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(57) Abstract: This invention relates to a process to functionalize polyolefins comprising contacting a metallocene catalyst with a
hydrosilane, and one or more vinyl terminated polyolefins. This invention further relates to the hydrosilane- functionalized polyol -
etins produced thereby.
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Title: HYDROSILYATION OF VINYL MACROMERS WITH METALLOCENES

PRIORITY CLAIM

[0001] This application claims the benefit of and priority to USSN 13/072,305, filed
March 25, 2011 and EP 11167035.2, filed May 23, 2011. This application is a continuation
of USSN 13/072,305, filed March 25, 2011.

Field of the Invention

[0002] This invention relates to functionalization of vinyl terminated polyolefins by
hydrosilylation reactions with a metallocene.

Background of the Invention

[0003] Methods for the production of polyolefins with end-functionalized groups are
typically multi-step processes that often create unwanted by-products and waste of reactants
and energy. For reviews of methods to form end-functionalized polyolefins, see: (a) S. B.
Amin and T. J. Marks Angew. Chem. Int. Ed. 2008, 47, 2006-2025; (b) T. C. Chung Prog.
Polym. Sci. 2002, 27, 39-85; (¢) R. G. Lopez, F. D'Agosto, C. Boisson Prog. Polym. Sci.
2007, 32, 419-454. A process with a reduced number of steps, even one step, would be
desirable.

[0004] U.S. Patent No. 4,110,377 discloses secondary aliphatic amines alkylated with
alpha-olefins, such as ethylene, propylene, hexene, and undecene. Likewise, several
literature references disclose hydroaminoalkylation of olefins using various catalysts (see J.
Am. Chem. Soc. 2008, 130, 14940-14941; J. Am. Chem. Soc. 2007, 129, 6690-6691; Angew.
Chem. Int. Ed. 2009, 48, 8361-8365; Angew. Chem. Int. Ed. 2009, 48, 4892-4894; Yuki
Gosei Kagaku Kyokaishi (2009), 67(8), 843-844; Angewandte Chemie, International Edition
(2009), 48(6), 1153-1156; Tetrahedron Letters (2003), 44(8), 1679-1683; Synthesis (1980),
(4), 305-306 ). Corey discloses low molecular weight olefins treated with hydrosilanes in the
presence of Cpo,MCl, and n-BuLi to prepare low molecular weight hydrosilylated products.
[0005] None of the above references however disclose functionalization of polyolefins,
particularly polyolefins having Mn's over 200 g/mol, more particularly over 500 g/mol
having large amounts of vinyl terminal groups.

[0006] USSN 12/487,739, filed June 19, 2009 discloses certain vinyl terminated
oligomers and polymers that are functionalized for use in lubricant applications.

[0007] USSN 12/143,663, filed on June 20, 2008 discloses certain vinyl terminated
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oligomers and polymers that are functionalized in USSN 12/487,739, filed June 19, 2009.
[0008] USSN 12/488,093, filed June 19, 2009 discloses a process to functionalize
propylene homo- or co-oligomer comprising contacting an alkene metathesis catalyst with a
heteroatom containing alkene and a propylene homo- or co-oligomer having terminal
unsaturation.

[0009] None of the above references however disclose functionalization of polyolefins,
particularly polyolefins having Mn's over 500 g/mol having large amounts of vinyl terminal
groups.

[0010] End-functionalized polyolefins that feature a chemically reactive or polar end
group are of interest for use in a broad range of applications as compatibilizers, tie-layer
modifiers, surfactants, and surface modifiers.

[0011] Thus, there is a need to develop a means to provide functionalized polyolefins
(particularly end-functionalized) by efficient reactions, particularly reactions with good
conversion, preferably under mild reaction conditions with a minimal number of steps,
preferably one or two steps.

[0012] The instant invention's use of transition metal catalysts, such as metallocenes, to
introduce hydrosilane groups is both a commercially economical and an "atom-economical”
route to end functionalized polyolefins. Herein is described a novel method for their
production by the reaction of vinyl-terminated polyolefins with hydrosilanes in the presence
of a metallocene catalyst. This method is useful for a range of vinyl terminated polyolefins,
including isotactic polypropylene (iPP), atactic polypropylene (aPP), ethylene propylene
copolymer (EP), and polyethylene (PE).

Summary of the Invention

[0013] This invention relates to a process to functionalize polyolefins (as used herein
polyolefin is defined to include both polymers and oligomers) comprising contacting a
metallocene catalyst with a hydrosilane, and one or more vinyl terminated polyolefins.

[0014] This invention further relates to hydrosilane-functionalized polyolefins, preferably
represented by the formula: PO-Si(R*),H,, PO-Si(R*),H, or PO-Si(R*),-L-Si(R**),H
wherein mis 1 or 2; nis 1 or2; m+ n=3; PO is substituted or unsubstituted hydrocarbyl
group having from 20 to about 10,000 carbon atoms; each R*, independently, is a H, or a Cy
to a Cy( substituted or unsubstituted hydrocarbyl group, where any two R* may form a cyclic
structure with Si; L is a bond or a linking group; and each R**, where any two R** may

form a cyclic structure with Si, independently, is a H, or a C; to a C, substituted or
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unsubstituted hydrocarbyl group.

[0015] The hydrosilylated product can be further converted to other moieties such as an —
Si(R*),-OEt that would be useful to modify inorganic oxides such as silica.

Brief Description of the Figures

[0016] Figure 1 depicts an IH NMR of C-20 alpha-olefin hydrosilylated with PhMeSiH,

using CprZrMe,/nBulLi catalyst in toluene at 90°C.

[0017] Figure 2 depicts an |H NMR spectrum of Compound 3 from Scheme 2.
[0018] Figure 3 depicts an |H NMR spectrum of Compound 4 from Scheme 3.
[0019] Figure 4 depicts an |H NMR spectrum of Compound 5 from Scheme 4.

Detailed Description

[0020] As used herein, the term “oligomer” is defined to have an Mn of from 100 to
25,000 g/mol as measured by |H NMR. A polymer has an Mn of more than 25,000 g/mol. A
propylene oligomer or polymer is an oligomer or polymer having at least 50 mol% of
propylene, respectively. As used herein, Mn is number average molecular weight (measured
by 'H NMR unless stated otherwise), Mw is weight average molecular weight (measured by
Gel Permeation Chromatography), and Mz is z average molecular weight (measured by Gel
Permeation Chromatography), wt% is weight percent, and mol% is mole percent. Molecular
weight distribution (MWD) is defined to be Mw (measured by Gel Permeation
Chromatography) divided by Mn (measured by 'H NMR). Unless otherwise noted, all
molecular weight units (e.g., Mw, Mn, Mz) are g/mol. An “olefin,” alternatively referred to
as “alkene,” is a linear, branched, or cyclic compound of carbon and hydrogen having at least
one double bond. For purposes of this specification and the claims appended thereto, when a
polymer or copolymer (or oligomer or co-oligomer) is referred to as comprising an olefin,
including, but not limited to ethylene, propylene, and butene, the olefin present in such
polymer or copolymer (or oligomer or co-oligomer) is the polymerized form of the olefin.
For example, when a copolymer is said to have an "ethylene" content of 35 wt% to 55 wt%, it
is understood that the mer unit in the copolymer is derived from ethylene in the
polymerization reaction and said derived units are present at 35 wt% to 55 wt%, based upon
the weight of the copolymer. A “polymer” has two or more of the same or different mer
units. A “homopolymer” is a polymer having mer units that are the same. A “copolymer” is
a polymer having two or more mer units that are different from each other. A “terpolymer” is
a polymer having three mer units that are different from each other. A “polymer” has two or

more of the same or different mer units. A “homo-oligomer” is an oligomer having mer units
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that are the same. A “co-oligomer” is an oligomer having two or more mer units that are
different from each other. The term “different” as used to refer to mer units indicates that the
mer units differ from each other by at least one atom or are different isomerically.
Accordingly, the definition of copolymer or co-oligomer, as used herein, includes
terpolymers or "ter-oligomers" and the like. The term “different” as used to refer to
polyolefins indicates that the mer units of the polyolefins differ from each other by at least
one atom, the mer units of the polyolefins differ isomerically, the polyolefins differ in Mn,
Mw, Mz, tacticity, Mw/Mn, g'vis, vinyl, vinylidene, vinylene, or internal unsaturation
content, amount of comonomer (when the comonomer is the same or different in the
polyolefins), density, melting point, heat of fusion, and the like. Accordingly, the definition
of copolymer or co-oligomer, as used herein, includes terpolymers or "ter-oligomers" and the
like.
[0021] A "higher" alpha-olefin is an alpha-olefin having at least 4 carbon atoms.
Ethylene shall be considered an alpha-olefin.
[0022] Bromine number is determined by ASTM D 1159. ICPES (Inductively Coupled
Plasma Emission Spectrometry), which is described in J. W. Olesik, “Inductively Coupled
Plasma-Optical Emission Spectroscopy,” in the Encyclopedia of Materials Characterization,
C. R. Brundle, C. A. Evans, Jr. and S. Wilson, eds., Butterworth-Heinemann, Boston, Mass.,
1992, pp. 633-644, is used to determine the amount of an element in a material.
[0023] The following abbreviations may used through this specification: Me is methyl,
Ph is phenyl, Et is ethyl, Pr is propyl, iPr is isopropyl, n-Pr is normal propyl, Bu is butyl, iBu
is isobutyl, tBu is tertiary butyl, nBu is normal butyl, TMS is trimethylsilyl, TIBAL is
triisobutylaluminum, TNOAL is triisobutyl n-octylaluminum, MAO is methylalumoxane,
pMe is para-methyl, Ar* is 2,6-diisopropylaryl, Bz is benzyl, THF is tetrahydrofuran, RT is
room temperature and tol is toluene.
[0024] In a preferred embodiment, this invention relates to a process to functionalize
polyolefins comprising contacting a metallocene catalyst with a hydrosilylating agent,
optionally, in the presence of a reducing agent (e.g., such as nBuLi, EtMgCl, LiAlH,4, NakEt,
Na or Li), and one or more vinyl terminated polyolefins, wherein:
the bridged or unbridged metallocene is represented by the formula:

TnCpryMX,
T is a bridging group;

nis 0 or 1, indicating the presence or absence of a bridging group;

_4-



10

15

20

25

30

WO 2012/134726 PCT/US2012/027710

each Cp is, independently, a substituted or unsubstituted cyclopentadienyl ring;

M s Zr, Ti, or Hf; and

each X is, independently, selected from the group consisting of hydrocarbyl radicals having
from 1 to 20 carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides, halogens,
dienes, amines, phosphines, ethers, or a combination thercof.

[0025] In one aspect, the hydrosilylation agent is represented by the formula: Si(R*),,H,
or Si(R*),HLSi(R**),Hy, m=1or 2, n=2 or 3; m + n = 4; each R*, independently, is a H,
or a C; to a Cy( substituted or unsubstituted hydrocarbyl group, where any two R* may form
a cyclic structure with Si, r=0or1;s=2o0r3; r+s=3;p=0orl;q=20r3;p+q=3;L
is a bond or a linking group; and R**, independently, is a H, or a C; to a Cy substituted or
unsubstituted hydrocarbyl group, where any two R** may form a cyclic structure with Si.
[0026] The vinyl terminated polyolefin is substituted or unsubstituted hydrocarbyl group
having from 20 to about 10,000 carbon atoms and at least 5% allyl chain ends (relative to
total unsaturations).

Process to Functionalize Polyolefins

[0027] This invention relates to a process to functionalize polyolefins (as used herein,
polyolefin is defined to include both polymers and oligomers) comprising contacting a
metallocene catalyst with a hydrosilylating agent, optionally in the presence of a reducing
agent such as a base, and one or more vinyl terminated polyolefins.

[0028] The reactants are typically combined in a reaction vessel at a temperature of -
50°C to 300°C (preferably 25°C, preferably 150°C). Likewise the reactants are typically
combined at a pressure of 0 to 1000 MPa (preferably 0.5 to 500 MPa, preferably 1 to 250
MPa) for a residence time of 0.5 seconds to 10 hours (preferably 1 second to 5 hours,
preferably 1 minute to 1 hour).

[0029] Typically, from about 0.7 to about 4.0 (e.g., 0.8 to 2.6), preferably from about 1.0
to about 2.0, and most preferably from about 1. 1 to about 1.7 moles of the hydrosilylation
reagent are charged to the reactor per mole of polyolefin charged.

[0030] Typically, 0.00001 to 0.1 moles, preferably 0.0001 to 0.02 moles, preferably
0.0005 to 0.01 moles of metallocene are charged to the reactor per mole of polyolefin
charged.

[0031] The process is typically a solution process, although it may be a bulk or high
pressure process. Homogencous processes are preferred. (A homogencous process is

defined to be a process where at least 90 wt% of the product is soluble in the reaction media.)
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A bulk homogeneous process is particularly preferred. (A bulk process is defined to be a
process where reactant concentration in all feeds to the reactor is 70 vol% or more.)
Alternately no solvent or diluent is present or added in the reaction medium, (except for the
small amounts used as the carrier for the catalyst or other additives, or amounts typically
found with the reactants; e.g., propane in propylene).

[0032] Suitable diluents/solvents for the process include non-coordinating, inert liquids.
Examples include straight and branched-chain hydrocarbons such as isobutane, butane,
pentane, isopentane, hexanes, isohexane, heptane, octane, dodecane, and mixtures thereof;
cyclic and alicyclic hydrocarbons such as cyclohexane, cycloheptane, methylcyclohexane,
methylcycloheptane, and mixtures thereof such as can be found commercially (IsoparTM);
perhalogenated hydrocarbons such as perfluorinated C,4_1o alkanes, chlorobenzene, and
aromatic and alkylsubstituted aromatic compounds such as benzene, toluene, mesitylene, and
xylene. In a preferred embodiment, the feed concentration for the process is 60 vol% solvent
or less, preferably 40 vol% or less, preferably 20 vol% or less.

[0033] The process may be batch, semi-batch or continuous. As used herein, the term
continuous means a system that operates without interruption or cessation. For example, a
continuous process to produce a polymer would be one where the reactants are continually
introduced into one or more reactors and polymer product is continually withdrawn.

[0034] Useful reaction vessels include reactors, including continuous stirred tank
reactors, batch reactors, reactive extruder, pipe or pump.

[0035] In a preferred embodiment, the productivity of the process is at least 200 g of a
hydrosilane-functionalized polyolefin per mmol of catalyst per hour, preferably at least 5000
g/mmol/hour, preferably at least 10,000 g/mmol/hr, preferably at least 300,000 g/mmol/hr.
[0036] This invention further relates to a process, preferably an in-line process,
preferably a continuous process, to produce functionalized polyolefin, comprising
introducing monomer and catalyst system into a reactor, obtaining a reactor effluent
containing vinyl terminated polyolefin, optionally removing (such as flashing off) solvent,
unused monomer and/or other volatiles, obtaining vinyl terminated polyolefin (such as those
described herein), introducing vinyl terminated polyolefin, metallocene catalyst (as described
herein) and hydrosilane (as described herein) into a reaction zone (such as a reactor, an
extruder, a pipe and/or a pump) and obtaining functionalized polyolefin (such as those

described herein).
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Metallocene Catalysts

[0037] A metallocene catalyst is defined as an organometallic compound with at least one
n-bound cyclopentadienyl moiety (or substituted cyclopentadienyl moiety) and more
frequently two m-bound cyclopentadienyl moieties or substituted cyclopentadienyl moieties.
This includes other n-bound moieties such as indenyls or fluorenyls or derivatives thereof.
[0038] Useful metallocenes include those represented by the formula: TnCpyMX,,
wherein each Cp is, independently, a substituted cyclopentadienyl ring (preferably selected
from the group consisting of hydrocarbyl radicals having from 1 to 20 carbon atoms) or an
unsubstituted cyclopentadienyl ring and the Cp groups may be bridged by a bridging group T
(preferably represented by the formula R,2J, where J is C, Si or Ge, and each R? is,
independently, hydrogen, halogen, C; to C,q hydrocarbyl or a C; to C,, substituted
hydrocarbyl, and two R” can form a cyclic structure including aromatic, partially saturated, or
saturated cyclic or fused ring system);

nis 0 or 1, indicating the presence or absence of a bridge, T;

M is Zr, Ti, or Hf, preferably Zr;

each X is, independently, selected from the group consisting of hydrocarbyl radicals having
from 1 to 20 carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides, halogens,
dienes, amines, phosphines, ethers, or a combination thercof.

[0039] In a preferred embodiment, n is 0. In another preferred embodiment, at least 1
position on the Cp ring is H, preferably at least 2 positions on the Cp ring are hydrogen,
preferably at least 3, preferably at least 4, preferably 5 positions are H, or if the Cp is an
indene, at least 1 position on the Cp ring is H, preferably at least 2, at least 3, at least 4, at
least 5, at least 6, or 7 of the positions on the indene are hydrogen. In a preferred
embodiment, n is 0, and at least 1 position on the Cp ring is hydrogen, preferably at least 2
positions on the Cp ring are H, preferably at least 3, preferably at least 4, preferably 5
positions are H, or if the Cp is an indene, preferably at least 1 position is H, preferably at
least 2 positions are H, preferably at least 3, at least 4, at least 5, at least 6, or 7 of the
positions on the indene are hydrogen. In another preferred embodiment, n is optionally O and
at least 2 positions on the Cp ring are hydrogen, preferably at least 3, preferably at least 4,
preferably 5, or if the Cp is an indene, preferably at least 2, at least 3, at least 4, at least 5, at
least 6, or 7 of the positions in the indene are hydrogen, provided that if any positions on the
Cp or indene are substituted that the substituent on the Cp or indene is a small group, such as

a Cy to Cjq hydrocarbyl, preferably a C; to Cg¢ alkyl, preferably a C; to C4 alkyl, such as
-7-
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methyl, ethyl, propyl, or butyl. In a particularly preferred embodiment, the substituent
groups on the Cp do not form a substituted or unsubstituted fluorene. In another preferred
embodiment, the Cp is not a substituted or unsubstituted indene. In a particularly preferred
embodiment, the substituent groups on the Cp do not form a substituted or unsubstituted
fluorene or a substituted or unsubstituted indene.

[0040] In a preferred embodiment, the metallocene is one or more of any precursor that
can be reduced to a [Cp,Zrll] species; generally halides Cp,ZrCl,, Cp,ZrBr,, etc, CpoHICI,,
Cp,TiCl,, mixed halides, dimers [Cp,ZrCl],Cl, with any halide. These require reductants
such as nBulLi, t-BuLi, EtMgCl, Na, Li, Mg, K, LiH, LiBEt;H, NaBH,, LiAlH,, sec-BulLi,
(nBu);Mg, MeLi, R*ZnX*, wherein X* is a leaving group such as a halide and R* is a
hydrocarbyl group. The metallocene can be bridged or unbridged.

[0041] In another embodiment, the metallocene can be a bridged or unbridged substituted
metallocene such as T,(CpMe),MX,, T, (CpPtMe),MX,, T, (CpBuMe),MX,, T,(Cpn-
Pr),MX,, T,(Cpt-Butyl),MX,, T,(CpSiMe3),MXs, T,(Indenyl)(Cp)MX,
T,(Fluorenyl)(Cp)MX,, wherein M, T, X and n are as a defined above, preferably n is 0.
Suitable T groups include, for example, Me,Si, CR*,, Et,Si, CH,CH, and the like wherein
R* is a hydrocarbyl group.

[0042] A “catalyst system” is combination of at least one catalyst compound, at least one
activator, an optional co-activator, and an optional support material, where the system can
polymerize monomers to polymer. For the purposes of this invention and the claims thereto,
when catalyst systems are described as comprising neutral stable forms of the components, it
is well understood by one of ordinary skill in the art, that the ionic form of the component is
the form that reacts with the monomers to produce polymers.

[0043] In the description herein, the metallocene catalyst may be described as a catalyst
precursor, a pre-catalyst compound, or a transition metal compound, and these terms are used
interchangeably. An “anionic ligand” is a negatively charged ligand which donates one or
more pairs of electrons to a metal ion. A “neutral donor ligand” is a neutrally charged ligand
which donates one or more pairs of electrons to a metal ion.

Hydrosilylation Reagents

[0044] In one aspect, the hydrosilylation agent is represented by the formula:
Si(R*),H,
where m =1 or 2; n* =2 or 3; m + n* = 4; each R*, independently, is a H, or a C; to a Cy

substituted or unsubstituted hydrocarbyl group, where any two R* may form a cyclic
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structure with Si.

[0045] Preferably one R* is a Cy to Cs( hydrocarbyl group, preferably C; to Cs(, more

preferably C; to Cyg, preferably R* is a hydrogen, a phenyl group, hexyl group or a methyl

group.

[0046] In one aspect, the hydrosilylation agent is represented by the formula:
Si(R*),HgLSi(R**) H,

whereinr=0o0r1; s=2o0r3; r+s=3; p=0orl; q=2o0r3; pt+q=3; Lisabondora

linking group; each R*, independently, is a H, or a C; to a Cy substituted or unsubstituted

hydrocarbyl group (preferably hydrogen, a phenyl group, hexyl group or a methyl group),

where any two R* may form a cyclic structure with Si; and each R**, independently, is a H,

or a Cy to a Cy substituted or unsubstituted hydrocarbyl group, where any two R** may

form a cyclic structure with Si.

[0047] In another embodiment, preferred hydrosilylation reagents further include those

represented by the formulae:

Hy
Si

SiH; Hssik\)sm3

H,Si SiH,
~ , and X

wherein x is a number from 1 to 40. It should be understood that excess hydrosilylation

B

reagent is used during the reaction to cause mono-hydrosilylation to occur and reaction times
are kept to a minimum.

[0048] In a preferred embodiment, the hydrosilylation agent is one or more of PhMeSiH,,
Ph,SiH,, n-hexylSiHj, allyldimethoxysilane, allylsilane, allylmethylsilane, benzylsilane,
benzylmethylsilane, bicycloheptenyl)ethyl]methylsilane, bicycloheptenyl)ethyl]silane, 5-
(bicycloheptenyl)methylsilane, 5-(bicycloheptenyl)silane, 2-(bicycloheptyl)silane, 1,4-
bis(methylsilyl)benzene, 1,4-bis(methylsilyl)butane, 1,2-bis(methylsilyl)ethane
bis(nonafluorohexyl)silane, SiH3(CH;),SiHj3, SiH3(CH»)6SiH3, SiH3(CH;)16S1H3,
SiH3(CH»)sSiH3, SiH3(CH,)3SiHs3, SiH3(CH)SiHs, SiH3(CH,)SiH;3, ortho, meta or para-
SiH3(CeH4)2SiHs,  bis(trimethylsilylmethyl)silane, butenylmethylsilane, t-butylsilane, n-
butylmethylsilane, t-butylmethylsilane, p-(t-butyl)phenethylsilane, t-butylphenylsilane, n-
butylsilane, (p-chloromethyl)phenylsilane, [2-(3-cyclohexenyl)ethyl]methylsilane, [2-(3-
cyclohexenyl)ethyl]silane, 3-cyclohexenylsilane, cyclohexylmethylsilane, cyclooctylsilane,

cyclopentylsilane, n-decylsilane, n-decylmethylsilane,  di(t-butylamino)silane,  di-t-
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butylsilane, dicyclopentylsilane, diethylsilane, di-n-hexylsilane, diisopropylsilane,
dimesitylsilane, (3,3-dimethylbutyl)silane, dimethylsilane, di-n-octylsilane, diphenylsilane,
1,3-disilabutane,  1,4-disilabutane,  disilane, 1,3-disilapropane,  di(p-tolyl))silane,
docosylsilane,  dodecylsilane,  eicosylsilane,  ethylsilane, ethylmethylsilane, n-
heptylmethylsilane, n-heptylsilane, hexylsilane, isobutylsilane, isooctylsilane,
isopropylmethylsilane, isopropylsilane, methylsilane, p-(methylphenethyl)methylsilane, (1-
naphthylmethyl)silane, n-octadecylmethylsilane, n-octadecylsilane, n-octylsilane, n-
octylmethylsilane, pentafluorophenylpropylmethylsilane, pentafluorophenylpropylsilane,
pentylsilane, n-pentylmethylsilane, phenylethylsilane, 6-phenylhexylsilane,
phenylmethylsilane, 1-phenyl-1-(methyl,4-sila)butane, phenylsilane, n-propylsilane, p-
tolylsilane, p-tolylmethylsilane, 1,3,5-trisilacyclohexane, trisilane, 10-undecenylsilane, and
the like.

Base Reagents

[0049] A strong reducing agent such as n-butyl lithium can be used to help facilitate the
hydrosilylation process when X is a halide in the metallocene. Other suitable reducing agents
include, for example, t-BuLi, EtMgCl, Na, Li, Mg, K, LiH, LiBEt;H, NaBH4, LiAIH,, sec-
BuLi, (nBu);,Mg, MeLi, R*ZnX*, wherein X* is a leaving group such as a halide and R* is a
hydrocarbyl group.

Vinyl Terminated Polyolefins

[0050] For purposes of this invention and claims thereto "Allyl chain ends" (also referred

"nan

to as "vinyl termination" "vinyl chain ends" or "vinyl content") is defined to be a polyolefin

(polymer or oligomer) having at least one terminus represented by formula I:

allylic vinyl end group
where the "eee" represents the polyolefin chain. In a preferred embodiment, the allyl chain

end is represented by the formula I1:

\ ® 00 O

allylic vinyl end group
[0051] The amount of allyl chain ends is determined using !H NMR at 120°C using

deuterated tetrachloroethane as the solvent on a 500 MHz machine, and in selected cases
- 10 -
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confirmed by 13C NMR. Resconi has reported proton and carbon assignments (neat
perdeuterated tetrachloroethane used for proton spectra while a 50:50 mixture of normal and
perdeuterated tetrachloroethane was used for carbon spectra; all spectra were recorded at
100°C on a Bruker AM 300 spectrometer operating at 300 MHz for proton and 75.43 MHz
for carbon) for vinyl terminated propylene oligomers in J. American Chemical Soc., 114
1992, pp. 1025-1032 that are useful herein.

[0052] "Isobutyl chain end" is defined to be a polyolefin having at least one terminus

represented by the formula:

isobutyl end group )

where M represents the polyolefin chain. In a preferred embodiment, the isobutyl chain end

is represented by one of the following formulae:

AT,

isobutyl end group
isobutyl end group

/W/W

isobutyl end group isobutyl end group

where M represents the polyolefin chain.

[0053] The percentage of isobutyl end groups is determined using 13C NMR (as
described in the example section) and the chemical shift assignments in Resconi et al, J. Am.
Chem. Soc., 1992, 114, pp. 1025-1032 for 100% propylene oligomers (and polymers) and set
forth in Figure 2 for WO 2009/155471.

[0054] This invention can be practiced with any vinyl containing materials, preferably
with vinyl terminated polyolefins, such as vinyl terminated ethylene homo- and co-polymers,

and vinyl terminated propylene homo- and co-polymers. Many of these materials are known
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in the art and can be functionalized using the processes described herein, e.g., contacting a
metallocene catalyst (as described herein) with an hydrosilylation agent (as described herein)
and one or more vinyl containing materials. Vinyl terminated polyolefins useful herein
include homo-and co-polymers of heteroatom containing monomers, as well as polymers of
olefin monomers only. Vinyl terminated oligomers useful herein include homo-and co-
oligomers of heteroatom containing monomers, as well as oligomers of olefin monomers
only. For purpose of this invention and the claims thereto, the term vinyl terminated
polyolefin includes the terms vinyl terminated polymers and vinyl terminated oligomers.
Preferred vinyl terminated polyolefins include vinyl terminated isotactic polypropylene
(preferably having a melting point of 100°C or more, preferably 155°C or more), vinyl
terminated polyethylene (preferably having a melting point of 100°C or more, preferably
155°C or more).

[0055] In a preferred embodiment, the vinyl terminated polyolefin used herein has at least
90% or greater terminal vinyl groups.

[0056] In a preferred embodiment, the vinyl terminated polyolefin used herein has an Mn
of from 500 to 50,000 g/mol, preferably from 1000 to 30,000 g/mol, preferably from 1,500 to
20,000 g/mol.

[0057] In a preferred embodiment, the vinyl terminated polyolefin is a homopolymer,
homo-oligomer, copolymer or co-oligomer comprising one or more C, to Cyq olefins,
preferably C, to C4 alpha-olefins, preferably ethylene, propylene, butene, pentene, hexene,
octene, nonene, decene, undecene, dodecene. In a preferred embodiment, the vinyl
terminated polyolefin used herein has an Mn of from 500 to 50,000 g/mol, preferably from
1000 to 30,000 g/mol, preferably from 1,500 to 20,000 g/mol and is a homopolymer, homo-
oligomer, copolymer or co-oligomer comprising two or more C, to Cy olefins, preferably C;
to Coy alpha-olefins, preferably ethylene, propylene, butene, pentene, hexene, octene,
nonene, decene, undecene, or dodecene.

[0058] In a preferred embodiment, the vinyl terminated polyolefin is a polyolefin having
an Mn of from 500 to 100,000 g/mol (preferably 700 to 21,000, preferably 800 to 20,000
g/mol) comprising one or more alpha-olefins selected from the group consisting of C, to Cyg
alpha-olefins, preferably ethylene, propylene, butene, pentene, hexene, octene, nonene,
decene, undecene, or dodecene. In a preferred embodiment the vinyl terminated polyolefin is
an oligomer having an Mn of from 500 to 10,000 g/mol (preferably 700 to 21,000, preferably
800 to 20,000 g/mol) comprising two or more alpha-olefins selected from the group
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consisting of C, to Cy4 alpha-olefins, preferably C; to C) alpha-olefins, preferably ethylene,
propylene, butene, pentene, hexene, octene, nonene, decene, undecene, or dodecene.

[0059] Preferably the vinyl terminated polyolefin is an ethylene oligomer, e.g., a homo-
oligomer of ethylene or co-oligomer of ethylene and up to 50 mol% (preferably from 0.5 to
25 mol%, preferably from 1 to 20 mol%) of one or more C; to Cy alpha-olefin co
monomers, preferably selected from the group consisting of propylene, butene, pentene,
hexene, octene, nonene, decene, undecene, or dodecene. Alternately, the vinyl terminated
polyolefin is a propylene oligomer, e.g., a homo-oligomer of propylene or co-oligomer of
propylene and up to 50 mol% (preferably from 0.5 to 25 mol%, preferably from 1 to 20
mol%) of one or more C, and C4 to Cy alpha-olefin co monomers, preferably selected from
the group consisting of ethylene, butene, pentene, hexene, octene, nonene, decene, undecene,
or dodecene. Alternately, the vinyl terminated polyolefin is a copolymer or co-oligomer of
ethylene and/or propylene and a C4 to Cyq alpha-olefin, such as butene, pentene, hexene,
octene, nonene, decene, undecene, or dodecene. Alternately, the vinyl terminated polyolefin
is a copolymer or co-oligomer of ethylene and/or propylene and two or more Cy4 to Cy4 alpha-
olefins, such as butene, pentene, hexene, octene, nonene, decene, undecene, or dodecene. In
a particularly preferred embodiment, the vinyl terminated polyolefin is a copolymer or co-
oligomer of:

1) ethylene and two or more C4 to Cy4 branched or unbranched alpha-olefins, such as butene,
pentene, hexene, octene, nonene, decene, undecene, dodecene; and

2) propylene and two or more C4 to Cy4 branched or unbranched alpha-olefins, such as
butene, pentene, hexene, octene, nonene, decene, undecene, dodecene, and

3) ethylene and propylene and two or more Cy4 to C4 branched or unbranched alpha-olefins,
such as butene, pentene, hexene, octene, nonene, decene, undecene, dodecene, and

4) propylene and two or branched or unbranched alpha-olefins selected from butene, pentene,
hexene, octene, nonene, decene, undecene, and dodecene.

[0060] In a preferred embodiment, the vinyl terminated polyolefin is a polymer having an
Mn of greater than 21,000 g/mol (preferably from 25,000 to 100,000, preferably 25,000 to
50,000 g/mol) comprising one or more alpha-olefins selected from the group consisting of C,
to Cy4 alpha-olefins, preferably ethylene, propylene, butene, pentene, hexene, octene,
nonene, decene, undecene, or dodecene. Preferably the vinyl terminated polyolefin is an
ethylene polymer, e.g., a homopolymer of ethylene or co-polymer of ethylene and up to 50

mol% (preferably from 0.5 to 25 mol%, preferably from 1 to 20 mol%) of one or more C3 to
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Cy4p alpha-olefin comonomers, preferably selected from the group consisting of propylene,
butene, pentene, hexene, octene, nonene, decene, undecene, or dodecene. Alternately, the
vinyl terminated polyolefin is propylene polymer, e.g., a homopolymer of propylene or a co-
polymer of propylene and up to 50 mol% (preferably from 0.5 to 25 mol%, preferably from 1
to 20 mol%) of one or more C, to Cy alpha-olefins comonomers, preferably selected from
the group consisting of ethylene, butene, pentene, hexene, octene, nonene, decene, undecene,
or dodecene.

[0061] In another embodiment, the vinyl terminated polyolefin consist essentially of
propylene, functional group and optionally ethylene.

[0062] Alternately C4 olefins (such as isobutylene, butadiene, n-butene) are substantially
absent from the vinyl terminated polyolefin. Alternately C4.5¢ olefins are substantially
absent from the vinyl terminated polyolefin. Alternately isobutylene is substantially absent
from the vinyl terminated polyolefin. By substantially absent is meant that the monomer is
present in the polyolefin at 1 wt% or less, preferably at 0.5 wt% or less, preferably at 0 wt%.
[0063] In another embodiment, the vinyl terminated polyolefin has a branching index,
gyis (as determined by GPC), of 0.98 or less, alternately 0.96 or less, alternately 0.95 or less,
alternately 0.93 or less, alternately 0.90 or less, alternately 0.85 or less, alternately 0.80 or
less, alternately 0.75 or less, alternately 0.70 or less, alternately 0.65 or less, alternately 0.60
or less, alternately 0.55 or less.

[0064] In a particularly preferred embodiment, the vinyl terminated polyolefin comprises
one or more of:

a) a propylene co-oligomer (copolymer) having an Mn of 300 to 30,000 g/mol (as measured
by 'H NMR) comprising 10 to 90 mol% propylene and 10 to 90 mol% of ethylene, wherein
the oligomer has at least X% allyl chain ends (relative to total unsaturations), where: 1) X =
(-0.94 (mol% ethylene incorporated) + 100), when 10 to 60 mol% cthylene is present in the
co-oligomer, and 2) X = 45, when greater than 60 and less than 70 mol% ethylene is present
in the co-oligomer, and 3) X = (1.83* (mol% ethylene incorporated) -83), when 70 to 90
mol% ethylene is present in the co-oligomer; and/or

b) a propylene oligomer, comprising more than 90 mol% propylene and less than 10 mol%
ethylene, wherein the oligomer has: at least 93% allyl chain ends, an Mn of about 500 to
about 20,000 g/mol (as measured by !H NMR), an isobutyl chain end to allylic vinyl group
ratio of 0.8:1 to 1.35:1.0, and less than 1400 ppm aluminum; and/or
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¢) a propylene oligomer, comprising at least 50 mol% propylene and from 10 to 50 mol%
ethylene, wherein the oligomer has: at least 90% allyl chain ends, Mn of about 150 to about
10,000 g/mol (as measured by 'H NMR), and an isobutyl chain end to allylic vinyl group
ratio of 0.8:1 to 1.3:1.0, wherein monomers having four or more carbon atoms are present at
from O to 3 mol%; and/or
d) a propylene oligomer, comprising at least 50 mol% propylene, from 0.1 to 45 mol%
ethylene, and from 0.1 to 5 mol% C4 to C12 olefin, wherein the oligomer has: at least 87%
allyl chain ends (alternately at least 90%), an Mn of about 150 to about 10,000 g/mol, (as
measured by 'H NMR), and an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to
1.35:1.0; and/or
e) a propylene oligomer, comprising at least 50 mol% propylene, from 0.1 to 45 mol%
ethylene, and from 0.1 to 5 mol% diene, wherein the oligomer has: at least 90% allyl chain
ends, an Mn of about 150 to about 10,000 g/mol (as measured by 'H NMR), and an isobutyl
chain end to allylic vinyl group ratio of 0.7:1 to 1.35:1.0; and/or
f) a homo-oligomer, comprising propylene, wherein the oligomer has: at least 93% allyl
chain ends, an Mn of about 500 to about 20,000 g/mol (as measured by 'H NMR), an
isobutyl chain end to allylic vinyl group ratio of 0.8:1 to 1.2:1.0, and less than 1400 ppm
aluminum.
[0065] In a preferred embodiment, vinyl terminated polyolefins (such as vinyl terminated
olefin oligomers and polymers) useful in this invention include propylene homo-oligomers,
comprising propylene and less than 0.5 wt% comonomer, preferably 0 wt% comonomer,
wherein the oligomer has:
1) at least 93% allyl chain ends (preferably at least 95%, preferably at least 97%,
preferably at least 98%);
i1) a number average molecular weight (Mn) of about 500 to about 20,000 g/mol, as
measured by lH NMR (preferably 500 to 15,000, preferably 700 to 10,000, preferably
800 to 8,000 g/mol, preferably 900 to 7,000, preferably 1000 to 6,000, preferably
1000 to 5,000);
ii1) an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to 1.3:1.0; and
iv) less than 1400 ppm aluminum, (preferably less than 1200 ppm, preferably less
than 1000 ppm, preferably less than 500 ppm, preferably less than 100 ppm).
[0066] Vinyl terminated olefin oligomers and polymers useful in this invention also

include propylene co-oligomers (or copolymer) having an Mn of 300 to 30,000 g/mol as
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measured by |H NMR (preferably 400 to 20,000, preferably 500 to 15,000, preferably 600 to
12,000, preferably 800 to 10,000, preferably 900 to 8,000, preferably 900 to 7,000 g/mol),
comprising 10 to 90 mol% propylene (preferably 15 to 85 mol%, preferably 20 to 80 mol%,
preferably 30 to 75 mol%, preferably 50 to 90 mol%) and 10 to 90 mol% (preferably 85 to 15
mol%, preferably 20 to 80 mol%, preferably 25 to 70 mol%, preferably 10 to 50 mol%) of
one or more alpha-olefin comonomers (preferably ethylene, butene, hexene, or octene,
preferably ethylene), wherein the oligomer has at least X% allyl chain ends (relative to total
unsaturations), where: 1) X = (-0.94 (mol% ethylene incorporated) + 100 {alternately 1.20 (-
0.94 (mol% ethylene incorporated) + 100), alternately 1.50(-0.94 (mol% ethylene
incorporated) + 100)}), when 10 to 60 mol% ethylene is present in the co-oligomer, and 2) X
= 45 (alternately 50, alternately 60), when greater than 60 and less than 70 mol% ethylene is
present in the co-oligomer, and 3) X = (1.83* (mol% ethylene incorporated) -83, {alternately
1.20 [1.83* (mol% ethylene incorporated) -83], alternately 1.50 [1.83* (mol% ethylene
incorporated) -83]}), when 70 to 90 mol% ethylene is present in the co-oligomer. Alternately
X is 80% or more, preferably 85% or more, preferably 90% or more, preferably 95% or more.
In an alternate embodiment the oligomer has at least 80% isobutyl chain ends (based upon the
sum of isobutyl and n-propyl saturated chain ends), preferably at least 85% isobutyl chain
ends, preferably at least 90% isobutyl chain ends. Alternately, the oligomer has an isobutyl
chain end to allylic vinyl group ratio of 0.8:1 to 1.35:1.0, preferably 0.9:1 to 1.20:1.0,
preferably 0.9:1.0 to 1.1:1.0.
[0067] Vinyl terminated olefin oligomers and polymers useful in this invention also
include propylene oligomers (or polymers), comprising more than 90 mol% propylene
(preferably 95 to 99 mol%, preferably 98 to 99 mol%) and less than 10 mol% ethylene
(preferably 1 to 4 mol%, preferably 1 to 2 mol%),wherein the oligomer has:

1) at least 93% allyl chain ends (preferably at least 95%, preferably at least 97%,

preferably at least 98%);

ii) a number average molecular weight (Mn) of about 400 to about 30,000 g/mol, as

measured by 1H NMR (preferably 500 to 20,000, preferably 600 to 15,000, preferably

700 to 10,000 g/mol, preferably 800 to 9,000, preferably 900 to 8,000, preferably

1000 to 6,000);

ii1) an isobutyl chain end to allylic vinyl group ratio 0of 0.8:1 to 1.35:1.0, and

iv) less than 1400 ppm aluminum, (preferably less than 1200 ppm, preferably less

than 1000 ppm, preferably less than 500 ppm, preferably less than 100 ppm).
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[0068] Vinyl terminated olefin oligomers and polymers useful in this invention also
include propylene oligomers, comprising: at least 50 (preferably 60 to 90, preferably 70 to
90) mol% propylene and from 10 to 50 (preferably 10 to 40, preferably 10 to 30) mol%
ethylene, wherein the oligomer has:
1) at least 90% allyl chain ends (preferably at least 91%, preferably at least 93%,
preferably at least 95%, preferably at least 98%);
ii) an Mn of about 150 to about 20,000 g/mol, as measured by |H NMR (preferably
200 to 15,000, preferably 250 to 15,000, preferably 300 to 10,000, preferably 400 to
9,500, preferably 500 to 9,000, preferably 750 to 9,000); and
iii) an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to 1.3:1.0, wherein
monomers having four or more carbon atoms are present at from 0 to 3 mol%
(preferably at less than 1 mol%, preferably less than 0.5 mol%, preferably at 0 mol%).
[0069] Vinyl terminated olefin oligomers and polymers useful in this invention also
include propylene oligomers, comprising:
at least 50 (preferably at least 60, preferably at least 70 to 99.5, preferably at least 80 to 99,
preferably at least 90 to 98.5) mol% propylene, from 0.1 to 45 (alternately at least 35,
preferably 0.5 to 30, preferably 1 to 20, preferably 1.5 to 10) mol% ethylene, and from 0.1 to
5 (preferably 0.5 to 3, preferably 0.5 to 1) mol% Cy4 to Cy, olefin (such as butene, hexene or
octene, preferably butene), wherein the oligomer has:
1) at least 90% allyl chain ends (preferably at least 91%, preferably at least 93%,
preferably at least 95%, preferably at least 98%);
i1) a number average molecular weight (Mn) of about 150 to about 15,000 g/mol, as
measured by lH NMR (preferably 200 to 12,000, preferably 250 to 10,000, preferably
300 to 10,000, preferably 400 to 9500, preferably 500 to 9,000, preferably 750 to
9,000); and
ii1) an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to 1.35:1.0.
[0070] Vinyl terminated olefin oligomers and polymers useful in this invention also
include propylene oligomers, comprising:
at least 50 (preferably at least 60, preferably 70 to 99.5, preferably 80 to 99, preferably 90 to
98.5) mol% propylene, from 0.1 to 45 (alternately at least 35, preferably 0.5 to 30, preferably
1 to 20, preferably 1.5 to 10) mol% ethylene, and from 0.1 to 5 (preferably 0.5 to 3,
preferably 0.5 to 1) mol% diene (such as Cy4 to C;, alpha-omega dienes (such as butadiene,

hexadiene, octadiene), norbornene, ethylidene norbornene, vinylnorbornene, norbornadiene,
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and dicyclopentadiene), wherein the oligomer has:

1) at least 90% allyl chain ends (preferably at least 91%, preferably at least 93%,

preferably at least 95%, preferably at least 98%);

i1) a number average molecular weight (Mn) of about 150 to about 20,000 g/mol, as

measured by lH NMR (preferably 200 to 15,000, preferably 250 to 12,000, preferably

300 to 10,000, preferably 400 to 9,500, preferably 500 to 9,000, preferably 750 to

9,000); and

ii1) an isobutyl chain end to allylic vinyl group ratio of 0.7:1 to 1.35:1.0.
[0071] In another embodiment, the vinyl terminated polyolefin (also referred to as a vinyl
terminated macromer or "VTM") useful herein may be one or more vinyl terminated
polyolefins having an Mn (measured by !H NMR) of 200 g/mol or more, (preferably 300 to
60,000 g/mol, 400 to 50,000 g/mol, preferably 500 to 35,000 g/mol, preferably 300 to 15,000
g/mol, preferably 400 to 12,000 g/mol, or preferably 750 to 10,000 g/mol); and comprising:
(1) from about 20 to 99.9 mol% (preferably from about 25 to about 90 mol%, from about 30
to about 85 mol%, from about 35 to about 80 mol%, from about 40 to about 75 mol%, or
from about 50 to about 95 mol%) of at least one C5 to Cyq olefin (preferably Cs5 to C3q a-
olefins, more preferably C5 to Cy a-olefins, preferably, C5 to C;o a-olefins, preferably
pentene, hexene, heptene, octene, nonene, decene, undecene, dodecene, norbornene,
norbornadiene, dicyclopentadiene, cyclopentene, cycloheptene, cyclooctene, cyclooctadiene,
cyclododecene, 7-oxanorbornene, 7-oxanorbornadiene, substituted derivatives thereof, and
isomers thercof, preferably hexane, heptene, octene, nonene, decene, dodecene, cyclooctene,
1,5-cyclooctadiene, 1-hydroxy-4-cyclooctene, 1-acetoxy-4-cyclooctene, 5-
methylcyclopentene, cyclopentene, dicyclopentadiene, norbornene, norbornadiene, and their
respective homologs and derivatives, preferably norbornene, norbornadiene, and
dicyclopentadiene); and (ii) from about 0.1 to 80 mol% of propylene (preferably from about 5
mol% to 70 mol%, from about 10 to about 65 mol%, from about 15 to about 55 mol%, from
about 25 to about 50 mol%, or from about 30 to about 80 mol%); wherein the VTM has at
least 40% allyl chain ends (preferably at least 50% allyl chain ends, at least 60% allyl chain
ends, at least 70% allyl chain ends; at least 80% allyl chain ends, at least 90% allyl chain
ends; at least 95% allyl chain ends); and, optionally, an isobutyl chain end to allylic chain
end ratio of less than 0.70:1 (preferably less than 0.65:1, less than 0.60:1, less than 0.50:1, or
less than 0.25:1), and further optionally, an allyl chain end to vinylidene chain end (as
determined by 'H NMR) ratio of more than 2:1 (preferably more than 2.5:1, more than 3:1,
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more than 5:1, or more than 10:1), and further optionally, an allyl chain end to vinylene chain
end ratio of greater than 10:1 (preferably greater than 15:1, or greater than 20:1); and even
further optionally preferably substantially no isobutyl chain ends (preferably less than 0.1
wt% isobutyl chain ends). For further information on such VTM's please see concurrently
filed USSN 13/072,249, filed March 25, 2011, entitled "Vinyl Terminated Higher Olefin
Copolymers and Methods to Produce Thereof.”

[0072] In another embodiment, the VTM useful herein may be one or more vinyl
terminated polyolefins having an Mn (measured by !H NMR) of 200 g/mol or more
(preferably 300 to 60,000 g/mol, 400 to 50,000 g/mol, preferably 500 to 35,000 g/mol,
preferably 300 to 15,000 g/mol, preferably 400 to 12,000 g/mol, or preferably 750 to 10,000
g/mol) and comprises: (i) from about 80 to 99.9 mol% (preferably 85 to 99.9 mol%, more
preferably 90 to 99.9 mol%) of at least one C4 olefin (preferably 1-butene); and (ii) from
about 0.1 to 20 mol% of propylene, preferably 0.1 to 15 mol%, more preferably 0.1 to 10
mol%; wherein the VTM has at least 40% allyl chain ends, preferably at least 50% allyl chain
ends, at least 60% allyl chain ends, at least 70% allyl chain ends; or at least 80% allyl chain
ends; and, optionally, an isobutyl chain end to allylic chain end ratio of less than 0.70:1, less
than 0.65:1, less than 0.60:1, less than 0.50:1, or less than 0.25:1, and further optionally, an
allyl chain end to vinylidene chain end ratio of more than 2:1, more than 2.5:1, more than 3:1,
more than 5:1, or more than 10:1, and further optionally, an allyl chain end to vinylene chain
end ratio of greater than 10:1 (preferably greater than 15:1, or greater than 20:1); and even
further optionally preferably substantially no isobutyl chain ends (preferably less than 0.1
wt% isobutyl chain ends). For further information on such VTM's please see concurrently
filed USSN 13/072,249, filed March 25, 2011, entitled "Vinyl Terminated Higher Olefin
Copolymers and Methods to Produce Thereof.”

[0073] In particular embodiments herein, the invention relates to a composition
comprising vinyl terminated polyolefins having an Mn of at least 200 g/mol, (preferably 200
to 100,000 g/mol, preferably 200 to 75,000 g/mol, preferably 200 to 60,000 g/mol, preferably
300 to 60,000 g/mol, or preferably 750 to 30,000 g/mol) (measured by |H NMR) comprising
of one or more (preferably two or more, three or more, four or more, and the like) C4 to Cy
(preferably Cy4 to Csg, Cy4 to Cyg, or Cy4 to Cy», preferably butene, pentene, hexene, heptene,
octene, nonene, decene, undecene, dodecene, norbornene, cyclopentene, cycloheptene,
cyclooctene, cyclooctadiene, cyclododecene, 7-oxanorbornene, 7-oxanorbornadiene,

substituted derivatives thereof, and isomers thereof) higher olefin derived units, where the
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vinyl terminated higher olefin polymer comprises substantially no propylene derived units
(preferably less than 0.1 wt% propylene); and wherein the higher olefin polymer has at least
5% (at least 10%, at least 15%, at least 20%, at least 30%, at least 40%, at least 50%, at least
60%, at least 70% allyl; at least 80%, at least 90%, or at least 95%) allyl chain ends; and
optionally, an allyl chain end to vinylidene chain end ratio of greater than 2:1 (preferably
greater than 2.5:1, greater than 3:1, greater than 5:1, or greater than 10:1); and further
optionally, an allyl chain end to vinylene chain end ratio of greater than 10:1 (preferably
greater than 15:1, or greater than 20:1); and even further optionally preferably substantially
no isobutyl chain ends (preferably less than 0.1 wt% isobutyl chain ends). In some
embodiments, these higher olefin vinyl terminated polymers may comprise ethylene derived
units, preferably at least 5 mol% ethylene (preferably at least 15 mol% ethylene, preferably at
least 25 mol% ethylene, preferably at least 35 mol% ethylene, preferably at least 45 mol%
ethylene, preferably at least 60 mol% ethylene, preferably at least 75 mol% ethylene, or
preferably at least 90 mol% ethylene). For further information on such vinyl terminated
polyolefins please see concurrently filed USSN 13/072,288, filed March 25, 2011, entitled
"Vinyl Terminated Higher Olefin Polymers and Methods to Produce Thereof."

[0074] In another embodiment, the vinyl terminated polyolefin useful herein is a
branched polyolefin having an Mn of 7,500 to 60,000 g/mol (and optionally a Tm of greater
than 60°C (preferably greater than 100°C), and/or, optionally, a AHf of greater than 7 J/g
(preferably greater than 50 J/g)) comprising one or more alpha olefins (preferably ethylene
and/or propylene and optionally a C,4 to C;( alpha olefin), said branched polyolefin having:
(1) 50 mol% or greater allyl chain ends, relative to total unsaturated chain ends (preferably
60% or more, preferably 70% or more, preferably 75% or more, preferably 80% or more,
preferably 90% or more, preferably 95% or more); (ii) a g’(vis) of 0.90 or less (preferably
0.85 or less, preferably 0.80 or less); (iii), optionally, an allyl chain end to internal vinylidene
ratio of greater than 5:1 (preferably greater than 10:1); (iv) optionally, an allyl chain end to
vinylidene chain end ratio of greater than 10:1 (preferably greater than 15:1).

[0075] In another embodiment, the vinyl terminated polyolefin useful herein is a
branched polyolefin having an Mn of 60,000 g/mol or more (and optionally a Tm of greater
than 60°C (preferably greater than 100°C), and/or, optionally, a AHf of greater than 7 J/g
(preferably greater than 50 J/g)) comprising one or more alpha olefins (preferably ethylene
and/or propylene and optionally a C4 to Cy¢ alpha olefin), and having: (i) 50 mol% or greater

allyl chain ends, relative to total unsaturated chain ends (preferably 60% or more, preferably
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