5 COctober 2005 1 CATALYST COMPONENT AND CATALYST FOR ADDI Tl ON
POLYMERI ZATI ON, AND PROCESS FOR PRODUCI NG ADDI TI ON POLYMER BACKGROUND OF
THE INVENTION 5 Field of the Invention The present invention relates to a
* catal yst conponent for addition polynerization, a cata5§¥ﬂ096W2@W@ition
pol ynmeri zation, and a process for producing an addition polyner. More
particularly, the present invention rglates to a catalyst 10 conponent for
addi ti on polynerization conposed of a transition netal conpound having two
transition nmetal atons in one nolecule , a catalyst for addition

pol yner icErADYS PICONPGNERY AKD CATALYST FOR ADDITIQN ROISKMERTZATDOMCI ng an
addition polyner using this catalyst for addition polynerization. 15
Descri ption of R3NBt BROGESS \FQh FROHICING ADP BT EONe FOLIMER oduci ng an
addition polyner such as an olef in polyner and the |ike using a
transition nmetal conpound which fornms a single site catal yst such as
anet al |l ocene 20 conpl ex_ a I k ve been reported. For
exanpl e, JP60 245604A &%@?ﬁé&@“h p&%c@@/f EWHQ a copolymer of

et hy eng, -olefin gﬁieg a netall ocene conplex and half netall ocene
conp ex NTI ON A catal yst for addition polynerization
used in themppr ga%heni tfemi%%dkteuaeeeowr@rca&rspg@ Sdpshent sden

activity there and therefore, a catalyst for addition 2 5
Cct ober Zf¥Whtion polymerizatlon, a catalyst for addition

polymerization, and aprocess for producinganadditionpolymer.
More particularly, the present invention relates to a catalyst
10 component for addition polymerization composed of a transition
metal compound having two transitionmetal atoms inonemolecule,
a catalyst for addition polymerization prepared by using the
same, and a process for producing an addition polymer using
this catalyst for addition polymerization.
15
Description of Related Arts

With respect to processes for producing an addition polymer
such as an olefin polymer and the like using a transition metal
compound which forms a single site catalyst such as ametallocene

20 complex and the like, many reports have been reported. For
example, JP60-245604A discloses a process for producing a
copolymer of ethylene with an @ -olefin using a metallocene

complex and half metallocene complex.

25 SUMMARY OF THE INVENTION
A catalyst for addition polymerization used in the
productionof anadditionpolymerismoreefficientwhenactivity

thereof is higher, and therefore, a catalyst for addition



pol yneri zation of high activity is required. An object of the present
I nvention is to provide a catalyst conponent for addition polynerization
useful for preparing a catalyst for addition polynerization having a high

‘activity, 5 a catalyst for addition pol&nerization havi ng Qctabem2Qea i vity,

and an efficient process for producing an addition polyner. Nanely, the
present invention relates to a catal yst conponent for addition

pol ynmeri zati on conposed of a transition nmetal conpound (A) of the

followi ng general forrmula [1]: 10 [LbXOM NZ) nM XnmLI ] X' k [1] (wherein, M and

M each invlagesiibratyonepfeddigh adtrianstyibs reghakeatomof 111 to X group

in the Periodic Table of Elenments; X each independently represents a

hygr ;)gfntcgjano‘ﬁ? ??%@Er?%t% DPTrEsRpt bPHBBFiQF‘ﬂ-(%l)ﬂO @I@wﬁ-,deaﬂyd:a?abp@t .

substitu [ OU a oxYy.group, aryl oxy group,

di - subst i tutpgid{élatm%\%l%?%%%%éi olglp%ﬁg?agégﬂogﬁ?gﬁﬂa, EOT RFERRTARGt2 group

Or gr oup damd IRgs 18 FOke laaeend sk YW1 ynvdes 28 n; [Egs a

group which bg%ds to Mor M by a%ne{'pgtl:?‘g%%gﬁ%{’go% &ioqﬂ:aocﬁ_lv tron;

X represenatadystufiveraddi oion po Ilyme i z £t Horl hdrih LA §NERRARAGRS | Y
3.).

represent an integer of O to 5, and n represents an integer of 1 to
Furt her , 8e 3% efddcianerRTopess| foesproductngahps adtdrt icadgidliyaer .

I i zati tained b I Si bri ngi th
Bbove: ment | ONBISEYandFE: B AL CONGREIOR (37 1AKES 45 Somatetivat h an
| e f | St f th
ol L ovi ne Lo e Lo EE £ POy R LA T POmne it 8 f B Bbndtiepng of

the fol | meitag (cBaipcanthl ((E8) efdthe folbhowaRgCgepead senied f1pmthe
group, conS|[sI,‘tb|Xr; (oﬁz)tnrﬁ_xtnﬁlla%vxﬁkng (1]
(wherein, M and M' each independently represent a transition
metal atom of III to X group in the Periodic Table of Elements;
X each independently represents a hydrogen atom, halogen atom,
alkylgroup.aralkylgroup,arylgroup,substitutedsilylgroup,
15 alkoxy group, aralkyloxy group, aryloxy group, di-substituted
amino group, azido group, cyanc group, isothiocyanate group
or group having a cyclopentadiene type anion skeleton: L
representsagroupwhichbonds toMorM' bya lone-pairedelectron
or a 7 electron; X' represents a counter anion; k, l, m, o and
20 p each independently represent an integer of 0 to 5; and n
represents an integer of 1 to 3.).

Further, the present invention relates to a catalyst for
addition polymerization obtained by a process comprising
bringingtheabove-mentionedtransitionmetalcompound(A)into

25 contact with an organcaluminum compound selected from the group
consisting of the following (Bl), and an aluminoxane selected
from the group consisting of the following (B2) and (B3) and/or
a boron compound selected from the group consisting of the

following



5 Cctober 2005 3 (O, or with an al um noxane sel ected fromthe group
consisting of the followng (B2) and (B3) and/or the following (C: (B1l)
or ganoal um num conpounds of the general fornmula E1,Al1Z3 a, 5 (B2) cyclic
al um noxanes having a structure of the general fornmula $QuiplEen2@99b, (B3)
| i near al um noxanes having a structure of the general formula

E3(-A (E3)-O)cA E32 (wherein, each ofgEl, E2 and E3 represents a
hydrocarbon group; 10 all Els, all E2s or all E3s may be the same or
different; Z represents a hydrogen atom or hal ogen atom all Zs may be the

same or ¢chHf,eoeniitia areplesdiokahd sehected Esbin fe Gttt cohJBRAIGRENTS an
I nteger of 2 or nore; and c represent an integer of 1 or nore.), and 15

(O one of miwee fiodlamwioogpbBiisasdl ¢B8¢dahxgrmnt thd did Didwidng (CL):to (C3):
(d) boron congounds represented by the general fornula BQLQ2QB, (C2)
boron conpouf@h) r epgeneadanimum orprimds ¢5r hheagepersl( BQr@aQx) , and
(C3) boraop compounds represented by the general formula (L-H)'(BQLQRZQ@BX)
(wher ei n® E@Jrzé*pi\"esents boron in trivalent state; QL to Q4 represent a

Substl tuted VY IroLp Ot SR s EenPY BFed BIgRGERL ( he
) 1 . . o y
cat i on: LoraetE BradIcoMh Lo < base: and (L-H)4 represent o a Bnst ed
acid.), (B3) linear aluminoxanes having a structure of the general
formula E’(-A1l(E®)-0-3}.A1lE%,
(wherein, each of E', E? and E° represents a hydrocarbon group;

10 all E's, all E®s or all E’s may be the same or different: %
represents a hydrogen atom or halogen atom; all Zs may be the
same oOr diffepent; a represents a number satisfying 0<a=3;

b represents an integer of 2 or more; and ¢ represent an integer
of 1 or more.), and

15 (C) one or more boron compounds selected ffom the following
(C1) to (C3):

(Cl) boron compounds represented by the general formula
BO'Q?Q%,
(C2) boron compounds represented by the general formula

20 G'(BQ'Q*Q°Q*)}”, and |

(C3) boron compounds represented by the general formula
(L-H)"(BQ'Q*Q%Q") "~
(wherein, B represents boron in trivalent state; Q' to Q*
represent a halogen atom, hydrocarbon group, halogenated

25 hydrocarbon group, substituted silyl group, alkoxy group or

| di-substituted amino group; they may be the same or different:

G* repreéents an inorganic or organic cation: L represents a

neutral Lewis base; and (L-H)® represents a Br¢nsted acid.),



5 Cctober 2005 4 and a process for producing an addition polyner using this .
catal yst. BRI EF DESCRI PTION OF THE DRAWNG 5 Fig. 1 is a flow chart for
hel pi ng understanding of the invention. This flow chart shows a typical
exanpl e of enbodi nents of the invention, and the scope 2QddeerR2EHEeNt
invention is not restricted to this exanple at all. The present invention
will be illustrated in detail below 10 DETAI LED DESCRI PTI ON OF THE

I NVENTION (A) Transition netal conpound MandM in a transition netal
conmpound of the above-nentioned general formula [1] each independently
repr eserd@ @rRBASFEsen fors prwduicistpramnfaddition Xpgleme i mstifgy Rafipdic
Tabl e of El epents (1 UPAC I norganic Chem stry Nonenclature revised edition,
1989) . M3%2p¥eFerably a transition nmetal atomof Il to V Goup, nore
preferably a titaniumatom zirconiumatom hafniumatom 20 vanadi um
atom ni obiumatomor tantalumatom further pref erably a titaniumatom

or zirconiumatom M gi r [tLop netal atomof VI to X

gr;)lﬁp,_ mr;qprefg;bP?ig?E?%?n@?%?ﬁn nﬁ%dﬁ?ﬁﬁfﬁ?om 5tungfstenbiatom

rut hgni um a . nhqdj yngatpm [ r r preferably a

chr onmi um at om@r’l nmol ybdenum at oér}n{agf@t ungsl?ée&nﬁggg]munﬁﬁrﬁafﬁé‘%&fe-%t i oned

gener al ifmfemtion 1] MeR eSKW Schar PYShOBENa 2t 9k c3a! ggﬁ%% torge al kyl group,
al Kox

aral kyl group, aryl group, substituted silyl~group, y  group,
ar al ky| empogiiments$ ¢t heri®@@btion, and the scope of the present
invention is not restricted to this example at all.

The present invention will be illustrated in detail below.

10
DETAILED DESCRIPTION OF THE INVENTION
(A) Transition metal compound '
MandM' inatransitionmetal compound of the above-méntioned
general formula [1] each independently represent a transition
15 metal atom of III to X group in the Periodic Table of Elements
(IUPAC Inorganic Chemistry Nomenclature revised edition,
. 1989).

M is preferably a transition metal atom of IITI to V Group,

more preferably a titanium atom, zirconium atom, hafnium atom,
20 vanadiumatom, niobiumatomor tantalum atom, further preferably
a titanium atom or zirconium atom.

M' is preferably a transition metal atom of VI to X group,
more preferablyachromiumatom, molybdenumatom, tungsten atom,
ruthenium atom, rhodium atom or palladium atom, further

25 preferably a chromium atom, molybdenum atom or tungsten atom.

X in the above-mentioned general formula [1] represents

a hydrogen atom, halogen atom, alkyl group, aralkyl group, aryl

group, substitutedsilyl group, alkoxy group, aralkyloxy group,




5 aryl oxy group, di-substituted am no group, azido group, cyano group,

| sot hi ocyanate group or group having a cycl opentadi ene type anion

skel eton, and all Xs nmay be the sane or different. Anong these a hydrogen
atom hal ogen atom alkyl group, 5 aralkyl group, aryl 9rQaigb e%ﬂ@@%ltuted
silyl group, al koxy group, aralkyloxy group, aryl oxy group, di - substituted
am no group and group having a cycl opent adi ene type ani on skeleton are
preferred. As the hal ogen atom of the substituent X, a fluorine atom 10
chlorine atom brom ne atom iodine atomand the like are listed. The

al kyl grauplokyt@eoyvpbsditsebstXtutegraitnaldnown, alzddo group,hayang 1 to
20 carbon atons, and exanples thereof include a nethyl group, ethyl group,
n- propyl QE?BBp,i$%%%6ﬁ¥Pn§FGuﬁr°uB -H GFO YR bapinges- ml,@pgmb@@iene

hhexy! LYRAAR R RELetpn, At REL TS GRSLEE Hhaonsis o8 ALEECFOBERt adecy!
' , f bl I

mehyi g ALY REEEL ba ROk el Sorl R SR it Sﬁﬂﬁériézwl
0r OUB, _20r Ay 2lor'dhiinCall K iz U0 WD BBy 1 BEe WY Jt%fsﬂ%gﬁlow Logen  atom

such as a quorlne at'om~ chlorine atom brom né ¥ the

I ke. B@milesswizytbﬁoabkyhrgnwp Bvupg &il@udtiAaria) MM i tuted
u

wi th a hal ogen atom i ncl ude oronet hyl group, difluoronethy roup,
trifl uoramdtdgmdu@Shavinp, acklyolopentyddigme pysk Cih DonNEkBY L t8H0HRe
trichl oronmethyl group, brononethyl group, dibrononethyl group,
tribnmnﬂﬁﬁﬁﬁWrggoup | odonet hyl group, diiodonethyl group, triiodonethy
group, fl uoa%e%ﬂglhgjr_gggh <':(1j1|:<];r|nuoofr %%tehghbgs:g%%en?: )C(btgq?elruozlplor?e atom,
10 chlorineatom, bromine atom, iodine atomand the 1ike are 1isted.
The alkyl group of the substituent X is preferably an alkyl
group having 1 _to 20 carbon atoms, and examples thereof include
a methyl group, ethyl group, n-propyl group, isopropyl group,
n-butyl group, sec-butyl group, tert-butyl group, n-pentyl
15 group, neopentyl group, iscamyl group, n-hexyl group, n-octyl
group, n-decyl group, n-dodecyl group, n-pentadecyl group,
n-eicosyl group and the like, and more preferable examples are
a methyl group, ethyl group, isopropyl group, tert-butyl group
and iscamyl group.
20 . Any of these alkyl groups may be substituted with a halogen
atomsuchas afluorine atom, chlorine atom, bromine atom, iodine
atom or the like. Examples of the alkyl group having 1 to 20
carbon atoms substituted with a halogen atom include a
fluoromethyl group, difluoromethyl group, trifluoromethyl
25 group, chloromethyl group, dichloromethyl group,
trichloromethylgroup,bromomethylgroup,dibromomethylgroup,
tribromomethyl group, iodomethyl group, diiodomethyl group,

triiodomethyl group, fluoroethyl group, difluorocethyl group,



6 trifluoroethyl group, tetrafluoroethyl group, pentafluoroethyl group,
chl or oet hyl group, dichloroethyl group, trichloroethyl group,

tetrachl oroet hyl group, pentachl oroethyl group, bronoethyl group,

di bronoet hyl group, 5 tribronoethyl group, tetrabronpeth§lOaiploen2005

pent abr onoet hyl group, perfluoropropyl group, perfluorobutyl group,

per fl uoropentyl group, perfluorohexyl group, perfluorooctyl group,

per fl uorododecyl group, perfluoropentadecyl group, perfluoroeicosyl group,
per chl or opropyl group, perchlorobutyl 10 group, perchloropentyl group,
per chl or bhéfykogoedhyl mrakd oroettraf lgooapthyar ghlbapgdodecyl group,

per chl or opent adecyl group, perchl oroei cosyl group, perbronopropyl group,
per br onobeR{prLd P@ﬁﬁéaﬁﬁ%ﬂ€M%Beﬁh}brq9ﬁhmigpeuprdﬁ@h@pﬁoqﬁhxmgroup,

er br onopct r er br onndodec ro er br onopent adecyl gro
Berbronn %é}gran |d}QH93I§Q&?a¢%#? %?EBH%596PUPhe§e alkylygrgupgpnay
I b tut d th I h th
ar oup, - aBkoEnsSroSaNY GFbED, Br e Sl g et §Ee%5ﬁoa§ﬁa?pg”£ﬂ%§§ygmup
20 OBtf%%i$¥6moéEh bg¥h?ﬁgth ggfgﬂg%éﬁyféﬂgnz on %gé%é) m@e li ke,

etc. The aral kyl grdup~o su stltue gr oup

havi ng Tgiteup? perbliozbpFopydn a benzyl group,
(2- nethylphenyl?nethyl g?oug?q %Y(S nethylphen *ﬁ %E up,

(4- met hypeanehybyapehylylggoopp, paridorehewyiahgry P@ﬂfl@fd&l&ct yl
(2, 4-di net hyl phenyl ) met hyl group, (2, 5- dlnethylpheny ) met hyl groudp, 5
Cct ober @200® . perfluorododecyl group, perfluoropentadecyl group,
perfluoroeicosylgroup,perchloropropylgroup,perchlorobutyl
10 group, perchloropentyl group, perchlorohexyl group,
perchlorooctyl group, perchlorododecyl group,
perchloropentadecyl group, perchloroeicosyl group,
perbromopropyl group, perbromocbutyl group, perbromopentyl
group, perbromohexyl group, perbromooctyl group,
15 perbromododecyl group., perbromopentadecyl group,
perbromoeicosyl group and the like.

Further, any of these alkyl groups may also be partially
substituted with an alkoxy group such as a methoxy group, ethoxy
group and or like, an aryloxy group such as a pPhenoxy group

20 or the like, an aralkyloxy group such.aseabenéyloxy'group or
the like, etc.

The aralkyl group of the substituent X is preferably an
aralkyl group having 7 to 20 carbon atoms, and examples thereof
include a benzyl group, (2-methylphenyl)methyl group,

25 (3-methylphenyl)methyl group, (4-methylphenyl)methyl group,
(2,3-dimethylphenyl)methyl group,
(2,4-dimethylphenyl)methyl group,

(2,5-dimethylphenyl)methyl group,




, 6-di et hyl phenyl ) met hyl group, (3, 4-dinethyl phenyl)nethyl group,
I met hyl phenyl ) met hyl group, (2,3,4-trinethyl phenyl) nethyl group, 5
trimet hyl phenyl ) met hyl group, (2,3,6-trinethylphenyl) nethyl group,
t ri met hyl phenyl ) met hyl group, (2,4,6-trinethylph@ﬁ%ﬁ@pﬁﬁgﬂﬁgggroup,
, 4, 5-tetramet hyl phenyl ) met hyl group, 10
, 3,4, 6-tetranet hyl phenyl ) et hyl group, (2,3,5,6-tetranethyl phenyl) net hyl
oup, (pentanethyl phenyl)nethyl group, (ettyl phenyl)nmethyl group,
(n-propyl phenyl ) net hyl group, (isopropyl phenyl)nethyl group,
(n-butyl phesyd)imethyll pirenyd, ) sty bugyopbenyl ) net hyl group, 15
(tert-butyl phenyl) nmet hyl group, (n-pentyl phenyl)nethyl group,
( neopent yBpHKkedimeribydyhegrydiume thy hexyopbenyl ) met hyl group
(n-octyl phenyl ) met hyl group, (n-decyl phenyl)nethyl group,
(n- t et r af e prFRBSFhYRPDOAY Igmathy haPBe WPt net hyl group, ant hracenyl net hy
group and_the like, and.a_benzyl group is 20 preferable. Any of these
aral kyl §Pedpd &gty ipheny ﬁ@éﬁ@y£u$§???uted wi th a hal ogen atom such

as a dlugpringecato lLarin t ‘ om.ne atom iodine atomor the like,
an al ox§5gﬁo85EEg@ﬁ%%§§3§%§ﬁﬁﬁﬁgf%#iné%°§?hoxy group or the like, an
aryl oxy oYpe2 PUp-Sipt he like, an aral kyl oxy group
such asgg'géﬁzgrgiﬁgﬁgﬁggeﬁﬁ%e irl%efgnlét & The aryl group of the

substit ugst 4 XsLgrpmeterakhendi Jdetihy Orétgupavi ng 6 to 20 carbon atons, and
exanpl es thereof include 5 Cctober 2005

(2,4,6-trimethylphenyl)methyl group,

(

7 (2
(3,5-d
(2,3,5-
(3, 4,5-
(2,3,4
(2,3
ar

(2,3,4,5-tetramethylphenyl)methyl group,

10 (2,3,4,6-tetramethylphenyl)methyl group,
(2,3,5,6-tetramethylphenyl)methyl group,
(pentamethylphenyl)methyl group, {(ethylphenyl)methyl group,
{n-propylphenyl)methyl group, (isopropylphenyl}methyl group,
(n-butylphenyl)methyl group, {sec-butylphenyl)methyl group,

15 (tert-butylphenyl)methyl group, (n-pentylphenyl)methyl group,
(neopentylphenyl)methyl group, (n-hexylphenyl)methyi group,
(n-octylphenyl)methyl group, (n-decylphenyl)methyl group,
(n-tetradecylphenyl)methyl group, naphthylmethyl group,
anthracenylmethyl group and the like, and a benzyl group is

20 preferable.

Anyof these aralkyl groups may also be partially substituted
with a halogen atom such as a fluorine atom, chlorine atom,
bromine atom, iodine atom or the like, an alkoxy group such
as a methoxy group, ethoxy group or the like, an aryloxy group

25 such as a phenoxy group or the like, an aralkyloxy group such
as a benzyloxy group or the like, etc.

The aryl group of the substituent X is preferably an aryl

group having 6 to 20 carbon atoms, and examples thereof include




8 a phenyl group, 2-tolyl group, 3-tolyl group, 4-tolyl group, 2,3-xylyl
group, 2,4-xylyl group, 2,5-xylyl group, 2,6-xylyl group, 3, 4-xylyl
group, 3, 5-xylyl group, 2, 3, 4-trinethyl phenyl group, 2,3 5-trinet?ylphenyl
group, 2,3,6-trimethyl phenyl 5 group, 2,4,6-trimethyl phehfciehes@90s
3,4,5-trimethyl phenyl group, 2,3,4,5-tetranethyl phenyl group,
- 2,3,4,6-tetranet hyl phenyl group, 2,3,536-tetranethyl phenyl group,
pent anet hyi phenyl group, ethyl phenyl group, n-propyl phenyl group,
i sopropyl phenyl group, n-butyl phenyl 10 group, sec-butyl phenyl group,
tert - but al phenyl group, 2ntp2pllytpbupyl 3gtolpl geoppnt ¥+ phémtl ggoapp,
n- hexyl phenyl group, n-octyl phenyl group, n-decxlphenyl group,
n- dodecyPpRe¥yLYdr 8GpUDH- RefrXHdT\H GROHPL §r Bupyludparayp. Fr6éopylyl
anthracenél group and the like, and a phenyl group is 15 nore preferable.
Any of t HESBPar4 Frotps I8y Paldo BE QFBPPy%mj;ﬁTWKEQEFhW}P%e%Y%aIogen
atom such_as_a fl yocri ne .at chl orine atom . bropi ne.at I odi ne at om or
Che | keS=aPAl Posy Srouecnn i T afhiRy 3¢ 30B: BEiReRRgedinsiar "\ he
i ke angapyboxy  4f QUR rithetfi it ff%fa{r% 9% O4Ps5 0 e
aralkylogyag bup’sich "as a be zy1§§y ro 'or'thg FF&@?téﬁgﬁhﬁﬁil
substi t ugedupl, | ¥, 304QuER t@ft ranfe tH{PIHdmeNtgPons, @ Silyl group substituted
wi th a hydrocarbon group, and exanples of the hydrocarbon group include
al kyl grayps4haviegramethiQphardyin gows oS, 31806 ase drantbliy1phengl et hyl
group, n-propyl group, isopropyl group, n-butyl group, sec-butyl group,
t ert - but groups open tameshyyliphgnyuip gneyrentethyipheny h- aesyb, gr oup,
cycl ohexyl groug and the |ike, and aryl q{oups such as a phenyl 5 Cctober
2005 n-propylphenyl group, isopropylphenyl group, n-butylphenyl
10 group, sec-butylphenyl group, tert-butylphenyl group,
n-pentylphenyl group, hneopentylphenyl group, n-hexylphenyl
group, n-cctylphenyl group, n-decylphenyl group, .
n-dodecylphenyl group, n-tetradecylphenyl group, naphthyl
group, anthracenyl group and the like, and a phenyl group is
15 more preferable.
Any of these aryl groups may also be partially substituted
with a halogen atom such as a fluorine atom, chlorine atom,
bromine atom, iodine atom or the like, an alkoxy group such
as a methoxy group, ethoxy group or the like, an aryloxy group
20 such as a phenoxy group or the like, an aralkyloxy group such
as a benzyloxy group or the like, etc.
The substituted silyl group of the substituent X is a silyl
group substituted with a hydrocarbon group, and examples of
the hydrocarbon group include alkyl groups having l to 10 carbon
250 atoms such as a methyl group, ethyl group, n-propyl group,
isopropyl group, n-butyl group, sec-butyl group, tert-butyl
group, isobutyl group, n-pentyl group, n-hexyl group,

cyclohexyl group and the like, and aryl groups such as a phenyl



9 group and the like, etc. As such substituted silyl group having Ito 20
carbon atons, for exanpl e, nono -substituted silyl groups having 1 to 20
carbon atons such as a nethylsilyl group, ethylsilyl group, phenylsilyl
group and the like, 5 di-substituted silyl groups havi ng® @deber® &Qﬁbon
atoms such as a dinethylsilyl group, diethylsilyl group, diphenylsilyl
group and the like, tri-substituted sigyl groups such as a trinethylsilyl
group, triethylsilyl group, tri-n-propylsilyl group, triisopropylsilyl
group, tri-n-butylsilyl group, 10 tri-sec-butylsilyl group,
tri-tentgiaty bnd yhe dikep, etcri i Znbuch subbytitubed silyrl girotw Mavedadnyl sil yl
group, tri-n-pentylsilyl group, tri-n-hexylsilyl group

tricycl dhtR@A0seaybogahams i £PprasamBle y Mogoosy batd tuked sitdyl greupsr e
|isted, and preferable are a trinethylsilyl gro

tert- butbﬁ rh%t%yF%l??Ic@FBBB F5EMS; ISHENAS 9 ﬂgﬂ?%ﬁilyAnﬁrSPthese
bstitut tiall bst t ed th hal

ot om suBt TS YL CEFAES B Bﬁ?nxﬁfﬁ&aﬁ&gagrrﬁ'@may%c} R LLEEm (oaine atomand

the kikey; félf@é@:? té’éoé’:f’l uﬁ @ﬁsah%@ Xé’i%%tp’ca?t?:ﬂﬁ(y &in?é’%%d the

li ke, an a oxy group as a phenoxy group an

aral kyl gy agrﬁ%tm @&wyl@ﬁtﬂ@ymfﬂdgkbapl | g8 pn@ tx:srlsm?:@l koxy
group of the substltuent X Is preferably an al koxy ~group havi ng

carbon ajrutp @d txanpiks,t beiesuibstdiuded aimilhasowwSupuehhayya
group, n- pr opoxy n-propoxygroup, igroup, 25 n-butoxy group, sec-butoxy

group, ttﬁinabhy;ﬁximﬂ-gmxﬂmntmxyet@mdwpﬂiﬁegpenpoxyr@Foupropyﬂsxdmy.group
n- oct oxy group, dodexoxi grou n- pent adexoxy group, n-i coxoxy group and
the |i€Eo%hd miﬁcﬁ'@%}* BEeYar erauﬁ'et k&ky gy 1k Hokya%xeeRp, 5 Oct ober

200?0 tri-sec-butylsilyl group, tri-tert-butylsilyl group,
triisobutylsilyl group, tert-butyldimethylsilyl group,
tri-n-pentylsilyl group. tri-n-hexylsilyl group,
tricyclohexylsilyl group, triphenylsilyl group and the like,
etc. are listed, and preferable are a trimethylsilyl group,

15 tert-butyldimethylsilyl group and triphenylsilyl group.

Any of these substituted silyl groups may also be partially
substitutedwithahalogen atomsuchasafluorine atom, chlorine
atom, bromine atom, iodine atom and the like, an alkoxy group
such as a methoxy group, ethoxy group and the like, an aryloxy

20 group such as a phenoxy group and the like, an aralkyloxy group
such as a benzyloxy group and the like, etc.

The alkoxy group of the substituent X is preferably an alkoxy
group having 1 to 20 carbon atoms, and examples thereof include
amethoxy group, ethoxy group, n-propoxy group, isopropoxy group,

25 n-butoxy group, sec-butoxy group,. t—Butoxy group, n-pentoxy
group, neopentoxy group, n-hexoxy group, n-octoxy group,
n-dodexoxy group, n-pentadexoxy group, n-icoxoxy group and the

like, and more preferable are a methoxy group, ethoxy group,




10 and t-butoxy group. Any of these al koxy groups may al so be partially
substituted wth a hal ogen atom such as a fluorine atom chlorine atom
brom ne atom iodine atomor the |Iike, an al koxy group such 5 as a net hoxy
group, ethoxy group or the like, an aryloxy group such 28&dobgref¥}y group
or the like, an aral kyl oxy group such as a benzyl oxy group or the |ike,
etc. The aral kyl oxy group of the subsiptuent X is preferably an aral kyl oxy
group having 7 to 20 carbon atons, and exanples 10 thereof include a
benzyl oxy group, (2-nethylphenyl)mnmethoxy group, (3-nethyl phenyl)nmethoxy
group, (4ndetbyhpbeygygreriphoxy group, (2, 3-dinethyl phenyl)nethoxy group,
(2, 4-di et hyl phenyl ) met hoxy group, (2, 5-dinethyl phenyl ) nmet hoxy group, 15
(2, 6- di met hymhefiyiNews hdipxyr gopups MavalsedenDaphdadlynsihakd tgkedp,
(3, 5-di net hyl phenyl ) net hoxy group, (2,3,4-trinmethyl ph | ) pet ho group,
(2, 3, 5- twitiet ayhpheaon) AEPRoRECHr 8§p 2 FAVCF 1R 4L Mpt ‘b‘%ﬁb‘ﬁ?l?ﬁ%‘f’hoxy
group, (2,4,5-trinethyl phenyl ) nethox r
(2, 4 6- (PF LRG| PSRyl -RBLRAGK FGT0R Tt LAKE « AT AMSTER T YRetRaRy
group, 2,3,4,5-tetranet hyl ayl o) TealD
(2. 3!%4, 35 13 e [ GRETR %Fﬁg&y&%’ﬁ%ﬁp&? tHP YR ke5an aryloxy group
(2,3,56:telr | I Y tHe0YRke , (£€ M PAELPYOR bhped ey
%%%ﬁ% R % tHEOYRKe PYbRYEGHONPBY

group, (%? oup, (n-propyl phenyl) et hoxy group,
(i sopr opyk pRepyh L FRbRX yroug-ithameWike, etc.
The aralkyloxy group of the substituent X is preferably
an aralkyloxy group having 7 to 20 carbon atoms, and examples

10 thereof include a benzyloxy group, (2-methylphenyl)methoxy

.~ group, (3-methylphenyl)methoxy group.,
{4-methylphenyl)methoxy group, (2,3-dimethylpheny;)methoxy
group, (2,4-dimethylphenyl )methoxy group,
(2,5-dimethylphenyl)methoxy group,

15 (2,6-dimethylphenyl)methoxy group,
(3,4-dimethylphenyl)methoxy group,
{3,5-dimethylphenyl)methoxy group,
(2.3,4-trimethylphenyl)methoxy group.
(2,3.5-trimethylphenyl)methoxy group,

20 (2,3,6-trimethylphenyl)methoxy group,
(2,4,5-trimethylphenyl)methoxy group,
(2,4,6-trimethylphenyl)methoxy group,
(3,4,5-trimethylphenyl)methoxy group,
(2,3.,4,5-tetramethylphenyl)methoxy group,

25 (2,3,4,6-tetramethylphenyl)methoxy group,
(2,3,5,6-tetramethylphenyl)methoxy group,
(pentamethylphenyl)methoxygroup,(ethylphenyl)methoxygroup,

(n-propylphenyl)methoxy group, (isopropylphenyl)methoxy



11 group, (n-butyl phenyl)nethoxy group, (sec-butyl phenyl)nethoxy group,
(tert-butyl phenyl) met hoxy group, (n-hexyl phenyl) nethoxy group,
(n-octyl phenyl ) met hoxy group, (n-decyl phenyl)methoxy group, 5
(n-tetradecyl phenyl ) met hoxy group, napht hyl met hoxy. gr oup? October 2005

ant hracenyl met hoxy group and the like, and nore preferable is a benzyl oxy
group. Any of these aral kyl oxy groupsipay al so be partially substituted
wi th a hal ogen atom such as a fluorine atom chlorine 10 atom brom ne
atom iodine atomor the |ike, an al koxy group such as a nethoxy group,

et hoxy ggeonpor ( hhbultiyke@hemy lojmd tthoxy ggoeppsuch as a phenoxy group or the
| i ke, an aral kyl oxy group such as a benzyl ox roug or the like, etc. The
aryl oxy gseupbutYﬂDBegwﬂémqﬁhﬂﬁY)9ﬂQﬂRM€!%¢§%fgu§H phenylymesraioup

having 1 to 20 carbon atons, and exanpl es thereof .include ﬁ Iﬁéﬁﬁgroups
havi ng g%‘@}:ﬁ@l (:I%rBBﬁY&PBﬁE‘Y%L]&I%’Qt 3 lgﬁ'lﬁé’ﬁ’ox§“g“l’QﬁFé’,lp§‘Zl%’g_ W?h I hy
group, 3-nethyl phenox roup - enoxy group, 2, 3-dinethyl phenoxy
group, ZQEQHPWEEHYBB &g?fQ¥%ﬁﬂf€g§%£2é%ﬁH%ylphenoxy group, 20

L S

2,3,6-t fa&hﬁx{:eﬁwm&en%&uamug 4n8-tHé MY BRRNASYeIpPEBerable is

2,4, 6-trinethyl phenoxy group, , 4, 5-trinmet hyl phenoxy group,
2,3,4,5-gebéaaylbx?pbeagﬁu 25 group, 2, 3,4, 6-tetranet hyl phenoxy group,
2,3,5, 6-tetranet hyl phenoxy group, pentanethyl phenoxy group, ethyl phenoxy
group, n-prayy phendxesgr auplkiviopropybpbenmay ajrssue reatiabhenoxy

group, sec-butyl phenyl group, 5 Cctober 2005 . .
. substitutedwith ahalogen atom such as a fluorineatom, chlorine

10 atom, bromine atom, iodine atom or the 1ike, an alkoxy group
such as a methoxy group, ethoxy group or the like, an aryloxy
group such as a phenoxy group or the like, an aralkyloxy group
such as a benzyloxy group or the like, etc.

The aryloxy group of the substituent X is preferably an

15 aryloxy group having 1 to 20 carbon atoms, and examples thereof
include aryloxy groups having 6 to 20 carbon atoms such as a
phenoxy group, 2-methylphenoxy group, 3-methylphenoxy group,
4-methylphenoxy group, 2,3-dimethylphenoxy group,
2,4-dimethylphenoxy group, 2,5-dimethylphenoxy group,

20 2,6-dimethylphenoxy group, 3,4-dimethylphenoxy group,
3.5-dimethylphenoxy group, 2,3,4-trimethylphenoxy group,
2,3,5-trimethylphenoxy group, 2,3,6-trimethylphenoxy group,
2,4,5-trimethylphenoxy group, 2,4.,6-trimethylphenoxy group,
3,4.5-trimethylphenoxy group, 2,3,4,5-tetramethylphenoxy

25 group, 2,3,4,6-tetramethylphenoxy group.
2,3,5,6-tetramethylphenoxy group, pentamethylphenoxy group,
ethylphenoxy group, n-propylphenoxy group, isopropylphenoxy

group, n-butylphenoxy group, sec-butylphenyl group,



12 tert-butyl phenoxy group, n-hexyl phenoxy group, n-octyl phenoxy group,
n- decyl phenoxy group, n-tetradecyl phenoxy group, naphthoxy group,

ant hracenoxy group and the |ike. Any of these aryl oxy groups may al so be
partially substituted 5 with a hal ogen atom such as a f¥ Gotober 2005m
chlorine atom brom ne atom iodine atomor the |ike, an al koxy group such
as a methoxy group, ethoxy group or tRe like, an aryloxy group such as a
phenoxy group or the like, an aral kyl oxy group such as a benzyl oxy group
or the like, etc. 10 The di-substituted am no group of the substituent X is

an  ani neegioHtSHdridkegdrouph i vie AyLioses e greul s - o8¢l pREAGRYES of
t he hydrocarbon group include al kyl groups having 1 to 10 carbon atons

such as araphyn-gremyd pheirosty ggoopwp , NR ptepyadegydpheniosyprgmdp gr oup
n- butyl group, sec-butyl group, 15 tert-butyl group, isobutyl group,

n- pent yl ngpbipoxy- IBoUP grasuiracgedsyiesydupr ang ihe tli&kd.i ke, and aryl
groups such as a phenyl group, and the |ike. Exanples of such

di - subsuttu%HYéﬁﬁﬂPS%ﬁSﬁﬁngﬂﬂQRkﬁEaﬂﬁ%QQQ$QﬁF&éaiiﬁﬁFb%W%ﬁ%@¢%n1no
ro | am_no di o r m no 0 - n- but yl am no
groﬂs‘3 §g‘c %Iogrﬁ"né %Bmh éﬁlss p %3” C?i“gr ﬂ?%s%%clﬂjﬁ‘zl ani no
t I d
di - n- oct y?éhaiﬁ% e L e LT 3&854‘3% LR R gyon
b' strimegQyh $id sHuy @Q‘cﬁfﬁw@th%§gbb§bﬁﬁr6f ke haiwEet By éi*l&ﬁ@ g%lgs oup and
the like, and preferable are a met hyl am no group, diethylam™o group.

As the ge@up 88Va hendyie QRip adi ¢he- LyRe, aah drskeyebef godup ach
substituent X, there are listed 17 5 October 2005
as a benzyloxy group or the like, etc.

10 The di-substituted amino group of the substituent X is an
amino group substituted with two hydrocarbon groups, and
examples of the hydrocarbon group include alkyl groups having
1 to 10 carbon atoms such as amethyl group, ethyl group, n-propyl
group, isopropyl group, n-butyl group, sec-butyl group,

15 tert-butyl group, isobutyl group, n-pentyl group, n-hexyl group,
cyclohexyl group and the like, and aryl groups such as a phenyl
group, and the like. Examples of such di-substituted amino
groups include a dimethylamino group, diethylamino group,
di-n-propylamino group, diisopropylamino group,

20 di-n-butylamino group, di-sec-butylamino group,
di-tert-butylamino group, diosobutylamino group,
tert-butylisopropylamino grcup, di-n-hexylamino group,
di-n-octylamino group, dl-n-decylamino group, diphenylamino
group, bistrimethylsilylamino group,

25 Dbis-tert-butyldimethylsilylamino group and the like, and
preferable are a dimethylamino group, diethylamino group.

As the group having a cyclopentadiene-type anion skeleton

of the substituent X, there are listed?n



13 5-(substituted) cycl opentadi enyl group, n 5-(substituted)indenyl group,
n5- (substituted)fluorenyl group and the |like. Specific exanples thereof
are a n 5-cycl opent adi enyl group, n5-nethyl cycl opentadi enyl group, n 5

5-di net hyl cycl opent adi enyl group, n 5-trinethyl cycl opend &ttitebgd 2@0%up, n
5-tetranet hyl cycl opent adi enyl group, n 5-pentanet hyl cycl opent adi enyl group,
n 5-ethyl cycl opentadi enyl group, n5-njgropylcyclopentadienyl 10 group, 77
5-i sopropyl cycl opent adi enyl group, n 5-n-butyl cycl opent adi enyl group, n
5-sec-butyl cycl opent adi enyl group, n b5-tert-butylcycl opentadi enyl group, n

5-n-pent&J@@gﬁgﬁ&ﬁ@ﬁ@aga?b1gb@umadaeh§15;ﬁgﬁggntylcyclopentadienyl group, n
5- n- hexyl cycl opent adi enyl group, n5-n-octyl cycl opentadi enyl group,

n5- phenyl-oymitpeht atednyhdgnglpgroups- maphldybsyttopea) sduemenygr oup, n
5-trinmethyl silylcycl opentadi enyl group, n 20
5-tri et greupyandctbpediddi.enfpegifip, examples thereof are a 7

5-tert-butyl di nmet hyl silyl cycl opent adi enyl group, n5-indenyl group,
n5- met hyl-S¥sekRRe g%@%?“ﬁ%&ﬁ%rhﬂasﬁmfé%wlﬁf eptadienyygrmeny(? group,

n5- n<pr opy).i nden rou -i sopropylindenyl group, n5-n-butylindenyl
Groud e dt Lo Ben el pRGECBRERE Ty 1 - buryl | ndenyl or oup.

5- n- pentsyli qﬁPMI P yli nyl, group, n 5-n-hexyli ndenyl
group, nSJﬁﬂbc y:¥%%§%£ pg&%ﬁ§?8ﬁ935§%a§§dyfﬁndenyl group, n5-phenylindenyl
group, r 3ol hyP&Pclopentadienyl group, 7

S-pentamethylcyclopentadienyl group, 7
*-ethylcyclopentadienyl group, 7 °-n-propylcyclopentadienyl

10 group, 7n°-isopropylcyclopentadienyl group, 7
-n-butylcyclopentadienyl group, 7
5-sec—butylcyclopentadienyl group, 7
5~tert-butylcyclopentadienyl group, 7
*-n-pentylcyclopentadienyl group, 7

15 S-neopentylcyclopentadienyl group, 7
*.n-hexylcyclopentadienyl group, ﬂ5—n—octylcyclopentadienyl
group, 7 °-phenylcyclopentadienyl group, 7
S_naphthylcyclopentadienyl group, 7
5-trimethylsilylcyclopentadienyl group, 71

20 ®-triethylsilylcyclopentadienyl group, 7
5—tert~butyldimethylsilylcyclopentadienyl group, 7°-indenyl
group, ns-methylindenyl group, n5-dimethylindenyl group, 7
>_ethylindenyl group, ﬂs-n-propylindenyl group, 7N
*_isopropylindenyl group, 7°-n-butylindenyl group, 7

25 5-sec—butylindenyl group, ﬂs-tert—butylindenyl group, 7
5-n-pentylindenyl group, ns—neopentylindenyl group, 7
*-n-hexylindenyl group, 7°-n-octylindenyl group, 7

*-n-decylindenyl group, ns-phenylindenyl group, 7N



14 5-net hyl phenyl i ndenyl group, n5-naphthylindenyl group, n
5-trinmethylsilylindenyl group, n5-triethylsilylindenyl group,
n5-tert-butyl di nethyl silylindenyl group, n 5-tetrahydroi ndenyl group,
n5-fluorenyl group, n 5 5-nethylfluorenyl group, n5-di nme?@atobercz@iy|
group, n 5-ethylfluorenyl group, n5-diethylfluorenyl group, n
5-n-propyl fl uorenyl group, n5-di-n-pregylfluorenyl group, n

5-i sopropyl fl uorenyl group, n5-diisopropylfluorenyl group, 77
5-n-butyl fl uorenyl group, n5-sec-butylfluorenyl group, n 10

5-t ert - bulnd dh ey 1 9ha8Ay 17 hroudi,- m buiaphithpl engenglogpoup, 7
5-di -sec-butyl fluorenyl group, nb5-di-tert-butylfluorenyl group,

n5- n- pent-tifimsrieyys iy bipden§lngopept yi f + toiehbiylsglydgndenyl group,
5-n-hexylgluorenyl group, n5-n-pctx[fluorenyl group, n5-n-decyl fluorenyl
group, nB-ntg¢sdedptivldimethysblplindesyd- gwemp . f |Morenyl group, n 5
- di - phenyl fl uorenyl group, n 5-methy] phen IquorenéI group,
715- naphtthA 57wy ¥n§?Bﬁb,97?uP5-ti?ﬁﬁqﬁk%ﬁ¥§I9F BPenyl group, n
5-bi s-tri nethyl '#%Ifluo enyl _aro . -tr'ﬁ%h |silylfluQren group, n
20 5- erﬁﬂﬁﬁ%&i% ?ﬁ??gil9¥?P30rgﬁ;ﬂ%ﬂéiﬁ¥%. u¥ﬁ§n¥¥k%F8§Hd ¥;preferable
are a nbs( Leny| ogLauP. #E. & Y& t gdbgpy! n9roup, n
5-tert-bu3%§%§cioﬁ%ﬁ%§gleﬂyF gfoup, n - etranetﬁ@?c c?ogentadienyl group,
N 25 5- penf ESAY] £Y¢b PRI asEeay| 9P0HR-nRbTrbRFATuHRI aBGUD, 7
5-fluorenyl "group. 77 is sonetinmes omtted. X in the above-nentioned
gener al f-argBropylf Ieprengdigrdupx tobeti Rfiiropylfluorenyl group, 7
S.n-butylfluorenyl group, 0°-sec-butylfluorenyl group, 7
10 S-tert-butylfluorenyl group, 7 °-di-n-butylfluorenyl group, 7
5_.di-sec-butylfluorenyl group, n5-di-tert-butylfluorenyl
group, 75-n-pentylfluorenyl group, ns-neopentylf;uorenyl
group, 7°-n-hexylfluorenyl group, n5-n-octylfluorenyl group,
n°-n-decylfluorenyl group, n°-n-dodecylfluorenyl group, 7
15 ®*-phenylfluorenyl group, n°-ai-phenylfluorenyl group, 7
*.methylphenylfluorenyl group, ns-naphthylfluorenylgroup, n
S_trimethylsilylfluorenyl group, 7
S_bis-trimethylsilylfluorenyl group, 7
S_.triethylsilylfluorenyl group, 7
20 S-tert-butyldimethylsilylfluorenyl group and the like, and
preferable are a7 °-cyclopentadienyl group, 7
5_methylcyclopentadienyl group, 7
5_tert-butylcyclopentadienyl group, 7
5_tetramethylcyclopentadienyl group, 7
25 >-pentamethylcyclopentadienyl group, 7 3-indenyl group andn
5_fluorenyl group.

“ns—" is sometimes omitted.

X' in the above-mentioned general formula [{1l] represents



15 a counter anion, and is an anionic group which is not coval ent-bonded
to but free ionically fromM and for exanple, conjugated bases of
Bronsted acids are listed. X is preferably F-, Cl-, Br,_ |-, BF4 ,
B(phenyl )4- or PF6-. 5 L in the above-nentioned general % &iGieRker 4005
represents a group which bonds to Mor M by lone pair or It electron.
The group which bonds to Mor M by askone electron-pair is a neutral

| i gand whi ch bonds to Mor M by a coordi nate bond, and exanpl es thereof
i nclude ethers such as diethyl ether, 10 tetrahydrofuran, diethoxyethane;

ani nes sycRoARthE ghRvhamane N MV alod £& r gPBLPYVRLENK! egedican ne;
pyri di nes such as pyridine, 2,6-dinethylpyridine, quinoiine; phosphines

such as cévamehhybphasghtoaut Freehybphoapliyneromm plasdyE phospdimpbe ,

di met hyl phenyl phosphi ne, net hyl di phenyl phosphi ne, 15

1, 2- bi s(dongtgukpldassnof Eridasded d¢dbiagiedl &% bef phosbhis et ¢rately

1, 2- bi s(di phenyl phosphi no) et hane, 1, 3-bi s(di phenyl phosphi no) pr opane;

nitril esFsuc@las Bcetodi tr BFe, . bBARBANYA)ke @RdPThe |i ke, an end-on type

nitrogen 20 npl ecul e and carbon nnno-oxideg $nd t he Ith, and preferable
h ,

are Petrahydr furidie PRy RrMANt1@REYEERGTALNFPEAR % Filde TERRATRI TR,
o bl 2 SEHbBRBEEh Raphen s SEH BRI RGNS 0R0% 65 8 Rune.
L, 3- b s(di DRANY| AP U tPLIANMY iy ANGneAhR R RGde.  The
group whi ch ‘bonds t or M by alt electron™is a neutral 16
is a neutral ligand which bonds to M or M' by a coordinate bond,
and examples thereof include ethers such as diethyl ether,

10 tetrahydrofuran, diethoxyethane; amines suchastriethylamine,
N,N,N',N'-tetramethylethylenediamine; pyridines such as
pyridine, 2,6-dimethylpyridine, quinoline; phosphines such as
trimethylphosphine, triethylphosphine, triphenylphosphine,
dimethylphenylphosphine, methyldiphenylphosphine,

15 1,2-bis(dimethylphosphino)ethane,
1,2-bis(diethylphosphino)ethane,
1,2-bis(diphenylphosphino)ethane,

1, 3-bis(diphenylphosphino)propane; nitriles such as
acetonitrile, benzonitrile and the like, anend-on type nitrogen

20 molecule and carbon mono-oxide, and the like, and preferable
are tetrahydrofuran, N,N,N',N'-tetramethylethylenediamine,
pyridine, dimethylphenylphosphine,
1,2-bis{dimethylphosphino)ethane,
1,2-bis{diethylphosphinoc)ethane,

25 1,2-bis(diphenylphosphino)ethane,
1,3-bis(diphenylphosphino)propane, acetonitrile and carbon
mono-oxide.

The group which bonds toMor M' bya @ electron is a neutral



5 October 2005 |igand which bonds to Mor M by a nulti bonding orbital,
and exanples thereof include olefins such as ethyl ene, propylene and the
| i ke, dienes such as butadi ene, 2,4-hexd8iene, 1, 4 -diphenyl but adi ene;

ket ones such as acetone, benzophenone; 5 a side-on typed Ridiolryet00ol ecul e,
and the like, and preferable are olefins and dienes, and nore preferable
are et hylene, butadiene, 2,4-hexadi ene and 1, 4-di phenyl butadi ene. k, 1, m
o and p each independently represent an integer of 0 to 5, and n

repr esent sli@gandiepéehobondsot@ Mot M bg abmuztiehbhanag gepetal ,f angul a
[1]. 1, m o and p are preferably selected so as to satisfy q Z o+n; r
Zmtn; n+o+pFamBEes thareefvinghude pbefinanvach as athytens, ipropelérei odi ¢

Tabl e are represen by and r, respectively. k is preferably selected
so as to s%??s?@ekigg?!og eaef, Spah, %(PqﬁﬂdigPﬂiz?n@'&ﬁxﬂG4§éﬁs of M and

M ilvely.. As th Il al st t

MDY M S BAetly Bl bn e CBREEh X Ren E ad B Hehr ek anaRe o

f | ' L £ i . { 005 17
Ve BN e ol Sype R IR SREHA SRuRET, S TR L1 RE, bRk ls
conpound aird helgfiws ahndodnshas, &nld Wit proddCaPiEsend &PNFDLLAN 1S

produced by ,for exanple, a nethod
butadiene, 2,4-hexadiene and 1.,4-diphenylbutadiene.
k, 1, m, o and p each independently represent an integer
of 0 to 5, and n represents an integer of 1 to 3 in the
10 above-mentioned general formula [1]. l, m, o and p are
preferably selected so as to satisfy g=o+n; r=m+n; Nn+o+p
=6 and n+1+m=6 when group numbers of M and M' in the Periodic
Table are represented by g and r-, respectively. k ispreferably
selected so as to satisfy k=s+t-o-m-2 when the formal oxidizing
15 numbers of M and M' are represented by s and t, respectively.
As the partial structure M(N,;),M' in a transition metal

compound of the above-mentioned general formula [l1], the

following structures are exempiified.



described in Organonetallics, Vol. 13, p.3764-3766 (1994). 5 Specific
exanpl es of a conpound of the general fornmula [1] include transition netal
conmpounds such as [chlorotetrakls(trlnethylphosphlne)tungften
(U-dinitrogen)[trichlorotitaniunmi, [chlorotris( ctober 2005
trinethylphosphine)(pyridine)tungsten](u 10
-dinitrogen)[trichlorotitaniuni,
[chlorotetrakis(triethylphosphine)tunéZten] ('.t
-dinitrogen)[trichlorotitaniuni,
[chIorotr|s(thﬂe+hyq;ﬂnmﬂwmhnﬁm1pyr|d|ne)tungsten] (g -dinitrogen)
[trichlorotitanium, 5 October 2005 18
(chlorotetrakls(trlphenylphosphlne)tungsten] (re
-dinitrogen)[trichlorotitaniun,

[chl orotris(tMpRreNATROFFREMY) (pyri di ne)tungsten] (11 -dinitrogen)
[trichlorotitanium, 5 [chlorotetrakis(dinethyl phenyl phosphi ne)tungsten] (u-
-dinitrogen) [trichlorotitaniuny,

[chlorotris(déﬂgxh hepylphpgsphi ne) (pyri di ne)tungsten] (u -dinitrogen)
[trichlorotit TTﬂﬂng_rgﬁTﬁfg@etrakis(nethyldiphenylphosphine)tungsten] (It
10 -dinitrogen) [trichlorotitaniuny,

[ chl orotris(met hyl di phenyl phosphi ne) (pyri di ne)tungsten] (u -dinitrogen)

[trichlorotitaniu [ chl orobi s{1, 2- bi s(di net hyl phosphi no) et hane} t ungst en]
(u -dinitrogeny” Phchlorotltanlun] 15
[ chl orobi s{1, ﬁﬂiﬁ) hyIphosphlno)ethane}tungsten] (I -dinitrogen)
[trichlorotitani [ chl orobi s{1, 2- bi s(di phenyl phosphi no) et hane} t ungst en]
(/12
T |
N
N{fif \\\hﬂ'
~. .
T
N
A transition metal compound ¢f the general formula [1] used
in the present invention is produced by ,for example, a method
described in Organometallics, Vol. 13, p.3764-3766 (1994).
5 Specific examples of a compound of the general formula [1]

include transition metal compounds such as
[chlorotetrakis{trimethylphosphine)}tungsten]
(it -dinitrogen)[trichlorotitanium],
[chlorotris(trimethylphosphine) (pyridine)tungsten]( &
10 -dinitrogen)}[trichlorotitanium],
[chlorotetrakis(triethylphosphine)tungsten] {4«
-dinitrogen)[trichlorotitanium],
[chlorotris{triethylphosphine)(pyridine)tungsten] (u

~dinitrogen) {trichloretitaniumj,



-dinitrogen)[trichlorotitaniuni,

[ chl orobi s{1, 3- bi s(di phenyl phosphi no) propane}tungsten] (U 20
-dinitrogen)[trichlorotitaniuni,

[chlorotris(trimethyl phosphine) (2, 6-di met hyl pyridine) 9 October2005
tungsten] (9-dinitrogen)[trichlorotitaniunm, :
[chlorotr[s(triethylphosphine)(2,6-diQ§;hylpyridine)tungst

en] (u-dinitrogen)[trichlorotitaniun], 25
[chlorotris(triphenyl phosphine) (2, 6-dinmethyl pyridine)tungs ten]

(! L-di ni trQGeiDoddedob 9 0t pRBhYIbhosphine ) tungsten] (4

[ chl orotris(di met hyl phenyl phosphi ne) (2, 6-di net hyl pyri di ne) tungsten]

(!. t-dinitggueDoddn ) Cht DeRLbranitahium]Qct ober 2005 19
[chlorotris(trimethyl phosphine)(quinoline)tungsten] (It -dinitrogen)
[trichl orjehlcardtuns ( t1phenpl phophioel | pywdddmeldyyngs ¥@® 1 n€¥t ungst en]
(/U -dinitrogen) [trichlorotitaniuny, 5

[ chl or ot r-dsitirtinsraeny) phtebanberegita8iAdyt ungsten] (9 -dini trogen)
(trichlorotitanium, . . .

[ chl oPot rlicilanatehtaten(AHRe SRR RBL R IPRESPRIPEI AL ™| p! “di ni t rogen)
(trichlor

[chIoro(téﬁi&ﬁ%ﬁﬁggi%e&ﬁ%??%%?F?ﬁ%Fﬁ?ﬁBﬁaéphine)tungsten] 10

[chi or of {SHERAIrH (e fhil Ao ppogphine) (pyridine) tungstend (2 )
%E:H gm)?'[_ce%ilr&éh%%dr%gf%)r a[ngﬁi?g%?f?gﬁgﬁ;lﬁgﬁgéphi ne)tungsten] (9

- di ni t r ogeinldrotdt naiot s (methipl dipbenylphosphine) tungsten] (4

[chl oro(tetrahydrofuran)tris(di nethyl phenyl phosphi ne)tungs ten]

(/ L- dDni t+digeirfrdgen khi or behlenptikfanpismloer o( di et hyl
ether)trifﬁé&éﬁﬁé%ﬁé%ﬁﬁ%ﬁ;f&%éﬁg ;&SﬂLsgﬁEne)(pyridine)tungsten] (u
-dinitrogen} [trichlorotitanium], _
[chlorobis{l,2-bis(dimethylphosphino)ethane}tungsten] {u

-dinitrogen) [trichlorotitanium],

15 [chlorobis{l,2-bis(diethylphosphino)ethane}tungsten] (X4
-dinitrogen) [trichlorotitanium],
[chlorobis{l,2-bis(diphenylphosphino)ethane}tungsten} (K
-dinitrogen)[trichlorotitanium],
[chlorobis{l,3-bis(diphenylphosphino)propane}tungsten] { 1L

20 -dinitrogen)[trichlorotitanium],
_[chlorotris(trimethylphosphine]{Z,G-dimethylpyridine)
tungsten](LL-dinitrogen)[trichlorotitanium],
[chlorotris(triethylphosphine)(2,6—dimethylpyridine)tungst
en] (4 -dinitrogen)[trichlorotitanium],

25 [chlorotris(triphenylphosphine)(2,6-dimethylpyridine)tungs
ten] (i -dinitrogen) [trichlorotitanium],
[chlorotris(dimethylphenylphosphine}(2,6-dimethylpyridine)

tungsten] (4 -dinitrogen) [trichlorotitanium],



-dinitrogen)[trichlorotitaniuni, [chloro(diethyl
ether)tris(triethyl phosphi ne)tungsten] (Lt-dinitrogen) 20
[trichlorotitaniun], [chloro(diethyl
ether)trls(trlphenylphosphlne)tungsten] (1t - di ni t rogen) 5 October 2005
[trichiorotitaniun], [chloro(diethyl
ether)tris(dinethylphenylphosphine)tUﬂgsten] (,u -dinitrogen)
[trichlorotitanium, 25
[chloro(acetonitriIe)tris(trinethylphosphine)tungsten] (u -dinitrogen)

Lot of Sk ant HL kR RLACRRANY) (R PLAE FLhyLRBRSPR! o) Ungst en
[Ch|Oro(a&fﬁ¥9£3%%#?)i&ki@hﬁb&@&qﬂdﬂyﬁmyy ne)tungsten] (u -dinitrogen)

[trichloroti

[ChlOr0(ﬁ&ﬁi@fbﬁfigei&&é%hngab@ﬂnmaﬁwmqﬂﬂnﬁmum@)tuﬁgsteﬂliku

(u-dinitrogen) [trichlorotitanium,

[chIoro(b@ﬂggﬁr&geh¢)[tribh&b&ekﬁwamhmmﬂhlne)tungsten] (u -dinitrogen)
[trichlorotitaniunm, [chloro(benzonitrile)tris(triethyl phosphine)tungsten]
(u Hdi n[d:mbgmtcristtrmphenmlmﬂsmmne)(quinolme)tungsten] (K
[chloro(benzonltrlIe)trls(trlphenylphosphlne)tungsten] (u 10 -dinitrogen)
[trlchIOT®imiﬁn¢9ﬁ? [ 8L 6hdoFetAGANYM Jo)

LT ih oFenTetnrats Q‘i’ﬁgﬁba‘i%% S Rt (A DERRL EoneREs Pangst en] (u

-dinit t hi t
[chrgrg? §p%8%yqlc Orf € %éﬁfkospglne}?uAgsten] (u -dinitrogen)
[tr'Ch'0f8ﬁi$f@tH&lrah&ﬁ?h@h?ﬁﬁ%&&quEkhméﬂﬂylﬂﬁﬁﬁﬁﬁﬂﬁé§ﬁﬁh§§iéﬂmgSten] (u

10 (i -dinitrogen) [trichlorotitanium],
[chloro{tetrahydrofuran)tris(triethylphosphine)tungsten]
{4 -dinitrogen) [trichlorotitanium],
[chloro(tetrahydfofuran)tris(triphenylphosphine)tungsten]
(4 -dinitrogen)[trichlorotitanium],

15 [chloro(tetrahydrofuran)tris{dimethylphenylphosphine)tungs
ten]( & -dinitrogen)[trichlorotitanium],

[chloro{diethyl ether)tris(dimethylphosphine)tungsten] (1
-dinitrogen)[trichlorotitanium], [chloro{diethyl
ether)tris(triethylphosphine)tungsten] (4 -dinitrogen)

20 [trichlorotitanium], [chloro(diethyl
ether)tris(triphenylphosphine)tungsten} (#-dinitrogen)
[trichlorotitanium], [chloro(diethyl
ether)tris(dimethylphenylphosphine)tungsten] (u
-dinitrogen) [trichlorotitanium],

25 [chloro(acetonitrilejtris(trimethylphosphine)tungsten} (u
-dinitrogen) [trichlorotitanium],
[chloro(acetonitrile)tris(triethylphosphine)tungsten] (L

-dinitrogen) [trichlorotitanium],



-dinitrogen) [trichlorotitaniuny,

[ chl oro(carbonyl)tris(di net hyl phenyl phosphi ne)tungsten] (u 20 -di nitrogen)
[trichlorotitaniun], [chloro(dimethoxyethane)bis(

tri pet hyl phosphi ne)tungsten] (u-dinitrogen)[trichiorot i @ataper 2005

[ chl oro(di met hoxyet hane) bi s(tri et hyl phosphi ne)tungsten] (L
-dinitrogen)[trichlorotitaniunl, 25 9
[chloro(dinethoxyethane)bis(triphenyld%osphine)tungsten](
u-dinitrogen)[trichlorotitanium,

a . tani | | . .
Lehi orof, &@ﬁ(&é&@éﬂﬂ?ﬂ@ﬁ RSO eaabs teRY (1

richlorotitaniuny,

[ chl or o(di 1vpt ¥wyeh haperbiaf sebhyitdinglity,l phosphi ne) tungst  en] (9
-dinitrogen) [trichlorotitanium, [chloro(

di pheny| [drosgas (@ed band £di s tirdsy @imerdytlpheatyeiphofphhine ptanggean
[trichlorotitanium, 5

[ chl or o(Mi pHedilndiowgembpl pbele) oo hbtavikymihane) t ungsten ]
(LL-dinitrogen) [trichlorotitanium, . )
[ chl 8r o(heNQro NperzeRARELAG) ETAFI(EndARtRYIPPASRR It Yggsten] (U

h hi t t -dinit trichl titani ,
[ohi or oL 48k L FERBERYPEBRIREREUd i ne) b s( 111 ot vl p 10
hosohi S i oh : :
[ont or oS Pententieli) SPERN SEak BN P Runggeent (1
hosphi ney4i4 LR ijchl titani :
Fcﬁfgrg?%lﬁ%iw&%)eg Fﬁﬁg{’ﬁﬁ’ﬁ?ﬁ%%ﬁggﬁ‘gﬁ] ng; gi Is(gimml;;ﬂhyl p henyl phosphi ne)

t ungst enjcHlloxh (bénpdegeDt Filé bras ot phiengilphbsphine ) tungsten] ( 4
(chloro(N,N,N , N -tetranet hyl et hyl enedi am ne) bi s( net hyl di p

heny0phostinitagemkt Ebfi¢hldratitagammlftrichl orotitani unj,

Lo o o T oz o (bensohttEi18) Er i (Glnet AT pRE T 1PRePpHINS) tungs ten
] {4&-dinitrogen) [trichlorotitanium], .
[chloro(carbonyl)tris(trimethylphosphine)tungsten] (i
-dinitrogen) [trichlorotitanium],

15 [chloro{carbonyl)tris(triethylphosphine)tungsten] (&
-dinitrogen} [trichlorotitanium],
[chloro{carbonyl)}tris(triphenylphosphine)tungsten] {(u
-dinitrogen) {[trichlorotitanium],
[chloro(carbonyl)tris(dimethylphenylphosphine)tungsten]{ &

20 -dinitrogen) [trichlorotitanium],
{chloro(dimethoxyethane)bis(trimethylphosphine)tungsten]
(4 -dinitrogen)[trichlorotitanium],
[chloro({dimethoxyethane)bis{triethylphosphine)tungsten] (4
~dinitrogen}[trichlorotitanium],

25 [chloro{dimethoxyethane)bis(triphenylphosphine)tungsten](
i ~-dinitrogen)[trichlorotitaniuml},
[chlore{dimethoxyethane)bis{dimethylphenylphosphine)tungst

en] (4 -dinitrogen}[trichlorotitanium],



phi noet hane)tungsten] (!L-dinitrogen) [trichlorotitaniuni,

[chloro(N,N,N ,N -tetranet hyl et hyl enedi am ne) (di phenyl phos 20

phi nopropane)tungsten] (/L-dinitrogen) [trichlorotitaniu and the |ike,
conpounds obt ai ned by substituting tungsten in these COE%@QK@@rQQOS

nol ybdenum chrom um rut henium rhodium or palladium conpounds obtained
by substituting titaniumin these coquunds by zirconium hafnium
vanadi um ni obium 25 tantal um or scandi um and conpounds obtai ned by
substituting chioro in these conpounds by fluoro, brono, iodo, nethyl,

benzyl, maide¥y(ImebRODYELhERS )Ui%ﬂﬁéﬂtﬁfld@éﬁénf??ﬁ@?.ﬁﬂiﬁfz ) taggener al

formula [1] 5 October 2005 22 is preferably a transition netal cofpound in
whi ch o reagriegedtinitarogent pperichkldrobibanddmdt, | east one X is a group
having a cycl opentadi ene-type ani on skel eton. Specific exanples of such a
pr ef er abllehkarsidiprenglnhosphjogedhianel)(dbimetinstyé tihand ) trehgktenjpounds
such as [chl aorotetrakis(trinmethyl phosphine)tungsten] (!t -dinitrogen)
[dichIordGéyéPBﬂémﬁﬁﬁQﬁnﬂ5?4@@%@5%?} angBMdrotris (trimethyl phosphine)

t It-dinjt di ¢chl I nt adi |)titani , 10
Lohi of ot dePAR G RTT bRbeSREABP PRy PPAEd oo nane ] BRApS Feen)
di chl I : . .
%chorS{ﬁfg%%F?§§E§?%%§§%L?¢E§f§%¢§%ﬁ%é5?ﬂ%8%€én] (u -dinitrogen)
[d|ChIorqeﬂwafavﬁﬁﬁ¥ﬁeﬁﬁb){éiﬁahéﬂﬁylethyleﬁﬁqééﬂgQ%ﬁbis(trim?thyl

[ chl orotetrakis(triphenyl phosphine)tungsten] nitrogen
[ di chl or phoyphapeitatdigyenli { AHdiditrogen) [trichlorotitanium],

[chlorotris(triphenyl phosphine)(pyridine)tungsten] (!t -dinitrogen)
[ di chl or dctyloroddhitad eyl yteéetnamebhylethylenediamine )bis(triethylp
10 hosphine)tungsten] (4 -dinitrogen) [trichlorotitanium],
fchloro(N,N,N',N'-tetramethylethylenediamine)bis(triphenyl
phosphine)tungsten] (4 -dinitrogen) [trichlorotitanium],
[chloro(N,N,N',N'-tetramethylethylenediamine}bis(dimethylp
henylphosphine)tungsten] ( £ -dinitrogen) [trichlorotitanium],

15 (chloro(N,N,N' N'-tetramethylethylenediamine)bis(methyldip
henylphosphine)tungsten] ( 4 ~dinitrogen) [trichlorotitanium],
[chloro(N,N,N' ,N'-tetramethylethylenediamine)(diphenylphos
phinoethane)tungsten] (4 -dinitrogen) [trichlorotitanium]j,
{chloro(N,N,N',N'—tetramethylethylenediamine)(diphenylphos

20 phinopropane)tungsten] (4 -dinitrogen) [trichlorotitanium]
and the like, compounds obtained by substituting tungsten in
these compounds by molybdenum, chromium, ruthenium, rhodium
or palladium, compounds cbtained by substituting titanium in
these compounds by zirconium, hafnium, vanadium, niobium,

25 tantalum or scandium, and compounds obtained by substituting
chloro in these compounds by fluoro, bromo, iodo, methyl, benzyl,
methoxy or phenoxy.

The transition metal compound of the general formula [1]



[ chl or ot et r aki s(di net hyl phenyl phosphi ne)tungsten] (/t -dinitrogen)

[ di chl oro(cycl opent adi enyl )titaniunm, 20

[ chl orotris(di met hyl phenyl phosphi ne) (pyri di ne)tungsten] (I -dinitrogen)

[ di chl oro(cycl opent adi enyl )titaniun, 5 October 2005

[ chl or ot et raki s(met hyl di phenyl phosphi ne)tungsten] (,u -dinitrogen)
_[dichloro(cycl opent adi enyl) titaniuni,gg

[ chl orotris(methyl di phenyl phosphi ne) (pyridi ne)tungsten] (!t 25 -dinitrogen)

[ di chl oro(cycl opent adi enyl ) titanium,

[C

[d

[

hl or ohisSpie2ebabl Y ARt pARodneRhel daisdbHadS GRlichld repHddidnt@gen)
I chl oro(cycl opentadi enyl)titaniun,
chl or okins ihtedss (aif et hyd phospdi ab) Eehsbephengstienk grboud3hav@ugler 2005
di nitrogen) (dichloro(cycl opentadienyl)titanium,
[ chl or olwys{lbpbritiad itk phehybphasphnnskele&om)-t uBpecddfic( lexampdias tafbgen)
[di chl oro(cycl opentadi enyl)titaniun, )
[ chl or olsiusiy a pusfgienR Hhe AFansddpihes b résery e wrd dinaduds trangitionogen)
[ dicploro cyclopentadieggl%éitaniun],
[ chl Br of& &t [GIRRIMADHoSBHRRT (2, 6- di met hyl pyri dine)tungs ten(L

[ gfhl”;ﬁ ot Pare AR CA REs RS TGPk B S SRAR TRk dfhst  enc
[ ht or or D= deTH 0T LA GRSV SR SREL LB HIBRYITIcA cham)
t en(12- dichilloreaae)s ((&&ﬁﬁ&ﬂs)ﬁiﬁwépﬁﬁﬁéaﬁhﬁgglt)ant]i t(ani @vhitrogen)

[ chl orotris(di met hyl phenyl phosphi ne) (2, 6-di met hyl pyri di ne) tungsten(

| t - di ni tiidgdlorcdiayt omegrcyad eyl htitagipmilt ani un]l, [chlorotris 15
(trimet hyl phosphi ne) (qui noline)tungsten( |L-dinitrogen)

[ di ¢8I olsbdpaiodedmadh g e thpkpiipgphine) (pyridine) tungsten] (4

Lehtorot 06 ogemy PIECN 8d { 1O REAG YIRS § 26 ehG1um),
[chlorotris({triethylphosphine)(pyridine}tungsten] (u
-dinitrogen) [dichloro(cyclopentadienyl)titanium],
[chlorotetrakis(triphenylphosphine)tungsten] (i

15 -dinitrogen) [dichloro(cyclopentadienyl)titanium],
[chlorotris(triphenylphosphine) (pyridine)tungsten] (i
-dinitrogen) [dichloro(cyclopentadienyl}titanium],
[chlorotetrakis(dimethylphenylphosphine)tungsten] (u
-dinitrogen) [dichloro(cyclopentadienyl)titanium],

20 [chlorotris(dimethylphenylphosphine) (pyridine)tungsten] (i
-dinitrogen) [dichloro(cyclopentadienyl)titanium],
[chlorotetrakis{methyldiphenylphosphine)tungsten! ( u
-dinitrogen) [{dichloro{cyclopentadienyl)titanium],
[chlorotris(methyldiphenylphosphine) (pyridine)tungsten] (4

25 -dinitrogen) [dichloro(cyclopentadienyl)titanium],
[chlorobis{l, 2-bis(dimethylphosphino)ethane}tungsten] (u«
-dinitrogen) [dichloro(cyclopentadienyl)titanium],

[chlorobis{1l,2-bis{diethylphosphino)ethane}tungsten] (u




-dinitrogen) [dichloro(cycl opentadienyl)titaniuni,
[chlorotris(triphenylphosphine)(quinolin@@tungsten(lz 20 -dini trogen)

[ di chl oro(cycl opent adi enyl )titanium,

[ chl orot ri s(di met hyl phenyl phosphi ne) (qui nol i ne) t ungst en( Pt Octoler2PPagen)
[ di chl oro(cycl opent adi enyl ) titanium,

[chl oro(tetrahydrofuran)tris(trimethyl phosphine)tungsten( |L-dinitrogen)

el or o( ot PR Geh Y o1 Ch L BP0 K bR Rentaqsanyt) a0 M L i i ¢ £ ogen)
[dlChIOr0(Q£ﬂﬁﬁ¥3ﬁf§QPnylﬂiég@fbﬂghylgﬁgsgﬁﬁ%%]ethaq%%ﬁunqﬁtengtngen)

[chl oro(tetrahydrofuran)tris(triphenyl S tungs drn

[ di chl or o cystinaanigeh Enyd ¢k 1ene U8} c1openitalaaiensA0 134 Kl PF O(
tetrahydrofuran)tris(di met hyl phenyi phosphi ne)tungs ten(/t-dinitrogen)
[ di chl or o( dydilepetiisad] eny4his ( diphehylphobphiapdipriomtne } tungsten] { i
ether)tris(trinmethyl phosphine)tungsten(u -dinitrogen)
[dichId?o(c?éﬂ%iﬁﬁ%ﬁﬂknﬁh%Qh QIR cleppothdiefyildttiydanium],

t

y

L T A
ST e A i T il
tr|5(d'”EtTEhﬁB%%%H@¥¥¥¥Eéﬁﬂfﬂﬁﬁﬁ%ﬁﬂ&né}IQL@Lbiﬁgﬁﬂ&lpyridine)tungst

[di chl oro(cycl opentadi enyl)titaniu

[ chl oro(acehgni taiherbigealr i aREAHAIE TP nresi i1 ) £1tafdiGlr, 09en)
[ di chl oro(cycl opent adi enyl )titanium,

[ chl or i} ac éebiproitind)st(tirsiihenstipHqémishhe Né2 | 6rdshenhy 1 pyridiinie ragriy
[ di chl oro(cycl opent adi enyl )titaniu

[ chl or o( acEBBAi TREBIEFPEERD| @ﬁéﬁ?&j@#@s{mqﬂammgﬁmyl)tjihaniogém)
[dlChlOrO(fgﬁi8Bg%%%%k%qﬁégﬂffﬁﬂéﬂgiphosphine)(2,6—dimethylpyridine)

tungsten( i -dinitrogen)
[dichloro(cyclopentadienyl)titanium], [chlorotris

15 (trimethylphosphine) (quinoline)tungsten( 4 -dinitrogen)
[dichloro(cyclopentadienyl)titanium],
fchlorotris(triethylphosphine)}{quinoline)tungsten( &
-dinitrogen) [dichloro(cyclopentadienyl)titanium],
[chlorotris(triphenylphosphine) (quinoline)tungsten( &

20 -dinitrogen) [dichloro(cyclopentadienyl)titanium],
[chlorotris(dimethylphenylphosphine) (quinoline)tungsten( &
-dinitrogen} [dichloro(cyclopentadienyl)titanium],
[chloro(tetrahydrofuran)tris(trimethylphosphine)tungsten(
#-dinitrogen) [dichloro(cyclopentadienyl)titaniumj,

25 [chloro(tetrahydrofuran)tris(triethylphosphine)tungsten(u
-dinitrogen) [dichloro(cyclopentadienyl)titanium],

[chloro(tetrahydrofuran)tris(triphenylphosphine)tungsten(

- K -dinitrogen) [dichloro(cyclopentadienyl)titanium},




[chloro(acetonitrile) tris(dinethylphenyl phosphine)tungsten (
a-dinitrogen) [dichloro(cycl opentadienyl)titanium, 20

[chl oro(benzonitrile)tris(trinmethyl phosphine)tungsten(U -dinitrogen)

[ di chl or o(cycl opent adi enyl ) titaniuni, 5 October 2005

[chl oro(benzonitrile)tris(triethyl phosphine)tungsten(/t -dinitrogen)

[ di chl oro(cycl opent adi enyl ) titanium,
[chloro(benzonitriIe)tris(triphenylpﬁ%%phine)tungsten(/.c 25 -dini trogen)
[ di chl oro(cycl opentadi enyl)titanium, [chloro(benzonitrile)

E 3ihfiEFLﬁ%&ﬁﬂ%ﬁﬁ%ﬁiﬁ?ﬁ??ﬁéﬂ?&%@ asbid ey TpéRPfgHosphine) tungs
Dy | ' 2005
o PSSO L MERIOEONL po it . ol

[ chl or o( (G HORAYL A1 8t B{LT behBY))RRASTirme tngylendph inel) tangsgen] L
(di chl oro(cycl opent adi enyl ) titaniuni,

[ chl or o(.cprbprydyén ) s aichhemyl(cyedppend)adirgsy ehiitasiumi ni t r ogen)

[ di chl oro(cycl opent adi enyl )titanl um,

[ chl Br o(fcchbony( Jietsydi abhhy) prdsfiitsHieshvinhaspiynehynastaphit r ogen)
Lo D P8 LT )
%gkfglgzﬁéc c%g 5@%ﬁﬂ%§?§%§%%ﬁ?3?%3&&%%&%%%&5@%ﬁ&%&%ﬁ&EH“955?%ffﬁogen)
%SLFQLgzﬁﬁﬁ%f#§§§§%22F§?éb§%§%ﬁ%ﬁ§hy|&Rﬁﬁa%ﬁﬁa%{ﬁiﬁﬂﬁﬁﬁTﬂ' -di ni trogen)
i W
[diQm(”é*5€§§@ﬁﬂﬁtdﬂh&ﬂh&lbhﬁayﬂmﬁhsphine)tungsten(u—dinitrogen)

[ chl or o( di met hoxyet hane) bi s( et hyl di phenyi phosphi ne)tungst en(

LC- di ni t [ @pemn)do coyol opepthdienvaditdhAnitiMlani uni
[chloro(acetonitrile)tris(trimethylphosphine)tungsten(u
-dinitrogen) [dichloro(cyclopentadienyl)titanium],
[chloro(acetonitrile)tris(triethylphosphine)tungsten(u

15 -dinitrogen) [dichloro{cyclopentadienyl)titanium],
[chloro(acetonitrile}tris(triphenylphosphine)tungsten(u
-dinitrogen) [dichloro{cyclopentadienyl)titanium],
[chloro(acetonitrile)tris(dimethylphenylphosphine)tungsten
(£ -dinitrogen) [dichloro(cyclopentadienyl)titanium],

20 [éhloro(benzonitrile)tris(trimethylphosphine)tungsten(u
-dinitrogen} [dichloro(cyclopentadienyl)titanium],
[chloro(benzonitrile)tris(triethylphosphine)tungsten(u
-dinitrogen) [dichloro{cyclopentadienyl)titanium],
[chloro(benzonitrile)tris(triphenylphosphine)tungsten(u

25 -dinitrogen) [dichloro{cyclopentadienyl)titanium],
[chlbro(benzonitrile)tris(dimethylphenylphosphine)tungsten
(&4 -dinitrogen) [dichloro(cyclopentadienyl)titanium],

[chloro(carbonyl)tris(trimethylphosphine)tungsten(u



[ chl or o( di phenyl phosphi noet hane) (di net hoxyet hane)tungsten( LI-dinitrogen)
[ di chl oro(cycl opent adi enyl )titanium,

[ chl or o( di phenyl phosphi nopr opane) ( di mret4foxyet hane) t ungst e Lc-di ni trogen)
[ di chl oro(cycl opent adi enyl )titaniuni, 5(8doger2005
[chloro(N, N, N, N -tetranet hyl et hyl enedi am ne) bi s(tri nmet hyl
phosphine)tungsten] (Lt-dinitrogen) [dichloro(cyclopentadienyl)titaniun,
25 [chloro(N, N, N , N -tetramet hyl et hy Ienedlan1ne)b|s(tr|ethyl
hosph.ne)t&H@§w¥ﬁﬂ9%qk;Eﬁ%ﬁh%%@%h9¥fa99ﬁpéﬁé eev@+aaéﬁaaunbhy|)t.tan.un1

o S A A

cycl opent a

(el o o( N RAgagery o, LapERERS BRI AR Y
heny|phOSH%hﬂ%k%H@EiBﬁHyi%ﬁrﬁ%U%f%?ﬂéﬂ}léhosphine)tungsten(u

[ di chl oro(cycl opentadi enyl)titaniu

[ chl or®( N~HiNitodeai) dreidlyl @t dfcpobobantaaibnylnetitandivng ,

henyl phosphi ne)tungsten] (Lt-dinitrogen) [dichloro(

cycl opent dghdwyio)(idarhunyd)tris(dimethylphenylphosphine)tungsten( 1
[chloro(N, N,N ,N -tetranet hyl et hyl enedi am ne) (di phenyl phos 10
ph|noethaﬁ@?ﬁ&ﬁ&ﬂﬂﬁQﬂ(ﬂgiqn¥ﬂﬁq °P%@Eﬂ¢696¥£9@#§§@ﬁﬁﬁﬂhenyI)tltanluﬂ,

bhi nopr opARERPERY AL AER f'ﬁ‘-reqtrP o Ot e Ehr LpBoSphiLBes Hanmaen | 4
{11 ant unt _aGQTRGHS 0D BoFbY( I AUDBLELL LAY | K9S ¢ hese

conpounds 1ron1 'um or ddllad i um

CO”DOUWdS[@hhéb&?ﬁid@tﬁﬂﬂyaﬂﬂéﬂéTﬂhéeﬁﬁ&%tﬂ&lﬂhb@ﬁﬁﬁnéq%ﬁw§¥¥éﬂbh
zirconi um
-dinitrogen) [dichloro(cyclopentadienyl)titanium],

[chloro(dimethoxyethane)bis(triphenylphosphine)tungsten( 1
-dinitrogen) [dichloro(cyclopentadienyl)titanium],
[chloro{dimethoxyethane)bis(dimethylphenylphosphine)tungst
15 en{#-dinitrogen) {dichloro(cyclopentadienyl)titanium],
[chloro(dimethoxyethane)bis(methyldipﬁenylphosphine)tungst
en( 4 -dinitrogen)[dichloro{cyclopentadienyl)titanium],
[chloro(diphenylphosphinoethane) (dimethoxyethane)tungsten|{
U -dinitrogen) [dichloro{cyclopentadienyl)titanium],
20 [chloro(diphenylphosphinopropane)(dimethoxyethane)tungsten
(M -dinitrogen) [dichloro(cyclopentadienyl)titanium],
[chloro(N,N,N’' ,N'-tetramethylethylenediamine)}bis{trimethyl
phosphine)tungsten] (/i -dinitrogen)
[dichloro(cyclopentadienyl)titanium],
25 fchloro(N,N,N',N'-tetramethylethylenediamine)bis(triethylp
hosphine)tungsten] (% -dinitrogen)
[dichloro(cyclopentadienyl)titanium],

[chloro(N,N,N’' ,N'-tetramethylethylenediamine)bis(triphenyl




haf ni um vanadi um niobium tantalum or scandium conpounds obtai nedby
substituting dichloro in these conpounds by difluoro, 20 dibrono, diiodo,
di ret hyl, di benzyl, dinmethoxy, diphenoxy, 1, 3-butadiene, 2,4-hexadiene,

di phenyl -1, 3-but adi ene, (chloro) (methyl), (benzyl) (chl oroPctober 2005

(chl oro) (nethoxy) or (chloro)(phenoxy), transition nmetal conpounds

obtai ned by substituting cyclopentadiggyl in these conpounds by 25

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

trimet hyl cycl opent adi enyl, tetranethyl cycl opent adi enyl,

n- but yl cyshegshning) tanysteant (hutvidiireioensi | yl cycl opent adi enyl, indenyl,
5 Cct ober 2005 27 tetrahydroi ndenyl, fluorenyl or octahydrofluorenyl. The
cat al yst [dbplobent (€¢pclapdntiadd eptly)nieiri aretunnh, of the present invention is
a catal yst conponent for addition polynerization conposed of a transition
met al conbeukerofNifeN5. §énspdramnthyle fhylengdl ynine ybis (Admeadsilpi on
pol yneri zati on having I gh activity are obtained by contacting this

h
conponentieRyiphespit %géPbgﬁt@@ﬂpddéﬁpiﬂéFrggﬁpdation. The co-cat al yst
t tivati ' f Ly, ,th f.ol | ow B d/ 0, d
Che ot al VAPR BTGB PR R eBAT AN ARa P ( he presont | nvention o
¢ or abl b f O | . . . P on
rane (i b HEB NN AT - PP e T TSR S Py EmREnFTBRE 100,
an or ganqeé%gmamvadnggheﬁqedﬁraﬂh&heogéaqp consisting of the

follow ng ( and an al um noxane sel ected fromthe 15 group consisting of
the fol | opdihId) (@nsl 4BSntaddeary 1y thaamiumignpound sel ected fromthe

group consisting of the followwng (C, or with an al um noxane sel ect ed
fromthe Iglolkgradhdi i1 ' -tetramethylethylenediamine) (diphenylphos
10 phinoethane)tungsten]{ X -dinitrogen)
[dichloro{cyclopentadienyl)titanium],
[chloro(N,N,N',N'-tetramethylethylenediamine)(diphenylphos
phinopropane)tungsten] (&4 -dinitrogen)
[dichloro{cyclopentadienyl)titanium], compounds obtained by
15 substituting tungsten in these compounds by molybdenum,
chromium, ruthenium, rhodium or palladium, compounds obtained
by substituting titanium in these compounds by zirconium,
hafnium, vanadium, niobium, tantalum or scandium, compounds
obtainedbysubstitutingdichloroein these compounds by difluoro,
20 dibromo, diiodo, dimethyl, dibenzyl, dimethoxy, diphenoxy,
1,3-butadiene, 2,4-hexadiene, diphenyl-1,3-butadiene,
(chloro) (methyl), {benzyl){(chloro), (chloro)(methoxy) or
{(chloro)(phenoxy), transition metal compounds obtained by
substituting cyclopentadienyl in these compounds by
25 methylcyclopentadienyl, dimethylcyclopentadienyl,
trimethylcyclopentadienyl, tetramethylcyclopentadienyl,
n-butylcyclopentadienyl,

tert-butyldimethylsilylcyclopentadienyl, indenyl,



of the followng (B2) and (B3) and/or the followng (C): (Bl) organic

al um num conpounds of the general formula 20 ElaAl Z3 a, (B2) cyclic

al um noxanes having a structure of the general formnul a%-AI (bEZ)-O}b, (B3)
| i near al uni noxanes having a structure of the general foPatabger 2005

E3{-Al (E3)-0-}~Al E32 25 (wherein, each of E1, E2 and E3 represents a

hydr ocarbon group, and all Els, all s or all E3s may be the sane or
different. Z represents a hydrogen atom or hal ogen atom and all Zs nmay
be the sane or different. a represents a nunber satisfying 5 Cctober 2005

28 0<ad éﬁt%l%f@f@fﬁ&%ﬁyin EALBgRnyAl o WotBRirdftusregpiesent an
0 nore.),  (

I nt eger €) “one or “nore boron ‘conpounds sel ected fromthe

fol lowing (e ch®al$ak compShenkoren &AAPOLGApsERIEsLpaedohyof hegener al
formula BQ @Q@Q@, (C2) boron conpounds represented by the general formula

G+ (BQ @&dt , ine@nt bonohscanpakady srte mogpentegtt bfoxr haddéhéeal fornul a
10 (L- H) +(BQLQREBA) (wherein, B represents a trivalent boron atomin
val ance pilgmerizatiqn conppsedmicgehranshiiogenebadncompansdaprbddegroup,
- SaniganRTAl KR bih; aicEReyTaks o eat it Do limeriasion O
D o e L e s LA 85 83T B3 b 15 ERED R
with a co-catalyst component for activation.
The co-catalyst component for activation is preferably the
following (B) and/or (C), and the catalyst for addition
10 polymerizationof thepresent inventionispreferablyacatalyst
for addition polymerization obtained by bringing a transition
metal compound (A) of the general formula [1] into contact with
an organocaluminum compound selected from the group consisting
of the following (Bl), and an aluminoxane selected from the
15 group consisting of the following (B2) and (B3) and/or a horon
compound selected from the group consisting of the following
(C), or with an aluminoxane selected from the group consisting
of the following (B2) and (B3) and/or the following (C}:
{(B1) organic aluminum compounds of the general formula
20 E%ALlZ;..,
(B2) cyclic aluminoxanes having a structure of the general
formula {-Al(E?)-0-3},
(B3) linear aluminoxanes having a structure of the general
formula E*{-ALl(E®)-0-}.ALlE%
25 (wherein, each of E', E? and E® represents a hydrocarbon group,
and all E!s, all E?s or all E’s may be the same or different.

% represents a hydrogen atom or halogen atom, and all Zs may

be the same or different. a represents a number satisfying




The catal yst for addition polynerization will be further illustrated in
detail below 20 (B) Al um num conpound The al um num conpound (B) includes
or ganoal um num conpounds of the followi ng (Bl1) and al um noxanes of the
following(B2) and (B3). (B1) organic al um num conpounds Oelhes&P08d by t he
general 25 fornmula ElaAl1Z3_a, (B2) cyclic al um noxanes having a structure
represented by the general formula {-@I(EZ)-O-)b, (B3) linear alum noxanes
having a structure represented 5 Cbtog r 2005 29 by the general formula
E3{-Al (E3)-0O}~Al E32 (wherein, each of El, E2 and E3 represents a

hydrocar hen<gs oyp:re ésé%ﬁﬁ |1 %S OF % |2 %%fm%&%,bﬁnhh%afﬁﬁgegént

different; Z rtrepresents a hydrogen atomor hal ogen “atom s may be the

5 same ogndihtegeM off I ¥ e&e¥d Sy 2 nunber satisfying 0<a5 3; b represents
an integer of 2 or nore; and c represent an integer of 1 or nore.). As the

hydrocar pop gheuprr spies doret Rprpounds? saylcedtSed af réy dtlve af HDDoWLI VY P
having 1 to 8 carbon atons is preferable, 10 and an al kyl group is nore
pr ef er ab{@1) Speci(£i39d :exanpl es of the organi c al um num conpound (B1)
represented by the general fornula E1, Al Z3_a include trialkylalumnuns
such s tri n€thy | ROTRR NGRPPPEREFhYRRFGFERFRI BY itheBangXad ntegmula
triisobutéi@lgninunl tri hexylal um num and 15 the |ike; dial kyl al um num
chl ori deB9&& - as di met hyl al um num chl ori de, diethylal um num chl ori de,

di propy! al urgym bl ok | dgnpoflhhs O PUbYLELHTLA B Wl Igise AL PYALAT num
G'(BQ'Q’Q’0") 7,
{C3}) boron compounds represented by the general formula
10 (L-H)*(BQ'Q%Q%Q%)~
{wherein, B represents a trivalent boron atom in valance state,
and Q' to Q* represent a halogen atom, hydrocarbon group,
halogenated hydrocarbon group, substituted silyl group, alkoxy
group or di-substituted amino group, and they may be the same
15 or different. G’ represents an inorganic or organic cation,
and L represents a neutral Lewis base and (L-H)' represents
a Brgnsted acid.).
The catalyst for addition polymerization will be further
illustrated in detail below.
20 (B) Aluminum compound
The aluminum compound (B} includes organoaluminum compounds
of the following (B1l) and aluminoxanes of the following(B2)
and (B3}.
{Bl) organic aluminum compounds represented by the general
25 formula E',A1Z;..,

(B2) cyclic aluminoxanes having a structure represented

by the general formula {-AL{E?)-0-},

(B3) linear aluminoxanes having a structure represented




l'i ke; al kyl al um num di chl ori des such as nethyl al um num dichl ori de,

et hyl al um num di chl ori de, propylal um num 20 di chl ori de, isobutylalum num
di chl oride, hexylalum num dichloride and the like; dialkylal um num
hydri des such as dinet hyl al um num hydri de, diethyl al um & Qutdtysh 2005,

di propyl al um num hydri de, diisobutylalum num hydride, dihexylalum num
hydride and the like, etc. 25 Trial ky:lﬁgl um nuns are preferable, and
triethylalum numor triisobutylalumf®mis nore preferable. As specific
exanples of E2 and E3 in cyclic alum noxanes (B2) having a structure of

th | la_{+AL(E?)- , sobar .2005530 and | i
a1 i noxnene p¥ndba | dormild by A1 rE Gl ekl A e

f | - - Al 32, t hyl
oroup, o) Qon el B iy 1 SUBReRiht S By SFOBY il WRoup Lo

n- pent ylaxr Gite, REOPeMsy ol HLUD BhRd ke Hd kend Qé‘iﬂebSreﬁffﬁé%:Eh%q gb in an

Integer of 2 or nore, and c is an integer of 1 or nore. Preferably, E2 and’

E3 are axemtdydntgratyydrogembitoth oy hafogen atdni;0a4Q, zanflag Hs thd 0 40.
The above-nenti oned al um noxane is produced by various nethods. The met hod
i s ndt pame ot differenti cactiepardents 20 nmnbdre st wepusty=carri ed
out according to a known nethod. For exanple, a trialkylal um num (for
exanpl e P FEPRBERILA @RI S 39M ofhd 91 Reyej sand S 5pPpoesentan dintages

organic |.vent (benzene, aliphatic hydrocarbon and the Iike) to prepare a
sol uti off™whi & iP5t bned to contact with water. 15 Alternatively, there is

C e oyt o 28 SRR e bl LSRR B oo
cont ai NirRArPesTtdn Wt &lp having 1 to 8 carbon atoms is preferable,
10 and an alkyl group is more preferable.

Specific examples of the organic aluminum compound (Bl)
represented by the general formula El,,J!.lZg.a include
trialkylaluminums such as trimethylaluminum, triethylaluminum,
tripropylaluminum, triiscbutylaluminum, trihexylaluminum and

15 the like: dialkylaluminum chlorides such as dimethylaluminum
chloride, diethylaluminumchloride, dipropylaluminumchloride,
diisobutylaluminum chloride, dihexylaluminum chloride and the
like; alkylaluminum dichlorides such as methylaluminum
dichloride, ethylaluminum dichloride, propylaluminum

20 dichloride, isobutylaluminum dichloride, hexylaluminum
dichloride and the like; dialkylaluminum hydrides such as
dimethylaluminum hydride, diethylaluminum hydride,
dipropylaluminum hydride, diisobutylaluminum hydride,
dihexylaluminum hydride and the like, etc.

25 Trialkylaluminums are preferable, and triethylaluminum or
triisobutylaluminum is more preferable.

As specific examples of E? and E? in cyclic aluminoxanes

(B2) having a structure of the general formula {-Al(Ez)-o-}b,




(for exanple, copper sulfate hydrate and the like). The al um noxane
produced by such nethods is usually supposed 20 to be am xtures of a
cyclic alum noxane and a |inear alum noxane. (C) Boron conpound As the
boron conpound (C), one or nore boron conpounds sel ect ed Gotober( ZDQ5 bor on
conpounds represented by the general fornula BQLQQ3, (C2) boron conpounds
represented by the general 25 fornula (BQ @A) -, and (C3) boron
conpounds represented by the general Tornmula (L-H)'(BQ Q@A) - are used,
in the present invention. In the boron conpound (C) of the general

formil a B RBea? sLufbRbx48C2 BE3 P HAPIAS @ EeractirkadfNndYepRah0m and

QL to B represent a hal ogen atom hydrocarbon group, hal ogenated

hydr ocar Ferngrle®’ | - LE1)i-0+4)RA 18"} ya 1RY Do KOxyh @GR PRy Ugroupst i t ut ed
am no group, and they nay be the sane or different. QL to 3 preferably 5
r epr esentethyialgagsp .ano progyly drovar.bésopropylhgriony . 1ntbu2@l gavhen at ons,
a hal ogenat ed hydrocarbon group having 1 to 20 carbon atons, a substituted
silyl grd§etlingrPury 2o PERTYIN ITAUGHs NepPed Ik gropupgnidatheglikeo 20

carbop atons, or _an amino . grqup having 1 to 20 carbon atons, and QL to (B
Tor e Pr oFERaley SHETRIpHEE P R G RARART £y ArGE AROBR GRBARCHAS| ng 1
to 20 catb t a I nat dr.ocarb rqupshaving 1 to .20

car bon. %ogrfglﬁ %ﬁ%?;f ﬁ)g{ ]'prc’teli‘?l é“(r%g:gel'y, ?,%f%%ég a&Cll'yr'eg;‘rrieggﬁt E; a¥fu rrf'?lg}f‘gh

hydr ocar geugr @+ i%\gdﬁllléalﬁgﬁ), CRrpon, a{:grrgo , (&ﬁﬂ?ghg&gg 13t 4 &@st one

fluorine™atom and particu y 15 preferably, répresent a
fluorinated phy! agooEPmBAYLBaedd alAmde dSRITRO N RAEFEI W azi;:i?i Varfbukeast

fluorine atom Specific exanples of the conpound (C) include
‘ methods. The method is not particularly restricted, and it
10 may be advantageously carried out according to a known method.
For example, a trialkylaluminum (for example,
trimethylaluminum and the like) is dissolved in a suitable
organic solvent (benzene, aliphatic hydrocarbon and the like)
to prepare a solution which is allowed to contact with water.
15 Alternatively, there is exemplified a method in which a
trialkylaluminum (£for example, trimethylaluminum and the like)
is allowed to contact with ametal salt containing crystal water
(for example, copper sulfate hydrate and the like).
The aluminoxane produced by suchmethods is usually supposed
20 tobeamixturesofa cyclicaluminoxane anda linear aluminoxane.
(C) Boron compound
As the boron compound (C), one or more boron compounds
selected from (Cl) boron compounds represented by the general
formula BQ'Q?Q°, (C2) boron compounds represented by the general
25 formula G*'(BQ'0%°0°Q)”, and (C3) boron compounds represented by
the general formula (L-H)*(BQ'Q’0°Q*)” are used, in the present
invention.

In the boron compound (Cl) of the general formula BQ'Q%Q?,



tris(pentafluorophenyl)borane, tris(2,3,5,6-tetrafluorophenyl)borane, 20
tris(2,3,4,5-tettafl uorophenyl)borane, tris(3,4,5-trifluorophenyl)borane,
tris(2,3,4-trifluorophenyl)borane, phenylbis(pentafluorophenyl)borane and
the like, and tris(pentafluorophenyl)borane is nost préfQctkhes2006 n the
boron conmpound (C2) of the general fornula G BQLQR2E@BA) G represents an
I norganic or organic cation, B repr%ﬁfnts a trivalent boron atom and QL
to Q4 are as defined for QL to G i he above-nentioned (C). 5 Cctober
2005 32 As specific exanples of an inorganic cation G+ in the conpound of

e gen%&eqr%sr%{fe%(t%%%%@)odr&I Ornpcgql#gncf?\(g (g:nfr SPTeSE S e

al kyl rroceni um catlon VET I"on~an
listed, i f [ onpound,
a tri phiaroa, SEeE LRI, ﬁi#?ﬁ?‘aﬁéﬂ e R e e §

a car benjyyyiGati ©dd saNdy1 BabupG Uh BkoxyPEbep JH Kia sublstiamtdehiihocat i on.
As (BQLQR@B) there are listed tetra |s(pentafluorophenyl)borate 10

t et r aki frdup Safditiephhydeophe mpreooatdifferent. Q' toQ® preferably
tetrakis(2,3,4,5-tetrafl uorophenyl)borate,

t et r &ki s:(eimas&nt i |hairqgﬂ17em>u0)rbouaahardrqcan’cmn g(rpup havdinig Llortopﬁ@nyl )
bor at e, phenyltrls(pentafluorophen§l)borate

t et r aki SEFPRIHERMS ] FoPSHOTRPRLINEN wﬁm@%aw hapdng As tepdlific

combi natl one i hersol . of SLboPEpLEmy LELRGRLRENA LM PRICTY hepate
atoms, an alkoxy group having 1 to 20 carbon atoms, or an amino
group having 1 to 20 carbon atoms, and Q' to Q° more preferably

10 represent a halogen atom, a hydrocarbon group having 1 to 20
carbon atoms or a halogenated hydrocarbon group having 1 to
20 carbon atoms. Further preferably, Q! to @* represent a
fluorinated hydrocarbon group having 1 to 20 carbon atoms
containing at least one fluorine atom, and particularly

15 preferably, Q' to Q* represent a fluorinated aryl group having
6 to 20 carbon atoms containing at least fluorine atom.

Specific examples of the compound (Cl) include
tris(pentafluorophenyl)borane,
tris(2,3,5,6-tetrafluorophenyl)borane,

20 tris(2,3.4, Sjtetrafluorophenyl Jborane,
tris(3.,4.5-trifluorophenyl )borane,
tris(2,3.,4-triflucrophenyl )borane,
phenylbis(pentafluorophenyl)borane and the like, and
tris(pentafluorophenyl)borane is most preferable.

25 In the boron compound (C2)} of the general formula

G*(BQ'Q%0%0%)~, G' represents an inorganic or organic cation,
B represents a trivalent boron atom, and Q' to Q* are as defined

for Q' to Q° in the above-mentioned (Cl).




tetraki s(pent afl uorophenyl ) borate, silver

t et raki s( pent af | uor ophenyl ) borate, 20

tri pheyl net hyl t etraki s(pent af | uor ophenyl ) bor at e,

tri phenyl met hyl t et raki s(3, 5-bi strifluoronethyl phenyl) bor &Qcteben@ios he |i ke
are listed, and triphenyl nethyltetrakis(pentafluorophenyl)borate is nost
preferable. 25 In the boron conpound (§@3) of the general fornula

(L-H) +(BQLRE@BXA) L represents a neutral Lewis base and (L-H) + represents
a Br$nsted acid, B represents a trivalent boron atom and QL to Q4 are as
defined for B8 speddficexbmplbs\ct apinioayathit €5t bR G 2006h82ck@vusgaci d
(A). As specific exanples of the Brdnsted acid (L-H)' in the conpound of
the genePél the daneral Hoxmul TER(B0 Q0’01 al k| fehstén itmdcationi, uns,

N, N-di al k Laqgli i uns, 5 dialﬁglannpniuns triaryl phosphoni uns and the Iike
are Iist@cyﬁ, YLy Spost it dRyrocenium fat hon et F24vex gatépnbendabbee are

[ i d. Ty [ [ h f

Lriethyl EREHRRR LET SRt o (b A% FRBPI e FIBRLES ©F aRoFBRRSHFRERBNI UM
) ‘ eny |

hon ungarh e SR ) B0 BBhory Y et 1ap A Sheohithe, are

tetraki s{ 8sbell.st &t f&0Fr O5BE Yy BP@E&&EBQ&ahecalr)bggium cation, and

N, N-di met hyl ani | i ni untetraki s(pentafl uordopheny rate,

N, N- di et bgranchilarly pelefddaiiyerd ot ISHOPFERYERPOT 8h€ion. As

N, N-2, 4, 6- pent gmet hylaniliniuntetrakis (pentafluorophenyl)borate,
N, N- di mef BQIQIQ D" hi untherakase listed

tetrakis(pentafluorophenyl)borate,

10 tetrakis(2,3,5,6-tetrafluoropheny}borate,
tetrakis(2,3,4,5-tetrafluorophenyl)borate,
tetrakis(3,4,5-trifluorophenyl)borate,
tetrakis(2,3,4-trifluorophenyl)borate,
phenyltris(pentafluorophenyl)borate,

15 tetrakis(3,5-bistrifluoromethylphenyl)borate and the like.

As specific combinations thereof, ferrocenium
tetrakis(pentafluorophenyl)borate,1,1'~dimethylferrocenium
tetrakis(pentafluorophenyl)borate, silver
tetrakis(pentafluorophenyl)borate,

20 tripheylmethyltetrakis(pentafluorophenyl)borate,
triphenylmethyltetrakis(3,5~bistrifluoromethylphenyl)borat
e, and the like are listed, and
triphenylmethyltetrakis(pentafluorophenyl)borate is most
preferable.

25 In the boron compound {(C3)} of the general formula
(L-H)*(BQ'Q%°Q%°0*) ., L represents a neutral Lewis base and (L-H)*
represents a Br¢nsted acid, B represents a trivalent boron atom,

and Q' to Q* are as defined for Q! to Q° in the above-mentioned




(3,5-bistriluoronethyl phenyl ) borat e,

di i sopropyl ammoni unt et r aki s( pent af | uor ophenyl ) borate, 20

di cycl ohexyanmoni unt et r aki s( pent af | uor ophenyl ) bor at e,

tri phenyl phosphoni unt et r aki s( pent af | uor ophenyl ) borate, 95 October 2005

tri (nmethyl phenyl ) phosphoni unt et r aki s( pent af | uorophenyl ) borate,
_tri(dinethylphenyl)phosphoniuntetrakig (pent af | uor ophenyl ) borate and the
like are listed, and nost 25 prefera Pe is tri(n-butyl)ammonium

t etraki s(pent af |l uorophenyl ) borate, or

N, N-di met. 8k ankkiai yetigt,r aki s(pent af | uorophenyl) borate. [Production of
addition polyner] 5 Cctober 2005 34 The process for producing an addition
pol yner of tAw gpesktfic eREMPliesn dfs t&xepmxﬁéd)radli[&dgﬁiﬁw afh adfi tion
pol ymer conprising polymerizing an addition pol ynerizable nononer with

t he aboveompoaundnedl thealgesterfagl fwidhulan( el yHeBo'doPEeh.~ 5 Contact in
produci ng a catal yst for addition polynerization by bringing the

above- mreREi3kkyl r PHRASLA LY edle BmIMQIBkIOTN N i Mt @latbyilantilintlams ,co- cat al yst

co nent. for activation (copponents B1)-(B3), and (C may be conduct ed
oo gD Bpnan ke, e R Pk sRhABLENS it EBAC At AL b ety ul vot

for acti i 28314 -CO ct to form., catal yst d there are adopted
a net hoda/ I§ltli né)%\h@]%%at[‘??ns’l p:ltl%% Wealmoéberﬁfo%fsar%sfé&%‘i\t G It
activatipjsp&g. previously diluted by a solvent or not diluted, before they
are mxed for nutual contact, and a nethod in which a transition netal

conpound an@sa spEcidtid WSdmbiafcbh¥athePedP are separately fed into a
pol ymeri zation reactor for nutual contactthereof. As the co- catalyst for

activat itonie thyplamméniyntet ragisdpet afay drephemy INasbvaee Ysed, however, it
'S qseméﬁigropylammonium tetrakis(pentafluorophenyl )borate,
tri(n-butyl}ammoniumtetrakis(pentafluorophenyl]borate,
tri{n-butyl)ammonium
tetrakis(3,5-bistrifluoromethylphenyl)borate,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate,

15 N,.N-diethylanilinium tetrakis(pentafluorophenyl)borate,
N,N~-2,4,6-pentamethylaniliniumtetrakis
(pentafluorophenyl)borate, N,N-dimethylaniliniumtetrakis
(3.5-bistrifluoromethylphenyl)borate,
diisopropylammoniumtetrakis(pentafluorophenyl)borate,

20 dicyclohexyammoniumtetrakis({pentafluorophenyl)borate,
triphenylphosphoniumtetrakis(pentafluorophenyl)borate,
tri(methylphenyl)phosphoniumtetrakis(pentafluorophenyl)
borate, tri(dimethylphenyl)phosphoniumtetrakis
(pentafluorophenyl)borate and the like are listed, and most

25 preferable is tri(n-butyl)ammonium
tetrakis({pentafluorophenyl)borate, or

N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate.

[Production of addition polymer]




to say that a part of which may be previously m xed and used, or they may
be separately fed into a polynerization reactor 20 and used. It is
desirable to use conponents so that the nolar ratio of (B)/transition

met al conpound (A) is fromO0.1 to 10000, preferably fr toler 2D, and
the nolar ratio of (C) /transition metal conpound (A) is fromO0.01 to 100,
preferably from0.5 25 to lo. The copgentrations of conponents when they
are used in the formof a solution, or suspension or slurry in a solvent
are appropriately selected depending on the ability of an apparatus 5

Cct ober 2005TR$ pheicdseet fproameanenha ddd Dt foppbiymezafitee peasent, and
It 1s generally desirable that the concentration of the transition netal

conpoundiféenitd oms ual lay grroera s 0Bdr tpr @9@cimp| ah, addid¢ iopr gicdiyadelry from
0.01 to 100 mmol /L, further preferably from5 0.05 to 50 mmol/L, the
concent r gpmprisfinggyolymerhziedgmn addlhaonpokiyqr kil ¢ womomaowbiht o 5000
mmol /L, nore preferably fromO. to 2500 nmol /L, further preferably 0.1
to 2000 #ﬁﬁl PBOVGaH’&nttH@%cF@rﬁ%JaY%rF%’F Q@i%%saa#mefrrl@mt&oml to 500

from®. 05 ¢ CBERrraRREoHETh 2 eat &) 7 E SHRRRTHGL AR B ET L SRR o
the presgy qrir@/ﬁxgbc 83 £38,DenBRBL bEa! L] B nlg'ttxs*gf:bagbh% e pods o

addi tion e nononer s 'S sul a process for
produci ngoﬁtae'tw&e&n floakat Al gdﬂ‘c@ﬁ bﬁénelﬁe&na{étwét%meédﬁp&wa{war bon.

As the olefins herein referre ins having 2 to 20 carbon atons,
particul ashy-(BBhyl and, (g9l ﬁfaynbeh&mnﬂglc&ek‘bby any means providing
the transitionmetal compound and the co-catalyst for activation
10 are incontact to formacatalyst, and there are adopted a method
in which a transition metal compound and a co-catalyst for
activation are previously diluted by a solvent or not diluted,
before they are mixed for mutual contact, and a method in which
a transition metal compound and a co-catalyst for activation
15 are separately fed into a polymerization reactor for mutual
contact thereof. Astheco-catalystforactivation, aplurality
of compounds may be combined and used, however, it is needless
to say that a part of which may be previously mixed and used,
or they may be separately fed into a polymerization reactor
20 and used.
It is desirable to use components so that the molar ratio
of (B)/transition metal compound (A) is from 0.1 to 10000,
preferably from 5 to 2000, and the molar ratioof (C)/transition
metal compound (A) is from 0.01 to 100, preferably from 0.5
25 to 1o0.
The concentrations of components when they are used in the
form of a solution, or suspenéion or slurry in a solvent are

appropriately selected depending on the ability of an apparatus



20 carbon atonms, diolefins having 4 to 20 carbon atons, and the |ike can
be used, and two or nore olefins can be used 20 sinultaneously. Specific
exanples of the olefin include, for exanple, linear olefins such as

et hyl ene, propyl ene, 1-butene, 1-pentene, 1-hexene, 1-Hepctener 2005ct ene,

1- nonene, 1-decene and the |ike, branched ol efins such as
3-net hyl -1-butene, 3-nethyl-I-penten 4- met hyl - | - pent ene,
5-nmet hyl -1 - hexene 25 and the |ike, vinylcyclohexane, and the |ike. Specific
exanpl es of conbinations of nononers in conducting copol ymerizati on,

i ncl ude, ghor re¥aTRYCcoRpbYEARS 2AEoPAGPYI PHErighRYbaNeeakeorl- RHECNE,
et hyl ene and 1-hexene, ethylene and 1-octane, 5 Cctober 2005 36 propyl ene

and 1-butgnrfaneéxrill 1y aelsiitanlAsthae thzoyenoentrangdnadkeny tpdRstién

hydr ocarbon, al kenyl aromatic hydrocarbons having an aromati c hydrocarbon
group ofmétad €émpenbdn(Afois useapiyfEraml @, 08hdtep2ed fmmob/Bxanqtes

t hereof include, for exanple, a phenyl group, tolyl group,

group, t eprefesabyyphisei OgiOdufe HoRy Y - éﬂmﬁﬁerrnﬁﬁﬁ¢w¢gé;g£mgm
phengnet hryl group, anthracenyl group . and the Ilike. The aromatic
hydr argoﬁf’ggeuﬁgi mmgldfar éﬁ‘leycgnﬁﬁgﬁﬂa“@‘bt?pf, (B vis griuptesms vt group,
the. al keHDI AL Bty IR ERR - PAeFaaeo P et T cmilre Burp BT o ©
I YL AR e AL e I BT IAOR,
15 3, 4- dyinmtdhd séNEEREradiondiiMethlsshyngney frmi®t boh -t sbbYind/IENE,
p-tert-butylstyrene, p-sec-butylstyrene and the |ike; al kenyl benzenes such
as more preferably from 0.01 to 250 mmol/L, further preferably

10 from 0.05 to 100 mmocl/L.

The process for producing an addition polymer of the present
invention can be applied to various polymerization methods of
addition polymerizable moncmers, and of them, is suitable as
a process for producing a polymer of an olefin and/or alkenyl

15 aromatic hydrocarbon.

As the olefins herein referred to, olefins having 2 to 20
‘carbon atoms, particularly, ethylene, &-olefins having 3 to
20 carbon atoms, diolefins having 4 to 20 carbon atoms, and
the like can be used, and two or more olefins can be used

20 simultaneocusly. Specific examples of the olefin include, for
example, linear olefins such as ethylene, propylene, l-butene,
l-pentene, l-hexene, l-heptene, l-octene, l-nonene, l-decene
and the like, branched olefins such as 3-methyl-l-butene,
3-methyl-1-pentene, 4-methyl-l-pentene, 5-methyl-l-hexene

25 andthelike, vinylcyclohexane, andthe like. Specificexamples
of combinations of monomers in conducting copolymerization,

include, for example, ethylene and propylene, ethylene and

l1-butene, ethylene and l-hexene, ethylene and l-octane,



styrene, 2-phenyl propyl ene, 2-phenyl butene and the |ike; and

vi nyl napht hal enes such as 1-vinyl napht hal ene and the |ike. 20 Anong t hem
styrene, p-nethylstyrene, mnethylstyrene, o-nethylstyrene

p-tert-butyl styrene, 2-phenypropyl ene and 1-vinyl napht RaPstRbes2005
preferred, and styrene is particularly preferred. The process for
produci ng an addition polynmer of the ggesent 25 invention is suitable for
produci ng a copol yner of the above-nentioned olefin with the
above-nentioned al kenyl aromatic hydrocarbon, and as the conbi nati on of
nmonomner spropyilene @nccdshutamdi naitd obkeolikehyl ene and styrene, propyl ene
5 Cctober 2005 37 and styrene, ethylene, propylene and styrene are |isted,
and particirtye ahepyepmgasdoned flikemile sronabiedi¥drgcarbepel yner of
ethylene wth styrene, The process for_producing an additio ol yner of the-
o oent - abkpRyLntroRatcoRYBrOaRaPrp SRy IBHcaR crE GRSt MCESTR YRR o of
et hyl ene_and_a-al ef ins Vi to 8 ca rticul arl I hear | ow
density %5?9& ﬁ§| ngs?. %edapo oélneaﬁoz"é i%%gﬂ%féggﬁgﬁggl'dag'lﬁs%pr%:iiflt%é: limted
par tiscul d ak ol t ri ' S a
solvéﬁt,@%%Mg}?%hgég%e§§d?gggﬁg%ﬁ gﬁ%heggh%ggéné?§%§ﬁ¥gn%?gﬁgk;ﬁ%%ﬁheptane,

octane ogr&hf, Hy¥&s1 gRoapQNBd€- B ey DFRERPD grvp), ain?mhaﬁga gff&ute,ne or

the like, or a halogenated hydrocarbon such as nethylene dichloride or the
| i ke, ornaphthyl godypenphaiamathoes grmge, polthrederst] group gasedies

nmononer (s), 15 and the |like can be applied, and any of continuous
pol yner i kBke enThandrpmaticwhydrgsanben gaoum iiss prefenakly Ehehenyl
polyneriéggﬁg? %ggggr%%%%%,cigfgilg%ﬁﬂg},géé¥qﬁé¥;iphenyl group,

10 wvinylphenyl group or naphthyl group. Examples of the alkenyl
aromatic hydrocarbon include alkylstyrenes such as
p-methylstyrene, m-methylstyrene, o-methylstyrene,
p-ethylstyrene, m-ethylstyrene, o-ethylstyrene,
2,4-dimethylstyrene, 2,5-dimethylstyrene,

15 3,4-dimethylstyrene, 3,5-dimethylstyrene,
3-methyl-5-ethylstyrene, p-tert-butylstyrene,
p-sec-butylstyrene and the like; alkenylbenzenes such as
styrene, 2-phenylpropylene, 2-phenylbutene and the like; and
vinylnaphthalenes such as l-vinylnaphthalene and the like.

20 Among them, styrene, p-methylstyrene, m-methylstyrene,
o-methylstyrene, p-tert-butylstyrene, 2-phenypropylene and
l-vinylnaphthalene are preferred, and styrene is particularly
prefexrred.

The process for producing an additien polymer of the present

25 invention is suitable for producing a copolymer of the
above-mentioned olefin with the above-mentiocned alkenyl

aromatic hydrocarbon, and as the combination of monomers in

this process, combinations of ethylene and styrene, propylene



to 200'C, and is particularly, preferably from-20t to 100t, and the

pol yneri zation pressure is usually preferably from 20 normal pressure to 60
kg/ cn2. The polynerization tine is generally determ ned appropriately
dependi ng on the kind of the intended polyner, and the 5 Satdberr20@par at us,
and usually, it can be from1l mnute to 20 hours. Further, in the present
I nvention, a chain transfer agent such_as hydrogen or the |like 25 can al so
be added for controlling the nol ecul ap7wei ght of a copolyner. EXAMPLE 5
Oct ober 2005 38 The present invention is illustrated using the follow ng

Exanpl es at j I in.more detail below, but not limted
the?}t)o. edsbr%pe?%reé‘\!%}’%g%néigp}’ﬁeﬁﬁaﬁﬂ cSt¥ErRBeBASULEatRE. @ndhe
fol |l ow Dedid KHASE [ ' was . nmeasured by using a
Ubbel | o%ﬁ%‘?gg%%?értﬂln@ gﬂtgé%%g?ﬁ‘ls?l&gjg{f%%/%%r?@ﬁp HOANCIngR GRRHMeX er age

nmol ecul asf wetighl eh dMyitRUEE werage nol ecul ar weight (M) and nol ecul ar
wei ght distribution 10 (Mv Wn): The nol ecul ar wei ghts were neasured by gel

pernmeat i on Thler pracegsaiuly pfeRGEin athe then gyt ek
calibratjion curve was made by usi ngcfg andard po?ys?@?g(r?fl#lﬁgﬁr?o@etcul ar

vei gRt difstenbien obs veerevanlardy ssitababi SofMkbahcity deponsindily aver age
mol ecul ar_ wei.ght (M) to the 15 nunber-average nol ecul ar wei ght (V).

Machi ne %(ﬁf\yﬂf > ARAufa@ifidh Hyharing pdreoVat easboBolatomsShodex M S 80

Measur e'ﬁ%r}ttfcqﬁpeﬁrflg,urfir%égx‘:xlovsioligggg.:ty polyethylenes.

The polymerization method should also not be limited

particularly, and for example, solvent polymerization using,

10 as asolvent, an aliphatic hydrocarbon such as butane, pentane,
hexane, heptane, octane or the like, an aromatic hydrocarbon
such as benzene, toluene or the like, or a halogenated
hydrocarbon such as methylene dichloride or the like, or slurry
polymerization, gas phase polymerization in gaseous monomer(s),

15 andthe like canbe applied, and any of continuous polymerization
and batch-wise polymerization is possible.

The polymerization temperature can be usually from *450°C
to 200T, and is particularly, preferably from —20C to 100C,
and the polymerization pressure is usually preferably from

20 normal pressure to 60 kg/cm?. The polymerization time is

generally determined appropriately depending on the kind of

the intended polymer, and the reaction apparatus, and usually,
it can be from 1 minute to 20 hours. Further, in the present
invention, a chain transfer agent such as hydrogen or the like
25 can also be added for controlling the molecular weight of a

copolymer.

EXAMPLE



ort hodi chl or obenzene 20 Sanpl e concentration 5 ng/8 m (3) Content of
repeating units derived froma-olefin in ethylene-a-olefin copolyner
(a-olefin content): It was neasured fromthe specific absorptions of
ethylene and a-olefin using an infrared spectrophot onet®0c{dber®005 25
manuf act ured by N ppon Bunko Kogyo K K.), and represented in terns of short
chain branch (SCB) nunbers per 1000 c§§bons. (4) Melting point of
copolymer: (In the case of Exanple 9) COct ober 2005 39 It was neasured by
usi ng Sei ko SSC-5200 under the following conditions. Cooling: 20t to -50t

20t/ m n. tpfosedt timn, kept f
S nut s 5 Coot e 2000 Lo a0 D0t s ret o8 S FY £FhTekans ' 17!

Measur engxamplB6t and BoMpare2AveTiBxamyldl Ot aordSfatdeD SXAOR! eb,% It was
measured b u3|n% Sei ko SSC- 5200 under the followi ng conditions
§

Heat i ng: bt limitsdokherdo./nin.), kept for 5 minutes Cooling: 150t to 10t
(5 -/mn.), k t for 10 mnutes Measurenent: lot to 1601 (5r, /mn. )
Exanpl e 1( 1)Thes BERReEkies #f [ palymerst #Bkﬁsmpmshwmmmlm)

{ anast erold gl thbapgeguianl oroCerel opentadtenyl) | Etan url 2262 o
tungsten (Q.WdIﬁ%r%n@Qc(inggosml[)n ?fwas measured by using a Ubbellochde
viscometer in a tetralin solution at 135T.
(2) Weight-average molecular weight (Mw), number-average
molecular weight (Mn} and molecular weight distribution
10 (Mw/Mn) : The molecular weights were measured by gel permeation
chromatography (GPC) under the following conditions. A
calibration curve was made by using standard polystyrene. The
molecular weight distribution was evaluated as a ratio (Mw/Mn)
of the weight-average molecular weight (Mw) to the
15 npumber-average molecular weight (Mn).
Machine 150CV type, manufactured by Millipore Waters
Column Shodex M/S 80
Measurement temperature 145C, solvent:
orthodichlorobenzene
20 Sample concentration 5 mg/8 ml
(3) Content of repeating units derived from @ -olefin in
ethylene- @ -olefin copolymer (& -olefin content):
It was measured from the specific absorptions of ethylene
and @ -olefin using an infrared spectrophotometer (IR-810,
25 manufactured by Nippon Bunko Kogyo K.K.), and represented in
terms of short chain branch (SCB) numbers per 1000 carbons.
(4) Melting point of copolymer:

{In the case of Example 9)




20 trichloro(cycl opentadi enyl)titaniumwere dissolved in 5 m of benzene,
to recogni ze generation of a gas fromthe solution, and the color of the
sol ution changed fromorange to dark green. This solution was stirred for
8 hours, then, the solvent was distilled of f to obtai® Qetokeg286h solid.
The dark green solid 25 was subjected to extraction with nethyl ene
chloride, and the resulted extracted substance was re-crystallized by
using a nethylene chloride/ether ni>x#4 solvent, to obtain 196.0 ny of a
bl ack crystal. Yield: 70% 40 5 Cctober 2005 CP\ d Ti N C1 M2PhP N

Me2PbP ;1"""PMe2Ph Cl1 / 2Ph. 5 N O.:1.63 (s, .24H,

PMe), 6. 44 (LT %3P m%urﬁf%ﬁ%n@#%ﬁ%&?ﬁ%ﬁﬁmﬁfﬁmﬁf@éﬂ?@ -24.5
(s with %S%?Vﬁﬁte!lites, JWP = 277 Hz); IR(KBr) 1408(m)cm 1. Anal. Calcd.
for C37 iW C, 45.17; H, 5.02; N, 2.85. Found: C, 45.50; H,

? ;:ﬁ?;orc'?’biz'sf??@%ﬁ?{ﬁ%@#ﬁﬁiﬁ'ﬁ?)‘” gﬁéﬁ?]‘t’dné‘? an)iCfp ° minutes
- di ni trogenjkdicghlgar of syT apent@sfCenpbiT yinani. yni kdipt! BYr 5 minutes
5 "~ Cooling: 200TC to —50TC (20C/min.), kept for 5 minutes
Measurement: —50T to 300C (20C/min.)
(In other case than Example 9)
It was measured by using Seiko SSC-5200 under the following
conditions.
10 Heating: 40C to 150TC (10CT/min.), kept for 5 minutes
Cooling: 150TC to 10T (5C/min.)., kept for 10 minutes

Measurement: 10T to 160TC (5C/min.)

Example 1{1)

15 Synthesis of [chlorotetrakis(dimethylphenylphosphine)
tungsten]( i -dinitrogen) [dichloro(cyclopentadienyl)
titanium]

225.2 mg (0.284 mmol) of cis-bis(dinitrogen)tetrakis
(dimethylphenylphosphine)tungsten and 62.2 mg (0.284 mmol) of

20 trichloro(cyclopentadienyl)titanium were dissolved in 5 ml of
benzene, to recognize generation of a gas from the solution,
and the color of the solution changed £rom orange to dark green.
This solution was stirred for 8 hours, then, the solvent was
distilled off to obtain dark green solid. The dark green solid

25 was subjected to extraction with methylene chloride, and the
resulted extracted substance was re-crystallized by using a
methylene chloride/ether mixed solvent, to obtain 196.0 mg of

a black crystal. Yield: 70%.




et her) (di chl oronet hane); 198.0 ng (0.191 nmo-1) of

trans-bi s(dinitrogen)bis[1,2-bis 15 (djphenyl phosphi no)ethane]tungsten and
41.9 nmg (0.191 mmol) of trichloro(cycl@pentadi enyl)titanium were dissolved
in5n of tetrahydrofuran under roomtenperature, to re@stahier=2005
generation of a gas fromthe solution, and the color of this solution
changed fromorange to dark green. This solution was 20 stirred for 8
hours, then, the solvent was distilled off to obtain dark green solid. The
dark green solid was su cted to extraction with nethylene chloride, and
the resulted extracted sub ﬁﬁbe was re-crystallized by using a nethyl ene

41 5 Cct ober 2005 chlorldek 1 m xed solvent, to obtain 166.2 ng of a
bl ack crystal Yi el d: 6 .. Ti NC PPh2N Ph2P j i.flPPh2
C1PhzP' . él’heNS 1H NVR (CDC13 ) S :1.21 (s, 6H, J=6.8Hz, Me of

et her), 2. 46 q%#ﬁ%i_ ”% ach CH2 of dppe), 3.48 (q, 4H, J=7.3Hz, CH2
of ether), 5 H, 5.70(s, 5H, Cp), 6.66-7.67(m 40H, Ph);

31P(1H) NWR ( CDCL %gho (s Wi th 183Wsatellites, 10 Jwp = 284 Hz); IR
(KBr) 1412(m cm1. Ana Cal cd for C63HE5CI5N20PATIW C, 53.69; H 4.72;

‘H-NMR(CDC1l;) 0:1.63 (s, 24H, PMe),6.44 (s, S5H, Cp),

7.27-7.46 {(m, 20H, Ph);

*1P{'H}-NMR(CDC1l;) 0:-24.5 (s with '?3W satellites,
5 Jyp = 277 Hz);

IR(KBr) 1408(m)cm .

Anal. Calcd. for Ci;Hy;4Cl3N;P,TiW: C, 45.17: H, 5.02;

N, 2.853. Found: C, 45.50; H, 5.29; N,2.70

Example 1(2)

10 Synthesis of
{chlorobis[1,2-bis(diphenylphosphinoc)ethane]tungsten}( &
-dinitrogen)[dichloro{cyclopentadienyl)titanium] (diethyl
ether ) {dichloromethane);

198.0mg (0.191 mmol) of trans-bis(dinitrogen)bis[1l,2-bis

15 (diphenylphosphino)ethane]tungsten and 41.9 mg (0.191 mmol)
of trichloro(cyclopentadienyl)titanium were dissolved in 5 ml
of tetrahydrofuran under room temperature, to recognize
generation of a gas from the solution, and the color of this
solution changed from orange to dark green. This solution was

20 stirred for 8 hours, then, the solvent was distilled off to
obtain dark Qreen solid. The dark green solid was subjected
to extraction with methylene chloride, and the resulted

extracted substance was re-crystallized by using a methylene



N, 2.02. Found: C, 53.49; H 4.60; N, 2.19 Exanple 1(3) 15 Synthesis of
{chl or obi s[ 1, 2- bi s(di phenyl phosphi no) et??ne ] ol ybdenunm) (a
-dinitrogen)[dichloro(cycl opentadi enyl)titanium; 194.7 0.205 mmol ) of
trans- bi s(dini trogen)bis[1, 2-bis (di phenyl phosphi no) eth bersd0@denum
and 45.0 nmg (0.205 mml) 20 of trichloro(cycl opentadi enyl)titaniumwere
dissolved in 5 m of tetrahydrofuran under roomtenperature, to recognize
generati on

of a,ga omthe solution, and the color. of this _gas changed
from or ang%hi‘%rﬁg?zeéi‘gﬁn’.“i’fﬁss é‘l"l?tnitonq\ﬁa§b§ﬂirnr b U2 OB R PLR/YS f or
8 hours, t@ﬁgs e i distilled of f to obtain dark green solid.
The dark gre ntégfi?imig&su%??éét ed to extraction with nethyl ene chloride,
and the resulted extracted substance was re-crystallized by using a
met hyl ene chljori de/ etg€€ m xed 5 solvent, to obtain 182.3 ng of a bl ack
crystal. Yield: 78% \%‘,~\C1'I'i ClL "r N PPh2 /N Ph2P % ; "PPh2
C1Ph2P4l -'/ 1H NVR(CDC13)'6w;4.31, 2.66 (br, 4H each, CH2 dppe), 5.73 (s,
SH, Cp), 6.78-7.77 &m/MOH, ); 10 31P{1H) NVR(CDC13) 6:52.9 (s); |IR(KBr)
1416(m cm 1. g( PPhy 7

-

Pth-;“{"“Pth
F)

CI

PhoPae” | CHyClyother

5 'H NMR (CDCl;) O :1.21 (s, 6H, J=6.8Hz, Me of
ether),2.46, 2.89 (br, 4H, each, CH; of dppe), 3.48
(g, 4H, J=7.3Hz, CH; of ether), 5.29 (s, 2H, CH>Cl, ),
5.70(s, 5H, Cp)., 6.66-7.67(m, 40H, Ph});
3'p{*H)} NMR (cbCl;) & :36.0 (s with '®3W satellites,

10 Jyp = 284 Hz);

IR (KBr) 1412{(m) cm .

Anal. Calcd for Cg3H¢sClsN,OP,TiW: C, 53.69; H, 4.72:
N, 2.02. Found: C, 53.49; H, 4.60; N,2.19

Example 1(3)

15 Synthesis of
{chlorobis[1,2-bis(diphenylphosphino)ethane] molybdenum} ( 4«
-dinitrogen) [dichloro{cyclopentadienyl)titaniumj;

194.7 mg (0.205 mmol) of trans-bis(dinitrogen)bis[1,2-bis
{(diphenylphosphinc)ethane]molybdenum and 45.0 mg {0.205 mmol)

20 of trichloro(cyclopentadienyl)}titanium were dissolved in 5 ml
of tetrahydrofuran under room temperature, to recognize
generation of a gas from the solution, and the color of this

gas changed fromorange todark green. Thissolutionwasstirred



Anal . Calcd for C57H53CL3MoN2PATI: C, 60.05; H 4.69; N, 2.46. Found: C,
60.13; H 5.06; N, 2.22 Exanple 1(4) 15 Synthesis of

{chl orobi s[ 1, 2- bi s(di phenyl phosphi no) @3hane] t ungst en)
(U-dinitrogen)[trichloro (cyclopentadienyl)niobiuni(di€ Qgtahei005 164.6
nmyg (0.159 mol ) of trans -bis(dinitrogen)bis[1,2-bis

(di phenyl phosphi no) et hane]tungsten and 47.6 ng (0.159 mol) 20 of
tetrachloro(cgclopentadienyl)niobiun1mere dissolved in 5 m of

t et r ahydr iF Enongsr Foem thepspavend was disbyhled ofifererabtabnaiark gas
fromthe s%;utionl nd ggg éolor of this as changed from orange to bl ack.
This sol utPSIEWES LG r r &8s agk(ﬁ:‘f?ﬁ)‘éﬁ@@éwmaﬁrs‘ib eoked: teex tuac el ent
was distil ' rkK g n_solid. .The dark green solid was

subj ect ed v{ig&e@%&gﬁegﬁg g\%lvla'to ir?é’t’héﬁgn%ﬁ% ke gt narted spbst@nce
extract ed yagpshba f s, LZ | I .

chl ori de/ et her m&ggt\gﬁ?oﬁ%eﬁg)%s%%iggti%ﬁ%ﬁﬁé%ﬁ%ﬁ%F Jdegd

Yi el d: 575%010@nt, @b Jd¥rdNd @82 PPRNIE a B13RK MetdiPPh N3 get her
1H NMR(CDC13) 5:1.12 (t, 6H, J = 7.0 Hz, Me of ef\#érr), 2.63133‘. oz'?t?r', 4H
each, CH2 of dppe), 3.38 10 (t, 4H, J = 7.2 Hz, CH2 of ether), 5.86 (s,

5H, Cp), 6.67-7.66 (m 4OH Ph):
N W
/B~
N
n!HPpth/;‘
%
Ph,P™—Mo ''PPhy

/ p
CHPE}.h~///

"H-NMR(CDCl;) & :2.31, 2.66 (br, 4H each, CH, of
dppe)., 5.73 (s, 5H, Cp), 6.78-7.77 (m, 40H, Ph);

10 *'P{'HINMR(CDC1®*) 0:52.9 (s);

IR(KBr) 1416(m)cm '.

Anal. Calcd for Cs;Hs3;Cl;MoN,P,Ti: C, 60.05; H, 4.69;
N, 2.46. Found: C, 60.13; H, 5.06; N, 2.22

Example 1(4)

15 Synthesis of {chlorobis[1,2-bis{diphenylphosphino)
ethane]tungsten} (4 -dinitrogen)[trichloro |
(cyclopentadienyl)niobium](diethylether);

164.6 mg (0.159 mmol)} of trans-bis(dinitrogen)bis[1l,2-bis
(diphenylphosphino)ethane]tungsten and 47.6 mg {0.159 mmol)

-20 of tetrachloro(cyclopentadienyl)niobium were dissolved in 5
ml of tetrahydrofuran under room temperature, to recognize
generation of a gas from the solution, and the color of this

gas changed from orange to black. This solution was stirred



31P{1H} - NMR(CDC13) 8:34.1 (s with 183Wsatellites, Jw=275 Hz);

| RCKBr)1383(mycnil. 15 Anal. Calcd for 1H63CL4N2NbOP4W C, 52.99; H,
4.59; N, 2.03. Found:C, 52.88; H 4. ZZft N, 2.32 Exanple_ 1(5) Synthesis of
{ chl or obi s[ 1, 2- bi s(di et hyl phosphi no) et hane] t ungst en) (/t 20ctober 2005
-dinitrogen)[dichloro(cycl opentadi enyl)titanium; 326 ng (0.50 nmol) of
trans-bi s(dinitrogen)bis[1,2-bis (diethylphosphino)ethane]tungsten and 110
ng (0.50 nmol ). of trichl orogcycl opent adi enyl ) titani um were dissolved in
7.5 M of £eEth BepFofthesn thecsolventtweapeigitikledaff to abkednedank 44 5

Cct ober 2005 stirred. for 21 _hours. The so]yvent was distilled off fromthe
resul t ed vﬁ”é?%?lsoqlaﬂcqt' sciftf P&ﬁiaﬂﬁeFﬁeg‘?Jer%thaén?“gaﬁi?ttiebntwt’é%}:%EPed to

géf L?ff)L%%“ﬁ%g"r%e‘ﬂ%%%?'ﬁ%%%ﬁ?&t?%’.5‘%%?%%%%?@@6@5%3%%% of
pon N Phot T PR LREa s B N By S SR dPie ot i<l

2.18-1576 douvdt 24tb RebRainl1@9-8. g éMa MhcPEREEBal. Yield: 75%.
31P{ 1H} - NVR(CDC13) 6:30.99 (s with 183Wsatellites, J(PW = 270 Hz);

L La
4 Nb"cx

iy /N
( " PPhy” Cl
=/

thP_'W "”Pth

o, \ /
L PP ether

'H-NMR(CDC1,) 6:1.12 (t, 6H, J = 7.0 Hz, Me of
ether), 2.68, 2.90 (br, 4H each, CH; of dppe), 3.38
10 (t, 4H, J = 7.2 Hz, CH; of ether), 5.86 (s, 5H,
Cp), 6.67-7.66 (m, 40H, Ph);
**P{'H}-NMR(CDC1l;) &:34.1 (s with '°°W satellites,
Jyp=275 Hz):;
IR(KBr)1383(m)cm ',
15 Anal. Calcd for C¢ Hg3Cl,N:NbOP,W: C, 52.99; H, 4.59;
N, 2.03. Found:C, 52.88; H, 4.22; N, 2.32
Example 1(5)
Synthesis of
{chlorobis[1l,2-bis(diethylphosphinc)ethane]tungsten)}( &
20 -dinitrogen)[dichloro(cyclopentadienyl)titanium];
326 mg (0.50 mmol) of trans-bis(dinitrogen)bis[1,2-bis
(diethylphosphino)ethane]tungsten and 110 mg (0.50 mmol) of
trichloro(cyclopentadienyl)titanium were dissolved in 7.5 ml

of tetrahydrofuran under room temperature, and the mixture was



| RCKBr) 1406.3(s)cm 1. Anal. Calcd. for C25H53C13N2P4Ti W C, 35.59; H
6.33; 15 N, 3.32. Found: C, 35.50; H, 6.44; N, 3.50. Exanple 1(6)

Synt hesi s of {chl orobis[1, 2-bis(diethyl sphi no) et hane] tungsten)
(/2-dinitrogen)[dichloro(cyclopentadienyl) titaniuni; 26 @ctbbem20d®. 77
mol ) of trans-bis(dinitrogen)bis[1,2-bis

(di et hyl phosphi no) et hane] tungsten and 0.22 g (0.76 mol ) of

trichl t t hyl I t adi [)titani di lved in 15 m of
o1 chloro(peat aTel Loyl open a0 sty ) Lenl i vere 8 ool e Lo o
h o i 05 45, f i db

nours. 1" SRESIBRCOSUE: o L ET P02 e ag VA ceued by gee
Ihe, S0 venbuugsoudustiy Lat A (PR S YRS 00 SO0 SHEPTRREY 12°

subj ected to extraction with 10

extracted sléutesnlved eteeited 8®1dbi Qvééﬂéoné’@:&f%’g&’ shopt ¥ gy et hyl
ether to cause re-crystallization giving 0.48 g of a dark green crysfal.

Yi el d: 5688T0 1thi s WWR( €BG2E) s8o#132 81 5761 f HekarRGHAo dbd1h S3245hy
Cp-CH3), 1.30-1.10 %n1 24H, PCH2CH3); I R(KBr) 1406.5(s)cm 1. Exanmple™1(7)
Synt hesi s ®f 2, Bhp6Kobry¥ptat-bi Yieddet APl¥phosp hino) ethane ] 15 tungsten
} (u-dinitrogen)[dichloro(indenyl)titaniun]; 0.252 ng (0.387 mmol) of
trans-bi s(dinitrogen)bis[1,2-bis (diethyl phosphino) ethane ]tungsten and
0.105 g (0.390 nmmol ) &P« trdichl oro(i ndenyl )titani um were dissolved in 10 ni

of Ti
N T
W”PHQN4
%
PhyP=Mo ''PPh,

cxau¥-¢/}

"H-NMR(CDCl3) 0:6.17 (s, 5H, C5H5), 2.18-1.76 (m,

10 24H,PCH2), 1.29-1.13 (m, 24H, PCH2CH3) ;
31P{1H}—NMR(CD_Cl3) 6:30.99 (s with 183W satellites,
J(PW) = 270 Hz);

IR(KBr) 1406.3(s)cm ',
Anal. Calcd. for C25H53C13N2P4ATiW: C, 35.59; H, 6.33;

15 N, 3.32. Found: C, 35.50: H, 6.44; N, 3.50.

Example 1(6)

Synthesisof{chlorobis[l,2-bis(diethylphosphino)ethane]
tungsten}(LL-dinitrogen)[dichloro(cyclopentadienyl)
titanium];

20 0.50 mg (0.77 mmol) of trans-bis(dinitrogen)bis[1,2-bis
(diethylphosphino)ethaneltungsten and 0.22 g (0.76 mmol) of
trichloro(pentamethylcyclopentadienyl)tifanium were
dissolved in 15 ml of tetrahydrofuran under room temperature,

and the mixture was stirred for 15 hours. In this procédure,




tetrahydrof uran under roomtenperature, and the m xture was 20 stirred for
22 hours. In this procedure, foam ng was caused by gas generation fromthe
red solution, and it changed to dark green suspension. The sol vent was.
distilled off fromthis suspension and the resulted sol$®ateersijzected to
extraction wth 9 m of dichloronethane, then, the resulted extracted 46 5
Cct ober 2005 solution was concentrated, and to this was added sl owy
diethyl ether to cause re-crystallizatjygon giving 0.25 g of a dark green
crystal. Yield: 72% Ind Ti SCI PEt2 Nt22P~ " W "11/PEt z C Et2P 5
1H- NVMR(CDC13) 5 :7.34(s, 2H, Ind), 6.98(s, 2H, Ind), 6.62(s, 1H 1Ind),
6.17(s, 2HodnMhg was8cdub8lnby24ks FefBZhtioh 2ol WHeMredf ol dB AR -
Exanpl e 1(8) Synthesis of {chlorobis(1, 2-bis(di phenyl phosphl no% 10 °

et hane] t uregsl eif (¢thangedt togdayrkdigreleny ausgead okl hhe dopssiadresy! )
titanium; 480 ng (0.46 mol) of trans-bis(dinitrogen)bis[1,2-bis

(di phenyl Mﬂlﬁé &%nﬁ}'ﬂnl yhdensmspeasian and ANS suspensddn was
trichloro(pentanethyl cycl opentfdl enytg%t i tanium were 15 dissolved in 25 m

of tetrah wafl i eXGIRRh et Jeml of dichloromethane, then,
5  the resulted extracted solution was concentrated, and to this
was added slowly diethyl ether to cause re-crystallization

giving 0.48 g of a dark green crystal. Yield: 68%.

cp‘\11 +Q
N a
".'"PE‘z Vs
EtzP‘—‘X -uijt2

5 N4

10 'H-NMR(CDCl;) 6:2.22-1.70 (m, 24H, PCH2), 1.97 (s, 15H,
| Cp-CH3), 1.30-1.10 (m, 24H, PCH2CH3):
IR(KBr) 1406.5(s)cm™'.
Example 1(7)
Synthesis of { chlorobis[l,2-bis(diethylphosphino)ethane ]
15 tungsten } (£ -dinitrogen)[dichloro(indenyl)titanium];

0.252 mg (0.387 mmol) of trans-bis(dinitrogen)bis [1,2-big
(diethylphosphinc)ethane ]tungsten and 0.105 g (0.390 mmol) of
trichloro(indenyl)titanium were dissolved in 10 ml of
tetrahydrofuran under room temperature, and the mixture was

20 stirred for 22 hours. In this procedure, foaming was caused
- by gas gex;eration from the red solution, and it changed to dark
green suspension. The solvent was distilled off from this
suspension and the resulted solid was subjected to extraction

with 9 ml of dichloromethane, then, the resulted extracted



to recogni ze generation of a gas fromthe solution, and the <color of this
sol ution changed fromred to dark green, _ This solutlon was stirred for 18
hours, then, the solvent was distilledf®f f to obtain dark green solid.
The dark green solid 20 was subjected to extraction w t b fRstenaré{®s
chloride, and the resulted extracted substance was re-crystallized by
using a nethylene chloride/ether m xed solvent, to obtain 490 ng of 47 5
Oct ober 2005 a dark green fine crystal. Yield: 82% CP* \Ti' SC NN CZ
N Ph2pPs- -Solutimpywag cepoentyatednindselt)is was aneg shoply Gietiigyl 2. 36,

T SR g S e el (gl T
NNR ( . 3 183Wsatel lit J 287 Hz | R( KB
o (R, Sl 940, VL = e ) L)

1409(mc 06 3 H6 5 Cl15 N2 OP4 Ti W C, 57.36; H 4.89
; N, 2.16. Found: C, 57 06; H, 5.16; N;2.17 Exanple 1(9) Synthesis of
((|soth|ocyan|de)b|s[m Q\bls«m(dlphenylphsphlno)ethane] t ungust en)

(/

2-di ni trogen)
// e

PEt, N//

74
Etzp.hw 'u!IPEt
7\

S P

5 'H-NMR(CDCl;) 0 :7.34(s, 2H, Ind), 6.98(s, 2H, Ind), 6.62(s,
1H, Ind), 6.17(s, 2H, 1Ind), 2.18-1.60(m, 24H, P-CH,),
1.26-1.03(m, 24H, CH3-CH; ).

Example 1(8)

Synthesis of {chlorobis[1l,2-bis(diphenylphosphino)

10 ethane]tungsten}( i -dinitrogen)[dichloro
(pentamethylcyclopentadienyl) titanium];

480 mg (0.46 mmol) of trans-bis(dinitrogen)bisf[1l,2-bis
{diphenylphosphino}ethane]molybdenum and 140 mg (0.48 mmol)
of trichloro(pentamethylcyclopentadienyl)titanium were

15 dissolved in 25 ml of tetrahydrofuran under room temperature,
to recognize generation of a gas from the solution, and the
color of this solution changed from red to dark greeﬁ. This
solution was stirred for 18 hours, then, the solvent was
distilled off to obtain dark green solid. The dark green solid

20 was subjected to extraction with methylene chloride, and the
resulted extracted substance was re-crystallized by using a

methylene chloride/ether mixed solvent, to obtain 490 mg of



15 (dichl oro(cycl opentadienyl)tltaniun; 109.7 ng (0.084 mmol)

of (tetra-n-butyl amoni um

(trans- (dinitrogen)bis[1,2-bis(di phenyl ﬁosphi no) et hane] tungusten) and
18.4 nmg (0.084 mml) of trichloro(cyclopentadienyl)titdnhOgtabesiZ808 ssol ved
in 3 mM of 20 benzene under roomtenperature, and the solution was stirred
for 17 hours, then, the solvent was distilled off to obtain a green solid.
The green sgAi d was subjected to extraction wth nethylene chloride, and
the resul t2d@%¥r gEEER EEB& SH¥S s YdeddistBAY 4 zed by using a met hyl ene
chloride/ether m xed 48 5 COctober 2005 solvent, to obtain 68.0 ng of a dark
green crystal. Yield:CpR4% NTi°~ CIl PPhzN Ph2P 1 //PPh2 SCN Ph2P~
3CH2C12 5 ' H- NMR( CDC13 §\6r.;n\‘ .72 (s, 15H, Cp-CH3 ),2.49, 2.81 (m 4H,
each, CH2 of dppe), 5.80) s 5H Cp), 6.55 - 7.63 (m 40H, Ph); 31P(1H)
NVMR (CDC13) 6: 38.2 (s th T8Wsatellites, Jgp = 284 Hz); IR(KBr) 1441
for C6 3 H6 5 C15 N2 OP4 TiW C, 48.67; H, 3.95; N,

(mMmcm 1. 10 I
2.79. Foun C,%ﬁ@al‘@ ; H 3.77; N, 2.88. Exanple 1(10)
Ph P 7
vu””
CI/\ PPh,
PhsP

'H-NMR(CDC13) 0:1.72 (s, 15H, Cp-CH;3 ),2.36, 2.87 (m, 4H, each,
O CH; of dppe), 6.57 {(m, 8H, Ph}), 6.89 (t, 8H, Ph), 7.09 (t, 4H,
Ph), 7.38 (t, 4H, Ph), 7.45 (t, 8H, Ph), 7.76 (m, 8H, Ph);
*'P{'H} NMR (CDCl3) O: 38.7 (s with '°3W satellites, Jyp =
287 Hz);
IR(KBr) 1409(m)cm™'.
10 Anal. Calcd for Cg3Hgs ClsN, OP, TiW: C, 57.36: H, 4.89; N, 2.1s.
Found: C, 57.06; H, 5.16; N,2.17
Example 1{(9)

Synthesis of {(isothiocyanide)}bis[1l,2-bis

(diphenylphsphino)ethane]tungusten}(ﬁl-dinitrogen)
15 [dichloro{cyclopentadienyl)titanium];

109.7 mg (0.084 mmol) of(tetra-n-butylammonium)
{trans-(dinitrogen)bis{1,2-bis{diphenylphosphino)ethane]
tungusten} and 18.4 mg (0.084 mmol) of
trichloro(cyclopentadienyl)titanium were dissolved in 3 ml of

20 benzene under room temperature, and the solution was stirred
for 17 hours, then, the solvent was distilied off to obtain
a green solid. The green solid was subjected to extraction
with methylene chloride, and the resulted extracted substance

was re-crystallized by using a methylene chloride/ether mixed



Synt hesi s of (chlorobis[1, 2-bis(di phenyl phosphi no) et hane]

t ungust en} (u-di ni trogen)[di chl oro( et hyl cycl opentadi enyl) 15 titanium;
500 nmg (0.48 mmol) of [trans-bis(dinitrd@gn)bis[l,Z-bis

(di phenyl phosphi no) ethane | tungusten and 110 ng (0. 48 mimitdberf2005

trichl oro(nethyl cycl opentadi enyl) titaniumwere dissolved in 25 m of

t et rahydr of uran under roomtenperature, to recognize 20 generation of a gas
fromthe soluytion, and the color of this solution changed fromorange to
dark br ownSoFNends| H0 GPtan 689 reg ¢Hradanbugseenherystiad .sokyend was
distilled gf% to obtain a black solid. The black solid was subjected to
extraction th nethyl ene chloride, and the resulted extracted 49 5 5

COct ober 2005 substance was re-crystallized by using a nethyl ene

chl ori de/ etfffier m xed sol vent, t@ obtain 540 ng of a bright black cubic
crystal . YiZId: 90% \ Ty ' S ~PPh2N Ph2Pa ""PPh Cl Ph2P

"H NVR(tol ylene-d8 ) S : 2. (s, {(3H, Cp-CH3 ), 2.39, 2.81 (m 4H, each, CH2
of dppe), %.27, 5.47 (t, 2H epch, Cp-H), 6.59 (s, 8H, Ph), 6.87 (m 8H,
Ph), 7.04 (m 4H__Ph), ,# 30 (m [(12H, Ph), 7.60 (s, 8H, Ph); 10

31P{ 1H} - NVR( CRECIZI"§# 39. 9 (s (i th 183Wsatellites, Jw = 286

PhaPaw. 7/

'\ e

SCN
Ph,P | 3ckH.cl,

5 T'H-NMR(CDC1;) 6:1.72 (s, 15H, Cp-CH;),2.49, 2.81 (m, 4H, each,
CH; of dppe), 5.80 (s, S5H, Cp), 6.55 - 7.63 (m, 40H, Ph){
'P('H} NMR (CDCl;) O: 38.2 (s with '°’W satellites, Jyp =
284 Hz):

IR(KBr) 1441 (m)cm™'.
10 Anal. Calcd for Cs3H¢sClsN,OP, TiW: C, 48.67; H, 3.95; N, 2.79.
Found: C, 49.02; H, 3.77; N,2.88.
Example 1(10)
Synthesis of {chlorobis[l,2-bis(diphenylphosphino)ethane]
tungusten}(ﬁL—dinitrogen)[dichloro(methylcyclopentadienyl)
15 titanium];

500 mg (0.48 mmol) of [trans-bis(dinitrogen)bis[1l,2-bis
(diphenylphosphino)ethane]tungusten and 110 mg (0.48 mmol) of
trichloro(methylcyclopentadienyl)titanium were dissolved in
25 ml of tetrahydrofuran under room temperature, to recognize

20 generation of a gas from the solution, and the color of thié
solution changed from orange to dark brown. The solution.was
stirred for 24 hours, then, the solvent was distilled off to
obtain a black solid. The black solid was subjected to

extractionwithmethylenechloride,andthexesultedextracted



Hz); IR(KBr) 1411(mcm 1. Anal. Calcd. for C6 3 H6 5 C15 N2 OP4 TiW C,
56.09; H, 4.46; N, 2.26. Found: C, 56.02; H, 4.56; N, 2.21. 15 Exanple
1(11) Synthesis of {chlorobis[1, 2-bis(diethyl phosphi no) et hane]

t ungust en) (LI - di ni t rogen) [ di chl or o( met hyl cycl opent adi eny® Pctabearaat0dn] ; 260
ng (0.40 mol) of [trans-bis(dinitrogen)bis[l,2-bis 20

(di et hyl phosphi no) et hane] t ungusten and 90 ng (0.39 mol ) of

trichl oro(nethyl cycl opentadi enyl)titaniumwere dissolved in 15 m of

t et r ahydr ofubetaniodewas 008 teFRRBANUARA Yy MRHGH £ Sne €RPEEALI ON Oof a gas
fromthe solution, and the color of this solution changed fromorange to

dar k br owchlitvreide)ethen miase®@5o3dventedté obthdnh®aw mg dHenbrifRt wWlawnt was
distilled off to 5 October 2005 50 obtain a black solid. The black solid
was subj ect¥Ri¢ ccregtadet B IRt h98Et hyl ene chloride, and the resulted
extracted substance was re-crystallized by using a nethyl ene

chl ori de/ et her nideCaoIveqa, to obtain 308 ng of a dark blue 5 needle-Ilike
crystal. Yield: 92% MY "\\Cl | NC ~PEt2 N Et2Pa, '"UPEz O |,

Et 2P 'H-NNFKtoIuene-dBZ?S\GEQB, 1.15 (m 4H, each, CH2 of depe),
N

PPh, 7

PhoPama. % 7
W‘HHH
/\ PPh,

'H-NMR(toluene-ds) 6 :2.00 (s, 3H, Cp-CH; ), 2.39, 2.81 (m, 4H,
each, CH, of dppe), 5.27, 5.47 (t, 2H, each, Cp-H), 6.59 (s,
8H, Ph), 6.87 (m, 8H, Ph), 7.04 (m, 4H, Ph), 7.30 (m, 12H, Ph),
7.60 (s, 8H, Ph);

10 *'P{'H}-NMR(CD,Cl,) 0:39.9 (s with'®3W satellites, Jyp = 286
Hz);
IR(KBr) 1411l(m)cm .
Anal. Calcd. for C43Hgs Cls N, OP, TiW: C, 56.09; H, 4.46: N, 2.26.
Found: C, 56.02; H, 4.56; N,2.21,

15 Example 1(11)
Synthesis of {chlorobis[1l,2-bis(diethylphosphino)ethane]
tungusten}( & -dinitrogen)[dichloro(methylcyclopentadienyl)
titanium};

260 mg (0.40 mmol) of [trans-bis(dinitrogen)bis[l,2-bis

20 (diethylphosphino)ethane]tungusten and 90 mg (0.39 mmol) of
trichloro(methylcyclopentadienyl)titanium were dissolved in
15 ml of tetrahydrofuran under room temperature, to recognize
generation of a gas from the solution, and the color of this
solution changed from orange to dark brown. The solution was

25 stirred for 14 hours, then, the solvent was distilled off to



1.68, 1.85 (m 4H, each, CH2 of depe) , 1.41, 1.97 (m 8H, each, 10 CH2 of
depe), 2.27 (s, 3H, Cp-CH3), 5.82, 6.01 (t, 2H, each, Cp-H);
31P(1H) - NVR(CD2C12) S :36.0 (s with 183Wsatellites, Jw = 269 Hz);

| RCKBr) 1407(mycm 1. 15 Anal. Calcd. for C63H65CL5N20P4THWIctche8B0@3; H,
6.46; N, 3.27. Found: C, 36.82; H 6.69; N, 3.21. Exanple 2 An autocl ave
reactor having an inner volume of 0.4 Jliter equipped with a stirrer was
dried under vacuum and purged with 2 0argon then, 200 nm of toluene as a
sol vent was charged into this, and the reactor was heated up to 60 C After

heating, opRtdiH ﬁ:%%@&ﬂ‘@” @mjé%# %g%_f)ge g% %Hg) C%jﬁﬁﬁanre at

MPa, and after e system was stal |nterm3
of al um xPraic Mol @i ehiad t19§1460€ 2&315 i on of
met hyI I sobut yl al um noxane |lﬁft ol ue‘ﬁnlg"qg(?ﬁl\J/'I\%l:lc gnﬁrr%l% acture B)i/hl%glg EiAkzo
Ltd.; hesebzafdrere walbrmdiatestasiipésd bg YWAGh h m%&n@héﬁ&?d and
subsequently 0.1 anol of

[ chl or ot ehdsiziisiedierhdtery mikken splyenlit,népt obygainndé vy of a dark blue
-dinitrogen)[dichl oro(cycl opentadi enyl)titaniun] synthesized in the

above! meRe; Ipkenmsiry siral) . wddediser g2k . Pol yneri zati on was conducted for
60 m nutes while controlling the tenperature at 60t. As a result of

pol ymeri zati on, ame@gyl ene _polynmer having 10 a nelting point of 136.7t
was produced at a rat e\of o @X 107 g per one hour per 1 nol of a titanium

atom Exanmple 3 / \
N Cl
PEt, N/
EtzPJ-.,;N//"
hy
CI/\ PEt,
Et,P

'H-NMR(toluene-ds) 6:0.93, 1.15 (m, 4H, each, CH, of depe),
1.68, 1.85 (m, 4H, each, CH; of depe), 1.41, 1.97 (m, 8H, each,
10 CH; of depe), 2.27 (s, 3H, Cp-CH;), 5.82, 6.01 (t, 2H, each,
Cp-H); |
*'P{"H}-NMR(CD>C1;) 0:36.0 (s with ®*W satellites, Jyp = 269
Hz);
IR(KBr) 1407(m)cm '.
15 Anal. Calcd. for Ce3Hes Cls N, OP, TiW: C, 36.41; H, 6.46; N, 3.27.
Found: C, 36.82; H, 6.69; N,3.21.
Example 2
An autoclave reactor having an inner volume of 0.4 liter
equipped with a stirrer was dried under vacuum and purged with
20 argon, then, 200 ml of toluene as a solvent was charged into
this, and the reactor was heated up to 60C. After heating,
ethylene was fed while controlling the ethylene pressure at
0.6 MPa, and after the system was stabilized, 0.50 mmol (mol

number in terms of aluminum atom; hereinafter the same) of a



An aut ocl ave reactor having an inner volune of 0.4 liter equipped with a
stirrer was dried under vacuum and purged with 15 argon, then, 200 m of
toluene as a solvent was charged into this, and the reactor was heated up
to 609C. After heating, ethylene was fed while controll i5Qctdber 20Dl ene
pressure at 0.6 MPa, and after the systemwas stabilized, 0.25 nmmol of
triisobutylal um num was charged, subseg ently, 0.1 Umol of 20

[ chl or ot et raki s(di net hyl phenyl phosphi n ?tungsten](/t -di nitrogen)

[ di chl oro(cycl opent adi enyl )titanium was charged, and subsequently,

1. 0U. t molsfut 1 bRNSRYIhERHYY k E8bhak drP&y oy.ophe I%bor te (called as
"[triphenylcarbeniun][tet?akis(%§§P§?luoroﬁ%%%%l%%o?%?éf ezgﬁW§§g@harged.
Pol ymer i asdrinfasBsre@nsycredohonked mivalt.es, i trolling.the
tenperature at 60°C. As a result of poIynerhuﬂ%éﬁffgﬁ'e?h%%gﬁéaﬁSPyner
having &imply @ pMAG of wa86cBafgeds anadseBdegdteAtiyt €0k h@il(ﬁ?f 5

Cct ober 2005 52 g per one hour per 1 nol of a titaniuniatom anple 4 An
aut ocl avd Ghdgsefre treak hg( dhme hhplphehyiphols phihd )ithaigs €anwi pped with a
stirrer mgﬁ_dried under vacuum and purged with 5 argon, then, 198 m of
tol uehe a¢1RIJRAGH) lkchriRFgtavrappentprdienyd) tdftanihexkne as an a-ol ef i n
was char th reactipon vessel was heated up to 609C. After

t enper at gﬁgtrh %%gée‘féfh?r?‘&nagﬁé@ -Peg tiwned Exampdie ildd )t wasethuiged.
pressur epghvm Qgﬁg, a syst s stabilized, 0.05 mmol of
MVAO 10 wagmcﬁg'rge ,oxg% SS{:J gé‘d%gﬁﬁ %?r . \',T\'ﬁﬁﬁlteéf‘”hile controlling

[ chl or obkakditehgaHaRRE KGR Tane) nol ybdenun] ( Lt
~-dinitrogen)[dichloro(cycl opentadi enyl)titani unj
A As a result of polymerization, an ethylene polymer having
10 a melting point of 136.7C was produced at a rate of 2.3X107
g per one hour per 1 mol of a titanium atom.
Example 3
An autoclave reactor having an inner volume of 0.4 liter
equipped with a stirrer was dried under vacuum and rurged with
15 argon, then, 200 ml of toluene as a solvent was charged into
this, and the reactor was heated up to 60C. After heating,
ethylene was fed while controlling the ethylene pressure at
0.6 MPa, and after the system was stabilized, 0.25 mmol of
triiscbutylaluminum was charged, subsequently, 0.1 fmol of
20 [chlorotetrakis (dimethylphenylphosphine) tungstenl(u
-dinitrogen) [dichloro( cyclopentadienyl) titanium] was
charged, and subseguently, 1.0 £ mol of triphenylmethyltetrakis
(pentafluorophenyl)borate (called as
"[triphenylcarbenium]{tetrakis (pentafluorophenyl) borate])
25 was charged. Polymerizationwas conducted for 60 minutes while
controlling the temperature at 60C.
As a result of polymerization, an ethylene polymer having

a melting point of 136.8C was produced at a rate of 1.8X19’




synt hesi zed in the above-nentioned Exanple 1(3) was charged. Pol ynerization
was conducted for 60 minutes while controlling 15 the tenperature at 60 C
As a result of polynerization, a copolyner of ethylene and 1-hexene having
a SCB of 18.3, [n] of 4.9 dl/g, a Mv of 3.5 X105, a Mv MOabbe: 2A0and
melting points of 92.0°C and 119.6 C was produced at a rate of 1.7X 10" g
per one hour per 1 nol of 20 a titaniu#g\ atom Conparative Exanple 1 An

aut ocl ave reactor having an inner vol of 0.4 liter equipped with a
stirrer was dried under vacuum and purged with argon, then, 198 m of

tol uene %S f%ﬁ/@rﬂoﬁ\gs}ég%]ﬁggﬁgli @ ) az‘rf:itt@n ’umﬁaag’g of 1-hexene as an

a-olefin s charged, an reacti on vesse Wat ed up to 60'C. After
t enper at ghanpieses ethylene was fed while controlling the ethylene '
pressure at 0.6 MPa, and after the systemwas stabilized, 0.05 nmol of

MVAO 53 5 CcAnbautd@aveaseaktiotethaviiy Subsaaeetotune 2% Qfiter
(cycl opentadi enyl )titaniumtrichloride was charged. Polynerization was

conduct e¢alidppe® witht @ss whiter oo Katileidngnabbevd bR M d e HRER 5 As a
result of polynerization, a copolyner of ethylene and 1-hexene having a
SCB @ 18rgomy Mhes 198xmloof Zolmeme of 2. 46lvent wekt chgrpgedniatef 99.

a and 1§E.ﬁt \é\fs produced at a rate of 1.6X107 g per one hour per 1 not
of a titaftitd Jh ofpdahinixene 135 AP afirodiefila mafcitharged ngand theer

pur ged wrERCtEepcTEsr Rl tRa o Jp s oihe MK beRoRr At TRt s | nt o

ethylene was fed while controlling the ethylene pressure at
0.6 MPa, and after the system was stabilized, 0.05 mmol of MMAO

10 was charged, and subseguently, 0.5 (mol of
[chlorobis(diphenylphosphinoethane )melybdenum] ( &
-dinitrogen)[dichloro{cyclopentadienyl)titanium]
synthesized in the above-mentioned Example 1(3) was charged.
Polymerization was conducted for 60 minutes while controlling

15 the temperature at 60T.

As a result of polymerization, a copelymer of ethylene and
l-hexene having a SCB of 18.3, [N ] of 4.9 dl/g, a Mw of 3.5
X10°, a Mw/Mn of 2.14 and melting points of 92.0C and 119.6C
was produced at a rate of 1.7X10’ g per one hour per 1 mol of

20 a titanium atom.
Comparative Example 1

An autoclave reactor having an inner volume of 0.4 liter
equipped with a stirrer was dried under vacuum and purged with
argon, then, 198 ml of toluene as a solvent was charged into

25 this, 2 ml of l-hexene as an @-olefin was charged, and the
reaction vessel was heatedup to 60 C. After temperature raise,
ethylene was fed while controlling the ethylene pressure at

0.6 MPa, and after the system was stabilized, 0.05 mmol of MMAO



this, 2 ml of 1-hexene as an a-olefin was charged, and the reaction vessel
was heated up to 60t. After heating, ethylene 15 was fed while controlling
the ethylene pressure at 0.6 MPa, and Bfter the system was stabilized,
0.25 mml of triisobutylalum numwas charged, subsequerft Ogtoler2006npl of
{chl orobi s[ 1, 2- bi s(di phenyl phosphi no) et hane] nol ybdenum (Lt
2-dinitrogen)[dichloro(cycl opentadi enyl)titanium was 20 charged, and
subsequently, 1.0 Itnol of

tri phenyl ngioytkgtgall, sapansablseprheary) )dX at totase char ged.

Pol yrmeri zation was conducted for 60 mnutes while controlling the

t enper at ur gcpdl6Peftadieaylgtdttandfumpdinichicmid®nyas ehpegdaer of et hyl ene
and 25 1-hexene having a SCB of 16.4, [71] of 7.5 dl/g, Mv of 4.4 X105,
Mv Mh of ZPdBymediratipngvasigundicted fIYCERaripebeacehiilatcon tnzil big
3.8X107 g per one hour per 1 not_.of a titanium atom 5 October 2005 54
Exanpl e 6 He atemeeratureadtobOiavi ng an i nner volume of 0.4 liter

equi pped with _a stirrer, was dried under, vacuum an urged with argon, _then,
Ta5 P80t " ol dBne BRSELL T st NoRr TARY L P COD8 LEes oTSHT1SRE Fiidene
as an a-ol gfy Char , d e ' e wa d t o, 180t .
After the ﬁé%%gr]%;g R et x&f%ngegva%f ]tl:sd. é\’/\hlglclxé*%(r)knér'éﬁlgliﬂg' %}g%Zhﬁy?é%é 43

pressure ajng kel tRy padd taf b8rad NETs wle M ¥a g ks 'ﬁr%cefho 2¢ &Ml Hf

MVAO was charged, subsequently, a m xture of 0.5 /tnol of 1
[ chl or obi sq#li pheryladhas pleirn eaicaim)t WestEmdltof a titanium atom.

-di nitrogen)[dichloro(cycl opentadi enyl)titaniun] and 0. 10
Example 5 '

10 An autoclave reactor having an inner volume of 0.4 liter
equipped with a stirrer was dried under vacuum and purged with
argon, then, 198 ml of toluene as a solvent was charged into
this, 2 ml of l-hexene as an ¢ -olefin was charged, and the
reaction vessel was heated up to 60°C. After heating, ethylene

15 was fed while controlling the ethylene pressure at 0.6 MPa,
and after the system was stabilized, 0.25 mmol of
triisobutylaluminum was charged, subsequently, 0.1 tmol of
{chlorobis[1l,2-bis{diphenylphosphino)ethane] molybdenum} ( &
2-dinitrogen) [dichloro(cyclopentadienyl)titanium] was

20 charged, and subsequently, 1.0 Zmol of
triphenylmethyltetrakis(pentafluorophenyl)horate was
charged. Polymerization was conducted for 60 minutes while
controlling the temperature at 60T.

As a result of polymerization, a copolymer of ethylene and

25 1-hexene having a SCB of 16.4, [71] of 7.5 dl/g, Mw of 4.4
X10°, Mw/Mn of 2.48 and melting point of 121.0C was produced

at a rate of 3.8X10’ g per cne hour per 1 mol of a titanium

atom.



mrol of triisobutylal um num was charged. Pol ynerization was conducted for
2 mnutes while controlling the tenperature at 18090. 15 As a result of
pol ymeri zation, a copolymer of ethylene and 1-hexene having a SCB of 12. 6,
[77] of 2.7 dl/g, and nelting point of 124.6t was producedciober 260% of

1. 3X107 g per one hour per 1 nol of a titaniumatom Exanple 7 20 An
autocl ave reactor having an inner volumg of 0.4 liter equipped with a
stirrer was dried under vacuum and purged with argon, then, 198 m of
toluene as a solvent was charged into this, 2 m of 1-hexene as an

a-ol ef i n Wegampar fed, and the reactor was heated up to 609C. After the
heating, ethylene 25 was fed while controlling the ethylene pressure at 0.6
MPa, and aft®R 2RWEOS)avenreaastorabaringdanOiffermobleine of 0.4 liter

triisobutylalum um_vvgs charged, subsequently, a mxture of 0.05 /tnol of
[ chl or obi %&P@Pﬁzmﬁ spH Han@s dghgdt ender /Madi@otaxbib pu2e@a Hhth

-dinitro iC o | opent.adi enyl )titaniu synt hesi zed in the
above- neg(fallg%ru?gd E&%h}jl(g)é%( g? S%dgﬁiﬂén)ﬁnﬁﬁ ao?ﬂ??’i‘éo‘bﬁﬁyChﬁugéduinMS
char , subgeguent! y, nol _of’ \

tri pﬁﬁyl %gﬁil ?gt{ﬂgkﬁg(%eﬁ%’égfj%o?gpﬁ%n;% THGEAR RS Gh3reegedand the

Pol yrer i zabh8818ASve8BRUCHAG Hatilh TSy Hl e A%%Ee%_{)g;:]-!lﬁi :}%%ﬂ%& vl
hyl ene

tenperature at 60x. As a result of polymerization,
and 1-hesthplenei wgsaf8@Bwhi1d9c0n2R811144 t8k 3thAyHldrb eiéjs.r Quced at a
ato

rate of 2.3X108 g per one hour per 1 nol of a titanfum 1
Conpar at i ¥e5 MFawphpd2after the system was stabilized, 0.90 mmol of MMAO
was charged, subsequently, a mixture of 0.5 tmol of

10 [chlorobis(diphenylphosphinoethane Jtungsten]( u«
-dinitrogen)[dichloro(cyclopentadienyl)titanium] and 0.10
mmol of triisobutylaluminum was charged. Polymerization was
conducted for 2 minutes while controlling the temperature at
180T.

15 As a result of polymerization, a copolymer of ethylene and
l-hexene having a SCB of 12.6, [71] of 2.7 dl/g, and melting
point of 124.6T was produced at a rate of 1.3X10’ g per one
hour per 1 mol of a titanium atom.

Example 7

20 An autoclave reactor having an inner volume of 0.4 liter
equipped with a stirrer was dried under vacuum and purged with
argon, then, 198 ml of toluene as a solvent was charged into
this, 2 ml of 1-hexene as an & -~-olefin was charged, and the
reactor was heated up to 60C. After the heating, ethylene

20 was fed while controlling the ethylene pressure at 0.6 MPa,
and after the system was stabilized, 0.15 mmol of
triisobutylaluminum was charged, subsequently, a mixture of

0.05 U4mol of [chlorobis(diethylphosphinoethane)tungsten](,'.L




S =

An aut ocl ave reactor having an inner volune of 0.4 liter equipped with a
stirrer was dried under vacuum and purged with argon, then, 185 m of

tol uene as a solvent was charged into 15 this, 15 ml of 1-hexene as an
a-olefin was charged, and the reactor was heated up to 38Biobex2065 t he
heating, ethylene was fed while controlling the ethylene pressure at 2.5
MPa, and after the systemwas stabilized, 1. O nmol of MVAO was char ged,
and subsequently, 2.5 Unmpl of (cycl op8ftadienyl) titanium 20 trichloride
was charged. Pol ynerization was conducted for 2 mnutes:while controlling

e 2@%%%%%9%%@&8%%% éﬁ#i%e%t%%éér?ihﬁ%%s?gpzké:E;r ol ting
' i \ 8Xx10: 1
P e Crephfngbakan BhOCHE hdVo Sudt fofla TG0 6 3 ART 0 048 MOBLune. of
0. 1 litge vesidbbaey1MA%RA AL WaD BRY uaqegn\eﬂ EQbak tnhglgfe,”%g%&;ﬁ m of

tol uene 5 Cctober 2005 56 as a sol vent s charged I nt .3"m  of

styrene Mes 6hafgephenphfleth9lteachkas (Yantls MAs RS PPolteQ0Ls After

the heating, 1.0 mmol of triisobutylalum numwas charged, subsequently, 10
U nols ofchahgedobi B¢Himbehyhphoaphasoebhdnetednguredd hinutes while

-di nitrogen)[di chl oro(cycl opent adi enyl ) ni obi um synthesized in the
above- neeeibredliranphe tempematwiearafedd0’and subsequently, 30 Jim of
N, N-di met hyl ani | i ni unt etraki_s(pent af | uor ophenyl) borate was charged.
Pol yner i zat ifh 3waSSBShdviE Rt AT IR i A & CRRPL¥MeIDOE itk yl ¢negnche
L:Wﬁgatf-rl?e:%néq%acviéé aaSE:gsc% t190.f0 %%Idyir%r} Zo |30r_} dflstvya[g%%o%%lc%?r
at a rate of 2.3X10% g per one hour per 1 mol of a titanium
10 atom.
Comparative Example 2

An autoclave reactor having an inner volume of 0.4 liter
equipped with a stirrer was dried under vacuum and purged with
argon, then, 185 ml of toluene as a solvent was charged into

15 this, 15 ml of l-hexene as an «-olefin was charged, and the
reactor was heated up to 180C. After the heating, ethylene
was fed while controlling the ethylene pressure at 2.5 MPa,
and after the systemwas stabilized, 1.0mmol of MMAO was charged,
and subsequently, 2.5 4mol of (cyclopentadienyl)titanium

20 trichloride was charged. Polymerization was conducted for 2
minutes while controlling the temperature at 180T.

As a result of polymerization, a copolymer of ethylene and
1-hexene having a Mw of 2.3X10°, Mw/Mn of 18.8 and a melting
point of 124.3TC was produced at a rate of 2.8X10* g per one

256  hour per 1 mol of a titanium atom.
Example 8

A glass vessel having an inner volume of 0.1 liter was dried

under vacuum and purged with argon, then, 13.8 ml of toluene



a Mv of 2.1X 104 and Mwv Mh of 2.21 was produced at a rate of 1.1X 106 g
per one hour per 1 nol of a niobiumatom Exanple 9 15 An autocl ave reactor
having an inner volune of 0.4 liter equipped with a stirrer was dried
under vacuum and purged with argon, then, 165 m of tol uefictabera2@@ vent
was charged into this, 35 m of styrene was charged, and the reaction
vessel was heated up to 50t. After the heating, ethylene was fed while 20
controlling the ethyl ene pressure at 08 MPa, and after the system was
stabilized, 2.0mmopl of MVAOwnas charged, subsequently, 10 unol of

[ chl or ot epEaks §{ GbABLAY &li'gf%féﬁ Hﬂstﬂzﬂl{ﬁ?g 1 }hu??ﬂaﬁf FHY SRS ¥ Fhagged.

] (u-dini trogen)[dichloro(cyctopentadi eny

Pol yrrer | zahaeneRsacendH I Arbd Dhabhelt ol B hematy | © AR Gl hOg, e

tenmperature at 50t. As a result of polynerization, a copolymner J'8?Hy| ene

and styr&ne mreel ngf ariaseibut B0t Mathhrded,cenbeeeentdy, 10
pol ystyrene) and nelting point of 108.8 C was produced at a 5 Octyober 2005

57 rate offmpBXabs5lghperobhs (Hiphepylphasphicfoethahantunyateny ( L£xanpl e 10
An autocl ave reactor having an inner volume of 0.4 liter equipped wth a
stirr it tEQggRddd (@rInnepkndienyl Snaohdom Jt sxemthéddi rd d of

t ol uene as, & liol Vﬁnt was %har ed into this, and the reactor was cool ed down
to -309C T tRP BREVecESAtIgNes EXamnlerl¢4) i wesueharapedi nandwas char ged,

[sglﬁisg?gteggﬁ% ?%?g?#%ﬁ;rag;\gn%%ﬁosphi ne) nol ybdenum (t1 10
‘SSibgie;Lggf,lrl\z/f@%@gf%?ﬁ]ﬁg%(9.hﬁ&ﬁﬂl&@@&%ﬁﬁls)(tﬂetﬂgﬂrﬂofl%hex%r(]f ) gl%jra@en qwas
charged. Polymerization was conducted for 60 minutes while
10 controlling the temperature at 50C.
As a result of polymerization, a styréne polymer having
a Mw of 2.1X10* and Mw/Mn of 2.21 was produced at a rate of
1.1X10° g per one hour per 1 mol of a niobium atom.
Example 9
15 An autoclave reactor having an inner volume of 0.4 liter
equipped with a stirrer was dried under vacuum and purged with
argon, then, 165 ml of toluene as a solvent was charged into
this, 35 ml of styrene was charged, and the reaction vessel
was heatedup to 50C. After the heating, ethylene was fed while
20 controlling the ethylene pressure at 0.8 MPa, and after the
systemwas stabilized, 2.0mmol of MMAOwas charged, subsequently,
10 fmol of [chlorotetrakis(dimethylphenylphosphine)
tungsten] (£ -dinitrogen) [dichloro{cyclopentadienyl)
titanium] was charéed. Polymerization was conducted for 60
25 minutes while controlling the temperature at 50C.
As a result of polymerization, a copolymer of ethylene and

styrene having a Mw of 4.3X10%, Mw/Mn of 1.96 {converted to

polystyrene) and melting point of 108.8C was produced at a




tri phenyl nmet hyl t etraki s(pent af | uorophenyl ) borate was charged, and | astly,
80 g of propylene was introduced. After introduction of propylene, the

aut ocl ave was heated by 15 polynerization heat, to raise the tenperature up
to 25t. After introduction of propylene, polynerizatio® Qﬁ@b@ﬁ&ggét ed for
8 mnutes. As a result of polynerization, a propylene polynmer having a Mw
of 7.4X104, MM Mh of 1.98 , [mm of % [nr] of 46.3% 20 and [rr] of
45. 4% (triad show ng stereo regul ari%ﬁ was produced at a rate of 2.0X108 g
per one hour per 1 nol of a titanium atom Exanple 11 An autocl ave reactor

having af, Jdngr MAKTR:0h. fef did Hou DEAU AR O 1 €3t il thie, dri ed
under vacuum and purged eﬁ argon, then, 200 mM of n-hexane as a sol vent
was chargeghdid oiothis, and the reactor was heated up to 60" C. After
tenperature raise, ethylene was fed while controlling the ethylene
pressure 5 @at abebclafe r8azttod GaVBag amd iahiear vidlemsy sitfed . wad itteabi | i zed,
0.50 mol of tributylalum numwas charged, subsequently, a m xture of 0.01
/t nol  ofequiipmerdbiithdacs bt phoywdas dadeidanodeanyacunin(and purged with

-di nitrogen)[dichl oro(pentanet hyl cycl opentadi enyl)titanium5 ] synthesized
in the @&Rgan.mdfi€enn Barpf etakegnangs 02 03okvent ¥est chazged: yhdioun num
was charged, subsequentl

tri phenyihét-hyttdeh i’é?%‘éﬁ%%?‘l"%%rglﬁﬂéﬁg‘l FBHPaftté’ V\—/agooccharpgf&fr the
O e R b ot 6 AL SF 011 000 BRI It el Ul lddd0 1 e

terrperatcl?r a resu neri zation, an y1 ene pol yner

having i fientiyX 106 anthofWo¥h of 2.21 was produced at a rate of

[chlorotetrakis(dimethylphenylphosphine)molybdenum] { &£

10 -dinitrogen)[dichloro(cyclopentadienyl)titanium] was
charged, and subsequently, 6.0 Um of
triphenylmethyltetrakis(pentafluorophenyl)borate was
charged, and lastly, 80 g of propylene was introduced. After
introduction of propylene, the autoclave was heated by

15 polymerizationheat, to faise the temperature up to 25C. After
introduction of propylene, polymerization was conducted for
8 minutes.

As a result of polymerization, a propylene polymer having

a Mw of 7.4X10*, Mw/Mn of 1.98 , [mm] of 8.3%, [mr] of 46.3%

20 and[rr] of 45.4% (triad showing stereoregularity) was produced
at a rate of 2.0X10% g per one hour per 1 mol of a titanium
atom.

Example 11

An autoclave reactor having an inner volume of 0.4 liter

250 equipped with a stirrer was dried under vacuum and purged with
argon, then, 200 ml of n-hexane as a solvent was charged into
this, and the reactor was heated up to 60C. After temperature

raise, ethylene was fedwhile controlling the ethylene pressure



2.3X108 g per one hour per 1 nol of a titaniumatom Exanple 12 An
aut ocl ave reactor having a content volune of 0.4 liter 15 equipped with a

stirrer was dried under vacuum and purged with argon, , .19 of
n- hexane as a solvent was charged into this, 10 m of %ﬁﬁQQEﬁ%ggﬁgan

a-olefin was charged, and the reaction vessel was heated up to 60" O After
the heating, ethylene was fed mhile5§€ntrolling the ethyl ene pressure at
20 0.6 MPa, and after the system was abilized, 0.50 mmuol of
tributylal um numwas charged, subsequently, a m xture of 0.01 Unpol of

[ chl or oljs (di ehgﬁgfggapgfegftﬁ%} bdE (¢abilized, 0,50 mmol of

dinitrogen)f&ic o( pent anet cycl opentadi enyl )titanium synthesized in

the abog-iiRNly QiR faTRS éh@kg@mﬁ BuBdequehtdy Ok diktesdWs babanm num

was charged, subsequently, 1.0 g no

t ri phenyk methylt ¢ichdliratyentdild oy Dythesyth ) boe thaned s ungsaegdd. 1

Pol yneri zati on was conducted for 60 mnutes while <controlling the

t enper at-drim iatr GfE) [ &l del obe( peodsms 0hxd cyciepentagi ent ik tamtymmn, a
copol ymer of ethylene and 1-hexene having a SCB of 29.2, Mwv of 4.2X105 and
My Nh of] syashemgegridu@@@damvg—ma@‘éleﬂea.%mlg 14860 BR€ hdlk "Pet 1 nol

of a titaniumatom 5 Exanple 13 Anhauto | ave reactor .havin cont ent

Vol une O G-HAASQEEICY LARRIRHM W3R SheF9oer SVRSCARERE Wnddr & 4688 and

pur ged it n IO o T A0 £ ph b 01 HERBP ARG 1§ Boyakle WAS, char ged [ nto

N~ wWas and the 10 reaction

vessel \éﬁ;%ﬁqe{é.edpu&gen%:ﬁ_%u/ﬁ& Wad NoMBAtEdW oLt RIGuYES FRdiuhil e

control 't ng e ethylfene pressure at
controlling the temperature at 60TC.

10 As a result of polymerization, an ethylene polymer having
a Mw of 1.1X10° and Mw/Mn of 2.21 was produced at a rate of
2.3X10% g per one hour ﬁer 1 mol of a titanium atom.
Example 12

An autoclave reactor having a content volume of 0.4 liter

15 equipped with a stirrer was dried under vacuum and purged with
argon, then, 190 ml of n-hexane as a solvent was charged into
this, 10 ml of 1-hexene as an ¢ -olefin was charged, and the
reaction vessel was heated up to 60C. After the heating,
ethylene was fed while controlling the ethylene pressure at

20 0.6 MPa, and after the system was stabilized, 0.50 mmol of
tributylaluminum was charged, subsequently, a mixture of 0.01
tmol of [chlorobis{diethylphosphinoethane)tungsten] (i -
dinitrogen)[dichloro(pentamethylcyclopentadienyl)titaniumj
synthesized in the above-mentioned Example 1(6) and 0.01 mmol

25 of triisobutylaluminum was charged, subsequently, 1.0 tmol
triphenylmethyltetrakis(pentafluorcphenyl)borate was
charged. Polymerization was conducted for 60 minutes while

controlling the temperature at 60T.




2.5 "Pa, and after the systemwas stabilized, 0.25 nmol of
tributylal um num was charged, subsequently, 0.025 u nol of

[ chl or obi s(di et hyl phosphi noet hane)tungsten] (a 15

-di ni trogen)[di chl oro( pent anet hyl cycl opent adi enyl ) ti t ani umOgtobgnPb@3i zed
i n the above-nentioned Exanple 1(6) was charged, and subsequently, 1.2
Lt rol triphenyl nethyltetrakis (pentafl yggrophenyl)borate was charged.

Pol yneri zation was conducted for 60 mfiutes while controlling the
tenperature at 20 60 C. As a result of polynerization, a copol yner of

ethylene and ad-die¢eia tha¥i pul fmSEBz8E 18, % B Olyde D UOC A MU Whgof |

2.85 was produced at a rate of 1.9 X 10" g per ore hour per

titani um athexen® Exempea SEB@faaboel,aMe ¢Lacox 1bavdig My M Re 2vggume of
0.4 liter equipped with a stirrer was dried under vacuum and purged wth

argon, theas pe6dutedfatok umie asf 8 .OKLONtg wer chay geohr e 3 felober 2005
60 this, 2 mM of 1-hexene as an a-olefin was charged, and the reaction
vessel wed héierdumpateme01C. After tenperature raise, ethylene was fed

while_controlling_the ethylene pressure at 0.6 MPa, and after the system
was stabi ¥§@B}el}é mmol of MVAO 5 was charged, and subsequently, 0.02
i trogen) [ AU SATIRERADRR HAVARY & FPHEERcHotHIENSE QbbVkk bRt | oned
FAETY Ly PpRISUEER R pe oL KL B e SR el
pol yreri zatg®en, €h&éRPOL yvarl Ar aldMiene &4 solvent was charged into
this, 10 ml of l-hexene as an & -olefin was charged, and the
10 reaction vessel was heated up to 60°C. After the heating,
ethylene was fed while controlling the ethylene pressure at
2.5 MPa, and after the system was stabilized, 0.25 mmol of
tributylaluminum was charged, subsequently, 0.025 fmol of
[chlorobis(diethylphosphinocethane)tungsten]{ &
15 -dinitrogen)[dichloro(pentamethylcyclopentadienyl)titanium
] synthesized in the above-mentioned Example 1(6) was charged,
and subsequently, 1.2 Umol triphenylmethyltetrakis
{(pentafluorophenyl}borate was charged. Polymerization was
conducted for 60 minutes while controlling the temperature at
20 60T.
As a result of polymerization, a copolymer of ethylene and
l-hexene having a SCB of 16.5, Mw of 1.9X10° and Mw/Mn of 2.85
was produced at a rate of 1.9X10° g per one hour per 1 mol of
a titanium atom.
25 Example 14
An autoclave reactor having an inner volume of 0.4 liter

equipped with a stirrer was dried under vacuum and purged with

argon, then, 198 ml of toluene as a solvent was charged into -
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15. 6, 6. 4X, and MV M of 4.26 was produced at a rate of 8. 0 X107 g
per one hour per 1 nol of a titaniumatom 15 Exanple 15 An autocl ave
reactor having a content volunme of 0.4 liter equipped with a stirrer was
dri ed under vacuum and purged with argon, then, 198 ml of5 Qotabeneoas a

sol vent was charged into this, 2 ml of 1-hexene as an a-olefin was
charged, and the 20 reaction vessel waggeated up to 60°C. After the
heating, ethylene was fed while controlling the ethylene pressure at 0.6
MPa, and after the systemwas stabilized, 0.25 nmol of tributylal um num

was char gédissullseduerd | hdkx€?s d4$nah of-olefin was charged, and the

[ chl or obi s(di phenyl phosphi noet hane) tungsten] (/t 25

- di ni t r ogERPCHIOR Rt pLmaseatedyg bp&@di ehftert itiemparatdrsy-athasi zed
in the aboxg- nti oned Exanple 1(8) was charged, and subsequently, 1.0
,umol trif X@%ﬁ‘& Weet Eedapind Yo sardmaick i ethe )eiohpl eneaprebsugedat

Pol ymeri zgt | S. 5 oher . 2005 61 conducted for 60 m nutes while
controlli ﬁgbtgﬁ%g\?ear?pde% e thE SEBtem was stakidized. pbi § mewilz atfi MMAOa
copol ygrer 9 e vin SCB of 16. 1, Mw of 9.2 X 105
and MN/thofé gﬁgébgé'mggﬁprsoy}?gﬁpe%g@T a‘?e@%f“ﬂ‘ﬁxﬂﬁa g per one hour per 1
nmol of a[ﬁhl@ﬁbbﬂh@&ﬁ!@thﬁn&ﬁms% qld%'{:r?&ﬁé)ﬂlﬂ}lwa{s e&gh% havi ng an I nner

n

volunme of 0.4 liter equipped with a stirrer der vacuum and

e o s 2 i ot 1 hexene ae A ol o e T e bLo"
above-mentioned Example 1(7) was charged. Polymerization was
conducted for 60 minutes while controlling the temperature at

10 60TC.

As a result of polymerization, a copolymer of ethylene and
1-hexene having a SCB of 15.6, Mw of 6.4 X 10°, and Mw/Mn of 4.26
was produced at a rate of 8.0X10’ g per one hour per 1 mol of
a titanium atom.

15 Example 15

An autoclave reactor having a content volume of 0.4 liter
equipped with a stirrer was dried under vacuum and purged with
argon, then, 198 ml of toluene as a solvent was charged into
this, 2 ml of l-hexene as an @-olefin was charged, and the

20 reaction vessel was heated up to 60C. After the heating,
ethylene was fed while controlling the ethylene pressure at
0.6 MPa, and after the system was stabilized, 0.25 mmol of
tributylaluminum was charged, subsequently, 0.025 {Lmol of
[chlorobis(diphenylphosphinoethane)tungsten](u

25 -dinitrogen)[dichloro(pentamethylcyclopentadienyl)titanium
] synthesized in the above-mentioned Example 1(8) was charged,
and subsequently, 1.0 fmol triphenylmethyltetrakis

(pentafluorophenyl )borate was charged. Polymerization was




reactor was heated up to 60°C . After tenperature raise, ethylene was fed

while controlling the ethylene pressure at 0.6 MPa, and after the system

was stabilized, 1. 0 mmol of MMVAO was charged, 15 and subsequentlg, 0. 025
Lt mol of [chl orobi s(di phenyl phosphi noet hane) t ungst en] (u® October 200

-di nitrogen)[dichl oro(pentanet hyl cycl pentadi enyl)titaniun] synthesized in
t he above-nenti oned Exanple 1(8) was ﬁﬁ]arged. Pol ynmeri zati on was conduct ed
for 60 m nutes while controlling 20 e tenperature at 60 C. As a result

of polymerization, a copolyner of ethylene and 1-hexene having a SCB of

16,1 Wy R A RNV 58 Oy 0851 LGRS Ghnerl . 1 X100

g per oné hour a anium a nautocl ave
react or daﬁgi_ng an inner volunme of 0.4 liter equipped with a stirrer was
dri ed under vacuum and purged with argon, then, 40 m of toluene as a

sol vent was aghargeshificE poleimeliarzadiin 63 £6p61yhed of Sriopyéedantds
charged, and the reactor was heated up to 60t . After the heating and

after the Isassdéeenhesvairsg abSCBzefl,16 11 0 MwroE of 2 MO aad MhAMgest 5a9¢
subsequently, 0.10 .tnol of .

[ chl Br olwas digsiivinddiads phraset pfind) 4 tnk®t npeELoBe hour per 1 mol of

-di nitrogen)[dichl oro(pentanet hyl cycl pentadi enyl)titaniuni synthesized in
t he above-tEmIbHeR ¥ npl e 1(8) was charged. Pol ynerization was conduct ed
for 60 'nutﬁﬁvﬂgle controlling the tenperature at 60 C. As a result of
pol yrreriEZ%ﬂ“f , propyl ene polynmer having 10 a Mw of 5.6X105, Mw Mh of

3,00, and Ll 0hct 3y 2% bl hiavife Ykt bt #7025 Likad Showi no

stereo regulari
' equipped with a stirrer was dried under vacuum and purged with

10 argon, ti_len, 198 ml of toluene as a solvent was charged into
this, 2 ml of l-hexene as an & -oclefin was charged, and the
reactorwas heatedupto 60C. After temperatureraise, ethylene
was fed while controlling the ethylene pressure at 0.6 MPa,
and after the systemwas stabilized, 1.0mmol of MMAO was charged,

15 and subsequently, 0.025 iUmol of
[chlorobis({diphenylphosphinoethane)tungsten] ( &
-dinitrogen)| dichloro-( pentamethylcyclpentadienyl)titanium]
synthesized in the above-mentioned Example 1(8) was charged.
Polymerization was conducted for 60 minutes while controlling

20 the temperature at 60T.

As a result of polymerization, a copolymer of ethylene and
1-hexene having a SCB of 16.1, Mw of 8.0X10°, and Mw/Mn of 3.86
was produced at a rate of 1.1X10% g per one hour per 1 mol of
a titanium atom. |

20 Example 17

An autoclave reactor having an inner volume of 0.4 liter
equipped with a stirrer was dried under vacuum and purged with

argon, then, 40 ml of toluene as a solvent was charged into



produced at a rate of 1.6X107 g per one hour per 1 not of a titaniumatom
Exanpl e 18 15 An autocl ave reactor having a content volume of 0.4 Iiter
equi pped with a stirrer was dried under vacuum and purged with arg

then, 190 m of toluene as a solvent was charged into tﬁIQCtOQGrm)O@f

1- hexene as an a-olefin was charged, and the reactor was heated up to

60' C. After the heating, ethylene was éo fed while controlling the ethyl ene
pressure at 0.6 MPa, and after the 39 temwas stabilized, 0.25mml of
trimethyl al um num was charged, subsequently, 0.025 |tnol of

[ bis(d I ?Ba t %g:
- d: ?n(t Irggg%['g?@ﬁ% %?L% (r)ég%é]ltwg%l gﬂrﬁ%fgtéﬁlf gaﬁ.l)clij'r?] 5 g%%%( chPSr orre'f-?'uane)
synt hesi ﬁ?‘%d gohe akews- fkoheared gRAIRE or thd) sP8Beh A 080an Az e
subsequently, 1.0 tLnol triphenylnethyltetrakis 3‘(*\%ent af | uor ophenyl?bor ate

was chalgodmmé&D! yFaMAR v o geddandedubseqa@nbliyt € Mhikfod S¥t ober
2005 63 controlling the tenperature at 60°C. As a result of polynerization,
a copol yfrehlofrobtisy dépheayd phbspdxaree faanaegt i @EBeni (26. 4, Mv of 3. 4X105
and MW Mh of 2.23 was produced at a rate of 2.9X108 g per one hour per 1
mol & sdinitragpnml dieil omedpeand ame thy laxaipentadiasyd) tisanagman i nner
volunme of 0,4 I|te(ri,L {L“q#lg ped with a stirrer was_drjed under vacuum and

purged WPYREhgR§aA! 1O - ‘B‘?n’fb?%‘ﬁeg’%“%l%}(/%htwﬁ/%@@%d into
10 this

noat o (RoFEneBr =4 RABH A e b Bl ed iy PedFhe  Conloliiag o v
the temperature at 60C.
As a result of polymerization, a propylene polymer having

10 a Mw of 5.6X10°, Mw/Mn of 4.00 , and [mm] of 13.2%, [mr] of
46.4% and [{rr] of 40.4% as triad showing stereo regularity was
produced at a rate of 1.6X107 g per one hour per 1 mol of a
titanium atom.
Example 18

15 An autoclave reactor having a content volume of 0.4 liter
equipped with a stirrer was dried under vacuum and purged with
argon, then, 190 ml of toluene as a solvent was charged into
this, 10 ml of 1-hexene as an (¢ -olefin was charged, and the
reactor was heated up to 60C. After the heating, ethylene was

20 fed while controlling the ethylene pressure at 0.6 MPa, and
after the systemwas stabilized, 0.25 mmol of trimethylaluminum
was charged, subsequently, 0.025 LUmol of
[bis(diphenylphosphincethane) (isothiocyanide)tungstenl]( 4
-dinitrogen)[dichloro(cyclopentadienyl)}titanium] (3"

25 dichloromethane) synthesized in the above-mentioned Example
1{9) was charged, and subsequently, 1.0 Zmol
triphenylmethyltetrakis (pentafluorophenyl)borate was

charged. Polymerization was conducted for 60 minutes while



- D

was. fed while controlling the ethylene pressure at 0.6 MPa, and after the
systemwas stabilized, 1.0 mml of MVAO was charged, and subsequently,
0.0125 /trmol of 15 [bis(di phenyl phosphi noet hane) (i sot hi ocyani de)t ungst en]
(/1-dinitrogen)[dichloro(cycl opentadi enyl)titaniun] (3 di éHDcioberkbabhe)
synt hesi zed in the above-nentioned Exanple 1(9) was charged.

Pol yneri zati on was conducted for 60 mn %es while controlling the
tenperature at 60'C. 20 As a result of % | yneri zation, a copol yner of

et hyl ene and 1-hexene having a SCB of 16.5, Mw of 7.9 X 105, and Mw Mh of

2.32 was : a f 0 one hour per 1 nol of a
titani um atom anmpfl e n aut ocl ave reactor having a content vol une

32 vas QYRtuePfial BpkAtRnlerd Ra0% 0 gL One hou |
of 0.4 liter aequifPeEWidh pdiSkidrBsateen d'd 88pWA! u d
with argon, then, 198 m ofEﬁ)t ?Itmuene Eias a sol verl?t seféﬁgrgg%??%{‘g%?‘?i s, 2

m of 1-heaxerexerse dimabng of SCBWES ThaL 9ok odng . uhe1 b’ QraoheyMR00P £4
reactor was heated up to 60°C. After the heating, ethylene was fed V\?hi | e
control | i Mast perostinddrs @ eater efal . 0>610Pg perdonaf heurt parsy shemo@s
stabiljzed, 0.25 mmol of tri-n-octylalum num was charged, subsequently,
0.025 $LmA tdrtamiym Reembi s( di phenyl phosphi noet hane) t ungst en] (u

-dinit rog&ng l dichl oro(net hyl cycl opent adi enyl )titanium synthesized in the
above- nentT |l e 1(10) was charged, and subsequently, 1.0 tLnol

e et b Bk By RO R gAE )  hut 20e
tenper at UggndppefPG$th a stirrer was dried under vacuum and purged with
| argon, then, 198 ml of toluene as a solvent was charged into
10 this, 2 ml of l-hexene as an & -olefin was charged, and the
reactorwasheatedupto 60T, After temperatureraise, ethylene
was fed while controlling the ethylene pressure at 0.6 MPa,
andafterthesystemwasstabilized,1.0mmolofMMAOwascharged,

and subsequently, 0.0125 mol of

15 [bis(diphenylphosphincethane)(isothiocyanide)tungsten]
(;L-dinitrogen)[dichloro(cyclopentadienyl)titanium](3'
dichloromethane) synthesized in the above-mentioned Example
1(9) was charged. Polymerization was conducted for 60 minutes
while controlling the temperature at 60T.

20 As a result of polymerization, a copolymer of ethylene and
1-hexene having a SCB of 16.5, Mw of 7.9X10°%, and Mw/Mn of 2.32
was produced at a rate of 3.6X10% g per one houf per 1 mol of
a titanium atom.

Example 20

25 An autoclave reactor having a content volume of 0.4 liter
equipped with a stirrer was dried under vacuum and purged with
argon, then, 198 ml of toluene as a solvent was charged into

this, 2 ml of l-hexene as an @ -olefin was charged, and the




As a result of polynerization, a copolyner of ethylene and 1-hexene having
a SCB of 18.1, Mvof 1. 3 X 106 and MV WMn of 3.11 was produced at a rate
of 4.3X108 g per one hour per 1 nol of 15 a titaniumatom Exanple 21 An
autocl ave reactor having an inner volume of 0.4 liter &floipker 2005 a
stirrer was dried under vacuum and purged with argon, then, 198 m of

tol uene as a solvent was charged intopg0 this, 2 m of 1-hexene as an

a-ol efin was charged, and the reactor was heated up to 60t. After
tenperature raise, ethylene was fed while controlling the ethylene

pressurergac@of Wt hea¥h abl €6 407€ .Syateavashs it idgdethy1@n@Rhsof MVAO
was charged, and subsequently, 0.025 Itnol of 25

[ chl or obfed dwhhzeytphaspliilioef tdiee )dthdsdres |fzessure at 0.6 MPa, and

-di nitrogen)[di chl oro(net hyl cycl opentadi enyl )titaniunm synthesized in the
above- neaf tenethex aysiteml We®) stabichigedd.0.Ppl ymeldi »&ti on was conduct ed
for 60 mnutes while controlling 5 Cctober 2005 65 the tenperature at 600C.
As a restFi-Bf OBV ARNMEAAIHNASLRIPBEY neFuRie@ient t¥e QS W mekem® havi ng

S Ae LR, SR S RN R O B T AL
ot ool Vg LER6k e RTLRIRAR D Sl oL bAES cERYBRS 1D
oavons Amemaplieali e beotaduies i Mgy ol on gOY alRole,
after theng@ysteseyaentlieh)i Li.oedimol triphenylmethyltetrakis
(pentafluorophenyl)borate was charged. Polymerization was
10 conducted for 60 minutes while controlling the temperature at
60TC.
As a result of polymerization, a copolymer of ethylene and
1-hexene having a SCB of 18.1, Mw of 1.3X10° and Mw/Mn of 3.11
was produced at a rate of 4.3X10° g per one hour per 1 mol of
15 a titanium atom.
Example 21
An autoclave reactor having an inner volume of 0.4 liter
equipped with a stirrer was dried under vacuum and purged with
argon, then, 198 ml of toluene as a solvent was charged into
20 this, 2 ml of l-hexene as an (& -olefin was charged, and the
reactorwas heatedupto60’C. After temperatureraise, ethylene
was fed while contrelling the ethylene pressure at 0.6 MPa,
and after the systemwas stabilized, 1.0 mmol of MMAOwas charged,
and subsequently, 0.025 gmol of
25  [chlorobis(diphenylphosphinoethane)tungsten]( u«
~dinitrogen)[dichloro(methylcyclopentadienyl)titanium]
synthesized in the above-mentioned Example 1(10) was charged.

Polymerization was conducted for 60 minutes while controlling



1.0 mmol of MVAO was charged, and subsequently, 0.10 /1nol of

[ chl or obi s(di phenyl phosphi noet hane) tungsten] (/1

-di nitrogen)[dichl oro(methyl cycl opentadi enyl)titaniun] 15 synthesized in

t he above-nentioned Exanple 1(10) was charged. Pol ymeri Z20ctebaad05
conducted for 60 minutes while controlling the tenperature at 60 C. As a
result of polynerization, a propyl ene | ymer having a Mwv of 1.3X105,

Mv Mh of 1.80 , and [mrm] of 10.48, [mr] " of 20 44.2% and Err] of 45.4% as
triad showi ng stereo regularity was produced at a rate of 4.4X107 g per one

hour per LLagiugpatom Exanple 23 An autocl ave reactor having
a contentéi'\l/é;%?r[e%%?ab{.lﬁél |H'Itter 25 equi pped with a stirrer was dried under

vacuum and pws0gdrdéhit ¥ ?@&yrridi@!batjigﬁu Ma eBFbg&WoeSe@zfpéﬁerﬁndvas

charged into this, 2 m of 1-hexene as an a-olefin was charged, and the
react or VipshédweehehavingpabStB oif 16r 9t hew kehvi.0gs 16f hydmhewiasn 65£ Eiober
2005 66 fed while controlling the ethylene pressure at 0.6 MPa, and after
the syst evasvaradudsd iated ret2sofindi zgﬂoﬂc g Pezbangl hburi pem hasok hff ged,
subsequently, 0.025 u nol of [chlorobis(
diethglpﬁb§§h¢¢kk%%amﬁ9mungsten](u 5

-dinitro eng!gicE&oro(nethylcyclopentadienyl)titaniun] synt hesi zed in the
above- nerit% %nple 1(11) was charged, and subsequently, 1.0 LLnol

Ly oy et S, SRR HISSHIPRN OB SO I 955 ger
tet?ggfref;telicﬁad?épe&%ﬁ@ﬁg stPrfef SR HrikdahueR va8hhA an& AR & TR trOf
argon, then, 40 ml of toluene as a solvent was charged into

10 this, 80g of propylene was charged, and the reactor was heated
up to 60TC. After the heatingandafter the systemwas stabilized,
1.0 mmol of MMAO was charged, and subsequently, 0.10 fmol of
[chlorobis(diphenylphosphinoethane)tungsten]( &

-dinitrogen) [dichlorc{methylcyclopentadienyl)}titanium]

15 synthesized in the above-mentioned Example 1(10) was charged.
Polymerization was conducted for 60 minutes while controlling
the temperature at 60T.

As a result of polymerization, a propylene poclymer having
a Mw of 1.3X10°, Mw/Mn of 1.80 , and [mm] of 10.4%, [mr] of

20 44.2% and [rr] of 45.4% as triad showing stereo regularity was

produced at a rate of 4.4X107 g per one hour per 1 mol of a

titanium atom.

Example 23

An autoclave reactor having a content volume of 0.4 liter

26 equipped with a stirrer was dried under vacuum and purged with
argon, then,. 198 ml of toluene as a solvent was charged into
this, 2 ml of l-hexene as an ®-olefin was charged, and the

reactor was heated up to 60C. After the heating, ethylene was




1- hexene having a SCB of 16.3, Mw of 2.8X 105 and MV Mh of 1.95 was
produced at a rate of 2.5X108 g per one hour per 1 nol of a titaniumatom
15 Exanpl e 24 An autocl ave reactor having an inner volune_of 0.4 liter
equi pped with a stirrer was dried under vacuum and pur ged® fateberat¥n,
then, 198 ml of toluene as a solvent was charged into this, 2 m of
1-hexene as an a-olefin was charged, agg the 20 reactor was heated up to
60C . After tenperature raise, ethylene was fed while controlling the

et hyl ene pressure at 0.6 MPa, and after the systemwas stabilized, 1. 0
mmol of MAD waslehevgedoplland thiesetiaflidne préduté nmt ©f6 MPa, and

[ chl or obi s(di et hyl phosphi noet hane)tungsten] ()u 25

- di ni t rogeiédi theosysemhwasy dtapdntiazisdny? )25 tamolnpf synt hesi zed in the
above-nenti oned Exanple 1(11) was charged. Polynerization was conducted
for 60 mitrtkbSoputyéadomingm vaA§ chargednpitkgedeentlso C@2% Lmpdef 2005

67 As t . pol ' ' . I f et hyl d 1-h

navi ng._a SN oronsBFal REhyT hogpnidee Hindaituresfen] b “uat produced at a
f 1. 5X10 1 | ..of | ' . 5. Ex l e 25

o auboci 08+ 65 eBF0 £ 85ERI8LR MRnY Thtofbrafe da bR I BRhnpaca "W 1 1 2

SUITTer W, ¢l 0l VAL YA UHBYA0MeR OB Eknpdkofi 1§ et chilkdlla of

t ol uene a solvent was charged into this, 30 - hexene a
a-ol efi n 26 Siesegdent ,theolQLrﬁ@ﬁCtﬁlFM@ﬁymﬂétﬁ 1¢R thr@kk&00C. After

tenperature raise, ethylene was fed while controlling the ethylene
pressure (gientafluorophenyl)borate was charged. Polymerization was
conducted for 60 minutes while controlling the temperature at
10 60T.

As a result of polymerization, a copolymer of ethylene and
l-hexene having a SCB of 16.3, Mw of 2.8><_105 and Mw/Mn of 1.95
was produced at a rate of 2.5X10° g per one hour per 1 mol of
a titanium atom.

15 Example 24

An autoclave reactor having an inner veolume of 0.4 liter
equipped with a stirrer was dried under vacuum and purged with
argon, then, 198 ml of toluene as a solvent was charged into
this, 2 ml of l1-hexene as an (@ -olefin was charged, and the

20 reactorwasheatedupto 60C. After temperatureraise, ethylene
was fed while controlling the ethylene pressure at 0.6 MPa,
and after the systemwas stabilized, 1.0mmol of MMAO was charged,
and subsequently, 0.025 Umol of |
{chlorobis({diethylphosphincethane)tungsten]{ &

25 -dinitrogen)[dichloro(methylcyclopentadienyl)titanium]
synthesized in the above-mentioned Example 1(11) was charged.
Polymerization was conducted for 60 minutes while controlling

the temperature at 60T.




2. 5 MPa, and after the systemwas stabilized, 1.0 nmol of MVAO was
charged, and subsequently, 0.25 LLnpl of

[ chl or obi s(di et hyl phosphi noet hane)tungsten] (! 15

-di ni trogen) [ di chl oro( net hyl cycl opent adi enyl )titaniun] 8yP¢tRB8I2@05in t he
above-nenti oned Exanple 1(11) was charged. Polynerization was conducted
for 2 mnutes while controlling the nperature at 1801. As a result of
pol ynmeri zation, a copolymer of ethylene and 20 1-hexene having a SCB of
13.1, Mwvof 6.8 X 104, and MV Wh of 2.07 was produced at a rate of

6.4X108 g pegseoheun B?rpélﬁérﬂﬁatiohi,té‘@% REYT JamplA af ARG

aut ocl ave reactor having a content vol une of iter 25 équipped with a
stirrer papegtenedha®ify & 3VBIGEANS. PUMESEWM | §X B0goandtMeMn 1838 217l g0f
toluene as a solvent was charged into this, 2 m of 1-hexene as an

a- ol ef i nwassprbduged, atna raee ofdctHX W04sg Heet esheihdur GEAC.1 Afotlepft he
heating, ethylene was 5 October 2005 68 fed while controlling the ethyl ene
pressur edatitaginmaatesd after the systemwas stabilized, 0.35 mmol of
triigfbutylaluninun1mas charged, subsequently, 1.0unvol of

[ chl o obEXa@PRBery| phosphi noet hane) t ungsten) (p. 5

Syt hesi 60 T HHECLHOVE FRATEOR IR BRAMED 20K aF VRL BRahBed © bhter
subsequegii pplatel LT Sl BRENVLIEARYLA i Yadiibald HaLgRASpY L) DOrat e

was charg yneri zation was conducte m nutes e controlling
the terrpsi-ag.ﬂr,etﬁén,lﬂvﬁoﬂﬂ of ABoBubREULS AfsPDbyREIFIStERMrg8aCoREbYMEr Of

et hyl ene an
' this, 30 ml of l-hexene as an (-olefin was charged, and the

10 reactor was heated up to 180C. After temperature raise,
ethylene was fed while controlling the ethylene pressure at
2.5 MPa, and after the sys'tem was stabilized, 1.0 mmol of MMAO
was charged, and subsequently, 0.25 Umol of
[chlorobis(diethylphosphinoethane)tungsten}( &

15 -dinitrogen)[dichloro(methylcyclopentadienyl)titanium]
synthesized in the above-mentioned Example 1(11) was charged.
Polymerization was conducted for 2 minutes while controlling
the temperature at 1807T.

As a result of polymerization, a copolymer of ethylene and

20 1-hexene having a SCB of 13.1, Mw of 6.8X10*, and Mw/Mn of 2.07
was produced at a rate of 6.4X10° g per one hour per 1 mol of
a titanium atom.

Example 26
An autoclave reactor having a content volume of 0.4 liter

25 equipped with a stirrer was dried under vacuum and purged with

argon, then, 198 ml of toluene as a solvent was charged into

this, 2 ml of l-hexene as an ¢ -olefin was charged, and the

reactor was heated up to 60C. After the heating, ethylene was




1- hexene having a SCB of 10.1, Mw of 6.3x104 and MV Wnh of 1.78 was
produced at a rate of 4.9x106 g per one hour per 1 nol of a niobiumatom
15 Exanpl e 27 [chl orotetrakis(di net hyl phenyl phosphi ne)tungusten] (g
-dinitrogen)[trichl oro(pentanet hyl cycl opent adi enyl ) ni obiQeifbeok0ehe)
shown below as a transition nmetal conpound was used. 20 Cp \ , MNi C
PhMe2P N PhMe2P ""PMe2Ph O 1 PMe2PiggC7H8 An aut ocl ave reactor having a
content volune of 0.4 liter 5 Cctober §005 69 equi pped with a stirrer was
dried under vacuum and purged with argon, then, 198 m of toluene as a

sol vent wad @hangedontr@llitis, tie dtiofidnbegrassaseaataokeipa, vasd
charged, and the reactor was heated up to 60t. After the heating, ethylene .
was 5 fedfideirl &heostyrstem nepd hetabhyizad, pPesSummodt & 6 MPa, and after '
the systemwas stabilized, 0.45 nmmol of triisobutylalum numwas charged,
subsequethriy sobutyhelugfinum was charged, subsequently, 1.0/4mol of

[chlorotetrakis dlneth Iphenylphos h|n t ungst en]

- di ni t r o§ERPEPLA( ne HP@H?I(':PH](SHF um
5 -dinitrogen) [trlchloro(cyclopentadlenyl)n:Lob:Lum] (diethylet

her) synthesizedin the above-mentioned Example 1(4) was charged,

and subsequently, 6.0 Umol triphenylmethyltetrakis

(pentafluorophenyl)borate was charged. Polymerization was

conducted for 60 minutes while controlling the temperature at
10 60%C.

As a result of polymerization, a copolymer of ethylene and
l-hexene having a SCB of 10.1, Mw of 6.3><_10‘ and Mw/Mn of 1.78
was produced at a rate of 4.9X10° g per one hour per 1 mol of
a niobium atom.

15 Example 27
[chlorotetrakis(dimethylphenylphosphine)tungusten]( i
-dinitrogen){trichloro({pentamethylcyclopentadienyl)

nicbium] (toluene) shown below as a transition metal compound

was used.
20

Cp\ \\\\c|
\‘|c:
Phie,E, N/
PhMe,Pim. & 7

W-irny,
/\ "PMezPh

" PMe,Ph CHg

An autoclave reactor having a content volume of 0.4 liter



10 ] (tol uene) synthesized in the above-nentioned Exanple 1(12) was
charged, and subsequently, 3.0 a nol triphenylnethyltetrakis

(pent af | uor ophenyl ) borate was charged. Pol ynerization was_conducted for 60
mnutes while controlling the tenperature at 60t. As a PQGIoPeFR00S

pol yneri zation, a copol ynmer of ethylene and 1-hexene having a SCB of 8.3,
Mv of 8.9X104 and Mwv Wn of 2.21 was prg%;ced at a rate of 1.0X106 g per
one hour per 1 nol of a niobium atom anpl e 28

[ chl or ot et r aki s(di net hyl phenyl phosphi ne) tungusten] (/2 20

- dini t rOgéﬁﬂibﬁé_&h&i)fl?(a%%:i&%@ﬁgbeé‘ﬂiédttﬁ{&é’ﬂ Yl ah'aoggggegoﬂ{?fi\]shom

bel ow as a“transition neta conpound was used. 5 Cctober \

Ta \C C affdkZPrhed), Phde L .of /toMlene 48 £PMARFert Iwas RMEZFPedUAEC 2 An

aut ocl ave reactor having a content volune of 0. 4 liter equipped wth a
stirrer wesislyi 2dmiindér lvhexemeand puor gedodefin wagochathyed, H nthef
tol uene as a solvent was charged inpto 5 this, 2 m of 1-hexene as an
a- ol ef i n Deactor s heatgdi e ta 68¢t or Afehdéhecdeaping.cotitylahesras he
heat i ng, ethyl ene was
5~ fed while controlling the ethylene pressure at 0.6 MPa, and
after the system was stabilized, 0.45 mmol of
triisobutylaluminum was charged, subsegquently, 2.04mol of
[chlorotetrakis(dimethylphenylphosphine)tungsten]( 4
-dinitrogen)[trichloro(pentamethylcyclopentadienyl)niobium
10 ](toluene) synthesized in the above-mentioned Example 1(12)
was charged, and subsequently, 3.0 Umol
triphenylmethyltetrakis (pentafluorophenyl)borate was
charged. Polymerization was conducted for 60 minutes while
controlling the temperature at 60T. As a result of
15 polymerization, a copolymer of ethylene and l-hexene having
a SCB of 8.3, Mw of 8.9X10' and Mw/Mn of 2.21 was produced at
a rate of 1.0X10° g per one hour per 1 mol of a niobium atom.
Example 28
[chlorotetrakis(dimethylphenylphosphine) tungusten]( &
20 ~dinitrogen)[trichlore{cyclopentadienyl)

tantalum] (dichloromethane) shown below as a transition metal

compound was used.




fed while controlling the ethylene pressure at 0.6 MPa, and after the
systemwas stabilized, 0.45 mmol of triisobutylal um num was charged,
subsequently, 2.0gnol of 10

[ chl or ot et r aki s(di met hyl phenyl phosphi ne)t ungst en] (LI 5 October 2005
-dinitrogen)[trichloro(cycl opentadi enyl)tantal unj(dichloro nethane)
synthesi zed in the above-nentioned Exanple 1(13) was charged, and
subsequently, 3.0 9 nol triphenylnmethyltetrakis (pentafluorophenyl)borate
was charged. Polynerization was 15 cqnducted for 60 mnutes while -
controllipg the tenperature at 601C.] As a result of polynerization, a
copol yrmer ] of et hyl ene artdPy- he e having a SCB of 7.5, Mwv of 6.4 X104 and

Mv Mh of [1.74 was produced ¥ ratd of 6.0X 105 g per one hour per 1 nol

ﬁd iln detail above, the present invention
a

| ¢

of a tantplumatom 20 As d,e/@o{\g;

provi des | a catal yst conpggént ddition pol ynerization conposed of 5
Cct ober 2P05 PhMedm ansigf on net'a ¢onpound whi ch can mani fest high
activity,! a catal yat Nr addition pol ymeri zati on prepared by using this
catal yst (&Moot fi?” addi tion pol yqerization, and an efficient process
for producing an agdit7itmmpgpPpmer, using this 5 catalyst for addition

pol yneri zation. () Al M5 5 Cct ober 005 1. A catal yst conponent for

addi ti on Jpol yneri zat ifdeRldinposed of @H@Qsi tion metal conpound (A) of the
foll owi ng-general fornula [1]: [L M N2) nM XmLX] X' k 111

An autoclave reactor having a content volume of 0.4 1liter

equipped with a stirrer was dried under vacuum and purged with
argon, then, 198 ml of toluene as a solvent was charged into
5 this, 2 ml of l-hexene as an @ -olefin was charged, and the
reactor was heated up to 60TC. After the heating, ethylene was
fed while controlling the ethylene preésure at 0.6 MPa, and
after the system was stabilized, 0.45 mmol of
triisobutylaluminum was charged, subsequently, 2.04mol of
10 [chlorotetrakis( dimethylphenylphosphine)tungsten](u
-dinitrogen){ trichloro(cyclopentadienyl) tantalum] (dichloro
methane} synthesized in the above-mentioned Example 1(13) was
charged, and subsequently, 3.0 Zmol triphenylmethyltetrakis
(pentafluorophenyl)borate was charged. Polymerization was
15 conducted for 60 minutes while controlling the temperature at
60C. As a result of polymerization, a copolymer of ethylene
and 1l-hexene having a SCB of 7.5, Mw of 6.4X10* and Mw/Mn of
1.74 was produced at a rate of 6.0X10° g per one hour per 1
mol of a tantalum atom.
20
As described in detail above, the present inventionprovides

a catalyst component for addition polymerization composed of




wherein, Mrepresents a transition netal atomof IIl to V group in the
Periodic Table of Elenents; M represents a transition netal atom of VI

to X group in the Periodic Table of Elenents; X each independently
represents a hydrogen atom hal ogen atom al kyl group, abdD&tpber godtip, aryl
group, substituted silyl group, al koxy group, aralkyloxy group,

aryl oxygroup, di - substituted am no groyp, azido group, cyano group,

i sot hi ocyanate group or group having a cycl opent adi ene type ani on
skeleton; L represents a group which bonds to Mor M by a | one-paired

el ect rona0frangl tebAChEeAl SompbARHSSRIEE @ak MEH Bf e 8PN lectliviPBy, O and
p each independently represent an integer of 0 to 5; and n represénts an

i nteger afcatalgs8. f@r Jd@ithval yslymenppathbnaprepdired by ddidignthis
wherein X is a hydrogen atom hal ogen atom al kyl group, aral kyl group,
aryl grooptadysdt icompsthent yfoyr adgitibropy lymeard zatiixky |landg amoup. 73 5
Cct ober 2005 aryl oxy group, di-substituted am no group or group having a
cycl openefficientyPECGRAF & Ak PFredyFing ampddidiion Belyweperitakngd shigddi ti on
pol yneri zati Qn according..to an ne of Clains 1 to 2, wherein o
reprggeantQ Yﬁﬁtéﬁé’aéhlﬁ}?% %ogﬁﬂeﬁizFEégp'one X represents a group
havi ng a cycl opentadi ene type anion skeleton. 4 . A catalyst for addition
pol ymeri zati on obtained by a process conprising bringing the, transition
metal compound (A) according to any one of Clains 1 to 3 into contact with
an organoal um num conpound sel ected fromthe group consisting of the '
followng (Bl), and an al um noxane selected fromthe group consisting of
the follow ng (B2) and (B3) and/or a boron conpound



selected fromthe group consisting of the followng (C), or with an

al um noxane sel ected fromthe group consisting of the followng (B2) and
(B3) and/or the following (C: (BlI) organoal um num conpounds of the general
formula ElaAl z3_a, (B2) cyclic aluminoxanes having a st@@ciober @006he
general fornula {-A (E2)-O}b, (B3) F#near- al um noxanes having a
structure of the general fornula E3{-A (E3)-0O}cAl E32, (wherein, each of
El, E2 and E3 represents a hydrocarbon group; all El's, all E2s or all E3s
may be the sane or different; Z represents a hydrogen atom or hal ogen
atom aIM&ay be the sane or different; a represents a nunber

sati sfying 0<ab3; b represents an integer of 2 or nore; and c represent an
integer of 1 or nore.), and (C) one or nore boron conpounds sel ected from
the following () to (C3): 74 5 Qctober 2005 (C) boron conpounds

represented py txh l O.0. unds

r epr esent ed bg th?%ﬁg’ﬁ# %ﬁ%%lgn@g%%&@ ?%}%ﬁ%g?%%foﬁoron
conpousdepospdesantednby tiba A ddmpOaRA (2 ) c(f_thig'fgqqogg_géghg Ayyperein,
B represents boron in trivalent state; QL to 4 represent al ogen atom
hydr ocGebmulgr bUp: hal ogenat ed hydrocarbon group, substituted silyl group,
al koxy gcgiou or di-substituted am no group, theymaybe the same or dif f
erent; Lhﬁp“éyer)hy amlnbXganic or organiclcklion; L represents a

neutral Lew basg'; and (L-H"' represents a Br$nsted acid.). 5. A
process for ng an addition polymnmer which conprises

Mrepresentsatransitionmetalatomof III to Vgroup inthe Periodic
Table of Elements; M' represents a trangition metal atom of VI
to X group in the Periodic Table of Elements; X each independehtly
represents a hydrogen atom, halogen atom, alkyl group, aralkyl
group, aryl group, substituted silyl group, alkoxy group,
aralkyloxy group, aryloxygroup, di-substitutedamino group, azido
group, cyano group, isothiocyanate group or group having a
cyclopentadiene type anion skeleton; L represents a group which
bonds to M or M' by a 1one-paired electron or a 7T electron; X'
repx_‘esents a counter anion; k, 1, m, o and p each independently

represent an integer of 0 to 5; and n represents an integer of

1 to 3.

2. The catalyst component according to Claim 1 .» wherein
X is a hydrogen atom, halogen atom, alkyl group, aralkyl group,

aryl group, subs tituted silylgroup, alkoxygroup, aralkyloxygroup,



pol yneri zing an addition polynerizable nononer with the catalyst of claim
4 . '

5 QOctober 2005
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aryloxy group, di-substituted amino group or group having a
cyclopentadiene type anion skeleton.

3. The catalyst component for addition polymerization according
to any one of Claims 1 to 2 1, wherein o répresents an integer
of 1 to 5 and at least one X represents a group having a
cyclopentadiene type anion skeleton.

4 . A catalyst for addition polymerization obtained by a
process comprising bringing the transition metal compound (A)
according to any one of Claims 1 to 3 . into contact with an
organoaluminum compound selected from the group consisting of the
following (Bl), and an aluminoxane selected from the group
consisting of the following (B2) and (B3) and/or a boron compound
selected fi‘om the group consisting of the following (C), or with
an aluminoxane selected from the group consisting of the following
(B2) and (B3) and/or the following (C):

{Bl) organoaluminum compounds of the general formula
E'.ALZ3.,,

(B2) cyclic aluminoxanes having a structure of the general
formula {-A1(E?*)-0-}s, |

(B3) linear-aluminoxanes having a structure of the general
formula "E*{-A1(E®)-0-}.AlE%,,
(wherein, each of E', E? and E? represents a hydrocarbon group;
allE's, allE’s or all E’s may be the same or different; Z represents
ahydrogen atomor halogen atom; all Zs may be the same or different;
a represents a number satisfying 0<a=<3; b represents an integer
of 2 or more; and ¢ represent an integer of 1 or more.), and

(C) one or more boron compounds selected from the following {Cl)

to (C3):



5 October 2005
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(C1) boron compounds represented by the general formula BQ'Q%Q3,

{C2) boron compounds represented by the general formula
G'(BQ'Q%Q%*)”, and

(C3) boron compounds represented by the general formula
(L-H)(BQ'Q’0%Q*) "~ _
(wherein, B represents boron in trivalent state: Q* to Q* represent
a halogen atom, hydrocarbon group, halogenated hydrocarbon group,
substituted silyl group, alkoxy group or di-substituted amino
group: theymaybe the sameor different; G* representsaninorganic
or organic cation; L represents a neutral Lewis base; and (L-H)*

represents a Br¢nsted acid.).

5 .Aprocess for producinganaddition polymer which comprises
polymerizing an addition polymerizable monomer with the catalyst
of claim 4 .



