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15 replace Ziegler-Natta catalysts.

With both Ziegler-Natta catalysts and single-site catalysts, it is often an
advantage to immobilize the catalyst on a support. This is particularly true for
gas-phase, slurry, and bulk monomer processes. Inorganic oxides are known to
be useful support materials, but there are often difficulties with catalyst

20  deactivation due to moisture or hydroxyl groups in the inorganic oxide. Typically,
the inorganic oxide is treated thermally, chemically, or both prior to use to
minimize catalyst deactivation.

For example, U.S. Pat. No. 6,211,311 teaches that many
heterometallocenes are inherently unstable and this causes poor catalyst activity

25 and difficulties in supporting these catalysts. This problem is avoided by usfng
chemically treated supports to prepare supported catalysts containing
heteroatomic ligands. U.S. Pat. No. 6,559,251 discloses a process for
polymerizing olefins with a silica-supported, indenoindolyl Group 4-6 transition
metal complex having open architecture. The silica is preferably treated

30  thermally, chemically, or both prior to use. The examples calcine the silica at
250°C for 12 hours and then treat the silica with an aluminum compound.

While thermal treatment of the inorganic oxide reduces -catalyst
deactivation, long times and high temperatures are often required. The

treatment can be expedited by passing a dry inert gas through the inorganic



thermal Iy, chemcally, or both prior to use. The exanples calcine the
silica at 2500C for 12 hours and then treat the silica wth an al um num
conmpound.wdhiéenosiser mal treatment of the inorgani c oxi decraso@esoziat al yst
deactivation, long tines and high tenperatures are often required. The
treat ment mdde, bt éhip eekjuired d)qzrapaaspmgnfaam& $hei merganga@ﬂwncan s\wept

can bo sweptaaintf e s: nIRg e Ba SRR BB whaf rePRIPRRer

Ear Ej : cle ssdp@oﬁslpmehﬁcal @bam@ahs 'emwtsmen—ind sftaxrpquu;es/bammlgdeadwer equires
an |ng reac e reagen A hew f

i nor gani ¢ ¥¥ eﬂﬁaw N g}qc‘[sfsof g?atmg |p$§taﬁ ?Oﬁgrr%% tEz)at)t%’la‘%grleiacat al ysts

i s needged. aéaémswso@ﬂruﬁblﬁdelbzetlbamwysts ismeieledear |y 1900s. More

recently, plasma h b el d fab f
Gurt ace et ohi nelasTon A7 SREIet P ATOREY: ko Ui Bedbabiibn MR A s, <1 1

energy is sH&RhI Bas t&c@m@awidsnt [Reeoreserli@sidutionl tyricaioauedri sgfacthe
energi zed gas is plasm is a mxture, of 03| ttyvel y har&yd i ons,

el ect r ons, taABI ngt @O f?&r @la%mesassﬁeéﬂs Hﬁewtwbo iR Reat i ng,
by appl yi ngi¥Q!tb adgas O déséomrersaaeahwry wr{dmcmgacnrr@mgagtzea gadisat i on

such as m crowaves. | asma generation el ectromagnetic radiation is

sonet i hies Plas@ar sipidhoisa® MiKereY %IR%WHGW Gi‘}?ég%j iane. §@F€P8§ RAGWpUtral
plasma-tr eﬁérﬂﬁ@% P CaveliMerPYBARd by- heatiRglby MoplyiRg odoifd8, gener ates

plasma with m crowaves for the fabrication of integrated circuits. U S
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sui tabl e fuors. aDdtaNgai 864 5¢9 gaderateghplaspagiithynicibhavesp feirthe daprication of
integrated circuits. U.S. Pat. No. 5,647,944 describes a microwave plasma
treatment apparatus having a high ashing treatment speed by means of
controlling microwaves inside a wave guide tube. U.S. Pat No. 6,582,778
20 discloses a method of treating microwave plasma by maintaining a reduced
pressure in the plasma-treatment chamber. The patentees use this technique to
deposit a film on the surface of a container. U.S. Pat. No. 5,278,384 describes
an apparatus that is suitable for a large scale and high capacity. The apparatus
generates plasma with an arc torch generator and is used to coat the surface of
25  powder particles.
The use of plasma to oxidize chromium ligands to CrOx was studied for
chromium(ill) acetate on silica and chromium(lll) acetylacetonate on silica to

prepare Phillips-type ethylene polymerization catalysts (see J. Phys. Chem. B

101 (1996) 9240). These catalysts, prepared by plasma oxidation, had similar
30 ethylene polymerization activity to those prepared by thermal oxidation of the
chromium ligands at 1053°K. In a control experiment, plasma treatment of silica
alone showed a loss of water and none of the CO and CO; generated in the

preparation of the chromium catalysts. The authors did not use plasma to treat
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An morganic oxide is contacted with plasma, and a Group 3-10 transition or

lanthanide metal compound is supported on the plasma-contacted inorganic
oxide. The method is fast, convenient, and avoids many of the problems
associated with known methods of supporting catalysts.

20 DETAILED DESCRIPTION OF THE INVENTION

To prepare a catalyst according to the method of the invention, an
inorganic oxide is first contacted with plasma. Suitable inorganic oxides include
silica, alumina, magnesia, titania, zirconia, aluminosilicates, clays, zeolites, and
mixtures thereof. Silica is preferred.

25 When silica is used, it preferably has a surface area in the range of about
10 to about 1000 m?g, more preferably from about 50 to about 800 m*/g and
most preferably from about 200 to about 700 mzlg. Preferably, the pore volume
of the silica is in the range of about 0.05 to about 4.0 mL/g, more preferably from
about 0.08 to about 3.5 mL/g, and most preferably from about 0.1 to about 3.0

30 mb/g. Preferably, the average particle size of the silica is in the range of about 1
to about 500 microns, more preferably from about 2 to about 200 microns, and
most preferably from about 2 to about 30 microns. The average pore diameter is
typically in the range of about 5 to about 1000 angstroms, preferably about 10 to
about 500 angstroms, and most preferably about 20 to about 350 angstroms.
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One useful method is to place the inorganic oxide in a plasma-treatment
chamber and apply vacuum to the chamber. Preferably, the pressure is reduced
to below 100 Pa, more preferably below 10 Pa. A carrier gas is introduced to

20 supply a partial pressure of from 20 to 200 Pa, and radiation is supplied to
generate the plasma. A microwave chamber can be conveniently used. The
time needed will depend upon the wattage of the radiation and certain
characteristics of the inorganic oxide such as particle size and moisture content.
Preferably, the plasma contact will be done at a temperature below 200°C.

25 Generally, plasma treatment will be done for about 1 to about 200 minutes,
preferably from about 2 to about 50 minutes.

Preferably, the plasma contact is done continuously. A continuous feed
of inorganic oxide through a plasma-treatment chamber enables high throughput
and the ability to treat large quantities of inorganic oxide.

30 After plasma contact, a Group 3 to 10 transition or lanthanide metal
compound is supported on the inorganic oxide to prepare an olefin
polymerization catalyst.

The olefin polymerization catalyst can be any catalyst system that
polymerizes olefins, including Ziegler-Natta or single-site catalysts. When the
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Sui t abl e cwet ahg sassfy th:d vadence of the metal. The ancillary ligands can be labile or
polymerization-stable, but usually at least one labile ligand (such as halides,
alkoxys, aryloxys, alkyls, alkaryls, aryls, dialkylaminos, or the like) is present.
Particularly preferred labile ligands are halides, alkyls, and alkaryls (e.g.,
20  chloride, methyl, benzyl).

Preferably, the polymerization-stable anionic ligand is selected from the
group consisting of substituted or unsubstituted cyclopentadienyl, indenyl,
fluorenyl, boraaryl, pyrrolyl, indolyl, indenoindolyl, quinolinoxy, pyridinoxy, and
azaborolinyl. More preferably, the polymerization-stable anionic ligand is

25  indenoindolyl.

Optionally, two polymerization-stable anionic ligands are connected by a
divalent linking group to form bridged ligands. A wide variety of linking groups
are suitable for use and are described in the art. The linking group can be a
conjugated pi-electron system, but it need not be conjugated. Suitable divalent

30 linking groups include dialkylsilyl, diarylsilyl, alkylboranyl, arylboranyl, siloxy,
polysiloxy, and hydrocarbyl groups. Preferred hydrocarbyl groups are alkylene,
dialkylene, polyalkylene, arylene, diarylene, polyarylene, cycloalkyl, adamantyl,
aralkylene, alkenyl, and alkynyl. Specific examples of suitable divalent linking
groups are methylene, 1,2-ethylene, 1,2-ethenyl, 1,2-ethynyl, isopropylidene,
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preferably, M is a Group 4 transition metal, G is dialkylsilyl, and X is halide or
15 alkyl. Ryis preferably Cs—~Cqo hydrocarbyl, more preferably C4 hydrocarbyl.

Exemplary open architecture organometallic complexes useful for the
process of the invention:




groups are nethylene, 1,2-ethylene, 1,2-ethenyl, 1,2-ethynyl,
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wherein M is a Group 4 to 6 transition metal; X is alkyl, aryl, alkoxy, aryloxy,
halide, dialkylamino, or siloxy, and n satisfies the valence of M; L' is selected
from the group consisting of alkylamido, substituted or unsubstituted
cyclopentadienyl, fluorenyl, indenyl, boraaryl, pyrrolyl, azaborolinyl and
indenoindolyl; R4 is selected from the group consisting of C4-Csp hydrocarbyl,
dialkylboryl and ftrialkylsilyl; each R; is independently selected from the group
consisting of C4-Cap hydrocarbyl, H, F, Cl and Br; G is a divalent radical is
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those skilled in the art wll recognize a variety of acceptable synthetic
strat egi e¥0 206ct@R57t he synt hesi s begins with preparati orcofustévs/oonsi r ed

i ndenoi ndol e conpound from particul ar i ndanone and aryl hydrazi ne

pr ecur sor s selEctalt fremt thal ioubasehsiiting of ehyldrdbansy| RIreIC HeFatorhi®ntdisigg oi ndol e
is linked with a s%%onld Efﬁllyrreri.ﬁﬁtlag-sta le ligand to give a |inked

| i gand pre\glhy £. 13¢igals; HPraspesivhderighisy {IREGNEE’ M, éadigalst ARd | i gand
precursor Widr§arbtinradighlsi on netal source to give the organonetallic

conpl ex. The exact synthetic steps and the sequence used will normally
depend upon t he T8¢ KeMPIgxga$a8 besBade Ry anyeuitatip &athed theseaskilpsuindee O ef i n

pol yrer i zatgopg Fé%b@ﬁizé%%ﬁéfydoﬁgécl@ﬁ?lﬁée d rm%tiéystﬁég%@@t hoghipdh the

invention are preferably perforne oresence of- an activator. The
acti vator K¥NtHSsis degls with hepasaiipmehiealesired dodenendela dcoamoundtieon he

tal yst. | | | r I i : ; | ncl ude
ol Umoxanes P Ree ey B bhy S Sy P s e ot i BEERIER 4
al unoxade) ligandpiestiser.nline bsiepoinddls ig tinkedtwith asecdntupglyeetatiphsstaire numbI
hl ori de, t:gl ' ril | 44 | ke. ..Suitable
et vat of s 'PART ErvE 2 ket [Berkd Arkaiut M i) Beor PRl hiBuns et
conpounds @éiher ligdng preagrisst with aticddsitiohirgeindsomea@:gexg the dmgmr:ymeﬁallial um num
Ex les i | it hi etraki.s(pentaflugrophen orate,. lithiym
ot 1 Akt o prl MR or OB anert SITHHRLRER Sind' Bie? BAlEnd:> 284 i Aol
t et r aki s( peepafd upsrofiieestiér) lyands esed amd fHe ttala-tsrtimhiraftpemm&é.uor gphenyl )-vvh' .
b te, dth ike. Suitabl tivator so. i ncl ude ,or ganobor anes, e
et udeBoron R gRelERets MR <UhPoed Ryl wiFte sitpeneiBar Shoi o
acti vat or s thentriveltiors wlps tpréfetatty padoransulisthel piedents ictldty heipatbr, The
borane, triphenyl borane,

Ly Dor A SRS, Shksd REL e een hper e, e borane:
acti vat or s sajtebldesdivhions ard wellnodat in MNesart.5, Beapied indudd 8iAftkanegnd 5, 241
025, Suit rlrjmleﬁwy?%ﬁlj%/g;a%rees(ﬁk(s)?, IPR/ICA[(%J,dgthyI alumoxane, diisobutyl alumoxane),
15 alkylaluminum compounds (triethylaluminum, diethylaluminum chloride,
trimethylaluminum, triisobutylaluminum), and the like. Suitable activators include
salts that contain non-nucleophilic anions. These compounds generally consist
of bulky ligands attached to boron or aluminum. Examples include lithium
tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)aluminate,
20 anilinium tetrakis(pentafluorophenyl)borate, trityl tetrakis(pentafluorophenyl)-
borate, and the like. Suitable activators also include organoboranes, which
include boron and one or more alkyl, aryl, or aralkyl groups. Suitable activators
include substituted and unsubstituted ftrialkyl and triarylboranes such as
tris(pentafluorophenyl)borane, triphenylborane, tri-n-octylborane, and the like.
25 These and other suitable boron-containing activators are described in U.S. Pat.
Nos. 5,153,157, 5,198,401, and 5,241,025. Suitable activators also include
aluminoboronates--reaction products of alkyl aluminum compounds and
organoboronic acids--as described in U.S. Pat. Nos. 5,414,180 and 5,648,440.
Alumoxane activators, such as MAQ, are preferred.
30 The optimum amount of activator needed relative to the amount of

organometallic complex depends on many factors, including the nature of the



al um nobor onat es-reacti on products of al kyl al um num conpounds and

or ganoboroni ¢ acids-as described in U S. Pat. Nos. 5,414,180 and 5, 648, 440.
Al unoxanewecbivmtzrs, such as MAO, are preferred. The opCirruseecamosint of
activator needed relative to the amount of organonetal |lic conpl ex depends
on many f aomplex antheaciditerg thendesieaduieactin ltaﬁectgﬁmwo‘en@lyelefm vEdEL t he
desired r t Kk e u t4.Qn
conditionecFllg "r?gg%‘{%e" |§§l§%réﬁc§i &%rfg%cf(&ls hé%/\bjen\%érm \?\fhen tﬁe@%ﬁ@gtor is an
al unoxane a:ntlvanor &l éryialuaiouammunanalkpbmlunh;n%eompounﬂ tioe achownt usdsewilli t hi n t he
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al um nbsm ﬂerab’cmt B0@Indiesarsidtrnomre preferbdbly Klom/ bleouit tietoaattaut 200rmoles,aof

or ganoborane or an ioni ¢ borate or alumn e anpunt used w l | be
within theaqﬁ“gwg‘ dicraBBlf @){grf‘nﬁ oﬁbﬁlﬁaIS%O &M g g eqcéwg@r 'St P8m about
0. t1 Ito abwgaré&dggheesn arofonmcﬁdrmt@ralmihatm&m abobht (ke \mlmerw:tmf ther ansi tion
001 ol 365S g aeS B 15 ABHt S0P TeR e PraRe e TP et Tl
directly tRofeBeomtivarer b&ahbrimeact or before or after adding an inorganic
oxi de- supported transition netal conpound. |In other rds a sup%orted

conpl X wi t houtTheh@meenf et SRDeten baeis SRR ,agge | BeloSe CRREFIEMr ed
process, anslahic! Ak pmeratb to ®NmARY) pbr GARDRLNE mmopmr@md with the

ani ¢ oxi The m xture Is stirred in an inert

pl asma-treated I nor
at nosphere at a hee@ﬁg@ﬁ’@tr AR t@f aWW‘é&Y(ﬂMt"O dorepplymasigation seaseer halere
preferably, rféﬂéP a@&H% a%%‘&réem@%%b ﬁ%&rtedT hanSibh 'PHEES ldokpotadt | e wi | |

vary eorre dependi ng upon t anounts of aromatic solvent and support
mat eri al , crzther whoslsl @ spppded ceﬁm@h\l\ﬂfboeht@@rastlg@*@& ganpegrepared 8rshbl y, the

stirri 29 LBk S rfefece{agagﬂweéz o QULESH (& %O%Bgﬁoﬁmﬂa{a? comBidunbl R | onger

than 60° m nuteg BRou ecrease activity, I'S unnecessary.
Stirring 3émbined adthahe piasma-tegted dbargenic DxienvEeEns enxtuemnis gfiredsn good
results. Ilfne at% QShear”Dé%”é tglfnperature of from about 0°C to about 120°C, more
preferably from about 20°C to about 40°C. The optimum stirring time will vary
somewhat, depending upon the amounts of aromatic solvent and support
20 material, but should be long enough to ensure good mixing. Preferably, the
stirring time is from about 2 minutes to about 60 minutes. Stirring longer than 60
minutes should not decrease activity, but it is unnecessary. Stirring 30 minutes
at room temperature is convenient and gives good results. If a large amount of
solvent is used, the mixture is a slurry and it is convenient to remove some of
25 the solvent to prepare a free flowing solid. This can be done at room
temperature by applying a vacuum. In one preferred embodiment, an incipient
wetness technique is used. A small amount of solvent is used to dissolve the
complex and the solution is added to the plasma-treated inorganic oxide. The
mixture remains a free flowing solid without solvent removal. The mixture can
30 be used as is or residual solvent may be removed.
In another preferred method, a solution of the activator is added to the
contacted inorganic oxide prior to the addition of the transition metal compound.

This solution can contain all of the activator to be used, but it preferably contains



solvent is used, the mxture is a slurry and it is convenient to renove
sone of the solvent to prepare a free flowing solid. This can be done at

room t enproabawme1sy applying a vacuum In one preferredperhsdiosmodiil an
i nci pi ent wetness technique is used. A small anmount of solvent is used to
di ssol ve tshportionfehe aotivatdretoshe usedn Any retiting actvedonpisasiaedt todhe ed

| norgani ¢ oxi,de., The t el free flow ng solid w thout sol vent
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pr ef er apl yn&@ahR Bﬁlaepml—*!ré@i’abl’;f tH@e tr&ﬁémuat wetdl Ocdmpaw'eidané\nyc’nmhm ni ng
activator is added to the reactor t of the?ﬂp %r{&ﬂgl %tlon Even
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i norgani c OXi Preferably, the tran5| tion netal ound I vat or

sol ution dtis pefaraiiedo tse aapqmri shit }‘@faqtivﬁ@r@@fjv’{%é‘ﬁdf rﬁﬂ?@%ﬁhaﬁ hour s.

When the 40t} & thekelor GRIPRUAE dodlitdhedtitiedremhidh 1A thslcute.am alkylt he
activator, preferable to use a portion of the activator and to add

the remai rmjermlrtum tCh@PQulthi \sapisferably tassleddache repripoPrieioto e N ¥ of the
prem x. | %EQ fa %Eppdg’%dadr}(ﬂ% c?hw&ém%@éﬁ%f& is preferably added to the
o) a

reactor prior tion the cat st supported on the cont acted
i nor gani ¢ oxi dd’reﬁrdﬂwabtzwer@lr@caméhgﬁ ﬂba@uﬁm’hlﬂ USRNGR AMRRIUNG $HRTnum

compound suchuap £ Ll e, 81 WLAUBICELMTNGACRUAIKD. BbaUH Rk SreBbep, added to

the react ot Yy, um num conpound 1's added to the
react or prp@ferablyt tiee aﬁkglh alummumh cbhvanpparadddd dorthe gractomeriot tether ansi ti on

metal compound is e cat al yst, an activator is preferably not
used. P?ef%‘illjﬁ%?WOftﬁﬁ %‘?‘%‘que‘fo ‘a catalyst is supported on the contacted

i norgani ¢ oxi denasd thddedndiort heetale@otmpousedarat&egler-Natta catalyst, an
activator is preferably not used. Preferably, the Ziegler-Natta catalyst is
supported on the contacted inorganic oxide and added to the reactor separately
from the cocatalyst.

20 Preferably, the olefin is an alpha-olefin. More preferably, the olefin is
selected from the group consisting of ethylene, propylene, 1-butene, 1-hexene,
1-octene, and mixtures thereof. Most preferably, the olefin is ethylene or a
mixture of ethylene with a second olefin.

Optionally, hydrogen is used in the polymerization to regulate polymer

25 molecular weight. The amount of hydrogen needed depends upon the desired
polyolefin molecular weight and melt flow properties. Generally, as the amount
of hydrogen is increased, the polyolefin molecular weight decreases and the
melt flow rate increases. For many applications, the polyolefin melt flow rate will
be too low if the polymerization is done in the absence of hydrogen.

30 A wide variety of olefin polymerization processes can be used. A slurry or
gas-phase process is preferably used.

The polymerizations can be performed over a wide temperature range,
such as about —30°C to about 280°C. A more preferred range is from about
30°C to about 180°C: most preferred is the range from about 60°C to about
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fromthe cocatal yst. Preferably, the olefin is an al pha-olefin. Mre
preferably, the olefin is selected fromthe group consisting of ethylene,
propyl enayobetmumerse, 1- hexene, 1-octene, and m xtures trerastooschbsEt1
preferably, the olefin is ethylene or a m xture of ethylene with a second
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] st ate 1 RSB b DS TR pRr sl S St B ER e rmany
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clainms. EXAMPLE 1

15

(a) Preparation of Indeno[2,1-blindole 1. A mixture of 2-indanone (51.0

g, 0.39 mol) and p-tolylhydrazine hydrochloride (61.4 g, 0.39 mol) is dissolved in

glacial acetic acid (525 mL) and is vigorously stirred and heated to reflux. The

mixture turns red and is heated for 2 hours. After cooling to room temperature, it

20 is poured into ice water (1 L). The precipitate is filtered to afford a solid, which is

washed with water (about 1 L). The solid is dissolved in ethyl acetate (1.4 L),

activated charcoal is added, and the mixture is gently warmed. The mixture is

then cooled and filtered over a pad of Celite. The filtrate is dried over sodium

sulfate, filtered, and is then concentrated to 450 mL and cooled to —30 °C for 3

25 days. The crystalline solid is filtered and washed with chilled (-78°C) hexanes (2
x 500 mL). The beige solid is collected and dried under vacuum (47.1 g, 56%).

(b) N-Methylation of 1 to give 2. A slurry of aqueous NaOH (42 mL, 21.5

M, 903 mmol), C1eH3z3sNMesBr (0.36 g, 0.97 mmol), and 1 (15.0 g, 68.4 mmol) is

11



Synthesis of [ 1

, 1-Di met hyl - 1- (cycl opent adi enyl )silyl]-5, 6-di hydri do-5-net hyl i ndeno|

2, 1- b] i nawbybaimesni um di chl oride, 5 5 (a) Preparation ®CT/US2006/003111

I ndeno[ 2, 1-blindole 1. A mxture of 2-indanone (51 .0 g, 0.39 nol) and
p- t ol yl hy drcamibiresdhyithr todudrar (5demi()6 1A sélugion Of B@thgdigdides (81D #RoMPednmBI) gl aci al

acetic acid r.ous irred and heated to reflux. The
m xt ure tur”ﬁéqp%'&engi% np@ ﬁeﬁ%{%%jp W?élenahlr%om FPIOCrEYS: | &Qet'ﬁ'xf;%%rhg
t enper at ur %tlrredi dt Sograuepperdtlie fof @ 5vabers 4ndltHeh. reTlhs%ed)lfcﬁCérPhb@t eThé
filtered to afford a solid, which is washed with water (about L). The

solidis dife¥rs N idardlis copleddp sogm fempergiure zedifitgtes Bm%ﬁahhn?s added,

and t he sm xblid & w&r@a%{%mdmesbmﬂﬁaﬁbmuo i) FoldWl PR RY@nks | tered
over a pad of Celite,  The filtrate is dried over sodi um sulfate |Itered

and i's t hek2QQmE2ir Aard @ paje reshsofid (A8 ¢ 66PRd to -30 OC for 3 days. The

|1 I t Y ) es (2
g%sm) I'rllﬁesge|dgeAI§8ﬁl hl'rsagg?)a fe IB%doVi’ﬂ H%R%ilther vag’c(ﬁ&r'% 5%’“? 6%

(b) N- Met hyrexanes, 385 mnad) igiadded ; at FRos tam@eretfur@tme@usrrymafawgmg Ma112 1.5 M

903 mmol 6 68, 4 ol )

I sconbi nzad nv%n?lﬁﬁft%% ﬁ%égm'ﬁi e 'ﬁ'xw u or?’t%ﬁggrgﬂhéﬂ%teg#datu(%aﬁd ., 129
ol ) it t(blllmem)ele(wﬁlowL)A pescaﬂiamjfodnspﬂesé hatirsr. ommgtzdwer atmmect?rﬁhe m )ﬁt ure
is stirred ture f rs and, t hen, refl uxe or. an hour.
The ni xtur(!,:'ﬁ%ruef]l ntg gpﬁ%,glbse'% Egd Fae r58 s Biaghedmiheto Iﬁ&ef(gptrglr)ed The
crystal | i néolpaleddby sem«,secsmm atd 19 t@n(caieoey idared updePvatyuriol | oned
by chilled Eg?ang%smo m) to afford a pale red solid (10.3 g, 65%. (c)
Ani on gener( &h |{9 ‘eparation of 3. n-Butyllithium(13.0 nL, 2.5 Min

hexanes, 32.5 nul ) Preparatied oﬁitleﬁi@Fﬂ hermv&b@@cu_rs (435761 gsl 4o 1Y ol i 4- 94 0,
m xt ure i ned at room

; erlrperlalngJTIr) stsphclel Helofiahe oD . | DePUsigr (4D ot bisradded Sromvismes s. Aft er

2 days, th%fm}d(bh'rd?amgie EoILti6H, ewlmbw igbiGed 18! SIRRIISF §@|4M’e2 (Fb% gplidis
washed with tol uene m.) wed by hexanes and is then

col | ected 8P a}m@}jmﬁ@g}qua@ru(jlrgo mL at room temperagure T%e mixture turns
cloudy and dirty beige and is stirred for 3 days and filtered to give a dark red-

orange solution. Volatiles are removed under reduced pressure to afford an oily
20 solid. An aliquot is analyzed by 'H NMR, revealing formation of the desired
product; 100% conversion is presumed. The oily solid is dissolved in
diethylether (140 mL), and sodium cyclopentadienide (11.0 mL, 2.0 M in
tetrahydrofuran, 22 mmol) is added. A precipitate forms immediately, and
stirring continues for 2 days. The mixture is washed with water (3 x 50 mL), and
25 the organic phase is dried over sodium sulfate and filtered. Volatiles are
removed under vacuum fto give an oily residue, and 100% conversion is
assumed. The residue was dissolved in diethylether (75 mL) and cooled to -
78°C.  n-Butyllithium (18.0 mL, 2.5 M in hexanes, 45.0 mmol) is added by
syringe, and the mixture is warmed to room temperature slowly. A yellow solid
30 precipitates overnight, and volatiles are removed under vacuum. The crude
material is washed with hexanes (100 mL) and filtered to afford a yellow powder.

The powder is collected and dried under vacuum (6.73 g, 93%).
(e) Preparation of Complex 5:  Zirconium tetrachloride (3.15 g, 13.5
mmol) is combined with toluene (100 mL) and dissolved in diethylether (50 mL)
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4.37 g, 87%. (d) Preparation of Dianion 4. Product 3 (4.57 g, 19.1 mmvl)
i(s susgended/()i n toluene (100 nm.). Diethylether (40 nl) is added dropw se to
af ford anwonasgpezsel ution, which is added to a sol uti onPpofr/uSeddc@d&a21 (12. 0
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filtered. \HIG8F VR@AINA(%RT72 @ ZH under vacuumto give an oily residue, and
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m.) and cooled to - 780C. /7-Butyl IEXAMEDE 18.0 nL, 2.5 Min hexanes, 45.0
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slowy. Avyello sol}eilﬂdj ecipitates overnight, and volatiles are renoved
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(3.15 g, 13% lﬁ’rﬁ]t')OdP%ecﬁd'ﬁﬁl ed chipinher &0 Uwing (@(Dotai_prasdrejltes%\igﬁ in 13
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mmol) is added as a solid portions over urs e col or
turns fromBp¥er @Mt%WbMQJWﬂ@eoxyaam p!iasmaecA\fﬂJert‘ai mln‘ubesrﬁhe Tadatiorisur e is

d red eadrty
Vel ow ool 3 PRERE Ehd B EAAAES Slith I oty fite' s GhamBhr Bnd Sidsd 3 (50
m.). Thé yd&lovengxodier nitrogenl | ect ed and dried under vacuum (3.72 g, 539%.

EXAMPLE 3
Preparation of Silica-Supported Catalyst

In a glove-box under nitrogen, 3.1 mL of 30 wt.% of methylalumoxane

(MAO) in toluene is mixed with 45 mg (0.084 mmol) of complex 5 from Example

20 1 to make a deep red solution. This solution is then slowly added at room
temperature to the contacted silica from Example 2 (2.0 g). After the addition is
complete, stirring continues at room temperature for 0.5 h. Volatiles are

removed by vacuum to give a supported olefin polymerization catalyst.

25 EXAMPLE 4
Copolymerization of Ethylene and 1-Hexene

A one-liter, stainless-steel reactor is charged with 1-hexene (75 mL).
Triisobutylaluminum (1.0 mL of 1.0 M solution in heptane, 1.0 mmol) and Stadis
fatty amine (12 mg, product of Akzo Nobel) in heptane solution (3.0 mL) are
30 mixed in one sidearm of the injector. This mixture is then flushed into the
reactor with nitrogen pressure and isobutane (about 350 mL). Hydrogen is
added (120 dpsig from a 10-mL stainless-steel cylinder pressurized initially to
500 psig H2) to the reactor, which is then pressurized with ethylene to 356 psig.
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EXAMPLE 2 Pl asma Contact Crosfield ES757 silica (2.0 g) is placed in a

pl asma-treatnent chanber and vacuumis applied to the chanber to bring the
pressur e wo 2806R@6250xygen gas is introduced into the charberusc@shoiing t he
total pressure to 55 Pa. M crowave radiation is supplied to the chanber

(frequencyTh r24&8 Miterdodrdansiedlo Sydibede dtFsienahatsapparygtoatalyssna.
After 15 mnutes, the radiation is stopped, and. the cog)tacted Llicais

renoved fr Bait BsawRRndE25 and’ $0Qrigdopded Ije 0o OBl IDIRAISF A ARG EEN ExaVPLE
3 Prepar at ﬂlgghéaf ink) 'thé:@ea%'tmpwrtﬁ esbfotdrid NK/% L) ghdOh@egel Pressider Thd rogen,

.1 nmL of % of hyl al unoxane ( in toluene is mxed with 45 nyg
(o 084 moPYlyGErizalins @f@oge¢$ dRT Banipl e AD ?E\W?@ﬁé“%eﬂ%e??prob’ﬂn%rol%meon Thi s

sol ution igy g%ty added at roomtenperature to the contacted silica
from Exarrp? 6%%?%68 After the addition is conplete, stirring continues

Supported ol ef i pol yner i zat ¢8M@A§ATME?E%E@E|{7%E%V?C%OY§$Eimz;'? onof
Et hyl ene and 1-Hexene A one-lit er@ta rﬁIaBE%” steel reactor is charged with

1-hexene (75 nmiyrosfield m9mB1t ¥ilicd (200 Gy8 IﬁeaTted @t B00°Cf with @ dtbadyl sttdamm of N
heptane, 1.0 mmol) and Stadis fatty am product of Akz Nobel) I n

hept ane soh@eiegn (3 NGrogey. a‘ﬁféerrﬁ&é?@ur% tB?lé"§’?dé Ferﬂsfﬁ”e(dh Pr'@¥&-BPX This

m xture,is | t FpSteluenang
sobut ane. | Hhgul 350 o 3“;@ R T e il

st ai nl ess- smixed wdlyl45rm@|(0 B ) gemplexi g fram| Exaneple ddopaaky psipep <5e<i he
reactor, wapeh h%h@%%n%ﬁ?ﬂﬁ%h%%ly‘ﬂawg@ f%&la_ﬁﬂ%n{p%ra?tél% tBStthhTé?ﬁman;?act or

contents are all'owed to equi rate” at orted cat al yst from
Exanpl e 3 (r28ted 2llican) Af@rlfbadsddltmm ost hempleteer stirﬁn@cq%wnae&naintpqrmen

temperature for 0.5 h. Volatiles are removed by vacuum to give a supported
15 olefin polymerization catalyst. The supported catalyst is used in a

polymerization performed as in Example 4.

COMPARATIVE EXAMPLE 6
Chemical Treatment

Neat hexamethyldisilazane (0.25 g) is slowly added to stirring Crosfield

20 ES757 silica (2.0 g). The HMDS-treated silica is dried for 6 h at 600°C with dry

nitrogen gas flow. The silica is transferred to a glove-box under nitrogen, and

3.1 mL of 30 wt.% of methylalumoxane (MAO) in toluene is mixed with 45.1 mg

(0.084 mmol) complex 5 from Example 1 to make a deep red solution. This

solution is then slowly added at room temperature to the thermally treated silica.

25 After the addition is complete, stirring continues at room temperature for 0.5 h.

Volatiles are removed by vacuum to give a supported olefin polymerization

catalyst. The supported catalyst is used in a polymerization performed as in
Example 4.

The polymerization (Example 4) performed with catalyst supported on

30 plasma-contacted silica is expected to exhibit similar catalyst activity compared

with the polymerizations done with a catalyst supported on thermally treated

silica (Comparative Example 5) or chemically treated silica (Comparative
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flushed into the reactor with isobutane (75 nL) and nitrogen pressure. The
pol yneri zati on proceeds for 0.5 h. An ethyl ene-hexene copol yner is the
expect ed Wodwoe2sCOVPARATI VE EXAMPLE 5 Thermal Tr eat nercT@seakioadldl ES757
silica (2.0 g) is heated at 500C with a steady stream of heated, dry

ni trogen. AfxaeipldB)houte, pla@masicbntast iis fhstarsinerd exdnieniantylande-aboidsunder

ni trogen, %nd 3,1 nL of 30 wt.% of nethylalunoxane (MAO in toluene is

m xed wi t h N#620QUE FF3A S ol ) complex 5 from Exanple 1 to nake a deep red
sol ution. This gabyrbesting ekiaples!arelinfeastdaty at ineeatidPaThatinGnihg t he
thermally treated silica. After the addition is conplete, stirring

conti nues AAMSSRfiNR HsP¥EUHOB- for 0.5 h. Vol atiles are removed by vacuumto
give a supported ol efin polynerization catalyst. The supported catal yst is
used in a polynerization perforned as in Exanple 4. COVWARATI VE EXAMPLE 6
Chem cal Treatnent Neat hexamnet hyl disilazane (0.25 g) is slowy added to
stirring Crosfield ES757 silica (2.0 g). The HVDS-treated silica is dried
for 6 h at 600C with dry nitrogen gas flow The silica is transferred to a
gl ove- box under nitrogen, and 3.1 nL of 30 wt.% of nethyl al unoxane (MAO in
toluene is mxed with 45.1 ng (0.084 mmol) conplex 5 from Exanple 1 to nake
a deep red solution. This solution is then slowy added at roomtenperature
to the thermally treated silica. After the addition is conplete, stirring
continues at roomtenperature for 0.5 h. Volatiles are renoved by vacuumto
give a supported olefin polynerization catalyst. The supported catal yst is
used in a polynerization perforned as in Exanple 4. The pol yneri zation
(Exanpl e 4) perforned with catal yst supported on

15



pl asma-contacted silica is expected to exhibit simlar catalyst activity
conpared with the pol ynerizations done with a catal yst supported on

t her mal | ywoneatme2ssi | i ca (Conparative Exanple 5) or chemrcraisbyostoorat ed
silica (ConparativeExanple 6). The plasma contact is faster, nore

conveni ent | cpii: avoi ds hazardous reagents. .The precedi ng exanpl es are neant

only aS|IIustrat|ons The fol] ¢l ains defjne e|nv ntion claim |
A met hod whi chl- cor’(ﬁr'in%?dp}”@k? rPngﬁ??solpé?Raﬁ'”go?nn{] n}é)[qy(gp'ergg{lgn lyst by

contacting céfélysﬁ‘%?%ﬂia%tiﬁ{j( {aﬁ'%dﬁgéﬁ]c RiAs (BthopIEsHH RIRArdupPertiag@ Grgup3st o 10
transition or hani de netal conpound on the plasma-contacted ingrganic

oxi de. 2. ThelGelransdions of| Ianthaml%@a%aln CPH@OHT‘%S% the glasEraEUaGRY h

el ectrongags tion having a frequency fromabout 0.01 to about 106
VHz. 3. @ghr}%”ggmégséﬂdg claim?2 wherein the frequency is from about 300 to
about 105 MHz. 2. Theherweetbed off ¢pia it Svharein dha W'ﬁ%mﬁrléqgl@?ﬁf?teﬁswfﬂﬁom about

103 to aboyje 4Qd, B dewt#&%a@ﬁh@ﬁeﬂenﬁk ﬂ?gbd’t‘ﬁ@.[(ﬁl td a%oﬁ i r?lﬂ%'on of

el ect romagne% Icr requeficies’'1s claim2
wherein the pl adma |§h@m@§nqﬁ efcclagn 2 whetkiathenfjeaquarey i$ pmyalsouw $08deed from
the group %%BPL%(SSI I\WBZOf oxygen, helium neon, argon, xenon, nitrogen, air,
and m xtures er eo 7. The nethod of claim6 wherein the carrier gas is
oxygen.108. The #et hothemethad of daiwh8néieneiniee fraqueyzayiis fimxm deoitst dat act ed
with pl asmabat ,?Qﬁgpl}ger ature bel ow 200C. 9. The nethod of claim 1 wherein
t he inorgar"ﬁ(?B s contacted with plasma for a tinme fromabout 1 mnute
to about 200 m But eSThd thetfdwk ofrefain @ wheiraa roothbiviedioai of dléetrdmagnetis from
about 2 m nu(ti ? P
iafion frequencies is used.
6. The method of claim 2 wherein the plasma is generated by
15 irradiating a carrier gas selected from the group consisting of oxygen, helium,
neon, argon, xenon, nitrogen, air, and mixtures thereof.
7. The method of claim 6 wherein the carrier gas is oxygen.
8. The method of claim 1 wherein the inorganic oxide is contacted
with plasma at a temperature below 200°C.
20 9. The method of claim 1 wherein the inorganic oxide is contacted
with plasma for a time from about 1 minute to about 200 minutes.
10.  The method of claim 9 wherein the time is from about 2 minutes to
about 50 minutes.
11.  The method of claim 1 wherein the inorganic oxide is selected from
25  the group consisting of silica, alumina, and aluminosilicates.
12.  The method of claim 11 wherein the inorganic oxide is silica.
13.  The method of claim 12 wherein the silica has an average particle
size of from about 1 to about 500 microns.
14.  The method of claim 13 wherein the silica has an average particle
30  size of from about 2 to about 30 microns.
15.  The method of claim 1 wherein the transition metal compound
contains a polymerization-stable anionic ligand.
16. The method of claim 15 wherein the polymerization-stable anionic

ligand is selected from the group consisting of substituted or unsubstituted
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about 50 mnutes. | 1. The nethod of claim1l wherein the inorganic oxide is
sel ected fromthe group consisting of silica, alumna, and

al um nosiwocat@®62512. The net hod of claim 11 wherein thecrnse@andzaipxide is
silica. 13. The nmethod of claim 12 wherein the silica has an average
particle spzfophtddidin, aih@t—:'hyllfh@r@QDUbor‘éQ@/Ln}om@m inddlyl, Theemondudd, of cl ai m
13 wherein the silica has an average partlcle size of fromabout 2 to about
30 i cr onsquinglinoxeryRgingsY 2 azeRPitYwher ei n the transition netal conpound
contains a pol yperi zgjl @th%&%@'c%ﬁrﬂ@ﬂhére'm gRSblyrhErization-swEsle@edionfc cl ai m 15
wherein the polynerization-stable anionic ligand is selected fromthe group
consi st i ngligendgsestindandedely! ligaddbst i t ut edcycl opent adi enyl, i ndenyl ,

fl uorenyl, bor yl A i ﬁ,q%p %6

pyri di ng(;xy, angﬁgazaboplé(g)lrclé"r%4 ?(/lwrch d?)ﬂ%?g}]rbélaﬁg'o %!‘n@wa?l%{qg“méﬂee? n the

pol yner i zabfmna@tyabltnadarbvtﬂm wefthageefctlai® tan i ndendoi ndol yl 1igand. 18. A
process which c ri-ses

catal yst made b@érpheﬁ%e %élsnﬁf b%hﬁ&s%h%ﬁ]f #ﬁeblg?%zf Ql&ﬁ%?:?(zllﬂchl% wherein
t he ol ef i npresepod pirde aaéallystrartd'len ;alctk\wtvrcw@ﬂed front Hieadrpyp coneisting att i vat or

sel ected fr mthe nsi st xanes, organoboranes, and ionic
bor at es. %nﬁgooég&o(%%fan a%"%?& vﬁder?%gn the olefin is selected from

t he g_rqup COI’]SI 30.i ngrief peichyd enelaimr thyhersdn the bigfienis, seledies dioe) the oct ene,
and m xt urgsoutphgonsgtmg of :ethylene, propylene, 1-butene, 1-hexene, 1-octene, and

mixtures thereof.
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