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FIELD OF THE INVENTION

The invention relates to neutral pyrazolyl, triazolyl, and tetraazolyl-

containing ligands (“azacyclic” ligands) and transition metal complexes
that contain them. The complexes are valuable procatalysts for organic
reactions, particularly for olefin polymerizations.
BACKGROUND OF THE INVENTION

The chemical industry uses a wide variety of transition metal
complexes as catalysts for organic reactions. Polyolefin manufacture is a
good example. While conventional Ziegler-Natta catalysts continue to
dominate the industry, highly active metallocene or single-site catalysts
that give new polymers with narrow molecular weight distributions, low
densities, and good comonomer incorporation are emerging.

Transition metal complexes used to polymerize olefins are

normally non-zero-valent metals (eg Ti*, zr*, 8¢ ") surrounded by'

anionic ligands (e.g., chloride, alkyl, cyclopentadlenyl) that satisfy the
valency of the metal and often improve the solubility of the catalyst in the
reaction medium. The anionic ligands can dramatically impact catalyst
activity and polymer properties. '

‘Neutral, multidentate ligands have been used only sparingly in
preparing the transition metal complexes useful as precursors for
metallocene or single-site polyolefin catalysts. For example, 1,4,7-
trimethyl-1,4,7-triazacyclononane (tmtacn) has been used to prepare
(tmtacn)MCi3 complexes of scandium, chromium, and rhodium (see, for

example, Wang et al., J. Am. Chem. Soc. 119 (1993) 6999); derivatives

of these complexes catalyze olefin polymerizations. Another example is
1,4,7-trithiacyclononane (ttcn), from which (ttcn)RhCl3 has been prepared
(S. Timonen et al., J. Mol. Catal. A.. 111 (1996) 267). Because of their
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In sum, new neutral, multidentate ligands are needed. Partlcularly

valuable ligands would be easy to synthesize from readily available

‘startlng materials. Preferably, the ligands could be made in high yields

20 without complicating side reactions such as carbene formatlon Ideally,

the ligands would be valuable for making new transition metal complexes
useful as procatalysts for olefin polymerization. :
~ SUMMARY OF THE INVENTION (
| The invention is a new class of neutral, multidentate ligands. The
25 ligands have the general formula: Ra-A-(L)p where Ris hydrogen or C4-
C3p alkyl, aryl, or aralkyl, A is silicon, tin, germamum or lead, each L is
independently a substituted or unsubstituted pyrazolyl, triazolyl, or
tetraazolyl group, a=0 to 2, b=2 to 4, and a+b—4 with the provnso that
when R=methyl, A is silicon, and a=1
30 dimethylpyrazoly! group.

' then L |s not a 3,5-

The invention includes transition metal complexes which comprise
a Group 3 to 10 transition or lanthanide metal (M), one or more anionic or
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10 transition or |an @E)H-HE)W%NTWC or 2 WO
00/ 59914 The neutral, multudentate azacychc ligands of the invention have
the general formula Ra-A-(L)p. In the formula, Ais a Group 14 element,
excluding carbon. In other words, A can be silicon, germanium, tin, or
20 lead. Silicon is preferred. R is hydrogen or a C4-C3p alkyl, aryl, or
: aralkyl group. Preferably, R is hydrogen or a C4-Cg alky! group. Each L
is independently a pyrazolyl, triazolyl, or tetraazolyl group; a=0 to 2,
preferably 1 to 2; b=2 to 4, preferably 2 to' 3; and a+b=4.
By “pyrazolyl,” we mean a group with the structure:
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in which Ry and R, are defined as above.

A tetraazolyl ligand has the following structure:

. Ry
I
| N
15 |
' , (
in which Ry is defined as above.
Suitable neutral, multidentate ligands include, for example,
bis(pyrazolyl)dimethylsilane, bis(pyrazolyl)methyiphenylsilane,
20 bis(pyrazolyl)diphenylsilane, bis(pyrazolyl)bis(dimethylamino)silane, '

bis(pyrazoIyl)silacyclobutane, bis(pyrazolyl)silacyclopentane, bis(3,5-
dimethylpyrazolyl)dimethylsilane, bis(indazole)dimethyl.silane, bis(4-
chloropyrazolyl)dimethylsilane, bis(4-methylpyrazolyl)dimethylsilane,
bis(3,5-triﬂuoromethylpyrazolyl)dimethylsilane,, tris(pyrazolyl)methylsilane,
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%) Y y) Theyneutral multidentate ligands are easy to prepare. The

azacycles (e.g., pyrazole, 3,5-dimethyipyrazole, benzotriazole, tetrazole,

and the like) are often commercially available. In one convenient
preparation, the azacycle is deprotonated by reacting it with a strong base

such as n-butyliithium in an inert solvent (e.g., ether). Evaporation of

15 solvent gives the alkali metal salt. Two to four equivalents of this salt are
then reacted with a Group 14 compound, preferably one having an
equivalent number of good leaving grbups (e.g., three moles of azacycle -

salt and one mole of methyltrichlorosilane) to produce the neutral,
multidentate ligand. The workup usually consists of 'dissolving the

20 reaction products in a solvent (hydrocarbon or halogenated hydrocarbon,
~ e.g.), filtering to remove alkali metal salts, and recrystallizing the ligand.

Examples 1-4 below illustrate how to prepare the neutral ligands of the
invention. '

-The invention includes transition metal complexes prepared with

25 the neutral, multidentate Ilgands The ftransition metal complexes
comprise, in addition to the neutral, multidentate ligand, a Group 3 to

Group 10 transition or lanthanide metalv, M, and one or more anionic or

neutral ligands in an amount that satisfies the valency of M. ,

Group 3-10 metals comprise Sc, Ti, V, Cr, Mn, Fe, Co, Ni, and

30 elements directly below these elements in the Periodic Table. Suitable
lanthanide metals include La, Ce, Pr, Eu, Yb, and the like. Preferred are
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Any convenient source of transition metal can be used. For
example, the complexes can be made from transition metal halides,
15 alkyls, alkoxides, acetates, amides, or the like. A particularly convenient
source of the transition metal is the transition metal halide. For example,
one can use vanadium(lil)chloride-tetrahydrofuran complex
(VCIi3(THF)3), titanium (Ill)chloride THF complex, chromium(ill)chloride-
THF complex, cobalt(ll) chloride, nickel(ll) bromide, platinum(ll)chioride,
20 palladium(ll)chioride, lanthanum(ill) chloride, titanium(lll)acetate, or the
like. Complexes can also be prepared from salts with labile groups, such
as tetrakis(acetonitrile)palladium(lI) bis(tefrafluoroborate). ‘
The transition metal complexes are easy to make. Usually, the ‘
transition metal source (halide, e.g.) is dissolved or suspended in an
25 organic solvent and the neutral, multidentate Iigand is carefully added.
Refluxing is used if needed to complete the reaction. Insoluble by-
products, if any, can be removed by filtration, solvents are evaporated,
and the transition metal complex is isolated, washed, and dried. The
resulting complex can generally be used without further purification,
30 Binuclear complexes (containing more than one metal center) can
be prepared by the reaction of two equivalents of a suitable metal

acting it
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diethylaluminum chloride, trimethylaluminum), and the like. Such
activators are generally used in an amount within the range of about 0.01

20 to about 100,000, preferably from about 1 to about 10,000, moles per
mole of transition metal complex.

Suitable activators include acid salts that contain non-nucleophilic
anions. These compounds generally consist of bulky ligands attached to
boron or aluminum. Examples include lithium tetrakis(pentafluorophenyf)

25 borate, lithium tetrakis(pentafiuorophenyl)  aluminate,  anilinium
tetrakis(pentafluorophenyl) borate, and the like. These activators are
generally used in an amount within the range of about 0.01 to about
1000, preferably from about 1 to about 10, moles per mole of transmon
metal complex.

30 Suitable activators also include trialkyl or triarylboron compounds
such as tris(pentafluorophenyl)boron, tris(pentabromophenyl) boron, and

the like.  Other suitable activators are described, for example, in U.S.
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ot bt Dlos e B S By B W L

i ncl udi ng, desifecemanes, Fordhstance; thishesthlyst ca0BR! digedi&d in 3"Chivent
pol yneri Za%drﬂpinre%a it ons. 10 The invention includes cat aryst S v\%| ¢h -
conpri se the transi 2 Siekkart. c R skippedes cAlterpativelyy aararidcipiertet i vat or .

Cengr al | y, wetmessaelchniiue caf t %l ex. 1 cationical ly active
speci es. cat al ys& are ;ng%lég] Ih@o\F/a uébﬁ}? ?B@D?fgﬁ?ﬁ‘eﬁlmlxgb% efins,

Th .
i uﬁ h as éf‘ﬁﬂjﬁﬁ%‘? IRtootha rrstoraseparatealy {ﬁm ah@|ca_faim§.h SR li@%lgg(i'@é’tlﬁ ene or
- hexene. t . i ors are we nown in the art. anpl es
i ncl ude a%g%sé(%n%%r?%ﬁkyﬁ\éﬁi rﬁaroﬁ’a SURBPTt BIRrgh ea rsuitable i Ay ,

di i sobut ylgraupnoxane), al kyl al um num conpounds (tri ethyl al um num
di et hyl al um numgchl oride, trimethylal um num, and the |ike. Such v
activators are Gyehen¥EN{onsisgludesaananlefint polynierizatioe pracgesof FHwut 0.01

20 150 abolrod88s B8MprINeR! . 1.0 t. 1. to _about 10,000, noles per
mol e of tkﬁansj tion metal B H;l)z(_ngséﬂ E%E#’e'n;@?im‘?ﬁ%?“se PheiGridlvat Pl salts
that cont dh@ inyentiool acpbiding toamethsds Ehasearéowawumﬁeme&@él imConsi st of
bul ky i g%\ﬂfaﬁéhache.d to. qoron or alum num Exanples include I'i'thium
fetrakis(pa 8?'8'5'Hé’ﬁ§l'5‘° ude gas, high-pressure liquid, slurry, solution, or
suspension-phase processes and combinations of these. Suitable olefins
include ethylene, propylene, butenes, pentenes, hexenes, octenes,
20 styrenes, 1,3-butadiene, norbornene, and the like. Preferred olefins are
ethylene, propylene, and a-olefins such as 1-butene, 1-hexene, and 1; :
octene. Examples 11 and 12 below illustrate a lab-scale process of the
invention for making polyethylene. ' ' \ :

The following examples merely illustrate the invention. Those

25 skilled in the art will recognize many variations that are within the spirit of
the invention and scope of the claims. '
EXAMPLES 1-4
Ligand Preparation
EXAMPLE 1
30 Preparation of Bis(pyrazolyl)dimethylsilane

Pyrazole (6.81 g) is dissolved in ether (125 mL), and n-butyllithium
(40 mL of a 2.5 M solution in hexane) is added. After 0.5 h, the solvent is

8



25 borate, lithiumtetraki s(pentafluorophenyl) alum nate, afi I Sgku%
tetraki s&eent af | uorophenyl ) borate, and the |ike. These act \ﬁa ER

gener al | YYQ&89%1% an anount within the range of about 0.0lptprabeirsy 1000,
preferably fromabout 1 to about 10, noles per nole of transition netal
conpl ex. 30e\@pdratdds st partaAe s abgedi M ARitd i F ot SefEN L Doy on
conpounds s#lchdaqsié{i s(pent af | uoropheﬂ )g@lrt%r?bﬁ#ér(ﬂ(age%é}tﬁ ﬁ%ﬁﬁéhyl )
boron, and St RBYYTI&Y. Ot her suitable activators are described, for exanpl e,

in US. 716 S 00 00/,599 PCT/ US00/ 04757 Pat, Nos. 5, 756, 611,

5,064, 802, and Eﬁ%}%g,g‘ iﬁgth':{‘erzt e;"f&l S|°§.‘7(;res‘JJof'“MieZ'PPf aiéopnc@ﬁlpbratawi her ei n

by ref er enclichivredigwthylgitare ¢6.86 gptin etirer (1 0upes ié/\%aae@rarbmgsgﬁgnm%ﬁsol id or
u al um na,

. ' t. Suitabl t | I Ca,
ST ca " AR SUSRRsiac 8. Sfac vaThghbyand ered.cs, Thi fitreté | iso. The
supports casvaporated! 'Rl #id FGdRid His%hlv%@eiﬂ‘é\ﬁg}g{.{S’p%-gﬂhg‘gq%&fat al yst

., productivity or product properties e ca 8re@d on the
" support in d?@"ngj@&th@cfllﬁﬁaﬁenm ~308C prezipitates wHie oy YF.QGCQF._ begydi ssol ved
[

in a solve laed \w support, .and stripped. Altern vely, an

i nci pient 1 M\l}eﬁﬁg%?gt@hn@%ﬂgg @E‘ﬁ'%'&: @ggdt)» K@rge(%\).e?-,mt(db support can
sinply be introduced into the regtQupsgprsrately fromthe catalyst. The
Iig%_rad can also be chemcally tethered to the support through a suitable

linki’ng group. THe'SPRRIAN @Bisthbwlimethyipyobzdiyiidimstiyisiarst i on. process.
The 15 process cpgmH ges an plefin in the presence of a -
catal yst of the.'m'gﬁﬁgﬁgﬁ%r@%‘g%?ds ﬁ&sﬁ‘@g hethes(d7Reml-)kasdn in the
art.  Suit asbetyllidhiim (ilemLi ofcl 00 Gafutioh i8MeRGREPIY Sddddlul fer SLEH Y
(sol ution, ?@ 'ﬁg(%penm on-gha e processes and conbl nations of theseé.
Sui tabl e ol '&Fi LIS, gY@ %@if";ﬂe@!&d RadRe dnadded: erRaglinge bd erBB9C hexenes,
octenes, 2prétipiteraswhife sollkist@H ;na{ d the lLike. Preferred
olefins are e?h | ene, propyl(g;geg,aéﬁrw a-gfiﬁfﬂgdé’ﬁgﬁné@”?gbutene, 1- hexene,
and - octene. |salids1 anel 1@isbelved i lin uséthat e p1dmb-§k3l e grgcess of
the inventy : ' 0 hyl.en
| nventidiiolimBMiNEnR 4T Y i Sher (10 mL) is added dropwise. A
white solid precipitates. The mixture is refluxed for 1.5 h, and is then.
cooled to room temperature and filtered. The filtrate is evaporated, and

the resulting white crystals are dissolved in pentane and filtered. Cooling

20 of the filtrate to —30°C precipitates white crystals (5.43 g). TH NMR
(toluene-dg). 0.82 (s, CHg-Si), 1.79 (s), 2.20 (s), 5.69 (s).
EXAMPLE 3

Preparation of Tris(pyrazolyl)methylsilane
- Pyrazole (6.81 g) is dissolved in ether (125 mL), and n-butyllithium
25 (40 mL of a 2.5 M solution in hexane) is added. After 0.5 h, the solvent is

evaporated, and pentane is added. The white solids (7.20 g) are filtered
off and dried. |



The foll ow ng exanples nerely illustrate the invention. Those 25 skilled in

the art will recognize nmany variations that are within the %8 SEP 200330 t he

i nvent i Vo assb9scope of the clainms. EXAWMPLES 1-4 Ligand Prle%g %&gﬁ
EXAMPLE 1 Preparation of Bis(pyrazolyl)dinethylsilane Pyraz é . 7. g)-is
di ssolved in ethigs ( ) are@Ndy:D= Ilithiup (40 .pL of a 2.5 Msolution
i n hexane%m i glpaddegw?g mt:éz ¥es ﬂ‘!'gﬁﬂﬁéém Yot efhers {180 sEmbno3 ang 00/ 50914
PCT/ US00/ igeBprorse i (4.88 @) panéthee (15 . 1 e soli (7.30 g) -
are fil ter,ﬂgmggf.f nd cfri ed.. T(r?e) sol i ds (ar eﬁﬂ“?ggoﬁd% %B‘Se\&ﬁér ?‘ﬁgo m),
and di chl'orodrngt ‘T?Rflr% CXRENgRt 3ad filtaradet Rbe filtratenis pvaporatedd antiopwi se.

The 5 cl dheyresidire s diydol ' | ght fiJtered, The filtrate is
evapor at e(}“t{and t he regéghl?disfsd g{f@‘oﬁég‘ﬁ% Mﬁ&%’@r&t aré'o‘a'ﬁlg fafithered.
f

(o?o:% ng oflf#e fo 1—8((9%€epneoipit_am§ }gthgei @'itygfélgqg}gj( %? sk;q Wﬁj ; - 1H T(I;/R_;
_(tol uene- gg): , -Si : 71 )
Pr epar at i @bf @8?353‘?;?%65%%%2}&?{/%@ it hyl si | ane

~ 3,5-Dimethyl pyrazole (9.61 g) is gkapmMed in ether (175 ni), and _ .
n-butyl l'ithium (1% m. of a 10 Msolution in hexane). is added. After 1.5 h,

the mxture is evafRRaaben ohlds(s:btdimethpppctety)niselisiankto - 30C

preci pitates | E6N; ' .3 whjch are filtered off and dried. 15

The solids ar\g{yidl5 ;bslgfg\yéﬂa Y'%ggfar@@'?l&g'snaﬁs?‘oyﬁé inggther {168i médhandi | ane

(5.40 g) imbetyligiufL@0mini) of = 18ddesbIGiORH FExar) Hddech OWrfh B £ P! Lt es.

i
The m xture is re{luxed for 1.5 h, and is then. * cooledto enperature
and filt efagSOYRBL IS ¢\aparateds and Ahe selide aramdliected witls hiexiang avy t e cr yst al s

are di ssolcyeikd to JBHEENG; d((fi red. Cooling 20 of the filtrate to -30C_
precipitates white crys?zﬁhg' 1@.‘-&1@?‘9). 1H NVR (toluene-d8): 0.82 (s, &

CH3-Si), 1.79 (e, =dlids(spreS. G@sphled in  ether (125 mL), and
trichloromethylsilane (7.17 g) is added dropwise. The mixture is refluxed
15 for 1 h, cooled, and filtered. The filtrate is evaporated, and the residue is
dissolved in pentane (200 mL) and filtered. Cooling of the filtrate to
—300C precipitates white crystals (9.84 g). TH NMR (toluene-dg): 1.58
(s, 3-CH3 and CH3-Si), 2.19 (s), 5.69 (s).
" EXAMPLES 5-10 |
20 - Preparation of Transition Metal Complexes
' EXAMPLE 5
Preparation of MeSi(Me,Pz);VCls
“Vanadium (lll) chloride-tetrahydrofuran compléx (VCI3(THF)3, 1.86 - ( |
g) is dissolved in 2:1 CHCIo/THF solution (40 mL). The product of
25 Example 4 (1.64 g) dissolved in CH2Clo (15 mL) is added slowly. After
15 min., an olive green precipitate forms. The mixture is stirred overnight -
and filtered. The solids are washed with CH2Cly and pentane and are
dried. Yield: 1.59 g. "
EXAMPLE 6
30 Preparation of MeSi(Me,Pz);CrCls
| Chromium (lll) chloride-tetrahydrofuran complex (CrCi3(THF)3,
1.87 g) is suspended in CHCly (30 mL). The product of Example 4

10



EXAMPLE 3 Preparation of Tris(pyrazolyl)nethylsilane Pyrazgfg ééP&jﬂﬂf) IS
di ssolved in ether (125 nL), and n-butyllithium 25 (40 nL

sol uti onvyy@g obsweayre) is added. After 0.5 h, the solvent is WC{@J@ and
pent ane i.s added. The white solids (7.20 g) are filtered led.” WO

m) . and 118 O SR RO B s e apeofed?fio“‘"i digge

dropW| se. Tlsesperisioxmrternssclear and?r@éﬂr NABSE 38N | {Heeie,smnoﬁh@ f?tbf d, atg s
| ssolved in vvarm gen ane and | ere

evapor at ed, aaq tﬁe ue is

Cool i ng of £RE tBeflira tseeY%PQrét?@ pride solids are waishedowijk pentanesand g). 1H
NVR (t ol uengried8Nield: ?4145 CH3-Si), 5.89 (t), 7.21 (s), 7.52 (s). EXAWPLE
.4 Preparation of Tris di met hyl pyrazol yl ) met hyl si | ane

3, 5- Ddnet hyl pyrazol e (19.2 g) |s dlEﬁ)SMﬂP(ﬂE ¥n ether (150 ni), and 10
n-butyl lithium (20 L of a 0l ut n_in hexan& I s added. After 0.5 h"'
.the solvent is evaporated, ﬁ;aar i9e & P§§M§252)38-I' kcted with hexane and

cool ed to -30C. - Yitahtim (M. hisde Kibaiirofiiafi B ITICHTAER "E57 (125

mL), and trichloronethylsilane (7 ture is
refluxed 19) ﬂ%dl@oﬂvedcubaeam ahtgelgnnéﬁeanlutrdwemmmtpt &Hes peotypdrait ed, and

th d | ved t 200 L
Lhe st duo gl 3000 ST el lel in'oPBsth I S BSERG, YPS0, T, «
- (9.8409). 1sbivhivRig E%pmﬁedi&)nd th&&olids aré- c@ﬂ%c@bdvﬁhﬁpeﬂténez Yeid: S) 5 69
(s). EXAMPLES 5 10 Preparation of Transition Metal Conpl exes. EXAMP

Prepar ati on?8t® $£Si (Me2Pz) 3VCL3
. - EXAMPLE 8

Preparatlon of MeSi(Pz)sTiCls
Tltanlum (i1 chioride-tetrahydrofuran complex (TiCla(T HF)3, 1.85 |
15 g) is dissolved in CHaCly (15 mL). The product of Example 3 (1.22 g)
dissolved in CH,Clp (30 mL) is added. An aquamarine precipitate forms
almost immediately. After 45 min., the solids are filtered off, washed with |
CH2Clo and pentane, and dried. Yield: 2.00 g. | |
EXAMPLE 9
20 . Preparation of Mezsl(M62PZ)2COC|2
Cobalt (Il) chloride (1.00 g) and the product of Example 2 (1.54 g)
are refluxed in THF (50 mL) for 1 h. The solvent is evaporated, and the
solids are collected with pentane. Yield: 2.10 g. |
| EXAMPLE 10
25 Preparation of Me,Si(Me;Pz);NiBr;
Nickel (lI) bromide (1.09 g) is suspended 'in THF (30 mL). The
product of Example 2 (1.24 g) is added and the brown solid turns blue.
The mixture is refluxed for 1.5 h and is filtered. The filtrate is evaporated,

and the blue solids aré,j coilected with pentane, filtered, and dried. Yield:
30 0.29 g.

11



Vanadi um (I 11) chloride-tetrahydrofuran conplex (VC13(THF)3, é& 8@3 i's
dissolved in 2:1 CH2Cl 2/ THF solution (40 nlL). The product of‘ n'p? 4
(1.64 g)wdimsedmmed in CH2CI2 (15 nmL) is added slowy. Afte# g r)gn. an
olive green precipitate forns.. The m xture is stirred ove %T’é Q04Z5y .

filtered. The solids are washed wm I d pentane and are EXAMPLE 6
Preparation of McSi (Me2Pz)3Cr Cl 3%151'&?) chl oride-tetrahydrofuran
conpl ex (CrCl3(THF)3, 1.87 gPolyethysReFefaidlioyi2C! 2 (30 ni). The product
of Exanple 4 10 1 6 SEP 2003 WO 00/ 59914 PCT/ US00/ 04757 (1.62 g) dissol ved

in CH2Cl2 (15 m-) is added sl ow [EXAMELEUtDl e suspension turns clear and
green.. After 30 mn., t ks j. i lLtere a the filtrate is.
evaporat ed. The solids a?@yﬁﬁggt%QB\a\AW'ﬂ] Ikgﬁf(g)jﬁ?gy&?ﬁﬁ:' ied. Yield: 2.19 g. 5
EXAVPLE 7 F’repd\"ﬁth%ﬂ'}ﬁﬁom(waﬂzbﬁTanB%TMh@H‘fBl&%ﬁé))is dde :
chl oride-t Emggr&];#{ﬁr} coq%l_ef é_Ti CL3(THF)3, 2.57 g) I's & sscﬂ V’ed in a
3:1 CH2Cl 2 gorch Ph e %.1 Mg)pr bk dnixtifre isxajepted itéa 107 9)

di ssol ved staiflda€lsteébautdctave ’ L 0 solyent is
evaporated.and the solids areleé%@?% gﬁf’vtﬂ%%g’%gﬁtSngﬁ‘ﬁ“@I @ 0 mb)og.
EXAMPLE 8 THfeHioglavsnisoheated tPBpT ahad igip;res&u:meﬂl\;vhp, eﬂ;ylene (150
chl oride-t a ex (TiCl3(THF)3, 1.85 15 g)’is ssolved in
CH2Cl 2 (159%1?) wﬁﬁiﬂgﬁ?ﬁ% lays ?rﬁP%leg' and the gontents ase\av@ponatedo Cl 2 (30
m-)Y0is adueder Amimqgmtrbam.pma@ifbary%t%(ﬁ@ gﬁh st immediately. After
45 min., the solids are filtered off, washe WI1I CH2Cl 2 and pentane, and

dried. Yield: 2.00 g. EXAVPLE 9 2EXAMPBEA2 on of Me2Si (Me2Pz)2CoCl 2 Cobal t
(11) chloride (1.00 9) a5gyhiatiAL8H it AESTHRIR Ve 1 %4 9 e
Methyl alumoxane (10 mL of 10 wt.% MAO in toluene) is added to |
the product of Example 5 (8 mg). The mixture is polymerized under the
15 conditions of Example 11. Yield of polyethylené: 21g.

The preceding examples are meant only as illustrations; the
following claims define the scope of the invention.
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‘are,refluxed in THE (50 m-) for 1 h. The solvent is evaporat ed' g@a
“solids are collected with pentane. Yield: 2.10 g. EXAMPLE 10 25 Prepar 1“on
of Me2Si (Me2Pz)2Ni Br2 Nickel (I1) bromde (1.09 g) is suspended in THE (30
m.). The product of Exanple 2 (1.24 g) is added and the brown solid turns
blue. The mxture is refluxed for 1.5 h and is filtered. The filtrate is
evaporated, and the blue solids are collected with pentane, filtered, and
dried. Yield: 30 0.29g. | | 1 6 SEP 2003 WD 00/ 59914 PCT/ USOQ 04757 4
EXAMPLES 11-12 Pol yethyl ene Preparati on EXAMPLE 11 Pol ynmerization with

M Si (I\/EZPziSCr C13 5 Methyl alunoxane (10 nL of 10 wt.% MAO in toluene) is
added t ol Clava: product of Exanple 6 (10 ng). The mxture is injected into a
1.7 L stainless-steel autoclave containing dry, deoxygenated toluene (850
m.). The autoclave is heated to 80C and is pressurized with ethylene (150
psi). After 11h, tlz%ecmlysmdrlﬁa/}ecdmpﬁswl ed, and the contents are evaporated
10 under a nitrogen . stream Yield of polyethylene: 12.1 g. EXAMPLE 12

Pol yrmeri zation w t{%‘)l\/t:@"(%?lgf’) C13 Methyl al unpxane (10 nL of 10 wt. % MAO

in toluene) is add%;@uﬁé&%%ﬂ%ﬁhﬂéﬁﬁ@@&h@éc()ﬁe 1‘h§ The m xture is

pol yneri zed under 15 condi tions of Exanpl of pol yethyl ene:
2.1 g. The preceding extpl es Gaowp drtmid transitjorecy lantharsde metab; t he
followi ng clains defi ne the sgope of the. |nven]& o gi 1 6 SEP 2003 |
daim I more aniohic or neutral ligands in an amount
that satifies the valency of M; and

(- (ili)  aneutral multidentate ligand of the formula:
| Ra-A-(L)s

wherein R is hydrogen or a C,-Cj alkyl, aryl, or aralkyl group, A is silicon, tin,

germanium, or lead, each L is independently a substituted or unsubstituted

triazolyl, or tetraazolyl group, a=0 to 2, b=2 to 4, and a+b=4.
2. The catalyst of claim 1 wherein the activator is selected from the group
consisting of alumoxanes, alkylaluminum compounds, alkylboron compounds,

and‘non-nucleophilic blorate and aluminate salts.

3. The catalyst of claim 1 wherein the transition metal complex comprises a

Group 3 to 6 transition of lanthanide metal.

4. The catalyst of claim 1 wherein M is a Group 4 transition metal and the

oxidation state of M is 3+.

5. The catalyst of claim 1 wherein the neutral, multidentate ligand has the

formula:
(H3C), -Si-(L)y

wherein a=1 to 2 and b=2 to 3.
13



1. A catalyst which conprises: (a) an activator; and (b) a t1ran3Epimu3 or

‘1 ant hani de netal conplex conprising: (i) a Goup 3 to 10 transition or

| ant hanide netal, M (ii) one or nore anionic or neutral ligands in an
anount that satifies the valency of M and (iii) a neutral nultidentate
ligand of the formula: Ra-A-(L)b wherein Ris hydrogen or a Cl-C30 al kyl,
aryl, or aral kyl group, Ais silicon, tin, germanium or |lead, each L is

i ndependently a substituted or unsubstituted triazolyl, or tetraazolyl
group, a=0 to 2, b=2 to 4, and atb=4. 2. The catalyst of claim1 wherein
the activator is selected fromthe qr_ou consi sting of al unpbxanes,

al kyl al um num&onpdtsgportad k3trlyst fiflaiBhbounds, and non- nucl eophi | i c

bl orate and alum nate salts. 3. The catalyst of claim1 wherein the
transition nmetal conplex conprises a Goup 3 to 6 transition of |anthanide
metal . 4. The Z%at alAptoceds whieh norhprisespelymévizirg @ ¢lefiniin the praasdetdfake net al
and the oxidatjon s%qt‘.e f Mis 3+. 5. The catalyst of claim1 wherein the
neutral, multi@ERPEOE M Y5nd has the formula: (H3Q)a -Si-(L)b wherein a=1.
to 2 and b=2 to 3. 13 1 6 SEP 2003 6. A supported catalyst of claiml1. 7. A
process which conprises polynerizing an olefin in the presence of the

cat al yst of cl&i m fLhegroceaeofslaiord svhetein theiokefin istethyling or laanistueé pfi i s

et hyl ene or a_ r ) | ene and an a-olefin. 9. A catal yst which
conpri ses: (ae)m%éﬁl%ggfi%gtcg%ﬁxand (b) a transition or |anthani de netal
conplex conprising: (i) a Goup 3 to 10 transition or |anthanide netal, M
ina 3+

(

9. A catalyst which comprises:
(a) an activator; and
(b) a transition or lanthanide metal complex comprising:
@) a Group 3 to 10 transition or lanthanide metal, M, in a 3+
oxidation state;
(ii)  one or more anionic or neutral ligands in an amount that
satisfies the valency of M; and

(iii)  a neutral, multidentate ligand of the formula:

Ra-Si-(L)s

Wherein R is hydrogen or a C,-Cj alkyl, aryl, or aralkyl group, each L is
independently a substituted or unsubstituted pyrazolyl group, a=0 to 2,
b-=2to 4, and a+b=4.

10.  The catalyst of claim 9 wherein the activator is selected from the group
consisting of alumoxanes, alkylaluminum compounds, alkylboron compounds,
and non-nucleophilic borate and aluminate salts.

11.  The catalyst of claim 9 wherein M is a Group 3 to 6 transition or

lanthanide metal.

14
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.Oxidation state; (ii) one or nore anionic or neutral |igands | g gguﬂﬁa
that satisfies the valency of M and a neutral, nmultidentate |Iigan §
formula: Ra-S; (L)b Wherein R is hydrogen or a Cl1-C30 al kyl, aryl, or

aral kyl group, each L is independently a substituted or unsubstituted
pyrazolyl group, a=0 to 2, b-=2to 4, and a+b=4. 10. The catal yst of claim
9 wherein the activator is selected fromthe group consisting of

al unoxanes, al kyl al um num conpounds, al kyl boron conpounds, and
non-nucleophilic borate and aluninate salts. 11. The catalyst of claim?9
wherein Mis 3 1o 6 transition,or Ianthanlde metal. 14 1 6 SEP
2003 12. The 3& al ?g’ét%ﬁt%@‘ @F’&l‘hﬂméuﬁﬁ@uwgt entatq ligand hesthe | i gand
has the for mgmiuld:H3C) a -Si-(L)b wherein a=1 to 2 and b=2 to 3. 13. A
supported catalyst of claim9. 14. A process which conprises polynerizing
an olefin in the pfBfncti-Gdhthe catalyst of claim9. 15

wherein a=1 to 2 and b=2 to 3.
13. A supported catalyst of claim 9.

14. A process which comprises polymerizing an olefin in the presence of the

catalyst of claim 9.

15





