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CATALYTI C EPOXI DATI ON AND HYDROXYLATI ON COF

OLEFI N DI ENE COPOLYMERS FI ELD OF THE | NVENTI ON [ 0001]
W(TMOS/OHOV’Bnti on relates to preparation of epoxPdi/E&2H07/082100

and dro Iated co olyners of a- olefins and dienes.

S h ?H&Eé’ arld LA EEON (QF
uggd as ther mal Q)LEEIE %CQ@L@M%XI astoners if

prepared from fl exible di enes. Al ternatively, such
FIELDf(uEdtHDmNNmDIIONteri als can be used as structural

,{oleflns if rigid dienes are used to thereby
[0001] uI t TR PRty islAtesdo praRatation af Plioé‘ddlé%b@d;lﬁ’éf%‘y&fted copolymers of o-

ot AL R SR UMY AETDRES! S, s s et

stable, pcﬁl yekietam (FROmerat & ipadpardiavfeonpoflenbicaldiansef ul Akgaatively, such

nunper of co rcial appljcation Pol.yol ef ns
functlowzﬁzeqﬂ H&%eélafse%ttrw @S SNeiprag ! yog s x%%%ﬂldléeneﬁ RE/Nge to thereby
ulimat g QT4 o R Y BB £ S0 o e el B Lo prperacures
provi de structural polyolefns. Polyolefins in the form

BACKGR@H‘JNU@FiMErIN\mMBI@NerS coul d conmpete with
orogéene and nitrile rubber in oil resistant

[0002] ap ﬁqné nagired pelyokesnl(HPED frélﬁerwé& havie netqiat wyehdness fpea number of
cornrne%? ng)%"&g%er Snld%l%qgf\ﬁllsc%h cI rettlggcglv%t& ShE feﬂ{ QFBY le%lrﬁple provide

a Cco ara ruc

product@ @dryrahjef appsicativtsdsuea ak Qvghcteﬁlbetﬁﬁirél Hlﬁﬁtbﬁleﬂi&%ﬁﬁth@ t6 o, &dl can also
i nproved stiffness, strength and use tenperatures that

providewyrard pobindfinge Pobhefasyn d1e fosmysiokiepistapioclattpmers gpald compete
with clﬁﬁr{agfe%{@ta{n(anﬁl’m O&Pﬁ%o[ﬁ) hlg ?15 ﬁeggﬂc%{;&@ Bﬁtecould offer better high

ive area

temperafttﬁféqieirfbﬁﬁdtncz ahd gervicedift tles ﬁb!}ﬂéﬂ’b%lsmpyleﬁe picae tbders at a comparable
) ol efin co? ymers which carrg functionalizabl e

price. Biraglytal\no wé%ﬁ@ 00%@131 lay qask palyaeriggnpraalp origls improved stiffness,

strengtl?ralﬁﬁrat{s% Ctet gﬁ%ﬁ?asrslgfa:? L ﬁacéx'ctje\ﬁ% ﬁl%ogcc'und&%n gf I%%[}o?e?’ms to structural

ppropri a I'zed using vari
apphcaﬁdi’tﬁ;l’rfcﬁtekarﬁple tc[) Q&0 4¢ithli ehcpruesativeiansaent | 0 n concer ns
tilization of functionalizable copol yner precursors

[0003] m.Paﬁt E@ﬁ@ﬁﬂ?@t}oéacﬁupwqﬁbé%@nl FTORHERST GISHS T @41 uggursor  olefin
copolyrg% %ﬁcl’?%@#g fugfp[ Mﬁ%{e PLGEH SRS oKIBL %‘feha«ls regduélhéloilble bonds or
pe are re |ze y i'ncorporating & di ené co- nonoirer
aromatitc rrtlfgst tuch dpedcyine heoksiadancthen beilpp@paatlyyfunetionalized using various

functionalized. One of the double bonds in the diene
chemistgighonomer permits co-pol ymerization of this co-nmononer

w
10004] 26 OBl ot o kSt F L SRR E €28t procursors
which edmaig teh@iveohgakerincthai ﬁ@rmSoﬂ kesitlualv doltdblenfior Copolymer precursor

conversion to selected polar groups via a separate
materials f thig P é?aiﬂz by Hicamgr3tingreHens eB108pme BB cppplymers that

can sub@%(ﬁlfemﬂ;I b€ MEnARREILAGD @ld c o ﬁgﬂé Hoh 8 irPFhe @it A i HIGRr permits

products using a single technol ogy.
co-polykenietticanaf thiato-@mnomet kdthdoener ewrerondofétss Bhi Memaihing unreacted
double gg((i) ln){ ne%E:h porfetﬁléI rpseg(rient co-monomer moicties along the polymer chain is then
available for conversion to selected polar groups via a separate process, generally in a different
reactor.
[0005] This olefin-diene approach allows production of a wide range of products using a
single technology. Functionalization of the diene co-monomers within the copolymer precursor

permits the introduction of polarity for oil resistance and can also improve the thermal and

chemical stability characteristics of the resulting functionalized copolymer materials. Further,
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permts the introduction of polarity for oil
resi stance and can also inprove the thermal and
W@ b@alcAl7 st abi ity characteristics of the reseCT/USZH07/082100
glass tI‘E.Mﬂ RnHkALd, FORG MEBEUTRIL findliSnal ZEA thﬁ(ﬂyﬁEf"%:ﬁl be adjusted by
transition ten‘pe?ature Tg, of the resulting
boththéma@ldaionwedofdb@dieym -npannige adj ust ed by both the

ooos 158, Consent, oL uhe i o coramnener  L9906] Q. cion of

the cop%gf?l‘i’éryﬁ’fgéﬁsdrn%gﬂeﬁ@lswﬁtﬁa&t bR hHGt GORRONBBTan cpoxidized material
precursor material with an oxidi zing agent to provide

having amlramognodp& éatmedtatrthalsit¢saef thg rexidua n@ugbob;psis fvuthme dhatopolymer

the_.re |dual ubl e. bonds wi t hi
precursi S FYRERY P PESTCD SRR TRy G conr L aitane groups to diol
mmetw@ﬁ@%hﬁﬂh@ eSbultRlGlh@lona AR BRBIYRIEs the oxirane groups to
diol noieties wWthin the resulting functionalized
[0007] cogdol ysrerkaowh00®7] epaxidige k defin-dionepoepelymer materials, such as
ol.ef m di ene o ol yner mat er.i al such a .
ethylene/fiwflg e BB RE RGBS STy Bl 4507 ol mssigopsgbenzoic acid as
an oxid?8h§ ALBALC @Edhde&'mdﬁltl%ﬁ'@&&ﬂ%ﬁg REN8b\Gd@GlLshtASIVRNor near-quantitative
oxi di Zi ng agent. Such epoxidation reactions can
conversmm«)ﬁ tHe repiduat idicat co-enamomee doultjehondstiato erarape igvanps, with the further
t-he residual diepe.co-nmononer doubl nds into. . .
posmbﬂbt%ﬂfa?ﬁg BapETe /i PE Of Rl OrF A0S MY Biesy tBu‘f@fyiﬁPresema“Ve prior art
dlsclosﬁgné’lﬁfxﬁdaﬁGn S&{#or0 hy doky@fio W oRANLAAR FBHSYMES thflerials includes
drol's. Representat | ve pr| or art disclosin poxi dati on
Marathenﬁalod\lc‘rwdmeé@ywlat,l\@i of, pol é@S&ﬁlQ%e(rl@%)oH@ng‘r al., Macromol. Rapid

Commuﬁ,7 e[)&gl Igg%!fuo@ééi)g/gr al eaHZ;’r célﬁgr}D ¢' IeSVol %I() pp. 1484-

1497 2@@9 & 0 et YOI(Maés nm SerSiBal 2 hése Fh el -No. JP2001-
( Lolhq@mgclft Pol( r% gwlemro Vol . a§ %Vg;sel484t fgﬂ? ”
10

031 716@'250@)1« St denonlifetpribd FobmraSeivn@e b Hon 0dB) 08 (1999); and Li
apan Pa 1- 031716A; Suzuki et
ctal, %maﬁsﬁ?ﬁaﬁ’%gf”%| é%rlggg? §f|@8980| ence, Vol. 72, pp.

[0008] 103rhkO&it41389 Rhrictidnsliatio®tof ainsatuMeel ARy @GUse8s0 ¥@bwn. Rhenium-
38, pp. 6767-6769 (2005). [0008] The catal ytic
contalnfnngrf@talm‘aha\zeabqe@msed fon sxaroplas oceneatdéze 21ddor @@@éﬁte a variety of
AII% nta i ni cata sts have bee

used
non- polé/mgﬁlﬁlalkene o epOXI Ie 4G a fow £Xam 1rnot)1(1§/ %tog caéta %df}tl%? {)elng used

to mtroa@ar @pﬂx)yr?bulss il edsyﬁﬁ mA@ d;ohtaeﬁﬁg 2&18tivelf W emwbemsamratlon or
the art of catal ytic oxidation being used to introduce

unsaturetmwh@hom pemaﬁtYofO@e@ oVithire the copatyaichibagkboap.aficpessgntateig prior art

dlsclosm% rﬁgr}llul['ny a#lﬂ%sjzaetgu\r/\}/i)a%txlh Mol Laenlgiz/;o%a%?’ld’rg : Irla(l) nonvmg alﬂ<ene materials includes

HerrrnaRﬁ‘ Rt @Mt \(Ghepl IR EAr Eng.l,srdlosm qg) nbeglum (:1@1941} Y&€ann et al.
epoxi dati on and/ or hydroxyl ation of al kene materials

(Hoechiitnéﬁ)dééS HEetertnYe- et [ 31,247, Asged. Ocheld 1998: VRa Viagiet al, Chem

3
Conmiligp SR 0%0 0 Bikebt AL rI UL TR, Shefhusy aopo
[0009] 13,EpbR8RtioVadhdVifl REir&d, sabse uéﬂﬁ@@d@m’mﬁn,,ofﬂm ol§kr8RAing higher
(1999); and Sol dai ni, SYNLETTNo. 10 . 1849-1850
levels qulg@q&.lratfcb@ggl}ongm u;athp'(yﬁveraﬁu)re dﬁfﬁg@lé,th% functionalization of non-
polyrne? 8%%]?691%? n&bﬂ%g g{lgfr%(‘lk é%é'vgl@ ra}gl;e %91‘2191 1%’12?51}51 ggcgéiéggtl%?%%lyst Such

functioiliz&ble Wopolyd@is fwiiC highoalléadt o rdltﬁfe d&a@ﬂ@@c&brﬁibmcﬁners therein have
al kenes, either without or with an epoxi dation
enhancg, BP‘@Q‘% lafor gvde saetpypspnd S{Péﬁrllﬂlﬁlﬁgt‘fvglﬁbl Gag sy érought about by the

presencggc?fo né?’e@?eﬁrs n}% S %!fg& crlnlJ: ep (£l SdsCls gp%pgﬁdlz‘fr?gd agents. Use of an

noner s ereln
epoxidation (or hydroxylation) catalyst can eliminate the need for the presence of large amounts

.
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enhanced potential for side reactions and
cross-linking which can be brought about by the
wWEe@sesne7 of greater anmounts of organi c peraciBGI/US®A7/082100
of amd@%fg@ﬁt)é'aﬁh Zhi) etﬁgﬁﬁlte%se bE Ry Rbedh&haut didht leal{ Qildlzln agent. But
hydroxyl ati on) catal yst can e%l m nat e the need %1
the prepnes eheeatilyst aagelsarmpemosofrombiking or salyertcioan d)f ctlam diene-derived

mt the use of hydrogen peroxide. al opne as an .
comondr o3 GaRRIT B P R cit A58 ReETE Ty By BE hadipeen peroxide
oxidizir? SRnPHRIREELGH PRI itPthe Thdgsf.eact i ons of the

I ene-derived conononer-contai ni ng copol yner and/ or
[0010] carGlabls thepotiehtidpotyniie gsefdmcss fhydioogeredpgefoxilidec copolymers —

and sty 6% FGToptard dy' Ertanioraniratipfa - for a variet of
commek$AT pphiesfond! itf WhEkI Bhabiizet & @Jénﬂf;ﬁ 'e?ﬁb%la%p&‘fééﬂ% Snd efficient
and espeC|aIIy those functionalized by ‘epoxi dati on

processan cfm_) rpr¢p_5adng) xsuicht ¢pomridizedo an@ox/ drydestxylagfd copotpmei ahaterials.  Such

effectivgp | Icﬁg:fgltflj'egp 8%%‘&%{?%"%)@%5 I 1 aﬁrlto%%stsgsc Igogrgxgélcgléuitable unsaturated

copolyrﬁ&e@@éﬂrﬁﬁ}s PAENZigP Qéétﬁ!é %ﬁﬁl}@f&ddn‘arrezmﬁ@ﬁ Q¥Mdiftb®have been sclected and
copol ynmer materi al Suc fective and efficient
which, pn o@@@@e@mo uiravide ®mra¢ryltalIE pivontegews famvemsfinchf the unsaturated
unsat.ur at e opql r precursors, oxidizing
copolyiefs i By SpERULE R b R LB BURGi L one nave. been
sel ected and which, in conbination, provide
SUMMSItVRYE T NG EXAfgAgeous conversion of the
_UWWUT?TWF%?‘?WS to useful epoxidized or
[0011] hydnoxyd abmedt, ntht epricsdns . inﬁl:ﬂMUARM dﬁec’féﬂE td NVEIde@N for preparing an
d%d? 1eéjn one as ect thelpée i nvention is
Cpox1digeq & 161/41@166100'89 g@ggnaftqﬂa B pwﬁesgﬁogﬁgﬁqscﬁo?@atlng in a reaction
mediunfafy ?%%%%%ﬂ?ﬁ:%?‘?ﬁﬂgy@?@tﬁ% b Gk PR RERESoxidicing agent
in the proypndeyofescl atadrtgpei o catalgstnpodee wertavn trbadipn a;oin@adomg efhe copolymeric

precurs i FRRPRFY FRET RS AORYIGTS Ondsiclgier 14, Arepgadtifohese copolymers

containfm@" 4L RBe d-ghﬁleo&gﬁllﬁ'@f:l'l Qi A RIEHVSP EorhBRRREE NN one embodiment,
conprises copolyners of a-olefins and dienes wth

these cofdpeers apolcymprise emadditional gyt of aaém mmm -glofiblcembowechers and can

in each ormnomsr e di.nment, . .
thus beﬁﬂ@glgn@[ﬁ&) q@ﬁé%&“&iﬁat& 008, wzmchala &)Ia %ﬂgﬁv&gx%-fhenlum and is
preferalswodak&i FRNRRBIRARARKP TS Ao #ediltSs Baintained under reaction

terpolyners.) The selected catalyst is one which is
conditidyaseticonprahoyd femiadro-othexiramn angs its ther eifesr aibthe bmgederived co-

ri oxorhenium The reaction nmediumis
monomﬁ’iaﬁiqrﬁ’i%]& Sunder reaction conditions which pronote
[0012] f OrIRAASLrOhspO4l RO GrédeRDInRhtidiNas Sdife@RdOfo NFrocess for preparing
di ene-derived conononer doubl e bonds. [0012] 1n

hydroxm@d Wemleﬁs/pmﬁ copdiempr oetenial whv:hns porferablyditidertoéd cyadopentadiene.

ocess f ar N dr oxyl at ed f| n/ di ene ..
(Again CSB'B |039R%lly &ptl a[lgxy comprisco a1, 2 éi‘a‘[t&?na type of ¢ cyclic mono-olefin

comom8nBds| SAEadi tﬁlysci)@%ﬂlﬁﬂb@ Ne Su¢H 8 PtdteSUEIMHERRE LyRREthgCih reaction
optionally conprise an additional type of cyclic

mediunnahtheot-efefingisnsnomelyscanditbdn & hydrogen pappide yiydrogylpting agent, in

the pres%ﬁcgﬁ Qﬁﬁege’:{)e%iﬁ oqn‘gaﬁxs /u&dgﬁcgegt%gl&éfl@wépcgg%%sﬂg '&’he copolymers to be

hydroxﬁ}{t‘éﬂ QERMINPAT 10Xk dﬁe HM@BI%Mhditﬂ Bthadentderivd thRoREBSCNEIR selected
sel ected type of catal under certain reaction

catalystc ohdend owikich The hasgsbl gmresl lttaob@rhenlum and is preferably based on

methyltrioxorhenium. The reaction medium is maintained under reaction conditions which
promote formation of diol moieties across the double bonds in the diene-derived co-monomers.

23-
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hydr oxyl ated contain at |east one double bond in each
di ene-derived conononer. The sel ected catal yst is one
waRi08/67037 based on al kyl -tri oxo-rheni um and i SPCT/US2007/082100
preferably based on nethyltrioxorhenium The reaction
DETAITIH WRICRIPHUR DI HEANERGIEN on condi tions whi ch
pProONDte fOrmatr o of urof noretres across the double
[0013] boritig: piacéReofdihe neesdar invedticnidronoiee reuit D TRk a rection medium
DESCRI PTION OF THE ]| NVENTI ON [ 0013] The pr.ocess of . t

he
within whigh @ fertpinepg PlroPpymesic Mresquiset s spnipeiedivilh 3 exddigingggent under
certain [ﬂ@a%'tlmc%&lﬁbﬂs Y&’Ph&@ab?; e@%(’ltdgltﬂe tdgﬁ?edofungf?&&lli}fg@?bﬁrol fin materials.
prescursor I's contac w th an oxidi zing agen dnder
Each oftteedeqiroceseaeiiemn icdmsciiiddansletad ak fidiostay provi de t he
desired functionalized polyolefin materials. Each of
these process elenents is described in detail as

A) Copplymgric PXpcumsew| yrreri ¢ Precursor [0014] The
cop@l yreric_precursor naterials.which are gxidized in .
100141 2O ERL gt BBy SRAGA G lL oo Bl Bt with the

processdT@h& MREhtydTE Geid QP Ebsoligerd lcomPasihg AN R ag-leqf-Blefin comonomer and
conononer and at | east one diene-derived conmononer. '
at leaspnomer dicagrdgrivado copangypeies Ofcardingly nfgemurpeses gof this invention, a
« " copaly o at.er | kch | e . )
conog POV ATBRuc BERLET AP FBRER, Bt g gigrn o
monomeNEbéinbigdingeh € ssseitiall gl prase it @S@Bhoraers R eiEfiem deslefi@dand dienes.
froma-ol efins and dienes. One or nore other different )
One or geprgwilisiehiifergpeco-magomesyppeniay @lsgdedinclydedén the copolymers herein
oRol [: 0 efii niti -
SRR TRS Dl B P U0 QBB TES O g o
or mord differeaf comsr@nttr tfpes.ent cononomer types. [0015] The
a-ol ef m conononers utilized herein are generally those
[0015] 5cykhei g-ol¢fyn comareperraitdized ) heren Mg igsnerglic theseceyclic unsaturated

. . i 1 .
materlagx(g{rﬁ?}grgséﬁg Qz ‘t% ﬁ% E&E@éﬁéb@n S ?ﬁé’y g%gegllalsrrglgﬂ; b2 rhn%[naglc Bredgched and

have onleldouBlerbahd e theanpdsitiont. | MMigstexiasmbesintting eedfneleedf preferred a-olefins
a-ol efins are ethyl ene, prop 1- but ene

| ene,
are cthylepgs M‘H}Yée,neilf‘i’él%‘élﬁe,l'Pimé’é%eln%eXﬁﬁ@ Irogfgifeditchbdodecery. ditleylene and
e - 0l i .
propyl<fE R Ko AR L RSIE L SRt 2L RAns of acolefng
may alsl Boulrd duskds uamtdsatoncandhylatd aithof-ogthyy | letiaewd tld/or 1-butene.
1-octene, 1-hexene and/or 1-butene. The a-olefn(s).

The a-qjgfin(sigaitbecarerally s inerpesddniedhs AesuisAcqobas s derein to the extent

oner.ej &, e %
of from{8R8% ¥ HPA S8 Pl S nblad bR neharty AELEARHE S nBM g, Gabour 85
mole %% t o about 85 nole % [0016] A second conponent of the

precursor copol yners used in the oxidatjon process .
[0016] he 4 perons spmpRsdt ghible prechbPE conabyiaery 8pdindhe orewinmggcess herein

comprisighB o?rrﬁox%ggialeé%%}eg ROmdhbReis"Ehith %k@EgBotlyergerézred with the a-olefin

CONDNONEr S ienes may be conjuga
comononwis(SpnSugatetes magl beccarjugaoyd ocnostemugindd, chalicmooacylic, straight
. branched, flexible or rigid. [0017] Exanples of the
Chmno%@??ﬁﬁﬁeﬂ@ﬁ Q8K di enes i nclude cyclic conjugat ed

[0017] (11" %kgtfln I%ﬁdg thg Fétnaé}ec%ﬁé%% %%rileegtrlg%llucéen g’lclic conjugated dienes such as
1,3-cyclopdntagfich@octl ddtyetheamtene, 1,3-cycloheptadiene, 1,3-cyclooctadiene  and
derivatives thereof, and linear conjugated dienes such as isoprene, 1,3-butadiene, 1,3-pentadiene,
1,3-hexadiene, and 2,3-dimethyl-1,3-butadiene. Such conjugated dienes may be used singly or in
a combination of two or more types.

[0018] Typical non-limiting examples of non-conjugated dienes useful in the practice of this

4.
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derivatives thereof, and |inear conjugated dienes such
as isoprene, 1, 3-butadiene, 1, 3-pentadiene,
waz2@shewadi ene, and 2, 3-di met hyl - 1, 3- but adi enkCT/B82907/082100
inventiGPfugat ed di enes may be used singly or in a
conbi nation of two or nore types. [0018] Typica
(2) ntirighit pihain agycbix dmpkesucbfas dghhcedicogand todicerdemcusef ul

i.n the practice of thisinventiopn are: straig
(0) e eA O coegr inebitiedchiche o4 b Bhe e S 7-dimethyl-1.6-
octadiedo; 6; ﬁ&ﬁﬁéﬂl‘lﬁﬂe? ddladRin@nglaade ﬁﬁ?édﬁs&ﬁé‘t@@f ‘Elllﬁ/'d‘f’diﬁ}sfc&ié%d dihydro-
as 5-met hyl - "1, 4- hexadi ene; 3, 7-di nethyl -1,
ocimengict adi ene; 3, 7- dlnethyl-l 7-di oct adi ene; and the m xed

i soners of. .di hydr omyr di,hydr ooci
© QBB REERRER A bne 08 SRS AP g cigeptadienc, 1.7-
octadlehé‘ ql b Qi che Or OARE AGHRRNE, lo%naecaﬁféh@dﬂ FN@odecadiene, 1,12-tridecadiene,
82 nonadi ene,” 1, 9-decadi ene, 1, 10-undecadi ene, 1,1

113461Mﬁ9dh@§dwgwéehkeiz tri decadi ene, 1,13-tetradecadi ene,

@ e il e TP Sa GRS P 3ogciene: amd 15
cycloddek€ddegrdapdi ene; and (e) multi-ring fixed and fused

ring di enes such as: t et rahydr oi ndene;
(¢) meulhiyfingt r ikgddr odndderfoseddi cyegd opélnn@du eweh ( DERD) ;tetrahydroindene;

methy QNGRS ddvsERhRiEne BT Rtriit i BhbtgidEre: atkenyl,

alkylidéreTRyEI¥AIRES/1 a%dn@fcﬂﬁrﬂg@l aend MM¥Bbrnchce il k§en@ethylene-2-norbornene
- 2-nor bor nene (ENB 1\‘r*)iﬁopenyl 2- nor bor nene,

(MNB)5 5( qth]glytqngﬁemrbwylm)e a1E r bopligpeyl-2-norbornene, 5-(4-cyclopentenyl)-2-
X nor bor ne
norborndn XSRS ESI R fubRoRES 450 Sty B Spnchorens. 0P8
[0019] COPWhyHTEIrScuMtirC bolﬁ)‘lﬁn&h gWhicANRR Alghr €erBhrsthRTRIdstomeric materials
materials resistant to oil are desired, flexible
resistangjt@ @elsarard@sm@edlewler drenes heg rrﬂeédg rfetm tho prsicyrrer sopolymers herein.
Preferre}ie rreeixlll IF PFileefggsg Ele fééﬁ mql%ﬂd]h Idfeerplleg? l'idf l&exadiene; and 4-vinyl-1-
Cyddxﬁm%;nyl-lcyclohexene [ 0020] V%en precursor copol yners
whi ch are rigid, structural polyolefns are desired,

[0020] | gWheldp@ﬁE‘l@O%?@oll@@@S mhighorinigid et olyciefins aradesred, rigid

e|n rred r
dienes 89 Cyc open rgglt{eln éarch%vfg%) pggﬁeir% rheléerl]lg 2Prnegergeéir llj]léld dienes include
dicyclopdiNBienca(@CBD gt 1jtlciteime-2- ﬁorB@tﬁlB@é eIME )( BINB)S-cthylidene-2-norbornene
Di cycl opent adi ene IS the nost Ereferre

(ENB). coﬁtﬁrysmﬁnta@é@e t(@qg’&)mSt He aspbiryeferred gomogemer used to form the
copolyrﬁé’&%rfﬁ%ecob&ﬁrg@g?% rsorgamngghgﬂr used dgthlgpr%l%%ﬂr}izon.

I'hvention erive Fwill

[0021] genEHcaliieyiederivdic asmotich&dwildt@nédfy W€ @dbfRiated into the precursor
copolyners herein to the extent of fromabout 1 nole %
copolyraeys disenin totheraxitent of fippr abgyt df mplebloytofabeut bewle 16 masp @referably
from ab%h{ Pﬁ &gpeuffo té‘?b&[RW? n{gl [%)022] The copol ynmers of the
copol yneri’c  precursor conponent may al so optionally

[0022] COMHel s‘zepcayhﬁeltsl oNahc adpblyhfy FROVRSGMROSpBIinE hmay €also optionally
nei t her a-ol efnms nor dienes. Such optional anc[llarg )
compn@cﬁéﬂﬁmﬁk acijary copaonadr Whisd aae peithes o-qlpfisayas |dicacyr Such optional

anc1llarg?%%§¥%nlre?s NRIP g%hgrfa 1{; Spé& Oa%@licr," ﬁlrgnctcrygm Bort %oﬂ;%yé:l?cr ti’r?cﬂlo-oleﬁns

containing from 4 to 18 carbon atoms.
[0023] Preferred ancillary comonomers are the acyclic monoolefins such as cyclohexene and
cyclooctene and the polycylic monolefins such as those described in U.S. Patent No. 6,627,714,

incorporated herein by reference. Specific examples of such polycylic monolefins include 2-

_5-
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[0023] Preferred ancillary conononers are the acyclic
nmonool efi ns such as cycl ohexene and cycl ooct ene and
wo b@spaloyryl i ¢ nonol efi ns such as those descri PEHUR2007/082100
norbornLelneQ‘ 1,08t £ BimdNeano6r,$3 4, 44 1548 8h @@ﬁﬁ?&Bﬁ’é}ﬁ%a‘T@l’éeBr}ngﬁyl 2-norbornene,
ref'erence. Specific exanples of such polycylic
5-ethyl@emobahems Siprepydendbomehs Sagreyl-2-norbornene, 5 benzyl 2-norbornene, 5-

8- d| no-J|, 2 3, 4, 4a, onap hthI
chloro-;aOtgigagy 5+ BRAB LS HIAELC: . SERYIOTE Oy BOTHGHERC. | o rhcthoxy-2-
norbormen®! PRYthyd 204 BemBRN €5- 1s§bﬁ’t9ﬁ@¥1loft?otﬁ@feb@r@§1ﬁf‘e’thyl 2-norbornene, 5,5-

5- benzyl -2- nor bor nene, 5- | or o- 2- nor bor nene,
dwhbﬂ52ﬁwmmnwmbnorborneﬁ%ﬁ65nuhﬂoﬂdﬁgnhyh@23norbornenéﬁ6tﬂﬂWHO6-

mﬂuor@n%'ﬁtstaa%rneée”? PABT AR, 4B R by 0P DBy Aonephihalene

ethyl-51,455 e BheRR1 2; 3P ERS RIS tahydronaphthalene  and  2,3-dimethyl-1,4,5,8-
5,6-trimet hyl Z2-'norbornene;” 5,5,6-trifl uoro-6-

dlrnethemor]f 2, ad’gébl[;@$ By{on‘@hﬁbpn@h@lal@enetﬂyl most preferrred opotional ancillary

cornonrhgh gb 4u§rea 1115 pgepggn% (11;1? Rg;a}l%ﬂraﬁmq,%rpgrﬁ are 2-norbornene and 5-methyl-2-

norbornén&t hyl -1, 4,5, 8-di met hano-1, 2, 3, 4, 4a, 5 8, 8a- oct ahydron
aphthalene and 2, 3-di net h I-‘1,4,5,8- '

[0024] di rfve dredubtiah & ajthird tEperfdacidletyadnyemomsp tith dhceprecurfthecopolymers

ferrred. opoti.onal. angcill ar

used e pe B s FRw SR Vi Esl S8t O FRbe BUIRL B s ien s slass

transﬁuﬁﬂfén@'efﬁ%ﬂ@ bf Bresd PrB@HER oL M depbiRichily bPAUCE &t Affunctional
athird type of ancillary conononer into the precursor

charactesisios piehe copdpmprsrigiradysed mia §p@>ﬁéatt0@ erdhydroxylhgon of the residual

double égnt&m;tl tge %?egﬁ-scf fW%(L c%rg?eggog? ﬁ-lé‘j’ t?rfgécgo‘g)loértpléegapégrﬂeﬁs containing

these ac@R@Y ¥omhnERALPEMAA RS bé’c&fradté}ﬁze@éﬁ edtholPefsWdsdpridimdl three distinct
characteristics of the copolyners introduced via

types adpesthezamas withiny theox pplymics nstafcturgre tfewam tlig ugptenal ancillary

comono%ler% Wllgé?nere?l%ygcrolenq er%s%ggo.nv :?onuﬁ gm&ﬁér% éo Ea_ll‘tﬁocuitl ? Sl I%, M&ke preferably

from aoRMTDRRFIS %8k abAR Johuslchs, shm%qﬁé@ﬁsoz%p@@nteﬁermhymme%mdanon
conprising three distinct types of conpbnoners within
Pﬂwe$¥h@ﬂ@npolyner structure If utilized, the optlona

[0025] ancPlor c){lrﬁo?%&)@ %10@%@ '??m? Ly %or% 1E1|d51 qhes é%ﬁr{a optionally also

abodt 15 pre

rigid anfcll R @&ﬁd;ﬁonl&s)”ﬂie&o%lyﬁte@b Peiécudr ﬁﬁﬂn@or%nt of tHe"iﬁesent invention will
ecursor copol yners used in the oxidation Erocesses

generalg'ehaéterﬁ wembp syerfg mpleselar swighéolel ghEem aliouth7GP0 g/mol to about
r d. di I

1,000,0(8)[@ W‘ﬁaé{/ &%%%O\I{%?% &?¥sr§ggtgeo%tgf(§/aﬁ(gs:]$y bglr g%rﬁt%atl&gbgromatography

analysi€ Ommﬁferﬂﬂy,ttl‘il@rlgirdq&@diﬂrsdr I@Mﬁd‘lpﬂneﬂ, used her@ﬁmﬁtﬂla{alvy aRaX Lof greater

t average nol ecul ar weight, My, of from about
than abw'ol”tg@ﬂ /ewt moge aerEbly, gouciotien gbaw 18000 Opaapst pesderably greater

A P
than ab { g(?ﬁi étly gsg Zr}o?/éscf‘g)geqé% av%}{a %?lg 14 %#‘ﬁp rftlarg‘lthgse copolymer
rnaterlap;r(ﬁﬁ be ﬁ@termmﬁd) iy seRidairdi S8 hioh ek rGeMPbtmémm Carorto @hphy.
eater than about 175, 000, even nore preferably
[0026] gr @amétiortahaﬁl@b@ﬁtt 61%010’9@1’10 B eFUI O B F 1B S gtds%awgen containing
b ed [

o T BORAAO% RO S S SyP BNIEER gy s 1
increas¢l@hermolaegart mesgtandﬂrtkﬂe ffaﬁchio(ﬁlllziﬁll ogpdbahelRemeainipatison with the

Chr ormat ogr aph 0026] Functionali zation of the
copolyr@gﬁbpg@ﬁgﬁq)rcmp%@%r'gl@fr extepgrof gpplpadar wefght increase tends to be larger for

Y, |4t

copoly AP RN BRI EBER, fer 8o L AR a agpraneifiger vl
of functi@ndigation.
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i ncrease the nol ecul ar weight of the functionalized
copol ymers in conparison with the copolyneric
Woe@snewer nmaterial. The extent of nol ecul ar WeCTyH§2007/082100
[0027] ' ncflféaﬁl%cﬁﬁ&déoﬁ&yﬁ@r LAEGRNs (1d fPRR ¥f€§5ntrﬁﬂ§7@1{tioﬁl will preferably
contai ning higher”levels of the diene-derived
comprisoamopirens nwngialy. ger usedvidrsinpfan amorphous polyrner is defined to be a

pOlyme]f:]lg‘[I]]géi:lil:l‘ga[ alvélgge{ }?& c[’)ﬁ@%grl e Jr)llreﬁ{; g%fé%ﬁﬁ%@%;y no dlscermble melting

ternperé?ﬁt%f @70 YtsCREPHd BatATRT PR STREJ @la%rlnfe?rwm) spectrum, or a
herei n, an anorphous polyner is defined to be

polymepolnyatmal damsiger crybtalanei aognpene thatysthaitsi msecoodr;hoatelafﬁc T with a

o TR SR e e T 87
0025 G2 RIS b QG RREGREN AL ) BTG EuBRihBbiass transiion

having a cryst i ne conponent t bits a sec
temperdte@t (7DBChametatittivsa Aesimptibtid wimonf (RHfjasoftraheisien ttt@perature of a

polyme%: %?at%{iagfi% Ll%gq%glpﬁrggge @)rgl[%?)vgr ?\\Or pé&]%&%@%ﬁ@rqu? E\ge Igeerglﬁlt‘[rlle mobility.
r Iy i

On a lal-%?E@a{l@?gT}tﬁ?éggggetlﬁ g atﬁg “ﬁggt%il%éﬁ\z t%é"k %1 %%t}re%/ﬁh%irolﬁ Ct¥1'11ﬁ¥¥a91fre and can

undergmplaema ddformatioheabbeepertisinsuablyl applivdblcto arpdrpborsgshases such as are

t herein hg}}/e ver%/qillttle nmobi | i t On a | arger scale,

preferably presgtdn AHePTEFHY CQRAYBICTYSFS IIhBF BUFSEHeNYeIY s s

[0029] LT ‘%'ssh(;tb&’ Mhd gﬁ?@fréﬁsﬁcﬁl RAEPefadifte YO %ﬁgaﬁk(ﬁ'%?aslymers used herein is
def ormati’on above 1t i's usually applicab to

related &onthe phiesng pame sf ﬁl@sdrm]aszrlatsanﬁroaﬁ e aidayurpd egen variaty bhechniques

) recursor used in the present inventi.qQn.
a5 diselRBHB] NREORGTRY To RELUVES SCIMERGIDI B INBHEY bt PEEJEXTOOK, by
H. S. RA8mRh RHT 5 @‘al&%@ohd{{ﬁeﬁﬁleys&ds&% Qbhy i asndr pheh@ick 'H%I\ﬁﬁ%OK by J.
sof tening point of these materials and can be neasured
Brandup iand &. Hahnmt:gguofedtt@asrﬂuhq Védea& Shns,cl9§§e dhe SC technlques utilized in

connect Wﬁ%&%vg%%\%éﬁg&\ E vy In int %@TECH ac \e]%:ﬁ]}?ed ﬁerelnafter n

the Tesmeﬁbbd&se%%ﬁ 1977, and POLYMER HANDBCI]( by J .
Brandup and E. H Immergut, editors, John Wley &
[0030] Sorf®r cp@E@ized hehmylaemnigidl d?sna{cohuaizmg palyalofimewtdriats which are
resent inven n.are Enomn in

to be pihirt by T BRBE D darete sl Mahar 1554 Hed TS Stuaieh B Cletins, the glass
tran51tlo??Fetrﬁ1§%PatuI[eOQ“30&)f El%rc@@%&iczﬁ@cﬁﬁorh&gﬁﬁﬁﬂéhﬁﬂﬁﬁld Eeh%b %rom about

di ene-cont ai hi ng pol yol'ef m material s which are to
85°C topalmplaﬂéﬂ°%wnoﬂ¢qorpf60a1¢$£r0hea®m 180 whiabdut 206°¢.0 Agtesuch T, values,

these n{a edés? ga(nﬁ%qrét%%[yug epd? | gllaﬁeitf&%lrslyﬁetp?rggolrg?aéﬁ L gﬁgsliletri g[v] are generally
el CSTRRET oL RROR LRI, B g B0

of suchgigchditaesy &l the precutses eoppdyreeBal s can suitably be used

ons11 22 PRSI bUSORDRLAhG e e ehudERe B otsn moterits whic
are to Ué'}ﬁé’}fa!r&p@ HR0h B sdsadeiRind SiIéh 8RNEMRlJs¥d B BRSHmeric polyolefins,
anount s of such rlgld di enes) in the precursor

the glassdpobiyine temprans1 /. Fuithe p@mlﬂmm@pmummdwmdnanfe@,ould range from

£Xxi bl e di,ene-cont ai ni.n oIe er. whi ch
about -4 €% &Lglétddp?e&?r%am@v”telﬁgf SR ERhAH Th- vk i 7o vatues,
these mAtc@ialsal@uisad batis&d Q§§l@§f8ﬁ1’eﬁc BRIMEpBETES  wHifte adl r@Sistant to oil and
transition tenperature, Tg, of the copol ynmeric

high tepperatire @pndj@qmné?h@seslh@l@t dey ategeentragpnrealized by using flexible dienes

such as 7-methyl-1,6-octadiene (and by using generally lower amounts of such flexible dienes) in

the precursor copolymers.
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about -80Q0C to about 00C, nore preferably from about
-60Q0C to about -100C. At such Tg val ues, these
Woreos/6@r's can suitably be used as el astomeri cPCT/US2007/082100
[0032] t herOpla8EhiC Sopdhifidts alsed rn?sthétoﬁﬂitatl@n@ Pbdes B ik gﬁ'ventlon can be
enperature conditions. These |lower Tgs are generally
producadeah |a2®dV¢1y10lusll ptgyrhbreaaltlbh eealttleme§ush,|@ heagion takes place by contacting

7-nmeth 6-o0cta usi n eneral |y |.ower
the e i SSot RIEED TN SRBITATY BV o BERINE the requisit
diene ah@ Qﬁil YopB6S:1 [(80B2ly dRoRnREYHr TRl SARALNFROA rb’a?c%@n if ptdfoted by a
oxi dation process of this invention can be produced
suitablevpcdyacremtior watalysdr qollysteysteratand nar ®he plaon uncsm (ah:oaventlonal set of

eaction takes Iace b ont act,ing the r
polymeliEiiogt fractitih caudtibhy| dAUDRE TS POTHGr P0G BH0T sl ds hexane,
pentane$ %Bbéﬂtﬁ‘den By PR xEHT Wk iht QoRbf &y RAE, AAKO Hké ﬁﬁ? Ibe suitably used as a

anci [ | ary cononomers. This polynerization reaction is
diluent pr sototd d‘orbtghe poymarizhlien p}@{tyﬁte rihegtolynerezatiah yfgztum will generally be

in liqui(g 3%131' tl@ﬁﬁsoﬁ@ nddﬁ%{‘%/ a%%ﬁ%ﬁtl&tﬂ]ﬁ%&:t}%&med out therein.

[0033] 0004;’1&31 Ic8RventiGhaIPRALT & BONnREQARI w&gy AP’ BONBed U6 Nproduce the
as hexane, pentane, isopéntane, cycl ohexane, octane,

precursen bwhﬁnemwsedl en this dnYehnelom kléolvmyﬂ@élos un@th@ﬂlwmub@d high pressure,

iluent .or sol vent merizatiaon m re

shurry, %ﬁlg E)%Pfy‘%éoﬂ > SERTHHIGH. x‘%ru%" quw Iﬁla erfd raa?‘?%}blB%“?“n{“F’feaEi greferably

solutiorPFhalt $€Bulk ipfisePohRhdrikafion Prodelstdsre @i, pol ymeri zati on
reaction carried out therein. [0033] Any conventiona

[0034] typ‘b wide peirietye of Zznistionpmete sompayndse aseditgiergNgtiucealysts and

precur sor caopol d,in_ this venti on. . .

metalogey it B AR SAE PRt TItGA Brlaral 3By ppy polymerize

olefinicPrbkem8sidSBERDH D th%%fﬁl@é&@éﬂ ESRIym&S 8 VeUbde@NinPARASiBstaMl oxidation
a conblnatlon t hereo Preferably sol uti on phase or

processp M%al#mag@ cqgt@)lb'mm rafered. Privdakissessien ef wsk ahetdllpody] camlysts and

catalystﬁyétapl\é 2 r Of : ;]?@'E ngjtegﬂ]a rﬁ{:ﬁf‘g?? g][gg W(E %%)8?}@4%11 4\7\/Rub lished June

3, 2004\/\4%%Btlre%ﬁf&n%(‘dflvMﬂélﬁﬂeMdo?po’%at%&l htRhl 1 Redrénat or, Wil |
ol ymeri ze ol efm ¢ nononmers to produce the precursor

[0035] co eymplsvmevswb@reww ¢ompoady fsmad tbyosdpehinasizing a-olefins, dienes

ro Met al | ocene cat al,ysts a
and optfindfi§ 3ep RTbMerfh MR ALY B B aR) SedHiFine b paymerization
reactiorS WEtGRS iin Reniflp dr® nR(dE, Pasdefdt thBuxidutibh R adordMBe with the
2004/ 046214, published June 3, 2004, the entire
processcdrihie ntl\@n@ﬂn mﬁoehlyme@c iDARSIFS9B FesoBery HadsEparpjon can be carried out by
conven{mna? ?ng:gxgse such s oI y] ad-{ﬁ]e ﬁgﬁ% ]lpglg%%h(z:at%éerﬁu ik sg JARE sucg as methanol
in whichptht %@blly)vheﬁb hﬁéc&@ﬁﬁﬁzﬁ@iﬁﬂ&s an@IgRaerid yshles fy piceiitation of the
and separated fromthe pol ynerization reaction
copolymp¢rsa uredirsort Fiaterighi wihich heapl dhcea badescopetpdr by ropkeitional filtration
Q§|dat|on in accordance with the process of this
I'fMvention. Copol yneric precursor recovery and
separation can be carried out by conventional neans,
B) HsdniyveaPebyxideHipogidising Agemol yneri zation mxture a
sol vent such as. nmethanol in which the copolyneric
[0036] yr dBupecordanag evith the spicpd| FFP/ionTHhe ¢apolyRaiG precursor material

contam%e%%]s?d&ﬁtd Quffioh "R €6 Beld ShdREYES %Pﬁ? ﬁ%&' & n droxylated

can en e recovere by conventi o trati
polyolefiagirodwt és. reB&tiﬂg/dfeogﬁblylﬁm’mxlbrdmrﬁﬁowmbomlemgwkge<3ntselected type of

epoxidizing agent which is hydrogen peroxide. Hydrogen peroxide has the chemical formula

techniqu

H,O, and is a strong oxidizing agent. It is a raw material which is readily commercially

available in a variety of forms.

8-
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[0036] In accordance with the present invention, the
copol yneri c precursor material containing residua
W@ R®anerat i on i s converted to the desired epoxpPdi/Es00082100
[0037] hy Cf'i)‘(:{f% AR08 %P &P OLHGh tRYprb&AChERS IhBe form of an aqueous
copol yneri'c precursor conponent wth a selected type
solutiorowitk pdyidaigen pgroaglerbnichi afifrars abqudrlogéh tp@d exfodmore preferably from

drogen, peroxi de has the chemcal formulg H QO and is
about Y BEEIRGERIE B g Gomee PICHE PGt aPi B7e dR Gt %. The
hydrogdrs péx%ﬁfalew% BEMREL ikl faMaht ARbAnlRciily aldigble, Qfabilized solution.
forms.[ 003 Hydr ogen peroxide is preferably used in
Suitabl¢ barpesodgssode eicrunistabtlized.f aunvwf hyainogegueovsds sdlutiérsrsuch as are

. Wi.th, a hydrogen peroxide content of from about 1w %to
obtaineg i JpenHHEKATNGER ST J0Tr PIORNSEG U ArpECRPSA RS cg0 Fliggeen peroxide
solutioBNH rEUB oMV hP4r8 oBTa@RldYbyf Ire%ﬁr%qgk'ﬁrog%g Ak @x&@enﬁfﬂ t‘g@ ptésence of a

0

The hydrogen peroxide may be used in the fofrmo

noble mptaheatalyistinl amethandl ablivent mayaddsd beestdsol uti on. Suitabl e
sources of peroxide are unstabilized, aqueous hydrogen
peroxi de sol utions such as are obtained in the

C) OMdalbaTttniwse process for produci ng hydrogen peroxide.
Hydrogen peroxi de solutions in nethanol which are

[0038] obtHicmedcdsy of thaprdsenf ihyehtiogena eatelytx pgidatiomprobess which employs as

. pr.esenc f a.nobl.e tal cat St i nmet hanol .
an oxidBfiFy ERERshgn H1ES e BeRimp s ilsreh Coliraby B8 yampup in the
rheniun? BEPILR©E §chof catd1 9t RYif T8 Raid HMYRNT doNcdrBorfateAk aINdsk preferably, this
oxi dation process which enpl oys as an oxi dation

alkyl gronp il be nethydl kyl tri oxor heni um based materi al .

Gener al t he al kyl 0 int eni um conpl ex of .
100391 oy i Bl GRS s RSB it Rbseieted by
Snuau&g%pmg5g$@§ably, this alkyl group will be nethyl.
[ 0039] Met hyl trioxorheniumhas the fornmula CHsReOs and
has the str ure depicted by Structure (I) as
follows: (1) [0040] Methyltrioxorheniumis hereinafter
desi gnated ps "MIO'. MIOis a known catal yst materi al
whi ch h@gfa éﬁ§%gdely studi ed as an oxygen transfer
reagent in loxidation reactions involving a variety of
substrates. “The inportant features of MIO as a
catalyst iHtlude its ease of synthesis, its comercia
[0040] aVaub@bittibtorhéign i h&emRftbl ddsidn@tediak “MEOAIMII R a known catalyst
reacts with H O, the oxidizing agent used in the
materiap mdiaehs Bashbeesi widetyo sigilied asqui pxygenumansfer redgsnivgit osidagdn reactions

: .nmonoper.oxe- .and di peroxo-rheni um (VL) ~speci s :
imvov i RS O HIPRET o Rt e O RS 4D fpsfude i casc of
syntheskNRs EbRMERXD 2 UM AVItIs)abiReed &5 (Structure 3 of the

above H O activation schene) Is the nost reactive

[0041] t oI B reagtpgeith dddeptthe gxisiding ragerisusedcin the pieeess herein, to give
equilibrﬁ@/tglrv&g oglflgtgoetbé:fgrggllh%)g&&éé \é\gi 8%81?0%8?@@1?)“ i%ﬁ%ﬂgcqgs as shown in the
followiMl kGRS Kscaymbem i nvol ves nontoxi ¢ reagents. As noted

herei nafter, the
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oxi dation and work-up procedures are relatively
sinple, and water is the only byproduct. Furthernore,

WO Mews7 not deconpose H2O2 (unli ke many tranBCT/U82907/082100
met al 1based catal ysts). [0044] The MIQZH2O23syst em has
relatively high acidity, and such high acidity can
pro %e hydr ol ysi s of X|d|zed productscmg
hydfjoxyl at ed],adi ol u tst Acgondi ngl vy, | whedH1 he
epo i di zed cogolynef\k§| e ese?Pgd g%ac on opr oduct

be appropria gri d one or Le/ EN p | i gands
up O conpl ex.0 basi c LHgand 4
exa | e, be nitrogen-c@tai ni ng conpoundsOsuch as
amoni a or primary, secondary or tertiary am nes
i ncluding those described in U S Patent No.
[0042] 5, 1B, dyeroxiorrbaripor &Y HY spesied fStyctursf rende. aBueh Hzoz activation

nds can be r acted with the MIO | ex r|o
schemed i o8Pyt BB ¥t s A ubS ey okt 5 gk Sotefinidiene
copolyrﬁ&@‘é&ml&ﬁarg%?éﬂiﬂ'ﬂz_é@% hﬂir&!}@at@d %Q§§ptﬁ@és§ hBrein.
Al ternative I i gand f or m ng- conpounds such as

[0043] py rThgi h/éTO/er@;sz}ydtene inyoletsheentpyici tiagentsler Avandtedheeamfter, the

., ..be added, t eacti on .nmedi um al on ith the
OdeaUOr“eQB‘? AR “MESCE@‘FS? V&t THRAYGE 24 Pl5n %B\i{:n Wgﬁft & the) only byproduct.
FurtherRRAS MPO diyBdhdiret QRGGE 0? (@RS inghay/ 1t AR siABAMREal-based catalysts).
hydr oxyl ati on reactlons of the proCess of the present

[0044] i nvietMd 0/ Hr@ syaten led rolativéln haglsmdl‘a'b hed sushdtighoncidity can promote
nedi um whi,.ch, wi | ener al. | qui d reacti on
hydrolyTR ol FPOHIESH dedel R btisty B chgiaPloduti§ir plefiidinely. when the

epomdlg&{a@dp@mrﬁeray theCRbH St adBh Yrdbdlcs, iEHEPLE %Ff)ﬁbpﬁ&ﬂehd) 488 one or more
in the ‘process herein. Mre conventional however,
basic ligdngs [ta thmMTOe@mpI@h Srr@dilhaﬁtpmgandsg@nefoalekgmnlcnlm niregen—containing
| e react.ion _sol vent 3h the reacta

compottls SR HEREHn O oiBah Becorlat i Jes Sy EES i hidMse described

in U.S. $h@RENS 3115 F07, i iRse$ h&bint thiereRir@R@NISutMULitds @Mn b@reacted with
i qui d whi ch does not part|0|8ﬁfe in the reaction and

i
the MT@moafmplmplﬁ@r torthe rré@dtwtm orethie il Q- dagasit @t?ﬂm untg tlfrﬁere@i:tmn medium
used 1129p reactﬁon sol v h not al

haPer8res WitHn v Wét/' r‘%@ di UM f?m%°“88§ g pyridine,
blpyndih@ &foﬁéxelfﬁid{n@ uéﬁ\c&w@ﬂ chin bBradi S & B cerenktidh ﬁﬂé@ﬁnﬁalong with the
uid.) [0046] Suitable reaction solvents include

f@wmnﬁr@ﬁﬁ?@ﬂMVﬁ@mdﬁﬁmﬁP@ﬁﬂﬁ@éS|nert in the reaction

m xture. By "inert" as used herein in conjunction wth

D Rfeaptl n.solvents is neant that the sol ventdoes not
y affect the epoxidation or hydroxyl ation
[0045] r eaﬁ{el QPoidtRfnl UEI/HP Hyuﬁo;@bﬁi%ﬁ%amsdeﬁ&h@%mb&gr@fasﬁe present
formati on of non-époxidi zed or non-hydroxyl at ed

1nvent1cpr @rd wetrsxd qud 047 puiSibihres efidrabdiuimehich cWIQ ashaabdpbyertquid reaction

rnedlun{ O‘IEE%%EC ?(gg&rlrlg Iél?n %ﬁﬁ%{sg I%qur %% I%%p%% 62]5 ta%’lst materials esentially
utlhzedqg'tﬁ@ Bk&c%és' Korei@i M@feeconf%@ﬁmﬁ'all? Olﬁﬁ%%er SRd Hﬁ@itdetgactlon medium will
al i phatic hydrocarbons having Tromabout 5'to about 20

general lyagopgmise aguld;atblg@ap‘@qn soheent fnewhighk theht@p@tmt@ and catalyst materials can be
on| hal agenat ed hydr rbons ,such . .
dissolv G RIRL aigmiares oL BikmeH ot bt At TYARgP B bligyid which does
not parﬁaga@ Nn RS FehdbP bhd @ hadhdfolg thd kctidP ArcliudPld RERY, to herein as a
stituted saturated aliphatic and/or aromatic

“reactidny solgendt bous thavgn g10f rabmoasbeitmatetias abishin O wwaetionsnedium will

ted.f ] i sti f
necessl b0 e RS IF TN PHBudRo ="
[0046] | SORIi@PRNRhctich Soltmtd BatllYde organic liquids which are inert in the reaction

mixture. By “inert” as used herein in conjunction with reaction solvents is meant that the solvent
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phenol ; ketones such as acetone; carboxylic acids such
as propanoic acid, acetic acid; esters such as ethyl
Wa@e@Ba6®77 et hyl benzoate, dinmethyl succinate, BPUE/YE2007/082100
does noR@EkRtBuslY aFfef-tRUEYdxi P8R RR A Grox Pl Bt PMbid ARG its absence and
and ethers, such as tetraglynme; and m xtures thereof.
does nof 00&Bpe Predbmnatiod od ngerepexidiabd eman-hytrdxydeed pradecte. and

chl or of or Chlorofarmijs especiall referred. The
10047] | o sgtep sHeshles i Grgmis el e ieTrdecarabieliy Ry RewPons gieh as benzenc,
toluenc€XGIREE beABMithiE, | BHRHER Q(ﬁ%%liﬁﬁé,_r hﬁﬁol&ogh@m Wéfane; saturated
oxidi zi ng agent. E) Reaction ndi tions [0049] In one

aliphatia dpdodcadfons Hevipgegemt abouy é&ntd eboutt He canbeay, Lhualh ed pentane, hexane,

a- pl ef.m di.ene caq rs.as hereinbefqre scribhed. are
heptanciyfRARHPG ELAG P Tr PO Bgb AR Bt AT grs f 2 dich Srocthane,
chlorof&@t, 8fak B tc¥asifloN8s GRETRE ¢ikdeRbh-PEsrit R ERLVLHIZR saturated aliphatic

copol ymers by subjecting the reacti on nedi um

and/or gromiati¢ hyydrgcarhessehaverciramtaboaint tcahical Y8 tcarboos mehelingothose selected
conditions.which copvert from abput 50%to 100% of th :

from thG STPEOBYNINE i ARG g EhE JH PN PEUTBR b AGIEO opropinbi. 2.4-dint

butyl pldhbl; X8RN QR%s ab@btALAbbYRRSAcARAUEIPRCHBpARNd 8AS a0tic acid; esters
reactants and catal ysts, as well as relatively |ower

such ay efhylt acstate, extipdreneeate dimdthyélsaedinegd, ousylorcete, taaebutyhphosphate;

. t.i nmes, .ten o favor nversion,of. the unsaturated
aimett) gl P88 el e, SiPans JEEARG AP GBERTE 1 anor ner
[0048] asA86ferRll ot DRiPIARRRY ink MY AS1L&TR anldN®ldBfRhUI@I8@ form is especially
a-ol ef m di ene copol yners as herei nbefore described are
preferradonvidict wwdctingi mydiune roxi dlsei emnprgpenwatenndWetrafarsexample, may be
introd n@taeri al s e%l SR t&]g ei n.taef.ore 91 scri bed to hydroxyl at ed
OAUESPSIVHEIS "By S uB) e E T HY & HE Feact i on medi um
contai ning these reactants and catal ysts to reaction
condi ti ons which convert from about 50%to 100% of the

E) ReagiioncCadlilens n t he di ene-derived conononers to diol

noi.eties. rtain t s_and capcentrations o :
100491 e 1froavapsiiat Bt ey Ao P SRt PP oBliy cangitgpolymens o
hereinbERAE ldeSitibe@ NREr RdhiERE asiflg reé alxidighy dRACAAd r@adYst Qhaterials also
times, tend to favor conversion of the unsaturated
herebeferspisicyibed © apoxidizgreorglyaced)y shbisicting Hicakadtioy medium containing these
functionalized copol .S, 051] In.yet a,thi
reactands R AEOBRBR MR, bR ookl ity BobiLi0% gpod 0% of the
double SIn@st @d tiice AedneQRReiNBd i donSmMY GhH WMitdneComMps.t TeBlin types and
about 50%to 100% of the double bonds in the
concenfgigtins of gedoleadd eshentelirelp.sasi vell lae relpvel i lawadeedivs| tpmpergtures and
. heing. fucntiaonalized th oxirane ups..and_.di ol
reativefiE b SERGGR b iend fo il ERSHENS, & DR, Yapgymens 1o
epoxidikéd &poBehcré.e to the conditions which pronote formation
of either all oxirane groups or all diol groups wthin
[0050] sudh anothet ppaell 9fAbel PeespB|ipyantien, thoessqtu thelefinidjgue sopolymers

st 98 oK) ed Db AL FRREAPLLAI| L s s

hereinb@RRE I @sérybddang ehydrOxy &b® Utopdlaiéro by afbpdting Ok Yaeaction medium

~Within the reaction nedium Mre preferably, the .
containjng; thesg| reecteprd eatalyss &F ragpiden eandttions ydpdl (areed fram gout 50% to
o, Jeunct i omnal | 11l ra fir % 0 :
100% 05 gl\?& %u%?reoé Iﬁg?% eercglgrgey&%%ggn cgﬁigﬁ?&grtvswt A)\%Oo{ Iﬁoqet%g. Wertain types and
concentrations of reactants and catalysts, as well as relatively higher reaction temperatures and
relatively longer reaction times, tend to favor conversion of the unsaturated copolymers to
hydroxylated, diol-containing functionalized copolymers.

[0051] In yet a third aspect of the present invention, there are also some selected reaction
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about 10wt % [0053] For both types of
functionalization, the initial concentration of the
whyasoe®n? per oxi de oxi di zi ng agent w || gener aPCTUR2NTE82100
conditidds QMR cdnveht BRRYbokGBNR BRIPEF ﬁ% @6991% hoR& #¢hdBicne-derived
oxi di zing agent for every nole of olefnic
comonapadrk onthe amkadwrattdutopelybendiscing furhnondhiged tplodthy weiraneogroeps and diol
. .. subhjected to oxidation. Mre prefrably, fromabout ... )
moietie. 3‘%* b geiiion CoPaitiRBs dE EBOP—@@%%M&&&L@#?% Fhig f?se?efl?l&ﬂns which
promot&BSintHIoREST dee aff oiRBRIMEHses SPRRI YIFBlpsdRURInesRA M Actionalized

in the precursor copolymers. [0054] ether t he
Comﬂwpﬁscess |nvolves epoxi dati on or hydroxylatlon t he
oxorhe atal eneral ly.b
100521 25 teghRBeY BhUTOI AL Al 16 4Lt SRePaE g bpfie unsaturated

copolytﬁ&@% 80 eictiOn 0084 Wil g@f%}hﬂ‘ly ﬂan@@ |f1%rr9£bout 0.5wt% to about 40wt% within
kyl -tri oxorheni um based catal yst for every nole of

the reacrblloefmerﬁuunc Mdyomeefetably, theubitiel bordstrationifrunsdtaerated copolymers to be

functiofy 261 L Fisia ey SIS RE 0! GBS PomRHUE SR Famabap 2w o
abmnlg%¥%J-tr|oxorhen|un}based catal yst is added per nole

of unsaturated precursor copol yner doubl e bonds. '
[0053] [ 008 botbslepes ofafunétymmtizationt tic initigl comtentipsion whiherhyidgogen peroxide

oxidizing 8ef SVl fenb Bl fhlige FRET A 1D B iR g b By oF Ml peroxide

oxidizifPignh fcngyrya@brél oF oléfird@ s bbh-R8boh isliblk rHoﬁést{ivhﬁfﬁ' tHBcopolymer to
materials tends to pronote hydrol ysis of any oxirane

be subjeat¢deto; axddation hiMore ipecttabhic tﬁroam abduz é d5do pboytidrmolehef By, are added
drox at ed
to-the RERRNE Spddfich ST hilR O RS S & “Eiplyifrastoutlcr ey ncfhgy precursor
copolyfédi ene copol yners cont ai ni ng conmononers derived from
both flexible dienes and rigid dienes, and al so '
[0054] opthﬁhtIl t;blefprm%m@plm&pgo aémnmrdlyd@mpftﬂtlymethe faﬁthtm@orhenlum-

n be idiized t 0 i ze
based GIRCRAE bnorR b 2RgR RS BBt AR BB RESIRY & from about
0.0001 Ehituk V&hle %m@nayl-ﬁﬁ%me@mnﬁibm cafa®yst Fdie:veROoMb Al AE¥inic carbon-
enbodi ments of the present process, tenperature of the

carbon deute i |6|0p@}am@rlalnr9cmmgte fr ovhiedieslifo 2aiation. More
about, 7 r m. about . 250C t0
preferablg,ou %&Pﬁﬁgl TT[Dr galﬁt (? i On eaé)k )(i(JI é?xzoe n(l:%nﬁ s §/eﬁje?atalyst is added

per mol6RF @hdadlrted pRRAGELL zgdlym@f dMuble teaneral Iy range from
about 0.1 to about hours, nore preferably from

[0055] abd@ﬁeoofsatltgaaé@gntamgw@@mb/st pood7is eseppidicdihenghe free MTO type

catalystg %)I%%s nltf)l:r]ognoétg r%orr%a%m%lrelgolf cYpo OJ‘ %/ lrdi c:]ﬂ%/rol énleense dlﬁgg el; Xlore tghly acidic,

ligand-f¢s @lk?pfriditﬁﬁiehﬁmi hﬁtﬁ@rﬁﬂ&ténh@[d’ pﬁinﬁfténhﬁjdro sis of any oxirane moicties
t erpol ynmer f orm ng conononers, can be OXIJ,ZEd to

within wawpml@@d qopelymati gheretynteadiientp, feramdbe dwdraxylaged, i, diol-
contalnﬁlgpﬁmy'fx{a%z?&’c ﬁ%llng? gel atively higher reaction

res a atively longer reaction tinmes. For

[0056] t he()lhﬁﬂ/fdimw Pbl@ﬁmmalﬁﬁl@t SnWnohless PErdRANtoRINREeSIexible dienes
tenperature of the reaction nediumw || generally

and rlglrdaﬁlg@e% ﬂ@%aéspo@ntlosdacfnom alollary dofoas t?fﬁﬁléfﬁ]@f'@fl’éﬁ% [cgmonomers,

to rég ng F I
can be ox rlzoexytﬁae%poglg?zggo TS qging %{atlgelg/ ﬁ& rg&n%];l ternperatures and
relativelly Ishorg @b&dtidh| ¥me@NgBor the epoxidation embodiments of the present process,
temperature of the reaction medium will generally range from about 20°C to about 70°C, more
preferably from about 25°C to about 50°C. For production of epoxidized copolymeric materials,

reaction times will generally range from about 0.1 to about 24 hours, more preferably from about
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fromabout 1 to about 48 hours, nore preferably from
about 2 to about 36 hours. [0058] Oxidation process
wepisaeioent s of the present invention can be cRCT/USW07/082100
0.5 to aBMbt 194008 one or nore of the foregoing reaction
condition paraneters in areas where ranges for these
[0057] par@leBt/eicnc ovedlypersorand pespiediatly oethplede/Higde ooopolmiars. containing
Conduct.i ng.the.a (fatlon process in this mapner can
comonqyaey ngéquuﬁelpl 1re)g1I g Wdedl §q,];a}eﬂ0éaﬁgy 0 RYTHY olefinic terpolymer-

forrmn%: Qﬂfn@h&h@@ ot heoXiitigRe BN ddb:Blatfincd | @RAcbhtaf®ng, functionalized
59] The epoxi di zed and/ or hydroxyl ated ol efi n/di ene
copolym@p bl yseggelprivgy d,‘l@]lebyeatthml pnpesswes altbreditivelydnngye reaction times.

For thechél Ove[ %H];ﬂ‘rm mgliélg?‘e}]é{ gﬁ %Plpggs&gf }g‘{og%]ﬁ uttsélglg)%%%gg gg t}te re@ction medium

will ge&&ﬁﬁl ﬁhg@ﬁbﬁﬁdﬂo'u{ B(ﬁ"@t foQMBbut ﬁﬁ‘)@@t ﬁl@%@fei;ab%n Ayt dodt 60°C to about
techni ques (IR a NVR) can be used to determ ne the
80°C. hertpweducéing oe hydmxylaﬁed fcapayinena mateaiialspreaviiariimes wal generally range

d -~ [ 0060
from b 1o it 75 BehrbiTaie PRy SBabyiar cPer A6hoHEy o
[0058] t heohgnef lﬁb@éss %&%aﬁa{emsrmgé paLSARlinRAHoMBENBOELALd out using one
properties of the precursor unsaturated copol yners.

or morg x|tlcmtf®r@g01agdrehqtmnowrl@mmrpagaemﬁmral Iny aepe vdmse gangdes for these

parame%ﬁsoixz%ltaé 3ns IRtO:?(O a\tlmlil gﬁ(? F%ﬁ%ﬁéng{? | CS%@%CEP%%%F)&M&&%% p%gcgess in this
mannerFACHLANR! fuhdtidRMizéd 8ReriRy R d&spodyrilirt fc8h@Mind 8Bb@NGErane and diol

bet ween properties, cost, and processing range, and
functionpditicsrak e the resul ting naterlals espeC|aIIy useful as

100591 2, Tt Py gk RyoPrer b uleiieROroRyhgdepuced by the
processE@Eér@ﬁfcan e ?éd&%ﬁ@cﬁ‘or@ﬂfé P@E@lo&ﬁtrh&ﬁﬁmﬁ’fsﬁl"g%@y rc%ﬁve[n@i@ﬁé‘l]recovery or

The various paraneters and properties used
separatiohdechoiqics £&g+ heecipatationfilteationt. Sicetrescois @nalm@al tieahaiques (IR and
t ned sing_conve t|o
NwiR) G0 B3 SR 5 et R TprSloalplia™ Sl e recovered
copolyrd@ybdicds. For purposes of detern1n|ng val ues for the
paranmeters and characteristics provided for the
[0060] ratSarch fbsctiphakizndsolpwdient sapolymerst mtau@\mamg ofethhdwscfamal thermal,

006
rheoloefi GREMEGRafEr BERLY fEme et on RS B dHeny fapgidation and
hydroxyI€f6H &efkrMBS SitScaRed et YaeN Gadittord eingicmtird 7?81){1 theAcopolymer and

Wat ers Associ ates 2000 Cel PerneatlonChro
imbues @qlﬂnﬁp@hlqmmmaltthmééesnéwﬁeFuma@@ﬂla:ta@pné@smr&@ eSo%dnfferent balance

or os e LS B _col um 10 nm.parti.c
between] pg)peﬁleshcnoesﬁ a&l %essmg LS ca(n IP?,]]SG 1hR de%lrlltmgn?la{erlaﬁs especially

useful M&diEfeSisthinf, ftedrantly atableedliashbn Q)rla@ @lﬁiictﬁﬁRbﬁglﬁ@rﬁl@ttﬁérmoplasncs or
The nobi | e phase is 1,2,4-trichlorobenzene (degassed
precursgiisdhgregfi bited with 1.5 g/ L of
2,6-di-t-butyl-4-nmethyl phenol) at 135C (flow rate 1.0
n; i cal sanple concentration 1.0 ng/nL; 301.5
Test M, @il QP ernately, a Waters Associ ates

[0061] 150ﬁf5 Hrﬁ)lﬂs Eﬁfﬁ?&"[éﬁ Whe pi&YertRrieatd Qﬁa@éﬁi@ﬂfég%cﬁﬁhenc materials
equi pped with three Polyner Laboratories m xed

describéd ghreporcas |bpyd6r§rpen® vehgmesvensionsli ai metl kiavenshapigal or testing
methodgpo%y,a]g]rocedures and apparatus. For purposes of determining values for the parameters
and characteristics provided for the materials of this invention, the following methods and
procedures are employed.

[0062] Gel Permeation Chromatography (GPC) molecular weights for copolymers reported
versus polystyrene are determined using a Waters Associates 2000 Gel Permeation
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internal DRI detector can be used. The nobile phase is
1,2,4-trichl orobenzene at 145C (flow rate 0.5 ni/ m n;
wa ypsoeio7sanpl e concentration 1-2 ng/nl). The BEI/US2007/082100

Chromab&afd c§BppaRR (1600 PbYARY I B3Rtk Snik &Y 864 RENRRI&ity I Pype LS B

fromthe signal for hono-polyethylene. Polystyrene
columns { Hhdar pati€le Aizen 7tfomal jnnar diavseed, Q0 ninm $dngthyemt] an internal Waters

i bration. [0063] DSC dat d det ] th I

differer&i%LLrg%r?qtlggngf eéoggﬂii,)mgp‘@c‘rgpgT %te g}oﬁqga glha%émrp,r/_]\?,2,4-te}{crlrl?orobenzene
(degassbd8hd WSt @RﬁiqldS g&zgf 9%- A9 3 2 QEIYRhEH I?J%{ F%O (flow rate 1.0

scan rate of 10 degrees per mnute, typically from
mL/min;, 49piCal 2bple @Oon&DOGLIGD 120 HQOAC,; GPI &f gl abjeytido 1@PYOChlternately, a

Sone_sanﬁlgs are anal yzed to 3000C on the second heat; .
Waters dgpreidpioldp” Eltiph Tepwetaire el BeancgHan (Rematogaph eqyipped with three

( - of - 1250) ' ' :

roymc, SRS o PRI AR 120 T8 TP lnsions)and an

internalSBROdetct@atan pOUGA] Thd mabe phdd)is I Pettidhii@bbérzene at 145°C (flow
anal ysis of copolyners is carried out on_thin filns

rate 0.3uple/ iy &/éGa Hamplo APREBEHER Ao sedmdy- chlag ORlopigngicfos EDCPD
; . e e
copoly R TR IR et Frofl B sigltR) 1 Rorf O IRM Bl Epolystyrenc

standar@o(10tih anall 3C(usddor MR uapactaldraionpol yners are
collected in 2-TCE at 1200C on a Varian UnityPl us 500
[0063] 5 pdeRG dlier wed do drispRicC Mhermah PIOQCFies 19 SaRMINMEssroBBlagied on a TA
r . .
tnsru G R ) 2 PR Ok FeREHIPRESD Mhehsat BT, wpically
from -40eC a0, @n SAGENL > | VWE6]prafetablyRon2d 0°%).c Sopessatipdss froranalyzed to
.~ EDCPD copol ymers is determ ned by integrating the
300°C oy Hrej seonsshsaariers xBTS capqlipners a6t émalﬁegofr%éow temperature
; pt+<06 o | j € '
(10 of PSRRI Y507 i {driofy oy RRE T EESRARD Gy FiorRey from the
second hi}at. and t he cycl opentenyl CH2 and chain CH resonances
(2.2-1.9 m total 4 H_when resolved). After i i
10064] ¢.o71GaieA4OY ectrmgiripanglyys &l RYPErS GEiRd eBF o films which
are cithEP @&ﬁjﬁrtgasi{nh ﬁm‘icﬁeﬁy Bdl ST 78k @ﬁ@lgﬂek%ﬂgﬁb@wgg{oﬁg?Clsdisks, using a

assi g o et ene; no correc are
ThermodNicdlethieosand 78 spactometdresintnpO MMOIC/@rftwars esti mated in

jones) SIS RErCERNL R, 012100, Lhe Sl onexans PER, Foorc on
Varian Uﬂﬁtgﬁﬁﬁ‘lSOO @P%o‘iﬁe@&@qﬁ ol QlitheN 8o ApH vE&Ab 0 Pa Varian Inova
nononmer con I Y,

ents are cal culated using, respective
300 spectremtiel b@uippalryith nd9omartcexlband pobd. OB(apgm (51 Hngamal) is used as
resol ved DCPD nononer resonances (norbornene olefin
arclaxatigneesist upfield of 6.0 ppm 1 H 3.25 ppm
ol v o : | _ ' . : '
[0066] andﬁcltllg/}li%glgg?g&%%nyl o%ﬁ_lﬁafﬁ fgllljgfgpgﬁggbﬁgh{rﬂééé {él) (*.%fe'_lr_%g{%B%qntegratlng the
olefin rasonphasi(6.61 antdeqyb qipni, sotal 3 d)opidi griminhly dwr slbdic ddidigolicad resonance

t ol d D . 0067 H NVR | 9
(3.1 ppl@ﬁ 2 %ﬁ-%ﬁc Bﬁﬁg "ﬁ rgs %}@Fk%immtliﬁa?ﬁhe cyclopentenyl CH,

and ch&R O r&ERRC %‘.@Jl =, foful dSEHAED ?égof%%j. DN:S %ﬂ&ﬂn% the rest of
t he "epoxy- DCPD CHO resonances (3.4 and 3.3 ppm tota

the aliphatt; regdios fapDiChhakonteiththebrandgetve ad the sbplatcentegral 2s 4ssigned to
and 2.3 ppm 2 H), r i ni ng DCPD resonances . . :
cthylengiope, prectans sfe e 87 &) GARARO o RS OB eBhiy pyimated in
weight HBE @t Il infegliind48B&9Elohexane peak at 1.4 ppm (overlapped) versus the total
polymer integral. When reported, toluene and residual DCPD monomer contents are calculated
using, respectively, the toluene aryl resonances (7.15-7.05 ppm, 5 H) and resolved DCPD

monomer resonances (norbornene olefin peak just upfield of 6.0 ppm, 1 H; 3.25 ppm allylic
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peak at 3.1 ppm 1 H), and any signals fromformate
hem ester units ([-CHOHCH(OC(=O H)-] units; 8.1-8.0
WQRWBOSH(OC(=O) H), 1 H) and 5.0 ppm (CH( OC( =0) P)T/U82007/082100
brldgehﬁac) peef 1 Q1; rfdi’lr Jl%%'b@ﬁlg@ﬁb%d ra& y@bpddigyidiphaiiso 7 8?;‘110@ H). The

for epoxy-DCP DCPD, "and formate hem’ester conten
aliphatit frgegrelmialsd @ptlomalkyrverratueqb herttoloenarelgP@PDirsormeirgned t o

10067) Gy B yVRIR o) SRRRRES oy P €8 unciibialigerigt s gepry-EDCPD

copolyM&k S4 dct@RAM¥d @gpgcegﬂl'tlhé RY ¢ Cﬁé&f -DVRDUS HOr & HianE . 4 and 3.3 ppm,

resonance at ppm (2 ter correction for

total 2 &, plwr omritopalhe theeltidgehfadOrdc @HNCH( B 4@nH)2.3 ppmi £, HJ, fany remaining
DCPD %gﬁag%te%(oggfrﬁfsu% stcéqﬁncfggé%@n?f@% Weﬁ’% SQt?fgl%ﬁgtt@%ﬂych bridgehead

peak at@PlprIBrﬁ af H‘?na?ld dn§ SlgnBIsFFRA ¥ rBmtd BihBstaSutR (MOROFOESN O C(=0)H)-]
ot her "docunents cited herein, including priority

units; 8dlo& Qrmem CHEO QD! Hcod gdt gpredCﬂOCé!F@)}é)qdd{})o Aﬂtm correcting

e res P B 1Bl 64100 T8 PR PERD RGAE WA Gl B of content, e

remaindddGATtROLBPIAR ihRgRefatdigfdd tboegﬁﬁlznew‘ Rﬂlgw%a @#d1-DCPD units ([-
lower Iimts and numerical upper limts are |isted

CH(OHeHeDH))- }am@é,swlﬁmlopnewmy dft)qmntllﬁemwersu@ cpony-REPEY urifsrhiyt BC NMR

wing G E T ST RDAR R TSP Ry ST OREL TGl 2 b0t Torae hemiestr

[-CH(O®)HeHOCH-GNH-Lane iy pRESt) Vdisdsude REotyeDRPDY (BB resbihnces (61.2 and
accordance with the process of this invention can be

601ppm,2l§%)trated by the followi ng Exanples: (In these

100681 o R BB LRGP Rt Ottt CBEby AR nihods), and

other d@dlﬁl?dﬁfss@lfedqm{@ nﬁemd)ngl?p@m& qoéurﬁ@{tmalré fuIEIXﬁE&@BtawHJ by reference
Based Catal ytic Epoxidation of E/ DCPD Copol ynmer [ 0071]

to the gxgant isu¢h gisgloswe gs BoDOPOGHentavith tys 45/chtipm ped %r[;(ﬂ:)mrlsdlctlons in

bp 1700 0.00302 noles) is charged into a
which S‘%hﬁlﬁo‘%{f%“c? 1??%?&%%% is dissolved in 25 ni

[0069] ChIWhed atfeidfo IBRkY MBditsSaHdUiBEcal TBpéhiiSits Qkd!lib@d Hedsn, ranges
added 0.685 g (FW34.02, X2, 0.00604 noles) of 30%

from anyyleiweiglémit e prssiirnst At arpeentomplagdg et hyl tri oxor heni um
CH3Re®B (Mro (FwW249.24, 1/50* nole) is added and the

EXAMEE: téti on is stirred at roomtenperature. After two
, the product is precipitated, filtered, washed
[0070] WM t”ﬂlenﬁfegﬁ‘iﬁﬁbn and ok &% AR OHUMNRMLEOYE ifuﬁEtlcgﬂhzed olefin-diene
ours e | Rspectrum of the product shows th

copolyra@s,onmtudmg p?emdymtrssm acenrdgnca ehtlarte perdest bt tlpeakvemltlon can be

llstrarg 5 (53 TG EOREPER: 11 (oo EATOP RS FELL T pfs B fngs eiven are
per rnol@ P dbehlc BHLBSkEN EMnsa-tgpdté'ﬂ)éo%o%n‘iB‘rlct ScuR P BopHIRINE)

bonds are epoxidi zed. Thus e “spectroscopi ¢ data

(NVR and I R) shows that ghere.iS a quantitative
ng@g&[ﬁﬂﬁ%‘oﬁ%ﬂﬁﬁﬂ ﬁ£‘s§H %agﬁ %@kiﬁ%&n %ﬁgc@ﬁ%@m@lﬁm
10071] 291970 14% B0cPB' AR 808 S BRSY (Pw 132.2, bp 170°C,
0.00302 moles) is charged into a round bottom flask and is dissolved in 25 ml chloroform (2%

polymer solution). To this solution was added 0.685 g (FW 34.02, X2, 0.00604 moles) of 30%
hydrogen peroxide and then 0.015 g Methyltrioxorhenium CH3ReOz (MTO) (EW 249.24, 1/50™

mole) is added and the solution is stirred at room temperature. After two hours, the product is

precipitated, filtered, washed with methanol and dried in vacuum at 60°C for 24 hours. The IR
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Exanpl e 2 Met hyl tri oxorheni um Based Catal ytic
Hydr oxyl ati on of E/ O VCH Copol yner [0072] Initially
w@28846170f et hyl ene / 1-octene / 4-vinyl - - cyrCDH8200T1€82100
spectruﬁl%Qhé/ uét%’hgvy@i'el) ab‘é%ﬁ@h B9t H38 L\‘:tm 13- RaffBleBistie pak of E/DCPD
(FW 18, 0.0006 noles) is charged |ntoareact|on
epOdeac ¢mis¢bsamd dfslodbls $ohd @dakisrat 2610y 1 16 laod OfHicmi . The £} BMR spectrum

of the pa? :s/gl)gr.]%?la 6@%21%@ ép%lﬁ I%/g 89 él%‘g%vpﬁﬂ) g@lbéelxéo % a?eo g']pzoxnéllzedS ) Thus, the
spectro%FQYJ & 0¥ BRNRIMHEHRREEBHEMIOL (fa Wl'l%,ﬁge foxiddtbnOAehtion using

is added. The solution is stirred at room

catalyti¢ Mﬂﬁ@r 8iPGr & the Rrodpeichpwsminomoedalghigdaionsiisnd/lef 58,870 and My, of
113 954:iecrea th{z}l abstor(% on peak at 1653 and 910 cm 1 due
7% B RYY RSB R 6Tds. The IR spectrum of the product
shows hydroxyl peak at 3380 cml1l . Exanple 3

Vet hyI t ri oxor heni um Base&—%?—]é-l—ytl c. Epoxi dation of
B _\_uu_l_-‘ KIOX O AL Basad Ata ] 1.011 f .: ‘g_-gl polymer

o072 SO0l 8 & B9 RO {BYRA2 20 BB S contymer

(E/O/V @Fﬁ ofitafliSs BHRAZINmER 9 Ve arwf HTSWSS%%(]@@lrM&@%ls charged into a
solution). To this solution |s added 685

reactloreﬂaskzndmdls@ﬂ@@la@%rmll céléc)romd%thysdpblglen 1qo¢eid@¢t Ode6ar(dW 34.02,

x2, 0.0hE sl o af TRipaenine A i LEIP Vil Goaphiggy CHaReO:

(MTO)aFW 0900t enner ahslbeis Adegr Tﬁléosd]@t&tﬁﬁlst fRrddr AdB6h fefperature. IR
precipitated, filtered, washed w th nethanol and dr| ed

spectrummpfithe prodnet she®s @ deorcagdintibsorgtio heakl R 16p3end QhY of 'tdve to cyclic

ows .t he sor eak ,at 835, c
double BB The IR EadRR Brflh s BpRE Ao Rkel iRl Sl e of
doubl e bond peaks at 1618 110§ and 945 cm 1 . The 13C
NVR sectrum of the or od m ests tfhat 100 rml e% of

the u_\vepl_ A d .-._“_l (19

t NVR and | o
10073) S0t fEed s %%Zé@ﬁ@t f%’ﬁaalﬂlélgﬁ B B?i’ﬁaW&%%obp 170°C,
0.0030ExRM) & dhaMRldvlot 4 tamardesmumsBasads @@&ﬁwd {r£25 ml chloroform (2%

Hydr oxyl ati on of E/ DCPD Copol yner [0074] Initially 2.0
polymeg s@mmuéo Tohisispiutign 46 addedo).€83/g HERD3¢.6W X220.906Ghmoles) of 30%

hydrosghy SRR 4 Stk ¢ MBS eh BT SPsR SO 3 Bh PR 240.24, 10"

mole) @%&éaer THOsHlutiBR)is stl@ed at ?oo?r@lt spe@znufes Afdetlva hédrsdhe product is
W 34.02, X2, 0.024 noles) 0 % hydrogen peroxi de

prempltait?d filirad.ovobed ww@tmyuhmqlmérdh@dummmwc@ CNpOp4 hpyes. The IR

spectrufotifbradutdppils B dorBBRPesk adliS il & n$Rgifis iK't pCpD

epoxiddParRIcbEEnde o f o6l Boh@pesks aTh61®r1ad8 Ghd 085 EXeFhwi ICNMR spectrum
met hanol, filtered, washed with nethanol and dried in

of the maélum rrggessohat lfQQerl@‘Vh@fJﬂl@ DGRE domblepleasids @ma efoxidiecd. Thus, the
bsor n peak at ..3400 ¢
spectro r aCaEta ?@% %n peeh(s o]zvvshy rtg)e(rfl 18 gr%uantl atf’ﬁe eP%u}atlon rreactlon using
catalytlaMI:OShows absence of doubl e bond peaks at 1610, 1103
and 945 cm 1. Thus, the IR spectrum suggests that

there is a Example 4
Methvltrioxorhenium Based Catalytic Hydroxvlation of E/DCPD Copolvmer

[0074] Initially 2.0 g E/DCPD containing 45.7 mole % DCPD (FW 132.2, bp 170°C, 0.012
moles) is charged into a round bottom flask and is dissolved in 25 ml chloroform (2 % polymer
solution). To this solution is added 2.74 g (FW 34.02, X2, 0.024 moles) of 30 % hydrogen
peroxide and then 0.06 g Methyltrioxorhenium CH3;ReO; (MTO) (FW 249.24, 1/50" mole) is
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quantitative functionalization of double bonds using
MIO catal yst. [0075] The Exanple 4 product is exam ned
Whgoogosiod? st ate 13C NMR in order to quantify tPEI/US2007/082100

added. Oﬁ{bvlee%%cﬁpm‘?}tturje’ i2tdhRYRRl istiHEed Ob®T | T& Pph@lﬁg’x'ﬂl% sohd product is
and/ or diol product. Block decay (single-pulse wth

precipit6@ds Thel sedwhe i) xcanditlc mestsnpb Ifaictala tiasie drsigh meahaglbband dried in

i Rl MAS with 1.5- d 1- |
vacuunyBy B Bp 2wy B BharGaToT BB OSpeta HpomTon peak at
3400 m%‘lkE%h@ﬁcfeh@tltgﬂw&&dr&%yl%ﬁoqmw ébe@tr@m%d’ﬁl%@s absence of

In both the experinents, proton decoupling is used
double tomd p@kd at é6b(hddl)§|and OA5 CancThwsn tici ReshbcDTPD uegdsts threthere is a

o BRSO ARy D RSB o™

[0075] ( 1 ﬂfedEﬁllﬁﬁﬁé uigb et & &fahﬂn&iaﬁ}b%lﬁi dhte 43@-3@4]@ Ritbrder to quantify the
| cohol d fornate ester pedk at ~ 80 and

conversecpoe(ﬁ Ha- d@@lbsjun@d(oéqﬁmtoexpop@n)and/ﬁh diol 3®cmr:‘>llvpl,$lomléecay (single-pulse

with o 5P daal BRS Yostoor A BAEnetae cPgirgn CHaS with 1.5-ms
contact Eh@tahy € -§ lfbﬁ%&'d%[h%b s@é&fﬁpa&“ mr&utat Qnsp‘ﬁfmﬁg‘ §p&60&ungHz on the
gi ves diol groups as 72 nole % epoxide groups are

Chernagn@ltles %MXﬁ@ﬂevathea rﬁampielambe dde both thezexgieymiostsi proted decoupllng is

NIVRR t h
used il o oo, i Bp RS PR O P Soiy R e fffpe spectra
for foranQest@(@EﬂBbﬁyl@t W%U}SB%Q S ﬁl@é'grétmn Q%&s@hﬁhéﬂ bl6fin carbons at ~
Epoxi dati on of E/ NB D Ter pol yner 0076] In this

130 pprax ateohel angl fermatt ester mkb@rﬁ?@rr@m; @tytfrmpehtcadqogﬁ éat ~ 60 ppm). The

Bccp e)c ter 8 n oly, furﬁ(e:tl ocnalp iS epoxid d the rest of
DS eS8 S b e disat i BEE G ity caneidaris

the ahpﬁ&lm o N reﬁﬁ@e %‘no’iﬁnﬁ@o distyisulidh of b pﬂoﬂhétg‘bésydlol groups
g of E/NB/DCPD (FW 132. 2 bp 17Q0C, 00020

as 72 rmile e»é) cpaxidharoyes arned reple SandThsse wtsne Ipaglf@ durdta ¢,2-disubstituted

olefins. dﬁ?§|s\éﬁg 8 alt ggn M g%%ergﬁ]gshﬁgjszt%t%% 43 aéngq}(gevelooé hydroxylation

uﬁngcﬁa%&@ﬂ@T@D!e) of 30% hydr ogen perOX|de and then 0.001
thyl trioxorheni um CH3Re®@B (MIQ (FW249.24, 1/50*
nol e) is added. The sol uigk@fpie® Stirred at room

t emﬁ{yﬁhkﬁ&helﬁﬁﬁlq{aséd’@atgﬁﬁé Egoxrﬁlﬁloﬂro@ﬂm/D@D Terﬁolymer
preci pi ano | ere wasne

[0076] Irﬁuhmsaimﬂedac&hﬁ@hel/ﬂbrb{@ﬁeﬂwma;tckﬁ@ﬁdfe% EANB®DIED) fdgolymer is
yield of the product is 4. The IR spectrum of the

5
functlorgﬁl@dd;cff he kapelymge hashs s19ie %JH @aﬂoamols% ctmlene aad 28 mole % NB,;

o My S350 bt Diina Bemb e Sy eI ENF B £ T35, bo 170

0. 0002(&53’%151& pendrgwnnm‘ a Yd’iﬁldﬂfo&éﬁcﬂasﬁ ugg asdissolrdtin 1@ inmhlcﬁoform (2%
% of D doubl e bonds are epoxidi zed. Thus,

th
polymeg selstipws c dpi hisdspluionNwRiddad 0 ) eSRNSEA: X2k é)rQé)Oﬂé rgole) of 30%

d th
o BRI B U AL ARG S SELATE) G0 20 150
mole) iMad@dd. 55hé52@1uﬁ61d iMuiredd ddboR0Rnipstad@e POAft&t thd Bigs, the product is
st andar ds. Tﬁle 6 Met hyltrioxorheni um Based

precipitaiaelarifh meitmpolx ifatcomasied By NBMBEREO e T pvarvapoem 7 60°C for 24
hours. Fﬂg A% el\ﬁ/o?&DQs ey golil?/egﬁ% spoectrElzflac;mhg p140cfu§t é’h%%g th@ absorption

exanp tiall
peak at 835 cm™, a characteristic peak of E/NB/DCPD epoxide and absence of double bond

peaks at 1610, 1103 and 945 cm™. The *C NMR spectrum of the product suggests that 100 mole
% of DCPD double bonds are epoxidized. Thus, the spectroscopic data (NMR and IR) shows
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of E/ NB/ DCPD (0.00083 nole) are charged into a round
bottom fl ask and are dissolved in 100 m chl oroform
W@ 20spaloyner solution). To this solution i s adBEnus2040082100
that the% @Fvé{u%ﬂtltggve Soki®ior YA ﬁﬁﬁ%@a‘[ﬁﬁﬁl@f\‘m@ e bPER product shows
Met hyl tri oxor heni um CH3 MIO) ( FW 249, f
monompéalai@lxﬂlemtloﬁhmﬂsMnmf 56420 sndM.rafeld1 fi)K)O 250¢. polngetla'ﬂenwtandards
hours, the product is precipitated with nethanol,
filtered, washed w th neEkample 6and dried in vacuum at
6 QUIEtHviirioRod héxdunn Basch@atyly et Bpaxdiditioa o EONRIDCPDST ¢l p@6ma:
The IR spectrum of the product shows the absorption
[0077] peakara¢ EGSB/RRERI] terpolytmar af Esampleidcispseak irofhisEBIpRCPDitially 2.0 g

or EERRAE AR AR PO BrRen g a3 in 100
ml chloPSYOME éﬁ%%l}‘rﬁé}%!&ﬁnpr PGYLL shiRtiY Mdd%éib'%% YW 34.02, X2) of 30%
epoxi di zed no detectable olefin signals. GPC of

hydrog¢m peoraiduatd gteows 08 dasiaid iricdivgteniuputGiiaR ek t(MNMD) FW 249.24) is

added. %i]ﬁﬁﬁlluggg %ngﬁ?alatt %5%;( og&gnﬁﬁﬂqﬁgglé%g t@ﬁ%' ﬁ§§qe§1tpl ate(gil w1‘&1 methanol,

filtered "%gﬂféﬁy\lvﬁﬁ in@Rh b1 EANBHPERE vIehRRlay 'EQVC [fQIOZ§]hO{lI@| tTl@é Blhéld of the
5 g of the sane E/ NB/ DCPD terpolynmer (FW 132

productlliolo&ﬁ g0. DEo O spectmimesl) thegspdduat sksrasplicegbsorpamod p‘f:ak sﬂ 835 cm’

B N N T N L

945 cmS0I THd S0 Ns1rRagiietuS. CQEthQ ptdddéBhoda, th&@znea&m(ﬂqgﬂéud?@i uantitatively
of 30% hydr ogen peroxi de and t hen 0. 001

epoxidingst With npideseotahkernlefim Geie GPCMITIe poMiA480 R4 manoBOdalhlistribution
: ' d t i s heat d stirred at
with MR BTy 5o Bl e Qe b Tt e wi

met hanol, filtered, washed with nethanol and dried in
vacuum at 600C for 24 homxsmpitlte yi el d of the product
| Mefhyitr@xorhd@iulmB6pEChialific ¢fydidi@126i6 0 GUENBIDOPD Tebigblymer
absorption peak at 3390 cm 1, a characteristic peak of

[0078] EitNBI,DEPD ghwﬁmewhleaﬁvwmb@@@:&rpﬁlylmm&rw 13ary ype S Can.0002057
1610, 1103 and 945 cm 1 of the produ

moles)mgﬁ

hows . .
dﬁ@éamphﬁs Stadpys iv6H cwrtgﬁd m%o gfrouns! b%@@l i 0 Toflissolved in 25
ml chlo#}i?ﬂ%%@% r%%l&ﬁ%hgyks 5 §61 619{sda%1 et gg \ﬁ 34,02, X2, 0.00041

't ri"oxor heni um ase ytIC
mole) dﬂ;gamkydragenopermldamuaﬁ:mmg MhthyteioxpOOTam Chﬁgke(aj (MTO) (FW

3.0.0 of the DCPD terpol ymer (FW_13
249. 24,1%%@10&?)0@@%4{%5%5%%& hoptagaidptied at B 4TI hours the
productv‘ﬁsprgaﬁﬁﬁ&g v&}lﬂﬂt ﬁ?tﬁaﬁcﬁuﬁﬁetkégt @vQé'HeHlv@i%ﬁ( nfRfnbf aﬁjd ﬁﬁ@d Y€ dacuum at
50 m chloroform{2% pol ynmer sol ution)
60°C f0$ dkl Lhom:sn Tl yadded tik: FOdget (591532 i IRz(kpecﬁumefQRe pmldegt shows the

sbsormt By Bk RO Ao, L CHEREGE (0! (E0EIREPRAfdrgxfdibsence of
double mﬁd S&JaHi] 2PN 68, NERY &fd 5931@ Shi'l  gpcabs %ﬁ@ngr At %EOVJ‘SS monomodal

hour s product is precipitated wth ano
distribufiph tvethed,, oﬁm‘s Hed amd Mh, waHZBdrSGIusmgdaodretkadienerstand@ndﬂ m at
6Q0C for 24 hours. The yield of the product is 2.8 g.
The I R spectrum of the pEashpl 8Shows the absorption
peak at 334¥ethehtidxorkendiiaBasidaTatallfiCEpaadatioh ald NB/ DCPD
hydroxyl and alpg@oe@ativh of E/NB/DCPD Terpolymer

[0079] Initially 3.0 g of the same E/NB/DCPD terpolymer (FW 132.2, bp 170°C, 0.001234
moles) used in Examples 4, 5 and 6 is was charged into a round bottom flask and is dissolved in
150 ml chloroform (2% polymer solution). To this solution is added 0.60 g (FW 34.02, X2,
0.00492 mole) of 30% hydrogen peroxide and then 0.12 g Methyltrioxorhenium CH3;ReO;
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doubl e bond peaks at 1610, 1103 and 945 cm 1 . The 13C
NVR spectrum of the product shows that terpolynmer is
w@e@aneat i vel y functionalized with no detect abtBUS2007/082100
(MTO) QFW bio SiORAlIRed THR dGiNMR IRBRAhH TRk At § U‘QQe%tfér 18 hours, the
hat hydroxylation Is 67 % while epoxidation is %
productdé’cpr@ﬁplttah@i piithducthasHoficrednoadud| with stethdpat amh dw:d fn vacuum at

60°C 1of 4 oy e T VP RENY ik B B AR Product shows the
absorptféﬁt If’éalét dtCBSUM d;rn‘i’ Xyd afhdrdeic BB/ PGEREIBUPY) M&@Bx;[rloégﬁoibsence of

ially 2. ‘of the same 'E/ NB/.DCPD t er pol yner
doMMeh@@igwmb@tlﬁﬂbaloaaﬁd@gscn01eThmséHNhﬁiswanpheefﬂw1ﬁbdwxshows

o e B B P R ALY BTG A e " v
spectruﬂ—loal'é(h s 8 20ls Whhto dr&ﬁ&%dlsoéﬂ@/o gwﬁlll:é/\é i@Aion%4)330%,. 3GHC of the

hydr ogeh peroxi de and then 0.08 g yl t ri oxor heni um
productCiiaReO3ngrvm@)dal lzhvtxzh@mm)\mﬂs Mﬁdaéd36,THé0 soldutMorefi $38,400 using

| thhgatey $ng stirred at 700C. After 18 hours the product
POLyCty K Paki%ftat ed wi th methanol, filtered, washed with

met hanol and dried in vacuun1at 600C for 24 hours. The
y|eId of the proguct i s £¥§¥m§— The IR 3 ectrum of the
[0080) ﬁr%&%ﬁ qifi;ha Y E@\‘l’ép%l%f%e[’rp‘”al?a@ R e B, 1?8?6?&4@083 mole)

used inWxabip@oske, 3d¥Gihd ShRWha PR A @R dedould %Bﬁd)rﬁ Ylako Bndvid fisd¥ve@fin 100 ml
32, 560 and Mw of 101,600 using pol yet hyl ene

chlorofetﬁah%%rpﬂ)éym@w&ﬁ]onlkl ITodthesusrdntion o il Det) ndFB R4.82eX2) of 30%

nydrouyl PR 5B et B 3 S PELPI Rt sethsPAREEO) g 20029 i

added. @Rk 8BlutibA BYhcafed an@ltiirBE MRSt ter W8 hBulshS plogiét-is ﬁ%cip&ated with
apparent fromthe foregoing general description and

rnethanolh éltgrpécwash@d anthouét gnd dned @ vagnyr ab60°ChHier Rhbewrsi dhe ywld of

the proigh s PR, Ui TR Sh &SN ARe Sk MRS i Eh R tiongisek 3300 em”

charact&idtici feaR € FFRBABCPD Hyldeoxynfitab&Mce OF @BilE DBhY pedlds 4tS1610, 1103
not i ntended that the invention be limted thereb

and 943 ¢iRewiGPE of the ptcesium sh@(vyrmm@mvgial distribotien wéthdda of 32, 560 and M, of

n erm "includi ng" for purposes of
10160&%%? éﬁ?éhy$ q@%ﬁﬁhs What Is Cained Is: 1. A process
[0081] A dpFueRALd BschiBe®Mowinliaze thadrgireka/ i eferef@PAMIENincluding any
material, which process conprises contacting in a
prlorltyrd@a@mﬁl@tﬁ andien t@ﬁﬁlr&’,) pracmpwl ty ey ¢Xéeqé ey s oot 1@@31@@@#@#1 tNlth this text.
S is apcpa{r'gﬂlﬁ | Slrnnt%e %01}{% gertleri(ﬂ des p%on a d':c?bei Sé)e%%c %oceifrnenhs Whlle forms

nmers con eas one

of the 1ﬂw@mn tevd Yaa i00strIROARI deswidd, PiricusisHifggidnp es¥E BRde without
epoxi di zing_agent, in the presence of an

departing ﬁrym the sox - @WBWS&@%@V@EM% yaecordigby, it ssaeatiigtgnded that the
1nvent1%1ﬁ€e Igltltgal Th Ek oq?e gher perIHB’EJ)I%Bn? L%Ofél ﬁﬁﬁ%t{ea g%ony%nous with

€8S 0 Iene- I'ved co*

the ternPUiAElading" fo%mmess@fzam@nat ng,.to Claim1l wherein said
a-olefmis selected fromthe group
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consi sting of ethylene and propylene. 3. A process
according to Clains 1 or 2 wherein said a-ol efm
W@9pi06®es a conbi nati on of ethyl ene w th anotP&Fr/US2007/082100
cLAIMS- ol efm sel ected fromthe group consisting of
1-octene, 1-hexene and/or 1- butene. 4. A process
W%afhéééa?%fﬁg to any of Clains 1 to 3 mherein sai d di ene
. di f/ﬁe%gfeoﬁ 56& n%gulﬂg?(%{/ @E&eﬁgqb;%? 1or o l n%er nnéatﬁlal wl’nch process
cornpris&s oonttaatdinlgehea réa,ctllon Imnaedaadnelr)a capotyrdbrici Wtursgrcdoﬂt}ﬂmemtecomprlsmg

proce ac 8 f Clainms .1t e& "
copolyrgf:# d)f @8%[356 KR r‘§ (98 YISt 006181% geégt on¢ double bond in
cach dilRLRRIVEERS %ncﬁfor&r al &t bps hy&yog&?ﬁer@J&QG %B&ilhlzﬁfgyagent in the presence
comononer s whi ch are not a-ofefirs and whi ch
of an alkgl- Emkedhefmmnhakmi gty woles it iiorgcafditamy sthich promote formation of
i ning from

oxiranc AR o iesr (EERH ke B BEBE S aRLor A ng {0

2. aRYpBbesH RcHRink 1P Qa8 fhBrefifisthd 2R eldAn sy sAQMRNHRE She group
are sel ected fromthe group consisting of 2-norbornene

cmmmUagdf@myﬁmhymdnmpbbn@ene 7. A process according to any
O ains 1 ere'n aid copol yne recurs
ottty PElTE: hor 2%96&?@;?9%%&[@&&.cgmpﬂses & combination of
ethyleng QR MBS 61-oFe fin S RICRYIEFS AECALE) Bshsts@naBY 1 ¥ftckt a1| H&e;le and/or 1-
7 wherein said copol ymeri¢ precursof conponent
buwnea) a di ene-derived conononer content of from about 25

le % to abaut 45 nDI % b ht aver,age .
4. R IGecih et o it dridimot 8 e Rh I PG URAE inselggted from the
group c:b’n@@ﬁ)n 00;didR R')é)@ﬁtaé‘leﬂé a§thyltdcad SotbRRerdcC MPAE®RYIUT €6- d@adiene; 1,4-
ron1about 50C to about 2100C. 9. A process

hexadlea@,cmddﬁ wgyk @'cmhjbxcrte Clains 1 to 8 vvher ein said

taI [ ase thyltrioxo- nium.,10. .
5. SR oRetSS dekorfiinly BBy dy Cimbatha YREBIG Sifaftpp fimsgicprocursor
compoﬂeﬁﬁ@éﬂlﬂﬁ‘se%é'l?hfém d-SR$inQ N &g ANk Gnkiflast ébrdRleYERhich are not
11. A process according to any of Clainms 1 to 10
a-olefinstad evhichsatic deleetpd lﬁynfetﬁlp @r@pe@uslsmg:@ﬁﬁwﬁl@n mangcyclic and polycyclic

' d
mono-f sk RS Goey BTGB o5 Lo about 20 we o4

6. aMhroéciss abopildiagas apg r@@ldﬁnsﬁ@Qéﬁ'Sdthﬂéﬁl denhcillsry comonomers are
initially present in said reaction nediumat a
selected:Gorwdhe grup @ﬂn&bi’rtlngrqﬁ r%rrmmmerne and 5at@©‘ili10’1 n1othorshes of
MRl doubl.e bo

7. t heprggeﬁgl aCﬁ%I' tOu g,Isl atolfr all’IlS ClOP irfln Aalg coggfélmerfc precursor

prec rso conpone
compo@ﬁt:&hﬂbrlsgs bmy@ﬁy/d@tyldgeﬁﬂaaﬁnelcdpblﬁﬂerv,\her ein
al kyl -tri-oxo-rheniumcatal yst is added to said
: rfé AUPPSh avediding i 2By cdnclanny dt ford whereino peidpeapelymeric precursor
A1 to about 1 nole of alkyltri- oxo-rhenium
éiyst per nole of unsaturated copol yner double
by ndslidne-dehiee & @RRdAOIRS icBntent of from about 25 mole % to about 45 mole %;

cornponce'n

b) a weight average molecular weight, Mw, of from about 170,000 to about 1,000,000;
and
¢) a glass transition temperature, Tg, of from about 85°C to about 210°C.
9. A process according to any of Claims 1 to 8 wherein said catalyst is based on methyl-
trioxo-rhenium.
10. A process according to any of Claims 1 to 9 wherein said reaction medium comprises an
organic reaction solvent.

11. A process according to any of Claims 1 to 10 wherein said copolymeric precursor
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precursor conponent. 13. A process for preparing a
hydr oxyl at ed a- ol ef m di ene copol yner material, which
Weer@seew7Tonpri ses contacting in a reaction nERCTISHY7/682100
cmnpmﬁﬁpﬁhﬂﬁﬁﬂ ﬁmﬁ&ﬁ@&ﬁﬁ@?a£ﬁ8@ﬁﬁﬁﬂhl&Qﬂ&ﬁbéﬁﬂﬁoﬁ%?ﬁb%ﬂﬁbﬁt001WM%
of an a-olefmand a diene, which copolynmers contain at
to about s twtbnendmall bydrogeh parogalchemixghangaigemer initially present in said
reactiongaléﬁlﬁlrr}? I’rﬁg {cﬂl\é\éeﬁ}lt}éé)%hg%P%%r %%%‘p IQ[S ra%)o(llltdFOOh Xl%[ecs))(o% lPﬂ(S? %er mole of
unsatur@ed ¥bpdl X @b RESHINHHPAS @Fp A Ahaky BlecudBd@mpoagst | on
conditions which pronote incorporation of diol
12. ndipeodees a@ordisg ta &y ofolbires bands whertihelldil-enexdehénped catalyst is
co-.rononers W.thin the copol .14, es
added 1§ SRR s eyt SagRER P gy <00 OINT € St dapely of alkyl-
tri-oxo-tHc@Mrh REtaB/sOYBr RS b LhdeurRed RoPyllyaRE dBislc RoRBY hERR: copolymeric
15. A process according to any of "Clainms 13 to 14
precursqshedmgiioncstai d a- ol ef m conpri ses a conbi nati on of

et hyl ene wi th anot her, a; ol ef m sel fromthe group. .
13. A nbiebF ol R0t ank g g ol SRR relgial. which
processAcdhRERs TofkeRiEIING tQcAsY nddishad)® chpollymetie MB&IT&IrNcomponent
said diene is selected fromthe group consisting of

comprighg gerlobyraers aflve neolefet wyd & dishe wigelboonedyracrs Pomtainiaglleast one double
vond oSy PEAFAEAEH hBap RS REA 50 KL SV EIDBien. i e
resenc®hET & BIk§Rirbx6 ARSI iNETas€d RAEET, SRteiC RIABOSIE BEndGQSMR WERE promote
p . . :
, terpolyners of a-olefins, dienes and ancillary o
incorpogasion red el angiptiestacaese throdoublobafdsgn Hreddions-ddiivgd ¢o-monomers within
the co ﬁglected fromthe group consisting of acyclic,
p Innc%‘ycl ic and polycyclic nono-ol ef ms containing from
14. al0optbeds taecdrlingatod OMuidt O3Byheldn AP HAIEHS iAGEI0EEd Tebnk Qhe group
- Caim17 wherein said ancillary conononers are
consistiggoé ethulgne peshproprlese.oup consi sting of 2-norbornene and
5: net hyl - norhornene,  19. A pr acecording .to f .
15. 5 Abeo FOPROR R bl QO EETRTLTERBEN, M PR Bhrprises o
combinSSPON@RY1cEOWRN lafSheied-BIfRNecdicd Yo et @die Bénsisting of 1-octene, 1-
%§50| mers. 20. A process according to Claim 19
hexene gpdipef Hutgas.d et hyl ene/ di cycl opent adi ene copol yner
ter] c | se l nt.al ni.ng: nci ]l ar
16. 08 i OB REG FEERANTT o i3 Bih SR B sleBe from the
group cOnBiSHiio bA NS chpentadidrd; athylZteno mbeoredie; ZImethyPl,06€6&adiene; 1,4-
~according to any of Clains 18 or 19 wherein said
hexadicagrapdeheingi-excsalspeitt adi ene copol ymer material has: a)
a, di [ c ] f fr !
17. 28 TS0 REPURL, B B LR 35 o B HRRU o fhoffitl, precursor
comporfehDtorapdt tkpSlyBRE: ¢fou-blcdiad, HOs aaddncilla® @n@E®mers which are not
transition tenperature, Tg, of from about 850C to )
a-olefinggad tvindae selpgted Kopy he gs@inLoasi#aRSf acycle. mapegelic and polycyclic

mono-ng}ntrs %i)ﬁ]taﬁﬁlggfrg ta@hﬂ(tsﬁf toi i ngﬂjcb%dat&ﬂs
methyl-tri orneni um

18. A process according to Claim 17 wherein said ancillary comonomers are selected from
the group consisting of 2-norbornene and 5-methyl-norbornene.

19. A process according to any of Claims 13 to 17 wherein said copolymeric precursor
component comprises ethylene/dicylopentadiene copolymers.

20. A process according to Claim 19 wherein said ethylene/dicyclopentadiene copolymer
material comprises terpolymers containing an ancillary comonomer selected from the group

consisting of 2-norbornene and 5-methyl-2-norbornene.
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23. A process according to any of Clains 13 to 22
wherein said reaction nmedi um conpri ses an organic
WO e@sn6n7 sol vent. 24. A process according to BEUS007/082100

21. Q\%'ré@sslgbcbfﬁnggo’to%rcﬁ‘ Ma B GOPPWKERIH GiPERFIESAIcyclopentadiene
component is initially present in said reaction nmedi um

copolyra¢r maateioaldesit r at i on of from about 0.01 wt % to about 20

T P PSR B phap 1
E@ng%g@%&a gOfoflLORY ABRME, Mw! &f RhiRUbok901mBb &5 1.900,000; and

per nol e of unsaturated copol yner double bonds in
t e aghyse trymetiorctepypeciturs,ofg, ob ﬁpm@wt 836.to Aqutdé@‘éfs
of. C ai 13 to

cording to a | mf
22 R RPET reb R b D Ad cer st gL B dh 8% ko apghyt-riono-
rheniuns.€a@ction nmedi um at a concentration of from about
0.0001 to about 1 nole of alkyl-tri-oxo-rhenium '
23. c/émoacboyts& aqgerdingpioeanyfofifrigiasurlatosld whpoinysask reaidionl recdium comprises
bonds i n the copolymeric precursor conponent.
an organic 18action solvent
24. A process according to any of Claims 13 to 23 wherein said copolymeric precursor
component is initially present in said reaction medium at a concentration of from about 0.01 wt%
to about 20 wt%,; and said hydrogen peroxide hydroxylating agent is initially present in said
reaction medium at a concentration of from about 1 to about 100 moles of H202 per mole of
unsaturated copolymer double bonds in the copolymeric precursor component.
25. A process according to any of Claims 13 to 24 wherein said alkyl-tri-oxo-rhenium-based
catalyst is added to said reaction medium at a concentration of from about 0.0001 to about 1
mole of alkyl-tri-oxo-rhenium catalyst per mole of unsaturated copolymer double bonds in the

copolymeric precursor component.
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