PROCESS FOR PREPARING AN OLEFIN-ACRYLATE DIBLOCK COPOLYMER
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims benefit of priority to U.S. Application No.
62/954,941, filed in December 30, 2019, which is incorporated herein by reference in its
entirety.
BACKGROUND
[0002] The present disclosure is directed to a process to synthesize olefin-acrylate diblock
copolymers using nitroxide-mediated polymerization (NMP) of an acrylate monomer to
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 to reaction using standard NMP processes known in the art, is employed
as an end-capping monomer of a polyacrylate produced by NMP to form an olefin-acrylate
diblock copolymer. This process had not been realized until the disclosures of the present
application.
SUMMARY

[0003] The present disclosure is directed to a process for preparing an olefin-acrylate
diblock copolymer, the process comprising:

a)  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 an alpha-substituted
acrylate and the nitroxide macroinitiator, thereby forming the olefin-acrylate diblock
copolymer.

[0003a] In one aspect, there is provided process for preparing an olefin-acrylate diblock
copolymer, the process comprising:

a) performing nitroxide-mediated polymerization (NMP) by combining NMP

materials comprising an acrylate monomer that has the formula (I11):
o)
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and a nitroxide initiator that has the formula (1V):



b)

R15, R16

R14-C
N-0-Z

R13>C/\

R12. R11 (1V), thereby forming a nitroxide macroinitiator that has the
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formula (V): O~ OR1 (V); and
combining end-capping-reaction materials comprising an alpha-substituted
acrylate that has the formula (11):
O
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(11)

and the nitroxide macroinitiator, thereby forming the olefin-acrylate diblock

copolymer that has the formula (V1):
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wherein each R1 independently is a C1-C30 hydrocarbyl group and each R
independently is a C1-C26 hydrocarbyl group, and each Z independently
represents a group having at least one carbon atom and is such that the free
radical Z- derived from Z is is capable of initiating polymerization of the
acrylate monomer of the formula (111) by free radical polymerization and the
radical functionality resides in a carbon atom;

each 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 formula (1V);

each R14 and R13 represent the same or different straight chain or branched
substituted alkyl groups or R14CNCR13 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.
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BRIEF DESCRIPTION OF DRAWINGS
[0004] FIGS. 1A and 1B provide the 1H NMR and 13C NMR spectra, respectively, for
Example 1.

DETAILED DESCRIPTION

Definitions
[0005] All references to the Periodic Table of the Elements 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 system for numbering groups.
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{6086] Unless stated to the contrary, implicit from the context, or customary in the art, all
parts and percents arc based on weight.

{00871 For purposes of United States patent practice, the countents of any patent, patent
application, or publication referenced herein are hereby incorporated by reference in theiwr
entirety {or the equivalent US version thereof is so incorporated by reference) especially with
respect to the disclosure of synthetic techniques, definitions (fo the oxtent not inconsistent
with any definitions provided herein} and general knowledge in the art.

{0088] The numerical ranges disclosed herein include all values from, and including, the
lower and upper value. For ranges containing explicit values {e.g., 1,0r 2, or 30 3, or 6, or
7), any subrange between any two explicit values is included {e.g, 110 2; 2106, 50 7; 3 to
7; 5 to 6; ete.). The numerical ranges disclosed herein finrther include the fractions between
any two cxplicit values.

Ll

{000%]  The terms “comprising,” “including,” “having” and their derivatives are not
intended to exclude the presence of any additional component, step or procedire, 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 “consisting of”
excludes any component, step, or procedure not specifically delineated or listed. The term
“or,” unless stated otherwise, refers to the listed members individually as well as in any
combination.

{0018] As vsed herein, the tevms “hydrocarbyl,” “hydrocarbyl group,” and like terms refer
to compounds composed cuntirely of hydrogen and carbon, inciuding aliphatic, aromatic,
acyelie, cyclic, polyeyclic, branched, unbranched, saturated, and unsaturated compounds.
The terms “hydrocarbyl,” “hydrocarby! group,” “alkyl,” “alkyl group,” “aryl,” “aryl group,”
and hike terms are intended to include every possible isomer, including every structural
isomer or stereoisomer.

{0011] The term “cyehic” refers to a series of atoms i 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 acvclic (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 monomers, wherein the set is a homogenous (i.e., only one type) sct of monomers or a
heterogeneous {i.e., more than one type} set of monomers. The term polymer as used herein

2
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inchudes the term "homopolymer,” which refers to polymers prepared from a homogenous set
of monomers, and the term “interpolymer” as defined below.

{6013] The tarm "interpolymer” refers to a polymer prepared by the polymerization of at
least two different types of monomers. This term inchude both “copolymers,” ie., polymers
prepared from two different types of monomers, and polymers prepared from more than two
different types of monomers, ¢.g., terpolvmers, tetrapolymers, ctc. This term afso erabraces
all forms of interpolymers, such as random, block, homogeneous, heterogencous, cle.

{0014] A “polyolefin” is a polymer prodaced from the polymerization of an olefin as a
monomer, where an olefin monomer is a lincar, branched, or cyclic compound of carbon and
hydrogen having at least one double bond. Accordingly, the term “polyolefin,” as used
herein, mcludes and covers the terms “cthylene-based polymer,” “propylenc-based polymer,”

9 6%

“ethylene homopolymer,” “propylene homopolymer,” “ethylenc/alpha-olefin inferpolymer,”

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

39 ¢s

composite,” “specified block composite,” “crystalline block composite,” “propylenc/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 amounts of other components.

{0016]  The tom “cthylenc/alpha-olefin interpolymer,” as used herein, refers to a polymer
that comprises, in polymerized form, a majority weight percent of ethylene (hased on the
weight of the interpolymer), and at least one comonomer that is an alpha-olefin. The
ethylenc/alpha-olefin interpolymer may be a random or block interpolymer. The terms
“ethylene/alpha-clefin copolymer” and “ethylene/alpha-olefin multi-block interpolymer” are
covered by the term “ethylene/alpha-clefin interpolymer.”

{6017] The term “cthylene/alpha-olefin copolymer,” as used herein, refers to a copolymer
that comaprises, in polymerized forr, 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

random or block copolymer.

()
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{0018] The term “ethylence/alpha-olefin mudt-block interpolymer” or “olefin block
copolymer,” as used herein, refers to an interpolymer that includes ethylene and one or more
copolymerizable alpha-olefin comonomers in polymerized 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 two or more (preferably three or more) chemically distinct
regions or segmenis (referred 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 amount 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-irregularity, the amount of branching,
inchuding long chain branching ot hyper-branching, the homogencity, and/or any other
chemical or physical property. The block copolymers are characterized by upique
distributions of both polymer polydispersity (PD1 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 disclosure, as
well as the processes for preparing the same, are disclosed in U.5. Patent Nos. 7,858,706 B2,
8,198,374 B2, 8318,864 B2, 8,609.779 B2, §,710,143 B2, 8,785,551 B2, and 9,243,090 B2,
which are all incorporated herein by reference in their entivety.

{0019] The term “block composite” (“"BC”) refers to a polymer comprising three polymer
cormaponents: (i} an ethylenc-based polymer (EP) having an ethvlene content from 10 mol% to
50 mol% (a soft copolymer)}, based on the total moles of polymerized monomer units in the
ethylene-based polymer (EP); (it) an alpha-olefin-based polymer (AGP) having an aipha-
olefin content of greater than 90 mol% (a hard copolymer), based on the total moles of
polymerized monomer snits in the alpha-olefin-based polymer (AOP); and (it} 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 (U of the block composite and the alpha-olefin block of the block copolymer is
the same composition as the AOFP 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-

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

{0020]  The torm “specified 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 n the ethylene-based polymer (EP); {4) an alpba-olefin-based polyraer (AOP) baving
an alpha-olefin content of {rorn 61 mol% to 90 mol% (a hard copolymer), based on the total
moles of polymerized monomer units in the alpha-olefin-based polymer (AOP); and (i) a
black copolymer (diblock copolymer) having an ethylene block (EB} and an alpha-olefin
block (AOBR); whercin the ethylene block of the block copolymer 15 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 corresponding
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

£
{

{0021] The term "crystalline block composite” ("CBC") refers to polymers comprising

three components: {i) a crystalline ethylene based polymer (CEP) having an ethylene content
of greater than 90 wol%, based on the total moles of polymerized monomer vnis in the
crystatline ethylene based polymer {CEP); (i) a crystalline alpha-olefin based polymer
(CAQP) 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 (CAOPY; and
(it} a block copolymer corprising a crystaliine 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 (i) of the crystalline block composite and the CAOB of the block
copolymer is the same composition as the CAOP of component (ii) of the crystalline block
composite. Additionally, in the crystalline block composite, the compositional split between
the amount of CEP and CAOP will be essentially the same as that between the corresponding
blocks in the block copolymmer. Non-limiting examples of the crystalline block compaosites 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 ifs entirety.
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{0022] A “propylene-based polymer” is a polymer that contains a majority amount of
polymerized propyienc, based on the weight of the polymer, and, optionally, may further
contain polyrerized units of at [east one comonomer. A “propylenc-based interpolymer™ is
an interpolymer that contains, in polymerized form, a majority amount of propyleng, based on
the weight of the interpolymer, and further contains polymerized units of at least ong
comonomer. A “propylene homopolymer” is a polvmer that comprises repeating unifs
derived from propylene but does not exclode residual amounts of other components.

{0023] The term “propylene/alpha-olefin interpolymer.” as used herein, refers to a polymer
that comprises, in polymerized form, a majority weight percent of propyiene (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” inchides the
torm “propylenc/alpha-olefin copolvmer.”

{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 copolymey.

{6025]  The terms “polymeryl,” “polymeryl group” and like terms refer to a polymer
missing ong hydrogen.

[0026] The terms “polyolefinyl,” “polyolefinyl group” and like terms vefer to a polyolefin
missing onc hydrogen.

Nitrogen-mediated polymerization (NMP)

{6027]  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 acrylate monomer and a nitroxide initiator, thereby
forming a muroxide macroimtiator. Techniques suitable for NMP polymerization for step a}
include, for example, those described in J. Am. Chem. Soc., 121, 3904-3920, 1999 and U.S.
Patcnt No. 4,581,429, which are incorporated herein by reference.

{6028]  In certain embodiments, the acrylate monomer of step a) has the formala (1)
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wherein R1 is a C1-C30 hydrocarbyl group.

{60298] In certain embodiments, R1 is a C1-C30 hydrocarbyl group that may be linear

branched, or cyclic. In further ernbodiments, R1 is a C1-C30 alkyl group that may be linear,

branched, or cyclic. For example, R1 may be a hinear, branched, or cyclic atkyl group

comprising from 1 to 30 carbon atoms, or from | to 20 carbon atoms, or from 1 to 10 carbon

atoms, or from 1 to 8 carbon atoms.

{B038]  In certain embodiments, the mitroxide initiator has the foromda (V)
r15, R16

R14-C,

R13. !N"'O"Z
IC\
R1ZR1T (1V); wherein:

Z represents a group having at least one carbon atom and is such that the free radical
< derived from 7 is capable of initiating polymerization of the acrylate monomer of the
formula (I) by free radical polymerization and the radical functionality resides on a carbon
atom;

R16, R15, R1Z, 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 00— bond of the compound of the formula (IV), and

R14 and R13 represent the same or different straight chain or branched substituted
alkyvl 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.

16031] Examples of the nitroxide initiator of the formula (1V) inciude 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 (Vi
R12
R11~p-R13
i
. R14
!’ AW L PR
e O Coris
: n R18
o*" TOR1 (V). wherein:
£ represents a group having at least one carbon atom and is such that the free radical

2+ derived from 2 is capable of initiating polymerization of the acrylate monomer of the
formula (IIf) by free radical polymerization and the radical functionality resides on a carbon

atom;
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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
bindrance and weakening of the O—7 bond of the compound of the formaufa (IV);

R14 and R13 represent the same or different straight chain or branched substituted
atkyl groups or R14CNCR13 may be part of a cyclic structare which may have fused with i
another saturated or aromatic ring, the cyclic structure or aromatic ring being optionally
substituted:

R1is a Ci-{30 hydrocarbyl group; and

n is from 2 to 500,

[8033] RI1 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 (1),

16034]  In certain embodiments, step a) of the present process may be performed neat. In
further embodiments, the NMP materials in step a of the present process further comprise a
sobvent, such as a hydrocarbon solvent.

{0035] In cortain 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 temperature from 100 1o
150°C.

End-capping

{6036] 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 18 directed to combining end-capping-reaction materials comprising the
alpha-substituted acrylate and the nitroxide macroinitiator of the formula (V), therehy
formung the olefin-acrylate diblock copolymer.

160371 In certain embodiments, the alpha-substituted acrylate has the formula (H):

(H);
wherein R is a C1-C26 hvdrocarbyl group or a polvolefinyl group; and
R1is a Ci-{C30 hydrocarbyl group.

{0038] RI may be any embodiment as described above.

{6039]  In certain embodiments, R is a C1-C26 hydrocarbyl group. In embodiments

wherein R is a CH-026 hydrocarbyl group, R may be a C1-C26 alkyl group that moay be
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Linear, branched, or cyclic. For example, R may be a linear, branched, or cyclic alkyl group
comprising from 1 to 26 carbon atoms, or from 1 to 10 carbon atoms, or from 1 o 8 carbon
atoms.

{0048] 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. o further embodimenis, R is a
polyolefinyl group, which can be defined by the properties of R-H, whercin R-H has a
number average molecular weight from greater than 365 g/mol to 16,000,000 g/mol, or from
greater than 363 g/mol to 5,000,000 g/mol, or from greater than 365 g/mol to 1,000,000
g/mol, or from greater than 365 g/mol to 750,000 gfmol, or from greater than 365 g/mol to
560,000 g/meol, or from greater than 365 g/mol to 250,000 g/mol.

{0041] In further embodiments, R is a polyolefinyl group, which can be defined by the
properties of R-H, wherein R-H has a density from 0.850 t0 .965 gice, or from 0.860 to
0.950 g/ce, or from 0.865 to (L9235 g/ee.

{6042] In further embodiments, R is a polyolefinyl group, which can be defined by the
properties of R-H, whercin R-H has a melt index (E2) from (.01 to 2,000 g/10 minutes, or
from .01 to 1,500 g/10 nunates, 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.

{0043] In further embodiments, R is a polyolefinyl group, which can be defined by the
properties of R-H, wherein R-H has a number average molecular weight distribution
{(Mw/Mn or PDI) from 1 to 10, or from P to 7, or from 1 to 5, or from 2 0 4.

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

{0045]  In certain embodiments, R is an ethylene/alpha-olefin interpolymeryl group
comprising units derived from ethylene and at least one C3-°30 alpha-olefin. The C3-C30
alpha-olctin may be, for example, 1-butene, 4-methyl-1-pentene, 1-hexene, H-octene, 1-
decene, 1-dodecene, 1-tetradecene, §-hexadecene, or 1-octadecene.

{0046] In cortain embodiments, R is an ethylene/alpha-clefin copolymeryl group
comprising 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, 1-octene, 1-decene,
{-dodecene, {-tetradecene, 1-hexadecene, or 1-octadecene.

{0047]  In certain embodiments, R is an ethylene/alpha-olefin muit-block interpolymeryl

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

{6049]  In certain embodiments, R 18 a propylene homopolymeryl group comprising units
derived from propylene.

{0058]  In cortain embodiments, R is a propylene/alpha-olefin interpolymeryl group
comprising units derived from propylene and at least one comonomer that s cthylenc or a
C3-C30 alpha-olefin. The C3-C30 aipha-oletin may be, for example, propylene, 1-butene, 4-
methyl-1-pentene, 1-hexene, 1-octene, I-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, or
1-octadecene.

{6051]  In certain embodiments, R is a propylene/alpha-olefin copolymeryi group
comprising units derived from propylene and a comonomer that 1s ethylene or a C3-C30
alpha-oletin. The C3-C30 alpha-olefin may be, for example, propyiene, 1-butene, 4-methyl-
1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, or 1-
octadecene.

{0052} The alpha-substituted acrylate of the formula (II) may be prepared by any process.
A non-limiting process for preparing the alpha-substituted acrylate of the formula (1) is the
process disclosed in copending US Provisional Application Nos. 62/954,941 and 62/954,956.
For example, the alpha-substituted acryiate of the formula (I1) may be prepared by combining
materials comprising an alpha-(halomethyl) acrylate and an organometallic compound of the
formula RoZn or KAl wherein R s 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 RaZn or R3AL

{0053]  In cortain embodiments, the resulting olefin-acrylate diblock copolymer of the

present process has the formuda (VI):

{0054] Clearly, each of 2, R, R1, R11-R16, and n of the olefin-acrylate diblock copolymer
of the formula (V1) are as they arc defined above in connection with steps a) and b) of the
prosent process.

{0035] 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 a8 a hydrocarbon solvent.
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{0036] In cortain embodiments, step b) of the present process is performed at a temperatore
that is high cnough to generate an active nitroxide radical. For example and without
limitation, step ¢) of the present process may be performed at a teroperature from 100 1o
150°C.

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

described above.

QW@R"J O LOR1
/,j Z\(\I\
o by n Y

coniroiied
acrylate raciical
manarner polymerization

polyacrylate linsar acrylate-olafin diblock

{0058] Specific embodiments of the preseant disclosure include but are not limited to the

following:

1. A process for preparing an olefin-acrvlate diblock copolymer, the process comprising:
a}y  performing nivoxide-mediated polymerization (NMP) by comnbining 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-substitated
acrylate and the nitroxide macroinitiator, therchy forming the olefin-acrylate diblock

copolymer.

2. The process of embodiment 1, wherein:
the alpha-substituted acrylate has the formula (I):

1

il

b
e W -

ol
s ¥ e o
N
3
3
N
N

A,

A (Ify;

the acrylate monomer has the formula (H):

0
FJ\ SR
{15

the nitroxide imtiator has the formuola (V)

it
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R15, Rié
R14-C,
-7
r13. U
- A
R12" ki (Ivy;

the nitroxide macroinitiator has the formula (V)

R12
R11-p-R13
,E\I\i\ yR":ii
O Cogris
z i R1B
o7 oR v

the olefin-acrylate diblock copolymer has the formula (VE:

(V1); and wherein:
each R1 independently s a C1-C38 hydrocarbyl group;
each R independently is a C1-C26 hydrocarbyl group or a polyolefinyl group;
cach 7 independently represents a group having at least one carbon atom and is such
that the free radical Z- derived from £ is capable of initiating polymerization of the acrylate
monomer of the foroula (HI) by free radical polyvmerization and the radical functionality
restdes in a carbon atom;
each R16, R15, R12Z, 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—2 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 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; and
n is from 2 to 500,
3. The process of any of the previous embodiments, wherein each R1 independently is a

C1-C38, or C1-C10, or CI1-C8, alkyl group that is linear, branched, or cyclic.

4. The process of any of the previous embodiments, wherein cach 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-C10,

or C1-C8 alkyl group that is lincar, 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 polyolefiny! group is an ethylene

homopolymeryl group comprising units derived from ethylene.

9. The process of embodiment 7, wherein the polyolefinyl group is an ethviene/alpha-

olefin interpolvmeryl group comprising units derived from ethylene and a C3-C30 alpha-

olefin.
10 The process of embodirent 7, wherein the polyolefinyl group is an ethylene/alpba-

olefin copolymeryl group comprising units derived from ethylene and a C3-C30 alpha-olefin.

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

the group consisting of propyiene, 1-butene, I-hexene, and l-octene.

12. The process of embodiment 7, wherein the polyolefinyl group is an cthylene/alpha-

olefin muttiblock interpolymeryl group.

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

a crystalline block composite.

14, The process of embodirpent 6, wherein the poiyolefinyl group is a propylene-based

polymeryl group.

is. The process of embodiment 14, wherein the polyolefinyl group is a propylene

homopolymeryl group comprising units dertved from propylene.

13
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16. The process of embodiment 14, wherein the polyolefinyl group is a propylene/alpha-
olefin interpolymeryl group cormprising units derived from propylene and cither ethylene or a

C4-C30 alpha-olefin.

i7. The process of embodiment 14, wherein the polyolefinyl group is a propylene/aipba-
olefin copolymeryl group comprising units derived from propylene and either ethylene or a

C4-C30 alpha-olefin.

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

from the group consisting of 1-butene, 1-hexene, and 1-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 rumber average molecular weight

of greater than 363 g/mol.

20 The process of any of embodiments 6-19, wherein the polyolefinyt group can be
defined by the propertics of R-H, and wherein R-H has a nomber 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/mol, or from greater than 363 g/mol to 1,000,000 g/mol, or from greater than 365
gfmol 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 0.850 1o 8.965 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 propertics of R-H, and wherein R-H bas a melt index (12) from (.01 to 2,000
/10 minutes, or from 0.01 to 1,500 g/10 minutes, or from 0.1 to 1,000 g/10 minutes, or from

(.1 to 500 ¢/10 minutes, or from 0.1 to 100 g/10 minutes.

14
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23. The process of any of embodiments 6-22, wherein the polyolefinyl group can be
defined by the propertics of R-H, and wherein R-H bhas 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) i3

performed at a teraperature from 106°C 10 150°C.

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

wherein the alpha-(halomethyl) acrylate has the formula (I}

X’ T SO
; (I3, wherein:
X is a halogen.
TEST METHODS
Density:
{60591  Density is measured in accordance with ASTM D-792, Method B.
Melt Index:
{0060] Melt index (b)) is measwred in accordance with ASTM D-1238, which is
tncorporated herein by reference in its entirety, Condition 190 °C/2.16 kg. and was reported
in grams cluted per 10 minutes.
GPC
{0061] Sample polymers were tested for their properties via GPC according to the following.
{00621 A high temperature Gel Permeation Chromatography system {GPC IR) consisting of
an Infra-red concentration detector {IR-3) from PolymerChar Inc (Valencia, Spain) was used
for Molecular Weight (MW) and Molecular Weight Distribution (MWD) determination. The
carrier solvent was 1,2 4-trichlorobenzene (TCB). The auto-sampler compartment was
operated at 1664 °C, and the column compartment was operated at 158 °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 hydroxytoluene (BHT) and nitrogen sparged. The samples were
prepared at a concentration of 2 rag/rol. in TCB. Polymer samples were gently shaken at 160

°C for 2 hours. The injection volume was 200 yl, and the flow rate was 1.0 mi/minute.

15
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{0063] Calibration of the GPC colummn set was performed with 21 narrow molecular weight
distribution polystyrenc standards. The molecular weights of the standards ranged from 380
to 8,400,000 g/mol, and were arvanged in 6 “cocktail” mixtures, with at lcast a decade of
separation between individual molecular weights.

{08064] The GPC column set was calibrated before running the examples by nimning twenty-
one narrow molecular weight distribution polystyrene standards. The molecular weight (Mw)
of the standards ranges from 580 to §,400,000 grars per mole (g/rool), and the standards
were contained in 6 “cocktail” mixtures. Each standard mixture had at least a decade of
scparation between individual molecuiar 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 §.05 z 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 munutes. The
narrow standards mixtures were vun first and in order of decreasing highest molecular weight
{(Mw} component o 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 constroct two linear reference conventional
calibrations for polyethylene molecular weight and polyethylene intrinsic viscosity as a
function of clution column.

{6065} The polystyrene standard peak molecular weights were converted to polyethylene
molecular weights using the following equation (as described 1in Williams and Ward, J. Polym.
Sci., Polym. Let., 6, 621 (1968)):

ﬁfpolyeﬁ!’:yiene :A( &fpoiyﬁyrene }B ( i \)

{8066] Here B has a value of 1.0, and the experimentally determined value of A is around 0.41.
{0067] A third order polynomial was used to fit the respective polyethylene-gquivalent
calibration points obtained from equation (1) to their observed ehution volumes of polystyrene
standards.

{6068] Number, weight, and z-average molecolar weights were calculated according to the

following cquations:

R NP }I"V e Zl’,
(L iy = 2L M)
= (") |
/ Mi (2) LS)
»»»»»»»» YW M)
Mz = g
E;(M/ fi # M’L-) (43
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{6068] Where, W/ is the weight fraction of the i-th component and M; is the molecular weight
of the i-th component.

{6073] The MWD was expressed as the ratio of the weight average molecular weight (Mw) to
the mimber average molecular weight {Mn).

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

{6072] The GPC system consists of a Waters (Milford, Mass.) 150 °C high temperature
chromatograph (other suitable high temperatores GPC instruroents include Polymer
Laboratories (Shropshire, UK) Model 210 and Model 228) equipped with an on-board
differential refractometer (RI). Additional detectors could include an IR4 infra-ved detector
from Polymer ChAR (Valencia, Spain), Precision Detectors (Amberst, 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 generaily
vefers 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 calenlation purposes.

§6073] Data coliection was performed using Viscotek TriSEC software, Version 3, and a 4-
channel Viscotek Data Manager DMA00. The system was equipped with an on-line solvent
degassing device from Polymer Laboratories (Shropshire, UK). Suitable high temperature
GPC columus could be used, such as four 30 cm long Shodex HT803 13 micron columus or
four 30 cm Polymer Labs columns of 20-micron mixed-pore-size packing (MixA LS,
Polyimer Labs). The sample carousel compartment was operated at 140 °C and the column
compartment was operated at 150 °C. The samples were prepared at a concentration of 0.1
grams of polymer in 50 milliliters of solvent. The chromatographic solvent and the saraple
preparation solvent contain 200 ppm of butylated hydroxyioluene (BHT). Both solvents were
sparged with mirogen. The polyethyvlene samples were gently stirved at 160 °C for four howrs
(4 b). The injection volume was 200 microliters (ul). The flow rate through the GPC was

set at T m/minute.

NMR (PC and 'H):
{6074] 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.
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{0075] Diffusion NMR: The experiment emploved 2048 scans and a repetition time of 15 s.
The spectrum was centered at 90 ppm and covered a bandwidth of 244G ppm. Sch-diffusion
cocflicient (13} was measured by TH 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. magnetc 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 cach
molecuie.j4] D is quantitied using the Stejskal-Tanner equation (Eq. 1), where [ and 10
represent the NMR signal intensity with/without gradient. 'y is the gyromagnetic ratio of
nuclel, g is gradient strength, 8 is the gradient pulse duration and A is the diffusion time.
Bearing in mind that peaks from the same molecule must vield the same D, such a method
enabies inherent separation of NMR peaks by virtue of D associated with each peak without
perturbing the specitra resolution. This method in natwre can also be considered as an
analogue fo the size exclusion chromatography (SEC), i.e. large molecule diffuses slow/elute
carly or vice versa. Thus, the measurement provides explicti intermolecular information to
reveal if the polymer backbone is capped by a specific end group by comparing Deng vs.

Dbackbone~

. , 3
=1 exp(~Dy*8g? (A—3) (1)

GCMS:
{6076] Tandem gas chromatography/low resolution mass spectroscopy using electron
impact ionization (F1) is performed at 70 eV on an Agilent Technologies 6890N series gas
chromatograph equipped with an Agilent Technologies 5973 inert XL mass selective detector
and an Agilent Technologies Capillary column (HPIMS, 15m X .25mm, 0.25 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 nun

RunTime 11 min

EXAMPLES

{60771 The following examples are intended to flustrate some embodiments of the
invention and should not be interpreted as limiting 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

e} 80 °C

O
| oy ey P Isopar-i ) E ) .
2 Ciﬁ'i)\(}/ + (‘:7}‘515 Zn (.x',’H R 4 CSH'] 7’% O/ M Zn("EZ

{6079]  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 pon-
fimiting. 5.88 mk of a 0.30 M dioctylzinc sofution in {sopar™ E (1.76 numol) was added to a
26 ml vial. The solation was heated to 60 °C. 0.500 g methvi 2-

{chloromethyacrylate (3.72 munol, 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 hecame cloudy with a visible white precipitate. After several minutes, the precipitaie
settled as a sticky yellow residoe on the bottom of the vial. After 48 hours at 60 °C, 83 mg of
hexamethylbenzene (8.511 mmol) 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 aliquot showed formation of the desived product (Jower retention time peaks
correspond to Isopar™ E). The reaction was quenched with water. Purification fo remove
Zn salts and the internal standard was carried out by column chromatography cluting with a
2% ethyl acetate in hexanes mixwure. 405 mg of product was isolated (31%)

Example 2

Universal initiator,

\+/'
" /f\ Nitroxide (2.05 equiv.) OO~y /Lﬂ
. O A A /-N, [
Oy ety
\4¢' //i\\

/i\ 16 hrs, 125 °C

<
£
s
D
e
(J\
£

,.i
y 0.0 ,“_4 Ay
o~ : !
2 L b \J\if /E )‘L\/ 3 /{ ~a~ /&/L
. A A
]/ﬁ/ o Ny TS 125 °C l\) s J:
N ~.

F N
{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 inhibitor. The universal inttator 2,2,3-Trimethyl-
4-phenyi-3-azahexane-3-nitroxide (8.150 g, (.461 mmol), corresponding nitroxide (0.005 g

0.023 ramol, 0.05 equiv.), and t-butyl acrvlate (3.4 mL., 23.424 mumol, 50.8 cquiv.) were
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added to a 20 mL vial with a stirbar. An imitial sample was removed. The reaction was
beated to 125 °C to start the polymerization. After NMR showed 30% monomer conversion
{16 hrs), the polymerization was quenched by quick immersion of the vial into liquid
nitrogen. The reaction mixture was dissolved in THF and precipitated into water/MeOH
(viv/1:4) to yield the poly(t-butylacrylate) as a white solid. By GPC (before end-capping):
Mw = 5462, Mn = 4650, and PDi = 1.18.

{6081] 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 solution 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 i 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
sofution was passed through an alumina plug and polymer was collected by removing solvent
on the rotovap, washing several times with chlorobenzene to remove residual tolucne 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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Claims:
1. A process for preparing an olefin-acrylate diblock copolymer, the process comprising:
a) performing nitroxide-mediated polymerization (NMP) by combining NMP
materials comprising an acrylate monomer that has the formula (111):
0

HJ\O,R'I
| ()

and a nitroxide initiator that has the formula (1V):
R15_ R16
R14-C
N-0-Z
R13>C/\
R12° R11 (1V), thereby forming a nitroxide macroinitiator that has the

R12
R11~o-R13

N__R14
Z%jo R'C1;R15
formula (V): O~ OR1 (V); and
b) combining end-capping-reaction materials comprising an alpha-substituted
acrylate that has the formula (I1):
O

R/\H)LO/F“
(1n

and the nitroxide macroinitiator, thereby forming the olefin-acrylate diblock

copolymer that has the formula (V1):

R12
R— R11_

J{"J‘\ \Il _,——-‘__‘:-:‘I' ,.D\_ ‘:C R13

A T N.__R14

~ C-R15
O7 ORTO™ oRr1R16  (vI):

wherein each R1 independently is a C1-C30 hydrocarbyl group and each R
independently is a C1-C26 hydrocarbyl group, and each Z independently
represents a group having at least one carbon atom and is such that the free
radical Z- derived from Z is is capable of initiating polymerization of the
acrylate monomer of the formula (111) by free radical polymerization and the

radical functionality resides in a carbon atom;
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each 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 formula (1V);

each R14 and R13 represent the same or different straight chain or branched
substituted alkyl groups or R14CNCR13 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.

2. The process of claim 1, wherein each R independently is a C1-C26, C1-C10, or C1-
C8 alkyl group that is linear, branched, or cyclic.

3. The process of claim 1 or 2, wherein each of steps a) and b) is performed at a
temperature from 100°C to 150°C.
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