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Title: Aefin Functionalization by Metathesis Reaction

I nventors: John R Hagadorn, Matthew W Hol tcanp, Andy
woagogasss17 Donna Crowt her, and Pat Brant Pri ori2@T/CEB091047953

[0001] This application clainms priority to USSN

12/ 143,663, filed on June 20, 2008, which is

i ncorporated by reference herein. Field of the

I nvention [0002] This invention relates to

Titla; fkefin hansticam|igaiopbyWletpthesie Rep¢iwned pol yol ef i ns by
net at hesi eactio B und of | nvention
T8 P50 R, OREER L Mg AP S Gy R P crowther, ana

Pai Btagt change of radicals between two conmpounds during a
chem cal reaction. There are several varieties of
net at hesi s reacti ons, such as ring opening netathesis,

Pr%‘f%ddl&i ?I ene netathesis, ring closing netathesis and

at hesis. These reacti ons, however, have had

[odoiyi t emiwgple@ﬁowdléinishﬁidmabhmw 10714315861 ifitstiabh Zefk 20, 2008,
ol efins. [0004] Methods for the production of
whirdhl iy encernoigiedby Fefetisacs igieini onal i zed groups are

LypiGal mdl ti-step processes that often create
Field 9 6“ fiion oducts and waste of reactants and
[00®2¢r gYThi§ GRRLioR relhtesMat RgicEo@didation W V@At @em&BRM polyolefins by

Commun. 2004, 422-423 discl ose exanpl es of using
meggtiaesis gedt@hhesi s to functional i ze pol yol efins

BaSQgJ! o%haio?gggeoﬁ%ﬁﬁ&n‘” nyl groups to form
= d products with a graft-type

[0008] uctMeRtheki@00 Glen&allAShdustit &F a8l the IntercAhgeCHE MdiABL between two
2008, 130, 1495-1506, and D. Astruc et al. Angew.

corgpends (dyfing Echepagib reagtion.7 Fhore7are s vird cyapisBesexiamplagigsis reactions,

ol PR RER PR 53 Rl RS L g s n s

metNBHK Ahesd dacews, tbwdedhddse thad flaniidd success with the metathesis of
end-functignalized polyolefins, see: (a) S. B. Amn
fungtignatized olefighr ks Angew. Chem Int. Ed. 2008, 47,

0895, 20850 G AL B SRR s o
typrallly hulfcstep2O dess&2thaddifend@date unwanted by-products and waste of reactants
and energy.

[0005] R. T. Mathers and G. W. Coates Chem. Commun. 2004, 422-423 disclose
examples of using cross-metathesis to functionalize polyolefins containing pendant vinyl
groups to form polar-functionalized products with a graft-type structure.

[0006] D. Astruc et al. J. Am. Chem. Soc. 2008, 130, 1495-1506, and D. Astruc et al.
Angew. Chem. Int. Ed. 2005, 44, 7399-7404 disclose examples of using cross metathesis to
functionalize non-polymeric molecules containing vinyl groups.

[0007] For reviews of methods to form end-functionalized polyolefins, see: (a) S. B.
Amin and T. J. Marks Angew. Chem. Int. Ed. 2008, 47, 2006-2025; (b) T. C. Chung Prog.
Polym. Sci. 2002, 27, 39-85; (c) R. G. Lopez, F. D'Agosto, C. Boisson Prog. Polym. Sci.
2007, 32, 419-454.

[0008] USSN 12/487,739, filed June 19, 2009 (Attorney Docket Number 2008EM140A)
discloses certain vinyl terminated oligomers and polymers that are functionalized for use in

lubricant applications.
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[ 0008] USSN 12/487,739, filed June 19, 2009 (Attorney
Docket Nunber 2008EML40A) di scl oses certain vinyl
W@ 2ooiisisted ol i gomers and pol yners that are  PCT/US2009/047953
functionalized for use in |ubricant
appl i cations.[0009] USSN 12/143,663, filed on June 20,
2008 di scl oses certain vinyl term nated oligoners and
| ymers that are functionalized in USSN 12/487, 739,
[0 9] ed USSP 1291436060 f(lml tqmrhgy: B cRRA8 Misgloses certain Vlnyl terminated

ollgﬁnqgrg%gﬁo@%&égéq %1‘(9% gl refﬁﬁﬁﬁere4él’/fs7§§mf‘?erﬁl%ng 19, 2009

(Adeviey m@claetmﬁﬁlﬂg‘ertzoog]{mw(ﬂae) functionalized polyol efins
(particularly end-functionalized) l)ﬁ/'&mat at hesi s

[0(}1@hct |16¢F§t101ﬁéf¢ff~‘f@9@%rqf yntfer@atcltwl@ﬁ% A8 doH
[()(ﬁ(ﬂ]ver eL%L%r a (1 ¥ Lgi? e?osp £1n egapr% ?a g)trlxiq@e glgnaglz]e% rpolyoleﬁns
(pa@tléilﬁg}} endl emhbﬁmlztewaey trﬁ@eathaélé QWRtIbAY, partialdrBt yeabfions with good
functional gh, ups to be added to pol on efnms in an
copssnenipePrantinmder midacqchion aﬂmdltlmﬁelmaurmﬁlr@al ugBnbgf of steps. There is
l.e I
alsgr Ofléper& ) ﬁb%lﬁ%g%%%@é}’é h}%]t aﬁévgg %% mg 873 &0 fnélﬁjstlonal groups to be

adﬁf&ﬁt@@ﬁﬂ&lﬂs&ﬁ'dﬁ dc@hﬂirﬁlchpm@ﬂﬁbrf lml‘étlhﬁﬁlﬁhh‘léiﬁon s use of olefin alkene
yolefins. [0012] This invention further provides

me‘@arthS- odpipdHse dngionglogrerpmis hoae cpamercighlyt pconomical and an "atom-
(5 sence of a netathesis
econ%%§a1 {b%%o fgfi%mll(c‘%%gihzgﬁ %Jﬁtlze?{ngnal I zed pol yol efins.
[0dePl3]TIE§1 dn{etohi ﬁfl’rﬂﬂet zeovined f-ftérﬁﬁnett&atpoﬂﬁﬂéﬂﬂseﬂﬁt react with
chem cally reacti ve or polar end group are of interest
furcpnalized j flkencsr Badhe angenes ofppl mekthsivs caglyst to form polar end-
| tie-layer nodifiers, surfactants, and
fun%%?ﬁ& gholﬁg%é‘?s Herein is described a novel method
[00181 t heid-fupcushativédpolypldine that Rhhesiascienically reactive or polar end
vinyl -term nated pol yolefins with functionalized
groypkaEn ed IntpIss foressod 4 §rqg§ép@ge phapplicatieps #f compatibilizers, tie-layer
?A ?'sﬁifaé’tﬁms' éh%l' g9 (Aoaglqut ﬁf?'ﬁ’ Hés%ﬂté&fg%o%lprﬁ}thod for their
ene

prouiapdry B?rthé EEBtath@S‘lﬁ op @hm&&émh@m&i ()E’Ez))lef Db e Yumfloﬁehﬁed alkenes.
I nvention [0014] This inventi on relates to a proces
Thisomethetip gisaid 2 ap@mg%wémollﬁ@ ¢S, incheling ﬁw%tlﬁdw}/mr@wmne (iPP),

oo B LR O PR e R PRl e B L WS RR) Shytone o

SuminhdrveofltRé Biivaeatiom cont ai ni ng al kene, and one or rmre
vinyl term nated pol yolefins, preferably the vin

[0(}1&} ni nﬂtlédn‘ﬁ?ﬁmlblr@fi‘ieﬁ t@ SnpioFSe torfangio %eep@woleﬁ)ls 4as used herein
pogrf)%gl%ﬁl ggcgeffrfrlg% gh nggﬁ% bgﬁvk@%ﬁ% My %ilgg’lggrs %01%81189@ contacting an

alkene metathesis catalyst with a heteroatom containing alkene, and one or more vinyl

terminated polyolefins, preferably the vinyl terminated polyolefin comprise one or more of:

a) a propylene co-oligomer having an Mn of 300 to 30,000 g/mol (as measured by 'H NMR)
comprising 10 to 90 mol% propylene and 10 to 90 mol% of ethylene, wherein the oligomer
has at least X% allyl chain ends (relative to total unsaturations), where: 1) X = (-0.94 (mole%
ethylene incorporated) + 100), when 10 to 60 mole% cthylene is present in the co-oligomer,
and 2) X = 45, when greater than 60 and less than 70 mole% ethylene is present in the co-
oligomer, and 3) X = (1.83* (mole% ethylene incorporated) -83), when 70 to 90 mole%

cthylene is present in the co-oligomer; and/or

.
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conprising 10 to 90 nol % propyl ene and 10 to 90 nol %
of ethylene, wherein the oligoner has at |east X%
Wa@lkdogiissshai n ends (relative to total unsaturatPCHB$2009/047953
where: 1) X = (-0.94 (nol e% et hyl ene i ncorporated) +
100), when 10 to 60 nole%ethylene is present in the
co-oligomer, and 2) X = 45, when greater than 60 and
| ess than 70 nol e% et hyl ene is present in the
b) Ceogqop@]@ﬁ@ pligemaer, symyising mogathap 9] raoke proplytane and less than 10 mol%

ethI Pe%gr%ﬁér%}ne% oli ?ﬂe \ﬁhg" at lQas% @é?oalgﬁ c%%’neetntgigl E/In 3f about 500 to

goner,

ab@iﬂz@g)merg/map(a@rm@lsm@d T el NMn) Qe 1mlu9§ol r@hamdna n@ alflée vinyl group
| ess than 10 nol % et hé‘ ene, wherein the oligonmer has:
ratigrofiOetid fo 8304120, kyd lesmian 14PQEPM VAUt ardiiut 500 t o

c) aabg%hyl%ﬁ gﬁgorgé ém&ﬁﬁn?%?? Ild%:te%)l ﬁlé }g! W«% %{21 frorp 10 to 50 mol%

eth@leBe, 1wh<€teih tBS oligémeraling: hteléﬁst vbanallA@haip Qﬁd@IMﬁnoﬂ ubdut 150 to about
and/ or CZNa propyl eng ol |8orrer conpri sing at ast 50

10,08 @ pelotsy I masrsusd dyf FOMMB).tandsm webwyleehsn apd ! to allyhc vinyl group
P 14005 S SRS Mo SRR B s ar resent

frore@ sl edlByardddbMNVR) , and an isobutyl chai n end to
allylic vinyl group ratio of O. ¢ .
d) s iEeRsenChRNAOMIFT SRIPPYNgBE éeaétaé%éwlét Bmyl&rl@ %@@s%htto 45 mol%

eth?%engreﬂl@ 190&1% 1?’ ln{(‘?l" a@ﬁj/t(? lg)ol&' r1D rvig‘l%}/él r I ¢ g %%Enflﬁs 5at least 87%

T1sing at east ene,
allﬁlndl%rﬁéﬂdsl @henateiydatf leam o094, tuo)l\&n ﬂﬁh%MS()(lo@baut 10 OOO g/mol, (as
efin, wherein the oligomer has: at |east 87%a
meeﬁa% b n s NVER Y é‘l‘ﬂﬁe?tnells9/b15¥1 ¢1@§sﬁn<b@b/&ﬂyléﬁqvml 8¥0uabram> of 0.8:1 to
13%5100 t.Qqapout 10,000 g/mol, (as nmeasured by 1H NWR),
nd 'an i sobutyl chain end to allylic vinyl group ratio
¢) oﬁ oyldnet olidord; To@prising/avried) 58 moBpremdes, ifgmnr&)rl to 45 wt%

conprising at |east 50 nol % propyl ene, from 0. S
cthytogs et irend) 1 dha melgntigne whergn feq %%ﬂr%qﬁélasmﬂé?aér HM allyl chain

end 5 341l 1391 S 1R GAHAL] Houhel 6 S Grgigbin s
cha\ivihd toaailjrhamn}a gmmq)yhti@:hﬁ(b f:lend.350l.6) dndlfdrc vi nyl  group

tio of 7:1 to.1. 35: nd/.or. f). a hopool i goner )
&g‘ﬁﬁPng‘?’fﬁerp?%WFséWerR}]’?@% |Vﬂ“ef% tftﬂt? liggrnsr H?ﬁaét 1%%'153% allyl chain
i 1
ené{l:l bglﬁ\/lrg%fo é’ct))g{cl)ﬂ 596/0 ntg) Qﬁ%@sﬁm /AB1 MEH%BSI&QCPN% ﬁ@@%k? an isobutyl chain
end sodiyliy Ivirgh graupeatib 6100. &11Ity|ll2cl 0] mydlle@ﬁhmpl%ppm @fiminum.

0.8:1t0.1.,2:1.0, and | ess than 1400 ppm al um num
Defgiled, el ri ption [0015] This invention relates to

[0ASP" OCRYHS ifRnfid¢LhREa) iazﬁro}fés@ytb ﬁlﬁétmngﬂieeqmgp korRliehan polyolefin
comprising contacting an alkene metathesis catalyst with a heteroatom containing alkene, and
one or more vinyl terminated oligomers or polymers, preferably comprising one or more of
the vinyl terminated oligomers described herein.

[0016] The reactants are typically combined in a reaction vessel at a temperature of 20 to
200°C (preferably 50 to 160°C, preferably 60 to 140°C) and a pressure of 0 to 1000 MPa
(preferably 0.5 to 500 MPa, preferably 1 to 250 MPa) for a residence time of 0.5 seconds to
10 hours (preferably 1 second to 5 hours, preferably 1 minute to 1 hour).

[0017] Typically, from about 0.7 to about 4.0 (e.g., 0.8 to 2.6), preferably from about 1.0

to about 2.0, and most preferably from about 1. 1 to about 1.7 moles of the heteroatom

-3-
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conprising contacting an al kene netat hesis catal yst
Wi th a heteroatom containing al kene, and one or nore
W@ 209911535¢T mi nat ed ol i goners or pol yners, pref ePEbig2009/047953
conprising one or nore of the vinyl term nated
ol i goners descri bed herein. [0016] The reactants are
typically conbined in a reaction vessel at a
tenperature of 20 to 2000C (preferably 50 to 1600C
comgpiafngr Adking rewtand arc4beErd mtheacstapsy melosf wlydefipdarged.
L N R e N e
0.0005 & @naiofeslofeetBRatc@hbrgb@ W the réicr peamble of pdilydidfth charged.
to 1 hour). [0017] Typically, fromabout 0.7 to about .
[0049p ( elhy. progess is dymic@)y, a pphitien dlpsess.r dmongloift may (et bulk or high
oo, MG RRpRCSHEESR kBT PRRAL (1 fasous process i
defiaiab dbta pro&sSWaE@ed dast J0het% eatleProdrt isnidlidIoin the reaction media.)
g&jyolefin charged. [0018] Typically, 0.00001 to 0.1
A hwkwmagengass g5pseso isoprticylerly potergs e €A bytkepioceats| iy defined to be a
.00 Q - I r ed 40 t 0
ot or s gttt Rt thy o7 4 Kk B Be R BGR g e % or more)
AlRFREEE Do is8IveNPdrCdlUekt B pp&ctit droatldpd & eRSrcadiohBetdtim] texcept for the
may be a bul k or high pressure process. Honbgeneous )
small seongissusad s ghe faricedor tha e Or s addligivas sorj agnounts typically
fi.ne a_.pr - | east 90 wt % of the
fo%raa%jlﬁé?‘ei%s)acgao bl e&?’ﬁg‘?%\em’r%e@éﬁ%n medi a.) A bul k
[0020nD0ESEAUR AlRE8S6Ivichtsfar tHeCptbédsh YnddidRf B &brdifAingy lidert liquids.
process is defined to be a process where reactant
Exginlearinelafe otraight anfl yreechsdichainhbydreersbens sush7es jsobutsae, butane,
9 -Or at n di ' - .
persf iefabe NAGAATT kel AR belhe, SddiB, b pisoures thercot
cydlRearsialidycHobiyditosatbed sach hdheydehioxusd, dyolohtfiend; ah@hyisclohexane,
or other additives, or amounts typicallé)found Wi th

mofiydeyclohepiane.sandemituiss Siriprd Jush osp nEopnd [qeopgreially (Isopar'™);
. | _ [09:

AL RO LA p A MBS Wirbcncn,

arosiiatiai ag b tallgmaibktitared hethalaiompoyiddoamh e bsnzuehomsne, mesitylene, and

I sobut ane, but ane, pentane, isopentane, hexanes, .
xyleaphx armecieried camedimsat dhe fecds@aeaniationder e premeasis 60 volume %

reof. | LGY )i 6
o SEEERLS VG, AAHLOIEHLS, NOESREIRTR ST
[0024] hy| Thecprobeptranebe dadh mextitaed dhemneatiowuchs ascdchdrein, the term

be found commercially (lsopar(tm.); perhal ogenated
CO{IUPBE HICBBNS SEURH thal qpsratesuB o tRgreptiqnoofaesiieg, For example, a

coftHuBlL O BRIZENS g&ﬁ@geaar bCwalM & %ﬁ){ét glﬁg%tthé YRt are continually

aromatic conp S su as benzene uene,
intreelacddyinenee caamabrz ydaetves aldpdymperefroduc d emboadillvewnithdratwe.
feed concentration for the grocess is. 60 volume. % i
[0023] y erlfsebil peagtion pyessedy dBelydogredpianbinelding) gqyinuous stirred tank

realfofd , ShiR lré’ac?on,\ericlt‘ig@ e}%/ﬂ"%er,l fipSor pump.

[0023] In a preferred embodiment, the productivity of the process is at least 200 g of
polar end-functionalized polyolefin per mmol of catalyst per hour, preferably at least 5000
g/mmol/hour, preferably at least 10,000 g/mmol/hr, preferably at least 300,000 g/mmol/hr.
[0024] This invention further relates to a process, preferably an in-line process,
preferably a continuous process, to produce functionalized polyolefin, comprising

introducing monomer and catalyst system into a reactor, obtaining a reactor effluent

-4 -
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[0021] The process may be batch, sem -batch or
conti nuous. As used herein, the termcontinuous nmeans
W@ 2®y855mT t hat operates w thout interruption oPCT/US2009/047953
cessation. For exanple, a continuous process to
produce a polynmer would be one where the reactants are
continually introduced into one or nore reactors and
pol ymer product is continually w thdrawn. [0023111'S
congiafng vinghtermiwtoderaeelsiinrentiaally sueeonrs (Ychas flishige off) solvent,
um?fs% onn\l'lée uezxﬁa/o Ffl%r V&n%( le o%?an%nﬁ V[Hglggc h 11{121%@(? p&yglfaﬁn I(sugh as those

dehibedl ihaRi), 1ﬁtftﬁlu@1ﬁlgd\kiﬁlel béhh])ﬁa&ﬁ pdrgolpfiCabsnel MeRthesis catalyst and
| east 200 g of polar end-functionalized onoIefln per
hetﬁf?@ror@ﬁomammg;@ en,se(as fesaribedoraseia} M § repctipaeiic (Sudoas a reactor, an

ext% éﬁﬁ @{hﬁgiog ndilon a?r?ﬁ%of?lﬁﬁ%%gl[l%gnﬁ?g@%ﬁn (such as those

damﬁ%amhmeﬁgfurther relates to a process, preferably an
in-1ine process, preferably a continuous process, to
Alkgng Nietathesin Catabist | zed polyolefln conpri si ng
[O(ingL(r:OdXﬁ 5&%{1%%%%515%&% :fs? saa é/o?‘lﬁqo%}ﬂa tﬂ%ﬁnc tgfy%esathe \1;eact1Pn between a

tor ng-are uentcon arning
vinly€ térigdt&t] o ped &l (@f‘ Ipd]ynede) mwhai Illytef&tmﬂlcﬁgtaﬁﬁmg: hlkaﬁe to produce a
flashing off) solvent, unused nononmer and/or other
hetgggagpm ﬁé@twla?étzaql aligrneri (aypolymen waicaly pathybs dfmmatienefethylenc.
t hose b Vv
[00?% m glét eglee?&féd %‘gl?&ﬁrﬁlgﬁ?}%enlélﬂ%et alé e%lglg dgga%f%ﬁt i tmpres&nted by the
FohﬁM&(Daton1containing al kene (as descri bed here|n)
into a reaction zone (such as a reactor, an extruder,
a plpe and/ or a punp) and obtai ni ng functlonallzed
pol yolefin (such as those described herein). Al kene
tatheS|s Rl ysts [0025] An al kene net at hesi s
céba a compound that catalyzes the reaction
bet k\gl term nated ol igonmer (or polynmer) with
eteroato alnlng al kene to produce a heteroatom
functl nal i zed ol igoner (or polyner), typically with
the dl |n1nat|on doratilay)ene. [0026] In a preferred
enbodi nent, the al kene netathesis catalyst is
Wh%ﬁresented by the Fornula (1): L Fornula (1) where: M

.Cs, f bl
Mg G R, by S Aoy R ot ¢ 11 gand,
X @ﬂid?[)(é raad)l iyidépchadnolge any proher Bgdnd, pleferably a halogen (preferably Cl), an

alkoxide or a triflate, or X and X' may be joined to form a dianionic group and may form

single ring of up to 30 non-hydrogen atoms or a multinuclear ring system of up to 30 non-
hydrogen atoms;

L and L' are, independently, a neutral two electron donor, preferably a phosphine or a N-
heterocyclic carbene, L and L' may be joined to form a single ring of up to 30 non-hydrogen
atoms or a multinuclear ring system of up to 30 non-hydrogen atoms;

L and X may be joined to form a multidentate monoanionic group and may form single ring
of up to 30 non-hydrogen atoms or a multinuclear ring system of up to 30 non-hydrogen
atoms;

L' and X' may be joined to form a multidentate monoanionic group and may form single
ring of up to 30 non-hydrogen atoms or a multinuclear ring system of up to 30 non-hydrogen

atoms;
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al koxide or a triflate, or X and X1 nay be joined to
forma dianionic group and may formsingle ring of up

W0 200305350N- hydr ogen atons or a nul tinucl ear riPQI/EyRDEM7953
of up to 30 nonhydrogen atons; L and L1 are,
I ndependently, a neutral two el ectron donor,
preferably a phosphine or a Nheterocyclic carbene, L
and tl may be joined to forma single ring of up to 30

Vér mg@m:né@m% hmdroaermar £i fm@lsoewbstptmg %wgﬁlérﬁlwedﬁpvdrocarbyl
(pr]e%rﬁ)?y a m}I gl?c)eptu? P05 onrolglsubs tﬁj[ea( aff(gIYOr a aﬁbsltlpu%?d 8r unsubstituted Cy4
to SiN@YIe; rlng of up to 30 non- hydrogen atons or a

nultlnuclgar ring systen1of up to 30 non- gédrogg

R'gndrs; on X' anry beLioesd tveforei viegle roerofr we 20 Abinondedragen atoms or a
d riong of up to 30
R Bl S R PP B CRA b B bt 0 U e of up

R tued 300 onmiay dicoiiedatoofdinRsiagid ftlg af @p tondle pendedickyn atoms or a
hydrogen or G to C30 substituted or unsubstituted
mlﬁtyuwéir@arlag/ﬁyse%n ef up kbiQnep-eydregenctoms ubst i t ut ed or

[O%Bfgbﬁd pl‘ﬂlﬁ'@q(%:éal Qﬂls A eﬁtigﬁj Qr‘cﬂgdfa%f ﬂbe%to lﬁnﬁl%g&ti%etdf ﬁgocarbyl 1S a

radi¢ah Ohedd iofigcadfonupnd thydtbgranwhytdr &g &lastab@fmhydfogan is replaced by a
mul tinucl ear ring systen1of up to 30 non-hydrog
hetgragtaim. diey mrpases pf gis Xl‘f?ﬁvmbénji sy thgeoor ﬁv@mﬁtj% alkyl or aryl

glroru:prlgJ a ?gdlgeﬁ ntla(zi 3 5&?§n g%&j ﬁg%gge@%fi% aPfealt C;H'él }1[31'883%%1 ?%Placed by a

ydrogen at ons.

heﬂ@tﬂaﬂﬁﬁ@ﬁ aOlfmdahl Israhdhe@nbi oytliendibstitaietivortiigi@tioutad hydrocarbyl group
substituted hydrocarbyl is a radical made of carbon
havipg 1 g P 68f6AT WeBHSe at | east one hydrogen is repl aced

[Odgiéfli?nsrﬁlé%{‘r%ata%md: Q'in @t@eoﬁl%géa eret i Sallé{' ﬁ?@&dJr %unapﬁlﬁléglog substituted

ereto a subs ut e

phérgod (whdre mmi@dnbl cay bo @ulagmmtbtyd/ﬁthg@rto\ﬂh er & 4br b e?asds Conleydrocarbyl
hydrogen is replaced b eteroatom or a |inea

a
gr%wah%éa?l tgrC 1@Mﬁf%a@uﬁmfﬂﬁb@da&1 tarfsia el tga@@d preferably methyl,

jhaving 1 to 30 carbon atons. [0028]
eﬂ&%@#@ﬁi&ﬁ% %ﬁﬁlg eS include those where the al kyl
[0029Du p Prefearep lnéfitats ars udstdchiet &g thhBoraduld (er e t he

phe may be substituted with up to 1, 2, 3, 4 or 5
G 3012 hydr ocar byl groups) or a G to Cl0
hydiocarbyl, preferably a G to Cl0 al kyl group,

O RLe eraQby_gﬁghyl, et hyl, propyl, butyl, or phenyl.

|
0

Formula (II)

where R? is hydrogen or a C; to Cso hydrocarbyl group, preferably a C, to Ci alkyl group,
preferably methyl, ethyl, propyl, butyl, or phenyl.

[0030] Preferred N-heterocyclic carbenes are represented by the Formula (III) or the
Formula (IV):

R* R*
5
R N/ RN
0 °
s :
R5 N RS N
R* R*
Formula (IIT) or Formula (IV)

-6 -
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[0029] Preferred Inflates are represented by the
Formula (Il1): OFormula (I1) where R2 is hydrogen or a
W@R009055580 hydrocar byl group, preferably a C POI/GID09/047953
al kyl group, preferably nmethyl, ethyl, propyl, butyl,
or phenyl. [0030] Preferred N-heterocyclic carbenes
are represented by the Formula (I11) or the Fornul a
(1V):where each R4 is independently a hydrocar byl
W@*@up or substituted hydrocarbyl group having 1 to 40

eac?m 88%?9 nlﬁent@u% y?&r%g%g%lmt h@ :05 Sl%spyl{téd[ H}ccﬁg.;ya:r%g#é% having 1 to

40 rbamdn, atéiys) plaexylly mahyll cth§y chropdl %ht;yl lQmBMlldmgdﬁﬁMltyl and n-butyl),
cycl odecyl, dodecyl, cycl ododecyl, nesityl, adamant(?/

peighie sy lopdurz Pexyls eiclahgryl, eptybravileesiyl, nophkesyl, cyclodecyl, dodecyl,

cyﬁ§%)of(fgg§ hl%gl‘qﬁa? K glléar’ﬁltﬁ r P%gb%?%é) %ﬁulﬁln gr s gogﬁlbﬁaﬁ Bﬁenol substituted

pheiotfeRIGHDICYCHYds oagen, brom ne, chlorine, net hyI et hyl ,
ropyl butyl, or phenyl. [0031] In other usef uI
df hedtogen.ondalszenner N gr 8ips dmnsartyb erowp, dapfsehly hydrogen,

[ e with an S, Oor P
brd”'t“ mghé%? z%ﬁlﬁlg’y HY 1’§lr3a/‘%yé’mbs‘“%lo§{e@%%gi‘ her usef ul
[00H het dhtiey kil aabdaimests) ¢l dfdiee Nheowsmpakd esthe carbene in formula

descri bed in Hermann, W A Chem FEur. J . 1996, 2,
(115 pp (3nds tepbaped Eﬁ’féé‘ﬁs§ Oppr Rptogy, profigrgbhyanShdem. | nt . Ed.

[00}3382’ @@er ]U%%%]’l - %‘?Jée i }%\a%ar S"Vnc@ag%e%mﬁﬁﬂm described in

He&ﬁé)r(h. W:Ojél CBOn. E@@33199602a7m efei 6% Eﬁﬁa@ﬁDnematl Ahfey. Chem. Int.
net at hesi s catal yst is one or

Edy }99c5yéf1 dl%kyl%%éﬁsm\’néfqge@- Ghemolng, %Ltl??QTétShHZéh@i*@/BWrand G. et

z [ 3- phenyl -1 Hi nden-
al. ?hgﬁl g\eng rut ?%rr(l ) dichloride,
[0033] CyCﬂnohq%MbﬁthS:ﬁfhoﬂﬁlﬁéirt pthenyikenel ttetatictsiz- calalyst is one or more of
yl i dene I met hm@phen yl)-4,5-

tﬂqye&)iléaiylghqﬁphlaéﬂeﬁ P@(%ﬁﬁumethw} nﬂﬁnbﬁiqzabﬁ yhdene)ﬁB phenyl-1H-
1ncff{1-31 %l‘f(le?gﬁﬁt}%lﬂp%ﬁg i hy% ré(}]e | )trlfy%logepw yp(}1 oth%[a th]en%l 1H-inden-1-

yligdneg[e !’Beﬂ)lﬁ@memymtﬁhy@hﬁf@tljw Sahbﬂ'drutdmeduzum blllblene]ruthemurn(ll)
di chl oride, bis(tricyclohex Fhosp ne) - 3- 5y
dicpigridgden tflcfciﬂhie%béﬁ@sﬂhﬁéﬂp%g@ 4 6d¥1€ﬁthdnlnh@€yl) -4,5-dihydroimidazol-2-

YRS dalur AR - delissts) . Biridpigp P ptin-
phamiln BBmldémr]l WIMeﬁﬂTeﬁhyhi]lmEH)‘l yl chnlﬁbtiﬁé‘] enil 3ais(2,4,6-trimethylphenyl)-4,5-
dlhgrhgoqurl?Jalzgle2 y?dene{21(13pr081|)osx(y -5- ('N N-
dimethylaminosulfonyl)phenyl]methyleneruthenium(Il)  dichloride, and [1,3-Bis(2,4,6-
trimethylphenyl)-2-imidazolidinylidene]-[2-[[(4-methylphenyl)imino Jmethyl]-4-
nitrophenolyl]-[3-phenyl-1H-inden-1-ylideneJruthenium(II) chloride.

[0034] In another embodiment, the alkene metathesis catalyst is represented in Formula
(I) above, where: M is Os or Ru; R' is hydrogen; X and X' may be different or the same and
are any anionic ligand; L and L' may be different or the same and are any neutral electron
donor; and R may be hydrogen, substituted or unsubstituted alkyl, or substituted or
unsubstituted aryl. R is preferably hydrogen, C;-Cy alkyl, or aryl. The C;-Cy alkyl may
optionally be substituted with one or more aryl, halide, hydroxy, C,-C,¢ alkoxy, or C,-Cyq

alkoxycarbonyl groups. The aryl may optionally be substituted with one or more C;-Cy
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tri met hyl phenyl)-2-im dazol i dinylidene]- [2-
[[ (4- et hyl phenyl )i m no] nethyl] -Anitrophenolyl]-]
wW@2@basssi7z | H-i nden- 1 -yl i dene] rut heniun(l1) chlPCT/t82009/047953
[0034] In another enbodi nent, the al kene netat hesi s
catalyst is represented in Fornula (I) above, where: M
is Os or Ru; RL is hydrogen; X and X1 may be different
or the sane and are any anionic ligand; L and L1 may
alkbfb a@ylf h]édrem’l 61-Cs Hedkoxamemened nHioe ok Rglideegrovpy. klaaéy @re preferably
f+0 ybstltu d o
phos E) u S e kﬁf ﬁz?{ S%%Slie 4 seco}lﬁan uLkgItl of c¥cl(ojalkyl and R*

e or
andiRWare B‘yl 1PC1%flﬁi'na*B& YIKY, @Eﬁgﬁﬁry Ayl CaOcylidayityl. R aid RP .may be the
The G -C 2Cal kyl may optionally be substituted with
sarpper difforite bra_\yri L masfegdly hpdedryndare & (eolehwuly, -Payclopentyl),

i R

[003%¢r oXiyil anotHer Gamied didxivt, oARRAN gres&iﬂ n@entin, A¢ Irdtﬁhemum and osmium
1%roups L and L1 are prefera Iy phosphines of the
carbgineAnponRds iy epe Forghds ' is a secondary al kyl or
cycl oal kyl, and R4 and R5 are aryl, C1-Cl10 prinmary
aIkyLL secondary aIkyI or cycloal kyl. R4 and RS may
e th sane or di ff L and L1 preferably the sane
aﬁd\ e -P qge/il)S -P(cycl opentyl) 3,
o;ﬁg and X1 are nost preferably the
nd are chlor q{9[0035] I n anot her enbodi nent of
)(the present invention, the rutheniumand osm um

car bdn conpounds have the Formula (V): - Formula (V)
F A@rzg Gs or Ru, preferably Ru; X, X1 , L and L1
ogpe descrlbed above; and R9 and R10 may be

wheid 165 entor Ru bf&r&ﬁzﬂ{@'}@ X8V el DY ste a9 @BscribédsbdvieUsROR® and R

or unsubstituted al or substituted or
maurt@tjdé&rqnmtoedhfasa}tne armh enagobe hildiRg oL, grbsiffetedngy unsubstituted alkyl, or

BRI bPEUAESB g%y TR SrobREph U g on o mor

of @84 €sllovAhf enctRMaN Groulpka E]l@oh(ﬂ”‘tlﬁ@h, ldétotnéoaldéﬂi&oéyﬂef Cether, amine,
acid, disulfide, carbonate, isocyanate, car bodi i mi e,

imiggr b%@ﬂk,owtro,aﬁarbhaylyg ewcbr disphi eswnb%@tmomn%@natﬁd carbodiimide,
carbit N MR EhntSEL S alle® Rl biedn et Yeptived in US
6,1usgbul herein nmay be any of the catal ysts descrlbed in

US 6,1 11,121, US 5,312,940, US 5,342,909, US
[0036320, Inzgothpsesbaimeniphe allgns nywghasocatalpst sqgbhagn,may be any of

the Ry 3§ Hpgivea 1P GORMTAGE0S £312 606! U8 oW, WY 7320758, Us
5,83eN193] US ermohi7e( Ui 6335, 537e X8l QHDISTIH, RES 2005002515 UAhefcluding but
notulrlnmltgc? r‘goz y‘tl)elngilzldee[nle b?s(trlcyclohexylphosphlne)dlchlororuthemurn benzylidene[1,3-
bis(2,4,6-trimethylphenyl)-2-
imidazolidinylidene]dichloro(tricyclohexylphosphine)ruthenium, dichloro(o-
isopropoxyphenylmethylene)(tricyclohexylphosphine)ruthenium(II), (1,3-Bis-(2,4,6-
trimethylphenyl)-2-imidazolidinylidene)dichloro(o-isopropoxyphenylmethylene)ruthenium,
1,3-Bis(2-methylphenyl)-2-imidazolidinylidene]dichloro(2-isopropoxyphenylmethylene)
ruthenium(Il), [1,3-Bis(2,4,6-trimethylphenyl)-2-imidazolidinylidene]dichloro[3-(2-
pyridinyl)propylidene]ruthenium(II), [1,3-Bis(2-methylphenyl)-2-
imidazolidinylidene]dichloro(phenylmethylene) (tricyclohexylphosphine)ruthenium(Il), [1,3-

Bis(2,4,6-trimethylphenyl)-2-imidazolidinylidene]dichloro(3-methyl-2-butenylidene)
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bi s(2, 4, 6-trinmethyl phenyl)-2-

i m dazol i di nylidene]dichloro(tricycl ohexyl phosphi ne)ru
W@ b@ai1sa517 di chl or o( oi sopr opoxyphenyl et hyl ene)¥CT/US2009/047953

tricycl ohexyl phosphi ne) rut heniun(I11), (I,3-Bis-(2,4,6-

tri met hyl phenyl)-2-im dazol i di nylidene)dichloro(o-isop

r opoxyphenyl net hyl ene) r ut heni um

3-Bi SEZ nmet hyl phenyl 2 i m dazol i di nyl i dene] dichl or
(rigielpisesp ey R lene) Figk heni UDKA- B}S(24 o-trimethylphenyl)-2-

1m{§iaz(ﬁ yslfd?hégldlfom Ibe 1t<)Jp</3)b i mg@l enl %nﬁ%iﬂ enel

[0d37] 3- ahsaﬁlaﬂl@ﬁélhbbcﬁﬁﬁﬂb( |tﬁe' Schrock type rnetathesm catalysts rnay be used herein
i m dazol i di nyl i dene] di chl or o( phenyl net hyl ene)

as @]ﬂ(pmq;y@taﬁwél)g)qawb@% Hinrfapthgr prahpdiment. the glierg- metathesis catalyst useful
t | i I

B8 B P IRHARIE Rt bR SpEplscbmicenet el oo,

US hiexé,034, rUs) 5,08Md10, 18 Rios(0d64546-US 2oy hylophe s )20(25/0154221 EP |

i ni dazol i di nyl i dene] di chl or o(be I [ dene &%@
056 B5o BB pYPildiHel%4uh hdif 050P P4 Al[ ézmt 1999/042469, WO

t t L yst
R WIRGTPESE 100 THAGELE GO > . 20
Digombpgphaiybiadisrophylidege al kemelybeémin®@3) s cadigk W&tOdee) 2,6-

useful herein may be any of the catal ysts described in
Dirgeprgpgnergiimid stoahmifnewgwlwesu@@él)om(hmﬂuoro -t-butoxide),  2,6-

iR B AT o1 Bty B RAORER OBV iR ROpgpesuttonate

dindthoERHANS09 aicAl , WA 20004-002834pyIPEenl A80ddh8pi6didene[racemic-

WO 1992/ 019631 WOL199 1/009825. Preferred exanpl es
BIPHENmelybdguniVils opr opyl phenyl i mi doneophyl i dene

b u 10

[0(%?? )s/ogfral{(}pﬂfo\éh enr?y ea(ctdt s é’e%%}l%rg té@lvmllabée for Si TT%RI}F Aldrich Corp. (St.
Lobissmmmfsltmm@)hdrmbm cmc dN)swbﬁry@ort MA).

Di i sopr opyl. phenyl i m do neophyl i denenol ybdenun( VI)
He ] sul fonat e) di nmet hoxyet hane adduct,

[0@?&{@ e r? gﬁ%bﬁ? g%%%%é?%ﬁoﬂlh glo v@%n a rre%%gme%l herein include

thdsatrapmsdmedabg enferralilay FaCaHRRI er ROFHSFGHRR Alwdfetc R* and R are,
Louis, MD) or Strem Chem cals, Inc

. Corp.

md@Réf@@aéx»p% heterqppem Cpﬁﬁaav%gwc@m %mhlb/nﬁmmukléa diom 1 to 30 carbon

atonROA] at 'T%ltsﬁ{) @8%5& Qf'eﬂtg %%@%?oalﬂoctﬁ glare' &letctkg %om the group
process escri ere | nc ose r resente

coﬁslils&ing@lf 19| P3O, I'SZN=CI'H-]R IaundIB‘r (pl@f@h-blﬁN \m&l‘lanERBinpkeRrably N and O).
are, i ndependentl a heger oat om cont ai_ni ng gr.oup,

R #deREr gRYyroRBH yi % | hePrd BRFrPaloss3oincaopiss CRbGAEahPogh R and R
corgc @:%tt 1%%'&’ o g%%{&ﬁ@&ti?m ( PHEERLAR YohBfmifEARELA! AT $AcIIE one, two,

e gro
three, four, five or six heteroatorns Heteroatom containing alkenes may also include more

than one unsaturation, preferably two, three, four, or five unsaturations, preferably as vinyl
chain ends. For purposes of this invention and the claims thereto, a heteroatom is defined to
be any non-carbon, non-hydrogen atom, preferably any group 13 to 17 element, excluding
carbon.

[0040] Preferred R groups are selected from the group consisting of alcohols, amides,
nitriles, imines, haloalkyls, acids, esters, anhydrides, acid-esters, oxycarbonyls, carbonyls,
formyls, formylcarbonyls, hydroxyls, and acetyl halides.

[0041] Particularly preferred heteroatom containing alkenes include those represented by
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consisting of Si, P, O S N, d, F, 1| and Br

(preferably NN, O d and Br, preferably Nand O. R
w@eeImRsIsey contain 1, 2, 3, or 4 heteroatons. PEI/US2009/047953

anot her enbodi nent, both R and R contain at |east one

het er oat om Het er oat om cont ai ni ng al kenes may i ncl ude,

one, two, three, four, five or six heteroatons.

Het er oat om cont ai ni ng al kenes may al so i nclude nore
thet framubin e C(ALt ur%éiltereoa1 Qr léfdﬂublﬂ Itd% totthe de and ghe X &t hydrogen,
nlt&)&\ég o) :21 atglg;ogtl%y% dar‘tgllﬁvgr Per OXK%BI}, E%e sCaIcftarln?ml?tyt Wé\@/%erein Mis a
me@al,h@% elliedt andaiise eethi teghitich ﬂnetaawpm,rmﬁcamttpﬂhe like, oxyhetero, ¢.g.-O-

non- hydrogen atom preferably any group 13 to 17

pheipEht repxesenidi héjctesrabun. SuF%(ﬂ@Oﬂﬂl%fI@Pﬂé@ﬂR, drospssulfur, which
I

het%foeclt %I? n?a%rt ?9 ﬁfllﬁﬁﬂhtlte&n %}Jllgg %&‘fﬁ OI% SIL%F o§9lé§9c{rggar8 é?rloﬁ]%s or two acyl
gr@@hMMq&ne@aﬁ@h@s@@rs oxycar bonyl s, car bonyl s,

fornyls, fornyl carbonyls, hydroxyls, and acety
[0042] i dePsrefep@éggromaﬁ m eaafllﬁxl qmlw ErQups ek @p é@&swmresented by the

fo%n%% al B'I@%{%(%?( gllroggrt% %%ﬁs a&ﬁ{&bf%]ggn O {nﬁ’e preferably
ethgil,@mi)yﬂ MaatyX, p@tﬁquierx@g @dtyl,nety,apdeccyhydr oxy,

oxyhydr ocar byl . esterg oxygen, the salt noiety
[0(14& whzegrigd ¥R g@uas peclude alleylqutridg gequps, sck gp ithpse gepryented by the
forjh{ ?’cﬂSIIB ICQrN %%1%' I?)ig gﬁx&ﬂfdca&)gpg ‘Latvﬂ]g 1I { ﬁQe%arbon ?torns preferably

etero, esen er oa

ethsru @k‘o@/&s ‘tﬁlltj'l] p‘@ml X9 P, llﬁ:cy,tﬂ@ﬂ&ft,yl st m@ tripibefded to N.
het er oat om nay be substituted w th hydrocar byI or

(0044 hy o@@é%?lﬁfﬂ“eérl%gwps Bicludgdhese yeprgicated dyrh§ fasgula: D-Y, where D
is éﬁk&%gar{n)?l %83? hgeﬁlg l[tg éarl? egtgfnr f@eﬁr%l léﬂl | Bﬂ&é)ﬂdﬁutyl pentyl,

oups,; SUC OSG rese

heiﬂrdﬁﬂ;bladecy&ldﬂemtyera&ldwI1§N@rh)jdr ocar byI ar oup haV| ng 1
to 12 carbon atonms, preferably eth (fropyl buty
pve

[0045ht y| Prefeagg IR gy lincledscycy! garmme @@zzeyrlop?@fs(éwaé@d mono-or
h as th
ik R A Bt S e B, 01 8%, %

[Oﬂlﬂir odlardaptheg Eﬂllbpdﬂﬁﬁ?ﬁt ﬁ@e R @@uﬁZs @ﬁédﬁ@;ﬂ fratxmme group con51st1ng of (i)
preferably ethyl, prop &l penty )y octy
moal@%saﬂ%u%@ew ua%arhoméwt%c}dp PéefB@hb’e‘thtfémNa th@cmmoxyl groups are
p r 0 [ d S
v1cﬁ?f‘ Sr {%‘g{n@& g‘%\c}ﬁc tec;égr% Ji&lng‘? %d d@g%glregé*;tf’orng?@L&Iée%l%oth, of said
adjaeatit regrbbnt orh atarﬂaﬁmfagamtrsnormuﬁiaa[ramm elﬁ)hsid:mvaprves)ysf (i) such as
butyl, pentyl, hexyl, octy él dodeccy and '

anipydgideropr Cooo6] Wﬁbﬁ?f@&d@m% AN Q&Q/ Fn%lpelmﬁlﬂglrated Cs to
S i S v
carboxyl group, i.c., of the structure -C=C-C(O)- (where O is double bonded to C), and (iv)
derivatives of (iii) such as C; to Cs alcohol derived monoesters of (iii).
[0047] Particularly preferred heteroatom containing alkenes include acrylonitrile,
acrylamide, allyl amine, acrylic acid, crotonic acid, methacrylic acid, maleic acid, maleic
anhydride, fumaric acid, itaconic acid, itaconic anhydride, citraconic acid, citraconic
anhydride, mesaconic acid, glutaconic acid, chloromaleic acid, aconitic acid, crotonic acid,
methylcrotonic acid, sorbic acid, 3-hexenoic acid, 10-decenoic acid, 2-pentene-1,3,5-

tricarboxylic acid, cinnamic acid, and lower alkyl (e.g. C; to C4 alkyl) acid esters of the

foregoing, ¢.g. methyl maleate, ethyl fumarate, methyl fumarate, etc. Particularly preferred
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[0046] In another enbodinment, the R group is sel ected

fromthe group consisting of (i) nonounsaturated C to
W@1®9dsssar boxyl ic acid (preferably wherein (a)P@HEs2009/047953

car boxyl groups are vicinyl, (i.e. |located on adjacent

carbon atons) and (b) at |east one, preferably both,

of said adjacent carbon atons are part of said

nmonounsaturation); (ii) derivatives of (i) such as
hetamam p@é@lnmg atireng Ingluge sty a@@nlat@,eaammr@éld@ ﬁncbﬁ'@gli@r kol.

oxyl

[0(9!%? d V\}']er i nﬁ‘gl?tﬂ? 28 nﬁlgn ltlermutlJaq%(Fg %%rfl%rs eﬁ%ﬁ)eéa}lerem rnay be further

car

deG@itizbda @dctivedtineITa0bneY. group, i.e., of the
structure -C=C-C(O) - (mhere O is double bonded to O,
Vigd dermipptedQlefim QligemerstandiBolymeych as G to C 5

logoh i ved Q rs_of I/ I S
o 2 Yo P RGPS bt SOy siggion ncuc

prdpytdnt deorac by beérs ) lcbﬁpnﬁﬁggb@ﬁyldﬁe aalll \eks @M ®,.5 wt% comonomer,
acrylic acid, crotonic acid, nethacrylic acid, maleic

prefesi y‘hﬁwép@ﬂaﬁﬂ?@kW@@fﬂfﬁﬁﬁhg@ﬂﬁﬂWQ i taconi ¢ aci d,
I Lﬁ gpa{t e ngrégﬁ ' chéiin tgngi%(tg ef‘rgg’lgdeft 1&dst I’9 o?%ecferably at least 97%,

nesaconi ¢ aci ni c aci

chl @fdfﬁabl@laeleagugg%)@com tic acid, crotoni ¢ aci d,
nmet hyl crotonic acid, sorbic acid, 3-hexenoic aci

10- He cePeneeryFdEe mMobeqyiasecight (i of abwtc%opﬁwmtéo 000 g/mol, as
=P SRR 80 tgr A0 4580 31 4. ol B 000, oty

mal eatb g0 S0y d/ndolnpreferebhly 900 hgl 7, O(DUIT}fr&Eﬁabl}ellOOO to 6,000, preferably
Particul arl preferredheteroaton1containing al kenes
i ncllfetork? acrylate, acrylic acid, and

5-hexeprils 1(% Jﬁh&(l dh 2948k tJ b 1&%@}%‘3&@5&8‘3%'8%’% 1.3:1

t er m’nat goners de may be fur théand
der h\XbabssZ‘ﬁdn aaool Q@ﬁf allilﬁﬂnum (PTeforabR2 |82 ﬂlan\/l 209 pprn preferably less
Term nat ed d ef g@ners and Pol yners [0049]

t er M3A08H pamepﬁeﬁeréblv rEteg SHPPpbL Piﬁﬁ%fﬁ@hl%ﬁéfﬂﬁﬁn MW ppm)
[065'6:["; |\r/ql ﬁpttérﬁpndt{}g OTE% Bl ér??ﬁd% %ﬁﬁ MR this 1nvent10n also

risi propyl ene and oconnno
moprdeflﬁbpjdblye Bo whgﬁrﬁaﬁnmomgran Mres 300 tc80,000 gﬁﬂ@lrashmsasured by 'H
| east 93% al | chai.n ends (preferably at

Nl\é%%prffﬁ@bbfr 469 ytoat0, %%%spreéera}aly pr & & ééwoatpr?féraé{ye 330 t0 12,000,
preggrou 8'5())8250 0 004" %fe%ﬁf @(ﬂﬁo}%‘%@cﬂieﬁra loghto ﬁ%@ %&tl ,,COmprising

to a 000 as me sured by
10 (t@ QGfmI%)bmp’giQﬁe (pﬁreﬂe5a‘tﬂ)ﬁ)05 @ Béfrﬁcﬁl%}lpyefé’ﬂﬁlyt 20 &08@%1%, preferably
refer 800 J preferably 900t .
3070 doan alp{?, é}rr%ffsrafbfywqm%o %)133 6o 10p é’PéP‘élkﬁ’ Wi@@%lx §> to 15 mol%,

preg?ggl )2r0afto: %d gi?[%,. %I%?éll%ﬁﬂl 2‘35{@37"(5 Orﬁ@fz% gﬁ)ref%h{‘tﬁg W6ty '56%01%) of one or
more alpha-olefin comonomers (preferably ethylene, butene, hexene, or octene, preferably
cthylene), wherein the oligomer has at least X% allyl chain ends (relative to total
unsaturations), where: 1) X = (-0.94 (mole% cthylene incorporated) + 100 {alternately 1.20 (-
0.94 (mole% ethylene incorporated) + 100), alternately 1.50(-0.94 (mole% ethylene
incorporated) + 100)}), when 10 to 60 mole% ecthylene is present in the co-oligomer, and 2)
X =45 (alternately 50, alternately 60), when greater than 60 and less than 70 mole% cthylene
is present in the co-oligomer, and 3) X = (1.83* (mole% ecthylene incorporated) -83,
{alternately 1.20 [1.83* (mole% ethylene incorporated) -83], alternately 1.50 [1.83* (mole%

ethylene incorporated) -83]}), when 70 to 90 mole% ethylene is present in the co-oligomer.
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iv) less than 1400 ppm al um num (preferably |ess than
1200 ppm preferably | ess than 1000 ppm preferably
wo e®9/1535&h 500 ppm preferably | ess than 100 ppei/US2009/047953
[0050] Vinyl term nated olefin oligonmers and pol yners
useful in this invention also include propyl ene
co-ol i goners having an Mh of 300 to 30,000 g/ nol as
nmeasured by 1H NWR (preferably 400 to 20, 000,
Alt@r@reéy abisy8 050 0r mr%wr@f@@blyp%roemmry wofratly 99%0womore, preferably

95‘9 orlr%bI agloagte{‘n%te%eoralgqﬁmfﬁ tﬁ 5li obrllé/r hag Qlt fegsfgﬂt%glsglautyl chain ends

efer ably onprisi

(bd@@d Uod DRYuENES 1@@513§Ianahi yroi;’ﬁl {aur8d fmhl%enﬂﬁ)‘?f)ﬁ'lf@bﬂ)ly at least 85%
20 to 80 nol %@preferabl 30 to 75 nol %Iﬁ)referabl
St

ISObththmle%ls aneferrbln ¢ loot B ossebrEk eragbe 85Att@“n&t5¥y, the oligomer
% 9% I, t
ha &n?grf %b RLE ; i a%}&/to a81>{11‘8 grgyl M;g raflb %f(f)ﬁesagr&’ | %? 11 pf&erably 0.9:1 to
1.28} Inhprefeebm @Qmmer $.0( preferably ethylene, but ene,
hexene, or octene eferably ethyl ene), wherein the
[00§11j gon¥inyhigmanated g mx%@m%rﬁ 28R ROy BRI SUSCFU| it thise nvgntion also

in ol S MBRLPL R AR St Iy P ol g Bl Ty 5 0 9
mo(l%pbﬁ%relblwz%em@ oy pet degdhant 10.04b)1% @hylefid@ireksably 1 to 4 mol%,

50(-0.94 (rml e% et h%/I ene incorporated) + 100)}),
prﬁ\fﬁéﬂYlldotzan o dhtgligomeerihas:pr esent in the

[ n le 0
aI t r nag;1 g& 9%% QH V\hcé%'(mgernédgt(é?e % E@gaat&agé%t ?9%%’ f?rﬁlblﬁ/ a}Ol cast 97%,
ol p%fﬁhhlylaetbasﬂ%"/p)g esent in the co-oli gomer and 3) X
= (1.83* (nol e% et hyl ene incorporate

{al ﬂlér%%‘ﬂfé\’%lf ayemge polgeytar (yrag e VY 19y |a£we¢ 400 B ahowtat0RfP g/mol, as
I- ﬁg})nr p%lrrga Bg%%@‘gﬁ??& \Al:hﬂir\{%ég é %gg& rﬁ%ﬁ&byﬁoq teonl eS 000, preferably

pr eSento i10,000ez/mot, oprefgedbdy 8HD tte ran@ioe pyefrably %IP/&(D 8,000, preferably
nor e refer ably 85% or nore, preferably 90% or nore,

pr efl 9 (g 0By or rmre In an alternate enbodi ment the

oli r 0 [ [ ( d

apoi lsé@ﬂ??{u DR R LN R S

endsy)), legyr e rldbi yppat alueasim S8§fefcmbbutegs telnal 200emds,, preferably less

preferably at |e st 90% i sobutyl chain ends.
Al't éhﬂﬁa}?)Q?‘ypmt 5 %Pblﬁg??éFhaﬁa@ ORRM, w&r@wq%&%z&hw ey
yli t
[O@ZL erg @%ﬁ&}%glé{ﬁ 2 cf?%e’rg) ﬁrﬁg%pe&rlﬁg%‘ 3% éﬂ Qn thls invention also
1nc]ud13 ﬂro@ylel[leﬂﬂﬁgdmé{s rt;olm]girﬂrrrgi nateast erefﬁra(bly g@ms@@ pmﬂ:rably 70 to
int h| S

seful v on_ al o i nclu
90}2%%59 N girdion ey @#@raﬁ&y ek B ?%IPI%IO to 30) mol%
Y, I 95to 99 nol % preferably 98 to
ethg[e%%\!g/s?& &R{ @nﬁiﬁgﬁs 10 nol % et hyl ene (preferably 1
to 4) nmllegst POBf aliyddhyinlertds (BrofierhBly, atHerse On%d, Ipecferably at least 93%,

R A TN S T U O
ii) an Mn of about 150 to about 20,000 g/mol, as measured by 'H NMR (preferably
200 to 15,000, preferably 250 to 15,000, preferably 300 to 10,000, preferably 400 to
9,500, preferably 500 to 9,000, preferably 750 to 9,000); and
iii) an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to 1.3:1.0, wherein
monomers having four or more carbon atoms are present at from 0 to 3 mol%

(preferably at less than 1 mol%, preferably less than 0.5 mol%, preferably at 0 mol%).
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preferably at least 98%; ii) a nunber average

nmol ecul ar wei ght (M) of about 400 to about 30, 000
w@2wehss5a5 measured by 1U NVR (preferably 500 POI/US2009/047953

20, 000, preferably 600 to 15,000, preferably 700 to

10,000 g/ nol, preferably 800 to 9,000, preferably 900

to 8,000, preferably 1000 to 6,000); iii) an isobutyl

chain end to allylic vin group ratio of 0.8:1 to
[00_53135 1mel gm’anma\tgd otedia p%mmq&@@dm{yraprgnﬂqth in this invention also
1n4_ erabl f s L han rggp ppm preferably |less than

OpﬁBﬁl %?egera%lfnp &%t han 500 ppm preferably

at le@E S0t(pRsferd DY ap[lﬁ);t 6, QFEhbIVi Toyto I0ET, PrdtataBl &ul t@f99n preferably 90 to

ol i gomers and pol yners useful in thi's invention al so

981591610@1&@%36@3% &nel Bl T@éﬁéﬂrl@maé@wﬁt leastdg; praferatdn 815 90, preferably
f Oc t f
1 &P%@y 1{%%2!1‘% gl t8 l%gomgln’/e gt{y?gleé Pad af%)(?mg(g% t{) % X%referably 0.5 to 3,

pravé@bigT @blty llenél% 80Q)to o}, %l&th yduen s b&f@%ehﬂxdnb &r octene, preferably
ol igomer has: i) at |east 90% allyl chain ends
buf@p@)ewéfsr@m Sheailg@@arshasgl% preferably at |east 93%
pre er t r Y, t il.) 0
R)n aglﬁg%s P 4) %@g chgél néig t(S%:g&glg at %as} ’@?‘? p?e%%/%agl'})e% least 93%,

by pféfMy(aptﬁﬁte%&leyefZQ@Maaléa@t @8%)) pr ef er abl y 250 to
15, 000, preferably 300 to 10, 00 preferably 4
9 500, a wr@b@raé(@lrage sEydequinr 9y gs (Vm)@ff apaw| voﬁs@b% 13,000 g/mol, as

Vi n?/‘%)“ group fly b MR SRR Yo & ?gﬁgﬁgﬂe#ﬁﬁg@eﬁd §:©10,000, preferably

nonaoens 10a000Ngrefatisly cro0nr &5 00a phderablyosx) &y €,000.epefdrably 750 to
at fromO to 3 nol % (preferably at | ess than 1 nol %
preP09B12pd| ess than 0.5 ol % preferably at 0

”D' /‘ir?e 30 e¥1\é;h£‘1¥1' enh‘r?]é Q‘lﬁ?&tsﬁﬁ(l%&fﬂ i8 lo!fg%niet(r?sl #4o.

rs us 'S 1 nvention a nclu
[Oﬁﬁﬂppyl‘éﬂt@?l edrivgones 3lefﬁl0mﬁ)gdrﬁdrmgindqioljrrﬁastus'éﬁll in this invention also
preferably at |east 60, preferably 70 to 99.5,
?@Bw%@owrmomm%%r ably 90 to 98.5) nol %

at 1@5&?5'(@%?@&1‘%{1 g{negst %8 19re b(lfb@fcf §3% %ré{ﬁj%\;tbl}; & t993§re§erably 90 to

prefe 1I"to refera
98 JS) mol% piébyldfm ﬁfn)mt(hllkceémié(altaﬂﬂteﬂy arteddt 35 tpjiefﬁrably 0.5 to 30 preferably
ref er abl to 3, preferably 0.5 to

% C t
1 t@§9 Fiera §d% AOkmolpedrtenciaddinm Byl tg ét(@ﬁ?éerably 5303,
pr &ﬁf)l?bgk{/o aﬁl&%r&ﬁ Tve. (Mbglrng'dh el QJI%PEJIO&% a énes'(gugﬁt% butadiene,

eas In pr e er east
he)pardﬂner(ainzld,tetm‘) ﬂoelaﬁhetﬁs?;%lymmelbdiﬂmlemt viheglastbo®&ife, norbornadiene,
Ereferabl | east. 989
an dlcyclopentadlene) wherein the ohgorner has:
1) at least 90% allyl chain ends (preferably at least 91%, preferably at least 93%,
preferably at least 95%, preferably at least 98%);
i1) a number average molecular weight (Mn) of about 150 to about 20,000 g/mol, as
measured by '"H NMR (preferably 200 to 15,000, preferably 250 to 12,000, preferably
300 to 10,000, preferably 400 to 9,500, preferably 500 to 9,000, preferably 750 to
9,000); and
iii) an isobutyl chain end to allylic vinyl group ratio of 0.7:1 to 1.35:1.0.
[0055] Any of the oligomers described herein preferably have less than 1400 ppm

aluminum, preferably less than 1000 ppm aluminum, preferably less than 500 ppm aluminum,

preferably less than 100 ppm aluminum, preferably less than 50 ppm aluminum, preferably
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ii) a nunber average nol ecul ar wei ght (M) of about
150 to about 15,000 g/nol, as neasured by 1H NWR
W@ proefisssabl y 200 to 12, 000, preferably 250 to ROI/08D09/047953
preferably 300 to 10,000, preferably 400 to 9500,
preferably 500 to 9,000, preferably 750 to 9,000); and
iii) an isobutyl chain end to allylic vinyl group
ratio of 0.8:1 to 1.35:1.0. [0054] Vinyl term nated
lesphani2f rom Yomirun, Qfefp@b Iyylagsrt aruéemalummpm S i nvent i on

cl ud rop ene_al j.goner,s, |S|n
(0570 AF Wb IR ol IOEE s BE 3 e 4 "uh S Hom 100 10
25006 foprhalbdym8&uted B9, H NMRe ma?élym%hﬁ@a@&hﬁbf At&han 25,000 g/mol.
t

propylene fromO0.1 to 45 ernately at |east 35,
lgompr @ Bfargd3o as mrepre?l% py olefinofthp @) cfpr Rrpsan i the oligomer is

the Ol?%o%nenz%i fo | & tﬁé h]\:/? bre Plao:}gl‘of 9 g(gm%rolts%l 0 m%P%elalllaeVﬁ%g at least 50

rno(l@%lcdff 9fn‘op%n§0 £120-aligdiacronega dﬂﬂg@ﬁh@ﬁ cofp€ibingsat least two different
but adi ene, hexadi ene, octadlene% nor bor nene
MOSPRT | 1 e(SHA @érmemélen%aﬁw pibylsBenend, hater-pbgemeri énen oligomer

cor%?g?lg%%%{ﬁ%gf ?Qﬁe%ﬁ)al n\@gﬁfgsl ? @Srelér)ﬂaekg%get[seﬁl ﬁgre 1{ )Mn is number

av&@136 nplehiRE a&bllg’hté(&ndaﬁﬁsd b931% NFMEfL&lﬂ@bedtéﬂ oﬂh@ﬁﬁbe)QM@z is weight
preferabIY at | east 98%; a nunber avera

aviragealelafeygaht (mepsuisd '%;}b Pfsl@e%t@naﬁb@m%@grm) and Mz is z

av%g%hﬁle%%lragsxze?%f@n %153«(%’89'1'@1( Car ’ fe%?o%?b}{r %r?a?oggr%yt) wt% 1s weight
perkOntOBEd mpl%fie haldd perdOil. tMo&cﬁ@ﬂwe@hﬁﬂSﬁﬂﬂIﬂyn 5MWD@ is deﬁned to be

9,000, preferably 750 to 9,000); and.iii) an is (y
M e #sugsscbyt Gelalfqrwate,m\ﬂhryma@q%@&y? divideddry Mnfmfa&uase by 'H NMR).

Un%ersggthjervg Se hﬁgé Sl A % %2@1@1@3?@ é?Vl\g Evifi! MQ? Qre'lg%S :

er ab ess n num
”Atlyleﬁlwlﬁkﬁnym e téfamdltf)@@s Prinyaltemination” pivéfyérehbiny ends" or "vinyl
| ess than 500 ppm al um num preferably |ess than 100

copirh s WisfiAghio Gsr B eligomnsy (P@wef)ﬂléﬁmscﬁt B3RS QICURTHiGHY represented by
ﬂﬂggprablyless than 20 ppm alum num preferably | ess
5 ppn1a|un1nun1 [ 0056] As used herein, the term
"oligomer" is definedxt{o have an M of from 100 to
25,000 g/ nol as measur 6% “by 1FMMR * A pol ymer has an
Wh of nore than 25,000 g/ nol. V%en an ol igoner is
referred to as conpr|S|nq ?n ol , the olefin
present in the oligoner QB”PHEU’F? &REPi zed form of

|" f "
Whterée h@! el nrepf%sf”t& B%/)elf 85%?) pyI Y n’&éricélﬁ‘gl] Ol g F@éﬂé@é{ﬂlﬂ&hment the

east 50" nD I go 'S an
aﬂyﬂd@mmﬂMJgnmmwembmgydmfbﬁﬂdhllmo di fferent

allylic vinyl end group
The amount of allyl chain ends is determined using 'H NMR at 120°C using deuterated
tetrachloroethane as the solvent on a 500 MHz machine. and in selected cases confirmed by
BC NMR. Resconi has reported proton and carbon assignments (neat perdeuterated
tetrachloroethane used for proton spectra while a 50:50 mixture of normal and perdeuterated
tetrachlorocthane was used for carbon spectra; all spectra were recorded at 100°C on a Bruker

AM 300 spectrometer operating at 300 MHz for proton and 75.43 MHz for carbon) for vinyl
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nmonomer units (such as propyl ene and ethylene). A

hono-ol i goner is an oligoner conprising units of the
waa00e/15nbmer (such as propyl ene). As used her BCTIUSIN9/047953

i s nunber average nol ecul ar wei ght (neasured by 1H NWVR

unl ess stated otherwi se), Mvis weight average

mol ecul ar wei ght (neasured by Gel Perneation

Chronatographég and Mz is z average nol ecul ar wei
termpyesipredylsye cagorms i dtAmerianrdivatied rmshhiy 198294 @% 1032 that are
u“%ﬁ“%ﬁ% percent, and nol %is nole percent. Ml ecul ar

' "di stribution (MAD) is defined to be Mv

[005TRasS UNEBuBY ceh diar ie@dfinen (e QARI@EMBPBY Yolfinet HBEnHY! least one

Mh (neasured by 1H NNR) Unl ess ot herwi se noted, al
termiIus cenraseniedi kyhe formuda: (e. g., My, M, M) are g/ nol .

"Allyl chain ends (also referr to as. "vinyl

term nation" "vinyl chain en oP\lv1nyI content") is
defined to be an oligomner (%olyner) thavi ng at | east
one termnus represented by fornulail : allylic vinyl

end group where the "" represents th | i gomer or
pol ymer chain. In a preferred enbodhu;ﬁt the allyl
chain end i s represasdbatyllend gheipf or all: allylic

vin end %rou The amount of allyl chain ends is )
whgest Wpﬁéﬁl Yigicrdi SO MERMARP Ay MED Bl u§} hgredetrdesalasigment, the isobutyl

ché&ﬁ%ﬁ@%ﬂ% Je?‘%{t oS fiero ?18% n@(}‘ogﬁ‘ﬂlfg 500 Mz machi ne

'C NVR. Resconi

N s cases con
has reported proton and carbon assig
per era et rachl or gethane Ms for
Mspé%f?&\M%fi?ﬁ?ﬁﬁagb Hixture of normal and
per deut er at ed tetrachloroethane was used flor carbon i
spectra; all spectra wete recorded at 1000C on a /)
Bruker AM 300 spectronetek operating at 30 r
proton and 75 43 M for_tarbon) for V|n§PB%$$%%£$QHp
propyl eR8 YT YEEPE i n 7 Aneri can Chenical Soc 114
1992, 1025-1032 that are useful herein. [0057]
“lIsobutyl chain end"” is defined to be an oliggnmer or
po h cast . orie ternhnu
Mife formila: is but yl and group represents

the oligoner or polyner chain. In a preferfred
embodi nent, thelisobutyl chain end is reprlesented by

one of the follow ng foijplae: M /}
isobutyl end group isobutyl end group

where M represents the oligomer or polymer chain.

™\ e
.
Ny

[0058] The percentage of isobutyl end groups is determined using *C NMR (as described
in the example section) and the chemical shift assignments in Resconi et al, J] Am. Chem.
Soc. 1992, 114, 1025-1032 for 100% propylene oligomers (and polymers) and set forth in
Figure 2 for E-P oligomers (and polymers).

[0059] The "isobutyl chain end to allylic vinyl group ratio" is defined to be the ratio of
the percentage of isobutyl chain ends to the percentage of allylic vinyl groups.

[0060] In a preferred embodiment, the propylene oligomer comprises less than 3 wt% of
functional groups selected from hydroxide, aryls and substituted aryls, halogens, alkoxys,
carboxylates, esters, acrylates, oxygen, nitrogen, and carboxyl, preferably less than 2 wt%,
more preferably less than 1 wt%, more preferably less than 0.5 wt%, more preferably less
than 0.1 wt%, more preferably 0 wt%, based upon the weight of the oligomer.
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M i sobutyl end group '; isobutyl end group " MM
i sobutyl end group " isobutyl end group " where M
WO e@oassnt s the ol i goner or polynmer chain. [ 00BGI/UT1089/047953
per cent age of isobutyl end groups is determ ned using
13C NWR (as described in the exanple section) and t he
chem cal shift assignnents in Resconi et a
Chem Soc. 1992, 114, 1025-1032 for 100% pr Iene
UG} goriies faomstiped e o ormiciiy? tﬁﬁw@fﬂép t0 25,000

g/n&%lg,l ﬂJO tﬁ%ﬂ%@ﬁ Frpéjl]dplpe?e}rglﬁ 2%8}0(“%8&(? / 1 t?rgt’e 0%)?3{ %(3/ to lg 000 g/mol,

prdf&rab 2e400at¢ a2@oot gvmomeF&wmgmmf td sotoot) yd/mehai IFeies a desirable
to the percentage of allylic vinyl groups. [0060] In a

mthetaé rr@ghtaapedFanebe anx nembm@p% eheny rupg@irmele@dwpwmés limit with
an% efc?v%ert H%'Peculaw &glxt %és? dt %dov%psﬂ\/gl %tgl%ll{l&? Iyccordlng to the

san ogens

meatdﬁ@w@nbeaba@wh ﬂieﬁ&an@&ts%ééhonam yI ates, oxygen
ni troge and car box preferably | ess than

(0063} e gl?@roétgamey pteé@é‘,%llv’rhaﬁa slagg %nwrbte@pélfa&raﬂg/) qféesé: than 0°C or
lesh & Q dgteET%g) Wfﬁ‘b&{tl% %Eﬁll?l ﬁﬁﬁm%ﬁﬁ”as geISFﬁf) A bQBgv? preferably

pre era ased

-100C @as®y n{o%ﬁrbferaﬂl? :zxt%cga{tegs, ﬁfo@é pﬂe&h’hb&y ha® Cagr 1My, @fore preferably
determ ned by 1H NMR of 150 to 25,000 g/nole, 200 to
-5006 c0d®sg/ mol , preferably 250 to 15 000 g/ nol ,

[00%3?286% tho%qer ée?%tb? %‘aﬂglpt les feg@%#oo%go%zg ert{m s) (such as

isoBuigesic rxablhtenermzl Etﬁblth@ﬁsdl\ﬁty@dﬂie aad @etaaeﬁepeamiyupon the weight of the
conbi nation of any upper nol ecul ar melg l[imt with
oligrpen gurlerafty &eselthan wei yhe, Prafeeblyes ort”beprctsdiiie. legnthan 4 wi%,
t d,agcor 0 | 0
prélf%a@ﬁefegg‘énp gsgfggt%:r%@ragﬁbﬁ)%g]t%@%ﬁ gﬁgfeta%%ﬁ 188 @% 1 wi,

praferableriadl thah 8 @ty peferibilansssttham0.Leraes af Uy elofihgy) taked upon the
| ess than OOC or less (as determned by differentia
weighs ahths@ligamer-i met ry as descri bed bel ow), preferably

0050, B 55, P P ALY A5, O, AR QYIBEE o C.or o

oldfia&s, (sh&D&3( , fﬂﬂegowléfmn’@tplqaﬂ?fswlﬁw (2 be@baJlet’ﬁ:hsl 89ically such as Cy,
than 80 wt % of C ol efin(s) such as isobutyl ene
C6anLEenéleﬁ25’tﬁ§‘t eriwseq %%tfgn \afﬁ@ht ah @%@t@@tﬁ‘én@)@fﬂ%}%{g deps than 10

widhP 8%fya§1y\’\53m, pf?sffer%]@ less than 4 wt%, preferably less than 3 wt%, preferably
less than 2 wt%, preferably less than 1 wt%, preferably less than 0.5 wt%, preferably less
than 0.25 wt% of C4 olefin(s) based upon the weight of the oligomer, as determined by *C
NMR.

[0065] In another embodiment, the oligomer composition produced comprises at least 50
wt% (preferably at least 75 wt%, preferably at least 90 wt%, based upon the weight of the
oligomer composition) olefins having at least 36 carbon atoms (preferably at least 51 carbon
atoms, preferably at least 102 carbon atoms) as measured by 'H NMR assuming one
unsaturation per chain.

[0066] In another embodiment, the oligomer composition produced comprises less than
20 wt% dimer and trimer (preferably less than 10 wt%, preferably less than 5 wt%, more
preferably less than 2 wt%, based upon the weight of the oligomer composition), as measured

by GC.
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ol igonmer, preferably Iess than 10 wt% preferably 5

w% preferably less than 4 wt% preferably | ess than
wW@20A555pT ef erably | ess than 2 wt % pref er abl yPCBEES2009/047953

than 1 wt% preferably less than 0.5 W% preferably

| ess than 0.25 w % of C ol efn(s) based upon the wei ght

of the oligoner. [0064] Alternately, the oligoner

ef erably contains less than 20 wt% of C4 or nore

[0(%17& i fasAnothes gatvodisnant, the @gom@r erqdnsed hergi avatdins kecthan 25 ppm

ha%ilgn er%{;a%%sless ﬁian 19 %I}S/Ig%tfndl ﬁnr %ﬁraﬁ@e&%m %p{pﬁlclgdfmum based on

theojlelg@nnpm gfcﬁuua&i ahdltﬁéﬁlagdw@frbaﬂa@ys@/eﬁﬁﬂo@wf erably 5
Wt % pregéra ly less than 4 wt% preferably |ess than

[0068\yt 9qInpmether apbgdimests thm@lrgoznw dgscpbed qrainl ipay baye a melting point

(Dlgngngs n)()/%)f g(r%nelrlg)%ogllr%cg eﬁf' rt%at 58 tg sl\(gg()@upg:lgéon earbelrﬁ(bodlment the

olip@h@Btdesdritich ehetdih G@NE ho cﬁ&cdﬁl&frﬁltﬁ@%dﬁt B3OSR lowing storage at
0065] In anot her enbodi nent, the oligonmer conposition

rpHigEwgrateas? 3 S e forat IqastAft howes. wt % (pref erabl y at

[046?285\@ g‘h]\ta%o %Eu% a(g Xear%& C%l trar%sﬂbo\r% ?a%urg ﬁ%@[‘aﬁ% measured

usidg Dlﬁ&%htlﬁ@c@ﬁﬁbg) Ea%h@f%ry((mS@) %Bﬁ@cymﬂierél@l%‘sivaﬂaﬂle equlprnent such
car bon atons, QEr ef erably | east 102 carbon at omns)

as ﬁéfai’sh%’blm@w@ @\lDfSCasEmw%lg o | O gaefithasimaplepdpt has been stored at
t
rooglgﬁépﬁg%eir{ltllqg 1y o %agg gg urse@ge% 'Ee*ﬁ ant %uﬁu@gm% (I:}d loaded into the

npr i ses €ess

ins@0thcht atnbm( RELEKab) yrﬂemﬁlpndwfsrbqllﬂlbﬁ&t%/d aplef@rtad it is cooled at a
less than 5 wt% nore preferably less than 2 wt%

cocﬂalger@tewp‘dﬁ ¢ einve YR EC. ofhetsampdi is digldedt -8& s |5tm@1rﬁ911d then heated at

a hg%%g&u)ﬁg? ogi(%%@%g’?%g g C?;ﬁ f he{rﬁtgétéocjﬁgﬁgrtzaéurﬁ ﬁﬁmeasured from the

hediad ruyum R[t%@t’i@él’%%hé §39p1t RAuifbrRBIuBYCT tHth heated at a heating rate
pre érably than 5 ppm haf ni um based on the vyield

of d6°(poiity et 5¢5Co dlizechdatidrhivemettiag tafisiven,af pﬁrﬁemnlplanyl@ded for onset

0068] In t her enbod] the oligoners de cri
of F{é?sé‘il‘ﬁl %g,pq?g\;gmgerﬁgqr % EEEB}? Iting t@m@a? eSS EEPARS ﬁiredPe peak melting

terlfleﬂe?éﬁn@g filoPh glé%gf hc%{ hﬁ’lregka(;tﬁérﬁlé sg)teé’iﬁ%&m@& sdn%?%gﬂ%mg multiple

nbodi nent, the oligoners descri herei n
peakst elod aineblengrqjountng)rpmehmgby:n@sfatm(eb lipvdafiged ttor bgehatpeak melting
anbi ent .te erat for | east. 48 hours
terpRSERYC (vet £ %ealat ﬁkf’?}? e%tﬁ%;imilﬁla*m@|Ca@§mtertré9q§qsv<?lt§ﬁ in that range

o G IR TRERSEi g commercially -

[006/04i | dblasothquérpbatimestitie oligomers described herein are a liquid at 25°C.

[0071] In another embodiment, the oligomers described herein have an Mw (measured as
described below) of 1,000 to about 30,000 g/mol, alternately 2000 to 25,000 g/mol,
alternately 3,000 to 20,000 g/mol and/or an Mz of about 1700 to about 150,000 g/mol,
alternately 800 to 100,000 g/mol.

[0072] Mw and Mz are measured by using a High Temperature Size Exclusion
Chromatograph (either from Waters Corporation or Polymer Laboratories), equipped with a
differential refractive index detector (DRI), Experimental details, are described in: T. Sun, P.
Brant, R. R. Chance, and W. W. Graessley, Macromolecules, Volume 34, Number 19, 6812-
6820, (2001) and references therein. Three Polymer Laboratories PLgel 10mm Mixed-B

columns are used. The nominal flow rate is 0.5 cm’/min, and the nominal injection volume is
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as a TA Instrunents 2920 DSC. Typically, 6 to 10 ng of
the sanple, that has been stored at roomtenperature
WO 2009as5sieast 48 hours, is sealed in an al um nNeET/Psv09/047953
and | oaded into the instrunment at roomtenperature.
The sanple is equilibrated at 25C, then it is cool ed
at a cooling rate of 100 mn to -800C. The sanple is
held at -800C for 5 min and then heated at a heating
309 ale Tok vRO@iniransay liREC colminms gind sliffarentind irgfragtpmeter (the DRI detector)
tenperature is nmeasured fr he heating c e. . .
arcay oAy QenyTRnt@Lied) 4 1?? (tquP]IVF‘IBtrfl&f gﬁ’ %& SERSTImY As prepared
by MBRbR5heS oParkeEtE bitglald! Iy dPdxy ML Bs bR ahBIYEant IR liters of Aldrich
ygﬁﬁot hegzr%mgc ma?ﬂ)ng at ransi t)%y}m, e:mf) f)r esaent , i% e o e
reagpig gradedl, 204 tueidebbafzene ANSB Y i The BOE npe@ke tsehgetilédred through a 0.7
The nelting tepperatures reported are the peak neltin )
w _%rpa@t-ﬁﬂ%fs al?cfgm%%emlm@fowgéa% Ouhrasd cfphdlisr settic TCB is then
i - [ -
Ao L S b SRR e RORHRDITHED Py KRyidn Sre propared
by Ipéacirpedrp eakynnae|ih iarpdask eomeimat, udeéingithedgsirad amouat &fdl OB tthen heating
the | argest endotherm c calorinetric response in that

they gH¥farORt t6RTe rvethy cestynyoup meitadorpder Akeuti hdoursacedll quantitics are

me%ge)u?é(? %ragﬁlel&gg%lgfg L"Il"@é‘rg?%'z@%%ttref ﬁ)lge%ilf]%l e%x%?egg %@ﬁoﬁ?&& poql%entration n
maSYPSIdimdemtits hlke1.ab3 gPfers rdemcichiRehtiner fidn1B3ayey/an dMM35°C. The

_ (measured as descri bed bel ow) of 1,000 to about 30, 000
injegtion| cong¢ntratipmtie fipn2 000020 2B/@OOVIEH frer coneentigtiory Yeing used for

. 3,000,t0,20,0 [ mol d/or an .M of, about 17 t

gl TSRl SR B el AP RNy BGOE 528, BOG R fpctor and the

injE A&7 2L PeRNTFIVE REcCinnBaappaeubYs tiehNBcréadsl 38 0.5 ml/minute, and the
Tenperature Size Exclusion Chromatograph (either from

DRMise plovgest porsgabilloas &t Potoy Rehourabwiee oimjastng theitppeample.  The

with.a differenti.al. refracti ve index,detector D@ .
colfighlyfirbn st B LR L RO EA B AP G bl hEBbine.subtraced

DRBfsaal, 1R, USingGharipwindqudtioV G aessl ey,
Macr onol ecul es, Vol une 34, Nunber 19, 6812- 6820,

(2001) and references ¢ FeKpiihr ThtrEdcPol ymer
Laboratories PLgel 10mm M xed-B col ums are us

d. Th
wheenKneil 181 eRpstag Zie'iegmm.e@ bynsaligrating fhel e apd rﬁiliffép) is the refractive
Conomhe 5 ‘ . : : ) )
kDRSO HPUTabaR Pa o VAR ROBEREH b ana 4 -

690l aire Ct@plurses 60isaihhi@dioh ndfhoOMeimsentoaldasid) ato. 1@Sfor propylene
0C. Sol vent for the SEC experinment is prepared by
polyimesornd Ad ethgmaps &mitswnypapmetcryhrapaioviothifedescaptigmof the SEC
ti 0xi in jters. o L . .
il BT bl Roobdd By B L IR B s Bxproscd in

g/rhdlt f i aakrinbic augbsiy 10 eXprio¥edlimgs/gpre-filter and
subsegﬁent ly through a 0.1 mm Teflon filter. The TCB
[0073] ¢ heolseyas seight disfrifwich (MyeMaeydys &P (HBRA) & determined by the

mBHUE: biOQQ tIrtf' gor%?%mbggiln}/e%sr, tl%e%lygtoin%?ss of s rvglrﬂ%rnelgave an Mw/Mn (by
GPC-DRI) of 1.5 to 20, alternately 1.7 to 10.

[0074] In another embodiment, this invention can be practiced with any vinyl containing
materials, preferably with vinyl terminated materials (including vinyl terminated polymers,
vinyl terminated polyolefins (such as vinyl terminated ethylene homo- and co-polymers, and
vinyl terminated propylene homo- and co-polymers)). Many of these materials are known in
the art and can be functionalized using the processes described herein, e.g. contacting an

alkene metathesis catalyst (as described herein) with a heteroatom containing alkene (as
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by placing dry polynmer in a glass container, adding
the desired anmount of TCB, then heating the m xture at
WA BITs3sT h conti nuous agitation for about 2 hedr¥/ES2009/047953
quantities are nmeasured gravinetrically. The TCB
densities used to express the polyner concentration in
mass/ vol une units are 1.463 g/l at room tenperature
and 1.324 g/m at 135 0OC. The injection concentration
degesibed daicin) ndoonz. @ mgyenyinyhWartaipigganatede.e nfipgh feonmated polymers
1ncthl) ederlg)rr]lﬁ ) %Slgd ;gé%lym%lgseéf m?{gg%ﬁlaéodle%lmghtgrmsngon C$:|r§e f]és WellI as polyrners of
oleifi) ﬁ@h@rﬁer@r@lpurgm teﬁhOWnylateemmddhpolzﬁ@@r aicUsleh Srinyl terminated
then increased to 0.5 nl/mnute, and the DRI is
oligomerwed Pestarabivinyg etcfromagdt polgolsny snefudorénylnjasginaig isotactic
pofyﬂ?otp&lengt fse? grhzfﬂhl%sg gxgei‘itg ! g& k%? 106"9 A FRE hpI%?érQ[gly 155°C or
md&ys pbllyﬁtﬁy&ﬂbf(praf‘drﬁﬂy BRVing laghdting ikt of lIIG(Dquoﬁ Mere, preferably 155°C
foll owi ng equation: ¢ =KDRII DR /(dn/dc) where KDRI is
or QIoEYInst ant det er mi ned by calibrating the DRI, and

Prd A AR aleS id 1 fer bl 25 11h%n pde)r(] '_n(ir gggn]E Oi OEI'CtBh:t

[00735C artet dligoneRDdeoribddodbopy raﬁ@@@fcaﬂfr ptd’phﬁedl 1ﬁ\aet[drﬂ1(£gléneous process,
and the clains thereto (dn/d 04 for propyl

preé@pylﬁ@r@lléﬁ@cgsslas&ep@y dn US@ 1?3/ 1%6%{1&%@@}@6 20 2008 which is
1nctoﬂf ?&9&100 e% %%I%Eﬂ Ptj,0 e%:‘h!%ﬁ éi%&}ﬁ]ﬁ%ﬂo q)r@{}ﬁen%u grtf'd optional

con ra |on IS expre e
comBn@hiérs | Gueix prsesthglenen @hnbt eohg’@i’tﬂ:rllzadl rbyn srlea:ctMgsaosatalyst system
is expressed in dL/g (&OOép% Mol ecul ar wei
(coamlg‘tsmgb@ﬁﬁaaﬁce@wmoun OPRPY Moge a@tV@mmahﬂs@ﬂ plglns. Other

SRS, 8T8, YU TH S, RO Yo A
cod@ntiadadl ersugpeakion]l. Rotmogdikou O®GH, |sohaivat haturry, or high-pressure

enmbodi ment, this invention can be practiced wth any
Ollwrﬁwza&lempaq%w@ann%ﬁ Bl Sich mr@«feéi’eatﬂag} bgi i 1 2 fpteh, Yemi-batch, or

coﬁtﬁ{umly A, Mf&r hidbsséd M %’dPQ ?%il 1{1185&/@ HotE e, II—lomogeneous

ners, Vviny erm nat ed uch as viny

polyﬁreﬂﬂzﬁt&tnepiroeésbe;d an @réf@m& emﬁomg@mbympolsmeﬁndlom p’ryd:ess is defined
term nated propyl en and co-p . Many of .
to bg g@c%v&t}qe%‘p@%%t 38 MM the, p{qﬁlgc‘%iﬁ f;olg ) rB@:tlo¥1 media.) A bulk

hofélggi&{ebﬁpﬁ\ldcéﬁqs lf)%ftﬁ"g a&l& r@feﬁ%ﬁss(gsblﬁﬁ 9566?? ) élga Ho be a process

contacting an a net at hesi s cata
whdes aranbedr henedmation tin  all heedsr matthnﬂreamrtralsn i70| gvadliken® or more.)
' re vinyl, containi

scrlbed herej n) and one or i ni ng
ARy S0 Vg dilughniorpapsel PotddRRIns UicErGion esHumafficept for the
smﬁﬂ’ a%tﬁﬁfﬁeﬁs%doefs fiet SOt RMHORLAI 3@{ Q%téﬂ‘? etha acﬁﬁtny@l br amounts
olymers of olefin nononers (The termvinyl

typlcaaﬂlm foatdeditlp dleymenmndrne g ydesaneiin ptoptymner) nat ed

[0076] Suitable diluents/solvents for oligomerization include non-coordinating, inert
liquids. Examples include straight and branched-chain hydrocarbons such as isobutane,
butane, pentane, isopentane, hexanes, isohexane, heptane, octane, dodecane, and mixtures
thereof; cyclic and alicyclic hydrocarbons such as cyclohexane, cycloheptane,
methylcyclohexane, methylcycloheptane, and mixtures thereof such as can be found
commercially (Isopars); perhalogenated hydrocarbons such as perfluorinated C, o alkanes,

chlorobenzene, and aromatic and alkylsubstituted aromatic compounds such as benzene,

toluene, mesitylene, and xylene. Suitable solvents also include liquid olefins which may act
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ol igoners.) Preferred vinyl term nated pol yol ef ns

i nclude vinyl term nated isotactic pol ypropyl ene
W@ proefisssabl y having a nmelting point of 1000C oPCHOS209/047953

preferably 155C or nore), polyethylene (preferably

having a nelting point of 1000C or nore, preferably

155C or nore). Process to nmake vinyl term nated

ol i gomers [0075] The ol igonmers descri bed above are
as py),gp@gm (y c,@,m%lgfn@(]s 1|nﬁlu 1%0??@@}%@(@3’@“@0 &dytene, 1-hexene, 1-pentene,
3- r%‘ztﬁil fo,-% §I1e?f4brllrj1|et 5 %ﬁ%@e Zloocqgtﬁ%rgrll(? (:I‘ddec%ne %%ures of the foregoing
ard AgOdup@plat ed by reference herein. In a preferred

enbodi nent, propyl ene and opti onal conpononers (such as

[0057hy | died p@é@ﬂ@deer@qug@@ﬁr iheelged poneataiionyfoy thaokiRgmerization is 60
st | }oc nd.Q o
Voﬁl}/n ‘%r[s]og\ieva % re% l})gef?ﬁa%?hlé@ ¥ lél e%m%‘%eél%}eéﬁﬁ ?\(/)evs%?urﬁé % or less.
Préﬂ:r‘é@lyﬁﬁe UbgsherBatifieBiriRth a Bulklpré@sscavengers and/ or
drogen. Any conventional suspension, honpbgeneous
[005%/§| K, %@qabkq additiggsy fq ythe d}hg@p@ﬁz@p@s Pracess can include one or more
s e
GBS REHR e PAET RS 5B, s
alkSLC br ilaaeesses and nDdes are mell known in the art.
anngeneous polynerlzatlon processes are preferred. (A
[0078hogdReonrs eﬁ@ﬁyﬁ@pﬂwmt bridieeet By eiest Wethp pligomerizsgion reactor at a
par%aFﬁ%?&r%F {)%O‘?trtoe g@ & %hg%f%%b/&of{ro&ﬁ Ib%{ lpto%ﬁ%stl%,nrg%re s‘plrefelrably 0.1to
10 @sRC ess has bpar fouad | thdtl iy the @f@éﬁt&@stefn@g bydrksg@f e8ebs uk&l to provide
defined to be a process where nononer concentration in
incagaped pyEy vgthorbsigrifisanly impairmebe catelystsgbilip feprpduce allylic chain
t 0
en(iﬁlh }? Cr] Z}La erbg‘ﬁl%%eéﬁmnt]yct%aelg%lgfé? %% gyrﬁ?lﬁfcgﬁﬁgf/ﬁng thg%? 20% higher
thanstél s@ific tdreticramitheiit hydlroddaepre@hflpyStrablysitdmaso 50t kigher, preferably
addi tives, or amounts typically found with the
at lgpt dARY higheg. propane i n propyl ene). [0076] Suitable
uent s/ so [ ri u
ol e RoLYERLS LRbodAETRG! SRAERISH ey g0 wmmothon
preféablygHa0oaod nhfral’g(tthﬁﬂ-l/hdﬁ&i, Ipréﬁﬁdbb'ca(ﬂ bﬁmfbr Sheds @smmol/hr, preferably
i sobut ane, butane, pentane, isopentane, hexanes,
50ﬂ98ﬁé¥@ﬁé@“ﬁ@ﬂﬂﬁne oct ane, dodecane, and mi xtures
re Y, I > S
[()dcs'ifI Ogﬂelx ar% ea‘% eh&tefa%ﬁﬁ kﬁgﬁ%ﬁ hfe ﬁg@%ﬁ% hgg Zaljc] ER #5000 g/mmol/hr,
prelfﬁhhlyl at Yiedso h&(p),t)@(h g[m@ﬁlﬁhltﬂpi@tfuﬁbls' dthease00,00@ Q/rﬂt&olﬂ&m preferably at
be found commer (I sopars z! perhalogenated

leaph OO /BYy @ﬁefa@ beatfiqaéb?rq Moy al kanes,

[O(ﬁﬁlor ekl eohl%@\gwgrl%t tdafs iandnale Wf)l%ylbt%ﬁp'éf'guﬁgs and/or pressures,
aromat1 ¢ conpounds such as benzene

such as from 25 to 150°C, preferably 40 to 120°C, preferably 45 to 80°C, and preferably from

0.35 to 10 MPa, preferably from 0.45 to 6 MPa, preferably from 0.5 to 4 MPa.

[0083] In a typical oligomerization, the residence time of the reaction is up to 60 minutes,

preferably between 5 to 50 minutes, preferably 10 to 40 minutes.

Catalyst Compound to Make Vinyl Terminated Oligomers

[0084] Catalyst compounds useful herein to produce the vinyl terminated oligomers

include one or more metallocene compound(s) represented by the formulae:
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tol uene, nesitylene, and xylene. Suitable solvents

al so include liquid ol efins which nay actas nononers
w@eooeassnoer s i ncl udi ng et hyl ene, propyl ene, BEDUS®AL)47953

1- hexene, 1-pentene, 3-nethyl- 1-pentene, 4-nethyl -

1- pentene, 1-octene, and 1-decene. M xtures of the

foregoing are also suitable. [0077] In a preferred

enbodi nent, the feed concentration for the

ol igomerRr’zation is 60 vol urp sol vent or |ess,
RPr€ eraldl y 40 volume % preferably 20 vol une %
0 3 f erably oHeri zation is run in a
s. [0078] Lafe additives to the

ROl i gQmer b.2ati on proces gN\acl ude one or nore

i 182 r educi ng agents,
gguninun1alkyls, or

. 079] In a pr ' enbodi ment hydrogen is
pres in the oligone a{ion reactor at a partia
Tpr eRsur eRdf 0. 001t o BO psify, preferably from0.01 to
25 psig, nore preferabuy 0.1 to 10 psig. It has been
foungthatr in the pr esent stens, hydrogen can be
R provi de i R 53 tivity w thout

si gn caFtIy i mpai 1@ ng Ralyst's ability to
uceNal I ylic chaj.ase ~Rreferably the catal yst
a/

pr

RAL i vi yJQﬁglculat%d agé lyst/hr) is at |east
Zooég;gh’r tRan the saffe R%ac 2M t hout hydr ogen

RF t, preferably 3% | o8 50% hi gher, preferably at
ea 86 [ 0080

% hi gher. mRth al ternate enbodi nent,

thgz productivity | eag+—4500 g/ mmol / hour, preferably
M5000 or nore g/ ol /h®ir, pRéferably 10,000 or nore
whatdmol / hr, preferably 50,000 or nmore g/ mmol/hr. [0081]

In an alternate enbodi nent, the productivity is at
Hfliebafniug®, 000 g/ nmol / hr, preferably at |east 150, 000

/ [./ hr, preferabl t | east 200,000 g/ / hr : :
cnch BHe iyt esdre s BomuBe Frotoronnm g pEREH iy gadicals having
frohfasfo 3§QaR4 éléﬁﬁ[ohfdgfdes,[ DRI, Fr&ligss QMlifides, phosphides, halogens,

I ZNg” agent s, hyggo s

o208 8

_oligonerizations can be run at typical tenperatures
dieapsd/ aminps, eplmspleisss, suledrs.asr far combiBatian 1500¢, ppefefablyabicthyl, ethyl,

40 200C, f |y 45 to, 800 f ,
prarbi g B g p ity it T eaBiity Bl fpdmay form a par
of Prgkeriaploy aktin@¥yHem),t o 4 MPa. [0083] In a typical

ol i goneri zati on, the residence tinme of the reaction is

caqhpQtis, ®deneindentyscarponedrer Ablcyoabunwereferdly €, 30 Brish(nrefsrably at least
on%r(ﬁ;ﬁearl %&%ﬁ%@{%@%qﬁtgg%ﬁggﬁ tvcv:g t(?ls %?et th%os%%ugrdditffoerel}/l?lflgteroatorns,
alternately at least three Q's are the same or different heteroatoms, alternately at least four Q's
are the same or different heteroatoms);

cach R' is, independently, hydrogen or a C; to Cs alkyl group, preferably a C, to Cs lincar
alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, R' may the
same or different as R%;

ecach R” is, independently, hydrogen or a C; to Cg alkyl group, preferably a C; to Cg lincar
alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, provided
that at least one of R' or R? is not hydrogen, preferably both of R' and R? are not hydrogen,
preferably R' and/or R* are not branched;

cach R’ is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl group

having from 1 to 8 carbon atoms, preferably 1 to 6 carbon atoms, preferably a substituted or
221 -
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[0084] Catal yst conpounds useful herein to produce the
vinyl term nated oligonmers include one or nore
woreioalissscene conmpound(s) represented by the  PCT/US2009/047953
formul ae: where H is hafnium each X is,
i ndependently, selected fromthe group consisting of
hydrocarbyl radi cal s having from1l to 20 carbon atons,
dri des, am des, al koxi des, sulfides, phosphides,

un B@g@\dscl ) é}xelgneaérﬂlmsgrom qplisrabls meshyeatyl. propyl, butyl, pentyl,
he>81q n‘ﬁF&a Iooc@rpg/ ?(%Vel&)ed IthCYﬁrr%Q{ Vit rfeasp ¥h186 eﬁshé djugg Q0 ynlo’t hydrogen

(al(eﬁiattcﬂfl If(ﬂirﬂf}grém are ﬁotl’lﬁ'ylrd‘g@ﬁ rﬁlt@rtﬁ&ﬂi fioé R& gfdupedreriodPydrogen);
or a rlg%%s stem% each i ndependent|y carbon or
{Alicmateby. ogteanthe spighet @mmgm@d into psedgo( kst b domp-elteomer then cach

R’ lés,gﬁgerpgﬂg%ngysa ogg} g)r ?lfaer gﬂrllttu%ﬁie%%r&%l%t%utg& h&?x%%rb \ roup having

er oa erna

froad 1| @®ast caibure etodss padferablie 1 sene carbodi bk e pteferably a substltuted or
het eroatons, alternately at |east four (Js

are the
ungbtugsd i 19 Erelicanailel gapwngyetcrkbn nrihyl sethyl pr0pyl butyl, pentyl,

v PIRIRISRN Lty W RSFR PP ot OS50 51 By, 2 cur

grotpb Iayd nc&tﬂwﬁoge@ raﬁ@yd leaktuing|R® geup W a Chexyk ,sulbbﬁlfltt@’d oﬂﬁnsubstltuted
he same or dlfferent as R2; each

hyqirﬁg@bg]r{@gﬁ@qagly qﬁwlstotﬁ/@ntl@@e ymjor fiye @g gaqquj Pregt th) Cg su'bstltuted or

| i near al kyl group, preferably
unﬁﬁgﬁﬁiﬁqbﬁ(ﬁ’gkbgbyl butyl, pentyl, hexyl, heptyl or

caddCRY ks, iptepundiadyt llnyi:tro@tn oreasibsatigedddr Misubstithi2d ity drebrbyl group, a
hydr ogen, preferabl bhoth of RL and R2 are not
hetig{pdiasy eof ﬁﬁe%rﬁbwﬁaﬂamanamp, Rectaieblyn gt sHhsHidebpr unsubstituted

SO S4B LPAPRRHET. 30 UGS S 4 o o

precfa*ablgra @ﬂommedmr elhﬁl“tﬂbiuyedlCI © G liamba .]rkyhgmnﬁ,, preferably methyl ethyl,
erably a substltuied runsubst i

prq%Yﬁéwylep@pa L hgxglypenty @P&Y?aﬂﬁbvw@@m $ny; ﬂwyh as ﬁmpfyphenyl) phenyl,

U | t

sﬂgh%l%ﬁlstéttu ?% (s 1{1&?12% CHzg rﬁguégislerg :Rg'isyn% tCl L ohgfg%cgﬂ)%\éﬁﬁ:h as methyl,

ah@amhqmmamﬁﬂymﬁmyb R3 groups are not hydrogen

R ka1 Urena kRTEGE an%éfabﬁyt bodnts F8brgligd ggpupopreforebly
i ndependent |y,

eﬂ% OB Ry BT AR MARAC IR ot e

R® Imyhiyctm@nbgrl a gr ous dayl grgup, rpnelﬁefabt}oa € @b tincatathys group, preferably

f bl
B e obitahsbRb Peuteerre F6Cef |1 noar al kyl
eacglr QU{% uﬂireﬁ&ﬁireﬁ‘tk?} %yﬁ?&g‘%ﬂl ored By ko CRTARY! ro %b@feralﬂ?rbt@l to Cg linear

exyl, heptyl, Ooctyl,” provided howeve
alk&l gmuBSpg:lf@alh@ raetkylnehyly bropgt, bajylf pmltleBexyl heptyl or octyl, provided

however that at least seven R’ groups are not hydrogen, alternately at least cight R” groups
are not hydrogen, alternately all R” groups are not hydrogen, (preferably the R’ groups at the
3 and 4 positions on each Cp ring of Formula IV are not hydrogen);

N is nitrogen;

T is a bridge, preferably, Si or Ge, preferably Si;

each R", is independently, hydrogen, halogen or a C1 to C20 hydrocarbyl, such as methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, phenyl, benzyl, substituted phenyl, and two
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groups are not hydrogen and at |east one R3 group is a
Cto Cg substituted or unsubstituted hydrocarbyl
w@ proefisssabl y at | east two, three, four or fiveP@BUS2009/047953
groups are a Cto C substituted or unsubstituted
hydrocarbyl )}; each R4 is, independently, hydrogen or
a substituted or unsubstituted hydrocarbyl group, a
het er oat om or het eroat om cont ai ni ng group, preferably
R" gaw doyst poyelecdstorctura udeding grasentisy apsiely Byturagede @p saturated cyclic or
Vi n rom1l to 20 carbon atons, preferably 1 to 8
ﬁmegnﬁ%%yalghs preferably a substltuted or
an&llﬁl&ﬁﬁﬁtpkddiﬂ@ﬂth@ afyotveS allju @R gdokps n@g%ﬁn apfueéeriaPloy multicenter
met hyl ethyl, propyl, butyl, pentyl exyl, heptyl
fused £ipe sysserpavhierqihe dinghay b @wlcaﬁafﬂﬁlé‘p%mrﬁﬁérw |saturated

[O%Enylﬁes{er%l "éug'sttltt)lﬁ%'t H}nglgsr ﬁla ¥1|b yd{@%e% Cg@gpg%%ﬁ% replaced with a

ocar
hy@bbeyrbyl ero@ Yh heRdatdm dme Ayte)oatdR® cbﬁtahly@g QERID. OForaep@mple methyl
ky roup, preferably a G to ['i near al kyl

cy@pm@adlqﬂeéﬁ@g &b (- Prespwy pubstigd with radp9qhyl grigty jand ethyl alcohol is an
tyl; R6 hyd G
ctFRREb Tt wIEBRORARE V' 2 O 15 OBl i near al ky

[00S6PUP, Inpin@fl%hﬁi@é ymbedificht, aeléayﬂ onepr@mhp ibHbtyhydrogen, alternately at
pentyl , hexyl, heptyl or octyl; each R7 is
1eai5tn‘éﬁ@p%n€@hlp$ gre 185 dwd E?@ﬁn ferigtaly af fagighegeldy) grgppuge not hydrogen,

0 f.argbl
alta{l?‘[ﬁ? @P %aytla fo ﬁr%p %gft’{otgllg}gi%é%e’g, hg%lllla{%{}ﬁep tﬁ g¥oups are not
hy@opl. , prOV|ded homever that at | east seven R7 groups
are not hydrogen, alternately at |east eight R7 groups
[0087E ndatiyetr euaoundy thaf Ae ejicwlpily Ryt Bupés wventrs include one or
mdvgdfogen, (preferably the R7 groups at the 3 and 4
p03|t|ons on each Cp ring of Fornmula IV are not

(1, Blstﬂmg@mhdeﬂyl)(penmrﬁdmgeyclopEntaeile@ybhatﬂgmdlmem@er abl y,
S |ndependentl

(1, MJrE@t&metﬁ‘ém@eﬂ)(a?ntaméhykcasclen@t%ewé@af%w , as
hept yl
(1,gg%lﬁé,khygﬁg%),(tegéﬁg%plcy {aé/r{tac%lgg%xk%mﬂg hylneptyl

1, Baneﬁhgrlnm@aygwehtameﬂtyﬂmwpeetadmﬁylpldafmgnﬂ[rﬁﬁhyll, c,
(lga tially saturated, or saturated cyclic. or fused ring

;I%lpwhlacﬁrayk)Lnepwg}eﬂryrlwméatatiﬁarl)%vum%n%ray acent R
S R RO A B B 0 1
1, 3&llﬁfe&tyﬁddﬁryl)ﬁtatralmaﬂl§@5roﬂyﬂ)@&5jpeffﬂaélehﬁlbhﬁlfmﬂﬂidﬁhd&th}alt ed"

neans that ogen grou has bee r.epl ced th a
(1 %édTraee%Wdae@Vﬁ&ﬁnmawﬂaé% Hadlispylnafpedpagt

(1, S B RHRGAHAR) (p EREm EXATPLEp FBIIHY ) hafniumdimethyl,

(2,7-Bis t-butylfluorenyl)(pentamethylcyclopentadienyl)hafniumdimethyl,
(9-Methylfluorenyl)(pentamethylcyclopentadienyl)hafniumdimethyl,
(2,7,9-Trimethylfluorenyl)(pentamethylcyclopentadienyl)hafniumdimethyl,
u-Dihydrosilyl-bis(tetramethylcyclopentadienyl)hafniumdimethyl,
u-Dimethylsilyl(tetramethylcyclopentadienyl)(3-propyltrimethylcyclopentadienyl)
hafniumdimethyl, and

u-Dicyclopropylsilyl(bis tetramethylcyclopentadienyl)hafniumdimethyl.
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cycl opentadiene (Cp) is a Cp group substituted with a

met hyl group and ethyl al cohol is an ethyl group
waususIsut ed with an -OH group. [0086] I n an aP@EUSNE047953

enbodi nent, at |east one R4 group is not hydrogen,

alternately at |east two R4 groups are not hydrogen,

alternately at | east three R4 groups are not hydrogen,

al ternately at least four R4 groups are not hydrogen

(00881 er lataal terate Fubeglimapts tf@r”éhrn@thywcﬂﬁeb@@rtranpmosmetal in the list of
Catgﬁlist cc)ﬁ‘? § éln?.? Ool.{]%dlg Ir%})g%tegneﬁlofg A a'h uI S L{a ldlc%iorlde or difluoride) or a

blsﬁh&m@lﬁﬁf)ﬁﬁbulﬁlﬂﬁwwé wetntaammdiwaﬁy @&t@m&m adi enyl ) haf ni
umjl mat hyI (1 "J Tet rat hyI [ ndeny

ALl |Make Vinyl Terminated

Ohﬁ % % D| t hyl i ndeny’\’\et ramet hyI cycl opent adi eny”~haf ni um
yl,

[0(|(8)D|],]3f Ditet thyﬂm ﬂﬁ@dﬁlﬂ@s@ peit adaeitht'C Y.l @ Hedddh ef¢rchangeably and are
af ni undi et

defined3o ey ﬁympﬁm&whl)cb st Betivatenaiycape| of plesneadaly ¥ wgmpaeds described

bR Ry REbing, g, Pt ST T SRR R oy CPisbill stiye coalyst
corh))&ﬁfdn tatfgnl Moaylimiting activators, for example, include alurnoxanes aluminum

3-Di.net hyl i ndenyl ) (tet r anet hyl propyl cy
alk@[so F%lllﬁl% PERROh artashumay rbétrﬁyqral or ionic, and conventional-type cocatalysts.

Pre(f%rrgd -Hv'agﬁg h%icgﬂ$n¥tllc)11§d%e n&lﬁﬂgﬂ?}\él Cc%ﬁlpg{?&ﬁt aﬂ{oaﬂlt‘/ed) halurnoxane

fopodrds) Rt hmhii ahiod ey dur{drestndigah iy ey abstract tive, o-bound,
0 %0 ent adi enylﬁlafm ?r?dl met hyl, (2, 7-Bi sa ST One TEREHVE, o

metalbﬁga}ndf Inoakie\thy (petat afwémnisﬁi dylélpmpe ARG dprevidingh af whange-balancing

DS R —
[0(§9§]f7 ingﬂd@fnmﬂiﬁﬂeuﬁrzﬁﬁMb):zﬁféeE]dtﬂﬁﬁirméE&ﬁﬁh@&ﬁ At agdi &dtyhtor in the
af ni undi net
catplys) w@msmomwzlbn@@@@s rasgreerteyd Ly gopanic sempayndshesnirining -AIR -
dieth
O- Su unlt%/ ﬁxg/ eLe By S (atneatlkyéll Igequlli)ylExamlp%eg eorg ta Oexﬁ,ll}?s)l{l%lu%er glg‘g/lﬁy%alumoxane
(MrAlOBEtrhNdhﬁy@ | ap@taasheapt ) (MIfAD ) rathyrefuhdkancaRfd isobutylalumoxane.
m Di cycl opropyl silyl (bis
Allpdelogwsensy| enel apétﬁeéma@ﬂ%lyrnaxame@ rr@rerrétuha,hle [m%}alxsﬁ activators,
t er,nat he ' h e
ft%r@%%@ Vi II%% tﬁ%ﬁﬁr%gtag{%q egarla an ?ﬁ(n?%a?(éieg taﬁ(C olc{eoo&n ide. Mixtures of
difedaent @ hirfoa@pd ackshodificd aurdbuaks ﬁﬁy(a&?ﬂdﬁﬂib @é‘eddl Dth:h@}l‘ bél@referable to
or difluoride) or a bisphenoxide, particularly for use
usquidt Hiswply af lesfomathalabemoxaae o, claedy watasHed afmoxang ean jbsnfiltered to
pr EQ %dcc’le;rogo&% '&’%ka?%‘i‘[ﬁﬁ&&ﬂé &R ‘t%alfigca}ﬂe'ayﬁom the cloudy solution.
er m nat ed oners
Another alumoxane is a modified methyl alumoxane (MMAQO) cocatalyst type 3A

(commercially available from Akzo Chemicals, Inc. under the trade name Modified
Methylalumoxane type 3A, covered under patent number US 5,041,584).

[0091] When the activator is an alumoxane (modified or unmodified), some embodiments
select the maximum amount of activator at a 5000-fold molar excess Al/M over the catalyst
precursor (per metal catalytic site). The minimum activator-to-catalyst-precursor is a 1:1
molar ratio. Alternate preferred ranges include up to 500:1, alternately up to 200:1,

alternately up to 100:1 alternately from 1:1 to 50:1.
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[0089] The terns "cocatal yst" and "activator" are used
herein interchangeably and are defined to be any

W@ 09pasast7 whi ch can activate any one of the cap@l/ys1009/047953
conmpounds descri bed above by converting the neutral
catal yst conmpound to a catalytically active catal yst
compound cation. Non-limting activators, for exanple,
i ncl ude al unoxanes, al um num al kyls, ionizing

[0092] i vahlrinumtlied ovesretoaheninuml Compauods evhigingay be utilized as co-

copvent i nal-t e cogat al Prefe act vato
act%v qr%al | (9T nCIS 8 & mxat}/nczuciéonp (‘%rrr]l {hy%‘ij {rlethylalurmnurn,

tm@éwﬂylmﬁﬁmﬁ@ MBI AESlal@mehuing mﬂlzleylamlhﬁﬂmﬁ raﬁ@ tlfeSCkTe
conpounds that abstract one reactive, s-bound, netal
lonizigg AgtingiRisng t he nmetal conpl ex cationic and providing
[0(@ gqugrl?}gﬁ It%xﬁlléhallg (r:ltlhg %cgf%%ggiig: 121%%1'1&120%69 ] o\é\ée%n 1¥mzlng or stoichiometric
actalatitDXANR JE Idnv@hed-So@tRatih A% bihid® dandefidd ag tUSEN 02/14R 663, filed on
the catal yst conposition. unoxanes are generally

Junst 2@o0RO8) sudoapbil r(@é)utryéhﬁlamm@l totrak (nenta@wmphenyl) borate, a tris
re AR R, Btk PSP e AR fporon metio

pro¥etsby, |pal}khﬁlb>gaﬂit&ec{ ﬁ%@)oraﬁ& byibad OWOXE8143%830 boric acid (U.S. Patent No.
i sobut yl al unoxane, Al kyl al unbxanes and nodi fi ed

5 9&2@%@@9@3@%@&1@@6@%. It waleo withinghe pppe o Eis {nyertian to use neutral
or plgfltcl gé’{ F OXI ee 00% hlglmggrégfnﬁ}&f%@é la{h?rﬁ%gaﬁ]]p o@q?@dlhé(d "alumoxane

acta}awrpxanes an@rofadblyi ed glcunoxasestdray aisso baN, Nsdehethylanilinium
may be preferable to use a visually cl

tet%tsmﬂrféwmpé%é) ortdl Slbiydigethyeaniladum (ke Bugrobighenylborate,
N, 1(1 it gﬂlnhﬁmmlo%hgg Kl %?-e‘bgs“(l{rlfﬁl%t étﬁﬂ Iﬁ{eggll) %'1tet itélﬁ)henylcarbenlum

| umox can be r om
tetv%m(ﬂwﬂuc&bmng&nﬁrata a tﬁphhlfyllcﬁdodi’(ﬁtrﬂﬂyl tataltivopeafi@orobiphenyl)borate,
(MVAO) . cocat altyst type 3A. (comrercially avail able from )
tﬂm@%lceﬁl?@wv@aﬁg ELINEN 5 m#&éﬂuqrﬁ@e&hwaal@nﬁ RheraigpdP¥ i Eighenylcarbenium

tett%g{s@%%&%?ﬁt)%%%u §% ad il a?qacﬂm&rs &gﬁff rhteré?ﬁ' nf?l@crtse see USSN

en t act 1 vat or
12/aHBsoX diled onbaticf10e80@. unnodi f| ed), sone enbodl nment s
sel ect _the maxi mrum anmpbunt of activator at a 5000- foI d

10098 ar Biec dwicall NMatoisHVARBLC Ay S STORFWE uFAEr Iy Ferd -1 molar ratio.
AR pfdlRld b eé'u&c%lde 06 G117 Moo:1 ajiernafely from 0.5:1 to 200:1,

activator-to-c yst-precursor is a 1:
alténhbtelynfad@ pi ed 60@ édalﬂ‘eﬁmgﬂys fiopcll ude 19P0110 AQﬁrtiQularly useful range is
alternately 200:1, alternately up to 100:1
fm&}QérlrfatIQl PF‘E?fﬁlPII 1i1fo>:50: 1. [0092] ~ Al umi num al kyl or

e&?é@%%\:lﬂétﬂ)‘ﬂ lif A s Whi ch may be utilized as
Y

rs) include
[00951 metlhydnathemembodlintent etchfphetiamaiizadngand optionally derivatized) propylene

ol 1é($rlpler§ oa@gt;g;:)]gr gt}rg %Hﬁe%% gloioﬂggq%éqgl lrulrjlrcglon#ahzed co(oligomers)") described

herein have less than 10 wt% allyl chain ends, preferably less than 8%, preferably less than
6%, preferably less than 5%, preferably less than 4%, preferably less than 3%, preferably less
than 2%, preferably less than 1% (relative to total unsaturations as measured by 'H NMR,
using the protocol described in USSN 12/143,663, filed on June 20, 2008).

[0096] In another embodiment the functionalized co(oligomers) described herein have
less than 10% allyl chain ends, preferably less than 5%, preferably less than 1%, (relative to
total unsaturations as measured by 'H NMR, using the protocol described in USSN
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I oni zing Activators [0093] It is within the scope of

this invention to use an ionizing or stoichionetric
W@eaoastser, neutral or ionic non-coordinati ng BEI/OR200H6847953

defined in USSN 12/143,663, filed on June 20, 2008)

such as tri (n-butyl) ammoniumtetrakis

(pent af | uor ophenyl ) borate, a tris perfluorophenyl

boron netalloid precursor or a tris perfl uoronapthyl

1284p.6h3.mblasl Poi tingr A uPdBY;, apllghaliegeHheds vinylidene unsaturations,
et er qhor.ane-ani ons 43983 oric [ U, S,

profg B ORGSRt al B b Rtfaps as measured

byalis ANMIRYhiaAdohdescana 06%t inglcendvieRbiugions, peferBigit lad than 5%,
or ionic activators alone or in conbination with

preferabiydassethe 1hpdicldtivg tatefpbyzsairaions wa erasuregbat Er BHIR, using the

proitg(ieorl gl‘élgdsr}(‘o%é%l%%@nl%ﬂﬁ%b%ﬁ%{%% T, 2008). No hydrogen or chain

traib i/ @irBhiot @funt Bidulthbe used during functionalization, derivitization or stripping

t et raki s(perfl uorobi phenyl)borate, .
(ofp{;’nﬁﬁa@teﬁé{lq{w for meayprement of unsaturations.

raki s - bj | fl.ugro av] ) . N :
O3] s P T TR S BB g eents o
prdp\y:lemE,e rﬁm}o@iaﬁzkgegt:oupﬁ et opKosdligeethlyleae obinteanydly bOs aldins (such as
_ triphenyl carbeni um . o
ISOP@WF%RJ spwadiens;, s priyitgney opis et by tisHEn b6 r o e  functionalized
| I c ' t et ' e . . .
collipBAGRY, FRNGALITCY G SPLRE SEP GOHEHERN Bl 30 (e funcrionalized
co(dbgdindiz). 143]t6tmatelyf iibcdaitydéne] N guBantid0Q8abse@084in e functionalized
t¥pical NCA activator-to-catal yst-precursor ratio is a .
co(pligomersyy Bt substapfiglly ghseat g ehesit dfat disg 80NPRET ygepresent in the

. 1 - ok, oy t ; 0
o byt 00 or LS SRR L0 S0 1t Ry 0w
[0008D0: 1in ahophar tmbodiaichly this@fmber ol figetiopalfgrowpsAs prckertat 0.60 to 1.2,

10: 1 greferabu%mlgl to 5:1. Properties of .
altergpfely Brialtp Zed fenqtigaaegioupp 0o phain (Bishrldy assHsoiag h#tMn has not

alt%%& b lurﬂ&rei tﬂ{ﬂr?llij‘%e% é@f;}%r@cp{d. g{é%hyoﬂﬁé :oléig{)eﬂléregt) co-oligomer prior to

ropyl ene oli gomers and propyl ene- et
furctendlizgtiore msd (optiomdt depivatitazied). c Awwhbagafefusdtignal groups per chain =
descri bed herein _have less than 10 wt% al |yl chain ,
F/MRgas dﬁP’é’F@?‘égb’yH MR a5a00llgws: Phefnstrameyt iedsisih4¢0) MHz Varian

0 | 0 V| . 0
puﬁe/ﬁ ffwrfefr &t 1}0¥m ﬁﬁg}]% %/g]roﬁlé}efrpé' %Bﬁ)%&h}l/l}fh a 1af)%?/tgém%e/9ature proton

preferably less t prefer | ess than
detpetédreprabt pperetisg bthE9°C % Theadaaipievis digotvet ah 1,1,2,2-tetrachloroethane-d,
' r.ed Q{ 1H NMR _usi ng

(T‘gﬁfﬁ& Digdaen Buatend iser 1pmasosyR b Brmsefesmis has less than
OB gPonar 8ol AP B RSB Pinge i gremical shits i
thd WVR speenrudh)% Akduisitioh phnnmemas arcprascewadth y 48sscqubsition delay= 8 s
an(? (;{%mgéreg srcglkl)slzyliOe.S%hgrgﬁzgl g'l?i/%s gl{ee e?érirn\{gedt r%lative to the residual TCE-d,;
signal which is set to 5.98 ppm and residual CHCl;. which is set at 7.24 ppm. VRA is the
normalized integrated signal intensity for the vinyls with shifts between from about 4.9 to 5.1
ppm. VRDA is the normalized integrated signal intensity for the vinylidene resonances
between from about 4.65 to 4.85 ppm and the vinylene resonances at from about 5.15 to 5.6
ppm. IA is the normalized integrated signal intensities for the aliphatic region of interest

between from about 0 to 2.1 ppm (IA). The number of vinyl groups/1000 Carbons (VI) is
determined from the formula: (VRA * 1000) / (IA +VRA + VDRA). Likewise, the number
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total unsaturations as nmeasured by 1H NMR, using the

prot ocol described in USSN12/143,663, filed on June
WQ@0926638) ; and | ess than 10 wt % vi nyl i dene  PCT/US2009/047953

unsaturations, preferably I ess than 5% preferably

| ess than 1% (relative to total unsaturations as

nmeasured by 1H NVR); and/or |ess than 10% vi nyl ene

unsat urations, preferably | ess than 5% preferably
of [versdidemagk mylf(neegr@ups/é 0t eorlagns urYax r éﬁtﬁmngechﬁom the formula:

VBB B0 AR YR STRAPYBIE S SRR MR st

sigfiil ieRatiflcd maRs tdmicelrifoadeicl deest aRheuivh ﬁ%a%ﬁﬁt@ed assuming one
durlng functionalization, derivitization or str|£p|ng
©

ungagfraig é@r@f@@ Db AbgRmMT chain. ﬁé@s&ﬂféﬁ%g/nml)/ (VI+V
AT SAE B3 RET shRgPESY BRFaFTFRRLEER e gp acmin o
res@ﬁzﬁﬂyé/elfb@mceﬂtmﬁt téglftﬁis Tt ﬁu@ﬁdnzﬂ@rb@ﬂfﬂ Hater@iiny %ﬁﬁ}ctlonahzanon
Alternately C olefins (such as isobutylene, butadiene,
Tonddy a@,eﬁféyatatnh@ abaes t HMNME IpyocaBersrn £ridennt sanple of the functionalized
(0] | n "
o 58 ST LSRRI AL EF Rl A0 "Rt o e

Sadxr oG uidenter NMR Apcetraratedl WilkahuWylt@n8iméns, published by the Sadtler
substantially absent fromthe functi onal i zed

Regesrd L@mféﬁogfys B/ Zs s stssistangg 1y detpsmring shorshidk regieps for specific
/
fu@'BS JRASIR! 1 I‘h% nglgn@ 2E0F n@n&{lﬁ épdgpmf@b (e @sf OB 1 Rb)/( FA + 1A
+ViRefrevBRIAY, a!her@ A %nc[rﬂﬁﬁ&]d infegeaned kignalanteasitie®int the ttheémical shift
nunber of functi onal rou resent at 0.60 to 1.2,
region efr the fugiciiognl 'gsmpoa \?ﬁaét VBRA a1g1as dpngdetborhai n
[0(‘1 Ef efée?)péé% ﬁ?l(s)cﬁgtgarl{e} tlélb 8# hh%%ﬁ]fﬁp at P&Loltlls(@(?(ﬁe +W)e The number

of cmybgﬂogpsmoowarwns (o) ung huebadl éfadiylRienagdupl G)(llh@lrbons (VE*) for
derivatization). Number of functlongl roups per_ch

the—fup:lptmpa iged g]égqpq‘,ﬁ a}{@dietﬁ]*mqu ake BN pectgeof the ﬂlnctlonahzed
oh%&ﬁ&r 1P "ﬁ?@§ Qnﬂe? 004 szo}/ﬁlrelﬁgnﬁﬁkﬁaﬁgefi 8Hé$rﬁ r Preferably the
rans orm sp ect rorre er equil a var
pertcemtpf&ncatoualezambﬁbﬁ thedgtigeaic 37506 obmmp erefitrablyg {800 dr&@ﬁ preferably
anple is dissolved in

90% crr TQOTQ»RféfeF?’é’&Y]?%@&éﬂ%ﬁe d2 (TCE- d2) or CDCl 3 and

stgrr s l *
(010817 I8 FEickRl Gnpofiniiihd, 2001 ! U8 s0(INCYER) HfRrably F + V1
+VESNE i%ﬁ(&kﬁ&sVE)’)apre(E@alH)lgi R havigfe + VB >c((b7ﬁ((sfa+ \ahy).f rsfekably F + VI*

ui siti Qn parameters are

t he NMR spe . ul se
VGO el Pistr N b8 AR SFEpfDroferably F -+ VI*
t t %
ﬂ%ﬁ:gr%gg% uaI %Eb%?ér gnal [ chgfegeget to 5\%2 ﬂr\éf&ratbq)y B

+Varid> (@95 @ial VENChRferubly dh+i €I*seVEAL .24 Vipp IVE))/RAefeSably F + VI*

t he nalized integrated signal intensity for the
+V@?ﬁ?ﬂé5%QQF §ﬁ)fts bet ween from about 4.9 to 5.1 ppm

(oY 11 %n'&%e? UiFBLing R thD RN BhAL T B okt S8 tapriRhted by the

the vi ene resonances
forrnula
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bet ween from about 4.65 to 4.85 ppm and the vinyl ene
resonances at fromabout 5.15 to 5.6 ppm IAis the
wmorogasisted i ntegrated signal intensities for RPEEUS2009/047953
ali phatic region of interest between fromabout O to
2.1 ppm (1 A). The nunber of vinyl groups/1000 Carbons
(M) is determned fromthe fornula: (VRA 1000) / (1A
+VRA + VDRA). Likew se, the nunberof vinylidene &
vinyl ene groups / 1000 carbons (VE) is deterniwed from
the formula: XVDRA 1000) / (1A +VRA + ¥DRA). VRA, VDRA
and | A are the normalized integrated signal ‘.
intensities ip the chenmi cal shift regi J)ns def i ned

above. M is cel cul ated assuning one t ur at ed
000 GrOURAREr S gORpr  Chafmadvin (¥4, ol )/ (Vi

+ VE). [0099] After “the oligonmer in questionis
functionalized it is necessary to deterni ne the
resonances/ chem cal shift regions of the functional
whgrouprdeter mcpies@bts olngoniawalcp-odiginen. To do so,
re eat the above 1H NMR procedure on a clean sanp
OF & FNCTIONMA IZF APl pmdéér%é}eaﬁtém@ X {reshiagtiong! gonpy y Refl functional

B G TP TS, PR o s

incBidednrssroqaoitl doﬁfaﬁdng)grombewﬁaﬂ:tthe hetBeaat cébmprises Si, P, O, S, N, Br, Cl,

Laboratorie 972 far si stanc determ ning th
F. [jrq ot BolIeRELHON: Opllard ot Phrfter By Ningigps). Fgicularly proferred

f | I
fuIﬂ:H O)%r?ﬁp’:sAéfE %IEIKQ@% IgA&ﬁ Wﬂ Q \Aﬁselgle & %Cl%-so %Etgsl %Ié C?fdrldes acid-
est'enst egyatlaohyss gaglonylst éorsiyls, efsrmyicarbenﬂhehnydr@tyls harfdt acetyl halides.
on of_ the_functional and | A,
Pala@ul&élv.m%farrs Gipstion gieyp T Tredvdesshipss @H%?%%Y Elg%éﬁﬁul&f -C(0)-X%,
whiehe 1 kﬂ‘i’m%ub'le(lgoﬁdg% )tjo( ﬁ'&vt El}éz)the e n llﬁ _elg,f ni‘(ﬂo@é(ﬂ, hydroxy,

groups/ 1000 carbons nber of nyl'i dene
gtywlumtlﬂ;@(ﬁ@gceﬂthbgmyg%*the ﬁa:lt nto[‘fﬂ!y f—OM:Wihe]ra:ai M esch metal, ¢.g. alkali,

r are. determned fromthe 1FI ctra of
alkﬁl]?ﬁ%? atr%nz@&nomﬁﬁla ROPPSh Zmeargda??@ ﬂﬁn Vhteroy: gaﬁ)dE wherein Z
repY&ch®r a tRErIRbMNGhdnonal vasshoPhd B8RRI -su 1Ef GhRR! HetbRGom may be

per cent functionalization of the ol igomer i's 75% or
submpituged prithf lgdadxlayby8 @¥ooayhydroeyrbydrgrbersabl ywe @efylogronpy may be joined
bly 95% or nore. [00101] In a preferred
thr E‘I‘n@b@%ﬁe F+ VI* +VE* > (0.50(VI+ VE)), preferably
[0(ﬁ03]0V| ﬁref@%ﬁ fﬁn&tgrngpélwuﬁs \A@lﬂdl:e E’Jﬁfﬁ&g}%l CYGI‘IEed- ern rﬁo\fgunsaturated

E)), preferably
rndﬁE)o)f dlqar‘t&fxgha béigts Endithelir derbdEves; e( cB8O(s\dnd SMB) )

o0 705 oy oD BRELEY St i

ma@é?la? SV atidviRhi drﬁfeegﬁtr é‘tbalc){d Estdr Mk preftiESd, Ind10diRS (M thaction product
preferab¥ * +VE* > 6) 99(VI'+ VE)) .

of the ohgorner with a rnonounsaturated carboxyhc reactant comprising at least one member
selected from the group consisting of (i) monounsaturated C; to C,y dicarboxylic acid
(preferably wherein (a) the carboxyl groups are vicinyl, (i.e. located on adjacent carbon
atoms) and (b) at least one, preferably both, of said adjacent carbon atoms are part of said
monounsaturation); (ii) derivatives of (i) such as anhydrides or C; to Cs alcohol derived
mono-or diesters of (i); (iil) monounsaturated C; to C,y monocarboxylic acid wherein the
carbon-carbon double bond is conjugated to the carboxyl group, i.e., of the structure -C=C-
C(0O)- (where O is double bonded to C), and (iv) derivatives of (iii) such as C; to Cs alcohol
derived monoesters of (iii).
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[00102] I n another enbodi nent, the functionalized
co(oligoners) are represented by the fornul a: where

WO eppasent s ol i gomer or co-oligmer X is H or aPCT/US2009/047953
functional group, provided at least one Xis a
functional group. Useful functional groups include any
of the functional groups described above. Preferred

functional groups include heteroaton1conta|n|ng gr oups
[00419&} e Sm@bhewﬂ@laqt@dna@@mmﬁe@@b t@rw@wh@h 8¢ tNe UBrfuncmonal groups,

f bl
1ncll:1|1,dgfa0}’yglbc| %?lckl é RS % g eﬁ% cp)l mﬂma&f i1y ea]@léir P Fia dalc anhydride, fumaric

ac1ﬁuiﬁ£dohﬁrh%|1d GaboHIS aﬁl{ﬁlrﬁ@ (ﬁﬁrﬁ@ﬂlcf £ c‘itﬁ%oﬁfc%ﬁydrlde mesaconic acid,
conS|st|ng of acids, esters, anhydrldes aci desters,

gl@@p@@rm)qhgom@g],eyowa SaCOfl@ﬁWlds crqtgmmap@amﬁ‘@W@rgtomc acid, sorbic
y X d | . h Par r

sl SRS 00 50 B0 SR AL SR B ELE! B

and QoW adk 1-(@@0)31 I C, g heacidestéss io$ tistofobd @iy I@Cée@le&l@ltrﬁ‘tﬂeate ethyl
C and the I's hydrogen, n|trogen hydr oxy,

furgacptey aevhfyaracecty. astcalarly Rizgen arq the u@éatvraﬁﬁu ch@ayboxyhc acids

an(% %‘g@? (Iﬁ \Qs I\% g?cuﬂgﬂggl% c acgdI %%m%%&b% ancﬁnlé%’cl aﬂl%ygréﬂ !

[0010% et[&é&ra‘tﬂ’y Gat - [Qadd ME‘WE% NoZ theupshhhzed bet®@ieatiad propylene
such as phosphorus boron, sulfur, which heteroatom ma ¥

oligmeyiy 198 tHr@RI -Gy ﬁn%wphmwar%fep@@@ywy@ ey both of the above

forﬁﬁxga%g tergﬁte g8 g’%}/?a %{:t o, %ﬁ[g ‘}é})g %t lje%lt %?ﬁxdtt’ e,rb%gfgpulggﬁ t)ne weight of

the@thﬁ&tttfhaliﬁrdl oreldrif it peopeluns alidoate br Fspidde-cthylene co-oligomers.
di carboxylic acids and their derivatives, e.g. esters

[0MAd] s dntagothpoembedimget thisdpecatipn datesyto: of i goner

1. ];Tg?g P%%@’As' t%eﬁmx\ﬁchﬁg%) 29%)91 d%ng d:%a(;l%g)ﬁ& rn%ﬁk gg co%ltacting an alkene

meﬁt@esiﬁ’@h&!jﬂt @\dth 4 hetbrodiong cdtﬂﬁnfn@aﬁltdne Ang Loaoistieref co- dSl@orner having
i a nmonounsat urated cayboxylic reactant

an et S0 20 PR mobres menBERd $61 4L OMR) KOmTPREEgHb i 90 mol%
f 0 1)

515, 800(Ad EPOHIBALAL R 8 4R o 0 ot c

endyr (@elﬁ)ﬁvafoetotall ahslratidrs),ewhdrocBt ¥ & E0.94dnateh ethglmb dficorporated) +

atons) and %b) at | east one, preferably both, of said
10Q)q vag)@gn]to ©q (})g}pl%&t‘l@llg}eelsﬁgﬁqenbfn the ¢p- ohgorner and 2) X = 45, when

der ( -
o TRIOAIEQ) K100 0 STV AE bl e LBl By nd 3 X -
(1.83* (m()la%( ¢thylpnérimeorposatd)r-a3 e avhed 70ao CDOnatotoethylbmxisl present in the
aci d wherein the carbon-carbon double bond is
C“@@H?ﬂ@éted to the carboxyl group, i.e., of the
structure -C=CC( O) - (where Ois double bonded to C), ,
2. and The pyocgesr ofvpardgrand bivherein the siligpmashasimerg tieg Y% gHpl chain ends
@e%%ve¥Q%t usaum,éﬁ of (ii1i).[00105] Suitable
dnsaturat ed>4 n&terials t hereof which are useful
3. f umﬁlle %?oaclessgofo gﬁagraph 1 wherein the oligomer comprises 15 to 95 wt% ethylene

and has more than 80% allyl chain ends (relative to total unsaturations).

4. The process of paragraph 1 wherein the oligomer comprises at 30 to 95 wt% ethylene

and has more than 70% allyl chain ends (relative to total unsaturations).

5. The process of paragraph 1 wherein the oligomer comprises at 30 to 95 wt% ethylene

and has more than 90% allyl chain ends (relative to total unsaturations).
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include acrylic acid, crotonic acid, nethacrylic acid,

mal ei ¢ acid, maleic anhydride, fumaric acid, itaconic
wa@eoodi1sistaconi ¢ anhydride, citraconic acid, ciPCHUSWY047953

anhydri de, nesaconic acid, glutaconic acid,

chloromal ei c acid, aconitic acid, crotonic acid,

nmet hyl crot oni ¢ acid, sorbic acid, 3-hexenoic acid,

10- decenoi ¢ acid, 2-pentene-|, 3,5-tricarboxylic aC|d
6. ci nAamreccacitd, fu@ﬁwnﬁléme pm@wl@yﬁ qligogner ompsismgarataqting an alkene
me?a&%}eds eS%ES Wlth a he e{rﬂe%r l?rl%%,?[‘lal % a@(ertle an t%ro?@hﬁ 8 ?%/orner COl’IlpI'lSlIlg

moé ﬂfaﬁrgt)&ﬂol% protpb&nbl asdldds aiaad 0dhels bidxiehe cviagbid sh@bligomer has: at
their derivatives, especially nmaleic acid, fumaric

leagic93Yo Ml phaiecedsaanyn jofebo td@ﬂd@]abw@(bﬁ?@og/w%t(as waagred by 'H
Nl\gﬁ %%%%ut;gl %a[nu&l tﬂooa{l@hf ﬁv?rﬁrl 1g)e¥at1¥aotf4 ()Z§‘ii 8 rlogyi BMfnd less than

gonmers or propyl ene-e OITEeT S
140@p@ﬁsﬁmmﬁ@ﬂby one or both of the above fornulae,
alternately at least 95 % alternately at |east 98

7. W %A BaRRsk ¥ IndtRaNR ?fbtp yRie t Q18rohidd Cdon@RldeZ 86ht@dting an alkene
derivati zed propyl ene oligoners or propyl ene- ethylene

metashasis qgoaipst svith[ﬂ@l@@'qtommoammg alkembami aupnapylehg gligomer comprising
rel a es functlonallz

ot |57 R BB e A P R BortbeT PR S Sigomer has: at

lcaB®BOEW, "B/l Theiat eEHdXSMnV\bF Bbcut h%bQBO‘ﬁJoQMGQUQ ag/ﬁbln@s measured by 'H
al kene and a propyl ene co-oligoner haV|ng an M 300

NMRB), 3mdoa0isghbuty! cl@als ene a@ whglic ty}nyi Iﬁrwmatlompr Bdi tnvgl 30.0, wherein
t 90 | %
BB T PDBT TB oA ks S5 StesThed e & %{%m%nds

(relatlve to total unsatura i ons), where:

(- 0/9RTQE &opBRdiinglive Py sroalta@ er +00fm§55mgv\ﬁ%1ﬁa0£ﬁlg an alkene
meg?fri:lée@% Jépilfs%/%%e@&gatbﬁl cﬂ)ﬁﬁaff‘tﬁﬁ% alifnd 1R é::]lg‘e gill' ﬂ‘ﬁg‘?éomer comprising

= 45 en greater t 60 and
at lraste?h by Ipeoyyyléins, fmfns@rhttom mbl&o cthyteink gordefromaht t8) mol% C4 to

CIgg %’ i éwrm' o et@% %eﬁt'rlgégrﬁ? YE ﬁf)éaﬂa sn%ﬁ @E%ﬁ%tﬁly 3 least 90%),

an MiEoPSREESS0 R atRf ?@0@@@/11?01"@? ERbQrE Gy Ol 'I\Q\QK? ranti%ﬁ isobutyl chain
nmore than 90% al 'yl ‘chafn ends (relative to tot al

enditvsalylic ainyb gsup ratio dh@8grtodessl.@f paragraph 1 wherein
the oligonmer conprises 15 to 95 wt % et hyl ene and has
9. NOr e\ tpt’diﬂssf;@c%fahdtwnalmabfbp@mﬂs dli‘g@hﬁiri c\b@nﬁrmngt:@itactlng an alkene

unsaturatlons 4. The process of ]ygraph wher ei n
mefailesi Gagrby @r%t@maaon@@n% a@tsnw ePRYY leproligpimer comprising

0 i C t ot 0
o BP0y 00 Wl D, 08, 8 e 0, o
whekegn dlel (JigoBicr ByTpt lea@ 9084 alBd chain¥ndwtaoNh loy hene 150 to about 10,000
g/mol (as measured by 'H NMR), and an isobutyl chain end to allylic vinyl group ratio of

0.7:1 to 1.35:1.0.

10. A process to functionalize propylene homooligomer comprising contacting an alkene
metathesis catalyst with a heteroatom containing alkene and a homooligomer comprising
propylene, wherein the oligomer has: at least 93% allyl chain ends, an Mn of about 500 to
about 20,000 g/mol (as measured by 'H NMR), an isobutyl chain end to allylic vinyl group
ratio of 0.8:1 to 1.2:1.0, and less than 1400 ppm aluminum.

11.  The process of any of paragraphs 1 to 10, wherein the oligomer is a liquid at 25°C.

12.  The process of any of paragraphs 1 to 11, wherein the Mn is about 500 to about 7,500
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and has nore than 90%allyl chain ends (relative to
total unsaturations).6. A process to functionalize
WEe@pgssne ol i goner conprising contacting an aP&ENS2009/047953
nmet at hesi s catalyst with a heteroatom contai ni ng
al kene and a propyl ene ol igomer conprising nore than
90 nol % propyl ene and | ess than 10 nol % et hyl ene,
wherein the oligoner has: at |least 93% allyl chain
g/redlgthe MW invh,089 ttablmm 26,000 genalbng: the 09 @beutng00 (Eé@mately 1700) to
1H NWR), an isobutyl chain end to allylic
abom%%ﬁb E%Olratlo of 0.8:1to 1.35:1.0, and less than
140 pmalu num .7. A functiopalize
135 039? GHES1 PE G F EBREFPG g dortaecei e AICHY Riuhesis catalyst is
repqgsgﬁttea%lt& p@hﬁhyg? W th a heteroatom containing
kene and a propyl ene oligonmer conprising at |east 50
m)l %or opyl ene and from 10 to 50 nol % et hyl ene,
vvherel n the ol jgoner has: at |east 90%allyl chain
Vh of t 150 to about 10,000 g/ nol (as
measM 1H NVR), and an isobutyl chain end to
aI,I/?nlec vi n)_ group ratio of 0.8:1 to 1.3:1.0, wherein
rs havi ng\four or nore carbon atons are present
at frolm0t03 A process to functionalize
pr opy ene ol i go ﬁ‘[gl sing contacting an al kene
whegt-at hesi s cat al yst W th a heteroatom containing
al kene and a propyl ene oligomer conprising at |east 50
M mod GsqupFopetehe, from 0.1 to 45 rml%ethyl ene, and from

X %%cg )glgelrg,l glglgjs/gngg@} Ygﬁ%ﬁangq{g% :Jllréglﬁcﬁh 3t gaglge{y;g%?e&ﬁed to form a
diah % gB@fhnd ﬁﬂlyl\fﬁrrﬁfsm @Mﬁg o0 ¥&3@Q&Uh¥@1@%&pgoﬂl/s Pk multinuclear

(as neasured by 1 and an isobutyl chain end to
rlnalsywrn@fupithO g@mbpdmam gomws, 0.8:1 to 1.35:1.0. 9 A

L %@ﬁ?:%?s i‘nit;:] raé néltelggﬁalll Iprél%eog EI%/AS gltaglbty“g?lg% Hif% a smgrlg ring of up
to BEHI-AAOIREADIS 0P A1 UCRALIAR R bORY | T IBRE atoms:

conprising at |east 50 nol % propyl ene, fromO0.1to
L agdoX émawybeemnedatn domt el’nl@nlatq B10BOFHOIYE @r@xpeandvm@r ﬁqrm smgle ring of
O% al n e )
gy S0 Bt B9 FRen Boms 8 @585 1Y SRR oy rben atoms:
L' NYR)X' @i ba _}01h§d3 I Fotn @ﬂﬁilﬁhéﬁ%e foonahhiyhic C gtoupYnddhBH Porm single
ratio of 0.7:1 to 1.35:1.0. 10. A process to

ring @hop i@ AR nPr-aydiogpy hiems diermdiingdess ringawpiensting to 30 non-hydrogen
contacting an al kene netathesis catalyst with a
Oﬁl& er oat om cont ai ni ng al kene and a honool i goner

R &QARTdrs, Ilﬂ@pEﬁmmky EmRiro ¥ €1, o ThEsuBktitdRART uhbsti@ted hydrocarbyl;
| east, 930/%all chain ends, an Mh of about 500 to

R' gind s’ @r@ngmmf(da@ fremsyingle g afHiNRPO ngR-hydrogen atoms or a
mult%r?u%yea){rmg E‘ﬁ‘s'te%g %o 3(? Iﬁlycﬁrogelnna}{omg 24P
R and L or X may be joined to form single ring of up to 30 non-hydrogen atoms or a

multinuclear ring system of up to 30 non-hydrogen atoms.

14.  The process of paragraph 13 wherein M is Ru or Os;

X and X' are, independently, a halogen, an alkoxide or a triflate, or X and x! may be joined
to form a dianionic group and may form single ring of up to 30 non-hydrogen atoms or a
multinuclear ring system of up to 30 non-hydrogen atoms;

L and L' are, independently, a phosphine or a N-heterocyclic carbene, L and L' may be
joined to form a single ring of up to 30 non-hydrogen atoms or a multinuclear ring system, of
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ratio of 0.8:1 to 1.2:1.0, and |l ess than 1400 ppm

al um num 11. The process of any of paragraphs 1 to
waovmsesiei n the oligomer is a liquid at 250C PARUSZONE047953

process of any of paragraphs 1 to 11, wherein the M

i s about 500 to about 7,500g/nol, the Mvis 1,000 to

about 20,000 g/nol, and the Mz is about 1400

(alternately 1700) to about 150,000 g/nol. 13. The
upﬁ?@@é@%hﬁﬁoﬁﬁymgﬁmparagraphs 1 to 12 wherein the

L aF_no nragr{z%l J?meﬁ%o rﬁlat %ﬂ%ﬁ(fen{a’?edpggo %%)%rl]ct: tega?utf)y%?d r%ady %m single ring

of ap&o JoNa@PEYHIesn a/tomarut aﬂﬁiu‘llﬁiu@lelaf gapdystem of @neb X0 non-hydrogen
may be joined to forma dianionic group and may form
atogishgl e ring of up to 30 non-hydrogen atons or a

L' gw(i) %&SIWHE} g%r'oi'&%‘lé]go PRt § @u‘f{ldetlﬂ%té %ro%g 18 dé ?ga%la [may. CPrrn single

are neutra ron

rink bf B Yo BE npehReé@dgt0atolisora miultighdedririg 9kttt t830 non-hydrogen
non- hydrogen atons or a nultinuclear ring systemof up
atoyy; 30 non- hydrogen atonms; L and X may be joined to

R én%rﬁ‘ bln‘&@ﬁén%%@lﬂ%ﬁ%%& Bk & 9" 8 thy @ﬁt?snﬂﬁé(d ﬁfﬁﬂ@uﬁ%tﬁ@ﬂe& alkyl or a

I'ng of rogen a i nuc

sdﬁhﬁgasmﬁhsﬁbﬁﬁmﬂ®caa)Gganﬂn hydr ogen atons; L1 and X1
y be joined to forma nultidentate nonoani onic group
é Lregr Ko MAYsPifiRed: fonfpris singde B1eaef wvir RY desddiogen atoms or a

apflng %911 rﬁbpﬂﬁ{oﬁ%@-%@g&tﬁgﬂ@f ngp to 30

n- ydrogen at ons ndependent |y,
R lillycﬂllogleiX atayBe foindd3fd fubdstinglet el of upneudls hoh-iyédgen atoms or a
ydrocarbyl; Rl and L1 or X1 nay be joined to form
ml%‘inw@ieér Fip&gysm eﬁum & ooy HYEIRYAS-at oms or a
mul tinuclear ring systemof up to 30 non-hydrogen
15at orhbe peasdssRiany of paegiphsal tdo& bérmmdhe alktag mewthegis gatalyst is one

hvd
o RS 25 B SRR B B S B L v 2
Dlﬁélﬁﬁﬁﬁﬁh&fylﬁﬂﬂ(ﬂ@bwl&ﬁe MABIHRERIMV IS bitheRAf1EEo-t budiRitic), 2,6-

are, independentl a hal ogen, an al koxi de or a

Dltsepmpﬁlpéeny@md@ Beabh dqmywb@dpmim(éﬂ) bi(trifperomethanesulfonate)
up. o 30

il SRR SRR Hon b B RSP i Bk
BIPHEBI@mB@/BdMﬂ{(WE fri@lcmBxylphosphine[1,3-bis(2,4,6-trimethylphenyl)imidazol-
2-ylidene][3-phenyl-1H-inden-1-ylidene]ruthenium(II) dichloride, tricyclohexylphosphine[3-
phenyl-1H-inden-1-ylidene][ 1,3-bis(2,4,6-trimethylphenyl)-4,5-dihydro-imidazol-2-
ylideneJruthenium(Il) dichloride, tricyclohexylphosphine[1,3-bis(2,4,6-trimethylphenyl)-4,5-
dihydroimidazol-2-ylidene][(phenylthio)methylene|ruthenium(Il) dichloride,
bis(tricyclohexylphosphine)-3-phenyl-1H-inden-1-ylideneruthenium(Il) dichloride, 1,3-
Bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2-ylidene[2-(i-propoxy)-5-(N,N-
dimethylaminosulfonyl)phenyl]methyleneruthenium(Il) dichloride, and [1,3-Bis(2,4,6-
trimethylphenyl)-2-imidazolidinylidene]-[2-[[(4-methylphenyl)imino Jmethyl]-4-
nitrophenolyl]-[3-phenyl-1H-inden-1-ylideneJruthenium(II) chloride, benzylidene-
bis(tricyclohexylphosphine)dichlororuthenium, benzylidene[ 1,3- bis(2,4,6-trimethylphenyl)-
2- imidazolidinylidene]dichloro(tricyclohexylphosphine)ruthenium, dichloro(o-
isopropoxyphenylmethylene)(tricyclohexylphosphine)ruthenium(Il), (1,3-Bis-(2,4,6-
trimethylphenyl)-2-imidazolidinylidene)dichloro(o-isopropoxyphenylmethylene)ruthenium,
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L and L1 are, independently, a phosphine or a
N- heterocyclic carbene, L and L1 nay be joined to form
w@2@®9nsAse7 ri ng of up to 30 non-hydrogen atons RBECT/HS2009/047953
mul ti nucl ear ring system ofup to 30 non-hydrogen
atons; L and X may be joined to forma nultidentate
nonoani oni ¢ group and may formsingle ring of up to 30
non-hydro?en atons or a nultinuclear ring systemof up
1,3 BisghmetwyImgaylogemidazetidinylidengtichtarofdrisop@ppuynhedylmsthylence)
or.m [ t . Loni¢.agroup. ang. form
rad I R F B RS R BBl Rl -
pymhyi)@upyle@heﬁhmgnﬁmngm,@fBis(p-m@thg%@hagm)-mdr ogen
at ons; are, independently, hy rogen or a G

R and R1 '
imﬁéz@@lﬁﬂggﬂﬁkbbé@(pb@nymg Bienek (tievglodkylphesphige)ruthenium(Il), [1,3-

. i St it . o r :
R e T R L T
(trio pelohekg tphig fhind) anendim@l )Mt d [I1(BUBIs€RH, orttingtis ¥y sHeapn) of  up
. to 30 non-hydrogen atons; and R and L_or X may be
imjdgroiintigene] ﬁwhgarwéP@y&lﬁ%@)@ﬁ(3dpfom@pg@dlﬁ@ﬁuth§m\a@§&q
atons or a multinuclear ring systemof up to 30
16 non-Thy grasgesnofaanyred pategraphike tpt pwbstsinthe dgier@fiom containing alkene is

re 5%{6@1%@259?&1%0#&%&&%@@1-&h eoralRK‘?ﬁézgﬁt-ﬁf hv%ﬁelrg R* and R are,
ind@p&irddhil P, 0P QB AE Bt thifindOe QP Byhthidae] MDY REBBHMtI Y and at least
bi s(t-butoxide), 2,6-
onphé¢tewpioopy| phenyl i m doneophyl i dene nol ybdenum( V1)
bi s(hexaf | uoro-t-butoxi de), 2,6-
17Di i Fopropsdsp dmydragraglo 16ewhdry | R eand | arbdanlapdndently, a heteroatom

bi s(trifluoronet hapesul fopate) di met hoxyet hane adduct
corguigIng §relhFEEYRHen i i bes A Pt Bngeroatom sclected from
th %&\? LixPdeSUBI Ml §, N CI, F, T and Br,

trﬁ clgﬁéxglpﬁésb fné[1,3-b{% 2,2,6-trinEthyIphenyI)i

m daggl - 2-y| 4 % -
7 3958550 RG0S TS BHEINES oy g om o o conssing
of taléshplyl odieigyd, phiaslpd)i ieinds, haloalkyls, acids, esters, anhydrides, acid-esters,

phenyl -1 Hinden-|-ylidene][l, 3-bis(2,4,6-trinethyl phen
oxyqayhopyls, grrhgty fpmids femmyicarhonyde Regiony hemdwsetyl g(ahde&

di chl oride, tricycl ohexyl phosphi ne[
19, 3- Bhs poctsGof piragrply llphvareyd R*44n8-R are represented by the formula -D-Y,

di hydr oj mj dazpol .- 2- ylji dene] [ (phenyl t hi o) et byl ene] r ut he
Wi e VPR P Mt o B RO DL St RESY of Seyeen.
-phenyl - 1Hi - 1-yli heni [ i chlori
20.1!03?1"?1)6/ process Iofn gn%lnof par%l/grlaghesnle EOUES ?XEIIGIL‘JG% the) hec‘zlcrco:ato?nr éoql?éining alkene

R A AR SO G i
mettenyic] atihyhaeier adidemaleiq lanhydtideh| fomade, acdididitaconic acid, itaconic

1,3-Bis(2,4,6- . ) ) ) ) ) ) .
anl%xdirlﬁlgt h%}‘f(rﬁ)qﬁ)g}fw 30_1(@_ iHHaF9BIs) iaap}ﬁ‘}}]‘qedeﬁ@chofl@- acid, glutaconic acid,

chl[ai&rﬂiléﬁ@tagw, Q&ﬁﬁt}{é )1&153 H‘Blofﬁ?ct Q:XJL] métﬁylcrotonic acid, sorbic acid, 3-hexenoic

acid, 10-decenoic acid, 2-pentene-1,3,5-tricarboxylic acid, cinnamic acid, and lower alkyl
(e.g. C; to Cy4 alkyl) acid esters of the foregoing, ¢.g. methyl maleate, ethyl fumarate, methyl

fumarate, 5-hexen-1-ol.

21. The process of paragraphs 1 to 20 wherein the propylene co-oligomer is prepared by a
process having productivity of at least 4.5 x 10° g/mmol/hr, comprising:
contacting, at a temperature of from 35°C to 150°C, propylene, 0.1 to 70 mol%

cthylene and from 0 to about 5 wt% hydrogen in the presence of a catalyst system comprising
-33-



ni tropheno lyl] -[3-phenyl- 1Hinden-
1-ylidene]rutheniun(l1) chloride, benzylidenebis(

wao ehoeftsIsohexyl phosphi ne) di chl or or ut heni um benegT/UsAL47953
1,3- bis(2,4,6-trinethyl phenyl)- 2-
i m dazol i di nylidene]dichloro(tricyclohexyl phosphine)ru
t heni um dichloro(oisopropoxyphenylnethylene)(
tricycl ohexyl phosphi ne) rut heniun(I1), (I,3-Bis-(2,4,6-

an petivgEariepi ,@héﬁgnope motafodencaiomiionyd repsereniadl Oilths ofmuiagop
ropoxyphenyl net hyl ene) rut heni um.l ,
) - 2gkm daol i di nyl i dene] di ch

3- Bi s(2-net hyl phenyl
-1 sopr opoxyphenyl net

hyl ¢ne) jJutheniun(ll),
R BrsQR. 4. 6-tri met -i mi dazol i di nyl i dene]
di 8- (2- pyridi DAC i dene] rut heniun(I1),
RSB et hyl phenyl J¥2-
|nida&ogiﬁﬁanx%ene]dlchlo¢g(Bhe t hyl ene)
(tricy ylI'pfiosphi ne) r utfheprunt| [1, 3-
Bi g¢ 3inethylph5ﬁ %azolldinylidene]dich
or of -2-butenylid
(tri xylphosph|ng% Fsun(ll), and
1, B Bis(? 4,6 tri et hyl phenyl’) - 2-

n1d %olldlnylldene] dlchlorq(benzyl|dene)b|s(3
-b;o erlne)ruthenlﬁﬁ(ll) 16. The process of any
raphs 1 tora5 t he het eroatom
al kene isQepr d°by the fornula:
Rl;% cH RPor R - Hc_gjge R and R are,
pridepende a hdé¥'er 0@ om LoNt ai ni ng group
' f&Q/&o 30 car bB%} et Onp HXD at [ east one
atom 17. The pr ces-‘9;§paragraph 16 where R
atl, i ndependenR her’er oat om cont ai ni ng
roup containing 1 to 30 bon atons and at |east one
IMThet’er oat om sel ect &9 fr t hergroup consi sting of Si,
P, O S, N d, F, | and Br. 18. The process of
hﬁ%?agraph 16 mhere R and R are selected fromthe group
5  HfS9Rshehd;ng of al cohols, amdes, nitriles, imnes,
hal oal kyl s, acids, esters, anhydrides, acid-esters,

eacdﬂxgioarlbdﬂpﬁhéf;ntlwasdim’qqd fomf the gpdup, consistiggd oﬁhhbngdrbyl radicals having

frofl AL 40 ket R aRS Wit RGeSy PR pffphides, halogens,

dlefneg Nthes, CbhbspNREY, Ecthrb S o ahYsthBiaafidly th@Estu @)réf@r\ébgg mkthyl, ethyl,

to 12 carbon atons and Y is nitrogen or oxyge

propiyb burydcessylobermy)s chioridar rgmagsh sodide, alteBnagie ted X' may form a part

eroaton1conta|n|?g al kene conprises one or nore of

10 0f3f2§?6WEPFFF@gS %P? ’am de, allyl amne, acrylic acid,

cadhl Qtlg,nmae@ﬁu&ﬂyr@mpwé ihGteRsakchn, prefe@ity &CiNd, p, rsihﬁéférably at least

anhydride, fumaric acid, itaconic acid, itaconic

ongkhysde ihgtsroagermy d@@matelyaaﬁ lgast ¢we rQls ord theasampoeti didferent heteroatoms,

i | '
o GRRRRTT A QP R SME oA e BB B ut st four s
arcStAé Birfie @Cdiffercdt REXOROLE):;

15  cach R' is, independently, a C, to Cs alkyl group, preferably a C; to Cg linear alkyl group,

preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, R' may the same or

different as R%;

ecach R’ is, independently, a C; to Cs alkyl group, preferably a C; to Cy linear alkyl group,

preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, preferably R' and/or R

20  are not branched;
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acid, 10-decenoic acid, 2-pentene-l,3,5-tricarboxylic

acid, cinnamc acid, and |ower alkyl (e.g. G to C
Wa@lkwyhjssati d esters of the foregoing, e.g. nmethyl/US2009/047953

mal eate, ethyl fumarate, nethyl fumarate,

5-hexen-1-0l. 2 1. The process of paragraphs 1 to 20

wherein the propyl ene co-oligoner is prepared by a

progess having g:oduct|V|ty of at least 4.5 x 103
ea@ﬂ/ Riro$. /1ndepeeé¢ﬁ§ dydigeesont Acubsiigutedior amﬁ@bsﬁéﬁ%d bydroggrbyl group

havnrl% ?‘%O%g%t(bg {8 ag%’tgrg%%?v\%fj% E)Sf dl Po cgr%o tgi‘horns ?e%rayllgea sf%bstltuted or

rogen

ungubsRuaddySt & XSt BH8aE QIR | mqg qﬁefafdbnw ate@ltyl aemdylabrdp?asﬁutyl pentyl,
one netal |l ocene conpound represented by the for
hexile heptyk, eatylnarenided heweyerxthpt at |1¢?dte;§1¢rﬁ@|el?qt ioups are not hydrogen

(altse%llc??é:lg?&erS %@%@ﬁ&%ﬁr{h‘&%' a?t’eh%% n?ﬁvé‘}id 9@@5 by Jiot hydrogen);

at ons

cadRU@S indebkmich e shydseddni stes sutptiaggah belessubhialieg éfy@rocarbyl group, a
di enes, am nes, phosphines, ethers, or a caonbination

het@fp@f%for ,_ljfs‘r@f@{sqm| CONGEHRIRG| gm@ph@refer@b](ypw sut@gflyq:d or unsubstituted
hy%la?{%#r g{b%pzlb[eivl ing @ ol Ildt% gmogeato gdb%?er?blg 1 to 8 carbon atoms,

S may PO par

pred¢rablyra Smgstﬂ)d&tieﬁ)unsﬂﬁﬁimt@ C§t0 @@kﬂ@ae !ﬂi@hgﬂoylp,qﬁébmblﬁmethyl ethyl,
a heteroatom_ prefe preferably at
prapyh dutydnentyl; kexyl, lli‘éP‘é‘lf @atyé)rﬁub%ntwéd ﬂ?h?léﬂ ysugh ap peppyl phgyyl), phenyl,

sﬂ;g ssu[bgflﬁtet [&EIPIE Q‘T i fSEI@r\?Hére et el gﬂ # ]?gfzehﬁltalrc}cgfb@ﬁtsﬁhyas methyl,

ast ar e the same or

ethlyetpecspyaa,ttmmsa pl&lngzlsr nately at Ieast four Q s are the
5sarre or dlfferent het er oat ons

Rithpredsesrdedita §1 toaCaplkylosrevi ng ra@}yoqugl t%?gilg??ﬁ@ﬂlgyl gragp, preferably
I hyl hyl ,
rnettlﬁrl %ﬂlh}” n@%?{/l?‘bl‘f% L Rtgﬁt?fj Fﬂﬁ@ylfé‘p%@? tog yfrgtr gct )?It y =1 may

R® tlthbydi”agml @ra @j fof @{ ﬂhyl @SuIRZhrefeﬂxbly R ite Cs linear alkyl group, preferably
i ndependent |y I kyl group preferably a G

meflwlétwlnléfspylabw p@lilta_sb aexsarlééfpéxl% P¢tyhet hyl et hyl

eacg{ gp}ésr inc dlgyérﬁlgfntl)p 3&&1}6% hgt;(éé ty t(?@)gtrag! C%FO Cg%/eherabl?l a C; to Cg linear
alkiyh gmmpnﬁﬁlf&rhb/ly rhythlylogieyl, papyh bsitdsparttyit heixyb,r heptyl or octyl provided
T TS T T AR M,
ar&?oﬁggﬂl%g%: yal@telallréo ptdltl 4 %?0% bwthﬁ]i{/oltg‘éﬁ qgre%raf)l tﬁ@}{’ groups at the

3 abd#yogitipenoy bacht(épmhg ofilegmylla T\beteynot h}zxi*rogenj;e d however
that at | east three R3 groups are not hydrogen
NisgitfQgcRat el y four R groups are not hydrogen,

T i8h bRupA el i¥rably’ 8i & QE PPRraBlSsin0Ot hydrogen);

cach R is independently, hydrogen, halogen or a C1 to C20 hydrocarbyl, such as methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, phenyl, benzyl, substituted phenyl, and two
R® can form a cyclic structure including aromatic, partially saturated, or saturated cyclic or
fused ring system;

and further provided that any two adjacent R groups may form a fused ring or multicenter

fused ring system where the rings may be aromatic, partially saturated or saturated.

22. The process of paragraphs 1 to 20 wherein the propylene homo-oligomer is prepared
by a homogeneous process having productivity of at least 4.5 x 10° g/mmol/hr, comprising:

contacting, at a temperature of from 30°C to 120°C, propylene, 0 mol% comonomer
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each R4 is, independently, hydrogen or a substituted

or unsubstituted hydrocarbyl group, a heteroatom or
whedoenswstom cont ai ni ng group, preferably a subBCT/US208%1047953

or unsubstituted hydrocarbyl group having from1l to 20

carbon atons, preferably 1 to 8 carbon atons,

preferably a substituted or unsubstituted G to Cg

i near al kyl group, preferably methyl ethyl, propyl, o
and fifoyn 0 tpeaboyt g %@&Wﬂmﬁ@ptﬂy the pregrice of b satplysit Bgiem comprising an

henyl | _phenyl henyl , ..Si4 )
w0 G0 % RPN Tl b
G 2 hydrocarbyl, such as mejhy et hyl, propyl, butyl,

.-

ph yI)fQRS i s hydrogen or to Cg al kyl group,
RAY y a G to Cy R yl group, preferably
i pr opy pentyl, hexyl, heptyl or

to C8 al kyl group,

X, group, preferably

Y ' toC8Iin§a|R6a
I pentyl, hexyl, heptyl or

"2propyl, bujyl

R7 is, IR k$y, hydrogen, or a G to
C8 al group, prefera a G to C8 linear alkyl
gro gferably et hy yl, propyl, butyl, pentyl,
|
hexyl, heptyl or octyl, provided however that at [ east

seven R7 groups are not hydrogen, alternately at | east
ei g’ R7 groups are not4hyd pgen, alternately all R7
%%pu ' not hydrogef, (preferably the R7 groups at
t 3 d 4 positipQs @ h Co ring of Fornula IV
are Naydrogen); N%ls T is a bridge,

preferaty, Si or G§Q:pr ny’Si; each Ra, is
R°A, epepdanirley, hydRogey), halpgen.or a A to C20
hy yl‘4such as 1, 2 propyl, butyl,
R? I}, _hexyl, heptyl,; 0 L(p?henyl, benzyl ,

substi t (k ed phenyl , gh can forma cyclic
st gucture i ncl udi aro c, partially saturated, or
111 : RA
5 saturated cyclic or fu@%d rrig system and further
whifovi ded that any two adjacent R groups may forma
fused ring or multicenter fused ring systemwhere the
Hfn$ hafsiumay be aromatic, partially saturated or

urated. 22. Th rocess, of paragraphs tp 20 . .
coib e, HOTRRAS Bpy e FOonS ErGana Gt p Gpfafiy adicals having
froRP OGNS QUHoR! AEAS Shitie N JaRidesuakbMidsy saffidas, _;%lﬁﬁﬁﬁides, halogens,

4.5 x 106 g/ mol / hr,” conprising: contacting, at a

10 dienewypemiatur ghasphihesonetBIOCot @ ¢RODIGatiqr dhpytafnereforahiyl dacthyl, ethyl,
comn r.an romO0.to. about .5 wt % h 0 i n e
Prop LU oY e ki ePioR R i TRl i o Sy form st
of @Agke@tink @RS kin@RGstéMy;al | ocene conpound represented by
the fornul ae:
each Q is, independently carbon or a heteroatom, preferably C, N, P, S (preferably at least
one Q is a heteroatom, alternately at least two Q's are the same or different heteroatoms,
15  alternately at least three Q's are the same or different heteroatoms, alternately at least four Q's
are the same or different heteroatoms);
each R' is, independently, a C; to Cs alkyl group, preferably a C; to Cs linear alkyl group,
preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, R' may the same or

different as R%;
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where Hf is hafnium each X is, independently,
sel ected fromthe group consisting of hydrocar byl
WO 209a335¢7 having from 1 to 20 carbon at ons, hyRET/UB209/047953
am des, al koxi des, sul fides, phosphides, hal ogens,
di enes, am nes, phosphines, ethers, or a conbination
t her eof , preferably met hyl, ethyl, propyl but yl ,

phepyl, benz chl ori de, br oni de, iodi de,
cadiaRt by fnapteniis 3Cs oy o il Eusetfinmy sl o

S e 10 d r
pre?erﬁeityenrl%g}rl o ylpPr?OP%Ir a% Y. y%én%lk he leﬁgl?l FY oc\{\él ﬁrﬁ?eg{l]bly R' and/or R
ard ®ABtanoR&l; Q i s a het er oat om alternately at | east two
Qs,are the same or different heteroatons, alternately

cacly R| ansindencndently dydiogen,her & arbstigited o fuasdisituted hydrocarbyl group
ha\tlﬁér@ro%i Cala})lohi?l[i(ﬂﬁl gjlré/fer?})%f?osé cgr%géﬁgnfs ﬁe%r%ﬁ? a substituted or

feren

un$ub§@ﬁa%‘dde[ﬂtd) WGz lindat allg/] G@odd, Kt bfe@ibOu pactipil E‘tftl%ﬂ,abfd,pyﬁ Kityl, pentyl,

linear alk oup, preferably thyl ethy
he)ﬁ,flokﬁgty , ggﬁy&”pm\ﬁéﬁi ngexﬁ:é)‘g l}@bf yf Rg‘regr@lmswre rrmhylra@r 2) four R

grotuB%aise% é&rdrq(g(flfaﬁ{i ik uesﬂ Rzl}ig’ggli) %Za b’to t”‘i@gs‘%ﬂﬂ&%} Ynsubstituted

hydxlokarbylg(@mf@rablgraeﬂ@stabb&/thima, fytlr o tfil hy IR.3 gpsupRYite a OutoyCy substituted or
hexyl, heptyl or octyl, preferably Rl and/or

unWStéﬁu@dﬁkYﬁr%ﬁﬁWl‘)hed each R3 i s, independently,

o ORI SRS (o o o,

hetproatoei adrl Yietbrdatorb eaitdining ag@p, pmfefabryalal yulitituted or unsubstituted
substituted or unsubstituted G to | i near al ky

hydroerpy! grospehaying, fiegt Aylo &9 Wrbonp%tew prefgyelly | 1 [5%r§t girbon atoms,

prég&%yﬁlﬁg&%?ﬂgﬁ{% og?%ydr%‘%lﬁl&fﬁvc d&)d(z‘gl)q%ﬁ ?1%%&%&% Lﬁl:fe?’«lb'éy methyl ethyl,

praopet, bayydr p):ge}ﬂ l&b’(g}l abpﬂyha)styl anbstRBted pbenyl I(Slch a@ptdpyﬁghenyl) phenyl,
substituted or unsubstituted h drocarbyl (prefera
sitg subet@Hedk st (yshce CHSHR. Shore Ry 1R1 fbugyd H}Cérbé(?éu?lbas methyl,
M§§ unsubstituted hydrocarbyl) each R4
dh$9p§ depgﬂ ent?b, hydrogen or a substituted or

R’ inbysgdnt artaed, toy@y alkglr drglip, grrefiemblyga DgteCodihemmatityl group, preferably
ter tomcogta nlng% 3;1 preferably a substituted
mg b%rPPYlu Wil Ry b bar ylilep@fl&ﬂﬁcw ving from1 to 20

R (r?ﬁ)%lf?@%&‘gllt R @g{ Ak éer g %; rﬁl‘@fe&béﬁ'{ ib?% et ﬂﬂ@artaloky Cglroup, preferably

prete a subs unsubs ut ed
mdthyﬁ%]nylalbrbpyl gmtgu[ppntplr ehézeylalhﬂpyylmbhtyfl et hyl, pr opyl,

cgiﬁlénw K‘Eig g%ilegtéy g}y)éigg’geg e(i}?fe%(/}?p )to %'5 Llﬂ' Eyot{l%t, i);e erably a C,; to Cs linear
alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, provided
however that at least seven R’ groups are not hydrogen, alternately at least cight R” groups
are not hydrogen, alternately all R” groups are not hydrogen, (preferably the R’ groups at the
3 and 4 positions on each Cp ring of Formula IV are not hydrogen);
N is nitrogen;
T is a bridge, preferably, Si or Ge, preferably Si;
each R", is independently, hydrogen, halogen or a C1 to C20 hydrocarbyl, such as methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, phenyl, benzyl, substituted phenyl, and two
R® can form a cyclic structure including aromatic, partially saturated, or saturated cyclic or

fused ring system;
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silyl, substituted silyl, (such as CH2SI R, where R is
a G to G2 hydrocarbyl, such as nethyl, ethyl,
w@e@pAstbsstbut yl, phenyl); R5 is hydrogen or a QPCT/US10(9/047953
al kyl group, preferably a G to Cg |linear alkyl group,
preferably nethyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl or octyl; R6 is hydrogen or a G to Cg
al kyl group, preferably a CG to Cg |linear alkyl group,
an(b fether De0Kpdedethat poy @y(hyqij acqst Hpgroups may| forrg@infuyed ring or multicenter

fu3ﬁ8 )(;%% s%sqgrgtvyhere t&e ?{%‘gé’ Eigay %acpqn%z‘.lcl éartlal e&%ﬁ%gnt lSthllated
pr O@F lpqu}g?%/?f%aﬁ%%ﬁ%@% f luﬁre%f; lwehfe%rélgf acn% gg f(g;ﬁ}t)r? €S one or more non-

Co@ﬂgﬁhgggmggyever that at |east seven R7 groups are not
hydrogen, alternately at |east eight R7 groups are not

24 hydg?g :f)gbbcle?sl c;f%'hg) %%?Aeyab%% pﬁzg%ﬁﬁygﬁg% éﬁe Bt%tcegg 3{95 9&ﬁﬂmous process

(pr t he groups- at positions
coﬁpﬁhn@pmﬂrd)digmgf moaotitt and \atalyst rspiterhy@ltcogaﬁ)(:toﬂ\l db$a1n1ng a reactor
nitrogen, T is a brid preferably, Si or GCe,

cffhjeat é?%lmylgsvmﬂeaf‘éﬁn d PEOPY € pf@rﬂi@qmey or HRyEP gt homo-oligomer,

opp@rkﬂ?efbnﬁ)c{)\%\% %L o, C[’%les)gé’n ?{flﬁ%@:&%ﬁ L.Ird/éﬂ %ﬂle?svﬁgﬁlt@%’i: obtaining vinyl
terpiivevnyd ,pobeietin (smhbas [ 11‘nu$eediesxhﬁ1|e§il heraimgl tlmmdﬁamgaNmyl terminated

forma cyclic structure i ncl udi ng ar,0 arti
PrapyieiF P EH OB ARAPHERY %%ﬁﬂgora?r ‘"f’\?stn’g't‘?rl Ct‘?&l 188 g}ﬁpmpylene co-
. e J
olifr 8 BV BAECh SRR Y b U A PRGN LBEDIpd hoteroatom
comhlmrr% dlkencr inrgseaomon h&lealndnmtalmng gamdtioaklized gadpyiatoecb-oligomer or
or sa urat d. 23. The process of paragraph 2 1 or 22,
progpleng HﬁQQHFFvator conpri ses one or nore
noncoordlnatlng ani ons. 24. The process of any of the
25 aboée peacag oy ofiies ebava@appesnds svhcrs e corlighmeneontains less than
sing introduci ng nononer and cat al yst
80%92 gﬁiﬁﬁ%qﬁg reactor, obtaining a reactor effluent
26! COﬂtAa}rprcB@ w Mctibﬁa’lifb natvety] Ploapyilieg endieridl] c@@pBSin@rcontacting an
ene hono-oligoner, optionally renoving solvent,
alkamé%ath@% waialyshayidy 2 dhgiepaioel senthiaing alkeng angpngi prymore vinyl
COIIE'[S gﬁga?eﬁla@sm Iyrgfe?e{bﬁ (\ﬁm i ecgﬁabﬁrl% yﬁol Sl%tcsr ' ?l%ra%ﬁé Sf'lrg)rl containing
po@ﬁﬁﬁmhene honD ollgoner and further conb|n|ng t he
propyl ene coollgoner or yl ene hono-ol i gonmer with
27an R PFRSChee i apegsanh %(afvgpr)@@t thg gtkepe Mmetabhgsisrpatalyst is as described in
pa gﬂ%?l@l Ajfene in a reaction zone and obtai ni ng
|oh ?'zed propyl ene co-oligoner or
28.  The process of paragraph 26 wherein the heteroatom containing alkene is as described

in paragraph 16, 17, 18, 19 or 20.

Examples

Tests and Materials.

[00108] Products were characterized by "H NMR and DSC as follows:
'HNMR

[00109] 'H NMR data was collected at either room temperature or 120°C (for purposes of
the claims, 120°C shall be used) in a 5 mm probe using a Varian spectrometer with a
'Hydrogen frequency of at least 400 MHz. Data was recorded using a maximum pulse width
of 45°, 8 seconds between pulses and signal averaging 120 transients. Spectral signals were

integrated and the number of unsaturation types per 1000 carbons was calculated by
-38-
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propyl ene hono-oligonmer. 25. The process of any of the
above paragraphs where the co-oligonmer contains |ess
W@ b@o/1861 % of C 4 ol efn(s). 26. A process to PCT/US2009/047953
functionalize a vinyl containing material, conprising
contacting an al kene netathesis catalyst with a
het er oat om cont ai ni ng al kene and one or nore vinyl
contai ning materials, preferably vinyl containing
mulinlyinertde dirfercet aisups PiynyQ00cesk dividing theorspaltdni e, togat number of
Cm%gﬁgprocess of paragraph 26 wherein the al kene
nmet'at hesis catalyst is as described in paragraph 13,
DSt4 or 15. 28. The process of paragraph 26 wherein the
het er oat om cont ai ni ng_al kene is as described in
[0dPhgr™phingetempyraturg (Thd apd glass Exmitnetspstteca@) are measured

B T O R T—
as 6 TIA Botregledt 2020 DSC. rD@itdlBHes a0 uigcofhe $2QPIE, thholias been stored at

pur poses of the clains, 1200C shall be used) in a 5 mm
roqy derapaiurrgfon aydedshAS dyuest iosastadr invgn plugikyy peand loaded into the

. C f t 0 - - I i

NN oBl Bl R R SRR o T oot

codiitg rategitaloc@meinagi s Cl 2thet faipsd ©MeR: at SPEC! forl5 HindiddltBen heated at
were integrated and the nunber of unsaturation types

a hoetingl GOOOL 40 Womsn wad>€al Thé glaes trivyaitidnt iepipgiatge tiheeasured from the
different K grou by. 1000 .and di r.es

hediie SEal ARGRBEF OIS SBURS coblbriig by ChRE Pged i a heating rate
of 1 §REALHY ﬁ)"@-n?hea&ﬁiloﬂleﬁﬁﬁ rhélﬁﬁg 'trtahﬁﬁoﬁ,qy%g%a{t}ﬁfs ecmﬁllj—géd for onset

are measured using Differential ™ Scanni ng orinetry
of (rBS@jorusidpeakaomperaivad.| Yhaweitirpblempegtirgameportaliate ths peak melting
TA I nstrunments. 2920 DSC. Typically,. 6 to 10 of. t he :
teraperafpes Froherfifst ab RSB e %pselﬁae@-e%ﬁre?aa% pedippying multiple
Al igashed S (or! McRBB! &hdcPut@d) 8L UIBFREE BaBe aRd peak melti
peI oaded ientigg ?%e [ Osft rSms t atﬂer oon?tenpelr atur e.eThe peak meting
tengrmngple (i.s., espoclaicdrvaitte thedbrg2§C@ndothemic tcalosineoid sdpa@tsean that range

of Efpetsier i DR ARG hoat ed at

[00111] All molecular weights are number average unless otherwise noted. All Molecular
weights are reported in g/mol.

[00112] The following abbreviations are used in the Examples:

Catalyst A is tricyclohexylphosphine[1,3-bis(2,4,6-trimethylphenyl)imidazol-2-ylidene][3-
phenyl-1H-inden-1-ylidene]ruthenium(Il) dichloride (CAS# [254972-49-1]),

Catalyst B is  tricyclohexylphosphine[3-phenyl-1H-inden-1-ylidene][1,3-bis(2,4,6-
trimethylphenyl)-4,5-dihydro-imidazol-2-ylidene]ruthenium(Il) dichloride (CAS# [536724-
67-1]), MA is methyl acrylate, aPP is atactic polypropylene, iPP is isotactic polypropylene,
EP is ethylene-propylene copolymer, TCE is 1,1,2,2-tetrachloroethane, h is hours, min is
minutes, M, is the number average molecular weight as determined by 'H NMR spectroscopy
by comparison of integrals of the aliphatic region to the olefin region as determined using the
protocol described in the Experimental section of USSN 12/143,663, filed on June 20, 2008.
[00113] Each of the specific examples described below uses a vinyl-containing reactant.
These reactants are summarized in Table 1. PE1 was purchased from Fluka and is 1-

octadecene (> 95.0% unsaturation). The other vinyl-terminated polyolefins were prepared
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a heating rate of 10Cmn to 25C. The glass transition

tenperature is neasured fromthe heating cycle.
WodoensestT vel y, the sanple is equilibrated at PSIZUS100E0M7953

heated at a heating rate of 10C/ mn to 1500C. The

endothermc nelting transition, if present, is

anal yzed for onset of transition and peak tenperature.

The nelting tenperatures reported are the peak nelting
acqosdipe fapigeediresrasnsrilivd if | 33,0, dides @tﬁ@@@ps@%-

speci fied. For sanples di Splr%liqu mul ti pl e peaks, the

nmelting point (or nelting tenpérature) is defined to

be the NpekMTE!o% ivitg/ 1§ @IARY airuiaed) | ev,' 453@¢i at edi W [ Riw/mn'

+1

t Hargessterdother T calorT metTic regponse [F1m tha
nthe DSC meltling trace. _
pORPIL1] RO mdl ecul &8 wei ghts are nufber av8raget3l 2.0

urpress otdagrwijse notyed. Al || Mol ecull arggwei ghie |aKe43 37
rﬁﬁ%”f%fsﬂ 9/ mot . [9gu11.4] e foff %‘Mj ag&r ev&ﬁzigo S 3¢

a Evarmiil ac ot a4l vyt
\¥ | LI L " ) I—I\ullHl I NAALT AT y\-’L

t EPEydl oH@9y[ dhosphi%Re[ | . 31bi st 2. 4, &Xr | né?¥y1 |piadg1 )i 44
nEBazdl - 2204 i dene] [ 34 T 11379 | 6200 | 64135 | 45

B-ﬁ‘iﬁyl - $9_1’den-l -ylglgdin?J Tut hgni _u%hij dkedd Or | fR)> 25

4011\ ot o1l o4
at anfyost D

(o) A n n_ .

\‘u-\ I_ LI I 2= J~ J.J ) L)

irBP2y 41 HOPY1 dhosphi’de] 3- phend?2 | H-34A84- 5269 [XF67 | 2.1
3- bils(*2is P~ second melt; 1 determined by GPC - units g/mol.

tri hyl phenyl ) -4, 5-di hydr.g- i ni |-2-ylid h
ExpRig 1 CHRS s s Fraeaph gl gse i negpinehite T
[O(H‘ifl{ﬂ at-©ctadbRnk SajRed1l, Co 2! MRIPPYhENAA (PR3 18L, 12.5 mmol) were

i sotactic polypropylene, EP is ethylene-propylene
combimetl yidr hexTEE lidsmh) andhberzemt Zawh).oTbe htrmogsnepud mixture was heated

hours, ,mn i S mnutes, is,.the.n er _aver age
to St end Op e bieG el Pk et SaBPFn oL splyst B 131
mIRY.030R@RhbIS XA QlidddD hﬁgb@w o8 evolRioalvi RBLEGed RehRMmindtes. After 2
the olefin region as determ ned using the protocol

h eswlitbesdwiere temeovEst gir Eyapatagionswsler enstskmUSGNitrogen.  The resulting

12/.143, 663, filed. on June 20 0] 13] .Each of
TR e pRRe” aBar S B s e By iR e Bassed through
shott RYmAEOBE Akt hlfiBakt M had HE&E shed&d MhSpétéhe. The column was

summarized in Table 1. PEl was purchased from Fl uka

waglad wish addipenad geetene(30-mbk. T canskined angeoiny welhevapetatad and dried

i nyl-term nate ol ef s r repar edaccor di t .
undir i ol B G R AP 2 RS g SSRALTEORT PRifUS) & b fgv-metting,
coldfless2d.  Yakiie 15771 864.3%D3F semRngedRIstopid ddet Ridifait@dthe nearly

by GPC - units g/nmol. Exanple 1: Cross Metathesis

complgta (<odoofinyl-nsescrid sevyrasiam P hstarpected esj¢ragapped podue]as a mixture
or by AFGRINGof £rfy T, € 24 rmol) and WA (1,13 ot

ined with hexane (14 nlL) and
ExQfipIeneCtods Mdtathbhis rbAaTgouDHropydend endafethdalcpdate.

[00115] Atactic polypropylene aPP1 (2.03 g, ca. 7.78 mmol vinyls), MA (1.40 mL, 15.6

mmol) and hexane (12 mL) were combined and heated to a gentle reflux on a heating block
kept at 73°C. A benzene solution of catalyst B (1.63 mL, 0.0389 mmol) was then added.
Vigorous gas evolution was observed. After 2 h the volatiles were removed by evaporation
under a stream of nitrogen. The resulting brownish suspension was mixed with pentane (15
mL), and the mixture was passed through a short column of neutral alumina that had been
slurried with pentane. The column was washed with additional pentane (30 mL). The

combined organics were evaporated and dried under reduced pressure at 75°C for 1 h to yield
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to gentle reflux on a heating plate kept at 730C. Then

a benzene solution of catalyst B (1.31 niL, 0.03 12
won@b)is3sas added. Vi gorous gas evol uti on was OPGEUS®A9/047953

within mnutes. After 2 h the volatiles were renoved

by evaporation under a stream of nitrogen. The

resul ting browni sh suspensi on was m xed wi th pentane

(12 m), and the m xture was passed through a short
thecestarraapped produetads aap@lmwblowrmf Naeldbééa &1 b NMRI speatigscopic data
1nd? enetcf]‘@l;g neThe r%hf;pn %33?070 r\‘,’\ﬁsl rgse tconggrgloBLtgtr]ﬁe de é)eenttea gter-capped

prodiutes auﬁﬂ;@xrebeﬁta@adj 1@61@51%%9436%‘[10350(3 for 2 htoyield
the ester- cggped product as a_ | ow el tlém? col orl ess
Exgmplei3: Grasp titll@mgea%@nz%l)omrme%@ mesledgiceylate: a
ca %V [ t
[Odclgﬁ er}s‘t%‘(cé{)trlf“I angﬁgyfe}{e 3}91?&3?9 es er ?az?p())p Ilvgl ﬁs 11{1&}28(03433 mL, 4.80

mrid X bk Bexaie E12A0.) Zvdré osmbied 94d Bedtad to) gthﬁ od a heatlng block
Cross Metathesis reaction of pol épr opyl ene and neth
kepicaty/Bate A pogenspolntion of satplyptyB By P arle GPHI0 I(I@O(b)swgs then added.
yl
Ga% %Volﬁtlg%ms)e}@eﬁr eASf%:eg %b%nﬂe%le%%l '?%e V%e §7% ngg(gedéb M ?%oratlon under a

stréa2il bEixitropera Tﬂ&aﬁestﬂgn@bﬂﬁ\imélﬂmtsp@tsmﬁm mﬁe&)ﬁﬁﬂth@ﬁﬁtane (15 mL), and
solution of catalyst B (1.63 nL, 0.0389 mol
thegnaése Wi gaysed éhrga&h %mm@qlwn@égelé@é alupdpa thmf h?éirb@n ﬁlumed with
\Y; I d
re PRI I TN BUARIEAL LT D%5 Bes orics

wevasvapbraed at\tdtdmeﬂ entdanedctd prspure an@s Chevermixlitud @16\1‘@816 ester-capped
passed through a short colum of neutral alumna th

prqsigat Be ey MG valpwwptlh Yoeldt arld. & THeNMHT apﬁ@trmpm@% aldlcated the

ety Aol B B AR vebn 0 SHREASEPEARM Foduct as o

miXtae G fBandlZ isohtery (9dt (takie). est er - capped pr oduct as a
pale yellow oil. Yield: 1.55 g. 1H NVR spectroscopic
Examp&e %{ﬂ@ﬂtsét“@datthﬁgs Keagtiop of Bﬁglpé?lé‘ﬂ?'le ‘EW{J meﬂwl acrylate.
t
[0(%{19139”A9ac&é’g6ﬂ§§1%k381%né Ql;ﬁié&an dé’%% § 4oL TR+ 3 B?gitAl 8.%50 mL, 2.78

oduct as | soners
mrﬁ)daamd Bexdine (2 ad9 Wt abinbiicd ang¢aeited mfgemw Iyeﬂum pyilactieating block

t hyl | at 00116] At act
keﬁ%ig?cz %@351{%&@1%%0&&%% GROE 9')20m O%Br ) %m?glfwas then added.

Aty 805 Bk )y *%laenleen{o]v%d )e\yéff) t18f<? r[Ed@reg sﬂ%%g%aﬁ EGgen. The

toa gentle reflux on a heating ept at
reshimgenewsich sidpomsiaf waatmakadswitiBpéftate/@ Srrhl.), @nd 1E0mixmk Jwas passed
was then added. Gas evol uti on was observed ter 2.75
thrgughya shast gelpmaof pepial, %médﬁwaé\bg%? 3fraeénvv@h ghtang. The column

was WaSRY @gh kb rtlggﬁ en%ﬁ@ f(? Hhe '"I'Tl%ﬁ%ﬁﬁ)%%‘d%%ﬁﬂ%@t%’ RHBporated and

was m xe t ane 15 m_ ture was
dripassdg rtduced ginesauls:m Is°C (a)lvenml[glmfto iyeld thed esadrevappral phodtict as a very
palg%l%llgv%eorlll 84(1%{({: ifﬁ g\gM 1}—IhNMR spectroscopic data indicated the nearly complete (<
5% vinyl present) conversion to the expected ester-capped product as a mixture of E and Z
isomers (93:7 ratio).
Example 5: Cross Metathesis reaction of ethylene-propylene copolymer with methyl
acrylate.
[00118] Ethylene propylene copolymer EP1 (2.44 g, ca. 4.98 mmol vinyls), MA (0.898
mL, 9.96 mmol) and hexane (10 mL) were combined and heated to a gentle reflux on a

heating block kept at 73°C. A 0.0238 M solution of catalyst B (1.05 mL, 0.0249 mmol) in
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pent ane. The colum was washed with additional pentane

(30 nL). The conbi ned organi cs were evaporated and
waletoedsisntler reduced pressure at 750C over ni gheCT/GS2009/047953

yield the ester-capped product as a very pale yell ow

oil. Yield: 2.13 g. 1H NVMR spectroscopic data

i ndicated the nearly conplete (< 5% vinyl present)

conversion to the expected ester-capped product as

berrene wae thyn wdgdd Gasjoyelwties vragzpb@errva bl)ost Exaaplately After 16 h the
h f
Vol(a?{lpe§s %ealr%r% (e?%hh% 5\%?811a¥1|8n u% st¥e%r oRY m%ro%gg ?‘E nﬁ%@uﬁmg brownish

acry of'ypropyl ene'"a

susfpansi&h ﬁaé nifRed withnydnsgne @1/9\1{19) 200 thd miiuﬁegwﬁﬁnphése@mlﬁ}ough a short
hexane (12 nL) were conbi ned and heated to a gentle

colpam qfyacpisalplyaiap itl’ll-?é hpq bega ng@ypd stthyzpene AThe golepma was washed with

adf ﬁerlflatl ggﬂergg (Zﬁq‘{fﬁr )1‘21% gglﬁlgqlhg%é)#nt%s \AP 9 Qﬁéﬁ%a%r&éirggvd@%ﬁ under reduced

présyiapat asiCofor Miley yield theelidr-ehpptidtproden as ARery pslu |ytelld$kg oil. Yield:
browni sh suspensi on was m xed with pentane (15

2.38n% thh é\IMRxﬁnﬂceosrrmwp%@, epdieded teh ngarbheemplets (mﬁz/@fvmyl present)
t
o6l A BRSPS eS8 03 i

Ddﬁh&e@@@bhﬂaﬂh@ﬂg@nazs wer e evaporated and dried under
reduced pressure at 750C overnight to yield the
Example 6:carnss Yesathesis reagtion of ethylena-propyjang gopplymeyivdfhymethyl
ac%rl;’t% g. 1H NWMR spectroscopi c data |nd| cated the nearly
nplete (< 5% vinyl present) conversion to the

[00AppCtiEtlylest propeRpP edpcrlymehuEPz e;sz(a ghtax tiuemmibl ngdl add toluene (8
isonmers (93:7 ratio) . Cross Metathesis
mly)S%ee iCom ared@rlﬁ;heéﬁé %r@byq f@ﬁéoéﬁlﬁdpf%ﬁ afjompgragayy solution. The

iR Sonk il BLOHLENE (B10PY LT SURREOHIRREL becam clowsy
Thm’mkr)urfamds pexxaden (alitatihg blwek kepoadd]3€d Maﬁyhﬁ&pl@& (00188 mL, 2.05
tle reflux on a heating bl ock kept

mreolbm e ari@ﬁdi Elogred Lyt a1844 H@A(thé@nﬁ?_f cacsalwﬁ (f9) L, 0.0102
mﬂg??m 0BG ad Efcﬂyp@(%?%gs o%e?},]e%v Ol gt ?% YVepe %&S&V&Qs poured into

I mredi at ter the volatiles were
meltl&ali’[ﬁk/@@ hly) thaapas adpidin stineerA avhst pecipiate fortned gein wad iwlated on a
res Itlng br owni sh suspensj on was_m xed w th pentane

frittedodig pn éi‘ﬁélh@(dh\el%mﬁﬂﬁf’r“@l fmg 9ambed Tlhﬁ rp&r*glﬁt ¥ag Higeq under reduced
plregguréJ 'met‘?lflgrlﬁ eﬁé'l |2 f‘i m %Nlﬂﬂgspla@ﬁj%ske&%@ BTy c%{%dv\ﬂhgﬂ"most of the

pent ane S was dltlona pent ane
staftg D) hadfﬂi&n@bﬂh&rt@d({l%g&amqusem@ @o eheappeateastanchpped product as
dri ed under reduced pressure at 750C for 2 h to yield

a nixwreeh ke pod £ isomeery r Badare senmganzedyn Jable el | ow oi | .

| e
ExX 1{'; %5‘%3 tat]'n &@)c‘i\;@ﬁyﬁb%@?&?ﬁ%ﬂh méth$PIEPlatd)
[00120] Isotactic polypropylene iPP1 (1.26 g, ca. 0.325 mmol vinyls) and toluene (8 mL)

were combined and heated to reflux for 10 min to form a homogeneous solution. The
mixture was cooled slightly and hexane (3 mL) was added. The mixture was placed on a
heating block kept at 73°C. Methyl acrylate (0.100 mL, 1.11 mmol) was then added followed
by a 6.42 mM solution of catalyst B (0.506 mL, 0.00325 mmol) in toluene was then added.
After 3.5 h the mixture was poured into methanol (70 mL) that was rapidly stirred. A white
precipitate formed that was isolated on a fritted disk and washed with methanol (2 x 30 mL).
The product was dried under reduced pressure overnight. Yield: 1.17 g. 'H NMR

spectroscopic data indicated the nearly complete (< 5% vinyl present) conversion to the
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conversion to the expected ester-capped product as a

m xture of E and Z isoners (93:7 ratio). Data are
waveasisted in Table 2. Exanple 6: Cross Met at PEBUS2009/047953

reacti on of ethyl ene-propyl ene copol yner with nethyl

acryl ate. [00119] Ethyl ene propyl ene copol yner EP2

(2.26 g, ca. 1.02 mol vinyls) and toluene (8 nL) were

conbi ned and heated to reflux for 10 min to forma o
exprstpdgstsesarpeddireducy as a Thsturg of Braad Waisomers| Seme vinyhidene-containing
sta%%%urggtxgé}\%e&%nn{fLm\r’\%g'teg dlq1e§j wa%_ Po(slrr]la %grﬁféllaltelplr%% ao 9% of the isolated

prcﬂiﬁ,lct73@£a afdfubhared  Bdtge 0. 185 nl, 2.05 mmol) was
then added foll owed by a 6.42 nM sol uti on of cataly st
Exgmple 3:0Crass ngetathgsis reastipniof pplypgepdenayith ayeshyk acgilades

[O(ﬁeiﬁan (?tacitéf oelr E%P%IGFG \}\12[? @aﬂ%ﬁy O r iKY, dﬁl%%l V%}?se) and toluene (8

mIPprest Rofndirdfat meetel hatefWastor SO'rﬁffnetd fofin @ Homdgk@sbudisGkation. The
and washed wi th nethanol (2 x . The product was
miguieras serled ﬁhgmbfe@dph@@% (& n@v)ewm gdrf%ed Vit @ixtprepgasgplaced on a

hea?t{?lgr N né?e@ﬁ,gtf PREo g\h n>9| 1At9f% ﬁ%@ﬁ‘%ﬁ?@%@ﬁhe@%{ied followed

bytaf(e@nﬂrecsbmﬁoﬁsifeata@apm(d 250 QﬁiIU,C(‘I 06 lamivioRtititeludhc was then added.
and Z isoners. Data are summarized in Table 2. Exanp

l e

After 3 &rlpths mistuae was peured Hee msthapp! T8Ik} Bk esvapight ﬂu’red A fibrous
t

w5 BB 9, RO AZ o S My BN 15215 . o

protRcewaodiitheicaneiutedprdsire ovemhighx Yierd: DO72ng.n ' ONNIBr $pectroscopic
a honogeneous sol ution. The mi xture was cool ed
da@| m@ﬁ@q@?f thaeabyxegrarles (ri§ Vwoagylaer&éedlt) qHECHion (9 Be\ggected ester-
ngC ¢ %ch(%ugp?sgd r?g%ﬁtlﬁi%@ Ebeln?%ilsgl%g{ ) %Va\éag thg f]s‘lel%&@'f 2&1 in Table 2
Exhaiplo9edrdy nietithdésis idd csioh b ethyl@fe-prapsieyns copoly theb Bbth S-hexen-1-
m., 0.00325 mml) in toluene was then added. After 3.5
olL.h the mixture was poured into nethanol (70 mL) that

[00133) ' aﬁrglte Efdﬁ)'if[e%? co@glﬁ‘gwef %PE r( gt 8 7&@ lﬁ?ﬁ& \glﬁﬂg) and toluene

Wwas' i so
(IOT’BﬂJ) angt coRbied deth)eateﬂ[hﬁ raﬂmd ftﬁt IOAﬁuSn df fcﬁ'dl au Ihdmb geneous solution.
educed pressure overni Yield: 1.17

Th§ ﬁﬁﬁft‘lf%‘é’%ﬁ‘i’%e%& D Cnam 5&@%@%@bﬁ®ar W‘enc%wl‘}ﬁe@r EOk ©.Y) mL, 8.99
mﬁé&rﬁ‘ ghd R SRR]AL ko GABY gé %?19)”01* Qaéélg&%%%%? g %td%'ba GARBBvere added.

uct as a m xtur i 'soner
After ng1h e m@xwontvas poingd sitarmhdtignomedlemilalthat mlrﬁl@dly stirred. A white
upreacted. This was found hy 1H NMR to 12. 9% f t he
procyviaie foEmedt datives isplated o %?rgm@lﬁ %W?S?ledr%ihén anol ?2 x 15 mL).

Th\%?‘@‘%’ﬂ 8 ﬁm? QR3S PH% ?Ie*&ﬁééds pF&AGE! Ar@bhP oY RY. 0 p¥he B¢ '"H NMR

acry
spectroscopic data 1ndlcated the nearly complete (< 5% vinyl present) conversion to the

expected product. Data are summarized in Table 2.

Example 10: Cross metathesis reaction of 1-octadecene and acrylic acid.

[00123] 1-Octadecene (3.26 g, 12.9 mmol) and acrylic acid (1.12 g, 15.5 mmol) were
combined with CH,Cl, (6 mL). The mixture was heated to 40°C. Then catalyst A (0.0611 g,
0.0645 mmol) in CH,Cl, (2 mL) was added. Gas evolution was observed after several
minutes. After 21 h the mixture was mixed with methanol (80 mL) and stirred well. The
mixture was cooled to -15°C for 2 h then the crystalline product was isolated on a fritted disk

and washed with methanol (2 x 15 mL). The white solid was dried under reduced pressure.
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[00121] Isotactic pol ypropylene i PP2 (0.738 g, ca.

0. 0337 mmol vinyls) and toluene (8 nL) were conbi ned
warwohested to reflux for 10 min to forma honeQEOSO%047953

solution. The m xture was cool ed slightly and hexane

(3 nm.) was added. The m xture was placed on a heating

bI ock kept at 730C. Methyl acrylate (0.100 nm, 1.1 1

)ﬁ was then added followed by a 6.42 nM sol ution of
Yl@ét 2P g1 8®3 0. PIFYMR speotromepie dﬁfﬁdp§llcﬂtﬁd thoit theneologgd product was the

exé,re feh acijtﬁj ga(pi?sc'f‘ Pf{o)%{uf‘tsas% sin W&eh gbserv [Fi iS0r ﬁc’reﬁél%lija’k% thﬁ'ﬁt Romer.

Exwhipl€1 RrEC&@sp nietdthediOF éRboh Iaﬁ 01\39@501} aieawmd a@f}dlc%ﬁhed
with nmethanol (2 x 30 niL e product was dried unde

[ﬂqlédhce@taptﬁ%@mrepbl@m AR RshE L. 82\@ ehdl.99 nymolyinyly) anpRerylic acid (0.194
li&ll:ﬂ %)C ogtje gl%%n%d v&%ﬂ Edt @d (% %ﬁ)n NS | 1x g%agﬁlgaté(f t0546°C Then
VI nylr pr esentcj) conversi on pec e estercap

cat@ly@td}élc(t) 0466 &, 010XV 31kEndlf iFFCanRd1,42 lrﬁloma§addaat afwrabout 16 h a thick
summari zed in Table 2. Exanple 9: Cross netathes

redr @b dempincd Thishyire mexest opiil mﬁéan@déelry% Andystied well. The resulting

ora?n&g g%{sghs{)&lslono\g;%ledﬁw%lgn | S?ﬁ%gmﬁﬂf usglg%o%e{,r{ﬁ%;tggéral alumina.

Thmbmbﬁﬁﬂ‘@rm@bsan@fe IfﬂateﬁldaﬂdOevrapéﬂatw tboticld @ n¥uny toloflegsdil. The oil
honogeneous sol ution. The m xture was cpoled to
Wascﬁqaheraﬁaed funprc Easced prrgsure ThEld- fdkem- |H dﬂMBosmtroscoplc data

L

prolichaiidia smail umeuieapsls)est h ntinylemt bamodudt Idkent the Ratlt of iPP2
was rapidly stirred. A white precipitate fornmed that

hogigeoypdideat ed on a fritted di sk and washed with

met hanol (2 x 15 nL). The py %g ?t was dried under

reduced pressure overni ght. eld: 1.54 g. 1H NWR

spect r osgoyiR dat a i ndicated the nearipcconpl ete (< 5% DSC

vinyl pﬁesent) FQRMErston o [The expected product .

Data are? 012 in|Tabl e [2. Exanple 10: Cross
net at hesi action of | 1-octddecenel and acrylicl acid.

[ &fl ﬂgecene (3 26 g,| 12. 9_ mml) and acryl iC
[¢19]] \ ¢ .o 111U VVE,"LC bUIIUI ICU V\II l|| CH (6
L) i Z%I‘Ure was he aMEd tjo ¥00d nhen aat'al ysity/¥im! Tm*
(0. p6tC1 g, (©)0645 mmol) in QH2A 2 (2 nl) was added. &9

ans eggh,utigry_gv\as nEBer vg(ﬂzafter_lse_ve_r_al m nut es. -
AT SR A NE AR A B2 MRS LA DS P

Bor | 26841 hed-$hd GrUst bl 1136 lprBLek 2hh oihtled Oh a
farittedsdi sk.gand vgaghed $71toh |maphaniol 0688 |x2aH1nl) 2.72he
@hl e6‘§§)l I‘dé\ly@s dl‘j\ﬁﬁ Jn%gli re%_ed @’9%8“U%§11YI el .53

naect r Ace o 1 o
PCL:L U =AY Y AY I TTUl t Cb

fhat ¢S | <86t dd hfhdlict/3ad kel oy AT e 487 d- cAdded
produgb8as Aa.8si rgl3e76)b>e43/7§d i dadter |, 892@5 uhsi6By| t BO1E
IgSONEF.( 5.9 3.8 18690 | 22512 | 21987 | 106931 | 2.31

9 54-55154-5.5 3325 2011 7386 | 62846 3.67
10.90
1 . . 2 - - - -
0 7.07 5.80 (-OH) 95
not
11 7.05 5.81 2892 756 1898 4389 2.51
obsvd.

For examples 1-5, 10 and 11 solvent of CDCl; at room temperature was used. For examples
6-9 solvent of D,-TCE at 120°C was used. Tm* is DSC second melt. 1 determined by GPC -
units g/mol. ** by 1H NMR

[00125] All documents described herein are incorporated by reference herein, including
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Exanpl e 11: Cross netathesis reaction of polypropyl ene

wWith acrylic acid. [00124] Atactic polypropyl ene aPP2
W@ 2008255517 ca. 1.93 mmol vinyls) and acrylic acPdI/s009eé47953

g, 2.70 mmol) were conmbined with CH2A (8 nL). The

m xture was heated to 400C. Then catal yst A (0.0166 g,

0.0175 mmol ) in CH2A 2 (2 nl) was added. After about

16 h a thick red oil remained. This was m xed with ' '
any prierfyedocpoenis png/ay t0§t111$ pegedispy to thp exieakilicy iarﬁgnot inconsistent with

thlg gantge rgdlss’ #ﬁ@a@erﬁ' I @Re PAR S@?gn ¢ hr el{rglh desc%.P%on and the specific

urm o henh ne
embOdiRicAg( v Gafires dﬂeﬂhe 1ﬁvé1ﬁ1©he1chvansbeﬁwapafa@édednd @escribed, various
yield a nearly colorless oil. The oil was further

mqﬂliﬁc‘@aow gay be aprsicenithous sdoppiing virem dhe opivtt agd spppaypRthe invention,
Acégr%ﬁ ‘t: ?? h 1%?6&186& ﬂ%‘t G ﬁglerﬁtao% he %Hl g &Bﬁ)}g t eL1(kew dsoeA) the term

pres n conversi on expec acrd- cappe
”cdiﬁlﬁﬁlﬁfg' i8.66hsad csdtBdynoayraou witle ehe toH "ﬁﬁludln‘gl' iyl {Ritposes of Australian
byproduct likely the result of iPP2 honocoupling.
lawrabl e 2 For exanples 1-5, 10 and 11 solvent OCDC 3
at roomtenperature was used. For exanples 6-9 sol vent
O D2- TCE at 1200C was used. Tn¥ is DSC second nelt. 1
determined by GPC - units g/nmol. ** by IH NVR [00125]
Al l docunents descri bed herein are incorporated by
ref erence herein, includingany priority docunents
and/or testing procedures to the extent they are not
inconsistent wwth this text. As is apparent fromthe
foregoi ng general description and the specific
enbodi nents, while fornms of the invention have been
illustrated and described, various nodifications can
be made w thout departing fromthe spirit and scope of
the invention. Accordingly, it is not intended that
the invention be Iimted thereby. Likew se, the term
"conprising” is considered synonynous with the term
"including" for purposes of Australian |aw CLAI M
What is Clained is: 1. A process to functionalize
propyl ene co-oligoner conprising contacting an al kene
nmet at hesi s catal yst with a heteroatom contai ni ng
al kene and a propyl ene co-oligonmer having an Mh of 300
to 30,000 g/nol (as neasured by 1H NVR) conprising 10
to 90 nol % propyl ene and 10 to 90 nol % of et hyl ene,
wherein the oligoner has at |east X% allyl chain ends
(relative to total unsaturations), where: 1) X =
(-0.94 (nol e% et hyl ene i ncorporated) +
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100), when 10 to 60 nole%ethylene is present in the
co-oligoner, and 2) X = 45, when greater than 60 and
wo e®9/1535ah 70 nol e% et hyl ene is present in thePCT/US2009/047953
co-oligoner, and 3) X = (1.83* (nol e% et hyl ene
i ncorporated) -83), when 70 to 90 nol e% ethylene is
present in the co-oligonmer. 2. The process of claim1l
wherein the oligoner has nore than 90% al |l yl chain
CIAMMS rel ative to total unsaturations). 3. The process
of claim]1l wherein the oligonmer conprises 15 to 95 wt %
Whet i lefeedsiid has more than 80% al |yl chain ends
(relative to total unsaturations). 4. The process of
Cl ai i d . i i . 0,
Lt Pyl B e B ST [T e B e on et alkene
mefatiedsat davedy dt ovithod héteron®at comdinmgskend and herppydoes®-aigomer having

| ai wherein the oligonmer conprj 30 to. 95 Wt % o
an @ﬂwme_%@ 15040 sl (#nE1H2969 591 T v rromngine 100 50 mols
prdpfyRdn@tahy q l()_ttQ 9bGh&bs l%)f‘éﬁglléflé‘,twwéi}rth@olri RErARERE 1daQ X% allyl chain

unctionalize propylene ol i'gomer conprfsing contacting
endmn(rabtten® tot] ahfnesasgorsatwharst K t=h(-6. hdtmetadattylene incorporated) +

ontai nji n kene and a propyl ene qligoner conprj si
10§ Wi nh o FES FHOHPIeEHTEA 11606 RRARECLE nBichg) X 45. when
or@idYhANE) a¥i RS kDt TPmBl oY IR enBaS priint! iR ARL c@-%ﬂ%&héry bnd 3) X =
chain ends, an M of about 500 to about 20, 000 g/ nol

(1.83% (meda%uesteyl ety inbbipaNR}d) -83), ivdeh TOytb SOhadlnecttlylewe is present in the
aLiI lic vinyl group ratio of 0.8:1 to 1.35:1.0, and
€010d88Mt"han 1400 ppm al uminum 7. A process to

functionalize propylene oligoner conprising contacting. .
2. an dhreneccarrhchieni s whsted st okganer ap apie ghgb P70 allyl ‘chain ends

[ nd a propyl ene oligoner conprisin
(regat(ﬁ%gda%{tﬂ%{}ﬂrtrléﬁ%?opyl ege gﬁd from 18 to 50 gl % °
et hyl ene, wherein the ol.igoner. has: at |lea 9Q% al,
3. e ha hE BRare ' Sl 18 Bl edBR st §9 05 47 v Aot Elhylene and
hasmﬁ@fett_hQQS@% alllN{RIn ey Qre@dﬁivie @RI ns£hAtiongNd to _
allylic vinyl group ratio of 0.8:1 to 1.3:1.0, wherein

4. mnm@c@sv(imaiﬁpymgfeiﬂ% %li%@ﬁl&oéb@é&‘@ atai(?tor’%ev%@fo”ethylene and

at fromO to 3 nol % A process to functionalize

hapmoprythen@0%|allgbeiam ewlinirelaivadgo toaltuasttimgoss). al kene
nmet at hesi s catal yst wwth a heteroatom contai ni ng

5. al kamne pasdssoflulipy] emerct thg @MROMEOEIMiprisen gt 30 tol Fawt% 2thylene and
nol %tgrogéléene fromO0.1 to 45 nol % et hyl ene, and from
hasgmere; tharsd @ adky kohagtoends Srefitee ith totyapEIHIPRY. ol | gomer
has: at least 87%allyl chain ends (alternately at
6. | eadt powys tarfuldiiontlizzbprapyledo elgoatss utoni@isORO cepitaesing an alkene

mega%ﬁes?sec%%algs? gvit%ya lilel‘?ergle'l\{@n’ co%pa(?nigg afk%r?ebelfgdy all pr%rﬁ}%ierqe oligomer comprising
more than 90 mol% propylene and less than 10 mol% ethylene, wherein the oligomer has: at
least 93% allyl chain ends, an Mn of about 500 to about 20,000 g/mol (as measured by 'H
NMR), an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to 1.35:1.0, and less than

1400 ppm aluminum.

7. A process to functionalize propylene oligomer comprising contacting an alkene
metathesis catalyst with a heteroatom containing alkene and a propylene oligomer comprising
at least 50 mol% propylene and from 10 to 50 mol% ethylene, wherein the oligomer has: at

least 90% allyl chain ends, Mn of about 150 to about 10,000 g/mol (as measured by 'H
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end to allylic vinyl group ratio of 0.8:1 to 1.35:1.0.

9. A process to functionalize propyl ene oligomner
w@wpnssihg contacting an al kene net at hesi s cak@l/y¥$1009/047953

with a heteroatom containing al kene and a propyl ene

ol i gonmer conprising at |east 50 nol % propyl ene, from

0.1 to 45 wt% ethylene, and fromO0.1 to 5 nol % di ene,

wherein the oligoner has: at l|east 90%allyl chain
NMRysainda ivabey! slivouend 30 ailzz;h%mytl g1@roBtiogind: l(fasl 3:1.0, wherein

o BASH EVRph y hels C%%t. ot SR B0 EEbly

5. Conh PEISHE COTOEALa RV ek RO HOSTE, Spyaging an alkene

me\f\dtﬁéilsaca'ﬂﬁ%% MWORLOGONbA J@)‘nﬂﬁh@% L’lﬂ‘(@ﬁ‘e andh ﬁropﬁlgﬁ@blﬁgf?ﬁ@rcomprlsmg
conprising propylene, wherein the oligomner

at leestsi0 98P pirdppilenchfiom @mds 45amolivh cthiyleaboartd $0@ &.bto 5 mol% C4 to

000, g/ mol
C13in SRR oDREmEETa Fyr: ot T Ghbtpas(@Ngmely atleast 50%)
an @/hgoﬂ-aﬂogt 15@iolatdut 80000 E551L dﬁ@ﬂl@lé‘t@éﬁ BP M AR, @an kdobutyl chain

The process of any of clains to 10, Wwherein the
endla glyreviyd geoupirefud of G8:126035: llQ The process of any
of claims 1 to 11, wherein the My is about 500 to
9. abot procef) t(g/fnmdtl,onallnz& dMupykent , A13dnicd cnguising0cOBbcting an alkene
/ and th is about 1400 (alterpately 1700) to
megaég%t s cptdy ot h%frroa@@l copfgnipg alkgaga a%fﬁyylsm elil%ﬂmﬁg comprising

at ﬂeagtOSO]'glomg{ E%)ntri]eg?r al bqnt% @mr@ﬁ’}?lénec ahg (f%?ﬁ O'lsto 5 '\r}llol% diene,

represente or mul For mil a
whieeeia theradigpmBr haet at feas 9@&/da11§2ﬂ chalﬁ endmdmpMn d@€nbduy, lSGmg' about 10,000
or X and,K X1 j.0i ned t

ionic Ili .
g/ TB‘?qa(ﬁ? arﬁaeﬂg(?am pHaMdhagnd 87 s uwgwéal.n. 8fa?léf[3 vk group ratio of
0.7y hyslfegen atons or a multinuclear ring systemof up
to 30 non-hydrogen atons; L and L1 are neutral two

10. el e%} ér% esgj ¥ ?lfﬁsc’tloﬁ%l%g%)é&pl léﬁ%yhogr?oo'h 01[}18€cc§rgprfls%gr;ccﬁ1tactlng an alkene

sin rrng

mdfaﬂhdsmw:thlgar with ngh&y®hm @Bntumﬁga a&@nen aid hykdra@Rizomer comprising
atons; L and X may be joined to forma bidentate

PropsieaanvBeEE e (ﬂhlﬁoﬁlﬁﬂ hipayt 19ptnd e fylechaimgndss appn f gpout 500 to
ab(f{lg r&é}g@() o%’l%ﬁp %trgéﬁur%? b IWWI&J %11 ??orbuwl anlﬁyeﬁh%mafi{lhygmyl group

rogen a
ratio of 0.8:1 to 1.2:1.0, and less than 1400 ppm aluminum.

11.  The process of any of claims 1 to 10, wherein the oligomer is a liquid at 25°C.

12.  The process of any of claims 1 to 11, wherein the Mn is about 500 to about 7,500
g/mol, the Mw is 1,000 to about 20,000 g/mol, and the Mz is about 1400 (alternately 1700) to
about 150,000 g/mol.

13. The process of any of claims 1 to 12 wherein the alkene metathesis catalyst is

represented by the Formula (I):

L
X | :C/ R
| | N g!

L1 Formula (1)
where
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L1 and X1 may be joined to forma nultidentate
nmonoani oni ¢ group and may formsingle ring of up to 30
womwohgsdiogen atons or a nmultinucl ear ring sysPERnUS0UPI7953
to 30 non-hydrogen atons; R and Rl are, independently,
hydrogen or G to C30 substituted or unsubstituted
hydrocarbyl; Rl and L1 or X1 may be joined to form
single ring of up to 30 non-hydrogen atonms or a
M A erovpd Betelir i ng system of up to 30 non-hydrogen
nd a of X8 ed t orm.sin
X rglllicﬁgg1 0 rg mdf: %en@gm%nanﬁya r ogCeE%alltldrrB orang %ulntlaynhec 1Sed to form a
diahidng Sxap and efayUprrh QingQ ﬂ@oﬂﬂ;ﬂfcﬁﬂﬁﬂotﬂhﬁdﬁgetﬂ-ﬂom@bﬁ a rnultlnuclear
process of claim 13 wherein Mis Ru or Gs; X and X1
rmalséstem@éep&%mn jydragematogen, an al koxi de or a
| f1| e En
L adl ag% IS%utgarl ct)%go %fég‘gé‘} m(ai% o,:imaljé(? iﬁgﬁ]eytrblg élg&?]toaforlin sélbgle ring of up
to Mﬂomyﬁdr@g@mtaﬁ@ BBa efultthudldat Hig Sy s&dh of i }(yﬁdrﬁmdm‘)gdmtoms
to 30 non- hydrogen atons; L and L1 are, independently,
L gpdpk gapphbaieinsd ta métb&e@mm@%&%@ gEoupLangrigay_forpeyjngle ring of
up RE30 RURALILR:r RB B il dah uf bty bEuPh 30 nop-hygrogen aoms:
L'upd 00 @0y bo Hoinydlt® gam ahaidentatantbnarmivyic b grQupl amddnﬁ}o form single
forma nul ti dentate nonoani onic group and may
ringjohgp &0 PP Rgn-HY digger osy %@ﬁnwyav%@%’éﬁm@tsaﬁtﬁmd}f R to 30 non- -hydrogen
atofil tinucl ear ring systemof up to 30 non-hydrogen
atons; L1 and X1 may be joined to forma nultidentate
R emdridavm: Gndepegdatlp, lantogoayor fQrenCsj subbtéuted og uasubspruted 13drocarbyl;
hydrogen atonms or a_nul tinuclear_ ring_system of

R' aadéo Hots- MAdT BRginesk onformpsingls e of W tq AQ) é}?éﬂ’&émgleg atoms or a

it rapjnsubstituted
mlg%ﬂ{/%qgﬂnggy&bstlt Cﬁp ﬁisu%staﬁ?[a?e d'Cto C30 aryl ;
R Rid &ndr X1 nay Béljdilfmﬂ ’@efqmm siegletiing of mpstordy) eon-hpdrogén atoms or a
up to 30 non- hydrogen_atons or amrultinuclear ring
ml%%ﬁiﬁ%ﬁ%@pﬁ%@epmpmhw%ﬁnaﬁ% and R and L or
X may be joined to formsingle ring of up to 30
14!non 9@?@@@rpf&i%msl3dﬁhﬁelﬁ@ﬂﬂSRWQr@é; ring system of up

X at}d §Oarl’éop di q_lﬁi(e) aa}{a?ogteﬁ 15%3;?1@ ﬁe grtlfi )@ 0 d%; fyay be joined

ereln

to f(ﬁ’nﬂﬁ] Qlle@llioﬂi@ BRoupfdnd may form single ring of up to 30 non- hydrogen atoms or a
2, 6-Di i sopropyl phenyl i m doneophyl i dene nol ybdenun( V)
m%qng)(c{eabupg syséay of pp & 30 non-hydrogen atoms;

L and L' are, independently, a phosphine or a N-heterocyclic carbene, L and L' may be
joined to form a single ring of up to 30 non-hydrogen atoms or a multinuclear ring system, of
up to 30 non-hydrogen atoms;

L and X may be joined to form a multidentate monoanionic group and may form single ring
of up to 30 non-hydrogen atoms or a multinuclear ring system of up to 30 non-hydrogen
atoms;

L' and X' may be joined to form a multidentate monoanionic group and may form single
ring of up to 30 non-hydrogen atoms or a multinuclear ring system of up to 30 non-hydrogen
atoms;

R and R' are, independently, hydrogen or a C; to C3o substituted or unsubstituted alkyl or a
substituted or unsubstituted C4 to Cs aryl;

R' and L' or X' may be joined to form single ring of up to 30 non-hydrogen atoms or a
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Di i sopropyl phenyl i m doneophyl i dene nol ybdenun(VI)
bi s(hexaf | uoro-t-butoxide), 2,6-
w@ri0sopisopyl phenyl i m do neophyl i denenol ybdenun®GA/yS2009/047953
bi s(trifluoronethanesul fonate) di net hoxyethane adduct,
2, 6-Di i sopropyl phenyl i m doneophyl i dene[racem c-
Bl PHEN] nol ybdenun( V1),
triciwlohexylphosphlqg£l 3-bis(2,4,6-trimethyl phenyl)i

mulﬁirw rrlngsxﬂtqr@ ehup tq 3 pnehydrogen atoms; and
Fﬁﬁpg lidenelr it |ynéllﬁ Lehlorige
£14 CyC | pehJoom d o Og‘m ingle ring” of up to hon-hydrogen atoms or a

mlmﬂitﬁmwarhhgsm@ﬂofu td}ihmﬂwdra &l 84¢ds.4, 6- t ri met hyl phen
yl)-4,5-di hydro- |n1dazol 2- ylldene]ruthenlun(ll)

15! d' C h{h@ lrd%@ss Jtfah G BE Elﬁhﬁ%ﬂ@%ﬁ&%ﬂﬁh& alkene metathesis catalyst is one or
6-trinmet hyl phenyl) -

rnom h@z drﬁaDnstzmﬂphzsnyhm@t&mewmldelmmlybdf)m(wﬂ Enebutoxide), 2,6-
.ni [.1) dichl b h
DilpiEhypheryhi D i behumirB T Kooy B gptaie. 2.

Diike Iphenylimido neophylidenemolybdenum( V1) bis(trifluoromethanesulfonate
Bi%bgyg 6§}r|neth§1ghenyl)§a 5-di yérofn1dazo 2-ylide )

dlnm[uz;y,(ethape aqxbey %GD@lB@Mpy{phdmyh.amdmgphyﬂldmyd[yacermc
BIF@E@I}{@})@E% hrﬁmg%{ ?10@%Pohléx Iph czspgfn% l? Hs&eé‘l 6%Hglethylphenyl)imidazol-
2- ﬂfd’eﬁ@[ﬁ?ﬂld&?ﬁm}ﬂﬁd&r | il FeQhubebin Ridth(l lq%%101‘1({62&10?10lohexylphosphlne[3-

henyl ) i m no] met hyl ] Amltropheno

Phel{)’g'lﬁ‘l@ﬂ?ﬁ 1 }illdﬁlilQ] rbis 9|6ﬁﬁm¢&]yﬂphehgl;)14l,ﬁ1r(h|hy§lro 1rn1dazol 2-

G Ghal Tl AL S bt s o Gl imliigpeny)-4.>
dihldisimRiagé122 911@61176%['(ﬁlﬁhi%@ﬁﬁéwmne]ﬁnhemum(n) dichloride,

I m dazol i di nyl i dene] di chloro(tric cIohexyIphosphlne)ru
bistthientlegxytihebithined Coplwnpl-bidorgqmby dwnﬁbmumﬁll) dichloride, 1,3-

B S B DD SR A L el i samingy

duﬁa@ﬂaﬁﬁﬁ{b@fmﬂwjphyﬂﬁ]ﬂ@mﬁ&mﬁmmm(n) dichloride, and [1,3-Bis(2,4,6-
- Bi s( netg%é phenyl ) - 2- |n1dazoI|d|nyI|dene] i'chl oro

trlr(lghyl@bpt%}séxm %Mlmélt 13]e[ﬂe[)[(%l@ﬂh@lmhgmﬁ(l)lm)mo]rnethyl] -4-

nitgb ARty By S g R B PSRl e

bls@m@y@bl&(x sihhd) Hlleﬁbbirdru@lemum benzylidene[1,3- bis(2,4,6-trimethylphenyl)-
i m azoI|gﬂbylldene]d|chloznéphe Inethylene)
Plog

2- mpidprofidinyhidsyaldiableopHirsayiobe ipg)yuthgniurg. dichloro(o-
15051;0 %§yﬁfng?%%e}lgﬁ%%¢@%ﬁF%llg%\él?ﬁésghgl%frﬁ heﬁjluﬂx ,‘{i@eﬂ%g (5,'3',6-

trlrﬁétflyl(ph§ﬂ}0ﬁExmldhh@l@ﬂyl[&hé)dldh&ﬂbM)l'-ﬁ(sd)ﬂr))pop@lpﬁenylmethylene)ruthemurn
4, 6-trimethyl pheny

1,3 %Sﬂ?a%thymh@wh)aelﬁéqiazafélﬁqui@@ishﬁﬂs}mi(?d@ﬁemp&xpélenylmethylene)

AR S AR R B R e
pyﬁdhhgel)propﬁlldeap}re&eﬂnhﬁmp)[l Bims@onetlphedy?=CH R or

- HC=CH- where R and R are I ndependent |
lmWéiﬂ(érdé%}tl@ﬁv@éwh&w{ph@ygm@t@ﬁ caoM{rgysl Orngnlp%f%phmeb”afrhﬁwﬁm(ll) [1,3-
Bl.&? gﬁrwgﬁéhén§&§ gﬁ@ %Gf %{é}?ﬂgﬁ) 1cﬁl% (I etﬂﬁ%ﬁ&t@n};ﬁdene)
(triogtlehaxatphiakshoms)aithgngn(11), and [1,3- Bls(2 4 6 trlrnethylphenyl) 2-

imidazolidinylidene]dichloro(benzylidene)bis(3-bromopyridine)ruthenium(l).

16. The process of any of claims 1 to 15 wherein the heteroatom containing alkene is
represented by the formula: H,C=CH-R or R*-HC=CH-R, where R* and R are,
independently, a heteroatom containing group containing 1 to 30 carbon atoms and at least
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group containing 1 to 30 carbon atons and at |east one
het er oat om sel ected fromthe group consisting of Si,
we200@158517 N, G, F, | and Br. 18. The process BPET/UB209047953
16 where R and R are selected fromthe group
consi sting of alcohols, amdes, nitriles, imnes,
hal oal kyl s, acids, esters, anhydrides, acid-esters,
oxycar bonyl s, carbonyls, fornyls, fornylcarbonyls,
onphefeioRipns, and acetyl halides. 19. The process of
claim 16 where R and R are represented by the fornul a
17- D- Yhe prdvesseofldlaim B WhehedaarsyR agy, dnqephtaichﬂg, a&hettcroa@rn containing
grogll%gcgg a%g qgﬂé%oqarl%qnaet%ts rfg& 61{] or 0 }% egoettﬂ@ selected from the group
coﬂﬁ&ﬁ?Q@SPﬁ’@P@tﬁ1ﬂlﬁgléﬁkﬁpe conprises one or nore of
acrylonitrile, acrylamde, allyl amne, acrylic acid,
18C1 0 Q'p?oc%% gf IRk fi@%%éré %*aé‘ﬂddR a@@lsae&ed?‘?ﬂogl tkfe(?rguf consisting of
anhy umari c acid, itaconic acid, 1tacon
alcal'ﬂdjly,d rantiées, Chitril@e,0rnimine’d i Ithloath tls,aaoids.c @wm{danld,ei,rldes acid-esters,
mesaconi ¢ acid, glutaconic acid, chloromaleic

OX YRABINY |Se CHPPRYS, é?ratyéﬁuf%méyé?aabow%% hyqir@%l@oqﬂdécatal laahdes

sorbic acid, 3-hexenoic acid, 10-decenoic acid,
19 2 péF he erascss, o, C$a1tnr16cwh¢i©>&7‘| 4nd Pa@liecrepr@mmntfairﬁ}ethacfmmulzarﬁﬁ , where

Ik f
rocalgxrﬁ %r(oap %awpﬁ llto rlnglcg éx%asﬁalng fSt i (g%e% orf”%(?r%eﬂ

fu at e, xen- I-oI roces f clainms 1 ta
2020 errgPWS% r‘? Y opfy Flaies i P?e S“Plé’ ¥p yptagping alkene
cor%?l?n%ﬁ?le RRAVLAE JF ra@{%}f&h{rﬂe trAhmee, Lll‘?ﬁsefmlﬁe ¥y 1tOatid, crotonic acid,

hr, conprisi'ng: contacting, at a tenperature of
mefhraorpli®5 &itlo nkBGO Cicigr opldie mahydide, tfomafic nadids eadopiceneid, itaconic
and. fromO to about 5 wt % hyd Yﬁhé%ln the presence, of

anlydgide o | GUpcoifs ¢ 3¢ SHHPCLCn G i Piesasonien feih |ghdagonic  acid,

chl%ﬁﬁnaﬁ@i% %Uao GEAELHC ATROUBRnIERE Srﬁ@th?l‘ér&b/m& R8id, sorbic acid, 3-hexenoic
fornmul ae:where H s hafnium each IS,

acidndeplecaternt bgid, 2pkatcned,3f>-wroattoaylye @u;i congingt aqd, ofd lower alkyl

(e fofor B B o g e b el nEhn; Ged iGrace, methy

ﬁnﬁghggeméxmglgpes am nes, phosphines, ethers, or a
onbi nati on t hereof, preferably met hyl , ethyl propyl,

but I '
21741 o SR b SRR UL ARG, o B iy revra by
prcmessalajvmgg)rswle@ pf ededst Q5|>610 [ gmdemefhd eoinpyisiagr bon or

a heteroato preferably C referably at .
| ea§PNBFHEIZOY & @m@fa@rrea%fofwmaﬁ & F?atqg(i) W dtropdang G lydo 70 mol%

ethgleﬁe 3h& ﬁroﬁleO &P BouP5 W%fﬂﬁ'f(?geh nli] ﬁ{e%r&%hm a catalyst system comprising

an activator and at least one metallocene compound represented by the formulae:
R4 R! O
4
R 0
R R R s R HiX
R R3 R HfX2 R 2
R3% 3
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alternately at least three Qs are the sane or
different heteroatons, alternately at least four Qs
wae@ttfis1sane or different heteroatons); each RIT/US2009/047953
i ndependently, a G to C al kyl group, preferably a G
to C linear alkyl group, preferably nethyl ethyl,
propyl, butyl, pentyl, hexyl, heptyl or octyl, RL may
the same or different as R2; each R2 is,
i ndepeendently, a G to Cg al kyl group, preferably a C
to li ngar al kyl grqub pRef erably nmethyl ethyl,
R but yl , peq%yl Q he heptyl or octyl,
pref hly Rl and/orQ?Q k5 branched; each R3 is,
i ng€pend@nt |y, hydr ogen, substituted or
Ryl ubskbt d hydrBtthyI having from1l to 8
fégr bon at ons,

gro

car 2 pr ef er abRy s o
tg/ggfy a substltuggd /ﬂﬁsubstltuted G to Qg

hgiil :

&'kyl group, pt % met hyl et hyl, propyl,

bukyl pentyl, hexyl, octyl, provided however
Mt hat at | east thiee RRkigrours are not hydrogen
Whg%:Iternately four R3 groups are not hydrogen,

ternately five R3 groups are not hydrogen); each R4

Hfliishathfnggpendent |y, hydrogen or a substituted or

unsubstituted hydrocarby roup, a heteroatom or
cagheX dp.ondaendamly asiedies wge g emnaisting af Bydseearbyltradicals having
froff 1 t%sfl(p Séléllboﬂt aﬁg Fyﬁiyogfd%g,byxjfudg%oﬁgoﬁgel réglf{de? nﬂh’IOsﬁﬁ)ldgs halogens,

carbon atons,

dleam rrﬁmmegf@{oaphme@ @h&ist bt Ut eshmbihatidis tﬁlbﬁédﬂ lptrﬁéraay hethyl, ethyl,
| i near alkﬁ grou preferably neth et hy
DraRTb YL, Bhsayh berseheIoridRy e (alseragtly b X's may form a part
.such as propyl phenyl), phenyl,
Ofgﬁﬁ§§hhg%gg{ﬁ@%?¥%néiIyI (such as CH2SIi R, where R

eathQas Cﬂndép&nﬂhﬁlyﬂ)&ﬁ]ﬁ@ﬂﬂﬂ’ blﬁbt,er(ﬁlttﬁﬂ, msforatinyl, ,N Gt f&(preferably at least
propyl, butyl, phenyl); R5 is hydrogen or a C?
on%uCkgA @F@Hﬁ‘t Br @feé%tﬁlwtale@t Ve Qfg arq Heajamg %y@lf@Fe@u pieteroatoms,
£ e '
altﬂé%yﬁ{ﬁﬁée%i @Féetgg gI(‘:ete[;lF Xelrﬁ%&lr (gﬁ)ﬁqeg} gé{érﬁh‘cg}lﬁaﬁ%%t%ly &least four Q's
amﬂhkg&n@@@@ﬁ&mmfEﬁabmbhm)a C to C8 Ilnear aIkyI gr oup

preferably nethyl, eth propyl, buty],
‘H]eBéy Is, indepensendy, €ty | s @5@411 SPOMD} §ref‘?fﬁ@1§ﬁeﬁd é—h?s yinear alkyl group,
S f
pré?é(rg@g%gmgpéthg %r?ﬂ . ougla g;eggf) hepng‘/‘iE of lo? tl %Rlangy the same or

dﬁﬁﬂﬁpth,butyl pentyl hexyl heptyl or octyl
royi ded homev r that at

ea %r b*g%iep%l}d@@ Yt @n § &e ai@i%%ovzf\é%?ﬂ%yg{ @3@2 CaligeHgk! group,
L p i A NS LA
amﬁﬁnbn@phming of Fornula IV are not hydrogen)

cach R’ is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl group
having from 1 to 8 carbon atoms, preferably 1 to 6 carbon atoms, preferably a substituted or
unsubstituted C; to Cs linear alkyl group, preferably methyl ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, provided however that at least three R’ groups are not hydrogen
(alternately four R groups are not hydrogen, alternately five R* groups are not hydrogen);
cach R* is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl group, a

heteroatom or heteroatom containing group, preferably a substituted or unsubstituted

hydrocarbyl group having from 1 to 20 carbon atoms, preferably 1 to 8 carbon atoms,
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Nis nitrogen; T is a bridge, preferably, Si or GCe,

preferably Si; each Ra, is independently, hydrogen,
wha00008351Dr a G to C20 hydrocarbyl, such as nRECTYE2009/047953

et hyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,

phenyl, benzyl, substituted phenyl, and two Ra can

forma cyclic structure including aromati c, partially

saturated, or saturated cyclic or fused ring syste

prederably W@étﬂtuﬁﬁi@mua@&stl @ntp Caincgt plés&bgﬂoupa Igﬁfstﬂ@éy methyl ethyl,

prom}é/ bu?ylhpeenty}cl uhc'exyl heBt%l oc‘%y & su%)stl el §[1%nyl1|% u&:h élga B rpg{élsoe%n]) phenyl,

silydl subadtitukcalt g1, (é’u%h thI}Hg@ERJC\@Bé‘reM' 1sﬁd @ tBCh Hydro2@rbyl, such as methyl,
wherein the propélene hono- ol i gorrer is prepared by a

cthiyb ipREhditg. s5s having productivity of at |east

I I.S1.ANQ;
R oo CTRIODoLGE BB ES BE6H Dk of ropp. roertly
me‘ﬁl@ﬂtﬂ‘dl@ympropﬂdbﬁt&p@bﬁyt eI Ohptyd dm%ynydr ogen in the

sPresence of a cat al iéSt system conpri_Si ng an activator
P

R® &by dipeaneerst CoteCnakal gr@a@rmef@@hbwﬁdtq Haaas ked gpspp, preferably

i ndependent |y,
nm@@ﬁ @ﬁgﬁ%ﬁgﬁﬂ@ﬁ % &ﬁﬁpﬁac%ﬁ hydr ocar byl
cadhaRll BalRlcpandently, nydeg]:nt(ﬁr a?@l e@Chatkydptom®, phydablgesC, to Cg linear
am des, al koxi des, sulfides, phosphides, hal ogens
alky] grpwg, Drefrakly mi&hﬂsf‘pshyln a@pymmésﬂspe%y hexbrAddrqetyl, provided
ho&/E\%r%ﬁeft abgénagf; er :}]?%’ Cé}&ﬁo&yalr% ngm H%droge%r gﬂ%ﬂnateg}%tylgast eight R” groups
are(r&itﬂl@dﬂmgémlaytetml}xalfk Rﬁ@ymfp@ R wothattogoh, (prdferallg thé RQ groups at the
or aring sy steq%% Qis,_independently carbon or
3 aad Heverisas efacy fé%@f FoteulaV gre ngt hydiragahapl y at
N{ %ﬂﬁgegne Qis a heteroatom alternately at |east two
8} s are the same or different heteroatons, alternately
T iat blridgstpréfhirably, §f or @¢,rithmbbeafie or di f f er ent
het er oat ons, alternately | east four

eac‘éla]ﬁfe i) Fnd&p@qd@ptéyﬂ yﬁiéqggpogzﬁgggﬁgl) or & Sdntopy 2% gy(?rocar{)yl such as methyl,
cHpRICRTL] Yoy 0, R L SRR PEELAELY BEL L nd

R’ paopyim aleyitlyd strypent thludlﬂgydrqmeh&ppydtlaby satataydd, oRbatoeyed cyclic or

the sane or different as R2; each R2 is,
ﬁwﬁﬁ&@ﬁéﬁ%@ﬁtly a G to C8 alkyl group, preferably a G

|
an(?3 ?%rg%r’ 'r(gﬁ?é;/dl f’%lagieﬁl% sz};(’? Hﬁ éﬁ;fﬁﬁ %re P;L) ?‘n g%oct y{%&&y hng or multicenter
fuspd efhe spdty WRbrathd rimgs Ry be armnﬂtlcbpanellhﬁshturated or saturated.

22. The process of claims 1 to 20 wherein the propylene homo-oligomer is prepared by a

homogeneous process having productivity of at least 4.5 x 10° g/mmol/hr, comprising:
contacting, at a temperature of from 30°C to 120°C, propylene, 0 mol% comonomer

and from 0 to about 5 wt% hydrogen in the presence of a catalyst system comprising an

activator and at least one metallocene compound represented by the formulae:

RY R
ROCS
@
" Cl\\
ROY

6
R3 R? fo2 R3 R/HfX2
I RS R3 n g R3
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each R is, independently, hydrogen, or a substituted
or unsubstituted hydrocarbyl group having from1l to 8

W@ 200005558t ons, preferably 1 to 6 carbon atons, PCT/US2009/047953
preferably a substituted or unsubstituted G to C8
i near al kyl group, preferably nethyl ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, provided however
that: 1) all five R groups are nethyl, or 2) four R
gr olwJs are not hydrogen and,at least one R3 group is a
C to gabstituted oR uns stltuted hydr ocar byl

Gb f@eyfabl y at Iea&t, hree, four or five R3

groups\are a C2 to ed or unsubstituted

hygf oca %yl); each Rg\ ¥Mhdependent |y, hydrogen or a
Rglgst i g bst%ﬁu rocarbyl group, a

he om’ of heteroat conpdi'MMAg group, preferably

RA t%;uted or unsygbs ghydrocarbyl group havi ng
from1l to 20 carbon at o@ pReferably 1 to 8 carbon
atghs preferably a sub uted or unsubstituted G to

IIC |'i near al kyl %%up R refé?ably nmet hyl et hyl, propyl,
wmbﬂiyl pentyl, hexyl, heptyl, octyl, substituted

g&y (such as propyl phenyl), phenyl, silyl,
Hfdybpdbivplit ed silyl, (such as CH2SIR, where R is a G

| : :
ea(%l(lj)t()%’,ln%ﬂ% nyﬁﬂ?}’ %_%ecﬁésﬂs )olﬁftggg%a%}r coggl%)m{% gf %;cgrp{d;?yl radicals having
frogr dufp, 2@rcefbenahbyis,ahydrides ﬁ;nidieﬂeakoﬁﬂeksy|sukj“fd©s4pphosph1des halogens,

referably nmethyl, ethyl, propyl, butyl, pe
1q%§,§(qu1nﬁ%,%@l}gsp]@pe%cqtmrs pgg aj §0p%916?t6‘§b¥h66?0fa p@fertaglycglethyl ethyl,

prcﬁ#é%ﬁg?ﬂb@%ﬁ% %r‘r%fy? (Rl eabrgfm&e Q@% (eﬂfe?ﬁaé%k{f‘iﬂ) ?@5 AP form a part

ofhéxyﬂnngepayhg@ymanyyl each R7 i's, independently,
dr.oge or a G to Ik | grou referably |
eaqthega mﬂ%&ﬁerglymb(@} o, e‘ﬁl)?/oéﬁogil ami%{ﬁr Y fry N>t r%/?prgerably at least

on® %\%&?’Ld’hg*%ﬁéax(l)m Ql?é}{;éf& a{iqgayslt ngggg Yke M QEIYdr different heteroatorns

owever at Jat [east ven R/ groups are not
altdsmatew icastathteer@atel the &Irné eadiffeenghdterddZtogrspalpesnacle anteast four Q's
dr ogen, ter atel R7 groups are not hydrogen,
are(té?é"f ?%‘Ih?elfeﬁe s at the 3 and 4 positions on

eac%aﬁh 1SCBl(feb&ﬁleﬁ{ly,Fa0CM &y a}ﬁlﬂl fge ugbﬁxetfélrgﬁ@gle@go Hg IiRear alkyl group,

trogen; I's a bridge,
prqﬁcreblermbﬂhyl Shy!, gaciylRaytyi, spenﬁydelmykj dreptyy or logthl, oREmay the same or
fgglo%e ,or a d to C20 hydrocarbyl, such as nethyl,
di ﬂpTopyI butyl, pentyl, hexyI heptyl, octyl,

ea@lhﬁhi/s md%ﬁ&ﬂéhtl S&"@f% Ug'taﬁgll %Rﬁﬁb}/ bref@rﬁgl tae, Bc %%ﬂear alkyl group,

orma cyc ic structure inc¢ludi ng arona IC par
prefetblyabeblyl ahylspropylabety], peotyl.chesyl, hapteljorroqng preirahly R and/or R

are not branched;

cach R’ is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl group
having from 1 to 8 carbon atoms, preferably 1 to 6 carbon atoms, preferably a substituted or
unsubstituted C; to Cs linear alkyl group, preferably methyl ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, provided however that: 1) all five R® groups are methyl, or 2) four R’
groups are not hydrogen and at least one R group is a C, to Cg substituted or unsubstituted
hydrocarbyl (preferably at least two, three, four or five R* groups are a C, to Cs substituted or
unsubstituted hydrocarbyl);

cach R* is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl group, a

heteroatom or heteroatom containing group, preferably a substituted or unsubstituted
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and further provided that any two adj acent R groups

may forma fused ring or nulticenter fused ring system
wob@pasIshe rings may be aromatic, partially sarCF/HS®A9/047953

or saturated. 23. The process of claim2 1 or 22,

wherein the activator conprises one or nore

noncoordi nati ng ani ons. 24. The process of any of the

above cl ains where the process is a continuous process
hydeagsbyls Bregpi vingd flend  woAd reerboantomat m%@blgyhtt@srﬁ carbon atoms,

prefertaﬁlgaa LBGhLRL qr u?gu%sp {uteiqieg {oe@ Cl oerar Slfk]c gr%mg gpreferab I\ methyl ethyl,

Inifng vin ene

prapiyQ oyt 8& r]@nt}ﬂﬁlﬁvxg)l ihgPHE foctyd, %bﬁﬂﬁlﬂeh Phé@m@(ﬁcﬁ Gs pﬁdp‘yﬁpﬁenfrl) phenyl,
_unused nmononer and/or ot her volati obt ai ni ng vin
silylesubstiatasloilyb [(sushes HSUR hwheye fh sseCd é%@rzllb’éﬁxﬁgb’ |sn§h as methyl,
ethgp%;&%cd %ﬁbﬁ%@ﬂﬂ) term nated propyl ene co-ol i goner

igomer and further combining the

R’ ¥ Byairb@meoran0| iogONEkylofrodp, aytieebs, 410mey Ol ligemaikylgtdup, preferably
an al kene netat hesis catal yst and het eroat om

meghyiht i PrgPsh Reib PPRYR hP@dc]@qp&H 0§ Qﬁ'fé( ;and obt ai ni ng
R® flsuﬁ)g&rb?&]l rl azé dtoD oﬁﬁlll pélg C{%gar&le{‘a% % el F’Hé(alredﬂ&l groulp preferably

IOﬂ I ze a-VI

metont @yl ptgpjnlabﬁszl akntyl; bRyl Isdphg o@@ﬁﬁyactl ng an al kene
met at hesis catalyst with a heteroatom containi

cachy &eﬁe ingdsperglgatly rhyﬁﬁ}génwrn%/ﬁ okt afkyl ﬁgﬁ%p@ﬁra‘g@ a C; to Cg lincar
alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, provided

however that at least seven R’ groups are not hydrogen, alternately at least cight R” groups
are not hydrogen, alternately all R” groups are not hydrogen, (preferably the R’ groups at the
3 and 4 positions on each Cp ring of Formula IV are not hydrogen);

N is nitrogen;

T is a bridge, preferably, Si or Ge, preferably Si;

each R", is independently, hydrogen, halogen or a C1 to C20 hydrocarbyl, such as methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, phenyl, benzyl, substituted phenyl, and two
R® can form a cyclic structure including aromatic, partially saturated, or saturated cyclic or
fused ring system;

and further provided that any two adjacent R groups may form a fused ring or multicenter

fused ring system where the rings may be aromatic, partially saturated or saturated.

23.  The process of claim 21 or 22, wherein the activator comprises one or more non-

coordinating anions.

24.  The process of any of the above claims where the process is a continuous process
comprising introducing monomer and catalyst system into a reactor, obtaining a reactor
effluent containing vinyl terminated propylene co-oligomer or propylene homo-oligomer,
optionally removing solvent, unused monomer and/or other volatiles, obtaining vinyl
terminated polyolefin (such as those described herein), introducing vinyl terminated
propylene co-oligomer or propylene homo-oligomer and further combining the propylene co-
oligomer or propylene homo-oligomer with an alkene metathesis catalyst and heteroatom
containing alkene in a reaction zone and obtaining functionalized propylene co-oligomer or
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propylene homo-oligomer.

25. A process to functionalize a vinyl containing material, comprising contacting an
alkene metathesis catalyst with a heteroatom containing alkene and one or more vinyl

containing materials.
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