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PROCESS FOR PREPARING AN ALPHA-SUBSTITUTED ACRYLATE

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims benefit of priority to U.S. Application No. 62/954,956,

filed on December 30, 2019, which is incorporated herein by reference in its entirety.

BACKGROUND
Alpha-substituted acrylates, such as alpha-(alkyl) acrylates or alpha-(polymeryl)
acrylates, are important intermediates for preparing useful polymeric materials. Synthetic
routes for the preparation of alpha-substituted acrylates and bisacrylates from organozinc
reagents are known in the art. However, such routes employ transmetallation of organozinc
compounds to organocopper compounds, and the direct reaction of organoaluminum
compounds with halomethylacrylates is not known. The present disclosure addresses such a
need by demonstrating a direct reaction of organoaluminum compounds with alpha-
(halomethyl) acrylates to synthesize alpha-(alkyl) and alpha-(polymeryl) acrylates.
SUMMARY
The present disclosure is directed to a process for preparing an alpha-substituted
acrylate, the process comprising:
a) combining starting materials comprising an alpha-(halomethyl) acrylate and an
organoaluminum compound,
thereby forming a product comprising the alpha-substituted acrylate.

In one aspect, there is provided a process for preparing an alpha-substituted acrylate,
the process comprising:

a) combining starting materials comprising an alpha-(halomethyl) acrylate and an
organoaluminum compound of the formula R3Al,

thereby forming a product comprising the alpha-substituted acrylate, wherein:

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

@]

R/\”)LO/F“
(1);
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the alpha-(halomethyl) acrylate has the formula (I1):
o)

x/#ko/m
(1);

each R independently is a C1-C26 hydrocarbyl group or a polyolefinyl group;
each R1 independently is a C1-C30 hydrocarbyl group; and

X is a halogen; wherein the process excludes any transmetallation step or reaction.

BRIEF DESCRIPTION OF DRAWINGS
FIGS. 1A and 1B provide the NMR spectra for Example 1.
FIGS. 2A and 2B provide the NMR spectra for Example 2.

DETAILED DESCRIPTION
Definitions
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.

la
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Unless stated to the contrary, implicit from the context, or customary in the art, all
parts and percents arc based on weight.
For purposes of United States patent practice, the contents of any patent, patent
application, or publication referenced herein are hereby incorporated by reference in thewr
5 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.
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
10 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.

The terms “comprising,” “including,” “having” and their derivatives are not
intended to exclude the presence of any additional component, step or procedire, whether or

15 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

20 combination.

As used herein, the terms “hydrocarbyl” “hydrocarbyl group,” and bke terms refer
to compounds composed cuntirely of hydrogen and carbon, inciuding aliphatic, aromatic,
acyelie, cyclic, polyeyclic, branched, anbranched, saturated, and unsaturated compounds.
The terms “hydrocarbyl,” “hydrocarby! group,” “alkyl,” “alkyl group,” “aryl,” “aryl group,”

25 and like terms ave intended to include every possible isomer, including every structural
isomer or stereoisomer.

The term “cyclic” refers to a sertes of atoms in a polymer or compound where sach
a series includes one or more rings. Accordingly, the term “cyclic hydrocarbyl group” vefers
to a hydrocarbyl group that contains one or more rings. A “cyclic hydrocarbyl group,” as

30 used herein, may contain acyclic (linear or branched) portions in addition to the onc or more
rings.

“Transmetalation” or “transmetallation” refers to an organometallic reaction

involving the transfer of ligands from one metal to another.

~
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The term “catalyst” is used interchangeably with “procatalyst,” “precatalyst,”
“catalyst procursor,” “transition metal catalyst,” “transition metal catalyst precursor,”

22 4

“polymerization catalyst,” “polymerization catalyst precursor,” “transition raetal complex,”

“ransition metal compound,” “metal complex,” “metal compound,” “complex,” “metal-
5  ligand complex,” and like terms.
“Co-catalyst” refers to a compound that can activate certain procatalysts fo form an
active catalyst capable of polymerization of unsaturated monomers. The term “co-catalyst” is
used interchangeably with “activator” and like terms.

9 64

“Active catalyst,” “active catalyst coraposition,” and like terms refer to a transition

10 wmetal compound that is, with or without a co-catalyst, capable of polymerization of
unsaturated monomers. An active catalyst may be a “procatalyst” that becomes active to
polymerize unsaturated monomers without a co-catalyst. Alternatively, an active catalyst
may a “procatalyst” that becomes active, in combination with a co-catalyst, to polymerize
unsaturated monomers.

15 The term “polymer” refers to a material prepared by reacting (i.e., polymerizing) a
set of monomers, wherein the set (s a homogenous (f.e., only one type} set of monomers or a
heterogencous {i.e., more than one type) set of monomers. The term polymer as used herein
includes the term “homopolymer,” which refers to polymers prepared from a homogenous set
of monomers, and the term “interpolymer” as defined below.

20 The term "interpolymer”™ refers to a polymer prepared by the polymerization of at
least ewo different types of monomers. This term inclode both “copolymers,” i.e., polymers
prepared from two different types of monomers, and polymers prepared from more than two
different types of monomers, e.g., terpolymers, tetrapolymers, etc. This term also embraces
all forms of mterpolymers, such as random, block, homogeneous, heterogeneous, etc.

23 A “polyolefin” is a polymer produced from the polymerization of an olefinas 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 “polvolefin,” as used

97 4k

herein, includes and covers the terms “ethylene-based polymer,” “propylene-based polymer,”
“ethylene homopolymer,” “propylene homopolymer,” “ethylenc/alpha-olcfin interpolymer,”
30 “ethylene/alpha-olefin copolymer,” “ethylenc/alpha-olefin multiblock tnterpolymer,” “block

55 Gs L3

coraposite,” “specified block composite,” “crystalline block composite,” “propylene/alpba-

olefin interpolymer,” and “propylene/alpha-olefin copolymer.”



30

WO 2021/138073 PCT/US2020/065764

An “ethylene-based polymer™ 15 a polymer that contains a majority amount of
polymerized cthylene, based on the weight of the polymer, and, optionally, may further
contain polymerized units of at [east one comonomer. An “cthylene-based interpolymer” is
an interpolymer that contains, in polymerized form, a majority amount of ethyiene, based on
the weight of the interpolymer, and further contains polymerized units of at least ong
comonomer. An “ethvlene homopolymer” is a polymer that comprises repeating units
derived from ethylene but does not exchide residual amounts of other components.

The term “ethylene/alpha-olefin interpolymer,” as used herein, refers to a polymer
that comprises, in polymerized form, a majority weight percent of cthylene (based on the
weight of the interpolymer), and at least one comonomer that is an alpha-olefin. The
ethylene/alpha-olefin interpolymer may be a random or block interpolymer. The terms
“ethylene/alpha-olefin copolymer” and “ethylenc/alpha-olctin multi-biock interpolymer”™ are
covered by the termo “ethylene/alpha-olefin interpolymer.”

The term “ethylene/alpha-olefin copolymer,” as used herein, refers to a copolymer
that comprises, 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 cthylene and the
alpha-olefin are the only two monomer types. The ethylene/alpha-olefin copolymer may be a
random or block copolymer.

The term “ethylene/alpha-olefin multi-block interpolymer™ or “olefin block
copolymer,” as used herein, refers to an interpolymer that includes cthvlene and one or more
copolymerizable alpha-olefin comonomers in polymerized form, characterized by muliiple
blocks or segments of two or more (preferably three or more) polymerized monomer units,
the blocks or segments differing in chemical or physical propertics. Specifically, this term
refers to a polymer comprising two or more (preferably three or more) chemically distinet
regions or segments {referred to as “blocks”} joined in a linear manner, that is, a polymer
compising chemically differentiated units which are joined (covalently bonded) end-to-cnd
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-trregularity, 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 vnique
4
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distributions of both polymer polydispersity (PDI or Mw/Mn) and block length distribution,
c.g., based on the cffect of the usc of a shuttling agent(s) in combination with catalyst
systerns. Non-limiting examples of the olefin biock copolymers of the present disclosure, as
well as the processes for preparing the same, are disclosed in U.3. Patent Nos. 7,858,706 B2,
5 8,198,374 BZ, 8,318,864 B2, 8,608,779 B2, 8,710,143 B2, 8,785,551 BZ, and 9,243,090 B2,
which are all incorporated herein by reference in their entirety.
The term “block composite” ("BC”) refers to a polymer comprising three polymer
components: (i} an ethylene-based polymer (EF} having an ethylene content from 10 mol% to
90 mol% (a soft copolymer), based on the total moles of polymerized monomer units in the
10 ethvlene-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 (AOP); and (iit) a block
copolymer ( eblock copolymer) having an cthylene block (EB) and an alpha-olefin block
{AOB); wherein the ethylene block of the block copolymer is the same composition as the EP
15 of component (i) of the block composite and the alpha-olefin block of the block copolymer is
the same composition as the AOF 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 exampies of the block composites of the present disclosure, as well as processes for
20 preparing the same, are disclosed in ULS. Patent Nos. 8,686,087 and 8,716,400, which are
incorporated herein by reference in their entirety.
The term “specified block composite” ("SBC™) refers to a polymer comprising three
polymer components: (i} an ethylene-based polymer (EP) having an ethylene content fromm 78
mol% to 90 mol% (a soft copolymer), based on the total moles of polymerized monomer
25 units in the ethylenc-based polymer (EP); (i1} an alpha-olefin-based polymer (ACGP) having
an alpha-olefin content of from 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 (iii) a
block copolymer (diblock copolymer) having an ethylene block (EB} and an alpha-olefin
black (AOGB); wherein the ethylence block of the block copolymer is the same composition as
30 the EP of component (i) of the specified block composite and the alpha-olefin block of the
block copolymer s the sarne composition as the AGP of component {ii) 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
5
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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 disciosed in WO
2017/044547, which is incorporated herein by reference in its entirety.

The term “crystalline block composite” (“CB{C”) refers to polymers comprising
three components: (i) a crystalline ethylene based polymer (CEP) having an ethyvlene content
of greater than 90 wol%, based on the total moles of polymerized monomer vnis in the
crystalline ethylene based polymer (CEP); (1) 4 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 (CAGP); 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 CAQOP of component (i) of the crystaliine block
composite. Additgonally, in the crystalline block composite, the compositional split between
the amount of CEP and CAGP will be essentially the same as that between the corresponding
blocks in the block copolymer. 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.

A “propyiene-based polymer” is a polyroer that contains a raajority amount of
polymerized propylene, based on the weight of the polymer, and, optionally, may further
comntain polymerized units of at feast one comonomer. A “propylenc-based interpolymer™ is
an interpolymer that contains, 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 “propylene homopolymer” is a polymer that comprises repeating units
derived from propylenc but does not exclude residual amounis of other components.

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-olcfin {where
cthylene is considered an alpha-olefin}. The propviene/alpha-olefin interpolymer may be a
random or block interpolymer. The term “propylene/alpha-olefin interpolymer” includes the

term “propylene/alpha-olefin copolymer.”
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The term “propylene/alpha-olefin copolymer.” as used herein, refers to a copolymer
that comprises, in polymerized form, a majority weight percent of propyiene (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

5  may be a random or block copolymer.

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

The terms “polyolefinyl,” “polyolefinyl group” and like terms refer to a polyolefin
missing onc hydrogen.

10 Alpha-thalomethyl) acrylate
The starting materials of step a} of the process of the present disclosure comprise an
alpha-(halomethyl) acrvlate. In certain embodiments, the aipha-(halomethyl) acrylate has the

formula (I

e

= R
K-{-""f’\’\i(f \‘\("}«.f"/. T
! {1f), wherein:
15 X 1s a halogen; and

R1 is a Ci-C30 hydrocarbyl group.

In certain embodiments, X is 4 halogen and is selected from the group consisting of
fluoride, chlonde, bromide, and iodide.

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

20 branched, or cvclic. In further cmobodiments, R1 is a C1-C30 alkyl group that may be lincar,

branched, or cyclic. For example, R1 may be a linear, branched, or cyclic alkyl group
comprising from 1 to 30 carbon atoms, or from | to 20 carbon atoms, or from 1 to 10 carbon
atoros, or from 1 to 8 carbon atoms, or from 1 to 3 carbon atoms.

Organoaluminum Compound

)
(4]

The starting materials of step a) of the process of the present disclosure comprise an
organoaluminum compound of the formula RaAl wherein each R independently is a C1-C26
bydrocarbyl group or a polyolefinyl group.

In certain embodiments, cach R of the organoaluminom compound of the formula
R3Al independently is a C1-C26 hydrocarbyl group. In certain embodiments, each R of the
30 organcaluminum corapound of the formula R3Al independently is a C1-C26 hydrocarbyl
group that may be linear, branched, or cyclic. In further embodirents, each R of the

7
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organoalumimum compound of the formula RsAl independendy is a C1-C26 alkyi group that
may be linear, branched, or cyclic. For example, each R of the organcaluminum compound
of the formula R3Al may independently 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 to & carbon
atoms.

In some embodiments, cach R of the organcaluminum compound of the formaula
RsAlindependently is a polvolefinyi group. In further embodiments, each R of the
organocalomimim compound of the formula RsAl independenty is a polyolefinyl group,
which can be defined by the properties of R-H, wherein R-H has a number average
molecular weight of greater than 365 gfiool. In further embodiments, each R of the
organcaluminum compound of the formula RaAl independently is a polyolefinyl group,
which can be defined by the propertics 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 3635
g/mol to 5,000,000 g/mol, or from greater than 365 g/mol to 1,000,000 gfmol, or from greater
than 365 g/mol to 750,000 g/mol, or from greater than 365 g/mel to 500,000 g/mol, or from
greater than 365 g/mol to 250,000 g/mol.

In further embodiments, cach R of the organoaluminoem compound of the formula
RiAl independently is a polyolefinyl group, which can be defined by the properties of R-H,
wherein R-H bas a density from (.850 to 6,965 g/ce, or from $.860 to 0.950 g/ce, or from
(.865 to 0.925 gice.

In further embodiments, each R of the organcalumimim compound of the formula
R:Al independenty is a polyolefinyl group, which can be defined by the properties of R-H,
wherein R-H has a melt index (12} from .01 to 2,000 g/10 mimutes, or from .01 1o 1,500
/10 minutes, or from 0.1 to 1,000 g/10 minutes, or from 0.1 to 300 g/10 mimstes, or from O.1
to 100 g/10 minutes.

In further embodiments, cach R of the organcaluminum compound of the formula
RsAlindependently ts a polvolefinyl group, which can be defined by the properties of R-H,
wherein R-H has a number average molecular weight disuibution (Mw/Mn or PDM) from 1 to
10, orfrom lto 7, orfrom | t0 5, or from 2 to 4.

In certain embodiments, cach R of the organocaluminum compound of the formula
RaAl independently is an ethylene homopolymeryl group comprising units derived from

ethylene.
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In certain embodiments, each R of the organcalumimum compound of the formula
RaAlindependentdy is an ethylene/alpha-olefin interpolymeryl group comprising units
derived from ethylene and at least one U330 alpba-olefin. The C3-C30 alpha-olefin may
be, for example, 1-butene, 4-methyl-1-pentene, 1-hexene, I-octeng, 1-decene, 1-dodecene, 1-

5  tetradecene, I-hexadecene, or 1-octadecene.

In certain embodiments, cach R of the organcaluminum compound of the formula
RsAl independently ts an ethylene/alpha-olefin copolymeryl group comprising units derived
from ethylene and a C3-C30 alpha-olefin. The C3-C30 alpha-olefin may be, for example,
propylene, {-butene, 4-methyi-1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-

10 tetradecene, $-hexadecene, or t-octadecene.

In certain embodiments, each R of the organcaluminom compound of the formula
RsAl independently is an ethylene/alpha-olefin multi-block interpolymervl group or olefin
block copolymervl group as defined herein.

In further embodiments, each R of the organoalumimim compound of the formula

15 RsAlindependently is a polymeryl group of a block composite, a specified block composite,
or a crystalline block composite, as defined herein.

In certain embodiments, each R of the organcabiminum compound of the formula
RsAl independently is a propylene homopolymeryl group comprising units derived from
propylene.

20 In certain embodiments, cach R of the organcaluminum compound of the formula
RsAlindependendy is a propylene/alpha-olefin interpolymeryl group comprising unigs
derived from propylene and at feast one comonomer that is cthylene or a C3-C30 alpha-
olefin. The C3-C30 alpha-olefin may be, for cxample, propylene, I-butene, 4-methyl-1-
pentene, 1-hexene, 1-octene, I-decene, t-dodecene, i-tetradecene, 1-hexadecene, or 1-

23 octadecene.

In certain embodiments, cach R of the organcaluminum compound of the formula
RsAl independently ts a propylene/aipha-olefin copolymeryl group comprising units derived
from propylene and a comonomer that is ethylene or a C3-C3{ alpha-olefin. The C3-C30
alpha-olefin may be, for example, propylene, i-butene, 4-methyl-1-pentene, 1-hexene, 1-

30 octene, I-decene, 1-dodecene, I-tetradecene, 1-hexadecene, or 1-octadecene.

Regarding the embodiments wherein each R of the organoalaminurm compound of

the formula R3Al independently is a polyolefinyl group, the organoaluminum compound of
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the formula R3Al may be prepared by a process {al), wherein the process (al} comprises

combining starting materials comprising:

1} an olefin monomer component;
it} a catalyst; and
5 it} a chain shuttling agent of the formula J3Al wherein each T independently is

a C1-C20 hydrocarbyl group,

thereby forming a solution or shury comprising the organoalurimim compound of
the formula RsAl

Starting material i), the olefin monomer component, comprises one of more olefin

10 monomers. Suitable olefin monomers include straight chain or branched alpha-olefins of Z 10
30 carbon atoms, alternatively 2 to 20 carbon atoms, such as ethylene, propylene, I-butene,
3-methyl-1-butene, 1-pentene, 1-hexene, 4-methyl-i-pentene, 3-methyl-1-pentene, 1-octene,
1-decene, I-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, and 1-cicosene;
cycloolefins of 3 to 30, alternatively 3 to 20 carbon atoms such as cyclopentene,

15 cycloheptene, norbornene, S-methyl-Z-norbornene, tetracyclododecene, and 2-methyi-1.4,5.8-
dimethano-1,2.3,4,4a,3,8, 8a-octahydronaphthalene. Suitable olefin monomers are disclosed
for example, at col. 16, lines 5-36 of U.S. Patent 7,838,706 and at col. 12, lines 7 to 41 of
U.S. Patent 8,053,529, which are hereby incorporated by reference. In certain embodiments,
starting material i) may comprise cthylene and optionally one or more olefin monomers other

20 than ethylene, such as propylene or 1-octene.

Regarding starting material i1), suitable catalysts inclode any compound or
cornbination of compounds that is adapted for preparing polymers of the desired compaosition
or type. One or more catalysts may be used. For example, first and second olefin
polymerization catalysts may be used for preparing polymers differing in chemical or

25 physical properties. Both heterogeneous and homogeneous catalysts may be employed.
Exampies of heterogencous catalysts include Ziegler-Natta compositions, especially Group 4
metal halides supported on Group 2 metal halides or mixed halides and alkoxides and
chromium or vanadium based catalysts. Alternatively, for ease of use and for production of
narrow molecular weight polymer segments in solution, the catalysts may be homogencous

30 catalysts comprising an organometallic compound or metal compiex, such as compounds or
coraplexes based on metals selected from Groups 3 to 15 or the Lanthanide series of the
Periodic Tabie of the Elements. Starting material 1) may further comprise a cocatalyst in

addition to the catalyst. The cocatalyst raay be a cation forming co-catalyst, a strong Lewis
10
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Acid, or combination thereof. Suitable catalysts and cocatalysts are disclosed, for example,
at col. 19, line 45 to col. 51, line 29 of U.S. Patent 7,858,706, and col. 16, line 37 to col. 48,
tine 17 of U.S. Patent 8,053,529, which are bereby incorporated by reference. Suitable
procatalysts that may also be added include but are not limited to those disclosed in PCT
Publications WO 2005/090426, WO 2005/0080427, WO 2007/035485, WO 2009/012215,
WO 20147105411, WO 20177173080, U.S. Patent Publication Nos. 2006/0199838,
2007/8167578, 2008/0311812, and U.S. Patent Nos. 7,355,089 B2, 8,058,373 B2, and
8.785,534 B2.

Regarding starting material iii}, the chain shutthing agent has the formula I3AL
where cach J is independently a hydrocarbyl group of 1 to 20 carbon atoms. The hydrocarby!
group for I has 1 to 20 carbon atoms, alternatively 2 to 12 carbon atoms. The hydrocarbyl
group for J may be an alkyl group, which may be linear or branched. J may be an alkyl group
cxeraplified by ethyl, propyl, octyl, and combinations thercof. Suitable chain shuttling agents
include mrialkyl alominuro compounds, such as triethy!l alurninum. Suitable chain shuttling
agents are disclosed at col. 16, bne 37 o col. 19, line 44 of U.S. Patent 7,858,706 and col. 12,
line 49 to col. 14, linc 40 of ULS. Patent 8,053,529, which are hereby incorporated by
veference.

The starting materials for preparing the organcaluminum compound of the formula
R3Al may optionally further comprise one or more additional starting materials selected from:
iv} a solvent, vi} a scavenger, vil) an adjuvant, and viii) a polymerization aid. Toluene and
EsoparTM E are examples of solvents for starting material iv). IsoparTM E i3 an isoparatfin
fluid, typically containing less than 1 ppra benzene and less than 1 ppim sultur, which is
comuercially available from ExxonMohil Chemical Company.

The process conditions and equipment for preparing the organoaluminum
compound of the formula RaAl are known in the art and are disclosed, for example in US.
Patent 7,858,706 and U.S5. Patent 8,053,529, which are hereby incorporated by reference. For
example, the process (a1} may be characterized as polymerization that is desirably carried out
as a continuous polymerization, preferably a continuous, solution polymerization, in which
catalyst components, shuttling agent(s), monomers, and optionally solvent, adjuvants,
scavengers, and polymerization aids are continuously supplied to the reaction zone and
polymer product continuously removed there from. Within the scope of the terms

“continuous” and “continvously” as used in this context are those processes in which there

i3
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are intermittent additions of reactants and removal of products at small regular or rregular
intervals, so that, over time, the overall process is substantially continuous.
The polymerization can be advantageously eraployed as a high pressure, solution,
slusry, or gas phase polymerization process. For a solution polymerization process it is
5  desivable to employ homogeneous dispersions of the catalyst components in a liquid diluent
in which the polyrmer is soluble under the polymerization conditions emaployed. One such
process utilizing an extremely fine silica or sirmilar dispersing agent to produce such a
homogeneous catalyst dispersion where either the metal complex or the cocatalyst is only
poorly soluble is disclosed in U.S. Pat. No. 5,783,512, A solution process to prepare the
10 novel polymers of the present invention, especially a continuous solution process is
preferably carried out at a temperature between 807 (. and 250° C., more preferably between
106° C. and 210° C., and most preferably between 110° €. and 210° C. A high pressure
process is usually carried out at temperatures from 100° CL to 400° . and at pressures above
500 bar (50 MPa). A slurry process typically uses an inert hydrocarbon diluent and
15 temperatures of from 0° . up to a temperature just below the temperature at which the
resulting polymer becomes substantially soluble in the inert polvmerization medium.
Preferred temperatures in a shirey polymenization are from 30° C., preferably from 60° Coup
to 115° C,, preferably up to 180° C. Pressures typically range from atmospheric (108 kPa) o
560 pst (3.4 Mpa).
20 Preparing an alpha-substituted acrvlate
The present process is directed (o preparing an alpha-substituted acrylate. In certain

cmbodiments, the alpha-substituted acryiate has the formula (Iy:

(b
wherein R is a C1-26 hydrocarbyl group or a polyolefinyl group; and
25 R1is a C1-C30 hydrocarbyl group.
Each of the R and R1 groups of the alpha-substituted acrylate of the formulda () 18
the same as and includes all embodiments of the R group of the organcaluminum compound
of the fornmula R3Al and the R1 group of the alpha-(halomethyl) acrylate of the forouda (11},

respectively. Indeed, the process of the present disclosure relates to a nucleophilic

Land
P
o

substitation reaction whereby X, the halogen, is a leaving group that is replaced by an R of

.

the organcaluminum compound of the formula R3AL
12
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In certain embodiments, step a} of the process of the present disclosure may be
performed neat. In further embodiments, the starting materials in step a) of the process of the
present disclosure further comprise a hvdrocarbon solvent. In further embodiments, the
starting materials in step a) of the process of the present disclosure further comprise a

5  hydrocarbon solvent that is a non-aromatic hydrocarbon solvent.

In some embodiments, step a) of the process of the present disclosure is performed
at a temperature that is above the melting teroperatuve of the R group as defined herein. For
cxample and without limitation, step a) of the process of the present disclosure may be
performed at a temperature from 15°C to 100°C.

16 In some embodiments, the ratio of the alpha-thalomethyl) acrylate to the
organcaluminum compound of the formula RsAlinstep a) is 15:1, or 12:1, or 911, or 6:1, or
31, 0r2:1,or 11

In preferred embodiments, the process of the present disclosure excludes any
transmetallation step or reaction.

15 In certain embodiments, step a) of the process of the present disclosure is
uncatalyzed. In further embodiments, step a) of the process of the present disclosure may be
catalyzed by one or more organocatalysts. An organocatalysts is a catalyst that exclades any
metal elements. Accordingly, in certamn embodiments, the starting materials in step a} of the
present process further comprises an organocatalyst. For example, the starting materials in

20 step a) of the process of the prosent disclosure further compriscs a nitrogen confaining
heterocycle as disclosed in WO 2019/182992. The nitrogen containing heterocycle can be,
for example and without limitation, N-methyl imidazole.

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

following:
23
1. A process for preparing an alpha-substituted acrylate, the process comprising:
a) combining starting materials comprising an alpha-thalomethyl) acryvlate and an
organoalumimim compound,
thereby torming a product comprising the alpha-substituted acrylate.
30
2. A process for preparing an alpha-substituted acrylate, the process comprising:
a) combining starting materials comprising an alpha-(halomethyl) acrylate and an

organoalurainum corpound of the formula R3Al
i3
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thereby forming a product comprising the alpha-substituted acrylate, whersin:

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

Y
)
r4

O

(I

5 " \% | ()

each R independently is a C1-C26 hydrocarbyl group or a polyolefinyl group;
each R1 independently is a C1-C30 hydrocarbyl group; and

X is a halogen.

16 i The process of embodiment 1 or 2, wherein the starting materials of step a) further

comprise & solvent.

4. The process of embodiment 3, wherein the solvent is a non-aromatic hydrocarbon
solvent.

15
3. The process of any of the previous embodiments, wherein the process excludes any

fransmetallation step or reaction.

6. The process of any of the previous embodiments, wherein the starting materials of

20 step a) turther comprise an organocatalyst.

7. The process of embodirent 6, wherein the organocatalyst is a nitrogen containing
heterocycle.
25 8 The process of embodiment 7, wherein the nitrogen containing heterocycle is N-

methyl imidazole.

9, The process of any of the previous embodiments, wherein each R independently s a
CH-C30, or C1-C18, or C1-C8, or C1-C3 alkyl group that i8 linear, branched, or cyclic.
i4
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16 The procass of any of the previous embodiments, wherein each R independently s a

C1-C30 hydrocarbvl group.

11 The process of embodiment 10, wherein each R independently s a C1-C30, or C1-

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

12, The process of any of embodiments 1-9, wherein each R independently is a

polyolefinyi group.

i3. The process of embodiment 12, wherein the polyolefinyl group is an ethylene-based

polymeryl group.

14. The process of embodiment 13, wherein the polyolefinyl group is an ethylene

homopolymeryl group comprising units derived from ethylene.

is. The process of embodiment 13, wherein the polyolefinyt group is an ethylene/alpha-
olefin interpolymeryl group comprising units derived from ethylene and a C3-C30 alpha-

olefin.

16. The process of embodiment 13, wherein the polyolefinyl group is an ethylene/alpha-

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

i7. The process of embodiments 15 or 16, wherein the C3-C30 alpha-olefin is selected

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

18. The process of embodiment 13, wherein the polyolefinyl group is an ethylene/alpha-

olefin multiblock interpolymeryl group.

19. The process of embodirnent 13, wherein the polyolefinyi group is selected from the
group consisting of a polymery! group of a block composite, a polymeryl group of a specified

block composite, and a polymeryl group of a erystalline block composite.

i



WO 2021/138073 PCT/US2020/065764

26 The process of embodiment 12, wherein the polyolefinyl group is a propylene-based

polymeryl group.

21. The process of embodiment 20, wherein the polyolefiny! group is a propylene
5 homopolymeryl group comprising units derived from propyiene.

22. The process of embodiment 20, wherein the polyolefinyl group is a propylene/aipba-
olefin interpolymeryl group comprising units derived from propylene and either ethylene or a

C4-C30 alpha-olefin.

10
23. The process of embodiment 20, wherein the polyolefinyl group is a propylene/aipha-
olefin copolymeryl group comprising units derived from propylenc and cither ethylenc or a
{430 alpha-olefin.

15 24 The process of embodiment 22 or 23, wherein the C4-C30 alpha-olefin is selected

from the group consisting of 1-butene, 1-hexene, and 1-octene.

25. The process of any of embodiments 12-24, wherein the polyolefinyl group can be
defined by properties of R-H, and wherein R-H has a number average molecular weight of

20 greater than 365 g/rool.

26. The process of any of embodiments 12-25, wherein the polyolefinyl group can be
defined by properties of R-H, and wherein R-H has a nurcher average molecular weight of
from greater than 365 ghmol to 10,000,000 g/rool, or from greater than 365 g/mol to

25 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 g/mol, or from greater than 365 g/mol to 500,000 g/mol, or from greater

than 365 gfmol to 250,000 g/imol.
27. The process of any of embodiments 12-26, wherein the polyolefinyl group can be

30 defined by properties of R-H, and wherein R-H has a deusity from 0.850 to (.965 g/cc, or
from 0.860 to 0.950 g/ce, or from (.863 to 0.925 glee,

i6
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28. The process of any of embodiments 12-27, wherein the polyolefinyl group can be
defined by properties of R-H, and wherein R-H has a melt index (32} from 0.01 to0 2,000 g/10
minutes, or from 0.01 to 1,500 g/10 minutes, or from (0.1 to 1,000 g/10 minutcs, or from 0.1

to 500 g/10 minutes, or from 0.1 to 100 g/10 mimutes.

3
29. The process of any of embodiments 12-28, wherein the polyolefiny group can be
defined by properties of R-H, and wherein R-H has a number average molecular weight
distribution (Mw/Mn) from 1 to 10, or from 1 to 7, or from 1 to 5, or from 2 (0 4.
10 30 The process of any of the previous embodiments, wherein step a) is performed at 4

temperature from 15°C to 100°C.

31 The process of any of the previous embodiments, wherein the ratio of the alpha-
{(halomethvl} acrylate to the organcaluminum compound in step a)is §13:1, or 12:1, or &1, or

15 G:1,0or3: 1, or2:1, ori:1.

32. The process of embodiment 1, wherein the organoaluminum compound s prepaved by
a process comprising combining starting materials comprising:
i) an olefin monomer component; i} a catalyst; and iii) a chain shuttling agent,

20 thereby forming a solution or slurry comprising the organcalunminum compound.

33. The process of any of embodiments 2-31, wherein the organcaluminum compound of
the formula R3Al is prepared by a process comprising combining starting materials
comprising:

23 i} an olefin monomer component; ii} a catalyst; and i) a chain shuttling agent of the
formula J3AlL wherein each I independently is a C1-C20 hydrocarbyl group,

therchy forming a solution or slurry comprising the organcahuminum compound of

the formula R;AL

30 TEST METHODS
Diensity:

Density iz measvred in accordance with ASTM D-792, Method B.



10

—
L

20

Land
P
o

.

WO 2021/138073 PCT/US2020/065764

Melt Index:

Melt index (I2) is measurad in accordance with ASTM D-1238, which s
incorporated herein by reference in its entivety, Condition 190 °(/2.16 kg, and was reported
in grams eluted per 10 minutes.

GPC:

Sarople polymers were tested for their properties via GP{C according to the following.

A high temperature Gel Permeation Chromatography system (GPC IR) consisting of
an Infra-red concentration detector {(IR-5) from PolymerChar Inc (Valencia, Spain) was used
for Molecular Weight (MW and Molecular Weight Distribution (MW D) determination. The
carrier solvent was 1,2 4-trichlorobenzene (TCB). The auto-sampler compartment was
opcrated at 160 °C, and the column compartment was operated at 150 °C. The columas used
were four Polymer Laboratories Mixed A LS, 20 micron columns. The chromatographic
solvent {TUB) and the sample preparation solvent were from the same solvent source with
250 ppm of butylated hydroxvioluene (BHT) and nutrogen sparged. The samples were
prepared at a concentration of 2 mg/ml in TCB. Polvmer samples were gently shaken at 160

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

Calibration of the GPC column set was performed with 21 narrow molecular weight
distribution polystyrene standards. The molecolar weighis of the standards ranged from 580
o 3,400,000 g/mol, and were arranged in 6 “cocktail” mixtures, with at least a decade of

scparation between individual molecuiar weights,

The GPC column set was calibrated before running the examples by mnning 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 “cocktaill” mixtures. Each standard mixture had af 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} compenent 0 minimize degradation. The polystyrene standard peak molecular weights

U
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were converted to polyethylene Mw using the Mark-Houwink constants. Upon obiaining the
constants, the two values were used to construct two linear reference conventional
calibrations for polyethylene molecular weight and polyethylenc intrinsic viscosity as a

function of elution column.

The polystyrene standard peak molecular weights were counverted to polyethvicne
molecular weights using the following equation (as described 1n Williarons and Ward, J. Polym.

Sci, Polym. Let, 6, 621 (1968)):
IWDolyeihylene ':A( A'fpu’lys{wene,}ﬁ ( i )
Here B has a value of 1.0, and the experimentally determined value of A is around 0.41.

A third order polynomial was used to fit the respective polyethylene-equivalent
calibration points obtained from equation (1) to their observed ehution volumes of polystyrene

standards.

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

following cquations:

LW £ M)

SIWE Mw =
Mn = —------;.---’i-(-L---- M SIW
Ei ({/’b in// ) o i
\ M, ) {3
T LW 2 M)

UL 4)

Where, WF ts the weight fraction of the i-th component and M is the molecular weight of the

i-th component.

The MWD was expressed as the ratio of the weight average molecular weight (Mw) to

the number average molecular weight (Mn).

The accurate 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.

i9
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The GPC system consists of a Waters (Milford, Mass.) 150 °C high temperature
chromatograph (other suitable high temperatures GPC instrurnents include Polymer
Laboratories {Shropshire, UK} Model 210 and Model 22(0) equipped with an on-board
differential refractometer (RI). Additional detectors could include an IR4 infra-red detector
from Polymer ChAR (Valencia, Spain), Precision Detectors (Amberst, Mass.) 2-angle laser
fight scattering detector Modet 2040, and a Viscotek (Houston, Tex.y 150R 4-capiliary
sohition viscometer. A GPC with the last two independent detectors and at feast one of the
first detectors is sometimes referred to as “3D-GPC”, while the term “GPC” alone generaily
refers to conventional GPC. Depending on the sampie, cither the 15-degree angle or the 90-

degree angle of the light scattcring detector was used for calculation purposes.

Data collection 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):

NMR analysis was performed at room temperatore using a standard NMR solvent,
such as chloroform or benzene, and data was acquired on a Varian 500 MHz spectrometer.
GOMS:

Tandem gas chromatography/fow 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 5975 inert XL mass selective detector
and an Agilent Techunologies Capillary coluran (HFIMS, 15m X .25rom, 0.25 micron) with
respect to the following:.

Programed method:

20
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Oven Equilibration Time at 50 °C for 0.5 min
then 25 °C/min to 200 °C, and hold for 5 min
Ren Time 11 moin
EXAMPLES
5 The following examples are intended to illustrate some embodiments of the
invention and should not be interpreted as limiting the scope of the invention set forth in the
claims.
Unless stated otherwise, all materials and reagents are commercially available, such
as from Sigma Aldrich.
10 Example 1
a5 °C G

o
H\ PN mathylcyclohaxane P L\ e
35/71/ 0 + OctsAl 3 Oet Y o + AlBr,

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. To the solution of ethyl bromomethyl acrylate (193 mg) in dry methylcyclohexane

[
4

{5 L} in a 20 mb vial solution of Oct3AL (122.5 mg, .33 equiv) was slowly added at RT.
Reaction muxture turned slightly yellow, after overnight at room teroperature color
disappeared. 1,3,3-tribromobenzene was added {76 mg, 0.244 mol) was added as internal
standard.

After 12 hours at room femperature the NMR conversion was calculated to be ca.
20 35% as seen in FiG. 1AL

Reaction mixture was additionally heated for 6 hours at 85°C. NMR showed ca. 60%
conversion with the formation of some byproduct as seen in FIG. 1B, Integration vs. internal
standard gave 61% NMR yield. Forther heating did not improve conversion while more

byproducts were formed.

Example 2

O 85 °C o
i methvicyciohaxane i
3 cs’\[r o7 ¢ OctAl L 3 Oct/\F’ o7+ AL

The reaction of Example 2 was performed under an inert nitrogen atmosphere
glovebox and in accordance with the above reaction scherne which is non-limiting and

30 exemplary. To the sohution of methyl chloromethyl acrviate (134.6 mg) in dry
2%
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methylcyclohexane (5 mb} in a 20 mL vial sofation of Oct3A1 (136.5 mg, .33 equiv) was
slowly added at RT. Reaction mixture tumed slightly yellow, after overnight at room
temperature color disappeared. 1,3 5-tribromobenzene (71.7 mg, 0.227 mmol) was added as
internal standard.

After 12 hours at room temperature the NMR conversion was calculated to be ca.
39% as scen in Fi(G. 2A.

Reaction roixture was additionally heated for 6 hours at 85°C. NMR showed ca. 56%
conversion with the formation of some byproduct as seen in FIG. 2B. Integration vs. internal
standard gave 46-50% NMR yield. Further heating did not improve conversion, while more

byproducts were formed.

22



Claims:

1. A process for preparing an alpha-substituted acrylate, the process comprising:
a) combining starting materials comprising an alpha-(halomethyl) acrylate and an
organoaluminum compound of the formula R3Al,
thereby forming a product comprising the alpha-substituted acrylate, wherein:
the alpha-substituted acrylate has the formula (I):
@]

R/\”)LO/F“
(1);

the alpha-(halomethyl) acrylate has the formula (I1):
O

X/WHJ\O/FH
(1);

each R independently is a C1-C26 hydrocarbyl group or a polyolefinyl group;
each R1 independently is a C1-C30 hydrocarbyl group; and

X is a halogen; wherein the process excludes any transmetallation step or reaction.

2. The process of claim 1, wherein the starting materials of step a) further comprise a

solvent.
3. The process of claim 2, wherein the solvent is a non-aromatic hydrocarbon solvent.

4. The process of any of the previous claims, wherein the starting materials of step a)

further comprise an organocatalyst.

5. The process of any of the previous claims, wherein each R independently is a C1-C26

hydrocarbyl group.
6. The process of any of claims 1-4, wherein each R independently is a polyolefinyl

group that can be defined by the properties of R-H, and wherein R-H has a number average

molecular weight of greater than 365 g/mol.

23



7. The process of claim 6, wherein the polyolefinyl group is an ethylene-based

polymeryl group.

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

group comprising units derived from ethylene.

9. The process of claim 7, wherein the polyolefinyl group is an ethylene/alpha-olefin

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

24
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