WD 97/ 02298

PCT/ US96/ 11131 TI TLE CLEFI N PCLYMERI ZATI ON PROCESS Thi s application is a
continuation-in-part of United States Provisional Application Serial No.
60/ 000, 747, filed June 30, 5 1995. FIELD OF THE | NVENTI ON Thi s invention
concerns a pr‘ﬂagflazg%ﬁr t he preparation of polyol efins by coordination

pol yneri zati o yl ene, styrene or norbornene by a nick

coordinated to a selected ligand. 10 Polyol efins are very inportant itens
of commerce, being used for nyriad uses, sﬁ%as nol di ng resins, filmns,
ropes, conposites, fibers, elastoners, etc Uitability for any parti cuI ar
use is dependent on the poI yner FﬂLB’ﬁFQrWWIFW"Vr?@%ée whet her the 15
pol ymer is el ast oner iTeiomapplieatiopliasd icontinsurdondnhmdtoff maleydr8tdceat | on of
these ol efins i sy, 6QordhnatEQn P QLR i 36d B0, 7u$ef9feaaa\%9'%”e“ zati on
catalyst containing a transition metal, the netal usually being thought of
as coordi natihg ¥®>one or nore species dur| ng the poI yneri zation process.
20 Whet her any particul ar t E3SI08. 3¢ ErIgonpound is an ol efin

pol ynerization catal ygls Q%Uﬁltlz&x d&fbﬁa%oﬁ&&@f&t &le i@hgds What is

coordi nated (such as_v an a b re and during the
pol yneri zati on. Wﬁfg" g’ nS| ] %gﬁlét”? er?z Hpounds rrayyciﬁf'e &R °be active
catal ysts for a perbpinenk hy QS“'—‘“@tW@"’&F)“&?@PﬁF“ Ehé 4iectedshibatdng pol yner
structures may vary. Qther factors s pegadchiosi ency and rate of

pol ymeri zat | on MY ValofyoilBELCEA Gery\lobdal Sekhd Br Bohilrel Ab@ng Shata’ O

ol efl n pol yneri zations are constantl'y_ bei ng sought
for wyriad uses, such as molding sins, films, ropes, composites,.

TETREN IS

fibers, elastomers, etc. Suitability for any particular use is
dependent on the polymer properties, for instance whether the

18 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.

20 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

as (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

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

(a) contacting & polymerizable monomer consisting
essentially of ethylene, a norbornene oY a styrene, and a catalyst
system comprising the product of mixing in solution a zerovalent

' 35 triccordinate or £etracoordinnte nickel compound (II) 'wh:i.ch has at
least cne labile ligand, and all ligands axe neutral, an acid of
the formula HX (IV), and a first compound selected f:om the group
conpisting of:



SUMVARY OF THE | NVENTI ON 30 This invention concerns a process for
the polynerization of an olefin, conprising: (a) contacting a polynerizable
nononer consisting essentially of et hyl ene, a norbornene or a styrene, and
a catal yst system conprising the product of mxing in solution a zeroval ent
35 tricoordi tetracoordi nate ni ckel conmpound (11) which has at

| east one Iab%e;’(%g and all ligands are neutral, an aci Re{a1s1
formula HX (IV), and a first conmpound sel ected from the group consi sting
of : WO 97/ 02298 Arl On {III}; RSRJ'DN CR‘RS (CR R T Bﬁlo v);

PCT/ US96/ 11131 [err] WO 97/ 02298

PCT/ US96/ 11131 R ERR] S-CR ERR] RIERR] (CRIERR] RIERR}) (XXXVII) wherein: X is
a noncoordinating anion; Ar[ERR] is an arongfic foiely wth n free

val encies, or 5 diphenyl nethyl; each [ERR] 1| N ERR] Rl ERR] or
-CRERRINRFERR] nis 1 or 2; Eis 2-thienyl or ryl; each RIERR] is

i ndependent |y hydrogen, benzfl, substitutedsrt 1, phenyl or
substituted phenyl; AR bR VD) ; & (XVII) ;
I
N HN F(OH),;
s NN ez NS (XIX) ;
OR™
m il
C—n®
Ph-%
R (xx) ; {XXx1) ;
w Qo
s
(XX11) ;
10 (XX1IT);
[]
N+
E\ ' HN ‘
°< / o .
\Ar‘ (XXIV) ; H (XXV) ;

9
Ar———E——N——A®
H
(xxv1);  ACHN——S—NHAY  (yyyrr)

15
0

Ar"——N)‘\?’

RP2RP3p*'p (XRVITI); rR" (XXXVI); and



each R9 is independently hydrogen or hydrocarbyl; and each RIERR] is

i ndependently a nonoval ent aromatic noiety; mis 1. 2 or 3; RERR] is
hydrogen or al kyl; 15 each RRERR], R ERR], R ERR], and R ERR]

i s independently hydrogen, hydrocarbyl or substituted hydrocarbyl; each

R ERR] is in%\(p g&tly hydr ocar byl or 'substituted hydrocarbyl containing 2
or nore carbon atons; each RIERR] is independently hydrogen!’éw %ﬂlbyl or -
20 substituted hydrocarbyl ; Ar* ERR] is an aryl moiety; R ERR], R ERR],

and RIERR] are each i negfeperidemtty/)fiedt agerviohydr ocarbyl, substituted
hydrocar byl or an inert functional group; RIERR] and RIERR] are each

i ndependent | y hydrocar byl, 25 substituted hydrocarbyl or an inert
functional group whose E[EREF 3 BonspRsginatyog agion; oss; each R[ERR] and R[ ERR]
i s i ndependent|y hydrogen zf &cyt svoatial mbiegy kitlp n2free amboriat,0os; Ar [ ERR]
is arr aryl noi ;ety;,i%gmylmethyl, R ERR] and R ERR] are each independently
hydr ogen or hydrocarbyl A?ra%?ERR;friszaﬁ aryl gmisety; Ar[ERR] and Ar[ERR] are
each i ndependently hydroca @ [ﬁ?ﬁ] %ﬁd%FfPERR] are each i ndependently-
an ar'yl noiety; 35 n is 1Apf BERR] and Ar[ ERR] are each independently an
aryl nmoiety or -COERRIR ERR],. wherein R is alkyl containing 1 to 20
carbon atons; Ar[ERR] is aFn‘%rzgfh‘ﬁ‘b"ﬁeﬁ/?' *RR] i s hydrogen or hydrocarbyl ;
3 each R® is independently hydrogen., benzyl, substituted

10 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;
E*® is hydrogen or alkyl;
15 each R4, Rs, Rs. and R’ is independently hydrogen,
hydrocarbyl or substituted hydrocarbyl;
each R8 is independently hydrocarbyl or substituted
hydrocarbyl containing 2 or wmore carbon atoms;
each R is independently hydrogen, hydrocarbyl or
20 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,
25 substituted hydrocarbyl or an inert functional group whose E, is
about -0.4 or less;
each R*® and ®'’ is independently hydrogen or acyl
containing 1 to 20 carbon atoms;
Ar® is an aryl moiety;
30 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;
35 Ar® and Ar?® are each independently an aryl moiety or
-cozkzs, wherein R*® is alkyl containing 1 to 20 carbon atoms;

A211

R is hydrogen or hydrocarbyl;

is an aryl moiety;

3
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PCT/ US96/ 11131 R ERR] is hydrocarbyl or -C(O-NR ERR]-Ar[ERR], R ERR] is
aryl; RIERR] and R[ERR] are each independently phenyl groups 5

substituted by one or nore al koxy groups, each al koxy group containing 1 to
20 carbon at oRgg oipsaed’l ERR] is al kyl containing 1 to 20 car bwunor an
aryl noiety. This invention also concerns a catalyst for the

pol ymeri zation of ethylene, a norbornene, or a styrene, conprising, the
product of mixing in soluti®hi ¥ bwressabeher t-ci®odRdiadte or tetracoordinate
ni ckel conpound (11) which s, at keast one labile ligand and all |igands

are neutral, an acid of the f OPAIPA’ HX (1V), and a conpound sel ected from

the group 15 consisting of: Ar[ERR] (I11);"

5[7/EORZR]2§%[3ERR] N- CR[ ERR] R[ ERR] £€RnsRR} BERRZEY Anddpefidnt Rl k)1 g\é@i_ A e/ \1/\?131
R[ ERR] R ERR] R[ ERR] p *"P500iie) by one or mppspajkoxy groups, each aikmy. IwoMp
R[ ERR] S- CR] ERR] R[ ERRICEGREERRY RPEFRFTPOSRESRR] and( XXXV | ) : 10 wher ei n:

X is a noncoordinating ani og?* A iR cohtaiaingdi WERI0 Garbbh QtdmeM &N ak hiLe
val enci es, or moiety.
This invention also concerns a catalyst for the
10 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'on (111); R°R

-
n

10x4-crr% 1RO R7) p-NR2R2C (V) ;

R

; nll B's
|
.J
R!.‘ RI'
AF ———C—NHR (XVI); OH (XVIT);
HN HN I|l-
by (OH)z
20 \/_\002" (XVIID); ~ (XIX);
ORM
CoH ﬁ
Comm A
" {®X) ; (XXI) ;



di phenyl nethyl; each Qis -NRFERRIR ERR] or -CR ERRINR ERR]; 15

nis 1lor 2, Eis 2-thienyl or 2-furyl; R ERR] is hydrogen or al kyl; each
R2 is independently hydrogen, benzyl, substituted benzyl, phenyl or
substituted phenyl; 20 each RIERR] is independently a

nmonoval ent %(?r?:% 5% noi ety, each RIERR] is independently hw

hydr ocar byl @ 2 or 3; each RERR], R ERR], R ERR], IS

i ndependent |y hydrogen, hydrocarbyl or substituted hydrocarbyl; 5

W7/ 02298

PCT/ US96/ 11131 each R ERR] is independently hydrocarbyl or bstituted

hydr ocar byl containing 2 or ca( bon atogs; each R RR] ¥s i ndependently
hydr ogen, hydrocar byl or s hegCar byl ; 5 Ar2 is an
aryl noiety; R ERR], R ERR]| each |ndependehtl ohydr ogen,

hydrocar byl , substituted T8 Zn inert functiotal .group; R[ERR|
and R ERR] are each independently dr ocar byl , L t ut edAﬂydrocar byl or
an inert functionafxxgrzoup whose E[ERR] is 10 about -0.4 or |ess; each

R ERR] and R ERR] is independently hydrogen or acyl containing 1 to 20
car bon atons; 0

COM
v (XXIV) ; H (xxv) ;

NH;
E

7]

o]
A5 N——A
H St
(XXVI); APHN——S——NHA" (XXVII) ;

(o]

M

R22R?3R%p (XXVITI); R" {XXXVT) ;
ang k%s-crR4R% (CR®R7)m-SR® (XXXVII);

AI‘“"_N

10 wherein:
X is a noncoordinating anion;
Arl is an aromatic moiety with n free valencies, or
diphenylmethyl;
each Q is -NrR?R"? or -CR9=NR3;

18 n is 1 er 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;
20 eaﬁh R3 is independently a monovalent aromatic moiety;
e;ch R9 is independently hydrogen or hydrocarbyl;
* mis 1, 2 or 3;
each R‘, Rs. Rs, and R’ is independen_tly hydrogen,
. hydrocarbyl or substituted hydrocarbyl;



Ar3 is an aryl noiety; R ERR] and R ERR] are each independently hydrogen or
15 hydrocarbyl; Ar[ERR] is an aryl noiety; Ar[ERR] and Ar[ERR] are each
i ndependent |y hydrocarby; Ar[ERR] and Ar[ ERR] are each independently an
aryl noiety; Ar[ERR] and Ar[ ERR] are each independently an aryl noiety; 20

CJ ERR] R ERR] , weyor, RR] and Ar[ERR] taken together are a diz%ﬁlé@%{
1

aromatic noiety an erein RIERR] is alkyl containing 1 to

atoms; Ar[ERR] is an aryl noietygs RIERR]is h drogen or hydrocarbyl; R ERR]
is hydrocar byl or -C(0)-NR RArPPEERSE % "’%FERFQ Yl aWF““FQ“ERR] and
R[ ERR] are each i ndepewdearblly cphramging g saperGbmontm by one or nore

al koxy groups, each al koxy %w&l@%tﬁh&ﬁ@m@l}%&!}g&arbﬁ%@&%a and
R ERR] is al kyl o 20 ﬁ(iw;bon atons, or- an aryl 30 noiety; and

containin
provi ded that the mof%F® ’rtg‘f‘F% inkia) (XV1), (XVI1),
(XVILL), (XIX), ( XXF, (XXI),()QXfIi)H(n)mIr}ozef(YXXIV)
(XXV),(XXV|),(XXV||),(XXV|||R)“(*XX\£bhn@fa£é<X&QﬁLAapéAde£u %ﬁb Qeh, 0.5 to
about 5, and the nol 0 apout 10.

t
This invention al so g’g)ﬁﬁégrr 1'as“b(s%;Qe“§éA #‘%ﬂmfﬁ%’fﬁyﬁe?“ﬁtﬁ“ﬂﬁiwga?fw ofin,

conprising, contacting ethylREhend & Gare each independently hydrocarbyl,
substituted hydrocarbyl or an inert functional group whose Eg is
10 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
15  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, -
20  co,R*%, or Ar’ and Ar® 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;

25 2‘4

R
substituted by one or more alkoxy groups, each alkoxy group

> 1

is arvi;

22 ana R?® are each independently phenyl groups

containing 1 to 20 carbon atoms; and
¢ is alkyl containing 1 to 20 carbon atoms, or an aryl
30 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
35 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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PCT/ US96/ 11131 nor bornene, or a styrene with a nickel [II] conplex of a

| i gand sel ected fromthe group consisting of: Ar[ERRRQ (I111);

R[ ERR] Rl ERR] N- CR[ ERR] R[ ERR] (CR[ ERR] R ERR] )w- NRlERR] R ERR] (V): [ERR] 7

WD 97/ 02298

pcT/ us96/ 111¥PYEHY and R ERR] S- CR{ ERR| R ERR] - (CR] ERR] Rl ERFS Y HP SRl BRR)
(XXXVI'1) . wher ei N:nofpérhede neﬂcapeeweaatamg ARLAEL &) complex of LiLERR s an
aromati c noiety vvltg e valencies dlg nylrrethy each Q1s

-NR ERR] , R ERR] or ﬁf&fﬁ{é !\!%’[e gﬁ‘t‘ﬁéﬂ a?’.ijdrogen or alkyl; nis 1 or
2; 10 2xTn F3A) ; R Ri 1119=Ry$ (cR? L Ry |(Wdependent |y
hydrogen benzyl , substltuted benzyl, phenyl or substituted phenyl; each R3
i s independently a nonoval ent ar omati c noiety; each RERR] is i ndependent |y
hydr ogen or hydrocarbyl; [ERR] is 15 1, 2 or 3‘ each RRERR], R ERR] Re,

and R ERR] is independently hydrogen, hydrocarB ubs®" t ut ed
hydrocar byl ; each R ERR] is independently hydrocar r substituted
hydrecar byl containing 2 or mgpre carbon atons;
RIS R"
5 AP ——C—NHR®  (xv1); oH (XVIT);
I
HN HaN
2 P(OH),
\/\ COM  (gyrrn); N~ —
OR'

COH ﬁ
“ C—ar

orR' (XX) ; : {XX1) ;
10
N R18
N
N
19
R N (XXII); e
(XXIXI);
o]
E HN e
o AP - I
. ~N 0 N COH
. A xxIvy H (xxv) ;
15
I
ArL——-ﬁ—N-—-Ara 0
H _
(o (XXVI) ; APHN ——S———NHAr" (XXVII) ;

SUBSTITUTE SHEET (RULE 26)



20 each RFERR] is independently hydrogen, hydrocarbyl or
substituted hydrocarbyl; Ar[ERR] is an aryl noiety; R ERR], R ERR], and

R[ ERR] are each independently hydrogen, hydrocarbyl, substituted
hydrocarbyl or an inert functional group; 25 R ERR] and R ERR]
are each inde %w hydr ocar byl , substituted hydrocarbyl or_an inert
functional gro 0se E[ERR], is about -0.4 or |ess; each i
R[ERR] is independently hydrogen or acyl containing 1 to 20 carbon atons;
30 Ar[ERR] is an aryl moiety, RIERR] &nd R[ERR] are each

i ndependently hydrogen or hydrocarbyl; Ar[ERR] i§ an aryl nviety;

Ar[ ERR] and Ar[ ERR] are each independentl}Arh_\Lg_r aMNayi 35 Ar [ ERR]
and Ar[ ERR] are each independently an ary m)ilety; WO 97/ 02298

PCT/ US96/ 11131 Ar[ ERR] ag%_FAg R Afe each iﬂadependent(#ﬁvﬁr} aryl noiety,
- CO[ERRIRERR], or Ar[ERR]" and Ar %:—é en tqgether are a dival’'ent aromatic
moi ety and wherei n R ERRP* & &iCR\R ‘GoRt)arFf n§*F¥Vi%: 20 carbon atons; Ar[ERR]
is an aryl noiety; 5 wherein: R[ERR] is hydrogen or hydrocarbyl; R ERR

i's hydrocarbyl or -C(O -NR ERR] ; Atl RRinatihERRled;S aryl; RIERR] and R[ERR]

are each independently phenyl, groups substifuted by one or nore al koxy
gr oups each al kOng gr oup is an aromatic moiety with'n free valencies, or

diphenylmethyl;
each Q is -NR*R** or -CcR
r*? ig hydrogen or alkyl;

nois 1 or 2;

9=N'R3 ;

10 o 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§ 1, 2 or 3; .
each R, ®®, R®, ana R’ is independently hydrogen,
hydrocarbyl or substituted hydrocarbyl;
each r® is independently hydrocarbyl or substituted

6

hydrocarbyl containing 2 or more carbon atoms;

20 each 1210

substituted hydrocarbyl;

is independently hydrogen, hydrocarbyl or

zr® is an aryl moiety;
22, R**, and R'® are each independently hydrogen,

L1

hvdrocarkyl, substituted hydrocarbyl or an inert functional group;
25  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;
30 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;
35 Ar’ and ar® are each independently an aryl moiety;



10 . containing 1 to 20 carbon atons; and RIERR] is alkyl containing 1 to 20
carbon atons, or an aryl noiety. Described herein is a process for the

pol ymeri zati on of olefins, conprising, contacting ethylene, a norbornene or
alb5 styrene with a nickel containing first conpound of the formula

(L[ERR] L[ E L[ERRI N[ ERR] ) [ERR] X[ERR]  (XXXI 1), wherein ] is a
first m)nodeﬁp[ nk%ut ral |igand coordinated to said ni ckell,ﬁl %ﬁ
second nmonodentate neutral |igangd coordinated to said nickel which may be

said first nonodentate neut raf Ax garriests indgpendentdy(rnopryl mojety[ £RR) and
L[ ERR] taken toget:dsgai"‘ arSzeAﬁ Bhd si:‘ biuaandogéthes abtt r:0kivtal g eramasicdi nat ed t o

said nickel and r [ o. aIIyI

| i gand coor di nat egmt 0 sal ll?a?d Jil_s[ E‘Iﬁg CL&%%L[ R%]%P%[((e:%i’tg%gg are H
Rl ERR] R[ ERR] I‘E‘F?PE]n TYIPEE 25 coordinated to sai d n| ckel ,

or L3 is a thisd neutral afbri@dqmﬁee dri g@mckasiytlect ed from t he group

consi sting of ethylene, aunaq ng- 3c &h WiBNR,BL a neutral nonodentate
l'igand which can be di sp%aceg%pgér%ggﬁefgr [ n@ and L[ ERR] is RIERR]; 30

X is~a relatively non-coat*tliieaidyng ani on; each of q, [ERR] and t is 1; said
first nonodentate neutralgzkigands apd .aal Qnéebén%kngyd?ﬂ'}n gxgytral |igand

are selected fromthe group conS|st|ng of lé_
R[ ERR]| R[ ERR] N- CP[ ERPgRFHER W P EPRPA RN kHPER £ BREPY (PP 35
10 containing 1 to 20 carbon atoms; and

R2

¢ 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
15 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

20 and r is 0 oxr 1, oXx 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

to sa:.u nickel, 1® and L' taken together are

'..H\ /RasRss
\ /° N2
/ \

|5
S

_ (xxxn) )
coordinated to said nickel, or L?® 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 1! is g%

30 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 se‘.lect.ed from the group consisting of
. Arton (111); RERION-criR® (RSR7)p-mr%RY0 (v
35
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PCT/ US96/ 11131 [ERR] 10 WD 97/ 02298

PCT/ US96/ 11131 each Qis -NRRERRIRERR] or -CRRERRINRERR]; R ERR] is
hydrogen or alkyl; nis 1 or 2; Eis 2-thienyl or 2-furyl; 5

each R ERR] ignl ndent |y hydrogen, benzyl, substituted henzyl henyl
or substitute opﬁeny each RIERR] is independently hydrogehﬁmgm
hydrocar byl ; and each R3 is independently a nonoval ent aromatic noiety; m
is 1, 2 or 3; 10 each R ERR], R ERR] R“R[ ERR], and R ERR] is

i ndependent |y hydrogen, hydrocarbyl or subsi' t uLe drocarbyl each R ERR]
i s independently hydrocarbyl or substituted hyjf '*rbyl containing 2 or
nmore carbon atons; each R ERR] is independent yxdr ogen, hydrocarbyl or 15
substituted hydrocarbyl; Ar[|ERR] is an aryl" moiefy; WERRl , RRERR], and
R[ERR] are each independeﬁ-t NARIdr ogev) ; hydr ocasbyl , sulpsisif,ut ed

hydr ocar byl or an inert functional group; R ERR] and R ERR] are each

i ndependent |y hydrocarbyl, 20 substituted hydrocardyl or an inert
functional group whose ELERR] is about -0.4 or |esg

HoN PIOH),
CO,H (XVIII); ~~ {XIX);

or™®

coM ﬁ |
il Compr®
RK{
5 O (XX) ; {(XXI) ;

(XXIX);
(XXIII);
Q
NH,
E
~
“’\l,/""s )\ I
.. ) 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



Q R[ERR] and R ERR] is independently hydrogen or acyl containing 1 to 20
fcarbon atonms; Ar[ERR] is an aryl noiety; 25 R ERR] and R} ERR] are
each i ndependently hydrogen or hydrocarbyl; Ar[ERR] is an aryl noiety;
Ar[ERR] and Ar[ERR] are each independently hydrocarby; Ar[ERR] and Ar[ ERR]
are each ind@ §2 ly an aryl noiety; 30 Ar[EM‘Ql&:RR]
are each ind% NMtly an aryl noiety or -CO[ ERR] R ERR], ]5R] S
al kyl containing 1 to 20 carbon atons; Ar[ERR] is an aryl noiety; R ERR] is
hydrogen or hydrocarbyl; RL&ERR]isi sfydracassfar®er - C(0)-NR ERR] - Ar[ERR]; 35
R[ERR] And R[ERR] are eachai nd ndent |y nyl groups substituted by one
or nore al koxy groups, ea%h af E‘g%‘/’ggnr g%palgghﬁ't aining 1 to 20 carbon atons;
and - WD 97/02298 n is 1 or 2;
PCT/ US96/ 11131 R ERR] is alk ontai ni 1 to 20 carbon atons, or an aryl
noi ety; R ERR] is hydroca%b’yﬁyéﬁ%;“ﬁ?% 9Eugy]h'ydrogen, al kyl, or -C(O R[ERR]
5 edch R [ ERRJerek Ry decindepapPewiy JEFPost. REERR] stRatéwtedget her
are hydr ocar byl enepéfzyi Ophery1 Gar imeyichied pheagl; R ERR] is hydride, alkyl or

-AO)RIERR]; and RIERR| is,byde QeaaulerBbdtt nylsfogh bt -nydrocarbyl; and

each R’ is independently a monovalent aromatic moiety;

mis 1, 2 or 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 R1° is independently hydrcgen, hydrocarbyl or
15 substituted hyﬁrocarbyl,-
ar® is an aryl meoiety;
pZ, p*?, and R are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl or an inert functional .gi'mxp:
R** and R*® are each independently hydrocarbyl,
20" substituted hydrocarbyl or an inert functional group whose E; 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;

9
»

R*® and X'® 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;
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;
R is hydrogen or hydrocarbyl:
_ R%? is hydrocarbyl or -C(0)-NR*1-Ar'?;
35 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



10 Al so described herein is a conmpound of the formula
(LIERRILIERRIL[ERR]L[ERRI N ) [ERR] X ERR] (XXXI'I1), wherein: L[ERR] is a
first nonodentate neutral |igand coordinated to said nickel, L[ERR] is a
second nonodentate neutral |igand coordinated 15 to said nickel which my
be said firs tate neutral ligand and r is 0 or 1, or_L[ERRl and

L[ ERR] takenwgggﬁﬂg{' are a first bidentate neutral |igand SSS{W&% to
said nickel and r is 1; L[ERR] and L[err] taken together are a [err]-allyl
| i gand coordi nated to sai k*hiiekeskyl borBasmisly 134 té 2beturbagsidies carsa pHRR] H
RIERR] R ERR] coorgdinaied to said nickel, or L3 is a third neutral

nonodent ate |igand sel ectedsfrom.the b% oup consisting of ethylene, a
norbornene and a styrene ot &°rH¥BIeFa¥ ﬁrﬁ’f‘fJOdent ate ligand which can 25 be
di spl aced by an ol efin, arri® i ERE}dgen RRBAR} ;oxx-¢01RI°r el ati vel y

non-coord-inatiRg ani on; Geack PNEs hydoRaBAt brlbothadedrTi dakln Henhal e
neutral |igand and_said f|{st bi géant ate neutral .|igand are selected from

the group consisti H§EFaEsy ene to foxm a cqrhogyelityFipgi’| ). Ryerr]

R ERR] ( N CR] ERR] R[ ERR] ( CRIERAE Riyers) mikiy BRRE@RERRIRA(V): 12 WO
97/ 02298 . -
PCT/ US96/ 11131 [ERR|] R[ ER%j RPEFEPRCEREI R ERR] (X001 ) ; 15 and

Rl ERR] S- CR[ ERR] Rl ERR] ( CR[ ERR]iB[Ji?B] )m SR ERR] ( XXXVI ) ;
10 :
Also described herein is a compound of the formula
303 L8, Ni) "X (XXXTTT), 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

. 35,36

s H\ /R R

’ c
N N\

AN
20 H/ R37
{XXXIT)

coordinated to said nickel, or L’ is a third neutral monodentate
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



wherein: 13 ~ W97/02298

PCT/ US96/ 11131 Ar[ERR]is an aromatic noiety with n free val encies, or

di phenyl nethyl; each Qis -NRerr]Rerr] or -CRlerr]-NRerr]; Rerr] is
hydrogen or -alkyl; 5 nis 1lor 2; Eis 2-thienyl or 2-furyl;
each R err] iSnl endent |y hydrogen, benzyl, substituted benzyl, phenyl
or substituté@og l; each Rerr] is independently hydrog@ﬁm@&“ﬂ131
hydr ocar byl ; and 10 each R3 is independently a nonoval ent
aromatic noiety; mis 1, 2 or 3; each Rlerr], Rfrr], Rerr], and Rerr]
i s independently hydrogen, hydrocarbyl or ssfstiyuted hydrocarbyl; each
Rlerr] is independently hydrocarbyl or substi gd 15 hydrocar byl .
containing 2 or nore carbongatons; each Rle[r ndependent |y hydrogen,
hydrocarbyl or substituted Hydrocarbyl; ArffeTr] Jis &n aryl moiety; Rerr],
Rlerr], and R err] are ®achcrmnt®iendared)y hydrogen, 20 kwdexcar byl
substituted hydrocarbyl or an inert functional group; R err] and R err]
are each i ndependently hydrocarbyl, substituted hygrocarbyl or an inert
funct'ional group whose Herr] is about -0.4 or | esdl

HaN POH),
COH  (xvIII); ~~ (XIX) ;

I
s " (XX) # {(XX1);

(XXII};
[XXII1;;
[+
NHy
[}
~
o e
10 N (XXIV) ; H (XXV) ;
A e § it N AL® o
H | w
{XXVI); APHN=——=S=——NHAr (XXVTI) ;
o)
. N”—N)kRﬂ
RPRBp2p (xxvIII); ' Aﬂ {XXXVI) ;
) 15 and R%s-cRR5 (CRSR)p-SR® (XXXVIT);
wherein:

13



each Rerr] and R err] is independently hydrogen or acyl 25 containing 1
to 20 carbon atons; Ar[err] is an aryl noiety; R err] and R err] are each
i ndependent |y hydrogen or hydrocarbyl; Ar[err] is an aryl noiety; 30

Ar[err] and Ar[err] are each independently hydrocarby; Ar[err] and Ar[err]

are each inde an aryl -noiety; Ar[err] and Ar[err] r h

I ndependent | y%z;ﬁ aryl” noiety or -CO[err]H err]. wherein R[eﬁnﬁg‘c'gmyl
containing 1 to 20 carbon atons;. Ar[err] is an aryl noiety; 35

Rlerr] is hydrogen or hydrechrbydh aieeric] mistihyithhon airiy vaDamcids| Qr NR[ err ]
-Arferr] Rerr] is aiphbayidétnyr; WO 97/ 02298 :

PCT/ US96/ 11131 R ERR] and giﬁkRg]isa[&zgacor} idgpendently phenyl groups
substituted by one or nore gj Xy groups, each al koxy group containing 1 to
20 carbon atons; and R ERRRiI sizbgHosem e #TYig 1 to 20 carbon atons, or an
aryl 5 nmoiety; RERR] is hyi¥ acad byl ene; R ERR] is hydrogen, alkyl, or
-C(ORERR]; each RIERR] is hydrocarbyl or both of RIERR] taken together
are hydrocarbyl ene to fornEdscarthoeyd|drc2riuryg: 10 R ERR] is

hydride, alkyl or -C(O R EBRin r8N@ independentiy hydrogen, benzyl, substituted
' benzyl, phenyl or substituted phenyl;
each R9 is independently hydrogen or hydrocarbyl; and
10 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
15 hydrocarbyl containing 2 or more carbon atoms;
each R is independently hydrogen, hydrocarbyl or
substituted hydrocarbyl;
Ar® is an aryl moiety;
R, g3?

20 hydrocarbyl, substituted hydrocarbyl or an inert functional group;

, and R are each independently hydrogen,

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

each R*® ang ®'’ is independently hydrogen or acyl

9
A

containing 1 to 20 carbon atoms;
ar? is an aryl moiety;
&*® and R'® are each independently hydrogen or
hydrocarbyl;
ar® is an aryl moiety;
30 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;
35 ®*? is hydrogen or hydrocarbyl ;
®*? is hydrocarbyl or ~Cl0} -mpiloartt;

44

R is aryl;

14



R ERR] is hydrocarbyl. Described herein is a conpound of the formula E O

Ar[ERR] P Ar[ERR] (XXI'V) 15 wherein: Eis 2-thienyl or 2-furyl;
Ar[ ERR] and Ar[ ERR] are each independently hydrocarby. DETAILS OF THE
| NVENTON 20 The ol efins polymnerized herein are ethylene, a styrene

and a nor bor rbornene and styrene may be present in the sane
pol yneri zat |‘3’§r}9’3¥a&\g copol ymer may be produced. By a styr SHfe6Res/aNA | g
meant a compound of the formula R ERR] 25 (XXI X) wherein R ERR], R ERR],

RIERR], R ERR] and R ERR]g3araeerfe hurk ndew anskpahdesc 1y ghadge Beodpdr ocar byl |
substituted hydroca Q:\glt_'u [

or functi onal ..or Il o ilch are inert in
the polynerizatio procetseéi. }1. ™ §rf)nrgfﬁ g%rgg%upast' h%atcgé!l\é?onggﬁgf%RR] ,
R ERR] , R ERR] R[ ERRpraintpRp BRREC SRR \AEPHGePd By "a norbornene" is neant
that the nononer is charasteid apdibyneanim nitegz@taltensrom)cor an aryl

nor ber nene-funcg i roup in its 15 WO 97/ 02298
PCT/ US96/ 11131 ° Wk

£ 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
35
R

is hydrocarbyl.
Described herein is a compound of the formula
E.
~
rs
O\P /A

\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 norhoinene' is meant that the wmonomer is characterized

by containing at least one norbornene-functicnal group in its

is



structure including norbornadi ene as identified by the fornul as bel ow,

whi ch can be substituted or unsubstituted wherein "a" represents a single
or double bond. 5 Representati ve nononers are conpounds (XXXV) and
(XXX) as follows: [err] wherein RRERR], R ERR], R ERR], and R ERR]

i ndependent | yygysghaeg’ ogen hal ogen, or hydrocarbyl, provi ded@%?géfept
if the hydrocarbyl group is 10 vinyl, if any of the hydroca

al kenyl, there is no term nal double bond, i.e., the double bond is
internal; or R ERR] sgAfcRieERRhudiak 88ricRsadibed afadekt@ Al ly ofe gaROLYCl I C
ring (saturated, unsaturated or aromatic); or R ERR] and R ERR] and/or

R ERR] and R} ERR] t &kiow. twhgeh e berssbsratutel \dr vhenbstgrerep. | n t hese
structures "z" is 1 to 15 5. Exanples of sd¢h norbornenes incl ude

nor bor nadi ene, 2- norbornene, 5-nethyl - rnene, 5-hexyl -2-norbornene,
5- et hyli dene-2-norbornene, vinylnorborn , digcycl opent adi ene,

di hydr odi cycl opent adi ene, tetracycl odod ne~/tri gaxsvyof 20

cycl opent adi ene, hal ogenat ed nor bornenes wherein RIERR], R ERR], R ERR] and
R ERR] may al so be Mmmglerrabrreﬁxﬂs#tyﬂsm#wﬂaﬂremwwdgr oups such as

C ERR] F[ ERR] wherein wis such as Perfl uor onet hyl ~and

perfl uorodecyl . The hal oﬁe@ﬁﬁfeé‘&"ﬁ'bﬁ‘ B RET 8% SAPEERSy RERE s PP UKh #he 25
Di el s- Al der reactiog,pfesycl opent adi ene an appropriate 16 WO 97/ 02298
PCT/ US96/ 11131

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

wherein r*¢, r*7, Rr%®

. and RY? independently are hydrogen halogen,
or hydrocarbyl, provided that, except if the hydrocarbyl group is
10  wvinyl, if any of the hydrocarbyl are alkenyl, there iz no terminal
double bond, i.e., the double bond is internal; or R'® and r*®
taken togethey can be part of carbocyclic xing (saturated,
unsaturated or aromatic); or R'® and R'7 and/or R*® and R'® taken
together are an alkylidene group. In these structures “z* is 1 to
1§ s,
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

?

20 cyclopentadiene, halogenated norbornenes wherein R*®, R*7, R*? ang

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

25 Diels-Alder reaction of cyclopentadiene an appropriate

18



di eneophil e, such as F[ ERR] C( ERR] CCF[ ERR] or

R[ ERR] C=CR] ERR] ] ERR] F[ ERR] wherei n each R[ERR] is independently hydrogen or
fluorine and wis 1 to 20. It is also preferred that in the polynerization
processes described herein that the polymer produced has an average degree
5 of poly ' _g#i n of about 10 or nore, nore preferably about 20 or
nore, and eg‘&g@? preferably about 50 or nore. In the poP¢REISPG/HEON
processes and catal yst conpositions described herein certain groups nay be
present. By hydrocarbyl is neant a univalent radicgl containing onIy car bon
and hydrogen. By Id3enespbileatsaeh |89 FF6E35FEy PY RS 2PnER N EvFawsuriberdinrach 1] cal
whi ch contains only, carpon _an cont |ns no_car bon- car bon
doubl e bonds, tripi¥ B Hes‘mﬁ'hg %gﬁﬁ%f’cdrgglg’ﬁﬂsm % dBst FE fPed hydrocar byl
herein i s nmeant a hydr o&hrisydlsgreyefeaxhd Cha ontthe I‘PQIUHE“@F“??DP’E’CGQWGS of )
substitutents that a&ae&bwﬁ:e}dihedfhﬁer@e\@ouhne&h&o&&edQﬁeraati«&ﬁaﬁ‘ aédiQe

| t t | d | t
Rets Coxey.  ani ro, Tyl ?%ﬁg 15 2 0 M Rt PO ™
phosphi nite, thi oetTRER; 2 ﬁ‘neﬂ%”‘ J'P’rl?’leée ?’Pﬁag?‘ﬁe"r oppg¥ear r ed subst | tuent s

are hal o, ester, ani no, ihrEhagelp@rbatyén ppivesyEsi 4n¢, capalysp oapdsarichs

hosphi hosph . o - |
Ol ERR H ERR) CH ERE{“JS%&F*SE‘FFJ‘E% 5“*"“""%“’ sy boroe) | o) bBRRRATE L o

ubstitute gyl | s a radical

one or nore of the TRAAT SgEt A BhFafy i@ﬂ“gbVH B% AR ERFET B U whi ch
may i ncl ude hydibcasdsyiarted Bydnenaspyl j1155“'mar'|"t upiyaleat PRAYdHl BREFh cpntbileal , and
a phenyl noiety or &iibsdairbiit e p}aﬁagdn.lﬁdam%amrM&%n-bﬂrawI&bbme or

nore of the hydrogig‘:i rg?iglfl %&?grﬂh{t&§ 54 [ t%gg‘;bsggﬁgg%(mm ch may

i ncl ude hydr ocar by tituents tituted benzyl and
phenyl include t hos®Feard %ﬂfﬁb’é 1?6‘?“%%55’?”“?‘6&‘@‘%!’ HSFIFD Mhigh, Fontpinss one

hydrocar byl . |f notomotbrer Wypes ofatsekiktitntenior siasydoes swh Sintéxfeee Wlaytdear byl

and al | 15  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,

20 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
30 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
35 ecarbocyclic ringl(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



30 other groups containing carbon atons, such as al kyl, preferably
contain 1 to 20 carbon atons. By an aromatic noiety herein is neant a

radi cal containing at | east one carbocyclic or heterocyclic aromatic ring,
whi ch has a nunber of free valences to the carbon atons of the arorratic 35
carbocyclic rypoehes A nonoval ent aromatic noiety has one fPr ﬁ]%

and herein is termed an aryl noiety. |f there is nmore than ea

ring in the radical, the ring may be joined by coval ent bonds (as in

bi phenyl) or may bexai:mder(eas oErBotl. The/fFed Wa)@RGBs may be at carbon atoms

PCT/ US96/ 11131 nap%h&leegﬁ)gr a}rmaet&anme zﬁﬁ@efw@rertﬁa@%na&yngbes at carbon
atoms in one ring, m)reé‘,r1 an_one rin rrgreesug%i ,.93'}9 r gdQrs esent
The aromatic ring(SF 2 I TR Focar %)' )

substitutents whi cryrdum or iohker $\énseiwmst°¢}ed5d°ltf&tia!t9ﬁe€e Jéth vhe y of the

catal yst systems Q!Abﬂytw%@éﬁnhh%k @h%&h%@%bymrl éﬁ&dt@iheﬂ@é’cbﬁ PleLsent.
Sui tabl e and preferred subst

ryL gee as q‘ag]poefor Bstrtuted
hydr ocar byl groups. §Lﬁ°t1§'57réz% S'hﬁ‘f’( Eﬁe@'él s lere| BT &% Bhenyl , o-
phenyl ene, 1, 8- naphvhstisnentsarg 2= Liftedabrrel f."1'1¥Ji“=5‘=i"-“t'ﬂ'1 pydreeaybyt i on net al
conpound whi ch May feupd)i tduatdnle adepaié Qadichnd KoREh ZaL1Q0 JheMACSS Ni xture

is (Il1), a zeroval e%tn¥q|eg+< gé:g%hq (ln L@,r&&r ordi nate or

tetracoordi nate. A0 n t'he defi ni t lon of this zeroval ent
ni ckel conpound!®re mi xPUFEESHEOR FATDUTRIECRA BRHIRY P initiatly addet s e
zeroval ent 15 ni ckepexyprpizatite puecesst mixtwecis ATI)N K zerayslent nickdiel

conpounds in compound which is tricoordinate or tetracoordinate. Also included
within the definition of this zerovalent nickel compound are
mixtures of compounds which will generate suitable zerovalent

13 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,

20 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

25 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.

30 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

35 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



hi gher val ence states with suitable reducing agents. The |igands which are
coordinated to the nickel atom may be nonodentate or pol ydentate, so |ong
as the nickel conpound is tricoordinate or tetracoordinate. The |igands
shoul d be such that at least two, 20 and preferably all, of the

coordi nation gjdg #f the nickel atomare coordinated to Iig?%j’ﬁ hf:ﬂ are
readily, reversibly or irreversibly, displaceable by (Il11), r-any one-
of (XVI) to (XIX), (XXXVI) and (XXXVII). Such readily displaceabl e |igands
i ncl ude n[ ERR] - 1, 5- gyl 00t iticedias amshidhr as( corspdarkd heosiphtiot ke @odvschiths 25

a phosphite with a | e, 3 ;602 and carbon nonoxide. A
preferred nickel coﬁ%’g)agﬁ?g %%Lﬁng&%ﬂ;@fﬁec ¢l ooct adi gne aﬂi céeg_ [0]. By
the conpound Hx is neantPReRer*E8i W K R0 Eor aflﬁatﬂ'ﬁgﬂ%ﬁ&ﬁm 3723t t he
equi val ent ther eof , bis@riflaconttivhagheay})odragel. 8kiiTp A RSF tiggseafialyener at e
this acid. Nonﬁeorg'&mluéag e RSaAbE t\AEde akdda¥Ark Gnbie ﬁ'rtiﬁaﬂ:ce)sm.;fgr

I nstance W Beck., at al., em_Rev o) . - 14 , and S.
H. Strauss, Chem R&%¥.co™FEiag¥ 2§ %ﬁ-%%Qﬁ%%%%?ﬁ%%gﬁ%%%are
hereby included by mefmibeidn MRcraekhert .c8bPdi nArFmgrespltirt ¥t-ofssBech 35
noncoor di nati ng- ani @@gsy,-36£ Qesmes) bed in these references, Beck at p. 1411.

and Strauss at p. 932, Table, I1]_ SEf UL JeBed i 1 ideO8TSSs k*® Qlace of
HX are "solid" acids, s-ug?l ag]s' égmd%ﬁg}ﬂumf{lgs,ﬂr W97/ 02295

PCT/ US96/ 11131 cloay véxegenq r bR ais 2WAlcHtat® PEYTETHEY Hete PR b&™ aci ds
with relatively non-sipGcgiati ngnanéehk® \nebeindabeadentlyshydregea, BF[ ERR]
PF[ ERR] , and BAF {t%&ﬁﬁ:léhﬁ[y% éc' substituted hydrocarbyl, and it is preferred that

each rR? is hydrogen, benzyl, substituted benzyl, phenyl or

substituted phenyl.

15 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.

- 20 ' 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

1

especially preferred that Ar~ is 1,8-naphthylene.

In (ITI), when n is 1 and Q is -CR%=NR®, it is preferred

(%]
2

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,'

30 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

35 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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bi s(trifluoromethyl)phenyll borate} SbF, and BAP is especially 5 preferred.
The acids of these anions are known, for instance HBF[ERR] is commercially
avai | abl e, and HBAF can be nmade by the nethod described in M Brookhart, et
al ., Oganonetallics, vol. 11, p. 3920-3922 (1992). In all fornms of (I11l)
it is preferr bpbs RLERR] and RIERR] are 10 hydrogen. [f (ﬁ[’@gﬁ]é '
al kyl, it is gﬁe’?erred that it is nethyl. In all forns of (II’ , géﬁ
R ERR] . may be i ndependently hydrogen, hydrocarbyl or substituted
hydrocarbyl, and it is pekenrecheshnis emuit, B EREn itsgdrpelr egenar’beiyzyl
substituted benzyl flof),anerb_ggycﬂg)g; inbtdrBEcBEBYhg, 4D 1ong as tnd RSB »2

preferred form of ,.nis 1 and Qis -NR E R[ERF\i]r. | t |§?ﬂpreferred
that RIERR] is hydt”‘B@%‘g’i‘eﬁr‘f‘drT‘i’rﬂ TR PEARFYI9ER PEER 4P o RYTBRAEHYFBT AR e,
carboxy, or keto s@bst ianethed prataryéd comprendpiEiIerigbly, Ar[ERR] is
2, 6-dii sopropyl phenyl, 2-carbonoyl phenyl, g-carboxyphenyl, or

\r‘r ﬁsl ,

| iy |

2- benzoyl phenyl . 20 I n anot her
each 0 is -NRRERRFRERR]. In this ins
hydr ogen, and/or Ar[ERR] is o-phenyl eRe 9 1, 8- napN
especially preferred that Ar is |, 8-n&pt hyl ene. In (111), when nis
1 and Qis -CRIGRR]-NRERR] , it is preferved 25 ¢¥hat R ERR] is hydrogen,
E.nd R ERR]h : s pr gf G_:Ii;abiﬂ v ﬁoﬂ*ﬁ?ﬂhﬁﬂ:ﬁ@&nyﬂe{c aéi:rua:fllﬁji € aﬁ%&%ou;ﬁafﬂeﬁig ,

eto, or halo substitute enyl . (=2 y | S
2, 6-diisopropyl pherf’;‘/”f"‘,“m?gc‘%‘ra #@@f%%gﬁv%i%fg%gi bghrr% Es?xy %éyf"?s’
2- car boxyphenyl , 1Xetewren-9-onyl, 1- anthraquinolyl, or pentafl uorophenyl.
Ar[ERR] is aryl, or hal @exr 30) ieStscpretarreachat mi £r01, cal axsA, rhhefSphat e,

phosphoni te, phgsphi,Re1°PRASRR-Oiche an8 IS of IH¥ Q! D& a: AkyRHLAE, Substi tut ed
phenyl . More

ene, and it is

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
15 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-

20 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-

25  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

30 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

35 defined to be the same as for methyl. It is preferred that the
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preferably, Ar[ERR] is diphenylnethyl, 9-anthracenyl, 2-furanyl, 2-

t hi of uranyl, 2-phenolyl, or 2-hydroxy-naphthyl. Wen Ar[ERR] is

di phenyl net hyl , these tautoneric forns are believed to exist when 35 these
conmpounds are conplexed to nickel. Wien in (I111) [ERR] is 2 and Qis

- CRL ERR] - NR[ pft5dwo2298 i s preferred that Ar[ERR] is p-phenyl eggy, mg%q]at

R ERR] is 2,6-disubstituted phenyl in which the substitutents are

al kyl, or halo and alkyl. 19 _ WD 97/ 02298

PCT/ US96/ 11131 I n é:ils:lall)ns Whed £6F ithe -d¥MR] ERSF] ot} E%i]tnuaheke:mogemget her with
ATLERR] my 1Onm uSALBRCYSLLE B oDShS" ARUA Ll 10 R SsbOI B8,k N 8! Om of

R ERR] attached di re‘7 e nitrogen atomis satura bon “at om
Thus anot her pref eP¥ é&s%oﬁﬁﬁmﬁifﬂ#’ﬁ aput g RII-‘FrI—H‘S | FBYA 3 apeemRENEd t hat
there are actual | yststDafizi 416-gHiotHpatylphérol Snlptpe Wp craldeat foreete thadcsiteria
for Q This is QO”Q&B%@Q:&Q@: help o@gr,&y‘; hgt hcg,glgferred that mis 1,

all of RIERR], R[ERR], %85 ﬁt I ¢ h%/d %en, and bot h
of RLERR] are 2, 6-di al k§f1 ;‘)’H‘én’;f‘l PERRETH F?f'th’% dti §8‘br“op HEFRPre™ 8F

cycl ohexyl. In anothsetr quhe#rer#carél c drpreterted Wryhgrarp lis %mcuf- Rl ERR] ,

RIERR], RIERR], and R Eﬁf{kxxas eithwlbmareabmah ©® 8RRl 8F Gubkigbitlea and

bot h of Rl ERR] are, et tl1ymre refgr\th e&}iCh or too little steric hindrance
around the nit rogeﬁ T8 Zfonk e ?aLfse a catalytic CQJT‘pOSI {4 on containing
such a conpound® o be iHef¥Pds} |1Ve’-=a3’-’°5ﬁn6F‘eﬁhPh boh ¢ | 288 Rona¥&t al yst .

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
15 phenyi, 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,
20 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 /!\

sOles)

25 Note that in one of these compounds 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.

30 oOther 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

21



In (XVI) is preferred that Ar[ERR] is phenyl, 2-pyridyl, or 3-

hydr oxryl - 2-pyridyl, and/or R ERR] is hydrogen, phenyl, 2, 6-

di i sopropyl phenyl | - napht hyl , 2-met hyl -| -naphthyl, or 2- 20 phenyl pnenyl .
In (XVI1) it is preferred that RFERR] and R ERR] are hydrogen, and/or
RIERR] is hydgrpeiasys t-butyl, and/or RIERR] and RIERR] are Bﬁg ; utyI
or both phenyl, and/or RIERR] ~-is t-butyl and RIERR] is 2-hy

i -t-butyl phenyl Note that when R ERR] is 2-hydroxy-3,5-di-t- 25 -

but yl phenyl the cermpputHtheo fimarhesPeRrzeRfeFtRsS? cEoh iR ’gara‘tfpswﬂboth of which
are sterically hisieredcorbotnas (awixr) efdf ect-bofl (vda-2A1S groupi ngs has been

quantified by a pa%.%%%a( %95 & Roparice ﬁis%mp-gﬁimnc:lﬁllé das &8 Chem

Soc., vol. 74, p and M S. Newman, Steric fects in 30
O gani ¢ Cheni st r yPhosBhime\gPuRr Ehal tach SEEUFSYETRY mpek she FeIEEREBEL For the
pur poses hereis, &heomkuk&Ri:. typal EI2Ye t hose described in these

publications. If the vgl 'ﬁf-aiéu prededr@h 1BBY eRAH bk Gt aﬁngr.aal&“ swmt;émom it
can be determ ned by net hods descri bhed ese publications, For the

pur poses herein, %hé”\ﬁé’P’hé”b?t’hf&ﬁ?g’éﬁ‘“?’?% doRatips, SEOWPE H58 R W8ne as for
methyl. It is prefm::e:dm@:hax thivuglp@ carbypatay) 0D 20 Gromatic ring. The

PCT/ US96/ 11131 t Op&ce Eﬁemwmhg Bfoups til80we1® N1 €5 tﬁwas&iiauent S|
cl osely adj ace t tot C]g r Do SH %P.Létg&?%ﬁt%%‘ii n gout _'— 1.5
or less, nore gr e?’éer% aqno&f%g D0 ess B'rrpounﬂré ch as
2,4,6-tri-t-butyl Mﬁ%ﬁﬂeﬂ!’y"t ﬁé"ﬁf’ERFﬁWaPﬁ%é‘f%rmtthM“&n%P guch
substituted t-but ¥ing@f GHPeh WO ubel abfacailto chbl "@ctive 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+
constants for any of the groups R:;" , R*, and R (when it is an
aryl moiety) be about -0.25 or less, more preferably about -0.50
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)-WR**-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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In (XX) it is preferred that both R ERR] and R ERR] are hydrogen or that
both are acyl. A preferred acyl group is CHERRC(o)-. In (XXI) it is
preferred that Ar[ERR] is phenyl or substituted phenyl, nore preferably
phenyl . 10 In (XXI'l') it is preferred that both of R ERR] and R ERR|
are nethyl, ofoa9jpsegre hydrogen. In (XXII1) it is preferred that Ar[ERR]
i s phenyl or substituted phenyl, nore preferably phenyl. |n RCUySI§/I1Bt; g
preferred that Ar[ERR] and Ar[ ERR] are independently 15 phenyl,
substituted phenyl, &fe aypckakexypth aacmhpeund &8 ESCBCHERL|(Yhep iwinerfoed) whers bot h
arg nylEcF;g]exyl or golﬁ %L@g[’l h&me flaﬂn)(XKVLQas'ﬁeeﬁsfoﬁ{dﬁéﬁ%rﬁﬁtﬁbiLeéA\r[E]BR]
an r are independen su a specific
preferred conpound, %@“"ﬂfl (f\i%‘p ﬁ'g?‘lfﬁedofw 5 P er‘Rr P i’ weuliny 2P%8

2, 6-di i sopropyl pheny#ming FofmX\Hompver, jnsa pﬁeﬁf%rﬂlednm crurdexes ofothgse.
Specific preferred C%EQ%B%MdH[WWWM&):HMndmateS the ligand

NHq S) NHQ)[ ERR] CH[ ER@ ﬁ‘_”sen.. 1n the l\!_'mQQQOgA? m%%oieh% %yogortsg rt &

e
e
conpounds there are our €a groups_present i's preferred

that RIERR], R[ERR] RS RPERRangPePeiH ?W?d@ﬁ'é?ﬁ?ér?ﬂ'?ﬁ"o ‘t"SI i is moted
2,4,6-trimet hoxyphenyat &;ﬁ-cyﬁlemf Fongphd yite m&mmtehcﬁx:y;ﬁaea;dms adgein.

2,3, 6-rimet hoxyphenyl . 30, 10hRh MEOLPhiA b IRosss Lole BFRREAA,F ks

|sopropyl and phenyl. It Is also preferred that RR |s an ar noi ety.
In anot her prefeff edi® G?W*Wﬁéﬁ‘”ﬁ[l‘—fﬁﬁf Eﬂﬁ? E{%F °§r *Bhenyl ~or

substituted phenyl, 1ldverasors sappliydsmsesoner atk desrriped i tipr Bfamplds| yerpin.
met hoxy 21 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,

15 {XXXIITI) may be in the form of a n-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

20

CO-R

- W "N

wherein R is hydrocarbyl. In (XXXIXI) when it is a m-allyl type
complex, 1} and L* taken together are the x-allyl group. As shown

[
7

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
30 wmore 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
35
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PCT/ US96/ 11131 group, ortho (in the benzene ring) to the phosphorous atom
Anot her conpound (XXVII11) is 1, 3-bist(bis-2,6-

di met hoxyphenyl ) phosphi no) propane. This conpound actually has two

phosphi ne gr oum® 97mategseach structurally neet the requirenents 5 a
conpound of type (XXVII1). It is also preferred that each of %"uﬁ'ﬁd
RIERR] (when it is an aryl noiefy) contain electron donating groups bound
to the aromatic noiety through<e bon atom of an aromatic ring. The
concept of electron donating groups is well known to the artisan. 10 One
met hod of measuring tFRFPer &8k She GUWAE i™BLIYD| I5PER 1B¥e14: group (particul arly
in a benzene ring, but it isenofavisgratmarié Gesd@hedent)GR)leVdEiad o surn:eicnal

adj acent to the "acti ent t see for
I nstance H. E. Jaffe, ¥Pé}|1€r'1 F%%&aéi%elgywé%e;m:.g Q%b‘%ag;g% {fg’g%?ﬁy %mgbt ual
result of this is tal Feg meytaiinerophamib) T‘ERR‘P"C'G)‘HgF*aﬁt For ortho

(adj acent) substi t uentaismEeoRayylphenyl Neorkad, t afeEpidférnans baithblas fitt fnal ned

by neasurenents on or o t SlsSesrafe & N RaeW Taft,
Jr., J. Am Chem Soc&p"(&{'foI%‘l;wagl nLGE %IdsS’lt%g (1g9g51§§ §£%Q§% B\?SI 75, p.

4231- 4238 (1953): and“‘@t'“?fll?'?‘l‘g‘b? g"y 8159, 8¢ &% and Mechani smin Organic 20
Chem stry, 2nd Ed., Cor nel|HowtirerydZ¥}HIEY) Mppadso be [nresent 1i90éhe prlydddiQathisf 6.

| th is pref erR[r EgR } hatR[ D@kt 94059%_ t hey [iﬁeancandﬁ L:Eﬁtlﬂe*mcm?i@nkmfpg any of

the groups an | nit is nary I e

about -0.25 or |ess, ﬁt?& edsy o} 8P enl °r ? 750 Br a ’P‘;g% ?Fyo%’%‘g'gt hat -

the a and [ERR] * consgiamiacefoy @ ek‘tflién Py a 1Mt°wlgl°élﬂ§snsaﬁésniegat bye,

so the nore el ectron &oBaéfiAGisJhsddP That the ligand is more weakly coordinating to
nickel than an olefin, and when in the complex is in contact with

U-

15 an olefin, the olefin displaces it. Such ligands are known in the
art and include dialkyl ethers, tetrahydrofuran and nitriles such
as acetonitrile.

When L® is an olefin, 1L* may be -R*g%®. g*°

is alkylene,
but. it actually is a “polymeric* fragment with one or more repeat
20 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¢ way be thought of as the end group of the polymeric group R3S
and may be derived from the similar grouping such as ®*® which was
25 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
30 above. Whether a living ended molecule will be in a form with a

this group

coordinated olefin or contain (XXXIX)} will depend on the other
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.

35 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

24



present, the nore negative this total becones) and especially preferably
about -0.75 or less. In (XXXVlI) it is preferred that Ar[ERR] is

2, 6-di al kyl phenyl, nore preferably 2, 6-dinmethyl phenyl or
2, 6-di i sopropyl phenyl 1t is 30 preferred that RFERR] is
-C(0O)-NR ERRweo/l . |t is preferred that RRERR] is hydr

(XXXVI1) it is preferred that mis 1, and/or all of R ERR] wlﬂﬁiERR]
and R[ERR] are hydrogen, and/or. hot ERR] r 1pj et i.es, nore
preferably both of Fﬁggﬁ?fu%raés Qf%gﬁ?é yrﬁ% Eﬁy‘l@%ﬁ% }e{ist:ﬁglgélg +l§/a§5
preferably both of RCERREtZHL® 9 GetFab¥tfrfryReny?y . "PFHFandn Spe 9Bt S nPounds
herein, the group - ChidfzERRE, mediipBRary knetlhyand iznyleappeslily eapaqi, ailey, when

t he met hi ne carbon atom.c bgun f | o7 In

the methine carbon a /%921:2%%1‘9&. QN ke B N E0E Rt ALOHReQ :&ntﬂenkﬂf%t

PCT/ US96/ 11131 one C%MEEAL| Tamotateal 48R SthH FRE IR APISPh [BErERET (tife i ni ne
form or as - NH CH-GRefERR}irtamtaveet ofiend 1f mahde Heémwle aentrlhatdentmtehe
free conpounds (not GomY 6XQfe Lond ESHRLA akRintn AF QM hsucksSl @bhobehthebhe am ne
form However, in a féw of the nlckeA coogglgx s of thﬁse( 51 téges xsz
conpounds the preli m*EYy &7 FERTEOTHAi THe B TRSTPYEAY T pr BentVEh the
imne form Theref ore, (BWaITayIXEHIS | abdr (RXRES mayraes asnbidentatngdabids $r t he
pur poses herei n, 1@ndxkrizs. NOkiRChayhadpehdioh thy PEGad iteenowAStRr eaviBrdd oned

in the clains here; nr&,-igglgaefé iugagdaﬁéaggg,fggdﬁiﬁxagg%,pggfaw%e&%@.t?.g

readily found 10 i terafure, are a e commercia Tey or
form | aboratory suppt®y HEUPST cofPouRds PERSETS WRIFh| RRYiaiEC BRE AT Bapt-ei n.

When r in (XXXIII) is zero, simple dimers (containing 2 Ni

atoms) with bridging ligands of the compound [L'L’L*Ni)’X" are

13  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 N

In this structure both L' ligands are bridging between the 2
20 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
25 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
30 repeat units.

. " (¥AXITII) mway 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



The pol ynerization may al so be carried out by

(LIERRILIERRIL[ERRIL[ERRINI ) [ERR] X {ERR] (XXXII1), which may be formed in
situ or added directly to the initial polymerization m xture. For exanple,
15 (XXXI'I1) may be in the formof a [ERR]-allyl conplex. By a [ ERR] - al |yl
group is nme oanionic radical with 3 adjacent sp[E on_atons
bound to a an@?zg?m%%ﬁter in an [[ERR] fashion. The three sp[ 1"&8% at ons
may be substituted with other hydrocarbyl groups or functional groups.

Typi cal [ERR]-al | ylxgr anpaxidiel sisted 28g4ehhERiX] da1diTpi- R$ddrdihation compound

G wherein R is hy%&%ﬁ%ﬁb?&xn&ﬂ s6Xe0hkd bntihefk biesbs a8 d ERZhyAl k¥ chyPe
conpl ex, L[ERR| t aken to ether are the [ERR]-allyl group. As
shown 25 in nmany GPHYHEEEIPPESIHEPRin, these [ERR]-al |yl conmpounds nay
be stable, and may be uSedptdpermdbw @f ane ¢htkd gatalystesysteds, rwhen (II) is

{Jol yrrer: zat i otn sl Niydsbat whav:cltabn[eEFﬂ%L Fe gaautfaarm@yruisumx ;lagme'shy%wh at

I Nes nitiation ally un S n I’OV°X usi n ne or
30 nore of the fol I‘(H\,{ﬁ@ n‘é‘fﬂodb’"* (g‘iﬁ ?fg‘# at %/)é %'ﬁlcgwg
about 80[ ERR] C. * DBeeratatdany inkeiably hwhi!madlﬂblﬁm ths uehveas GRPERR] Bnd

R ERR] being 2, 6- digghtyt RBARYL isNddsBetnef a8, Xoasl &S0PI GBYAPEQRYion 55 MaKi NG
the [ERRI-al Tyl 1igqand 7ore Dulkotees 4818 %ot nl%ay be tbrmea unger process

10 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

15 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.

20 Although it is not critical, 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

25 -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 (III), (V), (XVI) to (XXVIII),

30 (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

35  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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a
WD 97/ 02298

PCT/ US96/ 11131 rather than the sinple [ERR]-allyl group itself. * Having a
Lewis acid present while using a functional a-allyl. Relatively weak Lew s
acids such a triphenyl borane, 5 tris(pentafl uorophenyl)borane, and
tris(3,5- trif Rsms hy! phenyl)borane, are preferred. Suita ronal
groups i ncl udew?%r’oro and ester. "Solid" acids such as nont rro%(‘?%ﬁﬁlgpnay
al so be used. However (XXXI'111) may al so be present in the polynerization
10 in other "forns".nicker. irestidme ois tgoEMIRIn empochditghe Gieficnhingraniqe mbout

et hyl ene, a nor bor neng,e0f, g Shid 8RRy Bobradiids GBRAB AR Redw)Gdi spl aced
by an olefin. By a Ilgand C%Pabl e of fbe| n% d%ismgiarged pxzﬁan ol e *ﬂ |s meant
that the ligand is nof®&® R sPEHERAT hig ncKel thart air and
when in the conpl ex |scuuﬂ1wma@nam5t ko ¥Be nipked| isf page %queJGFWrFIGPs%I aces
it. Such |igands arepdoWne iddmbdia aaly ﬂn\ﬁhder\ﬁ:leﬂlietﬁbm kyI et hers,

ol ef ?Eyd[FE‘ék?”nSSdbE' | R LR SRR b ot e agBthap |
a "pol'ymeric" fragmenvhighiere daeffeckinelny aféé’f‘%‘zﬁﬁ?’c*g‘ef’&éﬁ"&e?f fromthe
ol efin(s) being pol yrrefnyzad)uﬂaaklmg asopaitfi&ridRBesckivet [fogs Hxamphes XXd6.| )Theny be

said to be a living e &%ng’% sfddel her polynerization adding nore
repeat units to R[ERR RRi may be thought of as the end group of the

pol ymeric group RIBRR], and ey be derived fgomthe simlary ?I‘OUpI ng such

as R ERR] which was 25 ori o nal |
and L[ERR] in (XXXII1) takeg
t hought of as a living p a
as an "agostic" coordi 3
t hought of in the sang

en L[ ERR]

coordi nalled tjo t he{ni ckle

‘ referred to
may be

NO;
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30 above. Whether a living ended nolecule will be in a formwth a
coordinated olefin or contain (XXXIl) will depend on the other |igands
coordinated to nickel, and the nature of the olefin being polynerized. It
is believed that cyclic olefins tend to have living ends containing agostic

groupi ngs. 35 In (XXXI'I') it is preferred that r
nonodent at e neut raf”fl gand may be any |igand which fits th| i”%@%‘{ig{c‘?
i ncl udi ng being the sane~@s the first neutral nonodentate |igand.

Otentimes though thisffigand is a dialkyl 24 - WD 97/ 02298
PCT/ US96/ 11131 et her_sdeh#as et ethyl ether or an aliphatic nitrile such as

acetonitrile, or tetpahydrof "neutral” ifn the context of (XXXIII)

is neant that the |igand Ng eleciziﬁ el ;€ is not charged. In
(XXXI'I'1) preferred structures fo dutral nonodentate |igand

are those shown above. , in certair Anst ances, L[ERR] and

L[ERR] may be a single n u p
L[ERR] is a neutral nonodeXfate ligand. In otfer words, sonme of the
conmpounds (111), (V), (XVI) to [11), (XXXVI) and (XXXVII) may act as

bi dentate ligands in 1 XXXIII This may depend on the ligand itself,
what the ratio of liga b t
whet her there are amw~0 npo

at the other |igands may be, and
present which may al so act as
| igands. When r in (XXXIII) is zefo, sinple diners (containing 2 N atomns)
with bridging |ligands of the conpound [L[ERR]IL[ERRIL[ERR] N ][ ERR] X[ ERR] are
15 also included within the deflinition of (XXXIIl).- For instance a

NH OH

FyC

10
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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1 dinmer containing
into an x-allyl gr
this structure bot
atons. This type
believed to y ?@?

exposure to o I n.
and are difficult

presence can be de

I nstance, "living
sol ution by nucl ea

conbi nati on of [ ERR}“HP&F]%WPEWI?‘@YWR‘“SBE PERRSE OPERH £ 1ot Eoityge e‘1’i‘d§1]1 s
usual Iy best done when Bf:fdEEjonsantsdichproedsats wey pef@wied) for eimsedncenmtes.

(XXXtI'1) may be sma
Exanpl es, or may a
t he pol yneri zation
(XXVITT), (XXXVI)

L[ERR] , r is zero, and L[ERR] and L[ERR] are combi ned

oup could have the formula L[ERR] NI NI 2X L[ ERR]

In

h L[ERR] |igands are bridgi ng between the 2 20 ni ckel

of diner is famliar to those skilled in the art, and

S

Joag di sassociate into "nonomeric” nickel H@?
Sonme of the fornms of (XXXII1) are relat abl e,

to isolate as pure conpounds. Neverthel ess their
RRERk] Gin@fbrbdneV ko the NFRIWAS doDALE rah dubifyedr t . For
en%g.fand:Pt hec{ezfé%?‘sreﬁ\"\?&@% ) FRVre P& IEL:S .-[ﬁei’n' n

r neti resonance ySI S, €especl a

@emrgewﬂgmqﬁé ahd Red-denaba, ﬁ&psamérum&é Rey

ual

bor chaled oys O SVFEY| SO IR EE TSRS HOHSy
aong DEAE, | Semi thaticl) 8r bat{Or&gtex320gn aﬂditxcn. the

forned in s at the begi.nning of or during
%‘tfg g‘t (XVI) to

PCT/ US96/ 11131 (I ;&?(&%t% aia&:mgxmimt&geﬁeh@sr&ﬂ) oSty Bfktem GRQIHicad i on
reacti 1!':}5 f r 1ngtavrmle,c Q}kf%rghcctels \{ngy%se taou.r(x:é’i gvgelxy %;in];OF the

conpound such as (

10

[
>
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35

(II) as a starting material than when using a preformed n-allyl
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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pol ynmeri zation of olefins. The preparati on of one of the catal yst systens,
when (Il) is 5 wused, may be carried out in solution. By solution is neant
that (I'1) and (11, (V), XVI) to (XIX), (XXXVI) or (XXXVIl), and (l1V) are
at least initially somewhat soluble in the solvent chosen. By sonewhat

sol ubl e i s neapgotmbg at | east a 0.01 nol ar sol ution of eachl,g{l. 131
conponents in the solvent may be forned under process 10 conditirons.” This
catal yst system may them be renpved fromthe solvent, as by evaporation of
the sol vent under vacuuminatd dthee Bishehcrmiesrs PeGi &FceRbBo%A efins to
carry out the pol ynedgezatdicanly dromsased as nickelpiodf eamplegted 0ic aisryredertrethe

pol ynerization in thg,bresencRache 1h%ne0l GlsaalionSb¥ENt in which 15 the
active catalyst is formed. One or. nore o opents, including the

f._ the c
pol ymer product, may becdReenEorRISF PSS HHERH PITRSY 1 AP0 Pt eeds.
Usef ul sol vents ifcl ude hydeskarfzenskisichs-dss ttoitianrorethybmieayldboxdgezene i s
a preferred solvent. The bepzeng.ysed herein is benzene-d6. 20
Al though it is not critical, when %II%S %prgsent it is preferred that the
molar ratio of (111), (V), RNV XRIPPTFHTIXVI) or (XXXVIT) @ (11) is
about 0.5 to 5, and the nol &7 + exsieberkl (|\V) :(I1) is about 0.5 to about 10.
It is also preferred that alpket.h@spdeytdili sahning caberiaddzyyi ed out at a
tenperature of ahput 25 - 100C. L9 about +200[ ERR] C, nore preferably about
-20[ ERR] C t o about +100[ ERRJC. rTlﬁ'e ol yners produced by this process are
useful as nolding resins, MR el astomrers. Most of the formulas for
(rer), (v, (Xv1) to (XXVI 1 Ipy,- pienyl ((X88Ml ) and (XXXVI1) are generic
fornulas and enbrace a wi de ghange.ofendsddiale COMpounds. The ability of such
i ndi vi dual conpounds to

Tg - glass transition temperature
15 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
20 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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formactive polynerizations catalysts, and the actual activity of those
catal ysts, wll be dependent on the structure of the individual conpound
used, and the circunstances under which it is 35 used. For instance,
whether such a compound will be active and how active it will be will be
dependent to Sspgoyesésent on its actual structure, and particularly how that
structure affects the steric and el ectronic properties of th Wﬁ%&}ﬁﬂ as a
| i gand on WO 97/ 02298 . .

PCT/ US96/ 11131 nickel. If there is too nuch Bramglsod|ittle steric hindrance

about the group that act uﬁhé:ya&ﬁefdibﬂ&t:ﬂ&pﬁ&eth&(mkalo @&lr04M) otdaemmfmound
oy be | neffective. Suigtl ol 1606 0ded Uk lualilde c08r dinaler o
e made

the nickel is nade too ctron ri oor, e conp oung
i neffective. This wa?“Be“i‘F"r‘iT%tq‘H{"éﬂ“b’ﬁ 'P %%waﬁgcq ?g-terwle,semms
whi ch 'wer e i neff ett ihemzéne chivaknizi mg theeresalving reohationwa®lakidhyl ene under

the conditions descridaed g mg),{ §S o286 g@ol,Thq.ﬁggg\hft g&q@ are: 10
N[ ERR], NH[ ERI?J‘“e EI%R N OCH ERR] [ ERR] NH
diately £ ozen ms:.de a 40 sh er tube glass insext. The

[ ERR]

glass insert was transferred to a shaker tube, and its contents
allowed to thaw under an ethylene atmosphere. The reaction

10 wmixture was agitated under 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 = 8.1 g. lH NMR
(CDC1CDCE3, 120°C) showed that this sample contained 90 methyl-
ended branches per 1000 methylenes. Two melting points were

15 observed by differential scanning calorimetry: a very broad

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

Q-a @
o

(VI}
20 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

25 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 .

30 methanol and dried; yield of polymer = 4.9 g. By 3H 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).

35
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WD 97/ 02298

PCT/ US96/ 11131 F F CHERR] HERR|C F[ERR] C CF[ ERR]
10 However, as nentioned above these conpounds failed under a specif ic set
of conditions. If one peruses through the Exanples herein, one will find
that certain ogygdpsmsconpounds may fail to pronmote pol yneri zgbpp8eeRYi3PNe
met hod, while Evg active in another 28 WO 97/ 02298 R faf
PCT/ US96/ 11131 net hod, and/or one finds the yield of polyner may change
significantly under different conditions. TRereforg failure in any

particul ar polynerization process doesn't an failurg in all. Conditions
in such processes may be varied, for insfany ssure, tenperature
and sol vent used. The polynerizations nge.be garyiedowy in slurry,
solution or the gas phase, in continuous, s¥m -batch batch reactors. In
addition, the particular starting formof the (proto)gatal yst system may
affect reactivity. For instance, differences may be found when using 10
(11) as a starting material than when using a d%%‘f’ormad [ ERR] - al | yl
conplex. Determning the activity of any parti@ampier3sconpound which is
descri bed herein is relat w@ryagqﬁy@egggm&gﬁg}gum(&yz Re.d15ef bhsamapf the

pol yneri zati on systens descri be erein, and if nee)ded . .
' 5  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

10 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
methanoi and dried; yield of polymer = 0.26 g. *H NMR (CgD3Cla,
120°C} showed that this sample contained 18 methyl-ended branches

15 per 1000 methylenes.
ipr

ipp,p— n

{VIiI)
Exanmple 4
Under a nitrogen atmosphere, Ni(COD)s (0.017 g, 0.06 mmol)

20 and 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
25 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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I5 the conditions, such as tenperature and pressure, may be varied.
Particularly for polynerizations in which the active nickel catalyst is
formed in situ, it nay be inportant that the catal yst conbonents all be
soluble, at least initially, so solvent selection may be inportant. Such
experinments Qﬁ69ﬁ+%ﬁﬁ‘3 and quick 20 to run and don't invol h

experi nment ati on. I's al so noted that sone forns of (XXXII}‘?T 1
prepared by other nethods known in the art, see for instance copending U. S
Appl i cation Nunmber ©8PH0ecrEatnedf dupuekinatal i/ nethyl-eodal bEROBGSMr wivoch i s
her eby included by shbgesace. 25 In all of the polynerization
processes and pol ynerization catalysts herein it is preferred that one or
nore of the follow ng not be significantly pr ~.an organoal um num
conmpound; an al um num hal i de; any other transiti tals, especially
titanmi um and/ or zirconium reducing agents, £s y netal or netalloid
30 hydrides; and any organonetalic conpgung_e for nickel conpounds.
By not significantly present is nmeant the ough present to affect
the course of the polynerization. It is referred that one or nore of
t hese be absent froma pol ynerization pr8ceqs ahd/ or pol yreri zation

catal yst, except for 35 normal inpurities. ¥It is also preferred that a
pol ymeri zation catal yst or catal yst system fofIXa pol yneri zati on process
herein consist egsentially of the stated ingf@gieents. 29 WO 97/ 02298

PCT/ US96/ 11131 In all Ofm&i‘zea”rli :‘:‘o%'en%%ﬂ?s!pﬁ%‘z%? »ﬁ‘? |)9,(°§3<1(;7eg't 03&0%1)
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 m\Q

R
b gt N
d ipy

(X}
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specifically enunerated as nickel [0] conplexes, it is preferred that the
nickel be in the +2 oxidation state. In the Exanples the foll ow ng
abbrevi ations are used: 5 h BAP -

{tetrakis(3.5-bis(trifluoromethyl)phenyllborate} Bu - butyl COM -

[ ERR] - 1. 5-cycl qofdragiegne Cy - cyclohexyl DSC - differential |
calorinetry 10 Et- ethyl Me - nethyl Ph - phenyl w&lﬂ?ﬂ)
RT - roomtenperature Tg - glass transition tenperature 15

tetrahydrofuran TLC - thin | ayer chromatografsmeksmé nelting point In the

Exanpl es, all ethyl ene prgssures;abfendaitgSphat &S Rilces) 2UN 05T g0t 6 whar
not ed. The f or mul as gn¥ec§%£ or t‘gg) Qb Q’gglg’Z(p gqglgi)em Qisséﬂ,ggl ibl enkbgands
acc

in the Exanpl es may urate and-are 'l l'ustration sgurposes only.
They represent the bd8t0 @bt nBr shoFeguhEing: JURLIGR g AddeH HBRST (REaQle 59 060
possi bl e structuregs) gbacsed @81 2V Ate ldlsEl A aclutBon waé/\ﬂmﬂﬂiﬁﬂ?;@ﬂrozen

PCT/ US96/ 11131 Under 0 at Bar £1asbi L5 N %Z:QwaQ 06

nmol ) and conpound (\‘W’f ‘{e dgd& %Dﬁg rmglfa) purc as flrom he S
transferred to a shaker tube, an 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

10 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.

15

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

20 HBAF (Et,0) (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

25 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

30 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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fine chem cal division of Aldrich Chemical Co.) were dissolved in 5
benzene (5.0 m). To the resulting solution was added HBAF (Et[ERR]0)[ERR]
(0.060 g, 0.06 mmtl). The resulting solution was i medi ately frozen i nside
a 40 nL shaker tube glass insert. The glass insert was transferred to a
shaker tube, ywp@4dxbizes cOntents allowed to thaw under an ethyl Wi here
The reaction 10 mxture was agitated under 6.9 MPa (] ERR] H[P

at 25[ERR] C. The final reaction m xture contained pol yet hyl ene, which vvas
washed with nethanol and dried; yield of poF§amie-8 1 g.[ERR|H HNR

(CDCL[ ERR] CDC1[ ERR] , 12Q@hbE&Rk @itsdaen/atimbdphérel, igcomn gplocoiogt al seainddo

met hyl - ended brancgt 652 N2hi et gﬂdﬁwy& 0SK13Sg, DU BRY 1 Ade AL Ted By € 15

observed by differential scan cal ori me a very broa ting point

centered at approxi REFERY (EERR) C“a‘iﬁ;’r Tesuteiry ‘r?é‘?‘t‘f’ﬁd’ai‘)(?fi?ﬁd at 115[ ERR] C.
Cl - Cl (VI) 205- HBaF (Etz0)2 (0.060 g, 0.06 wmol). The resulEimnpdletionUveter a

ni LT ogen al MOSPNEr € (O [:FRE 01 m.oseee 8 £AERQUNALe(V1 1)
(0.023 g, 0.06 rrm)ljL wer e di ssol ve (gnzene Q:UgeL) the resultl ng
sol ution was added FBRF—’(‘EF?’?RT—'?]SO)’?E&Q”? *B&0 5= andl? T Ssul ti ng
sol ution was i Mmedi atigksa ftp cehay) ugder af HE’?YG@'eaaWPhPrShaR*Er reaghteng| ass

i nsert. Tlh? gl ass hnﬁe{-é w&%sgiﬁaamwe&edstn@aacﬁdaai@rm:ﬂbe 25280 he
contents alloweq,to_thaw under .ap Xt ure
was agitated un & é.’?gl\ﬁa E["E F %&1@*&%@% SE ge“gs KR% 59‘@%]159% ?al
reaction mxture comffi MREseHIEFRP and, Arief: waels pf P@’r"é‘ﬁr 5f §-34v&rshed
with 30 met hanol apd drd.eek (yecehdihedt) pd Perermined ¥ . By [ ERR] H NMWVR

integration it was shown that this material ggggibraanched pol yet hyl ene

containing 109 net hyl end%gr barr?z.ntgggeei tmrosp:kggeo, Ni{coD)z (0.017 g, 0.06 mmol)

15 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

20 under an ethylene atmosphere. 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.

25 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

30 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-:ion mixture contained polyethylene, which was washed

a5 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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met hyl enes. [ERRINVR (CDC1[ERR]) d 1.24 (s, nethylene and nethi ne protons),
0.82 (d, nethyls). 35 31 WD 97/ 02298

PCT/ US96/ 11131 (VII) Under a nitrogen atnosphere, N (COD)[ ERR] (0.017 g,
0.06 mml) 5 and compound {VIIl) (0.024 g, 0.06 mml) were dissolved in
benzene (5.08@_4 the resulting solution was added HBAF(E 'ERR! ol ERR]
(0.060 g. O. The resulting solution was i medi at el y nsi de
a 40 nL shaker tube glass insert. The glass insert was transferred to a
shaker tube, and its contents allowed to tK&#®d83iunder an et hyl ene

at mosphere. The reacti otndikXd Hitogdmsaapepiied NuttRr2 §0.91Mea CoERRPH ERR]
for 18 h at 25l ERfGg o a-ln%\lgm% | @gh. (€288 lon. %Wﬁw&armga%ddml aizbyd ene,

which was filtered o met hanol . and dﬁﬁg‘g!{#? E nmer =
0.26 g. 1H NMR (] E‘RR? DE‘ERRTTZI{‘?RFQ“R&“EOfﬁﬁRT@)"?h a aipl e
cont ai ned 18 rretshylg,emxbedmblanctmarekﬁltiperso:l_@@@nmhwmwly[ﬂzmx

[ ERR] Pr[ ERR] P ngide a 40 i ERRkEY £l mssumie& a et 19gseanaémher e,
Ni (COD) [ ERR] (O. 017‘§ 0. 06 Mol 20 and “f‘gr?mm >3 0.06

mol) were di ssol veFapsferraitha “R°FERET ?‘%‘6" ¥n was
added HBAF (Et[ ERR]xﬁa)i{a:Em]et(xﬂe@G@ug:sp@e@fa IFhe [rpactiere mixtyrd Whgssﬂte*ﬂl on was
i mredi ately frozen jjasi @€ mpd @ il s&hakal; dusidf GhasEiveGRI tempdfa@uid ass

Insert was 10 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.

N

ot

15 (XI1)
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

20 HBAF (Etp0)2 (0.060 g, 0.06 mmol). 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

w
brs

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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transferred to a shaker tube, and its contents allowed to thaw 25 wunder an
et hyl ene at nosphere. The reaction m xture was agitated under 6.9 Mra
CERRJH ERR] for 18 h at 25[ERR]C. The final reaction m xture contained

pol yet hyl ene, which was washed with nmethanol and dried; yield of polyner
[ERR] 0.73 OwoldtohisgRl 126. 9] ERR] C (second heat) as determ by DSC.

[ ERR] NMR (CDCl [ ERR[ CDCl [ERR] . 25[ ERR] C) showed that this 32 113102208
PCT/ US96/ 11131 sanpl e contai ned approxi mately 7 nethyl -ended branches per
1000 net hyl enes. (1X) Under a nitrogen at neeaphier23 N (COD)[ ERR] (D.017 g,

?508 Wmn?l) ;at_ndt ﬁorrpoun;i{z{a& a(%thangaszp@éxémgio:o el 8. ?Iivsgolovwmﬁ%)begzggg
o the resulting, sol.utl S e

g, 0.06 nmol). Thea?%§ﬁ‘1'p(°|"% %u(.ﬁ!ht(l onl\éla sgld& ';P él;f‘ %'{)Ee Jemﬁ'de a

40 nL shaker tube ¢5&smLl. ns’%?rthe réFHB‘-lgBa@%“ﬁlﬁééﬁaP %ﬁﬁ%"Wﬂ!ﬁ‘e‘P’Re@ 080 a

shakér tube, and igs ceOERGHS ahé PeBdlciy bémmtidndar u&l&dﬂit:bw gfszeat NOSpher e.
The reaction m xturgs"\g/gs ggln&' ?ru&gbgr 1@:9 &(E&tq ﬂfsl;RB]seL g,a 8

h at
25[ERR] C. The final Teaction mXture contal ned pol yet Ayl ene was
washed with met hansrangferzgéite® shaker fubeqapd 15D [Cfrhepts inﬁ’be‘ig to W[ ERR]

123. 6[ ERR] C as det eadéznad emmascam{;maw NiePreacEREO] BRENEDEE] &giEhted

120[ ERR|] C) showed {j f*y fipa Saﬁ forcmsaétnssicap&a%kmtﬂaxcéﬁ m&@@ - ended
branches per 1000 rggntazneedngoslye ylerJe rwh:.ch was filtered off, WJBE%Q th

methanol and dried; yield of polymer « 0.76 g.

SaWal

(XIID
15 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

20 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 CaHg for 1B h; during this time the temperature
inside the reactor varied between 25 and 33°C . The final

25 reaction mixture contained polyethylene, which was filtered off,
washed with methanol and dried; yield of polymer = 0.039 g. . Tm =
126.2°C as determ:.ned by DsC.

30 Example 215
Under a nitrogen atrmosphere, Ni{COD)> (0.017 g, 0.06 mmol}
and anthranilic acid (0.008 g, 0.06 wmol) were dissolved in
benzene (5.0 mL). To the resulting solution was added
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0 (X) 33 WD 97/ 02298

PCT/ US96/ 11131 Under a nitrogen atnosphere, N (COD)[ERR] (0.017 g, 0.06
nmol ) and conpound (XlI) (0.029 g, 0.06 mmol) were dissolved in benzene (5.0
m.). To the resulting solution was added SBAF (Et[ERRJO[ERR] (0.060 5 g,
0.06 mml). Theyh$skiabg N sol'ution was imediately frozen inside a 40 m_
shaker tube glass i1 nsert. The glass insert was transferred to

tube, and its contents allowed to thaw under an ethyl ene at nosphere. The

reacti on mxture was mgirt @tss,uUadedo & 9. 0Pandh FRithd bt ink WorbElol vals
25[ERR| C. The final rgaglhlon m%ngé'x( ?n%fgarcgﬂt&' Jh‘”aficfp%ﬁé 1{3¥l ‘?.Qﬁert"migg was

filtered off, washed wt hano 7 ed: yl e 0

[ ERR] H NVR (CDA [ ERR]@BE:F[*EF!R]‘ vap bFRRRSRY TS £ uEIe Sybey rﬁ"é &S ngAngents
cont ai ned 19 net hyl - esndededbtambicsndeeran &dQ1eret dnpbepbesa. Phe :Na{:EBR] Pr 15
(XI) Under a nit rogenmg%g;%wtges&a@&d(m[GEBRJpa(é;aQJ:Zr e xp &é;mhis @me

2, 6-dii sopropyl aniTine wer e “di ssol ved benzene (5

.0
m). To the resulti ngt’seoF‘E\‘lPF’Eﬁ?"Waé"%ﬁﬂéﬂe a"‘EBAi*(E’t"[’EQFﬁeG)T!ER?ﬂ 3¢%-060 g,
0.06 mmol ). The resul t thgfsnal terartonasxtivresdnttined pbyettahenen sindeh wvasl0 ni

shaker tube gl ass 'nssiﬁezelih&fglvas&almﬁrntemltarnar}ﬁ&@d redid Qs 9@4&8&
tube, and its contents allowed to_thaw under [ ene at nosphere. The

reaction mixture was agit%t etr Oridér°6.%8 W&’E{"Eﬁ%}' ERR] for 18 h at
O5[ERR|C. The 10

Undexr a nitrogen at:msphere. Ni({COD)2 (0.027 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

15 iwmmediately frozen inside a 40 mL shaker tube glass insert. The
glass insert was transferred to a shaker tube, and ite 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.

20 The final) 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.

25 Example 17

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
30 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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25 final reaction mxture contained pol yethylene, which was filtered off,
washed wi th nethanol and dried; yield of polynmer [ERR] 0.72 g. Tm [ ERR]

| 21. 3[ ERR] C (second heat) as determ ned by DSC. [ ERR]H NWR

(JERRID ERRI A [ERR], 120[ERR] C) showed that this sanple contained 26

met hyl - ended per 1000 net hyl enes. Anot her experinment_run und

i denti cal b@@%@ﬁ%ns afforded 0.17 g of polyner; three ot f/USIe/ I 1

experinents in which 0.12 mmol of 2,6-diisopropylaniline were enpl oyed
(other conditions the sane as above) affordé@ﬂUXSGEQ, 0. 20 g, and 0.64 g of

pol ymer. 34 WO 97/ 02298 Syathesis of (IX)
PCT/ US96/ 11131 Under a ni tE%qe%pghng&qlﬂ%{e 0. glb(gcxgol;,gg] a&p 017 g, 0.06
ne &

mol ) and 2, 6-di et hyl ani i %a wer e di ssolved_ in benzene
(5.0 nL). To the resmﬁnsmgosoaﬂfﬁwhv é°'a?do%d5‘§ “““%BAF*( Ei95°R¥8Of T ERR)
(0.060-g, 0.06 mMDl )cuscihaze6 @esulabd nhe Seherticmpivimse ivapstixaed|oyefnighteati nsi de

a 40 m. shaker tube glaSSnbOSekk. ‘iﬂ@ sei&'is VaB SRhbvedBs: tdcaptheigtesh 0s
shaker tube, and its contents allo W under an et hyl ene at nosphere.

The reaction mixtur eg\ﬁés‘%élﬂsafneafﬁjﬁﬁ’éf Hé ‘MPa C[ERR]H ERR] for 14 h at
25[ERR]C. The 10 final reaction mixture corfamaeéddol yet hyl ene, which was
filtered off, washed with nethanol and drigggkheyisehsl (®f pol yner [ERR] 0. 34

% mosphere. N (G [ ERR) 0. et 8, DaniaphdietyBblaed 105 M 00T
0.12 mol ) were di sswq}édﬂﬂsrﬁlﬁﬁ‘?’rz%én(aﬂ‘hlﬁrﬁﬁ diefhy} ﬁ'éhﬁ'eklﬁlﬁ’n\j;"?ﬁl ut i bn |
was added HBAF ( Et [ ERRxSYdnER t}i6. 180regh slubionwms| §lowlhhedded et saddums ol ut i on
was inmediately frozgp,i g!tglsgﬁcylaldehyde—z 6-diisopropylanilineimine (0.303'g, 1.0

mnol} . The solution was stirred for one hour, and then filtered.

15 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,
Haryl), 7.50-7.05 (mult, 1S5H; Haryl), 2.95 (sept, 2H, CHMep), 1.15

20 (4, 12E. CHMep); 3P NMR (CDCli3) @ 142.44.

P~Cl

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

"~
\

"aod-u )

25 saliéylaldehyde-z,s-diisopropylanilineimine sodium salt

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.,
30 et al., J. am. Chem. Soc. vol. 115, p. 2066 (1993).
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a 40 nL shaker tube glass insert. The glass insert was transferred to a
shaker tube, and its contents allowed to thaw 20 under an et hyl ene

at nosphere. The reaction mxture was agitated under 6.9 -Pa (] ERR] H ERR]
for 14 h at 25[ERR]C. The final reaction m xture contained pol yethyl ene,
which was fil wyemesgf, washed with nethanol and dried; yield of polymer =
0.049 g. Tm = 112.0C as determined by differential scanni ng 2elESS6H#31y. 25
EXAMPLE 10 Under a nitrogen atnosphere, N (COD)[ERR] (0.017 g, 0.06 mmol)
and |, 8-di ami nonapht hal %ﬁ%é"’(’@lmdﬁ'z ﬁ'%ﬁ‘%V%%*’éi'eﬁ“st\mWHd@enzene
(5.0 m_). To the sebwlhid By spinleominase adcelidiBifdebide] &} &) [ ERR] (0. 060

g, 0.06 mml). The difs%yiagymusgwu 2 \e@&é& ok B4Rk YanbinRZ 68 gaﬁ&ade a

40 nmL shaker tube gl ass insert. gﬁa ss insert was transferred to a
shaker tube, and i §""cb’i‘1t‘“€ﬁ?%°°él’5|°6v§€3 PRAREUTPIR CeBRPTAPRST Fht PPHSE pher e.
The reaction m ¥t uwes \fasm pghtaat et thedes ThedsdiPem GpERM-pEdpRYedf oy 18 h at

25[ ERR] C. The finalefRa&t hvofh Bhaduh Baraatal figd pol yet hyl ene, which was
washed 35 w th nethanol and dried; yield_of polymer 5 38 g. DSC on this

sanpl e showed a very broad nelting point, 37.0[ ERR] C (second
heat). 35 W) 97/ 02298 Svnthesis of (XT)

PCT/ US9C/ 11131 Exarrpl e ddmpblatieRx)a ﬁistisﬂgmdaiyrquoh&hed ol il [ FRBdom( 0. 017

g, 0.06 nmol) 0 [0 (gg“ ; Q16,5 le;g f%g in
benzene (5.0 nL % Eggprgsu t1ng %utiggn ms%ﬁ'\iﬁA E\ig)[ERR]
(0_ 060 salicylaldehyde-2,6- diiaopropylanilzne:.mzne Clz} d

8.20-7.00 (mult, 16H, N=CH and Hary1), 2.80 (sept, 2H, CiMep),

1.03 (overlapping d's,CHMep, 12H); 31p NMR (CDCl3) & 128.Sppm.

o
\
P—Cl
15 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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5 g, 0.06 mml). 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 et hyl ene at nosphere.
The reaction m xture was agitated under 6.9 MPa CJERR|R ERR] for 18 h;

during this ti nwpdipadsenperature 10 inside the reactor vari egﬁgﬁ%«;
and 33[ERR]C . The final reaction m xture contained pol yet hyl

filtered off, washed with nethanol and dried; yield of polyner [iERR] 0.13
g. Tm 119.3, 129.0[ERR]C as determ ned by
(XI'l) Under a nitrogen atnosphere, N W g, 0.06 mml) and

ort ho- phenyl enedi am ne (,]0 1013 szlg. ggp_éﬂ“ BELS cflloS %in)i%R zs?ne (5.0

m.). To the resulting_so utlon Was HBAF( Et 0. 060 g,
0.06 mol ). The res™R} Hijss%Pmﬁvﬁ‘?l%T‘tTﬁE‘dF’é‘T"@st? ’é/r?eF YHETIFaR0 ni
shaker 't ube gl as$ mmiertnini'dyengl'rasszis msred \watuticm we$ eddeidtieos@iioh aklby
tube, and its conteg g @l b@e%wdecma&r ViMh G D8 %r{es; 16§80 The
reactign m xture was aﬁl tat ed under ‘tﬁlXPg C%?oﬁ HEERg% far at
25[ERR| C. The 25 ™K ha/S*tEaRy i8R CFﬁ‘S%P ol HEPSFaLIS ?’e’-n 2 Whi ch
was filtered of f, wesliveibawwashfiiserednBvaparatigni @fdthe filtdansf affokdeder = 0. 052
I%Cr;rmsgg}q?]:l.lgi 0, d]—xl&;@{t ERRGeds oL %ﬂhi Elﬁdezﬂﬂ Dggregﬁsolvea@ng{z/? o298 06
er_.a ni en o re
nmol ) and corrpoHQd fsae'l:f‘jettf%% §@£er E’H% vvere ?Q‘PE |n°%eng%ne
small amount of material p:ecipita ed from t:he solutim 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);

18 1.10 (4, 12B, CHMe2).
u':ﬂ
Nao, N \
E ; B ipy

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/CHC1l3 (chloroform was added to help solubilize the
aniline starting material). The scodium 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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(5.0 nL). To the resulting solution was added HBAF (Et20)[ERR] (0.060 5 g,
0.06 mmol ). The resulting solution was i medi ately frozen inside a 40 niL
shaker tube glass insert. The glass insert was transferred to a shaker
tube, and its contents allowed to thaw under an ethyl ene atnosphere. The
reaction m xt g agitated under 6.9 MPa CCERRIH ERR] 4 for 18 h at
25[ERR] C. The final reaction m xture 10 contai ned pol yet hyl chETONeL a5
filtered off, washed with nethanol and dried; yield of polymer [ERR] 0.76
g. (XII'l1) Under a nitrogen atnosphere, N (COD) 0017 g. 0.06 nmol) and
conmpound (XI'V) (0.030 g, 0.06 mml) were dissolve benzene (5.0 nm.). To
the resulting solution was added HBAF(E:$ERR] GFTERR],{ 0. 060 g, 0.06 nmol).
The resulting solution was inmediately frozem 20 inside a 40 nL shaker
tube glass insert. The glass insert was tRangferred to a shaker tube, and
its contents allowed to thaw under an ethyl €éne atnosphere. The reaction

m xture was agit at St{cytRfcfiiFoprappPiphefrbiBPH R - & CESOPFoPHIRrL g PE ti ne
the tenperature inside the reactor varied between 25 and 33[ERR]C . The

final 25 reaction m Xtﬂr(&&QEﬁiQLéﬁdpdﬂﬁi&ﬁWiﬁﬂ&zyM,eh was filtered off,
washed wi th methanol and dried; %i,el

of polymer = 0.039 g. Tm 126.2[ERR|C
as deternined by DSESCPSEPYAa"S g "&srﬁ'??%égg’yaﬁeﬁﬁ?ﬁﬂeﬁfe, Ni ( COD) [ ERR]
(0.017 g, 0.06 mmDk3ligrkideidednfiditsopetrylEdlygdnipe WGth6 Mol ) were
di ssol ved i n benzegg) ddaiQssdxbpylbRodphshel &RaUt-AibEl1akine linOtb1 @R addash 37

temperature.

Examples 23-£6

10 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

15 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

20 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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WO 97/ 02298 PCT/ US6/ 1113l
HBAF (Et[ERR]O)[ERR] (0.060 g, 0.06 mmol). The resulting solution was

i mmedi ately frozen inside a 40 nL shaker tube glass insert. The gl ass
insert was transferred to a shaker tube, end its contents allowed to thaw
under an et hyWwersrnaissosphere. The reaction 5  nixture was agbggdegAgpder
6.9 MPa JERRIH ERR] for 18 h; during this tinme the tenperature I nside the
reactor varied between 25 and 39[ERR]C. The final reaction m xture

cont ai ned pol yethyl ene, which was filterecrikbéfs washed with methanol and

dried; yield of polymer 1.74 § ZIm F 2718 ¥ #%gam'_ned by DSC. 10
Exanpl e 16 Under a nitrogen afnosphére, N err .17 g, 0.06 mol)
and conmpound (XXXVII1) (0.0087iq,..0. 06 | re.gdiL3solved in benzene (5.0
m). To the resul ting sol uti of vgs aﬁH = R ERR] (0.060 g,
0.06 mmol). The resulting s¢l ujd on wags |15; d ipat el v jfrozen inside a 40
nmL shaker tube glass insert. |Thg qgllass iinserd \ Lafisferred to a shaker
tube, ,and its contents allowed_tg tHawsurddes cantqgihvl ene bt nosphere. The -
reaction mixture was agitatedjunger 16.s8 NPa>G FRRILIFRY for 18 h;. during
this tinme the tenperature insh_d.a_g_h.e._marfnn aallizes thef welen 25 and _
34[ERR] C. 20 The final reacticsp el hyl ene, whi ch was
filtered off, washed with net ha.ml._%nésdriﬂal;n v ymer 1.20 g. Tm
120. 2, 132.3[ERR].C as det er ni eRiy1DIC—~HXX0AHI3bi2Ba |
Ezanpl e 17 Synthesis of (VIl) pP-8-gi-Spropi+-amitdi-hd¢—4i2—-/ g, 100 nmol),
1, 2-di bronoet hane (9.4 g, 50 rFe-—tafd—di-3dhrddrfeti¥2arine (20 nL) were
heat ed tO 36 —t 1.0 3.0 3123
36 £3 1.0 2.9 2128 .
by 3 | BA 2.0 2B =
1 38 B5. 1.0 b . =
! 38 BB 1.0 -1 131
A0 57 1.0 b L | L% K-
A3 £8 1.0 1.5 123 .
42 r<-1 1.0 1.5 2
V. % 4 20 1.0 - - =
44 LI 1.0 1.4 121
| 45 23 1.0 13
A5, LXX). 1.0 1.3 1286
L2 22. 2.0 u . 3133
] A8 73 Ll Ll =
4.8 24 1O 1.0 13172
[-Xs) e 4 4 A0 -1 2
83 16 1.0 -] =
|52 b o L. £-Y 124
.53 28 s 2 .
54 24 20 8.
55 B0 2.0 e -
5& __ B3 1.0 he 1272
L——-E‘-l _a) 1.0 7 £5
E8 B3 2.0 4 -
89 L {XITT 1.0 -4 -
a0 ~84 1.0 P~ -
81 85 2.0 r -
£2 2.0 5, -
£3 —B7 2l 5
B4 B8 10 5 =
£5 B8 2.0 5. =
&6. [- T4 1.0 L 2
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reflux for 2 days. Excess diisopropyl ethylam ne was renoved from 30 t he
white crystals in vacuo, and the residue was washed with Ch[err]d [ ERR].
The CH ERR] C [ ERR] was evaporated to give a red-brown residue. The crude
product was recrystallized fromnethanol to afford white crystals of (VII).
38 WO 97/ 0‘%% _

PCT/ US96/ 111WOR2YI# ¢ 18 Synthesis of (1X) 2, 6-Diisopropyl BEVIHEUB g9 g
5.0 mol) and pentafluorobenzaldehyde (0.98 g, 5.0 mol) were dissolved in
5 CH ERR] Cl [ ERR] 20Yf d the reaction mxture was stirred overni ght
at room t enper at ur el Jhe_sQl#ent was renoved in vacuo to afford 1.5 g of
(I'X) as an off-white sol|d. Exanple 19 10

|, 1" -Bi phenyl -2, 2" -di yl psphoroc oriditgN0.251 g, 1.0 mmol) was

di ssol ved i n anhydrous di¢eth %! et fer (={mL)\ under nitrogen. To this
stirred solution was sl ded -@o; of

sal i cyl al dehyde- 2, 6-di i w-opyl anh| i neM (0.303 g, 1.0 mol) . The

sol ution was stirred for ¥he hour,Mand thew/'filtered. 15 The filtrate was
evaporated to afford a yeflow oil. The"oil was redissolved in

approxi mately 3-4 et 1 oh ewrl etNgar/ Sffowyevapor ation of the sol ution at
roomtenperature ga . [ERRIN NMR (CDCI[ERR]) d 8.55
(s, 1H, N[ ERR] nCH), 5 (] 7.50-7.05 (mult, 15H,

HERR ryl), 2.95 (sept #H, \CHWe2) (d, 12E CHWe[ERR]); 31p NWR.
(CDCL[ERR]) d 142. 44. ‘

]
OH NH,
(I,rml @/”"
. N
P
N CONH; o ey

59 [ ] 61 62
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0 P-A O 1.1 -biphenyl-2,2"-diyl phosphorochloridite [ ERR pr MaO 25

sal i cyl al dehyde- 2, 6- di sopropyl ani | i nei ui ne sodium salt The preparation of
1, 1' - bi phenyl -2, 2" - diyl phosphorochloridite can be found in the follow ng
references: WD 9303839, U. S. Patents 4,769,498, and 4,688, 651, and Cuny,
G D., 30 et m Chem Soc. vol. 115, p. 2066 (1993)

97/ 02298 PCT/a*ggm 31 Salicyl al dehyde- 2, 6-di i sopropyl ani | |Pﬁ§?‘?ﬁ9ﬂy%s
prepared by stirring an equi nol ar m xture_of salicyl al dehyde and 2, 6-

di i sopropylaniline in the presence of a f tpl ytic anmognt of formic acid in
met hanol for several days at roomteppedqtpie; the prduct 5 was from

pentane at -78[ERR]C. The sodi um sal Rpar ed eactl on with sodium
hydride in THF. Exanpl e 20 Synthesis of (&) Conpoynd ( was prepared by

t he nmethod of Exanp® 6GMNL0  6- chl or 0{6H- di z[ ce} 'f'l 2]
oxaphosphorin and t i bl t of A~
sal i cyl al dehyde- 2, 6- 47| royla rI|n [ERRFH N§yR (CDC [ERR]) d

8.20-7.00 (mult, 16H, NG ' 80 (sept o#2H, CHWE2),

N, O CO.H
N N
) U
' COH

20 n

oCH; . .
P . /: (] NH;
ocHy/ 5 ' ocrs / 2
»

NHCISINHCOCH,

S S TS

10

45



1.03 (overlapping d's, CHWw2, 12H); 31p NVR (CDC [ERR]) d 128.8ppm O P-d

15 6- Chl or o- 6H-di benz [c,e] [1, 2] oxaphosphorin

6- Chl or o- 6H- di benz[ ¢, e] [ 1, 2] oxaphosphori n was prepared according to a
publ i shed procedure: Pastor, S.D., et. al., Phosphorus and Sul fur vol. 31,
p. 71 (1987). (8o 97/ 02298

PCT/ US96/ 11131 anple 21 1,1'-bi phenyl-2,2" -diyl phosphor ocﬁ%rl ﬂl tlg'l
(0.125 9, 0.50 Mol ) was dissolved in 15 nL 1:1 anhydrous
et her/tetrahydrofuran 5 To this stirred solution was added

the sodiumsalt of N-(ort ) : ! line (0.153 g,
0.50 mmol ). Stirring was cont . ! s=Ref gr e e
solution was filtered, Evapers P ] |y
colorless oil. Thig npted al

ether/petroleun1ethA -132) Dzerr]C. A

smal | anmount of material precipitated frgognthe solution ghd was renoved.
Sl ow evaporation of the sol ution afforded white crystal s of conpound Xl V.
[err]H NMR (CDCl[err]) d ¢.60-7.00 (nult, I5H, Haryl eewd. 05 (s, 2x,

CH ERR]), 3.40ppm (br s, 3H, NH 5 Gsept, 2H, ERR]); 15 1.10 (d.
12H, CHMe[ ERR]). Nao -~k : NH;

N
N- (ort ho- hydr oxy) be N T T i |
) | i ne was prigpar ed

3 85 5 L b
r
¥ £
~
o N
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20 by NaBH ERR] reduction of salicyl al dehyde-2, 6-diisopropylanilineimne in
CH ERR] OH/ CHO [ ERR] (chl orof orm was added to help solubilize the aniline
starting material). The sodium salt of this conpound was prepared by
reaction wi th sodi um hydroxide in tetrahydrofuran. Exanple 22 25

Synthetis of (wobigzégnpound (VII1) was prepared by reduction of N-(ortho-
di i sopropyl phosphi noxy) benzyl -2, 6-di i sopropyl ani | i nei m ne wi PRTES6/11131

equi valents of i-Bu[ERRJAIH in toluene at O[ERR]C, followed by warm ng to
roomtenperature and a basi c wor kup. 3Qexdteles @40;P7/ 02298

PCT/ US9/ 11131 N

(ortho-dii sopropyl phor phi noxy) benz %W%i | i nei m ne

N- (ort ho-di i sopropyl pho?ﬁ?‘ﬁiﬁ?—?@%&%‘l -2, GQeS‘%FP‘zF;Bﬁr"Gﬁ/FWFQ A% APre was
prepared by reacti oxyofdepaydeoytet| atebuptiere?, Grheli dasalys o pwb aidhed Gntd ae20M t h
chl orodi i sopropyd ph@s gilidaes ARghabhdi8h RYAATRDG L¥l- 1l URRCaddta." 00 Waution
tenperature. 10 These Exanples were all_done_by the sanme genera
procedure. Under a %f Pf’bd‘éﬁnaf%g’%ﬂ'éfls”&bwe(w FERAT "%ﬁ‘. §mP=Epmered 6¥atnol )
and the ligand to bwideésnddthe(reddlténg @cXiRionspétiryed EoxdkE-90/hvedacin benzene
(5.0 nL). To the resiabdigas ahdthi ©¥Nst4@Ping et daddBAn (fk| EBRIXMERRE 4R 060
g, -0.06 mmol ). The relsuléti nlq‘esglluteiro‘gsiﬂﬁLgr%daﬁg’engﬁg%k%n%%b& 1% gl ass
insert was i medi at® y‘“? rozen TN a freezer insiade the g1"6 %%* Fhb gl ass
insert was trandter?dyties spdsmtkarcliapiciingly fxigd 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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contents allowed to thaw under an ethyl ene atnosphere of 6.9 MPa. The
reaction m xture was agitated under 6.9 MPa of ethylene pressure for about
18 h. Any polyethylene in the final reaction 20 m xture was washed with
met hanol and dried. Melting points of sonme of the polynmers were determ ned
by DSC. Thes eterm ned) along with polyner yields and ot her data
are given in%ﬁ@ﬁf.ﬁ The structures of the |igands (except PCT/USSHLIY
shown above) are listed after Table 1. 42 WO 97/ 02298

PCT/ US96/ 11131 Ex Ligan Ligand/ g Pkabimz|[err]C 23 50 1.0
24. 4 123 24 51 2.0 35.5 139 25 52 1.0
11.0 - 26 -5S 20 10" 124727 57 21 0
5.3 124 28 Ex.5oj Catalyst humol | Tipeg | ¥ q7&ompents 56 1} 0
4.3 - 30 B, 1.0 4.4 Yie3® {31 58 1.0
3.9 118 32 59 1.D 2. - 133 60 1.0
3.0 112 34 o 3 6 ~+2A4—85— 62— 170
2.6 123 36 683 | 9. 0f0-050| 3097 >95% jdolppion was sgipdified) p
3.6 - within 5 min.
68 82 0.041 20 >95% ([Solidified over gseveral h
69 93 |o.030| 20 93% |Exothermic, boiled
solvent
70 94 0.016 44 45% |Viscosity increased over
several days
71 o5° |o.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 [T 0.019 20 868% |Excthermic, solid within
10 sec _
75 100 0.020 20 81% Exothermic, solid within
5 gec
76 101 0.041 20 >95% |Solidified overnight
7% 102 0.018 20 87% Exothermic, solidified
rapidly

2 Bnd groups visible in !H NMR of polymer indicate lowex
molecular weight
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38 65

1.0 1.8 - 39 66 1.0 1.8 131
40 67 1.0 1.7 118 41 58 1.0 1.5
- 42 59 1.0 1.5 - 43 70 1.0 1.5
- 44 (XIX) 1.0 1.4 121 45 71 1.0 1.3
- 46 ( 1.0 1.3 126 47 72 1. 1
132 48 X%”’”ﬁ*"l._o 1.0 - 49 74 19’6’"’5"’"‘%‘.0
117 50 75 1.0 9 - 51 76 1.0 9 -
52 . 77 1.0 - 9 124 53 *1.0 8 -
54 79 2. 8 NS 0 W2\0 7 - 56
81 1.0 7 57 82 & 7 65 58
83 2.0 1y { 1.9 % W . 60 84
1.0 6 1 61 85 J2.0]% \6 w7 - g2 86 2.0
5 - - 63 7 110 5 -4 i 88 1.0 5 -
65 88 2, B4 . 66 80 \ a1, 4 -
» - [ ™)
- m{) . *m{) _
X. 1]
[ 3 »
8AF
5
- )',,i)
BAF
F
Ph
] 100
N " «O\\ o
N f - v
'%‘".' ':-N;'
10t 102
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43 WD 97/ 02298
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\ e NPh CONH[ ERR]

WD 97/ 02298
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CO[ ERR| H ERR] F
70

67 NH[ ERR]
CO[ ERR] H 65
H[ ERR] CO[ ERR] ( S) HN

»n

54

Ph
60

71

Ph 56 47 CH 111

61
O Ph

62 44

NH2 66

PCT/US96/11131

O  NHCH ERR]

NHC( S) Nch ERR] CisxaiRe£IBERR] CO ERR] H 45
Styxene Polvmerization

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.

filtered through alumina, phenothiazine inhibitor) was added and
the resulting solutions shaken in the dark for 20 h.

bry dichloromethane (2 ml) followed by styrene (2 mil,

were added to stirring methanol (in air) to precipitate the

The products

10 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

15 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
20

Ex. Catalyst | mmol % Comments

Ne. Yield

7€ 81 0.017 37% Golden solution

79 82 0.016 »>95% {Brown viscous solution

80 83 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 98 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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WD 97/ 02298 - PCT/ US96/ 11131 [err] 46
WD 97/ 02298 '

PCT/ US96/ 11131 Exanpl es 67-77 Norbornene Pol yneri zati on General procedura:
The reactions were carried out in a dry, deoxygenated atnosphere. The

catal yst was veypooethes Nnto a 20 5 nm glass scintillation vi al’f@ﬁ%’a‘ljﬁ

bar was added. A solution of dry dichl oromnethane/ nor bor nene nmass
% nor bor nene) was added and the resulting solutions stirred for 20-90 h.
Each product was added to stirring rreth@%ﬂ?"‘f-i-ﬁ—%?r) to precipitate the

pol ymer. The polymer was filter e Bdnd A0 % HC1 10
sol ution and net hanol a M&ed unﬁﬁrre\é@%g]wem cggﬁlgdtagqnpyrl ty

was i nmproved by redissolving th chI ro orm and preci pltatlng
wi th nethanol . [err R !\Wﬁx’(%ﬁfﬂde tt‘”f%/ nf| ?‘]ﬁ'if ‘{aﬁe"eb?‘%? 2 28T e
addi ti on pol yner§ ofl gdgdsosqiepdlapenMipk ﬂaﬁdir!' ésehlpsmmmhe%ml) and a

pol ynmeri zation are gti¢Cshrl alabl & sd1utibh WEtdirafcilpromdthidic (Lalpl ¥&kendised

g&.er / lSJgg\E/SV?l?:];Lgir EI -ab|(§ ééZ?r;c{)\éQen%?c%P %g98 99+& filtered }hrm& alumsfna,
phenm:h:.az:.ne inhibitor added} and 1.5 g norbornene (Aldrich
Chemical Co., 99%) was added and the resulting solutions shaken in
10  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% HCl solution and methanol and £inally

LY R CSNGA NS

dried under wvacuum.
15-NMR(CDC13) indicated that in each case the product
15 contained both styrene and norbornene. The absence of a rescnance
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
20 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.

51



No h  Yield 67 91 0.050 20

>05% Solution was solidified within 5 mn. 68 92 0. 041 20
[err]95% Solidified over several h 69 93 0. 030 20 93%
Exot herm ¢, boiled solvent 70 94 0.016 44 45%

Vi scosity incr er several days 71 95 0. 036 20

>95% Exother&ﬁ@?ﬁgggydified within 1 nin 72 96 0 PETAS61 1131

94% Solidified over I h 73 98 0. 039 20 85% No
stirring after 20 mn (too viscous) 74 Takl&9 0. 019 20 88%
Exothermc, solid within 10 sec 75 100 0. 020 20 81%

Exot herm c, solid ytRtr—S5—ser—76 pav) o707 T 20 >§§‘:ﬁ
Solidified overni ghkx 7fatalyst| 1ggol |Pelymazy Mol *2(*)‘:"“““"587% Exot hernj c,
solidified rapidly{a. Bnd grou heataipit] vield [sswrdoel{ NMR of pol yner indicpte
| oner nol ecul ar weijght| 48 \O 97/ 04298,

PCT/ US96/ 11131 [err? 9 |

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 -} 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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WD 97/ 02298

PCT/ US96/ 11131 Styrene Pol yneri zati on General procedure: The
reactions were carried out in a dry, deoxygenated atnosphere. The nickel
containing catalyst was 5 weighed into a 20 ml glass scintillation vial
and a stir bagwesiashs Dry dichl oronethane (2 ml) foll owed by gtérene $2 m
filtered through alum na, phenothiazine inhibitor) was adde s
resulting solutions shaken in the dark for 20 h. The products were added to
stirring methanol (in air) to precipigakgeshes 1Qo? pol yner. The pol yner
vas f1ltered, washed w i, JRLDaRo Wrdldaddche 20LihLDY; ANEL BIIARR! will\C

finally dried under vacuum I'ymeérs were characterl zed using 13C NVR

(CDCl [err]) which Pelamesieedt tTrgtTaSiPtEatys SSRSEEhEP SR¥aUtt THESSBHFTER®d in
racem c di ad unit sof ahatliysmas aratidsteacafrekyebly éne [for neasuring
tacticities of Rolystyrenes 15 see T. Kapgpursa, et al., Macronol. Rapid
Counmun., vol. 15, p. 479- 48E (1994) |I. Details of each polynerization and
results are shown in Table 3. Sttuctikoes—of—cat-alyst-s—ar¢ shown after Table

2, above. 20 Ex. Cat al yst nopkx. No. |%igand Iésméwtss;é
Yield 78 91 0. 017 7%y | d@n sol ytg on}149g 92 0.016
[err] 95% Brown vi scous sol utipm80 93 OIS 80% Rapid
reaction, viscous brown sol utipn. 84 10395 2-% oh*2-5171% Rapid,
orange sol ution turns 97 104 1.0 10.8

98 105 1.0 4.3

95 106 1.0 1.8

100 107 1.0 1.5

101 108 1.0 1.4

102 | 109 1.0 1.2

103 110 1.0 0.9

104 111 1.0 0.6

105 112 1.0 0.4 |

106 113 1.0 0.4

107 114 1.0 0.2

10
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brown, viscous 82 96 0. 006 6% Gol den sol ution 83 98

0. 016 84% Boils solvent, dark red viscous solution 84 101

0. 016 5% Yell ow sol ution 85 102 0. 027 73% Yel | ow

solution, rapidly becane viscous. 50 WO 97/ 02298

PCT/ US96/ 11131 St yrene/ Nor bornene Copol yneri zati on Gener al Ia,ﬁ?{é‘ocedur e;
6331

The reacti onsWQaf rried out in a dry, deoxygenated atnos -

catal yst was weighed into a 20 5 nl glass scintillation vial and dry

di chl oronmet hane (1 m) tir bar addgo\ A sol ution of ¥

di chl oronet hane (2 m), st ef2 mM, A ¢h Chem cal +% filtered

t hrough al um na, phenot hijazi hi bItOI’ #ded) and 1.5(g o~ Hor nene

(Al drich Chem cal Co.. ed andpishe resul tieg 3ed Gtions shaken in
10 the dark for 20 h. The produ were added to stirring nmethanol (in air)
to precipitate the polymer. The fpolymer was filtered, washed with

nmet hanol /1 0% HC sol uti on4gnd anol andsdsi nal ly dri ed1¥nder vacuum
[err]N-NMR(CDCl[err]) indicated that in each case the product 15 contained
both styrene and norbornene. The absence of a resonance between 6.2 and

6.7 ppm (assigned to the grtyho, protons hai ns of po%ystyren ) confl rns
see f st [ ;’?)

that the product is a c
C. R Acad. Sc. Paris

105
t-Bu
t+Bu_ 7 : C ] Me
JeQ) AT
| t-Bu N A
N }
- F F
108 109 F 110
OMe‘\O‘ MeO oH
. cl c
111 112

EISOH

13 114
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301, p. 229 (1985)]. The absence of a polystyrene Tg in the DSC 20
confirnmed that the products are copolyners. Details and results of these
pol ynmeri zation are found in Table 4. Structures of the nickel containing
catal ysts are shown after Table 2, above. 51 WO 97/ 02298
PCT/ US96/ 1113 1whxdre2298 Ex Cat al yst mol Pol ymer Mol %

W‘f% 019

catalyst Yield styrene No ‘ (g) 86 .

0. 729 [err]5% CGolden solution, sticky polymer 87 92 0. 015
1.49¢g 11.1% Brown sol ution, pol yrrerW@iﬁd 88 93 0. 012
2.47¢g 13. 7% Exotherm r 0 019
2.629 50.8% Orange SO o ‘?%ﬁ’%?ﬁ‘r’%g%gg ’E"qr‘ec?'p‘f‘%'tq‘%”éo A5 mixgure of

0.013 0. 28¢g [ &ter S esmwfsﬂ}ﬁmpawns%ﬁall SERF BFR STRHVy PR NABRE . 98
0.019 . 2.93¢g 4larie . sRe@lnscﬂfutaammnm«nmea MXCy CPre@Chy)i bt 81bsBrea in 99
0.009  2.64g 5 58 & HHOLDEN ML mi AL HGR: $01 40k 38, SBEGEL R 100
0.015 2. 15g tJz’v P gk Pt P s ot v SEvE béofé! pdig

filtered 'J.‘he 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 -

10 164.) The following 1H and 3¢ 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

15 MMR (CDpClz) d 162.2 (g, Jep = 37.4, Cipso), 135.2 (Cg), 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

20 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

2%  mechanically for approximately 18 h. 2an 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. '

Exauple 108
"_l +
' .
HZN. !}li'NHZ BAF
130 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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exothermc, precipitated 94 101 0. 023 1. 549 5.2% Yell ow
sol ution, polyner precipitated 52 WO 97/ 02298 -

PCT/ US96/ 11131 Exanple 95 - 107 Follow ng the procedure of Exanples 23 -
66, ethylene was polynerized. The results are reported in Table 5. The
structures of @@g,ﬁz'bﬂands are listed after Table 5. 5

Table 5 Ex. No. Igand Ligand/Ni g PE 95 102 1. ®CT/US61183106
103 1.0 11. 6 97 104 1.0 10.8 98 105 1.0
403 99 306 one éqggv of Etjzo%grlMt. In phBtficular, atl-ébec twolaeds k21 0
1 1. 1. 1 1 11 1.
0.9 104 111 sidng prgron resguipcqs)pre orlie‘*Q'ﬁ"z"“"l”g" %%'.?‘8"" t ¥ 106

113 1.0 (}?tgpeg_orrhis is Eg_x@istent wit_!r_l'.z Ghe abov 2::351:15-3 in which both

nitrogen atoms are bound to nickel.. At room temperature (20°C;,

s 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),

10 3.26 (4, 2, T = 6.8 (FH'CCHCHH'), 2.17 (4, 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 (Caryl),
115.4 (HoCCHCHz), 65.9 (H2CCHCHR), 55.7 (O(CHZCH3)3), 14.9
{O{(CE2CH3) 2) .

15 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! .
20 Example 110
SO
Y
HoN. i NH2 BAF
L~

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.

25 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

30 (CD2Cly, 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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WD 97/ 02298

PCT/ US96/ 11131 [err] 53 5353 WD 97/ 02298

PCT/ US96/ 11131 General Synthesis of N ckel Allyl Initiators. A m xture of
one to two equiv. of the appropriate |ligand, one equiv of NaBAF, and 0.5
equi v of [(al lwbohoies X))[err] (X =d or Br) was dissolved :‘l,g?."-}o

Et[err]C. The reaction mxture was stirred for several h be e%@f'ﬁa
filtered. The solvent was renoved:.in vacuo to yield the desired product.
(The[ ((al 'yl ) Ni (m X)§.[ & CECERbecAr¥ofd herde= S¢nt hBEICZE@F G cbiodi tg €0t he
procedures publishedsis dieg,dugihowi ng reference: Wlke, G, et al., Angew
Chem Int. Ed. Engl. 1996, 5, 151 - 10B%£4_g_)mme followng 1H and 13C
spectroscopi ¢ assignnments of the BAf counterton in C{err]C[err] were
invariant for different TREofINEEBECIAFRF OB FIRIPIL P2 vah oot E° RORYEEIREat ed i n
t he spectroscopisc @dakgehonnaygbd aofsothaccaimnte the [gphereD ippldieeization
13,5-Clerr]Herr]- L ] lez . AWMRs ;
(CDer.r]C[err]) d@g@fgﬁ{els}lzg‘; G]ﬁoijg%’% .?5{1'? 4f'°1ﬁf)ﬁ'-u'!i3ﬂc 15 {RRee
(CD[err] O [err]) dUupfer bhesg condigiansyy Hawever,,thy “HNK spegtayy of 180 3 (g, JCF
= 31.3, Cn), 125.0 resgridCmizcuey AndicaGi that] Jutereb7a@ $iGpsr olsdfinvs akrd’r ocedur e

for the Screening %pﬁcgyligrﬁggggyﬁgrmgsgn by Nickel Allyl Initiators. In
t he drybox, a glloass Insert was | oaded wi_th Ehe: isolated allyl initiator

synt hesi zed by .__| +
N

MeoN. - NMe,
<L

The general synthesis of nickel allyl initiators was

BAF

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.

15 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 Hp), 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

20 NMep), 2.58 {4, 2, J = 13.2, HH'CCHCHH'); 33C NMR (CDaClz, 75
MHz, rt, nonarcmatic carbons only) @ 117.6 (HCCHCH3}, 60.2
(HoCCHCH2), 55.1 (br, NMMep).
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20 the above general procedure. The insert was cooled to -35[err]Cin the
drybox freezer, 5 nL of solvent (typically Cerr]Derr] or CDCl[err]) was
added to the cold insert, and the insert was then capped and seal ed.

Qut si de of the drybox, the cold tube was placed under 6.9 MPa of ethyl ene
and al | owed t ayg@épaabg RT as it was shaken 25 nechanically for
approximately 18 h. An aliquot of the solution was used to ad§HUSesH1jterr] H
NMR spectrum The renai ning portion was added to - 20 nL of MeON in order
to precipitate the polynmer. The poI yet hyk@agiagfs | sol ated and dried under

vacuum 30 The general [ [ nitiat S f Ilowed

using 64 ng.of Ii gand, atffy%‘ uf{()(atq’ %ﬁlkﬁ ras u? %F? ]pQ €347 ngy

of NaBAF. A wheat Vacii £ _ p‘G\/\E%—PB(%O Agger ?%eveaawahnoaﬁermgqu

spectra are consi st gitbedtiré Nwidte thd @i psidnUeatr€ 1 Wirk Not5brhyl endQudl/ 1454298

PCT/ US96/ 111 31 ope eq%u Y oy & L8LL &Q,_ pr&agggh 14:‘3 R doe CHloflpeqt BQLer rjc
el an [eah

two sets of amino pro On résonanced are o are coup to0 each
other. This is cons™& eReExm: Fhoreft tht) STRAuSHIon Qf purenss #d & 1F"BLt APt r ogen
atons are bound to o&f ekler oiftineoom tenperature (20[err]C), 5 one broad
resonance i s observed at 5.64 ppmfor al k. 3f+d bhg am no protons: 1H NWR
(CD[err]d[err], 300 M1z, -80[err]C) d 7.8& _ J,= 8.09, Ho or Hp), 7.41
(t, 2, J =B.1, Hm, 726(d2J:6.7 Fﬂp) 5,499 (m 1, J = 6.7,
H2CCHCH err]), 5.43 (d, 2, J = 10.8, NHHSGASGA04 (d, 2, J = 12.14, NHH),
3.38 (br q, 4, J 6.7, O(CHZCHS)Z) 1%32 26 2, J =6.8 (HH CCHCHH ),

2.17 (d, 2, J = 13. 5, h'h 2 BAF
NA
10 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,

15 300 MHz, rt) d 8.2 - 7.4 (m, 6, Hary)), 5.33 (dd, 3, J = 12.8,
7.4, HzaCCHCMez), 2.35 - 2.80 (br, 12, NMeMe', N'MeMe'), 2.78 {dd,
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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HH CCHCHH ), 0.92 (t, 6, J = 6.1, O(CK[err]CNerr])[err]); 13C NWR
(COerr]dJer ], 75 MHz, rt) d 136.1, 130.4, 129.0, 126.7, 123.2 and 121.7
(Caryl), 115.4 (Herr]CCHCH2), 65.9 (Herr]COWH err]), 55.7
(O(CHerr]CRerr])[err]), 14.9 (O CEerr]CHerr])[err])- The allyl

Initiator of m&&lOB was used to polynerize ethylene in CDC1| err] at RT

according to € general polynerization procedure using 24 3t yst. .
Pol yet hyl ene was isolated (304 ng). 20 Exanpl e
110 The general synthesis of ni ckel al | yixakglietdaat ors was fol | owed using 151
g of ligand, 205 mg of J(Hf m&w@ﬁrm 2e) Lot £d pordiah360 1O Of
NaBAF. A yel | ow br own povvder vvas 1sol ated er‘a}#p NVR
spectrum i ndi cat es S*HEt*"®A3 EF\‘ \7“" FERF 55 BE e?ﬂ““*h?‘fﬁ%‘@

particularly the obmetasaté emingfe6img n:équtvatsent PoloagivieneanimésqIprtrdOizd i s
consi stent with fhepbove structure in \/\hi ch both nitrogen atons are bound

to nickel. The am no resonances renain i ivalent at least up to 60[err]:
[ERR]_ NVR 30 (CD[err]300 WMHz, -40[err] T7: 5 (m 10, Haryl), 6.47 (d,
1, J 6.8, Haryl), 6.03b¢ @lbf thitiatog of EE"“B“ 17“2“’*!\1”!9@}‘(:9&3%%5’-“5 17 (d,

ﬁr’ HJH, ) 1g 33 (NQH )1  ethy ﬁ,%e ld. cn'k:l; Jat—eol'e sbootdidg/k) thé gaBexad, polymetisntidh ﬁH-
3. 41 (EL 4, J = ; roa%ﬂrerr g‘i er% g@%ziﬂ&hgieng was J:Qoﬁateg‘l

97/ 02298 10 however, spectm t*“’- reaction mixture ‘h‘rﬂe‘i‘/'ﬂsges/ 11131

6.8, HH'CHCHPh), 2.grbatdtiorl pf butenes] hidherHileCDlsiCtdBl )a bioa@5(CHp)n Beakjat- 7, 4

Q(CH err] CH3) 2) 1.25 ppm.

Example 117
H'-N.’_\N‘;n ’
Arc NI 'H  BAF
UZ
Ar = 2,6-CgHa-+Pn2
15 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 ‘lying
20 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,
30 127.0, 125.4 and 125.1 (Ar: Cm, Cp', 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').

15
L]
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The allyl initiator of Exanple 1110 was used to polynerize 5 ethylene in
Cerr]Derr] at 80C according to the general polynerization procedure using
67 ng of catalyst. No polyethylene was isol ated under these conditions.
However, the [err]H NMR spectrum of the reaction mxture indicated that

but enes and hwgmermezedsefi ns were produced in significant armup&m%l 1
Exanpl e 112 The general synthesis of nickel allyl initiators wa F%wed
using 202 nmg of ligand, 127 ng of (CJerr]Nerr])N ([err]-C)][err], and 829
ng of NaBAF. A yell ow orange powder (967£‘f?§‘5‘-"‘\1o£a i solated. 15 The NWR
spectra are consi stent wherliyieisitiator wicExAmpla 1D 8ae usqdntavppimedioteh

NI rogen at oms coor dagaisk LPeihieborel khobbding GH @iy Jkbil sdundiOadls, 11)
7.83 (d of d, 2, J =

4 (d, 2, J
2.9, Ho or Np), 6.1RFoFtduse ‘1”“91533‘9“1%”25"? 1, g{%ﬁ‘?f‘t%abﬂfeg’ 3"’3 3.23 (d.
2, J .= 7.3, HH CGCHGHd13ted3. }a(m spéfxruf of 2@ isom)wl@les&n?dcatgs the= 13. 2,
HH CCHCHH ), 13C NI\@,QQ}[Ongf] Qaggge]i CC%,M;EQ“ r,,;mh r}g@mpr{as infetigAl bons onl y)

S oapagt MMM NG % (et 1 (br, Nwe[err]). 57 WO
97/ 02298 ‘-’hes per 100 car

PCT/ US96/ 11131 The allyl initiator of ExExaskte-3d®» was used to pol yneri ze
ethylene in CDCl[err] atm@’&mﬁ:%ﬂm@rta bmpgeaer aas Reddy € bRyt (e

procedure (vvith he th lLe usi ng
40 ny of catal ys§ %6’? et iy Pbé aa\t/?/aéo %o%walg?so ate #’ﬁ QQ?IS—F#;& sﬁ%&t rum
showed t he product|aﬁi’PaB‘F’*"‘Buisé’i‘ﬂaé8 FE P CAAAYSE - o FOINREERETN /(168 SoMak | ns.

isolated.
Exanple 120
+
Etl IN N.‘\ —]
Ph- l Et BAF
.
15 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

20 trans to each other in the majoxrity 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, BH'CCHCHH'), 1.36 and 1.17 (t,

25 3 each, J = 7.2, NCHyCH3 and N'CH;CH3); 13C MR (CD2Clz, 75 MHz,
rt) d 150.1 and 147.5 (Ph: Cipso and Ph': Cjpso), 130.8, 130.8,
130.8, 130.7, 129.2, 128.9, 128.2, 124.0, 123.% and 122.6 {(Ph:
CorCo's Cm: Cn' and Cp; Ph': Co, Co', Cm, Cn' and Cp), 115.6
(HoCCHCHp), 59.6, 58.7, 58.3, 57.8, 57.3 and 56.4 (HCOCHCH,,

30 NCH,CH3, N'CHaCH3, NQHaCGHN'), 12.6 and 21.8 (NCH2CH3 and
N*'CH2CH3) .
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Exanmpl e 114 10 The general synthesis of nickel allyl initiators was
foll owed using 103 ng of ligand, 100 ng of 1(H2CCHCMe2)N [[err]-Br)][err],
and 427 ng of NaBAF. A pal e pink powder (517 ng) was isolated. The NWR
spectrumis consistent with the structure shown above, in which both
nitrogen ato B@é’ nate to nickel. 1H NWR (CDerr]Cl[err], 15 300 MHz,
rt) d 8.2 - g‘vﬁm , Haryl), 5.33 (dd, 1, J = 12.8, 7.4, 1 3.35
- 2.80 (br, 12, NveMe', N Meme'), 2.78 (dd, ‘1, J =8 .1, 2.7,

HH CHCMe[err]), 1.75 (dd, 1, J = 13.5, ZgglembHHCMe?2), 1.22 and 0.73 (s, 3
each, H err] CCHCMeMe' ). 97/.02298

PCT/ US96/ 11131 The al | yF®§ ﬁi\‘/gila’t’&F“&f” BT o1 Vel v tS e PRV B e eher i ze

et hyl ene in CDC13 athREnecedtiingtt P f RECFEIRT 59 tH0|9FREAL ARLYUSH 33+ ¥edur e
using 66 ng of cat Fr¥sdaurd Akt ey hgnE ¥uRS1ys80| At fg?8 i sofBhitelhe al | yl

nitiator of Example, 114 yag H3el A0l ithig SRuLEN: LG at 80C
according to the gé’ne’Fa pol'ymer1 zation procedure using 62 of catalyst.
No po] yet hyl ene wasshpeoprinshed polyvethidfRe, Byaks Akl Ff W\‘)R?‘?ﬁbéf‘n?d’n?%m he
reaction m xture shgwgd the production of butenes, higher olefins, and a
broad (CH2)n peak at. 1.25 ppm Exanple 1gdg.hS 122 The general synthesis
of nickel allyl initiators was foll owed '%si ng f1\3;3;@ of ligand, 48 ny of

n BAF.

[(Cerr]Herr])N ([err]-C)[err], and 30 A yel | ow powder

(394 ng) was isolated. The [err]H andpl3 ppectrBKFare consistent with
both nitrogen atons Ph VNI~ " Me
<
10 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.
15 ) 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
20 at 1.2 ppm. The IH NMR 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
25 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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coordinating to nickel, as shown above, wth the aryl rings lying 20

trans to each other in the magjority of the product. Oher isoners may be
present in | esser amounts: 1H NVR (CD{err]Cl[err], 300 MHz, -40[err]C d
7.4 - 7.0 (m 6, Haryl), 5.68 (m 1, H2CCMCH2), 5.53, 5.38, 4.84 and 4.22
(m 1 each, NOwWo'9Godde8 N ), 3.4 - 2.8 (m 6, NE, N H CHwe2. (;diﬂéﬁémlgll Me2,
C Me2), 2.73 (d, 1, J =6.7, 25 HH CCHCHH 1, 2.62 (d, |, J =76.3,

HH CCHCHH ), 2.39 (d, 1, J.= 13.5, HH CCHCHH ), 1.55 (d, 1, J = 13.5,

HH CCHCHH ), 1.8 - ghodplolys 3t@ndis céivbideed t6 nickealVb'lp MR’ dfbbddal, da€a

HVEME' ); 13C NMWVR 7 . sackified 39,9, 139.4,
138. 9 Zind 138. 4 ((ASH*"‘G’F"E’]”Q"L’e‘ir 3 botn 5“%3&"5%6%2’%9’% J’A’Q ¥ 2 "31’ g"o 128. 8,

127.1, 30 127.0, ﬂglﬁymadf?si ProtRps °eﬁ1°hmvedeb-&ﬂﬁ°%wmwoﬂ D),

116. 1 (H err] CCHCH ssspianres Bre/ obdexved abRT3Ecantcheds photiohk er n}e(:&ﬁrﬁt;lon

NCH{ er 1] C H{er 1] ¥ )of@ﬂezmagyém.ﬁqna 2Ol AR B B ” HIE2,

C''HW2), 26.4, 26.0, 24.2. 24 0 angzzgag NeNE'

C HveKe', C H\VeMe' °°°E?” the “‘3’3“”‘" TP Brsey 2C12. 300 °

PCT/ US96/ 11131 Exampiz —MS“CTh@ eaos 8, Enidupat 611, o%m EXEBAD (@, D1 7H2088Habed t 0

po: ym&‘rlzet et hyl enezjgg @B at- SO{serﬁﬂ &aaﬁ@olrcbm%plpt&&%ganemh % )

pol ymeri zati on proc r i a oi.yet hy].e g) was
,\@g)j . W(ngs y%soﬁaa 2 :} di §t§$§1

5 I sol at ed. §péctrumo *he | g5 at ed he
formati on of br d?lché%'%@?‘y’et hy”l‘eﬁﬁe Wi ¥n= l‘&dghwc%ﬁ”ﬁét MRy (2268 e s 3er
1000 carbon atons. fmeamgekee) &1€.13 (d, 6, Jgp = 2.7, Cp), 5.62 (m, 1, HaCCHCHa),

3.81 (s, p~-OMe), 3.71 (8, o-OMe), 3.49 {d, 2, J = 6.8, HE'CHCHH'),
2.42 (&, 2, J = 16.2, HH'CECHE'): 13¢c NMR (CDCl3, 75 MHz, rt) &
164.0 (Cp), 162.4 (d, Jop = 4.9, Co), 1313.7 (HoCCHCH2)}, 27.8 (4,
15 Jcp = 60.4, Cipso to P), 91.1 (d, J = 4.9, Cp), 57.8 (HpCCHCHz and
o~-ONe, overlappingl, 55.4 (p-OMe).
Example 125
The allyl initiator of Bxample 124 was used to polymérize
ethylene in CDClz at RT according to the general polymerization
20 procedure using 28 mg ‘of -catalyst. Butenes were formed according
to 18 NMF spectroscopy.
Example 12¢
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 of catalyst. Butenes and some higher
olefins were formed according to 1H NMR spectroscopy.
Example 127
_"-I-
-ome
| ""e(’{bﬁ""ﬂrr BAF
¥
CO Me
Ar = 2,4,6-CgHz-(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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The allyl initiator of Exanple 117 was used to polynerize 10 ethylene in
CDCl[err] at 80[err]C according to the general polynerization procedure
using 68 ng of catalyst. Polyethylene (1.69 g) was isolated. 15 The
general synthesis of nickel allyl initiators was followed using 106 ng of

| i gand, 53 g,g&éﬂerr]H[err])Ni([err]-Cl)][err], and 349 of NaBAF. A -
yel | ow powder ? my) was isolated. The 1H and 13C NVR sp¢ b“

consistent with both nitrogen atons coordinating to nickel. as shown above,
with the aryl ringshbwn a@pve&s téntaniyel0 agsgrdobn @palogy tthetheepagentt y of t he
product. Ot her isqgBLs 48 gsent in | esser amounts: [err] X NMR
(CD[err]Cl[err], 300 NHz, rt) 8.3 - 7. , Haryl), 5.9 (m 1,
H2CCHCH err]), 3.9 - 28(m 10, HH'CCH err]CHerr]N .

NCH err]CH err], N CH eFrq @éHyrisdifiatpr of Rxgmple 127 was|used toppl@eycee ), 2. 15
(d, 1, J = 13. 6,5 HefaldhdEn) cend - a%&z'ﬁﬁdc&dih} ol the? Benerdl @alMmeritatiod. 2,
NCH2CH3 and N CH[ err r | Y d 150 1
and 147.5 (Ph: G s"&l’%?rggrﬁaﬁa"g 3%? drienSilapal? oS ‘frg

128.9, 128. 2. 124 GF 1?213.@%?@?&1-22 @lmifvleeﬁ @37 “‘gbﬁ'ﬁsewlaé A% Cp: Ph Co,
Co', Cm OmM and Cp), 115.6 (H2CCHCH2), BEmfe @ 7, 58.3, 57.9, 57.3 and

56.4 (H CCHCHH R o
NG ef 1] G err] 12. 6. and ™14 "BNGHELTET ar friecty iy Sadarte, poimers

errLand N' ?U’] ﬁ%e”gﬁl V\D 97/ 02298
PCT/ US96/ 11131 Yhe eshyipe im; ‘E‘?Cé% BHPE 21 s B YPT AN er i ze
et hyl ene i n CDO [ erpgrpeceduré (s brar }ch@e?ﬁjmi tod edtelyptnanda? egwivy fR3r Pat i on
procedure using 25 Jig Rroat dakediysd | Sobydipytenef (0kd) Wi iflatea.

Example 130

NH, |
a
N...O BAF
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, J = 8.1, Haryl), 7.84 (4, 1, J = 8.1, Haryl}, 7.74 (m, 1,
' Haryl. overlaps with BAF: Hp), 7.10 and 6.82 (br s, 1 each NHH'),
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, 241.4, 131.6 and 123.9
25 (Cary) attached to hydrogen), 117.2 {H2CCHCH2) , (H2CCHOH2 overlaps
with CD2Cl; resonance).
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5 polyethylene was isolated; the 1H NVR spectrum of this product shows
branched pol yet hyl ene peaks at 1.25 ppm (CH err]) and 0.85 ppm (CH err]).
Exanpl e 122 10 The general synthesis of nickel allyl initiators was
followed using 95 ng of ligand, 34 Mg O [(Cerr]Herr])N ([err]-C)][err],
and 218 ng of wobdgzes A yell ow powder (231 ng) was isolated. _The [err]H
NMR spectrumis conplex with nore than one isoner apparent!|y ¥ 113%he
allyl initiator of Exanple 122 was used to polynerize ethylene in CDO [err]
at 60[err]C according to the general pol gsei&asion procedure using 22 ng

o]f fﬁt al ysta Atfe\r/]v ng' s ﬁi(e aqk,yq]LMLé‘&eﬁmmgll%gﬂs Jsbe :&hlé ’ipﬁchwem
0 is product shows a - err])- _pea at 1. e lerr

spect rum of the reaE’f‘TyéfFerﬁp&R'[cBF]é" %%S'ggcf%égﬁ 58[]%‘Fi%§£%} pﬁ&"?ﬁ I anched
pol yet hyl ene peaks arwedbrzousibg &3\vabbt catalys.s piav MEHY of rplyeshyliefe 3&sppm

(CH err]). Exanpke 1Zfa€ds. accoraing BE @eey Rl Sperthmsss v raiceksl al lyl
initiators was foll owed usi

ng .213 of |igan 54 0 .
[(Clerr]H err]) N ([ Bt fﬁq‘ég’r“j",“ng%‘“éﬁfg %%ew%%ﬁsﬁfn HFARY & Fowder
(391 ng) was i sol at exeduged.i dslyethielene -SHzn sefanprdeHi\RfenEiflan@CANVRRS pect r a
are consi stent withghde above structure in which one nethoxy group and the
W97/ 02298

PCT/ US96/ 11131 bhosphorus atom are coor di nared To nickel . 1H NMR spectr al
data are reportd8 at botTre 30T PR 8T REPIEGRIP ESBRAFEROITATiENe al |yl
syn and anti pr ot onatianensls avedt Bo°c bo&Bdinghtd ¢hé \yeneral polymerization

procedure using 64 mg of catalyst. Polyethylene (247 mg) was

isolated. According to the lH NMR spectrum of the reaction
mixture, the reaction was productive in the formation of butenes
15 and higher olefins.
Example 133

oH |*

e

N'Ni‘o BAF

~
The general synthesis of nickel allyl initiators was
followed using 52 mg of ligand, 50 mg of [(C3Hs)Ni(u-Cl)la, and

20 328 mg of NaBAF. A yellow powder (328 mg) was isolated. The IR
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,
NHH'), 7.92 (d, 1, J = 4.0, Haryl), 7.64 (d, 1, J = 8.1, Haryl).
7.55 (t, 1, 9 = 4.7, Haryl)v 6.76 {(br s, 1, NR¥'}, 5.85 (m, 1,

25 HE'CCHCHH'), 3.40 (br, HH'CCHCHM', 2.58 (br, HH'CCHCHH'). 213¢ MMR
(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

30 rescnance or broad and in the baseline).
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e . il

resonances are observed at RT for these protons. The observation 5 of the
four syn and anti protons at -100[err] C supports probabl e coordination of

t he nmet hoxy group to nickel 1H NVR(CDerr]Cl[err], 300 MHz. -100[err]C) d
6.05 (d, 6, JHp [err] 4.1, Cm. 5.59 ([err], 1, H[err]CCHCI\/[err]) 3.89 Id,
1, J = 6.75, Hvwooigieddbg ), 3.76 (S, p-Owe), 3.67 (S, o- %Fg_ms%)r s, 1,
HH CHC HH), 2.93 (dd, 1, J = 13.5, 5.4, 10 HH CHCHH ), 1 74

12.1, HH CCHCHH ); 1H NWVR (CO{err]C[err], 300 Mz, 20[err]C) d 6.13 (d 6,
JHp = 2.7, Om, 562(m 1, H[ err] CCHCH eExdmple.g381 (s, p-Ow), 371(s
OOVe), 3.49 (d, 2, J = 6md, aulji'i.u@ﬂ%r)af Bxahgnd d33 %as &se‘d&:ﬁ ,_QHCHH')

13C NWR (CD[err]Cl err . 9.
Co), 113.7 (Herr] °e"rer15 wé? % ““Q%, é%@%*r é" PY“S?%‘” OMVe) .
The al llyl initiator ®foe Sénglﬁﬂ“%&f eedYeto F?GFWH% %W’ei‘fé"’l n CDC13
at RT according t® th@lsﬁmeaala ymatey pewdez at i on 20 procedure using 28 ug of

catal yst. Butenes were fornmed according spect roscopy. The allyl
initiator of Exanple 124 was used to pol I ze eth | ene in err Dﬁ[fgrr] at
RT according to the gener®® $ary ABTHoLR" "2%“91“" prd 'ﬂd‘f‘%d ﬁ%

catal yst. Butenes aathysemeimicgheat 6Pt reraingetd theadcmldmwgzatﬁqz HWR

SDecg (r) os]g:olo?/ Egarml ré%%flh&zgf%er@ otshéﬂézfi?é‘d S ﬁiyéi:hﬁiéﬁé (963 Wi Waktiators
was ol I owed us

[(H err]C((I)[err]kl/b 18F4Y- %"ET’&?’% °%"7]§ cf’eﬁ?l““ g OF e A
yel | ow green powder ®RovreqyFignasicpatopprpte of P‘P“F\mss‘ﬁ‘édi*ﬁ%ﬁﬁ FreLiRHMERT | S
conpl ex; the struct upgsdadea.

—l+

i
0. NH; -
V

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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PCT/ US96/ 11131 shown above is tentatively assigned by anal ogy to the parent
(derr]Herr]) allyl conplex. Exanple 128 The allyl initiator of Exanple
127 was used to polynerize 5 ethylene in (Jerr]Derr] at RT according to
t he general powWomene229t i on procedure using 93 ng (0.06 mMol) gﬁ@%ﬁt
and 2 equiv (29 ng) of BPh3 cocatal yst. Pol yethylene (177 ny) ted
Exanpl e 129 The allyl initiator of Exanple 127 was used to polynerize 10
ethyl ene in CDC13 at RT according to the B@R&e#22Zpol yneri zati on procedure
using 93 ng (0.06 nmol) wHe sxayalipdtianox o2 Bxguple :(leyaag;se@ftoaédiivmﬁ.}FS) 3

cocatal yst. Polyet hlékﬁﬁﬁ@né 90 BB, Vel &@L@&ﬁ mlée general
synt hesi s of nickel al initiators was gyum of I |% nd, 50

mg of [(C3H err])Ni (Pf%‘ief‘]‘“d’ﬁi)“fe‘r‘r‘rg °§rfd°%"2’§“ Yo vag Sh| 1
(334 ng) was i solsat edeor@ine iﬁtwﬂnstp@caneatmdaafathesmstﬁsnsumew th the
structure shown aboyg, %n aNMim(»QQL # bicbhéd bda n.%(ﬂ@r Mh?kﬁ(:.nﬁtv)ergfgocﬂx@ec‘d 1,

= 5.4, Haryl), 8.17 20  (t, 81 Har y| )
Haryl), 7.74 (m 1, Haryl. overlaps wth%ﬂ#“?ﬁf 10 and 6.82 (br a, 1
each NHH ), 5.99 (m 1. Hlerr]COHCHerr]), 3057 (El_l‘z 6.8,

HH CCHCHH ), 2.66 (d, 2, J = 13.5, HM CgRCEK 13C NI\/R(CD[err]Cl[err]
75 MHz, rt) d 173.5 (C=0), 146.4 (Caryl { 4), 153.7, 141.4, 131.6

and 123.9 25 (Caryl attached to hydrod (HZCCHCH[err]) (H err]
CCHCH err] overlaps with CD[err]Cl[err]

N

r esoéan“q@,)

\',

The general synthesis of nickel allyl initiators was
10 followed using 83 mg of ligand, 50 mg of [(CaHg)Ni{u-Cl)})a, 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
15 above structure is tentatively assigned by analogy to diamagnetic
complexes containing ligands with similar donor functionality.
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PCT/ US96/ 11131 The allyl initiator of Exanple 130 was used to pol ynerize
ethylene in CDC1[ ERR] at RT according to the general polynerization
procedure using 63 ng of catalyst. A few ng's of polyethylene was 5

i sol ated. Acapddymged 0 the [ERRIh NM spectrum of the reaction m xture,

si gni fi cant anounts of butenes and hi gher ol efins were produf&dUs9eiiist

Pol yet hyl ene -CH ERR] - resonance is identifiable at 1.25 ppm 10

The allyl initiator of Exanple 130 was us@fkieqmapol ynerize et hylene in C6D6

at 80[ ERR|] C according tg,d ?glﬂeﬂﬁ)liﬂtopc&y wfl%aia's%spa&ﬁegu%@lyu%eﬂgH6§an

of catal yst. Pol yeﬁgl ene was | sol Accord

spectrum of the re e itxRTte, att’f?e“?‘@é@f’?otﬁ e TBPEHURIYUE iEREiPRe

formati on of but enesroddurandidy ¢hes o Sitriyst. ERelyptrldi3 (Sthaglgeser al
synthesis of nickel;ahlylh initiators was followed using 52 ng of |igand, 50
mg of [(JQERRIH err])N ([err]-C)}[err], _and 20 328 ng of NaBAF. A yell ow
powder- (328 ng) was isolated. The [err]?‘ﬁ%ﬁ‘?ﬁectral data i s consi stent
with the structure showshaledisd: ixtijistg] of BEmpler 138 vas ofrd t@-polvmesizel 11. 34
(br s, 1, OH), 8. 54et{hpien8,m1<:5d§“'ﬁ pocc/adiBrdifg td, thd gendrdl. pdigeth yatidn 64 (d

1, J = 81 Haryl), HH )
(m 1, 25 HH c:CHCHH"")"“*‘g"“g 6“"’(’6’? oof & gﬁ"‘% k%l %’5'@*'&3 mﬁ%\‘ 5 Ao
(CD[ err] C1[ err] 10 75idetnted  { Acqprdingntfe b 15 MR FPRRFTE, CAShe FeaehirBn) [err|
173.7 (CO, 155.9 amkrixd3.BghiZaesrt apunat bfidinedesd endipdgteganpfinkher8, 132. 3
and 129.3 (Caryl atlg:%ggtgg to hydrogen), 116.6 (H err] CCHCR2), (H2CCHCH err]
resonances not observed [err]either overlappjng.with CDerr]C[err] 30
resonance or broad and in the baseline). ._P

—

H,N ‘
]
O.,.. =
Ni N BAF
| Y/
~ H
15 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

20 isomers msy be present in lesser amounts: IH NMR (CD2Clz, 300
MHz, zt) d 9.77 and 8.83 (s, 1 each, N=CH and Haryl), 9.0 - 7.5
(m, 8, Baryl). 6.91 and 6.63 (br s, 1 each, NHH'), 4.6 (br s, 1,
KoCCHCE2), 3.5 -~ 2.3 {broad resonances in the baseline,
HH'CCHCHE') . 33C NMR (CD3Clz, 75 MHz, rt, assignments aided by an

25 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 (caryl attached
to hydrogen), 113.8 (H;CCHCH2), (H2CCHCH, resonances were not
obse_rvedﬁeither overlapping with CD2Cla resonance or broad and in

30 the baseline).
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PCT/ US96/.11131 The allyl initiator of Exanple 133 was used to pol ynerize
ethylene in CDCI 3 at RT according to the general polynerization procedure
using 60 ng of catalyst. Polyethylene (190 ng) was 5 isolated as a white
powder. The al iwo9rjoisogi at or of Exanpl e 133 was used to polynerize et hlyl ene
in Cerr]Derr] at 80[err]C according to the general pol ymerilzajpﬁ’f'i’1131
procedure using 60 ng of catal yst. Polyethylene (783 ng) was 10 i sol at ed.
According to the [err]H NVR spectrum of &kempiedd2i on m xture, significant

armuEt s of ?Ut ?nﬁ‘sl an?l h.%‘lﬂhﬂly?'iﬁiéiﬁ@or\’\@f f%xﬁb@l I Giliﬁedwa_s]tﬁedé;:o pol:m%e-lz:fﬁ geger EB
synt hesi s of nicke i.ni {iators, was usi n i gand,

ng of [(Jerr]Her rf‘%ﬁil%/'feef"? ]%3) §"2,§T§ﬁ'(°fr§g@ r%"%g? ) .p°A%§?’fa5W’%OV\Uer
(264 W) was i sol at prheediire dddng [68rmd ¢ catrdYTPT Blredptamer G- sUat aafs
consistent with gheijsdiatéed UE & sQwWn above: 1H NVWR (CDlerr]C[err]. 300
NVe, rt) d 14.0 (br s, 1, OH), 20 8.10.(d..1,.] = 8.1, Haryl), 7.65 (t,
|, J =8.1, Jaryl), 7.47 (t, 1, J = 8.1, 034721 (d, 1,73 = 8.1,
Haryl). 5.83 (m 1, H erfeCeXgHisttipror af Fxanpie 141 was ugef dprpolymezizes (pr (,
2. J = 5.4, HH CCHCEEhyrene indghplat (Bo°@ acchr@ink3tel Bhe Kehdzetpbljmpriz@bion WO

97/ 02298 A
£ catalyst. Polyethyl (5.6 .
PCT/ US96/ 11131 'I;ge %f?:ff:uzenﬁlingtsgrmof I%?anp e 136y$/vag engedg' t‘ogbo f/marl ze
solated as a wax.
| Example 144
—-'+
BAF
HO'Ni'N /
~

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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ethylene in CDcl[err] at RT according to the general polynerization
procedure using 63 ng of catalyst. Polyethylene was not isolated. 5
According to the [err]H NVMR spectrum of the reaction m xture, significant
amount s of butenes and hi gher ol ef ins were produced. Exanple 138 The
general synt h@gpiospmbg ni ckel allyl initiators was 10 follo 83 ng
of ligand, 50 ng of [((Jerr]Herr])Ni ([err]-C)][err], and ShaBAF.
A red powder (381 ng) was isolated. [err]H NWR (CDerr]JCl[err], 300 MHz,
rt): The conplex fornmed a clear red sol uBsamleixdsCD{err]Cl 2 with no

precipitate present. HOWRYGQhiyil BGch DOk ¥l 1206 $RLALdUDB PBYyReAQE N broad,
possi bly indicating tgar amagnetism The 15 ove structure is 't e%t atively
s it *HePh

. . a
assi gned by anal ogy*tPHegr aXagide % ToRFPEREY BohteFHISRY PPYBATE
simlar donor functirorsiure ypsig@640 mg\4D GEAD/ERO8 Polyethylene (30 mg) was

PCT/ US96/ 11131 The alblatleai 4t b ivRi & pOfdeEX amRbaidd&ovare Ub Rk kpeRBlnyBEr i Z€
et hyl ene in CDO [errh]e at

RT according tQ. a ri i.Q
procedure using 63 t'f'rg ’(rﬁac%:ﬁ’f’aTlfg e '381_‘%&%%&‘3%@'%(8%‘ ?ng%%%s“%%gﬁegol at ed.
Exanpl e 140 The al |siefingi vergt erodered Ex HiRFF cresFWRGREs CPRsdtlend With Fheri ze
et hyl ene in ( err] DikhidioatorSEtanéteh Goagarbylne g re prebacgener al

pol yneri zati on procedure using 60 ng of E?M Pol yet hyl ene (64 ng) was
10 isolated. According to the IH NVMR spectrum of the reaction m xture,

significant anodhts of ey éﬁ‘cfiﬁ'f"@ptféir EXorRts A4t BT 259R By gebgerize

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-
I3  resonance is identifiable at 1.25 ppm.
Example 147
‘-_l-t-
HaN N i pn
g.m.l{l=)\ 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: 3 NMR (THF-dg, 300 MHz, xt) 4 8.75 (br s, 2, NH2), 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,
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
(CHPRy), 54.5 {HaCCECHZ).

&)
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15 The general synthesis of nickel allyl initiators was foll owed
using 135 ng of ligand. 50 ng of [((Jerr]Herr])N ([err]-d)][err], and 328
ng of NaBAF. An orange powder (403 ng) was isolated. The [err]H [err]C,
and APT NWR spectral data for the nmajor product follows and is consistent
W th one isonmer whot#esabove structure. Gther 20 isoners may resent in
| esser anmounts: [err]R NVR (CDjerr]C[err], 300 MHz, rt) &ﬁ%f“é

(s, 1 each, N=CH and Haryl), 9.0.- 7.5 (m B, Haryl), 6. 91 and 6. 63 (br s,

| each, NHH ), 4.6 (br s, 1, H2CCHCH err]) ,exdmBe 148 3 (broad resonances in

t he baseline, HH CCHCHH ) £ .
assi gnnents ai ded by an 25T51§ l% e%ﬁgggﬁl%%i f{I:JCI—ﬁgﬁi&% %%%iz
147.4, 131.6, 131.0, 1C8YF0gip §5633 ARG peorHioe %&F’é&ﬁ%‘tfr{*bpﬂ’;ﬁaﬁi‘gé
136.9, 133.7, 130.3, 130céburd ARify ¢4 3. &, catayyse, P2GreShydate X229 mg) @vﬁhryl

attached to hydrogep) iehidee § {Hensl eriJc},mﬁ,y[ﬁ Eﬂeciﬁ'@ﬂ I’%fé&fw;’

resonances were not” observed[err]either overlapplfn
resonance or broad andtHenreRGtiqnhBixgures| batenes weye o

PCT/ US96/ 11131 Exanpl eclkéinstheneahdipt product asowonsistmnpﬂheb@éhaaas used to
pol yrrerl ze ethyl ene i rboqug,g,gg,{,] Abs R‘E,_,ﬁccpggll@g_,‘,t]ow;tla S08h&e1y 100
pol ymeri zati on procedure usin cat Pol yet hyl ene (1.60 g) was
5 isolated as a wax. %?3 ng’eﬁl ek b}l’ff%ino %‘f Exanmpl e 141 was
used to pol ynerize et hyI ene in C6D6 at BJg eﬁﬁp@%&%rdl ng to the general
pol yneri zation 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.
15 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
20 mixture, significant amounts of butenes and higher olefins were
producec. A significant peolyethylene -CHz- peak appears at 1.25
ppm.
Example 151

_j +
Ph
0. Ni_lh"_)\ Ph

3
25 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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procedure using 60 ng of catal yst. Polyethylene (5.64 g) was 10 isol ated as
a wax. The general synthesis of nickel allyl initiators was followed using
123 ng of ligand, 50 ng of [(Clerr]Herr])N ([err]-C)]2, and 15 328 ny of
NaBAF. A yell ow powder (383 ng) was isolated. The [err] N NVR spectrumis
consi st ent wiﬁ,f},t,}afzﬁ?bove structure, although contam nation by free Iigand
is indicated: [err NVR (CD[err]Cl[err], 300 MHz, rt, i-Pr l?&%éﬂ%ﬁ’!?ﬂ
resonances only) d 5.97 (m 1, H2CCHCH err]), 3.76 (br septet and br d, 1
each, CHw2 and HH CHCHH'), 3.53 (br 20 gxghpid 359 - 5 5 HH CCHCCHH) 3.35
(br septet, 1, C HW2), 20 (br d
1, J = 13.6, HH CCHCHH e ’11312i5 i“i'gizt%“ Tg fé“"e‘a‘&e 6‘? 18e u&;cgi %H Jc‘ﬁ“‘i

7.7, CHVeEMe' and Cetidtie jn CBEl3 at WD FppEzm s the general polymerization

PCT/ US96/ 11131 EX&%PA&&JASusIHQ 43| hoy bf icatdiyst.orpoafedhyreil a.vag) M4 used to
pol yneri ze et hyl eng ’h— twgg; according to the general

pol ymeri zati on pro 5?115% ﬁ%l ng 40 f1g of catal yst. Polyethylene (30 ng) was
5 isolated as a white powder. Accordlme [err]H NMR spect rum of
the reaction m xture, StxEnaflyt aixkiciator of Exafplbuisenas wied toi gllewerdtef | ns

were produced. M NQLyGSORANGES o6 AASk:loeilns ol the Meielll FB ?-anleQJ;ol?ra”Ched

pol yet hyl ene are present. | e 144 was

i ti a
used to pol yneri ze%?????’?n&sﬁnﬁ Cot% ° gt“é%[ %/r]%‘ '5‘3?513 %W RE general
pol ymeri zati on Pr ocedisted asimyhid4 prydex. (RheodH MR spepbtrupcsiops ¢che (96 ng) was
production of butenes and higher olefins. Polyethylene ~CHp-

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

MeO /O

20 at 1.25 ppm.

Ph Bar

\',

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.
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I solated as a white powder. The [err]H NVR spectrum shows the production of
but enes and hi gher olefins. Polyethylene -CH err]- 15 resonance is
identifiable at 1.25 ppm Exanple 147 The general synthesis of nickel allyl
initiators was followed using 532 ng of |igand, 229 ng of
[(CTerr]Herr]wdloghssg 1 -C )] [err], and 20 1.50 of NaBAF. 1.95 g of a

yel | ow powder a\ﬂgs I sol ated. Alt hough the free |igand exi sts PAIUSHEIIEH ne,
the 1H and 13C NMR spectra are consistent with the ligand binding to the
nol ecule as the imne: |H NV (THF-d[ er rgzamp3@isbHz, rt) d 8.75 (br s, 2,

NH2)855(d1J—5 4 I 1, J =
25 5.4, CHPh[err] 22‘ %’ﬁ“f“z’ﬁ?’ it %%%%i‘es}r 3@%% ?‘%"é‘fg‘ﬁ -'6. 7,
HH CCHCHH ), 2.01 (e§oyisne }n ePg af. RHFF‘GaI%ﬂH% hﬁ%@eﬁmpﬁlmﬁfﬁr@m] 75
MHz, rt, no'n ar OﬂBthrﬁceﬂﬁféDﬂEﬂthﬂ]ylg cissitsiysent Bolyechyderey (ABT gspmtrun) d
181.7 (N=CH), 172 —0) ... 1 ( ]CCHCH err]), 58.7 (CHPh2), 54.5
(Herr] CCRCH[err])elséngg 5\7\048"}78‘32%’19"35'

PCT/ US96/ 11131 The allyl initiator of EX#AM&-3247 was used to pol ymerize
ethylene in CDCl 3 at RT according to 4 jenangl pollymeri zati on procedure
using 40 ng of catalyst. Polyethyl erne I solated as a white
powder. According to the 1H NVR spect r¥m™Yy ffe rjeaction m xture, butenes
were formed al ong with higher olef ins; tge Phoduct is consistent

wi th branched pol yethylene [1.25 (CH2), O. Ei? (CN3)) WiBAF approxi mately 100
met hyl - ended branches per 1000 carbon at‘e)nv

The general synthesis of nickel allyl initiators was
followed using 657 mg of ligand, 238 mg of [ (HxCCHCMes)Ni(u-Br)ls,
10 -and 1.56 of NaBAF. A red powder (1.88 g) was isolated. 2Although
the free ligand exists as the amine, the 1H and 13¢ MR spectra
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 1, 3= 12.8, 6.9, HpCCHCMe3), 2.95 (d, 1, J = 6.7, HHi'CCHCMes),
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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10 Exanpl e 149 The allyl initiator of Exanple
147 was used to polynerize ethylene in CCerr]Derr] at RT according to the
general polynerization procedure using 75 ng of catal yst. Polyethyl ene (588
ng) was isolated as a white powder. 15
Exanpl e 150 We@ofdyd i nitiator of Exanple 147 was used to polé rize
ethylene in C6D6 at 80[err]C according to the general polyneri 131
procedure using 61 ng of catal yst. Polyethylene (1.39 g) was isol ated.
According to the | H NVRrspeRirpléa 0o -herr @met ithe 12gandliaté WhEophhg)Anéii cant
amounts of butenes And, BAeL:val S bhd) 3y Uik SoRb QU6 the &&L&l‘%e ay

a al “synthesis of

pol yet hyl ene - CR2- pe appears at 1. ener

ni ckel allyl initi e&%?’?lmd?‘“l’m‘l%e’ci‘cb‘éqen?r%@‘aﬁpf“ﬁf‘?ﬁﬁéndmﬂ% my of
[((err] Herr] ([errdexGitukilenedigneente 68 hage obmpleibkisre théPefige ctﬁsneatpaé £

green powder wassisolated. 70 WO 97/ O%m
PCT/ US96/ 11131 The allyl initiator of Exanple 1 yas used to polynerize

ethylene in CDCl[err] at RT according t d®ne aI pol ymeri zati on
procedure using 45 ng of catal yst. Pol yebgl e/pcy g% g) was 5 i sol at ed
as a white powder. Exanple 153 The allyl ini ‘l ator FExarrpI e 151 was used

to polymerize ethylene in C[err]D[err] at Reiccordi ng to the gener al
pol ymeri zati on procedure usi %al ene (93 nmg) was

f t al
10 “isolated as a white TBBHBF>! TR g?"rfg aﬁ%ﬁsﬁé‘@f "’t’he

followed using 115 wg of ligand, 50 wg of [(0385)111 {(u-Cl)}2, 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 +
| \

s NN 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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production of butenes and hi gher ol efins. Polyethylene -CH err]- resonance
is identifiable at 1.25 ppm Exanple 154 The allyl initiator of Exanple
151. was used to polynerize |15 ethylene in CJerr]Derr] at 80[err]C
according to the general polynerization[err] procedure using 67 ng of
catal yst. Pol weéweee (169 no) was isolated. According to the |H NVR
spectrum of the reaction nixture, the reaction was producti Velgﬁﬂﬁ!ﬂf@llﬂ
formati on of butenes and hi gher ol efins. Polyethylene -CH err]- resonance
is identifiable 20 at 1.25 ppm The genegadmpss/ihesi s of nickel allyl

initiators was foll owed in 3 i 0p

[(H err]CC(CDl err] Me) CH 213’?] %&i‘z’% [13£r Erlf?‘j”zé* *%‘r"?'ﬁ a0 " é‘%%d 78RSt " NaBAF.
A gol d powder (0.792ethyionesis §Bflat &% RT ppcordingnEg phe) gsupgal polymerization

PCT/ US96/ 11131 Exaqnplksredi® deifig aklng of Ratdigétar relydtigient (725 was used to

pol ynmeri ze ethyl ege i,n r 1.0 e C i t I
pol yneri zati on prgce ﬁ?lgeﬁgs‘i %61{%6‘%?5%—5@1%3%?4 9%5 Poé‘t ‘E%tgﬁé;g%%c@:fsg) was
5 isolated as a whithat pispéficantTREOUGEH Of Jutenesia9d JHghest olnfinapeny | y|
initiators was foll opeskubéd.Nng 657 ng of |igand, 238 ng of

[(Herr]CCHCMe[err])Ni ([err]-Br)][err], 1%9@59.1&%56 of NaBAF. A red
powder (1.88 g) was isolated. Although t ree ligand exists_as the

e
amine, the I'H and 13C NVRIRepidwr} 438t A% B5t @it 26f &A= e P PR B+ #fdi ng to
t he nol ecul e as tite ienkyiene iiichpiRat GOPEmrd@hingr tg the3Bénelhl polymprikaBiot] (d,

1, J = 5.4, N:CH) ) procedure using €8 mg of catalyst. Polyethylene (77 mg) was
isolated. The 1H NMR spectrum of the reaction mixture indicates
that significant amounts of butenes and higher oclefins were

produced.
15 Exanple 165
—] *
@ﬁ
SN BAF °
|
.

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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7.8 - 6.8 (m 17, Haryl), 5.42 (d, 1, J = 5.4, CHPh2), 4.80 (dd, 15 1, J
=12.8, 6.9, Herr]CCHCOM2), 2.95 (d. 1, J = 6.7, HH CCHCMme2), 2.03 (d, 1, J
= 13.5. HH CCHCMe2), 0.77 (a, 6, H2CCHCMeMe'); 13C NWR (CDlerr]Cl2, 75 MHz,
rt, non-aromatic carbons only, assignnents aided by APT spectrum d 202.4
(C=0), 182.6 109.1 (H2CCHCWe2), 59.7 (CEPh2), 53.2 (HZCCI-|CIVE123%1,
43.1 (H2CCHCME?Z), 26.0 and 20.8 (H2CCHCMeMe' ). Exanpl e 1PGT/ESWIAIy |
initiator of Exanple 157 was used to polynerize ethylene in CJerr]Derr] at
RT according to the general polynerizatigggphgcgdure using 61 ng of

catal yst. According to the IH NHR 25 spgctrurgg ssi g‘pi fi csnt anount s of

but enes and hi gher ol ef i i%® &:Ya PAHERIRRET SRS 151 A°nieF S FPLEPER ANl e
157 was used to pol eseylere iattPfleat RIrpcCprdipy Docthe] saerd@lmezazatioy to t he
general polyneri zat iRBcedlre RESGEMAURSE ol B YRS, MBo19beryBémal 1638 .mg) ARGOr di ng to
the I H NWR spect rum of th& reactjon m.xture, significant armounts of butenes
and hi gher ol efi ns WEPYTS? SGuT &FSF 27" \W07/ 02298 For Exanpl es 160 - 177
where the |igands are thiophene and furarBa@ea&l ves, the [err]H NWR
spectra of the products @héaliyy gaental of Caamprexissnehsi ek udepdIpherikban one

speci es. The structur, ?‘l’ assj ganent, s,k ggggﬁgﬁ%mh«%:%ﬁ%%%%; QV%%?%&%F%OV\Bd

tentative. The genereé" lsenﬁtlﬁesﬁg of ni_ckel

using 115 ng of | i gavacedspe ¥§ings 53 PESE[BEPYPRt ( PRYPPVER® a8 PE, 1ampted:

10 however, the 1H NMR spectrum of the reaction mixture indicates
that significant amounts of butenes and higher olefins were

Example 168

A\ v
Q@N% BAF
&

formed.

N
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.
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328 ng of NaBAF. A sticky dark-red solid (185 ng) was isolated. 10

Exanpl e 161 The allyl initiator of Exanple 160 was used to pol ynerize
ethylene in CDCl 3 at RT according to the general polynerization procedure
(with the exception that 5.2 MPa of ethyl ene was used) using 57 ng of

catal yst. Polyglobyiege Was not isolated. 15 According to the 1H NWVR
spectrum of the reaction mixture, significant anounts of butRGTEESAH3hi gher
ol efins were produced. The general synthesis of nickel allyl initiators was

20 foll owed using 173 ng of |igand, 8Exagkiefies

H N ofe wd
(k) et Lol et 98 Moty oF Bledfl s Ose B Ve B RUGE, PO

allyl initiator of ERARPT & BFAL A AEBHRG TP FErezth PPLMETIZALIMA 3 at
RT accordi ng to thergedareahsipgl ey pf ahtaiyspmaod adequdv USl ng) Gf BlFsBE) 3

catal yst. = Pol yat hylgng; ({2 @Qiyel@ﬁﬁeﬁb (185 R 12 WEL 1501808 Jba'\lbﬁ?%&%r“m of

the reaction mxture | n I cates that significant <'3.I'TDUT“:Fﬁif7 enes and

hi gher ol efins vverérh'brao"ﬁ@e?“"?':’i?ﬁr?ﬁl e BRCHE BPTEDTe 8¢ *bf Exanpl e
162 was used to polsjgeificegt ledounss [pf| butenemn ay] dighepjcdefips MexrBreducpl

according to the ggRerRlyReyIMIE-tZAl iddnPiceCRliene1£3iElg £81 1M Him.Cat al yst.
Pol yet hyl ene (77 ng) was isol ated. The ect rum of the reaction

m Xture indicates _l+
/(\»ﬂ
S

The general synthesis of nickel allyl initiators was

10

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.

-"| +
D
S- p{rN BAF
o~
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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that significant anmounts of butenes and hi gher ol efins were produced. The
general synthesis of nickel allyl initiators was foll owed using 65 ng of
ligand, 50 ng of [([err] CCHCMe2)Ni ([err]-Br)]2, and 213 ng of NaBAF. An
orange powder (163 ng) was isolated. 74 WO 97/ 02298

PCT/ US96/ 1113 1whwpdegy! initiator of Exanple 165 was used tOB(EI' rize
ethylene in CDC13 at RT according to the general polynerizati ’ﬁ/’é'égahre

using 40 ng of catalyst. Polyethylene (823 ng) was 5 i solated as a white
powder. Exanple 167 The allyl initiator ofxdmeasgpbe 165 was used to

polymerize ethylene in (gl rllq[yg A:ﬂk?ﬁgg Qeq_ggq{ag ‘{lﬁdl r#qt}%g&rgeral

pol ymeri zati on procedure usi S not

i sol ated, 10 howevefPtbwpee ip ‘NRR‘E rFé'cT‘f‘ﬂ’Fﬁ"B? “Ph’é‘er%’&Eﬁlo?Plﬂﬁ“WEﬁ“é‘m
i ndi cates that signi bremabreatEingt=™ wf obubeilpgst .aneblipetdipbimeolr0b imgs waer e

formed. Exanple 168 1p,.teq. TheTi}?Nﬂ? Q c@h«ﬁé’ﬁkﬁ@%&:&&l leﬁ;lﬁ?é ifdilc¥les

initiators was foll owed usin mﬂ
[ (H err] CO(CO err] Me)bsy éf?ﬂl?ﬁaet é‘r'?‘jnts ‘]Q‘f%’fers] ““ phghex erfg%f'e’rﬁaBAF. An
orange powder (1.30 @yodwmed. sol ated. 75

/Q,;;N

con
10 The general synthesis of nickel allyl initiators was
followed using 327 mg of ligand, 272 mg of [(C3Hs)Ni(u-Cl))z, and

"'l-l-

1.01 g of NaBAF. Aan orange powder (1.42 g) was isolated.
Example 124
The allyl initiator of Example 173 was used to polymerize
15 ethyvlene in CgDg at RT accoerding 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.
20 Example 175
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.
25 Example 176

j +
00 Nli-N 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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il

WD 97/ 02298

PCT/ US96/ 11131 The allyl initiator of Exanple 168 was used to polynerize
ethylene in CDC13 at 80[err]C according to the general polynerization :
procedure using 77 mg of catalyst and 1 equiv (31 ng) of B(C[err]F[err])3 5
cocat al yst. JRhsvgl ene (198 ng) was isolated as a waxy solid. The 1H NWR
spectrum of the reaction m xture indicates that significant 131

but enes and hi gher ol efins were produced, the polyethylene -CH2- resonance
is identifiable at 1.25 ppm Exanple 17@zdiidh@zgener al synt hesi s of nickel

allyl initiators was fo,hl) 0 bg‘%&q‘fé{éﬁﬁam&nlhg%g us;? ?‘&“% io| err]

Herr])N ([err]- d)}z, or ange

i sol ated. The geneleall‘ﬂg??lt‘ﬁé??’s? b‘f R3j aqeeraing 50| b Ao cﬁ"%”%&ézﬁ"bﬂ ovved
using 329 ng of |i gasmkiurkdtsing «fnd CHIECHTH2) R bplortiylBre) (i isgldred.02 ny
of NaBAF. A stiscky red solid (742 ny) Jgshsolsated. 76 WO 97/ 02298
PCT/ US96/ 11131 ‘fhe allyl initiator of Exanple 1 sas used to polynerize
ethylene in C6D6 at RT according to the g%nerE pol ynmeri zati on procedure
using 77 ng of catalyst. Polyethyl ene s 5 isolated. The 1N NWR
spectrum of the reaction mxture indic gg ggAr_fl cant anmounts of

but enes and hi gher ol efins were produced. anp e 1

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.
Exanple 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 accorﬁing to the general polymerization
20 procedure using 82 myg of catalyst. Polyethylene (2.01 g) was
isclated.
Example 181
5P T
AlEl:N Ni'N‘Rr 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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10 : The general synthesis of nickel allyl initiators was foll owed
using 327 ng of ligand, 272 ng of [(C3H5)Ni ([err]-d)32, and 1.01 g of
NaBAF. An orange powder (1.42 g) was isolated. Exanple 174 The allyl
initiator of Exanple 173 was used to polynerize 15 ethylene in C6D6 at RT
according to tiwpegmasgal pol ynerization procedure using 78 ng_of catal yst
and 2 equiv (29 ng) of BPh3 cocatal yst. Polyethyl ene was not PGEHP¥SAH31The
| H NVR spectrum of the reaction m xture indicates that significant anmounts

of butenes and hi gher ol efins were producg@mpiz0is2
Exanpl es 175 The allyl ingilig g&ﬁr 198 E&@@l% 3, @S S %9:{90 rreri ze

ethylene in CDO 3 at 801[(err Hccord enera P1Za | =5n
procedure using 78 ntfr¥tentatafFeRst atRY ai”é’ﬁ’cﬂgvt‘( e ggyergt mivmEstxFierr]) 3
cocat al yst. Pol yet hypwoaeife. . 39ngye wgofi cohntsed. pdlyethylene (147 mg) was

Exanpl e 176 The apovg.ggnaral procedure for nickel allyl initiators was

foll owed using 62 ng of [igand, 50 ng of H2CCHCMe2) Ni ([err]-Br)] 2, and
213 ng. of NaBAF. An orange powder (188 rrgé‘(‘ﬁ%’f—i"?o | ated. 77 WD 97/ 02298

PCT/ US/ 11131 Exanpl e 177 Thaelad) yjhiristior | cft Bvample Eampd osdd/ 6o palymersied t 0
pol yneri ze ethyl ene idhyiddelsh 2bciRKlac260 ddcAtibg :Br&egﬁaefaalpa@%&mtk&atl on
pr ocedure usi ng 40 n& %Ldu%g'tuaélx o th my ofpgaltXPystyl %ofye@gsl c2434 mgq was
10 isolated.

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 &

_Bx. No. iligand |Ligapd/Nilg. PE|Tm, °C |

184 115 1 o .l 123
188 13 1 2.4 -
184 1172 2 2.7 =
187 118 3 8.0 -
[}

i E

N N

COH

) NH,
15 "6 1n?

20
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Exanpl e 178 The general synthesis of nickel allyl initiators was foll owed
using 462 ng of ligand, 153 ng of [(C3Herr])N ([err]-C)]2. and 1.00 g of
NaBAF. A beige powder (1.68 g) was isolated. The 10 stability of the
conplex is poor in CD2Cl2 and TNP-d[err] at RT. Only broad NWVR spectra
wer e obtai ned Egﬁ?ﬁﬁove structure is therefore tentatively assigned.

ally

Exanpl e 179 THE initiator of Exanple 178 was used to p 181 15
ethylene in C6D6 at RT according to the general polynerization procedure
using 82 ng of catalyst. gt hyl ene was not isol ated. Exanple 180 The

allyl initiator of Exanp aused to polynerize ethylene in CDC13 at

80[err] C according to t | ymeri zation 20 procedure using 82 ny
of catalyst. Polyethyler A~g¥ was isol ated. The general synthesis of
nickel allyl initiators was 25 foll owed using 462 ng of ligand, 211 ngy of

WD 97/ 02298

PCT/ US/ 11131 Exanpl e 182 The initiator of Exanple 181 was used to

pol yneri ze
Example 188
. Synthaesis of 50
9~Anthraldehyde (3.70 g) was dissolved in 100 ml THF in a

5 200 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

10 by filtering, followed by washing with methanol and 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).

15 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

20 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

25 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

30 (m, 18, Hayyl and CH=CPhz); 13C MMR (CD2Clz, 75 MHz, rt,
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ethylene in C6D6 at RT according to the general polynerization procedure
using 76 ng of catalyst. Polyethylene (147 ng) was 5 isol ated. Exanple 183
The allyl initiator of Exanple 181 was used to polynerize ethylene in CDC13
at 80C according to the general polynerization procedure using 76 ng of
catal yst. Pol yeegwroeng (434 ng) was 10 isol ated. Exanples 184 -

Fol | ow ng the procedure of Exanples 23 - 66, ethylene was pol Y31 The
results are reported in Table 6.. The structures of the ligands are listed
after Table 6. 15 Taidségrmehtxs wii® aidegchydan A¥Y gpevtifuni d RB4.0 (G0 [ @44.f, 184

ﬁ? % g 0 143.1, 145.71801.2, 1374345 134.7 12k .3 an651?18415 (Caryl noéL86 O
97/ 02298 "' attached to hydrogen and =CPhz), 136.6, 133.6, 130. 1pads. 6596/ 11131

Exanpl e 188 Synt hesi $280¢. 308 3 AAThé.alekehy des(13. 1723 -3) 198, dksapl Mad” mpd | 00

m THF in a 5 2005 M 1{o0pN@ pﬁt Lmﬂgda%hy&eggnh&,dm&mﬁmmtlon was added
dropwi se 2.77g 2- ant hrani | am de (in 20 ITHF2 !pen 4 drops of formc

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
10 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
15  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).
20 Example 191
Synthesis of 54
i,i-Diphenylacetaldehyde (3.9250 g} was dissolved in 30 ml
anhydrous methanel. To this refluxing solutiocn was added 2.7230 g
2-anthranilamide {in wethanol)}. Soon a yellow precipitate formed.
25 . 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.
30 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,
35 143.4'1, 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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e
acid were added to the m xture. Soon after adding the formc acid, yellow
preci pitate began to form Heating and stirring were continued for another
2 h. After cooling, the solid was isolated 10 by filtering, followed by
washing with methanol and TNF to renove excess 2-anthranilam de. TLC (5:1
hexane- et hyl m{,% showed a si ngl e new band. The dried product wei ghed
3.59. [err]H O 8in ppm:9.82(s, IH):;8.90(m 3H); 8.BOHUR6/M1131
3H)7.90(d, 1);7.67.7(m 7H);7.45(t, 1). Exanple 189 Synthesis of 66
|, 1 -Di phenyl acet al dehyde (0.4906 g) wasgghimpsohyed in 30 ml nethanol. To
this hot solution was added 0.4881 g Wuor enone (in nethanol).
Then 6 drops of formc acid 20 was cat al yze the reaction. Soon
after adding the form & adighenylpseba)dghvags (4 fi28 sy U‘I’i gipseired 29 Mdm yel | ow
to orange red, theatydrdieapeiadl. Ao tthiss hpoisolutidi Gs( &dkdimrareeget hyl

acetate) shovved t he recipitate
formed. The preC| pm?t%gpg%%g:&?g a((%gwe |glls’t eﬁﬂﬁ%o%?&?%he%%%qgg washi ng

with nethanol and H’E%Paﬁéfm"l'%%’ﬁsé&%?'ﬂﬂ%t‘svﬁ@ A8 YD . AFPO TR 13C and
APT spectra are comsiest entteni dddiricdhellexhs methyd agthrizhidaps .ot beatswashe enami ne

structure shown abw&ea |2 ad&ﬁh&%&ﬂfa@rmiw Bret@siceq big arere& Byem- 1 ay

crystal l ography. IH 2C 2 t 12 1, NH)
7.6 - 6.85 30 (m T&%Prﬁ%PW"%mﬂs gtlﬁmg(é?)}{‘ffe!?yr yashizg

80 WO 97/ 02208 with methanol. After recryst:allization in methancl, 2.6g product
PCT/ U896/ 11131 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.

15 1 NMR (CDyClp, 300 MHz, rt) & 9.94 (br 4, 1, J = 11.73, NH), 8.0S
- 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:l not
attached to hydrogen and CH=CPhy)}, 134.5, 132.0, 130.3, 129.0,

20 128.4, 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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assignnments were aided by an APT spectrum d 194.0 (C=0O, 144.6, 143.1,
142.7, 141.2, 137.7, 134.7 121.3 and 115.15 (Caryl not attached to hydrogen
and =CPh2), 136.6, 133.6, 130.1, 129.2, 128.9, 128.3, 127.6, 126.5, 126. 1.
123.1, 121.9, 120.4, 112.7 and 5 110.8 (Caryl attached to hydrogen and

=CHNHAr ) . Exanwlosa2esSynt hesi s of 63 3- Am noant hraqui none (2,2323 %aawas
g‘f‘f'zﬁ’ﬁ’%ﬂq L

dissolved in a 1:1 m xture of nethanol and TEF. To the hot s

added 10 1.9625g |, 1-di phenyl acet al dehyde. Then 8 drops of form c acid was
added as catalyst. After refluxing for 4shamgheappng was renoved. TLC (5:1

hexane: et hyl acetate) showed the appear w band whi ch was purple.
The sol vent was renoved by rotary evaporator. solid was resuspended in

€ .
ether and stirred. FiltePd@tFalasvio|(t 8624 Bha™E SPFERVPOIT SRt By 2whghi ng
with a large anmount wmdicuet (e marhincl apdstHfg|tbe (Fapekhrainlodivee détinotPur e product
\\A/@S| g' i 020bt al[ ne@] aﬁiﬁédlb%%ﬁgﬁ%t&lbrﬁmmpwr% Qngd \fle%axmg(r)wz&ﬁel wald.

i e . 29. err n, P, 1. 7 . m_2H):
7.25-7,85(m 16H). Zgg/e% gropw:.se 1.7%249 2.%pg}:.ssopropyl§('xglié§.an€lreéz %f%;:;?:&cﬁesi s
of 54 i,|-Di phenyl aces souplepee 4(HopD 50 fgFmigadeid vere | addef ps c8ERLKST -/ dr ous
met hanol . To this reablibibhGas Petiuxed roRanabded R bé2Re & YasiBid1eani Asderde
(in methanol). Soon a | | ow pr.eci pi f . r eaal
2- ant hrani | am de vvas“ﬁ%%é‘%l ,°vﬁea1ehftﬁgA gﬁi&%‘é’télgr&%gn V\gafgga{%%n?hl%n%oelgg%? anot her

hour. Wen cool elf, tifelasse iy ﬁaaseﬁig%ﬁa’tl@ae%yvﬂafg%i@m gt mHhanely| jedds t hen
resuspended in met hane ofsddied @eodand t oW itbev.ed idvpphid 516, The 1H, _

13C, and APT spectr aufl£ o6 Q)Shsl £2b (M i) ;& 38 (€ Xbdt; 91¥s8m Olimyt; h&oRE 0duUCt
2H);7.28(t, 1H);3.30(hep, 2H);1.30(d, 12RH}.
Example 194

05 ((-N(::m-)) . \\Q\L + NeBAF

15 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.

20 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.

23 Example 196
K P
Sl _
0.5 <('-Ni. Cl.Ni-)> + + NaBAF
£ F

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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30 as the enam ne structure shown above: 1 H NWR (THF-d[err], 300 MHz,
rt, assignnments were aided by an APT spectrum 8 10.86 (br d, 1, J = 12.10,
NH CR=CPh2), 7.60 - 6.85 (m 16, Haryl, CH=CPh2, C(ONHH ), 6.60 (br s, 1,
C(ONHH ); 13C NWR (THF-de, 75 WMHz, rt, assignnments were aided by an APT
spectrum [err|wodl/os2ef C-0), 145.9, 35 143.4, 139.7, 120.0 anci, J]}‘% éacaryl
not attached to hydrogen and =CPh2), 113.4, 131 1, 129 4, 128.

125.9, 124.9, 117.8 and 113.4 (Caryl attached to hydrogen and =CHNAr).

W7/ 02298 Example 197 '

PCT/ US96/ 11131 1, 1- Di phermpkaneynlisahyse ¢Hetshade g)ewasudéawlpugd‘emem m
anhydrous et hanol . JohebblessiiRhas O hir hcti: 8002 A3, o llEL oo

anthranilate (in nethano The col or soI utio
col orl ess to yel | ow BOCEHBR “Weng ¢ "’@o‘?f'pﬁﬂ"éﬁ?% -WePe sthxlege PFG’FE’F‘* Hﬁﬁjl ng all
t he net hyl ant hr ahi Iatze;.amba bae amswasuineechsed fro Durnmgaenhi ng, a zeyel | ow

precipitate began tom%.gr Qhﬁggﬁcuy %;gdgcégas ﬁQ'llne:fi& %epé’mﬂ det 8l N9

fol |l owed by washi ng After recrystal tronin rret hanol ,
2.6g product was obtﬁ‘?aﬁé’d’” "ﬁi‘é‘“ﬁ—l’ HLORATL SR APuRLS, OF Hubener A%nt wi t h
t he exi stence of thehishex9defias utehepemqethe structure shown above. In
addition, this structure was confi rrred bygmpfe/ 164 YSt al | ography. 15 1H NMR
(CD2C12, 300 MHz, rt) [err] 9.94 (br d, 1, J =11.73, \H), 8.05 - 6.75 (m
15, Haryl and CHNHAr), 3.78,(a, 3 Owve); 13CRIMRF CD2C 75 MHz, rt,

assignnments were aided %a ct Lum 8 J68 0 | 145,4 .9,
138.4, 120.9 and 112.1 tached F-e i-dgenYefd CH= ),
134.6, 132.0, 130.3, 129.0,

10 F F
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
15 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
20 produced.

e 200
os (=) Q; % :b + NaBAF

The general synthesis of nickel allyl initiators was
followed using 111 wg of ligand, 50 mg of [(C3H5)Ni{u-Cl)lz, and
28 328 mg of NaBAF. An orange powdexr (347 mg) was isolated.

\
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20 128.4, 127.3, 126.7, 125.9, 123.4, 117.7 and 112.4 (Caryl attached to
hydr ogen and CH=CPh2), 51.8 (Ow). 82 WO 97/ Q2298

PCT/ US96/ 11131 Exanple 193 Synthesis of 58 9-Ant hral dehyde (2.0624 g) was
di ssolved in 60 mM of a 1:1 m xture of nethanol and THP (the

9- ant hr al al deypd/ashegl Not 5 di ssol ve conpletely in nethanol To this
refl uxi ng solution was added dropwi se 1.7729g 2, 6-di i sopropy® SMwIV\hen
the addition was conplete, 4 drops of formic acid were added as catal yst.
The solution was refluxed for another fxadwpixedore it was cooled. After

st andi ng overni ght, a.rxgl;l@yy mka&&rgc%ﬁ; gk w;[';lgsgdog gcwg,? %(r; i sol at ed

by filtering followed by washi ng w.t h nmethanol I ed
product. [err]H RRRIEDRFELs $%) $0°0 RFForEns; 1o She fﬁ?ergl(?g STHRF IS 20 s,
1H); 8, 20(d, 2H); 7e®5¢dnre Ading/ 28R R GaRpITEL25 (The ethflele 3@!(459{# waH) ; 1. 30(d,
iggi) Th](ca lgene{ 3I ;ﬁyemh@s# .2 b AAkGlee! irdkbaskaictid. is?iperﬁcaxaa 1}‘10| Aqgeg4gsi ng f
ng o i gan err f4l err n ng o
NaBAF. A yell ow‘b‘% P‘%ﬁ%’(’ﬁ'ﬁ m%asls_L%sdg at eg&'g 3 Wg%’L% Zi0] & The
allyl initiator o?%‘k’eﬂﬁ‘p‘f"é‘t&?m Gaaiy siggi ﬁkﬂ’%réi“?“i‘é’ ef thyrenee and
Cerr]Derr] at Sf{gaer polefiascrti pgpduced.ne general pol ynerization procedure
using 64 ng of catalyst. PolyethyleneglflO4 g was isolated. The [err]H
NMR spectrum of the reaction m xture gd that significant amounts of
but enes and hi gher ol efins were prod ‘ h

10
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).
@L Ko

Using 5.43 g of 1,l-diphenylacetaldehyde and 2.71 g of

25

aniline, 5.68 g of yellow powder was cbtained following a
synthesis anglogous to that of the 2,6-diisopropylaniline
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, xt) & 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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The general synthesis of nickel allyl initiators was followed using 129 ng
of ligand, 51 ng of [((Jerr]Herr])N ([err]-C)][err], and 317 ng of NaBAF.
A sticky orange solid (217 ng) was isolated. 83 WO 97/ 02298

PCT/ US96/ 11131 Exanple 197 The allyl initiator of Exanple 196 was used to
pol yneri ze et hyogdeg CDCl[err] at 60[err] C according to the general
pol yneri zati on pro@;%aiaﬂre using 24 ng of catalyst. The ethyl erﬂgtﬂ?%géﬂf’b was
5 initially 1.2 MPa and was increased to 6.9 MPa after 1 h. A fewng's
of polyet Eyl ege \r/]vasn-pr@iygg,edh- Thesdeer.r 14d. ];vaﬁzs.paecizrsum ds. kﬂ&zf Qac; i on

m xture showed thaf,signitica S u S olefi.ns were
produced. Exanple %29 18’ %hsg E%ngpg tgarﬁg :g'lsalgse‘% nf‘c%& % |L?|| F‘i"ators
was fol | owed usi ngCa38dhy S FigSpid H=E8h2iy 377 (CB=CPh2)

[((Jerr]Herr])N ([err]-C)],[err] and 2fGpig20f NaBAF. An orange powder
(380 ng) was isolated. 15 The aldy inlglator of Exanple 198 was
used to polynerize ethylene in Cerr] dt” RT_at 5.2 MPa according to

t he general polynerization procedure ‘ catal yst. Pol yet hyl ene
(29 nmg) was isolated. The [err]H N ecirum d_#he reaction m xture
showed t hat si g?lflcant amounts of buteNes and Ai gher ol efins were 20

produced. Exanple 200 The,general; SYM beSi -paladdbfli€! 1n2ld ¥ oMbk QLT S VS

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

10 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

1¥  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 -

20 3143.]1: 3H NMR (CDClj, 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-

25

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
30 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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foll owed using 111 ng of ligand, 5( mg of [(CJerr]H err]N ([err]-C)][err],
and 25 328 ng of NaBAF. An orange powder (347 ng) was isolated. (Exanple
201 has been onitted) 84 WO 97/ 02298

PCT/ US9/ 11131 Exanpl e 202 The allyl initiator of Exanple 200 was used to

pol yneri ze et hyoongabgy CDCl[err] at 60[err] C according to thﬁgq, ner al
pol yneri zati on procedure using 23 ng of catalyst. The ethyle &s e was

5 initially 1.4 MPa and was increased to 6.9 MPa after [err] h. A few
ng' s of polyethyl eme the Snipruzd Ve@dthed et itidd NIVRr gltot 1 8Ame Ooff theepradact | on

m xture showed t hgjresip@ictiguands am@acgossaiumtaaﬂ@wiwdwmmer shefdens were
produced. Exanpl e%‘(ﬁB 10 Usin 5‘147n of aha vl ascggd%ddtehxggo d 3.60
g of 2,6- di met hylRiFRA&?® SERYG 0 "Hn oran e er was obtai ne

fol | owi.ng a synt hesesprafnekogBbs w@tﬁ%%ﬁlﬁﬁe t‘G’°H$‘? SoFFEB KRNI | i ne

derivative given ahewe, thaccehetd bk whees|with anr] AR thpecivest ane 15

consistent with the exi slepce of .th r e shown
above:. [err]H NVR ("85&1 errcjuo 36%2 wg&iu, ;[" eghﬁtﬁ'}@maﬁlg b Hary),

6.88 (d, 1, J = 12877 tongfyEC=Tig 9t an off-whjte powdgr %EW ‘ﬁR‘%ﬁcﬁ‘_’&Ph 2),
2.37 (s, 6, CO6H3- Ne) ;rt) &rs]2€ (R, (CDBHB, 775 MHzos (mi S aasignneses ai ded by

an APT spectrun [gsregletléllz é}Me})4017os gp 24 [g;,é, 9 and 131.1 (Ph: G pso;
Ph': Cipso; Ar: G pso and 131. 9.3, 128.9, 128.3, 126.9,

125.4, 124.8 ady 123.8 (Ph: Oo

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
15  an off-white powder: 2IH NMR (CDClz, 300 MHz, xt) & .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

20 solution of diphenylacetaldehyde (4.44 mi) 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

25 gtirred over NapS0O4 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,

30 T =12.1, -CHNHAY), 5.37 (4, 1, J = 12.5, NEAr), 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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Cmn Cp; Ph': Co, Cm Cp; Ar: Cm Cp; CH=CPh2), 114.0 (CH=CPh2), 13.8
(Jerr]Herr]-M[err]) Exanple 204 25 Using 5.43 g of :
1, 1- di phenyl acet al dehyde and. 2. 71 g of aniline, 5.68 g of yellow povvder was
obtained followi ng a synthesis anal ogous to that of the

2, 6-di i soprgiVspdegi Ne derivative given above. The IH 13 BpSpectra
are 30 consistent with the existence of the product as the enam ne
structure shown above: [err]H NVR (CDCl[err], 300 MHz, rt) [err] 7.6 - 6.8
(m 15, Haryl), 7.18 (d, 1, J = 12.1, PhNHCH=CPh2), 6.12 (d, 1, J = 11.8,
PhNHCH=CPh[ er r Jixs: [cgr.r h& NNR:@CD@EL«{ erg.|s, (AF5 Qdzo. Ph; caﬁ-.sl.gments wer e ai ded
by an APT spectiunm, [Akld, 1425/ 12441 $e28d1338, 5% R 153, PSQ24 8Oana VO

97/ 02298 PCT/ US96/ 11131
Ph': G pso: Ph324-GiBsofor Fmolel PHooSe, Sandei 2iSg: fr 908 106 5 125 5.
124. 8, 120.0 andsld3epce®h. 1BCOF (CMpe20p;23Ph’ (C!"@@) Cm Cp; Ph'': Co, Cm Cp;
CH=CPh[err]), 117.7 (CH:CPh[err] Spiambie@nadqat o3 02 g of 2, 3-but anedi one in
10 nL of MeOH and 2. 92 mcre were mxed. together in a round
bottom fl ask. For ni 3"%1683“ 1% ahe Q'9])1""'; %(E:ll \7?asyné’e "fgq‘s%ﬁ’g[ er -1.5 h, a
preci pi t at e hacdrbesdures AW %@F%ﬂ"“i or?’—?ﬁé’s"t"lerﬁ*@ﬂ“dv«aﬁ*’ﬁlﬁh%e 10 and the next
day the precipitatea\aore) hesa cstabystawdsr addeans saetiesdolisbluto®i banol . The

d hen di O
product was t erxlaf |1%s d\éegml bhe ?gx{e] ﬁ:@dzéEé;oﬁ%Q&é%r@sg%ﬁpegl ite and

Na[err] SO err] t1ron was | tered through frit wt
t he sol vent l‘\/\/asaqdthfvﬁﬁf“PW“QaR?ﬁB‘p"ff“le Yfif; cotlected on a frit and washed

with methanocl. The product was then dissolved in Et30 or CHaCl2
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.

15 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.

20
Example Ligand Synthesis and NMR Data
209 '8 +BY | procedure . 1H NMR {(CDCli, 300
MHz, xt) & B.S7 (s, 1, CHeN), B.43
2] e

=N (dd, 1, J = 7.8, 1.6, Haryl), 7.64
| tBu )44, 1, 7 = 7.6, 1.3, Bary1), 7.55
? ¢, 1, = 7.2, Haxyl), 7.46 (tﬁ,

t-Bu i1, 3 = 7.4, 1.7, Haryl), 7.37 (s,
2, Haryl)- 1.37 (s, 5, CMe3), 1.28
(s, 18, CMe3), 1.21 (s, 9, CMes).

210 . Procedure A. 1H NMR (CDCli, 300
MHz, rt) 8 15.30 (s, 1, OH), 9.09

l {s, 1, N=CH}, 8.1 - 7.2 (m, 9,
c on Haryl). 3.12 (septet, 2, CHMe3),
- 1.25 (d, 12, CEMes); 13¢c mmr
{CDClz, 75 MHz, xt} § 161.7 (C=N).




pi nk powder was obtained (1.72 Q).

The [err]H and [err]C are consistent 15

with the product existing as the cyclized diam ne rather than as the

di i m ne.

rt) [err] 6.9
each,
122.3 (Ar: G
(- OC( M) NH-)
g of lithium
flask and dis
oxal-yl 30 chl
was added to t
97/ 02298

and 't he m xtur
out of the Et[

renoved i n vac

sol uti on was f
with THF, and

pent ane and pu
30

(CDCl[err],

[ Not e:

Me, Me');

wi t h gl yoxal

Literature precedent for this cyclization reaction exists,
such as in the reaction of o-am nophenol
0- am nobenzoic acid w th gl yoxal.
O g. Chem Y§A30224%

or the reaction of

See: Kliegman, J. M; BWISK- J.
) , 3140 - 20 3143.): [err]H NWR (CDCl[err], 300 MHz,
- 6.5 (m 6, Haryl), 4.58 (s, 2, NH), 2.20 and 1.62 (s, 6
- Jerr]CNMR (CDO[err], 75 Mdz__rt) [err] 141. 7. 127.1 and
SoO. Co'), 122.6 119 8, 114.9 (Ar Cm Cm, j 82.0
22z1h ahd 16.7 ( | ) | pi2Bedure enlt‘l'x)gm-ltmllsedodryhox, 20. 01
, 6- di | sopropyl an gz, PHacedsid a8, 3; @k g.e4ind [bot t om
ol ved {n 300 nje'of t[er&lo %ggl_g nkésolusrpngf 6.93 g of
ori de yas plackd i an addi %i on tunnel he" oXal yl |chl ori de
e reagti XN e ovellBerypbr Pkt 6F: SeMef al hours 46 WO
PCT/ US96/ 11131
Eas f ecipitate
err] 0 gol ution gl ong w tlh Lid..Sone of the Et[darr]0 was
0 23hd {enough TH acaé‘ifef“éfed?sso’l’\"g“t‘ﬁg Yr oflct .| The
| tered through t $H Bt) SCal.-1% ds. AhcOHCe|H 83 s washed
he soljvent “renpved li(g, daaien) ,Ther produgd, vas washed with
;ped driy to (la aR. 72 gnaryﬁn 208 -whig eMeqomler 1H NVR
c _Ct_
213 Pracedure &. IH NMR (CDClz, 300
F\/l\’ MHz, rt) § 12.27 (s, 1, OH), B.8S
J\/l\ {N=CH), 7.€ - 6.9 (m, 4, Hayyl):
13c MR (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, xt)  B.20 (s, 1, N=CH), B.O -
'L 7.0 im, B, Baryl), 3.00 (septet, 2,
¢’ CHMez), 1.21 (4, 12, CHMez); 3c
NMR {CDCly, 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. 3§ NMR (CDClz, 300
Me MHz, rt) & 8.48 (s, 1, N=CH}, 7.35
” L - 6.95 (m, 3, Hary1}, 2.22 (s, 3,
Me); 13C NMR (CDCl3, 300 MHz, xt) &
F\)\/F 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) .




, rt) [err] 9.26 (br s, 2, NH, 7.23 - 7.04 (m 6, Haryl), 2.94 (septet,
4, CHwe2), 1.09 (d. 24, CHwe[err]). 10
Exanpl e 207 Followi ng the.synthetic procedure of the above exanple, 7.49 g
of oxalyl chloride and 15.00 g of lithium 2,6-dinethylanilide was used to
synthe5|ze 23.98 of product, which was |solated as 15 an
powder : ’@ﬂ[err], 300 MHz, rt) [err] 9.53 (br Z%W‘E}ﬁoo -
6.86 (m 6 Haryl) 2.10 (s, 12, Me). Exanple 208 Formc aC|d catalyst (- 1
m.) was added t| 1. 44 nl)
and 2,6- diisopfopylaniline (3,18 nlL). jAfter - y nutes_of stlrrl g, a
white precipita d. Th act i on JfrsqegreE 9\);15 %t“fnf’rgﬂc‘f%r °Level al days
before the precjpitateg wa onMiz{ FEt 8ahd9 Was HedSHa h 7Taét-hanol .

i ssolvedlin Et[erkg.9 @ncs, vy l)stgrdoeelge@ueg 2,

The product was}then
ht. TheNsol uti on s f| | tlgr‘? l%hr&idgq afrit|with
d

Na[err] SO err] ¢vernig
Celite and the sol venti was r¢noved in v he pr dduct”. -{The 1H,
13C, and APT spgctra afe c otent wit Wh@”@cl Stsetize ¥ §H'é2-produ“t as

t he enami ne strycture ghown ove: [err]ideNVRi{sC4sL53,] €3F.0( ra24.800 MHz, rt)

[S”]l 7:]6—-1;% (mHAIS gagzl)’ 6i7t1 {gn% 03915 O‘J;na 1].12 J(N;Qwr) 5. 37
(d, 1, = . 5, r) . (septet, b .

7.0, CHVe2); [err]C NMR (CDlerr]Cl[err]|Cem fe), -
ai ded by an APT {spectrun} [err] 144.9 8Y VO 97/ 02298

PCT/ US96/ 11131 (fAr 2371CO} 142.9 9. 3 an{lPzpgedume BAr THOMBS (SR 309 ps, Ph:

MHz, rt) & 8.35 (8, 1, CRaN), 7.€ -
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



Cipso]. 133.9, 130.9, 129.7, 128.6, 127.2, 126.2, 125.4, 124.7 and 124.0
(Ph: Co, Cm Cp; Ph': Co. Cm Cp; Ar: Cm Cp, Ph[err]CCH, 113.4
(Ph[err]CGCF), 28.6 (CHW?2), 23.9 (CHwe[err]). The imnes in the follow ng
tabl e were synthesized using Procedures A and B below. Details are shown in
the Table. A .WO%#298cid catal yst was added to a nethanol sGicyi ﬁhthe
al dehyde and the aniline. The reaction m xture was stirred 10 and t
resulting precipitate was collected on a frit and washed with net hanol. The
product was then dissolved in Et[err] O Bxsvg4-@:& | Cl[err] and stirred over
Na2SO4 overni ght. The Sﬁ:l bidrondaskyddn freeattmbipheryghere dnyl ivitdiBedzebtt e and
the solvent was re ) B. A
OFB (29”«%[ &QEWaEJOQVf%W% 1o (]2 ml) 5

CH err]Cl[err] solu e an & anifiAe was stirred over
sodi um sul fate. Tﬁ%‘Yéﬂﬁ&FT%ﬁmW&E“F‘FI‘tle’r &Y PRt PPr R FHYESRI re and
t he sol vent wassr ewaxwed anf daskaned. | Afteecessany fot e lpnodubd remsiguwas | ed by

heating in vacuo ! gud:SHIY By GEERISn P elilfoR R4 Qhe %feegawﬁzakmml on. 20

Exampl e Li gan nt hesi ta [err]
97/ 32298 gashed well with methanclyand grieg Y eld = 1.6 (BL’t) Péﬁfﬂgg/ 11131
[err] 89 data confirmed that this was an addition polymer.
Example 219
10 Synthegis of 107

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 CH;Cl,. 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



WD 97/ 02298
PCT/ US96/ 11131 [err] 90 WD 97/ 02298
PCT/ US96/ 11131 In a dry and oxygen free atnosphere,

Et hyl i dene- 2-gpglbbaigene (1.8 g) was added. The orange sol ut
dar kened. Af t‘gﬁ stirring for 17 hours the reaction was quen
of nethanol and the solid polyner filtered, washed well

the allyl initiator of
Exanpl e 168 (16 ng) was dissolved in dry CNJerr]Cl[err] (2 m). 5-

R o

wi t h met hanol and

dried. Yield = 1.6 g (89% . [err]H NVR@apre eznfirnmed. that this was an
Synt hesi s of
THF. Then 0. 87g

addi ti on pol yner. Exarrpl e 219 10
107 2. 6-Di net hyl t hi ophenol gﬁ
NaOH was added. The mﬁrﬁ?‘é‘rﬁ&?y i @r

m&&g_ﬂf_llhﬁ
St Tmd d"é?‘fl"f‘hé“ Nati!fiﬂ‘a% TEol ved.

THF was renoved unsfetsr;athenm .37y abtterasidlic eend vascdaeti.4(Font dBigle ohd 4. 02 ¢

of the bis tolugne R L wEAL ﬁde&-iscgatﬂyllyl Chfe Ghtaed waJI}@fl%:a 4o Was
refluxed for 5-6 h. was renove rotar evapora?or t 0 %ﬁlte
resi due. Water was™addef {%%H‘fé“}%%ﬁ%ﬁé‘cgﬁie VPP X c"f’%%l

CHerr]Cl[err]. Afierthe damiredprédfeme]dStporingd by Y@®Re solid remained. TLC

(hexane) showed two bands. The second bgaghpid @ a silica-gel

desired 20 product. [err]H NM\/I(CDCl[Mn ppm: 2.43 (s,

2.72(s, 4H): 7.10(m, 6H). 91
10

10-Chloro-9-anthraldehyde (2.41 g) was dissolved in a

mixture of 30 ml THF/20 ml CDCl3/50 ml toluene.

To this boiling

colum was the

12H) ;

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.

15 On standing, the oil crystallized. The crystals were washed with

methancl.

1y NMR (CDCl3, & in ppm): 1.40 (d, 12H); 3.35(p, 2H);

7.40(m, 3K¥); 7.75(m, 4H); 8.75(d, 2H); 9.05(d, 2H); 9.55(s, 1H).

Example 222
20 Synthesis of 118

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



WD 97/ 02298 -

PCT/ US96/ 11131 Exanple 220 Synthesis of 116 9- Ant hral dehyde (2.06 g) was
di ssolved in a m ni rum amount of THF, then 1.379 anthranilic acid was
added. Four drops of 5 formc acid were added as catalyst. The m xture
was refl uxed wonwréies TLC (5: 1 hexane: athyl acetate) gave 3 bands. The
second band is the desired product as determned by [err]H mwa’rﬂe 221
Synt hesis of 117 10 | o- Chl or o- 9- ant hral dehyde (2.41 g) was

di ssolved in a mxture of 30 m THF/ 20 &%}err]/% m toluene. To this
boi li ng sol uti on was added drggwi se 3. 52 , b-dl 1 sopropyl aniline 3-4 drops
of formic acid as a catBI% &Y 3rREvYEss| IFEr ArmoRREe e e ibf A3 dyY dricierer af t or
removi ng all the s®iemplet 1683 (bask whs issclyedcin dry CHglz | @f01) .15 On st andi ng,

E ?:%cij[ I ¢ ]r yst8 al l'i ZﬁiycloEQﬁ:s@feﬁSt@l ﬁzme%seamahegneﬂua?gg%mmgix -da{-xgern% I(* NVR
err], in ppo; 3, - 7. 7. m

4H); 8.75(d, 2I—T{)] : g{%ﬁfﬁfr’éﬁ ;g‘.” é??%{%ﬁ b (t.gleéx'awﬁﬁlree"%é i e

Synt hesi s of 118 |*Backiogredex yprnral AERYRiIdjkieon (of wethapol\khe eldd0l ved in 50

m tol uene, and t OpdipRepiecssilatdicinanids edldeska? vadslpaoke1Bbity! mednddat ani | at e

(in THF) dropw se._Affar re in 0 a el i.d precipitated. The

solid was isol ated ‘@y&fe’i ?'t rg%e:i%n, 92 5 (?E'T)I ovx%g ‘Jb’gﬂxﬁg%‘fnﬁg\?fﬁgﬁét hanol .

The solid was di ss¥PcFmpgFature in common organic solvents.
10 - :

93



el

3ml CDCl[err] and after columm separation, golden yellow crystals were
obtained. [err]N mngmm"l pure product [err]H NMR (DVF-d7,[err]
in ppm: 4-20(s, l”ﬁl“G 82(t 1H) 7.20(t, 1H); 7.63(t, 2H);
7.80(t, 2H); 8.10(s} 1H);: 8*30¢d, *30 8.30(d, 2H); 9.20(d, 2H). 92
WO 97/ 02298 ~TUS96/11131
PCT/ US96/ 1113F9W%y and oxygen free atnosphere, the all yrani tiator of

Exanpl e 16[err] (16ng) was dissolved in dry CHesgmsClierr] (2 m).

Di cycl opent adi ene (2 m) d orange solution darkened. 5 After
stirring for 72 h the volvyﬂ@?lgsgfv(%‘r“eegpgmved fromthe reactlon under
vacuum After addition ofl-nRtRYRERAS F%tgﬁlﬂ"ay%l"iﬁ?é?nﬁ & pIEfed and was
filtered, washed wel ¢ompkidinget hanol and dried. Yield = 0.29 g (15% . The

product was insolubl e at om t 1 S BITOR e i ents. 10 93
WD 97/ 02298 > (a3° ttgcrgi%aa %ﬂmleg 4 QJQ%Q US96/ 11131

CLAING What is cl ai nesentially of ghhytenss { ETRIBRDOY e FFFFRF o RB 2 gAtalyst

ol efin, conprising: Sugtem comprisfdg €B& ip36iidtJof mpRingNBI &Riklen WD B&FEALent
consi sting

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
i
HzN,\\~//,/\\\\ HN P(OH)
2
- COM  (yvrrTy; | ~ (XTX) ;
ORIG
o
NRY
. Cr——pr
R*N
R (XX) ; (XXI);
R”
N
N
20 RY N (XXTT) ; a
(XXIII);
94

SUBSTITUTE SHEET (RULE 26)



essentially of ethyl rnene or a styrene, and a catal yst system
conprising the “‘“ E‘i\mmm In solution a zerovalent tricoordi nate or
t et racoordi nate L aund (11) which has at |east one labile |igand,
and all ligands dre neutral, an acid of 10 the fornula HX (1V), and a
first conpoungygs@pemeged fromthe group consisting of: 94 WD 97/ 02298
PCT/ US96/ 11131 [err] and R[err]S-CR[err]R[err](CR[err]R)mSmWII):
and wherein: X is a noncoordinating anion; Ar[err] is an aronatic noiety
with n free valencies, or 10 diphenylnethyl;feach Qis -NRerr]Rerr] or
-CRlerr]=NR[err]; Rerr] is hydrogen or alky nw 1 or 2; Eis 2-thienyl

or 2-furyl; 15 & each Rerr] is thdepgndently hydrogen, benzyl,
substituted benzyl, pheny?\qar/fubst ituted enyk, each Rerr] is
I ndependent |y hydrogen or hydﬁp,car@g v 2n eagh r] 4x§; j ndependently a
nonoval ent aromatic noiety; mis 1, 5 or 3; 20 “each Rlerr],
Rlerr], Rerr], and R err] ° I s i ndependently hydrogen, hydrocarbyl or
substituted hydrocarbyl ; eeuch Rlerr] is independently hydrocarbyl or
substituted Ar——§——N—-Ar" o

H

(XXVI); APHN——S——NHA"  (yyyrr),

0

Ar“-—-h)kﬂn

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 -crR.wr3;
rY 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
“w

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

hydrocarbyl, substituted hydrocarbyl or an inert functional group;

g5



—_—

hydr ocar byI or nore carbon atons; each R10 is independently
hydrogen, . mm’ﬂﬂ i,ﬂ”!!ﬂlm substi tuted- hydrocarbyl; Ar[err] is an aryl
noi ety; R[err * err] are each |ndependently hydr ogen,
hydrocarbyl, substituted hydrocarbyl or an inert functional group;

97/ 02298 WO 97/02298 1131
Rlerr] and R err] are each independently hydrocarbyl, substlﬁ){']*{r'@#%i(ﬂ3
hydrocarbyl or an inert functional group whose E[err] is about -0.4 or

| ess; each R err] and R[ erg’} ang r*hdepeande midepedagsiiggamradaz®mayl 5 contai ni ng
1. to 20 carbon at Q@fe; Altb8 ybrdcindh & ¥ 17%iChMbee bl ool 8L sk are

each independently h dro en or hydrocarbyl; Ar[err] is an aryl noi ety; 10
Ar[err] and Ar[errfb 4cFF f‘?ﬁfependently hydrocarby; Ar[err] and Ar[err]
are each |ndependently an eacy|R'frene R}’ ifAdhdepeddentiy Bydregan] oaamvieach

i ndependent |y aR akyheBRinGtY £8/20 Lb&l btddkerr] ., wherein Rerr] is alkyl
containing 1 to 20 carbon at oms?rr "k[@?‘}’ Is an aryl noiety; |5

Rlerr] is hydrogen or hydr Mcat® ¥ii s hydrocarbyl or
_C(O-NRlerr]-Ar[err]; R eflasda®*heys eady Epdepenfienk 1| wrirdgenray each
I ndependent |y phen)gg,d,gegwgs substituted by one or nor e al koxy groups, each

al koxy group ar* is an ary) moiety;

10 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
-cozx"’i, wherein R*S is alkyl containing 31 to 20 carbon atoms;
ar'! is an sryl moiety;
15 R*! is hydrogen or hydrocarbyl;
E*? is hydrocarbyl or -€(0)-NR*i-ar??;

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

3
»

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
"

AP~ CmmeNHR' {XVI) ; o (XVII);
o]

HaN
HN OH)

o6



20  cont ai mgﬂ’"jﬂﬁlmﬂm tons; and Rlerr] is alkyl containing 1 to
20 carbon aton¥d, ) H" _l@ty. 2. A catalyst for the polynerization of
et hyl ene, a norborrfend, #r & styrene, conprising, the product of mxing in
25 solution a zerovalent tricoordinate or tetracoordinate nickel conpound
(1'1') which h3goddpzheast one labile ligand and all [|igands a?@rﬂﬁﬁﬁﬂr an
acid of the fornmula HX (1V), and.a first conpound sel ected fromthe group
consisting of: Arferr]@ (I111); Rerr]Rerr]NCRerr]R err]
(CRerr]Rerr])mNRerr]Rerr] (V); 30 WO 97/ 02298

PCT/ US96/ 11131 [err] R eg] Rerr]Rerr]P (XXVIII) and
Rerr]S-CRerr]Rerr](CRAerr]Rlerr])mSR err] (XXXVI1); and wherein: X is a
noncoor di nating ani on; 1% A erﬁ] is an aronatic noiety with n
free val encies, or diphg QEes—+*NR[ err] Rl err] or
-CRlerr]NR[err] R43 iswh nis 1 or 2; 20 Eis
2-thienyl or 2-furyl; 97

" {XX) ; (XXI);
R“ ’
w 1 %
R” (XXII) ; Sad
5  (XXIII);
[+]
NH
E : HN
~N
O\P/ o o)\u l .
Naf (xxrv) ; H (XXV) ;

Ar——— S NP
(xxv1); APHN——S—NHA"  (yxy11);

10
0

A

RPERPRMp (XXVIII); rRY (XXXVI) ;
and R°5-CRAR% (CR®R7)q-SR® (xXXVII);
and wherein:

X is a noncoordinating anion;

Ar11 U Y

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

each Q is -NR 43 or -CR

T r*? is hydrogen or alkyl

n is 1 oxr 2;

%r3;

20 E is 2-thienyl ox 2-furyl;

97



WO 97/ 02298+
PCT/ US96/ 1113”'&”&"1?“ "mu i ndependent |y hydrogen, benzyl, substituted
benzyl, pheny m,phenyl each R err] is independently a
m)noval ent aromat|c "o %oty &ach R[err] I s i ndependent !y hydrogen or
hydrocar byl ; ﬁ*P 1, 73 or 3; each Rerr], Rerr], Rerr] ngr]

S |ndependen rogen, - hydrocar byl or substltuted hydroc

Rlerr] is |ndependently hydrocar byl or substituted hydrocarbyl containing 2
or nore carbon atons; each R? is ingaewhddrly hjdrogérs bexdiphe mitaniduged

hydr ogen, hydrocar bygnzglr @(‘?b}%&ﬁﬂ&@%ﬁyl Arferr] is an aryl
d

noiety; R err], Rerr] an erd each | ndependent | dro e,
hydr ocar byl , substituted h§ %’5y°§5° %eﬁ‘tli%er‘\%h?‘ﬁgc?t éﬁ g?ﬂf Y5

Rlerr] and R[err] are eachewi’d%péﬁd@ﬁweydmwm °I§UM¢#¥ME@ is
hydrocarbyl or afn inebterfsinctional group whose E[err] is about -0.4 or

| ess; each Rerr] and R err] .isai pslepende |7y containing 1

to 20 carbon atons; 20 l ®, EA([grrfmgng an é’g egﬁ%"fg W&%lﬂgﬁ’r] and :

Rlerr] are each md’@ﬁémllyrhy’eﬁtegﬁﬂdmbaéarbyl Ar[err] is an aryl

moi ety; Ar[err] and Ar[errkady#® eacﬂadép%da@mnﬂaﬁdﬂoyaz{ayﬂroecaﬁb%tu%

Ar[err] and Ar[err]d!;;,gcalgﬂpl fén@gftﬂﬁé’qe&t Imxreagdg g,gl ety; Ar[err] and
ependent

Ar[err] are each in n ﬁ,n aré‘P m)le err] rr] or Ar[err]
and Ar[err] tak&h together ®&fFe®a #f Fohidregen, k °’ rbyl
substituted hydrocarbyl;

ar? is an aryl wmoiety;
r*?, R*®, and R™ are each independently hydrogen,
_ hydrocarbyl, substituted.hydrocarbyl or an inert functiomal group;
15 R* and R® are each independently hydrocarbyl,
substituted hydrocarbyl or an inert functional group whose Eg is
about -0.4 or less, '
each RS and R’ is independently hydrogen or acyl
contéining 1 to 20 carbon:atoms;
20 ar’ is an a.ryl moiety;
£ and R*® are each independently hydrogen or
hydreocarbyl ;
Ar® is an aryl moiety;
2Ar® and Ar® are each independently hydrocarby:

W
h

Ar’ and Ar® are each independently an aryl moiety;
Ar® 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:
30 R% is hydrogen or hydrocarbyl;
R is hydrocarhyl or -C{0)-NR**-ar??;

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

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

®Y is aryl;



noi ety and V\/ne containing 1 to 20 carbon atons; Arferr]
Is an aryl mm@m)“w!mml R[err] i s hydrogen or hydrocarbyl; R err]
i's hydrocarbyl -Ar[err] Rerr] and R err] are each

i ndependent |y phenyl groups substituted by one or nore al koxy groups, each
al koxy groupg ing 1 to 20 carbon atons; and 35 r [

al kyl containi ngﬁz}b{'o 20 carbon atons, or an aryl noiety; Fﬂ‘é’(‘%sf‘ﬁé”arw

98 WD 97/ 02298

PCT/ US96/ 11131 and pr Q\ﬁhCiﬂdvidaattnhhehérQBm Fatlib eott) | Iy, kM), (XVI),

(XVI1). (XVIT1), , , |) |
OOV ). (XM 1) i%u%&x&&% kSt % ctedf \Q"‘Bsto about
5, and the nol ar FE¥ o FFVI} EXVIT) | )‘ I%?bo ) °B BRI 44 O 3. A
process for the palopear.szat aHatr Gf, &@ Hechdlay r@bipef SITVNG,(INONE aBdutng

et hyl ene, a nogbog rgegg,abﬁ_( goStyrene with a nickel [I1] corrpl ex of a first
conpound sel ected fro e group consistin Arferr] (I11);

Rl err] R err] N-CR] er r | R-ef PFPRese for | e ot Wﬁ*ﬂ-‘{f‘éﬁ Pf RPePPFV) [err] 99

comprising, contacting ethylene, a norborneme, or a styrene with a
nickel [II] complex of a first compound selected from the group

cans;sting of:

10 arlon (111); RORMON-CRR® (CR®R7)m-¥R%RC (V) ;
R“

k" R’?

. R” R
AT mmmme G NHR 1 (XVI); (XVIiI);

[o]
HN HN F(OH);

\/\002” {XVIII); N (XIX) ;

15
OR‘I

COH 1
| Py .
tﬁ\\—_<<i :
"7 (XX) ; (XXI);

oo R

{(XX111);
20

{XXIV) ; H (XXV) ;
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WD 97/ 02298

oo et o NN RIS ) oG a5 oo 1) s and

R

wherein: X is a*nohcdordi n&ting anion; Ar[err] is an aromatic noiety with n
free val enci | phenyl nethyl; each Qis -NR[err]Rerr] _
-CRlerr]-NR ?:?TH&E Rl err] is hydrogen or al kyl gﬁﬁ"?’ﬁ“&? 2; E
is 2-thienyl or 2-furyl; each R err] is independently hydrogen, benzyl,
substituted benzyl, phenyl ' r substituted phenyl; 15 each R is
i ndependent|y a nonoval gat_ najé ¢ noiety; each Blerr] is independently
hydrogen or hydrocarbyl: mjsul, 2 or 3; eac R[er“r] R.err], Rerr] and
Rlerr] is independently hydrogen, hydoaar bA BT STOMY t ut B&VESMr ocar byl ;
20 each R err] is independently hydrocarbyl or substituted

hydr ocar byl containing 2 or nore carbon atons; oeach R10 i s independently
hydr ogen, hydrocarbyl or substituted hydrocarbyil; Ar2 is an aryl noiety; 25
Rlerr] , Rerr] , and Rlerr] are each ijdep y hydrogen, hydrocarbyl,
substituted hydrocarbyl or an inert functionfl group; R err] and R err] are
each independent|y hydrefésttafys (xambmt:i t ut ed- 8y dr ocar bigkxway; an i nert

functional group whose Elefa]lop4g5 RREUTY -dB® 4x@bvik£SS;
5 | and wherein:
X is a noncoordinating anion;
Ar! is an aromatic moiety with n free valencies, or
diphenylmethyl;
each Q is -NR*r*? or -CR
10 R*? is hydrogen or alkyl

n is 1 or 2;

93,

E is 2-thienyl or 2-furyl;
eac:l’r.lz2 is independently hydrogen, benzyl, substituted
benzyl, phenyl or substituted phenyl;
15 each R° 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;
20 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;
25 R*?, ®Y, and B* 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;
30 each R'® and R*’ is independently hydrogen or acyl
containing 1 to 20 carbon atoms;
ar® is an aryl moiety;
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'- _ h Rlerr] is independently hydrogen or acyl
containing 1 ”ﬂﬂﬂmmmc““am}m Ar[err] is an aryl noiety; 100 WO
97/02298 . * ¢ L w s & . PCT/ US96/ 11131
Rlerr] and R err] are each independently hydrogen or hydrocarbyl; Ar[err]

Is an aryl ' rferr] and Ar[err] are each independent rby; 5
Ar[err] andn?r'ferri are each independently an aryl noiety; k)("f@#ﬁ‘?%gd :
Ar[err] are each independently an aryl noiety, CJerr]Rerr], or Ar[err]
and Ar[err] taken toget heg*®agm 8°CiréadRAlinaépeAdEnt by KPdxdbeh and wherein

Rlerr] is alkyl c ntggchgﬁ_l to 20 carbon atons; Ar[err] is an aryl noiety;
10 R[eﬁ?’]d I'SThydrogen or h¥drocarbyl; Rl err] is hydrocarbyl or
-C(O-NR[err] -Ar[err]; RPerif apsaxyiyicieq ¥ err] and Rerr] are each

i ndependent |y phenyl groups® subati ate eschbindepepdertiptiyérakysy groups, each
al koxy group cogtai ning.1,10,20216 ,.£ L0 aRbAABn 13 NG Bk@rﬂieéyﬁ' al kyl

containing 1 to 20 car bonMa; ons, LQr an aryl noi et¥ 4 rocess. for the
T C

pol ymeri zati on of ol ef i nsA*cBHHAFsi 175, B APIREPIRITEY AD138KE ™3 o1 bor nene or
a styrene with a newk®l c20ar’cawit mi°ntaken fthgeshex aym e Udidalsit tdremdtar nul a

(L[err]L[err]L[er er@J Lhd hBEteli XY Gk A¥yPdrdediniWhQr €4 Bo 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
1§ carxbon 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
25 and ¥ is 0 ox 1, orxr 1* angd 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

30 : (XXXII)
coordinated to said nickel, or L’ 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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[érr] i's a first nonodentate neutral |igand coordinated to said nickel,

L[err] is a T“mmlm n 'neutral |igand coordinated to said nickel
whi ch may be n @entate neutral ligand 25 and r is 0 or 1, or
Llerr] and L[&rrf thkeh together are a first bidentate neutral |igand

coor di nat ed w?gﬁ&ﬁg‘ll ckel

a[err]-allyl”Tigan

each 1;

and r is 1; L[err] and L[err] ta%m%g?ﬁ?#er are
coordinated to said nickel, L[err] and err aken
together- are [err] coordinated to said nickel, or
monodent ate |igand sel ect §disf£Q‘Qiat:ti-ﬁTlgré’éAQc&Qﬂﬁiaﬁ%”ngi-
nor bornene and a styrene or a neutra d i gand

di spl aced by an ol efin, aftfd fiEFt mopdeptakp fevtspd 14

WO 97/ QAdeftate neutral ligand are selected from the group consisting of

72 is a third neutral

et hyl ene, a

whi ch can be

and said, £izgtand t are

nonodent at e

PCT/ US96/ 11131 X is a rel aiigyelrysnoptdopicdtafati%ha) amar? @pid first

nonodent at e neutr al

| i gand and said first bidentate neutral

i gand are

sel ected from the group consisting of Ax[err]QwR,(I [1);

Rlerrf]Rerr]NNCR err]Rerr](CRlerr]Rlerr]) mNR[grr]R [err] 102 WO
97/ 02298 RY Wl PCT/ US96/ 11131
and Rlerr]S-CRlerr]Rerr](CR err]R err])mSK 4 {XXXVI); Ar[err] is an
aromatic noiety with n freegval encies, or g At
AY s G NHRP {XVI); (XVII);
HN HN P{OH),
" com (XVIII) ; ~ {XIX) ;
oRll.
_ COH O
Bl ﬂ—m
m\_<
10 " (XX) § (XXI) ;
R“
N
R* : (XX11) ; S
(XXIII;;
[+]
NHy
E
~
o\P<Ar" o)\n |
15 At (XXIV) ; H {XXV) ;
i
ArT—-—ﬁ——:-—Ar' ﬁ
o (XXVI); APHN—S—NWA™"  (yxy1Y);
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_ﬁ\\%
di phenyl nmet h .each Qis -NRlerr]Rlerr] or -CRlerr]NRlerr];
Rerr] is hyémumﬂ"’tﬂmu |s 1 or 2, Eis 2-thienyl or 2-furyl; each
Rlerr] is in ' ge benzyl substituted 10 benzyl, phenyl or
substituted phenyl edchsR{ &rr] |s |ndependently hydr ogen or hydrocar byl ;
and each R[ | ndependent|ly a nonoval ent aromati c noi 1, 2 or
3; each R[er{)]" mﬁ?err] Rlerr], and R err] is independent I%&%{ﬁh

hydr ocar byl or substi t ut ed hydrocarbyl; each R err] is independently

hydr ocar byl or substituted hydrocarbyl cont& ning 2 or nore carbon atons;
each Rerr] is independently hydrogen, hydrggarbyl or substituted

hydr ocar byl ; 20 is an amy et Rerr], Rerr], and R err]
are each |ndependentl b&{d{ogjwﬁhydrocar |, subs,é-tut ed hydrocarbyl or an

inert functional gro Rl err] are each 3 pendent |y
hydr ocar byl , substltumeck &ym?ibd By)hn-éli &XXV¥ert functional group whose

Elerr], is 25 about Q:*lieranl Ho8ati0ied)] fith]d £raddathbies] drS :

i ndependent |y hy%pggﬂ ?cyl containing 1 to 20 carbon atons; Arf[err] is
an aryl noiety; ryjq Rlerr],gge each igdependently hydrogen or 30,
hydrocar byl ; #As[err] |seaq=h &rigl “NRfH| SEyCRANReir] and Ar[err] are each

i ndependent |y hydrocar bg!® 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 er is independently hydrogen 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;
5 and ar® are each independently hydrocarby;
ax’ and ar® are each independently an aryl moiety;
2r° and ar'® are each independently an aryl moiety or
35 -cozzz"", wherein R*° is alkyl containing 1 to 20 carbon atoms;
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Ar[err] and Ar[err] are each independently an aryl noiety: Ar[err] and
Ar[err] are ea "mﬂ n aryl noiety or 33 -CdJerr]Rerr],
wherein R err] mnﬁwemmng 1 to 20 carbon atons; 103 WO 97/ 02298
PCT/ US96/ 11131 A’P[e"'rr]L i4 amn aryl noiety; Rlerr] is hydrogen or

hydr ocar byl ; w@} E%?sls hydr ocar byl or -C(O -NR[err]-Ar[erg}wﬁ%%brl and
Rl err] are each 1 ndependently phenyl groups 5 substitute nor e
al koxy groups, each al koxy group containing 1 to 20 carbon atons; and
Rlerr] is alkyl containi rlgnli;gn?a fq,[, 9 atoms or an aryl moiety; Rerr]

i s hydrocarbyl ene; 10 drogen al kyl. or -C(ORerr],
each R{err] is hydrocar by df HETH ‘bP’FQ[Yé\F? ¥™iten together are

hydr ocar byl ene to form axfénbdwydcmw-mghcﬁpdmﬁ-hrs hydr| de, al kyl or
-C(ORerr]; Rerr] is hydzQgaktyhre aftsh d;,],sls aryl. 5. A
conmpound of the formula L err] (XXX,
wherein: L[errf i §“‘?ftf?"r‘é‘? [’Wtﬂ%a‘{f Y'%f% llﬁ‘@ﬁ% P% PP § {)16”‘; ed to said
nickel, L[err] iscentséci@ad morrodembon atoreutapd| | i gand coordl nat ed 20 to

said nickel which may be @8iid fiiysS bontRDNGEN 8b oN@tbémbtdmb JdR0erAREy) 1S O
or 1, or L[err] agglielig,err] taken together are a first bidentate

Rr¥® is hydrocarbylene;
10 _ 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

15 R* 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
20 to said nickel which may be said first monodentate neutral 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
.H RSSRSS
N\
N / \
/ R37

(xxxn)
coordinated to said nickel, or 1 is a third neutral mcnodentate

25

ligand selected from the group consisting of ethylene, a
norbornene and a styrene or a neutral monocdentate ligand which can
30 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

35 arton (1173 ; REBRON-crARS (cRPRT)-MR%R10 (V)
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neutral |igand coordinated to said nick is 1; Llerr] and L[err]

t aken toget her are aUlmj mmlmum“mm COOI’dI nat ed to said nickel, L[err]
and L[err] taken tog oordinated to said nickel, or L[err]
is athird neutral nonodentate |igand selected fromthe group consisting of
et hyl ene, a wopsegne and a styrene or a neutral rmnodental;cer ’Pﬁ V\:hl ch
can 30 be displaced by an olefin, and L[err] is Rerr] Xis are ver
non-coordi nating anion; q, s and t are each 1; said first nonodentate
neutral |igand and sai d first bidentate neutral | i gand are sel ected from
t he group consisting of 35 Arferr]Qa=(111);
RlerrJ]Rlerr]NNCRerr]Rlerr](CRlerr]Rlerr])mNRlerr]Rerr] (V); 104 WO
97/ 02298

PCT/ US96/ 11131 [err] 105 WD 97/ 02298

PCT/ US96/ 11131 Ar[err] is gn aromatic noi &f h™m"free val encies, or
di phenyl net hyl ; each Q,}S.._-CNEL@M’]REJQ}’I” or - err] =NRlxgtH),; Rlerr] is
hydrogen or al kyI 5 nis or 2;

[

HN HN PIOH),
\/\COzH (XVIII); \/ (XIX) ;

5 .
OR™
COH 0
2—_\# !!—N,
R, .J -~
R (XX) ; | (XXI);
N r®
' N
b %
1e S\
R N (XXI1) ; Al
(XXTII);
10
[+]
NH,
E HN
~
O\P/ Aé O)\H l
N xxv) ;5 H (XXV) ;
i
Ar‘—-—sl-—-N——Ar' ﬁ
H
o (XXVI); APHN—5—NHA™  (yyyry),
' o
Ar“——lil)l\k“z
' 15 R22p*3p?p (xxXVIII); r" (XXXVT) ;

and R®s-crRR® (cROR7)pp-8R® (xXXVII);

105



Eis 2-thienyl or 2-furyl; each Rlerr] is independently hydrogen, benzyl,
substituted benzyl, phenyl or substituted phenyl; each Rerr] is

i ndependent |y hydr ogen ; d 10 each Rerr] s
indeBendentI§ ayrmngval ﬂIMHMHHMl'* y; mis 1, 2 or 3; each

Rlerr], R erwooneegrr], and R érr' i 8§ ihdependently hydrogWr ocar byl
or substituted hydrocarbyl; each Rerr] is independently H?f/l or
substituted 15 hydrocarbyl containing 2 or nore carbon atons; each Rerr]
i s independently hydrogegy By QLOGRRMME dREeSURERN & Whed Jydegcardy!; Arferr]
Is an aryl noiety;, e r%thﬁ[err], and R[err] are each independently

hydr ogen, 20 hyadrlgcaly%")'/ Ydubst it t.ed hyd;oc?rbyl or an inert functional
group; Rlerr] and R[err] e d&cfRihdOper¥Ben’® ¥ hydrocar byl , substituted
hydrocarbyl or an inert &Yngd hpmebergepdkyahose E[err] is about -0.4 or
less; each Rieyr] and Rigrsl],is jhdependently hydrogen or acyl 25
containing 1 to 20 carbon atons; 'Ar[err] is an aryl noiety; Rlerr] and
Rlerr] are each independgnisl y-tRy&koEeMn-@aryaydrocarbyl; Ar[err] is an aryl

noi ety; 30 Arlerrlzagnd Arferr], are each independentl

hydrocarby; Ar[err] and g?cha]rzeqﬁg@ﬁe‘{‘ﬂ%e@ ’é’ngﬁff’??'a'f‘f’“é?' | SYRSHEEGES Ar[err]
and Ar[err] are RegeN.i PREEpe AT ePIyitehed abpdylani ety or -COerr]Rlerr],
wherein Rlerr] is alkyl e el akngadoehdn?l) Epdrboeh 8t QPBrocALLES kda i S an aryl
ol ety; 10 each R® is independently a monovalent 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
15 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,
20 hydrocarbyl, substituted hydrocarbyl 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 R is independently hydrogen or acyl
25 containing 1 to 20 carbon atoms;
Ar® is en aryl moiety;
R*® and »*® are each independently hydrogen or
hydrocarbyl; '
ar® is an aryl moiety;
30 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;
3s R*! is hydrogen or hydrocarbyl;
®*? is hydrocarbyl or -C(0)-NR*-ar??;

44

R™" is aryl;
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35 R err] |s—hyel+egeﬁ—e|=—hyd+otarbyl Rlerr] is hydrocarbyl or
-C(0)-NRerr]-Arferr]; err PCT/U896/11131 Rl err] and
Rlerr] are each independ m EH“’ps substituted by one or nore

al koxy groups, each al ko ng 1 to 20 carbon atons; and

Rierr] is akfybyemat aining 1 to 20 carbon atons, or an ary npi et y,
Rl err] is hydrocarbylene; R err] is hydrogen, aI kyl, or - %ﬂﬁf H’ each
Rlerr] is hydrocarbyl or both of R err] taken together are hydrocarbyl ene

to forma carbocyclic r i;{%g'm;qw are each inddpk®iehilyl shellyrglelges al kyl or
-C(o)R err]; and err% ds roc rb%/ kc,6 The PTG 5, 83 recited in claim
1 or 3 wherein t I g rbgt § OF "TT AHYY 15F°S SBUETEFE 88, and t he
mol ar ratio of (Icohtyipidg 4§°a‘1‘ﬁ)a¥rb9n5?t?'!?'a¥@ut 10. 15 = 7. The

process or catalyst as rf?elalseshmym dohfdifidg, 1 2o 2, cakbak abomshedrChm a¥yl S
BF[err]- PF[errnk BMF-' or SbF[err]-. 8. The process or catal yst as
reC|ted|n clam t?'ors wher ei n Is bis

([ekr]-1,5-cycl ooct adi en’§/I )48 Bydzpe g]’““@ The progess as recited in claim
|, 3 or 4 wherein an 20 R*® Glschyavogem, otthyl .eme -c®IR**The process as recited in

claim1, 3 or 4 wherein &ltn r*7 is hydrocarbyl or both of R*7 taken together are
hydrocarbylene to form a carbocyclic ring;

10 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.

15 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

20 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.

25 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

30 neutral ligand is (III).

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

wherein:
R 9 3 9 1
n is i, Q is -CR'=NR", R’ is hydrogen, Ar" is 9-

anthracenyl, and R® is 2-carbamoylphenyl or 2,6-diisopropylphenyl;
35 n is 2 and Q is -cn’-m”, R} is 2,6-disubstituted phenyl
. in which substitutents are halo, alkyl, oxr halo and alkyl, art is
p-phenylene, and 119 is hydrogen;
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olefin is norbornene, auls s as recited in claiml1, 3 or 4 wherein
an olefinis styrenH!'lﬁ‘ll“L“mmnﬂm The process as recited in claiml, 3
or 4 wherein an ole a I nati on of styrene and norbornere, and a

copol ymer of styrene and norbornene is produced. 13. The process, conpound

or catalyst pdmedked inclaiml, 2, 3, 4 or S wherein sai ?ﬁ@"ﬁi‘%’ gsgrrpound
or said first nonodentate 30 neutral ligand is (I111). 14. g S,
conpound or catalyst as recited in cl gi m 139vvherei n: nis 1, Qis
-CRlerr]=NR[err], R err] »sshydRogertr -PFf-eBr Jisinyagogean®hrdgcefyl , and R3 is
2- car banmoyl phenyl @ketyfondhyis Ogao? 3hpaithiludbophenyl; or nis 2 and Qis
-CRlerr]=NRerr], Rerr] | 6.0di syhstisute p%gp i R3whi£l_substitutents
are halo, alkyl, or halo g%‘ﬁzla'l E;‘/‘Is, r%gr'rr |qss -p%eeﬁillrie\rll%, ‘and RO is
hydrogen; 107  \Adispprepylpienyl, and Ar” is 2-hydroxy-1-naphthyl.
PCT/ US96/ 11131 sn i s 1, 18 irhe pebiess ) koot b} catdlgbt hsirecivedrimgeraimfzerr] is
2, 6- dinethyl phen rezglg(_tl Ar[err] is pentafluorophenyl; or nis 1, Qis
-CR[err]=NR[err], err] is hydrogen, of erg] is 2,6- dif $ogropy| phenyl , and
Ar[err] is 2-hydroxy-I|-naPHehid @ 3% -NRR™, R {5 -ClizePhp, Bc ol BYSSAFHURRE or
catal yst as recited’iis zlcadimsd@ophipheivh: n is 1, Qis -NRerr]Rerr],
Rierr] is -CH=CPhlerr], Rheisri, oSihwaP@en? @ncabehsl W 1S hyarogen and
2, 6-di i sopr Opy}ophehrl'yli’s 2-carbamoylphenyl;

n is 2, Q is -NR°R*’, 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 -l 2r%3, R? is hydrogen, rY? 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-anthragquinonyl; .

43

n is 1, Q is ¥R°R%, R® is -CH=CPh,, R is hydrogen, and

20 Ar* is

y OT

1

NH  HN

wherein (IIX) is

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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nis 1, i is ]Rerr], Rerr] is -CH=CPh[err],
Rlerr] is hy ;'ﬂ w:lﬂ" mlmnlerr] |s 2- carbam)yl phenyl; nis 2, 0is
-NR[err] R err %% ogen, Rlerr] is hydrogen, and Arf[err] is

$

1,8-napthylylene; nis 1, Qis -NRlerr]Rerr], Rerr] is -CH=CPh[err],
Rlerr] is h and Ar[err] s 2-met hoxycar bonyl phenyl n
is 1, Qis év%éi[err Rlerr], R2 is hydrogen, Rerr] is hydroggk%sgﬂﬂlﬂr
2- car boxyphenyl; n is 1, Qis -HR[err]Rerr], Rerr] is -CHCPh[err],
ﬁ[ R[er r] | :Q[s hy]dr ogen, ialiwl. id SFdckks, dompBIddr &) ¢htIAPIH as Fetttel ,inQRlaim 1,

err err er I Rlﬁﬁ [ r a0
Ar[err] is 16 TRe { oros w ere%)rgaae.& fl.rst Fvlnd o Dyﬁ PaE0 Hes C?Q',I m1, 25

pr 6¢ess, ound or catalyst as recite
2, 3, 4or 5 VWePE?WaBéISa’F’i ?%t mpound or said first nonodentate neutral

i gand is (V). 17. Thesprocpssress of xiabdlyst agsrecéwdd £d claimcisawwaréto:wher ei n:
mis |, all 01‘5 Rlerr], RLer{de. &Lfrzt&mphﬂﬁaﬁknﬁr&mﬂo%ﬂ&yﬁraﬂa hmd&pgen and

bot h of Rerr] are 2, 6 di 1 sopropyl phenyl ; or mis all of
Rlerr], Rerr], REE?F "'jgeﬁ[err] an Rerr] are hydrogen and bot h of R[err] are
cycl ohexyl . 108 WO 974220 @henyl and R is 2,6-diisopropylphenyl;

PCT/ US96/ 11131 18. The paGCESS.pyefdilsatR®risCRiaRbgat o2s recited in claiml,

2, 3, 4 or 5 wherein said.fjrst 1|fll’ t nonodent at e neutr al
I|gand is (Xvl). 19. Theglbr c§s§éorE ng%g%sagéqlrem é'grln ‘claim18

wher ei n: 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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5 2 2- di phenyl et henyl ami no) phenyl and Rlerr] is
hydr ogen; mmm l (ﬂ d R[err] I's 2,6-diisopropyl phenyl; Ar[err] is
2-pyridyl or Ar[err] i s 3-hydroxy-2-pyridyl and

Rlerr] is hydrogen 10 . The process, conpound or catal yst as

recited in 2, 3, 4 or 5 mhereln said first compou Id first
nonodent at eqr'éalut ral ligand is (XVIl). 21. The process, n%gﬁ%’%anéat al yst
as recited in claim20 wherein: 15 Rl err] and Rlerr] are t-butyl

and Rlerr] , Rerr] andrdd prdckss,asmmpbyndr gyestalRjteas pecipdip]claim iR err ]
are t-butyl and B err] orasn%ﬁ[eeﬁ (ah i@ i €r R YSImPGRA ; oxRb£lar §1:86 Goffagkitake ar €
phonyl and R[err R[err and =r;] are hydrogen; or Rlerr] is t-butyl
and R[err] and Rf‘%"r"‘Ff 3t Rlerr] is 20 nethoxy, and Rlerr] is
2- hydr oxy- 3-t-butyl - Szmmmpquenypmg@d h eatsdvRte 3% TeisAR Gandatl 2B at al yst
as recited inscl ghdbed, o2 aﬁd 2 @fe BotMAELBYT of Aot fyassges.ompound or said

I rst nonodentate neutral | and is (XVIII ound or
catalyst as recited i -cF2§ TES?S °“% L)“u%gst %rrgl&%%gzi?ld 1% 'm?'
conpound or saidz2fix,ss qmﬁo&eﬁtatﬂ@lﬁé&ﬁ‘a?“*?‘g’én@ pRid 4Ry “W‘H‘fé
process, corrpounqteg{raga_tiawts asxyxecited in claiml1, 2, 3, 4 or 5 wherein
said first conpound o gg&g%g] I X¥) both
of Rlerr] are phenyl. 5:'3' A&g e %;?%E:ea'gg& Egﬁpﬁgt%gq%ré%ﬁal yst as
recited in cl¥ mvpereind=aiis P’Eﬂi”n of Rlerr] and Rlerr] are hydrogen; or
both of R err] and R s2.r rhapeomsel y:bmponnd 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

15 wherein both of ar® and Ar® are 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).

20 " 35, The process, compound or catalyst as recited in claiwm 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..
. 25 - 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: '

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

ar® is -CO,CH; and Ar'® is

NHC{SINHCO,CHa
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5 wherein said said first nonodentate neut ral | |gand S
(XXI). 27. The or catalyst as recited in claim26 wherein
Ar3 is 2-amnophenyl. 10 V\O 97/ 02298 _

PCT/ US96/ 1w 7/848398 The process, conpound or catal yst as rﬁ%&_ ed in claiml,
2, 3, 4 or 5 wherein said first conpound or said first no BRI e i r al
ligand is (XXIl). 29. The process, conpound or catalyst as recited in claim
28 5 wherein R[] err] 38nbRREPFEES acemirynd) onetahgdysrasxecktedyil ofeim. 1,.30. The
process, conmpouns, of «Cai 8l yiekeidSsai@CHikrSE chibothdlbfabia 2ired: meho@dntRreNer €i N

said first corrpo%q r L éé‘;ﬁ nodentate neutral ligand is (XXII1).
31. The process, raﬁ 9 b at a EF{s)t as recited in claim30 10 wherein

Ar[err] is phenyl. 2‘° 'Fl’i‘é %P?féés§°“%ﬁ$eﬁrﬁ}twsééﬁa¥°9§‘teda§i ctaim 3 in
claiml, 2, 3 Jdwerein:wherein said first conpound or said first nonodentate

neutral ligand i's (XX Vi 33. ==Thﬁ==p4r;a0§=ssa CRTPLR W st as recited
in claim32 15 wherein bath Ro {» Wg{(e{3 Nd gpar egnﬁ lyv\/qgrel n both

of Ar[err] and Ar[err] 8P% 8§& 0 ’?4 %é’%ﬁ%@“!bﬂﬁﬁ%d igr
catalyst as reciewdlin claiml, 2, 3 4 or 5 wherein said-first conpound or
said first monodentate geiibeaP?,l kan@ &% dr&>9/k - aimethoxyphenyl; or

10 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

26. The proces mﬂl%ﬁund or catal yst as recited in claiml, 35 2, 3, 4 or

sum of 0 and o* constants for at least one of R*?, R*® and R** is
15 about -0.50 or less. '
42. The process, compound or catalyst as recited in claim 41
.wherein ®** is an aryl moiety, all of R’z, ®?* anda %
substituted, and said sum of said ¢ and o* constants for each of
Rzz'. R** and »** is about -0.50 oxr less.

20 43. A compound of the formula
E
~
o\P /Ar5
~ W
(XX1IV)
wherein:
E is 2-thienyl or 2-furyl:;
25 aAr® and ar® are each independently hydrocarby.

44. The compound as recited in claim 43 wherein both of aAr®
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.
30 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).
35 48. The process, compound or catalyst as recited in claim 1,
2, 3, 4 or 5 vwherein (XXXVI) is
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20 - 35. T und or catalyst as recited in claim1, 2,
3, 4or 5 V\/nerel [mﬁHﬂgiﬂound or said first nonodentate neutral
ligand is (XXVI).* hewpr , conpound or catalyst as recited in claim
35 wherein Ar[err] is p-tolyl or phenyl and Ar[err] is

2, 6-di | sopwapykmbsgny! . 25 37. The process, conpoupd.. ﬁl yst as
reC|ted inclaiml, 2, 3, 4 or 5 wherein said first conpound or SaldeI’St
nonodent at e neut ral I|gand is (XXVI1). 38. The process, conpound or

catalyst as recited in claim37 whereNn: Arferr] and Ar[err]

t aken together are 1, 8-naphthyl yl ene: -CJerr]CHerr] and
Ar[ferr] is [err] 130 WO 97/ 0229, A
PCT/ US96/ 11131 39. The process, co nd® or €at t as recited in claim1,
i [ id first nonodentate neutral

ligand is (XXVI'11). 40. The process,

I g onpound catalyst as recited in
claim39 5 wherein: all of Rerr], err] and R err] are
2,4, 6-trimet hoxyphemns.; THeOptoceds, Ricepaund axdcdtabyst] anirecited in claim 1,
2,3, 6-trimet hoayphen ozf@%&ﬂ r.,lia §=£Lmampmahlor0£u@[ﬁ4£4 monddefdakl and
R[err] are 2, 6-di net % both of Rlerr] and Rerr]
e M’eﬁ’r] I's isopropyl.

are 2,3, 6-tri mePESEDH
5 50 'I'he 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.
10 §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
15 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:
20 n is 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-
25 anthraquinolyl, 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.
30 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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41. The process, ound or catal st as recited in claim39 wherein at

| east one of R[er W‘immulmwnlmm err] is substituted and that a sumof a
and [err] constan ne of Rlerr], Rerr] and Rlerr] is 15
about -0.50 or less. 42. " Tht process, conpound or catalyst as recited in
claim4l whplogjopel err] is an aryl noiety, all of R[err],l,&,ﬁ%k}l fpd Rlerr]
are substituted, and said sum of said [err] and [err] cons S %or each of

Rlerr], Rerr] and r]..is ab A
~ conpound of the forrrJSI[a FrreRN aé”r é“r%(ge% s Qrt%i' ”919 3F 1525 ?y"fr 25

Ar[err] and Ar Bexe RrbprientRc pehorasent, h‘ycfPﬁt&r‘EP}’ler The conpound as
recited in claim43 gsheri probedshasd redAitp@rik] ciana 1Ard of i) wikeinphenyl or

wherein both of yAtes Ll 800 BYLels Loptes AUOANERN! o cAfalle PTOCCSS as

recited in clai car sol v 46. The
process as r&cited ifh-cThei Progess3agregited dni Agin e 310* 4 HSKREY 8% ure of about
-20[err] C to abbedst 16| efcytdie shd. atThersprosbssend 6rg prevento catalayst as
recited in clai @doa a, 4 or 5 wherein said first conpound or said first
nonodent ate neutral |igand is The process, conpound
or catalyst as reci t®d T4 ET°§F“E?\ i ’Ezitﬁg 3o G&h‘é?’éefiﬁ ’(R%ﬁﬂ"?mr s WO
97/ 02298 present is 5-ethylidene-2-norbonene. PCT/ US96/ 11131

[err] 10
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49. The process, conpound or catalyst as @gpﬁég inclaiml1, 2, 3, 4 or 5
wherein said first conpound.or said*first @ient ate neutral ligand is
(XXXVIF) . ~V0I7N2298 55 The process, conpothd or catal yst ascraspéradsi n
claim49 wherein both of Rerr] are aryl noieties and all of Rerr],
Rlerr], Rerr], Rerr], Rerr] and Rer e drogen. 51. The process as
recited-in claimb50 wherein both of Rerr 2, 6-di met hyl phenyl . 10
52. The process, conpdamtist i@atitpstofaBxampts 18€6 Wan useditn polyperi¥e 4 or 5
mer ein Xis BAFm@i%enﬁTkhe PEDL Q6 Ss 00 aﬁmﬁg@doaﬂlerﬁikgﬂdpbfylnﬁkﬁam& or 5

ereinr is 1. 54, e pr.ocess _or_.co n recited in claim4 or 5 15
wherein r is O. %?ce%]rg ‘%‘r‘é} e‘%sm r°fc%a%gﬂsﬁd glgxere:tg?'{leenﬁ PiveeTai M54 wherein
(XXXI11) is a di #erigdiyh? Br MBRyiepd) wep eincredseg 4od€:° ¥B2 afirr privced £evconpound
or catalyst as rggist 8 pollyethidie hds\WiJagtdE. 2Afhe 1H NMR spectrufl dfStwe Q i S
“ORlerr] sNRlerr] Alerr] s, di phony LIk Dyl RALE ok Vdf ggen and R err] s
sel ected fromthe group consrsting o t2, - él [ sopropyﬁp enyl .
2- car banoyl phenyhister maehiney eenehbpradupttenyl , 1- 25  ant hr aqui nol yl
2, 6-di net hyl phenyl and 1-fl uoren-9- onygxanple 16bBe process as recited in
claim3 wherein said nickel [Il] conplex is a [err]aallyl conplex. 58. The
process as recited in claim4 wherein 3[erf] : taken together are

af[err]-allyl group0f30<€__m:c':m_>§9. +1he co ptedsi Qagh@i m S
cl

wherein L[err] and L[er F
10 S F F
The general synthesis of nickel allyl initiators was
followed using 136 mg of ligand, 49 mg of [{C3Hg)Ni(p-Cl)}2, and
309 mg of NaBrF. An orange powder (380 mg) was isolated.
Example 199
15 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 ca;alyst. Polyethylene
(29 mg! was isolated. The 1H NMR spectrum of the reaction mixture
showed that significant amounts of butenes and higher olefins were

20 produced.

Example 200
: Me .
0.5 <(—Ni\c“Ni—)> + —\c| % + NaBAF
' | Me

The general synthesis of nickel allyl initiators was
followed using 111 mg of ligand, 5C mg of [(C3Hs)Ni{p-Cl)]ls, and
25 328 mg of NaBAF. An orange powder (347 mg) was isolated.

{Example 201 has been omitted)
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t aken together are a [err]-allyl group.  60. The process as recited in claim

57 or ﬁﬁ?ﬁ’ié yel Lewis acid is al sSo present. 112 WO 97/ 02298
PCT/ US96/ T The process as recited 1, 3 or 4 whereirCHUSIsazssa 2 or
nore norbornenes are present, to forma copolyner. 62. The process as

recited in claiml, 3 or 4 V\/nerein %ﬂﬂpﬁ@ﬁuz or nore styrenes are present
to formra copol yner. e process as recited in claim1, 3 or
4 wherein at |east TB?\é‘lé}JyI‘éi’Féaéﬁfd°€1tE"f“@ﬁ§tm?loﬁfoPﬁ%’né° Fetymgrdasent to form
a copol yner. G&hyidre jpr opESSatasoceddcoedingnte kbe Feferaliien grdarisatiobor nene

present is 5- %JgXéduggqgigg' QQHQOQPQQ“&Q: 113ne ethylene pressure was

b initially 1.4 MPa and was increased to 6.9 MPa after 1 h. A few
mog's of polyethylene was produced. The 1 NMR spectrum of the
reaction mixture showed that significant amounts of butenes -and

higher olefins were produced.

Example 203
ol
\| ‘Nﬁ% Ph

10
Using 5.47 g of 1,1-diphenylacetaldehyde and 3.60 g of 2,6-
damethvlaniline, 5.73% g of an orange powder was obtained following
a synthesis analogous to that of the 2,6-diisopropylaniline
derivative given above. The lg, 33¢, and APT spectra are
is consistent with the existence of the product as the enamine

structure shown above: H NMR (CDCl3, 300 MHz, rt) & 7.6 - 7.0
(m, 13, Haryi), 6.88 (d, 1, J = 12.1, AXNHCH=CPhp), 5.47 (4, 1, J
= 12.1, ArNHCH=CPhs), 2.37 (s, 6, CgHa-Mez); 13C NMR (CDCl3z, 75
MHz, rz, assignments aided by an APT spectrum) & 142.C, 140.7,

20 13¢.% and 13i.1 (Ph: Cipgo; Ph': Cipgo; Ar: Cipso and Co), 131.6,
13G.6, 12¢.2, 128.%, 128.3, 126.9, 125.4, 124.8 and 123.8 (Ph: Cqp,
Cm. Cp; PR': Co, Cm, Cp; Ar: Cm, Cp; CH=CPhp), 114.0 (CH=CPhp),

13.8 (CgHa-Mep).
@L _/Lph

Using 5.43 g of 1,1-diphenylacetaldehyde and 2.71 g of

aniline, 5.68 g of yellow powder was cobtained following a
synthesis analogous to that of the 2,6-diisopropylaniline
derivative given above. The 1H, 13C, and APT spectra are

30 consistent with the existence of the product as the enamine
structure shown above: 1H NMR (CDClz, 300 MHz, rt) § 7.6 - 6.8
(m, 15, Baryl), 7.18 (4, 1, J = 12.1, PhNHCH=CPhz), 6.12 (4, 1, J
= 11.8, PhNHCH=CPhz); 13C NMR (CDCl3, 75 MHz, rt, assignments were
aided by an APT spectrum) & 142.7, 141.8 and 138.5 (Ph: Cipso:
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