DESCRI PTION Title of Invention VINYL ETHER COMPOUND, VI NYL ETHER
POLYMER, AND METHOD FOR PRODUCI NG VI NYL ETHER COVPOUND
5Techni cal Field [0001] The present invention relates to a vinyl

et her conpound, a vinyl ether polyner, and a nethod for producing a
vinyl ether conpound. Background Art [ 0002] Conventionally, as
acryl ate conmpounds for obtaining 10acryl ate-based pol yners havi ng an
alicyclic skeleton structure, | opent adecane
di(neth)acrylate pentacyclopentggégﬁkﬁgthﬁﬁ&‘ di (neth)acryl ate, and
the like are d| %i é&or exanpl e, see patent literature 1 to 4).
[0003] In add| uv et her conpounds for obtaining vinyI 15

et her - based po #Ewcg@ﬁi t
pol yfunctional Vvinyl ‘ether al n(g y converﬁ ng %np group AN]% he
met hyl ol gr OUmeHngmI@mg@m Pgn};bm(gjgsee pat ent

literature 5), 3, 4-bis(2-vinyloxyet hyI oxy)tr| cyclo 6] decane
(see patgnt |itRerhieabField tricydodecanenononet hyl vinyl ether
derived from 20 tricycl odecanenononet hanol, tricycl odecane vinyl

et her derived f[0061} The pedsedicinsesinnelatesto aamyhahef corapbwih aavieyl
nonovi nyl ether derived from pentacycl opent adecanenonol (see patent
literature 7), aeilier pelyhiekemdraemethod fos prbducing o diaghathencapidiricon,
conventional ly, as Acycl ic vinyl ether polynmers, a 25vinyl ether

pol ynmer havi ngBi' dbAstane or pent acycl opent adecane skel eton (see

[ h I
bor borreny| s kel 9] é‘%@nﬁa@ o' T3 crastiinte” SPOmBRBIGhe 19 | cobipiging
di scl 00 Furth f f th
oar 11 o30; on_ ofoitimRSed; nPulefS ¢ RivibEn a: fvalic o sBrfu cyisnird
skel eton into ﬁuﬁéﬁﬂgﬁﬂtrfc%ﬁﬁéhﬁﬂgﬁngave been nuade. Foﬁl(%{e?ﬂﬁlcﬁvmtﬁs a

nmet hod for i nprovi
pentacyclopentadecanedimethyl di(meth)acrylate, and the like are

disclosed (for example, see patent literature 1 to 4),
[0003] In addition, as vinyl ether compounds for obtaining vinyl
15 ether-based polymers having an alicyclic skeleton structure,
polyfunctional vinyl ether obtained by converting an OH group in the
methylol group of tricyclodecanedimethylol to vinyl ether (see patent
literatore 5), 3,4-biS(Z-vinyloxyethyloxy)tricyclo[5.2.1.02’6]decane (see
patent literature 6), tricyclodecanemonomethyl vinyl ether derived from
20 tricyclodecanemonomethanol, tricyclodecane vinyl ether derived from
tricyclodecanemonol, or pentacyclopentadecane monovinyl ether
derived from pentacyclopentadecanemonol (see patent literatute 7), and
the like are disclosed,
[0004] In addition, conventionally, as alicyclic vinyl ether polymers, a
25 vinyl ether polymer having a tricyclodecane or pentacyclopentadecane

skeleton (see patent literature 7 and 8), a vinyl ether polymer having a



5 wet grip properties for tires, a nmethod for m xing an el ast oner
havi ng a pol yi sobutyl ene skeleton into a rubber material for tires is
known, and as such a nethod, nethods using a rubber conposition
conprising acid anhydri de-nodifi ed pol ybutene (see patent literature
10), a rubber conposition conprising a polyisobutyl ene conpound
havi ng an 10 alkoxy5|lyl group (see patent literature 11 and 12), a
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a styrene- |sobuty ene co o yimer 1'n a rubber ‘cdnpone

literatuge 17 ?garo mv@ﬂﬁrur@@mﬁéﬁfou%r h:[ixm{gl ﬁfblmbmemﬂmglaene
havi ng a rrercapto group or the liKe i s mxed 20 (see patent

literature 19) polytdobudény sitebdren atol o utsbed insatesfialdfer bieewlisaltndvagsdnd n
part (see patent literature 20), and the |like are proposed. Ctation

Li st Patent Liagswuthua eethod, met[l@dm&]mg Ratiblxir dompstionr eorprising anieks e
Pat ent Application Laid- Qpen 25Publ i cation No. 61-174208 [ Patent
Literature 2] auhpiisicempdified: pelyputenat (ssa pateat diseratureul)i catmibhemo.
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block copolymer of a homopolymer or copolymer of a diene compound
with polybutene (see patent [iterature 14 and 15), a rubber composition
15 for tire fread comprising a brominated polyisobutylene/p-methylstyrene
copolymer and a rubber component (see patent literature 16), a rabber
composition containing a styrene-isobutylene copolymer in a rubber
component (see patent literature 17 and 18), a rubber composition in
which polyisobutylene having a mercapto group or the like is mixed
20 (see patent literature 19), polyisobutylene having a disulfide bond at
least in part (see patent literature 20), and the like are proposed.
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Summary of Invention Technical Problem [0007] It is an object of
the present invention to provide a new vinyl 15ether conpound, vinyl
et her polynmer, and nethod for producing a vinyl ether conpound.
Solution to Problem [0008] The present invention provides a vinyl

et her conpound represented by formula (1-a) or formula (1-b):

20[ Chem cal Formul a 1] wherein n represents O or 1, and Rl and R2
each independently represent a hydrogen atom a nethyl group, or an
et hyl group, pfé‘bﬁ%wntwm{]%lgb%é of the nunber of carbon atons of

Vinyl et her  conpuRcLigenralaf BETERe pRatsh I AGRIEGR, ~ aidOpel
Publication No. 11-80433
[Patent Literature 17] Japanese Patent  Application  Laid-Open
5 Publication No. 11-315171 |

[Patent Literature 18] Japanese  Patent  Application  Laid-Open
Publication No. 2001-247722
[Paient Literature 19] Japanese Patent Application Laid-Open
Publication No. 10-251221

10 [Patent Literature 20] Japanese Patent Application Laid-Open
Publication No. 2005-54016 |
Summary of Invention
Technical Problem
[0007] It is an object of the present invention to provide a new vinyl

15 ether compound, vinyl ether polymer, and method for producing a vinyl
ether compound,
Solution to Problem
[0008] The present invention provides a vinyl ether compound
represented by formula (1-a) or formula (1-b):

20 [Chemical Formula 1]

ig2
/\OWCR R (1-8) /\oﬁm (1-h)
CRIRZ

wherein n represents 0 or 1, and R' and R? each independently represent
a hydrogen atom, a methyl group, or an ethyl group, provided that a

total of the number of carbon atoms of R! and the number of carbon



n my be 0. In addition, it is possible that RI and R2 are each

I ndependently a hydrogen atomor a nethyl group, and the total of the
S5nunber of carbon atons of R' and the nunber of carbon atons of R2
is 1. [0010] The present invention also provides a vinyl ether

pol ymer conprising a structural unit represented by fornmula (2-a)
and/or a structural unit represented by fornula (2-b): 10[ Chem cal
Fornmul a 2] c FO yherein n represents 0 or 1, and Rl and R2 each
i ndependent | y AERe@ERT 153l ®F/4r ogen atom a methyl group, or an ethyl

01000, B Sk 4 o SRS AR D
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E 8012] As ol y MRl bPBardBA BN bE R and iy huib&est BRbyiefone6PRYiNY
L.
(0010] The present invention also provides a vinyl ether polymer
comprising a structural unit represented by formula (2-a) and/or a

structural unit represented by formula (2-b):

10 [Chemical Formula 2]
) I
h n
(2-a) (2-b)
CRIR?

GRIR?

wherein n represents 0 or 1, and R' and R? each independently represent

a hydrogen atom, a methyl group, or an ethyl group, provided that a

total of the number of carbon atoms of R' and the number of carbon
15 atoms of R%is 1 or 2,

[0011] In the vinyl ether polymer according to the present invention, n

may be 0. In addition, it is possible that R' and R’ are cach

independently a hydrogen atom or a methyl group, and the total of the

number of carbor atoms of R' and the number of carbon atoms of R is
20 1,

[0012] A polymerization degree of the vinyl ether polymer according to



the present invention can be 2 to 10000. In addition, a

wei ght - aver age nol ecul ar wei ght of the vinyl ether polyner according
to the present invention can be 400th 1000000. [0013] The vinyl ether
pol ymer according to the present invention may 5 further conprises a
structural unit represented by fornula (3). Such a vinyl ether

pol ymer has sufficient crosslinkability, and therefore is useful in

 Cheor ol "o R BSORHVLG, BUEHEAL 00 Sl ahoRSc S BRE Hhe
Gt her compound agabt WS CRind BeDBO R RirBRHEL 28 s ol
obt ai ned by reﬁéqﬁ%n%fan%gmt{gqggownpound represented by fornula

(4) with a carboxylic acid represented by formula (5) in the 15
presence of an ] i kiR =+ e¥aThY
represented by [%%???%?ﬁg?@g%ﬁﬁﬁldgcﬁgﬁ%; angﬂgseglgcondﬁg%lé%ayof
vinylatifig a hygtlerydongsriiee aodtrichgabiely espredensidnoy fbrnadagd) ndBiich a
obtain a vinyl ether conpound represented by formula (1-c) or fornula
(1-d), 20[ Chenivirsil Shempodymér habendiicie®® ceosslimbilityh anddieesfdentd y
represent a hydrogen atom a A nmethyl group, or an ethyl group,

provi ded that asefl ain ointrodscingnige rpadyisebutilene askeletoof imio andrubber

nunber of carbon atons of R2 is 1 or 2, [ Chem cal Fornula 5]
R5- 002H (5) composition.
[Chemical Formula 3]

g
O (3)
10 Chs

[0014] The present invention further provides a method for producing a
vinyl ether compound, comprising a first step of hydrolyzing a
compound obtained by reaction of a norbornene compound represented
by formula (4) with a carboxylic acid represented by formula (5) in the

15 presence of an acid catalyst, to obtain a norbomanol compound
represented by formula (6-a) or formula (6-b); and a second step of
vinylating a hydroxyl group of the above norbornanol compound to
obtain a vinyl ether compound represented by formula (1-¢) or formula
(1-d),

20 [Chemical Formula 4]

CRIR?
Q.

wherein R' and R? each independently represent a hydrogen atom, a



5wherein R5 represents an al kyl group having 1 to 20 carbon atons,

[ Chem cal Fornmnul a 6] wherein RI and R2 each independently
represent a hydrogen atom a nethyl group, or an ethyl group,
provided that a total of the nunber of 10carbon atons of Rl and the
nunber of carbon atons of R2 is 1 or 2, [Chem cal Fornula 7]
wherein RI and R2 each independently represent a hydrogen atom a

of  15car bon at SIRRD SR orcht By Bl P eifipehaaBshot e ufhe d e
2. L001S] "1t gt ihats bR BRORShLE of Mlor G ofRUREN B 2

according to t r Imventron I'S "POSSI antl R2 are
each independently AR or a nethyl group, and the total
of the nunber of car bon at ons OP%] and the nunber of carbon atons of
R2 is 201. RS—CO,H  (5)

5 wherein R® represents an alkyl group having 1 to 20 carbon atoms,
[Chemical Formula 6]

HO CRIRZ HO
OB IER O W,
CRIR?

wherein R' and R? each independently represent a hydrogen atom, a
methyl group, or an ethyl group, provided that a total of the number of
10 carbon atoms of R' and the number of carbon atoms of R?is 1 or 2,
[Chemical Formula 7]

T L
\@/ (1-0) (1-d)
CR1R2

wherein R' and R* each independently represent a hydrogen atom, a
methyl group, or an ethyl group, provided that a total of the number of
15 carbon atoms of R' and the number of carbon atoms of R?is 1 or 2.
[0015] In the method for producing a vinyl ether compound according
to the present invention, it is possible that R! and R? are each
independently a hydrogen atom or a methyl group, and the total of the
number of carbon atoms of R' and the number of catbon atoms of R? is
20 1.
Advantageous Effects of Invention

[0016] According to the present invention, a new vinyl ether



Advant ageous Effects of Invention [0016] According to the present

i nvention, a new vinyl ether conpound, vinyl ether polyner, and

nmet hod for producing a vinyl ether conpound are provided. [0017] The
vi nyl ether compound of the present invention is useful in producing
a resin useful in the field of optical materials excellent in 5
transparency and el ectrical conductivity. In addition, a resin

obtained fromthe vinyl ,ethey conpound of tge Erese t nventiﬁn
exhi bits excel CERPOPRYLIEE & polymer, pndnaethed orprofucisg ecyiny L efher

fields of sem conduct&r seal ﬁ%@ materials, insulating coating
materials, and“PREOFIGAC EGVEREY | the vinyl ether conpound of the

A o . p tne : ( t

P vorkabi 11 1y (P07 o PinyE Bt Sphuiobby cRI6Y PRSP HVERIGH i3 b Br i ©
| at i i t i1t 3 . :
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conpoundg desc Tﬂaﬁﬁgiréeﬁb SlectrichPEdidHcRvity.t Olrftadtivien,"® irtf.s‘il% E)Btahled

absorbency, and therefore have a problemw th di nensi‘ona

stability whenfigedhasvingtughed abnpaudi of the vires@asirivesatio® sexhibits
obtained fromthe vinyl ether conpound of the present invention has

| ow noi sture abgeslleatcperfandints elsoeid esiecthinicoasd ueleciriesl sficlde eof
[0018] The vinyl ether polymer of the present invention is a curable
resin cured bysemicoadiebesealings matarisds, riosuladegrepatingmatenals,t angd thece,
and is 20 excellent_in rapid-curahility. In addition, the vipyl, ether
pol yner of theh}SF‘esEWEth‘anﬁ@nFﬂWﬂa T Sokmipquig of the prasaiib ahrentionhas

el ectrigal conductivity.,and therefore is, useful, in the.field of .
opti cal f@at eri 5§,Ské1‘i‘1d¥r AR R P Ofeﬁﬁéﬂﬁg'?ﬁ%eﬁé}lpr Wiy 20 § Fegin
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hand, the vinyl ether polynmer of the present [nvention

noi st ure absor besisire abwbrbencex asd lieatbfore e prebléraswithafigensional
addition, the vinyl ether polyner of the present invention further 5

conpri slfg t hestability twirenl used as inepsiemé materidy, Whenens sthe Bsimabtained
sufficient crosslinkability, and therefore is useful in introducing a
pol yi sobut ylI enéoskehet vinyl retheracemppend cfnfissiprésent imesitionphas dowr
Enbodi nent s . . . . .
moisture absorbency, and is excellent in moisture resistance.
[0018] The vinyl ether polymer of the present invention is a curable
resin cured by ultraviolet rays, electron beams, heat, and the like, and is
20 excellent in rapid-curability. In addition, the vinyl ether polymer of the
present invention is excellent in transparency and electrical conductivity
and therefore is useful in the field of optical materials, and can exhibit
. excellent performance also in electronic and electrical fields of
semiconductor sealing materials, insulating coating matetials, and the
25 like. In addition, acrylate-based polymers conventionally often used as

curable resins have moisture absorbency, and therefore have a problem



[ 0019] Preferred enbodi nents of a vinyl ether conmpound, a nethod for
10produci ng a vinyl ether conpound, and a vinyl ether polyner
according to the present invention will be described bel ow. [0020]

[ Vi nyl Ether Conpound] A vinyl ether compound according to this
enbodi ment is a conpound represented by formula (1-a) or fornula
(1-b). Wth such a 15 vinyl ether conpound, a vinyl ether polyner

L s ARy i el
! - . 3
5 0t o, R P e 0
b v ded t hat” PEHA, Sp8Gbefyihll s MG Hent In Aok ridiiite, | In. o
number of Scar hadytahORBe Osfillnﬁz efr;]lﬁer 112)%1?1’11& SO prédend inSerid® fithe: 2

result is that 1n the vinyl” ether ynmer obtai'ned fromthe viny

et her cofrpoundeompriginlahs afactid eiorpaaesied Svefbrimuld (Hvhadeulfedéent
resi stance and | ow noi'sture absorbency is away froma polynmer min

chai n. Ther ef ocmsslifikability, #hdotherafore, is ibefubin mtroducing a polyisobutylene

skeleton into a rubber composition.

Description of Embodiments

[0019] Preferred embodiments of a vinyl ether compound, a method for
10 producing a vinyl ether compound, and a vinyl ether polymer according

to the present invention will be described below.

[0020] [ Vinyl Ether Compound]

A vinyl ether compound according to this embodiment is a

compound represented by formula (1-a) or formula (1-b). With such a
15 vinyl ether compound, a vinyl ether polymer comprising a strictural

unit represented by formula (2-a) and/or a structural unit represented by

formula (2-b) can be obtained.

[0021] [Chemical Formula ]

ip?
/\OWCR ) (1-8) /\Dm (1-b)
CRIR2

20 [0022] [Chemical Formula 9]



10 a tendency that a decrease in the heat resistance and an increase
I n the noi sture absorbency of the vinyl ether polyner are caused, and
the thermal stability and shape retention properties of the vinyl
et her polyner are poor, conpared with a case where nis 0 or 1.
[0025] n is preferably O, and at this tinme, the vinyl ether polyner
I's 15better in heat resistance and shape retention properties. [0026]
n being O indicates that an oxygen ataom and a nor bonmane skeleton in
the formulas arg direqatly bonded to h r. The vinyl ether
conmpound i n whi 1§~0 is represent&d]by florrnula (1-c) or fornula
(1-d). In the for Rf, R2, and n hgve the sanme neani ngs 20as the
above. [0027] [ Chew Formul a 10] [O00Z84 There are isoners
represented by fornjla (1-?- ), fornmula (1-a-2), %%rnula (1-b-1), and
formula (1-1-2), f t he vi%%l et her compouRd acé'?ding to this
enbodi nent, and a somers have the 5abové-|descri bed effect. The
vi nyl ether conpou xy be any one of Chese isoners, or nmay be a
m xture of a plural¥ty ®R®*soners. [0029] [[ Chenical Fornula 11] R1
[ 0030] The vinyl ether conpound accordi ngCR®?t hi s enbodi nent can be
10pr oduced, for exanple, by the follow ng netpod. 5

[0023] wherein n represents 0 or 1, and R* and R” each independently

represent a hydrogen atom, a methyl group, or an ethyl group, provided
that the total of the number of carbon atoms of R! and the number of
5 carbon atoms of R is 1 or 2.

[0024] If n is 2 or more, a result is that in the vinyl ether polymer

obtained from the vinyl ether compound, a norbornane skeleton

considered to provide heat resistance and low moisture absorbency is

away from a polymer main chain. Therefore, if n is 2 or more, there is
10 a tendency that a decrease in the heat resistance and an increase in the

moisture absorbency of the vinyl ether polymer are caused, and the

thermal stability and shape retention properties of the vinyl ether

polymer are poor, compared with a case wherenis 0 or 1.

[0025] n is preferably O, and at this time, the vinyl ether polymer is
15 better in heat resistance and shape retention properties.

[0026] n being 0 indicates that an oxygen atom and a norbornane

skeleton in the formulas are directly bonded to each other. The vinyl

ether compound in which n is 0 is represented by formula (1-c) or

formula (1-d). In the formulas, R, R? and n have the same meanings
20 as the above,

[0027] [Chemical Formula 10]

10



[0031] (1) Method for Producing Vinyl Ether Conpound in Which n s O
The vinyl ether compound in which nis O (the vinyl ether conmpound
represented by fornula (1-c) or formula (1-d)) can be 15produced, for
exanpl e, by a production nethod conprising the following first step
and the second step. [0032] (1-1) First Step In the first
step, a conpound obtained by the reaction of a norbornene conpound
represented by fornmula (4) with a carboxylic acid represented by

formula (5) inshemresancecafrzan acid cat Ois drol yzed to
obtai n a nor bor nanhol pglind reglr]@ sented by (6-a)(1%
formula (6-b). In thelfqg | as, and R2 have th meani ngs as

t he above, and R5 repreg&énts an al kyl group havi ng t O°CRORZL ar bon
atons. [0033] [Chem cal Formula 12] 10[ 0034] [Chenical Fornula 13]

R5-002H(s) [ 0085dod) iR Cate [OMBYS deffbbented by formula (1-a-1), formula
(1-a-2), formyla (I-b-1), and formula (1-b-2), for the vinyl ether
compound according to this embodiment, and all isomers have the

5 above-described effect, The vinyl ether compound may be any one of
these isomers, or may be a mixture of a plurality of isomers.
[0029] [Chemical Formula 11]

PN
Z o), 7R (g Z o\, (1-b-1)

RZ

R2
/\ /\
o\ A PR 4any 7 OV (1--2)
R
1

[0030] The vinyl ether compound according to this embodiment can be
10 produced, for example, by the following method.

[0031] (1) Method for Producing Vinyl Ether Compound in Which n Is

0

The vinyl ether compound in which n is 0 (the vinyl ether

compound represented by formula (1-¢) or formula (1-d)) can be
15 produced, for example, by a production method comprising the

following first step and the second step.

(0032] (1-1) First Step

11



[0036] The first step can be perforned, for exanple, as follows.
First, 15 as shown in the follow ng schene 1, the norbonene conpound
represented by fornula (4) is reacted with the carboxylic acid
represented by formula (5) in the presence of an acid catalyst to
obtain a conmpound represented by fornula (4-a) and/or an ester
conpound represented by fornmula (4-b). 20[0037] [Chem cal Fornula 15]
(4)(4.a)(1-b) Schene 1.,[00Q38] Here, exanpl es of tggxc rboxyJic acid
represented by for miRathesirst idenide cosmevad htaned day the geaionyof i ¢

acid, isobutyric.acid, valeric,acid, |spyalgric,acid, .hydro eljc
aci ¢, pival i o BEGRGR Ay e ntesl” By, ommglig (Ph 848 4 GrvpesG o
addi t1 on'r oact PR, Basrhtelul e Tk fechlefentst LA AEId Mt o e
of R5 include gogysragen 2, Roffollol %Eﬁ@ﬁug@%@%@%ﬁ%cc?ggbfﬁ{nﬁla

n-propyl group,”an 1'sopropyl droup, a n-
group, as sec DSy} of" Ritfule? (8811 Bt £, RNUna REBaYL (BOGHANP

and anong thes a hydrogen atomor a nethyl "group is preferred.

[0039] The usetheaniiglas dhe aleves antd BRI Nepre e e Blkel ghyuy lesvikg 2 1630 i n

the reaction shown i'n the schene 1 is preferably 1to 10 noles, nore
preferably 2 tcatbonatess. with respect to 1 nole of the norbornene 15
conpound represented by fornula (4) which is a reaction raw material,
[0040] Exanpl ef0038] {BhemivabiFewmuelhy2] i ncl udes sul furic acid, formc
acid, phosphoric acid, toluenesulfonic acid, boron trifluoride, a

boron trifluoride-et hgagzconpl ex, boron txifluoride hydrate, and
acidic resins, d~v&hong tafse, sulfuric acid is preferred in terns
of acidity, coj qnd

10 [0034] [Chemical Formula 13]
R®—COQ,H )]
[0035] [Chemical Formula 14]

HO CR'RZ HO
\@/ (6-2) m (8-b)
CRIR?

[0036] The first step can be performed, for example, as follows. First,
15 as shown in the following scheme 1, the norbornene compound
represented by formula (4) is reacted with the carboxylic acid
represented by formula (5) in the presence of an acid catalyst to obtain a
compound represented by formula (4-a) and/or an ester compound
represented by formula (4-b).
20 [0037] [Chemical Formula 15]
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20t he like. [0041] The used anount of the acid catalyst in the
reaction shown in the schene 1 is preferably 0.1 to 50% by nmass, nore
preferably 1 to 25% by mass, with respect to the entire reaction

m xture. [0042] The reaction shown in the scheme 1 is preferably
performed in the presence of a solvent. Exanples of the sol vent

i ncl ude aromati ¢ hydrocarbon solvents, such as tol uene, benzene,

chl or obenzene, and xyl ene; aliphatic hydrocarbon sol vent s, such as
propane, n-buta CR'BObUEERE, (5N - PRIEO tane, n-he
n- hept ane, n-o , |1 seeetane—decane, exadecane;
hydr ocar bon so s, sucHﬂé@“M@thylene ride angd v
tetrachl ori de; and_ether solvents, such as dlethyl eFﬁ%r di but yl

et her, tetrahydro#ﬁran and di oxane. Anond4?hese t ol uene &Rd benzene
are preferred in ternms of a boiliraghek®poi nt, and the solubility of
the acid catal yst and the reaction substrate. These nmay be used

al one, or two PIOIN)Ier@RExdBples Fcthandibniglic doitP4giresdnged BRCloknla

tenperature of the'reaction shown in the Schenme 17is preferably 20C

to 150C, nore §eiheiudoiymdidGeid) at@dCacillbwagds heéidDisobiigricerid, ivaterid me
of the reaction shown in the scheme 1 is 15preferably 30 mnutes to

12 hours, nor eagideisenalskiy @2id)diydsoangelic moid, pivdliooacdd, bapmmgamd,e

reacti on_shown in the schene_ 1, the ester conpounds represented
formul a $4-a) and/asongothess, afo(‘ml%)i(ﬂ&lr@l‘ hyeliconsiddd profestsdainnterms o

nor bor nanol conpqunds ,represented hy fornula (6-a) and/or fQ rru
(6-b), as showberig méransr o it eAoBon RdoR G0k e t«lerﬂa'l%«r.

Formil . (a- b) AP ibrd EapRRotaR el bEGRER Al pirey teguﬁﬁom
hydr ot ysi s. | ObHETSH GhoHf Wéﬁﬁéf PRATBTER 2o MNEDET, L.
hydr of yoi <, g A TR P, RUB L AOGHTs TEAE rdiny BRLa pey!

Exanpl ep of thgrd@seandnehr&g @S el Uyl ONbae or SO GnBRYIYEtoay! fie.,
l'ithium hydroxide, cesrunrhydroxrde rubi"di um hydr oxi de, "and bari um
hydr oxi de. Theptefegehinount of the base in the hydrolysis is
preferably 1.0 to 5.0 noles, nore preferably 2.0 to 4.0 noles, with
respect to 1.0[039¢ Tdfe usae anmmpbufrﬂm cogpprozsd mefdsdnfed By tﬁmmuula(ﬁ)dma)
and/or formula (4-b). [0047] ,The hydrolysis is general]l perforned in
the presence oﬂleareg@m%ﬁlrowremmlm sehepte 1 e piefe Iﬂgﬂﬂ |tﬁc1 awnaatme;reor

et hanol, 2-pro t an nd t.etrahydrof uran. g se,
met hanol and eBT’f"E 1Ya§'et°pgem€f efhrﬁ%%eﬁ%t‘bf &Jq;%ﬂf ﬁﬁ %ﬁ’fnene
separatign from

comBound represented by formula (4) which is a reaction raw material,
[0040] Examples of the acid catalyst includes sulfuric acid, formic acid,
phosphoric acid, toluenesulfonic acid, boron trifluoride, a boron
trifluoride-ether complex, boron triflucride hydrate, and acidic resins,
and among these, sulfuric acid is prefeired in terms of acidity, cost, and
20 the like.

[0041] The used amount of the acid catalyst in the reaction shown in
the scheme 1 is preferably 0.1 to 50% by mass, more preferably 1 to

25% by mass, with respect to the entire reaction mixture.
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15products, and the solubility of the base. [0048] As the reaction
conditions of the hydrolysis, reaction tenperature is preferably 0C
to 100C, nore preferably 50C to 90C. In addition, reaction tine is
preferably 30 mnutes to 24 hours, nore preferably 1 hour to 4 hours.
20[0049] In the first step, the reaction shown in the schene 1 and
the reaction shown in the scheme 2 may each be independently
performed. In addition, it is possible H&@perforn1the Bfaction hown

in the schene 100424 dlhereencipen shawm iy thos me bys Eeréﬁh dP%l‘@élﬁl mn
S0l ati ng.t o $18 Bieseuspokdoiverb o BeppEl oDyhs apltont mdids Bitmatis

f | -b i | uti.on. - d

t ﬁreméeioﬁﬁds%b&&%@f{@g}&?@%ﬁ%@&ﬁf Flent RePsabncibro e%?%?ﬁpft s "
represent ed by ool i b Ao QERMLA, GBck) oy 2bltbo

obtain the vin er-conpounds repr ésent ed

f I 1-d).; T, h f _ | e,
ormul a §1-d). idBUfhb, Thef dlg,éﬁnfiﬁaexfegg Pbbﬁ?exeﬁé KR né O'n-8¥AHE) €

an
as follows. As town I n a“schen®e onmanol ounds

represented byjshdcfate,"#cané,6a) hendeodne! OaIBseAaiE Irathafbdresslvasts Wi th

a vinyl ester conpound represented by fornul'a (7) in the presence

el an Jr cat al ysticl a5 mbtladenctdhdoridenyrid edrben tehaohlovidd sandethessolveastsby
formula (1-c) and/or formula (1-d). The norbornanol conpound
represent ed bystidr ras| dieflgd agthar ddibutyl nethbyr tefmabydrodmpoyeddr dpxesent ed
by formula (6-b) may 15 be_sinul taneously subjected to a vinylation
reaction, as skawng thesecolusne swdpnzentae prefesredhiny teasms pfia boiling

T R UL S S A BN o
normai propy! . QPetmaLhe RS HERt e B BB rk O (Souty
T oup 2 SeC- iy SRRl O e OGN 1BV ATRYchARES, 2
is preferably 20°C to 150°C, more preferably 50°C to 120°C. In
addition, the reaction time of the reaction shown in the scheme 1 is
15 preferably 30 minutes to 12 hours, more preferably 2 hours to 5 hours.
[0044] Following the reaction shown in the scheme 1, the ester
compounds represented by formula (4-a) and/or formula (4-b) are
hydrolyzed to obtain norbornanol compounds represented by formula
(6-2) and/or formula (6-b), as shown in the following scheme 2. The
20 ester compound represented by formuila (4-a) and the ester compound
represented by formula (4-b) may be simultaneously subjected to
hydrolysis, as shown in the following scheme 2, or may each be
independently subjected to hydrolysis.

[0045] [Chemical Formula 16]
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5[ 0054] Exanpl es of the Jr catal yst include organonetallic conpl exes,
such as a di -wchl orobi sgl -cycloocta-1,5-diene)iridium1l)] catalyst
(hereinafter abbreviated as an [IrC (cod)]2 catalyst; cod represents
cycl oocta-1,5-diene), [Ir(cod)2]BF4, [Ir(cod)2(Cl-13CN)]BF4, and
IrCl(CO (PPh3)2 (Ph represents a phenyl group), and inorganic iridium
10 conpounds, such as netal iridium iridiumoxide, iridium :
hydroxide, and iridiumf|uoride, and ng these, [I r%,( ﬁOd)] 2 iéﬂ,R,

e

FAREO
preferred in t&rfs 55t+ivit Cstabilit?ﬁ’ T ggti on
shown in the sche s prefer perfyedmed i prese of a
sol vent, Exanples of*the sof¢8nt i'nclude aliphatit” 15 hydfocar bon

sol vents, such as he¥&ne, heptané*®and octane: alP8yclic hydfStarbon
sol vents, such as cycl ohexane; aronatié“ﬁ?ﬁrocarbon sol vents, such as
benzene, toluene, xylene, and ethyl benzene; hal ogenated hydrocarbon
sol vents, such as chloroform dichloronethane, and

1, 2-di chl or oet igmes] Eéderthe %Jwﬁamis SME rbeageﬁbﬁﬁédllbﬁ Fadlbti€publicly

di met hoxyet hane, tétrahydrofdran,” and di oxane; ketore solvents, such
as acetone andkmetvhyimettody! Watihediydeslysis, hpdrodysis in shie presenceoliyd
acetate, ethyl acetate, isopropyl acetate, and butyl acetate; am de
sol vent s5 suchbase iN, priefiirredt hyBxammiesndfothe dade Mdkds petasitmdetdaoxide,

and rdtrile solvents, such as_acetonitrile, propionitrile, and

R g ooyt et dhie ' buftiin
preferred to agﬂd@ﬁ :?'Bdﬁﬁr@l’fﬂgi‘(ﬁf)@\ggnc &€ éﬁ@PPBﬁf%}@ﬁe I'%Fl'@

R e T
ks ot ai PRt BeeicR 1 AR Poafia e abRiapted By °©

car bonalg, pot mlﬂggﬁngggﬂmf ﬁ)mﬁﬂ‘éj(élc— i um car bonate; al kaline-earth
su

met al car bonat es, S magnesi um car bonate; al kali netal hydrogen

carbonates, sughoa Thd MiydralPsisrie Gherlliyd peFbaned Af| (481 HidER@CDS a

carbonat e, potassium hydfogeh carbonate, and cesi um hydrogen 10
carbonate; al kablvenitet al Bxargplei ¢ ofictie ssllvent( pacliide uhssthanol,al dthdriol,
nmetal acetates), such as lithiumacetate, sodium acetate, potassium
acetate, and c@gpropavadgcbutaecl, ahd tdtiahpdedntan, n&raongthgas,i methenol am t s,
such as magnesi um acetate; alkali netal al koxides, such as |ithium
met hoxi de, sodethangkaropiefesteds duitarmseeihastodéng pointusspasationofiens the,

o 8.0 BRBLAT S S L 7 3

oo T, B A B ARBIAR, o, RSB, e
1, 10- Line: o ki

S0 Lo el A, BN S SR BRI RO%

preferably O.0@4 g n”?éa%ﬁog&rﬁﬁé i?ﬁa?éf@faﬁgtﬁg%ﬂﬁﬁeéfb 1'9:4%’1}1&6 h

respect to 1 nole of the nor anol conpounds represent ormul a

(6-a) and/or fgfﬁbﬂaﬁl%ﬁhbﬁrt@ﬂﬁdmr@fe reaction raw material s.
[ 0058] The reaction tenperature of the reaction shown in the schene 3

25can bg( appr o004 dhytheefiet stg, dloe eradtiog shownnin thepechenie thand the
reaction conponents and the catalyst, and the |ike, but is preferably
20C to reaction shown in the scheme 2 may each be independently performed.

In addition, it is possible to perform the reaction shown in the scheme 1,

and then perform hydrolysis by a method such as adding the base and

the solvent to a reaction solution without isolating the ester compounds

15



170C, nore preferably 70C to 120C. In addition, the reaction tinme of
the reaction shown in the schene 3 can be appropriately sel ected
dependi ng on the types of the reaction conponents and the catal yst,
or the reaction tenperature, but is preferably 2 hours to 24 hours,
nore Spreferably 5 hours to 15 hours. [0059] The reaction shown in
the schene 3 may be perforned at atnospheric pressure, or may be
performed under reduce ressure or . under applie essure. The,

at nosphere of trﬁ@e?%‘?,‘f ibgnfqr@“iﬂ)t(‘?‘ﬂral"‘a& I &WF‘}A% 2%%5 e%’q}n Igsieagtion
inhibits the reaﬁﬁ%pn, and it may be, for 10 exanple, any of an air
at nosphere, a APtYW8fen at nosphere, and an argon at nbsphere. In

addition, the i@@@rx@g)ﬁgﬁgfﬁ%grformd by any nethod, such as a

bat ch mnet hod, , or a continuous nmethod. [0060] In

th ti hown | , f ‘
Conpound. tepr esent edi b SRR, U ByURRY JTBUER of (b MorbOmanol
|5 prefesably bofploanto Bpimimed hiiRilaP(ERPALIl Rorhfld (B0 dre

with respect to 17 nole of  the norbonmanol conpound represented by
formula (6-a) weinylaeditbatifnithe vifeether cforﬂptﬂhidh%*)retsélﬁe&ébg'ofwm&lﬁp
can al so be performed by the 20 followi ng nmethod. In other words, it
i s al so possi bit-c) andot &mutwél-d).nyl et her compounds represented by
formula (1-c) and/or formula (1-d) by reacting the norbornanol
conpounds r epr ¢8&ni]eBhasecobd sigpeandeperionned:for exampls, astallows. t s

acetylene in th resence of a_base to. vinylate the hydroxyl grqups
of the norboma @‘Bem%@um;neaé, vPTbeflOh SompONEds ﬁepr@émow

oo oAU SR D B B e
P L ancously e SRR IR bR AR O
vinylation reaghia thd Y letldN@MsRInds % ptschtdPby ofbia (Copaids)

Acet yl eneCR1R2
formula (1-d). The norbornanol compound represented by formula

(6-2) and the norbotnanol compound represented by formula (6-b) may

15 be simulianeously subjected to a vinylation reaction, as shown in the
following scheme 3, or may each be independently subjected to a
vinylation reaction.

[0052] [Chemical Formula 17]

Ho CRIR? CRIR? o
BSOS
HO #07 e

{6-3) (6-b) N
o CRIR? 0
Ir catalyst \\“i‘-/ \‘®/ RR+ \\\%/ m
CRIR?
{1-c) (1-d)
Schame 3

20
[0053] wherein R® is an alkyl group having 1 to 20 carbon atoms.
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Base (1-c)(1-d) 5Schene 4 [0063] The reaction shown in the schene 4
can be perfornmed in the presence of a solvent or without a solvent.
Here, exanpl es of the sol ventincl udeaproticsol vents, suchas

101, 3-di met hyl- 2-i m dazol i di none, diglyme, triglyne, and tetraglyne.
These nmay be used alone, or two or nore may be m xed and used. [0064]
The used anobunt of the aprotic solvent is preferably 1 to 20 nvol es,

T et ookl RS TEATR o e b
15(6-b). [0065 : ' ' 4

{1l | Skl U SRR RIS o e ATBAR I
and pot 2551 U gyl AP LA 0% PG TP LSS mah o

20anong these, gahipdk prétefradl. hydroxi des, such as sodi um hydroxi de and
pot assi um hydr oxi de, "are preferred. [0066] The used anount of the

base is Pref er {I054] Exdmples bf nipd & w&thltyst afheid ofgandmenillec @Bni}at@(les,

nor bor nanol conpounds represented by fornula (6-a) and/or formula
(6-b), and noreughr edsemakdiy-Ohlbrebis[(n Eysivoet- 1,6 alieneaitina(l)] a¢atalsstd
econom cal viewoints. 5[0067] The acetyl ene used in the scheme 4 is
preferably int theaeivakien abbreyiatedicasi an Heoddr catalystacodatapeesents

B Feact i on conbHRe o AiEE g alGeshbRar o HHcoDE RGN Bfmrad | n
o o 1 ot PR oL s 00T T35 b SR B ©
: 10 compounds, such as metal iridium, iridium oxide, iridium hydroxide,

and iridium fluoride, and among these, ['Cl(cod)], is prefeired in terms
of reactivity and stability. '
[0055] The reaction shown in the scheme 3 is preferably performed in
the presence of a solvent, Examples of the solvent include aliphatic
15 hydrocarbon solvents, such as hexane, heptane, and octane; alicyclic
hydrocarbon solvents, such as cyclohexane; aromatic hydrocarbon
solvents, such as benzene, toluene, xylene, and ethylbenzene;
hglogenated hydrocarbon  solvents, such as chloroform,
dichloromethane, and 1,2-dichloroethane; ether solvents, such as diethyl
20 ether, dimethoxyethane, tetrahydrofuran, and dioxane; ketone solvents,
such as acetone and methyl ethyl ketone; ester solvents, such as methyl
acetate, ethyl acetate, isopropyl acetate, and butyl acetate; amide
solvents, such as N,N-dimethylformamide and N,N-dimethylacetamide;
and nitrile solvents, such as acetonitrile, propionitrile, and benzonitrile.
25 These may be used alone, or two or more may be mixed and used.,

[0056] In the reaction shown in the scheme 3, it is prefetred to add a
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10is preferably 80 to 180C, nore preferably 100 to 140C. [0069] (2)
Met hod for Producing Vinyl Ether Conpound in Which n s 1

The vinyl ether conmpound in which nis 1 can be produced, for
exanpl e, by a production nethod conprising the followi ng first step,
15t he follow ng second step, and the following third step. [0070]
(2-1) First Step In the first step, al dehyde conpounds

represented by forpula_(8-a) and/or formula (8-b) are pbtajned from
t he nor borrene @%%ﬁ@@re%@mﬁsﬁéewl%?%l aﬁF'@ CXRRDIG$e0 g?errbﬁ%

e SRR, el Sl R B,
compound 7 epr BREREER bR - 2fkelRe o R Rl TR RuidPe ARk s
oL A Ry R A A
by formiga (8- ﬁietﬁn%ﬂionfa&rsmléléh( &s blithifhi0 Ohsboratd) e Rbdiain FesrBthae 20]
potassium carbonate, and cesium carbonate; alkaline-earth metal
carbonates, such as magnesium carbonate; alkali metal hydrogen
carbonates, such as lithium hydrogen carbonate, sodium hydrogen
carbonate, potassium hydrogen carbonate, and cesium hydrogen
© 10 carbonate; alkali metal organic acid salts (particularly, alkali metal
acetates), such ag lithium acetate, sodium acetate, potassium acetate,
and cesium acetate; alkaline-earth metal organic acid salfs, such as
magnesium acetate; alkali metal alkoxides, such as lithium methoxide,
sodium methoxide, sodium ethoxide, sodium isopropoxide, and

15 potassium ethoxide; alkali metal phenoxides, such as sodium
phenoxide; amines (tertiary amines and the like), such as triethylamine
and N-methylpiperidine; and nitrogen-containing aromatic heterocyclic
compounds, such as pyridine, 2,2'-bipyridyl, and 1,10-phenanthroline,
Among the above bases, bases containing sodium are preferred.

20 [0057] The used amount of the base is preferably 0.001 to 3 moles,
more preferably 0.005 to 2 moles, with respect to 1 mole of the
norbornanol compounds represented by formula (6-a) and/or formula
(6-b) which are reaction raw materials,

[0058] The reaction temperature of the reaction shown in the scheme 3

25 can be appropriately selected according to the types of the reaction
components and the catalyst, and the like, but is preferably 20°C to

18



(4)(8-0(B-b) Scherma 6 [0074] Here, as the netal catalyst, a
transition netal conpound is used, and particularly, conpounds of
Goup 8 elenents, Goup 9 elenents, and Goup 10 el enents in the
periodic table are useful. Anmong them 10cobalt compounds, rhodi um
conpounds, iridium conpounds, ruthenium conpounds, platinum
conpounds, and the like are useful. [0075] As a netal conplex, a

o e vt ORISR a8l TR, D B
Chel at| ng' pol y AbAPareRHeBTRRY i pchente' 37 G BF apPppiabdly setifaad TG
e 5 promoter . SORULTHE AHIRE oS B (e reB KofthoBls il (B CRlalfaTRE -
reaction shomm@séagﬁgggsfﬁ Bra r%iblﬁn’gro FL@%?‘%‘W PReRItd 94 qaohrglqhs&f

nore preferably 2 espect to 1 nole o

t he norbs)rnenepmgm s hherred9Moags. by formula (4). In the reaction
shown in the scheme 5, when 1000 to 10000 noles of the ligand is

added with res@t39]tThel reaskionoshavire inathel stdkeme 8 inaypbe Jicpfozmed at
provi de advant ages, such as the control of the partial pressure of
t he catal yst, atmiespheris ¢réssuregat maynbepesformed vader weduced prassaener i n
selectivity. [0077] The reaction tenperature of the reaction shown in
the schene 5 | ynfeforppled \pressure 300, atmesphste ieths avagtian is onosoC

The . - e g . .
particularly limited unless it inhibits the reaction, and it may be, for

10 example, any of an air atmosphere, a nitrogen atmosphere, and an argon
atmosphere. In addition, the reaction can be performed by any
method, such as a batch method, a semibatch method, or a continuous
method,

[0060] In the reaction shown in the scheme 3, the used amount of the

15 compound represented by formula (7) which is a reaction raw material
is preferably 1 mole to 5 moles, further preferably 2 to 3 moles, with
respect to 1 mole of the norbornanol compound represented by formula
(6-a) or formula (6-b).

[0061] In addition, the second step can also be performed by the

20 following method. In other words, it is also possible to obtain the
vinyl ether compounds represented by formula (1-¢) and/or formula
(1-d) by reacting the norbornanol compounds represented by formula
(6-a) and/or formula (6-b) with acetylene in the presence of a base to
vinylate the hydroxyl groups of the norbornanol compounds, as shown

25 in the following scheme 4. The norbornanol compound represented by

formula (6-a) and the norbornancl compound represented by formula

19



5 reaction pressure of the reaction shown in the schene 5 is
preferably 20 to 250 at nospheres, and the m xing ratio of carbon
nonoxi de to hydrogen (the volune of carbon nonoxi de/the vol une of
hydrogen) in the m xed gas used is preferably in the range of 0,5 to
2,0, further preferably in the range of 0.8 to 1.2. 10[0078] In
addition, the reaction showm in the schenme 5 can be perfornmed in the

f I t. age] f th I t incl t t ed
Py ar oear bon <ol iRy 5% SRR LATAYs C SHRETOE by BTiay FEaa N He orBene,
et her sol vents,al.cohol n ter solvents, | .f ol.ane, _an
wat er . STh\ése ﬁ&k}g\ﬁfﬁ H’sélaes ?Pgﬁgins%ﬁgﬁ%e o‘f’ g%g%ayﬁﬁc e ﬁ%ﬁ}@%}" nd
used. | n addi tis%gcﬂeﬂt&'ﬁ%ﬂ&ﬂﬁﬁ&ﬂ%c gﬁwvn in the schene 5, it is also
e

possi bl e to use reactl raw material and the reaction products
as the sol vent Step In the second step, the

car bonyl gr oupp%@@%eﬁ%ﬁ)@g@ﬁﬁ%ﬂcorrpounds represented by fornul a
(8-a) and/or feenul ) are kiReed t o obtain al cohol conpounds
represented by fo a (9-a) /or formula (9-b). [0080] [Chem cal
Forrmul a 21] [008 he sgecond-step can be perforned, for exanple, as
follows. As shown ig,a schenmeg§, the al dehyde conpounds represented
by formula (8-a) and/or formula (8-b) are reacted with a netal
hydride to obtain the al cohol gggpoundg represent.ed, bornmul a (9-a)
and/or fornmula (9-b). 5The al dehyde co%o’u g hepr esented 1 or mul a
(8-a) and the al dehyde conpound represented formula (8 4] %;1 zbe
si mul taneously subjected to a reduction reactfon, as shown | n CHE

|
foll owi ng scheme 6, or may each be inde ender"?y subj ect ed 4% a
reducti oh reaction. [0082] [Chem cal FSIPRt a 22] CHOCR1R2

[0063] The reaction shown in the scheme 4 can be performed in the
presence of a solvent or without a solvent, Here, examples of the
solvent include aprotic solvents, such as
10 1,3-dimethyl-2-imidazolidinone, diglyme, triglyme, and tetraglyme.
These may be used alone, or two or more may be mixed and used.
[0064] The used amount of the aprotic solvent is preferably 1 to 20
moles, more preferably 3 to 13 moles, with respect to 1 mole of the
norbormanol compounds represented by formula (6-a) and/or formula
15 (6-b).
[0065] In the reaction shown in the scheme 4, examples of the base
include alkali metal hydroxides, such as sodium hydroxide and
potassium hydroxide; and alkaline-earth metal hydroxides, such as
magnesium hydroxide, calcium hydroxide, and barium hydroxide, and
20 among these, alkali metal hydroxides, such as sodium hydroxide and

potassium hydroxide, are preferred.

20



10(8-b) Schene 6(9-b) [0083] As the reduction reaction of the al dehyde
conpounds represented by formula (8-a) and/or formula (8-b), publicly
known vari ous nethods can be used, but a nethod using a netal hydride
is preferred. Exanples of the metal hydride include |lithium alum num
15hydri de, sodi um boron hydride, |ithium boron hydride, and

di i sobutyl al um num hydri de, [0084] The used anobunt of the netal

%?éLf’egLPet or PERETL TG ﬁ%‘oﬁ“&%oﬁﬁq et rf?g%fé%bf’i ﬁ-folﬁrn%@i fncle %s?xﬁtb: i
iy AU

e ronct i onr SyERE: ord HelOO hselyortt iR Seliefrel i otiiE e

can’ be appr op! Karary s oafiuls' @ OF SR BT reRu S ER o 007 Fyle B

For exanpl e, whgRtiohisHe Ao fibai] 04ififs] S used as the metal
hydri de, ether solvents, such as 5diethyl ether and tetrahydrofuran,

[0086] The 1 catts on Lerper oty o of the T eati | onk Shown i M LR ehere 6
i s preferably @QetcticiO@ntdiner srethap gelgesr pigksure 00108 MPE.orimoreddnd iion,
reaction time is preferably 30 mnutes to 24 hours, further
10pr ef er abl y 1masar prefergbljointenduced into a reaction confainer so that gauge
pressure is 0.15 MPa or more, in terms of reaction rate and yield.
[0068] The reaction temperature of the reaction shown in the scheme 4
10 is preferably 80 to 180°C, more preferably 100 to 140°C.
[0069] (2) Method for Producing Vinyl Ether Compound in Which n Is
1
The vinyl ether compound in which n is 1 can be produced, for
example, by a production method comprising the following first step,
15 the following second step, and the following third step.
[0070] (2-1) First Step
In the first step, aldehyde compounds represented by formula
(8-2) and/or formula (8-b) are obtained from the norboimene compound
represented by formula (4), In the formulas, R! and R? have the same
20 meanings as the above,

[0071] [Chemical Formula 19]

OHC CR'R2 OHC
W (8-a) \@ (8-h)
CRIR2

[0072] The fitst step can be performed, for example, as follows. First,

as shown in the following scheme 5, the norbornene compound
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[0087] (2-3) Third Step In the third step, the hydroxyl groups
of the al cohol conpounds represented by fornula (9-a) and/or formula
(9-b) are vinylated to obtain vinyl ether conpounds represented by
formula (1-e) and/or 15fornula (14). [0088] [Chem cal Fornula 23]
[0089] The third step can be perforned, for exanple, as follows. As
shown in the follow ng schene 7, the al cohol conpounds represented 20

by f I 9- d/ f I 9-b . ted with th '

ot er comound RBRBIER IEIE (s reded i Gl mreepre ol ncacial et
catal yst to obtain the, vi %I,et]ger onpounds, repres nteﬁ_{%f r%a
(1-e) and/ or fBEﬂ?ﬁ%IlE‘IH‘?“‘t Tire® FJB%SHD%SHFB@ P ST % xg@

f I 9- I 't.b
oy be- sim ¢ Dndopef & SBO% EERRHIH: ERIHERRAL Febrilentdl BY Rrl)
in the foll ow each be i ndependent | bjected to
:31 vi nyl ati onWIr gg??%ﬁ&f%@&ﬁ(%em cal Folr mul g 241 ca%c;\lfjv Jo HO 1r
catal ysts [0073] [Chemical Formula 20]

CRIR? SO CHO CR'R? CRIR?
2 W
W Metal catalyat \@/ /Cy
CHO

4 (8-2) (8-b)

Scheme 5

[0074] Here, as the metal catalyst, a transition metal compound is used,
and particularly, compounds of Group 8 elements, Group 9 elements,
and Group 10 elements in the periodic table are useful. Among them,
10 cobalt compounds, thodinm compounds, iridium compounds, ruthenium
compounds, platinom compounds, and the like are useful.
[0075] As a metal complex, a halide, oxide, carboxylate, and nitrate of
cobalt or rhodium, or complexes having olefins, hydrogen, carbon
monoxide, tertiary amines, phosphite, phosphinite, phosphonite,
15 phosphine, and the like, and chelating polydentate ligands thereof are
| preferred. These transition metal compounds can be used alone or by
adding another metal compound as a promoter.
[0076] The used amount of the metal catalyst in the reaction shown in
the scheme 5 is preferably 0.00001 to 0.1 moles, more preferably
20 0.0001 to 0.01 moles, with respect to 1 mole of the norbomene
compound represented by formula (4). In the reaction shown, in the
scheme 5, when 1000 to 10000 moles of the ligand is added with respect

to 1 mole of the catalyst, it is possible to provide advantages, such as the
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(1e)(1-0 5Schenme? [0091] The reaction shown in the schene 7 can be
performed under conditions simlar to those of the reaction shown in
t he above schene 3. In other words, R6 in formula (7) is an al kyl
group having 1 to 20 10 carbon atons, and exanples of the allcyl
group include a nethyl group, an ethyl group, a normal propyl group,
an isopropyl group, a n butyl group, an isobutyl group, a sec-butyl

group, and a tert- rou and ano t hes th rou
preferred. [00§ORT ‘%xa eegag 1 ygssyye Eg%éﬂ" yap ?Yﬁtpcfb[}gf@ %F%g ﬁg‘ftéﬂnl ic
conpl exes, 15 such

di - R chl or obi s BRSO opiihat improyementin elcivif 1 )] cat al yst
Cyel oocta 1. 5 D) P tpapof honicidiue O e o BRI R it he EflE A8 57" ©

Ird (CO (PP113)Q éﬁﬁ%rd 'R$S9! 3 @’@hgll}g{ergﬁx‘rélfeg&blﬁﬁé t %@a@ € The

i ridium conpound suc as rreta iri oXi rridium
hydr oxi dg, 20ap&hctibh Ghesduid csmw@acu@ﬁ%hamnﬁ tﬁ&mme[ﬁi e€Rably 20 S
preferred in terns of reactivity and stability. [0093] The reaction
shown in the s«hedfi® dtrnesphieadserandl thepetikingmeatio roft ferbpn emencgidef toa
sol vent. Exanples of the solvent include aliphatic hydrocarbon

sol vent's, suchhydrogen §the, vdlepeafaarmmonozide/tha volyed oﬁhndmgen)ambon
solvents, such as cyclohexane aromat i c hydrocarbon 5sol vents, such
as benzene, tofheetmixedgasised aa@reﬁngblbemztbnerangwctfg%ﬁatoea 0, further

hydr ocar bon sol v h as c m di chl or or net hane, and
1, 2-di chl or oet B @ﬁgb{l’i‘éﬁeéﬁ}ﬁ%{ﬁ% h as di et hyI et her,

s acot Dhe. andCHBIR” atAini RS n@""aﬁ‘@@i’é%‘é‘v&eoak "SEhERe 8
10acetate, eth IS I e

sol vents, suchi%rsfgﬁﬁt‘ﬁlﬂnlgtﬁl%% orn%ﬁ‘l%déglgg Nr% gﬁﬁm% h@fgtee%@%e
and nitrile so essatli‘égé?l %ﬁie ¥ a Qﬁ'kél%h@ mﬁh&@i'cgg}diédakﬁo §t5l%nts

benzonitrile. ese may one, or two or re may e m xed
and used. [009cH st BenZepRCtdthér SORWRts Maledid] S So198Ms,  estek b&lvents,
preferred to add a 15 base in order to Increase reaction rate. Here,
exanpl es of t heulfislane,iandlwater. al'Keisé mugtial usest dicne] detyvo srmvramaydai um
hydr oxi de and potassi um hydroxi de; al kaline-earth netal hydroxides,
such asl¥mgnesmixechgutl vsédie mmdlmmmmamm shoven bethiewschemarost de;
al kali nmetal carbonates, such as |ithium carbonate, sodium carbonate,
20 pot assi um ci @bﬁapgssﬂdﬁdtc»c@gﬁs dhe certimnrey Hakalal nands dhe eamsion
car bonat es, such qﬁey um car bonate; al kali netal hydrogen

car bonat es, suPHCHELS3S ?ﬁ‘h‘a" B¥dr ogen carbonate, sodi um hydr ogen

carbonate, pot i 0 carbonate, and cesi um hydr ogen
carbonate; al kwgm?{ﬁg FM&E Pacid salts (particularly, alkali

et al In the second step, the carbonyl groups of the aldehyde

20 compounds represented by formula (8-a) and/or formula (8-b) are
reduced to obtain aleohol compounds represented by formula (9-a)
and/or formula (9-b).
[0080] [Chemical Formula 21]

CRIR?
Ho/\liy ) HO/\(D\ (6-b)
CRIR2
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25acetates), such as lithium acetate, sodium acetate, potassium
acetate, and cesium acetate; alkaline-earth netal organic acid salts,
such as magnesi um acetate; al kali netal al koxides, such as lithium
nmet hoxi de, sodi um net hoxi de, sodi um et hoxi de, sodi um i sopr opoxi de,
and potassi um et hoxi de; al kali metal phenoxi des, such as sodi um
phenoxi de; am nes (tertiary amnes and the like), such as

ar iéﬁé?iy'caﬂ%i‘ir i@ﬁ]ﬁhﬁ%@%@ﬁ%&é’b@%ﬁ ﬂ%s«'iit‘a{r %%em”élfégé‘éﬁil 7 ohs
1, 10- g ne. A i Al

Sodi ui ar & or oRipvRdR isheB U e BRI obRBSTos RATRRRETHY Bilie

eepect 1o 1 nor® BrdeRBoiia [RES o Skl Pura bRt B bR d 7

(9-a) and/or fﬂc%ﬂb?céﬁg%d%@ﬁséﬂt@dﬂ%ﬁ s (R4 BRd/6F Edthiula g@%g.gl e

The reaction tenperatur reacti own in the schene
approprigtely Thketddydacempoind réeidnted Vpaantila (§2) aedeid dldchyde
conponents and the cafalyst; and the like,” but is preferably 20C to
15 170C, nore pombeuad! sepréiented bF0Gormhulaad@ib)i oy thee shmaittnensiy me
of the reaction shown in the scheme 7 can be appropriately sel ected
dependi ng on t kehjestpd $o af redbetioneraction asothovmein theaiolowing scleniey 6y |
or the reaction tenperature, but is preferably 2 hours to 24 hours,
more pref er abl 9t Bigicack be independantly. subpictmiiv]a reduch@bieaeiépi. shown in
the schene 7 rforped at spheric pressure, or may be
per f or med undgfal(}@ﬁlﬂégﬁntﬁagg%‘éla%ﬁnder applied pressure. The

at nosphere of the reaction is not particularly limted unlgss it

inhibits the r &t om- aptiRiI® may be, for ex ; CRR ai r
at nosphere, a nitro ht nosphere, and an argon 25 phere. In
an be perfornmed by any

addition, the react

(88) Metal hydride (9-a)
- —_—
CRIR? CRIR?
cHO” /j HO\@/
(8-h) 9-b
10 Scheme 6 (8-0)

[0083] As the reduction reaction of the aldehyde compounds
represented by formmla (8-a) and/or formula (8-b), publicly known
various methods can be used, but a method using a metal hydride is
preferred, Examples of the metal hydride include lithium aluminum
15 hydride, sodium boron hydride, lithium boron hydride, and
diisobutylaluminum hydride,
[0084] The used amount of the metal hydride in the reaction shown in
the scheme 6 is preferably 0.25 to 3 moles, more preferably 1 to 2
moles, with respect 1o 1 mole of the compounds represented by formula

20 (8-a) and/or formula (8-b) which are reaction raw materials,

24



met hod, such as a batch nethod, a sem batch nethod, or a continuous
met hod. [0098] In the reaction shown in the schene 7, the used anount
of the conpound represented by formula (7) which is a reaction raw
material is preferably 1 nole to 5 noles, further preferably 2 to 3
noles, with 5respect to 1 nole of the al cohol conpounds represented
by formula (9-a) and/or fornula (9-b). [0099] In addition, the third

step can al so lf(s%%ﬁ or ned.. undﬁr can t|o S s:bmlar t tho e of, the

react LFQ fgogg 8 Pheﬁ‘ag‘@%"%é eWE X, ?ﬁc ihe Oﬁ(ﬁ%ra % perorged; in

1I‘O gf?rijl a (1;216% %Pbeﬁe?%rﬂﬂgfoﬁfnf ) ﬁ@gggj@gﬁsﬁ@ Pﬁga%gf@g%éﬁg toar{ref):('f)e nds
3D q@ﬁ%

[ﬁgrgfggteﬁce g a E]gfggtcg (%h‘sl)rﬁétlﬂgt@dl“ﬁigr roxy %J}F ouI%)IE o] Iﬁﬁﬁcohol

conpounds,  as % Orwu'rrﬂh%rg?def E'ﬂs@&”a@%&%&ﬂ%ﬁnd@%@f sSlvehtsC Qe d

represented by a) and t he alcohol” 15conpound represented
by formufa (9- Blethlyethe midretritaydeofisdn, ase piefatalin'teras vl thel salutdlity

reaction, as shown in the follow ng schene 8, or may each be
i ndependent | y sfilijtentmerummum hiydydat i on reaction. [0100] [ Chem cal

Formula 25] [0086] The reaction temperature of the reaction shown in the scheme 6
is preferably 0°C to 70°C, further preferably 20°C to 70°C. In
addition, reaction time is preferably 30 minutes to 24 hours, further

10 preferably 1 hour to 5 hours.
[0087] (2-3) Third Step
In the third step, the hydroxyl groups of the alcohol compounds
represented by formula (9-a) and/or formula (9-b) are vinylated to
obtain vinyl ether compounds represented by formula (1-¢) and/or
15 formula (1-f).

[0088] [Chemical Formula 23]

CRIR? AN
/\OW (1-6) 7~ O/m (10
CRIR?

[0089] The third step can be performed, for example, as follows. As
shown in the following scheme 7, the alcohol compounds represented
20 by formula (9-a) and/or formula (9-b) are reacted with the vinyl ester
compound represented by formula (7) in the presence of an Ir catalyst to
obtain the vinyl ether compounds represented by formula (1-¢) and/or
formula (1-f). The alcohol compound represented by formula (9-a)

and the alcohol compound represented by formula (9-b) may be
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Schene 8 20[ 0101] The reaction shown in the schene 8 can be perforned
in the presence of a solvent or without a solvent. Here, exanples of
the solventincludeaproticsolvents, suchas

1, 3-di met hyl-2-i m dazol i di none, diglyme, triglynme, and tetraglyne.
These nmay be used al one, or two or nore may be m xed and used. [0102]
The used anpunt of the aprotic solvent is preferably 1 to 20 5nol es,

nore preferably. 3 13 .nol th respect. to 1 nole of the al ohol
conpounds repr &48 °B§/lyf ﬁﬁ?ﬂt‘\gﬁ CRN ﬁ&PB‘P TeaetiRN. 42 Sheym ’[noi[%?s
In the reactio e 8 s sof ude
al kali met al 381? §e§£he r?s 03 gﬁgr ?ﬁ?ﬁn@%d@ Sﬂﬁyp%ﬁi':ﬂ‘?‘ﬂﬁq

hydr oxi de; and JH?'%@% h nmetal hydroxi des, such as 10 nagnesium
hydr oxi de, cal ci ydroxi dé, and barium hydroxi de, and anong t hese,

al kal i net al h){giﬂ; g;ﬁgml B’gﬁ 1a32di um hydr oxi de and potassium
hydr oxi de, are pr rred &# 01 4? The used anobunt of the base is

preferably 0.05 tq 1.oolesmith resp axe'rl nol e of; the al cohol
conpounds repré®ented\lfy formula 1 ) and/ or fo mula (9-b), and
nore preferably 0.1.tH/0.5 nol 88 f eactio e~pnd econom cal

vi ewpoi nts. [0105] Tng)acetylene use@dyi n the sch e 8 is preferably
introduced into a reaction container so that gauge pressure is 0.01

MPa or nore, and is nore preferably mtroducegjwhant reactjon
contai ner so that gauge Irestalyet //\0 /e\@
| CRIRZ

(1 e)

5 ’ Schema 7

[0091] The reaction shown in the scheme 7 can be performed under
conditions similar to those of the reaction shown in the above scheme 3.
In other words, R® in formula (7) is.an alkyl group having 1 to 20
10 carbon atoms, and examples of the alkyl group include a methyl group,
an ethyl group, a normal propyl group, an isopropyl group, a n-butyl
group, an isobutyl group, a sec-butyl group, and a tert-butyl group, and
among these, a methyl group is preferred,
[0092] Examples of the Ir catalyst include organometallic complexes,
15 such as a di-p-chlorobis[(n-cycloocta-1,5-diene)iridium(T)] catalyst
(hereinafier abbreviated as an [IrCl(cod)], catalyst; cod represents
cycloocta-1,5-diene), [Ir(cod);]BFy, [Ir(cod),(CH;CN))BFs, and
IrCI{CO)PPh), (Ph represents a phenyl group), and inorganic iridivm
compounds, such as metal iridivm, iridium oxide, iridium hydroxide,
20 and iridium fluoride, and among these, [IrCl(cod)], is preferred in terms

of reactivity and stability.
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20pressure is 0.15 IVIPa or nore, in ternms of reaction rate and
yield. [0106] The reaction tenperature of the reaction shown in the
schene 8 is preferably 80 to 180C, nore preferably 100 to 140C.

[0107] [Vinyl Ether Pol yner] A vinyl ether polymer according
to this enbodi ment conprises a 25structural unit represented by
formula (2-a) and/or a structural unit represented by formula (2-b).

h fopt esents 0108931 Thiparion a0 1 utseniien bt BIREP O NORUEd B |
Py ooen o om e BELONL 8 RYBa, Eubhis R0 B GH: Tl
atons of R2 i splafeathon solvents, such as hexane, heptane, and octane; almychc
hydrocarbon solvents, such as cyclohexane; aromatic hydrocarbon
5 solvents, such as benzene, toluene, xylene, and ethylbenzene;
halogenated  hydrocarbon  solvents, such as  chloroform,
dichloromethane, and 1,2-dichloroethane; ether solvents, such as diethyl
ether, dimethoxyethane, tetrahydrofuran, and dioxane; ketone solvents,
such as acetone and methyl ethyl ketone; ester solvents, such as methyl
10 acetate, ethyl acetate, isopropyl acetate, and butyl acetate; amide
solvents, such as N,N-dimethylformamide and N,N-dimethylacetamide;
and nitrile solvents, such as acetonifrile, propionitrile, and benzonitrile.

These may be used alone, or two or more may be mixed and used,
[0094] In the reaction shown in the scheme 7, it is preferred to add a
15 base in order to increase reaction rate, Here, examples of the base
include alkali metal hydroxides, such as sodium hydroxide and
potassium hydroxide; alkaline-earth metal hydroxides, such as
magnesium hydroxide, calcium hydroxide, and barium hydroxide; alkali
metal carbonates, such as lithium carbonate, sodium carbonate,
20 potassium carbonate, and cesium carbonate; alkaline-earth metal
carbonates, such as magnesium carbonate; alkali metal hydrogen
carbonates, ‘such as lithium hydrogen carbonate, sodivm hydrogen
carbonate, potassium hydrogen carbonate, and cesium hydrogen
carbonate; alkali metal organic acid salts (particolarly, alkali metal

25 acetates), such as lithium acetate, sodium acetate, potassium acetate,

and cesium acetate; alkaline-earth metal organic acid salts, such as
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[0110] If nis 2 or nore, a result is that a norbornane skel eton
considered to provide heat resistance and | ow noi sture absorbency is
away fromthe polyner nmain chain of the vinyl ether polyner. 10
Therefore, if nis 2 or nore, a tendency is seen that a decrease in

t he heat resistance and an increase in the noisture absorbency of the
vinyl ether polynmer are caused, and the thernal stabllity and shape

Cﬁﬁl”;' hpwq??a;gnﬁpgf ot e BRI 5, SRS
broperties. [onioRm, BeftAG,; HE ehBRiE a%@@gﬁﬁgﬁﬁﬁﬁqﬂgﬁﬁe%d .
nor bonane skel f) %Sﬂlﬂl t@ﬁ"%ﬂ% éﬂégarrﬁe‘gl ‘%ura oaéaag&wﬁper

| n other words,; en n ove S | S are

represent ed byEﬁ%&ﬁ&éA'mlﬁa@s gt)egtgaﬁ'{faﬁﬁﬁw amc{ ﬁreq}kefééhdlﬁ& fre ;awmﬁle R

and R2 have the sane neani ng he above. Chem ¢ Formul a

(ZZ] ) [9114] mt@phesh@higehiding randtmw@gemmmamﬁ@r @@maﬁ:@qlelwatmtwl a
-a

compounds, such as pyridine, 2,2"-bipyridyl, and 1,10-phenanthroline,
Among the above bases, bases containing sodium are preferred.

[0095] The used amount of the base is preferably 0.001 to 3 moles,
more preferably 0,005 to 2 moles, with respect to 1 mole of the alcohol

10 compounds represented by formula (9-a) and/or formula (9-b) which are
reaction raw materials.

[0096] The reaction temperature of the reaction shown in the scheme 7
canh be appropriately selected according to the types of the reaction
components and the catalyst, and the like, but is preferably 20°C to

15 170°C, more preferably 70°C to 120°C. In addition, the reaction time
of the reaction shown in the scheme 7 can be appropriately selected
depending on the types of the reaction components and the catalyst, or
the reaction temperature, but is preferably 2 hours to 24 hours, more
preferably 5 hours to 15 hours.

20 [0097] The reaction shown in the scheme 7 may be performed at
atmospheric pressure, or may be performed under reduced pressure or
under applied pressure. The atmosphers of the reaction is not
patticularly limited unless it inhibits the reaction, and it may be, for
example, any of an air atmosphere, a nitrogen atmosphere, and an argon

25 atmosphere. In addition, the reaction can be performed by any

method, such as a batch method, a semibatch method, or a continuous
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include a structural unit represented by fornula (2-a-1) and a
structural 5 unit represented by fornmula (2-a-2). In addition,
exanpl es of the structural unit represented by fornmula (2-b) include
a structural unit represented by fornula (2-b-1) and a structural
unit represented by formula (2-b-2). [0115] [Chem cal Formnula 28]
[0116] The vi nyl ther pol ynmer according to this enbodi nent may
contain the abov ructural units at any content ratio. In addition,
t he vi nyl etheln1 mer has the above. described effect when it has

ZQZOFLi Eget ot Iﬁ%ﬁmﬁl et %}%4 b8 sshe) e S B BB
pol yor i 2at i on PASRErSARE e E BT h?&yﬁé%%ﬁn Se Juatgtdel

Mononer s. SUChl@ Mfaabl (ﬁ‘l Hﬁble%'ﬁl Rdled, TuftREY Qﬁ%ﬂhﬂ% lvﬁth by
formul a (10). 18] em cal Fonnulda 29] (10) 10 119]

wherein fe, | ere Bk tb haield b€ thericoliebRofgRuads mﬁem&byammm q
r, and s each independently represent an integer of O or nore,

provi ded that {og)and/or forfinda (d¥b).e. [0120] The pol ynerization degree
of the vinyl Et[(?(?f)rf)] pl?ll >;1rcrl‘c§11r’t10?1(,: Ct?lred Itl?ngd step can also be performed under
conditions similar to those of the reaction shown in the above scheme 4.
In other words, it is also possible to obtain the vinyl ether compounds
10 represented by formula (1-e) and/or formula (1-f) by reacting the
alecohol compounds represented by formula (9-a) and/or formula (9-b)
with acetylene in the presence of a base to vinylate the hydroxyl groups
of the alcohol compounds, as shown in the following scheme 8. The
alcohol compound represented by formula (9-a) and the alcohol
15 compound represented by formula (9-b) may be simultaneously
subjected to a vinylation reaction, as shown in the following scheme 8,
or may each be independently subjected to a vinylation reaction.

[0100] [Chemical Formula 25]

CR'R?

CRIRZ
HO +
HO.

(6-2) (9-b)

Base

S T T
+
CR'R2

(1-e) Bl

Scheme B
20 [0101] The reaction shown in the scheme 8 can be performed in the

presence of a solvent or without a solvent. Here, examples of the



15 to this enbodi ment can be 2 to 10000. In the vinyl ether polyner -
represented by formula (10), the polynerization degree being 2 to
10000 neans the sanme as p+q+r+s being 2 to 10000. [0121] In
addition, the vinyl ether polyner according to this enbodi nent may be
a copol yner of the above vinyl ether conpounds 20and anot her nononer.
[0122] Exanpl es of such a copolyner include a vinyl ether polyner

containing the @%ructural. nit represented by forrrul a (2- 811)1 and/ or
the structural ® PRt repré‘l“i‘f‘fi‘i‘ed bKaP’c'ﬂqﬁJ:ca (ﬁQ iSand a SEF uctgraé”l
2?%$&$ﬂﬁ%&@%%m@@@%%?%%J%&ﬁ?m&%ﬁt°“
CH2-Cl (3) O_&Filgélezxﬁliq{'s?%g?d Ent?fortt% 0@'9’% Bé’hﬁj(ﬁﬁlvapﬁ%ﬁg pol yrer

i nclude a copol'yner o vé Vi nyl npoun
oo e YNGR Mg BERRS R STECSION o
wherein R, Rmoady molayefdrisly e 1maldegwﬁﬁrésp@cta@0mnolré, of the
alcohol compouﬁds represented by formula (9-a) and/or formula (9-b).
[0103] In the reaction shown in the scheme 8, examples of the base
include alkali metal hydroxides, such as sodium hydroxide and
potassium hydroxide; and alkaline-earth metal hydroxides, such as
10 magnesium hydroxide, calcium hydroxide, and barium hydroxide, and
among these, alkali metal hydroxides, such as sodium hydroxide and
potassiom hydroxide, are preferred.
[0104] The nsed amount of the base is preferably 0.05 to 1 mole with
respect to 1 mole of the alcohol compounds represented by formula
15 (9-a) and/or formula (9-b), and more preferably 0.1 to 0.5 moles from
reaction rate and economical viewpoints,
[0105] The acetylene used in the scheme 8 is preferably introduced into
a reaction container so that gauge pressure is 0.01 MPa or more, and is
more preferably introduced into a reaction container so that gauge
20 pressure is 0,15 MPa ot more, in terms of reaction rate and yield.
[0106] The reaction temperature of the reaction shown in the scheme 8
is preferably 80 to 180°C, more preferably 100 to 140°C.
[0107] [Vinyl Ether Polymer]
A vinyl ether polymer according to this embodiment comprises a
25 structural unit represented by formula (2-a) and/or a structural unit
represented by formula (2-b).
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g, r, and s each independently represent an integer of 0 or nore, and
t 15represents an integer of 1 or nore, provided that p gr s is 1 or
nore. [0127] The pol ynerization degree of the isobutyl ene-based

pol ymer can be 2 to 10000. In the isobutyl ene-based pol yner
represented by fonnula (11), the polynerization degree being 2 to
10000 nmeans the sane asp +q+r-F s t being 2 to 10000. [0128] The

i sobut yl ene- based |Lymer n be produced, for exanple, by a
copolynerizatii&“kﬁi@ﬁﬂﬂﬁmigpﬁgu@ﬁ@ﬁabove vinyl ether conpounds 5and
i sobutyl ene as nmononers. [0129] (Methad for Producing Vinyl Ether

Pol yner) he vinyl ether poly a ing to this enbodi nent
can be obtai ned | ymeri zation r&agtion using the above vinyl
et her conpounds nononers. The pol ynepi zation reaction can be 10

performed, for exawp) e, by perform ng catfigni c polynerization in the
presence of a Lewi s{dcid %I ynmeri zation ¢at al yst%. The vinyl ether
i Her is exce L 1N t‘"@nsparency and

pol ynmer obtai ned im~this

el ectrical conducy, and i s useful e field of optical
materials. In add the vinyl ether “pglynmer can exhibit excellent
per formance al so 15tn e ronic and el ecfrical fields of

seni conductor sealing materials, insulati@B'Roating materials, and
the like. Further, noisture absorbency is Iovy, and,therefore,

di mensi onal st SBi09] twhereinus eepresantsiQor rli, and Rt ard B sack ingdspendently t he
vinyl ether polynmer is_excellent in npjsture resistance, and
therefore, it ENeHEL 8OYBragenAteMms Bm ]’lcﬂgubé?fii’é’detgﬁle%@ﬁpi proidedoor s

and the like. [,013 In t abov. 0 ri zation action, it.is
ossi bl et o usthed tadtqBhph e BB Sk oan B RO A S Qs of

i sobutyl ene, w_t he abo vinyl , et her conpounds, as nononers. Thus,
it is %ossi bl ecg@oh@f%lgogﬁi}snc%ﬁ%t her pol ;/rprrer, such as the above

I sobutyl ene- baged (23PN Yi¥®5 - or mote, a result is that a notbornane skeleton

considered to provide heat resistance and low moisture absorbency is

away from the polymer main chain of the vinyl ether polymer.
10 Therefore, if n is 2 or more, a tendency is seen that a decrease in the
heat resistance and an increase in the moisture absorbency of the vinyl
ether polymer are caused, and the thermal stability and shape retention
properties of the vinyl ether polymer are poor, compared with a case
where n is 0 or 1.
15 [0111] n is preferably 0. Such a vinyl ether polymer is better in heat
resistance and shape retention propetrties.
f[0112] n being O indicates that an oxygen atom and a norbornane
skeleton in the formulas are directly bonded to each other. In other
words, when n 1s 0, the above structural units are represented by
20 formula (2-¢) or formyla (2-d), In the formulas, R' and R? have the

same meanings as the above.
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[0131] As the above Lewis acid, a w de range of Lew s acids can be
used from anong publicly known ones that can be used in cationic

pol yneri zati on. Exanples of the Lews acids include, but not limted
to, boron halide conpounds, such as boron trichloride, boron
trifluoride, and a diethyl ether conplex and net hanol conpl ex of
boron trifluoride; 5 titanium halide conpounds, such as titanium
tetrachl oride, {J iLUumtetrabrom.de, and titaniumtetrai odide; tin
hal i de conpoun&ihhjmgﬁaagmiFﬂﬂmgﬁﬁgihloride, tin tetrabromde, and
tin tetraiodide; alum num halide conpounds, such as al um num

trichloride, aM.cyldighl oroal um num and dfal | or oal um num
anti nony hal i de\cpnpoynds, such as anti non 0 pehtachl ori de and

antinony pentafl ugridg; turst ena-pal i de conpounds,. such agqf ungsten
\ E hal i de conpounds, ‘g\ﬁ nol ybdenum

pent achl ori de; nol

pent achl ori de; tant g hal i de conpounds, such ar
pent achl ori de; and al kcoddes, such as tetradl Koos/ki t ani um
Anong these Lewis acids, boron trifluoride, 15 alum numtrichloride,
et hyl di chl or oa[Qiiidj Exantples toft thacsthweturale uniti fepresamet by doimhnini @ea) and
the i ke are preferred. For the used anbunt of the Lewis acid, 0.01
to 1000 ni || i mbichedeer sirvetizad igitorapresented by fnimmlar@spéyend o struptral of
the nononers of the raw materials, and the used anmount of the Lew s
acid is Pref er apityrepreseniedr bndermplao(ba-2)o Socaddition, examples of the

e “companenRAAUE dRiC e by PR 5] Bl ol 5
pol yneri zation, as r fred. Thi | gctron donar Go nent i

ona der ad t o tranesehd bt Bombly T2Bs O SO0 bl e A ted b3
and/ or the effﬁﬁhuggzibgﬁping protons 25in a system in cationic

pol ymeri zation, an gy t'Heé additi on of electron donors, a polymer

havi ng a contrgq narrow nol ecul ar wei ght

di stribution iE“&?gﬁgﬁéﬂﬁﬁgﬁgﬂﬁ?ggﬁlon donor conponent that can be
used is not particularly limted, and ipnal ly publicly known
ones can be w d as long as the donors is 15 to 60.
Exanpl es thereo ncl ude pyri di nes, such -picoline and 5

di -t-butyl pyriding,, am nes, such as trietHhytam ne, am des, such as

cl i met hyl acet ani de/gul f oxi des, such as di ngthyl sul foxjde, esters,
phosphorus conpoundg, or netg@ga-gonpounds hav+pg an oXygen at om bonded
to a metal atom gulchyas tetrai sopropoxytium [0133] In addition,
it is possible to a regction solvent hq.ﬂﬂ- abrve 10 cationic

pol ymeri zati on. woples & the reaction solMventyincl ude a single

sol vent selected fromthe group consisting of hgliogenated

hydr ocar bons, al i phati cRhydrocarbons, and aromatic hydrocarbons, or a
m xed sol vent thereof. [0134] As the hal ogenated hydrocarbons,

chl orof orm nethyfene 15chl oride, 1, 1-dichloroethane,
1, 2-di chl or oet hanE;~n- prepyl chlori de,
n- but yl chl ori de, 1-cipl or dpr opane, 1- chl or 0-\2{ et pr opane,

0O
n n
% (2-b-1) 2-02)
1 I R2 I

1 0 R R2 R1

nvent i

[0116] The vinyl ether polymer according to this embodiment may
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1- chl or obut ane, 1-chl oro-2-net hyl but ane, 1-chl oro- 3-nethyl but ane,
1- chl or o- 2, 2- di net byl but ane, 1- chl or o- 3, 3-di net hyl but ane,

1- chl or o- 2, 3-di net hyl but ane, 1- chl oropent ane, 20

1- chl or o- 2- net hyl pent ane, 1-chl oro- 3- net hyl pent ane,

1- chl or o- 4- et hyl pent ane, 1-chl orohexane, 1-chl oro-2-nethyl hexane,
1- chl or o- 3- net hyl hexane, 1-chl oro-4-net hyl hexane,

1- chl or o- 5- et hyl hexane, 1- chl or ohept ane, 1- chl or ooct ane

2- chl or opr opan&0nfaine E&%’E‘fﬁtsafﬁﬁtur “E¥S Gt 8P PRsEE raloe hi 18 agHiions the
ised, and a Sof VARG EVERT hFD HesAuHE ReLerage eVt i soRvegl be
Pydr ocar bons, AR SERENIMBEN Sne. heopent ane. hexane. hept ane.
reforred and orag TenyRLFREL BOSHRE RecRe K AMANREIN R 2 o,
may be ofe CONMpBARgoBmdMel tHe %@\ﬁﬁj@é’tﬂ@f‘b@nﬁbﬁi&?maﬁs} Q?oﬁrﬁ&ﬁ“ c

hydr ocar bons, benzéené, toluene, xylene, and ethyl benzene ar
preferred, andppodiebtdey aspbBaiciafion Meactivig ukingsthemaoe viiyl gétheor
may be one conposed of two or nore conponents. 10 [0137] In the above
cationi c pol ymeoinpatidmas moeomess. ndSichen vigt tetlen podyments, reptesested,
preferred to, considering the solubility of the obtained polynmer, the
vi scosity of afeioimampde, byfotmule(l8se of heat renoval, use the
solvent so that, th ncentration of the polyner is 0.1 to 80% by
W31 66 bl Eorpaia

mass, and in t FRya iciency and operability, it is
mor e
p q r s
o o O o)
n n n n
(10)
2 1
I | e R . R
R1 R?
10 R TR R¥ TR

[0119] wherein Rl, R?, and n have the same meanings as the above, and

p, q. 1, and s each independently represent an integer of 0 or more,

provided that p + q +r -+ s is 2 or more.

[0120] The polymerization degree of the vinyl ether polymer according
15 to this embodiment can be 2 to 10000. In the vinyl ether polymer

represented by formula (10), the polymerization degree being 2 to

10000 means the same as p + q +r +s being 2 to 10000.

[0121] In addition, the vinyl ether polymer according to this

embodiment may be a copolymer of the above vinyl ether compounds
20 and another monomer.

[0122] Examples of such a copolymer include a vinyl ether polymer
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15 preferred to use the solvent so that the concentration of the
polymer is 1 to 50% by mass. |In addition, as nononer concentration
during the polynerization, about 0.1 to 8 noles/liter is preferred,
and about 0.5 to 5 noles/liter is nore preferred. In addition, the
used amount of the organic solvent during the polynerization is
preferably 0.5 to 100 tinmes 20anpunt, with respect to the nononers

N A e T e
cationt ¢ PO VTSt e LRSHSHALHY SrnIE BN e b B,
a2 Sonol s RSN byl AP BB S BIREY AR 15 B

y =carbpon, ot her an an tnirtrator, are

contai ned in thg.p en%a@édﬁ&l?mg& ese becone the causes of producing
side reactions as lwﬁpuritles, nd therefore, it is necessary to

previ ousyy perI@Izgl]mghéﬁﬂdam:bﬁﬂulgtg@oncentrations as | ow as possible.
In addition, it is necessary to prevent these inpurities from
entering from ouysi deygluxing 5 the operation of the reaction. In
order to efficiently pb“t in the target polyner, it is preferred to
control the to G f fBles of the inpurities to 1 linme or

| ess, based on the toggl /number of the polynerization start points of

the initiator, and it i/ nore preferred to control the total nunber

of noles of the_ j ities t .5 limes or |ess. 1 139] .The, above
cationic pol yn&ﬂﬁﬂﬁ’@mﬁ? &ge'fg@r@ﬂ‘@ ﬁegwle@é%aéﬁg&%?meém@%%@r e
of an inert gas uch as,ni trogen, .argon, or heliuym.. Fo r essur
during the pol SPRAVERE Phie 40%F aitiyh Sre Pamproriiopith isPubaRe s e
such as at nospher] 0 li: SSHUr onsided

fype of the noRSHERIEIEREEABAIFRRL 1R Tor ERHTHEILY Brhilf
pol ynerjgati ongls_nperat ure, and the like. In addition, it is
preferred to perform pol ynerization under sufficient stirring

conditions so {@@5]fcmhmpbmlhgq]system is uniform The above
cationic polynerization can be performed, for exanple, by a batch

transfer agent a asj re
Al ternatively, thel tioffi c pol
a conti nuous net hod ¥. A reacti

and chain transfer
fed into a certain
bat ch method is prle
pol yneri zation start
pol yneri zati on cat all

[0126] wherein R, R% and n have the same meanings as the above, p,

¢, 1, and s each independently represent an integer of 0 or more, and t
15 represents an integer of 1 or more, provided that p+ q+r+sis1or

mote.

[0127] The polymerization degree of the isobutylene-based polymer

can be 2 to 10000. In the isobutylene-based polymer represented by
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[0140] Pol ynmerization tenperature affects the average nol ecul ar

wei ght of the obtained vinyl ether-based polyner, and therefore, 5
pol yneri zation tenperature adopted should be appropriately sel ected
according to a target average nol ecul ar wei ght, and pol yneri zati on

tenperature is preferably about -80C to 20C, and further preferably
about -70 to OC, and polynerization tine is generally about 0.5 to

180 m , f 20 150, m . | h
100 s’ mt sl i i e dstmaien, J9L R b,

| i zati ti h ddi t4 | cohol s, h
Irorgt Kgﬁg: ,Zaf ;?%{}ﬁggﬁhgﬂi %aé%g&ie%?qn%@p(ﬁutcoaoﬁa hzgcf o?ss_t oppi ng
the pol ymeri Zatq%&;glgfe;fsbﬁﬂtylﬁe«%ge@%iﬂn?&] &l ¥e Hrotudced, fo‘faég%h?;fle,?gd

it is possible any-of ‘conventi’onal "co n neans,

not 15necessary taocog)y%@gg&@fomew&n%sﬂlgﬂﬁ ﬂsweeﬁﬁgi ERePBEMponitt 2]

The form of a react I'n the above Tationic polynerizatifon iIs

not partj cul arhﬂdlgomlmeégqﬁoﬁlﬁéﬁrred tank reactor is preferred.
Its structure is not particularly limted, but is preferably, for

exanpl e, a str [(129] @Mettasd foaPradiwingiVingt Etlies Pofiymér)cool ing in a
jacket portion is 20 possible, and that can unifornmly mx and react
t he mononers, and t Hhecuinyl gther polyresr adcordingriodhisatinbediogahcan be
sequentially supplied, The structure nmay be a structuyre in, g:dq
accessory equi phtined bich pelymarization gedctionohsing thei aboygdviay Ix

condenser, is provided to inprove coqtlilng bility, and a,baffle.can

bﬁ provi deg tociiﬁl?@ Smi%e P EVHIES-goo .‘T Zﬂlﬂ)’@ﬂ'lz%/ti‘% %ﬁg@ 88 hen

br of or a1y onePFHORREHCE hEuBBIEr By misrcgre Fatofntumtiatlhein e on
d mixi ¢ . AL . . A

"l 1 ot age) PR, 058 LHAH A3 TGt Xt ThECES] SHE" 25

pref erabl y Usefoiyind bl ¥hisOiathaC 961 detellaf! 91 tedsplieAly and

pol yneri zati on reaction quid viscosity is about se

centipoi ses, Seleafrial OhratiRtivity\andds hisstakina field ePeistcabmatiiis. asina
MAXBLEND bl ade, a FULLZONE blade, a SANMELER bl ade,” a H -F m xer

bl ade, and oneadidition; thedrinyl eftem pobrneRamesthilfippkéetiant perfdraicheOatso
Publication No. 10-24230, are preferably used in a medi umviscosity
regi on 15 whi cin eleetrpoicyansd ieleatricah friehds of semicondictgnisdaling swdenials, s
10 several tens of centipqises to,several hundreds of poises,  and an
anchor bl ade, HSphgingl €0akHBE | é%ﬂtemﬁlbboﬂﬂ({ﬂ ﬁ)@eﬂﬂ@- LocBatherp| mgdsturen d

LaTymer i zat ?oﬁéﬁ%ﬁéc@?@a{ﬁfjﬁ% B PR frﬁ%si@ﬁ%‘e@ﬁtshﬁnﬁ@%%?as&?e
i ' 5 [ 014 T : i i ]

Speci {1 l‘c’;l 'y §a®;ﬁﬁi®r‘%ﬁ%&1@o@£@ﬁsﬂﬁs %ﬁ?e%@”oﬁf@é@ﬁs{‘e#@ﬁbgafﬁ?

E byt dene. oy BSFstRRSisfl B0 there R4 1 cATBERLE iked 61 S AR A

separ abj® Tl askyhp¥i iBdGSEs and the like.

[0130] In the above polymerization reaction, it is possible to use a

cationically polymerizable compound, such as isobutylene, with the

above vinyl ether compounds, as monomers. Thus, it is possible to

obtain a vinyl ether polymer, such as the above isobutylene-based
25 polymer.

[0131] As the above Lewis acid, a wide range of Lewis acids can be
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internal volume of 5000 nmL, equipped with a revolution
nunber-variable stirrer, a reaction tenperature indicator, a reaction
dropping port, a reflux tube, and a gas injection port, was placed in
a heating nediumbath in which tenperature control is possible. 228.5
g 25(1,9 nol) of 5-ethylidene-2-norbornene (nmanufactured by N ppon
Q| Corporation), 2000 nL of toluene (a special grade reagent,

f db Chen cal d i . d.), ,
2, R o B s b B
CHEM CAL CO,, | ! i - : , . .

t enper gt ure m?’sﬁﬁﬁ‘?{\t‘l\%ﬁﬁgg g‘?{a@@g’% %@%Zﬂ“ﬁ\ﬁh I{Iﬂﬁa‘?’ew%rrh%t@%g&ﬂas
ol v | _ : : . |
manut act ur ed-byOARRER B editinodtids 68 pRat REM A RAR SERRERE,

a dropping funggy ami%&f’@ﬁﬁef Borhpx" ﬁ%&tﬂﬂ?rlﬁi;égﬁgh@ﬁ oP 8bfon! ﬁ’iffﬁoigidi;o? c

m nutes, and the mxture was stirred at a tenperature o

for 90 njnut esyitdNig@r halide ¢oapRRLd, ateR ad @it@fium tetrachloride, titanium
5- et hyl i dene- 2- nor bonmene was confn-med by gas chromat ograph anal ysi s,

the reaction migttabremidks andtitapilirh eetbfiodiday ihe halideeompailsgsuch. 46 thol )
of potassium hydroxide (a special grade reagent, manufactured by

| CANTO CHEM CAlet@@hlorideC tin detchbsofude,. anid tinhtmiodidsvalumanuhahslideed
by 1 CANTO CHEM CAL CO,, INC.) were gradual [é@lSadd‘ed, and the mxture
was stirred at camppynds shepe phuminumorichinrides alkyldielorogl sl

X
S SR L AT
solut1 o0 200t e il e Veb BB U ALY TS DR A g,

filter paper, I sy hefl t S b
evaporator to obt ?dr?lgrﬁgd% prG(glg&ur(l:éttés;I J([)E{dt%?%fhl%lilﬂger?g?@ﬁ@r o%%%o?s and
255-ethyl i dengmiufor besmagilorilé14 7dndl hemetiledugliRexidegSSUhRh  as
distillation was perforimed for the

tetraalkoxytitanium. Among these Lewis acids, boron ftrifluoride,

15 aluminum trichloride, ethyldichloroaluminum, tin tetrachloride, titanium
tetrachloride, and the like are preferred. For the used amount of the
Lewis acid, 0.01 to 1000 millimolar equivalents can be used with
respect to 1 mole of the monomers of the raw materials, and the used
amount of the Lewis acid is preferably in the range of 0.05 to 500

20 millimolar equivalents.
[0132] Further, it is also possible to allow an electron donor component
to coexist when performing living cationic polymerization, as required.
This electron donor component is considered to have the effect of
stabilizing growing carbon cations and/or the effect of trapping protons

25 in a system, in cationic polymerization, and by the addition of electron

donors, a polymer having a controlled structure and a narrow molecular
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obt ai ned crude products, and a fraction at a reduced pressure of 2
intnHg and a tenperature of 84 to 85C was collected to obtain 59.1 g
of a m xture of 5-ethylidene-2-norbornanol and

5- et hyl i dene- 3-norbornanol (hereinafter referred to as a "m xture of
5et hyl i dene norbornanol s") as a colorless transparent |iquid. [0148]
[ Chem cal Fornula 32] CH3COOH 112804KCH ' - tol ueneC21-150H

Lo168) For the ot Sedh o sych oo LRl bt
R el vers, 2y ML S skl SOSHEETNS T Ry el ©
002, (%) MRy 1LY S i et At 64
60. Examples thereof include pyridines, such as «-picoline and
5 di-t-butylpyridine, amines, such as tiriethylamine, amides, such as
dimethylacetamide, sulfoxides, such as dimethyl sulfoxide, esters,
phosphorus compounds, or metal compounds having an oxygen atom
bonded to a metal atom, such as tetraisopropoxytitaniom.
[0133] In addition, it is possible to use a reaction solvent in the above
10 cationic polymerization. Examples of the reaction solvent include a
single solvent selected from the group consisting of halogenated
hydrocarbons, aliphatic hydrocarbons, and aromatic hydrocarbons, or a
mixed solvent thereof,
[0134] As the halogenated hydrocarbons, chloroform, methylene
15 chloride, 1,1-dichloroethane, 1,2-dichloroethane, n-propyl chloride,
n-butyl  chloride, 1-chloropropane, 1-chloro-2-methylproparne,
1-chlorobutane, 1-chioro-2-methylbutane, 1-chloro-3-methylbutane,

1-chloro-2,2-dimethylbutane, 1-chloro-3,3-dimethylbutane,
1-chloro-2,3-dimethylbutane, 1-chloropentane,
20 1-chloro-2-methylpentane, 1-chloro-3-methylpentane,
1-chloro-4-methylpentane, 1-chlorohexane, 1-chloro-2-methylhexane,
1-chloro-3-methylhexane, 1-chloro-4-methylhexane,
1-chloro-5-methylhexane, 1-chioroheptane, 1-chlorooctane,

2-chloropropane, 2-chlorobutane, 2-chloropentane, 2-chlorohexane,
25 2-chloroheptane, 2-chlorooctane, chlorobenzene, and the like can be

used, and a solvent selected from among these may be single or may be
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| R measur enent detected wave nunbers (cnl): 3328, 2960 1H NWR

measur enent [499.75 MHz, CDCl13, internal O standard 'MsS]: Wen a
chem cal shift (PPM, a splitting pattern, and the nunber of protons
wer e nmeasured, signals corresponding to the ethylidene 20 nor bonanol

i somers represented by fornmula (a-1) to fornula (a-4) were observed,
and anong them two types were mainly observed. Obtained results are
shown in Table 1. 1[n[p151 Table 1] Main product 1 Main product 2 PPM
(Splitting patP@F”ﬁO mb‘Fl“ ‘Eﬁ’@?ﬂ?‘% BPM (Splitting pattern,

2322 43 (m BT s Appfe SRygBGiborts D préepd, (bitund Hentaps.
neopentane, hexane, he:ptane, octane, cyclohexane, methylcyclohexane,
and ethylcyclohexane are preferred, and a solvent selected from among

5 these may be single or may be one composed of two or more
components.
[0136] As the eromatic hydrocarbons, benzene, toluene, xylene, and
ethylbenzene are preferred, and a solvent selected from among these
may be single or may be one composed of two or more components,

10 [0137] In the above cationic polymerization, when using the reaction
solvent, it is preferred to, considering the solubility of the obtained
polymer, the viscosity of a solution, and the ease of heat removal, use
the solvent so that the concentration of the polymer is 0.1 to 80% by
mass, and in terms of production efficiency and operability, it is more

15 preferred to use the solvent so that the concentration of the polymer is 1
to 50% by mass. In addition, as monomer concentration during the
polymerization, about 0.1 to 8 moles/liter is preferred, and about 0.5 to
5 molesfliter is more preferred. In addition, the used amount of the
organic solvent during the polymerization is preferably 0.5 to 100 times

20 amount, with respect to the monomers used, in terms of appropriate
viscosity and the control of heat generation.

[0138] For various raw materials used in the above cationic
polymerization, indusirially or experimentally available ones can be
used, but if substances having active hydrogen, such as water, alcohols,

25 and hydrochloric acid, and compounds having a chlorine atom bonded

to tertiary carbon, other than an inifiator, are coniained in the raw

38



3.80 (br, 111)

3.80 (hr. 111) 5.39 (br, 1H) 5.19 (hr. 111) [0152]

| 3C- NVR neasurenent [125.66 MHz, CDCl3, internal O standard: TMS]:
Wien a chem cal shift (PPM and a carbon class were 5 neasured,
signals corresponding to the ethylidene norbornanol isomers

represented by

formula (a-1) to fornula (a-4) were observed, and

anong them two types were nmainly observed. (btained results are

shown in Tabl e

using a DEPT nialtiialiehesaelereme die sauses ghpr

2. The carbon cl ass, was det er.m ned by Nﬁ anal ysi s
Q? tE}UOREr 98

10secondary, tertia

[ Table 2] Main
(Car bon cl ass)

10

15

20

25

uat er nat: carbons, r pect i ve 153]
oot SdaMiPit L 15 PR B erSly o
purlﬁcatq A ot c‘oncén%atmns as low as possible. In addition, it is

necessary to prevent these impurities from entering from outside during
the operation of the reaction. In order to efficiently obtain the target
polymer, it is preferred to control the total number of moles of the
impurities to 1 time or less, based on the total number of the
polymetization start points of the initiator, and it is more preferred to
control the total number of moles of the impurities to 0.5 times or less.

[0139] The above cationic polymerization is preferably performed °
under an atmosphere of an inert gas, such ag nitrogen, argon, or helium.,
For pressure during the polymerization, it is possible to adopt any
condition, such as .aﬁnospheric pressure or applied pressure, considering
the type of the monomers, the type of the organic solvent,
polymerization temperature, and the like. In addition, it is preferred to
perform polymerization under sufficient stirring conditions so that a
polymerization system is uniform. The above cationic polymerization
can be performed, for example, by a batch method or semibatch method
of sequentially feeding the polymerization solvent, the monomers, the
catalyst, and an initiator and chain transfer agent and the like as
required, to one reaction container, Alternatively, the above cationic
polymerization may be performed by a continuous method in which a
reaction is performed while the polymerization solvent, the monomers,
the catalyst, and an initiator and chain transfer agent and the like as
required are continuously fed into a certain system, and further a

product is removed.  The batch method is preferred in that it is easy to
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34.5 (D) 34.8 (D) 35.2(D) 35.6(T) 35.7(T) 37.5(D) 41.3(D) 41.2(D)
53.5(1) 48.2(T) 74.2(T) 74.2(T) 114.1(1) 115.5(1) 141.3 (Q 140.3 (Q

control a polymerization start time point, and the concentration of the
polymerization catalyst during the polymerization, and so on.
[0140] Polymerization temperature affects the average molecular
weight of the obtained vinyl ether-based polymer, and therefore,
5 polymerization temperature adopted should be appropriately selected
according fo a target average molecular weight, and polymerization
temperature is preferably about -80°C to 20°C, and further preferably
about -70 to 0°C, and polymerization time is generally about 0.5 to 180
minutes, preferably about 20 to 150 minutes.

10 [0141] In the above cationic polymerization, it is preferred to stop the
polymerization reaction by the addition of alcohols, such as methanol,
for subsequent ease of handling, but a method for stopping the
polymerization reaction is not-particularly limited to this, and it is
possible to apply any of conventiohal common means, and it is not

15 necessary to particularly perform a stop reaction anew,

[0142] The form of a reactor used in the above cationic polymerization
is not particularly limited, but a stirred tank reactor is preferred. Iis
structure is not particulacly limited, but is preferably, for example, a
structure that has a structure in which cooling in a jacket portion is

20 possible, and that can uniformly mix and react the monomers, and the
catalyst and an electron donating agent sequentially supplied. The
structure may be a structure in which accessory equipment, such as an
internal cooling ceil and a reflux condenser, is provided to improve
cooling ability, and a baffle can be provided to make a mixed state good.

25 A stirring blade used in the stirred tank reactor is not particularly

limited, but is preferably one in which the performance of the vertical
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[ 0154] (Production of Ethylidene Norbonyl-Vinyl Ethers) The
production of ethylidene norbonyl-vinyl ethers was perfornmed using

t he above m xture of ethylidene norbomanols. [0155] First, as a

synt hesi s apparatus, a four-neck flask having an internal volune of
2000 mL, equipped with a revolution 5nunber-variable stirrer, a
reaction tenperature indicator, a reaction dropping port, a reflux
tube, and a gas,injection port, s placed i,n,a, heating nedi ath

i n whi ch t enpeFHEYPEOR GRE ABIXKINGO 6§§$°51°@ﬁ111935%]31§36.agagfﬁ(%@%%ﬁn) of
sodi um car bonat e

Chem cal 1 nousPRetees o aRsiade) BoUnRg JoAdle, FERS il CURIHLPPP ARG
¥n F%ﬁlﬁ,”t aﬁ_ﬂiﬁ%ﬁﬁ%%eﬁﬁ?ﬂ “Boner iy, ot sty ol Ci\%&?ﬂcghe
170) was acdoRoDERRafoh ARHARLNIGHAYCG s Rl Bibivgists, =2

propi oni g aci dldr%@fblﬁdéﬁt Héﬂﬁﬁpérsgelﬁoﬁé?ﬁ\/ detEM & ANRUSTRXBIBND

LTD.) was dropped over 5 mn After the dropping, 8.0 g (11,90

nunol ) of an [ blgde(sPUNLZOERbMdE, { BANNBEIER blhdeya WHKO nffueeblade,
Chem cal Industries, Ltd.) was added, further, 87.2 g (631 mmol) of
t he ni xture of aed hyhe delescritmdb ann afaphisesdi Radénte dApplication a Iafid-Open
1,4-clioxane (a dehydrating 20reagent, manufactured by | CANTO
CHEM CAL CO., PnidigatisasNar 3@%&3%% nrefesably wsed inhe medigmr esorsity
stirred for 8 hours.  [0157] .Then, the reaction |iquigd v,\ﬁts cooled. to
room t enper at ufegiopdar whichnths polyaskization mndi Frastionaiand wpepsity is

extract with ethyl acetate, (manufactur.ed 0 Co., Ltd.

T e e | PsSierpRC o Gormimroes 4o Snieod materds o Septits id, g Bpchor

tinmes, and dri i i Sl fi e i al :

e o A B Pog bk Rl SRaE PRBRIB SRR bite Hil e fice
are preferably used in a high viscosity region in which the

polymerization and reaction liquid viscosity is several hundreds of
poises or more,

15 [Examples]

[0143] The present invention will be specifically described below by
Examples, but the present invention is not limited to these Examples.
[0144] [Example 1]

(Production of Ethylidene Norbornanols)

20 As a synthesis apparatus, a four-neck separable flask having an
internal volume of 5000 ml, equipped with a revolution
number-variable stirrer, a reaction temperature indicator, a reaction
dropping port, a reflux fube, and a gas injection port, was placed in a
heating medium bath in which temperature control is possible. 228.5 g

25 (1.9 mol) of 5-ethylidene-2-norbornene (manufactured by Nippon Oil
Corporation), 2000 mL of toluene (a special grade reagent,
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then, the sodiumsulfate was filtered using a Kiriyama funnel

equi pped with Kiriyama filter paper, and the solvent of the filtrate
was renoved by an evaporator to obtain 120.12 g of a bl acki sh brown
oily crude product. Reduced pressure distillation was perforned for
the obtained 5 crude product, and a fraction at a reduced pressure of
100 Pa and a tenperature of 43 to 45C was collected to obtain 78.36 g

of a target m xture of ethylidene norbornyl-vinyl ethers as a
col orl ess tranmuﬁawwﬁd@wi%’ak?@mphﬁmw@m stiess fatd.p el 342 g 4547 +

Lol ubne 10( b BE bosts 2534 15 AT a1 FeAEstn PRBHBINER S RARTO) o
anal yeT's vas. PEARSLATRAPUCOSRE GIRL R AL ee RS T LTyRY L F
Formul a (b 1) tourar OEBEIRGRETE T “anal yei o resul ts ave
shown begow. [ 6@l Whlkhefed ikttt stlrellB49836 W BBBf shifiudt acilib4
(a special grade reagent, manufactured by Wako Pure Chemical
Industries, Ltd.) was dropped from a dropping funnel provided in the
teaction dropping port in 5 minutes, and the mixture was stitred at a
liquid temperature of 107°C for 90 minutes. After the disappearance
10 of 5-ethylidene-2-norbormene was confirmed by gas chromatograph
analysis, the reaction mixture was cooled to 50 degrees, then, 427 g (7.6
mol) of potassinm hydroxide (a special grade reagent, manufactured by
KANTO CHEMICAL CO., INC) and 800 mL of ethanol (95%,
manufactured by KANTO CHEMICAL CO., INC.) were gradually
15 added, and the mixture was stirred at a liquid temperature of 90°C for 1
hour,
[0146] The reaction liquid was cooled to room temperature, and then,
the reaction liquid was poured into a 5000 mL beaker containing 2500
mL of a saturated saline solution. Then, a separated organic layer was
20 transferred to a separatory funnel, washed with a saturated saline
solution again, and dried with magnesium sulfate. The maghesium
sulfate was filtered using a Kiriyama funnel equipped with Kiriyama
filter paper, and the solvent of the filtrate was removed by an evaporator
to obtain crude products of 5-ethylidene-2-norbormanol and
25 5-ethylidene-3-norbornanol.

[0147] Then, reduced pressure distillation was performed for the
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| R measur ement detected wave nunber (cm1l): 2965 20El ementary

anal ysi s: nmeasured values C 80,0, H9.7 (theoretical values C 80.4, H
9.8) 111-NMR neasurenent [499.75 WMHz, CDCl3, internal O standard
TMS] : When a chemical shift (PPM, a splitting pattern, and the
nunber of protons were neasured, signals corresponding to the isoners
of ethylidene norbornyl-vinyl ether represented by fornula (b-1) to

obser ved. | Cot kPRI STIRS PG M # HrIFABReAth TegUEH DISFRBECOR ]
pr ot ons) P { SRHE R freGRRIe oh 88 iadser Yo sAlfebi B8P b (m
111) 1.29-1.31 oI J11) e 13of M S%ylidene-2-norbornancl  and
5-ethylidene-3-norbornanol (hereinafter referred to as a "mixture of
5 ethylidene norbornanols") as a colorless transparent liquid.

[0148] [Chemical Formula 32]

CH4COOH

W ¢ _H80,  KOH
taluene CoHs0H
HO
HO HO.
., o

(@) (a-2) (23) ta-4)

[0149] For the obtained mixture of ethylidene norbornanols, structure
analysis was performed by gas chromatograph-mass spectium
10 (GC-MS), IR analysis, and NMR analysis, and it was confirmed that a
mixture of isomers of ethylidene norbornanol represented by formula
(a-1) to formula (a-4) was produced. Analysis results are shown
below.
{0150] (Analysis Results)
15 GC-MS measurement [M/Z]: 138
IR measurement  detected wave numbers (om™): 3328, 2960
'H-NMR measurement [499.75 MHz, CDCl,, internal 0 standard TMS]:
When a chemical shift (PPM), a splitting pattern, and the number of
protons were measured, signals corresponding to the ethylidene
20 norbornanol isomers represented by formula (a~1) fo formula (a-4) were
observed, and among them, two types were mainly observed.

Obtained results are shown in Table 1.
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1.48-2.13 (m
(br,

111) 6.23-6.37 (m 1H)
i nt er nal
carbon class were 10 neasured,

CDCl 3,

of ethylidene
formul a (b-4)

s |
observed. Qot akﬁﬁe L

determ ned by

911) 2.44 (br,

[ 0162]
0 standard TMS]:

nor bor nyl - vi nyl
observed,

1H) 2.38 (br,

When a chem cal

111) 2.79 (br,
111) 3.85-4.01 (m 21.1) 3.85-4.01 (m 211) 4.13-4.21 on
4.13-4.21 (m 1H) 5.42-5,45 (m 111) 5.22-5.26 (m 1H) 623-6.37 (m
BC-NM ft neasurenent [125.66 Mz,
shift (PPM and a
signals corresponding to the isoners
ether represented by fornmula (b-1) to
and anong them two types were mainly
sults are shown in Table 4. The carbon cl ass was
alysis using a DEPT neasurenment nethod. S,

1H 3.11

Main product 1 Main product 2
PPM (Splitting pattern, | PPM (Splitting pattern,
the number of protons) | the number of protons)

1.21-2.10 (m, 9H) 1.21-2.10 (m, SH)

2.32-2.43 (m, 2H) 2.32-2.43 (m, 2H)
2.57 (br, 1H) 2.86 (br, 1H)
3.80 (br, 1H) 3.80 (br, IH)
5.39 (br, 1H) 5.19 (br, 1H)

[0152] PC-NMR. measurement [125.66 MHz, CDCl;, infernal 0
standard: TMS]: When & chemical shift (PPM) and a catbon class were
5 measured, signals corresponding to the ethylidene norbornanol isomers
represented by formula (a-1) to formula (a-4) were observed, and
among them, two types were mainly observed. Obtained results are
shown in Table 2. The carbon class was determined by NMR analysis

using a DEPT measurement method. S, D, T, and Q represent primary,

10 secondary, tertiary, and quaternary carbons, respectively.
[0153]
[Table 2]
Main product 1 Main product 2
PPM (Carbon class) PPM (Carbon class)
14.0 (8) 14.6 (8)
34.5 (D) 34.8 (D)
35.2(D) 35.6 (T)
35.7 (T) 37.5(D)
41.3 (D) 41,2 (D)
53.5 (1) 48.2(T)
74.2 (T) 74,2 (T)
114.7 (T) 1155 (T)
141.3 (Q) 140.3 (Q)

[0154] (Production of Ethylidene Norbornyl-Vinyl Ethers)
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15D, T, and Q represent primary, secondary, tertiary, and quaternary

carbons, respectively. [0163] [Table 4] WMiin product 1 Miin product

2 PPM (Carbon class) PPM (Carbon class) 14.1(S) 14.7(S) 34.8 (D) 35.5
(D 35.7(T) 35.6(T) 35.8 (D) 37.9 (D) 38,8 (D

The production of ethylidene norbornyl-vinyl ethers was

performed using the above mixture of sthylidene norbornanols,
[0155] First, as a synthesis apparatus, a four-neck flask having an
internal volume of 2000 mL, equipped with a revolution
5 number-variable stirrer, a reaction temperature indicator, a reaction
dropping port, a reflux. tube, and a gas injection port, was placed in a

heating medium bath in which temperature control is possible.
[0156] 66.9 g (631 mmol) of sodium carbonate (a special grade reagent,
manufactured by Wako Pure Chemical Industries, Ltd.) and 500 mL of
10 toluene (a dehydrating reagent, manufactured by KANTO CHEMICAL
CO., INC,) were placed in the flask, and heated to a liquid temperature
of 90°C. 108.65 g (1262 mmol) of vinyl acetate (manufactured by
TOKYO CHEMICAL INDUSTRY CO., LTD.) was added to the flask,
and further, 9.4 mi (126 mmol) of propionic acid (mannfactured by
15 TOKYO CHEMICAL INDUSTRY CO., LTD.) was dropped over 5
minutes. After the dropping, 8.0 g (11.90 mmol) of an [IrCi(cod)],
catalyst (manufactured by Wako Pure Chemical Industries, Ltd.) was
added, further, 87.2 g (631 mmol) of the mixture of ethylidene
norbornanols dissolved in 500 mL of 14-dioxane (a dehydrating
20 reagent, manufactured by KANTO CHEMICAL COQ., INC.) was

dropped over 1 hour, and the mixture was stirred for 8 hours.

[0157] Then, the reaction liquid was cooled to room femperature,
poured into a beaker containing water, and exfracted with ethyl acetate
(manufactured by Godo Co,, Ltd)) 3 times, Then, an obtained organic
25 phase was washed with water 2 times, and dried with sodium sulfate (a
reagent special grade, manufactured by NACALAI TESQUE, INC.),
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38,6 (T) 50.0(T) 44.8(T) 80.2(T) 79.1 (T) 87.7 (D) 87.6 (13) 115.5(T)
116.2(T) 140.8 (Q 139.8 (Q 150.2(T) 150.2(T) [0164] [Example 2]
The production of a polyner of ethylidene norbornyl-vinyl ether was
performed using the m xture of ethylidene norbonyl-vinyl ethers
obtained in Exanple 1. 5[0165] A three-neck flask having an internal
volume of 50 nml ..,

then, the sodium sulfate was filtered using a Kiriyama funnel equipped
with Kiriyama filter paper, and the solvent of the filtrate was removed
by an evaporator to obtain 120.12 g of a blackish brown oily crude
product, Reduced pressure distillation was performed for the obtained
5 crude product, and a fraction at a reduced pressure of 100 Pa and a
temperature of 43 to 45°C was collected to obtain 78.36 g of a farget

mixture of ethylidene norbornyl-vinyl ethers as a colorless fransparent

liquid,
[0158] [Chemical Formula 33]
(IrCi(cod)),
0 gar?%SOOH
215
(a-1) + (a-2) + (8-3) + (a-4) + 20 —"*1,4-dioxane
toluene
=\
=\, =\ N 0
RO G Sl GO
. 3
10 {b-1) (b-2) (b-3) (b-4)

[0159] For this product, structure analysis was performed by gas
chromatograph-mass spectrum (GC-MS), IR analysis, elementary
analysis, and NMR analysis, and it was confirmed that isomers of
15 ethylidene norbornyl-vinyl ether represented by formula (b-1) to
formula (b-4) were produced. Analysis results are shown below.
[0160] (Analysis Results)
GC-MS measurement [M/Z]: 164
IR measurement  detected wave number (cm™): 2965
20 Elementary analysis: measured values C 80,0, H 9.7 (theoretical values
C 80.4,H9.8)



equi pped with a reaction tenperature indicator, a reaction dropping
port, and a gas injection port, was used as a synthesis apparatus,
and nitrogen was allowed to flow for 10 m nutes to nmake the inside of
the flask be under a nitrogen atnosphere. A stirrer, 1.68 g (10.2
mmol ) of the 10 m xture of ethylidene norbonyl-vinyl ethers, and 10
m. of toluene distilled according to a conventional nmethod were added

to :c?& ”cgﬁi"gn? :Ml&nﬁ“ e%'@é"xfr‘éwéﬁf [%5’&?@@%&5?@%%@5@%%@33@%2

' i dei di A TOKYO CHEM CAl
| NDUSTRY 35 CIeR srmrical s SRR & St Bt fod e mulelercy

-65C .

Stit ?EQSf or 5° REIPLS R SRaA, SeialD torihiShbacyf 10e TRl ELs to
0C, 3 280 0 i g | {
by KaNTO cerem EXSARIE “ReBSETIEY, aet) iepHedl Y by Dot HIRH HoPC
for 10 m nut es g, iR g,faﬂf? %réb?é&vwsaxﬂr AREEE thedt, CwiRty b@@ﬁ&eré mdihR a

500 mL beaker, a precipitate formed, and by col ['ecting the

precipitate byobfigv&d.i | ObRinedtefiRraté slswein Pabfe 3l yama funnel, 1.21 g
(yield 729% of a polyner of ethylidene norbonyl-vinyl ether was

obt ai ned. [O016Q}1q1THEsbled] Formula 34] Qit.c."7" t (b-3)

(b-1)(b-2) (oM produet 1 “Main product 2
PPM (Splitting pattern, | PPM (Splitting pattern,
the number of protons) | the number of protons)

1.29-1.31 (m, 1H) 1.29-1.31 (m, 1H)
1.48-2.13 (m, 9H) 1.48-2.13 (m, 9K
2.44 (b, 1H) 2.38 (br, 1)
2.79 (br, 1H) 3.11 {(br, I1H)
3.85-4,01 (m, 2H) 3.85-4.01 (m, 2H)
4,13-4.21 (m, 1H) 4,13-4.21 (m, 1H)
5.42-5.45 (m, 1H) 5,22-5.26 (m, 1H)
6.23-6.37 (m, 1H) 6.23-6.37 (m, 1H)

[0162] “C-NMR measurement [125.66 MHz, CDCl, intetnal 0
standard TMS]: When a chemical shift (PPM) and a carbon class were

10 measured, signals corresponding to the isomers of ethylidene
norbornyl-vinyl ether represented by formula (b-1) to formula (b-4)
were observed, and among them, two types were mainly observed.
Obtained results are shown in Table 4, The carbon class was
determined by NMR analysis using a DEPT measurement method, S,

15 D, T, and Q represent primary, secondary, terfiary, and quaternary
carbons, respectively.

[0163] [Table 4]
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toluene BF3.0Et2 (r)p kg")0 -613C-401C, 2h [0167] For the obtained
pol ymer, structure analysis was perforned by 10 nucl ear magnetic
resonance spectroscopy (NVR), and it was confirmed that a pol yner
represented by formula (c-1) was obtained. In 1H NVR neasurenent, the
signal (6.23 to 6.37 ppm derived fromvinyl ether in the ethylidene
nor bor nyl -vi nyl et her disappeared, the signal of an ethyIidene gr oup

was observed atr5:0p u 5. pT n an e 15 a-position
of ether oxygen—was dil E 50—p mtpﬁ@ﬁa&sn“. t+ons of the

1H NVR neasur enentPBM(@ﬂJbQQ 01’@3)\#12 (Carban clailer nal 0 st andard
TVS. [0168] In Jadditidd.]l(8)s ol equl ar wddghfSinas rreasur ed by gel
pernmeation chrom@ﬂjﬁq . Ror the3' ~; red nollecul ar wei ght,
a nunber - aver age—note weTght—(ivin) a wei ght - aver age
nol ecul ar wei gh 5046 dnd My ER-3s : [0169] [ Exanple
311 5The produdtion of35d () yrer df et hyB7&ED norbogyl - vi nyl et her
was performed uUnder regg@ (N condijtions GBfG(é]‘)ent fram those of

Exanpl e 2, using tne of ethyllde bornyl vinyl ethers
obtained in Ex rg(m‘me Qﬂ

IIJIUJ_ O—A-tHree-ne iing an i nternal
vol une of 50 nt mz’med wi t} qture indicator,
a reaction drogpi nq pc8r7t7 (B)td a qas inj e§t7|5(3@)port was used as a
synt hesi s apparfat us, apsisiCyrogen was al too@@ryo flow for 10 mi nutes
to make the ing de ot ihg aSK be under{s @ ogen gt nosphere. A

. FIARR 135,810} 09
stirrer, 251 r =] \.l.uu Buo t+h |r|/\tu[ ITtuyllLene
nor bor nyl - vi nyl etherl Kﬂf)1 5 ml of tao tilled by a
conventi onal tnsrzr!g ﬁ,d%ed to the flask, and the flask was
imrersed in a Co saIP e water bath to cool contents to -9C.
Then, 0.05 equi val entie firbddctidn o4 pelyidr aif ethiylidone nothomylebngyDeths? M
an isooctane solution (prepared froma product nanufactured by
Al drich)) was eraepmefbrmat dsirg themmixtwonof ethylidene aotomyl-vingt ethersd t o
20 -6C. Then, the contents were stirred for 1 hour and a half while
t he t enper at ur ebteinedgndikaamle li ncr eased to 0C, and 3 drops of a 28%
to 30% anmoni a_a eous sol uti on uf.act ured | CA CAl
NC.) wer2 addedOl Ben-Reck ks Reving pihe & alhaﬁﬂ;n?qufﬁg 100
. beaker, a precelﬁllp e % sIPe%c”tE ot tempergt%re indicator, a reaction dropping port,

(fa)

and a gas injection port, was used as a synthesis apparatus, and nitrogen
was allowed to flow for 10 minutes to make the inside of the flask be
under a nitrogen atmosphere. A stirrer, 1.68 g (10.2 mmol) of the
10 mixture of ethylidene norbornyl-vinyl ethers, and 10 mL of toluene
distilled according to a conventional method were added to the flask,
and the flask was immersed in a dry ice-methanol bath to cool contents
to -68°C.  Then, 0.02 equivalents (26 L) of a boron trifluoride-diethyl
ether complex (manufactured by TOKYO CHEMICAL INDUSTRY
15 CO., LTD.) was dropped. At the time, the increase of confents
temperature was seen up to -65°C.  Then, the contents were stirred for

2 hours while the temperature was gradually increased to 0°C, 3 drops
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25col l ecting the precipitate, 34 ng (yield 21% of a polymer of

et hyl i dene nor bonyl -vinyl ether was obtained. [0171] For the

obt ai ned pol yner, structure analysis was perforned by nucl ear

magneti ¢ resonance spectroscopy (NVR), and it was confirmed that a
pol yner of ethylidene norbonyl-vinyl ether was obtained, In Il-1-NWR
measurenent, the signal (6.23 to 6.37 ppn) derived from5 vinyl ether

b A i
concl ons o Fﬁ@ﬁé&@éﬁﬁi\ﬁémﬁm@%m Hrompds B s for 10,
was moasur ed. by e NS IS ARl RS SRl pld BB HRe NI

and a wel ght - ady SEACHI B RIGIRRnER, b CollRBb e Mt iy (5
1. 473, 151 0173y aeberebbn VF KB o], A1 YAkl Tmbos o

pol yner was performed tsing the m xture of ethylidéene norbornyl - vi nyl
et hers obt ai negolymdpcfaiydidene abthorsylbuhyl ehe: widdbtdined septum cap, a
reflux tube to which a vacuum line was 20connected, and a tenperature
tube were attafbeib]fChemidadForthula 3Ar ee- neck flask, a stirrer bar was
placed in the flask, and degassing-nitrogen replLacement in the system
was repeated 2=F1'\(¥TES, usi n'g=\§]vacu mTiye (with a enk tube), to

e -

nmake the inside ofﬁf@y@t nder a nospher ressure

ni trogen atnospher A predet ned ano of at ne sol vent
dried with calciu dride angd. distilled s injected into the fl ask
fromthe septum cgp)"?yusi ng a '{‘?ri nge. o t('MSj

]
r
BFS'OEtz p 0 q (8] \*
toluene »
BEB*C-0°C, 2h
7 | l
P

(1)

[0167] For the obtained polymer, structure analysis was performed by
10 nuclear magnetic resonance spectroscopy (NMR), and it was confirmed
that a polymer represented by formula (c-1) was obtained, In 'H-NMR
measurement, the signal (6.23 to 6.37 ppm) derived from vinyl ether in
the ethylidene norbornyl-vinyl ether disappeaved, the signal of an
ethylidene group was observed at 5.00 to 5.35 ppm, and a proton at the

15 c-position of ether oxygen was observed at 3.50 ppm. The conditions
of the 'H-NMR measurement wete 499.75 MHz, CDCls, and internal 0
standard TMS,

{0168] In addition, its molecular weight was measured by gel

permeation chromatography (GPC). For the measured molecular
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[0175] Next, the mxture of ethylidene norbonyl-vinyl ethers in a
predet erm ned nol ar anmount described in the follow ng Table 5 was
injected using a syringe. The flask was imersed in a | ow tenperature
tank (cal ciumchloride-water-ice bath) at a predeterm ned
tenperature, and after it was confirmed that liquid tenperature in
the systemreached a predeterm ned tenperature described in Table 5,
i sobutyl ene neasured in a, predeterm ned nol ar .a t described |n
Tabl e 5 was tr $eighéy ﬁeaumberrﬁ@r@%mqq@w@ywt%mamgé p¥ithE of
time when the liquid tenperature in.the tem ffi,clentl
Feached the. pr BRAYERER TalepuRs T BT MERR TR VBN was
cat al yst quuig %ﬁepared by diluting a 1. 06 and& et hyl al um nurn

di chl oride (he él after sonetines referred to as "EADC') n-hexane

solution 10 ti E‘ﬁmﬂﬁﬁlﬂﬂéiﬁi ed hexane in a glove box under a
ere-was a

nitrogen atnos ured by a syringe, and injected into the

reactor.515 [0177] Af rodudiRH OF 4 bOTcRBT SRLBIMK nbibBHiAVisyIathbon.

the |l ow tenperature tank was reno I'ask, and the flask
was al | owed t owgk apsfénddo amdee megetiinu lcondifings r édfekdran fivhx tthose Vs
subj ected to an extraction operation with a 1 N sodi um hydroxi de
aqueous sol uti Brafiple 2pasing ainel mixtnbt af rdylziche piabernyévinsid bgthersed
to an extraction 20 operation with pure water. After it was confirnmed
that pH on an ebusedsn@xaswisilde becane neutral, the solvent was

distilled off by an evaporator, and a.residue was drjed at, 1 and
60C for 12 houE(gW\Qﬂ t/h threecareke dlagk chaving & yiaterpa b’ﬁluélil#\ of tSQ%

| foi ne. Chem, | a. d-
[oi7o) Ho O%Q%g?%%%: o@géi%%p%?%ﬁ?@a%%%%g@%@m%%d
confirned t hat ot 2eb e R SE AT A R coBiels ) iromsna
(d-1) was 5 obta gweaqo@qwéf%@rﬁg@%@ﬂﬁl SnSidgH thé Fa2R HeO

6.37 ppm deri veégﬁr om-vi _ ene nor bonyl -vinyl
ether di sappeapgger 4 e @lné’ﬁnd%Ph@I@. ewwﬂr&e%l%gugwm@g%wﬁ at

5,00 to 535 ppm and a pfoton at the a-position o t her oxygen was
observed at 3. hfixiRiMof Bilkylidendi ddrboghybivirdyl etidds NMRI res sl esferplueter e
10 499.75 MHz, CDCI 3, and internal 0 standard TMS. In 13C NWR
nmeasur eifent , adistilad by deconventidiab metlrordreareaiddeti ¢o thepfmds s thef flasiher
oxygen was observed at 78.9 ppm a signal derived fromthe tertiary
carbon of the wahyhimesed inraorommen selbdes wattr dathlfbiosl contents to -$Hm
and a signal derived fromthe quaternpary carbon of et hyl i:den
group was 150bs8efkdH0aequy pmh-ﬁmﬁpfﬁ alwmaﬁi&qﬁ%é&{(bﬂg'fhg
13C NWR

an isooctane solution (prepared from a product manufactured by
Aldrich)) was dropped. At the time, contents temperature increased to
20 -6°C. Then, the contents were stirred for 1 hour and a half while the
temperature was gradually increased to 0°C, and 3 drops of a 28% to
30% ammonia aqueous solution (manufactured by KANTO
CHEMICAL CO., INC.) were added. By dropping the mixture into
methanol filling a 100 mL beaker, a precipitate formed, and by
25 collecting the precipitate, 34 mg (yield 21%) of a polymer of ethylidene

notbomyl-vinyl ether was obtained.
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measur enent were 125.66 MHz, CDC13, and internal O standard TNS.
[0180] For the obtained isobutyl ene-based pol yner, a weight-average
nol ecul ar wei ght was neasured by gel perneation chromatography
(GPC), and a copol ynerization introduction ratio was cal culated from
the results of the 1H NlvR neasurenent. In addition, the gl ass

transition tenperature of the obtained isobutyl ene-based pol yner was
measured. Measurement results were a stggml' Lahiewas pelfohBdd by

[ Exanpl es 5 t o[@171] For F@b%‘%@ﬁlémge&s po'{e;hrlr]e?jg’ Werepgbt ai ned das
in Exanpl e 4 except that .the f rati | hed & was gonfyine
ethers, an EADBUE F%W%et%%‘?@%g’g%df@osg&%% era)%!ure, and yield were

changed as described j A& ndribereiitvi estherewqae axtitaiged.

I sobut yl ene- bagl%a& A 981@5%%%,?112‘5 u%turg%gnal);}si s was_perforned by
nucl ear magnet iig - NABSSrGRaR! Hes sl (BI2B) to &3d ppm)ederbisas Ped
that target pol were obtalned. I'n addition, the asur enent, of a
wei ght - ayer age 1e kAN VYak gﬁhylb&emehon’meﬂ‘rbﬂﬁlﬂlﬁne@m? E%PBS?fgﬁh;%he
(GPC), the calculation of a copolynerization intrqduct] ratio 4o
the 15 anal ysigopil ofha etiegdidens gnmunmasnbﬁprﬂé‘é%ﬁgﬁeﬁ%%?gg%’%ﬁg’da/
measur enent of ass transition tenperature were perfor he
measur ement of (ghtmsat thnaipdstiont ofipthentasygen ﬁ%@s&%ﬁﬁﬁgsﬁoﬁpﬁl
repeatedly performed 2 tinmes for enper at ur.e. ranog M9 ¢oCE30C
at a tenper aturﬁlécmmbmqféh%%ﬂfﬁMW‘HeWﬁWeﬁ a nlgﬁ%gen ’ b

at nosphere, using D ampnd ZO%STmuf actured by PerkinEl nmer, and the
second det ect echndelﬂﬁm%lt(lﬁt@ ‘erm ned as the glass transition

tenmperature of a _sample of. .interes u t weRS yhdasumer doyasgel
shown i l0rabl e B17¢ 2?841?3‘& e‘_[s‘f']ﬁmle _a?rpf‘@{%ﬁExarrpl e 5 Exanple. 6
Exampl e 7 Feed ﬁ%h{e%ﬁ&r{oéﬁron{a%gr%h}?f@mbutFblerthévm%ured hisodeco b 5

welght, a number-average molecular weight (Mn) was 2529, and a

weight-average molecular weight (Mw) was 3727, and Mw/Mn was

1.474,

15 [0173] [Example 4]
The production of an isobutylene-based polymer was performed

using the mixture of ethylidene norbornyl-vinyl ethers obtained in
Esample 1, and isobutylene.
[0174] A septum cap, 2 reflux tube to which a vacuum line was
20 connected, and a temperature tube were attached to a 100 mL three-neck
flask, a sticrer bar was placed in the flask, and degassing-nitrogen
replacement in the sysiem was repeated 2 times, vsing a vacuum line
(with a Schlenk tube), to make the inside of the system be under an
atmospheric pressure nitrogen atmosphere. A predetermined amount
25 of a tolvene solvent dried with calcium hydride and distilled was

injected into the flagk from the septum cap, using a syringe.
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90/ 10 85/ 15 85115 EADC catal yst amobunt (with respect to % by mass of

nmononers) 4.0 33 3,4 3.4 Reaction tenpera .
Reaction tine (hours) 2 2 2 nmperature (C) -20 10 10 -20

[0175] Next, the mixture of ethylidene norbornyl-vinyl ethers in a
predetetmined molar amount described in the following Table 5 was
injected using a syringe. The flask was immersed in a low temperature
tank (calcium chioride-water-ice bath) at a predetermined temperature,
5 and after it was confirmed that liquid temperature in the system reached
a predetermined temperature described in Table 5, isobutylene measured
in a predetermined molar amount described in Table 5 was transferred to
the reaction system.
[0176] At a point of time when the liquid temperature in the system

10 sufficiently reached the predetermined temperature described in Table 5,
a catalyst liquid prepared by diluting a 1.06 mol/l, ethylaluminum
dichloride (hereinafter sometimes referred to as "EADC") n-hexane
sofution 10 times with purified hexane in a glove box under a nifrogen
atmosphere was measured by a syringe, and injected into the reactor.

15 [0177] After 2 hours from the catalyst liquid injection, the low
temperature tank was removed from the flask, and the flask was allowed
to stand to room temperature. The reaction mixture was subjected to
an extraction operation with a 1 N sodium hydroxide aqueous solution
(2 times), and an obtained oil phase was subjected to an extraction

20 operation with pure water. Afier it was confirmed that pH on an
aqueous phase side became neufral, the solvent was distilled off by an
evaporator, and a residue was dried at 1 mmHg and 60°C for 12 hours
with a reduced pressure dryer to obtain a target copolymer of
isobutylene.

25 [0178] [Chemical Formula 35]
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2 Yield (% 32.3 39 57.5 42 Copol yneri zation introduction ratio
(11.1-NIVIR) 99/1 98/2 98/2 95/5 GPC-Mv 5100 6300 2400 1900 d ass
transition tenperature (t)

10

15

RO oS O

(b-1} b-2) (b-3) {b-4)

C HAICI,
toluens
-20°C. 2h

[0179] For the obtained copolymer, structure analysis was performed by
nuclear magnetic resonance spectroscopy (NMR), and it was confirmed
that an isobutylene-based polymer represented by formula (d-1) was
obtained. In 'H-NMR measurement, the signal (6.23 to 6.37 ppm)
derived from vinyl ether in the ethylidene norbomyl-vinyl ether
disappeated, the signal of an ethylidene group was observed at 3.00 to
5.35 ppm, and a proton at the a-position of ether oxygen was observed
at 3.50 ppm. The conditions of the 'H-NMR measurement were
499.75 MHz, CDCls, and internal O standard TMS. In “C-NMR
measurement, a signal derived from carbon at the o-position of ether
oxygen was observed at 78.9 ppm, a signal derived from the tertiary
catbon of the ethylidene group was observed at 111.3 to 115,0 ppm, and
a signal derived from the quaternary carbon of the ethylidene group was
observed at 141.2 to 145.1 ppm, The conditions of the BCNMR
measurement were 125.66 MEHz, CDCls, and internal 0 standard TMS.

[0180] For the obtained isobutylene-based polymer, a weight-average

molecular weight was measured by gel permeation chromatography
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-63 -63 -67 -40 [0183] [Exanple 8] A septum cap, a reflux tube
to which a vacuumline was connected, and a tenperature tube were
attached to a 100 int, three-neck flask, a stirrer bar was placed in
the flask, and degassing-nitrogen 5 replacenent in the system was
repeated 2 times, using a vacuumline (wth a Schlenk tube), to nake
the inside of the system be under an atnospheric pressure nitrogen

TPt RS M bR BB L B

o oRERRG BT tebdilfl |
T R e e
e Yol Lont ng” llhioR ARSI BeR IR PBRe oI DASRI S

at apredet er myeduleAPM@Hsifdnorf Mhulh bike bd sHIWn FOTHLE EA ¢ hat

liquid tenperature in the systemreac 15a predet er m ned

t enperatgre def@{g’qugxglﬁpmg@tg@, | sobutyl ene neasured in a
pr edet enni ned nol ar amount described in Table 6 was transferred to

the reaction systemispBiit§heMasal polyhesf weiorebtdiesd tabein Exaingple 4
tenperature in the systemsufficiently reached the predeterm ned
t enper at ur e deszcdpbettial ther dedde ratio af isolviylene ﬁbuﬁinb!ﬁ@thms,hatmﬂADC
complex (the cggt;leyr;% e{)rImuB:tE? rie:cti%;%téjj%perature, and yield were changed as
described in Table 5. For the obtained respective isobutylene-based
10 polymers, structure analysis was pe—rfonned by nuclear magnetic
resonance speciroscopy (NMR), and it was confirmed that target
polymers were obtained. In addition, the measurement of a
weight-average molecular weight by gel permeation chromatography
(GPC), the calculation of a copolymerization introduction. ratio by the
15 analysis of the results of 'H-NMR measurement, and the measurement
of glass transition temperature were performed. For the measurement
of glass transition femperature, measurement was repeatedly performed
2 times for a temperature range of -100 to 230°C at a temperature
increase rate of 20°C/min under a nitrogen atmosphere, using Diamond
20 DSC manufactured by PerkinElmer, and the second detected
temperature was determined as the glass transition temperature of a
sample of interest. Measurement results were ag shown in Table 5.

[0182] [Table 5]
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5 mass, hereinafter sonetines referred to as "BF3t MeOH') was neasured
in a predeterm ned anmobunt described in Table 6, and injected into the
reactor. [0186] After 2 hours fromthe catalyst liquid injection, the
| ow t enperature tank was renoved fromthe flask, and the flask was
allowed 10 to stand to roomtenperature. The reaction m xture was
subj ected to an extraction operation with a 1 N sodi um hydroxide
aqueous solution (2 times), ar|dEsmpkd4 gi Betopld § |pBEesmisds| Bxdmee? ed
to an extract il peedeRes @bolertiw) {|h pure wgter. Aftdr it was [confi r med
that pH on an aﬁm%ngﬁagp silde bgsang negpmpal ,; t hgg/1s0l vientgsyas
distilled off |bye@n 15 evaporgtor, and|a residug was drigd at 1 nmhg
and 60C for 124t Sl dhoind gdUuced prgssure dryer to optfam a tarjget
copol yner of i A oy s0197]1 BQy the oRtained copol yner, 34
structure anal %gwg&r) orrfed by nugl ear 'magneti ¢ resdnancée
spectroscopy O TS i et

i sobut yl ene- b
of a wei ght-a ge nol ecul ar lwei ght h\J gpl permeation chronat ogr phy

(GPC), and th s Reachinime (hawsht [a copol yrferi zatiod int2odudtion?ratilo
by the anal ysi¥ici(he results of323 NNR né8sur enent?-her d per®ar ngd,
:25[ 0188] ( Sul { Grepdymgizhtiankabi Ility Test)| For an i|sobutyl erfe
honmopol ymer ( Contgoductibn satio Exangl e 991 T4t r a%/3% rmanud8iZt urled B¥/5Ni ppon
Q| Corporati ¢H-Xmit)t he i sobutyl ene-bgsed pol ymer of Exgnpl e 8,
sul fur crossliGranivi ty was eval usiipg@d, |basgig@oon [vi sBo8i ty cheige i|n
dynam c vi sco¢bast tranitiyn Measurienent  at [constant [tenperatyre. The

dynam c vi.scoe cﬁﬁgaﬁﬁg(jcp nmeagur en®nt as p@rformad'@si ng a o#R- 50
appar at us nmanufactured by, REOCCOGCA TNSTRUVENTS AB—Am Xture of 1 g
of the isobuty[®f3]Ekappleyler or the isobutyl ene-based pol yner, 0.04

g of sulfur as a vul cani zi ng agent, .0.01 of LER CZ- G,
(manuf act ured by QJN&SWPNR@ etent caflog TR Ahiekna vaguymkpine, vag

accel or at Pﬁgaﬁﬁﬁéiq%?efd? %@5&3@99@% P el Rl %@L@?%ﬂ%%d
T om 1000 t o 1080t St Blr BAE Spiet'¥5 b WRE, Phil FoalBsop i gar

i ity behayj i
vi scosity be ai{é,lﬂéc(f?ﬁrﬁlﬁﬁﬁggé %gﬁ@ﬁla%§ e ?ctd; 5 afiféh ‘Mﬁiﬂgﬁ% kgun erﬁ%eh o

15mai ntai ned fo ear VI SCoOSI was provi
condi tions of pgxfthefgeherk alibd), it rdle theSinkleNofothel8ierh GESHder art he

case of the isobutyl ene honopofyner of Conparative anple 1,
vi scosity i ncr gmsesphesic otsseee nitiopehhainspheree manpredetermined amount

[a¥al In o o
1[ gttt wag—cont+rga-—20—that—atarget

s |obt aned.| | n.3ddi t|/i on-3¢ he |[meas2y engnt

of a toluene solvent dried with calcium hydride and distilled was
injected into the flask from the septum cap, using a syringe.

10 [0184] Next, the mixture of ethylidene norbornyl-vinyl ethers in a
predetermined molar amount described in the following Table 6 was
injected vsing a syringe. The flask was immersed in a low temperature
tank (calcium chloride-water-ice bath) at a predetermined temperature,
and afier it was confirmed that liquid temperature in the system reached

15 a predetermined temperature described in Table 6, isobutylene measured

in a predetermined molar amount described in Table 6 was transferred to
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tenperature region.On the other hand, in-the case of the 20

| sobut yl ene-based pol yner of Exanple 8, a phenonenon in which
viscosity increased suddenly at a predeterm ned tenperature was seen,
and sul fur crosslinkability was confirned. Viscosity increase start
tenperature is shown in Table 6. [0190] [ Tabl e 6] Comparative
Exanple 1 Exanple 8 Feed ratio (nolar ratio) of isobutylene/vinyl
ethers 100/0 95/5 13F3Me011 catal yst anount (with respect to % by
mass of monomef¥H)Ted &U%%y %N tenperature (C

[0185] At a point of time when the liquid temperature in the system
sufficiently reached the predetermined temperature described in Table 6,
a boron trifluoride methanol complex (the content of BF; is 67% by
5 mass, hereinafter sometimes referred to as "BF;>MeOH") was measured
in a predetermined amount described in Table 6, and injected into the
reactor.
[0186] After 2 howrs from the catalyst liquid injection, the low
temperature tank was removed from the flask, and the flask was allowed
10 " to stand to room temperature. The reaction mixture was subjected to
an extraction operation with a 1 N sodium hydroxide aqueous solution
{2 times), and an obtained oil phase was subjected fo an extraction
operation with pure water, After it was confirmed that pH on an
aqueous phase side became neutral, the solvent was distilled off by an
15 evaporator, and a residue was dried at 1 mmHg and 60°C for 12 hours
with a reduced pressure dryer to obtain a target copolymer of
isobutylene,
[0187] For the obtained copolymer, structure analysis was performed by
nuclear magnetic resonance spectroscopy (NMR), and it was confirmed
20 that a target isobutylene-based polymer was obtained. In addition, the
measurement of a weight-average molecular weight by gel permeation
chromatography (GPC), and the calculation of a copolymerization
introduction ratio by the analysis of the results of "H-NMR
measirement were performed,
25 [0188] (Sulfur Crosslinkability Test)

For an isobutylene homopolymer (Comparative Example 1,
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-30 Reaction tinme (hours) 2 Yield (%9 12 Copol ynerization
introduction ratio (11-1-NVR) 100/0 83/17 GPC-Mwv 35000 5600 Sul fur
Cros slinking Test (viscosity increase start tenperature (C)) Could
not be confirnmed

Tetrax 3T, manufactwred by Nippon Oil Cormporation) and the
isobutylene-based polymer of Example 8, sulfur crosslinkability was
gvaluated, based on viscosity change in dynamic viscoelasticity
measurement at constant temperature, The dynamic viscoelasticity
5 measurement was performed using a DAR-50 apparatus manufactured
by REOLOGICA INSTRUMENTS AB. A mixture of 1 g of the
isobutylene homopolymer or the isobutylene-based polymer, 0.04 g of
sulfur as a vulcanizing agent, 0.01 g of NOCCELER CZ-G
(manufactured by OUCHI SHINKO CHEMICAL INDUSTRIAL CO.,,
10 LTD) as a vulcanizing accelerator, 0.03 g of zinc oxide as a vulcanizing
accelerating coagent, and 0.02 g of stearic acid was placed in the
measurement machine, and for the mixture, temperature was increased
from 100°C to 160°C at 2°C/min, and afier 160°C was reached, shear
viscosity behavior at each temperature was traced while 160°C was
15 maintained for 30 minutes. Shear viscosity was provided under the
conditions of a frequency of 1 Hz and a strain of 10%.
[0189] In the case of the isobutylene homopolymer of Comparative
Example 1, viscosity increase was not seen in the measurement
temperature region. On the other hand, in the case of the
20 isobutylene-based polymer of Example 8, a phenomenon in which
viscosity increased suddenly at a predetermined temperature was seen,
and sulfur crosslinkability was confirmed, Viscosity increase start
temperature is shown in Table 6.
[0190] [Table 6]
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5

10

Industrial Applicability

[0191] The vinyl ether polymer of the present invention is excellent in
transparency and electrical conductivity and therefore is useful in the
field of optical materials, and can exhibit excellent performance also in
electronic and electrical fields of semiconductor sealing materials,
insulating coating materials, and the like. In addition, the vinyl ether
compound of the present invention is useful in producing the above
vinyl ether polymer, In addition, a copolymer of the vinyl ether
compound of the present invention and isobutylene (iscbutylene-based
polymer) has sufficient crosslinkability, and is useful in introducing a

polyisobutylene skeleton into a rubber composition.
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nis O [Caim3]The vinyl ether conpound according to claim1l or 2,
wherein R 1 and R2 are each independently a hydrogen atom or a net hyl
group, and the total of the nunber of carbon atons of R and the
15nunber of carbon atons of R2 is 1. [Caim4]A vinyl ether polyner
conprising a structural unit represented by fornula (2-a) and/or a
structural unit represented by for mul a (2- b) [Chem' cal Formul a 2]
CR1IR2 wherein a represents 0 or each i ndependently
represent a hydrogen atom a met hyI 3?% or an et hyl group,

provi ded t hat f

nunber of car b$Ch§ hhﬁg l} igﬁgre%@ﬁﬁg f(\)/ﬁl?%ﬂi/l

pol yner accordlf@@nﬁlg(plbgr m 4, V\/nerel n nis 0, [Aaim6]The vi nyI

et her pol yner according”to claim4 or 5, wherein RI and R2 are

each |ndependently Chediical ot pr a net hyl 10group, and the total
of the nunber of car on atons of RI™ and the nunber of carbon atons of
E2is 1. [dai m?] Vi nyl et hgr pol yrrer accordi ng to any one of

cl ai ns (1-a) (ib)
CRIR?
wherein n represents 0 or 1, and R and R? each independently represent
a hydrogen atom, a methyl group, or an ethyl group, provided that a
total of the number of carbon atoms of R and the number of carbon

atoms of R%is 1 or 2.

10 [Claim 2] The vinyl ether compound according to claim 1, wherein
nis0.
[Claim 3] The vinyl ether compound according to claim 1 or 2,

wherein R' and R? are each independently a hydrogen atom or a methy]
group, and the total of the number of catbon atoms of R* and the
15 number of carbon atoms of R is 1.
[Claim 4] A vinyl ether polymer comprising a structural unit
represented by formula (2-a) and/or a structural unit represented by
formula (2-b):
[Chemical Formula 2]
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4 to 6, wherein a polynerization degree is 2 to 10000. [C ai m 8] The
vinyl ether polymer according to any one of clains 154 to 7, wherein
a wei ght -average nol ecul ar weight is 400 to 1000000, [d aim 9] The

vi nyl ether polymer according to any one of clainms 4 to 8, further
conprising a structural unit represented by fornmula (3): [Chem cal
Formula 3] CH3 CH2 C CH3 [Cd aim 10] A nethod for producing a vinyl

et her conpound, conpri sing: a first step of hydrolyzing a
conmpound obt ai néd Neaction of a novhg conmpound represented by
formula (4) wt carpoxylic 5acid repfesented by forrmula (5) in the
presence of an achd catal yst, to obtai nOa-norbornanol conpound -
represented by foryla (6-a) or formula ((§nb); and a second
step of vinylating & hydro %L group of thg norborﬂﬁrtol conmpound to
obtain a vinyl et onpo nd represent gt by foréu a 10(1-c) or

formula (1-d), [C al Formul a 4] g

CRIR?
CRIR2

wherein n represents 0 or 1, and R' and R” each independently represent
a hydrogen atom, a methyl group, or an ethyl group, provided that a

total of the nymber of carbon atoms of R! and the number of carbon

5 atoms of R¥is'1 or 2,
[Claim 5] The vinyl ether polymer according to claim 4, wherein n
is 0.
[Claim 6] The vinyl ether polymer according to claim 4 or 5,

wherein R and R? are each independently a hydrogen atom or a methyl
10 group, and the total of the number of carbon atoms of R and the

number of carbon atoms of R is 1.

[Claim 7] The vinyl ether polymer according to any one of claims

4 to 6, wherein a polymerization degree is 2 to 10000,

[Claim 8] The vinyl ether polymer according to any one of claims
15 4 to 7, wherein a weight-average molecular weight is 400 to 1000000,
[Claim 9] The viny! ether polymer according to any one of claims

4 to 8, further comprising a structural ynit represented by formula (3):

[Chemical Formula 3]
g
CHz—c[: 3)
CH,
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wherein RI and R2 each i ndependently represent a hydrogen atom a
met hyl group, or an ethyl group, provided that a total of the nunber
of 15carbon atons of Rl and the nunber of carbon atonms of R2 is 1 or
2, [ Chem cal Fornula 5] R5-00211(5) wherein R5 represents an
al kyl group having 1 to 20 carbon atons, [Chem cal Fornula 6]
wherein RL and R2 each i ndependently represent a hydrogen atom a

nmet hyl group, hyl ' he nunber
of carbon at oﬁgag@%] ané‘gfi1 eaﬁgﬁ;b@ﬁig@ﬂ%g%%%&%%tn%&#%ﬁ’ 2is 1 or
2, [Chem cal ngﬂgh@in.l wherein RI and R2 each i ndependently
represent a hydro tom a 5nethyl group, or an ethyl group,

Sy 1 oy cabpama s
norbornene compound represented by formula (4) with a carboxylic
5 acid represented by formula (5) in the presence of an acid catalyst, to
obtain a norbornanol compound represented by formula (6-a) or formula
(6-b); and
a second step of vinylating a hydroxyl group of the norbornanol
compound to obtain a vinyl ether compound represented by formula
10 (1-c) or formula (1-d),
[Chemical Formula 4]

CRIR?
Q-

wherein R! and R? each independently represent a hydrogen atom, a
methyl group, or an ethyl group, provided that a total of the number of
15 carbon atoms of R! and the number of carbon atoms of R2is 1 or 2,
[Chemical Formula 5]
RS—COH  (5)
wherein R® represents an alky] group having 1 to 20 carbon atoms,

[Chemical Formula 6]

HO CR'R? HO
e AL,
20 CRIR?

wherein R' and R? each independently represent a hydrogen atom, a

methyl group, or an ethyl group, provided that a total of the number of
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[Claim11] The nmet hod according to claim 10, wherein R' and Rz are
each independently a hydrogen atomor a nmethyl group, and the total
of the nunber of carbon atons of R and the nunber of carbon atons of
10R2 is 1.

carbon, atoms of R! and the number of carbon atoms of R% s 1 or 2,
[Chemical Formula 7]

S0 CR'R? SO
OB RR O
CR'R2

wherein R' and R? each independently represent a hydrogen atom, a
5 methyl group, or an ethy! proup, provided that a total of the number of
catbon atoms of R' and the amber of carbon atoms of R? is 1 or 2.
[Claim 11]  The method according to claim 10, wherein R' and R?
are each independently a hydrogen atom or a methyl group, and the total
of the number of carbon atoms of R' and the number of carbon ators of
10 R’is 1.
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