EP O 417,489 Bl Description This invention relates to a process for the

i sonerization of a cycloolefin such as tetracycl ododecene or

pent acycl opent adecene from an endo ERPAIT 8B exo form an isonmer mixture
of a cycloolefin having an 5 endo formand a cycl ool efin having an exo
form Addl:#e 2l this invention is directed to the use of this m xture,
to a rando 3%&’ f’ej{mer and to a process for producing it. The present

appl i cant f OUﬁ\% J\\QE on el sqgla%tdc rfd?%qggm(\e B Any gcl&m‘@élﬂﬁ gs Q acyclododecene or:
copol ymer i 2l 9fiods %o%t Qﬁ’ IGF GDRer MilafreY Bl hg hévib 'an
havi ng e§c%h&oefentm erda@&gﬁsl@fﬁl%w 511 0B tormD &\Bﬁ@? ths PGk 18 JirettaNY d 8R4 of this -
r esi st ance mpiuh& idBandbel EPolfrRet la @@%ggmgrﬁ}og@émgrnem st ance, sol vent

resi stance, Ifhe gltosehtCaplidait BirAPE4t dyBiSolefifBradiom copdlyridrd BRhikddCBy odpaiyinbritdtion Ugt
cycl ool ef i RinyRAdaN orERAdINIEMICENee %l HnthotiXGsMs! IRNhg RRJolent HEmeSRonty adl Wéllalindeb
optical matpripbridss aBehghheat radBiah@a lthemeagyig dbesdtmca nutlerhitdd absstandd) esolérd rresistdnte
present applelecteit) propdriies atiychanicaparsmdies enghthat anchoayricaysio randen sopolyméia pahistcaxcelient
Lai d- Open [Beffeemancéinid fiedchdfioptivs! mMidesials 36GB 28 SHLEIZEMoBBHEE AdDBErs. Therefore, the present
115912/ 1986pdita0 abfadp @Eposed GBAGIaNIPRG copaitiers P 4apanese 87id-Opent Peiery Rublisetivat dpes
used for pri6RTO¥1988,PBFA0/1986c W SP 1218 @81%‘!9%1}?%1%986 PRy a Di el s- Al der
15 react| on b@'@@é’ﬂd"éﬁﬁef‘?s& 198 PY9 c’l‘i‘!i‘r ‘Hc?f’ﬂb’ﬁ@%’ma‘f?&m $ Ug@mperm‘ Bhé@e'ﬁ'ﬂd""

t hi S_Di €fsrKelpa e FP°“ 95"°5?6 F‘]‘, rocee S..

in a reactlon'" r gm ?jmare con Eg%weeh
éo % on or ©) ,q%% Bco) errr%vmﬁ an lS m in} formed

tetracycl odpee: é %H%I f 3 g 1 rrred A he

fol |l owi ng reactlon (b) - (c)
30 é.t,t%follovmngfornulals hardlyforned 35 '
[ERR] It is also known at cycl ool efin random cop

ol ymers produced by

copol yneri zing tetracygclo decen 49 pi nly h R_endo form prepared
by the above Diel s-Al &er act+ 'ﬂm et hytene , 2| | ent heat
resi stance and mechani strength. {l nternational Lai dNQger Publicati on No.

WD89/ 01950 descri bes that cycl ool efi'n random copol yrmers bt ai ned by

copol yneri zation of ethylene with pentacycl opent adecenes (cycl ool ef i ns)

have excel l ent trans- paggncy and afig) excel l ent nogepnly in-optical

properties such as optical uniformty and small birefringence 45  but also

in other properties such as heat resistance, chem cal. resistance, -

di mensi ofalof $e flieviina fgrmylacs ieetitfaiegal properties. Pentacycl opent adecenes

used as a cycloolefin for production of such random copol yners are al S0

prepared by a Diel s-Al der reactiongbet weer correspond| ng ' .

di hydr odi cycl opent adi enes (partia nat ed products of -

dlcyclopentadlenes) and cycl opgnt 2 r exanple, in a reaction

bet ween éycl opent adi ene (a) a{o 0 opent adi ene (e), pen--

t acyglopent adecene having an endo form (f) mai nly formed as shown in the-

following reaction formula in the same manner as the preparation of .

t et r'agycl 0dodg GeRS kn&m Bat cyclngﬂ@raﬂdan &bB&yridks produced by copolymerizing tetracyclododecenes
40 mainly having an endo form prepared by the above Diels-Alder reaction with ethylene exhibit excellent heat

resistance and mechanical strength.

International Laid-Open Publication No. W089/01950 describes that cycloolefin random copolymers
obtained by copolymerization of sthylene with pentacyclopentadecenes (cycloolefins) have excelient trans-
parency and are excellent not only in optical properties such as optical uniformity and small birefringence

45 but also in:other properties such as heat resistance, chemical resistance, dimensional stability and
mechanical properties.

Pentacyclopentadecenes used as a cycloolefin for production of such random copolymers are also
prepared by a Diels-Alder reaction between corresponding dihydrodicyclopentadienes (partially hydroge-
nated products of dicyclopentadienes) and cyclopentadienes.

50 - For example, in a reaction between cyclopentadiene (a) and dihydrodicyclopentadiene (e), pen-
tacyclopentadecene having an endo form (f) is mainly formed as shown in the following reaction formula in
the same manner as the preparation of tetracyclododecene.
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[err] 10; (a) (e) (f) And,
pent acycl opent adecene having an exo f'orm of the follow ng forrrul a(g)-
hardly formed. 15 20 The present HhPAtaMe Bhs nade a diligent study to
further inprove heat resistance and nechanical 25 strength of the above
random copol ymer of a cycl ool efin and ethyl ene, and found the fol | ow ng.
That is, when an isomer m xture cont ai ning a | grger anount of a cycl ool efin
havi ng an exo form (soneti-nes cal |l ed "exo-form\cycl ool efin" hereinbelow) is
used as a cycloolefin, the resultant rando lymr has remark- ably '
i nproveg heat resi stance and mechani cal s . ‘ t he present
appl i cant has found an i Lal |y advant ageous for isonerization
for the productio _ dT2Zfge 30 anopunt
of an exo formcyc gfin. i ct of thisg inyg on to provide a
process for the isomer zation o | ool efin having ayy endo form '
(sonetimes cal l ed "endo-formcyclodf efin" hereinbelow to a cyclooléfin
having an exo form (&% is anothefedbject of this inygntion to provide a
process for the production of an isomer mxture rich with a cycl ool-efin’
having an exo formfroman isomer m xture poor with such a cycl ool efin
havi ng an ex¥dawmntasysiopanizderspe having abexe fanp gt hefeligwingdarmyn () lstha'ld qrmpd-her
anot\her’®obj ect of this invention to provide a conpositionally novel isoner
m xture containing up to 80 nol %pf an endo- formcycl oolefin and at |east
20 nol % of an exo-form cycl ool ef t| further another object of"
this invention to provide a r# roduced fromthe above -
cor‘rﬁo_srzgl onal Iy novel i soner-xtugt '..o €2hnd havi ng excel l.ent heat
resi stance and 40 nechani cal : ocess for the production of
such a random copol yner. The ot her obj ect s an advant ages of this invention
will be apparent fromthe follow ng description. The above objects and
advant ages Ofhetpidsntiappiicant ih@imadeCa alidehEMe b ifiriér iMprode MaDREBESNch ARd idéhanical
i somer i25 akirangthak tha abyvel ratlomf dopolyinied BT & ByckioRfn &rarethylete, AN & e fowowily. That is, -
conpri ses wheoanEsdner mixueecaatatiing fadarger @amodnd ofl eedyicinolgih hiwirg dhaiké towh (sgmétirescliad ( ).
45 [err] Sexo-form cycloolefin” hereinbelow) is used as a cycloolefin, the fesuttart rgndern fopbymer has remark-
[err] 4 sbiEimpiovad heall@sistBice whrbmesheanidaketreigtia Aed, thedesgent swficahyhas fohydcandaslustrially om)
a hal ogen agwegipgepys eroqeytifoo@ammwgﬁwpp prpduction of gudheanrijomer eiturrl equéaining it lerge a
hydr oge ameust ofan i e'qrawc'a?'efm or a hydrocar bon group, or err my be
bonded t o edtihabehinst ofthis " 3s foyth m"if’& iory of a Y‘“('H? 'E?P"“?@T?"F%ay
t oget her 1“15?‘ 05‘“??{&53 ?!ﬁ‘@ °'° 'eﬁb?ﬂw) HW'?P“%""@“ES’EWWT rovr ded
m av

t hat d r"r’ M% afg‘feashr ° productipn.of g
acid gy Qrgzg {0000 S an o0 WO 35 b e P 2 o%r.c'ﬁéi%gi‘swfrgor"mm

It is further another object of this invention to provide a compositionally novel isomer mixture containing
up to 80 mol% of an endo-form cycloolefin and at least 20 mol% of an exo-form cycloolefin.

a It is still further another object of this invention to provide a random copolymer produced from the
L@-f above compositionally .novel isomer mixture and ethylene and having excellent heat resistance and

40 mechanical strength, and-a process for the production of such a random copolymer.

The other objects and advantages of this invention will be apparent from the following description.

The above objects and advantages of this invention are achieved first by a process for the isomerization
of a cycloolefin from an endo form to an exo form which comprises isomerizing an endo-form cycloolefin of
the following formula (I)
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Fig. 1 shows a relationship between a content (nol% of

tetracycl ododecene-3 in each of ethylene- tetracycl ododecene-3 copolyners
obt ai ned by copol ynerization of ethéPéHE7Wﬁ?P1each of four _
tetracyclododecene 3 isoner nlxtures haV|ng a different endo form -

| ool ef i n/ TMVA sof t ':,
el %ﬁe i gmg%ﬁ@a%% iy

(mol 9% of tﬁ« % o epto %ya% R 0&%@%@
copol yners Ui or1 S'J{h mléﬁt?g chd?loltﬁy S
i nvention 's%n@taﬁe\é 'tﬁla @s‘éhd%%f@@oh@'&@l@ smo nft@a{de%%ﬂ rfFhdYoribHRnding
foregm Ng f &6 fBdh . In the formul a each of [err] ' o

i ndependent | yflr D%hcﬁé(‘ehrela‘ﬁdhaﬁp bétReoh M@ﬂg@ewatoa FiradyclbRUQGRIB @t 2Bk OF etifylene-
hydr-ocar bonegtcptigoddcéraise rcogulnisaroplained Ay tchspiyrdtiagmn ot eipiens ewitn waen g, four
chl ori ne ansirdeyaibdeesnerdr iednsar maxiure Bavipp exsdifdrent leioHigralr aycleoldiioaxcgiorougycinolefin| rativer
al kyl  gr aupsdsUi saiening tdmperatuest df gdch onthpeapplyiers.i so- propyl, n-butyl,

sec- butyl, . i séighatspbwsapdrelglionshichbetyéencr content (Feite) lab Fetfaqvplodoldecem) pfm!lllseﬁbe\fe) sth-
each of [ erYlﬁ}nema@pmgm@'?cﬁw@mféawlewﬂmodumssth% drogen atom a 20

hal ogen at om dke gerfrgaraiadaliseshin Gisdrrpriorifryeieniofip having an H’&'P&ﬁ'ér?“ﬂfﬁfﬁs%ﬂ*@ Py dhe
speci fi ed aBEIEY fF‘FE'laé'Pred exa1 | es of the hydrocar bon rou are al kyl
gr olps stfich ad %g‘ lflla e |of ,||ndep eac a hyﬁ ha!ogen

l f
hexyl and s
[err] may b 'efsgs%%z ,ii%i% agg"t Pi@}éu c%°"8? ik '“S%C'ygggﬁm"gm
or [ er r] K Fg&“’h r.lth Ifc§r¥ula ) %Bden@sfr&rhgacm{ﬂgrc }éq I'\ygroggn atom, a
pol ygycl bt Bé{pato ra h xdtpiés & th@-ha%b feYds QBM’above ‘Preferred
cycl opent enylam@léOtRne 1) ?@up QFGOJPHQI Sbupk B&nlak ﬂ\{(loﬁﬁﬁ oy -ﬂoﬁy@rntlﬂﬂl iso-
atons to Whisil hbl &nd sﬁ'é@l gtsua cydlasliyl BrodsRidnad aRyddRekyegrosp. t he above
al kyl i dene gr eupor@rearti™y bi Rie ARy bp berdvd tockRErEother RkoinS & MoaYdiic d.qawcgamypm or
The "n" is BsSahd A oARY ahdIR'™ "nidy ford af alkylidéneroup kaguthéatoAk thdmbnobyciidi6h polyeyaitgdupbe
Zero at bd1eRS aNB'e ahd B of RS irfag folrh,Gve a byniaperityl glbly, cycldpermengl graup Ooyelokebxytgiosp dr,the
t he above f ke magbther(with carborr atqmsats grhitte B’ 0§, tRYeankldl’l @evbonged Gnd, fprefamad. exa(nbles\yf the
[err] wher eahovq abtylidenagreureme eXafiidenecbropylidehre al:ecljmpﬂdemcwp&( ). And, when n is
1 and mis 0, Thhtn"ifbeord: andriheimg if 0.} or &5 prodgaddhabn areon Bannetibe ZWQP‘I‘bﬂ/\ﬁ ingr mul a

Uhn

(1-B) [err] [@r‘hL:'fOé? fomula (HEEhep g P ang o iB1, thihehow o i) '%rﬁgesagte@ié f dfowing
t he ‘aboveé® fOMHAGA) |). Specific exanples of the cycloolefin of the formula
(1) (including the above fornulae (I-A) and (1-B)) are preferably as- -
follows: 5 Tetracyclo[srr] [eéé ' .
8- mathyltetracyclo[4 4,0,[eR ]3 doB ene 15
8-net hyl -t etracycl o[ 4, 4, 0, odeceng:;
8-eth yIté?racycIo[440 lesenge, 16
k’ l Ri..Rs_ ‘R12 R17 .(I"A)
o | 18
40
r14
wherein R7 to R'® are as defined in the above formula (1).
45 And, when n is 1 and m is 0, the above formula (1} is represented by the following formula (I-B)

50

(I-B)
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15' . 8-propyltetracycl o[ 4, 4,0, [err]-3-dodecene,

8- hexyltetracyclo[4 4,0,1 [err]3 dodécene,
8-stearyltetracycl o[ 4, 4, 0, [err]-3-ER)Qlét7em,B1

8, 9- dinethyltetracyclo[4 4,0, [err] 3- dodecene L
8- net hyl - ¢ £4 4 err decene 2
8- chl or ot etr E%Stﬁo 'Q‘ X’&ﬂi 8 é’é‘H“% (9 abOVefO"*‘Ula&

8- br onot eé .f % a\é cycf ole f) (including the above formufae (I-A) and (I-B)) are.
8-fl uorot trac [err]- 3 dodecene

4 0,
8, 9-di chl or 7 3- dodecene,
8-cycl oﬂexy?ﬁeg%cr&gggglbge{ﬁj 2}38‘1 %{eH 3-dodecene, 25
8-isobutyltetracyclo[4,4,0,[err]-3-dogegcene,
8-butyltetracyclo(4,4,0,[err]-3- d(zd
8ethylldenetetracyclo[440 [err ]y 2
8- et hylib dene-9-net hyl tetracycl o[ 4, 4 et r] - 3- dodecene,

8- et hyl i dene-9-ethyl tetracycl of 4, 4, 0[err]3 dodecene, 30
8-et hyl i den@-@etmmmmm,‘éfl’dﬁ-ya@b@érﬂ 0, [err] - 3-dodecene,
8-ethyl i deneﬂffaetfmﬂeyﬁcwldﬂ,ﬁ-aéif‘dl"‘8{~34d0¢°®m{ err] - 3-dodecene,

8- n- propyl i featyltetapycly "'4'3@0 96?'\9 3- dodecene, a
8- nipr dpyl i (fer?{gpygetrﬁg{cﬁ "ﬁ 0, [ err] - 3- dodecene,

8- n- 'propylr e’l? 0,[err]-3-dodecene, 35
8- n- propylr ﬂ 4,0,[err]-3- dodecene
8-n- propyl i c” rr]r] 3- dodecene,

8-i &Qprzgpyl Iéﬂ?‘ti&%e ﬁy 'ﬂ odecene

8-i sopropyl i D65t raﬁé; [éy 0 [ err] 3-dodecene,

8- i sopr opy! i geaRmeRacH xkgqﬁ;sq 3;&09 ,, ,O [err] 3-dodecene, 40

8- 1 sopr opy! i gir@@onstd hg@@ﬁgp,)mt 4,0,[err]-3-dodecene,

8- 1 S0Dr 0Pyl iDL Yk oy fb[-rﬂ:débe& [err]-3-dodecene,

5, 10- dizget hyd-isadiytsatof4,042017[*s3-8ddectnelodecene, 2,1

0- di net hy! t ex-sut@ytekymioi 40,65 j’dhniddddadecene, 11,1

2- di et hyl et8&-atoyiddnatptéacycidy.4.&1%F ) 3lideddcane, 45

2,7,9-tri net&igllhyﬂtdnne-aﬂ}eﬁiybﬂfﬂqydlp[&ﬁp&ﬁI’”Bs-dhddmene ,
9-ethyl -2, 7- %Ieﬂnmtudnyrp-te@vlteawdb[&ﬁﬂ.ﬁf 10’ Fdadpeefs, dodecene, '

9-i sobupy - 2B-athyidaneSHispproryi-etiRoyetibt, ﬂ-1ztf;1b’°H -dodedenss- dodecene, 9, 11 1

2-trimethyl tEeqthyi 8'919 y-tetragyc 4é*rgr 1'6 z ?\'@ 9-ethyl-11,1
2-di met hylteﬁ’?‘%[& "EFVB‘ T 50 9-isobutyl-11,1 "
2- di et hyrteerr%re by o lﬁ °g grp‘, Eiricone,

5,8,9, 10-t et ’éPFB qvg EER é‘"i?"‘ﬁodecene
pent acy9 | of 252: pzﬂi "s E{%ﬁ’“&;mi‘d]?% :g:nzcene

4 6 S/ 8-|sopropylrdenetetracyc_lo[4 4 0,125,171%.3-dodscene,
g 8-isopropylidene-9-methyltetracyclof4,4,0,1%5,171%)-3-dodecene,
(O 8-isopropylidene-9-ethyltetracyclof4,4,0,138,171%)-3-dodecens,
4@ ‘8-isopropylidene-8-isopropyltstracyclof4,4,0,1%5,17:'%)-3-dodecene,

8-isopropylidene-2-butyltetracyclo[4,4,0,125,171%1-3-dodecens,
5,10-dimethyltetracyclo[4,4,0,1%5,171%)-3-dodecene,
2,10-dimethyltetracyclo[4,4,0,1%5,171%-3-dodecene,
11,12-dimethyletracyclof4,4,0,125,171%.3-dodecene,

45 2,7 9-trimethyhetracyciof4,4,0,125,171%)-3-dodecene,
9-ethyl-2,7-dimethyltetracyclof4.4,0,1%%,17*%]-3-dodecens,
9-isobutyl-2,7-dimethyltetracyclof4,4,0,1%%,171%-3-dodecene,
9,11,12-trimethyltetracyciof4,4,0,12%,1719]-3-dodecense,
g-ethyl-11,12-dimethyltetracyciof4,4,0,125,17*0}.3-dodecene,

50 9-isobutyl-11,12-dimethyltetracyclof4,4,0,1%5,17:1%1-3-dodecene,
5,8,9,10-tetramethyltetracyciof4,4,0,125,17:1%}-3-dodecene,
pentacyclof6,5,1,138,0%7,08131-4-pentadecene

&5 4. 13 12
| (, ),
_ 10 u



EP 9 417 489 Bl 1 3 -di met hyl - pentacycl o[ 6,5, 1[err] - 4- pentadecene 1.
,6-d|nethyl pentacyclo[6 5,1[ err] 4- pent adecene, 14,1 -
5-di et hyl - pentacyclo[6 5,1 ,1 [efr|EPQ AR ene, pentacyclo[6 6 1
[err]-4-pentadecene, 5 . 1., 3-di nethyl - pentacycl o[ 6, 6,

[err

, 6-d

4-h d 8 027
}met h;rapg‘r}f&ﬁetﬁ %%:& ﬁg ey Qtaé‘jiegge, 151

6- di met hyl - n.uagf. em [%ﬁ;h ohﬁa° agmecelé
pent acycl o[ 6, gibie pq 09.

[err] 6 5 8 W@% : &ww&eﬂdexmmadecene 25 30 -
met hyl - substltut ed pentacyclo[4,7,0[err]-pentadecene, dinethyl-substituted

pent acycl o[4,7,0,[err]-3-pent adecene,céréﬁet hyl - substi tuted
pentacyclo[4,7,0,[err]-pentadecene; } "4'2" -[7,8,0,[err]-4-eicosene 35
[err] 40 trinethyl-substituted hept% lélerr] 4- ei cosene, _

tetranet hyl - substi tut ed heptacycl o[5/°~&78¢4 12- ei cosene,

met hyl - substituted heptacycl o[ 7, 8 [er5r] 42 eiffosene, 45

di met hyl - substi tuted heptacycl o 8,0 1 err _ _

nonacycl o[ 9, 10;61giraeth "Pgﬁaﬁé?’ﬁ[%%b 3 .08 -4-hexadecens, - [err]

The endo f or m§Ac-dimethying Iplf.8.1 6é’n ‘?ml' §°"a€?°§“°

t et racycl’®[ 4, £oBa¥piaPey!13 ogfeé'?ﬁ"édﬁcgd'?"éﬁtj sented by 55 the following -
fornmula (c) as described above. 7 EP O 417 489 Bl 5

(O to And, the.endo formof a cycloplghipa, when it is, e.g.
pentacyclo-[4,7,0,[err]-pentadece ‘) \- ed by the fol |l ow ng.
formyla () as described above. 1 : _

pentacyclof4,7,0,125,1%:12,08131.3-pentadecene

25 - 7
6 A8 0

|
G 21 13 111)

methyl-substituted pentacyclof4,7,0,125,1%12,0%.13].3-pentadecens,
dimethyl-substituted pentacyclo[4,7,0,125,1%12,081%}1-3-pentadecene,
trimethyl-substituted pentacycio[4,7,0,125,1912,0813}.3-pentadecens;
heptacyclo-[7,8,0,13%,110:17,11215 g1.8 (27 §11.101.4-gicosene

35

10 12

40 | | 1716;;

trimethyl-substituted heptacycio[7,8,0,1%8,11017 11215 §1.9 27 §'181.4-gicosens,
tetramethyl-substituted heptacyclo[7,8,0,138,119.17 11215 g1.8 027 g11.16] 4-sicosens,
methyl-substituted heptacyclo[7,8,0,138,11017 11235 018 27 111814 gjcosens,

45 dimethyl-substituted heptacyclo[7,8,0,136,110.17 11215 g1.8 (2.7 911181 4-sicosens; and
nonacyclof9,10,1,147,118:20 115,18 9210 3.8 01221 g14.19L 5 nantacosene

9 314,25

50

The endo form of a cycloolefin, when it is, e.g. tetracyclo[4,4,0,1%% 17‘°]-3-dodecene, is represented by
55 the following formula (c) as described above.



The stereostructure of the endo formof a cycloolefin is believed to be
cl.ear on the basis of the above- specified fornmulae. 25 In the process
of this invention, the above-descFP9d7d38Bdol ef i ns. having an endo formare
converted into cycl ool efins having the correspondi ng exo form by '

i somerization in the presence of a solid acid catalyst. The stereostructure
of the exo formcycloolefin is bglieved to be clear on the basis of the
following fornmulae. That is, fo ) exanpl e, the exo formcorresponding to the
endo formof the fornula (c)ted 30 by the following formul'a (d)
( d) gnd the exo form corres Nl +heJendadormof- the formula (f) is
represented by the follow ng formnul a O [err] 45 In the process of
this invention, preferred as a solid adi d catalyst are oxides or sulfides

of nmetals 50 belonging to the groups to 8 of the periodic. table or
organic solid acids. Preferred exanples of the oxides and sulfides are

t hose ®f Ad, thgjendPfoniTiof a\tycioplefin)\ishen\if islia.g. Pentagyclocld.7,0.517@81%A1'8-3epentpgsicers, -isf
such oxi deresgpied By the foliwingforeuls (f) 4sdasaibagrAbeve( conposed mainly of [err]al umi na
(conposed mainly of[err] zeolite (conposed mainly of [err] activated
clay,[err] [err] 55 As is ¢l ear fromthe above-specified conmpounds, the
scope of the oxides and sulfid¢ps used in this invention also include those
corg ai i ng an al kal i ne net »ﬂ ogen atom Preferred as the organic
solid acid are suffonic acfd—greysyceqtai ni ng pol yggrs, which are
commercially available, e.g. unde 2 ade nanmes of Anberlist 15,
Anberlite XE-284 and Nafion-H 8 1 489 Bl The isoneri zation
reaktign is carried out by bringi ngHa c ool efin having an endo forminto
contact with a solid acid catalyst. In is case the cyclool efin may be .
directly brought into contact with a solid acid catal yst, or may be brought
i nt 0 cont actrheMtérboshuctied df@heddntisl fofibed di&loolbfin ié bifievdl GSHRHIUIAr 6 théBasi3 o T8 klSove-

sol vent . sppefist fdneui@xanpl es of the organic solvent are cycl ohexane, decalin,
hexanez beninaheeprocss biothis tibntiat [theoaboie-desdritied cytiodlefids biningrap ehdirafarm arewdnveited

| i ke. Thentb syclevidfinnhivina thee genesrondings exvalom &yl ispmerizatibpain ttkey prespntey ofaa solld acid 150
C, preferaslyst at 0 to 50[err] The reaction tine depends on a reaction

t enper at ur e Temuergosirentise pit ey ercote eyoloplefincis beliswedete by, claap o the basis of the; following

pr ef er ablfgroles Thet i sxamples the gt lampeaspareadinglo the padorfony e amulr i isrenientadon
may  be%c dWriefalioying uiaidhat ch nmet hod or a continuous nethod. The reaction
according to to a batch nmethod ig specifically carried out, e.g.-as. -
follows. A reaction vessel equipgded wt g stirrer is charged with . :
predet erm ned anmounts of a cy ol efy-Afan rga}%i ¢ solvent -as required, and
a solig acid, and the resultgdnt m'x titfdd at a predetermned. . -
tenperature for a predeterm ned pe ime. Thereafter, the resultant
reagtion mxture is separated Into a solid phase and a liquid phase by
filtrati opg tRnslo tovh kbRbsponkifg oG 4ra ke iohthé Rimiid @) i9Feprstnted B thé Sdibwing ol
Wt (0)

40

Z— H (g)

In the process of this invention, preferred as a solid acid catalyst are oxides or sulffides of metals
50 belonging to the groups 3 to 8 of the periodic table or organic solid acids. Preferred examples of the oxides
and sulfides are those of Al, Si, P, Ti, V, Cr, Mo, W, Mn, Fe or Co. Specific examples of such oxides and
sulfides are silica-alumia (composed mainly of A0z and Si02), alumina {composed- mainly of Al2Qs),
zeolite (composed mainly of NazO, AlzOs and $i0z), activated ciay, Cr20s, P203, TiO2, AlO3-xCr20s,
Al 03-C00, Al203-MnO, Cr:03-Fez 03, MoS, MoSz, CrOs, Cr02Cla, Mo03z, V203, and WO, Clo. _
55 As is clear from the above-specified compounds, the scope of the oxides and sulfides used .in this
invention also include those containing an alkaline metal or a halogen atom. ' e
Preferred as the organic solid acid are sulfonic acid group-containing polymers, which are commercially
available, e.g. under the tradé names of Amberlist 15, Amberlite XE-284 and Nafion-H.
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15 kiquid phase are separated, e.g. by distillation. The reaction is also
carried out according to the follow ng continuous nethod. (i) The sane
apparatus as that used in the above BRR & 48®Hod i s continuously charged
with a cycl ool efl n or a cyclool efl n diluted W|th an organlc solvent to -

bri ng it into lizatl\% eact%n % carn d uﬂ) CaI ycsoo meﬁé% an endé ;;'J?m l% c%nt w?H
and the CVCL%& fdrl:aBbE Cnis %&49 o & n&n fn%a& &cﬁ,ﬁ \aS48hia heta
20 cont | F{ﬂ{ itto %m @olﬁ Qﬁél re aﬁ E&vent

diluted wit %aef,%mp%s hg% mb §oh9é ws;.n. ﬁui o)) beaz&@ daf¥bn B4R

W th a sql i fyedeb-gichighbeitans land ﬁg] fkecONt | nuous y W t drawn fromthe other . end.

I n'both of theanalemaizamh Feasifn (d darrdl dut(ddbahtagedudhy &t-5 kd ok O prei@adNOAl 0ite seRlhe

t 0 separ at erekdtion €6 ldepdnad b afreont 1BMPEEARKE a LORSRITAonISH HRY ciiclatlefy Bbvwbe ftii)

I S brought prefeablg 0BELID Hoird, inoke refbralily a@ W0 eal<al yst. 25 According to the
above i soneri Za¢ reactiop may be santeil citliyss bait @sthod tv, 2 @niwalsowsthed. The caartiob eccording to
convert edo f a balchremetimddosplcificaliyt aariathouws)eq. fofoliows.The structures of the endo form
and the exo f dvmeecliondvested oquifped withaa istirenfs ahirgedewithopredeternainayl dmpunts of cxgioolpfinoaner
i xture cano@icieaiventngsnisauingds and s ealifl rgid{ endrihe eseitenidinkriyret i stidsat| an predatarinined
there is fulPMRERUGIY\A RIgdgtermingd nedadsof fige. Thersafisr. e resultaghreation mixjusdpraepasied i e
rich with aps¢ %&“F%?r’ﬁ‘? 'E’P'Sdﬂ“%*lbﬁ f""Wﬁ“cﬁ“dch Flt@e‘éi’clg?iﬁj“é‘e‘f F'ﬁgj”@ﬁ"’ iSQ¥Askin the

m xt\wre R?cllﬂ“ a'j"' As of the (1) (|ncI udi ng
The ot oo (AR EE o Tl e %* el s ’%‘ﬁt. e
of a solid acaya oo aof De oot ‘tigea Wi o {fg sai.;g?{ heh ) ottt g&.f! 15
he n n olefi
en

above proces
pr ef ablzy ¥ F{l}eprésﬁrﬁ t'he t ot a orm an exo%? o% ﬁipsolvent is

cycl ool ef i ns, gyad ch%BlSﬁn &% eveioofef.nm:aé@ WRPhY orgdnid RRS iDEhafiBl Ho dW8Tdhé %fJL %IM{n |
preferably atpabueasﬁth 8 doliratidedidiyst BncCadAPubLRl Witkdiawndemahd dherBisd, UP to 15 nol %
preferably upidkothlé tikbabowdl dethdasitif dn6 (h, ardisyillapdrerhéticalid ysable tol sepdPatéThb Yydiblefirom
exo- f or m cyb oghred sofventfatiér tthatyclodidiie isremight irdddontaGt it & sdlid stidicaalyst.ch Wit h t he
exo- f or mepr ef Acaiding o teEbowdemetiatonbraasstdh thistioeation,af cyelpdasia cat it @ndbriek frorf @1 M
cycl ool ef i nendo dgumttearBéxe faph S%he Birugivreg etibe braio flarm \pod e bxafforne and the arolal i ef tid(endo
mol % of an enxdexé forma in pe iserodr erfiityle ceuthe detgmirfed by Inegsuring B-NMEomEC-MMRct ure - '
conpri ses 70 tAscomlinggp dhisinveatipnetiere ist fther erovided @l Reqopss ferriep Berdustion 9hanigmoy gfxtugs
exo-form cy B‘FhoUThe‘T"l fro-frp. cycloolefip,whigh FRPEPISes) SEieCHRgyaN IpUNeF MbbreFigh, wihanspdefedt m
cycl ool eff n® ?P‘&*f“t oirite frEps I"b(";;é'&% “Beh'é‘ét?? [cA) ‘éﬂﬁ»etﬂ af'r'*??mef“ﬁ‘gp"f '6?°§E!b1"rfb°
starting suB feﬁ ‘5al§ 'dzfc‘ﬁlc °" i soner

rich with a gﬁ's $erdgﬂur5 |c {!% g ef r sfwges
rm cy o ins, 0l%, I
process of lcularly 5! Iga 9 ? ndg- or cxfrcloo%ﬁ an9 U to1 8
' Evept ' O@f Ia[ rt!%i tt% rSQG nP

the tornu Ay h :tht ’the tot %ﬁﬂﬁ -faf %ﬁoolef S, up
conpkisi NG {get r{?ol rm%{}bkﬁl& 0 mbled & d-ﬂam%!ﬂloa&fm fA6rs boreferably,
nol % of an %%bfn@hﬂktﬁﬁé% Rs6d 700 sm efa?« naro-foﬁmcycrsa&ﬁran@w{otss%oﬂoaﬂ%leﬁd-m
70 té,.‘s ol Yewbie@ endo-form cycl ool efin and 30 to 95 nol % of an exo-form
cycl ool ef# n. Vihe Bodvé @om&aiiktre Mok Wkl & éxbiofbril Grclbdlenie dtdring materiGIPEHM| b reasily pRPared.
Wi th et hyl efign thet forggoirgSstating Guisstanteabyd @ IDieaial yaaetion, vbsieaxgthe xsombr reirktirevizB twith an
resi stance erdormeytientsfic aén tstprayidgd acording tortimvabbverpsovdssrof thisinybriomefor thé firstiing.

i nvention has Thirefoeoictadingly thisiaventiansthers i furthprigrovided iess isemar anpdaserpicopyclbgatie of thd
an i soner nforeds @ @cludipg () @ GrBD.okpotn inpmes mbdure G?’Fﬁ"é'p@ LR iR 8 mpl%oef anrrado-form
formula (*%) cl(‘#°ﬁ'€‘?"lﬁ!?$’ﬁ °Qsh€° Telveral Pra@w(fqrm,&yclgalﬂﬁn,(pr HbYY, ahigemay miuRsomp(isingyi0dg
of an exo- fél"}?i’t @S| WVP‘P@'QG‘P" 30rp SR pH A g exoffarn ayglodeliyr | ses, based on
the total of r’%r (of Jisgin ef'i‘.ﬂ’h'fﬁ °E’ g8 I‘”lé*f Phylegq it ﬁHPi/ﬁé‘P""bfﬁ"?‘g"
deri ved froﬁ‘?F W H%g °"Eﬂ'e‘ft s

ngfq)"vef‘ s E%Ef n| ts derived fromthe
cycl ool efjn lt i$ar ndorin copolymer of an isomer mof ureg upto of san %',?Jolfggdcyg,go%% of the

et hyl ene. formula () {including the formulae (I-A) and (I-B)) and at least 20 mol% of an exo-form cycloolefin thereof
and ethylene.
(2) it comprises, .based on the total of polymer units derived from the cycloolefin and polymer units
derived from ethylens, 10 to 90 mol% of the polymer units derived from the cycloolefin and 90 to 10
85 mol% of the polymer units derived from ethylene.




EP 0 417. 489 Bl (3) The polyner units derived fromthe cycloolefin are
represented by the following fornmula (I1) R3 [err] [err] [err] .10
[err] [err] wherein[err] n and m JFRO437 4@ Bhed as above. (4) It has an
intrinsic viscosity [err] nmeasured in decalin at 135 C, of 0.05-to 10 dl/g.
In the abov and mcoo en cl ool efin t formula (1-A) is
used as an §?rr p°8' Mt d% fﬁ(‘))'r"% %Yc'f’ ?'39'}4 **H 'gprase?tedrré'rm%%{? W'"Bff PR ("$ ormula |
(11) is represented by the following fornul a (II-A) [err] R15 R16 [err] R18
30 err] are as defi ned
B) %§55| mlarly used, the

y the follow ng
L [g14] are as defined
lpve, 1andom cpppl ymer can

e!Fe and etﬁfftne ina
vepi8in the presence of a
and an organoal um num and
yclog)léfr n of the isonmer mxture.
Such a randomcopoly- pr and t he process flor the pgroduction thereof will be
expl ai ned in detail n the productitm of the cycl ool efin
r andom €opol yner the copol ynerl zation reaction between ethylene and. the

polyner un|t of the f
formula (11-B). R3
above. 50 Accord
be produced by copol
hydrocambon sol vent—
catal yst which is co
sol ubl e in the hydroc

cycloolefinis carr1 p dma asy rme asaerSOl vent or w thout any N
Eygrocar Bongm, mm ats 9 cblogecnt d%el al i phati ic
bt s L SR e TE
hydr ocarobonsmsg)g enzene u' s 417 gtor )° _
R Rr13 o15
25 _ . ) R15 _
RT4R® R1MRg1% R17 (II-A)
r18
S © glo Rl4

wherein R? to R®® are as defined above. _ |
And, when a cycloolefin of the formula (I-B) is similarly used, the polymer. umt of the formula (II) rs
a5 represented by the following formula (i-B).

RS RO

¢ C

R15

16
B QB r17 (1I-B)
r18 .

RS RS

40

wherein R! fo R'? and RS {0 R'® are as defined above.

50 According to this invention, the above random copolymer can be produced by copolymerizing the
above isomer mixture and ethylene in a hydrocarbon solvent or without any hydrocarbon solvent in the
presence of a catalyst which is composed of a vanadium compound and an organoaluminum and soluble in
the hydrocarbon solvent or a cycloolefin of the isomer mixturs.

Such a random-~copolymer and the process for the production thereof will be explained in detail below.

85 in the production of the cycloolsfin random copolymer, the copolymerization reaction between. ethylene
and the cycloolefin is carried out in a hydrocarbon solvent or without any hydrocarbon solvent. Examples of
the hydrocarbon solvent are aliphatic hydrocarbons such as hexane, heptane, octane and kerosine; alicyclic
hydrocarbons such. as cyclohexane and methylcyclohexane; and aromatic hydrocarbons such as benzenes,
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t ol uene and xyl ene. These solvents nmay be used al one or in conbination. The
vanadi um conpound is specifically a conpound of the general formula -
VO OR)[err] or V(OR)[err] wherein RERDALEMABI 5 hydrocarbon group, X
represents a hal ogen atom a and b are deflned by [err] [err] - and ¢ and d

are dEf'nEdq?r;\éJw or a VL{S sﬁn n@ma with an el ectron .
=Y i %8 %é :
donor) espsf:r, gy i L %%95' eﬁwogs@r"ewf N % e
a CHI ofE}l?is

vanadi um cabgl¥SingCi T &Bgfe

an al cohof, ¢ g,quamaa a;oglagnw an e yde, a 10 car oxy |c ac an ester

of an organi ¢ Sk’ XeERE & w&raralaa.mcaﬁaaaras aRVES, Yot ASer, %(@@hy)gén WSoand
an al koxysi lcaCt,, FOfb-NCIH; RBEVOOCIHR| VO] Vel, 3010 RORONO/HE); SHEVCIARCE/FRITH).A,

an am ne, a nNiFuftick, Bxanigled df FRCHsAGH R nor PR intaly e A¥EINP [pRBard thelsbiabie h@aditn® Batalyst
donors are abtrom@heh srehaygengontaiding elddtrenddnor sadhQidTan HLoHL), PRerB] & R, anciideayd) 2
pr opanol 10 peabaxpisl acidhax astw|of a otganiobr, inatgeiiecaridphn etbar! andapiydmidd, @o Bailydride laey lan
al cohol , benkydysilate: aritoiitrogerintgihied bigdtrombanotsslich a5 wmyionia lag enips, 2 ritdlePnd [sydyanate.
al cohol and SP:&:%E resgmilaseah el elegrorpthesiors aih elpabibls havdngi hip 6 cabop(atoh® suelr Bomethanol,
atons, (whi &h ropgnek PH‘*#"GWE?X%W kogtanal rdeggsanpl; ogtadagyj picokal ediptyh) alcobelclhpnaid alcohol,

phenol , cr eemnv'et |2lephst: °“’é¥' éﬁ?@PPV pledishang mafepvlben%thqbﬂeﬂvm's having 6 to 20
cumMpher 6I % ovypé\; k rrglp aB al b iﬁ@heg‘ﬁ' Gresgle xylenol,
acet one, 38? e

W

b m gtzgi; enﬁ pu y eo he wgﬁ% 1r.?ecarbon atoms
benzophenoné‘ﬁﬂﬁ efcini &E\h ’15c rBT a A E%f%ﬁ%h
udd

as acetal defjy &g”g Eeh ,[@;ﬁo
a

dshpc'ie
phtzb th? & %
as 20 met hyle eprém voerFaﬂ et@F% t etﬂ ! eraﬁac‘?'ﬁ ﬁchl&fbd3¥t¥tte a&ﬁ'}l %ﬁc‘ﬁbro?crewl
acetate, ocChyln laﬁr@th Ce‘ﬂﬁ QlARNMS, Wtc |hexafd %Exyﬂfeomeﬁx?laﬁﬁrzoamatehw benzoats,
butyrate, ebip béab@saku bakBaky botsi BbRbASCHlHRI bekoi, pRinReRIABIRhAT Bonzoate,
met hyl et hawrihyl Rluflate bty 10lGHAS, CRBT RiuyRish BihyICHR)IRRRKBN REHHI DM Ah-Butyl TRIIEHS,
benzoat e,2s etdiispbutyp ansit@hatonatp, dipyhexyd epdidnateRscalbuitylste, lapmp0asde, of Aidi| ackic AEDMOE)
cycl ohexyl letnizdablahalate) dieth) phibalate asisbutiiehthytbte, ik by tpbthalate tdg-bthligeyl hiddige, +-
et hyl t ol uy betirelactensy b-valandlasione t coymaein htithalidehanid bathyleom cabonatet #rid halidasSabiag 2 to 15.
n- but yl nal eerben atgh®s suchidsi asetiplphiptidenteanigyl ehidride sofuic acidi chiarideaang) pnisic acid chioride; ethers
cycl ohexene 82190 ipl 28t earbog jatemn plicheastreathyb ptheaeihyd sther igoprefyl etbrsr by pther, amyl sther,
t et r ahy drié prbvpaye n, %ﬂ'sé'P 11 diphaniagther cacid @ides isuph\as apalie [eedat kenzai ampide,andypluic
pht hal at e, rn:dg,_ @pﬁr |qq@l3(‘9§ mrpe%lel@yl r@p? dre’tth);lamm;r(le tri %gimme, ||);§endm‘:l @tnbzntzgqlamt::e,
but yr ol act oﬁ@‘ e‘r‘yf ﬂrarc ol y e ! & Q2P ARC tolunitrile;
car bonat e; '?"8%%”" &Py s‘ﬂcafe %@@V'@Sﬁ%ﬁ lr%eﬁ ‘&:H'%{gng W‘Pa" be.used in-
chl ofi de, erlihid % hEll o 25k o chﬂ-de%ia?‘Q b Ehilonfih § U hd'%e

et hers haV| glfofgrﬁg([ﬁ E,ﬁea(gfomﬁﬂﬁ

i sopkop 'ﬁh ro uran, anisol-e and
di ph et her acr es such as. acetlc am de benzor ¢ am de and tol uic
am de am nesR(ﬁ'u@(fhzaﬁyqet hyam ne, ethyl am ne, diethylamne, tributyl am' ne,
pi periding, tribenzylam ne, aniline, pyridine, picoline and
t et ramet hyl enedivéfin e’ and 1RR,i Ja@s of Uifiéterd, SeadiC MtiéPahdehtlyl @predenta a;uracarb&egtahﬂhavmg
tolunitrile; esalyalthoXy@bdnaames, srafefabias et barbonstdrisca tepreasntt halogen, and m, n, p and q
di phenyl nmet hoay definedhiey. 0sirise.Den<l, 8<pik8.@qtBond me-nFmy+als@, anged i n conbi nation. 35
The or ganoal ufi sempier isrplsvicomenynds, foored drm atmets baldnging tetted greu 1i of the perindio dabiecand
havi ng at*| eadtmine opthe gengrebfermulsond | n the nol ecul e. Exanpl es of the
or ganoal um num corrpound are as follows. (i) organoal um num conpounds of the
general formuMff'err] 40 V\,herer n [err] same or different, each
|ndependently re resent hydrocarbon rou haV|n usually 1 to 15 carbon
atoms, prefe orgin M 1s, i S}?é Eﬂ'@e §'°‘H%r| ogen, and m n, p
and q ar € defr 8 p'B&f Fﬁ&“?;ﬁ EB‘% Si%a° a7 Yi"compounds, formed froma
rrEt al bel ongi %,T;o Eﬁd /e I%Vepth in sea%'aB’&', an& l Seflﬁecppreferably by 1.55m<3.

Compounds of the formula R, AlXz—

wherein R has the same meaning as above, X represents halogen, and m is defined: preferably by

55 0<m<3,
Compounds of the formula R',AlHg-
whersin R' has the same meaning as above, and m is defined preferably by 2sm<3.
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45, alum num of the general fornula [err] wherein [err] is Li, Na or K
and [err] has the sane neani nhg as above. so Exanpl es of the

or ganoal um num conpounds (i) are &P 0417 8381 Conpounds of the formil a [err]
wherein [err] have t he sarre rreanl ngs as above, and mis defined preferably

by [err] n(?oounds of tp o 2[ rr] wherer n [err] has the sarre meani ng
as above, ﬁg] e eamn L ned a{?erab ny def
0<me3.” Cor Py 4 bt oHeEer e gl Dnd d o deingg s
above, and afjifﬁ‘; s A kb R ol 53 A ©
the for gulagy é&tﬁll ju %ﬂ:&ﬁ%ﬁ int n‘z&hco B?Ggem akga - Efﬂ E{a‘gdes such

r epr esent $s bRInPEIGRInuR BoRe Ja.damtymuarnem i‘ok.amarbany [a%,ryiatearamyammrh Havhigan 3
Speci fi c euehige! BmpdbitidnN@f Qre) rbkeiala LD, AIDRORYTTRAYI NSl laluminu I BesGiblRhddbd AtahTia UM
such as t rethgllbiytinah Usdstuidtoxie  afd) Chutylalubini| 36sdibutexidt  didkyRiuk@en| halbesTisiehmasuch
as -t rii sopietpenytinath Ubhistide) dibugtiakipingh UBkicriden addk alistigHaiEmBug h b@side;  alkylaluminum -

di et hylal wedqnibattiest suoh | ad estipfublimthiutnutegduidhionden batylbiuhioom desquiptldriie ahdi \sthylaluminum

al koxyl at eesqaibiewidal paviaty relbgeuatery) alkyielanierma geh Genginsaiuminom déhidite drapylauinaum

[ err] and dighiRideandnbutiipiiminges dibromidi; coartidlyshydipgénated aliylaiymingny sych Lam dialkylaluminum
sesqui et oXvérdes, 9. Blathylpluminym Ryddide geds dlbytyialeneiaume hyddiien pd Allevlalyrminymrdinypidep. g
such as dieBYayraym dhwtride cane cﬂ'qpa'é'umrar'mﬂfywpﬁ Fh UpARtRIN | Aforvipdedagng halogenated al-

di ety | "1 (HEH ﬁ‘r”b rsB a%"“’éfﬁ' PP GFWWﬁW?'E’B @ r%rbrtefeeh'%e [pnd, Sthylaluminum

et hyl al u gg'r?ﬁl,u'g'g lﬁ"BP s' Wh"gru;f\{ re? é>°'a nds (), e.g. or-
cthyl a 3& 2 TR = o ﬁraar’cﬁrosr".cdﬁr’f’%as i %éﬂﬁ@?ﬁ@

di br &Q,méj ; part | a dﬂrogenat ed al kyI al um num such as di al kyl al um num
hydri des, e.g. diet hyI aI um num hydride and di butyl al um num hydri de and

al kyl al uni num di hydrides, e.g. ecgugﬁéumnym:gugy ri de and propyl al um num
di hydrides; and partially al koxylated a g al ogenated al - 15 kyl al um num
such as et hyl al um num et hoxychl ori de, @l um num but oxychl ori de. and '
et hyl alaam num et oxybrom de. Further, or ganoal um num conpounds which are -
simlar to tihemglesrpiothe deyatdauminemgeompounds) Gl @@l LIAICAMA ar@inAIOAEKS )«i Of thiasec tomat

| east t wo pabrdsyialiryigvraibombalideseant) aliadehoininuo ditsiides ot higtures birtiasg bre prefereg.gen or -

ni trogen at oWhaartes erMcloostinisabridem cSpnbvavief israsiueadpil s prefrablsuto lkartycowp® copdigmerizetion
[err] [ ermjactop of ethylgnexith Exayeipsiafin bR corfibuays guﬁ%anlmmmMemsnﬂ@ﬁq?zﬁ tee

[ err] of 3ot [feldkle wasadium germreund ] Ryiechin (i pelymeriationgeactionystam s vepilyohwere than 10

di hal i des “6‘Ps' rFF‘%ﬁriH'Veé S “t“ﬁ%é@rea?réfef Plef! dp P dies g 8igh Pﬁ%‘emﬁﬁr"é‘quﬁ?wr“ﬁ'ﬂdom

o o ot gﬁm S b "°@"%{f§§f R g e i
It EI tshga%gl ;P J Q;\ad%m % g noaBmL m co oumrin a?e % iﬁ}ggd l?o theed
pr eflerabl y, or" i tmuub N r,;r,ah K p;leféra.&d.. e @aom i |

Concent r atid SHarge ah @19 urhinum compound is also diluted to a concentratlon in the range of, e.g. not
\u‘ more than 50 times as hrgh as the concentration thereof in the polymerization reaction system, and then
40 charged to the polymerization reaction system.
When the cycloolefinic random copolymer is produced, the concentration, as a vanadium atom, of the
soluble vanadium compound in the copolymerization system is usually 0.01 to 5 gram-atom/, preferably
0.05 to 3 gram-atom/I. '
The copolymerization reaction of ethylene with a cycloolefin is carried out at a temperature between
45 -50°C and 100° C, preferably between -30° C and 80° C, more preferably between ~20°C and 60°C.

' The reaction time for the above copolymerization reaction {(or an average residence time of a
polymerization reaction mixture in the case of a continuous polymerization) differs depending upon
polymerization materials, concentration of cafalyst components and temperatures. The reaction time is
usually § minutes to 5 hours, preferably 10 minuies to 3 hours. The pressure for the copolymerization

50 reaction is usually more than 0 and up to 50 kg/cm?, preferably more than 0 and up to 20 kg/cm?2.
When the cycloolefin random copolymer is produced, the molar ratio of ethylene and cycloolefin to be
fed is usually 90/10 to 10/80, preferably 85/15 to 40/60. The sthylene unit/cycloolefin unit constitutional ratio

. in the resulting ethylene/cycloolefin copolymer is usually 90/10 to 40/80, preferably 85/15 to 50/50.
The above cycloolefinic random copolymer may contain other copolymerizable monomers, e.g. norbor-
55 nenes other than the cycloolefin of the formuia (l) or a-olefins other than sthylene in such an amount that

does not impair the object of this invention or not more than 15 mol% based on the total polymer units.

The above copolymerization reaction of ethylene with a cycloolefin gives a solution of a cycloolefin.
random copolymer in the hydrocarbon solvent or a solution thereof in an unreacted cycloolefin. The

F"ULJ.
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vanadi um corrpound in the polynerization reaction system The rat| o] of -

al um num atons to vanadi um at ons (Al in the pol ymerization reaction-
systemis not |less than 2, preferablﬁy@‘”{’o‘“@d31 particularly preferably 3 to
20. 35 - The sol ubl e vanadl um conpound and the organoal um num conpound .

i Futedow | EPRAE o el QEelFAE e iad engr%,f,tssr 4 16cf i€ WL SRPEG b Vb
Jm gg %* Sl g

diluted wit Mgﬂz§‘ gd),l %LQ% fk% in Bl vanbifitim
org Snlnt g

t he sol ubl e 5
concentration The s:saauoa. anﬁ &YcldEiskin. raffadm chﬁonya{egen@@nymbﬂaea ae”'&h.bamal@o

diluted t aaflYyWiiiebshing @Y Arfshihg) Ritr SHIEIRg, Where): (hiletéSthd BYEIB0Id IR FdRdo cdpohfsr 4he>
hi gh as theogawaentration thereof in the polynerization reaction system .

and then 40 ahaegmevet ychblefinpatdgitdopaljhdr,Offe stdfirdl @it SyEbE fom \tkee 8y clobiefin . of the
cycl ool ef i nfoemuteeg) dkoptesentioa ytetireissowdriotiel &dakingtibrewlagncent rati on, as a

vanadi um atom of the sol ubl e vanadi um conpound in the copol yrrerl zation
systemlsousually001t059ram oni |, pgeferab 0.05 to 3 gramaton|.
The copol yneri zati on rpackPon of et ylgﬂe i thRE3clycloolefin is carried out
at -a tenperature betwepn 45 -50[err]ang 100[ er refﬂ-%bl_y bet ween
-30[err] and 80[ err ~ypre]preferabl ¥ betwe dr d 60[err] The
reaction tinme for thelabgye,c 1 i : f?r an aver age
resi\dencé®time of a pfl B bRE 2 bt | g iRﬁ he cas€lbl a

conti nuous pol yneri zaj on] djk K rization naterials,
concentration of catallySNeOnpoentis ape” tlenpela res he reaction tinme is
usually 5 mnutes to J hougs, pggelgrablyol0 m hyjds to 3 hours. The .
presaur e for the copol yme?l zat onRo ?eatl oan s jusually nore than 0 and
up to 50 kg/cnR, prefewably nore tfdan O ame up to/20 kg/[err] Wen t he

cycl ool efin random copol yner is pr oBuced, the nolaP ratio of et hyl ene and
cycloolefin to be fed is usually 90/10 to 10/90, preferably 85/15 to. 40/ 60.
The et hyl.ene whbreih®y e RBInahil m arastdefen a4 btiowd.i onal ratio in the resulting

et hyl enelzgycl abé effaveeibpgeicyckmiefin GndesU@pbdlymed Prefefablyhast 8 iGinsicisedsity Bl iImpasiibetd 115
to 50/ 50. ThHesalmzd¥35 CyaflodBloctOidig.c r andom copol yner may contain other -
copol yner i zablTee geays nandem cepalymen protused frgB theeisemer gaikiere of thigrinvehiion dwpe k igh @lash
of the for ntigngitign poing (Tah ot puspion §eab resistancel asg achighyflexysal mogulua (EM) errsupsTiex rechenicel
does not i npfEnNgth @ gorpnsyed ith Spy eqRveRtional Ypqielin rasiplor GepohyRes obtpiagd ycopglyragrigatiet d
on the tdfaff ?n‘é'\"‘ ilh‘F‘i‘%e' "‘Pﬁé" 595‘8(?@9@5&91?!" REMPre-A0; reak o Fete; §rnagy caphyl Ehe
with a cycl B8P ’ﬂ°’ 1‘9{?? °8’n°fd‘f‘e °cf ‘EYBP@?fi“rPfF'gH

Sr“‘ s"é’t?l“ﬁ B

yvh r.fhe
t he hydroca é? i) f @é' Wﬂ My
Iggolliner E:qu é odec d ogtrl' ﬁ%’ﬁf —S}]? f?haxﬂnq) H)%s I% g?a% eans' |on(pom% g?% a‘;leer:(urael
pol yner/ errqﬁo ﬁ% sol“E%) v%c;refgéﬁéeQJ%WIe 40 to 100 g/[err]. The

sol ution al so cont a| ns t e vanadi um corrpound conponent and the"

or ganoal um puwRieReReERthatARENt s of the catalyst. The above sol ution of

t he &yel ool 7T n Tandom copol ymer is usually subjected to a series of
treatnents 5 (a) ThebhdodgmWbychoisimRsdior cadldbiofin Mok irdlig oM dnNisqaek Ingktira Bf wrlasycRby
pel |l ets of t ha40yt160l-Bfddacanaitd dmabmpdstednasrTCRFEhabdiiaBérNeds. calcilatbd 6s @low eTCD-3 -
cycl ool ef i n reascobiectadgo HNMR (in CREl: Sbonutemperatbre iTNS stehdard) el dnringenratibrestrength ratio
cycl ool ef i n off olefireprpton MPratIO(NIP)?ahsm the swipnt spastrem was wped e basiy dauthe;calcyldtion. Table

fol | owi ng for*m;sh%ws( chewicgl) shits of olefin protons obtained [bgr qn?asgrgment of 'H-NMR of tetracyclo-
[ err] 45 {4,4,0,125,1%1%}-3-dodecene.

Table 1 also shows chemical shifts of carbons obtamed by measurement of 3C-NMR of tetracycio-
[4,4,0,125,171°].3-dodecens.

55
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wherein [err] n and mare as defined as above.
et hyl ene-cycl ool efi n random copol yner

25 The above
preferably has an intr

i nsic VI $COSi ty

[err] measured in decalin at 135 [ER@PpHF489.BH to 10 dl/g. The above random

copol ymer produced fromthe isoner
glass transition point (Tg) or superior
L fechanical —strengt h as. conpaced_with any

nmodul us (FM or superi

m xture of this invention
heat resistance and’

conventional cyclool effn fandom cepel ymer obtai ned<ay copolyneruzatlon 30
of ethylene with an ispnmef mx ur%--sont aining 85 nnlu-%:or rmreg 9 nol % or
nore, iy many cases, of 9f nol poor wore, further in many cases, an
endo-fornlcycloolefin f the fpraH-a~t)—natdratl-y -when—t-he rison is.
made on the same conposit|on of ethyl ene and a cycl gqlefin).|{ 8hergpfore,
when the isoner mxturle agcord{ng t1Q this invention j§ used,| Bt s possible.
to reduce the amountBof expens|ve“t'®tracycl ododecen&s™and obtalnga '
copol ynmer having an §dent {cal gl-ass—t+ansitien—point- £Tg) o § fl,?exural 35
nodul us to that of aﬁy copvent onal copolyner Thi s |nvent|on“MAIl be
expl ai ned bel ow by refferepce tp Exanples Cpantltatlve deternuﬂat;on met hod
40 (a) The endo-fg@rm ,ycloblehrn/exo form cycl efin nbgar atio of
an isomer mixture ofEtletracycl p-.[4.4.0 [Lerr].dodecene (to bd ®bbrevi ated as
TCD- 3, Hérei nafter) was| calcugajed as follows. TCD 3 was subjleftec to
[errT(in CDC[err] rogm tefpefrature,™~TM5 standard), ar¥ an intggr@ion
strength ratio of ol Bf{ i n| pr&t pn ﬁlﬂorptl on peaks iff ¥he requEtafft spectrum
was used as a basis E&dr the talculati-on—Fabl-e—-l—shews -cheni{cl Shifts of
ol efw rotons obt ai$® d=by neab urengnt of [err]H NVR gf tetracyc'T'o- 45
[4,4,0, Ferr]B-dodecev §Iab|e arﬁg shows chem cal ﬁlfts qfwcaqpons
obtalned by neasurer@nt of [er[] CMVR of tetracyclo-b°” g 8
[4 4,0,[err]-3- dodecfe e. p0 5'5r..__EPO_4_’L7_48951_OD._-_Q.0__._- = .“.:,‘_ "OF
~~~~~~ fi 0 _o % CwW ~ - A~ 408 B 4~-3t-U
a 10 25 =3 wu s~ 5 @ S 8 '
ovecoad F 98 & &| |C (0 oo T T TR TR
- - - - - a B F— - ——Xe—-———18 & a
~~~~~ C r EI — ~t N In-rN 2 8 .
C) Yco inCzZ20 &4.. o QU . a2 -z.aD
- ..30CU =2 10 ~CE @ = a8 Co
tl Uwo 02~ ~ 2 ~ ke | F CF i :
b : % ' ' 0} O 20~~~~ H
= i - . - m : -
) ] = =, qyf v o 8
% 3 e © & e B
. ~ F 5 H B
- 2| |7 % = =
“ o :
b z o et e v A cmms ed v ek A GRS eme SR LS S R R S S A .
do _ §
-
o ) -
_ 2 5 g
45 g St 2
& ] g
# =
50
........-L___.__.._._...._..._...._....-_-....-...._........__.._.._'..4
Further, Table 2 shows chemical shifts of bons obtained by measurement of 13C-NMR of a TCD-3
§5° ‘opolymer.

has a high
a high flexur aI
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foliows. PCPD was subjected to 'H-NMR (in CDGCls, room temperature, TMS standard), and an

integration strength spectrum was used as a basis for the calculation. Table 3 shows chemical shifts of
olefin protons obfained by measurement of 'H-NMR of PCPD.
Table 3 also shows chemical shifts of carbons obtained by measurement of '3C-NMR of PCPD. scs
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Method of measurement of softening témperature
55

Copolymers prepared in Polymerization Examples and Comparative Polymerization Examples were -
raspectively moided into sheet samples, and thermal deformation behavior thereof was measured by using
a thermomechanical -analyzer supplied by du Pont. That is, the softening temperature is a temperature at
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Measur enent” was made according to ASTM D790 at 23 [err] Method of -
measurenent of intrinsic viscosity 10 Measurenent was nade in decaline at-
135[err] REFERENTI AL EXAVPLE 1 15EP 041RdB®Binene and cycl opent adi ene were
subj ect ed to a Diels- AI der reaction according to a et hod descrl bed in.

:[JZ»P ?ggia h' nt“g'?[ml ngfl;] é%o %14918/ %%XS]' anOdese e?g lozag of 49 gata temperature
r] Th gl Tant t et rnell’tcey (%, enep?;at'érﬁ 0- r?f%rferc%]t " PETRTING, BMPRTEte

cyclool efl n rm ar ratio. This com 25 pound had 94.9 rml%of an endo form

and 5.1 "du%uQf meRustsht bolokira FallG 5 Shows the results. REFERENTI AL EXAMPLE :
2 30 S-Ernyr=2-nor bornene and cycl opent adi ene were subjected tora -~ - -

Di el s- Al der me&areinbi Wad iadeBeoidhitBo WBIM-B390i df2d3ef erenti al Exanple 1 to

synt hesi ze 8-ethyl-tetracyclo[4,4,0,[err][-3-dodexene [err] 35 The

r esul t antMdirogiiohiyibastiretnera of/icthimsjcdisdesly [ err ] - 3- dodecene was neasur ed by
subjecteing it to [err] 40 obtain an endo-form cycl ool efin/exo-form

cycl ool ef i an;hramemafasmadeTM@almaap@ar@ had 97.3 nol % of an endo-form

cycl ooefin and 2.7 nol % of an exo-formcyclool efin. Table 5 shows the :
resul ts. REKERFNBALIEXAWIPAE30-|iter reaction vessel -equipped with stirrer and-
a reflux condenser vvas char ged vmth lliter of the

t et gc¥el o- ‘F‘ b%“ﬁﬂe F}!c'%é E“P!S’ﬁ@%’)m doipisls-plder pactione peopiding t%.a 'E;?{,

1 and 17 apt Paﬂ@a"%rfii’ tHRTOAPLY: R Sy fqippvelgis 4%53 1'3‘

kil ogr ans® 8? '}eeol [ te (Zeol am F-9, trade name, a product of Tosoh
Cor'poration, spherical forms, 1.8 to 2.4 mjerr]was added to the resultant

solyti gn, and 50 the M xture was st@@?’; roomtenperature for 6 hours:

to carry out an isonerization reactf an endo- formcycl ooefin to an
exo-formcycl ool efin. After the react he reaction nixture was. filtered
to separate the catalyst, and the resultant solution of TCD-3 in L
cycl ohexaneThassutir tdtlatyeddotBebns-3 RnddBrC B odMAABSMbEm éyEQol&mHgalartraiogme com-

| SoMer sz gbuntCGiad 84.9 Apigd §foh sndafforinlaed 3.Cole bAanfesd odn. NMR showed an endo-form
cycl ol ef i n/ Teble-5 shows thyebwisl ef i n nol ar rati o of 55 44.2/.55.8. Table 5
shows the results. 18 EP 0 417 489 Bl EXAMPLE 2 Exanple 1 was repeated °
except t IREFEREETIALBAMPBR2t i e was changed to 3 hours. Table 5 shows, t"h'e N

results. 5
30 5-Ethyl-2-norbornene and cyclopentadiene were subjected to a Diels-Alder reaction in the same way as

in Referential Example 1 to 'synthesize 8-ethyl-tetracyclof4,4,0, 125,1719-.3-dodexene

Colig

The resultant 8-ethyl-tetracyclo[4,4,0,12%,17'%}-3-dodecene was measured by subjecting it to 'H-NMR to
40 obtain an endo-form cycloolefin‘exo-form cycloolefin molar ratio. This compound had 97.3 mol% of an
endo-form cyclooefin and 2.7 mol% ot an exo-form cycloolefin.
Table 5 shows the results.

EXAMPLE 1
45 _

A 30-liter reaction vessel equipped with stirer and a reflux condenser was charged with 1 litor of the
tetracyclo-[4,4,0,1%5,17"%)-3-dodecene (TCD-3) obtained in Referential Example 1 and 17 liters of cyclohex-
ane, and the mixture was stirred. Twelve kilograms of zeolite (Zeolam F-9, trade name, a product of Tosoh
Corporation, spherical forms, 1.8 to 2.4 mm@, Nax0.Alz03.2.58i0,) was added to the resultant solution, and

50 the mixture was stirred at room temperature for 6 hours to carry out an isomerization reaction from an endo-
form cyclooefin to an exo-form cycloolefin.

After the reaction, the reaction mixture was filtered to separate the catalyst, and the resultant solution of
TCD-3 in cyclohexane was distilled under a reduced pressure (50 mmHg) to give isomerized TCD-3. .

Analysis of the TCD-3 by 'H-NMR showed an endo-form cyclolefin/exo-form cycloolefin molar ratto of

. 85 A442/558.
Table 5 shows the results.
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EXAVPLE 3 Exanple 1 was repeated except that the catal yst was changed to
silica-aluma (Sekado ON a product of Shinagawa Refractories Co., Ltd:
particulate, 0.5 to 2 mjerr], [err]ER Q47 #48BY10 anounts of the catalyst .
and cycl ohexane were changed to 4.0 liters and 3 kg, respectively, and that_
t he reactiogxéy s changed to 96 hours. Table 5 shows the results.
EXAMPLE 4 1 e 1 was repeated except that the

8-ethyl-tetra t) obtained.in
Ref erenti al Cé{&&ﬁ@ 4£§?m§13% e%cegtltpabﬁSQ%@t%ﬁ Q,QE g a.?gegl‘h:fﬂﬁfs?c) EXAVMPLE 5
Exanpl e 44 was repeate except that the reaction time was changed to 3.

hour s. Tab|QyﬁmﬁﬂpMB the results. 25 EXAMPLE 6 Exanple 4 was repeated
except that the same silica-alumna as that used in Exanple 3 was used and
t hat the reactxadplé it Was Vepsataexcepethati the EffalyBOWEs Thangél B 3iliddaiidila [S9kadd OW, alpRduct
0417489 Bl TbaBhimaghwes RevastotidscCa. ciddl] pasticuldte, 0.5 to 2 mm@, AlO3.mSiO2.AH,B8»W(OH)s), that the

c 5 70 amounts of the cafplyst and cyclohexane were changed to 4.0 liters and 3 kg, respectively,&nd) that Be
0 00 X reaction time was changed to 9§ hgurs. ~ co -c
* *_. H . Table § shows tg, resuits. IC O 0 *- vV “LO

* Cw o c's OO0 | f U L CD Cn LO *D O
04. EXAMPRE 4 . . N NC ~ N4-i C . 0
gq 4 \O'eo | x th E)tﬂ'ncé) as rep eqt exce%:c ch\tot(l)qe 8-ethy9tetracyclo[4,4,0,12-5,17-‘°]~_3-dodecene_ (8E-TCD-3 in
0 o ~ short obtamed in Referential Example 2 was used. co -L
) C Table 5 shows the results. ) P~

- 20 EXAMPLE 5

Example 4 was repeated except that the reaction time was changed to 3 hours.
Table 5 shows the resuits.

25 EXAMPLE 6

Example 4 was repeated except that the same silica-alumina as that used in Example 3 was used and
that the reaction time was changed to 96 hours.

30
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A two-liter glass polymerizer having a stirrer was continuously charged, from its top, with a solution of
20

the TCD-3 obtained in Example 1 in cyclohexane a solution of VO{OC2Hs)Cl> as a catalyst in cyclohexane

EXAMPLE 7 (Polymerization Example 1)
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EXAMPLES 15-17 (Polymerization Examples 9-11) and COMPARATIVE EXAMPLE 3 (Comparatlve Poly-
merization Example 3) . :

Copolymerization of ethylene with 8-ethyl-tetracyclododecene-3 was carried out in.the same way as in.
Example 7 by using materials (8-ethyl-tetracyclododecene-3) shown in Table 7.
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Claims

1.

A process for the isomerization of a cycloolefin from an endo form fo an exo form which comprises

isomerizing an endo-form cycloolefin of the following formula (I)
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A process for the isomerization of a cycloolsfin from an endo form to an exo form which comprises
27

Claims
isomerizing an endo-form cycloolefin of the following formuia (1)

1.

§5



i someri zilng an endo- formcyclool efin of the foIIovm ng formutra (I) 27
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wherein R! to R"™ are ind'e;-)endently a hydrogen atom, a hal m_or_a hydrocarbon_group.

RS to R"® are independently a hydrogen atom, a halogen atom or°g§1y

focarbon group, or R or R®

and R' or R'® may be bonded to each other to form a monocyclic or polycyclic group, or R'S and'R'®
or R and R'® may together form an alkylidene group, nis 0 or 1, and m is 0, 1 or 2 provided that m

and n cannot be simultaneously zero,

in the presence of a solid acid catalyst to convert its endo form into the corresponding exo form.

A process according. to claim 1, wherein the cycloolefin has the following formula (I-A)

R15

< p16
R17

R18

(I-A)

~ wherein 7 to R'® are as defined in the above formula (1).

R%

RS R

3. Aprocess _according'to claim 1, wherein the cycloolefin has the fonowing_ formuia (+-B)

R15

18

r17 (1-B)

pl8

wherein R! to R'® and R'® to R¥ are as defined in the above formula {i).

4. A process according to any one of the claims 1-3 whersin the solid acid catalyst is at .Ieast ‘one
member selected from the group consisting of oxides or sulfides of a metal belongmg to the groups 3
to 8 of the periodic table and organic solid acids.

A process according to any one of the claims 1 to 3 wherein the solid acid catalyst is at least one
member selected from the group consisting of oxides or sulfides of Al, Si, P, Ti, V, Cr, Mo, W, Mn, Fe-

28
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process for the |somar|zat|on of a cycloolefin froman endo ‘fofm fo &n €xo

for p})m;hf COMPEL & ﬂ.@gg& a@n oBng BERIAES L 001 ef 111 of the,

are {neperid &% e el ey fféi%i
h in-

[err] arg indgpedisasto g GPRo RIa 1 B SBURH W, RarTnBlrd
group, or [erhgv,ngraﬁle,[oasm may be bonded to each other to forma m)nocycl I C

or polycyclic group, or [err] or [err] may together form an al kylidene
group, n i s7.0AQrocdss addveing tb Slaith, 6, Wheddin fhe PomSH rilRiGhe FHbEkithd 316bighin GAING @h oAt form
si mul t aneous| yona@ises, bad8d on endofiorinubd preiBEMGRloaiéfing Irs1lal, et jasst 5 marabfysiycibdlefin
convert iots ehalingfaoemdoiforinand tpetod 8 molss picitgclonipfie kaying @n axo f@m. A process

according to claim1, wherein the cycloolefin has the follow ng fornula
(1-A) RO & A propgsszgcording to claim 8, whersin the isomer mixture rich with a cycloolefin having an e éqrqn]

[err] 30 comprises, based on endo-form and exo-form cycloolefins in total, up tof §0y QI%[ & & yciggefin -
wher ein {jer r] haine aag"deéqrmé'aaﬁ'%stt%%"%avecvﬂs‘?'ﬁ'ﬂ|hav"\9|ay oxoFforma pr ocess.

bedi to m1, vvhe th coolef n as the follow.n
?ICE: !N %n |somer rhixture o a cycloolef?n fv mpnses, based on thegcyclooleqLl havmg

E|;-%3) o) o SRR ;;geg}y? g,ﬁg BT 0 B THE B AR

°’R’“‘3 wherein the solid-
aci d.cat g yﬁt Ah o.aér élﬁé}yaccgﬁﬁg EJ Vﬁskﬁqﬁ{\ﬁcn&mmmﬁe QhfMR-AONST Sting of

oxi des or sulfides a metal belonging to e groups to 8 of the

periodic tafl @n RBHerMRRSE bécorMb kbl bOtherem: the'tyPIbAMIR hiss tﬁ&ﬁ@ﬁuﬁl (*§). to any one
of the claims 1 to 3 wherein the solid acid catalyst is at |east one nenber
sel ected fremutdier g @dferC MRkGteS bdebigin@fto @iy GRS cllifns Buil1f foel ﬂ’f)duedmn &bian dibynem-
V, Cr I\/Es W cidivplefirerandom copolymer.

13. A cycloolsfinic random copolymer:
(1) which is a copolymer formed from sethylene and an isomer mixture of up to 80 mol% of a
cycloolefin having an endo.form with at least 20 mol% of the cycloolefin having an exo form, the B
30’ cycloolefin having the formula {1) as defined in claim 1, N

' (2) which has, ‘based on a total of polymer units derived from the cycloolefin and polymer units
derived from the ethylene, 10 to 90 mol% of the polymer units derived from the cycloolefin and 90
to 10 moi% of the polymer units derived from the ethylene,

. (3) wherein the polymer units derived from the cycloolefin have the following formula.(if)

35 . . .

¥ — N
7 rl 3
\ ‘rld
() : R
| r14g12g| 17 (11
v 18
45 R
— A
~ /n m
50
wherein R' to R'®, n and m are as defined as abave, and
(4) which has an intrinsic viscosity [»], measured in decalin at 135°C, of 0.05 to 10 dllg.
14. A random copolymer according fo claim 13, wherein the cycloolefin has the formula (I-A) as defmed in

65 claim 2, and.the polymer unit thereof has the following formuta (I-A)

29
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28 = ERP 0 417 489 Bl [err] or Co and sul fonic.acid group-containing
crosslinked polyners. 6. A process for the production of .an i sonmer mxture

rich with a cycl ool efin having an EX@410483 Blvhi ch co m an
i somer mixture rich with a cyclool efin having an endo llmﬂm”m

i sonerization 5 process agcording,to any one of the'claifs 1 tH 5 to
formthe isomer mxture r|chR th aRg):;clool qfln having an exo form 7.77°A

leomar mxture rich with a . o
%sed on endo-form and exo- form _
cycloolgfins In total,

; R3cycl ool efin havi ng an
endo formand up to 15 of f1 ‘havi ng an ex(élof‘nt)rm

process according to claim§6 i.g@rer mxture rich W|tha
cycl ool efin having an €xo ' «€s, Based on endo-form and exo-form
cycloolefins in total, upt nol %if a cycl ool efin having. an endo. form
and at sheast 20 nol % of a cycl ool efi"h having an exo form 15 9. An isoner
m xture of a cycloolefin of the fornula (1) which conprises, based on the
cycl ool ef i n hawhergn Bhtodittie fodainediiovehe cycl ool efi n having an exo formin
total, up to 80 nol % of the cycloolefin having an endo form and at | east 20
mol % of t A8 A ypotiarpeepplymereasor maﬁ'a'éx‘@ Vs the gycloglgfin e thedeymulp (1B) 2¢ dafiped in
accQr dithg t o1 &i av de pRpePrenf e hes Ep SipdmirmHad-Bhe fornula (1-A). 11. An
i'someér mxture according to claim9, wherein the cycloolefin has the -
fornula (1-B). 12. Use of ar3isomer mi xtRPe accordl ng to any one clains
9-11, for the production of fan et hyl ene- 125 R éycl ool efin random -
co..pokyxg{; 13. A cycl ool € ) 6( 1) which is a copol ymer
formed Trom et hyl ene any a Eé.,to 80 rml % of a

cycl ool efi.n havi ng an efdB"f mol % of (ER&Bycl ool efin
having an exo form the}30 gaving the fornula (1) as-
defined:in claim1, ( i otal of polyner units. :
derivedsfromthe cycl ool ef F4 4 ts derived fromthe ethylene,

10 to 90 nol % of the pol ynef eriv&d fromthe cycl ool efin and 90 to '

process-accordi ng to clai m 6} vvherel
cycl ool efin havi ng an epdg Ml

10 mol % of the polymer units derived fromthe ethylene, (3) V\/n_erel n t_he i
pol ymer ‘units ebersiv BHtofA*OandtFretoAfcdroad defined abavee the following forrmula (11) -
35 [err] 45 wherein-[err] n and mare as defined as above, and (4) which:
has an ®nt1fi Aorogesyife dssproguciasraf p cysiecied rasdor gorglymel Whighzgompriss egpelymeyizing ap5
to 10 di/g. isomer mbfusmefAiFie 8 3ed © Bcclyeraepniselvent o withaubanyfydpearion spjyent in.
cycl ool ef i n Ha$raspnse PbPrﬁﬂ?a%XStg‘l’h'ﬁﬂ%'s £empnseq Rl viradiam compoupdt ang,pm ¢ °r9§'??6‘”‘|'."ﬁ%’“
pol yner uni t “AMpatdspd ﬁé%'“tl"h'@ hedy 'BW"HE;S‘T"(?P%F&V?*P""AW thgdsomer mixture.

_ as ' Patentanspr(lche

\ _ 1. Verfahren zur Isomerisierung sines Cycloolofins von einer endo-Form in eine exo-Form, umfassend das '
&/ Isomerisieren eines Cyclooleﬂns mit endo-Form mit der folgenden Formel ()
40 ~
R 9 R 1 3ﬁ _
R 135
LT ™~ R16
- r74r8 {lrR11ir22)} R17 (1)
RlO R14
50 .
~
/m

n

worin R' bis R"* unabhiingig ein Wasserstoffatom, ein Halogenatom oder eine Kohlenwasserstoffgruppe
56 - sind, worin R* bis R unabhiingig ein Wasserstoffatom, ein Halogenatom oder eine Kohlenwasser-
stoffgruppe sind oder worin R'> oder R'® und R” oder R™ aneinander zur Bildung einer monozykli-
schen oder polyzyklischen Gruppe gebunden sein k&nnen, oder worin R und R .oder RY und R
zusammen sine Alkylidengruppe bilden kbnnen, worin n 0 oder 1 ist und m 0 1 oder 2 ist,

30



RO '  “RI3 [err] B . rlend -V R
[err] aré as defi ned abave. 15 A random copol yner accjiﬂmgﬂqﬂmmigmng
wherein the cyclool efin has the for kR @4748)Bhs defi C W &latm3,
and the polyner unit thereof has the following formula (I11-B) R3 25 -

[ er f'] ~ wher e! n Jo?rggLse?sz aLer {J d \? E’\Ehta? ic(g'?efitnj r{?d i & o%‘r{e' 'ih3§i;' %36' 'v%‘ rioecsef.gsienf.s%tcren-
the broduct | oyl gl Yok Ul ehdlh doP ARk 37 b Wilghech Bhas ol BT pLgssedn &
copol ynmeri zi ng an 1somer mXxture of clarm 9 and ethylene 1n a hydrocarbon
sol vent or Wl { iiroiiin RERAF ALBATES el R digafieofiRbIffel a catalyst
which is gonposed of a vanadi um conpoun and an organoal um num conpound and
is soluble in the hydrocarbon solvent or a cycloolefin of the isomer

m xture. 35 Patentanspr~l che %9 VErfﬁmaen zur | someri sierung eines
Cycl ool ofins von einer endo-Formin -ine’iéﬁigornl unf assend das

| sonmeri sieren eines Cycl ool e do-Form mt der fol genden Fornel . (I)
20 RRBIRe R RL 02 “~Rrl16 R171 (1) 28
~~~4 R .. 6 R10 w hei gl RR7bi8 |14l yhabhapy¥g ei Wassergioffatom e .

Hal ogenat om oder ei ne Kol enwWassgr st ¢f f gluppe 56 sind, -worn Rls bis Rt
8 unabht ngig ein Wassers arogkBat om oder ei ne Kohl enwasser -
st of f gruppe sind oder wor i " R16 und R17 oder Rls anei nander- -zur
Bi | dtmig €fner nonozykli- schrhOQoder pbf#tyzyklischen G uppe gebunden sein
konnen, .odor worm R15 und Re 6 odor R 7 und Rd8 zusammen el ne

ACKkyl i dengr uppe._ bi . e ro n r ,st und mO, 1 oder 2 ist,
20 ) LISNOr PPy %‘gﬁ_‘l?"(’]’%ﬁﬁﬁ\"% Polly §Renfod 3¢ UM, SN OO

Vor atsgesgt &t . vl el hsBrubl £ Woririle G g b rdhoRiramicPiBRR TN der
Gegenwart eines festen sauren Katal ysators, zum Umandel n" der endo-Formin
di.e entsprechende exo-Form 2. Verfahren nach Anspruch 1, worin das .
Cycl ool efin die fol gende Forrﬁej (I-A) hat ®8R13 70 ~ ~ ~ ~ ~ R70-R8 RI11.
R : R17 (1-A) ts Rr15 e~ RO R1L
worin R7 ®is R8 wie in der gefiniert sind. 20 3. S
Ver fahren nach Anspruch 1, ¥ e fol gende Fornel (1-B).
hat R3 - RO RS t XRI7R 418 |BRY7 S (1-B) o

- 80

worin R! bis R'? und R'S bis R'® wie in der obigen Formel (1) definiert sind.

35 - o
: &‘1 - 4. Verfahren nach einem der Ansprliche 1 bis 3, worin der feste saure Katalysator zumindest eine
Verbindung ist, ausgewihit aus der Gruppe, bestehend aus Oxiden oder Sulfiden eines Metalls, das zu
K/ " den Gruppen 3 bis 8 des Periodensystems gehdrt, und organischen festen Sduren. '

40 5. 'Verfalwen nach einem der Anspriiche 1 bis 3, worin der feste saure Katalysator zumindest eine
Verbindung ist, ausgewdhit aus der Gruppe, bestehend aus Oxiden oder Sulfiden von Al, Si, P, Ti, V,
Cr, Mo, W, Mn, Fe oder Co und Sulfonsduregruppen-haltige, vernetzte Polymere. o

6. Verfahren zur Erzeugung einer Isomerenmischung, die reich ist an einem Cycloolefin mit einer exo-

45 Form, umfassend die Durchfiihrung einer Isomerisierungsreaktion nach einem der Anspriiche 1. bis 5

mit einér Isomerenmischung, die reich ist an einem Cycloolefin mit siner endo-Form, zur Bildung der
Isomerenmischung, die reich ist an einem Gycloolefin mit einer exo-Form.

7. Verfahren nach Anspruch 8, worin die Isomerenmischung, die reich ist an einem Cycloolefin mit einer
50 endo-Form, . zumindest 85 Mol% eines Cycloolefins mit einer endo-Form und bis zu 15 Mol% eines
Cycloolefins mit einer exo-Form enthélt, bezogen auf die gesamten Cycloolefine mit endo- und exc-

Form.

8. Verfahren nach Anspruch B, worin die Isomerenmischung, die reich ist mit einem Cycloolefin mit siner
56 exdo-Form, bigs zu 80 Mol% seines: Cycloolefins mit einer endo-Form und wenigstens 20 Mol% eines
Cycloolefing mit einer oxo-Form umfaBt, bezogen auf die gesamten Cycloolsfine. mit endo- und exo-

Form. : ' g

31



251 x:|.8 RI RI .R2 . . R7.R -B) 30 R4 RS R8 -
RL worin"RL' bis R und Rs bis Rs wie in der oblgenu l" umnmlert 2
sind. 36 4. Verfahren nach ei nem dEP 0AHZ@¥B®Bdhe 1 bi ste - -

saure Katal ysator zum ndest eine Ver bi ndung |st ausgew-‘htt aus der-* G uppe,

best ehend AU Oxi den gder l& as ap eQmB l|)| S
\8/e(rj1?:1 hrPgrnl ﬁg%ﬁgaéi?d%?ﬁ n&@?} Aﬁuni{:% b0, gj{r r% O%o;l?;ns rr(x% em;ra‘g oxo- Eﬁmau?z{gg:: faufs ;r:; '

Kat al ysat or Zum n est eane r in ung I'St, ausgewahlt aus der G uppe,

best ehegd ﬂ)u%o%ﬂﬁ&h%e{aclws&b&@w&ﬂrbaﬁbycloaeﬂn die FoTr'nel Myn&r . M, W Mh, Fe
oder Co und Su~fonsduregruppen-haltige, venetzte Polynere. 6. Verfahren zur

Er zeugung Al BoherbsMEoRGRIHEEISAISHIG 9, Wbrfd da®CEdbolefii disForbl iy w&ty Cl ool ef in m t

ei ner exo- 45 Form unfassend di e Durchfahrung einer

| someri si emurvgsmm#d biog Isveelenmischaly okeh ohars bk adspridhed Bis 31 Mrtdueenétaéuung einos

| sorer ermi s c Etwign-CyhicelefireCaphlymers mitistatistisoben veytglwol ef in m t ei ner- endo- Form -
zur Bildung der |somerenm schung, die reich ist an einem Cycloolefin mt

ei ner exo-PoCugloolfin-Genolyaiar raihstetigisoheaNertsiiuncidag, worin di e | somerenni schung,
die reich |st @hein Corolymey/ish eebiidet pys Frme"e'r'ﬁer*ermmerenm@qhm%rbmzu BOMoKeieines 85
Mbl % ej nes Cyc ¥5’!S’P'§‘f'ls HE" ﬁ‘l‘?‘ e@F?@?’méﬁHé“W?ﬁ %9n‘ﬂ°'?f1| ‘leszqyc'i‘!ief'% Fril %’?ehé@'%"“-

ool & i dP“"‘%‘@f&F m-
el o &1 e i SIS Hy o o,
di e | somer enni 50% r 'e"f'c V‘fgle r!‘u abeten P2pger aé* fiig jgessten
|

do-F bi s
\?\/)e(nlogsfrms 20 %'aqlne cr{ﬂo§r |ns mﬁ:J ané fier fgxdgla n’&ggﬁffﬁt%p{zﬂogen

auf die gesam en Cycl ool efine mt endo- und exo- Form 31 EP 0 417 489
Bll1 1 11111 111

11111 C If\ i 9.
| somer enm schung ei nes Cyﬁpool ef i ns{deR%Fo R@ rrtr\gssend bis zu 80
Mol % des Cycl ool efi ns hde®t 20 Mol % des -

Cycloolafins nmit eli eTl”
ei ner endo- und ei ner |[¢xQ4
worin das Cycl ool ef i n{#Ré]
Anspruch 9, worin da %g;
eaner | somerenm schung Z Er~4
Her st el Pung eines tO Lthyle -Cy»IOcIef
Verteilung. 13. Cyclooje 3 '
ei n Copol yner ist, geb]l ei ner Jsonerenm schung von bis
zu 80 Mol % el nes Cycloé#eflns mt epner endo-ForﬁTﬁjt zum ndest 20 Mol % des.
Cycloolefins mt einer exo-Form 15 wobei das Cycloolefin die‘in, :

Anspruch 1 defipiecte GQrrmb ,(ld Bk s.m 0, Mo1% der
Pol ysrg! ei nhei t@peine&htﬁnsﬁt'-\ﬁﬁoéﬁmﬂd“ &i UG bt oBbeth, hnboai B i,

k/ 14. Copolymer mit statistischer Verteilung nach Anspruch 13, worin das Cycloolefin die Formel (I-A) wis in
40 Anspruch 2 definiert hat, und wobei die Polymereinheit davon die folgende Formel (ll-A) hat

a%en Cycl ool efine m:t-
7nach AR RY uch 9,

lRenm schu S Rach |

at. 12. Vervvendung

Dis i far die o :

ynmer's mt statlstfs_c-he_r )

Cher Verteilung, das (1)

St at i

RiUs

(L-A)

50

worin R? bis R'® wie oben definiert sind.
55 _
15. Copolymer mit statistischer Vertsilung nach Anspruch 13, worin das Cycloolefin die Formel {I-B) wie in
Anspruch 3 definiert hat, und wobsi die Polymereinheit davon die folgende Formel (1i-B) hat '

32



Mol % der Pol ynerei nheiten, die sich von Ethylen abl engen -
auf di e gesanten Pol ynerei nheiten, die sich von dem QCy m“ﬂ““ yI en
abl eiten (3) wobei®die Pol ymer ei nheiR @417 489Bt ch von ﬁmm\l

ableiten, die folgende Fornel (11) 20 R RSR

125 n m~~~~1 30R 35 haben, worin Rl b| s R 8 n und m w. e oben
definiert sind, und das (4) - e Intrinsi Igﬁ\/sk05|t~t Eu] von 0,05 bis 10
dl /g hat, genessen in Decalirf bei 135 C. ;' h-' Rr1$4. Copol yner nit
statistischer Verteilun ¥n das Cycl ool efin die Fornel:
(I-A) wge in 40 Anspr ucP R&8wobei di e Pol ynerei nheit
davon di e fol gende Forrrel- iR 3 R15 4561£383A) 50 worin
R7 bis R18 wi e oben defjigjert I r mt staffstischer a
Verteilung nach Anspruch 135 ol eR?gEdi e Fornel (i-B) wiein
Anspruch 3 definiart hat, un fynereinheit davon die fol gende
Formel (%1-B) hat 32 EP0417 897B1 0 T T Y T Y/

S11 -3 : (I-B) 10

R4 RI RRR R11 WesP thiﬂﬁ"’b‘r’% Rl—‘\*b'slm‘dw'ﬁvogenmeﬁniqms'ndw e oben definlert sind. 16.
Ver f ahren zur Erzeu ung ei nes cI ool ef | n- Copol ymers mt statistischer.

Vert ei | ung1® %‘lﬂ Egggg g eine E?f' leg‘P’ér%‘h sfé‘f%hew‘ée&ﬂl@%mmfa;we
na(?\:Anéf)ruch °§° on . elnom fipBlanvas

1ofie
ohne ir gendeltﬁ%ﬁ" hv‘%ﬁ é%?ﬁwmveﬁngﬂggf i er n s :)t;ir:'un?um rbindu zulga&\%gg:;.

Kat al ysa- R o W ersms%ﬁung isiich st

E"&h

Or.ganoal um n| um/er ung zusammenset zt und 1 n _
Kohk\(nwggs%vgngﬁ,gtkoggungsm ttel oder einem Cycl ooI efl n- der | somerenm schung" :
| 6slich ist. 20 Revendicatlons 1. Proc6db pour Fisonbrisation-d une :

cycl ool 6fi Be MgsbE phf? NFEBmMERERN dnd dyB5BINEE6 1a fivhe GRISDE ®Nfbrmhe b;&Dﬁﬁréoﬁ@Feh@n .
d' une cycl ool gbintiRain dsnd S/choEHiNg s (o RARCIBEUndaAt 4 R irAGIB Y] Rivantd : Sul vant e:.

25 Rl R2 7 8 R'-R12 : R1L7 (r)y 5
R4 "Res R '

3\

1
“'N R15
riiigi2y rI7 (1)
_ - 35 R14)_ '
N m
T 40 dans laquelle R' & R* sont indépendamment un atome d'hydrogéne, un atome d'halogéne ou un

groupe hydrocarboné, R'S 3 R*® sont indépendamment un atome d’hydtogéne, un atome d'halogéne
ou un groupe hydrocarbons, ou bien RS ou R'® et RV ou R'™® peuvent étre liés 'un & l'autre pour
former un groupe monocyclique ou polycyclique, ou bien R et R"™ ou R et R™ peuvent former
ensemble un groupe alkylidéne, n est 0 ou 1, et m est 0, 1 ou 2, sous réserve que m et n ne psuvent

45 pas étre simultanément zéro, en présence d'un catalyseur acide solide pour transformer sa forme endo
en la forme exo correspondante. :
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-..:40 - dans laquelle Rl a Rll sont |nddpendannent un ne,
un- atorre d' hal ogene ou:un groupe hydrocarbons, R15a Rl ll !ﬂﬂﬂ"@lﬂﬂﬂu ﬂﬁ
i nddpendamment un &atone d' hydr ogerkP 0 d#7 4890t d' halogen L

hydr ocarbone, ou bien R5 ou R16 et RL7 ou R18 peuvent Clre li~s Pun & -

R oy L e A Yo S R

1, et mest 0, 1 ou 2, sous r6serve que met n ne peuvent 45 ' pas 8trs
simul t anenent zero, en pr-~sepge d' upygatal yseur acide solide pour e
transfogmer sa forno endo e E €X0 gpgrespondante 60 55 33 EP O~
417 489 Bl ML17111111 11111 2. Procede selon |a.
revendi cati on 11 dans iﬁgerpond alaformule (1-A)

sui vante; 9 R13 17 dans IaqingF R7 a ‘R18 sont
toel que definis dans ) -gessus. a Proced fon la-
revendhcation 1, dans G 6 eii@psr~pond h la formule (I-B)
suivante.: 3 20 R9 -6 -
R~~~~~~~ | BRI 25 rl0 rl4 Rl R2 R3R8 R17

(.1-B) R- R4 7 Ra R6 10 30 dans Iaquelle R aRs ot R5a RIS .
sont tols quo dafinis dans la-fornu (%%? -dessus. 4. Procod6 selon |'une
quel codhue des d?’E\Pé'Hﬂ'P@a?l%n@"tfe‘&q@ deﬁﬂ' ng 18 dfqymyle K"é’"é???‘t‘f} yseur aci de’ soI i de

Cct au nons choi si ns t.o groupe onstlt 0

sul fures. d HHEE S Siperian T s el pREE0e ot a s EHERP I s on
Peri odi que et des acides solides organiques. S. Procede solon |"une - -
quelbngjue des rovendlcatlggs 1 a 3, dags tequel |e catalyseur acido
solide ost au noins un nenmble choisi dans |e ggb¥ipe constitu6 does. oxydes
et sulfures do A, Si, . , Fe ou Go et des potynbres
r~ticuls contenant des g onNurle40 6. Procede pour la
preparation d' un nelangr rON umbTCycbooIkI+mB ayant une
forme exo, |equel conprg e un nel ange d'isonmbros riche.
on uns cycl ool efi ne ayan , n p%%cede d' i sonerisetion calon
| " une quel conque des revendifcatiqis 1 a b 80ur former un nel ange d'isoneree
richie en une cycl ool 6fi no gfant RENREf or REYexo0. 45 7. Procede solon | a '
revendi cation 6, dans | equel te nelange d'isoneres riche en une

cyct ool®fins ayant uno forqp ondo1gonprend ar rapport aux cycbodteflnes :
total es dans | daFsdaauelie 5Ha & ekt RT AR F%{‘tfelﬁr‘i‘f%d iig dang (3 frguledh gitePft-es % d' une

0
g;glnf O: gf :Ag??f% 2 eloré Iteocgu con%ﬂg ges reve AJ cagons 1 é]35 dans Hequel é catal';ge%r gch% sgl%e %Lt a!r} €
oins un membre choisi dans fe groupe constitué des oxydes ou sulfures d'un métal appartenant aux
35 groupes 3 & 8 de la Classification Périodigue et des acides solides organiques.
\, k 5. Procédé selon l'une quelconque des revendications 1 & 3, dans lequel le catalyseur acide solide est au
’ ' moins un membre choisi dans le groupe constitué des oxydes et sulfures de Al, Si, P, Ti, V, Cr, Mo, W,
L- Mn, Fe ou Co et des polyméres réticulés contenant des groupes acide sulfonigue.

40 . .

6. Procédé pour la préparation d'un mélange d'isoméres riche en une cyclooléfine ayant une forme exo,
legquel comprend le fait de soumettre un mélange d'isoméres riche en une cyclooléfine ayant une forme
endo & un procédé disomérisation selon I'une quelconque des revendications 1 & 5 pour former un

_ mélange d'isoméres riche en une cyclooléfine ayant une forme exo.
45

7. Procédé selon la revendication 8, dans lequel le mélange d'isoméres riche en une cyclooléfine ayant
une forme endo comprend, par rapport aux cyclooléfines totales dans fa forme endo et dans la forme
exo, au moins 85 moles % d'une cyclooléfine ayant la forme endo et jusqu'a 15 moles % d'une
cyclooléfine ayant la forme exo.

50
8. Procéds selon la revendication 6, dans lequel le mélange d'isoméres riche en une cyclooléfine ayant la
forme exo comprend, par rapport aux cyclooléfines totales dans la forme endo et dans la forme exo,
jusqu'a 80 moles % d’une cyclooléfine dans fa forme endo et au moins 20 mole % d'une cyclooléfine
ayant la forme exo. '
58 : : : .
"~ 9. Mélange d'isoméres d'une cyclooléfine répondant & la formule (f), qui comprend : par rapport au total
de la cyclooléfine ayant la forme endo et de la cyclooléfine ayant la forme exo, jusqu'a 80 moles % de
la cyclooléfine ayant la forme endo et au moins 20 moles % de la cyclooléfine ayant la forme exo.
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8. Pr ocedd selon |l a revendication, 6, dans | equel to nel dai soner es

ri che en une cycl ool efj ne syant la fornme exo conprend, mﬂ q 1 ’! ﬂﬂ'L
cyctool efines totates dans |a forneFRAH 489 Bhine | a for L 0
notes % d' uns cycl ooet fine dans |a forrre endo et au nons 20 note % d' une

Seton o1 8 MRl Sk ok SR Lo e,
total do i 31 CM&IL gd”sf 8%s SNRe jovehditdod's d &q tlac 9|0J’Iéin % 9n% t|§ ohm?e M)a nt la
P e P8 o il ifudle SRu e HpaR g s &

forrne exo, a cyc rms endo et au

mons 20 grv'@.sUﬂ(gﬂ& |4 GG 9loq£drﬂaﬁesaaeﬁ,nt;ul\@ qﬁ&éoﬁ&ee&ﬁ reishdcatiosPe & 41 podt9aBl

113 L1 réparation dh co n%@&&atﬂndﬁ@tﬂﬁérﬁ%yé&’lém a revendi cation 9, “dans
| equel | a cycl ool 6fi ne r~pond alaformule (1-A). 11. Ml ange d'isoneres

sel on l'a r ggeoshoymbre ctifiquedgaisodingueel | a cycl ool efine r~pond a la fornule
(1-B). 5 12. W)idul shiuh pombiie formk ang@air d'éihpinsest @min Idlange d'isomieeosCoRbraot jopge’d
des reveddi cat isonsoldd @ dbie pyxioniéding agand Eeforartel edtio et dlan rauis0ywles % Slusd cySboléfine
6t hyl bne- cycl oadlystit lafermeledo, Copioyiéfive épsmdamiéslaifoqu@e (ytellecmb eéfiniidgneoa refvarylicefion
est un copolynte forns & partir d' 6thylbne et un m~l ange d'i soneres
cont enant j usqu@iaul.gosséde, par S@pﬁ'bhte@ta%'@‘ motiés mlw@reenrwqeana latcyplepiéfing ptedes
endo et d'au noneils depolymbre praygngnt ded'élyRrieoty) 19 melenpHetmqtits de Heipere prpvenprt de
cygl ool 6Fi ne ré?@f?&&'ﬁ‘l"e of 80 3,10rpgles 7 ée mat'fﬁde|pevmﬁaaf°m'rtmﬂ gétmﬁ‘?% i
revendi cation 1€ ;a%j legeR! lesadiRide POIMPRYE RIS dRuR CEYRISMNeEPRERT Ps‘a gmule ()
pol ynbre pr overFé{‘r‘i tle 1 a cycl ool df i ne et des motifs de pol ynbre provenant
de | ' Nt hyl ne, 10 a 90 m)l es % de notifs de polynereg provenant de is

ycI oglefine et 90 a 10 | es % dgs tifs d(ﬁlpo ynmere provenant de

thyl bne, (3) dans IeéueIR es notifls poly re rogénant de la -

cyclooleflne repondent &

N | L
/T3 v <RIB ~on e 89 12
17 | 1 o1 ~ Rl7 (~I~I~)~~~R4
RD RS zR10 R 3 1" Wsont tels quo d~finis

-dessus, et 35
dans de | a decaline a 19
statistique selon la re\
la formule (1-A) telle d

L e [q] nesur6e N
@ﬁghlynere - o
dans{l eq eI Ia cycl ool df i ne repond &

ns g0 everRi’tACtl on-2, at son notif

pol ymer eser ~pond h [ a forjmu i vant & 40 R13 R15 45 .
RR 1R17 —~ n (M A R18n R R1I0 ~ R14 50
dans laquelle R' & R™®; n et m sont tels que définis ci-dessus, et : _
35 (4) qui a une viscosité intrinséque [5], mesurée dans de la décaline & 135 'C,de 0 ,05 & 10 dllg
Ty -14. Copolymére statistique selon la revendication 13, dans lequel! la cyclooléfme répond & la formule (-A)
\\ - telle que définie dans la revendication 2, et son motif polymére répond & la formule (1I-A) suivante :
40
g1lS
. r! 6
“ RG-S [r111g12; R17 (X-A) -
=~ R 18
10 14
50 R R
dans laguelle R7 & R'® sont tels que définis ci-dessus.
15. Copolymére statistique selon ia revendication 13, dans lequel-la cyclooléfine répond 2 la formule (I-B)
65 telle que définie dans la revendication 3, et son motif de polymére répond 2 la formule-(II-B) suivante : .
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dans, L. aquel I'e R7 A R18 sont tels guo d~finis ci-dessus. :15. Copol ynere
statistique solon |a revendication 13, dans |oquel |a cycLHﬁuﬁ"

| la formule (1-B) 5s “tell e queP adfiY a8eBtilans | a reven Mm mrg
nDtlf de pol ynere répond a la formulo (I1-B) suivante: 35 * EP 1O 217548

B1L 1 | H111111 11 11 11 111 * C L 11111 R3 "
(11-B) 10 R RR R615 RL0 dans laguelle R a

RI' et R5 ARS8 sont tels
pr~paragion d' un copoly
fait de copolynt- riser
d' 6t hyl bne dans un sol va
en pr~sence d' un cataly
d' un conpos6 organi que de
hydr ocagbone, ou dans une cyg# ool
46 50 55 36

. -s 16. Procid4 de

| a@ 6fine qui conprend |e
lzon | a revendi cation 9 et
aucun sol(\iknB %ydrocarbonG

'18n conpose du vanadi um et

&St sOl ubl e .dans | e sol vant x

3 @@ dugidl ange d'isonbres. 20 25 30.35 40

dans laquelle R’ a R et R & R sont tels que définis ci-dessus.
« 16 16. Procédé de préparation d'un copolymére statistique de cyclooléfine qui comprend le. fait de copolymé-
&y‘ riser un mélange d'isoméres selon la revendication 9 et d'éthyléne dans un solvant hydrocarboné. ou .
sans aucun solvant hydrocarboné, en présence d'un catalyseur qui est constitué d'un -composé du.’

vanadium et d'un composé organique de l'aluminium et est soluble dans le solvant hydrocarboné ou
dans une cyclooléfine du mélange d'isomares.
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