10

15

20

25

30

w@eloymersdzi ng ol ef i ns.

OLEFI N POLYMERI ZATI ON PROCESS FI ELD OF THE | NVENTI ON
The invention relates to a process useful for

syst em whi ch incorporates a three-nmenbered
titanacycle. BACKGROUND OF THE I NVENTION Interest in

catal ysis continues to qgrow._] lefin
i ndustry. NBnPL@FéNiPﬁ)Lﬁfgﬂ@mq}égfpd%gbégﬁ ysts are
known, including conventional Ziegler-Natta catalysts.

To inprove polyner_ properties, single-site catalysts,
in particul ar met ﬁlgb@QFeEHEdNE/E Nning to repl ace

Zi engﬂHih@érﬁi@n_Cr@ Y& & proeicl8 | BeRl th pofRé i olefins. The

typically require large anpbunts of expensive

mocessatuses 8ucatalyst navstam awbiebx iserperaies as thype-membered
- | eophilic anions such as triphenyl carbeni um

t[ig@arcgéllg's(pent af | uor ophenyl ) borate. Many single-site

catal ysts are BACKGROUNDOOEIEhBNENTIOM s adds to

to i HBrsbpaeUER bR SR i et cietE Sty ShicRy

defirapyigtnerizationhcatslystarare knowh codudingwenyéntional Ziegler-Natta

S0 00t TRpPIE, RIPAeEPIAME. o LRERELARIRR, il
mbtallecsiespaee (Egiming tatreplaces tZidgler-Naita atatysts.gaidgle-site
S8l RS Yo R oM, BRI BRI sucn s
wgtlyRRendameenydr 1 salgs paoft i ebpaueledphiic 5 éuoos ngsuoh  as
T e g e
withipstbedrer GiFFlcORi © byrgaeite. SUHE agdddo ahabesst exfythe ocatalyst
%{%?pr%r %lviﬂclébg Lélegg‘ nggqi @Elgﬁ)'oraSt’e Aégr%’elofjtﬁé ag\’/gn%aggeé"szcﬁ’single-
site catalysts, such as narrow molecular weight distribution and good
comonomer incorporation, without the high cost.

Single-site catalysts typically feature at least one polymerization-stable,
anionic ligand that is purely aromatic, as in a cyclopentadienyl system. All five
carbons in the planar cyclopentadienyl ring participate in n-5 bonding to the
metal. The cyclopentadieny! anion functions as a 61m-electron donor. Similar
bonding apparently occurs with heteroatomic ligands such as boratabenzenyl
or azaborolinyl.

U.S. Pat. Nos. 5,459,116, 5,798,424, and 6,114,276 teach olefin
polymerization catalysts that do not require the use of expensive a\ctivators.
U.S. Pat. No. 5,459,116 uses titanium compounds reacted with hydroxyesters
such as 2-hydroxyethyl methacrylate. U.S. Pat. No. 6,114,276 reacts titanium
compounds with carbodiimide ligands and U.S. Pat. No. 5,798,424 prepares
five-membered chelated titanium compounds. Similarly, Eur. Pat. No.
1,238,989 and U.S. Pat. No. 6,897,176 do not require the use of expensive

activators and utilize five- or six-membered chelated compounds.

The process uses a cat aPgBEUS2006/042918



10

15

20

25

30

pol yneri zation catalysts that do not require the use
of expensive activators. U S Pat. No. 5,459,1 16 uses

W 2doanérsm conmpounds reacted, wi t h hydr oxyest er SPEI/UR2086042918

2- hydroxyet hyl nethacrylate. U S. Pat. No. 6,1 14, 276
reactGthéd tteamisition c orghaluicdsipleixed comtdinidyi ohelatind Jigadds are

d US 4
Qe of-5. Pabi B cobohts SBSTREF afagstcr, Taag comglexes
dohrﬁéiﬁmgaﬁlewmdg UigendPatasedaipoh, ;ﬁ/aamg?& qimmﬂntef r 8giehte and
u nsi v t t and utililze
teghnaloanch SABRRR, (8005, kI8 Racitsnumneio anetel Fontienes
sayeal @@ﬂ%makﬂmdsgs@mhaa ioRdmbgrgsnas chlofidsNNvhe obitese
Pat 637, ‘?60 descri bes transition netal

@Sﬁﬁﬂe@%'é%mé%rﬁ@é #iaryChel ating i gands based upon

pyri dEifgleLllte Ctkéri%ﬂiohnﬁleta?ﬁcdo%b}&(e%ngas-@@c DPEN @@¥iné Nerivatives
Catal ysi s (2002) 517 describes transition et al

shsexkeBrtReP ASINQYHEIG:elain RRAMNeTARIBRT (xpeoror example,
DBRINSSH NBsC Y 964, Q@s NS, 1, 3086 GroBhEMERIIRS - f@rt@@o@dsse
1on neta

ti1tanacycl es. Si'n site transi | exes

Sreaamelalics 43 @Ogbﬁﬂoﬁtanﬂe%&mrﬁomw 6 (EAP ey e

Iﬁﬁ@@b&l‘&h ﬁbtﬁfrid%d Rg g&%i %ﬂ%‘%%ﬁ% dafltioR%PSMsBtutents.

Aihpugbribe done n@lr 28 e[emom) oa:ibe nitragen drematdordinates with the
19;%9@1 Mia, &M ‘Eﬂﬁm{{a\wet%gpé&f é)thélﬁﬁgtal Ihg a 3-

rogenaomls ond to a m and
@eohibereshiiibnanyoketis not esrd . InAhe krargpletdiven, theer;wpr4 erement

SLERLIEDS Bnddlr 18! P 0ne" 0E,6R8) Bleh kR ek (Hy the

rans i on rogen i’ s no
tbeoargordt ardigand 3- (pmﬁaeedad tfnotranacrymltydhthmrmot ansled. N,N-

l,. | e

IRy B PR TSR SR i FhE ST Busefl B Py
b dreleddo denzi@oniun.i gand (prepared from n-butyl l'ithium
one O THEH At PSR Ra Y BerUdbq B ghecion of i
gpacinivitinpi bonds (see, for example J. Organometal. Chem. 624 (2001)
229, Organometallics 22 (2003) 24, and Eur. J. Org. Chem. (2003) 4721). For

example, titanium diisopropoxide can be reacted with ketones or nitriles to give

the corresponding three-membered titanacycles.

While three-membered titanacycles are known, apparently olefin
polymerization processes using catalyst systems incorporating a three-
membered titanacycle have not been. contemplated. Such a polymerization
process has many advantages in ease of preparation of a wide variety of
catalyst systems.

SUMMARY OF THE INVENTION

The invention is a polymerization process. An alpha-olefin is
polymerized in the presence of a catalyst system comprising a three-
membered titanacycle. A wide variety of titanacycles can be readily prepared

from inexpensive raw materials. The process is versatile and incorporates



Three- nenbered titanacycl es have been nmade by reaction

of Ti(ll) species wth pi bonds (see, for exanple, J.
w@r@anewset al . Chem 624 (2001) 229, O ganonet aPdT/US208€042918

(2003) 24, and Eur. J. O q. Chem (2003) 4721). For

raRaynef éhe edvaniagen af Ksown sigle-dite catalyist prazassesdwithodt the

o ¢ : di
G BB sRlasBbletet il R A G ST henber ed
tit anacycl EETAIEERMEGCRETHQNCDE MAEOINMENTION
| [ ' [ tal.yst t .
ncorps: SRenish, i R BiocRs (B Bovfbfd ard e n the
5  resenceooit 2 reatneemb&edHitanauykchemreOhe aifithe timeecstsmsfamming

.' f ti f i de .
B BRI BB PR e Brsen
Wheni theesecamn iatora ipobyygen zak i ird paEESS . caBon, sulfur, or

| pha-ol efin i ol ri,zed in the presence, of

RhgBRG/RE.” Wler MeCTRRiPY &y s OryasdeHislanasycle preferably has
thé yanaayr@ulaA W de variety of titanacycles can be
readily prepared fron1igexpens've raw materials. The
process is versatile an \LnggrEoratesnany of the
advant ages of known singLePsLQ cat al yst processes
wi t hout the high expensé assoctated wth conpl ex
catal yst systens. DETAILED DEQERIPTION OF THE

10 | NVENTION The invention is a pRpcess for polynerizing
an al pha-olefin in the presence of a three-nenbered
titanacycle. One of the three atonms formng the
wherele- Qeptsstested frag the grouancansisting ef 2 cBndndtRyredch R is

: j iS, 0 en
iispenRefly Shitisd dfom HiE rodf cpfiiaihg, & Racar sREe L ane
silylewber 6hig Giood i is 2xwigenQ is Fe ntis 8 aaratyadheX i intleperitlently
f ul. a: rein is,selected.from
15 stgﬁ%t%otﬁ%rg%g% ﬁgc%ugtc:%hgﬂéglfg &W? ,deaﬁlgc%y;, s%c)&%(halgyllagnno, and Cq-
Cso hydrocarbyl.
The titanacycle can be conveniently made from a divalent titanium
compound and the corresponding aldehyde, ketone, sulfoxide, or phosphine

oxide by the following scheme where X, Q, R, and n are as previously defined.

0
X X
X>Ti + |c|l —_— X>Ti <I
Rn \
20 R

On solution storage, titanacycles can dimerize. Preferably, X provides
steric bulk because this decreases the tendency to dimerize. For example,
when X is isopropoxide, the stability is improved versus when X is chloride.

25 Exemplary structures when the second atom is oxygen:
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i ndependently selected fromthe group consisting of
Cr C 20 hydrocarbyl and silyl; when Qis Cor S, nis

wWQ200mer0 is P, nis 3; and each X i s i ndepenpenuk006/042918

sel ected fromthe group consisting of halide, alkoxy,
sil oxy, al kylam no, and C C30 hydro . The
titanacycl e can be conveniently nade f om a dival ent

titaniumc ung and #be cgf respondi dehyde,
ket one, sul fo))m de, or ph || ne oxi de e foll owi ng

schenme whe X, gd re as pr l—)udefl ned.
On solution sto age, t| Myc es ca r ze
Preferably, provi des steric bul k ause t
decreases the tendency to dinerize. exanpl e when

X is isopr opOX|Ode the stability is i n'pr oved versus
when X is ri Exenpl ary structures when the

second atom i's ygeN; V\ht he seco atomis
nitrogen, the n troenls unsubs?trl/t/ted or

monosubstituted Wien f gcond onwF33unsubst|tuted
nitrogen, the third at omu% carbon ?h |tanacycle
preferably has the general formula:/wh reln X and R
are as previously defined. These titanacycles can be
conveniently prepared froma dival ent titanium

conpound and the corresponding nitrile.

secondhgp éhe ﬁecqmr?éerub%ﬂl’trpeereghﬁunttm@e rgtorp erumwbﬁtﬂtuted or

ﬁbﬁ&db’%tlmtéd O§fen WQ@d&ndOJtorﬁ% Qﬁ’\@u@ﬁﬁut&ﬁ%trogen the third
titanacycle preferab as t eneral fornul

JipeY isicarkon @%@Bél&qr@@yﬂe @rﬁfewelyg?aﬁdbe eeneraéfqrmglaof
oxygen, nonosubstituted N, and di substituted C, X and

R are as previously defi ned. The titanacycl e can be
conveni ently made from adj valéht titani um conpound

and the correspondi ngi m ne,Ti conpound, or nitrone

by the followi ng schene ere Z, and R are as
previously defined. On solution storage, titanacycles
can dinerize. Preferably, X prevides

wherein X and R are as previously defined. These titanacycles can be
conveniently prepared from a divalent titanium compound and the
corresponding nitrile.

When the second atom is monosubstituted nitrogen, the third atom is
nitrogen, oxygen, or carbon and the titanacycle preferably has the general
formula:

N—2Z—3X

N
NG

wherein Z is selected from the group consisting of oxygen, monosubstituted N,
and disubstituted C; X and R are as previously defined. The titanacycle can be

conveniently made from a divalent titanium compound and the corresponding
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steric bul k because this decreases the tendency to
di neri ze. For exanple, when X is isopropoxide, the
W@ e@biobicdly i s i nmproved versus when X i s chl ori PE&r/US2006/042918

Exenpl ary structures when the second atomis nitrogen:

irired, eazalbdompdunel, canitonstbysthet felioving tsebemeomiperes€<Z,aamd R
W aum. eQ nd, Suitable al um num conpounds i ncl ude

%{Flﬂ?&%ﬂ%‘ésgﬁ‘éﬁ‘ nmet hyl al unoxane (MAO), polynmeric

MAO (PMAO), and ethyl @l unoxane, alkyl al um

hal i des such as ethyl alum num dichlgride, dialkyl

al um num h>&l\des such as diethyl al um\nup, hI ori de,

and trial kyl gltum num sgch as -trmet hy \L{nnum

triisobutykal um num and triethylal upi num zWien an

al kyl al um num con‘pounél is used, preterably it is an

al kyl al um num hal i de, a di al kyI al um num hal i de or a

trialkyl alum num WMre preferably it is a trialkyl

al umiQTuAelutiere sigseoeniiiznanyeine cap dimerisufref sf?&buﬁ@prowdes
dt8li@blLikepdRuk8 eth%"%ﬂi‘éas‘é% tAk h@ﬁdé‘r@&qwﬁneﬂgg'qulﬁ%émple

depends. on many factors, including the nature

whernX ixipepropanideaingmtahility isdmpeved versis han Xy @hlomdee

sol ve tion

condi I?%%naélgﬁl ggﬂ ﬁg }th gﬁéo%&)hgtgﬁ%rp tfﬁjﬁ'trbsﬁ'crvvever t he

anount used will be within the range of abgdt T

about 100 nol es, preferably fron1abirp/0. -

nol es, aud\ng;e preferably fromabouf 1 tolabo

mol es, of ai" num pet_ nol e of tltam um ne )

al um nunf'conpound can\b@/tonblned Wi t /rqe titanacycle

and added t he re géf\gﬁfg m xt ug€, o® the

conponent s can be addéd to e reacgtor separately.

Preferably, the catal yst systemi udes a support.

The support is preferably a porous terial such as

i norganj c oxjdes ﬂnd'chlorldes and organi ¢ pol yner

resins. ery.ed |i nor gani ¢ oxi des |nclude oxi des of
14 elene véterr ed

Goup 2, 3, 45
al um na, ?‘a\alumnas

supports |£lud
Preferably, the catalyst system further comprises an aluminum

compound. Suitable aluminum compounds include alumoxanes such as
methyl alumoxane (MAQ), polymeric MAO (PMAO), and ethyl alumoxane, alkyl
aluminum halides such as ethyl aluminum dichloride, dialkyl aluminum halides
such as diethyl aluminum chloride, and trialkylaluminum such as
trimethylaluminum, triisobutylaluminum, and triethylaluminum. When an alkyl
aluminum compound is used, preferably it is an alkyi aluminum halide, a dialkyl
aluminum halide or a trialkyl aluminum. More preferably it is a trialkyl
aluminum.

The optimum amount of aluminum compound relative to the amount of
other catalyst components depends on many factors, including the nature of
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magnesi as, titania, zirconia, magnesium chloride, and
crosslinked polystyrene. Mre preferably, the support

WO 200gi06i6e6 or magnesi um chl ori de. The anmount OPCT/US2006/042918

titanacycl e added per g support material is preferably
the ditar@c@de ramd| alyeinugr eompaour@, Shepuolity wé they salientrendesired

ilicais . th t . .oreferably the silica h
Bt bR TR R BhS Bl ol SR gRyever
th@/agnound rusep rveifl élgfl\biﬂ?infth@ m%@Etth gﬁcﬁljtttmogb@;aib(?)gﬁﬁ)(r)gf/&ﬁ(ﬂes,
f r 0 o0 abo .
FRErIRL Ry R B bten B S%its. 2nd ree ity Foffrarbut 1
t]?aasmt G} nﬁilkg;l,lg)é%l@ﬁir%m ?bgu’golﬁ&@ tilfédilg(rjl et prhia‘f Grua’ng)’m
t . t, . , a no rerera

SERBE G 15 SrReBuh e HenercE prepuiSble Perreciorads
rmgerr@,qsf the tdinpbRerts 28n Bk ddBied & IheGaadtsr sépdriely. ange of
abou

to about 500 mm nore preferably fromabout 2
Lo ab5Gerah e CARNSHELIOBr @PE‘PS%I%/ svpém-abzsn? syippgrt is
sreRAbIYL QD pBRBus T HteHER AR @@mﬂ)rgér%ramfesl 8nd YaHiSiles Y and
in the range of about 5 to abou

. ) ! ) 1000 angstrons,
Petie PAYMET 4808 E@fﬁﬂe‘é\mga@%x'ﬁﬂ@m%%s?Xl%ﬁdeOfn%EﬂUP 2,

@r@fﬁ?r@bbbﬂ@%er%l@._ MefthRutsuppOr HERIdeCdRea, alumina, silica-

Preferably, the silica is dried before use.

ghyrsin@papiagnesiae tapian girrenigomegagsivmt engridetande crpsslinked
.y i o

e R ol OB 0 L B0 R R B RS AL e O The

arpeunt | titanaeycleedddedopet Besupppponatetiahisopralierably from 0.01

| ' r j | ganoal um num - nmagnesi um
il i 54

- S| ounds. See, for exanple, the
t echnVgeessiligage the sdpport, referatdy theNesilics hag als@fack. aréhen

LR AT B 09 S Bl i apout o0
abiouh 880y fg, and otolst preferaply, fram about 200 to about 700 m?/g.
R S T I
40|IaLigpmark plederbblyaframy abeuti 8.08 olwbab@st 35t MLVdeand most
psrlejf%Pa%rly} from about 0.5 to about 3.0 mL/g. Preferably, the average particle
size of the silica is in the range of about 1 to about 500 um, more preferably
from about 2 to about 200 pym, and most preferably from about 5 to about 100
um. 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. Preferably, the silica is dried
before use. Preferably, the drying is done at a temperature of from about
100°C to about 800°C, more preferably from about 150°C to about 600°C.

A variety of different chemical treatments of the support can be used,
including reaction with organoaluminum, -magnesium, -silicon, or -boron
compounds. See, for example, the techniques described in U.S. Pat. No.
6,211,311.

The aluminum compound can be added directly to the polymerization
reactor before or after adding the titanacycle. In other words, a supported
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The m xture is stirred in an inert atnosphere at a
tenperature of from about OOC to about 120Q0Cl nore

w@e@eswmbl y from about 200C to about 400C. TheP@PUB20061042918

stirring time will vary sonmewhat, dependi ng upon the
tsananycle-—-vithew! theralumingins epppound-been béqueparbe firgingIn one

p?lgfr%e%:a Sﬁr?c@'sgs grseoll.g%gdofr?né'tﬂ%e{cgglgflg {f?%el% ﬂﬁfg Zﬁé 5{1;5&9’[

m nut €s
THtei miXtu:rg ibatiged it kariné0 atnosprese shatethpesatucke of Faseabout

St O m
BE o et ofphe i APEREERT ER apol A0 BB oo The
apdaauuml stirririg ’ambamgevaﬂiyrmontevﬂfatsdép&fdlng spoisade dnheunts of
' ent_to renoye
S Rl SR o, B0 o, 0B
Pbeaal@;a,ntHeestﬁﬂﬁ@ tinde 0ot emper at m:rmtéw teRBoME BO Minutes.
ment, an inc

f d enb
SR O A R T R I P

UnﬁeUé@érﬁ 0SitiAg BbVeintitee dt irdsn agnisératrsts édiehthtbh@Bives
i s .add he su The mxturerermlnsafree

ForgvF df) P ProRe e f‘{ Qe is esasly Hle Mibgiarers RSl anchit

lé)@oﬂﬁé?ﬁbrﬂ&olrén@% Is8fieddpthessdIvéitio 'B?é‘pé?@ d ﬁ'BB‘ﬂ%%nd Solid.
anot her preferred enbodi nent, a solution of

TR FAMBRCeRRBbIERE ie8PerRiEEe PY,apmEng ap@@wmprln @rwemef@ﬁ@d
eawtsadsment @fn Frﬁ%uédtt\ﬁé‘tﬁéé’é?|t§chn_HUe51359§éﬂ' OA? s‘?ﬁéll SRIYLAL Bf

all of the alum num conpound used
sphvenkisabssd tq @'%@Wﬁdhﬁst't@nq}‘dplﬂ aﬁrd gte ﬁﬁ'ét'@ﬂl mnaddﬂd to the

SGBH&‘PU Nthd %lﬁ@rgzu Feﬁ'ﬁ?{né%y frb& %WH@ g?lﬂJ W'fh&&'t”% %Hﬂg’ve\l.

can prem xe he ti1tana e or can
The mmyre ear beusad as freorsneaiduialsolvené rrmltwemozxam on.

Even HTQﬁ&her Ferrr%kaléfnbc;qqﬁew taa%ﬂﬁ%ﬁlo? tﬁéalemrﬁ%gm\%hnd

aso utlono sone or um num conp
ipefded to thalsiphosnprias toHbe saddjliontaf the etntaneamly, '[lhse solutlon

S5 LBANCHE oF e AT SAEBEHES B o 3 Bt
chotairss, a\Waetion Imé tllle tamaioyiol eorhpound to be used. Any remaining
aluminum compound can be premixed with the titanacycle or can be added to
the reactor at the start of the polymerization.

Even more preferably, the titanacycle is premixed with a solution of
some or all of the aluminum compound prior to addition to the support.
Preferably, the titanacycle and aluminum compound solution are premixed for
a period of time between 1 minute and two hours. When the titanacycle is
premixed with a solution of the aluminum compound, it is preferable to use a
portion of the aluminum compound and to add the remainder of the aluminum
compound either to the support prior to the addition of the premix or directly to
the reactor.

Preferably, a scavenging amount of an alkylaluminum compound such
as triethylaluminum or triisobutylaluminum is also added to the reactor.
Preferably, the alkylaluminum compound is added to the reactor prior to the
addition of the titanacycle.
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prem xed with a solution of the alum num conpound, it
is preferable to use a portion of the al um num

weeovpoersol and to add the renmai nder of the al unPeIES2006/042918

conmpound either to the support prior to the addition
of tTe pineentionoris diane cAIPRa-PIgTip heohwagrization pPECEssib| y BY

‘pggﬁfé}?@@;ﬁ )5/{\] %I&@&Qﬁn,oﬁivea me%hk%)'u ﬁ;%%&;ﬂfmﬁéﬁ%tiﬁh@ ks

um num'or triiso umnumils also

wa]daeobapglymmizat@mt oEopayBeisr el Ye kiork. spndanal Arlieating

conmpoun e r eac ' i ol
oGRS el fieheleifis SRCEMyAHH) Brobflohd o1, on
h@fﬁnﬁﬁﬂ-bztg_hé,oanprmb@ms Bereqiol \itbylené r@ugn;ombinations of

a-qlefin," mean [ honopol yneri zat i

e§¥r%ﬂEIVY'gha%S%d888}g?ﬁ@ra??gﬁ?q%ﬁg&e%gg'ol yrrefs %:/anr Ibéab: ggi,

r andopiioraily,ahydtoget isgsedpol haepalymprizstionr pracesses of the

ek o Teeie el EREHA AR Cahe SR ndroper

néédé@if | Bapérssupdin mtehllds&eﬁ poilohefin setookhr eveidght randr melidiow
preferred. i on y rogen i s used i h .
olsRyier [ SaReBl. G obe SolbpT ProbR & ool fiegugiein
"*ﬁé’éedgwéegde‘ghﬂgaW%S@et wRd gite. rﬁ'déIB iacﬂmul nhcreésdsy dr Borermany
ede epends on | ef ] .
apBicghensine oA RRPprse vilaes St &b POReR gt i
dBR® URLheT alieAE® G MydFodehc I agerockse ppolider gbod control of
nol ecul ar wei ght decreases and the nelt Jinde
malequéals weight ANl dBPl PERSTS OVt He® p?ﬁ ?Eﬂaﬁf oS of
h},ﬁ%@égw Il be too lowif the polynerization is done in
e absence of hydrogen. The process proyi des good
cont The RAMeIZEEaNararaen/Raly nePnascteds 18 "pPBﬁf’gPEer esine

pg%ﬁsgr?eeis%reml iR AU e f dhvdf 0%EMPalideabout 35 MPa, more

merizations are normally conducted under pressure.
pheferaphyeisenrabouist MPefteelpil2$ MRee range of about 0.5

MPa I\/%n?kﬁ%gs ot PolVRerizZaRSEprocesses can be used. The process can

be practiced in the gas phase, bulk, solution, or slurry. The polymerization can
be performed over a wide temperature range. Generally, lower temperatures
give higher molecular weight and longer catalyst lifetimes. However, because
the polymerization is exothermic, lower temperatures are more difficult and
costly to achieve. A balance must be struck between these two factors.
Preferably, the temperature is within the range of about 0°C to about 150°C. A
more preferred range is from about 20°C to about 90°C.

Titanacycle concentrations used for the olefin polymerizations depend
on many factors. Preferably, however, the concentration ranges from about
0.01 micromoles per liter to about 100 micromoles per liter.

Polymerization times depend on the type of process, the catalyst
concentration, and other factors. Generally, polymerizations are complete

within several seconds to several hours.
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preferably fromabout 5 MPa to about 25 MPa. Many

types of polynerization processes can be used. The
woee@cessotan be practiced in the gas phase, buP&T/US2006/042918

solution, or slurry. The polynerization can be

per f dhedalloviag %amplﬁé e elHléﬁtLﬂt% theainyentioBe nEnasiel skilled in

I

AP TERG B By ol AR A SRR ot e Hienton

anel spepeio? thd daimss exot hermic, | ower tenperatures are

nore difficult and costly to achieve. A bal ance nust

be struck between these two factors. Preferably, the

tenperature is within tlEI)éAMﬁ’nh@é of about OOC to about

15Q0C. A nore pr bout 2C0C to

about 900C. Ti Itoalﬁél)g'{] t'8§ﬂ‘g[§ t:ag )Zcﬁ%?used for the

ol efin polynerizations dep h many factors.

Preferably, however, the concentration ranges from

about 0.01 m cronvol es per I|t7v to about 100

m cronol es per liter. zatio ti mes depend on

the type of procesg ncentration, and

ot her factors. Ceng oI yrrerl zations are corrpl ete

within several secw «eral hours. The foll ow ng

exanpl es nerely illuUstrate I nvention. Those

skilled in the art w || ze many variations that

are within the spirit of th&invention and scope of

the claims. EXAMPLE 1 Pdl ynerization with Titanacycle

' annyaiRl. B debbh e R RGO RET LT 46 " TRod

d@owma_teﬁ te’fraﬁymwras(mmm sLo@led o 8@l dridt 28 oo 6.6 M
ORI 57 hSnt SRR atag TR bRl istiFo s g for one

hoenet/ et8°Caltte t:dmémglbetrunserenmvedj ame theamixtwrerns stirred at room
temperature for 18 hours.  Vacuum is applied to remove volatiles. The

expected solid product is a mixture of titanium diisopropoxide and lithium
isopropoxide. Anhydrous deoxygenated tetrahydrofuran (20 mL) is added to
the solid. Benzophenone (20 mmol) is added to the stirring solution and the
reaction is heated at reflux for 18 hours. Vacuum is applied to remove
volatiles. The expected solid product is a mixture of titanacycle 1 and lithium
isopropoxide which is used "as is" in the following polymerization.

To a 1-L stainless-steel autoclave reactor, 85 mL of 1-hexene is added.
Triisobutylaluminum (1.0 mL of 1.0 M solution in heptane, 1.0 mmol) is then
flushed into the reactor with nitrogen pressure and isobutane (about 400 mL),
and the reactor is then pressurized with ethylene to 2.4 MPa. The reactor
contents are allowed to equilibrate at 80°C. In a separate vessel, 0.5 g of
anhydrous magnesium chloride is suspended in 4 mL of toluene. Titanacycle 1
(2.0 mmol) is added, and the mixture is heated with stirring for two hours at
80°C. The mixture is cooled to room temperature, loaded into an injector arm

in a glovebox, and then flushed into the reactor with isobutane (100 mL) and
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tenperature for 18 hours. Vacuumis applied to renove
vol atiles. The expected solid product is a m xture of
W 2aoanbem di i sopropoxi de and |ithi um i sopropoxP@BUS2006/042918
Anhydr ous deoxygenat ed tetrahydrof uran £20 m) is
ratdm RIGSEUe- s'\éT'Q golymerizalighenroneeds2at $A6) for 39 mindtes, eod
0] t
harrisor s M Rl MBI ITR A SRR ARl IEUfE Fbeoted
prodluati | es. The expected solid product is a mxture of
titanacycle 1 and lithi PP RrPpoxi de which is used
"as is" in the foll ow ng pol ynmerization. To a 1-L
st ai nl ess- st eel Ruolyroetization mathcitanacygte Al of 1- hexene
is added. TriisobutyLalumnum( 1.0 nL of 1.0 M
sol ution in heptang is then flushed into
the reactor with n en pressure and i sobut ane
(about 400 nl), andx{he act% is then pressurized
with ethylene to 2.4 Ma. eact/6r contents are
allowed to equilibrate at NS@& a separate vessel,
0.5 g of anhydrous npgaesgi um chiori IS suspended in
4 nmL of tol uene. Tlanac cle 1 (2.0 mmol) is added,
and the mxture is eat with stirring for two hours
at 800C. The mi xture~+€¢ cool2d to room tenperature,
| oaded into an injector armin a glovebox, and then
flushed into the reactor with i sobutane (100 nlL)
andnf\t solydian ot sianiem Tieigapropeddez 420 omnpotp de ealshyatous,

th t
RS Brahibian PRECLIR (BB e B Fhicro M
rE)(AWﬁthEm II’F’(NBWBHSB glatvyoaddeidt Thei reactiorymixeurd lsﬁstirgddwbr oie
de (20 in.an ous,
g’eoxygengt Eae ?‘gc{lﬁgﬁ’?ﬁ? %ﬁ?ﬁfgt’ A ml?(t‘t’;rSd? ggp@%ayroom
terfip@@turadio?518rthous!t 1 Machdim-ibuspgliedt foi temaove h@lféﬁi@@ | Phe
o Aol BE L SFHATR A HEHLR, WhSbpb i S
isupxépuxiie. S Ashydroes dabxygenied tetrahydrofuran (20 mL) is added to

the solid. Azobenzene (20 mmol) is added to the stirring solution and the

reaction is heated at reflux for 18 hours. Vacuum is applied to remove
volatiles. The expected solid product is a mixture of titanacycle 2 and lithium
isopropoxide which is used "as is" in the following polymerization.

To a 1-L stainless-steel autoclave reactor, 85 mL of 1-hexene is added.
Triisobutylaluminum (1.0 mL of 1.0 M solution in heptane, 1.0 mmol) is then
flushed into the reactor with nitrogen pressure and isobutane (about 400 mL),
and the reactor is then pressurized with ethylene to 2.4 MPa. The reactor
contents are allowed to equilibrate at 80°C. In a separate vessel, 0.5 g of
anhydrous magnesium chloride is suspended in 4 mL of toluene. Titanacycle 2
(2.0 mmol)! is added, and the mixture is heated with stirring for two hours at
80°C. The mixture is cooled to room temperature, loaded into an injector arm
in a glovebox, and then flushed into the reactor with isobutane (100 mL) and

nitrogen pressure. The polymerization proceeds at 80°C for 30 minutes, and

10
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tenperature for 18 hours. Vacuumis applied to renove
vol atiles. The expected solid product is a m xture of

W 2aodioeaem di i sopropoxi de and |ithium i sopr opoxPABUS2006/042918

Anhydr ous deoxygenated tetrahydrofuran (20 nL) is
thel deactomist thensadnited. Ak kthylemedekae mepblymes iadie eéxpected
th(?qitirring solution and the reaction is heated at
Y%x for 18 hours. Vacuumis applied to renove
vol atil es. The expect edEXAMPHE® oduct is a m xture of
titanacycle 2 angd |ithiumis oxi de,which is used
"as is" in the %W@W’%%W@%ﬁaﬁ c?o% To a 1-L
stai nl ess-steel autoclave reactof, 85 nL of 1-hexene
is added. Triisobutylalumn 1.0 mL of 1.0 M
solution in heptane, 1.0 mml) \s then flushed into
the reactor with nitrogen pressore and i sobut ane
(about 400 ), and the rgpstof is then pressurized
wth ethylene to 2.4 Mra. e reactor contents are
al l owed to equili brate 8Q0C. An a separate vessel,
0.5 g of anhydrous fragngsi um chl g+ IS suspended in
4 nmL of toluene. TihNtanacycle 2 £2.0 nmol) is added,
and the mxture is \heap®d with stirring for two hours
at 80Q0C. The m xture is cooled to roomtenperature,
| oaded into an injector argnin a glovebox, and then
flushed into the reactor with isobutane (100 nL) and
nitrogen pressure. The pol ynerization proceeds at 8Q0C
for AOSmutiUheSf tﬁﬂrﬁibhﬁ tetesappopaxide 20 Iorﬁnittl)?dn Arhydrous,

t hyl e exe | st h X t
Ealisriteg e raprse YR I oot KoL Earal 25 B o 1-6M
rgbutwnﬂmm mégnteas ﬁ@gnpfwgdd eTHe2@abmoH r)wmmea@lwbw@cpﬂ@s one

eox enat e etra ror uran IS CQOO
Hope et S Cof 6500150 Bats AIemaYEty 1Y UF TG IR SUHRG of goom
tshnPBlaurad@edis hbers: eat\idcgammsxéwi%dl ® ﬁémds\fee%fa@reson%e
hour at -78C, the cooling bath is renpved,

t he
apeetgr esqlid RiodEeleid Ft Middie of titanium dusopropox1de and lithium
isopropoxide. Anhydrous deoxygenated tetrahydrofuran (20 mL) is added to

the solid. Benzonitrile (20 mmol) is added to the stirring solution and the
reaction is heated at reflux for 18 hours. Vacuum is applied to remove
volatiles. The expected solid product is a mixture of titanacycle 3 and lithium
isopropoxide which is used "as is" in the following polymerization.

To a 1-L stainless-steel autoclave reactor, 85 mL of 1-hexene is added.
Triisobutylaluminum (1.0 mL of 1.0 M solution in heptane, 1.0 mmol) is then
flushed into the reactor with nitrogen pressure and isobutane (about 400 mL.),
and the reactor is then pressurized with ethylene to 2.4 MPa. The reactor
contents are allowed to equilibrate at 80°C. In a separate vessel, 0.5 g of
anhydrous magnesium chloride is suspended in 4 mL of toluene. Titanacycle 3
(2.0 mmol) is added, and the mixture is heated with stirring for two hours at
80°C. The mixture is cooled to room temperature, loaded into an injector arm
in a glovebox, and then flushed into the reactor with isobutane (100 mL) and

nitrogen pressure. The polymerization proceeds at 80°C for 30 minutes, and

11



tenperature for 18 hours. Vacuumis applied to renove
vol atiles. The expected solid product is a m xture of

W@ 2aoanbrem di i sopropoxi de and |ithi um i sopropoxP@BUS2006/042918
Anhydr ous deoxygenated tetrahydrofuran (20 m ) is
treed dembtdras tthen sehiedl.  Benaiipliehe-heger{e2 Copdiphpr iiss thasl drskdisy
th tirring solution and the reaction 1s heated at
pF%ﬁFEx for 18 hours. Vacuumis applied to renove

vol aThé eseceding @xpaésdremkeht GHPaslustrationdll Xhe F6llodfing
FLtaaﬁgyﬁhe.3 and |ithiumisopropoxide which is used
claius pehrig the ifefigNy owi ng pol yneri zation. To a 1-L

stai nl ess-steel autoclave reactor, 85 m _ of 1-hexene
is added. Triisobutylalumnum( 1 .0 nL of 1.0 M
solution in heptane, 1.0 mml) is then flushed into
the reactor with nitrogen pressure and isobutane
(about 400 nlL), and the reactor is then pressurized
with ethylene to 2.4 MPa. The reactor contents are
allowed to equilibrate at 800C. In a separate vessel
0.5 g of anhydrous nagnesi um chloride is suspended in
4 mL of toluene. Titanacycle 3 (2.0 nmol) is added,
and the mxture is heated with stirring for two hours
at 800C. The m xture is cooled to roomtenperature,

| oaded into an injector armin a glovebox, and then
flushed into the reactor with isobutane (100 nL) and
ni trogen pressure. The pol ynerization proceeds at 800C
for 30 mnutes, andthe reactor is tnen venied. An

et hyl ene- hexene copol yner is the expected product. The
precedi ng exanples are neant only as illustrations.
The follow ng clains define the invention.l claim 1.
A process which conprises polynerizing an al pha-ol efin
in the presence of a catal yst system conprising a

t hree- nenbered titanacycle wherein the two renmining
atons formng the titanacycle are selected fromthe
group consi sting of: oxygen in conbination with
carbon, sul fur, or phosphorus;

12



nonosubstituted nitrogen in conbination with nitrogen,
oxygen, or carbon; and unsubstituted nitrogen in
w@ooenioemdi on with carbon. 2. The process of clBCTU$2006/042918
wherein the al pha-olefin is selected fromthe group
| $msi sting of ethylene, propylene, 1-butene, 1-hexene,

1-octene, and m xtures thereof
clailm 1 QHIPERSH [Nﬁilg hceRmprPep %%}W%rM'@%PBh%Cﬁ%8P?EE|'EetEG
préSerReUBF THIMBEAJR0 e ebaaprng r@ﬁhtd@emgnrﬂmped titanacycle
consi sting of alkyl al um num ﬂ? i des, al kyl al u um,
wheipindbe twa femaining %Walfafmlﬂ% t'tﬁ“a%ﬁ ﬁ%@e‘ﬁr orm the
5 gr8h;§"cﬁh§? € bRydehan &oHBirHHEh GARRB6h, Iséllfar or phosphorus
rial kylal"um num sel ected fromthe group consisting o

monmbngvmmwfrﬁgm in gakjpian it kiosEin O4EEN, O Carbon: a
%Jbg?h{égnaC%MH%”%"}?TBﬁ“ﬂ)‘h%m of claim1l wherein

has t Eenera formul a;: wher ei %
sel &t ed Theqioeess Qfrdaip twhsrein fhegalphawisfigds selecte from

u d t
PSR SR D p AR SRS, el ok ok

10 mbdtures jch&ﬂmf each X is independently selected fromthe

group CORgL Sghgt,gigfé)f ggﬁrgel vme‘F ﬁythes'cgfémét system further

al kylam no, dr ocar e process of
ccﬁhmsraslamk@ummurm rr@mpquadaiﬁ)@qt@d h‘mmﬂhé g@#@r ggnsisting of

rmul a: t
oGOt BSlfec o B n G oS M BB IERms. 1,
is |4)dep€|rmgem>bys$ef e:talreoB N\rlwnem Hbegalwmmunmgmpum@ iHe
al kox s |.0x
s PP Wherdl B4, oL SOET Seofl G
triidobatytyrainanh asdttheethglaemaihumor mul a:
5. The process of claim 1 wherein the titanacycle has the general

formula:

N—2Z2——X

~
PN

20
wherein Z is selected from the group consisting of oxygen,
monosubstituted N, and disubstituted C; R is selected from the group
consisting of C4-Cqo hydrocarbyl and silyl; and each X is independently
selected from the group consisting of halide, alkoxy, siloxy, alkylamino,
25 and C4-Cgp hydrocarbyi.
6. The process of claim 1 wherein the titanacycle has the general

formula:

A—O——=2
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wherein Qis selected fromthe group consisting of
ClS, and P; each R is independently selected fromthe

w@e@apsewonsi sting of CL-C20 hydrocarbyl and siP@l/pS:wheni2918

Qis Cor S nis 2; wen Qis P, nis 3; and each X
I's | RARPOATER slestBl ﬁ@hem\efgr@m chesigtmoug Ce0si ydraugrio
hal i de, al koxy, sil ox al k (rjn

hydr G&8r B, agd Leny (b%é% ET‘T& ﬁe%c\ﬁﬁllﬂg% the, ggroup

cat al r r %
ron géééuggy&&ﬁﬁanhe ARGy, SIHXPT AIRREMMOS HAPQ7C3o aydrasmbyl

claim 8 wherein the su
f r o t heThe auipcassri @i} VHTer@Plthgg' a%%ﬁ?ﬁﬁsetﬁe general
fom?‘ggey um chl ori de, and m xtures thereof. 10. The
process of claim8 wherein the support is magnesium
chl ori de deposited on PN Car 911. The process of claim
1 wherein the pol yneri zz;t/lT' ||s perforned at a
tenperature w thin theXange @f about 3C0C to about
1000C. 12. A slurry polynerization process of claim1.
13. A gas-phase pol ynerizati or, process of claim 1.

wherein Q is selected from the group consisting of C, S, and P; each R
is independently selected from the group consisting of C4-Cyo
hydrocarbyl and silyl; when Qis C or 8, nis 2; when Qis P, n is 3; and
each X is independently selected from the group consisting of halide,
alkoxy, siloxy, alkylamino, and C4-Csp hydrocarbyl.
8. The process of claim 1 wherein the catalyst system further
comprises a support.
9. The process of claim 8 wherein the support is selected from the
group consisting of silica, alumina, magnesium chloride, and mixtures thereof.
10. The process of claim 8 wherein the support is magnesium
chloride deposited on silica.
11.  The process of claim 1 wherein the polymerization is performed
at a temperature within the range of about 30°C to about 100°C.
12. A slurry polymerization process of claim 1.
13. A gas-phase polymerization process of claim 1.
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