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METAL COMPOUNDS CONTAINING NEUTRAL, MULTIDENTATE AZACYCLIC LIGANDS, CATALYSTS USING
_ THEM, OLEFIN POLYMERIZATION METHODS USING THEM

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

10 reactions, particularly for olefin polymerizations.
BACKGROUND OF THE INVENTION

The chemical industry uses a wide variety of fransition metal
complexes as catalysts for organic reactions. Polyolefin manufacture is a
good example. While conventional Ziegler-Natta catalysts continue to

15 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 (e.g., Ti*', Zr**, S¢**) surrounded by

20 anionic ligands (e.g., chloride, alkyl, cyclopentadienyl) 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

25 preparing the transition metal complexes useful as precursors for
metfallocene or single-site polyolefin catalysts. For example, 1,4,7-
trimethyi-1,4,7-triazacyclononane (tmtacn) has been used to prepare
(tmtacn)MCl3 complexes of scandium, chromium, and rhodium (see, for
example, Wang et al., J. Am. Chem. Soc. 119 (1993) 6999); derivatives

30 of these complexes catalyze olefin polymerizations. Another example is
1,4,7-trithiacyclononane (ttch). from which (ttcn)RhCi3 has been prepared
(S. Timonen et al., J. Mol. Catal. A., 111 (1996) 267). Because of their
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complexity, high cost, and synthetic challenge, such ligands have not
been widely pursued. While.. more accessible neutral ligands (such as
1,2-bis(diphenylphosphino)ethaﬁe) exist, these have not generally
provided significant advanfagé_s for rhetall_ocene and single-site catalysts.

A potentially viable rou_té to neutral, multidentate ligands reacts
three equivalents of pyrazole With chlorofom'l in the:'presence of a base to
give a trls(pyrazolyl)methane This method is economlcally attractive

 because a vanety of pyrazoles can be made by reactlng acetylacetones

with hydrazme Unfortunately, carbene formation comphcates the product
mixture and reduces the yield of t_he desired tns(pyra;o!yl) compound.

Anionic tris(pyrazoiyl)bo_rate ligands are known U.S. Pat. No.
5,504,049, for example, reacts VOCl3 With pptassiljm tris(pyrazolyl)borate
to make a complex that polymerizes ethylene |n the presence of an
activator such as MAO. In ad'ditioh, o_n_e:_ _tris_(pyrazdyl)silane complex is
known: S. Vepachedu et al. (Acta Cryst. C51 (1995) 423)) reported the
crystal structure of tris(3,S-dimethylpyrazglyl)methyléil?ne.

In sum, new neutral multidentaté ligands are needed. Particularly
valuable ligands would be easy to -synthesize from readily available
starting materials. Preferably, the hgands could be made in high yields
without compllcatlng side reactlons such as carbene formation. Ideally,
the llgands would be valuable for making new transmon metal complexes
useful as procatalysts for olefin polymerization. _

SUMMARY OF THE INVENTION

The invention is a new class of neutral,. multlg__ientate ligands. The
ligands have the général formula: Rg- Q_(L)b where R is hydrogen or C4-
Csg alkyl, aryl, or aralkyl, A is silicon, tlin.'germaniur;rj_, or lead, each L is
independently a substituted or unsubstituted pyrazolyl, triazolyl, or
tetraazoly!l group, é=0 to 2, b=2 to 4, ahd atb=4, :with the proviso that
when R=methyl, A is silicon, and a-1, then- L is not a 3,5-
dimethylpyrazolyl group - _

The |nvent|on includes transmon metal complexes which comprise
a Group 3 to 10 trans;_t;on or lanthanide metal (M), one or more anionic or
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neutral ligands-:-'in': an amount that satisfies the valency of M, and the
neutral, multidentaté ligand described above. The'irivention also includes
catalysts for olefin polymerization; these comprise the transition metal
complexes and an activator such as MAO or a borate salt. Finally, the
invention includes an olefin polymerization process that uses the
catalysts.

| surprisingly found that neutral, multidentate ligands based on
Group 14 elements (silicon, tin, germanium, or lead) and pyrazolyl,
triazolyl, or tetraazolyl groups are easy to synthesize and purify.
Moreover, the ligands readily react with Group 3 to 10 transition and
lanthanide metals to give complexes that are potentially valuable for a
wide range of organic transformations, including olefin metathesis,
isomerization, oligomerization, and the like. In particular, the complexes
react with common activators such as alumoxanes or borate salts to
provide excellent single-site catalysts for olefin polymerization.

DETAILED DESCRIPTION OF THE INVENTION

The neutral, multidentate azacyclic Iigands of the invention have
the general formula Rg-A-(L),. In the formula, A is a Group 14 element,
excluding carbon. In other words, A can be silicon, germanium, tin, or
lead. Silicon is preferred. R is hydrogen or a C4-C3q alkyl, aryl, or
aralky! 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:

PCT/US00/04757
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in which any of the three ring carbons is unsubstituted (i.e., has one
hydrogen) oris substituted with R¢, Rz, and/or R, each of which may be
mdependently a hydrocarbyl halide, alkoxide, dlalkylammo nhitro, or
similar group. Two adjacent hydrocarbyl groups may be joined to form a
cyclic structure, as:in indazole or tetrahydroindazole. The -pyrazolyl
groups are sigma-pfo_nded to the silicon, tin, gerrrtenium or lead atom
through the 1-nitrdgen Unsubstrtuted and hydrocarbyl-substrtuted
pyrazolyl groups are preferred _
Similarly, trlazolyl ligands have the following : structures

| in which Ry and Rz are defi ned as above.

A tetraazolyl Ilgand has the followmg structure

R4

in which Ry is defined as above. :

Suitable neutral, multidentate ligands inciude, for example,
bis(pyrazolyl)dimethyisilane, ' bis(pyrazo!yt)methylphenylsilane,
bis(pyrazolyl)diphenylsilane, bis(pyrazolyl)bis(dimethytamino)silane,
bis(pyrazolyl)silacyclobutane, bis'(pyrazolyl)siIacyc]opentane, bis(3,5-
dimethylpyrazolyl)dimethyisilane, 'bis(indazole)dirhethylsilane, bis(4-
chloropyrazolyl)dimethylsilane, bis(4-methylpyrazolyl)dimethylsilane,
bis(3,5-triﬂuoromethy|pyrazoly|)dimethylsilane, tris(p_yrazolyl)methylsilane,
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bis(pyrazolyl)methyisilane, - tris(3-methylpyrazolyl)methylsilane,
tetrakis(pyrazolyl)siidne, bis(tfiazolyl)dimethylsilane,
bis(benzotriazolyl)dimethyisilane, tris(benzotriazolyl)methylsilane,
bis(tetraazolyl)dimethylsilane, tris(tetraazolylymethyisilane,
tris(pyrazolyl)methyttin, tris(3,5-dimethylpyrazolyl)germane,
tris(pyrazoly)methylgermane, tetra(pyrazolyl)lead, tetra(3,5-

dichIoropyrazolyl')silane, and the like, and mixtures thereof. Particularly
preferred are bis and tris(pyrazolyl)alkylsilanes and bis and tris(3,5-
disubstituted pyrazolyl)alkylisilanes.

The neutral, 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-butyllithium in an inert solvent (e.g., ether). Evaporation of

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 groups (e.g., three moles of azacycle
salt and one mole of methyltrichiorosilane) to produce the neutral,
multidentate ligand. The wofkup usually consists of dissolving the
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 preparéd with
the neutral, multidentate ligands. The transition metal complexes
comprise, in addition to the neutral, multidentate ligand, a Group 3 to
Group 10 transition or lanthanide metal, 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
elements directly below these elements in the Periodic Table. Suitable
lanthanide metals include La, Ce, Pr, Iéu, Yb, and the like. Preferred are
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Group 3-6 transition and lanthanide metals; most preferred are Group 4
transition metals. -

Anionic or neutral ligands make up the bajlépce- of the transition
metal complex. Examples include unsubstiﬂx'ted and substituted
cyclopentadienyl, mdenyl fluorenyl, hydride, hahde alkyl, aryl, aralkyl,
dialkylamino, snloxy, alkoxy, pyrrolyl, indolyl, carbazoyl quinolinyi,
pyridinyl, azaborofinyl, boraaryl groups, or the like, ._a_md combinations of
these. Examples of::neutral ligands are carbonyl, n°~aryl, n*~butadiene,
n*~cyclobutadiene, n*~cyclooctatetraene, tertiary phosphine and the like.
Other examples- of suitable anionic or neutral ngands appear in U.S. Pat.

~ Nos. 5,756,611, 5, 637 ,6569, 5,637,660, 5,554, 775,.and 5,539,124, the

teachings of which are incorporated herein by reference.
Any convenient source of transition metal can be used. For

~ example, the oompl;-f.'xes can be made from transition metal halides,
~alkyls, alkoxides, acetates, amides, or the like. A pérticularly convenient

source of the transition metal is the transition metal'halide For example,
one can use vanadlum(llI)chlorlde-tetrahydrofuran complex
(VCI3(THF})3), titanium (lll)chlonde THF complex, .chromium(lii)chloride-
THF complex, cobalt(ll) chioride, nickel(ll) bromld_e,_ platinum(ll)chloride,
palladium(ll)chloride, lanthanum(lil) chioride, titanium(lll)acetate, or the
like. Complexes can also be prepared from salts wit_h labile groups, such
as tetrakis(acetonitrile)palladium(ll) bis(tetraﬂuorobérate).

The transition metal complexes are easy to make. Usually, the
transition metal source (halide, e.g.) is dissolved dr.suspended in an
organic solvent and the neutral, multidentate ligand is. carefully added.
Refluxing is used .if needed to complete the reacﬁpn. Insoluble by-

products, if any, can be removed by filtration, solv_ehts are evaporated,

and the transition metal complex is isolated, washed, and dried. The
resulting complex can generally be used without further purification.
Binuclear corriplexes (containing more than.one metal center) can

be prepared by the reaction of two equivalents of a suitable ‘metal
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precursor with a tetrakis(azacyclic)silane. Thus, réét:ti'ng two equivalents
of NiCl, with (CiHiN2)eSi  (ie.. (P2)4Si) shoiild’ afford the binuclear
complex ClzN.i(Pz)ZSi(Pz)zNiCIz. Similarly, dendrimeric multiarmed
ligands such as [(Pz)sSiCH.CH]4Si (prepared from 12 equivalents of
Li(Pz) with [ClsSiCH2CH,]4Si) should give polynuclear metal complexes.
Transition metal complexes of the invention are expected to be
valuable catalysts, catalyst precursors, or reagents for a variety of organic
reactions, including, for example, olefin’ metathesis, isomerization, and
polymerization reactions. _

The invention includes catalysts which comprise the transition
metal complexes described above and an activator. Generally, the
activator converts the complex to a cationically active species. The
catalysts are especially valuable for polymerizing olefins, such as
ethylene, propylene, and/or other a-olefins such as 1-butene or 1-he_xene.

Suitable activators are well known in the art. Exarhples include
alumoxanes (methyl alumoxane (MAO), PMAO, ethyl alumoxane,
diisobutyl alumoxane), alkylaluminum compounds (triethylaluminum,
diethylaluminum chloride, trimethylaluminum), and the like. Such
activators are generally used in an amount within the range of about 0.01
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 Iigahds attached to
boron or aluminum. Examples include lithium fetrakis(pentaﬂuorophenyl)
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 transition
metal complex. |

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.

7
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Pat. Nos. 5,756,611, 5,084,802, and 5,599,761, the teachings of which
are incorporated herein by reference.

The catalysts are optionally used with an inorganic solid or organic
pdlymer support.  Suitable supports include s,ilica, alumina, silica-
aluminas, magnesia, titania, clays, zeolites, or the l_ik_e. The supports can
be pretreated ther;nally or ché_mically to improve Qatalyst productivity or

‘product properties. The catalysts can be deposited on the support in any

desired marin_er. For instance, the catalyst can be dissolved in a solvent,
combined with a support, and strippéd. Alterriat_ively, an incipient-
wetness technique can be used.- Moreover, the support can simply be
infroduced into the reactor separately from the catalyst. The ligand can
also be chemically tethered to the support through a suitable linking
group. _
The invention includes an olefin polymerization process. The
process comprises polymerizing an olefin in the presénce_- of a catalyst of

‘the invention according to methods that are well known in the art.
‘Suitable techniques include gas, high-pressure liquid, slurry, solution, or

suspension-phase processes and combinations of these. Suitable olefins
include ethylene, propylene, butenes, pentenes, | hexenes, octenes,
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 maklng polyethylene.

The followmg examples merely illustrate the snventlon Those
skmed in the art will recognize many variations that are within the spirit of
the invention and scope of the claims.

EXAMPLES 14
Ligand Preparation
EXAMPLE 1
Preparation of Bis(pyrazolyl)dimethyisilane

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
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' evaporated, and pentane is added. The white solids '(7.30 g) are filtered
off and dried. it

The solids are dissolved in ether (100 mlL), and
dichlorodimethyisilane (6.36 g) in ether (10 mL) is added dropwise. The
cloudy suspension is stimed overnight and filtered. The filtrate is
evaporated, and the residue is dissolved in warm pentane and filtered.
Cooling of the filtrate to —30°C precipitates white solids {7.26 g). 1H
NMR (toluene-dg): 0.64 (s, CH3-Si), 6.09 (t), 7.28 (d}, 7.70 (d).

EXAMPLE 2
Preparation of Bis(3,5-dimethylpyrazolyl)dimethylsilane
3,5-Dimethylpyrazole (9.61 g) is dissolved in ether (175 mL), and
n-butyllithium (10 mL of a 10 M solution in hexane) is added. After 1.5 h,
the mixture is evaporated, and pentane is added. Cooling to —30°C
precipitates white solids (8.53 g), which are filtered off and dried.

The solids are dissolved in ether (100 miL), and
dichlorodimethylsilane (5.40 g) in ether (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 fillered. The filtrate is evaporated, and
the resulting white crystals are dissolved in pentane and filtered. Cooling
of the filtrate to —30°C precipitates white crystals (5.43 g). TH NMR
(toluene-dg): 0.82 (s, CH3-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
(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. '
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The solids are dissolved in ether (150 mL), and

trichloromethylsiiane. (4.85 g) in ether (15 mL) is added dropwise. The

mixture is stirred overnight and filtered. The ﬁltra_t@e is evaporated, and
the residue is dissolved in warm pentane and filte_;_red. Cooling of the
filrate to —30°C precipitates white crystals (5.13 g) TH NMR (toluene-
dg): 1.04 (s, CH3-Si), 5.89 (t), 7.21 (s), 7.52 (s). |
EXAMPLE 4
Preparatio_h of Tris(3,5-dimethylpyrazolyl)methyisilane

3,5-Dimethylpyrazole (19.2 g) is dissolved in ether (150 mL), and
n-butyllithium (20 mL of a 10-M solution in hexane) is added. After 0.5 h,
the solvent is evaporated, and the solids are collected with hexane and
cooled to —309C. Yield: (14.7 g). |

The solids are dissolved in ether (125 mL), and
trichloromethylsilane (7.17 g) is added dropwise. The mixture is refluxed
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). H NMR (toluene-dg): 1.58
(s, 3-CHg and CHg3-Si), 2.19 (s), 5.69 (s).
_ EXAMPLES 5-10 .
Preparation of Transition Metal Complexes - -
EXAMPLE 5
Preparation of MeSi(Mesz);;VCI;
Vanadium (li}) chloridé-tetrahydrofuran complex (VCI3(THF)3, 1.86
g) is dissolved in 2:1 CHoCIp/THF solution (40 mL). The product of
Example 4 (1.64 g) dissolved in CH2Cly (15 mlL) is added slowly. After
15 min., a.n olive green precipitate forms. The mixture is stirred overnight
and filtered. The solids are washed with CHpClo and pentane and are
dried. Yield: 1.59 g. |
EXAMPLE 6
Preparation of MeSi(Me,Pz),CrCl;
Chromium (lll) chloride-tetrahydrofuran corﬁplex (CrClg(THF)3,
1.87 g) is suspended in CHaCly (30 mL). The product of Example 4

10
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(1.62 g) dissolved in CH2Cly (15 mlL) is added slowly. The purple
suspension turns éléar and green. After 30 min:, thie solution is filtered,
and the filtrate is evaporated. The solids are washed with pentane and
dried. Yield: 2.19 g. | |
EXAMPLE 7
Preparation of MeSi(Me,Pz)3TiCls _

Titanium (lll) chloride-tetrahydrofuran complex (TiCl3(THF)3, 2.57
g) is dissolved in a 3:1 CHyClo/THF solution (40 mL). The product of
Example 4 (1.70 g) dissolved in CH5Cl> (40 mL) is added. After 1 h, the

solvent is evaporated, and the solids are collected with pentane. Yield:

249g.
EXAMPLE 8
Preparation of MeSi(Pz)sTiCls

Titanium (lIl) chloride-tetrahydrofuran complex (TiCl3(THF)3, 1.85
g) is dissolved in CHaCly (15 mL). The product of Example 3 (1.22 )}
dissolved in CHxCly (30 mL) is added. An aquamarine precipitate forms
almost immediately. After 45 min., the solids are ﬁlfered off, washed with
CHoCl> and pentane, and dried. Yield: 2.00 g.

EXAMPLE 9
Preparation of Me,Si(Me,Pz),CoCl; _

Cobalt (ll) chioride (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
Preparation of Me>Si(Me2Pz);NiBr

Nickel (Il) 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 biue.
The mixture is refluxed for 1.5 h and is filtered. The filirate is evaporated,
and the biue solids are collected with pentane, filtered, and dried. Yield:
0.29 g.

11
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EXAMPLES 11-12
Polyethylene Preparation . )
. EXAMPLEM . |
Polymerization with MeSi(Me;Pz)sCrCls
5 Methyl alumoxane (10 mL of 10 wt.% MAO "i'n"-toluene) is added to
the product of Example 6 (10 mg). The mixture ls ihjected intoa 1.7 L
stainless-steel autoclave containihg dry, Elepxygenét_,é,d_ toluene (850 mL).
The autoclave is heated to 80°C and is pressuriz';_e_id' with ethylene (150
psi). After 1 h, the autoclave is cooled, and the co_htents'are evaporated
10 under a nitrogen stream. Yield of poly_ethylene: 121g
| | EXAMPLE 12
Polymerization with MeSi(Me;Pz);VCl3
Methyl alumoxane (10 mL of 10 wt.% MAO in toluene) is added to
the product of Example 5 (8 mg). The mixture is polymenzed under the
15 _ condltlons of Example 11 Y|eld of polyethylene 2, 1 g.
The preceding examples are meant only as |llustraﬁons; the
: 'foIIOWing claims define the scope of the invention.

12
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Iclaim: -
4. A catalyst which comprises:
(a) an activator; and
(b) a transition metal complex comprising:
() aGroup 3 to 10 transition or lanthanide metal, M;
(i) 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-A-(Lp
wherein R is hydrogen or a C1-C3q alkyl, aryl, or
aralkyl, A is silicon, tin, germanium, or lead, each L
is independently a substituted or unsubstituted
pyrazolyl, triazolyl, or tetraazolyl group, a=0 to 2,
b=2 {0 4, and a+b=4.

2. The catalyst of claim 4 wherein fhé activator is selected from
the group consisting of alumoxanes, alkylaluminum compounds,
alkylboron compounds, and non-nucleophilic borate and aluminate salts.

3. The catalyst of claim 1 wherein the transition metal complex
comprises a Group 3 to 6 {ransition or 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 c_Jf claim 1 wherein the neutral, multidentate
ligand has the formula: |

(H3C)a-SHL)p

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

6. A supported catalyst of claim 1.

7. A neutral ligand of the formula:

Ra-A-(L)p

wherein R is hydrogen or C4-C3q alkyl, aryl, or aralkyl, A is silicon, tin,
germanium, or lead, each L is independently a substituted or
unsubstituted pyrazolyl, triazolyl, or tetraazolyl group, a=0 to 2, b=2 to 4,

13 -
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and a+b=4, with the proviso that when R=methyl, A is silicon, and a=1,
then L is not a 3,5-dimethylpyrazolyl group. _
8. The ligand of claim 7 wherein R is inethyl, A is silicon, L is an
unsubstituted pyrazolyl group, and a=1. _
5 9. A transition metal complex which comprises:
(a) a Group 3 to 10 transition or lanthanide metal, M;
(b) one or more anionic or neutral ligands in an amount that
satisfies the valency of M; and
(c) a neutral, muitidentate ligand of the formula:
10 ~ RgA-(L)p
wherein R is hydrogen or a C4-C3q alkyl, aryl, or aralkyl,
A is silicon, tin, germanium, or lead, each L is
independently a substituted or unsubstituted pyrazolyi,
triazolyl, or tetraazolyl group, a=0 to 2, b=2 to 4, and
15 a+b=4, with the proviso that when R=methyl, A is silicon,
| and a=1, then L is not a 3,5-dimethylpyrazolyl group.
10. The transition metal complex of claim 9 which comprises a
Group 3 to 6 transition or lanthanide metal. _
11. The transition metal complex of claim 9 wherein A is silicon.
20 12. A process which comprises polymerizing an olefin in the
presence of the catalyst of claim 1.
13. The process of claim 12 wherein the olefin is ethylene or a
mixture of ethylene and an a-olefin. [ ——
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