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(54) Title: OLEFIN POLYMERIZATION PROCESS

(57) Abstract: A process for polymerizing an alpha-olefin is disclosed. The polymerization is performed in the presence of a
catalyst system comprising a three-membered titanacycle. A wide variety of titanacycles can be readily prepared, making this a
versatile and inexpensive olefin polymerization process.
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w0 a6 wot he use of expensive activators.

U S. Pat. Nos. 5,459, 116, 5,798,424, and 6, 114, 276
teach olefin polynerization catalysts that do not

No. 5,459,116 uses titanium conpounds reacted with
hydr oxyesters such as 2- hydroxyet hyl nethacryl ate.

U S. Pat. No. 114, 276 reacts tan 0 conpounds
wi th carbodii 9'—@5'% W&E%\% Lfsg &é{ig]s%o 5,798, 424
prepares five- msnbered chel ated titani um conpounds.

Simlarly, Eur. Pat. . 1,238,989 and U. S. Pat. No.
6, 897,176 do not rFéELllPIQF THE |N¥gNa'ﬂO@xpenS| ve

acti ;
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rocessi tiseh aetalalysbngyistere swhisht icarnegatenepathirag-membered
[térga% gl are known. U.S. Pat. No. 5,637,660 describes
Fan ion nmetal conpl exes containing chelating

Ilgands based BAGKGHOUNDN@FJHEINVEIWTIRN Sci ence and
Techn I 0 7,
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s oSl gBnfin ca0F, aEdus Bopaperil Spfed such as
(megmmgéggbl C?r23sélﬁ)045f 1ﬁ6|5nualedpt€ﬂ1xem ar@ommursucm as
bonded

Hebebraroming | Fiek SR P bRRY RS | ¢ uMAfS . single-site
Athihay Hret HiFicuRNe Qﬁitiﬁesvie elTews maas torthbhcbsmldfrtbgea‘atalyst
atomcoordlnates Wth the transitio 3 nitr
SYstapt UIPE FeERRIBE NEOPAERSPE AP J0uintaqss Sple-
ditd %@é}ys‘féesbéh ng§ Haeslv hdldchrr ewaigpt edigirietion tdrel good
Goup 4 elenment, 1s zirconium is bonded to four atons

¢Qm¢ﬁmi‘¢fgn@m§°@%9ge‘ﬁ'“ﬁ’(%mef'T'@?TP‘?iﬁe monoani oni ¢ | i gand
(pr e@{wﬂg fté%‘té]ysﬁé”t%ﬂlédll '?éé{meaﬁcbé\!st'\éne polymerization-stable,

di et hy roxyl am ne e nitrogen atomis not one of
anieni¢ djgancathaws pwieledrrnatioAsde @ %an@@taﬂl@%ﬁyw All five

Jz{%?ﬁs( W";ﬁ%ef)ﬁﬂaF b ABRGHEIE) MY Ep R EEPatdBif &)-BYo IRl toPthe
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.
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20 species with pi bonds (see, for exanple, J.
Organonetal. Chem 624 (2001) 229, Organonetallics 22

W@ 200851624, and Eur. J. Og. Chem (2003) 4721pCT/B82006/042918

exanpl e, titaniumdiisopropoxide can be reacted with
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bonded to the zirconium.’

Three-membered titanacycles have been made by reaction of Ti(ll)
species with pi 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
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when Qis Cor S, nis 2; when Qis P, nis 3; and

reaiy oK thes advizidpessd eh kngwrl Sirgle- eit& ealtafysb prackeseyr witpout the
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i ze. en X is |sopropoxjde

PRRES, T8on s aretc At e as ofvsh. oo BlrdAiicls rreroragy has

thx gopéral formutct ures when the second atomis oxygen:

3 WD 2007/ 061601 PCT/ US2006/ 042918 YCO0OHCQ O O d

H3C/ r p ~Ti/O/ Ti ent}le second atomis

nitrogen, the nitrogen at,e \l\slunsubstitut ed or

10 Rn

wherein Q is selected from the group consisting of C, S, and P; each R is

independently selected from the group consisting of C4-Cy hydrocarbyl and

silyl; when Qis C or §, nis 2; when Q is P, n is 3; and each X is independently

15 selected from the group consisting of halide, alkoxy, siloxy, alkylamino, and C-
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 0
:>Ti + |c|l — X>Ti (L
Rn \
20 Ry

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:



nonosubstituted. Wien the second atomis unsubstituted
nitrogen, the third 5 atomis carbon and the

wao eaoaneisyr| e preferably has the general fornul BCT/K82DD6/042918
'"--~1 R wherein X and R are as previously defined.
These titanacycles can be 1o conveni pr epar ed
froma divalent titanium conpound and {he
correspondigng nigrite. %M%en he second atomis
monosubsti t u |trogen,n*ﬁe third atSnv( ni trogen,
oxygen, or ccar bos and i\facycleo reterabl y has
the general foynula: 15 wherein/Z\i s
sel ected fromthe group conS|st|ng/92<Efygen,
nonosubstituted N, and disubstituted\C, X and R are
as previouysly geflnqg The titanacycle can be
conveni ent derfTjom a dival ent tifani um conpound
and the correspghdiy O 2007/ 063501
PCT/ US2006/ 0429(1.8 70 conpound,~Qr nitrone by
the follow n hene , Z a\g re as
previously defined. R X 5. On
sol uti on storage, tltanacycles can gl rize.
Preferably, X provides steric bulk because this
decreases the tendency to dinerize. For exanple, when
Xis |sopropOX|de the stability is inproved versus
when Whes thesesandatorpienipasy tae nlivgen @omrewnsustituted or

S8R hsRiRGR.| Vi HROSZEond atom is unsubstituted nitrogen, the third

atom is carbon and the titanacycle preferably has the general formula:

)

N~
/Tl\l

A sz,

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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Sui t abl e al um num conpounds i ncl ude al unoxanes such as

irrmm)dzoadaumpbwude of MAne poihgreliowing/kChémbA@ereaqdZ, and R
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%[F RBP4 ?g}q di al kyl al um num halides such as
di et hyl al um num chI orhpde, and trialkylal um Rum such
as 15 trinmethyl al um nuln triisobutyl@lum nu and
triethylal &Qnum V\hen an al kyl al um\n orrpound IS
used, prefer intls an al kyt—==l um n r%llde a
dlalkyl aklm num hal i ge or atrlalk aI g num More
preferably it is a tridélkyl alum num The opti num
anount of al um num conpound rel ative to the anount of

20 ot her catal yst conponents depends on_nmany factors,
i ncl & Agutier S&@gﬁ ditafacyges\can glimerst 6 F1eferably, X provides

s!:t’gfcf H&%%@!agéggtﬂré déc!ﬂ@astebttﬁél%ﬂéérﬁﬁaddlﬁ‘JeH% mF“Br example,

onmpound purity of the solven the desired
W‘éﬁ-ibl( ||~°olﬁ0Pr@P@X'd?h@erSéQi2i|ttY isimeryedvetsys wheandX ig ehderide.

fact Oéferﬂﬁgﬁﬁzﬁmétt}f s Wse&ﬁ?%t%ﬁﬁrg%ﬁﬁd will be

withint ge of about 0 nol es,
preferably fromabout 0.1 to about 50 nole md nore
preferably fromabout 1 5 to about es

al um nuneiper /mml e of titaniuym netal. ZThe al m
conpound cafille conbined h the ti anacy cl e”and

added to®fhe reactor as.a| mxture, Or.the conponents
can be adde o the F"((;zéc\t\olr\separat@‘l/y/ﬂr
3

v
\/\/ /
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J ol
-

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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Preferably, the catal yst systemincludes a support.
The support is preferably a porous material such as

wo pmrgemsdt oxi des and chl orides, and i 0 or ganPCI/US2006/042918

pol ymer resins. Preferred inorganic oxides include
tbmhthmacprﬂe @ndwgiurainudy c@npﬁundliﬂ';e pmntﬂzlbf ¢heselnerst, the desired

f L.ud
SR (A8, i RRGIoR LTINS, 2 bR s Gandel, Hbwever,
thblzpouthe, usedlekl: rbeswithlnlthei ranyd Mswmrmm brabout 100 moles,
BhfHG RO ol aro o 50 ol epe Mo dt gy g about 1
tetmm:ts Frinl ey, loalalmmmheber awy of ftmiﬁuﬂn%etag-ﬁ Tﬁmbluﬁﬁr{ium

m en a. ls ort,
b2 e REL AR R nen il LhE 2y M GenbBor e
rﬁ&tm@wtthé@ompo@émybaﬂ@@%dm t theQESCtBF Sdpiratly from

about_ 50 to about and nost preferabl from

about TR fQSOmtaWewaéw@ '”CF’F'@F@ SHpport thEhgow@port is
prefernly of pbﬂﬁ‘.lss Ha’tér%l isuchNad | %r%é\’ﬂ@ %xﬂfesaaﬁé’tch%r%st ‘énd

about 20 4. nore prefera from about O.
IgRie pslymemans AREEraped mowasﬂrépaseay inclusie @mﬁ ofoG@upc?-

@QPUI; 18; Qr MIenﬁ’érﬁiserFﬂ’Q*eYred@”'u%p@r‘f@\'rﬁ,‘ﬁﬁiep@lﬁdd |ILﬁ'n|n§'§ a-

he si l ica is in the range of about t o about
qiwmmﬁﬁ.r magpesias.atitppia, thFWﬁl%sb@@QnQSIWD @twuie 200 prmpslmkad
dRty f
ave? égﬁe@pgﬁ)g@b'?é;%tg %@p. ca lli?[‘ké [ n the S}Lgﬁchlmg e. The
ameit & titanagyolet aci@dmeo gmprtonetenplr isf ewe&@aplyab@uto 01

’é®°£§e“§zgﬁ*tt°?g% rlgﬁn and nost preferably about

rrs Preferably, the silica is
dr i edVhbefsdice laélee SBpmmrmbfeyably tee ditiga hgs isssuitare areadn

hETECh Al LOMARR 18t PR IR i Eonee
aiuouf 808N /ghamdcaiost peeferablyt fonf abbet zu(p)norabmﬂnmme m?/g.
12 e, S0P VLR, 6585 SOBE i P ARAAMTEER o oou
& anplge, m(trbeprtetﬁ@fbbllquem dl@@ﬂr(D bedioi abdditS3.5PaL/g,Nend most
S b A DL T B R B she Ee Spe

sideeoft the asiirayis lie thd Far@fehsfrabst dso abostBOO e o 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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wee@ieérwed process,

WD 2007/ 061601 PCT/ US2006/ 042918 titanacycl e--w thout
t he al um num conpound--can be prepared first. In one

conmbined with the support. The mxture is stirred in
tiandayelet-withonisthh ealeminunma comppendteanebefpréparad divstut In 6

o3P ro S S oo Bl Bt S BBl il S
Tdhepmindunegs wstioad timananet rulgmosxfhers @t \aetetnmmiuwppfmm about
EPeire By G e BRAHER FofT 8ol AP Boslib ot aiG, oThe

dpdlrmhms!tlrrﬁi@ tilg ukitsvary Sontewhag J:!em_gfell‘ng bpon Gle rAnmalrgs of
unneces

oul d not decyr e ac but i ary.
SR} G SRR B RN s ienamBhean (S S0t goeR, iing
meférgbly,emelgtlrgﬂ@dm’:]@wffﬁo? abf)uta2| mrrﬁ@es’ilf@lalbbupﬁo minutes.
the nmixture
SRR et B i Qe S padls Srdnbe | tikp R i is
Lfnheees‘slaﬁw Sﬁ}nﬁ@ B0 anmufébla$ récH téfpélatife & cdrR@fient and gives
ur }% apg] yi n% a vacuum |n one preferred

98 68? nt'l @ #9¢ AROHNE ES%%&@S%mma@ereugaﬁwaw it
i$ @‘Bh\l'erﬁém lJtBtreﬁ’lEve $0heest tHeSsohpsl té ‘br%ba‘-‘récﬁ ft€e tfi&@‘vmg solid.
titanacycle and the solution is added to the

THipRst be et ahioRiruternessttieny aprlyieg afagwimg 18 @ne @referred
EMBIMRHENS YV %Fplérﬁ NR¥Abss tddpidlieX fsu [l?ed: anA bﬁnélﬁ &thodit of

is or residual solvent may be renobved. In anot
spivenkis Bseck i gifispivatthe atlt%mqypleoandathq Relutio i added to the

sEBPARPUNthe pﬁxtﬂr‘%dl?éi‘nélﬁs tahﬁfzé Lf%gt SBIH Rhithb & §J]\?ent removal.

addition o titanacycle ution
Thermixtuie gam befusedes i emeaidualceisot maythe rbmouséd but

pr ef &1 ahther %Efe?r%d?%c?duﬂénf’" a%%“tloﬂ r2>f %e LRl %rqﬁ% nd

ound to um num conpoun
i add@é t therbyapdriwbridn to Hhe taddalnaa;fdhe t|¢Hnacacieb €T gl deldtion

o8 5L S P bl LM BB
canpisugi pmtmm‘ of dleralumninaiml carhpolrel & bei m‘sﬁd\ C @iy enthining
ol ol e o L BBR S RGP AR okl
thpe eaciop dit ther start pEthiequblyeherization.bet ween 1 m nute and two

o Byl el R R B s TGl AT o st ot
sose @r 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.

a solution of the titanacyPd BUS®06/042918
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portion of the alum num conpound and to add the
remai nder of the alum num conpound either to the

WG ppo6tsopri or to the addition of the prerri X OPCT/US2006/042918

directly to 30 the reactor. Preferably scaveng| ng
armuTme omverrftloal k| ahurﬁIWLﬁTP@Bﬂpcﬂﬂwn%'G@hon aBrocess y

|et i tad
ppgnﬁ{ g a}(\:‘{g OJH%”&!%ﬂn We’ gfél%H t%éhlzu'c W%@l;ﬁtﬁ%aﬂaﬁ@@s
welbapmmpdlynﬂarlaaitdnﬁ t@omQhémG@aQﬁrbberhkam ranglonhOr alternating

{
BebreS o arisad, HhhanRine & fuiflre %*Qfé'@ Libutene. 1-
h@@n}ém beiahé,0anpr mo@ess Wréqﬁol VEthylené rap rq;omblnatlons of

®¥'enﬁéﬁlhegal§ed(?88\gfegﬂnean honopol yneri zati ons

o bhige
FZa pol ymers can be
bl 00®pt|drwﬂ¢,0mdrogeral|sx eseehtm rtge miymblyzmlpe processesr@fdthe

| ef | n t.h I
'”H%&Q_%,? ie%’t‘f‘l Vog%i@y% s %ﬁ%reip © ]aé{?ﬁfq‘?;bﬁehy%ncgg
néédmréae Béééfrm@supzfn thetdBSIrem@o#ydléﬂnamsmculad wﬁigirmamdamelt flow

referre j .
PiBPYine: | Caea: 5 e camunf PYAoSH fu IbraRet HR e blene
mRlfire eyhiDdpedsat wRd gitle. nldle |ﬁ<ﬂmummcreésd$ydr5gemnany
needed degends upon t he S y Iec
amicgonsrine meo AR oRE Tdsairiie B 168, fubd Aphvizefin, i
éﬁ?qﬂtthefaﬁé\éﬂé@gﬁrhy'dﬁogdhcr Gl“chéedrocbkte plﬁ@hd’esl gboa control of

ecul ar wei ght decreases and the nelt

mqlﬁ,ql@sé@lghfﬁoﬁndnﬂ?ﬁ}t flappPrpsriendy Ui ﬂoﬁ%ﬁe?mﬂu?ftél pf
h#/(ﬂ@?ﬁ Wil be too lowif the polynerization is done

e absence of hydrogen. The process provides
cont T relymerizadens re vargialy a¢ndyeied #p Bf%ﬁﬁrretl gﬂ‘

ppé% HRLisOreRIRY) II’@WI%“@GQ& abbet 0PEeR- abbe 35 MPa, more

ymerizati ons are nofna conduct ed under pressure.
deferabp/rfe@B@beuﬁ%Nﬂaéﬁ@bel%gMP% he range of about 0.5

to a n?k?%tsl\ggg) %nzgﬁgrﬁ rok e%r | e fiEQM BROProcsVER

ES 0 nerlzatlon
bprpactikedsn ﬂmwgasephmedbulkrﬂaollgim o gluwn 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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20 be practiced in the gas phase, bul k, solution, or

slurry. The polynerization can be perforned over a
wowrm@e/oswoper at ure range. General ly, | ower tenpECEHUSI06042918

gi ve hi gher nol ecul ar wei ght and | onger catal yst

|'i f etlihedollowiogeremplesaaerelydiiustiate s ipventianat Thorsei skilled in

] ; re: £ f t,

1% A PeCogrl @ fn) RERIAS th&er@ iylP i Bt HEiganfiifon

andescope wd tieadaiorss. 25 Preferably, the tenperature is

wi thin the range of about OC to about 150C. A nore

preferred range is fromabout 20C to about 90C.

Ti tanacycl e concentrati EXAMEPSEN for the olefin

pol yneri zati ons nd _..on r factors. Preferably,
however, the con%og)ﬁﬁ?rg%ait'g'ﬁ@Eﬁ%tggawcg‘?‘n?—about 0.01
m cronoles per liter to abowg O m cronol es per

liter. so Polynerization tines depend on the type of
process, the catalyst concentgation, and ot her

factors. Generally, polynepy %ﬁmre conpl ete

wi thin several secgrt urs. 8 WO

2007/ 061601 PCT/ 918 The foll owi ng exanpl es
merely illustrate iQn. Those skilled in the
art will recognize
spirit of the invention cope of the clains. 5
EXAMPLE 1 Pol ynerizati on™w Titanacycle 1 0 o-, T1
A solution of titanium tletrai sopropoxide (20 mml) in

oo, Wano B USRS SLEANILR 50t T s
denxygenatesl iefrabydrofuyara(ifenil ) Ehepaledttt {A&ICrandt 28 mLi of 1.6 M
A e AUyt e B EFh PR hekorone
hoenpe+78C Gy thef coolih§ batuissemdéxeduand theamidtireds sirré® BDMDM
AR Ty gD BT e BB oo THShAL Pl
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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i sopropoxi de. Anhydrous deoxygenated tetrahydrofuran
(20 nL.) is added to 15 the solid. Benzophenone (20

wornmbpeliesl added to the stirring solution and tPEr/US2006/042918

reaction is heated at reflux for 18 hours. Vacuumis

nilpqgeneRreselree nbve polypieezatioasprogerdseatp@Q Cefor 861 migutes, and
e Af

16 Loty | AR A Sl FRIRUERE corBlifner p tht Topected

pieduyateri zati on. To a 1-L stainless- st eel autocl ave

reactor, 85 nL of 1-hex de 20 *

Triisobutylal um num (1. %ﬂ,ﬁ%\_ﬂ'ﬁ_ﬁaﬁ 0 Msol ution in

hept ane, 1.0 mmudPqlymaerizatien withlTitehadydleén20 t he react or

wi th nitrogen pressure and i sobutane (about 400 ni),

and the reactor is pr zed wth ethylene to

2.4 MPa. The react ntent are allowed to
equi librate at 80CX{n epa te vessel, 0.5 g of
anhydr ous magnesi um chl ori

S sus ended in 4 mL of
tol uene. Titanacycle 1 25

:L(/Z (N} i s added, and the

m xture is heated w tH |rr|ng for two hours at 80C.
The m xture is coolroomterrperature | oaded into

an injector arm in vebox, and then flushed into
the reactor with isobsvane (400 nL) and 9 WO

2007/ 061601 PCT/ US2006/ 042918 nitrogen pressure. The
pol ynmeri zati on proceeds at 80C for 30 m nutes, and

t he Aesotuiioni of tthamiume tetesisopropaddey |(2derinmotierie anhydrous,

CHERPIIRE (b IoRRR it B OG) o P g
natfutyllithaum imhéeneds slowi}(mtoieldd a Ne?:@aotimi hixture wﬁytb"ddUSone
rRERELERE. Bio SSUnGAIL R PehiReh: Pl iR s Sesd &t foom
terhpwewradniema hberst ea¥atoum nisxappliedi ® Fmdveedolbiles. ONMEhe
B AN 3 I
iddpeapoxides Aphydreds H@oky@éﬁdt‘édvt@lrahydr@ﬁlranﬂ@ 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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expected solid product is a mxture of titanium
di i sopropoxide and |ithium isopropoxide. Anhydrous

waolemiyewont ed t et rahydrofuran (20 nlL) i s addedpdDUIB06/042918

the solid. Azobenzene (20 nmol) is added to the
thé ireadtorgisstbentvemtedandirt kthylenedeixena copolymet dsl tlad expected
(ﬁl x for 18 hours. Vacuumis applied to renove
It i | es. The expected solid product is a m xture of
titanacycle 2 and |ithi EXAMPEE® opoxi de which is used
"asis"inthefllovvl ol. rizatjon. To a 1-L
st ai nl ess- st eel :ﬂPfrB%”Zi%gR étégetapgcyglfﬁn_ of 1-hexene
is added. 20 Triisobutylal umn (1.0 nL of 1.O M
solution in heptane, 1.0 s then flushed into
the reactor with nitrogen pressure and isobutane
(about 400 nL), and the reacto is then pressurized
with ethylene to 2.4 Mra. Aeactor contents are
allowed to equilibrate at [} ‘é\lcp a separate vessel,
0.5 g of anhydrous gnesi um chhoride is suspended in
4 mL of toluene. Tiptfanagycle 2%2}4-2.0 mol ) i s added,
and the m xture is\heated with gtirring for two hours
at 80C. The m xtunre_i gZcool ed to room tenperature,
| oaded into an injector arm in a glovebox, and then
flushed into the reactor wth isobutane (100 nmL.) and
nitrogen pressure. The pol ynerization proceeds at 80C
for 30 minutes, and 10 WD 2007/ 061601
PCT/ WS2bLiidh/ 3 4R&%8m &étfalicﬁ)&i@ﬂ@ddé %20 hmmo:)enh ednhyeli’ous

ErRlasTeles (hanyirEranl JomLIR FPored Kl IS g oo M

nlbutylﬁthﬁlm N ﬁ&lg@bn@ Bloly AdderNi THE regéiicd PRIre ROtrER| foPBne
in_an rou
hour a% -78°C, theycoolmg bath is removed, and the mixture is 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. 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



deoxygenat ed tetrahydrofuran (40 nL) is cooled to -78C
and 25 nL of 1.6 M n-butyllithiumin hexane is slowy
w@eomede16The reaction mxture is stirred for onECTUSIN06I042918

at -78C, the cooling bath is renoved, and the m xture
thes rediciorriednat veama. enphyiehe hexdrey caﬁolihﬂ@f % théaexpibied
|s aﬁplled to renove volatiles. The expected solid

is a mxture of titaniumdiisopropoxide and
| it hThmpreo&dm@oes@mﬂ@s armgEnooIfy de MsaaReiLdThe following
%etr furan 820 m) is added to the solid.

F@“F@B Mol ) is added to the stirring

solutlon and the 15 reaction is heated at reflux for
18 hours. Vacuumis applied to renove volatiles. The
expected solid product is a mxture of titanacycle 3
and |ithium i sopropoxide which is used "as is" in the
foll owi ng polynerization. To a 1-L stainless-stee
autocl ave reactor, 85 nL of 1-hexene is added.
Triisobutylalumnum (1.0 nL of 1.0 Msolution in
heptane, 1.0 mmol) is then 20 flushed into the
reactor with nitrogen pressure and isobutane (about
400 nm.), and the reactor is then pressurized with
ethylene to 2.4 MPa. The reactor contents are allowed
to equilibrate at 80C. In a separate vessel, 0.5 g of
anhydr ous magnesi um chl oride is suspended in 4 nL of
toluene. Titanacycle 3 (2.0 nmmol) is added, and the
m xture is heated with stirring for two hours at 25
80C. The m xture is cooled to roomtenperature, | oaded
into an injector arm in a glovebox, and then fl ushed
into the reactor with isobutane (100 nL) and nitrogen
pressure. The pol ynerization proceeds at 80C for 30
m nutes, and 11 WO 2007/061601 PCT/ US2006/ 042918 the
reactor is then vented. An ethyl ene-hexene copol yner
is the expected product. The precedi ng exanples are
meant only as illustrations. The follow ng clains
define the invention. 12 | claim
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1. A process which conprises pol ynerizing. an

al pha-olefin in the presence of a catalyst system
conprising a three-nenbered titanacycle wherein the
two renmining atons formng the titanacycle are

sel ¢éctagn fromthe 5 group consi sti ng of : oxygen in

conbi nation wWth carbon, sulfur, phosphor us; o
monosubsfi t u%d’rﬂ?eﬁsﬁso‘@g’ﬁ iSRRG rPé’iY”éﬁf'ZWQt AN @iserien in the

car bessenaa dof léx”%biﬁz%s'tté%@#n r&dnﬁ&&% ign tﬁ@@’%élﬁﬁér‘éﬂ titanacycle

with carb The process of claim 1l whereln

al pWQeEﬁ’%ﬁ?%t‘”{%f%"@BB EtPres fmingnibe ditaniasyelerase §ei|en@ddfom the
et hyl@ipesonalsany |o@r@6ygén hutShABnatoh@He %ﬁvboil'l Qtﬂfd?\lﬁr epl‘ﬂ)@ﬂhorus

to m xtures_thereof The process of claim1l
t he”l?é‘Pﬁ‘F%’lt“t%?ngrrﬁgﬁﬂrﬂﬂwe@om@ﬁﬁfﬁrﬂ S apxyglenmionuearbon;  and

conpasidtiatd €alrddeh rOMBrhfIRatliEh £4B8AStI ng of

al kyl al um num hal'i des, di al kyl al um num hal i des, and
trial kyl4l uni rhﬂr@rocass thelaigi 6d€§§el6f’€h@ ledtharGefithisrssilected from

thetl g%ﬁhﬁ‘éﬂh§9ﬂ’ﬁ§oé’fr@ I€ne? pr Jpgrletnre' qlt#@(ér@ YRR, 1-octene, and

sel ected fromthe p co
19y i BWRyIes taereAlim tr| i sobutyl al umi num and

trimet hyd al urhuUm o Tg‘feck%frf?cfs\ﬁrfré)rfennckl‘gé rgggalwher el qnflt (further

thetltanac cle ast ener a
I RCOYBQ”Weﬁél ﬁfumlms*ns@rmtﬁtd electet hieorgr thepgroup consisting of

1 e alngh el QMMARM Y R R tloelienGing

of halide, alllexprocesd okylaimal &Wb&mmdhe%dmﬁhn@@mpound is a
?y?tg;% H_fﬁtnnH EE?%&SJ ﬁgo?wilsthoi Q(F:C?Hﬂ é:ongdwﬂg)g g{, Jfreihylz@ijmum

trusobutyialumlnum and trimethylaluminum.

5. The process of claim 1 wherein the titanacycle has the generai
formula:
X\TE < |N
x \c!:
R
20 wherein R is selected from the group consisting of C1-Cyo hydrocarbyl

and silyl; and each X is independently selected from the group
consisting of halide, alkoxy, siloxy, alkylamino, and C1-Cag hydrocarbyl.

8. The process of claim 1 wherein the titanacycle has the general
formula:
X\Ti < T
" \T
25 Rn

wherein Q is selected from the group consisting of C, S, and P; each R
is independently selected from the group consisting of C4-Cy
hydrocarbyl and silyl; when Qis Cor S, nis 2;when Qis P, nis 3; and

13



25 R' wherein Qis selected fromthe group consisting
of C, S, and P, each Ris independently selected from
the group consisting of C1-C20 hydrocarbyl and silyl;
when Qis Cor S nis 2; wen Qis P, nis 3; and 13

each X i seaa:iﬂ&(pemd@ﬁehye@teji S6@8d fiiomHah OGF%Hsnstmg of halide,
consi sti ng, of hq koxy,, sil oxy am no

Cl-C3() h '5?@65*??‘94' al’kyla% A Seelsas rUF”Q?F‘%thw 1 wherein

t he catalyst Elyét;ﬁ‘mésléf bh@faimCoMAhkRAS the SEHRRRS ys?erﬁ further
The process claim7 wherein the support 1s” se

fro {nﬁgse%flgaap nsisting of silica, alumina,

sagnesi ug) chl Dhd grrceader Bk l?r\ﬁﬁerblﬁeﬁq@%fug por¥is I&Scted from the
process of claim7 wherein the support magnes

chl 8F9RCWEFHRY PEH G akinmipg, aﬂa%ﬁmﬁ éhﬁgrié@,eam rnmewmreof

1 whereig therolpto®isszat ichiimi § RREIN TR U i< magnesium
t enper at ur e V\Athmtherange of about 3o%t@%g‘ g

100€n0h9e dapesitedapn sy neri zati on process of cl ai m 1.
12. A gasp, phaﬁfé BR)‘C¥§@6¥ &ainh qnwﬂér%ﬁleﬁ% Vrﬁ%’%%é e%gﬁormed

A process which conprises polynerizing a-
Ip np@h% temperaiine éntbm the cangsl qfabogy&@"@wommpt m Ay a

t hree- nepperegsﬁ_,h&%xwecﬂzg leogg% &50]% e, gener al

for mul a: ereln Iectedfrom
t he grou'b2 con%st-ph@smmolmym’uspnr}mmmabébllatmltted N, and

consi <t 1 15 or" &iogsb W) BEkPges Bk eFePo s awraaipinn the
'S Pm@@@dwcﬂwvswm ednfprlefngtaheregmemb@msméxﬁamle having

ﬁf {p@l ?I%WX sil oxy, al kylam no, and Cl-C3o
ydroca

X\T/
NG

N = 7 e T

wherein Z is selected from the group consisting of oxygen,
monosubstituted N, and disubstituted C; R is selected from the group

20 consisting of C4-Cyg hydrocarbyl and silyl; and each X is independently
selected from the group consisting of halide, alkoxy, siloxy, alkylamino,
and C4-C3p hydrocarbyl.

14.  The process of claim 13 wherein the alpha-olefin is selected from
the group consisting of ethylene, propylene, 1-butene, 1-hexene, 1-octene, and

25 mixtures thereof.

15.  The process of claim 13 wherein the catalyst system further
comprises an aluminum compound selected from the group consisting of
alkylaluminum halides, dialkylaluminum halides, and trialkylaluminums.

16.  The process of claim 15 wherein the aluminum compound is a

30 trialkylaluminum selected from the group consisting of triethylaluminum,
triisobutylaiuminum, and trimethylaluminum.

14



14. The process of claim 13 wherein the al pha-olefin
is selected from the group consisting of ethylene,
propyl ene, 1-butene, 1-hexene, 1l-octene, and 25

m xtures thereof. 15. The process of claim 13 wherein

the cat alyst Fsbesoeksirdthelbim CBTHeSES tA8 éﬂtél?@tnw@tem further
ound sel ected fromthe group consisting o

aI kGPEPURE AR des, di al kyl al uni num hal i des, and
t rial kyl a8.um THeBrocdds ofﬂﬂ@rrﬁ"ﬁ%@ﬁasr@fhe@@pﬁhl@s%@tre@'ffbm the

he al umi num.conpound js a 30 trlalk%la um num

sel SR-BFoNEBla B o By HihdNagnasynp ehioride, and mixtures thereof.

§riethyl g umTHeNprocdds 6ISORHE ¥4 AhEREINHE p@
trlneth lalum num 14 17. The rocéss p ﬂﬁenzaﬂ%QISpeﬁonned

whefR HFoprraiisg ¥ithisithe Wrﬁffa@pvh%@"c f@mm HECa

support. 18. The process of claim 17 wherein the

support is selected fromthe group consisting of

silica, alum na, magnesium chloride, and m xtures

thereof. 5 19. The process of claim 13 wherein the
pol yneri zation is perforned at a tenperature within
the range of about 30C to about 100C 15
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