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trimethyl-1,4,7-triazacycl ononane (tntacn) has been used to G;ﬁeepare
(tntacn) MCl 3 conpl exes. of scandium chrom um and rhodi um (1; SEPoR003
exanpl e, Werg/sea14al ., J. Am Chem Soc 119 (1993) 6999); dg{-_.ir){%r“bl}‘%%ﬁo of
t hese conpl exes catal yze ol efin polynerizations. Another exanple s~ -
1,4,7-trithiacycl ononane (ttcn), fromwhich (ttcn)RhCl 13 has been prepared
(S. Tinmonen et al., J. Mdl. Catal. A, 111 (1996) 267). Because of their 1
6 SEP 2003 WD 00/59914 PCT/USOQ 04757 conplexity, high cost, and synthetic
chal | ¢EyaL COMAOUNDY ZOSSAIRBENBGIRALD Bie ’ Al

acces JHBMeOHRFIN PRUYMERFAMION NMETHOIDS ;Bﬁ%%j@wb i Lsr% %@E%pﬂé@%ﬁ? r?c%?ﬁ%ﬁe?smc
exi st, these have not generally provided significant advantages f.or

,metal Locene and single-site catalysts. 5 A potentially viable route to
neutral, multidentate Ii gands reacts three equivalents of pyrazole with

chloroformin the presence o i tris(pyrazolyl)nethane.
_This nethod is e'(]:_gnom' cally g{%@?’?@%& ME@JQ vari ety of pyrazoles can
"be made by react Thg imesttidnaeidtes8s nes i f el y, carbene
formation cg | ic@?s tge product ,fgmﬁgfgﬁb%ﬁgéﬂﬁge%‘{ F%{?aﬁezg{ﬂ“ of the
desired tri %Fﬁ "GRDAR drazAswalic” ligansis) and trapgitionz oleth) boriiexéd gands
are known. tha%.colgdin 5 reagts VOCI 3 with
potassiumtris ?Syr ellg é???‘) bgﬁgibgngér%ééeegg@%}?% BQOQ%QEISE%%@'Q%
et hyl@ne i nreaesiops.cxasticwady femolefic polyaiarizativgs. as MAO. I n addition, one
tris(pyrazolyl)silane cogpl ' known: S. Vepachedu et at. (Acts Crust.
C51 (1995) 423)) reporte%(ﬁiG@@épa(BE&H%éNVEéﬂaﬁN | |
tris(3, 5-di net hyThy retephich) imd [ €q \hilaS Ul n | . nultjdentate
(li gands are_needed. Parti cul ar%yyws\?g?ﬁa?)l‘gmlei gg}ﬁggﬁ%uﬁg%@ogagﬁﬂ}etﬁt)
synt hesi ze $PBREXE2@S|Gptalysis| fappeganie meadtiogs mitalyolefis matierhefabliy o t he

| i gands cougghd i Bah yields 20_w t hoyt conplicating side reactions
such as catj%en.e%f" o_r@t:i MH "?d%%’#‘%’/’%on?ﬁg'qgﬁ%{aﬁagavﬁﬁ‘fﬁb’s% cogtingelte for '
naki Ky new dominate ithe intisity, cighly Qxctive erlilsbedé o SRAIALYS aedighes”! o 1 1
ol yneri za " )
P ‘y th8'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
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
30 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




[ [ [ f neug raal _
MVARY OF THE | NVENTI ON The invention is a new class o
?\lJJ[ tidentate ligands. The 25 l|igands have the general for rmifﬁg MD@L) b

oy [ il tin
pP@gen or Cl- C80 alkyl, aryl, or aralkyl, A |3 licon ,
\é\gre;r:n:?u:?]@ or | egd, each L is independently a substituted [§T/HOAEY; t ut ed

lyl, tomplexity| hi t zQl 0 a=0 to 2, b=2 to 4, and a+b=4,
\FI)\Ay[ ﬁz'? hg p(rjhc))?/'ingo ;[j Kat @ﬁ\g]cgrf R:?Eegt %ﬁ?eﬁfﬁﬁ@?ﬂs@@{ﬁuﬁcﬁ;wm} hﬁg???d(:)tnl fne {12]{
ey Gt IWERY BT, bl of I9eeSS bR el 1G8ndd A5k, 20 )

(M, one or ’rmre%%ﬁéﬁgh%?p%gi%‘éwbggxbt.sahes&OShﬁfél'/ H&)Obgﬁg%llyneutral

i E i b st d the neutral,
i gands i n providedsignificaht S8VARGLES 1 ency, of 4 M and |
n{JP?inﬁdent ate lig ndgdescri bed abgve. Ellﬁ‘ee\fﬁﬂfeﬁfé 3nd single-site catidpstscat al yst s ‘

i i i ' bian: | _caonpl exes
o o et polyrbFanlly oo neurty 4G GEAL e OO
?Ecl 3des agﬁolé;??ﬂlvgolﬁéngﬁyﬁﬁq%%“ﬁt?bgﬂgéofpﬂatindbe$)(;e$'ag1cec?’c@bﬁ§%§% uIp »
. . 3 . . S On
o ehent s fe ) o Y razcpnetiandT ThlcHighGd, (<8RS SRl strasivey.. o
t et raazol yl%eﬁﬁggﬁ? YRdelaQl pywzoles hesilee nadb byrﬂefa%tin%%cmf%\éﬁ{‘%t he

| ' tals
| i gands r eadtH Kydi ) 3.to 10 transition and e
tl)ggi ve conpl ex‘ésrgtﬂﬁgt ngﬁbrg)@g%yl el r\?a{%ﬁlﬂt'@nf@m}allcaiﬁﬂmef progiticof

orgafi c t r n¥tuse @adi redsices ithé W'G@fﬁhé’ﬁbgirgﬁttﬁ%@?éc%w i soneri zati on,

ol igomeri zation, and the |ike In particular €xXgRoURdact with
common activat of ¥ %Eh nPYRZRlYDERERteo figandstares khbwn! 0 U 5 pévaé%

' ' it SREN i zat | DETAI L
excel l'ent 550,048, for exahly¥ Stenct LU el olLymerization.
DESCRI PTI O b THE. | NVERTIFORI reacts VOTI3 with %&gss'u_m tris(pyrazolyl)borate

0 make a complex that polymerizes ethylene in the presence of an
activator such as MAO.

In addition, one tris(pyrazolyl)silane complex is

15 _known: S. Vepachedu et al. (Acta Cryst. C51 (1995) 423)) reportedlthe
~ crystal structure of tris(3,5-dimethylpyrazoIyl)methylsilane. |

In sum, new neutral, multidentate ligands are needed. Particularly
valuable ligands would be easy to synthesize from readily available
‘starting materials. Preferably, the ligands could be made in high yields
20 without complicating side reactions such as Vcarbene formation. Ideally,
the ligands would be valuable for making new transition rﬁetal complexes

useful as procatalysts for olefin polymerization. -

' SUMMARY OF THE INVENTION (.
| The invention is a new cléss 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, germanium, 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 proviso that
when R=methyl, A is silicon, and a=1, theh L is not a 3,5-

30 dimethylpyrazoly! group.

The invention includes transition metal complexes which comprise
a Group 3 to 10 transition or lanthanide metal (M), one or more anionic or

2
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10 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 metathesns
isomerization, oligomerization, and the like. In particular, the complexes
react with common activators such as alumoxanes or borate salts to

15 provide excellent single-site catalysts for olefin polymerization.

DETAILED DESCRIPTION OF THE INVENTION
The neutral, multidentate azacyclic 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 préferred. R is hydrogen or a C1-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:

25



in which R is defined as above. Suitable neutral, nultidentate

' ' ' ' | yl') di phenyl si | ang, § SEP 2003
bi s(pyrazol yl')di nethyl si| ane, bi s(pyrazo vl nenylsi!a
[ r awel 80/5p814 acycl obut ane, |igands i ncl ude, mpl & .
E: EEB% azo|(§/o|?rret hyl phenyl si | ane b| s(pyrazol yl ) bi s(di met h FUHSPUMTST | ane,

IyI)d i met hyl si
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Fg?\épyrgﬁﬁ&ﬂégazol §| di met hyI SI rggﬂg Mh%@ﬁé%%ﬂ Byl Bas ome  bi s(4
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t W azo | Tet ny
{DL ;5 g ?p?r a;g,ﬁéﬁ’éﬁ@%ﬁt’]}g’ Iaf A}YZ’Z %Q' % 1halie, oalkegidep memy%mo nitro, or

I
b1 (E)éﬁ?é? ﬁ’??“é:“‘ﬁ?gﬁ?i??ﬁ““""f@#@%&@ﬁ%&f} gk ot iobner) teformeg
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groups are sigma-bonded to the silicon, tin, germanium, or lead atom

through the 1-nitrogen.  Unsubstituted and hydrocarbyl-substltuted
pyrazolyl groups are preferred.

Similarly, triazolyl ligands have the following structures:

10
R1
Ry fl\l/
in which Ry and R; are defined as above.
A tetraazolyl ligand has the following structure:
. Ry
I
N N .
| SN
15 5 -
: | L
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(dimethytamino)silane, '

bis(pyrazoIyl)silacyclobutane, bis(pyrazolyl)silacyclopen_tane, bis(3,5-
dimethylpyrazolyl)dimethylsilane, bis(indazole)dimethylsilane, bis(4-
chloropyrazolyl)dimethylsilane, bis(4-methylpyrazolyl)dimethylsilane,
bis(3,5-triﬂuoromethylpyrazolyl)dimethylsilane,, tris(pyrazolyl)methylsilane,
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I val y | rea wi th G Qup 14 conpound, .
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hydr ocar bondisuBsi@tuled pyrat&IH ARy &ove alkali nmetal salts, an

rgcr stallizing the I?)gand.y) E&gﬁ%‘ﬁes 1-4 below illustrate how to prepare

the Heutral |igahbe Beutrale multidentatenligaids ianaeeé%y)rtoi eEpERS g naﬁ.?h tion
net al conpl e e ' neyt r.al | tidentate |igands. e
transiti (r)nr:: net Ic%o%é'égjggioi%néﬁ? g'é'?é{f'wp&'é?&gr% chﬁ"tz&trﬁ?é)'ﬂe tragole,
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(M and one or nore anionic or _neutral |1gands I n an anmount that satisfies .
the val encyP§P3fAtG, g‘ﬁa@%'%tcéﬁwotﬂﬂﬂ& by resactingi it with eCstroh,bdse, Co, Ni,
and such as n-butyllithium 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 groups (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 Iigands'. The ftransition 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 satisﬁés 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



. . ‘ . . . . . |
el enments directly below these elenments in the Periodic Table oSyLfab
| ant hani de netals include La, Ce, Pr, Eu, Yb, and the Ilike. haegtb

| ant hani de netals; nost preferred are Goup 4 transition

. tral g RSt of . the transition netal conplex.
g(anrrglue;ai r(]';:.:rlogg(ragi Ensubstt'#rlt?uain %'@Mﬁ%éﬁ?ﬁﬁe@osg%? regsk At @roupl4

i ndenyl , f traosition metalsir i de, halide, alkyl, I aryl, alr al klyl , di ?! Iélylnalm no,
azabor ol 1yl - bAGHE bl idanas raiiesp thel betarisenaf the Grsitdrbese.
?iifrg'yifoﬁﬁnﬁgﬂigﬂfﬁ?%ﬁ?t@ﬁé@?%@&, 5%%?%3%535%‘@?%3%&2?@; e
i P , renyl)! rid

e M b, S o et e

conveni ent pgrdingle aabbrslingi, th t n . Jor exanple, the
conpl exes pgn bgemade frig’r?h t rgﬁsa??i%]r?yégt gﬁ%%ﬁ%%ean.dr E%"‘Q"@P@,s @fl koxi des,
acet ates, HIRS§esEXxampiaseof neutrahlipands aue @afbfomﬂnﬁ&ﬂé@ﬂtn%‘dfé‘cﬁeﬁé, the
transition | [ %%‘%.he t ransi mmet al halide. For éxanple, . qne. can us
vanadi un( | T‘F)gé'ﬁ oputatietie, 1 aaye _ t&ﬁraeaﬁpteéﬂag(m%%ﬁihﬁ) a?ud the glgég; |u{n( )
| 119 chl or OterTedarpieB! sPouitaBie : :Tk)n%} .de- conmpl ex v
f:m o?i de, nickel(11) brom de, p?’gﬁ&'\%" | kr%ﬁ h??ﬁ‘é? apgear in Us. Pat
pal | adi um(NP§c B 178,841, I5a6i31165gn(5,637,66bb(Bf,ﬁﬂ#,??tsl,':aﬁw Lstr,ﬁblgg%qf’:gthg'; ghpgr
th Fike. al so be prepared fromsalts w .
sugh as tteetgregﬁggz%g&rﬁgﬁﬁ? fﬁ%fﬁafatsgiiwlmt)y rferanas: af | uor oborate). The (I'
transiti on nmet aAngosgrvemsntabBuRas Yboft fafk6n H?{QII l(,é tb%eu Lhangd fion neta
source (halide, e.g.) is dissolved or suspended Tn H 5 SFG‘anl ®'sol vent
and the netXample, n‘B?t Foraplexes cagahd madeafreiol fransitldadmetal 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(ill)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 ligand 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

_ rmgare 5. °
1 6 SEPWOO&s5%D1 00/ 59914 PCT/ US00/ 04757 G oup 3-6 transi th@?’gg@%ns"Ani-oni .



I ng is used if needed to conplete the reaction. Inso S@%
E?Ldﬂ)é!ts? i f any, can be renoved by filtration, solvents ar lév 2803%d,
and the tW&h®%?dn metal conplex is isolated, washed, and dpiRdseekiafss
resulting conplex can generally be used without further purification.. 30

[ b ittpattéiraki ; n t ter) can , be
or cpar od by the.xeact on oKty Bl R T »E%aﬁﬁﬁltgvo?nwa@n@ SEP
2003 WO 00/ ﬁQEIAébOWt Sﬁ@d"ﬂb&%&ﬁlpr Geaur qBr)48i} Bhouldtdfford th (jbém‘\ﬁl?%r

: 999 L% ! ! d t
(Gt s Prea SR LGS o Sl doiamerc omtamed
. . 1* . t! - . . . . l . dS uC as
(B0} S5 o p g e ool SICH,CRENES | @Rodre ok (3" Boy el of
) % E:I g)Si%CHzCH i §))"Vig‘rﬁl4§%§12@é‘|zﬂ>@iwhm1é@ivemgwhuct§aphmtlasc%:}qgk?g?,; It Iy gtns |
f il ' XPp. ed. to he valua ,
Catalyst b esursor o sitlo G e B SN nanlio piaiaxpertasta by

i ncl udi ng, ~aluablerplalysts) eetalystrpredurssriss or rﬁ%’&aﬁé ) 95?@@{33 organic

i i . 1Q The invention i es cata o
Compr se. « ne gy ib@iBingelar Simmhlew eisTin sostatimsisbsomeriztion, ase va or

ploty ' oy ' lonically active
Ceneral ly, meiidtiont reacemyerts the conplex to a cationi cal \
species.yThe catal ysts are especially valuable for polymnerizing ol efins,

such ¥s et hyl ena‘,hepr'@mi@ﬁe,inchm#&rcabalkzens wmd:h‘afd;diﬁﬂﬁsé:hhgstrgngﬂ gne or
- ' lyatars are well known in the art. Exanples
el ude ai ool AeebRataRels vang Emuactvatamy | Ganeratyarios

di i sobutyl abtitvni&aruﬁqveatbkm@lmgrém W@Q%l%ié Cyv %EWA %Ié)%%l@%uhr’crhe

(di et hyl al umi_num chl oride, trimethylal uninu ,and’the’ 1T Ke. (@

activators 8?%'363‘7‘1@%9 | SSREGR|lY vaduakieofort palymierizinge olefirge fictbgst 0. 01

e e S U

t hat 1&ont ai n nonSwitableoptiivaters are well known in the art. Examples 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

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 transition
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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ani ons. These conpounds general 'y consist of bulky ligands attached to _
boron or alum num Exanples include |ithiumtetrakis(pent aiIﬁJ@E@pQﬂmyl ) 25

bor at e, wotobisssmyt et r aki s( pent af | uorophenyl) al um nate, aniJi.ni
tetraki s(pent afl uorophenyl) borate, and the |ike. These ac]{q@m%ﬁgre -

' i t AL DpRAt he, T of about 0.01 to about 1000,
referably " TroncSnStrSqeH]: siadble, aiieS952R v teachingmatwbich met al
conpl ex. 3aresiuicbe¢brataxthieV@ith?|sre¢ér§ﬁcé_ncl ude trialkyl or triarylboron

; . B
conpounds such_as tris(pentafl uorophenyl )por on, tri s(pent abr onbpheny
boron, and t heTﬁﬁl&qta&sFﬁsﬁf%thlml used with @nsinerganite §65d B?grgé@%exaﬁpl e,

in US. 7 P WO QQ/: 14 PCT/ USQO/ 04757 Pat. Nos 7 11,
I5,nOG4, 802, égﬁgﬁg 5?5@%%‘1 %é?) eacwwgsof'"%éﬁhs'"ﬁa.e alumina o rsiliczd hle_r SI n

[ uagnessd, $itai ' i .1 h {norganic solid or .,
o gant ?eB@@’y‘""‘”'syep TS tabre suost s et sk T tbBatienl
silica- 5 %&ﬁ'?ﬁsé ﬁ@@ﬁ&% ly of Ph%‘ﬁi@,'IYdDaﬂmrozTafzbtaIm,pl@ldubﬂeit)} ltdffa tThe

ts ¢ e heni ¢ y to inprove catal yst

B odUCt i Vi ry o P e i sty o pE ARG er ridle SPrmibBLAREd on ¢ he
support i nd@sifed mannasd fromrinstancEpthe cetaRRE 8an ‘b_@eﬁi%l@éﬁﬂ a vgﬁﬁ,d' ssol ved
In a solve bi (‘etam?"@ ed_wWth a support, and stripped. ternatively, an
i nci pi ent e SUtT R hRRASt. @Rd slippedd. WﬁTl’Be?ml}'. Eage leu![p}nTmLt ca_rll_he
i be wetniesedieehfiduy t a rom the_catal yst.
is: ggjn)d/ canw al so be clr?eurﬁ ggﬁl;k Pgtéﬂ'e?{ggFﬁﬁe{th‘_%s%‘é%qq e ﬁ'U_QfPl'y &uitabl e
linking dPBRAUcag dniomthenteaston separately &nronlmltl?é mm;gtt%rrpﬁé 4@%@%% rocess. |
The 15 pr S o(mg' i Zi an olefin in e presence. _ .-
ca?al ysf 0 §ét%ée |nvr2ﬁi%?¥ﬁt%g%é}§9d}zon§% SURPORo dyoughta auitakie Ilinkingn in th€
art. Sui tgoup. t echni ques include gas, high-pressure liquid, slurry, _

solution, or . Lo o :
The invention includes an olefin polymerization process. The

15 process comprises polymerizing an olefin in the presence of a catalyst of
the invention according to methods that are well known in'tﬁe art.
Suitable techniques include gas, high-pressure liquid, slurry, solution, or
suspension-phase processes and combinations of these. Suitéble 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



suspensi on- phase processes and conbi nati ons of these. Swtit)gnggbeﬁggs

include ethyl ene, propyl ene, butenes, pentenes, hexenes

WQ 085914 adi ene, norbornene, and the |ike. Pr eferrp@T/Qisgé/bﬁg-,are
ARl propyl ene, and a-ol efins such as 1-butene, 1-hexene, and

st I roce of the
I nvent | OEX?YHMEES ap:‘gl %tﬁsfﬁg%%ﬁé T;f%It ﬁ’g\&me ﬁg’ﬁ%%%pe@ %gerﬁﬁ? '€ |ustrate
%ﬁ ngﬁiﬁegj 25 skilled in the art wll rgcognl ze ][ra% vglr;?';r:sons :
th of .30 elnentlonan e o e .
E?(i\}\/PEIrEg \i\n 4 :_lnggﬁg ISDrEke)E)%ér at%rce)n %%’Ril)ﬁ 10pr EHFTat |(§HB f mL), and .
Bi S(pyrazol‘yc'ﬂ'@rwmﬂ}hﬂsﬂm(m @m ethdr. @Ib rﬁ}.) iSadlied dr é\ﬁ %ﬂ @@@er (

. nd n
JAftersaO 5

et hyl ene,
oct ene

the i nventi

solution In

hﬁgﬁ% i‘%ﬁrﬂ?ﬁm\ ds sst!f%i s%e%mgbts amd dtesod14 T/ filGa0s O%757

evapor at ed,evaipbraRiadt IR the

aélqtﬁg_:, Lids (7.30 reflltered
off and dried.. The solids are di sso Weﬁ 'gt 3?’“(@8 a%da% dfered
" di chl or odi r%?%n% of dhe f(lEaGGtcg)-mﬂCepd’wpl(ai& White s&n&ﬂgﬁg_ _pvw _e.

filt d. Th i ate S
gi/ggg)r/af gzwgﬁd&?kgﬁs e&sq) g(\ég{:EBong ngr{t):/\é@%r(;én?-iﬁe(dhnd filtered.
Cooling of the filtrate to -30C pq:_r—;gqmpj_gtgs white solids (7.26 g).

ene-d8): 0.64_(s, CH3- Sléﬁ(‘?p?OQ (t)

t ol
I(Drg &r ati on of BI @pgrqpqrh@f[

diipethyipytaneyiyinsithyskane

3, 5- Di met hyl pyr &z 8liSireih by @zoleS (9%? S?'lg %dssloﬁlve%t %eeth(er (?7%1_ r)nL) and

15

20

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. Codling to —-300C
precipitates white solids (8.53 g), which are filtered off and dried.

The solids are dissolved in ether (100 mL), and
dichlorodimethyisilane (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 filtered. 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, 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

(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.

1H NWR
.28 (d), 7.70 (d). EXAMPLE 2 10



n-butyllithium (10 nL of a 10 M sol ution in hexane). is added After 1.5 h,
the mixture is evaporated, and pentane is added. Cooling to} 53QEP 2003

preci pi v0e&s9hi te solids (8.53 g), which are filtered off gqr
The solids are dissolved in ether (100 nL), and dichl orodP(r%g@ﬁ /daﬁ ane

40 1 lid precipitates
gl'ﬁe m g%ulrg ?tshﬁg?l(u?(g'dﬁsf erér% qﬂgg%lgégpw"? heﬁﬁ\"erco& é@sﬁ@gkbgmaﬂldrmerature
and filtertdgh |01I¢féethw$lia1me(4i 85 @)anoemggmm) @El’éé\nﬁ’tr :@S crystals -

a

are di ssol N nt e and f olin to -30C
preci pi t at eg(gu'J érf toé(FEmQ'Bt and djltered, Nilke f(ltraiajmevdﬁbratédﬁénds

CH3-S khéSr ohed tion of
Tr| s( Ipi/r azol yle)é?&eh?sl gl%lsane ﬁ'r azoﬁ?)p(eg%‘i@%nla ?lt%regg '"PEh oftther (125

5 and ilikaie/a rsé?@mrezmtem wbite! oyl (b1 NORBAR | o added.
) f 0.5 I n en ane s a e ite
?olt iecrjs (7.20 ?'%af(g' FF3-8h2a o8k Yudu @ 7282 S0 00/ 50014 1 6 SEP 2003

- PCTIUSCO 04757 The solids are di gsgh ty ether (150 ni), and
trichloronet hyl S|éane (4.85 g']) in ether (15 nL) is added dropw se. The
mxture is stirredreRAIRLPYRE Ths(s,SidimateylpyiErelyijméthgisiahs evaporated, and

h d t dfiltered Coollngofthe5
fitrate to - 300 mmeitipldzbt i3 o eaned mpihpr (180N aod uone.
d8)10 1. 04 ntbuytyliitiusi {20 MLESK 4 t], M7s03l1t|c6r$)n héxé@e)(é)a NR&‘E{@] g (eggr gt 'g;)”

f T 3.5 | yl ) met hyl si | ane
|Os d.”sifn 3’%% P{’T{‘éa%eg razgte%l’wndathé soixdsmrewpyecueurwnﬂmhe&anmand a l0 M

sol ution icaolkeManedoos r 0.5 h'' the solvent is evaporated, and,
the solids are_collect eﬁm d(t;M ne and &

The solids are dnssolved 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(Mesz)3VC|3
Vanadium (Ill) chloride-tetrahydrofuran complex (VCI3(THF)3, 1.86 - L |
g) is dissolved in 2:1 CH2Clo/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 CH5Cly 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
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cooled to -30C. Yield: (14.7 g). The solids are dissolved i anﬁtggl? iﬂ&fS _
m.), and trichloronethylsilane (7.17 g) is added dropw se. e X eis

refluxedw@d%obiq 1 h, cooled, and filtered. The filtrate i $cq%ap ed, and
the residue is 20 30 dried. Yield: 1.59 g. dissolved in pentane ?@% )

[ [ f ' at Q.,v30C precipitates white crystals
(580 o TeLORND ehdied MSHAIZ 01g Iniy, Ryaterh fowfs e, pugpiesy ' &' 8
(9).  EXPWPL SSperitomtons deananalorennsinpaol el wOSBhAKA%s MUANTLE ©

ration o z anadi um -

EL?rB?ei‘t (vcf§?1*|¥§)§l§fﬁfa . @&V@Ofﬁ?ddi J4@ selids arewastadvith pentans andon (40
m.). The praddst Yeéid: & le 4 (1.64 g) dissolved in GH2CI 2 (15 nl) is
.added slowy. After 15 nin., an olive green precipitate forns.. The

m xtupe is stirred overnight and EHXAMPEE 7The solids are washed with

CH2Cl 2 and pentane and are MPLE 6 _ Pr ration of MSi (Me2Pz)3CrCl3
-Chromium (111) chl oride-tePF%WélnSf‘lﬂdeegﬁ 2BE)(&lel 3(THF)3, 1.87 @) is

ded in CH2 i ; SEP.2003 WO
oo e o s AR (1ot Redrofira ey TGRS Z 57003
slowy. Thegpis gissohads jieasd:dnCHaGls/ B molatinh g4@anL). ATrteeprc&i_h:mdf., the
sol ut! on. | S Exbldof 9% 7687 aldd8ed I 8H515 (BYIREY R sdted "Krel 1 i 3na" ©

washed w t h pentan
10 solvent is evaporated, and the solids are collected with pentane. Yield:

249q.
: , EXAMPLE 8
_ Preparation of MeSi(Pz);TiCls _
Titanium (111 chloride—tétrahydrofuran complex (TiCl3(THF)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 Me,Si(Me;Pz),CoCl; |
Cobailt (ll) 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.
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dried. Yield: 2.19 g. 5 EXAMPLE 7 Preparation of MSi (NEZPé)gzéé;ﬁO
Titanium (111) chloride-tetrahydrofuran conplex (Ti C13(THF) % is
di ssol vestoian/sa913: 1 CH2CI 2/ THF sol ution (40 nL). The produclg ﬁ@s (g{ giﬂ e 4
(1.70 g). dissolved in CH2CI2 (40 m-) is added. After 1 h, "THESUP4 vent

i s evaporated, and the solids ar M th pentane. Yield: 2.49g.
EXAMPLE 8 Preparation of MSi( Fg %‘%‘?‘q ﬁé]l um (I'11)

chl ori de-tetrahydrof uran coon@kye(tF[ ]@,},3(9]3 ﬁll%toi"n 85 15 g) is dissolved in
CH2Cl 2 (15 ni). The product of Exa y EE °9)  dissolved in CHCI 2 (30

m-) is added. An aquamarine preci MPé-Eberrs aI nost inmediately. After

45 mn., the solids are f, Cl 2 and pentane, and

dri ed Yield: 2. 00 ) rﬁwgff@%?gk l%vﬁégf(%&?q@;s i (Me2Pz) 2CoCI 2 Cobalt

(11)>chloride (M gmygplmndxame(mawonofm@sm@ dr?t ﬁéf‘) ,g)ad g,ref'uxed
S are

in THE (504 ol ent is_evaporate
col l ected wﬂ% #’8‘2@ t é{ EX %% QL@" E)@WEW@OSZEJeBteﬂJa‘rtata CIFVQ_f

) The  product of Bxamie 2 CHBEEh B heh e B BNt w2 v

bl ue. The lixaiiosiave rSeheate@Utd 80°C. &ndh ispessurizeldt Witk Gthyi Bﬁ? q sy ate is
evapor at ed a I ds are collected with pentane tered, and
dried. Yie gl) r]g%érh?fg the aﬂ%élage &p0olgdzangh the/contants are evaporated :
10 under a nltrogen stream. Yield of polyethylene: 12.1 g.
EXAMPLE 12
Polymerization with MeSi(Me,Pz);VCl, 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 polyethylene: 2.1 g.

The preceding examples are meant only as illustrations; the
following claims define the scope of the invention.
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PCT[USCO 04757 4 EXAMPLES 11-12 Pol yet hyl ene Preparation EXANPl_Iﬁ ggg &203
“Pol ynmerization with McSi (Me2Pz)3CrCl3 5 Methyl al unbxane (10 ni of S %
MAO in toluene) is added to the product of Exanple 6 (10 ng). The m xture
isinjected into a 1.7 L stainless-steel autoclave containing dry,
deoxygenat ed toluene (850 nL). The autoclave is heated to 80C and is
pressurized with ethylene (150 psi). After 1 h, the autoclave is cool ed,
and the contents are evaporated 10 under a nitrogen stream Yield of

pol yet hyl ene: 12.1 g. EXAWMPLE 12 Polynerization with MSi (Me2Pz) 3VC13

Met hyl al urpxane (10 nL of 10 wt.% MAO in toluene) is added to the product
of Exarrpl@asm(s ng). The mxture is polynerized under the 15 conditions of
Exanple 11. Yield of polyethylene: 2.1 g. The precedi ng exanpl es are neant
only as illustrations; the -follow ng clains define the scope of the
invention. 1211 6 ARataPa3vHicit@nprised:. A catal yst which conprises: (a) an
activator; and (b) transjition qQr |anthanide netal conplex conprising: (i)
a Goup 3 to 10 tr@gsﬂ’}%ﬂﬁwﬁﬁor’l%‘ﬁt hani de netal, M (ii) one or nore

ani oni c or neutral ()i oRRGE [ e val ency of M
and (iii) a neutra? mul ti déﬁ\@aﬁgmﬁ@g%mﬁaﬁt@ﬁmﬁﬁgfﬁm gsnga A-(L)b

@i) a Group 3 to 10 transition or lanthanide metal, M;

(i)  one or more anionic 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



L)

wherein R is hydrogen or a C1-C30 alkyl, aryl, or aralkyl grduf, S?P p
silicon, tin, germanium or |lead, each L is |ndependently a subs ed or
unsubstituted triazolyl, or tetraazolyl group, a=0 to 2, b=2 to 4, and
atb=4. 2. The catalyst of claim1l wherein the activator is selected from
the group consisting of alunoxanes, al kyl al um num conpounds, al kyl boron
conpounds, and non-nucl eophilic blorate and alum nate salts. 3. The
catalyst of claim 1l wherein the transition netal conplex conprises a G oup
3 to 6 transition of |anthanide netal. 4. The catalyst of claim1l wherein M
is a Goup 4 tédansition netal and the oxidation state of Mis 3+. 5. The
catal yst of cl@i m ¥ S¥peeed catplystil?im 1. nultidentate |igand has the
formula: (H3Ca -Si-(L)b wherein a=1. to 2 and b=2 to 3. 13 1 6 SEP 2003 6.
A supported catalyst of claim1l. 7. A process which conprises pol ynerizing
an olefin in the prAepmwe&s wifich bemprises poiysterzingedreolefid in the pfdsenderofeless of
claim?7 V\/nerel n k{]g e];’}/\ﬁ is ethylene or a mxture of ethylene and an

a-ol efin. KAl ?6@? ich conprises: (a) an activator; and (b) a
transition or Ianthanl de netal conplex conprising: (i) a Goup 3 to 10
transition or lanthanide nmetal, M in a 3+ oxidation state; (ii) one or
more ani oni ¢ & nedkhearoesgefrlaim ﬁwr%ﬂlﬁr@eﬂmtﬁﬂs@mﬂrla@mmmgot?al ency of

M and a neutrﬁ{ylthlag%&gﬁg | i gand of the formula:

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.
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.Ra-S5; (L)b Wherein Ris hydrogen or a C1-C30 al kyl, aryl, or arppk t %p
each L is independently a substituted or unsubstituted pyrazoly § 88@
a=0 to 2, b-=2to 4, and a+b=4. 10. The catal yst of claim9 wherein the
activator is selected fromthe group consisting of al unoxanes,

al kyl al um num conpounds, al kyl boron conpounds, and non-nucl eophilic borate
and alum nate salts. 11. The catalyst of claim9 wherein Mis a Goup 3 to
6 transition or lanthanide netal. 14 1 6 SEP 2003 12. The catal yst of
claim9 wherein the neutral, nultidentate |igand has the formula: (H3C)a
-Si-(L)b wheregin gz1 to, 2 .b= o 3. .13. A supported catalyst of claim
9. 14. A pr océgs wﬁ Eﬁaté{yﬁ‘p&ing%‘? %Wﬁ’?’f%‘?ﬂ‘finﬁﬁﬁ%{nmﬁ tideptats iganddapthesence of
the catalyst fedmd-aim 9. 15

(H3C), -Si-(L)y
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.
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