10

20

25

30

35

WO 2008/ 067077PCT/ US2007/ 082100 CATALYTI C EPDXI DATI ON
AND HYDROXYLATI ON OF OLEFI N/ DI ENE COPOLYMERS FI ELD OF
THE I NVENTION 5 [0001] This invention relates to

p ration of epoxidized and hydroxyl ated copol yners
owgfbo%ﬁgﬁgﬂ”ﬁns and di enes. Such epoxi di zed and PCT/US2007/082100

hydr oxy at- I e
e b eA Cords i o
FIEIR B0 Bk AARRBIGRCG 5 Thereby ol thmately provi de
ot e sl s SR A s«
olefing g ‘giﬁfﬁ’ét Sl 3P¥dizedlapd hedionylaE®SOppotpmersi @hsbehased as thermally
Sl P I iaHE RS 1 PheeBal TROE, B B theres or Alipragtively, such

appl i cations. _ _
ﬁmqg@ngl.lzﬁé magsreatsndae, beprsed, adsnetundl yolysidiak ifMdi8 dienes are used to thereby
ulti AR, ?@‘;ileo S h .as (tl]lgf%h 1t§mi>e_r ature el astoners

raigly provide fupetignalized copolyiers of g atiyely dvigher glessstrangidion texhperatures.

pol yol efins. Polyolefins in the formof oil resistant

BACGKGROURDSOFQHE IXvERGeNM t h chl oroprene and nitrile
rubber 1n orTresrstan plications but could offer

[0003%+  dffunpfiepalizashgndyclefin @PES mherinise PoctnE itk Sfhckd Eclﬁ a number of
: ene-ph e di.ene rubbers at a conparable .
com oS o E0R P EBRBIRS pEiiherecseRte s MobAy @Befor sxample, provide
prodpotk yoremdjer appliedtions, Sud dsthigHempMetirSLhddRES Sesistint Nt Ig?d can also
and _use Eerrlge%gt ures that would extend the eboundary 0
ProvifisI SyaFter Ralyplshiag. r Rplyaletins indheafopn iof al irewimtant £bstosessngouk! compete
itht hlateenMahdl i fitrild fy 1Bk | fplicari i
" [0003%%%3?- pﬁgﬁb@g{ Bl Sl Runticasions byt “8Yidi ¢ffiw better high
tempsatirp petfermahcqingcardar lifo tlemi ethytamp @roypitine didhie GROHRY 4t comparable
. fu ' lizabl.e "r tive hooks", such as_ residual _
i SR HAERDE R, B 15 KT e il o Bomosed s
strengdnatdnese RenRpieD thadtwould URGY | RO Vol BH, UF ls0l4s
chem stries. 25[0004) The present | %\'c/)gnti oﬁ% 0 co\ét?{r?g '8 structural
applifgtions, fox sxamplsrto usascrithom the iantebiotiveapal yer pr ecur sor s
0003 Chogs in: ctive: in_the form.of. residual
[ oubl (ésq _@gm&z%o%%ol f}‘}r@‘g‘r"t&g%gﬁ"% sOT gt e?ylmgTe?SofO%t Rrgursor  olefin
copokyyees aﬁghr@abf: ﬁmdidnyliz’:bledﬁaﬂ:ltiaé ikl)lﬁacsa, Ei'lclﬁ% SR BBl bonds or
Lnto the.copol ymers that can subsequently be — _
aromatic 1pgs, n%‘fﬁ%z é&%uﬁmz‘)‘&ﬁs R thes hs) prpRashi functienalizeshesing various
chem@@ig@noner permts co-pol ynerization of this co-nononer
W th one or nore a-olefins. The remaini ng unreacted 30
[0004j o ubThe Brssrat inveatierhcaskcemb atiizatide of fowtionizaie coPpdihbesrecursors
8l  t I : [ is then avail.agble for
wh1cli;’:l gﬁﬁ/}glp_s{ég(ﬁ%oﬁlse éﬁ {1@% ?%rg} gf ra%ggowﬁ% bgng%p gogplé'rger precursor
materploefabis tyygeme ralikyd bynineorporafigy £aiend eRfofsmed iRRARE Tiokymers that

| efi n,diene approach all roduction of a wi de range
can syQse 1}68% bf' Eurt?glgﬁadngg One o?\tlillse cg)uble bonds in the diene comonomegr permits

co-polymerization of this co-monomer with one or more a-olefins. The remaining unreacted

double bond in each of the pendent co-monomer moieties 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,

-1-



singl e technol ogy. Functionalization of the diene
co-nononers within the copol ynmer precursor 35 permts
the introduction of polarity for oil resistance and can
al so inprove the thermal and chem cal stability
characteristics of the resulting functionalized

copol ynmer materials. Further, 16. A process according
to Caimd4, mherein sai d copol ymeric precursor

e L e
%1s ﬁiﬂﬁhl@québehyﬁr@gﬂ&a@ﬁhﬁﬁecﬁim apmomemratgmage&ttm asout 0.01

initially present actlon di um
concih foratoBh 20 #¥e: apd géw OSSP ROPFBE agensfis initally

HZO%r&s@ﬁt Qb Rictiél SALHMA L cGRRRIMITRAN of FRIP 'aﬁolﬁqnt‘é»sabbﬁk 100
t he "copol ynmeri c precursor conponent. 17. The process of
cI aimolds ofhHp@i rpesandleepﬁmmatnd cepdyrhern dowhidi bandmsin the
clude a reaction nedi L um tenperature of from about 20C
t 0 a?BB‘ﬁ?’m%“Cpr S PEROPY™Sn time of fromabout 0.1 to
about 24 hours. 18. A process according to Claiml1l7,
17wherihe progissl of elair i40 whersh uemitepm:iéatiiﬁmlesctroart@ﬁéitibmmclude a

Fr orffasi FAGian fempaRelite e BUPelt 200 abou T0°C T T reacton
2005 QRHOTAPEMEROYT6 BBGAR pebass transi L on

tenperature, Tg, of the resulting functionalized
copol ymer can be adjusted by both the choice and

18¢ ontfeprocgss atrerding e (emmbhowherein] §b seachen eygdiun femperature
Knowgy, JeU sk %L[ b%ﬂ?:g {ooﬂ)oﬁI @Y HldRGctHARBhY %?és from about
i nvol VEs reac 'on" 0 e copol yner ‘precursor
wi t i), 510 abwitdi8&hones. agent to provi de an epoxi di zed
material 5 having oxirane groups forned at the sites of
the residual double bonds within the copol yner
precursor. Further hydrolysis of such epoxidized
materials can convert the oxirane groups to diol
noi eties within the resulting functionalized
copol yners. 10007]1t is known to epoxidize ol efin-di ene
copol ymer materials, such as
et hyl ene/ di cycl opent adi ene, using peracids such as
performc acid or mchl oroperbenzoic acid as 10 an
oxi di zi ng agent. Such epoxi dation reactions can provide
guantitative or near-quantitative conversion of the
resi dual di ene co-nononmer doubl e bonds into oxirane
groups, with the further possibility of converting sone
or all of such oxirane noieties to diols.
Representative prior art disclosing epoxidation and/or
hydr oxyl ati on of ol efin-di ene copol ynmer materials
i ncl udes Marathe et al., Mcronol ecules, Vol. 27, pp.
1083-1086 (1994); Hafren et al., Macronot Rapid 15
Commun, Vol . 26, pp. 82-86 (2005); Song et al., J.
Pol ynz. Sci. Polym Chem, Vol. 40, pp. 1484- 1497
(2002); Shigenobu et al. (Maruzen Petrochem cal);
Japanese Patent Appin. No. JP2001- 031716A; Suzuki et
al ., Journal of Applied Polynmer Science, Vol. 72, pp.
103-108 (1999); and Li et al., Macronol ecules, Vol. 38,
pp. 6767-6769 (2005). [0008] The catal ytic
functionalization of unsaturated materials is also
known. Rhenium 20 containing catal ysts have been used,
for exanple, to epoxidize and/ or hydroxylate a variety
of non-polyneric al kenes. And there are a few exanpl es
in the art of catalytic oxidation being used to
i ntroduce epoxy groups into,gopolyners contai ning
relatively low |l evels of uhggfuration or unsaturation
which is primarily found within the copol ymer backbone.
Representative prior art disclosing rheniumcatal yzed
epoxi dation and/ or hydroxyl ation of al kene materials
i ncl udes
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25 Herrmann et al., Angew. Chem nt. Ed. Engl., Vol.
30, pp. 1638-1641 (1991); Herrmann et al. (Hoechst AG;
U S. Patent No. 5,155,247, Issued Cct. 13, 1992; Van

' | ., Chen: Commun., pp. 821-822 (199%}:‘ nd
o%dg?’ﬁ‘%’?ﬂSYNLETT No. 10, 1849- 1850 ( 2008§ T8 007/082100

glasy ERSHIBPBREFEHE. Tt therrenung Sactianbagieapelymer can be adjusted by

both Methe¥ Al EoHlent OF the ARAL 58 &ﬁﬁ@}’.i ng higher levels of
unsat urated co-nononers 1s, however, nore difficult

[0006}h an Cievene efifaiovadtnaiondizationef Gefipdieperespotyradrk &vebies reaction of
' L or W th, an epogxidation (or . o e
the Epbls MceHRH) rBlorl Wi IR iaeRD e Provid p cpoxidized muteri
havinpopcitanerirsupsi folindtl ghae sit@vett e bsidliz€ A8kl bb¥®within the copolymer
co- mpnoper s therei n have enhanced got ential for side _
precyrsete FPBHE PR DK Sudh shRKidipedimataniatsaan Benvisti dheyortiraas etoups to diol
moieR¥s % {¥in m&%wzﬁﬁct%%eﬁrcoﬁ{@é%s of organi c peraci ds

used as epo I ng agents. of an epoxidation (or
[000Hy dr &xyisat krown c &t akysdtidiean oldfinrdieret ecdpobmieedmiterialt,hesuch  as

ence of .l arge. anount,s . A process .according to L
ethy B i Topeiagiens PSR PRI FYqhiAs POR BRI Brid OF s oD Bezaly acid as
an ofidieifg! fiRnQT SUeh eMIXSdasibh Feaclbns’cHOPRIME HaAMStive or near-quantitative

S- net hyl - 2- nor bonene. 7. A process” according to Caliml,
convegpign of ﬁlesrawwé disor gereranemsr daublesksmds ivip oviesme gromyy witle the further
pos S LR PP, 08 SRR MR By ep i o s
disclgsingc epsodatioo npabien hydrasylation af dilefredidns icapdyﬁﬂil‘rmgemtl)s) includes

ontent, of from ab 5 nmole, %10 about 45 nole % ]
Maraff &8 B0 Eeromp BEBaleL ATy iP. WGP URYS (R Seten Ghiladisromol. Rapid

i) VD D6t Bp. 28090 al ANBokhn. 8ciIPESH. S{bi . 1484-
ComiRNRL fr B0 UNUALUI Bl 851085 AL o 16
1497 (2 2asShiggneby ¢f Ay (MeneeniPatrachemireDeiapageicdPaett adppit. Nos JP2001-

] thyl -tri,0X0;. enium. .10, roces r.di .
031786 Sl 80 LB, bl (iR DD S 0 Yt RERS BB IPHS ana L
et al.,dddambmslecii/as, Nol 38, jp0 6066769 (BBFF. ni t r ogen- cont ai ni ng
ding to Cdaim4, wherein

[0008@;?3‘]%%2%%1%@? m%ggmﬁszg?ﬂ%gg unsatuggfed materials is also known. Rhenium-

containing catalysts have been used, for example, to epoxidize and/or hydroxylate a variety of
non-polymeric alkenes. And there are a few examples in the art of catalytic oxidation being used
to introduce epoxy groups into copolymers containing relatively low levels of unsaturation or
unsaturation which is primarily found within the copolymer backbone. Representative prior art
disclosing rhenium-catalyzed epoxidation and/or hydroxylation of alkene materials includes
Herrmann et al., Angew. Chem. Int. Ed. Engl., Vol. 30, pp. 1638-1641 (1991); Herrmann et al.
(Hocchst AG); U.S. Patent No. 5,155,247, Issued Oct. 13, 1992; Van Vlict et al., Chem
Commun., pp. 821-822 (1999); and Soldaini, SYNLETT No. 10, pp. 1849-1850 (2004).

[0009] Epoxidation, and, if desired, subsequent hydroxylation, of copolymers having higher
levels of unsaturated co-monomers is, however, more difficult than functionalization of non-
polymeric alkenes, either without or with an epoxidation (or hydroxylation) catalyst. Such
functionalizable copolymers with higher levels of diene-derived co-monomers therein have
enhanced potential for side reactions and cross-linking which can be brought about by the
presence of greater amounts of organic peracids uscd as cpoxidizing agents. Use of an

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

-2 -



I

organi c reaction solvent. 12. A process according to
Claim1ll, wherein said reaction nmedium conprises
pyridine or one or nore pyridine derivatives added
thereto. 13. A process according to Claim 11, wherein
said reaction solvent conprises Cl-Ca hal ogenat ed
hydr ocarbons. 14. A process according to Caim 13,
wherein said reaction solvent is selected from carbon
tetrachl ori t.hyl ene- chl or.i de; _chl;or of or m and
611 P RahsralE ST SR S afi R Toplg G greseected
wh e rfinithe girslipr edasiktinyof Qomdbdrharund Sem&hflf 2-AodBinchd
ef fect oxirane formation at from about 50%to 100% of
7. E: gsoﬁ(‘j gﬁl)g%aqesca%gt?r &g\ﬂlgt élgbi‘rg‘gl?é%g gLi%\nf%raglyg‘l];rig %{‘e%ursor component
2008Q6AME LRGTURRARILHORAEAR @hoRRicl ¢ reagents and can
permt the use of hydrogen peroxide al one as an
oxi di zi ng agent, But_ the presence of a catal yst can
8.al sc prospstasceriizgdp iGinim G wherain gaid copelyinsrie petursprecomponent
di epesz.derived conononer-contai ni ng copol yner and/ or can
al so potentially degrade the hydrogen peroxide
oxi dj z2idimpeaigened cumonomes cdyenn gf fredibabt@Ignolbe Oh td dbout 45 mole
catal yst. 5[0010] G ven the actual and potentia
usef ul’fess of functionalized ol efin/diene copolyners -
and b?%p\ﬁ@igﬁd berigeO iR dctIRE tweddld! Mie bfbiforR PaeLE 200,000 to about
and/ or hydroxyl ation - for a variety of commercia
applidé@g@ﬁgﬁmﬁt woul d be desirable to identify
espegci fect. | ficGi 0
or onbr Y B R FerRlle, 7 c ool SOCRT R B0 s
materials. Such effective and efficient processes would
9.be apwksssiaccqyding s Chaimf 4 whetin baid gatalykd ie basedanumeth@etrioxo-
copo%¥ner precursors, oxidizing agents, catalysts and
realti™ ™ condi ti ons have been sel ected and which, in
conbi nation, provide conmercially advantageous
10converprbdess @bcdriliag Utos @laihad e svheRpo lsyidemethlyDiriox6irhidnium-based
epoxi di zed or hydroxyl ated materials. SUMVARY OF THE
| NVERERIYEINS bopushie one 4T Biges nigprsarcontaung ligadht i nventi on
is directed to a process for preparing an epoxidi zed
112- ol £Tikqbdl sRErdt P Vil FBkRErbig! saidSHablich BeARSS Somprises an
conprises contacting in a reaction nediuma) a
coporgamisreactionselyerfor conponent with b) a hydrogen
per oxi de epoxi di zi ng agent, in the presence of selected
12 PG Yol Blabbling 49 9Hink 1L AUbediff Aakd AL Hdah Tomprises
The 'c péiynerlc p%ecursor cobnponent conpri ses
Copplyyidiae sr oiie @r-radre pyridinadetivditieessaslded theretchese
copolynmers 20 containing at |east one double bond in
each, di ene-derive monomer. (ln.one enbodi nent, the
135 opdh PHRERS scstiog,ip CTER h: whigein P B S ugRt cypigs C-C
monGaRpedatddl 1I5/dreeaRERE.S and can thus be terpolyners.)
The selected catal yst is one which is based on
al kyl -trioxo-rheniumand |s preferably based on
et Ky PIOFFS:a5F Wigl}ﬂ:&‘%‘ﬂ’el g Ay ﬁa‘ﬁé&%éﬂﬂ? selvery;ih pelpatedfrom
UNdQhrbbf AtiakRBrigd) Aekiiyl R ThIWidE; LhRIrOfdRth And S{dRRrbQRy1e.
oxirane rings at the 'sites of the diene-derived co- 25

nononer doubl e bonds. . o ) . )
15. A process according to Claim 4, wherein said reaction conditions are sufficient to

effect oxirane formation at from about 50% to 100% of the double bonds within

the copolymers of said copolymeric precursor component.
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[0012] I n anot her aspect, the present invention is
directed to a process for preparing hydroxyl ated
a-ol efi n/ di ene copolyner nmaterial which is preferably
et hyl ene/ di cycl opent adi ene. (Again such copol yners can
R 108%%67P7 conprise an additional type of cyciPCE/US2007/082100
of acmdm oaagémi amd canr;mmnmlr@lsa €l hgdrBgdnesoxide dlGHeNRlanMRidizihg agent. But
Process co ri ses contaﬁtln in a reaction 30

the p&%sa?ca:n? talyst cag, also, TpmIPtE RrOSs Hong A pide frachons) ofgthe diene-derived

COm&MﬁfeﬁE@ﬂalﬁﬁ’l 00pd Bty Gh@Y &t bRE ReARLI r
of sel ect engt %Ige of catalyst, . ur%%er c rpéa‘\tfr%&?glgc@g(%%ﬁ peroxide

oxidigigg gpent arhuch i¥ieing oprsl ajongrith e betalygtdr oxyI ated contain

LERCE S TR —

and eﬂpefahlk)y Ithdse i fonmionhieni Uy amakidasion r2al/er ih?lix\bx?l@ﬁ&ﬂ ~Ofor a variety of
met hyl tri oxor heni um. The reaction medi umis mai nt ai ned

commerisal aprlicationsn e wRRid: boAesiRhicc Wentiy gwptcialbvoetiestive rendfefficient
procéﬁ!;e@' oﬁgﬁrﬁﬁd g %hoﬁﬁ)xtﬁdd%%rehf%%at%‘ c'i)g@lgmgr aterials.  Such

di ene-derived co-nonomers
cffechyeepad cHigican pecp@saesj woghl be ohtelytin/pricesses (foxpwhyctresmtable unsaturated

o8 S 1 R B RS E30 B5hL8 e
Wthh; ofp corebinativay i rftgwa@ obiingdrcibllyo AivaftheBGl3 E&v@rsﬂfﬁo opQﬁ)e unsaturated

risi copal yners of an a-olefin and from about
copol nlg r}&‘%’%‘fhz&ii ehlaydayl W@éﬂﬁﬁoner whi ch

copolynmers contain at | east one double bond in each
SUMMARS-OR IFE INVENTRDNTE! . W th b) a hydrogen peroxide
W%m the presence of an
(00113 kylln ome amct htbmpmsehas:ménﬁcat & yirbctedingled pkRS&S @ preparing an
. 1? &i hg@? onote foryati on of oxirane rings at
poxifigEd o}t dighe; ool mEnBaIgERl \UE & BIOFEN GREIPT 6K GBMECHR A reaction
medih @Y 8 kfpdiABedd kbbarkdr! Bndd? Sin
sal{j rg%c??on #n% lllrur{wcg?fﬁ anconcemyragﬁ’?oﬁxﬁkeéo?bd%w%ggﬁd#ﬂlg agent,
in thepresgnae efelesisdityne efotatalyst, uadénydertainireastion ctwedifions The copolymenc
r 0 turate opol ner dou bond
precufsﬂxt @h %:%eﬂglc %Eb&g %’ gpur sof’f’;1 gﬁe?‘ﬂ ]fnesA o@‘gs;?s copolymers
contammgoa‘tdeasg oh® d@llﬂe trodd lw\h&heilfhestﬁhdecﬁc@h@fdn[brl 115 6he 6inB&timent,
h t he g’h&‘%‘g consi stlng of et hyI ene and propyl ene. 3.
these ﬁP BeEes pPriferiy additional; type of Gyelie aranoalelin eamperaemers and can
thus b Q6] mess )ATROSEN.AAL dafilysPfs Sk HiENS b -
Q&F ?ﬁn s?el ected f rgmm% es ar ouf) coné%eg{af]ﬂdgm ?ﬁéxo rhenium and is
preferably begadeon methyliviexasheniein.orThe- rbmtlem enedium As plamtz&ﬁfsi under reaction
erein said djene is _sele
cond@érhg %Lgﬁlrl] q)é‘érgatg %gﬁétlndgt :é\ﬂ 8x1r?ne o oo %‘8 nptesof ntE dC ene-denved co-

monomtihdoibdepadnor bor nene; 7-nethyl -1, 6- octadi ene;
4- hexadi ene; and 4-vinyl -cycl ohexene 5. A process

[0012&00&1 APREICE GSRachi the 10resen r“é‘ieﬁﬁ%‘hﬂﬁ déféﬁ?é‘ﬂ yﬂﬁe? ipgocess for preparing
hydro%ﬂﬁ@dl BN ABRORBy e FREdrREFhicR v\ﬁ?ﬂer‘ oy ngleﬁe/ﬁicﬁélkﬁezlgdlene.

i enes and ancillary conmononers
(Agaity sechnpepatiyragre ool emtiopal yf comprisecary nddifiomd n;;psmf mgcknf mono-olefin

comoXFL it IPRRCXE Lo Ao SEY bl AR g i rscion
mediuR04)8h6 6AMATPEE IS BIRE 2110 b) REFRAL el peleSiR! IRk Idkg agent, in

B THE | NVENTI ON i[°’ 013] The process of, the present
the PresERPE QF FOFFIT YRS yshUndgRcertpip Feastiomcandatiansn Theerpelymers to be

hydroWildtdd Sontdh ﬁhle@st(b%E t43hile by dlpdzs ndack ﬁféﬁl?-\ﬁ&%dé g{:%g%g{ SPhe setected

i's contacted wth an oxi I ng agen
catalyst e gic toine n whinhdiis |h‘msd tan tdlleyletiyxoprheniite ahbieisdgséfemtlly based on

ot G L 7, B, SR St DSk 5Stions it

promote formation of diol moieties across the double bonds in the diene-derived co-monomers.
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A) Conol vneric Precursor [0014] The copol yneric
precursor materials which are oxidized in accordance
with the 10 process of the invention herein are
copol ynmers conprising at | east one a-ol efin cononomer
and at | east one diene-derived c,ononontr. Accordingly,
for purposes of this invention, a "copolyner" is a
mat eri al which is prepared by copol ynerizing at | east
giéggsifferent co- nononer types including the

tially present co-nononers derived froma-olefins
and dienes. One or nore other different co-nononer
types may al so be included in the copol yners herein 15

Lg u c H\ PW&?SS thQYWB;?ﬁéPO’H@F?%‘F'PIeﬁH’QIWIceﬁfégmﬁ'émﬁtﬁp%ié’h%wm
as 0 €q | f
cormvélﬁlcgl @%ﬁpg@j ﬁ% icgﬁ%he éasi%r%fr{ﬁr%ﬁé%%ﬁcggn%r S L?%l | F&l&@gous
her eopolymerig pmnabt yompmsm kaying ancMw ofi fromat ”HHOOO to 1,000,000
mat eri al.s. conB si ng

ot CPPRPST R PUETET et bk GO S JHOS daut eme

bondletived dEndhoRRS, Whicth coﬂdlﬂnh@rs carthin @t ALt drie'ddublkObond in each
exaggles of referred a-ol efins 20 are et hyl ene,

pro gumenemery wish by a hxdrogenpsrexide epoxisizing égealﬁdn the
e

1 OSHBERor B MR BOHREAEMED Sal, LETwRAon coniins

Contwhett pmnmtc)formanbmfof mxlram:ynmgssal the suesseof the cdnermgleaved co-

conbi nati o f et e oct.ene, .1-hexen

1 paeiee Saibia Bonds recs B PGEHERGHIGAHE calysl 15 added t
| NCQAIAGERBH mMddlutn hE coHEREHIDA 'of HORPABOIED.BOIEIEIbBuL Pmole of
the extent of fromabout 5 nole %to about 95 nole %

mor alkyl-tri-exehepivm esipligdgt mols afwnsaturated capaiymergdpubls bonds in
% nent of the precursor
copo %rgkg%le ?r%ﬁgtgﬂ%r%g?ﬁg%tl on process herein

conprises one or nore di ene-derived conononers which
2. ar e A ppoksp raecdrdiag toviCldimt b evherein effid n-adefimissriectsd $iom Ba ghoup

di enes ted or non-conjugated, cyclic or
acylcP’&SIStg‘érog %ﬁ’gﬁ’fog}'le‘bq’anched flexible or rigid.
30 [0017]Exanples of the suitable conjugated di enes
3.1 nclAipecey abdoedia gty ORBh Qﬁwﬁérﬁﬂ%&d&ﬂ@lbﬁﬂ&ompﬁses a combination of
1, 3-cycl opent adi ene, ycl ohexadi ene,
1, 3<tiylans et anstherng-ol t1ﬁ13se3 dhs eoup seppigyipgiof drqctews, 1-
thergg&Ie r 1ibdeaE. conjugated di enes such as isoprene,
ut adi ene, 1, 3-pent adi ene, 1, 3-hexadi ene, and
2 3 di met hyl- 1, 3-but adi ene. Such conjugated di enes nmay
4.be usebcsismgcyrding torClaine mphersiri md gfene \ip sedectedhfrem the group
type 510 81T al._no L exa
non SB0TE L Al OB RS Py e pRBoRRAETL R0 S 1, cgtadiens
VO 2A0084xA81é0¢" mmz\hﬁa&@abaaaﬁao ( MTO) (FW249.24) is
added The solution is heated and stirred at 70C. After
18 hours, the rodu ted with nmethano

5.1 1 PR PiERess BB ol RUROHA S0 <GPolSthen, Prasiatinf dpponent

60C chRpriss t&%HryﬁlersTbﬁa-)él&inﬁi dének R8d RAAHMG cohfondm@rsIwhich are
The I R spectrum of the oduct shows t he absor ption

pealkohto-deli andy, wlacltﬁm aels@ﬁi drame the growy censigtingopipacyclic,

hyd

103y o FOERSE oo Yt SoARGERAAS R 134 18 carbon
showmnmhat terpolynmer is quantitatively functionalized
with no detectable olefin signals. The 13C NVR spectrum
al so suggests that hydroxylation is 67 % while
epoxidation is 33 % (PC of the product shows nononodal

di stribution wth M of 36, 450 and M',, of 138, 400

usi ng pol yet hyl ene standardi0
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10Exanpl e 9 Met hyl tri oxorheni um Based Catal ytic
Hydr oxyl ati on of E/ NB/ DCPD Ter pol yner [0080] Initially
2.0 g of the same E/ NB/DCPD terpolymer (FW132.2, bp
170C, 0.00083 nole) used in Exanples 4, 5, 6 and 7 is
Npdogeek7oAt o a round bottom flask and is di SSQJC\fﬁ_%z,joamszmo
100 m 15 chl oroform (2% pol ymer solution). To th
DE ' o , X2) of 30% hydrogen
. i oxor heni um C143Re03

[0013}|\/ﬂ'0)1“hé I]_DVUC%QQ o?‘ﬂﬁe b&s@dd@@nﬁ&h@s &R bONbY ForRfAE Alret medium

stirred at 70C. After 18 hours the product is
withig vehichy W%W PhCoRot eSS IPresFRIperds eentacieswitly ampxidizing agent under

crlPLBN0 A 55y PP 8 e IR BT,

Eachmf dibue proséve wientents latba;omlpﬁdiimdetpikajxfoﬂbwswo cmd, a 20
characteristic peak of E/ NB/ DCPD hydroxyl and absence

o£ dgubl e bond Eeaks at 1610, 1103 and 945 cm1l. GPC of

A nononodal distribution with M, of

00142, 980 B r Gitflerti® QEidROL i
[0014] ﬁ(qf'ﬁ% o4 o erthfd Qi JROAY cﬁ)ﬂq&dﬁﬁf‘e fh accordance with the

st andar ds docurrents escri rein are

procgsh ef)thpomamdn heremedre ceprdandre carnprisingiat| leadt nge mo;efn comonomer and
and/or t cedures to.th

iorit ts [
ot 1065 it ARERHPR sRrONaGe | SREHER: for Aivgotes,b! B ingenton, &
“copbl$mayPBI £ thatéril) Whibe i§ Pre@RidNBy GepRVALriARS G I1gisi @Wo aferent co-
the specifi¢c enbodi nents, while forns of the invention
monamey §YRSe Bislyding the essewiply persent sermanomers derived fom o-olefins and dienes.
gt
One B 8l A8 0, PordReS, 0 L0 RO S v
such that thenopolgedr dbfnitionh mciudee wipolymdae as ivelltas Gtopdigmab)compmmg four

the term"conprisin IS conS|dered
orm§3ﬁ§¥¥ﬁpgﬁ§n%%ermg tem |nclgud| ng" for purposes of
[0015puSt Tid h&i]eﬁrﬁ%mo%&@%@&ﬂQZrZBqlle%Qﬁﬁﬁrolﬁggeoﬁ)cychc unsaturated

i nvention are: a) straight chain acyclic di'enes
matcriglg porgerisingt Cad &di & om‘@png usk traai¢riake may be linchy) or branched and

e BEREAEHAIDAPHRLLS, TSI, U g gl gfed ot

are etByléneiprajiyiiont; 1;bhtede.oCbeadér @; heﬂeﬁﬂ Hﬁéteﬁt xedl -dsdudedes Efylene and
aa- di enes

i hydro d di hydro5 oci nene;
oo B R 08, B e e d Bl ool
may Jlbcﬁb@ BRIAGIR NS a_dombina®i6h 3¢ icffene Ivifh BPRM, &0%xene and/or 1-butene.
decadi ene, 1, 10-undecadi éne, 1, 11-dodccadi ene,
The rxioliﬁ_'n(ﬁ)r wilkbgengradlpide incon®rated indalthe pcarser cepudyrhére héreingp the extent

ook, P 4 AL Y5 S SRR S, B0 pgp oo 5

mole ¢g) mJItl -ring fi xed and fused ring di enes such

as:tetrahydroi ndene; methyltetrahydroi ndene;
[0016; cy‘é Se598H compsat ?fg@m)ecursor copolymers used in the oxidation process herein

B
o L T T L
comosomars(h)y | Eneh diener wayrdn e:o(gMgNE}} or non-conjugated, cyclic or acylic, straight

chamg glldﬂ%edyqexgbcl a5 lgglr bornene (END),

ne, 5-(4-cyclopentenyl)-2- 15

[0017]10r tExaRpies ofthy eliabexphjugdfed dién@OinbI0a® Brelic abfugated dienes such as
Vi nyl - 2- nor honene (VNB). &0019&1 en_precursor
1 3-@&!9@%%@9% mhﬁcoarclah@(aﬁsegﬁ t eptadigneast bawyslgoctadiens  and

derivaBRLLthiRDS 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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resistant to oil are desired, flexible dienes are used
to formthe precursor copolynmers herein. Preferred
flexible di enes include 7-nmethyl -1, 6-oct adi ene;
-hexadlene and 4-vinyl-1- cycl ohexene. 20[0020] Wien
‘B?é?,”ﬁ f” copol yners which are rigid, struct HCAUS2007/082100
MTHAFYo R4S 24)35 addedd g4k seldtion lsgledtedlaaﬂ atirred et T8€d Afverf k& ours, the

producp LIS, Ig'écgf):l te mtg 61%%%%1”(5 éﬁtgrc?D%ﬁ%)ed wi I%retrh%r(ljolralngi({jric iir(? r'lr%c?uum at

60°C ﬁrrrmtﬂoufse I‘l%he Zidd 6D EBRRAuCNE DR g. ”ﬁl&le spectrum of the product shows the
et hy | dene-2- nor borene ( ENB) Cﬁcl ogent adi ene

absorpISEERYAk 4 IR Ciaf C&ﬁ@ﬁfémrt@dpe@lsrﬁf ERchydepybend ebrgnce of
‘h
o9 R 3, 0 G 9N ORI A v

that tmlymgemelmmtitgmv@b/ fungemplimed tveth mmcﬂabedtdbdae @lefe sipsads. The "C NMR

o TS T Wb 5 bl FOTh BB L8 of

produ% {sRowad) Mhinoffad 410 iRtriutibH Oid] T oF0RE)| ¥4 rasid Ofs,,t BP 138,400 using
ol ynmeri c precursor conponent may ‘al so optlona y

POlYCF%' ¢ Stardagdédi t i onal ancillary cononomers which are
nei ther a-olefins nor dienes. Such optional 30
anC|IIary conononers wi | [Exgmpledal | y be acycllc

o LSRNk RO T i eniuin Based Catalytieiydrox

0080} SpifilnEd 2 84 e MDA RD ERobTer ﬁ(ié'aahbmm"c 0.00083 mole)
used ﬁﬂaﬁﬁf@é@ng 8860 $YCLRAEUGRS Afdfnd 9&10%’ Bx%yidggl% dissolyed in 100 m!

monol ef i ns such as those descri bed
chlorgomp (2% mlymem solporat Bal thie stﬂummbys addécbﬂsa E@(FBiddi2f X2) of 30%

S E Se HT DEA NATROR SphR irD) P2t 20

addedq T tsbluEidrt 16 he D ¥ d0kdife@ At 7(9@0 TATRA 18156URE tHePr@dudt is ‘fné\’fﬂfﬁated with
t he groduct shows nononodal distribution wt

methaﬂ}Pl ﬁg?fe%vaé o witymethapel and drighiy vasyumyat G darrfihones. The yleld of
e AR e SRONL ol L ROt g oo

characreristis pesk &f RBVBIOODI bydooty) mad abfen&xafiniublelbirs! mmau 1610, 1103

and 9418 “EPE e il ooy S B i oo 5 80 and M, of
101 6obﬁ§1¢gpiﬂ§btmylenk(g&naird§hl orof orm (2% pol ynmer sol ution).

this solution is added 0.40 g (FW34.02, X2) of 30%
[0081] All documents described herein are incorporated by reference herein, including any

pricrity documents and/or testing procedures to the extent they are 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. 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 law.

-19-
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hydr ogen peroxi de and then 0.08 g Methyltri oxorheni um
CH3Re03 (MIO (FW 249.24) is 10 added. The solution is
stirred at 25C. After 18 hours, the product is
\%@emﬁl tated with nethanol, filtered, washed with
PREI96T07And dried in vacuum at 60C for 24 hdGTEUS2q07882100
invenyomehnd of the product is 1.86 g. The IR spectrum of the

absor k at cm), a
B S BriE Rl SRR R Bl popgapend b sicreence of
(tg oblhhtﬂlebomup%?éhcaﬂleﬁ&l@uckﬂ- 14935 2ty 9A - FdRadlicnel NS, 7-dimethyt-1,6-
ectrum of the product shows that reaction product

00“d13§e qﬁaﬁ‘ﬁtﬂﬁl@tﬁéﬁl 1v7e1119°t1@e@p &nd the zeiged isemens of dibydromabiene and dihydro-

ocim@eefin signals. GPC of the product shows npnonodal
distribution with M of 57,100 and M. of 132,530 using
(Cﬂ)ohyoemhyelsemlaclstalmharﬁi&n Exanploarbon Moy |1ﬁd1ﬂdh)g3ﬂl’6§fﬂptaﬂ]ene 1,7-

octadlfac, % ﬁttlt ?age/cgcrllgﬁ(g éaié I@ch%a@%gln@w Y tndccadlcnc

1,13 kﬁﬁd@@é&g@raﬂdﬁmﬁ}?@ 2, bp 170C, 0.0002057 nol es) used in
Exampl es 4 and 5 i's was charged into a round bottom

(4| eingle-sing idiengs sswshyerd: i h4asclohexaticoe:of bf-nyq@adidngreand  1,5-

cyclo%d y%f%g To this solution is added 0.05 g (FW 34. 02,
ot ol e) of 30% hydrogen peroxide and then

(eD. mem-lglgvenﬁ»;ddt riaador Ased untiggi3 Reidges( MEQh ( R/ 249:trglﬂydromdene

metts e atcnbi By APTFCRAC HBTEDh Yl (3 opehspta Bo-dienes alkenyl
alkyhﬂér@c 'c?élbﬁké?ﬁl \ﬁ’h& Qyﬂ@ilkﬁﬂﬁh& nf)fﬂo}r?eﬁ%d pudt S« qne\ﬁ‘l)}l&eﬁgorbomene

met hanol dried i n vacuum at 60 hour’s

(MNRB); ei- @rhﬂidmh@-rprm {BNB), 55- gt0p¢¢)é-2l-®rlxpn¢mr Uni{deéycidpentenyl)-2-

h b ti k.at 3390
norbof{ei S ong eI Mgk 2 BORRHRN AR BREM Fner bRt RN B cence
[0019<Df CWH&ﬂ eréufdr Rpkymats Wil arklﬁf’ghaf&lp%f’a@né ”élﬁ-stoxﬁ%or@ Qxflatenals

product shows nononodal distribution with M

feslst%%o aHoarWeS%fi Hexgble 5’@311% |ar¢gu§§é|t9e°9m Mm@egqrwfd@pqumers herein.
Prefe@%"f?e’f%l@ GedBE Ml e' 9 6’-&{@@?[%% / %F%l wlér?e and 4-vmy1 1-

Epoxi dati on and Hy oxy
cyclofe@@®9j Initially 3.0 of the sarre E/ NB/ DCPD t er poI ymer

FWJ132.2, b 170 34 35 S sed | es
“’“2“2 S st Eor 4B stﬁsg}‘ga A FiBid Hﬁmga?lefe lefing areidesieed rigid
diened Sred usedlolov st thelpRciitborCElpalyRHed 'ﬁb{cﬁ%’ RQLAARY rigid d1cnes include

solution). To this solution is added 0.60 g \%}

dlcyclxgem@l@@i@f?m &ymeshylgwed-nyrlivogen (YBdxindeS-g hdemefi-norbomene

o8 SR, ORI G lDeomoner s 0 o

COPOI)’imﬁ $ 5f Be dopdyrherivoprdcusod pdknmﬁn uﬁeﬁﬁrthfstlﬁfeytddsm napht hal en
- nor bonene

[00212’ % ne(iihg-ﬁ_lﬁ%i;vsg :q%&gggn%gr HHE |1gg;’fvlerg Y OF piBFIAerated into the precursor

copolﬁn&@ lﬂéﬂéﬂn’ #%-the E:J&@ﬂﬁff%oﬁ ab&ft 10681 2% RO LBPAR®REnole %, morc preferably
5-fl uoro- 2- nor bonene, chl or ormet hy1- 2- nor bonene,

fmm@%ﬁsﬂfﬁ%‘y“@m%lﬂlﬁrﬁﬂé%7 net hyl - 2- nor borrene,

[0022E dic Eu%anﬂ)h%neg% ﬁokg%ﬁéeb Olg%}ggg dl%ljrgila}rrrg% hf/{%m?’ no(r)rrgne ﬁoe Optlona“y

comp@e5ﬁ6}tlbnalfahclﬂm-06mon0mérb whichraed fitheos-befine fer, dienes. Such optional

met h no-1,62, 3, 4, 4a, 5, 8, 8a-oct ahydr on
a,ncﬂl%h? (?{'lgﬁlgts w11’1 genera y € acydlic, monocy0115c or polycycl?c Xnono-oleﬁns

contaigin@tfel 4 o B Arndidmt hano- 1, 2, 3, 4, 4a, 5, 8, 8a- oct ahydrona
thal enc and 2, 3-di nethyl-1, 4,5, 8-

h
[0023ﬁ mPrefemes mcillag) eprnsomes B theatydigdnancelsfinh aick s cycdblexene and

oo A SL11:5, BARAL AT RREL Lk SRR N 40710

incorparatkdShereinh oyl referent®. ripetioRR&nples of such polycylic monolefins include 2-

-5-
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[0024] The introduction of a third type of ancillary
conononer into the precursor copol yners used herein
permts one to adjust the thermal, optical or

&3l characteristics (such as glass tr |1
%@%ﬁﬁa ,of these precursar copolyners ?’%}1}85‘%9’082100
that &lﬁl&éﬁgHB@H{I%tV/B&PO*IE@IOQ){?@HPH ysing catalytie NE{O. GPC of the product shows
monéhédafeis@lbufibh #&h 81, %8 _520RAd ¥IRIFI 41 Dbd M%Eﬁy&héﬁe e standards.

al” 15 doubl e

epoxi dation or hyd"r oxylation of the resid
bonds of the diene-deriveg;npppgomers. The resulting
COp QYitifitrig¥BiHRAu BaséPOi@ivhE BEoxidAGS £ oEINBIDESD Terpolymer
conmbners are can thus be charactertzed as Ol'y1
[007TjoTipy dasicEYNBADEEDALipblyRRt of EREEpIOH i§ 050aNAMME SxMhpIBI Thitially 2.0 g
ol ymer structure. If utilized, the optional

ot
of EQVRPCPR 00RO ROMD s sharaed deia mind botiam hstoard smdissued in 100
mi cBofRh (4 folghotlolBRpiOS i sdTBHidh RRBAGI G ¥ (FHOI DY of 30%

0 nole % about 8 precur
hydregsp ofeyorades and dlgbni 0.08 e Methyd@ipkarhedOmpCHeRaBe MTO) €FW. 249.24) is

sk R L A5 SRR M e 2 oI LE O ot

filter& NRBREE Wth , méthahof QRO AVIBR ik GadduBCA! 60PC BPIRARERAL Phe VRRI of the
present invention wll general |y have a wei ght average

prodygblietdf £ Wes hspetrum o memrwwgw tnembmprlicg/ prsk at 835 cm’, a
car @Ry e O AORTUSTP T8 SR TRULEE, LRI 08,1103

945 duit.e The ECENMH ypectrive ofitly profu@ hiewothat cfaclion rosudi SEGuantitatively
erein wl| ha n. My of greater than about 175,000, _
emxgvsﬁ withne Jﬁf@éf%ﬁ%fﬁ?@l Yenaky PG R he apsivet shwy's rrmomggial distribution
with Y, 8F 87,260 %dV1 3F €52, $ 1AWt RRe (RR1HATO! . As not ed,
wei ght average nol ecul ar "wei'ght for these copol yner

materials can be determned in standard fashi on using
Chr onat ogr BX¥##ple T 0026] Functi o

e\ Hvdroxplation of EANB/BER

alization

Gel Per

meation

LA GNT O TALL

of 3 easet e SGHECIoY i ,
gen- copt ai ning 30 et ] to the resultin
roo7gf R B1a e dEise dame i NEACFS seRoltite (k2 £ i W €4,0002057
moles? RBEISIntEXamp ek Aane 5tifaBhLsddl iffo Y8l botRim N and is dissolved in 25
unctional i zed copol yners in conparison wth the
ml chiplors (2% polypnes solusion). e thisi salutiof ircaddgd 846 gofF Wid#.82,uX2110.00041

' ' : r ar._capol r
mole 8 99% ny HELERFon DR . D8 L By BB CRiRs ) W
249.2d oir50id eeiley inaddddi ghier soletionl is hedted wRLétirtsaodti708C | Afer 1¥Bours the
2008/ 067077PCT/ US2007/ 382100 added. . The reaction.
produgy 1t IFEiPialech wiip dpethinel. fflfergde dvashed7uith msthepal il dried inpescuum at
. i odCt -] g T i .
0°C M H ol gy o HE PO Cis 20 g "I L e o 8 60t s the
absorptipnypazk Latn 3390 GOT, faorhagadteristin peak TofeE/NB/BPEEX hydmoxgfl anthabsence of
r C h bsar ptd an-ipe t.3400 cm | .. a
doublg h@ggctieaé‘%ﬂgﬁgl%ea go?“%h% SRy I Sﬁg‘ﬁ gf grq%ﬁctsg@&srﬁﬂﬁmm(’dal
distritaltion withsSofodss 89X enda¥i,, of UEyHoaushedlRaeskme dtandfHdd), 1103
and 945 cm|. Thus, the IR spectrum suggests that there

is a quantitative functi Expk® i on of doubl e bonds

usi ng MO Qaéthyitsixorhkpidin HatéieC ftanPEsuxilaf6 et i s
exam ned by solHvdrayhtien dIFENBIMECRDTapsleet 0 quantify

the conversion of 1,2-disubstituted olefin to epoxide
[0079hatiadly 3lDod oftiodsahe EBNBECRIR ¢apolysien FW- il Zebp 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 CHiReQ;

.18-
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with a 60-s pul se delay) and cross-pol arization
magi c-angl e spinning (CPMAS with 1.5-ns 10 contact tine
and 1-s pul se delay) spectra are acquired at a spinning

AHz on the Chenagnetics CMX-200, wi - m
W 93;9{70-53; experi nents, proton decoupla)IEL s?@‘f/uszloo

norba@é’&Fadlu‘i P#gd“alath&n%at}p*’sﬁé B:8a-of ensnhihpleee Dophypeakrebomene,
5-eti1-2-noWidinek| 4. p{o‘ﬂ?ﬁi h&'bglqieh@ st Jh%nflpz?ﬁérf)@m&?g Sfb%fngﬁbenorbomene 5-

ester (carbon n i ntegrat
chlofpi2-portipragmrst | i-@uem Zahce'bomelmr boodominethyl-3Gogmmene,  5-methoxy-2-

norb G B s RS BT rparmese. S bR sppbormene, 5.5

dlchISﬂﬁE-hbltbﬁhieﬁe deconvol vgd eititethyealssrioare si ng di 0k 6-trifluoro-6-
and the rest of the allphatlc regi on. The

d
mﬂuga%)agshﬁ@fkm@t% gnethyl big. Sadigethienrr 6%, 44.5.8 18a-ogiabyrirenaphthalene,

21 5 005 43038 T ST O 55

d1med‘.|ae¢-|lﬁg3 43068 8asmtaih§1d19na:lhﬂlaleﬁ€ NVRe spest t pmmmwpottdml ancﬂlary
there,.is a.hi hIeveb1 dro ationu cataly
COMANFETS 56 RS r1PI LRSI ¢ f‘ypfeﬂl FofREHFIR BRsLHORGTERS aie, 5-methyl-2-
norb&a@ﬁ@l dati on of E/ NVNDCPD Ter pol ymsr [0076] In this
anpl e, a_ et hyl ene/ nor bonene/ di cycl opent adi ene
[002115/ NE/eDupesiuction ol shﬁéma@frdumuwwmpnm intplke precursor copolymers

ot R oD BB A DA L

transifion Sergperdtufe) NBMW&e@EWﬂ&@o@gleEpmdﬁﬁﬁ??ﬂy&QQﬁegéﬁent of functional
charged into un ottomflask and.is
Chafamcg%? \Péﬁ‘h yHers dhireise O v eoxdaen, R hydoryiptiompl thpgesidual

doubfehdo‘ﬁd§ of ﬂlte'cﬁéhel-(ﬁn%’dj@(qn&m%rﬁ leWeglﬂnQ% C(H?S%mcg R0k containing

nol e) of 30% hydrogen peroxi de and
theserameiHgaytcommanetseant cam trBRedBracig)d a(sthmlqmemonmﬁmg tthree distinct

ed.,,.Thg sol t|on S stlrr t
opes Bt e BeRCPHERE s, 1E e OB opona ncy
comolnbmerls lwltl @Eﬁidal\ly tdmprit h@edhouf 5 kogy ko aB&R RS nok 84) more preferably
in vacuum at 60C for 24 hours. The

and ed
ﬁmgﬁ 3 dﬁolﬁqﬁe %P@dﬁ@? male fo.pighe pieaursqy copelymetpsed in the oxidation
diiel, shows the absorption peak at 835 cml, a
pmceg%gr actnerl stic peak of E/ NB/ DCPD epoxi de and absence of
[0029oubfe frenwisqreakslysicrs Weich ad1d8medh froBvbgidndi¢nes Tared d;Bﬁnally also

rigid %B%ﬁ g%%lgorr%egg?d&xg thgolg%g% Bliseulg‘ %Sct?ﬁ]@tglrlle%tt ﬂé %% prtrg.Lnt mventlon will
genersiDE BAvieOs GRIPhE adtdicd MdMEUaNWeikir) ABN8MErom¥Bout 170,000 g/mol to about
2008/ 06707 CT/ USZOO?/ 082100

1,000,000 g/mol, as measured versus polystyrene standards by Gel Permeation Chromatography
analysis. More preferably, the rigid precursor copolymers used herein will have an M, of greater
than about 175,000, even more preferably greater than about 180,000, most preferably greater
than about 200,000 g/mol. As noted, weight average molecular weight for these copolymer
materials can be determined in standard fashion using Gel Permeation Chromatography.

[0026] Functionalization of the copolymeric precursors, of course, adds oxygen-containing
moieties to the resulting functionalized copolymers. Such functionalization thus tends to
increase the molecular weight of the functionalized copolymers in comparison with the
copolymeric precursor material. The extent of molecular weight increase tends to be larger for

copolymer material containing higher levels of the diene-derived comonomers and higher levels

of functionalization.
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[ 0027] The precursor copolynmer materials used in the

present invention will preferably conprise anorphous

mat erials. As used herein, an anorphous polyner is

defined to be a polyneric material having a no

WP JUBLFTI0 he conponent, as evidenced by no di REIVEH20417882100
addedreThd regetienmidtat: s beaféindndi stirtet! it SOUD A Jaetdurs. The solid product is

e R T S o B s
vacuun @ 66K oP 211 hodrsS ERNR. RAuPIEhE prdlidd? sRowi&ahe Fbsorption rpeak at

fusion (AH) of less than 0.50 J/g. [0028] The precurso
3400 cay o pyshatastenisicdpask radibydigixyl groppf dhatRyspeetvan absotshpws absence of

I h £ t yr-e characteristics. .
coubl§H83F pld @ISR TIGEHRES SIS ) afetR SR i bl i e is o
quantgatprel fymaeiohalizatdresf dalible dohdyaising NYED @htdlyet. bel ow whi ch

| equl es therein have ver ittJe mobjlity. 10 On a
10075 g Seaini By sramadd bypaiceaeie bid Wb irenionto quanity the
conveér§i&i bf O ATBLIHABS blchiR LRARRALGE aio@Bﬁj)dﬁﬁn H‘l&g%?e%%a Esfngle-pulse

__plastic deformation above it. Tg is usually a
with & $0zrpwlsh deley ) bz exss palbrization mea gir-afedr sihying (EBRIAS iwith 1.5-ms

r rsQr, ¢ lymers used in the present inventiqn.
contabu B a8 175 Blta® IR FRhda M Shabfed 8 BopEiecamsrd DR Hteon the
Cherrpgetios SMX-200WYIRr Smus pbbbeeibdi thelpaimsht, DrétBf decoupling is
used@Hlofte ing point of these materials and can be neasured

ningaipAcawisiions Fpactnpalizae PCPD penks predypisally identified in the spectra

fi POaY Cf; ; ~
o o AR TR PSR, AT TR LS oy B
130 pamBaieoholiaad TormaetresROpYMER ~HANDBOCIK depodide Barhmuth(pt -2 60 pfn). The

13 | t, editor ohn W & Sans, ,1989. The DSC
C PSR et 1 B Bl r 8 SO P TIng B8, iy and the rest of
the aliphwiitnfegion. arhe rélelite KAcMhal Srobp Gistbutigdf &eg)[rgc(ﬁ;%g %iigggre&iol groups

herei nafter in the Test Methods section. 2
as T2Jpe)ki%ai srovidsy STayRs 8RB anelg %r i Therr arcarme peakatdae i rig2-disubstituted
ohyol efi: 0 _natiershals i to tepar €y o
olefnBD KL SOREE G NVIR f el Bofis B er LR B lo v o gronytecon
using pgthlytt MTGhs, the gl ass transition tenperature, 7's, of
t he copol yneri c precursor conponent should range from
about 85C to about 210C, BExemplesr ef erably from about
100XIethgltridson DOBased\Catoly¢i ixidadibhl 66E/NBIT®HG, olvimzt S
can suitably be used as engi neering thernopl asti cs.
[0076} iy i exasmple.ca gibirlenenorhoraene/diencilopentatigne §E/M/PCEDY terpolymer is

di e ' bad | o NB-
fnci G REE, T Rt e AR PBBEE e Y dPong 2 e 4 e
GPC M,,eﬁ:ms@lomtxcbgmplmﬂmﬁ i Iﬁig_ﬂliB)iDFGrg?}f_(E(fNEﬁ/]ZeHll)OQFlelﬁz.z bp 170°C,

ro , .exi bl e diene-contal nin ol yol efin
0-000%%?%) & %ﬁr&sﬂ ingp @ reundipotigmdlagk agd wlsegﬁwgecb%p?ée@b@&omform. (2%
polynR€ &8luflordNATIVMIE Roidfiéh 1Cad¥Rd WSBUg IBEWEB L83 OREBY b 60041 molc) of 30%

pol yol efns, the glass transition tenperature, Tg,
hydrogerepeseriés mﬁ%ogﬁbmﬂ@byltmmb@mm CHIRahdMEDEW 24024, 1/50*

o300 R 2R g OB At A0

precipitated switht rmaethyndb efiltesel] washed|vaiti migthahdl 2ol QFHED P asduudSat 60°C for 24
ich.are.resistant to ojl and high tenperature ,
hourS-g’ﬂJHa iqu?‘r{)ﬂ%ﬁh"'fﬁ & Ihep- s & wegita chiie oot by thy absorption
peak hS8330crh? X chdrfotéisBP §als HE ﬁ/@/D&lﬂ?%Midé‘ al Ql?;ste?%' @lng uble bond
(and by usi ng gene[ral I Y, | ower anounts of suc exi b6
peaks gt Hl@s il Brand A4S pmec khe o€ NMBoperemsof the product suggests that 100 mole

% of DCPD double bonds arc epoxidized. Thus, the spectroscopic data (NMR and IR) shows

.17 -
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WO 2008/ 067077PCT/ US2007/ 082100 spectrum of the product
shows the absorption peak at 835 cml, a characteristic
peak of E/ DCPD epoxi de and absence of doubl e bond peaks
at 1610, 1103 and 945 cm|. The 13C NWR spectrum of the
0477 ggest s that 100 nole % of the DCPD BISUBS$2907/082100
[002Hond$haupeccersox icopatpder fHatesials tused dpeks pesenPindertidhawllNYRfcrably
| R) .shows th?t there is a quantitative epoxidation

and :
COMFEE AMOGRTOUS B e at’s) YA dieffi, aogpomhoysholpmghiise defined to be a

poly @& \BalHACKIRNER a b Shysialite! @MpYhdnl MevRiendd: l§r7 HigerMble meiting
of 113,950 using (Eol yet hyl ene standards. Exanple 2
tempgraturs, (Fopi 188y eeond hedbdRiEerepual s3opmiing IGuitrimeptya(DS®) spfectrum, or a

i L N P S0 b4l S a0 88 M i
heat cfthnsien (AAPoflbsuhanl®5®J/gol e % VCH (FW 108. 18, 0. 0006

!gol eifl is charged into a reaction flask and is
[0028); 5 s &<, Bepenror20pRlymers wycdfhsrem Wild prefersblyohayeicsriainsglass transition

- : W 34 - .. 30%
B N
polyrerBRoagri{INg Qe eRn@we: Below bitficht moleptiey theeimtghedveryTigle mobility.

On JFAR R S i BT LR LS e o

undefpo Plastio defBdhatiditabodtii. 7D isClahILLa ﬂbﬁﬂl@to@ﬂgﬁhou-g?g%%egsuch as are

spectrum of the product shows "hydroxyl peak" at
prefeggblypresentinshepracurygs conalymers wisdhe HiepresBatseentan.al yt i c

OX} ' r 0073]Initially O. o
10029500 A Ao Lol ol SRR o ot H o Soposfiy ed Berein s
relateli 20 Qe DASHRH PoinDbRthysei aterdy gricanbe incasured M DAlr{eBNdS techniques

d.flas(%« dis dissolyed in 25 m chloroform (2% pol ymer
as ] ORORUTION T Bt TinGe A CHNGEES G AN TEGBOOK, by

H. SXRaufthaQ0684. ralesd, Rk gen oPer X
0. 81115 ag Met hyl tri oxor%ﬁ?ﬁﬁmﬁﬁggﬁﬁgﬂw&‘g?%@“ by J

Brandupzad . Hplraergyt, adithes) JomhWilsy BuSanen! 989. Fhe DSEdeatniquonntilized in

d s u he.product ,is 25 . . .
con SEPSAALAE o] el AT PR ey S e
the Tésh Mettodsisacddn.60C for 24 hours. The IR spectrum of the
e absorption peak at 835 cml, a

roduct shows, t ¢
10033 o Bt eppridpe o AR s Ry rigpdicsssentainingnelyakeforimeatensls which are
o 4518 DO g 1 OR, B0:9 4y IS e s

transitipie teDgRBNeOU B}, @fBbh depaymcrépprecutsaredmpbhers , shbiid range from about

0 tr i.c dat and, | R ws that there is a
es'C 026k 2160 ohorh Bicteabh oron anet19RROLT et gObEs oy pies T, values,
these Wﬂﬁa&f\ﬂ%&@taﬁly?ﬂ%&ﬁ&%ﬁk@%ﬁé{iﬂl@i tﬁ%%s%{l%ﬁ 'Tgszar% gencrally
roxyl ation o ol ymer nitia .
fealizg M&Bﬁ@é\iweﬁ gichzs vli%lpgemymﬁmdm ush &E,neltakg hishey smounts
of sudk _di%ée_sBTHlltlﬁé rg[n?(ns&lzgg&%ﬁqmjsnto a round bottom fl ask

and i s di ssol v chl orof orm (2 % pol yner
100314 0| UHor epdxidiFed emiyslresylated, fexible dimidednt@intig wplydRiliBhaRAals which

e o s RO S B S SbASt pooetins,

the glassTinkitiom ke@dpetaure, T,, of the copolymeric precursor component should range from

about -80°C to about 0°C, more preferably from about -60°C to about -10°C. At such 7, values,
these materials can suitably be used as clastomeric thermoplastics which arc resistant to oil and
high temperature conditions. These lower T,s are generally realized 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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WD 2008/ 067077PCT/ US2007/ 082100 [ 0032] The precursor

copol ynmers used in the oxidation process of this

|nvent|on can be produced via a conventiona
%@tlon reactlon Such a reaction takeg F ﬁ@ﬁﬁw

ont t| ite a-ol such as ethy
SPeC‘H% 8? ‘g]ﬁm%m %3@ %& ?‘Btl%‘bhfi .ahg??gcmhea ?%mf@.svvep%@ﬁ E/DCPD
epoxﬂ@ dnd At dffdableaal bbakk Yt GO0 NI 943%?' The *C NMR spectrum
ol ynerization reaction is ronDted by 5 suita

of th?nawwrsluzmswhatcwpawg o of ﬂl@d?‘éﬁ’fy siﬂuisly é?p@dﬁ an dp@adtzqda KBhus, the
bpectm.s@:g) (v Hﬁg gﬂﬁfg} ?1?% %I?“h&ﬁf:g at %ﬁetre %f Hl?in)ﬁ 'ezeg&h&ﬂlon reaction using

reacti on atic and ar onma
cataljtyco‘ﬂ@@al(lﬂﬁlsf thelplodast shewamenorp@i’at dleel,butlﬁrDWﬁh ™My 58,870 and My, of

cl.ohex octa tol uene, xylene, and the |like may
”ggﬁé“§HgP3@ﬁ$yﬁ ‘E di l uent or solvent for the

polynerlzatlon n1xture TEe‘poI merization mxture w |l

0 [ 1 conventional type of o] |zat
wﬂﬁér oc@g gaﬁﬁiawzl %seg icl)B(PIfEJIEeO(:{ u%:ipocwﬁlg grjé')é’ °Y818§%§ﬁ°§)?re?°§°‘ym
(E/O/M{ZEH) domaiﬁing abdii €018 mele @W@HQFW #08.18) Umolamd@es)ri@ khifged into a
slurry, bul k, suspension, supercritica

feacﬂe? %é’dﬂp : eﬁés‘x‘fs%mn 28 111 ShlSER bR ale B Tohion ot dded By136 gy 34.02,
X2, OWIE'%&&%E) R @6% lé gmrataﬂ% %nml rned;'srz% e ItHBQ&rﬁiﬁﬁﬁﬁ CH3R¢O;

are use 003 variety o
(MTQ:)O@’[% l2|4&§4 &1g" m@c)aglaéded\laﬂ'ha sclatier jssstgrednal rdsm tempera‘rure IR

when .act.i e
spectiff . the BORTEH RMER SO M aRGtmuiof PSR ST R alb e Rue to cyclic
doublt GomdsO dUe ¢R s e WkeSib 1 SIS ERxOpdaR at/$380 cni?. t he
i nstant oxidation process. Metallocene catalysts are
preferred. A full discussEmpef3 such netal | ocene

cat almMahfAtrdRerieaiuml Biiéd SublvE8IEpdaanheof PDOEDI %pg@
une

Patent Publication No. WO 20047046214, publishe
[0073B, Zﬁﬂldllyt(hé gnEID@PIE aohwinirgz 45.7whole %aDEPDN EOWPLR2L, et 170°C,

oous AR B AR b b TR HSE 5B

polynip cjoleﬁsﬂ)onﬂ; kms gmhﬁﬁn RUBAPOBES pAFW 9£02! BD| ¥ 06R UGS DF 30%
and separated fromthe polynmeriZzation reaction m xtures

hydroggn mmmdm piechthen Q)DlérgeMnﬁmléﬂoqsrhe@rum EHReDr (MROUEW 34924, 1/50°
mole)éogla{i&ian?ﬁe %ﬁlﬁO[{ E tﬂreﬁca??'g‘org eréﬁga&u}envﬁﬁ%ﬂ RI5 hours the product is

nMeric precursor recov arati on can be

precipitated) Sitered) thshedcwnh mhmmadndrdmdm vwmhl @00y ferdi lgird. OThe IR
xture a solyvent §ucg as net han

t he po riz ol
specty af o HIORHF SRR E)Q’%?F%Piﬂd’eﬁ? SIS SBF - A gpstic ek of EDCPD

epoxide S dpBirRe of BbibI& B fedkd £ 181 @cvma taﬁ'& 9@%9*’ h'i’@"‘c NMR spectrum
copolyntric precursor material which can then

of therprodirt segpesty thao 0@ molatn @lf tifei PEPRtdoyhlettwokn mu@smdB):d Thus, the
spectrkb/cgéggﬁ @eM qelﬁggﬁ) S h% {lllgreAg tqt t:i’t%Lgﬁesepomdafmn refactéon using

acc resen rnven copol'ynmer|

catalyfic BfTd.sor material containing residual unsaturation is
converted to the desired epoxidi zed or hydroxyl at ed
pol yol efin product by re&@xhinpls 4t he copol yneric

pr e QtheitrioxoMoineY Basvd CitalaticHYdoiestioh W B/ICPIE oG NY

agent which is hydrogen peroxide. Hydrogen peroxide has
[0074} he Iuihielty aalg EQCRD aork@iﬁﬁlga%cﬂ' mslc%slli@BlagFmrtiﬂ.Zibpgl’lo"C, 0.012

ent. It a raw mat .ch i il
moles i Hharmed bt § rSuie(HAPTR ik B 5581l 4 4 ! hipgotorm % potymer
soluﬁ&@.OafoOﬁﬁsOZoZ&i%H 19521967 20821 GBw 34.02, X2, 0.024 moles) of 30 % hydrogen
peroxide and then 0.06 g Methyltrioxorhenium CH3;ReQ; (MTO) (FW 249.24, 1/50™ mole) is
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bri dgehead peak, 1 H non-allylic bridgehead and
cycl opentenyl CH2, 2.95-2.7 ppm 3 H). The aliphatic
integral is also optionally corrected for toluene and

Qe - [0067] ' H NMR nol % conposi tion and per
cen%B %nctl onal i zati on for epoxy- EDCPD copol yil;g;rg.)%g@mszmo
[0033et Tk MERFURSPT icAPAGMERS| ysgd tih dhee pridgtioDOPOCEEOf thisoinusntien can be

prod cr%ldé'ge ea@vglesoggmggls %a?lloa%%z'_'umpl glfcgog)}eﬁaf@l Hg/es pli]age by contacting

the rcqui&iiem-ntq:f 1DGREN ne sthiykene eath( mlpefymﬂzaiionﬁ'nﬁmﬁe (ioﬁtaﬁm’(y:)ﬂib requisite

e Gl SR, Snalio Lo, 8 o bl dachieed peck i

suitable b Fatibl daﬁll)(s[ 0 ‘;a(l}*& Gt Ma’ﬁ')taﬂ £Uet1§1der8a élsnaexﬁonal set of
ppm (CH(OC(=0)ifi, 1 and 5.0 ppm ( %)

polymgrjzatioy tregction rqoaditiony tfhl@hab%tanéfar@m@ncal V@!maatr ansr ag:hcm hexane,

penta%.ﬁ,e S‘%%Hr e?fal%?gg}é r)&é:{: %’cﬁﬂ@ qﬁ)]]ixt?l{~I 'T?}tflgnélq% egfég €. may t gsﬂtﬁﬂ)é% used as a

diluettoorablvghicloe thel?ioﬂl_ggn@p&tmﬂmddtmb Dﬁ?&)lgrﬁiehSat(obmlxme will generally be

( Lunit when present, are quantified
in 11%?@@?3@!%&3@ Of v%ﬂﬂo@e RQFIRIARUQE 97§ IDhearpqcppt thorein.
[0033] es Oﬁﬁ? C&n%nt%ﬁalsgrpgp@ zrﬁen?aftlt)t?x?(rssysg %&}‘ ‘BQ lﬁsg& tg ]'S‘oduce the

formate hem ester
precwg sepelymeesr wad in Hiis e@@nyolDCFPDl)mqozatmomathoés 1r(cﬁﬂi¢ mlgtn gressure,

st s BPenstor nd B RE B b pBfieno 8 SolBflen motog  Proferaby

soluuaﬁqihabhebum@hwmtﬁnmzhm ;heffee&,e@ard uged.uding priority
docunents, are fully incorporated by reference to the

[0034) ¢ eyt WidscHanising Of JEamsiEion gmefal compaNinds, se-gntZicglerNatisi gatalysts and
metalﬂ&gﬁégt 'afénkﬁ'&gnfﬂlcf?l whirH Egﬁﬁt %E?\Sﬁﬁ sﬁ}ita\ﬂm %hvikq‘i wil WEpolymenze

I ncorporation is pérmtte en numerica
olefirli¢ monemarsdtonprvdudectee prequesor ldopdlymenre be 3$eddmh$eanmmt oxidation

o RS S By b s SR SPEE e Syt nd

catal;%hé}fs&ﬁk&fah Zatthen afpEr paseubBEatibH NG, vpOaloode462 14, pubhshed June
ol efi n-di ene copol ynmers, including terpolyners,

Qi’c&@reaaﬁd@nmtswfwhe:hmr%)@ég@owfedthqresn bniegerenasn can be 25

S ety gt

and opﬁomlﬂjn bther bamelisonwird dre Igeﬁdﬁﬂl)dm&&tcwd%d demmed ﬁ'ﬁﬁrthelpolymenzatmn

eSS FOTRATS ) B ATH S LA LRSELUT i e

“Hkis | I I
ST ol Bt FAGEE S U, 1 o

conveatlmﬁll mamsw@mswmdmarwthesmbmmatmdmxme5 sqlivent such as methanol

in wh‘f oc%S%lggl@:%% waég e%ﬁg s ]6%%%% 'If}ﬂ?ﬁ %egbl o]fn %rﬁg}p%on of the

copolhylchid) QRECupser omatdﬁala nhidbhemn Qhéil SDeg rddaidivd thy @uAVIAEBHd] Niltration
CH3Re03 (MIO) (FW249.24, 11506 nole) is added and the
technigi¢Stj on is stirred at roomtenmperature. After two
hours, the product is

B) Hvdrogen Peroxide Epoxidizing Agent

[0036] In accordance with the present invention, the copolymeric precursor material
containing residual unsaturation is converted to the desired epoxidized or hydroxylated
polyolefin product by reacting the copolymeric precursor component with a selected type of
epoxidizing agent which is hydrogen peroxide. Hydrogen peroxide has the chemical formula
H;0; and is a strong oxidizing agent. It is a raw material which is readily commercially
available in a variety of forms.
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35 precipitated, filtered, washed with nmethanol and
dried in vacuum at 60C for 24 hours. The IR WO
2008/ 067077PCT/ US2007/ 082100 [ 0037] Hydr ogen peroxide is

5; used in the process herein in the formof an

\gé‘g()é)?{o@ 'Q}(;I ution with a hydrogen peroxide coRC&}HS2¢97/082100

bridgehegshpeslsoliH; nopraliylicobriigehradoandroydopentshik GHb,\2.95-2 M ppbwGtH). The
0 r.ef from about 30

o U ol RURY AR BTN R, 00

[0067] he 'HoNMBfmal 20 eompasitinl yndaped kahl fenctiinaliiativd efdr epoxy-EDCPD

bl es of e are
copolfifest it ermaeed B sy e o DEFD LU Tedntnces 434 gad 43 pom.
total B, 9[&% dﬂﬂb@dllgetge %Hdﬁéﬁ%acﬁ%&[aﬂgéé' A O art] 992@'&31:23;{) any remaining

roduci ng en peroxid Hydr ogen per
DC Pfgcﬁsmanms@lqﬁnmt harol i/ﬁwpmh tatad 2 dibt aaid roeptiionallyr tha @l g bridgehead

th f
ps DA A0 AT AR BRSSP0
units; ®xli- Siﬁtppmr(OHi(Dﬂ(?(S)lm i @D33H Brepmn CCEESCEIO)HhEl HD)E‘Sﬁﬂ&r correcting
i nv nlsacatalytlc oxi dati on process whic
the re tr@,qe g&?sa hatic region for iegtﬁ(yclaggpy DCPi), agd kfwmatc hemlestcr content, the
remaihdet %Qﬁé"ﬁmh'dm‘ haseA 1@%§§$ﬂeﬁlto MRngkal liﬁﬁg{o?%elﬁ: &Y D@[’Bulﬁuts (-

in the rheni um conpl ex of such cat al cont
CH(OH)GH(Q)H)d lmlts)amll@m pm@me ositifipd eérs,usad)ioyy— Eumlt.d(w 13C NMR

i 200N He e il LB 0 0 A e

[-CH(OH)OH{OC&=)H)-] asitf i@ ptows) véihﬁ theefoxFDOPD CHO resonances (61.2 and
[00401Met hyl tri oxorheniumis hereinafter desi gnated as

60.1 pppwrdC) MTO is a known catal yst 20 material which has
[oossPeemllf\'b&l@ﬁty afd #ngeﬁga@%cﬂrbngx%agﬁoéeﬁm )gﬁfclf-l 501 JnE‘thods), and

oxi dation reactions 1 nvo Vi ng vari et substrates
other Ermnlermomité herefng atciudesg prioritgr ﬁb(ameatsp afecfultg inconoratete by técrencc
to theec{)a:i ISlf §c o%ﬁ?e 'not t1nscor(1:s?s {ha'!hlsai\r/leelnlt%?xlalnldt%r 2 (]jurkstdictions in
S |
which such incorporation is permitted.
[0069]  When numerical lower limits and numerical upper limits arc listed herein, ranges

from any lower limit to any upper limit are contemnplated.

EXAMPLES

[0070]  The preparation and characterization of a number of functionalized olefin-diene
copolymers, inéluding terpolymers, in accordance with the process of this invention can be
illustrated by the following Examples: (In these Examples, the molar concentrations given are
per mole of double bonds within the unsaturated copolymeric precursor component.)

Example 1
Methyltrigxorhenium Based Catalytic Epoxidation of E/DCPD Copolymer

[0071] Initially 0. 5 g E/DCPD containing 45.7 mole % DCPD (FW 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 CH;ReQ; (MTO) (FW 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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[0041] MTO reacts with H202, the oxidizing agent used in
the process herein, to give equilibriumw th
formati on of nonoperoxo- and di peroxo-rhenium (VI1l)
species as shown in the 25 foll ow ng reacti on schene:
290868086707 7PCT/ US2007/ 082100 Chr onmat ogr apPCIRA2PLI&8E2100
[0037)i t hHydrogem Hecixydeeis ptefidyablgtuesd ieshaprseds hadinhinghe foomh @3 iah Yqueous

ot Y oG AT oL b i ot by o
aboutdi(f hve¥.edt 40alvt%edndagieh tfork NRHERrabHRdmABHEC 8O wi% BE70 wt %. The
mobi |l e phase is 1,2,4-trichlorobenzene (degassed and
hydragem perxida Mgt be wseg ig/the fprm of a commercially available, stabilized solution.
. =~ izt = - A - n t S5C (flowrate 1.0
ta
Suiaflp o e gfithokac S Rh RASE ol iyl iRl Blfiph uck as are
obtaii:4lini th¢ esthragninboo pjacesdl foe proafueihy hydroér peoxities ddydibgsm peroxide
150C High Te rature Per neat i on Chr gmat ogr.aph
501““8%%%3% PR e tﬁ&%lﬁéfﬂﬂﬁ'ﬁtﬁﬁw&mﬁm ayd REYESA ipdly presence of a
noble/th@1cRAISSH nctRRI B¢t HEPaisé 6 ughyni | ar di nensi ons)
and an internal DRI detector can be used. The nobile
phase is 1,2,4-trichl orobenzene at 145C (flowrate 0 5
ki n; ,cal sanple concentration 1-2 ng/nL). The
L afiol Coafifst EDCPD 10 copol yners exhibits inverted

[0038po| aTtietprodesodf thdpresdng dkntioars heﬂmrﬁ@bmaiﬁml ®6@ss which employs as
P%}}%ﬂ‘j rene st&gdards (17 in total), are used for

f
an ox1 Bt e piyl gromerhenipopssmetenak Henswedly tthe alkyl group in the
e 851051 LB GHEELR05h CORELATE o AR,
alkyl geoupyilhbemathyl.at e of 10 degrees per minute, typically

o 0, e 2 S AT B30 e

StructeA[} asF6llRvsepoxy- EDCPD copol yners are anal yzed from | ow
tenperature (-110 or -125C) to 250C. Tg m dpoi nt val ues

and T. nmaxi val ues reported are fromthe second
heat. [0064]{Infrared (I R) spectronetric analysis of
copol yners 'Re‘r\arried out on thin filnms which are
either ¢ s}hgn nol ded or cast from CHC13

(epoxy- EDCPIBs) onto NaCl disks, using a 20

Ther noNi col gt Nexus 470 spectronmeter running OWN C

sof tware. [0U065] Sol ution 1321H NMWR spectra of polyners
(0040} ¢ Methylggaxetheninmy3-IeEinader d@@oated as “MAIQ "arM DI is pRinown catalyst

ect ronet er, .equi dwth a 10 br oadband.pr.obe .
materfl? SR TRER el PR B b oot PR AR GHHER Feactions
involving bvantioeiwibirapdse Theirperag) Rafures cE MTW aé a ichthlystl ificludEith ease of
.as a relaxation agent. 25 [0066] NMR nol % conposition
synthess, ‘%@&L‘Eﬂ%}h@%’ gnd “d’&[b" Hi¥i@H by integrating the
00419! efirfor RIQDANALH,0%: @ i Ll E% i i
[ ._gpti onal ly the al Izg?’itce%??dégre@gggﬂue%gﬁgr%% B "‘.e%pg%rr?%n’ io give
equilipfjum with fogmatigh loff oooereg ehe digenoge-areanme (Y1) &pepigsas shown in the

- t cycl opentenyl CH2 and chain CH resonances
fouo“?gg.ﬁ-gél}g)gsﬁperrﬁleyt otal 4 H when resolved). After
correcting the rest of
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the aliphatic region for DCPD content, the renai nder of
the aliphatic integral is assigned to 30 ethylene; no
corrections are nade for cycl ohexane sol vent. Resi dual
YG%QBTB? estimated in weight per cent by i ntPW/(?SE&OQﬁSZIOO
ohe e

the c xane peak at 1.4 ppm (overl apped) versus 't
ChrqryifogF et SaRBE e res) PoLRE Lebatories anivedohedchigh-aamasity Type LS B

colufnf$ { @Uh Jafid: gROoNe :'mrﬁ e rdﬁfhe@err,e?;(ﬁ)allnﬁmeﬂ%!@? TEC-? l?ﬁ] ggernal Waters

__respectively, the toluene aryl resonances
differgnitel Sefricting dinders (DREY de@RPOr.ndhe manbile ghasendes,2,4-trichlorobenzene

eakAGLRTRR RS B o Y3t AL S 8 QR ok How e 10

mL/ SR Gl (sBblCEMcenttibh LHARLY §01804 aGEdNALbOR). = Altemnately, a
schene) is the nost reactive towards oxygen-accepting

Watesyhsoeiates 4 58U HighsT entpgragure (Gst PermdaténmeCluopetograph squippatwith three

jd r La j a.the process herein
P A1 SO BRS0BS54 ARSI
intenfed DRIt deaechorroah hefused., Thdenobitd Hidst @1,2AcrivRIbkobdRzene at 145°C (flow
procedures are relatively sinple, and water is the only
e

5 IYRGH HEMIDCRICHTEI 803 Hetmlec A JBB1 jsimel for EDCPD

bbid Sit ok ;
copo£|: 0044%:{"51113pr I\/ﬁﬁgéﬁ%gzb Js%yrg? e?n&hggl °r e a? if\g’glh? hﬁig%(ﬁ}%hcxlg}ct yP,OIYSMene
standardd (ElLimHotal)ghe wseil dortigstmanenpeadibmtien. 10 hydr ol ysi s of

poxidied products to hydroxyl ated, diol products. . '

100638 0 PR Bl e rting S o Byl Sopel R ¥ bisined on a TA
InstritRéitg gkl 202C bi 291 0RAREHEter ubihg FBYnkSe P PO ABSrEAlRr himAd ypically

onc or nore basic |igands to %he MIO conpl ex. Such
frompAEiCo 25T QTR0 Ectn 2 19 Colprmigly (o @SHTDr Gipene sromlen a7 galyzed to

o un. al ] | , ‘ ndar r , .
300°€ SRRUMSREHEE 85 BURRLBCID, B, o SHAOSR oo o
(-110R=at-@2G°C)oo 250°15 5T 2ehidpoim valupamit By magintin vhlyies &bett@nae from the
secorﬁr ch ligands can be reacted with 15 the MIO conpl ex

: B to the i ntroduction of the MIO based catal yst
[0064] Nt OlnfRfed BRF$PeBRorMBAL YRAIKEESE doolyRR 1M %Eﬁ&ﬁ oggf)ﬁﬂﬁn films which

AI ternatively, |igand form ng-conpounds suc
are eihyer icampression pyplded; avecagty frosn KEClp yapody-EOCGRDS) wato NaGl disks, using a

{ action _nedi 0 with the
TherfSNBHEPRHS dBSpdBRACI Rl ONINFC 8t 0 (€ 50
[0065Re acsdlaonVEdi{ IHD NMIO45ckTh o f ppEKieeiiire @Bl1&ReH &Y 4,-TCE at 120°C on a

,hﬁ]}léox | ation reactions of the process of the gresent )
VanapHpityPlus 209 spectigmetcs gawinreq with a d Qimradreadband:prose ofre etips Inova

300 spgtiggﬂl_ei@r leJ#ggﬁﬁle&{rﬂ 5 Y0 B @rolaﬁﬁ’a%h %r({b%a‘ﬁdr.{agga]c {'E«dif}"ﬁg r;; gxﬁ% is used as

action m can conprise only the nt’s
a relagationlagett. mat eri als esentially utilized in the process

erei re, gonvent.i.onal |l wever, the |iqui . .
10066] 5 cH D) G op 88 Fes Al Popofiiet it eied pipesratiog he
olefin’ R&Hah@R (56! a6@8. 5 pPmMbtAAD Hend Qﬁfcin@gﬁ $hedl B/lie HrRAbMRhd resonance

mat eri al. s can_be di ssol ved, suspended or di'spersed.
(3.1 ppppd Hiuthg serwlighic bridgcheadsesomance(@Atopen | 1), padythie¢yolppantenyl CH,
i o ! o . ) ¢
and o EH RoRBkls O Tontoll! bt B3k CoRe, NG LdrRE R the res of
the aliphetic région Swl DERD" comtedn th wergdindrotofaht abiphdtioeintgtabid adsined to
t reactio nec

within the n oedi um wil | essari. be . . .
cthylely B BoRSiobs BEor ot 5P FYACE Dl G EFPiiboent s estimated i
weighk ipetuteht by integrating the cyclohexane 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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30[ 0046] Sui tabl e reacti on sol vents include organic
liquids which are inert in the reaction m xture. By
"inert" as used herein in conjunction with reaction
é@%@ﬁgt?B%S meant that the solvent - 10- WD
B7A77PCT/ Us2007/ 082100 0.5 to about 18 RETU§2007/082100
[ 0057] Al efi n/ di ene copol yn®rs, and especi al By
ethylene/dlene copol ynmers, contai ning congponers
deri & fromyigid di endsh and 0 optio EPlngrom
anC|IIary ole ﬁ c te F2 'ndlcg DRONET s, can
ed#;;#ﬁﬂro gmh‘|=%===ﬁld - cRaraihi ng,
gﬁ%ﬁa bi zed 5 copgty F§~@y ugi,pmo retl afli vedy higher
reac on tenperatures a relatlvély | onggr reaction
times. For the hydroxyl ati on enbodi nents of the present
process, tenperature of the reaction nediumwl|
[0042)eneThd |dypetdudgtehinOM@lp peckl G Stac@bo Gt ofl GRCab&®Y 8,0, activation
preferably from about 60C to about 80C. For production
Sche%ef) i5ythe 05t ERasive W%@W%ﬂ%ﬂeaﬁm@m@s&%@%éw%ﬁs thengglefin/diene
le f hours
e P AR vid i R HerdE %
[004I|00578ﬂlf0MTﬁﬂ'izﬁh mtmesmroéwbadmmm seagbnts. heA[srmexhthcrcmaﬁcr the
i.nvention.can _be ca ut one .or nore of th
oxidsg gt HOF BaB Rt ED At FACarbies drd VAORIoAs aHe hproduct
FurthE:@rEtﬁ@Mfgrdoéshﬁﬁﬂe&ﬂﬁlﬂﬁ@tl%?%xﬁm&r&lﬁ@ th5itOR el Mol ats).
ydr oxyl ati on. Conductin e oxidation process in thi's

[0044}&n nEhe MA R/ Beeiysiems hag e‘ftlﬁtbwm higle @ICIdﬂf)efanda putihdngh acidity can promote

hydr% %E&)ﬁdl% gp%d%g{l Hogmétge(ggﬁ?g gcth df\ccordmgly, when the

cpoxitized aoq:,olbaﬁtﬁds ﬁic&fcsdﬁed iréaedort prodhot e Er&y{bb&ﬂph@pdatbyo hdiEone or more

f h
basicRagieiag 80P ER PO AL e ) <5FRlE o M gA-contaning
compb&fRRLEHBSantRefa or Bﬁﬁﬁﬂbe&@ﬁdaﬂn&f tbﬁfafyaﬁrhﬁeg 1nc}\1/1l%ng those bdcscnbed

Spect roscopi ¢ anal ytical techniques (
in U.§;Patent Nod%lig&,iﬂ?’nglcpmrq@tl@r@n bmcf:fmc@mSugh ligands can be reacted with

the MITERABC b T by oy il s F OBl i Bieeacion mediam

used CiﬁJ ptﬁb ylﬁ’ﬁdiéss riekdih.n pafeyhatively, hﬁgbﬁlﬂ ﬁfrhﬁthg%orﬁ%}lﬁhﬂﬁhuch as pyridine,
r heol ogi cal and nechani cal properties of t pr.ecur sor
bipyridis AT QtBereRyTElH o fiSFivak ges @pda@. ed i thenteaefingr wrgine: alepg with the
n ass transition tenperature,
reacmgl?s, E{)@ ﬁ%y{:{%{ﬁ%@ﬁ@&% (fg{snbues polarity which inparts
oi |l resistance. Functionalization thus provides a
D) RieddtioneMbdinal ance bet ween properties, cost, and
ke the.result] ng material s

rocessi ng.ran C
[0045£spe e PPQFIGBAR o sy or QY%PW puon; Lqaghigns of dh¢renrpsess ofpihg present
inven@bPat QURed off irPS suifablGhattith nRBJLNRRLh %ll%ﬁm% filp§id reaction

or precursors thereof. Test Methods and t’l cal
mediypp. o Ekgjteaetipn medium can comprise only the reactants and catalyst materials esentially

utilized in the process herein. More conventionally, however, the liquid reaction medium will
generally comprise a suitable reaction solvent in which the reactants and catalyst materials can be
dissolved, suspended or dispersed. (For purposes of the present invention, a liquid which does
not participate in the reaction and which forms the reaction medium is referred to herein as a
“reaction solvent” even though not all of the materials within the reaction medium will
necessarily be completely dissolved in or miscible with such a liquid.)

[0046]  Suitable reaction solvents include 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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[ 0061] The various paraneters and properties used to
characterize the polyneric materials 30 descri bed
herein can be determ ned using conventional or well
known anal ytical or testing methodol ogy, procedures and
VHHPUS/BE70E. For purposes of determ ni ng val ue®CraiS2a0e82100
0.5 topbs@NBhers. and characteristics provided for the
materials of this invention, the followng nethods and
[0057h o Qefiry digne, rorelipesy aad  poedsliGathybenc/fienei eppolymers, containing
FRY ri : C ] f.Qr.: I r
como e B B i R R S L oy S GEP B Erpotymer.
formingh temenofsss cdaat s oRdOd Gel hydemiybidd] de., -didl2containdi, functionalized
l2008 067077P /{Jﬁg 07/082100 does not dell etir' ouslry .
copolgpgra BY U%lﬂ%feéﬁff Y4B FEAS oM BPBRIMF 8 and felptiuedy {ogger reaction times.

For the @lyaiolxyRtidDethbsdinbRe Bf&e%ﬁéﬁeﬂ%&e@ﬂ&eﬂ&ﬂa‘?ﬁﬁ@s& th&action medium
formati on of non-epoxi di zed or non-hydroxyl at ed

will generdliyapege fiam abosdBic wuabeubl 08°C.meere praferabily dropn bt 68°C to about
o 1 B 0 ' r tol uen
50 RGP R R, RSSO, ARy rne

from #@boitsloloapoytti@riylrsnmnanyesfeablyftah ettbub2 & atphedé Bours.
ydrocarbons havi fromabout 5 to about 20 carbons, .
100580 C GG Arosh eriHRUieals G1oR BrseshiRy DI G g carmed out using one

or mda! sTOMRatREoMpd FRAERED RRISMUE PaRthe TR Y 808 AP laflSes for these
1, 2-di chl oroet hane, chloroform carbon tetrachl oride

paramgists qvigdap fok époxidation|and hidraxdetions (Bondir¢tingehle ositiaticat prdcess in this
I j ' . I i ¢..hydrocarbons havin rom .
mannd} R FRhEe F0fRha1BES TR MBS RIRR SN hE Bl Siftape and diot

functibriatitied. he group consi sting of al cohols such as:
ol , propanol, butanol, isopropanol, 2,4-di-t-

th s 10
(0059 ¢ ;Tﬁllg pFROfistizcdy Rrdipre dydrgeriated Qledn/disae conPlymin PEoduesdidy the
procesg%kﬁlgblré}ﬁ cif w&e&g%d?ﬁfdrg theAE&tiof n%?hugnt Hsgﬁ?é gr{aécoiv ioft&] recovery or

A a_cet at e, enzoat e, Cl nat e,
separdpion ydchniquesae ,, predipitatibn/filttatipio Spérarbesoptti amelyiighl techniques (IR and

ok o BB 5y G S S B R 0 v

copolrfdr cand chloroform Chloroformis especially
erred. The reaction nedium nmay al so conpri se water

re e . . . . .
lﬂﬂﬁﬂﬁ\at Such figictienaliged alefipidienp copalymers relaincmanyast theckeneficial thermal,

B o e T
el Rl R0 Kkl AR5 SRR AU H0Raon o
hydroxyiganugaerty anotets ticdglassetrasiionywmpsratuse, Bl of mike tapotymer and
: descr.j bed .are converted usipng the oxidjzin ent.. _and

imbucg Bplafily VG ries oY repieesoFWikbRAliaHon ELPPIISES ¢ gifferent balance
betwe@PPROpEHiEE cﬁﬂﬁ&idyIS’fBEe%siﬁg’ rétigh) £t daR GnakB ehd REAHO thatBRdisWihecially

contai ning these reactants and catalysts to reaction

usefulag o resistand, tiatredhly stablectlestemespon postrucBoahenging @ thérmdpéastics or
precurg(?)rgﬁlggeo?onds in the diene-derived conbnoners to oxirane

‘Certain types and concentrations of reactants
and catalysts, as well as relatively | ower reaction

Test Methoge bued MidsicahBracediatd vel y shorter reaction tines,

eng,.to favor conversion of the unsaturated copol yners
[0061}

Be é’ﬁﬂ%scﬂafwtﬁré 51811 yﬁ%}egges used to characterize the polymeric materials

described herein can be determined using conventional or well known analytical or testing
methodology, procedures 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 & Waters Associates 2000 Gel Permeation
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[ 0050] I n anot her aspect of the present invention, the
unsaturated a-ol efi n/di ene copol yners as herei nbefore
descri bed are converted using the oxidizing agents and
catal yst materials al so herei nbefore described to
WO3PLG103T ed copol yners by subjecting the redaIiEs007/082160

does natdiclererioasty affedt mig: dpbeidetidreatyankelaftfraa@ionl i¥Rtide {odts absence and
reacti on,c ndit.i onfs whi ch, convert from about 50% to 30

does 4e} Hagrgpe thrdorstiph af mBprRexidiet RENGH- efﬁéo’aféqtqfd/@aducts
[00473 OMDSRAB St Q it Vrg iR &EVRB- inGRAd &b {?ﬁtﬁ'o@a?gons speh,_as benzene,

concentrations of feactants an cata as wel
toluerreelmiqmelbynmmgn@ nitgebenicnes, béipwEiTie, uarasnlanmemel abbhare} \saturated
action ti to, fav nver si.on of the

liphe S O0hBE eBak yHES o0 hybibbed] 2l efibons shetc o psrpengeranc
heptafieiadiporinniad; ihalogeatdohydriarbond §eh b ntkthi@éneahldtdedl 2@ droethane,

the present invention, there are also sone sel ected

Chlof?ffe%t G R SNRTIEOBTOY HESF) DB 00TTeE GobsibHal sktwrted aliphati
andfoWE‘r‘oﬁﬁn% YdroGRONR ﬁltgv'%gr | Ve@ﬁﬂd{ 1 ﬁpaﬁothégé}?{%rgsfln&H&ng HRE Selected

bonds in the die conbhoner s
from thegsaupreangsdingmfelcghas suchesngethanoh prapaadlj mashol osdmbﬁanol 2,4-di-t-

o G R AP 5 G s i st

such E‘O Bt dcefute, \&ﬂiﬁ IbeRioRiED i fnehiR] KBk, %tﬁ'at:aﬁtrc #-h-butyl phosphdte

xi rane groups or all diol ‘groups W tHhin suc
dlmethﬂrnélfhal#ralané ethiers, swelpas iptiealyme; [agcbmp}tprm thsesof. types of
un | centratio
001508 ARt el SO B Sy s cpecity
preferyain e Tk | I)taatmngmedlnmmnabmlﬁo beﬁmﬁé Owdter. ab@ater, 4cXample, may be
n the reactjo malum Mor e preferably, t he
mtr‘)quﬁffdﬁsé‘lca@'l’fﬁgga]? ":—h ing, 3%t ur at ed copol yners to be

functionalized will range from about |Iw%to about
20wt % nost preferably from about 2wt % to 10 about
i or both types of functionalization, the

h Ni ntration of the dro
004973 SSRSEE 581y Sy IS LSS BE R A qogotymers s
herelrﬁ)bfwft dépibed lags célfvehydj ROHE rthé)Qfoﬂhﬂ@ agéritddm?dl Bialgsiembterials also
every nole of oleflnic carbon-carbon doubl e bonds

herebgipragertago EBpEtigherpolmesebs ] cstngte repction wadinartonivinieg these
reactaﬂﬂsejnﬁack&kay st 10O ARAWonditiBrs WRicRRQUberl FolPhisat 3094H60700% of the

are ad
double bonds m the diene-derived comonomers to oxirane groups. Certain types and

concentrations of reactants and catalysts, as well as relatively lower reaction temperatures and
relatively shorter reaction times, tend to favor conversion of the unsaturated copolymers to
epoxidized copolymers.

[0050] In another aspect of the present invention, the unsaturated a-olcfin/diene copelymers
as hereinbefore described are converted using the oxidizing agents and catalyst materials also
hereinbefore described to hydroxylated copolymers by subjecting the reaction medium
containing these reactants and catalysts to reaction conditions which convert from about 50% to
100% of the double bonds in the diene-derived comonomers to diol moieties. Certain 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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15 to the reaction nmedi um per nole of unsaturated
copol ynmer doubl e bonds in the precursor copol yners.

[ 0054] Whet her the process invol ves epoxidation or
hydr oxyl ati on, the al kyl trioxorhenium based catal yst

\e@dhﬂg&q@{.’al |y be added to the reaction nedi urpr?h_ﬁ[esg%?mszm

concentratjon of from about 0.0001 to about 1

condiffqng yhighy il omKeh FamabaLery e o 0yef the foublebgndsin thegliene-derived
cométloferdinGh& AdaRRate 2SRRI NbdRY! Fl%cﬁti&ﬁﬂge% ol Skifalle groups and diol

_copol ynmeric precursor to be subjected to oxidation.

moiefjps- e Spetefaagtitl gonditian and these O/hixhilare dntatmasdiatd td theptandofons which
-t Il OX@r i, sed catal yst .is added .per mple of .

pron@id Kb 4P SR HTLRRSE bt 6 6T 6B ue} s fogonatized
copobyfmens.| i gand- cont ai ni ng catal yst which is less acidic

#han the free MIQ {ype catal ysts tends to pronote
(005315, EPT Spthofyres elefBRionebeoro sl Al sconeauragen afr e unsaturated

. o ity e . en e it

corsil 8 R B AR gl I REASSLDEL Ml s witin
the repgtien mediumi. tMbre prbfgrablyn dtei initial ¢onechtatipo bf nresaturdtébeapolymers to be

vl R P B PSR B ey BB 8 v

aboucpaby/ner s cont ai ni ng conononers derived from both
exi bl e di enes_and rigid di enes, and al so optionally

fl
[0053]; onfFerkath typey obfuastionabzatienbe ipitgal conpeniratipnods temiideegen peroxide
g 101, di xj:di I I Y. dUsin .
e L .
oxidiging mpent darcdviegnmblenafalefirds carben-eqobot mleﬁneMime icBpolymer to
t
be subiseief i 1RGP BIF P i GETAHBH LbiotaboBa o B0 abBL0; ar added
to thé QeactiBB el Siramble ff GB.RPAL cepdiyrhG ARBW lbéﬁ)(g'- inF@e precursor

production of ‘epoxidized copolynctric materi al s,
copolyBgest i on times will generally range fromabout 0.1 to

[OOSﬂbou{Nh%ep&lé rp%ﬂcegga{ngol%seet,p%&?dmiyn I)rr l?y@rc?x?/?alﬁton, the alkyl trioxorhenium-
based catalyst will generally be added to the reaction medium in a concentration of from about
0.0001 to about 1 mole of alkyl-trioxorhenium-based catalyst for every mole of olefinic carbon-
carbon double bonds within the copolymeric precursor to be subjected to oxidation. More
preferably, from about 0.001 to about 0.1 mole of alkyl-trioxorhenium-based catalyst is added
per mole of unsaturated precursor copolymer double bonds.

[0055]  Use of a ligand-containing catalyst which is less acidic than the free MTO type
catalysts tends to promote formation of the epoxidized copolymers. Use of more highly acidic,
ligand-free alkyl trioxorhenium materials tends to promote hydrolysis of any oxirane moieties
within the functionalized copolymer, thereby tending to form the hydroxylated, ic., diol-
containing, functionalized copolymers.

[0056] Olefin/diene copolymers containing comonomers derived from both flexible diencs
and rigid dienes, and also optionally from ancillary olefinic terpolymer-forming comonomers,
can be oxidized to epoxidized copolymers by using relatively mild reaction temperatures and
relatively short reaction times. For 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 cpoxidized copolymeric materials,

reaction times will generally range from about 0.1 to about 24 hours, more preferably from about
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