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ZIILE
OLEFIN POLYMERIZATION PROCESS

This application is a continuation-in-part of United States
Provisicnal Application Serial No. 60/000,747, filed June 30,
199E.

EIZLD QOF TEE INVENTION

This invention conterns a process for the preparation of
polyolefins by coordination polymerization of ethylene, styrene or
norbornene by a nickel compound coordinated to a selected ligand.

JECHNICAL BACEGROUND

Polyoclefins are very important items of commerce, being used
for myriad uses, such as molding resins, f£ilms, ropes, composites,.
fibers, elastomers, etc. Suitability for any particular use is
dependent on the polymer properties, for instance whether the
polymer is elastomeric or thermoplastic. One method of
polymerization of these olefins is by coordination polymerization,
use of a polymerization catalyst containing a transition metal,
the metal usually being thought of as ccordinating to one or more
species during the polymerization process.

Whether any particular transition metal compound is an
olefin poclvmerization catalyst usually depends on the wmetal chosen
and what is coordinated (such as various ligands) tc the metal
before ané during the polymerization. Various transition metal
compounds may or may not be active catalysts for a particular
(Eype of) olefin, and the resulting polymer structures may vary.
oOtner factors such as the efficiency and rate of polymerizacion
may vary. Therefore, new transition metal catalysts for olefin
polymerizations are constantly being sought.

SUMMARY._OF THE INVENTION

This invention concerns a process for the polymerizaticn of
an olefin, comprising:

(a) contacting & polymerizable monomer consisting
essentially of ethylene, a norhornene or a styrene, and a catalyst
system comprising the product of mixing in solution a zerovalent
tricoordinate or tetracoordinate nickel compound (II) which has at
least cne labile ligand, and all ligands axe neutral, an acid of
the formula HX (IV), and a first compound selected £rom the group
congisting of: ' '
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r®s-crIR® (RSR7) p-8R°  (xxxVITY ;
wherein:
X is a noncoordinating anion;
2r! is an aromatic moiety with n free valencies, or
diphenylmethyl ;
each 0 is -NR’R*’ or -cR®aNR;

n is 1 or 2;

B is 2-thienyl or 2-furyl;
each R? is independentlg'l hydrogen, benzyl, substituted
benzyl, phenyl or substituted phenyl;
each R’ is independently hydrogen or hydrocarbyl; and
each R® is independently a monovalent aromatic moiety;
mis 2, 2 or 3;
g
each R4, Rs, R, and R’ is independently hydrogen,
hydrocarbyl or substituted hydrocarbyl;

is hydrogen or alkyl;
&

each R8 is independently hydrocarbyl or substituted
hydrocarbyl containing 2 or wmore carbon atoms;

each R is independently hydrogen, hydrocarbyl or
substituted hydrocarbyl;

Ar?

-
a4
am-

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

is an aryl moiety;

hydrocarbyl, substituted hydrocarbyl or an inert functional group;

£ and R*® are each independently hydrocarbyl,
substituted hydrocarbyl or an inert functional group whose E, is
about -0.4 or less;

each &*® and 7 is independently hydrogen or acyl
containing 1 to 20 carbon atoms;

Ar® is an aryl moiety;

R'® and r*® are each independently hydrogen or
hydrocarbyl;

Ar® is an aryl moiety;

Ar® and Ar® are each independently hydrocarby;

aAr’ and Ar® are each independently an aryl moiety;

Ar® and Ar?® are each independently an aryl moiety or
-cozkzs, wherein R*® is alkyl containing 1 to 20 carbon atoms;

Arn

R is hydrogen or hydrocarbyl;

is an aryl moiety;



WO 97/02298 PCT/US96/11131

10

-
n

20

42

R*" is hydrocarbyl or -C{O) -NR*onrt?;

R is aryl;

5% and R*® are each independently phenyl groups
substituted by one or more alkoxy groups, each alkoxy group
containing 1 to 20 carbon atoms; and

R** is alkyl containing 1 to 20 carbon atoms, or an aryl
moiety.

This invention also concerns a catalyst for the
polymerization of ethyleme, a norbornene, or a styrene,
comprising, the product of mixing in solution a zerovalent
tricoordinate or tetraccordinate nickel compound (IX) which has at
least one labile ligand and all ligands are neutral, an acid of
the formula HX (IV), and a compound selected from the group
consisting of: ’

ar*g, (111); RERYC

N-cR4R% (CROR ) -NROR2C (V) ;

R

R’"

AF ———C—NHR (XVI); OH (XVIT);

i
HN HN P(OH,
\/\C"z" (XVIII); NS »

(X3IX) ;

OR 1#

" (%x) ; (XX1I) ;
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N (XXII) ; et
(XXTII) ;
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. Ny
~
°\,,/“rs )\ |
[+
St xxIvy; R
Ar——5——N=——A" o
H
(XXVI); APHN—S——NHA™  (eyyrT);
0
Ar“-—-lq)]\ﬁ"2
RE2RPRp (XXVIII); R {XXXVI) ;

ang k%s-crR4R% (CR®R7)m-SR® (XXXVII);
wherein:

X is a noncoordinating anion;

Arl is an aromatic moiety with n free valencies, or

diphenylmethyl;
each Q is -NRZR“ or -CR9=NR3;

n is 1 ecr 2;

E is 2-thienyl oxr 2-furyl:;
R is hydrogen or alkyl;

each Rz is independently hydrogen, benzyl, substituted

benzyl, phenyl or substituted phenyl;

each R3 is independently a monovalent aromatic moiety;

each R9 is independently hydrogen or hydrocarbyl;

mis 1, 2 or 3;
each R4, Rs.

hydrocarbyl or substituted hydrocarbyl;

Rs, and R’ is independently hydrogen,
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each R8 is independently hydrocarbyl or substituted
hydrocarbyl containing 2 or more carbon atoms;

each .Rlo is independently hydrogen, hydrocaxbyl or
substituted hydrocarbyl: '

ar® is an aryl moiety:

R**, R*®, and R™ are each independently hydrogen,
hydrocarbyl, substituted hydfocarbyl or an inert fumctional group;
r** and R'® are each independently hydrocarbyl,
substituted hydrocarbyl or an inert functional group whose Eg is

about -0.4 or less;

each R'® and ®»*’7

is independently hydrogen or acyl
containing 1 to 20 carbon atoms;

Ar® is an aryl moiety;

R and R'® are each independently hydrogen oy
hydrocarbyl;

ax* is an aryl moiety;

Ar® and Ar® are each independently hydrocarby;

2Ar’ and ar® are each independently an aryl moiety;

ar® and ar'® are each independently an aryl moiety, -

COZRE , Or Ar’ and Ara taken rogether are a divalent aromatic

moiety and wherein R? is alkyl containing 1 to 20 carbon atoms:
it
r*! is hydrogen or hydrocarbyl;

R*® is hydrocarbyl or -C(0)-NR''-ar’?;

is an aryl moiety;

2&4

R

is arvi;
22 ana R?® are each independently phenyl groups
substituted by one or more alkoxy groups, each alkoxy group
containing 1 to 20 carbon atoms; and
R* is alkyl containing 1 to 20 carbon atoms, or an aryl

moiety;

and provided that the molar ratio of (III), (V) (XVI).
{XVII), {(XVIII)}, (XIX), (XX), (XXI), (XXII), (XXIII), (XXIV),
{(XXV), (XXVI), (XXVII), (XXVIII), (XXXVI) or (XXXVII):(II) is
about 0.5 to about 5, and the molar ratio of (IV):{II) is about
0.5 to about 10.

This invention also concerns a process for the

polymerization of an olefin, comprising, contacting ethylene, a
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norbornene, or a styrene with a nickel {II]} complex of a ligand

selected from the group consisting of:

arton (111); RPRION-cr?RS (cRSR7)p-MROR1C (v);

O R.” R‘"

5 AP ——C—NHR®  (xv1); oH (XVII);

HZN \/\cozH HoN \/Il(OH)z

(XVIII); {XIX) ;
ORIG
COH ﬁ
“ C—ar
RN
orR™ (XX) ; : (Xx1) ;
10
N R18
N
l %
19
R N (XXII); e
(XXIXI);
o
E H e
N
~o AP : I
o N COH
N (XXTIV) ; H (XxXV) ;
15

(xxvr); APHN———S—NHA™ (XXVII) ;

SUBSTITUTE SHEET (RULE 26)
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Aur“—--m/u\n‘2

RZR*3R*p (xxVIII); R (XXXVI) ;

and R%S-CR*R® (CROR7)-SR® (XXXVII);

wherein:
X is a noncoordinating anion;
Arl
diphenylmethyl;
each_ ¢ is -NR?R*® or -CR
r*? is hydrogen or alkyl;

nois 1 or 2;

is an aromatic moiety with n free valencies, or

9=N'R3 ;

E is 2-thienyl or 2-furyl;

each R® is independently hydrogen, benzyl, substituted
benzyl, phenyl or substituted phenyl;

each R3 is independently a monovalent aromatic moiety;

each Rs is independently hydrogen or hydrocaxbyl; m is
1, 2 or 3;

each r%, r5, R®

, and R’ is independently hydrogen,
hydrocarbyl or substituted hydrocarbyl;

each r® is independently hydrocarbyl or substituted
hydrocarbyl containing 2 or more carbon atoms;
each 1210 is independently hydrogen, hydrocarbyl or
substituted hydrocarbyl;

Zr® is an aryl moiety;

232, R**, and R are each independently hydrogen,
hvdrocarkyl, substituted hydrocarbyl or an inert functional group;

 p** and R* are each independently hydrocarbyl,

substituted hydrocarbyl or an inert functional group whose Eg is
about -0.4 or less;

each R*® and R’ is independently hydrogen or acyl
containing 1 to 20 carbon atoms;

ar? is an aryl moiety;

R*® and R' are each independently hydrogen or
hydrocarbyl ;. _

Ar® is an aryl moiety;

Ar® and ar® are each independently hydrocarby;

Ar’ and Ar® are each independently an aryl moiety;
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Ar® and Ar!® are each independently an aryl moiety, -
CO;RzS, or Ar® and ar® taken together are a divalent aromatic
meoiety and wherein R* is alkyl containing 1 to 20 carbon atoms;

ar*! is an aryl moiety; '
R*! is hydrogen or hydrocarbyl;

42

R*“ is hydrocarbyl or -C(0) -Nr*-ar?;

R‘ 4

is aryl;

R%? and R?*® are each independently phenyl groups
substituted by one or more alkoxy groups, each alkoxy group
containing 1 to 20 carbon atoms; and

RZG

is alkyl containing 1 to 20 carbon atoms, or an aryl
moiety.

Deszribed herein is a process for the polymerization of
olefins, comprising, comtacting ethylene, a norbornene or a
styrene with a nickel containing first compound of the formula
[27gL7 L7 L4 Ni)*X” (XXXIIT), wherein:

1} is a first monodentate neutral ligand coordinated to
said nickel, 1% is a second monodentate neutral ligand cooxdinated
to said nickel which may be said first monodentate neutral ligand
and ¥ is 0 oxr 1, oY 1! and 1.° taken together are a first bidentate
neutral ligand coordinated to said nickel and r is 1;

1i? and L® taken together are a 7n-allyl ligand coordinated

te said nickel, 1® and L' taken together are
' #H RIR®
NS
\c/ N
AT
_ (XXXII)
coordinated to said nickel, or L® is a third neutral monodenr:ate
ligand selected from the group consisting of ethylene, a
norbornene and a styrene or a neutral monodentate ligand which can
be displaced by an olefin, and 1! is R%;
X is a relatively non-coordinating anion;
each of g, s and t is 1;
sa.id first monodentate neutral ligand and said first
bidentate neutral ligand are selected from the group consisting of
Arton (111); RERION-criR® (RSR7)p-mr%RY0 (v
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R“
R“ R!!
xls (1]
AT e G NHR (XVI); OH (XVII);
i
HN
HN P(OH),
\/\002" (XVIII); ~~ (XIX) ;
OR™
i
N Compr®
RN,
5 (XX ; (XXI);
R .
N
| %
R® S\
(XXIX) ; At
(XXIII);
Q
NH,
E
~
“’\l,/""s )\ I
e ) N
10 Ar (XXIV); H {(XxXWV) ;
i
AL e § e oo A6
| = v
o (XXVI); APHN——S~——NHar (XXVII) ;
0
Ar“—-—N)kR‘z
R*2R*3p%*p (xxVIII); r" (XAXVI) ;
15 and R®s-CR¥R5 (CRSR7)p-8R° (xX3VII);

Ar' is an aromatic moiety with n free valencies, or

diphenylmethyl ;

10
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each Q is -m’n“ or -CR9=NR3,-
g4

PCT/0S96/11131
is hydrogen or alkyl;
n is 1 or 2;

E is 2-thienyl or 2-furyl;

each R2 is independently hydrogen, benzyl, substituted
benzyl, phenyl or substituted phenyl; )

each R’ is independently hydrogen or hydrocarbyl; and
each R® is independently a monovalent aromatic moiety;
mis 1, 2 ox 3; '
10 each R‘, Rs, RG, and R’ is independently hydrogen,
hydrocarbyl or substituted hydrocarbyl;
| each R® is independently hydrocarbyl or substituted
hydrocarbyi containing 2 oxr more carbon atoms;
each Rlo
15 substituted hyﬁrocarbyl,-

is independently hydrcgen, hydrocarbyl or
Ar® is an aryl moiety;

20°

p*2, p**, and R are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl or an inert functional .gi'mxp:

about -0.4 or less:

R** and R*® are each independently hydrocarbyl,
substituted hydrocarbyl or an inert functional group whose E; is

9
»

each Rt and rRY is independently hydrogen or acyl
containing 1 to 20 carbon atoms;

ar® is an aryl moiety;
hydrocarbyl;

R*® and X'® are each independently hydrogen or

Ar® is an aryl moiety;

Ar® and Ar® are each independently hydrocarby; .
Ar’ and Ar® are each independently an aryl moiety;
30 Ar® and Ar*? are each independently an aryl moiety or
-co,iz’s, wherein R®® is alkyl containing 1 to 20 carbon atoms;
ar'?! is an aryl moiety;
rR*? is hydrogen or hydrocarbyl:
g2
35

is hydrocarbyl or -c{0)-NR*2-ar*?;

. R*? and R®> are each independently phenyl groups
substituted by one or more alkoxy groups, each alkoxy group
containing 1 to 20 carbon atoms; and

11
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R®" is alkyl containing 1 to 20 carbon atoms, or an aryl
moiety;

RS is hydrocarbylene;

£%¢ is hydrogen, alkyl, or -cloIR*®;

(5,

each 7 is hydrocarbyl or both of R*? taken together are
hydrocarbylene to form a carbocyclic ring;
2%® is hydride, alkyl or -C(O)R®®; and

£Y3
-

R”" .is hydrocarbyl

r* is aryl.
10
Also described herein is a compound of the formula
[L3gL% 13 L5, Ni) X" (XXXITI), wherein:
1! is a Eirst monodentate neutral ligand coordinated to
said nickel, 1° is a second moncdentate neutral ligand coordinated
15 to said nickel which may be said first monodentate neutral ligand
and r is 0 ox 1, or t* and 12 taken together are a first bidentate
neutral ligand coordinated to said nickel and r is 1;
L and Lf taken t:ogethér are a w-allyl 1i§and coordinated
to said nickel, 1 and 1' taken together are
'..H\ RI5R3®

’ c

\c/ \R37
H/ \R37
{XXXIT)

coordinated to said nickel, or 1} is a third neutral monodentate

20

ligand selected from the group consisting of ethylene, a2
norbornene and a styrene or a neutral monodentate ligand which can
25 be displaced by an olefin, and L' is R*; '
X is a relatively mnon-coordinating anion;
g, s and t are each 1;
said first monodentate neutral ligand and said first
bidentate neutral ligand are selected f£rom the group consisting of

30 Arton (11T): RORAON-cRUR® (CRSR7)p-NrBREC (v);

12
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R" R"
o] Rls R“
AT e e NHR™ (XVI); on {XVII);
i
HN HaN P(OH),
\/\co,H (XVIII) s ~ —
or" :
. R Commpr®
R“z.\_{ l
s " (XX) ; 7 (XXT) ;
N R .
Q—u N
I %
Lo s\
R : (XXIT); At
[XXII1;;
[+
N
[}
~ .
N /J\N |
10 N (XXIV) ; H (XXV) ;
i
A e § o N AL
H
o (RXVI); APHN=——S—NHA""  (yyurr),
o)
N”—N)kRﬂ
RP2R2p?p (xxvIII); o {XXXVT) ;
15 and R%s-cRR5 (CRSR)p-SR® (XXXVIT);
wherein:
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Arl ié ah aromatic moiety with n free valencies, or
diphenylmethyl;

each Q is -NR3R*? or -CRS-NR3:

R is hydrogen or alkyl;

n is 1 or 2;

E is 2-thienyl or 2-furyl;

each R® is independently hydrogen, benzyl, substituted
benzyl, phenyl or substituted phenyl;

each R9 is independently hydrogen or hydrocarbyl; and

each R® is independently a monovalent arcmatic moiety;

mis i, 2 or 3;

each 84, Rs. Rs, and R’ is independently hydrogen,
hydrocarbyl or substituted hydrocarbyl;

each R® is independently hydrocarbyl or substituted
hyédrocarbyl containing 2 or more carbon atoms;
each R is independently hydrogen, hydrocarbyl or
substituted hydrocarbyl;

Ar® is an aryl moiety;

R, R, and R are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl or an inert fumctional group;
E** and R'® are each independently hydrocarbyl,
substituted hyarocarbyl or an inert functional group whose E; is

aboutr -0.4 or less;

each R*® ang ®'’ is independently hydrogen or acyl
containing 1 to 20 carbon atoms;

ar? is an aryl moiety;

&*® and R'® are each independently hydrogen or
hydrocarbyl;

ar® is an aryl moiety;

Ar® and Ar® are each independently hydrocarby;

Ar’ and Ar® are each independently an aryl moiety;

ar® and ar'® are each independently an aryl moiety or
-cozr.’s. wherein R*® is alkyl containing 1 to 20 carbon atoms;

Ar** is an aryl moiety;

R ig hydrogen or hydrocarbyl;

®*? is hydrocarbyl or ~Cl0} -mpiloartt;

44

R is aryl;

14
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E*? and R?? are each independently phenyl groups
substituted by one or more alkoxy groups, each alkoxy group
containing 1 té 20 carbon atoms; and

R* is alkyl containing 1 to 20 carbon atoms, or an aryl

‘h

moiety:
S is hydrocarbylene;
R is hydrogen, alkyl, or -c(O)R”;
each R’ is hydrocarbyl or both of R*7 taken together are
hydrocarbylene to form a carboecyclic ring;
10 ®3® i hydride, alkyl or -C(O)R*®; and
R% is hydrocarbyl.
Described herein is a compound of the formula
E
\o\P /Ar’

\Are

{XXIV)

15 wherein:

E is 2-thienyl or 2-furyl;

2r® and Ar® are each independently hydrocarby.

DETAILS OF THE INVENTION
20 Tne olefins polymerized herein are ethylene, a styrene and a
norkornene. Norbornene and styréne may be present in the same
_ polymerization, and a copolymer may be produced. By a styrene
herein is meant a compound of the formula

25 2
(XXIX)
wherein R?¢, R%7, R?®, R*® and R*® are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl or a functional group, all of
which are inert in the polymerization process. It is preferxred
30 that all of R*®, rY, r*®, 8*? and r%® ave hydrogen.

By “a norbornene” is meant that the monomer is characterized

by containing at least one norbornene-functicnal group in its

is
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structure including norbornadiene as identified by the formulas

below, which can be substituted or unsubstituted

{XXXIV)
wherein “a&” represents a single or double bond.

Representative monomers are compounds (XXXV) and (XXXX) as

£ollows:
R/ R*
/ o /1 L/ RY
R ad
Rag (XXXIV); . R (XXXX)

wherein ®*¢, R*’, R*’, and R'’ independently are hydrogen halogen,
or hydrocarbyl, provided that, except if the hydrocarbyl group is
vinyl, if any of the hydrocarbyl are alkenyl, there is no terminal
double bond, i.e., the double bond is internal; or R'® and r*®
taken togethey can be part of carbocyclic xing (saturated,

ri® and R*® taken

unsaturated or aromatic); or ®*® ana r'’ and/ox
together are an alkylidene group. In these structures “z* is 1 to
5.

Examples of such norbornenes include norbornadiene, 2-
norbornene, S-methyl-2-norbornene, s-hexyl-z-nprboznene. 5~ |
ethylidene-2-norbornene, vinylnorbornene, dicyclopentadiene, -
dihydrodicyclopentadiene, tetracyclododecene, trimers of

R" 48

cyclopentadiene, halogenated norbornenes wherein R“, » R and

r*® may alsc be balogen or fully halogenated alkyl groups such as
CuF2y.: Wherein w is 1 to 20, such as perfluoromethyl and
perfluorcdecyl.

The halogenated norbormenes can be synthesized via the

Diels-Alder reaction of cyclopentadiene an appropriate

18
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dieneophile, such as FyCC=CCF; or R‘92C=CR“C,,F2,,+1 wherein each R’

is independently hydrogen or flueorine and w is 1 to 20.

It is also preferred that in the polymerization processes
described herein that the polymer produced has an average degree
of polymerization of about 10 or more, more preferably about 20 or
more, and especially preferably about 50 or more.

In the polymerization processes and catalyst compositions
described herein certain groups may be present. By hydrocarbyl is
meant a univalent radiecal containing only carbon and hydrogen. By
saturated hydrocarbyl is meant a univalent radical which contains
only carbon and hydrogen, and contains no carbon-carbon double
bonds, triple bonds and aromatic groups. By substituted
hydrocarbyl herein is meant a hydrocarbyl group which contains one
or more {(types of) substitutents that does not interfere with the
operation of the polymerization catalyst system. Suitable
substituents include halo, ester, keto (oxo), awmino, imino,
carboxyl, phosphite, phosphonite, phosphine, phosphinite,
thiocether, amide, nitrile, and ether. Preferred .'subst:ituents are
halo, ester, amine, imino, carboxyl, phosphite, phosphonite,
phosphine, phosphinite, thioether, and amide. By benzyl is meant
the CgH5CHy- radical, and substituted benzyl is a radical in which
one or more of the hydrogen atoms is replaced by a substituent
group {which may include hydrocarbyl). By phenyl is meant the
CgHs- radical, and a phenyl moiety or substituted phenyl is a
radical in which one or more of the hydrogen atoms is replaced by
a substituent group (which may include hydrocarbyl). Preferred
substituents for substituted benzyl and phenyl include those
listed above for substi;cuted hydrocarbyl, plus hydrocarbyl. "If
not otherwise stated, hydrocarbyl, substituted hydrocarbyi and all
other groups containing carbon atoms, such as alkyl, preferably
conﬁain 1 to 20 carbon atoms.

By an aromatic moiety herein is meant a radical containing
at least oﬁe carbocyclic or heterocyclic aromatic ring, which has
a number of free valences to the carbon atoms of the aromatic
carbocyclic ring(s). A monovalent aromatic moiety has one free
valence, and herein is termed an aryl moiety. 3If there is morxe
than one aromatic ring in the radical, the ring may be joined by
covalent bonds (as in biphenyl) or may be fused (as in

17
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naphthalene), or both The free valencies may be at carbon atoms
in one ring; or more than one ring if more than one ring is
present. The aromatic ring{s) may be substituted by hydrocarbyl
groups or other substitutents which don’t interfere with the
catalytic activity of the catalyst system. Substituents that aid
the polymerization may bhe present. Suitable and preferred
substituents are as listed above for substituted hydrocarbyl
groups. Suitable aromatic radicals herein include phenyl, o-
phenylene, 1,8-naphthylene, and 2-thiophenyl.

2 transition metal compound which may be initially added to
a polymerization process mixture is (II) » a zerovalent nickel
compound which is tricoordinate or tetracoordinate. Alsec included
within the definition of this zerovalent nickel compound are
mixtures of compounds which will generate suitable zerovalent
nickel compounds in situ, such as mixtures of nickel compounds in
higher wvalence states with suitable reducing agents. The ligands
which are coordinated te the nickel atom may be monodentate or
polydentate, so long as the nickel compound is tricoordinate or
tetracoordinate. The ligands should be such that at least two,
and preferably all, of the coordination sites of the nickel atom
are coordinated to ligands which are readily, reversibly or
irreversibly, displaceable by (IXII), (V), or any one of (XVI) to
(XIX), (XXXVI) and (XXXVII). Such readily displaceable ligands
include n%-1,5-cyclooctadiene and tris(o-tolyl)phosphite (which is
a phosphite with a large cone angle), ethylene and carbon
monoxide. A preferred nickel compound (II) is bis(né-1,5-
cyclooctadiene)nickel [0} .

Ey the compound HX is meant the acid of a noncoordinating
monoanion, or the eguivalent therecf, i.e., a combination of.
compounds that will generate this acid. Noncoordinating anions
are vell known to the artisan, see for instance W. Beck., et al.,
Chem. Rev., vol. B8, p. 1405-1421 (1988), and S. E. Strauss, Chem.
Rev., vol. 93, p. 927-942 (1993}, both of which arxe he.reby
included by reference. Relative coordinating abilities of such
noncoordinating anions are described in these references, Beck at
P. 1411, and Strauss at p. 932, Table III. Also useful in this
process in place of HX are “solid” acids, such as acidic aluminas,

a8
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clays and zirconias, which are considered herein to be acids with
relatively non-coordinating anions.

Preferred anions X are BF;~, PFg~, and BAF {tetrakis[3,S5-
bis (trifluoromethyl)phenyllborate}, SbF~, and BAF is especially
preferred. The acids of these anions are known, for instance HBFy
is commercially available, and HBAF can be made by the method
described in M. Broockhart, et al., Organometallics, vol. 11, p.
3920-3922 {1992).

~In all forms of (IXI) it is preferred that 2° and ®*? are
nydrogen. If R'’ is alkyl, it is preferred that it is methyl. In
all forms of (III), each r? may be independently hydrogen,
hydrocarbyl or substituted hydrocarbyl, and it is preferred that
each rR? is hydrogen, benzyl, substituted benzyl, phenyl or
substituted phenyl.

In one preferred form of (III}, n is 1 and Q is -NRPR*?. 1t
is preferred that 22 is hydrogen and that Ail is 2,6-dialkylphenyl
or amide, carboxy, or keto substituted phenyl. More preferabdly,
Arl is 2,6-diisopropylphenyl, 2-carbomoylphenyl, 2-carboxyphenyl,
or. 2-benzoylphenyl.

' In another preferred form of (III), n is 2 and each Q is
-NR°E%}. 1In this instance it is more preferred that R% is
hydrogen, and/or Arl is o-phenylene or 1,8-naphthylene, and it is

especially preferred that Art

is 1,8-naphthylene.

In (ITI), when n is 1 and Q is -CR%=NR®, it is preferred
that RE is hydrogen, and R3 is preferably 2,6-dialkylphenyl, orx
amide, ester, carboxyl, keto, or halo substituted phenyl. More
prefexably, R3 is 2,6-diisopropylphenyl, 2-carbomoylphenyl, 2-
carbomethoxyphenyl, 2-carboxyphenyl, i-fluoren-9-onyl, 1-
anthraguinolyl, or pentaflucorophenyl. ar® is aryl, or halo,'
ester, amino, imino, carboxyl, phosphite, phosphonite, phosphine,
phosphinite, ether, thiocether, or amide substituted phenyl. More
preferably, Ar® is diphenylmethyl, S-anthracenyl, 2-furanyl, 2-
thiofuranyl, 2-phenolyl, or 2-hydroxy-naphthyl. When Art is
diphenylmethyl, these tautomeric forms are believed to exist when
these compounds are complexed to nickel.

when in (IIX) n is 2 and Q is -CRB-NR3, it is preferred that
Ar' is p-phenylene, and that ®> is 2,6-disubstituted phenyl in
which the substitutents are halo, alkyl, or halo and alkyl.
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In (III), when Q is -NHR®, R® taken together with Ar’ may
form a carbocyclic or heterocyclic ring, as long as the atom of r?
attached directly to the nitrogen atom is a saturated carbon atom.

Thus another preferred compound (IXII) is

It will be noted that there are actually two amino groups in this
compound that meet the criteria for Q. This is compound 105,
below.

For (V) it is preferred that m is 1, all of R‘, Rs, RG, R’
and R*° are hydrogen, and both of R® are 2,6-dialkylphenyl,
especially 2,6-diisopropylphenyl, or cyclohexyl. In another
5, Rs, and R’ are

hydrogen, both of r® are phenyl, and both of R0 are ethyl. In

preferred compound (V) m iz 1, all of R4, R

(V) too much or too little steric hindrance around the nitrogen
atoms may cause a catalytic composition cont:aining-such a compound
to be ineffective as an olefin polmrizaﬁion catalyst.

In (XVI) is preferred that ar? is phenyl, 2-pyridyl, or 3-
hydroxyl-2-pyridyl, and/or R is hydrogen, phenyl, 2,6-
diisopropylphenyl,l-naphthyl, 2-methyl-l-naphthyl, or 2-
phenylphenyl.

Iz (XvII) it is preferred that R'? and R are hydrogen,
and/or R-° is hydrogen or t-butyl, and/or R*® and R*® are both t-
butyl or both phenyl, and/or R*? is t-butyl and R is 2-hydroxy-
3,5-di-t-butylphenyl. Note that when R*° is 2-hydroxy-3,5-di-t-
butylphenyl the compound contains 2 phenolic hydroxy groups, both
of which are sterically hindered.

The steric effect of various groupings has been quantified
by a parameter called Eg, 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.
For the purposes herein, the E; values are those described in
these publications. If the value for E; for any particular group
is not known, it can be determined by methods described in these
publications. For the purposes herein, the value of hydrogen is
defined to be the same as for methyl. It is preferred that the
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total E; value for the orthe (or other substituents closely
adjacent to the -OH group) substitutents in the ring be about -1.5
or less, more preferably about -3.0 or less. Thus in a compound
such as 2,4,6-tri-t-butylphenol only the E; values for the 2 and 6
substituted t-butyl groups would be applicable.

In (XX) it is preferred that both r*® and R are hydrogen or
that both are acyl. A preferred acyl group is CH3;C(0O)-.

In (XXI) it is preferred that aAr® is phenyl or substituted
phenyl, more preferably phenyl.

In (XXII) it is preferred that both of R!® and RrY are
methyl, or both are hydrogen.

In (XXIII) it is preferred that ar® is phenyl or substituted
phenyvi, more preferably phenyl.

In (XXIV) it is preferred that Ar® and ax® are independently
phenyli, substituted phenyl, or cyclohexyl, and it is especially

preferred when both are cyclcochexyl or both are phenyl.

In (XXVI) it is preferred that Ar’ and Ar® are independently
phenyl or substituted phenyl. In a aspecific preferred compound,
Ar’ is phenyl or p-tolyl and ar® is 2,6-diisopropylphenyl.

In (XXVII) it is preferred that R*® is methyl. Specific

preferred compounds axe

+]
HaCOCHN(S)HN NHC{S)NHCO,CH3 /!\

Note that in one of these cowmpounds there are 2 thiourea groups
present.

In {XXVIII) it is preferred that nzz' R** and R*! are each
independently o-tolyl, 2,4,6-trimethoxyphenyl, 2,6-
dimethoxyphenyl, 2-methoxyphenyl, and 2,3,6-trimethoxyphenyl.
Other preferred groups for R* are ethyl, isopropyl and phenyl.
It is also preferxed that R** is an aryl moiety. In another

preferred form, when R™°, R*® and/or R** are phenyl or substituted

phenyl, there is at least one alkoxy group, preferably a methoxy
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group, ortho (in the benzene ring) to the phosphorous atom.

Another compound (XXVIII) is 1,3-big((bis-2,6-
dimethoxyphenyl)phosphino}propane. This compound actually bhas two
phosphine groups that each structurally meet the requirements for

5 a compound of type (XXVIII).

It is also preferred that each of ®*, 2%, and R** (when it
is an aryl moiety) contain electron donating groups bound to the
aromatic moiety through a carbon atem of an aromatic ring. The
concept of electron donating groups is well known to the artisan.

10 One method of measuring the electron donating ability of a group
(particularly in a benzene ring, but it is not limited to such
rings) which is not adjacent to the “active” center is by using
the Hammett equation, see for instance H. H. Jaffe, Chem. Rev.,
vol. 83, p. 191-261 (1853). The actual result of this is called

15 the Hammert © constant. For ortho (adjacent) substituents one may
use the Taft o* constant as Getermined by measurements on ortho-
benzoate esters, see for instance R. W. Taft, Jr., J. Am. Chem.
Soc., vol. 74, p. 3120-3128 (1952); ibid., vol. 75, p. 4231-4238
{1953); and. C. X. Ingold, Structure and Mechanism in Organic

20 Chemistry, 2nd Ed., Cornell University Press, Ithaca, 1969, p.
1226-1226. It is preferred that the total of the ¢ and o+

R??, and R (when it is an

aryl moiety) be about -0.25 or less, more preferably about -0.50

constants for any of the groups R”,

or less (it is noted that the ¢ and o* constants for electron
25 donating groups are negative, so the more electron donating groups
‘present, the more negative this total becomes) and especially
preferably about ~0.75 oxr less.
Ir (XXXVI) it is preferred that art? is 2,6-dialkylphenyl,
more preferably 2,6-dimethylphenyl or 2,6-diisopropylphenyl "It is
30 preferred that R*? is -c(0)-NR**-Ax?*. 1t is preferred that R'! is
hydrogen.
In (XXXVII) it is preferred that m is 1, and/or all of R,
Rs. R and R’ are hydrogen, and/or both of R® are aryl moieties,
more preferably both of R? are 2,6+-dialkylphenyl, and especially
35 preférahly both of R® are 2,6-dimethylphenyl.
In gome of the compounds herein, the group -CHPh.,
diphenylmethyl, may appear, especially when the methine cazrbon
atom can be bound to the carbon atom of an iwmine. In this case
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one can write such a compound as ~N=CH~-CHPh; (the imine form) or as
-NH-CH=CPh, (émine form). It has been found that in the free
compounds (not complexed to nickel) this group is usually in the
amine form. However, in a few of the nickel complexes of these
types of compounds the preliminary evidence indicates the ligand
is present in the imine form. Therefore, one may consider these
forms interqhangeable for the purposes herein, and it is noted
that both types of compounds are mentioned in the claims herein.
The ligands can be made by methods that can be readily found
in the literature, and/or are available commercially or form
laboratory supply houses, or are described in the Examples herein.
The polymerization may also be carried out by
[quLz,st"tNi] *%X" {XXXIII), vhich may be formed in situ or added
directly to the initial polymerization mixture. For example,
(XXXIII) may be in the form of a m-allyl complex. By a m-allyl
grour is meant a monoanionic radical with 3 adjacent sp® carbon
atoms bound to a metal center in an n° fashion. The three sp2
carbon atoms may be substituted with other hydrocarbyl groups or
functional groups. Typical %-allyl groups include

COR

- W "N

wherein R is hydrocarbyl. In (XXXIXI) when it is a m-allyl type
complex, 1} and L* taken together are the n-allyl group. As shown
in many of the Examples herein, these w-allyl compounds may be
stable, and inay be used themselves to initiate the olefin
polymerization.

Initiation with n-allyl compounds may be sluggish at times.
Initiation of m-allyl compounds can be improved by using one or
more of the following methods:

& Using a higher temperature such as about 80°C.

® Decreasing the bulk of the ligand, such as R’ and R®
being 2,6-dimethylphenyl instead of 2,6-diiscpropylphenyl.

® Making the n-allyl ligand more bulky, such as using
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rather than the simple m-allyl group itself.

¢ Having a Lewis acid present while using a functional
n-allyl. Relatively weak lLewis acids such a triphenylborane,
tris (pentafluorophenyl)borane, and tris(3,5-
trifluormnéthylphenyl)borane. are preferred. Suitable functional
groups include chlorc and ester. *®Solid” acids such as
montmorillonite may also ke used.

However, .{XXXIII) may also be present in the polymerization
in other “forms”. For instance, 1’ may be an olefin, such as
ethylene, a norbormene or a styrene or a ligand capable of being
displaced by an olefin. By a ligand capable of being displaced by
an olefin is meant that the ligand is more weakly coordinating to
nickel than an olefin, and when in the complex is in contact with
an olefin, the oclefin displaces it. Such ligande are known in the
art and include dialkyl ethers, tetrahydrofuran and nitriles such
as acetonitrile.

When 1L* is an olefin, 1LY may be -R¥R*., 8% is alkylene,
but. it actually is a “polymeric* fragment with one or more repeat
units (derived from the olefin(s) being polymerized) making up
R*>. In this form (XXXIII) may be said to be a living ended
polymer, further polymerization adding more repeat units to R°.
R3¢ may be thought of as the end group of the polymeric group R’s,
and may be derived from the similar grouping such as ®*® which was
originally coordinated to the nickel.

When 1° and L° in {XXXIIT) taken together are (XXXII),
{XXXIII) may also be thought of as a living polymex. This type of
grouping is often referred to as an “agostic” coordination, and in
~r35R3€ may be thought of in the same way as described
above. Whether a living ended molecule will be in a form with a
coordinated olefin or contain (XXXIX)} will depend on the other

this group

ligands coordinated to nickel, and the nature of the olefin being
polymerized. It is believed that cyclic olefins tend to have
living ends containing agostic groupings.

In (XXXIYI}) it is preferred that r is 1. The second
monodentate neutral ligand may be any ligand which £its thisg
description, including being the same as the first neutral
monodentate ligand. Oftentimes though this ligand is a dialkyl
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ether such as diethyl ether or an aliphatic nitrile such as
acetonitrile, or tetrahydrofuran. By “neutral® in the context of
{XXXIII1) is meant that the ligand is electrically neutral, i.e.,
is not charged. Imn (XXXIII) preferred structures for the first
neutral monodentate ligand are those shown above. However, in
certaiﬁ circumstances, 1! and 1.2 may be a single neutral bidentate
ligand of the same formula as when 1} is a neutral monodentate
ligand. In other words, some of the compounds (III}, (VvV}, (XVI)
to (XXVIII), (XxXVvI} and (XXXVII) may act as bidentate ligands in
{XXXIXI). This may depend on the ligand iteelf, what the ratio of
ligand to Ni is, what the other ligands may be, and whether there
are any other compounds present which may also act ag ligands.

When r in (XXXIII) is zero, simple dimers (containing 2 Ni
atoms) with bridging ligands of the compound [L'L’L*Ni)’X" are
also included within the definition of (XXXIII). For instance a
dimer containing Ll, xr is zero, and 1.? and 1* are combined into an
z-allyl group could have the formula

<(e_~<‘/:~_§3 .

In this structure both L' ligands are bridging between the 2
nickel atoms. This type of dimer is familiar to those skilled in
the arz, and is believed to readily disassociate into “monomeric”
nickel compounds on exposure to olefin.

Some of the forms of (XXXIII) are relatively unstable, and
are difficult to isolate as pure compounds. Nevertheless their
presence can be demonstrated by various methods known in the art.
For instance, "“living end” and other forms of (XXXIII) may be
detected in solution by nuctlear magnetic rescnance (NMR) analysis,
especially a combination of ’H and 2°C NMR. Such detection of

living ends is usually best done when r*® contains relatively few

repeat units.

(XXXIII) may be made by methods described herein, especially
in the Examples, or may &actually be formed in situ at the
beginning of or during the polymerization process. It is believed
that when (III), (V}, (XVI) to (XXVIII), (XXXVI} or (XXXVII), and

25



WO 97/02298 _ PCT/US96/11131

v

10

20

30

35

(II) and HX are mixed together in solution a coordination compound
such as (XXXIII) is formed which is active as a catalyst for the
polymerization of olefins.

The preparation of one of the catalyst systems, when (II) is
used, may be carried out in solution. By solution is meant that
{ZI)} and (ITI), (V}, (XVI} to (XIX), (XXXVI} or (XXXVII), and {(IV)
are at least initially somewhat soluble in the solvent chosen. By
somewhat soluble is meant that at least a 0.01 molar solution of
each of the components in the solvent may be formed under process
conditions. This catalyst system may them be removed from the
solvent, as by evaporation of the solvent under vacuum, and then
contacted with one or more olefins to carry out the
polymerization. However, it is preferred to carry cut the
polymerization in the presence of the “original” solvent in which
the active catalyst is formed. One or more of the components,
including the polymer product, may become insoluble as the
polymerization proceeds. Useful solvents include hydrocarbons
such as toluene or benzene. Benzene is a preferred solvent. The
benzene used herein is benzene-dg.

Although it is not erxitieal, when (II) is present it is
preferred that the molar ratio of (III), (V), (XVI} to (XXVIII),
(XXXVI] or (XXXVII):(II)} is about 0.5 to 5, and the molar ratio of
(IV) : {IXI) is about 0.5 to about 10. It is also preferred that all
the polymerizations be carried cut at a temperature of about
-100°C to about +200°C, more preferably about -20°C to about
+100°C.

The polymers produced by this process are useful as molding
resins, films and elastomers.

Most of the formulas for (IIX), (VvV}, (XVI) to (XXVIII) ,-
(XXXVI) and (XXXVII) are generic formulas and embrace a wide range
of actual compounds. The ability of such individual compounds to
form active polymerizations catalysts, and the actual activity of
those cat;_lyst:s, will be dependent on the structure of the
individual compound used, and the circumstances under which it is
used. For instance, whether such a compound will be active and
how active it will be will be dependent to some extent on its
actual structure, and particularly how that structure affects the
steric and electronic properties of the compound as a ligand on
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nickel. If tlidre is too much or too little steric hindrance about
the group that actually coordinates to the nickel atom, the
compound may be ineffective. Siwilarly, if the group that
actually coordinates to the nickel is made too electron rich or
poor, the compound may be made ineffective.

This may be illustrated by the following list of compounds,
which were ineffective in catalyzing the polymerization of
ethylene under the conditions described for Examples 23-66.

specific compounds are:

The

NH, NH;

A\
A\
g

1,/

NH,

HLCO. OCH;y NOy

- NHy
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However, as mentioned above these compounds failed under a
specific set of conditions. If ome peruses through the Examples
herein, one will find that certain of these compounds may fail to

promote polymerization by one method, while be active in another
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method, and/or one finds the yield of polymer may change
significantly under different conditions. Therefore failure in
any particular pelymerization process doesn’t mean failure in all.

Conditions in such processes may be varied, for instance the
pressure, temperature and solvent used. The polywerizations may
be carried out in slurry, solution or the gas phase, in
continuous, semi-batch or batch reactors. In addition, the
particular starting form of the (proto)catalyst system may affect
reactivity. For instance, differences may be found when using
(II) as a starting material than when using a preformed n-aliyl
complex.

Determining the activity of any particular compound which is
described herein is relatively easy. The compound may be used in
any of the polymerization systems described herein, and if needed
the conditions, such as temperature and pressure, may be varied.
Particularly for polymerizations in which the active nickel
catalyst is formed in situ, it may be important that the catalyst
components all be soluble, at least imnitially, so soclvent
selection may be important. Such experiments are simple and quick
to run and don‘t involve much experimentation.

It is also noted that some forms of (AXXIII) may be prepared
by other methods known in the art, see for instance copending U.S.
Application Number 08/590,650, filed January 24, 1996 (CR9608D)

which is hereby included by reference.

In all of the polymerization processes and polymerization
catalysts herein it is preferred that one or more of the following
no: be significantly present: an organcaluminum compound; an
aluminum halide; any other transition metals, especially tita_.nium
and/or zirconium; reducing agents, especially metal or metalloid
hydrides; and any organometalic compound except for nickel
compounds . - By not significantly present is meant there is not
enough present to affect the course of the polymerization. It is
more preferred that one or more of these be absent from a
polymerization process and/or polymerization catalyst, except for
normal impurities. It is also preferred that a polymerization
catalyst or catalyst system for a polymerization process herein
consist essentially of the stated ingredients.
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In all &f the nickel complexes herein, except those
specifically enmumerated as nickel [0] complexes, it is preferred
that the nickel be in the +2 oxidation state.

Ir the Examples the following abbreviations are used:

BAF - {tetrakis(3,5-bis(trif :'Luoromethyl )phenyl]borate}
Bu - butyl

Cod - né-1,5-cyclooctadiene

Cy - cyclohexyl

psC - differential scanning calorimetry

Et- ethyl
Me - methyl
Pk - phenyl (CgHs~)

RT - room temperature

Tg - glass transition temperature

THF - tetrahydrofuran

TLC - thin layer chromatography

Tm - melting point

In the Examples, all ethylene prassures are gauge pressures

unless otherwise noted. The formulas given for the nickel
complexes of specific ligands in the Examples may not be accurate
and are for illustration purposes only. They represent the best
estimate of the structure (or one of several possible structures)
based on available data.
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‘Example 1

Under a nitrogen atmosphere, Ni(COD)z (0.017 g, 0.06 mmol)
and compound (VI) (0.023 g, 0.06 mmol) (puxchased from the BALOR
fine chemical division of Aldrich Chemical Co.) were dissolved in
benzene (5.0 mL). To the resulting solution was added
HBAF" (Et20)2 (0.060 g, 0.06 mmol). The resulting solution was
immediately frozen inside a 40 mL shaker tube glass insert. The
glass insert was transferred to a shaker tube, and its contents
allowed to thaw under an ethylene atmosphere. The reaction
wmixture was agitated under 6.9 MPa CaHg for 18 h at 25°C. The
final reaction mixture contained polyethylene, which was washed
with methanol and dried; yield of polymer = 8.1 g. lH NMR
(CDC1CDCE3, 120°C) showed that this sample contained 90 methyl-
ended branches per 1000 methylenes. Two melting points were
observed by differential scanning calorimetry: a very broad

melting point centered at approximately 0°C, and a sharp melting

Q-a @
o

(VI}

Example 2
Under & nitrogen atmosphere, Ni(COD)}2 (0.017 g, 0.06 mmol)

point at 115°C.

and compound (VII) (0.023 g, 0.06 mmol) were dissolved in benzene
{3.0 mL:. To the resulting solution was added HBAF (Et20)2 (O.Déo
g, 0.06 mmol). The resulting solution was immediately frozen
inside a 40 mb shaker tube glass insert. The glass insert was
transferred to a shaker tube, and its contents allowed to thaw
under an ethylene atmosphere. The reaction mixture was agitated
under 6.9 MPa C2Hs for 18 h at 25°C. The final reaction mixture
contained polyethylene, which was filtered off, washed with .
methanol and dried; yield of polymer = 4.9 g. By H NMR
integration it was shown that this material was branched
polyethylene containing 109 methyl-ended branches per 1000
methylenes. IH NMR (CDCla) d 1.24 (s, methylene and methine
protens), 0.82 (&, methyls).
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(VII)
Example 3

Under a nitrogen atmosphere, Ni(COD)2 {0.017 g, 0.06 mmol)
and compound {VIII) (0.024 g, 0.06 mmol) were dissolved in benzene
(5.0 mL}. To the resulting solution was added HBAF' (Etp0)2 (0.060
g, 0.06 mmol). The resulting solution was immediately frozen
inside a 40 mL shaker tube glass insert. The glass insert was
transferred to a shaker tube, and its contents allowed to thaw
under ar ethylene atmosphere. The reaction mixture was agitated
under 6.9 MPa CzH4 for 18 h at 25°C. The final reaction mixture
centained polyethylene, which was filtered off, washed with
methanol and dried; yield of polymer = 0.26 g. *H NMR (CgD3Cla,
120°C} showed that this sample contained 18 methyl-ended branches
per 1000 methylenes.

ipr

ipp,p— n

{VIiI)
Exanmple 4

Under a nitrogen atmosphere, Ni(COD)s (0.017 g, 0.06 mmol)
ané compound (IX) (0.020 g, 0.06 mmol) were dissolved in benzene
(5.0 mL). To the resulting solution was added HBAF (Et30)z (0.060
g, 0.06 mmol). The resulting solution was immediately frozen
inside a 40 mL shaker tube glass insert. The glass insert was
transferred to a shaker tube, and its contents allowed to thaw
under an ethylene atmosphere. The reaction mixture was agitated
undetr 6.9 MPa CaHy for 18 h at 25°C. The final reaction mixture
contained polyethylene, which was washed with methanol and dried;
yield of polymer = 0.73 g. Tm = 126.9°C (second heat) as
determined by DSC. 1H NMR (CDCl2CDCl2, 25°C) showed that this
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sample contained approximately 7 methyl-ended branches per 1000

methylenes.

F
{IX)

s Example &
' Under a nitrogen atmosphere, Ni(COD)z (0.017 g, 0.06 mmol)
and compound (X) {(0.030 g, 0.06 mmol) were dissolved in benzene
{5.0 mL). To the resulting soiution was added HBAF (Et30)a {0.060
g, 0.06 mmol}. The resulting solution was immediately frozen

10 inside a 40 mL shaker tube glass insert. The glass insert was
transferred to a shaker tube, and its contents allowed to thaw
under an ethylene atmosphere. The reaction mixture was agitated
under €.9 MPa C2Hgz for 18 h at 25°C. The final réaction mixture
contained polyethylene, which was washed with methanol and dried;

15  yield of polymer = 1.40 g. Ty = 123.6°C as determined by DSC. 3Im
NMR (CDCizCDClz, 120°C) showed that this sample contained
approximately 10 methyl-ended branches per 1000 methylenes.

Q .

R
b gt N
d ipy

(X}
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Under a nitrogen atmosphere, Ni(COD)2z {0.017 g, 0.06 mmol)
and compound (XI) (0.029 g, 0.06 mmol) were dissolved in benzene
{5.0 mL!. To the resulting sclution was added HBAF' (Et20)2 (0.060
g, 0.06 mmol). The resulting solution was immediately frozen
inside a 40 mL shaker tube glass insert. The glass insert was
transferred to a shaker tube, and its contents allowed to thaw
under an ethylene atmosphere. The reaction mixture was agitated
under 6.9 MPa C3H4 for 18 h at 25°C. The final reaction mixture
contained polyethylene, which was filtered off, washed with
methanol and dried; yield of polymer = 0.43 g. 1H NMR (CDC12CDClp,
120°C) showed that this sample contained 19 methyl-ended branches
per 1000 me.r.hylenes.
ipr.

Under a nitrogen atmosphere, Ni(COD}2 (0.017 g, 0.06 mmol)
and 2,6-diisopropylaniline (0.011 g, 0.06 mmol) were dissolved in
benzene (5.0 mL). To the resulting sclution was added
HBAF" {(Et50)> (0.060 g, 0.06 mmol). The resulting solution was
immediately frozen inside a 40 mL shaker tube glass insert. The
glass insert was transferred to a shaker tube, and its com:ent_s
allowed to thaw under an ethylene atmosphere. The reaction
mixture was agitated under 6.9 MPa CaH; for 18 h at 25°C., The
final reaction mixture contained polyethylene, which was filtered
off, washed with methanol and dried; yield of polymer = 0.72 g.
Tm = 121.3°C (second heat) as determined by DSC. 1H NMR {CgD3Cla,
120°C) showed that this sample contained 26 methyl-ended branches
per 1000 methylenes. AaAnother experiment run under identical
conditions afforded 0.17 g of polymer; three other experiments in
which 0.12 mmol of 2,6-diisopropylaniline were employed (other
conditions the same ag ahove) afforded 0.30 g, 0.20 g, and 0.64 g
of polymer.
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Exanple &

Under a nitrogen atmosphere, Ni{COD)2 (0.017 g, 0.06 mmol)
and 2,6-diethylaniline (0.01B g, 0.12 mmol) were dissolved in
benzene (5.0 mL). To the resulting solution was added
HBAF" (Et20)2 (0.060 g, 0.06 mmol) . The resulting solution was
immediately frozen inside a 40 mbL shaker tube glass insert. The
glass insert was transferred to a shaker tube, and its contents
allowed to thaw under an ethylene atmosphere. The reaction
mixture was agitated under 6.9 MPa CpH4 for 14 h at 25°C. The
final reaction mixture contained polyethylene, which was filtered
off, washed with methanol and dried; yield of polymer = 0.34 g.
Tm = 122.5°C (second heat) as determined by DSC.

Example .9

Under a nitrogen atmosphere, Ni(COD)z (0.017 g, 0.06 mmol)
and aniline (0.011 g, 0.12 mmol) were dissolved in benzene (5.0
mL). To the resulting solution was added HEAF (Et30)2 (0.060 g,
0.06 mmol). The resulting solution was immediately frozen inside
a 40 mL shaker tube glass insert. The glass insert was
transferred to a shaker tube, and its contents allowed to thaw
undexr an ethylene atmospherxre. The reaction mixture was agitated
under 6.9 MPa CoHg for 14 h at 25°C. The final reaction mixture
contained polyethylene, which was filtered off, washed with
methancl and dried; yield of polymer = 0.049 g. Ty = 112.0°C as
determined by differential scanning calorimetry.

Example 10

Under a nitrogen atmosphere, Ni(COD)2 (0.017 g, 0.06 mmol)
and 1, 8-diaminonaphthalene (0.010 g, 0.06 mmol) were dissolved in
benzene (5.0 mL). To the resulting solution was added
HBAF" (Etzo)ﬁ {0.060 g, 0.06 mmol). The resulting solution was
immediately frozen inside a 40 ml shaker tube glass insert. The
glass insert was transferred to a shaker tube, and its contents
allowed to thaw under an ethylene atmosphere. The reaction
mixture was agitated under 6.9 MPa CH4 for 18 h at 25°C. The
final.. react-:ian mixture contained polyethylene, which was washed
with methanol and dried; yield of polymer = 5.38 g. DSC on this
sample showed a very broad melting point, Ty = 37.0°C {(second
heat).
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Example 1l
Under a nitrogen atwmosphere, Ni{(COD}z (0.017 g, 0.06 mmol)

and compound (XII)} (0.016 g, 0.12 wmol) were dissolved in benzene
{5.0 mL). To the resulting solution was added HBAF" (Et0); (0.060
g, 0.06 mmol). The resulting solution was immediately £rozen
inside a 40 mL shaker tube glass insert. The glass insert was
transferred to a shaker tube, and its contents allowed to thaw
under an ethylene atmosphere. The reaction mixture was agitated
under 6.9 MPa CpHs for 18 h; during this time the temperature
inside the reactor varied between 25 and 33°C . The final
reaction mixture contained polyethylene, which was f£iltered off,
washed with methanol and dried; yield of polymer = 0.13 g. Ty =
119.3, 122.0°C as determined by DSC.

(XIT)
Example. 22

Undef a nitrogen atmosphere, Ni(COD}z (0.017 g, 0.06 mmol)
and ortho-phenylenediamine (0.013 g, 0.12 mmol) were dissolved in
benzene (5.0 mL). To the resulting solution was added
HBAF’ (Et20)2 (0.060 g, 0.06 wmol). The resulting solution was
immediately frozen inside a 40 mh shaker tube glass insert. The
glass insert was transferred to a shaker tube, and its contents
allowed to thaw under an ethylene atmosphere. The reaction
mixture was agitated undex 6.9 MPa C2Hy for 18 h at 25°C. The
final reaction mixture contained polyethylene, which was filtered
off, washed with methanol and dried; yield of polymer = 0.052 g.
Tm = 98.0, 119.0°C as determined by DSC.
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Example 13

Under a nitrogen atmosphere, Ni(COD)2 (0.017 g, D0.06 mmol)
and compound (XIII) (0.013 g, 0.06 wmmol) were dissolved in benzene
(5.0 mL}). To the resulting solution was added HBAF (Et20)> (0.060
g, 0.06 mmol). The resulting solution was immediately frozen
inside a 40 mi shaker t:ube glass insert. The glass insert was
transferxred to a shaker tube, and its contents allowed to thaw
under an ethylene atmosphere. The reaction mixture was agitated
under 6.9 MPa CpH4 for 18 h at 25°C. The final reaction mixture
contained polyethylene, which was filtered off, washed with
methanol and dried; yield of polymer « 0.76 g.

SaWal

(XIID
Example 14

Under a nitrogen atmosphere, Ni(COD}2 (0.017 g, 0.06 mmol)
and compound (XIV) (0.030 g, 0.06 mmol) were dissolved in benzene
{6§.0 mL). To the resulting solution was added HBAF {Et30)3 (0.060
g, 0.06 mmol). The resulting soclution was immediately frozen
inside & 40 ml shaker tube glass insert. The glass insert was
transferred to a shaker tube, and its contents allowed to thaw
under an ethylene atmosphere. The reaction mixture was agitated
under €.9 MPa CaHg for 1B h; during this time the temperature
inside the reactor varied between 25 and 33°C . The final
reaction mixture contained polyethylene, which was filtered off,
washed with methanol and dried; yield of polymer = 0.039 g. . Tm =
126.2°C as determined by DSC.

Under a nitrogen atrmosphere, Ni{COD)> (0.017 g, 0.06 mmol}
and anthranilic acid (0.008 g, 0.06 mmol) were dissolved in
benzene (5.0 mL). To the resulting solution was added
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HBAF" (Et20)o (0.060 g, 0.06 mmol). The resulting solution was
immediately frozen inside a 40 mlL shaker tube glass insert. The
glass insert was transferred to a shaker tube, and its contents
allowed to thaw under an ethylene atmosphere. The reaction
mixture was agitated under €.9 MPa CgHy for 18 h; during this time
the temperature inside the reactor varied between 25 and 39°C.
The final reaction mixture contained polyethylene, which was
filtered off, wasﬁed with methanol and dried; yield of polymer =
1.74 g. Tm = 118.4°C as determined by DSC.
Example 16

Under a nitrogen atmosphere, Ni(COD)z {(0.017 g, 0.06 mmol)
and compound (XXXVIII) (0.008 g, 0.06 mmol) were dissolved in
benzene (5.0 mL). To the resulting solution was added
HBAF' (Et20)z (0.060 g, 0.06 mmol)}. The resulting solution was
immediately frozen inside a 40 mL shaker tube glass insert. The
glass insert was transferred to a shakex tube, and its contents
aliowed to thaw under an ethylene atmosphere. The reaction
mixture was agitated undexr €.9 MPa CaHg for 18 h; during this time
the temperature inside the reactor varied between 25 and 34°C.
The f£inal reaction mixture contained ‘i:olyethylene, which was
filtered off, washed with methanol and dried; yield of polymer =
1.20 g. Tp = 120.2, 132.3°C as determined by DsC.

2,6-diisopropylaniline (17.7 g, 100 mmol), 1,2-dibromoethane -
(9.4 g, 50 mmol), and diisopropylethylamine (20 ml) were heated to
reflux for 2 days. Excess diisopropylethylamine was removed from
the white crystals in vacuo, and the residue was washed with
CH2Cls. The CH2Clz was evaporated to give a red-brown residue.
The crude product was recrystallized from methanol to afford white

crystals of (VII).
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Example 18
Syanthesis of (IX)
2,6-Diisopropylaniline (0.89 g, 5.0 mmol) and

pentafluorcbenzaldehyde (0.98 g, 5.0 mmol) were dissolved in
CH;Clz (20 mL) and the reaction mixture was stirred overnight at
room temperature. The solvent was removed in vacuo to afford 1.5
g of (IX) as an off-white golid.

Example 22

Synthesig of (X)
1.1'-Biphenyl;z,Z‘-diylphcsphorochloridite (0.251 g, 1.0

amol) was dissolved in anhydrous diethyl ether {15 mL)} under
nitrogen. To this stirred solution was slowly added the sodium
salt of salicylaldehyde-2,6-diiscpropylanilineimine (0.303 g, 1.0
mnol} . The solution was stirred for one hour, and then filtered.
The filtrate was evaporated to afford a yellow oil. The oil was
redissolved in approximately 3-4 mL petroleum ether. Slow
evaporation of the solution at room temperature gave yellow
crystals of (X). lH NMR (CDCl3) 4 8.55 (s, 1H, N=CH), 8.25 (d, 1RH,
Hayyl), 7.50-7.05 {mult, 15H; Baryl)., 2.95 (sept, 2H, CHMe2), 1.15
(d, 12E. CHMep); 31p NMR (CDCla) 8 142.44.

P~Cl

1,1'-biphenyl-2,2'-diylphosphorochloridite

"~
\

Nao e
N ipr

saliéylaldehyde-z,s-diisopropylanilineimine sodium aalt

The preparation of 1,1'-biphenyl-2,2'-
diylphosphorochloridite can be found in the following references:
WO 9303829, U.S. Patents 4,769,498, and 4,688,651, and Cuny, G.D.,
et al., J. am. Chem. Soc. vol. 115, p. 2066 (1993},
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Salicylaldehyde-2,6-diisopropylanilineimine was prepared by
stirring an equimolar mixture of salicylaldehyde and 2,6-
diisopropylaniline in the presence of a catalytic amount of formic
acid in methanol for several days at room temperature; the product
was from pentane at -78°C. The sodium salt was prepared by
reaction with sodium hydride in THF.

Example 20
Syntheais of (XI)

Compound (X)I was prepared by the method of Example 19 from
6-chloro-6H-dibenz (¢, e] fl,:loxaphosphorin and the sodium salt of
salicylaldehyde-2, 6-diisopropylanilineimine. 1H NMR (CDCl3) d
8.20-7.00 (mult, 16H, N=CH and Haryl), 2.80 (sept, 2H, CiMez),
1.03 (overlapping d's,CHMez, 12H}; 31p NMR (CDCl3) & 128.8ppm.

Q
\
P—Cl

6~Chloro-6H-dibenz [c, e} [1,2] oxaphosphorin
6-Chloro-6RB-dibenz [c,e) [1,2) oxaphosphorin was prepared

according to a published procedure: Pastor, $.D., et al.,
Phosphorus and Sulfur vol. 31, p. 71 (1987).
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Example 21
Synthesis of (XIV)
1,1’'-biphenyl-2,2’-diylphosphorochloridite (0.125 g, 0.50

mmol) was dissolved in 15 mbL 1:1 anhydrous ether/tetrahydrofuran

5 under nitrogen. To this stirred solution was added the sodium salt
of N- (ortho-hydroxy)benzyl-2,6~diisopropylaniline {0.153 g, 0.50
mmol) . Stirring was continued for another 5.5 hours before the
solution was filtered. Bvaporation of the filtrate atforded a
nearly colorless oil. This material was redissolved in diethyl

10 ether/petroleum ether (~1:2), and the solution cooled to -40°C. A
small amount of material precipitated from the solution and was
removed. Slow evaporation of the solution afforded white crystals
of compound XIV. 1H WMR (CDCl3) d 7.60-7.00 (mult, 15H, Hayyi).
4.05 (s, 2H, CHp}, 3.40ppm (br s, 1H, NH), 3.25 (sept, 2H, CHMe3);

1.= 1.10 (do 12!'!; Cfmez).
‘“Q
|}

Nao, g tpy

N- (ortho-hydroxy)benzyl-2, 6-diisopropylaniline sodium salt

N- (ortho-hydroxylbenzyl-2,6-diisopropylaniline was prepared
20 Dby NaEBEx, reduction of salicylaldehyde-2,6-diisopropylanilineimine
in CH30H/CHCl3 (chloroform was added to help solubilize the
aniline starting material). The sodium salt of this compound was
prepared by reaction with sodium hydroxide in tetrahydrofuran.
Example 22
25 Byntbesis of (VIII)

Compound (VIII) was prepared by reduction of N-({ortho-
diisoprepylphosphinoxy)benzyl-2,6-diiscpropylanilineimine with 2
equivalents of i-BuzAlH in toluene at 0°C, followed by warming to
room temperature and a basic woxkup.

30 '
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N- {ortho-diisopropylphosphinoxy) benzyl-2, 6-diisopropylanilineimine

N- (ortho-diisopropylphosphinoxy)benzyl-2,6-
diiscpropylanilineimine was prepared by reaction of
salicylaldehyde-2,6~diisopropylanilineimine with
chlorodiisopropylphosphine and triethylamine in toluene at room
temperature.

Examples 23-£6

These Examples were all done by the same general procedure.
Under a nitrogen atmosphere, Ni(COD), {0.017 g, 0.06 mmol) and the
ligand to be tested (0.06 or 0.12 mmol) were dissolved in benzene
(5.0 mL}. To the resulting solution was added HBAF' (Ety0), (0.060
g, 0.06 mmol}. The resulting solution inside a 40 mL shaker tube
glass insert was immediately frozen in a freezer inside the glove
box. The glass insert was transferred to a shaker tube, and its
contents allowed to thaw under an ethylene atmosphere of €.9 MPa.
The reaction mixture was agitated undexr 6.9 MPa of ethylene
pressure for about 18 h. Any polyethylene in the final reaction
mixture was washed with methanol and dried. Melting points of
some of the polymers were determined by DSC. These (when
determined) along with polymer yields and other data are given in
Table 1. The structures of the ligands {(except if already shown
above) are listed after Table 1.
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Iakle 1
| Ex. |Ligan {Ligand/ jg PElTm, °C]
232 50 1.0 2441123
24 S 2l 15,5 139, .}
25, 52 1.0 11..0 -
26 3 2--0 102 1.24
27, Sd. 1.0 S 124
28 55 2.0 4.5 125 ]
28 58 10 4.3
30 52 10 4.0 136
23 1.0 3.8 138 )
22 58 1.0 3. a
23 F 4.3 1.0 3.1 122
34 . - | o T, ¥ 3.0 134
35 —b2 1...0. 3.0 123
36 £3 1.0 2.9 128 |
32 54 2.0 2b =
| S ¥ - T - 1.0 b . =
-1 N L6 1.0 - - 131
4AD B2 3.0 1.2 218
A3 £8 1.0 1.5 123
42 £8. 1.0 1.5 -
432 20 1.0 1.5 a
44 {XITX b T o doil. 1231
| Y-S 231 b T .Y ]
A5 (4 'aatsl 1.0 2.3 126
L2 22. 2.0 . 332
1 a8 23 1.0 L. =
ais 24, 3.0 1.0, 1313
50 15 1.0 (-1 =
83 16 1.0 -] =
82 b & ] T K- 124
.53 28 L) 8. .
54 28 2.0 B
58 B0 2.0 k] -
r_J‘___.__B;L 1.0 2 1272
TR e 1 ——B2 1.0 L) £5
E8 3 2.0 b -
59 L {XVTT. 1.0 "3 -
&0 ~84 1.0 £ -~
81 85 2.0 r -
52 Beel) . =
£3 7 20 B
54 B8 T [ =
£5 B8 2.0 5. =
&6. [- T4 1.0 L 2
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Examples 67-77
Noxbornene Polvmerization
General proceduxe: The reactions were carried out in a

dry, deoxygenated atmosphere. The catalyst was weighed into a 20
£ ml glass scintillation vial and a stir bar was added. A golution
of dry dichloromethane/norbornene (3 ml, 43 mass % norbornene) was
added and the resulting solutions stirred for 20-%0 h. Each
product was added to stirring methanol (in air} to precipitate the
polymer. The polymer was filtered, washed with methanol/i0% HC1
10 solution and methanol and finally dried under vacuum. In each
case purity was improved by redissolving the polymer in chloroform
and reprecipitating with methanol. IH-NMR {(CDCla) confirmed that
the products were addition polymers of norbornene. Details and
results of these polymerization are given in Table 2. Structures
1§ of the catalysts used are shown after Table 2
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Iable 2

Ex. Catalyst | mmol | Time, % Comments

No. h Yield

67 81 0.050 20 | >95% |Solution was solidified
within 5 min.

€8 82 0.041 20 >95% |Solidified over several h

69 93° |o.030| 20 93% |Exothermic, boiled
solvent

70 -2 0.016 44 45% |Viscosity increased over
several days

71 95‘ 0.036 20 >95% |Exothermic, solidified
within 1 min

72 96 0.010 20 94% |Solidified over 1 h

73 98 0.039 20 85% |No stirring after 20 min
{too viscous)

74 98 0.019 20 88% Exothermic, solid within
10 sec _

75 100 0.020 . 20 81% |Exothermic, solid within
5 sec

7€ 101 0.041 20 >95% [8olidified overnight

7% 102 0.018 20 87% |Exothermic, solidified
rapidly

2 Bnd groups visible in !H NMR of polymer indicate lowex
molecular weight

48






WO 97/02298

»n

10

20

PCT/US96/11131 _
Exauples 78-85
Styrene Polymerization
General procedure: The reactions were carried out in a

dry, deoxygenated atmosphe_re. The nickel containing catalyst was
weigheé into a 20 ml glass scintillation vial and a stir bar
added. Dry dichloromethane (2 ml) £followed by styrene (2 ml,
filtered through alumina, phenothiazine inhibitor) was added and
the resulting solutions shaken in the dark for 20 h. The products
were added to stirring methanol (in air) to precipitate the
polymer. The polymer was filtered, washed with methanol/10% HCl
soluticn and methanol and finally dried under vacuum. Polymers
were characterized using 13C-NMR (CDCl3) which indicated that in
each case the product was enxiched in xracemic diad units relative
to atactic polystyrene [for measuring tacticities of polystyrenes
see T. Kawamura, et al., Macromol. Rapid Commun., vol. 15, p. 479-
48 (1994;:. Details of each polymerization and results are shown

in Tablie 3. Structures of catalysts are shown after Table 2,

above.
Tabkle 3

Ex. Catalyst | mmol % Comments

Ne. . Yield

7€ 81 0.017 37% Golden solution

79 82 0.016 »>95% {Brown viscous solution

80 93 0.015 80% Rapid reaction, viscous brown
solution

81 85 0.017 7i% Rapid, orange solution turns
brown, viscous

82 96 0.006 6% Golden solution

83 9% 0.016 84% |Boils solvent, dark red viscous
solution

84 101 0.016 5% Yellow solution

85 102 0.027 73% Yellow solution, rapidly became
viscous
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Examples BE-94
Styrene/Norboxnene Copolymerization

Ganeral procedure; The reactions were carried out in a
dry, deoxygenated atmosphere. The catalyst was weighed into a 20
ml glass scintillation vial and dry dichloyomethane (1 ml) and a
stir bar added. A solution of dry dichloromethane (2 ml), styrene
{2 m}, Aldrich Chemical Co., 99+%, filtered through alumina,
phenothiazine inhibitor added) and 1.5 g norbornene (Aldrich
Chemical Co., 99%) was added and the resulting solutions shaken in
the dark for 20 h. The products were added to stirring methanol
{in aix) to precipitate the polymer. The polymer was filterxed,
washed with methanol/10% ECl solution and methanol and £inally
dried under wvacuum.

15-NMR(CDC13) indicated that in each case the product
contained both styrene and norbornene. The absence of a resonance
between €.2 and 6.7 ppm (assigned to the ortho -protons in chains
of polystyrene) confirms that the product is a copolymer [see for
instance A. Benaboura, et al., C.R. Acad. Sc¢. Paris, Sexr. 2, vol.
381, p. 229 (1985}). The absence of a polystyrene.'rg in the DSC
confirmed that the products are copolymers.

‘Details and results of these polymerization are found in
Table 4. Structures of the nickel cont.aining. catalysts are shown
after Table 2, above.
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Takle 4
Ex | Catalyst mmol quymer Mol % |Comments
catalyst{ Yield |styrene

No ' {g)

86 91 0.019 0.72g <5% Golden solution, sticky
polymer

87 92 0.015 1.49g 11.1% {Brown solution, polymer
precipitated

B8 93 0.012' 2.47g9 13.7% |Exothermic, precipitated

after 5 min
89 85 0.019 2.629 50.B% |Orange solution turned

red, precipitated

9¢ 97 0.013 0.28g <5% Brown solution, small
amount polymer

Sl 98 0.019 | 2.93g 41.4% |Red solution, exothermic,
precipitated

92 99 0.009 2.64g 58.1% |Exothermic, golden

solution, precipitated

93 100 0.015 2.15g 24.2% )Gold solution,
exothermic, precipitated

94 101 0.023 1.54g 5.2% |Yellow solution, polymer
precipitated
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Exagples 95 - 107
Following the procedure of Examples 23 - &6, ethylene was
polymerized. The results are reported in Table 5. The structures
of the ligands are listed after Table 5.

5 Table §

BEx. No. | Ligand | Ligand/Ni |g PE
95 102 1.0 13.8
96 103 1.0 11.6
97 104 1.0 10.8
28 105 1.0 4.3
95 106 1.0 1.8
100 107 1.0 1.5
101 108 1.0 1.4
102 ) 109 2.0 1.2
103 110 1.0 0.9
104 111 1.0 0.6
1058 112 1.0 0.4
106 113 1.0 0.4
107 114 1.0 0.2

10
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Examples 108-183
General Synthesis of Nickel Allyl Initiators. A mixture of
one to two equiv. of the appropriate ligand, one equiv of NaBAF,
and 0.5 equiv of [{allyl)}Ni{m-X)]}2 (X = C1l or Br) was dissolved in

- EtaCc. The reaction mixture was stirred for several h before being

filtered. The solvent was removed in vacuo to yield the desired
product. (The [{allyl)Ni(m-X)}3 precursors were synthesized
according to the procedures published in the following reference:
Wilke, G., et al., Angew. Chem. Int. Ed. Engl. 1996, 5, 151 -
164.) The following 1H and 13¢ spectroscopic assignments of the
BAF counterion in CDpCly were invariant for different compiexes
and temperatures and are not repeated in the spectroscopic data
for each of the cationic allyl complexes: [3,5-CgH3-(CF3)2)4”
(BAF; . 1K NMR (CD2C12) d 7.74 (s, B, Bo), 7.57 (s, 4, Hp); 13c
MMR (CD2Clz) d 162.2 (g, JcB = 37.4, Cipsol, 135.2 (Cp), 129.3 (q.'
JcF = 31.3, Cp). 125.0 (g, JcF = 272.5, CF3), 117.9 (Cp).

General Procedure for the Screening of Ethylene
Polymerization by Nickel Allyl Initiaters. In the.drybox, a glass
insert was loaded with the: isclated allyl initiator synthesized by
the above general procedure. The insert was cooled to -35°C in
the drybox freezer, 5 mL of solvent (typically CgDg or CDCl3) was .
added to the cold insert, and the insert was then capped and
sealed. Outside of the drybox, the cold tube was placed under 6.9
MPa of ethylerie and allowed to warm to RT as it was shaken
mechanically for approximately 18 h. An aliquot of the solution
was used to acquire a iH NMR spectrum. The remaining portion was
added to -~ 20 mL of MeOH in order to precipitate the polymer. The
polyethylene was isclated and dried under vacuum. '

: ; __! +
HzN +NH,
I
o
The general synthesis of nickel allyl initiators was
followed using 64 mg of ligand, 53 mg of [(CaHs)Ni(p-Cl)};, and

347 mg of NaBAF. A wheat yellow powder (307 mg) was isolated. Iy
and 13c NMR spectra are consistent with the above structure with
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one equiv of Et0 present. In particular, at -B0°C two sets of
amino proton resonances &re observed and are coupled to each
other. This is consistent with the above structure in which both
nitrogen atoms are bound to nickel.. At room temperature (20°C;,
one broad resonance is observed at 5.64 ppm for all of the amino
protons: XH NMR (CD2Clz, 300 MHEz, -B0°C) d 7.81 (d, 2, J = 8.09,
Hp or Hp), 7.41 {t, 2, J = 8.1, Hp), 7.26 (4, 2, T = 6.74, By Or
Hp), 5.49 (m, 1, J = 6.7, HoCCHCH3), 5.43 (8, 2, J = 10.8, NHH'),
5.04 (4, 2, J = 12.24, NHH'}), 3.38 {(br g, 4, J = 6.7, O{CH2CH3}2),
3.26 (4, 2, J = 6.8 (EHH'CCHCHH'), 2.17 (d, 2, J = 13.5,
HH'CCHCHE'), 0.92 (t, 6, J = 6.1, O(CH2CH3)2)}; 13C mMMR (CD2Cla, 75
MHEz, rt) 4 136.1, 130.4, 129%.0, 126.7, 123.2 and 121.7 (caryﬂr
115.4 (HoCCHCHz), 65.9 (H2CCHCHR), 55.7 (O(CHZCH3)3), 14.9
{O{(CE2CH3) 2) .
Example 105

The allyl initiator of E'xample 108 was used to polymerize
ethylene in CDCla at RT according to the genexal polymerization
procedure using 24 mg of catalyst. Polyethylene was isolated (304
mg! .

Example 110
o
Y
HoN. o NH o
I
="Ph

The general synthesis of nickel allyl initiators was
folliowed using 151 mg of ligand, 205 mg of [(HpCCHCHPh)Ni (p-Cl)ls,
and B60 mg of NaBAF. A yellow-brown powder (694 mg) was isolated.
The 1H NMR spectrum indicates that one equiv of Et0 is present.
The spectrum, particularly the observation of 4 ineguivalent
coupled amino protons, is consistent with the above structure in
wvhich both nitrogen atoms are bound to nickel. The amino
resonances remain inegquivalent at least up to 60°C: 1y WMRr
(CD2C1;, 300 MHz, -40°C) @ 7.85 - 7.25 (m, 10, Haryl), 6.47 (d, 1,
Jd = ;.8, Haryl)- 6.03 {(tof d, 1, J = 12.8, 7.2, BoCHCHPh), 5.17
(&, 1, J = 10.8, NHH'), 4.89 (4, 1, J = 10.B, NHN'), 4.23 (4, 1, J
= 12.1, N*HH'), 3.73 (d, 1, J = 12.1, HyCHCHPh}, 3.66 (4, 1, J =
10.8, N'HH'), 3.42 (g, 4, J = 7.2, O(CHaCH3)2), 3.34 {4, 1, T =
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6.8, HH'CHCHPh), 231 {a, 1, J = 12,1, HHE'CCHCHFh), 1.05 (t, 6, J
= 7.4, O{CH2CH3)2).
Example 1311

The allyl initiator of Example 1110 was used to polymerize
ethylene in CgDg at 80°C according to the general polymerization
procedure using 67 mg of catalyst. No polyethylene was isoclated
under these conditions. However, the 1H NMR spectrum of the
reaction mixture indicated that butenes and higher olefins were

produced in significant amounts.

Q::’ '_l +
MEQN NMez
\!r
The general synthesis of nickel allyl initiators was

followed using 202 mg of ligand, 127 mg of [(C3Hg)Ni{pn-Cl}lz, and
829 mg of RaBAF. A yellow-orange powder (967 mg) was isolated.
The NMR gpectra are consistent with the structure shown above, in
which both nitrogen atoms -coordinate to nickel. IH NMR (CDaCla,
300 MHz, rt) d 7.83 (@of 4, 2, J = 5.9, 3.3, Hp), 7.56 (s, 2, Hp
or Hp), 7.54 (4, 2, T = 2.9, HBp oY I-Ip), 6.10 {t of t, 1, J = 13.4,
7.1, HaCCHCHz), 3.23 (4, 2, J = 7.3, HH'CCHCHH'), 3.1 (br, 12, 2 x
NMep), 2.58 (4, 2, J = 13.2, HH'CCHCHH'); 313C NMR (CDClz, 75
MHz, rt, nonarcmatic carbons only) @ 117.6 (HCCHCH3}, 60.2
(HoCCHCH2), 55.1 (br, NMMep).
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_ Example 113
The allyl initiator of Example 112 was used to polymerize

ethylene in CDClz at RT according to the general polymerization
procedure (with the exception that 4.1 MPa of ethylene was used)
using 40 mg of catalyst. Polyethylene was not isolated. The 1H
NMR spectrum showed the production of butenes and a small amount

of higher olefins.

MezN NMe,
\!»—\—

The general synthesis of nickel allyl initiators was
followed using 103 my of ligand, 100 mg of [(HaCCHCMes)Ni(u-Br)ls,
and 427 mg of NaBAF. A pale pink powder (517 mg) was isolated.
The NMR spectrum is consistent with the structure shown above, in
which both nitrogen. atoms coordinate to mickel. 1R NMR (CDaCla,
300 MHz, rt) d 8.2 - 7.4 (m, 6, Hary)), 5.33 (dd, 3, J = 12.8,
7.4, HzCCHCMez), 2.35 - 2.80 (br, 12, NMeMe', N'MeMe'), 2.78 {dd4,
i, 3 =18.1, 2.7, HH'CHCMe2), 1.75 {(dd, 1, J = 13.5, 2.7,
HH'CHCMe3), 1.22 and 0.73 (s, 3 each, HpCCHCMeMe').
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Example 115
The allyl initiator of Exan\ple 114 was used to polymerize
ethylene in CDCl3 at RT according to the general polymerization
procedure using €6 mg of catalyst. Polyethylene was isolated {23
ng! .
Exauple 116
The allyl initiator of Example 114 was used to polymerize
ethylene in CDCl3 at 80°C according to the general polymerization
procedure using 62 mg of catalyst. No polyethylene was isolated;
however, the *H NMR spectrum of the reaction mixture showed the
production of butenes, higher olefins, and a broad (CH2)n peak at
1.25 ppm. '
Example 117
+

A\
He. \Ar
Ar'N' Ni” N.'H B8AF

UZ
Ar = 2,6-CgHa-+Pn2
The general synthesis of nickel allyl initiators was
followed using 135 mg of ligand, 48 wmg of [(CaHg)Ni(p-Cl}lz, and
307 mg of NaBAF. A yellow powder (394 mg) was isclated. The 1H
and 13Cc NMR spectra are consistent with both nitrogen atoms
coordinating to nickel, as shown above, with the aryl rings ‘1ying
trans to each other in the majority of the product. Other isomers
may be present in lesser amounts: IH NMR (CDaClz, 300 MHz, -40°C)
d 7.4 - 7.0 (m, 6§, Baryl), 5.68 {m, 2, RpCCHCH2), 5.53, 5.38, 4.84
and 4.22 (m, 1 each, NCHH'C'HH'N'}), 3.4 - 2.8 (m, 6§, NH, N'H,
CHMes, C'HMeg, Cf'HMez, C'''HMez), 2.73 (4, 1, d = 6.7,
HH'CCHCHE'}, 2.62 (d,'1, J = 6.8, HH'CCHCHH'), 2.39 (d, 1, J =
13.5, HH'CCHCHH'), 1.55 (d, 1, J = 13.5, HH'CCHCHH'}, 1.8 ~ 1.2
{d, 3 each, CHMeMe', C'HMeMe', C''HMeMe', C'®'‘HMeMe'); 33C mMR
{CD2Cla, 75 MHz, rt) d 140.9, 140.8, 135.9, 138.4, 138.9 and 138.4
{AY: Cipsos Co. Co' and Ar': Cipso, Cos Co'), 129.0, 128.8, 127.1,
127.0, 125.4 and 125.1 (Ar: Cpm, Cn', Cp and Ax': Cm, Cm', Cp).
116.2 (HpCCHCH2), 60.7, 55.8, 54.3 and 53.0 (H2CCHC'Hp,
NCHyC'HaN'), 31.7, 30.5, 30.0 and 29.4 (CHMez, C'HMez, C'’HMey,
C’''HMez), 26.4, 26.0, 24.4, 24.2, 24.2, 24.2, 24.0 and 22.9
(CHMeMe', C'HMeMe', C'‘'HMeMe*, C''‘HMelMe').
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Exanple 118
The allyl initiator of Example 117 was used to polymerize
ethylene in CgDg at 80°C according to the general polymerization
procedure using 63 mg of catalyst. Polyethylene (3.49 g) was
isolated. iH NMR spectrum of the isolated polymer indicates the
formation of branched polyethylene with roughly 100 methyl
branches per 1000 carbon atoms.
Example 119
| The allyl initiator of Example 117 was used to polymerize
ethylene in CDCl3 at 80°C according to the general polymerization
procedure using 68 mg of catalyst. Polyethylene (1.69 g) was
isolated.

Exanmple 120
-+

™\
Et.. \Ph
Ph’N’ Ni'M‘Et BAF

~

The general synthesis of nickel allyl initiators was
followed using 106 mg of ligand, 53 mg of [{C3Hs)Ni(p-Cl)}z, and
349 mg of NaBAF. A yellow powder (394 mg) was isolated. The 1n
and 13¢c NMR spectra are consistent with both nitrogen atoms
coordinating to nickel, as shown above, with the aryl rings lying
trans to each other in the majority of the product. Other isomers
may be present in lesser amounts: IH NMR (CDpClp, 300 MHz, rt) @
8.3 - 7.2 (m, 10, Haryl)}, 5.9 (m, 1, HpCCHCH2}, 3.9 - 2.8 (m, 10,
HH'CCHCHH', NCHoCHoN', NCHoCHa, N'CH2CH3), 2.49 (d, 1, J = 13.6,
HH'CCHCHE'), 2.15 (4, 1, J = 13.6, RH'CCHCHH'), 1.36 and 1.17 (t,
3 each, J = 7.2, NCHzCH3 and N'CHCH3}; 13C MR (CDaClz, 75 Mz,
rt) d 150.1 and 147.5 (Ph: Cjipso and Ph': Cjpgo), 130.8, 130.8,
130.8, 130.7, 129.2, 128.9, 128.2, 124.0, 123.% and 122.6 {(Ph:
Co:Co's Cm: Cm' and Cp; Ph': Co, Co', Cm, Cnm' and Cp), 115.6
(HoCCHCHp), 59.6, 58.7, 58.3, 57.8, 57.3 and 56.4 (HCOCHCH,,
NCBaCH3, N'CHoCH3, NCHaCHoN'), 12.6 and 11.8 (NCH2CH3 and
N'CHpCH3) . .
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Example 121
The allyl initiator of Example 120 was used to polymerize
ethylene in CDCl3 at 60°C according to the general polymerization
procedure using 25 mg of catalyst. A few mg's of soft white
polyethylene was isolated; the 13 NMR spectrum of this product
shows branched polyethylene peaks at 1.25 ppm (CH;) and 0.85 ppm
{CH3) .
Example. 122
Ph Ph |*
Mol el o
<
The general synthesis of nickel allyl initiators was
followed using 95 mg of ligand, 34 mg of [(CaHs)Ni(u-Cl)ly, and
218 mg of NaBAF. A yellow powder (231 mg) was isolated. The 1H

NMR spectrum is complex with more than one isomer apparently

present.

Example 123

_ The allyl initiator of Example 122 was used to polymerize

ethylene in CDCly at 60°C according to the general polymerization
procedure using 22 mg of catalyst. A few mg's of polyethylene was
isolated; the *H NMR spectrum of this product shows a - (CH2) - peak
at 1.2 ppm. The 1y WMR spectrum of the reaction mixture shows the
production of butenes; branched polyethylene peaks are also
observable at 1.25 ppm (CH) and 0.85 ppm (CHa).

Example 124

-+
MeO ]
OMe
Ar
MeO-,,l"- {Ar BAF
A
Ar = 2,4,6-CgHa-(OMe) 3
The general synthesis of nickel allyl initiators was
followed using 213 mg of ligand, 54 mg of [(C3Hg)Wi(n-Cl)]a, and
354 mg of NaBAF. An orange powder (391 mg) was isoclated.

Variable-temperature 1R NMR and 13C NMR spectra are consistent
with the above structure in which one methoxy group and the
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phosphorus atem are coordinated to nickel. 1H NMR spectral data
are reported at both -100°C and 20°C. Four resonances for the
allyl syn and anti protons are observed at -100°C, while two
resonances are observed at RT for these protons. The observation

5 of the four syn and anti protomns at -100°C supports probable
coordination of the methoxy group to nickel: IH NMR (CDaCly, 300
MHz, -100°C) @ €.05 (4, 6, Jup = 4.1, Cy), 5.5%9 (m, 1, HaCCHCH2),
3.82 (d'. i1, J = 6.75, HH'CHC'HH'), 3.76 (s, p-OMe), 3.67 (s, o-
OMe), 3.07 (br s, 1, HH'CHC'HEH'), 2.93 (dd, 2, J = 13.5, 5.4,

10 HE'CHCHEH'), 1.74 (4, 1, J = 12.1, BH'CCHCHH'); 1H NMR (CDyClz, 300
MHz, 20°C) d 6.13 (4, 6, Jgp = 2.7, Cp), 5.62 (m, 1, HaCCHCH3),
3.81 (s, p~OMe), 3.71 (8, o-OMe), 3.49 {d, 2, J = 6.8, HE'CHCHK'),
2.42 (&, 2, J = 16.2, HH'CECHE'): 13¢c NMR (CDCl3, 75 MHz, rt) &
166.0 (Cp), 162.4 (d, Jcp = 4.9, Co), 113.7 (HaCCHCH2), 97.8 (4,

1S Jcp = 60.4, Cipso to P), 91.1 (4, J = 4.9, Cp), 57.8 (HpCCHCH2 and
o-ONe, overlapping), 55.4 (p-OMe).

Example 125
The allyl initiator of Bxample 124 was used to polymérize
ethylene  in .CDCl3 at RT according to the general polymerization

20 procedure using 28 mg ‘of -catalyst. Butenes were formed according
to 18 NMF spectroscopy.

Exanple 126¢
The allyl initiator of Example 124 was used to polymerize
ethylene in Cgbg at RT according to the general polymerization

25 procedure using 28 mg ©f catalyst. Butenes and some higher
olefins were formed according to 1H NMR spectroscopy.

Example 127

MeO N
Y-ome

. / Ar
MeO.\j-Pp;  paF
Y
CO.Me
Ar = 2,4,6-CgH2-{OMe) 3
The general synthesis of nickel allyl initiators was

30 followed using 501 mg of ligand, 224 mg of {(HpC(CO;Me)CHz)Ni (nu-
Br)}z, and 834 mg of NaBAF. A yellow-green powder {391 mg) was
isolated. IH NMR spectrum of product is complex; the structure
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shown above is tentatively assigned by analogy to the parent
{C3Es) allyl complex.
Exanple 128
The allyl initiator of Example 127 was used to polymerize
5 ethylene in CgDg at RT according to the gemeral polymerization
procedure using 93 mg (0.06 mmol) of catalyst and 2 equiv (29 mg)
of BPh3 cocatalyst. Polyethylene (177 mg) was isolated.
Exauple 129
The allyl initiator of Example 127 was used to polymerize
10 ethylene in CDCl3 at RT according to the gemeral polymerization
procedure using 93 mg (0.06 mmol) of catalyst and 2 equiv (61 mg)
of B(CgF3)a cocatalyst. Polyethylene (20 mg) was isolated.
Example 130

= NH, |"
G e
Ni~
~
15 The general synthesis of nickel: allyl initiators was
followed: using 45 mg of ligand, 50 mg of [(C3Hg)Ni(u-Cl)}2, and
328 mg of NaBAF. A yellow powder (334 mg) was isolated. The 1H
NMR spectxal data is consistent with the structure shown above:
13 NMR (CD2Clz, 300 MHz, rt) d B.46 (4, 1, J = 5.4, Haryl), B.17
20 (t, 1, T = 8.1, Hayryl), 7.84 (4, 1, J = 8.1, Haryl), 7.74 {m, 1,
' Haryl. overlaps with BAF: Hp), 7.10 and's.ez {(br 8, 1 each NEH'),
5.9¢ (m, 1, HoCCHCHo), 3.57 {4, 2, J = 6.8, HH'CCHCHH'}, 2.66 (d,
2, J = 13.5, HH'CCHCHE’). 33Cc NMR (CDaClz, 75 MHz, rt) @ 173.5
{C=0), 146.4 (Caryl: C-C(O)NHz), 153.7, 141.4, 131.6 and 123.9
25 (Cary) attached to hydrogen), 117.2 {H2CCHCHZ) , (HZ.CCHCHZ overlaps
with CD2Cl; resonance).
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Exampla 133
The allyl initiator of Example 130 was used to polymerize

ethylene in CDClj3 at RT according to the general polymerization
procedure using 63 mg of catalyst. A few mg's of polyethylene was
isolated. According to the 1H NMR spectrum of the reaction
mixture, significant amounts of butenes and higher olefins were
produced. Polyethylene -CHz- resonance is identifiable at 1.25
Ppm.
Example 132

The allyl initiator of Example 130 was used to polymerize
ethylene in CgDg at 80°C according to the general polymerization
procedure using 64 mg of catalyst. Polyethylene (247 mg) was
isolated. According to the iy aMr spectrum of the reaction
mixture, the reaction was productive in the formation of butenes
and higher olefins.

Example 133
oH |*
={ NH,
Ny
\l/’

The general synthesis of nickel allyl initiators was

i.(J BAF

followed using 52 mg of ligand, 50 mg of [(C3Hs)Ni(u-Cl)la, and
328 mg of NaBAF. A yellow powder (328 mg) was isolated. The in
NMR spectral data is consistent with the structure shown above:
1 NMR (CD2Clz, 300 MHz, rt) 4 11.34 (br s, 1, OH), 8.54 (br s, 1,
NmH'), 7.92 (4, 1, J = 4.0, Haryl), 7.64 (d, 1, J = 8.1, Haryl),
7.55 (t, 1, 9 = 4.7, Haryl), 6.76 {(br s, 1, NR¥'}, 5.85 (m, 1,
HH'CCHCHE'), 3.40 (br, HH'CCHCHH', 2.58 (br, HH'CCHCHH'). 3¢ NMR
(CDaCly, 75 MHz, rt, assignments aided by an APT spectrum) § 173.7
(C0), 155.9 and 133.8 (Cary) not attached to hydrogen), 145.8,
132.3 and 129.3 (Cary) attached to hydrogen), 116.6 (HoCCHCHz),
{H2CCHCHz rescnances not observed Neither overlapping with CD2Cls
rescnance or broad and in the baseline).

64



WO 97/02298 PCT/US96/11131

Example 334
The allyl initiator of Example 333 was used to polymerize
ethylene in CDClj at RT accoxrding to the general polymerization
procedure using 60 mg of catalyst. Polyethylene (190 mg) was
§ isolated as a white powder.
Exanple 135
The allyl initiator of Example 133 was ‘used to polymerize
ethylene in CgDg at 80°C according to the general polymerization
procedure using 60 mg of catalyst. Polyethylene (783 mg) was
10 isolated. According to the 1H NMR spectrum of the reaction
mixture, significant amcunts of butenes and higher oclefins were

produced.
—l +
"
| 1
O NHz -
l
N
15 The general synthesis of nickel allyl initiators was

followed using 57 mg of ligand, 50 wmg of [(C3Hs)Ni{p-Cl))2, and
328 mg of NaBAF. A yellow powder (264 mg) was isolated. The I,
13C. and APT HMR spectral data is consistent with the structure
shown above: 1H NMR (CD2Clz, 300 MHz, rt) 4 14.0 (br s, 1, OH),

20 8.10 {4, 1, J = 8.1, Haryl). 7.65 {t, 1, J = 8.1, Haryi}. 7.47 (¢,
1, J = B.3, Haryl), 7.2%1 (d, 1, J = 8.1, Haryl), 5.83 (m, 1,
HyCCHCH2), 4.34 (br s, 2, NHz), 3.23 (br 4, 2, J = 5.4,
HH'CCHCHE'}, 2.34 {br 4, 2, J = 13.49, BEH'CCHCEH').
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Example 137
The allyl initiator of Example 136 was used to polymerize

ethylene in CDClj at RT according to the general polymerization
procedure using 63 mg of catalyst. Polyethylene was not isolated.
According to the 1H NMR spectrum of the reaction mixture,
significant amounts of butenes and higher olefins were produced.

Example 138

o |*

]

O'Ni'NHz BAF

SUZ

The general synthesis of nickel allyl initiators was

followed using 83 mg of ligand, 50 mg of [(C3Hg)Ni{u-Cl));, and
328 mg of NaBAF. A red powder (381 mg) was isolated. 1B NMR
{CD3aCl,, 300 MHz, rt): The complex formed a clear red solution in
CD2Clo with no precipitate present. However, the lock signal and
spectrum were both broad, possibly. indicating paramagnetism. The
above structure is tentatively assigned by analogy to diamagnetic
complexes containing ligands with similar donor functionality.
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Example 139
The allyl initiator of Example 138 was used to polymerize
ethylene in CDCl3z at RT according to the general polymerization
procedure using 63 mg of catalyst. Polyethylene (88 mg) was
isolated.
Example 140
The allyl initiator of Example 138 was used to polymerize
ethylene in CgDg at 80°C according to the general polymerization
procedure using 60 mg of catalyst. Polyethylene (64 mg) was
isolated. According to the lH NMR spectrum of the reaction

mixture, significant amounts of butenes and higher olefins were

produced.

Example 142

> 1
H.N ‘

]

O-piN BAF
| Y/

N H

The general synthesis of nickel allyl initiators was
followed using 135 mg of ligand, 50 mg of [(CaHg)Ni(u-Cl)lz, and
328 mg of NaBAF. 2An orange powder (403 mg) was isolated. The 1y,
:.3C' and APT NMR spectral data for the major product follows and
is consistent with one isomer of the above structure. Other
isomers msy be present in lesser amounts: <+H NMR (CD2Clz, 300
MHz, zt) d 9.77 and 8.83 (s, 1 each, N=CH and Haryl), 9.0 - 7.5
{m, 8, Haryl). 6.91 and 6.63 (br s, 1 each, NHEH'), 4.6 (br s, 1,
HaCCHCHy), 3.5 - 2.3 (broad resonances in the baseline,
HH'CCHCHE') . 33C NMR (CD3Clz, 75 MHz, rt, assignments aided by an
APT spectrum) 4 173.7 (N=CH), 172.9 (CO), 147.4, 131.6, 131,0,
126.5 and 124.7 (Cayy) not attached to hydrogen), 136.8, 133.7,
130.3, 130.2, 129.5, 129%.3, 127.0, 123.3 and 122.7 (cazyl attached
to hydrogen), 113.8 (H;CCHCH2), (H2CCHCH, resonances were not
obse_rvedﬁeither overlapping with CD2Cla resonance or broad and in
the baseline).
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Example 142
The allyl initiator of Example 141 was used to polymerize
ethylene in CDCl3 at RT according to the general polymerization
procedure using 68 mg of catalyst. Polyethylene (1.60 g) was

L.

isolated as a wax.
Example 143
The allyl initiator of Example 141 was used to polymerize
ethylene in CgDg at BO°C according to the general polymerization
procedure using 60 mg of catalyst. Polyethylene (5.64 g) was

10 isclated as a wax.

+

HO N BAF

<

The general synthesgis of nickel allyl initiators was

followed using 123 mg of ligand, 50 mg of [(C3HS)Ni..(u-cl)]2. and

15 328 mg of NaBAF. A yellow powder (383 mg) was isolated. The 1N
NME spectrum is consistent with the above structure, although
contamination by free ligand is indicated: IH NMR (CD2Cla, 300
MHz, rt, i-Pr and allyl rescnances only} 4'5.97 {(m, 1, HCCHCH2},
3.76 (br septet and br 4, 1 each, CHMe; and HH'CHCHBH'), 3.53 (br

20 q, 1, J ~ 5.5, HH'CCHCHH'), 3.35 {bx septet, 1, C'HMez}, 2.53 {br
d, 1, J = 13.6, HH'CCHCHR'), 2.20 {(br d, 1, J = 13.6, BH'CCECHRH'),
1.48, 1.43, 1.29 and 1.15 (d, 3 each, J = 6.6 ~ 7.7, CHMeMe' and
C'HMeMe'} .
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Example 145
The allyl initiator of Example was 144 used to polymerize
ethylene in CDCliy at RT according to the general polymerization
procedure using 40 mg of catalyst. Polyethylene (30 mg) was

h

isolated as a white powder. According to the ig mr spectrum of
the reaction mixture, significant amounts of butenes and higher
olefins were produced. Minor resonances consistent with the
formation of branched polyethylene are present.

Example 146
10 The allyl initiator of Example 144 was used to polymerize
ethylene in CgDg at 80°C according to the general polymerization
procedure using 64 mg of catalyst. Polyethylene (96 wg) was
isolated as a white powder. The 1H NMR spectrum shows the
production of butenes and higher olefins. Polyethylene -CH3-

—
‘h

resonance is identifiable at 1.25 ppm.
Example 147
'-—l+
HoN A i pn
g.m.ltl=)\ Ph BAF
<
The general synthesis of nickel allyl initiators was
followed using 532 mg of ligand, 229 mg of [(C3Hg)Ni(u-€1)]ls, and
20 1.50 of NaBaF. 1.85 g of a yellow powder was isolated. Although
the free ligand exists as the amine, the H and 13C NMR spectra
are consistent with the ligand binding to the molecule as the
imine: ¥ NMR (THF-dg, 300 MHz, xt} & 8.75 (bxr s, 2, NHp), 8.55
(6, 1, J = S.4, N=CH}, 7.9 - 7.0 (m, 14, Haryl), 5.56 (d, 1, J =
5.4, CHPhy), 5.52 (m, 1, HCCHCH3), 3.0 (@, 2, J = 6.7,
HH'CCHCHE'), 2.01 (4, 2, J = 13.5, HH'CCHCHE'}; 13C NMR (THF-dg,

&)
5]

75 MHz, rt, non-aromatic carbons only, assignments aided by APT
spectrum) d 181.7 {({N=CH), 172.8 (C=0), 113.8 (HCCHCH2), 58B.7
(cHPhy), 54.5 (HaCCECHZ).
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Example 148
The allyl initiator of Example 147 was used to polymerize

ethylene in CDCljy at RT according to the general polymerization
procedure using 40 mg of catalyst. Polyethylene (25 mg) was
isclated as a white powder. aAccording to the *H NMR spectrum of
the reaction mixture, butenes were formed along with higher
plefins; the major product is consistent with branched
polyethylene [1.25 (CH2}, 0.85 (CH3)} with approximately 100
methyl-ended branches per 1000 carbon atoms.

Example 149

The allyl initiator of Example 147 was used to polymerize

ethylene in Cghg at RT according to the general polymerization
procedure using 75 mg of catalvst. Polyvethylene (588 mg) was
isolated as a white powder.

Example 150

The allyl initiator of Example 147 was used to polymerize

ethylene in éGDG at 80°C according to the general polymerization
procedure using 61 mg of catalyst. Polyethylene.(1.39 g) was
isolated. According to the 1H NMR spectrum of the reaction
mixture, significant amounts of butenes and higher oclefins were
producec. A significant peolyethylene -CHz- peak appears at 1.25
ppm. '

Example 151

j +
Ph
|
0. ,_N-'-")\ Ph
h'll
N
The general synthesis of nickel allyl initiators was

followed using 255 mg of ligand, 105 mg of [(C3Hs)Ni(p-Cl))a, and
€85 mg of NaBAF. 772 wg of a pale green powder was isolated.

MeO

BAF
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Example 152
The ally! initiator of Example 151 was used to polymerize
ethylene in CDCl3 at RT according to the general polymerization
procedure using 45 mg of catalyst. Polyethylene (1.61 g) was
5 isolated as a white powder.
Example 153
The allyl initiator of Example 151 'was used to polymerize
ethylene in CgDg at RT according to the general polymerization
procedure using 62 my of catalyst. Polyethylene (93 mg) was
10 isolated as a white powder. The lH NMR spectrum shows the
production of butenes and higher olefins. Polyethylene -CHz-~
resonance is identifiable at 1.25 ppm.
Example 154
The allyl initiator of Example 151 was used to polymerize
14 ethylene in CgDg at 80°C according to the general polymerization
procedure using 67 mg of catalyst. Polyethylene (16% mg) was
isolated. According to the }H NMR spectrum of the reaction
mixture, the reaction was productive in the formation of butenes

and higher olefins. Polyethylene -CH>- resonance is identifiable

Example 1S5S .

__]‘}

MeO ,J::J Ph
Y I

Q. ..N Ph

N’ BAF

-

C.ZO 2Me
‘The géneral synthesis of nickel allyl initiators was
followed using 213 mg of ligand, 255 mg of [(HCC(CO2Me)CH2)Ni (p-
25 Brlly, and 795 mg of NaBAF. A gold powder (0.752 g} was isolated.

20 at 1.25 ppm.
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Example 156
The allyl initiator of Example 155 was used to polymerize
ethylene in CgDg at RT according to the general polymerization
procedure using 61 mg of catalyst. Polyethylene (1.97 g) was
§ isolated as a white powder.
Example 157
—l +
Ph

P\
0. ..N= Ph
Ni
‘7\EV' .
The general synthesis of nickel allyl initiators was
followed using 657 mg of ligand, 238 mg of [ (HCCHCMes)Ni(u-Br)lz,
10 -and 1.56 of NaBAF. A red powder (1.88 g) was isolated. 2Although

the free ligand exists as the amine, the lH and 13¢ MMR spectza

BAF

are consistent with the ligand binding to the molecule as the
imine: <1H NMMR (CD2Cly, 300 MBz, rt) d 8.41 (4, 1, J = 5.4, N=CH),
7.8 - 6.8 (m, 17, Haryl), 5.42 (d, 1, J = 5.4, CHPh2), 4.80 (dq,
15 i, J = 12.8, 6.9, HpCCHCNe2), 2.95 (d, 1, J = 6.7, HH'CCHOMes),
2.03 (d, 1, J = 13.5, HE'CCHCMez), 0.77 (s, 6, HCCHCMeMe'); 13c
NMR (CD2Clz, 75 MHz, rt, non-aromatic carbons only, assignments
aided by APT spectrum} 4 202.4 (C=0), 182.6 (N=CH), 109.1
{H2CCHCMez ), 59.7 (CHPhy), 53.2 (HaCCHCMez), 43.1 (HpCCHOMes),
20 26.0 ané 20.8 (HoCCHCMeMe').
Example 158
The allyl initiator of Example 157 was used to polymerize
ethylene in CgDg at RT according to the general polymerization
procedure using 61 mg of catalyst. According to the 2B NMR
25 spectrum, significant amounts of butenes and higher olefins were
produced.
Bxample 159
The allyl initiator of Example 157 was used to polymerize
ethylene in CgDg at BO°C according to the general polymerization
30 procedure using 63 mg of catalyst. According to the 1H MR
spectrum of the reaction mixture, significant amounts of butenes
and higher olefins were produced
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For Examples 160 - 177 where the ligands are thiophene and
furan derivatives, the 1H NMR spectra of the products are, in
general, complex and include more than one species. The

structural assignments of these complexes are therefore tentative.

'_'l-!-
o o
V

The general synthesis of nickel allyl initiators was
followed using 115 wg of ligand, 50 mg of [(C3H5)Ni{m-Cl)}a, and
328 mg of NaBAF. A sticky dark-red solid (185 mg) was isolated.
10 Example 161
The allyl initiator of Example 160 was used to polymerize
ethylene in CDCljz at RT according to the general polymerization
procedure (with the exception that 5.2 MPa of ethylene was used)
using 57 mg of catalyst. Polyethylene was not iszolated.
15 According to the 1H NMR spectrum of the reaction mixture,
significant amounts of butenes and higher clefins were produced.
Exanple 162

_'|+
I\

SN BAF

-

The general synthesis of nickel allyl initiators was
20 followed using 173 mg of ligand, 87 mg of [{(C3Hs)Ni(u-Cl)la, and
570 mg of NaBAF. An orange powder. (705 mg) was isolated.
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Example 163
The allyl initiator of Example 162 was used to polymerize

ethylene in CDCly at RT according to the general polymerization
procedure using 64 mg of catalyst. Polyethylene (72 mg) was

5 isolated. The iH NMR spectrum of the reaction mixture indicates .
that significant amounts of butenes and higher olefins were

produced.

Example 1€4
The allyl initiator of Example 162 was used to polymerize
10 ethylene in CeDg at 80°C according to the general polywerization
procedure using €8 mg of catalyst. Polyethylene (77 mg) was
isoclated. The 1H NMR spectrum of the reaction mixture indicates
that significant amounts of butenes and higher oclefins were
produced.
15 Exanple 16E
—] +
I
SN BAF -

—L

The general synthesis of nickel allyl initiators was
followed using 65 mg of ligand, 50 mg of [(H,CCHCMes)Ni{u-Brllz,
and 213 mg of NaBAF. An orange powder {1€3 mg] was isolated.
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Example 166
- The allyl initiator of Example 165 was used to polymerize
ethylene in CDCl3 at RT according to the general polymerization
' procedure using 40 mg of catalyst. Polyethylene {82_3 mg) was
&  isolated as a white powder.
Example 167
The allyl initiator of Example 185 was used to polymerize
ethylene in CgDg at 80°C according to the general polymerization
procedure using 63 mg of catalyst. Polyethylene was not isolated,
10 . however, the lH NMR spectrum of the reaction mixture indicates
that significant amounts of butenes and higher olefins were

formed.
.__' +
S Nl
CO 2MS
15 The general synthesis of nickel allyl initiators was

followed using 311 mg of ligand, 274 wmg of ([(HpCC(COzMe)CH2)NI (u-
Brllz, and 1.02 g of NaBAF. An orange powder (1.30 g) was

isolated.

75



WO 97/02298 PCT/US96/11131

Example 169
The allyl initiator of Example 168 was used to polymerize
ethylene in CDCl3 at 80°C according to the general polymerization
procedure using 77 mg of catalyst and 1 equiv (31 mg) of B(CgFs)a
cocatalyst. Polyethylene (188 mg) was isolated as a waxy solid.

‘h

The 1B NMR spectrum of the reaction mixture indicates that
significant amounts of butenes and higher olefins were produced;
the polyethylene -CHz- rescnance is identifiable at 1.25 ppm.

Example 170
—l +
P e
S-ni-N BAF
~-

i0
The general synthesis of nickel allyl initiators was
followed using 323 mg of ligand, 153 mg of [(C3H5)Ni(u-Cl)]la, and
1.00 g of NaBAF. An orxange powder (1.22 g) was isolated.
Exanple 171
_..| +
N
/EH
S-ni-N BAF
] .
7v
15

The general synthesis of nickel allyl initiators was

followed using 329 mg of ligand, 235 mg of [{(HyCCHCMez)Ni{u-Br)lsz,

and 1.02 mg of NaBAF. A sticky red solid (742 wg) was isoclated.
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Example 172
The allyl initiator of Example 171 was used to polymerize
ethylene in Cghg at RT according to the general polymerization
procedure using 77 mg of catalyst. Polyethylene (100 mg) was
isclated. The }H NMR spectrum of the reaction mixture indicates
that significant amounts of butenes and higher olefins were

"‘l +
con

The general synthesis of nickel allyl initiators was

produced.

followed using 327 mg of ligand, 272 mg of [(C3Hs)Ni(p-Cl})p, and
1.01 g of NaBAF. An orange powder {1.42 g) was isolated.
Example 124
The allyl initiator of Example 173 was used to polymerize
ethylene in CgDg at RT according to the general polymerization
procedure using 78 mg of catalyst and 2 eguiv {29 mg) of BPh3
cocatalyst. Polyethylene was not isolated. The ig NMR spectrum
of the reaction mixture indicates that significant amounts of
mutenes and higher clefins were préduced.
Example 275
The allyl initiator of Example 172 was used to polymerize
ethylene in CDClz at 80°C according to the general polymerization
procedure using 78 mg of catalyst and 1 eguiv (31 mg) of B{CgFsla
cocatalyst. Polyethylene (2.32 g) was isolated.
' Example 176
j +

hlli- BAF
e 4
The above general procedure for nickel allyl initiators was

followed using 62 mg of ligand, 50 wmg of [{HCCHCMez)Ni(pn-Br}lsz,
and 213 mg of NaBAF. An orange powder (188 mg) wae isolated.
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Example 177
The allyl initiator of Example 176 was used to polymerize

ethylene in CDCl3 at RT according to the general polymerization
. procedure using 40 mg of catalyst. No polyethylene was isolated.
5 Exanple 178
o o |
Alr*N?_qw H

H l\:i' “Ar BAF

N
Ar = 2,6-CgHa-iPr2
The general synthesis of nickei allyl initiators was
followed using 462 mg of ligand, 153 mg of [(CaHs)Ni(u-Cl)ly, and
1.00 g of NaBAF. A beige powder (1.68 g) was isolated. The
10  stability of the complex is poor in CDzCl; and THF-dg at RT. Only
broad NMR spectra were obtained. The above structure is therefore

tentatively assigned.

Example 179
The allyl initiator of Example 178 was used to polymerize
15 ethylene in CgDg at RT according to the general polymerization
procedure using 82 mg of catalyst. Polyethylene was not isolated.
Example 180
The allyl initiator of Example 178 was used to polymerize
ethylene in CDClz at 80°C according to the general polymerization
20 procedure using 82 mg of catalyst. Polyethylene (2.01 g) was
isolated.
Example 181
+
o o |
A[sN
S

NNA BaF
~
Ar = 2,6-CgHas-Me2
The general synthesis of nickel allyl initiators was
25 followed us.ing 462 mg of ligand, 211 mg of [(C3HgINi(u-Cl)iz, and
1.36'mg of NaBAF. A pale orange powder (2.16 g) was isolated.
The stability of the complex is poor in CD2Clz and THF-dg at RT.
Only broad NMR spectra were obtained. The above structure is

therefore tentatively assigned.
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Example 182
The allyl initiator of Example 181 was used to polymerize

ethylene in CgDg at RT according to the general polymerization
procedu:ée using 76 mg of catalyst. Polyethylene {147 mg) was

isolated.

Example 183

The allyl initiator of Example 181 was used to polymerize
ethylene in CDCl3 at 80°C according to the general polymerization
procedure using 76 mg of catalyst. Polyethylene (434 mg} was
isolateqd.
Examples 184 - 3177

Following the procedure of Examples 23 - 66, ethylene was
pol‘ymerized. The results are reported in Table 6. The structures
of the ligands are listed after Table &.

Table &

182 115 1 ot 125
188 13 1 2 4 -
186 112 2 2.7 =
187 118 3 ) -

Beralere

15 "7
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ct

CO;CHy

18
Exanple 188
: &ynthesis of 50
9~Anthraldehyde (3.70 g) was dissolved in 100 ml THF in a
200 ml round bottom flask. To the hot solution was added dropwise
2.77g 2-anthranilamide (in 20 ml THF). Then 4 drops of formic

acid were added to the mixture. Socn after adding the formic
acid, vellow precipitate began to form. Heating and stirring were
continued for another 2 h. After cooling, the solid was isolated
by filtering, followed by washing with methanol apd THF to remove
excess 2-~anthranilamide. TLC (5:1 hexane:éthyl acetate) showed a
gingle new band. The dried product weighed 3.5g. ‘R NMR (DMSO, &
in ppm) :9.82(s, 1¥);8.90(m, 3H);8.25{m, 3H);7.90{(d, 1);7.67.7(m,
TH) ;7.45(t, 1).
Example 189
Synthesis of 66
1,l-Diphenylacetaldehyde (0.4906 g) was dissolved in 30 ml
methanoi. To this hot solution was added 0.4881 g
l-amino-9-£fluorenone (in methanol). Then 6 drops of formic acid
was added to catalyze the reaction. Soon after adding the formic
acid, the color of the solution changed from yellow to orange red,
then to deep red. At this point, TLC (3:1 hexane:ethyl acetate) |
showed the appearance of new bands. When cooled, a red
precipitate formed. The precipitate was isolated by filtering
followed by washing with methanol and hexane. The dried product
weighed 0.4g. The 1H, 13C and APT spectra are consistent with the
existence of the product as the enamine structure shown above. In
addition the structure was confirmed by X-ray crystallography. 3
NMR (CDaClp, 300 MHz, rt) 4 2.25 (4, 1, J = 12.1, N®), 7.6 ~ 6.85
{m, 18, Hayyl and CH=CPhz); 13C MMR (CD3Clz, 75 MHz, zt,
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assignments were aided by an APT spectrum) d 194.0 (C=0), 144.6,
143.1, 142.7, 141.2, 137.7, 134.7 121.3 and 115.15 (caryl not
attached to hydrogen and =CPhz), 136.6, 133.6, 130.1, 129.2,
128.9, 128.3, 127.6, 126.5, 126.1, 123.31, 121.9, 120.4, 112.7 and
110.8 (Caryl attached to hydrogen and =CHNHAr}.
Example 190
Sypthesis of 63

1-Aminoanthraquinone {2.2323 g) was dissolved in a 1:1
mixture of methanol and THF. To the hot solution was added
1.9625g 1,1l-diphenylacetaldehyde. Then 8 drops of formic acid was
added as catalyst. After refluxing for ¢ h, heating was removed.
TLC (5:1 hexane:ethyl acetate) showed the appearance of a new band
which was purple. The solvent was removed by rotary evaporatoxr.
The solid was resuspended in ether and stirred. Filtered to
collect the solid, followed by washing with a large amount of
ether until a single band was cbtained. Pure product was also

tained by silica gel chrolhatography to give a purple solid.
vield 1.2¢. >H NMR (CDoCl,, & in ppm):11.75{(d, 1H);8.20(m,
2B} ;7.25-7.85{m, 16R).
Example 191
Synthesis of 54

i,i-Diphenylacetaldehyde (3.9250 g} was dissolved in 30 ml
anhydrous methanol. To this refluxing solution was added 2.7230 g
2-anthranilamide {in wethanol)}. Soon a yellow precipitate formed.
After all the 2-anthranilamide was added, heating and stirring
were continued for another hour. When cooled, the solid was
isolated by filtering. The solid was then resuspended in
methanoi, stirred and then filtered. <Yield 5.1g. The 3m, 13¢,
and APT spectra are consistent with the existence of the proéu‘cr.
as the enamine structure shown above: 1 H NMR (THF-dg, 300 Miz,
rt, assignments were aided by an APT spectrum) & 10.86 {(br d, 1, J
= 12.10, NH-CH=CPbp), 7.60 - €.85 (m, 16, Baryl, CH=CPhy,
CIO)NHH'}, 6.60 (br s, 1, C(O)NHH'); 33C MWMR (THF-dg, 75 MHz, rt,
assignments were aided by an APT spectrum) & 171.9 (0=0), 145.9,
143.4'1, 139.7, 120.0 and 116.6 {Caryl not attached to hydrogen and
=CPhy}, 113.4, 131.1, 129.4, 128.8, 127.4, 125.9, 124.9, 117.8 and
113.4 {Caryl attached to hydrogen and =CHNAT).
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Example 192
Synthesis of 56
1,1-Diphenylacetaldehyde (4.0138 g) was dissolved in 20 ml
anhydrous methanol. To this hot solution was added 3.0918 g
methyl anthranilate {in methanol}. The color of the solution
changed from colorless to yellow as soon as two components were

mixed. After adding all the methyl anthranilate, the heat was ’

turned off. During cooling, a yellow precipitate began to form.
The precipitate was collected by filtering followed by washing
with methanol. After recrystallization in methanol, 2.6g product
was obtained.

The 1, 13¢c, and APT spectra are consistent with the
existence of the product as the enamine structure shown above. 1In
addition, this structure was confirmed by X-ray crystallography.
1y NMR (CD2Cly, 300 MHz, rt) § 2.94 (br 4, 1, J = 11.73, NH), 8.05
- 6.75 (m, 15, Haryl and =CHNHAT}, 3.78 (s, 3, OMe); 13¢c MR
(CD2Cip, 75 MHz, rt, assignments were aided by an APT spectrum) &
168.0 (C=0), 145.4, 141.9, 138.4, 120.9 and 112.1 (Cary) not
attached to hydrogen and CH=CPhy)}, 134.5, 132.0, 130.3, 129.0,
128.4, 127.3, 126.7, 125.9, 123.4, 117.7 and 112.4 (Caryl attached

to hydrogen and CH=CPh2), 51.8 (OMe).
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Exawple 193
Synthegis of 58
9-anthraldehyde (2.0624 g) was dissolved in 60 ml of a 1:1

mixture of methanol and THF (the g-anthralaldehyde did not
dissolve completely in methanol). To this refluxing solution was
added dropwise 1.7729g 2,6-diisopropylaniline. W#hen the addition
was complete, 4 drops of formic acid were added as catalyst. The
solution was refluxed for another 2 h before it was cooled. After
standing overnight, a yellow' solid precipitated. The solid was
isolated by filtering followed by washing with methancl. Yield
2.5g of dried product. 4 wMR (CD,C1,, § in ppm): 9.51 (s,
iH);9.05(d, 2H);9.20(s, 1H);8.20{(d, 2H);7.65(m, 4H);7.30(4,
2H) ;7.28(t, 1H);3.30(hep, 2H);1.30(d, 12H}.

Example 194

05 <(~N'\'3Ni—)> + 2 + NaBAF
NH,

The general synthesis of nickel allyl initiators was
followed using 136 myg of ligand, 53 wmg of [{C3H5INi{u-Cl)l2, and
342 mg of NaBAF. A yellow powder (430 mg) was isolated.

Example 195.

The allyl initiator of Example 194 was used to polymerize
ethylene in CgDg at 80°C according to the general polymerization
procedure using 64 mg of catalyst. Polyethylene (104 mg) was
isolated. The 1H NMR spectrum of the reaction mixture showed that

significant amounts of butenes and higher olefins were produced.

Example 126
05 <(—N(Z:Ni-)> + F—% § I'@ + NaBAF

The general synthesis of nickel allyl initiators was
followed using 129 mg of ligand, 51 mg of [{C3Hs)Ni{u-Cl)lz, and
317 mg of NaBAF. A sticky orange solid (217 wg) was isolated.
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Exaumple 197
The allyl initiator of Example 136 was used to polymerize
ethylene in CDCl3 at 60°C according to the general polymerization
procedure using 24 mg of catalyst. The ethylene pressure was
initially 1.2 MPa and was increased to 6.9 MPa after 1 h. A few
mg's of polyethylene was produced. The iH NMR spectrum of the
reaction mixture showed that significant amounts of butenes and

higher colefins were produced.

0.5 <(-N{::‘_Ni.-.)> L F\C \(\F ,"p

The general synthesis of nickel allyl initiators was
followed using 136 mg of ligand, 49 mg of [(C3Hg)Ni(u-Cl)}s, and
309 mg of NaBAF. An orange powder (380 mg) was isolated.

Example 199

The allyl initiator of Example 198 was used to polymerize
ethylene in CgDg at RT at 5.2 MPa according to the general
polymerization procedure using 63 mg of catalyst. Polyethylene
(29 mg) was isolated. The lH NMR spectrum of the reaction mixture
showed that significant amounts of butenes and higher olefins were

produced.

os (=) Q; % :b + NaBAF

;rhe general synthesis of nickel allyl initiators was
followed using 111 wg of ligand, 50 mg of [(C3H5)Ni{u-Cl)lz, and
328 mg of NaBAF. An orange powder (347 mg) was isolated.
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Example 202
The allyl' initiator of Example 201 was used to polymerize
ethylene in CDCl3 at 60°C according to the general polymerization

procedure using 23 mg of catalyst. The ethylene pressure was

wn

initially 1.4 MPa and was increased to 6.9 MPa after 1 h. A few i
mg's of polyethylene was produced. The 1y NMR spectrum of the

reacrion mixture showed that significant amounts of butenes and !
higher olefins were produced. I

Example 203
Ph

/\Ph

\N_
10 H
Using 5.47 g of 1,1-diphenylacetaldehyde and 3.60 g of 2,6-

dimethylaniline, 5.79 g of an orange powder was obtained following
a gynthesis analogous to that of the 2,6-diisopropylaniline
derivative given above. The 1H, 13C, and APT spectra are

15 consistent with the existence of the product as the enamine
structure shown above: 3IH NMR (CDCl3, 300 MHz, xt} 8§ 7.6 - 7.0
(m, 13, Haryi)., 6.88 (4, 1, J = 12.1, ArNHCH=CPhp), 5.47 (d, 1, J
= 12.1, AYNHCH=CPhy), 2.37 (s, 6, CgH3z-Mez); 13C NMR (CDCls, 75
MHz, rt, assignments aided by an APT spectrum) 8§ 142.0, 140.7,

20 13e.9 and 131.1 (Ph: Cjipso; Ph': Cipgo; Ar: Cipgo and Cp), 131.6,

. 13(;.6. 129.3, 128.9, 128.3, 126.9, 125.4, 124.8 and 123.8 {Ph: Cgp,

Cm: Cpi Ph': Cor Cm, Cp; Ar: Cp, Cp; CH=CPhp), 114.0 (CH=CPh3)},

13.8 (CgH3-Mep).
Example 204
Ph
OL N,:‘/L Ph

Using 5.43 g of 1,l-diphenylacetaldehyde and 2.71 g of
aniline, 5.68 g of yellow powder was cbtained following a
synthesis analogous to that of the 2,6-diisopropylaniline

25

derivative given above. The }H, 130, and APT spectra are

30 consistent with the existence of the product as the enamine
structure shown above: IH NMR (CDCl3, 300 MHz, rt) & 7.6 - 6.8
{m, 15, Haryl)n 7.18 (4, 1, J = 12,1, PhNHCH=CPhy), 6.12 (4, 1, J
= 11.8, PhNHCH=CPhs); 23C NMR (CDCl3, 75 MHz, rt, assignments were
aided by an APT spectrum) b 142.7, 141.8 and 138.5 (Ph: Cipgo;
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Ph': Cipso; Ph'': Cipso), 130.5, 129.6, 129.3, 128.4, 127.2,
126.2, 125.5, 124.8, 120.0 and 113.9 (Ph: Co, Cm Cp; Ph': Co, Cm,
Cp; Ph'': Co, Cm, Cpi CH=CPhz), 117.7 (CH=CPh2).

Q

°\F_l/
Q‘u ")

solution of 1.02 g of 2,3-butanedione in 10 mL of MeOH and
2.92 g of 2-amino-m~cresol were mixed together in a round bottom

flask. PFormic acid (10 drops) was added via pipette. After -1.5
h, a precipitate had formed. The soclution was stirred overmight
and the next day the precipitate was collected on a frit and
washed with methanol. The product was then dissolved in Eta0 and
stirred overnight over Na3SO4. The solution was filtered through
a frit with Celite and the solvent was ryemoved in vacuo. A light
pink powder was obtained (1.72 g). The }H and 13C are consistent
with the product existing as the cyclized diamine rather than as
the diimine. [Note: Literature precedent for this cyclization
reacrion exists, such as in the reaction of c-amincphenol with
glyoxal or the reaction of o-aminobenzoic acid with glyoxal. See:
Kliegman, J. M.; Barnes, R. K. J. Org. Chem. 1970, 35, 3140 -
3143.]1: 3 NMR (CDC1l3, 300 MHz, xt) & 6.9 - 6.5 (m, 6, Haryl).
4.58 (s, 2, NH), 2.20 and 1.62 (s, 6 each, Me, Me'); 13c mvR
(CDCl3, 75 MHz, rt) 8 141.7, 127.1 and 122.3 {Ar: Cjipgo. Cor Co').
122.6, 119.B, 114.9 {Ar: Cm, Cp', Cp)., B2.0 (-OC(Me)NH-), 22.31 and

16.7 (Me, Me').

n a nitrogen-filled drybox, 20.01 g of lithium 2,6-
diisopropylanilide was placed in a 2-neck round bottom flask and
dissolved in 300 wlL of Et30. A 60 mL solution of 6.93 g of oxalyl
chloride was placed in an addition funnel. The oxalyl chloride
was added to the reaction mixture over a period of several hours
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and the mixture waa then stirred overnight. Some of the product
precipitate out of the Et20 sclution along with the LiCl. Some of
the Bt30 was removed in vacuo and enough THF was added to dissclve
the product. The solution was filtered through a frit with
Celite, the Celite was washed with THF, and the solvent was
removed in vacuo. The product was washed with pentane and pumped
dry to give 20.72 g of an off-white powder: 3B RMR (CDCl3, 300
MHz, rt) § 9.26 (br s, 2, WH), 7.23 - 7.04 (m, 6, Haryl), 2.94
(séptet, 4, CHMez), 1.09 (4, 24, CHMep).

o O
| < E-NHN—; >
H H

Following the synthetic procedure of the above example, 7.49
g of oxalyl chloride and 15.00 g of lithium 2,6-dimethylanilide
was used to synthesize 23.58 g of product, 'which was isolated as
an off-white powder: 2IH NMR {(CDCli3, 300 MHz, xt) & 5.53 (br 2, 2,
NH), 7.00 - 6.86 {m, 6§, Haryl), 2.10 (8, 12, Me).
Examnple 208

Ph
N:l-_‘/\ Ph

J

Formic acid catalyst (- 1 mL) was added to a methanol
solution of diphenylacetaldehyde {4.44 mL) and 2,6-
diiscpropylaniline {(3.18 mL}. After ~ 15 minutes of stixring, a
vwhite precipitate formed. The reaction mixture was stirred for
several days before the precipitate was collected on a frit and
washed with methanol. The product was then dissolved in Et20 and
gtirred over NaxS04 overnight. The solution was filtered through
a frit with Celite and the solvent was removed in vacuo to yield
the product. - The 1H, 13C, and APT spectra are consistent with the
existence of the product as the enamine structure shown above: I
NMR (CDpClz, 300 MHz, rt) 8 7.6 - 7.0 (m, 13, Haryl), 6.71 (4, 1,
J = 12.1, «CENHAY), 5.37 (4, 1, J = 12.5, NHAY), 3.34 (septet, 2,
J = 6.9, CiMep), 1.25 (d, 12, J = 7.0, CHMep); 13C NMR (CDaCls,
300 MHz, rt, assignments were aided by an APT spectrum} & 144.9
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n

10

(Ar: Col, 142.%, 135.3 and 138.5 (Ar: Cipso- Ph: cipso' Ph';
Cj_pso}. 133.5, 130.%, 129.7, 128.6, 127.2, 126.2, 125.4, 124.7 and
125.0 (Ph: Co, Cm, Cp; Ph': Co, Cm, Cp: AX: Cm, Cp, PhaCsCH),
113.4 {PhoC=CE), 2B.6 (CHMez), 23.9 (CHMey). .
Examples 209-217
The imines in the following table were synthesized using *
Procedures A and B below. Details are shown in the Table.
A..Formic acid catalyst was added to a methanol solution of
the aldehvde and the aniline. The reaction mixture was stirred
and the resulting precipitate was collected on a frit and washed
with methanol. The product was then dissolved in Et30 or CH2Cl2
and stirred over NazS04 overnight. The solution was filtered
through a £rit with Celite and the solvent was removed in vacuo to
vield the product. )
B. A CH>Cls solution of the aldehvde and the aniline was
stirred over sodium sulfate. The solution was filtered through a ' |
£rit with Celire and the solvent was removed in vacuc. 1If
necessary, the product was purified by heating in vacuc to remove

excess aniline and/or by reerystallizatien.

Example Ligand Synthesis and NMR Data
209 '8 t8U | procedure . ¥ NMR (CDCl3, 300 5
MHz, rt) & B.957 (5, 1, CH=N), B.43
H =
=N (44, 1, J = 7.8, 1.6, Haryl), 7.64

| tBu )44, 1, 7 = 7.6, 1.3, Bary1), 7.55

{t, 1, 3 = 7.2, Baxyl), 7.46 (td,
t+-Bu 1, 3 = 7.4, 1.7, Haryl), 7.37 (s,
2, Haryl), 1.37 (s, 95, CMe3), 1.28
(s, 18, CMe3), 1.21 (s, 9, CMes).

210 ) Procedure A. 1H NMR (CDCl3, 300
\\/@\L MHz, rt) § 15.20 (=, 1, OH), 9.09

l {s, 1, N=CH}, 8.1 - 7.2 (m, 9,

Haryl). 3.12 (septet, 2, CHMe3),

O‘ 1.25 (d, 12, CHMes); 13c mwm )
{CDClz, 75 MHz, xt} § 161.7 (C=N).
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211 Procedure &. <H NMR (CDClz, 300
p MHz, rt) & 15.3 (s, 1, OH), 8.23
~ (s, 1, N=CH), 8.4 - 7.1 (m, 9,
On Haryll. 2.41 (s, 6, Me).
212 Procedure A. IH NMR (CDClz, 300
p MHz, rt) d 14.15 (s, 1, OH), B.43
' (g, 1, N=CH), 7.7 ~ 7.1 (m, 5,
l OH 1Bary1). 2.35 (s, 6. Me).
cl =
213 F Procedure 4. 1H NMR (CDCl3, 300
F\)\’F MHz, rt) & 12.27 (s, 1, OH), B.8S
FJL%\F :‘!:=CH). 7.6 - 6.9 (m, 4, Haryl):
N C NMR (CDCl3, 75 MHz, rt) &
¢ 170.6, 161.5, 134.9, 133.3, 118.5,
" OH 118.7 and 117.8 (NCH, Caryl
excluding CgFs resonances) .
214 Procedure %. 1H NMR (CDCly, 300
Q/O\L MHz, xrt) & B.20 (s, 1, N=CH), B.O -
."L 7.0 {m, B, Haryl), 3.00 (septet, 2,
c CHMez), 1.21 (4, 12, CHMep); 13c
@ NMR {(CDCla, 75 MHz, rt) & 161.9
(N=CH), 149.3, 137.6, 136.1, 131.3,
128.8, 128.5, 124.1 and 123.0
(Caryl) » 28.0 (CHMe2}, 23.5
(cm'ay.
215 Procedure A. 3H NMR (CDCl3z, 300
Cl-/QMe MBz, xt) & 8.48 (s, 1, N=CH}, 7.35
Hae N - 6.95 (m, 3, Hary1}, 2.22 (s, 3,
\)\/P Me); 33c NMR (CDCls3, 300 MHz, zt) &
7 153.9 (N=CH), 148.2, 130.4, 128.8,
F)\/“\F 127.6, 125.5 and 122.6 (Cary)
'F excluding CgFs resonances), 18.4
(Me) .,
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21¢ Procedure E. H NMR (CDClj, 300
MHz, rt) 8 7.99 (s, 1, CHeN), 7.7 -
6.5 (m, 6, Haryl). 3.00 (septet, 2,

CHMe2), 1.19 {(d, 12, CHMep); 13c
o NMR (CDCl3, 75 MHz, rt) & 152,

150.4, 149, 145.5, 137.8, 124.3,
123.0, 115.0 and 112.0 (N=CH and
Caryl). 27.5 (CHMes), 23.6 {(CHMes).

217 Procedure B. 1M NMR {CDCl3, 300
MEz, rt) § 8.35 (s, 1, CHal), 7.6 -
]

7.1 (m, 6, Haryl), 3.08 (septet, 2,

=N

c CHMe2), 1.25 (d, 12, CHMey); 13¢c
C/ s NMR (CDCij, 75 MHz, Yt) & 154.9,
= 148.5, 142.5, 137.8, 131.6, 130.1,

127.6, 124.2 and 122.9 (N=CR and
let). 27.9 (CHMez), 23.4 (CiMe2) .

20
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Example 218
In a dry and oxygen free atmosphere, the allyl initiztor of
Example 168 (16 mg) was dissolved in dry CH2Cly (2 ml). 5-
Ethylidene-2-norbornene (1.8 g) was added. The orange solution
5 warmed and darkened. After stirring for 17 hours the reaction was

quenched by addition of methanol and the solid polymer filtered,
washed well with methanol and dried. Yield = 1.6 g (89%). 3IH-NMR
data confirmed that this was an addition polymer.

Example 219

10 Synthesis of 207
2,6-Dimethylthiophenol (3.0 g) was mixed with 30 ml THF.

Then 0.87g NaOH was added. The mixture was stirred until all the
NaOH has dissolved. THF was removed undexr vacuum. To the golid
was added 40 ml DMF and 4.02 g of the bis toluenesulfonate estexr
15 of ethylene glycol. The mixture was refluxed for 5-6 h. DMF was
removed by rotary evaporator to give a white residue. Water was
added to the residue and the mixture extracted with CHCl,. After
removing CH,Cl,, a white solid remained. TLC (hexane) showed two .
bands. The second band from a silica-gel column was the desired
20 product.
iy MR (CDCl3, & in ppm): 2.43 (s, 12B); 2.72(s, 4H):
7.120(wm, 6H).

-k 8
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Example 220
Synthesis of 116
g-Anthraldehyde (2.06 g) was dissolved in a minimum amount
of THF, then 1.37g anthranilic acid was added. Four drops of
formic acid were added as catalyst. The mixture was refluxed for
7. TLC (5:1 hexane:ethyl acetate) gave 3 bands. The second band
is the desired product as determined by 1H NMR.
Example 221
Synthesis of 137
10-Chlor6-9-anthraldehyde {(2.41 g) was dissolved in a
mixture of 30 ml THF/20 ml CDCl3i/50 ml toluene. To this boiling
solution was added dropwise 3.5g 2,6-diisopropylaniline 3-~4 drops
cf formic acid as a catalyst. The sclution was refluxed for 13h.
After removing all the solvent., a dark brown thick oil was left.
On standing, the oil crystallized. The crystals were washed with
methancl. _
i1y NMR (CDCla, 8 in ppw): 1.40 (d, 12H); 3.35(p, 2E);
7.40(m, 38); 7.75(m, 4H); 8.75(d, 2H); 8.05(d, 2H); 9.55({s, 1H).
Example 222
Synthesis of 218
10-Chloro-9-anthraldehyde was (2.41 g) was dissolved in 50
ml tcluene, and to the hot solution was added 2.0 g of methyl
anthranilate (in TEF) dropwise. After refluxing for sh, a yellow
solid precipitated. The solid was isoclared by filtrationm,
foliowed by washing with methanol. The solid was dissolved in 2-
3ml CDCl; and ﬁfter column separation, golden yellow crystals were
obtained. 2IH NMR showed it is a pure product.
. iy NMR (DMF-d7, & in ppm): 4.20(s, 3H); 6.50(d, 1H); 6.82(t,
1H); 7.20(t, 1H); 7.63{t, 2H); 7.80{t, 2H); 8.10(s, 1H); 8.36(d,
1H); 8.30(d4, 2H); %.20(d, 2H).

82
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Exanple 223
In a dry and oxygen free atmosphere, the allyl initiaror of
Example 168 (16mg) was dissolved in dry CHaCly (2 ml).
Dicyclopentadiene (2 ml) was added. The orange solution darkened.

N

After stirring for 72 h the volatiles were removed from the
reaction under vacuum. After addition of methanol the solid
polymer precipitated and was filtered, washed well with methanol
and dried. Yield = 0.29 g (15%). The product was insoluble at
room temperature in common organic solvents.

10

93
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CLaIMs
wWhat is claimed is:
1. A process for the polymerization of an olefin,
comprising:

5 {a) conmtacting a polymerizable monomer consisting
essentially of ethylene, a norbornene or a styrene, and a catalyst
system comprising the product of mixing in solution a zerovalemt
tricoordinate or tetracoordinate nickel compound (II) which has at
least one labile ligand, and all ligands are neutral, an acid of

10 the formula HX (IV), and a first compound selected from the group

congisting of:

arlon (111); RERMON-cr*R® (RSR7)-Wr®RYC (W)
R13
R“ R‘Iz
ﬁ RIS R“
AP ~———C——NHR™ ' (xvI); OH (XVII) ;
15
HZN\/\ "
HoN P(OH),
- COM  (yvrrTy; | ~ (XTX) ;
ORIG
COH O
NRY ||
Cr——pr
R*N
R (XX) ; (XXI);
R”
N
| %
- _ NG
20 N (XX11) ; A
(XXIII);
94
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Ny
E\ Y
O\P/ Ar’ 0)\10 CO,H
\Afe (XXIV); H (XXV) ;
I
Arim SN A o
H

(XXVI); APHN——S——NHA"  (yyyrr),

o
Af“"—h!iﬂn .

5 RZR¥PR*Mp (XXVIII); R (XXXVI) ;
ana R°s-CR*R® (CROR7) -SR® (XXXVII) ;
and wherein:
X is a noncoordinating anion;
Arl is an aromatic moiety with n free valencies, or
10 diphenylmethyl;

each Q is -NR*R*? or -CR
i3

9=NR3 :
is hydrogen or alkyl;

n is 1 or 2;

E is 2-thienyl or 2-furyl;
15 each R2 is independently hydrogen, benzyl, substituted.
benzyl, phenyl or substituted phenyl;
each R® is independently hydrocgen or hydrocarbyl; and
each R® ie independently a monovalent aromatic moiety;
mis 1, 2 or 3;
20 each R‘, R>, Rs, and R’ is independently fxydrogen,
hydrocarbyl or substituted hydrocarbyl;
each R® is independently hydrocarbyl or substituted
hydrocarbyl containing 2 or more carbon atoms;
each R ig independently hydrogen, hydrocarbyl or
substituted hydrocarbyl;

3
L¥ )

ar? is an aryl moiety;
R*?, R*®, and R are each independently hydrogen,

hydrocarbyl, substituted hydrocarbyl or an inert functional group;

g5
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R and R*® are each independently hydrocarbyl,
substituted hydrocarbyl or an inert functional group whose Eg is
about -0.4 or less;

each R'® and RY is independently hydrogen or acyl

o

containing 1 to 20 carbon atoms;
' ar® is an aryl moiety; _
R'® and R*® are each independently hydrogen or
hydrocarbyl;
ar* is an aryl moiety;
10 Ar® and Ar® are each independently hydrocarby;
ar’ and Ar® are each independently an aryl moiety;
2ar° and ar'® are each independently an aryl moiety or
-cozx"’i, wherein R*S is alkyl containing 31 to 20 carbon atoms;
Al
15 I;“ is hydrogen or hydrocarbyl;
E*? is hydrocarbyl or -€(0)-NR*!-ar*!;

is an aryl moiety;

R‘ [

is aryl;
%% and R*® are each independently phenyl groups
substituted by one or more alkoxy groups, each alkoxy group
20 containing 1 teo 20 carbon atoms; and
p?* ig 2lkyl containing 1 to 20 carbon atoms, or an aryl
moiety. .
2. R catalyst for the polymerization of ethylene, a

norbornene, or a styrene, comprising, the product of mixing in

g
13

solution a zerovalent tricoordinate or tetracoordinate nickel
compound (IX) which has at least one labile ligand and all ligands
are neutral, an acid of the formula HX (IV}), and a first compound
selected from the group consisting of:

arto, (117} ; RORMON-cRR5 (CRSRT) -WRORYC () ;

30
R"

R R

O R:s (1]
AP ~—C~==NHR"  (XVI); o (XVII);

[}
HaN HN u(m'l)z

\/\302“ {(XVIII); ~N~ (XIX) ;

o6
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OR¥

RN,

" (XX); (XXI) ;

R“

1]
R" (XXII);

5_ {XXIII);

£ :
~
o\P /N5 )\
[¢]

N .
(XXIV) ; H (xxv);

0 (xxv1); APHN——S—NHA"  (yxy11);

10
0

Ar11 —_N)kk‘z

RPRPR¥Mp (XXVIII); rRY (XXXVI) ;

and R°5-CRUR5 (CRSR7)p-SR® (xxXVII);

and wherein:
X is a noncoordinating anion;

15 Arl is an aromatic moiety with n free valencies, or
diphenylmethyl;

each Q is -m’n“ or -CR
R is hydrogen or alkyl

n is 1 oxr 2;

%r3;

20 E is 2-thienyl ox 2-furyl;
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each Rz is independently hydrogen, benzyl, substituted

benzyl, phenyl or substituted phenyl;

each R® is independently a wmonovalent aromatic moiety:

~ each R° is independently hydrogen or hydrocarbyl; m is

l, 2 or 3;

each R4, Rs, Rs. and R’ is independently hydrogen,
hydrocarbyl or substituted hydrocarbyl;

each R® is independently hydrocarbyl or substituted
hydrocarbyl containing 2 or wmore carbon atoms;

each R*C is independently hydrogen, hydrocarbyl or
substituted hydrocarbyl;

ar? is an aryl wmoiety;

r*?, R*®, and R™ are each independently hydrogen,

_hydrocarbyl, substituted hydrocarbyl or an inert functiocmal group;

R* and R*® are each independently hyérocarbyl,
substituted hydrocarbyl or an inert functional group whose Eg is
about -0.4 or less; '

each R'® and R?

7 is independently hydrogen or acyl
contéining 1 to 20 carbon:atoms;
is an aryl moiety;

and R*® are each independently hydrogen or

1g

E
hydreocarbyl ;
is an aryl moiety;
2Ar® and Ar® are each independently hydrocarby:
and Ax® are each independently an aryl moiety;
and ar*’ are each independently an aryl moiety, -
CO;REE. or Ar’ and Ar? taken together are a divalent aromatic
moiety and wherein R?® is alkyl containing 1 to 20 éarbon atoms;

Ar** is an aryl moiety:

R% is hydrogen or hydrocarbyl;

R*? is hydrocarbyl or -C{0)-NR*?-ar??;

R*? and 8%’ are each independently phenyl groups
substituted by cne or more alkoxy grbups, each alkoxy group
containing 1 to 20 carbon atoms; and

R** is alkyl containing 1 to 20 carbon atoms, or an aryl

moiety;

®Y is aryl;

PCT/US96/11131
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and provided that the molar ratio of (III), (V) (XVI),
{XVII), (XVIII), (XIX), (XX), (XXI), (XXII), (XXII1}, (XXIV),
(Xxv), (XXVvI), (XXVII), {XXVIII), (XXXVI) or (MXXVII):(II) is
about 0.5 to about 5, and the molar ratie of (IV}:(II) is about

5§ 0.5 to about 10.

3. A process for the polymerization of an olefin,
comprising, contacting ethylene, a norborneme, or a styrene with a
nickel [II] complex of a first compound selected from the group

consisting of:

10 arlon (111); RORMON-CRR® (CR®R7)m-¥R%RC (V) ;
R“ ;
k" R
. R” R '
AF e G NHR'® (XVI) ; (XVII) ;

HN HN umu) )
\/\002” {XVIII); N (XIX) ;

15
OR‘I
COH ﬁ
Cr——Ar
rEK,
" (XX) ; (XXI);
N: R®
N
I %
”» S\
R N (XXTI) ; At
(XX111);
20
[+]
(TT8
E
~
°\P/"5 o)\"
N (XXTIV) ; H (XXV) ;

99
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(XXvI); APHN——S—N™  (yyyrr);

o
N“ ---—T)L R‘?
RPR2R%%p (XXVIII); R

and R®5-CRUR® (CR6R7) p-8R° (xXXVID);

(XXXVI) ;

and wherein:
X is a noncoordinating anion;
art is an aromatic moiety with n free valencies, or
diphenylmethyl;
each Q is -NR*r*? or -CR

R43

9=NR3;
is hydrogen or alkyl

n is 1 or 2;

E is 2-thienyl or 2-furyl;

eac:l’r.lz2 is independently hydrogen, benzyl, substituted
benzyl, phenyl or substituted phenyl;

each ®® is independently a monovalent aromatic moiety;

each Rg is independently hydrogen or hydrocarbyl; m is
1, 2 or 3;

each R4. R”, R”, and R’ is independently hydrogen,
hydrocarbyl or substituted hydrocarbyl;

each r® is independently hydrocarbyl or substituted

5 6

hydrocarbyl containing 2 or wmore carbon atoms;

each RO is independently hydrogen, hydrocarbyl or
substituted hydrocarbyl;

ar? is an aryl wmoiety;

R, R*, and R are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl or an inert functional group;

R** and R!® are each independently bydrocarbyl,
substituted -hydrocarbyl or an inert functional group whose Eg is
apout -0.4 or less;

each R'® and R'’ is independently hydrogen or acyl
containing 1 to 20 carbon atoms;

ar® is an aryl moiety;

100
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R?*® and R are each independently hydrogen or
hydrocarbyl;
Ar* is an aryl meoiety;
ar® and ar® are each independently’ hydrocarby;
5 Ar’ and Ar® are each independently an aryl moiety;

2ar® and Ar'® are each independently an aryl moiety, -
CO,R*%, or Ar’ and ar® taken together are a divalent aromatic
moiety and wherein R?® is alkyl containing 1 to 20 carbon atoms;

Ar?? is an aryl moiety;

10 R* is hydrogen or hydrocarbyl;
R*? is hydrocarbyl or -C(0) -NrR*1-arll;
R* is aryl;
R?® and R*® are each independently phenyl groups substituted

by one or more alkoxy groups, each alkoxy group containing 1 to 20

15 caxrbon atoms, and
R* is alkyl containing 1 to 20 carbon atoms, or an aryl

moiety.
4. A process for the polymerization of olefins, comprising,
contacting ethylene, a norbornene or a styrene with a nickel
20 containing first compound of the formula [quLz,LS,L‘gNi] %

(XXXIII), wherein:
1> is a first monodentate neutral ligand coordinated to

said nickel, L® is a second monodentate neutral ligand coordinated
to said nickel which may be said first monodentate neutral ligand
and ¥ is 0 or 1, or 1! and 12 taken together are a first bidentate

neutral ligand coordinated to said nickel and x is 1;
1® and 1* taken together are a #-allyl ligand coordinated

to said nickel, L> and L taken together are
..H R”R”
’. \ /
~N /c N\ oy
/C\ R
37
H R
(XXXII)

30
coordinated to said nickel, or 13 is a third neutral monodentate

ligand selected from the group consisting of ethylene, a

norbornene and a styrene or a neutral monodentate ligand which can

be displaced by an olefin, and 1t is R”;
35 g, s and t are each 1;
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X is a relatively non-coordinating anion;
said first monodentate neutral ligand and said first

bidentate neutral ligand are selected fxrom the group comnsisting of
Arton (111); RPRYON-cr?RS (cRSR')-Mr%RYC (V) ;

5
Rﬂ
k“ Rﬂ
ﬁ RY RY
AY s G NHRP {XVI); (XVII);
i
HN HN PIOH);
o (XVIII) ; ~N (XIX) ;
OR"'
COH lO
a c!—-m
e
10 7 (XK) § (XXT) ;
R“
N
| %
R* N (XX11) ; S
(XXIIT};
[*]
. N,
~
°\P/“'5 /1\.. |
15 Nt (XXIV) ; H {X%V) ;
i
Ar’-—-—ﬁ-——n-—ﬁ.r' ﬁ
H
o (XXVI); APHN——S—NHA™"  (yyyrr)
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[}
/H\RQ
22,23

RPZ2RPR¥ (xAVIII); rY (XXXVI) ;
and R%s-CRARS (CRSR7) p-SR® (XXXVII);

N“"'—N

Ar1 is an aromatic moiety with n free valencies, or
diphenylmethyl;
5 each Q is -NR3R*? or -CRB-NR:;;
r* is hydrogen or alkyl

n is ) or 2;

E is'z-thienyl or 2-furyl;
each R® is independently hydrogen, henzyl, substituted
10 benzyl, phenyl or substituted phenyl;
each R9 is independently hydrogen or hydrocarbyl; and
each R3 is independently a monovalent aromatic moiety;
mis 1, 2 or 3;
each R‘, Rs, Rs, and R’ is independently hydrogen,
1S hnydrocarbyl or substituted:-hydrocarbyl;
each Ra' is independently hydrocarbyl or substituted
hydrocarbyl containing 2 or more carbon atoms;

each Rlo

is independently hydrogen, hydrocarbyl or
substituted hydrocarbyl;
20 Ar® is an aryl moiety;
R, »**, and R are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl or an inert functional group;
R'* and R*® are each independently hydrocarbyl,
substituted hydrocarbyl or an inert functional group whose Eg is
25 about -0.4 or less; .
each Rr'® and &' is independently ixydrogen or acyl
containing 1 to 20 carbon atoms; '
ar’ is an aryl moiety;
r® and R are each independently hydrogen or
30 hydrocarbyl;
Ar® is an aryl moiety;
ar® and ar® are each independently hydrocaxrby;
ax’ and ar® are each independently an aryl moiety;
ar® and aAr'® are each independently an aryl moiety or

35 -cozzz"", wherein R*° is alkyl containing 1 to 20 carbon atoms;

203



A

WO 97/02298 . PCT/US96/11131

n

10

15

20

25

30

35

ar'' is an aryl moiety;
R*’ ie hydrogen or hydrocarbyl;
r*? is hydrocarbyl or -c(0) -8r¥.art?;

22

R*? ana R*® are each independently phenyl groups
substituted by one or more alkoxy groups, each alkoxy group
containing 1 to 20 carbon atoms; and

R?* is alkyl containing 1 to 20 carbon atoms, or an aryl
moiety: .

Rr¥® is hydrocarbylene;

R®® is hydrogen, alkyl, or -C{O}R*%;

each R is hydrocarbyl or both of %7 taken together are
hydrocarbylene to form a carbocyclic ring;

R3® is hydride, alkyl or -C{OIR;

R*® is hydrocarbyl; and

RY is aryl.

5. A compound of the formula [L'qL?L.Li.Ni}*x" (xxxIII),
wherein:

1! is a first monodentate neutral ligand coordinated to
said nickel, 1? is a second monodentate neutral ligand coordinated
to said nickel which may be said first monodentate meutral ligand
anéd r is 0 or 1, or 1* and 1? taken together are a first bidentate
neutral ligand coordinated to said nickel and r is 1;

t* and 1L* taken together are a n-allyl ligand coordinated
to said nickel, 1? and 1* taken together are

. 350596
", H\c /R R
\c/ \R37
A
(XXXII)
coordinated to said nickel, or 1* is a third neutral monodentate
ligand selected from the group consisting of ethylene, a
norbornene and a styrene or a neutral monocdentate ligand which can
be displaced by an olefin, and L is r*®;

X is a relatively non-coordinating anion;

g, 8 and t are each 1;

said first monodentate neutral ligand and said first
bidentate neutral ligand are selected from the group consisting of

arton (1173 ; REBRON-crARS (cRPRT)-MR%R10 (V)
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i
R .
R“ n‘? ;
i
R" . R" {
AP ———C~——NHR'" (XVI); (XVII); ;i
HN HN PIOH),
\/\°°z” (XVIII); ~N (XIX) ;
OR.IM ;
coOM O |
Cummpr? .
R, <
R (XX) ; | (XXI);
N r®
N
b %
1 S\
R N (XXI1) ; Al
(XXTII);
10
[+]
NH,
E HN
~
O\P/ Aé O)\H l
St (v ; H oo (XXV) ;
i
Ar‘—-ﬁ-—-N-—Ar'
H
o (XXVI); APHN—S—NHA™  (yyyry),
(o)
Ar“——lil)l\k“z
15 R¥Z2R*¥pp (xxvIII); rR" (XXXVT) ;

and R®s-crRR® (cROR7)pp-8R® (xXXVII);
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Ar:" iz an aromatic moiety with n free valencies, or
diphenylmethyl;

each Q is -NrR’R*? or -cn’:ur";

R is hydrogen or alkyl

n is 1 or 2;

E is 2-thienyl or 2-furyl;

each R? is independently hydrogen, benzyl, substituted
benzyl, phenyl or substituted phenyl;

each R9 is independently hydrogen or hydrocarbyl; and

each R3 is independently a menovalent aromatic moiety;

mis 1, 2 or 3;

each R‘, Rs, Rs. and R’ is independently hydrogen,
hydrocarbyl or substituted hydrocarbyl;

each R8 is independently hydrocarbyl or substituted
hydrocarbyl containing 2 or more carbon atoms;
10 ;¢ independently hydrogen, hydrocarbyl or
substituted hydrocarbyl;

each R

aAr® is an aryl moiety;

R*, 8%, and R are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl or an inert functional group;

R** and R'® are each independently hydrocarbyl,
substituted hydrocarbyl or an inert functional group whose Eg is
about -0.4 or less;

each R and R is independently hydrogen or acyl
containing 1 to 20 carbon atoms;

Ar® is en aryl moiety;

R*® and »*® are each independently hydrogen or
hydrocarbyl; '

ar® is an aryl moiety;

ar® and Ar® are each independently hydrocarby;

Ar’ and Ar® are each independently an aryl moiety;

Ar® and Ar?° are each independently an aryl moiety or
-CO,R*®, wherein R?® is alkyl containing 1 to 20 carbon atoms;

ar'? ig an aryl moiety;

rR*! is hydrogen or hydrocarbyl;

®*? is hydrocarbyl or -C(0)-NR*-ar??;

44

R™" is aryl;
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R and R?** are each independently phenyl groups
substituted by one or more alkoxy groups, each alkoxy group
containing 1 to 20 carbon atoms; and

RZ‘E

is alkyl containing 1 to 20 carbon atoms, or an aryl
moiety:;

R is hydrocarbylene;

R*® is hydrogen, alkyl, or -C(O)R*’; _

each R’ is hydrocarbyl or both of R>7 taken together are
hydrocarbylene to form a carbocyclic ring;

R*® is hydride, alkyl or -C(0)R*; and

R*® is hydrocarbyl.

€. The process as recited in claim 1 or. 3 wherein the molar
ratio of (III):(IXI) is about 0.5 to 5, and the wmolar ratio of
{IV) : {II) is about 0.5 to about 10.

7. The process or catalyst as recited in claim 1, 2, 3, 4 or
5 wherein X is BF,~, PFg~, BAF"' or SbFg”~.

8. The process or catalyst as recited in claim 1, 2 or 3
wherein (II) is bis{n%-1,5-cyclooctadienyl)nickel [0].

5. The process as recited in claim 1, 3 or 4 wherein an
olefin is ethylene.

16. The process as recited in claim 1, 3 or 4 wherein an
olefin is norbornené.

11. The process as recited in claim 1, 3 or 4 wherein an
olefin is styrene.

12. The process as recited in claim 1, 3 or 4 wherein an
olefin is a combination of styrene and norbornene, and a copolymer
of styrene and norbornene is produced.

13. The process, compound or catalyst as recited in claim 1,
2, 3, 4 or 5 wherein said first compound or said first mnode.nta.t:e
neutral ligand is (III).

14. The process, compound or catalyst as recited in claim 13

wherein:
A 9 m3 p? s 1
n is 1, Q is -CR'=NR”, R* is hydrogen, Ar" is 9-
anthracenyl, and R® is 2-carbamoylphenyl or 2,6-diisopropylphenyl;
n is 2 and Q is -CR°sNR®, R® is 2,6-disubstituted phenyl

in which substitutents are halo, alkyl, oxr halo and alkyl, art is
p-phenylene, and r? is hydrogen;
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n is 1, Q as -CR’-NR?, R® is hydrogen, R® is 2,6-
dimethylphenyl, and Ar' is pentafluorophenyl; or

n is 1, Q is -CR’=MR*, R’ is hydrogen, R’ is 2,6-
diisopropylphenyl, and ar! is 2-hydroxy-1-naphthyl.

5 15. The process, compound or catalyst as recited in claim 13

wherein:

n is 1, 0 is -NR%R*?, ®° is -CH=CPh,, rR® is hydrogen, and
ar? is 2,6-diisopropylphenyl;

n is 1, Q is -NRZR“, R is

~-CH=CPh,, R** is hydrogen and
10 Ar' is 2-carbamoylphenyl;
n is 2, Q is _ngu. R? is hydrogen, R*® is hydrogen,
and ar' is 1,8-napthylylene;
n is 1, Q is -MR°R*?, R? is -CH=CPh;, R*® is hydrogen, and
Ar' is 2-methoxycarbonylphenyl;
15 n is 1, Q is - 2r*3, R? is hydrogen, R*} is hydrogen,
and Ar' is 2-carboxyphenyl ;
n is 1, Q is -NR?R*?, R? is -CH=CPh,, R is hydrogen, and
Ar! is l-anthracuinonyl; .
n is 1, Q is ¥R°R%, R® is -CH=CPh., R is hydrogen, and

20 Ar* is

, or
wherein (IIX) is

NH  HN

16. The process, compound or'cat:alys: as recited in claim 1,
25 2, 3, 4 or 5 vwherein said first compound or said first monodentate
neutral ligand is (V}.
17. Tﬁe process or catalyst as recited in claim 16 wherein:
m is 1, all of R%, R%, B®, R® an R’ are hydrogen, and
both of R*® are 2,6-diisopropylphenyl; or
30 m is 1, a1l of R%, R, ®®, R® an R are hydrogen, and
both of R'? are cyclohexyl.
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18. The process, compound or catalyst as recited in claim 1,
2, 3, 4 or 5 wherein said first compound or said first moncdentate
neutral ligand is (XVI).
19. The process or catalyst as recited in claim 18 wherein:
5 Ar? is 2-(N-2,2-diphenylethenylamino)phenyl and R° is
hydrogen;
Ar? is phenyl and rRY is 2,6~diisopropylphenyl;
ar? is 2-pyridyl and R*® is hydrogen; or
Ar? is 3-hydroxy-2-pyridyl and R is hydrogen.
10 20. The process, compound or catalyst as recited in claim 1,
2, 3, 4 or 5 wherein said first compound or said first monodentate
neutral ligand is (XVII).

21. The process, compound or catalyst as recited in claim 20

wherein:
15 R** and R*® are t-butyl and R*?, R™® and R are hydrogen;
8*%, &' and RS are t-butyl and R*? and R are hydrogen;
' R and RS are phenyl and Rn, R ana r* are hydrogen;
oxr

R is t-butyl -and 8?2 and ™ are hydrogen, rR*? is
20 methoxy, and R*® is 2-hydroxy-3-t~buty1-5-methoxypheny1.
22. The process, compound or catalyst as reecited in claim 1,
2, 3, 4 or 5 whexein said first compound or said first monodentate
neutral ligand is (XVIII).
23. The process, compound or catalyst as recited in claim 1,
25 2, 3, 4 or 5 wherein said first compound or said first monodentate
peutral ligand is (XIX).
24. The process, -compound or catalyst as recited in claim 1,
2, 3, 4 or 5 wherein said first compound' or said fi'rsr. monodentate
neutral ligand is (XX) both of rRY are phenyl. .
30 " 25. The process, compound or catalyst as recited in claim 24
wherein:
both of R*® and R’ are hydrogen; or
both of R*® and r!7 are acetyl.
26. The process, compound or catalyst as recited in claim 1,
35 2, 3, 4 or 5 wherein said first compound or said first monodentate
neutral ligand is (XXI).

27. The process, compound or catalyst as recited in claim 26
wherein Ar® is 2-aminophenyl.
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28. The process, compound ox catalyst as recited in claim 1,
2, 3, 4 or 5 wherein said first compound or said f£irst monodentate
neutral ligand is (XXII).

29. The process, compound or catalyst as recited in claim 28
where;n &*® and R'? are both methyl or both hydrogen.

30. The process, compound or catalyst as recited in c¢laim 1,
2, 3, 4 or 5 wherein said first compound or said first monodentate
neutral ligand is (XXIII).

31. The process, compound or catalyst as recited in claim 30
wherein Ar® is phenyl.

32. The process, compound or catalyst as recited in claim 1,
2, 3, 4 or 5 wherein said first compound or said first monodentate
neutral ligand is (XXIV).

33. The process, compound or catalyst as recited in claim 32
wherein both of ar® and Ar® ave phenyl or wherein both of Ar® and _
Ar® are cyclchexyl.

34. The process, compound or catalyst as recited in claim 1,
2, 3, 4 or 5 wherein said first compound or said first monodentate
neutral ligand is (XXV).

35, The process, compound or catalyst as recited in claim 1,
2, 3, 4 or 5 wherein said first compound or said first monodentate
neutral ligand is (XXVI).

3€. The process, compound or catalyst as recited in claim 35
wherein Ar  is p-tolyl or phenyl and ar® is 2,6-diisopropylphenyl..

- 37. The process, compound or catalyst as recited in claim 1,
2, 3, 4 or 5 wherein said first compound or said first monodentate
neutral ligand is (XXVII).

3§. The process, compound or catalyst as recited in claim 37
wherein: '

ar’ and ar'® taken together are 1,8-naphthylylene; or
ar® is -CO,CH; and Ar'® is

NHC(S)NHCO,CH;

1310



—_—

I

WO 97/02298

10

15

20

30

35

. PCT/US96/11131

39. The process, compound or catalyst as recited in claim 1,
2, 3, 4 or 5 wherein said first compound or said first monodentate
neutral ligand is (XXVIII).

40. The process, compound or catalyst as recited in claim 39
wherein:

all of R*?, R* and R** are 2,4,6-trimethoxyphenyl;

both of R*?* and R*? are 2,3,6-trimethoxyphenyl and R?* is
ethyl;

all of R’z, R%* and R** are 2,6-dimethoxyphenyl; or

both of R*? and R?*? are 2,3,6-trimethoxyphenyl and R*? is
isopropyl.

41. The process, compound or catalyst as recited in claim 39
wherein at least one of R*?, R*? and R is substituted and that a
sum of ¢ and o* constants for at least ome of R*?, R*’ and R** is
about -0.50 or less.

42. The process, compound or catalyst as recited in claim 41

.wherein R** is an aryl moiety, all of Raz' R and R** axe

substituted, and said sum of said ¢ and o* constants for each of
Rzz'. R** and »** is about -0.50 oxr less.
43. A compound of the formula

wherein:

E is 2-thienyl or 2-furyl:;
aAr® and ar® are each independently hydrocarby.
44. The compound as recited in claim 43 wherein both of ar®
and Ar® are phenyl or wherein both of Ar® and Ar® are cyclohexyl.
45. The process as recited in claim 3 or 4 carried out in a
solvent.
46. The process as recited in claim 1, 3 or 4 carried out at
a temperature of about -20°C to about 100°C.
47. 'rhé 'process. compound or catalyst as recited in claim 1,
2, 3, 4 or 5 wherein said first compound or said first monodentate
neutral ligand is (XXXVI).
48. The process, compound or catalyst as recited in claim 1,
2, 3, 4 or 5 vwherein (XXXVI) is
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49. The process, compound or catalyst as recited in claim 1,
2, 3, 4 or 5 wherein said first compound or said first monodentate
neutral ligand is (XXXVII).

50. The process, compound or catalyst as recited in claim 49
wherein both of R® are aryl moieties and all of R®, R®>, 8%, R” and
rR® are hydrogen.

51 .The process as recited in claim 50 wherein both of R® are
2,6-dimethylphenyl.

§2. The process, compound or catalyst as recited in claim 1,
2, 3, 4 or 5 wherein X is BAF.

53. The process or compound as recited in claim 4 or §
wherein r is 1.

54. The process or compound as recited in claim 4 or 5
wherein r is 0. '

55. The process or compound as recited in claim 54 wherein
(XXXIII) is a dimer with bridging L' ligands.

56. The process, compound or catalyst as recited in claim 13
wherein:

nis 2

Q is -cngsm’;

ar! is diphenylmethyl:k’ is hydrogen

and R’ is selected from the group consisting of 2,6-
diisapropylpheﬁyl. 2-carbamoylphenyl, 2-methoxycarbonylphenyl, 1-
anthragquinolyl, 2,6~-dimethylphenyl a.nd 1-£fluoren-9-onyl.

57. The process as recited in claim 3 wherein said nickel
[II] complex is a =-allyl complex.

58. The process as recited in claim 4 wherein 1? and 1p*
taken together are a n-allyl group.

59. The compound as recited in claim 5 wherein 1} and 1*
taken together are a n-allyl group.

60. The process as recited in claim 57 or 5B wherein a Lewis

acid is also present.
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61. The process as recited 1, 3 or 4 v;iﬁé:i'éin at least 2 or
more norbornenes are present, to form a copolymer.

€62. The process as recited in claim 1, 3 or 4 wherein at
least 2 or more styrenes are present to form a copolymer.

5 6€3. The process as recited in claim 1, 3 or 4 wherein at
least one styrene and at least norbornene are present to form a
cop'olymer..

64. 'rhe process as recited in claim 61 wherein a nobornene
present is 5-ethylidene-2-norbonene.
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