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GROUP- CONTAI NI NG NORBORNENE COVPOUND AND

TI TLE CHAI' N POLYENE

‘COPOLYMER USI NG THE -SAME 5 y - TECHNI CAL FI ELD

The present

‘invention relates to a novel chain pol yene
group- cont ai ni ng norbornene tonpound ‘and a process for
conpound. .More particularly, the invent relates to a chain polyene

gr oup- cont ai ni ng norbornene 10 conpound SU|tany used for preparing a

novel unsaturated

resi stance,

vul cani zi ng r at exaINd POOYENE GROSE-CONTANNING NOREORNENE COMPODRD UAND
Further, the invention relates to a novel unsaturated et hyl ene

copol yner of the abONSATURADED ETHYLENB COPOLYMER USING THE \CAME

group- cont ai ni ng nor bornene conpqound and' to a

t he copol yner. Furthernore, the invention relates to a rubber
20 conposition containing the unsaturated ethyl ene copol yner.
BACKGROUND ART Pol yene E&ﬁgﬂ&ﬁ@%_%5§52a1|y are conpounds

(mononer s)

havi ng two or .nmore c¢arbon-to-carbon doubl e bgnds in one

nol ecul e, .and nany%l%?@%r*ﬁ’éf@ﬁ&éonerﬁlatﬁs XY RAEHe chain polyene
1, 3- pent adi ene, - hexadi.ene eh ¥Pldene 2- nor ornene and
ke
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SR nGARpoun a process for
preparing the compound. More pqrticularly, the invention
relates to a chain polyene group-containing norbornene
compound suitably used for preparing a novel unsaturated
ethylene copolymer being excellent in weathering
resistance, heat resistance and ozone resistance and having
a.high vulcanizing rate, and to a process for preparing the
compound. !

Further, the invention relates to a novel unsaturated
ethylene cdpolymerlof the above properties using the chain
polyvene group-containing norbornene compound and to a
process for preparing the copolymer.

Furthermore,:the invention relates to a rubber

composition containing the unsaturated ethylene copolymer.

BACKGR ART
Polyene compouhds generally are compounds (monomers)
having two or more carbon-to-carbon double bonds in one
molecule, and many polyene compounds, e.g., 1,3-butadiene,
1,3-pentadiene, 1,4-hexadiene, ethylidene-2-norbornene and

dicyclopentadiene, have been hitherto known.

UNSATURATED ETHYLENE
preparing the

et hyl ene copol ypegrhei-ng excell ent in weathering
heat resistance and ozone resistance and havi ng a high

process for preparing



2 When t he pol yene conpounds are copolynerized with [err]-

ol efins such as ethylene and propyl ene, vul cani zabl e unsat ur at ed _
et hyl ene copol yners can be obtained. Since the ~ unsat urated et hyl ene
.copol yners generally have excel | ent 5 weat heri ng resistance, heat

iresi stance and ozone resi stance, they have been used for rubber
:products such as autonotive industTial parts, industrial rubber
‘product s, insulating materials, building and civil engineering

materials, and rubbghiAeehs abbiPene NUngdiRIds QY Bp¥eyméPizB8eHivh Azl Y

used as blending materials for plastics such as pol ypr opyl ene and

pol ystyrene. olegéqfn%?ﬁgaﬁlﬁﬁﬁﬂ&%dw&Io%%fﬂj oLyt enE- £8P0 yTers

conventional |l y us e an et ene/ pr opy

et hyl i dene- 2- nghBAEGLRLeQ OPGhYT@®Ie Wbol¥mers can be obtained. Since the
et hyl ene/ propyl ene/ di cycl opent adi ene copol yner and an

et hyl ene/ pr opyhaBathrdté@xethghens appolimiersOyehbeadlyt heve excellent

et hyl ene/ propyl ene/ 5- et hyl i dene- 2- nor bor nene copol yner has been
particul arly wweakhenind, réetstmsre,t Heat adsiighance and azbdmeni zing rate as
conpared with other unsaturated 20 ethylene copol yners.

However, the coueséatancal Umenthavwe deant mpledhdor rubbevpptgdieriss asurh@s
desired to be further inproved in the . vulcanizing rate. That is, the
unsat ur at ed et Aptemetive indupierisde Partser iaduspréaleyepbenroducts, '

et hyl ene/ propyl ene/5-, 25 ethyljdene-2-norbornene copol yper, are low in
}they P pyinsulating mater%gls, buildlng and cgvglpengineering _

materials, and rubberized fabrics. Moreover, they have
10 been'widely used as blending materials for plastics such as
polypropylené and polysfyrene.

Examples of the unsaturated ethylene copolymers
conventionally used include an ethylene/propylene/5-
ethjlidene—z—norbornene copolymer, an

15 ethylene/propylené/dicyclopentadiene copolymer and an
ethylene/propylene/1, 4-hexadiene copolymér. Of these, the
ethylene/propylene/5—ethylidene—2¥norbornene copolymer has
been particularly widely used, because it has a higher
vulcanizing rate as compared with other unsaturated

- 20 ethyléne copolymers.

However, the conventional unsaturated ethylene
copolymers-aré now deéired to be furtﬁer improved in the
vulcanizing rate. That is, the unsaturated ethylene
copolymers, for example, éven the ethylene/propylene/5-

25 ethylidene-2-norbornene copolymer, are low in the
vulcanizing fate as compared with dieﬁe rubbers such as

natural rubbers, styrene/butadiene rubber, isoprene rubber,



vul cani zing rate as conpared wi th di ene rubbers such as nat ur al
rubbers, styrene/ butadi ene rubber, isoprene r.ubber,

3 but adi ene rubber and nitrile rubber. Therefore, the co- :
vuIcanlzablllty of the unsaturated ethylene copolynmers with t he di ene
irubbers is insufficient. Further, the vul canizing rate of the
:unsat ur at ed 5 ethyl ene copolyners is |*Ower than that of the diene
rubbers, so that it is difficult to prepare vul cani zed rubbers

t her ef rom wi t hbhitg8ienedmibber tand mi tatidet embbegrt hThereforeul thmiasng tine,
| owering the vul cani zing tenperature or reduci ng- t he energy

-consunpt i on i nvtheanizghhl by i oh thegmsatigated ethyéenel copoymeyrs aﬂé’-h)f
the unsaturated ethyl ene copolyners can be increased by increasing

t he amount of &he dlen@ureﬁhﬁﬁﬁrﬁfe%ﬁﬁ“ fijsd@ntrowever, if the unsaturated
et hyl ene copol yners are vul cani zed usi,n | ar nDunt of :
vul cani zi ng agent, FHELRET cabrei ‘&ﬁ@ﬁgngbﬁEanﬁg EPGOH%saEEFaBﬂfo t he

surface of
di sadvant a

o ethyTene "dopel Gt fioty rl”%%%é%&g%ﬁtaﬁ S5 Hho it yine |

conpound abl e of ay rate 0,

bei ng excellenFu ﬁﬁatﬁ%rEE%Prégl ance, %'té'gt%E g %%%%e 4%firgzone
resi stance and | a2 dgy,
ynsaturated'etﬁnﬁene copg#gﬁ%¥yu3|ng4h2ﬂl%ﬁﬁguggﬁyeﬁgn%%npound ave‘%%
desi r ed. vulcal8fhg Stiffle C1 TGIHTERY 8% %MEhﬁﬂﬁﬂnéb@éi&aefé@lﬁ eszent

I nvent ors have earnestly st udi ed pol yene conpounds and
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reducing the energy consumption in the vulcanlzatlon stage.

The vulcanizing rate of the unsaturated ethylene

‘copolymers can be increased by increasing the amount of a

vulcanizing agent used. However, i1f the unsaturated
ethylene copolymers are vulcanized using a large amount of
a vulcanizing agent, the vulcanizing agent sometimes blooms
onto the surface of the resulting vulcanized rubbers,
resulting in hygienic disadvantages.

Accordingly, development of a novel polyene compound
capable of preparing an unsaturated ethylene copolymer
being excellent in weathering resistance, heat resistance
and ozone resistance and having a high ﬁulcanizing rate,
and development of an unsaturated ethylene copolymer using
the polyene compound have been desired,

Under such circumstances,mentioned above, the present
inventors have earnestly studied polyene compounds and
unsaturated ethylene copolymers using the polyene
compounds. As a result, they have found that an
unsaturated ethylene copolymer using a specific chain

polyene group-containing norbornene compound, i.e., an



25 unsaturated ethyl ene copol yners using the pol yene conpounds. As a
result, they have found that an unsat ur ated et hyl ene copol yner using a
speci fic chain pol yene group-contai ni ng norbornene conpound, i.e., an
4 unsat urated et hyl ene copol yner having constituent units derived
froman a-olefin and a specific chain pg! yene gr oup- cont ai ni ng
nor bor nene conpound and havi ng an unsaturated bond, is excellent in
weat hering.resi stance, 5 heat resistance and ozone resistance and has a
hi gh vul @maiuﬁgtﬁdt ethpbere erpalymey haying comstprusahtunits

I nventi on has been ac nes Paten Publ i cati on
o *h2365/ 107 SSTaRefe EEOR aﬁlsaaa%%ﬁrbeqfl%ap%&ee?&alﬁofﬁ&&epap ¥§%n olefin
copolymer 10 conprisin r|ng|n at | east one of ethyléene and a-ol efins

havi ng t he foEPFE? ~REpL 1?@“ TREDS 57! RS RGVing an (4 20 carbon
atons) and a - é ¥e§2Pno bornene nto _cont ac

i th
coordi nati on pb? yee’fﬁlef %E%& 10, wﬁ&;BSFﬁaﬁerﬁﬁﬁ%%ﬁ%etha\?i ng
the foll ng ngheg.liszﬁgis{;gﬁéélancio Zone res \g?;%n%'e aggi Q %f%ﬁoea(:h Hor a

hydr ocar bon group an at car bon

group in whi CQuQEanézx.n{;eﬁéﬁeOneBé.srgc?rdif‘ltlﬂ%u 3 q&ﬁ@d L6 Sb{-é' at the
non- conj ugated position and all of the double bon are
‘invention has been accomplished.
| In Japanese Patent Publication No. 42365/1971, there
is described a process for preparing an olefin copolymer
10 comprising bringing at least one of ethylene and o-olefins
having the formula RCH=CH, (R: hydrocarbon group having 1
to 20 carbon atoms) and a 5-polyenyl-2-norbornene compound
into contact with a coordination catalyst, said 5-polyenyl-
2-norbornene compound having the following formula:
— gl
| Q—?_C < CH,
15 | R?
wherein R! and R2 are each H or a hydrocarbon group of 1 to
20 carbon atoms, and Q is a hydrocarbon group in which at
least one internal double bond is situated at the non-
conjugated position and all of the double bonds are of
20  internal type.
| However, the olefin copolymer obtained in the process
of the above publication is not always sufficient under the

circumstances that uﬁsaturated copolymers being excellent

~ in weathering resistance, heat resistance, ozone resistance’



20 -internal type. However, the ol efin copolyner obta
process " of the above publication is not always sufficient
ci rcunst ances that unsaturated copol ynmers bei ng excel |l ent

weat heri ng resistance, heat resistance, ozone resistance,

and vul cani zing rate and havi hg a good galance of these p
are desired. The present invention is intended to so
probl ens associated with the prior art as descri.bed above, 5

ined in the
under the
in '

roperties
| ve such
and it is an

obj ect of the and amlaanizingr satgcandchaving a gogd balanagr ofptheseai ni ng

_nor bornene conpound sui tably used ~ for preparing an unsatu
et hyl ene copolRxRReTdiafgare desdxedt | ent in weat hering resistan

resi stance and . 0zone resi,stance angd havin hi gh vul can
and to 10 provi de TR EFEEEEE GPVERELGR| ) LHEMhAEhFoLve suc
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f the i ' ‘ | d h
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Ing to the 1nvention I's represented

Dl SCLOSURE. OF B dcMVEMELENcontaining 8¥Ebfﬁsﬂé1daﬂﬁﬂﬂﬂ%.%hﬁEBbi9“g§é§ng

fornul a for preparing an unsaturated ethylene copolymer bei
excellent in weathering resistance, heat resistance
ozone resistance and having a high vulcanizing rate

10 provide a process for preparing the compound.

ng
and

, and to

It is another object of the invention to provide an

unsaturated ethylene copolymer of the above propert

a process for preparing the copolymer.

ies and

It is a further object of the invention to provide a

15 rubber composition containing the unsaturated ethyl

copolymer.

DISCLOSURE QOF THE INVENTION

ene

The chain polyene group-~containing norbornene compound .

20 according to the invention is represented by the formula

[I1:
R3

o RY
CH,—C—+. CH; c=c<

RZ
CHCH3 :
I]

wherein n is an integer of 1 to 5, R! is an alkyl group of
1 to 5 carbon atoms, and R? and R?® are each independently a

25 hydrogen atom or an alkyl group of 1 to 5 carbon atoms.



[err] wherein n is an integer of 1 to 5 Rerr] is an alkyl group
of 1 to 5 carbon atons, and R2 and R3 are each i ndependently a 25
hydrogen atomor. an al kyl group of 1 to 5 carbon atons.

The process for preparing a.chai.n pol yene group-
icont ai ni ng nor bornene conpound according to the invention conpri ses:
‘reacting cycl opentadi ene with a branched chain pol yene 5 conpound
represented by the fornula (1117
lerr] wheTtee rp:maessarfarnpe‘gparmhglat ohs:).n Rpelydne gravupad kyl group
of 1 to 5 carbon atoms, and R2 and R3 are each independently a
hydr ogen at om mnm@inqln@hﬂmem composndappoprdirgsto the invention
t her eby prepare the above-nentioned chain pol yene gr oup- cont ai ni ng
nor bor nene ‘corfRIRELSes : The unsat ur at ed ethylene copol yner

according to the |nvent| nisc aracterl n at [ A]
sai d copol ymer is &aFHddd ﬁg gpenelglt a brang&%% Cheeﬁypeﬁgene

IS ET e et e

R3
c >~ ( | ’
HyC=CH—CHy—C~-(CHj C=C<

RZ

wherein n ie an integer of 1 to 5, R! is an alkyl group of
1 to 5 carbon atoms, and R2 and R3 are each independently a
hydrogen atom er an alkyl group of 1 to 5 carbon atoms,
10 to thereby prepare the above-mentioned chain polyene
group-containing norbornene compound. |
The unsaturatedlethylene copolymer according to the
invention is characterized in that:
[A] said copolymer is a random copolymer of:
15 (i) ethylene,
(ii) an a-olefin of 3 to 20 carbon atoms, and
(iii) at least one chain polyene group-containing
norbornene compound represented by the above formula [I];
[B] said copolymer eomprises: |
20 (i) constituentlunits derived from ethylene in an
amount of 30 to 92.% by mol,
(ii) constituent units derived from the o-olefin
of 3 to 20 carbon atoms in en amount of 6 to 70 % by mol,

and



nor bor nene conpound represented by the above fornula [1]; | [ B]

sai d copol yner conprises: 20 (i) constituent units derived
fromethylene in an amount of 30 to 92 % by nol, (i)
consti tuent-units.derived fromthe a-ol efin of 3 to 20 carbon atons in
an anoufit™of" 6 to 70 % by -nol”; andy Y G R E
.constituent units derived fronrthe'chain pol yene group contarnrng
nor bor nene conpound represented by, the above fqornula [I] in an anount
of 0.1 to 30 %by nol, (i1i) GPRF el tpents units derived; fromnghahain atio of

(i) the constityent un i ved frometh Ienegé$1 t he cons I.t uent
b

units derrvedeEyenefQBﬂV?FEPTEﬁ%31QHGHQQ?Qﬁn¢§et oBgo FPLEITRCS B the
40/ 60 t0.92/ tLL It d
g?ggsthe char%’he $8F§ 86?055‘6%%53} oPSoﬁhingoggﬁﬁgﬁﬁﬂlmgﬁrlve

represent ed by, herei the above formula [I] has a structure represented by
t he f ol omrng %t or mul.a [11]: [err] wherein n is an

i nt eger di 1to5, RlLig Cﬁ ' Sh&¥ho )}:‘1‘%: oF° (i} EReScERELLRLELO B @Nd

Rlerr] and Rlerr] are ea I ndepen ent
derived from ethylene/(ii) the constituent units derived

from the o~olefin of 3 - to 20 carbon atoms is in the range .
of 40/60 to 92/8;
[C] the constitueﬁt unit derived from the chain
10 polyene~group containing norbornene comﬁound represented by
the above formula [I] has a structure represented by the

following formula [II]:

R3
| R?
CHz—C—+ CHp—— c=<<
1l

R2
"CHCH3 [II]

wherein n is an integer of 1 to 5, R! is an alkyl group of
1S5 1 to 5 carbon atoms, and R? and R3 are each independently a
hydrogen atom or an alkyl group of 1 to 5 carbon atoms; and
[D] said copolymer has an intrinsic viscosity [n], as
measured in Decalin at 135 °C, of 0.05 to 10 dl/g.
The process for preparing an unsaturaﬁed ethylene
20 copolymer according to the invention comprises
copolymerizing
(i) ethylene,

(ii) an o-olefin of 3 to 20 carbon atoms, and



hydr ogen atom or an al kyl group of 1 to 5 carbon atons; and [ D

sai d copolyner has an intrinsic viscosity [err]. as nmeasured in Decalin
at 135 [err]C, of 0.05 to 10 dl/g. ~ The process for preparing an
unsaturated ethylene 20 copolynmer according to the invention conprises
copol yneri zi ng (i)'ethylene,s - (ii) an a-olefin of 3 to
20 carbon atons, and : 8

(iii) at least one chain polyene group-containing nor bor nene conpound

represented by thelBbbleat dransita one chain polyene| grewe-¢antsdiniadf a
catalyst forned froma transition nmet.a] conmpound, an organoal um num
conpound and/BprRgrnene qQRound Eepb’ﬁﬁenESQp%ﬁn ?gt%bT‘FﬁerfélH“‘-&ae e the

above- - mentipned unsaturated _eth

| | yrer . |
‘addition to the chif n“FoRREREN oS- Eoﬁ?ggﬁY%gp&%“ngén%?%ﬁ&?@né&ﬁg8ﬂnd
1, at | t hai - . L al ni b d
1,2 L eostgnts chl el U ey SRS RS gene comoun
th te s [ Td s l.asth t | | f
the *OTPOSTViopiabls fondt coibobd Eo  PRELUET Sle Y K SRR ©f
(1], pref er abhynd fordéy ANy Sty e SOofb imeP] , MOT e

preferably not nore than 40 % by nol, "particularly 15 preferably not nore
than 35 % by nol, haseliticl)@c%chy BRAhin polyé&he tdoiicintaiRlmly of the
conpound [I] and the conpound [1-a]; :

- S norbornene compound [I], at least one chain polyene group-

containing norborﬁene compound [I-a] represented by the
10 following formula [I-a] may be contained as the component
(iii) of [A] in the unsaturated ethylene copolymer of the
-invention, in an amount smaller than that of the compound
[I]1, preferably in an amount'of less than 50 % by mol, more
preferably not more than 40 % by mol, parﬁicularly
15 preferably not ﬁore than 35.% by mol, based on 100 % by mol
of the total amount of the compound [I] and the compouhd
[(I-a];
R3

l R
.CHz—CH=|C—(- CHz—}~ c=c< ;
R

cHs [I-a]
wherein; n, R!, R?2 and R3 have tﬁe same meanings as in
20 the formula [I].
In this random copolymer, with reference to the above
item [B] (iii),-the total of the content of the constituent
units [II] derived from the chain polyene group-containing

norbornene compound represented by the formula [I] and the

25 content of the later-described constituent units [II-a]



[err] wherein; n, RlL, R2 and R3 have the sane neanings as in
20 the fornmula [I}. In this random copolyner, with reference to
t he above item[B] (iii), the total of the content of the constituent
units [I1] derived fromthe chain pol yene group-containing nor bor nene
conpound represented by the fornula [1]9and the 25 content of the

‘| ater-descri bed constituent units [II]-a]

| der | f b B
conpound 1 epr SSAIORA BoBnEhRcFRErS Bt 4 R AL B R S ene o
case of “S'”g tgﬁnﬁﬁé!QTB?E¥8H§e§é§§EtQF foqﬁ&¥§‘T1“ ?912°%B8r928 conpound -

[11] alone, e quantity ratio

bet ween t he c ue@t sun SR05t | [lIl1-a] is
in proportion tohhﬁ a8’ i E%§n£+%% ?%ff%ﬁggtmeen &ﬁ Em?n pogiéﬁ%
group-contain b@ﬂta:.mn&oﬁé%aﬁﬂ@n& Qe [ ]a'&(iohb aktnafhgs CORSE | tEér' e ”t
units 10 [Il-a] are copolynerized in an anount of |ess than 50 %b

mol , prefe§ably Robymbe.t han 40 % by nol, particularly preferably not
nore than 35 % by nol, based on 100 % by nDI of the total of the
constituent units [he] qaadtity-wdtio between tie konetéreane tueitde[Fbove
item[C], the constituent . unit derived fromthe chain pol yene

gr oup- contalnang the cposbbtwenie wmﬂpbmﬁﬂEﬁdpnesent9ﬁ0b9rthenab©véhéornula

[1] . : : -
quantlty ratio between the chain polyene group-containing
norbornene compounds [I] and [I-al]. The constituent units

10 [ITI-a] are copolymerized in an amount of less than 50 % by
mol, preferably not more than 40 % by mol; particularly
preferably not more than 35 % by mol, based on 100 % by mol
of the total of the constituent units [II] and [II-al.

With reference to the above item [C], the constituent

15 unit derived from the chain polyene group-containing
norbornene compound represented by the above formula [I]
has a structure represented by the above formula [II], and
the constituent unit derived from the chain polyene group-
containihg norbornene compound represented by the above

20 formula [I-a] has a structure represented by the following

formula [II-al:

Rf
. | Rrt
CH,—CH=C—% CHzT C=<
| R?
CHs [II-a]
wherein n, R!, R2 and R3 have the same meanings as in the

formula [II].



has a structure represented by the above fornmula [II], and t he
constituent unit derived fromthe chain polyene group- cont ai ni ng
nor bor nene conpound represented by the above 20 fornula [I-a] - has a
structure represented by the foll ow ng formula [I1-a]: Terr]
wherein n, Rierr], Rerr] and Rlerr] hgye the same neanings as in the.
formula [I1]. ‘ 10 - The
unsat urated et hyl ene copol yner of the invention can be prepared by

copol yneri zi ng The unsatyragedstdpelene copolymer( pf) the iwvertionof 3 to

20 carbon atons, and 5 -(rii) at |east one chain polyene

gr oup- cont ai nAY Be preﬁﬁFﬁ@rh%ﬁ%’ ™hresented by the above fornmul a
[1] and at I3a§t gﬁe chai n pol yene group-contai ni ng norbornene '
conpound repr esent &&) b PRE"RBove formula [1-a] in a smal | er anount

than that of the chain pal ¥e8LeBIRUPE 3 b @RI aRBMBYT BRGE CONMpound

[1], in the presence of a catalyst fornmed froma transition
metal comgpund, an(95gngal YEANBLOTRAUN RIYEOE BRoup-contLMEAP! € | ONi ©
conpound. The rubber conposition according To the 1nvention

- norbornene compound.represented by the above formula [I]

and at least one chain polyene group-containing norbornene
compound representod by the above formula [I-al in a
smaller amount than that of the chain polyene group-
10 containing norbornene compound [I],
in the presence of a catalyst formed from a transition
metal compound, an organocaluminum compound and/or an
ionizable ionic compound..
The rubber composition according to the invention
15 comprises:
any of the above-mentioned unsaturated ethylene
copolymers, ana
| at least one coﬁponent selected from the following
components (a), (b) and (¢):
20 (a) a reinforcing agent in an amount of not more than
300 parts by weight based on 100 parts by weight of the'
~unsaturated ethylene copolymer,
(b) a softener 'in an amount of not more than 200 parts
by weight based on 100 parts by weight of the unsaturated
25 ethylene copolymer, and
(c) a vulcanizing agent.
The chain polyene group-containing norbornene compound

according to the invention can be suitably used as a



15 conpri ses: any of the above-nentioned unsaturated ethyl ene
~copol yners, and at | east one conponent selected fromthe

foll ow ng conponents (a), (b) and (c): 20 (a) a reinforcing
agent in an anount of not nore than 300 parts by weight based on 100
‘parts by weight of the ©unsat ur at et hyl ene copol yner, (b)
-a softener in an anount of not nore than 200 parts by wei ght based on
100 parts by weight of the unsaturated 25 ethylene copolyner, and

(c) a vul cani mbngmegeabpolymerizable Wil aial gfinge sachr aspethylenai agl

nor bor nene conpound according to the invention can be suitably used as’
a propylrenenwhen oflod yuress tadd tedviethyd enkbebbpslgmen weims hyl ene
and - -~ propylene.when the unsaturated ethylene copol yner being

excellent in enaehéennglneweathexxngtnaslstancsmaheatands1stanc@zmmb
resi stance and having a high vulcanizing rate is S prepared.

The unsat ur at edonet Heréabarep ciydrdravingoedhight yudhanizing favernison is
excel | ents n- weat heri ng resi stance, heat resi stance and ozone
resi st anc® anBrBR3rgdhi gh vulcan|2|ng rate. 10 BEST

.MODE FOR CARRYI NG OUT THE INVENE
The unsaturate ethylene copolymer according to the

invention is excellent in weathering resistance, heat
resistance and ozone resistance and has a high vulcanizing
rate.
10
MOD: R _IN THE T . TON
The chain polyene group-containing norbornene
compound, the process for preparing the norbornene
compound, the unsaturated ethylene copolymer using the
15 norbornene compound, the process for preparing the
unsaturated ethylene copolymer and the rubber composition
containing the unsaturated ethylene copolymer according to
the invention are described in.detail hereinafter.
Chai olvene group-containing norbornene compoun
20 The chain polyene group-containing compound (I]
according to the invention is represented by the following

formula [I], as described above.

. 1 2 37n+2 R3
)
3 5 cl | / lC R?
Hz—C—t CHp—}- =<<
2 6 CHCH; y ) N
1. n+3 \ n+5

n+4 (1]



The chai n pol yene group-contai ni ng nor bor nene conmpound, the process
for preparing the norbornene conpound, the unsaturated ethyl ene
~copolymer using the 15 norbornene conpound, the process for preparing the
_unsaturated et hyl ene copol yner and the rubber conposition cont ai ni ng

. the unsaturated ethyl ene copol ymer acqudlng to the invention are

i described in detail hereinafter. , Chai n pol yene group-contai ni ng

" nor bornene conpound 20 The chai n pol yene group- contalnlna%conpound

[1] accor di ngIRothRefPryRlR | B /i & AdhPdsRtEgebyofndk ¥2I3 olkngs

formula [1], as d I bed aboyve

12 SPnagKEL TP aOF I Eha §a§PP°FhF§§E‘? Jofnd B, ag{de #é’f pEe an
al kyl group of 1. to car R2 nd R3 are

~ i ndependent | yeachyapgﬁ g?%ﬁf % °5fa'T alkyl 9’6"‘5’ c%# bon
atonms. The n a 0y +3, e

(positions of HgE% %gfﬂégﬁt t;oms? Tﬁ%mde%%]%g eg'oo ﬁ ali%ng'ﬁ)%lps oef 1
to 5 carb a t , |, i-propyl, n- butyI
P Bl yFA7B28. BARBEES, U IRoHE o et SRuBhERY L

Exanpl es of the Chﬁk&mﬂ@éye@ﬁ ﬂi@l&]ﬁﬂnfg@:‘oﬁhbégofl@. aers%amca&wnds
represented by the formula [I] (sonmetines referred to'as "chain

pol yene groupigentidenn8ghyl, etdr bar-parpyaqgnaeprdpll] 'nHeaeynafi-er)

i nclude the follow ng conmpounds (1) to(24)., O .these, the conpounds

-(5), (6), butym),sééébutflA)timmﬁglgmm}peﬁmylaaadpnepemamuy enpl oyed.

Examples of the chain poiyene group-containing

.10 norbornene cdmpounds represented by the formula tI]
(sometimes referred to as "chain polyene group-containing
norbornene compqund [I]" hereinafter) include the following
compounds (1) to (24). Of ﬁhese, the.compounds (5), (&),
(9), (11), (14), (19) and (20) are preferably employed.

15 (1) 5—(2—Ethylidene—4—hexenyl)—2—norb6rnene,

(2) 5-(2-Ethylidene-5-methyl-4-hexenyl)-2-norbornene,
(3) 5—(2fEthylidene-S—methy1—4-heptenyl)—2—norbornene,
(4) 5-(2-Ethylidene-~5- ethyl—heptenyl) 2-norbornene,
(5) 5-(2-Ethylidene-4,5- dlmethyl 4-hexeny1) -2-

20 norbornene,

, (6) 5-(2-Ethylidene-4,5-dimethyl-4-heptenyl)-2-
norbornene, |

(7) 5-(2-Ethylidene-4-octenyl)-2-norbornene,
(8) 5—(2—Ethylidene-5—methyl—4—octenyl)—2—norbornene;

25 (9) 5-(2-Ethylidene-4-propyl-5-methyl-4-hexenyl)-2-
norbornene,

(10) 5—(2-Ethylidene—s—heptenyl)f2—norbornene,



5 (1) 5-(2-Ethylidene-4-hexenyl)-2-norbornene, (2)
2- Et hyl i dene- 5- net hyl - 4- hexenyl ) - 2- nor bor nene, : (3)
2- Et hyl i dene- 5- et hyl - 4- heptenyl) 2- nor bor nene, (4)
2- Et hyl i dene- 5- et hyl - hept enyl ) - 2- nor bor nene, (5) .
2- Et hyl i dene- 4, 5- di net hyl - 4- hexenyl% 20 norbornene (6)
2- Et hyl i dene- 4, 5- di et hyl - 4- hept eny ? '
5-(2-Ethylidene-4-octenyl)-2- norbornene &
- Et hyl i dene- 5- dé@ﬂyﬁ—420@@@M}%§eqer@wmﬁ#hﬁ%n§-hqg;eny )-2-(9)
- Et hyl i dene- 4- propyl - 5- et hyl - 4- hexenyl ) - 2- nor bor nene,
) 5-(2- Et hAXRITREEShept enyl ) - 2- nor bor nene, .

1 .
grbornene, (11)‘izs2F%B?y§£g§fg@%vgﬁ%€%%*§5ﬂ§p §¥¥%?rﬁﬁpﬁornene
FC- B byl deme. 5. EimaeH o FERR e § T O P M) 22 norbbiidne,

(
18) 5 (2 Byl | dona’d, & P nec iy 8eRE Y g ey s-HBRERYE LA
17) 5-(2- Eth*bf@@@ieQEgthyl.6-nephyl 5-nonenyl ) - 2- norbornene,_

norbornene,

(
(
(
(
(
7)
(2
(2
0

1
5-
5-
5-
5-
5-
(
5-
5-
(
1
n
(
5
(
(
(

(15) 5-(2-Ethylidene-5,6-dimethyl-5-octenyl)-2-
norbornene, |
(16)'5—(2—Ethylidene—5;6—dimethyl-5-nonenyl)-2—
10 norbornene,
(17) 5-(2-Ethylidene-5-ethyl-6-methyl-5-nonenyl)-2-
norbornene,
(18) 5-(2-Ethylidene-5,6-diethyl-5-octenyl)-2-
norbornene,
15 (19) 5-(2-Ethylidene-7-methyl-6-octenyl)-2-norbornene,
(20) 5-(2-Ethylidene-6, 7-dimethyl-6-octenyl) -2~
norbornene,
(21) 5-(2-Ethylidene-8-methyl-7-nonenyl)-2~norbornene,
(22) 5-(2-Ethylidene-7,8-dimethyl-7-nonenyl) -2~
20 norbornene,
’ (23) 5—(2*Ethylidene—S—methyl—S-decenyl)-2—norbornene,
and
(24) 5-(2-Ethylidene-8, 9-dimethyl-8-decenyl)-2-
norbornene. '
25 The chemical formulas of the above compounds (1) to

(24) are given below.



(18) 5-(2-Ethylidene-5, 6-diethyl-5-octenyl)-2- nor bornene, 15

(19) 5-(2-Ethylidene-7-nethyl-6-octenyl)-2-norbornene, (20)
5-(2-Ethylidene-6, 7-di met hyl - 6-octenyl ) -2- nor bor nene,
(21) 5-(2-Ethylidene-8-nethyl-7-nonenyl)-2-norbornene, (22)
5-(2-Ethyl i dene-7, 8-di net hyl - 7-nonenyl)42- 20 nor bor nene, (23)
5-(2-Et hyl i dene-9- net hyl - 8- decenyl ) - 2- nor bor nene, and (24)
5-(2-Ethy|idene-849-dinethyl-8-deceny|)-2- .nor bornene. 25 The
chem cal formul fs t he abo¥e cogpob (1) to (24) are given bel ow. -
14 [err] 3 CﬁerﬁrCHr-'CH=éff 16 . -
[err] : ' CH3

2 6 CHCH;3

1 ' (1)

CHj3
CHy—C—CHy— CH=<

Il CH
CHCH3 3
(2)
CH;
CHy—C—CHy— CH=
| I C.H
CHCH; 275
(3)
CoHs
— CH;—C—CH;— CH=
] H
CHCH3 CaHs
(4)
CHjy
! CH;
CHy—C—CHz— C=<
fl CH;
CHCH;
5 (5)
CH; .
[ CH3
— CH,—C—CHz— c=<
I CoHs
CHCH;
(6)
— CHy;—C~—CH,— CH=
I CH,CH,CH
CHCH, 2CH2CH;
(7)
CH;
CH,—C—CHy;— CH=
I . CH;CH,CH
CHCH; 2-H2-53
(8)
CH,CH,CH3

CHj
— CHg—lCI:—CHg"— C=<

CH3
CHCH3

(9)



The chain pol yene group-contai ni ng nor bor nene ‘conpound [1] is used as

a mononer for preparing the |ater-described unsat urat ed et hyl ene
copol ymer, preferably used together 10 with (i) ethylene and (ii) an
a-olefin of 3 to 20 carbon atons. In this case, the chain polyene
gr oup- cont ai ni ng nor bor nene conpoygd [1] may be one kind of a
st er eoi soner, - e.g., atrans formalone or a cis formalone, or it may
be a m xture of stereoi soners, e.g.,Ha m xture of a trans form 15 and
acis form : _ 17 The chain
pol yene group lﬂﬁﬁiﬁﬁﬁﬁﬁﬁhengﬂféé;eﬁgd .
- CHCH3 : ; :
(10)
CH;
CH,—C—CH,CH;— CH=(<
il CH3
CHCHj3 :
(11)
. H
CH,—C—CH,CHy— CH=(<
i CH,CH,CHa
CHCH3 .
(12)
CH;
— CH,—C—CHCH;— CH=
il CH,CH,CHa
CHCH3
(13)
. CH;
I CHj
CH>;—C—CHCH;— C=<
Il : CH;
CHCH;
5 (14)
. CH3
' | CH;3
CH,—C—CHCH;— C=
I Cz2Hs
CHCH3
(15)
CHj
. CHj
— CHg—fIZ—CHZCHz— c=
’ HoCHa
CHCH; CH2CHzCHy
(16)
CaHs
| CH3
CH;—C—CHCHy— C=
il CH,CH,CHa
CHCH3
(17)
CaHs
| C2Hs
CH,—C—CH,CH;— C=
Il CyHs
CHCH;

(18)



[1] can be suitably used for preparing novel unsaturated et hyl ene
copol yners bei ng excellent in weathering resi stance, heat resistance
‘and ozone resistance and havi ng 5 a high vulcanizing rate, as described
later. Next, the process for preparing the chain pol yene

igr oup- cont ai ni ng nor bor nene cdnpound-fgb I s expl ai ned. _ Preparation
;0f chain polyene aroup-contai ning norbB0rnene

:compound [I] 10 The process for preparing the chain pol yene group-

.cont ai ni ng nor ba eté‘?%%%zéﬂcﬂ(‘%ﬁkp:c ound [I-a]) S

descri bed bel o I pol yene group-contai ni ng
nor bor nene co [CHCHf the inventionis prepared by the follow ng

process. _ [err] (19) That
I's, as described in Japanese Patent Appli-cation - No. 154952/1994
(filing date: July 6, 1994) filed by t?ﬂg cH present applicant, ethylene
S f! r.st react t_r_l_caH2 : H,CH,CHy— C=C< 3 .
CHCH; Cits
(20)

CH3
- CHz—ﬁ—CH2CH2CH2CH2-— CH=<

CHCH; CHs
(21)
CHj3
' ; | CH;
CHp—C—CH;CH,CH,CHs— c=<
CHCH;
(22)
' CH;
- CHZ—'ﬁ—CH2CH2CH2CH2CH2_ CH=<
CHCHj (CHs
S (23)
CH;
I CH3
 CH;—G—CH,CHz CHCHz CHy c=<
CHCHj CH3
(24)

The chain polyene group-containing norbornene compound
. [I] is used aé a monomer for preparing the later-described
unsaturated ethylene copolymef, preferably used together
10 with (i) ethylene and (ii) an a-olefin of 3 to 20 carbon
atoms. In this case, the chain polyene group-containing
norbornene compound [I] may be oné kind of a stereoisomer,
e.g., a trans form alone or a c¢is form alone, or it may be
a mixture of stereoisomers, e.g., a mixture of a trans form

15 and a cis form.



920 e e et i udodiadl

18 '~ conjugat ed di ene conpound [III-a] represented by the

following formula [I11-a]: [err] - wherein, n
is an integer of 1 to 5, Rl is an al kyl 5 group of 1 to 5 carbon atons,
and Rlerr] and Rlerr] are each i ndependently a hydrogen atom or an

al kyl group of 1 to 5 ~ carbon atcTzE In the presence of a
catal yst conprising a transition tal conpound and an organoal um num

conmpound so as to 10 synthesize a brariched chain polyene conmpound [II1]
represent ed by theThel thaingodlyens ayrfdud-jcontaining norbornene compound

[err] wherein, n, Rerr Rlerr] and R err] have the sane
meani ngs as i fI] can baesubtably l[SQd ‘Jailr preparing novadnunsatuiatedhed
chai n pol yene conpound [II11] is reacted wi th cycl opent adi ene

(Diel s- Al der e&hyilesg) cagolymers dajng mqmeﬁpaneyeaph@mg%pl i cation
No. 322099/1994 filing date: 26, 1994), to thereby obtaln t he
chai n pEEFifEaBFBuphed tlawﬁr@qﬁﬁ Foh ereneLRpBLAERRES . andhaving

Th f th f I :
ont ai ni nd> noPb REnELLoRBLEHE (1tey &e descadenr etefn tore getall in
or der her &1 Naf ter  yewe, tne’ LGRS sYerliANGN Bl 0RAI R4 HFAS, COTPOUNC

group—contalnlng norbornene compound [I] is explalned
P aration of chai olyene group-containing norbornene
compound [T1
10 The process. for preparing the chain polyene group-
containing qorbornene compound [(I] (or the compound [I-a])
is described below in detail.
The chain p&lyene group-containing norbornene compound

[I] of the invention is prepared by the following process.

CH,=CH,+H;C=C— (CH; ) n—CR3=CR?R?
CH {(conjugated
i diene compound)

l CH, «..[III-a].

@ +H2c=CH—CH2—fI:'— (CHy) n—CR3=CR?R?

CH (CH;) -+ [ITI]
(branched chain
polyene compound)

R3

I R
CH,~C—+ CH, c=c< .. [I)
M - T . R2
CHCH;3

(chain polyene group-containing
15 norbornene compound)

That is, as described in Japanese Patent Application
No. 154952/1994 (filing date: July 6, 1994) filed by the

present applicant, ethylene is first reacted with a



19 The branched chai n pol yene conpound [I11] can be

prepared by reacting a conpound havi ng conjugated di ene and

represented by the fornmula [Il1-a] (sonetines referred to as
"conjugated diene conmpound [IIll-al"” hereinafter) with 5 ethyl ene.
Exanpl es of the al kyl groups 'of 1 to arbon atons in the formul a
“[Ill-a] are the sanme as those descri bed above. Exanpl es of the

. conj ugat ed di ene_conpounds represented by. the forrmula [Il1-a] include
the fol | owi ngceritEalrls digpne sompeynd f¥II-al represeqtgd by the

3- Met hyl 5- hept adi 2
6- Met hgl enerreﬁ?ﬂ;ﬁrfg%él%llfg}ﬁ@&@adﬁéﬁeal 2 . (3)

CD\ICDCDCD\I(D\IOOCDCDCDUIO‘ICDCD

- Met hyl - 3- net hyl ene- 1, 5- octadlene 3 201 (4)
- Et hyl - 3- met hyl ene- 1, 5- Ha?aﬁféﬁ@? n1ER*=CR°R" ()
, 6- Di et hyl - 3- nethylene 1, 5cfept adi ene, - (6)
, 6-Di et hyl - 3- met hyl ene- 1, Sﬂoctadlene (7)
- Met hyl ene- 1, 5- nonadi ene, CHz (8) ... [ITII-a]
- Met hyl - 3- et hyl ene- 1, 5- nonadi ene," 9
- Met hyl - 5- propylﬂ&xnﬁﬁhylan&slaﬂ-hnpégdfemﬁ,l 29 5, Rl is(af)alkyl
- Met hyl ene- 1, 6- oct adi ene, (11)
- Met hyl - 5- megrtouzeree 1, Boobt edicbar, atoms, and RY a2f R3 are each
- Met hyl ene- 1, 6- decadi ene, (13)
- Met hyl - 3- mn@emx@emaydechﬁdmgen atom or an (alkyl group of 1 to 5
, 7- Di met hyl - nethylene 1, 6-oct adi ene, 25 (15)
, 7- Di net hyl -<<a5RahAtORE- 1, 6- nonadi ene, | (16)
, 7- Di met hyl - 3- met,hyl ene- 1, 6- decadiene, 9}2 ..
Werhy! - 6 et hyl - SHTEHy PeRSERC. SEAdarlyst comprising g transition
, 7-Diet hyI. e a:[lh%lo%%h%idtséﬂangnl gpganoalumlnmn compound so as to

10 synthesize a branched chain polyene compound [III]

represented by the following formula [III]:

R3
l rY

HC=CH—CHy—C— CHy c=c<
) R2
CHCH3 ... [III]
wherein, n, Ri, R2 and R3 have the same meanings as in
the formula [III-a].

15 . Then, the branched chain polyene compound [III] is
reacted with cyclopentadiene (Diels-Alder reaction) as
described in Japanese Patent Application No. 322099/1994
(filing date: Dec. 26, 1994), to thereby obtain the chain
polyene group—containing norbornene compound [I].

20 The steps of the process for preparing the chain
polyene~group containing norbornene compound [I] are
described in more detail in order hereinafter.

Preparation of branche hai olvene compo I



20 ' (19) 8- Met hyl - 3-net hyl ene- 1, 7- nonadi ene,

(20) 7,8-D net hyl -3-net hyl ene- 1, 7- nonadi ene, | - (21)
9- Met hyl - 3- net hyl ene- 1, 8- decadi ene, o (22)

8, 9- D net hyl - 3- net hyl ene- 1, 8- decadi ene, 5 (23)

10- Met hyl - 3- net hyl ene- 1, 9- undecadi ene, grmd (24)

9, 10- Di net hyl - 3- nethylene 1,.9- undeca&*ene Thr ough the above reacti on,

t he branched chai n pol yene conmpound [I11] is generally
obtai ned i n the fofheobranchedtchainfpelvenensomporndndIiIti safidren The
trans formand 10 the cis formcan be separated fromeach other by neans
of preparéﬂstl¥§§¢%#ngt#uﬁ&ﬂ?Qﬂﬂﬁb@@Nﬁ@goﬁoﬂhbg§t¢@cﬂhﬁﬁedﬂmihe

branched chai n pol yene conpound l].. y the above
reaction, a cKEPKeFERFEAcPY RS ula [ITI-a] (s°mFEbW§§eﬁ?€ﬁF¥®dt%%
followrm]fornulq

ti d
by protust +og8 REPHFEREeRCTIR PR JTII-a1 " ReBOOBAEESH Sufhn
conmpound [g 11 Herr]C =CHCHerr]-CH=C (CH err]) -
(CH err]) -ckf?V%FneCR[err]R[err] L [11-1] As the
by- duct, th fE%ﬁ
5y9pé?ngfhyl 16268E%¥m§tr|enele§ﬁ |s ng'ﬁcgg Ltes & Qatams in
by- product wheRe7 £BBh{iYA- ?Iﬂf1§y|é¥é¥éhé5s@%kaﬁbeﬂﬁoééeaé$0rlbed above.

nyrcene) is reacted with ethylene to synthesi.ze EMN (
“et hyl i-dene- 8- met hy Exdmg1 89 NGl €€ )conjugated diene compounaberéptégéﬁhéa. can

be usual |y separated by neans of - distillation.
25 The bgacheofiophulde[ TTNjalgaired udiee thec dohbowiing | ¢dmpdunds (1)
with ethylene is conducted for 0.5 to 30 hrs at a
t enper at Uk otoud@dlly 50 to 200 [err]C, preferably 70 to 150
(1) 3-Methylene-1,5-heptadiene,
(2) 6-Methyl-3-methylene-1,5-heptadiene,
(3) 6-Methyl-3-methylene-1,5-octadiene,
(4) 6-Ethyl-3-methylene-1,5-octadiene,
15 (55 5, 6-Dimethyl-3-methylene-1, 5-heptadiene,
(6) 5,6-Dimethyl-3-methylene-1,5-octadiene,
(7) 3—Methylene—1,S—nonadiene,
(8) G—MEthyl—B—methylene-l,S—nonadiene,
(9) 6-Methyl-5-propyl-3-methylene-1,5-heptadiene,
20 (10) 3-Methylene-1, 6-octadiene,
(11) 7-Methyl-3-methylene-1, 6-octadiene,
(12) 3-Methylene-1l, 6-decadiene,
(13) 7-Methyl-3-methylene-1, 6-decadiene,
(14) 6,7—Dimethy1—3—methylene-l,6—octadiéne,
25 (15) 6,7-Dimethyl-3-methylene-1, 6-nonadiene,
(16) 6,7-Dimethyl-3-methylene-1,6-decadiene,
(17) 7-Methyl-6-ethyl-3-methylene-1,6-decadiene,

(18) 6,7-Diethyl-3-methylene=-1, 6-nonadiene,



21 [err] C, under an ethyl ene pressuré of 1 to 100 kg/cn2,
preferably 10 to 70 kg/cnferr], though these conditions vary

:‘dependi ng on the type of the conjugated diene conpound [1l11-a]. 5
~This reaction may be carried out in an atnosphere of an inert gas
f&such as nitrogen or argon. The reacti o2Qan be carried out using no
#sol'vent, and however, it nmay be carried out in the presence of an

*inert hydrocarbon s uch as._hexane, heptane. octane, nonane,

“decane, undecane, ﬁ%yfﬁ%agggﬁgfﬁrpp& 3&&8?‘?0?6%3 aéheQ?ﬂene. _

“This reaction is geﬂfdﬁjikhiﬁﬂﬂééi 104t ggh&ﬁgngszg_ éhadiene(ﬂ: a catal yst.
ctec S

~“Especially when the feactionis condl

e the preserice of a

~cat al yst ConpriSingﬁﬁ}r§ﬂﬁg€ﬂy¥l§nﬁ%@hylene—l9QHHQE ; &gl an or ganoal um num

‘conpound, the branc cor _
‘obt ai ned. (225 T 85 rft Hyhe LB R B4 L bAB- 1P e cROIENdS | NCl ude

ed chain 15 pol yéne compound [1T1] can be. efficiently

--chlorides of iron group transition netals, such as iron and
“rutheni um Scobal t grpap 10-aesdhy1o3-fethl3ensuthoasndeb@diene, and rhodi um
“and iridium and nickel group transition netals 20 such as ni ckel and
“pal l'adi um broni des(24) theds-Divdethy] -3 -methglehyt Beetnrddaadianes,
*1,1,1,5,5, 5- hexaf | uor oacetyl acetonato salts, and di pi val oyl net hane
:sal'ts. O these, prEixsugi dher eboleoredetioh, cthallbranched chain poilykeek,
_rhodi um and pal | adi-um and particulara{ preferable 25 I s cobalt

Y

SRS 1

~chl ori.de. compound [IIT] is genera

obtained in the form of a
mixture of a trans form and a cis form. The_traﬁs form and
10 the cis form can be separated from each other by means of
distillation, though depending on the structure of the
branched chain polyene compouna [ITI].
By the above reaction, a chain polyene compound
represented by the following formula [III-b] is sometimes
15 produced as a by-product together with the branched chain

polyene compound [IIT].

'HpC=CH—CH,—CH=C (CH;) — (CHz) n—CR3=CR*R!  __ [I11-b]

As the by-product, there may be mentioned, for
. example, 5,9-dimethyl-1,4,8-decatriene, which is produced
20 as a by-product when 7-methyl-3-methylene-1,6-octadiene (B—
myrcene) is reacted with ethylene to synthesize EMN (4-
ethylidene-8-methyl-1, 7-nonadiene).
The by-product can be usually separated by means of
distillation.
25 The reaction of the conjugated diene compound [III-al
with ethylene is coﬁducted for_0.5'to 30 hrs at a

temperature of usually 50 to 200 °C, preferably 70 to 150



In the reaction, these transition nmetal conpounds (e.qg., transition

nmetal chlorides) can be used as they are, ~but they are preferably
used in the formof transition ) . 22
met al conpl exes wherein organic |ligands are coordinated to t he
transition netal conmpounds. |h other wpgds, it is preferable that an
organi c. conpound (coordi nati on conmpound) capabl e of becom ng-a |ligand

of the transition netal is 5 allowed to be present in the reaction

syst em t oget heFr wigfer an ethyrlene pressureofalt teokfBBukad/ Bt a transition
nmet al conpl_ex evj Qusly rmed fr th ansi tion, net al .
conpound and P%%f868géyng§i A %% Jwg,iggéggg.kﬁese conditigng WAy of the

d b f; ] h ' j_ncl
bi s(di phenyphaSFRF AL Sebhakae tvbe of) uiq (RThgaERa Uhens compamane,
1,3-bis(diphe2&&3hg§phino)propane, 1, 4- bi s(di phenyl phosphi no) but ane,
tri et hyl phosphi ne, tri butyl phosphi ne, triphenyl phosphi ne,

cycl ooctad§ ene andpnis rey&t e R FIBAM I ried out in ahSatfSsSiaRd 589195
wherein organic |ligands are coordinated to the transition.neta

conmpounds, prghehabky gas suCHTA O WY ORE or argon. The reaction can
[ 1, 2- bi s(di phenyl phosphi no) et hane] cobalt(11) chloride, 20 -
[ 1, 2- bi s(di phbeykpbeipdi oo ehdbrie|no Gollvenlt), ehldohbdever, it may be ,
bi s(tri phenyl phosphi ne)ni ckel (11) chloride, etc. Exanpl es of the
“or ganoal um nuceatoipduods imcthelprdermee of amsdderh hydroeaypjaoratsalverft t he
| at er - descri bed unsat ur at ed
such as hexane, heptane, octane, nonane, decane, undecane,

10 dodecane, tridecane, toluene or xylene.

This reaction is generally carried out in the presence
of a catalyst. Especially when the reaction is conducted
in the presence of a catalyst comprising a transition metal
compound and an organoaluminum compound, the branched chain

15 polyené compound [III] can be efficiently obtained.

Examples of the transition metal compounds include
chlorides of iron group transition metals, such as iron_and
ruthenium, cobalt group transition metals, such as cobalt,
rhodium and iridium; and nickel group transition metals

20 such as nickel and palladium, bromides of these metals,
acetylacetonato salts, 1,1,1,5,5,5-
hexafluoroacetylacetonato salts, and dipivaloylmethane
salts. Of these, preferable are chlorides of cobalt, iron,
nickel, rhodium and palladium, and particularly preferable

25 is cobalt chloride.

In the reaction, these transition metal compounds

(e.g., transition metal chlorides) can be used as they are,

but they are preferably used in the form of transition



L

et hyl ene copol yner. O t hese, triethylalumnumis 25 preferably enployed.

The or ganoal um num conpound may be used as it is, or it can be used in
the formof a toluene solution or a hexane sol ution.

.23 In the reaction of the conjugated diene compound [I11--

’a] wi th ethylene, the transition netalgﬁfnpound s used in an anount
iof preferably 0.001 to 10 % by nol cularly preferably 0.01 to 1
‘% by nol, based on the conjugated 5 di ene conpound [Ill1-a]. "The

coor di nati on coepalincomsl ersss] whereini wrganacolihgands paed exadrdinated 20
-times by nol, particcularly preferably 0.1 to 5 times by nol, as nuch
as t he tthastransitiommetedpoongounds. In otmhue ngiamoalmmmum

conmpound is used in an nount of 10 preferably 1 to 200 tinmes by nol,
particul arly pPeeEexdple hat an toagf@eq pﬁ@@Oﬁg}drerO%s%mﬁrcwwom@und)

t t t al t t t i

oo o habeesite of PR pters oeohpb ke Lo b S o
I 15 t th d

Che rosul t Png BHEHEY T8 RR s st hha §s?§%=§$ TRePtah PSS T REER, [on
t ft I t hyl

e Ton ol e, CHRORE, 43 sl 7).

wi th et hyl ene, [ h f ed chain

céﬂ?&x e RSuAIFeHeliNrom the f OLAM Eibrd &@%%Ji

_polyene conpound
compound and the coordination compound is used.

Examples of the compounds capable of becoming ﬁhe
10. 1ligands inolude bis (diphenyphosphino)methane, |
1, 2-bis (diphenylphosphino)ethane,
1, 3-bis(diphenylphosphino)propane,
l,4—bis(diphenylphosphiﬁo)butane, triethylphosphine,
tributylphosphine, triphenylphosphine, cyclooctadiene and
15 cyclooctatetraene.

As the complexes wherein organic ligands are
coordinated to the transition metal compounds, preferably
employvable are
[1,2-bis (diphenylphosphino) ethane]cobalt (II) chloride,

20 [1,2-bis(diphenylphosphino)ethanelnickel (II) chloride,
bis(triphenylphoéphine)nickel(II) chloride, etc.

Examples of the organoaluminum compounds inolude those
used in the breparation of the later-described unsaturated
ethylene copolymer. Of these, triethylaluminum is

25 preférably employed. The organoaluminum compound may be
used as it is, or it can be used in the fofm of a toluene

solution or a hexane solution.




[err] wherein n, Rerr], New]amﬂﬂew]hmmthesmmrmmnms

PONNNORORNNE DD NN

as in the aforesaid formula [II1-a].

24 Exanpl es of the branched chain polyene conmpounds [111]

i nclude the follow ng conpounds (1) to (24). t hese, the conpounds

(5), (6), (9), (11), (14), (19 and (223 are preferably enpl oyed. 5

(1) 4-Ethylidene-1, 6-octadi ene, (2) _

7- thhyl 4- et hyl i dene- 1, 6- oct adi ene . ; .
- Met hyl - 4- ethylldgﬁet eGrﬁﬁﬁsﬂ?ﬁwﬁﬁ ‘the conjugaﬁé diene compound [III-
-Ethyl -4-eth Ilden onad| . .

. 7-Di net hyl - ﬁlggﬁgf %mﬁﬁﬁﬂ§1t¥ﬁ? méké& ceg?ound is used in
, 7- Di met hyl - 4- et (
Ethylldene %nBaH%ggg %e&r2f£§ﬁﬁi§‘%“bqﬁ to 10 % by %%l particularly
- Met hyl - 4- et cadi
- Met h - 6- prg’ljerfg% et% ?I ggngg fn? bc\f md:len(lao’ased(%h the c??%)‘)‘gateé
Ethylldqve §iEnBORBALEARA [EPr-al. THel boordination compound is used
- Met hyl - 4- et hyli dene-1, 7- nonadi ene ( EMN), m?
- Et hyl i dene- 1n7aﬁnﬁﬂéﬁﬁteﬂﬁdpreferably 0 320 times by mol,
- Met hyl - 4- et hyl i dene- 1, 7- undecadi ene (14)
, 8- Di et hyl - pagthyhildebe-grdfexusldr end, to S5 times bylhpl, as much as
, 8-Di net hyl - 4-et hyl i dene-1, 7-decadi ene, 20 : (16)
, 8- Di'met hyl - thet kybhndéhion , e taill exanticems . (17)
- Met hyl - 7- et hyl - 4- et-hyl i dene- 1, 7- undecadi ene,

The organoalumlnum compound is used in an mount of
10 preferably 1 to 200 times by mol, particularly preferably 3
to 100 times by mol, as much as the transition metal
compound .
In the present invention, it is preferable that the
transition metal combound (or transition metal complex) is
15 previously contacted with'the organoaluminum compoﬁnd and
the ;gsulting product is used as the catalyst for the above
reaction (reaction of the conjugated diene compound [III-a]
and ethylene).
By virtue of the reaction of the conjugated diene
_20 compound [IIT-a] with ethylene, there can be obtained the
following branched chain polyene compound [III]:
R3

] R:
HpC=CH—CH;—C—¢ CHy—)- c=<
) R2
CHCH3 ... [II1]

wherein n, R!, R? and R® have the same meanings as in the

aforesaid formula [III-a].



(18) 7,8-Diethyl-4-ethylidene-1, 7-decadi ene, (19)

9- Met hyl - 4- et hyl i. dene- 1, 8- decadi ene, : ' (20)

8, 9-Di net hyl - 4-et hyl i dene-1, 8-decadi ene, 25 ' (21)

10- Met hyl - 4- et hyl i dene- 1, 9- undecadi ene, (22)

9, 10- Di et hyl - 4-et hyl i dene- 1,9- undecadigne, (23)
11- Met hyl -4-et hyl i dene-1, 10-dodecadi ene, and (24)

1o, 13-t % b fenes 4% SRSSSRCIEatn anena compun
given below ;18flde the followind %%Hpourids[ {4} to (24). Of these, the
compounds (5), (6), (9), (11), (14), (19) and (20)-are
preferably emploved. | |
5 (1) 4-Ethylidene-1, 6~octadiene,
(2) 7-Methyl-4-ethylidene-1,6-octadiene,
(3) 7-Méthy1-4—ethylidené4l,G—nonadiene,
(4) 7—Ethyl—4-ethy11dené-1,6—nohadiene,
(5) 6,7-Dimethyl-4-ethylidene-1,6-octadiene,
10 (6) 6,7-Dimethyl-4-ethylidene-1, 6-nonadiene,
(7) 4-Ethylidene-1, 6-decadiene,
(8) 7-Methyl-4-ethylidene-1, 6-decadiene,
- (9) 7-Methyl-6-propyl-4-ethylidene-1, 6-octadiene,
(10) 4-Ethylidene-1,7-nonadiene, |
15 (11) 8-Methyl-4-ethylidene-1,7-nonadiene (EMN),
(12) 4-Ethylidene-1, 7-undecadiene,
(13) 8—MEthyl-4—ethylidéne—i,7—undecadiene,
(14) 7,8-Dimethyl-4-ethylidene-1, 7-nonadiene,
(15) 7,8-Dimethyl-4-ethylidene-1,7-decadiene,
20 (16) 7,8—Dimethyle4—ethyiidene—1,7—undecadiene,
' (17) 8-Methyl—7—ethy154-ethylidene-1,7fundecadiene,
(18) 7,8-Diethyl-4-ethylidene-1,7-decadiene,
(19) 9-Methyl-4-ethylidene-1, 8-decadiene,
(20)'8,9—Dimethyl—4—ethylidene—l,8—decadiéne,
25 (21) 10-Methyl-4-ethylidene-1,9-undecadiene,
(22) 9,10-Dimethyl-4-ethylidene-1, 9-undecadiene,
(23) 11—M9thyl-4-ethy1idene—1;10;dodecadiene, and
(24) 10,11-Dimethyl-4-ethylidene-1,10-dodecadiene.



These branched chai n pol yene conpounds [II1] are used
conbi nati on of two or

pol yene group-contai ni ng

nore kinds in the

branched chai n pol yene conpound [I11] may be a

formand a cis form or it nay be a 2%

al one.
conmpound [ 1]
pol yene

5 singly or in
‘preparation of the chain
nor bor nene_ conpound [1]. '

The

m xture of a trans
trans formalone or a cis form

Preparati on of chain pol yene aroup-containing norbornene

I n the present

conpbenehemical L

15 conmpound”) of the

[err]

descri bed above,
reaction) toy2Qc

conmpound [1]
28

f ol | owi ﬂ&”f or mul
(24) are,gdyepPeiOWR1, R2'and R3. have the same neanings as

is reacted wyt h cycl opent adi ene (Di el s- Al der
La—bhg—cmﬂtﬁzﬁglyene gr oup- cont ai ni ng nor bor nene

of the folfpow ng for
CH (CH3)

af[lll]:

[1]:

[err]

is an integer of 1 to 5 Rl is an alkyl

10

CHj
H,C=CH—CH;—C—CHz -CH=<

| e
CH (CH3)
CH;
H,C=CH—CH;—C—CH,-CH=
fl CyHs
CH (CH3)
. C,Hs
H,C=CH—CH;—C—CH —CH=<
I CzHs
CH (CH3) -
: CHj3
Hy C=CH—C_H2—C—CH2 -C (CH3) =<
i CH3
' CH (CH3)
CH;
H,C=CH—CH;—C—CH2~-C (CH3 ) =<
! CaHs
CH (CH3)
H
H,C=CH—CH;—C—CH; —CH=<
I CH,CH,CHa
CH(CH3)
CH3
H,C=CH—CH;—C—CH —CH=<
Il CH,CH3;CH3

CH (CH3)

H,C=CH—CH;—C—CHz-C {CH,CH2CH3) =<
' il

CH(CHz3)

H2C=CH—-CH2—C—CH2CH2—CH=<
I

C
CH (CH3)

CHj
CHj;

Hj3

enti.on

lat B e,

fpBLAREN

n=conj ug

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

B8 T

riene

wher ei n,

n
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group of 1 to 5 carbon atons, and R err] and Rerr] are each

i ndependently a hydrogen atomor an al kyl group of 1 to 5 5 carbon atons.
Wien Rlerr], Rerr] or Rerr] inthe formula [I] is an al kyl group of
1 to 5 carbon atons, exanples of such al kyl groups i ncl ude nethyl,
ethyl, n-propyl, isopropyl, n-butyl, i sobutyl, sec-butyl, tert- butyl,
n-pentyl and isopentyl. 10 In ?he branched chain polyene conpound

-~ [I'11] used in t he above reaction, Rl and R2 are each an al kyl group

- of 1 3 carbon atons g?ly preferably methyl, and R3
s preferabl ﬁzﬁr&w —CH;CH za&& 'EI?‘E

8¥cyclopentad|ene s generally
obtained by 15 subjec£hggH gcyclope Adiene; i.e., ‘a quﬁr of’
cycl opent adi ene, to the dleconposi tion distillation at :
tenperature of not |ower than 160 [erﬁ]c Therefore, in the .- reaction

of the cyclop e; ed chain pol yene conmpound [I11]
in the prese ﬂ$%$%4ﬂ§6%L&ﬁ?g 2dlcyc efsAiatitene can be used in place of

t he cyclopentadleﬁgﬁ fndlng on the reaction t enpegyahyur e used.

That is, it is possible he di cycl opent adi ene is thermal |y

- deconposed in the reaction systemto pgoduce cycl opent adi ene and this

: Cyclopentadleﬁq%L??g¢?§L¢JtﬁJyﬁz -ég=¢ reaction with the branched chain

pol yene conpou CH,CH,CHa 29-
The reaction of .the cycle@m;adi ene with the branched - (13)chai n polyene

-conmpound [I1Il] is carried out under the foll owing conditions, though

the conditions vary dependi ng , CHz
Hy C=CH—CH;—C—CH,CH2-C {CH3) =<
' i CH;

CH(CH3) (14)

CHj
HyC= CH—CH,—C—CH,CH,-C (CH3) <
il

Cz2Hs
5 CH (CH3) . (15)
CH3
H, C=CH—CH,—C—CH,CH,-C (CH3) =<
2 S CH,CH,CHa
CH (CH3) (16)
. \ CH3
H,C=CH—CH,;—C—CH,CHz-C (C2Hs =Ci
2 2 CH,CH,CHa
CH (CH3) (17)

C2Hs.
H,C=CH—CH—C—CH2CH2 ~C (C3Hs) <
i C2Hs

CH (CH3) (18)

: CH;
Hzc=CH—CHz—c—CH2CH2CHz-CH=é<
i CH;
CH (CH3) (19)

HzC—-CH—CHz—C—CHzCHzCHz -C(CH3) < -
Il 3

10 CH (CH3) | (20)

CH;
H, C=CH~—CH,—C—CH2CH2 CH,CH;-CH =< :
) i CHj3



on the type of the branched chain pol yene conmpound [I11] 5 used. 1 part
by wei ght of the branched chain pol yene conpound [IIl] and 0.2 to 4
parts by weight, preferably 0.5 to 3 parts by weight, of the

:cycl opent adi ene are stirred under heatlng at 50 to 250 [err]C,
:preferably 100 to 200 [err]C, ° ungler a pressure of 1 to 100 kg/cn®,
‘preferably 5 to 70 10 kg/cnferr],. for about 0.5 to 30 hours, in an

.at nosphere of preferably an i nert gas such as nitrogen or argon.

06l yrer zat | o AGTISITH { SEARC TR R R AL Ra NS “\6& neaded 15
"In the reaction of the Céﬁkeﬁeptadlene wth the branched chain

"pol yene conpound [I11], tion sol vent may be udeéd)or nay not . be
used. Exanples of the reactlon soIv ts enpl oyabl e hereln

i ncl ude hydrogg (pqgi hex % heptane, 20 octane,
nonane, decane,” un ecaﬁe"_gha gﬁgﬂﬁg gggn t ol uene and xyl ene;
hal ogenat ed hydrocar bon éHP@H? pl vents, such as d|chI%§ met hane,

di chl or oet hane and di ch orobenzene et her type solvé such as

t etrahydrof uran and di oxane; and al cohol type SOl%ﬁg@S’ 25 such as

~methanol , et hay@=CH-IHCP-EHCHETHL OH, OHL-20 OCH; ) g ter is also enployable

as ‘the reaction sol vent. i The chai n pol group- cont ai ni ng
nor bor nene conpound CH[CH3)obt ai ned as above is represqgh?d by the
‘af oresai d _ 30

These branched chain polyene compounds [ITI] are'used
5 singly or in combination of two or more kinds in the
preparation of the chain polYené group-containing
norbornene compound [1].
The branched chain polyene compound [III] may be a
mixture of a tfans form and a c¢is form, or it may be a
10 trans form alone or a cis form alone.

Preparation of chain polyene group~containing norbornene

compound II{

In the present invention, the branched chain polyene
compound [III] (also referred to as "non-conjugated triene
15 compound") of the following formula [ITT]:
R3

Rl
. HaC=CH—~CH;—C—~(CH;3 Cc =C<
. EY o2

wherein, n, R1,IR2 and R3 have the same meanings as
described above,
is reacted with cyclopentadiene (Diels-Alder reaction) to
20 obtain che chain polyene group-containing norbornene

compound [I] of the following formula [I]:



formula [1]. Exanples of the chain polyene group- cont ai ni ng
nor bor nene conpounds [I] are descri bed before. The chai n pol yene
gr oup- cont ai ni ng nor bor nene conpound [I] generally has a

stereoi soneric structure (endo formand 5 exo form based on the bonding
way of chain polyene to the nor bpg nene skel eton, and trans form and
cis form based on - the substitution way of double bond of the chain
pol yene). The structure of the chain.polyene group-containing
nor bor nene conpound [1] can be -determ ned byRﬁass 10 spectronetry or

measur enent of infrared_agsorption spedtr lproton NVR spectrum
etc. ' In the gs ¥t CHarvent | Gy —jphdlie®he chai n pol yene
gr oup- cont ai ni ng nor bo

conpo(,(}%l] i's used Rér prepari ng fhe
| at er -descri bed unsat urated et hyl efie*315 copol yner and the ﬁnger
conposi tion containing the ‘copol yner, the conpound T'] y be a

mxture of the wheéta@ﬁ?sl@i?sva;iﬂ@edar%gegf% GONROUKIS D MIRE

stereoi soneric structures or my b_e a corr_poun _ one st er éol somar
only. 20 groBy bRe13beVE &£Adr Atonld)e LlPRR 294 VIENQr@ QURh

cont ai ni ng norbornene conpound [I] is usually obtained in the form of
a mxture of dndepdadéntly aachydrayen faiol olhen alkylli gtolie AN o 5
separated by nmeans of distillation according to necessity. 25

If the sté&tirgrbohyeahemsonpound used in the preparation of the chain
“pol yene group-containi ng nor bor nene conpound [1]-contains in addition
to the . br anch@beshBt n RfobyeR2 bwrgwirtbrmuliy] [(I1bjspandatky] |grour

of 1 to 5 carbon atoms, examples of such alkyl grbups
include-methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, tert-butyl, n-pentyl and isopentyl.

10 In the branched chain polyene compound [III] used in
the above reaction, R! and R? are each an alkyl group of 1
to 3 carbon atoms, particularly preferably methyl, and R3
is preferably hydrogen.

The cyclopentadiene is generaily obtained by

15 subjecting dicyclopentadiene, i.e., a dimer of
éyclopentadiene, to thermal decomposition distillation at a-
temperature of not lower than 160 °C. Therefore, in the
reaction of the cyclopentadiene with the branched chain
polyene compound [III] in the present invention,

20 dicyclopentadiene can be used in place of the
cyclopentadiene depending on the reaction temperature used.
That is, it is possible that the dicyclopentadiene is
thermally decomposed in the reaction system to produce
cyclopentadiene and this cyclopen;adiene is used in the

25 reaction with the branched chain polyene compound [III].



31 of the followng fornmula [I11-D] produced during the

synthesis of the branched chain polyene conpound [I11],

H err]C=CHCH err]-CH=C (CH err]) - (CH.err])[err]-CRlerr]=CRlerr]R err]
[rrr-b] 5 the by-product [II11-b] is reacted with the cycl opent adi ene
ito produce as a by-product a chaln[xﬂzgme gr oup- cont ai ni ng

inor bornene conpound [I-a] of the follow ng fornula [l1-a]:

[err] 10 wherein, Rerr], Rerr and n_are the sane_as
those in the Ther raratien of the cyc ORQ$QﬂﬂéeBFoUE§§ thee pragehiedg an

-unsat ur at ed et hyl,ene 0 ordi tqQ the in tio

gubst;nce gx&ﬁn?ﬁ?ﬁ?ﬂﬁ %Q@Wﬂ¥¥¥a t %% éleﬂaPH£ 5 € I n]ﬂ‘?oup- 15
tai ni | t f, I

ounConf AT R Al ARG, o B0

conpound [ 1] d €. e S ri bed

| at er. o th%h gsgpvﬁ né? e su eziincceh con al gﬁ% fﬁ@g aiiln[ ene 20

gr oup- contaai n nor QﬂQﬂﬂﬂg y in

addi tion tS; thg&cihal ?O%E% ggkr)l% gr oup- c%éntlg‘llenﬁsht%ﬁea c}ol?' %r cg%}g&jé%rrpound [1]
SELSRSh A e

(mxture of tbempeiRQUAETT] la®. 2 to W%a@:‘%@pwnﬂeﬁbh@{ ;]af

chai n pol yene group- cont ai ni ng conpound (T

in the reactlon,

with' 25 ethybeBepbiisapy wéiglte Old ithedlcydloperadehe nané 08EiKtdd ,

the resultlng unsat ur at ed et hyl ene copol yner contains the

‘under heating at 50 to 250 °C, preferably 100 to 200 °C,

under a pressure of 1 to 100 kg/cm?, preferably 5 to 70

10 kg/cm?, for about 0.5 to 30 hours, in an atmosphere of

preferably an inert gas such as nitrogen or argon.

'The reaction may be conducted in the presence of a

radical polymerization inhibitor such as hydroquinone, if

needed.

15 In the reaction of the cyclopentadiene with the

branched chain polyene compound [III], a reaction solvent

"may be used or may not be used.

Examples of the reaction solvents emplovable herein

include hydrocarbon type solvents, such as hexane, heptane,

20 octane, nonane, decane, -undecane, dodecane, tridecane,

toluene and xYlene; halogenated hydrocarbon type solvents,

such as dichloromethane, dichloroethane and

dichlorobenzene; ether type solvents, such as

tetrahydrofuran and dioxane; and alcohol type solvents,

25 such as methanol, ethanol, isopropanol and t-butanol.

Water is also employable as the reaction solvent.

-The chain polyene group-containing norbornene compound

[I] obtained as above is represented by the aforesaid



32 constituent units [Il1-a] derived fromthe norbornene

conpound [l-a] in addition to the constituent units [I1] derived from
t he norbornene conpound [I1], as the ~ constituent units derived from

t he chai n pol yene group- 5 containi ng conpound. ‘For exanpl e,
when an EMHN-contai ni ng substance, whic} contains a small anmount of a
by-product [I1-a] (5-[3,7- dinethyl-9,6-octadienyI]-2-norbornene) I n

addition to EMHN (5-(2-ethylidene-6-~nethyl -5-heptenyl)-2-norbornene),
is 10 used asfammilehdTd -poEfamplesovb- temt dhaimPaiesr 5P~ conpound
[1], there can be obtgi ned a_ product containinﬂ[ the follown
constituent uniFOFHAIILNGe POFRRTRERR ERERPUNds [I] are described before.

[err] a th%ggforeiaid amount (smalJ .anount) of the followéng
15 constituent uni t/98 CP2P BRr¥FRE FTORTHI IR P fhgpe compoun

o L entea by Pl PRIV HER, KoRECSHaLRARNLF VAR e teRaBecsaiP it

5 exo. form based on the bonding way of chain polyene to the

norbornene skeléton, and trans form and cis form based on
the substitution way of_double bond of the chain polyene).

The structure of the chain polyene group-containing
norbornene compound [I] can be determined by mass

10 spectrometry or measurement of infrared absorption
spectrum, proton NMR spectrum, etc.

In the present invention, when the chain polyene
group-containing norbornene compound [I] is used for
preparing the later-described unsaturated ethylene

15 copolymer and the rubber composition containing the
copolymer, the compound [I] may be a mixture of the
aforesaid various norbornene compounds having
stereoisomeric structures or may be a compound of one
stereoisomer only.

20 By the above reaction, the chain polyene group-
containing norbornene compound [I] is usually obtained in
the form of a mixture of an endo form and an exo form. The
mixture can be separated by means of distillation according
to necessity.

25 If the starting polyvene compound used in the
preparation of.the chain polyene group-containing
norbornene compound [I] contains in addition to the

branched chain polyene compound [III] a by-produét [III-b]



33 t he process described in Japanese Patent Application No.

75288/ 1995 (filing date: March 3.1,.  1995). That is, when

cycl opentadiene is reacted with a chain ) non- conj ugated triene
conpound represented by the foll ow ng 5 formula (a): : [err]
wherein, mand n are each independentI3y an i nteger of - 1to 5 and

Rerr], Rerr], Rerr], Rerr] and R[err] are each hydrogen or an :
al kyl group of r bon onB Si e of 0 t he
f or ?/rul g [ f Fo’v}]lt"ﬁegof %"(uﬁ g Erlrtﬁ gﬁd é ’FFd'fg t repr esent

hydrogen at t be obt ai ned i n pol yene
gr oup- cont ai nﬂqﬁéﬁes’ls %%rti}?ﬁ rpé??é’c&?ﬁpgg‘ﬁ'&nr 88 §3ﬂt‘é?f“%‘§}lrfq‘ua[%ajl'ow ng
formul a (b): [err]

... (b) = _ LibopE errlg £8r] and
Rlerr] hawe the san% %e%%gbsmg[sqﬁi I?o?%u a (a) .[Iﬁ[ &2 Next ,
the unsaturated ethyl ene copol ymer of the I nvention containing the
constituent uphéspylptodiait Vet 1sf&@EbEE§ wheh e 0| MBS pentadiene
group-cont ai ni ng norbornene conpound [I] and the process for

preparing thet6oppbdids £ & by-prodeser kbeBain polyene group-containing

norbornene compound [Idé} of the following formula [I-a]:

R3
' | - /rt
CHz—CH=F—+'CH2—;— C=C< )
: R
CH;
[I-al
10 wherein, R!, R2, R3 and n are the same as those in the

formula [I].

In the process for preparing an unsaturated ethylene
copolymer accoraing to the invention, a substance
containing a small amount of the chain polyene group-

15 containing norborneneICOmpound [I-a] in addition to the
chain_polyene groupjcontaining norbornene compound [I]
(i.e., mixture of the compound [I] and the compound [I-a])
may also be used, as described later.

Thus, when the substance containing the chain polyene

20 group-containing norbornene compound [I-a] as the by-
product in addition to the chain polyene group-containing
norbornene compound [I] (mixture of the compound [I] and
the compound [I-a]) is used as the chain polyene group-
containing compound (iii) of [A] in the reaction with

25 ethylene (i) and the o-olefin of 3 to 20 carbon atoms (ii),

the resulting unsaturated ethylene copolymer contains the



Unsat ur at ed et hyl ene copol yner | 34

The unsaturated ethyl ene copol yner according to the - invention is [A]
a random copol yrmer .of : (1) ethylene (1i) an
a-olefin of 3 to 20 carbon atons, and 5 (iii) the chain polyene
gr oup- cont ai ni ng norbornene coggpund [1]. The

unsat urated et hyl ene copol yner of the i nvention may be [A] a random
copol yner of (i) ethylene, (ii) an a- olefin of 3 to 20 carbon atons,
and (iii) thec@nathtwfyeﬁé-ts IFI-gdodsréyrdafrrmgtie merbamensonpound [ 1]
and the chain ol yene group-.cqntai ni ng nor bor nene conpound I-a] in a
smal | er anmounEOPPRIEY Ee/ -8 Ith@ddi&irnpsry Ehe ﬁ?%ﬁ%ltuent m@(ﬁﬁaﬁ Ing

nor bor nene co Ies 0 Qf |ns (ii) of 3 to

d
20 carbon ato i%ég[ééﬂﬂtﬁh?|&9ﬁEfFEﬁBe £opRPENE, 1- hexene,
el ot AR P e SN _e”et P LY
di et hyl - g-pe %E@ﬁinl t{aqpqéﬁggxene 3-ethyl -1- hexene 1- oct ene,

1- decene, ecene ene, 1-hexadecene, 20 1- oct adecene and

1-ei cosene. Pr ef e P bt Ahfhren an g:ﬁ%ﬁ%bﬁ“&nﬂn&“&%&%aﬁhé“e%% and

1-octene. These a- olefins areu singly or 1n conbination of two

or nore céhtdltns a small amofmitd8$Chi B? T.@b&&@a thes chatyapgl-yene

group-containing 25 norbornene conpound of the component (iii) is
i - dimethyl-2, 6~octadienyl] 2—norbornene) in addition to EMHN

(5—(2—ethylidene—G—methyl—S—heptenyl)—2—norbornene), is
10 wused as the chain polyene group-containing norbornene
compound [I],'there can be obtained a product containing

the following constituent unit [II'] derived from EMEHN:

CHj
| CHj;
CH,—C—t CHp - c=<
. CH;
CHCH3 e [II ’ ]
( EMHN)

and the aforesaid amount (small amount) of the following

15 constituent unit [II-a'] derived from the by-product [I-al:

CH3
. | CH3
CH;—~CH=C—t CHy—}~ c=c<
I CH;
CH; ... [II-a'l

The chain polyene group-containing norbornene compound

represented by the formula [I-a] can also be obtained by



represented by the following fornula [I]. :
35 [err] . Inthe formula [I], nis an

integer of 1 to 5 Rl is an al kyl group of 1 to 5 carbon atons, and
R2 and R3 are . each independently a hydrogen atom or an al kyl group of
1 5to 5 carbon atons. The ' nuneral s rlﬁééo 7, n+3, etc. indicate

carbon nunbers (positions of substitue "Exanpl es of the

al kyl groups of 1 to 5 carbon atons i nclude methyl, ethyl, n-propyl,

i - propyl, n-butthle, pirocess dedcrtited sier -Japarese Patrenk, ApppicatylomNb.

I -pentyl. 10 npl es of the chain pol yene group-containing

nor bor nene conﬂé@ﬁ@él?ﬁﬁl {£1ting rﬂagi'eﬁyé@écé*@\lp é@gﬁm ni ng nor bor nene
conmpound [I]) represented by the formula [I i ncl ude _t he

above- menti oned conpBakdis( yhen quehopentadisnegr deappgctedwhtle a rrhain
d 5), (6), 14 d Th
compounds are )cghé%‘g%%)wwq%m%ﬁ(& r28enbed by the Fod g

The chain pj)l y O”" rlou f:ont ai ni ng nor bor nene conpound [1] used in
the inventi ond’ kind of a 20 stereoisoner, e.g., atrans form

alone or a cis form aI one, QrR;tbrray be aﬁ’gxture of stereoi soners,
e.g., mxture of a | I'{ ' Rl '
HpC=CH—(CHp—}— C=C—t CHz—}- c=c.< '

R? ... (a)

wheréin, m and n are each independently an integer of
1 to 5, and R!, R2, R3, R2 and RP are each hydrogen or an
alkyl group of 1 to 5 carbon atoms similarly to the case of

10 the formula [I], provided that R!, R? and R?® do not

represent hydrogen at the same time,

there can be obtained a chain polyene group-containing
norbornene compound represented by the following formula
(b):

R2RP R3

| | I R
(CHz—)H— C=C— CHz—t— C—C< o2

15 R )
wherein, m, n, R!, R2, R3, R® and RP have the same
meahings as in the formula (a).
Next, the unsaturated ethylene copolymer of the
invention containing the constituent units fII] derived
20 from the chain polyene group-containing norbornene compound
[I] and the process for preparing the copdlymer are

‘described.

Unsaturated ethvlene copolymer



trans formandza cis form In the unsaturated ethyl ene copol yner
of the i nvention, the constituents units derived fromeach of the

36" nononmers of (i) ethylene, (ii) the a-olefin and (iii) the

.chai n pol yene group-containing norbornene conpound (conpound [1]) "are
farranged at random and bonded to each 34 ot her, and the copol yner has a
‘branched structure 5 attributed to the chain pol yene group-containing
nor bor nene , .conmpound giii.. Moreover, the main chain _of the copol yner

i s substantially | iTheapnsaiuragedt aFeylens Fonplamexnhaccordingr sestheked

gel -free strucgture qf the fo?olyner can_ be ' tc)gfonfirned by the fact that
this copol ymertVeNEIPRHEE (AT 20T FoP *and does not
substantially conthn i nsol ubl e .conponents. For exanple, it can be
confirmed by - the SFR¥LPRat the copol ymer is perfectly dissolved in
Decalin at 135 [ernkii§¢ bR HR83UEIAGENS L4130 NSirbor SRRt Yahar ]

The unsaturated et hyl ene copol yner of the invention 15 contalns: '

(i) constiguent unigit:g;qegi,ue ﬂ?ez?% dﬂbe' - : f 30 to
92 % by nn%, prefe#ggﬁg %%gtgh%%ﬂg%%y no ?ﬁé do@ﬁ?gnﬁngg?a #ﬂ gto 90 %
by nol, compoublll fTgonstituent units derived fromthe a-olefin of 3

20 to 20 carbon atons In an anmount of 6 to 70 % by nol, preferably 8
to 60 % by nol,; nomaepufbatabayed CetlyTndodppolymer®lf, tB8dinvention

- . .may be [A] a random copolymer of (i) ethylene, (ii) an a-
olefin of 3 to 20 carbon atoms, and (iii)'the.chain polyene
10 group-containing norbornene compound [I] and the chain
polyene group—containing norbornene compound [I—a]-in a
smaller amount than_that of the chain polyene group-
containing norbornene compound (T1. _
Examples of the o-olefins (ii) of 3 to 20 carbon atoms '

.15 include propylene, l-butene, l-pentene, l-hexene, 3-methyl-
1-butene, 3-methyl-l-pentene, 3-ethyl-l-pentene, 4-methyl-
1fpentene, 4-methyl-1l-hexene, 4,4-dimethyl-l-hexene, 4,4-
dimethyl—l-pentene, 4-ethyi—1-hexene, 3-ethyl-1l-hexene, 1-
'Qctene, 1-decene, l—dodecené, l-tetradecene, l-~hexadecene,

. 20 1l-octadecene and l-eicosene. Preferably used are
propvlene, l-butene, l-hexene and l-octene. .These o-
olefins are used singly or in combination of two or‘more
kinds.

As described above, the chain polyene group-containing
25 ' norbornene compound [I] of the component (iii) is

represented by the folloWing formula [I].



(iii) constituent units derived fromthe: chain polyene
gr oup- cont ai ni ng nor bornene conpound-[I] in an amount of 25 0.1 to 30 %

by nol, preferably 0.1 to 20 % by nol, nore preferably 0.2 to 10 % by
ol . _ . 37 In particular,
:in the unsaturated ethyl ene copol yner 35 of the invention, the
~constituent units (i) derived from . et hyl ene and the constituent units
'(||) derived fromthe a- ' oIefln f 3 to 20 carbon atons are present
in anmolar ratio 5 ((1) ethyﬁ%nelallg a®fdl efin) of 40/60 to 92/8,

preferably . 45/ 55 Q 90710b nmoy e preﬂera R} 50/50 to 88/12.

I n the unsaturat ed3¢g FTeCHpPOHY NEH, , - I nvention, the

constituent unit de from the chaln \ \ | yene group-cont ai ni ng

nor bor nene conpoung gas a  EBCHstruct ugelsu stantially represented by
“the foll owing farmil a [11]: w3 | n+5 '

[err] wherein n is an integer of ™o 5 Rierr[Ils an al kyl group

of 1 to 5 carbon atons, and Rlerr] and R[err] are each |ndependently

a 15 hydrogen at & Bheaformuda GHoup ¢ ent éHSeQGFb%ﬁ bt R is

The structure of this constituent. unlt dﬁ;lved rom the c¢hai n pol yene

gr oup- cont ai nPRg2ABY boghevR o rbdih on atops. can¢i Fhéddh R

_ ng&8uring a-
[err]CNVR Spgggﬁughgepengéntly a hydrogen atom or an alkyl group of 1 -

S to 5 carbon atoms. The numerals 1 to 7, n+3, etc. indicate
carbon numbers (positions of substituents).
Examples of the alkyl groups of 1 to 5 carbon atoms
include methyl, ethyl, n-propyl, i-propyl, n-butyl, i-
butyl, sec-butyl, t-butyl, n-pentyl and i-pentyl.
10 Examples of the chain polyene group-containing
| norbornene compounds (iii) (chain polyene group-containing
norbornene compound [I]) represented by the formula [I]
include the above-mentioned compounds (1) to (24).
Preferably used are the compounds (5), 6), (9), (11},
15 (14), (19) and (20).
These compounds are used singly or in combination of
two or more kinds.
The chain polyene group-containing norbérnene compound
[I] used in the inyention may be.pne kind of a
20 stereoisomer, e.g., a trans form alone or a cis form alone,
or it may be a mixture of stereocisomers, e.g., mixture of a
trans form and a cié form.
In the unsaturated ethylene copol&mer of the

invention, the constituents units derived from each of the



copol yner. 20 " The unsat urat ed et hyl ene copol yner of the invention

has an intrinsic viscosity [err] as neasured in Decalin at 135 [err]C,
of 0.05 to 10 dl/g, preferably 0.1 to 7 dl/g, nore preferably 0.2 to 5
dl /g. 38 In addition to

t he chain pol yene group-contai ni ng 36 norbornene conpound [I], at |east
one chai n pol yene group- cont ai ni ng nor bor nene conpound [1-a]
represented by the following formula [I-a] may be contained as the

component Smpnpmpref of Ali} nethslenssat (iridt ddrecOrpllefdncapdl Yiki) ofhe he
invention, in a smaller anount than that- of the conpound [1],
preferably i nchaianpohyené ¢gemgp-tduntaEhivicbpnorborneneecompoundr ef erably not .
nore than 40 % by nol, particularly preferably 35 % by nol, based on
100 % by nol dcompeundo[bbhp@mom{na]ngaﬁ?d gt| rapdom and bonded to each
[err] [I-a]
In the fornul @therajand, tlw e‘F‘PEf‘DllR[%? haSaﬁdbRF@FhFdha%mFW%ane
meani ngs Eg in the for

i

ARG RBYER E‘Pne 114, chainy polyene sra}clp?égegﬁﬁm nrhprnene

gr oup- con
by- product durin r npl cess_fo nt 2|n the chain
pol yene groupS&t ?H?ﬁ ol %ﬁﬁFﬁg?ﬁén& oWﬁ&ﬂnﬁﬁf % 56 % YEtth  a

o cope V! fﬁﬁgﬁigﬁoﬁﬁﬁ%.hasmteh%ubstaneigffytiflﬁélr ddd )¢ the

total anount

crosslinked gel-free structure of the copolymer can be
confirmed by the fact that this copolymer is soluble in
10 organic solvents and does not substantially contain
insoluble components. For example, it can be confirmed by
the fact that the copolymer is perfectly dissolved in
Decalin at 135 °C in measuring the intrinsic viscosiﬁy nl.
The unsaturated ethylene copolymer of the invention
15 contains:

(i) constituent units derived from the ethylene in an
amount of 30 to 92 % by mol, preferably 40 to 90 % by mol,
more preferably'45 to 90 % by mol, | _

(ii) constituent units derived from the o-olefin of 3

.20 to 20 carbon atoms in an amount of 6 to 70 % by mol,
preferably 8 to 60 % by mol, more preferably 10 to 55 % by
mol, and: |

(iii) constituent ﬁnits derived from the chain polyene
‘group—containing norbornene ccmpouna [I] in an améunt'of_

25 0.1 to 30 % by mol, preferably 0.1 to 20 % by mol, more
preferably 0.2 to 10 % by mpl.



20 constituent units [I1] derived fromthe chain pol yene

gr oup- cont ai ni ng nor bor nene conpound represented by the formula [1]
~and the constituent units [Il-a] derived from - t he chai n pol yene

., group- cont ai ni ng norbornene conpound represented by the fornmula [I-a]
;is in the sane range as in "25 the cgye of the constituent units [I1]

i derived fromthe 39 chain
pol yene group-contai ni ng nor.bornene und al on That 1] +
[I1-a] is equal tol®.Ba %@-a%'bﬂnrrﬁ Satuﬁ?"é?gr%‘l?}ml@ y nol ,

ferably 0.2 to 1
ore PLelT Aty 2 iy, cne Bglhrunef, uaiie, 1 A8 G{V 'Zaﬁl s

[I1-a] correspongdfed ang thd RROTiduehi! ualFst YEEN SORi ORI £ il ot G-

gr oup- cont ai n| ng nor bor nene conpounds and [1- I n ot her words,
in the 9 o] ?ggn e 10
constituent un| ts (%Poi éét))r?gn?g)r%tgh Egﬁ{uguﬁ%lséf tj]m"'rI Sd o918

copol yner Szed( [ 1) astiamaiy/ @) esoldfan)50£%by60oto 92/8, mfefediadilyy not
nore than 40 % by nol, nore preferably not nore than 35 % by nol .

This random coppty s JUBSLA, heoiecOpeelferbbly S0£50 1o g8yist.i tuent unit
derived fromthe chain polyene group- cont ai ni ng nor bor nene conpound
represented by theld athaihmsaturatled] ekhylenet copdLymer efff edent ed by t he
formula [I1] as descri bed above, and the constituent unit derived
“from t-he 1nmmrpolb}mwe:ognsaupuennt unhtngentvedrimme demebaria

polyene group-containing norbornene compound [I] has a
10 structure substantially represented by the following

formula [II]:

R3
| Rl
CH,—C—t CHj _)r—x— C=<
Ji

R2
CHCH; . ... [II]

wherein n is an integer of 1 to 5, R! is an alkyl group of
1 to 5 carbon atoms, and R? and R3 are each independently a

15 hydrogen atom or an alkyl group of 1 to 5 carbon atoms.

The structure of this constituent unit derived from

the chain polyene group-containing norbornene compound can
be confirmed by measuring a 13C-NMR spectrum of the
copolymer.

20 The unsaturated ethylene copolymer of the invention

| has an intrinsic viscosity [Nn], as measured in Decalin at
135 °C, of 0.05 to 10 dl/g, preferably 0.1 to 7 dl/g, more
preferably 0.2 to 5 dl/g.



20 represented by the fornula [I-a] has-a structure représénted by the

followng formula [II-a]: _ [err]
wherein n, Rerr], Rerr] and R err] have the sane neanings as in the
formula [I1]. _ . 40 O her
properties of the copolymer (e.g., (i)3gnounts of ethyl ene
constituent units (% by nol), (ii) ethylene constituent unit/a-olefin
constituent unit (nolar, ratio) infrinsjc viscosity of ¢opol ymer,
etc.) are the same & addtigpskoj Rhe h%hﬁb‘?)(ﬁ?/iﬁﬁn%&r%tc&?ﬁﬁﬁﬁl’ﬁﬁe

a7 oup- cont ai nHRFARSPREN SREEPIRA. [Eben R ckAas S SHEA PETHEHBOTFOBP ( he
hai I . - ini d hai
10" polyene orsnsaianrsl RoRBBLALa Sl NN Rk, R0°eh8® 70T

"constituent t ' e L0 0ol : - LD n
e co DAY S-plof (Reafilhe RO Ailinen neltBUPCADLALRE O

nor bor nene conpound’ e constituent unit

[I1] derived framt kg GA3i An the uRSAYERSr&H VHIAUMABLBIVRREDSENERE
conpound [ 1] éﬁd Bhe %5@ cgnstftuent unit [11-3a] derivga ??on1the chain

pol yene ighRuitionnt ahNhNEmADL 86T ARen € AieL tthaltl oF] theénkegsouse Of
these ternms does not depart fromthe objects of the o
[I]1, preferably in an amount of less than 50 % by. mol, more
preferably not more thaﬁ 40 % by mol, particularly
_ preferably 35 % by mol, based on 100 % by mol of'the
10 compound [I] and [I-a]. | |
R3
CH2—CH=lC—f- cﬁzT Ic:=c< R:
R
CHj3 (T-a]
In the formula [I—a]; n, R}, R? and R3 have the same
meanings as in thé formula [I].
The chain polyene group—éontaining norbornene compound
15 [I-a] is obtained as a by-product during, for example, a
" process for synthesizing the chain polyene gfoup—containing
norbornene compound [I]. :
Such a random copolymer as mentioned above has the
property [B] (iii): the tétal amount ([II] + [II-a)]) of the
20 constituent units [II] derived from the chain polyene
group-containing norbornene compound represented by the
formula [I] and the constituent units [II-a] derived from
the chain pglyene group-containing norbornene éompound

represented by the formula [I-a] is in the same range as in

25 the case of the constituent units [II] derived from the



I nventi on. The unsaturated et hyl ene copol yner of the invention

Is 20 excellent in weathering resistance, heat resistance and ozone
resi stance and has a high vul cani zing rate. The unsat urat ed

et hyl ene copol yner of the invention may be used in the unvul cani zed
state or may be used after ' vmwxugﬁed by the | ater-described

vul cani zati on process. 25 |If the copolyner is used after vulcanized, its
properties are conspi cuously exhi bited.

41 chihénupeiyenat gchuprtndrdiad ndmeo nprborneng agomnpeynd | glone.

preferably used as a resin nodifier or for preparin vari ous rubber

product s. That is, F6ETbxanbtealkén el%’é-luﬁé?apuflagédmet*ly@iéﬁﬁojeopol. yner
5 is added to polypropyl ene, polyethylene, polybutene, : ol ystyrene,
etc. as a rek ﬁfﬁga]i’fge%lt?fgi?r&/i%ﬁ%’%?“oﬁ' m°rPeEF§?§ﬁ§}él3én%l°£t§%§sa/c%r ack

‘resi stance ar proginently | nproved. The unsat urat ed
et hyl ene copoﬁyn@? of the invention 10 ~may be vul cani zed al one or
co-vul canized w th h . . rial of its
i gn vl cani 2i g+ 5e, ConsiEliantion, Pel Befwepn che constRERIRS
vul cani zed fop,gesh I oY s t¥erlt TRiRE &% o) tuy e as
conpared with tﬁg ﬁgigonven%]#%rfa nlsl}:r%stgltel?trtat géget %yfﬁ?]je %%%% %mer ss,a tgé:\r/en | f
a I ar gerREDHAT a Bf rat 31 K $h0 @Rk 1S pB2YeHE Sfroup-contHigi®lPOr €,
vul cani zed rubbers can be produced with high

= norbornene compounds [I] and [I-al. In other words, in the

total (100 % by mol) of the constituent units [II] and the
10 constituent units [II-a], the cohstituent ugits [II-a] are
copolymerized in an amount of less than 50 % by mol,
preferably not more than 40 % by mol, more preferably not
more than 35 % by mol.
This random copolymer has the property [C]: the
15 constituent unit derived from the chain polyene group-
containing norbornene compound represented by the formula
[T] has a structure represented by the formula [ITI] as
described above, and the constituent unit derived from the
chain polvene groupjcontaining norbornene compound |
20  represented by the formula [I-a] has a structure

represented by the following formula [II-a]:

R3
l R
CH,—CH=C—{ CHzT C=C<
[ R2
- CHj ... [II-a]

wherein n, R!, R? and R3 have the same meanings as in the

formula [IX].



productivity. © The unsaturated ethylene copol yner of the

i nvention is 20 excellent particularly in the co-vulcanizability with

di ene rubbers, such as natural rubber, styrene/butadi ene rubber,

| soprene rubber, butadi ene rubber, nitrile rubber and chl or opr ene
rubber, and the co-vul cani zat'es of thg unsat ur ated et hyl ene copol yner
and the diene rubbers not 25 only has excell ent mechanical properties,

abr asi on resi stance, dynanic fatigue resjstance and oi| resistance,
whi ch are i nher entOthex Rropestd esupbethe GOPOAVBBThifd-, (i) amounts

42 excel Lent. weat heri.n re5|stance ozone resjstance and
thermal agi ngP¥ eRFRYiERS conéiltuent uF&FSeiﬁnQYém°§)co %&ﬂ(ﬁ%hﬁk%ﬂ? of the

unsaturated  conee SN SORPIAT ORI LONE 20 AL Yol fyuber

has 5 excel reng , ig resistance, 0z0n
dd t f t t t ed
athyl ene copol SRS visgosity of, SePRIKHERG RES: | &s i PR Helce) e
th t
weat heri ng 1 egj s é‘ tr%%g:rogl‘;zﬁ{& gﬁgecéﬁgaﬁhi % eShe c?c!}fsetltfuje?)he | nvent on

co-vul canizate o e unsat | ene copo
and but adi ene fyh@pr has excel | ent meatherlng resi stance, ozone
resi stance and abr asi on resi st ance. Preparati on of

unsaturated ethyl enge copam Y'I&faln1§olyene Fheuprsah th ai Bl Qidiﬂo&&%n‘%ppo' yner
of the I nvention
- compound” used herein means both of the chain polyene
group-containing norbornene compound [I] and the chain
10 polyene group-containing norbornene compound [I-a], and the
‘term "constituent unit derived from the chain polyene
group-containing norbornene cdmpound" used herein means
both of the constituent unit [II] derived from the chain
polyvene group-containing norbornene compound [I] and the
15 constituent unit [II-a] derived from the chain polyene
group~containing norbornene compound [I-a], unless use of
these terms does not depart from the objects of the
invention.
The unsaturated ethylene copolymer of the invention is
20 excellent in weathering resistance, heat resistance and
ozone resistance and has a high vulcanizing rate.
The unsaturated ethylene copolymer of the invention
may be used in the unvulcanized state or may be used after
vulcanized by the later-described vulcanization process.

25 If the copolymer is used after vulcanized, its properties

are conspicuously exhibited.



can be obtai ned by copol yrrer'izing (i) ethylene, (ii) the [err]-
olefin of 3 to 20 carbon atons and (iii) the chai n pol yene

group-cont ai ni ng norbornene conmpound [I] (and the chain pol yene

gr oup- cont ai ni ng norbornene conpound [I-a] in a 20 smaller anpbunt than
that of the conpound [1], according tgg necessity) in the presence of a
cat al yst. As the catal yst, catal ysts conprising conpounds of
transition nmetals such as vanadiun1£ , zirconium (Zr) and titani um
(Ti), and organoal Th AFaEREEEH ey F&Sn%ﬁpml%?awnééﬁﬂb‘und)
and/ or an ionized iqQnic corgaound are; EP oy ablf and particularly
preferably usFfrTr used @g, @nFp§inapgditier ‘or for preparing

43 a cata &9 ri sing a sol ubl e vanadi um conpound

and an or ganoaﬁ‘ﬁrﬁ"i‘ﬁj %’ éﬁ(ﬁ’ ﬁg : (b) a catalyst conprising

a netall ocene conwcgg%%g% ddl C a%ﬁgnﬁh é&?ré‘@é&" tﬁ}‘%}fe%t egog)og_%gkerrent S

of C?oup | VB of the e.and an or ganoal*um num conpound

and/ or AR 284 g TRRENUpolvethylene, poli® bIe vanadi um
conpound ?or ]f%ram ng the ca 3?? dpo ye)a % esrbeem%ol callﬁ%y répresented by

the foll ow ngpod BfdtihiEne, etc as a ¥E§£ﬁ§ﬁ@difi@ﬁ”fﬂhé¥k y&@gb&err]X[err]

10 wherein Ris a hydrocarbon group, X is a hal ogen atom and a, b,
c, dare nunheésnsatetncfe‘)ammstlﬁeSeoaﬂatkOﬂesbét&derarx]e profiibkently 3, O
[err] b [err] 3,:2 [err] atb [err] 3, O [err] c [err] 4, O [err] d [err] 4
"and 3+[err] c:ﬂbroved [err] 4. Particul ar exanples of the
sol ubl e vanadi um conpounds
The unsaturated ethylene copolymer of the invention
10 may be vulcanized alone or co-vulcanized with other rubber
materials. |
\ "Because of its high vulcanizing rate, the unsaturated
ethylene copolymer can be vulcanized for a shorter period
of time or at a lower temperature as compared with the
15 conventional unsaturated ethylene copolymers, even if a
large amount of a vulcanizing agent is not used.
fherefore, vulcanized rubbers can be produced with high
productivity. '
The unsaturated ethylene copolymer of the invention is
20 excellent particularly in the co—vulcanizebility with diene
rﬁbbers; such as natural rubber, styrene/butadiene rubber,
isoprene rubber, butadiene rubber; nitrile rubber and
chloroprene rubber, and the co-vulcanizates of the
unsaturated ethylene copolymer and the diene rubbers ﬁot
25 only has excellent mechaﬁical properties, abrasion

resistance, dynamic fatigue resistance and oil resistance,

which are inherent in the diene rubbers, but also have



15 represented by the above formula include VOCl[err],

VO(OCH err])Cl[err], VO OCJerr]H err])Cl[err], VO OJerr]Herr])[err]
Clerr], VOOCerr]Herr])[err]d, VOOn-Clerr]Herr])C[err], b
VO(Oiso-CJerr]Herr])dJ[err],”VOOn-Clerr]Herr])(Jerr],
VO(O-iso-Clerr]Herr])Cl[err], VOO sec-Clerr]Herr])(err], :
VO Ot-Cerr]lHerr])Cl[err], VO(OC[err‘fa[err])[err], VOBr[err], VCl[err],

VOCl[err],- VO (04n-C£err]H[err])[err], and VOCl{err]
20q err] H er r pAqellegpt weatherimgskesiFfidrls aranausesistagre andin
conbi nati on of twg or nore Kinds. The sol ubl e vanadi um

conpounds nay tHerHeddagANGHESELFHRNCE.  of el ectron donor addition products
f th | ubl di Whi . bt ai ped tacti
Chese soluble. 25 E0inBURIRLEonborI iA At AR P 05 HGSerBERERR donors.
Ex | f th t | acl,ude: . - I nj
clectron donofErvash SReaRYSRS of ' Snvantign ang, pYEET ARG Y

car boxyl i (SaCie ef'l.(ireﬂ@ngﬁréﬁ%?%, weathering .resistance, ozon%tﬁee?:iéstance44

hal i des, esters of organic acids or 1nhorganic acids,

di ethers, aci dramadaamiacheopebyded des and al koxysi | anes; and
ni trogen-contai ning el ectron donors, such as ammoni as, 5 am nes,

nitriles, pyridinea apdviisesydi@t&of the unsaturdfeed 8BRG1ELE ddolyher €
can be nenti oned: al cohol's of 1 to 18 carbon atons, such as

“met hartol , of ehbannlenpiomasned ,nitsidrd lrudbeit dael exbeXaaot, 2-

et hyl hexanol , octanol, dodecanol, octadecyl alcohol, oleyl 10 alcohol, -
benzyl al cohoweagherjhgt hesistamd®) oznng Iresistangkecehd| ¢il sogsbgdncs cohol
and i sopropyl benzyl al cohol;

16) A co-vulcanizate of the unsaturated ethylene copolymer
of the invention and butadiene rubber has excellent
weathering resistance, ozone resistance and abrasion
resistance.‘ _

Preparation of unsaturated ethvlene coéolyme;

15 The unsaturated ethylene copolymer of the invention
can be obtained by copolymerizing'(i)'ethylene, (ii) the o~
olefin of 3 to 20 carbon atoms and (iii) the chain polyene
group-containing norbofnene compound [I] (and the chain
polyene group-containing norbornene compound [I-a] in a

'ZO smaller amount than that of tﬁe compound [I], according to
necessity) in the presence of a catalyst.

As the catalyst, catalysts comprising compounds of
transition metals such as vanadium (V), zirconium (Zr) and
titanium (Ti), and organocaluminum cémpounds (organoaluminum

25 oxy-compound) and/or an ionized ionic compound are

employable, and particularly preferably used in the

invention are



4

hal-ogen- cont ai ni ng al cohols of 1 to 18 carbon atons, such as

trichl oronethanol, trichloroethanol and . trichl orohexanol; 15

phenols of 6 to 20 carbon atons which nay have al kyl groups, such as
phenol, cresol, xylenol, ethylphenol, propyl phenol , nonyl phenol ,

cunyl phenol and napht hol ; ' ones of 3 to 15 carbon atons, such
as acetone, nmet hyl et hyl ketone, nethyl isobutyl ketone, acetophenone,
20 benzophenone and benzoqui none; - © aldehydes of 2 to 15 carbon
atoms, such as (ahceteatriytfe copsdisdng achpduble cysnadidanapapound
benzal dehyde, t ol ual dehyde and napht hal dehyde; organic acid

esters of 2 t8ndsaRLPIFHPAYHLIEY Gempounds apdt hy| formate, met hyl

e L 20018 % e, opBELS (RRL BRI, i LS,
15 7 arnyPangERl srendh Reraiead 2edf 8 Bhlacr hE el SV b ke
benzoat o, SoyPERESaTE bibish AR s S3EARLR ik BEPZORiound and/8E ¥

net hyl tol uat gon 58y i drP YU SpRA. 5toluate, .ethyl ethyl benzoate,
nmet hyl ani sate, ethyl ani sate, ethyl ethoxybenzoate,

[err]-butyrol act onghe [§6XTdble vanadiaitompoliAAcfof OEbEMinY HH kAtadgstnd
ethyl carbonate; acid halides of 2 to 15 carbon atons, such as
acet yl* ¢d) ot $ depedicizayllve Hepiredentkdl bgyth@ ht &1 1 e rit Foaud @y | -
VO(OR)aXp Or V(OR) Xq
10 wherein R is a hydrocarbon group, X is a halogen atom, and
a, b, ¢, d@d are numbers satisfying the conditions of 0 £ a <
3, 0Sb<3, 2<a+b<3, 0<csS4, 0Sd<4and3<cHd
< 4.
Particular examples of the soluble vanadium compounds
15 represented by the above formula include VOCl;, VO(OCH3)Cl,,
VO (OC3Hs)Cly, VO(OCzHs)1.5C1ly.5, VO(OCaHs)2Cl, VO{O-n-CsHy)Cly,
VO (0-iso-C3H7)Cly, VO(O-n-C4Hg)Cly, VO(0-iso-C4Hg)Clz, VO(O-
sec-CgHs)Cly, VO(O-t-C4Hg)Cly, VO(OCHs)3, VOBry, VCls, VOCL,,
VO (0-n-Cy4Hg) 3, and VOCl;-:20CgH;;70H.
_20 These compounds are used siﬁgly or in combination of
two or more kinds.

The soluble vanadium compounds may be used in the form
of electron donor addition products of the soluble vanadium
compounds which can be obtained by contacting these soluble

25 vanadium compounds with the following electron donors.

Examples of the elec;ron.donors include:

oxygen-containing electron donors, such as alcohols,

phenols, ketones, aldehydes, carboxylic acids, organic acid



10 chl ori de; et hers of 2'tq 20 carbon atons, such as net hyl

.ether, - et hyl ether, isopropyl ether, butyl ether, anyl ether,

t etrahydrof uran, anisole and di phenyl ether; aci d anhydri des,
such as acetic anhydride, phthalic 15 anhydride and benzoic anhydri de;

al koxysi | anes, such as ethyl 'silicategand di phenyl di net hoxysi | ane;
acid am des, such as N, N-di net hyl acetam de, N, N- di et hyl benzam de and
N, N- di met hyl t ol uam de; 20 ani nes, ;such as trinethyl am ne,

tri et hyl anmi nehalides, tesbemsyofnioxganiei pehdy| aFi Heoxgapic acids,

t et ranet hyl et hyl enedi am ne; . ) nitrilgs, such as acetonitrile,
benzonitril e @Hers, dieihess.r pcdd gpgdess acl i andch as

pyridine, methyl pyridine, et hyl pyri di ne and di net hyl pyri di ne.
In the-prepar£3#$%&§#iqﬁﬁ§'eﬁﬁﬁﬁron donor addi tion products of the
sol ubl e vanadi um compounds,

26 0 ¢ Valect ron TR eraia RIS et ap STl 67 SPReRGSS:
or nore ksndsaminesd fnoirtrfiollrerr;ri'%g%ﬁégéggg?}}gﬁ%%%tgqe or ganoal um num .

conpound use represented by the
fol I owing formul ayddd Jspecifically, EBheré] ML rn]lentioned: (rer)

wherein-.Rl is a hydrocarbon group of 1 to 15, preferably 1

: alcohols of 1 to 18 carbon atoms, such as methanol,
ethanol, propanol, butanol, pentanol, hexénol, 2~
ethylhexanol, octanol, dodecanol, octadecyl alcohol, oleyl

10 alcohol, benzyl alcohel, phenylethyl alcohol, cumyl
alcohol, isopropyl alcohol aﬁd isopropylbenzyl alcohol;

halogen-containing alcohols of 1 to 18 carbon atoms,
such as trichloromethanol, trichloroethanol and
trichlorohexanol;

15 phenols of 6 to 20 carbon atoms which may have alkyl.
groups, such as phenol, cresol, xylenol, ethylphenol,
propylphenol, nonylphenol, cumylphenol and naphthol;

ketones of 3 to 15 carbon atoms, such as acetone,
methyl ethyl ketone, methyl iscbutyl ketone, acetophenone,

20 benzophenone and benzoguinone;

aldehydes of 2 to 15 cérbon atoms, such as
acetaldehyde, propionaldehyde, octylaldehyde, benzaldehyde,
tolualdehyde and naphthaldehydé;

organic écid esters of 2 to 18 carbon atoms, such as

25 methyl formate, methyl acetate, ethyl acetate, vinyl
acetate, propyl acetate, octyllacetate, cyclohexyl acetate,
ethyl propionate, methyl 5utyrate, éthyi valerate, methyl

chloroacetate, ethyl dichloroacetate, methyl methacrylate,



to 4 carbon atons, Xis a hal ogen aton1or.hydrogen, and n is 1 to_é.

10 The hydrocarbon group of 1 to. 15 carbon atons is, for

exanpl e, an al kyl group, a cycloal kyl group or an aryl group, and
particul ar exanples include methyl, ethyl, n- - propyl, isopropyl,

i sobutyl, pentyl, hexyl, octyl, 4sycl opentyl, cyclohexyl, phenyl and
tolyl. 15 Exanples of such or ganoal um num conpounds i ncl ude: :

| kyl al h ' | al hyl al
{11 sopr opyl PR Lf?ﬁ”octmaqst@éLé@bﬂ?aﬁpﬁ%gﬁg‘neca@%ﬁ%% B8R o
- 2-et hyl hexyl al ym d b h
Formil 30 BUERAH (ARH PRREPPFRY | BFPPYL P S s Poproayeand -
are each a POSLLLY S AT, cyctlohagglzb{eﬁ%sitgﬂ nffi Bizoate,

i soprenyl al umn enylra O P

triisopr openygéﬂm rﬁéﬂzoate, ethgldtai{ﬁ*:um%}%@hl{lﬁﬁag:%s anygh as

di net hyl al um num chl oride | et hyl a
di i sopropgl al ¢gv e, %‘ihylc@tawganzsatéob;uém WH igBeS Nl de and

di et hyl al um num brom de; al ky alunlnun1sequ|haI|des such
as net hyl al uramisate, ethgdsthohybendeatetrmequnamamtsaequ8€hlorlde

47 i sopropyl al um num sesqui chl ori de, butyl al um num

sesqui chl or i dealasrblaidtpingl, ucamarias quhbhablde;and ethyl carbbhatalunlnum

di hal i des, such as nethyl al um num di chl ori de, ethylal um num :

'dichldride i sopr gpildahaiides of althlb5l©h¥hﬂmi&ﬂd@dﬂﬂﬂ@@hﬂﬁﬂldCthh]de
chloride, benzoyl chloride, toluoyl chloride and anisoyl
10 chloride;
ethers of 2 to 20 carbon atoms, such as methyl ether,
ethyl ether, isopropyl ether, butyl ether, amyl ether,
tetrahydrofuran, anisole and diphenyl ether;
acid anhydrides, such as acetic anhydride, phthalic
15 anhydride and benzoic anhydride;
alkoxysilanes, such as ethyl silicate and
diphenyldimethoxysilane;
acid amides, such as N,N-dimethylacetamide, N,N-
diethylbenzamide and N,N-dimethyltoluamide;

_20 amines, such as trimethylamine, triethylamine,
tributylamine, tribenzylamine and
tetramethylethylenediamine;

nitriles, such as acetonitrile, benzonitrile and
tolunitrile; and |
25 pyridines, such as pyridine, methylpyridine,
ethylpyridine and dimethylpyridine.
In the preparation of the electron donor addition

-products of the soluble vanadium compounds, the above



di al kyl al um num hydri des, such as diethyl al um num hydri de and

di but yl al um num hydri de; and al kyl al um num di hydri des, such as

et hyl al um num di hydride and propyl al um num di hydri de. 10 Al so

enpl oyabl e as t he organoal um num conpound is a conpound represent ed

by the following fornula (1V): 46 R nA Y3-n :

(v wherei n R[err] is the same as in the above fornula (IPI) Y S
-OR[err] gro rr Qu grou NRJ.er r ro

CSiRlerr] gr Gt cfan@# Y%VPRF&P?G@[%%%‘L@—FQ% St iof Bt

Rlerr] are c hyI “ethyl, isopropyl, |sobutyl cyclohexyl or

phenyl; R13 i g hy ogen nethyl ethyl isopropyl phenyl

trinmethylsilyl; R4 asg %%%%Emgf;}ggn@nxg}’ltﬂé oa&.%gﬂntuﬁl comBo 1to

2. 20 The or gano npounds repre ormul a

- (1'V) incl ude Qi Cﬂﬂ:dsfdifmlh%etfngl Lavh sf:ofﬁ'}”fé represéfﬁpeﬁebg} Miel S

nethyl, Et is ethyl, Bu is butyl, and err| R16 are"the sane as
those in §he formBind Pdmula (rrr): (1) Cbnpounds of the fornula
Rlerr]Al(ORerr])[err e.g., 25 dlalkylaluninunlalkoxides, such as

di met hyl al uni num RlnAlmahhoxi de, .diethyl al um num et h@adiTde and

~diisobutyl al um num nmet hoxi,de; partially al koxyl ated al kyl al um nuns,
such as . vétdndial RH manashsﬂmenﬂhnn apsouputof] dl @i hEM preSaualbly aki de
48 and those having an.average conposition represented by,

“R[ er r ] Alq GRIasvTop] @teps, akdigasthalegen|atmny o dydaeden, and n

halogenated al kyl al umi nunms, such as et hyl al um num
is 1l to 3.

10 The hydrocarbon group of 1 to 15 carbon atoms is, for
example, an alkyl group, a cycloalkyl group or an aryl
group, and particular examples include methyl, ethyl, n-
propyl, isopropyl, isobutyl, pentyl, hexyl, octYl,
cyclopentyl, cyclohexyl, phenyl and tolyl.

15 Examples of such organocaluminum compounds include:

trialkylaluminums, such as trimethylaluminum,
triethylaluminum, triisbpropylaluminum, triisobutylalumium,
trioctylaluminum and tri-2-ethylhexylaluminum;

alkenylaluminums represented by the formula

20  (i-C4H)xAl,(CsHip)z (X, Yy and z are each a positive number,
and z 2 2x), such as isoprenylaluminum ;

trialkenylaluminums, such as triisopropenylaluminum;
dialkylaluminum halides, such as dimethylaluminum
chloride, diethylaluminum chloride, diisopropylaluminum

25 chloride, diisobutylaluminum chloride and dimethylaluminum
bromide;

alkylaluminum sesquihalides, such as methylaluminum

sesquichloride, lethylaluminum sesquichloride,



et hoxychl ori de, butyl al'um num but oxychl ori de and 5 et hyl al um num

et hoxybr om de; (2) Conpounds of the fornula
Rlerr]Al(CsiRerr])[err] , e.qg., Et[err] Al (OSi Me[err]),
(iso-Bu)[err]A (Csi Me[err]) and (iso-Bu)[err]Al (CSiEt[err]);

.(3) Conpounds of the formula Rerr]Ad@ Rerr])[err], e.g., :
Et[err]AAQAIEt[err] and (iso-Bu)[err]AlQAl (iso-Bu)[err]; 10 (4)

AC/.QFIe)?E]n dAlsNEI [ge%? S éf?%f“r‘ﬁﬂ%% %F P}’}-\%% E']t’ug%??]é‘%’ﬁ%’?\l( SiMe[err])[err]
the formil a 5}%“?’%@ A B Ui hhn sesquibromidsi o) PRTRPEES ).

and 15 (i!ﬁnrpfd::.m@.lﬁgﬁnukﬁch as metl"l&lrlalmn igum

Rlerr]A (N(R[err])AI err])[err] e.g., Et[err]AANMe)A Et[err] and
(iso-Bu)[err]d dhtéadd, Sélrlﬁ‘l)a{l%i"lhum dichloride, Tsdroppamemaempounds,
preferred are al kyl al um num hal i des, al kyl al umi num di hal i des or .
conbi nati 8ns dietibefide and ethylalﬁh&nnmgdmbﬁbmﬂa@pn1conpound used in the
invention may 20 contain an organonetal lic conpound conponent of other

net al t han aliadkylaluminuwsndyidridesnt such as diethyldduminiime cat al yst
(b) used in the invention, which conprises a netal |l ocene conpound and
an or ganoal unthydddsxyand dlbutardm&umnuummxﬂri@m zZnfli oni ¢ conpound, is
descri bed. 25 The netall ocene corrpound of a transition netal

“sel ected from eI er%Hﬁélaéf‘HWbdFLWdSF- £he PUFh RS ctpiaduminum j g
r epr esent ed b

|
49 ‘f O\g p%'opylwm“f"%‘\l/%‘h‘éﬂﬂ%mﬂ% (V), Mis a transition

et al Se{lﬁCt ed Also employable as the organoaluminum compound is a

compound represented by the following formula (IV):
R1,AlY3-n ' (IV)

wherein R! is the same as in the above formula (IIT); Y is

-OR10 group, -0SiR!!l3 group, -OAlR12, group, -NR13, group,

15 -SiR'4; group or -N(R5)AlR6, group; R19, R11, R12 and R16 are
each methyl, ethyl, isopropyl, _isobutyl, cyclohexyl or
phenyl; R13 is hydrogen, methyl, ethyl, isopropyl, phenyl
or trimethylsilyl; R!4 and R15 are each methyl or ethyl; and
n is 1 to 2.

20 The organoaluminum compounds represented by the
formula (IV) include compounds of the following formulas
wherein Me is methyl, Et is ethyl, Bu is butyl, and R! to
R6 are the same as those in the formula (IV).

(1) Compounds of the formula RL,Al(ORY)3.., e.g.,
25 dialkyialuminum alkoxides, suc‘h as dimethylaluminum
| methoxide, diethylaluminum ethoxide and diisobutylaluminum
methoxide; partially alkoxylated alkylaluminums, such as

ethylaluminum sesquiethoxide, butylaluminum sesquibutoxide



from el enents of C?dup | VB of the periodic table, e.qg., - zi rconi um
titaniumor hafnium and x is a val ence of the 5 transition netal.

L is aligand coordinated to the transition netal. At | east one
ligand L is a |ligand having a_cycl opentadi enyl skel et on whi ch may
have a substituent. Exanpl g8 of the |igands having a '

cyclopentadienyl 10 skeleton include al kyl or cycloal kyl - substituted |
cycl opent adi en oups, supch as cl opent adi enyl,, '
et hyl cycl Opeﬁééd%ﬂﬁg hay Wc%l%‘%}‘é?ﬂ COmpesitiog, represented by,

sl o B %;e% ga,lgnﬁwi%& o 4 el

e YL oBRILAGRERY  aticy1 a1 i)Y FKS BROLLAGH fhningm
met hyl et hyl CY%EHBEQ&E%?@%% butylal’?ﬂlﬁﬁqnﬁex 3}5@&@&895&& ny'

nmet hyl but yl cycl opent a opent adi enyl
nethylbengylcgghgpgﬂﬁ@gﬁ@@yéthogybrdﬁﬂag but yl cycl opent adi enyl

et hyl hexyl cycl opent adi enyl and nethylcyclohexylcyclopentadlenyl
Further, an indenyk2proopownds o6 thet €oranydr REAAMBIR1,) 5, gr @Ug.and a
quorenyI group can be al so nenti oned. Those groups may be
substit ut ed WEtADEDGENR)at ddsoeBu) 28 (QFiMe:kyasd| yisgrRuipal (OSiEt;); O

the above ligands, particularly preferred are aIkyI substituted
Cyc| Opent adi enyl g(ghpgompounds of the formula R,Al (0A1R122)3_n, e.§0.,

Et,Al0A1Et; and (iso-Bu)3Al0Al(iso-Bu),;
10 (4 Compounds .6f the formula Rlnzl;l (NR13;)3.,, e.g.,
MeoA1INEt;, Etz;A1NHMe, MezAlNHE_!t, Et,AIN(SiMe;); and (iso-
. Bu)3AlN(SiMe3);;

(5) Compounds of the formula RI,A1(SiR43)3_,, e.g.,

(iso-Bu)yAlSiMe;; and
15 (6) Compounds of the formula R AL (N(R13)A1R16,);_,,
e.g., EtyAlN(Me)AlEt; and (iso—Bu)zAlN(Et)Al(iso—Bu)g.

Of the above compounds, preferred are alkylaluminﬁm
haiideé, alkylaluminum dihalides or combinations thereof.

The organocaluminum compound used in the invention.may

_20 contain an organometallic compound component of other metal
than aluminum in a small amount.

Next, the catalyst (b) used in the invention, which
comprises a metallocene compound and an organoaluminum oxy-
compound or an ionized ionic compound, is described.

25 The metallocene compound of a transition metal
selected from élements of Group IVB of the periodic table

is represented by the following formula (V).



When the conpound represented by the formula (V) has two or nore

| i gands L having a cycl opent adi enyl skel et on, two of the |igands
havi ng a cycl opent adi enyl skel et on nay . be bonded to each ot her

t hrough an al kyl ene group such as 5 ethyl ene or propylene, a substituted
al kyl ene group such as | sopr opyl49lene and di phenyl net hyl ene, a

silyl ene group, - or a substituted silylene group such as

di et hyl si | yl ene, di phenyl si |l yl ene or netg%lphenylsilylene.

Exanpl es of L ot hef™than t he li'gand having a 1 3yc|opentadienyl skel et on

i | ud hyd f.1 t.o 12 bon.at k

o oun o oo Mo tOfd ()¢ g B PR Ph MR eaf ledl e

-S h t ] [

i kyl Cgrbup. | Erot BRREREE o SR 1vm o MY RRSROAATLAMET S RO 2 R
group, or an %Ei.¥'l:ogi:§m9r9£'9a ﬂtﬁﬁfeaw{ﬁg\gg%ha@ldh% 9gel GLPMOL GF ég%'

gr oup. anples o on groups of 1 to 12 car

atons i nclgideabkyh cgbRURSEaLycCl oal kyl groups, aryl groups and

aral kyl groups, nore specifically, there can be mentioned: 20

al kyl groups, suchrassngthidan®tdodrdibhafedto, the trahS8DPioP\hetdl: butad ,

i sobutyl, sec-butyl, t-butyl, pentyl, hexyl, octyl, decyl and

dodecyl ; least ongclbgaikd|L grouwpd igamch hasiogchbopeolypemiratiiand ohexyl ;
aryl groups, such as phenyl and tolyl; and 25 aral kyl group, such
‘as berizyl andskedphgh.which may hav@anmsiubstdfuehs . al koxy groups incl ude

nmet hoxy, et hoxy, Nn- pr opoxy, r opoxy, n-butoxy, isobutoxy,

sec- but oxy, t- EX@me§§,0%éﬂbe;2P PAVARE 8cfpyopentadienyl

10 skeleton include alkyl or cycloalkyl substituted
cyclopentadienyl groups, such as cyclopentadienyl,
'methylcyclopentadienyl, ethylcyclopentadienyl, n- or i-
propylcyclobentadienyl, n-, i-, sec- or t-
butylcyclopentadienyl, hexylcyclopentadienyl,

15 octylcyclopentadienyl, dimethylcyclopentadienyl,
trimethylcyclopentadienyl, tetramethylcyclopenfadienyl,-
pentamethylcyclopentadienyl, methylethylcyclopentadienyl,
methylpropylcyclopentadienyl, methylbutylcyclopentadienyl,
methylhexylcyclopentadienyl, methylbenzylcyclopentadienyl,

’20 ethylbutylcyclopentadienyl, ethylhexylcyclopentadienyl and
methylcyclohexylcyclopentadienyl.
Further, an indenyl group, a 4,5,6,7-tetrahydroindenyl
group and a flﬁorenyl group can be also mentionéd.
Those groupé may be substituted with halogen atoms or

25 trialkylsilyl groups.

" Of the above ligands, particularly preferred are alkyl

substituted cyclopentadienyl groups.



51 The aryloxy group is, for exanple, phenoxy.

Exanpl es of the sul fonic acid-containing group (- SO[err]Rerr])

i ncl ude met hanesul fonat o, p-tol uenesul fonato,

trifluoromethansul fonate and p-chl orobenzenesul f onat o. 5 Exanpl es
of the hal ogen atons include fluorine, chlorine, bronine and iodine.
The netal | ocene conmpound of ‘the above fornula wherein " the val ence of
the transition netal is 4 is nore specifically represented by the
fol lowing formula (When the compoundr[renyeResterbyr Ehe| forqula (V) has

(V) wherein Mis the above-nentioned transition_netal, R2 is a
group (I|gand)tWQvPﬁngI%y%}Qﬁﬂﬂﬁzﬁhhﬁ%ﬂngk@eFBFéﬁPeFBad¥§nY1 'skelghPR5 are
each independently oup, havj I dlen el eton or the
sane as L ot heFWPhS% %r\% ‘#’? g?ﬂ?’d'nrga\ﬁ r%}é ?eﬁ@é %’Félret's‘?{‘bll‘@tyon in

i smn < 4, P Boiled {9 s?%%h el P i»rsifnegf%ﬁ?eﬁ% Frdh s
compounds s - (@SRRILAL LG ZLL ORI A% MR Q' 818 168" gt 805 P a2

| i gands hawvi opent eton

Bis(cyclopentagg§§¥#% 1{&£HELgﬂénﬁﬁﬂﬂgdyﬂd@%hylene”DQngﬂyiéﬁé group, or

Bi s(cycl opent adi zi rconium di chl orrde,

Bi s(cycl opent adi gapkd zEh€adi s HidNOFrdRip sddh as dlmethyls1lylene,
Bi s(cycl opent adi enyl ) net hyl zi r coni um nonochl ori de,

- Bi s( cycl opent adiphghy¥s i Dyléensn gah ety ipheaii el ldtene. Bi s
(met hyl cycl opent adi enyl ) zi rconi um di chl ori de, o
Bi s(et hyl cycl opent afkamyles iof dniathedi chiaar itle, ligand having a
10 cyclopentadienyl skeleton include a hydrocarbon group of 1
to 12 carbon atoms, an alkoxyl group, an aryloxy group, a
sulfonic acid-containing group (-SO3R®), a halogen atom or
hydrogen atom, where R2 is an alkyl group, an alkyl group
substituted with a halogen atom, an aryl group, or an aryl
15 group substituted with a halogen atom or an alkyl group.
Examples of the hydrocarbon groups of 1 to 12 carbon
atoms include alkyl groups, cycloalkyl groups,'aryl groups
and aralkyl groups, more specifically, there cén be
mentioned: |
20 alkyl groups, such as methyl, ethyl, n—prépyl,
| isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, pentyl,
hexyl, octyl, decyl and dodecyl;
cycloalkyl groups, such as cyclopentyl and cyclohexyl;
aryl groups, such as phenyl and tolyl; and
25 aralkyl group, such as benzyl and neophyl.
Examples of the alkoxy groups include methoxy, ethoxy,
n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, t-

butoxy, pentoxy, hexoxy and octoxy.



52 Bi s(n-propyl cycl opent adi enyl ) zi rconi um di chl ori de,
Bi s(i sopropyl cycl opent-adi enyl ) zi rconi um di chl ori de,

Bi s(t-butyl cycl opent adi enyl ) zi rconi um di ch| ori de,

Bi s(n-butyl cycl opent adi enyl ) zi rconi um di chl ori de, 5

Bi s(sec-butyl cycl opent adi enyl’) zi r coni gq di chl ori de,

" Bi s(isobutylcycl opent adi enyl ) zi rconi um.di chl ori de,

Bi s( hexyl cycl opent adi enyl ) zi r coni um,di chl ori de,

Bi s(octyl cycl opentRE SHMIRLHKYr SFRMBNL8r chPEr famPle, phenoxy.gj g
(i ndenyl) zirconiumdi c

| ori de, 0 . . : -
Bi 04, 5, b, 71 ot r AlpBIRRL A Fher EBREOREG) eFidroeRtaining growp (-
0 ol peny!) 256,509 MR ELAE Wl dRancsur fonato, BLEbANERABETEAGLEDY ) 21 r oon um

di et hyl , adi‘eny coni um nethoxychl'ori de,

B!S(CyC|Opent?%ﬁ#%Eﬁ#éﬂ%ﬁ%%%%ﬁg??éggéygﬂh9§Lgﬁloréﬁénzenesulfonato.

Bi s(fl uorenyl

Bi s(cycl ogent adi ert)}%%‘glrego@fu Fs%g?%geﬂeé%rﬁ%mﬁ{@u le fluorine,

Bi s(cycl opent adi en rconiu S ol uenesul f onat 0) ,
Bi s(cycl opentagh e Z HremiineTBha( § paLhaor onet hane- sul fonato), 20
Bis(nethylcyclopentadlenyl)zirconiunbis(trifluoro- nmet hanesul f onat 0) ,

Bi s(et hyl cycl opentid eiatalldocens ubkbsthdi 6f Uth®-above fdRiidacatklenat o),
Bi s(propyl cycl opent adi enyl ) zi rconi unbi s(trifluoro- 25 nethanesul fonato),
"Bi s(but yl cyclupenteddinery loffz itheobranbision iheétmk ais 4 is more
specifically represented by the following formula (VI):
10 R2gR3,R4,R5M (VI)
wherein M is the above-mentioned transition metal, R2 is a
group (ligand) having a cyclopentadienyl skeleton, R3, R%
and R5 are each indepéndently a group having a
cyclopentadienyl skeleton or the same as L other than the
15 1ligand having a cyclopentadienyl skeleton in the above
formula (V), k is an integer of not less than 1, and
k+l+m+n = 4.
.Lisﬁed below are examples of the metallocene compounds
containing zirconium as M and containing at least two
20 ligands having a cyclopentadienyl skeleton.
Bis(cyclopentadienyl)zircénium monochloride
monohydride,
Bis (cyclopentadienyl)zirconium dichloride,
Bis(cyclopentadienyl) zirconium dibromide,
25 Bis(cyclopentadienyl)methylzirconium monochloride,
Bis (cyclopentadienyl)zirconium phenoxymohochloride,
BiSKmethylcyclopentadienyl)zirConium dichloride,

Bis (ethylcyclopentadienyl) zirconium dichloride,



met hanesul f onat 0) , ' 53
Bi s( hexyl cycl opent adi enyl ) zi rconi unbi s(trifluoro- nmet hanesul f onat 0) ,
Bi s( 1, 3-di met hyl cycl opent adi enyl ) zi r coni um

bi s(trifluoronethanesul fonato), . 5
Bis(1-nethyl-3-ethy|cyclopentédienyl)gQrconiun}
bi s(trifluoronethanesul fonato), - Bi s

1- met hyl - 3-propyl c cIo enta |en zircaqniu
éis(tri¥|uorgnefz o/ b g openta 1enn1)21rcon1um dichloride,

Bi s(1- met hyl - 3- but I t ad
bzzgtrrflugronﬁtﬁé%ﬁ%%f O%%Ega.Iea%pénkagggﬁyf}z1rconlum dlchlorlde,

d hyl ]
o S ( oo gye%%s‘)@ccl AASHERRLEECHESRL UF) £18 QA iy aicntoride,
o (1ot ) - 5 DL e (L ARA R bRAK AL BAON) Al odil urf Eik e,
Bi s(I - et gyl - 3- he@/lscogacamﬁ m@gemsbéﬁtaaﬂaﬁym zuconiqinp @lwlé%ade%

Bi s (1-nethyl-3-octyl cycl opentadi enyl)zirconi um hl ori de,

Bi s(| - et hyl - 3- but \iGy(GlepRithadyenybeat a8 08hyD) z:_.rconldini: Idl@h'l@%ﬂ.de,
Bi s(trinmethyl cycl opent adi enyl ) zi rconi um di chl ori de,
Bis (hexylcyclopentadienyl)zirconium dichloride,

Bis(octylcyclopéntadienyl)zirconium dichloride,
Bié(indenyl)zirconium dichloride,
10 - Bis(4,5,6,7-tetrahydroindenyl) zirconium dichloride,
Bis (indenyl) zirconium dibromide,
Bis (cyclopentadienyl) zirconium dimethyl,
Bis(cyclopentadienyl) zirconium methoxychloride,
Bis (cyclopentadienyl)zirconium ethoxychloride,
15 Bis (fluorenyl)zirconium dichloride,
Bis(cyclopentadienyl)zirconiﬁmbis(methanesulfonato),
Bis (cyclopentadienyl) zirconiumbis (p~toluenesulfonato),
Bis(cyclopentadienyl)zirconiumbis (trifluoromethane-
sulfonato),
_20 Bis(methylcjclopentadienyl)zirconiumbis(trifluoro-
methanesulfonato),
Bis(ethylcyclopentadienyl)zirconiumbis(trifluofo—
methanesulfonato),
Bis(propyldyclopentadienyl)zirconiumbisftrifluoro—
25 methanesulfonato),
Bis (butylcyclopentadienyl) zirconiumbis (trifluoro-

methanesulfonato),



25 Bi s(tetranet hyl cycl opent adi enyl ) zi rconi um di chl ori de,

Bi s( pent anet hyl cycl opent adi enyl ) zi rconi um di chl ori de, '

Bi s(net hyl benzyl cycl opent adi enyl ) zi r coni um_di chl ori de,

54 : Bi s(et hyl hexyl cycl opent adi enyl) zi rconi um di chl ori de,

and Bi s(net hyl cycl ohexyl cy@ppent adi enyl ) zi rconi um

di chl ori de. 5 Al so enployable in'the invention are those conpounds
wherein the 1, 3-position substituted cycl qpent adi enyl , gr oup is
replaced with a 1,3ipMReVirveiRantatisryl) zircepingbds f vt BHT]YT oup.

Q her exanpl es gﬁg brifge t‘ﬁF met al | ocene conpounds 10 of the above
formula (V1) WAEEMBPRSS two of R2, R3, R4 and R5, e.g., R2 and

R3, [ haai ‘vl di | ..skel et on, dth
. 2 010 (1 88015)s A A oo BXALRBRRL A SRSl oo and e
) : j . ilyl 15

00U, 3, o SPiEfRELEL SR ARE Ay 2 ol Tvlene oroup of 2

Cycl opent adi ohyl SEeT bt GRECIANTD By loobedal SRyl | Sy " "0

cycl opent adi enyl et on,

Li sted bel ow Bf g (exarPhSfordr s ifodgeshype 20 netall ocene conpounds.
Et hyl enebi s(i ndenyl ) di net-hyl zi r coni um '

Ethylenebis(indenyhiiiI£Mﬂﬂhym4ﬁ4ﬁﬁqwjh&9§iopentadienyl)zirconium—
_Et hyl enebi s(i ndenyl ) zirconi unbi s(trifluoronethane-
. bis(trifluoromethanesulfonato),
Bis(1—methy1-3—butylcyciopentadienyl)zirconium—
10 bis(trifluoromethanesulfonato),
Bis(1,3—dimethylcyc1opéntadiényl)zirconium dichloride,
Bis (1l-methyl-3-ethylcyclopentadienyl)zirconium
dichloride, |
Bis (1-methyl-3-propylcyclopentadienyl)zirconium
15 dichloride,
Bis (1l-methyl-3-~-butylcyclopentadienyl)zirconium
dichloride, '
Bis (1-methyl-3-hexylcyclopentadienyl)zirconium
dichloride, ‘
' _20 Bis(1—methy1—34octylcyclo§entadienyl)zirconium
dichloride, |
Bis(l;ethyl—3—butylcyclopentadienyl)zirconium
dichloride,
Bis(trimethylcyclopentadienyl)zirconium dichloride,
25 Bis(tetramethylcyclopentadienyl)zirconium dichloride,
- Bis (pentamethylcyclopentadienyl)zirconium dichloride,

. Bis(methylbenzylcyclopentadienyl)zirconium dichloride,



sul fonato), 25 Ethylenebié(indenyl)zirconiunbis(nethanesulfonato),
Et hyl enebi s(i ndenyl ) zi r coni unbi s(p-t ol uenesul f onat o),

_Et hyl enebi s(i ndenyl ) zi r coni unbi s( p- chl or obenzenesul f onat 0) ,

:55° " Ethyl enebi s(4,5, 6, 7-tetrahydroi-ndenyl ) zirconi um .
dichl ori de, - I sopropyl i dene(gycl opent adi enyl - f1 uorenyl ) zi rconi um
“di chl ori de, 5 | sopropyl i dene(cycl opent adi enyl -

met hyl cycl opent adi enyl ) zi rconi um di chl ori de, . . i )
Di met hyl si | yl enebi Bi&jerbpthexngl@rsdopsntashiamil) zircogiun| dichitoride,
D net hyl si | yl enebi s( et hyl cycl opent adi enyl ) zi rconi um 10 di chl ori de,

Di met hyl si |yl bi s(di met hyl cycl opentadi enyl) zi rconi um ~dichloride, ,
15 Sbi Mot hyl sPAS KBREBYLeT R o emr g o) Fhpcemiam & o1 ©or' e
D net hyl si | yl nggié%hagenyl)zirconiunbis(trifluoro- met hanesul f onat o),
Di nethylsilyleﬁ | ﬁ, ; 6, 7- t et rahydr oi ndenyl ) zi rconi um di chl ori de,

20 Ig met hyl Slﬁ\h&ﬁ&ﬁ}_@i&&ﬂfé Qﬂ?@l’%dii%%!ntion are those compounds
' - wherein the 1,3-position substituted cyclopentadienyl group
is replaced with a 1,2-position substituted
cyclopentadienyl group.
‘Other ekamples are bridge type metallocene compounds
10 of the above.formula (VI) wherein at least two of R2, R3, R4
and R3, e.g., R?2 and R3, are groups (ligands) having a
cyclopentadienyl skeleton, and the at least two gréups are
bonded to each other through an alkylene group, a
substituted alkylene group, a silylene group or a
15 substituted silylene group. In these compounds, R% and R5
are each independently the same as L other than the ligand
having a cyclopentadienyl skeleton, as described in the
formula (V).
Listed below are examples'of such bridge type
20 metallocene compounds.
Ethylenebis (indenyl)dimethylzirconium,
Ethylenebis (indenyl) zirconium dichloride,
Ethylenebis (indenyl) zirconiumbis (trifluoromethane-
sulfonato),
25 Ethylenebis (indenyl) zirconiumbis (methanesulfonato),
Ethylenebis(indenyl)zirconiumbis (p-toluenesulfonato),
Ethylenebis (indenyl) zirconiumbis (p-

chlorobenzenesulfonato),



A AL DR TR

fluorenyl)zirconium di chl ori de,
Di phenyl si | yl enebi s(i ndenyl ) zirconi um di chl ori de, and

Met hyl phenyl si | yl enebi s(i ndenyl ) zi rconi um_di chl ori de. Further, a
nmet al | ocene conpound of the followwng 25 fornula (A), which is described
in Japanese Patent Laid- " Open Pulglg cation No. 268307/1992, is also
enpl oyabl e. 56 o
s lerr] (A
“In the formula (A)Etwje@rfﬂbﬁ%(‘]asﬂrét arteitr@x%mr%enw @rcomum VIb of the
-, periodic tablg g titanium zirconium or haf ni um 5 R1
“and R2 may be %?k; 'or different, and are each hydr ogen, an al kyl

group of 1 to 10, prefera

. |k f
TR0, pr ot er abl TR daehd Gyt gpantalRLRYT. A RffenyAl) AR °VE ©
. preferably 6 %fbﬁ%gfig carbon atons, an aryloxy group of 6 to 10,

" preferably 6

.7 to 10 carbon atons,” an alkylar

Carbon atons, an al kenyl group of 2 to 10, preferably

2 tg 4 carbopy 1 &R bnfLaYEnei- 7 to 40, preferably
BB £ (%#%gr%ug of 7 40, preferably 7 to

+ 12 carbon atQﬂ@thfﬁbjﬁlﬂﬁﬂdﬁﬁaﬂengﬂ@Hﬂrconlumoﬁléhlékfﬁb preferably 8 to-12

- carbon atons, or a hal ogen

D1methy1s1lyleneb1s(cyclopentadlenyl)z1rcon1um
dichloride, -
Dimethylsilylenebis(methylcyclopentadienyi)zirconium
10 dichloride, |
Dimethylsilylenebis (dimethylcyclopentadienyl) zirconium
dichloride,
Dimethylsilylenebis (trimethylcyclopentadienyl) -
zirconium dichloride,
15 Dimethylsilylenebis {indenyl) zirconium dichloride,
Dimethylsilylenebis (indenyl) zirconiumbis (trifluoro-
methanesulfonato},
Dimethylsilylenebis(4,5,6,7-
tetrahydroindenyl) zirconium dichloride,
20 Diﬁethylsilylenebis(cYclopentadienyl-
’ fluorenyl)zirconium dichloride,
Diphenylsilylenebis (indenyl) zirconium dichloride, and
Methylphenylsilylenebis (indenyl)zirconium dichloride.
Further, a metallocene compound of the following
25 formula (A), which is described in Japanese Patent Laid-

Open Publication No. 268307/1992, is also employable.



15 atom preferably chlorine. R3 and R4 nay be the sane or

different, and are each hydr ogen, a hal ogen atom preferably
fluorine, chlorine or brom ne, an al kyl group of 1 to 10, preferably
d to 4 carbon atons which may be hal ogenated, an aryl group of 6 20

to 10, preferably 6 to 8 carbon atons, 5¢ a group of -NRlerr],
~SR[err] -CSiRerr], -SiRerr] or -PRerr], where R err] is a hal ogen
57 atom preferably chlorine, an alkyl group of 1 to 10,
preferably 1 to 3 carbon u"‘,~or an aryl group of 6 to 10,
preferably 6 to 8 carbon §
pref erably hydrogen. 5

R3 .and R4 are each particularly
TG nn&p%%g?he same or different,
AQve the sa nmeani ngs as described for R3

preferably the - sanme, a 3
and R4 - with the proviRY¥ {hat®each of R5 and R6 is not hydrogen. R5
and R6 are each preferably gn &l kyl group ofg7L to 4 carbon at ons
whi ch may be hal ogenated, for ¥xkanpl e,rfethyl, ethyl, 10 propyl,
‘i sopropyl, butyl, isobutyl og’tri uor pret hyl , preferably mnethyl.
Rlerr] is [errR R4 (CR®R?)

... (A)

In the formula (A), M! is a metal of Group IVb, Vb or
VIb of the periodic table, e.g., titanium, zirconium or
hafnium.

5 R! and Rz'ﬁay be the same or different, and are each
hydrogen, an alkyl group of 1 to 10, preferably 1 to 3
carbon atoms, an alkoxy group of 1 to 10, preferably 1 to 3
carbon atoms, an aryl group of 6 to 10, preferably 6 to 8
carbon atoms, an aryloxy group of 6 to 10, preferably 6 to

10 8 carbon atoms, an alkenyl group of 2 to 10, preferably 2
to 4 carbon atoms, an arylalkyl group of 7 to 40,
preferably 7 to 10 carbon atoms, an alkylaryl group of 7 to
40, preferably 7 to 12 carbon atoms, an arylalkenyl group
of 8 to 40, éreferably 8 to 12 carbon atoms, or a halogen

15 atom, preferably chlorine. |

R3 and R%* may be the same or different, and are each
hydrogen, a halogen atdm, preferably fluorine, chlorine or
bromine, an alkyl group of 1 to 10, preferably 1 to 4
carbon atoms wﬂich may be halogenated, an aryl group of 6
20 to 10, preferably 6 to 8 carbon atoms, or a group of -NRp!0,

-SR10, -0SiR319, -SiR310 or -=-PR319, where R0 is a halogen



=BRlerr], =ALRerr], -Ge-, -Sn-, -0, -S, =SO=, SQERR, =NR ERR], =

=PR[err] or

i f1 uoroal kyl

a

=P(O Rerr], where Rerr], Rerr] and Rlerr] may be the sane or
25 different, and are each hydrogen, a hal ogen atom an al kyl group
;of 1 to 10, preferably 1 to 4 carbon atoms, nore preferably methyl,

. group of 1 to 10 carbon g7 atons, preferably CF3, an aryl
igroup of 6 to 10, preferably 6 to 8 carbon atons, a fluoroaryl group

-of 6 to 10 carbon 30 _atons, ;})]tleferably pent af | uor ophenyl , an al koxy group
iy ¢

cof 1 t A ‘?3“1 pﬁléﬂ‘%ra?
58 refera 0X an a ken rou r ef_er.abl .
2 to 4 calroborP’é? nqalﬁé 3 BgF °Br%58‘%5f gro %pf’gf & ﬁﬁ%ly 7 to

§ringar %namrw tqfceh &0l 0,

10 b t : I f 8 t 40 f bly 8 to 12
10, sarbon 2t g, LAMAIEY, § Bipect %vorssto (g, 40, preferably 8'to

t oget her vmth ?Le%?:r h Re areaé]%ﬂ %trrt] a%&?hé%egggalg%}g&{werf g
MR I

R[elrf]s: ssg(r)gf er ab Qh @rm# erﬁ:]rlff\éc %rgﬂgl err?RFggg E ]I?Qe[fel%%[ err

carbon atons,

-S-, =8O =PRigd] afHd HAV Rher Ehme meanings a

different, and have the same neani ng as described for Rerr].
mand n nay bei thefaprovisdi thatesachastl B an@a®f Os ndd hyldigeh. RS
_preferably Oor 1, and mn is 0, 1 or 2, preferably 0 or 1.

10

15

20

25

30

and R6 are each preferably an alkyl group of 1 to 4 carbon
atoms which may be halogenated, for example, methyl, ethyl,
propyl, isopropyl, butyl, isobutyl or trifluoromethyl,

preferably methyl.

R7 is
r11 r11g11l r11l
_DLz_' , __11424'42_ , _}laz-(CR213)_
1'112 . 1L121L12 r12
r11 r11 r11
—o—nlaz—o— . —cl:— , —0—1!12— ,
| 1L12 a 1L12 1L12

=BR!!, =AlR', -Ge-, -Sn-, -O-, -S-, =S5O, =SO;, =NR!!, =CO,
=PRIl or =P(O)R!!, where R!!, R12 and R!3 may be the same or
different, and are each hydrogen, a haiogen atom, an alkyl
group of 1 to 10, preferably 1 to 4 carbon atoms, more |
preferably methyl, a fluoroalkyl group .of 1l to 10 carbon
atoms, preferably CF3;, an arYl group of 6 to 10, preferably
6 to 8 carbon atoms ,- a fluoroaryl group of 6 to 10 carbon
atoms, preferably pentafluérophenyl, an alkoxy group of 1

to 10, preferably 1 to 4 carbon atoms, particularly

éﬁ&l‘g%d”@érbﬁ" tdeg W‘E or

10



Particularly preferred metallocene conpdunds satisfying the above

condi tions are conpounds represented by the followng formulas (i) to
(rii). [err] . 59
.I'n the above formulas (i), (ii) and (iii), Merr] is Zr or . Hf, Rlerr]
rand R err] are each nmethyl or chlorin Rlerr] and Rlerr] are each
met hyl, ethyl or trifluoronethyl, and err], Rerr], Rerr] and R12
have the same meani ngs as descri bed above. 5 O the conpounds
represent ed bprefierdblynretthdxy), an ialkenyl gandp(of|3 tpakd erefdnably
preferred are the foll ow ng conpounds: rac- et hyl ene

(2-met hyl - 1- i'Adeay#) carben cmem an arydiadivdrogeup ab 7 to 40,

rac-di met hyl sil yl ene éZ met hyI 1-indenyl) 2-zirconium di chl ori de,
rac- di met hyl sPFoEeRaPLY nbtiR 110 QﬁFSNyP$9m§vréBnPHM%alkenY¥h9ﬁﬂqﬂﬂo £8

hyl h d hyl
' ac. Sheﬁyf? o FR G BraterallG Jis 1) 2ORedl ALORVer an agriarwL
di c¢hl d
o had) -gr?we%% bt%e%%wprffeﬁ&éﬂeﬁ L£9; 12 FRTRen atomsy g B o

t hyl et hy hylsl ium . d d
rac-met hyl e g ene(§5'@i1 k] ylf))oﬁlz” 899&9%1&9 trgécz{}lalz%d e, an

rac-di met hyl sr. et hyl - 1 I n onr um oride.
_atoms to which they are bonded a ring.

M? is silicon, germanium or tin, preferably silicon or
germanium.
10 R7 is preferably =CRIR12, =giR11R!2, =GeR11R12, -0O-,
| -S-, =80, =PRIl or =P(O)R!L.
R8 and R? may be the same or different, and have the
same meaning as described for R11,
m and n may be the same or different, and are each 0,
15 1 or 2, preferably 0 or 1, and m+n is 0, 1 or 2, preferably
lO or 1.
Particularly preferred metallocene compounds
satisfying the above cond_itions are compounds represented

' by the following formulas (i) to (iii).

R0 N
819 | I !
R°R°C | 1 R11 T Rll 1
| <R N/ 1R N/ gt
M 2 /Sl M\ 2 /C M1\R2
R11R12 C ] R R i

20 (1) (ii) (iii)



These netal | ocene cbnpounds can be prepared by conventional ly known
processes (see, for exanple, Japanese 25 Patent Laid-Qpen Publication

No. 268307/1992). In the present. invention, a transition neta
.conpound (netal l ocene conpound) represented by the follow ng fornula
(B) is also enployable. 59 60

Terr] ' . (B)
Intheformﬂa.(@ is a transition nefal atom of | Va, Va or

?\/I? of the perl odi &% ézﬁieeabggéc prgtey, (1), h(“t)l Rt gmlllillr@glrjlf%rﬁlbror' .
EZI ogen . B o o7y iR (AFLPSOBYAT OF EBISBC0ar din S0k, A6
o Do cont aioHE A" %#ﬁxxyg% ey ghe e, Re, R ana
sul fur - cont ai ri%lﬁgh%é?u&e & dhhd rn%%‘?ﬂn%%”%%}(ﬁéggr é'p?lgcgv%
n anples alogen at ons.

phosphor us-co alnlng group

i ncl ude flgorine, thec%@bbﬁlt%gs%@%ﬁ%g% e formulas (1) EXPP) oo

of the hydrocarbon groups o} atons 1 nclude a

groups, such gmdretiigl), ehRrhiculafby!preférrdiitate thRX¥bilewshghexyl,
octyl, nonyl, dodecyl, eicosyl,
compounds :
| rac-ethylene(2-methyl-1l-indenyl),-zirconium
dichloride,
10 | rac—dimethylsilylene(z;methyl—l-indenyl)2—zirconium
dichloride,
rac-dimethylsilylene(2-methyl-l1-indenyl);-zirconium
dimethyl,
rac-ethylene-~ (2-methyl-1-indenyl);-zirconium dimethyl,
15 rac-phenyl (methyl)silylene- (2-methyl-1-indenyl) ;-
zirconium dichloride,
rac-diphenyl-silylene- (2-methyl-1l-indenyl);-zirconium
dichloride,
rac—methylethylene—(2—meﬁhyl-1-indenyl)2—zirconium
20 dichloride, and
rac-~-dimethylsilylene- (2-ethyl-1-indenyl).~zirconium
dichloride.
These metallocene compounds can be prepared by
conventionally known processes (see, for example, Japanese
25 Patent Laid-Open Publication No. 268307/1992) .
In the present invention, a trénsition metal compound

(metallocene compound) represented by the following formula

(B) is also emplovable.



nor bornyl and adamantyl; al kenyl groups, such as vinyl, propenyl and.
cycl ohexenyl ; arylal kyl groups, such. as benzyl phenylethyl and
phenyl propyl; and aryl groups, such as phenyl, tolyl, dinethylphenyl,
.trinmethyl phenyl, 20 ethyl phenyl, propyl phenyl, biphenyl, napht hyl ,

imet hyl napht hyl , ant hracenyl and phenaquryl.

6l - Exanpl es of the hal ogenat'ed hydrocarbon groups include

t he above-exenplified hydrocarbon groups which are substituted with
hal ogen at ons. - Exangl es of X%he silicon-containing groups include
-5 nonohydrocar bon-substituted syl such as nethylsilyl and

phenyl si |l yl ; dlhydrocangon substifuted_silygs,. such as di net hyl si | yl
and dlphenyIS|IyI tri droéﬁrbo -svpsthitutegd ., silyls, such as
trimethylsilyl, tr y ) Y1yl , tricycl ohexyl silyl,

triphenylsilyl, 10 ' YhS' | di phenyl silyl,
tritolylsilyl and yl sil t hers of
hydr ocar bon- subst i t it eY ilyls triwet hylsilyl ether;

silicon5substitute5 g6 al kyl ~grotps, suchRAs trlnethylé%lylnethyl and
silicon- substituted aryl groups, such as trinethyl )Illphenyl 15

Exampl es of the OMGOHe FUAMNDIHITONPTs! BoLUELcion INALI L LLOURS,

al koxy groups, suc OXY, pr opoxy oxy, aryl oxy

groups, such @f?g;gefwy va or Vel by eﬁenaéhoﬁweﬁayi&hh & gaho%;@pht hoxy;

and - aryl al y groups, such as phenyl net hoxy and p
titanium, zirconium or hafnium.

5 Rl and R? are each independentiy hydrogen, a halogen |
atom, a hydrocarbon group of 1 to 20 carbon atoms, a
halogenated hydrocarbon group of 1 to 20 carbon atoms, a
silicon-containing group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group or a

10 phosphorus-containing group.
Examples of.the halogen atoms include fluorine,
chlorine, bromine and iodine.
Examples of the hydrocarbon groups of 1 to 20 carbon
atoms include alkyl groups, such as methyl, ethyl, propyl,
15 butyl, hexyl, cyclohexyl, octyl, nonyl, dodecyl, eicosyl,
norbornyl and adamantyl; alkenyl groupé, such as wvinyl,
propenyl and cyclohexenyl; arylalkyl groups, such as
benzyl, phenylethyl and.phenylpropyl; and aryl groups, such
as phenyl, tolyl, dimethylphenyl, trimethylphenyl,
20 ethylphenyl, propylphenyl, biphenyl, naphthyl,
methylnaphthyl, anthracenyl and phenanthryl.



20 Exanpl es of the sul fur-containing groups include those

wherei n oxygen is replaced with sulfur in the above- exenplified
oxygen- cont ai ni ng group. Exanpl es of the nitrogen-containing
groups incl ude am no group; al kylam no groups, such as nethyl am no,
25 di met hyl am no, di et hyl am no, dip@ﬂEylanino, di butyl am no and

di cycl ohexyl am no; and aryl am no or yl aryl am no groups, such as
phenyl.am no, di phenylam no, ditolylam no, .di napht hyl am no and

met hyl phenyl ani noBxamples of the halogenated hydrocarbon growss include
Exanpl es of the phosphorus cont ai ni ng groups include phosphi no
groups, suchthe abmrsar k@ﬁécgarocar bonjggAuRS | Yateh AT .

O these, Rerr] referabl a h drocarbon group, 5 particularly
preferably aSH?EFbE% %@ﬁwhﬁ lﬁ% éé carbon atons (methyl,. ethyl

I R2 f bl hyd b ,
par i ol at iy pr of BREBREES o trhw&g%ﬁn‘l%%t%éa?%é?%%ﬁﬁ% HHED o 3

carbon a F@gF?Tydégﬁﬁﬁy'n- it t %ﬁ%%% den a8 meéﬂﬁ?{ﬂ%yf{éﬂd]

Rlerr] a are-eac ndependent rbgen, en atom

hydr ocar bOﬂ g&%ﬂglgjrl%li % cﬁ%é‘%&%d?lt%%stltuteer

hydr ocar bon carbon atons S§-lﬁese preferred S
hydrogen, th&lméﬁﬁ?]?@ii);?ﬂ SHOUD eny1s11¥uhetbah9aeeeéﬂsbﬁwﬂmmcnrouro-
At | east one conbi'nati on of R3 and R4 and R5, or R5 and R6 may
- form- tQﬂE&DQI #hdl ddecoianditylatiayd, t eribthplshbyl are bonded a
npnocyclrc aromatic ring.

tripropylsilyl, tr1cyc10hexy1s1lyl trlpheny131lyl

10 dimethylphenylsilyl, methyldiphenylsilyl, tritolylsilyl and
trinaphthylsilyl; silyl ethers of hydrecarbon—substituted
'silyls, such as trimethyleilyl ether; siiicon—substituted
alkyl groups, such as trimethylsilylmethyl; and eilicon-
substituted aryl groups, such as trimethylsililphenyl. |

15 Examples of the oxygen-containing groups include
hydroxy groups; alkoxy groups, such as methoxy, ethoxy,
propoxy and butoxy; aryloxy groups, such as phenoxy,
methylphenoxy, dimethylphenoxy and naphthoxy; and '
arylalkoxy groups, such as phenylmethoxy and phenylethoxy.

_20 Examples of the sulfur-containing groups include those
wherein oxygen is replaced with sulfur in the above-
exemplified oxygen-contalning group.

Examples of the nitrogeg—containing'groups-include
amino group; alkylamino groups, such as methylamino,

25 dimethylamino, diethylamino, dipropylamino, dibutylamino

. and dicyclohexylamino; and arylamino or alkylarylamino
greups, such as phenylamino, dipheﬁylamino, ditolylamine,

dinaphthylamino and methylphenylamino.



When there-are two or nore hydrocarbon groups or hal ogenat ed
hydrocarbon groups, excluding the groups for 20 formng the aromatic rlng

they may be bonded to each ot her to forma ring. Wien R6 is a
substituent other than the - aromatic group, it is preferably hydrogen.
Exanpl es of the hal ogen atons, the hygpocarbon groups - of 1to 20

carbon atons and the hal ogenated hydrocarbon. 25 groups of 1 to 20 carbon
atons are those describhed faor As the

| i gand whi ch conté$ﬁ§¥§£ﬁbﬁﬁk§éﬁlELQFBHHF?%‘C°n€§ ¥€?1Q£9ﬁ9§ BRcddeeast
one conbi nati n of err] and
63 phosphi qﬂ%ﬁ 'OELQP %F]ggﬂﬁ£$¥i§h?SPQ%99nﬂﬁﬁ oned above, and

i s coordinate M there can be mentioned the follow ng
ones. [err]éaphenylphosphlno (3) 5 Of

these, preferred igt gand. 1%2&. fornula
(1). Ok 'chesed, §T 1§Z$%§%§ﬂh§€%ng tlgﬁggnagovéphay be '
substitutgd particularly prefé@bbﬂyaahﬁ&&ﬁ@éhfﬁéﬂn groupy dg0qaigog group of 1

to 20 carbon tons or a halogenated hydr ocar bon group of .
1 to 20 carbhrbon atoms (methl AEBAY1 or propyl). R2? is prefeFXBIPpl es of
t he hal ogen atons, the hydrocarbon gr oups ~of 1 to 20

carbon atons ﬁyukdduhlaﬁ ag BpdiredakdhogaslIvN particularly prefergblyps of 1
to 20 carbon atons for substituting the

hydrogen or a hydrocarbon group of 1 to 3 carbon atoms
(methyl, ethyl or propyl). |
10 R3, R4, R® and R6 are each independently hydrogen, a
halogen atom, a hydrocarbon group of 1 to 20 carbon atoms
or a halogenated hydrocarbon group of 1 to 20 carbon atoms.
Of these, preferred is hydrogen, the hydrocarbon grbup or
the halogenated hydrocarbon group. At least one
15 combination of R3 and R4, R¢ and R5, or RS and RS may form
together with the carbon atoms to which they are bonded a
monocyclic aromatic ring.
When there are two or more hydrocarbon gfdups or
halogenated hydrocarbon groups, excluding the groups for
20 forming the aromatic ring, they may be bonded to each other
to form a ring. When RS is a substituent other than the
aromatic group, it is preferabiy hydrogen.
Examples of the halogen atoms, the hydrocarbon groups
of 1 to 20 carbon atoms and the halogenated hydrocarbon
25 groups of 1 to 20 carbon atoms are those described for R!
and RZ. f
As the ligand which contains a monocyclic aromatic

ring formed by at least one combination of R3 and R%, R¢ and



aromatic ring are those described for Rerr] and Rerr]. 15

= Xierr] and X/ err] are each independently hydrogen, a hal ogen

Y 3m a hydrocarbon group of 1 to 20 carhon atons, a

genat ed hydrocarbon group of 1 to 20 rbon atons, an

en-contai ning group or a sulfur-conta ng group.

i§w.nples of -t he hal ogen atons, the hydrocarbon groups 20 of 1
£2220 carbon at ongs, td&eRlﬁahﬁdeRG,t%lh editdieaiddoabgielpand is coordinated toPf

t:0 20 car bon atoms and t he oxygen- cont ai ni ng groups are
gse described fuy Hjere JcandeRpentlioned the following ones. Exanpl es of
8 sul fur-containing groups include those - _ descri bed for

§ sand R2; and further sulfonato groups, such
'jnethylsulfonato trifl wthanesulfonato

-:p=t ol uenesul finato, tqlqethylbenzenesulflggﬁo and

~~peht af | uor obenzenesul finato Yis a al ent hydrocarbon &roup
50f 1 to 20 casbon Of ArUES, Praifkaiea! 1Batﬁser?g%a@ﬁh e QR QJS(O‘tEBeOf
S to 20 ~“carbon atons, a divalent silicon-containing group, a 10
sdirval ent  ger mani upeeRitaAl (1)ng group, a divalent tin- cont ai ni ng

.y gfoup, -0-, -CO, -S-; -SO, -SJerr]-, -NRerr]-, -P(Rferr])-, -P(0)

Herr])-, -BRlerr]- ahe Hrﬁfaeltrl]c rmlgemen&ﬁ.enédl alsovy dieng &k substitated
¥ ogen aton1 a hydrocarbon group of 1 to 20 carbon atons or a
Hlogenated hydr acitritb@én hgrlegenoatom oa2bydzobarban ameup of 1 to 20 carbon
” atoms or a halogenated hydrocarbon group of 1 to 20 carbon
10 atoms.

Examples of the halogen atoms, the hydrocarbon groups
of 1 to 20 carbon atoms and the halogenated hydrocarbon
groups of 1 to 20 carbon atoms for substituting the
aromatic ring are those described fér Rl and R2.

15 X! and X? are each independently hydrogen, a halogeﬁ
| atom, a hydrocarbon group of 1 to 20 carbon atoms, a

halogenated hydrocarbon group of 1 to 20 carbon atoms, an

oxygen-containing group or a sulfur-containing group.
Examples of the halogen atoms, the hydrocarbon groups
20 of 1 to 20 carbon aﬁoms, the halogenated hydrocarbon groups
of .1 to 20 carbon atoms and the oxygen—containing groups
are those described for R! and RZ.
EXamples of the sulfur-containing groups include those
deséribed for R! and R?; and further sulfonato groups, such

25 as methylsulfonato, trifluoromeﬁhanesulfonato,




15 Exanpl es of the dival ent hydrocarbon groups of 1 to 20

carbon atons include al kyl ene groups, such as nethyl ene,

di met hyl net hyl ene, 1,2-ethylene, dinethyl-1,2-ethylene,

1,3-trinethylene, 1,4-tetranethylene, 1,2-cyclohexylene and

i1, 4- cycl ohexyl ene, and aryl al kyl ene grgaps, such as 20 diphenyl net hyl ene

;and di phenyl -1, 2- et hyl ene. Exanpl es of the dival ent. hal ogenat ed
~hydr ocar bon grougg i ncl ude the ahove-nenti oned di val ent hgdrocarbon
groups of 1 t BREPYLERLEANAFNERRFY LFHhRat o farriugnegyLionato, 45

hl hyl . I f the dival i z i ni ,
TR . i L i i Y
§ .; ouPS oo ;!Cl) s?ﬁ&?%%@j‘h%%%%%‘%?ﬁ%@%@ ’pse'nt%lfeiﬁ%robenzleg!.egﬁlfforﬂtg; &

o1 EElRinLe YELAICIICH A0 ANy TRAFAACRY! Shedy PO Finato,

di phenyl si | yl ne a

chi or ophersyl ) sihyl 2881 £804: 8! kyl i sidndSNSinato, al kylaryldisilylene and
aryl di silylene groups, such as- 5 tetramethyl-1,2-disilylene and

tetraphenyl - krZmdtBiiyéRPenesulfinato anXpEptagFlabrbbéenséNadeltinato. _
ger mani um cont ai ni ng gr oups I ncl ude those wherein silicon is repl aced

with germaniumin Y is atdivabave-hpeitdcardondigraipndfsl| te @0 ceadisormi ng
gr oups. Exanpl es of the divalent tin-containing groups include
10 those wher etamsi | acdtvalent halcrenatied hiydrogarhenapoyee of 1 tmerRd oned
: dival ent silicon-containing groups. .
carbon atoms, a divalent silicon-containing group, a
10 divalent germanium-containing group, a divalent tin-
containing group, -0-, -CO-, —S—,.—SO-,_7802—, -NR7-,
-P(R7)-, -P(0) (R7)-, -BR7- or -AlR7-, where R’ is hydrogen,
a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms
or a halogenated hydrocarbon group of 1 to 20 carbon atoms.
15 .Examples of the divalent hydrocarbon groups of 1 to 20 -

x carbon atoms include alkylene groups, such as methylene,
dimethylmethylene, 1,2-ethylene, dimethyl-1,2-ethylene,
1,3-trimethylene, 1,4-tetramethylene, 1,2-cyclohexylene and
1,4-cyclohexylene, and arylalkylene groups, such as

_20 diphenylmethylene and diphenyl-1,2-ethylene.

Examples of the divalent halogenated hydrocarbon
groups include the above-mentioned divalent hydrocarbon
groups of 1 to 20 carbon atoms, which are halégenated, such
as chloromethylene; .

25 Examples of the divalent silicon-containing groups
include alkylsilylene, alkylarylsilylene and arylsilylene

groups, such as methylsilylene, dimethylsilylene,

diethylsilylene, di(n-propyl)silylene, di(i-propyl)



R7 is a hal ogen atom a hydr ocar bon group of 1 to 20 carbon atons or

a hal ogenat ed hydrocarbon group of 1-to 20 carbon atons, exanples of"
whi ch are those described for Rerr] 15 and R2. O the above
~groups, preferred are divalent silicon- cont ai ni ng groups, dival ent
: ger mani um cont ai ni ng groups and di’ ent tin-containing group, and
tnore preferred are di val ent silicon-containing groups. O these,
“particularly 20 preferred are alkylsilylene, alkylarylsilylene and

aryl silylene. silylene, Ldlstcacplts&aawlalsé ¥lenpr ewebhylpkenylailylane met al

conpounds represented by the fornula- )
diphenylsilylene, dl([pé- yl)s:LlyleneFQ.@q{rql(p-R[ err] Rlerr] -

R[err] R[err] 3&@#0*95%6”r£)8£¥§164§ N@P@r?fky16&311%ierr%r Xéﬁ{élr] NL .H
H HH HH " pelnagisigvicdd el phvigihigyfene fougs g ge | |

B oy 55 T Pl U Lepphbagei flafdisyde.

Si (pd Ph)[err]Cl cﬂxaq?qes é%ﬁﬂﬂéfhlvawent EErmaﬁiuﬁicéﬁtéinlnd4gr ups
Cerr]JHerr] Cl [ err]
GeMe[ err] Cl 1n&¥udeZEhosé]ﬂﬁﬁﬂéln sHllcoH is fbpiacéﬂ ﬁith dérmanlum in
SnMve[ err] C1 Cl Zr CHerr] . H H H H H
-Si Me[err] Br thé&rabovéd-mer(tHaied dlvﬁlentl-ls111d:bn4rtori'tazl'ﬂ11ng |droups.
. Si Me[err] ClL CSO[err]CH err] Zr CH err] H H H H H H H
; SiMe[err] Cl SO[ erE}dfimfless JofZrithe Gifveileht tih-comktainihg lgrdupsHinclkde
- SiMe[err] Cl G Ti

10 those wherein silicon is replaced with tin in the above-

ITTT

~—~

mentioned divalent silicon-containing groups.

R? is a halogen atom, a hydrocarbon group of 1 to 20
carbon atoms or a halogenated hydrocarbon groﬁp of 1 to 20
carbon atoms, examples of which are those described for R}

15 and R2.

Of the above groups, preferred are divalent silicon-
containing groups, di%alent germanium-containing groups and
divalent tin—containiﬁg group, and more preferred are
divalent silicon-containing gréups. Of these, particulariy

20 preferred are alkylsilylene, alkylarylsilylene and
arvlsilylene.

Listed below are examples of the transition metal

compounds represented by the formula (B).



CH err] H H H HH H H Si Me[err] ClL Cl Hf

Cerr]Herr] H H H HHH.H Si Me[err] CL C1 Zr

nClerr]H err] H H H H H H H . Si Me[err] Cl G Zr

Cerr]Herr] H H H H H H H- Si Me[err] Cl G Zr

CHerr] CHer] H H H'H H % Si Me[err] . C1 C1 Zr

CHerr] CHerr] H H HHH . SiPh[err] C1 C1 Zr

CH err] CHerr] CHerr] H H H H H Si Me[err] C1 C1

Zr CHerr] H C1 H HH H H g1 g2 s| MBferr] C1 C1 Zr

CHerr] “H CHerr] H B H H e pe[elr]  RAC1 C1 Zr

CH err] H derr]Herg}o J R®H H M : [err] Cl Cl

Zr CHerr] H J err] Hl e H Hk2H/H H Bi l\/eger Cl

Zr CHerr] H CHI £ ii{{ rRfE Cl Cl Zr

CH err] H CH[err] - Qi I\/E[err] C1 C1

Zr CHerr] H CHerr] CH q CH g err | Cl C1 Zr

CH err] H H H H £ er - C C1 Zr  *1:

Rlerr] and R err] are bonded e each othél to form'a five- nenbered ring.

Me: netyl; Et: ethyl; Ph:. phenyl .

67 ' [err] R err]

R err] Rl errgs Bfgerrﬂts Iﬂ[lerrdg ﬁ?a[e;{ﬂo] REerr] R}err] x1 y %2 X[erM]

x[err] M H _
"ClL C¢GL zZr H I-CH[erHr] IH Hi H H HH S{lMe:H Cl—l & NE[@r] C1

Cl Zr CH§3H[eIH] H HH HH H H H siMép Sr:Ph[ecr:r] CixCl Zr

CH err] CH er gy, pHug Hg Hy S N@;@feﬁ?h @101 z

CHerr] H (“err] g1 EI\/E[e

CHerr] H CH rr] ;:err] ' H Cl Zr

CHerr] H err] erIFI] By éﬁkper ylélz err la @i Zr

CHerr] H CPHarr] H CHFTerr] H cHier®] BHH B S@I—Q[P@ll 2§ ¥] drcl zr

*2: Rerr] angai er an# R elr] BndHR[ & r] Hre boriié&g to (ehch@therzro

forma five- n@ggbereﬁ rimgg, respegtinely 5 mMe: @awdyl; ciPhicl phenyl
CH3 H H H H H H H SnMe; Cl (1 A
CH3z H H H H H H H SiMep Br Br Zr
CHj3 H H H H H H H SiMej Cl 0OSO3CH3 Zr
CHj3 H H H H H H H SiMesy  Cl SO,CH3 Zr
CH3 H H H H H H H SiMeg cl cCl Ti
CH3 H H H H H H H SiMes Cl Cl HEf
CyHs H H H H H H  H SiMe;, €1 1 Zr
nC3zH7; H H H H H H H SiMe; C1 Cl Zr
CgHiz H H H H H H H SiMe; €l Cl1  ar
CH3 CHj3 H H H H H H SiMe;. C1 Cl Zxr
CH3 CH3 H H H H H H SiPh; Cl1 cCl Zr
CH; CH; CH3 H H H H H SiMe;, ClL Cl1 Zr
CH3 H Cl H H H H H SiMe; Cl1 Cl Zr
CH3 H CHy H H H H H SiMe; Cl1 Cl Zr
CHj H CHs H H H H H SiMe, €1 Cl1  2zZr
CH3 H CgHi3 H H H H H SiMes Ccl Ccl Zxr
CH3 H H CH; H H H H SiMejy Cl Cl Zr
CH3 H CHy3 CH3 H H H H SiMe; €1 cC1 Zx
CH3 H CHy*! CH3 H H H CHp'! SiMej Cl Cl Zxr
CH3 H H H H H H CgHiz SiMej Ccl Cl Zr
*1: RS and R!1 are bonded to each other to form a five-

membered ring.

5 Me: metyl; Et: ethyl; Ph: phenyl.



68 ‘[err]
Rlerr] Rerr] Rerr] Rerr] Y Xerr] Xerr] M
H

. H H SiMe[err] C1 Cl1 Zr . H CHerr] H H
: SiMe[err] C1 C1 Zr H CHerr] H CHerr] SiM[err]
i Cl C1 zr " H CH grr] CHerr] CHerr] SiMe[err] C1 C1
S Zr . CH err] CHerr] H H SiM[err] Cl Zr

CH err] CH[err] H CH err] SiMe[err] C1 CL Zr
CH err] CHerr] CH[err] CH err] Sime[&*r] ¥31 C1 Zr :
- Me: nmetyl. 5 Al so enpl oyél}{[/e in th; myentapn are transition

nmet al corrpounds wheJ,8i r epl Btedtwi t B 1itani um or
“hafniumin the above- € RAASIi tion met al

conpounds nenti oned aBQue dsed ¢ , form of racemc

nodi fication as the nEelri zati s : onponent, but

t hey can be useg a formof Rty n R

The i ndene derivativerH ke _transj R conpounds can

be synthesized in accordaie mtth ordina or ganl c synthesis through,

for exanple, the reaction route . descri bed bel ow. '

rRl R2 R3 R6 RI2 RI3RUM RIS v xl x2 M

H H H H H H H H SiMe; C1 Cl Zr
CH; H H H H H H H SiMe; C1 Cl Zr
CH; H H H H H H H Sirhy C1 Cl 2Zr
CH; CH3 H H H H H H SiMe; Cl1 Cl Zr
CH; H CHj H H H H H SiMes Cl Cl Zr
CH3 H CH3z CH3 H H H H SiMey; C1 Cl1l Zr
CH; H CHy*2 CHy"2 CH2*2 H H CHy*? SiMep; Cl Cl 2Zr
CH3 H CH3 CH3 CH3 H H CHs SiMe; Cl Cl Zr

*2: R3 and R12, and R® and R are bonded to each other to
form a five-memebered ring, respectively.
5 Me: methyl; Ph: phenyl
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R3 [err]

A, B, C are each hal ogen.

in the invention
accordance with conventionally known processes,

: in Japanese Patent Laid-Open Publicati

“the present

i nvention, a transition

wher ei n

The transition netal conmpounds used

conpound) represented by the follow ng fornula

-10

15

Xl

X2

f or

" 5 can be synthesized fromthese i ndene derivatives in

exanpl e, descri bed
No. 268307/ 1992.
al conpound 10
(© is also enployabl e.

(nmetal | ocene

Rl R2 R3 _34 Y x1 %2 M
H H H H SiMe; ClL Cl 2r
H CH: H H SiMe; Cl Cl zr
H CH3 H CH3 SiMe; Cl Cl Zr
H CH3 CH3 CH3 SiMe; Cl Cl Zr
CH3 CH3 H H SiMe; Cl Cl Zr
CH3; CH3 H CH3 SiMey; Cl Cl Zr
CH3 CHy CH3z CH3 SiMe; Cl Cl 2zZr
Me: metyl.

Also employable in the invention

are transition metal

compounds wherein zirconium is replaced with titanium or

hafnium in the above-mentioned compounds.

The transition metal compounds mentioned abové are

used generally in the form of racemic modification as the

olefin polymerization catalyst component, but they can be

used also in the form of R type or S type.

The indene derivative ligands for the transition metal

compounds can be synthesized in accordance with ordinary

organic synthesis through, for example, the reaction route

described below.

In



70 [err] i ' In the formul a (Cj{

M Rl, R, R3, R4, RS and R6 have t he same nmeani ngs descri bed for.
those in the aforesaid formula (B). . 5 _ O R3, R4, R5 and Re,
at |east two groups including R3 are preferably al kyl groups, and it
is nore preferred that ‘Rlerr] agg Rlerr], or Rlerr] and Rerr] are

al kyl groups. These al kyl. groups are preferably secondary or tertiary
al kyl groups, and may be substituted with hal ogen atonms or silicon-

10 containing groups. R°As” t he hal ogen g oms and the si3 cea-
cont ai ni ng groups, Rthegle can be mentiongd those R4, dubstjituents as

er}, R[errj

descri bed for Rl and + R2CH=CR} -tre greups R €
and Rl err], other g5 t han t he r al kyl groug; aL.e~eglh preferably
hydrogen. 15 Exgnmpl es of t%eoh dr ocar bon gfoupd of to 20 carbon
atons include straight ®hain and branc%ed chai n al kyl RS groups and
cyclic al kyl groups, such asr?egiaygR! coCort = OmMR? propyl, i-propyl,
n-butyl, i-butyl, sec-butyl, tert-putyl, - pentyl, hexyl, cycl ohexyl,
heptyl, octyl, nonyl, dodecyl, 207 eicogyl, norbornyl and adamantyl; and
aryl al kyl groups, such as henzyl, phenyl ethyl, phenyl propyl and .
tol yl met hyl . These gr ogpR¥cHayHeR @an a doubl e bond or a triple bond.
R} g2 R? R2
Re R R4 R
— Rl — O R!
RS RS
RS OH - R6
R3 RZ
R4
n-butyllithium Rl
R3 Li*
RS

R3 R2 R2 R3
4 4
c-y-¢ B O R
‘ rt R!
RS R®
R® Y RS
wherein A, B, C are each halogen.

The transition metal compounds used in the invention
5 can be synthesized from these indene derivatives in
accordance with conventionally known processes, for
example, described in Japanese Patent Laid-Open Publication
No. 268307/1992.
In the present invention, a~transitioh metal compound
10 (metallocene compound) represented by the following formula -

(C) is also employable.



71 Two groups selected fromRerr], Rerr], Rerr] and R err]
may be bonded to each other to forma nonocyclic or polycyclic.
hydr ocarbon ring other than the aromatic r.ing. . Exanpl es of the
hal ogen atons are those described for 5 Rerr] and Rerr].

X[err], Xerr], Y and R err] ' have t hpgsane neani ngs described for

those in the aforesaid fornula (B). Li sted bel ow are exanpl es of
t he netal | ocene conpounds (transition nmetal conpounds) represented by
the formula 10 (0. x1 racXbi met hyl si | yl ene- bi s(4, 7-di net hyl - 1-

i ndenyl ) zi rconi um di chl oride, "\ . .
rac- Di nethylsilylene-bk§(2,4 77trﬂrnnF%§-]:R3. I ndenyl ) zi rconi um
dichloride, 15 R ac Rf me hy™gi 11 ene bis&;,4,6-trinethyl-l-
indenyl)zirconiun1%f ' '
rac- Di net hyl sil yl ene
di chl ori de,
i ndenyl ) zi rconi um
rac- Di net hyl si | yl bge( 2, 4, 56y -pentanetm@l-l- (&pdenyl) zirconi um
di chl ori de, . ' I
rac- Di net hyl sil yl eperALSERs y - Ry PrAPYh2 7-get Ryl - o5 6
1-i ndenyl ) zi r coni gﬁ”l ?%h%(g)fﬁjég kcz’é’ UPREPYR R ] RS and RS have
) (rjagh lDloge; gyl ¢hky kaRe- Rbahfngs PASRYH ed BdY lthbse in theNdEB¥EdZ{d coni um

[ i de, -

TAZY I ndenyl ) zi rconi um
hyl si Q- T (R%,4,5,6-tetrarrethyl-1- 20

formula (B).

) Of R3, R%, RS and R, at least two Qroups including R3
are preferably alkyl groups, and it is more preferred tﬁat
R3 and R3, or R3 and RS are alkyl groups. These alkyl
~groups are preferably secondary or tertiary alkyl groups,
and may be substituted with halogen atoms or silicon-

10 COhtaining groups. As the halogen atoms and the silicon-
containing groups, there can be mentioned those
substituents as described for R! and RZ.

Of the groups R3, R4, RS and R6, other groups than the
alkyl groups are each preferably hydrogen.

15 Examples of the hydrocarbon groups of 1 to 20 carbon
atoms include straight chain and branched chain alkyl
groups and cyclic alkyl groups, such as methyl, ethyl, n-
propyl, i-propyl, n-butyl, i-buty}, sec-butyl, tert-butyl,
pentyl, hexyl, cyclohexyl,'heptyl} octyl, nonyl, dodecyl,

20 eicosyl, norbornyl and adamantyl; and arylalkyl groups,
such as benzyl, phenylethyl, phenylpropyl and tolylmethyl.

These groups may contain a double bond or a triple bond.



rac- Di met hyl si |l yl ene-'bi s(2-net hyl -4-i-propyl - 7- net hyl -

1-i ndenyl ) zirconiumdichl oride,

rac- Di met hyl si |l yl ene- bi s(2-net hyl -4-i-propyl - 6- nethyl-

1-indenyl ) zirconi um dichl oride,

rac- Di met hyl si |l yl ene- bi s(2-net hyl - 4 ej hyl - 6-1 - propyl -
1-indenyl)zirconi umdichloride,

rac- Di met hyl silyl ene-bi s(2-net hyl - 4 |-progél4 met hyl -

1-i ndenyl ) zi r coni FWOJPERVBS| a@lected from 4, R® ‘and RS may be

rac- Di et hyl sil yl ene- bi s(2-net di (i-propyl
|ndenyl)Z|¥c5ﬁpéﬁﬁdt8hﬁﬁéhd%the & forn'a %§651c or P°1YCYC11C

o O e e L2 b S

rap-D ”Ethy!s'ly!ﬁ%gégéﬁ%z EE£Q¥| zhégéﬁ“é@omé’%ﬁ%hxhbse described for

1-i ndenyl) zirconi orlde
rac- Di metdyl il bi s(2 nethyl-4Fsec-butyI-
met hyl - 1_$nd§%y gﬁ?@bniunldichloride 15

rac-Di met hyl silyl qoe-%d s 62wt RY| ndvé- Q:hé i Wednlinks described for

i ndenyl ) zi r coni um di chl’ori de,

rac- Di net hy| shbgkenia- bhe (2Eopé&Ad Fdradl=buyl.- 7-
met hyl - | -i ndenyl ) zi r coni um di chl ori de,

" rac- Dirmet hyl si | yl ehetbish@lontduye -eteampllesh@fy lthé- meP@llocene compounds
nmet hyl - 1-i ndenyl ) zi rconi um di chl ori de,

rac- Di met hyl dkkphenbibnspetakt ¢yiporigtsiz Wepresenbgtl- by the formula

i ndenyl ) zirconi um di chl ori de,

rac- Di mtChyl $€Dyl ene- bi s( 2- et hyl - 4- phenyl et hyl -

rac-D1methyls1lylene-bls(4,7 dimethyl-1-
indenyl) zirconium dichloride, .
rac-Dimethylsilylene-bis (2,4, 7-trimethyl-1-
indenyl) zirconium dichloride,
15- rac—Dimethylsilylene—bis(2,4,6—trimethyl-l—
indenyl)zirconium dichloride, -
rac-Dimethylsilylene-bis (2,5, 6-trimethyl-1-
indenyl) zirconium dichloride, |
rac-Dimethylsilylene—bis(2,4,5,6—tetramethyl—1—
20  indenyl)zirconium dichloride,
rac—Dimethyléilylene—bis(2,4,5,6,7—pentamethyl-1-
indenyl)zi:conium dichloride,
rac—Dimethylsilyiene—bis(2—methyl-4—n—propyl—?—methyl-
1-indenyl)zirconium dichloride,
25 rac-Dimethylsilylene-bis (4~i-propyl-7-methyl-1-
‘indenyl) zirconium dichloride, .
rac—Dimethylsilylene—bis(2-methyl-4-i—propyl;7—methyl—

1-indenyl)zirconium dichloride,

72



met hyl - 1-i ndenyl ) zi rconi um di chl ori de, 25

rac- Di met hyl si |yl ene-bi s(2-net hyl -4-

phenyl di chl or onet hyl - 7- net hyl - 1-i ndenyl ) zi r.coni um di chl ori de,

;73 rac- Di met hyl si | yl ene- bi s(2- met hyl - 4-chl or onet hyl - 7-

imet hyl - 1-i ndenyl ) zi rconi um di chl ori de, 72 -
‘rac- Di et hyl si |l yl ene- bi s(2-net hyl - 4- :
trimethylsilylmethyl-7-meth I-1;indenzlgzirconiun1 5, dichloride, -
‘rac-Di nethylsiIyleﬁ@sbp§@?§ﬁ¥@ﬁyiyﬁgn -bis(2-methyl-4-i-propyl-6-methyl-

“trimethylsiloxynethyl - 7-net hyl.- 1-indepyl ) zi rconi um di chl ori de,
rac- Di et hyl si | 1%5#§£BF§E§FEB¥ﬁVW-§%$@ﬁ¥ ~7-methyl - 10

.1-indenyl ) zi rconi um_di_ jde. . oy _ A el _
rac D (1- propyl ) Si I ERATBLPSE uRRe ot (- gpgunh-4-methyl-6-i-propyl

met hyl - 1-i nde 1Hﬁ§ L Leh) o '§Eq :

rac-EX(n-butyP)S| ;ﬁ%ﬁZEE?ggégﬁétﬁ§ -'qf%%ﬁbpyl-7-

met hyl - 1-igdenyl ) zi L,eop) HEY AL ¢85 841 88e-bis (2-methyl-4-i-propyl-5-methyl-
-rac-Di (cycl ohexyl)silyl ene-bis(2-methyl -4-1.- propyl -7- -

net hyl - 1-i ndenyihdeh¢anzEcdhelinodidieloride,
rac- Met hyl phenyl si |l yl'ene- bi.s(2- et hyl - 4-i - propyl - 7-
met hyl - 1- i ndenyl ) ziraeoDimetHi/LHi byl else-bis (2-methyl-4, 6-di (i-propyl) ~-1-
rac-Di phenyl sil yl ene-bi s(2-nmethyl-4-i-propyl-7-nmethyl- 20
. 1-i ndehyl) zi r dolemgldzéirbonium, dichloride,
£ rac- Di phenyl si |l yl ene-bi s(2- et hyl -4-di (i-propyl)-1- indenylizirconium
< dichloride, rac-Dimethylsilylene-bis (2-methyl-4,6-d4i(i-propyl)-7-
10 methyl-l-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-i-butyl~-7-methyl-
1-indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-sec~-butyl-7-
methyl-1l-indenyl)zirconium dichloride,
15 rac-Dimethylsilylene-bis (2-methyl-4, 6-4di (sec-butyl)-1-
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-tert-butyl-7-
methyl-l1-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis(2-methyl-4-cyclohexyl-~7-
20 methyl—l—indényl)zirconium dichloride,
rac—Dimethylsilylene-bis(2-methyl-4—benzyl-7—methfl—l—
indenyl) zirconium dichloride,
rac~-Dimethylsilylene-bis (2-methyl-4-phenylethyl-7-
methyl-l-indenyl)zirconium dichloride,
25 rac-Dimethylsilylene-bis (2-methyl-4~
phenyldichloromethyl—7—methyl—1;indenyl)zirconium

~dichloride, .



rac-Di (p-tolyl)silylene-bis(2-nethyl-4-i-propyl-

nmet hyl - 1-i ndenyl ) zi rconi um di chl ori de, 25

rac- Di (p-chl orophenyl)silyl ene-bis(2-nethy|-4-i-
propyl - 7- met hyl - 1-i ndenyl ) zi r coni um di chl ori de,

rac- Di et hyl si |yl ene- bi s(2-net hyl - 4-i 7gr opyl - 7- met hyl -

1-i ndenyl) zirconi um di brom de, | 74
rac- Di net hyl sil yl ene- bi s(2-nethyl -4- | -7-met h
1- |ndenyI)Z|rcox| rﬁg%ﬁ§gﬁsg ylene— 1s?¥-methyl Q’chloromethyl 7-

rac- Di net hyl si | - hi s{ 2- |-p thyI

1-i ndenyl ) zi "o ehfhéiﬁﬁﬂﬁ%qyﬁs Sgnium gﬂiorl

rac- Di met hyl si |l yl en t hyl -

1-i ndenyl ) zi r coni U1 cbQgﬂ%%Pgiﬁgigiégﬁé$b§Pf—metﬂmijﬁl

rac- Di met hyl si Lt -
1- |ndenyl)2|rcon|un}b|s?%% §¥s ?%ﬁ§¥g$¥ 1ﬂdéﬁ§fpglrcon1um
rac- D met Byl s4{ ol piadd,s( 2- nethyl 3-net hyl -4-i-propyl- 10
6- met hyl - 1- |ndenyl)2|rconlun1d|chlor|de

rac- Di met hyl silyl %—@ﬁ&hﬁéﬂly&ehe%ﬁ@ﬂ—xﬁaﬁ@lhﬂ-

1-i ndenyl) zirconiumdichloride, and
rac- Di met hyl sidiydetihg 1kiidcZypeehyl ~Z2-nethyDyl - fnderiyl)lzirconium

1-indenyl)zirconiumdichloride. 15 Al so enpl oyable in the invention
are transiti chiahdicalide, conmpounds wherein zirconiumis replaced with
titani um net al or hafniumnetal in the above-nentioned conpounds.

The transition netraic-Didepbyieslybeneohbs(2istdydid-1i-propyded-gebbyht|y in

t he forn18f racenmi ¢ nodification, but
1-indenyl) zirconium dichloride,

rac-Di (i-propyl)silylene-bis (2-methyl-4-i-propyl-7-
methyl-1l-indenyl)zirconium dichloride,
rac-Di (n-butyl)silylene-bis (2-methyl-4-i-propyl-7-
methyl—l—indenyl)iirconium dichloride,
15 rac-Di (cyclohexyl)silylene-bis (2-methyl-4-i~propyl-7-
methyl-l-indenyl)zirconium dichloride,
rac-Methylphenylsilylene-bis (2-methyl-4-i-propyl-7-
methyl-1-indenyl)zirconium dichloride, _
rac~-Diphenylsilylene-bis (2-methyl-4-i~propyl-7-methyl-
_20 1-indenyl) zirconium dichloride,
rac—Diphenyisilylene-bis(2—methyl—4—di(i—propy1)—1—
indenyl)zirconiﬁm dichloride, _
rac-Di (p-tolyl)silylene-bis(2-methyl-4-i-propyl-7-
methyl-1l-indenyl)zirconium dichloride,
25 rac-Di(p—chldrophenyl)silylene—bis(2—methy1—4—i—
propyl—7—methyl—1—indeny1)Zirconium dichloride,
rac—Dimethylsilylene—bis(2-methyl—4—i—propy1—7—meﬁhyl—

1-indenyl) zirconium dibrbﬁide,'



20 they can be used also in the formof R type or S type. The
I ndene derivative |igands for the transition netal conpounds can be
synt hesi zed in accordance with ordinary - organi ¢ synthesis through,. for
exanpl e, the aforenentioned reaction route. 25 The transition

met al conpounds (netallocene‘conpounﬁﬁg represented by the fornula (O
can be synthesized from - t hese i ne derivatives in accordance with

conventional ly 75 known
processes, for exaap+3;mthuisiixiene‘hﬂsdﬂemetﬁyﬂeée1—propy1fﬂfméhhyi
Publ i cati on No. 268307/1992. I n-the present invention, a
transition nétandenﬁhbzwxponlum dimstivilocene .conpound) represented by the
followwng formula 5 (D) is also enplayable. [err]

... (D racTW@%@Y%ﬁWJ@fﬁDPlSWP -Reshy ] -4xi ¥Ry X Emgtharid Y
oo " om0 i BB e o o e ™
A R e ol TR
hal ogen ato”i%n&enyl)zf&é’é’ér?ﬁﬁ&-‘%% (%re%ﬁgn% ul£bRagd) carbon atons.
rac-Dimethylsilylene*bis(24methyl-4—i-propyl—7—methyl—
1—indenyl)zirconium—bis(p-phenyisulfinato),
| rac—Dimethylsilylene—bis(2—me£hyl—3~methy1—4-i—propyl—

10 6-methyl-l1-indenyl)zirconium dichloride,

rac~Dimethylsilylene-bis(2-ethyl-4-i-propyl-6-methyl-
1-ihdenyl)zirconium dichloride, and

rac-~-Dimethylsilylene-bis (2-phenyl-4-i-propyl-6-methyl-
l1-indenyl) zirconium dichloride.

15 Also employable in the invention are transition metal
eompounds wherein zirconium is replaced with titanium metal
or-hafnium metal in the above-mentioned compounds.

The transition metal compohnds mentioned above afe
used generally in the form of racemic modification, but

20 they can be used also in the form of R type or S type.

The indene derivative ligands for the transition metal
compounds can be synthesized in accordance with ordinary
organic synthe31s through for example, the aforementioned
reaction route

25 The transition me;al compounds (metallocene compounds)
represented by the formula (C) can be synhhesized from

these indene derivatives in accordance with conventionally



15 R2 is an aryl group of "6 to 16 carbon atons, for exanpl e,

‘phenyl, a-naphthyl, [err]-naphthyl, anthracenyl, phenant hryl , pyrenyl,

‘acenapht hyl , peri napht henyl or aceanthrylenyl O these, phenyl or
:napht hyl is preferred. These aryl groups may be substituted with
‘hal ogen atons, 20  hydrocar bon groupsygf 1 to 20 carbon atoms or

:hal ogenat ed hydrocarbon gr oups of to 20 _carbon atons such as

‘described for R err]
‘Li sted bel ow ¥POWBxREPFEssss. ¢ fer { %R ke o flefaTibed in Jéﬁ%ﬁﬁﬁdgatent

nmet al | ocene co ounds resented b formula (D
ﬁac Di met hy| s} R@eﬁl) ?t‘iﬁgﬁﬁﬁ%’n N‘?n%%yl]rg@&m um 5 f:li Z:hl oride,
rac-Di nethyIS|IerEe 955(2 nmet h

o e 2 ErERRAY T ff%%%%.?@f%&ﬁ% Bgka 'éé%\ﬁ% .
"ndenyl)z'rCOQhE%hﬂngEﬂ%zg m¥%&$h pre ente t?e follow1ng formula

rac- Di net hyl si ene- err nap
i ndenyl ) zig conigym;di ghLBr Lf81 ovabl rac-Di nethyIS|Ierne bi s(2
-met hyl -4-(1- gE?hracen I)éﬁIﬁ i e’ndenyl)2|rconlumdlchlorlde

rac- Di net hyl sil yl ene- bIS(2 g@_hyl - 4~f22- anthracenyl) 1- 15
|ndenyl)2|rconlun1d|chlor|d :
rac-"Di met hyl si | yl ene- bi s( 2- ne\h&: 4-(9- anhbracenyl) 1-
_yndenyl)2|rconlun1d|dﬁlor|de

B«

| ¥ | ... (D)
Iﬁ the formula (D), M, R, X!, .X2 and Y have the same
meanings as described for those in the aforesaid formula
(B) or (C).

10 R! is preferably a hydrocarbon group, more preferably
a hydrbéarboh group'of 1l to 4 carbon atoms, e.g., methyl,
ethyl, propyl and butyl.

X! and X2 are each preferably a halogen atom or a
hydrocarbon group of 1 to 20 carbon atoms.

15 R2 is an aryl group of 6 to 16 carbon atoms, for
example, phehyl, o-naphthyl, B—néphthyl, anthracenyl,
phenanthryl, pyrenyl, acenaphthyl, perinaphthenyl or
aceanthrylenyl. Of these, phenyl or naphthyl is preferred.
These aryl groups may be substituted With halogen atoms,

20 hydrocarbon groups of 1 to 20 carbon aﬁoms or halogenated
hydrocarbon groups of 1 to 20 carbon atoms such as

described for R1.



rac- Di nmet hyl si |l yl ene-bi s(2-net hyl -4-(9-phenant hryl) - 1-
I ndenyl ) zi rconium di chl ori de, 20
rac- Di net hyl si | yl ene- bi s(2-net hyl.- 4- (p-f | uor ophenyl ) -
1-i ndenyl ) zi rconi um di chl ori de, '
rac- Di met hyl si |l yl ene- bi s(2- net hyl - 4- 7
(pentafluorophenyl)-l-indenyl)zirconié%ldichloride,
rac- Di met hyl si |l yl ene- bi s(2- et hyl - 4-(p-chl orophenyl)- 25
1-i ndenyl ) zi r coni bhsted hekawi@are examples of the transition metal
rac- Di net hyl silyl ene-bi s(2-nethyl -4-(m chl or ophenyl) - .
1_indeny|)Zigggﬂ@qgégi@mﬁgﬁlkggene compounds) represented by the 77
rac- Di met hyl si |l yl ene- bi s(2-net hyl -4-(p-chl orophenyl) -
1-i ndenyl ) zi FeBfttm Plhl or i de, ,
rac- Di met hyl silyl ene-bi s(.2-net.hyl.-4-(9.p- . . .
| dichIorophenyl)pH@ﬂ@Tﬁ%mééhig%ﬁg%ﬁﬁq€6ﬁF%ﬁ#aP%ﬁP%}T%E%ndeqyl)er°°nlum
rac-Di mets'hyl éiéﬁigpea%: s(2-net hyl - 4- (p- bronophenyl ) - 1- :
i ndenyl ) Zi r coni um drchl ori de, _ -
rac-Di met hyl si |l yl - b4 - Ry li~4- (R V. 1 _A_ | Rdgnyl ) zi r.coni um
di chl ori de, £ ﬂl’%’% nJJ”(;i %f?‘?i P;%g%-e#%F@JZ-%re?}h?ﬁﬁ4a(mtol yl)-1- 10

i ndenyl ) zi r conbewy i £ Qdide dichloride, _ e
rac- Di net hyl sil yl'ene-bi s(2-nmethyl-4-(o-tolyl)-1- i ndenyl ) zi r coni um

“ di chleri de, rac-Dimetrhylisidifipherby séembtly P-4 {dytaghtiy 1) -1 -
di met hyl phenyl ) - 1-i ndenyl ) zi rconi um di chl ori de, 15
rac- Di net hy| ndigmebhez irciPure dighlérigeet hyl phenyl ) - 1-
indenyllﬁirconiLngéﬂfggﬁggﬁi%silylene-bis(2—methy1—4—(B—naphthyli—l—
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4- (l-anthracenyl)-1-
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4- (2-anthracenyl)-1-
15 indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4- (9-anthracenyl) -1-
"indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4- (9-phenanthryl)~1-
indenyl) zirconium dichloride,
20 rac-Dimethylsilylene-bis (2-methyl-4- (p-fluorophenyl) -
l-indenyl)zirconium dichloride, |
rac-Dimethylsilylene-bis (2~-methyl-4-
(pentafluorophenyi)—l-indenyl)zirconium dichloride,
rac-Dimethylsilylenefbis(2—methyl—4f(p—chlorophenyl)—
25 1-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4- (m-chlorophenyl) -

l-indenyl)zirconium dichloride,



rac- Di net hyl sil yl ene-bi s(2-nethyl -4-(p-i-

propyl phenyl ) -1 -i ndenyl ). zi rconi um di chl ori de, -

rac- Di met hyl si |l yl ene- bi s(2- et hyl - 4- (p- benzyl phenyl)- 20

1-indenyl ) zirconiumdichl oride,

. rac-Di nmet hyl si |l yl ene-bis(2-met hyl -4-(p-&phenyl ) - 1- ~indenyl)zirconi um
di chl ori de, rac-Di nethylsily ene-bis(2-nethy|-4-(n}biphenyl)-l-

i ndenyl ) zi rconi um di chl oride, 25

rac- Di met hyl si | yl en@asryémeﬁhywilmlrgrpe-bls(2—methyl -4-(p-chlorophenyl)-
trinmethyl silyl phenyl)-1-indenyl)zirconiumdichloride,

rac- Di met hyl si ytiedenyile paraanhym. q;qhﬂorlde,‘

o ST e e L PO M o1

I ndenyl ) zi r coni

rac. D phenyl si H}Fbﬂgrspﬁtewi VROl Shitidenyl) zirconipg diFRIOF 488 um

di chlorid 5 |, -

O o eS8 o um a2 BERELHRL DY 91 Ld B0 (4 sieRent ot biGghady) -1-
Di net hyl si l; heny! d I _

é?ghlo??dey 5'1%b%991?%§£30ﬂ12@0y #3 eneybls(z nethy:n4egﬁe%§:ri?nlgg

i ndenyl ) zi rconi um disgBLBkinden 1silylene-bis (2-methyl-4- (p—to 1)-1-
rac-Di - (i-propyl)silylene- b|§¥2 met hyl - 4- phenyl - 1- d%nyl)2|rcon|um
- di chl eri de, indenyl) ziacohiufndixh)dn)isid,y| ene- bls(2-ne;hyl 4- phenyl -
rac-Dimethylsilylene-bis(2-methyl-4-(m-tolyl)-1-
10 indenyl)zirconium dichloride, | | '
rac-Dimethylsilylene-~-bis (2-methyl-4-(o-tolyl)-1-
indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-(o,0’'-
dimethylphenyl)-1-indenyl) zirconium aichloride,
15 rac-Dimethylsilylene-bis(2-methyl-4- (p-ethylphenyl)~1-
indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-(p-i-
propylphenYl)—1—indeny1)zircohium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4- (p-benzylphenyl) -
20 1-indenyl)iirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-~(p-biphenyl)-1-
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4~ (m-biphenyl)-1-
indenyl) zirconium dichloride, ‘
25 rac-Dimethylsilylene-bis (2-methyl-4-(p-
trimethylsilylphenyl)—1;indeny1)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4- (m-

trimethylsilylphenyl)—i—indenyl)zirconium dichloride,



i ndenyl ) zirconium di chloride, 15 :

rac- Di cycl ohexyl si |l yl ene-bi s(2-net hyl - 4- phenyl -1 - |ndenyl)2|rcon|um
di chl ori de, rac- Met hyl phenyl si | yl ene- bi s(2- net hyl - 4- phenyl -
|ndenyl)2|rconlun1d|chlor|de

rac- Di phenyl si | yl ene- bi s( 2- et hyl - 4- ph¢8yl 1- 20 indenyl)zirconium

di chl ori de, rac-Di (p-tolyl)silylene-bis(2-nethyl-4-phenyl-1-

i ndenyl ) zi rconi um di chl_Qr

rac- Di (p-chl or opher§] ?F‘F‘?ggﬁésﬁ}¥%§nﬁéﬂﬁ/fz RYemA-phenyl-1-

1-indenyl) zirgonj um h i ¢hloride, larid

rac- thhyleneﬁﬁ 9H§Pnﬁuﬂhgﬁ§$ 3?1 S |ndenyl)2|rconlun1d|chlor|de

T e DR DY PR R e RN A ey e & 1 O e
ndeny1) 21 1 ConkBg0BoLeiun atcnioride

rac- D met hyl st annyl'ene- bi s(2- met 4-phenyl - indenyl)zfrconium

dichlorides 5 rac—b&ﬁe@hﬂéinIﬁéﬂé’ik%.@@Jpﬁe%y'IEhhbhéﬁbefﬂy| 1-

i ndenyl ) zi rconi um di br om de,
rac- Di met hyl siindet®e B $6dn it hdi cKHt ey, - 1- i ndenyl ) zi r coni um

di nmet hyl, rac- Di net hyl si |l yl ene- bi s(2- net hyl - 4- phenyl -1- .10
i ndenyl ) zirconi unreetbyhebhplsilbylene-bis (2-n~propyl-4-phenyl-~1-
rac-Di nethyIS|Ierne bi s(2-met hyl - 4- phenyl -
indenyl) zirconium dichloride,
rac-Diethylsilylene~bis(2-methyl-4-phenyl-1-
10 indenyl)zirconium dichloride,.
rac-Di-(i-propyl)silylene-bis(2-methyl-4-phenyl-1-
indenyl)zirconium dichloride,
rac—Di—(n—butyl)silylene-bis(2—methyl—4—pheny1—1—
indenyl)zirconium dichloride,
15 rac—Dicyclohexylsilylene—bis(2—methy1—4¥phényl—l—
indenyl) zirconium dichloride,
rac-Methylphenylsilylene-bis (2-methyl-4-phenyl-1-
indenyl)zirconium dichloride,
rac-Diphenylsilylene-bis(2-methyl-4-phenyl-1-
20 indenyl)zirconium dichloride,
rac-Di (p-tolyl)silylene-bis(2-methyl-4~phenyl-1-
indenyl) zirconium dichloiide,
rac—Di(p—chlorophenyl)silylene-bis(z—methyl-é—phenyl—
1l-indenyl)zirconium dichloride,
25 rac-Methylene-bis (2-methyl-4-~phenyl-1-
indenyl) zirconium dichloride,
rac~-Ethylene-bis (2-methyl-4-phenyl-1l-indenyl) zirconium

dichloride,



i ndenyl) zirconiumchloride SO err]M, and-

rac- Di net hyl si |l yl ene- bi s(2-net hyl - 4- phenyl - 1- I ndenyl ) zi rconi um

chloride Gs(Jerr]Me. 15 Al so enpl oyable in the invention are

transition netal conmpounds wherein zirconiumis replaced with titani um
: et al or hafniummetal i'n the abpge-nentioned conpounds. The
transition netal conpounds represented by the formula (D) can be

prepared in accordance with "Journal of , 20 Organonetallic Chem"
288(1985), pp. 63reﬁ-D&mtEMieﬁeaxlene-bﬁ&%me AcRbeBN NG~ 0, 320, 762

speci fi.catiqgn | es or.exanmple, in the foll owi ng nmanner.
Ee?r] Q d%ny1)21rconlgg Slzhlorlde, ”P .80 ?err] :

Lorry 218 1 Rac-bifechyl Sidhoy Bl ohts (pmuiod-PEFPY 6 ised
general ly ndeh%#ﬁ%ﬁr&Bﬁghﬁf @ﬁfggﬁ@gndlflcatlon but they can be used

also in the form type or typ
5 rac-Dimethylsilylene-bis(2-methyl-4-phenyl-1-

indenyl)zirconium dibromide,
rac—Dlmethy1511y1ene—b1s(2—methyl 4-phenyl-1-
indenyl) zirconium dlmethyl
rac—Dlmethy151lylene-bls(2-ﬁethy1-4—phenyl—1-
10 indenyl)zirconium methylchloride,
rac—Dimethylsilylene—bis(2-methyl—4—pheny1—1—
indenyl)zirconium chloride SO;Me, and
rac-Dimethylsilylene-bis (2-methyl-4-phenyl-1-
indenyl) zirconium chloride 0SO;Me.
15 Also employable in the invention are transition metal
compounds wherein zirconium is replaced with titanium metal
or hafnium metal in the above-mentioned compounds .
The transition metal compouhds represented by the
formula (D) can be prepared in accordance with "Journal of
20 Organometallic Chem.", 288(1985), pp. 63-67, and European
Patent Publication No. 0,320,762 (specification and

examples), for example, in the following manner.

JHRALL — 2 1~Z _

2HsR2 + 2-butyl—Li

2-butyl-Li
HR2—Y—-R2H

MCl,

25 LiRa—Y-—RaLi



In the present invention, a conpound represented by 10 the follow ng

formula (E-1) can be al so enployed as the net al | ocene conpound.
Llerr] MX[ err] (E-1) . wherein, Mis a netal of

G oup IV of the periodic table or a netal of |anthanide series; 15
L[err] is a derivative of del'ocalizatggn [err] bond group and inparts
restraint geonetrical shape to the netal M active site;, and .

the X's are each |nd%PendentIy hydr ogen, hal ogen, a hydr ocar bon group
of 20 or less carbo;a ~§| I,| rklar 20/R§¢ miﬁi um atons, a silyl group or a
gernyl group. Y 81 O the
conpounds of the fdﬁ éé prePergéd\%h conpounds represented
by the follow ng for [err]

(E-2) wherein M |s tltgnlu zirconiumor hafnium X is the same 5
as described aboveg2; s PN Z?li S a substituted cycl opent adi enyl group
which is [err]- ——boi¥ded t M and has a substituent Z; Zis
oxygen, sul fur, boron or an gT hgpt of Goup |IVA of the periodic '
table; 10 Y is a ligand containing nitrogen, phosphorus, oxygen

wherein Z is Cl, Br, I or o-tosyl, and
HoR2 is

2

5 H H
The transition metal compounds (D) are used generally
in the form of racemic modification, but they can be used
also in the form of R type or S type.
In the present invention, a compound represented by

10 the following formula (E-1) can be also employed as the

metallocene compound.
LaMX; (E~-1)
wherein, M is a metal of Group‘IV of the periodic table or
a metal of lanthanide series; '

15 12 is a derivative of delocalization ® bond group and
imparts restraint geometrical shape to the metal M active
site; and |

the X's are each independently hydrogen, halogen, a
hydrocarbon group of 20 or less carbon, silicon or

20 germanium atoms, a silyl group or a gérmyl group.



or sulfur; and Z and Y may together forma condensed ring.

Li sted bel ow are exanpl es of the conpounds represented by the fornul a
(E-2). 15 (Di.net hyl (t-butyl amide) (tetranethyl-[err]5- =~

cycl opent adi enyl )silane)titani um di chl ori de,
((t-Butylanide)(tetranmethyl-[err]5-cyghopentadienyl)-1,2-

"~ ethanediyl)titani umdichloride,

(Di benzyl (t-butyl am de) (tetranmethyl-[err] 5-

cyclopentadlenyl)Qﬂ FPFBHPH@FdPEhF%@l@RFNU1a (E-1), preferred are

(D met hyl (t- anlde) t et r anet hy

cyclopentadl HFﬁéﬁ?§Fa %%. Egllqw1ng formula (B-2)"
(Di met hyl (t- butylanlde)(tetra thyl-[err]5-

cycl opent adi enyl ) si | ane) di net hyl tTTani um :
82 ((t- ButyIaTLgé?_(tetranet | -[err]5-cycl opent adi enyl ) -1, 2-
et hanedi yl ) di benzyltitani ((Met hyl am de)

(tetramethyl -[err]5-cycl ntadlenylh 1, 2-
et hanedi yl ) di neopentyl ti tani um

((Phenyl phosphi de) (t etranet hyl - [err]5\\¥£sopentad|enylé
nethylene)diphenyltitaniun1 -2)

7Pt AR SR LRI S0 o pastin s et om
" (Di nmet-hyl benz ﬁ%% Egéecyclopentadlenyl)5|Iane) 10
di (trinmet yIS| rum

(Di ”Ethy|(pheny|phgsﬁﬁlQeﬁubéﬁif@ﬂﬁarﬁ&ciéﬁéﬂﬁ%dlenyl group which is m-
cycl opent adi enyl ) si'| ane) di benzyl titani um

bonded to M and has a substituent Z;
Z 1s oxygen, suifur, boron or an element of Group IVA
of the periodic table;
10 Y is a ligand containing nitrogen, phosphorus, oxygen
or sulfur; and
" Zand Y may together form a condensed ring.
Listéd'below are examples of the compounds represented
by the formula (E-2). |
15 (Dimethyl (t-butylamide) (tetramethyl-n5-
cyclopentadienyl)silane)titénium dichloride,
((t—Butylamide)(tetramethyl—nS—cyclopentadienyl)—1,2—
ethanediyl)titanium dichloride,
(Dibenzyl(t—butylamide)(tetramethyl~n5—
20 cyclopentadienyl)silane)titaﬁium dicﬁloride,
(Dimethyl (t-butylamide) (tetramethyl-n°-
cyclopentadienyl)éilane)dibenzyltitanium,_
(Dimethyl (t~butylamide) (tetramethyl-n5-

cyclopentadienyl) silane)dimethyltitanium,



(Tetramethyl -[err] 5-cycl opent adi enyl ) -1, 2-

et hanedi yl ) di benzyl titanium 15 - (2-[err]5 -
(Tetranet hyl -cycl opent adi enyl )- 1- et hyl -

.et hanol-ate(2-))di benzyl titanium :
i{(2-[err]5-(Tetranethyl-cycl opent adi enyg)- 1- met hyl -
-ethanol ate(2-))dinmethyltitani um
(2-((4a,4b,8a,9,9a-[err])-9Hfluorene-9- 20 :
yl ) cycl ohexanol at e((2t)Bdtybanidie) { betirametdyd. -15~cyclopentadienyl) -1, 2-
(2-((4a, 4b,8a,9,9a-[err])-9Hfl uorene-9- S

yl ) cycl ohexanetabaediy}jdbbeazyitianium, : In the present

i nvention, the netall| ocene conmpounds mentironed above can be used in
combi nation of two (dMekBytamdde) (rfsramethyl-1°-cyehoperta@iansg Jofl 43t ani um
conpounds are nentioned above as the netal |l ocene conpounds, but
conpounds wheeéhgnediyl)dineopentyltitanium, 83 titani um

is replac with zirconiu r hafniumin th above- nentioned,titani um
conpounds%gan be aﬁ§§88§¥ﬂ%$??$kﬁég){Eetramé%hy+ﬁggéc¥% TR IRRY 86 used

al one or in conbjnation,of .fwo, or nore Kinds. 5 As t he

met al | ocene c@ﬁﬁbﬁi&ge?%}€9¢§¥&F¥%ggﬁqm' zi rconocene conpounds whi ch

have zirconi um as _ I e at |east two
gt(gﬁbéﬁ%i gi:/ utyl (t@t@@:ﬁ%ﬁy*ﬂaﬁ

| i'gands contai nin cl opent adi enyl skeleton. 'In the netal |l ocene

The et al | oce¥oohsatRIEeAET} § el Rtk B Tyt bons
or hal ogenat ed hydnpgmebRy® (benzylamide) (fiecielapéreadtergapduRge )y be
used by contacting : -
10 di(trimethylsilyl)titanium,
(Dimethyl (phenylphosphide) - (tetramethyl-n5-
cyclopentadienyl) silane)dibenzyltitanium,
(Tetramethyl-n’-cyclopentadienyl) -1, 2-
ethanediyl)dibenzyltitanium, |
15 (2-n3- (Tetramethyl-cyclopentadienyl) -1-methyl-~
ethanolate(2-) )dibenzyltitanium,
(2-13- (Tetramethyl-cyclopentadienyl) -1-methyl-
ethanolate(2-))dimethyltitanium,
(2—((4a,4b,8a,9,9a—n)—9H—fluorene-9— 
20 yl)cyclohexanolate(2-))dimethyltitanium, and
(2- ( (4a, 4b, 8a, 9, 9a-1) ~9H-fluorene-9-
yl)cyclohexanolate(z—))dibeﬁzyltitanium.
In the present invention, the metallocene compounds
mentioned above can be used in.combination of two or mofe
25 kinds.

Some. examples of titanium compounds are mentioned

above as the metallocene compounds, but compounds wherein



‘wWith the particulate carrier conpounds. As the carrier
conpounds, there can be used inorganic 15 carrier conmpounds such as

.Sigerr], Al[err]O[err], Blerr]O[err], MJQ zZrgerr], CaQ Tierr],
. ZnO, Zn[err] O, Sn(derr], BaO and ThGQ and resins such as _

| pol yet hyl ene, pol ypropyl ene, ‘pol y-1-bgBene, pol y-4-net hyl - 1- pent ene
i and styrene-divinyl benzene copol yner. These carrier conpounds may be

7 Ganoat i nARASE eSO ERE AR, scR =SEi . bt dBnbbina e 1or
; ; th ) | i S I al | d
of & transtt i veseritbned, viehT, KEhpERIRE CUL e JTE agRpTpRgE O
peri odic t alhg ea%fr@g,g%gam' BOT G404 ot B0 U c%&baﬁawehze%g

i oni ¢ conmpound) are descr

The organoal WHNWP ke fIp@end used in the invention may be either
al um noxane conventionally known or a béenzene-i nsol ubl e

or ganoal ugi num oxyss ¥HeOHR#allocene compdiéds OfHENt isgial (B 2known

al um noxane is represented by 5 the following formula (1) or (2).

[err] zirconosetieeicomBouads Wiich Chabd nzifauniviliels ahenebhytaiet hyl,

metal atom and have at least.two ligands containing a
cyclopentadienyl skeleton. in the metallocene compounds
[VI], the central metal atom is preferably titanium.
10 The metallocene compounds may be used by diluting with
hydrocarbons or halogenated hydrocarbons.
The metallocene compounds may be used by contacting
with the particulate carrier compounds. |
As.the carrier compounds, there can be used inorganic
15 carrier compounds such as SiO;, Aly;03, By03, MgO, ZrO;, CaO,
TiO,, ZnO, Zny0, SnO;, BaO and ThO; and-reéins such as
polyethylene, polypropylene, poly-l-butene, poly-4-methyl-
l-pentene and styrene-divinylbenzene copolymer. These
carrier compounds may be used in combination of two or more

20 kinds.

Next, the organoaluminum oxy-combound and the
ionizable ionic compound used for forming the catalyst (b)
(catalyst comprising a metallocene compound of a transition

25 metal selected from elements of Group IV of the periodic
table, and an organcaluminum oxy compound or an ionizable

ionic compound) are described.



propyl and butyl, preferably nethyl or ethyl, particularly 10 preferably
~-methyl, and mis an integer of not less than 2, preferably an integer’
of 5 to 40. Thi s al um noxane may be formed from m xed

al kyl oxyal um num units consisting of al kyl oxyal um numunits

i represented by the fornula (OAl (Rl ergly) and al kyl oxyal umi num 15 units
:represented by the formula (OAL(R[err (in these formul as, Rl and
R2 are each the same hydrocarbon group as .described for R, and R1L and
R2 are different fThgnQ%gﬁnoalumln@mh@xy—compound usedhandﬂnwemnﬁmNabhy
known al umi noxane ¢an, be prepared 20 by, for exa the foll ow ng
procedures, ahlYthe eithenalymigexaae; §°§¥ﬁ€F&P¥1§fnf3éc]§Wﬂb(Pﬁ @ the form of
an aromati ¢ hydrocarb sol vent sol ytion. (1) An

or ganoal uni nUASREFRRBURE & roanoc WéPWI%%%n??FEPHW-added to a

hydr ocar bon sol ve 25 suspensi of _conpounds contalnln dsorbe
or salts rIfhe conve 1ona9.9.y Sm Eum1n0}§§l %g%t er

of crysta§I|2éﬂéc¥bl *ﬁ%?'g%yﬁﬁiﬁughétgr Aﬁglorlde hydr at e, copper sul fate

hydr at e, | unr UM Ut kel sul fate hydrate and cerous
chloride hy dgat £1—s o540 @Qi t he organoal um num conpound to 5
react with the adso?ﬁed mg?er or thégﬁgter of crystallization, and

the reaction product is recgvered as @ipnatlc hydr ocar bon sol vent
sol uti on. < (2) Water, ice or mafer vapor is allowed to directly

‘——+?A1t;5—_
R e (2)
wherein R is a hydrocarbon group such as methyl, ethyl,
propyvl and butyl, preferably methyl or ethyl, ﬁarticularly
lO preferably methyl, and m is an integer of not less than 2,
preferably an integer of 5 to 40.

This aluminoxane may be formed from mixed
alkyloxyaluminum units consisting of alkyloxyaluminum units
represented by the formula (OAl(Rl)) and alkyloxyaluminum

15 units represented by the formula (OAl(RZ)) (in these
formulas, R! and R? are each the same hydrocarbon group as
described for R, and R! and R? are different from each
other).

The conventionally known aluminoxane can be prepared

20 by, for example, the following procedures, and the
aluminoxane is generally recovered in the form of an
aromatic hydrocarbon solvent solution.

(1) An organoaluminum compound'such as
trialkylaluminum is added to a hydrocarbon solvent

25 suspénsion of compounds containing adsorbed water or salts



act on an organoal um num conpound such as trial kylalum num 10 in a nmedium

such as benzene, toluene, ethyl ether or tetrahydrofuran, and the
_reaction product is recovered as . an aromati ¢ hydrocarbon sol vent
. sol ution. O the above procedures, the procedure (1) is
i preferably used. 15 Exanpl es @f5 t he organoal uni num conpounds used
for - preparing the solution of alum noxane include the aforesaid
or ganoal um num conpounds. Mbdre specifi t here can be ment i oned:
trlalkyIaIun1?RRE?l¥&H§1W§FQHw Fﬁ?ﬁ&?@i?ﬁ%hi°n209t91rﬂW%HQﬁﬁﬁﬁmhunr

tri | al I I .

tri | sobut yl ol TS e cOnper B Fare EFRES y (A BB SHLARR num
t tyl al I t

tri SEQyYaT"u“%#ﬁte' niqidr, JiERte P BiIe AAd KA de &r’%&”&% al uri num
25 ﬂ%ﬁﬂ]

(i-Cerr] H[ er err] ﬂr&]e@r?’r ]rt(%DC[ag'?‘ ?’HFer r?‘f?er r% y anaey areteach a

positive BUMh&dact with %Hé adsirbbd2whtesUSH @ife e al umi num
86 di al kyl al um num hal i des, such as dlnethylalunrnum

chloride, di esfydtadnizatiics) enhiddehediraabyiah Usisaiab iR overed agd

di i sobutyl al um num chl ori de; . di al kyl al umi num hydrides, such as
di et hyl al um ratmardmathyd hydeocaadbdhi sobueyt adalatiion.hydri de;
di al kyl al um num al koxi des, such as di net hyl al um num met hoxi de and

“di et hyl al um num et {#xi M&teanpdice or water vapor is allowed to directly
act on an organocaluminum compound such as trialkylaluminum

10 in a medium such as benzene, toluene, ethyl ether or
tetrahydrofuran, and the reaction product is recovered as
an aromatic hydrocarbon solvent solution.

Of the above procedures, the procedure (1) is
preferably used.

15 Examples of the organocaluminum compounds used for
preparing the solution of aluminoxane include the aforesaid
organcaluminum compounds. More specifically, there can be
mentioned:

trialkylaluminums, such as trimethylaluminum,

20 triethylaluminum, tripropylaluminum, triisopropylaluminum,
tri-n-butylaluminum, triisobutylaluminum, tri-sec-
bﬁtylaluminum, tri-tert-butylaluminum, tripentylaluminum,
trihexylaluminum; trioctylaluminum, tridecylaluminumr
tricyciohexylaluminum and tricyclooctylaluminum;

_25 alkenylaluminums represented by the formula
(1-C4Hg)xAly (CsHig)z (%, ¥ and z are each a positive number,

and z 2 2x), such as isoprenylaluminum;



di al kyl al um num aryl oxi des, such as' diethyl al um num phenoxi de. 10
O these, preferred are trial kyl al um nuns. The or ganoal um num
conpounds nenti oned above are used singly or in conbination.

The benzene-insol ubl e organoal um num oxy-conpound used in the

i nvention can be obtained by, for exggrle, 15 contacting the solution of
al um noxane with water or active hydrogen-contai ning conpound or

contacting the or noa,l um nu npound, wi t h_wat er. In the
benzene-i nsol ubl ed’o?‘]dﬁf'n‘% "r‘l’ﬂ}rﬁl‘ﬁi}%@ﬁwpﬁﬁﬁ as dimefdydglamigmm i nventi on,
aratio of t abs bout 60 er to . the
absor bance Jf]hela %Wﬁf@?’l“?‘ hl?ﬁégo)&g%ﬁy%%gmﬁppgr ed

spect roscopl&énﬂyss &%alum u}nhghigggagnd (Dlerr]/Derr]), is not nore

t han 0. 09, pre er nore n 008 partlcularly preferably in
the range of 0.043{0 10a71um1 dr1le ?g %noal um num
oxy-conpound is resumnme ave al ky oxya num-unllts represent ed by
the 5f ol R i fé}{anaﬂsobutylalmnum hydride 87

[err] wherein R7 is a hydrocarbon group of 1 to 12 carbon atons.
Exanpl es of such dngineaanken rekupRoknaky festidh had . dBidtHylaluminui Propyl,

I sopropyl, n-butyl, isobutyl, pentyl.,, hexyl., 5 octyl, decyl, cyclohexyl

and CyCIoocuyéthoxidéIundadlethylalumlnum ethoxide, and
dialkylaluminum ar&loxiaes, such as diethylaluminum
phenoxide. |

10 Of these, preferred are trialkylaluminums.

The organocaluminum compounds mentioned above are used
singly or in combination.

The benzene-insoluble organoaluminum oxy¥compound used
in the invention can be obtained by, for example,

15 contacting the solution of aluminoxane with water or an
active hydrogen—gontaining compound or contacting the
organoaluminum compound'with water.

In the benzene-insoluble organoaluminum oxy-compound
used for the invention, a rétio of the absorbance at about

_20 1,260 cml (Dj260) to the.absorbance at about 1,220 cm?

. (D1220) obtained by the infrared spectroscopic analysis of
the compound, (Dlgso/Dlgz_o) , 1s not moré than 0.09,
preferably not more than'0.08, particularly preferabiy in
the range of 0.04 to 0.07. | | '

25 The benzene-insoluble organocaluminum oxy-compound is
presumed to have alkyloxyaluminum units represented by the

following formula:



preferred are nethyl and ethyl, and particularly preferred I's methyl.
Thi s benzene-i.nsol ubl e organoal um num oxy- conpound may have, in
addition to the al kyl oxyal umi numunits represented 10 by the above
formul a, oxyalum numunits represented by the foll owi ng formul a:
[err] wherein Rlerr] is a hydroggrbon group of 1 to 12 carbon atons,
an al koxy group of 1 to 12 carbon atons, an aryloxy group 15 of 6 to 20
“carbon atons, a hydroxyl group, halogen or_, hydr ogen.
Rlerr] is different fromRerr] in the afotesaid formla. _ When
t he or ganoal um num oxy- conpound contai ns the oxyal um numunits, it is
desired that the al kyl oxyal umi num 20— #4—8@r¥—contai ned i n an anount of
not less than 30 %by nol, preferably not |ess than 50 % by nol, -
particul ar| y whereisn &’edisbhyhydro¢axkon rawrouro of By teoll2 carbon atomghe
or ganoal um num oxy-conpound_used in the invention may contain a snmall
anount of an HEfaEHies @fhsbehd hydrpeathen grours RHakdemedhyilhagthyln num
88 The iqnizable ionic conEOUnd_used i.n the present
i nvention i nd TREPHIew1SREORY L, i BAPECXbnpbitRiscYhoRendyl, hexydmpounds and
car bor ane-conpounds. The. Lewis acjds .inclu or exanple, a
conpound 5 5@??97'e§3(ﬁﬁy&d 6Y <L RBEFSF nat: :clﬁ‘j&f"?ﬂfgﬁei n%gﬂa(? RS s
preferred are methyl and ethyl, and particularly preferred
is methyl.
This benzene-insoluble organocaluminum oxy—compqﬁnd may
have, in addition to the alkyloxyaluminum units represented
10 by the above formula, oxyaluminum units represented by the
following formula:

R8
|

+ A1-0—

wherein R® is a hydrocarbon group of 1 to 12 carbon atoms;
an alkoxy group of 1 to 12 carbon atoms, an aryloxy group
15 of 6 to 20 carbon atoms, a hydroxyl group, halogen or
hydrogen. |
R8 ig different from R’ in the aforesaid formula.
When the organocaluminum oxy-compound contains the
oxyaluminum units, it is desired that the alkyloxyaluminum
20 units are contained in an amount of not less than 30 % by
mol, preferably not less than 50 % by mol, particularly
preferably not less than 70 % by mol.
The organocaluminum oxy-cémpound used in the invention
may contain a small amount of an organic compound component

25 of other metal than aluminum.



I ndependently a phenyl group which nmay have substituents such as
fluorine, nmethyl and trifluoronethyl, or a fluorine . atom . _
Exanpl es of the conpounds represented by the above 10 formula include
trifluoroboron, triphenylboron, tris(4- quorophenyI)boron
tris(3,5-dif|uorophenyl)bordn, trls(4-88 quoronethyIphenyI)boron .
tris(pentafl uorophenyl) bor on, tris(p-tolyl)boron, tris(o- tol yl') boron
and tris (3,5- dlnethylphenyl)boron 15. Exanpl es of the |on|c
conpounds i ncl ude tThelignizable iondescprrmpeundanaedi imn the toxesent

N, N-di al kyl ani | i nium salts, di,al kyl ammoni um sal t s and

triaryl phosphotiYeREken sincludes LerSP&Fﬁﬂéulb?ne&aﬂﬁmﬁﬁunﬁ it fRorane

trial kyl -substituted niumsalts |nglude 20

tri et hyl anmoni TR %)r?é’rﬂ/ﬁ%p&ﬁne compounds

Lri Cnobut y1 ) amont GRS @RS ude, for example, a compound
trimethyla 1
Sm)q‘ég?% etér R t% ;qhgeg%%u 23 BR3 wherein each R is

trimet hyl anmoni U oron

tributyl amoni {4 é?ﬁﬂﬁﬁgiEg%%gﬁeﬁenyﬁoﬁﬂfbh may have substituents

trlpropylannnnluntetr or.on
tri butyl anmoni gieietde (Fus:dingst hekabenyhIber Pl uoromethyl, or a fluorine
89 trlbutylannnnluntetra p- trlfluoronethylphenyl)boro
- and - attdm( n- but yl ) anmoni unt et ra(o-tol yl ) boron.
Particul ar exanples of the N, N, -dial kylaniliniumsalts
Examples of the compounds represented by the above

10 formula include trifluoroboron, triphenylboron, tris(4-
fluorophenyl)boron, tris(3,5-difluorophenyl)boron, tris(4-
fluoromethylphenyl)boron, tris(pentafluorophenyl)boron,
tris(p-tolyl)boron, tris(o—telyl)boron and tris (3,5-
dimethylphenyl)boron.

15 Examples of the ionic compounds include trialkyl-
substituted ammonium salts, N,N-dialkylanilinium salts,
dialkylammonium salts and triarvlphosphonium salts.

Particular examples of the trialkyl-substituted
ammonium salts include:
_ 20 triethylammoniumtetra (phenyl)boron,
tripropylammoniumtetra (phenyl)boron,
tri (n-butyl)ammoniumtetra (phenyl)boron,
trimethylammoniumtetra (p-tolyl)boron,
trimethylammoniumtetra (o-tolyl)boron,

25 tributylammoniumtetra(pentafluorophenyl)boron,

tripropylammoniumtetra(o,b-dimethylphehyl)boron,

tributylammoniumtetra(m,m—dimethylphenyl)boron,



5 include: N, N- di et hyl ani | i ni unt etra( phenyl ) bor on,

N, N-di et hyl ani | i ni unt etra(phenyl)boron, and '

N, N- 2, 4, 6- pent anet hyl ani | i ni unt etra( phenyl ) bor on. - Particul ar
exanples of the dial kyl anmoni um salts 10 incl ude:

di (1- propyl ) ammoni unt et r a( pent af | uor ofgenyl ) boron, and

di cycl ohexyl ammoni unt et r a( phenyl ) bor on. : Al so enpl oyabl e as the
i oni c. conmpound are h

tri phenyl car beni unFEHPURY WOR IR ERa Sy L P RpRet iy phenl ) boron,

di met hyl ani | i nj ntetrakls(pentafluorophenyl)borate and
ferrocenlunte??é(pentafluorophenyl)borate Further, also

enpl oyabl e as the.ggieg@b&¥y%§rg%g“, tetra(ot98%§9i$8¥$ﬂg conpounds

decaborane (14); ts of anion

bi s(tri(n-butyl)arpppi HdNonabiiies of the N,N, -dialkylanilinium salts
bi s(tri (n-butyl)ammoni um decabor at e,

bi s(tri (nsout yhdara@ni um undecabor at e,
bi s(tri(n-butyl)amoni um dodecaborate, 25

bi s(tri (n-butyl) ammdin«stgsdeidrind engberai{ghefyll) boron,

-

bi s(tri (n-butyl)ammoni um dodecachl or ododecabor ate; and - salts of
metal | i ¢ borane amidi-dsattylsniliniumtetra (phenyl)boron, and 90
tri(n- butyl)annnnlun} bi s(dodecahydri dedodecabor ate) cobal tate(l11),
“and N,N-2,4, 6—pentamethylan111n1umtetra(phenyl)boron

Partlcular examples of the dialkylammonium salts
10 include:
di(1—propyl)ammoniumtetra(pentafluorophenyl)boron, and
dicyclohexylammoniumtetra (phenyl)boron.
Also employable as the ionic compound are
triphenylcarbeniumtetrakis(penﬁafluorophenyl)borate, N, N-
15 dimethylaniliniumtetrakis(pentafluorophenyl)borate and
ferroceniumtetra {pentafluorophenyl)borate.
.Further, also employable as the borane compound are
the féllowing compounds :
decaborane (14);
20 salts of anion, such as
bis(tri (n-butyl)ammonium)nonaborate,
~bis(tri (n-butyl) ammonium)decaborate,
bis (tri (n-butyl)ammonium)undecaborate,
bis (tri(n-butyl)ammonium)dodecaborate,
25 bis (tri (n-butyl) ammonium) decachlorodecaborate, and
bis (tri (n-butyl)ammonium)dodecachlorododecaborate; and

' salts of metallic borane anion, such as



bi s(tri(n- butyl)annnnlun)

b|s(dodecahydrldedodecaborate)nlckelate(lII) 5 Further, particular
exanpl es of carborane conpounds i ncl ude: salts of anion
such as 4- car banonabor ane(14),

1, 3- di car banonabor ane(13), 10 Of) 9- di car badecabor ane(14),

dodecahydri de-1- phenyl - 1, 3-di car banonabor ane,
dodecahydri de- 1- net %b?#?f %-carbanonaborane
undecahydri de- 1, 3- i ) CdBanonabor ane,

Znﬁeﬂgﬁ%??%@%@?ﬁﬁ%ﬁé@lﬁ#@%ﬁo R L
dodecahydri de- 11- @ié‘gﬂ nblgk%q.boraaﬂgﬁﬁporane

tri(n-butyl)ammoni um

tri(n-butyl) agmepisdadafAiddddeealbbabte) nfEkelate (TII) .
tri(n- butyl)annnnlun}l car badodecabor at e,

tri(n-butgl)anmonimigthdy,| Birtikaiby! ekamples oﬁaém&orc@h@ounds
tri(n- butyl)annnnlunbronn 1- car badodecabor at e,

tri(n-butyl) aitmEides 6- car badecaborate(14), 25
tri(n-butyl)amoni um 6-car badecaborate(12),

tri (n-butyl)amonisaltts & bavodecalbchags(13),

tri(n-butyl)ammoni um 7, 8-di car baundecaborate(12),

“tri(n- butyl)annDn|4nﬂa¥h§n9n§bp§anﬁdééhborate(12)

91

1,3-dicarbanonaborane (13),

10 6,9-dicarbadecaborane (14),
dodecahydride-l-phenyl—l,3—dicérbanonaborane;
dodecahydride-l-methyl-1, 3-dicarbanonaborane,
undecahydride-l,3—dimethy1-1,3—dicarban0naborane,
7, 8-dicarbaundecaborane(13),

15 2, 7-dicarbaundecaborane (13),
undecéhydride—?,8—dimethy1-7,8—dicarbaundecaborane,
dodecahydride-1l-methyl-2, 7-dicarbaundecaborane,
tri(n-butyl)ammonium-l-carbadecaborate,
tri (n-butyl) ammonium-1-carbaundecaborate,

20 tri(n—butyl)ammonium—l—cafbadodecaborate,
tri(n—butyl)ammoniumfl—trimethylsilyl—l—

carbadecaborate,
tri(n—butyl)ammoniumbromo-l—carbadodeéaborate,
tri (n-butyl)ammonium~6-carbadecaborate(14),

25 tri (n-butyl)ammonium-6-carbadecaborate (12),
tri (n-butyl)ammonium-7-carbaundecaborate(13),
tri (n-butyl) ammonium-7, 8-dicarbaundecaborate (12),

tri (n-butyl)ammonium-2, 9-dicarbaundecaborate (12),



tri(n-butyl)ammoni undodecahydri de-8-net hyl-7, 9- di car baundecabor at e,

tri (n-butyl)amoni unundecahydri de-8-ethyl -7, 9- : di car baundecabor at e,
5 tri(n-butyl)anmmoni unundecahydri de-.8-butyl -7, 9-

di car baundecabor at e, -
tri(n-butyl)amoni umundecahydri de-8-aiyl -7, 9- di car baundecabor at e,
tri(n-butyl)ammoni unundecahydride-9-tfinmethylsilyl- 10

7, 8-di b d bor, gt ' . .
tri(n[Eﬁ[y?y2nﬁgﬁFgﬁgﬂggﬁgggb?mﬂ%gﬂﬁ%g?ﬁﬁﬁahﬁgrﬁde_s_mEtEX}BZU%aeCaborate;

and . salts qf lL]Lc carborane anion, such as:

tri(n-butyl) %ﬁﬁﬂﬁ?fﬁ%égﬁééfide-l;3- 15 - |

di car banonabor at e I . v a3 o - _
k%%g?g%ﬁ%ﬁé%%ﬁ%%ﬁ}%ﬂg%gﬁgahydr1de 8-ethyl-7,9

tri(n-butyl)amoni

di car baundecai%ra%skgiaé%aasﬁté) !

tri(n-butyl)anmmoniu s(undecahydri de- 7, 8-
di car baurglecabor ai@)} ¢abalit ¢ PhduhddiumBiiecahydride-8-butyl-7, 9~

tri(n-butyl)ammoni unbi s(undecahydri de-7, 8-
di car baundec diengbapndekebetate) I.), '
tri(n-butyl)ammoni unbi s(undecahydri de-7, 8-
di car baundecabor ate)l¢npbatel ) arponiumundecahydride-8-allyl-7, 9~
tri(n-butyl)amoni unbi s(undecahydride-7,8- 25
" di car baundec dicrabayndeceberaty,
tri(n-butyl)amoni unbi s(nonahydride-7,8-dinethyl -7, 8- | )
di car baundecabor at&}ferPaE¥t) moniumindecahydride-9-trimethylsilyl-
10 7,8-dicarbaundecaborate, and
- tri(n—butyl)ammoniumundecéhydride—4,6—dibromo-7-
carbaundecaborate; and
salts of metallic carborane anion, such as:
tri(n-butyl)ammoniumbis (nonahydride-1, 3~
15 dicarbanonaborate)cobaltate(III),
tri(n-butyl)ammoniumbis (undecahydride-7, 8~
dicarbaundecaborate)ferrate(III),
tri(n-butyl)ammoniumbis(undecahydride-7,8—
dicarbaundecaborate)cobaltate (III),
20 tri(n—butyl)émmoniumbis(undecahydride—7,8—
dicarbaundecaborate)nickelate (III),
tri (n-butyl) ammoniumbis (undecahydride-~7, 8-
dicarbaundecaborate)cuprate(III),
tri(n-butyl)ammoniumbis(undecah&dride—?,B—
25 dicarbaundecaborate)aurate(III), '

tri (n-butyl) ammoniumbis (nonahydride-7, 8-dimethyl-7, 8~

dicarbaundecaborate) ferrate (III),



92 tri(n-butyl)ammoni unbi s( nonahydri de-7, 8-di met hyl -7, 8-
di car baundecaborate)chromate(l11),
“tri(n-butyl)amoni unbi s(tribronooct ahydri de-7, 8-

. di carbaundecaborate) cobal tate(ll1), -5

“tris(tri(n- butyl)annDnlun)bls(undecahxﬁglde 7-

: car baundecaborate)chromate(l11),

bi s(tri(n-butyl)amoni unm bi s(undecahydr.i de- 7-
car baundecabor at e) ¥&h (it Qxlxammonlumbls(nonahydrlde -7,8-dimethyl-7, 8-

car baundecabolate CORT A9 ciate (1), *°

bis(tri but yl b d

cgféaLhégcagoyazgyag L%T Is#*%hﬁgx%dm%lsq%rlkﬁgm?gﬁF§%¥ﬁ€94?nu(? conpounds
np

nment i oned abo f?%%%@ dec rég;(%dH;1%3g2AE§& on of two or nore kinds. 15

In the presen rganoalum conpound or the

| oni zabl e g oni ¢ cogpy, ﬂ?%ﬂ%%ﬂm%um)bls%waééaw&ia%ﬁﬁ the

af or ement i oned carrler conpou For preparing the catalyst (b),
the af or ement Lopggindecadt WA HEMALE (¢@TPouUnd may be used together with

the 20 organoal um num oxy-conpound or the | oni zabl e ionic conmpound.
In the present inved e (rd-4sutgil)Eedei(n) biskendecdhydride-ol efin (ii) and
t he chai n pol yene group-contai ni ng nor bor nene compound (iii) are
“copol yaeri zedcatbalederasareatee ) ndmgahatedavVal yst [a] (catal yst conprising a
sol ubl.e vanadi um conpound and a organoal um num conpound) or a catal yst
- [b] (cat al ystbistipri gi+pty Tharaiohdumhbis dwpdesahydride17ansi ti on

“metal selected fromGoup IV of the periodic table and an
carbaundecaborate)cobaltate(III), and

bis(tri(n—butyl)ammonium)bis(undecahydride—?-
carbaundecaborate)ﬁickelate(IV).

The ionizable ionic compounds mentioned above may be
used in combination of two or more kinds.

15 In the present invention, the organcaluminum oxy-
compound or the ionizable ionic compound may be used by
supportiﬁg it on the aforementioned carrier compound.

For preparing the catalyst (b), the aforementioned
organocaluminum compound may be used together with the

.20 organoaluminum oxy-compound or the ionizable ionic
compound. _

In the present invenﬁion, the ethylene (i), the Q-
olefin (ii) and the chain polyene group-containing
norbornene compound (iii) are copolymerized in the presence .

25 of a catalyst [a] (catalyst comprising a soluble vanadium
compound and a organoaluminum compound) or a catalyst [b]
(catalyst comprising a metallocene compound of a transition

metal selected from Group IV of the periodic table and an



93 or ganoal um num oxy- conpound or an ionizable ionic .compound) ,
usually in a liquid phase. In this case, a hydr ocar bon solvent is
generally used, but an [err]-olefin such . as propyl ene may be used as
a sol vent. 5 Exanpl es of such hydrocarbon sol vents include-

al i phatic hydrocarbons, such as pentargg hexane, hept ane, oct ane,
decane, dodecane and kerosine, and hal ogenat ed derivatives of these
al i phatic hydrocarbons; alicyclic hydrocarbons, such as

cycl ohexane, ©¥gaRgahynnum dﬁéfn%%ﬁ’@y P&t B dpBiLaRRIANEORERd hal ogenat ed

derivatives of these_alicycljc hydrocarbaqns; . and . aromatic
hydr ocar bons, CSfeAuRd) be‘?‘%@‘?lel,y t5t l?eﬁ'é' phase.,  fRnERLS RASRY fyenat ed

deri vat i ' h ene e |
deri VoL Vs ol HOBSEBIE AR genoraiTNuBSaS LREBE MR SR
ethyl ene (')’aégﬁr . éﬁé:ﬁ§y-be J%ﬁ? agng EP?V@ gn pol yene

group-contai ning - n orne hpound (i1 1) fmay be carried out by any

f batchw d td i zati '
o] at chwisse an %ﬁ%%%%%l%/ﬁ i W&é?gpnvggﬂvégesc%g%d rization is

carried 0 out co I's used int ol'T ow ng
concentration. aliphatid Thydi@®cedtrh%st steh: ak: Sent&dd AlpStarfedNPri si ng

t he sol ubl e vanadi um conpound and the organoal um num conpound,
is used in thRepba s} i Sutaridie duvaee)t Gatecanafl ahfickepdsine, a2 vanadi um
conmpound in the polynerization systemis in the range of usually 0.01

to 5 Mol /| itealogéyassd arivatives ofl thesepakiphatiy Wrd¥odaxrbdns;
mmol /liter. The sol uble :
alicyclic hydrocarbons, -such as cyclohexane,
10 methylcyclopentane and methyicyclohexane, and halogenated
derivatives of these alicyclic hydrocarbons; and

aromatic hydrocarbons, such as benzene, toluené and
xylene, and halogenated derivatives of these hydrocarbons,
such as chlorobenzene. These solvents may be used in

15 combination.

The copolymerization of ethylene (i), the o-olefin
(ii) and the chain polyene group-containiﬁg norbornene
compound (iii) may be carried out by any of batchwise and
continuous processes. When the copolymerization. is carried

'20 out continuously, the catalyst is used in the following
concentration.

If the catalyst (a), i.ef, caﬁalyst éomprising the
soluble vanadium compoﬁnd and the organocaluminum compound,
is used in the invention, the concentration of the soluble

25 vanadium compound in the polymerization system is in the
range of usually 0.01 to 5 mmol/liter-polymerization

volume, preferably 0.05 to 3 mmol/liter. The soluble



94 vanadi um conpound is desirably fed as a solution in a
concentration of not nore than 10 tinmes, preferably 1 to 7 tines,
nore preferably 1 to 5 tinmes, as nuch as the concentration of the
sol ubl e vanadi um conpound present in 5 the pol ynerization system The

or ganoal um num conpound is ° fed Pﬁ_a nolar ratio of the alum num atom
to the vanadi um atom (Al/V) in e polynerization system of not | ess
t han 2, preferably 2 to 50, nore preferably 3 to 20. : The
sol ubl e vanadramadionmpcxonmbcamd tilse desdaabiyufieduns &€ Golammipmuda Ra] are
generally fed after diluted with the af oresai d hydrocarbon sol vents
and/ or the [eroicenttxation Of et more ghangld dtines.c puaferablyhai Gopdl yene
gr oup- cont ai ni ng nor bar nene conpound (iii) in a liquid state.

I'n this case, t3fRS sANe Predexabdih LoRPodntlnes s Mgty asithedi | uted in

t he above-nenti oned concentration, and_the . organoal um num conpound is
desirably fedfWIRtr@HITHAL fe SO?ub%ﬁeV%%féJéH% mp§ﬁsﬁﬁFi &Ral

of the |5 R AR R B SYHRET 0 THE OISy Ay OpeoERe 120 |

11 SRl G i e SERADYSE EAAPELEADO Weom co TRECLLGERGD |

conpound and e “0r ganoal um num oXy- ou

compound (al sgdief QIAA 4% e’ bBNfier i zat i SANS COMARNYosl! chlgni C

‘conpound”), is used, oncentration of ocene conpound in
“the 25 pol yrerd Zaidmbi1gy ot @8 58, | Rotdepr&fiaeidly wsyal by 0. 00005 to

0.1 nmol /1 iter-polymerization vol ume, preferably 0.0001 to
The soluble vanadium compound and the organoaluminum

10 compound [a] are generally fed after diluted with the
aforesaid hydrocarbon solvents and/or the a-olefin (ii) in
a liquid state and the chain polyene group-containing
norbornene compound (iii) in a liquid state.

In this case,.the'soluble vanadium compound is desirably

15 diluted in the above-mentioned concentration, and the
organocaluminum compound is desirably fed after controlling
fhe concentration to an optional concentration of not more
than 50 times as much as the concentration of the
organoaluminﬁm compound in the polymerization system.

20 . If the catalyst (b}, i.e., catalyst comprising the
metallocene compound and the organocaluminum oxy-compound or
the ionizable ionic compound (élso referred to as fionic
ionizable compound®” or "ionic gompound"), is used,_the
concentration of the metallocene compound in the |

25 polymerization system is in the range of usually 0.00005 to
0.1 mmoi/liter—polymerization volume, preferably 0.0001 to
0.05 mmol/liter. The organoaluminum oxy—compound:is fed in

a molar ratio of the aluminum atom to the transition metal



0.05 mml/liter. The organoal um num oxy-conpound is fed in a nol ar
ratio of .the alum numatomto the transition netal

95 of the nmetall ocene conpound (Al/transition netal) in the .

pol ymeri zation systemof 1 to 10,000, preferably 10 to 5, 000.

In the case of using the ionizable iogsc conmpound, 5 this compound is fed
in a nolar ratio of the ionizable i oni ¢ conpound to the netal | ocene

conpound (i oni | e iqn ound/ al | ocene conpound), in_the

pol yreri zat i o‘?1tza‘5'§q é’fﬁtaliocea‘ﬁ 6°§‘pn8 %H@%ﬂﬁ?’;}’r‘l mefaid. in the I'n
t he case of usi the .ganoal um nu oTpo. hi_s und i s used
in such an anf® 5’ Egﬁg glﬂf gg f&dmé q‘q?efle&a&j'ﬁfng ufrPnum
conmpound in"t sten1becones usual |y about 0Oto

mol /i ter-po ynefization vol une, pr ef erabl y about 0 to 2 mol/liter.

Wen the ethyl ene ff Jnd R8skebEl ugklgé'ehélian%ltéﬂqom@ eo#éé upf0! yene

gr oup- cont ai ni ng nor bor nens conpound (Ti1) Zzet in the

presence §f the Laladbthd 4k fed inCRMELSE N o‘%‘.‘)lt‘h@ ‘ioﬁi‘QQﬂle conpound
and the or ganoal um num conpound, the copol ynerization reaction is

carried out umsigic idempotnd tboBEeOhetal BoddtaldomdRInG JAohezakle idffk
[err]C, preferably -30 to 80 [err]C, nore preferably -20 to 60 [err] C,

and a pr essuremfourd/metthdhofekg/ cofpsundlanih riife palemieldration SPstem
kg/cnferr], preferably nore than O kg/cnferr] and not nore than - = 20
“kg/cnferr]. of 0.5_to 20, preferably 1 to 10.
| In the case of using the organocaluminum compound, this
10 compound is used in such an amount that the concentration
of the organoaluminum compouna in the system becomes
usually about 0 to 5 mmol/liter-polymerization volume,
preferably about b to 2 mmol/liter.
When the ethylene (i), the o-olefin (ii) and the chain
15 polyene group-containing norbornene compound (iii) are
copolymerized in the presence of the catalyst [a]
comprising the soluble vanadium compound and.thé
organcaluminum compound, the copolymerization reaction is
carried out under the conditions of a temperature of -50 to
20 100 °c, preferably -30 to 80 °C, more preferably -20.-to 60
°C, and a pressure of more than 0 kg/cm? and not more than
50 kg/cm?, preferably more than 0 kg/cm? and not more than
20 kg/cm?.
When the ethylene (i), the a-olefin (ii) and the chain
25 polyene group-containing norbornene compound (iii) are
copolymerized in the preseﬁce of the catalyst [b]

comprising the metallocene compound and the organocaluminum

oxy-compound or the ionizable ionic compound, the



Wien the ethylene (i), the [err]-olefin (ii) and the chain 25 polyene

gr oup- cont ai ni ng nor bornene conpound (iii) are copol ynerized in the -
presence of the catalyst [Db] conprising the netall ocene conpound and

t he organoal um num oxy-conpound or the ionizable ionic conpound, the

96 copol yneri zation reaction isggrried out under the _ _
conditions of a tenperature of -20 to 150 [err]C, preferably O to 120 -
[err]C, nore Eref rably O to 100 er;ic, and a Bressure of nor e t han

0 kg/cnferr] SABCHEPCRBFREIIRA TSRS WL e CRF T LEHePRF aWRYSY H9pre than 0

(Fean: ool dentanit 7o ¢hed Crmpetatid, e <20, £o. 150, HomIARAP I Gooss)

isinth 0 i t 1

mnutes to 3 €8 220, mdlircker B oCTo g08 APhita M ARG B s Such
10 t al j | | t '

Th the presertors,coes 8118/ BAd, RALBLL R0 0 WP, [ bPeterably |

the chai n5pol 46pe €hAYPo GI@I2NRAA not moRET BRINENE 1GHmRauUNd (iii) are fed

to the polynerization systemin such anpunts that the unsaturated
ethyl ene 15 copol ¥Herréayt itth ttiteaf(Reaftrbb0a6HCE PELH | Tn CHEOYR 1 0N i
obtained. In the-copolynerization, a nolecul ar wei ght nodi fi er such
as hydrogen cestnbinesid aygsblymerization Yheteb8E & his etlee (dgngd -
[err]-olefin (ii) and the chain pol yene group-cont ai ni ng nor bornene
“conpound (iiivwseakly 29 mivopwds rier Sz duns, dprefebaldlybby epinvtesurcsaBur at ed
et hyl ene copolyner is usually obtained in the formof a

hours, though it varies depending on the conditions such as
- 10 catalyst conéentration and polymerization temperature.

In the present invention, the ethylene (i), the O-
olefin (ii) and the chain polyehe group-containing
norbornene compound (iii) are fed to the polymerization
system in such amounts that the unsaturated ethylene:

15 copolymer having the aforementioned specific composition is
obtained. In the copolymerization, a molecular weight
modifier such as hydrogen can be employed.

| When the ethylene (i), the o-olefin (ii) and the chain
polyene group-containing norbornene compound (iii) are

20 copolymerized as described above, the unsaturated ethylene
copolymer is usually obtained in the form of a
polymerization solution containing the copolymer. This
polymerization solution is treated in a conventional way to
obtain the unsaturated ethylene copolymer.

25 (Vulcanizable rubber composition)

The rubber composition containing the unsaturated

‘copolymer of ethylene acéording to the invention is a



pol ymeri zati on sol ution cbntaining t he copol yner. This pol yneri zati on

solution is treated in a conventional way to obt ai n t he unsaturated
et hyl ene copol yner. 25 (Vul cani zabl € rubber conposition)
The rubber conposition containing the unsaturated copol yner of

et hyl ene according to the invention i%%z _

97 vul cani zabl e rubber conpositi®oh. (The rubber conposition of
the invention is sonetines referred to as "vul cani zabl e - rubber

- conposi tion heanudicaafizebly Fhbber ubdrapogidripns. t i (The rubberanofiposiisiani n t he
unvul cani zed state, but if it is used as 5 the vul canized product, nuch
nmor e i npr oved Ofr §per inwentian is sometimed eferred to as "vu¥panizable

vul cani zabl e rubber conposition according to the, i nvention can be
vul cani zed by THERErngoMpogithon hereinaffierni z{Thd sagukbesr compPagibiomg it
with electron ray 10 w,thout using a vul canizing agent., . The
vul cani zabl e Feﬁbgﬁ UsRgodPt FiR wvy Jrﬁﬁéﬁﬁt@ﬁe' bud Frgyl'épb? oppedtasd v
contai n other _conpo entS'aacorq%n to the: .neyrgpée in addition to the
unsat urat e cSH8 YHEFABEZSS BrOy dpeh Ainre AnPEoUss; pEaPERGT St reen
unsaturated c OE&HE%it&é of -.ethylene is contained in an anount of not

| ess than 20 % y Weight, preferably not |less than 25 % by wei ght,

based on the whal 6, 20BN 81 e tﬂ&hﬂéib%gn oTRI8h! 58Bording to the
Exanpl es of the other conponents which nay g |ncorpor5%ed into the
conpesi tion i&ﬁbéﬁ%i&ﬁré&ﬂsbéh@@iééﬂfhed by heating it with a
vulcanizing agent or irradiating it with electron rays
10 without using a vulcanizing agent.

The vulcanizable rubber composition of the invention
may appropriately contain other components according to the
purpése in.addition to the unsaturated copolymer of
ethylene, and it ié desired that the unsaturated copolymer

15 of ethylene is contained in an amount of not less than 20 %
by weight, preferably not less than 25 % by weight, based
on the whole amount of the rubber composition.

Examples of the other components which may be
iﬁcorporated into the composition include various chemicals

20 such as reinforcing agents, inorganic fillers, softening
agents, antioxidants (stabilizers), processing aids,
compounds which constitute a foaming system (e.g., foaming
agent and foaming aid), plasticizers, colorants, blowing
agents -and other rubber_additiveé. The kinds and the

25 amounts of the additives are pfoperly determined depending
on the purpose. Of the above additives, preferably used
are reinforcing agent, inorganic filler, softening agent,

etc. Details of these additives are described below.



20 such as reinforcing agents, inorganic fillers, softening agents,,
antioxidants (stabilizers) |, processrng ai ds, conpounds whi ch
constitute a foam ng system (e.g., foam ng. agent and foam ng aid),

pl astici zers, colorants, blow ng agents and ot her rubber additives.
The kinds and the 25 anDunts of theggdditives are properly deternined
dependi ng on the purpose O the above additives, preferably used
are reinforcing, agen inorganic filler, softening agent, etc. Details
of these addi®SHE ‘ ingpganic filler

98 - Reinforcin ent d |nor anrc filler Exanpl es of the
reinforcing agent QWQ thgnrein °rﬁ+%%k§9%HE§1%EF¥§§9 CEFPONLEFR, MAF,

| SAF, SAF, ET d | b d.b
surface treat ]r‘%d{ gsr'l"é’fh taﬁesggw g']?g e nggkwrféﬁfaasﬁ@%cp%ﬁ%ﬁ Y

ts, 1] b t wd t al
et ofE et Selgm ettee, pome oot
precipi taged ¢ ¢he GRS/ %a%%homasks%fwdsiug@ét&?&ma{ %g%ﬂ@ clay. 10

The rubber conposrtlon of the I nventlon Ha rernforcrng
agent and/ or gmdaﬂorﬁwatfeﬁ' bs&crﬁmaearbonat@ntﬁwdéify 4@l kpgnot more

than 300 parts by wei ght preferably 10 to 300 parts by wei ght, nore
preferably 1@dwdery 311$@Qcpae§a by wei ght, based on 100 parts by wei ght of
the 15 unsaturated copol yner of .ethyl ene. From t he r.ubber

“conposttion cont aigxangpliele ofeithboinbhganic fiHpan intlude peevépireatedaned
amount, a vul cani zed rubber
calcium carbonate, ground limestone, talc and clay.

10 . The rubber composition of the invention may contain
the reinforcing agent and/or the inorgaﬁic filler in an
amount of usually'not-more than 300 parts by weight,
preferably 10 to 300 parts by weight, more preferably 10 to.
200 parts by weight, based on 100 parts by weight of the

15 unsaturated copolymer of ethylene.

From the rubber composition containing the reinforcing
agent in the above-mentioned amount, a vulcanized rubber
improved in mechanical properties such as tensile strength,
tear strength and abrasion resistance can be obtained.

20 If the inorganic filler is added in the above-
mentioned amount, the hardness‘can be improved without
deteriorating other prqperties of the vulcanized rubber,
and the cost can be lowered.

Softening agent
25 As ﬁhe softening agents, those conventionaliy added to

rubbers can be widely used, and examples thereof include:



I nproved in nmechani cal properties such as tensile strength, . tear
strength and abrasi on resistance can be obtained. 20 If the
inorganic filler is added in the above- . nmenti oned anount, the hardness
. can be inproved w thout deteriorating other properties of the
vul cani zed rubber, and the cost \n be | ower ed. - Sof t eni na aaent
25 As the softening agents, th conventionally added to
rubbers can be wi dely used, and exanpl es thereof include:
99 pet pektroirety peypefsefiiaminmyagentss ushchsaprpresssmidil,
lubricant, paraffin, liquid paraffin, petrol eumasphalt and vasel i ne;
coal tar typéubﬂtcsntngpageﬁfsn,slmu rec@ffia;, patrolsumoasphalt mndh;
~fatty oil type softening agents, such as castor oil, | i nseed oi
rapeseed oi | vaggléseenut oil ; maxes such as tall oil, factice

beeswax, carnauba - wax and Ignolln atty acjds and atty
acid salts, such 598t EfFoF¥PR SO ten%ﬂﬂ(?gﬁ&§ﬁw1?P8 a@?dc° rf¥m3AAkar at e,

cal cium earatﬁ %nd ¢ _zinc laurate; and synt heti c high

pol ymer mht eFP8ts AL RAEER! pet r ol eum resin, atactic polypropyl ene and
© coumar one- i ndene fe e | eyn t ype
. softening aﬁggl:% o}i%dt 75U ]Fl? eél|’g é’rgr’ e Sﬂ g%o%ée%%&g fﬂ

linseed oil, rapeseed oil and coconut oil;

waxes, such as tall oil, factice, beeswax, carnauba
wax and lanolin;

10 fatty acids and fatty acid salts, such as ricinoleic
acid, palmitic acid, barium stearate, calcium stearate and
zinc laurate; and

synthetic high polymer materials, such as petroleum
resin, atactic polypropylene and coumarone-indene resin.

15 Of these, preferred are petroleum type softening
agents, and particularly preferred is process oil.

The softening agent may be contained in the rubber
composition of the invention in an amount of usually not
more than 200 parts by weight, preferably 10 to 200 parts

20 by weight, more preferably 10 to 156 parts by weight,
particularly preferably 10 to 100 parts by weight, based on
100 parts by weight of the unsaturated ethylene copolymer.
Antioxidant

The antioxidant is preferably contained in the rubber

25 composition of the invention because the material life can
be lengthened.

Examples of the antioxidants include:



The softening agent nmay be contained in the rubber conbosition of the

I nvention in an anount of usually not : nore than 200 parts by weight,
preferably 10 to 200 parts 20 by weight, nore preferably 10 to 150 parts
by wei ght, particularly preferably 10 to 100 parts by wei ght, based on
100 parts by weight of the uﬁsaturatggoethylene copol yner. . Anti oxi dant

: The antioxidant .is preferably contained in the rubber 25 conposition of

the invention because the material life can . he, | engt hened.
Exanpl es of the afioRtd&nSSORERTeamine type stabilizers, such as

éggnylnaphthﬂpeunéyﬁgéﬁéﬁyiaﬁx%%ﬁf4agln?F %Re stabilizers, such as-
di met hyl benzy égrgéﬁ{ﬁgyén%@ﬂ%lﬁg%gyw?ﬁ&ng' _%% f}\?*}% Al-& a?pglézhyl—p—

phenyl enedi am™ne; ypé~ st

2,6-di-t-but | phenol , .and

tetrakls (n'eyEL ?‘hé(le ekél g'@(dl-t butyl

4' - hydr oxgpheny! )&rﬂaaoqnac%ftagmzers, such ad Y QRIdI&-buRg1skabilizers,
such as bi s(2-nethyl-4-(3-

~ n-al kyl t hi opr@RIBAEHEANT,Sahdbebylakesy (nethfides-3-13 ', 5¢ -dlhenguayﬂazol e

type stabilizers, such as 2- nercaptoben2|n1dazole
di t hi ocar bamsag @Hmmterﬂyupmplsﬁabemema}i@ '
di but yl di t hi ocar bamate; and qui nol i ne type stablllzers such as

“a pol yrer from 1Z%hidethért typet Byabi]l Pzel sy dsuaiuiaso bisd 2 -métbyd- ~4-(3-
- stabilizers

n—alkylthiopropiony;oxy)—5—t—butylpheny1)sulfide;
10 - benzimidazole type stabilizers, such as 2-
mercaptobenzimidazole; |
dithiocarbamate type stabilizers, such as nickel
dibutyldithiocarbamate; and

gquinoline type stabiliéers, such as a polymer from

15 2,2,4-trimethyl-1,2-dihydrogquinoline. These stabilizers
may be used in combination of two or more kinds. '

The antioxidant may be used in an amount of not more
than 5 parts by weight, preferably not more than 3 parts by
weight, based on 100 parts by weight of the unsaturated

20 copolymer of ethylene.

Processing aid

As the processing aids, those conventionally added to
rubbers can be widely used. Examples thereof include
various acids, Sugh as ricinoleic acid, stearic acid,

25 palmitic acid and lauric acid; salts of these higher fatty
acids, such as barium stearate, zinc stearate. and calcium

stearate; and esters of the above acids.



‘may be used in conbination of two or nore kinds. The anti oxi dant

may be used in an anount of not nore than 5 parts by weight,

preferably not nore than 3 parts by wei ght, based on 100 parts by
~weight of the unsaturated 20 copolynmer of ethylene. Processing aid
: As the processing aids, those convengipgnal |y added to rubbers can be
‘wi dely used. Exanples thereof I ncl ude - various acids, such as

‘ricinoleic acid, stearlc acid, 25 palmtic acid,and Iaurlc acid; salts of
“these higher fattyThe Pr%*’tfsm%@r}ﬁl gavpRei uFed Haran AMoyHe oft @dtat e and

cal ci um stear te d este of ,t he above aci

101 mOﬁ%e%rbe@Q Wy BE. (DERERTALEY MR Moy them 5
nore than 10 arts eferab not re than arts by :
wei ght , baseog %’q:d q%éﬂ' eSheR owgh@argo by l'a"r é%fed:hfgpol yner of
et hyl ene. 5h&ggéﬁgggaéuﬁé§§“ her By thyvl exgen the rubber conposition of

the invention1s eating, conpounds which constitute a
vuIcanlza5|onv§%§éﬁg§£§§y5g§§gvu!can|2|ng agent, vul cani zati on
accel erator and vulcanization aid are 10 generally added to the rubber
conposi tion.. When tHXUHIRS @bmbbB8ivibs vt ZEHE BBAMLS MIsoyabl e
herein i ncl ude sul fur, sul fur conpounds and organi c peroxi des.
There is no spgbddniczdd Mt aieastringn tbRpbitpds ofhich fednstitute a

vuléanizatioﬁ system such és vulcanizing agent,

vulcanization accelerator and vulcanization aid are

10 generally added to the rubber coﬁposition.

Examples of the vulcanizing agenﬁs employable herein
include sulfur, sulfur compounds and organic peroxides.

There is no specific 1imit§tion on the type of sulfur,
and, for example, powdery sulfur, precipitated sulfur,

15 colloidal sulfur, surface-treated sulfur and insoluble
sulfur can be employed.

Examples of the sulfur compounds include sulfur
chlofide, sulfur dichloride, high-molecular weight
polysulfide, morpholine disulfide, alkylphenol disulfide,

20 tetramethylthiuram disulfide and selenium
dimethyldithiocarbamate.

Examples of the organic peroxideé include:

alkyl peroxides, such as dicumyl peroxide, di-t-butyl
peroxide, di-t-butylperoxy-3,3,5-trimethylcyclohexane, t-

25 Dbutylcumyl peroxide, di-t-amyl peroxide, 2,5-dimethyl-2,5-
di (t-butylperoxine)hexyne-3, 2,5-dimethyl-2,5-

di (benzoylperoxy)hexane, 2,5-dimethyl-2,5-di (t-



and, for exanple, powdery sul fur, precipitated sulfur, 15 coll oidal

sul fur, surface-treated sul fur and insoluble sul fur can be enpl oyed.
Exanpl es of the sul fur conpounds include sul fur : chl oride, sulfur

di chl oride, high-nolecul ar weight pol ysul fi de, norpholine disulfide,
al kyl phenol disulfide, 20 tetranmejpglthiuramdisulfide and selenium

di net hyl di t hi ocar bamat e. Exanpl es -of the organi c peroxides

i ncl ude: al kyl peroxides, such as dicunyl peroxide, di-t-butyl
per oxi de, dibutyinetareridexa®es, 8. or -vasligFbutybberexyesmt - 25 butyl cunyl
per oxi de, di-t-anyl peroxide, 2,5-dinethyl-2,5-

di (t-butyl persopropiabenzede 2n8- ti-betyy | hxisoperoxide;

di (benzoyl per oxy) hexane, "2, 5-di met hyl -2, 5-di (t-

102 but yl pdesopyhesiers puch]as| erbitybinguoxyscastedecx g-butyl

| sopropyl ) benzene and t-butyl hydroperoxi de; per oxy esters such

as t-butyl ﬁ%ﬁﬁ?@@é@F&FﬂrangquPUtyl Pe%ﬁ%fhymﬁbﬁﬁbyﬁate t - butyl
FeggﬁiFlgali)qy Butyl gq?elc aC|d t - but yl pg%gfyggggggfnoate,
Per oxi des. i BRENFAA Se ot ﬁéﬂ‘%ﬁg‘”"rﬁf eﬁo%m%a}awe RPids. 0
G These, Tl kP 9 e ERELALE,
[errJC, forT%ﬁ%@md%gaghﬁugﬁkoﬁﬁﬁgé!ﬁE& be used in combination of two

or more kinds.

10 Of these, preferred are organic peroxides having a
temperature, at which the half-life period thereof is one
minute, of 130 to 200 °C, for example, dicumyl péroxide,
di-t-butyl peroxide, di—t—butylpéroxy—3,3,5—
trimethylcyclohexane, t-butylcumyl peroxide, di-t-amyl

15 peroxide and t-butyl hydroperoxide.

df the above-mentioned various vulcanizing agents,
sulfur or the sulfur compound, especially sulfur, is
pfeferred in the invention, because particularly improved
properties of the ruﬁber composition can be exhibited.

20 When the vulcanizing agent is sulfur or the sulfur
compound, it is used in an amount of 0.1 to 10 parts by
weight, preferably 0.5 to 5 parts by weight, based on 100

‘ parts by weight of the unsaturated ethylene copolymer.
When the vulcanizing agent is the organic peroxide, it

25 is used in an amount of 0.0003 to 0.05 mol, preferably
0.001 to 0.03 mol, bésed on 100 g of the unsaturated-

" ethylene copolymer.

Vulcanization accelerator



di -t-butyl peroxide, di-t-butylperoxy-3,3,5- trimet hyl cycl ohexane,
t-butyl cunyl peroxide, di-t-anyl peroxi de and t-butyl hydroperoxide.
O the above-nentioned various vul cani zi ng,  agents, sul fur or the
~sul fur conpound, especially sulfur, is . preferred in the invention,
gbecause'particularly i mproved poXperties of the rubber conposition
‘can be exhibited. - When t he vulcanizing agent is sulfur or the

sul fur conp used._in anount of 0.1 to 10 parts by

wei ght, preferabl y"l‘i%e% ?W%‘rpé?rt &hgy S\’A‘gffb‘ﬁt CORRRYRA o} 1WiRd as thearts by
Sﬁ:ggﬁlgfn;hz Uﬂsatupﬁﬁg%gﬁ len%@ﬁ&%?&énEF?n ?%Cel?§ﬁqﬂgg}gqnt2ﬁ anount of
0. 0003 to 0.03, éraﬁ%ﬁﬁégégﬂfh co mplﬁa99$nt° 0. 03 nol, based.on 100 g of

t he unsat ur at ene copo VUIcanlzatlon accel erator

103 aé%][ég ¥ é}féevﬁ%gﬂﬁzﬁewﬂ%éfe%sa?%df:use din

vul cani zi ng agent canl zat1 on accel erator prere

combi nati gn. sul fendnidP | RipelintiBe gu&ﬁaamaiémaféss}lerzators i ncl ude:
5 sul f enanmi de conpounds, such as N cycl ohexyl™- 2-. benzot hi azol e-

sul f enani de (lﬁaﬁiotlﬁiﬁ@’.ﬂi ehll\flepdtride (CBS), e EefFdi aapf1emailfenam de and

N, N- di i sopr opyl - benzot hi azol e §u|fenan1de : t hi azol e
conpounds, sLhénzmtﬁiazﬂlﬁﬂyuﬂm@namﬁﬂéaanaeN,N—diisopropyl-z—

benzothiazole sulfenamide;:
thiazole compounds, sﬁch as 2—mercaptobenzothiazolé'
10 (MBT), 2-(2,4-dinitrophenyl)mercaptobenzothiazole, 2-(2,6-
| diethyl-4-morpholinothio)benzothiazole and dibenzothiazyl
disulfide; |
guanidine compounds, such as diphénylguanidine,
triphenylguanidine, diorthonitrileguanidine, orthonitrile
15 biguanide and diphenylguanidine phthaliate;
aldehyde amines or aldehyde-ammonia compounds, such as
acetaldehyde-aniline reaction product, butylaldehyde-
aniline condensate, hexamethylenetetramine and acetaldehyde
ammonia;

20 imidazoline compounds; such as 2—mercabtoimidazoline;
thiourea compounds, such as thiocarbanilide,
diethylthiourea, dubutylthiourea, trimethylthiourea and

diorthotolylthiourea;
thiuram compounds, such as tetramethylthiuram
25 .monosulfide, tetramethylthiuram disulfide (TMTD),
tetréethylthiuram disulfide, tetrabutylthiuram disulfide,
penﬁamethylenethiuram teﬁrasulfide'and

dipentamethylenethiuram tetrasulfide (DPTT);



10 (MBT), 2-(2,4-dinitrophenyl)nercaptobenzothiazole,-2-(2,6- '
di et hyl - 4- nor phol i not hi 0) benzot hi azol e and di benzot hi azyl di sul fide;

guani di ne conpounds, such as di phenyl guanidine, tri phenyl guani di ne,

diorthonitrileguanidine, orthonitrile 15 biguanide and di phenyl guanidi ne
. phthaliate; ' al dehyde am nesjgg al dehyde-ammoni a conpounds, such

as acet al dehyde-ani line reaction product, butyl al dehyde-

ani l'i'ne condensat e, hexanethyl enetetram ne and acet al dehyde ammoni a,

20 i i dazol | $E.t&d@pagadssadticaomrounGer cEtbiaR &S i ne;

t hi.ourea compounds, such as thiocarbanil|de, _, dj.ethylthio v
?Ebutylthi oureélﬁqqhyé@%mh RF8tiPaRakRg Z1inc %’:%"rfﬁﬂzﬁ!da&wyorcﬁr ‘”gé, zinc
i uram conpoungs, suc S.tetranet hy] thiuram 25 nosul.f i de
tetranethylttﬂtﬁiﬁﬁéﬁ@ﬁﬂﬂ&lﬁblf?ﬁggﬁ?g €, z%%ﬁr%éﬁ%ﬁéﬂ%ﬁi%#&&h CEAPRTaES
tetrabutylthiuram disul f.ide . e .yramtetrasul fi de and
dipentanethyleﬁ%f*ﬁl94$%¥ﬁgFP¥%§FFnggégﬁgﬁ%gg’rg%é&dﬂ. : | "

104 i.1hi i,6l . un s j vies
di met hyl di t P opéa%'rnb%r?gltlgﬁ't%l%ggg}oéﬁﬁggﬁi %'%%%%ar Fnetyldithiocarbamate
di - n-butyl di t hi QEARKATRES un? WRfeBhPYEPERIYESHBAHLLADaMAL €, zinc

butyl phenyl di t hi ocarbamate, 'sodium 5 dinethyldithiocarbamate, selenium
di met hyl di t hi ocar bagg@ifthate cefigotls il udh cagreiing dithitydanhahate; and

- xant hat e conpounds, such as zinc-dibutyl xant hate; and
- - zinc white.
The vulcanization accelerator is desirably used in an
10 amount of 0.1 to 20 parts by weight, preferably 0.2 to 10
parts by weight, based on 100 parts by weight of the
unsaturated ethylene copolymer. |
Vulcanization aid (Polyfunctional monomer)
When the organic peroxide is used'as the vulcanizing
15 agent, a vulcanization aid is preferably used in an amount
of 0.5 to 2 mol based on 1 mol of the organic peroxide,
preferably almost in the equimolar amount.
| Examples of the vulcaﬁization aids. include:
sulfur;
20 quinonedioxime compounds, such -as p-quinénedioxime;
(meth)acrylate compounds, such as trimethylolpropane
triacrylate and polyethylene glycol dimethacrylate;
allyl compounds, such as diallyl phthalate and
triallyl cyanurate;
25. maleimide compounds, such as m-phenylene bismaleimide;
and

divinylbenzene.

Foaming agent



zinc white. The vul cani zation accelerator is desirably used in
an 10 anpunt of 0.1 to 20 parts by weight, preferably 0.2 to 10

" parts by weight, based on 100 parts by weight of the unsat ur at ed

- ethyl ene copol yner. Vul cani zation aid (Pol yfunctional nononer)

: When the organic peroxide is used acsjmg]e vul cani zing 15 agent, a

! vulcanization aid is preferably used I'n an amunt of 0.5 to 2 nol

" based on 1 nmol of the organlc per oxi de, preferably alnost in the

- equi ol ar armunt When the ]Eﬁlén‘fﬁf&o%lftlt% %I@&n#?&?ﬂ&‘@ﬁl gentaside:

. sul fur; gu non %ox me_gconpounds, sych as geﬁw nonedl oXi e;

(et h) acryl af’eceﬂ‘ﬁﬁ’ Hﬂd cRORRELGY t?ylftﬂam’ﬁgaﬁé’s SYcRRF 3 ate and
BOLYEUIY one kit GHURLPSE!Y! Blfing nid,. se ZonibsiRIBRIE pguCh o
conpounds, sg(&gjgﬁtghpggn%&gemgim ei m de; ~ and

~di vi nyl benzene g agen

105 5 Wiga the Egbhehg CUmAS tiQpdy c%ﬁ%ehﬂ!@ﬂ&iﬂ? &Q&? airps

a conmpound whi ch constitutes foam ng system suc
agent or a f@ﬁ@‘EBaﬁ'ﬂol&ﬂﬁgcéiﬁ¥ﬁﬁﬁéﬁ§1d%%ﬂb@ew1de1y ﬁEE&eCtﬁﬁkéfbdlﬁﬁn

ol ding. examples thereof include inorganic foaming agents, such as
sodium bicarbonate, sodium carbonate, ammonium bicarbonate,
ammonium carbonate and ammonium nitrite; nitrosoicompounds,

- 10 such as N,N'-dimethyl-N,N'-dinitrosoterephthalamide and
N,N'—dinitrosopentamethylenetetramine; azo compounds, such
as azodicarbonamide, azobisisobutyronitrile,
azocyclohexylnitrile, azodiaminobenzene and bariﬁm
azodicarboxylate; sulfonylhydrazide compounds, such as

15 benzenesulfonylhydrazide, toluenesulfonylhydrazide, p,p'-
oxybis (benzenesulfonylhydrazide) and diphenylsulfone-3,3'-
disulfonylhydrazide; azide compounds, such as calcium
azide, 4,4-diphenyldisulfonylazide and p-
toluenesulfonylazide.

20 Of these, preferred are nitroso compounds, azo
compounds and azide compounds.

The foaming agent may-be used in an amount_of 0.5 to

30 parts by weight, preferably 1 to 20 parts by weight,
based on 100 parts by weight of the unsaturated copolymer

25 of ethylene. From the rubber composition containing the
foaming agent in such amount, foamed products having an
apparent specific gravity of 0.03 to 0.8 g/cm3 can be

produced.



5 As the foaning agents, those conventionally used in t he foam

nol di ng of rubbers can be w dely used. Particular exanpl es t hereof
i ncl ude i norgani c foam ng agents, such as sodi um bi carbonat e, sodi um
car bonat e, anmoni um bi car bonat e, anmoni um car bonat e and amoni um

nitrite; nitroso conmpounds, ‘10 suc S

N, N -di nmet hyl -N, N -di ni trosot er epht hal am de and

N, N - di ni trosopent amet hyl enet etram ne; azo conpounds, such
azodi car bonani de, I8z 6onbiBabiey rehel rthe, foaming @Q@@&@Iéhﬁ??Mhngrai@
azodi am nobenzene and barlun1 azodlcarboxylate, sul f onyl hydr azi de
conpounds, sGeR ke employedy e Waeh fidhey | IRaming @&d ﬂSIH§ﬁ@sthonylhydraZ|de

p, p' - : benzenesul f ony drazi de) and._di hen Is | f one- 3, 3' -

di sul f onyl hyG’Pé'%l&é L1090y dgaEb%%Lﬁggec%cﬁp asyt 8?”% of azi de

4, 4- di phenyl quon azid nesul f on zi de. O

these, IOpre?e g&mng E-?POESH‘B%E%%%%SOJT r;b Léeam%’ Séﬁgs and a2| de

conmpound do [ t_ pf 5to
S%y acce erati Per ab %3&% T )hé?:eéolfsgﬂd Pni‘?o@:@gg of t1'9e

30 parts t, pre S by weigh sed on 100
parts by wei QJéfsuQElhBefH&%aéHﬁ%éde%a/nerma%élegf oft Bk ePgamihg Om t he

rubber conposition contalning th foam ng agent 1 n such anount, foaned

products haviag@nke 1nclué@p@f§él§1§%:ld§ CﬁchLVlaTSYSQ.ﬁ.J.@yQ§ct&cﬂd8 g/ cnB can
be produced. 106 In

-conbi Rati on whithalhe hesd] ngregeid adid eaid RFadiid acid, Gosabendénptoyed

When the foamng aid is used in _
derivative.

10 | The foaming aid may be used in an amount of 0.01 to 10
parts by weight, preferably 0.1 to 5 parts by wéight, based
on 100 parts by weight.of the unsaturated copolymer of '
ethylene.

Other rubber

15 The rubber composition of the invention may contain
other known rubbers as long as the objects of the invention
are not marred.

Examples of such rubbers include natural rubbers (NR);
isoprene type rubbers, such as isoprene rubber (IR); and

20 conjugated diene type rubbers, such as butadiene rubber
(BR), styrene-butadiene rubber (SBR), acrylonitrile-
butadiene rubber (NBR) and chloroprene rubber (CR).

Also employable are conventionally known ethylene-o-

olefin copolymer rubbers, for example, ethylene-propylene
25 random copolymer (EPR) and ethylene-o-olefin-polyene

terpolymer other than the unsaturated copolymer of

ethylene, such as EPDM.



conmbi nation, various effects such as |owering of deconposition
tenperature of the foam ng agent, 5 accel eration of deconposition thereof
and uniformty of the resulting foam can be exerted. Exanples of the
f oam ng agents include organic acids, such as salicylic acid,
phthalic acid, stearic-acid and oxaliﬁ acid, urea and its derivative.
10 The foan1ng aid may be used |Z an anount of 0.01 to 10 parts
by weight, preferably 0.1 to 5 parts by weight, based on 100 parts by
wei ght of the unsdthe and¢apdgebyserubber comp@sid;dqm@f the ing@ehsdionubber
15 The rubber conposition of the invention may contain ot her
known rubber 3k he Ryepanese f5pmethe 'émsqlmramrqqmitymer ofzeshydengar r ed.

Exanpl es of such rubbers include natural rubbers (N i soprene type
r ubbers, sucﬁ”ﬁg ! o F@BﬁéPnﬁaﬁyt %ﬁdca@RPQRﬂﬁﬁJ EPTYEBLEOPShe

bb h b t adi but adi bb
(SoR ner vt eqaae  £91° pigpdfling bbbt B enddl ) Mo BARTLS FHAPCT
CR | |
élegln copo|9ﬁ§?ék&%ﬁ%¥€ %%or§§§gr8 Cg€%§g5+gE%k%%bpyggﬁg%p?éegggn%5%1

copol yirer (ERHeh el WoehSs hghr. }coé&é'j‘hrfhf’ WP ¥nutes LSRG ¥R Ot her

t han the unsaturated copol ynmer of ene, suc
107 internal mixer such as Banbury mixer, kneader and

intermixer;-then the vulcanizing agent and ;he
vulcanization accelerator or the vulcanization aid are

10 added if necessary, and the resulting mixture is kneaded at
a roll temperature of 40 to 80 °C for 5 to 30 minutes using
a roll (e.g., an open roll) or a kneader, followed by
delivering. Thus, a rubber composition (rubber blend) in
the form of usually ribbon or sheet can be obtained.  If

15 the temperature for kneading by the use of the internal
mixer is low, the wvulcanizing agent, the vulcanization’
accelerator and the foaming agent may be simultaneously
kneaded.

(Vulcanized rubber)

20 A wvulcanizate (vulcanized rubber) of the rubber
composition of the invention can be obtained by generally
preforming the unvulcanized rubber composition into a
desired shape using various means such as an extrusion
molding machine, a calender roll, a press, an injection

25 molding machine and a transfer molding machine, and
simultaneously'or thereafter heating the preform in a
vulcanizing bath or irradiating it with electron rays so as

to vulcanize it.



The vul cani zabl e rubber conposition of the invention can be b}epared
fromthe unsaturated copol yner of ethylene and t he above-nenti oned

. ot her conponents by conventi onal processes for preparing rubber

bl ends. For exanple, the 5 unsaturated .copol yner of ethylene and ot her
conponents are kneaded at 80 tppg70 [err]C for 3 to 10 mi nutes using

“an I nternal m xer such as Banbury m xer, kneader and

.interm xer, then the vul cani zi ng agent. and t he vul cani zati on
“accel erator or thdRAR ChHe FAOPSE SPEPGFitian 1 dgekranizesk bysBeatingd t he

~resulting mixture i.s kneaded at . . oarpll f erature of 40 to 80 [err]C
for 5 to 30 nitfut '|ﬁ5mp°51%18nr6Flpfﬁgﬁ??hii?hﬁﬁﬁ? @Y P or a kneader,

the form of (TIRTVHTHSE 450 R8ar 7. Rk dhay Hiplucs” B8fpe"a"" "
temper at ure gty kigadidie, B ke g 0f14e ALETPAliaizeq HIXCtEkS |OW the

vul cani zi ng agent he vul cani zati1 on accelerator an e Toam ng

agent maysgbe §j fer
g ysbe &i1eddaRe0 Y buency eléééfﬁﬂagnetlc wave) , steggésf g?Mthe

(Vul cani zed rubber) 720 A vul cani zate (vul cani zed ru
r ubber cCeAsd isd1 t0balhe .i nvention can be obtained by generally

‘preform ng the unvul cani zed rubber conposition into a desired shape-

usi ng various nmeamheslidcheatudbegXxtomsooihtion ismhdicagpizedhibge, a cal ender

roll; a press,”an injection 25 nolding machine and a transfer nolding

machi fie, and irradisithent snébuelpcbron meays fwidrhdgatisigot hevpleéniming a
vul cani zing bath or irradiating it with electron rays so as to
vul cani ze it agent, the preformed rubber composition is irradiated with

10 electron rays having energy of 0.1 to 10 MeV, preferably
0.3 to .2 MeV at an absorbed dose of 0.5 to 35 Mrad,
préferably 0.5 to 10 Mrad.

In the preforming and vulcanization, a mold may be
used or may not be used.

15 If a mold is not used, forming and vulcanization of
the rubber composition are generally carried 6ut
céntinuously.

The rubber composition thus formed and vulcanized can
be uséd for automotive industrial parts such as -

20 weatherstrip, door glass run channel, window frame,
radiator hose,_brake parts ana wiper blade; industrial
rubber parts such as rubber roll, belt, packing and hose;
eléctrical.insulating materials_such as anode cap and
grommet; civil engineering and bﬁilding materials such as

25 ©building gasket and civil engineering sheet; and rubberized
fabrics.

“ The vulcanized foamed produdt'obtained by foaming the

rubber blend containing the foaming agent under heating can



108 When the rubber ctonposition is vul cani zed by heating,

t he rubber conposition is preferably heated at a tenperature of 150
to 270 [err]C for 1 to 30 mnutes using a . heati ng bath of hot air,
gl ass bead fluidized bed, UHF 5 (ultrahigh frequency el ectromagnetic
wave), steamor LCM . (nol ten sajggbat h). ~ Wen the rubber
conposi tion is vul canized by irradiation with el ectron rays w t hout
using a vul cani zin ent eforneﬂ r ubber Qonp05|t|on S

i rradi ated wih usf% féﬂre@ﬂa 1P§9i NS ofCUSHLORANG) \eV,
preferably n_ab orbed dose of 0.5 to 35 Mad,
preferably On?tt%]fésl\’/r gga%ng “naflrf f‘ $r 1R pref ormi ng and vul cani zati on,

a nold may be used or may not be used. 15 If a nold is not
-used, form ng and vul cani zati on of t he rubber conposition are

general ly carried out COBEER¢ Vi oN The rubber conposition
t hus fornmed and vul cani zed can e use or autonotive industrial .parts
such as %0 weat heidtiding €80tng! fﬁ@aﬂﬂb&haa"&iamwp@d%ntera

radi at or hose, brake parts and w per bl ade; industri al ub%er parts

such as rubbeiort@lihini hbrbaaﬁ&nagc&mbm Guitably @seel Fbgabrépartagi ng
mat eri als such as anode cap and gromet; civil engineering and

bui | di ng nat er ivelsuasagaralsd bthyTémg gasKameantbeing kxeaylererimg
sheet; and rubberized fabrics. The vul cani zed foaned product
- obt ai ned by fwesrthegingeresistanbberhénte cbsicriiamios pydt beohearesistamrr
under heating can
and having a high vulcanizing rate can be obtained.
10 According to the invention, further, an unsaturated
ethylene copolymer having good balance of the above-

mentioned properties can be obtained.

EXAMPLE
15 The present invention will be further described with
reference to the following examples, but it should be
construed that the invention is in no way limited to those
examples.
{1) In the fpllowing examples to prepare polymers, a
20 substance (EMHN-containing substance), which contains, for
example, not only EMHN (5-(2-ethylidene-6-methyl-5-
heptenyl)-2-norbornene) (true EMHN) obtained by the
following examples to synthesize monomers but also a small
amount of a by-product (5—[3,7—diméthyl—2,6—octadienyl]—2—
25 norbormene), is used as EMHN. Therefore, the term "EMEHN"
sometimes means a mixture (EMHN-containing substance) of
the true EMHN and the by-product, and the term

"ethylene/propylene/EMHN copolymer" sometimes means a



109 be used for heat insulating materials, cushioning

~materials, sealing materials, etc.. EFFECT OF THE
“INVENTION 5 According to the invention, a chain polyene group-

. cont ai ni ng norbornene conmpound suitably used for preparing a novel

P unsaturated ethyl ene copol yner bei ngp-gggcel lent in weat heri ng

; resistance, heat resistance and ozone resistance and having a high

- vul cani zing rate_can be obtaiped. 10 According to the _invention, further,

" an unsat ur at §@PolymeroCRPFRARIRG P YRR MHESH 684 MRLERcdeBived fxamye-
- mentioned properties can be ined. . . } ]

ExavpLE 15 the bytRsoficls ARt atning s, AenEhe dBEY | RS ¢ h
e e | opiBake ue8 kB REAFPL SR e ot Mo prpm enEo0BIL4EY 1)
In the foll owen X . prepare polyners, a 20 substance
( EMHN- cont ai \r%fnghgu g?%ﬁgjé§’BM| ch contains, for exanpl e, not only:

EMAN (5’(§Tethy|iQ?Eg‘§hgebP¥%?fEions of &R ¥k euRALPORNEGe} T L ue

EMHN) obtai ned by ow ng exanpl es to synthesize nononers but

al so a smal | gerivedaeemt ERENG (PY-44 Gt tmain component and the
(5-[3,7-dinethyl -2, 6-octadi enyl]-2-, 25 norbornene), is used as EMHN.

Therefore, thkenkeiruenEMiits [IIsgleidriRedrEacm ghei iyupeodEMHNE Tadlt ai ni ng
subst ance) of : ' -
- were determined in the following way.
Measuring device and measuring conditions
10 Device
NMR: GSH-270 model, FT-NMR, manufactured by Japan
Electron Optics Laboratory Co., Ltd. |
Main conditions of H-NMR spectrum measurement
Observation range: 5,400 Hz (20 ppm)
15 Pulse width: 7.3 usec (45°)
Solvent: hexachlorobutadiene
Rock solvent: deuterated benzene
Measuring mode: proton noﬁ—decoupling
Measuring temperature: 120 °C
20 Concentration: 50.mg/0.4 cc
Number of integrating times: 1,000 to 3,000
Calculation
The area of 5.07 to 5.17 ppm region is taken as si.
The area of 5.17 to 5.35 ppm region is taken as S2.
25 - The proportion (% by mol) of the constituent units
[ITI] derived from the compound [I] as the main component

and the proportion (% by mol) of the constituent units [IXI-



the true EVMHN and the by-product, -and the term
"et hyl ene/ propyl ene/ EMHN copol yner" soneti nes neans a

110 copol ynmer containing true EMAN units and units derived from

t he by-product (EMHN-contai ni ng units) as the EVMHN units, unl ess use
of these terns does not depar't fromi ? obj ect s of the invention. 5
(2) The proportions of the constltuen units [I11] derived from EVMHN
(1) as the mai.n conponent and_t constituent units [Il-a] derived
from the by-@lodezived grom Ehe %T@r‘é@%%? ¥l iare kaleylpsedngywehe
Measuri ng deé QJ& and neasuri,ng conditions 10 Devi ce NVR:
GSH- 270 nodelEOEPHNE SRIALESEEur ed by Japan . El ectron Optics

Laboratory Co., Lt#d,. (Hh%tlons of [err]H NMR spectrum
measur enent ﬁi]' [ng 6S%|on’ran 5,400 Hz (20 ppm 15

Pul se width: 7.3 [qﬁfL@ec[Q§§Lg§§}131+52)] x 10050l vent: hexachl orobut adi ene
Rock sol vent: deuterated benzene 6basur|ng node: proton
non- decougl i ng [T] Measuring tenperature: 120 [err]C 20
Concentration: 50 ng/0.4 cc ) yrber of integrating tines: 1,000
to 3,000 Cal cul ation ) Thelarequf 5.07 to 5.17 ppmregion is
taken as Sl. CHp—C—t CHp—}— C=

1] R?

CHCH;3

[I-a]
R3

| ] Rl
CH—CH =|C'—'(‘ CH, T C =<
. R2
CHj;

10 Reference Example 1
Preparation of catalvst
A 50-ml flask equipped with a stirrer was charged with
43 mg (0.33 mmol) of anhydrous cobalt(II) chloride, 263 mg
(0.66 mmol) of 1,2-bis(diphenylphosphinoc)ethane and 23 ml -
15 of anhydfous decane in an argon atmosphere, and they were
stirred at 25 °C for 2 hours. Then, 17 ml of a
triethylaluminum/toluene solution (concentration: 1
mol/lite;, triethylaluminum: 17 mmol) was added, and the
mixture was stirred at the above temperature (25 °C) for 2
20 Thours to prepare a catalyst.
| thesis of 4-ethylidene-8-methyl-1,7-nonadiene
EMN represented by the following formula was

synthesized in the manner déscribed-below;



The area of 5.17 to 5.35 ppmregion is taken as S2. 25 - The
proportion (% by nol) of the constituent units [I1] derived fromthe
conmpound [I] as the mai n conponent and the proportion (% by nol) of
~the constituent units [II- a] derived fromthe by-product
. [I-a] are calculated by the ° follf ,Ng equati ons. [1]:
i [S2x2/ (Sl +S2)] X 100 [II-a].f%(81-82)/(8|+82)] x 100 5
[0 [err] [1-a] [err] 10
- Reference Exanple 1 _ Prepar ati onCBE cat al yst :

A 50-nl flask equipped with a G5 CHg fﬁa&g@%&g 43 ng (0. 33
mol ) of anhydrous cobalt(11) chloride, nﬁ%cgg) (0?56 nmol ) of
1, 2- bi s(di phenyl phosphi no) et hane and 23 of anhydrous decane in an

argon at nosphere, a%t%ohgy?ﬁglr_g‘h%t%%%%sr% e&eaél 2&&{&&@)Caf regﬁ?‘?%fi% g, :

Then, 17 m of a rie ol uene 'so ron‘(con I on:

ol /1iter, 11 i3 fusTinGE 7lfebmpl)3 e - @lddi@diene BXLUr € was
stirred at the above tenperature (25 [err] for 2
myrcene) and the total amount of the above-prepared
5 catalyst were intraauced in an argon atmosphere, and the
autocléve was sealed. ‘

Then, an ethylene bomb was connected (directly) to the
autoclave, and ethylehe was fed to the autoclave until the
internal pressure of the autoclave became 35 kg/cm?.

10. Then, the autoclave was heated to 95 °C to perform
reaction. During the reaction, eﬁhylene was intermittently
added to the autoclave five times to make up for the
consumed ethylene to thefeby run the reaction for 15 hours
in total.

15 After the reaction was completed, the autoclave was
cooled and then releaéed. The resulting reaction mixture
was poured into 100 ml of water to separate it into an
organ;c phése and an aqueous phase.

The organic phase thus separated was withdrawn,

20 distilled by an evaporator to remove low-boiling substances
and then subjected to 20-plate prgcision vacuum
distillation, to obtain 83 g of the desired EMN (yield: 69
%, B—myrcene conversion ratio: 90 %).

Additionally, 16 g of 5,Q;dimethyl—l,4,8—decatriene

25 (yield: 13 %) was produced as a by-product.



20 hours to prepare a catal yst. Synt hesi's of

4-et hyl i dene-8-nethyl -1 7-nonadi ene ( EWN) EMN represented by the
follow ng formul a was synt hesi zed i n _the manner descri bed bel ow. '
- 112 [err] - Into a 300-m stainless steel
i (SUS316) autoclave 100 g " (734 ) of .
* 7-met hyl - 3-net hyl ene- 1, 6- oct adi ene ( r] - - nmyrcene) and the total

anount of the above-prepared S catalyst were introduced in an argon

at nosphere, and tfae resulggt of| analyess wfaltdwe 4-ethylideneFRemethvil-

et hyl ene "bonb was connected (directly) to the aut ocl ave, and et hyl ene
was fed to tHe 7TatopacddeacydEMN) { patained ghque @gie gse$o9LLewWst the aut ocl ave
becanme 35 kg/cnferr]. _ 10. . Then, the autoclave was heated to 95 [err]C
to perform HddcBrdhinguPPiBtt hb03 e5R t 10N, "CdBRyMBHE was internittently
added to the autoc| fimé flye ti rresli]to make up for the consrrred

ethyl ene to thereld¢!r F7MRe (PREEREMR R bfASs spectrgueptyl: 15 _
Af ter thesreacti on vvasmgonpégheﬂw.t he_l_ aclﬁtloecl.%ve wa cool ed and then
rel eased.” The resulting FeaCtTon mXtUTe 1o P88 6ured into 100 m of

water to separate it into apgg 1930rgaNnidy phgse,gnd an aqueous phase.
The organi:c phase thus separat édlvva's W't hégr'awn,’ 20 distilled by an

evaporator to remashe_mha%bheg;mt&m%j chromatography
_ Column: capillary column DB-1701 (0.25 mm X 30
m), avallable from J & W Scientific Co.
10 Vaporization temperature: 250 °C
Column temperature: maintained at 60 °C for 5
min, then raised up to 200 °C at 10 °C/min
(3) Infrared absorption spectrum (neat, cm1)
absorption peaks: 3080, 2975, 2925, 2850; 1670,
15 1640, 1440, 1380, 1235, 1110, 995, 910, 830
| (4) H-NMR spectrum (solvent: CDCls)

The absorption peaks are described below.



&

and then subjected to 20-pl ate precision vacuum distillation, to

obtain 83 g of the desired EWN (yield: 69 % [err]-nyrcene conversion
ratio: 90 9. Additionally, 16 g of 5,9-dinmethyl-1,4,8-decatriene
25 (yield: 13 %9 was produced as a by-product.
113 The results of analysli of the 4-ethylidene-8-nethyl -
1, 7-nonadi ene (EMN) obtai ned above aré as foll ows. (1) Boiling
point: 103 to 105 [err] 30 mmtHg (2) GC-Ms (gas chromat ography
mass spectronetry). 5 : m Fable4l (M err] nol ecul e i on peak),
149, 123, 95, 69, 41, 27 Measuring conditions of gas .
chronatograqn CoT urmm. _capifrary_coluam Ub-l/UI”(U 45'nn1x
30 o aPPuu(® ¢ oy 1 8 W Sci onProton mimber Peak
Vaporizatlo t enpar.apure: P50 [err](:(3H doublet g L9 gg t enper at uf e:
mai nt ai ned 60 H?rr]C fof 5 then raised up to 00 [err]C Pt 10
[err]C/min -60° (3) |nfrared ab%f'pts'i“ﬁw]se&éctrum (neat, cnferr]
absor ption pjeaks 13680, 29y5, 2925, 2@fi0, <itflet)l5 1640, 1440, 1389,
1235, 1110, [|995 %1%0 830 1H—¥NR sggctrunl(soivent: '
CDCl[err]) The fgbsorpt.ion kgugré & ri bed bel ow.
' 2.06 (2H, multiplet) -
2.80 {2H, doublet, J = 7 Hz)
4.9 - 5.2 ' (3H, multiplet)
5.30 (1H, quartet, J = 7 Hz)
5.75 ' (1H, multiplet)
Example 1
5 thesis of 5-(2-ethvlidene-6-methyl-5-hept -2-
norbornene (EMHN, chain polvene group-containing norbornene
compound (11) exemplified above)

Into a 1l-liter stainless steel autoclave, 240.7 g
(1.156 mol) of 4-ethylidene-8-methyl-1,7-nonadiene (EMN)
10 obtained in Reference Example 1 was introduced. Then, to
the autoclave was introduced 153.0 g (2.314 mol) of
cyclopentadiene over a period of 5 hours, with stirring EMN
under heating at 190 °C and a nitrogen pressure of 2
kg/cm?2. |
15 The system was then heated at 190 °C for 1 hour with
stirring and cooled to room temperature, followed by
reléasiné the autoclave.
The reaction mixture thus obtained was subjected to '
vacuum distillation to remove low-boiling substances, and

20 the residue was subjected to 40-plate precision vacuum



114 Table 1 ppm ([err])

Prot on nunber, Peak - 1.59 (3H, doublet, J = 7 Hz)
1. 60 (3H, singlet) . 1.68 : (3H,
singlet) . 2.00 ' (2H, multiplet) 2.06

(2H, nultiplet) 2.'80 11 (2H, doublet, J = 7 Hz)

4.9 - 5.2 (3H, multiplet). 5. 30  (1H,

gquartet, J :7H_z£ ) 5.75 - (1H, multiplet)
Exanpl e 1 &istillatiomymchehtaiss 58-829ephyFheiRs b tmé-sﬁéﬁt'enyl ) - 2-

nor bor nene (ENVHN . chai n_pol yene group-cont aj ni ng nor bor.nen .
conpound (11?t]@kje}ﬁﬁr}q1§a‘&‘%%’é\;e')5‘hepgeny jE T‘Fl?’go%inle-r’r‘?)t'er%?Fa?’ﬁﬁégs st eel

tocl ave, 240.7 156 1ol ) .of_4-ethylidene- 8- pethyl -1, 7- nonadi
(EW) 10 ot HEc i i Res e, Aiptes iRyt Tty L irien, to

t he autocl ave was. i ntroduced 153.0 g (2.314 nol) of cycl opent adi ene
over a peri 53 fours, with stirri ng EMN-: under heating at 190

[err]C agd a nitr@ﬁ%bipc{“gaﬁwce#gfojﬁg of [gmgtg?]pyriﬂrﬁétst%yllé’s_ The system

was t hen“heated a r -1 hour irring and cooled to

room tenper af Lt £3: &8k OMBA R bornene' fh828bESIAEE &/t WA roduct . ~The

reaction mxture thus obtained was subjected to vacuumdi stillation to
renove | ow b didehSabSRNGeticAdE EREN tbhehé a5y-doiodRe Wiy 6GBad1LO

40- pl at e preci sion vacuum .
- The physiochemical data of the EMHN are as follows.
(1) Boiling point: 138 °C/3 mmHg
10 (2) Gas chromatography mass spectrometry:
m/z 230 (M%), 215, 187, 123, 91, 69
Measuring conditions of gas chromatography
Column: capillary column DB-1701 (0.25 mm X 30
m), available from J & W Scientific Co.
15 Vaporization temperature: 250 °C
Column temperature: maintained at 40 °C for 5
min, then raised ﬁp to 200 °C at 5 °C/min
(3) Infrared absorption spectrum (neat, cm™)
3050, 2960, 2925, 2850, 1660, 1630, 1570, 1440,
20 1375, 1345, 1330, 1250, 1220, 1100, 980, 925, 900, 820,
780, 715 |

(4) Proton NMR spectrum (CDCl3 solvent)

The absorption peaks are described below.



115 distillation to obtain 53.8 g of the desired EVHN (5-(2-
et hyl i dene- 6- net hyl - 5- hept enyl ) - 2- norbornene). The yield was 20.2 %
on the basis of 4-ethylidene-8-nmethyl-1,7- - nonadi ene. 5
Additionally, 10.1 g of [5- (3 7-di met hyl - 2, 6-

oct adi enyl ) ] - 2- nor bor nene was obt alf 6 as a by-product. Therefore, the
ratio of EMHN to the by-product was §.33/1 The physi ochem ca
data of the EMHN are as follows. (1) Boiling point: 138
[err]C/3 nrHg 10 - (2) Gas chr cEp¥®rAphy. nass spectronmetry:

mz Zﬁo (I\/Eerr]), 215, 187, 123, 91, 69 Measuring conditions of
~gas chromatjoaraph Corumm._capirrary_col -

mm x 30 I?P‘gvﬁﬁ)l ahlk from] & \WR¥atan .mmlbp eermy eakurm oo 10T 1020
Vapori zati gn terrgeggture 250 [err] qu multlplet Col umm t enper at pr e:
mai nt ai ned |at 40 ['err]Cf:)r 5 t hen rai se? up to 200 [err]Gat 5
[err]C/min 2.33)| Infrared aﬁH%?pFW&ﬁlE &5 rum (neat, cnferr])
3050, 2960, 29251 8§50, 1p60, 1630, @EHO0,dcbAt, 20=1378z) 1345, 1330 1250,
1220, 1100,] 980, %8 900} 820, CH?B é (4) Proton|] NVR
spectrum ( ¢DC [e?‘r sol vept) . . J)rpt I on peaks are desfri bed
bel ow. 1.67 (3H,-51nglg;6

Table 2 2.7 . (2H; multiplet)

5.10 (1H, multiplet)

5.20 (1H, quartet, J = 7 Hz)
5.9 - 6.2 (2H, multiplet)

Example 2

5 Into a 1l-liter stainless steel autoclave, 153.0 g
(1.157 mol) of dicyclopentadiene and 240.7 g (1.156 mol) of
A-ethylidene-8-methyl-1, 7-nonadiene were introduced, and
they were stirred under heating at 190 °C for 6 hours under
a nitrogen pressure of 2 kg/cm? to perform reaction.

10 After the reaction was completed, the system was
cooled to room temperatﬁre and the autoclave was released.
The reaction mixture thus obtained was subjected to wvacuum
distillation to remove low-boiling substances, and the
residue was subjected to 40-plate precision vacuum

15 distillation to obtain 48.7 g of the desired EMHN. The
yvield was 18.3 % on the basis of 4-ethylidene-8-methyl-1,7-
nonadiene.

Additionally, 9.7 g of 5;[3,7-dimethyl-2,65

octadienyl] -2-norbornene was obtained as a by—product.

20 Therefore, the ratio of EMHN to the by-product was 5.02/1.



ppm ( 8) Prot on number, Peak 0.55

(1H, rnultiplet) 1.1 - 2.3 (10H, multiplet)

1.55 .(3H, doublet, J =7 Hz) 1.60

(3H, singlet) 1.67 ' (3H, singlet) 2.7
(2H, nultiplet) 5.10 11 (1H, nultiplet)

5. 20 (1H, quartet, J = 7 Hz) 5.9 = 6.2

(2H, nmultiplet) Exanple 2 - 5 Into a 1-liter stainless steel
aut ocl ave, 15Reference (1.157 nol) of di-cycl opentadi ene and 240.7 g
(1156 nol) of 4-ethyl i dene-8-nethyl -1, 7-nonadi ene ‘were i ntroduced,
and t hey vver@’Sﬁrﬂr‘(émﬂ-“ﬁeérpﬁgaé%em] f&mqubameng hours under
a nitrogen pressurg of_2 kg/cn2 to performreactiqn. }0 After the-
reaction was conpl EtleFraupl & spefsEum (CDC 30&"3%!'% Foom t enperature and

t he autocl ave was rel egsed. he reaction mxture thus obtained was
subj ected to vacuum %L%EﬁﬂéﬁPlﬁﬁlFbﬂi?B)reane l.ow boi | i ng subst ances,

and the resi due subj ect to 40: te precision vacuum 15
distillatPon to obtain g 7 %I‘éf (Eﬁe 18%%?%@03 N.  The yield was 18.3
% on the basis of 4-ethyldsd - 8.F 1, 7- nonadi ene.

rj15-6|[°:f@-ﬁé|i e ﬁ?/#ﬁ

Additionally, 9.7 g of , 6- oct adi enyl ] - 2- nor bor nene
was obtained as a by-proggctzg,2Qindiekpfore, the ratio.of EMHAN to the
by- product was 5.02/ 1. ; 117

"Ref er ence - [257( 2%, dinGBE DYl e®) 6- OCct adi enyl ] - 2- nor bor nene

5.1 (2H, multiplet)
10 5.9 - 6.2 (2H, multiplet)
(2) Infrared absorption spectrum (neat, cm-l)
3050, 2960, 2925,.2860, 1670, 1640, 1450, 1380,

1340, 1250, 1105, 900, 830, 720

15 Example 3
In a 2-liter polymerizer equipped with a stirring
blade, terpolymerization reaction of ethylehe, propvlene
and EMHN (5—(2—ethylidene—6—methyl—5—heptényl)-2—
norbornene} obtained in Example 1 was continuously carried
20  out. |
This polymerization reaction was carried out in the
following manner.
To the polymerizer were continuously fed, from the top
thereof, a hexane solution of the EMHN-containing substance
25 at a feed rate of 0.5 1l/hr so that the concentration in the
‘polymerizer became lé mmol/l, a hexane solution of
VO (OCH5)Cl, as a catalyst at a feed rate of 0.5 1/hr so

that the vanadium concentration in the polymerizer became



(1) Proton NWVR spectrum (CDCl[err] solvent): 0.55 (1H,-

mul tiplet) 5 1.0 - 2.3 (8H, nultiplet) 1.60

(6H, singlet) 1.68 (3H, singlet) 2.7 (2H,

mul tiplet) 5.1 (2H, nultiplet) 10 5.9 - 6.2
“(2H, - mul tiplet) ' (2) Infrgggg absorption spectrum (neat, cnferr])

3050, 2960, 2925, 2860, 1670, 1640, 0, 1380, 1340, 1250, 1105,

900, 830, 720 :15 ‘Exampl e 3 In a 2-liter polynerizer equipped

with a stirriong mmol/1Lp| adbexmpmmqrzazﬂ @thyvdadumdnumi et hyl ene,

propyl ene eth ne- 6- et hyl - 5- hept enyl ) - 2-

nor bor nene) éﬁﬁﬁlﬁga%Pﬁlé ﬁéf@cZFS $Cam; ﬁﬁo&sF?tei'#?ge%lt ?Of‘iﬁﬂ

Thi s polynerlzatlo r|ed Jn the | oW ng manner.

n was,_c
To the pol yrrEf"Ht?eP iéﬁ |?1‘E|oti}%"1‘ Ut“&lﬂuf%émflﬁﬁntratm’t‘h%?e e a

hexane sol utio

R S ohat PP?ré"“@Ef‘réSﬁtEgH TR ”&ﬁ”bsaﬁ%ﬁﬁ%?ﬁ%bacé £, 03
nexane SOt 108 Gl YL SLIMURLIL) CHE LI A8 Acb el uatydl 2 el

rate of vana un1co atlon ' the polynerlzer
becane continuously drawn out from the top of the polymerizer so

that the polymer solution in the polymerizer was kept
constant in an amount of 1 liter.
To the pblymerization system were further fed ethylene

10 at a feed rate of 140 1/hr, propylene at a feed rate of 160
1/hr and hydrogen at a feed-rate of 15 1/hr using bubbling
tubes. The copolymerization reaction was conducted at 30
°C by circulating a cooling medium through a jacket
provided outside the polymerizer.

15 Through tﬁe-copolymerization reaction under the above
conditions, a polyvmer solution containing an
ethylene/propylene/EMHN—containing substance copolymer was
obtained.

The polymer solution thus ébtained was deashed using

20 hydrochloric acid and then introduced into a large amount
of methanol to precipitate the polymer, followed by wvacuum

“drying at 100 °C for 24 hours.
Thus, an ethylene/propyléne/EMHN—containing substance
copolymer was obtained in an amount of 68 g per hour.

25 In the copolymer, the ethylene constituent units were
contained in an amount of 67.2 % by mol, the propylene
constituent units were contained in an amount of 31.6 % by

mol, the constituent units derived from the EMHN—containing



118 0.2 mol /I, a hexane solution of ethylal um num

sesqui chloride (Al (Cerr]Herr])[err]CJ[err]) as a catalyst at a feed
rate of 0.5 1/hr so that the alum numconcentration in the .
-pol ynmeri zer becanme 2.0 mmol /I, and hexane at a feed rate of 5 0.51/hr.

iOn the other hand, the pol ymer soLutiq@ was conti nuously drawn out
:fromthe top of the polynerizer so that the polyner solution in the
pol yrmeri zer was kept constant in an anount of 1 liter. To

“the pol yneri zoeherarsas twerewdcntiinedeins ag anpynenef 1@ & ky medd eade of

140 1/ hr, propylene at a feed rate of_ 160 1/hr and hydrogen at a feed . -

rate of 15 1gme ROIRF B 9F the ethybese TARSELPMYmERIA/BrORYLEnet i on
vas conduct e gledfbyent ur e&{a%e%ééﬁbtc%ﬁé'fﬂt%&&é' LAl ggoh 2

j acket prov out si yrfrerizer.
copol yneri zat bove condi tions, a polyner

l.on rea i%&,%%ggr %hg Z
sol ution COﬂtEH?H?ﬁP%i e?h I % 9propy|ene/ENHN—containing subst ance

copol yner gwas - ' ) Thesp ' .t hus obt ai ned
- was deashgd usingtﬂﬁgq£%%g§gégrgr?pbgc?aléngftﬁ%%qﬁﬁP?g!g%gggﬁ%?b a large
amount SibIBINA Uordsd iRLRRIPLHAES #88e POLMIBEed T 00 Wad bV ABYUM
drying at 100 [err]C for 24 hours . s, an
I

u .
et hyl ene/ pr opyt eeEMAAARNE 081i88DshaNGE3s % b ARl Welconatiekatned in. .’

~an amount of 68 g per hour. 25 In the copol yner, the ethyl ene
constituent wmits Werived fromntabgegroduat apdu(s, Bidimethyt-Ry 6701 , t he
. propyl ene constituent units were contained in an anmount of 31.6 % by

- nol, the considtadbimnylilt-2-terbesdehebm t he EMHN- cont ai ni ng
10 Then, a composition containing 100 parts by weight of
the ethylene/propylene/EMHN-containing substance copélymer,
5 parts by weight of zinc white No. 1, 1 part by weight of
stearic acid, 80 parts by weight of N330 (trade name: Seast
3, available from Tokai Carbon K.K.), 50 parts by weight of
15 o0il (trade name: Santhen 4240, available from San 0il
K.X.), 1.0 part by weight of a vulcanization accelerator A
(trade name: Nocceller TT, available from Ouchi Shinko
Kagaku K.K.), 0.5 part by weight of a vulcanization
accelerator B (trade name: Nocceller M, available from
20 Ouchi Shinko Kagaku K.K.) and 1.5 parts by weight of sulfur
as shown in the following table was kneaded by a 6-inch
open roll to obtain an unvulcanized rubber blend
(unvulcanized rubber composition).
- The ingredients of the unvulcanized rubber blend are
25 set forth in Table 3.
Estimation of a vuicanizing rate (T90 (min)) of the
rubber blend resulted in 6.1.

The result is set forth in Table 4.



119 substance were contained in an anount of 1.2 % by nol, and
the nolar ratio of the ethyl ene constituent unit/propylene

. constituent unit was 68/32. The intrinsic.viscosity [err] of - t he

. copolymer was 2.5 dl/g. 5 The amount (1.2 % by nol) of the

i EMHN- cont ai ni ng subst ance congijguent units were conposed of 0.85 %
- by nol of EMHN constituent units and 0.35 % by nol of constituent

: units derived froma by-product ([5-(3,7-dinethyl-2,6- .

oct adi enyl )] - 2- nothervielegnizizw rate wasedeterasnpdsini e cdomilawingg 100
parts by wei ght of "t he et hyl ene/ propyl ene/ EMHN- cont ai ni n3g subst ance
copol yner, Mannex.pahs$ sa gyeamiging Gdevicse ARt sukplagtonetay (3 medRdi ght of -
stearic acid, _80 parts by wei of N330_(trade nane:_Seast.. 3
avai | abl e fréﬂ‘?‘%ﬁa@‘@ﬂi"%‘b’ﬁ: ; &Be,r g@'paﬂ:‘&ggywﬁﬁi yRed of %1%1%%‘“(’{%%
name: Santhen 4240, available from San QO | K. K 1.0 ] wei ght
of a vul canigﬁﬂ'ﬁﬁha 21 HEGT AraTue ?m(tapgdghﬁa%m‘ﬂ%gc‘é?f%%%&r,o%vai | abl e
from Quchd Spink ]§§9ﬁgﬂi 1 : | j zation
accel er a[yor gi"%t{r?%r fafre: ccle%]%ég)r tlbl% g\?glg%l%%t?%%ﬁ?gé v%]%#l I nko

Kagaku K. K. )%égﬂ%\ég pé‘rl‘?f Dyl Gl the.s%ﬁ.%mizing?lfa@% in the

following ta neaded by a.6-1nch open ro to obtain an

unvul cani zedekUbhgted! BRGkerms JURHY paRiizEdcEURDRE CBOWOGIIAN) .
The ingredients of the unvul canized rubber blend are 25 set forth in

Tabl e~3. require&Sfobthe i f e evidleC MBI ZboNgeth e TREE ( M EyYineft icne
rubber. blend resulted in 6. 1. _
of T90 (min) of the above rubber blend resulted in 6.1.
10 Subsequently, the unvulcanized rubber blend obtained
by blending the ingredients éhbwn in Table 3 was press
vulcanized at 160 °C for a period of T90 (min) + 2 min
(i.e., G.é + 2 = 8.8 (min)), and the properties of the
resulting vulcanized rubber were measured. That is, T90
15 (min) of the unvulcanized rubber blend and the properties
of the vulcanized rubber were evaluated.
| The vulcanized rubber had a 100% modulus (M100,
kgf/cm?) of 35, a 200% modulus (M200, kgf/cm?) of 85, a
300% modulus (M300, kgf/cm?2) of 125, a tensile strength
20 (Ts, kgf/cm?) of 195, an elongation (Ep, %) of 460 and a
hardness (Hs, JIS A) of 68.
The results are set forth in Table 4.
The abové properties were all measured in accordance

with JIS K 6301.
25



The result is set forth in Table 4.

120 The vul cani zing rate was determined in the foll ow ng
manner. As a neasuring device, JSR curel astoneter 3 nodel (Japan
: Synthetic Rubber Co., Ltd.) was used. A difference bet ween t he
i maxi mum val ue M4 and the m ni'num val ygqM. of 5 the torque obtained from
. the vul cani zation curve was taken as ME (ME = MH- M), and the
vul cani zi ng rate was estimated in terns of the period of time (T90
(min)) required for the different@bME 30 reach 90 %E. Estination

of T90 (m n) of the above rubber blend resulted in 6.1. 10

Subsequent | y, THhe unvul cani Zed [ ubber. bl end obrar ngd — Py prendtmg]t he
ingredientsjshown LRoTagients @5 Upaskcanized, y| can z%ﬁrﬁﬁs)léW'p@#gp@ for a
period of T90 (mn) + 2 mpubber Blend., 6.8 + 2 = B.8 (mn)), and the
properties g resulting_vul cani zed rubber|{were neasur ed. Thal is,

T the
T90 15 (rﬁrﬁéhﬁlqﬂﬁ¥3ﬁ99¥p€5ﬁ'§¥HNr%%E@4YTﬁ%nd ahd the prdferties

of the vul cgnizdast miver Neer @ eval uat ed. The vul gani zed rupber
had a 100% nn%l__l us, . N%%(J).-a kgf /cnferr]) of 35,|a 200% mydul us (M2pO,
kgf/cnferr]) Bh 1% o 300% nodul us (M300, kgf{cnR) of 5, atengile

strength 2(Q N33DB: kgf/cnR) of 195, an elongation] (EB, % 80 460 and|a
hardness (HY, JI'S Aekt 88 from Tokai cdfSor 884t tys|are set forth in Thble

4. The above properties were al|l_ neasurpd in accordance
"wWith 3#S K q3®il (Banthen 4240, from San Oil K.K.) 50
Vulcanization accelerator A 1.0

(Nocceller TT, from Ouchi Shinko
Ragaku K.K.)

Vulcanization accelerator B 0.5
(Nocceller M, from Ouchi Shinko
Kagaku K.K.) _

Sulfur 1.5

Example 4
5 Copolymerization reaction was carried out in the same

manner as in Example 3 except that the EMHN—qontaining
substance was fed so that the concentration in the
polymerizer became 5.9 mmol/l, ethylene was fed at a feed
rate of 130 lfhr, and propylene was fed at a feed rate of
10 170 1/hr, to thereby obtain an ethylene/propylene/EMHN-
containing substance copolymer in an amount of 79 g per
houf.
In the copolymer thus obtained, the ethylene
constituent units were contained in an amount of 62.2 % by
15 mol, the propylene constituent units were contained in an

amount of 37.3 % by mol, the constiﬁuent units derived from



121 . -+ Table 3 | ngr edi ents of

Unvul cani zed Part(s) by wei ght . Rubber Bl end
_Ethyl ene/ propyl ene/ EMHAN copol yner i 100 Zinc white No. 1
¢ 5 Stearic acid ‘ , 1 N330
i 80 (Seast 3, from Tokai Caghon K K.) G| (Santhen 4240,
:fromSan Gl K K) 50 Vul cani zati on accel erator A

1.0 (Noccel | er TT Jrom Quchi Shinko - ' Kagaku K. K.)

vul cani zat i ont%%c@@f? fJE aBnlng substance were gpntained in any REOUBE| er M
f Quchi Shi
{rom Quehl Sy pKP s, % by g0t RS Shar e ditne srtdenea i od out

St ance e Rty Sl ortBUR efle “cOAEE b ud 1 JaTEa00 2 BRRY
5.9 mol /1, eiﬂwﬁ{ﬁavaﬁsf&ﬁ&y 48ﬁ63§ the cépdBydr ik ¥.1r a13ed propyl ene

was fed at a feed rate of 10 170 1/hr, to thereby obtain an

et hyl ene/ gropyl eneffdMdount (0¢88t %I ¥%§Pb§f% BRI G indngh anmount
of 79 g per hour he copol yner thus obtalneg t he

et hyl ene s&@tséﬂdéﬂiﬂinstﬂlth%nﬁeﬁﬁlﬁé%érél%bmﬁbs’é& YPWNB8oR B2 Ao by
15 nol, the propyl ene constituent units were contained in an anount
of 37.3 % by ob|EMHM @ ctE€itulenentninit anded | VEds fiywmol of constituent

@nits derived from é by-product ([5-(3,7-dimethyl-2, 6-
octadiényl)]—é—norbornene).

10 | Then, an unvulcanized rubber blend wés obtained in the
same manner as in Example 3 except that the above-obtained
copolymer was used in place of the ethylene/propylene/EMHN-
containing substance copolymer of Example 3.

Estimation of a vulcanizing rate (T90 (min)) of the

15 rubber blend resulted in 7.7.

The unvulcanized rubber blend was obtained in the same
manner as in Examplé 3 except that the above-obtained
ethylene/propylene/EMHN—containing substance copolymer was
used. The unvulcanized rubber blend was then press molded.

20 The propérties of the resulting vulcanized rubber are

described below.

M100: 27, MZCO: 70, M300: 101, tensile strength (Ts):
161, elongation (Eg): 530, hardness (Hg): 67
The results are set forth in Table 4.
25 |
omparative el
In a 2-liter polymerizer equipped with a stirring

blade, copolymerizétion reaction of ethylene, propylene and



122 t he EMHN- cont ai ni ng substance were contained in an anount

of 0.55 %by nol, and the nblar ratio of the ethyl ene constituent
uni t/ propyl ene constituent unit was 63/ 37. The intrinsic viscosity
[err] of the copolynmer was 2.1 dl/g. 5 - The amount (0.55 % by nol)
‘of the EMHN- cont ai ni ng substanCﬁ gonstituent units were conposed of
‘0. 38 % by nol of EMHN const it ueh? units and 0.17 % by nol of
constituent units derived froma by-product ([5-(3,7-dinethyl-2,6-
oct adi enyl) ] - Zetharidene)2-ndfbornene T(ENB) arasirosHtdamionedy’ chbeiell end
was obtained in the sane nmanner as in Exanple 3 except that the
above- obt ai nedut. copol yner was used in place of the

et hyl ene/ pr opyl ene/ EMHN- cont ai ni ng substance copol yner of Exanple 3.
Esti mation of a vullmadietiand,r toethdopolvmenizer were coBtinubbelybEedd
resulted in 7.7. The unvul cani zed rubber bl end was obtained in
the sane frieghitbe &opi shexaafl cashexarptsahthiohefaB¥Be(dblapritl at

nvul cani od AESEC BPSRIoRaD- Bhbfripr s dotubgon OF vosealta oo
MLOO: 27, Neod FomRges $815 CRFRFYEE f dhdiged FBES oF 0-B13{BTeiBngati on
Tabie o o5 neBulESIpbrBY of eipyieumimn Weddtifiga 308, 200 LAV T,
equi pped Wi th @i156LiLY"9c1, 5) (8.0 mmol/l) as a catalyst at a feed rate
of 0.5 1/hr and hexane at a feed rate of 0.5 1l/hr. On the
10 other hand, the polymer. solution was continuously drawn out
from the top of the polymerizer so that the polymer
solution in the polymerizer was kept constant in an amount
of 1 liter. To the polymerization system were further fed
ethylene at a feed rate of 120 l/hr, propylene aﬁ a feed
15 rate of 180 1/hr and hydrogen at a feed rate of 5 1/hr
using bubbling tubes. The copolymerization reaction was
conducted at 30 °C by circulating a cooling medium through
a jacket provided outside the polymerizer. Through the
copolymerization reaction under the above conditions, a
20 polymer sblution containing an ethylene/propylene/ENB
copolymer was obtained.
The polymer solution thus obtained was deashed using
hydréchloric acid and then introduced into a large amount
of methanol to precipitate the polymer, followed by vacuum
25 drying at 100 °C for 24 hours.
Thus, an ethylene/propylene/ENB copolymer was obtained

in an amount of 64.8 g per hour.



[T PP CE

bl ade, copol yneri zation reaction of ethylene, propylene and

123 5-et hyl i dene- 2- norbornene (ENB) was continuously carried
out . In detail, to the polyneri.zer were continuously fed,
fromthe top thereof, a hexane solution of ENB (7.1 g/l) at 5 a feed rate
of 0.5 1/hr, a hexane sol ution of vQq err]Herr])d[err] = (0.8

. Mol /1) as a catalyst at a feed rate of 0.5 1/hr, a hexane sol ution

- of ethylalum num sesqui chl ori de AI(CIerr]H err])[err]C[err]) (8.0

mmol /1) as a cat alBpsithet cappégmer qtlaus obtaigied). ghy gthydengexane at a feed
rate of 0.5 1/hr. On the 10 other hand, the polyner solutlon was

. continuoustQ$H§WﬁtG@Pt unltst%ﬁ?t?@P§%&P?ﬁ iitherh deBL; 98 r §08tﬁé?Ythe

pol yrer qu ion in ﬁhe po nerizer. was, keg const ant an anount

of 1 liter. oPYBY-73¢1 © §§%§¥ﬁﬁ9wHQ99ﬁJ @rcPBBalne 1Bt#Y1 ene at
o 15 it D S, o gl M
copol ynerg zat] rl%%@hkﬂnaﬂ’a&gount ofofcg”é gg(d?ﬁo SOa_hgr hg RX?.&UE&'E?@ ng a

cool.i ng medi U LA OU ack provi ymeri zer.

Through the o¢ theP%Eﬂ&XEﬁé'ééﬁéﬁi&ﬁéﬁ%“dﬂﬁt/ﬂ%ﬁ%&l@%@ éBﬁ%ElEQQﬂtﬁh99§’ a

20 polymer solution containing an ethylene/propyl ene/ copol yner
was obt ai nedwas 68/32. Thbeiporimeic salsdoirtyt Hug olfit aheedopaxyxdeﬁshed
usi ng hydrochloric acid and then introduced into a | arge anount

“of nethanol waspreei Agivgte the polymer, followed by vacuum 25 drying at
100 [err]C for 24 hours. .

Estimation of a vulcanlzlng rate (T90 (min)) of the
10 rubber blend resulted in 11.2.

Further, an unvulcanized rubber blend was prepared in
the same manner as in Example.3 except that the above-
obtained copolymer was used, and then press molded.

The properties of the resulting vulcanized rubber are

15 described below.

M100: 30, M200: 74, M300: 117, tensile strength (Tg):

168, elongation (Eg): 400, hardness (HS): 68

The results are set forth in Table 4.

20 Example 5.

Into a 2-liter stainless steel autoclave thoroughly
purged with nitrogen, 900 ml of heptane and 15 ml of the
EMHN-containing subetance obtained in Example 1 were
introduced. Then, propvlene was further introduced so that

25 the internal pressure of the system became 3.5 kg/cm?-G at
80 °C.
To the system was then fed ethyiene until the pressure

of the system became 8 kg/cm2-G.



Thus, an ethylene/propylene/ENB copolyner was obt ai ned I n an anount
of 64 8 g per hour. 124 I n
t he copol ymer thus obtained, the ethylene . constituent units were :
. contained in an anount of 66.8 % by . mol, the propyl ene constituent
;units were contained in an anoyihk of 31.4 % by nol, the ENB

. constituent units were 5 contained™n an anount of 1.8 % by nol, and the
mol ar ratio of the ethyl ene constituent unit/propyl ene consti t uent

uni t  was 68/Bsenventidvni Asmmoli of obiiisglutylajfuntimem oo 0Pher

was 2.2.dl/g. . _Estimatjon of a vulcanizing rate (T90 &n1n)) of
the 10 rubmolb|%d=mé>§1wéearhemaumtetrakls (pentafjugrephenyl

rubber bl end wa repar ed e  nanner in Exa e 3 except
that the abovaé‘ds ¢”/00x 615\031 Héfd [ébﬂsF]gmHtv@%txﬂsaé%dednﬁqqéﬁleggﬁw%med

The properties of he 8 sultln? ﬁlcanlz are 15 degprlbed bel ow.
MLOO: 30, Me@PRAfLISHFdSiteRreltahaniwng ’r‘é‘?ri;‘?rr} (W presse

T b Bl ke 8 i LA,

forth in

steel autoclave t 191l ethKEHﬁgeﬂa¥‘é§h%%talne%- E%Itﬂ%thﬁﬂéane and

15 m of .the : confai nihg substance
total pressure was kept at 8 kg/cm?-G, and the

polymerization was continued at 80 °C for 20 minutes. A
small amount of ethanol was added to the system so as to

10 terminate the polymerizatin reaction, and the.unreacted
monomers were purged out.

The resulting polymer solution was introduced into a
large excess of methanol to precipitate a polymer.
The polymer thus precipitated was recovered by

15 filtration and mixed with 30 mg of Irganox 1010
(stabilizer, available from Ciba-Geigy Corporation) and 60
mg of Mark 329k (stabilizer, évailable from Asahi Denka
K.K.). Then, the mixture was dried at 120 °C for one night
under reduced pressure.

20 As a result, 60.1 g of an ethylene/propylene/EMHN-
containing substance copolymer was obtained. This
copolymer contained 64.9 % by mol of ethylene units, 33.7 %
by mol of prépylene units ana 1.4 $ by mol of EMHN-
containing substance units, and had a molar ratio of the

25 ethylene units to the propylene units of 65.8/34.2

(ethylene units/propylene units) and an intrinsic viscosity

In] of 3.01 dl/g.

kougatani zed



i ntroduced. Then, propylene was further introduced so that 25 the

I nternal pressure of the system becane 3.5 kg/cnR-G at 80 [err]C

To the systemwas then fed ethylene until .the pressure of the system
becanme 8 kg/cnierr]-G 125
Subsequently, 1 nmel of triiSobutyl i num 0. 005 mmol . of

tri phenyl car beni unt et r aki s( pent af | uorophenyl ) bor at e and 0.001 nmmol of
[ di met hyl (t-butyl am de) (tetranmethyl cyclo- - pent adi enyl ) sil ane] titani um
di chl ori de were pFBssa@ounto(l.-4 % ihie mgl @f Wiheh EMHN-egehialningi tiate t he
pol yrreri zati on, Then, only ethylene was continuously fed so that
t he "t ofHPSERBSSUFENFRLREDE UWRLYE M e EcmpogRd Phel-0 % Dy mol!

I i zati ti d at 80, f 2 Il nytes. A |
rount. of et Ao B NAoHARLHoPEt (et 4 cirbinhd 8 BOL1BE aRRFHEHEN he

I izatin i Ok t h ted : d out.
oL YTEr L Eal Rl ERChLRRaAnEr Ll UV SRR (15 (TOROURLEMPL S By ed vt
met hanol g0 gegéhg%égiﬁﬁgg Wnenda) . The pol yner thus precipitated

was recovere atron and ‘m xed with 30 ng of Irganox 1010

(stabilizer, avai habhgaff E 02381 B 1RO LAl kO AN Ey £ of Mark
329k (stabilizer, avé@?ab€§1§%on1Asahi1Den a [ K.K@?. %%é%? % e mxture
was dried at yiRBelepliidl BEs@neadiaghts. 4. under reduced pressure. -20

As a result, 60.1 g of-an ethyl ene/ propyl ene/ EVHN- cont ai ni ng
" substance copol yneurthér phamiwnedilcHized rubber blend was prepared in
the same manner as in Example 3 except that the above-

10 obtained copolymer was used, and then press molded.
The properties of the resulting vulcanized rubber are
described below.
M100: 45, M200: 93, M300: 135, tensile strength (Tg):
170, elongation (Eg): 420, hardness (Hg): 69.

15 The results are set forth in Table 4. -

Example 6
Polymerization was carried out in the same manner as“
in Example 5 except that the amount of heptane was varied
20 to 900 ml, 100 ml of l-octene was introduced in place of
propylene, and the polymerization time was varied to 15
minutes. As a result; 48 g of an ethylene/l-octene/EMHN-
containing substance copolymer was obtained. This
copolymer contained 78.6 % by mol of ethylene units, 19.7 %
25 Dby mol of l-octene units and 1.7 % by mol of EMHN-
containing substance units, and had a molar ratio of the

ethylene units to the l-octene units of 80.0/20.0 (ethylene



copol ymer contained 64.9 % by nol of ethylehe'units, 33.7 % by mol  of

propyl ene units and 1.4 % by nol of EMHN\- : cont ai ni ng substance units,
and had a nolar ratio of the 25 ethylene units to the propylene units of
65.8/34.2 (et hyl ene unlts/propylene units) and an intrinsic viscosity
[err] of 3.01 dl/g. 126

The amount (1.4 %by nol) of the ENFkEcontalnlng subst ance
constituent- units were conposed of 1.0 % by nol of EMHN constituent

units and 0. 4in¥cly 1vBbtehecansts) el an intrifidic §eecwsdtr o) 2oPy- product
([5-(3, 7-di net hyl - 2, 6- 5 -octadi enyl)]-2-norbornene).

Estimation ob . glvauQ§n|Z|ng rate (T90 (mn)) of the r ubber bl end
resulted in 5.4. Further, an unvul cani-zed rubber bl end was
prepared in Thbeamaﬁntrranner%a@;m:ﬁxamoltheBEmmeabntaﬁﬁiﬁ@e above-

10 obtai ned copol yner was used, and then press nol ded.. _ The
properties obubstanesutonayitvudmanirdets wexee compesed of Hle2c%ilywedndiel ow.
MLOO: 45, M200: 93, MO00: 135, tensile strength (T[err]): 170,

el ongat i ¢h ( BE) ENHI, cnasanﬁggnw H§)1t$@nd 155 % by Mhé pEsconstiteentet forth
I n Table 4. Exa ynerization was carried out in
the same nanﬁéﬁtﬁsderlvedlﬁrﬁﬁdﬁﬂﬂéinE%Eébﬂfﬁhéﬁ 7héimabivt-Dfi6hept ane was

vari ed
octadlenyl)]—2—qorbornene).

.Estimation of a vulcanizing_rate (T90 (min)) of the
rubber.blend resulted in 5.9.

10 Further, an unvulcanized rubber blend was prepared in
the same manner as in Example 3 except that the above-
obtained copolymer was used, and then press molded.

The properties of the resulting vulcanized rubber are
described below.

15 M100: 38, M200: 90, M300: 132,  tensile strength (Tj):
150, elongation (EB): 380, hardness (Hg): 67.

The resﬁlts_are set forth in Table 4.

Example 7

20 Pélymerization was carried out in the same manner as
in Example S.except that l-butene was introduced in place
of propylene so that the internal pressure of the system
became 3.7 kg/cmz;G at 80 °C, and the polymerization time
was varied to 30 minutes. '

I25 As a resuit, 54 g of an ethylene/l-butene/EMHN-
containing substance copolymer was obtained. This
copolymer contqined_68.0 % by mol of ethylene units, 30.6 %

by mol of 1-butene units and 1.4 % by mol of EMHN-



20 to 900 m, 100 M of 1-octene was introduced in place of

_propyl ene, and the pol ymerization tine was varied to 15 m nutes. As a
result, 48 g of an ethyl ene/ 1-oct ene/ EMHN\-. cont ai ni ng subst ance
copol ymer was obtained. This copol ymer contained 78.6 % by nol of

ethylene units, 19.7 % 25 by nol izé octene units and 1.7 % by nol of
EVHN- cont ai ni ng substance unit and had a nolar ratio of the
ethylene units to the 1-octene units of 80.0/20.0 (ethylene

127 uniceithiodngneubsicenreandits, i amd ikl @ vicless irag ipepif] the

2.21 dl/g. The amount (1.7 % by nol) of the EMHN-containing
subst ance corgllivliene ugditss tﬂ/e‘r'-becbn]p‘%%@e oinits of 6P R 1. 05 (ebhy Eanp
constituent units an % b consti tuent er ved from
by pr ot /A pukeRe b e8Pt &8 Biet i sriscostity! TnTnbke

Estimation of % %hdan|2|ng rate (T90 (mn)) of the rubber . blend
resulted in 1 " Further, an unvul cani zed rubber bl end was

pr epar ed

obt ai ned. %opolyne ee%gggan?gng ?ﬁé%l$ﬁﬁi qﬁﬂﬁg%aﬁéﬁﬁ%%niggklﬁhﬁeabove‘

f |
DEOPeT ! eh Ot AR L LA AN LGS WG (e lebaed of BPSETADBY RSL O
fe|0<r)?ﬁalt 'n°$al(3 :%g:) é@& CQﬁEQQE'Eén(:Fﬁﬂth and 0.42 % by % b2SHbhS 2EGese!

unlts derived from a by-product ([5-(3,7- dlmethyl 2,6~
octadlenyl)] -2-norbornene) .

10 Estimation of a vulcanizing rate (T90 (min)) of the
rubber blend resulted in 6.0.

Further, an unvulcanized rubber blend was prepared in
the same manner as in Example 3 except that the above-
obtained copolymer was used, and then press molded.

15 "~ The properties of the resulting vulcanized rubber are
described below.

M100: 33, M200: 82, M300: 120, tensile strength (Tg):
185, elongation (Eg): 470, hardness (Hg): 66.

The results are set forth in Table 4.

20
Example 8
thesis of .5— 2-ethyvlidene-6-methyl-5-heptenyl ;2—
norbornene (EMHN)

Into a l-liter stainless steel autoclave, 316 g (1.83

25 mol) of the 4-ethylidene—8—methyl—l,7—nonadiene (EMN,
purity: 95 %) obtained in Example 2 and 24.2 g (0.183 mol)
of dicyclopentadiene (DCPD) werelinfroduced, and they were

reacted at 220 °C for 2 hours under a nitrogen pressure of

-



Example 7 20 Pol ynmeri zation was carried out in the sane manner as
“in Exanple 5 except that 1-butene was introduced in place of

propyl ene so that the internal pressure of. the system becanme 3.7

. kg/cnferr]-Gat 80 [err]C, and the polynerization tine was varied to
i 30 minutes. 25 " As a‘result, g of an ethyl ene/ 1- but ene/ EMHN-

: cont ai ni ng substance copol ynmer was i ned. This * copol yner contai ned
: 68.0 % by nol of ethylene units, 30.6 % . by nmol of 1-butene units and
1.4 % by nol 20koZiER. Then, the system was cooled to room temRrature,
cont ai ni ng substance units, and had a nolar ratio of the et hyl ene
units to the 2nShthenausariaver was. {#¥E§QPQeﬂlﬁﬁﬁeﬁ@alYS1S Qﬁltb$1 but ene
units) and an intrinsic gISCOSIt %ﬁﬁl 2.51 dl/g The
amount (1.4 %eAFLioR) PEPALAE hXﬁ%é t IQQﬁ;Chromat§€5§?hﬁcﬁné%ﬁs$hQuent
‘units were coggﬁﬁed of nstifuent units and

0.42 % by nof @8ﬁ§?¥?ﬁgn?°ng¥tl°Qﬁnﬁ§;qﬁﬁﬁ?ﬁg:gfFBnFﬁeb§9 YR o)s s on
5-(3, 7-4i -2 .

o Eratio%l CEp 6 2 sylked, i s ?‘#‘S@B(‘)rﬂ%e)r%?&rf’nf%%%g) of 98B iBnd

resulted in Qe@.ectlvn.tg of tlllzé’réggreé%@vﬁpﬁa%géeﬂaé?ﬂ?bgﬁabl end was

prepared in ane nmanner as 1n exce t the above-

obt ai ned copek¥BHeWRSAYERE) AT NEN BiRS SARkdBH- mlskéure was 1n€
_propertles of "the resulting vul cani zed rubber are

subjected to simple distillation under reduced pressure to

remove EMN remaining in the reaction mixture, and the

10 residue was subjected to 40-plate pfecision vacuum
distillation. Thus, an EMHN-containing substance was
obtained in an amount of 43 g, and the desired EMHN wés
obtained in an amount of 40.9 g (isolated yield: 48 %, on
the basis of cyclopentadiene).

15 | Additionally, 2.1 g of [5-(3,7-dimethyl-2, 6~
octadienyl) ]-2-norbornene was obtained as a by-product.
Therefore, the ratio of EMHN to the by-product was 19.5/1
(EMHN/by-product) .

The physiochemical data of the EMHN are as follows.

20 Boiling point: 138 °C/3 mmHg

Gas chfomatography mass spectrometry:
m/z 230 (M%), 215, 187, 123, 91, 69
Measuring conditions of gas chromatography: the same
as in Reference Example 1

25 Infrared absorption spectrum (neat, cm1)

3050, 2960, 2925, 2850,J1660, 1630, 1570, 1440,
1375, 1345, 1330, 1250, 1220, 1100,'980, 925, 900, 820,
780, 715 | |



descri bed bel ow. MLOO: 33, M200: 82, M300: 120, tensile stréngth

(TB): 185, elongation (EB): 470, hardness (Hs): 66. " The
‘results are set forth in Table 4. 20 . Exanple 8 Synt hesi s
of [5-(2-ethylidene-6-nethyl-5-heptenyl)]-2- '
1 nor bor nene ( EMHN) Into a xﬁqnf” stai nl ess steel autoclave, 316
g (1.83 25 nol) of the 4-ethylidene- t hyl -1, 7- nonadi ene (EMN,

purlty 95 % obtained in Exanple 2 and 24.2 g (0.183 nol) of

di cycl opent adi ene PDOR®) MG spentmuud€PClangolvent wef® MHz NMRAct ed at 220
[err]C for 2 hours under a nitrogen pressure of

129 2 kg/ cn@. Theh, 5% hellsy gwdmimdeteool ed to room tenperature,

and the autoclave was rel eased. The anal ysis of the reaction product
by neans of gas chromat g#apﬁ& d&@ﬁ t Rgltipletyane measuring conditions, as
described in the Reference anpl e resulted in a DCPD conversion ratio
of 96 % and a sel%cﬁﬁ\AQﬁV éPUPH@tde§|re& BFHN (on the basis of

cycl opent adi ene) of 57 % eactign nlxture was subj ected to
sinmple distillation und%TGQeGﬁg §§ure to renove EMN remaining in

" the reaction m xture, h 1 ue was subjected to 40-plate
preci si on vacuum qﬁﬂ%%lﬁ?%t%%ﬁ'ﬁ%%gs an EMHN- cont ai ni ng substance was

obt ai ned i n an anount qi-ﬂS gﬂﬁ t q S|red EVMHN was obtai ned in
~an annunt of 40.9 g (|so1até%iy| it ng ' :
) 5.10 (1H, multlplet)

5.20 (1H, quartet, J = 7 Hz)

10 5.9 - 6.2 (2H, multiplet)

Example 9
Copolymerization was carried out in the same manner as
in Example 3 except that an EMHN-containing substance
15 having a purity of 95 % was used, to thereby obtain an
ethylene/propylene/EMHN-containing substance copolymer in
an amount of 65 g per hour.
In the copolymer thus obtained, the ethylene
constituent units were contained in an amount of 67.9 % by
20 mol, the propylene constituent units were contained in an
amount of-30.9 % by mol, the EMHN-containing substance
constituent units were contained in an amount of 1.2 % by
mol, and the molar ratio of the ethylene constituent
unit/propylene constituent unit was 69/31. The intrinsic
25 viscosity [N] of the copolymer was 2.6 dl/g.
The amount (1.2 % by mol) of the EMHN-containing
substance constituent units were coﬁposed of 170 $ by mol

of EMHN constituent units and 0.2 % by mol of constituent



t he basis of cycl opentadiene). 15 Additionally, 2.1 g of

[5-(3,7-dinethyl-2,6- - oct adi enyl )] - 2- nor bornene was obt ai ned as a

~ by-product. : Therefore the ratio of EMHN to the by-product was 19.5/1

- (EVHN by- product) . The physi ochem cal data of the EMHN are as

¢ follows. 20 Boi | i ng point: 1f§1[err]C73 mTHg Gas :

: chromat ography nmass spectronetry: mz 230 (Merr]), 215,

. 187, 123, 91, 69 Measuring conditions of gas chromatography: the

" sane as unitRefdardived Exanmpieby-preduct. ([54 (¥ Txddehesbydrgt Bon spectrum -
(neat, cnferr] ) 3050, 2960, 2925, 2850, 1660, 1630, 1570, :
1440, 13>r5:ade:§w1)13§®nozbeene11§)zo 1100, 980, 925, 900, 820,
780, 715 130 Prot on NMR

spectrunl(CDCl[erthqyol&@ﬁtetBUéeﬂFép¥$P¥1ene/EMHN containipgsgupgfpnce

g:_'tl 81)(33') et copquqzyvas giLLended WJ.tl(L 10|_1|-i edgl%?& ell}l the same 1.55
1.67 (3H, I 2 It | et 5.10
(1H, Erult 2‘%”%& as in Exampleg3 o (‘i}éF %% pdbey )"1?‘1912) 10

5.9 - 6.2 (Zﬁs%atﬂlghe% a vulcanizing rate T90 (mln) of the rubber

blend resulted in 6.2.

The unvulcani_zed rubber blend was prepared in the same
manner as in Example 3 except that the above-obtained

10 copolymer was used, and then press molded.

| The properties of the resulting vulcanized rubber are
described below. |

M100: 36, M200: 87, M300: 128, tensile strength (Tg):
196, elongation (Eg): 470, hardness (Hg): 68.

15 The results are set forth in Table 4.



Exampl e 9

in Exanple 3
of 95 % was
et hyl ene/ pro
of 65 g per

: constituent

~ ol ,

propyl ene co

-an anount of

constituent
25 viscosit
(1.2 % by no
conposed of
consti tuent
froma by-pr
Then, the et
bl ended with
obtain a rub
t he rubber
bl end was pr

t he EMHN- cont ai ni ng substance

in the sane manner as
15 having a purity

Copol yneri.zati on was carried out
except that an EMHN- cont ai ni-ng subst ance

used, to thereby obtain an

perne/ENHN—contalnlng subst ance copolyner in an anount
hour . In the gﬁ@glyner t hus obtained, the ethylene
units were contained in mount of 67.9 % by 20 nol, the

nstituent units were contained in an anount of 30.9 % by
Tabdeséi tuent units were contained in

1.2 % by nol, -and the nolar ratio of the ethylene
. unit/pr nan_enp constituent unj was_ 69/ 3 The intrinsic
y [err] of the copol yner V@ﬁc% /%% 5| Ex. 6 Ex_;r%}é@c@%
) of the EMHN-contai ni ng stlance {constfi tuent uni|ts Were
1. Q 9% th nol of __ENMHN Panfl fuert unilts and 0 2 9% hy Expil of
Properties of vulcanized ' 131 unilt s deri ved
h\/l 6= agctadi nnyl ) l-2-ndorbodnene).
hylene/propn% Be/ENHN-contab@ g zubystymnge 38 | 33CHPalgy e oWRS
ot her |ngre I ents 1 n thelSane| o gannefl as iln _Exgnple|3 1o
d__M200 Estinmmtion 4 i Or at 82140 8(7m n)74af
‘bl end respghted in 6.2 125 | 101 | 13d¢ 1wyl cami|zesh 1 upber
epared i n the sane
TB 195 | 161 | 170 | 150 | 185 | 196 | 168
Ep 460 | 530 | 420 | 380 | 470 | 470 | 400
Hg 68 67 69 67 66 68 68
Tgo (minute) - 6.117.7|5.415.9(16.0]6.2]11.2

10

Remarks in Table 4

‘Mjg0: 100 % tensile modulus (kgf/cm?)
M2oo: 200 % tensile modulus (kgf/cm?)
M3po: 300 % tensile modulus (kgf/cm?)

Tg: tensile strength (kgf/cm?)
Ep: elongation (%)
Hg: hardness (measured in accordance with JIS A)

Tgg (min): vulcanizing rate (min) measured at 160 °C



manner as in Exanple 3 except that the above-obtained 10 copolyner was

used, and then press nol ded. The properties of the resulting

vul cani zed rubber are descri-bed bel ow. —MEBO+—36,—M200Q: 87,
MB0OO: 128, tensile strength (TB): 196, el onga 470,
‘hardness (Hs): 68. 15 The resu_.ligof are set f I"l"”"iim ’I“Hll"l

1132

Ex. 3 Ex.4 Ex. 5 Ex. 6 Ex.7 Ex.9 Cowp

Ex. 1 Pr opbati &s. olaimedais zed rubber: Merr]

35 27 45 38 33. 36 . 30 Merr] 85 70
93 90 82 87 1.74 A Chaln POlyene [qrgqp]—contamlngllzgrquenq% 132
120 . 128 117 r] 195 161 170 150 185.
196 168 compound re@f%?ﬁﬂ}ted by theyfermyds (1) 380 470 470 400
Herr] 68 67 69 67 66 8 68 ~ T[err] (mnute)
6.1 7.7 5.4 5.9 6 0 6.2 11.2 narks in Table 4 _
Merr]: 100 % tensi dulus s %f/cn{err Merr]: 200 %tensile
nodul us (kgf/cnfer l 0 ot nsile nmodul us (kgf/cnferr])
Tlerr]: tensile st (kgf/ rr]) E[err]: elongation (%

H err]: hardness (ne red in acco?dance wth JIS A)_ 101 T[err]

(mn): vulcan|2|ng rate (mn) nmeasured at 160 [err]C
S5 wherein n 1s an integer of 1 to 5, R! is an alkyl group of

1 to 5 carbon atoms, and R? and R? are each independently a

hydrogen atom or an alkyl group of 1 to 5 carbon atoms.

2, A process_for preparing a chain polyene group-
10 containing norbornene compound as claimed in claim 1,
comprising reacting cyclopentadiene with a branched chain
polyene compound represented by the formula [IIT]:
R3
| _C<Eﬁ
H2C=CH—CH27?—(CH2—E— Cc=

R2
CHCH3 ... [III]

wherein n is an integer of 1 to 5, R! is an alkyl group of
15 1 to 5 carbon atoms, and R? and R?® are each independently a

hydrogen atom or an alkyl group of 1 to 5 carbon atoms.

3. An unsaturated éthylene copolymer wherein:
[A] said copolymer is a random copolymer of
20 (i) ethylene,
(ii) an d-olefin of 3 to 20 carbon atoms, and
(iii) at least oﬁe chain polyene group-containing

norbornene compound represented by the above formula [I];



133 What is clained is: - 1. A chain pol yene group- containing
nor bor nene conpound represented by the fornmula [I]: f[err]
wherein n is an integer of 1 to 5 Rerr] is an alkyT“*UUp“0+~_—~—_1_Lo 5

_carbon atons, and Rlerr] and R err] are each |ndepen drogen
fatomor an alkyl group of 1 tb 5 car li%%bat mﬂl ”E!uﬂmm
:for preparing a chain polyene group- contalnlng ror

.claimed in claiml1, conprising reacting cycl opentadiene with a

branched chai n [Bpadgieh ecopaliymend comprdésented by the fornula [111]:

R3 - [err] - wherein n is an integer of 1
to 5 Rerr] is an al kyliyraanstiftuens units Serivedrizomwrenideth®leaed R3
are each independently a hydrogen atom or an al kyl group of 1 to 5
carbon atons.in an amount of 3QAﬁ°uﬁga$uth@91ethylene copolyner wher ei n:

Ef?)sihda‘:ﬁf’é"ﬂy?éf'% 30 BRgRushbin kR qderived from saiq qioledy casy
one ohal NSPOLLENS 3 O SO UMl 1n MROROSLEDE EUPHNY LIS o0 BV
and
(iii) constituéﬂt units derived'from said chain
polyvene group—containing'norbornene compound represented by
the above formula [I] in an amount of 0.1 to 30 % by mol,
10 in which
(iv) the molar ratio of (i) said constituent
units derived from said ethylene/(ii) said constituent
units derived from said o-olefin of 3 to 20 carbon atoms is
in the range of 40/60 to 92/8;
15 [C] said constituent unit derived from the chain
polyene-group containing norbornene compound represented by

the above formula [I] has a structure represented by the

following formula [II]:

RrR3

|
CH—C—¢ CH—— c=<
] '
CHCH;3

Rl

R? :
... [IT]

20 wherein n is an integer of 1 to 5, Rl is an alkyl group of
1 to 5 carbon atoms, and R?2 and R® are each independently a
hydrogen atom or an alkyl group of 1 to 5 carbon atoms; and

[D] said copolymer has an intrinsic viscosity [n], as

measured in Decalin at 135 °Cc, of 0.05 to 10 dl/g.



134 [ B] said copol ynmer conprises: | (1)

constituent units derived fromsaid ethyl ene I n an amount of 30 to 92
% by nol, (ii) constituent units derived fromsaid a-olefin
5 of 3 to 20 carbon atoms in an nount of 6 to 701’7‘5"@1”'—5?15

élr l):u)o gggts;: ;:Jﬁgt nlcj)plbt)fngﬁ(ral Xg(rjfp]:)lrjg31$s:l)(rjeggﬁ!t gd by”“l“ﬂ““mmumumf or rrul a |

[I] in an amount of 0.1 to 30 % by nol

the nmolar ratio of (i) said constltuent un| ts derl ved fromsaid
ethylene/ (ii) said constituent units derived fromsaid a-olefin of 3
to 20 carbon aton®l.is A prorasshfor spyeparin/:0 unsadratedlbthylene[ C]
said constituent unit derived fromthe chain pol yene-group contai ni ng
nor bor nene ceeRelysrerepsesdaingdbin clain e Asemrisdnsucarpilynarszing:
structure represented by the following formula [11]:

[err] ' (1) ethylene, ~ [||] 20 wherein nis an integer of 1

to 5, t 5 d d
ert1 ot bach IABICHRAEBIBEER o 3, AL ERRPRTT R LI
to 5 carbon atons

o ner ptrin
viscosity [err]. a(sllj‘q atm%ggﬁtr:e %n cal é).lgz%xelggoﬁér f&E %“L“B 05 to 10

di/g. norbornene compound represented by the above formula [I],

in the presence of a catalyst formed from a transition
metal compound, an organocaluminum compound and/or an

10 ionizable ionic compound.

5. An unsaturated ethylene copolymer wherein:
[A] said copolymer is a random copolymer of
(1) ethylene,
15 (ii) an o-olefin of 3 to 20 carbon atoms, and
(iii) at least one chain polyene group-containing
norbornene compound represented by the aboye formula [I]
and at least one chain polyene group-containing norbornene
compound represented by the following formula [I-a] in a
20 smaller amount than that of the chain polyene group-
contaihing norbornene compound [I],
R3
l Rr?
CH2—CH_=|c—(- CHz—)— c=< 2
CHj
_ .. [I-al
wherein n, R!, R? and R3 have the éame meaning as in the

formula [I];

25 [B] said copolymer comprises:



135 4. A process for preparing an unsaturated et hyl ene
copol ymer as claimed in claim3, conprising copoly (i) -

et hyl ene, 5 (ii) an a-olefin of 3 to 20 ¢
(iii) at least one chain polyene group-containing mj!!ﬂ orrpound
represented by the above fornula [I] in ﬂ e pL

catalyst forned froma transition 136 met al conpound, an organoalun1num
conpound and/or an 10 ionizable ionic conmpound. . An

unsat urat ed et hyl ene cqdol yerstibaest nunits derlvedIﬁ%bms&bddcephyyéﬁé is a
random copol yner of . (i) ethylene, 15 - (i) an
a-ol efin of 3n em@mantoonfaBOnte 9Adé by mol, (ii1) at |east one
chai n pol yene group-contai ni ng nor bor nene conpound represented by the
above fornula [I1] (1&ﬁdCQPSFéEB?n%ﬁ%n%#ﬁu¢Pﬁkﬂ g FagScBnParhihg

nor bor nene conmpound represented by the follow n fornula [I-a] in a
20 snaller &fodntta Rén carhpnofteme HhaAm FWurhefybo % byomedi ni ng
norbornegg conpound [1], [err]

wherein m , R[err] and Rl err] have the same meaning as in the

(iii) constituent units derived from said chain
polyene group-containing norbornene compouné represented by
the above formula [I] and constituent unité_derived from
said chain pdlyene group-containing norbornene compound

10 repreSented by the formula [I-a] in a smaller ambunt than
that of the chain polyene group-containing norbornene
compound [I] are contained in the total amount of 0.1 to 30

% by mol, in which

(iv) the molar ratio of (i) said constituent

15 units aerived from said ethylene/(ii) said constituent
units derived from said a-olefin of 3 to 20 carbon atoms is
in the range of 40/60 to 92/8;

[C] said constituent unit derived froﬁ the chain
polyene-group containing norbornene éompound represented by

20 the above formula [I] hés a structure represented by the
above formula [II], and said constituent unit derived from
said chain polyene-group containing norbormene compound
represented by the above formula [I-a] has a structure

represented by the following formula [II-a]:



formula [I]; 25 [ B] said copol ymer conprises:

136 (i) constituent units derived fromsaid ethyl ene

"in an amount of 30 to 92 % by nol, ' (ii) constituent units
derived fromsaid a-olefin of 3 to 20 carbon atons in an ampunt of 6

to 70 % by nol, 5 and - %ﬁ i) consUMdenved
tai

: fromsaid chain pol yene  group-c i ning norb ound
i represented by. t he above fornul a [I] and.con ﬂﬂ ﬂ@!ﬂﬂi i ved
from sai d chaifi pol yepe group-containing nor bor*nene [1 :

represented by the fornula l-a] in a smaller anount than ‘thdt of the
chai n pol yene. group |,ng nor bor nene . conpound [I] are contained -
in the total anount o 30 % by g, in which

(iv) the nolar ratlo ‘ sai d constituentl 15 FEnits derived fromsaid
~ethyl ene/ (i) said-constif sy romsaid [err]-ol efin of
3 to 20 carbon atons is’ EH?n F raEbé_ﬁe 0 tkzt.o 92/ 8; [C -
said constituent unit derived froncﬂbe chai n pol yen _Qyp contalnlng
nor bor nene conpound represented by 20 the above forndlgj?{] has a
structure reprgeeniffl by dilers and MOYELOLAY! Baht | heaiithold 508 tuent
unit derived from sal d chain pol yene-group contai ni ng nor bornene
conpound féE r#ryj .byrghe above fornula [I-a] has a structure

" represented by the following fornmula [I1-a]:

' [D] said copolymer has an intrinsic viscosity [nl, as

5 measured in Decalin at 135 °C, of 0.05 to 10 dl/g.

6. A process for preparing an unsaturated ethylene
copolymer as claimed in claim 5, comprising copolymerizing
_ (1) ethylene,
10 (ii) an o-olefin of 3 to 20 carbon atoms, and
(iii) at least one chain polyene group-containing
norbornene compound represented by the above formula [I]
and at least one chain polyene group-containing norbornene
éompound represented by the above formula [I-a],
15 in the presence of a catalyst formed from a transition
ﬁetal compound, an organoaluminum compound and/or an

ionizable ionic compound.

7. A rubber composition comprising:
20 an unsaturated ethylene copolymer as claimed in claim

‘3 or claim 5, and

at least one component selected from the following

components (a), (b) and (c):



137 [err] wherein n, Rerr], Rerr] and

Rl err] have the sane neanings as in the formula [I1]; and

~[D] said copolymer has an intrinsic viscosity [err] as 5 nmeasured in
Decalin at 135 [err]C, of 0.05 to 10 dl/g. 6. A process for

{ preparing an unsaturated ethyl ene gpolyneT as claimed in claimb5,

* conprising copol ynerizing (%? et hyl ene, 10 (i) an

“[err]-olefin of 3 to 20 carbon atoms, and . (iii) at |east one

chai n pol yene group-{@neaireiinforcing nagéemt nim eart aapuantd ofe poésmaredthant he

above formula [I] and at | east one chatn pol yene group-containing

- nor bor nene 306b measd byepedgbht basey emel Mh@arGohylweiphtapf sagd

in the presence of a catalyst formed froma transition metal conpound,

an or ganoal uni ARAREEEEERd eEhYLBRe aFCPOLlYMe%ni zabl e i oni ¢ conpound.

7. A rubber conposition conprising: 20 unsaturated e | ene
~ copol ymer as cl ai med )naCFSEE?ner g@ Ht ?W%HQE£§¥Eﬂé¥ e than QBHI%%E?Sone
”Conponent %?le%£§QmE§'%'ngeaoghofb8gbarts by weight of said unsaturated
ethylene copolymer,- and . |

(¢) a vulcanizing agent.

A



conponents (a), (b) and (c): _ 138 (a)
a reinforcing agent in an anount of not nore than 300 parts by wei ght
based on 100 parts by weight of said unsaturated ethylene copolyner,

(b) a softener in an anmobunt of not nore than 200 parts by wei ght based on
100 parts by weight of said uﬁsaturatedlsgthylene copol ynmer, and (c)
a vul cani zi ng agent. '

’AB T T
The chain polyéne—éroup containing norbornene compound
of the invention is.represented by the formula [I]:
R? |
| R?
CHg--IF—(- CH2T C=C< 22
CHCH;

. [I]

S wherein n is an integer of 1 to 5, R! is an alkyl.group of
1 tob éarbon atoms, and R?2 and R3 are each independently a
hydrogen atom or an alkyl group of 1 to 5 carbon atoms.

The unsaturated ethylene copolymer of the invention is
a random copolymer of 30 to 92 % by mol of (i) ethylene
10 units, 6 to 70 % by mol of (ii) specific a-olefin units and
0.1 to 30 % by mol of (iii) units derived from the
horbornene compound [I], where the molar ratio of (i)/(ii)
is in the range of 40/60 to 92/8 and the unit (iii) is
represented by the specifip formula, and has an intrinsic
15 wviscosity [n] of 0.05 to 10 dl/g.
The novel'unsaturated ethylene copolymer is excellent
in weathering resistance, heaﬁ resistance and ozone

resistance and has a high vulcanizing rate.



