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POLYMERI ZATI ON, AND PROCESS FOR PRODUCTI ON OF OLEFI N POLYMERSR hnJeehyi cal
Field The present invention relates to transition nmetal. conplexes,

| i gands, catalysts for olefin polynerization, and process for production
of olefin polyners. 10 Background Art Many production nethods of olefin
polymers by using netall ocene conpl exes have already been reported. For
exanpl e, JP-A 58-19309 disclosed a nmethod of producing olefin polyners
using a netall ocene conpl ex and al um noxane. 15 However, such a nethod, in
whi ch ol efi n pRANPETILZHt MBTALS COMRLENXES ,0UtT cratra ,y ATl w1y R MgLEFIN

bi s(cycl opent adi enyl ) zi rconi um di chl ori de and net hyl al um noxane, had a

probl em of the ImwyrdrecAd@ron wealght pRbCESS pbORabreduotrebiinopobyrerN To
resol ve the 20 problem JP-A 9-87313 di scl osed pol yneri zati on using

di met hyl silyl (tetranmet hyl cycl opent adi epyt yBrtert - butyl -5-

nmet hyl - 2- phenoxy) titaniumdichloride. In such polynerization, the
catalytic activity is high, but there is still a need for further

i nprovenent in the nolecular 25 weights of polyners to be obtained. 28 June

2006 2 gxsclgggﬁgigglt geigventlon
The present invention relates to transition metal
complexes, ligands, catalysts for olefin polymerization,

and process for production of olefin polymers.

10 Background Art
Many production methods of olefin polymers by using

metallocene complexes have already been reported. For
example, JP-A 58-19309 disclosed a method of producing
olefin polymers using a metallocene complex and aluminoxane.

15 However, such a method, in which oleﬁin polymerization is
carried ocut catalytically by using
bis(cyclopentadienyl)zirconium dichloride and
methylaluminoxane, had a problem of the low molecular
weight of the obtained olefin polymer. To resolve the

20 problem, JP-A 9-87313 disclosed polymerization using
dimethylsilyl (tetramethylcyclopentadienyl) (3-tert-butyl-5-
methyl-2~phenoxy)titanium dichloride. 1In such
polymerization, the catalytic activity is high, but there
is still a need for further improvement in the molecular

25 weights of polymers to be obtained.



I n consideration of the above-nentioned problens, the present invention
ains to provide transition netal 5 conplexes wth excellent %ﬁﬁﬁﬂeéhbi
activity and capable of providing polynmers with high nolecul'ar werght, and
a process of producing olefin polynmers using them In order to acconplish
the above-nentioned ains, the present inventors had made investigations on
transition 10 netal conplexes and catalysts for ol efin polynerization, and
finally found transition nmetal conplexes having |igands conprising a

cycl opent adi ene ring having a heteroatomas a substituent and which ring
is connected with a substituted benzene ring via a coval ent bond group,
thereby the present 15 invention was acconplished. That is, the invention

provi des as Eggé?%% do St sti+-Q0e fBLal conpl ex represented by the
Wher ei h *ﬁ%‘ %?

formula (1) oup 4 tranS|t|on metal ; 28 June 2006 3
Ais a Goup 16 elenent; G oMp, 14 a G0 or
1, R, R2, R3 and 4CaorﬁeS Cf?er%%}r%n oér)fl t% e‘?ﬂeﬁ %gghgg p ég%gﬁ én'(tE

denotes a substltuept selected fromt Ee follomnng

groups (1) aRFsEa)e Yredb (1) Tohe Effiﬁag%lrgeh@ﬁ?%'aiﬁ Rech
5 complexes with excellent catalytic activity and capable of

providing polymers with high molecular weight, and a
process of producing olefin polymers using them.
In order to accomplish the above-mentioned aims, the
present inventors had made investigations on transition
10 metal complexes and catalysts for olefin polymerization,
and finally found transition metal complexes having ligands
comprising a cyclopentadiene ring having a hetercatom as a
substituent and which ring is connected with a substituted
benzene ring via a covalent bond group, thereby the present
15 invention was accomplished.
That is, the invention provides as follows:

1. a transition metal complex represented by the formula

(1)
RS
R* R2
R% 2
R6->B p M‘(x1 ) n
R ~X
R’ A/ )
RB R‘IO
Rg

20 wherein M is a Group 4 transitiocon metal;



substituted or unsubstituted C1_20 al kyl, 10 substituted or unsubstituted
C6_20 aryl, substituted or unsubstituted C7_20 aral kyl, andsjl¥hoos
substituted with substituted or unsubstituted Cl1_20 hydrocarbon, and group
(I'l) consisting of 15 substituted or unsubstituted C1_20 al koxyl,
substituted or unsubstituted C6_20 aryl oxy3 substituted or unsubstituted
C7_20 aral kyl oxy, silyloxy substituted with substituted or unsubstituted

Cl _20 hydrocarbon, 20 am no substituted with substituted or unsubstituted
Cl_20 hydrocarbon, phosphino substituted with substituted or unsubstituted
Cl_20 hydrocérbBena &neurhild sulesidritut ed with substituted or unsubstituted
Cl_ 25 20 hydrocarbon, 28 June 2006 4 provided that at |east one of Ri,

R2, R3 and R2 is a Gxwust iltdueritergiroitp sel ected fromthe group (I1); R5, R6,
R7, R8, RO and R10 are the sane or different and each independently

denot es hydr ages, ahaliggererd cxulistdst ut;ed or unsubstituted C1_20 al kyl,
substituted or unsubstituted Cl1_20 al koxy, substituted or unsubstituted

C6_20 aryl, grsubstitiit gdoRiupsubshit 4hed 68 249 rAHePtY and Wt tuted or
unsubstituted C7_20 aral kyl,

5 independently denotes a substituent selected from the group
consisting of the following groups (I) and (II):
group (I} consisting of
hydrogen,
substituted or unsubstituted Ci;-zy alkyl,
10 substituted or unsubstituted Cg-z0 aryl,
substituted or unsubstituted Cy-;0 aralkyl, and
silyl substituted with substituted or unsubstituted
Ci-20 hydrocarbon, and
group (II) consisting of
15 substituted or unsubstituted Ci-z¢9 alkoxyl,
substituted or unsubstituted Cq¢-z0 aryloxy,
substituted or unsubstituted C;-3p aralkyloxy,
silyloxy substituted with substituted or unsubstituted
Ci-z0 hydrocarbon,
20 amino substituted with substituted or unsubstituted
Ci-2¢ hydrocarbon,
phosphine substituted with substituted orx
unsubstituted Cj.yy hydrocarbon, and
thic substituted with substituted or unsubstituted C;-

25 20 hydrocarbon,



10 substituted or unsubstituted C7_20 aral kyl oxy, silyl substituted W th
substituted or unsubstituted Cl1_20 hydrocarbon, or amno s yheel W th
substituted or unsubstituted C1_20 hydrocarbon; and 15 Xlan X2 are t he
same or different and each independently denotes hydrogen, hal ogen,
substituted or unsubstituted C1_20 al kyl, gsubstituted or unsubstituted

Cl 20 al koxy, substituted or unsubstltuted C6_20 aryl, 20 substituted or
unsubstituted C6_20 aryl oxy, substituted or unsubstituted C7_20 ar al kyl ,
substituted or unsubstituted C7_20 aral kyl oxy, or anmino substituted wth
substituted prowdsiehstrhtaut et Cea} dnaretar'homr?, or3 25nd We! adj acent
substituents of RL, R2, R3 and R4, and two 28 June 2006 5 adj acent

subst i t uent s sabsRStuBeit BrouB s el Rlibihdegroash(ppsjonal Iy bonded
to forma ring;, 2. a process of producing a transition netal conpl ex

represented Ry, th® for mafa 1), ki gh SQEpth%e%ah%aQE'Hlﬂ%é%gﬁﬂ'édﬁ‘%%ch
cyclopentadlene represented by the fornmula (2): (2) wherein A B, RL RZ R3

R4 RS R6 R7 R’ bstituted
't ut e Ry 3 ASB Bin oT S0 ol ‘i’% Relodtefl < 1)1 Group, and the

unsubstitute ed S|IyI group,

10°posi 41 0n, 0 06, 2L PRIS-E1 L28FYE! SPSRLGH, ene 11 10

substituted or unsubstituted Ci—;¢ alkoxy,
substituted or unsubstituted Cgyp aryl,
substituted or unsubstituted Cg.zp aryloxy,
substituted or unsubstituted C;-30 aralkyl,
10 substituted or unsubstituted C;-59 aralkyloxy,
silyl substituted with substituted or unsubstituted Cji_s;
hydrocarbon, or
amino substituted with substituted or unsubstituted Ci_sp
hydrccarbon; and
15 X'and %x? are the same or different and each independently
denotes hydrogen, halogen,
substituted or unsubstituted Ci_pp alkyl,
substituted or unsubstituted Ci-zp alkoxy,
substituted or unsubstituted Cq4yp arvyl,
20 substituted or unsubstituted Cg¢9 aryloxy,
substituted or unsubstituted C;-z¢ aralkyl,
substituted or unsubstituted C;.;y aralkyloxy, or
amino substituted with substituted or unsubstituted Cji-z
hydrocarbon; or

25 two adjacent substituents of R}, R?, R® and R!, and two



are optional or be a mxture of optional positions; with a base and then
reacting with a transition netal conpound represented by tri?juﬁrgﬂ@g (3)

X\ r X21 n X41IM-X1 (3) 15 wherein Mand n are as defined ove;

X3 and X4 are the same or different and each independently denotes

hydr ogen, hal ogen, substituted or unsubstituted Cl1_20 al kyl, 28 June 2006
6 substituted or unsubstituted Cl1_20 al koxy, substituted or unsubstituted
C6_20 aryl, substituted or unsubstituted C6 20 aryl oxy, substituted or
unsubstltuted C7_20 aral kyl, 5 substituted or unsubstituted 07_20

ar al kyl oxy, orao@mmts@ﬁjsﬁmmw tdr SRSt uRéd RY, udsuhst iHBtedy Gle 20
hydr ocar bon; 3. substituted cycl opent adi ene represented by the above-

nentioned formach EHtickHh My dIHREESS: of o B 08lUEi BG; substi tut ed
- cycl opent adi ene represente&’by t he above-nentioned formula (2) which

conpri ses reagti g pyukst ﬁaﬂﬂéﬁgﬁn formul a
(5: (5) 15 mhe?eln Rlés“’bfie and R4 éﬁghggéﬁg |ne§ﬁQEgge?¥ﬁ#?§Xa base

and then feaC&b@&é@éﬂ%é@.%8”R9HPQ1&%RH%§GPEeQmPXCﬂr%bmprlses reacting

5 substituted cyclopentadiene represented by the formula {(2):
R3
R* R?
RS
N\
R®—B 1
7 R
R Al R 2)
R8 R10
RQ

wherein A, B, R', R?, R® R* R% R% R7, R?, R® and R!® are
as defined above, and R is a substituted or unsubstituted
hydrocarbon group or a trisubstituted silyl group, and the

10 positions of the double bonds on the cyclopentadiene ring
are optional or be a mixture of optional positions; with a
base and then reacting with a transition metal compound
represented by the formula (3):

k)

X4/ \

15 wherein M and n are as defined above;
X', %%, %% and X! are the same or different and each
independently denotes hydrogen, halogen,

substituted or unsubstituted C;-z¢ alkyl,



formula (6): wherein X5 is halogen and A, B, R5, R6, R7, RS, R9 RlO and 28
June 2006 7 R11 are as defined above; 5. substituted cycl op

represented by the above- nentioned formula (4): R12 (4) 5 ereln 12 is
hydr ogen, substituted or unsubstituted C1_20 alkyl or substituted or
unsubstituted C6_20 aryl; 6. a catalyst forgolefin polynerization
conprising a transition netal conplex represented by the above-nentioned
formula (1) in conbination with the follow ng conpound (A), 10 wherein (A
is any one of or a mxture of two or three of the follow ng conpounds (Al)

to (A3): (Al) suastdrigessahlammunsnieoiipousd repsesriicedy by the fornul a El aAl
(2 (3-a), (A2): cyclic alum noxane having the structure 15 represented by

the fornul a { sAlE)i@dd o Asuddtieaicad W noxand ,having the structure
“represented by the formula E3{-Al (E3)- O}cAI(E3)2 wherein El to E3 are

the same or diffenantnd Bachsdddenandantd v, dengties,a C1_8 hydrocarbon

group, Zis the 20 same or different and eac denotes hydrogen or hal ogen,

a is an int ege&)s(% tfgiﬁy %nz%éjgscla&ﬂég qger. g aak(g;l,m)re and ¢ is an

i nteger of 1 or rmre
5 substituted or unsubstituted Cy_33 aralkyloxy, or

amino substituted with substituted or unsubstituted Ci-zp
hydrecarbon;

3. substituted cyclopentadiene represented by the above-
mentioned formula (2);

10 4. a process of producing substituted cyclopentadiene
represented by the above-mentioned formula (2) which
comprises reecting substituted cyclopentadiene represented
by the formula (5)

R3 RZ
©)
R* R’

15 wherein Rl, RZ, R’ and R? are es defined above, with a base

and then reacting with a compound represented by the

formula (6):

wherein X° is halogen and A, B, R%, R% R’, R} R% R! and



8 7. a catalyst of olefin polynerization conprising the. transition netal
conpl ex represented by the above-nentioned fornula (1) in qﬂgphgébb@n wth
the foll owi ng compounds (A) and (B), wherein (A) is any one of or a

m xture of two or 5 three of the foll ow ng compounds (Al) to (A3): (Al): an
or ganoal um num conpound represented by the -formula ElaAl (2) (3-a), (A2):
cyclic alum noxane having the structure represented by the formula

{-Al (E2)-O1}b, 10 (A3): linear alum noxane having the structure

represented by the fornmula E3{-A (E3)-O1},A (E3)2, wherein El to E3 are

the same or di Rierant andiemiated idasependent |y denotes a Cl -8 hydrocarbon
group, Zis the sanme or different and each denotes hydrogen or hal ogen, a

15 is an integer @fibdtiZu@kddcyllopedit adle@QUerfrel HedPNgy +tR0a50+S-an
integer of 1 or nore, and (B) is any one of or a mxture of two or three of

the follow ng,heappaHBds 6B 1450 ((B3): (Bl): a boron conpound represented
by the fornmula 20 BQLQRQ, (B2): a boron conpound represented by the

formula Z+(BQLQ2EBXM)-, (B3): a boron conpound represented by the formula
(L-H) +(BQLQ2@BX) , 25 wherein Bis a borongitomin a trivalent val ence
state, Q 28 June 2006 9

/o \ 4)

S

5 wherein R is hydrogen, substituted or unsubstituted Ci-zg
alkyl or substituted or unsubstituted Cgzp aryl:;
6. a catalyst for olefin polymerization comprising a
transition metal complex represented by the above-mentioned
formula (1) in combination with the following compound (A),
10 wherein (A) is any one of or a mixture of two or three of
the following compounds (&A1) to (A3):
(Al) : an organoaluminum compound represented by the
formula E1.AL(Z) (3-a),
(A2): cyclic aluminoxane having the structure
15 represented by the formula {-A1(EZ2)-0—1lp,
(A3): linear aluminoxane having the structure
represented by the formula E3{-Al(E3)-0-}ALl(E3):,
wherein El to E3 are the same or different and each
independently denotes a C;-g hydrocarbon group, Z is the
20 same or different and each denotes hydrogen or halcogen, a
is an integer of 1, 2 or 3, b is an integer of 2 or more(r

and ¢ is an integer of 1 or more;



to Q4 are the same or different and each is a halogen atom a Cl1_20
hydrocarbon group, a Cl_20 hal ogenated hydrocarbon group, agHhsbiphi!t ed
silyl group having 1 to 20 carbon atons, a Cl 20 al koxy group or a

di substituted am no group 5 having 2-20 carbon atonms, and L-His a Bronsted
acid; and 8. a process of producing an olgfin pol ymer which conprises
polynerizing olefin in the presence of the catalyst for olefin

pol ymeri zati on as described in the above 6 or 7. 10 Mdde for Carrying Qut
the Invention Hereinafter, the present invention will be described in

details. Wh respeala o iGinslider, BAalnCOTplexss EoRpeRennadeylS bY the

fornula (1), the transi'tion neta enot ed Is a

transition int per | odi e | UPAC | ganic_C

Nonencl arur o raneaed o heigth PP, 1401 feet (BTN RGO So e Ffhec,
zirconiumatqmor .a fni um atom and pref er ahl jtaniumatom 20

2] et - GenotBithy Sa (1 drams i ahur & athd Pt Lof Dy te Sl Pundn TR
is, for exanple, an oxygen atom_ a sulfur atomor a sel enium atom and
preferably afPxygén WAEHRINTHE el 6hehlY diifotel By B TE2EUef ovh §4CePEnent
inthe 25 periodic table and it is, for exanple, a carbon atom a 28 June

2006 107si|i Ebaest 6/ dhea fgdrlpatingm camawrte prietleradl (A3) 5i i con at om

(Al): an organoaluminum compound represented by the
formula E1,AL (Z) (3-a),

(A2) : cyclic aluminoxane having the structure
represented by the formula {-Al(E2)-0-}p,

10 {A3): linear aluminoxane having the structure
represented by the formula E3{-Al (E3})-0-}1.,A1(E3},,
wherein E1 to E3 are the same or different and each
independently denotes a C;-3 hydrocarbon group, 2 is the
same or different and each denotes hydrogen or halogen, a

15 is an integer of 1, 2 or 3, b is an integer of 2 or more,
and ¢ is an integer of 1 or more, and
(B) is any one cof or a mixture of two or three of the
following compounds (Bl) to (B3):

(Bl): a boron compound represented by the formula

20 BQ102Q3,

(B2): a boron compound represented by the formula
2¥ (BQ102Q304) 7,

(B3): a boron compound represented by the formula
(L-H) " (BQ10Q20304) ,

25 wherein B is a boron atom in a trivalent valence state, Q1



n denotes an integer of 0 or 1 and preferably 1. The hal ogen at om denot ed
by Rl, R2, R3, R4, R5, R6, R7, 5 R R9, R10, X and X2 incl [ bbgorine
atom a chlorine atom a brom ne atomand an iodi ne atom and a ch2l ori ne
atom is preferably exenplified. A substituent for the substituted Cl1_20
al kyl denoted by R1, R2, R3, R4, R5, Re, R/, Re, R9, R10, X1 and X2

i ncludes 10 hal ogen atonms. Specific exanpl'es of the substituted or
unsubstituted al kyl include, for exanple, nethyl, ethyl, n- propyl,

i sopropyl, n-butyl, sec-butyl, tert-butyl, n-pentyl, neopentyl, anyl,

n-hexyl, heptyb,on-88EYtheNsBRBYbr BideeHent HrdPUeOH 1 N4 AN aton,

tetradecyl, pentadecyl, hexadecyl, 15 heptadecyl, octadecyl, nonadecyl,

20 BT AL SRR, ) AR el s

di chl or onet hy chl oronet hyl ,

tribronmoneth i.odo L. .dilodo hyl, triiodonmethyl, fJuoroethyl,
difIuoroethyrér?éﬁflggég%?ﬁ§gykgg gg??éfﬁﬁ@?@e Png ﬁ%ﬁl%ﬁafﬁgﬁﬁyf,
chl oroet hyl, _dichl oroet hyl trichloroethgl, tetrachloroethglh

pent achl or oethyT™ br dnbethyiL KFF hrEhBer hyt , 2t Hf BiefbeFHpd amino group

tetrabro etq§$,, en#agéonneth¥l, per fl uoropropyl, erfl uorobutyl,
per f | uoropent Yl%%r T4Or ORERGN, 258M8er RRdolabcilyl 2 permstahdsdsbyland

perfl uoropent adecyl, 28 June 2006 11 perfl uoroei cosyl, perchloropropyl,
per chl or obut Vi 2 pJRFeHESF oPENPYPIUBERENRBr BREK}R, PpévERitoddEty comprises
per chl or ododecyl, perchl oropentadecyl, perchl oroeicosyl,

polymerizing olefin in the presence of the catalyst for

olefin polymerization as described in the above 6 or 7.

10

Mode for Carrying Out the Invention

Hereinafter, the present invention will be described
in details.

With respect to transition metal complexes represented

15 by the formula (1), the transition metal atom denoted by M
is a Group 4 transition metal atom in the periodic table
(IUPAC Inorganic Chemical Nomenclature revised in 1989) and
it is, for example, a titanium atom, a zirconium atom or a
hafnium atom and preferably a titanium atom.

20 The element denoted by A is a Group 16 element in the
pericdic table and it is, for example, an oxygen atom, a
sulfur atom or a selenium atom and preferably an oxygen
atom.

The element denoted by B is a Group 14 element in the

25 periodic table and it is, for example, a carbon atom, a



per br onopr opyl, perbronobutyl, perbronmopentyl, 5 perbronohexyl,
per bronmooctyl, perbronododecyl, perbronopentadecyl and perpgﬁ e|§ﬁ§ and
a

the preferable exanples are nethyl, ethyl, isopropyl, tert nyl .
A substituent for the substituted C7_20 aral kyl denoted R1, 2 3 9567
R8, R, 101 2 by RRR RR RR R R RjiXand X includes, 10 for
exanpl e, hal ogen atons. Specific exanples of the substituted or
unsubstituted C7_20 aral kyl include benzyl, (2-methyl phenyl)nmethyl, (3-
met hyl phenyl ) net hyl , (4- et hyl phenyl ) net hyl, (2, 3- dinethyl phenyl)nethyl,
(2, 4- dlnEthy|@ﬁEﬂ&b&n§tBM|or(3 @eiﬁaﬂhﬁﬁﬁﬁibﬂh%@&’kﬁ%&@wably a silicon
(2, 6-di net hyl phenyl ) et hyl , (3, 4- di nmet hyl phenyl) net hyl,

, 6-di net hyl phepy! ) mret hyl , (2, 3, 4- trlnethylphenyl)nethyl,
, 3, rinethylphenyl)nethyl (2,3,6-trimethyl phenyl)nethyl, (3,4,5-

d
5-t

|nezhglphenyl)neﬁha%eny%fH%Shgﬁ%g?%gybghgngl)qe%q@ fé%era 5%m§hyl
5,

(4

(2

t

(;,3, tetranet hyl p tetranet ;phen

2,3,5 6-tet t nt.apet byl pheny, 7
Eethylphensl;2g$hD¥AQP§QY$%opy$¥%3n9F§§gF yge ? r'o ;F ehy#)hé%ﬁyﬁ{’(n

buty phenyl) s, eyl pemyL ELi (et 25 but phe) et
éQ&SFEKLﬁCF?%”%P%’% AR T
is préferably exemplified.
A substituent for the substituted Ci_z¢ alkyl denoted
by R!, Rz, R3, R?, R, RG, R7, RB, Rg, R?D, x! and X° includes

10 halogen atoms. Specific examples of the substituted or
unsubstituted alkyl include, for example, methyl, ethyl, n-
propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, n-pentyl,
neopentyl, amyl, n-hexyl, heptyl, n-octyl, n-nonyl, n-decyl,
n-dodecyl, n-tridecyl, tetradecyl, pentadecyl, hexadecyl,

15 heptadecyl, octadecyl, nonadecyl, n-eicosyl, flucromethyl,
difluoromethyl, trifluoromethyl, chloromethyl,
dichloromethyl, trichloromethyl, bromomethyl, dibromomethyl,
tribromomethyl, iodomethyl, diiodomethyl, triiodﬁmethyl,
fluorcethyl, difluorocethyl, trifluorocethyl,

20 tetrafluoroethyl, pentafluoroethyl, chloroethyl,
dichloroethyl, trichloroethyl, tetrachloroethyl,
pentachloroethyl, bromocethyl, dibromoethyl, tribromoethyl,
tetrabromoethyl, pentabromoethyl, perfluoropropyl,
perfluorcbutyl, perfluoropentyl, perfluorochexyl,

25 perfluorooctyl, perfluorododecyl, perfluoropentadecyl,



The preferable exanple is benzyl. Al of these aral kyl 5 groups may be
substituted with hal ogen such as fluorine, chlorine, brom %R{Qﬁiﬁg& ne. A
substituent for the substituted C6-20 aryl denoted by RI, ) ., R4, R5,
R6, R7, R8, R9, R10, X1 and X2 includes, for exanple, halogen atons. 10
Specific exanples of the substituted or ungubstituted C6_20 aryl include
phenyl, 2-tolyl, 3-tolyl, 4-tolyl, 2,3- xylyl, 2,4-xylyl, 2,5-xylyl,
2,6-xylyl, 3,4-xylyl, 3,5- xylyl, 2,3,4-trinethyl phenyl,

2,3,5-trinethyl phenyl,.2,3,6- trinethylphenyl, 2,4,6-trinethyl phenyl, 3,4,5

15 tri et hyl premfiluordd,dh Syl etpans hyt ahesyy 1, 2o8rdh BorbBhit amet hyl phenyl
2,3,5,6-tetranet hyl phenyl, pentanethyl phenyl, ethyl phenyl, n-propyl phenyl,

i sopropyl phegylrchl-ddpdrheny lpe sacrded vd penYhe r d181 & 2o Ut ¥i phenyl
n- pentyl phenyl, neopentyl phenyl, n-hexyl phenyl, 20 n-octylphenyl,

n- decyl phenybe sandede@dhany! .pdrci B F FAGeyA ! py| ﬁ??%t?i:?%&ef‘@gs

ant hracenyl and the preferaﬁle exanpl e i s ph ese arg}’groups
may be subst, i al 139&& f | C ine, brom ne or

i odi ne. 25 Tkggg%%g¥¥%%?gg”sﬁg§?) enofgédﬁy%%%ﬂﬁ%m$é%£$¥?’R5, R6, 2 28
June 20Q6 13 nd R10 is a sil.yl grqup substituted with
substitgted gzﬁﬁgﬁﬁgfi ufegq%%ﬁ%§%ﬁ€;¥%'}égégé%m?#hée r ocar bon i ncl udes

C1_10 alkyl %%%Er%%o%%%@%h@d%ﬁh%

ﬁd'ﬁérbromoeicosyl and the preferable

examples are methyl, ethyl, isopropyl, tert-butyl and amyl.
A substituent for the substituted Cy-;y aralkyl denoted
by R', R?, R}, R? R° R% R’, R% R® R, x! and x? includes,

10 for example, halogen atoms.

Specific examples of the substituted or unsubstituted
Cq-20 aralkyl include benzyl, (2—methylphenyi)methyl, (3-
methylphenyl)methyl, (4-methylphenyl)methyl, (2,3-
dimethylphenyl)methyl, (2,4-dimethylphenyl)methyl, (2,5~

i5 dimethylphenyl)methyl, (2,6-dimethylphenyl)methyl, (3,4-
dimethylphenyl)methyl, (4,6-dimethylphenyl)}methyl, (2,3, 4-
trimethylphenyl)methyl, (2,3,5-trimethylphenyl)methyl,
(2,3,6-trimethylphenyl)methyl, (3,4,5-
trimethylphenyl)methyl, (2,4, 6-trimethylphenyl)methyl,

20 (2,3,4,5-tetramethylphenyl)methyl, (2,3,4,6-
tetramethylphenyl)methyl, (2,3,5,6-tetramethylphenyl)methyl,
(pentamethylphenyl)methyl, (ethylphenyl)methyl, (n-
propylphenyl)methyl, ({(isopropylphenyl)methyl, (n-
butylphenyl)methyl, (sec-butylphenyl)methyl, (tert-

25 butylphenyl)methyl, (n-pentylphenyl)methyl,



propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, isobutyl, 5 n-pentyl,

n- hexyl, cycl ohexyl, n-heptyl, n-octyl, n-nonyl and n-decylzgﬁﬂgzag%l such
as phenyl. Specific exanples of the substituted silyl having 0

carbon atons include nono-substituted silyl having 1 to 20 carbon atons
such as nethylsilyl, ethylsilyl and phenylzsilyl; di-substituted 10 silyl
substituted with C1_20 hydrocarbon groups such as dinethylsilyl,
diethylsilyl and diphenylsilyl; and tri- substituted silyl substituted with
Cl_20 hydrocarbon groups such as trinmethylsilyl, triethylsilyl,
tri-n-propyl sirgdpenttylipsaprbpydishyy) , (hfherybphghsgihybthyl, (n-
tri-sec-butylsilyl, 15 tri-tert-butylsilyl, tri-isobutylsilyl, tert-butyl-

di et hyl si | yloctylipherpentndsidy) , (rﬁ#che@yn]smﬂ@ibméthyui ¢ycl ohexyl silyl and
triphenylsilyl, and the preferable exanples are trinethylsilyl,

tert-butyl di nRidbsidig1anskndr, pRawis i vd en T Dea By 0L REALROBAG AURS 1 .

constituting these 20 'substituted silyl” groups may be unsubstituted groups

as _descri beduabue.rdliaiay dienibstid uled. o th A} ogeny fUCh asafyori ne,

chlorine, bromn r 1odine. A substituent for the substitu

unsubstizt ute ko qQQ. Y. RS R6_RZ,RB RO Ro 25
Xi and X2 ingFU§g€,%gaﬁkgigﬁ%ie,qﬁgg%géﬁ a &i%%gg%gﬁ%?gﬁ 28 ﬁngiBSG 14
exanpl es of t%g %ubsti uted or unsubstituted Cl_20 al koxy include nethoxy,
et hoxy, n- pr6poxy, " <optsPoxy Q£tﬁﬁ§%&ﬁ sec- but oxy, tert-butoxy,

- pentyl oxy, NeoPGILYL O LA Ohe SV Qea eI QY ke %
rR', R*>, R’, R* R’ R% R’, R} R% R x!and X* includes,
for example, halogen atoms.

10 Specific examples of the substituted or unsubstituted
Cg-20 aryl include phenyl, 2-tolyl, 3-tolyl, 4-tolyl, 2,3~
xylyl, 2,4-xylyl, 2,5-xylyl, 2,6-xylyl, 3,4-xylyl, 3,5-
xylyl, 2,3,4-trimethylphenyl, 2,3,5-trimethylphenvyl, 2,3,6-
trimethylphenyl, 2,4,6~trimethylphenyl, 3,4,5-

15 trimethylphenyl, 2,3,4,5-tetramethyliphenyl, 2,3,4,6-
tetramethylphenyl, 2,3,5,6-tetramethylphenyl,
pentamethylphenyl, ethylphenyl, n-propylphenyl,
isopropylphenyl, n-butylphenyl, sec-butylphenyl, tert-
butylphenyl, n-pentylphenyl, neopentylphenyl, n-hexylphenyl,

20 n-octylphenyl, n-decylphenyl, n-dodecylphenyl, n-
tetradecylphenyl, naphthyl and anthracenyl and the
preferable example is phenyl. All of these aryl groups may
be substituted with halogen such as fluorine, chlorine,

bromine or iodine.

25 The substituted silyl denoted by R}, R?, R, R? R®, RS,



5 n-undecyl oxy, n-dodecyl oxy, tridecyl oxy, tetradecyl oxy, n pentadecyl oxy,
hexadecyl oxy, heptadecyl oxy, octadecyl oxy, nonadecyl oxy and2§hﬁk%§F?ony,
and the preferabl e exanples are nmethoxy, ethoxy and tert-butoxy. of

t hese al koxy groups nay be substituted with hal ogen such as fluorine, 10
chlorine, bromne or iodine. A substituentl¥or the substituted or
unsubstituted C7- 20 aral kyl oxy denoted by R, R2, R3, R9, R5, R6, R7, R8,
R9, R10, X1 and X2 includes, for exanple, hal ogen atons. Specific
exanpl es of the sybstjtuted 1r.unsubstituted C7_20 15 aral kyl oxy i ncl ude
benzyl oxy, (& weRhyl Bhemyd )Riet hexy, s¢3ylnetriopppiseinst)imatteckyith

(4- met hyl phenyl ) net hoxy, (2, 3- di nmet hyl phenyl ) net hoxy,

(2, 4- di met hylsptherhyd Yutetdhooay , ur{2lss t dt et dyh pieoybybehhoxierein, the

(2, 6-di net hyl phenyl ) net hoxy, (3, 4- dinmethyl phenyl) net hoxy,

(3, 5- di net hyhghemdgreirhadys 1wkde { 203, A-dlkymetdidiphanyhd 1ty DoxXyth{ 2, 3n5-
tri met hyl phenyl ) net hoxy, (2,3, 6-trinethyl phenyl) net hoxy,

(2,4, 5-tri netgndhenyil Jopitdioxy, A-2odsPr, t&éaebhyl phepyl} mBLROAY, isobutyl,
(3,4,5-trinethyﬁgﬁénylfﬁgihoxy, (2,3?4,5-tetr%n%thylphenyl)geghéiy,u Y
(2,3,4,6 25 %ﬁ%kﬁﬁﬁhnyHMHEQQﬁJ“%§E?Bh?§$%FhﬁLﬁ% %fyn§—8999l}5n*nonyl

t et ranet hyl phenyl ) met hoxy, (‘pent dnet hyl phenyl) ne XY,

(ettyl phenyl gt hoxy, . 4n- %ref@?y%ﬁ{lﬂ%%ﬁ%“?é%’%f% ' SopLoRYEPAeRyL ) ARLA0XY.

(n-butyl phenyl) net hoxy, *(
(tert-butyl p&%@ﬁ%ﬁ'ﬂ%}@@%ﬁ_& rlsis_tyrlengpihnegnyi )trgat?&xgarbon atoms include

(n-octyl phen

mono-substituted silyl having 1 to 20 carbon atoms such as
methylsilyl, ethylsilyl and phenylsilyl; di*substituted

10 silyl substituted with C;; hydrocarben groups such as
dimethylsilyl, diethylsilyl and diphenylsilyl; and tri-
substituted silyl substituted with Ci_z¢ hydrocarbon groups
such as trimethylsilyl, triethylsilyl, tri-n-propylsilyl,
triiscopropylsilyl, tri-n-butylsilyl, tri-sec-butylsilyl,

15 tri-tert-butylsilyl, tri-isobutylsilyl, tert-butyl-
dimethylsilyl, tri-n-pentylsilyl, tri-n-hexylsilyl,
tricyclohexylsilyl and triphenylsilyl, and the preferable
examples are trimethylsilyl, tert-butyldimethylsilyl and
triphenylsilyl. The hydrocarbon groups constituting these

20 substituted silyl groups may be unsubstituted groups as
described above, or may be substituted with halogen such as
fluorine, chlorine, bromine or iodine.

A substituent for the substituted or unsubstituted Ci-

20 alkoxy denoted by R', R?, R’ R?!, R%, RY R’, R%} R® R,

25 X' and X* includes, for example, halogen atoms. Specific



decyl phenyl ) net hoxy, napht hyl met hoxy and ant hr acenyl net hoxy, and the
preferable exanple is benzyloxy. Al of these aral kyl oxy greins.e s be
substituted with hal ogen such as fluorine, brom ne, chlorine or iodine. 10
A substituent for the substituted C6_20 aryloxy denoted by Rl, R2, R3, R4,
R5, R6, R7, R8, R9, R10, X and X2 includesy for exanple, hal ogen atons.
Specific exanples of the wunsubstituted C6_20 aryl oxy include phenoxy,

2- met hyl phenoxy, 3-net hyl phenoxy, 4-nethyl phenoxy, 2, 3-di net hyl phenoxy,
2,4 15 di net hyl phenoxy, 2, 5-di nethyl phenoxy, 2, 6-di nethyl phenoxy,

3, 4- di met hyl paeanpYes3o5- dheetshysphieness o Jirduddt Maided phenoa koxy
2,3,5-trimethyl phenoxy, 2,3,6- trinethyl phenoxy, 2,4,5-trinethyl phenoxy,

2,4,6- trinetbykpharox¥thdxd, Selhiowet hyl 23  n—but
t et ramet hyl phenoxy, 2’31416§Q9tran§?%y|6%g%§§§¥izf31 Eébé%& n-butoxy,

tet ramet hyl phegexn:peoi ae@&@ybata%&%yn-%tegﬁéﬁ%gy;x%ﬁee@ebﬂ%w hepoxy,

i sopryl phenoxy, n-butyl phenoxy, sec- butyl phehoxy,

v hoxYl phenoty gLV DhERgL 1 oYL BIEnaKY., LS rsdeeyl SRt 25

napht hoxy and an enoxy. C exa

substituted 20 .aryl oxy include, for exanple, the abqve upsubstituted

20 arst oxy rrt Y LOEY b PE AR Ry IR RAR s 1S S ARy

chl ori ne, broning gé iggine. The aniTo substituted with ClL_20 hydr.ocarbon
denoted by FHEILAFRCYRR*YRahepgdeggloRy, REPTRECEIEXYX FH@IEEY IO K

am no substituted with two hydrocarbon groups. Herein, the
nonadecyloxy and n-eicosyloXy, and the preferable examples

are methoxy, ethoxy and tert-butoxy. All of these alkoxy
groups may be substituted with halogen such as fluorine,

10 chlorine, bromine or iodine.

A substituent for the substituted or unsubstituted Ci_

20 aralkyloxy denoted by R!, R?*, R®, R?, R®, R% R’, R%, RS,
Rm, X! and ¥x° includes, for example, halogen atoms.
Specific examples of the substituted or unsubstituted Ci_g

15 aralkyloxy include benzyloxy, (2-methylphenyl)}methoxy, (3-
methylphenyl)methoxy, (4-methylphenyl)methoxy, (2,3-
dimethylphenyl)methoxy, (2,4-dimethylphenyl)methoxy, (2,5~
dimethylphenyl)methoxy, (2,6-dimethylphenyl)methoxy, (3,4-
dimethylphenyl)methoxy, (3,5-dimethylphenyl)methoxy,

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

25 tetramethylphenyl)methoxy, (2,3,5,6-




hydr ocar bon groups include, for exanple, Cl1_20 al kyl such as nethyl,
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl,, ﬁg@gb@é

n- pentyl, n-hexyl and cycl ohexyl, and 10 aryl such as phenyl these
groups may be bonded with one another to formring(s). The am no
substituted wth Cl1_20 hydrocarbon includes, for exanple, dinethylamno,
di et hyl ami no, di - n- propyl ani no, dllsoprob§lan1no di - n- but yl am no,

di -sec-butylam no, di 15 tert-butyl am no, diisobutylam no,
tert-butylisopropylanino di - n- hexyl am no, di-n- octylanino

di - n-decyl am no, henyl am_no, bls(trlnethyIS|IyI)an1no (tert-
butyldlnethyF§FF9m?tgHﬂﬁ eng) RSO X Ypy r ST tTRANY T g5t cﬁ?ﬁhOXYr

car bozol yl, dlhydr0|ndolyl and 20 di hydroi soi ndol yl, and the preferable
exanpl es ar e {efhFePhyghad) ﬁl@th@mwlnamr@@ywe\fmlymaﬁhor@hd pi peri di nyl .
The silyloxy substituted with C1_20 hydrocarbon denoted by R, R2, R3 and

RO is silyl oxysspbspiyfphedywi tikthioxge (thuﬂmﬂﬁhamxﬁwmgﬁho&kyeﬂ&ﬁcthe
hydr ocar bon groups include, 25 for exanple, as described above, Cl_20

al kyl such asutielpikny28métihex2006 ti# tebytly,l phreprydpylethcsopr o4, n- butyl
sec-butyl, tert-butyl, isobutyl, n-pentyl, n-hexyl and cycl ohexyl, and

aryl sugh aﬁeﬁﬁ@ﬁMény&Wﬁeﬁ:h@%@ gr(@u@s:tryaphl@elyaqmmdw,h ape another to
formring(s) e substituted silyloxy having 1 to 20 5 carbon atons

i ncl udes, foﬁe@?@ﬁpéﬁ l§ﬁb€ﬁba¥|Shbb%@%&&me&%b%@hﬁhﬂ|dﬁﬂh@écenylmethoxy,

tri-n-butyl silyloxy, rlphenyI5| yl oxy, = triisopropyl silyoxy,

tert-butyl di pphhy)8i L¥b@X¥aple example is benzyloxy. All of these
aralkyloxy groups may be substituted with halogen such as
fluorine, bromine, chlorine or iodine.

10 A substituent for the substituted Cy-zp aryloxy denoted
by R, R?, R?, R% R® RS R, R%, R® R', X' and X® includes,
for example, halogen atoms. Specific examples of the
unsubstituted Cgpg aryloxy include phenoxy, Z2-methylphenoxy,
3~methylphenoxy, 4-methylphenoxy, 2,3-dimethylphenoxy, 2,4-

15 dimethylphenoxy, 2,5-dimethylphenoxy, 2,6-dimethylphenoxy,
3,4-dimethylphenoxy, 3,5—dimethylphénoxy, 2,3,4-
trimethylphenoxy, 2,3,5-trimethylphenoxy, 2,3,6-
trimethylphenoxy, 2,4,5-trimethylphenoxy, 2,4,6-
trimethylphenoxy, 3,4,5-trimethylphenoxy, 2,3,4,5-

20 tetramethylphenoxy, 2,3,4,6—tetramethylphenoxy; 2,3,5,6-
tetramethylphenoxy, pentamethylphenoxy, ethylphenoxy, n-
propylphencxy, isoprylphenoxy, n-butylphenoxy, sec-
butylphenoxy, tert-butylphenoxy, n-hexylphenoxy, n-
octylphenoxy, n-decylphenoxy, n-tetradecylphenoxy,

25 naphthoxy and anthracenoxy. Specific examples of the



di met hyl phenyl si | yl oxy and net hyl di phenyl silyl oxy and the preferable
exanples are trinmethylsilyloxy, 10 triphenylsilyloxy and 28 June 2006
triisopropylsilyloxy. The phosphino substituted with ClL_20 hydrocarbon
denoted by Rl, R2, R3 and R4 is phosphino substituted with two hydrocarbon
groups. Herein, the hydrocarbon groups incdude C1_20 al kyl such as nethyl,
ethyl, n-propyl, 15 isopropyl, n-butyl, sec-butyl, tert-butyl, isobutyl, n-
pentyl, n-hexyl, cyclohexyl, heptyl, n-octyl, n-nonyl, n- decyl, n-dodecyl,
n-tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl,
nonadecyl and®HReitbsiFd Cand RACBUAN G IGhenior ememp hesetlye oabsverny be
bonded 20 with one another to formring(s). Specific exanples of the
phosphi no subB¥tsukgedtwied ©L2Q 0 tyldrae artbiorh | el ades t diwesdyl ptiosphi no,

di et hyl phosphi no, di-n-propyl phosphi no, diisopropyl phosphi no,

di - n-but yl t hitlaiesesudiutys phbsphime, chliotend; bbtyhphesphi nedine.

di -i sobut yl phosphi no, tert 25 butylisopropyl phosphi no, di-n-hexyl phosphi no,
di-n 28 June 2006 T8 cotirphospht tout € -wi decy] phasplidirbon denoted by

di phenyl phosphi no, bistrinmethylsilylphosphino and bis-tert-

but yl di reet hylgsi, | gF phr¥phi‘no RAPARE herr effer abl yp@xamgpl £54a%2 15 an amino

di met hyl phosphi no, di et hyl phosphi no and di phenyl phosphi no. 5 FNJ}ocaHBon

oS L3 i 81 oMo SRS DT 1
n-butyl, sechyRHolarddil tgipd -1 ASORM Y o 0B8N e, TeneX 180 cien as
methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,
tert-butyl, isobutyl, n-pentyl, n—héxyl and cyclohexyl, and
10 aryl such as phenyl and these groups may be bonded with one
another to form ring(s).

The amino substituted with Ci-ap hydrocarbon includes,
for example, dimethylamino, diethylamino, di-n-propylamino,
diisopropylamino, di-n-butylamino, di-sec-butylamino, di-

15 tert-butylamino, diisobutylamino, tert-butylisopropylamino,
di-n-hexylamine, di-n-octylamino, di-n-decylamino,
diphenylamino, bis(trimethylsilyl)amino, bis(tert-
butyldimethylsilyl)amino, pyrrolyl, pyrrolidinyl,
piperidinyl, carbozolyl, dihydroindolyl and

20 dihydroisoindolyl, and the preferable examples are
dimethylamine, diethylamino, pyrrolydinyl and piperidinyl.

The silyloxy substituted with Ci-20 hydrocarbon denoted
by R', R?, R?® and R’ is silyloxy substituted with three
hydrocarbon groups. Herein, the hydrocarbon groups include,

25 for example, as described above, Ci_y alkyl such as methyl,



cycl ohexyl and aryl such as phenyl, and these groups may be 10 bonded with

one another to formring(s) or thiophene. Specific exanples?p%m§9955thio

substituted with C1_20 hydrocarbon include nethylthio, ethylthio,

n-propylthio, isopropylthio, n-butylthio, sec-butylthio, tert-butylthio,

i sobutylthio, n-hexylthio, n-octylthio, n-idecylthio and 15 phenylthio. At

| east one of R, R2, R3 and R4 is substituted or wunsubstituted Cl_20

al koxy, substituted or unsubstituted C6- 20 aryl oxy, substituted or

unsubstituted C7_20 aral kyl oxy, silyloxy substituted with substituted or

unsubsti t ut e tdly 20 2 igprly beat boproawi nonsbbsyilt used-uitly1s uletritt-tited 1gr

unsubstituted Cl_20 hydrocarbon, phosphino substituted with substituted or

_unsubst i t ut ed G20/ hy dr-goattyph, on-héxpl substitUbRExW | hagubstitukedhor
unsubstituted C1_20 hydrocarbon. 25 Two adj acent substituents anong R1,

R2, R3 and Rés antkr28l,Juned 2006sd ivepadhagept BYRaEHt HE0LS oRBDRACRBrR7,
Re, R9 and R10 nay be each optionally bonded to formring(s). As a ring

formed by bord o&fordva-jad) @pent substip et s:of ﬂly%xy%a@@ggRﬂ’ tb0bg

exanpl e, saturated or unsaturated 5 hydrocarbon rings and hetérocycl es such

as a fuman ringrod 4€3d§ﬂ¥ﬂgﬁﬁaéﬁi angd. a PyfLeLe ff e%gﬁg§9?%§§§gylified.

An exanpl e of the transition net conpl ex represen fula (1)

Lt - 2l 8680 K53 ANGBAT PN £ Y108 ELPIRDS, TE09,1 8y O
triisépropylsilyoxy, tert-butyldimethylsilyloxy,
dimethylphenylsilyloxy and methyldiphenylsilyloxy and the
preferable examples are trimethylsilyloxy,

10 triphenylsilyloxy and triisopropylsilyloxy.

The phosphino substituted with Ci-z¢ hydrocarbon
denoted by R', R?’, R® and R! is phosphino substituted with
two hydrocarbon groups. Herein, the hydrocarbon groups
include Cj-20 alkyl such as methyl, ethyl, n-propyl,

15 isopropyl, n-butyl, sec-butyl, tert-butyl, isobutyl, n-
pentyl, n-hexyl, cyclohexyl, heptyl, n-octyl, n-nonyl, n-
decyl, n-dodecyl, n-tridecyl, tetradecyl, pentadecyl,
hexadecyl, heptadecyl, octadecyl, nonadecyl and n-eicosyl,
and aryl such as phenyl, and these groups may be bonded

20 with one another to form ring(s). Specific examples of the
phosphino substituted with Cj-3¢ hydrocarbon include
dimethylphesphino, diethylphosphino, di-n-propylphosphino,
diisopropylphosphino, di-n-butylthio, di-sec-butylphosphino,
di-tert-butylphosphino, di-isobutylphosphino, tert-

25 butylisopropylphosphino, di-n-hexylphosphino, di-n-



10 nmetal conplex represented by the followng fornula (7): wherein M A B,
Rl, R2, R5, R6, R7, R R9, Rl10, X1, X2 and n are as defineq?;ﬂﬁwt6§6
formula (1), R13 and R14 are independently a substituent se ecte& romthe
group (1) and 15 the bond noiety represented by Y1!LY2=1=Y3 is a partial
structure represented by the forrmula (7a):1R13 R14 28 June 2006 20 R13 Rl14
111 Y2-Y3 (7a) wherein Y' and y2 are independently a carbon atomand Y3 is
a sulfur atom or by the formula (7b): R13 R14 Y1-i2-Y3 (7b) 5 wherein Y1
is a sulfur ato nd Y2 and Y3 are independently a carbon atom An exanple
BkERBeden

of the transi?tf ¢BhRpl 8X ~PepeEYeRhOd Phdyiarhé imfiaRy P asphimavi ch
adj acent Rl and R2 and adjacent R3 and R4 are each bonded to forma

t hi ophene ringlfsrimephylandyipbaspbiar eadplbdsttemtesented by the
followng formula (8): wherein M A B, R5, R6, R7, R3, R9, R10, R13, Xi,
X2, Y1, Y2, YRutwidim@ihylshéydphoeghlinne aand theapeede rééfliynekdmrl dshea rkd
formulas (1) and (7), R15 and R16 are independently a substituent sel ected
from the groupint¢jhphphosphbond dbeehylpBodphend0@6d diphenylphosphino.

5 Hydrocarbon groups for the thic substituted with Cj_z
hydrocarbon denoted by R', R?, R’ and R* include Ci_pp alkyl
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-
butyl, tert~-butyl, iscbutyl, n-pentyl, n-hexyl and
cyclohexyl and aryl such as phenyl, and these groups may be

10 bonded with one another to form ring(s) or thiophene.
Specific examples of such thio substituted with Cji_pp
hydrocarbon include methylthio, ethylthio, n-propylthio,
isopropylthio, n-butylthio, sec-butylthio, tert-butylthio,
isobutylthio, n-hexylthio, n-octylthio, n-decylthio and

15 phenylthio.

At least one of R!, R?, R® and R?! is substituted or
unsubstituted Ci-30 alkoxy, substituted or unsubstituted Ce-
20 aryloxy, substituted or unsubstituted Cs_5 aralkyloxy,
silyloxy substituted with substituted or unsubstituted C1i-20

20 hydrocarbon, amino substituted with substituted or
unsubstituted C;.zp hydrocarbon, phosphino substituted with
substituted or unsubstituted C;.;; hydrocarbon or thio
substituted with substituted or unsubstituted Ci-s

hydrocarbon.

25 Two adjacent substituents among R?, R?, R?® and R?, and



21 represented by R15 R16 -y4] -y5-1=y6 is a partial structure represented
by the fornula (8a): R15 R16 4'44'5. y6 (8a) 5 wherein Y4 %§ﬂh%?266@
i ndependently a carbon atomand Y6 is a sulfur atom or by e rornul a
(8b): R15 R16 Y4- 15=Y6 (8b) wherein Y4 is a sulfur atomand Y5 and Y6 are
i ndependently a carbon atom 10 As the rﬁﬂg formed by bond of two adjacent
substituents anong R6, R7, R8, RO and R10, 'saturated or unsaturated
hydr ocarbon ring(s) which are substituted with substituted or
unsubstituted C1_20 hydrocarbon can be exenplified. Specific exanples
thereof incluydg, %4$%ééﬁ%‘%ﬁé%%ﬂﬁhéﬁ@g’aﬂoﬁgcﬁqb%ﬁa” °T1 RY, 5,84 Gyol ppenpane
ring, a cyclohexane ting, a cycloheptane ring,” a éyclooctane ring, ~a
and_an_ant hracene, ring. Specific exanpl es

gfnfﬁgetigggi%%éﬂ%oﬁ%aﬁac e |r]‘i“en FepresErt®d byt Rk  formul a (1) incl ude,
o P 20 S LGBl i osen vl poenes
yl1-inden-1- %lf) (R:%: mﬁg ,h yElij Za;npdh eRn4(3xy otri te%;rgm%Teqi Csr:‘;il t%rriadtee’d 208r JuunnseatzuoroaGteZ
5 hydrocarbon rings and heterocycles such as a furan ring, a
thiophene ring and a pyrrole ring can be exemplified.
An example of the transition metal complex represented

by the formula (1) in which adjacent R® and R® are bonded

to form a thiophene ring is, for example, a transition

10 metal complex represented by the following formula (7):
R14
3
YZ’JY R2
A
5 R1
R 2
R°—B M(X ),
7 't
R A (7)
R8 R10
RO

wherein M, A, B, R}, R?, R% R% R’, R} R% R'Y, X', X* and n
are as defined for the formula (1), R*® and R! are
independently a substituent selected from the group (I) and

2:'L'Y3

1 .
15 the bond moiety represented by —Y ==Y is a

partial structure represented by the formula (7a):



di nethyl silyl (3-[pyrrolidin-1-yl]-inden-1-yl)(3,5-dinmethyl- 2-phenoxy)
titaniumdichloride, dinethylsilyl(3-[pyrrolidin- 28 June 2006
1-yl]-inden-1-yl)(3-tert-butyl-2-phenoxy)titaniumdichloride,

di met hyl silyl (3-[pyrrolidin-1-yl]-inden-1- 5
yl)(3-tert-butyl-5-nethyl-2-phenoxy)titaniym dichloride,

dimethylsilyl (3-[pyrrolidin-1-yl]-inden-I-yl)(3,5-di-tert- butyl-2-phenoxy)
titani um dichl oride, dinethylsilyl(3-
[pyrrolidin-1-yl]-inden-1-yl)(5-nethyl-3-phenyl-2- phenoxy) titanium

di chl ori de, dinet IshhyI(S-[pyrroIidin-I 10

yl ]-inden-1-yl)( I but yl di nmet hyl si |yl -5-nmet hyl - 2- phenoxy) titanium

di chl ori de, dlnet y S iyl(§ [ pyrrolidin-I-

yl ]-inden-1 -yttt B-tTTmet(fwlsi | yl - 2- phenoxy)titani um di chl ori de,
di met hyl silyl (3-] yrrqlldln 1-

yl ]-inden-1- Jtrbrﬁi BaEy ¥ 52 rt hBLePenpRBAdNy Pt CRARCTMAMD M i dé,

di methyl silyl (3-[pyrrolidin-1-yl]-inden-I-

yl)(3-tert-bat yaul Ughladrasn 2-Phenoxih e | farmyhe di ¢l bri de,

di met hyl silyl (3-[pyrrolJ dings1-yl]-inden-1-yl)(3,5-dianyl-2- phenoxy)

titani umdichl ori de, Wi ne hyIS|IyI(2 [ pyrrolidin-I-

yl']-inden-1-yl) (2-phehoxy]titani umdichloride, 20

di met hyl si | yl{2-NIyropAz= h_l_yl] F?den-l-yl)(B-nethyl-Z- phenoxy) titani um
di chl oride, dinmethylsilyl(2- [pyrro din-1I-

yl 1-inden- 1- yine(r3,i%r di*nekhyl s2ighenetyit isranivdmadidcif osideindependently

di methyl silyl (2-[pyrrolidin-1-yl]-inden-1-yl)(3-tert-butyl- 2-phenoxy)
titani um di chl QRN dideet.hyl silyl (2-[pyrrolidin 25
1-yl]-inden-1-yl)(3-tert-butyl-5-nethyl-2-phenoxy)titanium 28 June 2006 23
dichloride, di ety a1z [Py 1 dhdi i dn ifEeat | complex represented

by the formula (1) in which adjacent R* and R® and adjacent
R® and R® are each bonded to form a thiophene ring is a
10 transition metal complex represented by the following

formula (8):

(8)

wherein M, A, B, R°, R%, R’, R, R®, R'®, R®®, X', X%, Y!, Y%
Y3, R}, RY, the dotted line and n are as defined for the
15 formulas (1) and (7), R'® and R'® are independently a

substituent selected from the group (I) and the bond moiety



yl)(3,5-di-tert-butyl-2-phenoxy)titani umdichlori de,
dinmethylsilyl(2-[pyrrolidin-1-yl]-inden-1-yl)(5-nethyl-3- ph - enoxy)
titaniumdichloride, dinethylsilyl(2 5 58 e 066
[pyrrolidin-1-yl]-inden-1-yl).(3-tert-butyl di methylsilyl-5-

met hyl - 2- phenoxy) titaniumdichloride, dinihylsilyl(2-

[ pyrrolidin-1-yl]-inden-1-yl)(5-nmethyl-3-trinmethylsilyl-2- phenoxy)
titaniumdichloride, dinethylsilyl(2-[pyrrolidin-I-
yl]-inden-1-yl)(3-tert-butyl-5-nmethoxy-2-phenoxy)titanium 10 di chl ori de,

di net hyl si | yl tePFp§enrbridPH- 1-yl ] -i nden-| -

yl)(3-tert-butyl-5-chl oro-2-phenoxy)titani umdichl ori de,

di met hyl silyl (2-[pyrrolidin-1-yl]-indenR"®yl)g§®, 5-di anyl - 2- phenoxy)
titaniumdichloride, dinmethylsilyl(3-[pijperidfn-I-

yl]1-inden-1-yl) (2-phenoxy)titani umdi oryidel

dimethyl silyl (3-[piperidin-1-yl]-inden-1-yl)(3-nethyl-2- phenoxy) titanium
dichloride, digeshyhstiyl(8tbpbpaibdiBpkesented by the formula (8a):
yI]-inden-l-yI)(3,5-dinethyl-2-pheno§¥§titaniunldlchloride,

di met hyl si Iyl (3-[pi peridin-1-yl]-indéh-R'Yl)(3-tert-butyl- 2-phenoxy)

titani umdichloride, dinethylsilyl( -[p“peridin 20
1-yl]-inden-1-yl)(3-tert-butyl-5- Q;Eggnoxx)titaniun1 di chl ori de,
di met hyl silyl (3-[piperidin-1-yl]-inten-I- (8a)

yl)(3,5-4di-ter -{ I Q}HQP X i t.ani i chloride 6

di nmet hyISSji I yﬁ%}ge- %il%/eYri I n- %Qy?é Eei %@eﬁﬁ%?n%e%?&%neat ﬁjﬁr-bf-n pa}{‘:e?‘ﬁl/l‘—’Eryj-1 p%er’r@xy)
titani umdichl o diret hyl silyl (3 2 .

[ pi peri di n- 1-}%” ‘!-‘iujtﬁu o 1) )‘(%-?irﬁ%u?%‘aﬂr@t h§P&i 1yl -5 28 June 2006 24
met hyl - 2- phenoxy) titani um di chl ori de, dimet pyésilyl (3-
[piperidin-l-yl]-inden-l-yl)(5-nethy|-3] ri et hyl silyl-2-

— Yy =Y®

wherein Y* is a sulfur atom and Y° and Y° are independently

(8b)

a carbon atom.

10 As the ring formed by bond of two adjacent
substituents among R®°, R’, R%, R® and R!%, saturated or
unsaturated hydrocarbon ring(s) which are substituted with
substituted or unsubstituted C;_;¢ hydrocarbon can be
exemplified. Specific examples thereof include a

15 cyclopropane ring, a cyclobutane ring, a cyclopentane ring,
a cyclohexane ring, a cycloheptane ring, a cyclooctane ring,
a benzene ring, a naphthalene ring and an anthracene ring.

Specific examples of the transition metal complex
represented by the formula (1) include, for example,

20 dimethylsilyl(3~[pyrrolidin-1l-yl]-inden-1-y1) (2-
phenoxy) titanium dichloride, dimethylsilyl (3-[pyrrolidin-1-

yl]l-inden-1-yl) (3-methyl~-2~phenoxy)titanium dichloride,



phenoxy) titaniumdichloride, dinethylsilyl(3-[piperidin-I-
yI]-inden-l-yl)(3-tert-buty|-5-nethoxy-2-phenoxy)titaniumESégﬁﬂka&ge,
di met hyl silyl (3-[ pi peridin-1-yl]-inden-1-yl)(3-
tert-butyl-5-chloro-2-phenoxy)titani umdichlori de,

di met hyl silyl (3-[pi peridin-1-yl]-inden-1-y})(3,5-dianyl-2- phenoxy)
titani umdichloride, dinethylsilyl(2- dinmethylam noinden-1-yl)(2-phenoxy)
titaniumdichloride, 10

di met hyl si |l yl (2-di nmet hyl am noi nden-1-yl ) (3-net hyl - 2- phenoxy) titanium

di chl ori de, = ditms by} 551yl { 23~dppetbyt aihro-gdenihddn(13.y1) (3, 5-dimethyl-
5-di net hyl - 2- phenoxy) titani um dichl ori de,

di met hyl si |yl i%ﬁéﬂ@iwt@H&ﬂ@hﬁdamcﬂaw&wé; b8 et Bt 111210 Nt 1t 2 AHm
dichloride, dinethylsilyl(2 15
dihd/ni um

di met hyl am noj - - (3= b -B- hyl -2- .
di chl ori de, g%ﬁﬂ?ﬁy%%?%%l%ngé?%EF%%FaﬁyggﬁngeﬁﬁfPegg?%ﬁﬁédi-tert-butyl-2-

phenoxy) titanpi ' orj i et hl Tl AT — -3 - -
Gi ot byl am notHaak 1Ty (DR RYTE TR Kb E g ddns v cdidsa
dichloride, di I Silyl (2-1 A : : . .
i ot byl am not Tabnt 14T SET b o BRE Y A PR Peiyy ELSan iR P15y )
titaniun1dicg%pri e,. dj hyl si | Ié = . , ,
i ot hot ant not LSt I bl e TRy T §TT 0 et Ryt riprea- Lowadndiy priarhen-
dichloride, dinethylsilyl(2 25, ) , ) . .
di met hyl ani ndiHdeh-4-RhSqasy biitapiyr- dighinsiger dimethylsddelds-
phenoxy) titani um di chl ori de, dinethylsilil$2-
di met hyl ami noibigerrbigin b=yl rindeytlsyehleroehypnénshenydi€ani um
di chl ori de, dinethylsilyl(2-

phenoxy) titanium dichloride, dimethylsilyl (3-[pyrrolidin-1-

10 yl]-inden-1-yl) (3-tert-butyldimethylsilyl-5-methyl-2-
phenoxy) titanium dichloride, dimethylsilyl (3~[pyrrolidin-1-
yll-inden-1-yl) (5~-methyl-3-trimethylsilyl-2-
phenoxy) titanium dichloride, dimethylsilyl(3-[pyrrolidin-1-
yl]-inden-1-vyl) (3-tert-butyl-5-methoxy-2-phenoxy) titanium

15 dichloride, dimethylsilyl (3-[pyrrolidin-1-yl]-inden~1-
y1l) (3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride,
dimethylsilyl (3-([pyrrolidin-1-yl}-inden-1-y1) (3,5-diamyl-2-
phenoxy) titanium dichloride, dimethylsilyl (2-[pyrrolidin-1-
yll-inden-1-yl) (2-phenoxy) titanium dichloride,

20 dimethylsilyl{2-{pyrrolidin-1l-yl]-inden-1-y1) (3-methyl-2-
phenoxy) titanium dichloride, dimethylsilyl{2-[pyrrolidin-1-
yl]~inden~1-y1l) (3, 5~dimethyl-2-phenoxy)titanium dichloride,
dimethylsilyl (2~ [pyrrolidin~1-~yl]-inden-1-yl) (3-tert-butyl-
2-phenoxy) titanium dichloride, dimethylsilyl (2-[pyrrolidin-

25 1-yll-inden~1-yl) (3-tert-butyl-5-methyl-2-phenoxy)titanium



di met hyl am noi nden-1-yl) (3, 5-dianyl-2-phenoxy)titanium5 dichloride,

di met hyl si |yl (4, 5-di net hyl - 2- dinethylaninocyclopehtadienylk&%hﬂggaﬁﬁy)
titanium dichloride, dinmethylsilyl(4,5-dinmethyl-2-

di met hyl am nocycl opent adi enyl ) ( 3- et hyl - 2- phenoxy) titani um dichl ori de,

di met hyl silyl (4, 5-di nethyl-2 10 23

di met hyl am nocycl opent adi enyl ) (3, 5-di met hyl -2 phenoxy) titani umdichlori de,
di met hyl si |l yl (4, 5-di met hyl - 2-

di et hyl am nocycl opent adi enyl ) (3-tert-butyl-2- phenoxy) titani um

di chl oride, dirgtbylisid,yldideThdilnstingl ¢2-[pyrrolidin-1-y1l]-inden-1-

di met hyl am nocycl opent adi enyl ) (3-tert-butyl-5-nmethyl-2 15 phenoxy)titani um

di chloride, ¢hygthylsiil-yet4 Py radroxy) titanium dichloride,
di et hyl am nocycl opent adi enyl ) (3, 5-di-tert-butyl-2- phenoxy) titanium

di chlori de, gﬁ%ttﬂgl%iill#l((@-s[;psﬂ-rwlmdi'r?-'l—yl]—indenﬂlmyl) (5-methyl-3-

di met hyl am nocycl opent adi enyl )y (5- met hyl - 3- phenyl - 2- phenoxy) titani um
aentortge, TR SHALCA SR (2 B, tdncihgieiion -
ST B A a5
é{;g?acrgfi;%%ﬁgggg§2§§%§p%%s%gfgyfﬂﬁj1fggfg%ide, dimethylsilyl (2-
dinethylaninocyclo_enta@ien I)§3-tert:putyl-5-nethoxﬁ:grzqaﬁquSEPQP_§§
phenoxy) ti t ahPYETFaie AL ilay L | aimsemyiisiniyl (rmstdhnst = Buethy y
R AL A S e ot AN
g:ﬁglﬁ;:gﬁ{ngcyclogentazien&l)(3,5-dianyl-2

vl]-inden-1-yl) (3-tert-butyl-5-methoxy-2-phenoxy}titanium

i0 dichloride, dimethylsilyl(2-[pyrrolidin-1-yl]-inden-1-

yl) (3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride,

dimethylsilyl (2-[pyrrolidin~1~yl]-inden-1-yl) (3, 5-diamyl-2-

phenoxy) titanium dichloride, dimethylsilyl (3~[piperidin-1-

yl]-inden-1-yl) (2-phenoxy) titanium dichloride,

15 dimethylsilyl (3-[piperidin-1-yl]-inden-1-yl) (3-methyl-2-
phenoxy) titanium dichloride, dimethylsilyl (3-[piperidin-1-
yl]l-inden-1-y1} (3, 5~dimethyl-2-phenoxy)titanium dichloride,
dimethylsilyl (3-([piperidin-1l-yl]-inden-1-yl) {3-tert-butyl-
2-phenoxy)titanium dichloride, dimethylsilyl(3-[piperidin-

20 l-yl3}-inden-1-yl) (3-tert-butyl-5-methyl-2~phenoxy)titanium
dichloride, dimethylsilyl(3-[piperidin-1-yl]-inden-1-

vl) {3, 5-di-tert-butyl~2-phenoxy) titanium dichloride,
dimethylsilyl (3~ [piperidin-1-yl}-inden-1-yl) (5-methyl-3-
phenyl-2-phenoxy)titanium dichloride, dimethylsilyl(3-

25 [piperidin-1-yl]-inden-1-y1) (3-tert-butyldimethylsilyl-5-



5 phenoxy)titaniumdichloride, dinethylsilyl(3-[pyrrolidin-I-

yl]1-2-met hylinden-1-yl)(2-phenoxy)titaniumdichloride, 28 June O%
enoxy)

di rethyl silyl (3-[pyrrolidin-1-yl]-2-nethylinden-1-yl)(3- nethyl-

titani umdichloride, dinethylsilyl(3-
[pyrrolidin-1-yl]-2-nmethylinden-1-yl)(3,5-8énethyl-2 10 phenoxy)titani um
dichloride, dinethylsilyl(3-[pyrrolidin-I-
yl]-2-nmethylinden-1-yl)(3-tert-butyl-2-phenoxy)titanium dichloride,

di met hyl silyl (3 rrolidin-l-yl]-2-

met hyl i nden- Im?F§Y§

dinmethylsilyl (3-[pyrrolidin-I 15

Cyl]-2-met hyl i hpepenighine3-51di-inden-buyyl) -(3~plehgiy ) -tirti aritinp 1diidhilor-de,

di met hyl silyl (3-[pyrrolidin-I- yl]-2-methylinden-1-yl)(5-nethyl-3-phenyl -
phenoxy)tlteupmﬁmcmphtntadeumddmehm¢k$dbyIﬁ&mbphyﬂ@huqnq3i- iperidin-1-
yl]-2-methylinden-1-yl)(3-tert-butyl di nethylsilyl-5-nethyl g

2- phenoxy) ti tynj tmneaéeshl oy de3- déﬂELBME§ELBLﬁ§tBB¥FLQLbﬁbHoxy ytitanium
1-yl]-2-methylinden-1-yl)(5-nethyl-3-trinmethylsily - phenoxy) titanium

dichlorigle, dijethytsidyl §8mEeNyIelidinsl -
yl ]-2-nmet hylinden-1- yl){3 tert- %uty 9 @ ?ﬁégﬁrldlnhen3%§) t?ﬁgnﬂuxg

di chl ori de, (Héﬁﬂlbﬁ§¥i¥$(§ﬁ£@¥%£9L éﬂoﬁygéltanégm dlCh%86éd§7

yl']-2-met hylinden-1 tert uty or o- June

T2 et L;?{Hné*i@n@“iﬁy‘%ﬂ%ﬂ?dfj%%%?%éfﬁae o33t é%f’la%?ﬁ; G B 1-2-

ai et hyl o1 1 Y IETREN A 1%3/&%?5?“6“‘)%%%}#% RERBRHE1 t ant um

di chloride, dimethylaminoinden-1-yl) (2-phenoxy)titanium dichloride,

10 dimethylsilyl (2-dimethylaminoinden-1-y1) (3-methyl-2-
phenoxy) titanium dichloride, dimethylsilyl (2-
dimethylaminoinden—l—yl)(3,5~dimethyl—2~phenoxy)titanium
dichloride, dimethylsilyl (2-dimethylaminocinden-1~yl) (3~
tert-butyl-2-phenoxy)titanium dichloride, dimethylsilyl (2~

15 dimethylaminoinden-1-yl) (3-tert-butyl-5-methyl-2-
phenoxy) titanium dichloride, dimethylsilyl (2-
dimethylaminoinden-1-yl) (3, 5-di-tert-butyl-2-
phenoxy}titanium dichloride, dimethylsilyl(2-
dimethylaminoinden-1-yl) (5-methyl-3-phenyl-2-

20 phenoxy)titanium dichloride, dimethylsilyl (2-
dimethylaminoinden—l—yl}(3—tert—butyldimethylsilyl~5—
methyl-Z-phenoxy)titanium dichloride, dimethylsilyl(2-
dimethylaminoinden-1-yl) {(5-methyl-3-trimethylsilyl-2-
phenoxy) titanium dichloride, dimethylsilyl (2-

25 dimethylaminoinden-1-yl) (3-tert-butyl-5-methoxy-2-

~B-pBPRoKt FEIsnFEIh i chl optieleo x wi)i meitthaisurhydi (A or i de,

2-



di met hyl si |l yl (2- met hoxyi nden-1-yl ) (3, 5-di net hyl -2- phenoxy) titanium

di chl oride, dinethylsilyl(2-nmethoxyinden-
1-yl)(3-tert-butyl-2-phenoxy)titani umdichloride, 28 June 2006

di met hyl si |l yl (2- met hoxyi nden-1-yl)(3-tert-butyl-5-nethyl-2 10
phenoxy)titani umdichl oride, dinethylsilyl{2-methoxyinden-
1-yl)(3,5-di-tert-butyl-2-phenoxy)titani umdichl oride,

di met hyl si | yl (2- met hoxyi nden- 1-yl ) (5- et hyl - 3- phenyl - 2- phenoxy) titani um
di chl ori de, dinethylsilyl(2-methoxyi nden-

| -yl) (3-tert-bueynbdiymet Byhsiuhy bi2hretrie, 2daherexydiitanizum 15 di chl ori de,
di met hyl si | yl (2- met hoxyi nden-1-yl) (5-nethyl -3- trinethylsilyl-2-phenoxy)

titani umdi chhohrédRylaminoinden-1-y1) (3-tert-butyl-5-chloro-2-
dinethylsiIyI(2-netﬁoxyinden-l-yl)Féjéert?gutyflginetﬁ%x§¥xb-phenoxy)

titaniun1dich%géﬁggg)giﬁgﬁgﬁhspggbg%Fide, d

met hoxyi nden-1-yl) (3-tert-buty h oro-2-6ﬁgﬁg%%fﬁ%%%ﬁ%ﬁn20 di chl ori de,
di met hyl silyl §2- i -1-yh) =dizanyl - 2- phenoxy) titani um

di chl ori de, déﬁ%$ﬁ@?£%%§ﬁgggd%n h &%??3,5 HXamy% R p%eﬁ%&y)tl anium

[ di hydroi soi ndol.ip-2:yl]-inden-1-vyl i- hengxy) titanium dichloride,
dinethyl%ilyl %ETihﬁﬁ%?bigb?ﬁgBV%%%ég #?:gﬁgéﬁ?thyl‘Z“
1-y|)(3-neth¥%:2]§?e ox%%titaniun1dichloride 25 . .

di met hyl si | yi¢9§ -¥é%w 1SV niBPERL2dY PRy hdénPheppryy3 td tagivine 2006 28
dinethyl-2-pheno¥%%tjtaniun1dich|oride, di net hyl silyl (3-

[ di hydr oi soi ritfgthiRDide ] -dhehb 11§i3 3 (¢ ebrdbueyhy2=2phenoxy) titani um
di chl oride, dinethylsilyl(3- _

[ di hydr oi soi ridigtshlanineadeboneytiddenegtt {Bungthglndthpknbxy) titanium
2- phenoxy) titani umdichloride, dinethylsilyl(3-

[ di hydr oi soi rtigthlpiqe ] -dimephdlyl)yB{ 4, drdimethplt9t- 2-

10 dimethylaminocyclopentadienyl) (3, 5-dimethyl~2-
phenoxy) titanium dichloride, dimethylsilyl(4,5-dimethyl-2-
dimethylaminocyclopentadienyl) (3-tert-butyl-2-
phenoxy) titanium dichloride, dimethylsilyl(4,5-dimethyl-2-
dimethylaminocyclopentadienyl) (3-tert-butyl-5-methyl-2-

15 phenoxy) titanium dichloride, dimethylsilyl (4,5-dimethyl-2-
dimethylaminocyclopentadienyl) (3, 5~-di-tert-butyl-2-
phenoxy) titanium dichloride, dimethylsilyl(4,5-dimethyl~2-
dimethylaminocyclopentadienyl) (5-methyl=~3~phenyl-2-
phenoxy)titanium dichloride, dimethylsilyl(4,5-dimethyl-2-

20 dimethylaminocyclopentadienyl) (3-tert-butyldimethylsilyl-5-
methyl-2-phenoxy)titanium dichloride, dimethylsilyl (4, 5-
dimethyl-2-dimethylaminocyclopentadienyl) (5-methyl-3-
trimethylsilyl-2-phenoxy)}titanium dichloride,

dimethylsilyl (4, 5-dimethyl-2-

25 dimethylaminocyclopentadienyl)(3-tert—butyl—5—methoxy—2-




phenoxy) titaniumdichloride, dinethylsilyl(3-

[ di hydroi soi ndol i n-2-yl]-inden-1-yl)(5-methyl -3-phenyl -2- pheg %ﬁ%) t ani um
di chl oride, dinethylsilyl(3 10 [di hydroi soi ndolin-2-yl]-inden- -y:%P -tert-
but yl di net hyl si |l yl -5-net hyl - 2- phenoxy) titani um di chl ori de,

di met hyl si l yl (3-[di hydroi soi ndol i n- 2- yI]-|g%§n 1-yl)(5-

nmet hyl - 3-tri net hyl silyl-2-phenoxy)titani umodi chl ori de,

di met hyl si |l yl (3-[di hydroi soi ndolin-2-yl]-inden-1-yl)(3 15

tert-butyl-5-nmet hoxy-2- phenoxy)titani umdichlori de,

dlnethy|S||y|?ﬁéﬂy£p/ Q500 ok %éhf%ﬁlée H?Eﬂe%hyiggfyl 4,5-dimethyl-2-

tert-butyl or o- enox ani um ar

d|mathyIS|Iylgf.ln][eg:gl %&ﬁéﬁﬁlqgfué$ %?%%% de§-te¥ )éutyl glaHXoro“Bhenoxy)

“titani um di chl"oi
di phenyl phosphi n0|nd n-1-yl)(2- |tan|un1d|chlor
- di met hyl si |yl 3 A%ﬁ yl %@F?ﬁﬁ¥®41$1 ﬁhén@k@?tPVﬂaﬁlum
di chl ori de, dlneth IS|IyI(3 dlphenykgiosph|n0|nden 1- %(3 5-di net hyl - 2-
phenoxy) t i t anfdfmedroHIEgHReY diqRamadieny Y 3( D5 -diamy
di phenyl phosphi noi nden-1-yl ) (3-tert-butyl-2 28 June 2006 29
phenoxy) i t anPhengxyn tértiade, umdidigtya side] (Bimethylsilyl (3- [pyrrolidin-1-
di phenyl phosphi noi nden-1-yl)(3-tert-butyl-5-methyl-2- phenoxy) titanium
di chl ori de, diyddtBymsithyll(iden-1-yl) (2-phenoxy)titanium dichloride,
di phenyl phosphi noi nden-1-yl)(3,5-di-tert-butyl-2 5 phenoxy)titanium
di chl ori de, ddimehylydisiyly(33-[pyrrolidin-1l-yl]-2-methylinden-1-y1l) (3~
di phenyl phosphi noi nden- 1-yl ) (5- met hyl - 3- phenyl - 2- phenoxy) titani um
dichl oride, dinaehhyls-bhlendxy)titanium dichloride, dimethylsilyl (3-
[pyrrolidin-1-yl]-2-methylinden-1-yl) (3, 5-dimethyl~2-

10 phenoxy) titanium dichloride, dimethylsilyl{(3-[pyrrolidin-1-~
yl]l-2-methylinden-1-yl) (3-tert-butyl-2-phenoxy)titanium
dichloride, dimethylsilyl{(3-[pyrrolidin-1-yl]-2-
methylinden-1-y1) (3, 5-tert-butyl-5-methyl-2-
phenoxy) titanium dichloride, dimethylsilyl{3-[pyrrolidin-1-

15 yl]-2-methylinden-1-y1) (3, 5~di-tert-butyl-2-
phenoxy)titanium‘dichloride, dimethylsilyl (3-[pyrrolidin-1-
yll-Z2-methylinden-1-yl) (S5-methyl-3-phenyl-2-
phenoxy) titanium dichloride, dimethylsilyl(3-[pyrrolidin-1-
yl]-Z2-methylinden-1-yl) (3-tert-butyldimethylsilyl-5-methyl-

20 2-phenoxy) titanium dichloride, dimethylsilyl(3-[pyrrolidin-
l1-yl}~2-methylinden-1-yl) {5-methyl-3-trimethylsilyl-2-
phenoxy) titanium dichloride, dimethylsilyl {3-[pyrrolidin-1-
yl]-Z2-methylinden-1-yl) (3-tert-butyl-5-methoxy-2-
phenoxy) titanium dichloride, dimethylsilyl (3-[pyrrolidin-1-

25 yl]-2-methylinden-1-yl) (3-tert-butyl-5-chloro-2-



di phenyl phosphi noi nden-1-yl ) (3-tert-butyl di nethyl silyl-5- nethyl-2-phenoxy)
titaniumdichloride, dinethylsilyl (3 10 28 June 2006

di phenyl phosphi noi nden- 1-yl ) (5-nmethyl -3-tri net hyl silyl-2- phenoxy) titani um
di chl oride, dinethylsilyl(3-

di phenyl phosphi noi nden-1-yl ) (3-tert-butyl - 22Tet hoxy-2- phenoxy) titani um
di chl oride, dinethylsilyl(3-

di phenyl phosphi noi nden-1-yl)(3-tert-butyl-5-chloro-2 15 phenoxy)titani um
dichl oride, dinethylsilyl(3- diphenylphosphinoinden-1-yl)(3,

5- di anyl - 2- phétitBaP%*Y t okt amd uni dhelipdede, dimethylsilyl(3-[pyrrolidin-1-
dinmethylsilyl(2,4,5-trinmethyl-cycl opentaf 2, 3-

b] t hi ophen- 6- y)](-Z-preroxd) tdemnl uyl di 8hbedi dey1-2-phencxy) titanium

di rethyl silyl (2,4,5-trinmethyl-cycl opental 2, 3-b] t hi ophen-6- 20

yl) (3- met hyl - 2tipienoxiy)d i tdimeth gl €0l @1 ( Bemethoxyinden-1-y1) (2-
dinethylsiIyI(2,4,5-trinethyl-cyclopenta[2,3-b]t%iophen-6-

yl) (3, 5-di net ylendshencoan i a0 4 &h £ or b e thy1si1y1 (2- o
dinethylsilyl(2,4,5-trinethyl-cyclopenta[2,3-b?th¥ogﬁe%_é_ methoxyinden

yl) (3-t et - butiyl13- @heaaw) it 4 a0 L J[ {i@]. -
dinethylsilyl(2}2,5-tringﬁﬁyljégtlope gg‘g%%- t%?%%%%ﬁ% ©»8 June 2006 30

G AR T -2
B S SR £ SR Bt o spechonyinaon-
(St SR R NS o e,

yl)(3-tert-butyl di hyl si.l y| - 5- et hyl - 2- phenoxy) ti tani um dichlori de,
di et hyl si |yl £ TEFE‘E’%L?%{H%H?F%O&Q%MFZ%ZY“ ? 3-tert-butyl-5-methyl-2-

10 phenoxy)titanium dichloride, dimethylsilyl {2-methoxyinden-
1—yl)(3,5—di—tert—butyl¥2—phenoxy)titanium dichloride,
dimethylsilyl(2—methoxyinden*l—yl)(5—methyl~3—phenyl~2—
phenoxy) titanium dichloride, dimethylsilyl (2-methoxyinden-
1~yl)(3—tert—butyldimethylsilyl—5—methyl—2—phenoxy)titanium

15 dichloride, dimethylsilyl (2-methoxyinden-1-yl) (5-methyl-3-
trimethylsilyl-2-phenoxy)titanium dichloride,
dimethylsilyl(2—methoxyinden—1—yl)(3—tert—butyl—5—methoxy—
2-phenoxy) titanium dichloride, dimethylsilyl (2-
methoxyinden—l—yl}(3—tert—butyl—5—chloro-2~phenoxy)titanium

20 dichloride, dimethylsilyl (2-methoxyinden-1-yl) (3, 5-diamyl-
Z2-phenoxy) titanium dichloride, dimethylsilyl (3-
[dihydroisoindolin—2~yl]—inden—l—yl)(2—phenoxy)titanium
dichloride, dimethylsilyl (3-[dihydroisoindolin~2-yl]-inden-
1-yl) (3-methyl-2-phenoxy)titanium dichloride,

25 dimethylsilyl(3—[dihydroisoindolin—Z—yl]—inden—l—yl)(3,5-



b] t hi ophen-6-yl) (5-methyl -3-trinmethylsilyl-2 10 phenoxy)titani um
dichloride, dinethylsilyl(2,4,5-trinethyl- 28 June. 2006

cycl opent a[ 2, 3-b] t hi ophen-6-yl) (3-tert-butyl -5-nethoxy-2- phenoxy) titani um
dichloride, dinmethylsilyl(2,4,5-trimethyl-

cycl opent a[ 2, 3- b] t hi ophen-6-yl) (3-tert-butylg-5-chl oro-2- phenoxy) titanium
dichloride, dinethylsilyl(2,4,5-trinmethyl 15

cycl opent a[ 2, 3-b] t hi ophen-6-yl) (3, 5-di anyl -2- phenoxy) titanium dichloride,
di met hyl silyl (2,5- dimethylcyclopenta[l, 2-b:4,3-b"]dithiophen-7-yl)(2-
phenoxy) tit ariit@tdiyah bt o) net tii Sidh Yd{@h Poride, dimethylsilyl (3-

di nmet hyl cycl openta[ 1, 2-b: 4, 3-b' ] di t hi ophen-7-yl) (3-nethyl 20

2- phenoxy) ti t qeii WG Arige, 1 L shdath (2. 91) (3-tert-butyl-2-
di net hyl cyclo%eﬁt?[l, - b: 4, 3-bl']d2iﬁji1%phen-7-yl s R BT 2 2% bhenoxy)

titani um di chlgriden diretfiyl ici-y}( e ; ; -
dinethylcyclo%eﬁta%f)z}b:3?3ﬁg'%ﬁt#%(n)%ﬁr -Tﬁ%?%&%%&¥%(%utyl-2-phenoxy)
titani um di chl n'g e i @? JI%?j2,5;25 a_ _ _ . _
dinethylcycloﬁgﬁ# ?féiﬁggﬂ -ﬁ?ﬁ |t%ﬁ%uﬁﬂﬁﬁW-§|¥%h§?é??r58b36%£ 50%%t%%1
butyl - 5- et hyl,- 2- phenoxy).ti t ani um.di.chl ori de, . ,
di net hyl &i | yi kzP‘éﬁ%&Pﬁﬁﬁﬁt%%‘bg}rﬁ‘ﬁﬁfrzl— g glmethylsilyl (3-
b']dithiophen-71§§)&3“5-di-tent-butyl-Z-phenoxy)titaniun] di chl ori de,
di met hyl si |yl (815Ygrpdeayrdpdisremya T, oidpy, 578l (3, 5-di~tert-butyl-2-
b' ] di t hi ophen-7-yl) (5- et hyl - 3- phenyl - 2- phenoxy) titani um dichl ori de,
di et hyl si | yl PReBogypseh@ndya é@@hlﬂrﬁd@rb:%n@thylsﬂyl (3-
b']dithiophen-?iﬁl)(Site{t-bupyldinethylsiIyI-5-nethyI-2- phenoxy) titani um
di chl ori de, dilgébhgreippingodin-2-yl]-inden-1-yl} (5-methyl-3-phenyl-2-
di met hyl cycl openta[ 1, 2- b: 4, 3-b' ] di t hi ophen-7-yl) (5- et hyl

phenoxy) titanium dichloride, dimethylsilyl (3~

10 [dihydroiscindeolin-2-yl]~inden-1-yl) (3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
dimethylsilyl (3-[dihydroisoindolin-2-yl]-inden-1-y1) (5-
methyl-3-trimethylsilyl-2-phenoxy)titanium dichloride,
dimethylsilyl (3-[dihydroiscindolin~2-yl]l-inden-1-yl) (3-

15 tert-butyl-5-methoxy-2-phenoxy)titanium dichloride,
dimethylsilyl {3-[dihydroisoindolin-2-yl}-inden-1-yl) (3-
tert-butyl-5-chloro-2-phenoxy) titanium dichloride,
dimethylsilyl (3-[dihydroisoindolin-2-yl]-inden-1-yl) (3,5-
diamyl-2~phenoxy)titanium dichloride, dimethylsilyl (3-

20 diphenylphosphinoinden-1-yl) (2-phenoxy)titanium dichloride,
dimethylsilyl (3-diphenylphosphinoinden-1-yl) (3-methyl-2-
phenoxy)titanium dichloride, dimethylsilyl (3-
diphenylphosphinoinden-1-y1l) (3, 5-dimethyl~2-
phenoxy) titanium dichloride, dimethylsilyl (3~

25 diphenylphosphinoinden-1-yl) (3-tert-butyl-2-



10 3-trimethylsilyl-2-phenoxy)titaniumdichloride,

di met hyl si Iyl (2, 5-di net hyl cycl opent a[ 1, 2-b: 4, 3- 2
b']dithiophen-7-yl)(3-tert-butyl-5-nmethoxy-2- phenoxy) tltanlun1d|g% oride,
di mret hyl silyl (2,5- dinethylcyclopentall, 2-b:4,3-b"]dithiophen-7-yl)(3-tert
15 butyI-5-ch|oro-2-phenoxy)titaniunldiCM(ygde,

di met hyl si Iyl (2, 5-di net hyl cycl opent a[ 1, 2- b: 4, 3-

b' ] dit hi ophen-7-yl) (3, 5-di anyl - 2- phenoxy)titanium dichloride,

di met hyl si l yl (5- et hyl -1 - phenyl - cycl opent a[ 3, 2-

b] pyrrol - 4-yl )diZephenoxyd dniani dirdichioe] dg@im@@hylsilyl (3-

di met hyl si | yl (5- nethyl-l-phenyl cycl opent a[ 3, 2- b] pyrrol - 4-

yl) (3- met hyl - 23 ipheanox Eéé%ﬁ' W A EAL OL L e 3-tert-butyl- 5—methyl -2-
' dlnethyIS|IyI(5 met hyl - | - phenyl - cycl opent a[ 3, 2- b] pyrrol -

1) (3, 5-di net
i mechy 5111 (577 ﬁ?ﬁﬁﬁﬁéﬁﬁa@%ﬁﬁiﬂiéﬁ%Srggﬁ gy iar4ss

1) (3- b di c d 8 0 2
i et hyl s 1 y1 (LRSI AR CLen: 1878 g e HBrogese-22
1) (3- but h de,
G ety el Yy ) : AL
i-ter - noXx
4 et hyl si |yl (%‘ﬁtﬁ%% %dp%ﬁaﬂﬁ? %&'F'b%@ﬁf]b? Iﬁeﬁ*]%lyr?oﬂ?hﬁnyl —2-
yl') (5- net hyl - 3- phenyl - 2- phenoxy tltanlun1d|chlor

di net hyl sil yl (1513j Wltlitaﬁ“ﬁéﬁﬁyl W&%‘b’éﬁﬁa[%l@e'ﬁl]%%%bﬂ@“
yl)(3-tert-but IdlnethyIS|IyI 5- et hyl - 2- phenoxy) titanium dichloride,

di met hyl si | yl qﬂﬂphe lqgQﬂTﬁmy&kﬂQrtﬁqxrbutyldlmethyl51lyl 5=

b] pyrrol -4-yl) (5-nmethyl -3-trimethyl silyl-2-phenoxy) titanium
methyl-2-phenoxy) titanium dichloride, dimethylsilyl (3-

10 diphenylphosphinoinden-1-y1) (5-methyl-3-trimethylsilyl-2-
phenoxy)titanium dichloride, dimethylsilyl (3~
diphenylphosphinoinden-1~yl) {3~tert-butyl-5-methoxy-2-
phenoxy)titanium dichloride, dimethylsilyl (3-
diphenylphosphincinden~1-yl) (3-tert-butyl-5-chloro-2-

15 phenoxy)titanium dichloride, dimethylsilyl(3-
diphenylphosphinoinden-1-yl) (3, 5-diamyl-2-phenoxy)}titanium
dichloride, dimethylsilyl(2,4,5-trimethyl-cyclopental2, 3-
b]lthiophen-6-yl) (2-phenoxy) titanium dichloride,
dimethylsilyl(2,4,5-trimethyl-cyclopenta{2, 3-b]thiophen-6-

20 yl) (3-methyl-2-phenoxy) titanium dichloride,
dimethylsilyl (2,4, 5-trimethyl-cyclopenta[2, 3-b] thiophen-6~
¥1l) (3, 5-dimethyl-2-phenoxy}titanium dichloride,
dimethylsilyl (2,4, 5-trimethyl-cyclopenta(2,3-b]lthicophen-6-

) (3-tert-butyl~2~phenoxy)titanium dichloride,

25 dimethylsilyl(2,4,5~-trimethyl-cyclopenta[2,3~-b]thiophen-6-



di chl oride, dinethylsilyl(5-nmethyl-I-phenyl-cycl openta[3, 2-

b] pyrrol -4-yl)(3-tert-butyl-5-nmethoxy-2-phenoxy) titanium dj hele,

di met hyl si |l yl (5- net hyl -1 - phenyl - cycl opent af 3, 2- (ngthﬁbﬂf

b] pyrrol -4-yl)(3-tert-butyl-5-chl oro-2-phenoxy) titanium 15 dichloride, and
di met hyl si |l yl (5- et hyl - I - phenyl - 30

cycl opent a[ 3, 2-b] pyrrol -4-yl) (3, 5-di anyl - 2- phenoxy) titanium dichloride;
conmpounds obt ai ned by repl aci ng 2- phenoxy of the above nentioned conpounds
wi t h 3-phenyl - 2- phenoxy, 3- trinethylsilyl-2-phenoxy or

3-tert-butyl diyiet(BHtsidtHbid y20- ohentdxyl, - Tappeundg) bt anhed Bychepkadeng
dinmethylsilyl of the above nentioned conpounds with diethylsilyl,

di phenyl si |yl demedhyatsiaxmsid v ,;5-conpeittis] abfal s\esh by [ 2| 8pbpehDgphbhagi-um
of the above nentioned conpounds with zirconiumor hafniun conpounds

obt ai ned repl gqi) NG chloaritde 2%, afy e Bavs: vt ¢ Anedth COIPRUNASqu th.
broni de, iodide, 28 June 2006 33 di methyl amde, di et hyl am de, net hoxi de,

rbutoride, | LagRtmpasider amubd onpete a0 S eels! S Bk Bhonen g
[0 e e 00,8, yabke BUIeE LH0,AL D S8 & ST A ATRLLENIR !
cyclopenac eng peBLgTantod o) e, LS (L ol R G et o
cubstl £t e oy VISUBSL L o0 Tt onenan AL ouR 40 deneted b T, e

et hyl, propyl,  butyl, pentyl, ‘ -
dichloride, dimethylsilyl(2,4,5-trimethyl-cyclopental2,3-

b]thicphen-6-yl) (5-methyl-3-trimethylsilyl-2-

10 phenoxy)titanium dichloride, dimethylsilyl(2,4,5-trimethyl-
cyclopenta[2, 3-b]thiophen-6-yl} (3~tert-butyl-5-methoxy-2-
phenoxy) titanium dichloride, dimethylsilyl (2,4, 5-trimethyl-
cyclopenta[2, 3-b]thiophen-6~yl) (3-tert-butyl~5-chloro-2-
phenoxy)titanium dichloride, dimethylsilyl(2,4,5-trimethyl-

15 cyclopental[2, 3-b]thiophen-6-yl) (3, 5-diamyl-2-
phenoxy)titanium dichloride, dimethylsilyl(2,5-
dimethylcyclopenta[l,2-b:4,3-b’ Jdithiophen-7-y1l) (2-
phenoxy) titanium dichloride, dimethylsilyl(2,5-
dimethylcyclopentall,2-b:4,3-b’ Jdithiophen—-7-yl) (3-methyl-

20 2-phenoxy) titanium dichloride, dimethylsilyl(2,5-
dimethylcyclopental[l,2-b:4,3-b’ Jdithiophen-7-yl) (3, 5-
dimethyl-2~phenoxy) titanium dichloride, dimethylsilyl({2,5-
dimethylcyclopenta[l,2-b:4,3-b’ ]dithiophen-7-yl) (3-tert-
butyl-2-phenoxy)titanium dichloride, dimethylsilyl (2, 5-

25 dimethylcyclopenta[l,2-b:4,3-b’ ]dithiophen-7-yl) (3-tert-



hexyl, heptyl, octyl, nonyl and decyl; C2_10 al kenyl such as. vinyl,
allyl, propenyl, 2-nmethyl-2-propenyl, honmoallyl, pentenyl, §§§§Eﬁom5
hept enyl , octenyl, nonenyl and decenyl; 15 and C7_12 aral kyl ch as
benzyl, (4-nethyl phenyl)nethyl and (2,4, 6-trinethyl phenyl)nethyl. The
substituted hydrocarbon group includes al kpxyal kyl such as net hoxynet hyl
or nethoxyet hoxynethyl and further, hal ogen-substituted hydrocarbon
groups, which hydrocarbon groups are the above 20 nentioned unsubstituted
hydr ocar bon groups, whose exanple is 2-chloro-2-propenyl. The
tri-substitutdautylyb-rgeluplAepbdesxyt titehhuhsdiyh]lctrriidet,hyl silyl,
tri-n-propylsilyl, triisopropylsilyl, tri-n-butylsilyl,

tri-sec-butyl siimpdthPbstryl (er5-@mhgt5ylyyclelenltaqtnl,ltzyhosl4| B tert-butyl
28 June 2006 34 dinethylsilyl, tri-n-pentyl si tri-n-hexylsilyl,

tricycl ohexyl S:Myduﬂmﬁbfmé@hwiﬁm - dﬁn@egtsaﬁhylsgbéhbhgigﬁ%ﬁ%@mﬁfﬂ by

R', al kenyl, particularly al Is preferred in terns of yield in

producti on of dl@ulcﬁrﬁd@nsdirh@@h ﬂyf@m)hemg s p&gegg%ﬁ%l,fggp@w,

(1) The hydrogen, halogen substituted or unsu

.20 aryl, silyeubel .f%%r??d%zf’%%@%@’.%%t %gﬁiiﬁﬁéﬁﬁswe Sacarisy o

reubet! totec ﬁ%"%srtal'ﬁa”rtk%?loﬂ%yﬁh BetT L el SRy bst Pl tPel et 3004ty Poxy

and di - SUbStIEyt%gf%lop V}%%.(g(%é¥% ty{hlmethy181lyl 5-methyl-2-
phenoxy) titanium dichloride, dimethylsilyl(2,5-
dimethylcyclopental[l, 2-b:4,3-b’ ]dithiophen-7-yl) (5-methyl-

10 3-trimethylsilyl~2-phenoxy)titanium dichloride,
dimethylsilyl (2, 5-dimethylcyclopentall,2-b:4, 3-

b’ ]dithiophen-7-yl) (3-tert-butyl-5-methoxy-2-
phenoxy) titanium dichloride, dimethylsilyl (2,5~
dimethylcyclopentall,2-b:4,3-b’ ]dithiophen-7-yl) (3-tert-

15 butyl-5-chloro-2-phenoxy)titanium dichloride,
dimethylsilyl (2, 5-dimethylcyclopenta[l,2-b:4, 3~
b’ ]dithiophen-7-yl) (3, 5-diamyl-2-phenoxy)titanium
dichloride, dimethylsilyl(5-methyl-1-phenyl-cyclopental[3,2-
blpyrrel-4-yl) (2-phenoxy) titanium dichloride,

20 dimethylsilyl(5—methyl—1—phenyl—cyclopenta[3,2;b]pyrrol—4—
yl) {3-methyl-2-phenoxy)titanium dichloride,
dimethylsilyl(5—methy1—l—phenyl—cyclopenta{3,2—b]pyrrol—4—
y1) (3,5-dimethyl-2~phenoxy)titanium dichloride,
dimethylsilyl (5-methyl-1-phenyl-cyclopental[3,2-b]lpyrrol-4-

25 yl)(3—tert—butyl—2—phenoxy)titanium dichloride,



atons denoted by X3 or X4 include those exenplified as X1 and X2 in the
transition metal conplex represented by the 15 formula (1).,gTH e@@ﬁf t hat
may be used for production of the conpound represented by f%e ormula (1)

i ncludes organic alkali netal conpounds, for exanple, organolithium
conmpounds such as nethyl lithium ethyl lighium n-butyl 20 |lithium
sec-butyl lithium tert-butyl lithium lithium trinmethylsilylacetylide,
lithiumacetylide, trinmethylsilylmethyl lithium vinyl lithium phenyl
lithium and allyl lithium The used anmount of the base is generally in a
range of 0.5 tiametimylled 1pdr( Sk rey Iofl 4gteer?hl coppbumeh  2) 3, 28b Jpper 2006~ 35
Further, the base nay be used in conbination with an am ne conpound. Such
an am ne conpeund 3-Relrtees: tR1I-FRmE t HT HT8-SHETROUN0S] saehumsd Deh Tyt aaé pe,

et hyl am ne, n propyl am ne, isopropylam ne, n-butylam ne, tert-butyl am ne,

5 n-octyl am ng; nBtH&A%liaRING,-r@iiHy 1Ne LSy LA A DE3, 2 SELOPERS Y- 40 ne
conpounds such as di net hyl am ne, ~di et hyl am ne,” di -'n-propyl am ne,

di -n-butyl ani pe, (di ctert L TSN (Mg ERoTe\ V2 IF=Tys IF i = an ne,
pyrrolidine, S}Eé)ggr'rgt ﬁil 5ieg':{l é)lﬁ"lgc?el gzn&mcﬁr{&)gﬁyﬁla%ﬂnlg,ﬁn ac?liddﬁe(%tellcda%y am ne 10
conpoundsg such. Lethyl.am ne, Lri-ethyl amn tri-n- 1 A
tri-n-bu?ylan@ﬁ@?té&?gg%gﬁdérg@ﬁ§?§hﬂh§$éﬁ¥1 é?%%ﬁ%ﬁé%ﬁ¢é;§a%f¥@g¥%l 1
tri-n-decylam ne, _triphenyl.am ne, .N, N _di net hyl.anil. ne, .. .

N,NN N, N -tet VgﬁéPHQFEF‘P{ Ixéﬁnhle&éﬁlﬁ@,"%enoxyq €staniun dichloride,

dimethylsilyl (5-methyl-I-phenyl-cyclopenta([3,2-blpyrrol-4-

yl) (3~tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, dimethylsilyl (5-methyl-l-phenyl-cyclopental3,2-

10 blpyrrol-4-y1) (5-methyl-3-trimethylsilyl-2-phenoxy)titanium
dichloride, dimethylsilyl {5-methyl-1-phenyl-cyclopental3,2-
blpyrrci-4-yl) (3-tert-butyl-5-methoxy-2-phenoxy) titanium
dichleoride, dimethylsilyl (5-methyl-1-phenyl-cyclopental3,2-
blpyrrol-4-yl) (3-tert-butyl-5-chloro-2-phenoxy)titanium

15 dichloride, and dimethylsilyl (5-methyl-1-phenyl-
cyclopental[3,2-b]lpyrrol-4-yl) (3, 5-diamyl-2-phenoxy) titanium
dichloride; compounds obtained by replacing 2-phenoxy of
the above mentioned compounds with 3-phenyl-2-phenoxy, 3-
trimethylsilyl-2-phenoxy or 3-tert-butyldimethylsilyl-2-

20 : phenoxy; compounds obtained by replacing dimethylsilyl of
the above mentioned compounds with diethylsilyl,
diphenylsilyl or dimethoxysilyl; compounds cbtained by
replacing titanium of the above mentioned compounds with
zZzirconium cor hafnium; compounds obtained replacing chloride

25 of the above mentioned compounds with bromide, iodide,



met hyl pyrrolidine and 4-di net hyl am nopyri di ne. The used 15 anount of such

an am ne conpound is generally in a range of 10 noles or Ie§$,u&yﬁi@rably
0.5 to 10 noles, nore preferably 1 to 3 noles per 1 nole of %e base. The
reaction is generally carried out in an inert solvent. Such a solvent

i ncl udes aprotic solvents, for 20 exanple33aronatic hydr ocar bon sol vents

such as benzene or toluene, aliphatic hydrocarbon sol vents such as hexane

or heptane, ether solvents such as diethyl ether, tetrahydrofuran or

1, 4-di oxane, am de solvents such as hexanet hyl phosphoric am de or

di met hyl f or mag;ge | A1 e, trile, Lonitrile,
acetone, 28 Juﬁé gb 6 3€l%?e?%%%ggéggﬁg$§hgﬁ%y g%g%%utg|8ﬁ5§%%§éénd

cycl ohexanone,; .Qgen | v h as_.dichl or pnet han
150?#%13%;62%@%}?%% BN N A3 an 119%%11\/1&%?%1”&)/ be

di chl or oet hane, | or obenhZzene: es
used al one or as is

mxture of t r. more 5_of the nd, t he used_anount
general ly in ran&gﬁﬁeﬁ.ﬁéir%ﬁﬁp %ﬁngytﬁp%wﬁiﬁm?f$po%r%%lVh%CPoBSBSpQrts
by wei ght per . 1 part, by wei ght, of substituted cycl opentadi ene represented
by the fornulgrff%.lﬁm%éqmﬁﬁii%ﬂlQH%/Hﬁ¥iﬁﬁkﬁeﬂ4Rﬂ%mﬁ?h%ﬁ BN byl hHaPRy
10 substi tuted cycl opent adi ene represented by the fornula (2) and the base
to the solvent andVhed dddinsd b medidh (otplaret 6) dermpdemdbr edresdnbrd

by the formula (3). A solid that may be precipitated after adding
substituted &P&l GFEAPIEref@acdEnss diteed Wis ttittel tfast mytal gdnamiende base

repreéented by the formula {2) with a base and then with a
transition metal compound represented by the formula (3).
Of the substituted or unsubstituted hydrocarbon group
10 denoted by E% the unsubstituted hydrocarbon group includes
Ci-10 @lkyl such as methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl and decyl; Cs-1p alkenyl such as
vinyl, allyl, propenyl, 2-methyl-2-propenyl, homoallyl,
pentenyl, hexenyl, heptenyl, octenyl, nonenyl and decenyl;
15 and Cy-;2 aralkyl such as benzyl, (4-methylphenyl)methyl and
(2,4,6-trimethylphenyl)methyl. The substituted hydrocarbon
group includes alkoxyalkyl such as methoxymethyl or
methoxyethoxymethyl and further, halogen-substituted
hydrocarbon groups,'which hydrocarbon groups are the above
20 mentioned unsubstituted hydrocarbon groups, whose example
is 2-chloro-2-propenyl.
The tri-substituted silyl group includes
trimethylsilyl, triethylsilyl, tri-n-propylsilyl,
triisopropylsilyl, tri-n-butylsilyl, tri-sec-butylsilyl,

25 tri-tert-butylsilyl, tri-isobutylsilyl, tert-butyl-



15 to the solvent may be renoved fromthe reaction systemand then added
to the sanme solvent as descri bed above and then the transi tjs%g%@é
conmpound represented by the formula (3) may be added thereto.

Al ternatively, substituted cyclopentadiene represented by the forrmula (2),
the base 20 and the transition netal conpoynd represented by the formula
(3) may be added sinultaneously. The reaction tenperature is generally
-100C or higher to the boiling point of the solvent or |ower, preferably
in arange of -80 to 100C It is preferable that the reaction systemis 25
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metal conplex represented by the fornula (1). Fromthe reaction m xture

t hus obt ai nedtribgcabﬁeﬁylbﬁdgii bindin tFLAlenGAMAI18X M eRERSRNT KDY the
formula (1) can be obtained by a conventional méthod, for exanple, by 5

filtrating of§uBspiedused BLAGkREL %&ealt,orhcﬁ@&{ﬁb{/ f}g%@f%?%%%\}?%ﬁ&gnés

produce a transition nmetal conplex fepresente
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represented by the f for examnp

bsti d [ d by the f I 5). (5), wherein R1,
R2, R mnd RiCF o CE QT RCAL BBUBI i LREERACSeChit ThEn g Wi 1h o

conpound represent.ed he for a(6): 5
np P fhebyyérogen, thoggnz substituted or unsubstituted

Ci20 élkyl, substituted or unsubstituted Cs-;¢ aralkyl,
substituted or unsubstituted Ce-20 aryl, silyl substituted
with substituted or unsubstituted Ci_zy hydrocarbon,

10 substituted or unsubstituted C;5¢ alkoxy, substituted or
unsubstituted C;_59 aralkyloxy, substituted or unsubstituted
Ci-20 aryloxy and di-substituted amino having 2 to 20 carbon
atoms denoted by X* or X! include those exemplified as X’
and X* in the transition metal complex represented by the

15 formula (1).

The base that may be used for production of the
compound represented by the formula (1) includes organic
alkali metal compounds, for example, organolithium
compounds such as methyl lithium, ethyl lithium, n-butyl

20 lithium, sec-butyl lithium, tert-butyl lithium, lithium
trimethylsilylacetylide, lithium acetylide,
trimethylsilylmethyl lithium, vinyl lithium, phenyl lithium
and allyl lithium. The used amount of the base is
generally in a range of 0.5 to 5 moles per 1 mole of the

25 compound (2).



R R6 \B--Xs 15 wherein X5 is halogen, and A, B, R5, R6, R?, Re, R9, R10 and
R11 are as defined above. This step is generally carried outy q¥n§g§kpg t he
conmpound (5) and a base to a solvent and then adding the 28 ?une 2006 38
conpound (6) thereto. The reaction tenperature is generally in a range
from-100C to the boiling point of a solveat. In the case that an organic
al kali nmetal conpound 1is used as the base, it is preferably in a range of
-80 to 5 40C. Such a base is not particularly Iimted and includes

organic al kali netal conpounds, for exanple, organolithium conpounds such

as methyl 1ithi um pgtlhykyl i thiciBa i MY ihe IUddl UM S86sHY O od DM,
tert-butyl lithium lithium10 trinmethylsilylacetylide, Iithiumacetylide,

trimethylsily y Lrhbem v onyl L this ﬁgggxl it hi I
l'ithium and %ﬁg%ga%i{%b&g?&é s\t?é%)ﬁas?ﬂsgg’%lg{r% ydri ed, 16{}%12.{58553%%%{0%% e,
sodi um net hoxj n i_um _but oxi de. The .used nt of the base is
generally in %giggrgﬁ§§5§§%6.§ufﬁ @%ﬂﬁ%& y'gwuf%ﬁﬂéﬁgﬁiﬁmﬁp%bﬁﬁbund (2).
The reaction mxture contai,ning the cqonmpound_(2) .thys obtained y be used
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aqueous acidic solution to the mxture, separating the organic |ayer, 20
drying it and®ThehYtemdirngPrRECYIRTERE byrdildtiy pad Gfhylenediamine,

secondary amine compounds such as dimethylamine,
diethylamine, di-n-propylamine, di-n-butylamine, di-tert-
butylamine, di-n-octylamine, di-n-decylamine, pyrrolidine,
hexamethyldisilazane and diphenylamine, and tertiary amine

10 compounds such as trimethylamine, triethylamine, tri-n-
propylamine, tri-n-butylamine, diisopropylethylamine, tri-
n-octylamine, tri-n-decylamine, triphenylamine, N,N-
dimethylaniline, N,N,N’,N’-tetramethylethylenediamine, N-
methylpyrrolidine and 4-dimethylaminopyridine. The used

i5 amount of such an amine compound is generally in a range of
10 meles or less, preferably 0.5 to 10 moles, more
preferably 1 to 3 moles per 1 mole of the base.

The reaction is generally carried out in an inert

solvent. Such a solvent includes aprotic solvents, for

20 example, aromatic hydrocarbon solvents such as benzene or
toluene, aliphatic hydrocarbon solvents such as hexane or
heptane, ether solvents such as diethyl ether,
tetrahydrofuran or 1,4-dioxane, amide solvents such as
hexamethylphosphoric amide or dimethylformamide, polar

25 solvents such as acetonitrile, propionitrile, acetone,



Preferably, after the reaction mxture thus obtained is distilled under
reduced pressure to renove the solvent, a hydrocarbon solveaéjﬁ ﬁﬁﬂed to
t he residue, insoluble substances are filtered off and the resu tlng
filtrate is 25 concentrated under reduced pressure to obtain a residue, 28
June 2006 39 which is used in the next stepsg;The conpound (2) thus

obtai ned may be further purified by recrystallization, distillation,

col um chr omat ography, or the like. Specific exanples of the substituted
cycl opentadiene 5 represented by the fornula (2) include, for exanple, (2-
al I yl oxyphenyldi@tipyrkotoden-deyh}yi Lsbpdep:! kkbndi BB S22 anone
(2-al Iyl oxy- 3-net hyl phenyl ) ( 3-

[pyrrolidin-I-and -Hdtd dqy y a

al I yl oxy- 3, 5-di net hyl phenyl) (3é%g¥§§%?|5?%h ?g fg%h}OISQEtTSHe’

1-yl)di net hyl si4 | o JLyLphen

[pngolldlnylﬁﬁﬁﬁ¥ﬁiééiﬁéé%- %% ?ﬂ%?%ﬁ % &g,g ébigrobenzene. These
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- - I hyl si |

but 1 phery! ) (ol Y rrmogrg %g}% RAeE s 1Fedt bl I5H I 20080% ¢ 1 o

[ pyrrolidin-1- §J 1FF|n | sil ane, (2-

al i yl oxy- 5- rretZ?lP P§rttﬁ 1% p’%‘éﬁ‘ng/%%lgli[ p§/r1¢@|$@marts by weight per
yl]-1Hi nden- )dlnethyI5|Ia al lyl oxy-3-tert-

but yl di net hyl %ﬁF 55 rﬂﬁ)i@quAﬁqﬁﬂd(ﬁYFHPB¢¢td¢iQMB represented

i nden- 1- yI)dlneth IS|Iane ( -al | yl oxy- 3, 5-di anyl phenyl ) ( 3-
[pyrrolidin- 1Pyl Ehenfosgeral-(2)).di met hyl si | ane, (2-

This reaction may be generally carried out by adding

10 substituted cyclopentadiene represented by the formula (2)
and the base to the solvent and then adding the transition
metal compound represented by the formula (3). A solid
that may be precipitated after adding substituted
cyclopentadiene represented by the formula (2) and the base

15 to the solvent may be removed from the reaction system and
then added to the same solvent as described above and then
the transition metal compound represented by the formula
(3) may be added thereto. Alternatifely, substituted
cyclopentadiene represented by the formula (2), the base

20 and the transition metal compound represented by the
formula (3) may be added simultanecusly. The reaction
temperature is generally -100°C or higher to the boiling
point of the sclvent or lower, preferably in a range of -80
to 100°C. It is preferable that the reaction system is

25 shielded from light in terms of the yield of the transition



aIIonxy-3-tert-butyI-5-nethoxypheny|)(3-[pyrro|idin-l-yI]-

1H i nden- 1-yl)di net hyl silane, (6-allyloxy-5-tert-butyl- 28 June 2006
chl orophenyl ) (3-[pyrrolidin-1-yl]-1Hinden-1 25 yI)dlnethyIS| ane,
(2-allyl oxyphenyl) (2-[pyrrolidin-1-yl] 28 June 2006 40

1H i nden-1-yl ) di net hyl sil ane, (2-allyl oxy-337

nmet hyl phenyl ) (2-[pyrrolidin-1-yl]]-1H i nden-1I- yI)dlnEthyIS|Iane
(2-all yl oxy- 3, 5-di net hyl phenyl ) ( 2-
[pyrrolidin-1-y1]]-1Hinden-1-yl)dinethylsilane, (2 5

al Iyl oxy- 3-t erdietul YegheDyk) £@pleyenebddby- ?gmél Fhrkbhanden-,
1-yl)dinmethylsilane, (2-allyloxy-3-tert-butyl-5-

met hyl phenyl) (2- [ pyr+&hi €ha- ﬁex&loﬁkﬁhgéaeel thik) dbrBiRkLS| kakeaimed
(2-allyloxy-3,5-di-tert-butyl phenyl)

ém[S'X'yd's,”nét‘#fi’lsf%ﬂ;"ﬁ@%%’%%%‘?%[‘F%C?’F%F%‘?ﬁtfé PY) g, Tormala (1) can

{P?ﬁgt%yrg?ﬁ;lﬁ%eny %%@gf ?&rol%%gb8§¥lgT?E E% % Fornyamﬁé hngiIane,

(2- aIIyI rt-hbut Id| thyI

met hyl phe yl)(ftzﬁ[ 1ayﬁ>fi’d%f=€$nfa£ﬁc%?1%a§?)dFﬁBFﬁ?F§FFéH8 the
(2-allyloxy-3,5-dia Iphe %é

[pyrrolidin- 1-545za et?vac 1955 R TeEAYSEFiaReefal complex represented
al lyl oxy-3-tert-butyl - 5 met hox Ehenyl)(Z [pyrrolidin-1- g L '

1H i nden- 1- yI ¥ rdtshyf ximake, ( %/ aAng| phyosSepprabipg| i3-by filtration.
chl orophenyl ) (2-[ pyrrolidin-1-yl]]-1Hinden-1 20 yl)dinmethylsilane,

(2- aIIyIoxyphenyl)(ﬁhq[ﬁqhﬁtxﬁ¢¢Qdy¢YClQPEmh@@he&eyr?ﬁrﬁéﬁhyﬁdlbanéhe

(2-al l'yl oxy-3- methyl phenyl) (3-[piperidin-1-yl]-1Hinden-
formula (2) is produced, for example, by reactlng

10 substituted cyclopentadiene represented by the formula (5):
R® R
(5)
R* R
wherein R, R?, R® and R® are as defined above, with a base
and then reacting with a compound represented by the

formula (6):

15 R®
wherein ¥X° is halogen, and &, B, R’, R%, R’, R%, R%, R! and
R are as defined above.
This step is generally carried out by adding the

compound (5) and a base to a solvent and then adding the



yl)di net hyl sil ane, (2-allyl oxy-3, 5-dinethyl phenyl) (3

[ pi peridin-1-yl]-1H i nden-1-yl)di nethyl silane, (2- aIIonxy %%hl 2006
3-tert-butyl phenyl)(3-[piperidin-1-yl]-1Hinden-1 28 June 20 ik

yl ) di net hyl sil ane, (2-allyloxy-3-tert-butyl-

met hyl phenyl ) (3-[ pi peridin-1-yl]-1Hi nden-ky yl)dinmethyl sil ane,

(2-al l'yl oxy-3,5-di-tert-butyl phenyl) ( 3-

[ pi peridin-1-yl]-1Hinden-1-yl)di nethylsilane, (2-allyloxy 5

5- met hyl - 3- phenyl phenyl ) (3-[ pi peridin-1-yl]-1Hinden-1- yl) dinethylsilane,

(2-al 'yl oxy- SciphyincB-(6) thereto. The reaction temperature is
trimethylsilyl phenyl)(3-[piperidin-1-yl]-1Hinden-1- yl) dinethylsilane,

2-allylo 3- q QJ t

7 ( tayl y X§| )g%%efrla &Yi Ige %g% Q’ﬂlonﬁ 1q0 fotﬁ )th“e btoh)}llr}q P01nt of a
2-allylo QI I &%n
E Ia ry Ixy yl? fﬁgy p % (%g_ ;h n org?%f ?l¥all metal compound

3-tert-butyl- ?Sngéggxggh%%%|égfeipl erldl %é@;bf¥+£ﬁukﬂkangglgf -80 to

di et hyl si | ané al I'yl oxy- ert
chlorophﬁnyl)gé plperldln 1-yl]- 1H—|nden |- 15
yl ) di net hyl si ;(2-allyloxyphenyl) (2- dinethyl 1H i nden-1- yl)
di met hyl si | ane, (2 al | yl oxy- 3- et hyl phenyl) , .
di met hyl ani no- 1H i SHER. 2. VRS ﬁ@tﬁﬂtsmaarﬁécwl@%M Yligdted and includes
3, 5-di met hyl phenyl ) (2-di net hyl am_no- 1H-i nden-1- yl) dinethyl sil ane,
(2-al |yl oxy- 3opgﬁplguﬁ}kgﬁén@py@2 ggmpounds, for example, organolithium
di met hyl am no- 1Hi nden- 1-yl ) di met hyl si | ane, (2-allyl oxy- 3-
tert-butyl - 5- gemAghpHenplrh2agi methyladiind-ilik, i rddn-l -1 ihidinvetrnybst ¥ ane,
(2-allyloxy-3,5-di-tert-butyl phenyl) (2-
di net hyl am nolithindensgcybpdivaeflhyhsdumanée rt2baltlyll dxiyetB-um, lithium
10 trimethylsilylacetylide, lithium acetylide,
trimethylsilylmethyl lithium, wvinyl lithium, phenyl lithium
and allyl lithium, and inorganic bases such as sodium
hydride, potassium hydride, sodium methoxide and potassium
butoxide. The used amount of the base is generally in a
15 range of 0.5 to 5 moles per 1 mole of the compound (2).
The reaction mixture-containing the compound (2) thus
obtained may be used as it is in a solution form in the
next step or after adding water or an aqueous acidic
solution to the mixtdre, separating the organic layer,
20 drying it and then removing the solvent by distillation.
Preferably, after the reaction mixture thus obtained is
distilled under reduced pressure to remove the solvent, a
hydrocarbon solvent is added to the residue, inscluble

substances are filtered off and the resulting filtrate is

25 concentrated under reduced pressure to obtain a residue,



met hyl - 3- phenyl phenyl ) (2- di net hyl am no- 1H-i nden-1 25 yl ) di net hyl si | ane,
(2-al l'yl oxy-5-nethyl -3 28 June 2006 42 2006
trimethyl silyl phenyl) (2-di net hyl am no- 1H—|nden |- yl) dlnethfl ane,
(2-allyl oxy-3-tert-butyl di met hyl silyl -
nethylphenyl)(z-dinethylanino-lH—inden-l-yBPdinethylsilane,

(2-al l'yl oxy-3, 5-di anyl phenyl ) ( 2-di net hyl am no- 1Hi nden-1 5

yl ) di met hyl sil ane, (2-allyloxy-3-tert-butyl-

met hoxyphenyl ) ( 2- di net hyl am no- 1H-i nden- 1- yl ) di net hyl si | ane,

(6-al | yl oxy- 5wherh- bt yisedt dil dhephremd )(taml néthy | empaand (2) thus
1H i nden- 1-yl ) di net hyl si |l ane, (2-allyloxyphenyl) (4, 5-

di met hyl - 2- di pethyhani magy tleogenttadireqpydni fdiedetthy | sddmyetallDization,
(2-allyl oxy-3-net hyl phenyl) (4, 5-di net hyl -

di met hyl am noaystmmeamdhenyclo)ldmietdwclosﬁdtaf@ebap(@,ald:ylm@-lﬁke.

5-di net hyl phenyl ) (4, 5- di net hyl -

di met hyl am nocycl opgat-agh enyhhe %hﬂfﬂﬂﬁg“%udékfﬂdﬁ@d”@@clopentadlene
3-tert-butyl phenyl) (4, 5-di methyl -

di met hyl gm no i eny i i I @ne, yl _
3-tert- bgtyl g¥%%§ﬁgﬁgﬁgn§? 5 %glﬁE#% @g lAéi&Hé 8 exanple, (2

d|nethylan1nog¥§kgﬁgﬂéﬁg%§@¥ éd;@&%@¥jaﬁpgpg_&ﬁ% Al vl oxy-_ 1

3,5-di-tert-bu

et o oL SRERL AT TS M 0 (2 A -

di met hyl | opent ad t hyl 2- al

S ot hyl -3 11 FREERGEAFOT gty T 51&121@%&?%@1“ A d%me"?":m?isﬁane,

di met hyl am noc ent dlenyl)dlnethyI5|Iane -

3-tert- butyld?¥£¥ﬁ5¥§l yP=S1REERYLBRERYH) (4 ‘éP&ﬁﬁ9ﬁ$ﬂ1Qzl yl]-1H-inden-

10 l1-yl)dimethylsilane, (2-allyloxy-3-tert-butylphenyl) (3-
[pyrrolidin-1-yl1]-1H-inden-1-yl)dimethylsilane, (2-
allyloxy-3-tert-butyl-5-methylphenyl) (3-[pyrrolidin-1-yl]-
l1H-inden-1-yl)dimethylsilane, (2-allyloxy-3,5~di-tert-
butylphenyl)} (3-[pyrrolidin-1-yl]-1H-inden-1-

15 vl)dimethylsilane, (2-allyloxy-5-methyl-3-phenylphenyl) (3-
[pyrrolidin-1-yl]j-1H-inden~1-yl)dimethylsilane, (2-
allyloxy-5-methyl-3-trimethylsilylphenyl) (3-{pyrrolidin-1-
¥l]l-1H-inden-1-yl)dimethylsilane, (2-allyloxy-3-tert-
butyldimethylsilyl-5-methylphenyl) (3-[pytrolidin~-1-yl]-1H-

20 inden-1-yl}dimethylsilane, (2-allyloxy-3,5-diamylphenyl) (3~
[pyrrolidin-1-yl]-1H-inden-1-yl}dimethylsilane, (2-
allyloxy-3-tert-butyl-5-methoxyphenyl) {3-[{pyrrolidin-1-yl]-
l1H-inden-1-yl)dimethylsilane, (6-allyloxy-5~tert-butyl-3-
chlorophenyl) (3-[pyrrolidin-1-yl]~-1H-inden-1-

25 yl)dimethylsilane, (2-allyloxyphenyl) (2-[pyrrolidin-1-yl]-



25 di met hyl am nocycl opent adi enyl ) di et hyl si |l ane, (2-allyloxy 28 June 2006
43 3, 5-di anyl phenyl) (4, 5-di net hyl - 2- dinethylaninocyclopentjgk ﬁ%@

di mret hyl sil ane, (2-allyloxy- 3-tert-butyl-5 nethoxyphenyl)( ﬂyl 2-
di et hyl am nocycl opent adi enyl ) di net hyl sil ane, (6-allyloxy 5
5-tert-butyl -3-chl orophenyl) (4, 5-di net hyl -

di met hyl am nocycl opent adi enyl ) di net hyl si | ane, (2-

al I yl oxyphenyl) (3-[pyrrolidin-1-yl]-2-methyl-1Hinden-1- yl)

di met hyl si l ane, (2-allyl oxy-3- nethylphenyl)(B-

[ pyrrolidin-13yl}nderelihyhy Hinatdgn-skiundi net 1ahp. 310
(2-allyl oxy-3, 5- dPnSthyI%Lgnyl)(3%Fbyrrol|d|n 1- y%i ?

thyl-1Hi nd t hyl , al t _
gﬁtyrpheny:?(%QF%§¥Fégbg§ hz %F?%Q%lleh o ﬁ@gﬁé§%|ﬁﬁéﬁﬁ di met hyl si | ane,

(2-allyl oxy-3;

nethylphenyl)%%?Fa?gﬁéyh8§lafe’l]2 all hyﬁyiﬁqﬁuﬂﬁmqthﬁggﬂﬁQﬁ%% %yIS|Iane

(2-allyloxy-3 er.t - byt henyl ).

[ pyrrolidin- 1{€¥fraiﬁgfﬁy# hﬁl Eé &%§PY&| e Gl 11ane,  (2-

(2- aIIyI | - 3- phen hen 3-[pyrralidin-1-

met hyl - |nd%ﬂfYT§¥¥aﬁnﬁ?ﬁgrEPFaﬁE%gpilé|ﬁy|&%fn9hﬁ§$ﬂﬂ1 ~yll]-1H-inden-

3- trlnethyIS|IyIﬁhenyI (3-] grrolldln 1-yl]-2- nethyI-IH 20

i nden- 1- yl ) di heYhyfsReEhElsi228p) yI(@xgldvilery—3-tert-butyl-5-

butyldlnethyIS|I | - 5- neth{ henyl ) (3-[pyrrolidin-1-yl]-2-

met hyl - 1H i nd&nt Y%P@ﬁﬂﬁi hsrépvaﬁ@lléznaﬂkyﬂdﬁylﬂ-anden 1-

di anyl phenyl ) (3-[ pyrrolidin-1-yl]-2-nethyl-1Hinden-1- yl)dinethylsilane,

(2-al lyl oxy- ¥ edimephylsblage, (2-allyloxy-3,5-di-tert-butylphenyl) (2-

met hoxyphenyl ) (3-[ pyrrolidin-1-yl]-2-methyl-1Hinden-|
[pyrrolidin-1-yl]]-1H-inden-1-yl)dimethylsilane, (2-

10 allyloxy-5-methyl-3-phenylphenyl) (2-[pyrrolidin-1-y1]]-1H-
inden-i-yl)dimethylsilane, (2-allyloxy-5-methyl-3-
trimethylsilylphenyl) (2-[pyrrolidin-1-y1l]]-1H~inden-1-
yl)dimethylsilane, (2-allyloxy-3-tert-butyldimethylsilyl-5-
methylphenyl) (2-[pyrrolidin-1~-y1]]}-1H-inden-1-

15 yl)dimethylsilane, (2-allyloxy-3,5-diamylphenyl) (2-
[pyrrolidin-1-yl]]-1H-inden-1-yl)dimethylsilane, (2-
allyloxy-3-tert-butyl-5-methoxyphenyl) (2- [pyrrolidin-1-y1]-
lH~inden-1-yl)dimethylsilane, (6-allyloxy-5-tert-butyl-3-
chlorophenyl) (2~ [pyrrolidin-1-y11]-1H~inden-1-

20 yl)dimethylsilane, (2-allyloxyphenyl) (3-[piperidin-1-yl]-
l1H-inden-1-yl)dimethylsilane, (2-allyloxy-3-
methylphenyl) (3-[piperidin-1-yl}-1H-inden-1-
yl)dimethylsilane, (2-allyloxy-3,5-dimethylphenyl) (3-
[piperidin-1-yl]-1H-inden-1-yl)dimethylsilane, (2-allyloxy-

25 3-tert-butylphenyl) (3-[piperidin-1-yl]-1H-inden~1-



28 June 2006 44. yl)dinethylsilane, (6-allyloxy-5-tert-butyl-3-

chl or ophenyl ) (3-[pyrrolidin-1-yl1]-2-nethyl-IHinden-I- yI)diﬂ?hﬁ¥b%bbane,
(2-al l yl oxyphenyl) (2- met hoxyl -1 Hi nden- | -yl)dinethylsil ane,

(2-allyl oxy-3-net hyl phenyl) (2 5 net hoxyl - 1H i nden-1-yl ) di net hyl si | ane,
(2-al l'yl oxy-3, 5- dinmet hyl phenyl) (2- nmet hoxyls{LH-i nden- 1-yl ) di met hyl si | ane,
(2-al lyl oxy-3-tert-butyl phenyl) (2-nethoxyl-l1Hinden-1- yl) dinethylsilane,
(2-allyl oxy-3-tert-butyl -5-

met hyl phenyl ) ( 2- met hoxyl - 1H-i nden- 1-yl ) di met hyl si | ane, (2 10 allyl oxy- 3,
5-di - tert - but yyipheimyd§i{ 2t set hexy| 15k i ndesxl=3ytrrdipgthyLsil ane,

(2-al l'yl oxy-5-net hyl - 3- phenyl phenyl ) ( 2-

met hoxyl - 1H i ngendrpia 'metﬁw% ip@nedih21al 1 yLoxYipgen-1-
met hyl - 3-tri met hyI%i%lIg%enyl) %ﬂr)ret hoxyl - 1 i 90T} di met hyl si | ane,

(2-a|IyIoxy-SE}EydIﬂggH@Igf@gﬁgjSi%{%{?%#§%¥5§1%T?i—terféputylphenyl)(3_

nmet hyl phenyl ) (2- net hoxyl - 1H 1 nden- ane,

ally) oxy-s: 5 AR e (Pretonde H AR M) ds S IREMYYSLLR0G ey -

a1 ey 5 et SBT3 S RGeS ¢ Tl - smen-a-

Lt hydr of sof nd8P e S AR T A Bt Py TR Yk 31 2-

G et by 511 a2 Lre it ey 1) (S TP per {ain 1y 1) “18 - inden 1.

di met hyl phenyl ) (3-[ di hydr oi soi ndol i n-2-yl]-1Hinden-1 25 yl)di methyl sil ane,

(2_a||y|oxy-3Y§éﬂﬁmgﬁbyﬂﬁﬁéﬁyﬁy(32@@Lﬁyﬁ@g&ﬁﬁ&tert—butyldimethylsilyl—5—
methylphenyl) (3-[piperidin-1-yl]-1H-~inden-1-

10 yl)dimethylsilane, (2-allyloxy-3,5-diamylphenyl) {3-
[piperidin—l—yl]—lH—inden—l—yl)dimethylsilane, (2-allyloxy-
3—tertﬂbutyl-5—methoxyphenyl)(3—[piperidin—l—yl]—lH—inden—
l-yl)dimethylsilane, (6-allyloxy-5-tert-butyl-3-
chlorophenyl) (3-[piperidin-1-yl]-1H-inden-1-

15 yl)dimethylsilane,(2—allyloxyphenyl)(2—dimethyl—1H—inden—l—
yl}dimethylsilane, (2-allyloxy-3-methylphenyl) (2-
dimethylamino-1H-inden-1-yl)dimethylsilane, (2-allyloxy-
3,5-dimethylphenyl) {2-dimethylamino-1H-inden-1-
yl)dimethylsilane, (2~allyloxy-3-tert-butylphenyl) (2-

20 dimethylamino-1H~inden-1-yl)dimethylsilane, (2-allyloxy-3-
tert-butyl-5-methylphenyl) (2-dimethylamino-1H-inden-1-
yl)dimethylsilane, (2-allyloxy-3,5~di-tert-butylphenyl) (2-
dimethylamino—1H—inden—1—yl)dimethylsilane, (2-allyloxy-5-
methyl-3-phenylphenyl) (2-dimethylamino-1H-inden-1-

25 yl)dimethylsilane, (2-allyloxy-5-methyl-3-



45 [di hydrois
al 'yl oxy-3-tert-butyl-5-methyl phenyl) (3-[dihydroisoi ndolin- 5¢ y,n22006

52-yl]-IHind

tert-butyl phenyl) (3-[di hydroi soi ndolin-2-yl]-1Hinden-1- yl)dinethylsilane,

(2-allyl oxy-5-
[ di hydroi soin
al Iyl oxy-5-ne
[ di hydroi soin

oi ndolin-2-yl]-1Hinden-1-yl)dinethylsilane, (2

en-1-yl) dinmethylsilane, (2-allyloxy-3,5-di-

met hyl - 3- phenyl phenyl ) ( 3- 42
dolin-2-yl]-1H i nden-1-yl)di net hyl sil ane, ( 2-
thyl -3-trinethylsilyl phenyl)(3- (2-
dolin-2-yl]-1Hinden-1-yl)di nmethylsil ane,

10al | yl oxy- 3- tterimdnHyl <hi et dtydrsy1 y 2 64 et tiy) phenyd ) (8- i fden-1-
dolin-2-yl]-1Hinden-1-yl)di methylsilane, allyloxy-3,

5- di anyl phenylyi() %mmw@m&dotzmﬁwi&xﬁ togdemmde yl agheehPyksilane.-
(2-allyl oxy-3-tert-butyl -

(ool T oy Sh{egt;{ﬂggﬁ{ﬂf@ N90hd ¢ 2r s ndederd=1v4) Ay RL YL SLE 208,

(oA S0 Rl iy Fnd iy 1 YA s Ly Yol SO PR YA gLA 20e:

(1- aIIonxynaphth

oSt &‘%&23‘3?@# AR el R s 1 ane,
m”%“%x%h%ﬁéw ﬂonawwﬁr@moarw e yrbigineenyisitane,

5- dlnethylphenyI)SS dlphenylphosphlno | Hinden- 1-yl) dinethylsilane,
t

[ di hydroi soin

met hoxyphenyl
chl or ophenyl)

[dlhydr0|50|n
aIIonxypheny
(2-allyl oxy- 3-
di phenyl phosp

(2-al |yl oxy- 3-Pep

di phenyl phosphi no- 1H i nden- 1-yl ) di et hyl si | ane, (2-
al |yl oxy- 3- t erfi-Baopn-d.-ydy simstd i sidard phéma lohospsimemsl) (4, 5-

1H i nden- 1-yl

10

15

20

25

)di met hyl silane, (2-allyloxy-3,5-di-tert

Lydeyivs ,ﬁﬂgquutyl 3-chlorophenyl) (2-diméthylamino-

dimethyl-2- dlmethylamlnocyclopentadlenyl)dlmethy151lane,

(2-allyloxy-3-methylphenyl) (4, 5~-dimethyl-2-
dimethylaminocyclopentadienyl)dimethylsilane,
3,5~dimethylphenyl) (4, 5-dimethyl-2-
dimethylaminocyclopentadienyl)dimethylsilane,
3-tert-butylphenyl) (4, 5-dimethyl-2-
dimethylaminocyclopentadienyl)dimethylsilane,
3-tert-butyl-5-methylphenyl) (4, 5-dimethyl-2-
dimethylaminocyclopentadienyl)dimethylsilane,
3,5-di-tert-butylphenyl) (4, 5-dimethyl-2-
dimethylaminocyclopentadienyl)dimethylsilane,
5-methyl-3-phenylphenyl) (4, 5-dimethyl-2-
dimethylaminocyclopentadienyl)dimethylsilane,
5-methyl-3-trimethylsilylphenyl) (4, 5-dimethyl

dimethylaminccyclopentadienyl)dimethylsilane,

3-tert-butyldimethylsilyl-5-methylphenyl) (4, 5-

dimethylaminocyclopentadienyl)dimethylsilane,

(2-allyloxy-

(2-allyloxy-

(2-allyloxy-

(2-allyloxy-

(2-allyloxy-

{2-allyloxy-

-

(2-allyloxy-
dimethyl-2-

(2-allyloxy-



28 June 2006 46 butyl phenyl) (3-di phenyl phosphi no- 1H-i nden- | -

yl )di net hyl sil ane, (2-allyl oxy-5-nethyl-3-phenyl phenyl) (3- 28 June 2006
di phenyl phosphi no- 1H i nden- 1-yl ) di net hyl si | ane, (2-

al Iyl oxy-5-nethyl -3-trinmethylsilylphenyl)(3 5

di phenyl phosphi no- 1H-i nden- 1-yl ) di net hyl si l4ne, (2-

al Iyl oxy-3-tert-butyl di net hyl silyl-5-nethyl phenyl) (3-

di phenyl phosphi no- 1H i nden- 1-yl ) di net hyl si | ane, (2-

al I yl oxy- 3, 5-di anyl phenyl ) ( 3- di phenyl phosphi no- 1H-i nden-1- yl)

di met hyl si | ane, Y ZHanydahanal k &4 + Sbdipe tlsy 102~

nmet hoxyphenyl ) ( 3- di phenyl phosphi no- 1H-i nden-1- yl) di nethyl sil ane,
(6-al | yl oxy- 5ctigretthydtap irgscyohl qraptemyd) ¢ By dipbenyl phospbj nozl-Hiipdery--
yl') dimethylsilane, (1-allyloxynaphthal en-2-yl)(3-

di phenyl phos pBi-tertHhbutdean-5knyd i et i i | anes-§ 2ndBhy1-2-
al | yl oxyphenyl) (2,4, 5-trinmethyl - 6- hydrocycl opent a[ 2, 3-

b] t hi ophen- 6- vili )ditmet aw isid AR, ol d ¥ 10XV Brmethyisil 6mal1v]oxy—
”Ethy|pheny|)(2,4,5-trinEthyI-GFﬁydrocyéﬁ%hgnfgfz,%-Sl ane, (6-allyloxy

b] t hi ophen- 6- yL)-di L8iJA0g, 1 di2s B4 o
d% et h)F/)I Sheny?é) %C%Ir? ?—ﬂ%{:ryisyrret hyl{%&r@d%rétlaﬁ%'g’eﬁ%%fef? Yo

olit | phonyl ) (55 o FPary T e Ry ar ay D A S S R tpn 6. 1)
et hyl phonyt ) (31 60 PR T iz e thy L - 1h-inden-1-
oty phony! ) (SRS TEE ARGy ar Gy B G o ATRe. bt
| [pyrrolidin-1-yl]-2-methyl-1H-inden-1-yl)dimethylsilane,
10 (2—allyloxy—3,5—dimethylphenyl)(3—[pyrr01idin—l—yl]—2—
methyl-1H-inden-1~yl)dimethylsilane, (2-allyloxy-3-tert-
butylphenyl)(3—[pYrrolidin—l—yl]—2—methyl—1H—inden-1-
yl)dimethylsilane, (2-allyloxy-3-tert-butyl-5-
methylphenyl) (3-[pyrrolidin-1-yl]-2-methyl-1H~inden-1-
i5 yl)dimethylsilane, (2-allyloxy-3,5-di-tert-butylphenyl) (3-
[pyrrelidin-1-yl]-2-methyl-1H-inden-1-yl)dimethylsilane,
(2-allyloxy-5-methyl-3-phenylphenyl) (3-[pyrrolidin-1-yl]-2-
methyl-1H-inden-1-yl}dimethylsilane, (2-allyloxy-5-methyl-
3-trimethylsilylphenyl) (3-[pyrrolidin-1-yl]-2-methyl~1H-
20 inden-1-yl)dimethylsilane, (2-allyloxy-3-tert- |
butyldimethylsilyl-5-methylphenyl) (3-[pyrrolidin-1-y1]-2-
methyl-1H-inden-1-yl)dimethylsilane, (2-allyloxy-3,5-
diamylphenyl) (3-[pyrrolidin-1-y1]}-2-methyl-1H-inden-1-
yl)dimethylsilane, (2-allyloxy-3-tert-butyl-5-

25 methoxyphenyl) (3-[pyrrolidin-1-yl]-2-methyl-1H~inden-1-



47 Db]thi ophen-6-y
phenyl phenyl ) ( 2, 4,
di

b] t hi ophen- 6-
trinmethyl silyl phenyl

| ) di met hyl sil ane, (2-allyl oxy-5-nethyl - 3-
5-trinmet hyl - 6- hydrocycl opent a[ 2, 3-

yl ) di met hyl sil ane, (2-allyl oxy-5-nethyl - 28 June 2006
yl)(2,4,5-trinethyl-6 5

hydr ocycl opent a[ 2, 3- b] t hi ophen- 6-yl ) di net hylssi | ane, (2-

al |yl oxy-3-tert-butyl di net hyl silyl-5-nethyl phenyl) (2,4, 5-

trimet hyl - 6- hydrocycl opent a[ 2, 3- b] t hi ophen-6- yl)di net hyl si | ane,
(2-allyloxy-3, 5-di amyl phenyl ) (2, 4, 5-

tri met hyl - 6- hydn odyed tdpdretid[s2e3- b]4-+d Diphleswe 6- 1-0t oyt § hbrey hyBsi | ane,
(2-al lyl oxy-3-tert-butyl-5-

et hoxy pheny| 62 ot ofHay Tt (B4 fpinsiianye! DRET-a Jxdchyl -1h-inden-1-

b] t hi ophen- 6-

yl ) di net hyl si | ane, (6- aIIonxy 5-tert- butyI

chl or ophenyl ) {2, 4 hretrhiviTetinred- hydrr &gﬁfﬁé{ﬂlﬁ(ziﬁé{%&@@fﬂlﬁ Yhden-

di nmet hyl si | ane, (1-allyl oxynapht hal en-

yl)(2,4,5- trlmeymyhlﬁeax@ngqmgh@pe
(2-allyl oxyphenyl) (2, 5-dinet

Wtﬂﬁl%lgﬁwmﬁpﬁéﬁfi fes byl si | ane,

QY?;F8¥§§gPﬁQ%%Lﬁ %XQLﬁe %B?%g' lb%#ggéﬁﬂfﬂlfﬂH% (&- -allyloxy-3, 5-
hydrocycl open %E%ygl%’ hgeﬁsa 6&'}90%*1“ IhyIlsnldeal}lne_L y(lz) c?(%nea’éllﬂso{(fané,

5- dlnethylpheny

hydrocyclopen

phen |neth | si|ane, (2-

al | yl oxy- 3- te ﬁ??fﬂi%g’ln I'jt(aftgb}é ) Ry dedipedpeitdmsen-1-

3-b] t hi ophen
al Iyl oxy-3-t

e$%¥8% T%éﬁ%%%Bhéﬁyﬁﬂézlgaw.%aﬁ%ﬂtwbqul 5~

hydrocyclopeq%aé%yS b]thlophen 6- yI)dlnethyIS|Iane (2 28 June 2006 48
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1phenyl) (2-methoxyl-1H-inden~ yl)dlmethy181lane, (2-
allyloxy-3, 5-di-tert-butylphenyl) (2-methoxyl-1H-inden-1~
yl)dimethylsilane, (2-allyloxy-5-methyl-3-phenylphenyl) (2~
methoxyl-1H-inden-1-yl)dimethylsilane, (2-allyloxy-5-
methyl-3-trimethylsilylphenyl) (2-methoxyl-1H-inden-1-
yl)dimethylsilane, (2-allyloxy-3-tert-butyldimethylsilyl-5-
methylphenyl) (2-methoxyl-1H-inden-1-yl)dimethylsilane, (2-
allyloxy-3,5-diamylphenyl) (2-methoxyi-1H-inden-1-
vl}dimethylsilane, (2-allyloxy-3-tert-butyl-5-
methoxyphenyl) (2-methoxyl-1H-inden-1-yl)dimethylsilane, (6-
allyloxy-5-tert-butyl-3~chlorophenyl) (2-methoxyl-1H-inden-
l-yl)dimethylsilane, (2-allyloxyphenyl) (3-
[dihydroisoindolin-2-yl]-1H-inden-1~yl)dimethylsilane, (2-
allyloxy=~3-methylphenyl) (3~ ([dihydroisoindolin-2-y1]-1H-
inden-1-yl)dimethylsilane, (2-allyloxy-3,5-
dimethylphenyl)(3—[dihydroisoindolin—z—yl]—1H—inden—l—

yl)dimethylsilane, (2-allyloxy-3-tert-butylphenyl) (3-



al Iyl oxy-3, 5-di-tert-butyl phenyl) (2, 5-di nethyl - 6- hydrocyclopenta[z

3-b] t hi ophen-6-yl)di net hyl sil ane, (2- June 200

al I yl oxy-5- et hyl - 3- phenyl phenyl ) (2, 5- di net hyl - 6- hydrocyclopenta g % b]
t hi ophen-6-yl)dinethylsilane, (2 5

al Iyl oxy-5-net hyl -3-trimethylsilyl phenyl) (245-di net hyl - 6-

hydr ocycl opent a[ 2, 3- b] t hi ophen-6-yl ) di net hyl sil ane, (2-

al Iyl oxy-3-tert-butyl di net hyl silyl-5-nmethyl phenyl) (2, 5-

di et hyl - 6- hydr ocycl opent a[ 2, 3- b] t hi ophen-6 yl ) di net hyl si | ane,

(2-al lyl oxy- 3, bdthadyd phengtdpl2n52~$0] -1H-inden-1-yl}dimethylsilane, (2-
di net hyl - 6- hydr ocycl opent a[ 2, 3- b] t hi ophen-6 yl) di nethyl sil ane,
(2-a|IyIoxy-3-&Eﬂ?l@mﬁy3—5ert—butyl—5~methy1phenyl)(3~{dihydroisoindolinu
nethoxyphenyl)(Z 5-di et hyl - 6- hydr ocycl opent a[ 2, 3

b] t hi ophen-6 }’293@1Tmiﬂﬂyiﬁdéﬁnfryiﬁd@hb%h?l)ﬁl@'ah%rt Qutawlyiioxy 3, 5~di-
chl or ophenyl ) (2, 5- di net hyl - 6- hydr ocycl opéent a[ 2,

b]th hen- 6- 1 25
V1) (2,510 ot 1 6Ty o Byl Dokt al 3 A BPEh ?%%ﬂ%%%“? i A ST e,

(2-al Iyl ox yphwla&%zégféﬁmé(' Cg{gfﬁg% % §( éh%&—:ﬂ]—g'hteg'y(i%%%%yi)@w

yl ) di net hyl si I"ane oXy-

et vt cyel Sheialds 2y néo%;}déthi?@fﬁ“mdex' )di E‘?Eﬁ}a thyi%ane, (-
T 0 S D00 iy bR A
L 0 O Sl L2 ()0 A, o
nethylphenyl)(z 5 dlnethylcyclopenta[l 2-b: 4, 3-

lyloxy-3-tert- butyldlmethy181lyl -5-methylphenyl) (3-

10 [dihydroisoindolin—2—yl]—1H—inden—1—yl)dimethylsilane, (2-
allyloxy-3,5-diamylphenyl) (3~ [dihydroisoindolin-2-y1]-1H-
inden-1-yl)dimethylsilane, (2-allyloxy-3-tert-butyl-5-
methoxyphenyl) (3-~[dihydroisoindolin-2-y1]-1H~inden-1-
yl)dimethylsilane, (6-allyloxy-5-tert-butyl-3-

15 chlorophenyl) (3-[dihydroisoindelin-2-yl]~1H-inden-1-
yl)dimethylsilane, {(l-allyloxynaphthalen-2-y1) (3-
fdihydroisoindolin-2-yl]-1H-inden-1-yl)dimethylsilane, (2-
allyloxyphenyl) {3-diphenylphosphino-1H-inden-1-
yl)dimethylsilane, (2-allyloxy-3-methylphenyl) (3-

20 diphenylphosphino-1H-inden-1-yl)dimethylsilane, (2-
allyloxy-3, 5-dimethylphenyl) {3-diphenylphosphino-1H-inden-
l-yl)dimethylsilane, (2-allyloxy-3-tert-butylphenyl) (3-
diphenylphosphino-1H-inden-1-yl)dimethylsilane, (2-
allyloxy-3-tert-butyl-5-methylphenyl) (3-diphenylphosphino-

25 lH-inden-1-yl)dimethylsilane, (2-allyloxy-3,5-di-tert-



b' ] dithi ophen-7-yl)dinethylsilane, (2-allyloxy-3,5-di-tert-

but yl phenyl) (2, 5-di net hyl cycl opent a[ 1, 2- b: 4, 3- 28 June 2006
b']dithi ophen-7-yl)dinmethylsilane, (2-allyloxy-5-nethyl-

phenyl phenyl ) (2, 5- di net hyl cycl opent a[ 1, 2- b: 4, 3-
b']dithiophen-7-yl)dinmethylsilane, (2-allyldXxy-5-nethyl-3-
trinmethylsilyl phenyl) (2, 5-dinethyl cycl opentall, 2-b: 4, 3-

b']dit hi ophen-7- yI)dinethyIsiIane (2-allyloxy-3-tert-

but yl di net hyl si | yl -5-net hyl phenyl) (2,5 10

di met hyl cycl opaHtal E@%ﬁiﬂkl§?@ﬂ@@$@ﬁl@bﬁ%ﬂh¥m0yﬂﬁdﬂnéehyﬂ3|Iane
(2-al lyl oxy-3, 5-di anyl phenyl ) (2, 5-

di met hyl cycl opEntcfristhpt & Bame | di 2 ha bphkox¥-5yhy tHiyireBhphenkapaenyl) (3~
(2-allyl oxy-3-tert-butyl-5- methoxyphenyl) (2, 5-di net hyl cycl opentall, 2-b: 4,3

15 b’ ]dlthloprpHéqughGEﬁﬁmﬁaﬁ1MHEmdéﬁFB$?¥}@XMeﬁhyﬁéiiane, (2-
but yl - 3-chl or ophenyl ) (2, 5-di net hyl cycl openta[ 1, 2-b: 4

b’ ]d|th|ophenaﬂh@deyﬁﬁ4méﬁthHE%tfﬂm@idyi@%YﬁE@HéH?h?@Bz‘
yl) (2, 5-di net hyl cycl openta[ 1, 2-b: 4,3 I t hi ophen-7- yl)di nethyl sil ane,

(2-allyl exyph 1 hlncpf‘ﬁﬂé’in&l{er;ol~ 1)dimethylsil -
hydr ocycl opent a ékg§%F§§?¥%I 4- yI)dlnEthyIsﬁl]I}an%ame(Zy silane, (2

I 1yl 3- hyd
S - oL S e DY SRUEA PO

ot e G Al e ghpepagtione, o
o5 e T G T RO 2248, 081 A1 ten-1.-
al Tyloxy-3-terthutyl oL Py 03 Bl -l s phenyl -4

10 methoxyphenyl) (3-diphenylphosphino-1lH-inden-1-
yl)dimethylsilane, (6-allyloxy-5-tert-butyl-3-
chlorophenyl) (3-diphenylphosphino-1H-inden-1-
yl)dimethylsilane, (l-allyloxynaphthalen-2-yl) (3-
diphenylphosphino-1H~inden-1-yl)dimethylsilane, (2-

15 allyloxyphenyl) (2,4,5-trimethyl-6-hydrocyclopenta[2, 3-
blthiophen-6-yl)dimethylsilane, (2-allyloxy-3-
methylphenyl) (2,4, 5-trimethyl-6-hydrocyclopentai2, 3-
b]thicphen-6-yl)dimethylsilane, (2-allyloxy-3,5-
dimethylphenyl) (2, 4, 5-trimethyl-6-hydrocyclopenta[2, 3~

20 blthicphen-6-yl)dimethylsilane, (2-allyloxy-3-tert-
butylphenyl) (2,4, 5-trimethyl-6-hydrocyclopenta[2, 3~
b]thiophen-6-yl)dimethylsilane, (2-allyloxy-3-tert-butyl-5-
methylphenyl) (2, 4, 5-trimethyl-6-hydrocyclopenta(2, 3-
blthicphen-6-yl)dimethylsilane, (2-allyloxy-3,5-di-tert-

25 butylphenyl) (2,4, 5-trimethyl-6-hydrocyclopenta[2, 3-



hydr ocycl opent a[ 3, 2- b] pyrrol -4-yl ) di net hyl sil ane, (2- allyloxy-3,
5-di-tert-butyl phenyl) (5-nethyl-1-phenyl-4 5 28 June 2006
hydr ocycl opent a[ 3, 2- b] pyrrol - 4-yl ) di met hyl si | ane, (2-

al I yl oxy-5- net hyl - 3- phenyl phenyl ) (5- net hyl - | - phenyl - 4-

hydr ocycl opent a[ 3, 2- b] pyrrol - 4-yl ) di net hyl sjJ ane, (2-

al Iyl oxy-5-net hyl -3-trinethyl silyl phenyl) (5-nethyl -1 -

phenyl - 4- hydr ocycl opent a[ 3, 2- b] pyrrol -4-yl ) di met hyl si | ane, 10
(2-allyloxy-3-tert-butyldi met hylsilyl-5-methyl phenyl) (5-

hyl - 1- ph i | +4- L rethyl sil ane,
?gt hy! ' Ogy?g?ﬂg}g? %%ﬁyﬁ%@%ﬁ%}?ﬂ%é? 18=aYh )1 gL gekhyl gilane,

1- phenyl - 4- hy kggxpl [35 2 -4-yl)di net hyl sil ane _
(2-a|IyIoxy-B?{ert-6utyB}@jﬁﬁiégiggéﬁ%ﬁ?¥%-%E%ﬂgfg¥yi opental[z2, 3
phenyl - 4- hydr l.0 tal.3,.2-blpyrrol-4-yl)di éh i | ane,
(6-a|IyIoxy-S?ﬁéﬁP§§ﬁ¥§}fg)éﬂ%ﬁ%%ﬁﬂ%%ﬁﬁ%%ﬁ%ﬁ?ﬁ T¥LE$L8ﬁ¥F5'methyl_3_
4- hydr ocycl opent.a[ 3, 2-bl.pyrrql -4-yl ) di hyl si | ane, and (1-
a||y|oxynapht%5ﬁ§§£?%% §L¥%ﬁhﬁﬂﬁlhe%ﬂ1 TEZRS e 6EYET opent af 3,
2-b]pyrr%l-4-%%2dinethylsilane; conmpounds 20 obt ai ned by repl acing
al |'yl oxy “of t R¥EREVE Lremiitered 3 ibinrhen ¢ tv ed Hexyhy behighexy (2et hoxy,
trinethylsilyloxy, tert-butyldinethylsilyloxy or methoxynmethoxy; conmpounds
obt ai ned by r éﬂﬂé{épﬁg’-%t@étthwmdr%mthyﬂes:ahoxreemmmphpuewhpoandsw th
25 di et hyl silane, diphenylsilane or dinethoxysilane; conpounds 28 June 2006
51 obt ai ned byrasgitisilng -2yvaitopvexyostearid [ f3 et laboveen-Aént i oned conpounds
wi t h 3-phenyl -2-al | yl oxyphenyl, 3- trinmethylsilyl-2-allyloxyphenyl or
3-tert- yl)dimethylsilane, (2-allyloxy-3,5-diamylphenvyl) (2,4, 5-
trimethyl-6-hydrocyclopenta({2,3-b]thiophen-6-

10 yl)dimethylsilane, (2-allyloxy-3-tert-butyl-5-
methoxyphenyl) (2,4, 5-trimethyl-6-hydrocyclopental[2, 3-
blthiophen-6~-yl)dimethylsilane, (6-allyloxy-5-tert-butyl-3-
chlorophenyl) (2,4, 5~trimethyl-6-hydrocyclopental2, 3—-
blthicphen-6-yl)dimethylsilane, (l-allyloxynaphthalen-2-

15 yl)(2,4,5—trimethyl—G—hydrocyclopenta[2,3—b]thiophen*6—
yl)dimethylsilane, (2-allyloxyphenyl) (2,5-dimethyl-6-
hydrocyclopenta(2, 3~-b]thiophen-6-yl)dimethylsilane, (2-
allyloxy-3-methylphenyl) (2, 5-dimethyl-6-
hydrocyclopenta[2,3-b]thiophen-6-yl)dimethylsilane, (2-

20 allyloxy-3, 5-dimethylphenyl) (2, 5-dimethyl-6~
hydrocyclopenta[2, 3-b]thiophen-6-yl)dimethylsilane, (2-
allyloxy-3-tert-butylphenyl) (2, 5-dimethyl-6-
hydrocyclopenta{2, 3-b]thiophen-6-yl)dimethylsilane, (2~
allyloxy-3-tert-butyl-5-methylphenyl) (2, 5-dimethyl-6-

25 hydrocyclopenta[2,3-b]lthicophen-6-yl)dimethylsilane, (2-



but yl di net hyl silyl-2-allyl oxyphenyl; and cycl opentadi enyl 5 conpounds
represented by the fornmula (2) in which .Bis a Goup 14 ehﬁﬂﬁﬁ%zb@bthe
periodic table other than silicon. The transition netal corpoun
represented by the. formula (3) includes, for exanple, titanium halides
such as titaniumtetrachloride, titaniumtgichloride, titanium 10
tetrabrom de, or titaniumtetraiodide, am dotitnaiumsuch as

tetraki s(di methylam no)titanium dichlorobis(dinmethylamno)titani um
trichloro(dinmethylam no)titaniumor tetrakis(diethylamno)titanium and

al koxytit ani ualsyebxgs 315 -at-rairSORPRARPH AN UM 51@ifée iy bugoxyti tani um
di chl orodi i sopropoxytitnaiumand trichloroisopropoxytitanium and conpuonds

b orad ) al um t opo oon
obt ai ned by h?ﬁ&é%yGQOb'eﬁ%ﬂ'[@mﬁfb]tﬁﬁo%@fé%ﬁ—é@l)'d}%lfﬁ%%%ﬁ?,W'(ﬁ—

zirconium or hafnium and the prefeérable exanple

tetrachloridealIEgOggfgﬁﬁgggg?_gtp%@%gﬁgﬁﬁﬁhhbq@ gngfﬁeéﬁygp ind

represented by t is gen n'“d Tange .5 to 3 noles,
preferably O. I el _ l.e _of suybstituted cyclapentadigene
represent ed béy&?ﬁéyg%gﬁﬁﬁzaégy5 %%%$ﬁ8p s#??ﬂﬂéﬁ‘ (ﬁﬁgl%ﬁﬁen -
represented b he 28 June,K 2006 _.52 f or mul , be produced, for
exgnple,gby rééiyiﬂéy?,Bmet%y?—3—%r1me@%y%s&i@fgﬁényl)q2,5—d1methyl—6—

di et hyl - 5, 6- di drOCéclogenta[l,Z-b t hi ophen-4-one with an al kyl netal or
an aryl net al P¥QRBEURICPEERL Ar AR EBREPLERG 6 R R gy urali IR ai B -

al cohol . Accordin?~to a Erocedure _
allyloxy-3-tert-butyldimethylsilyl-5-methylphenyl) (2, 5-

dimethyl-6-hydrocyclopenta(2,3-b]thiophen-6-
yl)dimethylsilane, (2-allyloxy-3,5-diamylphenyl) (2,5-

10 dimethyl-6-hydrocyclopenta([2, 3-b] thiophen-6-
yl)dimethylsilane, (2-allyloxy-3-tert-butyl-5-
methoxyphenyl) (2, 5-dimethyl-6-hydrocyclopental2, 3-
b]thiophen-6-yl)dimethylsilane, (6-allyloxy-5-tert-butyl-3-
chlorophenyl) (2, 5-dimethyl-6-hydrocyclopenta{2, 3~

15 b]thiophen-6~yl)dimethylsilane, (l-allyloxynaphthalen-2-
yl} (2, 5~dimethyl~-6~-hydrocyclopenta{2, 3-b] thiophen-6-
yl)dimethylsilane, (2-allyloxyphenyl) (2,5-
dimethylcyclopenta(l,2-b:4, 3-b’ ]dithiophen-7~
yl)dimethylsilane, (2-allyloxy=-3-methylphenyl) (2,5~

20 dimethylcyclopental[l,2-b:4,3-b’ ]dithiophen-7-
yl)dimethylsilane, (2-allyloxy-3,5-dimethylphenyl) (2,5-
dimethylcyclopenta(l,2-b:4,3-b' ]dithiophen-7-
yl}dimethylsilane, (2-allyloxy-3-tert-butylphenyl) (2,5-
dimethylcyclopental[l,2-b:4,3-b’ ]dithiophen-7-

25 yl)dimethylsilane, (2-allyloxy-3-tert-butyl-5-



5 simlar to a well-known synthesis nethod of pyrrole anal ogous conpounds
(J. Am Chem Soc., 2001, vol. 123, p. 4763), 28 June 2006

2, 5-di et hyl - 5, 6-di hydrocycl opent a[ 1, 2- b] t hi ophen-4- one can be produced
from 5- et hyl - 2-t hi ophenecar boxam de. For the substituted cycl opent adi ene
represented by the 10 fornula (5), for exggple, WO 01/47939 discloses a
synthesis nethod of cycl, opentadi ene conpounds substituted with sul fur
and WO 01/53360 and WD 00/ 66596 di scl ose synthesis nmethods of

" cycl opent adi ene conpounds substituted with nitrogen. Further, W 01/53361

di scl oses cychggggq? %%@q)q@m@mayﬁéﬁg§fgygﬁgéégggk¥g2lb;qJjson. For use in

pol ynmeri zation reaction, the transition "netal conplex represented by the
formula (1) thu _and .t - of- Sai nst td o/, N .
conpl ex, the Bciﬁggﬁgégﬁ%f gn&%ﬁ%ﬁ@éﬁﬁﬁ%ﬁ%#%{g'ng§5%%ﬂ%%%%% ?héd%%?gég# 20
order to a reaction,sys ternati vel said t it _netal conpl ex
and the conpoﬁﬁéY?R?eéyﬁggPd%%égﬁéaqﬁ%?ﬁ%ﬁ%ﬂeﬁ%§£ﬁ$238'fﬂ% conpound (A)
and the conpound (B) .may be_ cqntacte revi ously and the resulti

reaction nixtﬁridgg§loﬁéeﬁ§gdyﬁﬁq&&%ﬁhgi?&%QQﬁrr%%&éi%éio%ﬁT E@%{ﬁ&g?%DG
53 [ Conmpound (A)] As the_conpound (A) that nmay be enpl oyed in the present

i nventi on, foPhBREABPENY )Gl P IR N Garrd QRFA RN  <dhifoutid can be used

As the conmpound (A), a well-known 5 organoal um num conpound is preferably
used and noreb’ldithiophen-7-yl)dimethylsilane, (2-allyloxy-5-methyl-3-

triméthylsilylphenyl)(2,5—dimethylcyclopenta[1,2-b:4,3—
b’ Jdithiophen-7-yl)dimethylsilane, (2-allyloxy-3-tert-
butyldimethylsilyl-5-methylphenyl) (2, 5-

10 dimethylcyclopentall,2-b:4,3-b’ldithiophen-7-~
yl)dimethylsilane, (2-allyloxy-3,5~diamylphenyl)} (2,5-
dimethylcyclopentall, 2-b:4,3-b" Jdithiophen-7-
yl)dimethylsilane, (2-allyloxy-3-tert-butyl-5-
methoxyphenyl) (2, 5-dimethylcyclopenta[l, 2-b:4,3-

15 b’ ]dithiophen~7-yl)dimethylsilane, (6-allyloxy-5-tert-
butyl-3-chlorophenyl} (2, 5-dimethylcyclopental[l,2-b:4, 3~
b’ ldithiophen-7-yl)dimethylsilane, (l-allyloxynaphthalen-2-
vl) (2,5-dimethylcyclopenta(l,2-b:4,3-b’ 1dithiophen-7-
yl)dimethylsilane, {2-allyloxyphenyl) (5-methyl-1-phenyl-4-

20 hydrocyclopenta (3, 2-b]pyrrol-4-yl)dimethylsilane, (2-
allyloxy-3-methylphenyl) (5-methyl-1l-phenyl-4-
hydrocyclopenta[3,2-b]lpyrrol-4-yl)dimethylsilane, (2-
allyloxy-3, 5-dimethylphenyl) (5-methyl-1-phenyl-4-
hydrocyclopental[3, 2-b]pyrrol-4-yl)dimethylsilane, (2-

25 allyloxy-3-tert-butylphenyl) (5-methyl-1-phenyl-4-



preferred exanple is any one of or a mxture of two or three of the
foll ow ng compounds (Al) to (A3). (Al): an organoalurrinumco%)?lﬂ{%dzo06
represented by the forrmula Ela Al (2) (3-a); 10 (A2): cyclic alumnhoxane
having the structure represented by the fornmula {-AI(E2)-O}b; (A3):

l'i near al um noxane having the structure represented by the formula

E3{-AI (E3)-O}~Al (E3) 2; wherein El to E37are the sane or different and
each 15 independently denotes Cl-8 hydrocarbon, Z is the sanme or different
and denotes hydrogen or hal ogen, a denotes 1, 2, or 3, b denotes an

| nteger of 2 BYaRicEe130oenolen dinrd N LARY) Bfndei0fs BPY £ SPESLT | C

exanpl es of thée organoalu . O represented by the formla
1o (2) (50) kil L0k siexamyice bl al SIS PLILBLER, 251 -phony1-4-
L1 sobut vt ol LU 25 opl e LT T, S sl sl o £l v g such as
O e o S 8 e 2O e S g
et hyl al um num di chl oride, praopylalum num di chl oride, isobutylalum num
di chl oride or hYAERGYSILGRERGR L €mibd Pivde 0 1di a1y HImerh U hyan¢ de(%uch as 5
di met hyl al um num hydri de, diethyl al um num hydride, dipropylal um num
hydride, diis@blyyPayofimeirhiyjdsgdesylphenyl) (5-methyl-1-phenyl-4-
hydrocyclopental[3, 2-b]lpyrrecl-4-yl)dimethylsilane, (2-
allyloxy-5-methyl-3-trimethylsilylphenyl) (5-methyl-1-
phenyl-4-hydrocyclopental[3, 2-blpyrrol-4-yl)dimethylsilane,

10 {2-allyloxy-3-tert-butyldimethylsilyl-5-methylphenyl) (5~
methyl~l-phenyl-4-hydrocyclopental[3,2-b]lpyrrol-4-
yl)dimethylsilane, {(2-allyloxy-3,5-diamylphenyl) (5-methyl-
l-phenyl-4-hydrocyclopenta{3, 2-b]lpyrrol-4-yl)dimethylsilane,
(2-allyloxy-3-tert-butyl-5-methoxyphenyl) (5-methyl-1-

15 phenyl-4-hydrocyclopenta|[3, 2~b]pyrrol-4-yl)dimethylsilane,
(6-allyloxy-5-tert-butyl-3-chlorophenyl) (5-methyl-1-phenyl-
4-hydrocyclopenta[3,2~-b]pyrrol-4-yl)dimethylsilane, and (1-
allyloxynaphthalen-2-yl) {(5-methyl-l1~phenyl-4-
hydrocyclopental[3,2-blpyrrol-4-yl)dimethylsilane; compounds

20 cbtained by replacing allyloxy of the above mentioned
compounds with methoxy, benzyloxy, ethoxy,
trimethylsilyloxy, tert-butyldimethylsilyloxy or
methoxymethoxy; compounds obtained by replacing

dimethysilane of the above mentioned compounds with

25 diethylsilane, diphenylsilane or dimethoxysilane; compounds



di hexyl al um num hydri de. The preferable exanple is trialkylalum num and

the nore preferable exanples are triethylal um num and trii%%Q?hﬁF?Eyninunl
10 In the cyclic alum noxane (A2) represented by the formula {- 2)-0O1}b

and the |inear alum noxane (A3) represented by the formula

E3{-Al (E3)-O}cAl (E3)2, specific exanples 9f E2 and E3 are al kyl groups
such as nethyl, ethyl, n-propyl, isopropy?, n- butyl, isobutyl, n-pentyl
and 15 neopentyl, b denotes an integer of 2 or nore and ¢ denotes an
integer of 1 or nore. Preferably, E2 and E3 are nmethyl or isobutyl, bis

an integer of i I nt_egar, 4 QF% s menti oned
al um noxane iggg%gaégeg9g§ gl%fﬁﬂﬁg?%Sﬁsdﬁfgﬁgﬁﬁ%§§1QQLC met dﬁ% are not
particularly limted and the al unm.noxane . nay .be pr.oduced i.n a simlar
menner to a KRB ABCRoH TR OLRE art . For POKANAI & e - AT Fokene 1 <
produced by djissolyjng tri Iéyl Lum num (e.q.. tryinmethylalumnum in a

sui tabl e orga F&mgghvgﬁﬁly'f jagéy 8&?@W&Pﬁi1%ﬂi WAL % hydr ocar bon, and
the like) and then 28 June 2006 55 contacting said solution with water, In
addition, a bPrbédbeirsshyleddsd-Eneddarl By Phandirngnd icHIdARgUARMFRY ¥ e. g.
trinmethylalumnum into contact with a nmetal salt containing crystal water

(e.g. copper sompatadiyderrepensedsbyl sheexorplulE dd) [1Conpuid X B}y #s the

conmpound (B) that may be enployed in the
Group 14 element in the periodic table other than silicoen.

rThe transition metal compound represented by the

formula (3) includes, for example, titanium halides such as
titanium tetrachloride, titanium trichloride, titanium

i0 tetrabromide, or titanium tetraiodide, amidotitnaium such
as tetrakis(dimethylamino)titanium,
dichleorobis(dimethylamine)titanium,
trichloro{dimethylamino)titanium or
tetrakis (diethylamino)titanium, and alkoxytitanium such as

15 tetraisopropéxytitanium, tetra-n-butoxytitanium,
dichlorodiisopropoxytitnaium and
trichloroisopropoxytitanium and compuonds cbtained by
replacing titanium of the above mentioned compounds with
zirconium or hafnium, and the preferable example is

20 titanium tetrachloride. The used amount of the transition
metal compound represented by the formula (3) is generally
in a range of 0.5 to 3 moles, preferably 0.7 to 1.5 moles
per 1 mole of substituted cyclopentadiene represented by
the formula (2).

25 The substituted cyclopentadiene represented by the



present invention, any one of or a mxture of two or three 10 of (Bl) the
boron conmpound represented by the fornula BQLQR@Q3, (B2) the gpound
represented by the fornula Z+(BQLQR@E@BXA)- or (B3) the boron conpoun
represented by the formula (L-H) +(BQLQR@XA)- can be exenplified. In (Bl)
t he boron conpound represented by the fornula 15 BQLQR@Q@3, B is boron in
trival ent valence state and Q to @@ indepehdent|y denote a hal ogen at om
a ClL_20 hydrocarbon group, a hal ogenated Cl1_20 hydrocarbon group, a
“substituted silyl group having 1 to 20 carbon atonms, a Cl_20 al koxy group
or a di-substituted am no group havin to_20 carbon 20 atons, whi ch nay
be the sane or%%ﬁm¥%?eﬁf f% gﬁepéﬁggﬁéﬁr f@FeF§?3§ﬁ@'e?iﬁﬁ@é§t&P9Qfft o¢]
are a halogen atom a Cl_20 hydrocarbon g roug and a_hal ogenated Cl1_20

hydr ocar bon gré&tpethgheti frdib¥dnrpreslepenba) i scbdgbiophen-4-one with an
tris(pentafluorophenyl)borane, tris(2,3,5,6- 25 tetrafl uorophenyl)borane,

tris(2,3,4,5 2BlKyhano0ab 65 @@taaylumebpheﬁympbgnénéo obtain alcohol and
tris(3,4,5-trifluorophenyl)borane, tris(2,3,4-trifluorophenyl)borane and
phenylbis(pentEﬁémuﬁ&ﬂMhénqt)@©raﬂéd ahdohhe. pr atepaliieg éxaapbeoicgdure
tris(pentafl uorophenyl)borane. 5 In (B2) the boron conpound represented by
the formBa ZHOBQ LR WA -we I Heowh esyabhesdsgasthodr ofr ggnrireleati on, B
is boron in trivalent valence state, and Q to Q4 are the sanme as those
denoted by Q dmaX&duk tdempbenes ment i gRedchéBl) soc., 2001, vol. 123, p.
4763), 2,5-dimethyl-5,6-dihydrocyclopenta[l,2-b]thiophen-4-
one can be produced from 5-methyl-2-thiophenecarboxamide.

For the substituted cyclopentadiene represented by the

10 formula (5), for example, WO 01/47939 discloses a synthesis
method of cyclopentadiene compounds substituted with sulfur
and WO 01/53360 and WO 00/66596 disclose synthesis methods
of cyclopentadiene compounds substituted with nitrogen.
Further, WO 01/53361 discloses cyclopentadiene compounds

15 substituted with silicon.

For use in polymerization reaction, the transition
metal complex represented by the formula (1) thus produced
and the compound (A) or said transition metal complex, the
compound (A) and the compound (B) may be added in optional

20 order to a reaction system. Alternatively, said transition
metal complex and the compound (A) or said transition metal
complex, the compound (A) and the compound (B) may be
contacted previously and the resulting reaction mixture may

be used in polymerization reaction.

25



10 I n specific exanples of the conpound represented by the formula

Z+(BQ QR@BXA) -, the inorganic cation Z+ includes a ferroce@ﬁwghggb&gn, an
t

al kyl -substituted ferrocenium cation and a silver cation; € ofrgani c
cation Z+ includes a triphenylnmethyl cation; and (BQLQ2@BMX)- includes 15
tetraki s(pentaf | uorophenyl)borate, tetrakigg2,3,5,6

tetraf |l uorophenyl )borate, tetrakis(2,3,4,5- tetrafl uorophenyl)
borate,tetrakis(3,4,5- trifluorophenyl)borate, tetrakis(2,2,4-
trifluorophenyl)borate, phenyl bis(pentafluorophenyl)borate 20 and
tetrakis(3,5-?bghbbghgoqgnqthylphenyl)borate. Speci fic conbi nations of
theminclude ferrocenium tetrakis(pentafl uorophenyl)borate,

1,1'-dinethylferroggnkﬂglF%@%aﬂgﬁxﬁﬁngﬁﬂhyﬁﬁggE%$%%¥%%§géniﬁi{Ngr

;
- tetraki s(pentafl uoropheny rate, tripheny

tetraki s(pent rophenyl Yborate and triphenyl nethyl 28 June 2006, 57,
tetrakis(3, 5%%?%1% ﬁgyér?‘)ec?ﬁ;?rp &y 1B, aa%e%mh"émom%f%-?%lao%%%fﬁbﬁ“émi s
triphenyl met hyl tetrakis(pentafl uorqphenyl)borate. In (B3) the boron
conpound repréggﬂ?gadbﬁaPhgefBFﬁﬁra %@ﬁﬁch¥%ﬂEiC§ﬁW)-,W?%%‘%P%%@tra
Lewi s base, (L-H + is a Bronsted acid, B is boron in trivalent val ence
state and Q CfBCRAAFBLEHE SSHPCHET HEs @r@foEdd oy 1 BIIFe t he

above-nmentioned formula (Bl). In specific exanples of the conpound
represented byrefierrad espmols (B- ARY+EBELAERM ) nixtBrestied-wei@r denot ed

by three of the following compounds (Al) to (A3).
{Al): an organcaluminum compound represented by the
formula El, Al(Z) (3-a)7
10 (A2} : cyclic aluminoxane having the structure
represented by the formula {-Al(E2)-0-}y;
(A3): linear aluminoxane having the structure
represented by the formula E3{-Al(E3)-0-}.A1(E3) ,:
wherein El1 to E3 are the same or different and each
15 independently denotes Cj;.g hydrocarbon, Z is the same or
different and denotes hydrogen or halogen, a denotes 1, 2,
or 3, b denotes an integer of 2 or more, and c denotes an
integer of 1 or more.
Specific examples of the organcaluminum compound (Al)
20 represented by the formula E1aAl(Z) (35 include, for
example, trialkylaluminum such as trimethylaluminum,
triethylaluminum, tripropylaluminum, triisobutylaluminum or
trihexylaluminum; dialkylaluminum chloride such as

dimethylaluminum chloride, diethylaluminum chloride,

25 dipropylaluminum chloride, diisobutylaluminum chloride or



(L-H)+ includes trial

di al kyl ammoni um and tri aryl phosphoni um and exanpl es of (B

t etraki s(pent af | uor ophenyl ) bor at e,

Kyl - substituted amoni um N, N- di al kyl anilinium

Cﬁﬁgﬁﬁgﬁbg are as

defi ned above. Specific conbinations of theminclude trieth

tripropyl ammoni um

tetraki s(pentafl uorophenyl)borate, tri(n-bytyl)amonium
t et raki s(pent af | uorophenyl )borate, tri(n-butyl)ammoni um

tetrakis(3,5-bistrif

t etraki s(pent af | uor ophenyl ) bor at e,

uor orret hyl phenyl ) borate, N,
N, N 20 di ethylanilinium

N di et hyl ani li ni um

tetraki 5(pe”&1%&59'1Ql@ﬂﬁﬂ}ﬁh)nb%h@o%ad@ Nal%ﬁa@&ﬁ%ﬁrm%h@ﬂfﬁidé"%h as

t et raki s(pent af | uorophenyl )borate, N, |nethylan|I|n|um
et raki o( pert 2 bor o %ﬁ?ﬁ%@“% S%I;tyé’eléh
Lot 1 aki o( pork ArPYDP OB éﬁé ) HorRoEr 168, (hgeh 31? RD Do T o o2
Lot 1 aki o( ponatt oL BRRBIYI REPAPELRd Fhe Livdraitc] pheiﬁv%éiespm% 4

tetraki s(pentafl uorophenyl )borate and

tri(n-butyl)amonjum

N, N- di met hyl @HPeF Ry 4l inéPEBK hEdpdRAeaf FA6iE
the amount of each catal ytic conponent 10 that may be used, it is
desi rabl e t odiRECRHEALGEL Bt h&’drédﬁpodéﬁﬁobﬁtwﬁ@tluﬂﬁ@qﬁblfﬁfdﬁlaiﬁ ®®Bf the

compound (A)/the

dihexylaluminum hydride. The prefe

n%?xP LA IR um

am‘mnl um

W@&Hm}é’ W44y respect to

rable example 1is

trialkylaluminum and the more preferable examples are

triethylaluminum and triisobutylaluminum.

10 In the cyclic aluminoxane (A2)

represented by the

formula {-21(E2)-0-}, and the linear aluminoxane (A3)

represented by the formula E3{-Al(E3)-0-}.Al(E3),, specific

examples of E2 and E3 are alkyl groups such as methyl,

ethyl, n-propyl, isopropyl, n-butyl,
15 neopentyl,

an integer of 1 or more.

b denotes an integer of

isobutyl, n-pentyl and

2 or more and ¢ denotes

Preferably, E2 and E3 are methyl

or isobutyl, b is an integer of 2 to 40 and c is an integer

of 1 to 4

0.

The above-mentioned aluminoxane is produced by a

20 variety of methods. Such methods a

re not particularly

limited and the aluminoxane may be produced in a similar

manner to a known method in the art.

For example, the

aluminoxane is produced by dissolving trialkylaluminum (e.g.

trimethylaluminum) in a suitable organic sclvent (e.g.

25 benzene,

an aliphatic hydrocarbon,

and the like) and then



transition netal conplex (1) is in a range of 0.1 to 10,000, preferably 5
to 2,000 and the nolar ratio of the conpound (B)/the transil:)isim ggéﬁ
conplex (1) is in a range of. 0.01 15 to 100, preferably O. 767°W t h
respect to the concentration of each catalytic conponent in the case of
using it in a solution form it is desirabie that the transition neta
conplex represented by the fornmula (1) is used in a range of 0.0001 to 5
mol /L, 20 preferably 0.001 to 1 nmol/L; the conpounds (A) is used in a
range of 0.01 to 500 mml /L, preferably 0.1 to 100 nmol/L on the basis of

Al atom and the G ds {B)sdButised R wERBPe 0fn0,0Q01:ikQ Sammol /L,
preferably 0.001 to 1 nmol /L. Mononers enployed for polynerization in the

present 25 ig@%&déﬁk t&g@%é&§#éﬁ$fgogi8#eﬂ£fn§£¥énggéa%gyégégﬁﬁggﬁ 28

June 2006 59 atons an or nore Kinds Of nono

si mul t aneousl y,_ The .fol | aw re. exanpl es of such, noppners, but t
pr esent invenﬁﬁdﬁﬁ:gﬁﬁ)é%%i#%é&?%%“ﬁ%e%%é%xﬁﬁﬁg??Feﬁlggnﬁoﬂﬁagﬁ §ngific
exanpl es of such, ol.efin 5 include, for, 6 exanple, ethylene, propylene, .
but ene- 1, peﬁ?@ﬁ@giPlﬁéfgﬁV-,1tﬂﬂﬁ%&eiﬁggoc?%ﬁ%@F,gﬁiﬁéhﬁ-&ygé@Egﬁeisl
5- et hyl - 2- pentene-1, vi_nyl cycl ohexene, 2-norbornene, cyclohexene and
di cycl opent adPie. Bt <bnpounds may be conj ugated di ene or
non- conj ugat ed di ene of hydrocarbon 10 conmpounds and specific exanpl es
t hereof include the non- conjugated di ene conpounds such as 1, 5-hexadi ene,
1, 4- hexadi ene, 1, 4-pentadiene, 1,7-octadiene, 1,8-nonadiene,

[Compound (B)]

As the compound (B) that may be employed in the
present invention, any one of or a mixture of two or three
10 of (Bl) the boron compound represented by the formula
BQ102Q3, (BZ) the boron compound represented by the formula
Z'(BQ102030Q4)” or (B3) the boron compound represented by
the formula (L-H)"(BQ1Q2Q3Q4)  can be exemplified.
In (B1l) the boron compound represented by the formula
15 BQIQ203, B is boron in trivalent valence state and Q1 to Q3
independently denote a halogen atom, a Ci-y hydrocarbon
group, a halogenated Cj;_;¢ hydrocarbon group, a substituted
silyl group having 1 to 20 carbon atoms, a Ci-yp alkoxy
group or a di~substituted amino group having 2 to 20 carbon
20 atoms, which may be the same or different from one another.
Preferable examples of Ql to Q3 are a halogen atom, a Ci-pg
hydrocarbon group and a halogenated C;.py hydrocarbon group.
Specific examples of (Bl) include
tris(pentafluorophenyl)borane, tris(2,3,5,6-

25 tetrafluorophenyl)borane, tris(2,3,4,5-



1, 9-decadi ene, 4-nmethyl -1, 4-hexadi ene, 5-nethyl-I,4- hexadi ene,

7- et hyl - 1, 6- oct adi ene, 5-ethylidene-2 15 norbornene, dicyclﬂgﬁﬂE@gb ne,
5-vi nyl - 2-nor bor nene, 5- nethyl -2-norbornene, norbornadi ene, 5-nethyl ene- 2-
nor bor nene, 1, 5-cycl ooct adi ene or 5, 8- endonet hyl enehexahydr onapht hal ene,
and the conjugated diene conpounds such aggl, 3-butadi ene, isoprene,

1, 3-hexadi ene, 20 1, 3-octadiene, 1,3-cyclooctadiene or 1, 3-cycl ohexadi ene.
Speci fi c exanpl es of nmononers constituting. a copolynmer include ethylene
and propyl ene; ethylene and butene-1; ethylene and hexene-1; propyl ene and

butene-1; andtee@gbl 18kbpRENM ) e 2ROV e vt onerl combi natd PN Sr 2%,
et hyl i di en-2- nor bornene, but 'the present invention is not 28 June 2006 60

limted to the, aboyesr ng&ngqggggﬁgﬁgq§?ffgﬂgu5§gesent i nventi on,

~aromatic vinyl conpounds nay al so“used as a nonomer. Specific exanples
m et hy ot yr oRg et BE e REERYEE - R R A AT R e,
o et byt st yr oREBRGS HPut i PREREEAE T CRAGTIRON I 6Py mer | zat 1 on | s ot
P Uy pal ywer i zat FBn  S2h BFCROAPFpRAEFC AP BERATSH SHbRY T bUiaiiis
pent ane, hexang, heptane or ogtane, aromatic hydrocarbon such as benzene
or tol uene, of @QQ%Q%Q%Q%&}, 7" denotes an inordanic or organic cation, B
is boron in trivalent valence state, and Q1 to Q4 are the
same as those denoted by Q1 to Q3 in the above-mentioned
(B1).
10 In specific examples of the compound represented by
the formula Z"(BQ1Q203Q4) 7, the inorganic cation Z" includes
a ferrocenium cation, an alkyl-substituted ferrccenium
cation and a silver cation; the organic cation Z* includes
a triphenylmethyl cation; and (BQ1Q2Q3Q4)" includes
15 tetrakis(peﬁtafluorophenyl)borate, tetrakis(2,3,5,6-
tetrafluorcphenyl)borate, tetrakis(2,3,4,5-
tetrafluorophenyl)borate, tetrakis(3,4,5-
triflucrophenyl)borate, tetrakis(2,2,4-
trifluorophenyl)borate, phenylbis(pentafluorophenyl)borate
20 and tetrakis(3,5-bistriflucromethylphenyl)borate.
Specific combinations of them include ferrocenium
tetrakis (pentafluorophenyl)borate, 1,1 ~dimethylferrocenium
tetrakis (pentafluorophenyl)borate, silver

tetrakis (pentaflucorophenyl)borate, triphenylmethyl

25 tetrakis (pentafluorophenyl)borate and triphenylmethyl



hydr ocar bon such as nethylene dichloride is used as a 15 solvent, or gas
phase polynerization in a gaseous nononer, which nmay be eitfef,sYp6ESSi Ve
pol ymeri zati on or batch polynerization. The pol ynerization tenperature is
generally in a range of -50C to 250C and in order to produce polymers wth
20 high nol ecul ar weights, it is particularly preferable in a range of
-20C to 100C. The pol ynerization pressure i°d preferably fromthe norm
pressure (e.g. about 0.1 MPa) to 10 MPa (100 kg/cn2 G . Froman industria
vi ewpoi nt, high tenperature and high pressure polynerization at 100C or 25

hi gh d 10 i j ' b d 28 J 006 61
Cuch i gt emierACrS G g oy oek G Y o4l BR GG BBIapBFi cabl e

appr opr | at ol y PHELEPR o0 A ity P R bt “The ai med pol yrer s and
our s, 1 ¢ hd ST edd B e OPA A [Pasifot er  agent such &g hydr ogen
may be added to control the nolecular weight of a copolynmer. 10 EXAMPLES
The fol | owi ng ExanpFes Bl IEhe gsiqratcemmaingst aaamesemvehtbonthe fermils,
but they are not intended to limt the present invention. The follow ng
abbr evi aPi ons (&r8) (16BA1RA0TAR) es.L 113 o2 ereutBal| Bawi s rbaseput yHH) Gind suan
Brgnsted acid, B is boron in trivalent valence state and Q1
tc Q4 are the same as those denoted by Q1 to 03 in the
above-mentioned formula (B1l).
In specific examples of the compound represented by
10 the formula (L-H)"(BQ1Q20Q30Q4) , a Brensted acid denoted by
(L-H)" includes trialkyl-substituted ammonium, N,N-
dialkylanilinium, dialkylammonium and triarylphosphonium
and examples of (BQ1020304) " are as defined above.
Specific combinations of them include triethylammonium
15 tetrakis(pentafluorophenyl)borate, tripropylammonium
tetrakis(pentafluorophenyl)borate, tri(n-butyl)ammonium
tetrakis (pentafluorophenyl)borate, tri(n-butyl)ammonium
tetrakis(3,5-bistrifluoromethylphenyl)borate, N,N-
dimethylanilinium tetrakis(pentafluorophenyl)borate, N,N-
20 diethylanilinium tetrakis(pentafluorcphenyl)borate, N,N-
2,4, 6-pentamethylanilinium
tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium
tetrakis (3, 5-bistrifluoromethylphenyl)borate,

diisopropylammonium tetrakis (pentaflucrcphenyl)borate,

25 dicyclohexylammonium tetrakis (pentafluorophenyl)borate,



MVAO Modi fied nmethyl al um noxane (nethylal um noxane nodified by addition
of triisobutylalumnum AB: dinethylanilinium 28 June 2006

t etraki s(pent af |l uorophenyl )borate CB: triphenyl nethyl

tetraki s(pent afl uorophenyl )borate 20 PE: polyethylene Tm the nelting
poi nt of a polynmer Mwx the nol ecul ar Mﬁ;%?t of a polymer Msm Mh: the

nol ecul ar wei ght distribution of a poly SCB: the nunber of nethyl
branches per 1,000 carbon atons 25 of a polynmer 28 June 2006 62 (Exanple
1) Synthesis of (2-allyloxy-3-tert-butyl-5-methyl phenyl) (3-

[pyrrolidin-l-,éﬂ-l i hden-1 - I%d' t hyl. si | an A solutio f
(575l Tyl oxy- g YR En 5bRGr SBRORLEhy FRFERGES CREBEAT REERTT SIVANS LG g, 2. 49
mml) in toluene (4.1 n.) was added dropwi se to a solution of 3-(3-
[ pyrrolidin-BcyfpethpyipnyilpResPRARLHY(0.50 g, 2.62 mml) 10
tetrahydrofuran (5.6 nlL) at OC. The resulting reaction mxture was war nmed
to room t enpettatakes fpentaftvedcpbenyd) bAsacs. aBfter the sol vent was
distilled off under reduced pressure, hexane (20.0 nlL) was added and the
m xture was tifi(deneidhybphenpliephasphablismsubst ances. The filtrate was 15
distilled under reduced pressure to quantitatively obtain
(2-al |l y3 oxy-t3e=teiki bupyht b ebhypbpbeny) bOBatpyandl tidenpireferred
yl]-1H i nden-1-yl)di met hyl si | ane.
examples are tri(n-butyl)ammonium
tetrakis (pentafluorophenyl)borate and N,N—dimethylanilinium
tetrakis (pentafluorophenyl)borate.

With respect to the amount of each catalytic component

10 that may be used, it is desirable to use each catalytic
component so that the molar ratio of the compound (A)/the
transition metal complex (1) is in a range of 0.1 to 10,000,
preferably 5 to 2,000 and the molar ratioc of the compound
(B) /the transition metal complex (1) is in a range of 0.0l

15 to 100, preferably 0.5 to 10.

With respect to the concentration of each catalytic
component in the case of using it in a scolution form, it is
desirable that the transition metal complex represented by
the formula (1) is used in a range of 0.0001 to 5 mmol/L,

20 preferably 0.001 to 1 mmol/L; the compounds (A) is used in
a range of 0.01 to 500 mmol/L, preferably 0.1 to 100 mmol/L
on the basis of Al atom; and the compounds (B) is used in a
range of 0.0001 to 5 mmel/L, preferably 0.001 to 1 mmol/L.

Monomers employed for polymerization in the present

25 invention may be olefin or diolefin having 2 to 20 carbon



1H NMR (deuterated benzene, 6(ppm): 0.15-0.20(6H), 1.41(9H),
1.46-1.50(4H), 2.10(3H), 3.09-3.14(4H), 3.93(1H), 20 4. 30( 2??
4.99-5.03(1H), 5.43(111), 5.42-5.48(1H), 5.68 28 June 2006 Jéu“g%?%—i) :
7.06-7.60(6H) Mass spectra (EI, mz) : 445(M+), 261, 233, 210, 184, 115,

73, 57 5 (Exanple 2) Synthesis of 59

dinmethylsilyl (3-[pyrrolidin-1-yl]-inden-I-
yl)(3-tert-butyl-5-nethyl-2-phenoxy)titaniumdichloride [Conplex 1] 10 A
1.56 Msolution of n-butyllithiumin hexane (3.74 nmL, 2.41 mml) was added

dropwi se to a St i o ofwd 208l hy+8X¥inds of monomers may be used
3-tert-butyl -5-nethyl phenyl) (3-[pyrrolidin-1-yl]-1H i nden-

1-yl) di met hyl si{@ne: 1. triet ' 1 g, 7.47
“mol) in tol uenle (7_%'@@”{1?52{ -7@??2%3&1%@2?%%%% %%?Lﬁ Oe% I’Cl)gt ggégnd t hen at

joom temer at Y dol-d, Mobrerd SOLULAEN: oL LL AR v Sk 25hl gLl de (94T 0

~2.49 mol) in toluene . ( dr opw se e ‘reactio t'ure
o 75 A U o 4109 SAFHRT, T XLALEC VRS VAL :900 AN e
fiItrati%p a”qjﬁﬁiﬂﬂﬂe é%x%ég%§&39 é@hylene, propylene, butene-1,
pentene-1, hexene-1, heptene-1, octene-1, nonene-1l, decene-
1, 5-methyl-2-pentene-1, vinylcyclohexene, 2-norbornene,
cyclchexene and dicyclopentadiene. Diolefin compounds may
be conjugated diene or non-conjugated diene of hydrocarbon
10 compounds and specific examples thereof include the non-
conjugated diene compounds such as 1,5-hexadiene, 1,4-
hexadiene, 1,4-pentadiene, 1,7-octadiene, 1,8-nonadiene,
1,9-decadiene, 4-methyl-1,4-hexadiene, 5-methyl-1,4-
hexadiene, 7-methyl-1,6-octadiene, 5-ethylidene-2-
15 norbornene, dicyclopentadiene, 5-vinyl-2-norbornene, 5-
methyl-2-norbornene, norbornadiene, 5-methylene-2-
norbornene, 1,5-cyclooctadiene or 5,8-
endomethylenehexahydronaphthalene, and the conjugated diene
compounds such as 1,3-butadiene, isoprene, 1,3-hexadiene,
20 1,3-octadiene, 1,3-cyclooctadiene or 1,3-cyclohexadiene.
Specific examples of monomers constituting a copolymer
include ethylene and propylene; ethylene and butene-1;
ethylene and hexene-1; propylene and butene-1; and

combinations of the above mentioned combinations and 5-

25 ethylidien-2-norbornene, but the present invention is not



t he solvent was distilled off, the residue was washed with hexane (1.3 niL)
to obtain dinethylsilyl(3-[pyrrolidin-I- 28 Tume 2006
yl]-inden-1-yl)(3-tert-butyl-5-nmethyl-2-phenoxy)titani um dig%10r| e (0.66
g, 75.9% as a brown solid. 1H NVR (deuterated benzene, S(ppm): 0.59(3H),
0.63(3H), 1.38-1.41(4H), 1.53(9H), 2.29(3H).,, 3.30-3.40(4H), 5.48(1H),
6.97-7.77(6H) Mass spectra (FD, m z): 521(M¥), 454, 403, 296, 295, 185, 184
(Exanmpl e 3) Synthesis of (2-allyloxy-3-tert-butyl-5-

met hyl phenyl ) (2, 4, 5-tri nmet hyl - 6- hydr ocycl opent a[ 2, 3-

b] t hi ophen- 6- yh }\di-pet i i = xy-3-tert-buyl -5-
nmet hyl phenyl )cﬁl orggli % %ﬂeg:é?)ﬁeé?loéﬁs%ﬂ{gh%%%n%%rﬁgl n toluene (2 n)

was added dropw se{t.0 sal ut f , 9= . \

tri met hyl - 6- hydr oc;}?:ll ggleen axj[é%{eg{{bﬁfm(%ip%eoﬁl’&ﬁ%aﬁ]ﬁ uA et (OB RdS BAY
mmol) in tetrahy furan (20 nL) at -78C. 28 June 2006 65 The_resulting
reac%i on m xtﬁ?eg\l‘r}vgg Warfedst 6 )r"%?@rﬁme[rerrp Uit QiR 1§ P ¥ obhe. 5 hours.
After the solvent .was dis&jlled of f under. reduced pressure, toluene was
added and t hd*R'#FiFe Vod¥ 1 COMEPER IS &GRS iSSdI9hs e TR RALESY T8 The

filtrate_was concentrated under reduced pressure to quantitatively obtain
(2-a|Iylgxy-3mf%?FbEéF§Vfgner p-methylstyrene, o,p-dimethylstyrene, o-

met hyl phenyl ) (2, 4, 5-tri met hyl - 6- hydr ocycl opent a[ 2, 3-

b] t hi ophen- 6-§F}4i fEYR§NS; | Anethylstyrene, p-ethylstyrene, o-
chlorbstyrene, p-chlorostyrene, a-methylstyrene and
divinylbenzene.

A method for polymerization is not specifically
10 limited, and for example, may be solvent polymerization or
slurry polymerization, in which aliphatic hydrocarbon such
as butane, pentane, hexane, heptane or octane, aromatic
hydrocarbon such as benzene or toluene, or halogenated
hydrocarbon such as methylene dichloride is used as a
15 solvent, or gas phase polymerization in a gaseous monomer,
which may be either successive polymerization or batch
polymerization.
The polymerization temperature is generally in a range
of -50°C to 250°C and in order to produce polymers with
20 high molecular weights, it is particularly preferable in a
range of -20°C to 100°C. The polymerization pressure is
preferably from the normal pressure (e.g. about 0.1 MPa) to
10 MPa (100 kg/cn@ G). From an industrial viewpoint, high
temperature and high pressure polymerization at 100°C or

25 higher and 10 MPa or higher is sometimes preferable, and



"H NMR (deut erated benzene, S(ppm): 0.24(s, 3H), 0.35(s, 10 3H), 1.49(s,

9H), 1.86(s, 3H), 1.99(s, 3H), 2.20(s, 3H, 2.26(s, 3H, 32f982£l 26@&
4.34(s, 2H), 5.07-5.10(m 1H), 5.49-5.55(m 1H), 5.74-5.86(mM "ﬁ)e -57(s,
1H), 7.16(s, 1H), 7.28(s, 1H) Mass spectra (El, mz) : 424(M), 367, 327,
221, 203, 187, 15 174, 161, 128, 59, 44 (I%xlarrple 4) Synt hesis of
dimethylsilyl(2,4,5-trinethyl-6-

hydr ocycl opent a[ 2, 3-b] t hi ophen-6-yl ) (3-tert-butyl-5-nmethyl- 20

2- phenoxy)titani umdi chloride [ Conplex 2] 28 June 2006 66 A 1.58 M sol ution

of n-butyllithj (" 4 | ) _was added dropw.se to a
sol Ut ton of (24T Tl e et raa hidh P Eread P BORTEE0 PR hvE
hydr ocycl opent af 2, 3-.b] t hi.ophen-6-yl)di nethylsilape (0.66 g, 1.5 ) and
triethyl ani netb(%.af?lggcag?]gg %%gi ref%?%gn‘bnv?‘?.bo ) g? 998EY3nd SOFrred
for 10 mnutes and then at roomtenperature for_ 2 hours. A solution, of
titanium tet PLATBFE (P U4 e 2L 3PEPR T At e oY udpke rBiBea fepgading
added dropwi se to the reaction mxture at -78C and stirred at room
t enperature f&° Fhfodndestid ridi 13 Bredi ke Liree hdsané opeent  ak edPRAYREHEN
filtered using hexane to renove insoluble substances. After the sol vent
was di stidl | edapick Ltumdetr beedigrer prlassim ed 1drge esf dueniast aashedOwhohrs.
pentane 15 to obtain dinmethylsilyl(2,4,5-trinethyl-6-
hydr ocycl opentia( 2h3 Wjrascophemntl )(r3- teerchdin yt rdnatéhyhgent such as
hydrogen may be added to contrel the molecular weight of a

copolymer.

10 EXAMPLES
The following Examples will illustrate the present
invention in details, but they are not intended to limit
the present invention.
The fecllowing abbreviations are used in Tables 1 to 6.
15 TIBA: triiscbutylaluminum
MMAO: Mecdified methyl aluminoxane (methylaluminoxane
modified by addition of triisobutylaluminum)
AB: dimethylanilinium tetrakis(pentafluorophenyl)borate
CB: triphenylmethyl tetrakis(pentafluorophenyl)borate
20 PE: polyethylene
Tm: the melting point of a polymer
Mw: the molecular weight of a polymer
Mw/Mn: the molecular weight distribution of a pﬁlymer
SCB: the number of methyl branches per 1,000 carbon atoms

25 of a polymer



2- phenoxy)titaniumdichloride (0.07 g, 9.2% as an orange solid. iH NWR
(deut erated benzene, 6(ppm): 0.45(s, 3H), 0.55(s,. 20 3Fﬂ,2§5@§%%§0 9H) ,
1.90(s, 3H), 2.04(s, 3H), 2,24(s, 3H), 28 June 2006 67 2.29(Ss, , %.35(5,
1H), 7.18(s, 1H), 7.24(s, 1H) Mass spectra(El, mz): 500 (M), 484, 449,
433 (Exanple 5) 5 Synthesis of (2-allyloxy-3-tert-butyl-5-

nmet hyl phenyl ) (2, 4, 5-tri met hyl - 6- hydr ocycl opént af 2, 3-

b] t hi ophen-6-yl)di ethylsilane A solution of (2-allyloxy-3-tert-buyl-5 10

met hyl phenyl ) chl orodi et hyl silane (0.91 g, 2.80 mmol) in toluene (2 nL) was

added dropwi se to a solution of (2,4,5-

trimet hyl - 6- hydrocycl opent a[ 2, 3- b] t hi ophen-6-yl)lithium (0.50 g, 2.94
nmmol) in tetr E%drofurq@ (20 nmL) at -78C. The resulting reaction mxture
was warnmed to H%?t nperature and stirred for 5 hours. After the
solvent was djstilled of der. reduce ressure, tol ue ad and

t he nixture\M§¥th§%ﬁ%xP%OHQE%%%%fé%%bgﬂg?ét§95§¥5ﬁ§é@?gﬁ?mgﬁ?PVgsggé was
concentrated under reduced pressure to quantitatively obtain
(2_a||y|OXy_3_Mg¢qnqhk%mn1ﬂjxﬂ]—1H—1nden—l—yl)d1methy silane

met hyl phenyl ) (2, 4, 5-tri nmet hyl - 6- hydr ocycl opent a[ 2 28 June 2006 68
b] t hi ophen-6-yl)di ethylsilane. 1HN ut eratied henzene, 6(ppm):
0.81-1.08(m 10H), N

O\/\

A solution of (2-allyloxy-3-tert-butyl-5-
methylphenyl)chlorodimethylsilane (0.82 g, 2.49 mmol) in
toluene (4.1 mL)} was added dropwise to a solution of 3-(3-
[pyrrolidin-1-yl]-1H-~inden-1-yl)lithium (0.50 g, 2.62 mmol)

10 tetrahydrofuran (5.6 mL) at 0°C. The resulting reaction
mixture Qas warmed to room temperature and stirred for 18
hours. After the solvent was distilled off under reduced
pressure, hexane (20.0 mL) was added and the mixture was
filtered to remove insoluble substances. The filtrate was

15 distilled under reduced pressure to quantitatively obtain
(2-allyloxy-3-tert~butyl~5-methylphenyl) (3-[pyrrolidin-1~-
yl]-1H-inden-1-yl)dimethylsilane.

'H-NMR (deuterated benzene, S(ppm)): 0.15-0.20(6H),
1.41(9H), 1.46-1.50(4H), 2.10(3H), 3.09-3.14(4H), 3.93(1H),

20 4.30(2H), 4.99-5.03(1H), 5.43(1H), 5.42-5.48(1H), 5.68~



1.49(s, 9H), 1.93(s, 3H), 1.99(s, 3H), 2.21(s, SFD, 2,27(s, 3H), 4,02(s,
1H), 4.33-4.40(m 2H), 5.05-5.11(m 1H), 5.55 5 5.58(m 1H), 285]#%@ 50§9(m
1H), 6.56(s, 1H), 7.19(s, 1H), 7.28(s, 1H) Mass spectra (El %

452(\w4), 423, 367, 288, 204, 189, 175, 161, 147, 75, 57, 44 10 (Exanple 6)
Synt hesi s of dlethyI5|IyI(2 4,5-trinmethyl - ?3

hydr ocycl opent a[ 2, 3- b]thlophen 6-yl)(3-tert=butyl-5-nethyl- 2-phenoxy)
titani umdichloride [Conpl ex 3] [Cbnplex 3] 15 A 1.57 Msolution of
n-butyllithiumin hexane (3.30 ni, .18 mmol ) was added dropwi se to a
solution of ( Xy ter 5- et hyl phenyl ) (2, 4,5-trimethyl -6
hydrocyclopen%é?% Xg?b]ghl%gpﬁetgog%w)dlethyIS|Iane (1.04 g, 2.30 mmol) and

178C and ot rFaEST BPUEGT Aes dd (VAL By« enper Atdre or 3187

hours. A solution_of tltanlun1tetrachlor|de (0.66 g, 3.45 mmol) in tol uene
(6.9 nL) was éddég dropwi se to the reaction m xture at -78C and 5 stirred
at roomtenperature for 5 hours. After the reaction mxture was
concentrated and filtered using hexane to renove insoluble substances, the
solvent distilled off wunder reduced pressure. The residue was washed with
pent ane Po obfBkamglet Byl silyl (2,4,5-trinethyl-6 10
hydr ocycl opent a[ 2, 3- b] t hi ophen-6-yl ) (3-tert-butyl-5-nethyl -

Synthesis of dimethylsilyl (3-[pyrrolidin-i-yl]-inden-1-

y1l) (3~tert~-butyl-5-methyl-2-phencxy)titanium dichloride

[Complex 1]

[Complex 1]

10 A 1.56 M solution of n-butyllithium in hexane (3.74 mL,
2.41 mmol) was added dropwise to a solution of (Z2-allyloxy-
3-tert-butyl-5-methylphenyl) (3-[{pyrrolidin-1-yl]-1H-inden-
l-yl)dimethylsilane (0.74 g, 1.66 mmol) and triethylamine
f1.05 g, 7.47 mmol) in toluene (7.4 mL) at -78°C and

15 stirred for 10 minutes and then at room temperature for 1
hour. A solution of titanium tetrachloride (0.47 g, 2.49
mmeol) in toluene (3.0 mlL) was added dropwise to the
reaction mixture at ~78°C and the resulting reaction

mixture was warmed to 90°C and then stirfed for 3 hours.

20 After inscluble substances were removed by filtration and



2- phenoxy)titaniumdichloride (0.13 g, 10.9% as an orange solid. 1H NWR
(deut erated benzene, 8(ppm): 0.80-1.03(m 6H), 1.03-1.30( @86]4'5% 0d6 93(s,
9H), 1.97(s, 3H), 2.02(s, 3H), 15 2.24(s, 3H), 2.30(s, 3H), 6. %s, 1H),
7.19(s, 1H), 7.26(s, 1H) Mass spectra(El, nmz): 528 (M), 499, 477 (Exanple
7) 20 Synthesis of (2-allyloxy-3-tert-butyly5-nethylphenyl)(2,5-
di nmet hyl cycl openta[ 1, 2-b: 4, 3-b' ] di t hi ophen-7- yl)di nethyl silane 28 June
. 2006 70 A solution of (2-allyloxy-3-tert-buyl-5-

met hyl phenyl ) chl or odi net hyl silane (0.71 g, 2.40 nmmol) in toluene (4 nlL)

was added dropweseot @ea Szt idAZtAM 14 D, the residue was washed with
di net hyl cycl openta[ 1, 2-b: 4, 3-b"' ] di t hi ophen-7-yl)lithium (0.51 g, 2.40

mmol ) in tetrgbydnaf yran @19 we) o@ta-i@%imfgﬁlr?wfém[%@féip iflxture

~was warnmed to room tenperature and stirre ours. er the sol vent

rixture vas [F ot Lo 7emle | o0 0o¢ Subdlancs . PE i1t Vs
(a1 yl oxy- ST BRtoBEEYT T8 BRobh, nemy > 5 ST IAchtt opent af 1, 2- b: 4, 3-

LR R I Y BEFE  BSTaER fe)
4.43(s, 1.38-1.41(4H), 1.53(9H), 2.29(3H), 3.30-3.40(4H), 5.48(1H),
6.97?7.77(6H)
Mass spectra (FD, m/z): 521(M*), 454, 403, 296, 295, 185,
184
10
(Example 3)
Synthesis of (2-allyloxy-3-tert-butyl-5-
methylphenyl) (2,4, 5~trimethyl-6-hydrocyclopental[2, 3-
blthiophen-6-~yl)dimethylsilane
—
S
si
O\\/,q§§
15

A solution of (2-allyloxy-3-tert-buyl-5-
methylphenyl)chlorodimethylsilane (0.83 g, 2.80 mmol) in
toluene (2 mL) was added dropwise to a solution of (2,4,5-
trimethyl-6-hydrocyclopental[2, 3-b]thiophen-6-yl)lithium

20 (0.50 g, 2.94 mmol) in tetrahydrofuran (20 mL) at -78°C.



1H), 4.99-5.03(m 1H), 5.46-5.57(m 1H), 5.63-5.79(m 1H), 6.75(s, 2H),
7.18(s, 1H), 7.32(s, 1H) Mass spectra (ET, m'z) : 466(M), 2/l 23844 205,
73, 57 20 28 June 2006 71 (Exanple 8) Synthesis of

di met hyl si lyl (2, 5-di net hyl cycl opent a[ 1, 2-
b:4,3-b']dithiophen-?-yl)(3-tert-buty|-5-n% hyl - 2- phenoxy) titani um
dichloride [Conplex 4 5 A 1.56 Msolution of n-butyllithiumin hexane
(1.50 nmL, 2.34 nmol) was added dropwi se to a solution of (2-allyloxy-,
3-tert-butyl-5-nethyl phenyl) (2, 5-di net hyl cycl opent a[ 1, 2-

b: 4,3-b']dithi.pphen- l;).di lisi | 4 d
triethyl !an‘: ;ehﬁg. ggsé,l}éi?ng%%m%ﬁlﬁnnﬁpgﬁtfju%nee%% Ovpar%&egg?é )%%‘%“Zﬂd stirred
tanium et PARRTBFIGES( 6720 S s Hdol ) A CH bend (106 TH heer*Shded

dropwi se to the reacti, m xture at -78C and, stirred 15 at. room tenperatuyre
for's hours. ReSeriehd LEHcCHon IR HEE RS BRI cP HAGRT | ¥y gaed

usi ng hexane to _renove insol uble substances, the solvent was distilled off
under reduced2pfesbar BixtHESr ¥8iSd e WL SRased SHAYE et el € oo Wbt BRRceS -
di met hyl silyl (2, 5-di met hyl cycl openta[ 1,2 28 June 2006 72
b: 4, 3-b' Pdi t hEbph&hlFrpkR( 3aseconpeiyHratagetmpery reduced pressure to
guantitatively cobtain (2-allyloxy-3-tert-butyl-5-
methylphenyl) (2,4, 5-trimethyl-6-hydrocyclopental2Z, 3-
blthiophen-6-yl)dimethylsilane,.
'H~NMR (deuterated benzene, &(ppm)): 0.24(s, 3H), 0.35(s,

10 3H), 1.49(s, 9H), 1.86(s, 3H), 1.99(s, 3H), 2.20(s, 3H),
2.26(s, 3H), 3.92(s, 1H), 4.34(s, 2H), 5.07-5.10(m, 1H),
5.49-5.55(m,1H), 5.74-5.86(m, 1H), 6.57(s, 1H), 7.16(s, 1lH),
7.28(s, 1H)

Mass spectra (EI, m/z): 424 (M%), 367, 327, 221, 203, 187,

15 174, 161, 128, 59, 44

(Example 4)
Synthesis of dimethylsilyl{2,4,5-trimethyl-6-
hydrocyclopental2, 3-b]lthiophen-6-yl) (3-tert-butyl-5-methyl-

20 2-phenoxy)titanium dichloride [Complex 2]



phenoxy)titaniumdichloride (35.4 ng, 6.8% as a brown solid. 1H NWR
(deuterated benzene, 8(ppmO0.61(s, 6H), 1.49(s,. 5 9H), 2.0%G5ne 36
2.06(s, 3H), 2.24(s, 3H), 6.67(s, 2H), 7.21(s, 1H), 7.26(s, S
spectra(El, mz) : 524 (M), 491, 287, 205, 75, 57 (Exanple 9) 10 Synthesis
of (2-a|IyIoxy-3-tert-buty|-5-nethy|phenyl§§2,5- di et hyl cycl opent a[ 1, 2- b:
4,3-b']dithi ophen-7- yl)diethylsilane At -78C, n-butyllithium(1.56 M 1.69
m., 2.64.mMmol) 15 was added dropwi se to a solution of 2,5

di met hyl cycl openta[ 1, 2-b: 4, 3-b' ] di t hi ophen (0.50 g, 2.42 mmol) in
tetrahydrofuran (10 nL) and the m xture was stirred at room tenperature
for 4 hours. After the reaction mxtu was cooled to -78C, a solution of
(2 20 allyloxy-3-tert-buyl -5-nethyl p ) chl or odi et hyl sil ane 28 June 2006
73 (0.72 g, 2.20 mmol) in toluene (3 ma§ added dropwi se thereto. The
resulting reaction mxture was wan 0 h] tenperature and stirred for
2 hours. After the solvent was } vff under reduced pressure,

at ed undefompsdeged] pressure to
ert-butyl -5-

b' ] dit hi ophen-7-yl)diethylsilane .

A 1.58 M solution of n-butyllithium in hexane (2.21 mL,
3.49 mmol) was added dropwise toc a solution of (2-allyloxy-
3-tert-butyl-5-methylphenyl) (2,4, 5-trimethyl-6-
5 hydrocyclopenta[2, 3-blthiophen-6-yl)dimethylsilane (0.66 g,
1.55 mmol) and triethylamine (0.71 g, 6.98 mmol) in toluene
(7.0 mL) at -78°C and stirred for 10 minutes and then at
room temperature for 2 hours. A solution of titanium
tetrachloride (0.44 g, 2.33 mmol) in tecluene (4.5 mL) was
10 added dropwise to the reaction mixture at -78°C and stirred
at room temperature for 5 hours. The reaction mixture was
concentrated and then filtered using hexane to remove
insoluble substances. After the solvent was distilled off
under reduced pressure, the residue was washed with pentane
15 to obtain dimethylsilyl(2,4,5-trimethyl-6-
hydrocyclopenta {2, 3-b] thiophen-6-y1) (3-tert-butyl-5-methyl~
2-phenoxy) titanium dichloride (0.07 g, 9.2%) as an orange
solid.
IH-NMR (deuterated benzene, S(ppm)): 0.45(s, 3H), 0.55(s,.

20 3H), 1.53(s, 9H), 1.90(s, 3H), 2.04(s, 3H), 2,24(s, 3H),



10 1H- NWR (deuterated benzene, 5(ppm)): 0.74-0.92(m 6H), 0.92-1.07(m
4H), 1.52(s, 9H), 2.24(s, 6H), 2.25(s, 3H), 4.32-4.40(m 2*?8]@%&%66@’ 1H),
4.98-5.07(m 1H), 5.48- 5.58(m 1H), 5.68-5.80(m 1H), 6.75(S, , (.26(s
1H), 7.34(s, 1H) 15 Mass spectra (El, nlz): 494(M+), 289, 261, 233, 205,
73, 57 (Example 10) Synthesis of 6
diethylsilyl(2,5-dinethylcyclopenta[1,2-b:4,§- 20
b']dithiophen-7-yl)(3-tert-butyl-5-nmethyl-2 phenoxy) titaniumdichloride

[ Compl ex 5] 28 June 2006 74 \\Ti "Cl lex 5] [Comp A 1.56 M solution of

n-but 11 ¢hi ums |5 Dexage) (157350, 1 7770781, WA, 30909 ioPHie (0 a

solution of (2-a

3-tert-butyl -5; net hyl phenyl ).(2, 5-di me | cyel op al 5

b 4, 3-b']dithi ?)%%ng-(p/‘g?/%%i(%% hyﬁ“éF} anéa?oﬁél’l g, E§%23}%§b| $33and
triethylamne (0.56 g, 5.54 mmol) in toluene (7.0 nL) at -78C and stirred
for 10 mnutes and then at room tenperature for 2 hours. A solution of
titanium tetrachloride (0.35 g, 1.85 mmol) in toluene (3 nL) was 10 added
dropwi se to thEE¥BRI®on) nixture at -78C and stirred at roomtenperature

for 5 hours. After the reaction mnmixture was concentrated and filtered
usi ng hexane t@ynthesis of (2-allyloxy-3-tert-butyl-5-

methylphenyl) (2,4, 5-trimethyl-6-hydrocyclopental2, 3~

b]lthiophen-6-yl)diethylsilane

—

S
//F—Si
O\/\

A solution of (2-allyloxy-3-tert-buyl-5-

10 methylphenyl)chlorodiethylsilane (0.921 g, 2.80 mmol) in
tcluene (2 mL) was added dropwise to a solution of (2,4,5-
trimethyl~6~hydrocyclopenta(2,3-blthiophen-6~yl)lithium
{0.50 g, 2.94 mmol) in tetrahydrofuran (20 mL) at -78°C.
The resulting reaction mixture was warmed to room

15 temperature and stirred for 5 hours. After the solvent was
distilled off under reduced pressure, toluene was added and
the mixture was filtered to remove insoluble substances.
The filtrate was concentrated under reduced pressure to
quantitatively obtain (2-allyloxy-3-tert-butyl-5-

20 methylphenyl) (2,4, 5-trimethyl-6-hydrocyclopental2, 3-



renove insol ubl e substances, the solvent was distilled off under reduced
pressure. The residue was mashed with 15 pentane to obtain sgjune 2006

di et hyl silyl (2, 5-di net hyl cycl opental 1, 2-

b: 4,3-b']dithi ophen-7-yl)(3-tert-butyl-5-nmethyl-2- phenoxy)titanium

di chl ori de (71.0 ng, 10.19% as a brown sofgd. 1H NVR (deuterated benzene,
S(ppm): 1.01-1.07(m 6H), 20 1.14-1.28(m 4H), 1.49(s, 9H), 2.04(s, 6H)
2.24(s, 3H), 28 June 2006 75. 6.67(s, 2H), 7.25(s, 1H), 7.28(s, 1H) Mass
spectra(El, mz): 570 (M+), 541, 519 (Exanple 11) 5 Synthesis of

(2- di met hyl ani, ner, 4 neflgEvybexehoaentadieny! ) (2-al | vl oxy- - tert-butyl -5-
met hyl phenyl ) di methyl silane. Undef nitrogen atnosphere, after a solution

Coo 0 10 - o LG PREPLECSy AR € By i EHLEPSN O B B
8.3

Egnggpggyre g )gergdlgggge%rgﬁg Sgﬁ? EEEE froﬁﬁpﬁe ]Sé%%% A ﬁ%E?P&%

feduced pressitt: “EeRdr r°”?‘%§9r3ﬁ§¥’—a62%deaﬁ§ 053 35 i it ddsol O s

separated by filtration was concentrated to obtain 1-

di net hyl &ni no2 SSQIan%thIéy@ﬁo%eﬁ?éﬂveﬁ@ ¢2°255¢Fadtdn 20 161 (s, AR roi

was added to hexane (30.0 L) without belng
7.28(s, 1H)

Mass spectra (EI, m/z): 452 (M*), 423, 367, 288, 204, 189,

175, 161, 147, 75, 57, 44

10 (Example 6)
Synthesis of diethylsilyl{2,4,5-trimethyl-6-
hydrocyclopenta[2, 3-b]thiophen-6-yl) (3~-tert-butyl-5-methyl-

2-phenoxy)titanium dichloride [Complex 3]

W
—\ _ClI
//f““Si /rkycl

0 [Complex 3]

15 A 1.57 M solution of n-butyllithium in hexane (3.30 mL,
5.18 mmol) was added dropwise to a solution of (Z2-allyloxy-
3—tert—butyl;5—methylphenyl)(2,4,5—trimethyl—6—
hydrocyclopenta(2, 3-b]thiophen-6-yl)diethylsilane (1.04 g,

2.30 mmol) and triethylamine (1.05 g, 10.35 mmol) in



28 June 2006 76 purified and cooled to -78C. A 1.59 M solution of n-butyl
lithiumin hexane (15.0 nmol) was added dropw se. The m xt ggqu}q@%(y@r med
to roomtenperature and stirred for 4 hours. A formed solid was Separ at ed
by filtration and 5 dried to obtain 1-di nethyl am no- 3, 4-

di et hyl cycl opent adi enyl l'i thium (0. 63 g, 29 96% as flesh powder. 1H NMR
(deuterated chloroform S(ppm): 1.86(3H), GEL 90(3H), 2.41(6H), 2.66(2H),
4.94(1H) 10 Mass spectra(El, mz): 137 (M+), 122, 77 A solution of

(2-allyl oxy-3-tert-butyl-5- nethyl phenyl)dinmethylchlorosilane (7.0 mml) in

tol uene (12. was ded opw se.t0 a solution.of 1 .

di met hyl am no}?@%%{ﬂgtgﬁﬂgpgﬁ 52? e(gyﬁ”?(?t%?h% ?dl %Orn’f}rgl Tlf}ﬁtes and

t et r ahydr of ur 10.5 m) and the m xture S tirred at _roqom.t ature
for 6 hours. ,}fq?éé? Thet LT vERTPEHA uﬁ?sFPFrgdsoﬁPuﬁﬁderir esggélécéog-‘?%ggur e,
dehydrated pentane was added and. a precipitated, solid s filtered off.., 20
The filtrate v‘@st%n’i‘?%?%ﬁhf%rb‘g?ai(ﬁ'?Hegti ?I‘ égcﬁﬁﬁ&\lﬁ&n C:?.H%m& (ffO(?%
as an oil. 1H NWR (deuterated benzene, S(Eprr)): 0.36(3H), 0.59(3H),

1. 71(9H), 1.90(3Hwa addem)dropuigeHye Bhe7repptianipixguge(ap) ~78°C and

5.10-5.14(1H), 5.27(1H), 5.54-5.60(1H), 5.79- 25 5.88(111), 7.24(1H),
7.28(1H) 28 Juttel 2086 Ft7 room temperature for 5 hours. After the

reaction mixture was concentrated and filtered using hexane
to rémove insoluble substances, the solvent distilled off
under reduced pressufe. The residue was washed with
pentane to obtain diethylsilyl(2,4,5-trimethyl-6-

10 hydrocyclopenta{2, 3-b]thiophen-6-yl) (3-tert-butyl-5-methyl-
2-phenoxy) titanium dichloride (0.13 g, 10.9%) as an orange
solid.

IY-NMR (deuterated benzene, d{ppm)): 0.80-1.03(m, 6H),
1.03-1.30(m, 4H), 1.53(s, 9H), 1.97(s, 3H), 2.02(s, 3H),

15 2.24(s, 3H), 2.30(s, 3H), 6.36(s, 1H), 7.19(s, 1H), 7.26(s,
1H)

Mass spectra(EI, m/z): 528 (M%), 499, 477

(Example 7)
20 Synthesis of (2-allyloxy-3-tert~butyl-5-methylphenyl) (2,5~
dimethylecyclopenta[l,2-b:4,3~-b']dithiophen-7-

yl)dimethylsilane



Mass spectra (El, mz) : 397 (M), 382, 340, 261, 136 (Exanple 12)
Synthesis of dinethylsilyl(2-dinethylamno-4,5 5 28 June 2006

di met hyl cycl opent adi enyl ) (3-tert-butyl-5-nmethyl -2- phenoxy)titani um

di chloride [Conplex 6] [Conplex 6] A 1.56 Msolution of n-butyllithiumin
hexane (8.0 nmol) was added dropwi se to a solution of (2-dinethylamno 10
4, 5- di met hyl cycl opent adi enyl ) (2-al | yl oxy-3% ert - butyl - 5-

net hyl phenyl ) di met hyl silane (2.0 mmol) and triethylamne (16.0 nmol) in
toluene (15.6 nL) at -78C and the m xture was warned to roomtenperature
and then stirred for 1 hour. The rgaction m xture was added dropwi se to a
solution of 15 titaniumtetrachl ori dg=F6\0 mmol) in toluene (10.1 nL) at -
78C. The resulting reaction mxture irred at room tenperature for 5
hours to obtain a red solution. The he sol uti on was repl aced
wi th hexane and a precipitated solid ¥ed off. The filtrate was 20
concentrated to obtain an oil, which™a allized 28 June 2006 78
frompentane to obtain the title compoynd (32.6 ng, 3.4% as a bl ack
solid. 1H NWVR (deuterated benzene, of: )'Cﬂié§§§§), 0.52(3H), 1.57(9H
1.82(3H), 2.14(3H), 2.25(3H), 2.38( 790( , =5 7.16(1H), 7.29(1H
Mass spectra (El, nmz) : 397 (M+), 3 340, 261, 136 "Honopol yneri zation
of Et hyl ene>>

.A solution of (2-allyloxy-3-tert-buyl-5-
methylphenyl)chlorodimethylsilane (0.71 g, 2.40 mmol) in
toluene (4 ml) was added dropwise to a solution of (2,5-

5 dimethylcyclopental[l,2~b:4,3-bf]dithiophen-7-yl)lithium
(0.51 g, 2.40 mmol) in tetrahydrofuran (10 mL) at -78°C.
The resulting reaction mixture was warmed to room
temperature and stirred for 5 hours. After the solvent was
distilled off under reduced pressure, hexane was added and

10 the mixture was filtered to remove insoluble substances.
The filtrate was concentrated under reduced pressure to
quantitatively cbtain (2-allyloxy-3-tert-butyl-5-
methylphenyl) (2, 5~dimethylcyclopentall, 2-b:4, 3~
b'ldithiophen-7-yl}dimethylsilane.

15 'H-NMR (deuterated benzene, &(ppm)): 0.28(s 6H), 1.53(s,
S°H), 2.21(s, 3H), 2.23(s, 6H), 4.30-4.35(m, 2H), 4.43(s,
1H), 4.99-5.03(m, 1H), 5.46-5.57{(m, 1H), 5.63-5.79(m, 1H),
6.75(s, 2H), 7.18(s, 1H), 7.32{(s, 1H)

Mass spectra (EI, m/z): 466(M"), 261, 233, 205, 73, 57

20



(Exanpl e 13) 10 <Pol yneri zation condition A-l> An autocl ave was charged
with toluene (5.0 nmL) under nitrogen atnmpsphere and the tengetat 956 Was
stabilized at 40C It was then charged with ethylene until |t was
pressurized to 0.60 MPa, and the pressure was stabilized. 15 Thereto MVAO
(5.8 wt% Al, Tosoh-Akzo Corporation) (100 EHD|) and the Conplex 2 (0.10
nol ) were added to carry out polynerization for 30 mn. As a result of

pol ymeri zation, a polynmer was produced in an anount of 9.2 x 106 g per 1
nol of titaniumand per an hour. 20 (Exanple 14) <Polynerization condition
B-1> Polynerl%gkkﬁglga% carrled out in the sane manner as Exanple 13,
except that a so i on of trllsobutylalunlnun1 25 in hexane (40 L, 1.0 M

Ch d. d fi h
o g bl PSR A O e 1.
d ) i 6 d
o Ph T By R O 3Bl e um and e an

carrled out in the same manner QP exc%Pt that a sol ution of
trllsobutylalﬂﬁﬁﬂﬂﬁy )titanium dlchlorl e [Complex

7
g ﬂ\ <l

-
CT/ ~¢| [Complex 4]

A 1.56 M solutioﬁ of n-butyllithium in hexane {1.50 mL,

2.34 mmol) was added dropwise to a solution of (2-allyloxy-
3-tert-butyl-5-methylphenyl) (2, 5-dimethylcyclopental[l, 2~
b:4,3-b']dithiophen-7-yl)dimethylsilane (0.45 g, 0.96 mmol)

10 and triethylamine (0.47 g, 4.68 mmol) in toluene (5.0 mL)
at ~78°C and stirred for 10 minutes and then at room
temperature for 2 hours. A solution of titanium
tetrachloride (0.27 g, 1.44 mmol) in toluene (1.5 mL)} was
added dropwise to the reaction mixture at -78°C and stirred

15 at room temperature for 5 hours. After the reaction
mixture was concentrated and filtered using hexane to
remove insoluble substances, the solvent was distilled off
under reduced pressure. The residue was washed with

pentane to obtain dimethylsilyl (2, 5-dimethylcyclopenta(l,2-



10 in hexane (40 L, 1.0 M Kanto Chem cal Co., Ltd.) and dinethylanilinium
t et raki s(pent af | uorophenyl )borate (0.30 nol) were used in @ A%fie YhodMAQ.
As a result of polynerization, a polynmer was produced in an anount of 11.4
x 106 g per 1 nol of titaniumand per an hour. 15 (Exanple. 16)
<Pol ynerization condition D 1> Pol ynmeri zation was carried out in the sane
manner as Exanple 13, except that a sol uti 84 of triisobutylalumnum 20 in
hexane (40 L, 1.0 M Kanto Chemi cal Co., Ltd.) and triphenyl nmethyl
tetrakis(pentafluorophenyl)borate (0 30 gnol) mere used in place of MVAQO
As a result of oLyperi,zati,on r mas unt of 5.2
x 106 g per HDB gfgﬁ]gé &ﬁpgﬁ& & q?é’%h
<<C0polyner|zat|on of Et hyl ene/ 1- Fbxene>> nple 17) <Po|yner|zat|on
~condition A 2>PRRPAEYOELAGE IRES ddrAlged AR t! 5t&| Fhe {80 @Y akrawns
hexene (50 pL) under nitrogen atnosphere and the tenperature was
stabilized at 80&idit was then charged with ethylene until it was
pressurized to 0.60 MPa, and the pressure was stabilized. Thereto MVAO
(5.8 wt % Al , TbﬁmMRAkd@J@r@bedtben)zeﬁéD%mmh) and. 6hes Cofif) x12400s10
nol) 10 were added to carry out polynerization for 30 mn. As a
5 SH), 2.05(s, 3H), 2.06(s, 3H), 2.24(s, 3H), 6.67(s, 2H),

7.21(s, 1H), 7.26(s, 1H)

Mass spectra(EI, m/z): 524 (M%), 491, 287, 205, 75, 57

(Example 9)
10 Synthesis of (2-allyloxy-3-tert-butyl-5-methylphenyl) (2, 5-
dimethylcyclopentall,2-b:4,3-b']dithiophen-7-

yl)diethylsilane

—
S A\
//-Si S
O\/\

At -78°C, n-butyllithium {(1.56 M, 1.69 mL, 2.64 mmol)

15 was added dropwise to a soluticon of 2,5-
dimethylcyclopentall,2-b:4,3-bf]dithiophen (0.50 g, 2.42
mmol) in tetrahydrofuran (10 mL) and the mixture was
stirred at room temperature for 4 hours. After the

reaction mixture was cooled to -78°C, a solution of (2-

20 allyloxy-3-tert-buyl-5-methylphenyl)chlorodiethylsilane



result of polynerization, a polyner having the nolecular weight (My =
739,000, the nolecular weight distribution (Mwv M) = 2.0, HRmpLdogePC and
SCB = 6 was produced in an anount of 7.0 x 106 g per 1 nol of tltanlun1and
per an hour. 15 (Exanple 18) <Polynerization condition A-3> Polynerization
was carried out in the same manner as Ex |l e 17, except that the

pol yneri zation tenperature was 20 70C. As a result of polynerization, a
pol ymer having the nolecular weight (My) = 222,000, the nol ecul ar wei ght
distribution (MMM) = 1.8, Tm= 98.7C and SCB = 7 was produced in an

anount of 40. 99x720§, 9zpet 4mpRh 9of thtarhum 3aai£pwasa% dropwisd Une

2006 81 (Exanple 19 <Po|yner|zat|on condltlon > An aut ocl ave "was

charged with %ﬁéﬁ@@g (5T9en}ésaﬂglﬁ s%ég@ﬁl % kku %d%% mﬁgﬁﬁﬁ Lo 2 arged

at nosphere an temperature was 't “Wa

h hyl 0,60 _MP
Stai i ooa. | Treberse b ed i foR S%E?G?Pigau{lwam% B R el . 0

et Chemeal . L)L pentaf o opreny boane (0,50 m ). g
mn. As g resylé ﬁixggignsgézgiiggred to remove insoluble substances.
The filtrate was concentrated under reduced pressure to
quantitatively obtain (2-allyloxy-3-tert-butyl-5-
methylphenyl) (2, 5-dimethylcyclopenta[l,2-b:4, 3-
b']dithiophen-7-yl)diethylsilane .

10 'H-NMR (deuterated benzene, &(ppm)): 0.74-0.92(m, 6H),
0.92-1.07(m, 4H), 1.52(s, 9H), 2.24(s, 6H), 2.25(s, 3H),
4.32-4.40(m, 2H), 4.48(s, 1H), 4.98-5.07(m, 1H), 5.48-
5.58{m, 1H), 5.68-5.80(m, 1H), 6.75(s, 2H), 7.26(s, 1H),
7.34(s, 1H}

15 Mass spectra (EI, m/z): 494 (M"), 289, 261, 233, 205, 73,

57

(Example 10)
Synthesis of diethylsilyl(2,5-dimethylcyclopentall,2-b:4,3-
20 b']dithiophen-7-yl) (3-tert-butyl=5-methyl-2-

rhenoxy) titanium dichloride {[Complex 5]



a polynmer having the nol ecul ar wei ght (Mv) = 904,000, the nolecul ar weight
distribution (MvV M) = 1.7 and Tm = 100. 2C was produced i n % apysse of 1.1
x 106 g per 1 nol 15 of titaniumand per an hour. (Exanple 20)

<Pol ynerization condition B-3> Polynerization was carried out in the sane
manner as 20 Exanple 19, except that the pplynerization tenperature was
70C. As a result of polynerization, a polyner having the nolecular weight
(My) = 575,000, the nolecular weight distribution (MM M) = 1.7, Tm=
103.9C and SCB = 24 was produced in an amount of 2.1 x 106 g per 1 nol of
titanium 25 and per an hour. 28 Jund 2006 82 (Exanple 21) <Pol ynerization
condition C 2> An autoclave was char with toluene (5.0 nL) and 1- 5
hexene (50 L) under nitrogen atnospd and the tenperature was stabilized
at 40C. It was then charged _with e e until it was pressurized to 0.60
MPa, and the pressure was stabmMN, here{,o0 a sol ution of
triisobutylal um numin hexang/ (44 QY Kant o Chenical 10 Co., Ltd.),

di met hyl ani | i nium tetrakis(penta Iuorgfﬁehﬂntﬁﬁ%ﬁﬁl?é.éé. pnol ) and the
Compl ex 2 (0.10 gnol) were added arry out polynerization for 30 mn.
As a result of polynerization, bl ymer havi ng the nol ecul ar wei ght (Mw)
= 1, 048, 000, the

A 1.56 M solution of n-butyllithium in hexane (1.77 mL,
2.77 mmol) was added dropwise to a solution ¢f (Z2-allyloxy-
3-tert-butyl-5-methylphenyl) (2, 5-dimethylcyclopentall, 2-

5 b:4,3-b']dithiophen-7-yl)diethylsilane (0.61 g, 1.23 mmol)
and triethylamine (0.56 g, 5.54 mmel) in toluene (7.0 mL)
at -78°C and stirred for 10 minutes and then at room
temperature for 2 hours. A solution of titanium
tetrachloride (0.35 g, 1.85 mmol) in toluene (3 mL) was

10 added dropwise to the reaction mixture at -78°C and stirred
at room temperature for 5 hours. After the reaction
mixture was concentrated and filtered using hexane to
remove insoluble substances, the solvent was distilled off
under reduced pressure. The residue was washed with

15 pentane to obtain diethylsilyl(2,5-dimethylcyclopentall,2-
b:4,3-b']ldithiophen-7-y1) (3-tert-butyl-5-methyl-2-
phenoxy) titanium dichloride (71.0 mg, 10.1%) as a brown
solid.
14-NMR (deuterated benzene, 8(ppm)): 1.01-1.07(m, 6H),

20 1.14-1.28(m, 4H), 1.49(s, 9H), 2.04(s, 6H), 2.24(s, 3H),




15 nol ecul ar weight distribution (MVVn) = 2.7, Tm= 114.3C and SCB = 16
was produced in an amount of 129.5 x 106 g per 1 not of titanjpmand per
an hour. (Exanple 22) 20 <Polynerization condition C 3> Pol ynerization was
carried out in the same manner as Exanple 21, except that the

pol ynmeri zation tenperature was 70C. As a VBsult of polynerization, a

pol yner having the nolecular weight (Mv) = 648,000, the nol ecul ar wei ght
25 distribution (MVWn) = 2.0, Tm = 108.4C and SCB = 18 was 28 June 2006 83
produced in an anount of 74.3 x 106 g per 1 nol of titaniumand per an
hour. (Exanpl®-23Ysp 2Pl yrerbZati oH)eondi2Bilen GH4> Pol yneri zati on was
carried out in the sane manner as Exanple 21, except that the

pol yneri zat i dfasenpeeat uaéElasm/E30C5a0d (M), ob4ihe536l uti on of
triisobutylalumnumin hexane was used. As a result of polynerization, a
pol ynmer 10 having the nol ecul ar weight (My) = 250,000, the nol ecul ar
~weight distribution (MM M) = 2.2, Tm = 104.3C and SCB = 24 was produced

in an amunt ofxamgl1¥ 196 g per 1 nol of titaniumand per an hour. 15
(Exanpl e 24) <Pol ynerization condition D-2> An autoclave was charged with

‘tol uene 5.0 gijo)rRasl 4-0 hexeng: £80nk) aMAABL 4NisLr ogen at mosphere and the
dimethylcyclopentadienyl) (2-allyloxy=-3-tert-butyl-5-

methylphenyl)dimethylsilane

Under nitrogen atmosphere, after a solution of 3, 4-

10 dimethylcyclopentenone (15.0 mmol) in toluene (10.0 mlL) was
cooled to -78°C, a solution of
tetrakisdimethylaminotitanium (7.8 mmol) in toluene (8.3 mlL)
was added dropwise and the mixture was stirred at room |
temperature. After disappearance of ketone from the

15 reaction mixture was confirmed by gas chromatography, the
soclvent was distilled off under reduced pressure. Hexane
(18.3 mL) was added and a precipitated solid was separated
by filtration. The filtrate was concentrated to obtain 1-
dimethylamino-3, 4-dimethylcyclopentadiene (2.23 g) as an

20 0il. The o0il was added to hexane (30.0 mL) without being



tenperature was stabilized at 40C. It was then charged 20 with ethyl ene
until it was pressurized to 0.60 MPa, and the pressure was %%Bk/{zbﬁ&d
Thereto a solution of triisobutylalumnumin hexane (40 L, T. anto
Chem cal Co., Ltd.), triphenylnethyl tetrakis(pentafluorophenyl)borate
(0.30 pmol) and the 25 Conplex 2 (0.10 nol);mere added to carry out 28 June
2006 84 pol ynerization for 30 mn. As a resu t of polynerization, a

pol ymer having the nol ecul ar weight (Mvy = 1,104,000, the nolecular weight
distribution (MM M) = 3.1, Tm= 118.8C and SCB = 14 was produced in an

amount of 56. 6, 106.9 pex céoiteavlc%ofvééé anigim aggl jpeto A DouT o £ (FxaapLe

25) <Pol yneri atlon condi tion D-3> Pol ynerization was carried out

Same. _nanner eﬂsﬁf fr?ﬂjl e PXEEPtmh AR &?g RAk HEH%%%% tegperature

was 70C. As a r ynerlzatlon a polynmer aV|ng nnlecular

ight (M 0 ti 2.9,
26387.38 a%d §E%:u%%3w§£ progﬁgégr{% %g@én% %%El?g ?ga gti6éeé Tgr % WDP
f titani d 26) <pPol d t
D45 Pl ymori SR bt ESrietceobie it heSShrat e, tALt 38+ B0 Rnt"0s,
except tht t he polynerlzatlon t epper at ur e, was 130C and 4 gL of the

sol ution “of tA4ihiiydmthuhrdHrethylamino-3,

dimethylcyclopentadienyllithium (0.63 g, 29.6%) as flesh
powder.

lH-NMR (deuterated chloroform, &(ppm)}: 1.86(3H), 1.90(3H),
2.41(6H), 2.66(2H), 4.94(1H)

10 Mass spectra(EI, m/z): 137 (M%), 122, 77

A solution of (2-allyloxy-3-tert~butyl-5-
methylphenyl)dimethylchlorosilane (7.0 mmol) in toluene
(12.1 mL) was added dropwise to a sclution of 1-

15 dimethylamino-3, 4-dimethylcyclopentadienyllithium (7.0
mmol) in tetrahydrofuran (10.5 mL) and the mixture was
stirred at room temperature for 6 hours. After the solvent
was distilled off under reduced pressure, dehydrated
pentane was added and a precipitated solid was filtered off.

20 The filtrate was concentrated to obtain the title compound
(2.86 g, 100%) as an ocil.

'H-NMR (deuterated benzene, &(ppm)): 0.36(3H), 0.59(3H),
1.71(%H), 1.90(3H), 2.21(3H), 2.44(6H), 3.67(1H), 4.40-
4.47(2H), 5.10~5.14(1H), 5.27(1H), 5.54-5.60(1H), 5.79-

25 5.88(1H), 7.24(1H), 7.28(1H)



hexane was used. As a result of polynerization, a polynmer having the

mol ecul ar wei ght (My) = 282,000, the nol ecular weight distrighuht 900d MV Mh)
= 3.1, Tm= 101.5C and SCB = 25 30 was produced in an amount of 56.6 x 106
g per 1 nol of 28 June 2006 85 titanium and per an hour. (Exanple 27)

<Pol ymeri zation condition A-5> 5 Pol ymeri zati on was carried out in the sane
manner as Exanple 17, except that 60 L of 1-hexene was charged and the
Compl ex 5 was used. As a result of polynerization, a polynmer having the
nol ecul ar wei ght (My) = 744,000, the nolecular weight distribution (Mv M)
= 2.1, Tm = 9B5G 1Qeand SGR = A mass 97 ogduged jgn amanoyndy of . 4 x 106 g
per 1 nol of titanium and per an hour. (Exanple 28) <¢o|yner|zat|on
condition B-5> 15 Pol yneri zation was carried out in the sane manner as
Exanpl e 19, except that 60 L of 1-hexene was charged and the Conplex 4 was
used. As a regg%% gﬁequﬁnerization, a polymer having the nol ecul ar wei ght
(Mny) = 903, 000, R~ “molécul ar wei ght distribution (MMWM1) = 1.5 and Tm =

89. 1C 20 was produced in _an .a nt, of. 1.7 x,.106 per. 1 | _of titanium

and per an hogyﬁ%%ﬁféﬁpp fgggﬁpﬁﬁﬁyik%&TQﬁW?: 'qW%ﬂP%§2§§'25

Polynerigatiog,mas cirriﬁq out in the same manner as
imethylcyclopentadienyl) (3-tert-butyl-5-methyl-2-

phenoxy)titanium dichloride [Complex 6]

/

_—N
\\S‘ i/Cl
A / ¢l
0 [Complex 6]

A 1.56 M solution of n-butyllithium in hexane (8.0

mmol) was added dropwise to a solution of (2-dimethylamino-

10 4, 5-dimethylcyclopentadienyl) (2-allyloxy-3-tert-butyl-5-
methylphenyl)dimethylsilane (2.0 mmol) and triethylamine
(16.0 mmol) in toluene (15.6 mL) at -78°C and the mixture
was warmed to room temperature and then stirred for 1 hour.
The reaction mixture was added dropwise to a sclution of

15 titanium tetrachloride (6.0 mmol} in toluene (10.1 mL) at -
78°C. The resulting reaction mixture was stirred at room
temperature for 5 hours to obtain a red solution. The
solvent of the solution was replaced with hexane and a
precipitated solid was filtered off. The filtrate was

20 concentrated to obtain an oil, which was recrystallized




28 June 2006 86 Exanple 21, except that 60 pL of 1-hexene was charged and
the Conplex 4 was used. As a result of polynerization, a poJyyRRE 206y N
t he nol ecul ar wei ght (My) = 988,000, the nolecular weight distribution
(MM M) = 2.1, Tm= 112.4C 5 and SCB = 32 was produced in an anount of
113.2 x 106 g per 1 nol of titaniumand pesgan hour. (Exanple 30)

<Pol yneri zation condition G 6> 10 Pol ynerization was carried out in the
same nmanner as Exanple 23, except that 40 pL of 1-hexene was charged and
the Conplex 4 was used. As a result of polynerization, a polyner having

the nmol ecul ar webgihpeiMihe=td72p088n kthe tTRhieCURLMNRIO A StHd buiion
(MM WMn) = 2.1, Tm= 101. 2C 15 and SCB = 30 was produced in an anount of

26.7 x 106 g pgL ;1 k0L bk yani um and per an hour. (Exanple 31)
- <Pol yneri zati on c%nﬁ??%on 8—g> 20 Pol ynerization was carried out in the

e conpr o & aILEL oA ST et o b i TERFRLEAES, AR
(o vy =19, Y7 2080, & P340k Soh 383" ds 2 Gihiced 1o G Damstnd? o)
41.3 X 10? g p$r18§lﬁype7ggg?lﬁ? 1 nol of titanium and per an hour.

Mass spectra(EI, m/z): 397 (M"), 382, 340, 261, 136

«Homopolymerization of Ethylenex»
(Example 13)
10 <Polymerization condition A-1>
An autoclave was charged with toluene (5.0 mL) under
nitrogen atmosphere and the temperature was stabilized at
40°C. It was then charged with ethylene until it was
pressurized to 0.60 MPa, and the pressure was stabilized.
15 Thereto MMAO (5.8 wt% Al, Tosoh-Akzo Corporation) (100
pmol) and the Complex 2 (0.10 pmol) were added toc carry out
polymerization for 30 min. As a result of polymerization,
a polymer was produced in an amount of 9.2 x 10°g per 1
mol of titanium and per an hour.
20
(Example 14}
<Polymerizaticn condition B-1>
Polymerization was carried out in the same manner as

Example 13, except that a solution of triisobutylaluminum

25 in hexane (40 puL, 1.0 M, Kanto Chemical Co., Ltd.) and



(Exanpl e 32) <Pol ynerization condition D-6> 5 Pol ynerization was carried
out in the sane. manner as Exanple 26, except that 40 L of ﬂgﬂﬁé%ﬁ&s“ﬁs
charged and the Conplex 4 was used. As a result of polynerization, a

pol ymer having the nol ecul ar weight (Mv) = 255,000, the nolecular weight
distribution (MM M) = 2.0, Tm = 102.4C 10.and SCB = 24 was produced in an
anmpunt of 7.0 x 106 g per 1 nol of titaniumand per an hour. The follow ng
tables 1 to 5 show the catalytic conponents, polynerization conditions,
catalytic activity. 15 and reaction results of Exanples 13 to 91 and those

in Conparatiyve | es to usin .
di met hyl si | yl E’?%F?‘gﬁf’ﬁﬂ“’%lﬁé‘ly&%é’ﬁta&?? 3% 3%t RS uged in place of

nmet hyl - 2- phen titani um_dichloride [.Conpl.ex .7]. [Conplex 7] 20 28 June
2006 88 Tabl eﬂ@(bah Pefe TEROMSPS) y%é&@%%l&?%?éhpl%g%f‘é%oﬁsmi zati on
condi tionActivity* 331A-10.6 341B-10.3 351C %%ﬁ4 361E>%4.0 13 A—%

142B-11. 6 152BFr9¢¢cgd in an amount of 1. X g per 1 mol of t gaz%ium

and per an hour.

(Example 15)
<Polymerization condition C-1>
Polymerization was carried out in the same manner as
Example 13, except that a solution of triiscbutylaluminumn
10 in hexane (40 uL, 1.0 M, Kanto Chemical Co., Ltd.} and
dimethylanilinium tetrakis(pentaflucrophenyl)borate (0.30
pmol) were used in place of MMAO. As a result of
polymerization, a polymer was produced in an amount of 11.4
x 10°g per 1 mel of titanium and per an hour.
15
{Example. 16)
<Polymerization condition D-1>
Polymerization was carried out in the same manner as
Example 13, except that a solution of triisobutylaluminum
20 in hexane (40 pL, 1.0 M, Kanto Chemical Co., Ltd.) and
triphenylmethyl tétrakis(pentafluorophenyl)borate {0.30
pmol) were used in place of MMAO. As a result of
polymerization, a pclymer was produced in an amount of 5.2
x 10° g per 1 mol of titanium and per an hour.

25



162D-15. 2 373A-18.6 383B-14.7 393C-159.5 403D 14.5 414A-11.9 424B-11.9

434C-155. 0 444D-110.2 455A-111.3 465B-13. 3 475C 137.4 485D 1 f, ggg%ll 3
506B- 12. 8 Si 6C 15.3 526D-15.0 *1 (x106 gPE/ nol-cat/hr) 28 June 2 a) H

O ro NNION;Tif10 TI 0O UHNHHUN U) M
80

«Copolymerization c¢f Ethylene/l-Hexene»

(Example 17)

<Polymerization condition A-2>

An autoclave was charged with toluene (5.0 mL) and 1-
5 hexene (50 pL) under nitrogen atmosphere and the

temperature was stabilized at 40°C. It was then charged

with ethylene until it was pressurized to 0.60 MPa, and the

pressure was stabilized. Thereto MMAO (5.8 wt% Al, Tosch-

Akzo Corporation) (100 pmol) and the Complex 2 (0.10 pmol)
10 were added to carry out polymerization for 30 min. As a

result of polymerization, a polymer having the molecular

weight (Mw) = 739,000, the molecular weight distribution

(Mw/Mn} = 2.0, Tm = 102.8°C and SCB = 6 was produced in an

amount of 7.0 x 10° g per 1 mol of titanium and per an hour.

15
(Example 18)
<Polymerization condition A-3>
Polymerization was carried out in the same manner as
Example 17, except that the polymerization temperature was
20 70°C. As a result of polymerization, a polymer having the

molecular weight (Mw) = 222,000, the molecular weight
distribution (Mw/Mn) = 1.8, Tm = 98.7°C and SCB = 7 was
produced in an amount of 40.9 x 10° g per 1 mol of titanium
and per an hour,

25
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(Example 19)
<Pclymerization condition B-2>

An autoclave was charged with toluene (5.0 mL) and 1-
hexene (50 pL) under nitrogen atmosphere and the

5 temperature was stabilized at 40°C. It was then charged

with ethylene until it was pressurized to 0.60 MPa, and the
pressﬁre was stabilized. Thereto a solution of
triisobutylaluminum in hexane (40 pL, 1.0 M, Kanto Chemical
Co., Ltd.), pentafluorophenylborane (0.30 umol) and the

10 Complex 2 (0.10 pmol) were added to carry out
polymerization for 30 min. As a result of polymerization,
a polymer having the molecular weight (Mw) = 904,000, the
molecular weight distribution (Mw/Mn) = 1.7 and Tm =
100,2°C was produced in an amount of 1.1 x 10° g per 1 mol

15 of titanium and per an hour.

(Egample 20)
<Polymerization condition B-3>
Polymerization was carried out in the same manner as

20 Example 19, except that the polymerization temperature was

70°C. As a result of polymerization, a polymer having the

molecular weight (Mw) = 575,000, the molecular weight

distribution (Mw/Mn) = 1.7, Tm = 103.,9°C and SCB = 24 was

produced in an amount of 2.1 x 10° g per 1 mol of titanium

25 and per an hour.
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(Example Z21)
<Polymerization ccndition C-2>
An autoclave was charged with toluene (5.0 mL) and 1-
5 hexene (50 puL) under nitrogen atmosphere and the

temperature was stabilized at 40°C. It was then charged

with éthylene until it was pressurized to 0.60 MPa, and the

pressure was stabilized. Thereto a solution of

triiscobutylaluminum in hexane (40 pL, 1.0 M, Kanto Chemical
10 Co., Ltd.), dimethylanilinium

tetrakis(pentafluorophenyl)borate (0.30 pmocl) and the

Complex 2 (0.10 pmol) were added to carry out

polymerization for 30 min. As a result of polymerization,

a polymer having the moclecular weight (Mw) = 1,048,000, the
15 molecular weight distribution {(Mw/Mn) = 2.7, Tm = 114.3°C

and SCB = 16 was produced in an amount of 129.5 x 10% g per

1 mol of titanium and per an hour,

(Example 22)
20 <Polymerization condition C-3>
Polymerization was carried out in the same manner as
Example 21, except that the polymerization temperature was
70°C. As a result of polymerization, a polymer having the
molecular weight (Mw) = 648,000, the molecular weight

25 distribution (Mw/Mn) = 2.0, Tm = 108.4°C and SCB = 18 was
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produced in an amount of 74.3 x 10° g per 1 mol of titanium

and per an hour.

(Example 23)
<Polymerization condition C-4>

Polymerization was carried out in the same manner as
Examﬁle 21, except that the polymerization temperature was
130°C and 4 pL of the solution of triiscbutylaluminum in
hexane was used. As a result of polymerization, a polymer
having the molecular weight (Mw) = 250,000, the molecular
weight distribution (Mw/Mn) = 2.2, Tm = 104.3°C and SCB =
24 was produced in an amount of 3.2 x 10° g per 1 mol of

titanium and per an hour.

(Example 24)
<Polymerization condition D-2>

An autoclave was charged with toluene (5.0 mL) and 1-
hexene (50 pL) under nitrogen atmosphere and the
temperature was stabilized at 40°C. It was then charged
with ethylene until it was pressurized to 0.60 MPa, and the
pressure was stabilized. Thereto a solution of
triisobutylaluminum in hexane (40 pL, 1.0 M, Kanto Chemical
Co., Ltd.), triphenylmethyl
tetrakis (pentafluorophenyl)borate (0.30 pmol) and the

Complex 2 (0.10 upmol) were added to carry out
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polymerization for 30 min. As a result of polymerization,
a polymer having the molecular weight (Mw) = 1,104,000, the
molecular weight distribution (Mw/Mn) = 3.1, Tm = 118.8°C
and SCB = 14 was produced in an amount of 56.6 x 10° g per

I mol of titanium and per an hour.

(Example 25)
<Polymerization condition D-3>

Polymerization was carried out in the same manner as
Example 24, except that the polymerization temperature was
70°C. BAs a result of polymerization, a pelymer having the
molecular weight (Mw) = 767,000, the molecular weight
distribution (Mw/Mn) = 2.8, Tm = 107.3°C and SCB = 23 was
produced in an amount of 77.4 x 10°® g per 1 mol of titanium

and per an hour.

(Example 26}
<Polymerization condition D-4>

Polymerization was carried out in the same manner as
Example 24, except that the polymerization temperature was
130°C and 4 pL of the solution of triiscbutylaluminum in
hexane was used. As a result of polymerization, a polymer
having the molecular weight {(Mw) = 282,000, the molecular
weight distribution (Mw/Mn) = 3.1, Tm = 101.5°C and SCB =

30 was produced in an amount of 56.6 x 10° g per 1 mol of
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titanium and per an hour.

(Example 27)
<Polymerization condition A-5>
5 Polymerization was carried out in the same manner as
Example 17, except that 60 puL of 1l-hexene was charged and
the Cbmplex 5 was used. As a result of polymerization, a
polymer having the molecular weight (Mw) = 744,000, the
molecular weight distribution (Mw/Mn) = 2.1, Tm = 93.5°C
10 and SCB = 14 was produced in an amount of 14.4 x 10°¢ g per

1 mol of titanium and per an hour.

(Example 28)
<Polymerization condition B-5>
15 Polymerization was carried out in the same manner as
Example 19, except that 60 pL of l-hexene was charged and
the Complex 4 was used. As a result of polymerization, a
polymer having the molecular weight (Mw) = 903,000, the
molecular weight distribution {(Mw/Mn) = 1.5 and Tm = 89.1°C
20 was produced in an amount of 1.7 x 10° g per 1 mol of

titanium and per an hour.

{Example 29)
<Polymerization condition C-5>

25 Polymerization was carried ocut in the same manner as
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Example 21, except that 60 pL of l-hexene was charged and
the Complex 4 was used. As a result of polymerization, a
polymer having the molecular weight (Mw) = 988,000, the
molecular weight distribution (Mw/Mn) = 2.1, Tm = 112.4°C
5 and SCB = 32 was produced in an amount of 113.2 x 10° g per

1l mol of titanium and per an hour.

(Example 30)
<Polymerization condition C-6>
10 Polymerization was carried out in the same manner as
Example 23, except that 40 pL of l-hexene was charged and
the Complex 4 was used. As a result of polymerizaticn, a
polymer having the molecular weight (Mw) = 272,000, the
molecular weight distribution (Mw/Mn) = 2.1, Tm = 101.2°C
15 and SCB = 30 was produced in an amount of 26.7 x 10° g per

1 mol of titanium and per an hour.

(Example 31)
<Polymerization condition D-5>

20 Polymerization was carried out in the same manner as
Example 24, except that 60 plL of 1l-hexene was charged and
the Complex 4 was used. As a result of polymerization, a
polymer having the molecular weight (Mw) = 408,000, the
molecular weight distribution (Mw/Mn) = 1.9, Tm = 109.8°C

25 and SCB = 18 was produced in an amount of 41.3 x 10% g per
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1 mel of titanium and per an hour.

(Example 32)
<Polymerization condition D-6>
5 Polymerization was carried out in the same manner as
Example 26, except that 40 pL of l-hexene was charged and
the Complex 4 was used. As a result of polymerization, a
polymer having the molecular weight (Mw)} = 255,000, the
molecular weight distribution (Mw/Mn) = 2.0, Tm = 102.4°C
10 and SCB = 24 was produced in an amount of 7.0 x 10% g per 1

mol of titanium and per an hour.

The following tables 1 to 5 show the catalytic
components, polymerization conditions, catalytic activity
15 and reaction results of Examples 13 to 91 and those in
Comparative Examples 1 to 9 using
dimethylsilyl (tetramethylcyclopentadienyl) (3-tert-butyl-5-

methyl-2-phenoxy)titanium dichloride [Complex 7].

\S' i :CI
A / Cl
0 [Complex 7]

20
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(Example 92)
Synthesis of ethyl (2Z)-2-methyl-3-{5-methylthiophen-2-yl1]-
2-propenoate

/N

S

5 Under nitrogen atmosphere, a reactor was loaded with

CO,Et

60% sodium hydride (87.1 g, 2.15 mol) and dry THF (130 mL).
A solution of triethyl 2-phosphonopropicnate (239 mL, 1.54
mol) in dry THF (160 mL) was added dropwise into the reactor
in an ice bath. The mixture was stirred at room

10 temperature for 1.5 hours, and successively, in an ice bath,
a solution of 5-methylthiophene-2-carboxyaldehyde (180.0 g,
1.43 mol) in dry THF (430 mL) was added dropwise thereto
under ice bath cooling and stirred at room temperature for
5 hours. An agueous saturated ammonium chlcoride solution

15 was added to the resulting reaction mixture and the mixture
was extracted with diethyl ether to obtain an organic layer.
The organic layer was washed with a saturated brine and
dried over magnesium sulfate anhydride. The solvent was
distilled off under reduced pressure to cobtain ethyl (2Z)-

20 2-methyl-3-[5-methylthiophen-2-yl]-2-propencate (291.8 g,

97.0%) as a dark red liquid.

(Example 93)

Synthesis of methyl 2-methyl-3-[5-methylthiophen-2-yl]}-2-



"a  r WANNNWAMAANMNYANAO NS rWOL N WO WO US4 a) alCiaO p -c 4-) E a)
N.cU NSW H4-1 OO ES-1 Wa) 28 June 2006

10

15

20

24

propanoate

S

Under nitrogen atmosphere, a reactor was loaded with
ethyl (22)-Z2-methyl-3-[5-methylthiophen-2-yl]-2-propenocate
(20.0 g, 95.1 mmol) and dry methancl (100 mL) and magnesium
(7.0 g, 289.0 mmeol) was added in small portions and
gradually thereto. The mixture was stirred for 5 hours,
acidified by addition of an aqueous 3N hydrochloric acid
solution and then extracted with ethyl acetate to obtain an
organic layer. The organic layer was washed with saturated
brine and dried over anhydrous magnesium sulfate. The
solvent was distilled off under reduced pressure to obtain
a dark red liquid. The liquid was purified by silica gel
chromatography (hexang[ethyl acetate = 10/1) to obtain
methyl Z2-methyl-3-[5-methylthiophen-2-yl]-2-propancate

(11.2 g, 59.4%) as a pale yellow liquid.

(Example 94)

Synthesis of 2-methyl-3-[5-methylthiophen-2-yl]-2-propanoic

S

Under nitrogen atmosphere, a reactor was loaded with

acid

methyl 2-methyl-3-[5-methylthiophen-2-yl]-2-propanocate



a 0) 28 June 2006 93 (Exanple 92) Synthesis of ethyl

(22) - 2- et hyl - 3-[ 5- net hyl t hi ophen-2-yl]- 2-propenoate S CO2E} dﬁm g§g
nitrogen atnosphere, a reactor was | oaded with 60% sodi um hydride (87.1 g,
2.15 nol) and dry THE (130 nL). A solution of triethyl

2- phosphonopropi onate (239 nL, 1.54 nol) 95n dry THF(160 nL) was added
dropwi se into the reactor in an ice bath. The m xture was stirred at room
10 tenperature for 1.5 hours, and successively, in an ice bath, a solution
of 5-nethylt hi ophene-2-car boxyal dehyde (180.0 g, 1.43 nol) in dry THE (430
m.) was addedldrapwigse 018 efneol undet CIeidbat hreagbnny(3dhd sL)rred &her oom
tenperature for 5 hours. An aqueous saturated amoni um chl ori de sol ution

15 was addedpfigtilie WesUldt iNgrdact | Orbri xdimis€r abdré heoni Xt Hear .waghe
extracted with diethyl ether to obtain an organic layer. The organic |ayer

was washed Wwirth 2 i$at Widked-drife Anflisdid edo Oygri1ragReshyny sibhabte an
anhydri de. The solvent was distilled off under reduced pressure to obtain

ethyl (22) Zgg%eg%tshxéw afag(%wﬂ th A)@Jg s&d 103 Qﬁap@ﬁeﬁt @xeggétédg,

97.0% as a rk red anpl e eS|s of net hyl

2- et hylc- 3- [51%%F@@HQT‘§¥S¥£6%3@J "ot2Bi qgﬁ 398§n1c layer. The organic

layer was washed with saturated brine and dried over

anhydrous magnesium sulfate. The scolvent was distilled off

under reduced pressure to obtain Z2-methyl-3-[5-

methylthiophen-2-yl]-2-propanoic acid (149%9.6 g, 99.0%) as a
10 pale yellow oil.

*Claisen reagent: a solution of potassium hydroxide (35 g)

in a mixed solvent of water (25 mL) and methanol (100 mL}

(Example 95)
15 Synthesis of 2,5-dimethyl-5, 6-dihydrocyclopentall,2-

b]thiophen-4-one
O

/N
S

Under nitrogen atmosphere, a reactor was loaded with
polyphosphoric acid (72.1 g) and phosphorus pentoxide (72.1
20 g, 0.51 mol) was added thereto and stirred at 140°C for 1
hour. Then, a solution of 2-methyl-3-[5-methylthiophen-2-
yllpropanocic acid (43.0 g, 0.23 mol) in 1,2-dichloroethane

(75 mL) was added dropwise and stirred at 100°C for 2 hours. .



94 propanoate S1 CO2Me Under nitrogen atnosphere, a reactor was | oaded with
ethyl (22)-2-nmethyl-3-[5-nethylthi ophen-2-yl]-2-propenoate 5u§ﬁgFQOg5 95.1
nmol ) and dry nethanol (100 nL) and magnesium (7.0 g, 289.0 mmol) was
added in small portions and gradually thereto. The m xture was stirred for
5 hours, acidified by addition of an aquedfs 3N hydrochloric acid
solution and then extracted with ethyl acetate to obtain an 10 organic
| ayer. The organic | ayer was washed with saturated brine and dried over
anhydrous magnesium sul fate. The solvent was distilled off under reduced
pressure to obtHd Feaftak Mt urguias JHéedi §ai decadswpterf i(@éd0BY silli ca
gel chromat ography (hexane/ethyl acetate = 10/1) to obtain 15 nethyl
~2- et hyl - 3- [ 5widthhyd ttili wighe neizd ya ftQr pp O pahoat es, (¢tt2agked89wd¥h as a pal e
yellow liquid. (Exanple 94) Synthesis of
2- met hyl - 3- [ 5-amtdnd fidrimo phe ekt gl -2n psopande clagbraci Uhé oBgEoRH WUaget
nitrogen atnosphere, a reactor was | oaded with nethyl
2-met hyl - 3- [ Swamt hyd s dphieth Zay | d e piopsnvat c48 Juneur008r88natd62. 9 g,
0.82 Mol ) and d aisen reagent*(391 nL) and the mxture was stirred at
room t enger at 4l uftQlonl HMUGride.over anhydrous magnesium sulfate. The
sclvent was distilled off under reduced pressure to obtain
a black ©il. The oil was purified by silica gel
chromatography {(hexane/ethyl acetate = 5/1) to obtain 2,5-
dimethyl-5, 6-dihydrocyclopenta(l, 2-b]thiophen-4-one (32.6 g,

10 B4.1%) as a reddish brown oil.

(Example 96)
Synthesis of 2,4,5-trimethyl-6é-hydrocyclopentall,2-

b]thiophene

/ \

15 S
A solution of methyllithium in diethyl ether (1.04 M,

Kanto Chemical Co., Ltd.) (31.8 mL, 33.1 mmol) was added
dropwise to a solution of 2,5-dimethyl~5, 6-
dihydrocyclopentall,2-b]thiophen-4-one (5.00 g, 30.1 mmol)
20 in tetrahydrofuran (50 mL) at ~-78°C and stirred at room
temperature for 4 hours. After addition of an aqueous
saturated ammonium chloride sclution, the mixture was

extracted with ethyl acetate, washed with saturated brine



reaction mxture was adjusted to pH 1-2 by addition of an aqueous 6N
hydrochl oric acid solution and then extracted 5 with et hyl aeel Al Sodd
obtain an organic layer. The organic |ayer was washed with satura?ed bri ne
and dried over anhydrous magnesi um sul fate. The solvent was distilled off
under reduced pressure to obtain 2-nethyl -8 [ 5-

met hyl t hi ophen-2-yl]-2-propanoic acid (149.6 g, 99.0% as a 10 pale yellow
oil. *Claisen reagent: a solution of potassium hydroxide (35 g) in a m xed
solvent of water (25 nlL) and nmethanol (100 nli) (Exanple 95) 15 Synthesis of
2, 5-di met hyl -&)®&-didryddotyd| opent apdigm bhihbbphenTheonelSeditdermasni t r ogen
at nosphere, a reactor was | oaded with pol yphosphoric acid (72.1 g) and
phosphor us peariroatier 4 72d lun@8r greBubddnpryswascaddedbtthenet?g 4amd stirred
at 140C for 1 hour. Then, a solution of 2-nethyl-3-[5-nethylthi ophen-2-

yl ] propanoi c @ik {131 04 g5, 6- 231 Fprokhclodediaiopopt hanephehs 4+l was
added dropwi se and stirred at 100C for 2 hours. 28 June 2086 96 The

reaction mxtus e gag, asiled, t orj,cegdpat gEq( 2, 908-fk) mehih-at st ging and
after 30 mnutes, extracted with chloroformto obtain an organic |ayer.

The organi ¢ '%{iﬁ{gﬁ\%@gﬁ Ch ?ﬂbﬁgHEB%ﬁeﬁﬁg%gt %%ESB%Q'&L%%b%ate S

sol ution and ydr ous’ magnesi um sul f at e solvent was

distilled Of&éﬁg&ﬁy&f%¥ﬁ¥§kpf§§%H£F ggdoggahgdrochloric acid (15 mL)

was added at room temperature. The mixture was then

stirred for 3 hours. The reaction mixture was separated by

addition of toluene and water. An organic layer was washed
10 with water and saturated brine and then dried over

magnesium sulfate. The solvent was concentrated under

reduced pressure to quantitatively obtain 2,4, 5-trimethyl-

6-hydrocyclopental[l, 2-b]lthiophene.

1H-NMR (deuterated chloroform, &(ppm)): 1.97(s, 3H), 1.98(s,
15 3H), 2.50(s, 3H}), 3.16(s, 2H), 6.58(s, 1H)

BCe-NMR {deuterated chloroform, &(ppm)): 12.23, 14.64,

16.62, 40,83, 116.94, 130.81, 136.38, 137.95, 142.32,

153.31.

Mass spectra (EI, m/z): 164 (M*), 149, 134, 115, 51, 39, 27
20

(Example 97)

Synthesis of 2,5-dimethyl-6-hydrocyclopentall,2-b]thiophene

Vs



a black oil. The oil was purified by silica gel chromatography

(hexane/ ethyl acetate = 5/1) to obtain 2, 5- 8 Jumne 2006

di met hyl - 5, 6-di hydr ocycl opent a[ 1, 2- b] t hi ophen-4-one (32.6 g, fB %ﬁ.l@@ as a
reddi sh brown oil. (Exanple 96) Synthesis of

2,4,5-trinethyl -6-hydrocycl openta[ 1, 2- b]tHi ophene 15 , S A sol ution of
methyllithiumin diethyl ether (1.04 M Kanto Chem cal Co., Ltd.) (31.8 ni,
33.1 mmol) was added dropwi se to a solution of 2,5-dinethyl-5, 6-

di hydrocycl openta[ 1, 2- b] t hi ophen-4-one (5.00 g, 30.1 muol) 20 in .

t et r ahydr of ur an (@6WM3‘@&trq%@?aﬁﬁmgﬁph?éﬁfaglFBéﬁm R MPERE Y Ky
hours. After addition of an aqueous saturated ammoni um chloride sol ution,
the m xture wes. 8@xyr atted mneh) ethgl daredaebhyhashBarwiitR FatluM®r&d brine
28 June 2006 97 and then dried over sodiumsulfate. The sol vent was
concent r at ed lmatded raddiceds ptessonecf 02 pbtdimehg 155, 6-
trimethyl-4,5, 6-tri hydrocycl opentall, 2-b]thiophen-4-ol (5.18 g, 95% . The
obt ai ned 2, 4, btrivdrethylodedt &[5, 2bhydi oppehepennal 122-6] ghi dPRer- 4umsil lnas
di ssolved in tetrahydrofuran (50 nL) and 3% hydrochloric acid (15 nL) was

added atsroom i eperad i gnydRer it xh Uy 84 Was) thes adtierr édobarisd howrstolhe
reaction m xture was separated by addition of toluene and water. An

ggg?nic | ayer; yvas, washead: 49, W +He Wat £y 280w g3t vhahedchiiree ard rihen dri ed
temperature for 3 hours. Then, an aguecus saturated
ammonium chloride solution was added to the reaction
mixture and it was extracted with ethyl acetate to obtain

10 an organic layer. The organic layer was washed with
saturated brine and dried over anhydrous magnesium sulfate.
The solvent was distilled off under reduced pressure to
obtain 2, 5-dimethyl-4,5, 6-trihydrocyclopentall, 2-
blthiophen-4-0l (22.5 g, 99%) as a pale yellow oil.

15 The cobtained 2,5-~dimethyl-4,5,6-
trihydrocyclopenta[l,2-b]thiophen-4-0l (22.2 g, €6.0 mmol)
and toluene (200 mL) were loaded, and p-toluenesulfonic
acid monohydrate (804 mg) and molecular sieves 3A (10 g)
were added. The mixture was then stirred at 95 to 100°C

20 for 1 hour. Then, water was added to the reaction mixture
and it was extracted with ethyl acetate to obtain an
organic layer. The organic layer was washed with saturated
brine and dried over anhydrous magnesium sulfate. The

solvent was distilled off under reduced pressure to obtain

25 a pale yellow oil (19.6 g). The oil was purified by silica



magnesi um sul fate. The sol vent was concentrated under reduced pressure to
quantitatively obtain 2,4,5-trinethyl- 6-hydrocyc|openta[l,%B?%hgagﬁhene.
1H NMR (deuterated chloroform 8(ppm): 1.97(s, 3H), 1.98(s, )

2.50(s, 3H), 3.16(s, 2H), 6.58(s, 1H) 13C-NWR (deuterated chl orof orm
6(ppm): 12.23, 14.64, 16.62, 40,83, 11%994, 130.81, 136.38, 137.095,
142.32, 153.31. Mass spectra (El, mz): 164(M+), 149, 134, 115, 51, 39, 27
20 (Exanple 97) Synthesis of 2,5-dinethyl-6-hydrocycl opental 1, 2-b]thi ophene
28 June 2006 98 Under nitrogen atnosphere, lithiumalum num hydride (5.80
g, 66.0 mmol)_and_dry diethyl ether (53 nL) were |oaded and a solution of

2, 5- di met hyd€h, @Rl emAy ghseFategeanhiyl, (hedarsoptecbtahe £28-8ifeth§L-2
mmol) 5 in dry tetrahydrofuran (44 nL) was added dropwi se thereto in an

ice bath.'ﬁnhydnmuyelmpentbém,sbbﬂtﬂdoyhaﬁaﬂmlsﬁmnfyajyg? %gr BWHQFES.
Then, an aqueous saturated " anmoni um chl ori de solution was added to the
reaction moltide and it was extracted with ethyl acetate to obtain 10 an
organic layer. The organic |ayer was washed with saturated brine and dried

over anhydegu QQﬁﬁi a The _sol yent s distilled off under
- reduced pregsﬁygéto (ﬁ#%ﬁ%gé,%ﬁh?ﬁﬁ?ﬂ§wl4¥§P3m$3Fhﬁdﬁﬁ%Vbldﬂ%hta?l??(sr
o) thFopnenygel 4 7 B 9288 62 e 48 YK, 2 1
1’c-NMR (deuterated chloroform, d(ppm)): 15.80, 16.75,
140,12, 117.69, 123.66, 137.67, 141,64, 145.80, 150.12

«Propylene Homopolymerization»
(Example 98)

<Polymerization condition E-1>

An autoclave was charged with toluene (5.0 mL) under -
nitrogen atmosphere and the temperature was stabilized at
40°C. It was then charged with propylene until it was
pressurized to 0.20 MPa, and the pressure was stabilized.
Thereto MMAO (5.8% by weight of Al, Tosoh Akzo Corporation)
(100pmol) and the Complex 4 (0.10 pmol) were added to carry
out polymerization for 30 min. As a result of :
polymerizafion, a polymer having the molecular weight (wa
- 248f000,.the molecular weight distribﬁtion (Mw/Mn) = 1.5
and Tm = 116.6°C was produced in an amount of 1.9 x 10° g
per 1 mol of titanium and'per an hour. - '

(Example 99)



15 The obtained 2,5-dinmethyl-4,5,6- trihydrocycl openta[1, 2-b]thiophen-4-ol
(22.2 g, 66.0 mol) and toluene (200 m.) were |oaded, and 28 june 2006

p-tol uenesul fonic acid nonohydrate (804 ng) and mol ecul ar sieves 3A (10 9)
were added. The m xture was then stirred at 95 to 100C 20 for 1 hour. Then,
-water. was added to the reaction mxturerg@and it was extracted wth ethyl
acetate to obtain an organic layer. The organic |ayer was washed wth
saturated brine and dried over anhydrous magnesi um sul fate. The sol vent
was distilled off under reduced pressure to obtain 25 a pale yellow oil
(19.6 g). The oil was purified by silica 28 June 2006 99 gel col um
chromat ogr aphy (hexane) to obtain 2, 5-di nethyl -

6- hydrocypbppﬁggghatgbglE@hgng@% @1556 g, 79% as a white solid. IHNW
(deuterated chloroform 8(ppm): 1.82(s, 3H), 2.27(s, 3H), 2.83(s, 2H,

6. 28(s, lkb 6 52(s, 1H) 23C—NNR (deuterated chloroforn1 8(ppm): 15.80,
123. 66f ,137. 67 145 8 150,12 vProperne

16. 75, 1 1,
Honopol yrrerl zapl éﬁtg%&Xﬁpwg%gflaEﬁ&%/ﬁﬁr]ﬁE +§ gL E. yndag
autodemniuf@géhaéﬁmdsphbhetQhﬂe%ﬁe(Qé&ﬁ@ﬁaﬂﬁ%&”waé“é%arge ﬁ?hﬁbe cand

the temperature was stabilized at It was then propyl ene
until it Qm&aspF€§§uph2§§eﬁoW®thoPWP@YLQM#tuntmkeﬁsuma\mmBSSabLtededo

Thereto Wlﬁ?a?%ﬁ& %EQBEeggué '%abﬂ‘iz%oc{ pQIrhetrleotnc); a solution
of triisobutylaluminum in hexane (40 pL, 1.0 M, Kanto Chemical

Co., Ltd.), pentafluorophenylborane (0.30 pymol) and the Complex
‘4 (0.10 pmol) were added to carry out polymerization for 30
min. As a result of polymerization, a polymer was produced in

an amount of 1.0 x 10°g per 1 mol of titanium and per an hour.

(Example 100)
<Polymerization condition G-~1> -

An autoclave was charged with toluene (5.0 mL) under
nitrogen atmosphere and the temperature was stabilized at 40°C.
It was then charged with propylene until it was pressurized to
0.20 MPa, and the pressure was stabilized. Thereto a solution
of triisobutylaluminum in hexane (40 pL, 1.0 M, Kanto Chemical
Co., Ltd.), dimetylanilinium tetrakis(pentafluorophenyl) borate
(0.30 pmol) and the Complex 4 (0.10 pmol) were added to carry

~out polymeriiation for 30 min. As a result of polymerization,
a polfmer’having the molecular weight (Mw)




(100pnol) and the Conplex 4 (0.10 pnol) were added to carry out

pol yneri zation for 30 mn. As a result of polynerization, ?nghggyﬁﬁhaving
t he nol ecul ar weight (My) - 248,000, the nol ecul ar weight distribution

(MM M) = 1.5 -and Tm - 116.6C was produced in an anount of 1.9 x 106 g

per 1 nol of titanium and per an hour. (®danple 99) 28 June 2006 100

<Pol yneri zation condition F-i> An autoclave was charged with toluene (5.0
m.) under nitrogen atnosphere and the tenperature was stabilized at 400C.
It was then charged with propylene until it was pressurized to 0.20 Mra,
and the pressure was stabilized. Thereto a solution of triisobutylalum num
in hexane (40 pL, 1.0 M Kanto Chemical Co., Ltd.), ‘

pent af | uorophenybHo; 2efe( ol @ gTRlD d€§§§b§$ﬁBEggsﬁtr%Afﬁﬁ%ﬁﬁnvﬂ; yey e

added to carry oqut pol ynerization for . a resu

pol yneri zajd AP ) p jng; . ap_a of . 105g.per 1
nmol of ti '?Jadrf?lr}rn%nandggép‘aaﬁmﬁégr bg%@‘gcrdrep# 2“10%5‘ g@%%ﬁeﬂéé’?ﬁ ?n "&gﬁ%i 4 on
G 1> An autocl.ave s.charged with toluene (5.0 nmL) under nitrogen
at m)spher~é’%ﬁ1dft'ﬁ%i\?gﬁpgﬂ'§gﬂﬂé‘%é§ét%I?Qe‘él‘-"‘al?%O'.C. It was then charged
with propylene until it was pressurized to 0.20 MPa, and the pressure was
stabilized. Thereto a solution of triisobutylalumnumin hexane (40 pL,
1.0 M Kanto Chem cal Co., Ltd.), dinetylanilinium .
t et r aki s( plxamipler bphenyl) borate (0.30 pnol) and the Conplex 4 (0.10
pnol ) were added to carry o

<Polymerization condition H-1>

An autoclave was charged with toluene (5.0 mL) under
nitrogen atmosphere and the temperature was stabilized at
40°C. It was then charged with propylene until it was
pressurized to 0.20 MPa, and the pressure was stabilized.
Thereto a solution of triiscbutylaluminum in hexane (40 uL,
1.0 M, Kanto Chemical Co., Ltd.), triphenylmethyl |
tetrakis(pentafluorophenyl)borate (0.30 pmol) and the
Complex 4 (0.10 Mmol). were added to carry out
polyme;ization for 30 min. "As a result of polymeriz&tion;
a polymer having the mole#uiar weight (Mw) = 527,000, the
molecular weight distribution (Mw/Mn) = 1.64 and Tm =
113.4°C was produced in an amount of 16.1 x 10° g per 1°mol

of titanium and per an hour.

«60polymerization_of Ethylene/l-Butene»

(Example 102)
<Polymerizatipn condition I-1>

After a flask was charged with toluene (1.0 L) under



out polynerization for 30 mn. As a result of polynerization, a polyner

having the nol ecul ar weight (Mv) 28 June 2006 . 101 491, 000,,gthe. Bpbgcul ar

wei ght distribution (MVVnh) = 1.7 and Tm = 104. 4C was produce |n an
amount of 16.9 x 106 g ,per 1 nol of titaniumand per an hour. (Exanple

101) <Pol ymerization condition H 1> An autlocl ave was charged with tol uene
(5.0 nmL) under
40'C. It was then charged with propylene until it was pressurized to 0.20

nitrogen atnosphere and the tenperature was stabilized at

MPa, and the pressure was stabilized. Thereto a solution of
triisobutyl al it nogennaherapeet40 kthyle@eM(8Kanlom@mgmagel 1CGhytdrtad. §2.0
tri phenyl net hyl tetrakis(pentafl uorophenyl)borate (0.30 pnol) and the

Conpl ex 4 (0.A0mpApl yervebecaddetctreitapr el ctptleifemngatihen for 30 min.
As a result of polynerization, a polyner having the nol ecul ar wei ght (M)
th@emﬁ@£§EHkérw§@'Q@%b@h%&éﬁbﬁk'@@°&NM/@Héreté §4s80de1Bh- of

113. 4C was produced I n an anpunt x 106 g per 1:nol of titanium and

- 527, 000,

per an hour.

<Pol yneri zation condit
L) under 28 Jgﬁg 200? &

10

15

20

25

&ﬁﬁ?@%bﬁﬁ?ihiéﬁlhﬁﬂm % ﬁEQ)ﬁh%anolT:B%hien% 0 MEXaRle, 102)

mica , Ltd.), the Complex 4 (0.5 umol)} and
dimethylanilinium tetrakis(pentaflucrophenyl)borate (0.5
umol)-were added to carry out polymerization for 60 min.
As a result of polymerization, a polymer having the
molecular weight (Mw) = 292,000 and the molecular weight

distribution (Mw/Mn) = 1.43 was produced in an amount of

4.3 x 10° g per 1 mol of titanium and per an hour.

(Example 103)

Polymerization was carried out in the same manner as
Example 102, except that the Complex 5 was used. As a
result of polymerization, a polymer having the molecular
weight (Mw) = 15,000 and the molecular weight distribution
(Mw/Mn) = 1.46 was produced in an amount of 10.5 x 10° g

per 1 mol of titanium and per an hour.

«Copolymerization of Propylene/l-Butene»
(Example 104)
<Poclymerization condition J-1>
After a flask was charged with toluene (1.0 L) under

nitrogen atmosphere, propylene (8.0 L/min) and l-butene

|on - ter a flask was charged with tol uene (1.0



nitrogen atnosphere, ethylene (8.0 L/mn) and 1-butene (2.0 L/mn) were

bl owmn thereinto respectively and the tenperature was stab
Thereto a solution of triisobutylalumnumin hexane (0.5

i 1

2 20 ant o

5 Chemcal Co., Ltd.), the Conplex 4 (0.5 gnol) and dinethylanilinium

t et r aki s(pent af | uorophenyl )borate (0.5 nol93 were added to
pol yneri zation for 60 min. As a result of polynerization,
t he nol ecul ar wei ght (My) = 292,000 and the nol ecul ar weig
di stribution &NM/NM s _produced i n an anmount of
mol of titani

carry out

a pol yner havi ng

ht 10

4.3 x 106 g per

= 1.43 wa
A Qna)/ﬁémaweﬁ@uub.locwé;mr@imga ESIRARE Y oidwalhearri ed

out in the sane nmanner as 15 Exanple 102, except that the Conplex 5 was
used. As a retsuperetupel ymer iszatiidn,zeal pdl VBPEL . haThegetthe analodautlian of

wei ght (My) = 15,000 and the nol ecul ar wei ght distribution

(Mv M) =

1.46

1

was produced thiamochmbyhtlomibOmsixn b@&age pér. 51 minl lof0 tM,t adrtm and per an
hour. 20 <<Copol yneri zation of Propyl ene/ 1-Butene>> (Exanple 104)
<Pol ymeri zat i onegosdit ten, J1.1a . Al t ehea coh@akexnvas @har geghwi tdnd ol uene (1.0
L) under 25 nitrogen atnosphere, propylene (8.0 L/mn) and 1-butene 28

June 2008 103d{ReOnhiiahn)ivens bb@wakﬁ@%@hmamﬁ;%&@@ﬁién\f@)
tenperature was stabilized at 30C. Thereto a solution o

pmol) were added to carry out polymerization

vAd he .5

for 60 min.

As a result of polymerization, a polymer having the

molecular weight (Mw)} = 297,000 and the molecular weight

distribution (Mw/Mn) = 1.47 was produced in an amount of

10 2.0 x 10° g per 1 mol of titanium and per an

(Example 105)

hour.

Polymerization was carried out in the same manner as

Example 104, except that the Complex 5 was used. As a

15 result of polymerization, a polymer having the molecular
weight (Mw) = 763,000 and the molecular weight distribution
(Mw/Mn) = 1.45 was produced in an amount of 4.5 x 10° g per

1 mol of titanium and per an hour.

20 «Copolymerization of Ethylene/Styrene/Norbornenex»

(Example 106)

<Peolymerization condition K-1>

An autoclave was charged with toluene (100 ml},

styrene (200 mmol) and norbornene (200 mmol) under nitrogen

25 atmosphere. The autoclave was then charged with ethylene



triisobutylalum numin hexane (0.5 nm., 1.0 M Kanto Chem cal Co., Ltd.),
the Conplex 4 (0.5 pnol) and 5 di nmethyl anilinium 28 Tune 2006
tetraki s(pentaf| uorophenyl)borate (0.5 nol) were added to carry out

pol yneri zation for 60 mn. As a result of polynerization, a polyner having
the nolecular weight (My = 297,000 and thd nol ecul ar weight distribution
(Mv WMn) = 1.47 was produced in an anmount of '10 2.0 x 106 g per 1 nol of
titanium and per an hour. (Exanple 105) Polymerization was carried out in
the sane manner as Exanple 104, except that the Conplex 5 was used. As a
15 resul t ofqnﬂ%&mﬂtz@@$omreaSpohyﬁérthaO|ﬁngﬁe Able Ehleat ef@iegRt uy) =
763, 000 and the nol ecul ar weight distribution (Mv M) = 1.45 was produced
in an amount wfs dtakxi 10fed perS501Covl Théreiibani smlandopecfan hour. 20
<<Copol yneri zati on of Ethyl ene/ Styrene/ Norbornene>> (Exanple 106)

<Pol yrer i zat i 1o Lonslh ¢ ¥ DAl ndxuAni Auhegkage (vag ahar ged Wi, t Kahaluene (100
m.), styrene (200 nnDI) and nor bornene (200 mmol ) under nitrogen 25

at mosphere. The Autor %dtpentﬁgaegﬁ 19kt B gEhyl gREe128ad4ne 2006 104
until it was pressurlzed to MPa, "and the tenperature was stabilized at

50C. Th eto(ﬁ]ﬁ@éwi,{m d%m&&'téepgkyg%eﬁka@ﬁhb@o?ﬁéﬂg@%%rgt@ (150 M

Kant o em ca lex 4 (5

dinethylam|Iﬂ%éﬁntﬁgfgkégég§n£§f&ggEngggybb?9&gEgzglgog for 60 min.

As a result of polymerization, a polymer was produced in an

amount of 5.3 x 10° g per 1 mol of titanium and per an hour.

10 (Example 107)
<Polymerization condition K-2>
An autoclave was charged with toluene (150 mL),
styrene (300 mmol) and norbornene (300 mmol) under nitrogen
atmosphere. The autoclave was then charged with ethylene
15 until it was pressurized to 0.4 MPa, and the temperature
was stabilized at 50°C. Thereto a solution of
triisobutylaluminum in hexane (1.5 mL, 1.0 M, Kanto
Chemical Co., Ltd.), the Complex 5 (7.5 umol) and
dimethylanilinium tetrakis (pentafluorophenyl)borate (15.0
20 umel) were added to carry out polymerization for 60 min.
As a result of polymerization, a polymer was produced in an

amount of 5.0 x 10° g per 1 mol of titanium and per an hour.

«High temperature and High pressure Polymerization»

25 (Example 108)




prmol ) were added to carry out polynerization for 60 mn. As a result of

pol ymeri zation, a polynmer was produced in an anount of 5.3 % gQ6280der 1
nol of titaniumand per an hour. 10 (Exanple 107) <Pol ynerization condition
K-2> An autocl ave was charged with tol uene (5150 m.), styrene (300 mmol)
and norbornene (300 nmol ) under nitrogen sphere. The autocl ave was
then charged with ethylene 15 until it was pressurized to 0.4 MPa, and the
tenperature was stabilized at 50C. Thereto a sol ution of

triisobutylaluygnumin hexane (1.5 i 0. M Kanto Chem cal Co., Ltd.),
the Conpl ex 507 S At SR AT um
t et raki s(pent af | uorophenyl )borate (15.0 20 pnpl) were added to_carry out
pol ymeri zati on forA@OQ#E% %ﬁ?%ﬁWﬁﬁnﬁqa¥ﬂe$dfy%%r?2%%?%%?3%9pé@?ﬁemxﬁaénd
produced in an _anmount of 5.0 x 106 g per 1 nol of titanium and per an
hour. "High t éTPEFENGr  lehd i g g5iTe Sl 0 P91 yaiEne SRl ¢ 7 >3n @5t fExanpl e 108)
28 June 2006 105 <Pol yneri zation condition L-1> An autoclave was charged
wi t h cycl ohex&repel8s urle) vwarsd sththiekiersd (a5 T80°Cunddrt nids dgem athmspder e
and the tenperature was stabilized at 180C. It was then charged 5 with
et hyl enedunt i Wiith wadydessswunitdzdd itto wa P MRagumaingked heo pressuPe, wasd the
stabilized. Thereto triisobutylalumnum (0.30 mmol), dinethylanilinium
t et r aki s( pent pkkesesuephenyl shaietld ze(B. 0 et @t 1 heoiGntgpl £xubi f@n 500 gpol )
‘were added to

mmol), dimethylanilinium tetrakis (pentafluorophenyl)borate

(3.0 pmol) and the Complex 5 (0.50 pmol} were added to
carry out polymerization for 2 min. As a result of

10 polymerization, a polymer having the molecular weight (Mw)
= 113,500 and the molecular weight distribution (Mw/Mn) =
1.8 was produced in an amount of 21.5 x 10’ g per 1 mol of

titanium and per an hour.

15 The following Table 6 shows the catalytic components,
polymerization conditions, catalytic activity, reaction
results of Examples 108 to 111 and those in Comparative
Example 10 using
dimethylsilyl (tetramethylcyclopentadienyl) (3-tert-butyl-5-

20 methyl-2-phenoxy) titanium dimethoxide [Complex 8].



carry out polynerization for 2 mn. As a result of 10 pol ynerizati on,

pol ymer having the nol ecul ar weight (Myy) = 113,500 and the igqltugg% @d

wei ght distribution (MvV VMn) = 1.8 was produced in an anount x 107
g per 1 nol of titaniumand per an hour. 15 The follow ng Table 6 shows
the catal ytic conponents, polynerizatidiéonditions, catalytic activity,
reaction results of Exanples 108 to 111 and those in Conparative Exanple
10 using dinethylsilyl(tetramethylcycl opentadienyl)(3-tert-butyl-5- 20

met hyl - 2- phenoxy) titani um di net hoxi de [ Conpl ex 8). 28 June 2006 106 .~, Owe

| OMVe [Conplex 8] 28 June 2006 *[~Lo NOHUa MNNNL-1M WOWam H  HNHH3N
00000 00000
OMe
o i
P “OMe
O

[Complex 8]
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OO0 .1i H 4J-Pr- ro ONra N N-=-1HH-Ir-14)--1 UOUQO a,al iCaC
)) HH nMNHco @0 28 June 2006

108

(Example 112)
Synthesis of (2-allyloxy-3-tert-butyl-5-
methylphenyl) (cyclopentall,2-b:4,3-b’]dithiocphen-7-

yl)diethylsilane

To a solution of cyclopental[l,2-b:4,3-b"]dithiophene

(0.50 g, 280 mmol) in tetrahydrofuran (25 mL) was added
dropwise n-butyllithium (1.56 M, 1.88 mL, 2.94 mmol) at -
78°C and stirred at room temperature for 4 hours. The

10 mixture was cooled to -78°C and a solution of (Z-allyloxy-
3-tert-buyl-5-methylphenyl)chlorodimethylsilane (0.83 g,
2.80 mmol) in toluene (5 mL) was added dropwise thereto.
The resulting reaction mixture was warmed to room
temperature and stirred for 2 hours. After the solvent was

15 distilled off under reduced pressure, toluene was added and
the mixture was filtered to remove insoluble substances.
The filtrate was concentrated under reduced pressure to
guantitatively obtain (2-allyloxy-3-tert-butyl-5-
methylphenyl) (cyclopenta[l,2-b:4,3-b’ ]dithiophen-7-

20 yl)diethylsilane.



uc) a) 41 1-4 ODMC)H(O(D OOr-iHH E--1 roHHHHro ro 04 X WNVO C) a) H 28
June 2006 108 (Exanple 112) Synthesis of (2-allyloxy-3-tert- FQ 06

met hyl phenyl ) (cycl openta[ 1, 2-b: 4, 3-b' ] di t hi ophen-7- yl)diethylsilane 5 To a
solution of cyclopenta[l, 2-b:4,3-b"']dithiophene (0.50 g, 280 nmol) in
tetrahydrofuran (25 ni) was added dropwi $¢8%n-butyllithium (1.56 M 1.88
m., 2.94 mmol) at - 78C and stirred at roomtenperature for 4 hours. The 10
m xture was cooled to -78C and a solution of (2-allyl oxy-

3-tert-buyl -5- nethylphenyl)chlorodlnethyIS|Iane (0. 83 g, 2.80 mmol) in

tol uene (5 nMH-WR aditted cdradpd deendritet @ (ppm) ) @ 0.67-0.96(m, 10H),

1.51(s, 9H), 2.23(s, 3H), 4.33-4.35(m, 2H), 4.49(s, 1H},
4.99-5.04(m, 1H), 5.43-5.55{(m, 1H), 5.67-5.78(m, 1H),
6.93(d, J = 5.0 Hz, 2H), 7.03(d, J = 5.0 Hz, 2H), 7.20(s

5  1H), 7.34(s, 1H).

(Example 113}
Synthesis of diethylsilyl(2,5-dimethylcyclopentall,2-b:4, 3~
b’ ]Jdithiophen-7-y1) {3~tert-butyl-5-methyl-2-

10 phenoxy) titanium dichloride [Complex 9]

A o

Cf/ ~Cl [Complex 9]

A 1.56 M solution of n-butyllithium in hexane (3.78 mL,
5.9 mmol) was added dropwise to a solution of (Z2-allyloxy-
3-tert-butyl-5-methylphenyl) (cyclopentail,2-b:4, 3-

15 b’ ]dithiophen-7-yl)diethylsilane (1.23 g, 2.6 mmol) and
triethylamine (1.20 g, 11.% mmol) in toluene (15.0 mL) at -
78°C and stirred for 10 minutes and then at room
temperature for 2 hours. A solution of titanium
tetrachloride (0.75 g, 4.0 mmol) in toluene (4.0 mL) was

20 added dropwise at -78°C to the reaction mixture and the



The resulting reaction m xture was warnmed to roomtenperature and stirred
for 2 hours. After the solvent was 15 distilled off under rgducednge
pressure, toluene was added and the mxture was filtered to renove

i nsol ubl e substances. The filtrate was concentrated under reduced pressure
to quantitatively obtain (2-allyloxy-3-tettobutyl-5-

met hyl phenyl ) (cycl openta[ 1, 2-b: 4, 3-b' ] di t hi ophen-7- 20 yl)diethylsilane. 28
June 2006 109 1H NMR (deuterated benzene, 6(ppm): 0.67-0.96(m 10H),
1.51(s, 9H), 2.23(s, 3H), 4.33-4.35(m 2H), 4.49(s, 1H), 4.99-5.04(m 1H),
5.43-5.55(m IHZtueWas 78{hyrdd)at 609B(temperabube Heor 2b) howre3(drhg =
5.0 Hz, 2H), 7.20(s, 5 1H), 7.34(s, 1H). (Exanple 113) Synthesis of

di et hyl si |l yl ( Zematiimt hyl yct ®peats afdnebt 4aBed and filtered using hexane

" b']dithiophen-7-yl)(3-tert-butyl-5-nethyl-2- 10 phenoxy)titaniumdichloride
[ Conpl ex 91 Ath 5&mMdwdl tisonule nsimbiéyhhdd i unnipehexapesoBvélt whs 5.9
nmol ) was added dropw se to a solution of (2-allyloxy-

3-tert-butyl - 5rimatiwil eyt )hcysr opetiddd  grdsdude 15the residue was.
b' ] di t hi ophen-7-yl)di ethyl'silane (1.23 g, 2.6 mol) and triethyl anine

(120 0. 511.9 /Mg Lk A0l aDeaid oD dhedi BlaedRi Al oL by EROpLRER LD, o-

m nutes and then at room nper at ur ours. A solution titani um

et o 0oL 0 TP {5 0. )- 4Ry oo o opu se
| phendxy)titanium dichloride (137.5 mg, 9.6%) as a reddish
brown solid.
1H-NMR (deuterated benzene, &(ppm)): 0.81-1.03(m, 6H),
10 1.16-1.27(m, 4H), 1.46(s, 9H), 2.21(s, 3H), 6.80(d, J = 5.5
Hz, 2H), 6.91(d, J = 5.5 Hz, 2H), 7.22(s, 1H), 7.25(s, 1H).

Mass spectra (EI, m/z): 542 (M%), 513, 491, 275

Industrial Applicability

15 High meolecular weight polyolefin can be produced with
high catalytic activity by using a transition metal complex
obtained according to the present invention as a catalytic

component.



28 June 2006 110 m xture was stirred at roomtenperature for 5 hours. The
reaction mxture was concentrated and filtered using hexanezgﬁhég e
i nsol ubl e substances. After the solvent was distilled off under reduced
pressure, the residue was 5 washed with pentane to obtain
di et hyl silyl (cycl openta[1, 2- 111

b: 4, 3-b']dithi ophen-7-yl)(3-tert-butyl-5-nethyl-2- phenoxy)titanium
dichloride (137.5 ng, 9.6% as a reddish brown solid. 1H NMR (deuterated
benzene, 3(ppm0.81-1.03(m 6H), 10 1.16-1.27(m 4H), 1.46(s, 9H), 2.21(s,
3H), 6.80(d, J =5.5 Hz, 2H), 6.91(d, JE&HEHM Hz, 2H), 7.22(s, 1H),
7.25(s, 1H). Mass spectra (El, mz) : 542 (M), 513, 491, 275 Industrial
“Applicability 15 Haghtyohettier metght cpobyekefeprearnbedpbgduded with

hi gh catalytic activity by using a transition netal conplex obtained
accordi ng to tiel Jpwesentformehdi ¢h) as a catal ytic conponent. 28 June 2006
111 CLAIMS 1. Atransition netal conplex represented by the follow ng
formula (1): (1) RO 5 wherein Mis a Goup 4RPransition netal; Ais a

G oup 16 el enent; R 2
RS ' 2
RBAB j M'(x1 )n
7 R X
R A/ (1
RB R10
RQ
5 wherein M is a Group 4 transition metal;

A is a Group 16 element;
B is a Group 14 element;
n is an integer of 0 or 1;
Rl, R?, R® and R* are the same or different and each
10 independently denotes a substituent selected from the group
consisting of the following groups (I} and (II):
group (I) consisting of
hydrogen,
substituted or unsubstituted Cj-p¢ alkyl,
15 substituted or unsubstituted Cg-z0 aryl,
substituted or unsubstituted C;.;y aralkyl, and
silyl substituted with substituted or unsubstituted
Ci-20 hydrocarbon, and
group (II) consisting of

20 substituted or unsubstituted Ci-;p alkoxyl,



Bis a Goup 14 elenment; nis an integer of 0 or 1; Rl, R2, R3 and R4 are
the sanme or different and each 10 i ndependently denotes a S%?%ﬁh&ﬂﬁﬁﬁ
selected fromthe group consisting of the follow ng groups (1) and (I1):
group (1) consisting of hydrogen, substituted or unsubstituted Cl1_20

al kyl, 15 substituted or unsubstituted C612P aryl, substituted or
unsubstituted C7_20 aral kyl, and silyl substituted with substituted or
unsubstituted < 20 hydrocarbon, and group (I1) consisting of 20
substituted or unsubstituted C1_20 al koxyl, 28 June 2006 112 substituted or
unsubstituted C6-2Gudrsyiduted substnsub el ontedstbst iamtlekiGr- 20

aral kyl oxy, silyloxy substituted with substituted or unsubstituted C1-20
hydr ocarbon, 5 am pabsthstitad edr wirddulsstbstut ed edh_of aursldbstastwt ed Cl-20
hydr ocar bon, phosphi no substituted with substituted or unsubstituted Cl1_20
hydrocarbon, and tRiiq SuWhst iduBach mitdy skbsh | $uibee ot dsabsthsubediChited10

20 hydrocarbon, provided that at least one of R, R2, R3 and R4 is a
substituent sghggtggdggggkbgﬁ,group (rn;
5 amino substituted with substituted or unsubstituted
Ci-z0 hydrocarbon,
.phosphino substituted with substituted or
unsubstituted C;.zo hydroccarbon, and
thio substituted with substituted or unsubstituted Ci-

10 20 hydrocarbon,
provided that at least one of R', R?, R® and R* is a
substituent selected from the group (II);
R®, R%, R’, R?, R’ and R are the same or different and each
independently denotes hydrogen, halogen,

15 substituted or unsubstituted Ci_z¢ alkyl,
substituted or unsubstituted Cyi_p0 alkoxy,
substituted or unsubstituted Ce2p aryl,
substituted or unsubstituted Cegz aryloxy,
substituted or unsubstituted C;-p9 aralkyl,

20 substituted or unsubstituted C;-z9 aralkyloxy,
silyl substituted with substituted or unsubstituted C;-zg
hydrocarbon, or
amino substituted with substituted or unsubstituted C;.zo
hydrocarbon;

25 X'and X? are the same or different and each independently



R5, R6, R7, R8, RO and R10 are the same or different and each

i ndependent |y denotes hydrogen, hal ogen, 15 substituted or %ggﬂg?gé&yted
subst’l

Cl 20 al kyl,

substituted or unsubstituted Cl1 20 al koxy, uted or

unsubstituted C6_20 aryl, substituted or unsubstituted C6_20 aryl oxy,

substituted or unsubstituted C7_20 aral kyl1120 substituted or unsubstituted
C7_20 aral kyl oxy, silyl substituted with substituted or unsubstituted Cl1_20

hydrocarbon, or amino substituted with substituted or unsubstituted Cl_20

hydr ocar bon;

25 Xland X2 are the sanme or different and each independently

28 June 2006 Yedodemsothesinnmhrogemldedogen, substituted or unsubstituted

Cl 20 al kyl,

substituted or unsubstituted Cl1_20 al koxy, substituted or

unsubsti t ut ed sGBs20 tartyeld & substbhdtuttedted Gnsulsitivilyt ed C6_20 aryl oxy,
substituted or unsubstituted C7_20 aral kyl, substituted or unsubstituted
C7_20 ar al kyl expstar @B @ s ulisdidat edatvéd hesubstlidastyed or unsubstit ut ed
Cl 20 hydrocarbon; or 10 two adjacent substituents of Rl, R2, R3 and R

and two adj agenltS¥hsldd uants b Bt Rbd RY, ,R&ryR9 and R10 may be _
optionally bonded to forma ring. 2. The transition netal conplex according

to claimgl,

10

15

20

25

each

substituted or unsubstituted Ce¢-29 aryloxy,

substituted or unsﬁbstituted Cy-20 aralkyl,

subsfituted or unsubstituted Cs.zg aralkyloxy, or

amino substituted wiﬁh substituted or unsubstituted Ci_;g
hydrocarbon; or

two adjacent substituents of RY, R?, R® and R, and two
adjacent substituents of R®, R%, R’, R?, R® and R'® may be

each optionally bonded to form a ring.

2. The transition metal complex according to claim 1,
wherein one or two of R', R?, R®and R?! are

substituted or unsubstituted Cj-zo alkoxyl,

substituted or unsubstituted Cg.z¢ aryloxy,

substituted or unsubstituted Cy-p9 aralkyloxy,

silyloxy substituted with substituted or unsubstituted Ci;-zo
hydrocarbon,

amino substituted with substituted or unsubstituted Cji-z¢
hydrocarbon,

phosphino substituted with substituted or unsubstituted Cj-
290 hydrocarbon, or

thioc substituted with substituted or unsubstituted Ci-z



15 wherein one or two of Rl, R2, R3 and R4 are substituted or unsubstituted
C1_20 al koxyl, substituted or unsubstituted C6_20 aryl oxy, ,esjiisbppd!t ed or
unsubstituted C7_20 aral kyl oxy, silyloxy substituted with sd%stltuted or
unsubstituted C1_20 20 hydrocarbon, am no substituted with substituted or
unsubstituted C1_20 hydrocarbon, phosphi Ad4substituted with substituted or
unsubstituted C1_ 20 hydrocarbon, or 25 thio substituted with substituted
or unsubstituted Cl1_20 28 June 2006 114 hydrocarbon. 3. The transition
metal conplex according to claiml or 2, wherein one or tw of Rl, R2, R3
and R4 are ami¥d BCaPRBituted with substituted or unsubstituted ClL 20

hydr ocarbon or thio substituted with substituted or wunsubstituted Cl1_20
hydrocarbon. 4. The transition netal conplex according to claiml or 2, 10
wherein one or two of R, R2, R3 and R4 are am no substituted with
substituted oF. urBhkdstramsedicd @Otahydoopaekoaccbrdihg trandiatimod wet &,
conpl ex according to claim1 or 2, 15 wherein Rl, R2, R3 and R4 are bonded
to one anot hethdwefwrone abr| east conNe! t MQpREnend i Wy.are abkhiend ransition
metal conplex according to claim1, which is represented by the formula

(7): 5 substituted with substituted or unsubstituted Cj_g;
hydrocarbon or thio substituted with substituted or

unsubstituted Ci-p¢ hydrocarbon.

4. The transition metal complex according tec claim 1 or 2,
10 wherein one or two of R!, R?, R®and R! are amino
substituted with substituted or unsubstituted Ci_zg

hydrocarbon.

5. The transition metal complex according to claim 1 or 2,
15 wherein RY, R?, R®and R? are bonded to one another to form

at least one thiophene ring.

6. The transition metal complex according to claim 1,

which is represented by the formula (7):



28 June 2006 115 wherein M A, B, Rl, R2, R5, R6, R7, RB, R9, are as
defined for the formula (1); X1, X2 and n R13 and R14 |ndepeﬂgﬁﬁébaogenote
a substituent. selected from 5 the group (I); and the bond noie
represented by R13 IR14 ?y2=13 is a partial structure represented by the.
formula (7a): R13 R14 | =Y2-y (7 a) wherein-Y' and Y2 are. independently a
carbon atomand Y3 is 10 a sulfur. atom prs by the fornula (7b): R13 R14
Y1- | (7b) wherein Yl is a sulfur atomand Y2. and Y3 are independently a
carbon atom 15 7. The transition netal conplex according to claim1l or 6,
28 June 2006 116 which is represented by the formula (8): R14 Y2,Y3 Y6 16
R13 Y ' ~4s

Q\Y R2

)

wherein M, A, B, R!, R?, RS, RG, rR’, RY, R% R', x!, X2 and n
are as deflned for the formula (1);
R*® and RY independently denote.a substituent selected from.

5 the group (I):; and
R13 R14

Ly

Jye
the bond moiety represented by Y iy ly?

is a
partial structure represented by the formula (7a):

R13 R14

]

Y=Yy (94 |
wherein' Y' and Y? are independently a carbon atom and Y* is
10 a sulfuiratom, or by the formula (7b):
R13 R14
SOOI Vg NI - S (7b)

wherein Y! is a sulfur atom and Y2 and Y® are independently

a carbon atom.

15 7. The transition metal complex according to claim 1or &,



W_\jX2 R6 zB" ) n X1 (8) wherein M A B, R5, O R8 R9, Rio XL Xz Y1 Yz
Y3, R13, Rl14, the dotted |line and n are as 'defined for the. 8 %Qb | as
(1) and (7); R15 and R16 i ndependently denote a substituent Selected from
the group (1); and the bond noiety represented by R15 IR16 Y4j-Y5= zy6 .10
Is a partial structure represented by the fornmula (8a): R15 R16 Y wherein
Y4 and Y5 are independently a carbon atom1Y6é is a sulfur atomand R 7
denotes a. substituent selected fromthe group (1), or by the. fornula
(8b): R15 R16 15. y4-Y5=l (8b) 28 June 2006 117 wherein Y4 is a sulfur atom
and YE and Y6 are independently a carbon atom 8. The transition netal
conpl ex accor diight d samemresait&d chai bbe 1fovmAtawiélein A is an oxygen
atom : '

RB R10

wherein M, A, B, R, RS, R, RY, R®, RM, X!, X2, Y, Y%
Y3, Rﬁ, R, the dotted line and n are as defined for the
5 formulas (1) and (7);
R1® and R!® independently denote a substituent selected from
the group (I); and
the bond moiety represented by
R'® Rt
—-——Y4'.I-:=Y5:-.|: B —
10 is a partial structure represented by the formula (8a):

R15 R16

‘ l*==li-— (Ba).

wherein Y! and Y® are independently a carbon atom, Y® is a

sulfur atom and R'? denotes a substituent selected from the

group (I), or by the formula (8b):
R15 R16

15 —Y—¥=Yt—— (gp



9. The transition netal conplex according to any one of clains 1 to 8,
wherein B is a silicon atom 10 10. The transition nmetal comy gx.ag6ordi ng
to any one of <clains 1 to 9, wherein RLO is substituted or unsubstituted
Cl1-20 al kyl, substituted or unsubstituted C7-20 aral kyl, substituted or
unsubstituted substituted with substituyted 15 hydrocarbon. C6-20 aryl, or
silyl C1-20 or unsubstituted 11. The transition netal conplex according to
any one of claims 1 to 10, wherein n is 1. 20 12. The transition netal
conpl ex according to any one of clains 1 to 11, wherein Mis titanium 13.

The transitipa-BBhal* cOAPLEX QT dithkeh h@NY Y of° Ghral @%&%?éh&%htly
wherein X1 or X2 is a chlorine atom 25 28 June 2006 118 14. process of

produci ng a,tLangLhi petal conplex according to claim1, which conprises
reacting su%s%?tutedgegyélopentadiene represented by the formula (2): 5
wherein Ais a Goup 16 elenent; Bis a Goup 14 elenent; Rl, R2, R3 and
R4 are the sane or different and each independently denotes a substituent

selected fromthe grou consisting of the follow n roups (1) and (I :
8. Thg tggnsition meé%l complex accof%f%g ég gn& one(og)

5 claims 1 to 7, wherein A is an oxygen atom.

9. The transition metal complex according to any one of

claims 1 to 8, wherein B is a silicon atom.

10 10. The transition metal complex according to any one of
claime 1 to 9, wherein R is substituted or unsubstituted
Ci.2¢ alkyl, substituted or unsubstituted Cs.5¢ aralkyl,
substituted or unsubstituted Cs_20 aryl, or gilyl
substituted with gubatituted or unsubstituted Ci-20

15 hydrocarbon.

11. The transition metal complex according to any one of

claims 1 te 10, wherein n is 1.

20 12. The transition metal complex according to any one of

claims 1 to 11, wherein M 1s titanium.

13. The transition metal complex according to any one of

claims 1 to 12, wherein X' or X? is a chlorine atom.

25



group (1) consisting of 10 hydrogen, substituted or unsubstituted Cl1_20
al kyl, substituted or unsubstituted C6_20 aryl, substitutesk ar..2006
unsubstituted C7_20 aral kyl, and silyl substituted with subsfitutéd or
unsubstituted 15 Cl1_20 hydrocarbon, and group (I1) consisting of
substituted or unsubstituted Cl_20 al koxyl118substituted or unsubstituted
C6_20 aryloxy, substituted or unsubstituted 07 20 aral kyl oxy, 28 June 2006
119 silyl oxy substituted with substituted or unsubstituted Cl-20

hydr ocar bon, am no substituted with substituted or unsubstituted _Cil-20
hydr ocar bon, 5%hodbiiiRFatbstf tREAUGHRE BubseRs it benoretahsGBBPILEH ed
Cl- 20 hydrocarbon, and thio substituted with substituted or unsubstituted
Cl- 20 hydroceacmrdlmq)vwe@lwml,atwlme@lstcmrwemwmtlm andsRitised
10 substituent group selected fromthe. group (I11); R5, R6, R7, Re, RO and
R10 are the salopaifddirar Eﬂpt@&mﬁtedHdﬁpb@deﬁ®rmuhen©2bs hydrogen

hal ogen, substituted or unsubstituted Cl-20 al kyl, substituted or
unsubstituted C1_20 al koxy, 15 substitutengr unsubstituted C6-20 aryl,

R* R2
5
R
R’ A ~gtt @
RB R10
RQ
5 wherein A is a Group 16 element; B is a Group 14 element;

R', R?, R’ and R? are the same or different and each
independently denotes a substituent selected from the group
consisting of the following groups (I) and (II):
group (I) consisting of
10 hydrogen,
substituted or unsubstituted C;-yp alkyl,
substituted or unsubstituted Cgo0 aryl,
substituted or unsubstituted C;-; aralkyl, and
silyl substituted with substituted or unsubstituted
15 Ci-20 hydrocarbon, and
group {II) consisting of
substituted or unsubstituted Ci;-;g alkoxyl,
substituted or unsubstituted C¢-3¢ aryloxy,

substituted or unsubstituted C;-2¢ aralkyloxy,



substituted or unsubstituted C6-20 aryl oxy, substituted or unsubstituted
Cr-20 aral kyl, substituted or unsubstituted C7-20 aral kyl oxyg rsdel 266
substituted with substituted or unsubstituted Cl 20 20 hydrocarbon, or

anmi no substituted with substituted or unsubstituted Cl-20 hydrocarbon; or
two adj acent substituents of Rl, R2, R3 ant! R4, and two adj acent
substituents of R5, R6, R7, R, RO and R10 may be 25 each optionally bonded
to forma ring; 28 June 2006 120 R is a substituted or unsubstituted

hydr ocar bon group Q tr| stit | grou t he posjtions. of
the doubl e bonds gr}lty eOWyCﬁ"Lbi:ifetrﬁta ee wﬁ%gs'g?%tgw &aﬁ’ro?gsﬂia?t%uﬁed
m xt ure of optlonaEH503|t| with a base and 5 then reacting with a

c

transition mefafze bHrE* EBresented by the formula (3): X\ k"2) n

X4~M - Xl (3) wherein Mis a Goup 4 transition netal; nis an integer of O
or 1; and 10 X1, X2mixg mwgw—zct el Warkukat divted ent amgukathtuted
|ndependently denotes hydr ogen, hal ogen, substituted or unsubstituted
Cl1_20 al kyl, Csubshydueaarbpnunsubst i t ut ed Cl1_20 al koxy, substituted or
unsubstituted C6_20 aryl, 15 substituted or unsubstituted C6_20 aryl oxy,

5 phosphino substituted with substituted or

unsubstituted Ci.z;p hydrocarbon, and
thio substituted with substituted or unsubstituted C;-
20 hydrocarbon,
provided that at least one of R!, R?, R® and R! is a
10 substituent group selected from the group (II);
R°, R% R’, R% R® and RY are the same or different and each
independently denotes hydrogen, halogen,
substituted or unsubstituted C;-z; alkyl,
substituted or unsubstituted C;_;y alkoxy,
15 substituted or unsubstituted Cq¢.p9 aryl,
substituted or unsubstituted Cg.pp aryloxy,
substituted or unsubstituted Cq-py aralkyl,
substituted or unsubstituted C;.; aralkyloxy,
5ilyl substituted with substituted or unsubstituted Cj_s
20 hydrocarbon, or
aminc substituted with substituted or unsubstituted Cj_
hydrocarbon; or
two adjacent substituents of R!, R?, R® and R%?, and two
adjacent substituents of R?>, R%, R’, R®, R’ and R may be

25 each optionally bonded to form a ring;



substituted or unsubstituted C7_20 aral kyl, substituted or unsubstituted
C7_20 aral kyl oxy, or amno substituted with substituted or QﬂﬁHB§2b%9ted
Cl 20 hydrocarbon. 20 15. Substituted cycl opentadi ene represente y the
formula (2) described in claim114. 16. A process of producing substituted
cycl opent adi ene 28 June 2006 121 representEdl by the formula (2) described
in claim114, which conprises reacting substituted cycl opentadi ene
represented by the forrmula (5): (5) 5 wherein RL, R2, R3 and R4 are the
sanme or different and each independently denotes a substituent selected
fromthe grouR' conststipgtbtutad ¢ol hoeihgtitotipsd hyyrasdrpen) Jrgueupy | )
consisting of hydrogen, 10 substituted or unsubstituted Cl1_20 al kyl,
substituted om unduwksihgtuited «b 20 @ Wrousubsid tthedposituhsobstift bhed

C 20 aralkyl, and silyl substituted with substituted or unsubstituted

Cl1_20 hydr ocadb@ml candrkls grouhd |dycloansisdidingnof r sudpsaré udptdional or
unsubstituted C1_20 al koxyl, substituted or unsubstituted C6_20 aryl oxy,
substituted Oopayndbst indiutted O LG rdddadl PYsitions; with a base and
5 then reacting with a transition metal compound represented
by the formula (3):
3 2
Sl
X X
wherein M is a Group 4 transition metal; n is an integer of
0 or 1; and
10 X!, %%, X? and X* are the same or different and each
independently denotes hydrogen, halogen,
substituted or unsubstituted Ci;_z alkyl,
substituted or unsubstituted Cj-zo alkoxy,
substituted or unsubstituted Cgs-p0 aryl,
15 substituted or unsubstituted Cg2p aryloxy,
substituted or unsubstituted C;.p0 aralkyl,
substituted or unsubstituted Cr.pg aralkyloxy, or
amino substituted with substituted or unsubstituted Ci-zp
hydrocarbon.
20

15. Substituted cyclopentadiene represented by the formula

(2) described in claim 14.

16. A process of producing substituted cyclopentadiene



silyloxy substituted with substituted or unsubstituted 20 Cl1_20
hydrocarbon, amino substituted with substituted or unsubsti tagtgde 26d6 20
hydr ocar bon, phosphi no group substituted with substituted or 28 June 2006
122 unsubstituted Cl1_20 hydrocarbon, and thio substituted with substituted
or unsubstituted C1_ 20 hydrocarbon, provizied that at |east one of Rl, R2,
R3 and R4 is a 5 substituent group selected fromthe group (I1); or two
adj acent substituents of Rl, R2, R3 and R4 may be optionally bonded to
forma ring; and the positions of the double bonds on the cycl opentadi ene
ring are opti cralresentsy by ahe xiamailof Obt i dmetrposdtionslain0ld t whach
base and then reacting with a conpound represented by the forrmula (6):
wherein A is aofbaipekb radaereniy RibstiaGalpeid] ebemendienxSréegrashateden
atom 15 R5, R6, R7, R6, RO and R10 are the sanme or different and each

i ndependent | ypgemrekes diinegers) ;hal ogen, substituted or unsubstituted Cl_20
al kyl, substituted or unsubstituted Cl_20 al koxy, substituted or
unsubstituted C6-20 aryl, 20 substitutgd or upsubstituted C6_20 aryl oxy,
substituted or unsubstituted C7_20 ar & kyl , B8 June 2006

(5)
R* R’

5 wherein R!, R?, R® and R?! are the same or different and each
independently dencotes a substituent selected from the group
consisting of the following groups (I) and (II):

group (I} consisting of
hydrogen,
10 substituted or unsubstituted Cj;z alkyl,
substituted or unsubstituted Cgyp aryl,
substituted or unsubstituted C;-3¢ aralkyl, and
silyl substituted with substituted or unsubstituted
Ci-20 hydrocarben, and
15 group (II) consisting of
substituted or unsubstituted Ci;-;¢ alkoxyl,
substituted or unsubstituted Cg;p aryloxy,
substituted or unsubstituted Cs.2¢ aralkyloxy,
silyloxy substituted with substituted or unsubstituted
20 Ci—20 hydrocarbon,
“amino substituted with substituted or unsubstituted
Ci-20 hydrocarbon,

phosphino group substituted with substituted or




123 substituted or unsubstituted C7_20 aral kyloxy, silyl substituted wth
substituted or unsubstituted Cl1_20 hydrocarbon, or am no su9§§ﬁﬁé§ﬁ@ wth
substituted or unsubstituted C1_20 5 hydrocarbon; or two adjacent
substituents of R5, R6, R7, R8, RO and R10 may be optionally bonded to
forma ring; and R11 is a substituted or uh®Bbstituted hydrocarbon group or
a tri-substituted silyl group. 10 17. Substituted cycl opentadi ene
represented by the fornula (4) : R12 (4) S wherein R12 is hydrogen, a
substituted or unsubstituted C1_20 15 alkyl or a substituted or
unsubstltutedun$qaﬁtw§utedsh.A taropstriar, alrefi n pol yreri zati on
conprising a transition netal conplex according to any one of clains 1 to
13 in conbi nati on wilil tsheo $toil v dh g Tictrpominglt { )t e @ 0o when ibs € A ut sdany.-
one of or a mxture of two or three of the follow ng conpounds (Al) to
(A3): (Al): ap, cigéaneed tisdnum conpound represented by the 28 June 2006 124
formula ElaAl (2) (3_a), (A2): cyclic alum noxane having the structure

provided that at least cne of R, R?, R’ and R* is a

5 substituent group selected from the group (II}; or
two adjacent substituents of R!', R?, R® and R! may be
optionally bonded to form a ring; and
the positions of the double bonds on the cyclopentadiene
ring are optional or may be a mixture of optional positions,

10 with a base and then reacting with a compound represented

by the formula (6):

wherein A is a Group 16 element; B is a Group 14 element;
X’ is a halogen atom;

15 R°, R®, R’, R®, R® and R are the same or different and each
independently denotes hydrogen, halogen,
substituted or unsubstituted Cj.5p alkyl,
substituted or unsubstituted C;_z¢ alkoxy,
substituted or unsubstituted Cg-z9 aryl,

20 substituted or unsubstituted C¢-29 aryloxy,

substituted or unsubstituted C;.50 aralkyl,



represented by the fornmula {-Al(E2)-0O1}b, (A3): linear alum noxane having
the structure 5 represented by the formul a E3{'AI(E3)'C>}OA%£E§%%OO6
wherein El to E3 are the sane or different and each independently denotes
a C1_8 hydrocarbon group, Zis the. sanme or different and each denotes
hydrogen or halogen, a is an integer of 23 or 3, b is an integer of 2 or
nore, 10 and c is an integer of 1 or nore. 19. A catalyst for olefin

pol ymeri zation conprising a transition netal conplex according to any one
of claimse 1 to 13.in conbination with the follow ng conpounds (A) and 15
(B), wherein ERPStdtakpdone &9 seP st ifvbad &0 BWBLEY LOMYee of the
foll ow ng compounds (Al) to (A3): (Al): an organoal um num conpound
represent ed bgithé Sﬂbﬁﬁéﬁatéﬁamit&ZFU@ﬁﬂﬁtuR@@Xﬂ?@WﬁQQﬁﬁﬂ@#ﬁ%%%éna
having the structure 20 represented by the forrmula {-A (E2)-O)b, (A3):

| i near al um nbydmechabiong bhle structure represented by the fornula

E3{-AI (E3)-O}cAl (E3)2, wherein El to E3 are the sane or different and
each independenhhbysdesat¢atadCi@hhydbetdtimaedooumnsibst tthet b Gage or
di fferent and each denotes hydrogen or hal ogen, a 28 June 2006 125 is an
integer of 1,hgddebcdrbbni;socan integer of 2 or nore, and c is an integer of
1 or nore, and (B) is any one of or a mxture of two or three of the

fol l ow ng compyndgyEBEbhtt QubB8lituents of R°, R®, R’, R®, R® and R!® may
be optionally bonded to form a ring; and
R is a substituted or unsubstituted hydrocarbon group or

a tri-substituted silyl group.

10

17. Substituted cyclopentadiene represented by the formula

(4):

R12
Iy J @
S

wherein R is hydrogen, a substituted or unsubstituted Ci_zg
15 alkyl or a substituted or unsubstituted Cg0 aryl.

18. A catalyst for olefin polymerization comprising a

transition metal complex according to any one of claims 1

to 13 in combination with the following compound (A),
20 wherein (A) is any one of or a mixture of two or three of

the following compounds (Al) to (A3):

(Al) : an organcaluminum compound represented by the



5 (Bl): a boron conpound represented by the fornula BQLQR2Q@, (B2) : a

boron conpound represented by the fornula z+(BQLQQREBA) , (ﬁ%ﬁﬁegoagron
conmpound represented by the formula 10 (L-H) +(BQL@RE@BA) -, erern Bis a

boron atomin a trivalent valence state, QL to 4 are the sane or
different and each is a halogen atom a 1G4 20 hydrocarbon group, a Cl_20
hal ogenat ed hydrocarbon group, a substituted silyl group having 1 to 20
carbon 15 atonms, a Cl_20 al koxy group or a disubstituted am no group
havi ng 2-20 carbon atons, Z+ denotes an inorganic or organic cation, and
L-H is a BrofnstmdlacEd.ARQZ) A-pr.ocess of producing an ol efin polymer which
20 conprises polynerizing olefin in the presence of the catalyst for olefin
pol ynmeri zati on ace¢apdi:ngyicoiel ailmmliscorankd hadindgl heherocesstiiove produci ng
an olefin polyner according 25 to claim 20, wherein polynerization of
olefinis cagg%ggsgﬁtéang 2006 ¥26-mauta at-AhempeloHgy,i zation tenperature

o]

range of -50C 250C and under a pol ynerization pressure from at nospheric
pressure to 10 NP?A3J: linear aluminoxane having the structure
5 represented by the formula E3{-A]l1(E3)-0-}:AL(E3) 2,
wherein E1 to E3 are the same or different and each
indepéndently denotes a C;-g hydrocarbon group, Z is the
same or different and each denotes hydrogen or halogen, a

is an integer of 1, 2 or 3, b is an integer of 2 or more,

10 and ¢ is an integer of 1 or more.

19. A catalyst for olefin polymerization comprising a
transition metal complex according to any one of claims 1
to 13 in combination with the following compounds (A) and

15 (B), wherein (A) is any one of or a mixture of two or three
of the following compounds (Al) to (A3):

(A1) : an organoaluminum compound represented by the
formula E1,AL(Z) (3-a),

(A2): cyclic aluminoxane having the structure

20 represented by the formula {-AlL(E2)}-0-}y,

(A3): linear aluminoxane having the structure
represented by the formula E3{-Al(E3)-0-}A1(E3) 2z,
wherein El1 to E3 are the same or different and each
independently denotes a Ci-g hydrocarbon group, Z2 is the

25 same or different and each denotes hydrogen or halogen, a



10

15

20

25

28 June 2006
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is an integer of 1, 2 or 3, b is an integer of 2 or more,
and ¢ is an integer of 1 or more, and
(B) is any cne of or a mixture of two or three of the

following compcounds (Bl) to (B3):

(Bl): a boron compound represented by the formula
BO10O2Q3,

(B2): a boron compound represented by the formula
Z* (BQ1Q2Q304) 7,

(B3) : a boron compound represented by the formula

(L-H) " (BQ1Q20Q30Q4) ",

wherein B is a boron atom in a trivalent valence state, QL
to Q4 are the same or different and each is a halogen atom,
a Ci.29 hydrocarbon group, a C;.z0 halogenated hydrocarbon
group, a substituted gilyl group having 1 toc 20 carbon
atoms, a Ci.z alkoxy group or a disubstituted amino group
having 2-20 carbon atoms, Z~ denotes an inorganic or organic

cation, and L-H is a Br@nsted acid.

20. A process of producing an olefin polymer which
comprises polymerizing olefin in the presence of the
catalyst for clefin polymerization according to claim 18 or

19.

21. The process for producing an olefin polymer according

to claim 20, wherein polymerization of olefin is carried
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out at the polymerization temperature range of -50°C to
250°C and under a polymerization pressure from atmospheric

pressure to 10 MPa.



