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[000T}Ther present mventionrrelatestgess ror
copolymers:ofran olefin and a conjugated
diene, and processes for producing the
copolenrerssBACKGROUND ART [0002]

[00011

The present invention relates to copolymers of an olefin
and a conjugated diene, and processes for producing the

10 copolymers.

BACKGROUND ART
[0002]
Olefin resins such as polyolefins and polyolefin
15 elastomers are used in various fields including the manufacture
of shaped articles because of their excellent properties, for
example mechanical properties. In recent years, the
requirements for the properties of these olefin resins have
been diversified. Such diverse requirements have resulted in
20  theneedof olefin resins having various properties, for example
olefin resins having excellent rigidity as well as high impact
strength, weathering resistance, heat resistance, cold
resistance, crosslinking efficiency, oil resistance, adhesion,

dyeability, wettability and compatibility with other



Olefirrresins such as pglyolefins and
polyolefin elastomers are used in various
fieldsincluding thre manufacture of shaped
articte’s because of their excellent properties,
for examples-mechanicat-properties:4n:-recent
years:ithe requirements-for-the properties- et
theseolefin resinshave beendiversified:-Such
diverse:requirements-have resulted:in the
need-ofoelefin-resins having vanous:: :-, o
properties; forexample:olefin resinshaving.
excellent Higidity :aswell as high.impagctoic:i...
strength, weathering resistance, heat
resistanee;-cold resistance,-crossinking.: rav.
efficiengy-0il-resistanceadhesion dycahility,
wettability.and compahility with-ather., s..cpe.n
Patent Application No. 0275676 (EP0275676) (1988) (Patent
15 Literature 1), Makromol. Chem. 1991, (192}, 2591 {Non-Patent
Literature 1), U.S. Patent No. 6,310,164 (U.S. Pat. 6,310,164}
(2001) (Patent Literature 2) and JP-A-H11-080269 (Patent
Literature 3).
[000537
20 However, these processes disclosed in the art have
drawbacks. For example, a sufficient amount of vinyl groups
cannot be introduced in the copolymer, or unsaturated bonds
in themain chain lower properties such as weathering resistance,

heat resistance and ozone resistance. Further, a sufficient
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Meanwhile, polyolefin elastomers that have unsaturated
bonds in side chains and no unsaturated bonds in the main chain

20 are known in the art, with examples including
ethylene/propylene/diene monomer copolymers (EPT, EPDM) in
which the diene monomer is, for example, ethylidene norbornene,
vinyl norbornene or dicyclopentadiene. When these polyoclefin

elastomers are used as rubber shaped articles, they are



however, too so prcc:as sea disclose: in the
dr:wheelies:emote, a tuff i :head sic= of vinyl
emotedcanrot-ge lotrod: ruedinthe-eepoii»
Taer: graunsaturated-conderin the:main-chair
‘cherproperties:suchasweathering- -
resistance) sheatresistance-ane CroRe:inousLy
resistance. fFurther, a sufficient 3:P-2223
nrJeabran wejoha canned he obi:.airiad, re
meehnriea. €003 }hunch:eonies20024(3li,
354 (Norx-12atera ta-e2;: b die:dancesa
oatbrd forevathese zinc.3nLlnylene abut...
adeder - d;.r addit-ion-units.dA the malea, (cal
:1. however. thewarn.eec £ent.;ire.crdattea
led bends:derived.arow 1..3-addition.unite,.15
metlaakof-Neon:.¥e:tentLiterati:he.2.praduces
Vidyt:GrolRs o314y o seconposition react ion of the resin
15 main chain. Conseguently, the crosslinking does not proceed
sufficiently and at the same time the rubber undergoes softening
degradation, resulting ina crosslinked product having a sticky
surface. Further, the properties of the crosslinked
copolymers are often unsatisfactory for the reasons such as
20 residual peroxides in excessively large amounts. Thus, there
has been a need for new polyolefin elastomers that can be
crosslinked by hot air crosslinking with organic peroxides.
[0009]

Since ethylidene norbornene, vinyl norbornene and the



wheri“put adionc is fed ir a lehhee amount.
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Literature 4) and J. Am. Chem. Soc. 2005 (127}, 5774 (Non-Patent

Literature 3) disclose propylene/butadiene copolymers.

Further, copolymers produced by the processes disclosed in

Patent Literature 4 and Non-Patent Literature 3 have a low
20 molecular weight and consequent insufficient mechanical

properties.

foo12]

A cyclic structure may be introduced into a polymer chain

by polymerizing a cyclic olefin such as norbornene in the
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aS cyclicolefins. Toobtainapolymer having a highcyclicolefin
20  content, the cyclic olefin has to be fed in a large amount.
Thus, the polymerization activity is insufficient.
[0014]
Alternatively, a cyclic structure may be introduced into

a main chain by copolymerizing an olefin with a diene monomer.



20 resieluai pares' des exceyslrely large
amounts. Thus, there has been a need for
new petya-cirrelanMasers thaticanche (atest
crecatiaked by: air:cressliree rig-with:-or::< s .
peremedes. t031:91--so=art :mling-pciremr
evonq:ttaosonaddienamonomers attarthe:c
enpoimmerdaalst=; Consumes-micegmy,
causiagreconomic casadvartsge, 1001ti 50l of
In elastomers and lem-horiAng gee eloil diese
MOflIOMers deh:have dounlebonds.irehaans
-a freesof unsaterared-s-0-f1s in:the Mmaineq i
chain-An-etanem:Haley advantageous...
process: 0 palm-olefin:ehns:- s, s e1Seuos,
:Sirﬁj), 304 (Non-Patent Literature 8), Macromolecules, 2005,
38, 5493 (Non-Patent Literature 9), Macromolecules, 2004 (37),
238 (Non-Patent Literature 10), Macromolecules, 2003 (36),
15 9067 (Non-Patent Literature 11) and Journal of the American
Chemical Society, 2002, (124), 3502 (Non~Patent Literature 12).
However, the copolymers obtained by the disclosed methods
contain unsaturated bonds in the main chain that are derived
from 1,4-addition units and 1,3~addition units, possibly
20 leading to adverse effects on properties. Further, the above
references do not describe any data of molecular weight
measurement.
{0016}

Journal of the American Chemical Society, 2003, (123),
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15 [Patent Literature 4] JP-A-2005-200503
{Patent Literature 5] JP-A-H11-080269
{Patent Literature 6] JP-A-2004-018697
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[0o1s)
20 [Non-Patent Literature 1] Makromol. Chem. 1991, (192},
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{Non-Patent Literature 2] Macromolecules 2003 (36), 9067
[Non-Patent Literature 3] J. Am. Chem. Soc. 2005 {127},
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SUMMARY OF INVENTION
20 Technical Problem

{00121

The present invention has been made in view of the problems
in the art described above. It is therefore an cbject of the

invention to provide copolymers which have a double bond in
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The present invention has been completed based on the finding.
{0021}

20 An aspect of the present invention is directed to a
copolymer obtained by copolymerizing at least ethylene and a
conjugated diene, wherein

(1} structural units derived from the conjugated diene

represent 1 to 90 mol% of all the monomer units in the copolymer,



15-966e (Ven-Petene Trite ra lure 11) and
rcurna_ 01 the 3.--nerican aneralcal Society,
2002, (124), 3507 (lion-Parent Literature 12).
eceever) theicopolymers:ebtained-cry:the di-
nelosed-methods sterm-onset:trate’:b.-%::36sin
theemain charn-skat arederived from by -
5-additR:on-an{-to-at-1-1 3--addition: ynisy: s
nese) 20leading10:adverse-0f Feetes0rrcoresent
properties. Surther the-above refersrees«<ic
nut:describe any data-oh molecular seishi: o«
measerement - {0L6(--SP-1943:9:3n.:Lrlva.«
1H|S@&15a@0@;@@3 a 1,2-cyclopropane skeleton and structural
tadLene-depolydethas €..,.ChG conjugateStELCIUre
in tee-date:chain-and:is.free dur.unnecweced
doesis:derited fron 1, 4-addition aril Oa and
3,3-additian. union.5According.to the. rccucing

PICCLS..Sy however, the.poidiettun ~.:.00....

aUun.Jt¥ngulting from 1,3-addition of the conjugated diene
represents 0 to 3 mol% based on all the structural units derived
from the conjugated diene in the copolymer.
[0023]

290 Preferably, the total of the structural units resulting
from 1,2-addition of the conjugated diene and having a
1,2-cyclopropane skeleton and the structural units resulting
from 1,2-addition of the conjugated diene and having a

1,2-cyclopentane skeleton represents 15 to 99 mol% based on



to ingerfficient uni tie obtainable tiolocricar
weight "tud, the process as not Lucie:4 fist
Liocutecodel:productiorr. Checion €6 [+004-
Literneare1 E23275674 ra:ictetedure 3t US.
Patent Fe. 9,320,164 [PatantteTa ills, 31
a5-A-111-082269 {decent kiteraturg 4 1-CR-A
YCE 5200593 LucentLideldtire b1 rerneation
Ce-Ad:41:3%-989299 jont-Stteracure 6]
ad-A-28€4:0184437-Non-COtent Literatures
[Cdd8}2€r-da tensL:literature:] wo: rave a siass
transition temperature, and preferably has a melting point (Tm)
10  of not more than 130°C or does not have a melting point.
[0025]

A process for producing the above copolymer according to
the invention comprises copolymerizing at least ethylene and
a conjugated diene in the presence of an addition polymerization

15 catalyst comprising the following (A) and (B):

{A): a transition metal compound having a transition
metal atom selected from Group 3 to Group 11 of the periodic
table;

(B} at least one compound selected from:

20 {B~1) an organometallic compound,

(B-2) an organcaluminum oxy-compound, and

(B-3} a compound capable of reacting with the transition
metal compound (A) to form an ion pair.

The transition metal compound (A) is preferably



2591*[Non-Patent |.:tuna:ticelect:lan 2003
(11ad , 9967 Chem. Soc. 1001 75-2223
Her=PatensLid1:Crh AneCseci. Soc., 2554
11277¢1 4482 Sods pr, 2tCC  vrlcalyrcrL-ten

LMX,Y, (1)

wherein L is a tridentate anionic ligand or neutral ligand
S represented by RQ(Pzl);(Pz?®)s;,

R is an atom or a group selected from the group consisting
of a hydrogen atom, halogen atoms, hydrocarbon groups,
heterocyclic compound residues, oxygen-containing groups,
sulfur-containing groups, nitrogern-containing groups,

10  boron-containing groups, aluminum-containing groups,
phosphorus-containing groups, halogen-containing groups,
silicon-containing groups, germanium-containing groups and
tin-containing groups,

Q is an atom selected from the group consisting of boron,

15 carbon, silicon, germanium, tin and lead,

pz! is a pyrazolyl group in which at least the position
3is substitutedwithanunsubstituted aryl group, a substituted
aryl group, a C; or higher alkyl group, a cycloalkyl group, an
amino group or an oxyhydrocarbon group,

20 Pz? is an unsubstituted pyrazelyl group or a substituted
pyrazolyl group,

i is an integer of 2 or 3,

Mis atransitionmetal atom selected from Group 3 to Group

11 of the periodic table,



Thé&présent -uver r:he: beer, made8pcbless
described Those. 1t I.e Lherefore an ebiees
invent(3provide toboSymere-aS{ch-Adve-a
do<idier bondySF22238:0°citrare:substantially
fracof meaturirnthe Fain-chsir,"sapstguiera
whiehrhracarascyetie kltbk-ande:substantially
frae ofremnalmaar:ed toittel-ii-Line:mad-ehain,
anekstores:sus-for egonsmisailysyntnss3bi55
thebrsebobyirs by-sspetymefissings srours,
laespensyve-and L.ow-boiling-et hsaiede-aad
gerneratcon'ingated-di:ere:such-as 133-1cctron
luntad:iene=Solution to Facc'eg 303203
m is a number satisfying the valence of M,
when m is 2 or greater, the plurality of atoms or groups
X may be the same or different from each other, and the plurality
of groups X may be linked together to form a ring, and
15 n is an integer of 0 to 3.
Preferably, M in Formula (I) is titanium, zirconium or
hafnium, and more preferably zirconium.
{0027}
Preferably, the compound (A) is at least one transition
20 metal compound selected from the group consisting of
[hydrobis {3-mesitylpyrazol-1-yl) (5-mesitylpyrazol-1-yl)]
borate zirconium trichloride and
[hydrotris(3-mesitylpyrazol=-1-yl)|borate zirconium

trichloride.
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(00307

wherein M is a transition metal atom of Group 4 to Group
6 in the periodic table,

10 r', R, R®, R% R% R, RY, RY?, R, RM, R' and R!® are
the same o:; different from one another and are each a Cj.g
hydrocarbon group, a Ci-zs halogenated hydrocarbon group, a
silicon-containing group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group, a

15 phosphorus-containing group, a hydrogen atom or a halogen atom,
and part of these adjacent groups may be linked together to
form a ring in combination with the carbon atoms to which the

groups are bonded,
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stryitcrerecolLing

Preferably, R® and R*® in Formula (II) are the same or



fropr422-addition of the conjugated dienc nod
tet[ng oyolopentane sktvaton rep-earnts 15 70
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of ret-tess than-20,022 an-canasared by gel
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opcip Gr eraidd in the invention
cemgrirms L least effddiene and a conjugal
aeddiene in the pm- sense or 15catalyst
mcmpri.5:ng the followang: (a).and (B):.IM].; a
transition.metal.cdrpondi [a.,:dt] a_railsan

i 2 3
10 RY, R? and R’ are the same or different from one another

and are each a hydrogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a silicon-containing group, an
oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group or a phosphorus-containing group,
15 R is a hydrocarbon group, a halogenated hydrocarbon group,
a silicon-containing group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group or a

phosphorus~containing group,



adtal#tzem selected from Group 3 to Crmrp le
sM the ge :a) at adds, :deTgl 22[8-1] antot
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nonsiak: lugeGC ahydreeer;:star,:halegen ton:
strurs;:hydrar-bon-greups,
hanarnayaldompeuntresidesas;e sare or airserent
axygerroorhaining greebs,. nyarocarbon group, 2tz
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oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group, a phosphorus-containing group, a
15 hydrogen atom or a halogen atom, and part of these adjacent
groups may be linked together to form a ring in combination
with the carbon atoms to which the groups are bonded,
%'s are the same or different from each other and are each
a hydrocarbon group, a halogenated hydrocarbon group, an
20 oxygen-containing group, a sulfur-containing group, a
silicon-containing group or a halogen atom, and
Y is a divalent hydrocarbon group, a divalent halogenated
hydrocarbon group, a divalent silicon-containing group, a

divalent germanium-containing group, a divalent
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Riﬁ XZ
Y Méx1
R12 RS

R Q RE

R10 8 R7
R% R (I V)

10 [0036]
wherein M is a transition metal atom of Group 4 to Group
6 in the periodic table,
R', R?, R'®, R', R*® and R'® are the same or different from
one another and are each a hydrogen atom, a Ci-zp hydrocarbon
15 group, a Ci-zp halogenated hydrocarbon group, a
silicon-containing group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group or a

phosphorus~containing group,
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tin-enAts PiNg:groups,=tor, =nd BESNOUNA.:INgard,
andnorganie sant sarinorganic)-cepbonud:c.do
ormsnometallic eempohmels<tihas-an..,
eloctreh 42:donating.group; M. me anumiser
Sataisf%ch a hydrocarbon group, a halogenated hydrocarbon group,

an oxygen-containing group, a sulfur-containing group, a
15 silicon-containing group or & halogen atom, and

Y is a divalent hydrocarbon group, a divalent halogenated

hydrocarbon group, a divalent silicon-containing group, a

divalent germanium-containing group, a divalent

tin-containing group, ~O-, ~CO-, =8-, -8S0~, -S$0y~, -Ge-, ~Sn-,
20 ~NR-, -P(R}-, -P{0) (R} -, -BR- or -AlR~- (wherein R is a hydrogen

atom, a halogen atom, & hydrocarbon group, a halogenated

nydrocarbon group or an alkoxy group).

Preferably, R' and R in Formula (IV) are the same or

different from each other and are each a C;.50 hydrocarbon group,



wteuullsiorsreatar, the mlurall cy oh atoms or
group; )1 may be the sane sm di f 'Semen.
fronrsaerrotier, end-the plubp.brte-of-groups
Y. mat be-linked-tsgerd:2; me dorm-a-rings:».
sherd13h-tsnkeper-of 0 {o-3rRreterehky-bri
Fobmul a (i) is ti ition at compound se seted
3,313ktna:grenao ochs: Phydrebde:: tne sane
(2-mesitypyrarci-L-y ko) IR-miterlp)on-1-borate
7.3:3-3.03.iL}ir- kidehlotde-andsuw, -
Ihydrotrisjarmesttylrnmizol-i-vd).l.borate -
7.1:6020;1::21-2223-100251. Rre. rarghit -heln
10 phosphorus-containing group, and part of these adjacent groups
may be linked together to form a ring in combination with the
carbon atoms to which the groups are bonded.
{0038}
Preferably, part of the adjacent groups R®, R’, R*® and
15 R in Formula (IV) may be linked together to form a ring in
combination with the carbon atoms to which the groups are bonded,
and Y, R™®, R®, R7, R'® and R are each a Ci.;0 hydrocarbon group,
a Ci.z0 halogenated hydrocarbon group, a silicon-containing
group, an oxygen-containing group, a sulfur-containing group,
20  anitrogen-containing group or a phosphorus-containing group.
{0039}
Preferably, R*® in Formula (IV) is an aromatic group.
Preferably, the transition metal compound (A} is

represented by Formula (V) below:



gafez# below 10029: 100301 7 :ruby 4 tc
Group ICnd Orresent from one anciagar and
ace&each e 0: 20 cyricocapoon genip, a
CHhalogenated hydrocarbon stoop, a
siliconzgoptaining group, an oxypea-sontatning
group/. &k a:lee-containing group, a n ittoser-
(.01i_ c JEXLT group, P '1551,5 OT Je.
cunlqyg y group, a hydrogen afrooral a
ynyaad tart of those A., jSwer__
gL claps, gay be linked togethen La form a
ring in ecato natlsiob Ylit carbon atoms to otian
the:GkF-2223 IC

5 wherein M is a transition metal atom of Group 4 to Group

6 in the periodic table,
R! and R® are each a hydrogen atom,
R?* and R® are the same or different from each other and
are each a Cj—zo hydrocarbon group, a Ci.pp halogenated
10  hydrocarbon group, a silicon-containing group, an
oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group or a phosphorus-containing group,
R®, R®, R7, R®, R%, R'%, R! and R'? are the same or different
from one ancther and are each a Ci.pp hydrocarbon group, a Ci.ap
15  halogenated hydrocarbon group, a silicon~-containing group, an
oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group, a phosphorus-containing group, a

hydrogen atom or a halogen atom, and part of these adjacent



2' and“X' ace -bac sand dr di fferent from east
otter and are each a hydroca "bon group, a
hatogenated hydrocarbon group,an comvinacion
oxyger<contairing:group:ra Galf ue-eentaliril rig
g coupx assiison-bor:aming-group-or-a hat:-
age:vatomyands, = ralosdgtan diva-iant srouwr, an
hydroearben:greup, a divalent-balogenatnd
hydroebrbon-groupy b dirvaigdor, e
silicon-centain:lug-greup,a-aivue:eFitraiogenatea
germanitm-cantarning:gritty; a-didalunttin-c
=flint:ng: Froupy~G-; =CCxQ, ,-8:S02 ,sm
P 22) il KR ) =01 -AlF={wnRnrein Ro;a a.-, -s»-,
hydrogen |C-atofn,, ashalogen.aton a. nysroses
hydreca-hen.group, a:halegenated:. osenzcoa
hydrocarbon.group Or.allaflozy group).
eitaferably,.R0 and.Rli.in Formula.Y17).are..
the.same Qr.berlereeCr, 00 hydrocarbon
g-eup;; 0 halogen,group, a ailicon-ocetaining
gred.p,.an.oxygen-containing.go. « ace tre sae
C|a<p,§1@fliuﬁ'ﬁ@m&'[gt l;OdU:par@each & Ci-gp hydrocarbon
nitcogerdbitbinind.group.or.ein:containing
gre.up..[00311 23.and RoFondle, |d; ate

sulfur-containing group, a nitrogen-containing group or a
phosphorus-containing group, and part of these adjacent groups
may be linked together to form a ring in combination with the

carbon atoms to which the groups are bonded.



gif reeent from each other and anaa C to
hydro 2031rocarbon grenp, a
silicon-dont:a:fling group, an
oxygar=pontaininggradesa rui err- sorbairing
group::a 0;dr:igen-containing grump or a pbc
ephorus-eorraining group.-00021:5C-2225 d
FThi:ECH-1r4 2°F 1: each-cthorand-afa each a-a
rome t:le grouph-Pre=arafl b fite-L'anaiton
motef-COMPprOifd-(AL lab{Ehou::2]:CC3f1.
whea-pil:R0 Fiaiss&len-macalaton: ofqs:x:on
GreupbGroup-b-in-the:peabedic tabla, 15U1,
af and Rl-are-the:sante ordiffetetit.-fra..one
ane&hentiauy free of unsaturated bonds in the main chain and
have a cyclic structure in the main chain and a double bond
in a side chain show excellent properties such as weathering
resistance, heat resistance and oil resistance, have a low glass
15 transition temperature and excellent cold resistance, and have
excellent crosslinking efficiency and modification efficiency.
In particular, the copolymers can be crosslinked or modified
with organic peroxides with excellent efficiency, and are also
crosslinkable with sulfur. Crosslinking the copolymers with
20 organic peroxides gives crosslinked products which have a low
surface stickiness, are free of internal bubble contamination
and have excellent thermal aging resistance (heat resistance)
and collapse resistance.

{0044]



antattto oh a hydrogen at cab a hydrocarbon
bropp, a halogenated hydrocarbon group, a ai
1 i con®=conLannirng grotp:an oxyga;:=-bomrn
tarring-groep;-eeaG+-far-comtahninh-group;:a
ining:group-sr a~phontconl-ainlna croup, 15R"
is a hydroharnon group, a. halogenaton
nyarocaroongrona; e allinan-contanninb gra,
p, an:unacen-containnng a,nop, ail
faahoonbaininu-group;s:a Nibregh;-OLUGIRicss
group or & pro-aphp-naheunt-pining-group;
SF2223:when:ka, P2Ph.dr-e each a group eP,
:acted al-on rocarbon group, a he-agarate,:
hhdrerdatbengsoup:sa all circa conLaining
graups: an oxygen-cone.aining :fitly, a
sulture;nente NING. QEOUP, s@uescribed in detail below.
hiLiegen-containang dronr, and a 5
hhcepharus-sontaining.s-oup,.al and. ift..and
Fd.and.ln.are.nacidentical..at the.sane.t-gree,

is characterized in that:

{1} structural units derived from the conjugated diene

represent 1 to 90mol% of all the monomer units in the copolymer,

20 and
{2) based on all the structural units derived from the
conjugated diene in the copolymer, structural units resulting
from 1,2-addition of the conjugated diene and having a

side~chain double bond represent 0 to 90 mol%, structural units



parr-pa the acyjacent groups a.a,F.3 and 4
a.ryhe 1..shed together to Sorra a rind in
caprotralion'erimit - carbomnptcain 4o bh:bah
the’ grpipe are-banded; FE25vhay kb:-m; 29 o
P.2%: 18 arnek 33t arc-the Carda-pa+h fearer,-:
fruit-one-another-and are each a-Garasorivsates
nydradeareon greupyaSay, felecedaibed:
hydrocasbon:group; aodae: crn-containingan:
groep;ean exYgan-anphainingAReP;-2 Ao .
‘etcseon-taming grcuP, a nitregen-ccntainang
gnu:Ehra RPE-eas:elikibsfekl=Fininfr:graup; f
hvdragen-atom otr-a ha:laser,-atera,.-and. pant
Cf mhoseadyaueet groups ray he.:11-A,CL.
t,.gejileiitore=a ringdn conthnamer.ahlea the
carbon-atoms to.weigh the:gruips.ate.honded,
Shbare the sane or different area each adher
dnd areneyaeheathydﬁ@%@@@ol{@de)mammral
halogenated hydrepadthepr.gtahp,.an.22.....
oxygen-aontaining group, adrcontaining.
graup,-a.ail.iponscantabning.group. cc.a,nal,.
organ.al.op..and 5 is.et divalent hydrocarbon
=haaryealent hal.hydra pareenn.group,.a.......
divalene. silicca-canta dui.ng :"Pup, e divalent
germanjuh-conmehb,nra graftp, a diyarent

R 71' g—zagc§t i-oN B-t"m; Zgﬂ ulg:!'t-e’d ‘CEZ%@O)N(EEV{@ _aBsBd;- 91';1'.11
-n1l4- hehathehh R ia a oydrehea alom, a
balccen atom, a Ihdfccoarhyr; dryrap, a
ha:crenated hydre;Rscut catsup Cr an arkoxy

group).



Moraplefhrehly, the transition meta] acmpotd,
represented by Formula dittl heloam [00351
[Bach: 8} PAfyNobal-atom: ct-CrustdsFy{f::
IC11103B 4 in-the-aeriotic haat;-and arhLiler
an=:K are-eaeh-a fydrogea:atom ;a:Ctea:on
group:ca:R3e;, hadayenatcktoydrthaarl Y);)
erouchaNRR-sensaininC 6ask) ans resuting
orygenteontathang group;a furCurtaining
groups-a-pitregen=gontalvirh)-group ok -
structural units resulting from 1,2-addition of the conjugated
diene and having a side-chain double bond, that of the

10 structural units resulting from 1, 4-addition of the conjugated
diene,thatofthestructuralunitsresultingfroml,3—addition
of the conjugated diene, and that of the total of the structural
units resulting from 1,2-addition of the conjugated diene and
having a 1,2-cyclopropane skeleton and the structural units

15 resulting from 1,2-addition of the conjugated diene and having
a 1,2-cyclopentane skeleton, respectively, relative to 100
mol% of all the structural units derived from the conjugated
diene in the copolymer.

{0049]

20 The olefin/conjugated diene copolymer usually contains
structural units derived from ethylene and structural units
derived from a conjugated diene. The structural units derived
from a conjugated diene that are present in the copolymer

include structural units resulting from 1,2-addition (used



SZ=22:27 part a'jgroup rinsed rtgettcr to form a
ring 'nions with too carton phone to plAch the
grotps arebonded; PR R2:1E::4C ;52 PIG;
iltn=ane R-aretoorsame-orhi fterer-5fromer
trace-another-and-are-each-a:Q-1r-hydrocarbon
group;sa-Si-to- halogenated-hyerecariengreup,
a s‘CMyeaming-geup, an oOXygen-au.s-« A to
Troupea:sulftirgoutaining grotip,: nc raving -
nitrogen-eontaining-group, a
phesphorus-containing group, a hyjirigoo alLtot
or a halegen-atom,and.par eit these adjacent
la greups.nay- ne-eked-together.c.farm.a..
ring in-eerigiratiop dill( the.carbon.at. ens to. .
btich-the.greops arebonded; .., :» bh and.lC,
arethe:same or dtherent.first. each.settee and
are each a.hyerogaroon graup,.a.salogenated
Rydrocarkon.giofd, . o snciude 3, s-aaaition) of o

conjugated diene and having a 1,2-cyclopentane skeleton are
structural units that have a five-membered ring (a cyclopentane
ring) inthemain chain resulting from1l,2-addition (used herein
to include 3, 4-addition).
20 {00513

The copolymers of the invention do not substantially
contain structural units resulting from 1,4-addition of a
conjugated diene and structural units resulting from

1,3~addition of 2 conjugated diene. In detail, the structural



ati tartzen-concerning group, a Cu: h ],"
conla-ning group, a silicon-contain:gig TUC up
or a‘hazeigars atopiandion of SYisuadiersic:it
oydroca dorm(-drone:e divalent na:-ogenated
hydrocarbongroup;aaivalontad: CCTFifors o
CUMLsss, 1dudergroupsaits <2(G)-tRisz-R5u0f in
thR {~dbereln Sic a nYd'n'gen
halogen atom, a hydra:art:oh. halocenatza
tvd-ncarh=neetronc:urea: akozy-arced) e wo
Prase-ad. yqd:yiFhe €iC inare-the:soon, or
different fromeach:otherand are earhaCh:2D
Jﬁlyd{@@aﬁb@n g:lrg(g&da,d SH2222ent 1 o 50 mols,
21 G2 liancgenaued hydroearbon o so no1: of
groupsticen-containing-anittogen-containing
grawp:or a ptchiporum-centalaira graugh
In the copolymer of the invention, the structural units

15 derived from ethylene usually represent 10 to 99 mols,

preferably 20 to 94 mol%, and more preferably 20 to 93 mol%

of all the monomer units in the copolymer.

[0034]

In the copolymer of the invention, the structural units

20 resulting from 1,2-addition of a conjugated diene and having

a side-chain double bond represent 0 to 90 mol%, preferably

0.5 to 90 mol%, and more preferably 1 to 80 mol% based on all

the structural units derived from a conjugated diene in the

copolymer.



Preferably, 50, 57, Pt apd Pula SuricuTh JIVJ
are the same or different :rose one another
and@arc; Each a n.bydrocarbor group,
ehalogenated-hydribearher group:-act:ra1 uics
dicontanntairing groupancexygendiens sepresent
-editwaning-groupra sulfur-containing group,
a ritrogereocntainifng-gHCUr ofea, =nd the total of
rambling-ereup;-arid-part of-these:adjacent
crones-Tray-hot stud-egether to-ferm-a-rng id
euritination with-the-carben-atems te-whieh the
grouts: are twinded:j2638]-Rroferbolgh: part-or
ffe .adjacent groups:¥s, @-P-lein inortida «.
112) may: be:licked:{ogether.to torn:a ringin.
cc-shita:ton-wit-t the-ea Chen.dregs. .c.which
the-grours are:-bonded,;and W .55 RGeD L
Wl-are-dd.ars.each.a Gusig. hydrecarben
Groupsea:-« s:icndNalogenated hydracarhon.group,
a did:-iher-dorta, -a'QkLJCQtE?jrhtloﬁh in the copolymer.
ai,exydeh-cchfaindius artril--containing grope,
Preferahlyln kormula.sly).in.an 2-emetic. ... .-
9-nap.; Rreferably..the Lransilion metal. ., ...
LOMPOUNG.ills 1S.cnsusarea dsene represent tne svove

proportions based on all the structural units derived from a
conjugated diene in the copclymer, the copolymer achieves
improvements in weathering resistance, heat resistance,

crosslinking efficiency, <old resistance and modification



66722 f0G5 ?] [Thep.gf M=LX1 Rfl V R5
Or-c-Re r FO5 R5 Rs R7 F01411 5wherern 54
le 6 indthe ohrtcta areceelisR2 ensure that tre

copolymer shows excellent properties such as ozone resistance,
thermal aging resistance, low-temperature properties and

dynamic fatigue resistance.

w

f0057]
In the copolymer of the invention, the total of the
structural units resulting from 1,2-addition of a conjugated
diene and having a 1, 2~cyclopropane skeleton and the structural
units resulting from 1,2-addition of a conjugated diene and
10  having a 1,2-cyclopentane skeleton represents 4 to 100 mol%,
preferably 4 to 99.5 mol%, more preferably 15 tc 99 mol%, and
still more preferably 20 to 99 mol% based on all the structural
units derived from a conjugated diene in the copolymer. The
1,2-cyclopropane skeleton is a cis or trans three-membered ring

15 (a cyclopropane ring), and the 1,2-cyclopentane skeleton is
a cls or trans five-membered ring (a cyclopentane ring). The
copolymer of the invention contains at least one of the
1,2-cyclopropane skeleton and the 1,2-cyclopentane skeleton,
and may have both.

20 [0058)

The copolymer of the invention preferably has a weight
average molecular weight as measured by gel permeation
chromatography (GPC) relative to polystyrenes (Mw calibrated

against polystyrenes) of not less than 20,000. The upper limit



,oup4:to Group ant gd ace the saws to
differehL freak each ether and carbon
gcsupcmel teeraret-aa:10:typiorearpsicuiarty
SXngeFfeeglge{gimegeiohPa’gamolecular weight of the
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R',:RGy112, gey-Pds:P-brand ct-are-thesame
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liondeo, Xis are the same or Citteront
from each.olhes.and are.each.a nydrocanhon
grimy:,.a halogenated nydranarban.gamin, an

differential scanning calorimetry (DSC) or does not have a glass
20 transition temperature. The glass transition temperature is
preferably ~60 to 0°C, and more preferably -60 to -10°C.
Further, the copolymer has a melting point (Tm) determined by
the above measurement of not more than 130°C or does not have

amelting point. When the copolymer shows a melting point, the



5 nickieiehhcfcainhml groin,' a
selfganconladaing group, s si tiogn-cormaining
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-P 1Ri«1:04=iS) Adib-:Wrier= Rica hp-aro:gen
OMgypashalogen atom, a hygrocarbor grong, a
halogenated:hydrocarbon greop o an-alkond
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arylalkylene group ©f1:3 s arygrQop..it-042.
are 0bdifferent, from.one anotlor.and are -a:.
20silieen-Lecntainirg gcoun, rur
oxygen-containing grimig, a sir:Sur-containing
grous;. a:hitrogen- gcntanning group cc- nt

CH2=CH—(I3:C<:2

R’ (i)

15

[ooe21

InFormula (i), R' and R® are each independently a hydrogen

atom, a Ci.g alkyl group or an aryl group, and at least one of

R' and R? is a hydrogen atom.
20 The conjugated diene monomer (i) is not particularly

limited and may be an aromatic or aliphatic conjugated diene.

10063)
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[0065]

Examples of the Czzpa~olefins and the derivatives thereof

include a~olefins such as propylene, l-butene, 2-butene,



sulfurzYresseinklug the comet yenta with
ilinleo products wirice rave e low surface
stickiness,efine of*$11:1:condl:babble-dcene,
contarmination‘end have:-excellentthiermai
n., ?fitlgstance {teat-restaiance)ern: collapse
teamitanem 00414:»8y-2223 Farther;-the--,
prubDes-sos-areeeeing:te-the 7-0p#n lat leo
ilubterand-mith-rondosarrap:e L.seara:-=OF 00
5013_1:1_(4%% such as 3-phenylpropylene and 4-phenylbutene.
[0066]
Examples of styrene and the derivatives thereof include
10 styrene; mono- or poly-alkyl styrenes such as o-methylstyrene,
m-methylstyrene, p-methylstyrene, o,p-dimethylstyrene,
o~ethylstyrene, m~ethylstyrene and p-~ethylstyrene; functional
group-containing styrene derivatives such as methoxystyrene,

ethoxystyrene, vinylbenzoic acid, methyl vinylbenzoate,

-
o

vinylbenzyl acetate, hydroxystyrene, o-chlorostyrene,
p-chlorostyrene and divinylbenzene; and wa-methylstyrene.
[0067]

Examples of the non-conjugated dienes and the derivatives
thereof include 1, é-pentadiene, 1,5-hexadiene, 1,4~hexadiene,
20 1, 4-octadiene, 1,5-octadiene, 1,6-octadiene, 1,7~octadiene,
T-methyl-1, 6~octadiene and
4-ethylidene-8-methyl-1, 7-nonadiene.

[0068}

Examples of the non-conjugated poclyenes and.the
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scribak 7y -Carnrrat-vsEyebites 1 7t and-id:s -
IABOOTHYNT:She-totbelt $5uresantirvontd
onrtis-altamed:by --~=:elymertzdng at least eth;
dienesarid a ccniugatod dietd is aharai.amizee
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above 0 mol% to not more than 60 mol% based on all the monomer

units. The structural units fromthe additional monomer (s) are
10 preferably those derived from at least one monomer selected

from Cs.pp a~olefins, derivatives thereof, styrene and

derivatives thereof.

{0070}

The copolymers of the invention have excellent properties

15 such as surface hardness, abrasion resistance, vibration

insulation properties, damping properties, weathering

resistance, ozone resistance, thermal aging resistance,

low-temperature properties and dynamic fatigue resistance, and

also have good compatibility with other polar resins and fillers.
20 Thus, the copolymers are suitably used for the production of

various shaped articles such as automobile parts.

[0071]

Next, a process for producing copolymers according to the

invention will be described in detail.
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components (A) and (B), respectively.
100721
The copolymer of the invention is obtained by

20  copolymerizing ethylene and & conjugated diene. A production

process which involves copolymerization and other reactions

is complicated and economically disadvantageous in commercial

production because of the plurality of steps for the copolymer

production. Herein, the reactions other than the
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[0074]
Preferred transition metal compounds (A) having a
20 transition metal atom selected from Group 3 to Group 11 of the
periodic table are those represented by Formulae (I) to (V)
below. 1In a usual embodiment, a single transition metal
compound (A} is used. However, two or more kinds may be used

in combination.
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In Formula (ii), R is an atom or a group selected from
20 a hydrogen atom, halogen atoms, hydrocarbon groups,
heterocyclic compound residues, oxygen-containing g?oups,
sulfur-containing groups, nitrogen-containing groups,
boron-containing groups, aluminum-containing groups,

phosphorus-containing groups, halogen-containing groups,
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PerilD,A'adtG’xium, tin and lead, and is preferably an atom
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15 [0078])
In Formula (ii), Pzl is a pyrazolyl group in which at least
the position 3 is substituted with an unsubstituted aryl group,
a substituted aryl group, & Cs or higher alkyl group, a
cycloalkyl group, an amino group or an oxyhydrocarbon group.
20  Examples of the unsubstituted aryl groups include phenyl,
naphthyl and fluorenyl groups. Examples of the substituted
aryl groups include those corresponding to the above
unsubstituted aryl groups except that one or more hydrogen atoms

on the aromatic ring are substituted with a Ci.zp alkyl group,
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(5-mesitylpyrazol-l-yl)lborate titanium (ITI) trichloride],

[hydrobis (3~mesitylpyrazol~1-yl) (5-mesitylpyrazol-1l~yl}]



s' 2223 31 efficiency. The above proper-Lb
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15 Specific examples of the transition metal compounds
represented by Formula (I) are described below. In the
specification, the methyl group may be abbreviated to Me, the
t-butyl group to t-Bu, the n-butyl group to n-Bu, the
trimethylsilyl group to TMS, the phenyl group to Ph, and the

20 mesityl group (the 2,4,6~trimethylphenyl group) to Ms.
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5 The transition metal compound represented by Formula (I)

may be produced by, for example, reacting a metal salt (a) of
Formula (X) below and a transition metal salt (b) of Formula
(¥} below. The productionusually involves apurification step

in which a regicisomer of the metal salt (a} is separated in
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Hereinbelow, there will be described an example of the
production of the transition metal compound represented by

Formula (I).



in eombination. SY-2223 10371: prescntid by

Panic alll LmxiaL nifoincla, 1 is a tridentate a
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-1kHnae]d e cransiRojg@n atem<or argicupand

selected-from @ hyonagen-atom; ha:-Jug-et at
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groups,pentap:liens:t; on: akking-CROURS,
groupsy-siicon-smut:dd r:diggroups s ovtaine,
the mixture is purified by recrystallization to remove part

10 of the isomers which may be easily separated by
recrystallization, and the resultant mixture is purified with
a flash column chromatograph packed with a neutralized silica
gel or alumina, thereby isolating the objective isomer. The
neutralization methods for silica gel are not particularly

15 limited. For example, silica gel may be neutralized by being
stirred in an eluting solution containing triethylamine. The
eluting solution for the flash column chromatography is not
particularly limited. Examples thereof include petroleum
ethers, hexane, carbon tetrachloride, carbon disulfide,

20 toluene, benzene, dichloromethane, chloroform,
tetrahydrofuran, diethyl ether, ethyl acetate, acetone,
ethanol, methanol and mixtures of these solvents.

[0098]

A transition metal salt (b) is added to the isomerically
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The metal salt (a) used above may be a complex
corresponding to the thallium complex except that thallium is
15 replaced by potassium, sodium or tin.
In Formula {I), M is a transition metal atom selected from
Group 3 to Group 11 of the periodic table. Specific examples
include Group 3 metal atoms such as scandium, yttrium,
lanthanoid metals and actinoid metals, Group 4 metal atoms such
20 as titanium, zirconium and hafnium, Group 5 metal atoms such
as vanadium, nicbium and tantalum, Group 6 metal atoms such
as chromium, molybdenum and tungsten, Group 7 metal atoms such
as manganese, technetium and rhenium, Group 8 metal atoms such

as iron, ruthenium and osmium, Group 9 metal atoms such as cobalt,
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[0100]

X is a hydrogen atom, a halogen atom, an oxygen atom, a

15 hydrocarbon group, an oxygen-containing group, a

sulfur-containing group, a nitrogen-containing group, a

boron-containing group, an aluminum-containing group, a

phosphorus-containing group, a halogen-containing group, a

heterocyclic compound residue, a silicon-containing group, a
20 germanjium-containing group or a tin-containing group. When X

is an oxygen atom, M and X are bonded with a double bond.

[0101]

Examples of the halogen atoms include fluorine, chlorine,

bromine and iodine.
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{01037

Examples of the sulfur-containing groups include

20  sulfonate groups such as methylsulfonate,

trifluoromethanesulfonate, phenylsulfonate, benzylsulfonate,

p-teoluenesulfonate, trimethylbenzenesulfonate,

triisobutylbenzenesulfonate, p-chlorobenzenesulfonate and

pentafluorobenzenesulfonate; sulfinate groups such as
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[0014.2.4--theferatlot-221 52 ARYIRhosill(s-ou-
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refersissyQ pyra-h Hn: =it which the pesction 3

in triphenylamine, N,N,N’,N’-tetramethylethylenediamine

15 (tmeda) and N,N,N’,N'-tetraphenylpropylenediamine (tppda).
[0105]

Examples of the boron-containing groups include BR,
(wherein R is a hydrogen atom, an alkyl group, an optionally
substituted aryl group or a halogen atom).

20 Examples of the aluminum-containing groups include AlRy
(wherein R is & hydrogen atom, an alkyl group, an optionally
substituted aryl group or a halogen atom).

[0106]

Examples of the phosphorus-containing groups include
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hydrocarbon groups resulting from the halogenation of at least
one hydrogen of the aforementioned hydrocarbon groups.

15 Specific examples of the halogenated hydrocarbon groups
include Ci.3 hydrocarbon groups in which at least one hydrogen
has been halogenated. Cizo hydrocarbon groups in which at least
one hydrogen has been halogenated are preferable.

{0108]

20 Examples of the heterocyclic compound residues include
residues of nitrogen-containing compounds such as pyrrole,
pyridine, pyrimidine, quinoline and triazine; residues of
oxygen-containing compounds such as furan and pyran; residues

of sulfur-containing compounds such as thiophene; and residues
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[C110]

15 Examples of the germanium-containing groups include
those groups corresponding to the aforementioned
silicon-containing groups exzcept that silicon is replaced by
germanium.

Examples of the tin-containing groups include those

20 groups corresponding to the aforementioned silicon-containing

groups except that silicon is replaced by tin.
[0111]
When m is 2 or greater, the plurality of atoms or groups

X may be the same or different from each other, and the plurality
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10 {0112]

In Formula (I), Y is a neutral ligand, an inorganic salt,
an inorganic compound or an organometallic compound and has
an electron donating group. The letter n indicating the number
of Y is an integer of 0 to 3, and is preferably 1 or 2. The

15 term electron donating group refers to a group that has
lone-pair electrons to be donated to the metal. Y may be any
neutral ligand compound having an electron donating group.
Examples of Y include chain or cyclic, saturated or unsaturated
ethers such as diethyl ether, dimethyl ether, diisopropyl ether,

20  tetrahydrofuran, furan, dimethylfuran, anisole, diphenyl
ether and methyl-t-butyl ether; chain or cyclic, saturated or
unsaturated aldehydes such as acetaldehyde, propionaldehvde,
n-butylaldehyde, benzaldehyde, p-nitrobenzaldehyde,

p-tolualdehyde and phenylacetaldehyde; chain or cyclic,
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20

saturated or unsaturated ketones such as acetone, methyl ethyl
ketone, methyl n-propyl ketone, acetophenone, benzophenone,
n-butyrophenone and benzyl methyl ketone; chain or cyclic,
saturated or unsaturated amides such as formamide, acetamide,
benzamide, n-valeramide, stearylamide, N,N-dimethylformamide,
N,N-dimethylacetamide, N,N-diethylpropionamide and
N,N-dimethyl-n-butylamide; chain or cyclic, saturated or
unsaturated anhydrides such as acetic anhydride, succinic
anhydride and maleic anhydride; chain or cyclic, saturated or
unsaturated imides such as succinimide and phthalimide; chain
or cyclic, saturated or unsaturated esters such as methyl
acetate, ethyl acetate, benzyl acetate, phenyl acetate, ethyl
formate, ethyl propionate, ethyl stearate and ethyl benzoate;
chain or cyclic, saturated or unsaturated amines such as
trimethylamine, triethylamine, triphenylamine, dimethylamine,
aniline, pyrrolidine, piperidine and morpholine;
nitrogen-containing heterocyclic compounds such as pyridine,
a-picoline, B-picoline, guinoline, isoquinoline,
2-methylpyridine, pyrrole, oxazole, imidazole, pyrazole and
indole; sulfur-containing heterocyclic compounds such as
thiophene and thiazole; phosphines such as trimethylphosphine,
triethyliphosphine, tri-n-butylphosphine and
riphenylphosphine; saturated or unsaturated nitriles such as

acetonitrile and benzonitrile; inorganic salts such as lithium
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chloride and calcium chloride; inorganic compounds such as
carbon monoxide and carbon dioxide; and organometallic
compounds such as organometallic compounds (B-1) described
5. later. Part of the compounds may be substituted with
substituents such as alkyl groups, halogen groups, nitro group,
carbonyl group and amino group. Of these neutral ligand
compounds Y in Formula (I), unsaturated ethers, unsaturated
aldehydes, unsaturated ketones, nitrogen-containing
10 heterocyclic compounds and inorganic salts are preferred.
[0113]
[Transition metal compounds represented by Formula (II)]
[0114}
[Chem. 16]
gio R°
R
R12 X2

Y M£:X1

R16
RS R15
R 14
13 R . ..
15 R an

01153
In the formula, M is a transition metal atom of Group 4
to Group 6 in the periodic table,

1

rRY, R?, R® R, R% R, R}, R, R, RM™, B! and R'® are
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‘Themach@ iring group, =z nitrogen-containing group, a

5 phosphorus-containing group, a hydrogen atom or a halogen atom,
and part of these adjacent groups may be linked together to
form a ring in combination with the carbon atoms to which the
groups are bonded,

X' and X’ are the same or different from each other and
10 are each a hydrocarbon group, a halogenated hydrocarbon group,
an oxygen-containing group, a sulfur-containing group, a
silicon-containing group, a hydrogen atom or a halogen atom,
and
Y is a divalent hydrocarbon group, a divalent halogenated
15 hydrocarbon group, a divalent silicon-containing group, a
divalent germanium-containing group, a divalent
tin-containing group, -0-, -CO-, ~S-, =50~, ~SO,-, ~Ge-, =-Sn-,
~NR-, ~P(R}—-, -P(0) (R})~, ~BR- or -AlR~ (wherein R is a nydrogen
atom, a halogen atom, a hydrocarbon group, a halogenated
20 hydrocarbon group or an alkoxy group).
In Formula (II), M is a transition metal atom of Group
4 to Group 6 in the periodic table. In detall, the metal is
titanium, zirconium, hafnium, vanadium, niocbium, tantalum,

chromium, molybdenum or tungsten, preferably titanium,
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[0117]
In order to achieve a higher activity and increase the
molecular weight, it is preferable that R? and R*® in Formula
15 (IT) are the same or different from each other and are each
a Ce20 hydrocarbon group, a Cezo halogenated hydrocarbon group,
a silicon-containing group, an oxygen-containing group, a
sulfur-containing group, a nitrogen~containing group or a
phosphorus-containing group.
20 [0118]
In order to achieve a higher activity and increase the
molecular weight, it is also preferable that R and R® in Formula
(II) are the same or different from each other and are each

a Ci-z0 hydrocarbon group, a Ci.z0 halogenated hydrocarbon group,
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15 tetrahydronaphthyl, indanyl and biphenylyl. Of these,
aromatic groups such as phenyl, o-naphthyl, B-naphthyl,
anthracenyl and phenanthryl are preferred.

[0120]
Examples of the Cyp halogenated hydrocarbeon groups

20  include the above Cj.zp hydrocarbon groups in which at least one
hydrogen atom has been substituted with a halogen atom such
as fluorine, chlorine, bromine or iodine, with specific
examples including trifluoromethyl, and Ce.sp halogenated aryl

groups such as 2,3,4,5,6-pentafluorophenyl,
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2,4,6-tri-tert-butylphenylimino; and alkylamine and arylamine

groups such as trimethylamine, triethylamine, triphenylamine,

N,N,N",N"-tetramethylethylenediamine (tmeda) and
20 W,N,N’,N’-tetraphenylpropylenediamine (tppda).

[0125]

Examples of the phosphorus-containing groups include
trialkylphosphine groups such as trimethylphosphine,

tributylphosphine and tricyclohexzylphosphine;
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20 [0128)]
Examples of the oxygen-containing groups include
hydroxyl group; alkoxy groups such as methoxy, ethoxy, propoxy
and butoxy; aryloxy groups such as phenoxy, methylphenocxy,

dimethylphenoxy and naphthoxy; and arylalkoxy groups such as
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such as trimethylsilyl, methyldiphenylsilyl,

dimethylphenylsilyl and triphenylsilyl.

(0131}

Preferably, X' and X? are the same or different from each

20 other and are each a hydrocarbon group, a halogenated

hydrocarbon group, an oxygen-containing group, a

sulfur-containing group, a silicon-containing group or a

halogen atom, and are more preferably each a halogen atom or

a Ci.zp hydrocarbon group.
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{01341

Of the divalent hydrocarbon groups, such alkylene groups

as dimethylmethylene, 1,2-ethylene, dimethyl-i,2-ethylene,
20 1,3-trimethylene, 1,4-tetramethylene, 1,2-cyclohexylene and

1,4-cyclohexylene; and such arylalkylene groups as

diphenylmethylene and diphenyl-1,2~ethylene are preferable.

f0135]

Preferred examples of the divalent halogenated
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methyliphenylsilylene, diphenylsilylene, di(p~tolyl)silylene
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alkylaryldisilyl groups and aryldisilyl groups such as
tetramethyl-1,2-disilyl and tetraphenyl-1,2-disilyl.

15 [0137]

Examples of the divalent germanium-containing groups
include those groups corresponding to the aforementioned
divalent silicon-containing groups except that silicon is
replaced by germanium.

20 Examples of the divalent tin-containing groups include
those groups corresponding to the aforementioned divalent

silicon-containing groups except that silicon is replaced by
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15 rac-dimethylsilyl-bis{l-(2-methyl-4-phenylindenyl)}
zirconium dichloride,
rac-dimethylsilyl-bis{1-(2-methyl-4- (a-naphthyl)indenyl)}
zirconium dichloride,
rac-dimethylsilyl-bis{i-{2-methyl-4- (B-naphthyl)indenyl)}
20 zirconium dichloride,
rac-dimethylsilyl-bis{1-(2-methyl-4-(2-methyl-1-naphthyl)
indenyl) }zirconium dichloride,
rac-dimethylsilyl-bis{1l~({2-methyl-4~(5-acenaphthyl)

indenyl))zirconium dichloride,
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indenyl) }zirconium dichloride,

15  rac-dimethylsilyl-bis{1-(2-methyl-4- (2, 5~dimethylphenyl)
indenyl) }zirconium dichloride,
rac~dimethylsilylfbis{1~(2-methyl«4—(2,4,6—trimethyl—
phenyl)indenyl) }zirconium dichloride,
rac-dimethylsilyl-bis{l-(2-methyl~4-{o-chlorophenyl)

20 indenyl)}zirconium dichloride,
rac-dimethylsilyl~bis{1~(2-methyl-4- (m-chlorophenyl)
indenyl) }zirconium dichloride,
rac-dimethylsilyl-bis{1-(2-methyl-4~(p-chlorophenyl)

indenyl) }zirconium dichloride,
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20 zirconium dichloride,
rac-dimethylsilyl-bis{1-{2~ethyl-4-(a-naphthyl)indenyl)}
zirconium dichloride,
rac-dimethylsilyl~bis{1~(2-ethyl-4~(B~naphthyl)indenyl)}

zirconium dichloride,



01°%e80lLrog Stem thesethea

nosidneesubsuif'arkyl Cr alkoxy groupc. 09]

Examples or the'gilicon:ccggaP g groet:y

trecarbonsisbetigiiyed-silyl groups such

trlcyﬁﬁglﬁxwgllk@h‘ 1-(2-ethyl-4-(5-acenaphthyl)

.rprirenvisiimethyifiphenyls__ lot nal yrs fry/

ana ¢ grgot=riylailyi; gydrecr tin-s-10st)jy:.

e_hergroups:Sethrunto:nueSty-icily:2 other;

eglestitgked:atkyt groups:rgenir-as v

3rimetbyrsiyigiutylyarid.

SiliGe:k-substitutgRdssigp runt@gtoryindenyt))

primenhylealylphony .
rac-dimethyisilyl-bis{1l-(2-n-propyl-4-phenylindenyl}}
zirconium dichloride,
rac-dimethylsilyl-bis{1~{2~n-propyl-4~{a-naphthyl)
indenyl)}zirconium dichloride,

15 rac-dimethylsilyl-bis{l-{2-n-propyl-4~(B-naphthyl)
indenyl) }zirconium dichloride,
rac-dimethylsilyl-bis{1l~(2-n-propyl-4-(2-methyl-
1-naphthyl)indenyl) }zirconium dichloride,
rac~dimethylsilyl-bis{l-(2~n-propyl-4~(5~acenaphthyl)

20  indenyl)}zirconium dichloride,
rac-dimethylsilyl-bis{l-(2-n-propyl-4~(3-anthracenyl)
indenyl} lzirconium dichloride,
rac-dimethylsilyl-bis{1l-(2-n-propyl-4~(9-phenanthryl)

indenyl) }zirconium dichloride,



[tilt*fr&mplen on the germs t um- cm learning
groups ft ore groups sorrespcncing to the a
far&s:erif ened° siricon-oortst étregrogoa
exceptthatel'l<cogiis secaced by
Ergrmolea-of tea tirrcemuairriutrro005 iingigde
thosergromgnrexemspondire toteo
anoeserreghtsmed eilieCT;Qoentunrgog groups
erectorthe- i Sittcore-igrep:acidby trn. [fill]
01-2228of eroups X erio-fort-aring.: The lester
n Isatin:fying :k-aevalence ofld;an3
Torrained dependingonthe-vaiente-ofthe
trans:kind«oekdZ hat of X sa 0.5 7Cs

-C #:-ance the: positive -and.nagative.aided that

ate-natter-a-indicatesthe an-so:sato valua at

the-pal-enca Ol-Yeetransitionnatal.al on dad

she-letter:1-denotes:.tura absolute naitte of the

valenaa-0f:X; @ =ist1-2-i-propy1-4- (5-methyl-
9-naphthyl)indenyl) }zirconium dichloride,
rac-dimethylsilyl-bis{l-(2-i-propyl-4- (5-acenaphthyl)
indenyl) }zirconium dichloride,
rac-dimethylsilyl-bis{l-{(2-i-propyl-4-(9-anthracenyl)

20 indenyl)}zirconium dichloride,
rac-dimethylsilyl-bis{i-{2-i-propyl-4~(%~phenanthryl)
indenyl) }zirconium dichloride,
rac-dimethyisilyl-bis{l-{2-s-butyi-4-phenyiindenyl)}

zirconium dichleride,



etofis;’tn Tore detail, whan H Is Tin and X is

Cr, p.is 1)nnatrad. 1 | g:dungen n-aanornstaili

a compourd data' h&s arr==Tharrdohatinhie

letterri'iridicatirig tin atanher is an integer of |

to 3randin-prefeiablyt-or2; The-15termy
electrofritaratifig group refers to a grout tuner
dastare-pals et'cottons tale-danataa tothe

Teta's"I'way be-any > ligand concDtand

having an orcotton lumal:and grotp::xanplaa

Ca¥-incluee-ehaimereyclic, saturate,:

oonsasurated ethers:such:as atiatiptatter, d

atethy?)) ethery diisoprapyl atter,

3Cletrallydirafaran; form; ainattyl-taxer,

S, jaele) di-phenythother arc] rethyl L-butyl

ether;:ghain:crbyot-icyestirated Diroeny) )

n-lutytaidehydeqbanzap nitrolenzalachyna, p

loluttidead-le and. anonbd.ace. ddeyde; chain

or E}yé}LiO,}zirconium dichloride,
rac-dimethylsilyl-bis{1l-(2-n-butyl-4-phenylindenyl)}
zirconium dichloride,
rac-dimethylsilyl-bis{l-{2-n-butyl-4-{a~-naphthyl}indenyl}}

20 zirconium dichloride,
rac-dimethylsilyl-bis{1l~(2-n-butyl-4~(B~naphthyl)indenyl)}
zirconium dichloride,
rac~dimethylsilyl-bis{1l-(2-n-butyl-4~-(2-methyl-1-naphthyl)

indenyl) }zirconium dichloride,



sa-222d Si n-butyrophepene and heney:1
ne_hyl ketone; chain or eyelic, se_ _crated or
unsattirated’ asides such as liarnamerre,
acetdrtice; garizaelvelaramide, a-teary:am:Lie,
N, Nfib“mat dye icindrmide; N, N-firéstryi’ acetani
cia;"fi;Ncleethylarcpictiapied and

N, N<einethyln-butyramide;-claie-orcyclic,
saturated-atonrsatera>ed anhydrides SUCh
as ‘acatie anhydride,C anhydride and ma :air.
enhydalaenorcut Itc,s aturated It
unsal-aratei:amides such as-suocrra mieand
ehtiratimiderehain ca oval to,aa:u- ea or
unsaturated:estars-aab-as u-euhylacetate,
eadyi-ecsiates-beezyd eantede, ehenye
acetatayateullderuata;at-ho:propienate,athyl
steateue and-al_hyl:benzoate; ensile, o- eyol
1. ecsadrurared: on esaturatacaAeines sues
as it-trimethydamine tdethylard re,
trialenylamine; dinethylarninesare-1.4dna,
pylielidunes-piperieine.and morpholime;
niireden-cental-rang hel.drodyclic.compounds
suet:as pyeillia, R=picadine, -pi eerier, Numbl
ned.:lpage:.encl.me; 2-Palty:pyridine, pyrrela,
(acacia,.heilazald, ;Jamaica and. ineoler
sulearberentaining deter-ea:yule Q.....,
bob:unmade. Sl J as thiepbsoe ardahosetines
such as irimaebylaJosplane, triethylphcseerna,
tadband Lriphenylpeospriine; saturatad nr
i:naaturatad ad [r



aoétcrd :Lila and naniopitride; incrannic sa:rs

soul as Lit fins -2223 cbleittia, sudium

chloride; pits’sée lefi chistide;magnesium
s,d"C?IC ILTAL €elloride; inorganic
campoidnils=cdh=as Ccirbf) Tl-menoxide-end
carnor rift/dire; ‘allot organometabile
comrthehfde ututi‘asergancrehartigirdeny,
compounds(0=14, described 5 inter. ?art of
theeocutunds-may:be substitutedw=0Oh
sutatitaehassueleas-atayl groups, I/slogan
grohps:itresgroup: santzamino grodt:©f:these
heotdaa fitand-J:criorice,
unsaturatedtldiceeg-contarning tetanderelic

C7.1fapc-d-sea inB06en:.0 salts are

pieta/area:{01:13]: [inieeaaion-metad rounds

repthemullac(ii:-k-151/4]

15 rac-diphenylsilyl-bis{1-(2~ethyl-4- (a~naphthyl)indenyl)}
zirconium dichloride,
rac-diphenylsilyl-bis{1l~-{2-ethyl-4~(9~anthracenyl)
indenyl) }zirconium dichloride,
rac-diphenylsilyl-bis{l-(2~ethyl-4~(9-phenanthryl)

20 indenyl) }zirconium dichloride,
rac-diphenylsilyl-bis{1-(2-ethyl-4-(4-biphenylyl)indenyl)}
zirconium dichloride,
rac-diphenylsilyl-bis{1-(2-n-propyl-4-phenylindenyl)}

zirconium dichloride,



[ChHemT’101 R "Lj9 R2 R"--GOeR1 R12/\ vy

M-X1 Re-d Re Re, R14 0 dn the formals, M is

a tranaftfcyaat th-Gtoip 0 Lheaeeniedic Os

Bin;PS, Phy 085, 311,'P.", se's, he he, Re, R"

gllrglzggxenylsilylwbis{l—(2—n-propyl—4‘-(9—anthracenyl\,
indenyl) }zirconium dichloride,

5 rac-diphenylsilyl-bis{l~(2~-n-propyl-4-(9-phenanthryl)
indenyl) }zirconium dichloride,
rac-diphenylsilyl-bis{1l-(2-n-propyl-4-(4~biphenylyl
indenyl) }zirconium dichloride,
rac-methylene-bis{l~(2-methyl-4-phenylindenyl)}zirconium

10 dichloride,
rac-methylene-bis{l-(2~ethyl-4-phenylindenyl}}zirconium
dichloride,
rac-methylene-bis{1~(2-n-propyl-4-phenylindenyl)}zirconium
dichloride,

15  rac-methylene~bis{l-(2-methyl-4-(a~naphthyl)indenyl)}
zZirconium dichloride
rac-methylene-bis{l-{2-ethyl-4~ (a~naphthyl) indenyl)}}
zirconium dichloride
rac-methylene-bis{l-(2-n-propyl-4~-{a~naphthyl)indenyl)}

20  zirconium dichloride,
rac-methylene-bis{l-{2-methyl~4-(9-phenanthryl)indenyl)}
zirconium dichloride
rac-methylene-bis{l-(2-ethyl-4-(9~phenanthryl)indenyl)}

zirconium dichloride,



the’s&m from one anatnarderec hydrocarbon
group, a ha-, )alcganated hydrocarbon g Pal
1- Fé Ean=ttarigroup: an' oxyger*mud-dining
group;"aed-teriéan't a'aing group, a
nitrogen~containfag gAWaP, @renyiindenyil)
harms=€oritaint&g g rrirp, a hydrogen atom ern
hargerratecrrs e>is1- 2-ctvtkegesadjaeent gun
rolet*may belinked toga:hear to form a ring in
cruat;tha-trion-to o' the coeopnat-ads-10 which
thergroavx:are-bondc a, X' and X' are the tart
cc nb.iGrereor200al-each-ottercoe-10:a-re
each-a hydrocarben-greup, a halogenated
hydrocarbon group;-at-emycen-centanning
groupyya 6:aliar-eontairing group, a cm, --con

L aining-group;-a-hydroyenat- Cle=-QF-ar)

halegen a:tem-and:maa divalelent. na

Ra-erated vinetnylene-bisi1- (2-methyl-4-phenylindenyl) }
zirconium dichloride,
rac-diphenylmethylene-bis{1~(2~ethyl-4-phenylindenyl)}
zirconium dichloride,
rac-diphenylmethylene~pis{l-{2-n-propyl-4-phenylindenyl)}

20  zirconium dichleride,
rac-diphenylmethylene~bis{1-{2-methyl-4- (3-phenanthryl)
indenyl)}zirconium dichloride,
rac~diphenylmethylene-bis{l-{2~ethyl-d-(S~phenanthryl)

indenyl) }zirconium dichloride,



le Ayéifocarbor group, g divalent
hillcon-coutaining tramp, a divadent gormand
un *contailrey group, a divaterit “HP= (R, |
-P(0)17U5 23R o6 Fer Mdturain R it a
hydrogén gtenrarhéd tegan et Catea’
hydrcoaroon grotto, a halogenated 20
hydrotaron’ groupsorr anze lkoxygrouptm
Forfrralan; Hy 1f-is=a transition metal atom of
to reap-6in‘thve-periodic labias-Tr desail, the
metatla titamitmy: xisF&Clburr, hair:112Z,
vOGO0Bior st onerrm; r:antatemy;-7AlkClid o)
'moiybden:ammemnen;.ore f erabiy hitan |
om-1F«21+2E zircen,andcrabl 1) 52425k he
cardor gittouerlron-ere ancttor and are
g hydrantElyygreupraCuyy-haclog-elicit:ad
hydrecarboen g-rion,-a-alyicon-gontaining
grogan an-oxygen-containing group,.a:.cut far-
chid:Fining-groupya-nill.kgen-containing
group;: t-praapheruccicerdtitaing group, a
hydregenal.0ol er.a-halogen atom, than a
tang-in cambbnation with Z:la carbon.atoms to
T high.thy.groups.are honded.

rac-di {p-tert-butylphenyl)methylene-bis{1-(2-methyl-

4-{9-phenanthryl)indenyl) }zirconium dichloride,

rac-di(p-tert-butylphenyl)methylene-bis{1l-(2~ethyl~

4~ (9-phenanthryl)indenyl) }zirconium dichloride,



[ UTI7F 1. gnor rolecular, walgoit, it a piablein
Formula IEITT:, are Lhe came or ditto:rant frog
eachi Other e a Gem’; ryorogenbca group, a
dmhé tadrocenated hydrocarbon-group,
icofiscontd.mingy 'Edodp; $o ‘exygen:conta i
ming group;’a 'Si:i°t+econtaining group, evil.
Rrogren=eonominirg group or a-phosphoric
icctbragtirg group::2) 16143} In ardor to
ughace roe ‘roleculdrweight:t-tealso:
preferable:that ?dinmi Pe3-(di) are lode cama
on dittereru @naa-each-otherand-are each a
ire chyelrocerbon-group;-a-tmou-halogena Ted
hydrocarbon-group; #k2iji-<cant;inrnqg
Crone;pxyg-on-conta: t@hn sicnioriae,

rac- (methyl) (phenyl)methylene-bis{1l~ (2-n-propyl-4-

(9-phenanthryl)indenyl) }zirconium dichloride,

15  rac-(p-tolyl) (phenylimethylene-bis{l~-{2-ethyl~
4-phenylindenyl) }zirconium dichloride,
rac-(p-tolyl) {phenyl)methylene-bis{1~(2-n-propyl-
4-phenylindenyl))}zirconium dichloride,
rac-{p-tolyl) (phenylimethylene-bis{l-(2-methyl-

20 4-(9-phenanthryl)indenyl)}zirconium dichloride,
rac-(p-tolyl) (phenyl)methylene~bis{i~(2-ethyl-4-
(3-phenanthryl)indenyl) lzirconium dichioride,
rac-(p-tolyl} (phenylimethylene~bis{1l-(2-n-propyl-

4-(9-phenanthryl)indenyl) }zirconium dichloride,



sulfuf:enntsi-aine gaper, a a.
Arceen-containing crouton o tale, norgroup.
[eel ClifiBrsdachieve ' a alghtm-activity and incr
race;, Cit'ud/TT are -he sagaa or different
frofff caeh Loth r-arrd at am-aromatic grad:P-
re:dr-rev ofthe‘gear nydroavabon it groupc
sSnob-ds gatt?tethyt, no<prod:seasisopropyl,
n-htag: asobutyriisecibutyl, ta-t tag y:: , n
perayl-neorentyer-nenanyy phenytartesyn
evampahhrersu€hmaeeryl, pnchanthryl ,
aromatic groups-cuch-cc-phergdas chvaplathyl,
P-mapnttyd-arithracenyr and phenanthryl are
ranederred: 161:2:31 nee:hp:es-ofkice Cy ea
hategenated-hydrocarbon 20 Mel= the above
ahem:hydrocarbon:gramma inwelch-et leas
Leviromen:atem:has been meontiVVdael aid: a
1|5]alf@gem>zaltﬂnﬂsr3—'-bis{1-(2-methy1—4—(9—phenanthryl>
indenyl) }lzirconium dichloride,
rac-fluorenylidene-bis{1l-(2~ethyl-4~(9-phenanthryl)
indenyl)}zirconium dichloride,
rac-fluorenylidene~bis{1l-(2-n-propyl-4-(S-phenanthryl)

20 indenyl) }zirconium dichloride,
rac-ethylene-bis{1l-(2-n-propyl-4- (a~naphthyl)indenyl) }
zirconium dichloride,
rac-dimethylgermyl-bis{l-(2-ethyl-4-phenylindenyl)}

zirconium dichloride,



as flactdhe. ohlordne, bromine or duab v., 'blab

aracifeO groups such as :l, a, 4,5 6-per

uhriubfopmerty’ ::5-222y3:3«ditbue ph8y:)

[-.dirricthaoromethyith yg rca22] of the

hydrotaras:1-tited alivi troupeoft-1iter20:

corhomatone sash as trimerhylselys,

Ratg=tedidh;suylsilyts a7 1-12¢ Hir=fsilyf and

triphouytsi 10112 sorthetax yger=<tont at

hfn‘groupsrancluge: oxy:-1.0doculpssuch as
nettsag:-a<thoxy;-pcoepxy-and:t:otto: lay;-aryi

)/ dichloride,

10 rac-dimethylsilyl-bis[1-(2-methyl-4, 5-benzoindenyl)}
zircenium dichléride,
rac-dimethylsilyl-bis[1~(2~ethyl-4,5-benzoindenyl)
zirconium dichloride,
rac-dimethylsilyl-bis[1-{(2-n~propyl-4,5-benzoindenyl)]

15  zirconium dichloride,
rac-dimethylsilyl-bis[1-(2-i~propyl-4,5-benzoindenyl}]
zirconium dichloride,
rac-dimethylsilyl-bis[i~(2-s-butyl-4, 5~-benzoindenyl)
zirconium dichloride,

20 rac-dimethylsilyl-bis[1-(2-n-pentyl-4,5-benzoindenyl)]
zirconium dichloride,
rac-dimethylsilyl-bis[1~(2-n-hexyi~4,5-benzoindenyl) ]
zirconium dichloride,

rac-diphenylsilyl-bis[l-(2-methyl-4, 5-benzoindenyl)]



groups’such as phanoxy, nett; Lydhanoxy,
disgsgylphenoxy and flg Pat busy; ocgielkcoy
groups svon 6f phenyl get 1de.. .11d
Phénylatchoty: & cetaxy torify oartedyi group;
acustyjneesonafie greed (scat) ; and 0zo
groupsfor2a}EXuncles orthe sidfuret !
acCrotmps inc:Watin stbs L icuent a
correspondmg'to the*gob-s usacen:centaingng
annpotirbls ®xostg Lltat ex-seen or /outaged
by selfur;silt'onate groups: soon-as-net: !
hagasul-1“namere. ttifl uc one t han i', '7c. r.
a , 22<+amsuhylibehashesuffonate; drk-bac et
tgnhsaf shay:sif:state, p a) 1 yin-toy:Lenge. ulf
=—ate-and-gents-rleobehew7:SE-CSduus L e
-u rireta-d-oups <o ad . a. eettylseafinato,
ptany ksu:ldirs1 e ben-a-yisukhtoots,
p-teluersaletf data-t-- samedhados a
soahhlussOtrimrfasul fur-L-al-45;1 Lh_c coos;
Sate groupisul ica-0.group;. pa LynnSide a
4-uss qand th-sate: gro duiaz-n-propy1-
4,5-benzoindenyl)lzirconium dichloride,
20  rac-(methyl) (phenyl)silyl-bis[1~(2~i-propyl-
4,5-benzoindenyl)]zirceonium dichloride,
rac- (methyl) (phenyl)silyl-bis[1~(2-s-butyl-
4,5~benzoindenyl)]zirconium dichloride,

rac—(methyl)(phenyl)silyl—bis[lv(Z—n-pentyl—



[01247°5 Exauptea of obs nirregsn-cor, a talus
gp nclua group;sr sups such as Nathyl
derhylsitico; di propy:- dsis & dibutyLaminca
and di'syelohexyt;-aryfarainh groNpu dud al
kysarytararc grasps infSridohthyLaand

AT phf my taminae;-asksuafr-as-groups
SLICPk tort:butytalai 'r4s-a-sylif no<groups such
as ffs enyt dad-Lhylphonylimins:-2:fdd‘Ne ; h y
phénytircuct; €rd-=L-aryls:reny=inino , C, f
;4 ket t=butylprnion-5:-Sir; @nd-2, 4s=cropik:~bu
flphenysiiniowand a-$4244si0e:and a2Y-Lami
mo Nsouys such on ari rtsrhylanSna, on ethylrt
rthhen\yia&pi@&f the transition metal compounds represented

by Formula (II} further include transitionmetal compounds that

correspond to the above compounds except that the zirconium

atom has been replaced by titanium, hafnium, vanadium, niobiun,
15 tantalum, chromium, molybdenum or tungsten.

[0141]

The transition metal compounds represented by Formula

{II} may be produced by the methods disclosed in Journal of

Organometaliic Chem. 288 {1985), pp. 63-67, European Patent
20 Application No. 320762, JP~A~H04-268307, European Patent

Application No. 549900, European Patent Application No. 576970,

European Patent Application No. 629632 and CA2084017.

[0142}

The transitionmetal compound represented by Formula {II)



N, £¥72-tctrnot&My_ ens:l:a:rine :7.111C:Cia;
rd 14,15,2'aatraphenyLpropy Era_a na
Stopida: 2ST Ears=fpleech - sailcs the-dueea ri
al ky IphosphiiigskrSmetfyiphosrda drbut =
sNphosprana ‘and trisycThJIA,sohins;
|et_[2?121ti1@@f112(6mpounds represented by Formulae (III} to

5 ()]

f0143]

R7

Rm
R® RE S (111D

[0144]
10 In the above formula, Mis a transitionmetal atomof Group
4 to Group 6 in the periodic table,

R', R? and R® are the same or different from one ancther
and are each a hydrogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a silicon-containing group, an

15 oxygen=-containing group, a sulfur-containing group, a
nitrogen-containing group or a phosphorus-containing group,
R? is a hydrocarbon group, a halogenated hydrocarbon group,
a silicon-containing group, an oxygen-containing group, a

sulfur-containing group, a nitrogen-containing group or a



arcttié’same sr differ-figt f .c.r one another
and arc each a halogen atom or a
erydcascarbo 12X and X" are :he sane or
differeritfront each other areceeong: o =
hyérocarbon-group;-eha‘l ‘Egy:Eater-: =
hydrocarahrgragp:ram exyge<me?mtaimning
gretP;acstidiareconlaimng groupy aouw «nd a
adlicor~containingjo:pg.+, achydrogen atesaor
a laregetal orExamples-efithe .nyrirDca-hn,
groupsinclude the-Cgsynonmetlicnedfcr:Rey
Pf:RE-RE a2 fab and-da: Rushpins-of
thzha:lege-sated-zosdnched: the Eha,
halagenated. nydrogarthi-grelapn-er-PEk:and
SO:oxygon-ecrfay thpscinciude mon srous, 2 ¢
halogenated hydrocarbon group, a silicon-containing group, an
oxygen-containing group, a sulfur-containing group, a
15 nitrogen-containing group, a phosphorus-containing group, a
hydrogen atom or a halogen atom, and part of these adjacent
groups may be linked together to form a ring in combination
with the carbon atoms to which the groups are bonded,
X's are the same or different from each other and are each
20 a hydrocarbon group, a halogenated hydrocarbon group, an
oxygen-containing group, a sulfur-containing group, a
silicon-containing group, a hydrogen atom or a halogen atom,
and

Y is a divalent hydrocarbon group, a divalent halogenated



hydioXyl strung; elkuxygrcurr caches hettrxy,
ei:hcxy, propoxy and buthxy; aryl any girlies
SUCH &S 48 108y heihylphenzsy:=inins sxow, =
diue;hylpkrenoxy-ard naplathoxy;:and
tryiatkoxy grzuza 5uchas st:dth2ilsnetdnayand
chefivi 0T 1291 'subs:ec:Mert-“corresponding
to the aboveoryien-co 5 ceancends excopt
thatmarginssreptaced-by-indier; sulionat
congs’such as mothylanlarifrsomaitlallt, SUI
Zortate, tier athirboaronemlfosati,

trficebify-hecienistironato,
pickf izenisaltonate and
peas’iltereibnsonef,Ulfonate; 10 and cull

-Ioote}‘d ho such as molly snlifinate, phony:
sell’ ameassalf Mato,
ratoLueneaeIfllnatl(IC’tlmetb3|bencenesuLt|nare
andmolar:roc-obiin at a [01301 izaopisscttte.
sl ltem:=cmdo-15:-hydrocanher achitc.clodoilsi
grasps-ofk te 20:nartionasuch as
ocrinitlyleil_y, retlyddiphanyMilyl,.ddege.}. ...
Lykpeh&ELHeSlarld)étla angd. _}thbﬁQS@&IYJ CM]@dllcarbon
15 group, a Ci halogenated hydrocarbon group, a
silicon-containing group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group or a
phosphorus~-containing group,

part of the adjacent groups R, RY, R!® and R'® may be



Preferably,free each. 21 other and are ;;ECI-1,
a hydrocarbon gimp, a haloponatod in | fur-
toot &s[itft'group; at icon: contairr ing gam "
haloger Cait, andere ace eicterilly each a
halogeh dima’orca 20 hydiocarbor group=-:
Op_msafa‘,beigr?]are each a Ciz hydrocarbon group, a Cizfyg
cr.'group-adivaeathal hydrocarbomrgroup-a
di vatathrgilicorccenta ineng-groeap:-a-divalent
germarn-tamecontaimng-group; -adivaslenb. -
atomiahalogen-atom:-artythe::ca-bPn Froup,
a Labogenatedde-a3-dreferced-extheciva-1
'erdiatcupsnail:dedivva Thoel-kyd-began-bon
groups: Specicabn-egarral-es-arc-lddocak: ana
Ky =onel:unowra av-eh-as:ane: bylane: srouw,
elemethytmenhydene; 2;2--hy.-ene,-din.et
ty|_s],_1,goa@ctrhy}eﬂ@’ro[;p1, [& hydrogen atom or a halogen atom,

15 and

Y is a divalent hydrocarbon group, a divalent halogenated
hydrocarbon group, a divalent silicon-containing group, a
divalent germanium-containing group, a divalent
tin~-containing group, -O-, -CO-, -$-, -§0-, =S80z, -Ge-, ~Sn-,

20 ~NR-, =P{R)~-, -P(0) (R)~, -BR- or -AlR- (wherein R is a hydrogen
atom, a halegen atom, a hydrocarbon group, a halogenated
hydrocarbon group or an alkoxy group).

[0147]

[Chem. 197
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hydrocarbon group, a silicon-containing group, an
oxygen~containing group, a sulfur-containing group, a

10 nitrogen-containing group or a phosphorus-containing group,

r®, R%, R", R%, R%, R, R¥ and R’ are the same or different

from one another and are each a Cy.y) hydrocarbon group, a Ci.zo
halogenated hydrocarbon group, a silicon-containing group, an
oxygen-containing group, a sulfur-containing group, a

15 nitrogen-containing group, a phosphorus-containing group, &
hydrogen atom or a halogen atom, and part of these adiacent
groups may be linked together to form a ring in combination
with the carbon atoms to which the groups are bonded,

X's are the same or different from each other and are each
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of Formula (III) for use in the invention.

In Formulae (III} and (V), M is a transition metal atom

of Group 4 to Group 6 in the periodic table. In detail, M is
20 titanium, zirconium, hafnium, vanadium, niobium, tantalum,

chromium, molybdenum or tungsten, preferably titanium,

zirconium or hafnium, and particularly preferably zirconium.

[0150]

In Formula (IIT), R', R? and R® are the same or different
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bonded.

[0151]

In Formula (V), R' and R® are each a hydrogen atom, and

R® and R® are the same or different from each other and are each
20 & Ci-zo hydrocarbon group, a Ci.z halogenated hydrocarbon group,

a silicon-containing group, an oxygen-containing group, a

sulfur-containing group, a nitrogen-containing group or a

phosphorus-containing group.

[0152]
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form a ring in combination with the carbon atoms to which the
groups are bonded.

10 {0153]

Examples of the hydrocarbon groups include Ci_zo
hydrocarbon groups described below.

The Cj.zp hydrocarbon groups include alkyl groups such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,

15 sec-butyl, tert~-butyl, n-pentyl, neopentyl, n-hexyl and
cyclohexyl; alkenyl groups such as vinyl and propenyl; phenyl,
a-naphthyl, P-naphthyl, anthracenyl, phenanthryl, pyrenyl,
acenaphthyl, phenalenyl, aceanthrylenyl, tetrahydronaphthyl,
indanyl and biphenylyl. Of these, aromatic groups such as

20 phenyl, a-naphthyl, B-naphthyl, anthracenyl and phenanthryl
are preferred.

{0154)]
Examples of the halogenated hydrocarbon groups include

Ci-2¢ halogenated hydrocarbon groups described below.



inddriyF) Il cilium dichl gridc rsac-disc t fry ¢
isvi h}. a (2-ourre}l ,M if: :Tr co | zirconium
jrich} ofracede=net] ylor(l=(2 ettt rhyh £2-
12tdenyly2asire:nt ime 24124ri2erede ra--
--2(ter Jes ylsiflybrs: ol (202,42 12* 14 - 13- er;
-dieethyls 44iy4 (1= 12<methyli4-£:24e;r412 1
zirrerivrrdesrrror Fderacer-AAnet-hyl4 4
lyr-1+e Taea:Resimeeryi4-«(2:dpeny 22
inderer:24-2:2<Z1kFatrides r4 reel2-] 2-est-er,
le4(
Examples of the silicon-containing groups include
10 hydrocarbon-substituted silyl groups of 1 to 20 carbon atoms
such as trimethylsilyl, methyldiphenylisilyl,
dimethylphenylsilyl and triphenylsilyl.
[0156]
Examples of the oxygen-containing groups include oxy
15  group; peroxy group; hydroxyl group; hydroperoxy group; alkoxy
groups such as methoxy, ethoxy, propoxy and butoxy; aryloxy
groups such as phenoxy, methylphenoxy, dimethylphenoxy and
naphthoxy; arylalkoxy groups such as phenylmethoxy and
phenylethoxy; acetoxy group; carbonyl group: acetylacetonate
20  group (acac); and oxo group.
{0157}
Examples of the sulfur-containing groups include
substituents corresponding to the above oxygen~containing

compounds except that oxygen is replaced by sulfur; sulfonate
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10 {0158]

Examples of the nitrogen-containing groups include amino
group; alkylamino groups such as methylamino, dimethylamino,
diethylamino, dipropylamino, dibutylamino and
dicyclohexylamino; arylamino groups and alkylarylamino groups

15 such as phenylamino, diphenylamino, ditolylamino,
dinaphthylamino and methylphenylamino; alkylimino groups such
as methylimino, ethylimino, i-propylimino and
tert-butylimino; arylimino groups such as phenylimino,
2-methylphenylimino, 2,6-dimethylphenylimino,

20 2,4,6-trimethylphenylimino, 2-i-propylphenylimino,
2,6~di~i-propylphenylimino, 2,4,6-tri-i-propylphenylimino,
2-tert-butylphenylimino, 2,6-di-tert-butylphenylimino and
2,4,6-tri-tert-butylphenylimino; and alkylamine and arylamine

groups such as trimethylamine, triethylamine, triphenylamine,
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10 phosphonate group; and phosphinate group.

[01601

Preferably, R°, R®, R and R'® are the same or different
from one another and are each a hydrogen atom, a halogen atom
or a Ci.zp hydrocarbon group.

15 In a preferred embodiment of Foermulae (III} and (V}, Rﬁ
R7, R} and R are the same or different from one another and
are each a Ci.zp hydrocarbon group, a Ci-z, halogenated
hydrocarbon group, a silicon-containing group, an
oxygen-containing group, a sulfur-containing group, a

20 nitrogen-containing group or a phosphorus-containing group,
and part of these adjacent groups may be linked together to
form a ring in combination with the carbon atoms to which the
groups are bonded.

{01611
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20

halogenated hydrocarbon groups include the aforementioned Ci.z
halogenated hydrocarbon groups.

Examples of the oxygen-containing groups include
hydroxyl group; 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.

{0163}

Examples of the sulfur-containing groups include
substituents corresponding to the above oxygen-containing
compounds except that oxygen is replaced by sulfur; sulfonate
groups such as methylsulfonate, trifluoromethanesulfonate,
phenylsulfonate, benzylsulfonate, p-toluenesulfonate,
trimethylbenzenesulfonate, triiscbutylbenzenesulfonate,
p-chlorobenzenesulfonate and pentafluorobenzenesulfonate;

and sulfinate groups such as methylsulfinate, phenylsulfinate,



iodBryfy ) rearcenium aiji,Or i.dR, - red dldr
Lhalrilyldris )1- / 2 dethyd-4hrdd ) indonyl ) ) di
roofi do°dréediordde;anthrelineoryl) | ra
andaifieticy Tdi'155ed, dnid -2 napapd:-
prefy tircoredo de/dlalorldn, 003'i-4-1 lodorY-)
|zirn/oR)*frisa’ (YO dorider FrFo al-oatis<yin
ilylzhir#ieht 2:repropya 4<23-indery)-1s-eict
rideracedirrietnyiri ty-=aderdrid1+2 re- pi
opyl=C2v1vre 57 1 idoacreuhYl) arderl)) |
airdnni En di old odd de,

Preferably, x's in Formulae (III) and (V) are the same

10 or different from each other and are each a hydrocarbon group,
a halogenated hydrocarbon group, an oxygen-containing group,
a sulfur-containing group, a silicon-containing group or a
halogen atom, and are more preferably each a halogen atom or
a Ci-zg hydrocarbon group.

15 (0166}

In Formulae (III) and (V), Y is a divalent hydrocarbon
group, a divalent halogenated hydrocarbon group, a divalent
silicon~containing group, a divalent germanium-containing
group, a divalent tin-containing group, -0-, ~CO-, ~8=, -SO-,

20 ~80z-, -Ge-, -Sn-, =-NR-, -P(R)~, =P(0) (R)-, -BR- or =-AlR-
(wherein R is a hydrogen atom, a halogen atom, a hydrocarbon
group, a halogenated hydrocarbon group or an alkoxy group) .
{0167}

Preferred examples of the divalent hydrocarbon groups
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(01687

Of the divalent hydrocarbon groups, such alkylene groups
as dimethylmethylene, 1,2~ethylene, dimethyl~1, 2-ethylene,
1,3-trimethylene, 1,4-tetramethylene, 1,2-cycliohexylene and
i,4-cyclohexylene; and such arylalkylene groups as
diphenylmethylene and diphenyl-1,2-ethylene are preferable.
[0169]

Preferred examples of the divalent halogenated
hydrocarbon groups include those resulting from the
halogenation of at least one hydrogen atom of the above divalent
Cy-p0 hydrocarbon groups. Specific examples include
halogenated products of the above divalent Ci.pg hydrocarbon
groups, such as chloromethylene.

[0170]

Examples of the divalent silicon-containing groups
include alkylsilylene groups, alkylarylsilylene groups and
arylsilylene groups such as methylsilylene, dimethylsilylene,

diethylsilylene, di{n-propyl)silylene,



200,06°0001-,,1011.21-300011-ti-

_ chic00-2-methy (0-4- (9-phenanth ry idE
ncignyfl*I°Z{0000iunt ' dico0)02" de=
racy-ettyisigere 0 Brtet . 5echlof: 2 2-ethyh4-
(9-phéndnruhflandenvidz i<con'tom dir0t0 02:
de alky&cylﬁfﬁﬁﬁhywm Tdcflfﬁﬁﬂlyl —groups such as
C-chlcto2=¢ 2<pr. 74z «(O=ptenanthiryi):
Missy]c frC1C- 11 71 diet-2102000,
000-d)610;khy:Silyi-6001t =2 002;pYys oroues
(-0E000:tindery:)-)-10zirepniun-c-0-010210e,
ac-dine'Lhyl-0L-104=0 s-H{= 2<-20d0201<)xl:-
zircomunrdiehlor ra2-ddriethy122 02) LA 0(1
(2 -p208(0-ria LHderyl:l z-reon: runaichk-SY:e
de;iix00-02 1-met:004 011y shis-{0cnef 2vatent
i-prOPiO-<4r ({2 0,0-9-1000 1 2thyl; inhered}ea—y
02801 um dishlori60, r0,0-dimethylsilyL-bis
H(2:i(0-a2enaphtiy) It 202]02q) ) | zirconium
dichlorid©,-roe~eoneihy:s=.0:bNas dicc-(2n krou,
-propyd-4-an-hi-20:i0¢:-enyl zirconium,,. .
chthioolde ;002:¢i0.0:1 sil.yl-bi,§ 41502+,
-000001-As { Drphenanthry:0.1,000.yk ) .0o ana
Z)ZiZs{Q]iQQdedjigngm%%Gdescribed for X'. The

alkoxy groups indicated by R include 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.



ziréonitim dich_020.de,,.22-2223 4a s-dnmet
hyl St i_yl ia f lurnapninvl zirconium dist:pride,
rat-dirt'thy Livii (2Le -4spald iLdenyi ) | oniam
din hit ¢ir'fe;'5 tac~112p5iyisity Tidis 12 (2 =
-a-“BUA e Hd=rSeHE:  résFp Lap i oo =
dilly=Lade;sac > darmethyreityl:=ta'sits by
£5.1'4'5 acenaphthyi) _ndens1) | zirconium
dichlorbdo; Sredyes: 1915ty T 1= (2=arbutyl-
4_ gaﬁethr*ae by Formula (V) include

isopropylidene(3-tert-butyl-5S-methyl-cyclopentadienyl
(fluorenyl)zirconium dichloride,

10 isopropylidene (3-tert~butyl-5-methyl-cyclopentadienyl
(2,7-di-tert-butylfluorenyl) zirconium dichloride,
isopropylidene (3-tert-butyl-5-methyl-cyclopentadienyl
(3, 6-di-tert-butylfluorenyl)zirconium dichloride,
isopropylidene(3—tert—butyl—SAmethyl—cyclopentadienyl

15 (octamethyloctahydrodibenzofluorenyl) zirconium dichloride,
diphenylmethylene (3, 5~dimethyl-cyclopentadienyl
{fluorenyl)zirconium dichloride,
diphenylmethylene (3,5-dimethyl-cyclopentadienyl
(2,7-di-tert-butylfliuorenyl)zirconium dichloride,

20 diphenylmethylene(3,5-dimethyl-cyclopentadienyl)

(3, 6-di-tert-butylfluorenyl)zirconium dichloride,
diphenylmethylene (3, 5-dimethyl-cyclopentadienyl)
{octamethyloctahydrodibenzofluorenyl) zirconium dichloride,

diphenylmethylene(3—tert—butyl~5—methylAcyclopentadienyl)
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diphenylmethylene (3~tert-butyl-5-methyl-cyclopentadienyl})
(octamethyloctahydrodibenzofluorenyl) zirconium dichloride,
diphenylmethylene {3~ (2-adamantyl) -
S-methyl-cyclopentadienyl) (fluorenyl)zirconium dichloride,
10 diphenylmethylene (3~ (2~adamantyl) -
S5-methyl-cyclopentadienyl) (2, 7-di-tert-butylfluorenyl)
zirconium dichloride,
diphenylmethylene (3~ (2-adamantyl)~
5-methyl-cyclopentadienyl) (3, 6~di~tert-butylfluorenyl)
15 zirconium dichloride,
diphenylmethylene (3- (2-adamantyl) -
S-methyl-cyclopentadienyl} (octamethyloctahydrodibenzo-
fluorenyl)zirconium dichloride,
diphenylmethylene (3-tert-butyl-5-ethyl-cyclopentadienyl)
20 (fluorenyl)zirconium dichloride,
diphenylmethylene (3-tert-butyl-5-ethyl-cyclopentadienyl)
(2,7-di-tert-butylfluorenyl)zirconium dichloride,
diphenylmethylene (3-tert-butyl-5-ethyl-cyclopentadienyl)

(3,6-di-tert-butylfiuorenyl)zirconium dichloride,
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dichloride,
di{p~tolyl)methylene (3, 5-dimethyl-cyclopentadienyl)
{fluorenyl)zirconium dichloride,
di(p-tolyl)methylene (3, 5-dimethyl-cyclopentadienyl)
15 {(2,7-di-tert-butylfiuvorenyl)zirconium dichloride,
di (p-tolyl)methylene (3, 5-dimethyl-cyclopentadienyl)
(3, 6-di-tert-butylfluorenyl)zirconium dichloride,
di (p~tolyl)methylene (3, 5-dimethyl~cyclopentadienyl)
{octamethyloctahydrodibenzofluorenyl) zirconium dichloride,
20 di(p-tolyl)methylene (3-tert-butyl-5-methyl-cyclopenta-
dienyl) (fluorenyl)zirconium dichloride,
di{p~tolyl)methylene (3-tert-butyl-5-methyl-cyclopenta-
dienyl) (2,7-di-tert-butylfluorenyl)zirconium dichloride,

di{p-tolyl)methylene (3~tert-butyl-5-methyl-cyclopenta~-
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10  dienyl) (3, 6-di~tert-butylfluorenyl)zirconium dichloride,
di(p~tolyl)methylene (3~ (2-adamantyl)~5-methyl-cyclopenta-
dienyl) {(octamethyloctahydrodibenzofluorenyl)zirconium
dichloride,
di{p-tolylimethylene (3~tert-butyl-5-ethyl-cyclopenta~-

15 dienyl) (fluorenyl)zirconium dichloride,
di{p-tolylymethylene{3-tert-butyl-5-ethyl-cyclopenta-
dienyl) (2, 7-di-tert-butylfluorenyl) zirconium dichloride,
di{p~tolyl)methylene{3~tert-butyl-5-ethyl-cyclopenta-
dienyl) (3, 6-di-tert-butylfluorenyl)zirconium dichloride,

20 di(p-tolylimethylene{3-tert-butyl-5-ethyl-cyclopenta-
dienyl) (octamethyloctahydrodibenzofluorenyl) zirconium
dichloride,
di(p—tolyl)methylene(3—tert—butyl~2,5—dimethy1—cyclopenta—

dienyl) {(flucrenyl)zirconium dichloride,
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15 dienyl) (octamethyloctahydrodibenzofluorenyl) zirconium
dichloride,
di{p-tert-butylphenyl)methylene (3-tert-butyl-
S5-methyl-cyclopentadienyl) (fluorenyl) zirconium dichloride,
di (p-tert-butylphenyl)methylene (3~tert-butyl-
20  5-methyl-cyclopentadienyl) (2, 7-di-tert-butylfluorenyl)
zirconium dichloride,
di(p~tert-butylphenylimethylene (3-tert-butyl-
S-methyl-~cyclopentadienyl) (3, 6~di~tert-butylflucrenyl)

zirconium dichloride,



ndényitf Fzurconnurr 414)1414,1de,

sas-4151141{4{{11441-snryl-ris: 1- 2-zt.1451.

-4 fsferderu 111 ziveoniurrd) shim{ Anc-1)1

rec-dithénylsityt his’ (T (2-ettyk4vit)==ernhr

acényli-fisieryl){zirconiaum dint-of-1de, htyl)
20futorrA{t Y Fzitooyisyrr dichioride’ -
rez=dychonylsilyd-his(2:ethyl=: C=imns-tume:.
dichleride )5t ==4:pirces indsrayh 1 -

ZirCOW 1M e Clhnord.iey-tert-butyirivorenyt)
zirconium dichloride,

di (p~tert-butylphenyl)methylene (3- (2-adamantyl) -

10 5-methyl-cyclopentadienyl) (3, 6-di-tert-butylfluorenyl)
zirconium dichloride,

di (p~tert-butylphenyl)methylene (3~ (2~adamantyl) -
5-methyl-cyclopentadienyl) (octamethyloctahydrodibenzo-
fluorenyl)zirconium dichloride,

15 di{p-tert-butylphenyl)methylene (3-tert-butyl-
S5-ethyl-cyclopentadienyl) (fluorenyl)zirconium dichloride,
di (p-tert-butylphenyl)methylene (3-tert-butyl~
S-ethyl-cyclopentadienyl) (2, 7-di-tert-butyifluorenyl
zirconium dichloride,

20  di(p~tert-butylphenyl)methylene (3-tert-butyl—
S-ethyl-cyclopentadienyl) (3, 6-di~tert-butylfluorenyl)
zirconium dichloride,

di (p~tert-butylphenyl)methylene (3~tert-butyl-

5-ethyl-cyclepentadienyl) (octamethyloctahydrodibenzo~



ip-Pa‘aienyl) (:Irccni,aa diohl or ( de,

rac-diapheahis (i- ( 2 -n-propyl-4 :9 a - 1hden

al (1Fzireon ihn-hi‘ch rah cliphenylsil pit ad 1 (2

--propranahryt-17" crit-di*clitortde,-1 rienyl) i

ziréomurdiakib*-deiievicad=no thy-ome- id a (|

(2 mrethyidol-Pc10 dichaccidc, dichloride,

acmeinydeliazbin' (tra:2-diehiedide,

Ihiéolaeihyldmacthts Eodo<mopottyaekyi siuorens)
zirconium dichloride,

di (p~tert-~butylphenyl)methylene (3~tert-butyl-
2,5-dimethyl-cyclopentadienyl) (3, 6-di~tert-butylfluorenyl

10 zirconium dichloride,
di(p~tert~butylphenyl)methylene (3~tert-butyl-
2,5-dimethyl-cyclopentadienyl) {octamethyloctahydrodibenzo—
fluorenyl)zirconium dichleride,

(methyl) (phenyl)methylene (3-tert-butyl-

15  5-methyl-cyclopentadienyl) (fluorenyl)zirconium dichloride,
(methyi>(phenyl}methylene<3—tert—butyl—
5-methyl-cyclepentadienyl) (2, 7-di-tert-butylfluorenyl}
zirconium dichloride,

(methyl) {phenyl)methylene (3-tert-butyl-

20 5-methyl-cyclopentadienyl) (3, 6-di-tert-butylfluorenyl)
zirconium dichloride,

(methyl) (phenyl)methylene (3-tert-butyl-
S-methyl-cyclopentadienyl) (octamethyloctahydrodibenzo-

fluorenyl)zirconium dichloride,



I actifiodm roc-ma:tip(.1,end (basil- 12
dathvl-4- ; achhplilay 1) i zircon: as di chi orida
h11-22airs¢codl:in diccalcrioa“srod
meiCilicnasbic i (2~ mathpid-rarcr dorioriae
-naeohylerioh ~I(20%(:thiceoricla dichlorhdh,
rap-me7hy)isd=42=4<hr-chheie4phyozevn
herd=t) :44d: err<eo:1i= di or_lor the
pry24441)14ne-t21:4= phenyl-zirconium cl ch o
4' 5-methyl-cyclopentadienyl) (3, 6~di-tert-butylfluorenyl)
zirconium dichloride,
{p-tolyl) (phenyl)methylene (3-tert-butyl-
10 S5-methyl-cyclopentadienyl) {(octamethyloctahydrodibenzo-
fluorenyl)zirconium dichloride,
dibenzylmethylene (3-tert-butyl-5-methyl-cyclepentadienyl)
(fluorenyl)zirconium dichloride,
dibenzylmethylene (3-~tert-butyl-5-methyl-cyclopentadienyl)
15 (2,7-di-tert-butylfluorenyl)zirconium dichloride,
dibenzylmethylene (3-tert-butyl-5-methyl-cyclopentadienyl)
(3, 6~di-tert-butylfluorenyl) zirconium dichloride,
dibenzyimethylene (3~tert-butyl-5-methyl-cyclopentadienyl)
(octamethyloctahydrodibenzofluorenyl) zirconium dichleride,
20  fluorenylidene (3-tert-butyl-5-methyl-cyclopentadienyl)
{fluorenyl)zirconium dichloride,
fluorenylidene (3~tert-butyl-5-methyl-cyclopentadienyl}
(2,7-di-tert-butylfluorenyl)zirconium dichloride,

fluorenylidene (3-tert-butyl-5-methyl-cyclopentadienyl
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-methyl-474zircomuny diohr cri-dess.
diphenylmethylene (3-tert-butyl-5-methyl-cyclopentadienyl)
(3,6-di~tert~butylfluorenyl)titanium dichloride,

10 diphenylmethylene(3-tert-butyl-5-methyl-cyclopentadienyl)
{octamethyloctahydrodibenzofluorenyl)titanium dichloride,
diphenylmethylene (3-tert-butyl-5-methyl-cyclopentadienyl)
{(fluorenyl)hafnium dichloride,
diphenylmethylene {3-tert-butyl-5-methyl-cyclopentadienyl)

15 (2,7-di~tert-butylfluorenyl)hafnium dichloride,
diphenylmethylene (3-tert-butyl-5-methyl-cyclopentadienyl)
(3,6-di~tert-butylfluorenyl)hafnium dichleride, and
diphenylmethylene (3-tert-butyl-5-methyl-cyclopentadienyl)
{occtamethyloctahydrodibenzoflucrenyl)hafnium dichloride.

20 Examples of the transition metal compounds represented
by Formula (V) further include transition metal compounds that
correspond to the above compounds except that the zirconium
atom has been replaced by titanium, hafnium, vanadium, niobium,

tantalum, chromium, molybdenum or tungsten.
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represent preferred examples of the transition metal compounds
10 of Formula (III) for use in the invention.

[0177]

In Formula (IV), M is a transition metal atom of Group

4 to Group 6 in the periodic table. 1In detail, M is titanium,

zirconium, hafnium, vanadium, niobium, tantalum, chromium,
15 molybdenum or tungsten, preferably titanium, zirconium or

hafnium, and particularly preferably zirconium.

0178}

In Formuia (IV), R*, R%, R*®, RM, &' and R' are the same

or different from one another and are each a hydrogen atom,
20 & Cipo hydrocarbon group, a Cipo halogenated hydrocarbon group,

a silicon-containing group, an oxygen-containing group, a

sulfur-containing group, a nitrogen-containing group or a

phosphorus-containing group. Part of the adjacent groups R!3,

RY, R" and R' may be linked together to form a ring in



ire6Hiun dichloride, ..

3reeddipezolhl)hethylezedoisl-(c-ichenyl

Zlcéﬁﬁiﬂhodrﬁnorfd‘eﬁbov\ atoms to which the groups are

radrdip-tolylleothsionc-hicll-phehyu-

indéhYlLeircreihn dichhorido,
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form a ring in combination with the carbon atoms to which the
groups are bonded.

[0180]
Examples of the Cip hydrocarbon groups include alkyl

15  groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, tert-butyl, n-pentyl, neopentyl, n-hexyl
and cyclohexyl; alkenyl groups such as vinyl and propenyl;
phenyl, a-naphthyl, B-naphthyl, anthracenyl, phenanthryl,
pyrenyl, acenaphthyl, phenalenyl, aceanthrylenyl,

20 tetrahydronaphthyl, indanyl and biphenylyl. Of these,
aromatic groups such as phenyl, a-naphthyl, B-naphthyl,
anthracenyl and phenanthryl are preferred.

[o181]

Examples of the Ci.z0 halogenated hydrocarbon groups



raoddih-th,d e
hoorylphenyL, Trechyrenc-hislll-pherylirdenylliz
Ircorﬁié:ﬁ td(icﬁroﬁd‘én’ydrocarbon groups in which at least one
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opyi-234=phenytmderyt tizirconiuff, seecicic
dion*ehtde raCzoh=tt=BehrdPhecyl)y:t=: 21
hertyronert: to*51 -he-t=4-5d=pheranrcryi 4
ndenyl S;i-euiedcre dickloridesrac =t
;p-tectelcuzyluteny ;raft y:ece bicle- (2-etnyl- ;
O--rl:-errah-Airy'} bucien-elzi-€ornes31=ue
Chloticles>-3r:2223-1 3 reczd y-te rtchlyitys: acons
101:15es;methylene-hi-e(1l-{2-nerropyl4-18
-pheabtdbb1555+¢ Yinelenyi,)158 r CCILLUM
Yist:cri de, race (rnetny | ) (phenyl)
mettylenb-hi all-(2-emeteyd-phenyhintcryll.,
154:355eium dichleride;-5r0e:-C0€)))31) koxy
iabenpyl)meth yere «hib15-(2-ethylsy: aryiony
groups such as phenoxy, methylphenoxy, dimethylphenoxy and
naphthoxy; arylaikoxy groups such as phenylmethoxy and
phenylethoxy; acetoxy group; carbonyl group; acetylacetonate
group (acac); and oxo group.
20 [0184]
Examples of the sulfur-containing groups include
substituents corresponding to the above oxygen-containing
compounds except that oxygen is replaced by sulfur; sulfonate

groups such as methylsulfonate, trifluoromethanesulfonate,



-phi€n¥yz dna enyl ) adz-comic! dirt; dicta, race
(methyl) :pacnyl)neLay.lene-bas ( 1-15 -)) -pr
ecyhers: it rieriye 1) (zircorrlafrthertarido, aac
‘méthyhy phieey 1151 ethytenesl 51 13)
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(2-25by1-24= b-riemantthryi 1
inhenyt)ytzirconitc-diehlerade, 3531 ) (izeterzi)
(ptenert5-eritylene-tistd=12=rp53535 k:5+d-
al)andany#)1:5% . reor,55)5: drehroeide, 15ram-
)p-tehsy) (phery3 Hethylene-Cis 1 5- :2 ethyl-
4- phyrykinrenylt )55-1:5conidiakhloride; radiyo
Cr@{@@la)kylamno groups such as methylamino, dimethylamino,
11i4deeyz)nctrpene-1)5513~ki2-xy,,, y15.
SCylEecayAMQHyiy)e)&l 92@F€ana arkylarylamine groups
(actely111351bnydimethylere-bis(-{2-rerhyl-
1204-13chenanthryll-aneeny),) 155LC
ValiuM dinhloeride, s-oropyiinine ana

tert-butyliminc; arylimino groups such as phenylimino,
2-methylphenylimino, 2,6-dimethylphenylimino,
2,4,6-trimethylphenylimino, 2-i~propylphenylimino,

20 2,6-di-i-propylphenylimino, 2,4,6-tri-i-propylphenylimino,
2-tert-butylphenylimino, 2,6-di-tert-butylphenylimino and
2,4,6-tri-tert-butylphenylimino; and alkylamine and arylamine
groups such as trimethylamine, triethylamine, triphenylamine,

N,N,N’,N'~tetramethylethylenediamine {tmeda) and
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Preferably, R®, R, R? and R'? are the same or different
from one another and are each a hydrogen atom, a halogen atom
or a Ci-zo hydrocarbon group.
In a preferred embodiment of Formula (IV), R* and R are
15 the same or different from each other and are each a Ci.pq
hydrocarbon group, a Ci.z halogenated hydrocarbon group, a
silicon-containing group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group or a
phosphorus-containing group.
20 [0188]
In a preferred embodiment of Formula (IV), R®, R7, R and
R'* are the same or different from one another and are each a
Ci-zo hydrocarbon group, a C;.z halogenated hydrocarben group,

a silicon-containing group, an oxygen-containing group, a
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15

20

oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group or a phosphorus~containing group.
f0150]

In another preferred embodiment of Formula (IV), RY® is
an aromatic group, in particular a Ce.is aryl group. Specific
examples include phenyl, a~naphthyl, P-naphthyl, anthracenyl,
phenanthryl, pyrenyl, acenaphthyl, phenalenyl, aceanthrylenyl,
tetrahydronaphthyl, indanyl and biphenylyl. Of these, phenyl,
naphthyl, anthracenyl and phenanthryl are preferred.
f01911

The above aryl groups may be substituted with halogen
atoms such as fluorine, chlorine, bromine and iodine; Ci_z

hydrocarbon groups including alkyl groups such as methyl, ethyl,
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triethylsilyl and triphenylsilyl.

10192}

10 In Formula (IV), X' and X* are the same or different from
each other and are each a hydrocarbon group, a halogenated
hydrocarbon group, an oxygen-containing group, a
sulfur-containing group, a silicon-containing group, a
hydrogen atom or a halogen atom. Specific examples of X' and

15 % and preferred substituents are similar to those described
for X' in Formula (III).

[0193]
In Formula (IV), Y is a divalent hydrocarbon group, a
divalent halogenated hydrocarbon group, a divalent

20 silicon-containing group, a divalent germanium-containing
group, a divalent tin-containing group, -O-, -CO-, ~S-, -SO-,
~-50z~, =-Ge-, -8n-, =-NR-, -P(R)-, -P(0)(R)-, -BR- or -AlR-
(wherein R is a hydrogen atom, a halogen atom, a hydrocarbon

group, a halogenated hydrocarbon group or an alkoxy group).
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{fluorenyl)zirconium dichloride,

10 dimethylsilyl{i-(2-ethyl-4-(B-naphthyl)indenyl)}
(fluorenyl)zirconium dichloride,
dimethylsilyl{l~(2-ethyl-4-(2-methyl-l-naphthyl}indenyl} )
(fluorenyl)zirconium dichloride,
dimethylsilyl{1-(2-ethyl-4-(5-acenaphthyl)indenyl)}

15 (fluorenyl)zirconium dichloride,
dimethylsilyl{l-(2-ethyl-4-(9-anthracenyl)indenyl)}
(fluorenyl)zirconium dichloride,
dimethylsilyl{l-(2~ethyl-4-(S-phenanthryl)indenyl)}
(fluorenyl)zirconium dichloride,

20  dimethylsilyl{l-(2-ethyl-4-(o-methylphenyl)indenyl}}
(fluorenyl)zirconium dichloride,
dimethylsilyl{l~(2-ethyl-4-(m-methylphenyl)indenyl)}
(fluorenyl)zirconium dichloride,

dimethylsilyl{l~(2~ethyl-4-(p-methylphenyl)indenyl)}
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S {flucrenyl)zirconium dichloride,
dimethylsilyl{l~(2-ethyl-4=(2,5~dimethylphenyl}indenyl) }
(fiucrenyl)zircenium dichloride,

dimethylsilylil-{2-ethyl-4-(2,4,6~trimethylphenyl)

indenyl)} (fluorenyl)zircenium dichloride,

=)

dimethylsilyl{i-(2~ethyl-4- (o~chlorophenyl)indenyl)}

—

(fluorenyl)zirconium dichloride,
dimethylsilyl{1*{2«ethyl~4—(mAchlorophenyl}indenyl)}
(filuorenyl)zirconium dichloride,
dimethylsilyl{2-(2-ethyl-4-(p-chlorophenyl}indenyl)}

15 {fluorenyl)zirconium dichloride,
dimethylsilyl{lA(Qvethyl—4f(2,BMdiChlorophenyl>indenyl)}
(fivorenyl)zirconium dichloride,
dimethylsilyl{]-(Z—Ethylfév(2,6~dichlorophenyl)indenyl)}
{fluorenyl)zirconiuvm dichloride,

20  dimethylsilyl{l~(2-ethyl~4-(3,5-dichlorophenyl)indenyl)}
{fluorenyl)zirconium dichloride,
dimethylsilyl{1l-(2-ethyl-4-(2-bromophenyl)indenyl)
(flucrenyl) zirconium dichioride,

dimethylsilyl{]v(2—ethy1-4—(B—bfomophenyl)indcnyl}}



ibeddiphanylol-1)12 [1-)32-2 -IF1-he

noociurrnsczblc--jdo 10 ran-5d hens2 8

fin1=birr[2:42<n-pontyl-i=-deny= zirconium

dichierir(Sel 'n¢=-S[1 (NSneindermil)t zircenn=

dinh*Tnide; osemi(methyl:, Miteny I n S i.1.

nibmethylv154 5)1=35mi45=nb41) ]

zircomumrdi=n;hinrntlFiha, onettyll,ens) 1

ily2i==eigl:2~otlyd-4,5« hens-oindanyi)i.rc4F

Ulffzelienl.erede, 4;5-nennekndeny 14 )

iircenium di-endneh(l44;27ran-tnnizayh-4

(psery=:5.i121-his( 2-1-prepyl -

10 dimethylsilyl{l-({2-n-propyl-4-(a-naphthyl)indenyl}}
{flucrenyl)zirconium dichloride,
dimethylsilyl{i-{2-n-propyl-4~(B-naphthyl}indenyl)}
(fluorenyl)zirconium dichloride,
dimethylsilyl{l-(2-n-propyl=-4-(2-methyl-Il-naphthyl)

15 indenyl) } (fluorenyl)zirconium dichloride,
dimethylsilyi{l~{2-n-propyl-4-(5-acenaphthyl)indenyl)}
{(fluorenyl)zirconium dichloride,
dimethylsilyl{l-(2-n-propyl-4-(%-anthracenyl)indenyl)}
(flucrenyl)zirconium dichloride,

20  dimethylsilyl{l-(2-n-propyl-4-(9-phenanthryl)indenyl)}
(fluorenyl)zirconium dichloride,
dimethylsilyl{l-(2-i-propyl~4-phenylindenyl)) (fluorenyl)
zircenium dichloride,

dimethylsilyl{l-(2~i-propyi-4-{a-naphthyl)indenyl)}



4,5¥14nzoindenyi4 | 42 teen 5 um dichloride,

-me - (iFi141) (phenyi; 3fly i, [1- 42-4-but 4,

=bon?:rleholy) idiFenium bind once, -mac-

=ethyh(onsimid )di-1241 4b=r[1~(2-p=pen’ yi 52

1 5-benacindoryllfi-ri<dichloride use- luethyli

Iptenvilsiryl-biseNy1+:-5-benzeindenyl) )1

siT€Orlit, EL-dichlered;eyibree{ueterl) ;phenyl)

S iyuN=biiin {1 - de--ehlozo<2-rtettylef-tryt) :

indenyH-leireeniur-dichleride, anani race

Imetnyic)-(phenyl-eft.bible-iefern 1) indenyi))

(C-chlern=2:etly#.-4=(9-~pnetanthryll indenyil

lei reed,-ur.dichloside,-and craninry1) indenyry
{fluorenyl)zircenivum dichloride,
dimethylsilyl{1-(2-s-butyl-4-phenylindenyl)} (fluorenyl)
zircenium dichloride,
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15 {flucrenyl)zirconium dichloride,
dimethylsilyi{l-(2-s-butyl-4-(B~naphthyl)indenyl)}
{fluorenyl)zirconium dichloride,
dimethyisilyl{l~(2fs~butyl~4A(2—methyl—1vnaphthyl
indenyl)} {(fluorenyl)zirconium dichloride,

20  dimethylsilyl{l-(Z-s-butyl-4~(5-acenaphthyl)indenyl))
{fluorenyl)zirconium dichloride,
dimethylsilyl{i~(2-s-butyl~4-(9-anthracenyl) indenyl)}
(fluorenyl)zirconium dichloride,

dimethylsilyl{1l-{2-s-butyl-4-(9-phenanthryl)indenyl)}



(e-phenanttry ) inter-id | eirEdriue. dichloride.
7 7.1[2110 transition
ruts;:*tranipounds:represented by Formula (I,
furthertac:rude transitionrmeta:sonpound a
curreanord-to-the above couponeds eecein
thatthe zirconiuu-ater tan-beenrewlaced by
titanivm;hared WM el<kad:LI:Et, fl100i=0,
15bantalum, shrornfur-Nalyblenert.of 1)
tungsten: #:)141:1 The traced.u-ctrnounds
represent ens by-Sunsuit-;lib-Tray.Co
predeeed: by Orgenemetallic char. 20E05-67,
Eurepese 20;Tellea L. ion.Neo., 320702,
OP+7.7;-=1104-2.Nipper cation No. 51932E,
European:Ratent A-up-iced:European rater-
depit:-on No.6£25032:0ne.C2he2E4017.
1011'12%lsi1y1f1“ (2-n-butyl-4- (5-acenaphthyl) indenyl) }

15 (fluorenyl)zirconium dichloride,
dimethylsilyl{l»(2An~butyl~4f(9—anthraceny?}indenyl)}
(fiuvorenyl)zirconium dichloride,
dimethylsilyl{l-~{2-n-butyl-4~(9-phenanthryl)indenyl))
(fiuorenyl}zirconium dichloride,

20 dimethylsilyl{l-(2-i-butyl-4-phenylindenyl)) (flucrenyl)
zirconium dichloride,
dimethylsilyl{l-(2-i~butyl-4= (¢—naphthyl)indenyl)}
(£luorenyl)zirconium dichloride,

dimethylsilyl{l-(2~i-butyl-4-(B-naphthyl)indenyl))



if ion=mretal conipcaddi 1 SF-2222 90 an
catalyst Zenon-do nl.i =Ira].
Sowpqvar alkR:sonaroran SeiSClreT MA 'y be
used:Transition-ehea-1-acheRani;1,Tea-den
by asranloe @{dnn)te-[Cheri:hl]-R2 132 7X1 Y
MXER2 Niv:

5 {fluorenyl}zircenium dichlioride,

i-{2-i-butyli-4-{5-acenaphthyl)indenyl)}

dimethylsilyl{1l-(2-i-butyi~4-{%~anthracenyl)indenyl)}
(fluorenyl)zirconium dichloride,
dimethylsilyl{l-(2-i-butyl-4-(9-phenanthryl)indenyl)}
{(fluorenyl)zirconium dichloride,

10 dimethylsilyl{l-{(2-ngopentyl-4-phenylindenyl;}} (£luorenyl}

zirconium dichloride,

dimethylsilyl{l-(2-neopentyl-4- (o~naphthyl)indenyl)}
{(flucrenyl)zirconium dichloride,
dimethylsilyl{l-(2~n-hexyl-4-phenylindenyl)} {fluorenyl)

15 zirconium dichloride,
dimethylsilyl{i~(2-n-hexyl-4- (o-naphthyl)indenyl)}
{fluorenyl)zirconium dichloride,
diphenyisiiyl(1~(2nn~propyl~4—phenylindenyl)}(fluorenyl
zirconium dichloride,

20  diphenylsilyl{l-(2-n-propyl-4-(a-naphthyl)indenyl}}
{(fluorenyl)zirconium dichloride,
diphenylsilyl{l-(2-n-propyl-4~(9-anthracenyl)indenyl)}

(flucrenyl)zirconium dichloride,

diphenylsilyl{l~(2-n-propyl~-4-(9-phenanthryl)indenyl)}



R",*17)Re RI Es Es [1] 10transltion no' Orn
ao Group G in toe soslodi on]: face acre
anotherrocarbon yrobp:-a tar id:lining group,
an inrexygen:-containing ‘croup; a sal-f:a
n-ylorn-t-addina: scoop;a-h Ltzazneni eta d
‘himrexhale orapee}lspaada-aaceant ai h
ag getup-ceevirecghyrfranas: houg:soap, aba
1 aganaeccd aydroca.abut-g-a-buzb-a-s::Laic
on-cootahaly.g:g-coup;-an-eontaining croup,
a a-atfyr-contd.-icing croen;-a-pi.tingeraroza
Or:. @ 7-di-tert-butylfliuorenyl)zirconium dichloride,

10 dimethylsilyl{1-(2-n-propyl-4-(9-phenanthryl)indenyl)}
{2,7~di-tert-butyifluorenyl)zirconium dichloride,
dimethylsilyl {1~ (2-n-propyl-4-{4-biphenylyl)indenyl)}
(2,7~di-tert-butylfluorenyl)zirconium dichloride,
diphénylsuyi{y (2-n-propyl-4-phenylindenyl) }

15 (2,7-di-tert-butylfluorenyl)zirconium dichloride,
diphenylsilyl{1-(2-n-propyl-4-(c~naphthyl)indenyl))
(2,7-di-tert-butylfluorenyl)zirconium dichloride,
diphenylsilyl{i-(2-n-propyl-4-(9%-anthracenyl)indenyl)}

(2, 7-di-tert-butylfivorenyl)zirconium dichloride,

20 diphenylsilyl{i-(2-n-propyl-4-(9-phenanthryl)indenyl))
(2,7-di-tert-butylfluorenyl)zirconium dichloride,
diphenylsilyl{l-(2-n-propyl-4=(4-biphenylyl)indenyl}}

(2, 7-di-tert-butylfluorenyl}zirconium dichloride,

dimethylsilyl{1l-{Z-n-propyi-4-phenylindenyl)}



SF=1t23 ptesphor is----.;;unt ainin Rt and 2'
are each a great selectee flab c areePi a
ha:fegatabed-tedidlegarhamngrotp;-a-
sitioor=enntainzhit-grorP j=amercryt) indeny1))
crrigen:nicitainhiwl-gentle;-a-sr:afar-containing
0-5:npyvdiAnttoden=containing-G-=cup-and d
phneaturasneentainind group :0rand Rand R2
and-253-are: notindreidnaky-aleical-atitne
canestine;-:--utviocpart ofgran-adja:er ¢ nouns
Fr,-Ri-and.0':-san-hedinked eceit en- cirorni a
ring:in-nerrhigat:ion-with-the-carbon-atone CO
towhtat the: :M)UpS-acebonded; Rh
Pith Rh-Fd;-Rp; er-RPH-and: L. 111.are the earn
ler di-[fere,: trtin-r5.di, that.and.arc.each a can
hydancarson.group;a 12 halogenate,
heybreeiarlign groan,.a schicen-coni.ainend
1arctic,an-oxygen-centatining group,-a is
dial-containing.greup, 15-nitrogen chinaining
group..a:-pheephorhs-con.aining.group, a
hydrogen ation.or.a halheen,attra,. and. per-
cfadjacent.with. The carton atoms.to.anion the
grQth@s%@{b@&dpegyzagt%mﬁfﬁe@!ue or different
teem.each.ulna;a.and.are each 2Q Biontoride,
hydrocarbon.groan., & halogﬁ
hydrogar ,*QQHPQJQQBMQDAMWJJ sirconimm dichloride,

dimethylsilyl{l-(2-n-propyl-4-(9-anthracenyl)indenyi)}



ciaygdi-eiantanning group, a
ealnahricantaining group, a el 1 i COVI
r..C5Zit b ning group, avinfdribeen:a . or-or-a
halogennten, and-0 2225 ¢aebom indaeny)
groupdiyatencssilt);--aininy-ora divalent.o-sa-,
cetubne-am-conteining pevuopa divan

Vi tin-eontaining-8)84)100:+0+;~CCr,::0:,.5C |
446--51=,; Nrep--91k1~--2101.401-a BR- or
-Via={whereinRis-elbedrogenatom, aie:a.,
nneepia®atom; a-hydrocarben.croup; a
balebenaae8l hydrocortdn, drbup: ar.an alkoxy
idrove).: 101451.Cep)), 181.-R1.\ 7 X2.mr-X'

{octamethyloctahydrodibenzofliuorenyi) zirconium dichloride,
diphenylsilyl(l~(Qvnwpropyl—4w(97phenanthryl)indenyl))
(octamethyloctahydrodibenzofluorenyl>zirconium dichloride,
diphenylsi}yl(1”(2fn—propyl*4-(4—biphenylyl}indeny1)}

15 (oci,amethyloctahydrodibanzofluoreny1 J)zirconium dichloride,
dimethylsilyl{1~{2~methyl”4,5~benzoéndenyl>}(fluorenyl}
zirconium dichloride,
dimethylsilyl{lf(meethylf4,S—benzoindenyl)}
(2,7-di-tert~butylfluorenyl}zirconium dichloride,

20 dimethylsilyi{lf(2~methyl—4,b‘benzoindenyl>}

(3, 6-di-tert-butylfluorenyl)zirconium dichloride,
dimethylsilyl{l-(2-methyl-4,5-benzoindenyl) }
(octamethyloctahydrodibenzofluorenyl) zirconium dichloride,

diphetylsilyl(l~<2wmethy1~4,b»benzoindenyl)](iluorenyl)



RFRL=Ft R') R9 149 On the abc)or 4 to

Group 6 in the beriodre nall a, R", 18", II" and

R1-aretheienv:<Ca diffar nydirgen atom, a Cl)

no hyedrovarrov:a-Ci24:halazanatad d-San

prow?:a:-4:684%1:418n-occahr111341 ProuP,

anden=containing gdowp;-a cukfur-oonta)nind

gceutp;a nitreper-eddtaineno-group:er s
diphenylsilyl{l-(2-methyl-4,5-benzoindenyl)}
(2,7-di-tert-butylfluorenyl)zirconium dichloride,
diphenylsilyl{i-(2-methyl-4,5-benzoindenyl)}
{octamethyloctahydrodibenzofluorenyl) zirconium dichloride

10 dimethylsiiyl{1-(2-n-propyl-4,5-benzoindenyl)} {fluorenyl)
zirconjum dichloride,
dimethylsilyl{l-(Z-n-propyl-4,5-benzoindenyl) )
(2,7-di-tert-putylfluscrenyl) zirconium dichloride,
dimethylsilyl{i-(2-n-propyl-4,5-benzoindenyl}}

15 (3,6~-di-tert-butylfluorenyl)zirconium dichloride,

dimethylsilyl{l~(2-n-propyl-4,5-benzoindenyl)}
{octamethyloctahydredibenzofluorenyl) zirconium dichloride,
diphenylsilyl{1-{2-n-propyl~4,5-benzoindenyl)} (fluorenyl}
zirconium dichloride,

20 diphenylsilyl{l-{(2-n-propyl-4,5-benzoindenyli}}
(2,7-di~tert-butylfluorenyl)zirconjum dichloride,
diphenylsilyl{1l~-(2-n-prepyi-4,5-benzoindenyl)}
(3,6-di-tert-butylfluorenyl}zizrconium dichloride, and

diphenylsiiyi{l-(2-n-propyi-4,5~benzoindenyl)}



linked-kagettter uo form a ring to combleal:cr
with tine aorbon atoms cc rsh:ed the groups
are-hanged;:sold-are-each-ait:5/0:-Ryricnioriae.
truest:shoe-arcs;-a-5a0,5-halegrounas represencec
Oxygen-econtaining-hittogen-sronieining-gra--a
suliedoerceettinitid-groat;-an-group;-a:hydreeon
noemroredalcoera-acorn,-and:pllads.sati: un,
grasps fay-he:sinicsik-togetherto-Lori, in cselsd
nationwith tr- cede:, at 01115. t O whLot the
grottosrare-honded;-X:-and.X2.0re.the sane.or
zither:int-=coo-each-DiJher.and: i. ;. organone:.
10 Chem. 2003, (688), 153.

In the invention, the transition metal compound (A}
represented by Formula (I} or {II) is preferably used. The use
of such a compound results in a copolymer that contains in
balanced proportions structural units resulting from

15 1,2-addition of a conjugated diene and having & side-chain
double bond, structural units resulting from 1, 4-addition of
a conjugated diene, structural units resulting from
1,3-addition of a conjugated diene, and the total of structural
units resulting from 1,2-addition of a conjugated diene and

20 having a 1,2-cyclopropane skeleton and structural units
resulting from 1,2-addition of a conjugated diene ang having
a 1,2-cyclopentane skeleton. Thus, property advantages are
obtained.

{0196]



an<otygen--n-n:Leg grarp, a sulfur cenLiicitg
group, a lent halogcad gydrograrbon group, 1
d ire'enca‘ilicon-co.? | LI divalent
germarnduarcontainirg-grehb; e divalent-
20<Nit¥p=2F?:4,a)<:eatieu-(wtertin kis;ar -
hydrogen a; tea;a hatogen-:doe,| YCLL41X;
CTegroup, o'hat:minasad Lurg-1-.chera.-bdt
SF®2222san0aluninum oxy-compounds, and (B-3) compounds
capable of reacting with the transition metal compound (A) to

form an icn pair.

[0197]

10 In the follewing description, the compound capable of
reacting with the transition metal compound {A) to form an ion
pair will be also referred to as the "ionized ionic compound".
The organometallic compounds (B-1), the organoaluminum
oxy-compounds (B-2) and the compounds (B-3) capable of reacting

15 with the transition metal compound {A) to form an ion pair will

be otherwise referred to as the components (B-1), (B-2) and
(B~3), respectively. Hereinbelow, the compcnents (B~1) to
(B~3) will be described.
{01983
20 (Organcmetallic compounds (B-1))

Exampies of the organometallic compounds {B-1} include
crganometallic compounds of metals of Groups 1, 2, 12 and 13
in the periodic table described below.

[0159]



R122°Ra- R7 15:41] (y)..On rhea,toathoup 2,2,
Group C ito the pal od Go able, G and g are
arch a hyd-nserabaccy-Pa-and-Rare rho sore
or dig:drool-frog each other and
pxyggn=eentsining group; d-salfurscencair-ng
grocer J athregethcontaining group oras.
ringstherds-containing-stheRgsc::s = »22;:0<2,
00,:e5CGo and 7,22 are Lirerace er:danthront
frorrono at other a a,der e each a Cip2,
hyos=0ssi hen grodg, a ripe halogenated
hydrocarbon proR:;-a-sildconeecnccih- na
?gr&lumim;m represented by
MPAIR®,
wherein M’ represents Li, Na or K, and R® represents a
hydrocarbon group of 1 to 15, preferably 1 to 4 carbon atoms.
£0201]
15 (B-1lc) Dialkyl compounds of Group 2 or 12 metal
represented by
RER®M?
wherein R® and R® may be the same or different from each
other and each represent a hydrocarbon group of 1 to 15,
20 preferably 1 to 4 carbon atoms, and % is Mg, Zn or <d.
{0202]
Examples of the organoaluminum compounds (B-la) include:
organcaluminum compounds represented by

R%AL (OR®) 3.



axone::con2Gthing group, c1=1:1,cwit:e.ning
group, a rsh-agdsL 'ling group, a phospho-tha
conLairing' groupy ashydrpgan-atOFl-or:a- «=--
halogen-asen:-anarport-of-2haec-aciRicent
groups:=may he linkod enget2,22.1-¢:5C=kLk a
ring in cool:P.1g e:un atoms to al--tgrQL:ps
are bathed; 52s-are-the: sae;-or-differ:ant, icor
each order-and are taco S2-222:. o0 arion
group, -exygen-eentaieing-alliorencitainir-g:s,
gradehydrogen-atom:-of. x halegen. ateam;and

15

20

preferably 0 < m < 3;
ocrgancaluminum compounds represented by
RAATHs
wherein R® represents a hydrocarbon group of 1 te 15,

preferably 1 to 4 carbon atoms, and m is preferably 2 < m <

3; and

crganoaluminum compounds represented by

R%AL (ORP) 13y

wherein R® and RbIQay be the same or different from each
other and each. represent a hydrocarbon group of 1 to 15,
preferably 1 to 4 carbon atoms, X is a halogen atom, 0 < m <
3, 0 sn <3 0<g<3, andm+n+g= 3.

[02033
Specific examples of the organoaluminum compounds (B-1a)
include tri-n-alkylaluminums such as trimethylaluminum,

triethylaluminum, tri-n-butylaluminum, tripropylaliuminom,



ant‘hiydrocarbon g rode,_a divalano

hydrocarbon group, a divalent s' tion- con L

iu,nazic-group; a diaalent:germaniums=finite-

ininggrotto; a give:ant=P-Ple)-OR= or>-Alb-

(whereirrg'is-a-hydrogen- tga-lawla, a halogon

atom;a-nyardoenben-group;a-halogenated h;

slinsazbon group-eran-allexy-g-romp) -,

Orr=irant-(Hiy-and-(V;-te-11-le-deseribed-below.

(0X441-itrho-tranditFmpognes-or-cieferred

exaep-tas:lestransition ‘rota-a;epounda of

Fen:lela:(Ht):for-use:in the:inventiens:nux --dn

Farm.fas-(lii;.and. (2!;-4-15-ateammail:ion

metal-atom-ofiroup 4-to-Croupin.the. periadic

table::in det&isl.giiléﬂhiz&luminum hydride and
diisobutylaluminum hydride; trialkenylaluminums represented
by (1-CaHs) xAly (CsHig). (wherein x, y and z are positive numbers,

15 and z 2 2x) such as triisoprenyialuminum; alkylaluminum
alkoxides such as isobutylaluminum methoxide,
isobutylaluminum ethoxide and isobutylaluminum isopropoxide;
dialkylaluminum alkoxides such as dimethylaluminum methoxide,
diethylaluminum ethoxide and dibutyialuminum butoxide;

20 alkylaluminum sesquialkoxides such as ethylaluminum
sesquiethoxide and butylaluminum sesquibutoxide; partially
alkonylated alkylaluminums having an average composition
represented by R% A1 (OR®), 5; dialkylaluminum aryloxides such

as diethylaluminum phenoxzide, diethylaluminum



2;)tzirconium, ha in -3171, ea_um, niobium,
rantaufin zirconiue en hafnium, end particular.
Ly preferably airconiam:<20250) trymurr.ulm
hay,m flatOtiLk-en=PORS-g-another.andeda
hydrogon-ator hydri-group; a-halogenated:
hydroearbonsilicon-containing group;:-an:
csingen-61innaining group;a-cuienntainirg.n
group;:a rishgen=corntaining group oha oronice
phespherus-contairi rad-grugg..5-35 LS A aes
hydrocarbon greup;a-halogaria,ed.i:u.
hydraocarbon group;-a-silicen-centaininig-..,
grotips-ad-oxygen:=containing grdnp,.. «:naiices
anifur-coptaaning-group @ cropy1atuninum cichioride
niLrogen-centainiagJroQP, Ofuminum nyarides such as
pnespheiss-euntagning.group..When. 00, rdi
and-kr.are.each.a.pThip.selected.r cone ...
‘bydrogcinban.-group;a.ha -l agenared
hydﬂ?ﬁ&ﬂb@ﬂ dihydride; and partially alkoxylated and
halogenated alkylaluminums such as ethylaluminum
ethoxychioride, butylaluminum butoxychloride and
ethylaluminum ethoxybromide.
20 [0204)
Compounds analogous to the compounds (B-1a) may be used.
Examples of such compounds include organcaluminum compounds
in which twe or more aluminum compounds are linked through a

nitroegen atom, such as (CpHs)AIN(CHs) AL (CoHs),.



a ourenhvoorgaining group, a
hitrogenscontaindng group and a
pboardlordeseortain'ng grasp, FL' and 54, and
2.2 arylare not idendacalat-the-cane rine. Part
of the @an:jai-ref, ocroudn F2. P2 and Rl may
be linked-Fs:gel:derto-form arang -1 rurener
uuahioeci-om with the-carben-aradne te.stion
the-groups-are hyr;~igen-alon-ana-kao:k
darn-bydruuarhe,o-group; a0, ~onhadnio::a«.,
ugeusted-hydrocarbon & Troup; aio-ia.,
silieoiL~containing-group;-aftun chiox:ce,
oxygencerHRAllHECT-group, @ Sibful: i na
-contaani:ng-graup, a nbtrogenscontad n i rig
groupson a phosphorus-contaaning gm-
as-212......are.the.sane or-di.fifer ant.frem
one.encther.and.are .Ciaoh.is.fe-,0.. .yten nay 5o
hgebninerbon group;.a.Cmat halogenated.....
hydrocarbnu.group,.a silicon-contain:rig.group,
an.oxygenscontaining,gronp,.st:hlurcontaining
groom,.a.ohb.z:0gen-centaCnina group, a
phigardiorus-contahning group, a hydrogen
Atn)nteatom, and tart of theme adjadent ..,
graups may.be linked together.to

{Organocaluminum oxy-compounds {(B-2})
The organcaluminum oxy-compounds (B~2) that are used as

required in the invention may be conventional aluminoxanes,



formra:ring in combination ant. atbarber,
atoms to which the ¢ 7-On n+.3 are bonded.
IP[hilt-hxamples to-the-mg-hydronamben-ios-
urdura-deseribee-below. Fhe-Comt-: s1uninoxancs
hydra:mil:am] greeinenclude-alky-groups: v
snob-:Snail; ethyk: n-prepylsi-opropyin n -butyl,
iseMea chi, syclanexy_; a_kory g-tiips each as
mica- and-Rroper-hi-7 -Rloryl;.acenaohtlyd; ...
innersiamyl, aceanthiys:@Nyssension of a compound
fettasydacrmighrtyl;.indao.50.and:hi blewidyl.
Of these;-.aromatic.group,.a-:0h.ds.cSaersyl,
n-naphthyl;.p-ritnnhy ahttracerdel.and ... -...
phstanthryi.are preferred..aptcr0000Qgalsma
SP&Z&l&anum compound with the adsorbed water or the water

of crystallization.

)

{0209]

15 [2] Water, ice or water vapor is allowed to act directly
on an organcaluminum cempound such as trialkylaluminum in a
medium such as benzene, toluene, ethyl ether or
tetrahydrofuran.

[0210}

20 [3] An organcaluminum compound such as trialkylaluminum
is reacted with an organotin oxide such as dimethyltin oxide
or dibutyltin oxide in a medium such as decane, benzene or
toluene.

[0211]



r'hesCric tag egeneted he'ereclirbQn grcUPS
in 9,..9 hydrocarbon :Troupe in which at lea,:
one Iced/ecren-atom been eutetdtuteici n_tn a
haloegen-ater) suen-an *Feur-ue; <k, Lorine; -
bionine:or:radii:39 with:epee:rip enamplesng
3ere tlueroge helrand Ce:-nakogeriated-aryl
groups-suer, in-and 5--ditrfluorceuptorven: o
bylphen';94:0153; Egirup lireron-ccntain)eg
Tiro4€ hydrocarbon-substitnt :men asSlant,
iflu sqlra:pe-include:p-15-group;.peroxy group;
hydiexyd group;-hydroperexy-ore-up;-91k
geeppesuch.as 09eney, methylphencey..
dtnilﬁhheltﬁheﬂe%ypaﬂd the trialkylaluminums and the
tricycloalkylaluminums are preferred, and trimethylaluminum
is particularly preferred. The organoaluminum compounds may
be used singly, or two or more may be used in combination.
15 (0213}

Examples of the solvents used in the preparation of the
aluminoxanes include aromatic hydrocarbons such as benzene,
toluene, xylene, cumene and cymene; aliphatic hydrccarbons
such as pentane, hexane, heptane, octane, decane, dodecane,

20 hexadecane and octadecane; alicyclic hydrocarbons such as
cyclopentane, cyclohexane, cyclooctane and
methylcyclopentane; petroleum fractions such as gasoline,
kercsine and light oil; and halides {for example, chlorides

or bromides) of the above aromatic hydrocarbons, aliphatic



naphtheiy; aryl kegy triceps eue9 as
phenyheeineey and 2090 :1:10 (doao) ; and
CXorgroup:: SF12223 gpsupas: sthers such as ethyl
a,trifluortmeunsnosu-105 at-s:sphenyl suk-forst
, rsorydi=tuna-k-nduavesut donat Scarvons are
tnibtattylgangeneaultanate, & citsciontylbus-,
saneral:1furaVA, pa ch aro osn 25:nem:l fon a
te and:pent 66f1torcben zonssul onat ; 5
edleineue-groups-so0n--mae-ruddy-acttlunte,
phanylaulfinade, hen:20; sl finei:a; venzene o=
pateduenesuifinate; trirsthy ihes.den;:float.cml
pert-alucropen-z.-=sun:groups;Pry:di;: 0. «cq.
r,oups;.:sclfata: grsup;.autticeegrand;ous -
poldeutfida.quear;.and.thistat6;granp..
d4amfPot c rartrogur-dentagroups mmdc
AMINO tanpics of the organca1oMOPS-SUCH, S MQthy
Icobgo, di.methyl.a.disunglairdno, di.ddnpyl,
aging,.diganylauinc and disyclahaugUarnino;
arylaminc groups and al kr:dryland'naps 13;a
ad as,20.1-.estylairdiudendlandinc,

glsold\larn@ )
Al~0~B-0O- AI
s
R N IR
20 {0217}

el R20 4 a - 1
wherein R is a Cy.;0 hydrocarbon group; and R?'s are each

a hydrogen atom, a halogen atom or a Cj. ¢ hydrocarbon group and



dinaphthylaning ans methyl phesyladinn;

alkydgmino groups such es netdylidnano,

schylirdno,-prspyt£7113100-E+1::1 13-

2-moth-y-enau-1#:1100,-26-eime Uylphen

ylire-1:00:202 4;-6-drinednyiphenyl-;:mi-ng 2al

- psrapyipheny 2;-6-diai-tiondlphengliminc, 2,

4, 6-tri @p-opy]-E+«uni ade-t- but -2 tpda?

yliessuoyrdud-ci-kylanino and any arty] nu

103 N,N;N;Niekefrarhenylprep2moncgiarcdnd

L01391-Examples-of the.phosp:(input,.include

groups-such as-trimethylphasphi arn

‘Lonearlohexylphosphine;

Examples of the alkyiboronic acids (G-2) represented by

Formula (iv) include methylboronic acid, ethylboronic acid,
isopropylboronic acid, n-propylboronic acid, n-butylboronic
acid, isobutylboronic acid, n-hexylboronic acid,

15 cyclohexylboronic acid, phenyiborenic acid,
3,5-difluorophenylboronic acid, pentafluorophenylboronic
acid and 3,5-bis(trifluorcmethyl)phenylboronic acid. Of
these, methylborenic acid, n-butylboronic acid,
isobutylboronic acid, 3,5~difluorophenyiborenic acid and

20 pentafluorophenylboronic acid are preferable. The
alkylboronic acids may be used singly, or two or more may be
used in combination.

10218}

Zxamples of the crgancaluminum compounds to be reacted



triarylchosphinc g harps such a::' 1
rAphernglphcarle ard 171 1: cf IrMoaphine;
phesphite:groups (phosphi-de:-rumps-su2l,
as rrpthylphospddnd, adnyphompliifu-and-:
phenyiphoschite;<10:rhosphenate:group; and
chosphinata: pippin-ECIEGhH-. -~ 2ratiarabl-yy.
OE;-z;:N-arid-Rn-are: C-he-sama or different m
one-anetherand-arc-cache-hydroper-at cm,ya
halegen-atom-or-a.3,12; hyireeartcri group_ nh'
and:41' are rho fame or dl sserant r:...5 ore
andtma: a:;Cy:eydrwearhon-group; a.C 221,
halamphatad .exygen-containing. cresp, a PIM
fur-conialidug-croup, @20
ni_omgen-containino.group:or aphoapsomua
nos-np:oloc..andpan pf Inds(r).actiamenu
groups may be linked together to form a 'M ng
ir onnhnpatif,n odoh L.he cartan.atoms.ta....
which.the groups.are Isong.cd. 10161]..c.:...

in JP~A-H01-501950, JP~A-~H01-502036, JP-A-H03-179005, and U.5.

patent No. 5,321,106. Heteropoly compounds and iscpoly

compounds may also be employed.
20 [0222]

The Lewis acids include compounds represented by BRy
(wherein R is a fluorine atom or s phenyl group which may have
a substituent group such as fluorine, methyl or

trifluoromethyl). Specific examples include trifluorcboron,



1t-2223: each other ana ere eacb a
hydrocarbon group, a halo, hydrocarbon
graspy-am-myriad«contatring :group, a
sulfur<cent:airing-group, gallicon-containing
group:a:hydrogen-atem-or a InaLogd-tcm. .0
62 a forte; nut-canna 0, of- ky/-cogalbon
graurs.-Ezumpi ea of 44,shalogenated.....
Inhlrocarran greapn mcitde the
aforementiened.Cnn IC Examples of.tan.. .,
oxygen: containing groups inch-de

group;; alledp groups much as netheath
ethaxy, propos; and butoxy, arylany dhaugm
rfch as phones's, methylphenomp,
Simethylphgnont and naphthcxy; ard
arylalkcxy @rdups such as If rbanylmettrrry
and nhenylechormh [016)31 s of
the sal tun-car _Hind oroups 1000,
substitpents.corresperding 1o.the ahuva, . .
oxygen:contair.|.ad. compounds encepn :ha t
InLyger..is.replaced by, sulrur; sultanate 2.,
groats, such as methyl.sule, triflueromet |
hangs.a_fcrate

Jroup, and preferably an aryl group or a
substituted aryl group.
(G226}

20 Examples of the carbonium cations include

tri-substituted carbonium cations such as triphenylcarbonium



phenylself:nate, benzynsultodate, d-
LaltencsaiTona,e, trimeirrylbsurecesallsuate,
iriisabutylbsrzenesulfzate,;p~ohlorebenacc
caut: for-abe-andpentae {uarobennlesulf
naterand-rrifinate -oranpe snob-as ions swcn =
sel:ierisulinate -phenylail/Cratey, SP-2223 102
aultin@Qero-CGo-ucuncin =irate-tfrinciany’
tenerldeala-e-ane pantorinoi.obendand:.:-
Fixa:npies-ef-the i-:icon-nohtaindng-schups.5
hyanocarbordalgroups:anl: £.0.20arbor,
atOﬁnﬁyd%&hi‘aSaZ‘,ofs iNEOL 3L inbonyi) anmonivm cation
dinavaadidherissiitil cdpihcil. Preferabay,ana
di) aresant
Bxamples of the phosphonium cations include
triaryiphosphonium cations such as triphenylphosphonium
cation, tri(methylphenyl)phosphonium cation and
15 tri(dimethylphenyl)phosphonium cation.
[0228]
R*¥* is preferably carbonium cation or ammonium cation,
and particularly preferably triphenylcarbenium cation,
N, N-dimethylaniiinium cation or N,N-diethylanilinium cation.
20 [0229} ‘
Examples of the ionic compounds further include
trialkyl-substituted ammonium salts, N,N-dialkylanilinium
salts, dialkylammonium salts and triarylphosphonium salts.

[0230]



11 d-salfun-contaarling group, a
ant:doh-containing group are- a triscger!
a.Oear;-and-are'more prone:rat- y-each ai:s
MaSoegenatomror:a 111 2z-hydr-ca -bon
pncup-{Cdif}:In Portutae alk-and ibliixaleoa~
hydrocarbondraa;o;a-clanianh-halogenated.
hydrosaigaeri-gretp;-sitiahri-oontaining grouth
a divalent hermaniumnco (whereinR:is, a
hydroper a~onil,-a-halogen,anon;-a--.,
hytdoearhor-ghu: up;-a halegenate tydrorhdi:
IDI:EhHane-aa:r- SE-2223:In¢c.Slide.di valenlL
© 2:hydrocerhed ractll aa.enclude-alkylere
gepups sueh as.methysecnch. <oy vorace.
ginsetedyisieLhgleuses,
Examples of the N,N-dialkylanilinium salts include

N,N-dimethylanilinium tetra(phenyl)borate,
15 N,N~diethylanilinium tetra(phenyl)borate and

W,N,2,4, 6~pentamethyianilinium tetra{phenyl)borate.

Examples of the dialkylammonium salts include

di{l-propyl)ammonium tetra(pentafluorophenyl)borate and

dicyclohexylammonium tetra(phenyl)borate.
20 [0232]

Examples of the ionic compounds further include
triphenylcarbenium tetrakis(pentafluorophenyl)borate,
N, N-dimethylanilinium tetrakis (pentafluorophenyl)borate,

ferrocenium tetra{pentaflucrophenyl)borate,



1, ectetrefee hylene, 1,2-cycichcxy ene and
1,4-pueloheesylcacy add aryialky _ groups,
6,Cll-air-diphenyereceldteene-ultd CG the de
enfhydrocarbon:oFeFOUD S 1@entaaienyt comples,
dimettylmeetlylene; Ldieethyl-1.2-eostUene,
2,4=eyclotessyd cue; and such acyleexylene
urnete.dS -di aher:ehylestc and depnenyl 1,2
eelsarc pre far ald a. LO1 het Free =cc
esendpe i relog f afagcrantd on of at
lece (azohm en neon- ¢" :he nabcvadival
CH es hydrocarbon grcradaac Specific
example; incline:, halo:Lenge ad products at
toe adece decalent Cyr,.hydegfeghees
grenpe, al: oh ac chleronethy_cna. OxnrpLes
at teon-cantoini ag gee nolude clkyLeilylene
creeps, al kulseesiegeylene groups and uryl
71t fFcites such as setchtyl ;1 ylerse,
dim&th Iec:ilu_,’c

CF3 S (vid)

[0236]
Examples of the horane compounds include decaborane;
salts of anicns such as bis {tri(n-butyl)ammonium] nonaborate,
15 bisi{tri{n-butyl)ammonium] decaborate,
bisitri{n-butyl)ammonium] undecaborate,
bis{tri{n-butyl}ammonium] dodecaborate,

bisi{tri{n-butyl)ammonium] decachlorodecaborate and



ST=2223 001 nettylcherbTailybehm,

dichonymi.blong, dilp- bouThlalb/latE and

hlim-chaloregher0h2011blene-and-al-: =«
chbdigilyl-gcoeebs; Sda@t@ammthsyhla,Q-Cicliml
and-oetrabbmnyl - I,2-disi«yh-{0d71]-laclude
elaemecorrosbondimg-to-the-aforementicad

VareTitroomELT-groups except. f:ha itP[allud

by germanium. Examp'es di Om diLair:Ong

grcemp:iRclude:these cramps.correapobh
oilicem-cmfaainang-goon piCapt thatinc pCn.

1500172} -cocanorane,

10 dodecahydrido~l-phenyl-1,3-dicarbanonaborane,
dodecahydrido-i-methyl-1,3-dicarbanonaborane,
undecahydrido-1, 3-dimethyl-1, 3~dicarbanonaborane,
7,8-dicarbaundecaborane, 2,7-dicarbaundecaborane,
undecahydrido-7,8~dimethyl-7, 8-dicarbaundecaborane,

15 dodecahydrido-ll-methyl-2,7-dicarbaundecaborane; salts of
anions such as tri(n-butyl)ammonium l-carbadecaborate,
tri(n-butyl}ammonium l-carbaundecaborate,
tri(n-butyl)ammonium l-carbadodecaborate,
tri{n-butyl)ammonium l-trimethylsilyl-l-carbadecaborate,

20 tri{n-butyl)ammcnium bromo-l-carbadodecaborate,
tri{n-butyl)ammonium 6-carbadecaborate,
tri{n~-kutyl)ammonium 6-carbadecaborate,
tri{n-putyl)ammonium 7-carbaundecaborate,

tri(n-butyl)ammonium 7,8-dicarbaundecaborate,



atomya no .ogen 02phmdrocer.er a
halogenated hy[Cmcarhou group cr en alkcxy
croup:-The hydrocarboen-greupe-£nd the
Mplocenated-hydiemarboc macems ha 12 ray
he similar:aw theshydrecarbon-itouue and 20
theTelhydrecarbon groups described Tor X'.
Thedecanyarico-s-ethyi-7, s-dicarvaudAciide, alk[lxy
groupssstich-as.em2hcx , etnoxy,
ppcmoxgroups.such-as.lp.aryialoe,y com[Ts
pubt asmhenylmeiMobb. . SF-2223 _DJ
:01731:Rreferably,; 1211.Morsin,Qtt] and CO is
@ tivajent,:) smwoniun
undecahydrido-9-trimethylsilyl-7,8-dicarbaundecaborate and
tri(n-butyl)ammonium
undecahydrido-4, 6~dibromo-7~carbaundecaborate; and salts of
metal cations and carborane anions such as

15 tri(n-butyl)ammonium bis{nonahydrido-1,3-dicarbanonaborate)
cobaltate (III), tri(n-butyl)ammonium
bis{undecahydrido-7,8-dicarbaundecaborate) ferrate (III),
tri{n-butyl)ammonium
bis(undecahydrido-7,8~dicarbaundecaborate) cobaltate (III)

20 tri(n-butyl)ammonium
bis({undecahvdrido-7,8~dicarbaundecaborate} nickelate (III),
tri(n-butyl)ammonium
bis (undecahydrido-7,8-dicarbaundecaborate) cuprate (III}

tri(n-butyl}ammonium



hydreecarbseC, a divalent silicon- son 1 tThing
creep, ana bun vreferabLyery al ky est, vesav
cc enaryls-yl-ese-sioupssepsunig:-te o),
represented-by\Vormel a 1 seweby irdene
3-tent-dutymelsyel-ep-snteej:(t-terany,inult
dichleardepla-isupropylideasl3-tert-let yi 5-
netlyyeropenta. di-: tart--insiyt-laoranyl)street
rub:isbloside,;3,5-bi-teta~but vi tin sten yl
31ﬁ@s&ittapdi@h&aﬂoe&,—o‘icarbaundecaborate) cobaltate
13(estanvethylostat-ndh-eviA lansutlessenyi
bit-seed usdichlosde;.vineatic, & o (111,
syclebentadion::fl)mu_nit's bichlorice,
bis{undecahydrido-7-carbaundecaborate) manganate (IV),
bisitri{n-butyl)ammoniun]
pbis{undecahydridc~T7-carbaundecaborate) cobaltate (III) and
bisi{tri{n-butyl)ammonium]
15 bis{undecahydrido-T-carbaundecaborate) nickelate (IV).
[0238]

The heteropcly compounds contain an atom selected from
silicon, phosphorus, titanium, germanium, arsenic and tin, and
one or more atoms selected from vanadium, nichium, molybdenum

20  and tungsten. Examples of such compounds include
phesphovanadic acid, germancvanadic acid, arsenovanadic acid,
phosphoniobic acid, germanoniobic acid, siliconomolybdic acid,
phosphomolybdic acid, titanomolybdic acid, germanomolybdic

acid, arsenomolybdic acid, stannomolybdic acid,



dip-henyire,t37 ere (3,5 Irinethyl-cycispestar,
1,1 (2, a -di-tent-but yl ta asbesyl ',11:Vol-Alum
drsb-dj-PhenYimeth¥;lerle«(3; asei setdy}s:i-
v,wispentadieny-»C1;1-db-leatabttse ac:a,
ylflasetenyl)-zircon-35-213¢hle videovaradi-
diphonylmstsylenel3;5-dime: thyles 'tropes
be :disesti:)-lbride, - 552223x(fluorsin/lZ2d sai:
noriomide;: iphenylmeihylonobu-ink5-met nyi;
zirrunknm-diehloride, . .dimlcenylmarhy.l.one
( 5-tmio M;n531-5-mctloel-ciu0.open Ladle.i(3,
F didernibriyikluaronyl.) rip. cerium dichloride,
10 octoinetinymocto hyd.mod ibenz.if. Qucraonyi (
5, norm i dichloride,.5-niche =.orycu,, .. ...
ai.11Lath.enyl).(f. por.iny (:5 rcunlr: dish
dinizeny _motty . a (5 (2 odiumniyi;
The ionized lonic compounds (B-3) may be used singly, or
15  two or more may be used in combination.
Next, the copolymer production processes of the invention
will be described in detail.
{02401
In the copolymer production process of the invention, at
20 least ethylene and a conjugated diene are copolymerized. The
conjugated dienes used in the ihvention are not particularly
limited. Tnausual embodiment, a conjugateddiene represented
by Formula (i) below is used.

£0241)



Sdud-euennadienyi ( (2,7 d Lunt -buty_tiuoron
diphenylocthymono :3- ((Ora ddoonL (5
diethyl my ulomennadicny _ ( (5, 6--5 -butyl t
morcny 15zircenium di oh ( or 'oleo
eoufobenta&‘myl ( ominoonli
3IOC|chydrod|enn -5-‘iinorcmyl ( 0-: n con i um
dicblerido, dinnenelmethyl one (5 -r e EL
bun!'oilay-(vs(t:adleny: 50{-finumenyi(; - nyizogen
ZINCONIUO... ; Glorezniadil- Y2, 0.0, ac 1cast one of &
((-(eimtent-MmtilfL.unrenyl( rib:moor no
diehlon‘i,deqm:lg(;lzdaﬁncwgponziadle&ummatlv

[0243)

10 Examples of the conjugated dienes include 1, 3-butadiene,
1,3-pentadiene, 1,3~hexadiene, 1,3-heptadiene, 1,3-octadiene,
l-phenyl-1, 3-butadiene, l-phenyl-2,d4-pentadiens, isoprene,
2-ethyl-1,3-butadiene, 2-propyl-1,3-butadiene,
2~butyl-1,3-butadiene, 2-pentyi-1i,3-butadiene

15 2-hexyl-1,3-butadiene, 2-heptyi-1i,3-butadiene,
2-octyl-i,3~butadiene and Z-phenyl-1,3-butadiene. The
conjugated dienes may be used singly, or two or more may be
used in combination. A particularly preferred conjugated
diene is 1, 3-butadiene which is inexpensive and has excellent

20 copolymerizability and crossliinking efficiency. When
1,3-butadiene is used as the coniugated diene, the obtainable

copolymer has a vinyl group in a side chain as a side-chain



octahwirodibt,tzor .Laiore-iy.1'
cipmenuinnehtert - bateoﬁmothy -
iYninrmenl.eClenk'_; t) nor,: di ) i rennin,
,,elie:orice, ninny’),d2-ie et but 1 rinoreny.1)
zircon d- en dictien de;diphenyemethylene.:,
:3-tentery}a2y:5endinetUbM-oyelopente:-d.+ en/
1 ;34:6-02~rert-butylf-Hoe.-en-yi)zic aur:M.
dichleride; 10-dien¥}-{-octamethyleetehyd rod
Iben-dellenzenyl:; . zikconium, i tions such as che
pete;l.yl)menhyle-d,:,; 5.-didetM:yl-cyclopent
cdi-cay}:){:21norenyl) zirconium.diml.or de;.
(pithd.y1l).del hylene (2,5.inimethyLneyn |
cineriechnendl) (2, 7 -di -tort-tney I. f | nnrenyl

; riemonirm dichloride...(elyi.memhyreno,C3,
5- -Qdnethy.-nye!.crenez.dienyli.01.6..n2 zhurt
bi)).yllinereny1).zirconjum.di.en, nri de, di. ..,
gmiciy.min),.).erte.(5..5 lideihyl-cychcmaont eel
ensd.).reamettylociahydred.then,me. f;.no
rencl).zirconium dichloride,

[0246)

20  include a-olefins such as propylene, l-butene, Z-butene,

3-methyl-i-pentene, 4-methyl-l-pentene, 4-methyli-1l-hexene,



22 diz+fpi LOT yli methylene (3-tort-butn -net
hyl- ezmddrenta- d I|my|C|eny|) riemeninm
dichloride,liende-(2, i7:=distert-be-7.yl n 7
l:rim: 201 rirceneunn-dichteri-, 010%;-<:x
rmiMmlene(en-tort-butyl.2-1me’ sy ve.la-.
epenta 121 t-hi,tyl viiicrer,yle,Zflcoflhiin dish]
@ri de, d;i@n¥lﬂstyrene and the derivatives thereof include
,-zeteuethylccialtydrezirtenzcefluorenyl ).y -n.,
dichlrer»ide,\/xmamweyil<«j5nmeLhyL@pema-
reflili-113, MUM:L:Lerida,-mr=telye).... runctiona:
group-containing styrene derivatives such as methoxystyrene,
10 ethoxystyrene, vinylbenzoic acid, methyl vinyibenzoate,
vinylbenzyl acetate, hydroxystyrene, o-chlorostyrene,
p-chlorostyrene and divinylbenzene; and a-methylstyrene.
[0248}
Examples of the non-conjugated dienes and the derivatives
15 thereof inciude 1,4d~-pentadiene, 1,5-hexadiene, 1, 4-hexadiene,
i,4-octadiene, 1,5-octadiene, 1,6-cctadiene, 1,7-octadiene,
7-methyl-1,6-octadiene and
4-ethylidene-8-methyl-1,7-nonadiene.
[0249]
20 Examples of the non-conjugated polyenes and the
derivatives therecf include 5, 9-dimethyl-1,4,8-decatriene.
The additional monomers may be used singly, or two or more
may be used in combination.

[0250]



euyi-+12, 7--tr-fert-buryliluerony |
)7.'dicheoride,  di ;pet olyl
)mec.cy'ene(2-adamancyl)-e-methm; Leyu:
(pent="tG-dThay: }-13;L-diet-ortfluty-f1:: -
rmeenyk zirconivm-dichladdr; e g1 -e] vi-k
'Veﬁoh:y&e(ﬁ)ea(rByieIIZ#a@iammryhaﬁs)) is95/1 to 40/60.
me:-hylmetziepentadienfiM)ios censeraraze 19 of tne
Icetemecrzyleetahydredibenzati-dorenylcirme
cduradi duo-ride;-di L-z-trul - ezelddt). wen e
lieri-butyl-z=cchyl-dienyl)-(flueranyller..... ;.
hictleride; d1-fiz1 oiellmettylenere-butyl
=b-ethyl-ryclopence- dreny') :2,7 di Le_
lurthefrucumnyl)-Xi-Corium di:Mtrite, ..., ..
jp-earyldmethyl ere(3.L.erl:Uncyl:5-ettylityt.|
cpenta=dierrel). L3, 6:diet..mefmmuyl 1 ...
zirconium.dichloride; LOLYL...ryinq cue wne
net{3-terimlincy1-5-el.tyl-cyclopente decry 1
loccm,.ne'Myluctehydredibenzseceorenyl |
Cirrc@g@i,m@iZatY;g may be carried cut by a batch process or a
[02527
20 In the polymerization, the components (A} and (B} may be

{1) The components (&) and (B) are added to the polymerizer



(ilierenyl) zir0OOinol dlst IL-1 de, SP-2223 139
di ;bmiclyi)metnyi Er A"
Sect1-2;b-dimezbyl-oym: pent,-
enyl)tort-buty-7:1emecnion. dichloride, di-;b-
totyywmeth viionce-13-: Sett-b)2, -SidimPthyl
msys)©epen:a- t1)ml) zirconium. Picini:m:1ot,
‘butyl '2\,5hdL&Qn&x:édi'wowggmi&yhiinm contact
))ibenzosinorenyl)tocnistr..dichloride; di.;0 -
sent.Lsey..pn-ry.=hoy 1,0n e(3,-P=1ime..;...
thylmoyelopent.ahibnyi }.(01;10-0113:1)cne-
yinsoniub dOchloblab, .10 di
prmtert-butylp5onyi ) methyl one (3,
5-dimem}(l-&yii&m&mlﬁ;amym by the above~described
catalyst, the component (A) is generally used in an amount of
107 to 107 mol, and preferably 107" to 107% mol per 1 liter
of the reaction volume. According to the copolymer production
15 process of the invention, a copolymer may be produced with high
polymerization activity even when the component (A) is used
in a relatively low concentration.
[C254}
When the component (B) is the component (B-1), it is used
20 in an amount such that the molar ratio of the component (B-1)
to the transition metal atoms (M) in the compenent (A},
[{(B-1)/M], is 0.01 to 100000, and preferably 0.05 to 500060.
[0255)

When the component (B) is the component (B-2), it is used



di eny3) ;2,3; di _ert-bytyl iduoreny Il sir smnin
di chloride, di ,p-tort-butyl plenylbse s
hylotel3;5-climith: y&-eycloyeld:ar-ik 18 =tons
6-di-toot-butyl fl-Yoreilyl)-birooninm di-- )
chltrSoele,L5dionyl);etbamo- hylpbesliben: -1y
ofluc:0000L 2.- room-) um lichlboode, dil ert
bulylph y nethvilone ; 3-tbrt-3y .y1- 3-nittn y
-byclopbbiddiutiyl) ;:lborenyi).ia pori um. di.o
di )p-iert-but.yipRlony))1) 51 tylistezert-butyl-
23.5 peshyl-zyclopentaticnyl).(2,7-d1.. es,
L-butyliluct. yil rinti urt d.stluzide,. -.
5-ffeihyl-cycicbonindienyl ) 13, 6- siL-
toti-butylridarinyL).jtonsbnitm. . 11C. . ovion e noe
particularly limited and may be determined appropriately
depending on, for example, the target composition of the
copolymer.

15 In the copelymer production process of the invention, the
polymerization temperature is usually in the range of -50 to
200°C, and preferably 0 to 170°C. The polymerization pressure
is usually atmospheric pressure to 100 kg/cm?, and preferably
atmospheric pressure to 50 kg/cm’. The polymerization

20  reaction may be carried out batchwise, semi-continuously or
continuously. The polymerization may be performed in two or
more stages under different reaction conditions.

{02581

The reaction time (the average residence time in the case
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edendadieiyl: (vetlcctchyd -od St d) fluddenill
iircenium dichloride;:dion =ay very cepencing on
)95ter)(1)5551phedyl)bbeihyiend (3= e
(2-5dambntyl-¥5-10-dthdi-di(13pentadieny. )
(fikreddbzirsdniud)-diet..-dride, di
(d-dedi-bdtdiphd-di.5)dissyl en). )3 12
idameintyll -z imeendum:-di.chi.dr).de, di
(p-iddi-bdtylpheny)n) 105 ideth51) invenc:ve
cidildpentadder;.zircon:Hal diidddidde.di-;.-
(p-tezt-buiviphenyi)mithylence 0-5fletiyl)
cyclei,n(adieddi) (dciamethvideinhydrodibendd
fluoranyi.) .Z.L3tC 2 courrdi) Jddicco vy cne cnvenive
(pt-fditylptenyl).(methyl:0nd. (O-tert zbuis1,
[0260]

15 Still alternatively, the molecular weight and the
molecular weight distribution of the copolymers produced in
the invention may be controlied by regulating the amount of
the organometallic compound (B-1) and/or the organoaluminum
oxy-compound (B-2). Generally, the molecular weight may be

20  lowered by increasing the organocaluminum compound/transition
metal molar ratic. The molecular weight distribution can be
narrowed by increasing the ratio of the number of the moles
of the organoaluminum compound to that of the formed polymer.

[0261)



-0;¢7-open (adiedyll (ilddren.yd) zirconiid5:01
di (p- tert-butylpienyi me:hyl end (3- tett-butyl-
- ethyL:eyclopenuadianyl-{2,5-ii-cell. ~0dd 1
Ccwrend) b-ethyl-cycieddnidid)-eny!):(3):5- v
di-Bayi)-zirb04)i)55-betH--eleydnoedihenry-
S7-2222-111-(11 noriaaay zirconitmiodiia:q.
A-Mumble:=Mb-¢: p-tva-touylpheny::; i
mmitbyler:e (3 tent-butyl = concontration or cne
copolymer in the polymerization liquid may be 0.01 to 500 g/L,
preferably 0.1 to 100 g/L, and more preferably 1 to 20 g/L.
Lowering the copolymer concentration in the polymerization
i0 liguid increases the molecular weight and narrows the molecuiar
welght distribution.
(0262}
Since the copolymer produced according to one aspect of
the invention has a side-chain double bond, the copolymer may
15  undergo varicusmodifications. For example, the copolymer may
be modified with a peroxide. In the modification with a
perozide, the side-chain double bond of the copolymer is
epoxidized. The epoxy group introduced in the copolymer
provides high reactivity.
20 [0263]
The copolymers according to the invention and modified
products thereof may be used as thermosetting resins or reactive
resins. Since the copolymers according to an aspect of Lhe

invention have a double bond in a side chain, they may be



3 dirde-tcbtormt ylphom, L-botylf_upoony
dtzblori de, di (p-bert- hutulphetyl m'3- (cc
-butyl=-n1-butyl-2: k-dinyddrecetbe al-oortryfl:;
zirconium:Ut:M-m={rne -2(21( pher 55M ue
hay-acne (3-tort-MU u51- (225
bz,(Myl-ovziepcatoMi:Any(s ;b <ne coporymer nay oe
21mbrenylnnac:tuardhohltrod; 3-methyl
-cynltFent adienyt ;{2;1-d{-t€-0Z-|-ZtHM: (+iny
zldenivm-dicta~riMe p(rietl:sJ) (phenydc:s
mumélc-laﬂeuﬂ.m@{rylwith polyester resins, polycarbonate
Ementh151-mumlopentadionyl)-:3,1-LL e,
-Lertpbuilyfm od ﬂe}ike, Thus, the modified products may be
used as adhesives for bonding these resins. The modification
percentage in the modified procuct ([modified product (weight)
- copolymer (weight)]/[copolymer (weight)] x 100} is
preferably in the range of 0.01 to 30% by weight.
15 [0265]

In an embodiment, the copolymer according to the
invention may be crosslinked in the presence of an organic
peroxide to give a crosslinked product. Since the copolymer
of the invention has highly reactive double bonds in side chains,

20 the copolymer may be modified with a reduced amount of a radical
initiator compared to copolymers having no side-chain double
ponds.

[G266]

When a copolymer having no side-chain double bonds is



(be{(hub; Iphanyl methyl e(t, ntabMony - 1
(mc: - nice thyloct cheyd rocllbe zum itch:Lori
da;-00:2221 112 -373%-10lep-C 5-zactay]---
-cyecd 7perlddi unyl:; fluorerylece +i.-on dndiet )
(Ph@fslﬁy@mf‘lﬂyoemyduihk_pro’cabﬂjty for 1 mol of the
crcizicemeadiemylie;dy-Y-adi-t@Adns ceaction 15 nos
hudylfizzreny 1) zirceni fie-d,: chlorde;.ir-561y1)
)pheryl)-methy' 6ru-3 Lent=Butyl:ces ore proaucea
cyclopentadienylQ; 6-rl-1-st.butylfruz. ccrz;M)
(7-301:7/1)--RPhery..Mmethy. c-te,.;3=.Lert-:outyl-

general, a reaction of a polymer with an initiator decreases

10 the molecular weight of the polymer. In particular, the
decrease of the molecular weight is remarkable when the polymer
has unsaturated bonds in the main chain, resulting in high

surface stickiness of the resulta

10267)

15 In contrast, the copolymer according to the invention has
side-chain double bonds and thus allows for the reduction of
the usage amount of a radical initiatoer. Further, the radical
that is generated in the modificatiocn mainly %eacts with the
side-chain double bonds. That is, since the copolymer

20 accoxzding tc the invention has side-chain double bonds and is
substantially free of unsaturated bonds in the main chain, the
main chain is prevented from being decomposed, thereby
suppressing the lowering of the molecular weight. As aresult,

the obtainabie crosslinked product has a low surface stickiness,



S-mereycloreutadi znyl :Oct umethyl
ocrudibzuzo- flucrenyl ) rcou juin dichloride,
diherzylmethyrencyi--5-inethy k¢ -ycicuuctadi:
enylet 7537 35r)-zircenium:-dichirmi-dz15:2,
7-di-duetbutyl 11cc r cry,,ni UHL :t_cnloriac,
d.theecoy lice, LI yThEe (2 7.e rt-tuty:- |
-net)cyckecadienyl)-dilzenzylmethyrenc:.
(3-tout-duty:~b rnethyl-cyeloperrudi eryis «na
..ueturekyuyleurahydrodibruzeflucrerys)o e sona
zirconium:dichiet Zuerunyi-:Here 4 3= coporymers
Lert-br5yl-3-mzthy,.-cyclopeuradien,z1)...:.
(flucreny 2.0 e, Cmaei: 111100, 1065 e 2 10w 105
fLucrenclicene.k3-tort=Z;r.y]zycl.cment, nricryl )
(2,7=0ut.-hut.yr flucron351L r.crczz 00: . ..., .
CicMlunds, trucrunyl.ddere.(3z.. e or woaisiea
Mzirsuct3Z1:5-motty, cyc'.cpelmadieryl) ...
ALSJ{_OZ'ZZ;Lble with sulfur. Products obtained by crosslinking

the copolymers with organic peroxides have a low surface

stickiness, are free of internal bubble contamination and have
excellent thermal aging resistance (heat resistance} and

cellapse resistance.

EXAMPLES
[0269]
The present invention will be described in detail by

presenting examples hereinbelow without limiting the scope of
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bubLel-hembethylonyclopentadeenytk;qsurec o
‘fleormmy/)litaniun-dichloride,
dtprranylnesaay:one(3-Leruandread Pune, -
eyedinar Egi-tertubatythiaemenythritmudma
dicrioricke moiecuiar weight and the molecuiar weight
drydnnylmethyletai3-tert-buty - rtmmeabayMny
Cid@eeineation chromatography (G2C) under the following
13&=mch-a,rt-rad,y1f3aarenyliLrlanrnm
dichierion,
i1.odemylmethyloneeentarb:-bublen-5::.. ..t
rlelhyl-cycledamtrdenyl; Heiimmihelam, ...
anydradibenzofincronylatibanan cn: w1 21s0 se
rl]r;e&lgcgdo;ﬁ)dge§~calibrated molecular weight.)
depeenidmete.ylene,3-imrd-bdLabl-1-methyl-c
yclepentadLenyt: dildoreny.bnainlum. ... .. 2
ddetlarade,.,.de-tart-butyl? urmanyl(hatudum
dichloride, ethylene(3:tcrt-buty=5:nethgl . ...,
hreicrantadiantl, LbdidaliZmeremel)hatneum
dltnifle-de. and LoctamethanlLcs2/11bannium
dichleridd, . 10Examples of the transition net,-
compidrldn, reoreserred LaY, robe d.MP)
farther. ihnlade fransition, me-al impohnin thed
atom has been replaced by hi -ani on,
11,1131i-1m tar,adrum, riohiori, Idedradaab
chromium, rodybdcnum pm burigaie,d



SF:2223 'Ma 7.i:coon:ion metal compounds
rep- aCesiced by rerraul tiercroatood by the
nethede-disclosed-in-C015042CR5/+5 and
Wit2001/2:4225.:5101 1f Next, the
thrtne;thieot-mecal.croo:Dan represen _NC. by
Pet-Fria: (el willx nosdescribed: <o rsx «th@se-um
trancikion-ectal tons: ounde-layingPermute:,
(IVi-represent prof orrea-exenplrerte
transitiennetal COL,C,UJLL.C1? Ce FO :Ern,
(lii) foruse-in:-the-‘noel:keon. in.Formula:5sth,
Tl Cs:a LraneitcGrour 4 to ;10Lp | in :he
periodictab.l s.:71t. detail,.M.is tit:anion,
zirconium. .la. iniabtern, tan oichronic:, rig pro
Scrod].y.vireo:jinn. )17]. ...

PS-calibration/calibration against standards

(Determination of butadiene content, vinyl group content,
15 cyclopropane skeleton content, cyclopentene skeleton content,

1,4-addition unit content and 1,3~addition unit content)

The ethylene/butadiene copolymer obtained was analyzed

by C-NMR (1,1,2,2-tetrachlorcethane—d2, 140°C). The

spectrum was analyzed with reference to the chemical shifts
26 of the signals assigned to the vinyl group, the cyclopropane
skeleton, the cyclopentene skeleton, the 1,4-addition unit and
the 1,3-addition unit in ethylene/butadiene copolymer which
were described in J. Am. Chem. Soc. 2003 (125), 8970, and

Macromolecules, 2003 (36), 2067. The peaks were thereby



In ForTva', R".and R" are the sacss oS
'if feren. 5ren one another and are each a
hydro:roe-stern;-21aClybD:kgrout; a-'2 =2 ea-
gbhr-edhydrocarbon-group; sulfur-containing
group; neCtrogen=-centainneg-eic:to-cephp: , e
heNEIOCLIS-00:7-¢:b:nont-ereepynat -0 _he
addsocot grenfn:R.22R2and:btsagto:civ- <
befinked-tog:Ltd-orlc form-a-ring-in«5R-2225
115 -oethernalionwith-tt;ca-the group;:re
bonged [0119] 5 the sate or dr f afrom one
anotherare-each.a 01-tphydrecarben-group, a
Bhalacenated:nydroc rthon Group; @ ne cosol ymer
=100 x (AR + B+ C+ D+ E)/I(A+B+C+ D+ 8) + [(1000 ~
(R + B +C+ D+ E) x 4)1/27 - (1)
Proportion (mol%) of the vinyl groups relative to all the
structural units derived from 1,3-butadiene = 100 x A/ (A + B
15 + C+ D+ E) --- (2)
Proportion (mol%) of the cyclopropane skeletons relative
to aill the structural units derived from 1,3-butadiene = 100
X B/(A+B+C+ D E) -+« (3)
Proportion (mol%) of the cyclopentene skeletons relative
20 to all the structural units derived from 1,3-butadiene = 100
% C/(A + B+ C+ D+ EY --- (4)
Proportion (mol%) of the 1,4~addition units relative to
all the structural units derived from 1,3-butadiene = 100 x

D/{A + B +C+ D+ E) -+ (5



an<L4aorcni ocean ing group, an
orogen-containing group, a suitor -dor ta vdpg
group, @nitregen=nor-:piping:group;saci=tive
jblesphorus=eoentaising:group, a-hydrogenoo =
atomeerr achat oiler:-atat, 10 end rat: el these
adjacant groups rpy be-linked-together:-no--
form.a rng-is-cechkinabian with-theerive cron che
sarbn...atoms-te-which, the Etampina of4,1.and
cycisnexad;.a-kanelbgroups-such.ascrab and
tporranyiy phenyl:annaptthyl, p-nnpht hy ,
authrasenyl, phananahryl, 20
tetrsaydcenaptahyl,.indanel.and bapnanylyi,
Of these,anopatae-groups sugt as pheayi,,
gpsantthyl, J-tenant-thy',.auclarecental and..
prarperplary are preferred. EIILSY . 11)... ..
hydrogon..atom Faa, gean auladtitutcd.as ...,
ishalogen.arcs such aa fluorine,.chlorine,
hi-epning or iodine, with apecific examplas
irlorudirwr trifluoronathyl, ard YEd/
halogen:iced tel orw.ups such wo
2,3,4,6?@p’ehaﬂuorcpheryl, d,5drfluoicothenyl
Ind 1,5-d1L 1dflucromértfidlidded,gl tO1HId

[0275]
20 C: (Integrated value per one carbon of the cyclopentene
skeletons) = [({integrated value of the peak at 43.1 ppm (cis

CH in Chemical Formula {B))) + (integrated value of the peak



cries?51ind grculaa cocludo
liyclicgdabon-dgbarltutdo nily: grodur od 1 to
Y O.chos-at-urns:1) seon a)ylil.detilylaillyl.
mothyld-dbenylaald-1, dinethy phongdgilyi
didf-driptenldisii)W. It' 833 Edwmggea-lie
axygen Wentainldg groups incruda ory drouu;
acroxygtougw Inydroxyl group; hydrugir0)1
group; all-cost Sorcispa such as ethody,
wr.norry, guopody and butomyy arglodg =cups
s;sch en pnenogy;:meghylphonoxy, 1, :-zuaicion
dimethyUphoanexy-grd-is.hrhuxvs: arydalkady
groups-yurch-as pdardgme)hoxy and
phartylthgxy;-acetcxy.growp;-0argecnyi group;
gaaadecel.cuare group iaoadd.; and cygo
group.<-2) {01)4- lldadpres auhriligaldg
aarrosponol.mtdidlnd. CD=0Und) eitepu that
oxygensl le

The glass transition temperature (Tg) and the melting
15 peint (Tm) of the polymers were measured by DSC (differential
scanning calorimetry) under the follcowing conditions.
(Measurement apparatus)
DSC~60 (manufactured by Shimadzu Corporation)
(Measurement conditions)
20 InalN; {nitrogen) atmosphere, the polymer was heated from
ordinary temperature to 200°C at a temperature increasing rate

of 50°C/min, held at the temperature for 5 minutes, cooled to



groupsssuch ad didltylgullonato.
tditilidlowaneaurfonaco, 222-2223
phenylgra-t==e;zylsuatons=:48UlrCflate; »-«
Pri:odi:hp:herfundLe; triisocutyibantenes,:»
=nate;:p-clirerebenz-ens-suit-casts-and-peso
floordieenzeresulactater-a=-nalre.groute:such
as methyl's:2) 11 P-rasey,phatylsuikinate -
bcteylsttirate; p--Srenestlfinate;n: scanning.
Lrioathyibonzonosnrtr nate and
penieflurorctenzstestlrinater a] hi/lUP-22u
groups; a:fyitlio-groups;-eirlfate.group;-solfids
group;-pakyen.-Siele-noun;.and thiclato.group.
inn: 0)-ef. -henno.groups:include worn.group; s |
kg hnine grunps: such.as nethylatitno,.: ... -
dimethylartarro,.diethyllamino,-dipropyL.arriro,
direotylomine.and ..cycl.chetylopino;.arylamino
greods.and.E: ki orylfai.. such.as. phony] arsi
in,.d:phonyharticro, dit splaints,. iucerna pressure
druirphribylaroine .and zRhi/Splitsyr. nod na;..
alkyl:fist.groups.such.us.tstnyi.iris= grin/florips,
I-propylinirs end, ....c.ce vas 2.0 worec.
20 {0279]

(10 mmol/L) of dimethylsilyl[l-{Z-methyl-4,5-benzoindenyl)]

(2, 7-di-tert-butylfluorenyl)zirconium dichioride (complex 1)

preparedwith reference to the method described in J. Organomet .



tortber]rroi us; sup:lion= groups such as =styli
2-riaShylohenylirrinor 1, a-hluethylpirenylitato,
2 4rdamriutesahylobetylimins,-2-i-propiiph an
piterino, 202;d::p fopyiplinaylining; 2;ap-vy
6-trier-prissy} pi-info:noiriBicr: . vas sased in 1.0
"tylplannyitinidn: 74P, dh--ert-butyrphonyliti-in..
<enet 2,-400tt0ttert-huatylotsny-itk NO;:0rsHy ene
alkylamine and.artyrand-Ae e corai pressure ac 2.0
p-cur;8tfrnethylamine,-Tar =hp:-amino; o: 2o
LropheriplarrineN;N;b1 rtet rarrel hplo - s
Jiglenedieruhas itmsd=and:0,1-0222.1y1 ...,
102:06)-2ct:0n oblaMPl.eS-0EL Naciine, vasnea wicn
phesarerossecn;a..ny s.roucs.cricludo ... .
triaskylphospbfre.groups stash-as, ..
triscathyrphosphine, iscibtasslphcephina and
trioyn.ohoxylphosphina; triarylphosr?hine
grasps such an Crl phur visrhusphixca and
trizorylphasphire: phosphite groups (phenphr
de grou ,C11 as methuiphosphice,
atrytura i-s and phenylphosphita;
phosphon ggoup, and phosphinasse group.

%@4 ot

{Complex 1)}

[0281]



IC[0207, dreserassih 55,eS PS5 3pu an a the
sasca cc eria-hor frau nne anoCher and are
each arhydrngess arloin:/ahalogen-atom-in £
praferrar =Mai:Rent:a*:Foi-laR- ana-Ps' 'CR
25 phe snfteror-did€ “'schnic-Prom each-other
anaeraeach Sk 2C hydrecarbon group, a
€iasszhalogenated hydrocarbon granp, a
s'lizenseontaining group, an
nrinahsirshnhairing group;: 6:0n OFFGErG; 0,irF0g
gross;a nitroghs-acdriaini2n4 croup.-oha: ..,
phespherusrnbhaintrg-group;:20 an]-Olk-a pra
Cerrad.arnbndissna-ef;and daserent ifop.. :«
oreeach a.C2.:22 .- trydrocaraon.c soiucion of ary
liaen-contaaning.gronp, an.oxagenucantainj.
SII‘TZ)2,2°3 manufactured by Albemarle which nad been distilled
under reduced pressure Co remove trimethylaluminum impurity,
15 hereinafter, also referred to as DMAO). The liguid phase and
the gas phase were saturated with 1,3-butadiene at 1.0 kg/cm?-G
at a temperature of 30°C. The mixture was heated to 40°C, and
the reactor internal pressure was 1.1 kg/cm’-G. The system was
pressurized with ethylene gas so that the liquid phase and the
20  gas phase were saturated and the reactor internal pressure was
9.0 kg/cm®-G.
[0283]
Thereafter, there was added 0.2 mL of a toluene solution

(2.5 mmol/L) of rac~dimethylsilyl-~bis



onatems to kt tcit Lhe groats are Carded-t Tn
a pacLicurrarly cmcfcare together to form a
rims-irrromonrwith<the ortorweigh Mos-searps
are’boncemsrrape-an<TQ-are eacha Coo =,
hydrocamirenarcup,-a-Ciroyhaleperiate:d::
LroMP;mmhen-groupion Larsy. rombeining:-
greerm:an axY0e0soMmgliirg-group @ -c.
Sei{UFe%nLan@frgasg:r@upfc&m 40°C for 20 minutes, the
eltrogron-conteinimg-group:0Fd s==11 anount of
pheSphDruS-clOklktaillillg- orcupr,101.90], 15In
at-pat:Ler-c.as.ferred.erbedgmenmFur:fluid..
cramp-as-hoed-ode phenyl;.a-mach Se.y.. P
arropluthys;-anteres-nyi:oho:rant:h; ryk,:.q:c..
pyresrlyacenaphttoci ph:arm:le:1yr_,
aceanthry aryl , t et rahydron apht, ledally: and
biphenylor t here, phenyl, TOrapist:Lori,
anthroceey: anr LPuenanthryl are preral reg.
HSI 91 @e arrocups may Se SL led Lolth

to: La(}

A5 L\

Y
Q

{complex 2}

[0285)



atoms:such on irchlorine, bcorarne and iodine:
CI-20 s sl Mal groups roan ea net tyl, e hyl,
amnacans;d-and-ayeicsaven3g a-y atkyroggy
oust:vas densyl;-- :chbehylellryi-and, i«
pluenybocebylariaavykaisums suehas .
phenyl:3'Laryt:-di-nett:y'Egi, triliethylphenyi,
ashy:phenyl Propylebenyl, biphenyl, napht
3heilualnaphthyl, anthracanyi lambryl; and
erganesilyt:-bread:s Shoet-as-urimethydsilyl;o-
Furiseda--(1bl: X' and X"u,-or.different from..
cash.ether.arcl-are.ea,ll.a,dears rhco.group,
s ea.l ngenatl.ed-Rijn:ear:hon Qrong, sn.
oxygen.comadnirg ?dream, a nydrogon shoo
or aha’' road attain. Specific ananplas of X'
and X'-and.areferree suaseituanta are a irdiar
to these.deserfoed for. >]10.martial d 1111;:.
lwgrzelnal pressure was 2.0 kg/cm’-G. Thereafter, there was
added 0.2 mL of a toluene solution (2.5 mmol/L) of
[hydrotris(3-mesitylpyrazol-1-yl)lborate zirconium
trichloride (complex 3) prepared by the method described in
Organometallics 2004, 23, p. 460. Subsequently, a toluene
20 solution {4 mmol/L) of triphenylcarbenium
tetrakis (pentafluorophenyl)borate (alsc referred to as
PhsCB (Cgfs)¢) was added in 1.0 equivalent relative to Zr, thereby
initiating polymerization. The polymerization and the post

treatments were carried out in the same manner as described



Snsbermufa !lra; Y is a di suient hydrocarbon
group, a lend_ halogenated hydrocarbon
groupyn: dire"= sam=captaiming grvus sa-divalent
dermaztum- ec alhaig 'XRaa,-Rn-,,(Cr)-bR- or
MMR:1 tm .2223 121 mapleS otto those
described lex Spa nub examples on t.he
transition t represented by Formula IVI txte
Juno digsitylsily  1- 2 betley 1 - 4 a phenol
inde m it41 Si rcct_JR. dichloride,
dim ty”m ey(1 a (2 -al(-4- (xonapt thy] )lenyib
Ct

Big = masityl

{complex 2}

[0289]
The yield of the ethylene/l,3-butadiene copolymer was
0.24 g. The reaction activity (yield per unit time
[kg/hl/moles c¢f the complex [mmcll) was 1.47 [kg/(mmol-h)}i.
10  The results are described in Tables 1 and 2.
[02903
[Example 4]
The polymerization and the post treatments were carriad
out in the same manner as described in Example 2, except that
15 the system was pressurized with ethylene gas so that the liquid
phase and the gas phase were saturated and the reactor internal

pressure was 2.0 kg/cm®-G, that there was added 0.2 mL of a



( huerenyl | zircon One di etle ladeniably" ibp
111- (2-et hyl-4- (Poo apu Lndenyl (
(Okecrony]) b:caninef dtahrorie(e,
Plueathylstlyd(1--| teetl(b 4<(2-met-+ MF1
toreneeb tineation Plentor idarfimethylm4.
Tvi{{2(-eLtyl-4- L5-acenn-h thy' Ly ZBLG vas
inexacti2-zireonium: Pi-ob-1-0r-ide, -en-methylpt
cylli- 12-ethyl- 4+ (4-0r-0f La Celinfto:ainea.
finerenyditirsonflto dichloride, dime 4hol a
ily111-+¢2-etbil 4. (O-phanantbayad erbyll ...
25dimethy; s.4-Cy]-11.(2-ethyl-4-;0-ottty( p'
ncenyl 1)-floor enyl.).0l Loon 4.-diolaorlde, ;.
dioeb:Ly la i.eve.11- (2-ate.-.4 lotatthyloncr
[0292]
[Example 5]
The polymerization and the post treatments were carried
15 out in the same manner as described in Example &, except that
after the liquid phase and the gas phase were saturated with
~butadiene at 1.0 kg/cm’-G at a temperature of 30°C, the
mixture was heated to 60°C and the reactor internal pressure
was 1.5 kxg/cm’- G, that the system was pressurized with ethylene
20  gas so that the liquid phase and the gas phase were saturated
and the reactor internal pressure was 2.0 kg/cm’-G, and that
the polymerization was performed at 60°C while continuously
feeding ethylene gas to maintain the total pressure at 2.0

kg/cm?-G. Thus, an ethylene/l, 3-butadiene copolymer was



I inder Sr 2225122 51:11, 15
211,¢1,122-1,2, ||rneth| Lsil y11'17 2.1.1 21.
1- E2:i6-dizrotryiml yl- 211:- 12-ettyl-,1-12,4,
(i--trp22.1,y1pneryl) 1i2.11"12L:2111-(2-ctnya-
1, .1 ur;phes:, %11 inclapyn-r{1lLimivlk-o-1lai-i
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5  [kg/h)/moles of the complex [mmol}) was 0.18 [kg/{mmol-h}]

The results are described in Tables 1 and 2.
[0294]
[Comparative Example 13
The polymerization and the post treatments were carried
10 out in the same manner as described in Example 1, except that
the amount of triiscbutylaluminum was changed to 0.05 mmol,
and that 6.2 mL of the toluene solution (10 mmcl/L) of
dimethylsilyl[l-(2-methyl-4,5~benzoindenyl) ]
(2,7-di-tert-butylfluorenyl)zirconium dichloride (complex 1)
15 was replaced by 0.2 mL of a toluene solution (2.5 mmol/L) of
(tert-butylamido)dimethyl (tetramethylcyclopentadienyl)
silane]titanium dichloride (complex 4) prepared by the method
described in EP 416815 A2. Thus, an ethylene/1,3-butadiene
copolymer was cbtained.
20 f0295)

{Chem. 30
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[0296]
The yield of the ethylene/l,3-butadiene copolymer was
06.18 g. The reaction activity (yield per unit time
5 {kg/hi/moles of the complex [mmol}) was 1.08 {kg/{mmol-h)].
The results are described in Tables 1 and 2.
[0297]
[Comparative Example 2]
The polymerization and the post treatments were carried
10 out in the same manner as described in Example 1, except that
the amount of triisobutylaluminum was changed to (.05 mmol,
and that 0.2 mL of the toluene sciution (10 mmol/L) of
dimethylsilyl{i-(2-methyl-4,5-benzoindenyi)]
(2,7-di-tert-putylfluorenyl)zirconium dichloride {complex 1)
15 was replaced by 0.2 mL of a toluene solution (2.5 mmol/L) of
[{tert-butylamido)dimethyl {(fluvorenyl)silaneltitanium
dimethyl (complex 5) prepared by the method descried in

Macromolecules 1998, 31, p. 3184. Thus, an
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[6298]

[Chem. 31]

{complex 5}

5 f0299]

The yieid of the ethylene/1,3-butadiene copolymer was
0.37 g. The reaction activity (vield per unit time
[kg/h]l/mocles of the complex [mmol}l)} was 2.24 [kg/{mmoil-h)].
The results are described in Tables 1 and 2.

10 10300)
{Comparative Example 3]

The polymerization and the post treatments were carried
out in the same manner as described in Example 1, except that
the triisobutylaluminum was replaced by 1.5 mmol in terms of

15 aluminum of a toluene solution of methylaluminoxane (AL = 1.41
M}, and that 0.2 nL of the toluene sclution (10 mmol/L) of
dimethylsilyi{l-{Z2-methyl-4,5~benzoindenyl)}

(2,7-di-tert-butyifluorenyl) zirconium dichloride (complex 1)



m:e35/15'111- 12-1--L21111Y.Phtnyu; in
crirtyl /:1 15Li2,5n2: 351 clionlo? dichiscide, 2:
15152:5214 114 Ar=iamennnelile; in=2423) o«
;f|u0ro$apty{)m;do) dimethyl (£luorenyl) si

dimethyl (complex 5) prepared by the method descried in

itanium

Macromolecules 1998, 31, p. 3384. Thus, an

w

ethylene/1, 3-butadiene copolymer was obtained.

The yield of the ethylene/l,3-butadiene copolymer was

0.13 g. The reactiocn acti (vield per unit time
[kg/h] /moles of the complex [mmol]) was (.80 fkg/{mmol-hj].

0 The results are described in Tables 1 and 2.

1,3-Butadienre was fed to ti

reactor in the same manner

as described in Example 1, except that the triisobutylaluminum

o

was replaced by 1.5 mmol in terms of aluminum of a toluene
solution of methyialuminoxane (Al = 1.41 M). The mixture was
heated to 40°C, and the reactor internal pressure was 1.1

kg/cn? G. The pol

nerization and the post treatments were

carriedout in th

same manner as described in Example 1, except

20 that the system was pressurized with ethylene gas so that the

guid phase and the gas phase were saturated and the reactor
internal pressure was 9.0 kg/em®-G, and that 0.2 mlL of the
toluene solution (10 mmol/L) of

dimetrhyls

1l1-(2-methyl-4, 5-benzcindenyl) ]
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o

[{tert-butylamido)dimethyl (fluorenyl)silane]ltitanium
dimethyl (complex 5) prepared by the method descried in
Macromolecules 1998, 31, p. 3184. Thus, an

ethylene/l, 3-butadiene copolymer was obtained.

[0303]

The yield of the ethylene/1,3-butadiene copolymer was
1.70 g. The reaction activity (yield per unit time
{kg/h}/moles of the complex [mmol)) was 10.20 [kg/(mmol-h)].
The results are described in Tables 1 and 2.

{0304]
[Comparative Example 5]

The poliymerization and the post treatments were carried
out in the same manner as described in Example 3, except that
the [hydrotris(3-mesitylpyrazol-1-yl)lborate zirconium
trichloride (complex 3) was replaced by
[(tert-butylamido)dimethyl {(tetramethylcyclopentadienyl)
silapeltitanium dichloride (complex 4) prepared by the method
described in EP 416815 A2. Thus, an ethylene/l,3-butadiene
copolymer was obtained.

[6305]
The yield of the ethylene/l,3-butadiene copolymer was

0.18 g. The reaction activity (yield per unit time
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10

20

out in the same manner as described in Example 3, except that
the [hydrotris (3-mesitylpyrazol-i-yl) Jborate zirconium
trichloride (complex 3) was replaced by
{(tert-putylamido)dimethyl (fluorenyl}silaneltitanium
dimethyl (complex 5} prepared by the method descried in
Macromolecules 18%8, 31, p. 3184. Thus, an
ethylene/1,3-butadiene copolymer was obtained.

[0307]

The yield of the ethylene/l,3-butadiene copolymer was
0.37 g. The reaction activity (yield per unit time
[ka/h)/moles of the complex [mmol]) was 2,24 (kg/{mmol-h)].
The results are described in Tables 1 and 2.

{03081
{Comparative Example 7]

The polymerization and the post treatments were carried
out in the same manner as described in Example 4, except that
the thydrotris(3-mesitylpyrazol-1-yl)iborate zirconium
trichloride (complex 3} was replaced by

[{tert-butyiamido)dimethyl (flucrenylisilaneltitanium



,octacH3-.13 o-t'11_,?zyf IL ,i-e-33 3ry. :on
1-ri di4;y, calo_c lens arca 5F) 2223 112
,B)i-copolymer prednetie afenerenkiened

tramsit-an-m-5-coppcantk:. mmus, an

ethylene/1, 3-butad

1e copolymer was obtained.
[0309]

5 The yield of the ethylene/l,3-butadiene copolymer was
0.13 g. The reaction activity (yield per unit time
[kg/h]/moles of the complex [mmol]) was 0.80 [kg/ (mmol-h) ).
The results are described in Tables 1 and 2.

{0310}
10 [Comparative Example 8]

The polymerization and the post treatments were carried
out in the same manner as described in Example 2, except that
the rac-dimethylsilyl-bis{i-{2-methyl-d-phenylindenyl)]
zZirconium dichloride (complex 2) was replaced by

15 [{text-butyl

nido)dimethyl (fluorenyl)silanelts

dimethyl (cemplex 5) prepared by the method descried in
Macromolecules 1998, 31, p. 3184. Thus, an
ethylene/1, 3-butadiene copolymer was obtained.
[0311}

20 The yieid of the ethylene/1,3-butadiene copolymer was
1.706 g. The reacticn activity {(yield per unit time

les of the complex [mmol}) was 10.20 {kg/{mmol-h)].
P

[kg/hl/m

The results are described in Tables 1 and 2.

{03123
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A 4,000 mL volure SUS autocliave that had been thoroughly

rogen was charged with 1000 mL of hexane and
11.2 mmol in terms of aluminum of a toluene solution of dry
methylaluminoxane (Al = 1.50 M) (containing methylaluminoxane
{20 wt%) manufactured hy Albemarle which had been distilled
under reduced pressure to6 remove trimethylaluminum impurity,
hereinafter, also referred to as DMAG). Subsequently, 100 g
of 1,3~bultadiens was fed. (The internal pressure at 10°C was
0.4 kg/cm®-G). The mixture was heated to 60°C, and the
autoclave internal pressure was 2.0 kg/cm®-G. Further, 124 mL
of hydrogen (the volume at 20°C and atmospheric pressure) was
added, and the autoclave was pressurized with ethylene gas so
that the liguid phase and the gas phase were saturated and the
autoclave internal pressure was 8.0 kg/cm®-G.

{03131

Subseguently, B.0 mL of a toluene solution {0.5 mmol/L)

of isopropy! ene{3-tert-but

-methyli-~cyclopentadienyl)
(fluorenyl)zirconium dichloride (complex 6) prepared by the
method described in WO 2004/087775 was added to a 20 ml volume

>ted to the antcclave

cataliyst supply pot which had been conne

and b been ©

horcughly purged v h nitrogen. The complex was

forci fedwith nitrogen to the autoclave, thereby initiating

merization.

the p
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{0314]

Lthylene gas was continuously £

antoclave internal pressure at 8.0 kg/cm?-G. After the

reaction was performad at 60°C for 20 minutes, the

polyme

ization was terminated by adding a small amount of

methanol. After the completion of the polymerization, the

polymer solution was poured into a large excess of methanol

containing hydrochloric acid to precipitate the polymer. The

polymer was separated by leration and was dried under reduced
pressure at 20°C for 24 hours. Thus, an ethylene/1,3-butadiene

copolymer was obtained.

he yield of the ethylene/l,3-butadiene copoclymer was

13.848 g. The reaction activity (yield per u time

ikg/nl/moles of the complex [mmel]) was 10.39 [kg/{mmol-h)].
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(2, ‘7--diétert—butylflucrenyl) zirconium dichloride (complex 7)
prepared by the method described in WO 2004/087775. Thus, an

ethylene/1, 3-butadiene copolymer was obtained.

[0318]

15

focompiex 7}

{0319]

The yield of the ethylene/l,3-butadiens copolymer was
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fkg/h} /moies 0of the co

[mmol]} was 1.64 fkg/(mmol-h)].
The results are described in Tables 3 and 4.
[0320]

5 [Example 8]

The polymerization and the post treatments were carried

out in the same manner as described in Example &, except that
8.0 mL of the toluene solution (0.5 mmol/L) of
isopropylidene{3-tert-butyi-5-methyl-cyclop sentadienyl)

15 (fluorenyl)zirconium dichloride (complex 6) was replaced by
8.0 mL of a toluene solution (0.5 mmol/%L) of
dimethylsily},{E*{?.Amethyl—ﬂx,5~benzoindenyl>}

&

(2,7-di~tert-butylfluorenyl)zirconium dichloride (complex 1)

preparedwith reference to the method described in J. Organomet .
15 Chem. 2003, (688), 153. Thus, an ethylene/1l,3-butadiene
copolymer was obtained.
[03211
The yield of the ethylene/l,3-butadiene copolymer was
4.294 g. The reaction activity (yield per unit time
20 {kg/h]l/moles of the complex [mmol]) was 3.22 [kg/ (mmol-h)l.

The res are described in Tables 3 and 4.

[0322]
{Example 9]

A 4,000 mL volume SUS autoclave that had been thoroughly
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”,|®Juivain&bzaacmred by Albemarle which had been distilled
5 under reduced pressure to remove trimethylaluminum impurity,
hereinafter, also referred to as DMAO). Subsequently, the
liguidphase and the gas phase were saturated with 1, 3-butadiene
at 0.3 kg/cm?-G at a temperature of 10°C. The mixture was heared
£o 40°C, and the astoclave internal pressure was 0.8 kg/cm®-G.
10 Further, the autoclave was pressurized with ethylene gas so
that the liquid phase and the gas phase were saturated and the
autoclave internal pressure was 4.0 kg/cm?-G.
[0323]

Subsequently, 12.0 mL of a toluene sol

ion (5.0 mmol/L)

tad

i5 of isopropylidene (3-tert-butyl-5-methyi-cyclopen lenyl)
(fluorenyl)zirconium dichloride (complex 6} prepared by the
method described in WO 2004/087775 was added to a 20 ml volume
catalyst supply pot which had been connected to the autoclave
and had been thoroughly purged with nitrogen. The complex was

20 forcikbly fed with nitrogen to the autoclave, thereby initiating
the polymexrization.

10324]

Ethylene gas was continuously fed to maintain the

autoclave internal pressure at 4.0 kg/cm®-G. After the
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methancl. After the completion of the polymerization, the

polymer solution was poured into a large excess of methanol
5 containing hydrochloric acid to precipitate the polymer. The

polymer was separated by filtration and was dried under reduced

pressure at 20°C for 10 hours. Thus, an ethylene/1,3-buta
copolymer was obtained.
{0325]

10 The yield of the ethylene/l,3-butadiene copolymer was

13.81 g. The reaction activity {yield per unit time

[kg/h]/moles of the complex [mmoll} was 0.69 [kg/{mmol-h)].

The results are described in Tables 3 and 4.

[032¢6]

wm

{Example 10]

o

The polymerization and the post treatments were carried

cut in the same manner as described in Example 9, except that

the autoclave internal pressu er the liquid phase and the

gas phase were saturated w 1 1, 3~butadiene was changed from

20 0.3 kg/em®-6 at 10°C and 9.8 kg/cw’ G at 40°C to §.7 kg/cm?-G

at 10°C and 1.3 kg/cm® G at 40°C (100 g of 1,3-butadiene was

tzed with ethylene

he liguid phase and the gas phase were saturated

and the autoclave internal pressure was 8.0 kg/cm?-G. Thus,
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f0327]
The yield of the ethylene/l,3-butadiene copolymer was

34.358 g. The reaction activity (yield per unit time

5 [kg/h]/moles of the complex [mmol]) was 1.72 [kg/(mmol-h)].
The results are described in Tables 3 and 4.
[0328]
{Example 11}
The polymerization and the post treatments were carried
10 n the same manner as described in Example 9, except that
12.0 mL of the toluene soluticn (5.0 mmol/L} of
isopropylidene (3-tert-butyl-5-methyl-cyclopentadienyl)
{fluorenyl)zirconium dichlioride {(complex 6) was replaced by
12.0 mlL of a toluene solution (5.0 mmol/L) of
15 nylmethylene (3-tert-butyl-5-methyl-cyclopentadienyl}
(2,7 t-butylfluorenyli}zirconium dichloride (complex 7)
prepared by the methed described in WO 2004/087775. Thus, an
ethylene/l,3-butadiene copolymer was obtained.
{0329]
20 The yield of the ethylene/l,3-butadiene copolymer was
0.28 g. The reaction activity (yield per unit time

ikg/h}/moles of the complex [mmol]) was 0.01 {kg/{mmocl-h)].

=2
@
=
o]
1%
c
ot
n
o

re described jin Tables 3 and 4.
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The polymerization and the post treatmenis were carried
cut in the same manner as described in Example 9, except that
12.0 ml, of the toluene solutien (5.0 mmol/L) of

5 isopreopylidene (3-tert-butyl-5-methyl

yelopentadienyl)

{fluorenyl)zirconium dichlioride (complex 6) was replaced by

12.0 mL of a toluene solution (5.0 mmol/L) of

dimethylsilylil-(2-methyl-4,5-benzoindenyl)]

(2,7~

conium dichloride {complex 1)

10  preparedwith reference to the method described in J. Organonme

o

Chem. 2003, (688), 153. Thus, an ethylene/1,3-butadiene
copolymer was obtained.
(0331}

The yield of the ethylene/l,3-butadiene copolymer was

i35 1.931 g. The reaction activity (yield per u

[kg/hi/moles of the complex [mmol]} was 0.10 [kg/{mmol-h)].

The results are described in Tables 3 and 4.

[Example 13]
20 A 1,000 mlL volume SUS autoclave that had been thoroughly
purged with nitrogen was charged with 250 miL of hexane and 0.5

mmol in terms of aluminum of & toluene solution of

1,3-butadiene was charged. The mixture was heated to 60° C, and



erase:corn:ernes sod e-r2 Patent No
(a:ardour:do may alas be =NJ eyed . Ea222]
ide;c lode-selves:ade rap?; Specific eNsTpres
dosluart-0k Lriplenylbore;:[0221-ior {G214] 1C

was added, and the autoclave was pressurized with ethylene gas

so that the liquid phase and the gas phase were saturated and
5 the autcclave internal pressure was 8.0 kg/cm’-G

{03331

Subseguently, 4.0 mL of a toluene solution (0.5 mmol/L)

of rac-dimethylsilyl-bis[l~(2-methyl~4-phenylindenyl)

zirconium di cride (complex 2) prepared by t method

i0 described in Organometallics 1994, 13, p. 954 was added to a
20 ml volume catalyst supply pot which had been connected to
the autcclave and had been thoroughly purged with nitrogen.
The complex was forcibly fed with nitrogen to the autoclave.
Thereafter, a toluene solution (4.0 mmel/L) of

15 triphenylcarbenium tetrakis (pentafliuorophenyl)borate in 6.0
egquivalents relative to Ti was forcibly fed with nitrogen to
the autoclave, thereby initiating the polymerization.
103341

Ethylene gas was continucusly fed to maintain the

20 autoclave internal pressure at B.0 kg/cm®-G. After the
reaction was performed at 60°C for 20 minutes, the
polymerization was terminated by adding a small amount of

m

thanol. After the completion of the polymerization, the

polymer solution was poured a large excess of methanol
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The yield of the ethylene/1,3-butadiene copolymer was
9.42 g. ‘the reaction activity (yield per unit time
[kg/h}/molies of the complex [mmol]) was 14.13 [kg/{(mmol-h}].
The results are described in Tables 3 and 4.
10 [0336]
[Exanple 14]
The polymerization and the post treatments were carried
out in the same manner as described in Example 13, except that
4.0 oL of the toluene solution (0.5 mmol/L) of
15  rac-dimethylsilyl-bisil- (2-methyl-4-phenyiindenyl)]
zlrconium dichleride (complex 2) prepared by the method

o

described in Organometallics 1994, 13, p. 954 was replaced by

4.0 mL of a toluene sclution (0.5 mmcl/L) of
rac-dimethylsilyl-bis{l- (2-n-propyl-4-(9-phenanthryl)

20 indenyl)]zirconium dichloride (compiex B) prepared by the
method described in JP-A-H07-286005. Thus, an
ethylene/1l, 3-butadiene copolymer was obtained.

[0337]

fChem. 34}
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{compliex 8}
[03381
The yield of the ethylene/l,3-butadiene copolymer was
2.43 g. The reaction activity (yield per unit time
5 {kg/h]/moles of the complex [mmoll) was 3.64 [kg/{mmol-h)].
The results are described in Tables 3 and 4.
{0339]
[Example 15}
The polymerization and the post treatments were carried
10 out in the same manner as described in Example 13, excepf that
4.0 mL of the toluene solution (0.5 mmol/L) of

rac-dimethylsilyl-bis[1-(2-methyl-4-phenylindenyl)]

zirconium dichloride (complex 2) prepared by the methed
described in Crgancmetallics 1994, 13, p. 954 was replaced by
15 4.0 mL of a toluene solution (§.5 mmel/L) of

rac-dimethylsilyl-bis{i~(2~ethyl-4~phenylindenyl)]



6, S-d3.sar2adoc:borans, t2s trLin-t Lat
(:i-buty atut.ccicas
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described in JP-A-HO7-286005. Thus, an
ethylene/l,3-butadiene copolymer was obtained.

[0340]

5 [Chem. 35]

©

{complex 9}

The yield of the ethylene/l,3-butadiene copolymer was
4.16 g. The reaction activity (yield per unit time
i0 [kg/h]/moles of the complex I[mmoll) was 6.23 [kg/{mmol-h)].
The results are described in Tables 3 and 4.

[03423

{Example 16]

polymerization and the post treatments were carried

15 out -he same manner as described in Example 13, excapt that
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bisl'tsdesshytrico-s,b-sissrRratt ALIA
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(p-trifluoromethylphenyl)indenyl)]zirconium dichloride
(complex 10) prepared by the method described in

JP-A-HO7-138312. Thus, an ethylere/l,3~butadiene copolymer

10 was cbtained.

{complex 10}

(03443

15 The yield of the ethylene/1,3-butadiene copelymer was
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[kg/n]/moles of the complex

id per unit time

o was 3.39 {kg/{mmol-h

The results are described in Tables 3 and 4.
{0345] -
5 [Example 17]
The polymerization and the post treatments were carried
out in the same manner as described in Example 13, except that
4.0 mL of the toluene solution (0.5 mmol/L) of

thyl-4-phenylindenyl) ]

dichloride (complex 2} prepared by the method
described in Organometallics 1994, 13, p. 954 was replaced by
4.0 mL of a toluene sclution (0.5 mmol/L) of
rac-dimethylsilyl-bis[1-(2-n-propyl-4-(l-naphthyl)
indenyl)Jzirconium dichloride (complex 11) prepared by the
15 method described in JP-A-H07-286005. Thus, an

ethylene/1l, 3-butadiene copolymer was obtained.
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[0347]
The yield of the ethylene/1,3-butadiene copolymer was
4.56 g. The reaction activity (yield per unit time
5 {kg/h]/moles of the complex [mmol}) was 6.84 [kg/{mmol-h)].

The results are described in Tables 3 and 4.

The polymerization and the post treatments were carried
10 out in the same manner as described in Example 13, except that
4.0 mL of the toluene solution {0.5 mmol/L) of
rac-dimethylsilyl-bis[1l~{2-methyl-4-phenylindenyl)]
zirconium dichloride (complex Z) prepared by the method
described in Organometallics 1994, 13, p. 554 was replaced by

15 4.0 mL of a toluene solution (0.5 mmol/L} of

rac- (methyl) (phenyl)silyl-bis[1l-(6-chloro-2-ethyl-4-



lugart.d d [(}22.91 2225 amounts thornof "ea,
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anarﬁa%L&Ir@HeIﬁmescmbed in JP~A-H07-286005. Thus, an
ethylene/1,3-butadiene copolymer was obtained.
[0349]

5 [Chem. 38}

{complex 127

[0350]
The yileld of the ethylene/l,3~butadiene copolymer was
0.69 g. The reaction activity (yield per unit time
10 {kg/h] /moles of the complex [mmol]) was 1.04 Tkg/ (mmol-h)i.
The results are described in Tables 3 and 4.
[0351]
{Example 19}

The polymerization and the post treatments were carried



as prOCOSS or a CClormor attin an au

(a)clad (EI bctcanhund.'t.LJ,Cyst is adad ta tic
ouf in t same manner as described in Example 13, except that

rhc Catslast.

4.0 mL of the toluene solutien (0.5 mmol/L) of
rac-dimethylsilyl-bis[1~(2~methyl~4-phenylindenyl}]
zirconium dichloride (complex 2) prepared by the methcd

5 described in Organometallics 19%4, 13, p. 954 was replaced by
4.0 mlL of a toluene solution (0.5 mmol/L} of
rac-dimethylsilyl-[1-{2~ethyl-4-(5-(2,2~dimethyl-
2,3-dihydro~lH-cyclopenta[alnaphthalenyl)indenyl))]
[1-(2-n-propyl-4-(5-(2,2-dimethyl~2, 3-dihydro-

10 1H-cyclopentala]lnaphthalenyl)indenyl))]zirconium dichloride
{complex 13) prepared by the method described in
JE-R-110-087716. Thus, an ethylene/l,3-butadiene copolymer
was obtained.

[0352]

.
Ui

{Chem. 39]

N

81 Zu\c

<

o

<LO @)

i toomplex 13}
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3.53 g. The reaction activity (yield per unit time

[kg/h]/moles of the complex [mmol]) was 5.29 [kg/(mmol-h)].
5 The results are described in Tables 3 and 4.

{0354]

[Exanple 20]

The polymerization and the post treatments were carried

out in the same manner as described in Example 13, except that
i0 4.0 mlL of the tocluene solution (0.5 mmol/L}) of

rac-dimethyisilyl-bis{l-(2-methyl-4-phenylindenyl} ]

zirconium dichloride (complex 2} prepared by the method

described in Organometallics 1994, 13, p. 954 was replaced by

4.0 mL of a toluene solution (0.5 mmol/L) of

ot

rac-dimethyl

lyi-bis{l~(2-methyl~4,5-benzoindenyl)]
zirconium dichloride (complex 14} prepared by the method
described in Organometallics 1994, 13, p. 954. Thus, an

ethylene/1, 3-butadiene copolymer was obtained.

20 [Chem. 40]



terzaps]| p the toposmon tttat la! Lcllih1l
yst conaant-a-d 10 e e "beenceee.

P
r\c

~<6©

{complex 14}

{0356]
The yield of the ethylene/l,3-butadiene copolymer was

fon activity (yield per unit time

complex [mmoll)} was 44.91 [kg/ (mmol

The results are described in Tables 3 and 4.
{0357}
[Example 21]
A 1,000 mL volume SUS autoclave that had been thoroughly
10 purged with nitrogen was charged with 500 mL of hexane and 5.60
mmol in terms of aluminum of a toluene solution of dry
methylaluminoxane (Al = 1.63 M) (containing methylaluminoxane

(20 wt%) mani

‘actured by Albemarle which had been distilled

under reduced pressure Lo remove trimethylaluminum impurity,

.
w

hereinafter, also referred to as DMAO). Subseguently, 25 g of

,3-butadiene was added. (The internal pressure at 10°C was
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0.4 kg/cm?-

.} The mixture was heated to 40°C, and the

autoclave internal pressure was 1.0 kg/cm®-G irther, 310 mL

of hydrogen (the volume at 20°C and atmospheric p

added, and the autoclave was pressurized with ethylene gas so

1T

that the liquid phase and the gas phase were saturated and the

internal pressure was 8.0 kg/cr

Subsequently, 4.0 mL of a toluene solution (0.5 mmol/L

of rac-dimethylsilyl-bis{l-{2-methyl-4-phenylindenyl}]
10 zirconium dichloride (complex 2} prepared by the method

described in Orgapometallics 1994, 13, p. 954 was added to a

20 ml volume catalyst supply pot which had been connected to

the autoclave and had been thoroughly purged with nitrogen.

The complex was forcibly fed with nitrogen to the autoclave,

15  thereby i iating the polymerization.

[6359]

e gas was continuously fed to maintain the
autcclave internal pressure at 8.0 kg/cm®-G. After the

reaction was performed at 40°C for 20 minutes, the

20 polymerization was terminated by adding a small amount of

methancl. er the completicn of the polymerization, the

methanol

/mer sclution was poured into & large excess of

cont

ining hydrochloric acid to precipitate the polymer.

polymer was separated by filtration and was dried under reduced
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[0360]

The yield of the ethylene/l,3-butadiene copolymer was

3 6.53 g. The reaction activity (yield per unit time
[kg/h]/moles of the complex [mmoll) was 2.79 [kg/(mmol-hj].
The results are described in Tables 3 and 4.

{0361}
[Example 22]

10 A 1,000 mL volume SUS autoclave that had been thoroughly
purged with nitrogen was charged with 500 mL of hexane and 2.0
mmel in terms of aluminum of a toluene solution of
triisobutylaluminum (Al = 0.25 M). Subsequently, 40 g of

J-butadiene was added. {The internal pressure at 10°C was

15 0.7 kg/cm?-G.) The mixture was heated to 60°C, and the

autoclave interna

1 pressure was 2.2 kg/cm®-G.  Further, 248 mlL
of hydrogen (the volume at 20°C and atmospheric pressure) was

added, and the autoclave was pressurized w

y ethylene gas so
that the liguid phase and the gas phase were saturated and the
20 autoclave internal pressure was 8.0 kg/cm®-G.

£0362)

Subsequently, 16.0 of a toluene solution (0.5 mmol/L)
¢f rac-dimethylsilyl-bis[l-(2-methyl-4-phenylindenyl)]

zirconium dichloride (complex 2) prepared by the method



odidwing calibratlon witb d LdddeLel v ddzs
2:dqco in 21 dL ?-L nt' IELLL ILa",1 Lig a

ppret st Attt Nead sw-ritepild-_d«L:Adkierice
2.01~St=2223:1:03:12;1 /s ent:Bidit-tone i FWC -
NSK a@cxft@_l@_zgci'ﬁeen thoroughly purged with nitrogen.

The caomplex was forcibly fed with nitrogen to the autoclave.
Thereafter, a toluene solution (4.0 mmol/L) of
triphenylcarbenium tetrakis (pentafluorophenyl)borate in 6.0
equivalents relative to Ti was forcibly fed with nitrogen to
the autoclave, thereby initiating the polymerization.

{0363]

Ethylene gas was continuously fed to ma

cain the
autoclave internal pressure at 8.0 kg/cm®-G. After the
reaction was performed at 60°C for 20 minutes, the
polymerization was terminated by adding a small amount of
methanol. After the completion of the polymerization, the
polymer solution was poured into a large excess of methanol
containing hydrochloric acid to precipitate the polymer. The
polymer was separated by filtration and was dried under reduced
pressure at 20°C for 24 hours. Thus, an ethylene/l, 3-butadiene
copolymer was obtained.
i0364]

The yield of the ethylene/l,3~butadiene copolymer was
33.78 g. The reaction activity (yield per unit time
[kg/h]/moles of the compiex {mmoll) was 12.67 [kg/(mmol-h}].

The results are descriped in Tables 3 and 4.
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AS p||| A 1,000 mL volume SUS autoclave that had been thoroughly
purged with nitrogen was charged with 500 mL of hexane and 5.60
mmol in terms of aluminum of a toluene solution of modified
methylaluminoxane (modified methylaluminoxane type 3A
manufactured by Tosoh Finechem Corporation, also referred Lo
as MMAO-3R) (Al = 1.42M). Subseqguently, 50 g of 1,3-butadiene
was added. The mixture was heated to 40°C, and the autoclave

10 internal pressure was 1.8 kg/cn®-G.

r, 372 mL of hydrogen
(the volume at 20°C and atmospheric pressure) was added, and
the autoclave was pressurized with ethylene gas so that the
liquid phase and the gas phase were saturated and the autoclave
internal pressure was 8.0 kg/cm?-G.

15 [0366]

Subsequently, 16.0 mL of a toluer

solution (0.5 mmol/L)
of rac-dimethylsilyi-bis[l-(2-n~propyl=~4~(9-phenanth eyl)
indenyl)lzirconium dichloride (complex 8) prepared by the
method described in JP~A-HO07-286005 was added to a 20 ml volume

20 catalyst supply pot which had been connected to the autoclave
and had been thoroughly purged with nitrogen. The complex was
forcibly fed with nitrogen to the autoclave, thereby initiating
the polymerization.

[6367]
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polymer solution was poured into a large excess of methanol

containing hydrochloric acid to precipitate the polymer. The

polymer was separated by filtration and was dried under reduced

pressure at 20°C for 24 hours. Thus, an ethylene/i, 3-butadiene
10  copolymer was obtained.

{0368}

The yield of the ethylene/l,3-butadiene copolymer was

t time

4.80 g. The reaction activity (yield per
lkg/hl/moles of the complex [mmoll) was 1.80 [kg/{mmol-h)].
15 The results are described in Tables 3 and 4.
{6369]
{Example 24]
The polymerization and the post treatments were carried
cut in the same manner as described in Example 23, except that

20 the amount of 1,3-butadiene was changed from 50 g to 60 g, and

that the polymerizaticn temperature was changed from 406°C to

60°C (the autoclave internal pressure at 60°C was 3.1 kg/cm’- G) .

Thus, an ethylene/1,3-butadiene copolymer was obtained.

[6370]
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[kg/h]/moles of the complex [mmol]) was 0.3% [kg/(mmol-h)].
The results are described in Tables 3 and 4.
5 [0371]
{Example 25]
The polymerization and the post treatments were carried
out in the same manner as described in Example 22, except that
16.0 mL of the toluene solution (0.5 mmol/L) of

10 rac-dimethyls

i-bis[1-{Z-methyl-4-phenylindenyl)]

zirconium dichloride (complex 2) prepared by the method

described in Organometallics 1994, 13, p. 954 was replaced by
16.0 mL of & toluene solution (0.5 mmoi/L) of

rac~dimethylsilyl-bis

- (2-n-propyl-4~ (9-phenanthryl}

15 indenyl)]zirconium dichloride (complex 8) prepared by the
method described in JP-R-HO07-286005., Thus, an
ethylene/1,3-butadiene copolymer was obtained.

{03723
The yield of the ethylene/l,3-butadiene copolymer was

26 13.38 g. The reaction activity (yield per unit time

[kg/h]l/moles of the complex [mmol]) was 5.02 [kg/(mmol-h)].

The results are described in Tables 3 and 4.
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20°C and atmospheric pressure). Thus, an

o

ethylene/1,3-butadiene copolymer was obtained.
103743
The yield of the ethylene/1,3-butadiene copolymer was
11.49 g. The reaction activity {(yield per unit tinme
ikg/h]l/moles of the complex [mmol]) was 4.310 [kg/(mmol-h}].
10  The results are described in Tabies 3 and 4.
[0375]
[Example 27]
The polymerization and the post treatments were carried
ocut in the same manner as described in Example 26, except that
15 the amount of 1,3-butadiens was changed from 40 g to 50 g {the
internal pressure at 60°C was 3.4 kg/cm2~G). Thus, an
ethylene/1l,3-butadiene copolymer was obtained.
[0376]
The yield of the ethylene/l,3-butadiene copolymer was
20 7.03 g. The reaction activity (yield per unit time
[kg/h]/moles of the complex [mmoll]) was 2.64 {kg/{mmol-h)].
The results are described in Tables 3 and 4.
i0377]

{Examplie 28]
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5 indenyl)]zirconium dichloride (complex 8) prepared by the
method described in JP-A-H07-286005 was replaced by 16.0 mlL
of a toluene solution (0.5 mmol/L) of
rac~dimethylsilyl-bis[l-{2-ethyl-4~"
(9-phenanthryl)indenyl)]zirconium dichloride (complex 15)

18 prepared by the method described in JP-A~H07-2856005. Thus, an

ethylene/1,3~butadiene copoclymer was obtained.

&%\plex 15}

15 10379]
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20

yield of the ethylene/l,3-butadiene copolymer was

6.23 g. The reaction activity (yield per

time
[kg/h}/moles of the complex [mmoll} was 2.34 [kg/(mmol-h)7].

The results are des

ibed in Tables 3 and 4.
[0380]
[Example 29]
A 4,000 mL volume S80S avtoclave that had been thoroughly

purged with nitrogen was charged with 1000 mL of hexane and

2 mmol in terms of aluminum of a toluene sclution of
methylaluminoxane (Al = 1.41 M). Subsequently, the liguid
phase and the gas phase were saturated with 1,3-butadiene at
0.4 kg/en”-G at a temperature of 10°C. The mixture was heated

to 60°C, and the autoclave internal pressure was 2.0 kg/ecm®-G.

Further, the autoclave was pressurized with sthylene gas so

that the !

uid phase and the gas phase were saturated and the
autoclave internal pressure was 8.0 kg/cm®-G. Subsequently,

8.0 mL of a toluene solution (2.5 mmol/L) of

2thylsilyl-bis{l-{2-methyl-4-phenylindenyl)

zirconium dichloride (complex 2) prepared by the method

described in Organometalli

p. 954 was added to a
20 ml volume catalyst supply pot which had been connected to
the autoclave and had been thoroughly purged with nitrogen.
The complex was forcibly fed with nitrogen to the autoclave,

thereby initiating the polymerization.



5[@232] a 15 uL pro product eon ouoper.;pd
ilopoone, washce wiuh d- u [rocuu. 272 C1))

20

22°KY ;Pump-rex 2; [I S(515I5 1

Ethylene gas was continuous

fed to maintain the
autoclave internal pressure at 8.0 kg/cm®-G. After the

rea

ion was performed at 60°C for 20 minutes, the
polymerization was terminated by adding a small amount of
methanol. After the completion of the polymerization, the

polymer solution was poured into a large excess of methanol

containing hydrochloric acid to pre

ipitate the polymer. The

polymer was separn

was dried under reduced
pressure at 20°C for 10 hours. Thus, an ethylene/1, 3-butadiene

copolymer was obtained. The results are described in Tables

The yield of the ethylene/l,3-butadiene copolymer was

20.013 g.

ion activity (yield per unit time
[kg/h]/moles of the complex [mmol}) was 3.00 [kg/{(mmol-h)].
The results are described in Tables 3 and 4.
10383]
[Example 30]

2 4,000 mL volume SUS autoclave that had been thoroughly

purged with nitrogen was charged with 2000 mL of hexane anc

11.2 mmol in terms of aluminum of a toluene solution of
methylaluminozane (AL = 1.41 M). Subsequently, the liguid

phase and the gas phase were saturated with I,3-butadiene at
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pressure) was added, and the auftoclave was pressurized with
5 ethylene gas so that the ligquid phase and the gas phase were
saturated and the autoclave internal pressure was 4.0 kg/cm?-G.
Subsequently, 8.0 mL of a toluene solution (2.5 mmol/L) of
rac-dimethylsilyl-bis[l-{2-methyl-4-phenylindenyl}]
zirconium dichloride {complex 2} prepared by the method
i0 described in Organometallics 1994, 13, p. 954 was added to a

20 m1 volume catalyst supply pot which had been connected to
the autoclave and had been thoroughly purged with nitrogen.
The complex was forcibly fed with nitrogen to the autoclave,

thereby initiating the polymerization.

5

i5 [0384]
Lthylene gas was continuously fed to maintain the
autoclave internal pressure at 4.0 kg/cm®-G. After the
reaction was performed at 40°C for 20 minutes, the

polymerization was terminated by adding a small amount of

20 methanol. fter the completion of the polymerization, the
polymer sclution was poured into & large excess cf methanol
containing hydrochloric acid to precipitate the polymer. The

polymer was separated by filtration and was dried undex reduced

pressure at 20°C for 10 hours. Thus, an ethylene/l, 3-butadiene
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3.243 g. The reaction activity (yield per unit time
5 [kg/hl/moles of the complex [mmol]) was 0.49 [kg/(mmol-h}].
The results are described in Tables 3 and 4.
[0386)
[Example 31]
A 4,000 mL volume SUS autoclave that had been thoroughly
10 purged with nitrogen was charged with 2000 mL of hexane and
11.2 mmol in terms of aluminum of a toluene solution of
methylaluminoxane (Al = 1.41 M). Subsequently, the liquid
phase and the gas phase were saturated with 1,3~butadiene at
0.3 kg/em?+G at a temperature of 10°C. The mixture was heated

15 tc 40°C, and the auntoclave internal pressure was 0.8 kg/cm?- G,

Further, the autoclave was pressurized with ethylene gas so
that the liguid phase and the gas phase were saturated and the
autoclave internal pressure was 4.0 kg/cm®-G. Subsequently,
12.0 mL of a toluene solution (5.0 mmol/L) of
20  rac-dimethylsilyl-bis[l-(2-n-propyl-4~ (9-phenanthryl}

indenyl)]zirconium dichloride (complex 8) prepared by the
method described in JP-A-HG7-286005 was added to a 20 ml volume
catalyst supply pot which nhad been connected to the autoclave

and had been thoroughly purged with nitrogen. The complex was
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[0387]

Ethylene gas was continuously fed to maintain the

5 autoclave 1 After the

pressure at 4.0 kg/es
reaction was performed at 40°C for 20 minutes, the
polymerization was terminated by adding a small amount cof
methanol. After the completion of the polymerization, the
polymer solution was poured into a large excess of methancl

10 containing hydrochloric acid to precipitate the polymer. The

polymer was separated by filtration and was dried under reduced
pressure at 20°C for 10 hours. Thus, an ethylerie/l, 3-butadiene
copolymer was obtained. The results are described in Tables
3 and 4.
15 16388}
The yield of the ethylene/l,3-butadiene copolymexr was
1.409 g. The reaction activity (yield per unit time

[kg/h]/moles of

ex [mmol}l) was 0.07 [kg/{mmol-h)}.
The results are described in Tables 3 and 4.
20 {03897
[Example 32]
A 1,000 nL volume SUS autocclave that had been thoroughly

purged with nitrogen was charged wi

£ hexane, 2.0

meol in terms of alwu a toluene soiution of
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Subsequently, 40 g of 1,3-butadiene was added. (The internal
pressure at 10°C was 0.7 kg/cmz-G.}* The mixture was heated to

40°C, and the autoclave ternal pressure was 1.4 kxg/cm?-

Further, 248 mL of hydrogen (the volume at 20°C and atmospheric

pressure) was added, and the autoclave was pressurized with

ethylene gas so that the liquid phase and the gas phase were
saturated and the autoclave internal pressure was 8.0 kg/cn®-G.
[0390]

Subsequently, 16.0 ml of a toluene solution {0.5 mmol/L}
of rac-dimethylsilyl-bis[1~(2-n-propyl-4-(2-pbenanthryl)
wdenyl) Jzirconium dichloride (complex 8) prepared by the
method described in JP-A-H07-~286005 was added to a 20 ml volure
catalyst supply pot which had been connected to the zutoclave
and had been thoroughly purged with nitrogen. The complex was

forcibly fed with nitrogen to the autoclave. Thereafter, a

toluene solution (4.0 mmol/L) of triphenylcarbenium

(pentafluorophenyl)beorate in 6.0 equivalents relative
i was forcibly fed with nitrogen to the autoclave, thereby
initviatirg the polymerization.
{0391]

Ethylene gas was continuously fed to maintain the
autoclave internal pressure at 8.0 kg/cm®-G. After the

reaction was performed at 60°C for 20 minutes, the
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methancl. After

“he completion of the polymerizaticn, the
polymer solution was poured into a large excess of methanol
containing hydrochloric acid to precipitate the polymer. The

polymer was separated by

traticn and was dried under reduced

pressure at 20°C for 24 hours. Thus, an

ylene/cctene/1, 3~butadiene copolymer was obtained.

The yleld of the ethylene/octene/1, 3-butadi

ne copelymer

7.40 g. The reaction activity (yield per unit time

{kg/hl/moles of the complex [mmol}l) was 2.78 {kg/(mmol-h)].

The results are d

ribed in Tables 3 and 4.
{0393]
{Example 33]

The polymerization and the post treatments were carried
out in the same manner as described in Example 32, except that
the polymerization temperature was changed from 40°C to 60°C
(the autoclave internal pressure at 60°C was 2.4 kg/cn®-G), and
that the amount of hydrogen was changed from 248 mL to 372 mL
(the wolume at 20°C and atmospheric pressure}. Thus, an
ethylene/cctene/1, 3-butadiene copclymer was obtained.
i0394]

The yield o he ethylene/octene/1, 3-butadiene copolymer

was 13.83 g. Tt reaction ac

ivity {yield per uni
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[kg/h]l/moles of the complex [mmol]) was 5.19 [kg/(mmol-h)].

The results are described in Tables 3 and 4.

ample 34]

A 4,000 mL volume SUS autoclave that had been thoroughly
purged with nitrogen was charged with 1000 mlL of hexane and
11.2 mmol in terms of aluminum of a toluene solution of

noxane (AL = 1.24 M). Subseguently, 100 g of

methylalw
1,3-butadiene was added. (The internal pressure at 10°C was
G.4 kg/cm7-G.) The mixture was heated to 60°C, and the

lave internal pressure was 2.1 kg/cm®-G. Further, 620 mL

of hydrogen {the volume at 20°C and atmospheric pressure) was
added. (The autoclave internal pressure after the hydrogen
additionwas 2.4 kg/cm®+G.) The autoclave was pressurized with
propylene gas so that the liguid phase and the gas phase were
saturated and the autoclave internal pressure was 3.4 kg/cm®-G.
Subsequently, the autoclave was further pressurized with

ethylene gas so that the liquid phase and the gas phase were

urated and the autoclave internal pressure was 8.0 kg/cm?-G.

fter, 8.0 mL of a toluene solution (0.5 mmol/L) of

rac-dimethylsilyl-bis{l-{2-n-propyl-4-{%~phen ryl)

izirconium dichloride (complex 8) prepared by the

method described in JP~A-H0OT-286005 was added to a 20 ml volume



Thehihue, Yolutisn 95[:25555n. n.r 2223
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an'jiﬁzs'eé(%;ce?jt which had been connected to the autoclave

and had been thoroughly purged with nitrogen. The complex was

bly fed with nitrogen to the autoclave, thereby initiating

the polymerizati

5 {0397}

ne gas was continuously fed to maintain the

2

*G. After the

autoclave internal pressure at 8.0 kg/c

reaction was performed at 60°C for 20 minutes, the

ol

olymerization was terminated by adding a small amo

b
©

methanol. After the completion of the polymerization, the
polymer solution was poured into a large excess of methanol
containing hydrochloric acid to precipitate the polymer. The
polymer was separated by filtration and was dried under reduced
pressure at 20°C for 20 hours. Thus, an

15 ethylene/propylene/l,3-butadiene copolymer was obtained.
The results are described in Tables 3 and 4.

{0398]

e yleid of the ethylene/l,3-butadiene copolymer was
7.61 g. The reactiocn aclhivity (yield per unit time

{kg/hi/moles of the complex [mmoll) was 5.71 [kg/ {mmol-h)].

[
=

The results are described in Tables 3 and 4.

{0399]

o

[Comparative Exzample 9

]

The polymerization and the post treatments were carried



ci:here; DAC% cop ynnr,w,n nin.dined. [C3221
pc | yrin- neanltime 20[k:-/n]=i Exannn',1 (20
(vI:5 ymanaaacaurad tytrerainds whichrha
50015 @Wavt(_ceard 5 aluminum of the toluene solution of dry

methylaluminoxane {Al = 1.50 M) was replaced by 1.0 mmol in

terms of aluminum of a toluene solution (0.25 mol/L) of

5 triisobutylaluminum, that hydrogen was not added, that 8.0 mi
of the toluene solution (0.5 mmol/L}) of
isopropylidene (3-tert-butyl-5-methyl-cyclopentadienyl)
{fluorenyl)zirconium dichloride (complex 6) prepared by the
method described in WO 2004/087775 was replaced by 8.0 mL of
10 a toluene solution (0.5 mmol/L) of

(tert-butylamido)dimethyl (fetramethyl-n°~cycloper

adienyl)

silanetitanium dichloride (complex 4} prepared by the method

described in EP 0416815 (A2), and this toluene solution was

added to the 20 ml volume catalyst supply pot which had been
15  connected to the autoclave and had been thoroughly purged with
nitrogen, and that after the above toluene solutionwas forcibly
fed with nitrogen to the autoclave, a toluene solution (4.0

mmel/L) of

henylcarbenium

tetrakis(pentafluorophenyl)borate in 6.0 equivalents relative

20 was forcibly fed to the autoclave, thereby initiating
the polymerization. Thus, an ethylene/l,3~butadiene
copolymer was cbtained.

104001

The yield of the sthylene/i,3-butadiene copolymer was
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.69 g.

reaction activity {

ne
[kg/h]/moles of the complex [mmoll) was 4.26 [kg/{mmol-h)].
The results are described in Tables 3 and 4.

[0401)

[Comparative Zxample 10]

The polymerization and the post eatments were carried

out in the same manner as described in Example 6, except that

2 mmol in terms of aluminum of the toluene solution of dry

hylaluminoxane (Al = 1.50 M) was replaced by 1.0 mmo

terms of aluminum of a tol ion {0.25 mel/L) of
triisobutylaluminum, that the amount of hydrogen was changed
from 124 ml {the volume at 20°C and atmospheric pressure) to
620 mL {the volume at 20°C and atmospheric pressure) and thereby
the ethylene partial pressure at 60°C after the ethylene feed
changed from 6.0 kg/cm®-G to 5.6 kg/cm’+G, that 8.0 ml of the
toluene solution {0.5 mmol/L) of

isopropylidene (3-tert-butyl-5-methyl-cyclopentadienyl)

luorenyl)zirconium dichloride (complex 6) prepared by £

method described in WO 2004/087775 was replaced by 8.0 mi of
a toluene solution (0.5 mmol/L) of

{tert-butyl

ido)dimethyl (tetramett

lfnifcyclopentadj,enyl>
silanetitanium dichloride (complex 4) prepared by the method
described in EP 0416815 (A2}, and this toluene solution was

added to the 20 ml volume catalyst supply pot which had been
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mmol /L) of triphenylcarbenium
tetrakis(pentaflucrophenyl)borate in 6.0 equivalents relative

to Ti was forcibly fed to the autoclave, thereby initi

the pelymerization. Thus, an ethylene/1,3-butadiene
copolymer was obtained.
{04023

The yield of the ethylene/l,3-butadiene copolymer was
1.22 g. The reaction activity (yield per unit time
{kg/h]/moles of the complex [mmoil} was 0.92 [kg/(mmol-h)].
The results are described in Tables 3 and 4.

[0403]
[Comparative Example 11]

The polymerization and the post treatments were carried
out in the same manner as described in Example 6, except that
11.2 mmol in terms of aluminum of the toluene solution of dry
methylaluminoxane (AL = 1.50 M) was replaced by 1.0 mmol in
terms of aluminum of a toluene solution (0.25 mol/L) of
triiscobutylaluminum, that hydrogen was not added, that 8.0 mL
of the toluene solution (0.5 mmol/L) of
isopropylidene (3-tert-butyl-5-methyl-cyclopentadienyl)

(flucrenyl)zirconium dichloride (complex 6) prepared by the
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a toluene solution (0.5 mmol/L) of

[ (tert-butylamido)dimethyl (flucrenyl)silane]titanium
dimethyl {complex 5) prepared by the method descried in
Macromolecules 1998, 31, p. 3184, and this toluene solution
was added to the 20 ml volume catalyst supply pot which had
been connected to the autoclave and had been thoroughly purged

with nitrogen, and that after the above toluene solution was

cibly fed with nitrogen to the autoclave, a toluene solution

(4.0 mmol/L) of triphenylcarbenium

tetrakis(pentafluorophenyliborate in 6.0 equival

relative
to Ti was forcibly fed to the autoclave, thereby initiating

the polymerization. Thus, an et?

ylene/1l, 3-butadiene
copolymer was obtained.
[C404)

The yield of the ethylene/l,3-butadiene copolymer was
7.44 g. The reaction activity (yield per unit time
[kg/k] /moles of the complex [mmcl}) was 5.58 {kg/(mmol-h}}.
The results are described in Tables 3 and 4.
[0405]
[Comparative Example 12]

The polymerization and the post treatments were carried

oul in the same manner as described in Exa

6, except that

nol in terms of vinum of the toluene solution of dry



1, 3-butalicno copelyng, el d21151 LIl tine
ocup_oueat 1.111lab: es 3 ard 4

;pSTrits 4T T Anatryl) 1 veirs; [41913] {54L5.;
4' T[%?_?ZemiamIQBitcluene solution (0.25 mol/L) of

isobutylaluminum, that the amount of hydrogen was changed

from 124 ml (the volume at 20°C and atmospheric pressure) to
5 620 mL (the volume at 20°C and atmospheric pressure) and thereby
the ethylene partial pressure at 60°C after the ethylene feed

changed from 6.0 kg/cm® G to 5.6 kg/cm® G, that 5.0 mL of the

tolue

e soluticon (0.5 mmol/L) of

isopropylidene (3~tert~butyl-5-methyl-cyclopentadienyl)

10 (fluorenyl) conium dichloride (complex &) prepared by the
method described in WO 2004/087775 was replaced by 8.0 nL of
a toluene solution (0.5 mmol/L} of
[(tert-butyiamido)dimethyl (fluorenyl)silaneltitanium
dimethyl (complex 5) prepared by the method descried in

15 Macromolecules 1998, 31, p. 3184, and this toluene solution
was added to the 20 ml volume catalyst supply pot which had
been connected to the autoclave and had been thoroughly purged
with nitrogen, and that after the above toluene sclution was
ferclbly fed with nitrogen to the autoclave, a toluane solution

20 (4.0 mmol/L) of triphenylcarbenium

tetr (pentafluorophenyl)borate in 6.0 equivalents relative
to T: was forcibly fed to the autoclave, thereby initiating

the polymerization. Thus, an ethylene/i,3-butadiene

copolymer was obtained.
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The yield of the ylene/1,3-butadiene copolymer was
86.48 g. The reaction activity (yield per unit time
[kg/h]/moles of the complex [mmol}) was 64.86 [kg/(mmol-h)].
The results are described in Tables 3 and 4

{0407]

[Comparative Example 13]

atments were carried

The polymerization and the post tx

out in the same manner as described in Example 9, except that

terms of aluminum of toluene solution of

1l.2 mmol
methylaluminoxane (Al = 1.41 M) was replaced by 3.0 mmel in

terms of aluminum of a toluene solution of triisobutylaluminum

(Al = 0.25 M), that the auvtoclave jnternal pressure after the
liguidphase and the gas phase were saturatedwith 1, 3-butadiene

was changed from 0.3 kg/cm®+G at 10°C and 0.8 kg/cm®-G at 40°C

.0 nL

to .5 kg/cm® G at 10°C and 1.1 kg/em?+G at 40°C, that
of the toluene soluticn (5.0 mmol/L) of
isopropylidene (3-tert-butyl-5-methyl-cyclopentadienyl)
(flucrenyl)zirconium dichloride (complex 6) prepared by the
method described in WO 2004/087775 was replaced by 12.0 mL of
a toluene solution (5.0 mmol/L) of

[ (tert-butylamide)dimethyl {(fluorenyl)silane] titanium

dimethyl (complex 5) prepared by the method descried in

Macromclecules 1998, 31, p. 3184, and is toluene solution
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ch had

been conne

to the autoclave and had been thorcughly purged
with nitrogen, that after the above toluene solution was

forcibly fed with nitrogen to the autoclave, a toluene solution

0 mmol/L) of triphenylearbenium
tetrakis(pentafluorcphenyl)borate in 1.2 equivalents relative

to

was foreoibly fed to the autoclave, thereby initiating
the polymerization, and that the polymerization time was

changed to 12 minutes. Thus, an ethylene/1,3-butadi

ne
copolymer was obtalned.
{6408]

The yield of the ethylene/%,3-butadiene copolymer was
243.86 g. The reaction activity (yvield per unit time
[kg/h}/moles of the complex fmmcll) was 20.32 [kg/(mmol-h}].
The results are described in Tables 3 and 4.

10409]

In Comparative Example 13, the monomers (ethylene and

larger amounts than in Examples and other
Comparative Examples, and consequently the reaction
temperature was variable. The pressures of the components
described in Table 2 (a) are pressures at a reaction temperature
of 40°C.

[Comparative Example 141

The polyme

ization and the post treatments were ca
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8.0 mL of the toluene solution {0.5 mmol/L) of
dimethylsilyl{l-{2-methyi-4,5-benzoindenyl)]
(2, 7~di-tert-butylfluorenyl)zirconium dichloride {complex 1)
5 preparedwith reference to the method described in J. Organomet.
Chem. 2003, (688), 153 was replaced by 8.0 mL of a toluene
solution (0.5 mmel/L) of
dimethylsi!yl[l—<2mmethy174,5vbenzoindenyl>J(iluorenyl
zirconium dichloride {complex 16) p;cpared by the method

iG  described in Journal of tr

American Chemical Society, 2003,
(128}, 8%70. Thus, an ethylene/1,3-butadiene copolymer was

obtained.

[0410%

O

NS

Ci
d ~
Si ZF\NCE

0
<0

{complex 16}

[0411]

The yield of the ethylene/1,3-butadiene copclymer was



ITS pfLociathata bear tePPa thDd1H. had

been th,r,t.01x, purge The TT3:7102TfadTT.
LLTTorolaye; -'es3°'the' =enc.:scrivictrs,,Lelci
per-utirt"bin,*sriAsebistylasuni n-smsAfe» -

The results are described in Tables 3 and 4.
[0412]
5 {Comparative Example 15]

The polymerization and the post treatments were carried

the same manner as described in Example 27, except that

the amount of the toluene soluticn of triiscbutylaluminum (AL
= (.25 M} was changed from 2.0 mmol to 1.0 mmol in terms of

10 aluminum, that 16.0 mL of the toluene solution (0.5 mmol/L)
of rac-dimethylsilyl-bis[1-(2-n-propyl-4-{S~phenanthryl)
indenyl)lzirconium dichloride (complex 8) prepared by the
method described in JP-A-H07~286005 was replaced by 4.0 mL of

& toluene solution (0.5 mmcl/L}) of

15 {tert-butylamido)dimethyl ( tetramethylfn5—cyciopem,adienyl)

silanetitanium dichloride (complex 4) prepared by the method

described in EP 0416815 (A2), and this toluene sol On was

added to the 20 ml volume catalyst supply pot whi

nad been
connected to the autoclave and had been thoroughly purged with

20 nitrogen, and that after the above toluene solution was forcibliy
fed with nitrogen to the autoclave, a toluene soclution (4.0
mmol/L) of triphenylcarbenium tetrakis (pentafliucrophenyl)
borate in 6.0 equivalents relative to Ti was forcibly fed to

the autoclave, thereby initiating the polymerization. Thus,
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The resulis are described in Tables 3 and 4.

04141

[Comparative Example 16)

The polymerization and the post treatments were carried

10 out in the same manner as described in Example 27, except that

minum (AL

the amount of the toluene soluticn of triisobutyial
= 0.25 M) was changed from 2.0 mmol to 1.0 mmol in terms of
aluminum, that 16.0 mL of the toluene solution (0.5 mmol /L)
of rac-dimethylsilyl-bis{l-(2-n-propyl-4-(9-phenanthryl)

15 indenyl)]zirconium dichloride (complex 8) prepared by the
method described in JP-A-H07-286005 was replaced by 4.0 mL of
a toluene solution (0.5 mmol/L) of
[{tert-butylamido)dimethyl {fluorenyl)silanejtitanium
dimethyl (complex 5) prepared by the method descried in

20  Macromolecules 1998, 31, p. 3184, and this toluene solution
was added to the 20 ml volume catalyst supply pot which had
been connected to the autoclave and had been thoroughly purged
with nitrogen, and that after the sbove toluene solution was

forcibly fed with nitrogen to the autoclave, a toluene sclution
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to Ti was forcibly fed to the autoclave, thereby initiating

the poiymerization, s, an ethylene/1, 3-butadiene
copolymer was obtained.
[0415]

The yield of the ethylene/occtene/1, 3~butadiene copolymer
was 7.87 g. The reaction activity (yield per unit time
{kg/h]/moles of the complex {mmoll) was 11.81 {kg/ (mmol-h)].
The results are described in Tables 3 and 4.

{0416]
(Hot air crosslinking}

The copolymer obtained in Example, or a copolymer
described below, was blended with carbon black, an organic
peroxide and a crosslinking auxiliary. The resultant resin
composition was subjected to hot air crossliinking, and the
cresslinking state was evaliuated {Examples 35 and 36, and
Comparative Bxamples 17 and 18).

[Example 35]
The copolymer from Example 29 weighing 20 g was blended

with the components described later in Table 3 in the amcunts

shown in the table. The blend was kneaded using a 6-inch op

roll mill (manufactured by Nippon R

MEPG. Co., Ltd.) to give

a resin composition.
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{0418}
[Example 36]

The copolymer from Example 33 was combined with a
copolymer manufactured under the same conditions, resulting
in a resin weighing 8% g. The resin was blended with the
components described later in Table 3 in the amounts shown in
the table. The blend was kneaded using a 6-inch open roll mill
(manufactured by Wippon Roll MFG. Co., Ltd.) tc give a resin
composition.

[04191

The resin composition was crosslinked at 170°C, and the
crossiinking state at the temperature was analyzed with RPA
2000P. The results are described in Table 5 and Fig. 1.
[G420]

[Comparative Example 17)

An ethylene/propylene/VNB copolymer shown in Table 3 was

blended with the compenents described later in Table 3 in the

amounts shown in the table. The blend was kneaded using a
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[0421]

The resin composition was cresslinked at 170°C, and the

5 ecrosslinking state at the temperature was analyzed with RPA

res s are described in Table 5 and Fig. 1.
[Comparative BExample 18]

An ethylene/propylene/ENE copolymer shown in Table 3 was

10 blended with the components described later in Table 3 in the

amounts shown in the table. The blend was kneaded using a

nch open roll mill (manufactured by Nippon Roll MFG. Co.,
Ltd.} to give a resin composition.
[0423]

15 The resin composition was crosslinked at 170°C, and the

cross ing state at the temperature was analyzed with RPA

2000P. The results are described in Table 5 and Fi

[0424]

The results in Table 5 and Fig. 1 showed that the

20 ethylene/butadiene ¢opolymer and the

ethylene/octene/butadiene copolymer obtained according to the

present invention involved a rapid increase of torgue which

indicated that they had excellent crosslinking reactiv In

contrast, the torgue did not substantizlly increase for the
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The copolymers according to the invention show excellent

properties such as weathering resistance, heat resistance, oil

&

resistance and economic efficiency, have a low glass transition
temperature and excellent cold resistance, and have excellent
crosslinking efficiency and modification efficiency. In
particular, the copolymers can be crosslinked or modified with
organic peroxides with excellent efficiency, and are also
10 crosslinkablewithsulfur. The copolymer production processes

of ti

vention allow for inexpensive industrial production

of the copolymers with high economic efficiency.
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1. A copolymer obtained by copolymerizing at least

I

ethylene and a conjugated diene, wherein

(1) structural units derived from the conjugated diene
represent 1 to 90 mol% of all the monomer units in the copolymer,
and

(2} based on all the structural units derived from the

i0 conjugated diene in the copclymer, structural units resulting
from 1,Z-addition of the conjugated diene and having a
side~chain double bond represent 0 to 90 mol%, structural units
resulting from 1,4~addition of the conjugated diene represent
0 to 3 mol%, structural units resulting from 1,3-addition of

15 the conjugated diene represent 0 to 3 mol%, and the total of

structural

nits resulting from 1, 2~addition of the conjugated

diene and having a 1,2-cyclopropane skeleton and structural

units resulting from 1, 2-addition of > conjugated diene and
having a 1,2~cyclopentane skeleton represent 4 to 100 mol%.

20
2. The copolymer according to claim 1, wherein the
total of the structural units resulting from 1,4-addition of
the conjugated diene and the structural units resulting from

1,3-addition of the conjugated diene represents 0 to 3 mo
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3. The copolymer according to claim 1, wherein the

total of the structural units resul

ing from 1,2-addition of
the conjugated diene and having a 1,2-cyclopropane skeleton
and the structural units resulting from i,2-addition of the
conjugated diene and having a 1,2-cyclopentane skeleton

represents 15 to 29 mol% based on all the structural units

derived from the conjugated diene in the copolymer.

4. The copolymer according to claim 1, wherein the
copolymer has a weight average molecular weight of not less
than 20,000 as measured by gel permeation chromatography (GPC)

relative to polystyrenes.

5. The copclymer according to claim 1, wherein the
copolymer has a glass transition temperature (Tg) cf -60 to
30°C or does not have a glass transition temperature, and has
a melting point (Tm) of not more than 130°C or does not have

a melting point

6. A process for producing the copolymer described in

any one of claims 1 to 5, comprising copolymerizing at least
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an@atal atom selected from Group 3 to Group 11 of the pericdic

(B} at least one compound selected from:

(B-1) an organometallic compound,

(B-2) an organoaluminum oxy-compound, and

(B-3) a compound capable of reacting with the transition

10 metal compound (A) to form an ion pair.

7. The process for producing the copolymer according
to claim 6, wherein the transition metal compound (A} is
represented by Formula (1) below:

i3 LMY, (1)
wherein L is a tridentate anionic ligand or neutral ligand
represented by RQ(Pz')i(Pz?).,

R is an atom or & group selected from the group consisting
of a hydrogen atom, halogen atoms, hydrocarbon groups,

20 heterocyclic compound residues, oxygen-containing groups,
sulfur-containing groups, nitrogen-centaining groups,
poron-containing groups, aluminum-containing groups,
phosphorus-containing groups, halogen-containing groups,

silicon-containing groups, germanium-containing groups and
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Q is an atcom selected from the group consi

Ting of boron,

carbon, silicon, germanium, tin and lead,

Pzl is a pyrazolyl group in which at least the posi

5 31s substitutedwithan unsubstituted aryl group, a substituted

aryl group, a Ci; ox higher alk group, a cycloalkyl group, an

amino group or an oxyhydrocarben group,

2

Pz* is an unsubstituted pyrazoelyl group or a substituted

pyrazolyl grcup,

Misatransiticnmetal ator selected from Group 3 to Group
11 of the periodic table,
X is selected from a hydrogen atom, ha

oxygen atom, hydrocarbon groups, oxygen-containing groups,

15 sulfur-containing groups, nitrogen-containing groups,
boron-containing groups, saluminum-containing groups,
phosphorus~containing groups, halogen-containing groups,
heterccyclic compound residues, silicon-containing groups,
germanium-containing groups and tin-containing groups,

20 Y a neutral ligand, an inorganic salt, an inocrganic

compound or an organometallic compound and has an electron
donating group,

m is a number satisfying the valence of M,

when m is 2 or greater, tr

plurality of atoms or groups
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X may be the

me or different fromeach other, and the piurali

0f groups X may be linked together to form a ring, and
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process for producing the copolymer according

to

claim 7, wherein M in Formula (1) is titanium, zirconium

9. The process for producing the copolymer according

10 to

wherein M in Formula (I) is zirconium.

e process for producing the copolymer according

to claim 7, wherein the compound (A) ast one transition

metal compound selected from the group cor ing of

15 {hydrobis(3~mesitylpyrazol—;fyl}{5~mesity]pyrazolfl~yl}]

borate zirconium trichloride and

thydrotris(3-mesitylpyrazol-1-yl)]borate zirconium

ichloride.

20 11. The process for producing the copolymer according

wherein the

ansition metal compound {(A) i

[

represented by Formula
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R12 X2
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RS~ RIS
14
Ri3 R e (1D

wherein M is a transition metal atom of Group 4 to Group

& in the periodic table,

RY, ®r?, r®, R®, R®, R'?, R', R'?, R, RY ang RrR'® are
the same or diffeyent from one another and are each a Cji.ug

hydrocarbon group, a Cizp halogenated hydrocarbon group, a

con-containing group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group, a
phosphorus-containing group, a hydrogen atom or a halogen atom,
and part of these adjacent groups may be linked together to
form a ring in combination with the carbon atoms to which the

groups are bended,

%' and ¥* are the same or di rom each other and
are each a hydrocarbon group, a halogenated hydrocarben group,

an oxygen-containing group, a sulfur-containing group, a

il
o

silicon-containing group cor halogen atom,

Y is adivalent hydrocarbon group, a divalent halogenated

hydrocarbon group, a divalent silicon-containing group, a
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OCtriletontainlng group, —-0-, —-CO-, ~S-, -50-, -30,—-, -G

o

15

20

~NR~, -P{R)-, -P{0} (R}~, —BR- or -AlR- {wherein R i

a hydregen
atom, & halogen atom, a hydrocarben group, a halogenated

hydrocarbon group or an alkoxy group).

12. The process for producing the copolymer according
to claim 11, wherein R® and ®*® in Formula (IT) are the same
or different from esach other and are each a Ces; hydrocarbon
group, a Cs-p¢ halogenated hydrocarbon group, a

s5il

icon~containing group, an oxygen-containing group, a

sulfur-containing group, a nitrogen-containi

phosphorus~containing group.

13.

process 3 g the copolymer according

and R” in Formula (II} are the same or

to claim 11, wherein

di rent from each other and are each a Ci_z; hydrocarbon group,

a Cizp halogenated hydrocarbon group, a silicon-containing

group, an cxygen-con ning group, a sulfur-containing group,

a nitrogen-containing group or a phosphorus-containing group.

14, The process for producing the copolymer according

to claim 11, wherein R’ and RY in Formulia {(ITI) are the same

or different from other and are each an aromatic group.
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to claim 6, wherein the transition metal compound (A) is
represented by Formula (III) below:

5 [Chem. 2}

wherein M is a transition metal atom of Group 4 to Group
6 in the periodic table,
RY, R? and R® are the same or different from one another
10 and are each a nydrogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a silicen-containing group, an
oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group or a phosphorus-containing group,

Rfisa hydrocarbon group, a halogenated hydrocarbon group,

15 & silicon-containing group, an cxygen-contai g groupg, a
sulfur-containing group, a nitrogen-containing group or a
phosphorus~containing group,

wher RY, R? and &% are each a group selected from a
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phosphorus-containing group, R' and R®, and R? and R® are not

5 individually identical at the same time,

Hv

part of the adjacent groups R?, R® and R? may be linked
together to form a ring in combination with the carbon atoms
to which the groups are bonded,

3

r®, rR®, R’, R®, R’ ?

. Rw, R and 8'? are the same cr different
10 from one another and are each a Cipe hydrocarbon group, a Cioag
halogenated hydrocarbon group, a silicon-containing group, an
oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group, a phosphorus~containing group, a
hydrogen atom or a halogen atom, and part of Lhese adjacent
15 groups may be linked together to form a ring in combination
with the carbon atoms to which the groups are bonded,
x*s are the same or different from each other and are each
a hydrocarbon group, a halogenated hydrocarbon group, an

oxygen-containing group, a sulfur-containing group, a

20 silicon-containing group or a halogen atom, and

Y is a divalent hydrocarbon group, a divalent halcgenated
hydrocarbon group, a divalent silicon-containing group, a
divalent germanium~containing group, a divalent

tin-containing group, ~O~, -CO-, -S—, -S0-, —-S0s~ -Ge-, ~8n-,
g IS ; ’ , ’
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5 ie. The process for producing the copolymer according
to claim 6, wherein the transition metal compound {A) is

represented by Formula (IV) below:

[Chem. 3]
. 13
ris R R2
Ri8 / X2
Y, X
RJ2 ﬂ! RS
Rt RE
0 7
"R F (1V)
LV
10 wherein M is a transition metal atom of Group 4 to Group

6 in the periodic table,

", R' and 8 are the same or different from

R*, R?, R™, R
one another and are each a hydrogen atom, a C;.;g hydrocarbon
group, a Ci.zp halegenated hydrocarbon group, a

15 silicon-containing group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group or a
phosphorus~containing group,

part of the adjacent groups R, R, R'Y™ and R'® may be
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gro,:: (Jr .p. CaLnc ::corali grOUP,7',,Ip,c.,rcur,
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o

atoms to which the groups are bonded,

and R are the same or different

from one another and are each a Cyp hydrocarbon group, a Ciogp

halogenated hydrocarbon group, a silicon-containing group, an

oxygen-containing group, a sulfur-containing group, a

nitrogen-containing group, a phosphorus-containing group, a
hydrogen atom or a halogen atom, and part of these adjacent

groups may be linked together to form a ring in combination

the carbon atoms to whi

h the groups are bonded,

X' and X° are the same or different from each other and

are each a hydrocarbon group, a halogenated hydrocarbon group,

an oxygen-containing group, a sulfur-containing group, a

5

silicon-~containing group or a halogen atom, and
Y is a divalent hydrocarbon group, a divalent haiogenated

hydrocarbon group, a divalent silicon-containing group, a

divalent germanium~-containing group, a divalent

tin-containing greup, -0-, ~CO-, -5~-, ~80-, ~30,~, ~Ge-, -Sn~,
“NR-, -P(R}~, -2 (0) (R}~, ~BR- or ~AlR~ (wherein R is a hydrogen

atom, a halcgen atom, a hydrocarbon grou a halogenated
‘ i

hydrocarkon group or an ailkoxy group).

17. The

roducing the copolymer accord

g

to claim 16, wherein

in Formula (IV) are the same
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and are each a Cy.,5 hydrocarbon

cuablc

group, a Cy.yy halogenated hydrocarbon group, a

con-containing group, an oxygen-containing group, a

r-containing group, a nitrogen-containing group or a

phosphorus-containing group.

e process for producing the copolymer according

te claim 16, wherein R®, R, R!® and R'™ in Formula {IV) are the
same or different from one another and are each a Cisp
hydrocarbon group, a C:e halogenated hydrocarbon group, a
silicon~containing group, an oxygen-containing group, a

sulfur-contai group, a nitrogen-ccnta

phosphorus~containing group, and part of these adjacent groups

may be linked together to form a

g in combination with the

carbon atoms to which the groups are bonded.

12. The process for producing the copolymer according

15

to clads

6, wherein part of the adjacent groups R®, R’, R'® and
R in Formula (IV) may be linked together to form a ring in
combination with the carbon atoms to which the groups are bonded,
and RY, R*3, R®, R, R and R** are each a Ci.z¢ hydrocarbon group,

a2 Cizp halogenated hydrocarbon group, a silicon~containing

group, an oxygen-containing group, a sulfur-containing group,

trogen-con

~alning group or a phosphorus-containing group.
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2 53 claim 16, wherein R*® in Formula {IV) is an aromatic group.

5 21. The process for producing the copolymer according
to claim 6, wherein the transition metal compound (A) is

represented by Formula (V) below:

[Chem. 47
R3 RZ
i
/X1
Y, M—X
R2 Re
Rt/ RS
Rﬂ) g é R7 ,
RY R QV)
10 wherein M is a transition metal atom of Group 4 to Group

6 in the periodic table,

R' and R® are each a hydrogen atom,

R* and R are the same or different from each other and
are each a Ciop hydrocarbon group, a Ci.p¢ halogenated

hydrocarbon group, a silicorrcontaininq group, an

a
.

oxygen-contalning group, a sulfur-containing group, a

nitrogen-containing group or a phosphorus-containing group,

rR%, R% R7, R®, R%, R¥, R' and R™ are the same or different
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halogenated hydrocarbon group, a

ining group, an
oxygen-containing group, a sulfur-containing group, a

nitrogen-containing group, a phosphor

~containing group, a
hydrogen atom or a halogen atom, and part of these adjacent

groups may be linked together to form a ring in combination

with t© carbon atoms to which the groups

re bonded,
%'s are the same or different from each other and are each

a hydrocarbon group, a halogenated hydrocar

bon group, an
oxygen-containing group, a sulfur-containing group, a
silicon-containing group or a halogen atom, and

Y is a divalent hydrocarben group, a divalent halogenated

hydrocarbon group, a divalen

silicon-containing group, a

divalent gesx

anium-containing group, a divalent
~0-, -CO~, -§-, =80-, ~S0,-, -Ge-, -Sn-,

a nydrogen

R}~, -BR- or -R1lR- {wherein R

atom, a halogen atom, a hydrocarbon group, a halogenated

hydrocarbon group or an alkoxy group) .

22. The process for producing the copolymer according
to claim 21, wherein Y in ¥ormula (V) is an arylalkylene group

or an arylsilylene group.

23. The process for producing the copolymer according



M RtZ¥/ Ro p1 ll( <14 R 1G (V) 10adroop, a
gariliP or on a 0055 SIC LaSsui ys en
accbfd‘r\ﬁd]ageaﬁ lljb, IR,’, ®R*¥ and R in Formula (V) are the

same or different from one another and are each a Cy.n

hydrocarbon group, a Cizs halogenated hydrocarbon group, 2
silicen-containing group, an oxygen-containing group, a

5 sulfur-containing group, a nitrogen~containing group or a
phosphorus-containing group, and part of these adijacent groups
may be linked together to form a ring in combination with the

carbon atoms to which the groups are bonded.



