DESCRI PTION Title of Invention | SOBTITYLENE- BASED POLYMER AND METHOD
FOR PRODUCI NG SAME 5Techni cal Field [0001] The present invention
relates .to an isobutyl ene-based pol yner and a nethod for producing
t he sane, Background Art [0002] As nethods for introducing
cross-1linkable groups into 10 isobutyl ene-based pol yners, Patent
Literatures 1 to 4 describe nmethods for introducing cross-1linkable

silicon groups into isobutylene-b . Patent Literatures 5
to 7 al so describe nethods which ﬁiﬁswlgduci ng unsat ur at ed

groups into en f | yi.sobutyl enes. In addition, Patent Literature
TR oAy

8 describes a nvol ves 15copol yneri zing i sobutylene with

a non-conj ugat Eg@g[ﬁwﬁ] 9 sAadERNe, 03im
Literatures 9 ggﬂ escrllggfségf]?cygglﬁ“c vinyl ‘ether polyners. FOR

Ctation List ppesghemiNg $angure [0004] Patent Literature 1. U S
Patent No. 3,644,315 Patent Literature 2: U S. Patent No. 4,524,187
Pat ent L4t erat Qech@cal¥ield Pat ent No. 4,904, 732 Pat ent
Literature 4: Japanese Patent Application Laid-COpen No. 2563-6041
Patent Literat (0001%:THe freseiat mventin relatdd o ArBisobutylene-based polymer

and a method for producing the same.

Background Art

[0002] As methods for introducing cross-linkable groups into
10 isobutylene-based polymers, Patent Literatures 1 to 4 describe methods

for introducing cross-linkable silicon groups into isobutylene-based

polymers. Patent Literatures 5 to 7 also describe methods which

involve introducing unsaturated groups into ends of polyisobutylenes.

In addition, Patent Literature & describes a method which involves
15 copolymerizing isobutylene with a non-conjugated diene such as 1,

O-decadiene.

[0003] Patent Literatures 9 and 10 describe alicyclic vinyl ether

pplymers.
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Patent Literature 6: U S. Patent No. 4, 758,631 [ 0005] Butyl rubber
(1'1R) has a high tan 8 ("loss tangent" considered as an index
reflecting a vibrational absorption property in dynamc

vi scoel asticity measurenent) in a wi de tenperature region and 15
particularly has the property of having a high tan 8 at 0C. Thus, it
is expected as a material excellent in grip performance and suitable

e e SRR iy SIS BRenl B0, [0 SRS
201 nrerior in Spicat; Bt Bty B, Ahiialibn EoREDegh “Roos)
Al t hough havi ngagdspygr nol ecul ar wei ght than that of butyl rubber,
an i sobutyl ene- gasesg polymer is simlarly excellent in

vi scoel asti ci t pateppal ligfatir@S i8St PiHaResed FeatittP NpFRBIib ¢ Eaﬁﬁ@PEﬂeNoi. ke.

Accordi ngly, studies have recentl'y been carri out ftor 1nproving
25weat heg resi gjapRg8309gas i nperneability and the |ike by bl ending

i sobut yl ene-based pol yners in diene-based rubbers such as butadi ene
rubber (BR) or Patept ehitetatirad e néapankdee (PatSBRA fpdichtion oHuideOpen No.
pol yi sobutyrene skeletons in the conpositions and are expected as
provi di ng met hd@@5<1d804%pr ovi ng rubber performance. Wen it is

i ntended to inBrove he above performances, a rubber-1ike cured 5
product is typfPetent yLiteratise B): WresnssegPatant shpplioptione LaiskOpepoNprer
havi ng an averggg gf gﬁée t han one unsaturated group per nolecule in
t he conpositionf; §-4o0 d by cross-linking and curing. [0007]

Exanpl es, of theg. i sobut ne- hased pol yner having an average of nore
t han onfeounsat SPQPBH%&E‘H’WBP%I ecul e i ncl ude one obtained 10 by

copol yneri zi ng g@r_lﬁ ith a conpound havi ng conjugated doubl e
bond (see Pat e;][? |'ltdlépr/iz;ﬁ}rﬁ%fg 1 and 2). However, the isobutyl ene-based

pl et 15 Cofm 8RS8 et DB Py G0 8y BB
I't is also knowh iddek esfuesingi BKHrsicndli songicH! Rsopéty bid Wasms
viscoelasticity measurement} in a wide temperature region and
15 particularly has the property of having a high tan 6 at 0°C. Thus, it is
expected as a material excellent in grip performance and suitable for the
improvement of wet braking. However, butyl rubber contains less
double bonding, and problems thereof are that it has reduced
cross-linkability, is not sufficiently reinforced by carbon .black, is
20 inferior in abrasion resistance and has increased viscosity.
| [0006] Although having a lower molecular weight thaun that of butyl
rubber, an isobutylene-based polymer is similarly excellent in
viscoelasticity, weather resistance, gas impermeability and the like.
Accordingly, studies have recently been carried out for improving

25 weather resistance, gas impermeability and the like by blending

isobutylene-based polymers in diene-based rubbers such as butadiene



the unsaturated groups in the isobutyl ene-based polyner to nake a
noi st ur e-curabl e polynmer (the so-called silane cross-1inking nethod)
(see Patent Literatures 3 and 4). However, this case requires an
expensive raw material (a silylation agent), 20[0009] Pol yners each
havi ng unsaturated groups at the nol ecul ar chain ends include one
obtai ned by utilizing an inifer nethod invol ving subjecting

i sobutylene to tioniG .polynmerizatign,usin .

1, 4- bi s( a- chl oﬂﬁ}?@%pp@&m) nﬁta?ﬁ%le(mg?@ﬁ%f Fulber o (SBR)g 100 groduce
"p-0OCC') as an_ifi:fi n hain:transfer nt. and BC13 as

catal yst and 2@8%%@?&%6&%8%%@@8 (fo '@%gﬁoq?ag?‘ﬁgﬂﬁ ‘E??HGSFeﬁnés
atom at the en r eact i n i ur -6 :and
7). To obtain gﬁ%‘ﬁd@% ?{Lﬁ%"n‘:@r {&?ahﬂ l?_&@f%e ﬂ@g%ﬁ é?ﬂg%@%ﬁé rm% elg 1%nd
an expensive I §eR@dse rtbaim]é]x%vé' ihe abbed Oﬁﬁ:?@?ﬁlhnbés,aé%bﬁa‘lﬁl%é%ﬁed
[0010] In introducing a vihyl group into the end of an

i sobut yl &ne- bapesthieoliy tByically firdthy Blelditiongh tobatyem-badetd polyder
uni versal and i nexpensively avail abl’e non-conj ugat €d di ene such as,
for exanpl e, 1h8vidgcadiwnegeast moravhanedres iadatirsted| gouk pesmodscude in
met hod capabl e of introducing even at |east two vinyl groups

dependi ng on t Hee ¢asapositaon, di ed by srassdinkhag and cwingr at ure 8).
However, when i sQbut yl ene- based_pol ynmer is produced according to
the method 10 ﬁ&%’ﬁfﬁv@mlﬂs pit ﬂsqbubdm-hmda::olmpégamg abhayaage
condi tions of aia initjator, a catalyst, the reactiqn tenperature, and
the Iike. ther 8 #aie sheshPasrunsaftialed groiunarer anelesule JRelids ong oblamed,

i s abundantly r i -l.ndan type bysproduct i bundant L.y f oy nmed
when pBoC 1 & HEEPIRRRpBE R buy e ighe GiPound; B “Ryietdd
descri bed abov e trdS t aysédlhahke 1 utyyl en Qﬂ%

pol ynmer havi ngagu@gf Tb:bgﬁeﬁe%anoaﬁrﬂt %%éétnsa%urlats‘iglg gﬁ'oupgoto eﬁatt)lFee
the control of idobfityiérSaset HolyiHedRe @bl bEAERSH- the Mdil ShatCaytd s 119
wi th rubber anclzl a %i tablse, ’ﬁr&e%}g‘ta! vely sinple netthog&%lor pr o%‘ﬁicjlfsng an
i sobut yl ene- bagelyni! MARKioRPRf OWehthke feRistdiRep Wheafialnausistanse Yald
been 20f ound. [0012] More recently, polyners using new, cationically
pol'ymeri zabl e waofivitgt her s havi ng unsaturated groups in the side

chai ns have becone known (see Patent Literatures 9 and 10). The

feat urebd of t hEHWEYJL imadsasloomyaitmsdrong-liikaple dticrer grovpy van be asédas
include that their 25unsaturated groups_in _the side chains are not

responsi bl e fothe Hasgteated grovpsdin dhenispbytydena baspd apalymes dabmpke a

b th | i zati f. th i nyl f .\, nyl h

Papraly procoemoRtRsSkBRlS Rolyinat Ghe Sbreplrd il oros linkigd raethed i <
|1 id - ‘ , »d i t he . t | |
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ethers having yasalieah@dnHeBUPE: sifddih .

20 [0009] Polymers each having unsaturated groups at the molecular chain

b—y

ends include one obtained by utilizing an inifer method involving
subjecting  isobutylene to  cationic  polymerization using
1,4-bis(a-chloroisopropyl)benzene (hereinafier referred to as "p-DCC")
as an initiator and chain transfer agent and BCl; as a catalyst and
25 subjecting the resulting polymer having a chlorine atom at the end to

further reaction (see Patent Literatures 5, 6 and 7). To obtain such a



5chains are each polynerized at such a tenperature. [0013] On the
ot her hand, for the cationic polynerization of a hydrocarbon-based
vi nyl conpound such as isobutyl ene, side reactions such as chain
transfer reaction and term nation reaction tend to occur stemmi ng
from unstabl e growi ng carbon cations. Accordingly, for the 10
cationic polynerization, a Lewms acid catalyst such as titanium
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bl ock copol yneri zat'i on exanp In"each of which Iivin

pol ymerigati onyhRrepddnd dn busivély@ﬁrailﬁiﬁmn@ﬁm?i@ted dieht sextaa)lfer a
vinyl ether is first honopolynerized 20under polynerization

condi ti ons sui erfthple; Hed-décadierfeodd avwad tmtdrmiig alsonenewi g @amethod
hydr ocar bon- based vinyl nonoper). [0014] Made in view of these

ci r cunst ances, capeble ot dradvcingeeneanoat least tern vinylegroups depending on the new
pol yi sobut yl ene- based pol ymer having a sufficient cross-Iinking
curability andreasten| ccmdn){m& &@nfcil’ﬁgena Litgratoye s&)utﬂomﬂé kehes oan
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different reac I's cationical
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group in its side chains, "which surprisingly proceeds

to provide a caith¢l gipé HeprddupeioibgRBAlY TermewheE RDTCdeusdided
nol ecul ar wei ght and retaining the 10unsaturated groups in its side
chai ns as t heypearferm hrodifichitiangstc.i t has been denpnstrated that the
copol yner can be cross-linked and cured to introduce a

pol yi soblt yl enfOGHEIAs described abhovarthe Sadiiie that erquitablerigobuiplene-baset t he

i ke; thereby, the present inyention is acconplished.
polymer having a sufficient amonnt of unsaturated groups to enable the

control of the cross-linking degree in cross-linking and curing with
robber and a suitable, relatively simple method for producing an
isobutylene-based polymer appropriate to the purpose have not yet been,
20 found.
[0012] Mote recently, polymers using new, cationically polymerizable
vinyl ethers having unsaturated groups in the side chains have become
known (see Patent Literatures 9 and 10). The features of these
polymers obtained by vinyl ether polymerization include that their
25 unsaturated groups in the side chains are not responsible for the reaction

and retained as they are probably because the polymerization of the



[ 0016] Thus, the present invention provides an isobutyl ene-based
15pol ymer conprising a structural unit represented by the foll ow ng
formula (1): [Chem cal Fornmula 1] CH3 CH2-9 CH3 and a
structural unit represented by the following forrmula (2): 20[ Chem cal
Formula 2] ( CHCH2 , wherein X represents a divalent group; Y
represents a substituted or unsubstituted alicyclic group having an

h
Htetaiated Eggfgtaﬁl?ﬁﬁﬁﬁﬁf it iy sl GRpaly piaverdn cPieheaArz s o
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The i sobutyl ene-base rese r'nvent

preferably has g [Hé%t%ﬁp%é’ Wl Et(h@ s'.“hzﬂfm uRbditiaked giougﬁ‘ Ihr% the side

10r epresent ed by the above for and structur
represenged bych@@s@tmmhfpmyﬂqéﬂze(&étsum%&h éran@ddi tion, the
i sobut yl ene-based pol yner "of the present |nvent|on preferably
canprises a st[0@I3]r@h the tothaphesdntfed the chtienit opblymarizafion muf aa
(3): 15[ Chem cal Fornula 3]

hydrocarbon-based vinyl compound such as isobutylene, side reactions

such as chain transfer reaction and termination reaction tend to occur
stemming from unstable growing carbon cations, Accordingly, for the
10 cationic polymerization, a Lewis acid catalyst such as titanium
tetrachloride is generally used to carry out the polymerization at a
temperature as low as -70°C or less in order to stabilize growing carbon
cations and inhibit side reactions. Probably because of different
suitable polymerization conditions (polymerization temperature), no
15 example of the copolymerization of a vinyl ether-based monomer and a
hydrocarbon-based vinyl monomer, although they are the same cationic
polymetizable monomers, is reported except block copolymerization
examples in each of which living polymerization is used to polymerize
them separately (for example, a vinyl ether is first homopolymerized
20 under polymerization conditions suitable therefor, followed by
homopolymerizing a hydrocarbon-based vinyl monomer).
[0014] Made in view of these circumstances, the present invention has
an object of providing a new polyisobutylene-based polymer having a
sufficient cross-linking curability and useful in introducing a
25 polyisobutylene skeleton into a rubber composition and a method for

producing the same.



, Wherein n represents 0 or 1, and/or a structural unit represented
by the following fornula (4): [Chem cal Forrmula 4] , wherein n
represents O or 1, as the structural unit represented by the above
formula (2). [0021] In addition, the present invention provides a
met hod for 5 producing an isobutyl ene-based pol ynmer, conpri sing
copol yneri zi ng i sobutylene and a cationically polynerizabl e nononer
containing a vinhyl..ether represented by fornmula (5): CH2=CH 0-(X)1-Y
(5) , wherein ‘gﬂpbgéﬁpgﬁgnhivalent group; Y represents a

sunst 1000 o 0B S S A BT G s
presence of 2 Ry ok B9 5, M KRR AL BN
(1): [Cnenmical offfp¥ulrA iRl side chains. As a result, the previously unattempted
5 copolymerization of monomers of different reactivity in which
isobutylene is cationically copolymerized with a vinyl ether having a
particular unsaturated group in its side chains, which surprisingly
proceeds, has been found to provide a completely new type of
copolymer having a predetermined molecular weight and retaining the
10 unsaturated groups in its side chains as they are. In addition, it has
been demonstrated that the copolymer can be cross-linked and cured to
introduce a polyisobutylene skeleton info a composition comprising
rubber and the like; thereby, the present invention is accomplished.
[0016] Thus, the present invention provides an isobutylene-based
15 polymer comprising a structural unit represented by the following
formula (1):
[Chemical Formula 1]

G
CH,—C (1)
CHs

and a structural unit represented by the following formula (2):
20 [Chemical Formula 2]

%C‘,‘H—CHz% @)

o—fxa?v



(1) 15 and a structural unit represented by the foll ow ng
formula (2): [Chem cal Fornula 61

» Wherein X represents a divalent group; Y represents a substituted or
unsubstituted alicyclic group having an unsaturated bond in the ring;
and n represents 0 or 1.
[0017] The isobutylene-based polymer of the present invention
5 preferably has a weight average molecular weight of 500 to 500,000,
[0018] The isobutylene-based polymer of the present invention also
preferably contains substantially no unsaturated bond in the main chain.
[0019] The isobutylene-based polymer of the present invention also
preferably has a random copolymer chain of a structural unit
10 represented by the above formula (1) and a stroctural unit represented
by the above formula (2). |
[0020] In addition, the isobutylene-based polymer of the present
invention preferably comprises a structural unit represented by . the
following formula (3):
15 [Chemical Formula 3]

CI':H—CHz {3)
O

, Wherein n represents 0 or 1, and/or a structural unit represented by the
following formula (4):
[Chemical Formula 4]



(2) , Wherein X represents a divalent group; Y represents a
substituted or unsubstituted alicyclic group having an unsaturated
bond in the ring; and n represents 0 or 1, 5[0022] In the nethod for
produci ng an i sobutyl ene-based pol ymer according to the present
invention, the above Lewis acid is preferably boron trifluoride or a
boron trifluoride conplex. The use of such a Lewis acid enables the
mol ecul ar wei ght tp be easily controlled by changing the reaction
tenperature, 10Adyant ageous\ Ef fects of Invention [0023] According to
the present invenyioy EHergcan be@®rovided a new

pol yi sobut yl ene-baseg pol yger having a sufficient cross-1linking
curability and uset#l in introducing a polyisobutylene skeleton into
a rubber conpositign and a nethod for producing the sane. 15Bri ef
Descri ption of Draw n@s [0024] [Figure 1] Figure 1 is a chart show ng
a 13C- NVR spectrum Efone copol yrmeri zation reaction in Exanple 1.

[ Figure 2] Figure chart showi ng a 13CG-NVMR spectrumfor the

i sobut yl ene-based p8 ef obtained in Exanple 1. 20Descri ption of
Enbodi ment s

, wherein n represents O or 1, as the structural unit represented by the

above formula (2).

[0021] In addition, the present invention provides a method for

5 producing an isobutylene-based polymer, comprising copolymerizing
isobutylene and a cationically polymerizable monomer containing a
vinyl ether represented by formula (5):
CH,=CH-O-(X),-Y (5)

, wherein X represents a divalent group; Y represents a substituted or
10 unsubstituted alicyclic group having an unsaturated bond in the ring;

and n represents 0 or 1, in the presence of a Lewis acid to provide an

isobutylene-based polymer comprising a structural unit represented by

the following formula (1):

[Chemical Formula 5]

c:H3 :
()
CH
15 ?

and a structural unit represented by the following formula (2):
[Chemical Formula 6]



[ 0025] The i sobutyl ene-based pol yner of the present invention
conprises a structural unit represented by the above fornula (1) and
a structural unit represented by the above formula (2), [0026] In
the above formula (2), the divalent group represented by X plays a
function as a linking group between the ether oxygen (0) and Y in the
formul a. The divalent group represented by X is preferably an

al kyl ene group, an al kyl eneoxy group, or an al kyl eneoxyal kyl group,
5n represents 0 pr.1, and\the case where nis O results in a
structure in Hehcti-hecs, oxygerp)(0) is directly attached to Y.
[0027] In the abpvg fornmufa (2), Y represents a substituted or
unsubstituted al ifcyclic group having an unsaturated bond in the ring.
The alicyclic grou e nonocyclic, fused polygon, or 10
cross-1linked polycyclVic/provided that it has an unsaturated bond in
the ring. The isobutyl ene-based polynmer of the present invention
preferably has, sylestianXimehtedeme audisalent gﬁ:@.ga;bm referity e substitvediBon,
while it may have an additional unsaturated bond besides the

unsat ur at ed bondsibstitiited mliogelid grdvp hiving cini ensgtwraied Yoonde irc hhes iisg;
chain, 15 [0028]  Specific exanples of the alicyclic group Y include a
nor bor nenyi gr@ﬂ@plﬁpﬁ$@ﬂyeumdecenyl group, a tetracycl odecenyl

0o i CBTRC T Ryt S S R R e
YL O OB, B S S R R SRS
e AU PSP R o

only carbon an I oITBy, I : r DI as

a carbon nunbe?'eg?mgeﬁeggl mr%];g(rﬂgéjel?gwg 1%08%&%@&3):11@@219%@%“

of the 25ali C%hérfgi%ﬁié&e%tﬂfnﬂe r4th@n 6 tends to nmake the formation
of a cyclic conpoun i cul

difficult, and nore than 15 tends to nmke the

avai l ablgity ofAdvaatageaueHffdcts OEInveRtidh a cyclic conpound difficult.
[ 0029] The structural unit represented by the above formula (2) may

be substi t ut ed[@)23]nsedosdingto dhie presemtdnagntions there gawbp provided amew
particularly preferably a structural unit represented by the above
formul a (3) antiphyisobatdenaibasedal palymer r bpvisgern eshifigiente ceosedinking
formula (4). [003%} . Accor di to,the, i sobutyl ene-based EOl ¥mer of the
present i nvent PBRDILE andg inteadusing: amolyisehuielene skelefar: inie 4

unit represent edq]i)b}( t he ahove f,ornula gll?ﬂ_aad .2 structural unit
represent ed by HIner SPHODESIFGR Anf 2 method £or prodpcing the $atpe.y | i ni t ed:
however, -t he atd 0 gfhthe structural unit represented by the
above f%)sr mul a%f&i]ie%ﬁbﬁhgpéﬁlwwlfgﬁo 99 nol % nore preferably 1 to
90 nol 9% stil I t I Oéht?ﬁg 13g%)
amount of botht%q?ragg‘?%lg%qgﬁ#aigé?ezlsﬁugggaﬁesrhei n, t%ge@glc\)%\gﬁ‘yér@%@g}i on
ratio is an avgéﬁg@cmﬂgﬁm%ﬂgf]gwg 1ol ecul e and can be
det ermi ned by '
[Figure 2] Figure 2 is a chart showing a "C-NMR spectrum for
the isobutylene-based polymer obtained in Example 1.
20 Description of Embodiments
[0025] The isobutylene-based polymer of the present invention

comprises a structural unit represented by the above formula (1) and a

structural unit represented by the above formula (2),



15neasuri ng and conparing the intensities of resonance signals of the
carbons belonging to the structures by a 13C-NWVR (500 MHz) nethod,
[0031] In the isobutyl ene-based pol yner of the present invention, the
form of polynerization between a structural unit represented by the
above formula (1) and a structural unit represented by the above 20
formula (2) may be of a bl ock copolynmer type or of a random copol yner

G P cult toSLat iecHane Tormal (3 B dalebt Bt fapgeseaidoRy X
copol ymeri zati gn:. however. the, present i.nventign enabl es e a
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however, it may further have a structural unit different fromthe two
structural uni whiclbthiecstherauypee (O} haditeutlyuibleabtobised pol yner

obt ai ned by the nethod of the present invention may be subsequently
subj ected to bl[@XK]dopdhy naviveatfommlai (2), aYcatpasdntal b ysylskiyuted i eabl e
monomer ot her than isobutylene therew th. Wen the bl ock copolyner is
produced, it phbsuhstifited misydicograpehating amstiesaturgtedabond, inptheaning.
aromatic vinyl 10 cgonpound (th i s, blocks each caonprising 50% by
wei ght or nor e8¢ Aley o aouR: i gy gsnﬁmmayehqanﬁ@e@raw@ﬁ@wm he

?QSEIEE ‘ymxL%Lgﬁﬁf’-ﬁﬁk@ﬁéﬁ@cﬁ%&%ﬁ@& 2ot B 09%3%@5@@3%@1?
i : AR 0 , 000, 1

700"t o 300, 000tg 1 it siStsilbue bad” peiyned .86 e aiest, pERaAr ¥
ol cul ar el ghriELY A9 SuBRREMLS o BhditlraBROiond 5 AE' S BiH20C
met hod for progigiengt amals kWS Yaenaidased RakptiBlePClH R8ide’ the

present invention is not”particularly limted; however, 20preferred
I's a method whuatatizated el iaabetingef iz slfcyickio puduy €ne ewét fde chain,
cationically polynerizabl e nononmer containing a vinyl ether

represehi ed by[AR&] fpweifid oexamdes Spfi the hdigyetisegreumf Ya inelide axi d,
[0035] The vinyl ether represented by the above formula (5) is
preferably a nbadeseenyl gronp, 2 msyplodaeanyl groum actetrecyplodesenyngrainni ng
25n0 pol ar group, that i,s, constructed of only caybon and hydr ogen
atoms, and havinfuRRycladedesenyle @relmdand 4 HeenfacyglopsniadecenybsgiobRent

Y examples of the monocyclic alicyclic group include a cyclohexenyl
group, a cyclooctenyl group, and a cyclododecenyl group. These are

20 compounds having ring structures formed by carbon atoms and having
carbon-carbon double bonds in the rings; among these, preferred are

those containing no polar group, namely, constructed of only carbon and

hydrogen atoms. The alicyclic group Y preferably has a carbon

number of 6 to 15, more preferably 7 to 10. A carbon number of the

25 alicyclic group Y of less than 6 tends to make the formation of a ¢yclic
compound difficult, and more than 15 tends to make the availability of

10



[ 0036] Specific exanpl es of the norbonenyl alicyclic group containing
no pol ar group include dicycl opentadienyl alicyclic groups such as

di cycl opent adi enyl , net hyl di cycl opent adi enyl and

di hydr odi cycl opent adi enyl (also called
tricyclo[5.2.1,02. 6] deca-8-enyl) 5groups;
tetracyclododecenylal|cycI|cgroupssuchas tetracyclo [6,21 13'6. 023]

I e

Do et HOBRIEH LBt d o o AABEI T e 0 o
e Tt b R Y e ity
o R PR b, e s ) s

159-cycl Qhexenhlsﬁjl%ﬁﬂﬁbﬁﬁh@ie%r%eﬁtea% Q&H@@J@ﬁﬁnﬁﬂf(m)
9-cycl opentenyl tetracycl o[ 6. 2. 1. 13. 6. 023] dodeca- 4- enyl and

9- phenyl t et r acyp034]]6A2cddip3 o Ctﬂe?ﬂsdbut?tehe‘lb&wlptﬂ epsof ey hoenany!

alicyclic groups such as 2-norbornenyl, 5-nethyl-2- norbornenyl

5- et hyl - 2- nor bdinesmion, 5t}mmopp9]3qmrziatmnemytﬁo befivezen 1-22-storchuah evnit |
205- decy1- 2- nor bonrenyl cycl ohex 2- norbonenyl

5- cycl opent y1- zemmw&wbwgte@ @Y&né)mﬂéﬁ €1 D and aiasmeaimgl wnit represented

5-vi nyl - 2- nor borre 2- nor bonen
5- cycl>/ohexeny 1%f tﬁ% ﬁb@?‘g &HT%@y& F’Qbﬁhﬁt’@ﬁi}liﬂhlﬁlfﬁmﬁ}} the molar
5- pheny

25t et r aig)/cl gfgb%noﬁ Oé%mf aichral, unifpepresented, by Hthe ahayefhrma (24 i$ o
0oy 1 0a: o PR O RS SR s WIS 336 0 BhT 96iiPrord©
1, 4- met hano- 1, é%a% 2 thR060 % HOAN bl HRE T %%H%o%ﬁ&h{’%ﬂwﬁgl i c

or higher cycli e I n acyc C groups s entac

023.09' 13] penyafieca-k l@e&“l@éﬁinb t@@eﬂéﬁeﬂyﬁiﬂeﬁzﬁt@mﬁ ratid Hs’ an” dveklge

copolymerization ratio per molecule and can be determined by

15 measuring and comparing the intensities of resonance signals of the
carbons belonging to the structures by a *C-NMR (500 MHz) method,
[0031] In the isobutylene-based polymer of the present invention, the
form of polymerization between a structural unit represented by the
above formmla (1) and a structnral unit represented by the above

20 formula (2) may be of a block copolymer type or of a random
copolymer type. For a conventional isobutylene-based polymer, it has
been difficult to subject monomers of different reactivity to random
copolymerization; however, the present invention enables even a
random copolymer to be effectively obtained because it adopts the

25 combination of a structural unit represented by the above formula (1)

and a structural unit represented by the above formula (2).
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u 0-] pent adeca-5, 12-di enyl and 10, 13. 02, 7. 091 hepta eca_
hexacycl o[ 6. 6. 1. 1316. 1a4-enyl groups. [0037] The anmount of the vinyl
et her added to the polynerization systemis preferably 0.01- to
100-fol d nol es based on the nunber of noles of the isobutylene
nononer used. Before the polynerization 10 reaction of the above
cationically polynerizable nonomer, it is preferable to stir a raw

mat erial m xtur, ] t.he cationically | ymeri zabl e nononer so
that it is maddOOdAl bRenisqiuuvisTe-Rased: Belsmer ot the PERsBRy FRYCRUSN (TBRY
reaction accordin he. present qinuention. .a Lews acid.s us as
a pol yneri zati gﬂnﬁgk{ @1‘11]&5?5 gfg’u?ﬁlgalefgepégqeat%by%e \Rﬁa‘é? ;0%1359(?? om
anong known on S .Qni I i AT

exanpl es ther e%ﬁd%n@ﬂjcg%gagé}lg%%hg%lggﬁggﬁpﬁg&hégé g%ulgg%(yro%édeﬂ%
trichloride, b agnﬁ&ﬂ] ! Ol ron
trifluoride; tiﬂ;i_ ni umbﬁgﬁ%éégggﬁg%Hgg@éﬁéﬂﬁﬁggeﬁltﬁgrﬁmrgﬁh%ﬁuﬂfmﬁ%
tetrachl gride, Fok bRnplv, tes rsabﬁ@mlﬁ%asa@goyni@mwma@ b?r&hé ehbd af
tin halide conmpounds such as tin tetrachforide, tin tefrabrom de, and
tetrai odi de; althen presertalingetionnoan dbe s suliseqeeralyundubjortdd i whlldockle,
al kyl di chl oroal um nuns, and di al | cyl chl oroaMr num anti nony halide
conpounds such cagolamerizetign pavit acdtlomically podyimerizabie monoerer atherdhinde;
tungsten halide compounds 25such as tungsten pentachl ori de;

mol ybdenum hal isebutdenso dherewdtich Whendhg telenki nsqpehymenis mraduced, it
T Roados  eueh DESIOTBN A KBRS Chch RS SPGB AMNERY b ATamagr eyl
al ko>ddes such i i ]

f b teifl i | um tri j de, .
Dt byt di L1 or oaramoRun et 5 afccsragl BBrise b fhby Steishtiatmotssof and
the like. A 1 e, : : : . _
oreterabi e o e AR et Yidyi® EoiBouRl Hotel bled b Iz’ Fofilg, yipy!
controll ed by gg}ﬁ?,gjjﬁ(gistéj@th@gédsg@gﬁgnperat ure. [0039] The Lew s

acid can be us n-an anolr 1_'to 1,000 mllinolar equival ent,
preferably 0. 050033]50 NisbbhiyhimtbA6d1 yalyendr, dfaspd wesém{minee@ﬁo@ g

raw materi al nononmér. 10[ 0040] The above 'Lewi s acid fmay al so be use
in the form of peefeabiy txs anweiphc Averape Inadleeu ap sedghtsef B0 so SOOMOO] i s
co-ordinated (hereinafter referred to as a "Lewis acid conplex"). A
conmpount f or mi npra peefiapbéx 760 1o 800H00hsiH] vwre piiferabiy 1060 4o 284j090aci d
is also called a cotnplexing agent. . .

As used herein, the weight average molecular weight means the weight

average molecular weight (Mw) measured by the GPC method.
[0034] The above method for producing an isobutylene-based polymer
according to the present invention is not particularly limited; however,
20 preferred is a method which involves copolymerizing isobutylene with a
cationically polymerizable monomer containing a vinyl ether
represented by the above formula (5) in the presence of a Lewis acid.
[0035] The vinyl ether represented by the above formula (5) is
preferably a monomer having a norbornenyl alicyclic group containing
25 no polar group, that is, constructed of only carbon and hydrogen atoms,

and having an unsaturated bond in the ring as the substituent Y.
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15[ 0041] Exanpl es of the above conpl exi ng agent co-ordinated to a
Lew s acid include polar conpounds including oxygenated conpounds
such as water, an al cohol, an ether, a phenol, a ketone, an al dehyde,
an ester, an organic acid, and an acid anhydride; and

ni t rogen- cont ai ni ng conpounds such as an am ne. 20[ 0042] The al cohol
used as a conplexing agent is preferably an aliphatic al cohol having

1 to 20 b f ti I |, .er abl | i phat i
al cohol_havi ng 120361 SefuA Barip et bortmierkl STl spuiafine
havi 1to 20 [ includ th I t | 4- I I,
hat 200t hord DAL G R AP B0 Py, QS
| oh | . ' s | cohol Walen >

[ hear or br ancaggHRRieIT, OO0, oMY BRIt b e ;QSII%. e

ti | coh e . . Bk i h
ol ocul o; - examlBa T ey P e A PR el el oy
the ethef used gasupk; conptraryclodadieahyli nclalidgclan ethsnphavigughan as

aromatic or C to C20 aliphatic hydrocarbon group. 5 Specific

exanpl es t her etdtraayclafdd. Wi Hed’Hjdodetdrdrenytli et hyl et her, nethyl et hyl
et her, dipropyl ether, nethyl pro_pa/l 7ether, et hyl propyl ether,
di butyl et her, Snmethyltetracydioléihed .8t goddsaudyenyds her, propyl butyl

ether, dip entyl ether, phenyl thyl ether, phenyl ethyl ether,
di phenyl et her,ﬁ’@ﬁﬂ@%&’?ﬂ[ﬁéﬂhﬁ%@t]ﬁi@dﬁc%ﬂtﬁﬂd’%clohexyl ethyl ether.

The ether having 1 . to C2 | I ydrocarbon may be |inear or
branched in th@"wg‘?afm}tﬁféﬁ‘w@fq{g@mﬁ@ﬁ eﬁf%“’fae”é’ﬁ:oup having a ring.
5 val endphenop sl e R 2o o RS Ba e ke (s
preferable. [0g4 S Q7 exi agent is
preferably a kgi“g‘%ﬁ’%ﬁﬁl@?@oﬁggrgm@ ]?8@?(!3026 8@81’06 al i phatic

hydr ocar bon gr SRGetdy lje6 I e met hyl et hyl

ket one, diet hy?%ﬁone, tér?eat%xelé[%g'tlﬁ I?:ﬁgﬁg{waaﬂghggcl ohexanone. The

ket one havi ng g.ﬁhyngm{@cﬂj[G_thaﬁﬁmzﬂ}dm%@ﬂt@m,gr oup may be linear or
branched in the hydrocarbon group which nmay bé a group having a ring.
20[ 0046] ExanpDegopényltetracgelefs.2deld® 83 [dodevarpleayd, ng agent include a

carboxylic acid ester and a phosphori G, 62 l,d ester. The carboxylic
acid est®r is Preicholexeyyltatmcyelophdhl"80*sdodeaa-4-eoyl,Cl to Cb

al i phati c al cohol <land an aromatic or Q.tp C6 aliphatic carboxylic

acid form an e8t®ic %ﬁ&ﬁnﬁtﬁﬁaW[éﬁ@l-ﬁéﬁrrO'Mﬁésﬂﬁﬂ the carbossgdic
acid ester 25ipcl.ude methyl farmaie.z-ethyl formate, nethyl acetate,
ot hyl acetate. SoipyIeGRalals L DI P Halkse d oL groigo; ReBomeN)
acetate, ethyl alicyclic groups such as 2-norbornenyl, S5-methyl-2-norbornenyl,

5-ethyl-2-norbornenyl, 5-butyl-2-norbornenyl, 5-hexyl-2-norbornenyl,

20 5-decyl-2-norbornenyl, 5-cyclohexyl-2-norbornenyl,
5-cyclopentyl-2-norbornenyl, 5-ethylidene-2-norbornenyl,
5-vinyl-2-norbornenyl, 5-propenyl-2-nothornenyl,
5-cyclohexenjrl-2-norbornenyl, 5-cyclopentenyl-2-norbornenyl,
5-phenyl-2-norbornenyl,

25 tetracyclo[9.2.1.0%1°.0* tetradeca-3,5,7,12-tetraenyl  (also  called

1,4-methano-1,4,4a,9a-tetrahydro-9H-fluorenyl) and

13



hexanoat e, and ethyl benzoate. The phosphoric acid ester is
preferably one obtained by the dehydrati on condensati on of an
aromatic or C to C6 aliphatic al cohol and phosphoric acid. Exanples
of the phosphoric acid ester include a conplete ester of phosphoric
acid such as tributyl 5 phosphoric acid ester. Here, each of the C
to C6 aliphatic alcohol and the C to C6 aliphatic carboxylic acid

[0047) Bxaml oSV EREIGRg. 020G L BB aR T folifenicalled "
Fhori ne: subst it (TS Boblebt %?Q*@?Q%L?%gﬂ“ AR %59‘1@2 et

ester of phos d,an
S p??%%gaﬁ o eof ncI udlgﬁ?ornﬁ'eh(écgl tch a8

al cohol . Speci anpl es t aceﬁlc aci d,

propi oni ¢ acid e@téajml@[@sm-”ﬁuﬂ Q?fﬁ]éoeﬁfaueea-hqweﬁylam d, and
di et hyl phosphorl c acid ester, he 0" to ©6 aliphatic

al cohol &ind t heeflacyelof@62.1947 0pHa’? cntulbexs|odienyld may be | ingad or
branched in the carbon skel £t 01913 have a ring. [0048] These
conpl exi ng agehexacyelo[bé. uted g dg | hbptadeca-hgnyhgronps.nor e t her eof
in a proper proportion in each corrpl ex system The Lewi s acid conplex
can be produceﬂ?@gddﬂm ANCUAE a)fkﬂmmmﬁtcﬁh@r addedh tadlie t padymerizetios age
anount of the Lew s aC|d cor]p ex. may be Sd;ngr, r to the

above- descri bedViidtige Rrefakly #1-0into 180ife 1]?@9‘19]11 theenuahes ofci d
Corbr i nat i o PIASSBH 8 SRRk g 'Qﬁ%ﬁ%ﬁ% Bl 39 mitizetion

such a 1€WTS alseBlio 6f ke sl %@ﬁmwﬁ?&?ﬁ{’ﬁmﬂgp e
cont rol | ed by ghanghiio Ay 86k SlterbP B b ARSHe Liiasthly on

when |iving ca Ioni ¢ polynerization 1s carried out,
polymerizable monomer so that it is made uniform.

[0038] According to the copolymerization reaction according to the
present invention, a Lewis acid is used as a polymerization catalyst.
15 The Lewis acid may be widely used from among known ones usable for
cationic polymerization. Non-limiting examples thereof include botron
halide compounds such as boron trichloride, boron trifluoride, and a
diethyl ether complex of boron trifluoride; titaniom halide compounds
such as titaniwm tetrachloride, titanium tetrabromide, and titanium,
20 tetraiodide; tin halide compounds such as tin tetrachloride, tin
tetrabromide, and tetraiodide; aluminum halide compounds such as
aluminum trichloride, alkyldichloroaluminuims, and
dialkcylchloroaluminum; antimony halide compounds such as antimony
pentachloride and antimony pentafluoride; tungsten halide compounds
25 such as tungsten pentachloride; molybdenum halide compounds such as

molybdenum pentachloride; tantalum halide compounds such as

14



an el ectron donor conponent Can be allowed to co-exist, if necessary.
The el ectron donor conponent is considered to have the effect of 5
stabilizing growi ng carbon cations and/or the effect of trapping .
protons in the systemin cationic polynerization; the addition of the
el ectron donor produces a polyner in which its nol ecul ar wei ght
distribution is narrOM/and its structure is controll ed. The usable

o anescon GRE Pl A ot S o
5ol e an 9?@?@%%?3#1%2%&%@@%% BebecR

am des such as agﬁﬂ‘ﬁest rfeht ﬁ%‘bgﬁﬁlcﬁb}hﬁﬂﬁhﬂﬁﬁl S,chh I%&achloflde tltamum

di et hyl sul f oxi orus conpoun unds

havi ng oxygen ?étfh%ﬁlo%ﬁ?éoﬂﬁl?&etlﬂcdmt&hoﬁgQﬁeWs acids, boron trlﬂuorlde
tetrai sopropoxytitanium |[0051] A reaction solvent nmay be used in the

above copol yneis 218b F:@éfefabiae:in vigw @(@mbﬂmﬁ thé mdlecul@ewtight s bé easily
i nclude a single solvent selected fromthe group consisting of a

hal ogenat ed hy domtealtdsbiy clzmpirg theaedationytemperatizen, and an aromatic
hydr ocarbon, or a m xed sol vent 20thereof. [0052] The hal ogenat ed
hydr ocar bon maj0039d The besfivemd e el used ihanratgeunt of 0,01 to 1,000

chi or 1 do. °i?ﬁhﬁﬁﬂg@mé@ﬁaﬂr&ﬁﬁﬁéf&aﬁm@&%%&%@ a0l eqhilentne
1- chl or o- 2- hi | b

25(1:m:§1)lr gr oznglggﬁ?gt ﬁaﬁmﬁlﬁﬁgaii‘g;ﬁ)@ %“‘Hﬁ%‘g?ﬁyl but ane,

1-c or 2,3 ut 0] e

1-chl or 2 met L@q %E ihq "{é‘? lﬂéfm%op bgny‘g“fgem the form of a
1-chl or o-4- et BY4BRR B %idy AR BEBAEN] TuBblae"dtochorss el KRR

1- chl or o- 3- net exane,

chl or o- 5- net hygﬁb%ﬁlﬁcrl reﬁhéar@hsﬁtaamﬁeansc Bbilr eeﬁbme 5A compound
2- chl or opr opan 2- chl or obut ane, 2-chl oropent ane, = 2- chl or ohexane,

2- chl or ohept anésrmidng i esaplekadnebeia! thne bewzdinatedoo 4 m@whs keid ishiso
sol vent selected fromanpng these may be single or one consisting of

2 or nore conpoaimﬁascoxilplﬁﬁigﬂ'gmt al i phati c hydrocarbon is preferably
propane, but ane ent ane, neopent ane, hexane, heptane, _octane,
cycl oheléne, M@&ﬁeﬁheoab@tmynm&ﬁmma corudistee e 2

ﬁﬁ'riciiﬁpf)rngﬂl iggé‘%@%ﬂﬁfx%ﬁga @p&%&»}r&g' y °5ac§v@a§°q®g§$%? camppunds

benzens, ol ueney XyLeDe pon S VLRSIEEnE LIS S0 vent selectag L om

components. ester, an organic acid, and an acid anhydride; and nitrogen-containing
compounds such as an amine.

20 [0042] The alcohol used as a complexing agent is preferably an
aliphatic alcohol having 1 to 20 carbons or an aromatic alcohol, more
preferably an aliphatic alcohol having 1 to 20 carbons, Examples of
the aliphatic alcohol having 1 to 20 carbons include methanol, ethanol,
propanol, butanol, pentanol, hexanol, heptanol, octancl, nonanol,

25 decanol, and cyclohexanol. The aliphatic alcohol having 1 to 20

carbons may be linear or branched in the carbon skeleton and may have
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[ 0055] When a reaction solvent is used as the enbodi ment of the
present invention, it is preferable to use the solvent so that the
concentration of the resultant polyner is 0.1 to 80% by wei ght,
considering the solubility of the polyner, the viscosity of the
solution 20 and ease of heat renpval; it is nore preferable to use
the solvent so as to provide a polyner concentration of 1 to 50% by

i ght i [ f ' ffici . and f ion. Th
ononer concentrdtont b G ikcHe ARl BHLAES SFCREPheh SGHE EnGremaks o
0.1 to 8 noles/]if. f bl th d ;. 3.5 to 5
ol s/ 11 ttor - 48 3806 HLPHE ool s bt elfiipohar, °
pol yIer | zat | on oG ek ahatih brGng il HA8-L0L dohALSE b Ao
used, in view sudi'tably cont rolTi ng VI SCOSI and- hea generatl on.

[0056] The var ks M kbRkA 4ed] 18 CHF HRERERC by IEOBGRY De

ones avail abl e 1 ndustri y Or experinenta owev n

subst ancgs havigpgcifietdagplesiheesT ifdlhde AmubEethesd! di@ﬂhgl eflRfl méthyl
hydrochl ori ¢ acid and conpounds havi ng chl orine atons bonded to fhe

tertiary carbosthybtdther, tdipropyhetherj mahyl peapy cahémi stleg pfofpfyheeth@\jv
materials, these substances and conpounds beconme a cause 0
generating si ddibugglcethensnethyl byiyl ietliessethyhbutyl tettest, propyt dutyl rether; o
be purified to the | owest possible concentratjon. It is_also

necessary to depid\ather, phenydimethyhgther, nheaybethybgther, diphenyd athere
outside during r tiqn operation. To efficiently. obtain desired
pol yner, it i gcﬁﬁgﬁ@ﬂﬁﬂn@ﬁ%ﬂh% aad cygle ?%‘ﬁaqtﬂ}‘h%hﬂrnuﬁ}b@re% aving

i i 1-fol d I . f bly 0,.5-fold . A h

of "the 1Bt al *nfristit® 4220 afBhaiq BrioBiufoR oy e igarson pRReRe B ghe

initiator. 15 0 [ | ! : | [ f bl

per f or e undeh) ke Ra ARG SRRy R A ohR BRERAET, D fen, ¢
Fed unds i 4%

Condi £ on such! a0 e RRAR@el s Ao RRENAITI BRSO ol e

consi dering t hg.yia¥@ft phendlh SpdtRRQNS! She ,ﬁ:rbs)ﬁlﬁ:;ﬁhe‘li'k@ i?ﬁﬂe‘f&ﬁ'_ﬁble. the

pol yneri zation 20 ténperature, and the |like.” The copolynerization is

preferably per {40458 dChonReiont weduagh sompleking a?mdiis ippefarably bHationde
pol yneri zati on systemis honpgeneous. e copol ynerization reaction
accordi iy to thavipgeseromatioentiloo (E&aliphaﬁmﬁj’dmaﬂﬁpnfgwupexﬁpﬂcﬁic by
a batch or sem -batch pethqgd which i nvol ves sequentially charging a

25pol yner i zat i exarapleg dhereo} suuds metlayl ethyl kotoney disthyl digtense naesbyby
he f la (5), | d, if , initi
LASGIERC IS LR TS A R
fivol ves por § obliRbAlRe dRRrOGREN: GBuR iy dL dMFat nat argched i the
| > bel 1 " |
o 1 ator an L dot&Hon DA Rl iy 8RR baBE a tite " 1" SySt e and
furtherggenovi E{J)r%t]'%}fa%%léé Jtthe Q%ﬁert\?s’eﬂhas”&t&ﬁ\q% §1§1 r%e‘ﬁ'ﬁ alﬁézlﬁgg Pa“ g

that the conce ation t he pol ynerization cat the s

poi tnt lor gol y MedrbaRyli® Acidedted htl ROpHRAPHARE béidt dsit. CaheRaragiibacid
controll ed.

bod

ester is preferably one in which an aromatic or CI to C6 aliphatic
alechol and an aromatic or C1 to C6 aliphatic carboxylic acid form an
ester bond with one another. Examples of the carboxylic acid ester
25 inclhide methyl formate, ethyl formate, ine:thyl acefate, ethyl acetate,
propyl acetate, butyl acetate, pentyl acetate, hexyl acetate, ethyl
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[ 0058] Because the polynerization tenperature influences the average
10 nol ecul ar wei ght of the isobutyl ene-based pol yner obtained, the
pol yneri zation tenperature adopted may be properly sel ected dependi ng
on the desired average nol ecul ar wei ght; however, the polynerization
tenperature is preferably on the order of -80C to 20C, nore
preferably on the order of -70C to 0OC, and the pol ynerization 15tine

is typically on the order, o .5 to 180, m nutes,, preferably on the
orde)r/pof 20yt o%fﬁﬁn%?‘ﬁ@és@tgﬂg@?@?atﬁccghﬁ' SR r’thp?é‘I ?ﬁf%’@yﬂﬁ 1'41531’ hod
of the present in Jd0n,. the I rization r.eactd on i refe I
Cermmared by, ohE SHined by BF BRvAEh SRhuBRaliEE Sratraibe D B ¥
ease of subse : i : : ; for e T
term nation tﬂe%é@@ n%%lﬂlgér%'ﬁfi%ﬁﬁ%;ml afc?rc]ft e lre gto gftﬁéap&osgpopﬁe
conventional - MHaRP e SRR LAARERY o %??#bﬁ%orﬁ:{‘%céé%?&ﬁ_ﬁgﬁiggﬁ]ﬂo;‘o

special need to performtermnati : ( ]
the reacgor useHobphdritcacid estent Fereeadch®T the 01ah CHMAHAR WY and
limted; however, it is preferably a stirring tank-type reactor. The

structure ther ¢l Clstor©6 afiplidticcedrbatylid aokd her), b inearesr, brixshedXarthe e,
it is preferably a structure permtting cooling in a jacket part and
enabl i ng nonomeatboarsitektamand ey hame aaingel ect r on- donat i ng agent whi ch
are both sequentially supplied to be uniformy m xed and reacted. It

may al so be a §094/dtTxamples i éhe iovganienacid wrgdi psrencomplexingi agsut
such as an 5 int ?r al cooling, coil ﬁgd aggfl ux condenser _to enhance
cool i ng capaci t3°8%R1 & pRIMAIcH 04t &l R pﬁ‘]ﬂ;haﬁéd oxgHeleAciflnea
i xed t isfactoyy. T ti rri | ad din th tirei
Cankety b T eac PR shbytity kel BbcnhiRop OSaic g i s plelel oot

¢ bl v hi : ; L . d. i
Peacti on sol ut SbPhohBliRe acff HRATEy Horbt b X 08, 68 w0 Rohol.

i tabl d dedal g t oY I
bi'ade and ot upBr e PRAPIER Wt I Eh G dotd, (Rlio M E IHSpRARE! |
pol ymeri zat i onhgigaekaladie) Mta.l'diﬁ"t*T &id e bR ackE %H{Rl@étﬁ?%ﬁhggéﬂo%%%id

bl ade having a | arge bottom paddl e such as a Maxbl end
Ful | zone bl adeestar. Suiese| kach bf dieClaoHC6 hliphatty alebhclearghtheaChltades as

described 15 in Japanese Patent Application Laid-Open No. 10-24230 in
a mi ddl &5 vi scoslipiatice garhoxyhic saniérmby tlendineér oenbiapchekesn tthe sewboal
hundreds of poises, and an anchor, bl ade, a (double) helical ribbon

bl ade, a | ogbofkdetgnandgnay haveg 4 K8gin a high viscosity region of nore
t han several h of poi ses, 20[0061] The isobujyl ene-based

pol yner of ther%jgﬁiespﬁx‘?ﬂiﬁ?’ﬁﬁgﬁ&%ngﬁéﬁ be é‘ﬁ%‘f%f%ﬂ Wixgg two
curability because it.,conpkrises a structural unit represented t he
above for il a PLindhEret i g ieRe pAPOTuhm &ty complox sYgtemh oy bhe
formula (2). T . j y - o) . Of, t

invention is ug'g%sI ta?@ #%ﬂ?%guéﬁge %@?cye?s %’ﬁ&{ﬁlgﬁg Q%ﬁgﬁgﬁ%ﬂht o]
a conposption rh@h i @St rsﬁﬁﬂ

i nvent ?%qr)l is m%ﬁ gﬂ&sigggi ??(%?#é;ﬁggg%ﬁfb%ibrég}llgévmg[gggﬁ%}%%ﬁp esggnd

Conpar ati ve ExgmleeibovEesitiied isage hvant 60Me [vA®hcitint ended to be
limted to the follow ng Exanples in any manner. .

[0049] The Lewis acid complex is preferably a boron trifluoride

complex obtained by co-ordinating the above complexing agent to
boron trifluoride. An alcohol complex of boron trifluoride is more
25 preferable, The use of such a Lewis acid complex enables the

molecular weight to be easily controlled by changing the reaction
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5[ 0063] [Production Exanple 1. Synthesis of Tricycl odecene Vinyl

Et her ] Tricycl odecene vinyl ether was synthesized according to
the foll owing schene. [Chem cal Fornula 7] (6-a)(6-b) 1) SON

1, 3-di met hyl- 2-i m dazol i di none 40nmHg, 120t 2) 0.02Moa (acetyl ene),
140C, 5h 1) (7-a)(7-b) 10 [0064] Specifically, 186.47 g (1.24 nol)
of tricycl odecene nonool (a m xture of isomers (6-a) and (6-b)), 7.56
g (10 nol %9 of  pot as&rum hydr oxi de, and 454. 35 g of

1, 3-di rrethyllm frone" (M) were introduced into a glass flask

oact Ton cor ot AN I REGGE MEGH e bRRHY RoliblerIZibhis PRlide out,
Lgﬁ(r:;?dA:‘J?g?rrecoverl ng&(ﬁue re h%E%S?’Sf%@%@nﬁﬁg{mﬁl?#%%%é&{ he
sol vent, the rqyisdslgcH@s cﬁaﬂo'ra&ingsb i Ng %ﬁ@ﬂ@fé&ewm/mteffea of

fol I owed by recovering the hexan se The hexane phase was dried

wi th anhydrous sﬁbﬂizmgggtdmg%arﬁdﬂ éaﬁfdﬂ@ adfifor thedfféed etiraps ﬁg Pi‘(ﬂdﬂ@ ed

pressure to provide of crude tricycl odecene vinyl
addition, it wasthl systéhenh ea?t[bma:npniymei'lz*admp; thwi deditioh. df7the elkctrdre

desired fr cychgﬁgfcgfggugésng lpoleytn?;rm(xshl;nh)ittsunrlglegiﬂar weight distribution is
narrow and its structure is controlled. The usable electron donor
component is not particulacly limited; heretofore known ones can be
10 widely used provided that they have donor numbers of 15 to 60,
Examples thereof can include pyridines such as o-picoline and
di-t-butylpyridine, amines such as triethylamine, amides such as
dimethylacetamide, sulfoxides such as dimethylsulfoxide, esters,
phosphorus compounds, or metal compounds having oxygen atoms
15 bonded to metal atoms such tetraisopropoxytitanium.,
[0051] A reaction solvent may be used in the above copolymerization
reaction. Examples of the reaction solvent include a single solvent
selected from the group consisting of a halogenated hydrocarbon, an
aliphatic hydrocarbon, and an aromatic hydrocarbon, or a mixed solvent
20 thereof,
[0052] The halogenated hydrocarbon may use chloroform, methylene
chloride, 1,1-dichloroethane, 1,2-dichloroethane, n-propyl chloride,
n-butyl  chloride,  1-chloropropane, 1-chlore-2-methylpropane,
l-chlorobutane, 1-chloro-2-methylbutane, 1-chloro-3-methylbutane,
25 [-chloro2,2-dimethylbutane, 1-chloro-3,3-dimethylbutane,
1-chloro-2,3-dimethylbutane, ' 1-chloropentane,

18



5i somers (7-a) and (7-b)). [0065] [Exanple 1: Synthesis of

| sobut yl ene- Based Pol yner|] According to the foll ow ng
procedure, an isobutyl ene-based pol yner was synt hesi zed which
conprises a structural unit represented by the following fornula (1):
10[ Chemi cal Formula 8 9H3 ( CH 2 9 CH3 (1) , a structural unit
represented by the following fornmula (8-a): [Chem cal Fornmula 9] ( CH

Formil a (5 by [ ChAR 2methPpetihd. o7 o060 A shisfoptaetiliihiane,

was_equi pped Wiyl dhgroSeRiaiAy Hftand, MSEAIBoH: AR, N2YHISk% MRS

connected, and a tenperat

1-chloro-3-methylhexane, 1-chloro-4-methylhexane,
1-chloro-5-methylhexane, 1-chlorcheptane, 1-chlorooctane,
5 2-chloropropane, 2-chlorobutane, 2-chloropentane, 2-chlorohexane,

2-chloroheptane, 2-chlorooctane, chlorobenzene, or the like; the solvent
selected from among these may be single or one consisting of 2 or more
components.
[0053] The aliphatic hydrocarbon is preferably propane, butane,
10 pentane, neopentane, hexane, heptane, octane, cyclohexane,
methylcyclohexane, or ethylcyclohexane; the solvent selected from
among these may be single or one consisting of 2 or more components,
[0054] The aromatic hydrocarbon is preferably benzene, toluene,
xylene, or ethylbenzene; the solvent selected from among these may be
15 single or one consisting of 2 or more components.
[0055] When a reaction solvent is used as the embodiment of the
present invention, it is preferable to use the solvent so that the
concentration of the resultant polymer is 0.1 to 80% by weight,
considering the solubility of the polymer, the viscosity of the solution
20 and ease of heat removal; it i3 more preferable to use the solvent so as to
provide a polymer concentration of 1 to 50% by weight in view of
production efficiency and ease of operation.  The monomer
concentration in polymerization is preferably on the order of 0.1 to 8
moles/litter, more preferably on the order of 0.5 to § moles/litter. The
25 usage amount of the organic solvent in polymerization is preferably 0.5~

to 100-fold that of the monomer used, in view of suitably controlling
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stirrer bar was placed therein; and using the vacuumline (with a 5
Schl enk tube), the inside of the systemwas subjected to two tines
repeat ed deaeration - replacenent with nitrogen and thereby set under
an atnosphere of nitrogen at nornmal pressure. Into the flask, 34.8 g
of a toluene solvent dried with cal cium hydride and distilled was
injected through the septumcap using a syringe. 10Using a syringe,
5. 68 mmol of tric§ch?decgﬁnag vierl}ég et her (from Maruzen Petrochem cal
Co., Ltd.) was 158 ?ﬁ“ g O%y ask was inmmersed in a cryostat at

B e
tenperature, f gh&@%ﬂgﬁk Eﬁ(ﬁj},ﬁiﬂ{y bﬁ@xﬁéﬁlﬁeﬁiﬁﬂi(; Rbwéver, SJE%EV\L«'E&? to

t he reaction system ce the solution tenperature 1 nsi e system

had wel | reachgghdthifenr baEher aenies hpdiogemt Wich desogategd aloohéRbhsd 1,

a prepared catalyst solution in which a 1.06 nol/L ethyl alum num

di chl orifle ( EARGiYochhoeicaatdd and ebinpounds havihg tobtbrinelftomistHonded itd itles
hexane (1.14 minol as ethyl alum num dichloride) was 20wei ghed usi ng
a syringe in ategtiatye chhongnoiéer dhai t thegéntistonoarpheoidaimed imjthe t sy
into the reactor. | Two hours after the catal yst solution

i nj ection, themstsrials,athewgs spbsipness pndncompeundsdiecoms oh arse t En
allowed to stand to,roomtenperature. The reactign nixture_v\gs

subj ected to eREPHABENS FLEHERGHPR, A5 PURLTIESy WY h§iGr SaPed 81 bR i on

e o opP T S R DRl St GRLAAT 8RBl . o
:lb,l Zﬁt‘gﬁgfozt RESFRL R, oA ar P Dl Rles S % GulRRfrtBonction,

| : j [ : AL : Ebféﬂ 60C
fgr i\évehou?/s '[gb%‘ragw'gqu.%ﬁ&gnﬂofIdgﬁllgda\ési reg]llshg% E%’;‘]&één - asg?ﬂ)

pol ymer (a copgddiiBrthef tot ol hantdepnsd ifipieitidsore e \orNikks, ehbes ) -
It was confirnmed by 13C-NMR neasurenent that the resultant substance

was the desirepreéfsablyt 05efobd balkess| thal ofithe tétahaumbpobfmitiatizh point of

i sobutyl ene and tricycl odecene vinyl ether). 15[0067] [Exanples 2 to
5] | sobut pblyneerization iptheniiatomer e produced and eval uated in the
sane vvai/ as in_Exanple 1 except that, the charge ratiq between

i sobut yl&ne antPQ37]chha abeve aerelymerization reactive tsapreterably perfommgsling |
and the reaction_tenperatuye e .chlgtn ed as shpwn in Table ﬁ

201 0068] | [ ConpHRdan AbatEosaRete of an ihert Bas,supk 38 BIIEERe XIAOFLRSHR. was

[ i cycr odecencloF rpeserh il YRS oRlyErtion, "BRoeohdify Sock ity
25 0069) [ 150 R RRRear i SrFs PuEARRRE e, AL bl e e (o,
the of the monomers, the type of the solvent, the polymerization
20 temperature, and the like. The copolymerization is preferably
performed under thorough stirring conditions so that the polymerization
system is homogeneous, The copolymerization reaction according to
the present invention can be performed, for example, by a batch or
semi-batch method which involves sequentially charging a
25 polymerization solvent, isobutylene, a vinyl ether represented by the

formula (5), a catalyst, and, if necessary, an initiator and chain transfer
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i sobutyl ene-based pol ynmer of each of Exanples 1 to 5. Specifically,
each isobutyl ene-based pol yner was di ssol ved i n deuterochl orof orm and
measured usi ng VNMRS-500 from Vari an. Tetranethyl silane as an

i nternal standard substance was used for the calibration of the 5
chem cal shift. The copol ynerization ratios determ ned by 13C-N VIR
measur enent were shown in Table 1. A "C NWR spectrum before the

copol yneri zat i e i Of . Exanpl . shewn ,in Fi.qure . a a
13C- NWR spect r%g'?li)tf ﬁf%fg%?gg%l'{?@n&% g%%ﬂ&@lsvgﬁ%q baé&@mp ﬁb@r‘tlmngfﬁom
in Figure 2. 1 eNGEui i ' . It he
13C- NWR spectr grgnﬁg%(ggé: g&bons wﬁﬁﬁ%g%dnﬁ@%ﬂ M&@%@@ﬁ@%‘@ﬂom
in Figure 1, arg; f .y A 1

Spect rum and o n et s R P RTR ARt SohaRe enbhErs, 2

2. The formul ackRiya}, 1d, (Onsdeséady,aarc biAtsiand Chainnraistar sioht ehd tiad
unit represented by the 15 above formula (1) and a structural unit
represenfed by likbeinth ke systenubnad (farther cemé@ing) thearsultdes e The fwuitgtner
chains can be present in one nolecule of each isobutyl ene-based

pol yner. [0070meti@ydds preferablerdntthalGhe cenccntretiemtofthe pelymerigatiort or
t he i sobutyl ene-based 20 _pol yners of Exanples 1 to 5 and the_ .

i sobutyl ene hof®iebisymet dhe cshstnat ippintExeinppelymeriggtiont iand) | uringch
conmpound i s dissplved i,n tetrah diofura and the GPC neasurenent was

per f or med usi n§© 17@@“@%538 horREdlsd cor poration, in which

TSK- GEL, Super Super;H2000.  Super H3000 nd. er H4000 were
connected | n 20T eI WPy mymEBRt Trmperaline SnRcht itV Fose

sol uti opa Poly r : ' i ti .

nol ecul g(? wei gﬁ‘w&?ﬂ% V\%/{éa oqa)\é}ge?alge lf%@%_h?%tf?@eo:‘lgh?ls 0 @%%’hthe

i sobutyl ene-ba ﬁqm 'S%&) n 0 o] d 1 ned
by GPC measureEg t air%ﬁg%oﬁngﬂpgﬁ%a%l e 1. Yé[(%oglf' Fﬁa@ﬁ%ﬂ nﬁeﬁdﬂéd‘

A ass-Transi ti depcieiierdt Uheldebitbe Blepsde hidlBailll CreitBITIRSREvHIe tERS
nmeasured for the isobutyl ene-based pol yners of Exanples 1 to 5 and

t he i sobut yl enpolyomaizativiresmpérafieeiaprteriblyoathel @ddr ofSi86ECHH 2oPCy ,
the nmeasurenent was carried out in duplicate in the tenperature range
of -no to 230Cumie prefarablyfontthapedet off 70°Cste 07C,20@ thierpalgmeridatiora 10
ni trogen_at nosphere usjng D apond DSC from Per ki n- Ehner. The

gl ass-t ansi ti B Briybicalliran be gdenabPe Br 180 minates, proferably e thens

tngt ]second det gg £~%f58?8‘i%8%‘ﬁ§18fes.[ 0072] [Sul fur-Cross-linkability

[0059] According to the production method of the present invention,

-

the polymerization reaction is preferably terminated by the addition of

an alcohol such as methano! in view of ease of subsequent handling;
20 however, the means for the termination thereof is not particularly

limited thereto, any of the conventional means in common use may be

applied, and there is even no special need to perform termination

reaction,

[0060] The form of the reactor used in the present invention is not
25 particularly limited; however, it is preferably a stirring tank-type reactor.

The structure thereof is not particularly limited; however, for example, it
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Based on viscosity changes in measuring dynamic 15 viscoelasticity
at a constant tenperature, sulfur-cross-linkability was eval uated for
t he i sobutyl ene-based polyners of Exanples 1 to 5 and the isobutyl ene
honopol ynmer of Conparative Exanple 1. The dynami c viscoelasticity
measur enent used the apparatus DAR-50 from Reol ogica Instrunments AB.
The follow ng bl ends were each nounted 20 in the neasuring

; h bl end d up. 100C.t 0 .160 2 ' ;
a1t s tr ackBIPRGPLL SRRt Eb R h 3BT Pt bithE
t whi | Il t )
Feathi ng. 1606 TtEHERe8 s YAt BARE ST AR MR E It hre oty
f f 1 - | 9 ; t
| Sohutyl ane- bad o T SPPRLA (b Wil RiidPafTRGRd, | 1P mey also
observed in whibghs shaicivis G@SHEh SheidBhtal ieqaipRasfds lﬁbvﬁleﬁrﬁﬂﬁt@L g ned

tenperature. The viscosity increase-starting tenperature of eac
i sobut yl §ne- basieriad cyolng coil ahdwreflx Eatddensdr tol enhahee eqslgodaphbiey

i sobut yl ene honopol yner, no viscosity increase was observed in the

t enper at ur e r egnda badfls ptatel card po prdlidé¢drantendad the Enixey Istatd sdisfaqiony, 2

=xample 3 Exan‘%lh% itigi(nagnpllalgdg used in the stirring tank-type reactor is not
particularly limited; however, it is preferably high in the performance of
circulating and mixing a reaction solution in the vertical direction, and

10 there are suitably vsed a stirring blade such as a (multistage) pitched
paddle blade and a turbine blade in a relatively low viscosity region of
the polymerization/reaction solution of several centipoises, a large blade
having a large bottom paddle such as a Maxblend blade, a Fullzone
blade, a Sunmeller blade, a Hi-F Mixer blade and a blade as described

15 in Japanese Patent Application Laid-Open No. 10-24230 in a middle
viscosity region of several tens of centipoises to several hundreds of
poises, and an anchor blade, a (double) helical ribbon blade, a logborn
blade, or the like in a high viscosity region of more than several
hundreds of poises.

20 [0061] The isobutylene-based polymer of the present invention has
sufficient cross-linking curability because it comprises a structural unit
represented by the above formula (1) and a structural unit represented
by the above formula (2). Thus, the isobutylene-based polymer of the
present invention is usefil in introducing a polyisobutylene skeleton

25 into a composition of rubber and the like.

Examples
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Conparative Exanple 1 Charge Ratio (Ml ar Ratio) of |sobutylene/Vinyl
Et her 90/10 95/5 95/5 60/40 30/ 10 100/0 EADC Cat al yst Amount (% by
Mass Based on Mononer) 2.0 1.0 2.0 1.2 1.8 1.8 Reaction Tenperature

(1T

[0062] The present invention is more specifically described below
based on Examples and Comparative Examples. However, the
invention is not intended to be limited to the following Examples in any

INanmner.

5 [0063] [Production Example 1: Synthesis of Tricyclodecene Vinyl
Ether]
Tricyclodecene vinyl ether was synthesized according to the
following scheme.
[Chemical Formula 7]
HOSERNOY,
{6-a) {6-b)
1) KOH

1,3-dimelhyl-2-imidazolidinone

)
o Yo

2) 0.02Mpa (acetylene), 140°C, 5h

(7-a) (7-b)
10

[0064] Specifically, 186.47 g (1.24 mol) of tricyclodecene monool (a
migtote of isomers (6-a) and (6-b)), 7.56 g (10 mol%) of potassium
hydroxide, and 454.35 g of 1,3-dimethylimidazolidinone (DMI) were
introduced into a glass flask and reacted at 120°C under reduced
15 pressure (40 mmHg), This reaction solution was introduced into a
stainless autoclave and reacted under an atmosphere of acetylene at 0,02
MPa, at 140°C for 5 hours. After recovering the reaction solution and
distilling off the solvent, the residue was extracted with

hexane/methanol/water, followed by recovering the hexane phase. The
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-70 -18 -20 -13 -25 -20 Copol ynerization Introduction Ratio
("CGNvItO 80/20 85/15 9218 52/48 25/ 75 100/ 0 OPC- Mv 23600 13400

15400

10

15

. hexane phase was dried with anhydrous sodium sulfate, filtered off, and

dried under reduced pressure to provide 19232 g of crude
tricyclodecene vinyl ether, In addition, it was distilled and purified to
provide 155.17 g of the desired tricyclodecene vinyl ether (a mixture of
isomers (7-a) and (7-b)).
[0065] [Example 1: Synthesis of Isobutylene-Based Polymer]
According to the following procedure, an isobutylene-based
polymer was synthesized which comprises a structural unit represented
by the following formula (1):

[Chemical Formula 8]

Qs
CH,—C (1)
CH,

, a structural unit represented by the following formula (8-a):
[Chemical Formula 9]

CH—CH, (8-a)
O

, and a structural unit represented by the following formula (8-b):
[Chemical Formula 10]
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35800 15400 21600 d ass-Transition Tenperature (t) 93 47 56 98 105
-71 Sulfur-Cross-linkability Test (Viscosity Increase-Starting
Tenpera(ure(t)) 160 159 160 158 158

CH—CH, (8-b)

[0066] A 300-mL 3-neck flask was equipped with a septum cap, a
reflux tube having a vacuum line connected, and a temperature tube; a
stirrer bar was placed therein; and using the vacuum line (with a

5 Schlenk tube), the inside of the system was subjected to two times
repeated deaeration - replacement with nitrogen and thereby set under
an gtmosphere of nifrogen at normal pressure. Into the flask, 34.8 g of
a toluene solvent dried with calcium hydride and distilled was injected
through the septum cap using a syringe.

10 Using a syringe, 5,68 mmol of tricyclodecene vinyl ether (from
Maruzen Petrochemical Co., Ltd.) was then injected. The flask was
immersed in a cryostat at a predetermined temperature, and it was
confirmed that the solution temperature inside the system had reached
the predetermined temperature, followed by transferring 51,2 mmol of

15 isobutylene to the reaction system. Once the solution temperature
inside the system had well reached the predetermined temperature
described in Table 1, a prepared catalyst solution in which a 1.06 mol/L,
ethyl aluminum dichloride (EADC)/n-hexane solution was diluted 1:10
with purified hexane (1.14 mmol as ethyl aluminum dichloride) was

20 weighed using a syringe in a glove box under a nitrogen atmosphere and

injected into the reactor.
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Not Found [0074] [Exanple 6] Usi ng a met hanol conpl ex of boron
trifluoride (BF3, MeOH conplex with a BF3 content of 67% by mass) as a
catalyst, 0.1 nol/hr of tricycl odecene vinyl ether and 2.7 nol/br of

i sebutyl ene 10 (isobutylene/vinyl ether = 95/5) were reacted for 5
hours under conditions of a reaction pressure of 0.3 MPa and a
reaction tenperature of -30C while being continuously flowed. [0075]

conpound was. preci pi APATYERE @fef%tdlﬁo%a%nﬁiéﬂwﬁbﬁ%%%o%é* %{%
removi ng net ha JRGANhAt r u rege
m’ngVIang 60C fgreﬂnggé{%oursntthg %é%tw ecg %a ratgngig{éérieﬁtf |cky
subst ance. The tg@petahad! t TBOSRALEM ﬁmke/ ﬁﬂ@sélﬁ{r@«ﬁem Sxpjaefbed

to 13C-NWR neasurenent to confirmthat the resu nt transparent

sticky subst anopemgionawiilesi 16 cotimb byt @dide b@laﬁdm@ltm@? fdlospoby ner
of isobutylene and tricyclodecene vinyl ether). [0076] [Exanple 7¥
5An i sobfit yl ensubjastug dhe ywsultant oibiphasedd éxtraction sepeeatway wigh ipure
Exanpl e 6 except that the reaction tenperature was set at -27C.

[0077] [Exanpl avagr. After mnﬁr-ﬁm&uttbateth@ lﬂds@ﬂﬂwoaqﬁmusm@mcha hadi in

B e
SR o S ot O B
e Lt
T e e S S 8, TR

tol uene (from m@cqbdéh@mqg@] &iey). | NC. ) was injected through the
septum cap using a syringe. Using a syrl nge, 15.24 g (8.66 mmol) of

tricycl odecene vinyllt was confirmed by "C-NMR measurement that the resultant

substance was the desired isobutylene-based polymer (the copolymer of
isobutylene and tricyclodecene vinyl ether).
15 [0067] [Examples 2 to 5]

Isobutylene-based polymers were produced and evaluated in the
same way as in Example 1 except that the charge ratio between
isobutylene and tricyclodecene vinyl ether, the BADC catalyst amount,
and the reaction temperature were changed as shown in Table 1.

20 [0068] [Comparative Example 1]

An isobutylene homopolymer was produced and evaluated in
the same way as in Example 1 except that tricyclodecene vinyl ether
was not used and the BADC catalyst amount and the reaction

. temperature were changed as shown in Table 1.
25 [0069] [“C-NMR Measurement]

PCNMR  measurement was performed for  the
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20 ether (from Maruzen Petrochem cal Co., Ltd.) was then injected;
the flask was imrersed in a cryostat at -20C, and it was confirned
that the solution tenperature inside the system had reached -20C
Thereafter, 15.62 g of isobutylene (280 rranol) and 0.11 nmL (89.7 np)
of methanol (from Kanto Chem cal Co., Inc,) were transferred to the
reaction 25system and it was again confirned that the solution

tenperature ingj r . was
t hrerﬁ transferr EW;@%%B%%?&%B%%%QE;&%%@%@F se-lrteos?‘st gﬁ%ﬂﬁ&ﬁl ’
o 0. 10 g (o, ged Tsdbitflefie kol pblntiOaR BLBHRY &1 RO HoNTLE:
the septum cap avijandasht&l QLiBESVEMRSLIFN0 o Walgh! RtiRhothYRilBER agas

i njection, the cryostat was renmoved fromthe flask, which Wwas then

al l owed to stand imemabrstinelanbsabstante waenusdde fore dled icalibritiohuo® thes
poured into 500 m of nethanol, a white sticky conpound was

preci pi t 3t ed. Themiaal shift.c ohipoepblymerizatidmtatmshleteranned by PENNR!
by decantation and dried using a vacuumdryer at 10 1 mmHg and 60C
for 12 hours t ggSeieipnt wepe sipwsn imTakle . yel | ow transparent sticky

Subj ected to 13C NVRbGRWWE faécat?@g i‘vr@fé'rtp(rj tiq%%%lfm"é’rﬁai‘%ﬁfmﬁr?ﬁoﬁ of
0 . . ) )

%%Zgg}ﬁgi ggr:eiéfwéﬁpiﬂ?‘iﬂﬁ{”%? SheWaa Fiedls ) dpdce. -ﬂﬁ%esﬁﬁﬁﬁ ?E Itﬂne:: r

in Exanples 6 { éﬁ%&é@gg#{@sé@é&?%&%gﬂ%ﬁg@gé&?%so] [ Tabl e

2l Examle 6 Exa”plleoﬂvge@ﬁwﬁg;agg@@mp BefhnIfedRR intne PENMR

Rat i 0) | s obutyl ene/
spectrum and carbons in the formulas (7-a) and (7-b) is shown in Figure

1, and the relationship between peaks in the "C-NMR spectrum and
carbons in formulas (9-a) and (9-b) is shown in Figure 2. The formula
(9-2) or (9-b) is a copolymer chain of a structural unit represented by the
15 above formula (1) and a structural unit represented by the above
formula (8-a) or (8-b), and thess copolymer chains can be present in one
molecule of each isobutylene-based polymer.
[0070] [GPC measurement]
GPC measurement was petformed for the isobutylene-based
20 polymers of Examples 1 to 5 and the isobutylene homopolymer of
Comparative Example 1, Specifically, each compound is dissolved in
tetrahydrofuran, and the GPC measurement was performed using 3020
GPC System from Tosoh Corporation, in which TSK-GEL, Super
H1000, SuperH2000, SuperH3000, and SuperH4000 were connected in
25 series with tetrahydrofuran used as an eluting solution. Polystyrene

standard was used in the calibration of molecular weight. The weight
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95/5 95/5 97/ 3 BF31/ 1e0OH Cat al yst Amount (% by Mass Based on Mononer)
2.7 2.7 2.7 - BF3 Catalyst Amount (% by Mass Based on Mononer) - - -
1.0 Reaction Tenperature (C) -30 -27 -20

average molecular weights of each isobutylene-based polymer and the
isobutylene homopolymer determined by GPC measurement are shown
in Table 1.

[0071] [Measurement of Glass-Transition Temperature]

5 The glass-transition temperature was measured for the
isobutylene-based polymers of Examples 1 to 5 and the isobutylene
homopolymer of Comparative Example 1, Specifically, the
measurement was carried out in duplicate in the temperature range of
-100 to 230°C at a rate of temperature rise of 20°C/minute under a

10 "nitrogen atmosphere using Diamond DSC from Perkin-Elmer. The
glass-transition temperature of a sample of interest was defined as the
second detected temperature,

[0072] [Sulfur-Cross-linkability Test]
Based on viscosity changes in measuring dynamic

15 viscoelasticity at a constant temperature, sulfur-cross-linkability was
evaluafed for the isobutylene-based polymers of Examples 1 to 5 and
the isobutylene homopolymer of Comparative Example 1. The
dynhamic viscoelasticity measurement used the apparatus DAR-50 from
Reologica Instruments AB. The following blends were each mounted

20 in the measuring apparatus; each blend was heated up from 100°C to
160°C at 2°C/minute; and it was tracked for the behavior of shear
viscosity at each temperature while being allowed to stand for 30
minutes after reaching 160°C, The shear viscosity was given under
conditions of a frequency of 1 Hz and a strain of 10%.

25 In the case of the isobutylene-based polymers of Examples 1 to

5, a phenomenon was observed in which the viscosity sharply increased
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-20 GPC-Mv 12000 8400 4200 4600 [ 0081] The use of BE3. 1?4e0H
catal yst and BF3 catal yst was 20denonstrated to form

| sobutyl eri e-based pol yners. The reaction tenperature could be
changed to control the nolecular weight. From these results, it was
determ ned that the BF3'IlvieOH catal yst and 13E3 catal yst were

catal ysts suitable for producing the isobutyl ene-based pol yner

sobutyl ane- badba? p BT RieED {Mberatldey O I0E, MifBosltVincuepectariing 1,
the follow ng fahfuatutlof eddROLESeTeNIA Dolfmer is shown in Table 1.

In the case of the isobutylene homopolymer, no viscosity increase was

observed in the femperature region measured.

5 [0073] [Table 1]
Example | Example | Example | Example | Example | Comparative
| 2 3 4 5 Example 1
Charge Ratio (Molar Ratio) of
Tsobutylene/Vinyl Ether S0/10 95/1 95/5 6040 [30/70 100/0
EADC Catalyst Amount
(% by Mass Baged on Monomer) 20 10 20 12 18 13
Reaction Temperatare (°C)  [-70 -18 -20 -13 -25 20
Copolymerization Initoduction
Ratio 8020  |8s/15 (928 52/48  |25A5 100/0
(“C-NMR)
GPC-Mw 23600 |13400 |15400 |35800 15400 121600
GIESS-T}&HSIELOCI:I) Temperatire 03 47 56 o8 105 1
Sulfiu-Cross-linkability Test
(Viscosity Increase-Starting | 160 159 160 158 158 Not Found
Temperature(°*C))

[0074] [Example 6]

Using a methanol complex of boron trifluoride (BFy:MeOH
complex with a BF; content of 67% by mass) as a catalyst, 0.1 mol/hr of
tricyclodecene vinyl ether and 2.7 molhr of isobutylene

10 (isobutylene/vinyl ether = 95/5) were reacted for 5 hours under
conditions of a reaction pressure of 0.3 MPa and a reaction temperature
of -30°C while being continnously flowed,

[0075] When the reaction mixture was poured into methanol, a white
sticky compound was precipitated. The sticky compound was isolated

15 by removing methanol by decantation and dried using a vacuum dryer at
1 mmHg and 60°C for 12 hours to provide a pale yellow transparent
sticky substance.

The resultant transparent sticky substance was subjected to
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(1)

S

and a structural unit represented by the foll ow ng

formula (2): [Chem cal Fornula 2]

10

15

20

25

PC-NMR measurement to confirm that the resultant transpatent sticky
substance was a desired isobutylene-based polymer (a copolymer of
isobutylene and tricyclodecene vinyl ether).

[0076] [Example 7]

An isobutylene-based polymer was obtained in the sarﬁe way as
in Example 6 except that the reaction temperature was set at -27°C.
[0077] [Example 8]

An isobutylene-based polymer was obtained in the same way as
in Bxample 6 except that the reaction temperature was set at -20°C,
[0078] [Example 9]

A 300-mL 3-neck flask was equipped with a septum cap, a
reflux tube having a vacuum line connected, and a temperature tube; a
stirrer bar was placed therein; and using the vacuum line (with a
Schlenk tube), the inside of the system was subjected to two times
repeated deaeration - replacement with nitrogen and thereby set under
an atmosphere of nitrogen at normal pressure. Into the flask, 14,1 g of
dehydrated toluene (from Kanto Chemical Co., Inc.) was injected
through the septum cap using a syringe.

Using a syringe, 15.24 g (8.66 mmol) of tricyclodecene vinyl
ether (from Maruzen Petrochemical Co., Lid.) was then injected; the
flask was immersed in a cryostat at -20°C; and it was confirmed that the
solution temperature inside the system had reached -20°C., Thereafter,
15.62 g of isobutylene (280 mmol) and 0.11 mL (89.7 mg) of methanol
(from Kanto Chemical Co., Inc.) were transferred o the reaction
system, and it was again confirmed that the solution temperature inside

the system had reached -20°C.
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CH CH2 (2) , Wherein X represents a divalent group; Y
represents a substituted or 10unsubstituted alicyclic group having an
unsaturated bond in the ring; and n represents 0 or 1. [Caim 2] The

i sobut yl ene-based pol yner according to claim1, wherein a weight
average nol ecul ar wei'ght thereof is 500 to 500, 000. [ A ai m 3] The

| sobut yl ene-based pol yner according to claim1 or 152, wherein the

pol ymer  contai ns subgkarg by fign"R3AlMEE HoRCRYRED 4R BRI (SR N

pressure-resistant stainless container with a valve through a
pressure-reducing valve, and. 0.19 g (2.8 mmol) thereof was weighed
out and injected through the septum cap via a stainless cannula.

5 One hour after the BF; gas injection, the cryostat was removed
from the flask, which was then allowed to stand to room temperature;
when the reaction mixture was poured into 500 ml of methanol, a white
sticky compound was precipitated. The sticky compound was isolated
by removing methanol by decantation and dried nsing a vacuum dryer at

10 1 mmHg and 60°C for 12 hours to provide 0.94 g of a pale yellow
transparent sticky substance,
The resultant transparent sticky .substance was subjected to
BC-NMR measurement to confirm that the resultant transparent sticky
substance was a desired isobutylene-based polymer (a copolymer of
15 isobutylene and tricyclodecene vinyl ether).
[0079] GPC was measured for the isobutylene-based polymers obtained
in Examples 6t0 9. The resulis are shown in Table 2.
[0080] [Table 2]

Example 6 | Example 7 | Example § | Example 9
Charge Ratio (Molar Ratio) of
BF3MeOH Catalyst Amount .
{% by Mass Based on Monomer) 21 A 21
BEF; Catalyst Amount i ) i 10
(% by Mass Based on Manomer) ’
Reaction Temperature (°C) -30 =27 =20 -20
GPC-Mw 12000 8400 4200 4600

[0081] The use of BF;MeOH catalyst and BF; catalyst was
20 demonstrated to form isobutylene-based polymers. The reaction

temperature could be changed to control the molecular weight. From
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[ Cl ai m 4] The i sobutyl ene-based pol yner according to any one of

claims 1 to 3, wherein the polynmer has a random copol yner chain of a
structural unit represented by the fornmula (1) and a structural unit
20represented by the formula (2). [Cd ai mb5] The isobutyl ene-based

pol ymer according to any one of <clains 1 to 4, wherein the pol yner
conprises a structural unit represented by the following fornmula (3):

[ Chem cal For efl @it ) /
structural un m{ht"g’sg gﬂrcglsﬂgs A fi EM yﬂé{i%@n?gfl ﬁ@ﬁg r]?%’r %Iuel(%H g“ f)tﬁy#cﬁg mBg‘él
Fornul a 4] . /\ CetaGyst IWefedat@lysts suitable , fonygbeiding thepisebefldhelbaeed 1,
as the structural unit represented by the 10fornmula (2). [Caim6]A
nmet hod for progolymet acotding i thHeqresehbhiiadnfiohy ner, conpri si ng

copol yrmeri zi ng i sobutyl ene and a cationically polynerizabl e nononer
containing a vinyl ether represented by fornula (5):

32



CH2=CH O0-(X)rrY (5) , wherein X represents a divalent group; Y
represents a substituted or unsubstituted alicyclic group having an
unsaturated bond in the ring; and n represents 0 or 1, in the
presence of a Lewis acid to provide an 5i sobutyl ene-based pol yner
conprising a structural unit represented by the follow ng formula
(1): [Chemical Fornmula 5] cH3 cH2 C aH3 (1)

CLAIMS
[Claim 1] An isobutylene-based polymer comprising a structural
unit represented by the following formula (1):
[Chemical Formula 1]

CH;:,
p CH;

and a structural unit represented by the following formula (2):
[Chemical Formula 2]

1L _Jr
OJWLY

, Wherein X represents a divalent group; Y represents a substituted or
10 unsubstituted alicyclic group having an unsaturated bond in the ring;

and n represents 0 or 1.

| [Claim 2] The isobutylene-based polymer according to claim 1,

wherein a weight average molecular weight thereof is 500 to 500,000.

[Claim 3] The isobutylene-based polymer according to claim 1 or
15 2, wherein the polymer contains substantially no unsaturated bond in the

main chain.

[Claim 4] The isobutylene-based polymer according to any one of

claims 1 to 3, wherein the polymer has a random copolymer chain of a

structural unit represented by the formula (1) and a structural unit
20 represented by the formula (2).

[Claim 5] The isobutylene-based polymer according to any one of
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and a structural unit represented by the followng formula (2):

10[ Chem cal Fornula 6] , Wherein X represents a divalent group; Y
represents a substituted or unsubstituted alicyclic group having an
unsaturated bond in the ring; and n represents 0 or 1. 15[ Claim 7] The
nmet hod according to claim®6, wherein the Lewis acid is boron
trifluoride or a boron trifluoride conpl ex.

claims 1 to 4, wherein the polymer comprises a structural unit
represented by the following formula (3):

[Chemical Formula 3]

et

B

, wherein n represents 0 or 1, and/or a structural unit represented by the
following formula (4):

[Chetnical Formula 4]

CH—GHz (4)

8

, Wherein n represents 0 or 1, as the structural unit represented by the
10 formula (2).

[Claim 6] A method for producing an isobutylene-based polymer,

comprising  copolymerizing isobutylene and a cationically

polymerizable monomer containing a vinyl ether represented by

formula (5):
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10

15

CH=CH-O-(0-Y (5
, wherein X represents a divalent group; Y represents a substituted or
unsubstituted alicyclic group having an unsaturated bond in the ring;
and n represents 0 or 1, in the presence of a Lewis acid to provide an
isobutylene-based polymer comprising a structural unit represented by
the following formula (1):

[Chemical Formula 5]

2

and a structural unit represented by the following formula (2):
[Chemical Formula 6]

o)
Lo

, wherein X represents a divalent proup; Y represents a substituted or
unsubstituted alicyclic group having an unsaturated bond in the ring;
and n represents 0 or 1. '

[Claim 7] The method according to claim 6, wherein the Lewis

acid is boron trifluoride or a boron trifluoride complex.
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