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TITLE
CATALYSTS FOR OLEFIN POLYMERIZATION
FIELD OF THE INVENTION

Transition metal complexes of selected monoanionic
phosphine ligands, which also contain a selected Group 15 or
16 (IUPAC) element and which are coordinated to a Group 3 to
11 (IUPAC) transition metal or a lanthanide metal, are po-

lymerization catalysts for the (co)polymerization of olefins

sugh as ethylene and a-olefins, and the copolymerization of
such olefins with polar group-containing olefins. In gen-
eral, nickel complexes of neutral and monocanionic bidentate
ligands copolymerize ethylene and polar comonomers at rela-
tively high ethylene pressures and surprisingly high tem-
peraturgs.

TECHENICAL BACKGROUND

Polyolefins are very important items of commerce, large
quantities of various grades of these polymers being pro-
duced annually for a large number of uses, such as packaging
films, elastomers and moldings. There are many different
methods for making such polymers, including many used com-
mercially, such as free radical polymerization, and many
so-called coordination catalysts such as Ziegler-Natta-type
and metallocene-type catalysts. Each of these catalyst sys-
temsg has its advantages and disadvantages, including cost of
the polymerization and the particular monomers
(co)polymerized, and structure of the polyolefin produced.
Due to the importance of polyolefins, new catalyst systems
which are economical and/or produce new types of polyolefins
are constantly being sought.

U. Klabunde, et al., J. Mol. Cat., vol. 41, p. 123-134

(1987) describes the polymerization of ethylene with nickel

complex catalysts having certain phosphorous-oxygen ligands.
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The catalysts and processes of this reference are different
than those of the present invention.

U. Muller, et al., Angew. Chem. Int. Ed. Eng., vol. 28,

p. 1011-1013 report on the interaction of Ni (COD), (COD is
cyclooctadiene), ethylene and a phosphorous-oxygen compound
which may be a ligand. There is no evidence for polymeriza-
tion.

K. A. Ostoja Starzewski, et al., Angew. Chem., Intl.

Ed. Engl., vol. 26, p. 63 (1987) report on the polymeriza-
tion of ethylene using certain phosphorous-oxygen ylides and
Ni (COD),. Ylides are not used herein.

W. Keim, Angew. Chem. Int. Ed. Engl., vol. 22, p. 503

(1983) reports the use of nickel complexes of certain arse-
nic-oxygen compounds to oligomerize ethylene. Higher mo-
lecular weight polymers are not reported.

P. Braunstein, et al., J. Chem. Soc., Dalton Trans.,

1996, p. 3571-3574 report that nickel complexes of certain
phosphorous-nitrogen compounds oligomerize ethylene to low
molecular weight olefins. Higher molecular weight polymers
are not reported. .

US5714556, US6060569, US6174975 and S. D. Ittel, et
al., Chem. Rev., vol. 100, p. 1169-1203 (2000) (and refer-
ences therein), report the use of transition metal complexes
of various phosphorous-containing ligands as catalysts for
olefin polymerizations. The catalysts and processes of these
references are different than those of the present inven-
tion.

One of the advantages of some late transition metal
catalysts is that they can incorporate polar comonomers, for
example olefinic esters, in copolymerizations with hydrocar-
bon olefins, especially ethylene. Palladium complexes are

particularly noted for this ability, while nickel complexes
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often do not copolymerize polar comonomers or do so only
very poorly, see for example US5866663.

It has also been discovered that using relatively high
temperatures and high hydrocarbon olefin (ethylene) pres-
sures often improves the incorporation of the polar comono-
mer in the polymer formed as well as ipcreasing the produc-
tivity of the polymerization catalyst. This is surprising
in view of the observations in the literature that increas-
ing temperatures usually decrease the productivity of many
nickel polymerization catalysts, see for instance US6127497
and W600/5047O .

JP-A-11292918 reports the copolymerization of methyl
acrylate and ethylene using certain nickel complexes as po-
lymerization catalysts. These polymerization are carried
out at low temperatures and pressures, and mostly the incor-
poration of methyl acrylate is reported to be very low, and
the polymers have low branching levels.

A. Michalak, et al., Organometallics, vol. 20, p. 1521-

1532 (2001) conclude that, using computational methods,
nickel complexes having neutral bidentate ligands such as
a-dimines should not copolymerize ethylene and polar comono-
mers such as methyl acrylate.

Other references of interest concerning transition
metal complexes and/or their use as polymerization catalysts

are Keim, Organometallics, vol. 2, p. 594 (1983); I. Hirose,

et al., J. Mol. Cat., vol. 73, p. 271 (1992); and R. Soula,

et al., Macromolecules, vol. 34, p. 2438-2442. None of the

complexes or processes with them are claimed herein.

Other references of interest concerning polar copoly-
mers include US3481908, US3278495 and M. M. Marques, et al.,
Poly. Int., 50, 579-587 (2001).

All of the above publications are incorporated by ref-

erence herein for all purposes as if fully set forth.
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SUMMARY OF THE INVENTION

This invention concerns a “first” process for the po-
lymerization of olefins, comprising the step of contacting,
at a temperature of about -100°C to about +200°C, at least
one polymerizable olefin with an active polymerization cata-
lyst comprising a Group 3 through 11 (IUPAC) transition
metal or a lanthanide metal complex of a ligand of the for-

mula (I), (II) or (XII)

o 1 (CR®.R®;—CRY
Rt O —(CRRY; Y RLISRE 'K\
e N P N
4R2 RZ
(I) (11)
R31 R32 e
R33\
P Y—AR®
/ s
R34
(XII)
wherein:

R' and R? are each independently hydrocarbyl, substi-
tuted hydrocarbyl or a functional group; '

Y is CRY™R™, S(T), S(T)2, P(T)Q, NR*®* or NR**NR?*¢;

X is 0, CR°R® or NR®;

A is O, S, Se, N, P or As;

Z is 0O, Se, N, P or As;

each Q is independently hydrocarbyl or substituted hy-
drocarbyl;

R®, R*, R®, R®, R™ and R* are each independently hydro-
gen, hydrocarbyl, substituted hydrocarbyl or a functional
group;

R’ is hydrogen, hydrocarbyl, substituted hydrocarbyl or
a functional group, provided that when Z is O or Se, R’ is

not present;
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R® and R’ are each independently hydrogen, hydrocarbyl,
substituted hydrocarbyl or a functional group;

R is hydrogen, hydrocarbyl, substituted hydrocarbyl or
a functional group;

each T is independently =0 or =NR®’;

R*® is hydrogen, hydrocarbyl, substituted hydrocarbyl or
a functional group;

R** and R*? are each independently hydrogen, hydrocarbyl,
substituted hydrocarbyl or a functional group;

R*® and R** are each independently hydrocarbyl or substi-
tuted hydrocarbyl, provided that each is independently an
aryl substituted in at least one position vicinal to the
free bond of the aryl group, or each independently has an Eg
of -1.0 or less;

R*® is hydrogen,; hydrocarbyl, substituted hydrocarbyl or
a functional group, provided that when A is O, S or Se, R3S
is not present;

each R*® is independently hydrogen, hydrocarbyl, substi-
tuted hydrocarbyl or a functional group;

mis 0 or 1;

s is 0 or 1;

n is 0 or 1; and

qg is 0 or 1;
and provided that:

any two of R®, R*, R®, R®, R%, R®’, R™ and R bonded to
the same carbon atom taken together may form a functional
group;

any two of R', R?, R?®, R*, R%, R, R7, R®, R®°, RY, R'?,
R*, R®*?, R®®, R**, R® and R®*® bonded to the same atom or vici-
nal to one another taken together may form a ring; and

when said ligand is (I), Y is C(0), Z is O, and R! and
R? are each independently hydrocarbyl, then R' and R? are

each independently an aryl substituted in one position vici-
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nal to the free bond of the aryl group, or R* and R?® each in-
dependently have an Eg of -1.0 or less.

Also described herein is a “second” process for the po-
lymerization of olefins, comprising the step of contacting,
at a temperature of about -100°C to about +200°C, at least
one polymerizable olefin with a compound of the formula

(IV), (V) or (XIII)

Rl R CRRIT——Y R! (CR"Rg)r"CP‘{\

~pZ z—R7
/ /
\\\\\\\\\ ,/////// \\\\\ ,////
L | ™~ (L), | \(L3)z
(IV) (V)
R31 R32
34/ AR35
R \
3
L P ).
(XIII)

wherein R*, R?, R?®, R*, R®, R®, R’, R®?, R’, R', R%, R'?
rR*°, rR**, R*?, R®, R*, R*®, R*®, ¥, X, A, Z, Q, T, m, s, n and
g are as defined above;

M is a Group 3 through Group 11 transition metal or a
lanthanide metal; and

L' is a monodentate monoanionic ligand into which an
ethylene molecule may insert between L' and M, and L? is a
monodentate neutral ligand which may be displaced by ethyl-
ene or an empty coordination site, or L' and L? taken to-
gether are a monoanionic bidentate ligand into which ethyl-
ene may insert between said monocanionic bidentate ligand and
said nickel atom, and each L*® is independently a monoanionic
ligand and z is the oxidation state of M minus 2;

and provided that;
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any two of R3®, r*, R®, R®, R®, R®, RY™ and R™ bonded to
the same carbon atom taken together may form a functional
group;

any two of R', R?®, R?, R*, R°, R®, R’, R®, R’, R™, R%?,
rR*, R*, R, R*, R*® and R?*® bonded to the same atom or vici-
nal to one another taken together may form a ring; and

when said compound is (IV), Y is C(0), Z is O, and R!
and R? are each independently hydrocarbyl, then R' and R? are
each independently an aryl substituted in one position vici-
nal to the free bond of the aryl group, or R' and R® each in-
dependently have an E; of -1.0 or less.

In the above-mentioned processés, (IV), (V) and (XIII)
and/or the transition metal complexes of (I), (II) or (XII)
may in and of themselves be active catalysts, or may be “ac-
tivated” by contact with a cocatalyst/activator as further
described below.

The present invention also concerns the ligands of the
formulas (I), (II) and (XII) above, transition metal com-
plexes thereof, and polymerization catalyst components com-
prising these transition metal complexes.

Also disclosed herein is a “third” process for forming
an ethylene/polar monomer copolymer, comprising the step of
contacting, under polymerizing conditions, a nickel complex
of a bidentate neutral ligand or a bidentate monoanionic 1li-
gand, with a monomer component comprising one or more hydro-
carbon olefins and one or more polar comonomers (and other
optional components such as, for example, one or more co-
catalysts and/or other additives), at a temperature of about
60°C to about 170°C, provided that when CO is present, at
least one other polar monomer is present.

This third process also relates to an improved process
for forming an ethylene/polar monomer copolymer, said proc-

ess comprising the step of contacting, under polymerizing
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conditions, a transition metal complex of & bidentate neu-
tral ligand or a bidentate monoanionic ligand, with a mono-
mer component comprising one or more hydrocarbon olefins and
one or more polar comonomers (and other optional components
such as, for example, one or more cocatalysts and/or other
additives), wherein the improvement comprises that the tran-
sition metal is nickel, and that the monomer component and
complex are contacted at a temperature of about 60°C to about
170°C, provided that when CO is present, at least one other
polar monomer is present.

This invention further concerns a “first” polymer, con-
sisting essentially of repeat units derived from ethylene,
and one or more polar olefins of the formula H,C=CHC (0)R?*?,
wherein R®? is -OR?** or any group readily derivable from it,
and R* is hydrocarbyl or substituted hydrocarbyl, wherein:

said polymer contains “first branches” of the formula
- (CH,) ,CH; and “second branches” of the formula - (CH,).C (0)R?*?,
wherein m and n are independently zero or an integer of 1 or
more; and

said polymer has the following structural characteris-
tics:

(a) one or both of:

(1) the ratio of first branches wherein n is 0 to
first branches wherein n is 1 is about 3.0 or
more; and

(2) the ratio of first branches wherein n is 0 to
first branches wherein n is 3 is 1.0 or more; and

(b) one or both of:

(1) the total number of first branches in which n
is 0, 1, 2 and 3 in said polymer is about 10 or
more per 1000 CH, groups; and

(2) the incorporation of repeat units derived from

H,C=CHC(O)R*? is 0.3 mole percent or more based on
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the total repeat units derived from the hydrocar-
bonolefin and H,C=CHC (0)R*2.

This invention also concerns a “second” polymer, con-
sisting essentially of repeat units derived from:

one or more hydrocarbon olefinsg, such as ethylene, and

one or more polar olefins of the formula H,C=CHC (0)R?*?,
wherein R*? is -OR*, or any group readily derivable from it,
and R** is hydrocarbyl or substituted hydrocarbyl;

wherein in said polymer incorporation of repeat units
derived from H,C=CHC(O)R?*? is 0.3 mole percent or more based
on the total repeat units; and

wherein said polymer has one or both of the following
structural characteristics:

at least 5 mole percent of said repeat units derived
from H,C=CHC (O)R** are present in said po&ymer as end groups;
and

gaid end groups are at least 0.001 mole percent of the
total repeat units in said polymer;
and provided that said end groups have the formula

~~~~~~~~ HC=CH-C (0) -R*?

wherein ~~~~~~~ is the remainder of the polymer chain of
sald end group.

This invention still further concerns a “third” poly-
mer, consisting essentially of:

repeat units derived from ethylene;

repeat units derived from one or more monomers of the
formula H,C=CHC(O)R?*?, wherein each R*? is independently -OR**
or any group readily derivable from it, and each R** is inde-
pendently hydrocarbyl or substituted hydrocarbyl, and

repeat units derived from one or more alpha-olefins of
formulas H,C=CH- (CH,)+-H and/or H,C=CH-R’°-G, wherein t is an
integer of 1 to 20, R” is alkylene or substituted alkylene,

and G is an inert functional group.
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These and other features and advantages of the present
invention will be more readily understood by those of ordi-
nary skill in the art from a reading of the following de-
tailed description. It is to be appreciated that certain
features of the invention which are, for clarity, described
below in the context of separate embodiments, may also be
provided in combination in a single embodiment. Conversely,
various features of the invention which are, for brevity,
described in the context of a single embodiment, may also be
provided separately or in any subcombination.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the *C NMR of a copolymer of ethylene
and 2-phenoxyethyl acrylate (EGPEA) which also contains some
homopolymer of EGPEA, and which shows assignments of various
NMR peaks.

Figure 2 shows the *C NMR of a copolymer of ethylene
and hexyl acrylate (HA) which also contains some homopolymer
of HA, and which shows asgssignments of various NMR peaks.

Figure 3 shows the *C NMR of a copolymer of ethylene
and methyl acrylate (MA) which also contains some homo-
polymer of MA, and which shows assignments of various NMR
peaks. Also shown are formulas for calculations of the
amount of homopolymer present and the amount of MA incorpo-
rated in the copolymer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Herein, certain terms are used. Some of them are:

A "hydrocarbyl group" is a univalent group containing
only carbon and hydrogen. As examples of hydrocarbyls may
be mentioned unsubstituted alkyls, cycloalkyls and aryls.
If not otherwise stated, it is preferred that hydrocarbyl
groups (and alkyl groups) herein contain 1 to about 30 car-

bon atoms.

10
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By "substituted hydrocarbyl" herein is meant a hydro-
carbyl group that contains one or more substituent groups
which are inert under the process conditions to which the
compound containing these groups is subjected (e.g., an in-
ert functional group, see below). The substituent groups
also do not substantially detrimentally interfere with the
polymerization process or operatioh of the polymerization
catalyst system. If not otherwise stated, it is preferred
that substituted hydrocarbyl groups herein contain 1 to
about 30 carbon atoms. Included in the meaning of "substi-
tuted” are chains or rings containing one or more heteroa-
toms, such as nitrogen, oxygen and/or sulfur, and the free
valence of the substituted hydrocarbyl may be to the het-
eroatom. In a substituted hydrocarbyl, all of the hydrogens
may be substituted, as in trifluoromethyl.

By “(inert) functional group” herein is meant a group
other than hydrocarbyl or substituted hydrocarbyl that is
inert under the process conditions to which the compound
containing the group is subjected. The functional groups

also do not substantially interfere with any process de-

. scribed herein that the‘compound in which they are present

may take part in. Examples of functional groups include
halo (fluoro, chloro, bromo and iodo), and ether such as
-OR*? wherein R?*? is hydrocarbyl or substituted hydrocarbyl.
In cases in which the functional group may be near a transi-
tion metal atom the functional group should not coordinate
to the metal atom more strongly than the groups in those
compounds are shown as coordinating to the metal atom, that
ig they should not displace the desired coordinating group.
By a “cocatalyst” or a “catalyst activator” is meant a
compound that reacts with a transition metal compound to
form an activated catalyst species. One such catalyst acti-

vator is an “alkyl aluminum compound” which, herein, is

11
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meant a compound in which at least one alkyl group is bound
to an aluminum atom. Other groups such asg, for example,
alkoxide, hydride and halogen may also be bound to aluminum
atoms in the compound.

By "neutral Lewis base" is meant a compound, which is
not an ion, that can act as a Lewis base. Examples of such
compounds include ethers, amines, sulfides and organic ni-
triles.

By "neutral Lewis acid" is meant a compound, which is
not an ion, that can act as a Lewis acid. Examples of such
compounds include boranes, alkylaluminum compounds, aluminum
halides and antimony [V] halides.

By "cationic Lewis acid" is meant a cation that can act
as a Lewis acid. Examples of such cations are lithium, so-
dium and silver cations.

By an “empty coordination site” is meant a potential
coordination site on a transition metal atom that does not
have a ligand bound to it. Thus if an olefin molecule (such
as an ethylene molecule) is in the proximity of the empty
coordination site, the olefin molecule may coordinate to the
metal atom.

By a “ligand into which an olefin molecule may insert
between the ligand and a metal atom”, or a “ligand that may
add to an olefin”, is meant a ligand coordinated to a metal
atom which forms a bond (L-M) into which an olefin molecule
(or a coordinated olefin molecule) may insert to start or
continue a polymerization. For instance, with ethylene this

may take the form of the reaction (wherein L is a ligand):
L
M/ /
\ —_— M

By a “ligand which may be displaced by an olefin” is

CH,CH,L

meant a ligand coordinated to a transition metal which, when

12
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exposed to the olefin (such as ethylene), is displaced as
the ligand by the olefin.

By a “monoanionic ligand” is meant a ligand with one
negative charge.

By a “neutral ligand” is meant a ligand that is not
charged.

By “aryl” is meant a monovalent aromatic group in which
the free valence is to the carbon atom of an aromatic ring.
An aryl may have one or more aromatictrings which may be
fused, connected by single bonds or other groups. H

By “substituted aryl” is meant a monovalent aromatic
group substituted as set forth in the above definition of
“substituted hydrocarbyl”. Similar to an aryl, a substi-
tuted aryl may have one or more aromatic rings which may be
fused, connected by single bonds or other groups; however,
when the substituted aryl has a heterocaromatic ring, the
free valence in the substituted aryl group can be to a het-
eroatom (such as nitrogen) of the heterocaromatic ring in-
stead of a carbon.

By “aryl substituted in at least one position vicinal
to the free bond of the aryl group,” is meant the bond to
one of the carbon atoms next to the free valence of the aryl
group is something other than hydrogen. For example for a
phenyl group, it would mean the 2 position of the phenyl
group would have something other than hydrogen attached to
it. A l-naphthyl group already has something other than hy-
drogen attached to one of the vicinal carbon atoms at the
fused ring junction, while a 2-napthyl group would have to
be substituted in either the 1 or 3 positions to meet this
limitation. A preferred aryl substituted in at least one
position vicinal to the free bond of the aryl group is a
phenyl group substituted in the 2 and 6 positions, and op-

tionally in the other positions.

13
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"Alkyl group” and “substituted alkyl group” have their
usual meaning (see above for substituted under substituted
hydrocarbyl). Unless otherwise stated, alkyl groups and
substituted alkyl groups preferably have 1 to about 30 car-
bon atoms.

By a “styrene” herein is meant a compound of the for-

mula

z

R47 R43

R4 R*
R (XXXIV)
wherein R*3}, R**, R*®, R*® and R* are each independently hydro-
gen, hydrocarbyl, substituted hydrocarbyl or a functional
group, all of which are inert in the polymerization process.
It is preferred that all of R*}, R*, R*, R*® and R* are hy-
drogen. Styrene (itself) is a preferred styrene.

By a “norbornene” is meant a compound of the formula

R (XXXV) ;
wherein R*® is hydrogen or hydrocarbyl containing 1 to 20
carbon atoms. It is preferred that R*® is hydrogen or alkyl,
more preferably hydrogen or n-alkyl, and especially prefera-
bly hydrogen. The norbornene may be substituted by one or
more hydrocarbyl, substituted hydrocarbyl or functional
groups in the R*® or other positions, with the exception of
the vinylic hydrogens, which remain. Norbornene (itself),
dimethyl endo-norbornene-2,3-dicarboxylate and t-butyl 5-
norbornene-2-carboxylate are preferred norbornenes, with

norbornene (itself) being especially preferred.

14
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By a “m-allyl group” is meant a monoanionic ligand com-

prised of 1 sp® and two sp® carbon atoms bound to a metal

center in a delocalized m® fashion indicated by

\ZM - MS/ - M

O & NP

The three carbon atoms may be substituted with other
hydrocarbyl groups or functional groups.

"Winyl group" has its usual meaning.

By a “hydrocarbon olefin” is meant an olefin containing
only carbon and hydrogen.

By a “polar (co)monomer” or “polar olefin” is meant an
olefin which contains elements other than carbon and
hydrogen. 1In a "vinyl polar comonomer," the polar group is
attached directly to a vinylic carbon atom, as in acrylic
monomers. When copolymerized into a polymer the polymer is
termed a “polar copolymer”. Useful polar comonomers are
found in U85866663,‘ W09905189, W09509078 and W09837110, and
S. D. Ittel, et al., Chem. Rev., vol. 100, p. 1169-

1203 (2000), all of which are incorporated by reference
herein for all purposes as if fully set forth. Also
included as a polar comonomer is CO (carbon monoxide) .

By a “bidentate” ligand is meant a ligand which occu-
ples two coordination sites of the same transition metal
atom in a complex.

By “under polymerization conditions” is meant the con-
ditions for a polymerization that are usually used for the
particular polymerization catalyst gystem being used. These
conditions include things such as pressure, temperature,
catalyst and cocatalyst (if present) concentrations, the
type of process such as batch, semibatch, continuous, gas
phase, solution or liquid slurry etc., except as modified by
conditions specified or suggested herein. Conditions nor-

mally done or used with the particular polymerization cata-
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lyst system, such as the use of hydrogen for polymer molecu-
lar weight control, are also considered “under polymeriza-
tion conditions”. Other polymerization conditions such as
presence of hydrogen for molecular weight control, other po-
lymerization catalysts, etc., are applicable with this po-
lymerization process and may be found in the references
cited herein.

By “Eg” is meant a parameter to quantify steric effects

of various groupings, see R. W. Taft, Jr., J. Am. Chem.

Soc., vol. 74, p. 3120-3128 (1952), and M.S. Newman, Steric

Effects in Organic Chemistry, John Wiley & Sons, New York,

1956, p. 598-603, which are both hereby included by refer-
ence. For the purposes herein, the E; values are those de-
scribed for o-substituted benzoates in these publications.
If the value of E; for a particular group is not known, it
can be determined by methods described in these references.

The transition metals preferred herein in the first and
second processes are in Groups 3 through 11 of the periodic
table (IUPAC) and the lanthanides, especially those in the
4%, 5B g™ and 10"® periods. Suitable transition metals in-
clude Ni, P4, Cu, Pt, Fe, Co, Ti, Zr, V, Hf, Cr, Ru, Rh and
Re, with Ni, Ti, Zr, Cu and Pd being more preferred, and Ni,
Ti and Zr being especially preferred. Preferred oxidation
states for some of the transition metals are Ni[II], Til[IV],
Zr[IV], and PA[II]. '

For ligand (I), Table 1 gives preferred structures.
For ligand (II), Table 2 gives preferred structures. In
both tables, H is hydrogen, HC is hydrocarbyl, SHC is sub-
stituted hydrocarbyl and FG is functional group.
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Table 1

m n X |z R® R* R® R® R’ R" R™
Zero | Zero N HC, SHC | HC, SHC | H, HC,
SHC
Zero | Zero @] HC, SHC |HC, SHC,
FG
Zero| 1 o H H HC, SHC, |HC, SHC,
FG FG

Zero | 1 N H H HC, SHC| H, HC, H, HC,
SHC, FG | SHC, FG
Zero | 1 S H H HC, SHC, |HC, SHC,
FG FG

1 |Zero| O 0 H, HC,| H, HC, H, HC, H, HC,
SHC | SHC SHC SHC

1 1 |CRR°| O |H,HC, |H,HC,| H H H, HC, H, HC,
SHC | SHC SHC SHC

1 1 |CRR°| N |H,HC, |H,HC,| H H |HC,SHC| H,HC, H, HC,
SHC | SHC SHC SHC

Table 2
q Ra Rg R1o
Zero HC, SHC
1 | H,HC | H,HC | HC, SHC

In all preferred (I) and (II)

(and by reference corre-

sponding structures (IV) and (V), respectively), R' and R?

are t-butyl,

butyl, and 2,6-disubstituted phenyl, especially 2,6-

dimethoxyphenyl.

aryl or substituted aryl, more preferably t-

It is believed that in most of the ligands

it is preferred that R' and R®? be relatively sterically bulky

groups,

for example t-butyl.

Thus,

for instance,

2,6-

dimethylphenyl would often be favored over phenyl for R' and

R2

substituted phenyl,
butyl or 2-octyl.

aryl,

substituted aryl,

cyclohexyl,

Thus R' and R® may, for example, be isopropyl, phenyl,

t-

In another preferred form, R' and R? are

independently aryl substituted in one position vicinal to

the free bond of the aryl group, or R' and R® each independ-

ently have an Eg; of -1.0 or less,

or both.

By both means

they may be aryl substituted in one position vicinal to the
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free bond of the aryl group, and also have an Eg of -1.0 or
less.

Any two of R?®, R*, R®, R%, R%, R, R™ and R™ bonded to
the same carbon atom taken together may form a functional
group. By this is meant, for instance, two of these bonds
may form part of an oxo (keto) group, =0, or an imino =N-R,
wherein R is hydrocarbyl group. Preferred types of func-
tional groups (single or double bonded) include oxo, -C(O)R*3
and -CO,R'?, wherein R'® is hydrocarbyl or substituted hydro-
carbyl.

In (I) or (IV) the following strugtures are preferred:

the transition metal is Ni, m is 0, n is 1, R® and R*
are hydrogen, Y is CRM™R™, R™ is hydrocarbyl or substituted
hydrocarbyl, R is hydrocarbyl, substituted hydrocarbyl or a
functional group, and Z is O; or

the transition metal is Ti, m is 0, n is 1, R?® and R*
are hydrogen, Y is CR™R', R™ is hydrocarbyl or substituted
hydrocarbyl, R™ is hydrocarbyl, substituted hydrocarbyl or a
functional group, and Z is O; or

the transition metal is Zr, m is 0, n is 1, R® and R*
are hydrogen, Y is CRM™R™, R' is hydrocarbyl or substituted
hydrocarbyl, R'? is hydrocarbyl, substituted hydrocarbyl or a
functional group, and Z i1s O; or

the transition metal is Ni, m is 0, n is 1, R® and R*
are hydrogen, R’ is hydrocarbyl or substituted hydrocarbyl, Y
is CRM™R?, R™ is hydrogen, R'? is hydrocarbyl or substituted
hydrocarbyl, and Z is N; or

the transition metal is Ni, m is 0, n is 1, R® and R*
are hydrogen, Y is CR™R'?, R and R' taken together are oxo,
and Z is 0O; or

the transition metal is Ni, m is 0, n is 1, R?® and R*
are hydrogen, R’ is hydrocarbyl or substituted hydrocarbyl, Y

is CR™R'®, RY™ and R taken together are oxo, and Z is N; or
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the transition metal is Ni, m is 0, n is 1, R?® and R*
are hydrogen, Y is S(T), T is =0 and Z is O; or

the transition metal is Ni, m is 0, n is 1, R?® and R*
are hydrogen, Y is S(T), T is =N-silyl, Z is N and R’ is si-
1lyl; or

the transition metal is Ni, m is 0, n is 1, R?® and R*
are hydrogen, Y is S(T), T is =0, Z is N, and R’ is hydrocar-
byl or substituted hydrocarbyl; oxr

the transition metal is Ni, m is 0, n is 1, R® and R*
are hydrogen, Y is CR™R', R and R'? taken together are a
ring and Z is O; or

the transition metal is Ni, m is 0, n is 1, R® and R*
are hydrogen, Y is CRM™R'?, R™ and R'? taken together are N-
hydrocarbyl- or N-substituted hydrocarbylimino, Z is N and R’
is hydrocarbyl or substituted hydrocarbyl; or

the transition metal is Ni, m is 0, n is 1, R?® and R*
are hydrogen, Y is S(T), T is =0 and Z is O; or

the transition metal is Ni, m is 0, n is 1, R® and R*
are hydrogen, Y is CRM™R'?, R and R taken together are
sulfo, Z is N and R’ is hydrocarbyl or substituted hydrocar-
byl. '

In (II) or (V), it is preferred that the transition
metal is Ni, g is 0 or 1, R® and R’ are hydrogen and R is
hydrocarbyl or substituted hydrocarbyl.

In (XII) (and by reference corresponding structure
(XITII)), R*®® and R* are preferably t-butyl, aryl (other than
phenyl) or substituted aryl, more preferably t-butyl and
2,6-disubstituted phenyl, especially 2,6-dimethoxyphenyl.

It is believed that in most of the ligands it is preferred
that R* and R** be relatively sterically bulky groups, for
example t-butyl. Thus, for instance, 2,6-dimethylphenyl

would often be favored over 2-methylphenyl for R?*?® and R3‘.

Thus R>* and R** may, for example, be isopropyl, aryl (other
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than phenyl), sqbstituted aryl, cyclohexyl, t-butyl or 2-
octyl. In another preferred form R** and R** are independ-
ently aryl substituted in one position vicinal to the free
bond of the aryl group, or R*3® and R** each independently have
an Eg of -1.0 or less, or both. By both means they wmay be
aryl substituted in one position vicinal to the free bond of
the aryl group, and also have an E; of -1.0 or less.

As examples of useful groups R* and R?*? may be mentioned
hydrogen, aryl, substitued aryl, oygen and nitrogen based
functional groups and SOs;Na, as well as when R** and R** taken
together form a ring, for example, an aromatic or non-
aromatic ring, which may include one or more heteroatoms.

Other preferences include when A is O and s is 0.

In (IV), (V) and (XIII), useful groups L' include hydro-
carbyl and substituted hydrocarbyl (especially phenyl and
alkyl, and particularly phenyl, methyl, hydride and acyl).
Useful groups for L? include phosphine such as triphenylphos-
phine, nitrile such as acetonitrile, ethers such as ethyl
ether, pyridine, and tertiary alkylamines such as triethyla-
mine and TMEDA (N,N,N’,N’-tetramethyl-1,2-ethylenediamine).
Alternatively L' and L® taken together may be a m-allyl or m-

benzyl group such as
v V\ V\ COZR Y

SN SN SN
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STEAO N

F and

9

wherein R is hydrocarbyl, and m-allyl and m-benzyl groups
are preferred.

In'(IV), (V) and (XIII), when an olefin (such as ethyl-
ene) may insert between L' and the transition metal atom, and
I’ is an empty coordination site or is a ligand which may be
displaced by an olefin (such as ethylene), or L' and L? taken
together are a bidentate monoanionic ligand into which an
olefin (such as ethylene) wmay be inserted between that 1i-
gand and the transition metal atom, (IV), (V) and (XIII) may
by themselves catalyze the polymerization of an olefin.

Examples of L' which form a bond with the metal into
which ethylene may insert between it and the transition
metal atom are hydrocarbyl and substituted hydrocarbyl, es-
pecially phenyl and alkyl, and particularly methyl, hydride
and acyl. Ligands L? which ethylene may displace include
phosphine such as triphenylphosphine, nitrile such as aceto-
nitrile, ether such as ethyl ether, pyridine, tertiary al-
kylamines such as TMEDA, and other olefins. Ligands in
which L' and L® taken together are a bidentate monoanionic

ligand into which ethylene may insert between that ligand
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and the transition metal atom include m-allyl- or m-benzyl-
type ligands (in this instance, sometimes it may be neces-
sary to add a neutral Lewis acid cocatalyst such as triphen-
ylborane or tris (pentafluoro-phenyl)borane of a cationic
Lewis acid such as Li* to initiate the polymerization, see
for instance previously incorporated US6174975). For a sum-
mary of which ligands ethylene may insert into (between the
ligand and transition metal atom) see for instance

J. P. Collman, et al., Principles and Applications of Orga-

notransition Metal Chemistry, University Science Books, Mill

Valley, CA, 1987, included herein by refeience.

If for instance the ligand in the location of L' is not
a ligand into which ethylene may insert between it and the
transition metal atom, it may be possible to add a cocata-
lyst which may convert it into L' a ligand which will undergo
such an insertion. Thus if the ligand in the location of L'
is halo such as chloride or bromide, a carboxylate, ace-
tylacetonate or an alkoxide, it may be converted to hydro-
carbyl such as alkyl by use of a suitable alkylating agent
such as an alkylaluminum compound, a Grignard reagent or an
alkyllithium compound. It may be converted to hydride by
use of a compound such as sodium borohydride.

As indicated above, when L' and 1L? taken together are a
monoanionic bidentate ligand, a cocatalyst (sometimes also
called an activator) which is an alkylating or hydriding
agent is also typically present in the olefin polymeriza-
tion. A preferred cocatalyst is an alkylaluminum compound,
and useful alkylaluminum compounds include trialkylaluminum
compounds such as triethylaluminum, trimethylaluminum and
tri-i-butylaluminum, alkyl aluminum halides such as dieth-
ylaluminum chloride and ethylaluminum dichloride, and alu-
minoxanes such asg methylaluminoxane. More than one such co-

catalyst may be used in combination.
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Preferred for L? are ligands of the type above described
for L.

The ligands (I), (II) and (XIII) may be synthesized by
a variety of methods, depending on the particular ligand de-
sired. The synthesis of many specific ligands is illus-
trated in the Examples. Many of these syntheses are accom-
plished through the use of R,PLi or R,PCH,Li. More generally
speaking, the synthesis of various types of ligands is il-
lustrated in the schemes shown below. In these schemes,
each R independently represents hydrocarbyl or substituted
hydrocarbyl, and each R’ independently represent hydrogen,
hydrocarbyl or substituted hydrocarbyl.

R . R
AN t-Buli N .
P—CH — - P—CHLi
R/ 3 R/ 2
R,CO
R' R
Cl '
N R
R\P/ ( <—N|\C]/N1'—>> R
R Ny~ R
Ni - _P OLi
\\—/ R
Scheme 1

In Scheme 1 one may substitute an imine for the ketone R’,CO
and obtain a final product in which Z is nitrogen rather
than oxygen. In another variation of Scheme 1 one can react
RPH with an acrylonitrile, followed by reaction with R’/MgX
(addition across the nitrile bond) and then ((allyl)NiCl), to
form the 6-membered metallocycle in which Z is nitrogen. To
obtain compounds in which Z is not nitrogen or oxygen, one
can use analogous compounds containing the appropriate ele-
ment for Z. As shown in Scheme 2, (II) can exist in iso-
meric forms,.and the formula for any of the forms represents

all of the isomeric forms.
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;>L\ ;>L\ Ph ;>L\jgj _Ph
H/P—CH@-‘ + PhCN ——— %/P CNL

«?NKij)Nki»

_Ph
;i\P \N
>N/
Ni
<
Scheme 2
Scheme 2 shows the synthesis of (II). Appropriate substitu-
tion (as in all these synthesis schemes) in these compounds

may be obtained by using appropriately substituted starting

materials.
' ' R'
AN .. N ) § NR'
P
R _PLi + Ketone or imine _— R _P OLi R Li
(—Ni/C|\Ni'_>>
~cr”

.- RN

Scheme 3
Scheme 3 shows the synthesis of 4-membered (or isomeric)
metallocycles. Herein by isomeric is meant (and included in
the definition of) that 4-membered heterocycles such as
those shown in Scheme 3 may also be in the form of bridged
dimers and/or oligomers. Z may be changed by using the ap-

propriate starting material.
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P OLi

xﬁ\f-/

(Nl\ /Nl
3/"\ A

Scheme 4

Scheme 4 illustrates the synthesis of a 6-membered metallo-
cycle. The corresponding nitrogen compound may be made by

uging an aziridine as a starting material.

Y Y.
>kPCI + Rl\l}qﬂ\(Rl _base_ X?&R XO&R
>r HO OH XP OH “~ /\ - ﬁ/

/ \~// \

/\
HeC CHs

TMEDA

Scheme 5
Scheme 5 illustrates a method for making (I) in which X is
-O-. Herein TMEDA ig tetramethylethylenediamine.

In Schemes 1-5 above Ni complexes are prepared, and for
making late transition metal complexes other than Ni, simi-
lar reactions of metal compounds with an appropriate anion
may be used to prepare the complex. Useful types of Ni com-
pounds are listed below.

(Ph3P) 2Ni (Ph) (C1l) which gives as ligands (in addition to

(I), (II) or (XIII)) Ph and Ph;P

(TMEDA) ,Ni (Ph) (Cl) in the presence of a “trapping 1li-

gand” L*? such as pyridine, which gives as ligands (in

addition to (I), (II) or (XIII)) Ph and pyridine.

(PhsP) o NiCl, which gives as ligands (in addition to (I),

(II) or (XIII)) Cl and Ph;P '
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((allyl)Ni(X) )2 which gives as a ligand (in addition to
(I), (II) or (XII)) m-allyl.
Other useful Ni precursors and methods of synthesis of these
types of nickel complexes may also be found in previously
incorporated US6060569, US6174975 and S. D. Ittel, et al.,
Chem. Rev., vol. 100, p. 1169-1203(2000), as well as
W098/42664, and R. H. Grubbs., et al., Organometallics, vol.

17, p. 3149 (1988), which are also incorporated herein by
reference for all purposes as if fully set forth.

In preparing early transition metal complexes such as
Zr and Ti complexes, the anion may be reacted with a simple
metal compound such as a halide, for example ZrCl, or TiCl,.

Useful monomers (olefins) include hydrocarbon olefins

such as ethylene and oa-olefins of the formula H,C=CH(CH,)+H
(ITT) wherein t is an integer of 1 to 20, a styrene, a nor-
bornene and cyclopentene; and polar comonomers such as CO
and polar olefins. Useful polar olefins include those of
the formula H,C=CHR™E, wherein R'® is alkylene, alkylidene or
a covalent bond, especially - (CH;)x- wherein x is 0 or an in-
teger of 1 to 20 and E is a polar group. Useful polar
groups E include -CO,R'™, -0C(0)R'¥, -CO,H, -C(O)NR™, and
-OR™, and -CO,R™ and -OR'" are more preferred, wherein each
R™ is hydrogen, hydrocarbyl or substituted hydrocarbyl,
preferably alkyl or substituted alkyl. For any olefin other
than a norbornene, cyclopentene and a styrene, it is pre-
ferred that it be copolymerized with ethylene. An espe-
cially preferred olefin is eﬁhylene (alone). Typically CO
and polar comonomers will be used with a hydrocarbon olefin
such as ethylene to form a copolymer, and often when CO is
used at least one other polar monomer will also be present.
It will be understood that not every combination of
every ligand with every transition metal will polymerize

every (type of) olefin or combination of olefins described
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herein. For instance, late transition metals are believed
to be more efficacious for polymerization of polar olefins
than are early transition metals. The structure of the
polyolefin produced will also vary with the particular tran-
sition metal and ligand chosen. For example late transition
metals tend to produce polymers with an unusual branching
pattern, while early transition metals give polymers with
more “normal” branching patterns. For a description of un-
usual and normal branching patterns see US5880241, which is
incorporated by reference herein for all purposes as if
fully set forth. The combinations of ingredients to use in
the polymerization and the products produced may be readily
determined by experimentation.

It is preferred that the polymer produced by the first
and second processes herein have a degree of polymerization
(average number of monomer units in a polymer molecule) of
at least about 20, more preferably at least about 40, and
especially preferably at least about 100.

In the first and second polymerization processes
herein, the temperature at which the polymerization is car-
ried out is generally about -100°C to about +200°C, prefera-
bly about -60°C to about 150°C, and more preferably about -
20°C to about 100°C. The pressure of the olefin (if it is a
gas) at which the polymerization is carried out is prefera-
bly atmospheric pressure to about 275 MPa.

The first and second polymerization processes herein
may be run in the presence of various liquids, particularly
aprotic organic liquids. The catalyst system, monomer(s),
and polymer may be soluble or insoluble in these liquids,
but obviously these ligquids should not prevent the polymeri-
zation from occurring. Suitable liquids include alkanes,
cycloalkanes, selected halogenated hydrocarbons, and aro-

matic hydrocarbons. Specific useful solvents include hex-
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ane, toluene, benzene, methylene chloride, chlorobenzene, p-
xylene, and 1,2,4-trichlorobenzene.

Cocatalysts such as alkylaluminum compounds and/or bo-
ranes and/or other Lewis acids may optionally be present in
the first and second processes. It is believed that the
presence of certain Lewis acids may enhance the productivity
of the catalyst and/or the rate of polymerization of the
olefin(s). Also Lewis acids may form so-called Zwitterionic
complexes which are also useful in these processes. For an
explanation of Zwitterionic complexes, see U.S. Patent Ap-
plication (filed concurrently on 31 May 2001, Appli-
cant’s reference CL1655 US NA) (also filed concurrently on 31
May 2001 as PCT/US01/  , Applicant’s reference CL1655
PCT), which is hereby incorporated by reference herein for
all purposes as if fully set forth.

In the third polymerization process described herein
one or more polar comonomers are used with one or more hy-
drocarbon olefins, and preferably ethylene, to form a polar
copolymer. Useful polar comonomers include, but are not
limited to compounds of the formula H,C=CHR?*°C(0)Y (X),
H,C=CHR?°CN (XI), HC=CR**C(0)Y (XII), or H,C=CHR?*°CCN, wherein

R* is alkylene or substituted alkylene, R*®

is hydrogen, and
Y is -OH, -NR?'R?*?, -0R?**, and -SR?**, wherein R** and R?? are
each independently hydrogen, hydrocarbyl or substituted hy-
drocarbyl, R** and R** are each hydrocarbyl or substituted hy-
drocarbyl, and R** is hydrogen. More generally vinyl polar
monomers of the formula H,C=CHX, wherein X is a polar group,
are preferred. Other more specific preferred polar comono-
mers are (X) wherein R*® is - (CH;)4- wherein g is 0 or an in-
teger of 1 to 20 and Y is -OR*?, and (XII), wherein it is es-

pecially preferred that g is zero. Norbornenes'dontaining

functional groups are also useful polar comonomers.
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Some of Ni complexes which may contain bidentate lig-
ands and may be useful in the third process herein may be
found in JP-A-11158214, JP-A-11158213, JP-A-10017617, JP-A-
09255713, JP-A-11180991, JP-A-256414(2000), JP-A-10007718,
JP-A-10182679, JP-A-128922(2000), JP-A-10324709, JP-A-
344821(2000), JP-A-11292917, JP-A-11181014, WO00/56744,
WO096/37522, W096/37523, W098/49208, W0O00/18776, WO00/56785,
WO00/06620, WO99/50320, WO00/68280, WO00/59956, WO00/50475,
WO00/50470, WO98/42665, WO099/54364, W098/33823, W099/32226,
W099/49969, WO99/15569, WO99/46271, W098/03521, WO00/59961,
DE-A-19929131, US5886224, US5714556, US6060569, U86069ilO,
US6174976, US6103658, US6200925, US5929181, US5932670,
US6030917, US4689437, EP-A-0950667 and EP—A—0942010, and S.
D. Ittel, et al., Chem. Rev., vol. 100, p. 1169-1203 (2000)
(and references therein), all of which are hereby incorpo-
rated by reference for all purposes as if fully set forth,
as well as the complexes described herein derived from (I),
(II) or (XII).

All of the complexes mentioned in these publications,
and all nickel complexes of bidentate neutral and mono-
anionic ligands, may not in general be catalysts for the co-
polymerization of ethylene and one or more polar comonomers,
but the conditions described herein give a good chance for
them to be such catalysts. To determine whether such a com-
plex is a polar olefin copolymerization catalyst, one may
simply try a copolymerization of ethylene and a polar co-
monomer such as methyl acrylate or ethyl-1l0-undecylenoate
under the conditions described herein. These conditions in-
clude principally temperature and ethylene pressure. During
most polymerizations there are other conditions usually pre-
sent, such as activation of the polymerization catalyst, ex-
clusion of polymerization catalyst poisons, use of a molecu-

lar weight regulating compound such as hydrogen, agitation,
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supportation, etc. Except for those conditions specifically
described herein for the third polymerization, the other
conditions described, for example, in the above references
may be used in such test polymerizations and in polymeriza-
tions of the third process in general, and reference may be
had thereto for further details.

In the third process herein a prefefred low temperature
is about 80°C, more preferably about 90°C, and a preferred
high temperature is about 150°C, more preferably about 130°C.
A preferred lower ethylene pressure is about 5 MPa or more.
A preferred upper limit on ethylene pressure is about 200

MPa, more preferably about 20 MPa.

Preferred bidentate ligands in the third process herein

are:
TZG Tzs .
28 O )
R = N R%. = N j (
P N
RE XY RO Xy %/ NReo
I|?27 ||227 B |
(XIV) (XV) (XVI)
_ - 0 o
RS ©

(XVIII)

RS
R™ R%2 O \N—R51

A,
%/

(XX) and

R50__ N (o)

(XIX)
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B R51 R51 7] @
%/P (0]
(XX1)
wherein:
R*® and R*’ are each independently hydrocarbyl or substi-

tuted hydrocarbyl, provided that the carbon atom bound to
the imino nitrogen atom has at least two carbon atoms bound
to it;

R*® and R* are each independently hydrogen, hydrocarbyl,

substituted hydrocarbyl, or R*® and R*’ taken together are hy-
drocarbylene or substituted hydrocarbylene to form a carbo-
cyclic ring;

R®® and R®' are each independently functional groups
bound to the rest of (XV) through heterocatoms (for example
0, S or N), or R® and R*' (still containing their heteroca-
tomg) taken together form a ring.

each R*® is independently hydrocarbyl or substituted hy-
drocarbyl;

each R*' is independently hydrogen, hydrocarbyl or sub-
stituted hydrocarbyl; and

each R°? is hydrocarbyl, substituted hydrocarbyl, hydro-
carbyloxy, or substituted hydrocarbyloxy.

When (XVI), (XVII) and (XVIII) are used as the complexes,
especially as their nickel complexes it is preferred that
they be used as their complexes with Lewis acids (“Zwitte-
rionic complexes”) such as tris(pentafluorophenyl)borane.
These Zwitterionic complexes are sometimes better polymeri-
zation catalysts than the complexes which are do not contain
the Lewis acid. These Zwitterionic compounds may be formed

before the complex is added to the polymerization process,
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or may be formed in situ by reaction with Lewis acid which
is present.

Other copolymerizable olefins may also be present in

the third process. «-Olefins of the formula HyC=CH(CH;).CHs;
wherein z is 0 or an integer of 1 to 21, for example propyl-
ene or l-butene, may be used. It is preferred that any
other comonomers present constitute less than 50 mole per-
cent, more preferably less than 25 mole percent of the prod-
uct copolymer.

One problem noted with using some polar comonomers, for
example acrylate-type comonomersg, under certain conditions
is the tendency of these comonomers to form homopolymers.

It is believed that these homopolymers arise from a “com-
petitive” free radical-type polymerization “originating”
from some free radicals which may be present or generated in
the third process polymerization. Some types of polar co-
monomers such as acrylates are well known to readily undergo
such polymerizationsg. These usually unwanted free radical
polymerizations may be suppressed to varying extents by the
presence of free radical polymerization inhibitors such as
phenothiazine in the third polymerization process, but these
may interfere with the desired polymerization process, or
cause other problems. This may be particularly acute in the
third polymerization process herein because of the rela-
tively high process temperatures. It has been found that
the presence of alkali metal or ammonium salts, preferably
alkali metal salts, of relatively noncoordinating anions in
the third polymerization process retards or eliminates the
formation of homopolymer of the polar comonomer (or copoly-
mers containing only polar comonomers if more than one polar
comonomer is used). Particularly preferred alkali metal ca-
tions are Li, Na and K, and Li and Na are especially pre-

ferred. Useful weakly coordinating anions include BAF,
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tetrakis (pentafluorophenyl)borate, N(S(0).CF3),, tetraphenyl-
borate, trifluoromethanesulfonate, and hexafluorocantimonate,
and preferred anions are BAF, tetrakis (pentafluorophenyl) -
borate, and N(S(0).CF3), . A useful molar ratio of these
salts to the number of moles of Ni compounds present is
about 10,000 to about 5 to 1.0, more preferably about 1,000
to about 50 to 1.0. These salts will preferably be used in
a third polymerization process in which there is a liquid
phase present, for example a polymerization which is a solu-
tion or liquid suspension polymerization.

In any of the polymerization processes herein in which
a polar comonomer is copolymerized, and any formation of any
polar copolymer, it is preferred that the molar ratio of the
total of the polar comonomers present to any added Lewis
acid is at least 2:1, preferably at least 10:1. Polar co-
monomers, such acrylic-type monomers, have been copolymer-
ized in certain situations by destroying their Lewis basic
(or coordinating) character by reacting them with a Lewis
acid, to form a Lewis acid “salt” of the polar comonomer.
While this may often help to form the polar copolymer, later
removal of the stoichiometric amount (of polar comonomer) of
Lewis acid is difficult and expensive.

The olefin polymerizations herein may also initially be
carried out in the “solid state” by, for instance, support-
ing the transition metal compound on a substrate such as
gilica or alumina, activating it if necessary with one or
more cocatalysts and contacting it with the olefin(s). Al-
ternatively, the support may first be contacted (reacted)
with one or more cocatalysts (if needed) such as an alkyla-
luminum compound, and then contacted with an appropriate Ni
compound. The support may also be able to take the place of
a Lewls or Bronsted acid, for instance, an acidic clay such

as montmorillonite, if needed. Another method of making a
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supported catalyst is to start a polymerization or at least
make a transition metal complex of another olefin or oli-
gomer of an olefin such as cyclopentene on a support such as
gilica or alumina. These “heterogeneous” catalysts may be
used to catalyze polymerization in the gas phase or the lig-
uid phase. By gas phase 1s meant that a gaseous olefin is
transported to contact with the catalyst particle. For the
copolymerization of polar olefins using supported catalysts,
especially in a ligquid medium, a preferred case is when the
ligand is covalently attached to the supports, which helps
prevent leaching of the transition metal complex from the
support.

In all of the polymerization processes described herein
oligomers and polymers of the various olefins are made.

They may range in molecular weight from oligomeric olefins,
to lower molecular weight oils and waxes, to higher molecu-
lar weight polyolefins. One preferred product is a polymer
with a degree of polymerization (DP) of about 10 or more,
preferably about 40 or more. By “DP” is meant the average
number of repeat (monomer) units in a polymer molecule.

Depending on their properties, the polymers made by the
first and second processes described herein are useful in
many ways. For instance if they are thermoplastics, they
may be used as molding resins, for extrusion, films, etc.

If they are elastomeric, they may be used as elastomers. If
they contain functionalized monomers such as acrylate es-
ters, they are useful for other purposes, see for instance
previously incorporated US5880241.

Depending on the process conditions used and the polym-
erization catalyst system chosen, polymers, even those made
from the same monomer(s) may have varying properties. Some
of the properties that may change are molecular weight and

molecular weight distribution, crystallinity, melting point,
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and glass transition temperature. Except for molecular
weight and molecular weight distribution, branching can af-
fect all the other properties mentioned, and branching may
be varied (using the same transition metal compound) using
methods described in previously incorporated US5880241.

It is known that blends of distinct polymers, varying
for instance in the properties listed above, may have advan-
tageous properties compared to “single” polymers. For in-
stance it is known that polymers with broad or bimodal mo-
lecular weight distributions may be melt processed (be
shaped) more easily than narrower molecular weight distribu-
tion polymers. Thermoplastics such as crystalline polymers
may often be toughened by blending with elastomeric poly-
mers.

Therefore, methods of producing polymers which inher-
ently produce polymer blends are useful especially if a
later separate (and expensive) polymer mixing step can be
avoided. However in such polymerizations one should be
aware that two different catalysts may interfere with one
another, or interact in such a way as to give a single poly-
mer.

In such a process the transition metal containing po-
lymerization catalyst disclosed herein can be termed the
first active polymerization catalyst. Monomers useful with
these catalysts are those described (and also preferred)
above. A second active polymerization catalyst (and option-
ally one or more others) is used in conjunction with the
first active polymerization catalyst. The second active po-
lymerization catalyst may be a late transition metal cata-
lyst, for example as described herein, in previously incor-
porated US5880241, US6060569, US6174975 and US5714556,
and/or in US5955555 (also incorporated by reference herein

for all purposes as if fully set forth). Other useful types

35



10

15

20

25

30

WO 01/92342 PCT/US01/17627

of catalysts may also be used for the second active polym-
erization catalyst. For instance so-called Ziegler-Natta
and/or metallocene-type catalysts may also be used. These
types of catalysts are well known in the polyolefin field,

see for instance Angew. Chem., Int. Ed. Engl., vol. 34, p.

1143-1170 (1995), EP-A-0416815 and US5198401 for information
about metallocene-type catalysts; and J. Boor Jr., Ziegler-

Natta Catalysts and Polymerizations, Academic Press, New

York, 1979 for information about Ziegler-Natta-type cata-
lysts, all ,0of which are hereby included by reference. Many
of the useful polymerization conditions for all of these
types of catalysts and the first active polymerization cata-
lysts coincide, so conditions for the polymerizations with
first and second active polymerization catalysts are easily
accessgible. Oftentimes the «co—catalyst" or “activator” is
needed for metallocene or Ziegler-Natta-type polymeriza-
tions. In many instances the same compound, such as an al-
kylaluminum compound, may be used as an “activator” for some
or all of these various polymerization catalysts.

In one preferred process described herein the first
olefin(s) (the monomer(s) polymerized by the first active
polymerization catalyst) and second olefin(s) (the mono-
mer (g8) polymerized by the second active polymerization cata-
lyst) are identical, and preferred olefins in such a process
are the same as described immediately above. The first
and/or second olefins may also be a single olefin or a mix-
ture of olefins to make a copolymer. Again it is preferred
that they be identical particularly in a process in which
polymerization by the first and second active polymerization
catalysts make polymer simultaneously.

In some processes herein the first active polymeriza-
tion catalyst may polymerize a monomer that may not be po-

lymerized by said second active polymerization catalyst,
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and/or vice versa. In that instance two chemically distinct
polymers may be produced. In another scenario two monomers
would be present, with one polymerization catalyst producing
a copolymer, and the other polymerization catalyst producing
a homopolymer, or two copolymers may be'produced which vary
in the molar proportion or repeat units from the various
monomers. Other analogous combinations will be evident to
the artisan.

In another variation of this process one of the polym-
erization catalysts makes an oligomer of an olefin, prefera-
bly ethylene, which oligomer has the formula R’°CH=CHj,
wherein R’® is n-alkyl, preferably with an even number of
carbon atoms. The other polymerization catalyst in the pro-
cess then (co)polymerizes this olefin, either by itself or
preferably with at least one other olefin, preferably ethyl-

ene, to form a branched polyolefin. Preparation of the oli-

gomer (which is sometimes called an a-olefin) by a second
active polymerization-type of catalyst can be found in pre-
viously incorporated US5880241, as well as in W099/02472
(also incorporated by reference herein).

Likewise, conditions for such polymerizations, using
catalysts of the second active polymerization type, will
also be found in the appropriate above-mentioned references.

Two chemically different active polymerization cata-
lysts are used in this polymerization process. The first
active polymerization catalyst is described in detail above.
The second active polymerization catalyst may also meet the
limitations of the first active polymerization catalyst, but
must be chemically distinct. For instance, it may have a
different transition metal present, and/or utilize a differ-
ent type of ligand and/or the same type of ligand that dif-
fers in structure between the first and second active polym-

erization catalysts. In one preferred process, the ligand
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type and the metal are the same, but the ligands differ in
their substituents.

Included within the definition of two active polymeri-
zation catalysts are systems in which a single polymeriza-
tion catalyst is added together with another ligand, pref-
erably the same type of ligand, which can displace the
original ligand coordinated to the metal of the original ac-
tive polymerization catalyst, to produce in situ two differ-
ent polymerization catalysts.

The molar ratio of the first active polymerization
catalyst to the second active polymerization catalyst used
will depend on the ratio of polymer from each catalyst de-
sired, and the relative rate of polymerization of each cata-
lyst under the process conditions. For instance, if one
wanted to prepare a “toughened” thermoplastic polyethylene
that contained 80% crystalline polyethylene and 20% rubbery
polyethylene, and the rates of polymerization of the two
catalysts were equal, then one would use a 4:1 molar ratio
of the catalyst that gave crystalline polyethylene to the
catalyst that gave rubbery polyethylene. More than two ac-
tive polymerization catalysts may also be used if the de-
sired product is to contain more than two different types of
polymer.

The polymers made by the first active polymerization
catalyst and the second active polymerization catalyst may
be made in sequence, i.e., a polymerization with one (either
first or second) of the catalysts followed by a polymeriza-
tion with the other catalyst, as by using two polymerization
vessels in series. However it is preferred to carry out the
polymerization using the first and second active polymeriza-
tion catalysts in the same vessel(s), i1.e., sgimultaneously.
This is possible because in most instances the first and

second active polymerization catalysts are compatible with
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each other, and they produce their distinctive polymers in
the other catalysf's presence. Any of the processes appli-
cable to the individual catalysts may be used in this polym-
erization process with 2 or more catalysts, i.e., gas phase,
liquid phase, continuous, etc.

Catalyst components which include transition metal com-
plexes of (I), (II) or (XII), with or without other materi-
als such as one or more cocatalysts and/or other polymeriza-
tion catalysts are also disclosed herein. For example, such
a catalyst component could include the transition metal com-
plex supported on a support such as alumina, silica, a poly-
mer, magnesium chloride, sodium chloride, etc., with or
without other components being present. It may simply be a
solution of the transition metal complex, or a slurry of the
transition metal complex in a liquid, with or without a sup-
port being present.

The polymers produced by this process may vary in mo-
lecular weight and/or molecular weight distribution and/or
melting point and/or level of crystallinity, and/or glass
transition temperature and/or other factors. For copolymers
the polymers may differ in ratios of comonomers if the dif-
ferent polymerization catalysts polymerize the monomers pre-
gsent at different relative rates. The polymers produced are
useful as molding and extrusion resins and in films as for
packaging. They may have advantages such as improved melt
processing, toughness and improved low temperature proper-
ties.

Hydrogen or other chain transfer agents such as silanes
(for example trimethylsilane or triethylsilane) may be used
to lower the molecular weight of polyolefin produced in the
polymerization process herein. It is preferred that the
amount of hydrogen present be about 0.01 to about 50 mole

percent of the olefin present, preferably about 1 to about
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20 mole percent. When liquid monomers (olefins) are pres-
ent, one may need to experiment briefly to find the relative
amounts of liquid monomers and hydrogen (as a gas). If both
the hydrogen and monomer (s) are gaseous, their relative con-
centrations may be regulated by their partial pressures.

Copolymers of ethylene and certain polar comonomers
such as H,C=CHC (0)R?*? are described herein (first and second
polymers), and they contain first branches of the formula -
(CH,) oCHs and second branches of the formula - (CH)nC(0)R?3,
wherein R?*? is -OR** or any group readily derivable from it,
R*® is R?*? or any group readily derivable from it, R** is hy-
drocarbyl or substituted hydrocarbyl, and each R?*® is hydro-
gen, hydrocarbyl or substituted hydrocarbyl. By “any group
readily derivable from it” is meant any derivative of a car-
boxylic acid which is readily interconverted from the car-
boxylic acid itself or a derivative of a carboxylic acid.
For exémple a carboxylic acid ester may be converted to a
carboxylic acid by hydrolysis, an amide by reaction with a
primary or secondary amine, a carboxylate salt (for example
with an alkali or alkaline earth metal) by hydrolysis and
neutralization, an acyl halide by hydrolysis and reaction
with a compound such as thionyl chloride, nitriles, and oth-
ers.

The first and/or second polymers, and/or third polymers
in some instances, have the following characteristics in
various combinations that separates them from other copoly-
mers made from the same monomers. These characteristics
are:

the ratio of first branches wherein n is 0 to first
branches wherein n is 1 is about 3.0 or more, preferably

about 4.0 or more;
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the ratio of first branches wherein n is 0 to first
branches wherein n is 3 is 1.0 or more, preferably 1.5 or
more;

‘the ratio of second branches wherein m is 0 to second
branches wherein m is one or more is at least about 3.0,
more preferably at least about 5.0;

the total number of first branches where n is 0, 1, 2
and 3 in said polymer is about 10 or more per 1000 CH
groups, preferably about 20 or more;

the incorporation of repeat units derived from
H,C=CHC(O)R** is 0.3 mole percent or more based on the total
repeat units derived from ethylene and H,C=CHC(0)R**, pref-
erably about 0.5 mole percent or more, especially preferably
1.1 mole percent or more, and very preferably about 1.5 mole
percent or more (if there are repeat units in which R*® var-
ies, the total of such units shall be used) ;

the polymers have end groups of the formula
~~~~~~~~ HC=CH-C (0) -R?*? and at least about 5 mole percent,
preferably at least about 10 mole percent, of said monomer
incorporated is present in said polymer as end groups of the
formula ~~~~~m~~- HC:CH—C(Q)—R“, wherein ~~~~~~~ is the re-
mainder of the polymer chain of said end group (the polymer
chain the end group is attached to); and/or

the said unsaturated end groups are at least 0.001 mole
percent, preferably at least about 0.01 mole percent, and
more preferably at least 0.1 mole percent, of the total re-
peat units (ethylene and polar comonomer (s)) in said poly-
mer.

In these polymers any number of these characteristics
can be combined as features of these polymers, including the
preferred characteristics.

The first, second and third polymers may also contain

“saturated” end groups of the formula ~~~~~~ C(0)R**, which

41



10

15

20

25

30

WO 01/92342 PCT/US01/17627

with present analytical techniques may be indistinguishable

from second branches where m is 25. In some instances end
groups may have the formula ~~~~~~ CH=CH; (a vinyl end group) .
Such end groups may sometimes be polymerizable, and there-
fore polymers with such end groups may be useful as macro-
monomers .

It is difficult, and sometimes not possible, to distin-
guish between ester groups which are saturated polymer ends
(no olefin bond associated with the end group), and ester
groups at the ends of long branches by *’C NMR spectroscopy
(created by chain walking event, a CWE). In both cases the
carbonyl group is shifted from about 175.5 ppm for the in-
chain comonomer to 170-174 ppm for the saturated end group
or CWE. Usually the saturated ester end group or CWE peak
in the region 170-174 ppm is very small and present in only
trace quantities. Because of the very low levels of this
peak, it is difficult to confirm by 2D NMR this hypothesis,
and the assignment should be considered tentative. Review
of many of the experimental results obtained show that in
many examples no saturated end groups and/or CWE are pres-
ent. However in some examples up to 50 mole percent, more
commonly up to 20 mole percent, of the total amount of ac-
rylate ester appears to be present as saturated end groups
and/or CWE. These numbers are very approximate, since the
contents of the saturated end groups and/or CWE are typi-
cally so small the error in the measurement is relatively
large.

Some NMR and separations evidence exists that these co-
polymers may sometimes be capped by short runs of acrylate
homopolymers, presumably by free radical polymerization of
acrylate ester at the beginning and/or end of the coordina-

tion polymerization of a polymer chain.
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The first, second and third polymers are useful in many
ways, for instance,

1. Tackifiers for low strength adhesives (U, vol. AL,
p. 235-236) are a use for these polymers. Elastomeric
and/or relatively low molecular weight polymers are pre-
ferred.

2. The polymers are useful as base resins for hot melt
adhesives (U, vol. Al, p. 233-234), pressure sensitive adhe-
sives (U, vol. Al, p. 235-236) or solvent applied adhesives.
Thermoplastics are preferred for hot melt adhesives. The
polymers may also be used in a carpet installation adhesive.

3. Base polymer for caulking of various kinds is an-
other use. An elastomer is preferred. Lower molecular
weight polymers are often used. |

4. The polymers, particularly elastomers, may be used
for modifying asphalt, to improve the physical properties of
the asphalt and/or extend the life of asphalt paving, see
US3980598.

5. Wire insulation and jacketing may be made from any
of the polymers (see EPSE, vol. 17, p. 828-842). In the
case of elastomers it may be preferable to crosslink the
polymer after the insulation or jacketing is formed, for ex-
ample by free radicals.

6. The polymers, especially the branched polymers, are
useful as base resins for carpet backing, especially for
automobile carpeting.

7. The polymers may be used for extrusion or coextru-
sion coatings onto plastics, metals, textiles or paper webs.

8. The polymers may be used as a laminating adhesive
for glass.

9. The polymers are useful for blown or cast films or
as sheet (see EPSE, vol. 7 p. 88-106; ECT4, vol. 11, p. 843-
856; PM, p. 252 and p. 432ff). The films may be single
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layer or multilayer, the multilayer films may include other
polymers, adhesives, etc. For packaging the films may be
stretch-wrap, shrink-wrap or cling wrap. The films are use-
ful for many applications such as packaging foods, geomem-
branes and pond liners. It is preferred that these polymers
have gome crystallinity.

10. The polymers may be used to form flexible or rigid
foamed objects, such as cores for various sports items such
as surf boards and liners for protective headgear. Struc-
tural foams may also be made. It is preferred that the
polymers have some crystallinity. The polymer of the foams
may be crosslinked.

11. In powdered form the polymers may be used to coat
objects by using plasma, flame spray or fluidized bed tech-
niques.

12. Extruded films may be formed from these polymers,
and these films may be treated, for example drawn. Such ex-
truded films are useful for packaging of various sorts.

13. The polymers, especially those that are elasto-
meric, may be used in various types of hoses, such as auto-
motive heater hose.

14. The polymers may be used as reactive diluents in
automotive finishes, and for this purpose it is preferred .
that they have a relatively low molecular weight and/or have
some crystallinity.

15. The polymers can be converted to ionomers, which
when they possess crystallinity can be used as molding res-
ins. Exemplary uses for these ilonomeric molding resins are
golf ball covers, perfume caps, sporting goods, f£ilm packag-
ing applications, as tougheners in other polymers, and usu-
ally extruded) detonator cords.

16. The functional groups on the polymers can be used

to initiate the polymerization of other types of monomers or
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to copolymerize with other types of monomers. If the poly-
mers are elastomeric, they can act as toughening agents.

17. The polymers can act as compatibilizing agents be-
tween various other polymers.

18. The polymers can act as tougheners for various
other polymers, such as thermoplastics and thermosets, par-
ticularly if the olefin/polar monomer polymers are elasto-
meric.

19. The polymers may act as internal plasticizers for
other polymers in blends. A polymer which may be plasti-
cized is poly (vinyl chloride).

20. The polymers can serve as adhesives between other
polymers.

21. With the appropriate functional groups, the poly-
mers may serve as curing agents for other polymers with com-
plimentary functional groups (i.e., the functional groups of
the two polymers react with each other).

22. The polymers, especially those that are branched,
are useful as pour point depressants for fuels and oils.

23. Lubricating oil additives as Viscosity Index Im-
provers for multigrade engine oil (ECT3, Vol 14, p. 495-496)
are another use. Branched polymers are preferred. Ethylene
copolymer with acrylates or other polar monomers will also
function as Viscosity Index Improvers for multigrade engine
o0il with the additional advantage of providing some disper-
sancy.

24, The polymers may be used for roofing membranes.

25. The polymers may be used as additives to various

molding resins such as the so-called thermoplastic olefins

- to improve paint adhesion, as in automotive uses.

26. A flexible pouch made from a single layer or multi-
layer film (as described above) which may be used for pack-

aging various liquid products such as milk, or powder such
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as hot chocolate mix. The pouch may be heat sealed. It may
also have a barrier layer, such as a metal foil layer.

27. A wrap packaging film having differential cling is
provided by a film laminate, comprising at least two layers;
an outer reverse which is a polymer (or a blend thereof) de-

scribed herein, which contains a tackifier in sufficient

- amount to impart cling properties; and an outer obverse

which has a density of at least about 0.916 g/mL which has
little or no cling, provided that a density of the outer re-
verse layer is at least 0.008 g/mL less than that of the
density of the outer obverse layer. It is preferred that
the outer obverse layer is linear low density polyethylene,

and the polymer of the outer obverse 1aye£ have a density of

less than 0.90 g/mL. All densities are measured at 25°C.

28. Fine denier fibers and/or multifilaments. These
may be melt spun. They may be in the form of a filament
bundle, a non-woven web, a woven fabric, a knitted fabric or
staple fiber.

29. A composition comprising a mixture of the polymers
herein and an antifogging agent. This composition is espe-
cially useful in film or sheet form because of its
antifogging properties.

30. If the polymers are functionalized with monomers
such as fluoroalkyl acrylate esters or other fluorine-
containing monomers, they are useful for selectively impart-
ing surface activity to polyolefins. This would be of use
reducing fluid penetration in flash-spun polyolefin films
for medical and other applications. The fluoro-
functionalized polyolefins would also be useful for dispers-
ing fluoropolymers in lubricant applications.

31. Mixtures of ethylene homopolymers or oligomers to-
gether with copolymers of ethylene and acrylates and option-

ally other monomers are useful as adhesion promoters, sur-
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face active agents, tougheners, and compatibilizers for ad-
ditives. ‘

In the above use listings, sometimes a reference is
given which discusses such uses for polymers in general.
All of these references are hereby included by reference.
For the references, “U” refers to W. Gerhartz, et al., Ed.,

Ullmann’s Encyclopedia of Industrial Chemistry, 5th Ed. VCH

Verlagsgesellschaft mBH, Weinheim, for which the volume and
page number are given, “ECT3” refers to the H. F. Mark, et
al., Ed., Kirk-Othmer Encyclopedia of Chemical Technology,

4th Ed., John Wiley & Sons, New York, “ECT4” refers to the
J. I Kroschwitz, et al., Ed., Kirk-Othmer Encyclopedia of

Chemical Technology, 4th Ed., John Wiley & Sons, New York,

for which the volume and page number are given, “EPSE” re-

fers to H. F. Mark, et al., Ed., Encyclopedia of Polymer

Science and Engineering, 2nd Ed., John Wiley & Sons, New

York, for which volume and page numbers are given, and “PM”

refers to J. A. Brydson, ed., Plastics Materials, 5th Ed.,

Butterworth-Heinemann, Oxford, UK, 1989, and the page is
given.
In the Examples, all pressures are gauge pressures.

The following abbreviations are used:

AH: - heat of fusion (in J/g)

BAF - tetrakis(bis-3,5- (trifluoromethyl)phenyl)borate

DSC - differential scanning calorimetry

GPC - gel permeation chromatography

PMAO-IP - improved processing methylaluminoxane from
Akzo-Nobel

RB - round-bottomed

RT - room temperature

TCB - 1,2,4-trichlorobenzene

THF - tetrahydrofuran

Am - amyl
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Ar - aryl

BAF - tetrakis(3,5-trifluoromethylphenyl)borate
BArF - tetrakis (pentafluorophenyl)borate

BHT - 2,6-di-t-butyl-4-methylphenol

Bu - butyl

Bu,O0 - dibutyl ether

CB - chlorobenzene

Cmpd - compound

E - ethylene

EG - end-group, refers to the ester group of the ac-

rylate being located in an unsaturated end group of the eth-

ylene copolymer

EGPEA - 2-phenoxyethyl acrylate
Eoc - end-of-chain

Equiv - equivalent

Et - ethyl

Eteguw - percent of ethyl branches occurring in sec-butyl

ended branches

GPC - gel permeation chromatography
HA - hexyl acrylate
Hex - hexyl

IC - in-chain, refers to the ester group of the ac-

rylate being bound to the main-chain of the ethylene copoly-

mer

IDA - isodecyl acrylate
Incorp - incorporation
i-Pr - iso-propyl

M.W. - molecular weight
MA - methyl acrylate

Me - methyl

MeOH - methanol

Megey - percent of methyl branches occurring in sec-

butyl ended branches
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MI - melt index

Mn - number average molecular weight

Mp - peak average molecular weight

Mw - weight average molecular weight

N: - not determined

PDI - polydispersity; Mw/Mn

PE - polyethylene

Ph - phenyl

Press - pressure

RI - refractive index

Rt or RT - room temperature

t-Bu - t-butyl

TCB - 1,2,4-trichlorobenzene

Temp - temperature

THA - 3,5,5-trimethylhexyl acrylate

THF - tetrahydrofuran

TO - number of turnovers per metal center = (moles
monomer consumed, as determined by the weight of the iso-
lated polymer or oligomers) divided by (moles catalyst)

tol - toluene

Total Me - Total number of methyl groups per 1000 meth-
ylene groups as determined by 'H or *C NMR analysis

UV - ultraviolet

Examples 1-89

Ligand precursor and catalyst synthesis

All operations related to the catalyst synthesis were
performed in a nitrogen drybox or using a Schlenk line with
nitrogen protection. Anhydrous solvents were used in all
cases. Solvents were distilled from drying agents under ni-
trogen using standard procedures: chlorobenzene from P,0s;
THF from sodium benzophenone ketyl. ©Ni[II] allyl chloride

and NaBAF were prepared according to the literature.
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(Tert-butyl) ,PCH;Li was synthesized by reacting (tert-
butyl),PCH; with tert-butyl lithium in heptane in a 109°C
bath for a few hours. The product was filtered and washed
with pentane. (Tert-butyl),PLi was synthesized by reacting
(tert-butyl),PH with n-butyl lithium in heptane at 90°C for 6
h. Phy,PLi was made by reacting Ph,PH with n-butyl lithium at
RT for 3 d at RT. The NMR spectra were recorded using a
Bruker 500MHz spectrometer or a Bruker 300MHz spectrometer.

In the Examples 1-89 the following catalysts were used:

CF3 Ph OO@

\N i/ \N l/ \N i/ \N |/
1 2 3 4

MeQ OMe MeQ, OMe Ph
CF3 Ph Ph | _ome
Me
>K Me! l >k Me >k \
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Example 1 - Synthesig of Catalyst 1

In a drybox, 0.50g (tert-butyl),PCH,Li was mixed with 20
mL THF in a Schlenk flask. It was brought out of the drybox
and placed in an ice-water bath. One atmosphere of
hexafluoroacetone was applied to the flask. The mixture was
allowed to stir at 0°C under 1 atm of hexafluoroacetone for

1 h. The hexafluorocacetone flow was stopped. The reaction
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mixture was allowed to warm up to RT, during which time gas
evolution was seen. The mixture was then stirred at RT for
1 h and was transferred back to the drybox. The THF was
evaporated. The product was dried under full vacuum over-
night. A yellow solid was obtained. Z*'PNMR in THF-dz: sin-
glet peak at 13.07 ppm. HNMR in THF-ds: 2.08 ppm (2H, d,
JPH = 4.6Hz, P-CH,-); 1.22 ppm (18H, d, JPH = 11.2Hz, -
C(CHs3)3). A small amount of THF (~0.2 eq) existed in the
solid product. To this product was added 0.405 g ((al-
lyl)NiCl),; and 15 mL THF. The mixture was allowed to stir at
RT over the weekend. The mixture was evaporated to dryness,
extracted with 30 mL toluene, filtered through Celite®, fol-
lowed by 3x5 mL toluene wash. Solvent was evaporated. The
product was dried under full vacuum overnight. The product
became powdery after triturating with pentane. Yellow brown
solid (0.82 g) was obtained. *'PNMR in CD,Cl,: singlet peak at
78.81 ppm.

Example 2 - Synthesis of catalyst 2

A 100-mL round-bottomed flask was charged with 292 mg
(1.60 mmol) of benzophenone dissolved in ca. 15 mL THF. Then
the (t-Bu),P-CH,Li (266 mg, 1.60 mmol) dissolved in ca. 15 mL
THF was added. The solution turns from colorless to dark
blue. It was stirred for one hour after which time, a solu-
tion of (Ni(C3Hs)Cl)., (217 mg, 0.80 mmol) in 15 mL THF was
added. It was stirred for an additional 1 h and the solvent
removed. The residue was extracted with hexane and toluene
and the solvent removed. The residue was washed with small
amounts of hexane and dried. The yield was 395 mg (71%).
THNMR (Cb2Cl2, 23°C, 300 MHz) d 8.2-7.9 (m, 4H, Ar); 7.4-6.9
(m, 6H, Ar); 5.10 (m, 1H); 4.26 (brs, 1H); 3.25 (dd, J= 14
Hz, J= 5 Hz, 1H), 2.80 (m, 2H), 2.24 (brs, 1H), 1.16 (d, J=
13 Hz, 1H), 0.97 (4, JP-H= 13 Hz, 9H); 0.80 (d, JP-H= 13
Hz) . *PNMR (CD2Cl2, 23°C,): d 84.0. CNMR (CD2Cl2, 23°C, 75
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MHz) d 156.1 (s); Ar C-H signals overlapping with C6D6 sig-
nal; 127.2 (s); 125.7 (d, JP-C= 6 Hz); 109.3 (d, JC-H= 157
Hz); 86.7 (d, JP-C= 10 Hz); 69.1 (m, JP-C= 22 Hz); 41.2 (dt,
JP-C= 25 Hz, JC-H= 127 Hz); 37.6 (m, JP-C= 6 Hz); 33.8 (m);
29.9 (g, JC-H= 124 Hz).

A single red-orange crystal was grown from CH,Cl,/hexane
at ambient temperature, and X-ray diffraction data confirmed
the structure. No LiCl was present in the structure based
X-ray single crystal diffraction analysis.

Example 3 - Synthesig of catalyst 3

In a drybox, 0.2273 g (tert-butyl),PCH,Li was mixed with
20 mL THF in a 100 mL RB flask. The mixture was cooled at -
30°C for 30 min. Under stirring, 0.50 g monoimine-A was
added to the solution while the solution was still cold.
The reaction mixture turned yellow blue right away. The
mixture was allowed to warm up to RT and to stir at this
temperature overnight. THF was evaporated. The product was
dried under vacuum for 7 h. A deep yellow green solid
(0.912 g) was isolated. 3'PNMR in THF-d: singlet peak at
18.56 ppm. To the product was added 0.1847 g ((allyl)NicCl),
and 20 mL THF in a RB flask. The mixture was allowed to
stir for 6.5 h at RT. The mixture was evaporated to dry-
ness. The residue was extracted with 25 mL toluene. It was
filtered through Celite®, followed by 3x5 mL toluene wash.
The solution was evaporated to dryness. The product was
then dried under full vacuum overnight. Dark green solid

(0.92 g) was isolated.
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Example 4 - Synthesis of Catalyst 4

In a drybox, 0.35 g (tert-butyl),PCH,Li was added to the
~30°C solution of 0.4409 g monoimine-B in 30 mL THF in a 100
mL RB flask. The reaction mixture turned yellow blue immedi-
ately. The mixture was allowed to warm up to RT and stirred
at this temperature for 19 h. THF was evaporated. The
product was dried under vacuum. 3'PNMR in THF-dg: Two sin-
glet peaks. One was a sharp and tall peak at 20.54 ppm and
another was a wide and short peak at 18.74 ppm. To the
product was added 0.2812 g ((allyl)NiCl), and 30 mL THF in a
RB flask. The mixture was allowed to stir for 18 h at RT.
The mixture was evaporated to dryness. The residue was ex-
tracted with 30 mL toluene. It was filtered through Ce-
lite®, followed by 3x5 mL toluene wash. The solution was
evaporated to dryness. The solid product was then dried un-
der vacuum for 8 h. ?'PNMR in CeD¢: two major singlet peak at
81.75 ppm and 79.92 ppm, as well as a minor singlet peak at
20.05 ppm. Electron spray mass spectroscopy showed major
peaks at 468 and 470 (due to 58Ni and ®°Ni isotopes), which
indicated that the desired product picked up a proton in the
spray process. X-ray single crystal diffraction analysis
confirmed the structure. No LiCl was present in the struc-
ture.

Examples 5 - Synthesis of Catalyst 5

A 100 mL RB flask was charged with 217 mg(0.82 mmol) of

2,2,2-trifluoro-2’,4’,6’ -trimethoxyacetophenone digsolved in
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ca. 10-15 mL THF. Then (t-Bu),P-CHyLi (136 mg, 0.82 mmol)
dissolved in ca. 10-15 mL THF was added. The initially pur-
ple solution (color came from traces impurities in starting
ketone) turned clear yellow. It was stirred for one h after
which time, a solution of (Ni(C3Hs)Cl), (111 mg, 0.41 mmol)
in 10-15 mL THF was added. It was stirred for an additional
one h and the solvént removed. The residue was washed with
hexane and dried in vacuo to yield 362 mg (78%). Key NMR
signais (incomplete) : 'H-NMR (CD,Cl,, 23°C, 300 MHz) & 6.5-
6.2 (brm, 2H, Ar); 5.3 (brm, 1H), 4.8 (brs, 1H); 4.1 (brs,
2H); 3.8 (brs, 9H); 3.7-2.0 (brm); 2.0-0.8 (brm, t-Bu sig-
nals). Two isomers (50:50) by *'PNMR (CD,Cl,, 23°C, 300 MHz):
8 81.4; 80.2. ™CNMR (CD,Cl,, 23°C, 125 MHz): § 161.3 (s);
ca. 112 (brs); ca. 94.0 (brm, J= 158 Hz); 93.2 (br); ca. 86;
68.1; 58.4; 56.3; 55.6. A single red-orange crystal was
grown from CH,Cl,/hexane at ambient temperature, and the
structure confirmed by X-ray diffraction. The complex con-
tained one equivalent of LiCl, and existed as a dimer
bridged by LiCl.

Example 6 - Synthesis of Catalyst 6

A 200 mL RB flask was charged with 300 mg (1.10 mmol)
of 2,4,6-trimethoxybenzophenone dissolved in ca. 20 mL THF.
Then (t-Bu),P-CH,Li (183 mg, 1.10 mmol) dissolved in ca. 20
mL THF was added. It was stirred for one h, after which
time, a solution of (Ni(C3Hs)Cl), (149 mg, 0.55 mmol) in THF
(ca. 20 mL) was added. It was stirred for an additional one
h and the solvent removed. The residue was washed with hex-
ane and dried in vacuo to yield 664 mg product. Key NMR
signals (incomplete): 'HNMR (CD,Cl,, 23°C, 300 MHz) & 7.64
(brs, 1H, Axr); 7.51 (brs, 1H, Ar); 7.14 (brt, 2H, Ar); 7.00
(bxrt, 1H, Ar); 6.14 (s, 2H); 5.28 (m, 1H); 5.0-4.5 (brm,
2H); 3.67 (s, 3H, OCH3); 3.64 (s, 6H, OCHz); 3.26 (brs, 1H);
2.87 (dd, 1H, J= 14 Hz, J= 5 Hz); 2.8-2.4 (brm, 2H); 1.7-0.7
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(brm, 18H, t-Bu). Two isomers (50:50) by *'PNMR (CD,Cl,,
23°C, 75 MHz): & 79.0; 78.2. CNMR (CD,Cl,, 23°C, 125 MHz): §
167.9 (d, Jp.c= 4.5 Hz); 159.9 (s); 158.5 (brs); 154.4 (brs);
127.6 (dd, Je.y= 158 Hz, J= 7.5 Hz); 126.1 (dt); 125.7 (dt,

o
I

150 Hz); 111.0 (brd); 95.0 (dd, Jc-w= 159 Hz, J= 4.7 Hz);
87.2 (brs); 67.0 (bxrdt, Jp.c= 22 Hz); 57.7 (q, Jc-g= 145 Hz);
55.6 (g, Jc.y= 144 Hz); ca. 40.0 (brs); 39.7 (dt, Jp.c= 25
Hz); 35.3 (d, Jp.c= 18 Hz); 33.7 (d, Jpe= 16 Hz); 30.0 (brq,
Jc-g= 127 Hz). A single red-orange crystal was grown from
CH,Cl,/hexane at ambient temperature, and an X-ray diffrac-
tion confirmed the structure. The complex contained one
equivalent of LiCl, and existed as a dimer bridged by LiCl.
Example 7 - Synthesis of Catalyst 7

A 200 mL RB flask was charged with 300 mg(1.17 mmol) of
2,2-dimethoxy-2-phenylacetophenone dissolved in ca. 20 mL
THF. Then (t-Bu),P-CH,Li (195 mg, 1.17 mmol) dissolved in ca.
20 mL THF was added. It was stirred for one h, after which
time a solution of (Ni(C3Hs)Cl), (158 mg, 0.59 mmol) in THF
(ca. 20 mL) was added. It was stirred for an additional h
and the solvent removed. The residue was washed with hexane
and dried in vacuo to yield 438 mg (67%). Two isomers
(50:50) by *'PNMR (CD,Cl,, 23°C, 300 MHz): & 82.1 (s) and &
81.5 (). A single red-orange crystal was grown from
CH,Cl,/hexane at ambient temperature, and X-ray diffraction
data confirhed the structure. The complex contained one
equivalent of LiCl, and existed as a dimer bridged by LiCl.

Example 8 - Synthesis of Catalyst 8

In a drybox, 0.3043 g (tert-butyl),PLi was added to a
-30°C golution of 0.5284 g 2,2,2-trifluoro-2',4",6'-
trimethoxyacetophenone (Aldrich) in 15 mL THF in a 100 mL RB
flagk. The reaction mixture turned yellow. The mixture was
allowed to warm up to RT and stir at this temperature over-

night. THF was evaporated. The product was dried under
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vacuum for 6 h. Z*'PNMR in THF-ds: a singlet peak at 41.28
ppm. The product was mixed with 0.1608 g ((allyl)NiCl), and
15 mL THF in a RB flask. The mixture was allowed to stir
for 2 h at RT. It was then evaporated to dryness. The
residue was mixed with 10 mL toluene. Pentane (40 mL) was
then added into the flask. The brown solid was filtered,
followed by 3x pentane wash and dried in vacuo. Brown solid
(0.445 g) was obtained. 3*'PNMR in THF-d,: two singlet peak
at 50.31 ppm and 50.05 ppm.

Example 9 - Synthesis of Catalyst 9

In a drybox, 0.30 g (tert-butyl),PCH,Li was added to a
-30°C solution of 0.3072 g ethyl trifluoropyruvate (Lancas-
ter) in 15 mL THF in a 100 mL RB flask. The reaction mix-
ture turned golden vellow. The mixture was allowed to warm
ﬁp to RT and stir at this temperature for 1 h. THF was
evaporated. The product was dried under vacuum overnight.
The product was mixed with 0.247 g ((allyl)NiCl), and 15 mL
THF in a RB flask. The mixture was allowed to stir for 1 h
at RT. The mixture was then evaporated to dryness. The
residue was dissolved by adding 10 mL toluene. Pentane (40
mL) was then added into the flask. The yellow solid was
filtered, followed by 3x pentane wash and dried in vacuo.
Yellow solid (0.36 g) was obtained. 3*'PNMR in THF-ds: The
major singlet peak at 78.24 ppm and two small singlet peaks
at 96.72 ppm and 218.21 ppm. A gingle crystal was grown and
the structure was confirmed synchrotron diffraction analy-
sis. The complex contained one equivalent of LiCl, and ex-
isted as a dimer bridged by LiCl.

Example 10 - Synthesis of Catalyst 10

In a drybox, 0.502 g (tert-butyl),PLi was added to a
-30°C solution of 0.5613 g ethyl trifluoropyruvate (Lancas-
ter) in 25 mL THF in a 100 mL RB flask. The reaction mix-

ture turned yellow and then copper color. The mixture was
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allowed to warm up to RT and to stir at this temperature
overnight. THF was evaporated. The product was dried under
vacuum. °'PNMR in THF-ds: singlet peak at 41.22 ppm. The
product was mixed with 0.453 g ((allyl)NiCl), and 25 mL THF
in a RB flask. The mixture was allowed to stir for 1 h at
RT. The mixture was evaporated to dryness. The residue was
mixed with 5 mL toluene. Pentane (40 mL) was then added
into the flask. The brown solid was filtered, followed by
3x pentane wash and dried in vacuo. Brown solid (0.745 g)
was obtained. *'PNMR in THF-dg: Singlet peak at 46.04 ppm.

Example 11 - Synthesis of Catalyst 11

In a drybox, 0.40 g Phy;PLi was added to a -30°C solution
of 0.4357 g monoimine-B in 25 mL THF in a 100 mL RB flask.
The reaction mixture turned orange. The mixture was allowed
to warm up to RT and stir at this temperature for 1 h. THF
was evaporated. The product was dried under vacuum. >'PNMR
in THF-dg: A major singlet peak at -22.60 and two small sin-
glet peaks at -16.15 ppm and -82.25 ppm. The product was
mixed with 0.2798 g ({(allyl)NiCl), and 25 mL THF in a RB
flask. The mixture was allowed to stir for 2 h at RT. The
mixture was evaporated to dryness. The residue was ex-
tracted with toluene, filtered and washed with toluene.
Solvent was evaporated. The product was dried in vacuo.

Example 12 - Synthesis of Catalyst 12

In a drybox, 0.40 g Ph;PLi was added to a -30°C solution
of 0.3794 g benzophenone in 25 mL THF in a 100 mL RB flask.
The reaction mixture turned blue-green. The mixture was al-
lowed to warm up to RT and to stir at this temperature for 1
h. THF was evaporated. The product was dried under wvacuum.
3IPNMR in THF-ds: A major singlet peak at -14.28 and a small
singlet peaks at -26.30 ppm, as well as a tiny singlet peak
at -39.62 ppm. The product was mixed with 0.2796 g ((al-
lyl)NiCl), and 25 mL THF in a RB flask. The mixture was al-
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lowed to stir for 2 h at RT. The mixture was evaporated to
dryness. The residue was extracted with toluene, filtered
and washed with toluene. Solvent was evaporated. The prod-
uct was dried in wvacuo.

Example 13 - Synthesis of Catalyst 13

In a drybox, 0.30 g (tert-butyl),PCH,Li was added to a -
30°C solution of 0.5137g 4,4’ -bis(dimethylamino)thio-
benzophenone in 20 mL THF in a 100 mL RB flask. The reac-
tion mixture turned golden yellow. The mixture was allowed
to warm up to RT and to stir at this temperature for a few
h. THF was evaporated. The product wasg dried under vacuum
overnight. Z*'PNMR in THF-ds: A major singlet peak at 21.53
ppm and some minor peaks at 26.05 ppm, 24.34 ppm, 16.58 ppm
and 12.74 ppm. The product was mixed with 0.148 g ((al-
1yl)NiCl), and 15 mL THF in a RB flask. The mixture was al-
lowed to stir for 2 h at RT. The mixture was evaporated to
dryness. The solid product was dried in vacuo overnight.
*DNMR in THF-dg: A singlet peak at 101.84 ppm.

Example 14 - Synthesis of Catalyst 14

In a drybox, 0.40 g (tert-butyl),PCH,Li was added to a -
30°C solution of 0.2485 g benzonitrile in 20 mL THF in a 100
mL RB flask. The reaction mixture turned red-orange. The
mixture was allowed to warm up to RT and stir at this tem-
perature for a few hours. THF was evaporated. The product
was dried under vacuum overnight. 3PNMR in THF-ds: A broad
singlet peak at 7.26 ppm. 'HNMR in THF-ds indicated that it
was (t-Bu),PCH(Li)C(Ph)=NH: 1.14 ppm (18H, (CH;)s;C-, d, 3JPH =
10.8Hz); 3.71 ppm (1H, broad singlet); 4.23 ppm (1H, broad
singlet, -C(Ph)=NH); 7.11 ppm (1H, ArH, t); 7.18 ppm (2H,
ArH, t); 7.64ppm (2H, ArH, d). The product was mixed with
0.327 g ((allyl)NiCl), and 20 mL THF in a RB flask. The mix-
ture was allowed to stir for 2.5 h at RT. The mixture was

evaporated to dryness. The solid product was extracted with
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10 mL toluene and was filtered through Celite®, followed by
3x10 mL toluene wash. Toluene was evaporated. The solid
product was dried in vacuo overnight. Dark brown solid
(0.379 g) was obtained. 3'PNMR in THF-dg: A singlet peak at
73.06 ppm. . ‘HNMR in THF-dg indicated that it is the ex-
pected ((t-Bu),PCH,C(Ph)=NNi(allyl)) complex: 1.26 and 1.41
ppm (9H each, (CH;)s;C-, d, *JPH = 12.9Hz for both); 1.59 and
2.49 ppm (1H each, d, PCHH’); 3.11, 3.59, 3.68, 4.24 ppm (1H
each, broad singlets, allyl-H); 5.02ppm (l1H, m, central al-
1lyl-H); 7.26 ppm (3H, s, ArH); 7.53 ppm (2H, s, ArH).
Example 15 - Synthesis of Catalyst 15

In a drybox, 0.40 g (tert-butyl),PLi was added to a
-30°C solution of 0.2186 g trimethylacetonitrile in 20 mL
THF in a 100 mL RB flask. The reaction mixture turned yel-
low. The mixture was allowed to warm up to RT and to stir
at this temperature for 3 d. THF was evaporated. The prod-
uct was dried under vacuum overnight. >'PNMR in THF-ds:
45.93 ppm and a minor peak at 21.13 ppm. The product was
mixed with 0.357 g ((allyl)NicCl), and 20 mL THF in a RB
flask. The mixture was allowed to stir for 1 h at RT. The
mixture was evaporated to dryness. The solid product was
extracted with toluene and was filtered through Celite®,
followed by 3x toluene wash. Toluene was evaporated. The
gsolid product was dried in vacuo overnight. Red-brown solid
(0.476 g) was obtained.

Example 16 - Synthesis of Catalyst 16

In a drybox, 0.40 g (tert-butyl),PCH,Li was added to a -
30°C solution of 0.2003 g trimethylacetonitrile in 20 mL THF
in a 100 mL RB flask. The reaction mixture turned yellow.
The mixture was allowed to warm up to RT and stir at this
temperature for 3 d. THF was evaporated. The product was
dried under vacuum overnight. 3'PNMR in THF-ds: A major sin-

glet peak at 17.67 ppm and a minor peak at 12.78. The prod-

60



10

15

20

25

30

WO 01/92342 PCT/US01/17627

uct was mixed with 0.327g ((allyl)NicCl), and 20 mL THF in a
RB flask. The mixture was allowed to stir for 1 h at RT.
The mixture was evaporated to dryness. The solid product
was mixed with 10 mL toluene first and then 40 mL pentane.
The solid was filtered, followed by 3x pentane wash and
dried in vacuo overnight. 3'PNMR in THF-ds: A singlet peak
at 73.48 ppm. 'HNMR in THF-dz: 1.18ppm (d, -P(CHs);, 18H);
1.34 ppm (d, -C(CHs)3, 9H); 1.49ppm, 2.38 ppm (1H each, d,
PCHH’); 3.01 ppm, 3.23 ppm, 3.44 ppm, 3.97 ppm (1H each,
brs, allyl-H); 4.92 ppm (1H, central allyl-H, m).

Example 17 - Synthesis of Catalyst 17

In a drybox, 0.40 g (tert-butyl),PLi was added to a
-30°C solution of 0.5529 g benzil in 20 mL THF in a 100 mL
RB flask. The reaction mixture turned dark red-brown. The
mixture was allowed to warm up to RT and stir at this tem-
perature overnight. THF was evaporated. The product was
dried under vacuum overnight. 3*'PNMR in THF-ds: A major sin-
glet peak at 41.09 ppm and a minor peak at 2.45 ppm. The
product was mixed with 0.359 g ((allyl)NiCl), and 20 mL THF
in a RB flask. The mixture was allowed to stir for 1 h at
RT. The mixture. was evaporated to dryness. The solid prod-
uct was mixed with 10 mL toluene first and then 90 mL pen-
tane. The solid was filtered, followed by 3x pentane wash
and dried in vacuo overnight. Light brown solid (0.59 g)
was obtained.

Example 18 - Synthesis of Catalyst 18

In a drybox, 0.40 g (tert-butyl),CH,PLi was added to a
-30°C solution of 0.5066 g benzil in 20 mL THF in a 100 mL
RB flask. The reaction mixture turned dark red-brown. The
mixture was allowed to warm up to RT and to stir at this
temperature overnight. THF was evaporated. The product was
dried under vacuum overnight. 3!'PNMR in THF-dz: A major sin-

glet peak at 14.28 ppm and several minor peaks were ob-
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served. The product was mixed with 0.329 g ((allyl)NicCl),
and 20 mL THF in a RB flask. The mixture was allowed to
stir for 1 h at RT. The mixture was evaporated to dryness.
The solid product was mixed with 10 mL toluene first and
then 90 mL pentane. The solid was filtered, followed by 3x
pentane wash and dried in vacuo overnight. Yellow solid
(0.285 g) was obtained. *'PNMR in THF-ds: A major singlet
peak at 94.03 ppm and minor peaks at 67.51, 66.72 and 62.29
ppm were observed.

Example 19 - Synthesis of Catalyst 19

A 100 mL RB flask was charged with 102 mg (0.86 mmol)
of phenyl isocyanate dissolved in ca. 10 mL THF. Then (t-
Bu),P-CH,Li (143 mg, 0.86 mmol) dissolved in ca. 10 mL THF
was added. The solution is clear yellow. It was stirred for
one h, after which time a solution of (Ni(C3Hs)Cl), (116 mg,
0.43 mmol) in 15 mL THF was added. The solution turned
brown-yellow. It was stirred for an additional one h and
the solvent removed. The residue was washed with hexane and
dried in vacuo. The yield was 207 mg (57%). Key NMR sig-
nals (incomplete) : IUNMR (CD,Cl,, 23°C, 300 MHz) & 7.7-6.5
(brm, Ar); 5.32 (brs), 5.09 (m); 3.64 (brm); 3.01 (brm);
3.0-2.3 (brm); 2.0-0.6 overlapping signals + two doublets
(J= 14 Hz) at 1.42 ppm and 1.27 ppm corresponding to t-Bu
signals). 3*PNMR (CD,Cl,, 23°C, 300 MHz): & 50.6.

Example 20A - Synthesis of (t-Bu),POC(CHj),C(CH;) ,0H

In a drybox, 0.623 g pinacol and 2.0 g (t-Bu),PCl were
dissolved in 20 mL THF. To this mixture was added over 10
min 0.4438 g KH in portions. The mixture was allowed to
stir at RT for 12 d. The mixture was filtered through Ce-
lite®, followed by 3x5 mL THF wash. Solvent was evaporated.
The viscous liquid was dried overnight. Light tan viscous
liguid was obtained. *'PNMR in CD,Cl,: A singlet peak at

135.29 ppm and a few minor peaks. Crystals grew out of the
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liquid in several days. X-ray single crystal analysis indi-
cated that it was the desired product. It existed as tet-
ramer in the solid state through’ hydrogen bonding.

Example 20B - Synthesis of Catalyst 20

Catalyst 20 was generated in-situ by adding 13.9 mg of
(t-Bu) ,POC (CH;) 2C (CH3) ,0H to a chlorobenzene solution of

. (TMEDA)NiMe, (10.2 mg in 5 mL chlorobenzene, TMEDA = tet-

ramethylethylenediamine) .

Example 20C - Polymerization using Catalyst 20

The in-gitu prepared Catalyst 20 (0.05 mmol, see Exam-
ple 20B) was screened for ethylene polymerization at 6.9 MPa
of ethylene at 50°C for 18 h in a shaker tube. Polyethylene
(0.067 g) was obtained. It had melting points of 131°C
(166.7 J/g) and 114°C (33.5 J/qg).

Example 21 - Synthesis of Catalyst 21

In a drybox, 0.489 g (tert-butyl),PCH,Li was mixed with
25 mL THF in a Schlenk flask. It was brought out of the
drybox and placed in an ice-water bath. One atmosphere of
carbon dioxide was applied to the flask. The mixture was
allowed to stir at 0°C under 1 atm of carbon dioxide for 15
min and then at RT for 45 min. The CO, flow was stopped.
THF was evaporated. The product was dried under full vacuum
overnight. Tan yellow solid was obtained. Part of the
product (0.4204 g) was mixed with 0.2704 g ((allyl)NiCl), in
20 mL THF. The mixture was allowed to stir at RT for 40
min. The mixture was evaporated to dryness and was added to
5 mL toluene to disgsolve, followed by addition of about 70
mL pentane. The solid was filtered, followed by 3x5 mL pen-
tane wash. The product was dried under full vacuum over-
night. Orange solid (0.48 g) was obtained. *'PNMR in THF-
dg: singlet peak at 51.70 ppm. ‘HNMR in THF-dg: 5.34 ppm
(bm, central allyl-H, 1H); 2.67-2.95 (bm, allyl-CH, and PCH,-
, 6H); 1.34 ppm (d, Jpgy = 12.4Hz, C(CHs;)3;, 18H). DLithium NMR
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in CgDe¢ of 21 and a crystal structure of the Zwitterion
tetrafluoroborate derivative indicate that one equivalent of
Li* present which can potentially complex to 21 does not in
fact complex to 21.

Example 22 - Synthesis of Catalyst 22

In a drybox, 0.1009 g (tert-butyl),PCH,C (Ph).OLi THF (see
Example 2) was dissolved in 5 mL THF in a 20 mL vial. To
this was added 56 mg of ZrCl,;. The solution turned a peach
color. It was allowed to stir overnight. Solvent was evapo-
rated and the resulting solid was dried in wvacuo.

Example 23 - Synthesis of Catalyst 23

In a drybox, 0.1009 g (tert-butyl),;PCH,C (Ph),0Li THF (see
Example 2) was dissolved in 5 mL THF in a 20 mL vial. To
this was added 45.5 mg of TiCl,. The solution turned dark
amber. It was stirred overnight. Solvent was evaporated
and the resulting tan solid was dried in wvacuo.

Ethylene Polymerization Screening

Using the Nickel Catalysts 1-21

In a drybox, a glass insert was loaded with the iso-
lated Ni catalysts (except Catalyst 20 in Example 20, which
was generated in-situ). Solvent (TCB or chlorobenzene), op-
tionally comonomers were added to the glass insert. A Lewis
acid cocatalyst (typically BPh; or B(CsFs5)3) was often added
to the solution. The insert was then capped and sealed.
Outside of the drybox, the tube was placed under ethylene
and was shaken mechanically at desired temperature listed in
Table 3 for about 18 h. Sometimes an aliquot of the solu-
tion was used to acquire a 'HNMR spectrum. The remaining
portion was added to about 20 mL of methanol in order to
precipitate the polymer. The polymer was isolated, washed

with methanol several times and dried in vacuo.

64



10

15

20

25

WO 01/92342 PCT/US01/17627

Ethylene Polymerization Screening by the

Catalysts 22 and 23, in the presence of MAO

In a drybox, a glass ingsert was loaded with 0.02 mmol
of the isolated Zr or Ti catalyst and 9 mL of 1,2,4-
trichlorobenzene. It was then cooled to -30°C. PMAO-IP
(lmL 12.9wt% (in Al) toluene solution) was added to the fro-
zen solution. It was put in a -30°C freezer. The insert was
then capped and sealed. Outside of the drybox, the cold
tube was placed under ethylene and was shaken mechanically
at desired temperature listed in Table 3, condition V, for
about 18 h. Methanol (about 15 mL) and 2 mL conc. hydro-
chloric acid was added to the mixture. The polymer was iso-
lated, washed with methanol several times and dried in
vacuo.

Polymer Characterization

The results of ethylene polymerization and copolymeri-
zation catalyzed by Catalysts 1-23 under different reaction
conditions (See Table 3) are reported in Tables 4-13. The
polymers were characterized by NMR, GPC and DSC analysis. A
description of the methods used to analyze the amount and
type of branching in polyethylene is given in previously in-
corporated US5880241. GPC’s were run in trichlorobenzene at
135°C and calibrated against polyethylene using universal
calibration based on polystyrene narrow fraction standards.
DSC was recorded between -100°C to 150°C at a heating rate
of 10°C/min. Data reported here are all based on second
heat. 'HNMR of the polymer samples was run in tetrachloro-

ethane-d, at 120°C using a 500MHz Bruker spectrometer.
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Table 3

Conditions for Ethylene Polymerization and Copolymerization

Screening.

I 0.02 mmol catalyst, 10 mL TCB, RT, 18 h, 6.9 MPa ethyl-
ene, 10 eq B(CgFs)3

IT 0.02 mmol catalyst, 10 mL TCB, RT, 18 h, 1.0 MPa ethyl-
ene, 10 eq B(CgFs)3

IIT 0.02 mmol catalyst, 10 mL TCB, 60°C, 18 h, 1.0 MPa eth-
ylene, 10 eqg B(CsFs)3

IV 0.02 mmol catalyst, 3 mL TCB, 2mL E-10-U*, 60°C, 18 h,
1.0 MPa ethylene, 40 eq B(CsFs)s

v 0.02 mmol catalyst, 9 mL TCB, 1 mL PMAO-IP (12.9wt% (in
Al) in toluene), RT, 18 h, 6.9 MPa ethylene

VI 0.02 mmol catalyst, 4 mL TCB, 1 mL n-hexyl acrylate,
120°C, 18 h, 6.9 MPa ethylene, 40 eqg B(Ce¢Fs)3

VII 0.02 mmol catalyst, 10 mL TCB, 60°C, 18 h, 1.0 MPa eth-

yvlene, 10 eq B(Ce¢Fs)z, 1 eg NaBAF

* BEthyl-10-Undecylenate.

Table 4

Ethylene Polymerization at 6.4 MPa Ethylene in Shaker Tubes

(0.05 mmol catalyst, 5 mL chlorobenzene, 18h)

Ex.

Catalyst Cocatalyst T(°C) | Yield #Me/ m.p. Mw/PDI TON*
/amt (g 1000CH, °C *

24 1 BPhy/5eq 25 10.202 <1 136 (162*%) | 737,803/3.5 | 7,287
25 1 B(CsFs)s/5eq 25 4.764 9 128 134,256/60.2 | 3,403
26 1 none 25 0
27 1 BPhs/5eq 80 4.990 6 133 47,301/3.3 3,564
28 1 B(CeFs)s/5eq 80 1.710 12 124 15,813/14.0 | 1,221
29 2 B(C¢Fs5)s/5eq 80 2.280 31 125 4,759/3.0 1,629
30 2 BPhs/5eq 80 0
31 4 B(CsF5)3/10eq 50 4.862 86 114,106 28,765/41.8 | 3,466
32 11 B(CsF5)3/10eq 50 0.117 25 119,102 209
33 12 B(CsFs)s/2eq 50 0.046 19 119,102 82

*Heat of fusion (in J/9)
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Ethylene (Co)polymerization 1.0 MPa Ethylene at 50°C in

Shaker Tubes (0.05 mmol catalyst,

5 mL solvent/comonomer,

18hr)
Ex | Cata | Cocatalyst | Solvent/Co- | Yield | Mole% #Me/ Mw/ TON
lyst leq monomer () Co- 1000CH, PDI E/Como
monomer nomer
47 2 B(CF5)3/30 MUE* 1.928 6.3 11 7,674/3.7 952/64
43 4 | B(C¢F5)s/30 MUE 0.102 6.0 24 17,303/11.7 51/3
*Methyl undecenyl ether (CH,=CH(CH;),0CHs) .
Table 7
Condition I in Table 3
Ex | Catalyst Yield #Me/ m.p. Mw/PDI TON
(8 1000CH, (°C) (AHy)
49 2 7.264 6 128 (234) 32,932/3.82 12,947
50 5 15.560 10 125 (218) 13,921/4.91 27,734
51 6 11.718 14 124 (206) 10,411/3.68 20,886
52 7 10.619 20 117 (185) 2,792/2.57 18,927
53 13 0.029 7 131 (161) 49,268/4.1 52
54 8 8.970 22 125 (142) 187,705/4.9 15,988
55 9 9.728 12 130 (194) 30,547/18.3 17,339
56 10 0.112 22 127 (182) 190,093/182.7 200
trimodal
57 14 6.401 121 120 (81) 67,779/251.5 11,409
trimodal
58 15 8.407 16 126 (102) 93,871/3.1 14,985
59 16 0.088 73 123 (99) 25,262/24.7 157
60 17 1.250 30 129 (141) 73,164/2.4 2228
61 18 14.279 33 118 (148) 4,162/4.7 25,450
62 19 11.233 21 121 (169) 14,451/7.0 20,022
63 21 19.292 52 114 (169), 108 4,593/3.9 34,386
Table 8
Condition II in Table 3
Ex | Catalyst | Yield #Me/ m.p. Mw/PDI TON
(2 | 1000CH, | (°C)(AH)
64 2 2.492 19 120 (140) 46,024/4.5 4,442
65 5 1.202 10 127 (181) 52,542/4.3 2,142
66 6 2.631 30 120 (130) 11,521/3.2 4,689
67 7 1.188 21 122 (207) 6,405/3.2 2,117
68 9 2.057 22 125 (175) 32,505/37.8 3,666
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Table 9
Condition III in Table 3

Ex | Catalyst | Yield #Me/ mp. Mw/PDI TON
(2) 1000CH, | (°C) (AHy :

69 2 1.934 11 125 (164) 13,263/3.1 3447

70 5 6.624 13 124 (194) 10,468/3.2 11,807

71 6 6.276 30 115(198) 5,285/3.6 11,186

72 7 4.196 32 115(172) 2,688/2.6 7,479

73 18 5.629 38 108 (88) 8,381/9.1 10,033

74 19 9.868 50 100 (63) 7,784/9.8 17,589

75 21 6.560 31 113(112) 5,581/5.5 11,692

Table 10
5 Condition IV in Table 3
Ex Cata- Yield #Me/ Mole% m.p. Mw/PDI TON
Tyst (2 1000CH, | Comonomer (°C) (AHy) E/EU*

76 2 0.648 6 2.8 112 (124) 5,737/2.6 947/28
77 5 3.861 6 4.9 108 (92) 6,315/2.5 4,939/257
78 6 0.129 12 5.1 124,108 (124) | 7,435/4.0 164/9
79 7 0.268 16 4.8 88 (116) 1,665/2.9 347/17
80 15 0.060 15 2.6 114 (132) 29,070/6.8 89/2
81 18 2.360 11 15.0 3,017/2.5 1,798/318
82 19 1.165 21 10.6 7,057/4.0 1,095/130

*Ethylene/Ethyl-10-undecylenate

Table 11
10 Condition V in Table 3
Ex Catalyst Yield #Me/ m.p. TON

() 1000CH, (°C) (AHyp)

83 22 5.50 21 132 (157) 9,303
84 23 4.520 13 134 (136) 8,056
85 23% 4.543 8 134 (125) 8,097

*One equivalent of (tert-butyl)2PCH2CPh,0OLi.THF was added to
Catalyst 23.
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Table 12
Condition VI in Table 3
Ex Cata- Yield #Me/ Mole% mp. Mw/PDI TON
lyst ® 1000CH, Comonomer (°C) (AHy) E/HA
86 21 14.07 27 0.74% 114 (184) 2,757/13.0 | 24,079,179

* 0.42 mole% in chain acrylate branch and 0.32 mole% unsatu-

rated chain end.

Table 13

Condition VII in Table 3

Ex. | Catalyst Yield #Me/ m.p. Mw/PDI TON
(2 1000CH, (°C) (AHp)
87 2 6.902 29 121(145) 15,842/5.6 12,302
88 5 13.547 18 122(167) 8,675/4.6 24,146
89 7 13.858 59 106 (110) 3,033/3.3 24,700

As noted above, one potential problem with the
copolymerization of ethylene (and/or other olefins) and a
polar comonomer such as an acrylate is the possibility of
obtaining a homopolymer of the polar comonomer because of
free radical polymerization of that polar comonomer. One
method of determining whether such a homopolymer is present
is to run an NMR spectrum of the polymer(s). Unfortunately,
using 'H-NMR for some of the more common acrylate monomers
such as methyl acrylate the 'H spectra of the homopolymer and
ethylene copolymers overlap,

difficult.

go a guantitative analysis is
Although this analysis can be done by *C-NMR, it
is more difficult, expensive and time consuming. However,
when an acrylate of the formula H,C=CHC (0)OR?*®, wherein R?*® is
-CH,CH,0R?*7, and R is aryl or substituted aryl, preferably
aryl, is used, the peaks do not overlap at all in the H-NMR
spectra, and that is a great advantage in determining
whether the copolymer is “contaminated” with homopolymer.
Total methyls per 1000 CH; are measured using different
NMR resonances in 1H and 13C NMR. Because of accidental
overlaps of peaks and different methods of correcting the

calculations, the values measured by 'H and **C NMR will usu-
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ally not be exactly the same, but they will be close, nor-
mally within 10-20% at low levels of acrylate comonomer. In
3¢ NMR the total methyls per 1000 CH2 are the sums of the
1B;, 1B;, 1B;, and 1B4,, EOC resonances per 1000 CH,, where
the CHy’s do not include the CH;’s in the alcohol portions of
the ester group. The total methyls measured by 13C NMR do
not include the minor amounts of methyls from the methyl vi-
nyl ends or the methyls in the alcohol portion of the ester
group. By 'H NMR the total methyls are measured from the
integration of the resonances from 0.6 to 1.08 and the CH,’'s
are determined from the integral of the region from 1.08 to
2.49 ppm. It is assumed that there is 1 methine for every
methyl group, and 1/3 of the methyl integral is subtracted
from the methylene integral to remove the methine contribu-
tion. The methyl and methylene integrals are also usually
corrected to exclude the values of the methyls and methyl-
enes in the alcohol portion of the ester group, if this is
practical. Because of the low levels of incorporation, this
is usually a minor correction.

Figure 1 shows the *H-NMR spectrum of a mixture of an
EGPEA (Z=1, R*’ is phenyl) homopolymer in a mixture with an
EGPEA compolymer with ethylene. The spectrum was obtained on
a 500 MHz Bruker Avance spectrometer on a 5 mm QNP probe on

samples diluted ~10 mg/0.5 ml in tce-d2 at 120°C using a 90

degree pulse of 14 usec, a spectral width of 12.8kHz, an ac-

quisition time of 2.6 sec and a recycle delay of 30 sec. A

total of 8 transients were acquired. Spectra were referenced
to tce-d2 at 5.928 ppm. Figure 1 also indicates the assign-
ments of the various peaks. Using EGPEA (and other ac-
rylates described above) separation of the homopolymer and
copolymer peaks is clear and quantitative analysis of the

mixture is. possible.
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Another NMR analysis used below is end group analysis

of ethylene copolymers with acrylates. 100 MHz B3¢ NMR spec-

tra were obtained on a Varian® Unity 400 MHz spectrometer on
typically 10 wt% solutions of the polymers and 0.05 M CrAcAc
in 1,2,4-trichlorobenzene (TCB) in a 10 mm probe unlocked at
120°C usging a 90 degree pulse of 19.2 usec, a spectral width
of 35 kHz, a relaxation delay of 5 g, an acquisition time of
0.64 g. and inverse gated decoupling (decoupling only during
acquisition). A few samples were run under similar condi-
tions on a Bruker Avance 500 MHz NMR. A typical sample con-
tained 310 mg polymer and 60 mg CrAcAc in TCB with a total
volume of 3.1 mL (Varian recommended volume) in a 10 mm NMR
tube; care was taken that the sample was very well mixed and
uniform in consistency. Samples were preheated for at least
15 min. in the NMR before acquiring data. Data acquisition
time was typically 10.5 hr per sample. The Tl values of the
carbons of an ethylene/methyl acrylate copolymer sample were
measured under these conditions to be all less than 0.9 s.
The longest T1 measured was for the Bu+} EOC resonance at 14
ppm, which was 0.84 g. Spectra are referenced to the sol-
vent - the TCB high field resonance at 127.918 ppm.
Integrals of unique carbons in each branch were meas-
ured and were reported as number of branches per 1000 meth-
ylenes. Counted in these methylenes are those in the back-
bone (main chain) and branches, but not methylenes in the
alcohol portions of esters, for example the -OCH,;CH; methyl-
ene in an ethyl ester. These integrals are accurate to +/-
5% relative for abundant branches and +/- 10 or 20% relative
for branches present at less than 10 per 1000 methylenes.
Figure 2 shows such a spectrum together with assignments of

various carbon atoms.
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INDEX FREQUENCY PPM  HEIGHT

1 17813.645
2  16855.651
3 14882.774
4 13869.102
5 13546.174
6  13480.570
7 13483.697
8 13448.453
9  13401.995
10 13369.955
11 13350.275
12 13319.75%
13 13270.631
14 13244.999
15 13215.085
16 13181.453
17 13154.219

18 13138.199
19 13130.189
20 13101.887
21 13063.439
22  12993.485
23 12938.484
24 12864.792
25 12831.684
26 12822.072
27  12806.586
28  12504.876
29  12418.368

30 12269.383
31 11479.598

175.137
165.612
147.983
138.898
134.693
134.130
134.072
133.721
133.260
132.941
132.835
132.442
131.953
131.689
131.401
131.067
130.796

130.637
130.557
130.276
129.893
129.198
128.651
127.918
127.589

127.493
127.339
124.339
123.479

121.998
114.145

8.7

44,9-mmmm s

43.0

52.0
5119.1
5131.0

93.1

418

16.6

36.9

75.8
5189.6 TCB
423_37'7 solvent
62.3

113.2
51241

68.1

8.3

43.9
4827.4

557

36.1
LK S—

INDEX

Details about NMR nomenclature

FREQUENCY PPM

6439.715 84.032
6424.764 63.883
4611.303 45.851
3817.780 37.961

3755.302 37.340
3452.525 34.329
3422.087 34.027
3305.921 33.767
3322.229 33.034
3280.043 32.614
3237.857 32.195
3220.769 32.025
3177.515 31.595
3048.822 30.315
3037.608 30.204
3000.228 29.832
2068.188 29.513
2058,576 20.418
2931.342 20,147
2926.002 29.094
2856.048 28,308
2777.550 27.618
2752.986 27.374
2741.238 27.257
27925.752 27.103
2500.195 25,844
2286.271 22.733
2271.319 22.584
1993.640 19.823
1774.166 17.641

1405.173 13.972
1390.755 13.829

1265.799 12.586

(e.g.,

PCT/US01/17627

HEIGHT
14.7K

21.6------0B1
12.7

43
18.6----——-0B2
114-----MB1
21.7

146
54,8-n-----3B6+, EOC
276

23.2

355
2905.6------CHz's
39.1

76.7

36.8

27.5

13.0

17.4

87

24 4enemenePB2+
17.3

53.2¢mnewnen 2B5+,ECC

52 3---1B4+, EOC
302
54

2Bs.) and other

details of NMR polymer analysis, will be found in previously

incorporated US5880241.

GPC molecular weights are reported versus polystyrene

standards.

Unless noted otherwise,

GPC's were run with RI

detection at a flow rate of 1 mL/min at 135°C with a run

time of 30
34200.

min.

Two columns were used: AT-806MS and WA/P/N

TCB with 5 grams of BHT per 3.79 L.

A Waters RI detector was used and the solvent was

Dual UV/RI detection

GPC was run in THF at rt using a Waters 2690 separation mod-

ule with a Waters 2410 RI detector and a Waters 2487 dual

absorbance detector.

Two Shodex columns,

along with one guard column, KF-G.

KF-806M, were used
In addition to GPC, mo-

lecular weight information was at times determined by *H NMR

spectroscopy (olefin end group analysis) and by melt index

measurements

73
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Example 90

Synthesis of Catalyst 24

In a drybox, 0.100 g Catalyst 21 and 15 mlL toluene were
combined. To this orange solution was added 0.177 g
tris (pentafluorophenyl)boron at RT. The cloudy orange solu-
tion was stirred at RT overnight. The reaction mixture was
filtered through Celite®, followed by 3x5 mL toluene wash.
The filtrate was evaporated to ca. 2 mL and was added 50 mL

pentane. The yellow precipitate was filtered and washed
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with 3x5 mL pentane. The product was dried in vacuo. Final
yield of the yellow solid was 0.088 g (33%). X-ray single
crystal analysis confirmed the proposed structure (Zwitter-
ionic complex). 3'PNMR in CD,Cl,: & 60.05 (s). 'HNMR in
CD;Cl;: (obtained by 1D NOE, 2D 'H-'C correlation (HMQC) and
NOESY experiments): 8 5.42 (sept, central allyl-H, 1H); 4.18
(vd, 0 = 7.9 Hz, syn-terminal allyl-H, on the C=0 side, 1H);
3.04 - 3.07 (m, overlapped peaks of syn-terminal-allyl pro-
ton that is close to (t-Bu),P and anti-terminal-allyl proton
that is close to C=0, 2H total); 2.82 - 2.98 (ABX pattern (X
is phosphorus), Jas = 18.4 Hz, ®Jpy = 8.3 Hz, PCHH’, 2H to-
tal); 1.77 (d, %Jpg = 12.9 Hz, anti-terminal-allyl-H that is
close to (t-Bu),P, 1H); 1.35 (d, 3Jp = 14.7 Hz, C(CHs)3, 9H);

1.18 (d, 3Jpg = 14.7 Hz, C(CHy)3, 9H). *FNMR in CD,Cl,: & -
134.89 (4, J 20.2 Hz, ortho-F, 6F); -159.75 (t, para-F,

3F); -165.63 (t, meta-F, 6F).

Example 91
Synthesis of Catalyst 25

In a drybox, 0.3545 g (1.806 mmole) trans-stilbene ox-
ide and 20 mL THF were combined. The clear solution was
cooled at -30°C for 0.5 h. Then 0.3 g (1.806 mmole) (t-

Bu) ,PCH,Li was added. The resulting pale yellow reaction was
stirred at RT for 3 h. The reaction waé evaporated under

full vacuum overnight. 3'PNMR of the ligand precursor in

THF-dg: 6 12.00 (s, major); 26.73 (g, minor). Then 0.6443 g
(1.778 mmole) ligand precursor and 20 mL THF were combined.
To this solution was added 0.2404 g (0.889 mmole) nickel al-
lyl chloride dimer. After stirring overnight, the reaction
was evaporated under full vacuum. To the resulting residue
was added 20 mL toluene. The solution was filtered through
Celite®, followed by 3x10 mL toluene wash. The filtrate was
evaporated under full vacuum. To the residue was added 30 mL

pentane and the resulting solid was stirred for several min-

75



10

15

20

25

30

WO 01/92342 PCT/US01/17627

utes. The solid was filtered and was washed with 3x10 mL

pentane. The sample was dried in vacuo for several hours.

Final weight of the light brown solid was 51.4 mg (6%).
Example 92

Synthesis of Catalyst 26

In a drybox, 0.387 g (1.972 mmole) trans-stilbene oxide

and 20 mL THF were combined. The clear solution was cooled

to -30°C for 0.5 h. Then 0.3 g (1.972 mmole) (t-Bu),PLi was
added. The amber reaction was stirred at RT for 2.5 h. The
reaction was then evaporated under full vacuum. Then 0.6769
g (1.943 mmole) ligand precursor and 20 mL THF were com-
bined. To the reaction was added 0.2627 g (0.9715 mmole)
nickel allyl chloride dimer. After stirring overnight, the
reaction was evaporated under full vacuum. To the resulting
residue was added 20 mL toluene. The solution was filtered
through Celite®, followed by 3x10 mL toluene wash. The fil-
trate was evaporated under full vacuum to dryness. Final
weight of the dark brown solid was 0.5148 g (60%).
Example 93
Synthesis of Catalyst 27

In a drybox, 0.300 g (1.806 mmole) (t-Bu),PCH,Li and 20
mL THF were combined in a 50 mL Schlenk flask. The flask

was removed from the drybox, placed on the Schlenk line, and

degassed. After cooling the pale yellow solution to 0°C with
an ice bath, S0, was applied at 1 atm. The ice bath was re-
moved after 20 min and the reaction was allowed to warm to
RT. After 15 min, SO, was discontinued. The reaction mix-
ture was stirred for an additional 25 min. The reaction
mixture was then evaporated to remove excess SO,. The reac-
tion mixture was transferred into a drybox. The solution
was evaporated under full vacuum overnight. Then 0.4058 g
(1.763 mmole) ligand precursor and 20 mL THF were combined.

To this yellow solution was added 0.2385 g (0.882 mmole)
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nickel allyl chloride dimer. The dark red reaction mixture
was stirred at RT for 2 h. The reaction mixture was then
evaporated under full vacuum. The resulting red residue was
triturated with 25 mL pentane. The solid was filtered and
washed with 3x10 mL pentane. The sample was dried in vacuo
for 45 minutes.
Example 94
Synthesis of Catalyst 28

In a drybox, 0.6214 g (3.01 mmole)
bis (trimethylsilyl)sulfur diimide and 20 mL THF were com-

bined. The yellow solution was cooled at -30°C for 45 min.
Then 0.5 g (3.01 mmole) (t-Bu),PCH,Li was added. The orange-
brown reaction mixture was stirred at RT for 1 h. To the
reaction mixture was added 0.407 g (1.505 mmole) nickel al-
lyl chloride dimer. The red solution was stirred at RT for
3 h. The reaction mixture was then evaporated under full
vacuum overnight. To the residue was added 20 mL toluene.
The solution was filtered through Celite®, followed by 3x10
mL toluene wash. The filtrate was evaporated under full
vacuum. Final weight of the orange-brown solid was 1.0114 g

(72%) . 3'PNMR in THF-dg: & 93.78 (s).

Example 95
Synthesis of Catalyst 29

In a drybox, 0.4189 g (3.01 mmole) N-thionylaniline and

20 mL THF were combined. The clear solution was cooled at -

30°C for 0.5 h. Then 0.5 g (3.01 mmole) (t-Bu),PCH;Li was
added. The resulting orange-brown reaction was stirred at
RT for 1 h. To the reaction mixture was added 0.407 g
(1.505 mmole) nickel allyl chloride dimer. The red solution
was stirred for 3 h at RT. The reaction mixture was then
evaporated under full vacuum. To the residue was added 5 mL
toluene, followed by 50 mL pentane. The resulting solid was

stirred for several min, filtered, and washed with 3x10 mL
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pentane. Final weight of the dull orange-yellow solid was
0.884 g (67%). >'PNMR in THF-dg: 77.18 (s).
Example 96
Synthesis of Catalyst 30

In a drybox, 0.485 g (3.01 mmole) l-methylisatin and 20

mL THF were combined. The orange solution was cooled at -

30°C for 45 min. Then 0.500 g (3.01 mmole) (t-Bu),PCH,Li was
added. The reaction mixture turned purple and it was
stirred at RT for 1 h. To the reaction mixture was added
0.407 g (1.505 mmole) nickel allyl chloride dimer. The red
solution was stirred at RT for 3 h. The reaction mixture
was then evaporated under full vacuum overnight. To the
residue was added 20 mL toluene. The solution was filtered
through Celite®, followed by 3x10 mL toluene wash. The £il-
trate was evaporated under full vacuum. Final weight of the

dark brown solid was 1.463 g.
Example 97

Synthesis of Catalyst 31

In a drybox, 0.6646 g (1.765 mmole) ArN=C(H)-C(H)=NAr
(Ar = 2,6-diisopropylphenyl) and 20 mL THF were combined.
The yellow solution was cooled at -30°C for 0.5 'h. Then
0.2932 g (1.765 mmole) (t-Bu).PCH,Li was added. The result-
ing orange-red reaction was stirred at RT for 1 h. To the
reaction was added 0.2386 g (0.8825 mmole) nickel allyl
chloride dimer. The red solution was stirred at RT for 3 h.
The reaction was then evaporated under full vacuum. To the
residue mixture was added 20 mL toluene. The solution was
filtered through Celite®, followed by 3x10 mL toluene wash.
The filtrate was evaporated under full vacuum. Final weight

of the dark brown solid was 0.6937 g (62%).
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Example 98
Synthesis Catalyst 32

In a drybox, 0.250 g (1.64 mmole) sodium chloromethyl-

sulfonate and 20 mlL. THF were combined. The mixture was

cooled to -30°C for 0.5 h. Then 0.25 g (1.64 mmole) (t-
Bu) ,PLi was added and the mixture was stirred and allowed to
slowly warm up to RT. As it warmed, the reaction mixture
became cloudy orange. The reaction mixture was stirred at
RT for two days. The resulting cloudy brown solution was
evaporated under full vacuum. Then 0.425 g (1.62 mmole) 1li-
gand precursor and 20 mL THF were combined. To this brown
suspension was added 0.219 g (0.81 mmole) nickel allyl chlo-
ride dimer. The resulting red-brown reaction mixture was
stirred at RT for 3 h. The reaction mixture was then evapo-
rated under full vacuum to dryness. The sample was tritu-
rated with 25 mL pentane. The solid was filtered and washed
with 3x10 mL pentane. It was dried in vacuo for 1.5 h. Fi-
nal weight of the light brown solid was 0.369 g (67%).
Example 99
Synthesis of Catalyst 33

In a dry box, to a 100 mL flask containing 10 mL of THF
gsolution of 1,3-diisopropylcarbodiimide (0.0816 g, 0.64
mmole), was slowly added the THF solution of (t-Bu),PCH,Li
(0.107 g, 0.64 mmole). The solution changed from yellow-to
colorless upon stirring overnight. Solvent was removed.

The residue was rinsed with pentane. White powder (0.136 g,
0.467 mmole) was obtained in 72% yield. H NMR of the ligand
precursor (in CgDg): & 0.98 (d, 18H, t-Bu-H); 1.3 (dd, 12H,
-CH(CHs)»); 1.96 (s, d, 2H, PCH;); 3.80 (m, 2H, -CH(CH;),).

It contained one equivalent of hydrolyzed product that might
be resulted of hydrolysis of the lithium salt during the pe-
riod outside of the drybox. 3'PNMR (C¢Dg): & 21.837 (s);
13.177 (8). In the dry box, 0.0542 g (0.185 mmole) of the

79



10

15

20

25

30

WO 01/92342 PCT/US01/17627

ligand precursor and 0.0441 g (0.092 mmole) allyl-Ni-bromide
dimer {((2-MeO,C-C3H,)NiBr),} were mixed in 10 mL THF in a 50
mL flask. The mixture was stirred for 1 h. THF was removed
in vacuo and the residue was extracted with ether. After
removal of ether, the product was washed with pentane.
Light brown solid (0.0434 g, 0.098 mmole) was obtained in
53% yield. 3'PNMR (C¢Dg): & 61.89 (s).

Example 100

Synthesis of Catalyst 34

In a dry box, to a 100 mL RB flask containing 10 mL THF
solution of 1,3-bis-(2,6-diisopropylphenyl) carbodiimide
(0.245 g, 0.675 mmole), was slowly added THF solution of (t-
Bu) ,PCH,Li (0.112 g, 0.675 mmole). Upon stirring overnight,
the solution turned from yellow to colorless. Solvent was
removed and the product was washed with pentane. White pow-
der (0.272 g, 0.514 mmole) was obtained in 76% yield. 'HNMR
(CeDg) : © 0.98 (d, 24H, -CH(CHs),); 1.37 (d, 18H, t-Bu-H);
2.41 (d, 2H, PCH;); 3.26 (m, 2H, -CH(CH3):); 3.56 (m, 2H, -
CH(CHz)2); 6.92 - 7.60 (m, 6H, Ar-H). >'PNMR (C¢Dg): & 19.12
(). In the dry box, 0.0814 g (0.154 mmole) of the ligand
precursor and 0.0366 g (0.077 mmole) of the allyl-Ni-bromide
dimer (((2—Mé02C—Cﬁh)NiBr)2) were mixed in 10 mL THF in a 50
ml RB flask and the mixture was stirred for 1 h. THF was
removed in vacuo and the residue was extracted with ether.
Upon removal of the ether, the product was washed with pen-
tane. Yellow powder (0.0906 g, 0.133 mmole) was obtained in
87% yield. 3*'PNMR (C¢Dg): & 59.68 (s).

Example 101

- Synthesis of Catalyst 35

In a dry box, to the 100 mL RB flask containing 10 mL
of THF solution of 1,3-bis(trimethylsilyl) carbodiimide
(0.0813 g, 0.436 mmole), was added slowly a THF solution of
(t-Bu),PCHLi  (0.0725 g, 0.436 mmole). The solution turned
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from yellow to colorless after stirring overnight. Solvent
was removed. The white solid residue, which is soluble in
pentane, was mixed with 0.1036 g (0.218 mmole) of allyl-Ni-
bromide complex (((2-Me0O,C-C3H,)NiBr),) in 30 mL THF. The
mixture was stirred for an hour. Solvent was then removed
under vacuum. The residue was extracted with ether. Sol-
vent was removed. The solid was rinsed with pentane. Or-
ange powder (0.0515 g, 0.102 mmole) was obtained in 23%
vield. MHNMR (Cg¢Dg): & 0.21 (s, 1H, allyl-H); 0.25 (s, 18H,
-S1(CH;)3 ); 0.94 (d, 19H, t-Bu-H and allyl-H); 1.28 (s, 2H,
PCHy); 3.0 (s, 1H, allyl-H); 3.3 (s, 3H, -0OCHz); 3.62 (s, 1H,
allyl-H). >'PNMR (CeDg¢): & 57.65. |
Example 102

Synthesis of Catalyst 36

In a dry box, to a 100 mL RB flask containing 10 mL of
THF solution of 1,3-dicyclohexylcarbodiimide (0.143 g, 0.694
mmole), was added slowly a THF solution of (t-Bu),PCH,Li
(0.115 g, 0.694 mmole) at RT. The color of the solution
turned yellow and the mixture was stirred overnight. Sol-
vent was removed under vacuum and the white solid residue
was mixed with 0.1649 g (0.348 mmole) of allyl-Ni-bromide
complex (((2-Me0,C-C3H;)NiBr),) in 30 mL of THF. The mixture
was stirred for 1 h. Solvent was then removed under vacuum.
The residue was extracted with ether. Ether was then re-
moved. The solid was rinsed with pentane. Orange powder
(0.150 g, 0.287 mmole) was obtained in 41% yield. 3'PNMR
(CeDg) : O 62.55 (s).

Example 103

Synthesis of Catalyst 37

In a dry box, to a 100 mL RB flask containing 10 mL THF
solution of l-naphthylisothiocyanate (0.079 g, 0.426 mmole),
was slowly added a THF solution of (t-Bu),PCH,Li (0.0709 g,

0.426 mmole) at -30°C. The solution turned yellow orange and
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it was stirred for one h while the solution warmed ub to RT.
Solvent was removed. The solid residue was mixed with 0.101
g (0.312 mmole) of allyl-Ni-bromide complex (((2-MeO,C-
C3Hy)NiBr)2) in 30 mL THF. The mixture was stirred for 1 h.
Solvent was removed under vacuum. The residue was extracted
with ether. Solvent was evaporated and the product was
rinsed with pentane. Brown powder (0.176 g, 0.351 mmole)
was obtained in 82% yield. *'PNMR (CeD¢): & 73.43 (s, major).
Example 104

Synthesis of Catalyst 38

In a dry box, to a 100 mL RB flask containing 10 mL THF
gsolution of cyclohexylisothiocyanate (0.0439 g, 0.311
mmole), was added slowly a THF solution of (t-Bu),PCH,Li
(0.0568g, 0.311 mmole) at -30 °C. The solution turned yellow
orange it was stirred for 1 h, during which time the solu-
tion warmed up to RT. Solvent was removed. The solid resi-
due was mixed with 0.0739 g (0.156 mmole) of allyl-Ni-
bromide complex (((2-MeO,C-C3Hy)NiBr),) in 30 mL THF. The
mixture was stirred for 1 h. Solvent was removed under vac-
uum. The residue was extracted with ether. The solvent was
removed. The product was rinsed with pentane. Brown powder
(0.0773 g, 0.169 mmole) was obtained in 54% yield. °>'PNMR
(CeDg) : 0 66.69 (s, major) .

Example 105

Synthesis of Catalyst 39

In a dry box, benzoylisocyanate (0.1966 g, 1.336 mmole)
was dissolved in 20 mL THF in a 100 mL RB flask. The solu-
tion was cooled to ca. -30°C in a freezer. (t-Bu),PCH,Li
(0.2220 g, 1.336 mmole) was added to the above cold solution
under stirring. The mixture turned dark red. It was al-
lowed to stir at RT for 4 h. The solution was then evapo-
rated to dryness. To the ligand precursor (ca. 1.300 mmole)

was added 20 mL THF. Under stirring, nickel allyl chloride
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dimer (0.1760 g, 0.6500 mmole) was added to the mixture.
The solution became dark red. It was allowed to stir at RT
for 2 h. Solvent was evaporated.. Toluene (ca. 8 mL) was
added to the brick red residue. Upon brief stirring, large
excess of pentane was added. The resulting solid was £il-
tered, followed by 3X pentane wash, and dried in wvacuo.
Pale orange solid (0.4223 g, 72%) was obtained.

Examples 106-120

Polymerizations with catalysts 24 through 38 are shown
in Tables 14 and 15.
Table 14
Condition I in Table 3

Ex Catalyst Yield #Me/ m.p. Mw/PDI TON
(9) 1000CH | (°C) (AHg)
106 24%* 7.81 26 118 (52.2) 4,495/4.9 13,900
107 25 2.89 15 123 (0.6) 17,614/8.9 5,150
108 26 8.26 21 122(173.1) 19,394/11.2 14,700
109 27 4.66 33 129(147.6) | 226,688/8.8 8,300
110 28 1.07 20 127(182.2) 34,420/33.5 1,900
111 29 6.14 17 123(159.3) 12,964/5.2 10,900
112 30 9.71 32 123(172.2) 4,898/8.1 17,300
113 31 7.82 13 121(126.8) 563,495/5.1 13,900
114 32 11.75 12 131 (225.5) 254,365/106.4 | 20,940

* No B(Ce¢Fs); was used. The catalyst self-initiated ethylene polymeriza-
tion.

Table 15
Ethylene Polymerization Using 0.02 mmole Catalyst, 5 mL TCB

and 10 eq B(C¢Fs)3, at RT under 6.9 MPa Ethylene for 18 h

Ex | Catalyst | vield #Me/ m.p.(°C) Mw TON
(9) 1000CH, (AH)

115 33 4.427 27 129 Trimodal 7604
(173.8)

116 34 0.181 25 117 Trimodal 343
(116.9)

117 35 0.698 15 126 67,352 1160
(190.1)

118 36 3.388 27 128 Insoluble 4452

i (165.6) in TCB

119 37 0.083 35 130 Trimodal 140
(137.2)

120 38 0.321 21 129 70,329 535
(168.5)
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Examples 121-150

Examples 121-150 are listed in Tables 16-20 below. The
structures for these compounds illustrate just one of the
possible products and binding modes that may have formed
during the synthesis of the ligand and the subsequent syn-
thesis of the nickel compound and are not meant to be re-
strictive. The polymerizations were carried out according
to General Polymerization Procedure A. Varying amounts of
acrylate homopolymer are present in some of the samples. In
Tables 16-20, the yield of the polymer is reported in grams
and includes the yield of the dominant ethylene/acrylate co-
polymer as well as the yield of any acrylaté homopolymer
that was formed. Molecular weights were determined by GPC,
unless indicated otherwise. All copolymerizations were run
for 18 h, unless otherwise noted.

General Polymerization Procedure A: In a drybox, a

glass insert was loaded with the nickel compound and, op-
tionally, a Lewis acid (e.g., BPh; or B(CsFs)3) and borate
(e.g., NaBAF or LiBArF) and any other specified cocatalysts.
Next, the solvent was added to the glass insert followed by
the addition of any co-solvents and then comonomers. The
insert was greased and capped. The glass insert was then

loaded in a pressure tube inside the drybox. The pressure
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tube was then sealed, brought outside of the drybox, con-
nected to the pressure reactor, placed under the desired
ethylene pressure and shaken mechanically. After the stated
reaction time, the ethylene pressure was released and the

5 glass insert was removed from the pressure tube. The poly-
mer was precipitated by the addition of MeOH (~20 mL). The
polymer was then collected on a frit and rinsed with MeOH
and, optionally, acetone. The polymer was transferred to a
pre-weighed vial and dried under vacuum overnight. The

10 polymer yield and characterization were then obtained.

Table 16
Ethylene Homopolymerizations, (0.02 mmol Cmpd, 25 °C, 1.0

MPa, 10 mL TCB, 10 equiv B(CgFs)3)

Ex. | Cmpd NaBAF PE PE M.W. Total

equiv g TO Me
121 40 10 1.08° | 1,920 | M,=37,044; M,=4,989; M,/M,=7.43 | 224
122 40 1 2.49% | 4,440 | M,=34,072; M,=4,693; M,/M,=7.26 | 44.6
123 42 0 1.01 1,800 | M,~=25,754; M,=905 M,/M,=28.46 79.2
124 43 0 1.79 | 3,190 | M,=12,361; M;=519; M,,/M,=23.80 | 59.4

“Formation of a surface polymer film on the reaction mixture appeared to limit the productivity of
15 these polymerizations.

85



5

WO 01/92342

Table 17

Ethylene/Acrylate Copolymerizations

(6.9 MPa,

PCT/US01/17627

100°C) (0.02

mmol Cmpd, 10 mL total of TCB + Acrylate, 20 equiv B(Cg¢Fs)3)

Ex. Cmpd Acrylate NaBAF | Yieldg | Acrylate M.w. Total
mL equiv Incorp. Me
mol%
125 42 EGPEA 1 0 0.38 0.5 Mo('H)=3,531 19.7
126 41 EGPEA 1 0 0.077 0.3 M,('"H)=16,192 17.7
127 43 EGPEA 1 0 0
128 44 EGPEA 1 0 0.094 0.4 M,=3,259; M,=1,067; nd
M,=988; M,/M,=3.30
129 40 EGPEA 1 0 0.10 1.32 M,=11,396; M,=7,282; 6.9
M,=4,581; M,/M,=2.49
130 40 EGPEA 1 1 240 | 066 ™°C | M,=6,649; M,=6,271; nd
0.331C | M,;=3,104; M,/M,=2.14
0.33 EG
131 40 EGPEA 1 20 8.61 [ 0.38"C | M,=6,674; M,=5,860; nd
0191C | M,;=3,209; M,/M,=2.08
0.19 EG
132 40 EGPEA 2 20 550 | 0.77 °C M,=5,238; M,=4,484; nd
0.391C | M,=2,423; M,/M,=2.16
0.38 EG
133 M EGPEA 2 20 0.61 A M,=5,032; M,=4,711; nd
, M,=2,330; M,/M,=2.16
134 42 EGPEA 2 20 1.06 1.0 M,,=4,237; M,=3,286; 14.2
M,=1,548; M,/M,=2.74
135 43 EGPEA 2 20 0.70 A nd nd
136 40 EGPEA 4 20 2.02 0.70 M,=3,201; M,= 2,755; 11.0
M,=1,688; M,,/M,=1.90
137 40 MA 0.5 10 1321 | 0.41 °C M,,=5,008; M,=4,932; 8.6
0211C | M,=1,582; M,/M,=3.16
0.20 EG
138 40 MA 0.5 20 1145 | 0.57 °C M,=4,461; M,=3,994; 10.2
0.331C | M,=1,755; M,/M,=2.54
0.24 EG
139 40 HA 2 20 148 | 0.60°C | M,=4,034; M,=3,699; 7.4
0211C | M.=1,849; M,/M,=2.18
0.39 EG
140 40 HA 1 20 9.88 | 0.36 °C M,,=5,834; M,=5,525; 8.2
0.151C | M,=2,251; M,/M,=2.59
0.21 EG
141 40 EGPEA 1 10 0.40 0.5 M,=7,123; M,=3,183; 8.5
.005mmol M,=6,843; M,/M,=2.24

? arge amount of homopolymer was formed: overlaps with any copolymer resonances in the 'H
NMR spectrum.
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Table 18

Ethylene/Acrylate Copolymerizations (6.9 MPa)

(0.02 mmol Cmpd, 18 h, 10 mL total of TCB + EGPEA, 20 equiv

B (Cst) 3y 10 equiv NaBAF)

Ex. Cmpd | EGPEA | Temp. | Yieldg | Acrylate M.W. Total
mL °C Incorp. ’ Me
mol%
142 40 2 120 12.40 | 0.69°°C M,=3,813; M,=1,577; nd
0.371C M,=3,234; M,,/M,=2.42
0.32 EG
143 40 4 120 5.16 Trace® M,=2,660; M,=2,528; nd
M,=1,305; M,/M,=2.04
144 41 2 120 5.30 1.1 M,=3,331; M,=3,047; 13.8
M,=1,386; M,,/M,=2.40
145 40 4 120 3.30 1.5 My=3,125; M;=3,139; 16.8
M,=1,476; M,/M,=2.12
146 40 4 120 4.10 2.2
147 40 2 130 8.99 2.8 M,=3,479; M,=3,202; 25.7
M,=1,510; M,,/M,=2.30
148 40 2 120 457 2.2 M,=3,914; M,=3,592; 32
0.001 M,=1,761; M,,/M=2.22
mmol

5 “Large amount of acrylate homopolymer was formed, preventing quantitative determination of per-
cent acrylate incorporation in the copolymer. Ester groups incorporated both in branches and in
unsaturated end groups.

10 Table 19
Ethylene/Acrylate Copolymerizations (3.5 MPa, 120°C) (18 h,

10 mL total of TCB + EGPEA, 20 equiv B(CgFs)3, 10 equiv

NaBAF)
Ex. Cmpd EGPEA | Temp. | Yield | Acrylate M.W. Total
mL °C G Incorp. Me
mol%
149 40 1 120 | 2.48 | 069°C | M,=3,675; M,=3,403; nd
0.01 mmol 0.371C M,=1,701; M/M,=2.16
0.32 EG
150 40 1 120 0.21 Trace® M,=3,272; M,=3,403; nd
0.005 mmol Mp=1,701; M,/M;=2.01

“Large amount of acrylate homopolymer was formed, preventing quantitative determination of per-
15 cent acrylate incorporation in the copolymer.
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Table 20
Branching Analysis for Some MA and HA Copolymers of Table 17°
Ex. | TotalMe | Me | Et | Hex+ &eoc [ Am+&eoc | Bu+ & eoc | Me ester
137 8.6 24 110 6.4 5.8 5.2 25
138 10.2 25 | 21 7.5 6.1 5.6 3.9
139 7.4 24 ] 06 5.3 5.0
140 8.2 3.1 5.1 5.1

Pr and Bu branches were not detected in these copolymers.
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Examples 151-439

Examples 151-439 are listed in Tables 21-57 below.
They were carried out with nickel complexes 45-97 shown

5 above. For each of 45-97 the counterion is BAF. The polym-
erizations were carried out according to General Polymeriza-
tion Procedure A. Varying amounts of acrylate homopolymer
are present in some of the isolated polymers. In Tables 21-
58, the yield of the polymer is reported in grams and in-

10 cludes the yield of the dominant ethylene/acrylate copolymer
as well as the yield of any acrylate homopolymer that was
formed. Molecular weights were determined by GPC, unless
indicated otherwise. Mole percent acrylate incorporation

and total Me were determined by 'H NMR spectroscopy, unless
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indicated otherwise. Mole percent acrylate incorporation is
typically predominantly IC, unless indicated otherwise. The
LiB(C¢Fs5) 4 used (LiBArF) included 2.5 equiv of Et,0. All co-
polymerizations were run for 18 h, unless otherwise noted.
Table 21
Reproducibility of Ethylene/Acrylate Copolymerizations Using
45 (0.02 mmol Cmpd, 6.9 MPa., 120°C, 18 h, 10 mL Total of

TCB + Acrylate, 40 equiv B(CgFs)3)

Ex. | Acrylate | Yield Acrylate M.W. Total

mL g Incorp. Me
mol%

151 | EGPEA | 9.77 | 1.20 ("°C) M,=8,651; M,,=8,930; M,=3,983; PDI=2.24 54.6
2

152 | EGPEA | 12.47 1.4 M,=12,036; M,,=12,662; M,=4,449; PDI=2.85 | 51.8
2

153 | EGPEA | 10.73 2.0 M,=13,657; M,,=14,740; M,=5,348; PDI=2.76 | 54.5
2

154 HA 2.08 | 1.28 (**°C) M,=6,838; M,,=6,534; M,=1,331; PDI=4.91 53.2
2

155 HA 242 | 1.16(°C) M,=6,625; M,,=7,524; M,=3,305; PDI=2.28 54.9
2
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Table 22

Variation of Acrylate Concentration, Acrylate Structure,

Solvent and Temperature in Ethylene/Acrylate Copolymeriza-

tions Using 45 (0.02 mmol Cmpd, 6.9 MPa E, 18 h, 10 mL Total

of TCB + Acrylate, 40 equiv B(CgFs)3)

Ex. | Acrylate | Temp | Yield | Acryl. Incorp. M.w., Total
mL °C g (mol%) Me

156 | EGPEA | 120 | 16.72 0.7 M,=12,452; M,=13,952; 69.8
1 M,=4,319; PD|=3.23

157 | EGPEA | 120 | 12.47 14 M,=12,036; M,=12,662; 51.8
2 M,=4,449; PD|=2.85

158 | EGPEA | 120 | 5.37 2.70 (°C) | M,=6,623; M,=9,878; M,=3,388; 426
4 PDI=2.92 (*c)

159 | EGPEA | 100 | 4.21 1.60 (*°C) M,=20,949; M,=21,275; 26.1
2 M,=9,605; PDI=2.21 (*c)

160 | EGPEA | 100 | 3.13 3.60 (°C) M,=12,760; M,=14,733; 20.6
4 M,=6,092; PDI=2.42 (**c)

161 IDA 80 0.89 1.6 (*C) nd nd
2

162 | IDA® 80 1.75 nd M,=30,258; M,=32,201; nd
1 M,=13,047; PDI=2.47

163 HA 120 | 2.70 0.66 ("C) | M,=8,851; M,=9,678; M,=2,252; 54.7
1 PDI=4.30

164 HA 120 | 2.08 1.28 (°C) | M,=6,838; M,=6,534; M,=1,331; 53.2
2 1 PDI=4.91

165 MA 120 | 13.08 | 0.10 ("°C) M,=10,797; M,,=12,929; 76.0
0.25 M,=4,798; PDI=2.69

166 MA 120 | 13.17 | 0.17 (°C)° M,=12,267; M,,=13,485; 72.0
0.5 M,=4,587; PDI=2.94

167 | MA 120 | 1545 | 0.19 (“C) M,=13,376; M,,=13,971; 78.6
1 M,=4,694; PD|=2.98

*Total Volume = 5 mL: 2 mL IDA + 3 mL Bu,O; No TCB used. "Total Volume =5 mL: 4 mL TCB
and 1 mL IDA; °Acrylate homopolymer not detected by °C NMR spectroscopy. dAcryIate homo-
polymer detected by 3¢ NMR spectroscopy.
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Table 23

Variation of Acrylate Concentration and Temperature in Eth-

ylene/EGPEA Copolymerizations with Cmpd. 46 (0.02 mmol Cmpd,

6.9 MPa E, 18 h, 10 mL Total of TCB + EGPEA, 40 equiv

5 B (CsFs) 3)
Ex. | EGPEA | Temp | Yieldg Acrylate M.W. Total
mL °C Incorp. Me
mol%

168 2 120 247 0.03 (C) M,=12,550; M,=13,744; M,=5,936;
PDI=2.32

169 2 100 1.88 0.44 (°C) M,=17,362; M,,=17,905; M,=8,075; | 28.6
PDI=2.16

170 4 120 1.22 Nd* Mp=8,651; My=8,930; M,=3,983;
PDI=2.24

171 4 100 0.032 1.1 Mp=13,111; M,=13,076; M,=6,062; | 24.3
PDI=2.16

“Due to significant homopolymer formation, percent acrylate incorporation in the copolymer was
not determined by '"HNMR spectroscopy.

10 Table 24
Effect of Counterion on Ethylene/EGPEA Copolymerizations Us-
ing Cmpd 45 (0.02 mmol Cmpd, 6.9 MPa E, 120°C, 18 h, 8 mL

TCB, 2 mL EGPEA, 40 equiv B (CgFs)3)

Ex. Counterion Yield g | Acrylate M.W. Total
Incorp. Me
mol%
172 | [B[3,5-CeHs-(CF3)Ja] 12.47 1.4 M,=12,036; My=12,662; 51.8
M;=4,449; PDI=2.85

173 [B(CeFs)a] 16.72 1.5 M, =15,316;M,,=17,100; 57.1
M,=6,108;PDI=2.80

174 [N(SOCF3),] 5.38 1.9 My=12,551; M,,=13,097; 52.6
M,=4,949; PDI=1.78

15
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Table 25
Effect of BuyO Addition on Ethylene/Acrylate Copolymeriza-
tions Using Cmpd 45 (0.02 mmol Cmpd, 6.9 MPa E, 120°C, 18 h,
8 mL Total of TCB + Bu;O, 2 mL EGPEA, 40 equiv B(CgFs)3)

Ex. | Bu,O? | Yield Acrylate M.W. Total
mL g | Incorp. mol% Me
175 0 12.47 1.4 M,=12,036; M,,=12,662; M,=4,449; PDI=2.85 | 51.8
176 2 5.10 1.72 (*°C) M,=6,952; M,,=8,846; M,=3,044; PDI=2.91 65.0
177 4 8.73 1.08 (°C) M,=7,135; M,=8,894; M,=3,313; PDI=2.68 66.5
178 8 11.94 b Dual UV/RI. Nd
UV: M,=7,616; M,=50,244; M,=1,819;
PDI=27.62;
RI: M,=12,075; M,=14,395; M,=5,150;
PDI=2.80

5 @Amount of acrylate homopolymer formation increases as the amount of Bu,O increases. Aé—
cording to *C NMR spectroscopy, the polymer was a mixture of polyethylene and poly(EGPEA);
no copolymer resonances were observed.

Table 26
10 Variation of the Lewis Acid (LA) Cocatalyst in Ethyl-

ene/Acrylate Copolymerizations, Including Copolymerization

in the Absence of a Lewis Acid Cocatalyst (0.02 mmol Cmpd,

6.9 MPa E; 120°C, 18 h, 10 mL Total of TCB + Acrylate)

Ex. | Cmpd | Acrylate | LA/equiv | Yield | Acrylate M.W. Total
mL g Incorp. Me
Mol%
179 | 45 EGPEA | B(CeFs)s | 12.47 1.4 M,=12,036; M,=12,662; | 51.8
2 40 M,=4,449; PDI=2.85
180 | 45 EGPEA | BPh; 2.73 2.2 Mp=11,442; M,=13,348; | 49.5
2 40 » M,=4,897; PDI=2.73
181 45 EGPEA | AIPhg 1.15 a M,=3,207; M,,=4,233; Nd
2 40 M,=1,723; PDI=2.46
182 | 45 EGPEA | B(CeFs)s | 16.72 0.7 M,=12,452; M,=13,952; | 69.8
1 40 M,=4,319; PDI=3.23
183 45 EGPEA | B(CeFs)s | 2.62 [0.23("C)| M,=12,529; M,=12,302; | 55.8
1 5 M,=5,147; PDI=2.39
184 | 46 THA | B(CeFs)s | 2.37 0.23 M,=12,775; M,,=13,777;
2 40 M,=7,165; PDI=1.92
185 46 THA None 0.63 | 0.64(°C) Dual UV/RI. 34.0
2 UV: M,=8,098;
M,~687,552, M,=6,306;
PDI=109.04;
RI: M,=9,383; M,=12,732;
M,=5,694; PDI=2.24

*Due to significant homopolymer formation, percent acrylate incorporation in the copolymer was
15 not determined by 'H NMR spectroscopy.

96



WO 01/92342

PCT/US01/17627

Table 27

Effect of alpha-Diimine Structure on Ethylene/Acrylate Co-

polymerizations (0.02 mmol Cmpd, 6.9 MPa E, 120°C, 18 h, 9

mL TCB, 1 mL EGPEA, 40 equiv B(CgFs)3)
Ex. | Cmpd | Yieldg | Acrylate Incorp. M.W. Total Me
mol%

186 45 16.72 0.7 Mp=12,452; M,,=13,952; M,=4,319; 69.8
PDI=3.23

187 47 14.02 0.8 M,=9,915; M,=13,027; M,=3,660; 69.5
PDI=3.56

188 48 0 — — —

189 50 3.96 0.55 ("°C) M,=14,350; M,=15,584; M=7,421 | 72.0 (°C)

190 51 2.28 1.8 M,=15,543; M,=17,651; M,=7,561, 64.8
PDI=2.33

191 55 7.64 1.6 M,=14,350; M,,=15,584, M,=7,421 68.6

192 56 8.81 Nd° My=946; M,=7,044; M,=911; Nd
PDI=7.73

193 57 12.28 1.1 M,=14,408; M,,=16,770; M,=6,740; 7.7
PDI=2.49

194 58 18.19 1.0 M,=14,315; M,=15,940; M,=5,887, 85.6
PDI=2.71

195 59 15.30 0.8 Mp=12,221; M,,=16,421; M,=5,647; 78.6
PDI=2.91

196 60 0 — — —

197 61 16.78 0.8 M,=13,852; M,,=16,074; M,=4,701; 77.0
PDI=3.42

198 62 2.28 0.9 M,=1,162; M,,=1,609; M,=642; 75.2
PDI=2.51

199 63 1.08 1.6 M,=10,915; M,,=12,370; M,=5,370; 74.2
PDI=2.30

200 64 5.32 1.6 M,=42,905; M,,=43,993; M,=16,290; 105.0
PDI=2.70

201° 64 5.55 0.3 RI (THF, rt): My=101,394; 101.5

My=1,154,459; M,=5,516;
PDI=209.31
202° | 64 1.66° 0.3 RI (THF, rt): M,=94,326; 99.5

My=5,952,749; M,=8,304,
PDI=716.88

%Ex 201 and 202 include 20 equiv B(CsFs)s; Ex. 201 also includes 20 equiv LiB(CeFs)s and Ex. 202
includes 20 equiv NaBAF,; Some polymer was lost in isolation; “Not determined due to broad H

NMR spectrum.
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Table 28

Effect of alpha-Diimine Structure on Ethylene/Acrylate Co-

polymerizations (0.02 mmol Cmpd, 6.9 MPa E; 120°C,

ml TCB,

2 mL.of EGPEA, 40 equiv B(C¢Fs)3)

18 h, 8

Ex.

Cmpd

Yield g

Acrylate Incorp.
mol%

MW.

Total Me

203

45

1247

1.4

M,=12,036; M,=12,662; M,=4,449;
PDI=2.85

51.8

204

46

2.17

0.03 ("°C)

M,=12,550; M,=13,744; M,=5,936;
PDI=2.32

205

47

4.10

20

Mp=8,181; My=9,903; M,=3,243;
PDI=3.05

59.9

206

48

207

49

(=] [=]

208

50

Dual UV/RI.
UV: My=19,292; M,,=374,248,;
M,=7,268; PDI=51.49;
RI: My=22,404; M,=26,916;
Mn=11,257; PDI=2.39

60.5

209

51

2.32

3.1

M,=14,689; M,,=17,651; M=4,327,
PDI=2.29

77.8

210

52

0.087

Dual UV/RL
uv: M,=21,556; M,,=47,428,;
M,=6,142; PDI=7.72;
RI: M,=40,121; M,=40,676;
M,=18,309; PDI=2.22

21

53

9.41

2.9 (*C)

M,=485; M,,=1,035; M,=317;
PDI=3.27

84.2 (*°C)

212

56

0.49

Dual UV/RI.
UV: Mp=2,195 and 75;
M,=1,301,735; M,=3,351;
PDI=388.41; '
RI: M,=2,652; M,,=84,063;
M,=3,608; PDI=23.30

213

57

2.94

Mp=9,779; M,,=12,435; M,=4,519;
PDI=2.75

214

58

17.77

1.7

Dual UV/RI.

UV: M,=21,192; M,=201,274;
M,=10,087; PDI=19.95;
RI: M;=22,402; M,=95,991;
M,=11,047; PDI=8.69

60.3
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Table 28 (cont'd)

Ex. Cmpd Yield | Acrylate In- MW, Total Me
g corp.
mol%
215 61 5.77 2.4 M,=9,535; M,,=11,659; 56.1

M,=4,357; PDI=2.68
) Examples 216-221 below include 20 equiv of B(CgFs)s

216 7 345 0.6 Mp=20,054; M,=19,855; 63.4
, M,=9,070; PDI=2.19
217 72 1.32 1.6 M;=14,328; M,,=16,242; 66.2
M,=6,327; PDI=2.57

218 73 0.27
219 69 1.79 1.5 Dual UV/RI. 62.1
UV: M,=15,033;
Mw=21,410; M,=6,666;
PDI=3.21;

RI: M,=8,520;
M,=16,322; M,=2,159;
PDI=7.56
220° 45 7.50 1.0 M,=13,125; M,,=14,026; 51.0
M,=6,211; PDI=2.26
221° 55 3.07 1.3 Mp=7,458; M,,=10,026; 58.2

M,=3,566, PDI=2.81
#'H NMR spectrum is broad; “20 equiv NaBAF present; 20 equiv LIBArF present.

Table 29
Effect of Pressure on Ethylene/EGPEA Copolymerizations (0.02

mmol Cmpd, 120°C, 18 h, 8 mLx TCB, 2 mL EGPEA, 40 equiv

B (CeFs) 3)
Ex. | Cmpd | Press. | Yieldg | Acrylate M.W. Total
MPa Incorp. Me
mol%
222 45 6.9 12.47 1.4 Mp=12,036; M,,=12,662; M=4,449; 51.8
PD|=2.85
223 45 4.1 4.30 2.9 Mp=7,492; M,=11,174; M=3,738; 57.7
PDI=2.99
224 47 6.9 4.10 2.0 M,=8,181; M,,=9,903; M,=3,243; 59.9
PDI=3.05
225 47 4.1 0.70 3.3 Dual UV/RI. 59.8
UV: M,;=8,392; M,=4,579;
M,=174,212; PDI=38.05;
RI: M;=9,874; M,=5,504; M,,=18,139;
PDI=3.30

10
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Table 30
2C NMR Branching Analysis for EGPEA Copolymers

Ex. Total Me Et Pr Bu Hex+ & Am+ & Bu+ & Megg, | Megsy
Me e0c eoc €0c (%) (%)
151 51.4 322 | 65 | 28 | 2.1 5.5 7.3 9.9 3.68 19.86
158 426 237 | 69 | 38 | 2.1 46 8.1 8.3 Nd Nd
169 27.3 19.0 1.7 1.7 | 1.0 3.2 3.4 4.8 Nd Nd
159 26.1 17.7 2.9 1.2 1.0 1.9 2.5 4.2 Nd Nd
160 20.6 14.2 2.0 16 | 0.9 2.0 3.8 2.8 Nd Nd
211 84.2 36.9 | 10.2 | 3.1 4.1 21.8 31.0 34.0 9 54.8
199 72.0 451 6.2 33 | 43 7.8 13.4 17.4 Nd Nd
5 Table 31
3¢ NMR Branching Analysis for MA Copolymers
Ex. | Total Me Me Et Pr Bu Hex+ & Am+ & But & Megg, Megsy
eoc e0C €0C (%) (%)
167 78.2 452 99 | .41 4.7 9.8 14.5 19.0 4.4 19.9
166 72.0 417 | 100 | 3.9 8.5 11.9 16.3 4.2 18.9
165 76.0 427 | 11.0 | 4.0 8.7 12.8 18.3 5.8 23.1
250 52.2 30.1 8.0 24 | 2.8 6.2 8.4 11.7 Nd Nd
251 62.4 35.1 8.7 36 | 46 7.4 11.3 15.0 Nd Nd
252 65.5 39.1 8.5 2.6 | 3.8 7.7 12.7 15.3 Nd Nd
253 79.6 449 | 111 | 34 | 4.1 10.0 14.7 20.1 Nd Nd
254 61.9 475 | 90 | 3.6 | 5.0 8.9 14.0 1.8 Nd Nd
255 35.7 23.1 4.2 19 | 14 3.0 5.8 6.9 Nd Nd
256 43.9 271 55 2.6 1.9 4.4 6.4 8.7 Nd Nd
Table 32
10 3C NMR Branching Analysis for HA Copolymers
Ex. | Total Me Me Et Pr Bu | Am+ &eoc | Bu+ &eoc | Meg, | Megs,
(%) (%)
154 53.2 275 |1 53 | 31 | 2.8 16.4 17.3 trace | trace
163 54.7 294 |1 64 | 35 | 3.3 13.4 15.4 3.8 14.2
155 54.9 322 | 64 | 30 | 2.2 13.6 13.3 Nd Nd
253 32.8 221 | 32 | 15 | 1.1 6.2 6.0 Nd Nd
257 23.9 16.7 | 1.7 1 15 | 1.8 5.9 4.0 Nd Nd
258 28.3 197 | 32 | 14 | 14 3.7 4.0 Nd Nd
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Table 33
3¢ NMR Branching Analysis for THA Copolymers

Ex. | TotaiMe | Me Et Pr Bu Hex+ & Am+ & Bu+ & Meggy | Megg,
eoc €0C eoc (%) (%)
184 34.0 227 | 32| 23 1.8 3.7 4.1 5.8 3.3 15.7
5 Table 34

Effect of Counterion on Ethylene/EGPEA Copolymerizations Us-

ing Cmpd 45 (0.02 mmol Cmpd, 6.9 MPa E, 100°C, 18 h, 9 mL

TCB, 1 mL EGPEA, 20 equiv B (CeFs)3)

Ex. Counterion Yield g | Acrylate M.W. Total
Incorp. Me
mol%

226 [B[3,5-CsHa- 7.55 0.7 M,=24,874; M,,=27,982; 46.4

(CFa)ola]’ M,=11,277; PDI=2.48
227 | [B(CeFs)al 5.41 0.9 M,=18,648; M,=20,469; | 44.3
M.=8,130; PDI=2.52
10
Table 35
Effect of Solvent on Ethylene/EGPEA Copolymerizations Using
Cmpd 45 (0.02 mmol Cmpd, 6.9 MPa E, 100°C, 18 h, 9 mL Sol-
vent, 1 mL EGPEA, 20 equiv B(CsFs)3)
Ex. Solvent Yield g Acrylate M.W. Total Me
Incorp.
- mol%
228 TCB 7.55 0.7 M,=24,874; M,,=27,982, 46.4
My=11,277; PDI=2.48
229 p-Xylene 11.32 0.6 M,=21,849; M,,=21,579; 52.7
Mn=9,271; PDI=2.33
230 2,2,4-Trimethyl- 2.04 1.6 Mp=12,625; M,,=13,906; 44.3
pentane M.=5,591; PDI=2.74
231 FC-75 1.04 54 M=1,837; M,~=3,468,; 18.7
M.=1,265; PDI=2.74
15
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Effect of B(CgFs)s and NaBAF Concentrations on Ethylene/EGPEA

Copolymerizations Using Cmpd 45 (0.02 mmol Cmpd, 6.9 MPa E,

100°C, 18 h, 8 mL TCB, 2 mL of EGPEA)
Ex. B(CsFs)s | NaBAF | Yieldg | Acrylate M.W. Total Me
equiv equiv Incorp.
mol%
232 40 20 7.53 1.2 M,=16,054; M,,=19,338, 38.6
M,=8,066; PDI=2.40
233 40 10 5.38 1.3 M,=17,925; M,,=18,882; 27.5
M,=8,495; PDI=2.22
234 20 10 7.01 1.5 M,=17,546; M,,=18,485; 29.6
M,=7,769; PDI=2.38
235 20 10 6.29 1.2 Mp=14,365; M,=16,722; 295
M,=6,646; PDI=2.52
236° 20 10 4.69 1.3 M,=16,912; M,,=18,207; 33.6
M,=7,126; PDI=2.57

5 %250 ppm phenothiazine was added to the acrylate; For entries 1 - 4, the acrylate contained 250
ppm 1,4-benzoquinone.

10

Table 37

Effect of Solvent on Ethylene/Acrylate Copolymerizations Us-

ing Cmpd 45 (0.02 mmol Cmpd, 6.9 MPa, 100°C,

18 h, 8 mL Sol-

vent, 2 mL of EGPEA)
Ex. Solvent B(CeFs)s | NaBAF | Yield | Acrylate M.W. Total
equiv equiv g Incorp. Me
mol%

237 TCB 40 20 7.53 1.2 M,=16,054; M,,=19,338; | 38.6
M,=8,066; PDI=2.40

238 TCB 20 10 7.01 1.5 M,=17,546; M,,=18,485, | 29.6
M,=7,769; PD|=2.38

239 Toluene 40 20 6.05 1.0 M,=14,852; M,,=16,995; | 48.2
M,=7,853; PDI=2.16

240 | 2,2,4-Tri- 40 20 1.51 1.7 M,=6,633; M,,=7,942; 41.8
methyl- M,=4,157; PDI=1.91

pentane

241 2,2,4-Tri- 40 20 2.09 1.3 M,=12,923; M,=16,462; | 42.7

methyl- M,=6,313; PDI=2.61
pentane

242 Chloro- 20 10 9.16 1.0 M,=16,417; M,,=18,316; | 33.3
benzene M.=7,496; PDI=2.44

243 p-Xylene 20 10 7.46 1.0 M,=16,975; M,,=18,211; | 33.1
M,=7,246; PDI=1.84

102




WO 01/92342

Table 38

PCT/US01/17627

Effect of Acrylate Concentration, Acrylate Structure and

Temperature on Ethylene/Acrylate Copolymerizations (0.02

mmol Cmpd, 6.9 MPa E, 18 h, 10 mL Total of TCB + Acrylate,
20 equiv B(CgFs)3)
Ex. | Cmpd | Acrylate | Temp Yield Acrylate M.W. Total
mL °C g Incorp. Me
mol%
244 | 45 EGPEA 100 7.55 0.7 M,=24,874; M,,=27,982; | 46.4
1 M,=11,277; PDI=2.48
245 | 45 EGPEA 80 2.20 0.6 M,= 38,136; M,=39,514; | 49.6
1 M,=20,849; PDI=1.90
246 | 45 EGPEA 80 5.41 0.4 M,=45,864; M,,=45,281; | 81.7
0.5 M,=23,339; PDI=1.94
247 | 45 HA 100 5.68 | 0.66("°C) | M,=22,173; M,=21,451; | 32.8
1 M,=9,298; PDI=2.31 (*c)
248 | 45 HA 80 1.65 1.0 M,=27,677; M,=29,086; | 26.3
1 M,=12,715; PDI=2.29
249 | 47 EGPEA 80 0.08 0.8 M,=17,915; M,,=17,005; | 51.4
1 M,=6,567; PDI=
250 | 45 MA 100-135 | 10.58 | 0.31("°C) | M,=28,080; M,,=21,336; | 52.1
0.25 M,=4,233; PDI=5.04
251 45 MA 100-135 | 8.36 | 0.51(°C) | M,=20,078; M,=17,262; | 62.1
0.5 M,=3,831; PDI=4.51
252 | 47 MA 100-135 | 3.61 | 057 (°C) | M;=4,716; M,,=6,741; 65.1
0.25 M,=1,796; PDI=3.75
253 | 47 MA | 100-135 | 1.90 | 0.61("°C) Dual UV/RI 78.8
0.5 UV: M,=3,803;
M,,=5,095; M,=1,350;
PDI=3.77;
RI: M,=5,237,
M,=6,717; M,=3,805;
PDI=2.39
254 | 57 MA | 100-135 | 422 | 0.37("C) | M,=8,697; M,=14,347; | 61.5
0.25 M,=3,656; PDI=3.92
10 equiv of NaBAF was added to Ex. 255 below and 20 equiv of NaBAF were
added to entries 256-261 below.
255 | 45 MA 100 428 | 1.09(C) | M,=13,677; M,,= 15,046; | 35.7
0.5 M,= 7,270; PDI= 2.07
256 | 45 MA 100 9.36 | 0.53("°C) | M,=16,828; M,=17,679; | 43.7
0.5 M,=7,546; PDI= 2.34
257 | 45 HA 100 1.07 | 120 (°C) | M,=8,501; M,=9,737; 23.9
2 M,=4,703; PDI= 2.07
258 | 45 HA 100 476 | 0.53(°C) | M,=16,421; M,=17,244; | 28.3
1 M,=7,900; PDI=2.18
259 | 45 EGPEA 135 1.20 1.1 M,= 7,174; M,,=8,652; 74.9
2 M.=3,719; PDI=2.33
260 | 45 EGPEA 130 5.59 1.2 M,=9,545; M,,=10,772; | 58.2
2 M,=4,927; PDI=2.19
261 45 EGPEA 120 7.01 1.5 M,=17,546; M,=18,485, | 29.6
2 M,=7,769; PDI=2.38
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Table 39

PCT/US01/17627

Effect of alpha-Diimine Structure on Ethylene/EGPEA Copolym-

_erizations (0.02 mmol Cmpd,

6.9 MPa E,

100°C 18 h, 9 mL TCB,

1 mL EGPEA, 20 equiv B (CgFs)3)

Ex. | Cmpd | Yieldg | Acrylate Incorp. M.W. Total Me
mol%

262 55 7.55 0.7 M,=24,874; M,,=27,982; M=11,277; 46.4
PDI=2.48

263 68 0.32 05 M,=13,743; M,,=18,058; M,=5,435; 60.3
PDI=3.32

264 69 1.48 0.3 M,=838; My=1,731; M,=796; 57.5
PDI=2.17

Table 40

Effect of alpha-Diimine Structure on Ethylene/Acrylate Co-

polymerizations (0.02 mmol Cmpd, 6.9 MPa E, 18 h, 8 mL TCB,
2 mL of EGPEA)
Ex. | Cmpd | Temp | B(CeFs)3 | NaBAF | Yield | Acrylate MW, Total
(°C) (equiv) (equiv) (@) Incorp. Me
(mol%)
265 45 100 40 20 7.53 1.2 Mp=16,054; 38.6
My=19,338; M,=8,066;
PDI=2.40
266 76 100 40 20 422 1.0 . Mp=24,124; 31.4
‘ M,=27,307;
M,=14,435; PDI=1.89
267 75 100 40 20 5.68 1.2 M,=14,987; 79.2
M,,=16,393; M,=6,919;
PDI=2.37
268 74 100 40 20 3.42 0.6 M,=31,607,; 41.2
M,=34,104;
M,=17,087; PDI=2.00
269 77 100 40 20 0.025 1.9 M.(*H): No olefins de- | 33.5
tected
270 45 135 20 10 1.20 1.1 M,=7,174; M,=8,652; | 74.9
M,=3,719; PDI=2.33
271 64 135 20 10 1.05 0.5 M,=25,027; 111.
M,,=30,553; 4
M,=12,666; PDI=2.41
272 45 135 20 10 2.55 1.0 M,=6,743; M,,=8,241; | 85.8

M,=887; PDI=9.29
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Table 41

Effect of Borane Concentration and Inhibitor on Ethyl-

ene/EGPEA Copolymerizations (0.02 mmol Cmpd 45, 6.9 MPa E,

120°C, 18 h, 6 mL TCB, 4 mL EGPEA)

Ex. | B(CsFs)s | Inhibitor | Yield | Acrylate In- % Ester in M.W. Total
equiv g corp. Copolymer® Me
mol%
273 40 None 537 | 2.70 ("C) 12% M,=6,623; 426
M,=9,878; (**c)
M,=3,388;
PDI=2.92
274 20 NaBAF 3.02 22 20% M,=12,928; 28.4
20 equiv M,,=13,956;
My=5,371;
PDI=2.60
275 20 BQ 250 2.59 26 16% M,=8,739,; 275
ppm M,=10,424;
M,=3,480;
PDI=3.00
276 20 NaBAF 3.07 24 23% Mp=11,454; 29.9
20 equiv Mw=12,303;
BQ 250 Mn=4,114; PDI=
ppm

*The percent of the ester groups in the "H NMR spectrum of the isolated polymer sample that be-
long to copolymer. Due to the high acrylate concentration, the isolated polymers all contained
some homopolymer. The EGPEA used contained 100 ppm hydroquinone in addition to the
NaBAF and 1,4-benzoquinone (BQ) inhibitors that were added to the individual runs.
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Table 42
Steric Effects on Ethylene/MA Copolymerizations Utilizing

Long Reaction Times (90 h) and Low Catalyst Concentrations

(0.019 mmol Cmpd), (211 equiv B(C¢Fs): and 105 equiv NaBAF

were used. Mole % incorp. and total Me determined by **C NMR
spectroscopy.)
Ex | Cmpd MAmL | Press | Temp | Yield | Acrylate M.W. Total
(p-Xylene | MPa °C g Incorp Me

mL) mol%

277 45 0.5 3.5 120 | 0.892 1.33 M,=6,812; M,,=7,201; 72.5
(9.5) M,=3,410; PDI=2.05

278 76 0.5 3.5 120 | 0.937 1.02 My=7,911; M,,=8,993, 82.7
(9.5) My=4,499; PDI=2.00

279 74 0.5 3.5 120 | 0.840 0.93 M,=8,726; M,=9,799; 94.9
(9.5) M,=4,511; PDI=2.00

280 64 0.5 3.5 120 | 0.106 nd M,=13,521; M,=14,744; nd
(9.5) M,=6,125; PDI=2.41

281 45 1.0 3.5 120 | 0.007 nd nd nd
(14.0)

282 45 0.5 6.9 120 | 3.340 0.82 My=12,403; M,~=13,853; | 50.4
(9.5) M,=5,681; PDI=2.44

283 76 0.5 6.9 120 | 4.221 0.48 M,=20,376; M,=20,960; | 58.1
(9.5) M,=9,659; PDI=2.17

284 74 0.5 6.9 120 | 5.424 043 M,=28,364; M,=30,997; | 68.5
(9.5) M,=12,568; PDI=2.47

285 64 0.5 6.9 120 0.95 0.30 M,=47,858; M,=47,408; [ 97.2
(9.5) M,=20,796; PDI=2.28

286 45 1.0 6.9 120 | 2.518 0.97 Mp=13,043; M,=14,076; | 46.3
(14.0) M,=5,931; PDI=2.37

287 45 0.5 6.9 100 | 3.865 0.62 Mp=23,142; M,,=24,270; | 30.9
(9.5) M,=10,544; PDI=2.30

288 76 0.5 6.9 100 | 3.720 0.45 Mp=34,987; M,,=36,412; | 37.4
(9.5) M,=16,929; PDI=2.15

289 74 0.5 6.9 100 | 4.041 0.51 M,=53,630; M,=50,877; | 48.0
(9.5) - M,=24,819; PDI=2.05

290 64 0.5 6.9 100 | 0.860 0.50 Mp=64,690; M,=60,660; [ 78.1
(9.5) M,=31,328; PDI=1.94

291 45 1.0 6.9 100 1.631 0.83 My=17,935; M,=17,277; | 35.7
(14.0) M,=7,070; PDI=2.44
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Table 43

PCT/US01/17627

3C NMR Branching Analysis for MA Copolymers of Table 42

Ex. Total Me Me Et Pr Bu Hex+ & Am+ & eoc | Bu+ & eoc
e0c
277 72.5 42.6 10.0 3.8 3.9 7.1 13.1 16.2
58.7% | 13.8% | 52% | 5.4% 9.8% 18.1% 22.4%
278 82.7 48.9 10.3 44 4.2 10.3 15.0 19.2
59.1% | 125% | 5.3% | 5.0% 12.5% 18.2% 23.2%
279 94.9 54.5 13.4 5.2 53 12.7 17.0 21.8
57.5% | 14.1% | 5.5% | 5.6% 13.4% 18.0% 22.9%
282 50.4 32.0 5.7 2.6 2.5 6.7 8.3 10.0
63.6% | 11.4% | 5.2% | 5.0% 13.3% 16.5% 19.8%
283 58.1 375 6.6 3.0 2.7 6.3 8.8 11.1
64.5% | 11.3% | 5.1% | 4.7% 10.8% 15.1% 19.1%
284 68.5 44 .4 6.9 3.5 3.3 7.1 10.1 13.6
64.8% | 10.1% | 5.1% | 4.8% 10.4% 14.7% 19.9%
285 97.2 65.4 10.0 4.1 4.1 9.4 13.3 17.8
67.3% | 103% | 4.2% | 4.2% 4.6% 13.7% 18.3%
286 46.3 29.6 5.1 2.4 1.9 5.2 6.7 9.2
64.0% | 11.0% | 51% | 4.0% 11.3% 14.5% 19.9%
287 30.9 20.4 41 1.4 1.0 2.7 3.7 5.0
66.0% | 13.3% | 46% | 3.1% 8.7% 12.0% 16.1%
288 374 24.0 4.8 1.9 1.1 3.8 4.6 6.8
64.2% | 12.8% | 5.0% | 3.1% 10.1% 12.2% 18.1%
289 48.0 32.6 47 2.5 1.7 45 59 8.3
67.9% 9.7% 5.1% | 3.6% 9.5% 12.3% 17.3%
290 78.1 53.9 7.3 3.3 3.1 7.7 10.6 13.7
69.0% 9.3% 42% | 3.9% 9.9% 13.5% 17.5%
291 35.7 23.2 4.0 1.7 1.8 4.4 54 6.8
35.7% | 11.1% | 4.7% | 5.2% 12.4% 15.0% 19.1%
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Ethylene/EGPEA Copolymerizations in TCB:

Table 45

PCT/US01/17627

Variation of Cata-

lyst Concentration and Structure, and Temperature (6.9 MPa E,

18 h, 10 mL Total Volume of TCB + EGPEA)
Ex. Cmpd EG- | B(CsFs)3 | Na- | Temp | Yield | Acrylate M.W. Total
mmol PEA equiv BAF °C g Incorp Me
mL Equiv mol%
319 45 1 40 20 140 3.01 0.5 M,=7,507; 87.5
0.01 M,=8,668;
M,=3,753;
PDI=2.31
320 45 2 40 20 140 243 1.6 M,=6,568; 80.8
0.01 M,=7,865;
. M,=3,535;
PDI=2.22
321 45 1 80 40 140 2.41 0.7 My=7,192; 88.7
0.005 M,,=8,650;
M,=3,909;
PDI=2.21
322 45 2 80 40 140 1.66 1.6 Mp=6,197,; 82.0
0.005 My=7,988;
M,=3,234;
PDI=2.47
323 45 1 160 80 140 4.54 0.7 Mp=7,443; 91.6
0.0025 M,=8,725;
M;=3,328;
PDI=2.62
324 96 1 20 10 120 2.14 1.2 Mp=9,128; 120.9
0.02 M,=12,153;
M;=5,089;
PDIi=2.39
325 97 1 20 10 120 1.79 0.6 M,=56,495; 18.0
0.02 M,,=56,319;
M,=25,240;
PDI=2.23
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Table 46

Ethylene/MA Copolymerizations: Variation of Temperature

(0.0025 mmol Cmpd, 160 equiv B(CeFs)s3, 80 equiv NaBAF, 6.9

MPa E, 18 h, 0.5 mL MA, 9.5 mL Chlorobenzene)

Ex Cmpd Temp | Yield Acrylate M.W. Total
°C g Incorp Me
Mol% '
326 45 100 2.90 | 0.53("C) M,=17,308; M,=18,706; M,=9,144; 31.8
4 PDI=2.05
327 45 120 2.59 | 0.45(°C) M,=9,967; M,=10,394; M;=4,713; 51.8
PDI=2.21
5
Table 47
3C NMR Branching Analysis for MA and HA Copolymers of Tables
46, 49 and 50
Ex. | TotalMe | Me Et Pr Bu | Hex+ &eoc | Am+ & eoc | Bu+ & eoc
326 31.8 213 | 36 16 | 1.6 2.9 4.7 53
327 51.8 316 | 58 131 | 2.6 4.8 8.9 11.2
346 71.7 452 | 7.6 37 | 34 6.2 11.0 15.2
347 71.8 459 | 7.8 38 | 338 6.5 11.1 14.4
354 48.6 29.7 | 6.1 29 | 26 3.7 6.9 9.9
364 58.5 365 | 7.8 27 | 2.8 9.6 11.6
366 60.2 36.0 7.9 3.4 2.6 5.7 9.5 12.8
383 31.1 220 | 35 1.2 | 1.6 2.8 4.0 4.5
384 28.5 19.1 2.6 1.6 1.4 2.0 4.4 5.3
388 98.6 68.1 | 122 | 25 | 2.8 11.2 12.1 15.8
10
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Ethylene/EGPEA Copolymerizations:

Table 48

PCT/US01/17627

Variation of Catalyst

Structure and Cocatalyst Concentration (18 h, 6.9 MPa E,
120°C, 0.5 mL EGPEA)
Ex. Cmpd Solvent | B(CsFs)3 | Na- | Yield Ac- M.W. Total
mmol mL equiv BAF g rylate Me
Equi Incorp
\' mol%
328 45 CB 320 160 | 1.80 04 M,=13,525; 59.8
0.00125 9.5 M,=13,741; M,=6,126;
PDI=2.24
329 45 CB 640 160 | 3.72 0.3 M,=11,892; 61.6
0.00125 9.5 M,=13,222; M,=6,184;
A PDI=2.14
330 45 CB 1600 160 2.90 0.4 M,y=11,920; 65.3
0.00125 9.5 M,,=12,850; M,=6,419;
PDI=2.00
331 45 CB 320 320 | 3.05 0.3 M,=12,013; 66.8
0.00125 9.5 M,=12,568; M,=5,783;
PDI=2.17
332 45 Toluene 320 160 | 3.52 0.3 M,=10,810; 65.4
0.00125 9.5 M,=12,116; M,=5,518;
PDI=2.20
333 45 CB 320 160 | 1.47 0.7 M,=13,399; 53.4
0.00125 4.5 M,=14,553; M=7,141;
PDI=2.04
334 61 CB 320 160 | 1.70 04 M,=6,206; M,=7,385; | 65.7
0.0025 9.5 M,=3,287; PDI=2.25
335 57 CB 320 160 0.76 0.3 My=15,079; 68.5
0.0025 9.5 M,=15,975; M,=8,241;
PDI=1.94
336 74 CB 320 160 | 3.58 0.2 M,=29,889; 72.6
0.0025 9.5 My=34,141;
M,=17,674; PDI=1.93
337 7 CB 320 160 | 0.055 0.2 M,=13,750; 91.2
0.0025 9.5 M,,=15,066; M,=7,535;
PDI=2.00
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Ethylene/Acrylate Copolymerizations:

Table 50

PCT/US01/17627

Variation of Solvent

and Acrylate Substituent (18 h, 6.9 MPa E, 100°C)
Ex. Cmpd Solvent/mL B(CsFs)s | Na- Yield | Acrylate M.W. Total
mmol Acrylate/mL Equiv BAF g Incorp Me
equiv mol%
380 45 Toluene/9 421 105 1.28 1.1 Mp=20,773; | 38.0
0.0019 EGPEA/1 M,=21,618;
M,=10,131;
PDI=2.13
381 45 Toluene/9 421 105 1.40 04 M,=20,340; | 49.2
0.0019 HA/M M,=20,560;
M,=9,573;
PDI=2.15
382 45 CB/9 421 105 0.57 0.5 M,=18,173; | 43.4
0.0019 HA/M M,~=18,605;
M,=8,670;
PDI=2.15
383 45 Toluene/9.5 421 105 1.99 0.6 M,=20,997; | 31.1
0.0019 MA/0.5 (Bc) | My=21,705; | ("°C)
M,=10,684;
PDI=2.03
384 45 CB/9.5 421 105 1.33 0.4 M,=13,279; | 28.5
0.0019 MAJ0.5 M,=15,028;
M,=7,635;
PDI=1.97
Table 51

Ethylene/Hexyl Acrylate Copolymerizations:

Variation of

Catalyst Structure

(18 h, 6.9 MPa E,

120°C,

1 mL Hexyl Ac-

rylate, 9 mL p-Xylene)
Ex. Cmpd B(CsFs)s | LIB(CeFs)s | Yield | Acrylate M.W. Total
0.005 mmol equiv equiv g Incorp Me
mol%
385 79 80 40 1.92 1.3 M,=20,773; 78.4
My=21,618;
M,=10,131; PDI=2.13
386 81 80 40 0.011 Nd Nd Nd
387 53 80 40 0.41 23 M,=782; M,=1,183; 98.4
Mn=409; PDI|=2.89
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Table 52

Ethylene/EGPEA Copolymerizations:

PCT/US01/17627

Variation of p-

Substituent on the N-Aryl Ring (0.0019 mmol Cmpd, 18 h, 6.9
MPa E, 120°C, 1 mL EGPEA, 9 mL TCB)
Ex. | Cmpd | B(CgFs)s | LiB(CsFs)s | Yield | Acrylate M.W. Total
equiv equiv g Incorp Me
mol%
388 45 211 105 3.98 0.8 My=14.113; M,=16,389; | 53.2
M,=6,722; PDI=2.44
389 83 211 105 3.78 0.8 M,=15,156; M,=16,926; 54.4
M,=7,557; PDI=2.24
390 84 211 105 2.80 1.1 M,=14,422; M,,=15,390; | 48.7
M,=6,960; PDI=2.21
Table 53

Ethylene/2,2,3,3,3-Pentafluoropropyl acrylate

(PPA) Copolym-

erizations (0.0019 mmol Cmpd, 18 h,

10 mL Total Volume of p-

Xylene + PPA, 100°C, 6.9 MPa E)
Ex. | Cmpd | PPA | B(CsFs)s | NaBAF | Yield Ac- M.W. Total
mlL equiv equiv g rylate Me
Incorp
mol%
391 45 1 211 105 5.93 0.2 M,=25,838; 31.3
M,=26,041;
M,=10,736; PDI=2.43
392 74 1 211 105 4.09 0.3 M,=67,066; 455
M,=64,176;
M,=32,073; PDI=2.00
393 45 2 211 105 3.76 0.3 Mp=22,227, 28.6
M,=22,623;
M,=10,036; PDI=2.25
394 74 2 211 105 3.36 0.3 Bimodal: 48.4
M,=56,152;
M,=49,560;
M,=18,664; PDI=2.66
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Ethylene/EGPEA Copolymerizations:

Table 54

PCT/US01/17627

Variation of Catalyst

Structure,

Pressure and Temperature

(18 h, 1 mL EGPEA, 9 mL

p-Xylene, 0.0019 mmol Cmpd, 211 equiv B(C¢Fs5)3, 105 equiv
NaBAF )
Ex. | Cmpd | Press | Temp | Yield Acrylate M.W. Total
MPa °C g Incorp Me
mol% :
395 85 3.5 80 0.016 trace Nd
396 86 35 80 0.437 0.8 M,=916; M,=1,670; M,=739; | 39.9
0.6IC PDI=2.26
0.2 EG
397 87 3.5 80 0.429 2.1 M,=26,655; M,=28,284; 31.1
M.=13,707, PDI=2.06
398 88 35 80 0.203 22 Mp=2,832; M,=3,358; 44 .4
M,=1,754; PDI=1.92
399 89 3.5 80 0 — — —
400 85 6.9 120 0.318 0.7 M,=327; M,=1,150; M,=305; | 57.7
PDI=3.77
401 86 6.9 120 1.49 0.6,0.4 M,=488; M,=864; M,=364; 82.1
IC, 0.2 EG PDI=2.37
402 87 6.9 120 3.14 0.5 Mp=15,311; M,=15,880; 65.7
M,=7,213; PDI=2.20
403 88 6.9 120 0.565 1.1 My=1,702; M,,=2,418; 95.7
M,=1,148; PDI=2.11
404 89 6.9 120 0 — — —
405 90 6.9 120 1.86 1.3 My=4,834; M,,=5,311; 52.5
M,=2,530; PDI=2.10
406 9 6.9 120 0.50 1.6,1.3 Mp=1,382; M,=2,217, 78.4
IC,0.3EG M,=982; PDI=2.26
407 92 6.9 120 1.32 0.8 M,=22,852; M,,=24,968; 69.9
M,=12,472; PDI=2.00
408 93 6.9 120 0 — — —
409 94 6.9 120 1.24 1.4 M,=4,172; M,,=4,579; 60.8
M,=2,254; PDI=2.03
410 95 6.9 120 0 — — —
411 78 6.9 130 0.047 Nd° M,=20,248; M,,=20,678; Nd
M,=7,869; PDI=2.63
412 64 6.9 130 0.336 0.7 Mp=31,486; M,=32,872; 108.5
M,=14,840; PDI=2.22
413 74 6.9 130 2.87 1.0,0.7 M,=19,881; M,,=20,567; 97.0
IC,0.3EG M,=8,185; PDI=2.51

*Predominant alpha olefin end groups; some internal olefin end groups also present. “Diagnostic
'H NMR copolymer resonances, if present, are obscured by homopolymer resonances.
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Ethylene/EGPEA Copolymerizations:

Table 55

PCT/US01/17627

Variation of Catalyst

Structure,

Cocatalyst Concentration,

and Borate Counterion

and Structure (0.0019 mmol Cmpd,

18 h, 2 mL EGPEA, 8 mL p-

Xylene, 100°C, 6.9 MPa E)
Ex. Cmpd | B(CeFs)s Borate Yield | Acrylate M.W. Total
equiv 105 equiv G Incorp Me
mol%

414 74 211 NaBAF 0.746 3.4° M,=28,528; M,,=29,829; 32.1
M,=11,409; PDI=2.61

415 74 211 LiBArF 0.647 1.9 M;=39,148; M,=36,313; | 41.3
M,=14,745; PDI=2.46

416 74 421 NaBAF 0.217 1.3 M,=26,280; M,,=27,880; 36.9
M,=13,106; PDI=2.13

417 74 421 LiBArF 0.358 1.2 M,=33,089; M,=33,479; | 44.6
M,=15,943; PDI=1.57

418 76 421 LiBArF 0.738 1.2 Mp=29,924; M,,=29,685; 36.1
M,=12,971; PDI=2.29

419 92 421 LiBArF 0.385 1.1 Mp=34,623; M,,=35,775; 33.4
M,=18,240; PDI=196

420 64 421 LiBArF 0.009 0.7 Ma("H): No olefins 58.8

421 93 421 LiBArF 0.021 1.5 Ma("H): No olefins 33.2

422 96 421 LiBArF 0.109 Nd Nd Nd

423 90 421 LiBArF 0.982 2.5 Mp=7,599; M,=8,271, 26.3
M,=3,746; PDI=2.21

424 74 211 LiBArF 0.86 1.6 M,=26,306; M,,=28,886; 37.6
M,=10,439; PDI=2.77

425 74 105 LiBArF 1.23 2.2 M,=16,233; M,=21,189; 38.5
M,=8,573; PDI=2.47

426 74 53 LiBArF 4.75 0 M,=76,091; M,=76,631, Nd

My=24,522; PDI=3.13

*There is overlap of copolymer and homopolymer resonances in the 'H NMR spectrum due to the
relatively large amount of homopolymer formed. Therefore, the percent acrylate incorporation in
the copolymer is an approximation.
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Ethylene/EGPEA Copolymerizations:

Table 56

PCT/US01/17627

Variation of Catalyst

Structure and Concentration (18 h, 1 mL EGPEA, 9 mL p-

Xylene, 80°C, 6.9 MPa E)
Ex. Cmpd | B(CeFs)s | LIB(CeFs)s | MeABHT), | Yield | Acrylate M.W. Total
mmol equiv equiv equiv g Incorp Me
mol%
427 59 40 20 0 6.73 1.6 M,=21,259; | 15.3
0.01 09I1C | M,=21,724;
0.7 EG | M;=10,233;
PDI=2.12
428 59 211 105 20 0.739 1.1 M,=19,634; | 10.9
0.0019 M,=20,285;
M,=8,383;
PDI=2.42
429 94 40 20 0 3.87 1.3 M,=11,047; | 24.5
0.01 091C [ M,=11,998;
04 EG | M,=4,529;
PDI=2.65
430 94 211 105 20 1.22 0.7 M,=9,998; 17.1
0.0019 M.=12,341;
Mn=4,993;
PDI=2.47
431 53 40 20 0 2.26 1.0 M,=1,562; | 31.8
0.01 091C M«=2,097;
0.1 EG Mn=818;
PDI=2.56
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Table 57
Ethylene/Acrylate Copoiymerizations: Variation of Catalyst

Structure, Acrylate Structure and Temperature (0.004 mmol

Cmpd, 18 h, 100 equiv B(Cg¢Fs)s, 50 equiv LiB(CeFs)s, 9 mL p-

Xylene, 6.9 MPa E)

Ex. Cmpd Temp. | Acrylate | Yield | Acrylate M.W. Total
°C 1mL G Incorp Me
- mol%
432 45 80 EGPEA | 0.070 0.6 My=24,391; M,=28,348; | 8.5
051C M,=11,007; PDI=2.58
.| 0.1EG
433 45 80 HA 0.294 1.0 M,=45,116; M,=71,337; | 14.2
M.=14,837; PDI=4.81
434 94 80 EGPEA | 0.074 05 Mp=9,723; M,,=13,173; 8.0
- My=6,276; PDI=2.10
435 94 80 HA 0.362 0.8 M,=14,965; M,=15,692; | 124
M,=6,605; PDI=2.38
436 90 80 HA 0.286 0.8 My=17,982; M,=17,990; | 9.7
' M,=6,559; PDI=2.74
437 45 40 EGPEA 0 — — —
438 91 40 EGPEA 0 — — —
439 94 40 EGPEA 0 — — —

Examples 440-555

In these Examples sometimes alkylaluminum compounds are
used as cocatalysts. These alkylaluminums were purchased
from commercial sources, PMAO-IP (97) (polymethylaluminoxane
from Akzo-Nobel, Inc., 12.7 wt % aluminum in toluene, (0.88
g/ml at 30°C)) or synthesized by literature methods,

(AlMe, (Et20)2) (MeB (CeFs)3) (98) (WO0011006), AlMe(2,6-t-Bu-4-
Me (OC¢Hs) )2 (99) (A. P. Shreve, et al., Organometallics, vol.

7, p. 409 (1988)), and (Al-i-Bu,(OCgFs))2 (100) (D. G. Hender-
shot, et al., Organometallics, vol. 10 p. 1917 (1991)).
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The transition metal complexes (101-117) are either
isolated compounds or in situ generated from a combination
of compounds. Such combinations are shown under the com-
pound designation (number). Syntheses of compounds other
than o-diimines or their complexes are described in the fol-
lowing references:

45-97, 101, 102, 103, 104, 105, 109, 110, 116 and 117,
are o-diimines and/or Ni complexes the same as or similar to
those described in US6034259 and references therein, and
US6103658, and these a-diimines and/or Ni complexes are made
by methods similar to those described therein. The synthe-
sis of the ligand for 79 is reported in Y. Yamamoto et al.,

J. Organometal. Chem., vol. 489, p. 21-29 (1995), and K. Su-

gano, et al., Chem. Lett., vol. 1991 p. 921-924.

The synthesis of the a-diimine for 110 is described in
Us6103658.

Methods for making 115 are found in US6174975.

Synthesis of 108 is found in previously incorporated
U.S. Patent Application (filed concurrently on 31
May 2001, Applicant’s reference CL1655 US NA) .

Syntheses of 106 and 107 are found herein.
All of the immediately documents are hereby included by ref-

erence.
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Metal complexes or ingredients for in situ preparations

are shown below:

BB B oo

=N, =N ==
oy TheS 0 HL s
s e St P
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:;\ o 5_*(
/NN. O>—C(F)(CF3)OCFZCFQCF> P\N./N_§ P\N/ /\ /
v . A Q,/
\<:( A\
105

N s

I + Ni(acac), + PhaC BArF I:SIN + Ni(acac),

N

.
o

=N
" + {TMEDA}Ni(acac),
=N

v

5 General Polymerization Procedure for Examples 440-555.

110

¢

+ {TMEDAJNi(acac),

@w

117

In a drybox, a glass insert was loaded with a combination of
ligand and metal precursor or an isolated metal precatalyst
and 2 mL of solvent. The solution was cooled to -30°C and a
solid portion of aluminum cocatalyst (such as 98, 99 or 100)

10 or solution of PMAO-IP (97) was added followed by 4 mL of
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solvent and the solution was cooled to -30°C. This cooling
was done to prevent any polymerization catalyst decomposi-
tion prior to contact with the monomers, in case the cata-
lyst was thermally unstable. A solution was made with salt

(see below), comonomer and 3 mL of solvent. The solution

was added to the glass insert and then cooled to -30°C. The
insert was capped and placed into double ziplock bags. Out-
gide the drybox the rack was transferred to a pressure tube
and flushed with ethylene. The pressure tube was pressur-
ized with ethylene and heated to the desired temperature and
mechanically shaken for the duration of time listed in the
tableL The reaction solution was quenched with 30 mL of
methanol or acidic methanol (10:90 HC1l methanol solution)
and the polymer was isolated by filtration, rinsed with ad-
ditional methanol and dried under wvacuum.

Polymerization results are presented in Tables 58-64.

A short description/explanation for each table is given be-
low. “Salt” in these tables indicates the addition of NaBAF
or LiB(CgFs)s to the polymerization solution and it appeared
to inhibit or prevent acrylate homopolymerization, and will
be shown as simply Na or Li in the table.

Table 58: Table 58 contains examples with Ni catalysts,
diimine with Ni (acac),, and alkylaluminum cocatalysts for EG-
PEA and ethylene copolymerization. At these high ratios of
Ni to galt and Al cocatalysts we had some significant ac-
rylate homopolymerization. The acrylate homopolymer was
found in two forms, a powder which was a mixture of copoly-
mer with some acrylate homopolymer as identified by 'H NMR,
and a gelatin consisting of acrylate homopolymer which was
physically separated and not included in the polymer weight
in the tables. The solution volume was approximately 10 mL
in each case, therefore, the solvent added was 10 mL minus

the volume added for the ligquid comonomer.
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Table 59: Table 59 shows examples of some of the better
catalysts under conditions with low concentration of Ni and
high concentration of salt and Al cocatalysts. In these ex-
amples consistently good yields of EGPEA/ethylene copolymer
were obtained. Further characterization of these polymers
is indicated by Mw from GPC as well as incorporation of ac-
rylate (mole %) in the copolymer that was calculated from "
NMR spectra of the polymer.

Table 60: This table has very low Ni concentrations and
more acrylate homopolymer and low yields of polymer are ob-
tained overall.

Table 61: Different combinations of Ni compounds and
cocatalysts are used.

Table 62: Examples for E-10-U copolymerizations with
ethylene.

Table 63: Hexyl acrylate copolymerization with Ni cata-
lyst.

Table 64: Other catalysts for EGPEA copolymerization.
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Table 58
Ethylene and EGPA copolymerization (18 h, 6.9 MPa E, 0.02

mmol Ni)

Ex. Catalyst Salt Al (eq) | EGPEA solvent Temp Yield

mmol (eq) (g)
440 104 Li (5) 100 (50) 1mL 1,2,4-TCB | 120 °C 1.439
441 104 Li (5) 100 (50) 2mL 1,2,4-TCB | 120°C 1.033
442 104 Na (5) 97 (200) 2mL 1,2,4-TCB | 120 °C 6.011
443 104 Li (5) 100 (50) 2mL p-xylene 120 °C 2.982
444 104 Li (5) 99 (50) 1mL 1,2,4-TCB | 120 °C 6.522
445 103 Li (5) 100 (50) 1mL p-xylene 100 °C 1.287
446 103 Na (5) 97 (200) 1 mL p-xylene 100 °C 5.077
447 104 Li (5) 100 (50) 1mL p-xylene 100 °C 9.073
448 104 Na (5) 97 (200) 1mL p-xylene 100 °C 3.96
449 104 Na (5) 100 (50) 1mL 1,2,4-TCB | 100 °C 2179
450 103 Li (5) 100 (50) 1 mL 1,2,4-TCB | 100°C 3.053
451 103 Li (5) 97 (200) 1mL 1,2,4-TCB | 100 °C 5.977
452 104 Li (5) 97 (200) 1mL 1| 1,24-TCB | 100 °C 6.114
453 105 Li (5) 97 (200) 1mL 1,2,4-TCB | 100 °C 1.109
454 105 Li (5) 100 (50) 1mL 1,2,4-TCB | 100 °C 3.392
455 116 Na (5) 100 (50) 1mL 1,2,4-TCB | 100 °C 1.931
456 103 Na (5) 100 (50) 1mL 1,2,4-TCB | 100 °C 1.269
457 103 Na (5) 97 (200) 1 mL 1,2,4-TCB | 100 °C 5.066
458 105 Na (5) 100 (50) 1mL 1,2,4-TCB | 100 °C 4.628
459 104 Na (10) | 100 (50) 1mL 1,2,4-TCB | 100 °C 0.387
460 104 Na (5) 97 (200) 1mL 1,2,4-TCB | 100 °C 6.538
461 104 Li (5) 100 (50) 1mL 1,2,4-TCB | 100 °C 1.131
462 104 Li (5) 100 (50) 1 mL 1,2,4-TCB | 100 °C 4477
463 104 no salt 100 (50) 1 mL 1,2,4-TCB | 100 °C 1.198
464 104 Na (1) 100 (50) 1 mL 1,2,4-TCB | 120 °C 0.50
465 104 Na (1) 100 (50) 1mL 1,2,4-TCB | 120 °C 0.260
466 104 Na (1) 97 (200) 1mL 1,2,4-TCB | 120 °C 5.411
467 104 Na (5) 100 (50) 1 mL 1,2,4-TCB | 120 °C 0.176
468 104 Na (1) 100 (50) 1 mL 1,2,4-TCB | 100 °C 0.254
469 104 Na (1) 97 (200) 1 mL 1,2,4-TCB | 100 °C 4.231
470 104 Na (5) 100 (50) 1mL 1,2,4-TCB | 100 °C 1.460
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Ethylene and EGPEA Copolymerization (18 h, 120°C, 6.9 MPa E,

p-xylene solvent,

1.0 ml EGPEA)

Ex. | Catalyst | Mmol Ni | Salteq Al eq Yield Mw
517 104 0.004 | Li(125) 98 (125) 8.451 17004
518 117 0.004 | Li(125) 98 (125) 0.543 | 17988,26687
519 106 0.002 | Li(250) 98 (250) 2.644 4787
520 115 0.01 Li (30) | 99 (20) /B(CeFs)3 (10) | 0.307 N/A
521 110 0.01 Li (30) | 99 (20) /B(CgF5)s (10) | 1.417 26934
522 102 0.01 Li (30) | 99 (20) /B(CeFs)3 (10) | 8.456 14038
523 101 0.01 Li (30) | 99 (20) /B(CeFs)s (10) | 8.283 13607
524 111 0.01 Li (30) 100 (50) 0.897 N/A
525 101 0.01 Li (30) 98 (25) 11.741 11838
526 101 0.01 Li (30) 99 (25) 2.647 11370
527 102 0.01 Li (30) 99 (25) 2412 11766
528 106 0.002 | Li(150) 98 (250) 1.612 4235
529 106 0.002 | Li(150) 100 (500) 1.559 3812, 6321
530 106 0.002 | Li(150) 99 (500) 0.450 N/A
531 [ 107 0.002 | Li(150) 98 (250) 0.929 N/A
532 107 0.002 | Li(150) 100 (500) 1.595 1785
533 107 0.002 | Li(150) 99 (500) 0.782 N/A
534 108 0.002 [ Li(150) 98 (250) 0.263 N/A
535 108 0.002 | Li(150) 100 (500) 0.839 N/A
536 108 0.002 [ Li(150) 99 (500) 0.387 N/A

copoly = acrylate-ethylene copolymer detected by "H NMR, ND (not determined) indicates that the
polyacrylate region swamped out the
region of interest for the copolymer therefore it is not determined. N/A indicates that a sample for
"H NMR or GPC was not submitted.

Table 62

Ethylene and E-10-U Copolymerization (18 h, p-xXylene sol-

vent)
Ex. | Cat | mmol | Salteq Aleq mLE-10- | T Pres. | Yield Mw
alyst Ni U °C MPa
537 | 102 | 0.01 0 98 (50) 2.0 60 1.0 2.50 N/A
538 | 106 | 0.002 | Li(150) 98 (250) 1.0 120 | 6.9 8.525 | 6043
539 [ 106 | 0.004 | Li(75) 98 (125) 1.7 120 | 6.9 0.531 4820
540 | 115 | 0.01 Li (30) 99 (50) 1.7 120 | 6.9 0.101 N/A
541 [ 106 | 0.004 | Li(75) 98 (125) 1.7 60 3.5 0.018 N/A
542 | 115 | 0.01 Li (30) 99 (50) 1.7 60 3.5 0.091 N/A
543 | 111 | 0.02 Na (1) 100 (50) 1.1 80 5.2 9.770 N/A
544 | 112 | 0.02 Na (1) 100 (50) 1.1 80 5.2 0.160 N/A

N/A indicates that a sample for 'H NMR or GPC was not submitted.
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Table 63

Copolymerization of ethylene and HA (18 h, 100°C, 6.9 MPa E)

Ex. Catalyst | mmol | Saiteq Al eq mL ac- solvent Yield Mw
Ni rylate

545 104 0.02 Na (5) | 97 (200) 1.0 HA 1,24TCB | 4.881 4177

546 104 0.02 Na (5) | 97 (200) 2.0HA 1,2,4TCB [ 3.392 | 21281

547 104 0.02 Li (5) 99 (50) 1.0 HA 1,24TCB | 6.443 | 21943

548 104 0.02 Li (5) 99 (50) 1.0 HA p-xylene | 7.655 | 29495

Table 64

Copolymerization of Ethylene and EGPEA(18 h, 120°C, 6.9 MPa

E, 0.01 mmol Ni)

Ex. | Catalyst | Salteq Al eq mL acrylate solvent Yield Mw

549 103 Li(50) | 98 (50) 1.0 p-xylene 19.010 | 13399
550 116 Li (50) | 98 (50) 1.0 p-xylene 16.671 | 15559
551 102 Li(50) | 98 (50) 1.0 p-xylene 11.724 | 12804
552 102 Na (50) | 97 (100) 1.0 1,24-TCB | 5.848 | 26061
553 102 Na (50) [ 97 (50) 1.0 1,2,4-TCB | 5.550 11620
554 103 Na (50) | 97 (100) 1.0 1,2,4-TCB | 10.108 | 12359

555 103 Na (50) | 97 (50) 1.0 1,24-TCB | 9.116 | 14836

Examples 556-651

Various isocyanates were used with a single precursor,
di-t-butylphosphinomethyl lithium to prepare variously sub-
stituted ligands (see below). Nickel complexes were then
prepared in situ, and'polymerizations carried out.

All reactions were performed under an atmosphere of ni-
trogen. The isocyanates for the catalyst preparation were
obtained from commercial sources, and wexe purified by dis-
tillation, sublimation, or recrystallization; the compounds
were stored under nitrogen before use. TCB was purchased
anhydrous and used as is. Additional solvents were dis-
tilled from drying agents under nitrogen using standard pro-
cedures: chlorobenzene from P,0s; and THF, from sodium benzo-
phenone ketyl, Ni(II) allyl chloride and NaBAF were prepared
according to the literature.

Ninety-five isocyanates were prepared as THF solutions

(0.0500 M) and are listed in Table 65. These solutions were
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prepared in glass vials capped with Teflon® lined silicone
septa to maintain an inert atmosphere and prevent evapora-
tion.

Preparation of catalyst solutions was performed accord-
ing to equation 1.

O
HF

N 4
L %_ >r NRLI 3’P'~NrNR +Licl  (Eq.1)

12 [N'(C3H5)C|]2 ~

P—CHoLi +

D-2=0=0

96 isocyanates or (N,0) isomer

In a typical procedure, each sample was prepared by adding
sequentially 150(+3) puL of an isocyanate solution (0.0500 M
in THF) followed by 150(+3) pL of a solution of (t-Bu),PCH,Li
(0.0500 M in THF), followed by 150(+3) pL of a solution of

(NiCcl (n®-C3Hs) ), (0.0250 M in THF) to a septa sealed 2 mL
glass vial. The solvent was then removed from each vial by
purging with a nitrogen gas stream and each vial was then
dried for 2 h in a vacuum chamber. A solution of cocatalyst
(B(CgFs)3, B(CgHs)s or NaBAF) 300uL (0.1250 M in chlorobenzene
or TCB) was added into each vial. Each wvial was placed in a
high-pressure reactor. The reactor was pressurized to the
desired pressure (typically 6.9 MPa or 1.0 MPa) with ethyl-
ene and kept at that pressure for 18 h. At the end of the
run, the solvent was removed from each vial under vacuum.
After this operation each vial was weighed to obtain a poly-
mer yield. To rapidly determine the presence of copolymer,
a sample was taken out of each vial and placed in an NMR
tube, CDCl; was added and the solution was analyzed submitted
by 'H NMR spectroscopy. In some (usually promising) cases,
samples were dissolved in TCE and submitted for high tem-

perature **C NMR spectroscopy.
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Condition 1

Run at room temperature and 6.9 MPa of ethylene. Five
equivalents of tris(pentafluorophenyl)borane were present as
a cocatalyst. Eighteen hours was chosen as the run time to
allow for comparison of the lowest and highest yielding
catalysts. Resultg are presented in Table 65. The experi-
mental procedure was repeated several times and despite some
changes in yields, activity trends remained the same.

Condition 2

This was the same as Condition 1, except the ethylene
pressure was 1.0 MPa. Results are shown in Table 65.

Condition 3

This was the same as Condition 1, except 5 equivalents
of triphenylborane was used as a cocatalyst and the polym-
erization was run at 1.0 MPa ethylene pressure. This condi-
tion was repeated several times with similar results each
time. Results are shown in Table 65.

Condition 4

This was run under the same conditions as Condition 1
except, one equivalent of NaBAF was added (150 pl of a 0.05M
solution in THF) after the addition of nickel allyl chlo-
ride.

Condition 5

Run at room temperature and under 6.9 MPa of ethylene.
Five equivalents of tri (pentafluorophenyl)borane were used.
The cocatalyst, instead of being dissolved in pure TCB was
dissolved in a 1:5 (v:v) mixture of EGPEA and TCB. Because
EGPEA has a high boiling point, vials were weighed out imme-
diately after the polymerization reaction without drying.
Relative yields were obtained by difference of the weights
of the “wet” wvials and the pre-tared vials. Results are pre-

sented in Table 65. This condition was repeated several
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times and despite some changes in yields, activity trends
remain the same.

Condition 6

This was the same as Condition 5 except the polymeriza-
tion was run at 100°C. Results are presented in Table 65.
This condition was repeated several times and despite some
changes in yields, activity trends remain the same.

Condition 7

This was run in the same manner as Condition 6 except 1

equivalent of NaBAF added (150 pl of a 0.05M solution in
THF) was also added after the nickel allyl chloride was
added. Results are given in Table 65. **C NMR analysis in-
dicates that the polymer in Example 582 gives a copolymer
with 1.04 mol% incorporation under this condition.

Condition 8

This condition was the same as Condition 7, except the
EGPEA contained 250 ppm of benzogquinone as a free radical
polymerization inhibitor. Results are given in Table 65.
BC NMR analysis indicates that the polymers produced in Ex-
amples 583 and 591 gave copolymers with trace incorporation
of EGPEA, the polymer of Example 585 had 0.17 mol% incorpo-
ration of EGPEA, the polymer of Example 632 had 0.51 mol%
incorporation of EGPEA, and the polymer of Example 640 had

0.90 mol% incorporation of EGPEA, all under this condition.
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Example 652

Synthesis of Catalyst Derived From t-Butyl Isocyanate

A 500-mL round-bottomed flask was charged with 536 mg
ﬂ5.40 mmol) of t-butylisocyanate dissolved in ca. 30 mL THF.
Then (t-Bu),P-CH,Li (898 mg, 5.40 mmol) dissolved in ca. 30
mL THF was added. The reaction was stirred for one h after
which time, a solution of (Ni(C3Hs)Cl), (730 mg, 2.70 mmol)
in THF (ca. 30 mL) was added and stirred for an additional
one h and the solvent removed. The residue was washed with
hexane and dried in vacuo to yield 1.80 g (83%) of a purple
powder. 'H-NMR (CD,Cl,, 23°C, 300 MHz): d 6.0-4.0 (broad sig-
nalsg), 4.0-2.0 (broad signalsg), 1.0-0.0 (broad signals, t-
Bu), *'P-NMR (CD,Cl,, 23°C, 300 MHz): § 46.7 (s).

Bxamples 653-673

Toluene was purified according to R. H. Grubbs et. al.,

Organometallicsg, 1996, 15, p. 1518-1520. Methyl acrylate

was sparged with nitrogen and passed through a column of ac-
tivated neutral alumina in the drybox before use. 1In a dry-
box 1.77 g NaBAF, B(Ce¢Fs5)s (see Table 66), meth&l acrylate
(see Table 66) and all but 20 mL of the toluene were com-
bined. The total volume of the reaction mixture was 100 mL
and the amount of methyl acrylate and toluene were calcu-
lated on this basis. This solution was transferred to a
metal addition cylinder in the drybox, and the solution was
then charged to a nitrogen-purged 450 mL jacketed autoclave.
In the drybox 45 (0.0286 g) was dissolved in the remaining
20 mL of toluene and mixed for 30 minutes on a lab Vi-
bramixer®. This solution was transferred via cannula under
positive nitrogen pressure to a small metal addition cylin-
der attached to the autoclave. While stirring, the auto-
clave was charged with ethylene to 350 kPa and vented three
times. The reactor and its contents were heated to the reac-

tion temperature (Table 66) using a steam/water mixture in
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the autoclave jacket. After achieving the desired operating
temperature, the autoclave was pressurized with ethylene to
350 to 690 kPa below the desired operating pressure (Table
66). The catalyst addition cylinder was charged with ethyl-
ene to the desired operating pressure, and the catalyst so-
lution was then pressure injected to begin the polymeriza-
tion. Ethylene was fed to maintain a constant pressure. Af-
ter 6 h, the reaction was cooled to RT. All volatiles were
removed from the reaction solution using a rotary evapora-
tor. The evaporated residue was washed with three 50-100 mL
portions of methanol with decanting of the methanol into a
fritted glass filter after each wash; The methanol insolu-
ble solids were then transferred to the filter with methanol
and washed on the filter with additional methanol. The sol-
ids were dried for 18 houré at 60°C in a vacuum oven. Mo-
lecular weights of the isolated polymer samples were deter-
mined by GPC. **C NMR of the dried polymers was used to cal-
culate the weight% of homopoly(methyl acrylate), the mole%
MA content of the ethylene/methyl acrylate copolymer, and
the amount of branching in the polymer. (See Figure 3 for 3C
peak assignments and formulas for the mole% calculations.)
Weight% calculations were done using the mole% values and

the molecular weights of the components.
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Examples 674-769

All reactions were performed under a nitrogen atmos-
phere. The additives were obtained from commercial sources
and used as received. Solvents were purchased anhydrous and
distilled from P,0s (chlorobenzene), sodium benzophenone ke-
tyl (THF), CaH, (acetonitrile) or used as received (TCB,
methanol) .

The additives were prepared as soiutions (0.0375 M) in
THF (Ex. 674-722), acetonitrile (Ex. 723-739), methanol (Ex.
740-754) and water (Ex. 755-758). These solutions were pre-
pared in glass vials capped with Teflon® lined silicone
septa to maintain inert atmosphere and prevent evaporation.

The nickel compounds used are shown below.

Wl
Q. y N Ci)—3>—COZMe /_(o

o ° 7rP\Ni/O
B 7
CF
A g4 B

e
T7r‘\/ _<$

Ni

7

c

General Polymerization Procedure: In a nitrogen flushed

box, a 150 pL or 750 pL of additive solution (0.0375 M) was
added to a septum sealed 2 mL glass vial. The septum cap
was removed and the solvent was removed under a nitrogen gas
stream and the sample wasg dried for 20 min in a vacuum cham-
ber. Additives for Ex. 763-773 were added to separate 2 mL
glass vials by weighing solid (0.0056 mmol or 0.028 mmol)

directly into the wvial. The vial was recapped and a solu-

140



10

15

20

25

30

WO 01/92342 PCT/US01/17627

tion (3 mL of THF) of catalyst A, B or C was added to the
vial. Catalysts B and C may contain 0-2 equiv of LiCl and
we have assumed 1 equiv for the purposes of calculatiﬁg a
molecular weight. The septum cap was removed and the sol-
vent was removed under a nitrogen gas stream and the sample
was dried for 20 min in a vacuum chamber. The vial was re-
capped with a septum cap. A 0.300 mL polymerization solu-
tion containing solvent, cocatalyst(s) and acrylate monomer,
if any, was added into each vial. Each vial was placed into
a high-pressure reactor and pressurized with ethylene to the
desired pressure and temperature for a total of 18 h. For

ethylene polymerization experiments the volatiles were re-

moved from each vial in a heated (approx. 50°C) wvacuum cham-
ber. The weight of the vial was measured and the tare
weight of the vial was subtracted to calculate the weight of
polymer generated (catalyst residue is not taken into con-
sideration). For ethylene copolymerization experiments the
vial is weighed directly and the tare weight of the vial was
subtracted to calculate the relative weight of polymer gen-
erated (the solvent, monomer and catalyst residue are not
subtracted from this weight). The amounts of polymers pro-
duced (in g) are given in Table 67. Polymerization condi-
tions are given below.

Condition 1: Catalyst B with 5 equiv of additive and

0.300 mL of chlorobenzene. The polymerization was conducted
at 6.9 MPa of ethylene at RT for 18 h.
Condition 2: Catalyst B with 1 equiv of additive, 5

equiv of B(CeFs)3 and 0.300 mL of chlorobenzene. The polym-
erization was conducted at 1.0 MPa of ethylene at RT for 18
h.

Condition 3: Catalyst B with 5 equiv of additive, 1

equiv of NaBAF and 0.300 mL of chlorobenzene solution (the

chlorobenzene solution contained 2.5 volume % of diethyl
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ether). The polymerization was conducted at 6.9 MPa ethyl-
ene at RT for 18 h.
Condition 4: Catalyst A with 1 equiv of additive, 5

equiv of B(CeFs)3, 5 equiv of LiB(C4¢Fs5)s and 0.300 mL of TCB
solution (the TCB solution contained 20 volume % of EGPEA) .
The polymerization was conducted at 6.9 MPa of ethylene at
100°C for 18 h.

Condition 5: Catalyst B with 1 equiv of additive, 5

equiv of B(CeFs5)3, 5 equiv of LiB(Ce¢Fs5), and 0.300 mL of
1,2,4-TCB solution (the 1,2,4-TCB solution contained 20 wvol-

[+]

ume % of EGPEA). The polymerization was conducted at 6.9

MPa of ethylene at 100°C for 18 h.

Condition 6: Catalyst A with 5 equiv of additive, 5

equiv of LiB(CgFs)s and 0.300 mL of TCB solution (the TCB so-

lution contained 20 volume % of EGPEA). The polymerization

was conducted at 6.9 MPa of ethylene at 100°C for 18 h.
Condition 7: Catalyst C with 1 equiv of additive, 5

equiv of B(CgFs)3 and 0.300 mL of chlorobenzene. The polym-
erization was conducted at 3.5 MPa of ethylene at RT for 18

h.
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Table 68

Copolymerization Using 0.02mmole Catalyst, 40eq B(CeFs)3, 8mL

TCB, 2mL HA, at 120°C under 6.9MPa E for 18h

Ex Catalyst Sm(OTf)s Yield #Me/ Mole% m.p. Mw/PDI
@) 1000CH> Comonomer (°C) (AHy)
770 5 leq 1.429 28 0.6 118 (96.0) 9,859/8.8
771 21 leq 8.184 31 1.28 (PC) 112 (182.7) 1,628/2.4
0.40IC
0.88 EG
772 39 Oeq 0.216 28 0.8 111 (158.3) Bimodal
97 First
497,946/2.3
Second
MP = 887
Table 69

Copolymerization Using 0.02mmole Catalyst, 40eq B(CeFs)3,

20eq LiB(CeFs5)as, 8mL TCB, 2mL HA, at 120°C under 6.9MPa E for
18h

Ex Catalyst | Yield #Me/ Mole% m.p. Mw/PDI
(9) 1000CH; | Comonomer (°C) (AHy)

773 5 3.998 10 0.54 (°C) 124 (209.5) 3,567/2.2
0.251C
0.29 EG
774 7 1.075 19 038 (°C) 112 (191.2) 1,405/1.8
0.191C
0.19 EG
775 6 1253 13 0.53 (°C) 122(190.6) | 11,123/10.8
0.251C
0.28 EG
776 2 0.461 9 0.41 (°C) 125 (186.6) | 22,311/10.8
0.20IC
0.21 EG
777 26 0.897 11 0.61 (°C) 118 (172.3) 3,595/2.1
0.39IC
0.22 EG
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Table 70
3C NMR Branching Analysis for EGPEA Copolymers

Ex Total Me Et Pr Bu Hex+ Am+ Bu+
Me &EOC | & EOC | &EOC
773 10.0 1.8 1.3 0.1 1.5 8.4 6.7 6.8
774 18.7 3.8 1.8 04 0.7 11.6 11.7 12.8
775 12.7 2.0 1.6 04 0.7 7.9 8.2 8.6
776 9.2 1.8 2.0 0.5 1.4 7.8 4.3 4.9
777 11 -} 1.5 2.5 0.4 1.1 8.2 6.9 6.8
CFs
_0—B )
M/~ © 3
jK/ Nfg
s

Example 778

Synthesis of 118.

In a drybox, 0.300g 40 and 0.487g tris(3,5-
bis(trifluoromethyl))borane were dissolved in 25mL toluene.
This mixture was allowed to stir at RT for 1h. The mixture
was filtered through Celite® and the solvent was evaporated.
Brown solid (0.160g) was obtained. A single crystal was ob-
tained by slowly evaporate the methylene chloride/heptane
solution of 40. X-Ray single crystal analysis confirmed the

Zwitterionic structure of this catalyst.
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Copolymerization Using 0.02mmole Catalyst, with a Total Vol-

Table 71

PCT/US01/17627

ume of 10mL of TCB and Polar Monomer,

at 80°C under 3.4 MPa

of Ethylene

Ex. | Catalyst | B(CgFs)s Polar Polar Monomer | Yield
Monomer Volume (mL) (9)
779 2 40eq /\X 2 0.010
/ CHz0H
780 118 Oeq 3 0.345
7
o]

781 2 40eq CH,=CH(CH,),C(O)CH; 3 0.020
782 40eq COEt 3 0.556
4’4?\\*’1f;c025
783 2 40eq CH,=CH(CH,);C(CH,0);CCHj, 3 10.26

: 9

Table 72

Ethylene Polymerization Using 0.0lmmole Catalyst, 20eq

LiB (CsFs) 4,

10

Ethylene/CO Copolymerization Using 0.02mmole Catalyst, 40eq

10mL TCB, at 60°C under 3.4 MPa Ethylene for 18h
Ex Catalyst | Yield #Me/ m.p. Mw/PDI
(9) 1000CH, (°C) (AHy)
784 2 1.842 8 126 (166.2) 35,425/2.8
785 6 1.698 5 128 (172.7) 43,111/2.2
786 5 4.377 16 123 (173.9) 17,351/3.0
787 7 9.143 70 105 (157.2) 1,636/4.3
788 30 0.281 17 123 (195.5) 12,383/9.6
Table 73

B(CgFs)s, 10mL TCB, at 100°C under 2.8MPa Ethylene/CO (9:1 mo-

lar ratio) for 16h

Ex Catalyst Yield (g)
789 21 0.345
790 0.108
791 0.201
792 0.024
793 40 0.480
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ously incorporated U.S. Patent application

Ni
\d/
119

0—B(CsFs)s
/7 \< ©

N

PCT/US01/17627

@)
v

=~

120

Syntheses of these compounds will be found in previ-

5 (filed concurrently 31 May 2001, Applicant’s reference

CL1655 US NA)

and U.S. Provisional Patent Application

(filed concurrently 31 May 2001, Applicant’s refer-

ence CL1744 US PRV1) (incorporated by reference herein for

all purposes as if fully set forth).

10

Table 74

Copolymerization Using 0.02mmole Catalyst, 40eq B(CgFs)3, 6mL

TCB, 4mL HA,

at 100°C under 6.9MPa E for 18h

Ex. | Catalyst | Yield #Me/ Mole% HA m.p.,(°C) Mw/PDI TON
(9) 1000CH, | in Polymer [AH{] E/HA
794 120 2.067* 24 3.9 106 [120] 7,664/2.3 | 3,009/121

* In addition to 2.067 g copolymer, HA homopolymer (0.567 g) was also produced.

15 Table 75 '
Copolymerization Using 0.02mmole Catalyst, 40eq B(CsFs)s, 6mL
TCB, 4mL HA, or EGPEA at 120°C under 6.9MPa E for 18h
Ex. | Catalyst Co- Yield #Me/ m.p. Mw/PDI TON
Monomer (9) 1000CH, | (°C) [AH{] E/Comonomer
(Mole%)
795 120 HA 2.543* 29 97 [86.3] 6,688/2.7 3,587/170
(4.4
796 120 EGPEA | 3.182%% 22 100[88.8] | 9,821/3.3 4,989/100
(2.0)
* Contained 2.543 g copolymer and 0.772 g homopolymer of HA
** Contained 3.182 g copolymer and 1.963 g homopolymer of EGPEA
20
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OMe NPh,
A 3G

0
N/ N, O P\
. B
¥ r\Il@ " \Nié) Barfe >( ' Barf™
" \
X~ \\l% N
121. R,R'=iP;R"=H
122. R,R'=Me,R"=H 126 127

123. R, R, R"=Me
124. R, R"=Me; R'=CI
125. R,R'=Me; R"=Br

Table 76
E/HA Copolymerization Using 0.02mmole Catalyst, 40eq

5 B(C¢Fs)3, , 20eq Li B(C¢Fs)s, 6mL TCB, 4mL HA, at 100°C under
6.9MPa E for 18h
Ex. Catalyst Mole % HA Yield #Me/ m.p. (°C) (AHp) Mw/PDI TON
in Polymer (® 1000CH, E/Comonomer
797 121 2.3 0.356" 13 122 (138.6) 4,864/2.6 477/11
798 126 0.2° 0.403° 3 126 (181.4) 19,918/8.0 659/6

? Contained 0.302 g copolymer and 0.054 g homopolymer of HA

® 1 mL HA was used rather than 4 mL

¢ Contained 0.380 g copolymer and 0.023 g homopolymer of HA
10

Table 77
Copolymerization Using 0.02mmole Catalyst, 40eq B(CeFs)s,

20eq Li B(C¢Fs)a, 8mL TCB, 2mL HA, at 100°C under 6.9MPa E for

18h
Ex. | Catalyst | Yield(g)* | #Me/1000CH, | Mole % HA | m.p. (°C) (AHy) Mw/PDI
in Polymer
799 121 1.750 27 0.8 124 (160.1) 10,049/3.47
800 122 1.710 26 1.2 118 (176.1) 3,422/2.42
801 123 0.834 34 1.8 120 (147.9) 3,605/1,521
802 124 0.478 52 22 95 (132.9) 2,392/2.37
803 125 0.804 36 1.8 119 (153.5) 3,275/2.40
804 127 4.257 8 1.1, 123 (158.1) 7,725/1.97

15 2 A11 of the copolymer products contained a small amount of homopolymer of HA
®20 eq of NaBArF was used here rather than 20eq of LiB(C¢Fs)4; toluene was used as solvent here rather
than TCB

Examples 805-833

20 The reaction mixture including catalyst, solvent, ac-

rylate and cocatalysts was assembled inside a nitrogen
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filled drybox and placed in a 50mL stainless steel pressure
vessel. A stir bar was added and the vessel sealed and re-
moved from the drybox where it was pressurized with ethylene
to the desired pressure. The vessel was heated and stirred
with a constant pressure of ethylene for the duration of the

reaction.

[ NN, CHpSiMes

“N” CH,SiMes

128
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Examples 829-846

- -
=N Br . toluene

129

Preparation of Supports

Support A: Inside a nitrogen filled drybox, dehy-
drated, spray-dried spherical silica (2g, Grace XP0-2402,
dehydrated to ~ 1 mmol OH / g gilica) was placed in 6mL
dry toluene and AlMe3 (3 mL, 2M in hexane, Aldrich) added.
The slurry was agitated by shaking for 30 min after which
the solids were filtered, washed with pentane and dried
under vacuum.

Support B: Inside a nitrogen filled drybox, spray-
dried spherical silica-alumina (lg, Grace MS 13-1.10, de-
hydrated at 500°C) was placed in 6mL dry toluene and AlMe;
(1.8 mL, 2M in hexane, Aldrich) added. The slurry was
agitated by shaking for 30 min after which the solids were
filtered, washed with pentane and dried under vacuum.

Preparation of Catalysts

Catalyst I: Support A (0.5g) was added to a solution
of 45 (76 mg, 0.05 mmol) in anhydrous toluene. The slurry
was agitated by shaking for 30 min after which the solids
were filtered away from the brown filtrate and dried under
vacuum.

Catalyst II: Silica supported MAO (Albemarle Corp, 18
wt% Al on spherical silica) was added to a solution of 45
(76 mg, 0.05 mmol) and B(Ce¢Fs)s (0.133g, 5eq) in anhydrous
toluene. The slurry was agitated by shaking for 30 min

after which the solids were filtered away from the black /

oe

brown filtrate and dried under vacuum. ICP: % Ni = 0.43
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Catalyst III: Support A (0.5g) was added to a solu-
tion of 45 (76 mg, 0.05 mmol) and B(Ce¢Fs)z (0.133g, 5eq)
in anhydrous toluene. The slurry was agitated by shaking

for 30 min after which the solids were filtered away from

o

the green / brown filtrate and dried under vacuum. ICP:

o\e

Ni = 0.42
Catalyst IV: Inside a‘nitrogen filled drybox, spray-
dried spherical silica alumina (0.5 g, Grace MS 13-1.10,
dehydrated at 500°C under flowing N;), was placed in anhy-
drous toluene (8 mL) and 45 (38 mg, 0.025mmol) added. The
slurry was agitated by shaking for 30 minutes after which
the orange brown solids were filtered, washed with toluene

and finally pentane and dried under vacuum. ICP: % Ni =

o°

0.28

Catalyst V: Inside a nitrogen filled drybox, spray-
dried spherical silica alumina (0.5 g, Grace MS 13-1.10,
dehydrated at 500°C under flowing N;), was placed in anhy-
drous methylene chloride (8 mL) and 129 (16 mg, 0.022
mmol) added. The slurry was agitated by shaking for 45 min
after which the orange solids were filtered, washed with
toluene and finally pentane and dried under vacuum. ICP:
% Ni = 0.24 %.

Catalyst VI: Support B (0.25g) was added to a solu-
tion of 45 (19 mg, 0.013 mmol) in anhydrous toluene. The
slurry was agitated by shaking for 45 min after which the
solids were filtered away from the dark green filtrate,
washed with toluene and dried under vacuum.

Catalyst VII: Support A (0.25g) was added to a solu-
tion of 45 (19 mg, 0.013 mmol in anhydrous toluene. The
slurry was agitated by shaking for 45 min after which the
solids were filtered away from the light brown filtrate,

washed with toluene and dried under wvacuum.
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Catalyst VIII: Silica supported MAO (0.25g, Al-
bemarle, 18 wt% Al) was added to a toluene solution of 45
(19 mg, 0.013 mmol in 10 mL). The slurry was agitated by
shaking for 30 min after which the solids were filtered
away from the blue filtrate, washed with toluene and dried
under vacuum. ICP; %Ni = 0.36%.

Catalyst IX: Support B (0.25g) was added to a solu-
tion of 45 (19 mg, 0.013 mmol) in anhydrous toluene.
E(Cﬁ%)3 (56 mg, Boulder Scientific) was added and the
slurry was agitated by shaking for 30 min after which the
solids were filtered away from the brown filtrate, washed
with toluene and dried under vacuum. ICP $Ni = 0.28%.

Catalyst X: Support A (0.25g) was added to a solution
of 45 (19 mg, 0.013 mmol) in anhydrous toluene. The
slurry was agitated by shaking for 60 min after which the
brown solids were filtered away from the green filtrate,
washed with toluene and dried under vacuum.

Catalyst XI: Support A was added to a solution of 45
(19 mg, 0.013 mmol) in anhydrous toluene. The slurry was
agitated by shaking for 60 min after which the orange sol-
ids were filtered away from the orange filtrate, washed
with toluene and dried under vacuum.

Catalyst XII: Support A (0.25g) was added to a solu-
tion of 129 (9.6 mg, 0.013 mmol) in anhydrous toluene.

The slurry was agitated by shaking for 60 min after which
the gray solids were filtered away from the purple fil-
trate, washed with toluene and dried under vacuum.

Catalyst XIII: Support A (0.25g) was added to a solu-
tion of 40 (5.6 mg, 0.013 mmol) in anhydrous toluene. The
slurry was agitated by shaking for 60 min after which the
orange solids were filtered away from the orange filtrate,

washed with toluene and dried under wvacuum.
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Catalyst XIV: Support A (0.25g) was added to a solu-
tion of 21 (4.5 mg, 0.013 mmol) in anhydrous toluene. The
slurry was agitated by shaking for 60 min after which the
beige solids were filtered away from the filtrate, washed
with toluene and dried under vacuum.

Copolymerization of ethylene with EGPEA

The solid catalyst and cocatalyst components (cata-
lyst ~0.004 mmol, 0.177g NaBAF, and optionally B (CgFs)3)
were added to a glass insert. Solvent (anhydrous chloro-
benzene, 9 mL) and EGPEA, (1lmL, filtered through basic
alumina, Aldrich) were added last and the insert placed in
a metal pressure vessel. Some ethylene was admitted and

the vessel was heated to 120°C and then pressurized to 6.9

" MPa with ethylene and agitated for 18 h. After this time

the reactor was cooled, the pressure released and the con-
tents of the insert placed in stirring methanol to pre-
cipitate polymer product. The polymeric product was then

filtered, washed well and dried. Results are given in Ta-

ble 79.
Table 79

Ex | Catalyst (mg) | B(CeFs)s | AMe(BHT), | Yield(g) | % EGPEA’in- | kg PE/g Ni

98 eq 20 eq corporated !
829 | 45 (5.8 mg)’ 0.2g - 6.6 0.5 28
830 | 45(5.8mg)’ | 02¢g 40 mg 5.4 0.5 23
831 | 45(5.8 mg)’ - 40 mg 2.7 0.7 11
832 | VII (77 mg) i - 0.6 0.4 3
833 1 (40 mg) 02g 34 0.5 14
834 IV (77 mg) 02g 5.3 04 22
835 | V(77 mg) 0.2g 2.1 0.5 9
836 | X (80 mg) 02g - 36 0.7 15
837 | XI(80 mg) - 40 mg 3.0 0.8° 13
838 | Xl (80 mg) - 40 mg 2.1 0.9° 9
839 | Xil (80 mg) - 40 mg 6.9 0.5 29
840 | XIV (80 mg) - 40 mg 0.1 0.3 0.5

" This is calculated based on the amount of nickel added when the catalyst was prepared. As
substantial amounts of color washed away from the support this value represents a minimum
activity, % Incorporation may be high due to presence of homopolymer which makes calculation
of % incorporation less accurate, ° Determined by H-NMR at 120°C in TCE-d,. * No support.
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Inside a nitrogen filled drybox the solid catalyst
and cocatalyst components (2.5 mg NaBAF, and optionally
B(Ce¢Fs)3) were added to glass inserts. Solvent (anhydrous
chlorobenzene, 0.25 mL) and EGPEA, (0.05 mL, filtered
through basic alumina, Aldrich) were added last and the
inserts placed in a metal pressure vessel. The vessel was
sealed, removed from the drybox and placed under an atmos-
phere of ethylene at 6.9 MPa and heated to 110-120°C for
16 h. After cooling the vessel was opened and the reac-
tions quenched with methanol, and the polymeric product
filtered, washed with methanol and dried. Results are

given in Table 80.

Table 80

Ex. Catalyst (mmol) Yield % EGPEA?Z in- End Groups

(mg) corporated Int: Term.
841 45" (0.002) 0.36 1.5 9:1
842 11 (0.002) 0.13 1.3 1:1.1
843 111 (0.002) 0.13 1.9 1:1.1
844 45" (0.001) 0.22 1.5 2:1
845 VI (0.001) 0.08 1.9° 1:1.3
846 VI (0.001) 0.07 1.2 1:1.3

720 mg B(CsFs)s added as activator. No support “ Incorporation may be high due to
presence of homopolymer which makes calculation of % incorporation less accurate

Examples 847-850

General Procedure for Polymerizations in Tables 81-86

The polymerizations were carried out according to
General Polymerization Procedure A. Varying amounts of
acrylate homopolymer are present in some of the isolated
polymers. For acrylate copolymers, the yield of the poly-
mer is reported in grams and includes the yield of the
dominant ethylene/acrylate copolymer as well as the yield
of any acrylate homopolymer that was formed. Molecular
weights were determined by GPC, unless indicated other-
wise. Mole percent acrylate incorporation and total Me
were determined by 'H NMR spectroscopy, unless indicated

otherwise. Mole percent acrylate incorporation is typi-
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cally predominantly IC, unless indicated otherwise. The

LiB(CgFs) 4 used (LiBArF) included 2.5 equiv of Et,0.

S~

R _N OMe
AL
Q?k OMe
So,Me ‘LIBAF
A
/
2 F%P
~N
R ,N—é P
N O &
0 s
/ Lo HBAF Y 2 j_"/
2Ve Y LBaF
A3 CO,Me A4

2,6-Bis-dimethoxyphenyllithium was prepared from
14.18 g (0.103 mole) of 1,3-dimethoxybenzene, 77 mL of a
1.6 M solution of BuLi in hexanes and 0.23 mL of
N,N,N',N'-tetramethylethylenediamine in dry diethyl ether
(72 mL). Dichloromethylphosphine (5.0 g, 0.04276 mole) was
added at 0°C, and the reaction mixture was stirred at room
temperature overnight. Methanol (20 mL) was added, and
the mixture was concentrated to about half its original
volume under reduced pressure. The resulting white pre-
cipitates were filtered and were recrystallized from
methanol to give white crystals of bis-(2,6-
dimethoxyphenyl) (methyl) -phosphine with 48% yield (6.6 g)
and melting point at 112.33 °C. 'H NMR (CDCl;) §1.75 (s
(broad), 3H, Me-P), 3.55 (s, 12H, Me-0), 6.4- 7.2 (m, 6H,
aromatic protons); *'P NMR (CDCls) & - 51. 5 ppm. LS/MS:
found m/w is 321, calculated m/w is 321. Anal. found: C
64.30%; H 6.45%; calculated for Ci7H,30,P: C 63.49%; H
6.85%.

Synthesis of A-3. Bis-(2,6-
dimethoxyphenyl)phosphino] -methyllithium (2,6-MeO-Ph),P-
CH,-Li) (0.33 g, 0.001 mole) was prepared from a 7 mL THF

solution of equi-molar amounts of bis-(2,6-
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dimethoxyphenyl) - (methyl) phosphine and a 1.6 M solution of
butyllithium in hexanes with a catalytic amount of TMEDA
added. tert-Butylisocyanate (0.125 g, 0.001 mole) in 3 mL
of THF was added to the reaction mixture, which was' then
stirred for 12 hours. Next, 0.24 g (0.0005 mole) of 2-

methoxycarbonyl-allyl nickel bromide dimer

[ (CH;=C (CO;Me) CH,)Ni (u-Bxr) ], and 0.89 g (0.001 mole) of
NaBAF in 4 mL of THF was added to the reaction mixture,
which was stirred overnight. The next day, the solvent was
pumped off and the residue was redissolved in diethyl
ether. The solution was filtered through Celite®, and sol-
vent was removed under vacuum. Viscous brown product
(0.92 g) was obtained. 3P NMR (CD,Cl,): one major peak at
26.49 ppm.

Synthesis of A-1 and A-4. Synthesis was in a fashion
analogous to that reported for A-3 in above, except that
(t-Bu) PCH,Li was employed as the base for the synthesis
of A-1 and different electrophiles were employed. The

electrophiles employed and compound characterization fol-

low:
Cmpd Electrophile *'P NMR? (CD,Cl,)
. [
A-1 2,4-Dimethoxy- 60.6 ppm (major);
phenylisocyanate 62.1 ppm (minor)
A-4 2,4,6-Trimethoxy- 22.5 (major)
benzophenone

®In some cases, additional minor resonances were present in the °'P NMR spectrum.
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Table 81

Ethylene Homopolymerizations and Ethylene/Acrylate Co-

polymerizations (18 h)

Ex Cmpd AcrylatemL B(Ce¢Fs); Press Temp Yield Ac- M.W. To-
(mmol) (Solvent (Borate) MPa °C g rylate tal
mL) Incorp. Me
mol%
847 A-1 EGPEA 1 100 34 60 0.64 0.5 M,=13,148; 7.1
(0.004) (p-Xylene 9) equiv 0.31C M.=14,087;
(NaBAF 0.2 EG M,=6,487;
50 PDI=2.17
equiv)
848 A-1 EGPEA 1 20 equiv 1 60 0.09 1.4 M,=5,447; 13.3
(0.02) (p-Xylene 9) (NaBAF 0.71C M,=8,088;
10 0.7 EG M.=3,454;
equiv) PDI=2.17
849 A-3 None 10 equiv. 3.4 60 0.80 — M,;=801; 119
(0.02) (p-Xylene (None) My=37,894;
10) Mn=500;
PDI=75.77
850 A-4 None 10 equiv 34 60 0.33 — M,=956; 76.4
(0.02) (p-Xylene (None) M,=52,382;
10) Mn=817;
PDI=64.09
Table 82

Ethylene/Acrylate Copolymerizations (0.004 mmol Cmpd, 18

h, 100 equiv B(C¢Fs)3, 50 equiv LiB(C¢Fs5)s, 1 mL EGPEA, 9 mL

p-Xylene)
Ex Cmpd Press Temp. Yield Acrylate M.W. Total
MPa °C g Incorp Me
Mol%
851 45 2.1 60 0.008 0.7 Mx("H): No Olefins 11.9
852 91 21 60 0.008 1.5 Ma("H): No Olefins 13.6
853 94 2.1 60 0.011 1.2 Mq("H): No Olefins 94
854 53 21 60 0.041 24 Mq("H)=3,528.3 247
A 201C
04 EG

*Predominant alpha olefin end groups; some internal olefin end groups also present.
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Table 83
Ethylene/E-10-U Copolymerizations: Variation of Tempera-

ture and Pressure (0.02 mmol Cmpd; 2 mL E-10-U; 8 mL TCB;

40 equiv B(C¢Fs5)3; 18 h)

Ex Cmpd Press Temp Yield Comonomer M.W.
MPa °C g Incorp
mol%
855 46 1 25 3.24 3.3 M,=67,355; M,,=74,377;
Mn=39,452; PDIi=1.89
856 46 34 60 11.14 28 M,=67,243; M,=69,152;
Mn=34,553; PDI=2.00
857 46 6.9 120 6.09 1.1 M=13,731; M,,=20,516;

M,=5,477, PDI=3.75

Table 84
Ethylene/Zonyl TAN (ZTAN) Copolymerization (0.002 mmol

Cmpd; 200 equiv B(C¢Fs)3; 100 equiv NaBAF; 18 h)

Ex Cmpd ZTANg Press Temp Yield Comon- M.W. Total
(p- MPa °C g omer Me
Xylene Incorp
ml.) Mol%
858 45 2 6.9 120  17.90 Trace Mp=11,579; Nd
8) My=12,467;
Mn=4,226;
PDI=2.95
859 45 3 4.1 80 0.613 0.52 Mp=24,805; 20.3°
) (®c M,=23,507; ("°C
NMR) M,=10,500; NMR)
PDI=2.24
860 45 3 6.9 100 1.75 0.30 M,=20,490; 27.4°
(0.002) (7) ®c  wm,=21489; (°c
NMR) M.,=10,466; NMR)
PDI=2.05

®Branches as determined by "°C NMR spectroscopy: 20.3 Total Me; 14.8 Me; 1.9 Et; 0.8 Pr,
1.2 Bu; 1.6 Hex+ and eoc; 2.7 Am+ and eoc; 2.8 Bu+ and eoc. “Branches as determined by
SC NMR spectroscopy: 27.4 Total Me; 18.9 Me; 2.9 Et; 1.3 Pr, 1.5 Bu; 3.5 Hex+ and eoc; 3.8
Am+ and eoc; 4.2 Bu+ and eoc.
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Table 85
Ethylene/Acrylate/alpha-0lefin Terpolymerizations (0.002

mmol Cmpd; 18 h; 6.9 MPa E; 120°C; 8 mL p-Xylene; 200

equiv B(C¢Fs5)3; 100 equiv NaBAF; alpha-Olefins: 1-Hexene,

1-H; Ethyl-10-Undecylenate, E-10-U)

Ex Cmpd Acrylate a-Olefin Yield Acrylate E-10-U  Total
mL mL g Incorp?  Incorp®  Meé®
mol% mol%
861 45 EGPEA 1-H 1.64 0.57 b 57.2°
1 1
862 45 EGPEA E-10-U 2.24 0.86 0.80 . 45.0°
1 1
863 40 EGPEA 1-H 6.33 0.51 b 11.7°
1 1 0.231I1C
0.28 EG
864 40 EGPEA E-10-U 3.48 0.42 0.33 8.7
1 1 0.211C
0.21 EG

Acrylate incorporation, E-10-U incorporation, and Total Me were determined by °C NMR
spectroscopy. For 1-H terpolymers, acrylate incorporation was determined by assuming that
the copolymer was derived from just ethylene and acrylate. ®The larger number of butyl
branches relative to ethyl branches is consistent with 1-hexene incorporation. °57.2 Total Me;
31.6 Me; 7.2 Et; 2.9 Pr, 7.4 Bu; 4.5 Hex+ and eoc; 8.7 Am+ and eoc; 15.4 Bu+ and eoc; Megg,
=1.8%; Etsg, = 16.4%. 9450 Total Me; 23.8 Me; 5.6 Et; 6.6 Pr, 2.3 Bu; 4.1 Hex+ and eoc; 0.7
Am+ and eoc; 9.0 Bu+ and eoc; Meg, = 2.7%; Et, = 18.4%. °11.7 Total Me; 2.0 Me; 0.8 Et;
0.3 Pr, 1.5 Bu; 5.9 Hex+ and eoc; 5.5 Am+ and eoc; 8.6 Bu+ and eoc. ‘8.7 Total Me; ~0 Me;
0.6 Et; 1.4 Pr, 0.3 Bu; 6.7 Hex+ and eoc; 1.5 Am+ and eoc; 6.7 Bu+ and eoc.
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Table 86
Ethylene/Acrylate Copolymerizationg (0.02 mmol Cmpd; 6.9

5 MPa E; 1 mL EGPEA; 9 mL TCB; 18 h)
Ex Cmpd Borane Borate Temp Yield Comon- M.W. Total
equiv equiv °C G omer Me
Incorp
mol%
8656 H-1 B(CsFs) NaBAF 120 1.28 0.2 My=5,017; M,=6,796;, 54.3
320 10 IC&EG M,=1,840; PDI=3.69
866 H-2 BPh; none 80 0.14 5.3 Bimodal 22.0
20 UV: My=21,679;
Rl My=20,271;

Example 867 - Synthesis of (t-Bu),PCH,N(2,6-CsFH3)OLi

FQ
tBu./ N F

t-Bu/P OLi

10 ‘ 1001

In a dry box, to a 50 mL flask containing 10 mL of
THF solution of 1,3-difluoro-2-nitrosobenzene (0.0276 g,
0.193 mmol), was added slowly to a THF solution of (t-
Bu),PCH,Li (0.0321 g, 0.193 mmol) at -30°C. The solution
15 was stirred 2 hours and it turned brown. After removal of
the solvent, the purple residue was rinsed with pentane

and dried under vacuum. A brown powder was obtained.
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Example 868 - Synthesis of (t-Bu),PCH,N (2-(3-0Li) CioHg)OLi

N O-Li
t-Bu. _/ \
s oLi
t-Bu

1002

In a dry box, to a 100 mL flask containing 20 mL of
THF solution of 2-nitroso-1l-naphthol (0.1044 g, 0.603
mmol), NaH (0.016 g, 1.1 equiv.) powder was added slowly
at room temperature. When no more H, was released, a THF
solution of (t-Bu),PCH,Li (0.1002 g, 0.603 mmol) at -30°C
was added slowly. The solution was stirred 2 hours and
turned brown from yellow. After removing the solvent, a
brown powder (0.1402 g, 0.388 mmol) was obtained in 64%
vield. *H NMR (CeD¢): complicated. 3P NMR (C¢Dg): major
peak 29.5636 ppm.

Example 869 - Synthesis of (t-Bu),PCH,N(CgHs)OLi

=

t-Bu. / N )
+Bu” OLi

1003

In a dry box, to a 100 mL flask containing 20 mL of
THF solution of nitrosobenzene (0.0682 g, 0.64 mmol), was
added slowly a THF solution of (t-Bu).PCH,Li (0.1058 g,
0.64 mmol) at -30°C. The solution was stirred overnight
and turned purple from yellow. After removing the sol-
vent, a purple powder (0.1321 g, 0.483 mmol) was obtained
in 76% yield. H NMR (C¢Dg): complicated; *'P NMR (CeDs) :

major peak 38.1167 ppm.
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Example 870 - Synthesis of (t-Bu),PCH,N (2-CH;-CgHy)OL1

t-Bu. /" Nb ¥
t-Bu”

1004
In dry box, to a 100 mL flask containing 20 mL of THF
5 solution of o-nitrosotoluene (0.0763 g, 0.63 mmol) was
added slowly a THF solution of (t-Bu),PCH,Li (0.1046 g,
0.63 mmol) at -30 °C. The solution was stirred overnight
and turned purple from yellow. After removing the solvent
and rinsing with pentane, a purple powder (0.1538 g, 0.54
10 mmol) was obtained in 85% yield. *H NMR (C¢Dg): compli-
cated; 3P NMR (C¢D¢) : complicated, indicating the desired

product, but also additional products.

Examples 871-874 - Polymerizations of Ethylene at 1000 psi

15 of CyH, in shaker tube:
EX | Ligand PE (g9) TO (molPE/
mol cat)
871 1001 3.0595 5110.9
872 1002 7.9434 13827.2
873 1003 6.8919 13165.7
874 1004 — 3.9511 7226.8

Conditions: 0.02 mmol ligand, 1 equiv. Allyl-Ni
complex, 10 equiv. B(C¢Fs)3;, 5 ml TCB, RT, 18 h.

20
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The syntheses of aminopyrrole ligands is published in
10 WO00/50470.
Example 875 - Synthesis of Ligand 1005

A 50 mL round bottom flask was charged with 0.3988 g
(2.745 mmol) of 40 wt. % glyoxal solution in water, 0.6045
g (5.49 mmol) of l-amino-2,5-dimethylpyrrole, 15 ml metha-
15 nol and 1 drop of formic acid. The mixture was stirred

overnight and light brown precipitate formed. The solid
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was collected by filtration, rinsed with hexane and dried
under vacuum. 0.46 g (1.9 mmol) of product was obtained
in 69% yield. 'H NMR (CDCl;) & s.is (s, 2, C-H), 5.8 (s,
4, Hpy), 2.3 (s, 12, CHs).

Example 876 - Synthesgis of Ligand 1006

A 50 mL round bottom flask was charged with 0.25 g
(2.9 mmol) of 2,3-butadione, 0.696 g (6.318 mmol) of 1-
amino-2,5-dimethylpyrrole, 20 ml methanol and 1 drop of
formic acid. The reaction was monitored by TLC with elute
of 10% ethyl acetate in hexane. Two major spots were
showed on the TLC even after overnight stirring. The
clear yellow mixture was stirred 2 days and the solvent
was removed. The yellow residue was recrystallized with
hexane. 0.26 g (0.96 mmol) of bis-substituted product and
0.3652 g (2.0 mmol) of mono-substituted product were obtained.
M NMR (CDCl;) for bis-: 8§5.83 (s, 4, Hpy), 2.12 (s, 6,
CHs;), 2.0 (s, 12, CH; - Py). 'H NMR (CDCl;) for mono-:
8§5.83 (s, 4, H-py), 2.52 (s, 3, CHs), 1.96 (s, 12, CHj -
py), 1.92 (s, 3, CHs).

Example 877 - Synthesis of Ligand 1007

A 150 mL round bottom flask was charged with 0.6 g
(2.9 mmol) of acenaphthenequinone, 0.6488 g (5.89 mmol) of
l-amino-2,5-dimethylpyrrole, 50 ml methanol and 1 drop of
formic acid. The reaction was monitored by TLC with elute
of 30% ethyl acetate in hexane and stirred 3 days. The
solvent was removed under vacuum and the red residue was
separated on a silica gel column with 30% ethyl acetate in
hexane. 0.07 g (0.19 mmol) of dark red crystals bis-
substituted product and 0.06 g (0.2 mmol) of orange powder
mono-substituted product were obtained. *H NMR (CDCls)
for bis-: 67.96 (d, 2, H-acen), 7.5 (t, 2, H-acen), 6.74
(d, 2, H-acen), 5.99 (s, 4, H-py), 2.08 (s, 12, CH; - Py).
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H NMR (CDC1l;) for mono-: 68.17 (d-d, 2, H-acen), 8.08 (d,
1, H-acen), 7.8 (£, 1, H-acen), 7.54 (t, 1, H-acen), 6.91
(d, 1, H-acen), 5.97 (s, 2, H-py), 2.02 (s, 6, CH3-Py).
If the reaction was carried out in toluene with p-
toluenesulfonic acid as catalyst under reflux, the exclu-
sive product was bis-substituted but it was isolated in
very low yield.

Example 878 - Synthesis of Ligand 1008

A 50 mL round bottom flask was charged with 0.1418 g
(1.65 mmol) of 2,3-butadione, 0.5478 g (3.29 mmol) of 1-
amino-2,5-diisopropylpyrrole, 20 ml methanol and 1 drop of
formic acid. The reaction was monitored by TLC with elute
of 10% ethyl acetate in hexane and stirred 2 days at 50
°C. The solvent was removed under vacuum and the yellow
oily residue was separated on a silica gel column with 5%
ethyl acetate in hexane. 0.226 g (0.59 mmol) of yellow
crystalline product was obtained in 36% yield. 'H NMR
(cpcls): 5.86 (s, 4, H-py), 2.53 (m, 4, H-Pr-i), 2.11
(s, 6, CH3)s, 1.10 (d, 24, CH3;-Pr-i).

Example 879 - Synthesis of Ligand 1009

A 100 mL round bottom flask was charged with 0.4418 g
(2.43 mmol) of acenaphtheneﬁuinone, 0.907 g (4.85 mmol) of
l-amino-2-methyl-5-phenylpyrrole, 50 ml methanol and 1
drop of formic acid. The reaction was monitored by TLC
with elute of 30% ethyl acetate in hexane and stirred 7
days at RT. The solvent was removed under vacuum and the
red solid residue was separated on a silica gel column
with 10% ethyl acetate in hexane. 0.15 g (0.30 mmol) of
dark red crystals were obtained in 13% yield. 'H NMR
(CD,C1ly): 68.06 (m, 2H), 7.72 - 7.6 {(m, 6H), 7.32 (m, 4H),
7.18 (m, 2H), 6.92 (4, 1H), 6.86 (d, 1H), 6.66 (d-d, 2H),
6.38 (d, 2H), 2.32 (d, 6, CHs).
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Example 880 - Synthesis of Ligand 1010

A 100 mL round bottom flask was charged with 0.1881 g
(2.18 mmol) of 2,3-butadione, 0.817 g (4.37 mmol) of 1-
amino-2-methyl-5-phenylpyrrole, 50 ml methanol and 1 drop
of formic acid. The reaction was stirred 7 days at RT and
yellow precipitate formed. The reaction mixture was f£il-
tered through a frit to collect the yellow solid that then
wag dissolved in ether and dried over Na,SO,. The ether
was removed and the yellow solid was dried under high vac-
uum. 0.46 g (1.17 mmol) yellow powder was obtained in 53%
yield. 'H NMR (CD,Cly): 87.20 (m, 8, Ph-H), 7.10 (t, 2,
Ph-H), 6.20 (d, 2, Py-H), 5.95 (m, 2, Py-H), 2.05 (s, 6,
CHs), 1.80 (s, 6, CHi).

Example 881 - Synthesis of Ligand 1011

A 100 mL round bottom flask was charged with 0.129 g
(1.5 mmol) of 2,3-butanedione, 0.7021 g (3.0 mmol) of 1-
amino-2,5-diphenylpyrrole, 50 ml methanol and 1 drop of
formic acid. The reaction was monitored by TLC with elute
of 30% ethyl acetate in hexane and stirred 7 days at RT.
The solvent was removed under vacuum and the red solid
residue was separated on a silica gel column with 10%
ethyl acetate in hexane. 0.4963 g (0.97 mmol) of yellow
powder was obtained in 64% yield. 'H NMR (CD,Cl,) :
87.37(m, 4, ph-H), 7.28 (m, 6, ph-H), 6.49 (s, 2, py-H),
1.76 (s, 6, CHs).

Example 882 - Synthesis of Catalyst 1012

The ligand 7 (0.1102 g, 0.212 mmol), allyl-Ni dimer
([(2-MeO,C-C3H,)NiBr]2) (0.0505 g, 0.106 mmol) and
Na (tetra[3,5-bis(trifluoromethyl) ] -phenylborane) (0.1879
g, 0.212 mmol) were mixed in 20 mL of ether in a 50 mL of
round bottom flask. The reaction mixture was stirred at
room temperature for one hour and filtered through a Ce-

lite plug on a frit. Removal of the solvent yields a
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brown powder that was then rinsed with pentane and dried
under high vacuum. 0.3069 g (0.199 mmol) product was col-
lected in 94% yield. H NMR (CD,C13): 6 7.58 - 7.06 (m, 6,
Ar-H), 6.46 (d, 2, Py-H), 6.40 (d, 2, Py-H), 3.65 (s, 2,
allyl-H), 3.42 (s, 3, MeO), 1.90 (s, 6, CH3), 1.85 (s, 2,
allyl-H).

Examples 883-898

Copolymerization of ethylene and polar-comonomers

Into a glass vial used for shaker reaction, were
weighed 0.02 mmol of the ligand, 1 equivalent of allyl-Ni
dimer ([ (2-MeO,C-C3H;)NiBr],) and 10 equivalent of NaBaf.
2 ml of ether was added into the vial and shaken well.
After two hours during which time the most of the ether
was evaporated off, 20 equivalent of
tri (pentafluorophenyl) -borane cocatalyst, 9 ml of 1,2,4-
trichlorobenzene and 1 ml of ethylene glycol phenyl ether
acrylate was added into the vial. The vials were placed
into a shaker tube, sealed, and taken out from the dry
box. The shaker tube was connected to a high pressure,
ethylene shaker reaction unit.

Reaction conditions for polymerization were: 1000 psi eth-

ylene, 120 °C, 18 hours.

172



PCT/US01/17627

WO 01/92342

IopInoys

0ZT ooeIs] q LE"6 zeee 8260¢C 8L 0| L6€E9"0 L0OOT 068
aspInoys

LTT speI] q Te°¢€ 99TT 098¢ €EE"T| 6CH9°T 0TOT 688

© 8ST

99 aoeI] q &ss-¢ Z80T vSLT vz e vL9° 2 600T 888
IopInoys

LZT opeIl -9 ¥Py 602T TLES 60°T| THIG'T TTOT L88

60T q

€6 Slel=R i -| ®L 0T 90TT €€62C SLT| TST19°¢ 800T 988
IopTnoys

98 oDRI], - T6°T| %000¢C 9GT8¢ L0"Z| T1SvE"C 800T G88
IspTnoys

PTT LZ°0 G 8¢ SL'T 90€T 98G¢ 88°0| ZSLO'T 900T 788

peoaq
68 S€°0 z 62 S Z z66 Z8%<C LE'T| L96%'T L00T €88
(b/8x)
(/) BV | (% TowW) A31AaTa (B)
(Do) *dxooul D -onpoxd PISTA

dW ead "uowo) | 000T/2W | “W/"W "I “IN 3sAteje) | zswhAfod | puebtr X

suoTlezTIswATodoo aqni Io3eys JO S3TNSoy :.8 oTqel

173



PCT/US01/17627

WO 01/92342

*IswouowoD 93eTAIDR TAXSH °9

‘popssu IswTp TN-TATT® ON P

‘qusaTos susTAx-d pue 3sATeiedod _[f(54°D)d=W] ., [ (O%2H) OWTY] O

‘AN-T¥ I023D939p Tenp ‘JAHI UT DID IO0J edep I¥ Qg

‘JaegeN Jo jusTeaTnbs oz ‘e 1 S97]10N
IspTnoys
STT 0 - 6°8¢C 88T 9% EYS 95°T| #%L08'T| ¢eT0T 868
ope1] - 6T 1T €621 99%%T 80°2Z| 8€T10°Z| 800T L68
S8T
44 ST°0 - 89°5¢ 09TT 08L6C L6°0| TBES"T| 900T 968
IspTnoys
0ZT q s€°¢ L0TT zE8T 8€E"T| GZLT"T| LOOT 568
0°%ST
vTT aDeIL -| 9 85702 v¥8 EVELT 90°T| TISZ'T| TIOT ¥68
09T
SZT q 9L T 9TTT LO%9T | - ge T | LSSP'T| TIOT €68
preoxq
0TT q S6°¢ PHOT 558% T9°0| TO09L°0| 0TOT z68
peoaq TepowTq
S8 JsT 62T ST9T | 2Z980¢ €5°0| 28Z9°0| 600T 168
(b/63)
(B/0) BV | (% ToW) A3TATA (B)
(Do) dxoour HD -onpoxdg PIoTA
di ¥eed "uowo) | 000T/SKW | “W/"W I "I asATeje) | zswd1od | puebrr X

P,3Uod L8 STqelL

174



WO 01/92342 PCT/US01/17627

CLAIMS
What is claimed is:
1. A Group 3 through 11 (IUPAC) transition metal or a
lanthanide metal complex of a ligand of the formula (I),

(II) or (XII)

S) 1 (CR®R%7—CRY
Rl Y (CRR™): Y RL_FR% '\\
P 7—FrR’ P N
R? R?
(I) (I1)
R31 R32 @
R33 :_:
34>P Y—AR%®
R
(XII)
wherein:

R' and R® are each independently hydrocarbyl, substi-
tuted hydrocarbyl or a functional group;

Y is CR™RY, S(T), S(T),, P(T)Q, NR*® or NR**NR*;

X is 0, CR°R® or NR’;

A 1s O, S, Se, N, P or As;

Zz is O, Se, N, P or As;

each Q is independently hydrocarbyl or subétituted hy-
drocarbyl;

R?, R*, R®’, R®, R" and R are each independently hydro-
gen, hydrocarbyl, substituted hydrocarbyl or a functional
group;

R’ is hydrogen, hydrocarbyl, substituted hydrocarbyl or
a functional group, provided that when Z is O or Se, R’ is
not present; '

R® and R’ are each independently hydrogen, hydrocarbyl,

substituted hydrocarbyl or a functional group;
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RY is hydrogen, hydrocarbyl, substituted hydrocarbyl or
a functional group;

each T is independently =0 or =NR*°;

R* is hydrogen, hydrocarbyl, substituted hydrocarbyl or
a functional group;

R* and R?*? are each independently hydrogen, hydrocarbyl,
substituted hydrocarbyl or a functional group;

R* and R** are each independently hydrocarbyl or substi-
tuted hydrocarbyl, provided that each is independently an
aryl substituted in at least one position vicinal to the
free bond of the aryl group, or each independently has an Eg
of -1.0 or less;

R** is hydrogen, hydrocarbyl, substituted hydrocarbyl or
a functional group, provided that when A is O, S or Se, R?®
is not present;

each R*® is independently hydrogen, hydrocarbyl, substi-
tuted hydrocarbyl or a functional group;

mis 0 or 1;

s is 0 or 1;

n is 0 or 1; and

g is 0 or 1;
and provided that:

any two of R?®, R*, R®, R®, R®, R, R™ and R bonded to
the same carbon atom taken together may form a functional
group;

any two of R*, R?*, R®, R*, R®, RS, R’, R%, R®, R%, RY?,
R, R*?, R*), R*, R** and R*® bonded to the same atom or vici-
nal to one another taken together may form a ring; and

when said ligand is (I), Y is C(0), Z is O, and R* and
R? are each independently hydrocarbyl, then R' and R? are
each independently an aryl substituted in one position vici-
nal.to the free bond of the aryl group, or R' and R? each in-

dependently have an E; of -1.0 or less.
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2. The complex of claim 1, characterized in that said
transition metal is Ni, Pd, Pt, Fe, Co, Ti, Zr, V, Hf, Cr or

Cu.

3. The complex of claim 2, characterized in that said

transition metal is Ni, Pd, Ti or Zr.

4. The complex of claim 1, characterized in that the
ligand is (I) and:

the transition metal is Ni, m is 0, n is 1, R® and R*
are hydrogen, Y is CRY™R'?, R' is hydrocarbyl or substituted
hydrocarbyl, R'? is hydrocarbyl, substituted hydrocarbyl or a
functional group, and Z is O; or

the transition metal is Ti, m is 0, n is 1, R® and R*

are hydrogen, Y is CR™R'?, r'

is hydrocarbyl or substituted
hydrocarbyl, R*? is hydrocarbyl, substituted hydrocarbyl or a
functional group, and Z2 is O; or

the transition metal is Zr, m is 0, n is 1, R® and R*
are hydrogen, Y is CRM™R'?, R'Y™ is hydrocarbyl or substituted
hydrocarbyl, R'? is hydrocarbyl, substituted hydrocarbyl or a
functional group, and Z is O; or

the transition metal is Ni, m is 0, n is 1, R® and R*
are hydrogen, R’ is hydrocarbyl or substituted hydrocarbyl, Y
is CR™R'?, R™ is hydrogen, R'? is hydrocarbyl or substituted
hydrocarbyl, and Z is N; or '

the transition metal is Ni, m is 0, n is 1, R® and R*
are hydrogen, Y is CRM™R'?, R'™ and R' taken together are oxo,
and Z is O; or

the transition metal is Ni, m is 0, n is 1, R® and R*
are hydrogen, R’ is hydrocarbyl or substituted hydrocarbyl, Y

is CR™R', R and R taken together are oxo, and Z is N; or
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the transition metal is Ni, m is O,
are hydrogen, Y is S(T), T is =0 and Z i
the transition metal is Ni, m is 0,

are hydrogen, Y is S(T), T is =N-gilyl,

1lyl; or

the transition metal is Ni, m is O,
are hydrogen, Y is S(T), T is =0, Z is N,
byl or substituted hydrocarbyl; or

the transition metal is Ni,‘m is 0,

are hydrogen, Y is CRR1?,
ring and Z is O; or
the transition metal is Ni, m is O,
are hydrogen, Y is CR™R'?,
hydrocarbyl- or N-substituted hydrocarby
is hydrocarbyl or substituted hydrocarby
the transition metal is Ni, m is O,
are hydrogen, Y is S(T), T is =0 and Z i

the transition metal is Ni, m is O,

are hydrogen, Y is CRY™R'?

PCT/US01/17627
nis 1, R® and R*
s 0; or
n is 1, R® and R*

7Z is N and R’ is si-

n is. 1, R® and rR?
and R’ is hydrocar-

n is 1, R® and R*

R*™ and R' taken together are a

nis 1, R® and R*

R and R™ taken together are N-

limino, Z is N and R’
1; or

n is 1, R?® and R*

s O; or

n is 1, R® and R*

, R™ and R taken together are

sulfo, Z is N and R’ is hydrocarbyl or substituted hydrocar-

byl.
5. The complex of claim 1, characte
complex is a compound of formula (IV),
1 (X) (CRR% Y, 1
RL_ /)m A N . R
P Z—R
/
M
L1 l \\\(L3)Z
2
(IV)
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R31 R32

R33 : - :
34>P Y—AR®
R \ /
M
G
I

(XI1I1)

wherein:

M is a Group 3 through Group 11 transition metal or a
lanthanide metal; and

L' is a monodentate monoanionic ligand into which an
ethylene molecule may insert between L' and M, and L? is a
monodentate neutral ligand which may be displaced by ethyl-
ene or an empty coordination site, or L' and IL? taken to-
gether are a monoanionic bidentate ligand into which ethyl-
ene may insert between said monocanionic bidentate ligand and
said nickel atom, and each L? is independently a monoanionic
ligand and z is the oxidation state of M minus 2;
and provided that;

any two of R?®, R*, R®, R®, R®, R?, R and R'® bonded to
the same carbon atom taken together may form a functional
group;

any two of R, R?, R®, R*, R®, R%, R’, R®, R®, R™, R%?,
R**, R3*?, R®3, RrR*, R® and R®® bonded to the same atom or vici-
nal to one another taken together may form a ring; and

when said compound is (IV), Y is C(0), Z is O, and R’
and R? are each independently hydrocarbyl, then R' and R? are
each independently an aryl substituted in one position vici-
nal to the free bond of the aryl group, or R' and R* each in-

dependently have an Es; of -1.0 or less.
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6. The complex of claim 5, characterized in that M is

Ni, Pd, Pt, Fe, Co, Ti, Zr, V, Hf, Cr or Cu.

7. The complex of claim 6, characterized in that M is

Ni, Pd, Ti or Zr.

8. The complex of claim 5, characterized in that the
compound is (IV) and:

M is Ni, m is 0, n is 1, R?® and R* are hydrogen, Y is
CRM™R™, R™ is hydrocarbyl or substituted hydrocarbyl, R'? is
hydrocarbyl, substituted hydrocarbyl or a functional group,
and Z is 0O; or

M is Ti, m is 0, n is 1, R® and R* are hydrogen, Y is
CRM™R'?, R is hydrocarbyl or substituted hydrocarbyl, R* is
hydrocarbyl, substituted hydrocérbyl or a functional group,
and Z is 0O; or

M is Zr, m is 0, n is 1, R?® and R* are hydrogen, Y is
CRMRY, R is hydrocarbyl or substituted hydrocarbyl, R'? is
hydrocarbyl, substituted hydrocarbyl or a functional group,
and Z is O; orxr ,

M is Ni, m is 0, n is 1, R® and R* are hydrogen, R’ is
hydrocarbyl or substituted hydrocarbyl, Y is CR™R?, R is
hydrogen, R'? is hydrocarbyl or substituted hydrocarbyl, and
Z is N; or

M is Ni, m is 0, n is 1, R?® and R* are hydrogen, Y is
CR™R™, R™ and R' taken together are oxo, and Z is 0; or

M is Ni, m is 0, n is 1, R® and R* are hydrogen, R’ is
hydrocarbyl or substituted hydrocarbyl, Y is CR™R'?, R'' and
R taken together are oxo, and Z is N; or

M is Ni, m is 0, n is 1, R® and R* are hydrogen, Y is
S(T), T is =0 and Z is 0O; or

M is Ni, m is 0, n is 1, R® and R* are hydrogen, Y is

S(T), T is =N-silyl, Z is N and R’ is silyl; or
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M is Ni, m is 0, n is 1, R® and R* aré hydrogen, Y is
S(T), T is =0, Z is N, and R’ is hydrocarbyl or substituted
hydrocarbyl; or

M is Ni, m is 0, n is 1, R® and R* are hydrogen, Y is
CR™R', R™ and R' taken together are a ring and % is O; or

M is Ni, m is 0, n is 1, R?® and R* are hydrogen, Y is
CR™R*?, RY™ and R'® taken together are N-hydrocarbyl- or N-
substituted hydrocarbylimino, Z is N and R’ is hydrocarbyl or
substituted hydrocarbyl; or

M is Ni, m is 0, n is 1, R® and R* are hydrogen, Y is
S(T), T is =0 and Z is O; or

the transition metal is Ni, m is 0, n is 1, R® and R*
are hydrogen, Y is CRM™R', R' and R taken together are
sulfo, Z is N and R’ is hydrocarbyl or substituted hydrocar-
byl.

9. A polymerization catalyst component comprising the

complex of any one of claimsg 1-8.

10. The component of claim 9, which is on a solid sup-

port.

11. The component of claim 9, characterized in that a
cocatalyst which is an alkylaluminum compound or a borane or

both is also present.

12. A process for the polymerization of olefins, com-
prising the step of contacting, at a temperature of about
-100°C to about +200°C, at least one polymerizable olefin
with an active polymerization catalyst, characterized in
that the active polymerization catalyst comprises the polym-

erization catalyst component of claim 9.
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13. A process for forming an ethylene/polar monomer co-
polymer, comprising the step of contacting, under polymeriz-
ing conditions, a transition metal catalyst with a monomer
component comprising one or more hydrocarbon olefins and one
or more polar comonomers, characterized in that the transi-
tion metal catalyst comprises a nickel complex of a biden-
tate neutral ligand or a bidentate monoanionic ligand, and
the catalyst and monomer component are contacted at a tem-
perature of about 60°C to about 170°C, provided that when CO

ig present, at least one other polar monomer is present.

14. The process of claim 13, characterized in that eth-
ylene is present and an ethylene partial pressure of at

least about 0.67 MPa is used.

15. The process of claim 13, characterized in that said
one or more polar comonomers comprises H,C=CHR?*°C(0)Y, or
H,C=CR?*°C(0)Y, wherein R?® is alkylene or substituted al-
kylene, R?® is hydrogen, and Y is -OH, -NR*'R?*?, -OR??, or -
SR**, wherein R*' and R?? are each independently hydrogen, hy-
drocarbyl or substituted hydrocarbyl, R*’ and R** are each hy-
drocarbyl ox substituted hydrocarbyl.

16. The process of any one of claims 13-15, character-

ized in that said bidentate ligand is

R26 R20
R28 P RS0 N 0 o)
P N
~
R2 N RN N 7 / R%
l|?27 FLZ? B i
(XIV) (XV) (XVI)
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R el A

/ P o}
50____
R N O
(XVII) (XVIII)
R51
RY" R%2 © \N—R51
j or
5 (XIX) (XX)
B R51 R51 7] @
§/P o]
(XXI)
wherein:
10 R*® and R*’ are each independently hydrocarbyl or substi-

tuted hydrocarbyl, provided that the carbon atom bound to
the imino nitrogen atom has at least two carbon atoms bound
to it;

28

R*® and R*’ are each independently hydrogen, hydrocarbyl,

15 substituted hydrocarbyl, or R*® and R* taken together are hy-
drocarbylene or substituted hydrocarbylene to form a carbo-
cyclic ring;

R®® and R®' are each independently functional groups
bound to the rest of (XV) through heterocatoms (for example

20 0O, S or N), or R®® and R® (still containing their heteroa-

toms) taken together form a ring.
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each R is independently hydrocarbyl or substituted hy-
drocarbyl ;
each R®" is independently hydrogen, hydrocarbyl or sub-
stituted hydrocarbyl; and
each R*? is hydrocarbyl, substituted hydrocarbyl, hy-
drocarbyloxy, or substituted hydrocarbyloxy.

17. A polymer, consisting essentially of repeat units
derived from ethylene, and one or more polar olefins of the
formula H,C=CHC (0)R**, wherein R?*? is -OR** or any group read-
ily derivable from it, and R** is hydrocarbyl or substituted
hydrocarbyl, characterized inthat:

said polymer contains “first branches” of the formula
- (CH,) ,CH; and “second branches” of the formula - (CHz)nC(0)R*?,
wherein m and n are independently zero or an integer of 1 or
more; and

sald polymer has the following structural characteris-
tics:

(a) one or both of:

(1) the ratio of first branches wherein n is 0 to
first branches wherein n is 1 is about 3.0 or
more; and

(2) the ratio of first branches wherein n is 0 to
first branches wherein n is 3 is 1.0 or more; and

(b) one or both of:

(1) the total number of first branches in which n
is 0, 1, 2 and 3 in said polymer is about 10 or
more per 1000 CH, groups; and

(2) the incorporation of repeat units derived from
H,C=CHC (O)R*? is 0.3 mole percent or more based on
the total repeat units derived from the hydrocar-

bonolefin and H,C=CHC (0)R*2.
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18. A polymer, consisting essentially of repeat units
derived from:

one or more hydrocarbon olefing, such as ethylene, and

one or more polar olefins of the formula H,C=CHC (0)R*?,
wherein R*? is -OR**, or any group readily derivable from it,
and R** is hydrocarbyl or substituted hydrocarbyl,
characterized in that

in said polymer incorporation of repeat units derived
from H,C=CHC (0)R?**? is 0.3 mole percent or more based on the
total repeat units; and

said polymer has one or both of the following struc-
tural characteristics:

at least 5 mole percent of said repeat units derived
from H,C=CHC (0)R*? are present in said polymer as end groups;
and

said end groups are at least 0.001 mole percent of the
total repeat units in said polymer;
and provided that said end groups have the formula

~~~~~~~~ HC=CH-C (0) -R*?

wherein ~~~~~~w~ is the remainder of the polymer chain of -

said end group.

19. A polymer, consisting essentially of:

repeat units derived from ethylene;

repeat units derived from one or more monomers of the
formula H,C=CHC (O)R*?*, wherein each R*? is independently -OR**
or any group readily derivable from it, and each R* is inde-
pendently hydrocarbyl or substituted hydrocarbyl, and

repeat units derived from one or more alpha-olefins of
formulas H,C=CH- (CH,)(-H and/or H,C=CH-R’°-G, wherein t is an
integer of 1 to 20, R is alkylene or substituted alkylene,

and G is an inert functional group.
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