WO 2009/ 155517PCT/ US2009/ 047953 Title: A efin Functionalization by
Met at hesi s Reaction Inventors: John R Hagadom WMatthew W Holtcanp, Andy
Narvaez, Donng Crowther, and Pat Brant 5Priority Caim Thi s
application 6%8?%§%%$ﬁbrity to USSN 12/ 143,663, filed oﬁkg8§%$%@%b§008,
which is incorporated by reference herein. Field of the Invention

[ 0002] This invention relates to functionalization of vinyl term nated

pol yol ef i ns by 10net at hesis reactions. Background of the Invention

[ 0003] Met at hekils OsfigBnetialaliyativhbyYhtathofis Asactibre i nt er change of radical s
bet ween two co un ing a 1 C reaction here are several
varieti es ofﬁﬁ%ﬁ%?hggpggﬁggg?ﬁbﬁdﬁ&%ﬁ@LHgng?ﬁgmgpé%Vﬁﬁ REPRERades ' dcyelic
di ene net at he®ik Brant i ng ¢l osi ng netat hesis and cross 15net at hesis. These
reacti ons, however, have had limted success with the netathesis of
fitnctionalized ol efins. 100041Met hods for the production of polyolefins
w t h end- funatiigialClzd@d groups are typically nulti-step processes that

often create nt ed. by- products and wast t ant nd energy.

201 00051 Fo 7. QAT e rbisairaP el ONF bt Piae e RSt R B S8k 56 45558 oos.

di scl ose exanaig@sis Okorysia i@ b FdssSciBéraihhesi s to functionalize pol yol efins
cont ai ni ng pendant vinyl groups to form polar-functionalized products with
a graft-typeE@ﬂﬂ@Eﬁﬁﬂ%émFgDOG]D. Astruc et al. J. Am Chem Soc. 2008, 130,
1495- 1506, angeo?; AghisUgv@tioRlrelates to AMNOGRWMizaGRE Y vidH terfnthated OByolcdids by
7399- 7404 di scl ose, exanpl es of using cross netathesis to 25functionalize
non- pol yndr i §¥3heEE iif26¥ ¢ ont ai ni ng vi nyl groups. [0007] For reviews of

nmet hods to f ®agkadend et ikbmidnzed pol yol efins, see: (a) S. B

{0003] Metathesis is generally thought of as the interchange of radicals between two

compounds during a chemical reaction. There are several varieties of metathesis reactions,
such as ring opening metathesis, acyclic diene metathesis, ring closing metathesis and cross

15 metathesis. These reactions, however, have had limited success with the metathesis of
functionalized olefins.

[0004] Methods for the production of polyolefing with end-functionalized groups are
typically multi-step processes that often create unwanted by-products and waste of reactants
and energy.

20  [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, [30, 1495-1506, and D. Astruc ct al.
Angew. Chem. Int. Ed. 2005, 44, 7399-7404 disclose examples of using cross metathesis to

25 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; (¢) R. G. Lopez, F. D'Agosto, C. Boisson Prog. Polym. Sci.
2007, 32, 419-454.

30 [0008] USSN 12/487.739, filed June 19, 2009 (Attorney Docket Number 2008EM 140A)
discloses certain vinyl terminated oligomers and polymers that are functionalized for use in

lubricant applications.



Amn 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
Boi sson Prog. L..pei . 2007, 32, 419-454. 30[0008] US 9, f| I ed
June 19, ZOOQWE%LiéorDﬁey Docket Nurrber 2008EML40A) di scl (?sé!géo%écoée&gqggg vin
term nated oligonmers and polyners that are functionalized for use in

| ubricant applications. W) 2009/ 155517PCT/ US2009/ 047953 [ 0009] USSN

12/ 143,663, filed on June 20, 2008 discloses certain vinyl term nated

ol i gonmers and0pdly nerSSN Hatl4k668, fllmicon dwmel 2z €08 nlisSSN ctRiig 8vinyt 3G mifisbtdde d

June 19 2009 rn t,. Number 4 I
ref erences ofC(l {ﬂgrrsggg plgﬁgqfs&cfhdt ‘Os E%Oglgﬁz?gzn{ %gf’%lf L%#%]‘;&dﬁ Ci]gl%gajlgéogogne d
to devel op a (emmsy Dockot Nwbte 2608ENMIHDOhal | zed pol yol efins (particularly

end- function bb ]z(ﬁd) /gc}altrret]arg eS|es O];m ctbtllgc S c par tggg%@rl y reactions with
good conver si prefera Py ander “&r'eact’ on tondl tions is a mninal
nunber of $te[]0811]ThélThGSIthx@.|1$&)n@sdr’tee{dV(ﬂ@j’amusmbn‘g|1EOVﬂ®aﬁ:1h¢t©naltzyqb@oltyhlaﬁns
allows for a yvar.i ncti.on groups.to pol yol efins in an
cconon cal  mefar i, SRR b RERRG GadSaf Bl Bk S Bode
10net at hesi s ctoovdrmrr ottt | whaet mﬂrn&hct@h @bl‘[lﬁtldnslbbl@fnhlnﬁll ﬁ@mbﬁs’[@ibl Yhere is
econom cal an " tom econo nh } | g ﬁ end fi m: |fuonta "FHZ 0 b
pol yol ef i ns. b(90815 s* PRESATACHon yﬁ?ttﬁl P bo(?faevémw Ay MRV Rt ed™ °°
pol yol ef i ns tddadd tfoq,atyblemmﬂn dhiecridi@anahhee dTed iﬁam&smenndrﬂ*sa;bpbe&eﬁmelkafe a
net at hesi s, cat al st to ol.ar endfunctjonalized | efi ns "
151 00131 El: AUMEN RGBT R odBI o EroHe Tt 1 it B NG ChPRY o SRt ve
or pol ar end «gsmufcadireutdto dndtteicestalifdmolysfindd a broad range of applications
as conpati bi | s, .Lie-layer ifierg, surfactants, and.surface
modi 11 ers. HAPER T IhbrelePiiEn UG aY dise MR UP P PO BT L TRt By he
met at hesi s Offuﬁﬂtlﬂr)fdllzécielaﬂﬁbﬂihﬁt Bd tRObyedned i0TSa Whitdihdslancdiiiginabi Ze6l pblkenras.
This method is usef uId S}PE range of polyolefins, including isotactic
pol ypr opy!l end"ipp)izednglolefips.« “nol ypr opyl ene (aPP) ethyl ene propylene
copol yner15( Efpo13pnd rpaliyetibhliaey o Biins Smieityte of chteﬁ&allﬁ‘{@ﬂtﬁ\leocﬁl‘ pd1R0dd] Thi s
invention relates to_a process to finctionalize polyolefins (as used herein
pol yol efin i s%f%fﬁf%@m%%f RS R BT potey ErePiALP 1% GomRY &Yledn- 8T ng
contacting anmmaiifced) Surfiadl Nl sirfedtodd dyrschs. V\H&rbmas heteraatl RLICOALE ot Agir
al kenc, and one or nore vinyl 25term nated ol efins ref erably the
vi nyl term n@f¥H9st Brolhe gitessing iy meingted r?BY@leBPb with %%P%Weﬁben%
co-ol i gomer hawi AghéNisMieRf i30Qatee 03GoBBR 8L, MM Iudids isoBasUsREhréy1chE (NVR)

20 atactic polypropylene (aPP), ethylene propylene copolymer (EP), and polyethylene (PE).

Summary of the Invention

[0014] This invention relates to a process to functionalize polyolefins (as used herein
polyolefin is defined to include both polymers and oligomers) comprising contacting an
alkenc metathesis catalyst with a hetcroatom containing alkene, and onc or more vinyl
25  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% ethylene is present in the co-oligomer,
30  and 2) X = 45, when greater than 60 and less than 70 molc% cthylenc is present in the co-
oligomer, and 3) X = (1.83* (molc% cthylene incorporated) -83), when 70 to 90 mole%

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

[\



conprising 10 to 90 nol % propyl ene and 10 to 90 nol % of et hyl ene, wherein

the oligonmer has at least X% ally' chain ends (relative to total

unsat urati ons 1) X = (-0.94 (ol e% ethylene in d)s;+ 100),
when 10 to GO%rm}M;g/e hyI ene is present in the co-oli goqngﬁmg@%&gaﬁé 2) X =
45, when greater than 60 and | ess than 70 nol e% ethyl ene is present in the
cooligoner, and 3) X = (1.83* (nole% ethylene incorporated) -83), when 70

to 90 nole% ethylene is present in the co-oligoner; and/or WO

2009/ 155517P0V/ USR0YI9A0AZ9BE, bymperispigopyd tae 99 ofo meapy lceongriessitimg 1fonad’t han
90 nol % pr opy, a 1 | & l.epe has:
R D T R N R
measur ed by IaH%IONMQ)OOO&hnqlé@bmayllruth)althéﬁtb arolbeiiulwlctl@nvmwplaﬂJn@upylr@dzupo of

0.8:1 to 1.35; th m d/or 5 c) a propylene
ol i gomer, corrpt:r? (%lonégp%tl %%Sél;%tdmgg“% %%486) lglﬁﬁenuﬁl d?(Qom 10 to 50 nol %
et hyl ene, Wwhevei propﬂeneocbliggmmelcomlassmgaﬁ lddﬁaﬁ@th%%mMqub agh&om ®nds) ni%of
about 150 to glf) Ut v:xll'k(l)c’rcct)r(l) c%/l omcr as ﬂ%aé?ﬁ@? g}tf)lychfnﬁc%'i\éR%f!i\ 08‘@1%01@?56 o at%outyl

chain end to ic vinyl” group ratio o
nononer s havi lrﬁ)g)Of) @unolc(as nm%ercti &y BHrNMRm ramd an esoputgls@mtn camd tf) rabyuthvm;d gBoupsoI %

and/ or 10 d) ne i onpr | east ene
fromo. 1 to utBYLERGs S RIRh moBGHRG bl onsfiE tabs T EPaRH
wherein the d}:qng@ma?rmbi%(csancadsr I east 87% ally] chain ends (alternatel y at

| east 90 pt 150 bou 0 a ,,11-1
AR« and %an D sbiatyieRe Ao Botei SR H) 1t DRy GPbint TeoRE 8° eher o
1.35:1.0; ancbfhyltenaﬁmbi fiampl. opy$ enks GMIt«gGmEbl,eﬁn:,OVf[MdnSthﬁghgtmdl dastat Bast mb‘}o%

o e G il o Sl E B8 e O B Yook o TR0 e 150

to about 10, Gﬁmb@ém 'l a8VIRE asdine thobuyty INVER), enand aBiylic € uirytlp @eh@bh0&rndot o
allylic vi nyIl royP J/atlo of 0.7:1to 1.35:1.0; and/or t) a honooli goner,
conpri si ng priopyi'8A& " wherein the ol i gomer has: at |east 93%allyl chain 20
ends, an Ish ef alpeaplyl e59@llgd3nea,bmﬂﬁp112ﬁg&®®eag/ $ﬂ)kno(/¢3.33rd’1®&3urf6dnb)yl foHNVRY% an

|sobutyl chai ndt aII | C. Vi royp ratio,.of 8:1 to 1.

| eosthan” 1408 BBmebf R hiooel el BlBieht P b & e Dol
rel ates to acpdspaess ohf@b&uum:ﬁiuo&naltnzeoolg/ﬂml (agafemurbalt@deMlede& hisobutyl
conprising coptactjn n al kene neta wi th a heteroatom

cont ai ni ng a|CEdé‘ﬁ§f}dtgg'&YE}’f§5}¥ I8P 1Y 81I(€?i ?gfﬁ'n%‘a{oéd ol i goners or

pol ynmers, pr &f ehabd)qhgﬁxﬁﬂ’p&dnﬁjrf@@g@ﬂ)@ylelﬁe K’Lﬁér@m@l’fe dligemuti iaylat tegst m‘natlyadham

ol i goner s, _desc |bed her ei n,

100161The r tants are t, nbined in a
react i on VesSFS: drMa of ei09qbeupA0: @8 g?“boq (as megpEcd by g‘f@@blﬁ%}/ isgpptylshaig o,
pref erably 6@nd@dmgiacs)mﬁ@d)ugraﬁr)@sserleo ob: 10, b 13Q6n N0 fiiok afi@amakl y 0.5 to
500 MPa, preferably 1 to 250 MPa) for a residence tine of 0.5 seconds to

3010 hours ( YO0’ econd to 5 hours, preferably 1 minute to 1 hour).
[ 0017] Typi calidos| f r ok aRutiorOrctatds Qo abgbdesdiOfub@ioBalize G/ t@mBral) . pop,lb&mr abl'y
fromabout 1.0 to about 2.0, and nost preferably from about 1. to about

1.7 mol es of “PARISHECRR LIS H! dl\%@ez%@%%55%%@1*7%?%@;%%%%%mnﬁg

al kene react apd Orarﬁ@fe hgr gedinhed bR@ LG RIynReY pfR&1PionpRisMela bnmeharged.
[ 0018] Typi caIIy, 0.00001 to 0.1 nol es, preferagly 0.0001 to 0.02 nol es,

preferably otgoey! fegmigated oligomets db?“‘l%%@t@@%t are charged to the reactor per
mol e of pol yplogdj N ¢Thaka@bhs arc 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
30 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

2
-3~



[ 0019] The process is typically a solution process, although it may be a
bul k or high 5 pressure process. Honbgeneous processes are preferred. (A
honbgeneous p. defined to be a process where at % of the
product is soﬁ@%ﬁ%ﬁf%ﬁthe reaction nmedia.) A bulk honnggﬁggﬁém%@%%%s IS
particularly preferred. (A bulk process is defined to be a process where
reactant concentration in all feeds to the reactor is 70 volunme % or nore.)
Alternately no solvent or diluent is present or added in the reaction

medi um ( excegntaingig allivac eaand hic chareadie theuser ag nmoteofwalypicbn cliaggedt he

o bropane PR S COPkLNS 0B, BRI bagr SRHFRNLG ARIR M Bl TnpRaSLa" <
process incIun@mﬁ0n06b09b$w3hhhghnéﬂen@dkﬂﬂwmdgmmﬁkmnbbésﬂﬂmﬁhumegatra|ght
?Qgpgaﬁgﬁged [EQT}' h%ggoo%g{(sggrtlfpl% Cg s%?utloé g? Es@‘naq%loglﬁt AN a,y l%nd&?np o%' hl%l

t hereof; 15 qyehuwre pasrdssal HoyloganmhyIdD@sm btmwrcﬁamcem as\ bymbgrhemarmocess is

C oL e, e YA R ALYt RS AT B RGB!
such as perf |A1®nlﬂ<dﬂhlegcn@éhs];ﬁ0®!ssklarpe}$1pulmﬁﬁ pnefebe@ze%eulkqm@l:ean@maﬁned tamd a
s e IR BB ROTRRURS S0 0% BB AR LB PE W™
p; gggf; b: S ggmvwmauwr;hygncgfogx(r}smmmntmmbesiqg eapaieelﬁeumbchtldrﬂmvmhm?(gﬁa@ggﬁn Hﬁ;;t o
gr contln%ousbma amogﬁauﬁgﬁ§§§3°¥Lﬂq2r &8 g(ﬁuoﬁgaggyﬁg o AUAPE YRRy

oper at es mntHmuﬁwmmnbfmummnpagqnqﬁﬁsmqmn@mn@For exanpl e, a continuous

Cont i nual 'y iRCDbau Ut TBCwRE s B Pester e STy RR e P

continually \ﬂxﬁﬂﬂpﬂéﬁ%ludQ&b@i@QtZ]lddSB]fau&heﬂ-eﬁeﬁﬂi |h@ﬂl”0®‘c€l$ﬁl§|bﬁch Ac lidodetamce aaiatd, S
(i ncluding contl nuous t| rred tanog reactors, batch, r actor(ignreactlve

extruder, pi p&MHF 88?&9 ang, dt??%‘f’f B ef hepiany SHBD dlofgate: ap ’ﬁ?ré‘?jﬁ‘éfcf’fn ty
of t he priscesgclicsanatalib@as thy &0urighnofsuqhodsadycRiskahd) Rt lbiapahd, zednpelciat:ahd,n per

of cat al hour, preferab t | east nmmol | ho r efer abl
D) enst 10 GHOND AR PR ol ErGrap e astn d00 B0 G st 'F 0024
This inventi @Brhﬁlugdnbhedi Hy@loadrBsnst anﬁl NI pEREBinatpd &LQJ &bdaijesﬁ@hlbfb‘bbﬂz@@ pmacess,
preferably a cont.inu p ocesds pr oduce fug onal i 2z d pol yol efi n
conprising i ﬁ’EOFI‘j‘H%‘idr?Ek ﬁﬂhﬁ‘ﬁﬁ? YNy atlfa[:f’gll'f’%}]ﬁb 8478 A5 BRI FHe ol Ao At igene, and
obtaining a ket om ©frtlcteNEmbodeher0 QR 65 ddnbEuhlidISRPGR H4ERD3 60aBludic, Ng

vi nyl term nat ed ol e ptionally renoyi such as flashing off)
sol vent , “dnus¥¥ Bgf?e[? aﬁg%g V8’[“1’?& "WﬁFﬁthF%@&y&gtVﬁ“ﬁ]Fr(gorvlFbﬁyl t er mi nat ed

pol yol efin ( $o0el) as Thdhpseessasg bt bedh Nerebaidh of BhliR@UE RY uYddmekeit, @RdTicRAt ed
potyol efin, al kene net at hesi s cat al yst and heteroatom contai ni ng al kene (as

descri bed heF%ﬂ“ﬁ)‘O‘isﬁrtmdn‘a“ Pkt i Wf’fﬁfff‘é WIGQUHNISEURLIOR O CEsgtion g KosEseplfder , a

pi pe and/ or aorﬁlum @ssczb Adningpdipastdanabd gedvined welraliafts (SUsh Rl hose
descri bed herein) ene tathesis Catal ysts [0025] An al kene netat hesi s

catal yst is HUCHHEONROCHAMOEAERIYHES PolyacF iadyct BroHBRReNthdrawn. i ny|
terni nat ed ofgoapmer U@l RAEMXELIssM tikkldchehasatiAnEN el dlag Hkanenk o

produce a reactors, batch reactors, reactive extruder, pipe or 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.
30 [0024] This invention further rclates to a process, preferably an in-linc process,

preferably a continuous process, to produce functionalized polyolefin, comprising

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

-4 -



10het eroatom functi onal i zed ol i goner (or polyner), typically with the

elimnation of ethylene. [0026]In a preferred enbodi nent, the al kene

net at hesis ¢ LY ks represented by the Fornula (1) Sy Mis a

G oup 8 net a%apyﬂg eDPgbly Ru or Gs, preferably Ru; X angcgz%%é@gf%"s

i ndependently, any anionic |igand, preferably a haI ogen (preferably d), an

al koxide or a triflate, or X and XI may be joined to forma dianionic group

and may formsingle ring of up to 30 non-hydrogen atons or a nul tinuclear

ri ng system olongppingovigQ tmmmtcﬂoaowwﬁmgmomlbrmmO\LnahdchL% fasking off) solvent,

i ndependent |y ectr. 1 e.0r a

N- het er ocycl |u(§1 u%e&?%oé%éﬁl ﬁ?wgﬁg&%rj \%trl]gn?? ?m{;%wg§ 1‘%&%@%@%{%&8@% %nth&e up

to 30 non- hydksg@ﬂia@omtimmxbdmmmehUmhmamdmDWQCEwsmgn¢o&mﬁpmb®a@®$emd

non- hydr ogen i d

TONOANI ONi 6 gr%ltbego%o’m C ntdlmx%grﬂkene g%)ée{%glbérdﬂ{ﬁre?tgéﬁt? a Y&CtnanaZ:ggy Luh Qq ?’dg%é ot ons

or a mul tinuekeader.,ra m@egyls/bem mxfmmpmd @bta@mg)ﬁmnymngémoa/m@ﬁs (su@m earthos)si' nmay

be joined to me CrcnI~1t| dent at e nonoani onic group and may formsingle ring
e)n atons or a multinuelear ring systemof up to 30

of up to 30 non-hydrog
non- hydr ogen A-'ram);-w\sAni/ US2009/ 047953 R and Rl are

i ndependent | y dr or Cl to ubstit ut r ynsubstit
hydr ocar byI p(?jé er % al ene ﬁtdtthgslt%%éf Sdtclorfna?u g(?hd?catﬂ zes C. r ac évr
substituted Ofllnylu mmtmstted tohyﬁﬁhr(@élr padyr3P wath yal l)c;croatoancoracnning ,dlkenmr to)f)rbdumay be
joinedtoform5| rin up to 30 nonhdr

mul ti nucl Sar "Fi°Hg OEVEP%W%‘I’ZGC{J% ggré‘ers’(@r PRSI & 1ca@ﬁwﬂ]€ %ﬁg{m ma{c’]‘mF?ng’Hleﬂe or
may be j oi ned()ml f ofitm praigted ahibodineht, te Jll&n@(aqemﬂmsﬂwdal@gem ra@pt@eBedOby the

mul ti nucl ear rfri n‘ﬂ Q%_st em of up to 30 non-hydrogen atons. [0027] For purposes
of this invenfld d clains thereto a substituted hydrocarbyl is a radical
made of carbon and hydrogen where at | east one hydrogen is replaced by a

a

L
R
S
X! | N Rl
L1 Formula (1)

15 where:
M is a Group 8 metal, preferably Ru or Os, preferably Ru;
X and X' are, independently, any anionic ligand, preferably 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-
20 hydrogen atoms;
L and L' are, independently, a neutral two clectron 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
25  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;



10 heteroatom For purposes of this invention and clains thereto a
substituted al kyl or aryl group is a radical nmade of carbon and hydrogen

where at | eas hydrogen is replaced by a heteroatom | neak
branched, or %92P?€n§ﬁ%stituted or unsubstituted hydroc§?g§ 2Ogér/@%{f)}ahaving 1

to 30 carbon atons. 100281Preferred al koxi des include those where the al kyl
group is a phenol, substituted 15 phenol (where the phenol may be
substituted with up to 1, 2, 3,4 or 5 C1 to Cl2 hydrocarbyl groups) or a C
to C10 hydr ochrir/R, arprisdoperaiohtyy, Ayd@rech or Ci @ Gb kybstigicd apunspbsefusdabyidyocarbylhy| |,

byt ne._For mul G TS » 62 GREN Gy PRERENEhE 3ot A BB o PR RAERE P,
Cl to C30 hyde&eearydyl group, preferably a Cl to Cl12 al kyl group, preferably
Car benes aro ¥ ciraeehd By 4 sBleelf gy RO LE LTSS Ah A PR G
25For mul a | It)lordermmidgasy{tévpf @ to 3N\@p1200R¢ et BB HFRAT/ US2009/ 047953 wher e
cach R 1 GSRERIGTE A PULOSS Y JICHR S BoboW Lo ifigserell
(1 ncl udi ng i sobutulcaamg spstiubiip to 3peat-tdrogeyebmpent yl , hexyl, cycl ohexyl
ooty NN Mg IERY by FISHBISRandoEE L RNl RGN i
substitut ed radical made of carbon and hydrogen where at least one hydrogen is replaced by a
10 heteroatom. For purposes of this invention and claims thereto a substituted alkyl or aryl
group is a radical made of carbon and hydrogen where at least one hydrogen is replaced by a
heteroatom or a linear, branched, or cyclic substituted or unsubstituted hydrocarbyl group
having 1 to 30 carbon atoms.
[0028] Preferred alkoxides include those where the alkyl group is a phenol, substituted
15 phenol (where the phenol may be substituted with up to 1, 2, 3, 4 or 5 C, to C); hydrocarbyl
groups) or a C; to C)¢ hydrocarbyl, preferably a C, to Cyo alkyl group, preferably methyl,
ethyl, propyl, butyl, or phenyl.
[0029] Preferred triflates are represented by the Formula (II):
CF;

0 — S—O0—~R?

(|)| Formula (1)
20  where R? is hydrogen or a C; to Cx hydrocarbyl group, preferably a C, to Cy, alkyl group,
preferably methyl, ethyl. propyl, butyl, or phenyl.
[0030] Preferred N-heterocyclic carbencs arce represented by the Formula (IIT) or the

Formula (IV):
4 R4
R
s/ s/
R N R N
0 ®
Ot :
5 N 5 N
R’ R
\ \
R? R*
25 Formula (IIT) or Formula (I'V)
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phenol, or CH2C(CH3) 3; and each R5 is hydrogen, a halogen, or a Cl toCl2
hydr ocar byl group, preferably hydrogen, brom ne, chlorine, nethyl, ethyl,

propyl, butyl yl . [0031]In other useful enbodi the N
groups bound [’ gtgg&r bene in formula 10(111) or (1V) n%g&%zoﬁg@%gw th an

S, Oor P atom preferably an S atom [0032] O her useful N—het erocyclic
car benes include the conpounds described in Hermann, W A Chem Eur. J.
1996, 2, 772 and 1627; Enders, D. et al. Angew. Chem Int. Ed. 1995, 34,
1021; Al der Rwhikt, Angew Chem Int. Ed. 1996, 35, 1121; and Bertrand, G

et al . Chem Bk 200R0cd0, 20t BkO033 0. Qo GLER AL BIPRULTRRIrs 1 e

al kene netat hesi s ca
tricycl ohexyl @hmtmm m{th pBfblgy ethy6-cthyi, meedy)| juhe ipkiding dakal - dyi-bdeine]

[ 3- phenyl- 1Hi nd e uth di,chl or
tricycl ohexyl pﬁ%@ pﬁc%peflg'?g]ﬁ%yny‘fycﬁﬂﬁxyr&cw fydoqch'g nog@] de[cil,’ §y€l%decyl’ dodecyl,
i s(2, 4, 6-txi nthhyddobyenydsityld adanchintyly ghhonyi, rheﬂat@d)mm yhlochehalyl, phtree riksrfukdd)

di chl ori de, tr| ca/ql ok&?f( J[C?_]’ugs?plal ne[ 1, 3-bi s(2, 4, 6-trinethyl phenyl) -4, 5-di hydr
oi m dazol - dené?f p Enyl t hi o) met hyl ene] rut heni um(11) dichl ori de,

bis(tri cycl orm&ykﬁhoﬁpdrogm) a Dalophreny b- Qi—chnﬁbydrd)ea;blyl denpr ptkabiyumg(drdgen,
di chl ori de, 1, 3 Bis

nyl)
di hydr oi ni dazZd{™5¢ yhzag%gﬁgwk g% érﬁgﬂy LX’é "(fr%hi‘\‘l‘& net hyl am nosul f onyl ) phenyam
et hyl ener ut hgneaa( 1 Iy ot(ﬂblohbfbrdrﬁiﬁdm&lﬁd qnt of Bre Bi @(dhsbotnd to the carbene in formula

Lm0 B R AT RS hEhgY S10E T Hab e b e R R S e un 1y
chlori det BOQBGB]EE)P ﬂﬁrhﬁi‘eﬁﬁ%&hdﬂeﬂef‘tﬂlp &ali’lﬁnéﬁ kene Nt actohﬁpsilrsib_(:&fsaibﬁstmi ?] y
g Xa ey b Pe e WP R LA andrzid SRS ROt Pk OART. RN YL)

may be di ffer£e1n1996r34, m@zlsamacraznw aAnegcaznghdﬁemﬁtrEd 1ed6eds, ron; dﬁancfr’udr&lnd R may
be hydrogen, $ §t| 15,@ ubstltutcd al kyl, or substituted or 30
unsubst it ut ed" 0 Oé?f ably hydrogen, Cl- C70 al kyl, or aryl. The
G - C20 alisy! [ousg) optm Qn;ﬁbﬂcﬁtecbems&tﬁﬁéﬂt,t it etkewd tofrt-@HRes QEtalyor B (ﬂfeydr, mbal dfde,

hydroxy, Cl-C20 al kox - C2 | koxycar bopyl. groups y
optional |y bé”"é’ﬁ@g“fﬁy %P@Bmﬁﬁ%ﬁblﬁ%é%éwmﬁ%}’1@56@15%%&%0 Rtonc i1
20?9115551EPl%gehﬁ%@ﬁ&{e%m%&n@bky&hchla:ﬁdel : fthm{)oiawhﬁo@hn@@ [ﬂlbk}?&ﬂrln@iﬁl-ﬂo, |
nittro, or al1.dae group ar e pre era 0s es 0 t e Tornmul a
PR3' R4' RS yllé&?@ﬁé3ﬁ§<24étran§@éﬂﬁa>é} SARgre- 18}1326@‘ Eiﬁa?wt BHRRA  and RS’

are aryl, Cl-feh@riRs, n&ﬁyycﬂulhlswphoﬁﬁﬁ@nd%y(zalé{tylhmhgrphamlmhlhaydmurﬁﬁhzolapd R5'
may be the sane or differe erably the sane and are

"B cyel oty 1yl ppeykipumigery Bivegin®y | SHReHb ) 35 SRk Bt
preferably thgesams- @aﬁuqn@e&mtwnlunsm 10R3RkHR angthgr, 4%@@1@!@%%@9& 4 he
present i nverfgn, the,futhen,um and osm g car bene compounds have 't e
dimethylaminosulfonyl)phenyl]methyleneruthenium(Il) ~ dichloride, and [1,3-Bis(2.4,6-
trimethylphenyl)-2-imidazolidinylidene ]-[2-[[(4-methylphenyl)imino Jmethyl]-4-
25  nitrophenolyl]-[3-phenyl-1H-inden-1-ylidene]ruthenium(ll) 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
30  unsubstituted aryl. R is preferably hydrogen, Ci-Cy alkyl, or aryl. The C;-Cy alkyl may
optionally be substituted with one or more aryl, halide, hydroxy, C-Cyy alkoxy, or C,-Cy

alkoxycarbonyl groups. The aryl may optionally be substituted with one or more C;-Cy
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X1 XIRZ 1 MCCLIN9 10 Fornmula (V) 10 where Mis Os or Ru, preferably Ru;
X, X1, L and LI are as described above; and R9 and RH nmay be different or
t he sane and < rogen, substituted or unsubstitut 9Qr
substituted or ﬁ%sub§¥|tuted aryl. The R9 and RI groups]ﬁg§ %%%#%%g 1y

i ncl ude one or nore of the follow ng functional groups: alcohol, thiol,

ket one, al dehyde, ester, ether, amne, imne, amde, nitro, carboxylic
acid, disulfide, carbonate |socyanate car bodi i m de, 150arboalkoxy, and
hal ogen gr oup@lkyimlhhmt)@&s atkauly. tahnesion n@ynﬂer@Qd%gram desdrli redpricierabls

6,111, 121. 10 4 | k
useful here|Hgﬁgkl%eggﬁ%@%?ugﬁgp§%?§T§g?% de%crlﬁﬁggfgﬁﬁgﬁ%& T%%; fX%hS
5, 312, 940, U9n5 K§4a2ﬁ; 999 C-U5 p‘z‘m&%dll?ﬁ&udnsms a3l o1 08 Joaligl. B’ %@Rim,y beghe

6, 759, 537, US 6 92}, {{Seﬁf VS x?’fegﬁgé%ﬁﬁ%ﬁé ¢ w6 UL DGLBU) 9&95101Lén[91)3,

to, benzylldene bIS rcy ke ororu
benzyl i denfe[ lor@(istyire(yD;. 4X@nct Xi are oyt IppHiemhy Yhe Bame and are chlorme

i m dazol i di ny, nel.clichloroft ANy osphi ne eni u chloro(o-
|sopropoxyphéhb tﬁnﬁgﬁg?(?rﬁgngnohexg Bc“gp”“%n ru% eHFC n%({fqgmn

-Bis-(2,4,6-(wﬂmneamummkhym@hmﬂyﬁmum(V)n1dazoI|d|nylldene)dlchloro(o i SO
pr opoxyphenyl net hyl ene) r ut heni um

251, 3- Bi s( 2- met hyl phenyl ) - 2-i mi dazol i di nyl i dene] di chl or o( 2-i sopr opoxyphenyl
met hyl ene) rug@enlun(ll) [1 3- Blgg , 4, 6-trimethyl phenyl)-2-imdazol d

i nyl i dene] di ch I'o~ gﬁ d|nyI )propyl idene]ruth eniun

1),[1, 3-Bi s(2- phenyl)
i m dazol i di ny ﬂdphehdlchIoro(phen&Pnethylene)

(tricycl ohexyl'phosghi ne) rut heniun(ll1), [1,3- B
is(2,4,6-trinethyl phenyl)-2-im dazolidinylidene]d
i chl or o( 3- netHeymul2Hut enyl i dene)

10 where M is Os or Ru, preferably Ru; X, X UL and L' arc as described above; and R” and R'Y
may be different or the same and may be hydrogen, substituted or unsubstituted alkyl, or

' oroups may optionally include one or more

substituted or unsubstituted aryl. The R” and R
of the following functional groups: alcohol, thiol, ketone, aldehyde, ester, ether, amine,
imine, amide, nitro, carboxylic acid, disulfide, carbonate, isocyanate, carbodiimide,
15 carboalkoxy, and halogen groups. Such compounds and their synthesis arc described in US
6,111,121.
[0036] In another embodiment, the alkene metathesis catalyst useful herein may be any of
the catalysts described in US 6,111,121, US 5,312,940, US 5,342,909, US 7,329,758, US
5,831,108, US 5,969,170, US 6,759,537, US 6,921,735, US 2005-0261451 Al, including but
20  not limited to, benzylidene-bis(tricyclohexylphosphine)dichlororuthenium, benzylidene[1,3-
bis(2,4,6-trimethylphenyl)-2-
imidazolidinylidene]dichloro(tricyclohexylphosphine)ruthenium, dichloro(o-
isopropoxyphenylmethylene)(tricyclohexylphosphine)ruthenium(ll), (1,3-Bis-(2,4,6-
trimethylphenyl)-2-imidazolidinylidene)dichloro(o-isopropoxyphenylmethylene)ruthenium,
25  1,3-Bis(2-methylphenyl)-2-imidazolidinylidene}dichloro(2-isopropoxyphenylmethylene)
ruthenium(Il), [1,3-Bis(2,4,6-trimethylphenyl)-2-imidazolidinylidenc]dichloro[3-(2-
pyridinyDpropylidene]ruthenium(Il), [1,3-Bis(2-methylphenyl)-2-
imidazolidinylidene]dichloro(phenylmethylene) (tricyclohexylphosphine)ruthenium(I), [1,3-

Bis(2,4,6-trimethylphenyl)-2-imidazolidinylidene}dichloro(3-methyl-2-butenylidene)
-8-
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(tricycl ohexyl phosphi ne) rut heni un(11), and[ 1, 3-Bi s(2, 4, 6-tri nmet hyl phenyl) - 2-
i m dazol i di ny, %’8?80%15 chl oro( benzyl i dene) bi s( 3- brom)pyrnglr @Ow‘hpgegl um H) .

[0037] I n anot errbo iment, the Schrock type netathesis ca sts may be
used herein as al kene net at he5| s catal ysts. I n another enbodi nent, the

al kene net at hesis catal yst useful 5herein may be any of the catal ysts
described in US 6, 346, 652, US 6, 121,473, US 5, 142,073, US 5, 146, 033, US
5,087, 710, V\ﬂ}t@@aahc@@l@ﬁwhimt)@t@@maf(ﬂ)l196784ndUS 2005¥-Bt G420 ¢imeER Iphedyd)-Di

i sopr opyI phen lAdrzrg)ldcm ?&Qﬁi %60’2%%9'%'8 ?(‘35"3033 ;5(( Bé%uftﬂerﬁ t hanesul f onat e
=Dl opr

) di nmet hoxyet anea oneop I'dene[racem c-
Bl PHEN] nol ybc[@ﬂﬁl’r]r( VII) dndtl%Bﬁbd’dﬁtﬁerﬁ,hbeléchMMybecmmeylsE&alaﬂenlgﬁheuﬁﬂ lhyrein
avai | abl e for

e, (Newbur yBaIETe TRy St ant el SRR Mclds BT rer s Sl om

cont ai ni ng aIHeeeneslaleeeinyloﬂm dahtysprdocess! 1dé§c6345¢d7hé$ éjlnl 417‘3cU8c591412}®@se
represent ed h r mul_a; ,

i ndependent | Sg@%@&ggé@?ﬁ?ﬁ% &?8668 uggr%@é?%r gﬁgﬁ% Ir%%lzér:lngFﬁom 1
to 30 carbon 05805aBoNE> BH@I 2 Ale@?to 00 O3hatl CWo000 (138 ¢f WOalsby 0424469, WO

het cr oat on{ s) ect group gconsi sting of, Si , d,
F, | and Br (Q%EQFEL &?O@?@‘Sf%ﬁd Br, p réf?:g Cgbl yeg(ﬁfn%lﬁ?j O)mélk‘fg)and ZF%\I may
contain 1, 2 Dlaopmﬁylﬂuhﬁtrﬁﬂ@abmdenbn anadlhielenentyodi mebist-bhokhe R and,&=*
contain at st _one het er. ato Het er o ai. ni.n | kenes n ihel ude,
one. oo 10 I BOPPBTRE RSP T e BRSATBRY D et St EoRv T o

al kenes may ains,eprbmlbhédya]mﬁwe n&@hﬁlha&n@%dﬁms@t/urabiboﬁﬂu@mﬁét&rna:tmﬂfymaw)o

three, four, i ve unsaturations, f erabl
pur poses of tdl’ff‘ {‘?Xﬁ%ﬁ’t‘el on? ‘{ﬁiﬁﬁ t @] a|e> 15%‘??8%8 Bhenﬁl”ﬁ'g?‘éel"glﬁ'thﬂ?ﬁeﬂgceﬂé‘f| ned

to be any nomsiPBERBIlytienmfiyty ogen atom preferably any group 13 to 17
ol erent_excllDo. Garban L9070 e stred B ar o e, Bel Led, Lo (ne
aci ds, esfser 9. ouRMWIPIGI SlRs: Cragiidisemt anewb@eanonyl s, carbonyl s, f ornyls,
for rryl carbonyl s, hydroxyls, and acetyl halides. [0041] Parti cul arI y
preferred heé@ﬁé@ﬁ@h&%ﬁ%ﬁ&éﬁal kcnes include those represented by
[0039] Heteroatom containing alkenes useful in the process described herein include
those represented by the formula: H,C=CH-R or R*-HC=CH-R, where R* and R are,
independently, a heteroatom containing group, preferably containing from 1 to 30 carbon
20  atoms and at lcast onc heteroatom (preferably the heteroatom(s) arc sclected from the group
consisting of Si, P, O, S, N, Cl, F, I and Br (preferably N, O, Cl and Br, preferably N and O).
R and R* may contain 1, 2, 3, or 4 heteroatoms. in another embodiment, both R and R*
contain at least one heteroatom. Heteroatom containing alkenes may include, one, two,
three, four, five or six heteroatoms. Heteroatom containing alkenes may also include more
25  than onc unsaturation, preferably two, three, four, or five unsaturations, preferably as vinyl
chain ends. For purposcs of this invention and the claims thercto, 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 sclected from the group consisting of alcohols, amides,
30 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

-9.



WO 2009/ 155517PCT/ US2009/ 047953 the fornula: -C(0)-X , where the 0 is
doubl e bonded to the C and the X is hydrogen, nitrogen, hydroxy,

oxyhydr ocar by ‘{Vﬁ’ Fﬂgg% ter), oxygen, the salt noiety - OMyRes i N.dis a
a

metal, e.g. al kaline earth, transition netal, copper, zinc and the
| i ke, oxyhetero, e.g.-0- Z wherein Z represents a het er oat om such as
silicon, phosphorus, boron, sulfur, which 5 heteroatom may be substituted

wi th hydrocarbyl or oxyhydrocarbyl groups, or two acyl groups may be joined
through (X). thodaapRr ef@rred WIRCIgrttm]@slSi dwobldendddky | thaki ad e dupshydsageh as

h f A )
having 1o 19nGEn Mt ORI AT GoN MRS et e BioMAL DSVl G BHR &
hexyl, octyl mddcys. aﬂ(@d@(ﬂ@i&h@ eamb{twstsqrﬁnetﬁlerqped ﬂi@&dmlpfshlqewlybmgo,ad Q-
nitri l e gr OUpf’wh%}éfh r%s@gl%e 58 rrgt&%ntuglg dpxmtcghe h85 llu oron qll}l I, W%Ec% D i's

ﬁ ving 1T to 12 refe blf thyl

a hydrocar byl group carbon ato

butyl, perft ylhetehmsopt md@dtewubstmecxywltdddémcybyl @ndyliydncstdltbyi grloepsb(onded al:yi N
100441 her prmeJ erreg ou%d hiﬁ')ﬁl ude those represented by the formul a:
DY, where D §¢P ?} rJocar gr(o'p having 1 to 12 carbon atons, preferably
et hyl , propyl[00420t yIPrefgpentR ggouﬁﬂhdxw alk}(bcam}'lde gnd@&)spctd@dbmyéprcsamdd ¥y ihs N or
0. [0045]Pref rred oups 4 nc e a ps deri

m)nounsaturatfg (r?mntl)%gﬂr léﬁpcar'ﬁox %rmc“%g %‘g H)tghgrtor Yf&é%ﬂ{"’v“a Pr\?seé’refe”%ly
esters and saekltysprdp@Dﬂﬁ}dLmn@rhdtchﬁrocermm mm*cqy the R gr oup is selected from

the gr OUp CO\%EM?LI ng’ ecr1 rrcgjihegrgg?sgu 9 e alflgy? m%nle goutpsofac]hl;b t ?1se reptr)e%)sér}/teéd g3f %CI d

(pr ef er ab! Vitel Eat ed
on adj acent damtubn ax@ﬂﬁ)whamd) sty h}altoch:ealsglomiexv1ngrletbeaahibyn ok, preférablgi d

adj acent carb ato r rt of s tion erivatives
of (i) such a%yﬁﬁlr?ﬁglsr)‘ggsp%?léfxxl OC%é dﬁ‘fycg ﬁﬁgés ﬁ%r%‘g%p)tdﬁesters of
(1); (iii) moeednsadicabetncd Rtgao@iﬂlcrmaﬂe&nﬁpmsehtca bﬁﬂdedomeil’ em, wie:s Df

car bon-carbon d nd i s conjugat to the carbox rou t he
eroorur o - ot ByBsSrephagen ey Re! BOBebob irrar e R Sateprpubi el
25der i vatiisvesicofl, ociyl, idicys defacgs akdlY ioN 6bOal cohol derived nonoesters of

(ii1). [0047] Par. ic I rI referred het er oat om .c ai ni ng al kenes i ncl ude
acrylonltrllgfagt i &“FWﬂmﬂﬁ¢h%WF&8WVNrkyﬁgf ngﬂP@“’dFﬁP*“

met hacrylic @Qb@oxﬂﬁb&d@alﬁﬁhdﬁ defrBdtivbg c g@nRMeeland ealtsf umari ¢ aci d, itaconic
acid, itaconic anhydride, citraconic acid, ci tracofnr c anhydri de mesaconi ¢

aci d. gl ut acéM! acitanofKr sPbaaPet-dheRiggoupHs sersdciiom iy, grerrpoﬁoaﬂrteg&é.ﬁa 30

met hyl cr ot oNninfon@lsghura®@ IR LEC @Glcﬁﬁboﬁrﬂb@&@ e eraBE wherclOeajl @CRAGLEy | %ﬁiuﬁs are
2- pentene-1, 3, 5- trrcarboxlrc acid, cinnam c _acid, and | gwer

Cl to C4 281 kylwhéig OégtF%P% adjpeephriopaiagy) aryl (® edtgled“h‘é‘telﬂﬂefehﬁ’llye‘é‘iﬂe of é‘f‘ﬁyl
fumarate, nebljident tUFBINALEms GEcCpartPall $ai € HoRsUnYatRE@GT (ii§ derivatives of (i) such as

anhydrides or C, to Cs alcohol derived mono-or diesters of (i); (iii) monounsaturated C; to
Cio monocarboxylic acid wherein the carbon-carbon double bond is conjugated to the
carboxyl group, i.e., of the structure -C=C-C(Q)- (where O is double bonded to C), and (iv)
25 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,
30 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 csters of the

forcgoing, ¢.g. methyl malcate, cthyl fumarate, methyl fumarate, ctc. Particularly preferred

-10-



WO 2009/ 155517PCT/ US2009/ 047953 het er oat om cont ai ni ng al kenes i ncl ude
nmet hyl acrylatc, actylic acid, and 5-hexen-1-ol. [0048] The functionalized

vinyl term na%gq%@}d%ggners described herein may be furt Qg&mgﬁw/d@%&zed as

described in 929. Vinyl Term nated Aefin Aigomrers an

5[0049] Vinyl termnated olefin oligoners and polynmers useful in this

i nvention include propyl ene hono-oligoners, conprising propylene and | ess
than 0.5 w % conmononer, preferably O w % conononer, wherein the oligoner
has: i) at | eagroag@ysatdiyhg gkeabnindndbangtipl efrelegbicyyliatacil.aad 6-195% 1-gr ef er abl y

at | east 97%[1094[8? er d%nc?‘gnah v tm)a%()/%gxbd%edl c:;rgogie m%{)ecﬁ M&%ﬁggayﬁ%[ %gt lrar

wei ght (M) out {0 a ds reasur e
(preferably 5@@vitged$,O@Opedon &iSer@BI999.700 to 10, 000, preferably 800 to

8, 000 g/ nol 1nelf1ee§~a1%t¥d 8%91 % 7meorogﬁdl%q ef erably 1000 to 6,000, preferably
1000 to 5, OOMWMO allylic vinyl group ratio of
0.8:1 to 15 3:[000] arldnﬂ&ém)natedsﬂ;eﬂnmomd@@n@pmtymémmaﬁmlnn ti{ipinet@ioabhgtudeess
t han 1200 pp ess than. 1 Y, ss, t han 500 ppm
oroferably’ | eIl sy OoRefo R LRIt PP ataRE Ao
pol ymer s usefpufedably ORit% domverbdrovheadiisthe bhgmedraspr opyl ene co- oI i goners
having an Mh of 3 0 00Q, g/ ol e ref b 400
to 20,000, preferd&bl® y?cég%3 d C?ﬂffbendg (gfregef‘%[}'gl%b&?& I%@%B t?efgt b,
pref erably 800 tOprk&;@Q&,thaEt@B%l)amy 900 to 8, 000 pref er ably 900 to 7,000
g/ nol), conprising 10 to 90 rmto/pr r ralg) 3)

preferably 20 to gb I‘r@g/3 Préger B?@‘R ét@“%@ g%lg (?/té)f Z)Pléf%lo %gémilo %o
m):(o;() andf 10 'ltof) 991edﬂ§'l[)}e@’d3(/bﬂﬁle~]|‘1\$labefyrfaﬁl5 500t0115,000) (Hefeqblef7er abloy0 bréforaBp

nmol % preferably 0 no r ef er e 9

al pha-ol efin corm%@ r%g(g)p? EIPErpé ?r§b1%t9ﬁ€ t%ﬁé&) b"ﬁ‘ffgrai]ély 1?9@@‘?1808(8 ﬁ%%@e
preferably 25 et II]QdO&dﬂQ))OO)yxA‘uerel n the oligoner has at |east X% allyl chain

ends (relative to..total t.ura ere: 1 = (- nol e%

et hyl (ene i ncor por é‘béﬁ b0'9}“51(5 e at tBF{r@C VI"S\,}@&?"%}N&E‘% 0%5@1@‘( ﬁ%ﬁé/&‘é‘t hyl ene

i ncor |)o?; altsaﬁ) +13Q®)G&5 alah arm(?pleh Wluli@y, (Qrc%awmw%lenﬁgd e plrmlempomt eg)
+ 100 , en to nol e e i rese in t co-ol i goner, an
AV AT L S AR S e OB g Sl At
than 70 nol e%osohy!| engl (@Ghidated HIEHEBligonterst AR FQyrfdri g@mﬂrm mdma@)nn&l alshl. 83*
(nmol e% et hyl e ? mcorrorat ed 83 {alter na% ?]% 1 20 J, 83* nmol e9 etl hyl ene
i ncor por at ed) U8 ProPyjcpe FRygkigamprs aﬁ@g[‘”_’ﬁ Ma.0 ? ey THEYF a‘fled)

-83]{), when NM)Rt@rc&QamgoI4e%t@t°k»oben§xcfcsab@r eeoer&t 15 roo@ h@cﬁ&bgl b@O EN 22,0000
2009/ 155517PCT/ US2009/ 047953 Al t er nat el 0% or nor e(,l) B{Ff)l}é?ﬁf er ab| y 85%

or nore, 2Br ePEFEHY S G9! &P OGyBicErably Eodp éﬂp@ Pgﬁ‘%@ﬁ‘ 2Gfgp &,00 WMPEF AL e

enmbodi ment t he wbd Ql@%brob?l@nea(tprelf@ﬁﬁ)t lﬁa%s &&butpydfer@mgam t@W&oMWQaM?On
t he sum of |sobut sat ur chai n pr ef er ab | east

5056 Sobut yl SERBT AR ag skl ShanD) M) SHe gt ngberbnE i e
Al ternately, pf@.ud Q@Wm@l@@%re@&aﬂlﬁ@b% yd nfolRa fcrBiaslyti0 18l Wol) ¥ dhklor gr oup

ratio of 0.8:1 tol 1.35;1.0, preferabl ){) 1 to 1.20:1.0, preferably
0.9:1.0 to 1mprojalpha-olefin comonomers (preferably ethylene butene, hexene, or octene, preferably
25  cthylenc), whercin the oligomer has at lcast X% allyl chain ends (rclative to total
unsaturations), where: 1) X = (-0.94 (molc% cthylenc incorporated) + 100 {altcrnately 1.20 (-
0.94 (mole% ecthylene incorporated) + 100), alternately 1.50(-0.94 (mole% ethylene
incorporated) + 100)}), when 10 to 60 mole% ethylene is present in the co-oligomer, and 2)
X =45 (alternately 50, alternately 60), when greater than 60 and less than 70 mole% ethylene
30 is present in the co-oligomer, and 3) X = (1.83* (mole% ethylene 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% ecthylene is present in the co-oligomer.
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[ 00511Vinyl term nated olefin oligoners and polymers useful in this
i nvention al so i ncl ude propyl ene ol i goners, conpri si ng m)re than 90 nol %

propyl ene (pr L 51to 99 nol% preferably 98 to 9 %‘ess t han
10 nol % et hy|§“ﬁ’§5@gr5§ 72r ably 1 to 4 nol % 1Opreferably f Oé}&q% wher ei n

the oligoner has: i) at least 93% allyl chain ends (prefer abI y at | east
95% preferably at |east 97% preferably at least 98%; ii) a nunber

aver age nol ecul ar wei ght (M) of about 400 to about 30,000 ginol, as
measur ed by |Ahcrndﬁwﬂx(ipﬁ@%exratwlrwpﬁﬁﬁaw}oW@00@1010 preifablyalil’y 0600rct pefltimbH00,

o 3, 000, " pr ot sy 1060 ¢ &rRslif FElko ROt CRhn BBEU ARG
vinyl group rused umn Q¢ 8und of Boblityd Bndln-Propgalndturaydd dh@ssndbh,ancfirdﬂﬁa apfemat 85%
al um num (prlsobug GXIBSHS ppre crdgllye%?east%m sl syfl% ﬁrp lex%ltddo?ﬁée%ag%/? 100? é%rggl

preferably | eSs erabl
Vi nyl term ndtagdn abbaftylrthah |egbnm1311cawdylpgnd@mrosofu)sféf tol 1.351.0,hpreriably €rit | ©on

al so incl ude | e r conprising: at least 50 (preferably 60 to
90, prefer abl{;&ggy’pm ﬁﬁ@YR% 9 t|8?01p1y ‘ene and from 10 to 50 (preferably 10 to

40, preferablposn) twlﬁﬁ)temhe%deblhﬁﬂl efiggmanh et polyhbre L@éfugnn&m hasttion also

i) at least 90% cha n_ends referab I 1‘V | y..a

| bast 030 20t bParIBigL Bl rEReFortBhe el o o Bf Preder b Fpen’

of about 150 m@%abmmmbgowtao; 0oID|and alSssrfBalSJlﬂ)rrﬁﬂ‘nglh)ﬂénelpr(yp]‘ ef £mabb.y 200
to 15, 000 e referably 300 to 10,000, preferably
400 to 9, 5bo p%‘eég‘ér‘ifbf E)O)OW'}“Bé“th‘ bg  Etsor abl y 750 to 9,000): and

iii) an isobutyl ©hati rcagrdyd dlyhlchal bxejs\(prlafelnabg/r @upast 3%, 0preferaBly8it leakiod7%,
1.3:1.0, wherein BOED% ner s @gyl)ng four or nore carbon atons are present at
fromO0 to 3 nol % PHFEPOr AN 8% ess than 1 mol % preferably less than 0.5
ol % preferably &} aGumbt4veragdMabRONE/ vIBHd IMPGF 2bs2 @00 {0AEXTB, 0[00@51&11\65ny|

term nated ol efin oliggney f i \Y; on
i ncl ude propyl ene”‘é“l‘ﬁ"% é‘&@gﬁiﬁ F‘éFEQBO 20 Oéhé%‘&%& ngf \%;hgbfr‘afalaﬁléast
60, prefersably 707¢00t090,80 gmel @roadddyy 800 109,080, pputehiay abb yo 9008, pr&8abl)y nol %
propyl ene, from 0,[6]00t 066050 (alternately at |least 35, preferably 0.5 to 30,
preferably 0 6,000),

iii) an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to 1.35:1.0, and

iv) less than 1400 ppm aluminum, (preferably less than 1200 ppm, preferably less
than 1000 ppm, preferably less than 500 ppm, preferably less than 100 ppm).
20 [00S2] Vinyl terminated olefin oligomers and polymers useful in this invention also
include propylene oligomers, comprising: at least 50 (preferably 60 to 90, preferably 70 to
90) mol% propylene and from 10 to 50 (preferably 10 to 40, preferably 10 to 30) mol%
ethylene, wherein the oligomer has:
1) at least 90% allyl chain ends (preferably at least 91%, preferably at least 93%,
25 preferably at least 95%, preferably at least 98%);
ii) an Mn of about 150 to about 20,000 g/mol, as measured by 'H NMR (preferably
200 to 15,000, prcferably 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
30 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%).



51to 20, preferably 1.5 to 10) nol % ethylene, and fromO0.1 to 5
(preferably 0.5 to 3, preferably 0.5 to 1) nol% 4 to Cl2 olefin (such as

but ene, hexen .Aclene, preferably butene), wherein t ' Y has: i)
at | east 90%§I0%6ﬁ)8”c°ﬁg7inn ends (preferably at |east 91% r}g}r}ez}fsgorg’g@?{/ﬁat | east

93% preferably at |east 95% preferably at |east 98%, 10ii) a nunber

aver age nol ecul ar wei ght (Mh) of about 150 to about 15,000 gl nol, as
measured by I1-1 NVR (preferably 200 to 12,000, preferably 250 to 10, 000,
pref erably 300083 10Vi6QO0icrnpnad¢depabh wlid@ters end50Pmengruséier abkhys §@entioo @0000,
preferably 750 it Q)and. 1 n i sobutyl chain end to allylic vinyl
group ratio o CIB‘%S%fggggefhgggT’6(.)21‘1@?@054] Vinyl termnated olefin oligoners
and pol yners ajseftfl0 (pmafetdbiysat iqameit profarablys/o to AT 5.udderpllp BY kee¥te polfargdned ©,

conpri si ng: ea 50 referaply at, |l east 60 referably. 70.to 99 5,
rererably. 808705 rRPekEr SBRPEE o a s Y e Bt GHSRERSS ProfetToRo as
(al ]'Eer ng]t el y hto Peastfe@bly pfed el:f)alrﬂo % Cetiyldno, 80, frqnne)‘.kartcabl(prefierahb%i'w, to 3,
preferably 1.5 t0 1 % et ne, al romQ0.1 to 5 (prefera 0 to
3, 20 prefer a%?fie/r@t.ﬂ%q%'so%ﬂ) rrr%%ll/g/o}fﬂ?oeﬁéz %{é}gnc{15”%sas&fjretn%o%f?ga?rp%gep%npéé%‘aaig' enes
(jsuclh asbbut aﬂiﬁeea)ewgdfrema@ioagenerme&gm enta), nor bonene, %hyl | de[le nor bonene,
vi nyl nor borrene, nor bomadi epe,, and.di cycl opent adi.ene)., wherein the oljgomer
has: i) at |east E))9 A)E%T |9§|A) %H’gfﬁd”éﬁ S (E’rﬁfcé‘fbbr %t}f’\dﬁgglt % rf’er%gfd'b@l%qedbtr egf &r abl y
at | east 93% prebefaddlyatdiast 98&S pre@oiy ploattosBipl y at | east 98%; 25ii) a
nunber avgyage nol.ecul ar wei ght _of . t t oyt 200, g/ ol , as
Tonsur ed By MR (B druphet e 9gomplde Ssdr berapub s f Sebys Sl s =
preferably 300 t omk@ufAdy 'pPrafire(mbkybiQ00 tool 200600:feqpble60 abloy0bOlefeabl®, 000,
preferably 750 to

000) ;..and_ii i n i utyl in e o allylig vinyl
group ratio of O. %(.?Gltot 28@03?6%18@'15)@@[@O%%Aﬂ%ﬁeﬁlg@%@ t%%%&hn%rfél%k’s{jpi%ed
herei n preferabl yoheweaddess than 1400 ppm al um num preferably |ess than
than 100 ppm al unl RORCBPOrEaBRS B0 LoD HBR| B it Tpr ot or dbly WD
2009/ 155557 PEIUs452 009 y0 4 Hbdtddesi st bagorm2es prRINpalwerk nisdtul pr efsemadiiyn 1a88S
than 5 ppm al.um num P#0{;())(364)% used herein, the term"oligoner" is defined
to have an MGHCPIBMFIOY BB O80H 8 ol as neasured by tH NMR. A pol ymer
has an M of aneise s tadterdsly 005060 PleferdBieTn 2199.6) frefoiaBly 80 So 9B HRFd@My 900t0as

o1 1 Gomar | 2ed O ot w3t sy e ] BIEPERyrENel By SbABeTL b8 ol BB havi ng

at | east 50 g efopeferpilPPY ke B mofts GOy Rhé, gIEEM S &8 (RE@BR®IS GONPri sing at
| east twg di ff§re t nononer units (hggch a fro%%/l ene and ethylene). A
g et HHalro

hono- ol i g8meP <K bIi gy Biter dEy fid 1958 IEATS TR AV PG uch as
propyl ene) . Asxad&esl obtedigich nofdBrmk e, BUPRRAe AIBSrAGE, IBlREbddhe WRlBMadichasur ed
by 11-1 NMR un| ess stated otherw se), Mv is weight
and dicyclopentadiene), wherein the 6ligomer has:
1) at least 90% allyl chain ends (preferably at least 91%, preferably at least 93%,
preferably at least 95%, preferably at least 98%);
25 ii) 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
ii1) an isobutyl chain end to allylic vinyl group ratio of 0.7:1 to 1.35:1.0.
30 [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

- 13-



10 average nol ecul ar wei ght (neasured by Gel Perneation Chromatography),
and M is z average nol ecul ar wei ght (neasured by Gel Perneation

Chr omat ogr apl %.] vvel ght percent, and mol %is nol | ecul ar
wei ght distri utz?oor% é)’ is defined to be Mv (neasured C%’?J)th@‘l?\r/gatl on

Chr omat ogr aphy) di vi ded by WMnh (nmeasured by NMR). Unl ess ot herw se noted,

all nol ecular weight units (e.g., My, Mh, Mz) are g/nol. 15 "Ally' chain

ends" (also referred to as "vinyl term nation"” "vinyl chain ends" or "vinyl

content") is Idefthan@d ppo abmilamn (pldf@dﬂﬁkcss(tp@lg/[ma)lurhiavmng at | east one

\tAﬁre;nen,l[Jﬁer ?Pr[ﬁgﬁgggn?&sﬁe% eermcr)l %e tcrm olllgorh 15 gefjlr%?i_léol HVI na¥1| eng %r Om to

enbodi ment t HS.@0&lthotlas (nteaqurbdehde NMFep\r ﬁﬂﬁﬂ&réﬂs byMnhff rﬂicme rmhas JOD0 g yﬁﬁok ,
i s det erm ned

? allylic vinyl end mount .o

ising 11 iR By Rt ol BraPes e frotdin B BLPR R L RS SE N Bre on
a 500 MHz amché dﬂ'@pnﬂﬁﬂdlfﬁnﬁ@t&f:&le@) casepyleondligomeds bg/oli@@eNhngRemmﬂo has
reported proton and car assi gnnments. (nea rdeuterat

L ebrachi of oetTra TIsEOPFSP pRotoiepeck: & ThPEr SRHRE R Iehn o o e ol
and per deut ermdmedhet ahﬂtba(zinbloragqirdspsymema dis@chef. or A candoanigspeactsr aj odpdmer
spectra were recorded.at .100C on a Brz é AM 3Q0 Qs/pgctr {%er I\/Pperat{)ng at
300 Mz for prOPBHISIS P5IA3AREDORYPr (AR ERYOPBIYi fiy Poed\pggem. Mt is number
2009/ 155517 PGHs2 0004004 705t (( @Ea¥suRa e d HONBIRY lieae statedgﬁrmmse)g NwJ isAKIﬁglitC an
Chem cal 0¢ 114 199 1025 1032 th@t are seful re| n. Lg}O%Y ) obut
chain end® i $VHaFS MREWY BeednMspyugdnr Cst ?fmeﬂﬂ’?ﬂr }H‘&‘W Ry Y s dﬁé

t erm nus represent aoletiyartvreght @meash:ad biy SO Peiylea®mdCIGO@BPgraphy), wt% is weight
percent, and mol% is mole percent. Molecular weight distribution (MWD) is defined to be
Mw (measured by Gel Permeation Chromatography) divided by Mn (measured by '"H NMR).
Unless otherwise noted, all molecular weight units (¢.g., Mw, Mn, Mz) arc g/mol.

vinyl chain cnds” or "vinyl

ton

15 "Allyl chain ends" (also referred to as "vinyl termination
content") is defined to be an oligomer (polymer) having at least one terminus represented by

formula I:

Ny
\\\ N

o N
AN o S
N \\\o see

allylic viny! end group
where the "ess" represents the oligomer or polymer chain. In a preferred embodiment the
20 allyl chain end is represented by the formula [1:

) N
\};\\\ e \\\\

allylic vinyl end group
The amount of allyl chain ends is determined using 'H NMR at 120°C using deuterated
tetrachlorocthanc as the solvent on a 500 MHz machine. and in sclected cases confirmed by
PC NMR. Resconi has reported proton and carbon assignments (neat perdeuterated
25  tetrachloroethane used for proton spectra while a 50:50 mixture of normal and perdeuterated
tetrachloroethane 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

- 14 -



where Mrepresents the oligomer or polymer chain. In a preferred

enbodi nent, the isobutyl chain end is represented by one of the follow ng
formul ae: ? re.Mrepresents the oligomer or poly DAl Diiros

10[ 0058] The bgP?Qﬁ@§Bg1of i sobutyl end groups is detergFEE Q%@?%SLiBC NVR
(as described in the exanple section) and the chem cal shift assignnents in
Resconi et al, J Am Chem Soc. 1992, 114, 1025-1032 for 100% propyl ene
oligontrs (and polyners) and set forth in Figure 2 for E-P oligonmers (and
pol yners) . [ 0058}dddeprdivimb etigdmahai nAweban §hahicgll Sog 1vd 1992, dOBPuld) 3L et et i s
defined to beggﬂfhggﬁio of 15t he percentage of isobutyl chain ends to the
per cent age of “al yflc vinyl groups. [0060] In a preferred enbodi nent, the
propyl ene ol i[@e87kr Ccooutylsbsinleed'sis tbfard 30 W & dfgofunatiobmelr hgriaupdesiedrect ed
fron1hydroxiqghyq£¥é§ﬁgqgisqggkﬁ%&ged aryl s, hal ogens, al koxys,

car boxyl at es, eréﬁkacrfph es, oxygen, nitrogen, and carboxyl, preferably
|l ess than 2 wt% nore preferably |ess thépyﬂ%q@%@fnnre preferably | ess than
0.5 wt% nore preferably | ess 20than 0.M"Wt % riore preferably 0 wt% based
upon the weight of the oligonmer. - 15 - WO 2009/ 155517PCT/ US2009/ 047953

[ 0061] The ol igomer preferably has an Mh as deterrined by 1H NMR of 150 to
25,000 g/nole, 200 to 20,000 g/ nol, preferablypg%o to 15,000 g/ nol,
preferably 300 to 15,000 g/ nol, poefgrcadkypud00 12,000 g/ nol, preferably
750 to 10,000 g/ nmol . Furt her desirabl e | ecyl ar i ght range can be any
conbi nat i on d’fh%%“{} ERpERS HsioDegnster w&‘mﬁ&%ﬁnmﬁ @ e chﬁ’i‘}?"ﬁl&g%ﬂﬁ%ﬁi’%ﬂl ar
weight |imt daseid ibegrabmisy i of Ee fabempifiadiaaccording to the methods
descri bed below in the exanples section. [0062] The ol igonmer preferably has

a gl ass transitlgg/igzﬁﬁLﬁL;égﬁglg) of .l ess,th 0 Cas.~
det erm ned bypdiffer ral nihg$eélorinetry as descri be

beIo@B,
preferably -10C or |ess, nore prefegably -20C or les

, more| preferably -30C

or less, nore preferably ; /)
) isobutyl end group
isobutyl end group
N o N -
M W \\\\:.x“"‘ M w \\\
! !
!
isobutyl end group ) isobutyl end group )

where M represents the oligomer or polymer chain.
10 [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% propylenc oligomers (and polymers) and sct 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
15  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 sclected from hydroxidce, aryls and substituted aryls, halogens, alkoxys,
carboxylates, esters, acrylates, oxygen, nitrogen, and carboxyl, preferably less than 2 wt%,
more preferably less than 1 wi%, more preferably less than 0.5 wt%, more preferably less
20  than 0.1 wt%, more preferably 0 wt%, based upon the weight of the oligomer.
- 15 -



10-50C or less. [0063] The oligoner preferably contains |ess than 80 wt % of
4 olefin(s), (such as isobutyl ene n-butene, 2-butene, isobutylene, and

but adi ene), b jpan the wei ght of the oligoner, prefer S, than 10
wt % prefer ab@%g”@%@/?’ preferably less than 4 wt % pref g’rcgg’:%wé@zgs’than 3
w% preferably less than 2 ww% preferably less than 1 w% 15preferably

|l ess than 0.5 W% preferably less than 0.25 w% of C4 ol efin(s) based upon
the weight of the oligonmer. [0064] Alternately, the oligonmer preferably
contai ns | ess[00¢ian Zewlidbrodr pBierably ey & Wl ef ila¢rs)ned bg UBHNMB o456 o TBEO0
olefins, typically Cc to C1 fi t ypi,cal S . , C8,
Cl2, ol efi ns,g9 e 18’ %@Q%g%g@ %%gl%lhplte efe“‘%{Xg%Sgﬁ% Oqoolghngmﬁ]r?fla%%?wtﬁfgfogﬁ gb%s’ | ess
than 10 20 wirbferaplyef0dr@bl2005 witndb, poefehidy atshyto | IOD90 tavanl. 4 Wrifer prdefiebibl vy

less than 3 w% preferably |less than 2. wt% preferably |ess than W %
preferably | e@%l%iuﬁaéir‘? etﬁhgm\}\%%a“p e 3b ?aﬁloéls%fpatnﬁélﬁp eﬂ).%ec\ll\lﬁ %ngﬂégmélw\g%i n(s)
based upors t haywewghinolefulirhecighti Igaimeescrites dever Miinadddoymi8C adddrling GOEE] | n
anot her enbodi nent, the oljganer conposition produced conprises at |east 50
25 wt % (pr ef &%ﬁq%d%‘%e@’g}t@%gﬁ\ﬂe%m PefePAbly at |east 90 wt% based upon
t he wei ght of[0042¢ olThgoligimee prepesiyt haon klaad ®fnkifisn Raytm@reals) &ask thdb 0Tasrbon
atonms (preferably at |east 51 carbgon atons, preferably at least 102 carbon
2toms) as. medeur G BT NRTSEEIM S BHE HEREY o1 SY e "ERAT T FOB6] | n
anot her enbodilgreEndr, lesk,NBore bic@GRABRF -200NPOISdst O pRfaahle e)°C onfesd, 8Rs: predbl/han
30 20 wto/%di gg(ﬁogagfeétri mer (preferably less than 10 wt% preferably |ess

than 5 wt % r8ferably | ess than 2 w% based upon the wei ght of the
FI i goner corrnﬁ@dsqi (r)rbrl}xe oaigorﬂaal&ﬁfreﬁdllybgbn%s 1e§é\@3209@/“&555ﬂ@5’615‘ﬁh§2cx@| %0&7353
00671l n anot. her odi ment, the oligoner produce ere contains le t han
25 ppm haf ni um%u‘aﬁaff aroyishy ey Rl cpifffh %%‘eﬁn%m@%ﬁ? &P %V‘gﬁ%giﬁ?han 5
ppmI haf gi u[n Qﬁgjﬁﬂerpﬁrefdﬂﬁﬂwil@%ghagfl(paflt%,nprﬁfeﬁdbgdl g o, geketabig 15@3&‘?][0'&1 wat,al yst
enpl oyed. [0068] I not her _enhodi nen e oligoners described herein may
have a nelti ﬁ@efﬁéﬂﬁtale“Sthﬁlbécf”f}r?’r Sk §e%fhaf1r 5o pf%@fi@b@,% Ahter e y 50
to 100C. Js5n apathey erbadiosenty, dde.al ilgomh . 2deser sfediérigivasdaayen iR
detectabl e nelting goi nt by DSC foll owi ng storage at anmbient tenperature
(23C) for at &6 NBOGHFS. [0069] Melting tenperature (Trn) and gl ass

transition tqoal at WiembEE) LAY QigbRaspeRehbistddidd Efsahanto akvSgannbi@ore
Calorinmetry (DSC) using commercially availabl e equi pnment such
olcﬁn?s), (such as C4 to Cyp olcfins, ¥ypxcally such as C4 to C); olefins, typically such as Cq,
Cs, Cs, Cyy, olefins, ctc.), based upon the weight of the oligomer, preferably less than 10
20 wt%, preferably 5 wt%, preferably 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 C, olefin(s) based upon the weight of the oligomer, as determined by Be
NMR.
[0065] In another embodiment, the oligomer composition produced comprises at least 50
25 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
30 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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10 as a TA Instrunments 2920 DSC. Typically, 6 to 10 ng of the sanple, that
has been stored at roomtenperature for at |least 48 hours, is sealed in an
al um num pan yaded into the instrunent at room t enqy e sanple
is equilibr atggqgégﬂ%gj then it is cooled at a cooling r;éfrfe{}s(%g/%éﬁm nto
-80C. The sanple is held at -80C for 5 mn and then heated at a heating
rate of 100 mn to 25C. The glass transition tenperature is neasured from
the 15 heating cycle. Alternatively, the sanple is equilibrated at 25C,

t hen heat ed a@ﬂ@]hedhimqhexaﬁ@odi&nem()@iem igotnor ABACed Tikre cemtelim heey thiac 2fptai Ng

transition, rese ed for.onse f |on d
t enper at ur e. hrlh Lu%eqn?ftcmblyﬁess tha {n a? op ha nlum Ip{etfedﬁ) }es dn hc?fﬂ Erpbdsed on

es re
'él_enplerajt ur es the pmdtolﬁeoljfmemodmeaitdnluwﬁee&& m‘toherywwejl@p@m f| ed For sarrpl es
i sp aylngrru e,.nmelt 0i nt t.in ur e
defined to be {"%1 %@ﬁr f“kr%&dlﬁ‘ﬁ?t I‘ﬁ%gpgmﬁfb de%mbgﬁel%ssogltha‘f edm\?lx}lfl%p % e

| ar gest erﬁ:lot(hDSmﬁz@t xﬁa{) Of i’ 60i t6 1B@’€pamatdl3n50 fvat0otanpgeanotheit @ififpdinahties)

fromthe DSC Itin 0070 enbodi nen t ol i goner
Hootri bad hor il dese B hardin R biera Ao ARG DS T, O &
ol i goners desmtiiémefénipaﬁﬁrdtzhmy&)ranemz(Hmasur ed as descri bed bel ow) of

1,000 to abo , 0 /m)l alter 2000 t.o 25, 000 gl I,
Zbal ter wat o y08000 Vil Roing At bl st AR R TABEHE BB e
150, 000 g/ m)|usm@|H1B‘ér@rﬁia6$©énﬁﬂ@(‘5[@nri;&ﬂf @80Q) gdimDdomn]olal B M ad R qMBmadtt 8uch

17 om vt ehL. Bepidr BeFisievr OB Pyer YD AHr GEbl By CEAUTSDA: DCRUm et o

differential ro&@hnragictinge lf@cheadteztseﬁdlw 1( @Eilea ,m EX plafoi e pal and&b&ﬂb&i $nto &ee
described in:, T. Sun, P. 30 Brant, and essl ey,

GE,
Macr ool ecul d8STUgSREAREOsn eMgGHEET ].[]@F 5‘18’@%2‘5 0@812‘63”‘% 2"0\%2/15j 1Qﬁ%l i ‘%F%Orl%indéés

therein. ThregoRQl NaBF 1@@%&@& QoPESTIRLE@RbIcIOMM M-¥@d-B £aliHmasharnRatéad.
The nomnal flowrate is 5 cmB/mn, and the nom nal injection volune is

WD 2009/ 1555 @ﬁp@vmszﬁdgwmgts#é@o The glassHEangiten STECTEUERNS Mepsurqdrfgam the
col umms aﬁd CHcMn% ?HE i %ltefn@gnre%p HQ%}?E 1s(etq{?1‘ﬁb1%h a08be Ctthg{ Qea%ﬁ Gt @1%{1@ ﬂa{%d in

an oven nai ntal ned” at 5C. Sol'vent for the SEC experinent 1s prepared by
di ssol vi ng 6 ofr8iEmurfto bé@%ﬂ aftedniytchrmicymdl diatemeitions ibpresnt isoxpldendtio ense
liters of Ald

mixture i st KON TSP BT (el FRRARENERRE bk peal ity
subsequent |y td:rmew!ghs f@orQ tHE fumh’éafdntms fthdriver spcTHied TOB sd@pkhéﬂpl@begamsledlew th
an online de se e e, Lo ar ed
by pl aci ng dg’%{polﬂi/errer%ng mtt (;{521% (l:tg)n%t %?‘Eg’m?gd‘é:%“?%ﬁ %estlﬂ(? lgrrﬁl%:i}n of
TCB, ther2Oheatmmgtirhé. emaxioulaed ahthlma}gwttehdcﬁ&‘nmcmalloumeialglretsatbm@m thatrramoout 2
hours. All quan tml trla?uresﬂ:romrﬁ% gm ‘}/Clemetrl cally. The TCB densities used
to express the (S)F concentra 10 mass/volunme units are 1.463
g/m at roo mw(E’nber &t méleambo]iuﬁem tl@/omr@oraetrs d36ihed hhbreiniang eldduiicon 25°C.
concentratio r r._concentr ns.bej ng
deed for i oRt kol S0P SlheginerC sl s -R AR Ry BALARERE 8% he
DRI det ect or dandbddneclow) eétla]OOairoeatmuf geﬂoo Fgout, raaéreatem 2008e tappaiat yeol,s

t hen i ncrgase

10%6 hours: paber? bl o otk im i Gelol Gate of Srlt v kit adRhl BEly; °

each point i mltérha&algzhm)ﬂﬁat)mg@(ag)‘mbs cal cul ated fromthe baseline-subt ract ed
DR signal, hiBh URkD9a4N6, " 9L QUMD SIUALLEY Hiar TRRRARR 6CAW A% i0n
Chromatograph (either from Waters Corporation or Polymer Laboratories), equipped with a
differential refractive index detector (DR1I), Experimental details, are described in: T. Sun, P,
30  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

. . -~ 3 . . .. . .
columns are used. The nominal flow rate is 0.5 cm’/min, and the nominal injection volume is
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where Kimis a constant determ ned by calibrating the DRL, and (dn/dc) is
the refractive index increnent for the system The refractive index, n =
1.500 for TCB at nd 2 = 20 690 nm For purposes ntion
and the clains f‘%ﬁe’ga(dn/dc) = 0. 104 for propylene poﬁ%ﬁéﬁ%ﬁWhﬁyg
otherwise. Units on paraneters throughout this description of the SEC

nmet hod are such that concentration is expressed in g/cnB, nolecul ar wei ght
is expressed in glnole, and intrinsic viscosity is expressed in dLIg.

[ 0073] Mol ecul 30 pheiTghtvardius tlﬂliblﬁﬂuﬁih@nCC(leM]d difforentGP@{BRbIncics (iRl dricn®d) by

the 25 nethod above. |.n sone enbodi of this. |nvent|on
hve”on iy vt BOE DA P g LR IES Gt SEr Rt R R S Spstgt i S o
anot her enmbodbyn@kbivirdghd gramwemry@ted ﬁ?d?oybetoﬂl&@&&l AneltioMidaat &thélrsr‘t)ﬂAlduch

containing materials ef er i,n | rmnated ma r.i |_udi ng
vi nyl ternlndfﬁﬁnb6%$ﬁe£4*“9%%9 “?%? é@&gﬁyﬁﬁgTiﬁgw?bﬁ u&bﬁ@

term nat eds et hyl@Re phofRr a8l duls déﬁklyy{ﬁ%u‘gh 20d 30 TEhEY hlt&rerm&atgdls then
propyl ene honmp- and co- pol yrers) Many of these materials are known in the
art and can tﬁsgmfﬁfc‘tﬂrdbﬁaml%&e@swehbefﬁlﬁénssf%@ﬁsS§§ dederar selatione pe Mepagsdg.
contacting a%yﬁJll‘eﬁ&%ﬁE&li&Q&%%lﬁM{a}féF 2@ e asiitPado e et ntiadh

het er oat om contai ni n ene (as - - 009/ 155517PCT/ US2009/ 047953
descri bed heﬂ@?ﬁyﬂaﬁdﬂohﬁ’@ﬂNﬁbP@ﬁWWhvV%é@ﬂ@dﬁﬁ@ﬁgﬂﬁh@@ﬂﬁal%“CN@ﬁVPsaW
terminated pohyOREs hiHas) RIMGRTBOLYTR Stk e F osneGRnLa] Al ng
nmonomers, as weal %a ﬁ{c rrerJgOﬂ% fii&nl 1rrsnnom::rsporsl &)?‘Fﬁg term v%ln ‘Irﬂ

t er mi nat et pohassreslsmé nmit:ucdesl 963r1g4mltérmbmat@gl~rallneg@|¢ek £4) gl eft el ¥4 T/hcnyl
term nated po fi iyl 3 at t pr | ene
(preferably hlﬁ&k& co&%nﬁ {h%lﬁ‘% ﬁoa{ 1[@’01: %%!éﬁ'l w‘ﬁﬁré%e? cgr?cee tgdrnogs' Qe%% &89&?
nore), pol yethhghleenaelcétparecif@'glabhxyplhaantg ta rovelirtgl qagh pamnmh¢ tkmeHlOcﬂ)a@c@w andrhe,
preferably 155 nor e L QCess ter t

[ 0075] The o|H88%%r%68w§%%l ed a 6%émapgn%usmqmwlnaggépgﬁggn?ﬁngg oﬁ%ﬂgneous
process, 10 Rlefsesiblcy ta dobitlee pfoo@esas9ats)ucteb¢fm|cbmgtcmng tHSSNst‘derﬂpdrS GH@
filed on June 20 i.ch.i.s jncorporated ein
preferredr]5 nﬁ%ﬁxﬁnﬁPn p?%%dwgﬁéué% Cho dw%hwl%%%%%%ﬁgﬁgl 58% f’méesbu[(g-,‘?’?Ir&:"ldene)
can be oIigodHUmmmd,byru@@pheﬁ@oamgamahmst system (conprising netall ocene
conpound(s), and one or nore acti vato E ;@g@e olefins. O her additives
may al so be used, as desired, such® a AGEFs) and/ or hydrogen. Any 15

conventional \gUspension coNAAPERORRNS bg'-ﬂahbiat%%l e lmn ar§i| MWd},‘) isQhe refractive

hi gh- pressure ol i gomeri zation process’ can used rocesses can be
run in a bat dilex gerdmopios Hie spitereonte rplreeiye rm@é n sdc5ﬁ0 pﬁm geldSdnehdvbdes
are wvel | »lsnoga%m 'ehefdscs STORRURDARISNP R IRR] fakiQlhy B OSPRBES, @6 tone
preferred. onbgeneous pol yneri zation process |s i’'ned to b process
where at | easaplygﬁrsvan%(blf oth¢reviger dduistoni parasestaub theovighout Hieis rdeeauptmmfrtmjﬁac) A
bul k 20 ho Q LS. ﬂi ¥, REET elk S is
defined to ggggﬁgrgi%@%ﬁﬁﬁéﬁﬁ&%ﬁﬁ%%%fg 8%%£nt gtloﬁfggmrﬁég? %gp%%%?ﬁ
reactor is 7@madd, umam(lﬁllsl@ vorositpisexpreAkd ardiat.el y no sol vent or diluent is
present or a in ce S n used
as the carrliaﬁsl éﬁggf§% hp@§€§ ngﬁ&o er aggﬁgﬁggésﬁggkg%§Q§ e

typi cal | @5f omdlowabdwet He smanmd;mtmtsg theptigpagre of Mispnopyiéreimay an Mw/Mn (by

25[ 0076] Sui t l'i gomreri zation include

non- coor di nat‘:il}i?,rlggl,)ﬁil)r(l)gira?E Osgﬁedl%tetl%g?o }de)s i ncl ude strai ght and

br anched- chaﬂW7Mydrbnambmmsmsﬂmhnagusm@bumam31Mbmtameiwpbmbanadcbmdpﬁgtane
hexanes, | SOhe e?‘glg refe %Ela NEith QCtlatcrrﬂlna(%i Ga& (nfflcludl 1% rtgr%mﬁdted mers cyclic
and allcycllc 'ocar bons" such” as cyc exane T%ﬁl%
nethylcycIohemahemmma@hyﬂﬁyﬁhshﬂﬁtanemdanmﬁmwﬁmwwEsehMmredeSﬂ@hmaszman be
found 3Q,comerci al pars rha t qQcar Su as
perfluor?nate&wéﬁnﬁﬁﬁxﬁé eh%%?dﬁgbe e“% %%m¥¥g%ﬁenmcna ME(an1m
aIkyIsubstltd&eﬂtaﬁomaﬂmdhmmnmﬂmaﬂSMQyﬂh[mambenmamﬁxdﬂmkmema;cmﬁamhgbene,

and xyl ene. aﬁglc&carpllatgthgs(?bl \c/a%drfyﬁ (as §e(2cr|1bre]>8 lélagelen)lxil ul %et%lo%Iolmngon\{\hmna alkere ds
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WO 2009/ 155517PCT/ US2009/ 047953 as nononers or conononers i ncl udi ng

et hyl ene, propyl ene, 1-butene, 1-hexene, 1-pentene, 3-nethy|-|-pentene
4-met hyl -1-p oetene, and 1-decene. M xtures of ng are

al so surtable&B%@ggy% I'n a preferred enbodi nent, the fee Lﬁﬂﬁggkron for
the oligonerization is 60 5vol une % sol vent or |ess, preferably 40 vol umre %
or less, preferably 20 volune % or |less. Preferably the oligonerization is
run in a bulk process. [0078] Suitable additives to the oligonerization
process can imsmmmehene)@mimmwewmﬂaw@mgemgmnm;mumﬂesthwmdkmkemSpOWGdacing

agents, oxidizin ent ra , um num_al HOL0079] I'n
a preferred en%1 hogno £ Carpoglglﬁgl hetr“reoéltmm coftigImyr monl'om(g%’rr%r\ivcgmfb pory regzactor

at a parti al quff“es sxuncen@sf ofly 00t 0e150 vmsﬁ q;mipated eolatmlexys 1hclo<ms Ovif)l teroniRBedpsi g,
nore preferabl und t hat . t he esent
systenms, hydr c%g[ﬁer&éno%r% e“‘g d Qr% t%f’“énd& epoq oé? BB de iV t vl 5 ndgelﬂi fptactic
significanl yporlym@ryrenmg»réﬂaxeblg&marhgstmatnagapdmttcyf 100° P oo chvoe pmlféryljly ¢5%Radrn

T east - 200 TTbhensYEaHa e R Cam St e e ol] SO S aR e e ) S
preferably atorlh@ast 50% hi gher, pr eferably at | east 100% hi gher [0080] I n
an alternate enbodi nent,. the productivity at |east 4500 g/ nmol / hour,

pref erably S@W%%Mferabl y 10,000 or nore g/ mol/hr,
pr ef er abl y SQQOISQJ OIThBRligon@rNamtdved «RZOE QRS itally icpaletl @ nadsreoendadpisesnt, t he
G ol /10 P aETERP T get 2060000 | GPNal FheC PR i P et

250, 000 g/ mmha’oh‘l’oadt@f 6y etfalrhye adreiheast a%@&‘ct@&ﬂet@ﬁdﬂﬂ’ﬁérﬁ hpmpilﬁﬁ8ﬁ’]dp6}&foﬁdilr ed
ol i goneri zati ons can he [un '%y‘g%ﬂﬁl cal nper at ures and/ or

such as fr omcﬁ@o?%n‘l’lﬁséf‘:‘c ptef y“ﬁob? dﬂ@%@z% t SPARG 2 4%“3?1}3” 8“0( Mand
preferably fresmptlgIfetdlioccho CMR?Oun@(rsEfd@d ak of rhdre aetDathhs) t\x@thﬁhd\@aﬁnspl’@ﬁ@r ably

from05to4l\/Pa 0083] | goneri zation, esi dence tine
of the react i*gHiYS 33”68“ 10N taes‘?‘Cb’ﬁ?Jef*e?}éBF ySCT)VeP%Eiebeﬁ“ Ort 5}3’%@%0,1}, nut¥s,
preferably lQomnr&Qldm K\U;Ib@ﬁlonCaﬁ(ﬂ;hngﬁco@WB@ldndsdlﬂloh/BkﬂuPﬁ nydr Tegipoated
a i goners [0084] Cat al yst conpounds, use her ei n to roduc t he vrﬂ yl
terni nated ol %W%t‘%“di‘?f‘ffbuﬁ‘é bggedy s P@Cﬁ%@tcéPl § o ST P@Yeh, or

represent ed Ryntlndust @I 8&h processes and modes are well known in the art. Homogeneous

polymerization processes are preferred. (A homogencous polymerization process is defined
to be a process where at least 90 wt% of the product is soluble in the reaction media.) A bulk

20  homogenecous process is particularly preferred. (A bulk process is defined to be a process
where monomer concentration in all feeds to the reactor is 70 volume % or more.)
Alternately no solvent or diluent is present or added in the reaction medium, (except for the
small amounts used as the carrier for the catalyst system or other additives, or amounts
typically found with the monomer; e.g. propane in propylene).

25 [0076] Suitable diluents/solvents for oligomerization include non-coordinating, inert
liquids. Examples include straight and branched-chain hydrocarbons such as isobutane,
butane, pentane, isopentane, hexancs, isohexane, heptanc, octane, dodecane, and mixturcs
thercof;, cyclic and alicyclic hydrocarbons such as cyclohexane, cycloheptane,
methylcyclohexane, methylcycloheptane, and mixtures thereof such as can be found

30  commercially (Isopars);, perhalogenated hydrocarbons such as perfluorinated C4 10 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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WO 20091155517PCT1US20091047953 R4 R3 R H X2 R7 ITT NIV where H is
haf ni um 5each X is, independently, selected fromthe group consisting of

hydr ocar byl aving from1l to 20 carbon atons, des,
al koxi des, suﬁ1 2gloes I|c}hosph| des, hal ogens, dienes, am ngéq&]jsﬁ@imﬁﬁgn

ethers, or a conbination thereof preferably met hyI, et hyl, propyl, butyl,
phenyl , benzyl, chloride, brom de, iodide, (alternately two X's may form a
part of a fused ring or a ring system); 1l0each Qis, independently carbon
or a heter oata@nmonpmefser adnhgno(ﬁcrsmclﬂin@tl@pﬂef@pmmry, bbuttwastheone IQpdngng

het er oat om t t t £ .dif t .
het er oat ons, a§ %ﬂg t'h?l % en enQ N m?tgsl Thr %e O@%ngadﬁlg%t(ﬁggga@é“%?b ‘%ﬁ% (fegorl Ente
heteroatom;, aaéalwrsruaalédy at Ieast four Qs are the sane or different
het er oat ons) ; ea enden n.or, a,Cl t y
group, preferahiy q‘tﬁ o eofjer&d YR g t1§‘a flEé/di Con%(%‘trﬁ, npfr°1e¥h§r°él§?menza Ayl 6lét hyl ,
propyl, but ylv,ollm&r%)sbher’mexjﬁiss, phaécpmw 4(m|volomt% or IRE, prafgrablye2Osaiencdto aﬂna‘si erent
as R2; each i S, ind ent a Cl to Cs al kyl group,

o ef ot ably a ey T RRBER Gy Y B PSRere: abt y et hyl ot hal oy opyl
butyl, pentyl[ooﬁsexylsmtimptdydmm tecﬂlqullgpmavzad@d ptdeats ain Ineiadé o@aemonhodal or

R2 t hyd bl th t d .
20plr Zf 2? abl z srﬁﬁo téﬁ%:&/ 8?0%}3;&;#1&(}/# Os, B?GCé)lﬁlgﬁ égcnts 0R2d1zmg dgr(])I?tS Q}y rggglg 'ﬂl’lmmum

alkyls, or silanes.

10 [0079] In a preferred embodiment hydrogen is present in the oligomerization reactor at a
partial pressure of 0.001 to 50 psig, preferably from 0.01 to 25 psig, more preferably 0.1 to
10 psig. It has been found that in the present systcms, hydrogen can be used to provide
increased activity without significantly impairing the catalyst’s ability to produce allylic chain
ends. Preferably the catalyst activity (calculated as g/mmolcatalyst/hr) is at least 20% higher

15 than the same reaction without hydrogen present, preferably at least 50% higher, preferably
at least 100% higher.

[0080] In an alternate embodiment, the productivity at least 4500 g/mmol/hour,
preferably 5000 or more g/mmol/hour, preferably 10,000 or more g/mmol/hr, preferably
50,000 or more g/mmol/hr.

20 [0081] In an alternate embodiment, the productivity is at least 80,000 g/mmol/hr,
preferably at least 150,000 g/mmol/hr, preferably at least 200,000 g/mmol/hr, preferably at
least 250,000 g/mmol/hr, preferably at least 300,000 g/mmol/hr.

[0082] Preferred oligomerizations can be run at typical temperatures and/or pressures,
such as from 25 to 150°C, preferably 40 to 120°C, preferably 45 to 80°C, and preferably from

25  0.35to 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 uscful hercin to producc the vinyl terminated oligomers

30  include onc or more metallocene compound(s) represented by the formulae:
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each R3 is, independently, hydrogen, or a substituted or unsubstituted

hydr ocar byl group having from1l to 8 carbon atons, preferably 1 to 6 carbon
atons, prefer _Substituted or -21- WD 2009/ 155517P 09/.047953
unsubstltuted%%f}{({gﬁ1 | i near al kyl group, preferably nggﬁ@ggéﬁﬁ%%? propyl ,
butyl, pentyl, hexyl, heptyl, octyl, provided however that at |east three
R3 groups are not hydrogen (alternately four R3 groups are not hydrogen,
alternately five R3 groups are not hydrogen); {Alternately, when the

catal yst conpoundsis trge used to nake t iﬂ ono-oligomer then each 5 R is,

i ndependently,_, br unsubstituted hydrocar byl
group having 3 3y-8rear bon a 1Q) ferably 1 to 6 carbon atons,
preferably a sub p ted Cl to C8 linear al kyl group,
preferably netfyl eth A\ pyl , !g hexyl, heptyl, octyl,

provi ded however thay': fﬁ 2 five RRgr o 2are nethyl or 2) four R3
groups are not h grand at | ed R group is a C2 to C8 substituted
or unsubstituted 1 rocar byl (pref y at least two, three, four or
five R3 groupsy arg a to Cs jpubseftutgd or unsubstituted hydrocarbyl)({;
each R4 is, indepepdently, hydrogen or a substituted or unsubstituted
hydrocarbyl group, \a hg{eroaton1orRhet oaton1conta|n|ng group, preferably
a substituted o’ stltutedRhde Cc yl group having from1 to 20 carbon
atons, preferably 0 .8 carbon Qto oreferably a substituted or
unsubstituted ClAo0 "I'i near al,lod preferably methyl ethyl, propyl,

butyl, pentyl?fﬁ Xyl g7 pﬁg yl, 5%tyf% su H ted phenyl (such as propyl
phenyl ), phenyl, bstltuted /}/ fich as CH2SiR, where Ris a
Cl to Cl 2 hyir : such as gthyl, propyl, butyI phenyl ) ;

R5 is hydrogen orfa Cl to C8 al kyl p, preferably acClto CB | i near

al kyl group, mwe?erably 20met hyl , hy 3propyl butyl, pentyl, hexyl,

heptyl or OCR%ﬁ R6 is hydrogen or a Cl to aIkyI group, preferably a Cl
to C8 linear a ﬁy group, preferably methyl, ethyl, propyl, butyl, pentyl,
hexyl , heptyuﬂngmﬁmmy each R7 is, independently, hydrogen, or a Cl1 to C8

al kyl gro p, preferabl | i near al kyl. gr r t hyl
athyl . Obr oy ey f{f&ﬁ% v, w%&s%nﬁomt%ewg st BT R over
t hat at Ieasﬁmeewen2Rngmaumﬁmam§mnmt th%QQEnmdalsﬂﬁmﬁIeMypm@%Jea@knelght
R7 groups are. not h‘d(o alternatel a rou roge
(pref or abl y OHESRA S e R R g A A
Formula IV arpe)pnpbutnwmeaglene)nzyll\bh &idj drorage/odide, I(eBteﬁlabI’yl tdges’s poefoemalpay, Si
or GCe, prefe%?%hé? ;. 30each i s independently, hydrogen, hal ogen or a

d to C20 hy gmé‘fﬂ&%%%c%t hyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl , aotylkachphenyldepdngszlylcarbsuibsh ih&tblrbadmpbx%fbydbly G.nld, PV (preferably at least

one Q is a heteroatom, alternately at least two Q's are the same or different heteroatoms,

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 Cy alkyl group, preferably a C, to Cy linear
15 alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, R may the

same or different as R

cach R? is, independently, hydrogen or a C; to Cs alkyl group, preferably a C, to Cy linear

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? arc not hydrogen,
20 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
-21 -



WD 2009/ 155517PCT/ US2009/ 047953 R' can forma cyclic structure including
aromatic, partially saturated, or saturated cyclic or fused ring system
and further p{vg\éb(gﬁgs fhat any two adjacent R groups may Pfcgmg}ogw&%sgd ring
or multicenter fused ring systemwhere the rings may be aromatic, partially
saturated or saturated. 5 [00851 The term "substituted" neans that a

hydr ogen group has been replaced with a hydrocarbyl group, a heteroatom or
a heteroatom contai ning group. For exanple methyl cyclopentadiene (Cp) is a
Cp group substnsthstiedviiitfo G hesehylkylggroup reeidaldy ydthydlctiohalronys tutylepdngil,
group substit d h [0 00861l t

| east one R4 %E‘g‘u \é‘@%l no lﬁydrl%geﬁ&vevgrt glrgtn%ttg &%%é @0& ?ﬁepgsggq‘%gh %ernou
are not hydr ogkematey foar Ragrew aget nok biatscnoen hﬂt%dtm ﬁgr: Blgvumrage mhydwgi‘nbgen
alternately at ot . n teI al |
groups are no‘tAlk{?hg§c W%In ét%'%a gllp coorrlﬁg%gdsg%r}h ﬁo{go Olp%n}er Mleflg
useful in 1hi® m,nu@ptmd@mtly, hgdroghe, one smntmgd er orlisubsututed hydmc:nbyl group hdvmg
15(1, 3-Di net hyl i ndenyl pen anet h cIoe haf

(1,3, 4, 7-Tet %Orrrne{]h{él %ln eny go(nbeﬁ'icyw *hy Igég Qn ef?{cgﬁl%ﬁageb ks Y1
Di met hyl unﬂtdnemllcgi (Ctletb r(anmtchxyhlkylcgrmpae rpirddalﬁmyrhu)ﬂyafcmlyh mtbm’Ethy}ﬂ,, pcntyl

Di et hyl i\nden anet hyl cvel opent adi enyl haf ni undi ne
0 opy ! RSP Bob AR RGeS glben T FRAPh it e Ty o R
Di

(1, 3-
(1, 3-
(1, 3-
20( 1- Met hy1, Egrqmpepgeldot nmyh)ﬁcparléaarmteh?ylgtwl mp)éhltcam mbytptuadmmmbbmteldyl
(1, 3-
(1,2
(1, 3-
(2,7-
25(9-
(2,7
u-

T e h R BT et Ry PV FUERAPR GryP) Nat Catiiat WEERDre oF

3-

[B)l mez h%h![na;bztjntm(deriydroc(dﬂ@m amet PKI cycI opent ?dld_enyl ) haf ni undi net PKI

, is u uor gre opent adi e i me

(- Nethyl £ &l TEREP ARt HIPE o ob e AL RGP RN TRyt Soum o
,9-T thiayetdatodo 1o teyda t hing| fatah ibythatdi nﬂsﬁmtlth’l
T i i etttk

0B ot si TR S PT RFhRaRaa SR ey bEGTPEL o A b e adi o

nyl ) haf nisu nmammhy b ,sul:&ﬁﬂtea(apuﬁﬁsymit@lm lapydg $ihday hifl @oup, preferably methyl ethyl,

t et ranet hyl cycl ndi et

2000/ 15551 7PEHINS Eﬁg@éﬁa@g&wl Hb‘ “Eeéirpﬁglyé(”}éﬂb“ddﬁf%h@hen}f%é’henyl
"di met hyl " afstl@r subh&utéd ARsiducions ORISR’ witerd Rds & C$to ©f hgdbdaltys tudanpetids
above is repl cgd vvilt{) alﬁih ide (such as dichloride or difluoride) or a
bi sphenoxi de,e&% PIPLuPUFt BB use with an al unoxane activator.

Activators amdifgidiogai branCMetchads! grotp, Gadrahbish COMMOliaalSality0 ghaK erftaml
Ter m nat %(3 50

meﬂ%r?rg‘glyf propyl, butyl, pentyl, hexyl, heptyl or octyl;
R’ is hydrogen or a C, to Cg alkyl group, preferably a C, to Cg linear alkyl group, preferably
mcthyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;
cach R’ is, independently, hydrogen, or a C to Cs alkyl group, preferably a C, to Cg lincar
alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, provided
25  however that at least seven R’ groups are not hydrogen, alternately at least eight 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 I'V are not hydrogen);
N is nitrogen;
T is a bridge, preferably, Si or Ge, preferably Si;
30 cach RY 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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[ 0089] The terns "cocatal yst" and "activator” are used herein

i nterchangeably and are defined to be any conpound which can activate any
one of the ca%aldﬁhfgonpounds descri bed above by conver&kngﬁtgﬁﬂpggtra
catal yst conpound to a catalytically active catal yst conpound)cat
Non-limting activators, for exanple, include al unbxanes, aluninuni 10

al kyl's, ionizing activators whi ch may be neutral or ionic and
conventional-type cocatalysts Preferred activators typicaIIy i ncl ude

al unoxane conpoundsm modilif sedtat invhXaeeraohponddy sandteil.omisziuragedagyelonor
precursor conpo H@Q%n%ﬂ%t abstract one reactive, cr-bound, netal |igand
maki ng t he met al 1ex cationic and provi di ng a char ge-bal anci ng
noncoor di nat i ang fmthewe@kidyd (dtabmd/l matddigerami gnups IB{y0080} frsed meg enbudicamert |,
al unoxane aCttl VAL 2L Sy fnbw ere he Ti Kﬁ% 12N o%%&l ttl?tﬁ Isdit]urstec?o Sgtﬁlgdl st

conposi tion. Alu § €s are genera % nds  con ai ni ng
-Al(RI)- & SO88SUNi te twnei‘sebdﬁtutcdg raﬂanathlwh 1gctrogqn glﬁ)minqsllesn oblatdimikanes
i ncl ude net hy|l xane ( di fi th Ia unpxane  (

ety unoxans o oaEi o1 etnelRaRe SRR IR L0, Moot
aIkyIaIunoxanssbamadsu¢ﬂabh£aasgombaMymnmﬂoMHuanmmstgo@ﬂmpaﬁwicmM@thymmhen
t he abstractalal sb |§da Eﬁi hal i de, al koxi de or am de. M xtures of
di fferent aIunﬁk% anat ? LF9HBxancs may al so be used. It may be
preferabl e t qome alv as utadriiaye ohioﬂrmametahjﬁhaloum @ﬂ)ﬁp iAot Ihpd:dgenoit tegettelbed

al unoxane, can_b fiﬁtered tqﬁg (g at g Solutio | ear al unbxane
can be decant & Piom A& &% by Ut ¥ 6A™ Hot%% eFun§(§HSMF§Oa3’(§F%ied
met hyl al unoxéiaeattiyNAQRasc daat Bl yotpst gﬁpet@Ay%g@ommmmtaleittyRa\gajubabteendtr om
Akzo Chem cal,s, Inc. under the trade name Modified Methyl al unbxane type 3A,
covered underVP8#8ht nunber US 5,041, 584). 100911When the activator is an
al unoxanc (myobs7i ed CatalyyneanthofihdBd)at asopatiEpl9 diséreinihsthis éhveationt ifctudBxdenam
anount of activator at a 5000-fold nolar excess Al/Mover the catalyst
precursor (pérfBtal catalytic site). The mini num

acti vat orrst o-(c, att)ainyiﬁphrﬂé@aweaameihstc@ctdﬁeﬂtd&@ﬂmjhaﬁuuhﬂtdl@hyw ternate preferred

ranges inclu aIternat to0,.200:1, alternately up to

100: 1 al ter ngféi‘@ #GFS‘???‘%Y%MFW”@MTW W%)"“E&S@F‘T%‘E’ SRRt/ 047953

[0092] Al um ntims«:oiItayihytﬁfde@n)gamtaaﬂtymyaumneamagmﬁﬁummineﬂnymy be utilized as
co- activator rscaven i nc umtriethyla | um num
triisobutylaﬁiggﬂ Wﬁmﬁﬁgﬁﬂmﬁﬁ%Vk Fﬁ%ﬁﬁﬂ‘leyb ﬂhm FWt@duninuntand the |ike.
| oni zi ng Act l(yawrspytxﬁa&@Q@Ltttmaﬁyiwctd@bmadtagt)ﬁﬁapad@tctﬂyhl s invention to use

an ionizi g or st O ionetric activat neutral or .ionic non- coordinating
ani on (a§ deft- th} %pﬂgglﬁi“‘i"?)" li(g%‘ltmhy?‘fycioéﬁltﬁﬁ“}jwl% dmsy8) such as tri

(n-butyl) arrr(rmummmﬁtnﬁaiyi)&e&d@@ﬂtyqa‘rtpwy@mﬂs&w ehyimf@trmlmahyir is
perfluorophezﬁaﬁ or on pr.ecur sor or | uor onapt hyl boron

metal | oi d pr J&iﬂet%il H%i <a@iéit%°tfa ya‘eteélfd&t?ayéiw@%ip BREY WO 98/ 430983) ,

boric acid (i, §Duﬁ)@tﬁﬁﬂénzm@enyl)@f)@nt@m&ﬂﬁcﬁﬁ%}nt&ﬁcr@fQHiﬂnﬂﬁ\tHir&ﬂlyl hereof. It is
also within the scope of this invention to use neutral or ionic activators

al one or in é%n%ﬂ%&Hﬁ%ﬁ@qﬁnfwbgﬁﬁﬁﬁyﬁﬁ@k@WﬁﬁﬁﬁWPW%ﬁuﬁﬂﬂﬁﬁWane activators.

Preferably t @ﬂ\/@ﬁttylﬂ'(tattc%l)(&a&é%c{ﬁg@dyﬁ[@%ﬂddﬁﬂylhﬂaﬁéﬁﬂulnlt:]tlhﬁlm

tetrakis( perf | uor ona

tetraki s(per 4 ?)TT{)‘HFE‘H@K‘?’Icyﬂ?ﬁ?%{‘taé‘mi\‘il%@GP%@WY‘&H?W‘i‘i’“ﬁ‘“ﬂiﬁ‘ilyi _

tetrakis(3, 5;@@&&5&@! HQrRaRLAYIL) RPN ROR A RmdidmMneny| car beni um
u-Dimethylsilyl(tetramethylcyclopentadienyl)(3-propyltrimethylcyclopentadieny!)
hafniumdimethyl, and

30  u-Dicyclopropylsilyl(bis tetramethylcyclopentadienyl)hafniumdimethyl.
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15 tetrakis(perfl uoronapthy I )borate, triphenyl carbeni um

t et raki s(perfl uorobi phenyl)borate, triphenyl carbenium

tetrakis(3, 5- LS| uor onet hyl ) phenyl ) borate, or trip L, um
tetraki s(perf 8§§ éhsfelnyl )borate. For additional activat %‘?Wﬁlsfﬁ/&%lﬁer ein,
pl ease see USSN 12/143,663, filed on June 20, 2008. [00941The typi cal NCA
activator-to-catal yst-precursor ratiois a 1:1 nolar ratio. 20 Alternate
preferred ranges include fromO0.1:1 to 100:1, alternately fromO0.5:1 to
200: 1, altern@o®djy finemealicrdatd onls@Oncht, alet "@imaliyd] aftef the mmadsitlont roetd]G0 Grelist d¥
partlcularly usef ran refe abl

broperti as. ofEENbRAT bt RPRarict | Bt RS HRLP ey it
functionali zettisp@armdtdeptartmnlaﬂy ﬁ)rd&rmﬂmm@ya@ra@mﬂtcﬁne 25 oligoners and
propyl ene- et h) Iene 07 QL " f "), descrl bed

herei n have |2¢%4 ; : Sh d S :
pref erabl y5 | eBlsotagn 6% pref erably Iess than 5% pref erably | ess than 4%

preferably | han, 3% pr.ef Yy les an 2% nprefer an 1%
(relative tﬁ?@t9l| B2 AR areahB b R ah g et P SRRy gl R

pr ot ocol descdeﬁb@tdo baa@&smp&ﬂ{dlﬂﬁctﬁtﬁamtfmﬂeeﬂym ofume:drz{}st ABp8)nds IQLARA6] | n
anot her enbodlb t he funct,i onal |J§ed co(o pg) rs) CI’I Bed her ei n have
| ess than 10% &Yel Y ORYI % s "SR FER B §Pn'|1 43 t‘hd‘nc‘ﬁé IBHEr s EbIC s s
than 1% (relampvedtatisnt NonUhsiAdd balvhioRs f@Sexampis U mellddyNiidxarss,i igninbe

pr ot ocol ]ESCIiI ged in USSN WO, 2009/ 155517PCT/ USZOSQ/ 047953 12/ 143, 1663
filed on Jund'6; O3GHEPIAING MOLL RHAS MEFTAL ULV I CARHRIASEP USRS
preferably | esgeikdiamc®éorpr @prilabliycihd@s hinkamnel Upmpseliat inedifle@ tRbkanc

unsaturations as neasured hy 11-1 NWR); and/or |ess than 10% vi nyl ene
unsat ur at i on<OMBRUEfE At IgniFidgs aniet AR Brer Ay 1seed WRAFICEY G('tf’oé‘t‘dat i ve
to total unsafdyialiiQBSmaASnITRRS Wh@d Bmpldk LalVR abtbl lathl\% a *nBLObASRIng
described in USSN 12/143,663, filed on June 20, 20 hydr ogen or chain
transf er/ t er FPPRAPTIFRtIBERITYe2 kI SOATHInYNC 38198 dur i ng functl onati zati on,
derivitizati qmedl Std loRPicRBodiRtntYRILEBLE he FRARIRED ufilRkd TR AHUSGIRET mofho
unsaturations. [0097]1n anot her enbodi ment, the functionalized

co(ol i gomer s yalglspapossinge Y apapesore FSHYY ehgomeria SRR cograting A -
optional ly etqluhirRs, MdERNALELNKYIHR! e&trn@es(owﬁlhoaaes LQubs ABYY MIuRRdRane

but adi ene, n-butene) are substan%/l al 'y absent fromthe functi ona | ized
co(ol i gomer sYMARD: slodidied| yetiodalpgornef MREAR). ectBYipgmarne dnf yiselysdremeieai t he

functional i zedi 306R)1.8QMBES) modMid oeranataetdoxt&eb%ytﬁnael 8 deta@ttartulatdry
absent fromthe functionalized co(ol i goners) ﬁéjcSUbSt antial I'y absent

meant thaf t hetiggardnhon the yswacablc liggn h@n@lﬂiygél elboddd gamege. aMlthrw% or
l'ess, prefer abkYonfhiufomnW a/&d%ocitﬁ%salurﬁd’x%ﬁ&rr@agl Asoe WedM ¥ maylfe ér@gga%lc tt)n
anot her enbodi ment, the nunber of functional "groups Is present at O.

1.2, alternatedy vouglly elear imathylynmpiaonat Gridus geked dhaprng ﬁ@eﬁaerfétbw to
assum ng t ha%ro%cehg%legtogoh?tl tne(gregeathahHﬁH’xgnet %nbcléc@d@téd %H‘lpﬁlé ec%utdQ shlhﬁor{\/h of
the ol igomer or co-oligoner prior to functionalization and optional

derivati zati éﬁ)’thefl\llﬂh‘b@hdl’@f isf anewigad mghdupympene cHAVAOY FcHalystagype 3A
deter i neg bicoll LMY asulil | ane: ATRECLOSLIUTROL WML Sefle AAhMioaR 1 an
20 pul sed four| er transform NVR spectroneter equi pped with a variable

t enper at ure Predtybpnghsredypoin. seobe wpemratitymier UL0EH.58e sanple is

di ssolved in 2 ) CDC] erred
into abs mnc!:l ass N%tcrt?ﬁhbg&mf %g%slg ﬂgﬁ%@hag@ﬁ%ﬁ%u{t glc’ill %S%Q%ggt&\;\ﬁgtﬁ%r and
is free of osdist theomxammanowt phativeaoudtd @h&ﬁg@mheemwrﬁld‘alovsﬁht tatalysh t he
NVR spectrun),...Acqul Si tl ers, a i,t{.on

dol aye 6 5 Hse R b bR PR o SN e e RS o L2

rel ative3fo whbrresi dudlentCEpdfersi gaaks winleh ips ts €00:1.048r88 ppm @nzho:1,

resi dual CHC PP RA is the normalized integrated
si gnal |ntené%’trna@ogﬁohgo\%lg%crﬁatte%ﬁt%ﬁ Jslhég]fst\s{ between fromabout 4.9 to 5.1
ppm VRDA is the normal i zed integrated signal intensity for the vinylidene
resonances between from about 4.65 to 4.85 ppm and the vinyl ene resonances
at fromabout 5.15 to 5.6 30 ppm |A isyihe normalized integrated signal
intensities for the aliphatic region of interest between fromabout 0 to
2.1 ppm (1A). The nunber of vinyl groups/1000 Carbons (VI) is determ ned
fromthe formula: (VRA * 1000) / (I A +VRA + VDRA). Likew se, the number WO
2009/ 155517PCT/ US2009/ 047953 of vinylidene & vinylene groups / 1000
carbons (YE) is determned fromthe fornula: (VDRA * 1000) / (I A +VRA +
VDRA). VRA, VDRA and I A are the normalized integrated signal intensities in
the chem cal shift regions defined above. M is cal cul ated assum ng one
unsat urated end-group per oligonmer chain. M = (14,000 g/nol)/ (VI + VE).



5[ 0099] After the oligomer in question is functionalized it is necessary to
determ ne the resonances/chem cal shift regions of the functional group to
determne % f a ization. To do so, repeat the abo

procedure on \28%032% sarrpl e of the functionalized oli go%gp%%zoawﬂl}é%sh dto
remove unreacted materials, contamnants, etc.). Refer to "The Sadtler
Quide to NWR Spectra”", ed. WIliamWalter Sinons, published by the Sadtler
10 Research Laboratories, 1972 for assistance in determning the shift

regi ons for dJpeRifi cAlhmimetni adindlor grazugsumiiine compheds which umet beortdizedroups
/1000 C s (F), FA * 000)4 FA . JA tVR/ DRA FA = d

i ntegrated S|d§tr11wl§°r? nt én'si tlsc‘wengersi he 'C em ca“meg]h;y Pmﬁéug? on %!fe&?[?mllhﬁ
functional grtoumut}amininém MFhAhexy@RAmame trag-odgfalunedimabuoivie 11001001 Per cent
functionali zaItl .on Rf pe ol i gomer (F * 100)/ (F+VI +VE). The number 15 of
vinyl groups/2HHBEELB (Vi *) and number of vinylidene groups/ 1000
carbons (\&E*)[06931 t heisf anﬁmltbenad:dpzeﬂ tbll%llgmtﬁn ar esedet émidinpedr Stoamotiagicl HNIVR
spectra of the.f nctloalze i Vv 2 VE for
t he unfuncti &ﬁ%‘falfloi’e?f Oéé%?nonﬁpg?dénraéﬁ am?“n@b g%ﬂ%%n U?ﬁ\rﬂé /I%A(?I’ié |21gfj i%n of

t he ol i goner Juse 7(5%008) JUOH @5 trp(relheylabmmo&ﬁ%teﬂmlqtm@emdﬂhroaf;m@lb)l yor80% ois

nor e, preferabIFE/B 95%0 nor e, ﬁ Ji ref rred n metdlllF + VI*
+VE* > (0. 50(PA 0‘\9@516)“y BPOF e PEBIS) FPf%C“v & Oi\fE’l S PEY U%IBI(”\? 3@3 5l abl y
F ++VE* > (0.pf&(uvbrtpdfida)ogefuteif }QEe&kbbyanFarﬂroMl(WOl-WZH%%)( BortSdcMl (1. 8/EBhdent No.

preferably F ++ + YE)) prefe ';h . +VE* . > (0, 85( VI +
0y " pr elfer anis a0 pr birebigee taoel) Wl Pa SRy sopaptbishfrien S Gt
(0. 95(VI + VE)o}, iofit efcavast yaldne+oVlid crbME?hatR)n( @itB 8\ hoxaME)o) , mti @dde pmbloyanke +
VI * 25+VE* > 0 99( VI ) 102] | n anot.her errbodl , .th e
functi onal i z&4&EfoI i gorrer)g'S fﬁ%’i‘ repf¥sent B8V t he'® fomﬁéqlmetﬁylamhm“m
where-trtn. ruaiakm@tiﬂubﬁam@embﬁtcplN,glcrtmmhgalamnmuml togmag(péﬁﬂh@owpmnylaamatc

functional gr . vi ded at t one. ncti on

functi onal orounem PR SE an inte pERdr S E Fe s B Pl EtuE

Er ef err ed sf ungiakpal ugﬂ’oﬁéﬁﬁ@l)bﬂereUdemhﬁinﬂ’cﬂa&r@m COfktraklﬂbﬂgu(gblﬁlpﬂ&ﬁny 1€ L Ihe
et eroat om conpri ses S refera

N, 0, O and "gregf Caﬂiﬂlé‘f“‘brtatbﬁ(?‘vﬁ\? B f%‘}ethYﬁaE’%“V Q‘Eﬂ"%{ﬁ y' p‘i“@E%‘Pf ﬁ igenium g

functi onal gﬁ&#&ﬁ@(p@ﬂf@mﬁ@ﬂx&?ﬁ)&iﬂaté r o6t hdteric@eloatpivaen sisatli Rgeinf plast dss Ussker s,

anhydri des, acid g F[ OXyca gnyl s, carbonyls, fornyls, fornylcarbonyls,

hydr oxyl s, ar‘a“é%:% Y eﬁ&f‘r"a‘ég ticul arl y pref erred functional gr oups

i ncl ude thoserompresﬁ@t@ calpyN@Jseaa‘t@atamoaaatary@(mcu}sm MRERE of me leds daiibl e
bonded to the C and t * is hy nltro

oxyhydr ocAr bﬁ‘tc’(‘@tcgpmfé’é‘f‘bFa)“g“o%%%“n%o’?lh%1 ddpt! Hﬂr é{] %)/“at‘?ﬁ(/l fW‘Féroér VAR

metal, e.g. alkadidly ﬁ@hkah |t@90@ﬁﬁl¥cﬂxatetl\7 a6siti @motel ala paoapery, usZﬂuﬂﬁmg)cﬂi@ the
| i ke, oxyhetero, erein Z represents a heteroatom such as

phosphor us b&ioaH.->: égjl K Pfe\f%‘ibé}hl hé& Bt-oat om may be substituted with

hydr ocar byl @foneybhydhasanlykd o s Oor two acyl groups nmay be joined
t hrough (X*) 03] Preferre unctional groups.include acyl groups
derived f rom[‘?ﬂ?ﬁgun%%ﬂ?ﬁ‘ﬁf eabaHRE gic Tarcsigradissd (and opfiongly damijatiaqd) rropylene

derivati ves, oBedhncrestdehspAtl-Bildns cobRQHA ("mrc@orﬁpﬁ@ct)(&@!)rh&s)”})lidsgmr
functionalized wi th nono-or dicarboxylic acid materia

anhydri de, s&feindevalshdbestertapldylshen epdseprefcrahbl g th‘ %Of’ré’r‘?fér&%lv |1‘E§h 3R oduct
of the oli gomr peéfe&mﬂemmwa@ b1 £ s CREDPXS WirdGrabIQ RGE BN 3%0FBha8iyNEks at
| east one rrethcm 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).
30 [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 mcasured by 'H NMR, using thc protocol described in USSN
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20 selected fromthe group consisting of (i) nonounsaturated Ca to C10

di carboxylic acid (preferably wherein (a) the carboxyl groups are vicinyl,
(i.e. locat e%830@9L£f7ent carbon atons) and (b) at Ieastpcgﬁljgzoog&gjggrabl y
bot h, of said adjacent carbon atons are part of said nonounsaturation);
(i1) derivatives of (i) such as anhydrides or Cl to C5 al cohol derived
nono-or diesters of (i); (iii) nmonounsaturated C3 to CLO nonocarboxylic
acid wherein the 25 carbon-carbon double bond is conjugated to the

car boxyl groujd/143.6€3,, filefl anhéingtI0uGOM)e andCi@s i) 10 Wiktevmylidons wisatbhteonhonded

to C, and (iy rivatives }gw 0 . derj.ve
monoest ers of’ r%ﬁﬁgi‘g]}v.le%aggé’gﬁ %&g@l}% %212@856% éﬁ%%ﬁ%’[ %%g{é}?éﬁl '? gt)e%{%ged
unsat ur at ed agi ¢H MaviBY:i alddrtlher baf 10Mi chylane uusefarions, uncliablyalessg thou p¥s,

i nclude acryljc.acid, craotenic acid, methacrylic acid, | 8] i ¢ | eic
by de. 1 gy iy e §PRUSHRE o PhIRGh G Ahed BT EMECL Gy IR
acid, citriacqgmotocchnbydbiddia, USRS azivhi.@3adied ongluot a¢,01908). absb dhydrobdnosrosiminei ¢
o encon! L a8 SRk PP BF e JTEL IR Bl B BOTBY B

ci nnam ¢ aci dpf ancctedwenordrkipl m¢@ugmelof tisa@htiahskyl ) aci d esters of the

f oregoi ng, e. t hyl | eate,. ethyl fumarate hyl funmarate, etc. .
par toul ar 1y 10050l er RandPe Frgeiamba . BBl Ey elBlgtes) 4TRE Siafat
derivatives, pegpyeaéalunytionsll eioap ad dhptibratiar dtitylaei d Adndataigl €i oldinkhyerch ds.

[ 00106] Prefer.ably at | east 90 % Qf the functionalized or derivatize
propyl eneﬁ)lodTol &%WE?’S bB’iaaﬁr}GOpW%tﬁ%e?e?ﬁyIs'élh’ arlté%f-yol‘il t 8§re QIR Fclg'ﬁﬁloensa'zzneged by
one or bot h ab(dibenabovealitéroateul @e, okFihenmabdyntially bieast Qb tid Foncedriabradat el y

at |east 98 wt%. based on the. weight of the fuynctionalized aor derj.vatized
propyl ene ol icﬁéjfﬁ? er@r %&%’Wﬁegnéq\-‘,)\@itﬂf}}ee}‘?esuﬁfé)t?‘giaﬁﬁoaﬁ?éﬁ% %{%gﬁeog‘]nf%cnﬁh%e her
enbodi nent t hb®lipsiwenNt | By subbtadtRfy tabsent Is rAapr Heeds ondnibnCik | ppesahti #e the
propyl ene co-al i goper .conprij si cont act i al kene 15 at hesj s

Pl yet cwi { BT BETOm oRE PPy ol ar B Sh R R e va st gorrer
havi ng anisivh [@f98B00 it enodr BELIghI thd @BnbaRaRUfi@idnd wrolis i pNVR)Y ac@apfol IS2,ng 10

to 90 nol % pr | en nd t0.90 nol % of ethyl epe, wherein the oligoner
has at || east SORUTT - PoRalh WRHE, FRVEY RS TED PO ASAT I AT Lo Ther e:
1) X = (-0. 94itéBdbe Yoed Myd esve ok Re@pPaT @t e Mirtof1tOOpligome br dQoligdnkd prid 8%

ethylene is present. in the co-o|ligoner, and 2) X = 45, when 20 greater
than 60 and I&SLomizaoran P%%aLF%W%&OISSdW%%%I&f fhnftippa g&%w6|pr88}m,— and
3) X - (1. 83%/Ninplsefacehiyd enéHiaar Robadwad)rhe 83 rumwhiaRed’Q 4 e000HIOV 0m
ethylene is present in the cqo-oligoner. 2. 'Thﬁ process  of F}gra raph 1
wher ei n tfle SIPgbiErchEsiER SN R DRGORFE PPHPREAATH %ﬁﬁéﬂbfﬁrfé tPVE 8ot al
unsat ur at i ongjtectdaProbd @pRLRGEESI2OT. PAEIGhAPD dsswhed Bi 11,k hectakhlgob®ine-d,
conprises 15 to 95 w% et hyl ene a nore than 80% al |yl chai Qegﬂgﬁ

* ein

d has
(relative toto¥dy ouhSat atﬂiatb%ﬁ%rseg intg a S7pra gL MESUBt (AT ajrabhns
the ol i goner 1600PpHS 8ScAind30 ibOoORhMcBhhiyAEMe: @RI MaszeNRY eehanshii@mal 1yl
chain ends (relative to total unsaturations). 5. The of paréagraph

rocess.
1 wherein t hé oV YoRefIuEdnpr e sEion parggeiets a@%?we%’lé&hh@ﬁgnécqmsmon delay= 8 ¥

25  and number of scans= 120. Chemical shifts are determined relative 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 rcsonances
between from about 4.65 to 4.85 ppm and the vinylene resonances at from about 5.15 to 5.6
30 ppm. IA is the normalized integrated signal intensities for the aliphatic region of interest
between from about 0 to 2.1 ppm (TA). 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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30and has nore than 90% allyl chain ends (relative to total unsaturations).
WO 2009/ 155517PCT/ 1JS2009/ 047953 6. A process to functionalize propyl ene

ol i goner conp{‘; Szb(ﬁﬂ Lont acting an al kenc netat hesi s cat q’lc¥ﬁfszo\%/84b9s§

het er oa, t om cORC AT AT ng al kene and a propyl ene ol igonmer conprising nore than
90 nol % propyl ene and | ess than 10 nol % et hyl ene, wherein the oligoner has:
at least 93% ally' chain ends, an M1 of about 500 to about 20,000 g/nol (as
measured by 11-1 5NMR), an isobutyl chain end to allylic vinyl group ratio
of 0.8:1 to lof3&nylideye &nunylessgiyan/ 10000cagpns &Y Bmsndaermingd fAmpﬂ@C@stultiO
functional i ze 00yl LJ goger, tactin en the5| S
catal yst wit h( lﬁgt é?@i{ g[m cont ai ntl En?g] %g\é&gﬁ&ng“ rgt norm‘lﬁlzf mte
conprising at ugrfabmten%iﬁbsnmth%cmnlf}ylslﬁﬁeem défimeitidret Mnﬁﬁ)cxmjlc%ceatshymwme
wherein the ol i ast % II n Mh of about
150 to about %gbrﬁ dﬁ?%f’u‘tpemll Oéns?ﬂre “py" ?‘ &6&% EH/Q;&QE) i sobutyl chain
end to al |yl i[0099]nylAfgs dwpolrgammm()fue@mﬁiJslﬁmmo]lalazed1t0$ nyewsi  denoine ts

havi ng four or nore resent at

DRI i B S e Rl G b Pkl o iRl dsiaftons ene

et at hesi s caratyss, mpdahtm Jbeteefmasn\mmmecﬂm oh rmgclaulnk«emelcaﬁdha ﬁpfcamahsade

ol i goner corrprj si ng | east 50 nol % l ene, from 0.4 %
ot hylane, _andEPBAG £ v i aon eanfFaeed BUERY- Syl g £ nb25 Ryohisr
has: at | eastSa8il&% @hiliy to oM rspends, {dalwilidnatvedagr atmdn@aﬁltbh%%by &ﬂa atlef

chain end' o GRRSY Erie% Mot BRBR6T Mol yisd 1ol s, R e fRoss

to functi onalmmOm @fwbenﬁcmhhlgenﬁrﬁmmr grsup%gl(morﬂ acft)l r(gAaim()abjx(efnfeJr 120
nmet at hesi s ca @&“& 3 er oat om cont ai ni, n
) &38F

and. a pra

ol i goner corrp @O AL BBy FaKE “%?‘ﬁd‘?ff'ﬁltfs rbthﬁﬁgﬁl&f shift

et hyl Flnel ande@érﬁdﬂctlﬁbﬂmdtl@nﬁgfﬂf&bofigdlhen\GRAVW[ﬁKElgf&dEhﬁin@thgﬁHEr has: at IeastCI
90% al | y an h of about 150 to about as asure
by 1l NWR), %ﬁlﬂ‘agﬂ Prse st weﬁéﬁtwwﬂﬁwt%g%ﬁfyw @W@ﬁ%& ‘{% T&PF BB
0.7:1 to b 3%f%infl craptQodd @F&ﬁ@@\&*)tcﬁld fnhlrﬂBdrloQﬂaﬂ/l[dé& PoaRMbene D ) gamer
Gon a1 i ng. e SH 21 HBHIGT Mo BSPT g TS BpyFERet! T drer e Ll

ol i gontr has:ioligémdreamt s@ddmankyds qu&ﬁdi NEGHUSe urdihcl¥bna0bedalligbtherd @ férbipbRUL

20,000 g/ nol (as measured by NVR), an jsobutyl chain end to allylic v-inyl
group ratio @Frcwéunfﬂ%haaﬂgn gt ige O'éﬁ?a’e egé/%%gwlﬁaﬁfﬁl%’gw% arnfp?fﬁ»rﬁrc fomhly . The

process of anyyqf npal, BRFRMNS95Y, §And:®. vvherel n the oI | gorrer |s a I|qU| d at
25C. WO 2009/ 155517PCT/ US2009/ 047953

20, 000 g/Afol [OHAH ¢ e peforgd aﬁmﬂﬂmi%(ﬁ)g (ar t*XrEnét(QﬁQ(Vﬁé@)D P’Sfﬁ‘éﬂﬂ?@ﬁ +1"510 000
g/ mol . 13. ThQ/E@rﬁQﬁﬁ)?\/Qf\/@ﬁ,Ypr%raQ@rfag r\ﬁ@h&iE*tﬁ(Olﬁ)(MﬂeVE]) n%réﬂaebglmr\ﬁ*
nmet at hesi s cataly i S represented Py For ((]) g\;
*> (0.75(VI+ VE)), preferably F + VI* +VE* > (O 80(VI+ VE)), preferably F I*
+VE* > (0.85(VI+ VE)), preferably F + VI* +VE* > (0.90(VI+ VE)), preferably F + VI*
+VE* > (0.95(VI+ VE)), preferably F + VI* +VE* > (0.98(VI+ VE)), preferably F + VT*
25  +VE*>(0.99(VI+ VE)).
[00102] In another embodiment, the functionalized co(oligomers) are represented by the

formula:
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where: Mis a Goup 8 netal; X and Xl are, independently, any anionic
ligand, or X and XI may be joined to forma dianionic group and may form
single ring 0&03&09 53970 non- hydrogen atons or a nulti nuci, ?%%zo@m%@g system
of up to 30 non- rogen atons; L and LI are neutral two ¥V 6 donors, L
and LI may be joi ned to forma single ring of up to 30 non-hydrogen atons
or a nultinuclear ring systemof up to 30 non-hydrogen atons; L and X may
be joined to forma bidentate nonoani onic group and nmay formsingle ring of
non- hydrogen atons; 15 LI and Xl may be joi ned ton orm a rmltl dentate
nonoani oni ¢ group and may form singl’e ring of up ﬂo 30 nona hydr ogen at ons
or a multinuclear ring systemof up to 30 non-hydrogen at o,r‘ns; R and R
are, independently, hydro h\or C to C30 substi \gd or dnsubstituted
hydrocar byl ; Rl Xbe jof‘f‘(éfdv‘f“b"’f’m—ﬁq% ring of up to 30
non- hydrogen atons or a 20 rrul tinuclear ring systemof up to 30
non- hydrogen atons; and Rand L or X may be joined to formsingle ring of
up to 30 non-{ydE 09 I ALRE @fre@nMlikdiic) &R6lighieng system of up to 30
non- hydrogen atons. 14. The process of paragraph 13 wherein Mis Ru or OCs;
X and Xl ar e, Xisttepehdeiontlyzrou. ma%é@ieﬁm cagpnaKkox fudetionp! goupr iUskfat @nctionalX and
X may be joip e 05 BF { QUPRADLERY BfMS hRGlRaf kBEhsOf UP
to 30 non-hy S%eﬁ&atggr?jg}; 5%@“ nffcclu Q&rrllng systenr1 Sg_up to %,Oé s
non- hydr ogen iatlgtegietetoatpnuiconiairargegroips cipie m@etmequmonacthmsmﬁldé s, W, Br, Cl,
N- het er ocycl i By, QL 51084815k f up
to 30 non- 5?1 og%{l(gg%}gﬁs&rﬁﬂgl\]nuﬁl ti n%g B} ?ler@eiq%) syasgéfr;bj?l rﬂgkla-ypv%%e(a
2009/ 155517PCﬁFIACllQ@Q@@@P@ZIr?%chtQLbfrOm t@glnmcmdmrog@frﬁcaiﬁmmrs lanhydddex, weds be
joined to forp qg:y ni By £ 0 I ng of
up to 30 non-bﬁ%g’ro e%]%g'?}gm %OM & fgﬁgicg%??ﬁp% yst }éIEn %@1 &lc@g h?léc%k
non- hydr ogen Fattoniesly Efeﬁerrediﬁdlct)dndhﬁyulbenqh@iﬁ iede t@@reﬁmmw thﬂ"Otmldenﬁ?é@)eX*
nonoani oni ¢ qr nd n r ng| 0 n 0 ons
or a multinuc hggérpthr%i ﬁgl%gﬁlgrﬁpgééd o fho ggaglﬁot%e %?d?boagcgo%goﬁ@ég{%’ gﬁgro%f ar
i ndependeltt | yoxylhyidcagenegr es@rxiloxyggn GB@seémtstsm-(}t\/bdh@pmd\rﬁsubsfetat steedlkall,ky|
or a substit 0 nsubstituted a I y be
joined to fo%rlﬁ%g?engalﬁg’ rg%ﬁr%gwgf&eﬁ%’ fogﬁ 3o ng:%g%%%yék Ce%QYhtR!em r%’ ), ZQ\;hleiél nggl ear
ring system @épmspntsca Bﬂcmanmhgudh cngephoaihorm boacm;i sleandvchhohctM_omlyx ey jboi ned
tS?SI grmmofl Bglsﬁbb @6:%non EP& tcgrb?’poxnc?xg/ hyd ocax%%?g[o%sonpt ac?‘/l gmélulgsl r[;l%p {x:e %ﬁncﬁl ng
through (X*).

15 [00103] Preferred functional groups include acyl groups derived from monounsaturated
mono-or dicarboxylic acids and their derivatives, e.g. esters and salts.
[00104] More specifically, oligomer functionalized with mono-or dicarboxylic acid
material, i.e., acid, anhydride, salt or acid ester are preferred, including the reaction product
of the oligomer with a monounsaturated carboxylic rcactant comprising at least one member

20  sclected from the group consisting of (i) monounsaturated C4 to Cjo 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); (ifi) monounsaturated C; to Co monocarboxylic acid wherein the

25 carbon-carbon double bond is conjugated to the carboxyl group, i.e., 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 monocsters of (iii).
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15. The process of any of paragraphs 1 to 14 wherein the al kene netathesis
catal yst is one 15or nore of: 2,6-D i sopropyl phenylim doneophyli dene

nmol ybdenunm( VI Lsteput oxide), 2,6- Diisopropyl phenyling Wl dene
mol ybdenum( VT Og?@%‘hségpafl uoro-t - but oxi de), 2,6- Dii s0prorp§3ﬁ%ﬁ’§%ﬂ‘gm do
neophyl i denenol ybdenun{VI) bis(trifluoronethanesul fonate) dinethoxyethane
adduct,

2, 6-Di i sopropyl phenyl i m doneophyl i dene[ racem cBI PHEN] nol ybdenum( V1),
tricycl ohexyl [9RUSphi hwshlls 3abiusdi@)] 4id marerinte tilpydop némpl dr¢ nbadidziohetional groups,
202-yl i dene] [ 3-phepyl - 1H-i nden- 1-yl i dene] rut.heni,un 11) dichloride,. tricyc
Iohexylphosphﬁﬂg(ﬁﬁxgﬁéﬁglg'?ﬂ$ﬁ8éﬁyggv #ﬁéﬁgfffggggé“ngmgdmwd“g%ﬁmmnc

i s(2,4, 6-trinetdythghienyid) kadorbe ahhlyghddeociiradodazold; Qtracphic delineiide) nfveredniohd),

di chloride, tricyclaoh | phosphi ne[ 1, 3-hi s(2, 4, 6-trinethyl phenyl)-4, 5-

di hydrof m dazOr S P ERRE R Aol by ERa BRI ekt 5P,
bi s(tricyd ohexlyBghosphixel) 13-dpkesiy laeid H-parckan-1]3;5Hricdemetiv tabidneiommfild heid,
dichloride, 1,3- . o . ‘

25Bi s( 2, 4, 6- tdrnlg AR RHBhERy b aCslaherid o7 aaloorseone aedey ! (elsiopsXy) - 5-
(N, N di net hyfuanfarositthf idnyhrphany Pirtiet daly| peefaradt dneti: unatukdtedddicdboy lideidsand
[1,3-Bis(2,4,6-., . . . . . .

tri met hyl pherf{ {18 PR ot PRy rdhs| L f5aef ¢S M RYP B RURYTYS mi nol met hyd- 4
- ni trophenol [yAbép- phadaybly 1t lemd €30- il ot eee funbddnelided ngrl Hrivatidedr prdgylene
Denzy 1 de el bt he LD BASSR LA DL G ULAER by Th BSRAYLI LA >

i m dazol i di nybindére}ldimklyoitoddst 9scych alvesytbpho phion eyt bived ipom the ivelghtogfo ( o-

(15 B o {5, ARt e R oty v i P ey

2000/ 155517PCT! US2000] 07055 o Coav ol 1

1, 3-Bi s(2- rretq-kll-yl pﬁem‘g}%@f% 9. %mt@a%ﬁpafm»ﬂfﬁ? GRABIECE KPBPO{E 18 BE otk pHEny | e
t hyl ene) 1sut ResRdthtdds lchthlyst with a heteroatom containing alkene and a propylene co-oligomer having

AL NG R
i m dazol i di nykdpgrAehd Hb 90 HPhIYIRIO WHERE) the oligomer has at least X% allyl chain

(tricycl ohexyl phosphi ne) rut heni un(11), [1, 3- i
5Bi s(2, 4, 6-t Fm??eifﬂﬁ%wﬁ FFé%ﬁ’fﬂX}“—l*"Qt-”F%*P : z%ﬁlqr%ilh% T Géné(arleh Updes erRt b but en
ylidene) (trilgychabexykdbosphbnehyibtdiepiddtdtlid dhe @digomer, and 2) X = 45, when
[1, 3-Bis(2,4,6-trinethyl ph 1)-2

, 3-Bis(2,4,6-trimethyl phenyl)-2- . : : . B
i m dazol ig&i nyewe Hep P éﬂ$ &%ﬁf‘%ﬁ% Jroicde HBYIBICSIE BB b By P aHE Lt Hen it H) .
16. The process3OfmoRIy c@flcRANGIFARES -83)t ArdkS7TMNB S0 @idleot By RRL BIHRAERM the
cont ai ni ng al kene is represented by the fornmula: H2C=CH R or
R - HC=CH R, WP&HEM¥* and R are, 10i ndependently, a heter oat om cont ai ni ng

t ai ni . to 30 b t d I t h t 17. Th

Br ocess of  par agr BB QPRTRE hHATRII o P RIOPe TGy O A FUCBbE M
cont ai ni ng grRUAvERdtaiuntadgatbnt)0 30 carbon atons and at | east one
het er oat om sel ected fromthe group consisting of Si, P. 0, S, N d, F, |
and Br. 15183The phHeogesss &f paparaphrapierd® thahgipeme coaptser [ane 95 eltBckigtbnb r om
the group consjsting of al | s, amides, nitriles, imnes, haloalkyls,
aci ds, ester§Wl%ﬁﬁyg?£ﬂb§¥E§B?8?€§F ?ggmﬁﬁﬁ%5W%8ﬁﬁpﬁwoﬁgrbonyIs, fornyl s,
f or myl ear bonyl s, droxyl s, and acetyl. halides. 19. The process of ragr aph
16 where R And’ RSP pedReutl B nd b RS sPIAG SR e

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

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

30 and has more than 90% allyl chain ends (relative to total unsaturations).
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where D is a hydrocarbyl group having 1 to 12 carbon atonms and Y is
nitrogen or oxygen. 2020. The process of any of paragraphs 1 to 15 wherein
t he het eroat ai.pi ng al kene conprises one or nore grile,
acryl am de, gﬂ)?/ﬁﬁél?ﬁ {r]{e acrylic acid, crotonic acid, %ﬁ@g{rofyf{ﬂﬁ? %c d,

mal ei ¢ acid, maleic anhydride, fumaric acid, itaconic acid, itaconic
anhydri de, citraconic acid, citraconic anhydride, nesaconic aci d,

gl utaconic acid, chloronmaleic acid, aconitic acid, crotonic acid,

met hyl cr ot oni®@ aciAd proses Bp cluagtionhliz8 -phepyEnoiotigor28 @eipdsing Godled@aginc allwicd,
2-pentene-1 I g C1
to C4 al kyl )SIE%EIW ds ebg:gté 98&»)’1#}1 qﬁ%ﬁ#dgjrme ngI n'il{'i’ﬁg Qﬁke@[ghﬂi ﬁ%lén@‘()\ﬁ On?clr @/r}l[ﬁ{sﬁg
fumarat e, netthyt tfaafBrwt’e prdpykhexed-ldss glan 12 11101% @thpm@ edisreof th@aln@gxeaMSatl to
20 wherein t y cQ-0li| I a S i 1
product i ty G op bugaf] et bEBHR bR RHFRPLSH. Mo MAGERIBUII L oy
a t enper atlur eNMR), fdnomb@tsrrktdm <80Clprcopyl grvep r@lOloftOdﬁ 7® hdi:99.emdyé¢sentenand
fromO to abolgé()g%% drogen in the presence of a catal yst system

conpri sing P 51/ 155517PCT/ US2009/ 047953 an activator and at | east
one netal |l ocene ¢ | r

haf ni um eacﬁ?nx i gﬂp&g&&gaéﬁg% ?ﬂ%‘g ﬁ%&%?hé%ﬂoﬁ@nmhg Ca%gglﬁé\hdgt iﬁﬁ%eof
hydr ocar byl rlmﬂatkrﬁaibsathlawtlmty dfhe@mdfpnt @nmiwbma@tm@yldwdhg@@s gorgristhes,

al koxi des, s , o

et hers, or aLélcoelal sﬁén(}ql%?@ﬂ!gggg d fkl](|1§j)“r]2 g%'ingfﬁgtﬁﬁe?e Wh&%% thepé]%%%]: }%but
phenyl , bénzytast %Q%@Hyld@ldmbﬂndml‘de of |ab1d1|t deg tC( abouleﬂ%a(i()et/ylot o m@asmﬂhyy fidr m a
part 100f a f Y, t@g} p I bon
o & et er oat S gPAR @hyf GRS Ee ERCRAR Lo of ASCENCETb Yng8,
het er oat om ahdnempatheliyg fatr dreast carben a@ns agresehiat fam® tod ndi% f er ent
heteroatons, alternately at least three Qs are the same or different

het er oat ons, $al t eAnpoedsy tatfulciomdizd papylehs ohgamer lromprsieg gentefitihg emnerlkene

het er oat ons) ; , [ o

preferably am@:&@f&%ﬁ@ﬁhtr@%# gﬁg E’Qﬁ&gﬁ%ﬁ% 6%5?%?§§%]p%%5§3 Igog{c &Fl,lp rmn33py ,
butyl, pent ylaf lehex)molhepepylenarfracdyito 4Rimotfaethykac, addoar 0. blt(ﬁ em%tc%ts R2
each R2 is, i " r

i near al kyl Cg?g%gi?qgll{}g 1¥thc%1 @mc&?%b tl@aLEEWA; QB@H&’U &dg d@[&?lptk% aﬁlc%{@&
heptyl or octayMn @grabdusr dbhioybsit L&QOY ngRZasmlsleumm 'HoNiRd ed an ISWDtyl Cham

2009/ 155517P 9/. i ndependent |y, hydrogen, or a
substituted g;rﬁtgnééglcwgqé? r%lgg?%grt%§ﬁsépoup having from1 to 8 carbon

atons, prefepably, Ié%s & R0 Ei OFRpyIREL RS %%Ir Yo §H\%:E 11:t tnﬁg' a8 alkene
unsubst i t ut ed C1 t(]:)-p Tinear 6a}] B?%%up, % er a@Py t%y# hyl, propyl,
butyl, péfit ymetathesiy Fatalpse ptithla hct@@tﬂpm cowmmgdé@nﬁm\peqpyteha@l’@)tnet @agrisnhr ee
R3 groups arg; faek 55'%&‘%%?&)ylene, from 0.1 to 45 wt% ethylene, and from 0.1 to 5 mol% diene,
wherein the oligomer has: at least 90% allyl chain ends, an Mn of about 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.

25 10. A process to functionalize propylene homooligomer comprising contacting an alkene
mctathesis catalyst with a heteroatom containing alkene and a homooligomer comprising
propylenc, 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.

30 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
-30-



5(alternately four R3 groups are not hydrogen, alternately five R3 groups
are not hydrogen); each R4 is, independently, hydrogen or a substituted or

unsubstitutedwgggﬁggghbyl group, a heteroatom or heterO@Eggﬁﬁgﬂh%kping
: X 3

group, preferabl’y a Substituted or unsubstituted hydroc yI—group havi ng
from1l to 20 carbon atons, preferably 1 to 8 carbon atons, preferably a
substituted or unsubstituted Cl to C8 linear alkyl group, preferably nethyl
ethyl, 10 propyl, butyl, pentyl, hexyl, heptyl, octyl, substituted phenyl
(such as pr opy/inolpthetvir )s, 1,49 emgtout 20,000 |g/mad 1and theth\it ie dbait 1440, (al{esnpety HH0) to
CH2Si R, wher, } Cl, to C12 hydrocarbyl, such as nethyl, ethyl,
propyl, butyfsogksg§?§%g%% is hydrogen or a C1 to Cg al kyl group,
preferably a GlL t | r 18 , . opyl ,
Byl penty1 S nesit Peneh e op! e i B FhAER i Mean B W BROPY
group, preferapksgnad Githt foi@sil4 (near al kyl group, preferably nethyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl or octyl; each R7 is, independently,
hydrogen, or a Cl tle Cs al kyl group, preferably a C1 to C8 |inear alkyl
group, preferably thyl etRyl, propyl, butyl, pentyl, hexyl, heptyl or
octyl, provided WOE at at |east seven R7 groups are not hydrogen,
alternately at Iﬁaﬁt ei g _R7 groups 20are not hydrogen, alternately all R7
groups are noklhydrlogen, (pReferably the R7 groups at the 3 and 4 positions
on each ring of yRornul a IVF%%%£ﬂ$§ hydrogen); N is nitrogen; Tis a
bridge, preferably, S or Cc, pre?e ably Si; each Ra, is independently,
hydr ogen, halepea or a O to C20 hydrocarbyl, such as nethyl, 25 ethyl,
propyl, butyl, . .pentyl, hexyl, heptyl, octyl, phenyl, benzyl, substituted
phenyl . and tWo '°§%%H¥%§n1a cyclic structure including aronatic,
partially satumat &Y areplindspndenally £ehycyGdnic lighndf orsEchnd i Xigmsy 8¢ grinedan dofunt her

provi ded that,. any. two adjacent R.groups y é rma fused ring or. . .
mul t 1 cent er RSG5y SEL IR PRe i 4 AR POR Bl 022 Bhkieeisar
sat ur at edioor rinatysraat et tSORzonThdroperoaess of paragraphs 1 to 20 wherein the
propyl ene hono-gl.i;goner, i repared by.a nogeneous process.havin
productivitng?ﬁétgpégg?dZW§6§§Tﬁgoﬁrﬁ&ﬁPgﬁfF%38ﬁ6?$§? ?m€6H¥EEPﬂ%5PPat a
t enper at ur e od 3¢ fodFAYIIQet od2Q G mpfiapichaing,syQermof ¥ t6 dranohgiogecd\@oms;
2009/155517Pij/§§§009 0479?§h?nd fr@nlgzto about 5 mﬁg%h§9§§gen En'th
presence of & TAralYEPS WL SLB AP TL M AR FEHB AR ISE&St &
met al | ocene @pPIURAE-HyBpLaserhad abyultidielef oyl @en of up to 30 non-hydrogen atoms;
15 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 C; to Cs substituted or unsubstituted hydrocarbyl;
R' and L' or X' may be joined to form single ring of up to 30 non-hydrogen atoms or a
20 multinuclear ring system of up to 30 non-hydrogen atoms; and
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
25  to form a dianionic group and may form single ring of up to 30 non-hydrogen atoms or a

multinuclear ring systcm of up to 30 non-hydrogen atoms;

L and L' arc, 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

231 -



111V 5 where H is hafnium each X is, independently, selected fromthe
group consi sti ng of hydrocar byl radicals having from1l to 20 carbon atons,
hydri des, st()gﬂ\m i des, sul fides, phosphides, hal oq,% é?quﬂgnes

am nes, phosp I'nes, hers, or a corrbl nation ther eof pre era

et hyl, propyl, butyl, phenyl , benzyl, chloride, brom de, iodide,
(alternately two X's may forma part of a fused ring or a ring system;
each Qis, independently carbon or a heteroatom preferably C N, P. S
(preferably atpthéfson-yieosdn btems het eroatom alternately at |l east two Qs
are the sane [ ffer r.oat [ VAR sare
the same o o PGt ShT SR ot PRS AR cabn A L RLHE oy Bland BEP bogh R et

sanme or di ff erfemt tohdt endatiops) e:»toreaorha Ruwltinusleari rmgependentupye 38 n@&h'ydro@

al kyl group, c&)r[ﬁf erably a CI to C8 linear al kyl group, preferably nethyl

et hyl, propyl utyI pentyl, hexyl, heptyl or octyl, R may the sane or

di fferent as IR2nd @mbm%&lfbﬁﬁfﬁ/wﬁﬁmwmm@oeacgromdﬂdsmay form single

i ndependent | Y C8 al.kyl grou | i near al kyl
group, prefer arﬁlofuﬁe%%qon htyfjlro cn g?néspcplld I‘Fl)lbl? uc{caL mgstystfm oﬁlépxto 0 % cqr[)gcn
octyl, pref er@sbzhsy R1 and/ or R2 are not br anched each R3 is, |ndependently,
][“r/g[noge{‘o g Car%&;@%‘ tu‘%&e%gnd%{t H%d;(?gf;% 'ftr“tceg rsgt%?%tet%ym ugbu%é‘tﬁge?dgﬁ"orﬂg
substituted csnbatmseﬁibﬁmmuhmmdecﬂh tb@s;Csyll i near al kyl group, pr ef erably net hyl
ethyl, propyl,: butyl ent he heptyl .. oc however t hat:
1) all flf/bg FE’, g#oLupdé )gr ed)%lrédtjr?ynleﬂo fmﬁ‘)s“f%euhn fté{rfjou%{smﬁlrhé' i nﬁtoalfé)ééln and
at | east one rRBtuguctautmngsysaexﬁ:afﬁmoG:anrulmsimgemmenhs aind unsubsti t ut ed

hydr ocar byl e y at, | eas four or, fiv roups are a
B0 G Lundt LTl SISOt Ba et vitetin e S By Py ety FRah QOB oF%

i ndependent | ynulthmdremrgmg s@sﬁerﬁof‘suhst%i)hm gdimyen ssslbst i t ut ed hydr ocar byl
group, a heteroatom or heteroatom containing group, preferably a
substituted drS un§hﬂamt>¢etutfedy biieragcahdito lgvoupinhby alkgpe freouthedis toal0 iscme bon

atons, prefer f

unsubst I tﬁt e Oye ojf %@D%qo i %ﬂf% 1?&% Og)ﬁyel idEhe ’%&% %Pm}{ﬁéwﬂﬁlﬁ?}ﬁgﬁ) 2, 6'15
propyl, but y|Dllsmﬁﬂmm11,enﬁmydnpoﬂhemcylb _mobzd:tleymlum(‘ém bs(hetaied-tghenide), C$uch as
%.r Olp}sﬂ ap?;?n%/? %efg/hml%&/ne’oph lillgsr;[elg?té)gfﬁared S Ile i]r(lﬁuomme%haniisu??gnatte)l wher e
phenyl); RS disctimxgletbge nddict, a6thsbpro§58pt&h}dymd@reopmhdqnb@ioem&bI y a Cl to C8

st 2y A RSL AR TR R P B BT
Cl to C8 20i neanidadcigiphergt-oHpndepslefliet@ushenium(il) dlCthI‘ldL trlcyclohcxylphosphch-
phenyl-1H-inden-1-ylidene][ 1,3-bis(2,4,6-trimethylphenyl)-4,5-dihydro-imidazol-2-
ylidene Jruthenium(1I) dichloride, tricyclohexylphosphine[1,3-bis(2,4,6-trimethylphenyl)-4,5-
dihydroimidazol-2-ylidene ][ (phenylthio)methylenejruthenium(Il) dichloride,
bis(tricyclohexylphosphine)-3-phenyl-1H-inden-1-ylideneruthenium(II) dichloride, 1,3-

25  Bis(2.4,6-trimethylphenyl)-4,5-dihydroimidazol-2-ylidene[2-(i-propoxy)-5-(N,N-
dimethylaminosulfonyl)phenylJmethylencruthenium(II) dichloride, and [1,3-Bis(2,4,6-
trimethylphenyl)-2-imidazolidinylidenc]-[2-[[(4-methylphenyl)imino]methyl]-4-
nitrophenolyl]-[3-phenyl-1H-inden- [-ylidene]Jruthenium(1l) chloride, benzylidene-
bis(tricyclohexylphosphine)dichlororuthenium, benzylidene[ 1,3- bis(2,4,6-trimethylphenyl)-

30 2- imidazolidinylidene]dichloro(tricyclohexylphosphine)ruthenium, dichloro(o-
isopropoxyphenylmethylene)(tricyclohexylphosphine)ruthenium(1l), (1,3-Bis-(2,4,6-

trimethylphenyl)-2-imidazolidinylidene)dichloro(o-isopropoxyphenylmethylene)ruthenium,
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met hyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl; each R7 is,
i ndependently, hydrogen, or a CI to C8 al kyl group, preferably a C to Cs

| i near al kyl preferably methyl ethyl, propyl, bu My hexyl,
heptyl or octgpw{g’rl‘oi\glhded however that at |east seven R%lé/r[](%ﬁ’gg&?r‘% not

hydrogen, alternately at |east eight R7 groups 25are not hydrogen,
alternately all R7 groups are not hydrogen, (preferably the R7 groups at
the 3 and 4 positions on each Cp ring of Formula IV are not hydrogen); N is
ni trogen; T ik3-8ik}-mdyelphqybf2emadkzelidirSiidar]d@blorgi?-ebpropdlyphc@yimedathc)Ra, is

i nd dent | hy.d 2o g8 - - byl h
nependent |y RSN BRLSRED. Sl By . A8 PRSI SRM et 2=

benzyl , substpyridinglprphyeidyde rudeduh@b, [R3-Bis@-rfietryiphanydy2| i ¢ st ructure

i ncluding aronatic,, pantiall t urated r. saturated cyclic or sgd, ring
systom owo aopur BTt R ba 88 g R R B Ry 1 e
adj acent R grBRisRg, crmiyncthoipherg!)f visedhzolidig lidenehiidhiora@micgryl-2 dhsedylidemy syst em
where the rings e ar ti.c,. tiall rat.ed. or, saturated. 23.The
process of p%&&‘@%ﬁ%&% @@%hc&lﬁ% L ﬁnc{[ﬁé'%%%’iui/égtflgfthggﬁ%l b‘lséés one or nore
non- coor di namidagelaimybtsic]dERbrol beazyidoneiss(3-dfonampyridic)tuienalh@¥e par agr aphs
where the process is a continuous process conprising introduci ng nononer
and catal yst ISyst &he pitwms of angat ponrgramit @i I¥i wigran theacttortoefdhtammg adont &i ni ng
vinyl term naled pLOPY) GRe G0l AQTRELQr (PrORYeRn NOR:Q! RIOTRT R are
optionally r enovi ng sol vent, 'unused mononer and/or other volatiles,

obt ai ni nglOvi nydeptraemiynathedropohy@hefring greupcdonasminghb el lesmni dymd dndragiaadt,

i nt roduci ng \GinQXé ot g(r)m' nated 10 propyl ene co-oligonmer or propyl ene
hono- ol i goner an fUrther conbi ni ng the propyl ene cool i goner or propyl ene

homo- ol i gomer,,wi t by, an, al Kefe F&g%@h H%.Sivﬁergfi%*%&ésk ﬁ&din{i]e%fe&{e%? . 9M,G9BL&kLN ng
al kene in a reaction zone ang ai ni ng functional i'zed propyl ene
co- ol i goner oerntpnogyrepeokanmedl th gowebon at@Bs adftw lpstone sgewftommyleafd frite

above par agrg@&gﬁ%&g&st&gg{%ig?%’isgﬂgﬁgfcpa%%ir.nfs | ess than 1580 wt % of C4

ol efin(s). proces unct i ize a vinyl containing nmaterial,

conprising cqgt actrw@o@e@s 9#&?%% M8k AtRest Sagat akYste iy aﬁg@&g»rc% §i§%m§
cont al ni ng al kene an one Or tpe Vi ny cont al ni ng materi a S, r ef er abl Yy
vi nyl cont ai i redeopelb.y amidss. pirddsenabiey hdlowMylsc gadai sitang pobyrolesf imdesters,

2027. The DI 0625505y 1RALAMAPHbrAfis WA Lboh I 1LNE HPLALIESIS, catal yst is

as descri bed
19.  The process of paragraph 16 where R* and R are represented by the formula -D-Y,

where D is a hydrocarbyl group having [ to 12 carbon atoms and Y is nitrogen or oxygen.

20 20.  The process of any of paragraphs 1 to 15 wherein the heteroatom containing alkene
comprises one or more of 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

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

fumarate, 5-hexen-1-ol.

21. The process of paragraphs | 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:
30 contacting, at a temperaturc 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
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paragraph 13, 14 or 15. 28. The process of paragraph 26 wherein the

het eroat om cont ai ni ng al kene is as described in paragraph 16, 17, 18, 19 or
20. Exanpl es its..and Materials. [00108] Products / erized
by 111 NVR ang%%l”gﬁ%@”?ol | ows: NVR [00109] 11-1 NMR dat ?&@Sgﬂgg{*ﬁ%& ed at
ei ther roomtenperature or 120C (for purposes of the clains, 120C shall be
used) in a 5 nmprobe using a Varian spectroneter with a 30 'Hydrogen
frequency of at |east 400 MHz. Data was recorded using a maxi num pul se

wi dt h of 45, & seconmdsd Hetapman mowllsese amposidyngtscawebathc figmiRO: t r ansi ent s.
Spectral signals were integrated and the nugber of unsaturation types per
1000 carbons was gal cuRated by - 38 - ) N9/ 155517PCT/ 1JS2009/ 047953
mul tiplying t dilf f epent groups b and/di viding the result by the
total nunber OTY¢ /g tenperature (T111) and gl ass
transition tenpe T using Differential Scanning
Cal orimetry (D80 ISi ng» ?ggfrciall R ﬁxequipnent such as a TA

| nstrunents 2920 D8GR3 Ty 2ly, 6 to ‘4gg’ £he sanple, that has been
stored at roomtggp re for at g i F{3ours, is sealed in an al um num
pan and | oaded i nt Rnstrunent at enperature. The sanple is
equilibrated at 25C; nit is coal H®_Aa cooling rate of 100 mn to
-80C. The sanp]e Rs hefd at - 80% fdt 5 mRand then heated at 10 a heat i ng
rate of 10/ mh tR25C. The gl ass transition tenperature is nmeasured from
the heating cycle. natively, the s le is equilibrated at 25C, then
heat ed at a heati ate of 10QRini@ S50C. The endothermic nelting
transition, if pr R71S analyz@ﬁ f nget of transition and peak
tenperature. Fhg/neltivg tenper?}@~ r rted are the peak nelting
tenperatures ffoh_ther’ 1’63 heat unkeéss ®t B%%se speci fied. For sanples
di spl ayi ng mul t.i 15 peaks, the mel i point (or nelting tenperature)
is defined toRe\ péak neltingR® ure (i.e., associated with the

| ar gest endotherm c calorinetric res e In that range of tenperatures)
fromthe DSCIﬁelﬁlng trace. [D0111}" Al Traol ecul ar wei ghts are nunber
average unless otherwi se noted. Al Ml ecular weights are reported in

gl nol . 20[ 001 r The foll ow ng abbreviations are used in the Exanpl es:

Cat al yst A i gifis hafnium;

tricycl ohexyl phosphine[1,3-bis(2,4,.6-trinethyl phenyl)im dazgl -2-yl.idene][ 3-

pheny 1 1h 1 RSy T ERAES i REREOROTI HEUR oPe b o caDie B dattsb i)

Cat al yst Bi st ffiogy ¢|tol2eXxysttphosqph, mefiBtephemnyd; ildotiddenulfidey) plaspteddslhBedens( 2, 4,

O e ARSI i O AL OhT 93791 oot ISR REBLHYL Aty il o e
propyl, butyl, phenyl, benzyl, chloride, bromide, iodide, (alternately two X’s may form a part

10 ofa fused ring or a ring system),
cach Q is, independently carbon or a heteroatom, preferably C, N, P, S (preferably at Icast
one Q is a heteroatom, alternately at least two Q's are the same or different heteroatoms,
alternately at feast three Q's are the same or different heteroatoms, alternately at least four Q's
are the same or different heteroatoms);

15 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*;
cach R’ is, independently, a C; to Cg alkyl group, preferably a C, to Cg lincar 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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25 67-1]), MAis methyl acrylate, aPP is atactic polypropylene, iPPis
i sotactic polypropylene, EP is ethylene-propylene copolymer, TCE is

1,1,2,2-tetr I thane, h is hours, mn is mnutes unber
aver age nol eg\& égog}ﬁl g'ht as determ ned by 11-1 NWR spec{}{rk"(g/sU(g:%s)m;/(n%’5I

conparison of integrals of the aliphatic region to the olefin region as
determ ned using the protocol described in the Experinental section of USSN
12/ 143,663, filed on June 20, 2008. 30 [00113] Each of the specific

exanpl es desowith&d ihehdspendsety, aydrogeyl ocontwiimicdgr noabs@ntcd hiresebyl eamtpant s

are summari z %éligg 61}5 bl caer(;E atowas r%‘%f:a%halht%% cfa{b%mla!: knlg k&ef%ﬁglg g bug‘itltuti)de(frl ns

oct adecene (> unsatura t er'm nat
wer e prepar edmsdb@ﬂ@@%l@%lﬁt@@’l’ HIIB2008), PATIBBy amt:ltyll dihmg mwpybrlmtyé,dmme'g

described in USSN 12/143 66 l.ed on Jun l.e
vinyl's (NIVR) h.la n)? él XP r(lwéedl\}bv/wever t#_né § %%sa)tl%’gf:gg( Og &k})s are no!\| W(Beﬁen
(al tcrndte y four R? groups are not hydrogen, dltemdtely five R* groups are not hydrogen),

cach R” is, independently, hydrogen or a substituted or unsubstitutcd hydrocarbyl group, a
heteroatom or heteroatom containing group, preferably a substituted or unsubstituted
hydrocarbyl group having from | to 20 carbon atoms, preferably 1 to 8 carbon atoms,
preferably a substituted or unsubstituted C, to Cs linear alkyl group, preferably methyl ethyl,
10 propyl, butyl, pentyl, hexyl, heptyl, octyl, substituted phenyl (such as propyl phenyl), phenyl,
silyl, substituted silyl, (such as CH,SiR' where R’ is a C, to Ci; hydrocarbyl, such as methyl,
ethyl, propyl, butyi, phenyl);
R’ is hydrogen or a C; to Cy alkyl group, preferably a C, to Cs linear alkyl group, preferably
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;
15  R®is hydrogen or a C, to Cy alkyl group, preferably a C, to Cs linear alkyl group, preferably
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;
each R’ is, independently, hydrogen, or a C; to Cy alkyl group, preferably 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 eight R” groups
20 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,
25  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.

30 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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261 98 - 98 198 431 2.0 a-PP2 945 97 - 468 1736 4143 3.7 a-PP3 3571 95 -
2623 9865 20228 3.8

WO 2009/155517 PCT/US2009/047953

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:

R 2
R* o3 R HX, R® /foz
I R3 R3 I RS R3
R7
7 R4 R
R7 R 1
RL _Q
\R7 Q\ RS
Q=
RAT, R4
RLHX> R* 3 R? HfX
O/ i S i
R’ R7 RS R3
m R IV s

where

Hf is hafnium;

each X is, independently, selected from the group consisting of hydrocarbyl radicals having

from 1 to 20 carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides, halogens,
10 dienes, amincs, phosphines, cthers, or a combination thercof, preferably methyl, cthyl,

propyl, butyl, phenyl, benzyl, chloride, bromide, iodide, (altcrnately two X’s may form a part

of a fused ring or a ring system);

cach 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 diffcrent heteroatoms);

cach R' is, independently, a C, to Cy alkyl group, preferably a C, to Cy 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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cach R? is, independently, a Cy to Cy alkyl group, preferably a C; to Cg linear alkyl group,
preferably methyl cthyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, preferably R' and/or R
are not branched;
each R? is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl group
5 having from 1 to 8 carbon atoms, preferably 1 to 6 carbon atoms, preferably a substituted or
unsubstituted C| to Cg lincar alkyl group, preferably mcthyl cthyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, provided however that: 1) all five R? groups arc methyl, or 2) four R
groups are not hydrogen and at least one R* group is a C; to Cy substituted or unsubstituted
hydrocarbyl (preferably at least two, three, four or five R groups are a C, to Cg substituted or
10 unsubstituted hydrocarbyl);
each 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 | to 20 carbon atoms, preferably 1 to 8 carbon atoms,
preferably a substituted or unsubstituted C, to Cs linear alkyl group, preferably methyl ethyl,
15 propyl, butyl, pentyl, hexyl, heptyl, octyl, substituted phenyl (such as propyl phenyl), phenyl,
silyl, substituted silyl, (such as CH,SiR' where R’ is a C; to C; hydrocarbyl, such as methyl,
cthyl, propyl, butyl, phenyl); |
R is hydrogen or a C; to Cg alkyl group, preferably a C, to Cg linear alkyl group, preferably
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;
20  R%is hydrogen or a C, to Cy alkyl group, preferably a C; to Cy linear alkyl group, preferably
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;
cach R’ is, independently, hydrogen, or a C; to Cy alkyl group, preferably a C; to Cy lincar
alkyl group, preferably methyl cthyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, provided
however that at least seven R’ groups are not hydrogen, alternately at least cight R’ groups
25 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 Cl1 to €20 hydrocarbyl, such as methyl,
30  cthyl, 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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2.5 i-PP2 21906 73 122 25120 52654 97467 2.1 Tn* is DSC second nelt; 1

determ ned by GPC - units g/nol. Exanple 1. Cross Metathesis reaction

of t - oct adece nethyl acrylate. 5 1001141 1-Cctade 0,41, 6.24

mol ) and MA ?2@%“%%& 12.5 mmol) were conbined with he%gﬁgm%ﬁﬂ&%{ and

benzene (2 nlL). The honpbgeneous m xture was heated to gentle reflux on a

heating plate kept at 73C. Then a benzene solution of catalyst B (1.31 ni,

0.0312 mmol) was added. Vi gorous gas evol ution was observed w thin mnutes.

After 2 h theanddhltcr prosideg flat penweedisbsnt Bvapensardydarmyadescd aing or ewkficofter

ni trogen. The i 1S L.on, Y it h.pentane (12
fu£t2%§llﬂgt5§/b%1 \}Qerp {hQ\‘Ygébt ﬂ%éﬁo@%ﬁgﬁﬂl u\Qﬂ?s %ré(tgcgorvglatturhtala.

rnL), and the m xttre was passe ort colum of neutral alum na

t hat had beemss| urd,j i Jhe, W i.Li onal
bont ane (30 15 ThE FRot b BERLAE or I R R R i &Rl

reduced pressyedinatingZ®&@nfor 2 h to yield the ester-capped product as a
| ow-nmelting, colorless solid. Yield: 1.67 g, 86.2% 11-1 NWVR spectroscopic
dat a i ndi cat edf- t hdhppigedsyoflmy ehihk ebwe pLagaphpivhgre thy At i 2COMPEPWINsIFetso t he

expected est ecrofngﬁapg%raa%g%@oﬁn@ A LULS: Qftel ARMa ZedoRONBYiSnih94: Radidtt 1 0) -
Exanple 2: Cross Metathesis reaction of Polypropylene and net hyl acryl ate.
€

[00115] At actdfGueporenmrinpy Ve eappated 2rapgleps cealicomergr prapyicyd hynaplisausr,( 1. 40
m, 15.6 molg,iandy hexaihs (brefflunel Sn&RIRE NEdoARhERTERS BoiindENYih
reflux on a heating bl ock™ 20 kept at 73C. A benzene solution of catalyst B
(1.63 n, 0.0889adobylyglelén tihieh adehesk descgbedolisretias indipaiaiig myWds Mosédr ved.
After 2 hythe, LA ST A 101 At 4, Q) hi t .
it rogen. rnd FReRH bR pELE RIS Lo RUARPLAI AP WS RR S RD Pl 1y
and the m xt wligomersorpasiyéaic thhmotwpdoraer shithy an elstngrmctethesifectalest aad berpmaiomhat
had been sl urrj.ed. w n 3 cal . i i b

pent ane (30 ﬁ%ﬁ@ﬂ*ﬁgﬁgg%gﬁiﬁﬁggng&gﬁ%ﬁé§g¥gﬁgﬁ3%§gggg%gﬁﬁg% Q§#?%%9%k>er
reduced presomwrgleat hotgepligomenr h to yiel d WO 2009/ 155517PCT/ 1JS2009/ 047953
t he ester-capped product as a pale yellow oil. Yield: 1.55 g. IFIL NWR
spect r oscopi &dat ahd pra¢esneiedy Phihe gheye pyragiphy veicee the chohgamey Fonfirsdesthan
conversi oy t gothe SXPERERY). ester-capped product as a mxture of E and Z

isonmers (94:6 ratio). Exanple 3: Cross Metathesis reaction of polypropyl ene
and net hyl acfyl afieprocess to functionalize a vinyl containing material, comprising contacting an

alkene metathesis catalyst with a heteroatom containing alkene and one or more vinyl
containing materials, preferably vinyl containing polymers, preferably vinyl containing
polyolefins.

20 27.  The process of paragraph 26 wherein the alkene metathesis catalyst is as described in
paragraph 13, 14 or 15.
28.  The process of paragraph 26 wherein the heteroatom containing alkene is as described
in paragraph 16, 17, 18, 19 or 20.
Examples

25  Tests and Materials.
[00108] Products were characterized by '"H NMR and DSC as follows:
'HNMR
[00109] 'H NMR data was collected at cither 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
30  '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-



5 [00116] Atactic pol ypropyl ene aPP2 (2.27 g, ca. 2.40 mmol vinyls), MA
(0.433 n., 4.80 nmmmol ) and hexane (12 nlL) were conbined and heated to a
gentle reflu eating block kept at 73C. A benzene ion_Q

catal yst B (é\”éi}%”%’&?t}??’o.omo mmol ) was then added. Gas ggg}lUg%Osznw\R%s
observed. After 2.75 h the volatiles were renoved by evaporation under a
stream of nitrogen. The resulting browni sh suspension was m xed with
pentane (15 nm.), and 10 the m xture was passed through a short col um of
neut ral al ummdtiplhiag thadiffoeengshpsr i @eDOWindhdipdng ane resithéy clod torah nwarberwes hed
wi th additional pent ane (30 nmL). The conbi ned organics were evaporated and
dried under rcéu&’l?csed pressure at 75C overnight to yield the ester-capped
product as ad&y pale yellowoil. Yield: 2.13 g. NVR spectroscopic data

expoct ed est P Hpp oA BRoUTET e £t bR, SBTNE RE P TS P

rati o). Bdcanmlsagdiff&eanbSdariiag Ogsiisetyq@ST) avingodorpetyplyapyilabkeqamdemedday|

Tyl o) (b omprn Sy PR RARS RTRCS B d & AP st Bt Bt et e
heated to a g6 lt@npeeftdréXorai lasthvsalidung iddcaiek ik @phlumtnuh3gan Ad BeZe o the
solution of catalyst B (0,292 nl, 0.00694 mol.) was then added. 20 After
375 h the vol BITTER e FEREYBE byieovaBbr iR taae TS POR A SRNY Fogen.
T_het resul ti n@o&[r@d&iﬁt% ﬁhl(ﬁ’@ﬁﬂﬁ rﬁsjr?mi'm| sﬁin}ﬂ@ﬁl? weild Jnt-@(elatfalrfm_ﬁﬂﬁd {ﬁ%\e}liheﬁé};gatg he
m Xture wasS passe rou a_ snor colum O neutral al um na a a een
slurried Wit It lisafieants of vﬁ‘ac/@m QA Wa dhialstidinsifientcnasipiticon glcagesdt fiie the 30

tril). The couRiBRU10" IRIGS MEIE SNAPR LB 1RO BPE Qe URARE of AAHEE ate
pressure at 75C overnight to yield the ester-capped product as a very

pal e yel | ow @i 10°Ciinal tgf:15¢7 C3 Thg endothetmigviRigjeeteanpitiats dipiresctfaisaniliedid det wectt he

nearly conpl - 504 vi nyl t Wer s t. ~
ester- capped%t[g?%[((iﬁg)? a%és{b%%r%le éeﬁeﬁ%@.o%rhé&g%gé %Inﬁ)grg‘ﬁg?ssl plS(%ES &(%%ﬁgeﬁge 3§ - ell%?%npl e
5. Cross Met atiesitgey feene thedinstdfatenlsy ahawpe opyifieheFaopoblpneisplyiinghmptéivly |

iyl 9) ¢ o (0 Bon o JERr@P NG RARSAI iy SRy & e SR el

heated to a dgemtclagure gfcl, uxsodntcd Witk dtcl Imgeds bndokhekneip tcalatimPBCresponde 2B rivige
sol ution of I ) 0249 mmol) in WO
2009/ 155517P &C%g}é%%lbc/%bé%gg Egggnr?g%‘gg%ﬁ%g' t hen added. Gas evol ution was

observed al nmpél 1l medimdleduiar whizhe rrelitimbert dveragolmdss b@srwierneted e dbvidal cdajar
evapor ati on ur%g%{s 2 3L §lm of pi trogen. The resulting browni sh suspension
was nixed with gpenf an%% Gl%rflf’ and the m xture was passed through a short
col um of20ney@01a?] allbwrotiawinpabbrivadiobesnustur the Edaraplesh pent ane. The col um
was washed w 5 addition tape : . . Fhe. conbi pned . or i CS re
evapor at ed ar?t&gg'rs i %d undar %Lee’(g&@%”gglﬁ?[gégﬁ%’%’gftrlslgt&ylp gé?lygmﬁdatzglgj;?lé(ﬁae] ne
est er - capped pngt Uidtindas- | gy lidercjruthalienife kdicbiwiad (CASYi[234872-29-3P, g. 11-1 NWR
spect r oscopi ta ipdicated . the nearly conplete (< 5% vinyl present)
conver si on tg:a?lﬁ'ét exgect%d gg?yégbll%xé'g’&%)hﬁlfgp&ﬁlg?ﬁ aléi a 1)(?’1111%%6]@1’36%5 and”z

i soners (93: Trimaliilgheny! P4t alitgte-istudmsri-ziedndnithEab el 2 dicllofcka A 6336T4es s

[00110] Esny et BPopyraie eEs ok s paBete et Ml driE) *and

t ol uene (8 nEp iwethglcaopibpyledt apdyheat®d tsol,t,2littachionethéheninit dodrarminais

honogeneous sol utign. The m xture ool ed sljghtl n ane (3 nmL) was
ndded. " The: s BT ol sEaHETEr tidg: Maae i kUl ke B AL OSCR 4 HRY | ng
bl ock kept aby d@fparidatdiydtegds yt tat diph&ick8Gionmio, th010n wp0h hs de@sminke nsiagitied

followed by a 6.42 mM sol ution of catal.yst ) . 010 L).d N

t ol uene. Gas p@@&?kﬁe%e@ééheo%?@f@gﬁﬁ S'ﬁ%‘é?f gséﬁ %??ﬁre%ﬁ\ @f‘g?@z “\Rgg& 6&?& ed
into netBanofood Vi) nEjchtdfatic WSt apinthligs dtdribEdebelovA uvdlid Enpicemthiping atetahor med
that was isolated on a fitted diak a[ngﬂv\fsg,ﬁ wi t h et hanol \P(uéx go_qt).
The product WAS® dPACRAS AYeYyMPEFSEdl 130 pl o & r B RAEFRFSGhFO™ VlRnd 38 137 g
NVR spect r oseagiceendat @siondincakedot)hathenoisd: vafyl-tdaginstead hblyblgifsRerb aekpheen
converted (13% vinyl present) to the expected ester-capped product as a

m xture of E and Z isonmers. Data are sumy®rized in Table 2. Exanple 7:
Cross netat hesis reaction of pol ypropylene with nmethyl acrylate.



[00120] Isotactic polypropylene iPP1 (1.26 g, ca. 0.325 nmmol vinyls) and
toluene (8 nL) 25 were conbined and heated to reflux for 10 mn to forma
honbgeneous s 0...The mxture was cooled slightly a 2 (3 L) was
added. The m‘&tbglédgﬂmﬁg pl aced on a heating bl ock kept a? ﬁgﬁ%?ﬁ%
acrylate (0.100 nm., 1.11 nmol) was then added followed by a 6.42 nM
solution of catalyst B (0.506 ni, 0.00325 mml) in toluene was then added.
After 3.5 h the m xture was poured into nethanol (70 nL) that was rapidly
stirred. A whict@diBgtorewsipry ds@ibfOmrisibN Batd3was filsloindved?00R008. fitted di sk
and washed wth nmethanol (2 x 30 m_) T&I%YOd“Ct was dried under reduced
pressure overnight. Yield: 1.17 g. N ectroscopi c data indicated
the nearly conplete | (NIBX v'%yrlnypr(ﬂmr)t Tme gy ersi'on vt heM, WO Mw/Mn'
2009/ 15551 7PCT/ pE20( 9/(9559 3 expecped ester-capped|produft as ja m.xtufe of
E and Z isoners aPﬁo yélnyl | aene9é:ont aimng s a%i g, garerjgr re 'ne

unr eact ed. Thi-s—was H—1TNVRtrobe—12-9% o heisolat uct .
Data are sumuized Mlgnhlﬁ 2. Z(émpl e 8. Cr w%énet%?ﬁﬂﬁ Z% ﬂnrﬁﬁ f

pol ypr opyl ene | iR mstﬁw deryla®. 5 [00121 2050t at¥P c| pHA2Ypr oplylt enk i PP2
(0.738 g, ca.|0EBB37 m#sl i nyl s)5 and { ol uene] (B®4ni) 128@r p 986HDi neh and
heated to refluxpfor IQomn to fey ma homgenequ® $odahi pp4i3fhe mxture was
ﬁoo![ _ed SL: gh':( x@qd neﬁg@e (d nL$8 was dddggl TRg, T xgsldge q\@@zpl ac,eg onha
eatl ng ocC Ka}ﬁlz at 7@}), et ||y actyiat \u Zﬁ%”%m@nlg‘lﬂw r?r\‘ﬁ en

added fol | owed rV-sol-utl-on—ofcatal yet “BLAAYsR IO 1" ggh ey mol )
in tol uene was t heR" ab*a%%becorfd%éé?te@msedH‘Wt & THWE el vas poured into

net hanol (70 Eﬂa)nplemafcrmsvmamﬂé ﬁéa&tdnrmd)cmaeéehbﬁmeml ztcewl@treem pitate
formed that was isol ate anaol . The product

wsar | 60 undBN B ARBEBELBPE TBveh Al GBS WaI A 0. o, TRammoD hers

spectr OSCOIOI GofBihed Wil h&(@ﬁee(dél 1 dﬂ@@éh'zéhec(@ EHIJ) etrge ﬁo?nc%%/ﬁc\éhﬁmlxt&é %ﬁ@lﬁkta)ed
conversion to the expected ester-capped ro duct as a m xture of

and Z
i soners. Dat &° &¢c § P it AE#0R R Lol dti3 1 SEBeR eREee saftiga of ﬁ%%lé”tt ﬁ*e(éﬁé
reaction of ethylogEmRbORMS &8 CORIMIBIs WbIEbnSrd) B¥RAd within-mih Q&L 28 2
Et hyl ene propyl ene copol yner EP2 (1.65 g ca, 0.748 mmol vinyls) and

tol uene (10 MLYe wekdles st eQvehby seReBdot gndeer| HiRam &F MiPeRi-n s 'tykivea

honogeneaqys %QJV\;htlsthp%puﬁE% vms)ﬁ{lkgdam neag@ 18¢h1h 0unB He midRek dds REEATTR ghgudy
Then 5-hexen-1-ol (O 20 mmol ) and a tol uene sol ution (

catal yst A ( oL ggugn 06 nemh ahﬁﬁbllla) thilehasd brga etk wih pegans. ¢ hee pelwiny r“@bwas
poured into pRiRangh aﬁ@goﬂﬁcnﬂiﬁ@b@’yﬁd) rﬁg'c%ymg&éllé&rﬁ@ wef Wﬁb&rﬁedp&ﬁlcdrfaﬁt ate
fornmed that was isolated on a flitted di sk and washed with nethanol (2 x 15
nit). The prgodseteduess messed slnderior 2dde esldpihe suer@redaredughts. @ pvenelting . 54
g. 1I-1 NVR $p6adst QsIRPPKGflat & Lngs sat g iR PERLLdbpRoIR RliRatkd tr¥AdHDY!
present) conversion to the 25expected product. Data are summarized I n Table
2. Exanpllé 10omigdete$s Stretian Reesind) qoarEtionot thyf expeqick exigE e piRduchet ymixguraci d.
[00123)1 et geGalL ishRed P4 ratd:. 9 mmol ) and acrylic acid (1.12 g, 15.5
mrol ) were conmbined wth CH2A 2 (6 nL). The mixture was heated to 40C. Then
catal yst A (@X%ILIE 24Cr@s Mhmmction otpmwrzpzlznmn)d methyladadate. Gas
evol uti on wa er I, re
was m xed WI ?rﬁat héngﬁca% \ﬁgﬁgﬂ)ls§| rried Quiﬁsmnﬁpﬁ%sit%@ %g@cg% ed to
-15C for 2 hmpiedreng hexape 9ls-tlaL)| wre cpnbdescandigaied ol gendelredink an f hedting dlogk sk
and wash an S [

QG‘ W!(é a{r%B /838%%15%9%%? 81_}: ggg y\g(’ﬂt AL 9b§2@ mgl)%abQﬁLn%QQ

reduced press 47953

Vloorous 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 pentanc. The column was washed with additional pentane (30 mL). The

25  combined organics were cvaporated and dried under reduced pressure at 75°C for 1 h to yicld
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Yield: 3.30 g, 86.3% tH NVR spectroscopic data indicated that the isolated
product was the expected aci d-capped product as a single observed isoner,

presumably t L,SQUEr. Exanple 11: Cross metathesis r ' )<
polypropyleng$a§w%ﬁég§ylic acid. [00124] Atactic polypro%§ﬁ®%§&?3%53(l.82 g,

ca. 1.93 mml vinyls) and acrylic acid (0.194 5 g, 2.70 mmol ) were
conbined with CH2C12 (8 nL). The m xture was heated to 40C. Then catal yst A
(0.0166 g, 0.0175 nmol) in CH2C12 (2 nL) was added. After about 16 h a
thick red oi lthe evaicapmd piiviust asaspaii x@ldwwiit hY st @A e (2OVMR )speotrdscopic rdeed

wel I. The resyl.t] range-r uspensio ed thr h hort col um
of silica geﬂg&Vﬁgﬁmggg¥géPm§§ﬁ§i%é?wiﬂég%bngﬁﬁgﬁ%ggéhﬁfgg&ﬁg$5§?fﬁF%$ed
and evapor at gaoduot agiaeligtug ofi€and ¥ iwoleonpe6sitiol.| . The oil 10 was further

dried under rgeduced, pressure. Yield: 0.71 g. |H NVR spectroscopi c data
Mt cat odt ne A REGRMEFel Rafinur phvronklin MO BRGE LPRREP L, e
expect ed aci doeldppeditptiogoigpropyichcaaP8ril. 27 @reud0 hrmal vibPhy), bfA @.438 myll, @r8é

byproduct 11 ey LR ER 1L of JoERZBAPSRHRLLI% o TR Sufhc b M GRS 1

kept at 73°C. A benzene solution of catalyst B (0.673 mL, 0.0160 mmol) was then added.
Gas evolution was observed. After 2.75 h the volatiles were removed by evaporation under a
stream of nitrogen. The resulting brownish suspension was mixed with pentane (15 mL), and

10 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 overnight to yield the ester-capped
product as a very pale yellow oil. Yield: 2.13 g. '"H NMR spectroscopic data indicated the
necarly complete (< 5% vinyl present) conversion to the cxpected ester-capped product as a

15 mixturc of E and Z isomers (94:6 ratio).
Example 4: Cross metathesis reaction of polypropylene and methy! acrylate.
[00117]  Atactic polypropylene aPP3 (2.48 g, ca. 0.694 mmol vinyls), MA (0.250 mL, 2.78
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 (0.292 mL, 0.00694 mmol) was then added.

20 After 3.5 h the volatiles were removed by cvaporation under a strcam 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 overnight to yicld the ester-capped product as a very

25 pale yellow oil. Yield: 2.32 g. '"H NMR 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.

30  [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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Ex. H' (Ca) Ho (COY NI. ** MI M Ml MvMi Tnmt CC) 1 6.94 5.79 3.69 312
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benzenc was then added. Gas cvolution was obscrved almost immediatcly. After 16 h the
volatiles were removed by evaporation under a stream of nitrogen. The resulting brownish
suspension was mixed with pentane (10 mL), and the mixture was passed through a short
column of neutral alumina that had been slurried with pentane. The column was washed with
5 additional pentane (20 mL). The combined organics were evaporated and dried under reduced
pressurc at 75°C for 2 h to yield the ester-capped product as a very pale yellow oil. Yield:
2.36 g. '"H NMR 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).
Data are summarized in Table 2.
10 Example 6: Cross Metathesis reaction of ethylene-propylene copolymer with methyl
acrylate.
[00119] Ethylene propylene copolymer EP2 (2.26 g, ca. 1.02 mmol vinyls) and toluene (8
mL) were combined and heated to reflux for 10 min to form a homogencous solution. The
mixture was cooled slightly and hexane (3 mL) was added. The solution became cloudy.
15 The mixture was placed on a heating block kept at 73°C. Methyl| acrylate (0.185 mL, 2.05
mmol) was then added followed by a 6.42 mM solution of catalyst B (1.60 mL, 0.0102
mmol) in toluene. Gas evolution was observed. 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
20  pressure overnight. Yield: 2.13 g. "H NMR spectroscopic data indicated that most of the
starting EP2 had been converted (13% vinyl present) to the expected ester-capped product as
a mixture of E and Z isomers. Data are summarized in Table 2.
Example 7: Cross metathesis reaction of polyprepylene with methyl acrylate.
[00120] Isotactic polypropylene iPPI (1.26 g, ca. 0.325 mmol vinyls) and toluene (8 mL)
25  were combined and hecated 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
30  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 (< 3% vinyl present) conversion to the
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expected cster-capped product as a mixture of E and Z isomers. Some vinylidene-containing
starting material remained unreacted. This was found by '"H NMR to be 12.9% of the isolated
product. Data are summarized in Table 2.

Example 8: Cross metathesis reaction of polypropylene with methyl acrylate.

5 [00121] Isotactic polypropylene iPP2 (0.738 g, ca. 0.0337 mmol vinyls) and toluene (8
mL) were combined and heated to reflux for 10 min to form a homogencous 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 (0.250 mL, 0.00161 mmol) in toluene was then added.

10 After 3.5 h the mixture was poured into methanol (70 mL) that was rapidly stirred. A fibrous
white precipitate formed that was isolated and washed with methanol (2 x 30 mL). The
product was dried under reduced pressure overnight. Yield: 0.72 g. 'H NMR spectroscopic
data indicated the nearly complete (< 5% vinyl present) conversion to the expected ester-
capped product as a mixturc of E and Z isomers. Data arc summarized in Table 2.

15 Example 9: Cross metathesis reaction of ethylene-propylene copolymer with 5-hexen-1-
ol.

[00122]  Ethylene propylene copolymer EP2 (1.65 g, ca. 0.748 mmol vinyls) and toluene
(10 mL) were combined and heated to reflux for 10 min to form a homogeneous solution.
The mixturc was cooled to 60°C, and it became cloudy. Then 5-hexen-1-ol (0.900 mL, 8.99

20 mmol) and a toluene solution (2 mL) of catalyst A (0.0288 g, 0.0304 mmol) were added.
After 18 h the mixture was poured into methanol (50 mL) that was rapidly stirred. A white
precipitate formed that was isolated on a fritted disk and washed with methanol (2 x 15 mL).
The product was dried under reduced pressure overnight. Yield: 1.54 g. 'H NMR
spectroscopic data indicated the nearly complete (< 5% vinyl present) conversion to the

25  cxpected product. Data arc summarized in Table 2.

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

[00123]  I-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

30 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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Yicld: 3.30 g, 86.3%. 'H NMR spectroscopic data indicated that the isolated product was the
expected acid-capped product as a single observed isomer, presumably the E isomer.
Example 11: Cross metathesis reaction of polypropylene with acrylic acid.
[00124]  Atactic polypropylene aPP2 (1.82 g, ca. 1.93 mmol vinyls) and acrylic acid (0.194
5 g, 2.70 mmol) were combined with CH,Cl, (8 mL). The mixture was heated to 40°C. Then
catalyst A (0.0166 g, 0.0175 mmol) in CH;Cl; (2 mL) was added. After about 16 h a thick
red oil remained. This was mixed with pentane (20 mL) and stirred well. The resulting
orange-red suspension was passed through a short column of silica gel, then neutral alumina.
The combined organics were filtered and evaporated to yield a nearly colorless oil. The oil
10 was further dried under reduced pressure. Yield: 0.71 g. 'H NMR spectroscopic data
indicated the nearly complete (< 5% vinyl present) conversion to the expected acid-capped

product and a small amount (ca. 5%) of a vinylene byproduct likely the result of iPP2

homocoupling,.
Table 2
'H NMR GPC DSC
H, polar(Y)
polyolefin Hy
Hél Hb Mn ok 1 1 1 1 Tm*
Ex. Y M, My M, Mw/Mn .
(Ca) (Cp) (°C)
1 6.94 5.79 3.69 312 - - - -
2 6.92 5.79 3.69 362 223 339 570 1.52
3 6.94 5.80 3.71 1354 1001 2103 | 4120 2.1
4 6.95 5.81 3.72 5710 3934 | 10686 | 20701 2.72
5 6.93 5.79 3.70 691 281 993 6311 3.53
6 6.99 5.86 3.75 2722 1841 6937 | 44852 3.77
7 6.98 5.86 3.76 4277 4446 | 8926 | 14863 2.01
8 7.0 59 38 18690 | 22512 | 21987 | 106931 2.31
9 54-55{54-5.5 3325 2011 7386 | 62846 3.67
16.90
1 . . 29 - - - -
0 7.07 5.80 (-OH) 5
not
11 7.05 5.81 o 2892 756 1898 | 4389 2.51
obsvd.

15  For cxamples 1-5, 10 and 11 solvent of CDCl; at room temperature was used. For cxamples
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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any priority documents and/or testing procedures to the cxtent they arc not inconsistent with
this text. As is apparent from the foregoing general description and the specific
embodiments, while forms of the invention have been illustrated and described, various
modifications can be made without departing from the spirit and scope of the invention.
5  Accordingly, it is not intended that the invention be limited thereby. Likewise, the term
"comprising" is considered synonymous with the term "including” for purposes of Australian
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CLAIMS:

What is Claimed is:

L. A process to functionalize propylene co-oligomer comprising contacting an alkene

5 metathesis catalyst with a heteroatom containing alkene and 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

10 greater than 60 and less than 70 mole% cthylene is present in the co-oligomer, and 3) X =
(1.83* (mole% ethylene incorporated) -83), when 70 to 90 mole% ethylene is present in the

co-oligomer.

2. The process of claim 1 wherein the oligomer has more than 90% allyl chain ends

(relative to total unsaturations).

15 3. The process of claim 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 claim 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 claim 1 wherein the oligomer comprises at 30 to 95 wt% ethylene and

20 has more than 90% allyl chain ends (relative to total unsaturations).

6. A process to functionalize propylene oligomer comprising contacting an alkene
metathesis catalyst with a heteroatom containing alkene and a propylene 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
25 NMR), an isobutyl chain cnd to allylic vinyl group ratio of 0.8:1 to 1.35:1.0, and lcss 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

30 least 90% allyl chain ends, Mn of about 150 to about 10,000 g/mol (as measured by 'H
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at least 50 mol% propylene, from 0.1 to 45 mol% ecthylene, and from 0.1 to 5 mol% C4 to
C12 olefin, wherein the oligomer has: at least 87% allyl chain ends (alternately at least 90%),
an Mn of about 150 to about 10,000 g/mol, (as measured by "H NMR), and an isobutyl chain
end to allylic vinyl group ratio of 0.8:1 to 1.35:1.0.

9. A process to functionalize propylene oligomer comprising contacting an alkene
metathesis catalyst with a heteroatom containing alkence and a propylene oligomer comprising
at least 50 mol% propylene, from 0.1 to 45 wt% cthylene, and from 0.1 to 5 mol% dicne,
wherein the oligomer has: at least 90% allyl chain ends, an Mn of about 150 to about 10,000
g/mol (as measured by '"H NMR), and an isobuty! 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 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
~h "
/ 1\I/I_ N gl
X I
L Formula (1)
where:
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WO 2009/ 155517PCT/ US2009/ 047953 CLAIMS: What is Clained is: 1. A process
to functionalize propyl ene co-oligoner conprising contacting an al kene 5

net at hesis ¢ I W th a heteroatom containing al kene ] | ene
co- ol i goner ﬁg@izﬁ@la%r‘%ﬂl\/h of 300 to 30,000 g/nol (as neas%?&é%{?&?%ll NVR)

conprising 10 to 90 nol % propyl ene and 10 to 90 nol % of et hyl ene, wherein
the oligoner has at |least X% allyl chain ends (relative to total

unsaturations), where: 1) X = (-0.94 (nol e% et hyl ene i ncorporated) + 100),
when 10 to 60Mnot €%uetBhydidne is present in the co-ofigoner, and 2) X = 45,

when 10 gre r.t 6 ss_than .70 nol e9 epe s . ng _in the
co-oli gomgr , a%ﬁagdg?a%’-lg%e?%gﬁéﬁ( %%’f gég%g%gghgt/?(ﬁ%n@%ogg gjgfgl{l%gﬁ %O{Rixgn 70
to 90 nol e% edilmpérengoisanpmeseitm pinglt Neg ¢Oupobi3§amehydrogn afhe op ik oodEsiclofr

claiml wherejin the o irgtoggr has, nore than 90% allyl chain ends (relative
SPSTE o

LI Sysiem O rogen atoms; . . .
to total unsaturations ocess of claim 1l wherein the oligoner

conpri ses 35 & endb ant éuetityb eretrantbnbasl aorld mdydr 808 talfbyl o Gingé ringofde
(relative to tqpal wunsaturations). . 4, The process of,.claim 1l wherein the
Ol T goner - conmpp b B HEEhH L@, 8PS huinticol 5. BAAG SR R R et hRiefeBER 1
chai n ends (rlehatXweytbo jdicidab fansabidengdt¢ mnsdanion’s.grobipenpmag ées aiglctigy ofi 1

wherein the ol itggggén_}((:(rar ri ses at 3%%0 95, W % et hyl en%o%glg_h}g )has nmore than

90% al |yl chalPn YOEfeSH FORS P16t POl ER ST POWSY . Proeete to

functi onal i ze.'pmop§/ | reayebegbingd refore enpuliidinng wankaiotit ngoanamll kgnrmsingiehesi s

cat al yst th.a heterpatom containing al kene and a propyl ene ol i goner
Compri si niy moiE ¥ A SOR IR Gy T R e R BY e looo bl
wherein the otingoner has: at |east 93% allyl chain ends, an M of about 500
to about 20,000 gf/inol . (.as nmeasyred b -1 25NVE an i so |, chain end to
B Iy Tre. vi nyi gedtiaRe GG Rspetor e 4 30N Rlieg STt BRI me 08 Bt

al um num  7.R'Anpridaess ey bdijpati on&rinzengds opy benetoold gonedraempoins iong
contacting an lﬁtl.kere nmet ajtthegajes tcg alr?/ét Wit ht a“he%eroat om cont ai ni ng

al kene and a "PHIPYICEAESSTTGORER, @ {lrﬁ? “WdREeROPELLY 50 ol % propyl ene and
from 10 tioc S5 amd % @tXyhene, jomaeneifeint figgloking@fiep tha®: noathyd3bbansbm®0dmal | y]

chai n ends, M of about 150 to abqut 10, 000 g/ nol as measured by IF1 WO
2009/ 15551 7PCH S HER TS up 1o 30 nor-Hydiogen Horms: ( Y

14.  The process of claim 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
20 multinuclear ring system of up to 30 non-hydrogen atoms;
L and L' arc, 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
25  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 multidentatc monoanionic group and may form singlc
ring of up to 30 non-hydrogen atoms or a multinuclear ring system of up to 30 non-hydrogen
atoms;
30 R and R are, independently, hydrogen or a C, to Cs substituted or unsubstituted alkyl or a
substituted or unsubstituted C, to Csg 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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NVR), and an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to
1.3:1.0 wherein nononers having four or nore carbon atons are present at

fromO to 3 Io%‘b o151/ Process to functionalize propyl %Q/Ug%g&%aﬁ
conpri sing cont ac |”n‘ an al kene netathesis catalyst with a heteroatom

cont ai ni ng al kene and a propylene oligonmer conprising 5 at |east 50 nol %
propylene, fromO0.1 to 45 nol % ethylene, and fromO0.1 to 5 nmol % C4 to Cl2
ol efin, wherein the oligoner has: at |least 87%allyl chain ends

(al t er nat el y mtltihgdst ri@O¥gtemahuie 3@m0@:byﬂﬂ®gwm5@mcﬁnébout 10, 000 g/ nmol, (as

measured by 1 dﬁd w\@ ;%ﬁgbea%éﬂeﬁgt\g blﬁ@@lrnl tt8 ﬁl l@fll gﬁro%%rpwlomg oP4P

ratio of 0.8: ¢t1 onal propyl e

ol i goner conﬁnulsnw@dcmﬂsaﬁtrhngulam 3alnklehﬁir0gb@ dm!ltsat hesis catalyst with a

het er oat om cont ai ni ng al kene and a propyl ene ol igomer conprising at |east
50 ol % pr opylSene Th¢ propas@ofiany of d&matl 36 &4 Wiydreindic atmek Metehesd. cmtaty@t 150101 %

di ene, whey ei ~Ql B Vh of
about 150e5':o g %gf %olblg‘%%gy Iﬁ%ﬁyl I%EOAr?g 3?%% 4@] b é’num‘f @%}G ICl(fjrialésobut yl
chain end to IAIHSbytbpﬂphpnﬂyhldgreomhd@tirrmlx’@ﬁer@lm?\’ljl btbdle&dfwsmt lﬁltoxmw 6A process
to functional g[{rlgr' I | kene

net at hesi s ca]? gbﬁ?fg@ﬁ&}% ﬁﬂ@dﬁg@f%g’? fgem%'i b ai n{l/rﬁlé)ggflﬁg&ngé&%frl\é‘g&”ﬁ&t ol i goner
conpri si ng prdupsthexyethanghddwst, A (fblh@Opﬂomdphmy“miasncoaitylitl@aﬁace@@% al Iyl chai n

e e ARR i A ABPBIL AR R0 AR | 168D [RAREBT RN LA an

|sobutyl chain end to allytic’vi rat1’o o
| ess t hanl0140Byljiem] émhmyi‘ru[“mn@@illyl‘ﬂhes]lpﬂmmesxsll)aiﬁchmyc,oihcw;loaewmhfhsm(meme

wherein the ql ] 3 at r 3 Apy of claimns
1o 11, whenbh T Ren - Aot B AR e Opno VBB ARTRR Rl B, ) ) 000
to about 20, Q@Oerglmtbémuta(mﬂ dichleridid trlcsclalbxwlmhdséﬁlﬁe[q,éjrbusel ﬂéﬁ@h@thﬁlm&ﬁyl)#ﬁ about

150, 000 g/ nol 13, Th N f erei n the al kene
nmet at hesi s céhhgfimlrfndazo gr eeﬁlre@@en e% %ne% ylem ot[r;rsr%qm(h?ii "1V X NRI

Formula (1) \Mﬁétneyclohexylphosphme) 3-phenyl-1H- 1nden- -yhdeneruthemum(ll) dichloride, 1,3-

15 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]methyl]-4-
nitrophenolyl]-[3-phenyl-1H-inden-1-ylideneJruthenium(I) chloride, benzylidene-
bis(tricyclohexylphosphine)dichlororuthenium, benzylidene[1,3- bis(2,4,6-trimethylphenyl)-

20 2- imidazolidinylidene]dichloro(tricyclohexylphosphine)ruthenium, dichloro(o-
isopropoxyphenylmethylenc)(tricyclohexylphosphine)ruthenium(ll), (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-

25  pyridinyl)propylidene]ruthenium(IT), [ 1,3-Bis(2-methylphenyl)-2-
imidazolidinylidenc]dichloro(phenylmethylenc) (tricyclohexylphosphine)ruthenium(I), [1,3-
Bis(2,4,6-trimethylphenyl)-2-imidazolidinylidene]dichloro(3-methyl-2-butenylidenc)
(tricyclohexylphosphine)ruthenium(Il), and [1,3-Bis(2,4,6-trimethylphenyl)-2-
imidazolidinylidene]dichloro(benzylidene)bis(3-bromopyridine)ruthenium(Il).

30 16,  The process of any of claims | 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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WO 2009/ 155517PCT/ US2009/ 047953 Mis a Goup 8 netal; X and X1 are,

i ndependently, any anionic ligand, or X and XI may be joined to forma

di ani onic gr y formsingle ring of up to 30 no 20,53t ONE or
a mul tinucl eg{jer ?‘ﬁg Js@stem of up to 30 non-hydrogen ato%g?xgﬁ)ggﬁzg”ﬁl are
neutral two el ectron donors, L and L1 may be joined to forma single ring
of up to 30 non-hydrogen atons or a nultinuclear ring systemof up to 30
non- hydrogen atons; L and X may be joined to form a bi dentate nonoanionic
group and nayonfedjﬁmostbmgl e ring of up to 30 non-hydrogen atons or a

mul tinuclear ring systemof up to 30 non-hydrogen atons, LI and X1 may
be joi ned to Flor mTac pigkesh dieririn & whsrroRhingrit eregnéappndgpity. ﬁéytelfoetpmcmtﬁ@vr@ 10
ring of upt r v, pto
50 hon- hyr ogSi e R e R R o e A R e £ )
substituted ocengisieabEsi P.f. §th9'dchﬂadByl Rl and L1 or XI may be joined to
formsingle ring of up to 30 non-h dro%en atoms or a multinuclear ring
system of up i 3Bhnoiectsydf elgienlardes a%lé@geli?elaﬁ@ﬂ {rom thoxgrawy capsisiingi ¢fed t o
form single ringoof JtRicl Onﬁgxeponmwdrmn(y@st OfERusOles@rslMnh JHIEL €804 g
systemof up to 30 non-hydrogen atons; 14.The process of claim 13 wherein M
is Ru or Os; oxyqrbfgls,xprbans. ¢Iml§p@n@i§éwbowlsd1m@ﬁﬂg@nd aery] htlidexi de or a
triflatc, or X and X1 may be joined to forma dianionic group and may form

single ring df upr%prS@bmt“r?lmdé@@éﬁ Rtk a5 rearesmipd 1oy ithsueinetds -0-Y ngyheigst em

of up to 30 nop aW%Qgﬁl@ﬁ gl%tuﬁmm%l_ 8N4 chiborPfi6ms éﬂ@ﬂ%ﬂg)%a{érhxygenphospm ne or
a N-heterocyclic carbene, L and may be joined to forma single ring of

up to 30 mon-hydr 98eBrRLQB ag(v ok cmﬂlng i1 Y Clse@fieréih NBe SHSHETM Qhtathhg AK3R
non- hydrogen at ons; L and joined to forma mnultidentate

monoani oni ¢ GPHOTCRA PaOF OF AF'E Oﬁ‘g‘l”% Kirgnios allyl afpng gerglc pdth -SRI G ifdh
atoms or a mpdi.0yat 8R1d, MhdlGe YR SIS aHR dtde, SRnARN-bMANQERN: ali@MRacoki and
X1 may be joined fo forma nultidentate nonoanionic group and may form
single ring ér§Hd% 0 cBBCHMEN-Iifdr Bjeaenist SRty dBte. a mstacethuedi®arludcnryc sjddem of
up to 30 non-hyARaEN., ARhitic3RR, %%Q)nﬁlacﬁf %mth'yl%ﬁﬁ&ﬁd"&t@c{‘%%nc LQuds9gen.Rr a
C to Cl0 substituted or unsubstituted al kyl substituted or

unsubst i tldt edcida1t-decemir agidhl 2-pqRiengm o 5Lt11%P0X>XPC ﬁﬁgi g add 4nd lpwentlkilngl e
ring of up t@.3Q noe; Qﬁé% Q(Q@th@% Q%e ereg%mgvpgaggl%ll%@t%?w/ﬁ%QQ%QMgSB
mul ti nuci car ring (%s emof up t non- hydrogen atoms: and R and L or X
may be j oi necﬁu”ﬂ%atf’a erxei-hgl e ri ng of up to 30 non-hydrogen atons or a

mul ti nucl ear ring systemof up to 30 non-hydrogen atons.
21.  The process of claims 1 to 20 whercin the propylene co-oligomer is prepared by a

process having productivity of at least 4.5 x 10° g/mmol/hr, comprising:
20 contacting, at a temperature of from 35°C to 150°C, propylene, 0.1 to 70 mol%
ethylene 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:
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15. The process of any of clains 1 to 14 wherein the al kene netathesis
catalyst is one or 5nore of: 2,6-Diisopropyl phenylim doneophylidene

nmol ybdenunm( VI ut oxi de), 2,6- Di isopropylphenyll dene
mol ybdenun( VI Oghgéﬁégéfluoro t- butOX|de) 2,6- D |soprocqﬁ@ﬁgﬁgﬁ}%1do
neophyl i denenol ybdenun{ VI) bls(trlfluoronethanesulfonate) di met hoxyet hane
adduct,

2, 6-Di i sopropyl phenyl i m doneophyl i dene[ racem cBI PHEN] nol ybdenunm( V1),
tricycl ohexyl phospdi ne[ 1, 3-bi s(2, 4, 6-trimet hyl phenyl )i m dazol -

102-yl i dene] [ 3- phe 1-%1-1-i nden- 1Rylld%he]ruthen|un(ll) di chl ori de,
tricycl ohexyl phB¢ e[3 phen gk}i en-

1-ylidenc][1, 3-bi sg2N\4,6-trinet ylph =& 5- di hydro-i m dazol -

yl i dene] rut henju II) %ICh|Orlde,Q\

tricycl ohcxyl PRdsphi ge|HRG: bi s(?, 4-%Ftrh ﬁ | pheny1) - 4, 5-

di hydr oi m dazol - r"dene] T ( phenyi thi 3 E*éne]ruthenlun(ll) di chl ori de,
bi s(tricycl ohexXy ghi ne) - 3- pher ugden | -ylidenerutheniun(ll)

di chloride, 1, 3-

15Bi s( 2, 4, 6- nnlanhyIphenyl) @, 5- di¥y tm dazol - 2-yl i dene[ 2- (i - pr opoxy) - 5-
(N, N- d|nethylanlnosulfonyl)phenyl nmet hyl ener ut heni um(T1) dichl ori de, and
[1,3-Bis(2, 4, 8

trinethylphenyﬁahﬁmhmidazolidinyIidene] [2-[[ (4- nethylphenypinino]nethyl]-4

- nitrophenol 3- phen |dene r ut heni I hl ori de,
benzyligenebf%%} i%p @%@?&Vﬁﬁ Hﬁﬁggh?éﬁv6 PPt ﬂﬂﬁﬁf %Bﬁi?ﬁ?ﬁgﬁgﬁf,3-

bi s Ej 2, 4I 6;15’[ r iﬂl‘m{ hytb pj((}mﬂﬂo)l atc?r@sZ-hydrlclles hamldeb ﬁlkomﬁeb sulﬁdeshphospmdes halaglcns (

i m dazol idinylideneldichlora(tricyclohcx osphi ne) r.ut i chl oro(o-

| Lopr oooxyph o P E b S B TR S ke b s i Bl
(1,3-Bis-(2, ‘br(@fyl butyl, phenyl, benzyl, chloride, bromide, iodide, (alternately two X’s may form a part
;:Lgﬁégytgren¥lLbﬂhugcw%%ggggig%l|dene)d|chloro(o i sopr opoxyphenyl net hyl ene
1, 3-Bi s( 2- rretemhlcghenw@maeﬂﬂmcd@a@br dihBlobdenpleehr oyt OF B B-$ sEE.ap9xy pagny| ne
thylene) r.ut heni_um ‘% . ) . )
[1,3-Bis(?, 4% r?elﬂ PR AL i leRst BYG QisiyA PaenBs ar enicebgerpgoms,
25pyri di nyppraeg@ydéidenesdst itd ey ahlér{hle kdme drkiif@er&it 8étdonBih uliphany 1) kst four Q's

i m dazol i di nyl i dene] di chl or o( enylnethylene)
(tr|cyclohex?ﬁﬁﬁﬁ§ﬁﬁPh@fFﬁ@H€E? [1,3-

Bi s(2, 4, 6- t r icxeatlYyik, ah@pykibnidr, a1Q, d@t@ldlkgh Sy, @eﬁr@hdy gl a8 of Indk uiryl gréaput eny
Ildene) (trlcyclohexylphosphlne)ruthe un( 1 1)

[1,3-Bis(2,4 pg}fctr?q WW‘ thnp@yy o butyl, pentyl, hexyl, hcptyl or octyl, R' may the samc or
|nldazoluglnﬁwkggnghglchloro(benzyl|dene)b|s(3 bronopyri di ne) rut heniun(l1).

3016. The process ,of any of claims 1 to 15 wherein the heteroatom containing
al kene is reptddert éﬂdeﬁiﬂdﬂf@ fénrivCasippesanprigicire %G%é?#lP?dr\ﬂPfélr@O‘FPﬁ and
R are, indepgpaemy Meth 1, QmyE Pekl 0 h t SN LARFNIIIIR Larddr RO

car bon atonsﬁand gt Fegg?&ﬂ%ﬁg@' q%[&ZO 9/ 255%% CT/U 09/0 795% oﬁe

het er oat om T?n?ﬁéﬂﬁpﬁhess of claim 16 where R* and R are, independently, a

het er oat om cnh at Nis NBd PR E HRRIREL NG alsdb@itdd %@hﬁk%stﬁh%ﬁyc@&%@! lo%%St
one heteroatom sel ected from'the group consisting of Si, ﬁ

| and Br 205182efsp béed sarben epap irefabiridrie O RatbamgoRs, awqicrs‘év éét“éﬂmf“fj@m t he
group consi sthdigkti@fted 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);,

each R is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl group, a
25  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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al cohol s, amdes, nitrites, imnes, haloal kyls, acids,'esters, anhydri des,
aci d-esters, oxycarbonyls, carbonyls, fornyls, fornylcarbonyls, hydroxyls,

and acetyl halj 5 The process of claim 16 where R Sos
represented g{ylot E@“f%%rrul a-DY, where Dis a hydrocar ﬁ?ﬁ%gsl’rzgﬁéﬁﬁvi ng 1

to 12 carbon atons and Y is nitrogen or oxygen. 1020. The process of any of
clainms 1 to 15 wherein the heteroatom containing al kene conprises one or
nore of acrylonitrile, acrylamde, allyl am ne, acrylic acid, crotonic

aci d, net hacryticebaci sdbstirmddeiramnabbtdytedrfl]l ®i & landnypthyl gieyp, rafiaatibe madiydsthyl,

itaconic acid, | ni G a dride,, citraconi i1d,. citraconic anhydride,
nmesaconi ¢ aci %Oé%ﬁjﬁfyéggﬁygﬂ%&[élgﬁ %lh?cgf'l’obr?aﬁ%‘ftgd @%‘Eyﬂ ,(bug}é%anrgqyé P %@?’1&’,% (e:IFy(%’t oni c

aci d, nethyl ciilgt, subisgtugd isidh;l, (sahbs €Ha®RUwh3e ReixerfoiteC, bdracirlg)], st deneindi c
acid, 2-pent eny tri ﬁﬁerngﬁxyl ic acid, cinnam c acid, and |ower alkyl
I'd est

e-1. 3, 55
(e.g. G to Cﬁlyé’llﬁoy’b‘ét ers of the foregoing, e.g. nethyl nmaleate,

et hyl funer atkis mptrégeh of wRreaCeylkyd glvargnefetably @IC t@ Cs iver gk gesp, pbfecbli ns 1
to 20 wherein_t ropyl e cp-oligoner, i repared by a process having
productivity 0 tp}gt&l'yg’a{’épyg.%%tygpi'ﬁ%’ gciqﬁTr%ﬁp?yﬁgfocgyg’rrpri sing: 20contacting, at
a tenper at ur eR°cf hfdrann 36CC @ AS0IG] gpuppytfently a@, o Colintdr byl Yrephytenblyand
fromO to about % hyd en in the presence of a catalyst system

conpri si ng anm%tl@?’i%{/@t(’(?f%é['lggté{)p‘fn@'&s}iex N PRL P Cfygcene conpound r epresent ed
by the fornuleaei R isViGORRAE FSAERGT HIUSL O B AR 5B uR7preRiGblyid € MowhdinearHf i s
haf ni um ch, X, is, independentl|y elected fromthe gro consi sti ng of
yclr ocar byl rA! ERie REGRRS Ty Fik et St aPiuh e BT RPae e e
al koxi des, suloficdeshat phiespkivele®] glvapsoge nst, hydiogae alterantinaslcagp bspki Hess
ethers, or a conbination thereof preferably nmethyl t hyl ropyl, hutyl,
Shonyt . bensyte MR Epsedu el e PG 4B o) aitpse ey irue & S0y 6 n
part of a fuSesd#ripngdtians of cich rg D BoHulad&CIe £t hgdrogendependent | y car bon or
a heteroatom Ereferably C, N P, S (preferably at least 10 one Qis a

het croat om &l P&HWEtEIy at least two Qs are the same or different
het er oat oIrss, Taik b erifial @krably, bieasle, frbfeebly@is are the sane or different

, t least four s are the sanme or different
EZE Z; 8:: ggj .egblht ° Qs‘aiglgelpgnc%ntly, %ygrogen, Halog%n or a Ce 1 to 820 hylzirFocarI{)yl, 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;

20 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 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

25  and from 0 to about 5 wt% hydrogen in the presence of a catalyst system comprising an

activator and at lcast onc metallocene compound represented by the formulae:

A ()
R* C\ Q\
R* R3 R? HfXo R3 ?Hf}(2
o
I R? R3 I R R3



each Rl is, independently, a Cl1 to Cs al kyl group, preferably a Cl1 to Cs

| i near al kyl group, preferably nethyl ethyl, propyl, butyl, pentyl, hcxyl,
hcptyl or oct the same or 15different as R2

|ndependently%bnm§ f{IgyCB al kyl group, preferably a Cl ﬁgﬁggﬁﬁW%gg? al kyl
group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or
octyl, preferably RI and/or R2 are not branched; each R3 is, independently,
hydrogen, or a substituted or unsubstituted hydrocarbyl group 20havi ng from
1 to 8 carbon atom®, preferably 1 to 6 carbon atons, preferably a
substituted or unsyhstituted Cl t RCs Iff near al kyl group, preferably nethyl

ethyl, propyl, B | pentyl, ARD tyl, octyl, provided however that
at least three R3 s are not\hyd F‘(Salternately four R3 groups are
not hydrogen, RaJTterna ely five ou are not hydrogen); each R4 is,

i ndependent |y, ’h hifXp a su twﬁq@éﬁ punsubstituted hydrocar byl
group, a 25heter m or het eroat om cpntdi ni ng group, preferably a
substituted orRu Rituted hydrR rRYroup having froml to 20 carbon
atoms, preferably,;1 to 8 carbon ato WO 2009/ 155517PCT/ US2009/ 047953

preferably a Bubstituted or uRSubstiituteed ClL to Cs linear alkyl group,

preferably metkyd ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
substituted phenyl (such as propyl phenyl), phenyl, silyl, substituted
silyl, (such H<st4PapR ~ where R is a Cl to C12 hydrocarbyl, such as

met hyl, ethyl @aclpKQ@){ﬂldep@deMlyz sdple Yok th® B@up %orﬁ%ﬂﬁ@@ﬂf?yd@foar@yl@ld&@s i kyl
group, preferably a | i near al kyl preferably neth et hy

propyl, but ylﬁonbéntf’yqo C%@E‘y?tomﬁé‘df'webo?m‘%% )ﬂk‘”ﬂ% P%IﬁH?PdPB‘@félﬁdﬁr ¥%‘°E‘?1“=t o Cg

al kyl group, danef, exnabéby pﬁos@un@&o e@‘;@rbl bmaéonadlmbn gme@éw p@feejbg alelny1, netyny!
ethyl, propyl, buty ent hep Eé or octyl:; each R7 is,
yiP

|ndependentI9”Wﬁ$&P@b§ “Wb¥ﬂgyb@ﬂﬁékd§°@+ mﬁ?éﬂﬁﬁmﬁbéﬁ@ﬁéﬁpvyﬁ“@Piﬁﬁ Cs

linear 10 akkymmg{gﬁgnagm@t@ﬁ ly methyl ethyl, propyl, butyl, pentyl,
hexyl, heptyl or octy provi ded however that at |east seven R7 groups are

not hydrogen‘”%]@é%h%k@??mﬁb‘P@QEPrémﬁﬁﬁmP?%@ﬁﬁ%ﬁ%y§r@‘Hoﬁ(m9@wb@@ﬁkm“

al ternateloy aht RE ORQ4PT0A! et hMAERDRIL QGREETErBRL Yr U Y h&&@a&@&sat
the 3 and 4 positions on each Cp ring of Formula IV are not hydrogen); Nis

ni trogen; 15TPfrgatgly gt legpg ey edre thgispme orgfiffesent dpteropip@s. eﬁ#t@zmtylysr leaspEehQRa, i s

i ndependent | Ve (HY SHRIE BirrcRal RE8Midsy:a C to C20 hydrocarbyl, such as
met hyl, ethyl, propyl, butyl, entyR hexyl, heptyl, octyl, phenyl, benzyl,

substituted sHER/ 1 aderdsprg deﬁ G obr] erowsy ardferally pifotiaiCe lingis [alkl argup.

aromatic, parkm%hhyn§@&yéﬁ§ﬁgn>9Fb§9f%€ﬁ§ﬁﬂ@6MQEb&lQJo&HSRdnﬁyQ&:%M%Rﬁ”l 20
and furt her prOV|ded Lhat any €mo adjacent R groups may forma fused ring
or nultldéntéﬁ&ﬁWSéﬂ{rlng systen1mhere the rings may be aromatic, partially

saturated or .S@Atwr@tigekpeknth)8 cprte%g%ﬁqumeﬂ R dFBathy b, 20 cvméa@'a&yr BSup,
propyl ene hono- ol i gomer 1s prepared a onn%gneous process haying

product i vi t y pesfergltly metsh etwl»EIWyL%WQ/mmh hewy!, hesmriogiyhgreferably R' and/or R”

are not branched;

cach R* is, independently, hydrogen, or a substituted or unsubstituted hydrocarby!l group
20 having from 1 to 8 carbon atoms, preferably 1 to 6 carbon atoms, preferably a substituted or

unsubstituted C; to Cy 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

hydrocarby! (preferably at least two, three, four or five R* groups are a C, to Cs substituted or
25  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
-53.



contacting, at a tenperature of from 30C to 120C, propylene, 0 nol %
conononer 25 and fromO to about 5 wt % hydrogen in the presence of a

catal yst syst I;|sing an activator and at |east on ) e
conmpound reprgv?eg@qp g/)s/ the formulae: WO 20091155517PC%FE@%%%%%?QSB Hf
is hafnium each X is, independently, selected fromthe group consisting of
hydr ocar byl radical s havi ng 5 from1l to 20 carbon atons, hydrides, am des,
al koxi des, sulfides, phosphides, hal ogens, dienes, amines, phosphines,

et hers, or a lwonsithal plow himeredbm pref2 ratbby atmnShytwfcr@tbhyl to propyl ,dtomstyl
phenyl, benzyl. Qr r d ( é n rma
par t Of a fuse dfeFanﬁ/ bjugb%’tuté%i o?%&%st thtgéjt & Cg 1R eclh\yﬁ B 0% BFC\{[\%%%& ﬁle{ﬁgg?}gon or
a het eroat om prpmﬁf@tyab)lewlchcw hﬁztylSDC(t)prsab:emlad:ﬂ ghea{»tl (Sue}a&t profyd phmel) Qhiesyla

het er oat om sg er.ent

et or oat ons, i PR A%, ARATE LR AR R 8% (e Do Pt

het er oat onfs, @Hlytl,eprrwezt éhtyl ahenkk)ast f our Q s are the sarre or different

B?L?;?ZLF;TB; l%:l is P;gda ogen ol or S ts to d* ))R %H)ug,&;[rcfé(r’ablé A& %%/FB cat %IE)?II %;ﬁg{'gfcrﬁl})gpyl
butyl, pentylmethexytyl, pmppt jnhtybpcrmdmckyl lR:Iptymmyoct}h;e sane or 15different as

R2; each R2 i n end ep er abl ) to
C8 linear al kﬁéllb lé)Fdd?f%n °pt ler a*bﬁqkyl?ﬁefl A ET lf“ll %Clp?g I?ealp %%fl fouPpéﬁt?V%'
hexyl , heptylmﬂhyl,cm:ttyylproppr bﬁt@k adltyl, Hexyl, lepdd oroch2, are not branched; each R3

is, inde dentl hydr o oL 42 substituted or unsubs ted hy rocarbyl
group 28 aviiig s rb‘)réng)e]?d%n%y ABER- O %#%\%E) %%‘fyérgé%‘if’ ypriftc “hg’ 6" (g‘aﬁpb(gﬁmﬁfr
preferably a aﬁiylbgtoup utrefcrabolly mnﬁsymbsmi tptﬁpgld b@yl, T[)tmtﬂBhéKIyl’J&apstylairl@ﬁyl gfrmiqtm

DY bt R H iy PARBY b oSkl pBID . by B b Yo
groups are nate iy dydgen, dnrchaaty diieRdrouprercR3t igdedgen,i(sreferabR th@RC@roSIM,bﬁ'tHet ut ed
or unsubstituted hydrocarb pr ef erabl | east, two, three, four or five
R3 groups ar aggé’é’x?l%o"fﬁ%%bcgm}nﬁt EOYB?'YazlgL?ﬁesrﬁ%ﬁi"il?gj’P)ed hydrocar byl ); each
R4 is, independentosyn, hydrogen or a substituted or unsubstituted

hydr ocar byl oup,. , a het e om_or at om cont ai ni ng group, preferably
a substitute IBF {ifReuns “E’Bh%l ' 3‘”6 “3@5%2009/ 155517PCT/ US2009/ 047953

hydL ocar {oyl gmumf hauﬂdpgnJeﬁﬁWﬁgﬁLctlrb%anQd@@hbﬁﬂ @t mtrw}o r?ﬁm‘c%{iﬂbg@cgas F&;\@; r

carbon at ons, efera a Sti sti ed ¢ [

al kyl group, eg’g[#’@ﬁ’ﬁlbgvylrr@?'wai hexy lht)]‘fpty ‘?C%yl? e“’ﬁu'f"}’?f“ylf Sﬁgﬁ‘t‘%} fd pheaydygnd thapt v |
octyl, subst iRt ytetbrphenylic {siok asu@h®pyhapd) @ayibly sqabesy,lor sﬁhﬂaﬁéh «cyclic or
substituted ila/l. %(%,uch as CH2SiRr, where R is a Cl to Cl2 hydrocarbyl,
such as th?tfse%‘é& Y propyl , butyI phenyl): R5 is hydrogen or a Cl to

C8 al kyl gr Ouﬁki ﬁmaﬁﬁsamdytha aﬁy t#® a@’scehi Re@gupniey lforg 98Red BhEbEMmARLIAter

met hyl, eth r. entyl, hcxyl, heptyl or oct
y y! fused Fin p%fbtcm wLimrc the 1E)ngs m%y be arom%tw pamgﬁyybaturatcd or se}/turatcd
23.  The process of claim 21 or 22, wherein the activator comprises one or more non-

coordinating anions.

25 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

30 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

254 .



R6 is hydrogen or a Cl to Cs al kyl group, preferably a Cl to C8 |inear

al kyl group, preferably nethyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl
or octyl; 10each R7 is, independently, hydrogen, or a Cl to Cs al kyl group,
preferably a C1 to C8 Iinear alkyl group, preferably nethyl ethyl, propyl,
butyl, pentyl, hexyl, heptyl or octyl, provided however that at |east seven
R7 groups eopylemthomoedoliggesr. al ternately at | east eight R7 groups are not
hydrogen, alternately all R7 groups are not hydrogen, (preferably the R7
groups at the 3 and 4 positions on each Cp ring of Formula IV are not

hydr ogen) ; 2515N Tis ptocéngeelaiin i1s whetzin dgego-pligihert alolnpris&Si Soro G8, mplef er abl y

v ocar by PSRRI AR A CBU P IsSRRTY e HERGPra ot y

octyl, phenybg). benzyl, substituted phenyl, and two Ra can forma cyclic
structure including aromatic, partially saturated, or saturated cyclic or
20fused ring system and further provided that any two adjacent R groups
may form ayd usefh,d bigesQlof MHlithi €&MeRlin kS &oliddntr T%S LEMIMISY Bhdilendlithgs may
be aromatic, partially saturated or saturated. 23. The procCess of claim 21
or 22, whealbiipvinlibgraen iatiaodp-8daagrisSsled aod esoihapbdEpmp Alumimoi.-di nat i ng

ani ons. 2524. The process of any of the above clains where the process is a
conti nuous process conprising introduci ng nonomer and catal yst systeminto
a react or,27%bt dal'lwi prgceas ofdgitrot, vefebdin @rtcoedigpmenhasganWiwy¥Mn bg IGRGrBRE o f

propyl ene ﬁg-g%}goner or propyl ene hono-oligoner, optionally renoving

sol vent, u Yt monomer and/ or ot her vol atil es, obtaining vinyl term nated
pol yol efin (such as those described herein), introducing vinyl term nated

30 propyl ene co-oligoner_qr, propyl ene homp-oligonmer and furthe i ni ng
the propyl©@ne ct¥Inesiee! GFmphaHiFren Eherfsr %BWFSW I‘MMH gﬁ C%CLQ%E%P

met at hesi s; gat @ yst and het eroat om contai ning al kene in a reaction zone and
obtai ning functionalized propyl ene co-oligoner or - 54 - propyl ene
hono-ol i gomer. 25. The process of claim1, wherein the co-oligomer
conprises R0 t 0, %,pr le g 0.1.0; %, of: . X =

(- 0. 94* (ol €% o rg%éziogég’%&’ an Sﬁ‘qi}gel%%‘??g% helh ldST/%lg ‘%’?gt?gggﬂgfen%@gi m 1,
wher ei n t hdlybovioyl ggouerntinas0.8d tod3BUtdl chain end to allylic vinyl group
ratio of 0.8:1 to 1.35:1.0, and less than 100 ppm alum num 27. The
process of claim1, wherein the co-oligoner has an MV Mh by GPC-DRI of 1.5
to 20. 28. The process of claim1, wherein the co-oligoner has an MV Mh by
GPC-DRI of 1.7 to 10. 29. The process of claim1l, wherein the co-oligoner
has an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to
1.35:1.0.
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