can be
defined by the properties of R-H, and wherein R-H has a number average molecular weight
of from greater than 365 g/mol to 10,000,000 g/mol, or from greater than 365 g/mol to
5,000,000 g/rool, or from greater than 365 g/mol to 1,000,000 g/mol, or from greater than 365
g/mol to 750,000 g/mol, or from greater than 365 g/mol to 500,000 g/mol, or from greater

than 365 g/mol to 250,000 g/mol.

21, The process of any of embodiments 6-20, wherein the polyolefinyl group can be
defined by the properties of R-H, and wherein R-H has a density from 8.850 to 0.965 g/ce. or
from 0.860 to 0.950 g/ce. or from $.865 to 0.925 gice.

22, The process of any of embodiments 6-21, wherein the polyolefinyl group can be
defined by the properties of R-H, and wherein R-H bas a melt index (I12) from (.01 1o 2,000
/10 minutes, or frorn 0.01 o 1,500 g/10 minutes, or from 0.1 to 1,000 g/10 roinutes, ot from

0.1 to 500 ¢/10 minutes, or from 0.1 to 100 g/10 minutes.
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23, The process of any of embodiments §-22, wherein the polyolefinyl group can be
defined by the propertics of R-H, and wherein R-H has a number average molecular weight

distribution (Mw/Mn) from 1 to 10, orfrom 1 to 7, or from 1 10 S, or from 2 to 4.

24, The process of any of the previous embodiments, wherein each of steps a) and b) is

performed at a teraperature from 160°C 10 150°C.

26. The process of any of the previous embodiments, wherein the alpha-substituted
acrylate is prepared by a process comprising combining starting materials comprising an
alpha-(halomethyl) acrylate and an organometallic compound of the formula RoZn or RaAl,

wherein the alpha-(halomethyl) acrylate has the formula (B

X7 \[ ‘
i {I}, wherein:
X is a halogen.
TEST METHODS
Diensity:
{005%9] Density is measured in accordance with ASTM D-792, Method B.
Melt Index:
{6068] Melt index (1) is measured in accordance with ASTM D-1238, which is
incorporated herein by reference in its entirety, Condition 190 °(/2.16 kg, and was reported
in grams chuted per 10 minutes.
GPC
{0061] Sample polymers were tested for their properties via GPC according to the following.
{0062] A bigh temperature Gel Permeation Chromatography system (GPC {R) consisting of
an Infra-red concentration detector (IR-3) from PolymerChar Inc (Valencia, Spain) was used
for Molecular Weight (MW) and Molecolar Weight Distribution {MWD) determination. The
carrier selvent was 1,2 4-trichlorobenzene (TCB). The auto-sampler compartment was
operated at 160 °C, and the column compartment was operated at 150 °C. The colurans used
were four Polymer Laboratories Mixed A LS, 20 micron columns. The chromatographic
solvent (TCB}) and the sample preparation solvent were from the same solvent source with
250 ppra of butvlated bydroxytoluene (BHT) and nitrogen sparged. The samples were
prepared at a concentration of 2 rag/ml. in TCB. Polymer samples were gently shaken at 160

°C for 2 hours. The injection volume was 200 pl, and the flow rate was 1.0 ml/mimute.
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{8063] Calibration of the GPC column set was performed with 21 narrow molecular weight
distribution polystyrene standards. The molecular weights of the standards ranged from 580
to 8,400,000 g/mol, and were arcanged in 6 “cocktatl” mixtures, with at least a decade of
separation between individual molecular weights.

{0064] The GPC column set was calibrated before ranning the examples by running twenty-
one narrow molecufar weight distribution polystyrene standards. The molecular weight (Mw)
of the standards ranges from 380 to §,400,000 graros per mole (g/mol), and the standards
were contained in & “cocktail” mixtures. Each standard mixture had at least a decade of
separation between individual molecular weights, The standard mixtures were purchased
from Polymer Laboratories (Shropshire, UK). The polystyrene standards were prepared at
{(.025 g in 50 mL of solvent for molecular weights equal to or greater than 1,000,000 g/mol
and 0.05 g in 50 mL of solvent for molecular weights less than 1,000,000 g/mol. The
polystyrene standards were dissolved at 80 °C with gentle agitation for 30 ninutes. The
narrow standards mixtures were run first and in ovder of decreasing highest molecular weight
{Mw} component to minimize degradation. The polystyrene standard peak molecular weights
were converted to polyethylene Mw using the Mark-Houwink constants. Upon obtaining the
constants, the two values were used to construct two linear reference conventional
calibrations for polyethylene molecular weight and polyethylene intrinsic viscosity as a
function of elution column.

{0065] The polystyrene standard peak molecular weights were couverted to polyethylene
molecular weights using the following equation (as described tn Williamns and Ward, J. Polym.
Sci., Polym. Let., 6, 621 (1968)):

Mporyetiyiene=A{ Mpotystyrene (1)

{0066] Here B has a value of 1.0, and the experimentally determined value of A is around §.41.
{00671 A third order polynomial was used to fit the respective polyethylene-equivalent
calibration points obtained from equation (1) to their observed elution volumes of polystyrene
standards.

{6068] Number, weight, and z-average molecular weights were calculated according to the
following equations:

EHW S < M)

>>>>>>>>> zl iﬂllﬁ m = wrl -~
RS ST
¥ ( / ) ,
M; @ 5
,,,,,,,, I EG;I' ,i » 1‘/]’2\
SHWF = M) @
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{0069] Where, Wi is the weight fraction of the /-th component and M; is the molecular weight
of the i{-th component.

{6076] The MWD was expressed as the ratio of the weight average molecular weight (Mw) o
the number average molecalar weight (Mn).

{0071] The accurate A value was determined by adjusting A value in equation (1) until Mw
calculated using equation (3) and the corresponding retention volume polynomial, agreed with
the known Mw value of 120,000 g/mol of a standard linear polyethylene homopolyrer
reference.

{8472] The GPC system consists of a Waters (Milford, Mass.) 150 °C high temperature
chromatograph (other suitable high temperatares GPC instrurnents include Polymer
Laboratories (Shropshire, UK) Model 218 and Model 220) equipped with an on-board
differential refractometer (RI). Additional detectors could include an IR4 infra-red detector
from Polymer ChAR (Valencia, Spain), Precision Detectors (Anberst, Mass.} 2-angle laser
light scattering detector Model 2040, and a Viscotek (Houston, Tex.) 150R 4-capillary
solution viscometer. A GPC with the last two independent detectors and at least one of the
first detectors is sometimes referred to as “3D-GPC”, while the term “GPC” alone generally
refers to conventional GPC. Depending on the sample, either the 15-degree angle or the 90-
degree angle of the light scattering detector was used for calculation purposes.

{80737 Data collection was performed using Viscotek TriSEC software, Version 3, and a 4-
channel Viscotek Data Manager DM400. The system was equipped with an on-line solvent
degassing device from Polymer Laboratories (Shropshire, UK). Suitable high temperature
GPC colurus could be used, such as four 30 cm long Shodex HT803 13 micron columns or
four 30 cro Polymer Labs columns of 20-micron mixed-pore-size packing (MixA LS,
Polymer Labs). The sample carousel compartment was operated at 140 °C and the coluron
compartment was operated at 150 °C. The samples were prepared at a concentration of (.1
grams of polymer in 50 milliliters of solvent. The chromatographic solvent and the sample
preparation solvent contain 200 ppm of butylated hydroxytoluene (BHT). Both solvents were
sparged with nitrogen. The polyethylene samples were gently stirred at 160 °C for four hours
{4 b). The injection volume was 200 microliters {uL}. The flow rate through the GPC was

set af | mi/minute,

NMR (PC and 'H):
{00741 NMR analysis was performed at room temperature using a standard NMR solvent,

such as chloroform or benzene, and data was acquired on a Varian 500 MHz spectrometer.

17



WO 2021/138076 PCT/US2020/065768

{6075] Diffusion NMR: The experiment employed 2048 scans and a repetition time of 15 s.
The spectrum was centered at 90 ppim and covered a bandwidth of 240 ppm. Self-diffusion
coetficient (1) was measured by 1H and 13C-detected diffusion using the pulsed-field-
gradient NMR with double stimulated echo to mitigate any artifact by thermal convection. In
general, the method vtilized spatial variation of magnetic field, 1.e. magnetic field gradient
{2, to physically label the spatial positions of molecular ensembles during a well-defined
time interval, thereby coupling the NMR peak intensity to the self-diffusion (D) of each
molecule.{4] D is quantified using the Stejskal-Tanner equation (Eq. 1), where [ and 1}
represent the NMR signal intensity with/without gradient. 'y is the gyromaguetic ratio of
nuclei, g is gradient strength, & is the gradicnt pulse duration and A is the diffusion time.
Bearing in mind that peaks from the same molecule must yvield the same D, suich a method
enables inberent separation of NMR peaks by virtue of D associated with each peak without
perturbing the spectra resolution. This method in nature can also be considered as an
analogue to the size exclusion chromatography (SEC), Le. large molecule diffuses slow/elute
carly or vice versa. Thus, the measurement provides explicit intermolecular information to
reveal if the polyrer backbone is capped by a specific end group by comparing Deng vs.

Dbackbone.

I=lo exp(-Dy?8g? (A—5) (1)

GCMS:
{6076] Tandem gas chromatography/low resolution mass spectroscopy using electron
impact ionization (ED) s performed at 70 eV on an Agilent Technologies 6890N series gas
chromatograph equipped with an Agilent Technologies 5975 inert XL oass selective detector
and an Agilent Technologies Capillary column (HPIMS, 15m X 0.25mm, $.25 micron) with
respect to the following:

Programed method:

Oven Equilibration Time at 50 °C for 0.5 min

then 25 °C/min to 200 °C, and hold for 5 min

Run Time 11 min

EXAMPLES

{0077] The following examples are intended to illustrate some embodiments of the
invention and should not be interpreted as imiting the scope of the invention set forth in the

claims.
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{6078] Unless stated otherwise, all materials and reagents are commercially available from,
for example, Sigma Aldrich.
Exampie 1

O 80 °C

9
i o Py fsopar& i ) .
2 C,/\H\O/ Gy 2R TGty e T ,ggsﬁwf’wi o+ ZnCly

{0079] The reaction of Example 1 was performed under an inert nitrogen atmosphere
glovebox and in accordance with the above reaction scheme which is exemplary and non-
limiting. 5.88 mL of a 0.30 M diocctylzine solution in {sopar™ E (1.76 mmol) was added to a
20 ml vial. The solution was heated to 60 °C. 0.500 g methyl 2-

{chloromethylacrylate (3.72 mmol, 2 equiv.) was added dropwise to the hot dioctylzine
solution. Over the course of the slow addition, the solution turned from light brown to clear
and became cloudy with a visible white precipitate. After several minutes, the precipitate
settled as 4 sticky vellow residoe on the bottom of the vial, After 48 howrs at 60 °C, 83 mg of
hexamethylbenzene (0.511 mmeol) was added as an NMR internal standard. The NMR
conversion was calculated to be 62.6%. NMR analysis is shown in FIGS. 1A and 1B. GC-
MS of a reaction aliguot showed formation of the desived product (Jower retention time peaks
correspond to Isopar™ E). The reaction was quenched with water. Purification to remove
Zn salts and the internal standard was carried out by coluron chromatography cluting with a
2% ethyl acetate in hexanes mixture. 405 mg of product was isolated (51%).

Example 2

A P
) Universal initiator,
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{0080] Reaction was performed in a nitrogen-atmosphere glovebox using the NMP procedure
described in X, Am. Chern. Soc. 121, 3904-3920, 1999. The t-butyl acrylate was passed
through an alumina cartridge to remove the inhtbitor. The universal inittator 2,2,5-Trimethyl-
4-phenyl-3-azahexane-3-nitroxide (8.150 g, 0.461 mmol), corresponding nitroxide (0.005 g

0.023 ramol, .05 equiv.), and t-butyl acrylate (3.4 mL, 23.424 nuvol, 50.8 equiv.) were

19



WO 2021/138076 PCT/US2020/065768

added to a 20 mL vial with a stirbar. An initial sample was removed. The reaction was
heated to 125 °C to start the polymerization. After NMR showed 50% monomer conversion
{16 brs), the polymaerization was quenched by quick immersion of the vial into quid
nitrogen. The reaction mixture was dissolved in THF and precipitated into water/MeOH
{viv/1:4) w yield the poly(t-butylacrylate) as a white solid. By GPC (before end-capping):
Mw = 5462, Mn = 4650, and PDi = 1.18.

{0081] For end capping, the polymer was brought back into the glovebox and dissolved in
approximately 3 mL toluene. The polymer was degassed by allowing the toluene solation to
stir with the cap off the vial for 10 minutes. After addition of the end-cap, reaction was
heated to 123 °C. After 96 hours, reaction appeared to be complete based on disappearance
of the protons in the vinyl region and the corresponding disappearance of the methine proton
at 4.20 ppm. The vial was removed from the heat block and redissolved in 20 mL THF. The
solution was passed through an alumina plag and polymer was collected by removing solvent
on the rotovap, washing several times with chlorobenzene to remove residual toluene and
THF, and drying under vacuum at 70 °C overnight. By GPC (after end-capping): Mw =

6228, Mn = 4736, and PDI = 1.32 internal standard.
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