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! "#$%&eSe94<91445<88j <6<T<Ii DESCRI PTI ON  NORBORNENE DERI VATI VE ANDf22)¢h2
NORBORNENE- BASED RI NG OPENI NG POLYMER 5 TECHNI CAL FlI ELD The present
invention relates to a precursor nonomer conpound for a cyclic olefin- based
pol yrmer VfROOB-02328GHEs excel |l ent transparency and a | ow birefringence,
addition, the ﬁr esent invention relates to a norbornene- baig \\\M\\ [ ng

S

10 pol Mm mmmonbl nes excel |l ent tra]nsparency and a lo
BACKGMM‘I \

ventional l'y, trapsperRatioNesi ns are used t Rgoodtat er i aI S
for nol dediprseduct s which typically require transparency such as autonobile

conponents, illum nation 15 equi pnent and el ectrical conponents.
Particularly inr Lcatd resd as optical
materials, in whi W@KWQE@ME@EbmﬂmeQ@H nues to
progress. Exanpl es of known tRENGGPENING eOLUYMBRI ch can be ideally applied

to such applications include polycarbonate-based resins and acrylic-based
resin§. However, although acrylic-based resins offer excellent

t ransparency, they have probl em;:B%@Hiﬁég ﬁgLﬁo heat resistance and water
resi stance. In contrast, polycar sins offer superior

per formance t ortaaqiryédncmweﬁimelatbstt@a PEecOfsonfdhomesdominae fentcyoit er

resi stance, but suffer fromdifferent problens such as_a high

bi r ef r i ng¥efirebasad palyimes hich ¢omakings eyicelgvlé rra@pwp%m 3 lowphisdrngangens whi ch
combi ne transpgry | ow
birefri ngenceIoﬁjl ﬁgﬁ ’aet%trpg%?gttq g{;@é@ g@%t%@ star (?{381?{) ﬁé%mlhg%emﬁgt he

t r andPar epillymeswiish tanbinps exxzllentatagspasdiey ald b yove biveingedeesi zed using cyclic
ol efins as nononers are anorphous due to the presence of bulky alicyclic
structures on the principal chain skeleton, display excellent transparency
and heat resistance, and noreovgya@kgRoUNpra@iher characteristics such as
little optical distortion, |ow water absorption, acid and al kal i

resi st ance, arﬁowehtigtalllyetrmspubn@(esiad; m:tusd:d:w the netdriats fonmokded prodweesquent |y
t hey havelitl)g devel o edfor di s ¥ aIPL?;)ns such s ret.ardation
filns, diVHGRHC ]Iy|r “eltfﬁ‘ﬁi’zﬁe yy°'§ ]éP B Fﬁ‘tﬁ’s‘ PRInafiglich panel s
and ljisghteq@ifniet Eﬁ@&l@éthcal% Abnts.CPEiARRMY ﬁﬁ*ebé?ﬁ' earQRhé GsplicaiiGHof these
applications (such CD, P003-0232SG 0 2 R an DVD), opti cal
fiber appksionad epiial mpten@lél infwhighi m@tlczdmmnectmswmgnpomt@m, @amtlrslemcx:onduct or

or it od b oo ate B R inbiarchs BT RRE R 0B ArPHER 1y & ©

printed vupphagld@@mdmﬁde podytrtdhaeiaséd Rtias axﬁd)ﬁcrylﬁ@msearr@ms Hovwelvet,i ve fil ms.
Amongst such cyclic olefins, 5 devel opnent has centered around cycl iC

ol ef i n- badlQuglbacrikic-Baser resing Qffar pxeedlsl ranspaenaye the hake problemsdn i L
Cyclig ng?efat Ry gsg?&f’%mffe ls&'d&{‘ ﬁl%ohl?ﬁ’ﬁ‘é) gﬁ% dngt%doa?%cp §m§‘6&ﬁ} y@%ﬁ&' ly

converted to proau rication usi n S SucC
i nj ect i onpeifolrsibng taradrymiolrésénrs iexérmssof vatnedidang andhtatmmgdistmc‘erbm@ﬂﬁfaﬂtl onal

cyclic ol efin- ased el efri ngence whi ch devel ops due to
t he pol ynféﬁ’mélﬁﬁ?%rﬁ?tdir lﬁP‘f atqﬁghgrﬁ?fj&'iﬂﬁﬁlcﬁr ocess has not al ways satisfied

the demanded Cﬂ%@&hﬁrfeéédt Se &eq)gfg@é@?laﬁ%w resmg%&pédmgemg%ﬁw' stics

of the generated optl cal uct ed to neet the
char act erwater wsistanée ow rvmtwrmbscupﬁména ow hirefriegencevnd heetcesistancpyhava r ecent

year t he devel op t a It er ich retains the excellent

tran%;ar eﬁ?:ry"dafﬂ(!i’e ‘é‘{]asrtggitrg’f’%?ﬁf%‘ Tgmé Oé’é'f%lrrf’%ﬁl%% of conventional cyclic
ol efin-based ppé] %&ﬂ%fsss,ynih%lz&f'@ﬂge@ycﬁc DREMS hd MOndMersaee HhéBhousHRNE earhi ch
devel ops due to | ymer orientati on has been keenly sought, although

until novpresanet ofabu’rhy ehwhc Ridctyies on thequingipak ehadt eheleta, JepESUREeltn
| NVENTI C]\{ransparency and heat resistance, and moreover also offer other characteristics such as

little optical distortion, low water absorption, acid and alkali resistance, and a high level of
30 electrical insulation, and consequently they have been developed for display applications
(such as retardation films, diffusion films, liquid crystal substrates, films for touch panels

and light guide plates), optical lens applications, optical disk applications (such as CD,




20 A first aspect of the present invention provides a norbornene derivative
represented by a general formula (1m shown below RL R2 Rs n m4 (1m
[wherein, at |east one of RL to R4 is a group selected fromthe group

consi st i FB0@F-0232SG-Omati ¢ ri ng-contai ning group represented by a general
formula (1-1) shown bel ow and 25 an argmati c ring-containing group
represented by a general formula (1-2) “shown bel ow, any remai ni ng groups
anmong RLyviR2eDHS aad VR, opM&I Bb&pREUtonS, %@ﬁ&ﬁ@ﬂﬁl/shbét ?Bl‘i‘&@i%ﬂé' optica
hydrogen atom a hal ogen atom a substituted or unsubstituted nonoval ent
hydr ocar bemicgndugtorstaling acppsoatms,numtqwmg\kmwramhgatmﬁ {sach agrigidnkage gr oup

cont ai ni n t. F 0232 ul fur. si.licon; or a
monoval e RS ARG PRt Tekibih paRGa 1 s P PRIRNE Wy HEnBhadiipey o

i nteger Bb%ﬁaﬁ&a@dubst@esﬁtraﬁSprenQ:dhdu@l@ ﬂﬁﬁlsR'Ah’lo t sudh kyci® dfefing) 1_1)
[wherein, RSto R13 each represent, independently, édr ogen atom a

hal ogen devaiepmers hasipentered around eyaisnlafin-based equmrﬁ)wah ighlynieaetbisar bon group
of 1to 3 arb ich may contain a |inkage group containing
oxygen, g{bﬁ’ gpasaéjgaﬁr?gygr silicon; or a nonoval ent polar group, and p and
q each repres@iilic bmﬁﬁﬂﬁﬁdﬁ;ﬁﬁlylyicx&mutmisagﬁe deserivbed aboveZare pypisdilged that in a
case in which p=g=0, R6 and RO, and/or R13 and R9, are _ bonded tqg each ot her
to form gorrtsd o B&ﬁlﬂ@? by itebrication Byingmeising wethors suchias dnj eetipmameldingand
honocycl i Qure, or
oy 1 or mi (s gelp ol ih X EUEI ik LNy thaP Ey eI It s By Bl O

ringlo OrblrafrIIgEﬁK&iWMGh vewdlopsahustto quao@fmﬁi),neﬁﬁtlolﬁ%ﬁurlfglme analdiRg processaa
substituted or unsubstjtute

-~ CH2)s . B)4 (1- wher ei n,
Z, RA andarpotahwayssepsiisdd ?gemﬁ&ggéh@é ﬂl%ﬁs,!aanﬁﬁraa)e@#, é\ﬂ@hw )hgl oééﬁ' "
atom a %Eafﬁ&gﬁ&iéslbtf% er4RR Emtﬁf&mét Pa\fﬁh%@hleaytﬁé a&askRa group of 1

to 30 carbon atons whi n'ay contain a age group contal ni ng oxygen,
ni t r ogen chamatteristiosr Weith thcompraylemnlrmmolﬁaﬂr@nc teshhaogyinoagent peassitbied t hat one
of RA, R%evqupr%etlltsof % rgz{terlil v& ?a?r?sttﬁg eyl?ééllgnt transparency and heat resistance

15 characteristics of conventional cyclic olefin-based polymers, but enables a reduction in the
birefringence which develops due to the polymer orientation has been keenly sought,

although until now, such a material had yet to be discovered.

DISCLOSURE OF INVENTION

20 A first aspect of the present invention provides a norbornene derivative represented

by a general formula (1m) shown below:

o

sm w7

n m (1m)

[wherein, at least one of R! to R* is a group selected from the group consisting of an
aromatic ring-containing group represented by a general formula (1-1) shown below and
25  an aromatic ring-containing group represented by a general formula (1-2) shown below,
any remaining groups among R}, R% R® and R, where present, represent, independently, a
hydrogen atom; a halogen atom; a substituted or unsubstituted monovalent hydrocarbon

group of 1 to 30 carbon atoms which may contain a linkage group containing oxygen,




' FP003-0232S G0 4 RRs R2 Rfornula -C(O)O in which the carbonyl group
side is bonded to a carbon atomof a ring structure within the formul a
(1-2), and s represents an integer of 0 or greater]. A second aspect of the
present iFROOB10282SE@+ovi des a nor bor nene- based ring openi ng pol yner
conprising a structural unit represented by a general forrmula (1) shown
below X mn L~1 5 (1) [wherein, X is group represented by a fornula
-CH=CH qy; r K ; | Ao 7 1, R2, R3
and R ar o R o RS U iy b I oy R R e Eeeny

wher ei n tihdepohdandllyi anyingsfgexfrgmditos2jwhi ch exi st may be the same or different.
10 A third aspect ofs the present invention provides a nethod of producing a
nor bor nene-based ritg op®&ning polymer with a structural unit (1)
represented by thg—ggrefa fornmula (1) shown above (and in which Xis a
group represent egf ® nmul a CH=CH-), wherein a norbornene-based
nononmer conpri si bornene derivative represented by the general
formula (1m sihown ¥ subjected to ring opening 15 pol ynerization. In
addi ti on, —a0réu 5 & the present invention provides a nethod of
produci ng a norborfeng—bgset ring opening polyner with a structural unit (1)
represented by t / Ng R‘inorrml a (1) shown above (and in which Xis a
group represented bywthetformul a - CHZCH2-), wherein a norbornene-based
mononer conprising agpnonborhene 20 derivative represented by the general
formula (1 m) shownRabovB i s subjétfipd to ring opening pol ymeri zati on.

BRI EF DESCRI PTI ON OF THE DRAWNGS FP003-0232SG- 0 5 FIG 1 is a H NWR
spectrum of 5-(4-bi erenyI car bonyl oxy) bi cycl o[ 2. 2. 1] hept -2 ene obtained in
an exanpl[whereisR3.to R'] eachmenrpgent ind¢pensicoilpta lydrqgerptamechalogenators; 4 4

bi pheryl caLAQM%E X X)lsl%llb(s:t)l/tﬁle(a[n%(inzovgl'llegtetpytd_rozéareo%% gcr)(l))&pa(l)tnle & 40t SXAR SRt

may contain a linkage group containing oxygen, nitrogen, sulfur or silicon; or a

monovalent polar group, and p and q each represent, independently an integer from O to 2,
provided that in a case in which p=q=0, R® and R’, and/or R"® and R®, are bonded to each
other to form a carbon homocyclic ring or a heterocyclic ring (this carbon homocyclic ring
10  or heterocyclic ring may be a single ring structure, or may form a polycyclic structure by
condensation with at least one other ring), or alternatively at least one of R’ RS, R’ R!?

and R* is a substituted or unsubstituted aromatic group ;

S

Vs (CHy)s

Q RB),

[wherein, Z, R” and R® each represent, independently, a hydrogen atom; a halogen atom; a

(1-2)

15  substituted or unsubstituted monovalent hydrocarbon group of 1 to 30 carbon atoms which
may contain a linkage group containing oxygen, nitrogen, sulfur or silicon; or a

monovalent polar group, provided that one of R*, R® and Z is a group represented by a




5 FIG 3 is a H NWR spectrum of
5- (2- napht hal enecar bonyl oxy) bi cycl o[ 2. 2. 1] hept 2-ene obtained in an exanpl e
2. FIG 4 is an infrared absorption (IR) spectrum of 5-(2
napht hal ERO32B38GIDXY) bi cycl o] 2. 2. 1] kept - 2- ene obtai ned in the exanple 2.
FIG 5 is a H NWR spectrum of
5- (1- napht hal enecar bonyl oxy) bi cycl of 2. b, 1] hept 10 2-ene obtained in an
exanpl e
mapht hal om0 S G ShBn MRRIICR tohdhd BRSaHd A cth o Ea‘fﬂx%am e 3.
FI G 7 isruature WitRsthe farmuba @F2)5ads a:ptdserasemart@eboﬁgbogwlﬁar]cycl o[ 2. 2. 1] hept
2-ene obtained in gn ex le 4. 15 FI G is.an infrare tlon(IR)
spectrum of 55 oﬁﬁtaﬁl?%&gﬁ@&ﬂ%ﬁéﬁ‘bﬁ?ﬁ?‘?{ﬁp&y&qeﬁﬁfo%oﬁw as%fﬂﬁgo%‘tl%ﬁ ned in
the exanpjimér oﬂ]ﬁsn% d §ru%td‘|al|\tMR rém%nfédmﬁf %eneral formula (1) shown below:
5- (9-fl uorenecar bonyloxy) bi cycl o(2. 2. 1] hept-2 ene obtainéd in an exanpl e 5.
FIG 10 i[s an infrared a sorptlon (IR) spectrum of 5-(9 20
f I uor enedar bon oxy)blcy | o[ 2. 2. 1] hept - 2-ene obtained in the exanple 5.

i "m 5 m of a polyner obtained in an exanple 6. FIG 12

v rpt| on (IR spectrum of the polynmer obtained in the

exanpl e 6. 3 is a HNW spectrumof a polyner obtained in an exanpl e
7. 25 FIG islan rhnfrared absorptlon (I'R) spectrum of the pol yner
obt ai ned i [ rrple 7. 15 is a' H NVWR spectrum of a pol yner
obtained in & anpl e 8. FI 16 is an infrared absorptlon (IR) spectrum
of the pol yngr obpained in the exanple 8. 30 FIG 17 is a' H NVR spectrum of
a pol ymer DY B an exanple 9. FIG 18 is an infrared absorption (IR

spectrum of , g peLynmer obtained in the exanple 9. FP003-0232SG-0 6 FIG
19 is an |ﬁfr&reﬂ bsorption (IR} spectrum of a polyner obtained in an
exanpl e 10.

5
[wherein, X is a group represented by a formula -CH=CH- or a group represented by a
formula -CH,CH3-, and m, n, R, R? R® and R* are as defined above in relation to the
general formula (1m)],
wherein the plurality of X groups which exist may be the same or different.
10 A third aspect of the present invention provides a method of producing a

norbornene-based ring opening polymer with a structural unit (1) represented by the
general formula (1) shown above (and in which X is a group represented by the formula -
CH=CH-), wherein a norbornene-based monomer comprising a norbornene derivative
represented by the general formula (1m) shown above is subjected to ring opening

15  polymerization.

In addition, a fourth aspect of the present invention provides a method of
producing a norbornene-based ring opening polymer with a structural unit (1) represented
by the general formula (1) shown above (and in which X is a group represented by the
formula -CH,CHj>-), wherein a norbornene-based monomer comprising a norbornene

20  derivative represented by the general formula (1m) shown above is subjected to ring

opening polymerization.

BRIEF DESCRIPTION OF THE DRAWINGS




"FIG' 20 is an infrared absorption (IR) spectrum of a polymer obtained in an
exanple 11. 5 BEST MODE FOR CARRYI NG QUT THE I NVENTION As follows is a nore
detail ed description of the present invention. [Norbornene Derivative] A
nor bor nend0d3+0233a8Gv® of the present invention is a conpound represented by
a 10 general formula (1m shown bel ow. R2 Rs n mRa (1m [wherein, at

| east one of RL to R4 is a group selected fromthe group consisting of an

aromatic ring- ﬂ@tﬂs9Ilnqumg,e%tgﬁﬁro@§f(mtb%ehglcérbeﬁynﬁ@blcg%gﬂ Hteid) shown

bel ow and an aromatic ring-con ing 'group Tepresent
formul a (mezbtesmnﬁmab@kmmple% any remai ni ng groups anong Rl,, R2, R3 and

R4, where pre e e . rogen atom a hal ogen
atom a substlsﬁg‘{gdsﬁj ?ffo@s Egﬂﬂﬁ C\}%’Pb%tgl@'drocar bon group of 1 to
30 car borpighey ai’%n?fbx?ﬁﬂcfcﬁﬂtQ'l'}he})tJZthlﬁ%ﬁﬁuikHQHﬂueC&@ﬁ@ldﬂ ng oxygen,
nitrogen, sulfur or silicon; or a nonoval ent polar group, and mand n each
represent, i nd@ﬁbﬁd%ﬁtﬂWMﬁrﬁnﬁm@g@f 5#(2wapighalenczprborglox RbidRelof2.2. 1jkept p

-O0CRo F% i 1n Re12 R 3 (~-1) 20 [wherein, RS to RL13 each represent,
i ndependé€ f’ﬁ/ 5 F\ q%’gé‘rﬁmﬁ’ oMy a hal ogen atom a substituted or

unsubsti tut ed mqwghlenﬁrammg@hb@(lngrspéu@rugfofls t» 30 car bon at ons whi ch
FPO03-0232SG- 0 7 may contai.n | i nkage group contai ni ng oxygen, nitrogen,

sul fur ornaphthalegpear nY&’W@Yﬁ&‘P[@ﬂt1]b@ﬂte?reI§rQh£?pnedalﬁdh?)C@ﬁ@1q each represent,
d dent | h
pate R ant 15 ST EPINIRY Bt 5 (Pl fatnd A opl B HeFAZHN. &

carbd® haZvensyettained iman @{amplehm erocycl ic ring (this carbon honocyclic ring
5 or heterocyclic ring, a sin ring structure, or may forma
pol ycyclic st rid& Gr‘%albW %@PPB%R%ASPW%‘%?% ring), or alternatively

R e L
i ndependent | y, FI&. fTyisla OHENMR spertram kbﬁSc(gemtlmmem:cad)oh@loe:y)imyclolﬂed]h)afpt-
unsubst i téjter?edobr{glggxﬁll aennéxa%?e Z?.car bon group of 1 to 30 carbon atons which
15 FIG. 8 is an infrared absorption (IR) spectrum of 5-(9-
anthracenecarbonyloxy)bicyclo[2.2.1}hept-2-ene obtained in the example 4.
FIG. 9 is a "H-NMR spectrum of 5-(9-fluorenecarbonyloxy)bicyclo[2.2.1]hept-2-
ene obtained in an example 5.
FIG. 10 is an infrared absorption (IR) spectrum of 5-(9-
20  fluorenecarbonyloxy)bicyclo[2.2.1]hept-2-ene obtained in the example 5.
FIG. 11 is a "H-NMR spectrum of a polymer obtained in an example 6.
FIG. 12 is an infrared absorption (IR) spectrum of the polymer obtained in the
example 6.
FIG. 13 is a "H-NMR spectrum of a polymer obtained in an example 7.
25 FIG. 14 is an infrared absorption (IR) spectrum of the polymer obtained in the
example 7.
FIG. 15 is a "H-NMR spectrum of a polymer obtained in an example 8.
FIG. 16 is an infrared absorption (IR) spectrum of the polymer obtained in the
example 8.
30 FIG. 17 is a '"H-NMR spectrum of a polymer obtained in an example 9.
FIG. 18 is an infrared absorption (IR) spectrum of the polymer obtained in the

example 9.




may contain a |inkage group containing oxygen, nitrogen, sulfur or silicon;
or a nonoval ent pol ar group, provided that one of RA, RB and Z is a group
represented by a fornmula -C(O O in which the carbonyl group side is bonded
to a carFR03023886f0a ring structure within the formula (1-2), and s
represents an integer of 0, or 1 or gr46eater]. 15 As follows is a
description of the groups R to R13, RA and RB fromthe aforenentioned
general for ( ) formul a
(1% cach oG e b aags Bliph BRTshui dta Atnl b AREF |

subst i t wixacthpte 1unsubsti t ut ed rmnoval ent hydrocar bon gr oup of 1 to 30 carbon

at ons whi ch ntain_.a |inkage graoup containin jtrogen, sulfur
or silicon; gfl%h%ﬁd%m‘é‘if@mdl 3&8@%“"%6%%%““@{] oq%trrar%@éw at ors

i ncl ude {dappid e atoms, chlorine atoms and bronine atoms. Exanpl es of
nonoval ent hydrocarbon groups of 1 to 30 carbon atons include al kyl groups
such 3as net hyl groups, et hyI groups and propyl groups; cycl oal kyl groups 25
such as cycl opent yl, Qr-PURSHE ‘I , [ groups such as
vinyl groups FPGG3= FSE 211l .7@£§%IW%ene groups such
as et hyl i deneAgfalloRs 1§H%d% awirw@aamwmmm Peskn@lReRidc groups such as
phenyl grou‘r)) These hydrocarbon groups nmay be substituted, and suitable
subst i t uld¥er @Flmﬁpléelil‘fﬂtllvehe hal ogen atoms such as fI uorine, chl or| ne and

brom ne, phen nyl. arou a

Furt her nore, %(‘ﬁ% rrpeér‘rigﬁt ﬁo\%eod%geu%rg%lﬂg grdt? mgéfm(%re?ee CIH %P%éar bon
gr oupm rragrgnbﬁﬂmrhhﬂamrgdadn%roectly to the ring structure or bonded via a
| i nkage group. Exanples of suitable |inkage groups include bival ent

hydr ocar bon gr ogpg ofq 1 RO 10 carbon atons (such as al kyl ene groups

7/ émherern mis an integer of 1 to 10)); and |inkage
fiitrogen, sulfur or silicon (such as 10 carbonyl
groups (~CpD ., groups (- COO) oxycar bonyl groups (-0CO),

sul fonyl group (1-SO -, Ret her ages (-O), thioether linkages (-S),
imno groups (-NH), amde Ii nkagfes (-NHCO- ), and siloxane |inkages
(-SI(R)20- (wherein R represents an al kyl group such as a nethyl group or
an et hyl ) f two or
mor e of PHeRdR)at I8 o g g B M P RO SALAR! Aol B TR o o1 e
hydr oxy gomape rlngrmdnlaidnag(grogp aapxsscmlted]byc a:)gdr@rai dorooha dt- b)rﬂrpwndxehmnyﬂcbxy

groups, al koxycar.bon I,ou o car bon r.ou ano , am de
groups, Fh3TEIage Hf}gs%mla 10 QHBS"F etjﬁﬁ’ é;l fa? FB’E&GS% %hPW , amino
gr oups, ﬁgyﬂenﬁrlﬂﬁgagrouﬁé kRsysR! R, /Y waoﬁ“ vm&ef[ﬁeseﬁt as;rrdseaf @Imemqtrgaer boxy!l
groups. Specific exanples incl ude al koxy groups such as nethoxy groups and

et hoxy ZlDyfb@gﬂEI@Omc@h%iggﬁﬂ B g pehspted e uagutisgtuigdappeenabent hydregargewups such

uch s BEHEBEF %30 HoRh ABRA ad LOHER e bl SRR BB Lomy

groups amdogéxb@xuﬁafrlsqwﬁh @rmpﬁova&rnyb@ng@upcamlm ghidn pachSiepies@s,
phenoxycar bonyl oups, napht hyl oxycar bonyl groups, fluorenyl oxycarbonyl
gr oups aWGQHWSW@%yP?WH%?E&FE%H&Q 2l3r oups: triorganosiloxy groups 25 such as
trimethylsiloxy groups and triethylsiloxy groups; triorganosilyl groups
such as trinmethyls groups and triethylsilyl groups; am no groups such
as prinmary am no_g and al koxysilyl groups such as trinethoxysilyl
groups and trie Rjroups. As described above, in the genera
formula (1-1)g in which p=gq=0, R6 and R9, and/or R13 and R9,

are nutual I%g ey in pairs and forma carbon 30 honocyclic ring
or a hetero th's carbon honocyclic ring or heterocyclic ring
may be a si ngle ring ucture, or may forma polycyclic structure by

condensati on w jH-3 gling. Furthernore, the formed carbon honocyclic
ring or heterocycHS—1g gay FP003-0232SG- 0 9 be aromatic or
non-aromatic), or gliternaiively at |east one of R5, R6, R9, R12 and R13 is
a substituted or unsubstltuted ardmitic group. Exanples of substituent
groud on this aromatic group include cyano gr oups al koxy groups,

car bonyl ro s al kqxycar bon ou i m de groups,

ani no ér ‘ﬁ%eé"% p @ﬂﬁ@ﬁ&%a‘%&l@@ﬂgﬁﬁ@nﬁﬁn@f ?f’g%‘H@PEHE‘Qg% Bg’i Beg above
i n whi chgpxfiied (bxfunfs%stlﬁif@d%bﬁomerﬁ RYdrG8arB6:L gfoap Ged 16 90 84B6H arift WIBEM a
benzene ring, and R5, Rz and R13 are hydrogen atons, then the group




represented by the general formula (1-1) becomes a 2-napht hal enecar bonyl oxy
group. Exanples in which R6 and R9, and/or R13 and RO are mutually bonded
together in pairs, formng ring structures, are partially shown below. / \
10 V O ~FP@3-02325G-00 ~--OR\ / p~OOOTr0 R FP003- 0232SG 0 10 [In the
above formulas, R represents a hydrocarbon group of 1 to 20 carbon atons,

i ncl udi ng al kyl groups such as net hyl Zroups, et hyl groups and propyl
groups, m@yboﬂamm@gegr@@ cﬂhﬁﬁﬁﬁ% SEyeRsSnitrast, llfirley kili@sPWps such as
benzyl groups.] 5 Furthernore, in the aforenentioned general fornmula (1-2),
s is eitmopole paler grupgand pandlg eachgeprasent, indgpendsng i ah éntpgesffromaBity 25 r om 0

to 2, and ev re pref.ecabl,y 0. Al g6t he,generalif orgsl a (1 in the case
1 whi ohprefRl R i a B8 AR, R SRFRTIAREDPRG AR e b b T oo
and pr ef gthabloyfoith alcamdh hdmoaPdilorim st achetstodyRlie ring ¢hey ablon Wmdcgasd rin® ol %
of stereoisonmers in which at | east one of the groups selected 10 fromthe
group cofsheerpayclisringupat be 4 ginglegingspyctue, pesey farm ppolypxcligstraetate ¥or nul a
(1-1) an al_f - ' 5anpPGRI {120 ® in the
parti al g?&rdggﬁag@g% or U egH b @p%%%%%?éetglegiﬂg&gtoélﬁu arh (g)’qghfévmaggé{lowa | f

thi s progmstifuted dranbetssitutéharchatiogdr8op]f hen when the polyrmer is forned, a
reduction in birefringence cannot be expected. | a a 15 Furthernore in a
simlar mannpe i(mAt)he general formula (Im, in the case in which n=0, and
m=0 or 1, \or only one of the groups anobng R to R4, the endo form exo
f orm nol ar p in the stereoi soners of the substituent group represented
by the geneyzs O fornmula (1-1) or the general formula (1-2) is typically
Wi thin azra L0/ 90 to 100/0, and preferably from25/75 to 100/0, and

description { he norbornene derivative represented by the general fornula
he invention is not restricted to the exanpl es

R®),

[wherein, Z, RA and R® each represent, independently, a hydrogen atom; a halogen atom; a

10  substituted or unsubstituted monovalent hydrocarbon group of 1 to 30 carbon atoms which
may contain a linkage group containing oxygen, nitrogen, sulfur or silicon; or a
monovalent polar group, provided that one of R, RBand Zis a group represented by a
formula -C(O)O- in which the carbonyl group side is bonded to a carbon atom of a ring
structure within the formula (1-2), and s represents an integer of 0, or 1 or greater].

15 As follows is a description of the groups R' to R, Z, R* and R® from the
aforementioned general formula (1m), the general formula (1-1) and the general formula
(1-2), each of which represent a hydrogen atom; a halogen atom; a substituted or
unsubstituted monovalent hydrocarbon group of 1 to 30 carbon atoms which may contain
a linkage group containing oxygen, nitrogen, sulfur or silicon; or a monovalent polar

20  group.

Examples of halogen atoms include fluorine atoms, chlorine atoms and bromine
atoms.

Examples of monovalent hydrocarbon groups of 1 to 30 carbon atoms include
alkyl groups such as methyl groups, ethyl groups and propyl groups; cycloalkyl groups

25  such as cyclopentyl groups and cyclohexyl groups; alkenyl groups such as vinyl groups




presented here. 25 An exanpl e of a norbornene derivative of the present

I nvention is the ester conpound produced by the reaction of a norbornene

al cohol and an aromatic carboxylic acid, and nore specific exanpl es include
t he conmp&RAAR-023284-0bel ow. FP003- 0232SG 0 11 <Exanples in which men=0,
and R to R4 = a group represented by the general formula (1-1)>

5- (1- napht hal enecar bonyl oxy) - 5- net hyl bi°cycl o[ 2. 2. 1] kept - 2- ene

5-(1-nap I 3] I - : .

o (2 maph A RS P PRPB oo S0 phopjidens groups; and

- ( 2- naphtdndtzmrgrourssunly hophenyl gl‘jbupS)["ﬂleSG hj}'d’recparb(m- goeps may be substituted,

j E: BP}E&%‘P@F%&I %)%?Wd?ﬁg%/(%bl}’i %% SZS ug gg ﬁ;[mr%ﬁe Chlorine and

2- bi plpediiing A5k B gRouBE hAY tin 4ndthklifkept - 2-ene 10
2- b|phenyﬁcarbogylg§ﬁlglcyclo[z Hgﬁtnztene

3- bi pheny! dartbomadrexyy a@I@rmrmnm spatitefed oz up§ubspitutel hydeocarbon group

D e N

9- ant fEx@ﬁ‘n?[BSQ)@Sﬁmi’bYd 1ka)e gﬁwph Hckidé. bﬂaﬂ@iﬂhy(ﬁ‘oeﬁborlgrougs of 1to 10
2- napht hal enecar bonyl oxy) - 6- chl orobi cycl o[ 2. 2. 1] hept ene

- (
- (
- (
- (
- (
- (
- (
{
- (4- bi pisaiPn @RS lw@@lkséemrgumnry@qnﬁdzbm@ﬁh)@p(w gifgn is an integer
- (
- (
- (
- (
- (
- (
Ex
(0]

4 i pALhy? SOPEBKIRRALS Bbbe iR e odem IR L QU (uch s
210ap hhﬂbahﬂrgﬁﬁﬁffst(qﬂwwwber@ﬂmemhﬁv (G@ODOI, BX?caiﬂdf@Dgroﬁpﬁ(‘@Cm)

4- bi phenyl car bonyl oxy) - 6- phenyl bj cycl o[ 2. 2 L

2- napﬁt‘lfﬁ%FIYéMF bR osths L IEkaBes{oRy)e ey lig %g?é(é[)znzmp]ga@ms (NHne

4- bi

anpl 2 %d\%}% g%“né?%éog)hgﬁﬁ] R&Xﬁ%im@& gsguétpg%lrl%g@nfgg@&%%m?%g gener al
mul a (allky? proupsuch as a methyl group or an ethyl group), or linkage groups incorporating a
9-fluore ecarbo | 0 bj cycl o[ 2. 2. 1] hept - 2- ene

o {1 LGPENEEAPB ORI Oy B R SF BobsEE et - 2- ohe

g %l uor enec@{a@g)wﬁlo‘f)ﬁﬁ@m%l@ﬁtd&dr@r&ﬁﬁ ldld ezhyl?l}cn@%ro@pse&?d alkoxy groups

3-f

4-f

9,1

| uor enecar bonyl oxy) bi cycl o[ 2 ] hept - 2-"ene
| uef drieda chibon latpnys) barbymylmf)zg@ups] nkoxy@rkanyl goups, aryloxycarbonyl
Iuorenecarbon¥loxy blc clo

2.2.1
0- &IPSy OZAP BFAPEATIEIY E?&R%r ! de’%&c fb"f%aé“’%‘%‘ﬁyﬁ’éi’)‘fpsztr&ﬁ%am“lyl

3( 02%90% haaﬂfn@%@édysaf@n Bloups, Q%x&gtw]gmu@y Guitbric Acilll h6is-aad @A®oxyl

9- (9, BOoupsh )Sap@ﬁﬂ expapleniaclude Bieyy e5pph udhcs apcthoxyigrpienstand edoxy <Exanpl es

‘“n’gpc h (gﬁ%s;&:rﬁ’onﬁ&& FoupLinEaTme AW RRY SRGINs S0ctP¥s 4B« BRSIpE!

1-

nap b prapiendsogrsliesas)wdt mﬁyhxbenylawgﬂoopsﬂfsu@h@s benZpylbxy' groupsgodecene

(1- na?hthalenecarbonylox )tetracy Io 4.4.0. 1% - 3-dodecene
koxycarbonyl groups Such as'met oxycar onyl groups an ethoxycar onyl groups;

o-loog'—o'l-ncm—\cnmmcnmm—h/\mmmmmmmmmmmmmmmmm
>

'
- (
8-

aryloxycarbonyl groups such as phenoxycarbonyl groups, naphthyloxycarbonyl groups,
fluorenyloxycarbonyl groups and biphenylyloxycarbonyl groups; triorganosiloxy groups

25  such as trimethylsiloxy groups and triethylsiloxy groups; triorganosilyl groups such as
trimethylsilyl groups and triethylsilyl groups; amino groups such as primary amino
groups; and alkoxysilyl groups such as trimethoxysilyl groups and triethoxysilyl groups.

As described above, in the general formula (1-1), in the case in which p=q=0, R®

and R, and/or R'? and R’, are mutually bonded together in pairs and form a carbon

30 homocyclic ring or a heterocyclic ring (this carbon homocyclic ring or heterocyclic ring
may be a single ring structure, or may form a polycyclic structure by condensation with

another ring. Furthermore, the formed carbon homocyclic ring or heterocyclic ring may




12'5.1"'0]_3-dodecen
' 0] - 3-dodecene

5.1'" 10] - 3-dodecene

3- dodecene 10

5. '] - 3-dodecene

(2- napht hal enecar bonyl oxy) - 8- et hyl t et racycl o[ 4. 4. 0.

8- (2- napht hal enecar bonyl oxy)tetracyclo[4.4.0.12'5.1'
(4- bi phenyl car bonyl oxy) - 8- et hyl t et racycl o[ 4. 4. 0 12
(4- bi pRPOOB-O2B2RG oxy)tetracyclo[4.4.0.12'5.1"" "' 0] -
( 3- bi phenyl car bonyl oxy) - 8- nethyltetr%pyclo[4 4. 0 12
( 3- bi phenyl car bonyl oxy)tetracyclo [4.°4.0.12'5.1""'"' 0] - 3- dodecene

(2-bi pW)%Wérﬁﬂf&s}%h%é{ﬂlat@c)”&‘fdl'ﬁéh{aﬁ%@(éﬂéhﬁ[oﬁe6f R°1, R, 1R 2l R¥igadecene
(2- bi phenyl car bonyl ox )tetracyclo[4 4.0.12'5. o]-3 ‘dodecene

(9- ant Isnbstituted ar bmupastctnw BometihgIoups Ea@lpnllea)pﬁsubsmum ggoups'on]th§- dodecene
(
(

5 8-(9-anth I t et Lol 4 4
2- nap 00 DS oY ol BiFL et b Ryiixd sl BRAERBARY e
8- (4- bigphgRyAhRk s Ohidle gro@bé QfhEEioapy ablgoubsAnd Ralogdn afofls; 3- dodecene
2- naphthalenecar onyl oxy -nmethyl tetracycl o] 4. 4. 0. ' 0] - 3- dodecen
8-

( 4- bi phenyln ke ¢ase 9?9@21993 shaveth tchtn=as(df & @Xamglel&]bz%ld]!‘]g arg bandeddecene

0 5 pl2 13

8- ( 2- napHPFATE AR SoBLADIRLYS 1B ERA R 1 RePALy oIS (A UREE" 195, Por 15189 R decen
e 8-(4-Dbir Mkdaaf}btthegbﬁbfyl)foﬂnmhenyb bedotrres Y miplithdlefiedazbdnyloxXy @rpuis- dodecene
g ggdggg P}I@{a%lp?c?selg%\'r’h?ghn gri(cf/ &9-, 2&1(?/3? ﬂ%xa%ﬁ%{ g?enr){llugu%hy %ggg dot[)gether in %E%II‘SS rrror
8- (4- bi phe] ) 2.9 NG Bapgy! tetracyclo[4.4.0.12'5.1"""]-3 25
dodecenqug%g qn@§ﬁ¥ﬁﬁﬁﬁi%ﬁpﬁﬂ%p9n:0, an g to R4 = a group represented by
the general fornula (1-2)>

8- (9-fluorenecasbonyl oxy)-8-nethyltetracyclo[4.4.0.12'5.1" "' 0] - 3- dodecene

8
e
8-
8-
8-
8-
8-
8-
8-
1
8-
e
8-
e
2

8-(9-fluore bonyl oxy)tetracyclo[4.4.0.12'5. 1" "' 0] - 3- dodecene 30
8-(2-fluore bonyIoxy)-8-nethy|tetracyc|0[4.4.0.12'5.1"']-3-dodecene

8- (2-fl uoreny bonyl oxy)tetracyclo[4.4.0.12'5.1""'"']-3-dodecene

8- ( 3- fIuorenecarbonyloxy)tetracyclo[4 4.0.12'5.1"" "' 0] - 3-dodecene
FP003-0232SG- 0 13

8- (4-fluorenecarbonyl oxy)tetracyclo[4.4.0.12'S.1~'| 0] - 3- dodecene

8-[1-109, 10- di hydr oant hr acene) car bonyl oxy] tetracycl o[ 4. 4. 0. 12' 5. 1~' | 0] - 3- dod
ecene

8-[2-(9, 10~di hydr oant hr acef®) cayb y]tetraé&clo 4.4.0.1z' 5.1~ ~] - 3-dode

8-19-(9,10-dih ant hr acene) c# ¢y] tetracy
cene 5 <Exanpl & 1 whi ch mep to R4 =
general fornula (1-1)>
12- (1- napht hal enecar bonyl oxyyg acyclo[9.2.1.14" ~.

e

12- ( 2- napht hal enecar bonyl oxy) pent acycl o[ 9. 2. 1. 14 .02' 1. 03" s] - 5- pent adecene
12- (4- bi phenyl car bonyl oxy) pentacycl o[ 9. 2. 1. 14" "' . 02' 1. 03' s] - 5- pent adecene 10
12- ( 2- bi phenyl car bonyl oxy) pent acycl.o[ 9. 2. .14 . 02" 1. 03" s] - 5- pent adecene
12- ( 3- bi phenyhcar ponyl oxy) pent acycl/o[ 9. 2. 1. 14’ 02Io Cs, §] - 5- pent adecene
12-(9-ant hrac ar bonyl oxy) pen clo[9.2.1.14" ~. 03, s] - 5- pent adecene
<Exanpl es in men=1, and R group rfepr sen&ed by the genera
fornula (1-2)3 O0—

12- (9 fl uor enecar bonyl oxy) p¢g

® NJF*F*F*

0.2.1.14' ~. 02' [D. Cs, s] - 5- pent adecene
F9.2.1.14'" .02' 1 0. Gs, s] - 5- pent adecene
12 [9 (9, 10- d|hydroanthracene)carbonyloxy]pentacyclo
[9.2.1.14'~.02'1.Cs,e] -5 pentadecene O these, norbornene derivatives
wherein in the general formula (1m, nme1 and 20 n=0, and three of Rl to R4
are hydrogen atons and the remai ning one group of Rl to R4 is a group
represented by either the general fornmula (1-1) or th& gerfgeral formula
(1-2) produceXpol yhers with hi gh heat deformation resi ce and | ow water
absorption an consequent |y erred. In addition,\ use of either

5- (2napht hal erleca bonéloxy) é]hept 20 or 25

bi phenyl ¢ cycl o épt - 2- ene producesNa polyner that is
effective in producing nDIded pro ucts with exceIIent|Iom1b|refr|ngence A
nor bor nene derivative of the presgnt invention can beRconverted to a
desired polyner by a ring opening polynerization, a ring opening

pol ymeri zation foll owed by a hydrogenation reaction, an addition

pol ynmeri zation, a radical polynerization, a cationic 30 polynerization or
an anionic polynerization or the like. Furthernore, where necessary,

copol ynmers can al so be produced by copol ynerization with an arbitrary
copol yneri zabl e




FP003- 0232SG- 0 14 conpound. Pol ynmers synthesi zed from a norbornene
derivative of the present invention display excellent transparency, |ow
wat er absorption and a | ow birefringence. [Norbornene-based R ng Opening
Pol yrrer ] FROO®0R32S@40e- based ri ng openi ng pol yner of the present invention
conprises a 5 structural unit (1) reprf@ent ed by a general fornula (1)
shown bel ow as an essential structural *dnit, although in sone cases, the
pol ymer may al so conprise a structural unit (2) represented by a general
formula (2) shown below. (1) [wherein, X is a group represented by a

f or nul a {IHh€hbowrfoemylas Jprapegserss e hydwcirpon gopfob A to 26 caibpr@tems, and m n,
R, R, R3 a(gd re as d%finegt}ﬁbove inlilrel ationdto tFe generql f ormul a
(In) of thAUdngALYLEONBS TS S SFUPSSHHY) SFFUPS 2pd PRIPYT EI0EPS AT 81OURSd A
each reprsﬁ@t?ﬁktpheh?ﬂgl@@ dend hMikyBproups Q@fras bewyl Broups.p, Y is a group
represented by a formila -CH=CH "or a grou? represented b{ a fornul a
-CH2CBR-, a, (Furthermsoranial the afarsmengpnessganeral formapeiddnt iseither hgtRtbgen at om

monoval erPeRy At drabonc s arefepolbRE (62 30 BehipERRIREOIIOTS, 1

l'i nkage group IG@RY @india GordiYOEli), i the egein whithin+0, aid mi=0iog ®/the Sfructure

monoval ent polar group, or alternatively a and b, b and c, or c and d may
be bondedniss cempriscatieast 1Gmpongng r&aﬁeﬁbﬁv Hdeast 92 Mok%y AGEVER MOTEet er ocycl i ©
ring (this },C & ] . : ' [ iknhgl e
ing st rORrEREY S ORISR of S BB REmPRHFURRKG! st TN BB ReRUTD)
anot her  rfidig the grotie ceisisting oRbubisttuldt groupshrepgsontedeby the gemdral fodnula(e-1) he sane
as the groups R to R4 in the %eneral formula (1nm) of the norbornene

der i vat i eaddhegencrnd doramda €1-2) is bordedga AB cepositinshpyn dnthe paptial ppestegen at om
hal ogen 0 substit ut th e {. bon group
of 1to J0aueBYeils e Rimtl G SRR IR BREBIRR i W HREIO O
oxygen, nhblopdkéh whet the poBimesiid foesd, aatdwanion iiabie¢frinpaicalicagion bp exgaatedsent ed
by a to d, are the sane as the exanples given for the hal ogen atom
substituted or unsubstituted nonoval ent hydrocarbon group of 1 to 30 carbon
atons which may contain a |inkage group containing oxygen, nitrogen, sulfur
or silicon; or nonoJal ent 15 polar group represented by R to R4 in the
general formu . el ating to the aforenmenti oned norbornene derivative.
Furthernore, in/the ‘ formula (2), a and b, b and ¢, and ¢ and d may
be

(3)
15

Furthermore in a similar manner, in the general formula (1m), in the case in which
n=0, and m=0 or 1, then for only one of the groups among R' to R?, the endo form/exo
form molar ratio in the stereoisomers of the substituent group represented by the general

20 formula (1-1) or the general formula (1-2) is typically within a range from 10/90 to 100/0,
and preferably from 25/75 to 100/0, and even more preferably from 50/50 to 100/0.

As follows is a more specific description of the norbornene derivative represented
by the general formula (1m), although the invention is not restricted to the examples
presented here.

25 An example of a norbornene derivative of the present invention is the ester
compound produced by the reaction of a norbornene alcohol and an aromatic carboxylic

acid, and more specific examples include the compounds shown below.




"mutually bonded in pairs and forma carbon honocyclic ring or a
heterocyclic ring (this carbon honocyclic ring or heterocyclic ring may be
a single ring structure, or may forma 20 polycyclic structure by
condensaffiPo03-@R328Gw00t her ring). Each carbon honocyclic ring or

het erocyclic ring thus formed may be ejther an aromatic ring or a
non-aromatic ring. Exanples in which a }ing structure is forned are

parti al | wEshaps Rebakh m=RR00% R2&2R' G; oS il 5 10 |
i o~0oNRoO ‘Ié{-é--o N Rn[ll n the above f(&)l%rrr%tﬁ’as?re??en}eed;?}ggér#g&él fﬁ%‘?%car bon
group of (I-1® 20 carbon atons, including al kyl groups such as nethyl

groups, ethyl ou and pr.o h}(& ups ryl s syuch as phenyl groups,

and aral kyl gﬁg‘ﬁb@%ﬁ@éﬁ“%@ﬂb‘ﬁﬁ{ SSFE?}B%‘%F%F'HP{% PE48BE in which a

nor bor nene- bagqd-raphthaRREAI By Ry HIBYclS 2 PPNhGRI-esSt ructural unit (1) and a
structural unit (2), the proportion of the structural unit (2) relative to

t he cdnbi ned Bdalapbthalenecashonybaxy)-atmethylbicydlp[Zadd]hehe2sne uct ural unit (2)

is preferablycqng. % by wei re specifically, the ratio of
struct ural UI’IIS'R% (@ﬁ @f‘ freﬂ%ﬁlgogﬁy Ot}&?b[lcy %t?ze ‘?Pg'&é as a weight ratio, is
typically wit Bi(ﬂ-tﬂpﬁe@lygﬁrlfohQImkﬂ-PQJnfbtﬁ)Qbi@&&&Z.@glg/e teggs ably from100/0 to

30/ 70, and even nmore preferably from 100/0 to 0. A norbornene-based
ri ng openi ng pdfyhiienglicathonyloxpbigycla[hddthapbR-emay al so i ncor porate ot her

t t | i<t S _d: I, i ; its (1 dth tructural
ini ¢ (2) . Thesd 2P KatteRflok )5 A B EOMAE IMBGRE, SGuct T on - et hods

bel oW i n t er ms-(@fbipleenyleatbenylaky)vivyolog2.g. 1]ivpt-2eas be used arbitrarily. 15 -
Producti on Meth clg rPOOS-OZSZSGO 17 A narbornene-based ring opening
-(§r Rishy

pol ymer of thé RHPBROX Bho-BgshpRicysleld: e Hhepy2-ene i ng openi ng

ol ynmeri zat i og_MQf; < : reafter ternmed the "nononer
Fl) Y) represegt(gglﬁ/&gfcggﬁgﬁgﬁy)?’%ﬁ%??%{ %%ggm bel ow, sonetines together
wi th a nor bor fgfentinsedccabmyboxy]-Henehfibiycliof2. 2@ thepbe-eheononer 5 (2)")

E\iﬁgre;em esln bﬁ@ﬁ%ﬁ’r}%%&ﬁ%géwng‘lx&)?ér&oégo ?Hl%'re?lé%vgébcl?\%eRiz n_R?eIn_a{ni Sﬁ glon)t he
P75 (2m 10| whar ophent ot RSB RO 2 2GR A0R above i 1 ol ati on
to the gener aP-(Fdriphensilcetbpnyloxyes-ghlanabicyickd2.8f1]hdpe-2ramaoner s used duri ng
this polymeri gabl OnhSXREGRRATES)-B-methylbicyclo[2.2.1]hept-2-ene
5-(4-biphenylcarbonyloxy)-6-methylbicyclo[2.2.1]hept-2-ene
5-(2-naphthalenecarbonyloxy)-6-phenylbicyclo[2.2.1]hept-2-ene
20 5-(4-biphenylcarbonyloxy)-6-phenylbicyclo[2.2.1]hept-2-ene
5-(2-naphthalenecarbonyloxy)-6-phenoxycarbonylbicyclo[2.2.1]hept-2-ene
5-(4-biphenylcarbonyloxy)-6-phenoxycarbonylbicyclo[2.2.1]hept-2-ene
<Examples in which m=n=0, and R' to R* = a group represented by the general formula
(1-2)>
25 5-(9-fluorenecarbonyloxy)-5-methylbicyclo[2.2.1]hept-2-ene
5-(9-fluorenecarbonyloxy)bicyclo[2.2.1]hept-2-ene
5-(2-fluorenecarbonyloxy)-5-methylbicyclo[2.2.1]hept-2-ene
5-(2-fluorenecarbonyloxy)bicyclo[2.2.1]hept-2-ene
5-(3-fluorenecarbonyloxy)bicyclo[2.2.1]hept-2-ene
30 5-(4-fluorenecarbonyloxy)bicyclo[2.2.1]hept-2-ene
5-[1-(9,10-dihydroanthracene)carbonyloxy]bicyclo[2.2.1]hept-2-ene
5-[2-(9,10-dihydroanthracene)carbonyloxy]bicyclo{2.2.1]hept-2-ene




wei ght ratio of the nmononer (1) and the nononer (2) is typically within a
range from 100/0 to 5/95, and preferably from 100/0 to 30/70, and even nore
preferably from 100/0 to 50/50. 15 The ring openi ng pol ynerization
descri bel&PaBH02325(x0l es t he producti on of a norbornene-based ring opening
pol ymer of the present invention contajning the structural unit (1), and in
t hose cases in which the nononer (2) is*used, also containing the
structural unistio(®)10-di structural unit
(1) and the Y g[r o(U|)o1 |dnH}t’&r2éI§ltur%€e§1t%?Jcra gﬁbhglo&?ﬁ) %ngﬁgﬁglﬁ@t?&?l ated groups
r epr esentBdamples frewhishmrla n=0rendR . to RS =4¢graupmmmemredebybhxsmefal fgrmupeni ng
pol ymer ?Pgﬁ ned in this manner is subsequently hydrogenated, then the
af or enen ed et hyl ene-based unsaturated group is hydrogenat ed, and the

af or enent i oned- (X-rﬁpﬂthéﬂeﬁé&ﬂib%yﬁk@) sQﬁBtRylteﬂcho[a 400, P90 G py. gsRpLRd by the
formul a - CH2- CHZ- follows is nor e eC| ?ESCI’I ption of the nononer

(1) ahd (2), §t(ﬂﬁ@n@qha1@n@camnwm§)wtrmclp 416{1 rés }3-dodaten® t he exanpl es

o1 csent 1 nven i@ PRRRRARARRTI R VBRI T deberety ho

reaction of asqerrhphm@lﬁﬂecﬁf&mbmyﬁa@h@aopr4)0&?fu,‘“&]agJa@aéehh@ acid, and nore
specifically, the conpounds |i1sted above in rel ati, o the aforerrentl oned

nor bor nene de3r(Gé’clﬁ’hﬁéylcﬂbé‘nﬂ@ﬁ@o&mhﬂlﬁeg@@@méﬁOe]e dgg?d-%ioldh@m%

larly, Of th ds,
Sl arly. o4 (BRI kB vy ool e compounds,
?ndRZMree of R+(3{bmmﬁ4iyham;)hyldxp)g8}n‘;e&tm&a@mﬂ)[4 B, fé?élopeft@d?i&i?roupt ﬁf R1
0 is agr esent e ej or mul a or the
gener al for?ru ggﬂ[ﬁ%]y]%g@gpﬁg %lpt‘it’ﬁ‘cy Mf‘r%ﬂ\ %{]rﬁsd%ﬁ%l fornula (I m of
the af orement BQQ%%}%@IY}!&%BH&IBE@S? grgem;ngﬁaeyao@& A0E PO YIRS D i gh heat

resi stance and | absor onsequentty preferred. In
addi tion, use8dR-biphengicatbogploayitiaaycofdetd. bty :a-idlecysl of 2. 2. 1] kept - 2- ene

o S Pheng G e o P 8L 2 RSP R Bas Skbue 0
the gdructurag. (%hihréo%heéa diy)t@t?ad%l% mb 1ﬂf"Y@ zjsggdédgfé ude the

foll owi ng: bicycl o] 2 ene, yc o[ ! 8- decene,
tetracycl of 4. 8@ n;;ghtbalgnecgd]onglod@)j%@b}@eqtetzm;yclo[4 4.0.1>°.1"1%-3-dodecene

bent acyol of o, 3 olifingBacoplet o CrREGATAENE. 017217 )-3-dodecene
tricyclo[4. 4. 8. (2%a§ﬂth&ehﬁﬁdﬂﬁ>ﬂ9bxyﬁ9ﬂi&itﬂmﬂeﬂh@w[@[43) UKot dkie6die:
5- et hyl bi cycl 0[ 2. 2. 1] hept - 2-e

5- met hoxycar bgﬁ%bﬂﬂ}@?Ellcéf[b@ﬂoﬂ)h%pleﬂwltéﬁ@ydo[4 4.0.1%°1%']-3-dodecene
g g‘;%@nglbl gy?%?g‘%ﬁlﬁ:@gﬂ%&a@oﬁﬁﬁkﬂg pﬁeri'}]lt‘éft%yc?o'[g 19.1>°.1" 10] 3-dodecene
8- met hoxycar b8¥bipenplcyibbnyléxy)-Bpidfyltdirdycd4lodacent')-3- dodecene

8- et hoxycar bopyltetracyclo 5.1 ~~l 0] - 3- dodecene,

8- n- pr opoxycagﬁ IEE? &108?’]&”‘2!) %’PQ?‘@Y@*‘@?“%@HW(%&M 0.1>°.171%)-3-

8- 1 sopr ogsetERy bonyI tetracyclo[4.4.0.12'5.1" 1] - 3-dodecene,

8- n- but oxycar bonyltetracyclo[4.4.0.12'5.1'.10] - 3- dodecene
8-(4-biphenylcarbonyloxy)-9- phenoxycarbonyltetracyclo[4 4.01%°.1" 107.3.

25 dodecene
<Examples in which m=1, n=0, and R' toR* = a group represented by the general formula
(1-2)>

8-(9-fluorenecarbonyloxy)-8-methyltetracyclo[4.4.0.1*°,171°

]-3-dodecene
8-(9-fluorenecarbonyloxy)tetracyclo [4.4.0.12’5.17’10] -3-dodecene

30 8-(2-fluorenecarbonyloxy)-8-methyltetracyclo[4.4.0.1*°,1"1°]-3-dodecene

17,10

8-(2-fluorenecarbonyloxy)tetracyclo[4.4.0.1%>, ]-3-dodecene

8-(3-fluorenecarbonyloxy)tetracyclo[4.4.0.1%° 1"1%1-3-dodecene




" FP003-0232S G- 0 19 8- phenoxycarbonyl tetracycl o[4.4.0.12'5.1'"'"']-3-dodecene,
8- (1- napht hoxy) car bonyl tetracycl o[ 4.4.0.12'5.1"',"'] - 3-dodecene,

8- (2- napht hoxy) carbonyl tetracyclo[4.4.0.12'5.1""" ] - 3- dodecene,

8- (4- pheﬁ?Dﬁh@ﬂﬁMﬂ}@arbonyltetracycl0[4 4.0.12'5.1"']-3-dodecene, 5

8- nmet hyl - 8- met hoxycar bonyl tetracycl o[ 4,4.0.12' 5. 1 ' 10) - 3_dodecene,

8- net hyl - 8- et hoxycar bonyl tetracycl o[ 4. 113 0 12'5.1'' '] - 3-dodecene,

8- met hyl - 8- n- Br@PMOY . 120 -3- dodecene,

8- net hyl - 8- s%p((rao ox%g%g%%/m?”rac&lﬂhﬁﬁz 01 1%53 aoqecél - dodecene,

8- net hyl - 8- n- Biile@ylOedibpdrpanthtacene)amitmngloky et 'yblo]4 40]1- 14812 dedecend 0
8-nme
8

et Eii o (1 SRRy abE SRy lng oot 1 P S 08 cnene.
8- 8-(2 12547,
8- et Pyl - 8- E48“‘?”“&2%‘%%‘??2?%‘*5’?;‘*‘?‘??&2y‘é“*ﬁf SolFER 1'913%9&‘15032&%,

pent a@ycl@{X@an ilmwhlchmz*n—loan@ &Beﬁﬂ@d&@gﬂyesmd by thc general formula
hept acycl gh%ﬁ% 2. 1. 13 ' 3. 16 9.02,"a.0a,i?2. Cs, ~o]-~-e| cosene,
heptacyc 8.0.14''.1""1s,113,'6.03,s.0' 2, "] -5- henei cosene,
5-ethyli denebIIQXQ1rﬁbﬂth21€ﬂédﬁﬂﬁﬁ1§12)x?)}ﬁntacyclo[9 2.1.1%7.0%'°,0*#]-5-pentadecene
8-ethylidenetetracyclo[4.4.0 - 3-dod ec497n<32,10 28

5- phenyl bi cycl8{(2- nzpllt}lklémcaéméﬁ]@xymntacydo[9 2.1.1% .0>"]-5-pentadecene

8- ph I 2,10 13,
5 Bthy! bi oycr a3 FidiefufSaon oty pelacfROBTEY o 0 0" s pentadeene
5- n- b@xy! bi cydBc(Baxlgﬂ]eﬁ}rlceﬂbbnﬁloﬂjﬂ)pentﬁc mépgneﬁylo%iwé] 3nt2débl=ﬁ'@pt 2-ene, 25

5-n-octyl bi cycl o% kept - 2- ene, cyl hicygl 1] hept - 2- ene,
5-i sopr opyl bi &9& ﬂ@eﬂylﬂllﬂi’@ﬁi’bﬂ)@ﬁ‘éac}gl‘ﬁﬂéﬂyl bilcy el olipzntiqlmm 2-ene,
5- (1-napht hyl 4,7 12,10 13,8

5- ( 2- napht hyl ) | giﬁg {% %c ﬁ%&%y?eﬁ&@yclé@ 2.1.1%°.0%7.0™"]-5-pentadecene
5-(2- naphﬁhmp%imwhfWIrmmc b R1 & R} hegroup-represented by the general formula
5- (4- bi p2§2 ) bi cycl o[ 2. 2. 1] hept - 2- ene, FP003-0232S G 0 20
5-(4-bip %T) 5- et hyl bi cycl o[ 2. 2. 1] hept - 2- ene,

>- amygonet hyl Bbqyq] Rkehedarbddiios rﬁ"aﬂfg 47 0210 38

5ttt hoxysi Iil(l il Cyceo[rZ 119@ yaﬁe i¥yclo 92 1.1*".0".0°°]-5-pentadecene

5-tri et hoxysi |19+(51fby>mm{:azban>1q:mp¢m@yeln{9 2.3.1%7.0%1° 0*#]-5-pentadecene

Sotribut 22%?1@*@%5}@%@?@&%&% copRAOKyIpentacyclo[9.2.1.17 0% 0¥}

5- chl or opgithydceheycl 0[2 2. 1] hept - 2- ene,
5- hydr oxynet hyl bi cycl o] 2. 2. 1] hept - 2 ene,

5- (3-cycl oherf;ihQSbiw r@pg: ny]ahweqstwlg:rgnenth@(general formula (1m), m=1 and
2 0] CBEGY b e B R RERY a 1ffbeck el TR MRS SOk BuS o KPPk & "

5- pent af hlg@cmq;atebgels@tayby eifhier ?he]geheml foZmeHie(l -1) or the general formula (1-2)
5, 5-di fl uor obi cycl o[ 2 1] hept - 15
-di f | REAdYES B%ldp)@[szwgh highdisat dgf(gﬁ@tlon resistance and low water absorption and are

“bi o CPIPHRARRTRR %E?“ﬁ%“?f‘&{“z ARG one.

yI nsphthaléﬂmalrbonﬁbhy)bmyclp{:l D[l Thept- 2-]ehe pt 5-24ene,

%{*ﬁ?}%%hﬁ&?ﬁé\bﬁwslslﬁEﬁ’&{’tzf Qnel}]n}ngqes g_pghgner that is effective in
?%@fn@i‘ﬁ’élﬁéﬁ fﬁbﬁh&g %ith- e%]:@ﬁ:ﬁg To% GiRGrin

etraki's(trifluoronmethyl)bicyclo[2.2. %mhept 2-ene,
| uor o- & mrbom(em: ¢rivativo afthh yore)sbmtomnapﬁ c@n b4 kcmybptad ®redesired

(trlflu onet h bi ¢ P Fnl g%
trPPfyabem.‘/érf% SelEIRLET Bt ) & e rShite Rl PG BlGwed by a
or 0-hydidgenatioh weictieh, adauf@nlyog(nwrizahm raQHdibzil)ﬂo))%éﬂéﬁh@f[ 2 catiddikept - 2-en

-9 f | pelyanesization %rquqsw B@y@ﬁawmn@rtthq lfkey dtugthesmare.ovkere negessary, 1] hept - 2

R e S—

trlfluoro 6-trifluoronmethoxybicyclof 2. 2. 1] hept - 2- ene,
,6-trifluoro-6-heptafl uoropropoxybi cycl o[ 2. 2. 1] hept - 2- ene,

| uorotetracyclo[4.4.0.12's.1~,i0]- 3 dodecene, FP003- 0232SG- 0 21
| uoronet hyl tetracycl o[ 4. 4. 0. 125 1'' "' 0] - 3- dodecene,

i fluoronethyltetracyclo[4.4.0.1z5.1"." 0] -3-dodecene,
r|fIuoronethyltetracycl0[4.4.0.12'5.1'"]-3-dodecene,
entafluoroethyltetracyclo[4 4.0.1z'5.1'"]-3-dodecene, 5
dlfluorotetracyclo[4 4 0 lz 5. 1~ Io] 3 dodecene

T T -~ = a o o o o
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0 8,8,9-trifluorotetracyclo[4.4.0.1z'5.1'"'"']_3-dodecene,
,8,9-tris(trifluoronethyl)tetracyclo[4.4.0.1z5.1'"'" o] - 3-dodecene,
8,9,9-tetrafl uorotetracyclo[4.4.0.12'5.1"""' 0] - 3-dodecene,
, 8,9, 9-&%&@3&W&ZSG{HIuoronethyl)tetracycl0[4.4.0.12'5.1'"o]-3-dodecene,
, 8-di quoro-9,9-bis(trifIuoronethyl)tﬁiracycl0[4.4.0.12'S.l"']_3-dodecene
, 15
8, 9- di f | ¢ehBodhd-Iilsthrsishhod asaatdh | )rﬁ)ﬁ;o‘h?éf%g%fi{'eﬁ Q tHeZpreseht invkatgindodecene
, 8,8, 9- trI?|UOFO 9§%r|fPuoronethyl?etracyclo 1%%0 l%ﬁ¥ $€:;ltfwl\':ﬁmodecene
8, 8, 9- t r idisplagrezcellent transparcooy ow wwat@abswpadodndl allofy. lirfhingence.] _3- dodecene,
8,8,9-tr ar 0- 9- flyoro tracyclo[4.4.0.1z'5.1""'"']-3-dodecene,
8-fl uoro %'%@H{ngggngPﬁgﬁmgggqﬁﬁg%ﬁflfIuoronethyl)tetracyclo[4 4.0.12'S. 1
"' 0] _3_ 20 dogre®b@iene-based ring openln§ polymer of the present invention comprises a
8, 9-di f I uor o- 8- hept af | uor oi so-pro 9-trifluoronethyltetracyclo[4.4.0.1z'5
1" ? 3duuctaahpnit (1) represented by a general formula (1) shown below as an essential
8- chIoro tracy 1z' 5 17"
8, 9-di ch lsép&u%l gﬁl altﬁ&?ﬁ’fﬁ SSﬁ%r‘f’é%e%ytﬁf P 88’?’6%%13' 3. cbnﬁmﬁ% St{“&“@} unit @gecene
, 25 represented by a general formula ﬁ2§ shown below.
8-(2,2,2-trifluoroethoxycarbonyl)tetracyclo[4.4.0.12'5.1""']-3-dodecene, and
8-nethy|-‘ (2,2,2-trifluofoethoxycarbonyl)tetracyclo[4.4.0.12'5.1"""' 0] _3-do

arly or in conbinations of two or nore conpounds.

romthe viewpoint of achieving a copolyner with a

bal ance 30 be N heat resistance, water absorption, and adhesi on and

bondi ng wi th{ot hef ngterials, norbornene-based nmononers in which at |east
general (Iprmula (2m is a carboxylate ester residue

\Hz) KCOORzz (wherein, Rzz is a hydrocarbon FP003- 0232S

0 20 carbon atonms, and k is an integer fromO to 10) are

represented b
G 0 22 group
preferred. ,
8- net hyl - hoxyear bonyl tetracycl o[ 4. 4. 0. 12" S. | ~no] - 3- dodecene is
particularl'y gfeferred as the production nethod is sinple. Exanples of the
hydr ocarbon group of 1 to 20 carbon atons represented by the 5
aforenentioned R22 incl ude al kyl groups such as net hyl groups, ethyl groups
and prop grou aryl groups such as hen roups, and aralk groups
such as b&heEgin, &léapggoug\ngpwgfpnt@}lm@)g)m@w Igu‘ﬁfsa giaup Eﬁmnw@%ﬁ@ps are

pr ef wegomﬁﬁ CRICHL, SHGHAD R R, R8chis R4\aAl ducHR8) LARESn rdiflidh Bidluct | on
met hod o e pre >Tnvent’i oh, exanp e copo ymeri za Tonomer s
whi ch cagmh&ﬂUbeﬂuhKhm)ofhmmﬁﬂhamﬂummmﬁoﬁbﬁknaddmhh@emDnoner (2) include
cycl ool efins such as cycl obutene, cycl opentene, cyclooctene, and

cycl odecene, ras well as non-tonjugated cyclic polyol enes such as

1, 5-cycl ooct pdi ene_and cycl ofodecatriene. In the present production method,
t he af orenen ng_openl ng pol ynerization nay al so be conducted in the

llllll

presence of pol ne, pplyi soprene, styrene-butadi ene, 15

et hyl ene- non*conj ed di pol ymers and unhydrogenated ring opening
(co) pol yners of othe‘ norbornene based nononers. As follows is a further
description of heri zat i conditions. R ng Opening Pol ynerization
Catal yst: A riAfg __hg polyneqléation catal yst used in the present
invention utilizes a Y0 netathesis catalyst of the type described bel ow.
Thi s net at hesi g ygtu i s a conbination of (a) at |east one conpound

selected fromt grjsup consisting of W M and Re conpounds, and (b) at

| east one conpal gel®ected from conpounds of a group | A el enent (such as
Li, Na or K), a group Il A elenent (such as My or Ca), a group IIB el enent
(such as zZn, Cd or Hg), a group I1IB elenent (such as B or Al), a group |IVA
25 el enment (such as Ti or Zr) or a group |IVB elenent (such as Si, Sn or Pb)
of the Dem ng

[wherein, t and u each represent, independently, an integer from O to 2, Y is a group
represented by a formula -CH=CH- or a group represented by a formula -CH,CHj,-, a, b, ¢

15  and d each represent, independently, a hydrogen atom; a halogen atom; a substituted or




" periodic table, which contain at |east one bond between the aforenentioned
el enrent and carbon, or between the aforenentioned el enent and hydrogen. In
order to raise the activity of the catalyst, an additive (c) described

bel ow mayPABO23SGlided. 30 Representative exanples of the W M and Re
conpound of the constituent (a) inclu t hose conpounds di sclosed in
Japanese Lai d-open publication (kokai) .1 240517 (JP1l-240517A) such as
WC16, MoGhsabaidtedetddovalent MyAPSRArtbadtssp 8 2B FoP@ehdn foR¥ ¥MRIhGRaPlorkif
constituent (b) include those conpounds disclosed in Japanese ‘Lai d-open
publ i cat adinkggecgranp condaining px@Sery nitoRen, ZaBn g/sjlicons bor amono@ids® pplar ( C2Hs) 3A1,

C2Hs) ZAl Cl Hs) |.. s~Cl | . .5~ Hs) ~Cl12, . net al ynoxane an i H

(Re pr e)s e ngg}upvcér(%gggﬁxblyglg aoqnd'j% 8 (‘1(% ﬁ’s(%ri G aﬂé nq m'(‘% Eg*’?fb‘*eﬁ&%e%ﬁhé’éﬁ%ﬂ% ,%Oréﬂ Yehydes,
ket ones garBo hémibeRsic rivg ot lhetedscythOfifg ABIRIRAOE oot fdlRSRiE drhetbdRARBS €

Lai d-open publication (kokai) No. 1-240517 (JP1-240517A). The anount of the
net at hesFisg axpydieyastingle Hag sHetipig, onppy Hrma payeychc piugiuigdy pondepsatiprbet ween
t he af or ' nstituent (a) and the specified nononmers (that is, the
nononer ?%?Q%hgﬁfﬂg ﬁnnoner (2)§,)nanely thepratio of constitugnt

(a) apeci fied The grwps®’ so Riir the geeraldogeulh (Drard tHeGame as ficxRo@R®R ' BRY
preferably within a range from 1: 1000 to 1:10,000._ The relative proportions

of the cHhibeigenaialformyladim) ohibe agrhormeng dativatiyye desrsibed abevsduce a netal at om
ratio (a): (b it.h) ; -y f oml:2to
1730, The 1 of 4 tedeferdL LBRAE (of P thictoded ador hal Ul Yo AR BE D 1+ e
(c) shoulnsubstimtedemenavaleat hydadcatbdncgro¢mdf Wd 30 carlbor @oge whichmy Eéifbaid t o

15:1, and preferably 15 from0.05;1 to 7;1. M) ecul ar Wi ght Regul ati ng
Agent ; Rééla_{(%&q BAIRFORHBINGSFIEH, &}trqsep»gﬁqlﬁllb?r Jiieon; PREORMEI BOGLRREY | can
al' so be dseied b&%&@{dﬁé‘reﬁﬁ’é‘éa&@ ds'tﬂ&eﬂﬂ?pl&%iyéﬁokﬁﬁ: affch GIRE Abdtedt NE

{H
type of catal yst ype of sol vent, t hough in tthe present 1 nvention
t he nol eoulmubstitiitgd tmonovplert kydaddagbop@rowmed latoeld) daybonddiomgywhichohacul ar

i ght | ati.r t toth ti t Ex | f i.tabl
ol Gcul aFOWEPgHHITREG EONP AL P Beh Y oRe s Sog  RLCA, OF AsORIRH ene,
Er opegse, pél'apgl"(ﬁplf?epréseﬁﬁyﬂtw’ toR*Ng nerht IPRURNGM) el Lidhe 1- NONene and

-decene, as well ‘as styrene, and of these, 1-butene and 1-hexene are
parti cul afdrgmentished nedporipng demvtiveul ar wei ght regul ati ng agent may utilize

a single conp or a mxture, of t r re 25 .diff.erent. regulating

Sgont o Crno™® RRfeie. dn Redhib®) R0 b e A F A S e 8PHE 2L 0Py be
from 0. OgfutiadlyboddedinSpade and forel a edrbéhkoragselit iag ofd hesRicy €l risi@miki ed to
the ring o%ening pol yneri zation reaction, with quantities fromO0,02 to 0.5

nots bei G&FOPR BPWPEYGHIC rige Ry helsEaryRlC HbE (A3 bR ASINgrirgsEIcfuse, ooamayeiermao

Exa es i : i i j nerization
reacty onPRERAc Plcfre By Yol 6 wiBSimplhel A 22 0BG BEmBRTEIEER.  Hosi
cat al yst hatetbcytléc rimg thus fermedenghiie ithguaradrongtiageg by a noslaroheatimlrikgnes such as
pent ane, _hexape, heptane, FP003-0232SG 0 24. octane, nonane and decane;
cycl oal  ERawples i WAL Aligtiueie s foyredare pritialy show BdeVane, decalin and
nor bor nane; aronati c hydrocarbons such as benzene, tol uene, xylene,

et hyl benzene and cunene; hal ogenat ed hydrocarbon conpounds such as

chl or obut ane, bronohexane, nethyl ene chloride, dichloroethane,
hexanmet hyl ene di brom de, 5 chl orobenzene, chl orof orm and
tetrachl oroet hyl ene; saturated carboxylate esters such as ethyl acetate,
n-butyl acetate, iso-butyl acetate and methyl propionate; and ethers such
as di butyl ether, tetrahydrofuran and di met hoxyet hane, and these sol vents
may be used singularly, or in conbinations of two or nore solvents. O the
above sol vents, the aromatic hydrocarbons are preferred. The anmpunt of

sol vent used should typically result 10 in a sol ventapecified nononers
ratio (weight ratio) within a range from11:1 to 10:1, with ratios from1:1
to 5:1 being preferred. Hydrogenation Catalyst A ring opening polyner
obtained in the above manner can be used, as is, although fromthe

vi ewpoi nt of heat resistance stability, the use of a hydrogenated pol yner,
whi ch 15 has undergone hydrogenation, is preferred. Wat is described as a
hydr ogenat ed product or hydrogenated polyner in the present invention
refers to conpounds in which the ol efi nbased unsaturated bonds within the
princi pal chain of the polyner produced by the ring opening pol ynerization
of either the nononmer (1), or the nononer (1) and the nononer (2), have
been hydrogenated, and the side chain aromatic rings based on the nononer

(1)




20 or the nmononmer (2) have undergone essentially no hydrogenation. The

hydr ogenati on reaction nust be perfornmed under conditions wherein the side
chain aromatic rings based on the nononer (1) or the nmononer (2) undergo
essent i alﬁpﬁoﬁ@%%ﬁg&genati on. Typically, a hydrogenation catalyst is added
to the ring opening polynmer solution, ill d reaction is then conducted with
hydr ogen gas at a pressure within a ra ge 25 fromnormal pressure to 300

at nospheres, and preferably from3 to 200 atypospperes, and at a tenperature
within a rapge/fromO0 to 200C aeferabl fr/om 20 to 180C. Exanpl es of

v ’ \

t he hydrogeratiom cat al yst i jose catdlysts typically used in
hydr ogenat i on ti ons of g % based conpd 3 ese known

hydr ogenati on cat’al ysts in bot h het er ogene at al ysts and
honbgeneous catal ysts. Exabpl e of 30 suitable he geneous catal ysts

i nclude solid catal ysts conprising a noble netal catalytic material such as
pal | adi um plati num nickel, rhodium or ruthenium supported by a carrier
such as carbon, silica, alumna or titanic. Exanples of suitable
honbgeneous catal ysts FP003- 0232S G 0 25 i ncl ude ni ckel

napht henat e/ fyri et hyl al um nu ni ckel acetyl acet triethyl alum num
cobalt octen n-butyl lithigmm titanocene dic e/ di et hyl al um num
nonochl ori de di um acet at fwu orotris(tripheny hgsphi ne) r hodi um

chl or ohydr ocarbonyltris(tr

¢ ) ro heni um —
osphi ne) r ut heRi um and
di chl orocarbonyl tris(tri pheryt phosphi ne) rut henium The catal ysts nmay be in

powdered or granulated form The quantity of the hydrogenation catal yst
added nmust be regulated to ensure that the side chain aromatic rings based
on the mononer (1) undergo essentially no hydrogenation, although typically
a quantity is used which produces a ring opening pal ymer : hydr ogenati on
catal yst ratto (peight ratioyyw thin a range from 10-6 to 1:2. In a
hydr ogenat ed duct of a rin ed in the present

i nventio a st 99. 0%.of eéln-bas Lunsat ped bonds within the
princi pal¥Thai or—the potyme ed by the rrNg opening pol ynerization
are preferabl y hydrogenat ed, mhereas the side chailn aromatic rings remain
essential |y unhydrogenated. 15 plhe intrinsic viscBsity (rl;";,) of a ring
openi ng pol yner of the present 1 nvention or a hydrogenated product thereof,
nmeasur ed usi ng an Ubbel ohde vi sconeter, is typically within a range from

0.25 |y f 0,3 4.0 d ferably f
0 3 1o Bnghe ARNEROFTIER Hprel i SnvurbCuforcirotias ST hnbe Bomg. gt © O
per meat i ineh@iioaRYIqg6@RRYicK ﬁ%ﬁethtyﬁgxbaﬂ?( @Ih?lf Podps S ;%&Bf-())&%roﬂﬁl Y5t g{o‘ap{y

equi val enq%;), t he nunber 20 average nol ecul ar wei gh I's typrca
Wit hin aSYarRg@neny groupsoandarallyy), youps sueliagheazpl gidins.Jf r om 2000 to 300, 000,

and en nore 2 . 000, and the wei ght .average
mol e%l ar wei 5 ths%ﬁ%%gu%l"{’%}%{%g?ﬁ%gr’iﬁg‘?'hg%dar‘“ﬁa"rﬁ’ﬁglngP8§G“§66@mi’88f‘é,aoog, 000,
and pr ef grushingl dniofh) 464 66PudtaralluiN®),080 propdetiodVsE the MF R R4l e (2P teYatk ik OM

30,000 tp 500,000. If rl,n,, is less than 0.2, M is |ess than 1000, or Mw
is |ess Eontgﬁ C@Bg’@?d f‘ﬁ%lrf’fttg:“e“%t‘g?lr"é‘ﬂfdﬂha%jf the glguciwiabienit (%) dspreferabdy e or at es
mar kedl ymotd thaR 059 ioht. "More spedi : [ reater .t han
500, 000, or Mv i % ﬁ%ﬁ?lgrt MHore SB?%%S?%@%%%%%Wﬁgt“g%ll‘{mﬁ’z%tg%ﬁ{r@l W ¢ he
sol ut i on(d)i expeesbed/asaf weight natiogs typécal ly ovithin y ranmze dront HEO/0yis/Ogemat ed pr oduct

t her gof S .ove hi and obtaining.th esi red nol ded product may
be di fi%ﬁ%&gﬁvag} i(i(ygtoo?&wfcﬂﬂﬂ_eﬁﬂh?‘f’f% fe@é’ﬁy ggm AHtor®/20.r i ng openi ng
pol yrer of t ha sifbdaised ANEBHéRL M1y ek WdhoBRaaH: FibeRLOSHAY aldaer eof
Exanpl es, of such additives include phenol-based or hygr oquil none- based
ant i oxi d@ﬁ?@oa%ﬁthasstmcau@h ungts fyyadgdition teghhstryshealainit (1) and the structural
2, 2- et gl ie DAL Rhiha Gk BRI RRERS] b phocRictl ey bYSrQquL nope.

raw material monomers that can be used arbitrarily.

15 - Production Methods -

di chl orotri s(t¥f phenyl phos




FP003-0232S G 0 26
tetraki s[ met hyl ene- 3- (3, 5-di -t-butyl - 4-hydroxyphenyl ) propi onat e] net hane,
4, 4-t hi obi s- (6t -butyl-3net hyl phenol ), 1, 4-bis(4-hydroxyphenyl)cycl ohexane
and oct ad®008-02323G%- di - t but yl - 4- hydr oxyphenyl ) propi onate, as wel |l as
phosphor us- based anti oxi dants such as
tris(4-nethoxy-3,5-diphenyl)phosphite,l?ris(nonylphenyl)phosphite and
tris(2,4-di-t Sondubiendr8 i i i r.ope, or two or
nore of these antioxidan?%P}?%g%%QP%g?pgﬁgg?§%§€%¥@ggﬁﬁﬁﬁg(??E& openi ng
pol ymer @Foduged by arisg epening pplyoticationfnenibaraenckmstdipbaoiaet (heragerdi ti on,

DY 200! Mol O Ein G R RREeFAE) § oSN Bt i abhan OPhenone,
2, 2- met hybraaghesiogétherlwith anbﬂiomﬂiayéd%&ﬁdl%ér?f'&eggﬁﬁr @&Hﬁﬁ&ﬁ%%&loﬁn%%yl ) pheno
as u

1], the light resistance can be 10 i nproved. It1ves suc ricants
may aP so(@e) wawsentedby agersral formeulagpshiowintbelovA nor bor nene- based pol ymer of
the present invention di slg ays excellent transparency, |ow water absorption

I
and a | ow L Qd nor eover generates a uniformretardation. As a

result, g po|) e—Riesent invention is useful within fields such as
optics, @ndy all lang3el ectronic materials. For exanple, the polymers
can be 15 y'lapphied,to use as nolding materials for optical disks,

magnet o- opti cal ~di sks,™opBtical | apes (such as F8 | enses, pickup |enses,

| aser printer |lenses and canera | enses), spectacle |enses, optical filns or

sheets (such as displ g% films, retardation filnms, polarizing filns,

pol ari zi fghqstiag m, pyRY, REFRVand RY are as défided above ihirkEon thé befdrAGhint@afi | M5,

l'iquid c%t(zfl sut?,strat,es, EL substrates, electronic paper substrates,

touch pa s plormaentioned ppspomengderpigtipe-ht es), transparent conducti ve

fil msubstrates, optical ,fibers, light guide plates, light diffusion

pl ates, opidgal : hi)cal mrrors, IC, LSl and LED sealing materials.
re detailed description of the present invention

I exanpl es. However, the present invention is in no way

limted to e eranplEs presented bel ow. The various neasurenents and

eval uati ons within the exanpl es an{@mhe conparative exanpl es were conducted

in the manner described bel ow. [Mnoner Purity) 30 Monomer purity was

determ ned using a high performance |iquid chromatography (HPLC) device

manuktict Dvhegeinyt, Tos bhc @mf perezasidefinechatwbvea én redptivatid dregienasl fdimukqRygnt .

Vi ght A I I i ght d I i ght Distribut
FP00S. 023250 01 EHIIELE YRy Pame e Do Non et aveh Fpren sl or

wei ght (Weight Rtid of bt o6t (B anteth@ on8inet (2) RUb bR ¢ ML 8! §ofEasur ed
using an, HL.C- 80 gel perneation chronmat ogrlgfhy (GPC) devi ce”manuf actured
eyen

20
by Tosohl@H) fov/ars B preferblisirery 108/0taRPH00s (e preferablydraw 10Ot . Vh
represeni,soidte hunber average nol ecular 5 weight. [dass Transition
Tenperature: Tg] Using a differential scanning calorinmeter (DSC)

manufSact ur ed Bhe Seg &penimspol yneriiasioh describbd eb@leanabled M8 prddueiond SFPEr at ur e
was neasur ed undgéspg nitrogen atnosphere, with a rate of tenperature

i ncr ease"YPOBGEE- R 9PEIIng polymer ot the PEHENIGNY REORA comtaingng thasiwedtyrabr

obt ai nedydy(1 ' WalsF : ' , tical .di sk substrate of
ext er nal di(ag’gjtnggﬁgﬂ30@%%ggh%\@ﬁlﬁ?g&%@%ﬁ?‘%r@ﬁé%%afr%’ﬁqc\(/)vrgtgmt‘% f or med by

i nj ect i ottruetiraliumit (@hderthiseash, bothribe Krgrowinrthe strucaghlnudie(pefdiheneg@hip270C
and a dii%tée eEatur etO@g 110C usi r&g an | nﬂ')ecti on nol di ng_devi ce ffyDI I%K—B,
manuf act U aGS P EA e 2iedms3 urpiedl BN RsTEpresenteck by the famgiukayGHi=CHhus f or ned
optidgal di sk FubhBtdicrhéhe-Bab&d fi Gt | f.er optical disk
substrate, within a rangea fré%égﬁrgi(ﬁﬂyrgér%%ﬁ??@é%?gﬁgt he center of
the substubsaguentjpkydiegenateddthpy the adoratientignet] sthyhere Hased psnpened giolps

i nci den 1 i urce. wavel e h of 633 nm ysing a birefringence
aut onat Fl-@)drr%égtf g’rfiéqug H%%%ﬁ%%&“ﬁgﬁﬂ?i%ﬁ?P%afwow%tﬁgIP E)gﬁ’é‘fp Kogaku co.,
|td.), amnpretdntad betharfomiilorCHaOEB-.20 was used as the value for

bi refringence, eyal uation. As this retardati on val ue decreases, the nol ded
material can DHeiCONSiitiamage speciicdssaintiog of thegwenonisir (&Y andr(@pnithoughfkanpl e 1]
Synthgesi; Ty 7 oY i 2.2. 1] hept-2-ene 0. Q/ \ [/ \
25 22I83 g l(ﬁ‘ééégl.og 1%%3&3&@?@%gd;@(@)?g%@%ﬁ%&nﬁcﬁkﬁédo formexo formnolar ratio
of 8/ 1) was neasured into a 500 niL flask equi pped with a dropping funnel,
and the air in the systemwas replace with nitrogen. 41 nL (507.8 mmol) of
pyridine was then added dropwi se, and stirred well wth a stirrer to

di ssol ve the pyridine. Subsequently, with the tenperature of the reaction
system mai ntai ned at 42C using an ice bath, and with 30 adequate stirring,
50 g (230.8 nmol) of 4-phenyl benzoyl chloride dissolved in 200 nL of

™ N7\ I\ SN NN NN ~ N oYl

using a &




THF (tetrahydrofuran) was gradual |y added dropw se. Fol | owi ng conpl etion of
this dropwi se addition, stirring was continued for 1 hour with the reaction
systemstill in the ice bath, and then for a further 1 hour at room

t enper at BPGH3-@ABASG-Gal | y t he reaction systemwas refluxed for 30 m nutes.
Fol l owi ng cooling to roomtenperature, the generated 5 pyridine salts were
renoved by filtration, and the reacti df nixture was t horoughly washed with
distilled wat ™ : ﬁ%ﬁie,with
heati ng, and ?%%mgiﬁﬁgﬁggpgﬁﬁrg‘g@@ ;l/lgf\d;llns} \SATEr g&rt gg@ﬁ‘?%‘%?‘g“?ﬁ%? géta |é’zed from
n- hexanegstericengpongdsggodnced bylict rragtiopsf alnortwirnene alcohol and an aromatic

5- ( 4- bi phenyl car banyl bi cy.el Q[ 2..2. 1] hept = 2- ). Analysis of
N T L e e i At C e P TRt G
spectr ur@fafe%etnhsnémdramg?%&?gram. Om&do'ﬁ)ﬁo%ii@s?ﬁsfté%éﬂfbetﬁ@d prguct nmononer

are shown in FIG 1 and In the 1H NVR spectrum shown in FIG 1, the

endo & ypsngHan o or oeaebinatéons oé twapbmareagonpesndd.on 5 of the

bicyclo[2.2.1 t-2-ene,st ture.was observed at. 4. m d t he exo
Pyoe proton b Hsefieblies hORSEIEERIAD (RARRCE Indbindn B BRer SRR cn” ¢ e
15 st er einHOnel iadd hadj snd(thiee o RA® RY pe/igdfogtl RROM¥RINdRhe Rida®ing 6fe t he

4- bi phenyl car bonyl oxy group within the conpound was identified as 8/ 1. In
addi t i ongroupef Br & Bnis agspwerepresentpd by githss the gonemsbirmulad-D oabep genefal t he

bi cycl of | hent-.2- . . ] .4 ppm
respecti vgﬁ i/ﬂja (2?3 %%%%?gf%ﬁ%ﬁ%gé,ﬁggﬁb %afﬁzﬁgﬁﬁ{ﬁ%{ ﬁ.'re i]agcgggl\%eg&ehegbser ved
Wi t i andrbov@end deivativépioduée folpmens vettalibh heattrésistateewad twovpatend to be 20
identified. In the infrared absorption (ngFi?' spectrum shown in FIG 2, the
st r et chi #§otptiopand are copscsusntoprefesredy fpaddifion, yspef @ther hk2benzene rings was
obser ved, it NG i ) g the stretching vibration
absorpti % h#ﬂé?éﬁf{:}%ﬁ%l%&r}@%%y%quh%?ﬁ]ﬁ,?wgfgliﬁ%1*;551 ar bonyl group was observed
wi t hi n t biphesybcanbdnylaxy)Hidyiclo[@12 he2-¢riexapff¢ctivE in Syodudies nwlddd products

5-(2- naphtﬂilclr egec rbo&yl oxy) bicycl o[ 2. 2. 1] kept-2-ene 0 O-C\ \ / Wth the
except i of¥N AW QYF §e8%%g (230.8 mml) of 2-naphthoyl chloride instead of
4- phenyl benzogﬂ,ecq:ﬁm &{ahﬂﬂ‘es Gk :RHJlrctJrM' dﬁﬂh@f‘ﬁ‘seﬂ e fHeqNéRnUidlEliod ifQLhgem

(filler: A1203, 30 devel opi hg sol vent: hexane), reaction in the same nmanner
as the ethafpllavingyi el ded 46 g of FP003-0232S G0 29 a white solid of

5- (2- napht hal gne | o bi cycl o[ 2. 2. 1] hept - 2-ene. Anal ysis of the

pr oduct mnon@\py‘géf%%ewg%’é%’ed a purity of 99% Analysis of the ' H NWR
spectrumin tﬁ@yg@[ﬁz,mﬁqeg-d@&ng,escri bed above for the exanple 1 revealed a
stereoi someric ratio (the endo type/exo type nolar ratio) for the 5
substituent gietragyaldidithltHe gensf 8/1. Furthernore, in the infrared
absogption (I 3k her stisel chi | bration absorption for the CH
groﬁipds3 of thegganru?)cglgﬁ[%g'?}ln ? vgg ]o égﬂrtg(%g&{l/ﬁ’thi n the vicinity of 3050
crri', and t hpemsioyelofhngl“viob¥#ff)esrpatisdscpid, on for the CO group within the
ester carbonyl  gro gsobserved within the vicinity of 1710 to 1730 cm'.
10 The' H- NMR g@ﬁlpr‘gﬂﬁnd}%ﬂ%‘lqcﬁ’%ar ed absorption (IR spectrum of the
product nononey, } 5. and FIG 4. [Exanple 3] Synthesis of

5- (1- napht hargr%%gﬂggﬂgp@zk%?]oh%%Ich’Z.2.1] hept-2-ene / \ rn--o-c / \ 15
Wt h the excefethytbioyclofiXafhdpt-2Z3ene230. 8 nmol ) of 1-napht hoyl chloride

i nstead of 2- ht hoyl .chl ori ti in th th I
B ded 43, B HFPOkabPRHBsF B T eat deas” (o ST e oS the examle
5- (1- napht hal spgagyIbNRElRXYIRbsH MO do[2 21 AR Gregne. Anal ysis of

5-cyanobicyclo[2.2.1]hept-2-ene,

S-methoxycarbonyltetracyclo[4.4.0.12’5. 1710

.17,10

]-3-dodecene,

8-ethoxycarbonyltetracyclo[4.4.0.1* ]-3-dodecene,

30 8-n-propoxycarbonyltetracyclo[4.4.0.1>°.17'%]-3-dodecene,
8-isopropoxycarbonyltetracyclo[4.4.0.1>°.1"1%)-3-dodecene,

8-n-butoxycarbonyltetracyclo[4.4.0. 12'5.17'10]-3-d0decene,




t he product nonomer by HPLC revealed a purity of 98% Analysis of the' H NWR
spectrumin the sane manner as descri bed above for the 20 exanple 1

reveal ed a stereoisoneric ratio (the endo type/exo type nolar ratio) for

t he subskEROO3IB32§6Geip wi t hin the nononer of 8/ 1. Furthernore, in the
infrared absorption (I R) spectrum t\k/\é stretching vibration absorption for
the CH groups of the aromatic rings 2 observed within the vici nity of
3050 cm ', anglphdidx§édrBoMetaeytidpd.alo. B 1208a1lbQRef or the CO group within
t he ester carbonyl group was oObserved Wltg% nﬂtohe vicinity of 1710 to 25
1730 cmi'. The(l-naphthdy nylietraoyalofh&0ilit.1arkdrdaderongt i on (1 R) spectrum

of the produc naner sh i 9samd, F1.G, 6. [ Exanpl e 4]

Synt hesi s of és-(%?Pgﬁ‘%%"ryz%ag%oé’éﬁ%%%gﬁog‘@) i g:‘?cﬁi?'ﬁ‘p%cff‘ﬁept -2-ene

FPO03- 0232S (-4-gRerlylphefoxy)tarbényltetradficid]4.ulve1’€xé¥psidyascenb, usi ng 55.5 g
(230.8 nmmol ) o -ant hracenoyl chloride inst F,’gd“ 4- phenyl benzoyl

chl o de, pur$-metyd-Srmethpxycerbonylettreyelgl4t 84 uim ¥ 3+dpdasene, A1203,  devel opi ng
sol vent: hexaélg)§t}£_rggetﬂ(§:,[ Cglrbgh{l?eg%‘gﬁr%g[?%aédgggngnorlg;)déjd%w& a hexane/ net hyl ene

5 chloride m xe I'vent,” reac nner as’the example 1(1)
yi el ded 25. 9 nrihya-8hi-ghipoxpdartmnyitedrayeld[440i18°.0%°-3-dodecene,

5- (9- ant hracenecar banyl oxy) bi c%)cl o{ 2.2. 1] kept -2-enge)_ Anal ysis of the
product nonon¥sMmetiylEpseprPRAySROaNYtsHarYUl440.580k " Ardatigderdneot t he 1H NMVR

spectrumin td i v.e 11,01 11 le 1 revealed a
sltoer eoi sorrerié(;ﬁlreglﬁjifgs @E@%‘F\%@%E@%&%ﬁ%?g rr'%)l a;[?’idlgtﬂ?% @’?Br the 10
subsitli t uent g8-methyliStptienox yrarhwopiteteacydb[464.0.1>F1/' P dodecene,i n t he i nfrared
absorption (I S trum the stretchin i brati sorption for the CH
gr oupg of tgeﬁ)é?ﬁgggi%\‘ -RaPROXYIcarbgR &t@gﬁ\{ﬁtﬁ'ﬁ%ﬂgﬁﬁ'ﬂﬁﬁ?@’ of 3050

i, dt QG i ! i orqiMmhe . i t hi th
crri an h@-m%ﬂ%ﬁ g%ﬁ‘@%b?gﬁﬁ%g\;ﬁ&é@&&&ﬁ%i_ 1 %O@eg&fé“p wthnin €

ester carbonyl gr S observed thinthe vicinit [ 1710’to 1730 crri
1. 15 The ' I-S-Nwﬂlyé-ﬁe(dt-phmyl@hchmdy)pa'rhmhyha:tm;tyelb[3404:.611F’oh P Rylodgpend,r um of t he

product nononer ar sh bl &, 7 and, FIG 8. [Exanple 5] Synthesis of
5-(9-f 1l uor ene%‘:é‘rt"lféfﬁ?f%QWbi@yc o[ 2 BEMAdGE R 2-ene 0 \ / o-c \ / 20 Wth the

exception of mgiRgclofraR.0.10230° §>Mud)o>8h.7%iédsegy, enoyl chl ori de instead

heptacyclo[8.8.0.1%7.1!118,11316 o34 1217

5-ethylidenebicyclo[2.2.1]hept-2-ene,
125 1710

]-5-heneicosene,

8-ethylidenetetracyclo[4.4.0. ]-3-dodecene,
S-phenylbicyclo[2.2.1]hept-2-ene,

20 8-phenyltetracyclo[4.4.0.1%°.171%]-3-dodecene,
5-ethylbicyclo[2.2.1]hept-2-ene,
5-n-butylbicyclo[2.2.1Thept-2-ene,
5-n-hexylbicyclo[2.2.1]hept-2-ene,
5-cyclohexylbicyclo[2.2.1]hept-2-ene,

25 5-n-octylbicyclo[2.2.1]hept-2-ene,
5-n-decylbicyclo[2.2.1]hept-2-ene,
5-isopropylbicyclo[2.2.1]hept-2-ene,
5-phenylbicyclo[2.2.1]hept-2-ene,
5-(1-naphthyl)bicyclo[2.2.1]hept-2-ene,

30 5-(2-naphthyl)bicyclo[2.2.1]hept-2-ene,
5-(2-naphthyl)-5-methylbicyclo[2.2.1]hept-2-ene,
5-(4-biphenyl)bicyclo[2.2.1]hept-2-ene,




of 9-anthracenoyl chloride, reaction in the same manner as the exanple 4
yielded 14.0 g of a yellow colored solid of

5- (9-fl uorenecar bonyl oxy) bi cycl o] 2. 2. 1] hept - 2-ene. Anal ysis of the product
monomer BRO0BFI23266vdal ed a purity of 98% FP003-0232S G 0 31 Anal ysis of
the 1H NVR spectrumin the sane manner,.as descri bed above for the exanple 1
reveal ed a stereoisoneric ratio (the ggdo type/ exo type nolar ratio) for

t he substi tue51(4_g{pgg@y1gsirﬁ@tﬂylb{wc1mmﬂ{e Qb-cR4.1. Furthernore, in the

i nfrared absorption (1 spectrum the stretching vibration absorption for
t he CH groupsS-eminamethylbieneln2.2.11hgpt-2vane,5 observed within the vicinity of
3050 cm 1, and.,the.stretchin Lhratign absorption for the CO group within
the ester car '8H§7Fth8’f3é§§5ﬁ’\}@'§%$%2gjk‘ﬁé’ha{,ﬁ“f’hi nthe vicinity of 1710 to 1730
cm1l. The ' H5-bidth@psityibieytio[ER. I iRepi-Ben@r ed absorption (IR) spectrum of the
product nononer are shown in FIG 8 and FIG 10. 10 (Exanple 6] 14 g of

5- ( 45bi pheny| THinepsaysityipisyelpbd. b thept-2€rept - 2- ene as the specifi ed nononer,
0.2 g of 1-hexer j ght..regul ati ng agent, and 28 g of

t ol uene were %%“?@3@‘%%@%%@33@?{ greéég’el in which the air had been

repl aced w t h5-ohioragethyloiyclofihi2i 1 iepe2ehegn heated to 80C. To this reaction
m xture was added 0.17 n]. .of a toluene 15 solution of triethyl alum num
(0.6 mol /L) atr8ygrosgmathyicygloleeddhipt-2r@98i i ed WC16 t ol uene sol ution (0.025

nol /L), and %_@gyﬁexﬁ?gﬁc@ﬂgﬁgﬁ%gﬁ%ﬂ on for 3 hours at 80C. A

pol ymer with a ar weight (Mv) of 9.3 x 104 and a

mol eldul ar wei Sfinochibstyciop2iRilfiep(-RAehth) = 2. 32 was obt ai ned. The thus

obt ai ned pol yper sol ution ced,in an autoclave, and a further 28 g 20
of tol uene wa¥ BH’é%F.L‘JhYAg‘ﬁy‘\é’ﬁ@gg EPlreRet al yst RuHCI (CO) [ P(CBH5)] 3 was

added at a ragjuqﬂlgjroégﬁyﬂ,@bg)dcﬁtg.tli]p{ thQnthe quantity of added monomer, and
reaction was then conducCted for 3 hours under a hydrogen gas pressure of 9

to 10 MPa andS-atntafluaogtbylhiayclo(22.11189t-26nd,65C. Fol | owi ng conpl etion of the
reaction, the.hydrogenat ed uct, [wei ght average nol ecul ar weight (My) =
10.3 x 104, @?gﬂ@vﬁgbwﬁgﬁ%ﬂﬁﬁgwf%—h&i on (MW Nh) _ 25 2.13, intrinsic

Vi scasity (r|5,'éla)iﬂﬁor9bi.5fmol@@1]gb Ssefd,ansi tion tenperature (Tg) = 97.5C]

was obtained by precipitation within a |large volune of isopropanol.
Det er mi nat i ond,afis(ilueyeipetheeicydel 22t heptarenche hydr ogenat ed product using

400 MHz 1H N enen veal t At | east 99.0% of the

ol efi n- basedl\%ﬁﬁ{tﬁﬁa Oé‘an‘%)t@}%‘ SICW??@%f]F%é'%?qehci pal chain had been

hydr ogenat ed,s-mye@Strm@rcﬁﬁasymi@@ﬂame pt-T-cid,ngs were essentially 30
unhydr ogenat ed. Furthernore, using this hydrogenated product, a di sk was
formed under ?-A&-Edmarabicyslol#eddepbésnen t he "Measurenent of Retardation”

f](ranCtZ(Pn abOVeS,S,"?S’-‘ﬁ’is(IHﬁﬁb%ﬁfEﬁﬁﬁ)bfgycltof'fzﬁﬁ{eﬁf-g-%hé,on reveal ed a maxi num of 2
5,5,6,6-tetrafluorobicyclo[2.2.1]hept-2-ene,
5,5,6,6-tetrakis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene,
5,5-difluoro-6,6-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene,
5,6-difluoro-5,6-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene,

25 5,5,6-trifluoro-6-trifluoromethylbicyclo[2.2.1]hept-2-ene,

5-fluoro-5-pentafluoroethyl-6,6-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-¢ne,
5,6-difluoro-5-pentafluoro-iso-propyl-6-trifluoromethylbicyclo[2.2.1]hept-2-ene,
5-chloro-5,6,6-trifluorobicyclo{2.2.1]hept-2-ene,
5,6-dichloro-5,6-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene,

30 5,5,6-trifluoro-6-trifluoromethoxybicyclo[2.2.1]hept-2-ene,
5,5,6-trifluoro-6-heptafluoropropoxybicyclo[2.2.1hept-2-ene,

12,5'17,10

8-fluorotetracyclo[4.4.0. ]-3-dodecene,




FP003-0232SG- 0 32 The 1H NWVR spectrum of the product polynmer is shown in
FIG 11, and the infrared absorption (IR) spectrumis shown in FIG 12.

[ Exanple 7] In a simlar manner to the exanple 6, 14 g of 5-(1 5

napht hal 8218325 Pdky) bi cycl o 2. 2. 1] kept - 2-ene as the specified nononer,
0.2 g of 1 hexene as a nol ecul ar wei ghé regul ati ng agent, and 28 g of

tol uene were conbined in a reaction veésel in which the air had been

repl aced w t h Saflacsrogethyliésac @M{h.%!lé5,thép3jaggéc%geto 80C. To this reaction
m xture was added 0.17 ml ofy a tol uqu sal ution of triethyl alum num (0.6
mol /L) and 0. Sgdifporgmeshylisiracstn(4.4dl T i1éd]-B@lode¢enbuene sol ution (0.025 10

mol /L), and agpgj ' Sreact,i for 3 hours at 80C. A
pol yner with a w@égﬁ{m a@etregggﬁd@?%égfarl ﬁl%g‘ﬁ{aef% of 17.0 x 104 and Mw Mh
= 4. 00 was ostqian&xﬂuoﬁbeﬁ»ﬂh&ﬂg@l&Hi{#.@mIzé_qéto'!-grao\q@&na’l so conducted in a

simlar manner ..L he exanple 6 correspondi ng hydrogenat ed product
[ wei ght averaé@t'mugmtﬁrcy%f“g‘h@-1#\57\/)1%:3-4@(1@61)@,104, nol ecul ar wei ght

di stribution gMMiMOdrotets: i tnsiig yvisscosity (rl;",,) = 0.74, and gl ass
15 transition ier%per.?teurgg??[g%‘ﬂ@ﬁmﬂog]yagéecgbﬁf ai ned. Determ nation of the
hydr ogenat i on8i8abis@rififoromethiyl)cttaggrieieid. proddigi3-disicbehe400 MHz 1H NVR

measur ement s %\_/éaadleﬁ t hat ab | east 99. 0%.0f, {1 he ol efin-based unsaturated
bonds within i§rtluarpmethyDtatracylel 4 b rly drl dodadiseand, wher eas t he si de

chai n ar omat i 8-rétRASB-WERr&RSEikdralcl rogenal gd, Furthermore, using
t hi s, hydr ogenat ed %r oduct,r a d?lsk \AZsol;Agirwrfr’gd g’ggé gg%ege%emdi tions 20

descll bed i n B¥S-tribwsateteanyolo[o4.0RE1.4F dpBidodécesgct i on above, and

measur ement of ote. ardati.on reveal ed a_paxj,yum of 9 nm The' H NVR

spect rum of t%’g’dg&ggfﬁ@fmﬁ%}wetf@ygﬂg%&ln Fi'd-3-dedecapay t he i nfrar ed

absorption (|m,%@mfaﬂumoit&ra%?@?ﬂsd.ﬂ(ﬂ%ﬁﬁw]Js‘ldo([eEg&?e[m| e 8 25 1In a simlar
g of o-

manner to the_example 6, 14
napht hal enecaf8&htcssaistrifiyetoniethydtaidcpgof424.en®’, Bt hedoddeesd,f i ed nononer,

0.2 g of lhexgge;: @ lbar wei.ght requl at| agspt, and 28 g of

t ol uene were %’g o ne S{jgn)bgtﬁgggﬁoﬂ?m%t%gapﬁwﬁéh??%eé'ép‘iiecﬁ%l been
Rt U o ums. aded 0L RO R B £ 1L P A2 s
(0.6 nol /L) agrg’%ot.ri 'Om-9-8ﬁﬂ@rﬁ@@m1wracm[4.4.@d9’ﬁ\df8]-3dbdmme,so| ution (0.025

mol /L), and aB,Q,@'—t_)‘i@i%Bro“‘@-%riﬂ’tMr@lin@@ x{}}(tggrc%f&g)iéb%pl%@ 7’}31#0[”5 al 8oc. A

pol ymer with a wel ght average nol ec -d9decsng, 104 and a

mol ecul ar  vei §B0-tdilsoro-Byeitafiuorofiopod &r3380(3.£033° { MY Maddczese, 25 Was
tion was al So conducted in a sim’lar manner

obt ai ned. A h%ﬁrol%eaatio reag NaS

to the exanpl €8s allyrpetaylhibigtriilugrasashitettagyclofti¢ 0. 'va -§hs- aver age
mol @oul adode&inght (Mr) = 11.9 x 104, nol ecul ar weight distribution (Mv M) =
2.64, intrinsic viscosity (r~;"h) = 0.66, and glass transition tenperature
(Tg) = 82. 4C]8.%diflretheptagivoradet propylrrifbrrahethiieethi gelopienat o #asi o of

t he hydr&gg/&% ed product using 400 MHz' H NVR neasurenents reveal ed] t hat at

| east 99.0% of’ t he ol ef i n-based unsaturated bonds within the principal

chain had becicilyt 899nGTRGiRIABE.4. 0831198 LGl A OMLi C i Ngs wer e
essentially ;gg%drogenat ed. Furthernore, using this hydrogenated product, a

di sk was for iehinze-8yhisca Haeromsthy Dirseacy ¢lofdat. 0.0t HE%|: Méadeeeryent  of
Ret gwdat i on" gl Gl } nd.jeasu 28f 710 etardati on reveal ed
a maxi mum of 3&6%?q#ﬂg&fa{aﬁmarsb%g&){réﬁﬁ?y(?;ﬁg‘ﬁg)t']pr (}duli's' PYPErands shown in
FIG 15, and &methyhB#(22cH irifhoesetiox9Barbb)&RRGEIDMM. D >S PN igg LG 16.
[ Exanpl e 9] SIrQP@? of 5%4- Ei phenyl car bonr;l})i)l)oxy) gi c%‘ o[ 2. 2. ﬁ]igg(tié:cfﬁ%ne and
20 g of 8 15 HRb e neshsed gadnemets may baused|iopambingtiapwgh the o] - 3- dodecene
of the fnsred (B eier R RMNHDr i CortRGSidnk %fltw%ogronqgrresdom%%%%s.
Of these monomers, from the viewpoint of achieving a copolymer with a balance
30  between heat resistance, water absorption, and adhesion and bonding with other materials,
norbornene-based monomers in which at least one of a to d in the general formula (2m) is

a carboxylate ester residue represented by -(CH,)yCOOR? (wherein, R* is a hydrocarbon




1.2 g of 1-hexene as a nol ecul ar wei ght regul ating agent, and 100 g of

tol uene were conbined in a reaction vessel in which the air had been
replaced with nitrogen gas, and 20 were then heated to 80C. To this

react i orFRAORtA238SGey added 0.5 ml of a toluene solution of triethyl

alum num (0.6 nmol/L) and 1.52 m of a_gethanol nodified WC16 tol uene
solution (0.025 nol/L), and a pol yner S obtained by reaction for 3 hours
at 80C. AENREL t : ' Jmi : ner to
he exarrd & PAFAPCLGM HORE otk MORIMPRD (RAPOUFLON Brefuarh BRI 0
mol ecul ar wei 8htetl{ylA8)methdFycarbonyBetracgelopdd.0.d bif. ' widgddcent istpattivutariyn

(MV Vn) = é 2#, 'khr}/tri Si.c Vi cosit%ra) ~;"h) = 0.77, and glass transition

t enper atRIPETEFET 3 Ct‘ﬁﬁglegtﬁddﬁﬁ 1¢-Det er mi nati on of the hydrogenation
ratio of the pygsnecorahedydbesust %x'éﬁb 881 4080 MiBord llohWReIBRAKUSGIRAL S =
reveal ed that at 1eagt 99.0% of the ol efin-based unsaturated bonds w thin
t he Pri rafpisaientprgdRT arrlusteetk H\zaoupg swelt asanetiplegrewns, ethil grovps andagirepydr onat i ¢
rings were essentiall n rogenat ed. FP003- 02325G- 0 34 Furt hernore,

st g el B0 bishar St KRR TR e N RSO SHEtbNG! { ons
descri bexieihyl %mﬁé{,l\é&ﬁ}&gfcﬁ:@is Bhd plenegdupiadrt gfﬁ‘fe@ar;hh@ﬂ]eﬂ@ogﬁmﬁélm
nmeasurenent of the retardation reveal ed a maxi mumof 4 nm The 1H NMR
spect r uniasticulaly dastdelet pol ymer is shown in FIG 17, and the 5 infrared

5 (o- ant hr ace S APBEHoH I God WP gleBers iSepdy. S RRR EeomlypRegiiafleg’

met NeXy crabhsists whidteddnybetustd athycthah thednéhoher $1)landhe Broflowlec@l énchsdet he

speci fied nonopers, 0.24 of 1-hexene as a nol ecul ar wei ght regul ating
agent , aﬁyeloﬂefgls(wcl{%W@Wguwwp@pe%ﬁm REdogGteng, pnchesiclaggcspssasevell #8 whi ch
the air 0 ] i I ; d to 80C.
To thi s ‘NEsePRRN e folyBichet sich SO0 SRy pRBeta e MR & clefle BT 1D Patny!
al um num (0. 6lnrthé pieper pooducBdn miethofl, the afaréraeniionad dng opehiMCid yimetipsion

solution (0.02S nol/L),,.and a pol r s obtained by reaction fqor 3 hours
at 80C. Iﬂgh%? gﬁ&%‘{‘ﬁcgﬁ IR E¥ AP ﬂ%@@%ﬂﬁm F’éﬂpl%éﬁe’étyé?l}ﬁ‘?‘ﬁ?‘ﬁﬁ%ner to
t he a _ i 0,

trars o) Bhflef-ndmodilede CALAEFANNES A IHRIAORAR AR RCHEE (TpSTRers |

hydr ogeneftatier nogharoensfbasérembpomengenat ed product usi ng 400 MHz 1H NMVR

t | ed t t, | t 99.0%of the.olefin-based t ur at ed
bonds w thi n ARETBPAT S erePAA OB A I Bl iR Ror cas the Si do

chai n ar omat i Ringl MEEHidEPSyAeSLA#Hbh atalysenhydr ogenat ed. Furthernore, using
this 20 hydrogenated product, a disk was fornmed under the conditions

descri bed i n Aningapsaingmelmarizetionrestalyyasebin the presens invgpborutilised 2
e iy LIS B A8 LML WAl o
[ Exanpl eofl(3] at least one compound selected from the group consisting of W, Mo and Re
compounds, and (b) at least one compound selected from compounds of a group IA
element (such as Li, Na or K), a group IIA element (such as Mg or Ca), a group 1IB
element (such as Zn, Cd or Hg), a group IIIB element (such as B or Al), a group IVA
25  element (such as Ti or Zr) or a group IVB element (such as Si, Sn or Pb) of the Deming
periodic table, which contain at least one bond between the aforementioned element and
carbon, or between the aforementioned element and hydrogen.
In order to raise the activity of the catalyst, an additive (c) described below may
also be added.
30 Representative examples of the W, Mo and Re compound of the constituent (a)

include those compounds disclosed in Japanese Laid-open publication (kokai) No. 1-
240517 (JP1-240517A) such as WCls, MoCls and ReOCls.




25 4.3 g of 5-(9-fluorenecarbonyl oxy) bi cycl o[ 2. 2. 1] hept-2-ene and 3.3 g of
8net hoxycar bonyl - 8-nethyl tetracyclo[4.4.0.12'5.1""' 10] - 3_dodecene as the
speci fied nononers, 0.18 g of 1-hexene as a nol ecul ar wei ght regul ating
agent, d0038)23286G-Q ol uene were conbined in a reaction vessel in which the
air had been replaced with nitrogen gﬁg, and were then heated to 80C. To
this reaction m xture was added 0. 07 of a toluene 30 solution of

triethyl al Ur@:ﬂwmc(e‘%az gmrrl)ollf ;-Hl_c)(ﬁﬂgitgcrﬁ%%)g}mclﬁae ﬁ‘log&?é&@é%hgggg%}t)ge%jinmjﬁ

tol uene solution (0.0 , and a ymer was o y reaction for
3 hour s Japar88¢€Laid-dpgd pobkication Ghokad . iledt0rdE (XPA 06 dTLchds nrCAloEi, mi | ar

nyar ogertGebaF COA LGy EhGhs (o EEE, Rl amoraad e e
obt ai ned. Detgg 'ééﬂtaliogeﬂimh%!?seomﬁéiéﬁﬁﬁﬁ@hi @Ninchide AcBhols MadhydE QgL £d
product using 400 MHz 1H NVR neasurenents reveal ed that at lFeast 99. 0% of

t he &l efdnd-amanesd auwskhas thesecompoads disclobed indepapeseniciigapercpatilivatierd been
hydr ogenat ed, \,wh Sl chain aromatic rings were essentially
unhydr oggﬂ%lbg.o’ Eggﬁﬂé(ﬁg} 24(5%[@9 this hydrogenated product, a disk was
fornmed under Tiearhéuie bf ilensetstasds ededgstivied fRuld\ipieallereat irPd motk a4tgat i on”
section above, and neasurenent of the retardation reveal ed a nmaxi mumof 5

nm The behweasrthe afpseraeriioned censijueai@y end,the specified meueiuess (thall igrthe i s shown

in FIG ' . . .

5" ot oo (AL Bidn e AT elsna PBiof cansitvenf (specified o s e
spedliof | edonmnesewithid aGaggedtori 1H0e0 ¢ : 58000, ol wefetably withihi ranggfibat i ng

agent, and 100 g of toluene were conbined in a reaction vessel in which the

air had be odp] GeXY The wlative prperiions of thgcanstitvent (3)@pd tegoagtitpentdbl. To
this reagt, i r , g | '

tri oty ool MBS ORANRS ey hind Rafbe fork T UBTESE B bl

t ol uene fsahut2 wnl:3Q. DRGretadive ipyopoatichsat el gonstitusveta)endahaeshstisnenta@yt i on f or
3 hours at 80C. . A hydrogenation reaction s th conducted in a simlar
manner t OPWé’r%‘}(‘%Fﬁﬁ?IIEOIB?ra&HéC)é@):Wt WII3R Qm%@gé)]g@n]asﬁd’ngr%%ﬁfé{’lsy[ gl ass
trangi tighnloaPeiaiyre (Tg) = 164C, wei ght average nol ecul ar weight (My =
56, 000, nol ecul ar wei ght distribution (MM M) 20 = 3.2] was obtai ned.

Det er mi nat i onMeteculae WejghtRegniatingAgentti o of the hydrogenated product using
400 MHz 1H N surenents reveal ed that .at |east 99.0% of .the olefin
based unsatu %‘fgﬁﬂﬁ’é‘ﬁg éh%\ﬁ"f’ﬁfﬁlaf W81g8$ ‘i’tﬂg'f paé OBﬂ‘éi‘%]P‘ﬁé{‘awb%aé‘rP‘m/h‘bﬂr ogenat ed.
Fur t her nphRved 8irbggH éﬁn&ohﬁféﬁﬁ&l\gﬁ?ﬁ]@ﬂz@foﬁdé&ﬁf)eratﬁr@ ktyp@st dabdlpdndider the
conditions described in the "Masurenent of Retardation" section above, and

nmeasur ent¥pe obsolyang altBpughiatthoprepeny énvieatiorpthe anlesulanyraight ipprefpsablyhe resul ts
ot ar Eb e e oy Re TR AR GO g Bleeb RS ARRL R pSreaict o ol
hydr ogengtsadatile @siledusar vadight TE@IMtinghgtablifcldde a-olefins such as ethylene, propene,
1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene and 1-decene, as well as
styrene, and of these, 1-butene and 1-hexene are particularly preferred. This molecular
weight regulating agent may utilize a single compound, or a mixture of two or more
25  different regulating agents. The amount of the molecular weight regulating agent used
should be from 0.005 to 0.6 mols per 1 mol of the specified monomer (1) supplied to the
ring opening polymerization reaction, with quantities from 0.02 to 0.5 mols being
preferred.
Ring Opening Polymerization Reaction Solvent
30 Examples of suitable solvents for use in the ring opening polymerization reaction
(the solvent for dissolving the specified monomers, the metathesis catalyst and the

molecular weight regulating agent) include alkanes such as pentane, hexane, heptane,




FP003-0232SG- 0 36 Table 1 Exanpl eRetardation value (nnm d ass transition
tenperature (C)Exanple 6297. 5Exanpl e 7974. OExanpl e 8382. 4Exanpl e

94126. OExanpl e 105116. OExanpl e 115103. OConpar ati ve Exanple 120167.0

| NDUSTRI FROOBFIA3RSEHD LI TY 5 A pol yner and a hydrogenated product thereof
produced from a norbornene derivative gf the present invention retain
excel l ent transparency and heat resist@dnce, and a | ow | evel of water

absor pt i @flaneMibhdde dhg B@YE; & cRalkaney subh hetydldHERMRE cidieitph@BY&Ridoenat, cyclic
ol efin resins. Accordingly, the norbornene derivatives of the present
i nvent i odecakie ardperbaimaye; ssmatic lnjdrocartons sudhrps heaecne sioluepwrrylanes. Because

pol yners . ther 04.dj t h r esent
rventi otRBeeAe SREAMMAR, Pl BRI AR ShrPEERE U BB,
resi st angremohbkdne, siethpleay chioride,| dishldroethbuid, heemesthylédediboaridhe applied to
optical materials which require extrenel reci se optical design such as

opti cal ﬁlglpé?na«?a@r?élqsof@ﬁpiaeaﬁetapgl@gqetfwﬁqeg%ﬂtum@ﬁ§é@owla@wsae§s fughpgnses,

pi ckup | € Ll Fioh . enses,
it oo | cRetald iHulaedlof! b S RoARE o HRIR1 ERRRI, aRPEALASHE 4

pol ari zi dibuflyl ttier, tgmhadiofurmgagd ditretlpixgtthand, and fhesans]verhts has bouasetdi | s,
antireflective filns, liquid %r st al sub?trate E subs‘trate , electronic
paper suHBEHaHRQrig ER}EIPI‘“%&H@IO é‘é‘bgf MFO e he pbaye spivahissthe ¢ r anspar ent

conducti aefenf‘a{i{: HOLAbERA £ pre?@tddC AthefdnRRhBof dolAl uGHisf Sl kﬁlzxgmy 18Rk cal

cards, optica rrors, I'C/ LSI and LED sealing materials.
FPOOR) 0232561 ¢ngIpeCiffidivioriomets ratio{weighhmtidpwithix 4 saege Bpmelsbia E0t 1 oyitla

gener al fa%gyrlﬁ% fzirgsétb%\t/\}%rgg%eg\é\r{l RLR2 RBn mR4 (Im wherein, at |east

one of H 'ed fromthe group consisting of an 5

aromatic ri ngﬂggl@%alild@joﬂgjagmwp represented by a general formula (1-1) shown
bel ow and an afonmatic ring-containing group represented t?/ a general

fornul a (1-2)Agingmpepisigpnlyragipbiainas inithrpbgve oppaneragn e Rbed, Rpis, Aghoagh R4,
et . P 658 vERBERAF b RRARESEPLIY PSRt piyhel g, =t om
15  has undergone hydrogenation, is preferred. What is described as a hydrogenated product
or hydrogenated polymer in the present invention refers to compounds in which the olefin-
based unsaturated bonds within the principal chain of the polymer produced by the ring
opening polymerization of either the monomer (1), or the monomer (1) and the monomer
(2), have been hydrogenated, and the side chain aromatic rings based on the monomer (1)
20  or the monomer (2) have undergone essentially no hydrogenation.
The hydrogenation reaction must be performed under conditions wherein the side
chain aromatic rings based on the monomer (1) or the monomer (2) undergo essentially no
hydrogenation. Typically, a hydrogenation catalyst is added to the ring opening polymer
solution, and reaction is then conducted with hydrogen gas at a pressure within a range
25  from normal pressure to 300 atmospheres, and preferably from 3 to 200 atmospheres, and
at a temperature within a range from O to 200°C, and preferably from 20 to 180°C.
Examples of the hydrogenation catalyst include those catalysts typically used in
hydrogenation reactions of olefin-based compounds. These known hydrogenation
catalysts include both heterogeneous catalysts and homogeneous catalysts. Examples of
30 suitable heterogeneous catalysts include solid catalysts comprising a noble metal catalytic
material such as palladium, platinum, nickel, rhodium or ruthenium supported by a carrier

such as carbon, silica, alumina or titania. Examples of suitable homogeneous catalysts



group of 1 to 30 carbon atons which may contain a |inkage group containing
oxygen, 10 nitrogen, sulfur or silicon; or a nonoval ent polar group, and m
and n each represent, independently, an integer fromO to 2; R6 Rg wC~ ~~
R O p -FRID3FR3RBG-® R12 "Rs (1-1) wherein, RS to RL3 each represent,

I ndependent |y, a hydrogen atom a hal qgen atom a substituted or
unsubsti tut ed nonoval ent hydrocar bon goup of 1 to 30 carbon atons which 15

may Contﬁbl'ildé‘n ck&%ﬁth@ﬁ&b‘/ﬂléiﬂﬁtaﬁhﬁhﬂﬁ Hfél(&ea@etyf&béthﬂ@/{hetﬁﬁ idiﬁmgfn silicon;
or a nonoval ent polar group, p and q each Tepresent, epen ently an

i nt eger ¢qb@l’noctenate/21 -bysyldithigied tltt&nacenerdldllm‘a@édlcuhyWﬂuminup:npoﬁoclﬂQ&ldmd ,
ach other, to forma carbon honocyclic

d/ 3.2 b t
?inngotr)rRi ﬂlé‘fne?‘:(? %lcﬁﬁorqtﬁgggﬁgego lphesphins hﬂngB’eycl ic ring or heterocyclic

ring be'dlghlaro'ihﬂ&iﬁeﬁ*lﬂﬁog@hfn@ﬁhtﬁ%&unpr form ng a polycyclic structure by 20
condensation wth east one other ring, or alternatively at |east one of

R5, R6, morORSL(ZO@mbomuls(tslphﬁﬂgmmmwmﬂhmumbmdbst ituted aromatic gr oup

cach r opdEag R PRek b B 150 A R Be frden ¥ =

substi t ugrefulated foven OFhd qwnﬁcy drahekpdregenatiyslicagigstddednastbeatgllate@ (30 car bon
atons which may contain a |inkage group containing oxygen, n|tro en, sulfur

or sili c%ﬁuredhatéh%m%ﬁlw&a&matlﬁcsmgﬁ besed 9p, themeuemerd 1) hadergmessetialx 10RB and
Z I
215 2 ORRUBLARROESARLGA Diichl] LTHR, ) EhichBrallobly hhgofidreny) oroup

(1- 200, apulymer:lepiregenation emalysttretge(weighteatm) vgitieah earjge fdm TH&10BtbDLNENE

derivative accordllﬂi to claiml1, wherein,in said general fornmula 10 (1m, n
is 0, and m i85 ahydesengted produciof amieg oRsning RALHECTIEPHULAH rlwle@é%ssmd. ng to

claimi, 1n\’)€iﬁ£o‘:r‘1' B 1k44t 58109, %ﬁﬂ@ [)Ehnftﬁﬁ i rmflt(;ila}éd b(?ldls %vﬁl'lﬁ {PE tpﬁ 1‘381 &rauﬁmd s

ei t her and i n sald general 15 4.
The nor ba)ﬁthepelydgr pmcacbb)amcmmgmpgmng po]lymcmzﬂ;omerprelfaabig hytirdgemest¢d, 10 nol %
of ster eo sone

ich at.| east one of S se ected fromthe
ot oup. coNBSTSR e SHF ¢ ?IB&b‘gn?‘lé’pfﬂ’kgéé?ﬂ‘%‘B el AR ey it s (101) " mnd
groups represepd gll%mc ﬁéédéltﬁﬁﬁlﬁ,g Flﬁé difind éolfﬁlehgfthgg%gporw POS't'On

shown in a parti structura pres 3) shown
bel ow. ahydrogenated product thereof, measured using an Ubbelohde viscometer, is typlcally
within a range from 0.25 to0 5.0, and preferably from 0.3 to 4.0, and even more preferably
from 0.35 to 2.0. Furthermore, in molecular weight measurements using gel permeation
chromatography (GPC, tetrahydrofuran solution, polystyrene equivalence), the number
20  average molecular weight (Mn) is typically within a range from 1000 to 500,000, and
preferably from 2000 to 300,000, and even more preferably from 3000 to 100,000, and the
weight average molecular weight (Mw) is typically within a range from 5000 to 2,000,000,
and preferably from 10,000 to 1,000,000, and even more preferably from 30,000 to
500,000. If ninp is less than 0.2, Mn is less than 1000, or Mw is less than 5000, then the
25  strength of the molded product deteriorates markedly. In contrast, if 1y, is greater than
0.5, Mn is greater than 500,000, or Mw is greater than 2,000,000, then the melt viscosity
or the solution viscosity of the ring opening polymer or the hydrogenated product thereof
becomes overly high, and obtaining the desired molded product may be difficult.
A variety of known additives can be added to a ring opening polymer of the
30 present invention or a hydrogenated product thereof. Examples of such additives include
phenol-based or hydroquinone-based antioxidants such as 2,6-di-t-butyl-4-methylphenol,
2,2-methylenebis(4-ethyl-6-t-butylphenol), 2,5-di-t-butylhydroquinone,



FP003- 0232S G0 39 (s) 5. A norbornene-based ring opening pol yner
conprising a structural unit (1) represented by a general formula (1) shown
below. (1) 5 [wherein, X is a group represented by a formula -CH=CH or a
group refROSNMBEE/GHY a fornmula -CH2-CH2-, and m n, Rl, R2, R3 and R4 are
as defined above in relation to said %eneral formula (Im in claiml1],
wherein a plurality of X groups Wnich 8xi st may be either identical or

di ffer er[g?aﬁg{ﬁ@thy-[é}% 3105 DOk gpﬁ'é}wﬂpﬁié&%lﬁ ezﬂkéﬁgﬁé Mﬁ%ﬁﬂé

claim5, further “conprising a resentéd by a general
formul a t(lal)tyls31mt/hy1bh¢rml\) 1,4- b1s(ﬁRQ@Be>Q@B@S®c@cldﬁbnan¢ Rr)d datdizcel-3+(3,5-dird a each

et e S RRERT S oot SOERLALAG b e i erBere o2
by a for ) C
and d eagiy4L@BMhegE3!5-d Héiﬁﬂ’)?ﬂ ftb M h q atom a
substi t ut g(d or ﬁ?sublgt tu g@%nof}g gﬁ%’lﬁ &gﬁggg?bg%aﬁgﬁgp‘g’?pa to 30
car bén ahttbﬁpthﬂ)@hosm;temdtbal addmgleuthkrag@ ot twiepraaoTe af thesgamioxifants, thiet rogen

sul fur or .silic nonoval ent altern vely a.and b,
and ¢, opadigniRbdbr fhe TR AR oo B o e rosthuBh pPAE b Ro ey . 1
ring or jghph@¥c O Meditién,'byndd{mndrsabldt ARbHME HRABGUEN a@z 4i ng or
heterocyclic ring may be "a single ring structure, or y forma polycyclic

struct ur@hmrome@mni@n@m 2drydwxwr\4 -methonsbenzppheppne Wde?r &mﬁtbylmqbr%ﬁ ty of Y

%g?ggfne &8 *'E]iase r?tn Xutg@n@[{gﬁe‘%ﬁ“w&grﬂ%l’ g IP@{CH&]I Lok Fg?\ﬁ resgsmn\-lﬁ-/ﬁga%l % a

propior t i igiprofeds Addititds yachiasslubichnts 102y als@baaddee t(b ﬁn@oe@mlmﬁamntya of said
structural unit (1) 15 and said structural  unit is no nore than 95% by
wei ght . A froOHRsImee-hasestpRlymgr %Fth%PW%WQBB%%PW%@‘CSB@W ng pol ymer

wth a 5&{}&&&1’65&} 10W Watde %Esdr@ﬂfnea%%gxtl‘ééir Hi% mféﬁﬂ%@%ﬁv@f efardsld 1N claim

5in whic group represented by a erein a
nor bor nemndfdpmsetirdabion A aaesgbt; B pdIymea oﬂmcrpmﬂfsbmrmmlodes usehiliwichin éipldesent ed

g)clﬂ 3 rrgrelnsilrﬁ :a%];qgtrlcrgulmd elecr?lczﬁ ggé’im lect?(lmcixv m|a§erlsa Feo(r: E:)?agm;t)lg tgl gly?n%?snclza?l e
15  ideally applied to use as molding materials for optical disks, magneto-optical disks, optical
lenses (such as FO lenses, pickup lenses, laser printer lenses and camera lenses), spectacle
lenses, optical films or sheets (such as display films, retardation films, polarizing films,
polarizing plate protective films, diffusion films, antireflective films, liquid crystal
substrates, EL substrates, electronic paper substrates, touch panel substrates and PDP front
20  plates), transparent conductive film substrates, optical fibers, light guide plates, light

diffusion plates, optical cards, optical mirrors, IC, LSI and LED sealing materials.

EXAMPLES
As follows is a more detailed description of the present invention using a series of
25  examples. However, the present invention is in no way limited to the examples presented
below.
The various measurements and evaluations within the examples and the
comparative examples were conducted in the manner described below.
[Monomer Purity)
30 Monomer purity was determined using a high performance liquid chromatography
(HPLC) device manufactured by Tosoh Corporation, and using methanol as the solvent.

[Weight Average Molecular Weight and Molecular Weight Distribution)



FP003-0232SG-0 41 RL R Rs n mR4 (1m [wherein, m n, Rl, R2, R3 and R4
are as defined above in relation to said general formula (1n) in claiml].
5 9. The method of producing a norbornene-based ring openi ng pol yner
accor di NgPG03-@32a6a-@B, wherein sai d nor bor nene- based nononer conprises a
nor bor nene- based nononer represented a general formula (2m) shown bel ow
In addition to said norbornene deriva |ve represented by said general

formula (1m), Tﬁ@ﬁblfﬁy&n@@djﬁ%&ﬁ%@iﬁeéa@ ﬂﬁlc@eﬁpweghpeuwndqurl ses a
structural unit (1) represented %hsal general 10 forul I n which X

is a gr omplec@lpr weight @latrtbytlan (M wewcasuredammgaméﬂp@@ﬂa@ gtl unit (2)

represented b ner a (2) i.n I S, a.group
ot e entineRYor AR RGP M e RSB b Deal CliBofitiod, arit GO
and d art@tra}syd@lﬁhrahe(crmi)qme' golveat. aMinQEpre@nSahén@ab& adbrab@ hivldcalar2) i n 15
claim6. 10. A nethod of produci ng a norbornene-based ring opening pol yner

Wt h3a sWeightural unit (1) represented by said general fornula (1)
accordi n&lﬁ&ﬁhﬁél%ﬁé&@e }ecl'-l-z is a group represented by a fornula
r

- CH2- CHz erern an orheffe- based nmonomer 20 conpri sing a norbornene
derivative reUmagardhféﬁehtyalaczgmn%r@lorfnwm(DSCDMuﬁmmm bebeikoi s subj ected
to ri ng open| n zatlo RLRR RR n mR4 (1nm) FP0O03- 0232SG 0 42

[ wher ei ninStrpme S%!I.C %g aF@S“%IﬁH“’IMe‘BP%‘a%Ee Wat meRsYTedyider 2 pitiogent i on to said

gener al étﬂfo%ﬂe?c,(%m a PHEEOF WhaPeratiffe flcfla® dd 20°C per minute.

10 [Measurement of Retardation)]

A polymer obtained by polymerization was pelletized, and an optical disk substrate
of external diameter 130 mm and internal diameter 15 mm was then formed by injection
molding under conditions including a resin temperature of 270°C and a die temperature of
110°C using an injection molding device (DISK-3, manufactured by Sumitomo Heavy

15  Industries, Ltd.). Using the thus formed optical disk substrate, the retardation of the 130
mm diameter optical disk substrate, within a range from a radius of 30 to 60 mm from the
center of the substrate, was measured by a double pulse method (perpendicular incidence)
with a light source wavelength of 633 nm, using a birefringence automatic measurement
apparatus (manufactured by Nippon Densi Kogaku co., Itd.), and this retardation value

20  was used as the value for birefringence evaluation. As this retardation value decreases, the
molded material can be considered as displaying a lower birefringence.

[Example 1]
Synthesis of 5-(4-biphenylcarbonyloxy)bicyclo[2.2.1]Thept-2-ene

OG-0

25 28 g (253.9 mmol) of norbornene alcohol (endo form/exo form molar ratio of 8/1)
was measured into a 500 mL flask equipped with a dropping funnel, and the air in the
system was replace with nitrogen. 41 mL (507.8 mmol) of pyridine was then added
dropwise, and stirred well with a stirrer to dissolve the pyridine. Subsequently, with the
temperature of the reaction system maintained at 4x2°C using an ice bath, and with

30 adequate stirring, 50 g (230.8 mmol) of 4-phenylbenzoyl chloride dissolved in 200 mL of
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15 With the exception of using 44 g (230.8 mmol) of 1-naphthoyl chloride instead of
2-naphthoyl chloride, reaction in the same manner as the example 2 yielded 43.8 g of a
transparent liquid of 5-(1-naphthalenecarbonyloxy)bicyclo[2.2.1]hept-2-ene. Analysis of
the product monomer by HPLC revealed a purity of 98%.

Analysis of the "H-NMR spectrum in the same manner as described above for the

20  example 1 revealed a stereoisomeric ratio (the endo type/exo type molar ratio) for the
substituent group within the monomer of 8/1. Furthermore, in the infrared absorption (IR)
spectrum, the stretching vibration absorption for the CH groups of the aromatic rings was
observed within the vicinity of 3050 cm™, and the stretching vibration absorption for the
CO group within the ester carbonyl group was observed within the vicinity of 1710 to

25 1730cm™.

The "H-NMR spectrum and the infrared absorption (IR) spectrum of the product
monomer are shown in FIG. 5 and FIG. 6.
[Example 4]
Synthesis of 5-(9-anthracenecarbonyloxy)bicyclo[2.2.1]hept-2-ene
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developing solvent: hexane), and performing recrystallization using a hexane/methylene
5 chloride mixed solvent, reaction in the same manner as the example 1(1) yielded 25.9 g of
a light yellow colored solid of 5-(9-anthracenecarbonyloxy)bicyclo[2.2.1]hept-2-ene.
Analysis of the product monomer by HPLC revealed a purity of 98%.
Analysis of the "H-NMR spectrum in the same manner as described above for the
example 1 revealed a stereoisomeric ratio (the endo type/exo type molar ratio) for the
10  substituent group within the monomer of 8/1. Furthermore, in the infrared absorption (IR)
spectrum, the stretching vibration absorption for the CH groups of the aromatic rings was
observed within the vicinity of 3050 cm™, and the stretching vibration absorption for the
CO group within the ester carbonyl group was observed within the vicinity of 1710 to
1730 cm™,
15 The 'H-NMR spectrum and the infrared absorption (IR) spectrum of the product
monomer are shown in FIG. 7 and FIG. 8.
[Example 5]

Synthesis of 5-(9-fluorenecarbonyloxy)bicyclo[2.2.1]hept-2-ene
W
(s

20 With the exception of using 52.8 g (230.8 mmol) of 9-fluorenoyl chloride instead
of 9-anthracenoyl chloride, reaction in the same manner as the example 4 yielded 14.0 g of
a yellow colored solid of 5-(9-fluorenecarbonyloxy)bicyclo[2.2.1]hept-2-ene. Analysis of
the product monomer by HPLC revealed a purity of 98%.
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109&' () - spRéthtrRheé ktréttiihol i @vaxGrd@Bsei for thd CH groups of the aromatic rings was
5  observed within the vicinity of 3050 cm™, and the stretching vibration absorption for the
CO group within the ester carbonyl group was observed within the vicinity of 1710 to
1730 cm™,

The 'H-NMR spectrum and the infrared absorption (IR) spectrum of the product

monomer are shown in FIG. 9 and FIG. 10.
10  [Example 6]

14 g of 5-(4-biphenylcarbonyloxy)bicyclo[2.2.1]hept-2-ene as the specified
monomer, 0.2 g of 1-hexene as a molecular weight regulating agent, and 28 g of toluene
were combined in a reaction vessel in which the air had been replaced with nitrogen gas,
and were then heated to 80°C. To this reaction mixture was added 0.17 ml of a toluene

15  solution of triethyl aluminum (0.6 mol/L) and 0.38 ml of a methanol modified WClg
toluene solution (0.025 mol/L), and a polymer was obtained by reaction for 3 hours at
80°C. A polymer with a weight average molecular weight (Mw) of 9.3 x 10* and a
molecular weight distribution (Mw/Mn) = 2.32 was obtained.

The thus obtained polymer solution was placed in an autoclave, and a further 28 g

20  of toluene was added. A hydrogenation catalyst RuHCI(CO)[P(CsHs)]3 was added at a
ratio of 500 ppm relative to the quantity of added monomer, and reaction was then
conducted for 3 hours under a hydrogen gas pressure of 9 to 10 MPa and at a temperature
of 160 to 165°C. Following completion of the reaction, the hydrogenated product [weight
average molecular weight (Mw) = 10.3 x 10%, molecular weight distribution (Mw/Mn) =

25  2.13, intrinsic viscosity (nimn) = 0.58, and glass transition temperature (Tg) = 97.5°C] was
obtained by precipitation within a large volume of isopropanol. Determination of the
hydrogenation ratio of the hydrogenated product using 400 MHz 'H-NMR measurements
revealed that at least 99.0% of the olefin-based unsaturated bonds within the principal
chain had been hydrogenated, whereas the side chain aromatic rings were essentially

30  unhydrogenated. Furthermore, using this hydrogenated product, a disk was formed under
the conditions described in the "Measurement of Retardation” section above, and

measurement of the retardation revealed a maximum of 2 nm.
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In a similar manner to the example 6, 14 g of 5-(1-

5  naphthalenecarbonyloxy)bicyclo[2.2.1]hept-2-ene as the specified monomer, 0.2 g of 1-
hexene as a molecular weight regulating agent, and 28 g of toluene were combined in a
reaction vessel in which the air had been replaced with nitrogen gas, and were then heated
to 80°C. To this reaction mixture was added 0.17 m! of a toluene solution of triethyl
aluminum (0.6 mol/L) and 0.38 ml of a methanol modified WClg toluene solution (0.025

10  mol/L), and a polymer was obtained by reaction for 3 hours at 80°C. A polymer with a
weight average molecular weight (Mw) of 17.0 x 10* and Mw/Mn = 4.00 was obtained. A
hydrogenation reaction was also conducted in a similar manner to the example 6, and a
corresponding hydrogenated product [weight average molecular weight (Mw) = 16.1 x 10%,
molecular weight distribution (Mw/Mn) = 3.20, intrinsic viscosity (finn) = 0.74, and glass

15 transition temperature (Tg) = 74.0°C] was obtained. Determination of the hydrogenation
ratio of the hydrogenated product using 400 MHz "H-NMR measurements revealed that at
least 99.0% of the olefin-based unsaturated bonds within the principal chain had been
hydrogenated, whereas the side chain aromatic rings were essentially unhydrogenated.
Furthermore, using this hydrogenated product, a disk was formed under the conditions

20  described in the "Measurement of Retardation" section above, and measurement of the
retardation revealed a maximum of 9 nm,

The 'H-NMR spectrum of the product polymer is shown in FIG. 13, and the
infrared absorption (IR) spectrum is shown in FIG. 14.
[Example 8]

25 In a similar manner to the example 6, 14 g of 5-(2-
naphthalenecarbonyloxy)bicyclo[2.2.1]hept-2-ene as the specified monomer, 0.2 g of 1-
hexene as a molecular weight regulating agent, and 28 g of toluene were combined in a
reaction vessel in which the air had been replaced with nitrogen gas, and were then heated
to 80°C. To this reaction mixture was added 0.17 ml of a toluene solution of triethyl

30  aluminum (0.6 mol/L) and 0.38 ml of a methanol modified WClg toluene solution (0.025

mol/L), and a polymer was obtained by reaction for 3 hours at 80°C. A polymer with a

weight average molecular weight (Mw) of 13.0 x 10* and a molecular weight distribution
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rings were essentially unhydrogenated. Furthermore, using this hydrogenated product, a
disk was formed under the conditions described in the "Measurement of Retardation"
10  section above, and measurement of the retardation revealed a maximum of 3 nm.
The 'H-NMR spectrum of the product polymer is shown in FIG. 15, and the
infrared absorption (IR) spectrum is shown in FIG. 16.
[Example 9]
30 g of 5-(4-biphenylcarbonyloxy)bicyclo[2.2.1]hept-2-ene and 20 g of 8-

7,10
1

15  methoxycarbonyl-8-methyltetracyclo[4.4.0.1%°.17'°]-3-dodecene of the formula shown

below as the specified monomers,

j j :COQMS

1.2 g of 1-hexene as a molecular weight regulating agent, and 100 g of toluene were
combined in a reaction vessel in which the air had been replaced with nitrogen gas, and

20  were then heated to 80°C. To this reaction mixture was added 0.5 ml of a toluene solution
of triethyl aluminum (0.6 mol/L) and 1.52 ml of a methanol modified WCls toluene
solution (0.025 mol/L), and a polymer was obtained by reaction for 3 hours at 80°C. A
hydrogenation reaction was then conducted in a similar manner to the example 6, and a
corresponding hydrogenated product [weight average molecular weight (Mw) = 17.4 x 10%

25  molecular weight distribution (Mw/Mn) = 3.21, intrinsic viscosity (nin) = 0.77, and glass
transition temperature (Tg) = 126°C] was obtained. Determination of the hydrogenation
ratio of the hydrogenated product using 400 MHz 'H-NMR measurements revealed that at
least 99.0% of the olefin-based unsaturated bonds within the principal chain had been

hydrogenated, whereas the side chain aromatic rings were essentially unhydrogenated.
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10  were combined in a reaction vessel in which the air had been replaced with nitrogen gas,
and were then heated to 80°C. To this reaction mixture was added 0.1 ml of a toluene
solution of triethyl aluminum (0.6 mol/L) and 0.31 ml of a methanol modified WClg
toluene solution (0.025 mol/L), and a polymer was obtained by reaction for 3 hours at
80°C. A hydrogenation reaction was then conducted in a similar manner to the example 6,

15  and a corresponding hydrogenated product [glass transition temperature (Tg) = 116°C]
was obtained. Determination of the hydrogenation ratio of the hydrogenated product
using 400 MHz 'H-NMR measurements revealed that at least 99.0% of the olefin-based
unsaturated bonds within the principal chain had been hydrogenated, whereas the side
chain aromatic rings were essentially unhydrogenated. Furthermore, using this

20  hydrogenated product, a disk was formed under the conditions described in the
"Measurement of Retardation" section above, and measurement of the retardation revealed
a maximum of 5 nm.

The infrared absorption (IR) spectrum of the product polymer is shown in FIG. 19.
[Example 11]

25 4.3 g of 5-(9-fluorenecarbonyloxy)bicyclo[2.2.1]hept-2-ene and 3.3 g of 8-
mcthoxycarbonyl-8-methyltetracyclo[4.4.0.12’5.17'10]-3-dodecene as the specified
monomers, 0.18 g of 1-hexene as a molecular weight regulating agent, and 15 g of toluene
were combined in a reaction vessel in which the air had been replaced with nitrogen gas,
and were then heated to 80°C. To this reaction mixture was added 0.07 ml of a toluene

30  solution of triethyl aluminum (0.6 mol/L) and 0.23 ml of a methanol modified WClg
toluene solution (0.025 mol/L), and a polymer was obtained by reaction for 3 hours at

80°C. A hydrogenation reaction was then conducted in a similar manner to the example 6,
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hydrogenated product, a disk was formed under the conditions described in the

"Measurement of Retardation" section above, and measurement of the retardation revealed
a maximum of 5 nm.
The infrared absorption (IR) spectrum of the product polymer is shown in FIG. 20.
10  [Comparative Example 1]

50g of 8-methoxycarbonyl-8-methyltetracyclo[4.4.0. 122,110

]-3-dodecene as the
specified monomer, 3.6 g of 1-hexene as a molecular weight regulating agent, and 100 g
of toluene were combined in a reaction vessel in which the air had been replaced with
nitrogen gas, and were then heated to 80°C. To this reaction mixture was added 0.09 ml

15  of a toluene solution of triethyl aluminum (0.6 mol/L) and 0.29 ml of a methanol modified
W(Cl, toluene solution (0.025 mol/L), and a polymer was obtained by reaction for 3 hours
at 80°C. A hydrogenation reaction was then conducted in a similar manner to the example

6, and a corresponding hydrogenated product [glass transition temperature (Tg) = 164°C,
weight average molecular weight (Mw) = 56,000, molecular weight distribution (Mw/Mn)
20  =3.2] was obtained. Determination of the hydrogenation ratio of the hydrogenated
product using 400 MHz "H-NMR measurements revealed that at least 99.0% of the olefin-
based unsaturated bonds within the principal chain had been hydrogenated. Furthermore,
using this hydrogenated product, a disk was formed under the conditions described in the
"Measurement of Retardation" section above, and measurement of the retardation revealed
25  amaximum of 20 nm.
The results of the retardation measurements for the examples 6 to 11 and the
comparative example 1, and the glass transition temperatures for the hydrogenated

products, are shown in Table 1.
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Example 8 3 82.4

Example 9 4 126.0

Example 10 5 116.0

Example 11 5 103.0

Comparative Example 1 20 167.0
INDUSTRIAL APPLICABILITY
5 A polymer and a hydrogenated product thereof produced from a norbornene

derivative of the present invention retain excellent transparency and heat resistance, and a
low level of water absorption, while displaying a lower birefringence than conventional
cyclic olefin resins. Accordingly, the norbornene derivatives of the present invention are
extremely useful optical resin precursor monomers. Because polymers and hydrogenated

10  products thereof according to the present invention retain excellent transparency, heat
resistance, and water resistance, while displaying a low birefringence, they can be applied
to optical materials which require extremely precise optical design such as optical disks,
magneto-optical disks, optical lenses (such as FO lenses, pickup lenses, laser printer lenses
and camera lenses), spectacle lenses, optical films or sheets (such as display films,

15  retardation films, polarizing films, polarizing plate protective films, diffusion films,
antireflective films, liquid crystal substrates, EL substrates, electronic paper substrates,
touch panel substrates and PDP front plates), transparent conductive film substrates,
optical fibers, light guide plates, optical cards, optical mirrors, IC, LSI and LED sealing
materials.

20
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wherein, R to R each represent, independently, a hydrogen atom; a halogen atom; a
substituted or unsubstituted monovalent hydrocarbon group of 1 to 30 carbon atoms which

15 may contain a linkage group containing oxygen, nitrogen, sulfur or silicon; or a
monovalent polar group, and p and q each represent, independently an integer from 0 to 2,
provided that in a case in which p=q=0, R® and R®, and/or R™ and R?, are bonded to each
other to form a carbon homocyclic ring or a heterocyclic ring, said carbon homocyclic ring
or heterocyclic ring being a single ring structure, or forming a polycyclic structure by

20  condensation with at least one other ring, or alternatively at least one of R’ R® R’ R"?

and R is a substituted or unsubstituted aromatic group;
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R®),

[wherein, Z, R* and R® each represent, independently, a hydrogen atom; a halogen atom; a
substituted or unsubstituted monovalent hydrocarbon group of 1 to 30 carbon atoms which
may contain a linkage group containing oxygen, nitrogen, sulfur or silicon; or a

5 monovalent polar group, provided that one of R*, R® and Z is a group represented by a
formula -C(O)O- in which the carbonyl group side is bonded to a carbon atom of a ring

structure within said formula (1-2), and s represents an integer of O or greater].

2.  The norbornene derivative according to claim 1, wherein in said general formula

10  (1m), nis 0, and m is either 0 or 1.

3.  The norbornene derivative according to claim 1, wherein in said general formula (1-
1), p is either O or 1, and q is either 0 or 1, and in said general formula (1-2), s is either O
or 1.

15
4.  The norbornene derivative according to claim 2, comprising at least 10 mol% of
stereoisomers in which at least one of said groups selected from the group consisting of
groups represented by said general formula (1-1) and groups represented by said general
formula (1-2) is bonded to an o position shown in a partial structural formula represented

20 by a formula (3) shown below.
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(3)

5. A norbornene-based ring opening polymer comprising a structural unit (1)

represented by a general formula (1) shown below:

— M

n

R* j? J2R'

[wherein, X is a group represented by a formula -CH=CH- or a group represented by a
formula -CH,-CH,-, and m, n, R, Rz, R and R? are as defined above in relation to said

general formula (1m) in claim 1],

wherein a plurality of X groups which exist may be either identical or different.
10

6. The norbornene-based ring opening polymer according to claim 5, further

comprising a structural unit (2) represented by a general formula (2) shown below:
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— )

[wherein, t and u each represent, independently, an integer from O to 2, Y is a group
represented by a formula -CH=CH- or a group represented by a formula -CH,-CH,-, a, b,
c and d each represent, independently, a hydrogen atom; a halogen atom; a substituted or

5 unsubstituted monovalent hydrocarbon group of 1 to 30 carbon atoms which may contain
a linkage group containing oxygen, nitrogen, sulfur or silicon; or a monovalent polar
group, or alternatively a and b, b and c, or ¢ and d may be bonded to each other to form a
carbon homocyclic ring or a heterocyclic ring (and said carbon homocyclic ring or
heterocyclic ring may be a single ring structure, or may form a polycyclic structure by

10  condensation with another ring)],

wherein a plurality of Y groups which exist may be either identical or different.

7. The norbornene-based ring opening polymer according to claim 6, wherein a
proportion of said structural unit (2) relative to a combined total of said structural unit (1)

15  and said structural unit (2) is no more than 95% by weight.

8. A method of producing a norbornene-based ring opening polymer with a structural

unit (1) represented by said general formula (1) in claim 5 in which X is a group

represented by a formula -CH=CH-, wherein a norbornene-based monomer comprising a
20  norbornene derivative represented by a general formula (1m) shown below is subjected to

ring opening polymerization:
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1ggrbornene derivative represented by said general formula (1m), and said norbornene-

based ring opening polymer comprises a structural unit (1) represented by said general
10  formula (1) in which X is a group represented by a formula -CH=CH-, and a structural
unit (2) represented by said general formula (2) in claim 6 in which Y is a group

represented by a formula -CH=CH-:

t u (2m)

wherein, t, u, a, b, ¢ and d are as defined above in relation to said general formula (2) in
15 claim 6.

10. A method of producing a norbornene-based ring opening polymer with a structural
unit (1) represented by said general formula (1) according to claim 5 (in which X is a
group represented by a formula -CH,-CHj-), wherein a norbornene-based monomer

20  comprising a norbornene derivative represented by a general formula (1m) shown below is

subjected to ring opening polymerization:

(1m)
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group represented by a formula -CH-CH,-):

t u (21’11)

[wherein, t, u, a, b, ¢ and d are as defined above in relation to said general formula (2)

15  according to claim 6].



