E2739 217/ 27 DESCRI PTI ON TRANSI TI ON METAL COWPLEX, PROCESS FOR PRODUCI NG

THE SAVE, OLEFI N POLYMERI ZATI ON CATALYST CONTAI NI NG THE TRANSI TI ON NET%b739
COVPLEX AND PROCESS FOR PRODUCI NG OLEFI N POLYMERS TECHNI CAL FI ELD The

present invention relates to a transition netal conplex, a process for 217/27
produci ng the same, a polynerization catal yst- containing the transition

metal 5 conplex and a process for producin ol ynmers whi ch uses the

cat al yst. BACKGROUND ART A nunber of P@§G$ﬂ§gﬁ5%b al ready been made on the

process for producinggolefin olyners using a 10 _netal |l ocene cogglex. For

\%?‘”ﬁ' e, JP- A BBAN§IGION, MET PhiEgee KOG Spm&;aw;{ﬁwq ISANER =
e T R AR, o B e S
oty ar i noxsAETAE BT EC AN BRUCESS SRR SRABUCING (S pornms |

| ow. To inprove this point, WS87/02370 di scloses the use of a reaction
product of an organic conpound having at |east two hydroxyl groups with a
transition netpgcperEoyereRd However, the system disclosed in W87/02370
whi ch uses 2,2'-thiobis(6-tert-butyl-4-nmethyl phenoxy)titani umdichloride
and net hyl al um noxane, anfe apseséntysheshtion relates to a transition

metal complex, a process for producing the same, a
- polymerization catalyst containing the transition metal
5 complex and a process for producing polymers which uses

the catalyst.

BACKGROUND ART
A number of reports have already been made on

the process for producing olefin polymers using a

10 métallocene complex. For example, JP-A-58-19309
discloses a process for producin§ olefin polymers which
uses a metallocene compléx and an aluminoxanone. The
process has a problem in that when olefin is polymerized
with the disclosed catalyst which uses bis(cyclopenta-

15 dienyl)zirconium dichloride and methylaluminoxane, the
molecular weight of the olefin polymer obtained is low.
To improve this point, W087/02370 discloses the use of a
reacfion product of an organic compound having at least
two hydrole groups with a transition metal compound.

20 However, the system disclosed in W087/02370 which uses
2,2’ -thiobis(6-tert-butyl-4-methylphenoxy)titanium

dichloride and methylaluminoxane, and also a system



-Zl/di closed in JP-A-5-230133 which uses 2,2'-thiobis(6-
tert-bufyl-4-nmethyl phenoxy)titani umdichloride, triiso- butylal um num and
triphenyl met hyl tetrakis(pentafluoro- phenyl)borate involve a problemin
that the catalytic 5 activity is unsatisfactorily low fromthe industri al
poi nt of view al though the nol ecul ar wei gh2 of the pol yner produced is

| nproved. Mbreover, known netal |l ocene conpl exe

et hyl enebi s(i rARFRI9SEa cbmi TRTRT 2+2 301 58, WRieh  $p9% | 2eAb-thiobis (6-

et byt 1w (er-prp i iet byl SReney T eaRtun afftlorider ) Eridsenm
hyarooar bon o RT LAl ERREh A 1 Eb R er e BP SRR et Pt Er SkE (BEMEAFLES RN 15
cannot be used Ty Eikorafe ECLEE A PeGBiSn A CLEE! PhE BBaHERs EOTD. DXCS

I'n recogni & oy 3416y Sid ueﬁé&eisf%eﬂﬁftfoaff of ﬁ§8%uée¥faii on are

to provide a conﬁ*ex, i mportant 20 romthe I ndustrial viewpolnt, which

has a high actpdinty ¢ vEa%!aDEhéeGReERS UnéTehilafi ROight éhethadustri al
process for olefin polynerization and is soluble in saturated hydrocarbon

sol vents, and pelytiew i piodutedhiy baproeedl efin pol ynerizati on catal yst
containing the 25 conplex, and a process for producing ol efin polyners
whi ch uses the catal yst.Moreover, known metallocene complexes, e.g.,
ethylenebis(indenyl)zirconium dichloride, isopropylidene-
10 (cyclopentadienyl) (fluorenyl)zirconium dichloride and
dimethylsilyl(tert-butylamide)—(tetraméthylcyclo-‘
pentadienyl)titanium dichloride, have a problem in that
they are insoluble in saturated hydrocarbon solvents
although they are soluble in aromatic hydrocarbon
15 solvents and resultantly polymerization catalysts
containing such complexes cannot be used for producing
polymers using saturated hydrocarbon solvents.
" In recognition of the situation, the objects of
the present invéntion are to provide a complex, important
20 from the industrial viewpoint, which has a high activity
at reaction temperatures efficient in the industrial
- process for olefin polymerization and is soluble in
saturated hydrocarbon solvents, and to provide a highly
active olefin polymerization catalyst containing the

25 complex, and a process for producing olefin polymers

which uses the catalyst.



-3 DI SCLGSURE OF THE | NVENTI ON The present inventors have made extensive
study on transition netal conplexes and ol efin polynerization catalysts in
order to attain the above-nentioned objects. 5 As the result, the

i nventors have found a transition netal conplex soluble in saturated

hydr ocar bon sol vents which has a |igand comrtsing an aronmatic ring having
a hetero atomin the substituent and a c*clopentadienyl ring linked with
each ot her thrBLHRLASUREaPENTHEORNVEYTIONGr oup, and have acconplished the
present invention on the ggS|s of above findin Thus,. according to. t

present i nvention, thereT epﬁ?EGPBeHnXePFﬁﬁglﬁPgﬁ Wﬁgﬁleﬁﬁﬁﬁﬁé e stu g_

epresented by _thg for 1£ éﬂereln fter refer g .to a ound 1)) 15
hnd & pol yrer 9 FERREREAPD.PeER]: GPRP aXFﬁeaesnsFls L0 BPLYIRRLRBEROR or (]
s a trans't'0@%ﬁ§i§£t§t?H]§Ld£Qetgr %nt&hEthBG -ﬁg 6Fﬁgheo ﬁects

el enents, Ais om o € group e perlo g of erement’s

and B s an atgin gho! hes@ieuPehd ohy éﬁeoeerha%cfaahae ofcrshsmbg Selerr]

is a 20 group having a cyclopentadi ene type anionic s Rel'ston [err]
Xerr], Rerr]mether ébmﬁféﬁr Eblubler Lh, sEtathteanHyBr8ERbBRES83¢BNLS

independently a ydrogen atom hal ogen atom al kyl group with the
nunmber of carbghiéhohasod liglndptbmpelisyngubfit aroinediv klingt having a
hetero atom in the substituent and a cyclopentadienyl
ring linked with each other through a covalent bonding
10 group, and have accomplished the present invention on the
basis of above finding.
‘Thus, according to the present invention, there
are provided a transition metal complex represented by

the formula (1) (hereinafter referred to as compound (1))

15 and a polymerization catalyst containing the complex:

& 1
R& /CP\M1/x
”
A1 P
R A
(1)
R® R!
Rz

wherein M! is a transition metal atom of the group 4 of
the periodic table of elements, A is an atom of the group
16 of the periodic table of elements and B is an atom of
the group 14 of the periodic table of elements; Cp! is a
20 group having a cyclopentadiene type anionic skeleton;-and

x!, x2, Rr!, R?, R}, R% R® and R® are each independently a



| east Q?? hal ogen atom aral kyl group with the nunber of carbon atons of
7-70 optionally substituted with at | east 5 one hal ogen atom aryl group

wi th the nunber of carbon atonms of 6-20 optionally substituted with at

| east one hal ogen atom substituted silyl group with the nunber of carbon
atons of 1-20 optionally substituted withr & - east one hal ogen atom al koxy

group with the nunber of carbon 10 atons of_1-20 optionally substituted
with at | east hdrogen el cRlegen 3temy atkyid 9rewprt Wethyukher nerbesr bon

atons of 7-20(§ftio ally substi#uieg w th, at iﬁ?St one, hal o en,aton¥
B D R Dy ey o
stitu or_dis i tuted am po
Sroun wi t bt hdAb e maliden ar g AFaLRED rfte Wit Rhe | Hibef b
1 . . ] h
other to 1 or mepihelldpqi foE| 7286 ChELERalEY SfbyfTehtda “ALBh &L Th s

conpound [&], ¢ ﬁaﬁ]a%ﬁigeoﬂ?tﬂyfte?&taﬁp&féﬁ%ﬁé RUmBEL’ 6F £&EB6A 1O @

transition netal ato the group 4 © e periodic table of elenents

(Nomencl at ur e ploh£16Ea6U20 BEFichAaY1y! si¥étiteYeGRieR at 19885tapHemay be,
for exanple, a titaniumatom zirconiumatomand 25 hafnium atom The atom

of the group Ifardgémeatesnj osiibst abhtedf sl plregicup epi ehethaednbiibérneg be,

for exanple, an oxygen atom sulfur atom and seleniumatom and is - 5-
carbon atoms of 1-20 optionally substituted with at least
one halogen atom, alkoxy group with the number of carbon

10 atoms of 1-20 optionally substituted with at least one
halogen atom, aralkyloxy group with the number of carbon
atoms of 7-20 optionally substituted with at least one
halogen atom, aryloxy group with the number of carbon
atoms of 6-20 optionally substituted with at least one

15 halogen atom, or di-substituted amino group with the
number of carbon atoms of 2-20; provided that R}, RZ, R3,

'R*, R’ and R® may optionally combine with each other to
form a ring.
[Transition metal complex]

20 In the compound [1], the transition metal atom
represented by M! refers to a transition metal atom of the
group 4 of the periodic table of elements (Nomenclature
of Inorganic Chemistry, IUPAC, revised ed., 1989) and may
be, for example, a titanium atom, zirconium atom and

25 hafnium atom.

The atom of the group 16 of the periodic table
of elements represented by A may be, for example, an

oxygen atom, sulfur atom and selenium atom, and is



prieferably an oxygen atom The atom of the group 14 of the periodic table
of elenents represented by B may be, for exanple, a carbon atom silicon
atom and gernmanium atom 5 The group having a cycl opent adi ene
type anionic skeleton represented as the substituent Cp[err] may be, for
exanpl e, the [err]-cycl opentadienyl group, 3[err]-nethylcycl o- pentadi enyl
group, [err]-dinethylcycl opentadien Ilgroup, [err] -

tri methyl cycl Ia'gr‘iﬂfﬂer[ e#ltr‘i Ut et ranet hyl cycl o- 10 pent adi enyl
group, [err]-ethylcycl O%‘%?%ﬁ&fd%@%u?%‘i‘%w Ns¢ p{ﬁé)ylljecyfégfgnéggignyl

group, [err]-isopropylc

[err]-n-butyl I Qgpgﬁg] 8“9’ Lerrd - - but Y, adj enyl
group, [err]-t@e{ér:teabu y cy?:ﬁ%((ér%gen a(ﬁ eﬁldgl?%ﬁg?g’ #of &L&Rﬁfé' a _
[err]-n-pent y'cﬁ%&f%&ﬁ,‘ & 5 S5 Weom S4dd 'gelt[ﬁnaﬂﬁﬁi?eé‘ﬁa{ﬂacyc' opent adi enyl
group, [err]-n-hexylcyclo- pent adi enyl group, err]-n-octy]cyclopentad!enyl
group, [ers]- phenyl cyclmpeniesii Wdv i W, cyd Bspentadidmy | eysé openédasEeny!
group, [err]-trinmethylsilylcyclopentadienyl ‘group, [err]-tri-

et hyl si | yl cyclgneitash aerepresentied [£8 rihdé esibbti slhsh tetply may2be, for

silyl cycl opent adi enyl group, [err]-indenyl group, [err]-nethyl- indenyl
group, [err]-dixanphd, ndesnyys sepcbopectadienyl | groepy| n9-nephylcyclo-
[err]-n-propylindenyl group, [err]-isopropylindenyl group,

[err]-n-butyl indamd; PRy rd$s r]ﬁf—f@iﬂ%ﬂ*imﬁeﬂfﬁ'ﬂfgl gEoup, -

[err]-tert-butylindenyl” group, Te n- pent yl1 ndenyl
e A e S8 N RO BB cyco-

10 pentadienyl group, n°-ethylcyclopentadienyl group, n°-n-
propylcyclopentadienyl group, n5-isopropylcyclo-
pentadienyl group, 55-n-butylcyclopentadienyl groﬁp, n5-
sec—bﬁtylcyclopentadienyl group, y5-tert-butylcyclo-
pentédienyl group, n5-h-pentylcyclopentadienyl group, n°-

15 neopentylcyclopentadienyl group, n5-n-hexylcyclo-
pentadienyl group, p5-n-octylcyclopentadienyl group, ¢5-
phenylcyclopentadienyl group, nS-naphthylcyclopentadienyl
group, nS-trimethylsilylcyclopentadienyl group, n5-tri-
ethylsilylcyclopentadienyl group, pS-tert-butyldimethyl-

20 silylcyclopentadienyl group, y5-indenyl group, y5-methyl-
indenyl group, gS-dimethylindenyl group, 15-ethylindenyl
group, n5~n-propylindenyl group, n5-isopropylindenyl
group, n°-n-butylindenyl group, n°-sec-butylindenyl

group, n5-tert-butylindenyl group, y°-n-pentylindenyl



[err]-phenylindenyl group, [err]-nethyl phenylindenyl group, [err]-
nébﬁthy I ndenyl group, [err]-trinmethylsilylindenyl group, 5 [err]
-triethylsilylindenyl group, [err]-tert-butyldinethyl- silylindenyl group,
[err]-tetrahydroi ndenyl group, [err]- fluorenyl group,

[err]-nmethyl fluorenyl group, [err]-dinethyl6 <1 uorenyl group,
[err]-ethyl fluorenyl group, [err%-dieth{l- fl uorenyl group,

[ err]-n-propylgrerp enyf-ngeoppntydiniienylngrooppr qfynt-hexydipdenydup,
[err]-isopropyl fluorenyl group, [err]- diisopropylfluorenyl group,
[err]-n-butyl fgreuppyhsgneoptylendengtcgbotp), f haensdecylindenyl group,
[err]-tert-butylfluorenyl group, [err]-di-n-butylfluorenyl group,
[err]-di-sec-b 5¥§he£&!9ﬁ88ﬁ&19§939p [ﬁﬁﬁhe@hyﬁﬁhhh Ehh%h&qr%QﬁhpQrQHﬂa
[err]-n- 15 pentylfluorenyl ™ group, ferr]-neopentyl | uorenyl group,
[err]-n- hexylf] uorenyl , rr]-nso | Ryl [err]-n-
decyIfIuorenyIg%#héé?¥f3$%§§2-3%§g€9Iﬂfﬁg%éﬁﬁ#ﬁgggﬁ%ylgﬁgggy; Sr P
phenyl f | uorenyl group [ertk-dL-phenilfluorenyl group er&L-

met hyl pheny? f | ndreryetBydablylinrAenyd arayPr| adr ﬁﬁt—gp%aa, imgthyl-
[err]-trinmethylsilylfluorenyl group, [err]-bis-trinmethylsilyl- fluorenyl
group, [err]-tsikyhimhdenylfguonpayhsgtetpahydrpéndenyl group, n°-
tert-butyldinmethylsilylfluorenyl group, preferred anong them being, for
exanpl e, the [£Iidrenpl ogestpdi §aynethglElubeehllmgirbubsy ¢jscagfieatiyany |
group, [err]-tert-butylcyclo- -7- pentadi enyl group,

[err]-tetranet?yﬁ&f&ﬁf?eﬁ%aﬂgen E;EEﬂgEflLSEELYthEBﬁ .gr@uaiﬁgﬁ?ff Xerr],

[err]-fluorenyl group. T foden atdmin the*Substitlents X
Rrerr], Rlerrle) Rettly BEghpl nBlRLbkoBye eb8Lbhy ™Y-R8p, Jo-R12IR € 2

fluorine atom

10 propylfluorenyl group, yS5-isopropylfluorenyl group, n5-
diisopropylfluorenyl group, n>-n-butylfluorenyl group,
n°-sec-butylfluorenyl group, q°-tert-butylfluorenyl
group, n5-di-n-butylfluorenyl group, n°-di-sec-butyl-
fluorenyl group, n5-di-tert-butylfluorenyl group, n°-n-

15 pentylfluorenyl group, nS-neopentylfluorenyl group, ¢5-n-
hexylfluorenyl group, y5-n-octylfluorenyl groﬁp, n5-n-
decylfluorenyl group, n®-n-dodecylfluorenyl group, n5-
phenylfluorenyl group, nS-di-phenyifluorenyl group, n°-
methylphenylfluorenyl group, yS5-naphthylfluorenyl group,

20 gS-trimethylsilylfluorenyl group, n°-bis-trimethylsilyl-
fluorenyl group, nS-triethylsilylfluorenyl group and n5-

tert-butyldimethylsilylfluorenyl group, preferred among

them being, for example, the g5-cyclopentadienyl group,

n°~-methylcyclopentadienyl group, q5-tert-butylcyclo-



5 ¢chlogine atom brom ne atom and iodine atom The alkyl group with the
nunber of carbon atons of 1-20 in the substituents Xerr], X err], Rerr],
Rlerr], Rerr], Rerr], Rerr] and Rerr] nmay be, for exanple, the nethyl
group, ethyl group, n- propyl group, isopropyl group, n-butyl group,
sec-butyl 10 group, tert-butyl group, n-pé&ntyl group, neopentyl group,
anyl group, n-hexyl group, n-octyl group, n-decyl group, n-dodecyl group,
n- pent adecyl @enfjadienhyl dxonyi gf-oigtramethylcyictopentadienyli gyouphe
met hyl group, ethyl group, isopropyl group, tert-butyl group and anyl

group. 15 nS-inder¥l @foupemed ahkyf1lgopengl ngyoapt i onal Iy be
substituted with at | east one halogen atom e.g., fluorine atom chlorine

atom brom ne atom and ik nﬁpédgﬁﬂ altéin A K VEh & Substd theh e Xynxdr ff,

carbon atons of 1-20 substituted with at | east one hal ogen atom may be, 20
for exanple, e RPpRYMEhghdgrRBumy did) UbsOretdble) calpt 1iidiine caesm) hy!
group, chloronethyl group, dichloronethyl group, trichloronethyl group,

br ononet hyb graimx idieb radrmme t hrydmine Lgkom rarxd ciwdistdaydtagmoup, i odonet hyl
group, diiodonethyl group, triiodonethyl 25 group, fluoroethyl group,

di fl uoroet hyl group, triTheiabkyktdnougrwigh the radmber oof hgarbonuptoms
pent af | uor oet hyl group, chl oroethyl group, picglorpetgyl group, Erichlogo-
-8- ethyl gro®f kwiQ ddhiErdctyRstirurnts pent & hl Bro& myR grBup R’ and R

et T abr omvet AFRIG A b iR be i RetRy Frods, ety Brou, n-

propyl group, isopropyl group, n-butyl group, sec-butyl

10 group, tert-butyl group, n-pentyl group, neopentyl group,
amyl group, n-~hexyl group, n-octyl group, n-decyl group,
n-dodecyl group, n-pentadecyl groﬁp and n-eicosyl group,
preferred among them being, the methyl group, ethyl
group, isopropyl group, tert-butyl group and amyl group.

15 All of these alkyl groups may optionally be
substituted with at least one halogen atom, e.g.,
fluorine atom, chlorine atom, bromine atom and iodine
atom. The alkyl group with the number of carbon atoms of
1-20 substituted with at least one hélogen atom may be,

20 for example, the fluoromethyl group, difluoromethyl
group, trifluoromethyl group, chloromethyl group,
dichloromethyl group, trichloromethyl group, bromomethyl
group, dibromomethyl group, tribromomethyl group,
iodomethyl group, diiodomethyl group, triiodomethyl

25 group, fluoroethyl group, difluoroethyl group, trifluoro-
ethyl group, tetrafluoroethyl group, pentafluoroethyl

group, chloroethyl group, dichloroethyl group, trichloro-



group, . perfluoropropyl group, perfluorobutyl group, 5 perfluoropentyl

gr oup, perfluorohexyl group, perfluoro- octyl group, perfluorododecyl
group, perfluoropentadecyl group, perfluoroeicosyl group, perchloropropyl
group, perchlorobutyl group, perchloropentyl group, perchloro- hexyl group,
perchl orooctyl group, perchl orododecyl 16 Bgroup, perchl oropent adecyl
group, perchloroelcosyl group, perbronnprgpyl gr oup, perbronnbutyl group,

kit gk i e coryl o, 1
-srngs?irﬂjlé%!tsgé[t rr] ‘3}% EW%%%‘?E# @r%‘fzin r] and R6
Y 2 o i i SRR
3- di net hyl pheﬁﬁ)‘{%t%ﬁ’%%wmr‘( ;Fﬁzéy ‘&bm@% ﬁ ?‘?Er?gy T '%?’oup,

(2, 5-di net gyl peHFARENIFEAYY1 YrBiD, (Pedr ?wédﬁet *£ DASED-

(3, 4-di net hyl phenyl ) net'hyl “gr oup, (4 6- dlnethylphen net'hyl group,

(2,3, 4-trimet ydaye rflwsodddedy b-grd ePPRIYTopéh tade&yDUP,
(2,3,6-trimethyl- 2?{H phen;‘?érret hyl grou%,r (% 4ﬂ%}?¥| met hyl ﬁyl)nﬁ?hyl
group, (2,4, 6groupst ipdxfilarytgeiddsyl giroyp, (deichleroptopyidyoup,
phenyl ) net hyl group, (2, 3,4, 6-tetranethyl phenyl)nethyl group,
(2, 3, 5, 6-t et r pestdhlptobutiyhegtoup grerpchloregsnypk rgzenp hyperenlvoroet hyl
gr oup, (ethylphenyl)neth I

hexyl group, perchlorooctyl group, perchlorododecyl

10 group, perchloropentadecyl group, perchloroeicosyl group,
perbromopropyl group, perbromobutyl group, perbromopentyl
group, perbromohexyl group, perbromooctyl group, per-
bromododecyl group, perbromopentadecyl group and
perbromoeicosyl group.

15 The aralkyl group with the number of carbon
atoms of 7-20 in the substituents X!, x?, Rr!, R?, R}, R%, RS
and RS may be, for example, the benzyl group, (2-methyl-
phenyl )methyl group, (3-methylphenyl)methyl group, (4-
methylphenyl )methyl group, (2,3-dimethylphenyl )methyl

20 group, (2,4-dimethylphenyl)methyl group, (2,5~dimethyl-
phenyl )methyl group, (2,6-dimethylphenyl)methyl group,
(3,4-dimethylphenyl Jmethyl group, (4,6-dime£hylphenyl)-
methyl group, (2,3,4-trimethylphenyl)methyl group,

- (2,3,5-trimethylphenyl )methyl group, (2,3,6-trimethyl-

25 phenyl)methyl group, (3,4,5-trimethylphenyl)methyl group,
(2,4,6-trimethylphenyl)methyl group, (2,3,4,5-tetramethyl-
phenyl )methyl group, (2,3,4,6-tetramethylphenyl)methyl
group, (2,3,5,6-tetramethylphenyl)methyl group,



grooup, . (n-propyl phenyl ) met hyl group, (isopropyl phenyl)- nethyl group,

(n- utyrphenyl)nethyl group, (sec-butyl- phenyl)nethyl group,

(tert-butyl phenyl)nethyl group, (n- 5 pentyl phenyl)nmethyl group,
(neopentyl phenyl ) met hyl group, (n-hexyl phenyl)nethyl group,

(n-octyl phenyl ) met hyl group, (n-decylpheny?)nethyl group,

(n-decyl phenyl ) et hyl grqup, (n-tetradecyl phenyl)nethyl group,

napht hyl net hy (P§R&@B 1&%@%1’&()&‘}%?% [gROUR o S thirighanydd nathHese bei ng
the 10 benzyl group. Al of .these _.aralkyl groups may optionall e.

Subst it ut ed- wBEHuRe” (Erarogyd Rherggamentih Lrad, (R asteeiEAn R or i ne
atom brom ne_a and iodine atom The ary, rQu ith the
nunber of carfS'S%r?‘X OHEOS‘P'GREO%,“%Y[ i‘%w&sjﬂett&gﬁt sggl’é[ué)r’r](l,s%'g?‘%yﬂﬁ[ err],
Rlerr], Rerr I er d Rl I I “(LJA]G @,p_enyl
group, 2-tol y*’hﬁﬁg’gd?“kihﬂlo|“{/‘%°“?:'odp, I{thol §I pgl(raeg?;ﬂ E g-ggylt%o r'ou),
2,41yl gr Oaned Bty it gidiptY | (Hedpieaity1 phetiyinde

3, 5-xylyl gr ogp,n ? ? 4- b’?ii)mat hyl pheny!ﬁ('ér(odar?jif 2,3, g;i’ t rlfa??'et h%]ﬁleb%w?l&g'r oup,
2,3, 6-trimet hyhnhesyll phie?il yméthyd- igriciy hY(inkety L ghediifl ymethyl group,
3,4,5-trimethyl phenyl group, 2, 3,4, 5-tetranet hyl phenyl group,

2, 3, 4, 6-t et r agat-dglcy 1phengtl gethyl rdup ,0-(ideuyiphdényiometigro Wroyient a-
25 et hyl phenyl group, ethyl phenyl group, n-propyl phenyl group,

i sopr opyl phenyh-getxadecyiphenytigmethyrlo groupsc naphtyhiyimetiy g rgnaup
tert-butyl phenyl group, n-pentylphenyl group, neopentyl phenyl group,
n- hexyl pheny| agdogpthracenylmethyl group, preferred of these being the

10 benzyl group. |

All of these aralkyl groups may optionally be
substituted with at least one halogen atom, e.g.,
fluorine atom, chlorine_atom, bromine atom and iodine
atom. |

15 The aryl group with the number of carbon atoms
of 6-20 in the substituents x!, x?, R!, R?, R}, R*, R® and R®
may be, for example, the phenyl group, 2-tolyl group, 3-
tolyl group, 4-tolyl group, 2,3-xylyl group, 2,4-xylyl
group, 2,5nylyl group, 2,6-xylyl group, 3,4-xylyl group,

20 3,5-xylyl group, 2,3,4-trimethylphenyl group, 2,3,5-
trimethylphenyl group, 2,3,6-trimethylphenyl group,
2,4,6-trimethylphenyl group, 3,4,5-trimethylphenyl group,
2,3,4,5-tetramethylphenyl group, 2,3,4,6-tetramethyl-
phenyl group, 2,3,5,6-tetramethylphenyl group, penta-

25 methylphenyl group, ethylphenyl group, n-propylphenyl
group, isopropylphenyl group, n-butylphenyl group, sec-
butylphenyl group, tert-butylphenyl group, n-pentylphenyl
group, neopentylphenyl group, n-hexylphenyl group, n-



- &9 - octyl phenyl group, n-decyl phenyl group, n-dodecyl phenyl group,
n-tetréﬁécylphenyl group, naphthyl group and ant hracenyl group, preferred
~of these being the phenyl group. 5 ' Al'l of these aryl groups may
~optionally be substituted with at | east one hal ogen atom e.g., fluorine
atom chlorine atom bronine atom and i odi¥e -atom The substituted silyl
group with the nunber of 10 carbon atons of 1-20 in the substituents

X err], X errpctygidhenylpanqup, m-deqylojanyy orqup s n-grdegelpheneters to
a silyl group substituted wifh gt .| east one hydrocar.bon group. The

hydr ocar bon gtg&'@b‘ﬂvaﬁ“ﬁétqaéie%aeﬂﬂﬂ'ﬁfl &F%R(yln@w]mquq @®inber of
carbon atons of  1-10, such as the nethyl group, ethyl 15 gr.oup,, n-pyopyl
group, isopr oWIt}’dﬁaﬁ?&ylin-grﬁﬂ'@R’ éf“iﬁﬁ?"yrseég%tmeﬁ ﬁffp‘;nq g{»t}@ tﬁ&?ﬁl%r oup,

I sobut yl groug,&ﬁ- pentyl group, n-hexyl group and cycl ohexyl group, and an
aryl group, s &K phenyl group. Exanples of the substituted silyl group

with the nwnber of carb aﬂ4¥n% ' IM%? ﬁgﬁgﬁgggii ted silyl
group vvithyt he nunber o?n'clar onll%%(;ng %A&Bgsyc ;b the net y_ésjilyl
group, ethyl sighfstdrAtdeRi Y | 1Iddstl dHeHalden s tallgd, silyl group
with the nunber of carbon atonms of 2-20, such as the dinmethylsilyl group,

di ethylsilyl ZiuoHigep atith,didiionire |atony) Gromiaisl dtdm aibtiddiss silyl
groups with the nunber of carbon atons of 3-20, such as trinethylsilyl

group, triethytem.yl group, tri-n- propylsilyl group, triisopropylsilyl
group, tri-n- :
The substituted silyl group with the number of
10 carbon atoms of 1-20 in the substituents X!, X%, Rr!, R?,
R3, R*, R and R® refers to a silyl group substituted with
at least one hydrocarbon group. The hydrocarbon group
may be, for example, an alkyl group with the number of
carbon atoms of 1-10, such as the methyl group, ethyl
15 group, n-propyl group, isopropyl group, n-butyl group,
sec-butyl group, tert-butyl group, isobutyl group, n-
pentyl group, n-hexyl group and'cyclohexyl group, and an
aryl group, such as phenyl group. Examples of the
substituted silyl group with the number of carbon atoms
20 of 1-20 include a monosubstituted silyl group with the
number of carbon atoms of 1-20, such as the methylsilyl
group, ethylsilyl group and phenylsilyl group, di-
substituted silyl group with the number of carbon atoms
of 2-20, such as thé dimethylsilyl groﬁp, diethylsilyl
25 group and diphenylsilyl group, and tri-substituted silyl
groups with the number of carbon atoms of 3-20, such as
ﬁrimethylsilyl group, triethylsilyl group, tri-n-

propylsilyl group, triisopropylsilyl group, tri-n-



bqiylsjlyl group, tri-sec-butylsilyl group, tri-tert- butylsilyl group,
tr|-isbﬁutylsilyl group, tert-butyl- dinethylsilyl group, tri-n-pentylsilyl
group, tri-n- hexylsilyl group, tricyclohexylsilyl group and 5
triphenylsilyl group, preferred of these being the trinmethylsilyl group,
tert-butyldinethylsilyl group and triphenylilsityl group. The hydrocarbon
groups of each of these substituted silyl groups may optionally be
substituted 1bukyligidiyl SrauRNEHHa WOk 11y g 9XquRio b e R
chlorine ato

nunber of car H?&%&&Sﬂg}g%g“%di#%j‘:%% st’t-ligﬁt gr?ﬂ()‘g'r_] reoﬁﬁvaégl%]grr],

o1 oup, " et hoxy BRI LIH: Sy ot PRSI G, TRy 9r oup.
P hexoxy or oufSRyisTaya B SRy Y BPRL S RadlF R O 810U o
N- €1 COSOXYyg gr%ﬂg}% 1§ir1%grﬁi?ﬁﬁﬁ%ﬁm% BEGHP ¢ hoxy group

20 and tert-buto group. Xy groups nay each optionally be

substitut ed Wik mithyaashy n@fﬂﬂg%ﬁ%tﬁﬁmeﬁ#ﬁim 31 Blp NPl i ne
atom brom ne atom and iodine atom 25 e aral Kyl oxy group
W th the nunberigheddlladlyl Foup. 7-20 in the substituents Xerr], Xerr],

Rlerr], Rerr], Rerr], Rerr], Rerr] and R6 nay be, for exanple, the
benzyl oxy group, (2- netihd hyinddanhdm)granpumt (eachetdf | dese/| ) met hoxy

substituted silyl groups may optionally be substituted
10 with at least one halogen atom, e.g., fluorine atom,
chlorine atom, bromine atom and iodine atom.

The alkoxy group with the number of carbon
atoms of 1-20 in the substituents X!, x?, R!, R?, R}, R%, RS
and RS may be, for example, the methoxy group, ethoxy

15 group, n-propoxy group, isopropoxy group, n-butoxy group,
sec~butoxy group, tert-butoxy group, n-pentoxy group,
neopentoxy group,_n-hexoxy group, n-octoxy group, n-
dodecoxy group, n-pentadecoxy group and n-eicosoxy group,
preferred of fhese being the methoxy group, ethoxy group

20 and tert-butoxy group.

| These alkoxy groups may each optionally be
substituted with at least one halogen atom, e.g.,
fluorine atom, chlorine atom, bromine atom and iodine
atom.

25 The aralkylbxy group with the number of carbon
atoms of 7-20 in the substituents X!, %2, R!, R?, R3, R%, RS
and R® may be, for example, the benzyloxy group, (2-

methylphenyl )methoxy group, (3-methylphenyl)methoxy



--12 - group, (4-methylphenyl)nethoxy group, (2,3-dinethyl- phenyl)nethoxy
gr%ﬁp, \(2, 4- di et hyl phenyl ) net hoxy group, (2, 5-dinmethyl phenyl) net hoxy
group; (2, 6-dinethyl phenyl)- methoxy group, (3,4-dinethylphenyl)nmethoxy
group, (3,5- 5 dinethyl phenyl)nmethoxy group, (2,3, 4-trimnethylphenyl)-

met hoxy group, (2,3,5-trinethyl phenyl)nmet 3@y group,

(2,3,6-trinethyl phenyl)nmet hoxy_group, (2,4,5- trinet hzyljphe.nyl ). met hoxy
group, (2,4, 69FPHRet KErpedhylphenyly @¥gugroup, (Z,3-dimethyl-

(23,2, 5.t ot r EHERRIDBRERSIFnERURy d2sdodinethyinpenyl ymethoxy group,
%EE’[;;:EEFE&E Eﬁih&ﬁﬁ%ﬁﬁfﬁ#&?ﬁ%ﬁ‘fPt&:jn“?ﬂ%gﬁgﬁg&@%%ﬂpg%&? Y-
T R AR Y dhre
(2:'%% _?/nggnly ;erefteﬁg%) grgua, e'(?:‘ri:lii%égg%‘:Ipakﬁ‘?n'yI Yifethoxy group. ooy )

<(31nt hr acenyl ﬁe?ﬁggymr g%%?ﬁ%’%@%ﬁ?ﬁfﬁp&y group.

These aral kyl @zy 3g66tt2d merhydphiensill)methidzy roupyst(iz, M,k with at | east
one hal ogen atom e.g., fluorine atom chlorine atom brom ne atom and

i odi ne atom 2Fimethylphenyl)amedhpixyx gropugmyp (8,4 6i-er imetthyrlpifenydrpon
atons of 6-20 in the substituents Xerr], Xerr], Rerr], Rerr], Rerr],
R err], R errihethoxy group, (3,4,5-trimethylphenyl)methoxy group,

10 (2,3,4,5-tetramethylphenyl methoxy group, (2,3,4,6-
tetramethylphenyl )methoxy group, (2,3,5,6-tetramethyl-
phenyl )methoxy group, (pentamethylphenyl Jmethoxy group,
(ethylphenyl )methoxy group, (n-propylphenyl)methoxy
group, (isopropylphenyl)methoxy group, (n-butylphenyl)-~

15 methoxy group, (sec-butylphenyl)methoxy group, (tert-
butylphenyl )methoxy group, (n-hexylphenyl)methoxy group,
(n~octylphenyl )methoxy group, (n-decylphenyl)methoxy
group, (n-tetradecylphenyl)methoxy group, naphthylmethoxy
group and anthracenylmethoxy group, preferred of these

20 being the benzyloxy group.

| These aralkyloxy groups may each optionally be
substituted with at least one halogen atom, e.g.,
fluorine atom, chlorine atom, bromine atom and iodine
atom.

25 Thé aryloxy group with the number of carbon
atoms of 6-20 in the substituents X!, x?, R!, rR?, R3, R%, R®
and R® may be such an aryloxy group with the number of

carbon atoms of 6-20 as the phenoxy group, 2-methyl-



a?’the phenoxy group, 2-nethyl - - 13 - phenoxy group,

3- et hyl phenoxy group, 4-nethyl phenoxy group, 2, 3-dinethyl phenoxy group,
2, 4- di et hyl phenoxy group, 2,5-di nmet hyl phenoxy group, 2, 6-di nethyl phenoxy
group, 3, 4-di nethyl phenoxy group, 3, 5-di-mdthyt phenoxy 5 group,
2,3,4-trimethyl phenoxy group,. 2,3, 5-trinethyl- phenoxy group,

2,3, 6-t ri met hPREROXYX SRR p 3-Methyl phengah anatiyo 4 Mf .phenoxy

e R -

hyl - 10 ph . | ph ve Nis | ,
fg;gfg}gg fy)hﬁg&ﬁggﬁg?é%%%%ﬁ?en 0 e o s AR §L?up_
n- decyl p%eﬁoxg%%ggp%'%1-%%3'@%%?18{%&3'nn';é'gﬁ'ttn#&?{}arouﬁg{ dp’l5

ant hracenogy graup, BheSa-HrihRthydTHeoRP YRR, PPld Al dhdipibst i tut ed

with at |east "one hal ogen atom e g., fluorine atom chlorine atom bron ne
atom and i odi phedoRy gEdup, 2,3, 6-trilethiilphdndEy Yrshpyng Houp W th
t he nunber of carbon atons of 2-20 in the substituents Xerr], Xerr],

Rlerr], R errkrieehyllphenoxy gddup,r 12,46 -Ridndthydfphendxy axraip,no gr oup

substituted with two hydrocarbon groups, the hydrocarbon group being, for

exanmpl e, an aBkw, Sgtouimethyi ghenaxyrigaou, rddn Sattetramethylphenoxy
group, 2,3,4,6-tetramethylphenoxy group, pentamethyl-

aquRLerr] may be such an aryloxy group with the nunber of carbon atons of
6-

10 phenoxy group, ethylphenoxy group, n-propylphenoxy group,
isopropylphenoxy group, n-butylphenoxy group, sec-
butylphenoxy group, tert-butylphenoxy group, n-hexyl-
phenoxy group, n-octylphenoxy group, n-decylphenoxy
group, n-tetradecylphenoxy group, naphthoxy group and

15 anthracenoxy group.

These aryloxy groups may each optionally be
substituted with at least one halogen atom, e.g.,
fluorine atom, chlorine atom, bromine atom and iodine

" atom.

20 The di-substituted amino group with the number
of carbon atoms of 2-20 in the substituents X!, X2, R!, R?,
R}, R*, R® and RS refers to an amino group substituted with
two hydrocarbon groups, the ﬁydrocarbon group being, for
example, an alkyl group with the number of carbon atoms

25 of 1-10, such as the methyl group, ethyl group, n-propyl
group, isopropyl group, n;butyl group, sec-butyl group,
tert-butyl group, isobutyl group, n-pentyl group, n-hexyl

group and cyclohexyl group, and an aryl group such as.the



25 of 1-10, such as the nethyl group, ethyl group, n-propyl group,
i sopropyl group, n-butyl group, sec-butyl group, tert-butyl group, isobutyl
group, n-pentyl group, n-hexyl group and cycl ohexyl group, and an aryl

group such as the - 14 - phenyl group. Exanples of such di-substituted
ami no group with the nunber of carbon at-on‘lB40-f 2-20 include the
di nmet hyl am no oup, drethylanrno group d| ropyl am no group,
di i sopr opyl arrpgﬁngr lo@Foud -- n-BxRamMR Jd'rSUto‘?’%’é'énEﬁﬁ VR¥AMN0 group,

di-tert- butylanrno gr.oup, dll%ﬂﬁ’ nrno gro tert- | i sopr m no
group, - n- h@FPUR T‘g erT-yd%‘t %r‘?!'éﬁp °%| &él‘?f“%ﬁ%/ %‘
group, drphen Qu brstrr |I I- anm no gr ol

B oxDert- buty AR R RS Vgt iRy rheg—’éo%w%e

di et hyl am no _grou e % . The err] err]
, Rerr], Ig?:]ouq%[ ?ﬁ'ﬁs(%gr#d)%%ﬁl] rr%/r%‘% o cér:a ’fﬁ%‘*ﬁ) q%% l%%’c t her
toforma I n ar en atom 15

al kyl gr ou{’) a%g%%&t?ﬁﬁd&%ﬁ%?&#& e(ﬁg'r efera a og&#al%'?n Rl is
preferably a”d@ﬂﬁﬂbdﬁylahﬂﬂd Pt NERI - HH fiﬂéﬁﬁkéﬁjﬁﬁm réap Ar al kyl
group, aryl group, halogenate aIkyI group, hal ogénated aralky group, 20
hal ogenat ed aiyl-noheixy 1amisidd Grdup o @isid 30 ctgFlinind fr dinds- (1)

i nclude transition nmetal conpl exes “wherein Bin the formil a (1) is a carbon
atom decylamino group, diphenylamino group, bistrimethylsilyl-

amino group and bis-tert-butyldimethylsilylamino group,
10 preferred of these being the dimethylamino group and
diethylamino group. |

The substituents R!, R?, R3, R%, R® and RS may
optionally combine with each other to form a ring.

| X! and X? are each preferably a halogen atom,
15 alkyl group and araikyl group, more preferably a halbgen
atom.

R! is preferably an alkyl group with the number
of carbon atoms of 1-20, aralkyl group, aryl group, |
halogenated alkyl group, halogenated aralkyl group,

20 halogenated aryl group or substituted silyl group.

The compounds (1) include transition metal
complexes wherein B in the formula (1) is a carbon atom,
such as methylene(cyclopentadienyl)(3,5-dimethyl-2-
phenoxy)titanium dichloride, methylene(cyclopentadienyl)~

25 (3-tert-butyl-2-phenoxy)titanium dichloride, methylene-
(cyclopentadienyl)(3-tert—butyl-5—methyl-z-phenoxy)-_
titanium dichloride, methylene(cyclopentadienyl)(3-

phenyl-2-phenoxy)titanium dichloride, methylene-~



q\% a nethylene(cyclopentadlenyl)(S 5-di net hyl - 2- phenoxy)titani um
di chl oride, nethyl ene(cycl opent adi enyl)- 25
(3-tert-butyl-2-phenoxy)titani umdichloride, nethylene-

(cycl opent adi enyl ) (3-tert-butyl-5- nethyl h_'éﬁhenoxy)- titani umdichl ori de,
nethylene(cyclopentadienyl)(3 phenyl - oxy)titani umdichloride,
nmet hyl ene-

(cyclopentadldﬁﬁ?ﬂﬂ?Qﬂ544%ﬁRXAXﬂ3ﬂﬁqﬁﬁ194§H14$mﬂﬁ#XA3%4Y%ﬂ§ﬂﬂﬁ69Y1T%ﬂ|un1

?IC%CPlr ﬂr{e?ﬁyl s#&%‘l enm o.pent i ngeaonﬂﬁﬁl}}f]aﬂ%q,qx%lopentadlenyl)_
et iy ene( cycl openy %gtﬁ,}é%ugut st P BRI, o edos B BRAH LD, U

di chl ori de,

ﬁrgt thilrtengl(ﬁr)élt ﬁ%ﬁlyll open adi eny é%l%ymtrﬁll Z&Qﬁ'enoxy ?tlf 1 -2-

di chl ori de “?H@Hdﬁﬂ? tiRahi iy di%hloride, methylene(cyclopentadienyl)-
pent adi enyP) (3.t er L 2BUT YT~ 2- phenoxy) L1t ar um dichl orl da. o aatenyt)

”Ethy|ene(”EtWﬂJEEHﬂHBﬁHYIﬂSﬂbﬁﬁdﬁbizﬂﬁhéhﬂx&)ﬁiﬁ&ﬂiﬁﬁ'débﬁi&iiaagt'tan'Um
di chl ori de, nethyl ene(nethyl cycl o- pentadienyl) (3-phenyl phenoxy)titani um

di chl ori de, nethylene(mmdnﬁymeﬂennaﬂhymcyqﬂdgéhﬁ&dieﬁyn)43#5Huiméthyl-
silyl-5-nethyl - 2-phenoxy)titani umdichloride, mnethyl ene-

(nethylcyclop@m@hﬁnany»q:;anmumndgdhidqﬂde}rnﬁﬁhﬂléhe@M&thy®qy¢IQﬁnun1
di chl oride, nethyl ene(net éilcycl 0-

pentadlenyl)($ﬂﬂ§ﬂdﬂﬁnxﬂ 1ﬁ§ﬂﬁn§pﬁ¥kﬁ%nnbenqxxkﬁwﬁﬁnxnmﬁ#xﬂhknrlde.

nethyleneinethylc ycl opent adi enyl ) (3-tert- | - 5-chl or.o- 2- enq@g)tltanlum
di chl ori d&0 2@ethylene (methyIsyehan nﬁqd%ﬁn kbt teretriong

2-phenoxy)titanium dichloride, methylene(methylcyclo-

pentadienyl) (3-phenyl-2-phenoxy)titanium dichloride,
methylene(methylcyclopentadienyl) (3-tert-butyldimethyl-
silyl-5-methyl-2-phenoxy)titanium dichloride, methylene-

15 (methylcyclopentadienyl) (3-trimethylsilyl-5-methyl-2-
phenoxy)titanium dichloride, methylene(methylcyclo-
pentadienyl) (3-tert-butyl-5-methoxy-2-phenoxy)titanium
dichloride, methylene(methylcyclopentadienyl)(3-tert-
butyl-5-chloro-2-phenoxy)titanium dichloride,

20 methylene(tert-butylcyclopentadienyl) (3,5~
dimethyl-2-phenoxy)titanium dichloride, methylene(tert-
butylcyclopentadienyl) (3-tert-butyl-2~phenoxy)titanium
dichloride, methylene(tert-butylcyclopentadienyl)(3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride, methylene-

25 (tert-butylcyclopentadienyl) (3-phenyl~2-phenoxy)titanium
dichloride, methylene(tert-butylcyclopentadienyl)(3~tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium

dichloride, methylene(tert-butylcyclopentadienyl) (3~



dijnet hyl - 2- phenoxy) titani umdichloride, nethylene(tert-
bd??lcyclopentadlenyl)(3 tert-butyl-2- phenoxy)tltanlun1d|chlor|de
met hyl ene(tert-butyl cycl opentadi enyl ) (3-tert-

but yl - 5- met hyl - 2- phenoxy) ti tani um di chl ori de, nethyl ene- 25

(tert-butyl cycl opent adi enyl ) ( 3- phenyl - 2-pHédnoxy) ti t ani um di chl ori de,

nethylene(tert butylc clopentadlenyl) 3-tert-
but yl di met hyl & ﬁéﬂ%«)ﬂ %1&%%&%%%&1chlorlde.

e R e b %mﬁé' ; C'@%ﬁﬂé@%x&m@aﬁ%&;» G core-mmer-s-
methyl ene(ter f. %c Ilp Rl J.Q.ﬁ’n tcﬁhcl}} o1 ethylene(tert-

met hoxy- 2- phenoxy Iom

butyl cycl openty %%yq@?%? tranet %gggfﬁ; (ﬂxﬁ%gﬂgﬂ¥3ggtztanlum

di chl ori de, Iopenta (3, 5-

di et hyl - 2g phehenbikiy )it3Han Nl ‘Hldlildiqzdémt hyl ene(tetra-
nmet hyl cycl opent adi enyl ) (3-tert-butyl -2- phenoxy)tltanlun1d|chlor|de

net hyl ene(t etranet hyl cy aeagilieam (atpdmethilcyclopentadienyl) (3,5~
tert-butyl-5-nethyl-2- phenoxy)tltanlun1d|chlor|de

met hyl ene(t et dimethyle\Zeiphemubao)itartaniite phehloidegphaethy tenatetea~

di chl ori de, nethylene(tetra-
met hyl cycl opemeddiydieyolopentadienyl )dimm-gquwl-sz-phenoxy)titanium
met hyl - 2- phenoxy) titani um di chl ori de, nethylene(tetra-

met hyl cycl opefdshilonicds;3 mathylang (Hetpansthslaycln P%’fféﬂ%@)ﬂilb}n um
dlchlorlde nmet hyl ene(tetra-
texd ERTCR A TSR B4R

met hyl cyc %pe
di chloride, me%%& en %etramethylcyclopentadlenyl)(3-phenyl 2~
phenoxy)titanium dichloride, methylene(tetra-
methylcyclopentadienyl) (3-tert-butyldimethylsilyl-5-
methyl-2-phenoxy)titanium dichloride, methylene(tetra-
15 methylcyclopentadienyl)(3-trimethylsilyl-5-methyl-2-
phenoxy)titanium dichloride, methylene(tetra-
methylcyclopentadienyl) (3-tert-butyl-5-methoxy-2-
phenoxy)titanium dichloride, methylene(tetra-
methylcyclopentadienyl) (3-tert-butyl-5-chloro-2-
20 phenoxy)titanium dichloride,
methylene(trimethylsilylcyclopentadienyl) (3,5~
dimethyl-2-phenoxy)titaniﬁm dichloride, methylene-
(trimethylsilylcyclopentadienyl) (3-tert-butyl~2-phenoxy)-~
titanium dichloride, methylene(trimethylsilylcyclo-
25 pentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)titanium
dichloride, methylene(trimethylsilylcyclopentadienyl)(3-
phenyl-2-phenoxy)titanium dichloride, methylene-

(trimethylsilylcyclopentadienyl) (3-tert-butyldimethyl-



t hyl cycl opent adi enyl ) (3-tert-butyl-5-chloro-2- 20 phenoxy)titanium
di chi ori'de, nmet hyl ene(tri nmet hyl silyl cycl opent adi enyl ) (3, 5-
di met hyl - 2- phenoxy) ti tani um di chl ori de, net hyl ene-
(trimethylsilylcycl opentadienyl)(3-tert-butyl-2-phenoxy)- titanium
di chl oride, nethylene(trinethylsilylcyclrol?5

Y e A S TR P
(171 mot hy i | JEEY PR ORI AP CPem AR I et by Lo Ly -5~
CirTmet iyt si | PPepanaaseRRond s ] M RonTld Y uthfiy1ene-

T 2 P GRS cone pyey-5-methony-

ijhenOXY)SitQﬂghﬁh ) Qe un B 18 dd,| #Rith¥lene (trimethyl-
silyl cycl opent adi enyl ) (3-tert-butyl -5-chl oro-2-phenoxy)- titanium

di chl oride, neihyleyelopentadienid ) (3-diert-utyl{Hanloto-3-phtiony ) -

di chl oride, nethylene(fluorenyl)(3-tert-butyl-2- 10 phenoxy)titanium

di chl ori de, metilandam dichlenilde,3-tert- butyl -5-nmet hyl - 2- phenoxy) titani um
di chl ori de, nethylene- (fluorenyl)(3-phenyl-2-phenoxy)titaniumdichloride,

met hyl ene(fl uor enyl ) ( 3- methyleng (filvmemenydi ) (3 -Sodismebhyl <24phenoay) X+ t ani um
di chl ori de, nethylene(fluorenyl)(3- 15
trinethyl sil yM&aﬁépnydiM@%i@) methylenefifdmasanyd ) (3-tert-butyl-2-
met hyl ene{é | u%Eleerr]l%lx&()%_itt%rrfi_u?nutd%.lc-h%._oq:'eit eo'x >llt;ezt-h%rr}.eeqxoex(y £) l-uorenyl) (3~tert-
butyl-5-methyl-2-phenoxy)titanium dichloride, methylene-
(fluorenyl) ( 3-phenyl-2-phenoxy)titanium dichloride,
methylene(fluorenyl) (3-tert-butyldimethylsilyl-5-methyl~
2-phenoxy)titanium dichloride, methylene(fluorenyl)(3~
15 trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
methylene(fluorenyl) (3-tert-butyl-5-methoxy-2-phenoxy)-
titanium dichloride, methylene(fluorenyl) (3-tert-butyl-5-
chloro-~2-phenoxy)titanium dichloride,
isopropylidene(cyclopentadienyl)(3,5-dimethyl-
20 2-phenoxy)titanium dichloride, isopropylidene(cyclo-
pentadienyl) (3-tert-butyl-~2-phenoxy)titanium dichloride,
isopropylidene(cyclopentadienyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium dichloride,-isopropylidene(cyclo-
pentadienyl) (3-phenyl-2-phenoxy)titanium dichloride,
25 isopropylidene(cyclopentadienyl)(3-tert-butyldimethyl-
silyl-5-methyl-2-phenoxy)titanium dichloride,
isopropylidene(cyclopentadiehyl)(3-trimethylsilyl-5-

methyl-2-phenoxy)titanium dichloride, isopro-



ani um di chl ori de, net hyl ene(fluorenyl)(3-tert-butyl-
cﬁTﬁro - phenoxy) titani um di chl ori de,
i sopropyl i dene(cycl opent adi enyl ) (3, 5-di net hyl - 20 2-phenoxy)titani um
di chl ori de, isopropylidene(cyclo-
pent adi enyl ) (3-tert-butyl-2- phenoxy)tltaﬂllﬁnthchlorlde
|sopropyl|dene(cyclopentadlenyl)(3 tert- butyl -meth I-2 phenox )titani um
di chl ori de, |§Uﬂr Qﬁﬁﬁ%?ﬂﬂﬂ?ﬁ kﬁﬂﬁ SYTP titani um

dichloride, 25, iso yl i dene ent adi en ert-butyl di met hyl -
si |yl - 5- met hyPh&? qﬂ%ﬁﬂ# Q%ﬁiﬁ 3bgépyil enefh}éf W

ot hyl -3 Lﬂiﬂe%ﬂe”t LA LR 5 Sponoxy 1 tantum
pylidene(cycl zg# |)(3-tert-butyl-5-nmethoxy-2- phenoxy)titani um
di chl ori de, |soprop éne(cyclo-

pent adi enyk) (3-tert-buty

i sopr opyl |§ene( met hyl cycllsc%ent algfeanéﬁf( 3, b- y dl%e%%%%ﬂ%(be?l tani um
dichloride, i gamiethgtl enoxy)titanium dichloride, isopropylidene-
(et hyl cycl opent adi enyl ) (3-tert-butyl -2-phenoxy)titani umdichl ori de,

i sopropyl i denqmehpll ooyl opet il eyl ) (B-tert-butyl-2-phenoxy)titanium
tert-butyl-5-nethyl-2-phenoxy)titani umdichloride, 10

i sopropyl i dene(imhtlvpticler, dpoprapEidgreneiehyl c¥s lgpemmdieny n( 3+

di chl ori de, isopropylidene(nethyl-
cyclopentadlemﬁqﬂﬁ?Qka-5nﬂ%ﬂh¥ln§+3hgn0§y)Eiﬁﬂniﬂm -dichlewidsy titani um
di chl oride, isopropylidene(nethyl-
cyclopentbgleﬁﬁ?ﬂ?ﬁ&%%#ﬁﬁQSM@ﬁ#@H1Q¥¢%RDﬁHt§§lenyl)(3-Phenyl-2-

phenoxy)titanium dichloride, isopropylidene(methyl-
cyclopentadienyl) (3~-tert-butyldimethylsilyl-5-methyl-2-
phenoxy)titanium dichloride, iSopropylidene(méthyl-
cyclopentadienyl) (3~trimethylsilyl-5-methyl-2-

15 phenoxy)titanium dichloride, isopropylidene(methyl-
cyclopentadienyl) (3~tert-butyl-5-methoxy-2-phenoxy)-
titanium dichloride, isopropylidene(methylcyclo~
pentadienyl) (3-tert-butyl-5-chloro-2-phenoxy)titanium
dichloride,

20 isopropylidene(tert-butylcyclopentadienyl)(3,5-
dimethyl-2-phenoxy)titanium dichloride, isopropylidene-
(tert-butylcyclopentadienyl)(3-tert-butyl-2-phenoxy)-
titanium dichloride, isopropylidene(tert-butylcyclo-
pentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)titanium

25 dichloride, isopropylidene(tert-butylcyclopentadienyl) (3~
phenyl-2-phenoxy)titanium dichloride, isopropylidene-
(tert-butylcyclopentadienyl) (3-tert-butyldimethylsilyl-5-

methyl-2-phenoxy)titanium dichloride, isopropylidene-



1% phenoxy)titaniumdichloride, isopropylidene(nethyl-

cy opéﬁtadienyl)(3-tert-butyl-5-nethoxy-2-phenoxy)- titani umdichl ori de,

i sopropyl i dene( net hyl cycl o- _

pent adi enyl ) (3-tert-butyl-5-chl oro-2-phenoxy)titani umdichloride, 20

i sopropylidene(tert-butylcycl opentadi enyt )X9,5- di nmet hyl - 2- phenoxy) titani um

di chl oride, isopropylidene- . L . . :
(tert-butyl cydrt@a&%mydwa(@q@qdmﬂ } @reinreshyl gi kgl inketihnl o2 de,
I sopropylidene(tert-hutyl cycl o-

pent adi enyl ) ( B mma@%mhlgr&rﬁsméﬁqmmm%%% oride,
| s0pr opy! 1 deng( ent-put il vel ARSI A VLI B BT i RSP SR

(tert-butyl cygls q#mﬁdygﬂﬁééﬁééﬁEﬁggﬁéﬁﬁ#fﬁﬁ%ﬁ%ﬁﬁéﬁ@;ﬁtgy;ﬁyq10_

met hyl - 2- phenoXy)Titani um opyTi
tert-butykc sadl I 5 Jﬂﬁ%ﬁbﬂ 31 Al sys e = 2 ﬂgﬁﬂﬂﬁﬁhﬁitanium
((ji chi ori dg!,; ?%&ﬁ?ﬁ@ﬁ%ﬁt}ﬁ{ Sldlors IRl phenciy

butyl cycl openiyaéinadside3- t ert - but yl - 5- met hoxy- 2- phenoxy) - titani um
di chl oride, isopropylidene(tert-butylcyclo- 5

pent adi enyl ) (3-t ert - but Vilsdprpyridieheitpand thiyltyoloperitadisityl ) -

i sopropyl i dene(tetranet hyl cycl opent adi enyl ) -
(3, 5- di net hyl (3-,Sherimethy -2 phenixgh) wWiriadeun stiwhootide, isopropyli-
dene(tetrane;hylcyclopentadienyl)(3-tert-putyl-2:_10 _Pheno%zgfitaniun1
di chl ori de, i sepedpatinamethyliqrclopentadienyl) (3-tert-butyl
met hyl cycl opent adi enyl ) (3-tert-butyl -5-met hyl -2- phenoxy)titani um
di chiori dt9 | Phenexy)itdddsyium dichloride, isopropylidene(tetra-
methylcyclopentadienyl) (3~-tert-butyl-5-methyl-2~
phenoxy)titanium dichloride, isopropylidene(tetra-
methylcjclopentadienyl)(3-phenyl-2-phenoxy)titanium
dichloride, isopropylidene(tetramethylcyclopentadienyl)-
15 (3~tert-butyldimethylsilyl-5-methyl~2-phenoxy)titanium
dichloride, isopropylidene(tetramethylcyclopentadienyl)-
(3-trimethylsi1yl-5-methyl-2-phenoxy)titanium dichloride,
isopropylidene(tetramethylcyclopentadienyl) (3-tert-butyl-
5-methoxy-2-phenoxy)titanium dichloride, isopropylidene-
20 (tetramethylcyclopeniadienyl)(3-tert-butyl—5-chloro-2-
phenoxy)titanium dichloride,

_ isopropylidene(trimethylsilylcyclopentadienyl)~
(3,S-dimethyl-z-phenoxy)titanium dichloride, isopropyli-
dene(trimethylsilylcyblopentadienyl)(3-tert-butyl-2-

25 phenoxy)titanium dichloride, isopropylidene(trimethyl-
silylcyclopentadienyl)(3-tert-butyl-5~-methyl-2-phenoxy)-
titanium dichloride, isopropylidene(trimethylsilylcyclo-

pentadienyl) (3-phenyl-2-phenoxy)titanium dichloride,



nQ%pchyclopentadienyl)(3-phenyl-2-phenoxy)titaniun1dich|oride,
S prob?lidene(tetranethylcyclopentadienyl)- 15

(3-tert-butyl di met hyl silyl-5-nethyl-2-phenoxy)titani umdichloride,
I sopropyl i dene(tetranethyl cycl opent adi enylrg -
(3-trinethylsilyl-5-methyl-2-phenoxy)titad@nrdi chl ori de,

i sopropylidene(tetraneth Icyclopentadienyl (3-tert-butyl -
5- met hoxy- 2- pHEapPEPRYLHisdanat thimatdylel yi?ﬂkﬁgﬁ%&dveenmb) (3-tert-
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e L A tif it oo
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y

but yl di net hyl si |l yl -5-net hyl - 2- phenoxy) titani um di chlori de,
i sopropyl i dendiichlvatifid Siisopnapy¥tidene (trimethylsilylcyclopenta—-

pent adi enyl ) (3-trinet hyl silyl-5-nmethyl-2-phenoxy)titanium5 dichloride,

i sopropyl i deneiteniyiel (B4t t4myylo-5-chloro-2-phenoxy)titanium

pent adi enyl ) (3-tert-butyl -5-methoxy-2-phenoxy)titani umdichl ori de,

i sopr opyl i dengdchlexids si |yl cycl opent a-

di enyl) (3-tert-butyl-5-chl oro-2-phenoxy)titani umdichloride, 10

isopropyll@ene(fluorenyr§§QE¥PEN£%QQﬂﬁ uorenyl) (3,5-dimethyl-2-
phenoxy)titanium dichloride, isopropylidene(fluorenyl) (3~
tert-butyl-2-phenoxy)titanium dichloride, isopropylidene-
(fluorenyl) (3-tert-butyl-5-methyl-2~-phenoxy)titanium
dichloride, isopropylidene(fluorenyl)(3-phenyl-2-

15 phenoxy)titanium dichloride, isopropylidene(fluorenyl) (3~
tert-butyldimethylsilyl~5-methyl-2-phenoxy)titanium
dichloride, isopropylidene(fluorenyl)(3-trimethylsilyl-5-~
methyl-2-phenoxy)titanium dichloride, isopropylidene-
(fluorenyl)(3-tert-butyl-5-methoxy—2-phenoxy)titanium

20 dichloride, isopropylidene(fluorenyl)(3-tert-~butyl-5-
chloro~2-phenoxy)titanium dichloride,

diphenylmethylene(cyclopentadienyl) (3,5-
dimethyl-2-phenoxy)titanium dichloride, diphenyl-
methylene(cyclopentadienyl)(3-tert-butyl-2-phenoxy)-

25 titanium dichloride, diphenylmethylene(cyclopenta-
dienyl) (3-tert-butyl~5-methyl-2-phenoxy)titanium
dichloride, diphenylmethylene(cyclopentadienyl)(3-phenyl-

2-phenoxy)titanium dichloride, diphenylmethylene-



phenoxy)titani um di chl oride, isopropylidene(fluorenyl)(3-

térf-b yl - 2- phenoxy) titani um di chl ori de, isopropylidene-

(fluorenyl) (3-tert-butyl-5-nethyl-2-phenoxy)titani umdichlori de,

i sopropyl i dene(fl uorenyl) (3-phenyl-2- 15 ;)henoxy) titani um di chl ori de,

i sopropyl i dene(fluorenyl)(3- - 21 -

tert-butyl di methyl silyl-5-methyl-2-phenoxy)titani umdichloride,

i sopr opyi i dendc¥edopsaRadienyl M-ty dingthylsl ke thy kmdum
di chl oride, isgpropyl.idene-, , . .

(1 Uor eny! ) ( 3PRERERIIEHEASITE KERIonIfs o AiRhaFInRF i ong (9 Te,
i sopropylidene(fluarenyl).(3tert-hutw -5 .chl org-2-phen titan um.

di chiori de, dP‘ﬁ’H&ﬁﬁﬁ%& | ne‘(rc‘%ﬁb‘g'ﬁérﬁéﬂﬁle %‘I“ﬁe‘(qil,gx}?rf SR L R s om
di net hyl -2- ph istani j tq,ﬁg 'sogﬁ;aﬁl - . - _
met hyl ene(cycﬁg%yﬁl%oa&??pfyﬁﬂ(‘g{eﬁﬂlt%%u ]1&]2 enc?&%qtaﬁ%erﬁlt%ﬁ utn?rt
dichlori des diRRgAVIsTRdPHBRR(EHARBY Ritanium dichloride, diphenyl-
di enyl ) (3-tert-butyl-5-nethyl - 2-phenoxy fif%ﬁium(ﬁ(ﬂﬂ(ﬁﬁ(ﬁi ipaeny

di phenyl et hyh@&Wﬂ@ﬁl@ﬁ@ﬁd&ﬂ&?ﬂWm&m@smnm&m-
di chl ori de, di phenyl nethyl ene- - 21 -

(cycl opent adi phgnox3)ttdrtanbiuny diicidndlds | yl - 5- met hyl - 2- phenoxy)titani um
di chl ori de, di phenyl et hyl ene(cycl o-

pent adi enyl ) ( 3-t ri met hyldiiphgnyimedihyller® (ethydond iopentadieny by { 35~

di phenyl met hyl ene(cycl opent adi enyl ) (3-tert- 5 )

but yl - 5- net ho@@#&éniﬁghammwmdleﬁWﬁiphenyl-

met hyl ene( cycl opent.adi enyl ) (3-tert-butyl-5-chloro-2- phenoxy)titani um

di chi ori d&0~ dmetdwlena (MatdueGraligpaentadiamtd Inkagt-Putyl-2-

phenoxy)titanium_dichloride, diphenylmethylene(methyl~
cyclopentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)-
titanium dichloride, diphenylmethylene{methylcyclo-
pentadienyl) (3-phenyl-2-phenoxy)titanium dichloride,

15 diphenylmethylene(methylcyclopentadienyl)(3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, diphenylmethyiene(methylcyclopentadienyl)(3-
trimethylsilyl-5-methyl-2-phenoxy)}titanium dichloride,
diphenylmethylene(methylcyclopentadienyl)(3-tert-butyl-5-

20 methoxy-2-phenoxy)titanium dichloride, diphenyl-
methylene (methylcyclopentadienyl) (3-tert-butyl-~5-chloro-
2-phenoxy)titanium dichloride, |

diphenylmethylene(tert-butylcyclopentadienyl)-
(3,5-dimethyl-2-phenoxy)titanium dichloride, diphenyl-

25 methylene(tert-butylcyclopentadienyl) (3-tert-butyl~2-
phenoxy)titanium dichloﬁide, diphenylmethylene(tert-
butylcyclopentadienyl) (3-tert-butyl-5-methyl-2-

phenoxy)titanium dichloride, diphenylmethylene(teft-



dinethyl;z-phenoxy)titaniun1dich|oride, di phenyl - 10
nﬁfﬁylene(nethylcyclopentadienyl)(3-tert-butyl-2- phenoxy)titani um

di chl ori de, di phenyl nethyl ene( et hyl - '

cycl opent adi enyl ) (3-tert-butyl-5-nmethyl -2-phenoxy)- titaniumdichloride,
di phenyl net hyl ene(met hyl cycl o- pent adi enyl33 3= phenyl - 2- phenoxy) ti t ani um
di chl oride, 15 diphenylnethylpne(nethylcyclopentadienyh%éS-tgrt-

but yI di net hy| Sutyloyckapantadianfod3 1pheniind Phanes Y Hel tanium

di phenyl net hyl ene(net.hyl cygcl Qpent adi enyl ) ( 3-

trimethyl sily@is] %rz-dp‘rﬂgfﬁmp‘)"t‘?‘imgmﬁ eyl cyclopenta-

di phenyl net hyl gne thyl.cygl nt.adi_enyl #é%;iﬂj-jnn | -5-, 20

me{ Eoi(y- Ziphteﬁ@%’\%l {i&(%"ltlﬁ%%d%g‘}z?ﬁi e,q*ﬂ}b > meﬁhyf_’-;; titan
met hyl ene( ne i ; ri. 3= B Ph 0oxy) titani um
di chi ori de, d%ﬁ%ﬁyﬁ%ﬁq&rﬁ t er%@%ﬁﬁ%’yﬁ%p%eﬁ}%%\l&]) i

(3, o di et by| e aaiar e i £03.004 Sect =5 2fethyl-2-
npthylene(?er?ﬁgﬁ?ylcyclopent§§?gﬁ! (3-tert}§tty -2- phenoi&%t%tanium

di chl oride, dignepidwyRiibdeina (@ dhloride, diphenylmethylene(tert-

butyl cycl opent'adi enyl’) (3-tert-butyl -5-nethyl -2- phenoxy)titani um

di chl oride, dibutgnWysidperiswiienyl) (3-ter2-butyl-5-methoxy-2-
but yl cycl opent adi enyl ) ( 3- phenyl - 2- phenoxy) titani um di chl ori de,

di phenyl net hy iphescxyr)ttithandwy dicgdidmide, diphenylmethylene(tert-

di enyl ) (3-tert-butyldinmethylsilyl-5-methyl-2- phenoxy)titanium dichloride,
di phenyl net hy bakglicyiqlopentadienyl ) (3-tert-butyl-5-chloro-2-
butyIcyclogentadienyl)(ﬁ-trjnethylsiIxI-S-nethyI-Z- phenoxy)titani um

di chl ori d&0 diPheaeRYeikanm (Gighloride,

diphenylmethylene(tetramethylcyclopentadienyi)-
(3,5-dimethyl-2-phenoxy)titanium dichloride, diphenyl-
methylene(tetramethylcyclopentadienyl)(3-tert—bﬁtyl-2-
phenoxy)titanium dichloride, diphenylmethylene(tetra-
15 methylcyclopentadienyl)(3~tert-butyl-5-methyl-~2-~
phenoxy)titanium dichloride, diphenylmethylene(tetra-~
methylcyclopentadienyl) (3-phenyl-2-phenoxy)titanium |
~dichloride, diphenylmethylene(tetramethylcyclopenta-
dienyl) (3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)-
20 titanium dichloride, diphenylmethylene(tetramethyl-~
cyclopentadienyl)(3~trimethylsilyl-5-methyl~2-phenoxy)-
titanium dichloride, diphenylmethylene(tetramethyl-~
cyclopentadienyl) (3-tert-butyl-5-methoxy-2-phenoxy)-
titanium dichloride, diphenylmethylene(tetramethyl-
25 cyclopentadienyl)(3-tert-butyl-5-chloro~2-phenoxy)-
titanium dichloride,
"diphenylmethylene(trimethylsilylcyclopenta-

dienyl)(3,5-dimethyl-2~-phenoxy)titanium dichloride,



bq%%Ic cl opent adi enyl ) (3-tert-butyl -5-nmet hoxy-2- phenoxy)titani um
di chl oride, diphenyl nethylene(tert-

but yl cycl opent adi enyl ) (3-tert-butyl -5-chloro-2- 10 phenoxy)titani um

di chl ori de, di phenyl met hyl ene(tetranethyl cycl opent adi enyl) -

(3, 5-di et hyl - 2- phenoxy) ti tani um di chl orto& <i phenyl -

met hyl ene(tetranet hyl cycl opent adi enyl ) (3-tert-butyl-2- phenoxy)titani um
dichloride, di Q (hripethylsilylcyclopentadieny z(B—tert-

Y O A e e dE YOz fie SR e

i chloride, di L ’

i phony! et hy IHECER R R s s § 5L SR S netny-2-
)G A ML) o gl BRI englondL a0l um

cycl opent agi e s(er3stlip | @ﬁ%ﬂg§¥9 31 | -
dichlorides dmﬁﬁﬁﬁ%ﬁﬁg%ﬁ%{¥$§¥é$%€§§§%§ﬁ§ﬁygy 1-2{pHensHy)

cycl opent adi eRltlalndnint 'd i dhilort ide R fvhenyimdanstene (tXimathy di chl ori de,
di phenyl net hyl ene(tetranet hyl - 25

cycl opent adi emdlyIyiciidpentad ienyl) (B-ceedtmanoydd iméthylsilyIHshl ori de,

di phenyl net hyl ene(tri net hyl silyl cycl opent a-

di enyl ) ( 3, 5- dmedthyll -2-phenmsy) titamium dichloride, dipher@lmethylene-

di phenyl net hyl ene(tri nmet hyl silyl cycl opentadi enyl ) (3-tert-

byl - 2- phenoxsmimeshiya thitkayslepentadiany} Hd+Ee ket rinethylsi lyl-5-

(1 et g1 L caehonentadt e )3 S Do 20, W e PLSDGRALAL 2

(trimethylsilylcyclopentadienyl) (3-tert-butyl-5-methoxy-
2-phenoxy)titanium dichloride, diphenylmethylene-
(trimethylsilylcyclopentadienyl) (3-tert-butyl-5-chloro-2-
phenoxy)titanium dichloride,

15 diphenylmethylene(fluorenyl)(3,5-dimethyl-2-
phenoxy)titanium dichloride, diphenylmethylene-
(fluorenyl) (3-tert-butyl-2-phenoxy)titanium dichloride,
diphenylmethylene(fluorenyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium dichloride, diphenylmethylene-

20 (fluorenyl)(3-phenyl-2-phenoxy)titanium dichloride,
diphenylmethylene(fluorenyl) (3-tert-butyldimethylsilyl~5-~
methyl-2-phenoxy)titanium dichloride, diphenylmethylene-
(fluorenyl) (3-trimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, diphenylmethylene(fluorenyl)(3-tert-butyl-5-

25 methoxy-2-phenoxy)titanium dichloride and diphenyl-
methylene(fluorenyl) (3-tert-butyl-5-chloro-2-phenoxy)-
titanium dichloride; compounds resulting from changing

the "titanium" in the above-mentioned compounds to



5, (trimethylsilylcycl opentadi enyl) (3-phenyl -2-phenoxy)- titanium

di Thl ori’de, di phenyl net hyl ene(tri net hyl -

silyl cycl opent adi enyl ) (3-tert-butyl di methylsilyl-5--

met hyl - 2- phenoxy) titani um di chl ori de, di phenyl net hyl ene-

(trinmethylsilylcycl opentadienyl)(3-tert-trd4methylsilyl-5- 10

met hyl - 2- phenoxy) ti t.ani um di chl ori de, di phenyl net hyl ene- .
(trinethyl si | pREGONINEL CXdhafniums. compaunds respditing, fromihandAdng t ani um
di chl oride, diphen

t hyl ene- i

(trimethyl sil §rB J%EE %2_5?% e ahovesmentionad sameounds fy) tit ani um
dichloride, 1 . . _.di phenyl tﬁél fol 1).(.3, 5- di net.hyl - 2-
plhgnog;l)t?t an?ﬁﬁp&fighl &ﬂdd'g,eo’dia&%§%§1y H eéne-loert%%&'{lde’ r{-rf:eutélxld?e

fl 1) (3-tent- |- 2- i tani i i .
il phonyl wet hoPEra PPEYRECK NS MR ABAGHP 8 changing the

dichlorid in b%tnl%_l 7130 6] | dHSBHe Wm Idgni um
di chioride di 8%2% et hy@@(’?ﬁuoﬁg{nﬁﬁ g y%er?‘ét hylsi | y|% i

et hyl - 2- phenq@yyivelt! |dj!81@p¥ﬂﬂ§di‘&xyl§' [P hein@inpl Bigtopentadienyl ),
(fluorenyl) (3-trinmethylsilyl-5-nethyl-2-phenoxy)titaniumdichloride,

di phenyl net hy l{ ardiftiyleyelypentaddienyilt,y | (ter t2bu tylidime i sichyaaydid-ani um
di chl ori de and di phenyl -

met hyl ene( f | upeatpidiedytldr toxb (tindeRydh) ;o raprpauinstso mgsuliti irgnifiromli chl ori de;
conpounds resulting fromchanging the "titanium in the above-nentioned
conpounds to changimg ther d'Ghidndisethwilr2nphenamurids thes @havgr from

changing the "chlqgride" in the above-pnenti oned conpounds to
10 mentioned compounds to 2-phenoxy, 3-methyl-2-phenoxy,

3,5-di-tert-butyl-2-phenoxy, 3-phenyl-5-methyl-2-phenoxy,
3-tert-butyldimethylsilyl-2-phenoxy or 3-trimethylsilyl-
2-phenoxy and compounds resulting from changing the

"methylene" in the above-mentioned compounds to diethyl-~

15 methylene; and transition metal complexes wherein B in
the formula (1) is an atom of the group 14 of the
periodic table of elements other than carbon atom, such
as

dimethylsilyl (cyclopentadienyl) (2-phenoxy)-

20 titanium dichloride, dimethylsilyl(cyclopentadienyl) (3~
methyl-2-phenoxy)titanium dichloride, dimethylsilyl-
(cyclopentadienyl) (3,5-dimethyl-2-phenoxy)titanium
dichloride, dimethylsilyl(cyclopentadienyl)(3-tert-butyl-
2-phenoxy)titanium dichloride, dimethylsilyl(cyclo-

25 pentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium
dichloride, dimethylsilyl(cyclopentadienyl)(3,5-di-tert-
butyl-2-phenoxy)titanium dichloride, dimethylsilyl (cyclo-

pentadienyl) (5~methyl-3-phenyl-2-phenoxy)titanium



bron1de | odi de, di net hyl am de, diethylam de, n-butoxide or isopropoxide,
conpou\ﬁé resulting fromchanging the 5 "(cyclopentadienyl)"” in the
above- nenti oned conpounds to (di nethyl cycl opent adi enyl),
(trimethyl cycl opentadi enyl), (n-butylcyclo entadlenyl)
(tert-butyldinethylsiIyIcycIo- pentadlenyl or (|ndenyl) conpounds

:neefl'?: E)Ingg I:(r)og chan I, the " h&%ﬁi %é)henoxi I n the.t?ebé’é’f' 10
go?egtnég gggg’r‘%ﬂ}éﬁf% ﬁf%gﬁﬁhﬁlﬁ hl?iii\"?‘?ﬂ’&_h}en.oxg/mZm'bhenoxyt a(r)\ged
co%ounds to glte%hﬁalfu%g’] Q{}f}{%}-{@_ l@ |%dnl miﬁ Pégﬁxn%@sé wherein
Bin the formy r?ﬁ%#h f%fﬁyéﬁzggﬂgn %yﬁéﬂﬁﬁﬂidﬁldﬁcﬁfﬁiiﬁg'Od'C tabl e of

el enents ot her rbo suc

di met hyl si 5y avideaRAayademegdx -t A L ST OF h Sy - 2-
d|nethyIS|IyI(cycIopentaﬁ}enyl)( nmet hyl - Fﬁ%noxy)tltanlun1d|cﬁﬁﬁ¥|de

di met hyl silyl uénuﬁymnﬂﬁ&nﬂdﬁndﬂdﬁid&iﬂéﬁﬂdnﬁeﬁhjﬂkilyg@éyéEﬁuUn1
dichloride, dinethylsilyl(cyclopentadienyl)(3-tert-butyl-

2- phenoxy) t i t pentadiienytloy(Ite;ert+hat iyl -5 4gh anys+ D-pliEnoxy ) titanium
pent adi enyl ) (3-tert-butyl-5-nmethyl -2-phenoxy)titani um dichloride,

di met hyl si | yl déyphlepdtendidimayhyd 5141 taya lopantad isninenokss+d tamy 1m2 -
di chl ori de, dlnethyIS|IyI(chIo-

pent adi enyl ) ( Phemoxy ) titandim dioldaridetitanium - 25 -

10 dimethylsilyl (methylcyclopentadienyl) (2-
phenoxy)titanium dichloride, dimethylsilyl(methyl-
cyclopentadienyl) (3-methyl-2-phenoxy)titanium dichloride,
dimethylsilyl (methylcyclopentadienyl)(3,5-dimethyl-2-
phenoxy)titanium dichloride, dimethylsilyl(methyl-

15 cyclopentadienyl)(3-tert—buty1-2-phenoxy)titanium
dichloride, dimethylsilyl(methylcyclopentadienyl)(3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride, dimethyl-
silyl(methylcyclopentadienyl)(3,5-di-tert-butyl-2-
phenoxy)titanium dichloride, dimethylsilyl(methyl-

20 cyclopentadienyl)(5-methyl-3-phenyl-2-phenoxy)titanium
dichloride, dimethylsilyl(methylcyclopentadienyl)(3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, dimethylsilyl (methylcyclopentadienyl) (5-
methyl-3~trimethylsilyl-2-phenoxy)titanium dichloride,

25 dimethylsilyl (methylcyclopentadienyl) (3~tert-butyl-5-
methoxy-z—phenoxy)titanium'dichloride, dimethylsilyl-
(methylcyclopentadienyl) (3-tert-butyl-5-chloro-2-

phenoxy)titanium dichloride, dimethylsilyl(methyl-



chhIoL%ge, di met hyl si l yl (cycl opent adi enyl ) (3-tert-

bdf?ldi t hyl sil yl - 5- et hyl - 2- phenoxy) titani um di chl ori de,

di met hyl si |l yl (cycl opent adi enyl ) (5- net hyl - 3-
trinmethylsilyl-2-phenoxy)titaniumdichloride, 5

di met hyl si | yl (cycl opent adi enyl ) (3-tert-but38 -5- net hoxy- 2- phenoxy)titani um
di chl oride, dinmethylsilyl(cyclo- . . . .

pent adi enyl ) ( $¥cdareniadienyl) 6} -Aisnosd/rhengr it Hrami Wi de,

di et hyl si l yl (cycl.opent adi enyl) (3, 5-di anyl - 2- phenoxy)titani um di chl ori de,
10 '4%%4%H 1yl (et hyl cycl opent adi enyl ) (2- phenoxy)titani um

di chl oride, dinethylsilyl.(methyl -, . _ .
cyclopentadienyI)(3-netﬁbﬁ¥§#ﬁﬁ%ﬁ5§§6QWTQHﬁXﬁﬁ¥ﬁ%ﬁﬁ%ﬂFQﬁ%enyl)(2'

di et hyl si |yl I ' - dj B 1C i tani um

di chl ori de, disrreﬂ%tiﬂ"y%@ﬁ&y‘%}fneﬁl%’ﬁ;ﬁ’iglﬁa‘)‘(fdé' U CHy 1811 PR

cycl opent agli eyl ohdritfda uH 3-&?%&%‘]}’-)11' 1 L O 4ol €dichlorid

di et hyl si ?yl (Iargetlf%;/i)l cy(ﬁ%lpergia{jﬁzeny ( -terl%- é&?}ﬁ& rentoride,
but yl - 5- met hy lgri ZratiHgX 1 (b Xt drftead £ 3;55diMéthyl-2-

(et hyl cycl opent adi enyl ) (3, -di%{fi}ertfét:iuﬁll - 2- phl?ra\%j;g)'t I tani umlc’ii chl ori de,
di met hyl si | yl piRinosdy)titanium dichloride, dimethylsilyl(n-butyl- '
cycl opent adi enyl ) ( 5- met hyl - 3- phenyl - 2- phenoxy) ti tani um di chl ori de,

di met hyl si | yl (@yetllopgentaddiganyt B rbent-buteyl-2-phenoxy)titanium

butyl di met hyl si | yl - 5- met hyl - 2- phenoxy) ti tani um dichloride,

di net hyl si | yl Gishhprids ostimethwisdyb(n-butylcyclopentadienyl) (3-

met hyl - 3-tri met hyl si | yl -2-phenoxy) titaniumdichloride, 25

di met hyl siPy| EREIRUE e thy krd tohengxy s tikaRium _dichloride,

met hoxy- 2- phengx i t.anium di ¢hl orj de,. di met hy] silyl] - . _
(met hyl cycl op ?hﬁﬁﬁﬁkéiQQY QEX&%XQ¥9R§ﬂ§ﬁ%;%ﬂy%h%%0&?§¥T?%ﬁﬁTPHtYl‘
dichlori de, mfrgﬂgﬁéﬁéf@fégﬁfgﬁ_dichloride, dimethylsilyl (n-butyl-

cyclopentadienyl) (5-methyl-3-phenyl-2-phenoxy)titanium
dichloride, dimethylsilyl(n-butylcyclopentadienyl) (3~

15 tert-butyldimethylsilyl-~5-methyl-~2-phenoxy)titanium
dichloride, dimethylsilyl(n-butylcyclopentadienyl) (5~
methyl-3-trimethylsilyl-2-phenoxy)titanium dichloride,
dimethylsilyl(n—butylcyclopentadienyl)(3—tért-butyl-5-
methoxy-2-phenoxy)titanium dichloride, dimethylsilyl(n-

20 butylcyclopentadienyl) (3-tert-butyl-5-chloro-2-phenoxy)-
titanium dichloride, dimethylsilyl(n-butylcyclopenta-
dienyl)(3,5-diamyl-2—phenoxy)titanium dichloride,

dimethylsilfl(tert-butylcyclopentadienyl)(2-
phenoxy)titanium dichloride, dimethylsilyl(tert-

25 butylcyclopentadienyl ) (3-methyl-2-phenoxy)titanium
dichloride, dimethylsilyl(tert-butylcyclopentadienyl)-
(3,5~dimethyl~2-phenoxy)titanium dichloride, dimethyl-
silyl(tert-butylcyclopentadienyl)(3~tert-butyl-2-



- 26 - _cycl opent adi enyl) (3, 5-di anyl - 2- phenoxy) titani um di chl ori de,
dﬁﬁéth silyl (n-butyl cycl opentadi enyl) (2- phenoxy)titani umdichloride,
di rethyl silyl (n-butyl- 5 cycl opentadi enyl) (3-net hyl -2-phenoxy)titani um
di chl ori de, dinmethylsilyl(n-butylcycl opentadienyl) (3, 5-dinethyl - 2-
phenoxy) titani um dichl oride, dinethylsilkyl@n-butyl -
cycl opent adi enyl ) (3-tert-butyl-2-phengxy)titani um.dichloride,
di et hyl si | y|-§ﬁ%&¥9ﬂ>&}&?&p}éﬂt Séi e, gdmethylsilyl(tert-
tert-butyl-5- hyl - 2-phenoxy.,).ti t gni,um. di chlori de,
i et byl 411 y1 PREBAFYFIDBRBs e Sree =5 iicd s -atiw1-2-phenoxy) -
2- phenoxy) tit anj dichl.gk i . o0l 0yl Syl GRABYt v, -
cyclopentadie%§k§5§ﬂﬁbPﬁ%ﬁgg&%ﬁgﬁ3?@3¥%%@h§§§$?3#f%ﬁﬂ%%ﬁx%ﬁXﬁ%%RL
di net hyl silyl (n- l\opert aqi_ )3+ hD o : :
erL b ﬁ?ﬁ%ﬁ%ﬁ%&&ﬁgﬂ% ot %%ﬁ% Z-phenexy)titaninm

I methyl Sigyl GRcRIbrides Qﬁﬁﬁkﬁﬁﬂ%&l ert-butylcycl tadi 1 -
nethyI-S-trinetﬁylsiﬁylfz-phenoxy)tiP%gifﬁ;digh oﬁ%ﬁaopen adienyl)(5

di met hyl si |yl mathyh3cyphlenganizagnes y&ittemiivil dilchloride, dimethyl-
met hoxy- 2- phenoxy) titani umdichloride, dinmethylsilyl(n- 20

but yl cycl opensadidfert3butyl dypdlypentadienyl)-(3raert-bu tiylidinethyl -

di chl oride, dinethylsilyl(n-butylcycl openta-

di enyl) (3, 5- dsaiyll-3-plediydy-2-phemomxy )ditaindunddichloride, dimethyl-

di met hyl silyl (tert-butyl cycl opentadi enyl) (2- phenoxy)titani umdichloride,
dinethylsiIyI§iéwﬂ(tEStﬂ&mPMLQWQLQWGﬂﬁadﬁémwﬂﬁ«@aMﬁﬂhMlﬁﬁqﬁﬁimﬁ@ﬁWﬂktanium
dichloride, dinethylsilyl(tert-butylcyclopentadjenyl)- .

(3, 5- di metby| s2Ipdedophpnomanitihagion Gichdorddeyt fimethylsilyl (tert-

sinI(tert-buL&%gxggg %%%% g%&%%&&%]%g%%i'ﬂﬂﬁfyi;s-methoxy-2-phenoxy)-
titanium dichloride, dimethylsilyl(tert-butylcyclopenta-
dienyl) (3-tert-butyl-5-chloro-2-phenoxy)titanium
dichloride, dimethylsilyl(tert-butylcyclopentadienyl)-
15 (3,5-diamyl-2-phenoxy)titanium dichloride,
dimethylsilyl (tetramethylcyclopentadienyl) (2~
phenoxy)titanium dichloride, dimethyisilyl(tetra-
methylcyclopentadienyl) (3-methyl-2-phenoxy)titanium
dichloride, dimethylsilyl(tetramethylcyclopentadienyl)-
20 (3,S-dimethyl-z-phenoxy)titénium dichloride, dimethyl-
silyl(tetramethylcfclopentadienyl)(3-tert—buty1-2—
phenoxy)titanium dichloride, dimethylsilyl(tetra-
methylcyclopentadienyl) (3~tert-butyl-5-methyl-2-phenoxy)-
titanium dichloride, dimethylsilyl (tetramethylcyclo-
25 pentadienyl)(3,5-di-tert-butyl-2-phenoxy)titanium
dichloride, dimethylsilyl (tetramethylcyclopentadienyl)(5-
methyl-3-phenyl-2-phenoxy)titanium dichloride, dimethyl-

silyl(tetramethylcyclopentadienyl) (3-tert-butyldimethyl-



- 27 - phenoxy)titaniumdichloride, dinmethylsilyl (tert-
bGr?Ic?ﬁlopentadienyl)(3-tert~butyl-5-nethy|-2-phenoxy)- titani um

di chloride, dinethylsilyl(tert-butylcyclo- ' :
pent adi enyl ) (3, 5-di-tert-butyl -2-phenoxy)titanium5 dichloride,

di methyl silyl (tert-butyl cycl opent adi enyt) @8 -

met hyl - 3- phenyl - 2- phenoxy) ti tani um di chl ori de, di nethyl - .
silyl(tert- buﬁyﬂv}cﬁcyeﬁ}/lare}r@nﬂhﬁmxwdf%%% diehdpride, dimethyl-

FlE it et o —
PRSI, G e
di enyl ) (3- t er t“-g%%F%}?h’%‘r%g%’}%ﬁ(éﬂ3?3#%??5%’?‘&%1&56 Aethoxy-2-

dinethylsi+y|bhéhbk?ﬂkikﬁ%ﬁhﬁp%ngQF&QH%%'dﬁiethylsilyl(tetra;

(3, 5-di anyl - 2=phenoxy) titani um di chl ori

di met hyl si |yl fbeh chvpentladn enyadi(SltertZbutyan®acHlidrdl AUPhEndiyy de,
dinethylsiIyI(tet?3?§netE&PbyclopgﬁﬁédienyI)(3-2§ihyl-2-pheég§;)titgﬁium

di chl ori de, dtieahyhsi dilchlerbiaest i methydpdlvdditatdametylcyclopenta-
(3,5-di net hyl - 2- phenoxy) titaniumdichl oride, dinethyl-

si |yl (t et r anetdhphyld i Sp SrddamgnlyH2-pRenoxty-)iuittpniam diabdopide,ani um
dichloride, dinmethylsilyl(tetra-

met hyl cycl opent adi enyl ) ddmedhylisidyl ($nimebhylsidydsyelopentasiienyl ) -
di chloride, dinethylsilyl(tetranethylcyclo- 25
pent adi enb@ ) ( $25PhEnEEY) ium ddehdepidera fimatdydiaidylddrimethyl-
dinethylsilylg&igi%g% g L%%%h&%%g'%?Benéf%&ilz-phenoxy)titanium
dichloride, dimethylsilyl(trimethylsilylcyclopentadienyl)-
(3,5-dimethyl-2-phenoxy)titanium dichloride,
dimethylsilyl (trimethylsilylcyclopentadienyl) (3-tert-

15 butyl-2-phenoxy)titanium dichloride, dimethylsilyl(tri-
methylsilylcyclopentadienyl) (3~-tert~butyl-5-methyl~2-
phenoxy)titanium dichloride, dimethylsilyl(trimethyl-
silylcyclopentadienyl) (3,5-di-tert-butyl-2-phenoxy)-
titanium dichloride, dimethylsilyl(trimethylsilyl-

20 cyclopentadienyl)(5-methyl-3-phenyl-2-phenoxy)titanium
dichloride, dimethylsilyl(trimethylsilylcyclopentadienyl)-
(3-tert-butyldimethylsilyl-5-methyl-z-phenoxy)titanium
dichloride, dimethylsilyl(trimethylsilylcyclopentadienyl)-
(5-methyl-3-trimethylsilyl-2-phenoxy)titanium dichloride,

25 dimethylsilyl(trimethylsilylcyclopentadienyl)(3-tert-
butyl-5-methoxy-2-phenoxy)titanium dichloride,
dimethylsilyl (trimethylsilylcyclopentadienyl) (3-tert-

butyl-5-chloro-2-phenoxy)titanium dichloride,



nqr/ 3- phenyl -2- phenoxy) titani um di chl ori de, di nmethyl -
yI(tetranethylcyclopentadlenyl)(3 tert-butyldinethyl- . - 28 -
si |yl -5-net hyl - 2- phenoxy) titani um di chl ori de, di nethyl -

silyl (tetramet hyl cycl opent adi enyl ) (5-net hyl -3-tri nmet hyl -

silyl-2- phenoxy)titaniun1dich|oride mlﬂﬁQ%dSilyl(tetra-

(rjr}ezml)(r:?/gleopeatmadl Mq)iﬁ (lt tl'}lylsa. th?c openta 'heer{]yf(ye I ta Jl.éjmn;rl..
nethylcyclopegtagle y)§$ tert- b or o- 2- phenoxy)-.tltanlum

di chl ori de, di ) Hﬁﬁﬁ enta-

di enyl ) (3, 5-di anyl - 2- ph Qé¥ﬂé?

di met hyl silyl (trimethyl ?}1 ylc c]l ope"""lne 31 (%(?hwxr}f?e%]b&mﬁm‘t‘am um
di chl ori de, RhSidey! d - -
S|Iylcyclopentg§&En;§)(é némL %32 ﬁ%ﬁuﬁ% t?%%u}ﬂ? b ors henoxy)
dlnEthy|SI$y|&h&wﬂmdmﬂdidHAdaﬂaéuﬂaﬂmﬁhﬁyméﬁryl(1ndeny1)(3 5-d1methyl-

(3, 5-di net hyl - 2- phenoxy) ti t ani umdi chl oride,

di met hyl si | yl @-phistioxy )Hiltdroiim eiohilattieie, )dikdthylsillyl (indenyl) (3-
but yl - 2- phenoxy) titani um di chl oride, dinmethylsilyl (tri-

met hyl si | yl cy tleaheibudyilerB4 phiedrasy jit-ithand unb -disthiyd e izie phbimeah i sy 1+n
di chl oride, dinethylsilyl(trimethyl-
S|IyIcycIopenKa@d@ﬂﬂbkﬁ?itﬂﬁtﬁhﬂtYlnﬁjmethxﬂﬁinpggnoxyltwndnmwuchIorlde
dlnethyIS|IyI(trlnethyIS|I

SYC|OEePtadI?ﬁHqH i Igg ﬂﬂhﬁﬂﬂlkYﬁf%ﬂfjizkh&%mﬁTﬁﬁTﬁQ#ﬁThQEK; -2-
i met hy SL y rimet y_5|1¥ C clﬁgﬁpta eny _ , _
(3-tert-b &#W%Fﬁ?i %?ﬁ%i Qe A 4% 6 Indeny ikl 5
(5 et byt 3 4 ¢ PR s.q?gﬁr%&z% BT T dhdiopides dimethyl-

silyl(indenyl) (3-tert-butyldimethylsilyl~5-methyl-2-
phenoxy)titanium dichloride, dimethylsilyl (indenyl)(5-
methyl-3-~trimethylsilyl-2-phenoxy)titanium dichioride,

15 dimethylsilyl(indenyl)(3-tert-butyl-5-methoxy-2-phenoxy)-
titanium dichloride, dimethylsilyl(indenyl) (3-tert-butyl-
5-chloro~2-phenoxy)titanium dichloride, dimethylsilyl-
(indenyl)(3;5-diamyl-2-phenoxy)titanium dichloride,

dimethylsilyl (fluorenyl) (2-phenoxy)titanium

20 dichloride, dimethyisilyl(fluorenyl)(3-methyl-2—phenoxy)-
titanium dichloride, dimethylsilyl(fluorenyl)(3,5-
dimethyl-2-phenoxy)titanium dichloride, dimethylsilyl-
(fluorenyl) (3-tert-butyl-2-phenoxy)titanium dichloride,
dimethylsilyl(fluorenyl)(3—tert-butyl-5-methyl-2-.

25 phenoxy)titanium dichloride, dimethylsilyl(fluorenyl)-
(3,5-di-tert—butyl-z-phenoxy)titaniuﬁ dichloride,
dimethylsilyl(fluorenyl)(5-methyl-3-phenyl-2-phenoxy)-

titanium dichloride, dimethylsilyl(fluorenyl) (3-tert-



di prethyl silyl (trinmethylsilylcycl opentadienyl)(3-tert-

butyl - 5= et hoxy- 2- phenoxy) titani um di chl ori de,
dimethyl silyl (trinmethylsilylcycl opentadienyl)(3-tert-
but yl - 5- chl or o- 2- phenoxy) ti tani um di chl ori de, - 29 -

dinethylsiIyI(trinethylsilylcyclopentadhedvly(S 5-di anyl -
2- phenoxy)tltanlun1d|chlor|de dlneth i ndenyl ) (2- phenoxy)titani um
di chl ori de, dibwtyddimethvlisidarhrt ]hﬁy pEAtamsiun i t ani um

di chl ori de, dlnethyIS|IyI(|nden I 5 dlneth henaxy. tltanlum
di chl ori de, d %ﬁlg .k (rhu %mrawﬁ

di chl ori de,

(1 ndenyl) (3- It E’Sﬁ@lllé'r?e’tﬂmn?‘yd}%&ﬂ)‘}“f tddrﬁlﬂrﬂ’ifrdd?ﬂ cﬂ‘r‘%?ethyls’-lyl'
di gﬁf o)rll 313 Y I SIl J‘él((% enyIr Mﬁt‘%ﬁ%’ﬁﬁ%% p}h’enoxﬂﬁ“‘? ani um

di chl ori deg Al nmet hyl -
phenoxy)ti tanlhum or| ﬁilﬂé&ﬂ% %ﬁf)ﬁ{&régg}u @J"Pém kﬁiég}’i =

met hyl - 3-tri rr%hh)axwzsdww niihid idEBHi I, imethylsilyl-

di met hyl si l yl (i ndenyl) (3-tert-butyl -5-nmet hoxy- 2- phenoxy) I tani um

di chl oride, di(Faudtenyly) (3 FlaindnyKi3-3-PHenviy)titanium dichloride and
5-chl oro- 2- phenoxy)tltanlun1d|chlor|de di met hyl si | yl -

(i ndenyl) ( 3, 5ddmevhylsidlydnbettanethyioyt idpentadi enyl ) (1-naphthoxy-2-
di met hyl si lyl (fl uorenyl) (2-phenoxy)titanium 20 dichloride,

di met hyl si | yl gfll)ddtemiluy ik lorgide ;plend compaundsiresul ting rfcm

di met hyl silyl (fluorenyl)(3,5- dinmethyl-2-phenoxy)titaniumdichloride,

di met hyl s19y| changing, in 'the above-mentioned compounds, "(cyclopenta-

dienyl)" to (dimethylcyclopentadienyl), (trimethylcyclo-
pentadienyl), (ethylcyclopentédienyl), (n-propylcyclo-
pentadienyl), (isopropylcyclopentadienyl), (sec-butyl-
cyclopentadienyl), (isobutylcyclopentadienyl), (tert-

15 Dbutyldimethylsilylcyclopentadienyl), (phenylcyclopenta-
dienyl), (methylindenyl) or (phenylindenyl), cdmpounds
resulting from changing, in the above-mentioned
compounds, "2-phenoxy" to 3-phenyl-2-phenoxy, 3-tri-
methylsilyl-~2-phenoxy or 3-tert-butyldimethylsilyl-2-

20 phenoxy, compounds resulting from chaﬁging, in the above-
~mentioned compounds, "dimethylsilyl" to diethylsilyl,
diphenylsilyl or dimethoxysilyl, compounds resulting from
changing, in the above-mentioned compounds, "titanium" to
zirconium or hafnium, and compounds resulting from

25 changing, in the above-mentioned compounds, "chloride" to
bromide, iodide, diméthylamidé, diethylamide, n-butoxide
or isopropoxide. |

The compound [l] can be prepared by a process



(fl yorenyl) (3-tert-butyl-2-phenoxy)titaniumdichloride,
dineth?rsilyl(fluorenyl) -tert-butyl-5-nethyl-2- 25 phenoxy)titani um

di chl oride, dinethylsilyl(fluorenyl)- (3,5-di-tert-butyl-2-phenoxy)titani um
di chloride, dinmethylsilyl(fluorenyl)(5-nethyl-3-phenyl-2-phenoxy)- titanium
dichloride, dinethylsilyl(fluorenyl)(3-ted - - 30 -

but yl di met hyl si | yl - 5- met hyl - 2- phengxy) ti t ani um di chl ori de, . :

di net hyl si | yl CPMpgigdng) thedohliowing i3 shans |oF |4 (Stepshafbag as dhem

di chl ori de, dinethyl si

(1 soreniy CoFBrtdeh aniatna. pabegmanten v mend g
di chl of de,de’FFe'lﬁé |§¥’F§)\(‘fia( 9y Leth‘%ﬂr)e(lé‘,a?} i ﬁ%-eof-r;ﬁm%g)r%xﬁ“’t iSORRqHRd

di chl ori de an?lgh sthyl silyl (tetranethyl cycl opent adi enyl ) (1- napht hoxy- 2-
yl)titaniumdirchl"ori de; and conpounds resulting from 10 changing, in the
above- nenti oned conpounds, "(cyclopenta- dienyl)" to

(di met hyl cycl opent adi enyl ), (trigethylcyclo- pentadienyl),

(et hyl cycl opent adi enyl ), (n-prop IcycHo- pent adi enyl ),

(i sopropyl cycl opent adi enyl g4 (sgc-butyl- cycl opentadi enyl),

(i sobutyl cycl opent adi enyl ), S ¥5" butyl di net hyl silylcycl opentadi enyl),
(phenyl cycl opent a- di enyl), i ndenylqgyor (phenylindenyl), conpounds
resulting fromchanging, in X /;nve-nentioned conmpounds, "2-phenoxy" to
3- phenyl - 2- phenoxy, 3-tri-R¥ret RyFsi 'Ykt 2- phenoxy or
3-tert-butyldinethylsilyl-2- 20 ghenoxy, conpounds resulting from changi ng,
in the above- R

-2
(3
I (
I (

5 wherein Y' is a halogen atom, and R!, R?, R® and R? are

respectively the same as defined above.



menti oged conpounds, "dinethylsilyl" to diethylsilyl, diphenylsilyl or

di met hoxysilyl, conpounds resulting from changing, in the above-nentioned
conpounds, "titaniunt to zirconiumor hafnium and conmpounds resulting from
25 changing, in the above-nenti oned conpounds, "chloride" to brom de,

i odi de, di net hyl am de, diethyl am de, n-butdXide or isopropoxide. The
conpound [1] can be prepared by a process: - 31 - conprising the
following 3 steps or 4 steps using as the starting material a hal ogenat ed
aryl conmpound represented by the fornuhg (10) (hereinafter referred to as
conpound (10): [err] 5 wherein Y[err] s a hal ogen atom and Rerr],

Rlerr], Rerr] and Rlerr] are resgactixely ahe sane as defined above. -

3? - [err] [Step 1] [err] - 33 ° (o).

Re R’
RZ
. YLV,
[Step 1] l R'Y> (1)
A |r
R¢ A
)
R R
RZ
R. Y
-B M
[Step 4] R |
Y2
& 1
R\Bl/Y RT
RS |
R‘
Hs Rs\ /sz
cp® (@) (5) B (8
[Step 2] n‘“>= i 3 1 [Step 6] st“
R R
Rz
[Step 5]° M%cp? (6)
-] 2
Rs\,B/cp R7
n? : ‘
2
R R
HZ
1
x3\M1,X 3)
[Step 3] x4’ \xz
) 1 1
R\B- O X
. Rs’ |\xz
R A
(4)]
R® R



TQg/hangen atomrepresented as the substituent Y[err] in the conpound [ 10]
may be,” for exanple, a chlorine atom brom ne atom and i odi ne atom

Exanpl es of the conpound [10] include 2-brono- 5 phenol,

2- br ono- 6- et hyl phenol , 2-brono-4, 6- di net hyl phenol ,
2-brono-6-tert-butyl phenol, 2-brono-6- ter33butyl-4-methyl phenol,
2-brono-4,6-di-tert- butyl phenol, 2-brono-6-trineth Isilzlphenol,_
2-brono- 4- net hyl - 6-t ri MR R&1egeR RN represppted s thet substtuent

di met hyl si Iyl phenol , . 2-brono-6-tert-butyl di methylsilyl-4- nethyl phenol,
2 brome. o phek BRekbE, COMPRUREL 110 MR P oy MRaeRNG, & oRldTine
4,6-diany|-2-Q{onDp enol 2-b{gnn-6-tq&%: but yl - 4- met hoxyphenol ,

2- br ono- 6-tert-tb9ﬂ‘yl -%%%ﬁ‘%r%- rbh%’?ﬁ%l’,’ F D unds resulting from

changing, in the 15 re5££%+é%§éqggpgwgd o 3€ﬁ&bﬁggi??%§h“§§rgg?%?#85e|oML

chloro or iodo. The respec process ste are :
[Step 3] 28 phenol, 2-HMormbEs-mdt &9,  PonLaipoyng-[ 1] by reacting a

substituted cycl opent adi enyl conpoun erelnafter referred to as conpound

[2]) representEnddhylghd®s 1! 2-Kromdes Ltert-butlphdhSl i P-EBbRGLE-I S a

group having a cycl opent adi ene skel eton, R err] 1s a hydrocarbon group '

optional |y subsdtti+bhetty M4 iméthylphenol, 2-bromo-4,6-di-tert-
butylphenol, 2-bromo-6-trimethylsilylphenol, 2-Bromo-4-
methyl-6-~trimethylsilylphenol, 2-bromo-6-tert-butyl-

10 dimethylsilylphenol, 2-bromo—s-tert-butyldimethylsilyl-4-
methylphenol, 2-bromo-6-phenylphenol, 2-bromo-4-methyl-6-
phenylphenol, 4,6-diamyl-2-bromophenol, 2-bromo-6-tert-
butyl-4-methoxyphenol, 2-bromo-6-tert-butyl-4-chloro-
phenol, and compounds resulting from changing, in the

15 respective compounds described above, "bromo" to chloro
or iodd.

The respective process steps are described in
detail below.
[Step 3]

20 The step of éroducing the compound tl] by

réacting é substituted ¢yc10pentadienyl compound

(hereinafter referred to as compound [2]) represented by

the formula (2)

[ 2
F‘\ /Cp 7
5,B R
R I
R A
(2)



Iq\§t one hal ogen atomor a trl-substltuted silyl group, and A, B, Rerr],
R err], R[err] Rlerr], Rerr] and Rlerr] are respectively the 5 sane as
def i ned above, with a base and then reacting the resulting reaction
product with a transition nmetal conpound represented by the fornmula (3)
(hereinafter referred to as conpound [3]9 34ERR] wherein X[ERR] and X[ err]

are each |ndependentI¥E€ hydrogen atom ,10 a hal ogen atom or
Cerr]-d err] YBeEping plsa?a?R?PPghﬁﬁhnga?yFYQFBBﬁnt§Gb§PFtEF@&e§PPyI

, alk k al |
dubst] tut ed wRerEace Bedrodnebin  saehe peh opRl by cpnbBeE Enrpdayi that”
bstituted d.. ct I th 15
Same as def i ﬁi”a% 8&81%"%%3%;)*%&'6{% £ Wi et B pee
represented by sgbsg,]ntu§nt l;(Sp[ﬁur]]l2 tdhciscgggo ﬁgﬁhggxgb%h for
cyc y

exanpl e, cyclopentédlén group, o- penta
di met hyl cyel opgaeadise AWE 19l Rbdvid,- Al Bl ClaaRe R SOl c iRy fihe

t et ramet hyl cycl opent adi enyl group, ethylcyclopentadlenyl group,

n- propyl cycl OQéBthlﬁge&léacﬂﬁ@ipPﬁthOmﬂ&N@ rRMsAH IO mefaqup, n-butyl -
cycl opent adi enyl group, sec-butylcycl opentadi enyl group,

tert-butyl cyccompouad eepregented bypahey formulee(tl) (erbisafteys oup,

neopent yl cycl opent adi enyl group, n-hexyl - - 35 - cycl opent adi enyl group,
n- oct yl cycl opzatediredy itogasucomposmd d\3dl)opent adi enyl group,
napht hyl cycl opent adi enyl

\\\ 1//’ X (3)
x4,/' ™~ x?

wherein X3 and X! are each independently a hydrogen atom,
10 a halogen atom, or a C,-C,, alkyl group, aralkyl group,

aryl group, substituted silyl group, alkoxy group,

aralkyloxy grouﬁ or aryloxy group each optionally

substituted with at least one halogen atom, or C,-C,, di-

substituted amino group; M!, x! and x? are respectively the
15 same as defined above.

The group having a cyclopentadiene skeleton
represented by the substituent Ccp? in the compound [2] may
be, for example, cyclopentadienyl group, methylcyclo-
pentadienyl group, dimethylcyclopentadienyl group, tri-

20 methylcyclopentadienyl group, tetramethylcyclopentadienyl
‘group, ethylcyclopentadienyl group, n-propylcyclopenta-
dienyl group; isopropylcyclopentadienyl group, n-butyl-
cyclopentadienyl group, sec-butylcyclépentadienyl group,
tert-butylcyclopentadienyl group, n-pentylcyclopenta-

25 dienyl group, neopentylcyclopentadienyl group, n-hexyl-



group, trinethylsilylcycl opentadi enyl group, triethyl-
\rylc?/lopentadlenyl group, tert-butyldinethylsilyl- 5 cycl opentadi enyl

group, indenyl .group, methylindenyl group, dinethylindenyl group,

et hyl i ndenyl group, n- propylindenyl group, isopropylindenyl group,

n-butyl - indenyl group, sec-butylindenyl-@Dup, tert-butylindenyl group,

n- pentyl i ndenyl - group, neopentylindenyl group, n- 10 hexyllndenyl group,

n- oct yl i ndenyicy§lompentadienyl araun, gty emiop enybgroup,
met hyl phenyl i ndenyl group, naphthyllndenyl group, trinethylsil Ilndenyl
group; trieth HERAN RﬁQiﬁPY¥eﬂ#qqﬂn;HQRHRHY%H¥E¥%PQHF 1 group,

aYf
t et rahydr oi nden IEQ flu & th quorenyI gr
i 8 st inaide M%%i Y4 oup,
ﬁ[gfggglflgﬁLgﬁé 36% é%dfé -PE¥£E{ or%$¥ S fggﬁhl?{agfenyl
AT A ?WSE;[ eﬁ?ﬁ,.gmq@
pn’ i I~ u hylindenyl
- uty|

-n-butyltluo enyI group, sec roup

d|-tert but Y| GRS N i et ML L riterBA nt@ggdéjor@d}yﬁjg{% Wt)ﬂiluorenyl
group, n- hexylfluorenyl group, n- octylfluorenyl group, n- decylfluorenyl

group, n-dodeg tb{dquliﬁéﬂy]g lftdup P isdvgropdAl fddeyen YdripH m-butyl -~
di phenyl f I uorenyl group, nethyl phenyl- fluorenyl group, naphthylfl uorenyl

group, trl-neuMﬂenymIgﬂdﬂpynsqubqﬁyiﬂndény&tgroupJuﬂemﬁﬁbdﬂymﬂndehygroup,
triethylsilylfluorenyl group and tert-butyldi methyl -
group, n-pentylindenyl group, neopentyllndenyl group, n-
10 hexylindenyl group, n-octylindenyl group, n-decylindenyl
group, phenylindenyl group, methylphenylindenyl gioup,
naphthylindenyl group, trimethylsilylindenyl group,
triethylsilylindenyl group, tert-butyldimethylsilyl-
indenyl group, tetrahydroindenyl group, fluorenyl group,
15 methylfluorenyl group, dimethylfluorenyl group, ethyl-
fluorenyl group, diethylfluorenyl group, n-propyl-
fluorenyl group, di-n-propylfluorenyl group, isopropyl-
fluorenyl group, diisopropylfluorenyl grdup, n-butyl-
fluorenyl group, sec-butylfluorenyl group, tert- |
20 butylfluorenyl group, di-n-buﬁylfluorenyl group, di-sec-
butylfluorenyl group, di-tert-butylfluorenyl group, n-
pentylfluorenyl group, neopentylfluorenyl group, n-
hexylfluorenyl group, n-octylfiuorenyl group, n-
decylfluorenyl group, n-dodecylfluorenyl group, phenyl-
25 fluorenyl group, diphenylfluorenyl group, methylphenyl-
fluorenyl group, naphthylfluorenyl group, tri-methyl-
silylfluorenyl group, bis-trimethylsilylfluorenyl group,

triethylsilylfluorenyl group and tert-butyldimethyl-



silylfluorényl group, preferred of these being the cycl opentadi enyl group,

nﬁTﬁyIéVClopentadienyl group, tert-butyl cycl opentadi enyl group,

tetramet hyl cycl o- pentadi enyl group, fluorenyl group, indenyl group, etc.
The hydrocarbon group denoted as the substi- tuent R7 nay be,
an al kyl group with the nunber of carbon-alens of 1-10,
group, ethyl group, propyl group, hexyl group and decyl group, an al kenyl

for exanpl e,
such as the nethyl

5

group with th&idifduarenyk [@reuR orpreferred ofl (these Hoeing Hehei nyl group
al Iyl group,

hexenyl

group

nmet hoxynet hyl
with the numb
(4- et hyl phen

hydr o-

car bon

hal ogen at gm

propenyl group, 2- nethyl-2-propenyl group, hopoallyl group,
ot QRENSATL 46 TP e MY LopRiAd Ler areRR:

P by R Yeothy et lade 4y, 00

il Sl S S Sl PRERI L 00 7 868 one
atom i ncl ude ”I?e(ag!ol gg QEC}}# Q%J%%%ﬁ%‘g‘?‘g% elétéfj}[@ﬁ%\é\%l?%?jégals?%r

group may be, thint®#Rhg be)e foid ERbivhe,! ¥ 1R, gtz‘biu? Rtlen $nley! group,

tri-n-propylsilyl group, “triisopropylsilyl group, “tri-n-butylsilyl group,

tri-sec-butyl sidnberdcfGattion tLidmdWH | B110] Dichias tthe sadthyl sqtoip,

group,
n- hexyl

Anong these substituents R err], an al kenyl group, particularly the allyl

gr oup,

tert-
silyl

is. pre

10

15

20

25

25 butyl-dinethylsilyl group, tri-n-pentylsilyl group, tri-

@thyl droupyc|miwpyl Sitoip grivesy Brgirdup -and ededsl | gtogp pup.
faay adkenyl group with the number of carbon atoms of 2-10,
such as the vinyl group, allyl group, propenyl group, 2-
methyl-2-propenyl group, homoallyl group, hexenyl group
and decenyl group, an alkoxyalkyl group, such as the
methoxymethyl group and methoxyethoxymethyl group, and an
aralkyl group with the number of carbon atoms of 7-12,
such as the benzyl group, (4-methylphenyl)methyl group
and (2,4,6-trimethylphenyl)methyl group. These hydro-
carbon groups may each optionally be substituted with at
least one halogen atom. Examples of the hydrocarbon
group substituted with a halogen atom include the 2~
chloro~2-propenyl group. The trisubstituted silyl group
may be, for example, the trimethylsilyl group, triethyl-
silyl group, tri-n-propylsilyl group, triisopropylsilyl
group, tri-n-butylsilyl group, tri-sec-butylsilyl group,
tri-tert-butylsilyl group, triisobutylsilyl group, tert-
butyl-dimethylsilyl group, tri-n-pentylsilyl group, tri-
n-hexylsilyl group, tricyclohexylsilyl group and tri-
phenylsilyl group. BAmong these substituents R/, an

alkenyl group, particularly the allyl group, is preferred



- .37 - _because it can give the conmpound [1] with a good yield. Such
compounds [2] include a substituted cycl opentadi enyl conpound represented
by the fornula (2a) (hereinafter referred to as conpound [2a]): [err] 5
wherein Cp[err], A Rerr], Rerr], Rerr], Rerr], Rerr], Rerr] and
Rlerr] are respectively the same as definel? above, for exanple, 2-

[ (cycl openta-1, 4-di enyl ) met hyl ] -1 - met hoxybenzene, 2- .

[ (cycl opent a- Pesagiseniit) gam@ivel the egrournsl di hnktwitth agpathgield.
2-tert-butyl-6-[(cycl opent | ) net hy

-1, 4-di |1- 10 .
1- et hoxy- 4- et hyl benzeﬁél,‘:%ﬁ-‘ﬁ'men eritdl f',"A"]-]d*%ﬁ jsubstituted
thyl1-1-neth -2- b 1-tert - but i hyl .-
T o o RSP RS itncind "Coniaantel BY e Srrmata, (22)
3- | t _.di _2- | )
S hore, Pt Aberdiiaibes) Tddlded o as compound [2a1)e .

[ (cycl openta-1, 4-di enyl)nethyl]-1, 4-di net hoxybenzene, 3-
tert-butyl-1-ch|oro-5-[(cyc|oqgnta- , 4-di enyl ) met hyl ] -4- net hoxybenzene,
2-tert-butyl-6- (cyclopenta-1, dr&fyl ) met hyl ] - 1- net hoxybenzene,
2-(1-(cycl openta- 1, 4-di enyl ) - Igsfgt hyl -2t hyl ] -1- 20 et hoxybenzene,
2-[1-(cyclopenta-1, 4-di enyl pt 1-
et hyl ] -1 -met hoxy- 4, 6-di net hyl be
(cyclopenta-1,4-dienyl)-l-neth'
6-[1-(cyc|openta-l,4-dieny|&§

AR tert-butyl-2-[1- - 38 -
yl ] -1-m@ghoxy-4- net hyl benzene,

5 wherein Cp?, A, Rl,. R?, R3, R*, R% RS and R’ are
respectively the same as defined above, for example, 2-
[ (cyclopenta-1,4~dienyl )methyl]-l-methoxybenzene, 2-
[ (cyclopenta-1,4-dienyl )methyl]-1-methoxy-4,6-dimethyl-
benzene, 2-tert-butyl-6-[(cyclopenta-~1l,4-dienyl)methyl]-
10 1l-methoxy-4-methylbenzene, 6-[(cyclopenta-1l,4-dienyl)-
methyl ]-1-methoxy-~2-phenylbenzene, l-tert-butyldimethyl-
silyl-3~{(cyclopenta~1,4-dienyl )methyl]-2-methoxy-5-
methylbenzene, 3-[(cyclopenta-1,4~dienyl)methyl]-2-~
.methoxy—5-methyl-l-tfimethylsilylbenzene, 2-tert-butyl-6-
- 15 [(cyclopenta-1,4-dienyl)methyl]-1,4-dimethoxybenzene, 3-
tert—butyl-l—chloro-s-[(cyciopenta-l,4-dienyl)methyl]-4-
methokybenzene, 2-tert-butyl-6-[ (cyclopenta-1,4-~
dienyl )methyl]-1l-methoxybenzene,
2~[1-(cyclopenta-1,4-dienyl)-l-methyl-ethylj-1-
20 methoxybenzene, 2-[1l-(cyclopenta-1,4-dienyl)-l-methyl-

ethyl]-l-methoxy-4,6-dimethylbenzene, 6-tert-butyl-2-[1-.



]-1-nmet hoxy- 2- phenyl benzene, 1-tert-butyldi nethyl -
é’[l-(cyclopenta-1,4-dienyI)-I-nethylfethyI]-Z- 5
nethoxy 5- met hyl benzene, 3-[1-(cyclopenta-1, 4-dienyl)-1-
nethyl-ethyl]-2-nethoxy-5-nethy|-1-trinet_%g3|lylbenzene
6-tert-butyl-2-[1-(cycl openta-1, 4-di enyld met hyl
et hyl]-1, 4-di net hgxybenzene, 5-tert-butyl-I-chloro-3-[1-
(cycl opent a- 1,(§YgioRgntarld-ie Hﬂﬂﬁ m??hﬁ%ﬂﬁ&hﬁ%ﬁﬂ%ﬂﬂe?hPxY'4‘
6-tert-butyl - 2 I- clo enta d|e 1- neth eth ybenzene
1- met hoxy- 2- [ P & ﬂén 3ﬂ§§nﬁﬁ 1digy f ﬁﬁ nzene

T oy S 's%hﬁb%a“%fhfxaf- : Semm%%%n.ee« hyﬁe.rﬁ-sb“feéh%eethﬂ-

SQEFLEéﬁfgyh_ gsényr¥ l(ﬁiﬁ?qpéﬁéﬁﬁﬁ%enze %?FEX}-ethyll -2-

6-[1-(4-nethy & nfs oy t LY Fene,
l-tert- but%ld%ﬁ%%%y S|Iyltﬁ“ﬂ%ﬁ%oxyé&:%Jﬁiiweyéméﬁéﬂtéll éﬁfT

met hyl - 3- [ 1- ( e ewwmmmmﬂmmwmmﬂMMaﬁhﬂﬂMﬁmwa
2- met hoxy- 5- nmet hyl - 3-[ 1- (4- net hyl -

cycl opent a- 1, é—tiearty-butirlwd-il~ «uqudpéhﬁa4ﬂnn4dﬂenYLd-14m5ﬁhy&+
6-tert-butyl -1, 4-di met hoxy-2-[ 1-(4- et hyl -

cycl openta-1, euhyiﬁﬁDrﬁbdnmdqhoxxhqnqanaumﬁﬁgeﬂtihutyl l-chloro-3-[1-
butyI-I-chIoro 4-met hoxy- 3-[ 1- (4- et hyl -cycl opent a- 1, 4- 25
d|enyI)-I-netKFwﬂéﬂmﬁqqﬁnknﬁﬂﬂlQ&M&%ﬂlﬁﬂﬁﬁhYlbQﬁhﬁﬁﬂqﬂi@ethOXYbenZene,

[1-(4- neth -C clopenta 1,4-dienyl)-1-nmethyl -eth - benzene
2-[1- (4 1% ﬁy wﬁ,lr A5 RAALL  4-dlenyD) L methyl-
met hyl - ethyl] neFQ & %g} eann (4-tert-butyl - - 39 -

l-methoxy-2-[1l-(4-methyl-cyclopenta~1,4-
dienyl)-l1-methyl-ethyl jbenzene, l-methoxy-4,6~dimethyl-2-
[1-(4-methyl-cyclopenta-1,4-dienyl)-l~-methyl-ethyl]-~

15 benzene, 6-tert-butyl-l-methoxy-4-methyl~2-[1~(4-methyl-
cyclopenta-1,4-dienyl)-1l-methyl-ethyl ]benzene, l-methoxy-
6-{1-(4-methyl-cyclopenta-1,4~dienyl)-l1-methyl-ethyl]-2-
phenylbenzene, 1l-tert-butyldimethylsilyl-2-methoxy-5-
methyl-3-[1-(4-methyl-cyclopenta-~1l,4-dienyl)-l1-methyl-

20 ethyl]benzene, 2-methoxy-5-methyl-3-[1-~(4-methyl-
cyclopenta-1,4-dienyl)41-methyl-ethyl]-l-trimethylsilyl-
benzene, 6—tert-butyl-1,4—dimethoxy-2-[1-(4—methyl-
cyclopenta-~1,4-dienyl )-1-methyl-ethyl Jbenzene, 5-tert-
butyl-l-chloro-4-methoxy~3-{1-(4-methyl-cyclopenta-1,4-

25 dienyl)-l-methyl-ethyi]benzene, 6-tert-butyl-1-methoxy-2-
[1-(4-methyl-cyclopenta-1,4~dienyl)-1-methyl-ethyl]-
benzene, 2-[1~(4~tert-butyl-cyclopenta-1,4-dienyl)-1-

methyl-ethyl }J~-1-methoxybenzene, 2-[1~(4-tert-~butyl-~



Xrlopenta 1, 4-di enyl ) - 1-net hyl -et hyl ] -1 - net hoxy- 4, 6- dlnethylbenzene
6 ert\ﬁutyl 2-(l-(4-tert-butyl -

cycl opent a- 1, 4-di enyl ) - 1- net hyl - et hyl ] - 1- net hoxy- 4- net hyl benzene,
6-[1-(4-tert-butyl-cyclopenta-1, 4-dienyl)-

1- met hyl - et hyl ] - 1- met hoxy- 2- phenylbenzene32b1ert but yl -

di nmet hyl si |yl - 3- I-(4 tert-but yclopenta 1 4-di en

1- met hyl - et hy CFeiopemt@anl 1&%@ﬂx v qetthwl f;£1methoxy-4 6~
Pyl Pl S T biu.&y' 2L 14 ket butyl

met hyl - I - ri e -
tert-butyl - cyclo enta th th t hoxybenzene,
5-tert-butyl - ?Ti%ﬁﬁzla-ﬁﬁﬁtmﬁq%g@%iﬁ-met@ 24-

4-di enyl)-1- t.ho { _ _ _
6-tert-butyl ”‘ﬁ\e?%y(liz Jtnelfu{gjl ;X:qi opé'q:[ Eiﬂ:ﬁiyzﬂ. cyclopenta-1,4-dienyl)-~

glﬁg¥LLx§ gEt?¥%§&§®%!féhgﬁ¥ﬂ€?%§?g%§glo enE¥lbenzene, l~tert-butyl-

1,4-dienyl)-1yg 19w BRzena - terRidibpt ‘o lopenta-1, 4-dienyl ) -
di mrethyl -2-11-(2, 3, ,Sjggranethyl cyclopenta:lfé P tenyl)

~di enyl ) - 1- met hymetihil-Jd¥hyzena ~fethidy - Bindthly IRin¥ege 4-3-[ 1- (4~tert-
met hyl -2-[1-(2, 3, 4, 5-tetranet hyl - cyclopenta 1, 4-dienyl)- 20

1- met hyl - et hy buttgnlzeye 1 dpertidrdxyd-digmyrly) ~16-njelthy2l, s thybl ] - 2-methoxy-5-~
tetramet hyl - cycl opent a- 1, 4-di enyl ) - 1- net hyl -et hyl ] - benzene,
1-tert-butyl dmw-diﬁqnin@mm&ybmemrcﬁ-tert-butyl -[1-(4-
[1-(2, 3, 4 5 tetranethyl cycl openta-1, 4- dlenyH? 1- net hyl - ethyI}benzene,
2- met hoxyl8- nteaf- qﬂw@westnaethé-d@@ny )- -methyl-ethyl 4-

net hyl -cycl o enta 1 4-di en 1- I-eth I trimethyl silyl benzene,
6- teyt bﬁtylp j$§&2%3q4_ -te t-butyl]l-chloro-B 1-(4)/ert-

e Y BBy S
benzene, 6-tert-butyl-2-[l1-(4-tert-butyl-cyclopenta-1,4-
dienyl)-l-methyl-ethyl]-1l-methoxybenzene,

15 l-methoxy-2-[1-(2,3,4,5-tetramethyl-cyclopenta-
1,4~dienyl)-1-methyl-ethyl ]benzene, l-methoxy-4,6-
dimethyl-2-(1~-(2,3,4,5-tetramethyl-cyclopenta-1,4-
dienyl)-l-methyl-ethyllbenzeﬁe, 6-tert-butyl-l-methoxy-4-
methyl-2-[1-(2,3,4,5-tetramethyl-cyclopenta~1,4-dienyl)~

20 1l-methyl-ethyl]benzene, l-methoxy-2-phenyl-6-[1-(2,3,4,5-
tetramethyl-cyclopenta-l,4-dienyl)-l-methyl-ethyl]-
benzene, l-tert-butyldimethylsilyl-2-methoxy-5-methyl-3-

_ [1-(2,3,4,5-tetramethyl~-cyclopenta-1,4~dienyl)-l-methyl-
ethyl ]Jbenzene, 2-methoxy-5-methyl-3-[1-(2,3,4,5-tetra-

25 methyl-cyclopenta-1,4-dienyl)-l-methyl-ethyl]-1-~
trimethylsilylbenzene, 6~tert-butyl-l,4-dimethoxy-2-[1-
(2,3,4,5-tetramethyl-cyclopenta-1,4-dienyl)-1-methyl-

ethyl]benzene, 5-tert-butyl-l-chloro-4-methoxy-3-[1-



40 - (2,3,4,5-tetranet hyl -cycl openta-1, 4-dienyl)-1-nmethyl- ethyl]benzene,
6\rért\ﬁutyl-1-nethoxy-2-[1-(2,3,4,5-
tetranet hyl - cycl openta-1, 4-di enyl )-1-net hyl -ethyl]- benzene, 5
1- met hoxy-2-1-(3-trinethylsilyl-cycl opent a- '
1, 4-di enyl ) - 1- met hyl - et hyl ] benzene, 1- net 4&y~4, 6-
dlnethyl 2-]1- %3 trlnethyIS|IyI cycl openta-1, 4-di enyl)

met hyl - et hyl | §@n3efe S-tetzansithmli-cychopenba- 4~:|4eﬂi-ﬁnﬁ-) 1-methyl-
[1-(3-trinmethylsilyl-cycl openta-1,4-dienyl)-1- et hyl ] benzene,
l-nethoxy-2-pﬁ§ﬁy#¥§ePfeP§4tﬁlﬁ@FﬁVP?FN?I -methoxyyz [1’ 2,3,4,5-

but y1 0t et nyl ERFF ARSI Oy BRRB A A ST A - thyL 1~

siIyI-cyclopeﬁgﬁ-%né-dienyl) 1- net hyl - et hyl ] benzene, 2-
met hoxy- 5- et rimethylsilyl-3-[1-(3-trimethylsilyl- 15

cycl opent & 1, 4-di enyl ) - - gRkRbkvebny¥h]l RaNzen e thivieillvl - _
butyl -1, 4q%|nethoxy 2-[1- ?% trBl ﬁ§|sﬁﬁy| cyclo enl yl-cyclopenta

1, 4-di enyl) - 17 natBYengh Ryl bk eetﬁ 19ben2é¢nd,- l1~methoxy-4,6-
chi or o- 4- nethoxy 3-[1- ( -trimet I5|Iyl cyclopenta 1, 4-

di enyl) - 1- net theehfwl-]zhe: nzqnetﬁnmylmuyl-bym&imwah Aldienyl)~1-
[1-(3-trinethylsilyl-cyclopenta-1, 4-dienyl)-1-nethyl- ethyl]benzene,

1- (cycl opemeahil4ethgiybenkeniehy l6—eatybutisl - Iemethodxydemethyl-2-
-(cycl opent a-1, 4-dienyl)-1-ethyl -
yl ] - 1- net Bdxy{ 34teiverbyl pilyircys lopenda-lhdt-dienyl)~12methyl ~

1

p

cl openta-1, 4-di enyl)-1-ethyl -propyl]-1- neth02%44 met hyl benzene,
1-( cyleJpeﬁFHYi-]h’eﬁﬁéﬁﬁr) 1rn@fc|l?§m —Pr-HhEyL Iindh-trigedhp
ert-

butyldlneah | - sily &cyclopent ethylrpropyl] 2-

2
2
pr
(
6-
1 cyclo -methfi-ethy%li égne, 1-te

[
[
o]
cy
[
ter
enta-l 4-d1
butyldimethylsi1yl—2-methoxy—5-methyl-3-[1-(3-trimethyl-
silyl-cyclopenta-l,4~dienyl)-l-methyl-ethyl ]benzene, 2-
methoxy-5-methyl-l-trimethylsilyl-3-[1-(3-trimethylsilyl-
15 éyclopenta-l,4-dienyl)-l-methyl-ethyl]benzene, 6-tert-
butyl-1,4-dimethoxy-2-[{1-(3-trimethylsilyl-cyclopenta-
1l,4~dienyl)~1l-methyl-ethyl ]benzene, 5-tert-butyl-1l~
chloro-4-methoxy-3~[1-~(3-trimethylsilyl-cyclopenta-1,4-
dienyl)-l-methyl-ethyl ]benzene, 6-tert-butyl-l-methoxy-2-
20 [1-(3-trimethylsilyl-cyclopenta—l,4—dienyl)-1-methyl-
ethyl Jbenzene,
2-[1-(cyclopenta-~l,4-dienyl)~1l-ethyl-propyl}-1-
methoxybenzene, 2-[l-(cyclopenta-l,4-~dienyl)-l-~ethyl-
propyl]-l-methoxy-4,6~dimethylbenzene, 6-tert-butyl-2-[1-
25 (cyciopenta-l,4-dienyl)—1-ethy1-propyl]—1-methoxy-4-
methylbenzene, 6~[1-~(cyclopenta-l,4-dienyl)-l-ethyl-
propyl]-l-methoxy-2-phenylbenzene, l-tert-butyldimethyl-

silyl-3-[1-(cyclopenta-1,4-dienyl)-l-ethyl-propyl]-2-



41 - net hoxy- 5- net hyl benzene, 3-[1-(cycl openta-1, 4-di enyl)-1-
eﬁhyl bfopyl]m2-nethoxy-5-nethyl-1-trinethylsilylbenzene,
6-tert-butyl-2-[1-(cycl openta-1, 4-dienyl)-1-ethyl-
propyl]-1, 4-di net hoxybenzene, 5-tert-butyl-1-chloro-3-1- 5
(cycl opent a- 1, 4 dienyl) 1- et hyl - propyl ] 4-4¥et-hoxybenzene,

6-tert-butyl - 1- (cycl openta-1; 4-dienyl)-1-ethyl -
propyl ] - 1- net Z@W@eﬁhxﬂ QRﬁﬁHanﬁnkiﬂlQYQ%QB%H§a1}ﬂﬁTﬂkﬁﬂY&l =1-
met hyl ] - 1- et ho enzene, clo ent -1, 4-dien
11 di Lhenyl rPf°rPé’13140' ek e tipden st lyibenzene,

T At Al s
ROl file ST S .

di phenyl neg hyl -5- -4-meth b
penta-1, 4- dleéyp%ﬂi 1- dlphenylnethyﬁ?agQﬁ%thogﬁséﬁ%§¥ oxybenzene,

1-trimet hyl si lgyiteanzeury16-2-qr1 (lB#deop'éI{t(aC%C,l@-Rﬁl‘érﬁyll)-At-ethyl-
di enyl)-1, 1- dlphenylnethyl] 1, 4- di met hoxybenzene, 5-tert-

butyl-I-chIorgﬂﬁmﬁﬂkbqﬂ4m§ﬁhaxybehzhn&nyI) 1, | -di phenyl - 20
nmet hyl ] - 4- met hoxybenzene, 6-tert-butyl-2-[(cycl openta-

1, 4-di enyl ) - 1, 1- di phenylZtinfdyclopsntmaihehxdbrenyl ) -1, 1-diphenyl-

1-al |l yl oxy- 2- [(c cl openta-1, 4-di enyl ) net hyl ] - benzene,

1-al | yl oxy- 2- ldpénﬂ‘@til%}thwmtznﬂﬂ - (¥ l.anentiand Herdienyl) -
- 1-al Iyl oxy- 2- tert butyI

25
[(cyclope@ - 1.4 WW‘H‘;}} lhmqﬁh%rﬁe-dlﬂethylbenzene. 6-
aIIonxy-6-[(ie£€ﬂgu ‘if“f% pen a- Jle3§l) 1,1-diphenyl-

methyl]-1l-methoxy-4-methylbenzene, 2-[1l-(cyclopenta-1,4-
dienyl)-1,1l-diphenylmethyl ]-1-methoxy-6-phenylbenzene, 1-
tert-butyldimethylsilyl-3-[1-(cyclopenta~1,4-dienyl)-1,1-

15 diphenylmethyl]-2-methoxy-5-methylbenzene, 3-[ (cyclo-
penta-l,4-dieny1)-1,l-dipﬁenylmethyl]-2-methoxy—5-methyl-
l-trimethylsilylbenzene, 6-tert-butyl-2-[(cyclopenta-1,4-
dienyl)-l,1-dipheny1methyl]-1,4—dimethoxybenzene, 5-tert-
butyl-l-chloro-3-[ (cyclopenta-1,4~dienyl)-1,1-diphenyl-"

20 methyl]-4-méthoxybenzene, 6-tert-butyl-2-[ (cyclopenta-~
1,4-dienyl)~1,1~-diphenylmethyl]~l-methoxybenzene,

l-allyloxy-2-[ (cyclopenta-1,4-dienyl )methyl]~-
benzene, 1-a11yloxy—2-[(cyclopenta-i,4-dienyl)methyl]-
4,6-dimethylbenzene, l-allyloxy-2-tert-butyl-6-

25 [(cyclopenta-1,4-dienyl)methyl]-4-methylbenzene, 1l-
allyloxy-6-[ (cyclopenta-1l,4-dienyl Jmethyl]-2-phenyl-
benzene, 2-allyloxy-l-tert-butyldimethylsilyl-3-

[ (cyclopenta-1,4-dienyl)methyl]-5-methylbenzene, 2-



be nzene, - 2- allyloxy-1-tert- butyldlnethyIS|IyI 3-

[(cyclopenta 1, 4-di enyl ) net hyl ] - 5- net hyl benzene, 2- - 42 -

al Iyl oxy-3-[(cycl opent a-1, 4-di enyl ) et hyl ] - 5- net hyl -

trinmethylsilyl benzene, 1- aIIonxy 2-tert-butyl - 6-

[ (cycl opent a-1, 4-di enyl ) net hyl ] - nethoxyﬂénzene 4-

al |l yl oxy- 3- tert butyl - 1- chl or Q- 5- % yclopenta 1,4- 5

di enyl ) net hyl phé¥2ex¥-3tlicrploppniard d ﬂ&ﬂﬁﬂYl@methyll S-methyl-1-
[ (cycl opent a-

i::::y:giyzg %¥ %@Vﬁ5§ﬁ§§%§ gﬁgéﬁgr?lfylﬁ§ﬁhfr?ﬁﬁ%m?P&?ﬂzéhe
gienyr)blynft 3F§8¥§§Pﬁ%§ g é Fﬁﬁleeﬁ%QX ?a%tqo%X?eQﬁ?ne’ ﬁ: b
L arlyioxy: 6 LR S b e R L B M henzene,

2-al |yl oxys 1- d&éh&i@h\b&&h@lﬁ%ﬁ&bﬁ@ y|1=%1[1%,f16%&d2<1&@11t&b11ﬁ1¢5€ﬁy| ) - 1-
nmet hyl - et hyl ] - 5- net hyl behzéne, 2-all yl oxy-3-1-

(cycl opent a- 1[4c9b&6pbhtk qguhﬂle@ym»hbtﬁngb@ﬂzehe trimethyl silyl benzene,
1l-allyl oxy-6-tert-butyl-2-[1

(cycl opent a- 1, 4- di enyl ) 1taddyfipkyeky 1]-{4yediopenthenzdrdienyl ) -1 -

4-al l yl oxy-5-tert-butyl-1-chloro-3-[1-(cycl openta-1, 4-

di enyl) - 1- net hekhyilkelthlydjbengene, alll-aldy.o&y-e- -l(tlcyiclop@nta~1, 4~
2-[1-(cyclopenta-1, 4-dienyl)-1-nmethyl -et hyl ] benzene,

| yl oxy- 2- P}epxldetlhy‘ﬁtby&-@ﬁémld ~# ,4-ddmeshybenzeney leedliviiexyrene,
I

|

|1yl 6-d

1- {40)%9 hyﬁ Eégégﬁlﬁﬁ ~2-§ 1qi(S¥gLpPentariy b -ginpyl.) demadhy -

|1yl oxy-6- t%ﬁthuaxhethnihéwzé%egl (alq§&g§|;6-[1-(CY01°Penta‘1'4‘

dienyl)-l-methyl-ethyl]-2-phenylbenzene, 2-allyloxy-1-

1-a
1-a
2-

1-a

tert-butyldimethylsilyl-3~[1~(cyclopenta-1,4-dienyl)-1-
methyl-ethyl}-5-methylbenzene, 2-allyloxy-3-[1-

15 (cyclopenta41,4-dieny1)—1-methyléethyl]-5-methy1—1-
trimethylsilylbenzene, l-allyloxy-6-tert-butyl-2-[1-
(cyclopenta-1,4-dienyl)-1l-methyl-ethyl]-4-methoxybenzene,
4~-allyloxy-5-tert-butyl-l-chloro-3~{1~(cyclopenta-1,4-
dienyl)-l1-methyl-ethyl ]Jbenzene, l-allyloxy-6-tert-butyl-

20 -2-[1—(cyclopenta-1,4-dieny1)-l-methyl-ethyl]benzene,

' l-allyloxy-2-[1l-(4-methyl-cyclopenta~1,4-
dienyl)-1l-methyl-ethyl ]benzene, l-allyloxy-4,6—dimethyl-
2-[1-(4-methyl-cyclopenta-1,4~-dienyl)-1-methyl-ethyl]-
benzene, l-allyloxy-6-tert-butyl-4-methyl-2-[1~(4-methyl-

25 'cyclopenta—l,4-dieﬁyl)-1-methyl-ethyl]benzene, 1-
allyloxy-6-{1-(4-methyl-cyclopenta-1,4~dienyl)-l-methyl~
ethyl]-2-phenylbenzene, 2-allyloxy-l-tert-butyldimethyl-
silyl-5-methyl-3-~[1-(4-methyl-cyclopenta-1l,4-dienyl)~1-



cyQLopenta-1,4-diEnyl)-l-nethyl-ethyl]benzene, 1-
al Tyl oXy-6-[ 1-(4-net hyl -cycl opent a- 1, 4-di enyl ) - 1- net hyl -
et hyl ] - 2- phenyl benzene, 2-allyl oxy-1-tert-butyldi nethyl -

silyl-5-nmethyl-3-[1-(4-nethyl-cycl openta-1, 4-dienyl)-1- - 43 -

met hyl - et hyl | benzene, 2-allyl oxy-5- nethyl43—k1 (4- net hyl -

cycl openta-1, 4-di enyl )-1- nethyl et hyl] - trlnethyIS|IyI benzene,

1-al | yl oxy- 6- N@FP¥BUF}P¥4-Hﬁﬂﬁﬁﬂﬁd}qﬂak lyloxy-5-methyl-3-[1-(4-methyl-

T o5 DRl S S e e S eene i
1, 4-di 1) - 15 |

b y1 - | I‘S”[yl) (3 sPRBrRpE: 9 lg?'h é%E%l-téerat S S R ek e,
d[gnyy)?rynet héﬁhES&%éﬁgéﬁé- X al %@yzgfilﬂf%ﬁy%—eﬁhyl]benzene, 4~

?lit g: | ;lygi(ipgailg# ardJBQ@ZQ e (dﬁ;lhw-&{ﬂa&lé <3 A @ R RS Bpenta-~

but y1 - cycl open, a-Biénd1ga-inokiRA syt Pidrzehe P 1) PRS- tert -
1-al |l yl oxy- 6- I-(4 tert-butyl -cycl openta- 1 4-

di enyl ) - 1- net bmﬁt-mﬂ[]l-qmuﬁmmlmpeﬁrwuwwehyl) -l-methyl-
tert-butyldinmethylsilyl-3-(1-(4-tert-butyl-cycl openta-

1, 4- di enyl ) - lewhyllybeatzeyne,- 5- net hyl benzene, 2-allyl oxy-
3-[1-(4-tert-butyl-cycl openta-1, 4-di enyl)-1-nethyl -

et hyl ] - 5- net hyl - 1- tr|neﬂhﬁl%ﬁ%ﬂﬂﬁﬂ%ﬁﬁ#r(thﬂﬂ%ﬁhn&yl?cygiopenta-1 4-
tert-buty] -2- [1 (4-tert-butyl-cycl openta-1, 4-di enyl)

met hyl - eth?l] 499§tﬁd%ﬂ&ﬁ%hﬁ%?etQX%M?ﬁQ%SPQ}tkﬂqlﬂﬁﬁ%ﬁY‘z [1-(4-tert-

1-chl or o- 3- [1b$ty g%%c u%y %ﬂ¥f¥¥alen.£)4fyﬁaeﬁ91-ethyl] 4,6~

dimethylbenzene, l-allyloxy-6-tert-butyl-2-[1-(4-tert-
butyl-cyclopenta-~l,4~dienyl)~1-methyl-ethyl]-4-methyl-
benzene, l-allyloxy-6-[1-(4-tert-butyl-cyclopenta-1,4-

15 dienyl)-l-methleethyl]-2-phenylbenzene, 2-allyloxy-1-
tert-butyldimethylsilyl-3-{1-(4-tert-butyl-cyclopenta-
1,4-dienyl)-l-methYI-ethylj—S-methylbenzene, 2-allyloxy-
3-[1-(4-tert-buty1-cyclopenta-1,4-dieny1)-1-methy1-
ethyl ]-5-methyl-1l-trimethylsilylbenzene, l-allyloxy-6-

20 tert-butyl-2-[l-(4-tert-butyl-cyclopenta-l,4-dienyl)-1-
methyl-ethyl ]-4-methoxybenzene, 4-allyloxy-5-tert-butyl-
1-chloro-3—[1-(4-tert-butyl-cyclopenta-l,4-dienyl)-1—
methyl-ethyl ]benzene, l-allyloxy-6-tert-butyl-2-[1-(4-
tert-butyl-cyclopenta-l,4-dienyl)—l-methyl-ethyl]benzene,

25 1—a11y10xy—2-[1—(2,3;4,S—tetramethyl-
cyclopenta-~1l,4-dienyl)~l-methyl-ethyl]benzene, 1-
allyloxy-4,6-dimethyl-2-[1-(2,3,4,5-tetramethyl~

cyclopenta-1,4-dienyl)-l1l-methyl-ethyllbenzene, 1-



t hyl - et hyl ] benzene, 1-allyl oxy-6-tert-butyl-2-(1-(4-
tert- b\f -cycl openta-1, 4-di enyl ) - 1- net hyl - et hyl ] benzene, 25
1- aIIonxy 2-[1-(2,3,4,5-tetranet hyl -
cycl opent a- 1, 4-di enyl ) - 1- net hyl - et hyl ] benzene, 1-
al |yl oxy- 4, 6-di met hyl - 2-[ 1- (2, 3, 4, 5- t et rarfé hy! -
cycl opent a-1, 4- dlenyl) 1 nethxl-ethyl]benzene 1-

al |yl oxy- 6-t e ¥FQ1F%¥hY%741i¥1ﬁﬁm3nﬁ 5—tetramethy1-
o Ty T bxy- 2. ph&HH %@yqxzfa}g”@-“ B A mgﬁqwe&mene, 1
é;irﬂéi&%ﬁhﬁi‘}’?égﬁ%@e‘* hi i
al 1yl oxy- 5- met 2 etra -cyc ope?_ lyloxy-1-tert-

1, 4-dienyly Ilﬂﬁﬁéﬁﬂ @?4:%-tetr methyl-
al Iyl oxy- 6 tert utyI 4- tho 1 2%' -tetraﬁ amety

met hyl - cycl opeiiciopertdi-and Jdilenyet yuyl g Jéﬁﬁlebeﬁhene 2-
al Iyl oxy-5-tert-butyl -1-chl oro- 3- [fh%é 312%% t et ramet hyl - ! '

cycl opent a- 1, 4ldiydopdy-Skmsiipyll - 34 [ (| D32 B teltramethyl-cyclopenta~
allyl oxy-6-tert-butyl-2-(1-(2, 3, 4,5-tetranet hyl -

cycl opent a- 1, 4-,di-chi@nyll}-letmetihwl+etilich7lerta;inkhylsilylbenzene, 1-
1-allyl oxy-2-(1-(3-trinethylsilyl-cycl openta-

1, 4- dlenyl) 1 addahpxyvettmtignierutied - Qbmﬁﬂhnxzqﬂvlkf(Z 3,4,5-tetra-

di met hyl -2-[1-(3-trimethylsilyl- cyclopenta , 4-di enyl ) -1-
et hyl - et h9|]5@#—£’éﬁe-cml@9%ﬂw Ardienyiyi mmﬂgﬁmubenzene. 4-

[11 (3-trinethyl %yl cycl ttﬁb"tyﬂy'll’ %r‘_ll)/oll_.)o_%_rfief_heg 3 240 s Syl r}%ef_

al |l yl oxy- 2-
cyclopenta—l,4-d1enyl)-l-methyl-ethyl]benzene, 1-

‘allyloxy-6-tert-butyl-2-[1-(2,3,4,5~tetramethyl-
cyclopenta-1,4-dienyl)-1-methyl-ethyl jbenzene,

15 : l-allyloxy-2-{1~(3-trimethylsilyl-cyclopenta-
1,4~dienyl)-l~methyl-ethyl }benzene, l-allyloxy-4,6-
dimethyl-2-[1-(3-trimethylsilyl-cyclopenta-1,4-dienyl)-1-
methyl-ethyl ]benzene, 1~allyloxy—6—tert-butyl-4-methyl-2—
[1-(3-trimethylsilyl-cyclopenta~1l,4~-dienyl)~l-methyl-

20 ethyl]benzene, l-allyloxy-2-phenyl-6-[1l-(3-trimethyl-
silyl-cyclopenta-~1l,4-dienyl)-l-methyl-ethyl ]benzene, 2-
allyloxy-l-tert-butyldimethylsilyl-S5-methyl-3-[1-(3~
trimethylsilyl-cyclopenta-1,4-dienyl)-l-methyl-ethyl]-
benzene, 2-allyloxy-s-methyl-l-trimethylsi1y1;3-[1—(3-

25 trimethylsilyl-cyclopenta-1l,4-dienyl)-l-methyl-ethyl]-
benzene, l-allyloxy-6-tert-butyl-4-methoxy-2-[{1-(3~-
trimethylsilyl-cyclopenta-1,4~dienyl)-1-methyl-
ethyl Jbenzene, 4-allyloxy-5-tert-butyl-l-chloro-3-{1-(3-



cycl opent a- 1, 4-di enyl ) - 1- net hyl - et hyl | benzene, 2-
aI yld?? l-tert- butyldlnethyIS|IyI 5-net hyl - 3-[ 1- ( 3-
trimethylsilyl-cyclopenta-1, 4- dienyl) 1-net hyl -ethyl ] - benzene,
2-al lyl oxy-5-methyl -1-trinethylsilyl-3-[1-(3- 25
trimethylsilyl-cyclopenta-1, 4- dlenyl) 1-mekShyt - et hyl ] - benzene,
1-al lyl oxy-6-tert- bUté%é4 nEthoxy [1

trimethylsily®x iy -£%5 Bt?éﬁnﬁ1ﬂﬂen¥%}mAjﬂﬁﬁhﬁimﬁthYl]-
(i1 31 by B b‘“ym AT gt - ey sy
ety et htyﬁ’]rcb ﬁ’zene g 3%“5!19”5"'[1{9‘?"8'91““ SRR ey 1 s
i onyl J-1 ot hyl - pr opyl | S AR ARG 4 eyl ) -1

6-tert-butyl - d b
Vallyl oy 6. P ey B ey eyle d'lei?‘ﬁ%*?’i%%“p‘%%%d S benzenc.

2-al lyl oxy-1 - d.l%nytlfar-tl-léﬁlwm-lpﬁiﬁm B4 W—-diﬂdtl{@uén'ﬁ@{é,a 1L & X Ry - 1-
et hyl - propyl ] - 5- met hyl benzene, 2-allyloxy-3-[1

(cycl opent a- 1 p4-tetirerhutyl-a2-4\ -~ (oyadydderart dH4dilenyt) j +bidtgsl+4 vyl benzene,
1-allyl oxy-6-tert-butyl-2-[1-

(cycl opent a- 1pto@iyelriy44)—maﬁsltyi3bermmwl | 1-aligthosyHferJen@gydopenta-1, 4-
4-al |yl oxy-5-tert-butyl-1-chloro-3-[1-(cycl openta-1, 4-
di enyl ) - | - et hyliepydoyilHethsdmerapyd 112wherarkhanzana y | 2-allyloxy-1-

T 85 Mt bt v M P~ Cl (Yo fopenita-1, 4-dienyl ) -1-
ethyl-propyl]-5-methylbenzene, 2-allyloxy-3-[1-
(cyclopenta-1,4-dienyl)-1-ethyl-propyl]-5-methyl-1-~
trimethylsilylbenzene, l-allyloxy-6~tert-~-butyl-2-[1-
{(cyclopenta~-1,4-dienyl)~l-ethyl-propyl]-4-methoxybenzene,

15 4-allyloxy-5-tert-butyl-l-chloro-3-[1l-(cyclopenta-1l,4-
dienyl)-l-ethyl-propyl]benzene, l-allyloxy-6-tert-butyl-
2-[1-(cyclopenta-1,4-dienyl)~1l-ethyl-propyl ]benzene,

l—allyloxy-z-[1-(cyclopentafl,4-dienyl)-1,1—
diphenylmethyl ]benzene, 1-allyloxy-2-[1-(cyclopenté-1,4-

20 dienyl)-1,1-diphenylmethyl]-4,6-dimethylbenzene, 1-
allyloxy-6-tert-butyl-2-[1-(cyclopenta~-l,4-dienyl)-1,1-
diphenylmethyl]-4-methylbenzene, l-allyloxy-2-[1-
(cyclopenta-~1,4-dienyl)-1,1-diphenylmethyl]-6-phenyl-
benzene, 2-allyloxy-l-tert-butyldimethylsilyl-3-{1-

25 (cyclopenta-l,4-dienyl)-1,1-diphenylmethyl]-5-methyl-
benzene, 2-allyloxy-3-[(cyclopenta-l,4-dienyl)-1,1-
diphenylmethyl ]-5-methyl~l-trimethylsilylbenzene, 1-
allyloxy-6-tert-butyl-2-[ (cyclopenta-1,4-dienyl)-1,1-



dkgpenanethyl]benzene, 1-al lyl oxy-2-[Il-(cycl openta-1, 4- 20

di enyl )=-1, 1- di phenyl net hyl ] - 4, 6-di net hyl benzene, 1-

allyl oxy-6-tert-butyl-2-[1-(cycl openta-1,4-dienyl)-1,1-

di phenyl net hyl ] - 4- net hyl benzene, 1-allyloxy-2-[1-

(cycl openta- 1, 4-di enyl ) - 1, 1- di phenyl net hyl46- 6= phenyl - benzene,

di pheny| met hy PRES LTI RN OFS A hd SR oRe R Bt st iepy) -1, 1-
Gi pheny! et ny PIER Yy Bl ATl Ak e cire bty 2-
but yl - 1- chl or ?g%ﬁg&?%:n?%?ﬁtﬂ'—ﬁi‘éﬂlﬁﬂw Ir-biikneiyARayided ddenz ene,

1-al Iyl oxy-6-t
[ (cycl opend a- &othpdugdy! kekﬂ-@r@&%ﬂ@i&ﬂdib?lzqfiﬁth% BRI ffcisad t 1 ng
S

from changi ng, in the above-nentioned conpounds, "nethoxy" or "allyloxy" to

et hoxy, benzykempoundsyetmdgtihidzg"oxt "adllyloxyyl doeithd=st, Wenay xy,
met hoxynet hoxy, conpounds resulting from changi ng "cycl openta-1, 4-di enyl"

t o di net hyl cytiriperthylsidydioxyyl tekt-bHutiyielimetdydlsdderiicasyl ok di enyl ,
n- but yl cycl opent a- 1, 4- dienyl,

tert - but yl di neeithogymetdaiyop eiempoundlsdingsplt iingd dindm ethangisveny| ,
conpounds resul ting from changing "1-nmethoxybenzene" to

1- net hoxy- 6- MECRFLEPSRERe 1 /A-dhanydy to sliglethyrlcwskonssdidrdne -dienyl,
1- net hoxy- 4- net hyl - 6- .15 phenyl benzene,.
I tert- 01 dereberhstcy PR Ay 4 isare, fgbutyloyclopenta-1,4-

2-neth0xy-1-ta&g%§qxl%Qf@_ %f??yimé¥ﬂ%lsilylcyclopenta-l,4-dienyl,

indenyl or fluorenyl, compounds resulting from changing
"l-methoxybenzene" to l-methoxy-6-methylbenzene, 1-
methoxy-4,6-di-tert-butylbenzene, l-methoxy-4-methyl-6-
15 phenylbenzene, 1-tert-butyldimethylsilyl-2-methoxy-
benzene, or 24methoxy-1-trimethylsilylbenzene, and
a substituted cyclopentadienyl compound
represented by the formula (2b) (hereinafter referred to

as compound [2b]):

8
A ,/CPZ
Rs’B
R ;lx
(2b)
R® R!
RZ

20 wherein B’ is an element of the group 14 of the periodic

table of elements other than carbon atom, and A, sz, R,



a.subSQLIuted cycl opent adi.enyl conpound represented by the formula (2b)
(hereinafter referred to as conmpound [2b]): [err] 20 wherein B is an

el enent of the group 14 of the periodic table of elenents other than carbon
atom and A, Cp[err], Rerr] - 47 - Rerr], Rerr],Rerr], Rerr]

,R[err] and Rerr] are respectively the sd¥% -as defined above, for exanple,

e A R R e e

EAE e otk b S ettt so D
(oycl opent a. 1 e HERPRERATEAERIRE tane . (gyqigpenta-1,3-dienyl) (2-
(cyol opent a. 1 MEEACRYH-RRHBAEHR AU IS Cop st it 32 | ane,
(cycl opentg- 143 Q%bﬁﬁ%thoxy—3,S—dimethylphenyl%dimethylsilane, (3-

met hoxy- 5- et hyl - 3-t'ri net hyl si'l yl'phenyl ) di'net hylsi’l ane,

3-(tert-butyl +i I3 medHByhemA: ldgevd S, 3~dienyl)-
(cycl opent a-1, 3-di enyl') di net hyl sil ane, (Esa-wﬁ anyl - 2- 5 1)

met hoxypheny| disethgeilank 3-(@-aedt-bustlnd-sidthxy<S-methylphenyl ) -
tert-butyl-2,5-di net hoxyphenyl) (cycl opent a- 1, 3-di enyl ) - di met hyl si | ane,
(5-tert-but yl {syctllopentt-igtraligiydidimethylsilane, (3,5-di-tert-
(cycl opent a-1, 3-di enyl ) di net hyl si | ane,

( 2- met hoxy pheiptylm@-methexynhenyd )i cydicpentya- hE-dienyhydige thl -
(2-nethox¥-3-nethylphenyL)(nethyIcycon
0 silane, (cyclopenta-I,3-dienyl)(2-methoxy-5-methyl-3-

phenylphenyl )dimethylsilane, (cyclopenta-1,3-dienyl)(2-
methoxy-5-methyl-3-trimethylsilylphenyl )dimethylsilane,
3~(tert-butyl-dimethylsilyl-2-methoxy-5-methylphenyl)-

(cyclopenta-l,3-dienyl)dimethylsilane, (3,5-diamyl-2-

15 methoxyphenyl)(cyclopenta~1,3-dienyl)dimethylsilane, (3-
tert-butyl-2,5-dimethoxyphenyl) (cyclopenta-1,3-dienyl)~
dimethylsilane, (5-tert-butyl-B-chloro-S-methoxyphenyl)-
(cyclopenta-1,3-dienyl)dimethylsilane,

(2-methoxyphenyl ) (methylcyclopenta-1,3-dienyl)-

20 dimethylsilane, (2-methoxy-3-methylphenyl)(methylcyclo-
penta-1,3-dienyl)dimethylsilane, (2-methoxy-3,5-
dimethylphenyl) (methylcyclopenta-1,3-dienyl)dimethyl-
silane, (3~tert-butyl-2-methoxyphenyl)(methylcyclopenta-
1,3-dienyl)dimethylsilane, (3-tert-butyl-2-methoxy-5-

25 methylphenyl) (methylcyclopenta-1,3~-dienyl )dimethylsilane,
(3,5-di-tert-butyl-2-methoxyphenyl) (methylcyclopenta-1, 3~
dienyl)dimethylsilane, (2-methoxy-5-methyl-3-phenyl-
phenyl) (methylcyclopenta-1,3~dienyl )dimethylsilane, (2-



pent a- 1, 3-di enyl ) di net hyl si | ane, (2-nethoxy-3, 5-

diyret h phenyl) (et hyl cycl opent a- 1, 3-di enyl ) di net hyl - sil ane,
(3-tert-butyl -2-net hoxyphenyl) (net hyl cycl openta- 1, 3-di enyl ) di net hyl si | ane,
(3-tert-butyl-2-net hoxy-5- 25

met hyl phenyl ) (et hyl cycl opent a- 1, 3- di enyd 4@ net hyl si | ane
(3,5-di-tert-butyl-2-nmethoxyphenyl ) (nethyl cycl openta-1, 3-

di enyl ) di met hieFhPaYe 5 -methyt sid, yl) (methylcyclo-

it LT b R R TR S LR ST
B A S S it openta-1, -
(et oy o oS Bt AR % (F 1A Jae dhompneny ) -
5- di et hOX%’|0lhf(%W@%ﬂ}t%ﬁ%tﬁa%e)@ﬂ'ﬁ%%yﬂirl'-’édB’,' 3t -

(5-tert-buty oxyphen

(met hyl cycl opeiiegr1l23-sdice methdxiinanydl ) @itthylcyclopenta-1, 3-dienyl ) -
(2- met hoxyphenyl (2,§,4,5-tetranethyﬁgyélo- fb yerop ! )

pent a- 1, 3- di edymethydisiiland,ans-tettrbutpdy-B-olidnd—~6-methoxyphenyl )~
phenyl ) (2, 3, 4, 5-tetranet hyl cycl opent a- 1, 3-di enyl ) - di net hyl si | ane,

(2- met hoxy- 3, §meititliogiqllopenta-, 3~ ienyl )dimethylsilane,

tetramet hyl cycl openta-1, 3-di enyl )di net hyl sil ane, (3-tert-

but yl - 2- met hoxyphenyl ) ( 1,23me thoxyphenstiiy 2 dolofertietramedhylryclo-

di enyl ) di met hyl sil ane, (3-tert-butyl-2-nmethoxy-5-nethyl -

phenyl ) (218, 4 penterladedipnsloddmathyls idaneon (1 3-mekhinyind -metdae. -

S s SRR Ao 3-atony -
dimethylsilane, (2-methoxy-3,5-dimethylphenyl)(2,3,4,5-
tetramethylcyclopenta~1,3-dienyl )dimethylsilane, (3-tért-
butyl-2-methoxyphenyl)(2,3,4,5~-tetramethylcyclopenta-1,3-

15 dienyl)dimethylsilane, (3-tert-butyl-2-methoxy-5-methyl-
phenyl)(2,3,4,5-tetramethylcyclopenta-1,3~dienyl)-
dimethylsilane, (3,5-di-tert-butyl-2-methoxyphenyl)-
(2,3,4,5-tetraméthylcyclopenta-1,3-dienyl)dimethY13ilane,
(2-methoxy-5-methyl-3-phenylphenyl)(2,3,4,5~tetramethyl-

20 cyclopenta-l,3-dienyl)dimethylsilane, (2-methoxy-5-
methyl-3-trimethylsilylphenyl)(2,3,4,5-tetramethylcyclo-
penta-1l,3-dienyl Jdimethylsilane, (3-tert-butyldimethyl-~
silyl-2-methoxy-5-methylphenyl)(2,3,4,5-tetramethylcyclo-
penta-1,3-dienyl)dimethylsilane, (3,5-diamyl-2-methoxy-

25 phenyl)(2,3,4,5-tetramethylcyclopenta~1,3-dienyl)-
dimethylsilane, (3-tert-butyl-2,5-dimethoxyphenyl)-
(2,3,4,5-tetramethylcyclopenta-1,3-dienyl)dimethylsilane,

(5-tert-butyl-3-chloro~-6-methoxyphenyl)(2,3,4,5-



\/,y-5-nethy|-3-pheny|phenyl)(2,3,4,5-tetranethy|- 20
cyCl opent a- 1, 3-di enyl ) di net hyl si |l ane, (2-nethoxy-5-
met hyl - 3-tri nmet hyl si |l yl phenyl) (2, 3, 4, 5-t etranet hyl cycl o-
pent a- 1, 3-di enyl ) di net hyl si | ane, (3-tert-butyldi nethyl -
si | yl - 2- met hoxy- 5- net hyl phenyl ) (2, 3, 4, 5=t &% amet hyl cycl o-
pent a- 1, 3-di enyl ) di net hyl si |_.ane, (3, 5-di anyl -2-met hoxy- 25
phenyl ) (2, 3, 4,1'-51"97@{“?&#&{@4 er@mla Srddemydnpime thyh&ih@ng 4 ane,
(3-tert-butyl -2, 5-di met hgxyphenyl ).- .
(2,3,4,5-tetranethy|cycR88%%F§w%?§9Mq$ﬁﬁ?ﬂﬁﬁﬁﬁﬂﬂﬂqﬁqﬂ¥%i(z'meth°xY'
(5-tert-butyl - 3- Q=6 enyl.) (2, - - -
t et ramet hyl cy ﬁ8p§E3g3T2§$§ﬁ%ﬁ§%%%’méﬁ%%iﬁﬁé%é;cYCIOPéﬁ%a-1'3-
(tert-butyl cygls ty@=ml. i |)_ Qﬂﬁﬁf Jat il _
(tert-butylcygl:"%g"grjft)g?l,m%}iiim‘;\é%3‘)G“%ﬂﬂi;l _ yﬂW&%ﬁéﬁﬁyﬂEiﬂRﬂéi (ﬁ&}t
di enyl ) ( 2-get R | 3) i | (D riihoxdyl- l5- -
butyIcycloggn?g¥¥?§?gﬁenyl)?gpﬁé%ﬁ%§§§§¥é?%inetﬁyl- ﬁﬁ%ﬁ%ﬁﬁﬁﬁ%ﬁrw1silane,
(tert'bUty|CYQh@hgﬂbdihe&ﬁ¥lsilane, (tert-butylcyclopenta-~1,3-
di enyl) (3-tert-butyl-2-net hoxyphenyl)di net hyl sil ane,
(tert-butyl cydiepgill)q3tterti-butyl(-2-methdxyiphenleinethylsilane,
5- et hyl phenyl ) di met hyl si | ane, " (tert-butyl cycl openta-1, 3- 10
di enyl) ( 3, 5- di(test+butylicyzlopentarihdrdiemyint(BHtsidtadytyl-2-methoxy-
(tert-butylcyclopenta-1, 3-di enyl) (2-net hoxy-5-net hyl - 3-
phenyl phenyl| ) 8-methylphenyd ) yﬁ@u@ﬁ@@oldﬁ@wmééptylcyclOPenta-l.3-

di enyl ) (2- pet hoxy- 5-net hyl - 3-trinmet hyl si |yl phenyl ) - di_nmethyl sil.ane,
(tert - but¥¥ cySLEBIRD4 3y S3ddi~dept-Prtyd~2-methoxyphenyl )dimethylsilane,

T bR Pt T et -

phenylphenyl Jdimethylsilane, (tert-butylcyclopenta-1,3-

(2- et hox

dienyl)(2-methoxybs-methyl-3-trimethylsilylphehyl)-
dimethylsilane, (tert-butylcyclopenta-1,3-dienyl)(3-tert-

15 butyldimethylsilyl-2—méthoxy-5-methylphenyl)dimethyl-
silane, (3,5-diamyl-2-methoxyphenyl) (tert-butylcyclo-
penta-1,3-dienyl)dimethylsilane, (tert-butylcyclopenta-
1,3~dienyl) (3~tert-~-butyl-2,5~dimethoxyphenyl )dimethyl-
silane, (5-tert-butyl-3-chloro-6-methoxyphenyl) (tert-

20 butylcyclopenta—l,3-dieny1)dimethyisilane,

(2-methoxyphenyl) (trimethylsilylcyclopenta-1,3-

dienyl)dimethylsilane, (2-methoxy-3-methylphenyl)(tri-
methylsilylcyclopenta-1,3-dienyl)dimethylsilane, (2-
methoxy-3,5~dimethylphenyl) (trimethylsilylcyclopenta-1, 3~

25 dienyl)dimethylsilane, (3-tert-bﬁty1-2-methoxyphenyl)-
(trimethylsilylcyclopenta-1,3-dienyl)dimethylsilane, (3-
tert-butyl-z-methoxy—s—methylphenyl)(trimethylsilyléyclo-

penta-1l,3~dienyl )dimethylsilane,



pggga-l,S-dienyl)dinethylsilane, (tert-butyl cycl opent a-

1, -diéﬁyl)(3-tert-buty|-2,5-dinethoxyphenyl)dinethyl- si | ane,
(5-tert-butyl-3-chl oro-6-net hoxyphenyl ) (tert- 20

but yl cycl opent a- 1, 3-di enyl ) di net hyl si | ane,

( 2- met hoxyphenyl ) (trimet hyl si |yl cycl opent a8Q,8- di enyl ) di net hyl si | ane,
(2- met hoxy- 3- et hyl phenyl) (tri - ' .

net hyl si | yl cycl opent a- 1, @ cf=hit oK treltwiy Lt 2-methexyphenyl ) (trimethyl-

met hoxy- 3, 5-di net hyl phenyl ) (trj net hyl si cyclopenia-1, 3- 25
di enyl ) di met hﬁrﬁiﬂqﬁi& R%%'K‘%Ti—g&@%%irﬁﬂﬁ%%‘gﬁ%f?@év (£3nethoxy-5-
(trimethylsilylgycl.opgn a}%§$-die *%dinthﬁbfij -
tert-butyl - 2- MEURAT SRR TRl (T TRty e fYfeyctopenta-1,3-
penta-1, 3-di enyl ) qi ; Qb - »Q < _E_ _a_ _
(5,5 i tert - oAy IHeG BB ens: ((FhSHhpry-5-mothyl-3-trinethyl
si |yl cycl ogentg- 1ﬁ§§§v Folt L| APfoyd Pop@t t0xy; $=di -
_nethyI-S-pﬁenylgég§§l ( r*Q&H%ﬁﬁéﬁ#Sﬁcycld%entégﬁqs- H?en§??%}hethylsilane,
(2- met hoxy- 5- iEinfetydtd 147 Y, 3-15ert-but'éy1c_iimethyls:i_.lyl-2-methoxy-S-
silyl phenyl) (trimethylsilylcycl openta-1, 3-di enyl)- dinmethylsilane,
(3-tert-butyl cietiyipissrdyl y Gearimidithytsilylcyclopenta-1,3-dienyl)-
met hyl phenyl ) (tri met hyl silyl cycl opent a-1, 3-di enyl)- di nethyl sil ane,
(3, 5-di anyl - 2-dimethydsickang [ t {3 fetdidmyl-2-methoxyphenyl ) (trimethyl-
silylcycl openta-1, 3-di enyl )di net hyl silane, (3-tert-butyl- 10
2, 5- di met hoxygtidigdoxakapantast ki 3ydigny bpdimet iy bsitarey| § 3+bertybetybne,
(5-tert-butyl - 3-ch] oro-6- nethox fhenyl)(trinpth IsinIcycIoEenta-l,S-
di enyl ) di 8t hﬁeﬁﬂ%tf{q&mﬁqyij/ (foimedk _ Y5iPpeRatL; 3ane,
dienyl)dimethylsilane, (5-tert-butyl-3-chloro-6-
methoxyphenyl) (trimethylsilylcyclopenta-1, 3~
dienyl)dimethylsilane,
(inden-1-~yl) (2-methoxyphenyl )dimethylsilane,

15 (inden-2~yl)(2-methoxyphenyl)dimethylsilane, (inden-1-
y1l) (2-methoxy~-3-methylphenyl Jdimethylsilane, (inden-2-
yl)(2-methoxy-3-methylpheny1)dimethylsilane, (inden-1-
yl)(2-methoxy-3,5~-dimethylphenyl )dimethylsilane, (inden-
2~yl) (2-methoxy-3,5-dimethylphenyl )dimethylsilane, (3-

20 tert—butyl-z-methoxyphenyl)(inden-l-yl)dimethylsilane,
(3-tert-butyl-2-methoxyphenyl) (inden-2-yl)dimethylsilane,
(3-tert-butyl-2-methoxy-5-methylphenyl) (inden-1-yl)-

~ dimethylsilane, (3-tert-butyl-2-methoxy-5-methylphenyl)-
(inden-2-yl)dimethylsilane, k3,5—di-tert-butyl—2-methoxy-

25 phenyl)(inden-1l-yl)dimethylsilane, (3,5-di-tert-butyl-2-
methoxyphenyl) (inden-2-yl)dimethylsilane, (inden-1l-yl)(2-
methoxy-5-methyl-3-phenylphenyl)dimethylsilane, (inden-2-

yl) (2-methoxy-5-methyl-3-phenylphenyl )dimethylsilane,



57/(|Q9en-2-yl)(2-nethoxypheny|)dinethylsiIane, (i nden- 1-

| 7(2- met hoxy- 3- net hyl phenyl ) di net hyl si |l ane, (i nden-2-

| ) (2- met hoxy- 3- net hyl phenyl ) di met hyl si | ane, (i nden-1-

| ) (2- met hoxy- 3, 5- di net hyl phenyl ) di et hyl si | ane, (i nden-

-yl) (2- met hoxy- 3, 5-di net hyl phenyl ) di methyBlsi+ ane, (3- 20
ert-butyl - 2-net hoxyphenyl ) (i nden- 1-yl ) di net hyl si | ane, .

(3-tert - but yl {ingenrdcyghdArmathaxrmahy ind g inethilsilylphenyl ) -

(31611 it 1 Shmeemdii B A YL Kt i S e

(S 0L B it MRS, A Ml
70" o EanA BT M AL (b 1 o>
(1 ndon- 2. y7) ( S RB RO Bt 2o R T S he.
(3-tert-butyl medhiAigheny1l M'iﬁé?ﬂi%‘cﬁhﬂ&iﬁwdlﬁ%ﬁé% (¢ oy g 1=25

di et hyl sil ane, (3-tert-butyldi methyl silyl-2-nethoxy-
nethylphenyl)@e&&@&y%ﬂﬁﬂyﬁrvﬁddénﬂﬂéykadﬂﬁbﬁhyﬂsﬂmdné# (3,5-diamyl-2-
met hoxyphenyl ) (i nden- 1-yl ) di net hyl si | ane, (3, 5-di anyl -2-

met hoxypheny! meithbeyphenyld)i (irtden -2 4ydre inexhydrdi-Tare)| -(3-tert-butyl-
2, 5-di net hoxyphenyl ) (i nden-1-yl)di net hyl silane, (3-tert- 10

butyl - 2, 5- di Mm@t PeodipledhnxyEhenyl ) X-indenitetyh)dinethylgislane, (3-tert-
tert-butyl -3-chl oro-6-nmet hoxyphenyl) (i nden-1-yl)dinet hyl - sil ane,

(5-t ert - bl y| Pytyi-@.S-dlimathoxymhanyl ) (ingdan-2-yl)dimethylsilane, (5-

1
y
y
y
2
t

tert-butyl-3-chloro-6-methoxyphenyl) (inden-1-yl)dimethyl-
silane, (5-tert~butyl-3-chloro-6-methoxyphenyl)(inden-2-
yl)dimethylsilane,

| ' {9H~fluoren-9-yl) ( 2-methoxyphenyl )dimethyl-

15 silane, (9H-fluoren-9-yl)(2-methoxy-3-methylphenyl)-
dimethylsilane, (9H-fluoren-9-yl)(2-methoxy-3,5-
dimethylphenyl)dimethylsilane, (3-~tert-butyl-2-
methoxyphenyl) (9H-fluoren-9-yl )dimethylsilane, (3-tert-
butyl-2-methoxy-5-methylphenyl) (9H-fluoren-9-yl)-~

20 dimethylsilane, (3,5-di-tert-butyl-2-methoxyphenyl) (9H-
fluoren-9-yl)dimethylsilane, (9H-fluoren-9-yl)(2-methoxy-
5-methyl-3-phenylphenyl )dimethylsilane, (9H-fluoren-9-'
yl) (2-methoxy-5-methyl-3-trimethylsilylphenyl )dimethyl-
silane, (3-tert-butyldimethylsilyl-2-methoxy-5-methyl-

25 phenyl) (9H-fluoren-9-yl)dimethylsilane, (3,5?diamy1-2-
methoxyphenyl)(9H-fluoren-9-yl)dimethyléilane,'(3-tert-
butyl-2,S-dimethoxyphenyl)(9H-fluoren-9-yl)dimethyl-

silane, (5-tert-butyl-3-chloro-6-methoxyphenyl)(9H-



yl) di net hyl sil ane, (9H-fluoren-9-yl)(2-nmet hoxyphenyl)di nethyl- 15 sil ane,
(9H-fl uoren-9-yl) (2- nmet hoxy- 3- net hyl phenyl ) - di net hyl si | ane,

(9H fl uoren-9-yl) (2- net hoxy- 3, 5- di net hyl phenyl ) di met hyl si | ane,
(3-tert-butyl-2- methoxyphenyl) (9H fluoren-9-yl)di nethylsilane, (3-tert-
but yl - 2- met hoxy- 5- met hyl phenyl ) (9H f Luorer$2-+%1)- 20 di et hyl sil ane, '
(3,5-di-tert-butyl -2-net hoxyphenyl) (9H fluoren-9-yl)di methylsilane,

(9H- f | uor en- 9fjuprenrd-Fdadimethylpi laneyheny| phenyl ) di et hyl si | ane,

G hane. (5t or bt v 0 iR eAYBhema g r et Srsmpa -1 g dry T2 ™'
e o | SRBERRR ! TSl e idindiiv1 ) (cyelopenta-
(o Yer e butyl Y32y Qi e 2 ATy 35 ety -

i et hy o1 anEP ey R aRpep e by A Oy Gt Uiy fe2 1 eyl

1, 3-di enyl ) di gatkiloxv-a1%e it . ai i
phenyl ) (cycl open aP?Pg-dien;i)di%gfﬁﬁﬁg%ixﬁ?dﬁﬁgéﬂtaii 3-dienyl)

al | yl oxy- 3- t eglimeithyllsiQrane),( Q2-allsi lioky B-té rfbyty I Suid byl pradieyl ) -
(2-allyl oxy-3-tert-butyl -5-net hyl phenyl) -

(cycl opent a- 1 (8ydilepentai-igtIrdisnydned inethgtllsil lane 3, @-allyloxy-3,5-

di -tert-butyl phenyl) (cycl openta-1, 3-di enyl )di net hyl - 10 sil ane,

- (2-al | yl oxy- 5ddetiept-butivdphenyiycvabopeni@artla-3-dienyl )dimethyl-

10 silane, (2-allyloxy-5-methyl-3-phenylphenyl)(cyclopenta-
1,3-dienyl)dimethylsilane, (2-allyloxy-5-methyl-3-
trimethylsilylphenyl) (cyclopenta-1,3-dienyl )dimethyl-
silane, (2-allyloxy-3-tert-butyldimethylsilyl-5-methyl-
phenyl) (cyclopenta-1,3-dienyl )dimethylsilane, (2-

15 allyloxy-3,5~diamylphenyl) (cyclopenta-1l,3~dienyl)-
dimethylsilane, (2-allyloxy-3-tert-butyl-S-methoxy-
phenyl) (cyclopenta-1,3-dienyl)dimethylsilane, (6-
allyloxy-5-tert-butyl-3~chlorophenyl) (cyclopenta-1,3-
dienyl)dimethylsilane,

20 (2-a11yloxypheny1)(methylcyclopenta-1,3-
dienyl)dimethylsilane, (2-allyloxy-3-methylphenyl)-
(methylcyclopenta-1,3-dienyl )dimethylsilane, (2-allyloxy-
3,5-dimethylphenyl) (methylcyclopenta-1,3-dienyl)-
dimethylsilane, (2-allyloxy-3-tert-~butylphenyl)(methyl-

25 cyclopenta-1l,3-dienyl)dimethylsilane, (2-allyloxy-3-tert-
bﬁtyl-5~methylpheny1)(methylcyclopenta—l,3-dieny1)—
dimethylsilane, (2-allyloxy-3,S-di-terf-butylphenyl)-
(methylcyclopenta-1,3-dienyl)dimethylsilane, (2-éllyloxy-



di enyl ) di net hyl si |l ane, (2-allyl oxy-5-nethyl-3-
trkﬁe silyl phenyl) (cycl openta-1, 3-di enyl ) di met hyl - sil ane,
(2- aIIonxy-S-tert-butyIdinethylsinI-S-nethyI-
phenyl) (cycl opent a- 1, 3-di enyl ) di net hyl sil ane, (2- 15
al Iyl oxy- 3, 5- dianylphenyl)(cyclopenta 1,8-3 enyl ) - di met hyl si | ane,

(2-al lyl oxy-3-tert-butyl-5-nmet hoxy-
pPFnYI)(c¥cicu%ﬂﬁ?ﬁﬁﬁkifh%ﬂ%ﬂﬁ%Phﬁﬂ?%d@W?%hﬁQCX%QOPenta -1,3-dienyl)-
a

d|e¥yf§é,netﬁr;ﬂéﬁﬁ&; (:né¥(¥§L£?1}£ Eg%ﬁ§f; 3~-trimethylsilyl-

(551171 oxy” 3 BHET LR e ?é%%%a}bﬁeﬁ%nifw DPibRTERRe1 (Prae.
é.z;r:‘é"t vl o1 ] and TREIRHY 4}?’% Y TR £ O Sonfe £ BAY1 ) -
e A At 2ty
(2-al 'yl oxy- 3, % gligihn ]}Iﬂ%ﬁ%dl (il hy ]éclz clopenta-1 1 -dJ.enyl)dJ.meStéhyl-

(nethylcyclopenta 1, 3-di'enyl ane, (2-allyloxy- -
5- et hyl - 3- ph&mﬂdﬂuﬂnd24&Eﬂfm6ﬁym3£¢éft6bdt§u£B£m§thexﬁbnchyy)@méahyl-

(2-allyl oxy-5-net hyl -3-trimethylsilyl-
phenyl)(nethyﬂmwaiapnnt&bn,3%dﬂemm1)dhmethylsxlame, (@-allyloxy-5-tert-
al Iyl oxy-3-tert-butyl di net hyl silyl-5-net phenyl )
(nethylcyclcuxbntyhr3%¢hknw¢9h¢mwiTwm%ihzgéyc%QP%mt§+bx§-dlenYl)-
3, 5-di anyl phen I)(nethylcyclopenta 1, 3-di enyl ) di net hyl - sil ane,
(2-al | yl otP- 3-digrethirksil %P%ethoxyphenyl)(nethyl
cyclopenta-1,3-dienyl )di mpthy] o | A enel St 25 %FY5 e L8 dnethyloyclo-
penta-l,3-dienyl)dimethylsilane, (2-allyloxy-3-methyl-~
phenyl)(2,3,4,5-tetramethylcyclopenta-1,3-dienyl)-
dimethylsilane, (2-allyloxy-3,5-dimethylphenyl)(2,3,4,5-
15 tetramethylcyclopenta-1,3-dienyl)dimethylsilane, (2-
allyloxy—3-tert-butylphenyl)(2,3,4,5-tetramethylcyclo-
penta-1,3-dienyl )dimethylsilane, (2-allyloxy-3-tert-
butyl-s-methylphenyl)(2,3,4,5-tetramethyicyclopenta-1,3-
dienyl)dimethylsilane, (2-allyloxy-3,5-di-tert-butyl-
20 phenyl)(2,3,4,5-tetramethylcyclopenta-1,3-dienyl)-
dimethylsilane, (2-allyloxy-5-methyl-3-phenylphenyl)-
(2,3,4,5-tetramethylcyclopenta~1,3-dienyl)dimethylsilane,
(2-allyloxy-5-methyl-3-trimethylsilylphenyl)(2,3,4,5-
tetramethylcyclopenta-1,3-dienyl )dimethylsilane, (2-
25 allyloxy-3-tert-butyldimethylsilyl-5-methylphenyl)-
k2,3,4,5-tetraméthylcyclopenta-1,3-dienyl)dimethylsilane,
" (2-allyloxy-3,5-diamylphenyl)(2,3,4,5-tetramethylcyclo-

penta-1,3-dienyl)dimethylsilane, (2-allyloxy-3-tert-



byt yl - 3- chl or ophenyl ) (et hyl cycl opent a- 1, 3-di enyl )- 10 di net hyl sil ane,
(2-a|Iyrbxyphenyl)(2,3,4,5-tetranethy|cyclo-

pent a- 1, 3-di enyl ) di et hyl si | ane, (2-allyl oxy-3-nethyl -

phenyl) (2, 3, 4, 5-tetranet hyl cycl opent a- 1, 3-di enyl ) - di net hyl sil ane,

(2-al |yl oxy- 3, 5- dlnethylphenyl)(Z 3,4,5- b¢ -

: tetranethylcyclopenta 1, dlenyl)dlnEtE¥IS|lane -

st o oy e o) rfetspaiapicyciopencari.3-
but yl - 5- met hy A3REH}) F%e JﬁgP&HngﬁL 1@?%1 er 7}9F?TbutYl -3-chloro-
pheny13 (2. 3, 4 S"ﬁ?i&pﬁﬁ' '-ée%&ém%&qui%fef‘#%%y R e

Eg glgygoﬁgt?ggg%%¥&1§ H%%%%{g@?@?l'1o:ygﬂ$q¥;%1ﬁerﬁ:ﬁg}ylcyclopenta—
(2-allylo 51”§LG¥En§HFHﬂﬁ@%ﬁﬁfﬁﬂﬁ@d@“ﬂbdJ&fijid%fi3-methylpheny1)-

t et ramet hyl cycl'openta-1 dlenyl)dlnethyIS|Ian

al | yl oxy- 3- t ereabit-yutiyTRiytlcpdnta-1-,BidiEnie maln)ethylsnane, (2-
(2,3,4,5-tetranet hyl cycl openta- 1, 3- dlenyl)dlnethyI5|Iane

(2-all yI oXy- 3ailgllw-mwm(eﬂ;h&lw)r(amaiﬁq-sﬂumdlcyclopenta-l 3-
pent a- 1, 3-di enyl ) di net hyl si | ane, (2-allyloxy-3-tert- - 54 -

but yI - 5- met hoxyleingly)idif@thyl shi-liagter a2 -al lgicxpehttert -butylphenyl ) -
di enyl ) di met hyl si |l ane, (6-allyloxy-5-tert-butyl-3-chl oro-

phenyl ) ( 2, 3, 4 (Semt-batatiepchonentartla-3td endld imethyks ilang | o

2-allyl h | ).(tert-butyl I ta- 5_1, 3-di thyl sj |
5 A S odbaaniedt S ket (UL b Sio 2

(tert- butylcyc%%Pgﬁhg dlenffygg éﬂ? Jfﬂﬂéfmi -éilyloxy-3 5-di-tert-
butylphenyl) (tert-butylcyclopenta-1,3-dienyl )dimethyl-
silane, (2-allyloxy-5-methyl-3-phenylphenyl) (tert-
butylcyclopenta-1,3-dienyl)dimethylsilane, (2-allyloxy-5-

15 methyl-3-trimethylsilylphenyl)(tert-butylcyclopenta-1,3-
dienyl)dimethylsilane, (2-allyloxy-3-tert-butyldimethyl-
silyl-5-methylphenyl) (tert-butylcyclopenta-1,3-dienyl)-
dimethylsilane, (2-allyloxy-3,5-diamylphenyl)(tert-
butylcyclopenta-l,3-dienY1)dimethylsilane, (2-allyloxy-3-

20 tert-butyl-5-methoxyphenyl)(tert-butylcyclopenta-1,3-
dienyl)dimethylsilane, (6-allyloxy-s-tert-butyl-3-chloro-
phenyl) (tert-butylcyclopenta-1,3-dienyl )dimethylsilane,

(2-allyloxyphenyl) (trimethylsilylcyclopenta-
1,3-dienyl)dimethylsilane, (2-allyloxy-3-methylphenyl)-

25 (trimethylsilylcyclopenta-1,3-dienyl)dimethylsilane, (2-
allyloxy-3,5-dimethylphenyl) (trimethylsilylcyclopenta-
1,3-dienyl)dimethylsilane, (2-allyloxy-3-tert-butyl-
phenyl) (trimethylsilylcyclopenta~-1,3-dienyl)dimethyl-



| yl oxy- 3, 5-di net hyl phenyl ) (tert-butyl cycl openta-1, 3-
dféﬁyl}d]nethyIS|lane (2-allyl oxy-3-tert- butylphenyl)
(tert-butyl cycl openta-1, 3-di enyl)di net hyl si'lane, (2- 10
al Iyl oxy-3-tert-butyl -5-mnmet hyl phenyl ) (tert-butyl cycl o-
pent a- 1, 3-di enyl ) di net hyl sil ane, (2-allyt &%-8,5-di-tert-
butylphenyl)(tert butylcyclopenta 1, 3- dlenyl)dlneth | - silane,
(2-al | yl oxy- 5-sidEmsg,- I l;mmy?r-)*(elz#-thutyl 5-methylphenyl)-

but yl cycl ta-1, 3-di 1) di t | sil | |

ety )yg : Pf:r]rd? s A YR S TiyH ) bzﬂf’o%&rf bgﬁ‘?{eéhyfﬂla“e' (2-
eny i me ane ut i net

?izl y: I 5I net hgladfs‘llé’r?ﬁ’ﬁyl(‘t%r?ﬁ ‘;o‘u'f ﬁﬂﬁlheﬁyg g’f‘éﬂ?ghyld?ﬁ%wgll?ane
a 0X

but yl E}Cl f));;entper%‘asry fﬁ%{d‘? fnie‘f#‘? lasnlelarﬁ aﬁ}?l%l%xy-%-methyl- -3-

tert-buty %?Hgﬂgg =1, 3- -

di enyl ) di rret hiﬁﬁé}% e 151-!%1’ ty ﬁ%&%a;’l %r%_dlenyl)

phenyl) (tert - iiind el PR, 1 ﬁ-ﬂpﬁ%i sr&a 3§ll31-ﬂ@r1methylsn.lyl-

(2- aIIonxyphenyI)(tr|nethyI5| yl cycl openta- -1, 3-di enyl ) di net hyl si | ane,

(2-al l'yl oxy- 3-grrd }%Eimﬁéthﬁibl1ylcyclopenta—1 3-dienyl)dimethyl-
(trinethylsilylc;ﬁ¥%penta 1, 3- dlenyl)dlnethyIS|Iane (2-

al Iyl oxy- 3, 5(ﬁiﬁaﬂed[ﬁﬂ#@d)jloxymﬂ*@ést+y¢tytd:me¢my&51lyl -5-
1, 3-di enyl )di net hyl sil ane, (2-allyloxy-3-tert-butyl-

phenyl)(trlneumqﬁhylghemmlbbtximeﬂhfﬂany@¢ycﬂ¢m§m@¢-l 3-dlgsyl)3|lane
(2-allyloxy-3-tert-buty] - t hyl phen
(trimethyL§il ﬂ:gmlnplmleaqea &ﬁ&lyﬁwm%ﬁsﬂmﬁlm@nﬂ) (trimethyl-
pent a1 3. di orfA vl aRAigReR TNt StaleRT) e sinidfite. (2-allyloxy-3-
tert-butyl-5-methoxyphenyl) (trimethylsilylcyclopenta-1,3-
dienyl)dimethylsilane, (6-allyloxy-5-tert-butyl-3-chloro-
phenyl)(trimethylsilylcfclopenta-l,3-dienyl)dimethy1—
15 silane, |
(2-allyloxyphenyl) (inden~1-yl)dimethylsilane,
(2-allyloxyphenyl)(inden—z-yl)dimethylsilane, (2-
allyloxy—3-methylphenyl)(inden-l-yl)dimethylsilane, (2-
allyloxy-3-methylphenyl)(inden-2-yl)dimethylsilane, (2-
20 allyloxy-3,5-dimethylphenyl)(inden-1-yl)dimethylsilane,
(2-allyloxy-3,5-dimethylphenyl) (inden-2-yl)dimethyl-
silane, (2-allyloxy-3-tert-butylphenyl)(inden-1-
yl)dimethylsilane, (2-allyloxy-3-tert-butylphenyl)(inden-
'2-yl)dimethylsilane, (2-allyloxy-3-tert-butyl-5-methyl-
25 phenyl)(inden-1l-yl)dimethylsilane, (2-allyloxy-3-tert-
butyl-5-methylphenyl) (inden-2-yl)dimethylsilane, (2-
allyloxy-3,5-di-tert-butylphenyl) (inden-1-yl)dimethyl-
silane, (2-allyloxy-3,5-di-tert-butylphenyl)(inden-2-



5, pheny]phenyl)(trinethylsiIyIcycIopenta-1,3-dienyf)- di met hyl si | ane,

(2=l | yFoxy-5-nethyl -3-trimethylsilyl-

phenyl ) (trimet hyl silyl cycl openta-1, 3-di enyl)di met hyl - sil ane,

(2-allyloxy-3-tert-butyl di met hyl silyl-5-

met hyl phenyl ) (tri met hyl silyl cycl opent a- & $&dienyl )- 10 di met hyl si | ane

(2-al l'yl oxy-3, 5-di anyl phenyl) (trinethyl -

si |yl cycl openvd)dinedhydaildanay Ha @i aHoxy-5-Rgthply3-phenyl-

tert-butyl-5-nmet hoxyphenyl) (trineihyl.silyl.cycl opent a- -

di enyl ) di met hﬂhﬁwéﬁé,m@é%liw%‘@ﬁ&fﬁ%’&ﬁ 5 ﬁ?ﬁ%’r’ém‘l’ -5-methyl-

phenyl) (trinmethylsilyl cycl apent a: 1. 35 di d.) di VA . 15 'Iéﬂﬁr

Eg-a::y:oxypﬂéﬁﬁhﬁﬁii? -9i¥>é%HQﬁﬁé%ﬂ¥£j%%@§uﬂgﬁg§danéh Eﬁ- loxy-5-
-al lyl oxyp i_nden:.2- i ' PO (P . .

a: : y: oxy- 3- m?‘%ﬁ%’e%%}(l ﬁ\#eﬂrﬁlé%%%éwg anne,:L (351_)d:.methyls11ane,

al 1yl oxy- 35 et ylaheie I iy 1l . lamideil pi d AnfLpKeny PP inden-2-

aIIonxy-S?S-éiné?h?ﬁbh ny )(igﬁgn-l-yl)dinéf%yIS|Ignmny Piinden

(2-al 'yl oxy- 3 +a-yd inRlthe 1dierada ( | (uledt Byt 3etdnt -bwty bdibmethylsilyl-
(2-allyl oxy-SyEle)r tl- btﬁ% phenyl )'Ei nden-%lt yl') di net hyl si I%ne, YISy

(2-al | yl oxy- 3-5-gidtHylipHareny| ifderten-y Pydinet el silane ang2-allyloxy-3-

(2-allyloxy-3-tert-butyl-5-nethyl- 25 phenyl) (inden-1-yl)di nethylsilane,

(2-a|IyIoxy-34#£ﬁﬁ-bdh¥§diﬁbth¥l§d#yﬁﬁﬁﬁﬂéthxﬁvhenxd)tﬁndﬁmwisYlhne, (2-

allyloxy-3,5-di-tert-butyl phenyl) (i nden-1-yl)di net hyl - sil ane,

(2-al lyl oxy- 3 dimathwkailangi pterad ylon -diamyIphenyl) tindenylsi| ane,

(Y ) S ymadinetht e Yane P (8 2al g 168723, 3L d fanpiienyl §{ Phden-2-
yl)dimethylsilane,'(2-allyloxy—3-tert-butyl-5-methoxy—
phenyl)(inden-l-yl)dimethylsilane, (2-allyloxy-3-tert-
butyl-S5-methoxyphenyl) (inden-2-yl)dimethylsilane, (6-
allyloxy-5-tert-butyl-3-chlorophenyl) (inden-1-yl)-

15 dimethylsilane, (6-allyloxy-5-tert-butyl-3-chloro-
phenyl) (inden-2-yl)dimethylsilane,

(2-allyloxypheny1)(9H-f1uoren-9-yl)dimethyl-
silane, (2-allyloxy-3-methylphenyl)(9H-fluoren-9-yl)-
dimethylsilane, (2-allyloxy-3,5-dimethylphenyl) (9H-

20 fluorenrg-yl)dimethylsilane, (2-allyloxy-3-tert-
butylphenyl) ( 9H-fluoren-9-yl)dimethylsilane, (2-allyloxy-
3-tert-butyl-5-methylphenyl) (9H-fluoren-9-yl)dimethyl-
silane,'(2-allyloxy-3,5-di-tért-butylphenyl)(9H-f1uoren—
9-yl)dimethylsilane, (2-allyloxy-5-methyl-3-phenyl-

25 phenyl)(9H-fluoren-9-yl)dimethylsilane, (2-allyloxy-5-
methyl-3-trimethylsilylphenyl) (9H-fluoren-9-yl)dimethyl-

. silane, (2-allyloxy-3-tert-butyldimethylsi1yl-5-methy1-
phenyl) (9H-fluoren-9-yl)dimethylsilane, (2-allyloxy-3,5-



phenxgphenyl)(inden-2-y|)dinethylsilane, (2-allyl oxy-5-

ne yI trimethylsilyl phenyl) (inden-1-yl)dinethylsilane, 5

(2-al lyl oxy-5-net hyl -3-trimethylsilyl phenyl) (inden-2- yl)dinmethylsilane,
(2-allyl oxy-3-tert-butyl di met hyl silyl -

5- met hyl phenyl ) (i nden- 1- yI)dlnethyIS|Iane 5712=al | yl oxy- 3-
tert-butyldinmethylsilyl-5-nmethyl phenyl) (i nden-2- %EY%§d|nethyIS|lane

TR R bty i e Pl M by S ol

Eg :: : y: oxy- gatlgﬁ_ o -%i#%ne%&lpf %ﬂ&%‘?& fﬁb"e‘hﬁ Sx?’?aﬁ’é?ﬁ?ﬁ‘ Prehe- _
aIIoniy 5yte RﬁE%?iﬁﬂ%w(ﬁél%%ﬁgi?*kﬁénﬁg%¥3gu%%i #”@%ﬂg*é#* §1)£6
o gﬁzpﬁeaﬁf A (LAt

(2-al l'yl oxg- 3- @ﬁ%ig%fﬁg% @-ﬂéﬂraﬁhﬂﬁ&b&&élb?@ﬁtadlenyl)-

(2-allyl oxy- 3, fl uoren-9-yl)di net hyl sil ane

(2-al l'yl oxy- 3§ﬂénebtﬁdﬁmé)£&¢hit efir&m Y&hah | $h! 8N, ab
(2-allyloxy- 3-tert- butyI 5- met hyl phenyl (9F+f|uoregggﬁyl)d|neth?lovgllane

(2-al | yl oxy- 3 nfertidmsd -dohipdbphdsy | )i@thbkyvren- *&1yy)dkyet byl behapd~
(2-al l yl oxy-5-net hyl - 3- phenyl - 25 phenyl) (9H fl uoren-9-yl)di nmet hyl si | ane,
(2-al |yl oxy- 5-oxwet heth@xy; i vethethylyilykoyy) (Seet+botyhdbmethyilnet hyl -
silane, (2-allyloxy-3-tert-butyldinethylsilyl-5-nethyl-

phenyl ) (9H f | tbklanlaxy | 9xii methgxgnethexy ( 2CappouRsy - Besulting from

10 changing "dimethylsilane" to diethylsilane, diphenyl-
silane or dimethoxysilane, compounds resulting from
changing "cyclopentadienyl" to dimethylcyclobéntadienyl,
trimethylcyclopentadienyl, n-propylcyclopentadienyl,
isopropylcyclopentadienyl, n-butylcyclopentadienyl,

15 isobutylcyclopentadienyl, sec-butylcyclopentadienyl,
tert-butyldimethylsilylcyclopentadienyl, phenylcyclo-
pentadienyl or methylindenyl and compounds resulting from
changing "2-methoxyphenyl" to 3-phenyl-2-methoxyphenyl,

-3-trimethylsilyl-2-methoxyphenyl or 3-tert-butyldimethyl-

20 silyl-2-methoxyphenyl.

These compounds [2] sometimes have a plural
number of isomers originating from difference in the
position of a substituent or in the position of a double
bond in the cyclopentadiene skeleton of the substituent

25 sz. The compounds [2] in the present invention include -
all of these isomers.

In the compound [3], the hydrogen atom, halogen

atom, alkyl group with the number of carbon atoms of 1-20



di anyl phenyl) (9H-f | uoren-9-yl)di met hyl si |l ane, (2-

aI\I"SlI oXy-3-tert-butyl -5-net hoxyphenyl ) (9H fl uoren-9-yl)- dinethylsilane,
(6-allyl oxy-5-tert-butyl-3-chlorophenyl)- (9H-fluoren-9-yl)dinethylsilane,
and (1-allyl oxynaphtha- 5

| ene-2-yl)di nethyl (1,2, 3, 4-t etranet hyl cycI®pent adi enyl )- sil ane; conpounds
resulting fromchanging, in.the above nenti oned conpounds, "nethoxy" or

" a: I IyI oxy" to?’ﬁ?rip}la]:[]?(ﬁu@wetﬁm h’lﬁ é?%ﬁf%)&ﬂe thalogrR A tPMet hy! -
silyl oxy or nethoxynet hoxy, conpoynds resulting from 10 changing
" di met hyl si | af@alkykigsn m‘%&rﬁetfi‘%wﬂ@ﬁﬁrﬁg'?% SR o) 270
SQWDOEnlés Irfagulti.n fLong%qﬁﬁ%{;ﬁ%geﬁaﬂéi&yl‘;nér%alo;enxfiomane,
i met hyl cyc oﬁﬁﬂ?%éhQ%ﬂﬂ, 15 f
n-propyl cycl opg ladqie:e&%ﬂ’ i REH yri r.ong't;#f nyIa oms of 6-20
n- buLyI clycl oloeal adi¥eny ,lvil':ﬁpi so%u ylcycl openct aﬁ@ﬁ}gnyﬁz, '
sec- but yl cyc t ad] = | i ' '

ylcy %?Jsp i ;ﬂ:ifaefnw suﬂ@éifhlgﬁd/ WiRLAY | fdd ¥t Cortd ORETGGEH Catbm,

phenyl cycl O- or net ndenyl and conpounds resulting from

changi ng " 2- medyypesRiaied s oy B- | wc et Ko ittty | of carbon atoms
3-trinmethylsilyl-2-methoxyphenyl or 3-tert-butyldimethyl- 20 '

si |yl - 2- met hoxymhesnd optiesita Thynsulbisisi f 2t ed ontth nets beast copé uhalogenber
of isonmers originating fromdifference in the position of a substituent or
in the positi arta, aXowky egiboupl with hehe ymimpent ofii eacbokchtons of Lhe
substituent 25 Cpl[err]. The conpounds [2] in the present invention

i ncl ude all of2Q mEsionahiy ssubstitirted whtihRt 3leashonghalegent akpm,

hal ogen atom al kyl roup with the nunber of carbon atons of 1-
J 10 araf/ky OoxXy pgroup with the number of carbon ai('?omé,L gg 1-20

optionally substituted with at least one halogen atom,
aryloxy group with the number of carbon atoms of 1-20
optionally substituted with at least one halogen atom,
and di-substituted amino group with the number of carbon

15 atoms of 2-20 which are represented as the substituents x3
and X' may respectively be the same as those represented
as the substituents X! and X? in the compound [1].

Examples of the compound [3] inclnde titanium_
halides, e.g., titanium tetrachloride, titanium tetra-

20 bromide and titanium tetraiodide, amidotitanium, e.g.,
tetrakis(dimethylamino)titanium, dichlorobis(dimethyl-
amino)titanium, trichloro(dimethylamino)titanium and
tetrakis(diethylamino)titanium, alkoxytitanium, e.g.,
tetraisopropoxytitanium, tetra-n-butoxytitanium,

25 dichlorodiisopropoxytitanium and trichloroisopropoxy-
titanium, and compounds resulting from changing the
ntitanium" of the respective compounds mentioned above to

zirconium or hafnium. The amount of the compound [3] to



- 58 -, optionally substituted with at | east one hal ogen atom aral kyl group
with the nunber of carbon atons of 7-20 optionally substituted with at

| east one hal ogen atom aryl group with the nunber of carbon atons of 6-20
5 optionally substituted with at | east one hal ogen atom substituted silyl
group with the nunber of carbon atons of $326 optionally substituted with
at | east one hal ogen atom al koxy group with the nunher of carbon atons of
1- 20 opti onabpyusgdsipt dnedh@ ERNGE OF UG YhA -Fgch HIMGH nal8ayl oxy

group with the nunber _.of carhon atons of 1-20 tionally s ituted with
at | east one REPS§EALAF0R:7x Isof}“ﬁsog’é(\m %ﬁ'&? r?ﬁ‘??dﬁ" &ngc%é}eoon at ons of
1-20 optionall \é substi:[ébed with at | east one hal ogen atom and

di - subst i t ut eFOBRPHBYLEdp with the nunber of carbon 15 atons of 2-20 which

are represented as the stitue a 4, 1ESREE ﬂb%fkéﬂe same
as those represented as&?'%etb?ttjablés?@ué%t's err’i%nfe'X[errﬁfélqn't e conpound
[1]. Exanpies a tlh%o&g&%@de[% i g M@&d&mﬁum%dmmn@- GsucH ig&ni um
tetrachl or‘f’de,m Etlat aniumtetra- " pbromi de and titani umtetraiodide,

am doti tani U”kne%h&-liﬂtﬁiﬁﬁﬁi Sty IEH Ak N @-bu 3l Lirthiding,h | sl sret hyl -
amno)titanium trichloro(dinmethylamno)titani umand -

tetraki s(di et Njaiurg) tieributyldikmdyin ¢ dniithrhune tgrimethylsilyl-

tetrai sopropoxytitanium tetra-n-butoxytitanium 25

di chl or odi i sopcetyliide,adiithiam acetylislen Jopmethylsiiyimethyl-and
conpounds resul ting fromchanging the "titaniunf of the respectiyve
conpounds nentlidhdamsboriayld iAihigahi phenyHdithivm angk %ﬂtﬂﬂ?ﬂtlﬁi-‘-%e
compound [3] to L.

10" The amount of the base to be used is in the range of
usually 0.5-5 times by mole the amount of the compound
[2].

Further, an amine compound may be used togetherx
with the base. The amine compoundlmay be, for example, a

15 primary amine compound, such as methylamine, ethylamine,
n-propylamine, isopropylamine, n-butylamine, tert-
butylamine, n-octylamine, n-decylamine, aniline and
ethylenediamine, secondary amine compound, such as
dimethylamine, diethylamine, di-n-propylamine, di-n-

20 propylamine, di-n-butylamine, di-tert-butylamine, di-n-
octylamine, di-n-decylamine, pyrrolidine, hexamethyl-
disilazane, and diphenylamine, and tertiary. amine
compound, such as trimethylamine, triethylamine, tri-n-
propylamine, tri-n-butylamine, diisopropylethylamine,

25 tri-n-octylamine, tri-n-decylamine, triphenylamine, N,N-
dimethylaniline, N,N,N’ /N’ -tetramethylethylenediamine, N-
methylpyrrolidine and 4-dimethylaminopyridine. The

amount of the amine compound to be used is in the range



- 59 - be used is in the range of usually 0.5-3 tines by nole, preferably
0.4 1.5"ti nes by nol e the amount of the conpound [2]. The base may be, for
exanpl e, an organoalkali 5 netal conpound, e.g., an organolithium
conmpound, such as nethyllithium ethyllithium n-butyllithium sec-butyl-
I|thirnh tert-butyllithium lithiumtrime®®yl=silyl- acetylide, |ithium
acetylide, trinmethylsilylmethyl- lithium vinyllithiu henyl I'i t hi um and
al Iyl 1i t hi um ofoushalaypd@: témes,dbygode enoel%t?éed H@?%Wrﬁa@-el%

f
usually 0.5-5 tines_ b | e the anpu of .th onmuound .[ 2] . .Further, an
gm’ n](ca conpoun$ifgs Béfyﬁ'é’ng&'t Eﬁé’Pné’rre\%qu‘i‘Weﬁﬁ';’sgmﬁ?e m]"f?eleco‘#ﬁiund may

e, for exanple a 15 I mary am ne conpound, such as net hyl am ne,
et hyl am ne, ngﬂPBBﬁlgﬁi%éfpgf%ﬁ?bpylanine, n- butyl am ne, tert- butyl am ne,

n-octyl am ne, n-decyl am | Jods Sl | -247 l ne
conmpound, such as di net hy%arﬁ%n%éﬂlgiﬁle?h%sl am né@?ﬁrﬁiﬁ&%&yﬁ%@ﬂ%ﬁ%ﬁ%ﬂ 20

propyl am ng, %é%tb%yltﬁ? Radtiide! t Uy lad&rert -1, %ﬂlih % i
enyl am ne,

di - n-decylam ne, pyrrolidine, hexanethyl- disilazane, and dip
and tertiary g BRreRIROWveitsh Ay ., idrRinat iaiiRlrdda 1 iidly |solivemnt § 1 - n-

propyl am ne, tri-n-butylam ne, diisopropylethylanine, 25 tri-n-octyl am ne,
tri-n-decyl amsigh lalsl Peandnwriaiel tdlvend meilhighatiic rlegdrocarbon
N, N, N, N -tetranethyl et hyl enedi am ne, N-

solvent, such as hexane and heptane, ether type solvent,

such as diethyl ether, tetrahydrofuran and 1,4-dioxane,

10 amide type solvent, such_as hexamethylphosphoric amide
and dimethylformamide, polar solvént, such as aceto-
nitrile, propionitrile, acetone, diethyl ketone, methyl
isobutyl ketone and cyclohexanone, halogen-containing
solvent, such as dichloromethane, dichloroethane, chloro-

15 benzene and dichlorobenzene. These solvents may be used
each alone or as a mixture of two or more thereof. The
amount of the solvent to be used is-in the range of
usually 1-200 times by weight, preferably 3-50 times by
weight the amount of the compound [2].

20 The present step may usually be cohducted by
adding the compound [2] and the base to the solvent and
then adding the compound [3] thereto. Sometimes a solid
will precipitate out after the addition of the compound
(2) and the base. 1In such a case, the solid taken out.

25 from the reaction system may be added to a solvent and
then the compound [3] is added thereto. Further, the

compound [2], the base and the compohnd [3] may

simultaneously be added to the solvent. The reaction



met hyl pyrrolidi ne and 4-di net hyl am nopyri di ne. The anmount of the am ne
cdﬂﬁouhd’to be used is in the range - 60 - of usually 10 tines by nole
or less, preferably 0.5-10 tinmes by nole, nore preferably 1-3 tinmes by nole
t he amount of the base. The reaction is usually conducted in a solvent 5
inert to the reaction. Such a solvent i=s6Xor exanple, an aprotic solvent,
e.g., aromatic hydrocarbon sol vent, such as benzene and tol uene, aliphatic
hydr ocar bon stemperatygreh igs imethee rangenh oft afaa ldihfrom RO AT | such

as diethyl ether, tetrahydrofuran and 1,4-dioxane, 10 amde ty ol vent,
such as hexan&bap pH@gﬁF%ltioc“é\ﬁ o aheF dﬁ%‘?é’t i '%,P%tar&fgo nt,

such as aceto- nitrile, propi itrdle e [ | ketone, nethyl

i sobut vyl ketoﬁ@qgﬁﬂtcy Sﬂ%ﬁﬁﬁgﬁéfkﬁ§i6§§ﬁ&£3h gﬁﬁﬁ% ‘sol vent, such gs

di chl or onet hane, di chl o] X t 'lae%ﬁi:tﬁ%w %ry%'te}rp léaﬁlzeefr& cglﬁtgﬂé}pefg&ﬁle.
xture o

These sol vents may be uséd éach alone-or as 'a two or nore

thereof. The t+of dtt8i3P e Plelet RASIPGE Siid) ddipdtie ©f . usual |y
1-200 ti mag b?/' ?gﬁ:t?’ pre Z{r)a Iq{%ts- 5013?7 mes by wei gkétiﬁ?t he aﬁ[oﬁj;lt of the

conmpound [2]. 20 The iMRrHRP YBmpFBid wsdi|Bey dietapiatstiof sk by
addi ng the conpound [2] and the base to the solvent and then adding the-

compound [ 3] ther ele®ultdiR) irectHi D inikinind by eciqurveret inna hfnethode
addition of the conmpound (2) and the base. In such a case, the solid taken
out for example, by filtering off the precipitate formed,
concentrating the filtrate to precipitate the compound
10 [1] and then collecting the compound [1] by filtration.
As described above, the compound [2] used in
the above [step 1] include the compounds [2a] and the
‘compounds [2b]. The cdmpound [2a] can be prepared
| through the [step 2] as described below.
15 [Step 2]
The step of preparing the compound [2a] by

reacting a halogenated aryl compound represented by the

formula (9) (hereinafter referred to as compound [9]):

R
R? ,L
{9)
R3 R!
R2

wherein A, R!, R?, R}, R}, R’ and Y' are respectively the
20 same as defined above, with an organocalkali metal salt or

metallic magnesium, then reacting the reaction product



25 fromthe reaction systemnmay be added to a solvent and then the

co ouﬁd/[3] I s added thereto. Further, the conpound [2], the base and the
conmpound [3] may sinultaneously be added to the solvent. The reaction -
61 - tenperature is in the range of usually fromnot |ower than -100[err]C
to not higher than the boiling point of the4solvent, preferably from

-80[err]Cto +10Q[err]C.. The reactiop, systemis rgferabl shi 1ged romb5
ohe b Cobt it iR Lopentadtersiddns commpdd TraredeRhadb¥orhBuNG
et hod for odirea nii} (et hipkid? FERGHER fo 04 Fotalnd CPATTL: TOri g
the filtrate to precipitate t conpound 10 [1] and then collecting the
; . g

compound [1] by filtration. \ﬂESQLiﬁﬁﬂ aboyg, the conpound [2] used in

t he above [step 1] include tggi onpounds [ZaY gnd t he conpounds [2b]. The

t

conpound [2a] can be prepare hrough the [step 2] as described bel ow. 15
[Step 2] The step of preparing the conpound [2a] by reacting a hal ogenat ed

R Ll T S GO GO G O OO
Y[err] are resgleslétisn)y ame RO amihnRbaardetrespdcatioedy whehsameoaganoal kal i
netal salt or netallic magnesium then reacting the reaction product
5 defined above, and then reacting the resulting reaction
product with water.
The compound [9] may be, for example, l-bromo-
2-methoxybenzene, l-bromo-3-methyl-2-methoxybenzene, 1-
bromo-3,5-dimethyl-2-methoxybenzene, l-bromo-3-tert-

10 butyl-2-methoxybenzene, l-bromo-3-tert-butyl-2-methoxy-5-
methylbenzene, l-bromo-3,5-di-tert-butyl-2-methoxy-
benzene, l-bromo-2-methoxy-3-phenylbenzene, l-bromo-2-
methoxy-5-methyl-3-phenylbenzene, l-bromo-2-methoxy-3-
trimethylsilylbenzene, l-bromo-2-methoxy-5-methyl-3-

15 trimethylsilylbenzene, 1-bromo-3—tert-buty1dimethylsilyl;
2-me£hoxybenzene, 1-bromo-3-tert-butyldimethylsilyl-2-
methoxy-5-methylbenzene, l-bromo-3-tert-butyl-2,5-
dimethoxybenzene, 1l-bromo-3-tert-butyl-5-chloro-2-
methoxybenzene, 3,5-diamyl-1-bromo-2-methoxybenzene,

20 2-allyloxy-l-bromobenzene, 2-allyloxy-l-bromo-
3-methylbenzene, 2-allyloxy-l-bromo-3,5-dimethylbenzene,
2-allyloxy-1l-bromo-3-tert-butylbenzene, 2-allyloxy—1;
bromo-3~-tert-butyl-5-methylbenzene, 2-allyloxy-l-bromo-
3,5-di-tert-butylbenzene, 2-allyloxy-l-bromo-3-phenyl-

25 benzene, 2-allyloxy-l-bromo-5-methyl-3-phenylbenzene, 2-



- 62 - wth a cycl opentadi enylidene conpound represented by the fornula (4)
(ﬁefeihdfter referred to as conpound [4]): [err] wherein Cp[err] is a group
havi ng a cycl opent adi enyl i dene skeleton, and Rlerr] and R err] are
respectively the same as 5 defined above, and then reacting the resulting
reacti on product with water. The conpourd §3]- may be, for exanple, 1-brono-
2- met hoxybenzene, 1-brono-3-nethyl -2- et hoxybenzene,

1-
br omo- 3, 5- di medAyloxyrdRrepadmethylsislihensene g 2-allyloxy-1-
butyl -2-nmeth b : 1- - 3- - - 2- XYz 5-
Dy 2 e e e o - Pt M B B 3 55 T S Dz ene
1- br ono- 2- met hoxy- 3-phenyl henzeng, 1-br -2
met hoxy- 5- met A -'&&%’W“ﬁ%%%‘?ﬁ%&@qB-Z'allyloxy-l-
trinmethylsilylhenzene, 1-Dbr - : t 5437
trinethylsiIyHﬁﬁﬂggﬁatgﬁﬁiéﬁgkég#@§{ﬁ§%%fiiﬁ%é&%?ﬁéx qziﬁﬁét%ax benzene
1- br ono- 3- fer t4h }_et v _[ﬁ{%y%ysﬁn : gégxg@,q@ ! ,
1- br ono- 3- ert}bﬁgﬁégfﬁiﬂgﬁé%§%3¥§génze e, ey v 2=
1- bromo- 3-ter tﬂqtngy&ldﬁﬁﬁb%-ﬁ@m%y@nzmmmbenzene, 2-

3, 5-di anyl - 1- br ono- 2-"net hoxybenzene,
2- al | yl oxy- 1- 1aRpeeRz-e3)s -diahy I+ DRyrdmdlsenzend -ard hi4+dkhy boey—-2-

2-al | yl oxy- 1- brono- 3, 5-di net hyl benzene,

2-al | yl oxy- 1- lbromporixphetlialene/d benzene, 2-all yl oxy- 1-
brono-3-tert-butyl-5-nmethyl benzene, 2-allyl oxy-1-brono-

3, 5-di - t ert - but yl benzenExamples |k the pampeandnhehy | fupthepeipehude
2-al | yl oxy-1-brono-5-net hyl - 3- phenyl benzene, , 2-

10 compounds résulting from changing the "methoxy" or
"allyloxy" of the above-mentioned compounds to benzyloxy,
ethoxy, tert-butyldimethylsilyloxy, trimethylsilyloxy or
methoxymethoxy, and compounds resulting from changing the
"bromo" to chloro or iodo.

15 In the compound [4], the group having a
cyclopentadienylidene skeleton represented as the
substituent Cp3 may be, for éxample, the cyclopenta-
dienylidene group, methylcyclopentadienylidene group,
dimethylcyclopentadienylidene group, trimethylcyclopenta-

20 dienylidene group, tetramethylcyclopentadienylidene
group, ethylcyclopentadienylidene group, n-propylcyclo-
pentadienylidene group, isopropylcyclopentadienylidene
group, n-butylcyclopentadienylidene group, sec-butyl-
cyclopentadienylidene group, tert-butylcyclopenta;

25 dienylidene group, n-pentylcyclopentadienylidene group,
neopentylcyclopentadienylidene group, n-hexylcyclopenta-

- dienylidene group, n-octylcyclopentadienylidene group,

phenylcyclopentadienylidene group, naphthylcyclopenta-



- 63 - @allyloxy-1-brono-3-trinethylsilyl benzene, 2-allyloxy-I-

br ono- 5-net hyl -3-tri net hyl sil yl benzene, 2-allyl oxy-1-
brono-3-tert-butyl di net hyl silyl benzene, 2-allyl oxy-1-
brono-3-tert-butyl di net hyl silyl-5-nethyl benzene, 2- 5

al | yl oxy- 1- bronp- 3-tert - butyl - 5- net hoxybengtne, 2-

al |yl oxy-1-bronp-3-tert-butyl-5-chl orobenzene, . 2- . L

al | yl oxy- 3, 5- digRylidene R enbrimethy s Ly igyclorentadhapyl ideBRe.

Exanpl es of t he. d [9]. further jnclude, 10 d ting f
changi ng t he "Gty Ertr it e L Elre | SoehtSal Suut FIRRE CaEaoBonbobiis (o

b I : - | di ' ' hyl.si. Lyl

. ni.[‘ﬁﬁé%ét b e S S TR ta gy EasRE Wrsbet . 0L Lo chioro
[ . 15 . s t geg% 4 3 '

g;c:gpgntadiewﬁﬂq%ﬂxﬁggée é#%%ﬁgggﬁes %%%d%ép? gégggg??ygggtacp[err] may

be, for exgnplgmdtity LindneTidend %?Un%%deé%ﬁIPH@enylidene, roup, n-

met hyl cycl opent adi enyl | dene group, hylcyclopentadienyll ene group,

trimethylcycl ¥l indenyl bdehé dgreup) OlPopropylindenylidene group, n-
t et ramet hyl cycl opent adi enyl i dene group, ethylcycl opentadi enyl i dene group,

n- propyl cycl o-byeyl aiienyl i dene group, seopbupylindénpiideneegybugene
group, n-butyl cycl opent adi enyl i dene group, sec-butyl- cycl opentadi enylidene
group, tert-butetymitpbindenytidenengtodpnengpenpylindenylidene group,
- Pexyl cyol opomapentylindenyl fens group, nihedylihdenylidehe geoups
10 .n-octylindenylidene group, n-decylindenylidene group,
phenylindenylidene group, methylphenylindenylidene group,
naphthylindenylidene group, trimethylsilylindenylidene
group, triethylsilylindenylidene group, tert-butyl-
dimethylsilylindenylidene group, tetrahydroindenylidene
15 ‘group, fluorenylidene group, methylfluorenylidene group,
dimethylfluorenylidene group, ethylfluorenylidene group,
diethylfluorenylidene group, n—propylfluorenylidené
group, di-n-prdpylfluorenylidene group, isopropyl-
fluorenylidene group, diisopropylfluorenylidene group, n-
20 butylfluorenylidene group, sec-butylfluorenylidene group,
tert-butylfluorenylidene group, di-n-butylfluorenylidene
group, di-sec-butylfluorenylidene group, di-tert-butyl-
fluorenylidene group, n-pentylfluorenylidene group,
neopentylfluorenylidene group, n-hexylfluorenylidene
25 group, n-octylfluorenylidene group, n-decylfluorenylidene
group, n-dodecylfluorenylidene group, phenylfluorenyl-
idene group, diphenylfluorenylidene group, methylphenyl-

fluorenylidene group, naphthylfluorenylidene group,



di enyl i dene group, n-octyl cycl opentadi enylidene group,
pﬁEﬁylbyclopentadienylidene group, napht hyl cycl opent a- - 64 -

di enyl i dene group, trinmethylsilylcycl opentadienylidene group,
triethylsilylcyclopentadienylidene group, tert-

but yl di net hyl si | yl cycl opent adi enyl i dene—g®8up, i ndenylidene group;

met hyl i ndenyl i dene group, 5 dinethylindenylidene group, .ethylindenylidene
group, n- propylmﬁﬁgﬁ}ﬁﬂéyﬂé1@P6@B¥h%ﬂ%¥bﬁFPPWHe%ﬁ37$§ﬁ?%ﬁﬁ¥ﬁ§fii&'

but yl i ndenyl i dene group,., sec-butylindenyliden rQup, .

Cert-but vl | ndEApPFRBIL 1gen S fn RIS e finspy L tdene group
neopent yl i ndenyl.i den rQup,,.N-hexwvl i.nd | i r

n-octylindenyP% eggr rgﬁgﬁaﬂ} Bép#ﬁagﬁéﬁﬁ'éﬁ%ﬂlﬁgﬁggﬂ%ﬁé%?ﬂqhdenylidene
group, nethyl ph | inde ' : - rbtlgIgﬁl F‘é}gylgﬁ}ﬁe ,
trimethylsil yE’F%%éﬁf%?dg\rgekgl%%%p?ﬁq’ﬁet yl si yﬂlérelﬂ'en I]i:L ene %ﬁ_ouf)t,
tert-butyls dingRhipilcSichydeiiamilldmanadie drodrs! naplitivyiRpdisired S
group, fluorenylidene group, nethylfluorenylidene group,

di met hyl f | uor g érdﬁﬂ%n%r Qoupst Redtidamtiplldytaspaiittidienylidene
e

di et hyl fl uorenyli dene group, n-propylfluorenylidene group,

di - n-propyl f| deoripy, iidaylidene igraupp\f luddeamyliddna eneoup ouet.c.
di i sopropyl fl uorenyl i dene group, n- 20 butyl fluorenylidene group,

sec- butyl fl uorenyl i dene Examples erft -tthe \ddnpeunshy4 HeineclpdaiBH-
di - n-butyl fl uorenylidene group, di-sec-butylfluorenylidene group, .
di -tert-butyl methyddsteps-dtyred qpenta-In-wddgngd drtant+ TRoup,
neopent yl f1 uorenyl i dene group, n-hexylfluqreqylidene .
10 methylidene-cyclopenta-1,3-diene, 2-methyl-5-methylidene-

cyclopenta-1,3-diene, 2-tert-butyldimethylsilyl-5-
methylidene-cyclopenta-1,3-diene, 2-trimethylsilyl-5-
methylidene-cyclopenta-1,3-diene, 5-isopropylidene-
cyclopenta-~1,3-diene, 2-tert-butyl-5-isbpropylidene-

.15 cyclopenta-1,3-diene, 2-methyl-5-isopropylidene-
cyclopenta-1,3-diene, 2-tert-butyldimethylsilyl-5-
isopropylidene-cyclopenta-1,3-diene, 2-trimethylsilyl-5-
isopropylidene-cyclopenta-1,3-diene, 5-(l-ethyl-
propylidene)-cyclopenta-1,3-diene, 2-tert-butyl-5-(1-

20 ethylpropylidene)-cyclopenta-1,3-diene, 2-methyl-5-(1-
ethylpropylidene)-cyclopenta-1,3-diene, 2-tert-butyl-
dimethylsilyl-5-(1l-ethylpropylidene)-cyclopenta-1,3-
diene, 2-trimethylsilyl-5-(1l-ethylpropylidene)-
cyclopenta-1,3-diene, S5-diphenylmethylidene-cyclopenta-

25 1,3-diene, 2-tert-butyl-5-diphenylmethylidene-cyclopenta-
1,3-diene, 2-methyl-5-diphenylmethylidene-cyclopenta-1,3-
diene, 2-tert-butyldimethylsilyl-5-diphenylmethylidene-

cyclopenta-1,3-diene and 2-trimethylsilyl-5-diphenyl-



25 group, n-octylfluorenylidene group, n-decylfluorenylidene group,
nfdédeéy1fluorenylidene group, phenyl?luorenyr- | dene éroup, ° P

di phenyl fl uorenyl i dene group, nethyl phenyl- fluorenylidene group,

napht hyl f 1 uorenyl i dene group, - 65 - trinethylsilylfluorenylidene group,
bis-trinethylsilyl- fluorenylidene group, &b i-ethylsilylfluorenylidene group
and tert-butyldinethylsilylfluorenylidene group, preferred of these being
cycl opent adi empithydidegesgyclopentanl 3rdiGnént adi enyl i dene group,

tert-butyl I ta- di l'id : I ' i

i, i e R LT AT
- - i.dene; - - - - -5-

10 I met hyl i deﬁ'g‘-ec§:3fngﬁer?g-“f¥’§ll§'iye e'?’y'% : %'r%ﬁa’ @rfrée%re;/a{bfla'eﬁoe'ff'rf'§m yies

cycl openta-1, 3-di Ltert-b l,9i E

met hyloi dene- cﬂ'&qlc?%gel?{teg-zf, g{od'lee;\gef?/ @G{Tﬁ%@f%lqﬁ 5-

nmet hyl i deng- cycl opent a- - (] o éygﬂ : di ene,
g-ter:]- Ibut5 | -5-i sopropyljﬂl e elggiféc}{ﬁg{) nt ad- 1@%89%1[ g&r%éweé&n?péuﬁd

-met hyl -5-is ' 8 Hﬂﬁﬂﬂéﬁﬁbdﬁﬁﬁ N&.q. ithi
2-tert-butyl d?'lr?rlrec?h%ém |y -ng-ayiiCdsopr opyl i dene-f'y? o%e'ntnéte-tllf%l-ld]i'%l#élfm'
2-trinethyl si lagryd-] ithARnOP H S HARA 0H inghen tsfec Kr gy Eiet h arf 1 - adabty4 -
propyl i dene)-cyclopenta-1, 3-diene, 2-tert-butyl-5-(1- 20
et hyl propyl i dena)yldyidihdpent ailtlwh aneimchEldsidyb-gaetylide, lithium
et hyl propyl i dene) - cycl opent a-1, 3-di ene, 2-tert-butyl-
di et hyl si | yl -ametirldde) pruimesthishad lyimes thekkithige, vinyllithium,

10 phenyllithium and allyllithium.

The amount of the organoalkali metal compound
or metallic magnesium to be used per mole of the compound
[9] is usually in the range of 0.5-5 moles, the amount of
the organoalkali metal compound being preferably in the

15 range of 0.9-2.2 moles and that of metallic magnesium
being preferably in the range of 0.9-1.2 moles.

The reaction is usually conducted in é solvent
inert to the reaction. Examples oflthe solvent include
aprdtic solvents, e.g., aromatic hydrocarbon solvents,

20 such as benzene and toluene, aliphatic hydrocarbon
solvents, such as hexane and heptane, ether type
solvents, such as diethyl ether, tetrahydrofuran and 1,4-
dioxané, amide type solvents, such as hexamethylphos-
phoric amide and dimethylformamide, polar solvents, such

25 as acetonitrile, propionitrile, acetone, diethyl ketone,
methyl isobutyl ketone and cyclohexanoﬁe, and halogen-
containing solvents, such as dichloromethane, dichloro-

ethane, chlorobenzene and dichlorobenzene. These



diiene, 2-trinethylsilyl-5-(l-ethylpropylidene)- cyclopenta-1,3-diene,
53dfphéﬁylnethylidene-cyclopentay 25 p{,3-dié%e, Y P

2-tert-butyl -5-di phenyl net hyl i dene-cycl openta- 1, 3-di ene,

2- met hyl - 5- di phenyl net hyl i dene-cycl openta-1, 3- di ene,
_2-tert-buty|dinethylsiIyI-5-diphenyInethylﬁﬁeﬂe- cycl opent a- 1, 3-di ene and
2-trinmethylsilyl-5-di phenyl - - 66 - nethylidene-cycl ppenta-1, 3-di ene.
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nmetal lic nmagnesiumbeing preferably in the range of 0.9-1.2 noles. The
reaction i s UsgehpousdneHchétallie nagnesiunntot the sbikveatgt then Exanpl es

of the solvent include aprotic solvents, e.g., aromatic hydrocarbon
solvents, 20 sadding ticezeompoundt p4jiehberetophandcthedeatiebonadding

water or an acidic aqueous solution or the like thereto,

10 but it may alsd be conducted by adding the compound [9],
the compound [4] and the organoalkali metal compound or
metallic magnesium simultaneously to the solvent and then
adding water or an acidic aqueous solution thereto. The
reaction temperature is usually in the range from not

15 lower than -100°C to not higher than the boiling point of
the solvent. The temperature is preferably in the range
from -80°C to +40°C when the organoalkali metal compound
is used, and preferably in the range from 10°C to 100°C
when metallic magnesium is used.

20 Examples of the acidic aqueous soiution include
aqueous ammonium chloride solution and hydrochloric acid.
The amount of water or acidic aqueous solution used is in
the range of usually 1-200 times by weight, preferably 3-
50 times by weight the amount of the compound [9] used.

25 When metallic magnesium is used, the initiation
of the reaction can be proﬁoted by using an initiator in
combination therewith. Examples of the initiator include

molecular halogens, such as bromine and iodine, alkyl



solvents, such as

hexane and heptane, ether type solvents, such as diethyl

et r,\fetrahydrofuran and 1, 4- dioxane, am de type solvents, such as
hexanet hyl phos- phoric am de and di net hyl f ormam de, pol ar sol vents, such 25

as acetonitrile,

propionitrile, acetone, diethyl ketone, nethyl isobutyl

ket one and cycl ohexanone, and hal ogen- corff&iming sol vents, such as

di chl or omet hane,

- 67 - sol venthaldglese suchy amdetthvhdedida, LHhvt i

di chl or o- et hane, chl orobenzene and éﬁp éoro enzenf. These
t e
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t hereof. The anount_ of th I o p dis i h f
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The reaction tenperature is usually in the range from not

15 lower thaman ld¥jaii¢ Qdpencindi gheaqhidous t hayéo) | theg solutioh ofie
solvent. The tenperature is preferably in the range from-80[err]C to
+40[ err] C wherntlidieccampmumd| k241 beind cbtained as thedorganigr dapexnbly in
the range from10[err]C to 100[err]C

When a solvent compatible with water was used in the

'10 above-mentioned reaction, or when the organic layer and

the

aqueous layer cannot be easily separated from each

other owing to the use of an insufficient amount of the

solvent in the above-mentioned reaction, the layer

separation is advantageously conducted after adding an

15 organic solvent insoluble in water, such as toluene,

ethyl acetate and chlorobenzene, to the reaction mixture.

The compound [2a] may be used in the next [step

3] either as the solution thus obtained as it is or after

taken out from the solution.

20

The compound [2a] can be taken out from the

solution of the compound [2a], for example, by washing

the

solution with water, then drying the solution and

removing the solvent by distillation. The compound [2a]

thus obtained may be further purified by such means as

25 récrystallization, distillation and column chromato-

graphy.

the

When a solid precipitates out after addition of

compound [9] and the organoalkali metal compound or



when netal lic magnesiumis used. 20 Exanpl es of the acidic
adUéouE’solution i ncl ude aqueous ammoni um chl ori de sol ution and
hydrochl ori ¢ acid. The anobunt of water or acidic aqueous solution used is
in the range of usually 1-200 tinmes by MBkgPt, preferably 3- 50 tinmes by
wei ght the anmount of the conpound [9] use®? 25 When netallic
magnesi umis used, the initiation of the reaction n be. pronoied by using
an initiator MetadAdcnEeGsesing &R the selwedy d"f°clta]'r%’"'1"dnﬁ?¥ AWLER ude

nol ecul ar hal ogens, such as ronigglang i odi ne,_.al kyl al i des,

- 68 -

sucﬂ as met hyPEi &Beqsompompd [4d %t BF AR RAAEEEPD K M08 hal i des,
1, 2- di chl or oet _dj .

Phiti ator to boRRoREa, 1, e, et L AR0E enl b1l 14 i),

range of 0. 000Qkbuhd W meli 1iGAHd kTt We? (3 b, SR ated |nto

an organi c | ayer an aqueous | ayer, ution of the conmpound [ 2a]
bei ng obt ag neq:oﬁl?otu d §19addn AV beprepared teHOMA ol echvé tdoved er
was used in the I0 above-nentioned reaction, or en the organic | ayer and
the aqueous | Zyem THeHedtd iR i dysteaparaidithd reie esslhiditera wowent the
use of an insufficient amount of the solvent in the above-nentioned
reaction, thewhiyh caepdeathised iin atheardtapdss] y ashdisredadding theli ng an
15 organi ¢ solvent insoluble in water, such as toluene, ethyl acetate and
chl or obenzene compouma r{eXk tihmretiodt ur e.

The compound [9] used in the above-mentioned

10 [step 2] can be prepared through the [step 1] as
described below. |
[Step 1]

The step of preparing the compound [9] by
reacting the compound [10] with a halide represented by

15 the formula (11) (hereinafter referred to as compound
[11]):

R’Y® (11)
wherein Y® is a halogen atom and R’ is the same as defined
above, in the presence of a base.

20 The halogen atoms represented as the substitu-
ent Y° in the compound [11] include the chlorine, bromine
and iodine atom.

The compound [11] may be, for example, methyl
bromide, ethyl bromide, vinyl bromide, allyl bromide, 2-

25 chloro-2-propenyl bromide, 2-bromo-2-propenyl bromide, 2-
methyl-2-propenyl bromide, homoallyl bromide, hexenyl
bromide and decenyl bromide, and compounds resulting frdm

changing the "bromide" of the above-mentioned compounds



The conpound [2a] may be used in the next [step 3] either as the solution
th obtained as it is or after taken out fromthe solution. 20

The conpound [2a] can be taken out fromthe solution of the conpound [2a],
for exanple, by washing the solution with water, then drying the solution
and renoving the solvent by distillationt Te-conpound [2a] thus obtai ned
may be further purified by such neans as 25 recrystallization, distillation

gpdtﬁglggn crw%ffiﬁio%%j#FEWF #ﬂ%ﬁd%fEOT?% ﬁm%??Bi?ﬁtEgeoﬁ?mﬁPF%? b4dilti on

nmpoun an e organoa t nd, or, - -

?Etallic nagns%?LPﬁEF§?4mP%5lmgﬁ ,°%o€?%m£§mg9u§§gfgﬁgnlg;thEhgg%BBgﬁd [ 4]
ereto, or after addjiio f.th

or ganoal kal i HEE&F“H%L%%U@dQB? ﬂﬁ}%ﬁ??ﬁgﬁggﬁgé%gﬁggggﬁE§°§§ s%g%,a?ﬂetge

compound [ 1] can also bepl ePalgtny haK! BOrOlkahfifes OLhOrbhATL! BEsbeIC! | ON

system adding the solid to a solveht which can used I n“the step [3],

and then agdi r@uéﬂ‘?é%@@ﬂf&[ﬁ}di@fi&é?-lﬂ?ﬁiﬁﬂ@&ﬂﬂén&@b,uiﬁdhhﬁmt he
above-nentioned 10 [step 2] can be prepared through the [step 1] as

described bel yqfSeR dardbraté§PlothPamPRYEngdehelienpanntetRbxbye,
reacting the conpound [10] with a halide represented by
lithium ethoxide, sodium hydroxide, sodium carbonate,
sodium hydrogen carbonate, sodium hydride, sodium
methoxide, potassium hydroxide, potassium carbonate,
10 potassium hydrogen carbonate, potassium hydride,
potassium methoxide and potassium ethoxide,
amine compounds, e.g., primary amine compounds,
such as methylamine, ethylamine, n-propylamine, iso-
propylamine, n-butylamine, tert-butylamine, n-octylamine,
15 n-decylamine, aniline and ethylenediamine, secondary
amine compounds, such as dimethylamine, diethylamine, di-
n-propylamine, di-n-propylamine, di-n-butylamine, di-
tert-butylamine, di-n-octylamine, di-n-decylamine,
pyrrolidine, hexamethyldisilazane, and diphenylamine, and
20 tertiary amine compounds, such-as trimethylamine, tri-
ethylamine, tri-n-propylamine, tri-n-butylamine, diiso-
propylethylamine; tri-n-octylamine, tri-n-decylamine,
" triphenylamine, N,N-dimethylaniline, N,N,N’,N’-tetra-
methylethylenediamine, N-methylpyrrolidine, and 4-
25 dimethylaminopyridine, and
such organoalkali metal compounds as organo-
lithium compounds, e.g., methyllithium, ethyllithium, n-

butyllithium, sec;butyllithium, tert-butyllithium,



15 the formula (11) (hereinafter referred to as conpound [11]): R7Y5 .

(1YY wherein Y5 is a hal ogen atomand R7 is the sane as defined above, in
the presence of a base. 20 The hal ogen atons represented as the
substitu- ent Y5 in the conpound [11] include the chlorine, bromne and

i odi ne atom The conpound [11] may be, fer7kxanple, nethyl brom de, ethyl
brom de, vinyl bromde, allyl bromde, 2- 25 chloro-2-propenyl brom de,

2- br ono- 2- pnxiaghlﬂmc#nxﬂ#thyl$#&!l@¢etY¥#%®en%it%*GM1G@e ﬁbh@ﬁbly

brom de, hexenyl brom de and decen brom de ounds re f % ngmfrom
changi ng t he "twigrethylsil Y¥ﬁ?%kﬂ%i#?ﬂ%ﬁmoﬁﬁﬁn¥%ﬂb hean 1 %

BELBEpld s 4 ngsh,l “#‘:énafew%?ewﬁé’% F\5%. tee la%%?%bgo BE7 ubah, §8-°
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hydri de, I5t25¥3%$ﬁé é%ggfe£é%g%a?ggtfoglﬁgl §od|un1hydrOX|de sodi um

car bonat e en car sodi um ydrlde sodi um et hoxi de,

potassium hydr oxi de, potﬁSéaemf tBe d8e@0iASEhEMENEEDERN CRRBONAL €,
pot assi um hydri de, potassi um net hoxi de and pot assi um et hoxi de, am ne

conpoundsh e-Ebat&E}@@fﬂafnbé? £60Pe%aklple, quaternary ammonium salts,

e.g., benzyltrimethylammonium chloride, benzyltriethyl-
ammonium chloride, benzyltri-n-propylammonium chloride,
10 benzyltri-n-butylammonium chloride, tetramethylammonium
chloride, tetraethylammonium chloride, tetra-n-
propylammonium chloride, and tetra-n-butylammonium
chloride, and compounds resulting from changing the
"chloride" of the above-mentioned compounds to bromide or
15 iodide. The amount of the catalyst to be used per mole
of the compound [10] is in the range of usually 0.00001-
0.5 mole, preferably 0.0001-0.1 mole.
The reaction is usually conducted in a solvent
inert to the reaction. Examples of the solvent include
20 aprotic solvents, e.g., aromatic hydrocarbon solvents,
such as benzene, toluene and xylene, aliphatic hydro-
carbon solvents, such as hexane and heptane, ether type
solvents, such as diethyl ether, tetrahydrofuran and 1,4-
dioxane, amide type solvénts such as hexamethylphosphoric
25 amide and dimethylformamide, polar solvents, such as
acetonitrile, propionitrile, acetone, diethyl ketone,
methyl isobutyl ketone and cyclohexanone, and halogen-

containing solvents, such as dichloromethane, dichloro-



sych as net hyl am ne, ethylam ne, n-propylanne, iso- propyl ani ne,

n- tyﬁénynez tert-butylam ne, n-octylam ne, 15 n-decylam ne, aniline and
et hyl enedi am ne, secondary ‘am ne conpounds, such as dimethyl am ne,

di et hyl am ne, di- n-propylanine, di-n-propylamne, di-n-butylanne, di-
Lert-buhylan1ne, di -n-octyl am ne, di-n-de am ne, pyrrolidine,

exanet hyl di si | azane, and di phenyl am ne,_ .and 20 tertiary anj ne conpounds,
such as trineﬁﬁ?ﬁaﬁhnéphﬂﬁQbQHﬂﬁﬂ%ﬂﬁQﬂadﬁﬁﬁiQFHRQﬂﬁﬁQﬁgqﬁﬂg such’ "
tri-n-butylam ne, diisqQ- propylethylanm.ne, tri-n-octylamg ne
tri : nl- derc]y: anPReticy isﬁﬁ-@ﬁ%%aﬁe,a%%%%twvaﬁﬂtﬁ 'nes,uqrg, FHEKER3NeT 4.
met hyl et hyl enedi am ne, .N-nmet hyl pwrrol § di 4-
F! mﬁft hyl am noﬁs"?dﬁa&oﬂ'é, 1&?&”’8@&{% gaélrﬁiog}'k%gﬁaq{r}gl al ‘%genspeousno sv.%%tsor%a o-

I t hi um conpouynds,.. & 4., { i i B it h - i thium
sec- but yl | | t hilll’t?m%stegr %al?ﬁﬁ%%éﬁnma %%df% ﬁﬁ%wrﬁp ot fhdfte '
trimethyl sgl ylgestadd de and R GH WHelbolvdd®tiy 15 luda@tiy | 1 tEhem

vinyl lithium phenyllithiumand allyllithium The anobunt of the base to be
used per nol e fngld @£ YEuAINGy [1L0100 iinfed 8y Mdlgfhtf pisefétably 55-50 3

nol es, preferably 0.9-1.5 noles. A catalyst nmay be used in the reaction.
The catal yst rEnee by afeigiaile anmouret reff ythemmomponrnsd| [50] e. g.
benzyl tri met hyl anmoni um chl ori de, benzyltriethyl- anmoni um chl ori de,
benzyl t ri - n- propyl ammoniThe qitesdnte, step damAe teondugtad; fooexample,
chloride, tetranethyl anmoni um -
by adding the base to the solvent, then adding the
10 compound [10] thereto and thereafter adding the compound
| [11] thereto. When the catalyst is used; the reaction is
conducted by adding the base and the catalyst to the
solvent, then adding the compound [10] thereto and
thereafter adding the compound [(11] thereto. The
15 reaction temperature is in the range of usually from not
lower than -100°C to not higher than the boiling point of
the solvent, preferably 0-100°C.
The reaction mixture obtained is mixed with
water and then separated into an organic layer and an
20 aqueous layer, the solution of the compound [9] being
obtained as the organic layer. When a solvent compatible
with water was used in the aforesaid reaction or when the
organic layer aﬁd aqﬁeous layer cannot be easily
.separated from each othef owing to the use of an
25 insufficient amount of the solvent in the aforesaid
reaction, the layer separation is advantageously

conducted after adding an organic solvent insoluble in

water, such as toluene, ethyl acetate and chlorobenzene,



chl oride, tetraethylammoni um chloride, tetra-n- propyl amoni um chl oride,
aﬁd’tefrh-n-butylannnniunlchloride, and conpounds resulting from changi ng
the "chl oride" of the above-nentioned conpounds to bromi de or 15 i odide.
The amobunt of the catalyst to be used per nole of the conpound [10] is in
the range of usually 0.00001- 0.5 nole, prE¥erably 0.0001-0.1 nole. The
reaction is usually conducted in a solvent inert to the reaction. Exanples
of the sol ventta fdleugeagriohMAFtULR vents, e.g., aromatic hydrocarbon

| vent s, h as b ,_tal d xyl | i phatic_hydro- b

ol vent s, such as hoxandiaRa S, APRRAYRT LY baraBigeiesd i re5E PR ny
ther, tetrahydrof d 1 4-. di T | went

Pexanet hyl podiiie (45 J3 AT GHER R 9T or i 9, SEoHEF Enf idnBBund

as aceloni 111l prapQpi bl Sye @Gt 08P il TWle HEFGRCngEiBYk L SRDUCY

ket one and cy@Iohexano ogen- contal ni ng solvents, suc

di chi ot omeghane, di chl o compdind (8 1%h 15! GRBRIGEECEASH the
di chl orobenzene, and such protic solvents as al coholic solvents, such as

net hanol , et haluti P PEKERESE , a6l NeXAhBI®) . by essh bd VENé SsoBirt Dénused
each alone or as a mxture of two or nbore 5 thereof. The anpbunt of the

solvent to be wisgf wete, ttiten adoping tiseasduti@dp andesebyvieggbhe
preferably 5-30 tines by wei ght the anmount of the conpound [10]. The
present step csolvwent dydistiliatiexanThe compound [9] thus obtained
may be furfher purified by such means as recrystalliza-
10 tion, distillation and column chromatography.
The compound [2b] can be prepared through the
[step 5] as described below.
[Step 5]
The step of preparing the compoﬁnd [2b] by
15 reacting a halide compound represented by the formula (5)

(hereinafter referred to as compound [5]):

(-] 1
R,
7T ?
R? A
(5)
R® R
Rz

wherein ¥! is a halogen atom, and A, B’, R}, R?, R}, R%, RS,

Rf and R’ are respectively the same as defined above, with

a cyclopentadienyl metal salt represented by the formula
20 (6) (hereinafter referred to as compound [6]):

Mcp? (6)



by adding the base to the solvent, then adding the 10 conpound [10]

th et o“and thereafter addi ng the conpound [11] thereto. Wen the catal yst
is used, the reaction is conducted by adding the base and the catal yst to
t he sol vent, then adding the conpound [10] thereto and thereafter adding
the compound [11] thereto. The 15 reactioW4 enperature is in the range of

usual ly fromnot |ower ,than -100[err]C to_not higher thap t boilin oi nt
of the sol venwhezeimeipis anigsd éﬂﬁ]E?t?ﬂeaFQngpénCW?x%ﬁrgﬁﬁbﬁﬁyﬁe s?s

m xed with water_and then separated into an organic |ayer and an 20
aqueous | ayer dafide 3R of the conpound [9] bei ng obtained as the

organi c |ayer. When a sql.vent_conpati.b ' '

afo_rlesai d react idon or V\ﬁgﬁe{}f%fotﬁr%éna}%&?a%%eép%%%;g%%\é%%sﬁgsseéﬂ%%ﬁ%?nge
easily separa Lr e r i t ' I ci ent
anount of theagoﬁéeggbiggﬂﬁgha nggg?%'rgg%??gﬁﬁﬁ?%% ﬁgﬁi?ﬁigﬁiﬁiﬁgheps_

advant ageogsl| )b:fdﬁflq{é:tcﬁd Ad Bfe by an organic solvent insoluble in
0

wat er, such as uene, ethyl acetate and chl orobenzene, - 73 - to the

reaction mxture. Thoughetdip L6 PO NEhe Gompoud LSpdinclude chkoére(2p as
the solution thus obtained as it is, the conpound is usually enployed after

taken out fromdtmoaghényh)dimethylsilane Jheh bonpo2+anefBdxyead-bethuken out

fromthe solution thereof, for exanple, by washing the solution
phenyl)dimethylsilane, chloro(2-methoxy-3,5-dimethyl-
phenyl)dimethylsilane, (3-tert-butyl-2-methoxyphenyl)-

10 chlorodimethylsilane, (3-tert-butyl-2-methoxy-5-methyl-
phenyl)chlorodimethylsilane, (3,5-di-tert-butyl-2-
methoxyphenyl)chlorodimethylsilané, chloro(2-methoxy-3-
ﬁhenylphenyl)dimethylsilane, chloro(2-methoxy-5-methyl-3-
phenylphenyl)dimethylsiléne, (3-tert-butyldimethylSilyl-

15 2-methoxyphenyl)chlorodimethylsilane, (3-tert-butyldi-
methylsilyl-2-methoxy-5-methylphenyl)chlorodimethyl-
silane, chloro(2-methoxy-3-trimethylsilylphenyl)-
dimethylsilane, chloro(2-methoxy-5-methyl-3~trimethyl-
silylphenyl)dimethylsilane, (3,5-diamyl-2-methoxypheny;)-

- 20 chlorodimethylsilane, (3-tert-butyl-2,5-dimethoxyphenyl)-
chlorodimethylsilane, (3-tert-butyl-5-¢hloro-2—methoxy-
phenyl)chlorodimethylsilane,

(2-allyloxy-phenyl)chlorodimethylsilane, (2-
_ allyloxy-3-methylphenyl)chlorodimethylsilane, (2-

25 _allyloxy-3,5-dimethylphenyl)chlorodimethylsilane, (2-
allyloxy-3-tert-butylphenyl)chlorodimethylsilane, (2-
allyloxy-3-tert-butyl-5-methylphenyl)chlorodimethyl-
silane, (2-allyloxy-3,5-di-tert-butylphenyl)chlorodi-



with water, then drying the solution, and renoving the sol vent - by
disti | Mtion. The conpound [9] thus obtained may be further purified by
such neans as recrystalliza- 10 tion, distillation and col um

chromat ography. The conpound [2b] can be prepared through the [step 5] as
described below. [Step 5] The step of prepdr img the conpound [2b] by 15
reacting a halide conpound-r%fresented by the fornula (5). (hereinafter
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phenyl ) di net hy Silane, (3-tert-butyl-2-nmet hoxyphenyl)- 10

chl or odi net hy|Sined Myl 4 Stdms | - (2441 1yt oryiSxyethybi ytrimethylsilyl-

phenyl)chlorodimethylsilane, (2-allyloxy-3,5-diamyl-

phenyl)chlorodimethylsilane, (2-allyloxy-3-tert-butyl-5-
10 methoxyphenyl)chlorodimethylsilane, (2-allyloxy-3-tert-
butyl-5-chlorophenyl)chlorodimethylsilane and (1-
allyloxynaphthalen-2-yl)chlorodimethylsilane.
Examples of the compound [5] further include
compounds resulting from changing the "methoxy" or
15 "allyloxy" of the above-mentioned compounds to benéyloxy,
ethoxy, trimethylsilyloxy, tert-butyldimethylsilyloxy or
methoxymethoxy, and compounds resulting from changing the
"chlorodimethylsiiane" to chlorodiethylsilane, chloro-
'diphenylsilane, chlorodimethoxysilane, bromodimethyl-
20 silane or dimethyliodosilane. |
The alkali metal represented as the substituent
M? in the compound [6] is, for example, lithium, potassium
and sodium. |
Examples of the compound [6] include
25 cyclopentadienyllithium, methylcyclopentadienyllithium,
dimethylcyclopentadienyllithium, trimethylcyclopenta-
dienyllithium, tetramethylcyclopentadienyllithium,

ethylcyclopentadienyllithium, n-propylcyclopentadienyl-



phenyl ) chl or odi net hyl sil ane, (3,5-di-tert-butyl-2-

methoxyphenyl ) chl or odi net hyl si | ane, chl oro(2- net hoxy- 3-

phenyl phenyl ) di met hyl si | ane, chl or o(2- net hoxy- 5- et hyl - 3-
phenyl phenyl ) di net hyl sil ane, (3-tert-butyldinmethylsilyl- 15

2- met hoxyphenyl ) chl or odi met hyl si | ane, (3=t& t=butyl di -

met hyl si | yl - 2- met hoxy- 5- met hyl phenyl ) chl or odi net hyl - sil ane,
chl or o( 2- met hdiyrhdum,i deapronyigyshapantadieayrhidhiype tert-

chl oro( 2- met hoxy-5- net_.hyl - 3-trinmethyl - silyl phenyl)di nethyl sil ane,

(3, 5-di anyl - 2m4ﬁwwaﬁnsadlﬁlylcﬁmwnéf%»‘§ri ,°Pe¥nta lenyl-
(3-tert-butyl-2,5-.di nmet hox enyl) - chl orodi methyl sil ane,.
(3-tert-buty|J&ﬁ%ﬂqﬂ«r%?qégﬁ#égk}?ﬁﬂﬁﬁﬁgaﬁh%ﬂ¥iﬁ%§h*§%§i*%ﬁ%ftylcYCIO'
(2-allyl oxy-phenyl | QIO | s{d & (R- . ca1s

al | yl oxy- 3- rretq%’i Eaﬁéh%ﬁ%ﬁlﬁ%ﬂra%giy’neqlhﬁ% 1]’ al%%i:,y](cgclz%pentadlenyll:.th;_um,

al Iyl oxy-3g5-dj1 I | ) | 5 3 -
al Iyl oxy- 3-S t eﬂ %%%%%%%L%%#ﬂ1 gé}ge’n#]ggyclzlopentadlenyl

al | yl oxy- 3-t ent;- - 5 iﬁggm% ' RAA -
(2-allyl oxy- 3,151'-1%#%? ?ﬁ% enyl %ﬁ%%%%mm%%ﬁi met hi/lg‘iallrgne,
(2-al I'yl oxy- 3HtSMd iy Dl 1 Ofk toper tyd Sénylbi thium, indenyl-

(2-al l yl oxy-5-nethyl - 3- phenyl phenyl ) - chl or odi et hyl si | ane,

(2-allyl oxy- 3-tisgthindmyt \hethy axidenysl 1ithphemp | patinyt todewy hl/i shieme,
(2-allyloxy-3- 5 tert-butyldinethylsilyl-4-nmethyl phenyl)chl orodi net hyl -
sil ane, (2-al ISlunwergsxkitheiuny) sil yl phenyl)chl oro- di net hyl sil ane
(2-allyl oxy-5-methyl-3-trinethylsilyl- phenyl)chlorodinethylsilane,
(2-al |yl ok$- 3, 5-di anyl - cyclopentadienylsodium, methylcyclopentadienyl-

sodium, tetramethylcyclopentadienylsodium, tert-butyl-
cyclopentadienylsodium, n-butylcyclopentadienylsodium,
trimethylsilylcyclopentadienylsodium, tert-butyldimethyl-
silylcyclopentadienylsodium, indenylsodium, fluorenyl-

15 sodium, cyclopentadienylpotassium, methylcyclopenta-
dienylpotassium, tetramethylcyclopentadienylpotassium,
tert-butylcyc1opentadienylpotassium; n-butylcyclopenta-
dienylpotassium, trimethylsilylcyclopentadienylpotassium,
tert-butyldimethylsilylcyclopentadienylpotassium,

20 indenylpotassium and fluorenylpotassium.

The amount of the compound [6] to be used per
mole of the compound [5] is in the range of usually 0.5-3
moles, preferably 0.9-1.1 moles.

The reaction is usually conducted in a solvent

25 inert to the reaction. Examples of the solvent include
aprotic solvents, e.g., aromatic hydrocarbon solvents,
such as benzene, toluene and xylene, aliphatic hydro-

carbon éolvents, such as hexane and heptane, ether type



phenyl ) chl or odi net hyl si |l ane, (2-allyloxy-3-tert-butyl-5- 10

merfiox henyl ) chl or odi net hyl si |l ane, (2-allyloxy-3-tert-

but yl - 5- chl or ophenyl ) chl or odi net hyl si |l ane and (1-

al | yl oxynapht hal en- 2-yl ) chl or odi net hyl si | ane. Exanpl es of the conpound [5]
further include compounds resulting fromchamging the "met hoxy" or 15

"al Iyl oxy" of the above-nentioned conpounds to b

. | enzyl oxy, _et hoxy,
trinet hél si | ylsodvents+ -snahy|ag fkekhel |Shsg, o‘?e?ﬁgm%%‘ﬂmygn%nﬂ"*'
conpounds resu]ting fromchangi ng the "chl orodi,net hyl sil ane" o
chl or odi et hyl Sioxane ¢ AMde 'gﬂiﬁq Wtie SUGh o?%é'?t’é?’ﬁ%%%h ane,
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di met hyl oYl oRGyeatl Sl bl didiedd | 4FR) Il EHELARSE: Bendl RO UM

t et rarmet hyl'cycl opent‘adi eny u yl cycl opent adi enyl I'i t hi um

n- propyl cycl opgit-Adie ay be -uddd -eadh NAldhe or as a mixture of two or
I sopropyl cycl opentadi enyllTithium tert- butyl cycl opentadi enyllithium

n-but yl cycl opess@slitiesteot | t hithen ancenbuof | €hye| spbrentli toybéi tsédmis in

i sobutyl cycl o- pentadienyllithium di-tert-butylcyclopentadienyllithium 5

n- hexyl cycl opettieadiraanyd | of hisualnehy2@§ ct bpest byli eaight | i phéfierably 5-

trinmethylsilylcyclopentadienyllithium tert- _
30 times by weight the amount of the compound [5].

10 The present step can be éonducted, for example,
by mixing the compound [5] and the compound [6] in the
solvent. The reaction temperature is in the range of
usually from not lower than -100°C to not higher than the
boiling point of the solvent, preferably from -8050 to

15 +35°C.

The reaction mixture obtained is mixed with
water or an acidic aquedus solution, such as aqueous
ammonium chlofide solution or hydtochloric acid, and then
separated into an organic layer and an aqueous layer, the

20 solution of the compound [2b] being obtained as the
organic layer. When a solvent compatible with water was
used in the aforesaid reaction or when the organic layer
and the aqueous layer cannot be easily separated from
each other owing to the use of an insufficient amount of

25 the solvent in the aforesaid reaction, the layer separa—'
tion is advantageously conducted after adding an organic

solvent insoluble in water, such as toluene, ethyl

acetate and chlorobenzene, to the reaction mixture.
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the conpound [5] is in the ran _ .5-3 noles, preferably 0.9-1.1
ol es. Thegr SR drp é}f]éi?éé cenduGifthid, oy Qha@ingSthé N€siut Lok he
Exanpl es of the

. ! .
reacti on. sol vent include aprotic solvents, e. g., aromatic

hydrocarbon sg}uantéatert!c erasn Qﬁi‘yﬂ{tﬁ,tﬁ@s&nﬁtmd a1yd eremowinghekéc hydr o-
carbon solvents, such as hexane and heptane, ether type - 77 - solvents,

such as di et hydolatdiat by elistiyItafiven arite lccmpalind ahzb ] athde obpained
sol vents, such as hexanet hyl - phosphoric am de and di net hyl f or mram de, and
hal ogen- cont aiay re shinther puchf ted dy buch means cas dre¢rysballiza-
tion, distillation and column chromatography.
10 The compound [5] used in the above-mentioned
[step 5] can be prepared through the [step 4] as
described below.
[Step 4]
The step of preparing the compound [5] by
15 reacting the compound [9] with a dihalide compound

represented by the formula (7) (hereinafter referred to

as compound [7]):

T>pr (7)

wherein Y2 is a halogen atom, and B‘, R®, R® and Y! are
respectively the same as defined above, in the presence
20 of an organocalkali metal compound or metallic magnesium.
The compound [9] caﬁ be prepared through the
[step 1] as described above. In this instance, the
compound [9] obtained may be used as the solution

obtained as an organic layer by layer separation as it
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[2b] may be used in the next [step 3] as the solution thus obtained as it

is or it may
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lilane, diallyldichlorosilane, dichlorodivinylsilane,
dichloromethylvinylsilane, dichlorodibenzylsilane,
dichlorochloromethylmethylsilane, dibromodimethylsilane
and diiododimethylsilane.

The amount of the compound [7] to be used per
mole of the compound [9] is in the range of usually 0.5-
50 moles, preferably 0.9-5 moles.

Examples of the organoalkali metal compounds
include organolithium compounds, for example, organo-
lithium compounds, such as methyllithium, ethyllithium,
n-butyllithium, sec-butyllithium, tert-butyllithium,
lithium trimethylsilyl acetylide, lithium acetylide,
trimethylsilylmethyllithium, vinyllithium, phenyllithium
and allyllithium.

The amount of the organoalkali metal compound
or metallic magnesium to be psed per mole of the compound
(9] is in the range of usually 0.5-5 moles, preferably
0.9-2.2 moles.

The reaction is usually conducted in a solvent
inert to the reaction. Examples of the solvent include

aprotic solvents, e.g., aromatic hydrocarbon solvents,



used after taken out fromthe solution. The conpound [2b] can be taken out
from the 5 sol ution thereof, for exanpl e, by washing the solution with

wat er, then drying the solution and renoving the solvent by distillation.
The conpound [2b] thus obtained may be further purified by such neans as
recrystalliza- tion, distillation and co+dﬁh-chronatography 10

The conpound [ 5] used I n the above-nentioned [step 5]. can be prepared

t hrough the [ sush 4js kengens traiwemnq Steleng . Pl RhadE Sy Ear i ng the
conmpound [5] by 15 reactin the conpou 494 TE? a di hal i de_.compound
represent ed byFaghens Gokyen gﬁ & AN P Ss %‘i?h%%u‘f‘?ép $71):
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‘organoal kal i COMRQUN t ﬂg#gmggﬁggl [9] can be
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out from the %Qidﬂ . ac%r{ladloﬂp@ aéf&@i&pm.sﬂé,eoh@étém sabsthyuent
Y[err] in the compound [7] 1Is, for’ exanpl e, the chlorine,
ketone, methyl isobutyl ketone and cyclohexanone, and
halogen-containing solvents, such as dichloromethane,
dichloroethane, chlorobenzene and dichlorobenzene. These
10 solvents may be used each.alone or as a mixture of two or
more thereof. The amount of the solvent to be used is in
the range of usually 1-200 times by weight, preferably 5-
30 times by weight the amount of the compound [9].
The present step may be conducted, for example,
15 by adding the compound [9] and the organoalkali metal
compound or metallic magnesium to the solveni, and then
adding the compound [7] thereto, or it may also be
conducted by adding the compound [9], the compound [7]
and the organoalkali metal compound or metallic magnesium
20 simultaneously to the solvent. The reaction temperature
is not lower than -100°C and not higher than the boiling
point of the solvent. The temperature is preferably in
the range from -80°C to +40°C when the organoalkali metal
compound is used and preferably in the range from 10°C to
25 100°C when metallic magnesium is used.
When metallic magnesium is used, the initiation
of the reaction can be promoted by using an initiator in

combination therewith. Examples of the initiator include



brom ne or iodine atom 5 Exanpl es of the conpound [7] include
dihl oro- di nmet hyl si | ane, di chl or odi phenyl sil ane, dichl orodiethyl- silane,
di chl oro-di - n- propyl si |l ane, di chl orodi net hoxy- sil ane,

di al I yl di chl orosi | ane, dichl orodivinyl silane, dichloronethylvinylsilane,

di chl or odi benzyl sil ane, 10 di chl orochl or o®®t+yl net hyl si | ane, B
di br onodi nmet hyl si | ane and dii ododi net hyl si| ane, The anpunt of the conpound
[7] to be usedy@cHAn hilagrng.ofich@s droemineg and iedipeoralkydl 1y 0. 5-
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reaction is usugldy SPNEUEIGELL0. R melyent inert to the reaction. Exanples
of the solvent i1 nclude aprotic solvents, e.g., aromatic hydrocarbon
sol vents, - 80 - suchrige demgeisd [ 9] uehes asbitajhedemapl bphased hudr o-
the next [step 5] either as the reaction mixture obtained
as it is, or as the residue obtained by concentrating the
10 reaction mixture, or after taken out from the reaction
mixture.
The compound [5] can be taken out from thé
reaction mixture, for example, by concentrating the
reaction mixture to obtain.a.residue, dissolving the
15 residue in a hydrophobic solvent, e.g., an aromatic
hydrocarbon solvent, such as toluene, or an aliphatic
hydrocarbon solvent, such as hexane or heptane, filtering
off the insolubles, and then removing the solvent by
distillation. The compound [5] thus obtained may be
20 further purified by such means as recrystallization,
distillation and column chromatography.
| The compound [2b] can also be prepared through
the [step 6] as described below.
[Step 6]
25 The step of preparing the compound [2b] by
reacting the compound [9] with a halide compound

represented by the formula (8) (hereinafter referred to

as compound [8]):



carbon; sol vents, such as hexane and heptane, ether type solvents, such as
di hyP“éther, tetrahydrofuran and 1, 4- di oxane, am de type sol vents, such
as hexamet hyl - 5 phosphoric am de and di net hyl f or mam de, pol ar sol vents,
such as acetonitrile, propionitrile, acetone, diethyl ketone, nethyl

i sobutyl ketone and cycl ohexanone, and hal $3en-cont ai ni ng sol vents, such as
di chl or onmet hane, dichloroethane, chloroBenzene and dichl orobenzene. These
10 solvents nmay be used eacHRaLqu,eFEhs a né ture of two or nore thereof.
The armount of the solvent to he adged is in th range of usually 1-200 tines
by wei ght, preferably 5- 30 t#nesygy wei ght the amount of the conpound [9].
The present step nay be conducted,” for exanple, 15 by adding the conpound
[9] and the organoal kali metal conpound or netallic magnesiumto the

solvent, and t [ . t te, 2i t I
conduct ed by ﬁﬁ#\%q?h%wég]ﬁ%o&%w ah?én'crc%?r{p&;uﬁr?d ([Eﬁ 'alr}ge%rllw&el %?g;ag:‘raleoal kal i
metal conpound. &g é@éf&éif PR "she 203 Bl HUA L ABEPES! ¥nt EnéNBrasbyeat .

The reaction tenperature Ts not |[ower than -100[err]t and not™ hi gher than

the boiling paftapfotdensSINED: - mdbglt €oMEORAAN 6ri RePaRlecaRhynbBibie
range from-80[err]C to +40[err] C when the organoal kali netal conpound is

used and preferably in tiiger eogpotndn] 99| ean]bet prépatéd[ ehrbtighhthe
metallic magnesiumis used. Wien netallic nmagnesiumis used, the initiation
of the rea6ti ojsttep bP a8 anentiiongd usbogyean Ini thasoinshanoebi bhei on
therewith. Exanples of the initiator include

resulting compound [9] may be used as it is the solution

obtained as an organic layer by layer separation, or it

may be used after taken out from the solution.

The halogen atom represented és the substituent

10 Y3 in the compound [8] is, for example, the chlorine,
bromine or iodine atom.

Examples of the compound [8] include chloro-
(cyclopentadienyl)dimethylsilane, chlorodimethyl (methyl-
cyclopentadienyl)silane,_chlorodimethyl(tetramethylcyclo-

15 pentadienyl)silane, chlorodimethyl(tetramethylcyclopenta-
dienyl)silane, chloro(tert-butylcyclopentadienyl)-
dimethylsilane, chlorodimethyl (trimethylsilylcyclo-
pentadienyl)silane, (inden-1l-yl)chlorodimethylsilane,
(inden-2-yl)chlorodimethylsilane and chloro(9H-fluoren-9-

20 yl)dimethylsilane, and further, compounds resulting from
changing the "cyclopentadienyl" of the above-ﬁentioned
compounds to dimethylcyclopentadienyl, n-butylcyclopenté-
dienyl, sec-butylcyclopentadienyl, tert-butyldimethyl-
silylcyclopentadienyl, trimethylcyclopentadienyl,

25 ethylcyclopentadienyl, n-propylcyclopentadienyl,



81 - nol ecul ar hal ogens, such as brom ne and iodine, alkyl halides, such
_a§*ﬁethy | odi de, ethyl iodide and ethyl brom de and al kyl dihalides, such
as 1, 2-di chl oroet hane and 1, 2-di bronoet hane. The anobunt of the initiator to
be 5 used per nole of netallic nagnesiumis usually in the range of
0.00001-0.1 nole. The conpound [5] thus=-oBBarned may be used |n t he next
[step 5] either as the reaction mxture Qbtained as_ it is, t he
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recrystal |1 zation S at1on and col unm chromat ography. The conpound

-[2b] can al so be prepar ¢fiet Bndust '0Fe the! eniplovddl BICid e eV pdrSt ep 6]
The step of preparing the conpound [2b] by reacting the

Cormosmd [9] wholile @fhahiedecipiumd | veisedenttd handee dfonmuad 138)0.5-3
(hereinafter referred to as conpound [8]):
moles, preferably 0.9-1.2 moles.
Examples of the organoalkali metal compound
10 include organolithium compounds, such as methyllithium,
ethyllithium, n-butyllithium, sec-butyllithium, tert-
butyllithium, lithium trimethylsilyl acetylide, lithium
acetylide, trimethylsilylmethyllithium, vinyllithium,
phenyllithium and allyllithium.
15 The amount of the organoalkali metal salt or
metallic magnesium to be used per mole of the compouhd
[9] isiusually 0.5-5 moles, the amount of the organo-
alkali metal compound being preferably in the range of
0.9-2.2 moles and that of metallic magnesium being
20 preferably in the range of 0.9-1.2 moles.

The reaction is usually conducted in a solvent
inert to the reaction. Examples of the solvent include
aprotic solvents, e.g., aromatic hydrocarbon solvents,
such as benzene, toluene and xylene, aliphatic hydro-

25 carbon solQents, such as hexéne and heptane, ether type
solvents, such as diethyl ether, tetrahydrofuran and 1,4-
dioxane, amide type solvents, such as hexamethyl-

phosphoric amide and dimethylformamide, polar solvents,



-82- [err] wherein Y[err] is a halogen atom and B, Cp[err], Rerr] and
R &fr] dre respectively the sane as defined above, in the presence of an
organoal kali metal conpound or netallic nmagnesium The conmpound [9] can be
prepared through the 5 [step 1] as nentioned above. In this instance, the
resul ting compound [9] may be used as it=i8 the sol ution obtained as an
~organic |ayer by Iayer separation, or it may be used after taken out from

t he sol gt |[ g]n S‘m’élf @g-‘@#qlit-‘&ﬁ-‘r Iy @rapionidrilny afpkongediabhyls in the
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resulting from changing the "cycl opentadi enyl” of the above-nentioned

conpounds to diheidangey @ Hpsualliye 200 -tines dyy|wabgitt, prefgtably 5-
sec- butyl cycl opent adi enyl, tert-butyldinmethyl- silylcyclopentadienyl, .

trimet hyl cycl iertiaise by ,weighet the yamapentefli thg | gompound [9].
n- propyl cycl opent adi enyl ,
The present step can be conducted, for example,

10 by adding the compound [9] and the organoalkali metal
salt or metallic magnesium to the solvent and then adding
the compound [8] thereto or alternatively by addiﬁg the
compound [9], the éompound [8] and the organoalkali metal
salt or metallic magnesium simultaneously to the solvent.

15 The reaction temperature is usually not lower than -100°C
and not higher than the boiling point of the solvent, the
temperature being preferably in the range from -78°C to
+40°C when the organoalkali metal compound is used and
preferably in the range from 10°C to 100°C when metallic

20 magnesium is used. |

When metallic magnesium is used, the initiation

of the reaction can be promoted by using an initiator in
combination therewith. Examples of the initiator include
molecular halogens, such as bromine and iodine, alkyl

25 halides, such as methyl iodide, ethyl iodide and ethyl
bromide, and alkyl dihalides, such as 1,2-dichloroethane

and 1,2-dibromoethane. The amount of the initiator to be

used per mole of metallic magnesium is usually in the



- 83 - isopropyl cycl opent adi enyl, isobutyl cycl opentadi enyl, :
pﬁéﬁyléyblopentadienyl, nmet hyl i nden-1-yl or nethylinden- 2-yl, conpounds
resulting fromchanging the "dinethyl" to diethyl, diphenyl or dimethoxy,
and conpounds resulting 5 fromchanging the "chloro” to brono or iodo. The
aﬂnunt of tpe conpound [8] to be used per $ble of the conpound [9] is in.
the range of usually 0.5-3 noles, preferably 0.9-1.2 noles. Exanples of the
or ganoal kal i mﬁﬂﬂe(RﬁnﬂmﬂﬂPQRToi%dFﬁH%°organolithiun1conpounds?psuch as

met hyl i thium ethyllithium n-buiyllithium sec-butyllithium teri-
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in the range of "0.9-1.2 noles. The reaction is usually conducted in a
sol vent inert ddtioond EIERE.c ES[ 2] theing| otdined| asletherotic

solvents, e.g., aromatic hydrocarbon solvents, such as benzene, toluene and
xyl ene, al i phastgardiydriayeds. okhidora ssdlreetts, compat Hsldewitle watiehepasne,
et her type solvents, such as diethyl ether, tetrahydrofuran and 1, 4-
di oxane, an deigedeinsdthedforesaid asredetkbonetdy|when the organic layer
and the aqueous layer cannot be easily separated from
10 each other.owing to the use of an insufficient amount of
solvent in the aforesaid reaction, the layer separation
is advantageously conducted after adding an organic
solvent insoluble in water, such as toluene, ethyl
acetate and chlorobenzene, to the reaction mixture.
15 The compound [2b] may be used in the next [step
3] either as the solution thus obtained as it is or after
taken out from the solution.
The compound [2b] can be taken out from the
solution thereof, for example, by washing the solution
20 with water, then drying the solution, and removing the
solvent by distillation. The compound [2b] thus obtained
may be further purified by such means as rec:ystalliza—
tion, distillation and column chromatography.
[Organcaluminum compound (A)]
25 ' The compound (A) used in the present invention
may be known organoaluminum compounds. Preferred

examples thereof include any one compound selected from

(Al) an organoaluminum compound'represented by the



phosphoric am de and di net hyl f or mam de, pol ar sol vents, - 84 - such as
aééfonffrile, propionitrile, acetone, diethyl ketone, nethyl isobutyl
ket one and cycl ohexanone, and hal ogen-contai ni ng sol vents, such as

di chl or onet hane, dichl or oet hane, chl orobenzene and di chl orobenzene. These 5
solvents nmay be used each alone or as a-i8& uwe of two or nore thereof.
anount of the solvent to be used is in the range of usually 1-200 tines by
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with or different from each other; a is the number.
specified by 0<as<3, b is an integer of 2 or greatér, and
c is aﬁ integer of 1 or greater, and mixtures of two or
three kinds thereof. |

Specific eﬁamples of the organoaluminuﬁ
compound (Al) represented by the formula E%Azz&a include
trialkylaluminums, such as trimethylaluminum, triethyl-
aluminum, tripropylaluminum, triiscbutylaluminum, and
trihéxylaluminum; dialkylaluminum chlorides, such as
dimethylaluminum chloride, diethylaluminum chloride,
dipropylaluminum chloride, diisobutylaluminum chloride,
and dihexylaluminum chloride; alkylaluminum dichlorides
such as methylaluminum dichloride, ethylaluminum
dichloride, propylaluminum dichloride, isobutylaluminum
dichloride, and hexylaluminum dichloride; and dialkyl-
aluminum hydrides, such as dimethylaluminum hydride,
diethylaluminum hydride,'dipropylaluminum hydride, |
diisobutylaluminum hydride and dihexylaluminum.hydride.

Preferred of these is a trialkylaluminum, more

preferred being triethylaluminum and triisobutylaluminum.

25



brom de, and al kyl dihalides, such as 1, 2-dichl oroethane and

1,'2< di bronoet hane. The anount of the initiator to be used per nole of
metallic nmagnesiumis usually in the - 85 - range of 0.00001-0.1 nole.
The reaction m xture obtained is mxed with water or an aci di ¢ aqueous

sol uti on, such as aqueous ammoni um chl o< & sol ution or hydrochloric acid,
and then 5 separated into an organic |ayer anq an agyepus | ayer,_the

sol ution of the conpoun&pemdifiseiexqmples fid BsandeEorinthe | s¥eticwien a
sol vent conpatible with water was used_in the aforesaid reacti or,_.when
the organic | ajupizeFange (Meéqugyéahecmcweeémﬁﬁ%%ﬁﬁ% them 10
each other owing tqQ the _use,of ap insufficient. amount_of solve ' he
aforesaid reaéPFB‘Hfiat He A:iéfég‘gégariﬂ‘fo’ﬁl i?‘%d}/’éh?%e%ﬁwﬁp%’é%%ckgas after

acetate and CRASAOoYENET L ike tepheirited My i SOHEDF oy

acetate and c I on m X The

e £ AR i Ao i ol St 1 L

obtained as it romt ol ution. The conpound [ 2b]

can be takenwﬂﬁh%}?‘?fgyﬁp,squﬁféﬁ{,eqfonﬁﬂ BEGUFL Grdip JasdbpEopyE

solution 20 er, then drying the solution, and renoving the sol vent
by distillati ghoup)e reriaunshiyAblghdits, dEcbue rgsodie, fnoinel pentyled by

such neans as recrystalliza- tion, distillation and col unm chromat ography.
group and neopentyl group; b is an integer of 2 or
greater and ¢ is an integer of 1 or.greater. Preferably
10 E? and E?® are methyl group and isobutyl group, b is 2-40
and c is 1-40.

The above-mentioned aluminoxanes can be
prepared by various methods. These is no particular
limitation as to the method and known methods may be used

15 for preparation. For example, the aluminoxane is
prepared by dissolving a trialkylaluminum (e.qg.,
trimethylaluminum) in a suitable organic solvent (e.g.,
benzene, or aliphatic hydrocarbon) and then contacting
the resulting solution with water; or it may be prepared

20 by contacting a trialkylaluminum (e.g., ﬁrimethyl-
aluminum) with a metal salt containing water of crystal-
lization (e.g., copper sulfate hydrate).

{Compound (B)]

In the present invention, any one compound

25 selected from (Bl) a boron compound represented by the
formula BQ!Q?Q®, (B2) a boron compound represented by the
formula z*(BQ!Q%0%%)- and (B3) a boron compound represented

by the formula (L-H)*(BQ'Q?Q%Q")" is used as the compound



( angg! um num conpound (A)] 25 The conpound (A) used in the
present—inventi on may be known organoal um num conpounds. Preferred exanpl es
t hereof include any one conpound selected from (Al) an organoal um num -
conmpound represented by the =~ - 86 - formula E[err]Alerr]Z[err] , (A2) a
cyclic al um noxane having the structureT&% esented by the fornula
{-Alerr](E[err])-O}b and (A3) a linear alum noxane having the structure
repre- sented(By:the fornula E[err]{-Alerr](E[err])-O} Alerr]Eerr]

(wherein Eferr], Eerr]_5 nd. E3 are each rocar bon group .wth the
number of carbon atons &ft £he hoFon Icoﬁpxﬂ‘ﬂ’ﬂ%, héqﬂ I:I[eé?'rﬁseg}ﬁe‘gll?yé[ $r] may
be the sanme wi_ith or diifh nt .frome t Qer., i LAy
halo%en ahgn1§ﬁ§m§ﬂﬁ %Qﬁ§$§be3tﬁg gagggﬁﬁtg%gp épTig%b%%q$%%%$%§ch-5%&%?; a
is the nunber eqy fhe A ' ' r , and c
ISS a_nfi nt eger ségt%oﬂlg?%%%, and%m}%tiur %po%{%ﬁ\;\gqg&%%%e%?g?n%?t er eof .
pecitic exa % 91[11%?1 UGARGAHYH M8 MRUKGdridibed M BSSEH@sbPY t he
forml a E[%r;?k erar _ g(rer 2%bﬁcl ude 15 trial kylrbg umi r?unsqu such as
trimethylal umghémlp 'dontialiHind| WH0 WarBdn Ritemd Alstbstituted silyl
triisobutylaldm num and trihexylal um num dial kyl al um num chl orides, such
as di net hyl al giroupmcantaiimiag di-2thysathon mtoney alldxy gpoupyl al um num
chl oride, diisobutylalum numchloride, 20 and di hexyl al um num chl ori de;
al kyl al um numcsintaliovinde sl -A lvaaaretdhoms or dimsihattiutRd anine al umi num

group containing 2-20 carbon atoms, which may be the same

10 with or different from each other. Preferred Q,-Q each
indepehdently a halogen atom, hydrocarbon group
containing 1-20 carbon atoms and halogenated hydrocarbon
group containing 1-20 carbon atoms.

Specific examples of the Lewis acid (Bl)

15 include tris(pentafluorophenyl)borane, tris(2,3,5,6-
tetrafluorophenyl)borane, tris(2,3,4,5-tetrafluoro-
phenyl )borane, tris(3,4,5-trif1uorophenyl)borane,
tris(2,3,4-trifluorophenyl)borane and phenylbis(penta-
fluorophenyl)borane, most preferred of these being

20 tris(pentafluorophenyl)borane;

| In the boron compound (B2) represented by the
formula 2*(BQ'Q%Q%*)", z' is an inorganic or organic
cation, B is a boron atom in the trivalent valence state,
and Q!-Q* are the same as defined for Q!-Q* in the above-

25 mentioned compound (Bl).

As to specific examples of the compound
represented by the formula 2*(BQ'Q?Q%*)", 2* of the

inorganic cation is, for example, a ferrocenium cation,



dichl oride, propylal um num dichloride, isobutylal um num dichloride, and
hé?(i/l alMdmi num di chl ori de; and dial kyl - al um num hydri des, such as

di met hyl al um num hydride, 25 diethylal um num hydride, dipropylal um num
hydri de, diisobutyl al um num hydri de and di hexyl al um num hydri de. Preferred
of these is a trialkylalumnum nore pref &% ed being triethylal um num and
triisobutylal um num - 87 - Specific exanples of E2 and E3 in the cyclic
al um noxane (ALkWaEukstitatad fanrecendim Gakian And it vgmmgation,
{-Alerr](E[ferr])-0,}b_and in the_ linear alym ngxane gﬁBl havi ng t he
structure repdded e@fphenereppif gakion 1s, ior example, a

E[err]{-Alerr](Elerr]).-O}Al.err].El err], daakisda, alkyl h as the
gez hlyl group, _t&%e'lé)r]d‘lﬁgh r?oﬁéﬁl%’opgﬁdlgr%p? ilg)’pr%{plgll&garm p,’ nor nal
utyl group, is (YA QUR %pﬁ ahd-feapenty| oup; bis
an integer of tfq%r%l%lrse(ﬁeer afnidf}#?fésha |)?1%°e]g{eérw)8f 1 or grg;'t%'rsf'%Pr e]l‘oerabl y

10 E2 andgE3 [4SOD ' ' 1-40.
550 Uty Ly n?%%%é DUl r K18, P, 4 5 A ThdrdS 0

The above- nenti one n be prepared by various nethods. These

is no particulgiedyINjEc¥dtd), atetakie IPf oAl doxpherdy hylsisraty, be used

15 for preparation.” For exanple, the alum noxane is prepared by

di ssol ving a tydtatadiasl 2/2 Mwexef hoxrdpherst hbatats niphenylbi s(perin e

organi c solvent (e.g., benzene, or aliphatic hydrocarbon) and then

contacti ng t hef hnesoghery kbatatn and htetrakis 03, 5tbistr bblyoxgrethyl-
phenyl )borate.

10 Examples of the specific combination of these
include ferrocenium tetrakis(pentafluorophenyl )borate,
1,1’-dimethylferrocenium tetrakis(pentafluorophenyl)-
borate; silver tetrakis(pentafluorophenyl)borate,
triphenylmethyl tetrakis(pentafluorophenyl)borate and

15 triphenylmethyl tetrakis(3,5-bistrifluoromethylphenyl)-
borate, most preferred of these being triphenylmethyl
tetrakis(pentafluorophenyl)borate.

In the boron compound (B3i represented by the
formula (L-H)"(BQIQZQ3Q4)', L is a neutral Lewis base,

20 (L-H)" is a Brensted acid, B is a boron atom in the
trivalent valence state, and Q;-Q, ére the same as defined
for Q!-Q? in the above-mentioned compound (Bl).

In the specific example of the compound
represented by the formula (L-H)*(BQ'Q?Q%Q%)-, (L-H)* of the

25 Breonsted écid is, for example, a trialkyl-substituted
ammonium, N,N-dialkylanilinium, dialkylammonium and
triarylphosphonium, and the (BQIQZQ3Q4)' may be, for

example, the same as those described above.



2 by contacting a trial kylalum num (e.g., trinmethyl- alumnun) with a
metdl sl t contai ning water of crystal- lization (e.g., copper sulfate
hydrate). (Conpound (B)] In the present invention, any one conmpound 25
selected from (B1l) a boron conpound represented by the fornula
BderrJQerr]Qerr], (B2) a boron conmpounddPepresented by the fornul a
Z+(Berr]Qerr]err]Qerr])- and (B3) a boron conpound represented by the
formul a (L-H)[err](BQ erExapeles PErthe) eperifirr fopbinationsofhthesppound

B orr] Qo] &r&é‘f?fgéé’?;éﬁhr%ﬁ“gdzéfé%n t% FRELE KpoardeLuozpBheBy iz c.
- . 5 i ni -
SSESS, “hal 532%%@%83?%@%%&13%5%@% FarRRREE (BontaR: BaRoRfisnyts-o "
o A ]
contai ning 1. A EaPEerEof (oA thuly EheifbREin L ARk L QKL MBS, ) )
carbon at Og, ;}(xf@%ﬂfﬁifréeet hérigﬁgrﬂtgl %wlzamﬂbﬁiﬁﬁ\eeé&aﬁﬁhg@eb-ot her.
er - err

Preferred each I ndependently @a hal ogen atom hydrocarbon

group cont ai nigsdr 261 66FbREt Ry DPReapl ) bakatepalig-a feeRFLAARN 1 §HO UM
containing 1-20 carbon atons. Specific exanples of the Lewis acid (Bl) 15

i nclude tris(peatedkis(pehtaglaopophenyl jbotdtd, SNGN-diethylanilinium

tetrafl uorophenyl)borane, tris(2,3,4,5-tetrafluoro- phenyl)borane,

tris(3,4,5-tritéetmakpsepshtabilaorophenyl )borate, N,N-2,4,6-pentamethyl-
anilinium tetrakis(pentafluorophenyl)borate, N,N-

10 dimethylanilinium tetrakis(3,5-bistrifluoromethylphenyl)-
borate, diisopropylammonium tetrakis(pentafluorophenyl)-
borate, dicyclohexylammonium tetrakis(pentafluorophenyl)-
borate, triphenylphosphonium tetrakis(pentafluorophenyl)-
borate, tri(methylphenyl)phosphonium tetrakis(penta-

15 fluorophenyl )borate, and tri(dimethylphenyl)éhosphonium
tétrakis(pentafluorophenyl)borate, most preferred of
these being tri(normal butyl)ammonium tetrakis(penta-
fluorophenyl)borate or N,N-dimethylanilinium tetrakis-
(pentafluorophenyl )borate.

20 In the pfeseht invention, the transition metal
complex represented by the formula (1), the compound (A),
or further the compound (B) may be charged in any desired
order at the time of polymerization. Alternatively, any
desired combination of these compounds may be contacted

25 with each other beforehand and the resulting product may
be used at the time of polymerization.

As to the amounts of the respective components

of the catalyst, the respective components are desirably



tris(2K§j4-trifIuorophenyl)borane and phenyl bi s(penta- fl uorophenyl)borane,

nﬁ?f préferred of these being 20 tris(pentafl uorophenyl)borane. In the
boron conmpound (B2) represented by the fornula _
Zlerr](BQerr]err]Q@err]err])[err], Zerr] is an inorganic or organic
cation, Bis a boron atomin the trival ent9%atence state, and Qerr]-Qerr]
are the sane as defined for Q{err]-C{err] i n the above- 25 nentioned

c

ool a 2t ot B L Lottt or AL ekele CLete] oL BociDorgat ¢
caTon1 s, Torebitih onl Setrlff e il 2 AEL Biboutibfco
' ol DA R St B R
ESE;:L:gogozhe?fh?gératég té%?gﬁl????%,%,g-té@?aéfuoéﬁé p%en )g%fate,
tetrakisEZ?Zj3?%$¢{+ﬂgﬁﬁgﬁiﬁg+gﬁgrgfg}-1%%h PLe %%% o r3710. With

fl uorophenyl) besgd£d ap¢l £10é ' dbheéstPabidhs i bf UBhONBESYect Dhe¥AtaDyate. 10

Exanpl es of the Specific conbination of these include ferroceni um

t etraki s( pent a¢ompsenes \Wwhdnrthey dréd' usedeihytherfotmnofina solution,
t etraki s(pent afl uorophenyl)- borate, silver

t et r aki s( pent afthe cregpectivyéocanponéntphang| deshyably used such that
tetraki s(pentafl uorophenyl )borate and 15 tri phenyl net hyl

t et raki s( 3, 5- btke r¢oncentrethon ppEnyhe-transition metal complex

10 represented by the formula (1) may fall within the range
of 0.0001-5 mmol/2, preferably 0.001-1 mmol/£, the
concentration of the compound (A) in terms of AL atom
within the range of 0.01-500 mmol/&, preferably 0.1-100
mmol/2 and the concentration of the compound (B) within

15 the range of 0.0001-5 mmol/2, preferably 0.001-1 mmol/Z.

In the present invention, the monomer used for
polymerization may be any of the olefins and diolefins
each with the number of carbon atoms of 2-20. Two or
more kinds of the mbnomers may also be used simultaneous-

20 ly. Some examples of the monomer are shown below, but
the invention is not limited to these compounds.
Specific exampies of the olefin include ethylene,
propylene, butene-1, pentene-1, hexene-1l, heptene-1,
octene-1, nonene-l1l, decene-1, S5-methyl-2-pentene-1 and

25 vinylcyclohexene. The diolefin compounds are, for
example, conjugated diene or non-conjugated diene
hydrocarbon compounds. Specific examples of the non-

conjugated diene compound include 1,5-hexadiene, 1,4-



borate, nost preferred of these being triphenyl nethyl
térfak?é(pentafluorophenyl)borate. In the boron conmpound (B3) represented
by the formula (L-H[err](BQerr]qerr]Jerr]Qerr])[err], L is a neutral
Lewi s base, 20 (L-H)- is a Br[err]nsted acid, Bis a boron atomin the
trivalent valence state, and Qerr]-Qer+r]9re the same as defined for

Qerr]-Qerr] in the above-nentioned conpound (Bl). In the_ specific exanple
of the conmpourkexagienent badtpentedieney| b, 7-octadiene, 1,8-nonadiene,

(L-H)[er B , -
o [Mea_h P:s(% l(edqa}?{ él%?%%%%i% athil 1 Arhgradtins  sriechrisfhr tm
) I al kylaniliniym di ni um an ' | ph hon| dth

éggﬁ?{nglSLBLE?%ﬂé%%iggf#7ﬁ§€$§?ﬁ£yg% ?g?%iéiégngT§?R¥ﬁga§§%%gg§fth§se
: - - Spec

mel ude tr ot MPERAERTIRY 1 St RE pSnfead olinf DEnuih) S2phoRBbEREN! sLhesE

tr'propy'a@?“ﬁh§€§$f159§b§£8§§%ﬁéLUH&PBSEﬂa&iénQQr9Lﬁeth91éﬁetﬂal

mitettakis

but yl ) anmoni u pentafluoro- 5 phenyl)borate, tri(nornal

but yl ) ammoni um, b ebéakéaé 3, P, sbEgbLbbtaaaReNthahsELihababehylene-
N,N—d|nethylanlllnlun1tefra I s(pent af | uor ophenyl ) bor at e,

N, N- di et hyl ani héganpatehaplithapeneal | speophtoyexampaes, of the

N, N-2, 4, 6- pent anet hyl - ani |i ni um tetrakis(pentafluorophenyl)borate, N N 10
di met hyl ani | i ncomjtgatedi di8né- bompouhtdudnoiedayl pAehytadipoeat e,

di i sopropyl anmoni um t et r aki s(pent af | uor ophenyl ) - borate, '

di cycl ohexyl anmiopueneet LaR-bepadieneuol ophesiipfiiepgrale3-

tri phenyl phosphoni um t et raki s( pent af |l uor gphenyl.) -
Y Fio pcyclooctadiene ggd 1,3-cyclghexgdgene.

Specific examples of the monomers which
constitute copolymers includé the combinations of
ethylene and propylene, ethylene and butene-1, ethylene
and hexene-1, and propylene and butene-1l, and combina-

15 tions wherein 5-ethylidene-2-norbornene is used in
addition to the above-mentioned combination, but the
invention is not limited thereto.

In the present invention, aromatic vinyl
compoﬁnds may also be used as the monomer. Specific

20 examples of the aromatic vinyl compound include styrene,
o-methylstyrene, m-methylstyrene, p-methylstyrene, o,p-
dimethylstyrene, o-ethylstyrene, m-ethylstyrene, p-
ethylstyrene, o-chlorostyrene, p-chlorostyrene, a- |
methylstyrene and divinylbenzene.

25 The method of polymerization is not
particularly limited. There may be used, for example,
solution polymerization or slurry polymerization wherein

aliphatic hydrocarbons, such as butane, pentane, hexane,



barate, tri (nethyl phenyl)phosphoni umtetraki s(penta- 15

flhﬁrop enyl )borate, and tri (di nethyl phenyl ) phosphoni um

t etraki s(pent af |l uorophenyl )borate, nost preferred of these being tri(nornal
but yl ) anmoni um t etraki s(penta- fluorophenyl)borate or N, N-di net hylanilinium
tetrakis- (pentafluorophenyl)borate. 20 = 93 - ~In the present

invention, the transition netal conplex represented by the fornmula (1), the
conpound (A), keptane rpd:ectanapodkemebicriydsecerRPiEd FHCBN®Sdesi red
order at the time of polynerjzation. A ternatively ny desired conpi nation
of ‘Thece compdbRRSHRAIY EOhEaRe cqoBohatiohat Ry PHAFOREFEPERant iehaEhe
resul ting product be.us at ,the_tinme_of pol ri.zation. As.,to_the
hrount s of "t e epreRe VAt hfaBhdn  catp RRed AP aF TS, HoTkeRtssphe, Bot
conponents are L r . C - a Lo of the
conmpound (A) t%ﬁ%%% ﬁ?%%%?ffgﬁg%% a#gﬁgﬁggéé %ﬁy&?égﬁuaf#ﬁﬁﬁﬁgkg'range of

0. 1-10, 000, pr = : ; I j t :(B) to
t he transigﬁoﬁ§%€%§?£goﬁ%%%ggﬁﬁgggé%ﬁe%ggﬁ?%i%é%ﬁgcggﬁggggggng%agéé,)

preferably 0. 5hd8us¥térrBgten-woséhe concentrations of the respective
catal yst conmponents when they are used in the formof a solution, the

respective conponents arehdepolgheyipatiloaucbmpashtibe magchbet iat the of the
transition nmetal conplex 10 represented by the fornmula (1) may fall within
t he range of Orawgd-fEromo+50°Cptef €26OPY,00001it mevpaktithéarly
preferably in the range from -20°C to +100°C. The
10 polymerization pressuré is preferably from normal
pressure to 60 kg/ém@ G. The polymerization time, in
general, is determined according to the kind of the
intended polymer and the reaction apparatus, and may be
in the range from 1 minute to 20 hours.  In the present
15 invention, chain transfer agents, such as hydrogen, may

be added to control the molecular weight of the

copolymer.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a flow chart for facilitating the
20 understanding of the present invention. The flow chart
merely shows a representative example of one aspect of
the present invéntion; and in no way limits the present

invention.

BEST MODE FOR CARRYING OUT THE INVENTION
25 : The present invention is described below in

detail with reference to Examples and Comparative



qbien ration of the conpound (A) in terns of Al atomw thin the range of

mml /1, preferably 0.1-100 nmol /I and the concentration of the
conpound (B) within 15 the range of 0.0001-5 mmol /|, preferably 0.001-1
mmol /1. In the present invention, the nononer used for pol yneri zation may
be any of the olefins and dloleflns each-wP#h=t he nunber of carbon atons of
2-20. Two or nore kinds of the nononmers may al so be used sinultaneous- 20
ly. Some exanpﬁ%%mﬁ$e?hebﬂﬁn5hﬁr1ﬁVﬁn§hBﬂm15eP8R/lbﬂﬁt?ﬁethﬁFSEPPon i s not
linmted to these conmpoungs. of the ol efin include

f
et hyl ene, 8ropy|ene but g°§éﬁ%gﬁgxggp iXﬂﬁrf shepPeAB. Fxapp ?ﬁe 1,
1, 1 th | | oh Th
gfgfgf .h ndcoﬁﬁﬁ‘ﬁ”?efa% %?‘égg%%‘e%x ﬁp?fg”§8%}§g?{*§dm8¥éﬁé 81 non- conj ugat ed
: . .
Conpound 1 o ube) 1. 5. hex ATEHBSEE Fi8cSEREY Mobl | A 100 mg RRBIY 85 ¢ "

1,7- octadlene 1, 8-non ene, cadle e, net. h 4- hexadi ene,

5- et hyl - 1,%- m%aa?e@ym?rnepﬁwn% 6¥8Et aﬁéﬂéveéi %Pi B"E -3etralin
nor bor nene, dic clog entadi ene, 5-yinyl-2.norbo rneq i 5

met hyl - 2- nor bothehds *Gor bERRaiPERENSEC 1 ELAGPEREY 2-Mabr WBFnERECTMined

1, 5-cycl ooct adi ene and 5, 8- endonet hyl ene- hexahydronapht hal ene. Specific
exanpl es of thér@mnphgafealungnee&gqptnngf|hheuaet;azlnusQAuﬁm@n | sopr ene,

1, 3- hexadi ene, 1, 3-octadiene, 1, 3-
containing the sample dissolved therein by using an

Ubbelohde viscometer set in a water both kept at 135°C.
10 (2)- Intrinsic viscosity [n,]: A 300 mg sample of

the copolymer obtained was dissolved in 100 ml of xylene
to give a concentration of about 3 mg/ml. Then the
solution was diluted with xylene in dilutions of 1/2, 1/3

and 1/5 to obtain samples of 3 levels of concentration.

15 - The intrinsic viscosity [n,] was determined from the

falling velocity of the xylene solution containing the
sample diSsolved therein by using an Ubbelohde viscometer
set in an.oil bath at 70°C.
(3) a-0Olefin content in copolymer: The a;olefin
20 content in the obtained polymer was determined from the
infrared absorption spectra. Determination and
calculation were made according to methods described in
literature (Takayaha, Usami, et al., Characterization of
Polyethylene by Infrared Absorption Spectra, or McRae,
25 M.A. -and Madams W.F., Die Makromoleculare Chemie, 177,
461 (1976)) by making use of characteristic absorptions

originating from a-olefin, e.g., 1375 cm! (propylene)'and



lquyclooctadiene and 1, 3-cycl ohexadi ene. Specific exanples of the nononers
whi€h cohstitute copol yners include the conbi nati ons of ethyl ene and

propyl ene, ethyl ene and butene-1, ethylene and hexene-1, and propyl ene and
but ene-1, and conbina- 15 tions wherein 5-ethylidene-2-norbornene is used
in addition to the above-nentioned conbinaé®3 on, but the invention is not
limted thereto. In }he present invention, aromatic vinyl conpounds may

al so be used &J/2 & nononer. Specific 20 exanpl es of the aromatic vinyl

d include st - met _hy| st . | sty: .
MR hyl ST ene. o, b i dRETy I REARLATE | IO LS (FERTEaSed e, p-
t hyl st , ,0-chl t -ch t . - hyl st d

G v) nyl benzende Of Ul S Gk ARSI it n TG Wat 1606 7

particularly lim,ted. .There may be used, for exanple, solution
polynerizatioﬁ%%béitﬁﬁ%ﬁ%mlynerization wherei n aliphatic hydrocarbons

such as butjane(,él)gent ane,p X en conterdd in SfnéPd OPRENEdi SLIOFRA I C

hydr.ocar bons, h as benzene and tol uene, or "hal'ogenat ed hydrocarbons,

such as met hylgna i ggsfé@en@rﬁl Ul @spdnss) VEné , dPdTe it GbREént
pol ymeri zati on conducted in gaseous nononers. 5 Further, polynerization

may be conductgts iddminsd | fromotised Vifrawed havécrept Idwe Ppodytresi yati on
tenperature may be in the _
the same manner as (3) above making use of characteristic
peaks originating from the diolefin used. For example,
10 when 5-ethylidene-2-norbornene (ENB) was used, the
determihation was made by using the peak at 1688 cml (the
peak originating from double bond of ENB).
(5) Melting point of copolymer: The melting point
was determined by using Seiko-SSC-5200 under the
15 following conditions.
Temperature increase: from 40°C to 150°C (10°C/min),
kept for 5 minutes
Cooling: from 150°C to 10°C (5°C/min.), kept for
10 minutes
20 Determination: from 10°C to 160°C (5°C/min)-
(6) Molecular weight and molecular weight distribution:
These were determined by using a gel permeation
chromatography apparatus-(mfd. by Waters Corp., 150, C)
under the following conditions:
25 Column: TSK ggl GMH-HT
Measuring temperature: set at 145°C
Measuring concentration: 10 mg/10 ml o-dichloro-

benzene



range K59n1-50[err]c to +200[err]C, but it is particularly preferably in
the“range from-20[err]C to +100[errr]C. The 10 pol ynerization pressure is
preferably fromnormal pressure to 60 kg/cn2 G The polynerization tine, in
general, is determ ned according to the kind of the intended pol ynmer and

" the reaction apparatus, and may be in the 9&nge from 1 minute to 20 hours.
In the present 15 invention, chaipn transfer agents, such as hydrogen, my

be added to colitk olStHRCHIFeR PhrligaRhiarng ¢PRPLSKol yrer. BRI EF
DESCRI PTION OF DRAWNGS Fig. 1 is a flow chart f cilitating the 20
under st andi ng of the pr e VRER FORtirned Y o Nt measuy ws a

representative, exanpl e of sp t S I avention, and in no
way limts the‘ﬁﬁ%‘fuﬁh\fgkﬂfﬁ)@hﬁ&s%@% &Rt NG Ut THE | NVENT ON
25 i%ﬁyfge§ent i nvention is described belowin detail with
reference to é&a es and Conparative - 94 - Exanples, but the invention

is not limgte Gﬁéiﬂk ad'ts Ans [o7) r i n Exanpl es were
determ negsbyd‘t]%e f Io}\l/vi ng ﬁ%?%%sﬁ J(%-i%f)n éug?n??liﬁgg?% viscosity [[err]]:

A 100 ng Saﬁplgq) 5 t hes¢RERe¥I®! 0Pl BpAGHoVBStELESPhY§U-5mébhl -ak
tetralin at 135[err]C eintrinsic viscosity [[err]] was determ ned from
the falling velwenély of the tetralin solution
| In a 4-necked 500-ml flask fitted with a
stirrer, under nitrogen atmosphere, 20.1 g (123 mmol) of
10 2-tert-butyl-5-methyl-2-phenol was dissolved in 150 ml of
toluene, and succeedingly 25.9 ml (18.0 g, 246 mmol) of
tert-butylamine was addgd thereto. The resulting
solution was cooled to -70°C, and 10.5 ml (32.6 g, 204
mmol) of bromine was slowly added to the solution by
15 means of.a-syringe. The resulting solution was keﬁt at
-70°C and stirred for 2 hours. Thereafter the solution
was brought up to room temperature and washed three
times, 100 ml of 10% dilute hydrochloric acid being added
for each time of washing. The organic layer obtained
20 after washing was dried with anhydrous sodium sulfate.
Then, the solvent was removed from the solution by using
an evaporatbr to leave an orange oil. The orange oil was
purified by applying the oil to a silica gel column (Wako
Gel C100), followed by developing with hexane, and
25 removing the solvent from the obtained fraction. Thus,
18.4 g (75.7 mmol) of a purified colorless oil was
obtained. The !H-NMR (CD,Cl, solvent) data of the purified

0oil are shown below.



contai ning the sanple dissolved therein by using an Ubbel ohde vi sconeter
set”ina water both kept at 135[err]C 10 (2) Intrinsic viscosity
[[err]] : A 300 ng sanple of the copol ymer obtained was dissolved in 100 n
of xylene to give a concentration of-about 3 ng/m . Then the solution was
diluted with xylene in dilutions of 1/2,-198 and 1/5 to obtain sanples of 3
| evel s of concentration. 15 The intrinsic viscosity [%err]] was determ ned
fromthe falling velocit§ bi32hésxy9Bhe 2012t (Bn 3Bhi abnPBg(BhelBdnpl e

di ssol ved therein by using an Ubbel ohde vi sconeter set in an oil bath at

70[err]C. (3) . [err]«Eeffn EBhtent in copolymer: The [err]-olefin 20
tent in th bt ai ned det f t h f d ab t
spectra. Determnati Qﬁ Foon JFhe) HBR e e FRAPHRP (@ bdaRds T

d ibed in |j I Tak
Pol yet h§| elng bvi?efirh‘?lr 98 gyﬁf?‘a‘au%ag%ﬁef’“ﬁﬂnéd&§£ﬁ¥5seﬁ' 7BRERER \ndans

W F. r e, 177, 461 (1976)) by making use of
characterl égf% éﬁﬁs oggglnatlng from([err]-olefin, e.g., 1375

cnierr] (propy fﬂf) and gynthdsis Zf21£H£-6ﬁ6l3-§BQ{:Lbﬁﬂﬁlﬂzbﬁéﬂﬁbk?gs(-SCB)
was expressed tn ternms of” the nunber of short chain branching per

carbon at ons. ﬁbtﬁﬁibenzene[lolefln content in copolyner: Wen diolefin
units are present 1n the copolyner, the diolefin content
In a 100-ml 4-necked flask fitted with a

stirrer, under nitrogen atmosphere, 13.9 g (57.2 mmol) of
10 1l-bromo-3-tert-butyl-5-methyl-2-phenol synthesized in (1-
1) above was dissolved in 40 ml of acetonitrile, and
succeedingly 3.8 g (67.9 mmol) of potassium hydroxide was
added thereto. To the resulting mixture was further
added. slowly 17;8 hl (40.6 g, 286 mmol) of methyl iédide
15 by means of a syringe, and the reaction mixture was
stirred for 12 hours. Thereafter, the solvent was
removed with an evaporator to leave a residue. Theﬁ 40
ml of hexane was added to the residue to extract hexane
solubles. The extraction was repeated three times. The
20 solvent was removed from the extracts to obtain 13.8 g
(53.7 mmol) of a pale yellow oil. The !H-NMR (CD,Cl,
solvent) data of the oil are shown below.
§ 1.31 (s, 9H), 2.20 (s, 3H), 3.81 (s, 3H),
7.02 (s, 1H), 7.18 (s, 1H)
25 | From the 'H-NMR data, the pale yellow oil
obtained was identified as l-bromo-3-tert-butyl-2-
methoxy-5-methylbenzene. The yield was 94%.

(1-3) Synthesis of 2-cyclopentadienyl-2-(3-tert-



ma;/deternined fromthe infrared absorption spectra in the sanme manner as
(3)"above naki ng use of characteristic peaks originating fromthe diolefin
used. For exanple, 10 when 5-ethylidene-2-norbornene (ENB) was used, the
determ nati on was nmade by using the peak at 1688 cnferr] (the peak
originating from double bond of ENB). (5y 98 = Melting point of copolyner:
The nelting point was determ ned by using Sei ko- SSC-5200 under the 15
fol | owi ng condP4¥B¥re2- Fﬂﬁ%¥ﬁ§ﬂ@§ hM*E%S%Yl)PﬁﬂPQE?err]C to 150[err]C

AR B “ﬂe%efg%ﬁghgﬁécmebagas;;1 e
00ert1C (Lol SO ol B Bl esslah SEAGUnEDd, TR EEULTS 1S Bhb1) or
e S L g B i 10121
149LeT L C SN ERRE AR A08) G800 S0y edh SBynLa J0eRicon gy o
neasurenent ( aPRSERYLSetd#O0dnd "ERe HYLBEISRMwaS' BodlEdaEB! 70°C. To
the solution was slowly added 18.0 mol of n-BuLi (11.1 ml
of a ﬁ-BuLi solution in hexane of a concentration of 1.62
mol/2) and stirred at -70°C for 2 hours. To the result-
10 ing reaction liquid was further added a solution obtained
by dissolving 1.91 g (18.0 mmol) of 6,6-dimethylfulvene '
in 10 ml1 of diethyl ether, and then the resulting mixture
was slowly brought up to room temperature. Succeedingly,
25 ml of 5 wt% dilute hydrochlorlc acid was added to the
15 mixture. Then 30 ml of hexane was added to the resulting
reaction liquid to extract hexane solubles. The extrac-
tion was repeated 3 times. The extract was dried with
anhydrous sodium sulfate and the solvent was removed with
an evaporator to leave a yellow oil. The yellow oil was
20 purified by applying the oil to a silica gel column (Wako .
Gel C-100), followed by developing with hexane, and
removing the solvent from the fraction obtained. Thus,
3.0 g of purified pale yellow oil was obtained. The
IH-NMR (CD,Cl, solvent) data of the oil are shown below.
25 § 1.48 (s, 9H), 1.71 (s, 6H), 2.26 (s, 3H),
3.26 (s, 3H), 6.07-6.62 (m, 5H), 7.22-7.28 (m,
2H) |

From the lH-NMR data, the yellow oil obtained



5 (1) Synthesis of transition netal conplex (1-1) Synt hesi s of

1- onﬁf?-tert-butyl-5-nethy|-2- phenol In a 4-necked 500-m flask fitted
with a stirrer, under nitrogen atnosphere, 20.1 g (123 nmmol) of 10
2-tert-butyl -5-net hyl - 2- phenol was dissolved in 150 ml of toluene, and
succeedingly 25.9 m (18.0 g, 246 mmol) of9%ert-butyl ani ne was added
thereto. The resulting solution was cooled to -70 err}C, and 10.5 nm_ (32.6
g, 204 nnDL) dmaﬁwkﬁﬁﬁﬁ#ﬂweds#%m?ycﬁﬁﬁeﬂe¥53¢h€n¥ racidnteytiBukgdng-of a
syringe. The resulting solution was_kept at -70lerr]C and stirred for 2
hours. Ther eaffekhexE-SgnrethphPharyd)BtoRINGp ¢ h?o%ﬁ? nﬁ@?aﬁhge and

hed th ' 100 f % dj : ' ' '
§§§-th | }m;ﬁf ;@% irafhests ok, WhErg) bhid Shtinffedl BALRE 290
ried with an roj '
ol uti on by ol SEEHERStERTLaYL ) 1L Prnddff 2l 09-BOr¥CBLe YDA LADRNES LB | e

purified bg agﬂé?%i??ﬁgﬁ¥?kbﬁ6§aﬁesiIica gel colum (Wako Gel C100),
I'mg e

fol | oned by deve ane, and 25 renoving the solvent fromthe
obtained fraction. Thusynlg. 40gmf 7p-fe8RBY) £PhsR PiUttEHeditn! arl ess oi
was obtained. The [err]H- NWR (CO{err]C[err] solvent) data of the purified
2L$ a;elih?mﬂ ﬁf%ﬁ@ér, und&8¥ nite£ogénlatRoépheldl), 02289g( $0.98) mmb61980fsS,
Y . Sy
- 2-cyclopentadienyl-2-(3-tert-butyl-2-methoxy-5-methyl-

phenyl)propane synthesized in (1-3) above was dissolved
10 in 20 ml of hexane, and the solution was gooled to -70°C.
To the solution was slowly added 1.09 mol of nBuLi (0.67
ml of a solution of nBuLi in hexane of a concentration of
1.62 mol/2). Thereafter, the resulting mixture was
slowly brought up to room temperature, whereby a white
15 solid precipitated out. The solid was collected by
filtration, washed 3 times using 10 ml of hexane in each
washing, and dried under reduced pressure to obtain 0.28
g of a white solid estimated to be 2-(cyclopentadienyl)-
(lithium)-2-(3-tert-butyl-2-methoxy-5-methylphenyl)-
20 propane, which is white solid. The yield was 97%.
(1-5) Synthesis of isopropylidene(cyclopentadienyl)-
(3-tert-butyl-5-methyl—z-phenoxy)titanium dichloride
In a 50 ml 4-necked flask fitted with a
stirrer, under nitrogen atmosphere, 0.20 g (2.3 mhol) of
25 the white solid estimated to be 2-(cyclopentadienyl)-
(lithium)-2-(3-tert-butyl-2-methoxy-5-methylphenyl)-
propane synthesized in (1-4) above was added to 10 ml of

hexane, and the mixture was cooled to -70°C. To the



Fromthe [err]H-NVR data, the colorless oil was identified as
1-brono=3-tert-butyl-5-nmethyl-2-phenol. 5 The yield was 62% (1-2)

Synt hesis of 1-brono-3-tert-butyl-2-nethoxy-5- nethyl benzene In a 100-m
‘4-necked flask fitted with a stirrer, under nitrogen atnosphere, 13.9 g
"(57.2 mmol ) of 10 1-brono-3-tert-butyl-5-k@0hyl - 2- phenol synthesized in (1-
1) above was dissolved in 40 ml of acetonitrile, and succeedi ngly. 3.

(67.9 Mol ) ofipduasswan addeskisdowks %cﬂi?e'ldmlhe(r(btlcﬁ 91'0 Qh7e0 TR } i %
m xture was further added slowly 17.8 m (40.6 of th
i odi de 15 by Mi&dg with §y§Yﬁ§ESeandTpﬁerP§H&FﬁgH FP FQ“WH? s & f or

12 hours. Thereafter, the solvent was renoved Wbbh an evapor.at or &o | eave a
resi due. Then PROUGhtHUR &S RO LENRARAYY S ne ﬁﬂr]]eutfjo 128 hexane

| ubl Th t t d | t
Femoved 1 rom Ay o 5 o M pfalige dTTE adpied TR IS
|. The. H NVR
bel ow. Ter?] L 31 (S(Cg[ ¢ ]z‘ng‘ﬁzﬂnés%é'm’k‘g?‘t‘f"mrﬁé SRS
(s, 1H) 25 geparate 1'%'[195”& heo & YR datso1d oAl %H@'é@ﬂ\i@lxbaé)bt ai ned

was identifie rono-3-tert-butyl-2- methoxy-5-nethyl benzene. The
yield was 94%¢chtdd 3 tinel hestls 10 m £Ysenend agimey | of-Kéxdretto - 98
- extract components soluble in hexane, a saturated
hydrocarbon'solvent. These hexane solutions were
10 combined, concentrated to a volume of 10 ml, and the
concentrated liquid was cooled at -20°C and allowed to
stand for 12 hours to deposit a yellow solid. The solid
was collected by filtration and dried under reduced
pressure. The lH-NMR (CD,C1, solvent) data of the yellow
15 solid are shown below. |
§ 1.33 (s, 9H), 1.51 (s, 6H), 2.30 (s, 3H),
6.06 (t, 2H), 6.92 (t, 2H), 6.99 (s, 1H), 7.19
(s, 1H)
From the !H-NMR data, the yellow solid obtained
20 above was identified as isopropylidene(cyclopentadienyl)-
(3-tert—butyl-5-methyl—2-phenoxy)titanium dichloride of

the following structural formula. The yield was 34%.



bugy -Zlgethoxy-S-nethylphenyl)propane In a 100-m 4-necked flask fitted
with a stirrer, under nitrogen atnosphere, 4.61 g(17.9 mol) of
1- brono-3-tert-butyl -2-nmet hoxy-5-net hyl benzene 5 synthesized in (1-2) above
was dissolved in 10 m of dry diethyl ether and the solution was cooled to
-70[err]C. To the solution was slowy adddd®118. 0 nol of n-BuLi (11.1 ml of
a n-BuLi solution in hexane of a concentration of 1.62 nol/l) and stirred
at -70[err]C for 2 hours. To the result- 10 ing reaction liquid was further
added a sol ution obtained by dis ng 1.91 g (18.0 mml ) of
6, 6-di net hyl ful vene in 10 m of | ether, and then the resulting
m xture was slowy brought up to nper agure. Succeedingly, 25 m of 5
wt % di | ut e hydrochloric acid was aflded to 5 m xture. Then 30 m of
I"™Mgyi d to extract hexane
sol ubl es. The extrac- tion was repgated times. The extract was dried with
anhydrous sodi um sul fate and t he s0 Owas rempved with an evaporator to
| eave a yellow oil. The yell ow 20 purified by applying the oil to a
silica gel colum (Wako Gel ed by devel opi ng with hexane, and
renovi ng the solvent fromthe gpt ai ned. Thus, 3.0 g of purified
pal e yellow oil was obtained. The [err] WR (CDO[err]Cl [err] solvent) data
-of the oil are shown bel ow. 25 6 1.48 (s, 9H), 1.71 (s, 6H)
2.26 (s, 3H, 3.26 (s, 3H, 6.07-6.62 (m 5H), 7.22-7.28 (m 2H) Fromthe
[err]H-NVMR data, the yellow oil obtained

(2) Polymerization

An autoclave with an inner volume of 3 £ fitted
with a stirrer was dried under reduced pressure, and the
inner atmosphere was replaced with argon. Then 1 £ of

5 +toluene as the solvent and 20 ml of hexene-1 as the a-
olefin were placed in the autoclave, and the reactor was
brought up to 80°C. After the temperature rise, ethylene
was fed into the reactor while the ethylene pressure
being controlled at 12 kg/cm?. After the inside of the

10 system had become stable, 0.5 mmol of triisobutyl-
aluminum, then 2.0 pmol of isopropylidene(cyclopenta-
dienyl)(3—tert-buty1-5-methy1-2—phenoky)titanium
dichloride synthesized ih (1) above, and sﬁcceedingly 6.0
umol of triphenylmethyl tetrakis(pentafluorophenyl)borate

15 were successively charged into the reactor. Polymeriza-
.tion was carried out for 30 minutes while controlling the
temperature at 80°C.

As the result of polymerization, an ethylene-
hexene-1 copolymer having an SCB of 22.8, [n] of 1.13,

20 molecular weight (Mw) of 64,000, molecular weight



- .99 - was identified as 2-cycl opentadi enyl -2-(3-tert-butyl -
néfﬁox§f5-nethylphenyl)propane. The yield was 60% (1-4): Synt hesi s of
white solid estimated to be 2-
(cyclopentadienyl)(lithiun)-2-(3-tert-butxl-2 met hoxy-5- 5

met hyl phenyl ) propane In a 50 m 4-necked £P8sk fitted with a stirrer, under
nitrogen atno

2- cycl opent admrlg-@ﬂ(t Ocf’er(t 0 ) rgztprﬁe't%(?;&fi 5“"?1]&*%3 p?ﬂ'fb‘hﬂs ptSphre
Sl Ut on was B8 BECFCSTD Ak d' SSO' e Lo fbin g wempel) B sad e

of nBuLi (0. 67 m ,of a solutlon of nBuL| I n hexane of a concentration of
1.62 nol/1). 55??%r the resulting m xture was slowy brought up to

roon1tenperat#{gp\ﬁé by a white 15 solid precipitated out. The solid was
col l ected by A 1 on, washed 3 tinmes using 10 m of hexane in each

washi ng, d rued gﬁﬁ LiiciRsh pressure to obtain 0.28 g of a white solid
estinated o] be 2-(cycl opentadlenyl)

(lithium-2-(3-tert-but g ZniEsdiase SeiEH han phetyt ) voDém@ropaded ohich is
white solid. The yield was 97% . (1-5) Synt hesi s of

i sopropyl i deneimtddpaEtind esyinrer vderdried yinderetrédicéd ppressyre) t ani um
dichloride In a 50 M 4-necked flask fitted with a stirrer, under nitrogen
at nospher e, Oaaag;KéZfhnamﬂ@tmﬁspnbrermaSWWQp&%Q¢¢dWe§hlﬂng@@ t oThen,

2- (cycl opent adi enyl )- (lithiun-2- (3 tert-butyl-2-nethoxy-5- nethg henyl )
propane synt hd9% ael iof (bolpenpae Whe %loal?@ $imbfOfchageney da?he

m xture was cooled to -70[err]C. To the,
the a-olefin were placed in the autoclave, and the

reactor was brought up to 60°C. After the temperature
rise, ethylene was fed into the reactor while the
ethylene pressure being controlled at 6 kg/cm@. After the
inside of the system had become stable, 0.25 mmol of tri-

15 isobutylaluminum, then 1.0 pmol of isopropylidene(cyclo-
pentadienyl)(3-tert-buty1-5-methy1-2-phenoxy)titanium
dichloride synthesized in Example 1, and succeedingly 3.0
umol of triphenylmethyl tetrakis(pentafluorophenyl)borate
were successively charged into the reactor. Polymeriza-

20 tion was carried out for 30 minutes while controlling the
temperature at 60°C.

As the result of polymerization, an ethylene-

hexene-1 copolymer having an SCB of 32.8, [n] of 0.98,
molecular weight (Mw) of 95,000, molecular weight

25 distribution (Mw/Mn) of 2.8 and melting point of 110.5°C
was produced at a rate of 4.0 x 107 g per mole of titanium

per hour.



100.; m xture was added slowy 0.077 m (0.13 g, 0.70 mmol ) of Tid[err]
mﬁ%ﬁ a\§yringe, The resulting solution was slowly brought up to room
tenperature. The solution turned liver brown and a dark orange solid
deposited. 5 The resulting reaction mxture was filtered to
separate into a solid and a solution. The B i< was treated 3 times with 10
m, per one tinme, of hexane to extract conponents soluble in hexane, a
sat urat ed hydrB%aRPb® 3ol vent. These hexane sol utions were 10 conbi ned,
concentrated to a volunme of 10 m, and the concentrated |iquid was cool ed
at -20[err] C ahl) al POWEBEYLZRELAR for 12 hours to deposit a yel l ow solid.

The solid |lected by filtrati dried_und duced . Th
orrTH VR (CDlerr) i [or} SBFbETRYSIuERRoRn: RBRE! FoARES €51 08 4ako Shown

2r) 6. 99 (o GEtodwithoh GEprpblwn Hridy Hhlter. xSfnchy Bibelint |
ChLPLre R, OBHE S, LROEL L Boperao0e0n bR SBRICUALSERELpIL Dt
structural forfykan) 16 ¥behén¥las3the solvehA®land 5 ml of hexene-1 as
. the a-olefin were placed in the autoclave, and the
reactor was brought up to 60°C. After the temperature
rise, ethylene was fed into .the reactor while the
10 ethylene pressure being controlled at 6 kg/cm?’. After the
inside of the system had become stable, 0.25 mmol of
triethylaluminum, then 1.0 pmol of isopropylidene(cyclo-
pentadienyl) (3-tert~butyl-5-methyl-2-phenoxy)titanium
dichloride synthesized in Example 1 and succeedingly 3.0
15 umol of triphenylmethyl tetrakis(pentafluorophenyl )borate
were successively charged into the reactor. Polymeriza-
tion was carried out for 60 minutes while cohtrolling the
‘temperature at 60°C.
As the result of polymerization, an ethylene-
20 hexene-l1l copolymer having an SCB of 18.0, [n] of 1.20 and
melting point of 120.8°C was produced at a rate of 9.9 x
10° g per mol of titanium per hour.
Example 4
An autoclave with an inner volume of 0.4 ¢
25 fitted with a stirrer was dried under reduced pressure,
and the inner atmosphere was replaced with argon. Then,
170 ml1 of toluene as the solvent and 30 ml of hexene-1 as

the a-olefin were placed in the autoclave, and the



[g\r_%] @ Pol ymeri zation An autoclave with an inner volune of 3 | fitted
W tirrer was dried under reduced pressure, and the inner atnosphere
was replaced with argon. Then 1 | of 5 toluene as the solvent and 20 m of
hexene-1 as the [err]- olefin were placed in the autoclave, and the reactor
was brought up to 80[err]C. After the temp®fature rise, ethylene was fed

into the reactor while the ethyl ene pressu e bej trolled at. 12 kg/cnR.
After the insimRRaGHOR H@sld’r%%}!ferﬂlhafcpb%% g‘g‘?’ n}®95 tepRPraFure )

%DyL?(%y't fxmr%mmd AR (e (g geia;nf&hggyfﬁiﬁfé:*ﬁéﬁ?ﬁ&f‘;ed in

Lot s(pent & Iy f%%?g%fe r;ig% N Vﬁhgig%iigﬁff 'ﬁ e g

}Q}(ﬁeagmieraltourlé1 aJt&%(ﬂ er&]&c AQ ?ﬁ? res %éo ‘? ; ?b fization, &n et hy: ene-
) MN? tyégr_jﬁ o m) eculﬁgfa mzé’oﬁtaiﬁéd ]c]>f %eﬂh§§al@ﬁ1n8ﬁbﬁéu ar

wei ght ( wel ght 102 - di stTibution (M~ M) of
2.0°and mel ti 0] By Ofos¥hlARE6 | K. - Rap mndumgi &hdatheéhe100 gm6lxofO[err]

g per nole of titaniumper hour. Exanple 2 5 (1) Polynerization
isopropylidene(cyclopentadienyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium dichloride synthesized in Example 1 were
fed into the reactor. Polymerization was carried out for

10 60 minutes while controlling the temperature at 60°C.

As the result of polynmerization, an ethylene-
hexene-1 copolymer having an SCB of 28.6 and melting
point of 82.3°C was produced at a rate of 7.7 X 10° g per
mole of titanium per hour.

15 Example 5
(1) Polymerization

An autoclave with an inner volume of 0.4 2
fitted with a stirrer was dried under reduced pressure,
and the inner atmosphere was replaced with argon. Then,

20 - 170 ml of toluene as the solvent and 30 ml of hexene-1 as
the a-olefin were placed in the autoclave, and the reac-
tor was brought up to 60°C. After the temperature rise,
ethylene was fed into the reactor while the ethylene
pressure being controlled at 6 kg/cm?. After the inside

25 of the system had become stable, 0.5 mmol, in terms of
aluminum atom contained, of methylaluminoxane (mfd. by
Tosoh-Akzo K.K., MMAO-3A) was fed into the reactor, and

then 1.0 pumol of isopropylidene(cyclopentadienyl)(3-tert-



An autoclave with an inner volune of 0.4 | fitted with a stirrer was dried
undér reduced pressure, and the inner atnosphere was replaced with argon.
Then, 195 m of toluene as the solvent and 5 m of hexene-1 as 10 the
[err]-olefin were placed in the autoclave, and the reactor was brought up
to 60[err]C. After the tenperature rise~ &0Bylene was fed into the reactor
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controllingiﬂ? enpera e result of polynerization
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of 2.8 and melyyime RUkrel1id®. Shértémpepstpredatedodc.a rate of 4.0 x
10[err] g per nole of titanium per hour. - 103 - Exanple 3 (1)

Pol yneri zati on An aut oclzwetheé t tesul t nofrpobymerisation, | ahi etbylanek a
stirrer was dried under reduced pressure,
hexene-1 copolymer having an SCB of 32.4, [n] of 1.99 and
melting point of 82.0°C was produced at a rate of 5.5 X
10 10° g per mole of titanium per hour. |
Example 6
(1) Synthesis of transition metal complex
(1-1) Synthesis of 1-bromo-2-methoxybenzene
In a 50-ml 4-necked flask fitted with a
15 stirrer, under nitrogen atmosphere, 1.03 g (5.92 mmol) of
1-bromo-2-phenol was dissolved in 20 ml of acetonitrile,
and succeedingly 0.51 g (9.07 mmol) of potassium
hydroxide was added thereto. Further, 1.90 ml (4.33 g,
30.5 mmol) of methyl iodide was slowly added thereto with
20 a syringe, and the resulting reaction mixture was stirred
for 12 hours. Thereafter, the solvent was removed with
an evaporator, and 20 ml of hexane was added to the
resulting residue to extract hexane solubles. The
extraction was repeated 3 times. The solvent was removed
25 from the extracts obtained to obtain 0.97 g of a pale
yellow oil. The yield was 89%. The 'H-NMR (CD,Cl,
solvent) data of the oil are shown below.

§ 3.89 (s, 3H), 6.7-7.7 (m, 4H)



5 and the inner atnosphere was replaced with argon. Then, 195 m of toluene
as~the <ol vent and 5 nl of hexene-1 as the [errr]-olefin were placed in the
autocl ave, and the reactor was brought up to 60[err]C After the
tenperature rise, ethylene was fed into the reactor while the 10 ethyl ene
pressure being controlled at 6 kg/cnR. -ALPBr ‘the i nsi de of the systen1had

become stable, 0.25 nmmol_of triethylal um num .0 nol
hsog{opygldene(cyclo-dp@HFﬂhﬂeﬁ?I C§MBeH%tBut§ eSP ?%Séobh ﬁ&Xy)tltanlum
ichloride syn eslze i n EX ] nol  of
tr![phteﬂyl met ht o éﬁ%’&ﬁ%ﬁ ;I:J')(i%ﬁﬁng? e@'m%?éi‘gilgesis%éefy charged
into e react,qr 0 y ﬁﬁ; | e
contrﬁlllng tﬁg F@nperat %éﬁéi rri éiéﬁ%ﬁ%%gil ?( fgtlon
an et hyl ene- 20, | %ﬁﬁg GORA digyi ng an SCB of 18.0, [[err]] of 1.20
and nelting p§| n?“ %Zyjn ar )iﬁg \l%s produced at a rate of 9.9 x 10[err] g
per nol of gtitani um per fpy .1 0GP £-fedifed Ut DEdIAVEL ttéd withnaer vol ume
of 0.4 1 2 fitted with a stirrer was dried under reduced pressure, and

the inner at e WaindeP riaebgen hatiigssheddend . 50 0g n{ 241 1 tohakheofis
the solvent and 30 ml of hexene-1 as the a-olefin were placed in the
aut ocl ave, and -biomo-2-nkéthoxylsiane vayn thesipged upnt (1 6D) eabd B2 woser the
tenperature rise, ethylene was fed into the reactor while the

dissolved in 20 ml of dry diethyl ether, and the solution

was cooled to -70°C. Then 24.0 mol of nBuLi (14.8 ml of
10 nBulLi hexane solution of a concentration of 1.62 mol/2)
was slowly added thereto, and the resulting liquid was.
stirred at -70°C for 2 hours. To the reaction liquid was
further added 2.64 g (24.9 mmol) of 6,6-dimethylfulvene
dissolved in 10 ml of diethyl ether, and thereafter the
15 resulting mixture was slowly brought up to room
temperature, whereby a white solid deposited, which was
then collected by filtration. The white solid obtained
was washed 3 times by using 10 ml of hexane per one time,
and then dried under reduced pressure to obtain 4.0 g of
20 white powder.

A small portion of the white powder was
hydrolyzed with dilute hydrochloric acid. The !H-NMR (CgDsg
solvent) data of the organic substance thus obtained are
as follows. _

25 § 1.66 (s, 3H), 1.75 (s, 3H), 3.26 (s; 3H),
5.9-7.5 (m, 9H)

From the !H-NMR data, the organic substance

obtained by hydrolysis was identified, as 2-cyclopenta-



et hyl ene pressure being controlled at 6 kg/cn2. After the inside of the

syst em™fad becorme stable, 5.0 mmol, in 5 terns of alum num atom cont ai ned,
of net hyl al um noxane (nfd. by Tosoh-Akzo K K., MVAG- 3A) and then 1.0
[err]mol of isopropylidene(cycl opentadienyl)(3-tert-butyl-5-nethyl-
phenoxy)titani um di chl ori de synt hesi zed= iﬁ Bxample 1 were fed into the

reactor. Polynerization was carried ou for 10 60 t whi | |1
the tenper at ukdenyledoi}eethexyphen 1?¥°Eﬂn$ol?ﬂ%P&?ﬁ%?%“éng%gggﬁ%?eng?g

h
mEgpléS(é’)éz T Handit ras Sutmiod £ or LT PRbRARRUERED ol 1
(itred wih s -%ﬁ’éﬁ@%—@?—@% e tbtrp e s [ Ehe TR b zte:
at nospher
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aut ocl ave, and ﬁ?*&*ﬁf%aﬂ@émh&f&ﬂﬁérﬁ&et0 60[err]C After the

e

tenperature r| e was fed into the reactor while the ethyl ene

pressure being Control | eth a4 $0k@l clnedkédr f1aski Pitted2with ahe system
had becorme stable, 0.5 mml, in terns of al um num at om cont ai ned, of

met hyl al uni noxggierses f. uidef osdbrégen &tiospheie), 30) 20ag {0d9Rnmmolheof
reactor, and then 1.0 [err]nol of isopropylidene(cyclopentadienyl)(3-tert-
- 105 - the white powder estimated to be 2-(cyclopentadieny S

(1ithium)-2-(2-methoxyphenyl)propane synthesized in (1-2)
10 above was added to 15 ml of hexane and the mixture was
cooled to -70°C. Thereto was slowly added with a syringe
a solution of 0.10 ml (0.17 g, 0.91 mmol) of TiCl; in 5 ml
of hexane. The resulting solution was slowly brought up
to room temperature. The solution turned light brown,
15 and a brown solid deposited. The reaction mixture was
separated by filtration into a solutibn and a solid.
From the solid were extracted 3 times, with 10 ml of
hexane per time, components soluble in hexane, a
saturated hydrocarbon solvent. These hexane solutions
20 were combined, concentrated to a volume of 10 ml, and the
concentrated liquid was cooled at -20°C and allowed to
stand for 12 hours, whereby a yellow solid deposited.
The solid was collected by filtration and dried under
reduced pressure to obtain 0.10 g of a yellow solid. The
25 lH-NMR (CD,C1, solvent) data of the yellow solid are shown
below.
§ 1.62 (s, 6H), 6.17 (t, 2H), 6.80 (d, 1H),
7.00 (t, 2H), 7.20 (t, 1H), 7.21 (t, 1H), 7.58



bu%xj- - et hyl - 2- phenoxy) titani um di chl ori de synthesized in Exanple 1 and
. , in ternms of alum num atom contai ned, of nethylal um noxane whi ch
had been prelimnarily contacted with each other were fed into the 5
aut ocl ave. Pol ynerization was carried out for 60 mnutes while controlling
the tenperature at 60[err]C. As the resut t1&& —pol ynerization, an ethyl ene-
hexene-1 copol yner havin an SCB of 32.4, [[err]] of 1.99 and nelting point
of 82.0[err] C was produc ralH} rate of 5.5 x 10 10[ err] g per nol e of
titani um per hour. 1 nt hesi s;30f ansltjon | e

(1-1) Synt hesi s of 1"“&1?3&{) é ﬁ?ho ﬁﬁen ﬁ‘g&I Rigz{igz LE“T"‘} ask
fitted wwth a 15 stirrer der nitrogen atnosphere, 1.03 g (5.92 nmol ) of
1- br ono- 2- pheﬁ%?emzéoﬁ?sgﬁx 4 in 20 M of acetonitrile, and succeedingly

0.51 9. 07 I f [ dro dgd t th 1.90
W (4035 5, 30,5 tol) ob ARt B91 T Gar dbaad oF S o abAR HnAZEL8 i Lh 20 a

syringe, ard the resultlﬂgsr¢ac12¢n8n1§§grg wag3seirigd, for 12 hours.
Thereafter,” the solvent was renpved with an evaporator and 20 m of hexane

was added to the resul tIFﬁoﬁeﬁhéumimmﬂarwtaﬁwﬂé@exml@Qts?-tf{é ellow
extraction was repeated 3 tinmes. The solvent was renoved 25 fromt

extracts obtai sellid cobbashedOwldd jdehtafpedeagelibopropylidbaeycgcdowas 89%
The [err]H-NVR (CD[err]Cl[err] solvent) data of the oil are shown bel ow.
[err] 3.89 (s,pé&hbadfeny¥)(2¢pherbky)titanium dichloride of the

following structural formula:

Cl
TiC

/ ~Cl

10 (2) Polymerization
An autoclave with an inner volume of 0.4 ¢

fitted with a stirrer was dried under reduced pressure,
and the inner atmosphere was replaced with argon. Then
195 ml of toluene as the solvent and 5 ml of hexene-1 as

15 the a-olefin were placed in the autoclave, and the
reactor was brought up to 60°C. After the temperature
rise, ethylene was fed into the reactor while the
ethylene pressure being controlled at 6 kg/cn@. After the
inside of the system had become stable, 0.25 mmol of

20 triisobutylaluminum; then 2.0 pmol of isopropylidene-



- 106 Fromthe [err]HNVR data, the pale yellow oil obtained was

I dentifired as 1-bronn-2-nethoxybenzene. (1-2) Synt hesi s of

2- (cycl opent adi enyl ) (l'ithiunm-2- (2-nethoxyphenyl)propane 5 In a
100-m 4-necked flask fitted mnth a stirrer, under nitrogen atnosphere,
4.50 g (24.1 mmol ) of 1- bronD 2- nethoxyben&@%e'synthesized in (1-1) above
was di ssolved in 20 of gleth yl ether, .and the sol utiaon was cooled to

-70[err]C. TheﬁCYEIGPﬁBFaGFeHB LK2CPEeB°FV)Gﬂtf@luﬂBﬂﬁch%SE%Q§ sol ution of
o concentatl op ShadeS2ofPuh! ka3oappbg b Med NG, (0 b (sl o
o st el AT L B © i
Chaaont Bt o MCEPHFEVELY. ErMICERES T SuBciol ¢ SOIGARALaptl !
by using 1G m w9§ ES%ﬁﬂédpg{ztOQ%rt Bﬁemlﬁﬁ@etsh%ﬂl@ ROnEHAN iyl e
pressure to obtain 4.0 g of 20 white powder. A small portion of the white
powder was hydtehpaedturehadi bore. hydrochlorlc acid. The [err] H NWR
((Jerr]Derr] solvent) data of the organic substance thus obtained are as
follows. 25 6A&. 6he( xrestlt, of. PolimeriHptidn’6 aps ethiyhlene-0- 7. 5
(m 9H) Fromthe 1H NWR data, the organi c substance obtained by hydrolysis
was identifiedhesene-tycbppdymer having an SCB of 28.1 and [n] of 1.08
was producéd at a rate of 1.8 x 10° g per mole of titanium
10 per hour.
Example 7
(1) Polymerization
An autoclave with an inner volume of 0.4 £
fitted with a stirrer was dried under reduced pressure
15 and the inner atmosphere was replaced with argon. Then
195 ml of toiuene as the solvent and 5 ml of hexene-l1 as
the a-olefin were placed in the autoclavé, and the
reactor was brought up to 60°C. After the temperature
rise, ethylene was fed into the reactor while the
20 ethylene pressure being controlled at 6 kg/cm?. After the
inside of the system had become stable, 0.15 mmol of
triisobutylaluminum was fed into the reactor; and
succeedingly 2.0 pumol of isopropylidene(cyclopenta-
dienyl) (2-phenoxy)titanium dichloride synthesized in
25 Example 6(1) and 0.1 mmol of triisobutylaluminum which
had been preliminarily contacted with each other were fed

“into the autoclave. Polymerization was carried out for

60 minutes while controlling the temperature at 60°C.



- 107 - dienyl-2-(1-methoxyphenyl ) propane, and consequently the white .
pdmﬂer\mhs estimated to be 2-(cycl opent adi enyl) -
(l'ithium-2-(2-methoxyphenyl)propane. The yield was 75% (1-3)

Synt hesi s of isopropylidene(cyclopentadiengl)- 5 (2-phenoxy)titani um
dichloride In a 50-m 4-necked flask fittédOwrth a stirrer, under nitrogen
at nosphere, 0.20 g (0.92 nml) of the It owder estinmated t.o be

2- (cycl opent adi enyl ) - Uﬁ%tﬁhﬁﬁnﬁﬁﬁ¥ﬁré¥l 3?&%&aﬁ§ﬁ§ﬁﬁ¥i§??éd in
(1-2) 10 above was added ta 15 m. of. hexan d L X e I to
-70[err]C. Thzﬁeé‘ted‘%vgs %Hﬂ%@%&?&’ W H""bess@]i%éggfga'r@o‘%gu’% i%%@%‘%&g&l%gm
(0.17 g, 0.91 _mml)_ of. Tj | /6D f ane. rs |4 ution was
slowy br oughta Lﬁ?tgeo orfo-ogmq é‘npiébr aggipee.g. ?Egésgl%ufﬁgﬁﬁlﬁg&'#%ﬁ brown, 15
and a brown S%ﬂéﬁﬁi gsited. The reaction mxture was separated by
filtration into a“solution and a solid. Fromthe solid were extracted 3

times, with 1G1W alolmeefeodi M, conponents soluble in hexane, a
sat urat ed hydrocarbon “sol vent. These hexane sol utions 20 were conbi ned,

concentrated to a vol umarpfadifbdilaveredi tearw ohweet redPamé i ofii 6. 4a8 cool ed
at -20[err]C and allowed to stand for 12 hours, whereby a yellow solid
deposi ted. The&isted wissh el dteiteslr byas idried i wndendredueed uprtessureuced
pressure to obtain 0.10 g of a yellow solid. The 25 [err] H NWR

(CD[ er r] d [ er dnd diheeritnneiatatndsphery v s vreplacedrel thoargeet owrhen

170 ml of toluene as the solvent and 30 ml of hexene-1 as

10 the a-olefin were placed in the autoclave, and the
reactor was brought up to 60°C. After the temperature
rise, ethylene was fed into the reactor while the
ethylene pressure being controlled at 30 kg/cm@. After
the inside of the system had become stablé, 2.0 mmol, in

15 terms of the aluminum atom contained, of methyl-
aluminoxane (mfd. by Tosoh-Akzo K.K., MMAO-3A) and
succeedingly 2.0 pumol of isopropylidene(cyclopenta-
dienyl) (2-phenoxy)titanium dichloride synthesized in
Example 6(1) were fed into the reaétor. Polymerization

20 was carried out for 20 minutes while controlling the
temperature at 60°C.

As the result of polymerization, an ethylene-
hexene-1 copolymer having an SCB of 7.0 énd melting point
of 123.7°C was produced at a rate of 2.3 x 10% g per mole

25 of titanium per hour.
Comparative Example 1
(1) Polymerization

An autoclave with an inner volume of 400 ml



[err] 1.62 (s, 6H), 6.17 (t, 2H), 6.80 (d, 1H), 7.00 (t; 2H), 7.20 (t lkb
7. (Fﬁ 1H), 7.58 - 108 - (d, 1H) Additionally, the [err] CGNWR -
(COerr]Clerr] solvent) data are shown below. [err] 29.8, 37.3, 114.9,

119.8, 122.4, 125.6, 5 126.7, 127.8, 136.5, 143.8, 162.7 From

et T8 aar dopronrt bonel 001 o ot g Y 2 L O L
TR R ptyelisieeinp i sutind ity
$Egﬁr1ggdﬁfegaﬁpg$gﬁré?nﬁﬁdagﬁggiﬁ%gf §?§D§EF%%§ ﬁggﬁ#ébf§%¥%#NMt ar gon.
[err]-olefin &ében‘%?%eggulﬁ%ﬁzglgﬁg’é %\Q/’g,"%grl?d aﬂde%?égd(?{aggf \;\lea%sx]eg}eo-hlgﬁats up

to 60ferr]C éfalae&-taﬁaf&ﬁ”%%%_t #ﬁaeidsqn ey AR MRS d e Gridtthd he react or
whil e the ethylene pressure beiifig controlled at 6 kg/cnR. After the inside

of the sysjembadibecom® prablht Ap2RomByecl Aftdy ithohidngetatireim then
2.0 [err]nol of isopropylidenée-
‘rise, ethylene was fed into the reactor while the
ethylene pressure being controlled at 6 kg/cm?. After the
inside of the system had become Stable, 0.25 mmol of
triethylaluminum, then 5.0 pmol of 2,2'-thiobis(6;tert-
10 butyl-4-methylphenoxy)titanium dichloride synthesized
according to the method described in W087/02370 and JP-A-
5-230133, and succeedingly 15.0 pmol of triphenylmethyl
tetrakis (pentafluorophenyl )borate were successively
charged into the reactor. Polymerization was carried out
15 for 60 minutes while controlling the temperature at 80°C.

As the result of polymerization, an ethylene-

hexene-1 copolymer having an SCB of 26.1, [n,] of 3.78

and melting point of 116.8°C was produced at a rate of
2.9 x 10* g per mole of titanium.
20 Example 9
' synthesis of 1,5-dimethyl-3-(l-cyclopenta-
dienyl-l-methyl-ethyl)-2-methoxybenzene
To a solution (100 ml) of 2-bromo-4,6-
dimethylanisole (10.32 g) in anhydrous ether was added
25 dropwise at -78°C a 1.69 M hexane solution (56.8 ml) of
n-butyllithium, the resulting mixture was brought up to

room temperature over 2 hours, and the yellow solution



- 109 \\gcyclopentadienyl)(2-phenoxy)titaniun1dich|oride synt hesized in (1)
above and succeedingly 6.0 [err]nol of triphenyl nethyl

t etraki s(pent af |l uorophenyl ) borate were successively charged into the
reactor. Polynerization 5 was carried out for 60 m nutes while controlling
the tenperature at 60[err]C. As the resal £18f =pol yneri zati on, an ethyl ene-
hexene-1 copol yner having an SCB of_ 28.1 and %ierr ] of 1.08 was produced

at a rate of Fbws,ohRfadngd yascapied dio 118 um i thRrsebikionuas e 7

1) Pol i zat t.ocl i th | f 0,4, fitted with
gti)rrgryv\rr/ggl é%dﬁ%%ﬁ% V%s\sgr%%@a#}«a’{ neer'aérggc#?nie’?%'ejr'%ff%%’b‘ﬁgrewms :

repl aced wi th @ gonuy TheRd iy ind GhUANE @ Sd ' SRRy 86 Spdly OF

hexene-1 as thé "a-o I'n were place e aut ocl ave, e reactor was

brought up totgﬁ{e:gt'{]a]ggfoébxf r e Hcﬁﬂl@%ﬁi&"ﬁxfﬂﬁ& &ﬁ%ﬁ?ﬂ\aff%(g dinto

t he reactor whi et hyl ene pressure belng contro g/ cnR.

After the %nsit%#gratﬁ@resyﬁlgrm hasd;pecone stable, 0.15 mmol of

triisobutylalumnumwas fed into the reactor, and succeedingly 2.0 [err]nol

of isopropylidene(cycl omaiy aredbtivn )nZieNoxds tnived U eh Cih Cidééous
synthesized in 25 Exanple 6(1) and 0.1 mmol of triisobutylal um num which
had been pr el ammarivny adrdmicieesolidtigraEndttiesn vespa feted niwtd hen
aut ocl ave. Pol ynerization was carried out for 60 mnutes while controlling
t he t enper at uaguaow0[l@aygxCand an organic layer. Toluene solubles
were extracted from the aqueous layer by using toluene,
10 and the toluene solution obtained was combined with the
above-mentioned organic layer. The resulting organic
solution was washed with saturated aqueous sodium
chloride solution and then dried with anhydrous sodium
sulfate.
15 The organic solution thus treated was stripped
of the solvent under reduced pressure, and the residue
was treated by silica gel column chromatography to obtain
yvellow oily 1,5-dimethyl-3-(l-cyclopentadienyl-l-methyl-
ethyl)-2-methoxybenzene as a mixture of isomers (2.56 g,
20 yield 22%).
H NMR (CDC1;) & 1.58 (s, 6H), 2.22 (s, 3H),
2.28 (s, 3H), 2.81-2.97 (2H, 2.81:m;2.97:m),
3.26~3.29 (3H, 3.26:m;3.29:m), 6.08-6.48
(m,3H), 6.86 (d, 1H, J=1Hz), 6.87 (d, 1H,

25 J=1Hz)
mass spectra (EI, m/e) 242, 227, 211, 196, 177,

162, 149, 136, 119, 105, 91, 81, 65



- 110 ; As the result of polynerization, an ethylene- hexene-1 copol yner
héang\ah SCB of 29.0 was produced at a rate of 3.3 x 106 g per nole of
titanium per hour. Exanple 8 5 (1) Polynerization An autoclave with an

i nner volume of 0.4 | fitted with a stirrer was dried under reduced
pressure, and the inner atnosphere was repldced with argon. Then 170 m of
tol uene as the solvent and 30 mM of hexene-1 as 10 the [err]-olefin were
pl aced in the Brammlenkd and the reactor was brought up to 60[err]C. After
the tenperature rise, ethylene was fed into the. reactor yl ene

pressure being control | ¥khegig Pt HSORFIRYLidRNe %Y%‘%éﬁfﬁéyﬁeﬁgigm had
et byl - a1 um ke TRy By RRee TRy B reeeR R A8 S0 Sedingly 2. 0
G chil ori de. synthes! ved 1S B HraiS 5 SEFSH; (LRI TTRRYL 4 ATkl thy1 -3~
emer at i€ ot UB0TEE R o L ey L R e -

hexene-1 copol {df?izﬁadj Noa 8 MaRiEd MrdpWisadatied b€ ng POt MOhetdBe7[err] C
was produced at a rate of 2.3 x 10[err] g per nole 25 of titanium per

hour. Conpar atdyBuf@dp{ B. 95 (k) ) PFof ynebuzpllibthium, the resulting

mixture was brought up to room temperature and stirred
fof 12 hours. To the mixture obtained was added at
10 ;50°C, while being shielded from light, titanium tetra-
chloride (0.33 ml), the mixture was brought up to room
temperature in 2 hours and further stirred at room
temperature for 12 hours. The slurry thus obtained was
filtered and the filtrate was concentrated to obtain a
15 raw product. The raw product was recrystallized from
hexane to obtain orange crystals of isopropylidene-
(cyclopentadienyi)(3,5-dimethy1-2-phenoxy)titanium
dichloride (0.15 g, yield 14%).
I§ NMR (CgDg) & 0.99 (s, 6H), 2.18 (s, 3H), 2.29
20 (s, 3H), 5.46 (t, 2H, J=3Hz), 6.30 (t, 2H,
3Hz), 6.65 (d, 1H, J=2Hz), 6.95 (d, 1H, J=2Hz)
Example 11
Synthesis of l-phenyl-3-(l-cyclopentadienyl-1-
methyl-ethyl)-2-methoxybenzene
25 To an anhydrous ether solution (100 ml) of 2-
bromo-6-phenylanisole (14.00 g) was added dropwise at
-78°C a 1.69 M hexane solution (63.9 ml) of n-butyl-

lithium, the resulting mixture was brought up to room



An aut ocl ave with an inner volune of 400 m fitted wth a stirrer was
drTéd urider reduced pressure and the inner atnosphere was replaced with
argon. Then 170 m of toluene as the solvent and 30 mM of hexene-1 as the
[err]-olefin were placed in the autoclave, and the 5 reactor was brought
up to 80[err]C. After the tenperature ri4é4 ethylene was fed into the

reactor while the ethylene pressure being ontro|1ed at. 6 kg/cn. After the
: }¥ﬁ+§haﬁ%ﬁ$

i nsi de of the%%@%&%%{ PR IF 19 % num then
o0 A AR s e L
Lot raki o( pont TSR otyt SRR Hise S ket  PAFAETLEY5 ) m)
reactor, POl VIR SRR HAG PHLS AL BEougRt B (0TMOGE kbEracure
an ethyleng haxanerd Vakd Al A SCR@f aR6rdom [ t&pétaohrs. F8rand
melting poirnt of 116.8[err]C was produced at a rate of 2.9 X 10[err] g per
nol e of titaniymow®, Exanple 9 Synthesis of 1,5-dinethyl-3-(1-cyclopenta-
di enyl - 1- met hyl - et hyl ) - 2- net hoxybenzene To a solution (100 m ) of
2- brono- 4, 6- di net hyl ani Blod eréd®t 3@n gpixtuea hyals anbxed heithasn aggedoas
dropwi se at -78[err]C a 1.69 M hexane solution (56.8 m) of n-butyllithium
t he resul ti ng ammoniwn vwelsldridghsolption and separated into an aqueous
layer and an organic layer. The aqueous layer was
10 ° treated with toluene to extract toluene solubles there-
from, and the toluene solution obtained was combined with
the above-mentioned organic layer to obtain an organic
solution. The organic solution was washed with saturated
agqueous sodium'chloride solution and then dried with
15 anhydrous sodium sulfate.
The organic solution was then stripped of the
solvent under reduced pressure, and the residue was
treated by silica gel column chromatography to obtain
yellow oily l-phenyl-3-(l-cyclopentadienyl-l-methyl-
20 ethyl)-2-methoxybenzene as a.mixture of isomers (6.60 g,
yield 43%).
lH NMR (CDCl;) § 1.66 (s, 6H), 2.82-2.96 (m,
5H), 6.07-6.45 (m, 3H), 7.05-7.60 (m, 8H)
Mass spectra (EI, m/e) 290, 275, 260, 210, 183,
25 165, 152, 115, 91, 77
Example 12
Synthesis of isopropylidene(cyclopentadienyl)-

(3-phenyl-2-phenoxy)titanium dichloride



rqom tenperature over 2 hours, and the yellow solution - 112 - thus

obtai n was cooled to -78[err]C. To the solution was added dropw se

5-i sopropyl i dene-cycl openta-1, 3-diene (5.87 m), the resulting m xture was
brought up to roomtenperature over 12 hours and further stirred at roomb5
tenperature for 1 hour. The reaction nixt&t8 was mixed with an aqueous

amoni um chl ori de solution and then separated into an aquequs |ayer and an
or gani ¢ : ayer. Tol uene 9 @hexans es%ﬁ-}fr%% 2 el t%qla'tﬁﬁﬂﬁf‘r%/%f' by
usi ng toluene, 10 and the taol uene solutiqn obtai ned was conbi ne 1th the
above-nentionéﬂm&ﬂyﬁﬂﬁﬁq%ﬁﬂﬂl'1”ﬂ?éh¥&ﬂ?¢h¥}lﬁ Ellil ?ﬁﬁhﬁq%ﬁpﬁagla%%hed

th sat Ced S h : . . .
Anhydr ous. sodi G FRdES drorwiss € g SR AdEhETaShlaR
was stripped of,t | t EEKE |

treated by si I(i3c‘a6hgé'fsﬂc\c/ﬂepurrrll1'p r lrr%%%iﬁgghgﬁs%%%}n y fﬁ%&fﬁ??gsms
1,5-di met hyl '%éc}u%'lg%% %&myée-,ﬂpé?ai}gfe SidVd 1 2ra®t FOXYDENESAEs @S @

m xture of ~i soner g, 20 vyreld 229 [errr]H NVR (CDCl [err]) [err]
1.58 (s, 6H), @ 4hd midtire oBfaifed s ddddd ZaP7-50¢C, wBiler Berdgn) ,

3.26-3.29 (3H, 3.26:m3.29:nm), 6.08-6.48 (m3H), 6.86 (d, 1H, J=lHz), 6.87
(d, 1H, 25  ghielded Frdmizdight, titanium tetrachloride (0.55 ml),
the resulting mixture was brought up to room temperature
and stirred for 12 hours. The slurry thus obtained was
10 filtered and the filtrate was.concentrated to obtain a
raw product. -The raw product was recrystallized from
hexane to obtain orange crystals of isopropylidene- |
(cyclopentadienyl) ( 3-phenyl-2-phenoxy)titanium dichloride
(0.46 g, yield 23%). | | |
15 IH NMR (CgDg) & 1.20 (s, 6H), 5.39 (t, 2H,
J=3Hz), 6.26 (t, 2H, J=3Hz), 7.00-7.20 (m, 5H),
7.26 (dd, 1H, J=2 and 8Hz), 7.40 (t, 1lH,
J=8Hz), 7.75 (dd, 1H, 2 and 8Hz)
Example 13
20 Synthesis of 1-tert—butyi-3—[1-(3—tert-buty1-
cyclopentadienyl)el-methyl-ethyl]-2-methoXy—5-methyl-
benzene
To an anhydrous ether solution (30 ml) of 2-
bromq-G-tert-butyl-4-methylanisole (3.86 g) was added
25 dropwise at -78°C a 1.69 M hexane solution (17.8 ml) of
n-butyllithium, and then the resultiné mixture was
brought up to room temperature over 2 hours to obtain a

yellow solution. The yellow solution was cooled to



ma\si s.p\e/ctra (El', me) 242, 227, 211, 196, 177, 162, 149, 136, 119, 105,
91581,~65 - 113 - Exanple 10 Synt hesis of

i sopropyl i dene(cycl opentadi enyl)- (3,5-di nmethyl-2-phenoxy)titanium
dichloride To a hexane solution (10 m) of 1,5-dinethyl-3- 5

(1- cycl opent adi enyl - 1- et hyl - et hyl ) - 2- met hdRybenzene (0.727 g) was added

dropwi se at O[err]Ca 1.69 Mh | ut i .95 i - I thi

Lhe resEIJ_I ti Eg -ﬁi&?]tcur ghgas agy (ﬂ]ﬁe’fﬁdxarli(%ilss?(?uthkﬁﬁnl h ﬁ(qlelrﬂfe‘r% }L(r]gé dﬁd)bgcwlr#'lefjh:‘ gp] 12

ours. To the m xt bt ai ned dded 0 - whi |

E hi el ﬂed fromqqr&%ue‘:tﬁolt‘éff;%r;ﬂﬂx\{\ﬁ@ﬁﬂﬁ e ‘?‘% ?3?50 e_rn# '])ﬁqlrv:%ll%ne&?a%g%\hs

rought up to room efature in 2 t '

tenperature fé‘fasl?‘#’%?é{.r"ﬁw‘ss? [h_? fr}ij%uLszog%diaﬁ;ryn'red{%sé%lﬁgﬁﬁt%%d e

filtrate vas concaniqaned & QDA % dhibd At BOBIR: THndus prasact vas
ane to obtaln

recrystalli zed ¥ om orange crystals of isopropylidene-

(cycl opent gdi -4CH Yo PHEReXYat | ' ' ' 0.15 g,
gl glgdzém%).g [%%ﬁ%%&%‘?]fﬁ[ér?] ) [er:ﬁ' |%@%}%%@%{%m%@§8( (s, 3|9|) ,
: S

, T . réadbidd mAttudes s cbdinéd was Mmiked 6. 65
(d, [err]H J=2Hz), 6.95 (d, |H J=2Hz) Exanple 11 Synthesis of
1- phenyl - 3- ( 1+vesH Qe k@Y | artmoriiin ydh Boide - £ohet hox ydmd zeeparated
into an aqueous layer and an organic layer. The aqueous
layer was treated with toluene to extract toluene
10 solubles therefrom, and the toluene solution thus
obtained was combined with the above-mentioned organic
layer to form an organic solution. The organic solution
was washed with saturated aqueous sodium chloride |
solution and then dried with anhydrous sodium sulfate.
15 The organic solution was then stripped of the
solvent under reduced pressure, and the residue was
treated by silica gel column chromatography to obtain
yellow oily l1-tert-butyl-3-[1-(3-tert-butyl-cyclopenta-
dienyl)-l-methyl-ethyl]-2-methoxy-5-methylbenzene as a
20 mixture of isomers (1.80 g, yield 35%).
IH NMR (CDCl;) & 1.06-1.19 (m, 15H), 1.37-1.38
(9H;1.37:s;1.38:s), 2.31 (s, 3H), 2.76-2.90
(2H;2.76:m32.90:m), 3.24-3.26 |
(3H;3.24:8;3.26:8), 5.72-6.26 (m, 2H), 7.06 (d,
25 1H, J=1Hz), 7.10 (d, 1H, J=1Hz)
Example 14
Synthesis of isopropylidene(3-tert-butylcyclo-

pentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titahium



25 \,/ To an anhydrous ether solution (100 m) of 2-
erﬁb-G-phenyIanisole (14.00 g) was added dropwi se at -78[err]C a 1.69 M
hexane solution (63.9 nm) of n-butyl- lithium the resulting m xture was
brought up to room - .114 - tenperature over 2 hours, and a yell ow

sol ution thus obtained was cooled to -78tek¥7 G To the sol ution was added
dropwi se 5-isopropylidene-cyclopenta-1,3-diene (6.51 nl), the resulting

m xt ur e -was brd@ggionédﬁo roomtenperature 5 over 12 hours and further
stirred at roomtenperature for 1 hour. The reaction mxture was m._xed with

an aqueous anmoni um chl ofPd@ BEKAREOACARELOBpASaldd Pht & -AfTEqd YL Bayer
d ' T | 10 .t t i th, tql t
oxtract 1ol uenblEbATbPEL PO LeTE BREREAALERT L) ol CBRE P S BEP T 158 ai ned was
nmbined with th bove- ' ' ' '
col Ut on. ' The BFERARe"SREEsBRHe3ECK 00202 )< ks AR, BReB A% At
chioride sqf utheg and khen flekeovbbiul?oAntydsaun1S N M Bukia e cnlit
organi ¢ solution was then stripped of the solvent under reduc pressure,

and the resi dughuasebi?eiRE RYxturbCHa8CbrofgHEN uphteMRbea 2epelra tiitiai N
yellow oi ly 1-phenyl-3-(1-Cycl opent adi enyl - 1-net hyl - 20

et hyl) - 2- met hoxygepegeeds farnigt Hoarsl, | PoMehe mExEUre optalided3¥hs [err]H
NVR (CDCl[err]) [err] 1.66 (s, 6H), 2.82-2.96 (m
added at -50°C, while being shielded from light, titanium
tetrachloride (0.066 ml), the resulting mixture was
10 brought up to room temperature over 2 hours and then
stirred at room temperature for 12 hours. The slurry
thus obtained was filtered and the filtrate was
concentrated to obtain a raw product. This was
recrystallized from hexane to obtain orange crystals of
15 isopropylidene(3-tert-butylcyclopentadienyl) (3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride (0.040 g,
yield 15%).
IH NMR (CgDg) & 1.27 (s, 3H), 1.35 (s, 9H), 1.40
(s, 3H), 1.64 (s, 9H), 2.27 (s, 3H), 5.01 (t,
20 1H, J=3Hz), 6.41 (t, 1H, J=3Hz), 6.52 (t, 1H,
J¥3Hz), 7.11 (d, 1H, J=2Hz), 7.14 (d, 1H,
J=2Hz)
Example 15
Synthesis of 1-tert-butyl-3-[1l-(3-methylcyclo-~
25 pentadienyl)-l-methyl-ethyl]-2-methoxy-5-methylbenzene
' Under nitrogen atmosphere, a 1.69 M hexane
solution (100 ml) of n-butyllithium was added dropwise at

~-78°C to an anhydrous ether solution (300 ml) of 2-bromo-



f), 6.07-6.45 (m 3H), 7.05-7.60 (m 8H) Mass spectra (El, me) 290, 275,
26&{ Ziﬁ’ 183, 25 165, 152, 115, 91, 77 Exanple 12 Synthesis of
i sopropyl i dene(cycl opent adi enyl ) - (3-phenyl - 2- phenoxy)titani um di chl oride
- 115 - To a hexane solution (20 m) of 1-phenyl-3-(1-
cycl opent adi enyl - 1- et hyl - et hyl ) - 2- met hoxyldéhzene (1.45 g) was added
dropwi se at O[err]C a 1.69 M hexane sol ution |11 thium

3, f n-
the resulting ﬂT&?Uﬁébﬁﬁxlﬁ4bﬂ%ﬁﬁﬁ%aﬂbs?Ber63&??%nﬁéraFﬁ?erﬁﬁﬂagﬁpgred f or
12 hours. To the mxture ngtalned was, added a % O%F LC whi
shi el ded frog1m+ﬁﬁ?retV?§. GRreRE URHFQ, FRM HS®BS &u ?hBVFESS goﬁﬁ
m xture was brou 0 f o
slurry thus ob?% §5i01633¥¥%g$§3£§ ureRgQ néé gdﬁégigéﬁcgﬁg?gtegh?o
obtain a raM/p% gﬁ lsgyﬁtigﬂ’Qﬁgdgﬁée&a§r6§ﬁi¥étéhlhﬁﬁngBQQ‘Qﬁﬁége to

obt ai n orange I Sopr opy

I ' h | =
L5102 8 QALY B TOR ptfnoaimmia

Tt s Y e Mg i et
Synt hesi s of 1tbefboﬁut¥hp8r&iuta beer- bat burs and then stirred at
room temperature for 1 hour.
The reaction mixture thus obtained was mixed
10 with an aqueous ammonium chloride solution and separated
into an aqueous layer and an organic layer. The aqueous
layer was treated with toluene to extract toluene
solubles therefrom, and the toluene solution thus
obtained and the above-mentioned organic layer was
15 combined to obtain an organic solution. The organic
layer was washed with saturated aqueous sodium chloride
solution and then dried with anhydrous sodium sulfate.
The organic solution was then stripped of the
solvenf under reduced pressure and the residue was
20 treated by silica gel column chromatography to_obtain
yellow oily l-tert-butyl-3-[1-(3-methylcyclopentadienyl)-
l-methyi-ethyl]-2-methoxy-S-methylbenzene as a mixture of
isomers (3.27 g, yield 13%).
Iy NMR (CDCl;) & 1.37-1.39 (9H;1.37:s;1.38:s;
25 1.39:s), 1.59-1.61 (6H;1.56:s;1.60:s;1.61:s),
1.98 (m, 3H), 2.30 (s, 3H), 2.70-2.84 (m, 2H),
3.30-3.35 (3H;3.30:s;3.31:8;3.35:8), 5.75-6.19
(m, 2H), 7.02-7.08 (m, 2H)



cycl opent adi enyl ) - 1- net hyl - et hyl ] - 2- net hoxy- 5- net hyl - benzene To an
anhydrous ether solution (30 mM) of 2- brono-6-tert-butyl-4-nethyl anisole
(3.86 g) was added 25 dropwise at -78[err]C a 1.69 M hexane solution (17.8
m) of n-butyllithium and then the resulting m xture was brought up to
room tenperature over 2 hours to obtain-a 3 |-ow solution. The yell ow
solution was cooled to - 116 - -78C__then an anhygrgus g her, oIgEion
(10 m) of 2- tert-butyl ¥8sps8BPEEFRI (ERe- BYE) 0p8Ara2833- dPdme 203 1422dy was

added dropwi se to the so ion, th esyltin I X e broug up to
room tenperature over lzgﬂéur%?gang7é'fEpﬁheg4g}iﬁ?éd &@S'lbﬁdugyat room
tenperature. The regct#gn m xture thus obtained was m xed wi th an aqueous
ammoni um chl or FE&BoFutPon and separated into an aqueous |ayer and an

organi c |ayer. The aqueo : sBF 66 Sg Wi HBnbEehUGRE R oS baCct
tol uene 10 sol ubl es therginﬁ¥g%ﬁd ?he tgku Ke soPuglon tﬁgg Sgtained was
combi ned wid h L858+ 389¥Rs F‘f@BLE@%@-Bﬁ%mLs-inexﬁg,lLQ-baéﬂbﬁgy)@i&ammm_
sol ution. e organi c SX ation was waShed wi th saturated aqueous sodi um
chl oride sol utjpanhasdigBen dried with anhydrous sodi um sul fate. 15
The organic solution was then stripped of the solvent under reduced
pressure, and the residugowashexaacedoliytiohi ¢a0gmil )colfuir temtetmttyd-3shy
to obtain yellowoily 1-tert-butyl-3-[1-(3-tert-butyl-cycl openta-
[1-(3-methylcyclopentadienyl)-1l-methyl-ethyl]-2-methoxy-
5-methylbenzene (0.298 g) was added dropwise at 0°C a
10 1.56 M hexane solution (0.96 ml) of n-butyllithium, the
resulting mixture was brought up to room temperature and
stirred for 12 hours. To the resulting mixture was
added, while being shielded from light, at -50°C titanium
tetrachloride (0.11 ml), then the mixture was brought up
15 to room temperature over 3 hours and further stirred at
room temperature for 12 hours. The slurry thus obtained
was filtered and the filtrate was concentrated to obtain
an orange oil of isopropylidene(3-methylcyclopenta-
dienyl) (3-tert-butyl-5-methyl-2-phenoxy)titanium
20 dichloride (0.10 g, yield 25%).
'H NMR (C¢Dg) & 1.38 (s, 3H), 1.41 (s, 3H), 1.68
(s, 9H), 2.24 (s, 3H), 2.27 (s, 3H), 5.34 (t,
1H, J=3Hz), 5.72 (t, 1H, J=3Hz), 6.23 (t, lH,
J=3Hz), 7.13 (d, 1H, J=1Hz), 7.14 (d, 1H,
25 J=1Hz)
Example 17
Synthesis of 1-tert-butyldimethylsilyl-3-(1-

cyclopentadienyl-l-methyl~ethyl)-2-methoxy-5-



dienyl)-1-net hyl - et hyl ] - 2- met hoxy- 5- met hyl benzene as a 20 m xture of

S rs(1.80 g, yield 3599. [err]H NWVR (CDCl[err]) [err] 1.06-1.19 (m
15H), 1.37-1.38 (9H;1.37:5s5;1.38:s), 2.31 (s, 3H), 2.76-2.90 (2H; 2. 76: m
2.90:m, 3.24-3.26 (3H;3.24:5s;3.26:s), 5.72-6.26 (m 2H), 7.06 (d, 25

1H, J=IHz), 7.10 (d, 1H, J=1Hz) Exanpl e-1428ymt hesi s of

| sopropyl i dene(3-tert-butyl cycl o-

pent adi enyl ) ( 3nethylhenzens.- net hyl - 2- phenoxy) titani um - 117 - dichloride
To a hexane solution (3 '

q&%?of l-tert-but I-%%
L (5 tert ity cyclope e yraoTRaSRRigr. 2 L 6) X o
lk)lexanﬁi/sol uti 0¥P](b‘btzw n(égt)& 'ﬁgﬁ?€?373$$ﬁﬂ}9{ﬁ’g%2‘§%$¥ ?%%e(?r%i( %&ve’?g/ggﬂ
rou up to r ' '
obt aned was dfoca SrC G0 g FuiESYe et ChoterioH fag tan) B LN

tetrachi orgde §of@06 Mdre Lifey F3HOLAR 81 1y VL £-1BEnY an DEOUEN| 611001 §) ) OOM

t enperaturé& over hours and then stir roomtenperature for 12 hours.

The slurry thus,Qbtdwpei NG Smikthrs efadBréhight i bpr ebervon tempepatared to
obtain a raw product. This was recrystallized from hexane to obtain orange

crystals of 15vés0oPrieputs feard Sthertesul yingcyebtowasotayiphlwasrt -
but yl - 5- et hyl - 2- phenoxy) titani um di chl ori de (0.040 g,
cooled to -78°C. To the cooled solution was added drop-
wise an anhydrous ether solution (10 ml) of 5-isopro-

10 pylidene-cyclopenta-1,3-diene (2.43 g), the resulting
mixture was brought up to room temperature over 12 hours
and then stirred at room temperature for 1 hour.

The reaction mixture obtained was mixed with an-
aqueous ammonium chloride solution and separated into an

15 aqueous layer and an organic layer. The aqueous layer
was treated with toluene to extract toluene solubles
theréfrom, and the toluene solution thus obtained was
combined with the above-mentioned organic layer to obtain
an organic solution. The orgénic solution was washed

20 with saturated aqueous sodium chloride solution and then
dried with anhydrous sodium sulfate.

| The dried organic solﬁtion was stripped of the
solvent under reduced pressure and the residue was
treated by silica gel.column chromatography to obtain

25 yellow oily l-tert-butyldimethylsilyl-3-(1l-cyclopenta-
dienyl-1l-methyl-ethyl)-2-methoxy-5-methylbenzene as a
mixture of isomers (2.80 g, yield 43%).

lH NMR (CDCl,) & 0.30 (s, 6H), 0.79 (s, 9H),



yield 1599 . [err]HNWR ((Jerr]Derr]) [err] 1.27 (s, 3H), 1.35 (s, 9

1.%9 ($7’3FD 1.64 (s, 9H), 2.27 (s, 3H), 5.01 (t, 20 K ( 1H,FD

J=3Hz), 6.41 (t, 1H, J=3Hz), 6.52 (t, 1H, J=3Hz), 7.11 (d, 1H, J=2Hz), 7.14

(d, 1H, J=2Hz) Exanple 15 Synthesis of 1-tert-butyl-3-[1-(3-nethylcyclo- 25

pent adi enyl ) - 1- net hyl - et hyl ] - 2- net hoxy- 5- @@thyl benzene Under nitrogen

- at nosphere, a 1.69 M hexane solution (100 mM) of n-butyllithiumwas added
drgggﬁseGat -78Lerr]C t ot el atdw d¥Blie btﬁ%r(%olﬁg)onz(ébo(%ﬁ)3%)r22b$BnD-

- - 6-tert-butyl-4-nethyl anisole (20,97 the resuyltin | xture was

brought up to room t enpet v} &%?Hq_)ho%r?f"ge‘n‘?i' alfg@evi'%#\!*%br g?ﬂaﬁ klﬁﬂs

obt ai ned was cooled to -;%ifzé%fﬁi%?%éhﬁmfogﬁgi09'&Qs(§gdfg'd599ﬁ£§? an

anhydrous ether 5 sol ut

2- et hyl - 5-i sopr opyl i dene-cycl opepta- . 1s3-diene (9.78 g), the resulting
m xture was brought up Pﬁ'fooh?teg%ér%tﬁgﬁyover 12 hours and then stirred

at roonltegperﬁgéééPéoisl hour. The reaction m xture thus obtai ned was
m xed 10 wi'th an ueous anmoni um chl oride solution and separated into an

e 5 ek o o SR ol pepuepLasmsarty:
thus obtained gpdtéihe-BReyEdiRethpledl pl9srnetheyeR-phsnoxy)titanium
dichloride
To a hexane solution (30 ml) of l-tert-butyl-
10 dimethylsilyl-3-(l-cyclopentadienyl-l-methyl-ethyl)-2-
methoxy-5-methylbenzene (1.25 g) was added dropwise at .
0°C a 1.69 M hexane solution (3.25 ml) of n-butyllithium,
the resulting mixture was brought up to room temperature
and stirred for 12 hours. To the mixture obtained was
15 added, while being shielded from light, at -50°C titanium
tetrachloride (0.41 ml), the resulting mixture was
brought up to room temperature over 3 hours and then
stirred at room temperature for 12 hours. The resulting
slurry was filtered and the filtrate was concentrated to
20 obtain a raw product. This was recrystallized from
hexane to obtain orange crystals of isopropylidene-
'(cyclopentadienyl)(3—tert—butyldimethylsi1y1—5—methyl-2-
phenoxy)titanium dichloride (0.40 g, yield 26%).
IH NMR (CgDg) & 0.65 (s, 6H), 1.10 (s, 9H), 1.23
25 (s, 6H), 2.25 (s, 3H), 5.56 (t, 2H, J=3Hz),
6.31 (t, 2H, J=3Hz), 7.20 (d, 1H, J=2Hz), 7.28

(d, 1H, J=2Hz)



15 conbined to obtain an organic solution. The organic |ayer was washed

W satur at ed aqueous sodi um chl oride solution and then dried with
anhydrous sodium sul fate. The organic solution was then stripped of the

sol vent under reduced pressure and the residue was 20 treated by silica gel
col um chromat ography to obtain yel |l ow oi 1¢2 -

l-tert-butyl-3-[1- ;3 net hyl cycl opent adi enyl ) -

17nFéh{g>§th{l Th R Héky- 5- net hyl benzene as a nixture of isonmers (3.27 g,

yi e 9 errr 6, 1.37-1.39 1. 38: s 2F

%. gg: s), 1.59-1.61 (6H 1‘3(13‘5%%5?{%](3% Hs%lr%ﬁyfﬁdé‘éeiﬁgg?ﬁ &Eg‘gbé‘?‘%ﬁﬁm,
.70-2. 84 3

7.02-7.08 Em (g%)f‘butyqfar%' 132 q‘@r?“ fé‘rlt‘%}ﬁ?‘“z 58c§12<§1§1§3é3 (2]412H)’
227, 219, 189, 179, 161.4dl4f pdidne %u@ﬂon5(72§xrﬁ‘f})|é’f1§ SHt8esbsiaf

|sopropyI|dene(3 nethylcycl
pent adi enyk) (& ? %utlvhﬁmﬁE?Ijﬂyébeam@d\%)ﬁnéaéhm@ﬂaﬁﬁéﬁrageﬂom-

hexane solutlo of 1-tert-butyl-3-

[ 1- (3- met hyl cyg) Qﬁerﬁﬁ?ﬁﬂy 1) vadreidyed edtyl e 2c mei banyum Steerayhbopidee
(0.298 g) was added dropwi se at O[err]C a 10 1.56 M hexane solution (0.96

m) of n-butyldgtis wm, thes rmeesd i ng m xture was brought up to room
tenperature and stirred for 12 hours. To the resulting m xture was

Thereafter, the resulting mixture was brought
up to room temperature over 3 hours and then stirred at

10 room temperature for 12 hours. The solution turned light
brown, and a dark orange solid deposited.

The reaction mixture was filtered to collect
the solid, and hexane solubles were extracted from the
solid by using hexane (120 ml). The hexane solution

15 obtained were combined, then concentrated to a volume of
30 ml, cooled to -20°C, and allowed to stand for 12
hours. The yellow crystals thus deposited ﬁere collected
by filtration and dried under reduced pressure to obtain
yellow needle-like crystals of isopropylidene(cyclopenta-

20 dienyl)(3-t~-butyl-5-methyl-2-phenoxy)titanium dichloride
(0.40 g, yield 64%).

lH NMR (CD,Cl,) § 1.33 (s, 9H), 1.51 (s, 6H),

2.30 (s, 3H), 6.06 (t, J=2.7Hz, 2H), 6.92 (t,

J=2.7Hz, 2H), 6.99 (s, 1lH), 7.19 (s, 1lH)

25 Mass spectra (CI, m/e) 386



added, while being shielded fromlight, at -50[err]C titani umtetrachloride
(d?il hfj, then the mxture was brought up 15 to roomtenperature over 3
hours and further stirred at roomtenperature for 12 hours. The slurry thus
obtained was filtered and the filtrate was concentrated to obtain an orange
oi | of i sopropyl i dene(3-net hyl cycl opent a- 123 -
dienyl) (3-tert-butyl-5-nethyl-2-phenoxy)titani um 20 dichloride (0.10 g,
>1/| gl{sd(ZS(V%i_D[eﬂﬂquz 2411WF2( ngc_:[i)err]D[err]) [err] 1.38 (s, 3H), 1.41 (s, 3H,

: S, , 2. S, ;2. 20 (s, 3 .34 (t H . J=3 , e 0. 7 , 1H
J:|3Hz), 6.23 (t, 1H, J=Hythesis ?%,({D'Félgléf%i}j'37’F1‘i£tr’a?t§ir5’z%e€h§’i'
J=l Hz) Exanple 17 nt.hesis . of 1-terisbutyldinmethylsilyl-3-(1-
Eyglopen{adie@WQQéiﬁﬁl r 4*ﬂﬁ§h¥i%ﬁ&?ﬁﬁy-5- - 120 - nethyl benzene

nder nitrogen atnospher . e ut 4 4 -1-
n-butyl it hi um was addeaﬁd?%pa\}m}g%x%‘lfg-%{‘g?fﬁ {%Q%iinﬁgd?%%%g thay-t

sol ution (EOIHQO _égté&txgéﬁQFSEéﬁ%ﬁ%gg gﬁgéﬁgtby[@bl?b-aagnaaaéanisoIe

(6.00 g), The'resulting m xt _ t up to roomfieéenperature over 2
hours, ~and theyr&s dd Nok o1 0w £01 L§6 O H@ﬁaﬁ@oééﬂutﬂon7§[7€46]ﬂlzTeft he

cool ed sol ution was added drop- wi se an anhydrous ether solution (10 m) of
5-isopro- 10 AfubdEelE: €yDhmpeaid- dhd- desabt{dgdfigturehwasestirred at
-10°C for 30 minutes.
Into the mixture obtained above was added
10 dropwise dichlorodimethylsilane (1.75 g) over one minute,
the resulting mixture was brought up to room temperature,
then stirred for 2 hours, and thereafter the solvent and '
the excess of dichlorodimethylsilane were distilled off.
To the residue obtained was added hexane (10 ml), the
15 mixture was filtefed, and the filtrate was stripped of
the solvent under reduced pressure to obtain (2-allyloxy-
3-tert-butyl-5-methylphenyl )chlorodimethylsilane as a
pale yellow oil (purity 80%) (3.50 g, yield 78%).
Mass spectra (EI, m/e) 296, 281, 253, 245, 220,
20 205, 189, 161, 145, 128, 115, 93, 75, 41
Example 22
Synthesis of (2-allyloxy-3-tert-butyl-5-methyl-
phenyl)dimethyl(2,3,4,5-tetramethylcyclopentadienyl)-
éilane
| 25 Into a tetrahydrofuran solution (50 ml) of
tetramethylcyclopentadiene (1.55 g) was added dropwise at
-10°C a 1.66 M hexane solution (7.87 ml) of n-butyl-

lithium, the resulting mixture was brought up to room



mXxture was brought up to roomtenperature over 12 hours and then stirred
at ooﬁTTenperature for 1 hour. The reaction m xture obtai ned was m xed

wi th an aqueous anmoni um chl oride sol ution and separated into an 15

aqueous | ayer and an organic layer. The aqueous |ayer was treated with

tol uene to extract toluene sol ubles therel2dnm and the tol uene sol ution

t hus obt ai ned was conbi ned with the above-nentioned organic |layer to obtain
an organi ¢ soltempgratnre orthen Etigmad FPied W%cﬁrﬂ‘g then reeated atd
aqueous sodium chl oride solution and then dried w th anhydrous sodi um

sul fate. The dﬂﬁ@@-organic solution was stripped of the solvent under

reduced pressure and the resique was treated b 1l.ica gel_co
chr omat ogr aphy to obtai t™¥% PHeF S Si5tatited' abdte 4ras RA4ER

Ltert-butyl dgeriu sl Lyl el el 40801 Sorusion (25 ml)y cooled to
2.80 q, Leld 9 . : .79

ony. O Y451 1y 4 (ARINIGPA S oi it e ey Fanali ) 7,

J=2Hz), 2.95 Qﬁ‘lﬁd%“&@:m 1s 3taie (fpeur;’-iéﬂys #090-9.560 gModdt ore09 (d, 1H

J=2Hz), 7.19 (d, 5 Exanp ynt hesi s of
i sopropyl i dengfigiadeopentislirastl)ting mixture was brought up to room

(3-tert-butyl di met hyl silyl-5-nethyl-2-phenoxy)titaniumdichloride
temperature and then stirred for 20 hours.
The reaction mixture was mixed with water (50
10 ml) and separated into an aqueous layer and an organic
layer. The organic layer was washed with saturated
aqueous aﬁmonium chloride solution (50 ml) and then the
solvent was distilled off to obtain (2-allyloxy-3-tert-
butyl-5-methylphenyl)dimethyl(2,3,4,5-tetremethylcyclo-
15 pentadienyl)silane as a pale yellow oil (purity 58%)
(4.52 g, yield 72%).
lH NMR (CDCl;) & 0.13 (s, 6H), 1.42 (s, 9H),
1.69 (s, 6H), 1.79 (s, 6H), 2.28 (s, 3H), 3.42
(s, 1H), 4.40 (dt, 2H, J=2, 2Hz), 5.28 (dq, 1H,
20 J=2, 11Hz), 5.54 (dq, 1H, J=2, 17Hz), 5.99
(ddt, 1H, J=2, 11, 17Hz), 7.03 (d, 1H, J=2Hz),
7.17 (d, 1H, J=2Hz)
Mass spectra (EI, m/e) 382, 341, 261, 162, 121,
41
25 Example 23
Synthesis of (2-allyloxy-3-tert-butyl-5-methyl-
phenyl)dimethyl(2,3,4,5—tetrémethylcyclopentadienyl)-

silane



thg hexane solution (30 m) of 1-tert-butyl- 10

d th?T%iIyI-3-(1-cyc|opentadienyl-l-nethyl-ethyl)-z-

met hoxy- 5- met hyl benzene (1.25 g) was added dropwi se at O[err]C a 1.69 M
hexane solution (3.25 m) of n-butyllithium the resulting m xture was
brought up to room tenperature and stirre&gkor 12 hours. To the m xture

o 8 e S Ak M OB A,
room t enper at h '

nour's. The. r e e LAF YRR e AR A e e R AR O30 81 o
10,20, 0Pl Medel AUARL M s ol YIS V!5 b ARk BRIEN 1 © ObT Al

orange cryst ai"'?so ene-

| t adi | = - ' IR . . j i
i thl or e (0 U887 I3 PO S Jlevys S aeig sl o

6H), 1.10 &s, «th123PFor one hour. (S, 6H, 2.25 (s, 3H), 5.56 (t, 2H,
J=3Hz) 6.51 Z"’tg,é B TS5h) T 7200 (d, 1H, J=2Hz), 7.28 (d, 1H J=2Hz) -

122 - Exanpl e 20 Synt hesprfe Gt Ghtd et (alyove pedd callded | dropwise,
(3-t-butyl-5-nethyl - 2- phenoxy) titani umdi chloride To a hexane sol ution (25
m) of a whitehidld the tehngeratude bednyg )maixita ireet i at t+20 3@Aner ne@hew, as
in (1- 4) of Exanple 1 was added at -70[err]C titaniumtetrachloride -(0.18
m, 1.6 mvl) .over 30 minutes into a hexane solution (200 ml) at -78°

of dichlorodimethylsilane (100.0 g). Thereafter the

10 resulting mixture was brought up to room temperature over
2 hours, then stirred for one hour, and the sqlvent and
the excess of dichlorodimethylsilane were distilled off
under reduced pressure.

The mixture obtained was dissolved in tetra-

15 hydrofuran (200 ml). Into the solution was added drop-
wise at -78°C over 30 minutes a solution of tetramethyl-
cyc;opentadienyllithium prepared from a tetrahydrofuran
solution (400 ml) of tetramethylcyclopentadiene (14.67 g)
and a 1.56 M hexane solution (76.92 ml) of n-butyl-

20 1lithium. The resulting mixture was brought up to room
temperature over 2 hours and then stirred for 12 hours.

Then the reaction mixture was mixed with an
aqueous ammonium chloride solution and separated into an
aqueous layer and an organic layer. The aqueous layer

25 was treated with hexane.to extract hexane solubles
therefrom, and the hexane solution obtained and the

above-mentioned organic layer were combined to form an

organic solution. The organic solution was washed with



Thereafter, the resulting m xture was brought up to roomtenperature over 3
hoUufs and then stirred at 10 roomtenperature for 12 hours. The solution

turned light brown, and a dark orange solid deposited. The reaction m xture
was filtered to collect the solid, and hexane sol ubles were extracted from
the solid by using hexane (120 ml). The< h&28n& sol uti on 15 obtai ned were

conbi ned, then concentrated to a vpl ume aof 30 0oJed to err]C ,and
all oned to st &aFurgtetd fﬁ%f Qﬁ§QEﬁgﬁeﬁ%f d@ﬁ%'€9%ﬁ éé
collected by fil ratlon and dr d und reduced pressure to obtain yell ow
needl e-1i ke ¢ o%ﬁ cyc? openta- 20

5156” 1rr] H R (Féo[méﬁ "%“5 o ﬁecf%e*y%a"&%@ (TR s Wekbpdo Soe fio ]
3H), 6.06 (t, s&l.%e@?’arﬁi")t hé s idue s 7tH?eat?é‘& g g {Sa déll . cd1rdln(s,

1H) 25 ss spectra (Cl, me) 386 3 - Exanple 21
Synthesis gf (Fnnat! d?j%gﬁmegéom r heminy] -toheyais hte1ofi 686 hyl sy ane

‘Into a hexane solution of 2- aIIonxy 1- 5
br omo- 3- t er t - 4 115 Isiy3 eszesdsu iyl 45)-1g0 tpbpleeitell) dit mewhgk( 25 3; 4pferr] C

a 1.66 M hexane solution (7.46 m) of n-butyllithium and the resulting
m xture was stiegtrahmetthy Bl dpentdiemyl psilane (24.4 g, yield 53%).
Example 24
Synthesis of (2-allyloxy-3-tert-butyl-5-methyl-
10 phenyl)dimethyl(2,3,4,5-tetramethylcyclopentadienyl)-
silane

Into a mixture of magnesium (0.80 g), iodine
(0.05 g) and tetrahydrofuran (200 ml) was added at room
temperature 2-allylo#y-1-bromo-3-tert-butyl-s-methyl-

15 Dbenzene (0;10 g) and the resulting mixture was stirred at
'50°C for one hour.

Into the mixture obtained above was added
dropwise at 60°C over 6 hours a toluene solution (20 ml)
containing 2-allyloxy-l-bromo-3-tert-butyl-5-methyl-

20 Dbenzene (8.10 g) and dichloiodimethylsilane (10.9 g), and
the resulting mixture was stirred for one hour.

The solvent and the excess of dichlorodimethyl-
silane were distilled off from the mixture obtained above
under reduced pressure, then tetrahydrofuran (100 ml) was

25 added to the residue, and cooled to -78°C. Into the
resulting mixture was added at -78°C a tetrahydrofuran
suspension (100 ml) of tetremethylcyclopentadienyllithium

(3.71 g) over 5 minutes, the resulting mixture was



Into the m xture obtained above was added 10 dropw se
dftﬁlo?ﬁﬁinethylsilane (1.75 g) over one mnute, the resulting m xture was
brought up to roomtenperature, then stirred for 2 hours, and thereafter
t he solvent and the excess of dichlorodinet@ylsilane were distilled off.

the residue obtained was added hexane (10l@

and the filtrate was strigged of the sol vent under _reduced ﬁregﬁure to
I

obtain (2-al | WesyShE R,

bERGM - LR RS FRFR 9V FE hE oROBF et

I '] . . o .
pal e ye OMIOIIt(qu%E%pSgSQ Agﬁgg.g, yield 78% . Mass spectra (El, nie)

296, 281, 253,8

205, 189, 161, 145, 128, 115, 93,

prenyt) 6 ot (3,53, 5.8 ket A M BRYR SA SPACALFTHLe caon
n .
L5 #18 s gPa b a8, 19PoTha RupbBhECTEYIY) HA QAVOLGENEES L

Into a tetrah
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fBne as a

To

~the 15 m xture was filtered,

55

e _ b ;élrred for 3 hours and then cooled to -10[rtt] C. Into
the mxture obgpta Poxe1peSxpddctedt OPUL§E-B-nethghpHeni/l)dimeehyli-on
(25 M), cooled to 5 e-lO[e???C? of ¥ ehyteay) ¥

(2-al |yl oxy- 3- { eet rémévhybeyelopenhadibhylhlidandi ast aypsaileayellpur ot} 80%
3.50 g) over one

(purity 45%) (9.70 g, yield 39%).
Example 25

Synthesis of dimethylsilyl(tetramethylcyclo-
pentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)titanium
dichloride

To a chlorobenzene solution (10 ml) containing
(2-allyloxy-3-tert-butyl-5-methylphenyl)dimethyl(2,3,4,5-
tetramethylcyclopentadienyl)silane (0.96 g) and triethyl-
amine (0.70 ml) was added dropwise at -78°C a 1.56 M
hexane solution (1.61 ml) of n-butyllithium, then the
resulting mixture was brought up to room temperature over
2 hours and further stirred for 6 hours.

The mixture thus obtained was cooled to -78°C
and a chlorobenzene solution (3 ml) of titanium tetra-
chloride (0.276 ml) was added thereto. The resulting
mixture was brought up to room temperature over 3 hours
while being shielded from light, then stirred for one
hour, thereafter brought up to 120°C over one hour and
stirred for 35 hours. |

The reacﬁidn mixture was filtered, and the

filtrate was stripped of the solvent to obtain a reddish



mnute, The resulting m xture was brought up to roomtenperature and then
sttMred—for 20 hours. The reaction mixture was nixed with water (50 10 m)
and separated into an aqueous |ayer and an organic |ayer. The organic |ayer
was washed with saturated agqueous anmmoni um chloride solution (50 m) and
then the solvent was distilled off to obt&i28 (2-allyloxy-3-tert-

but yl - 5-met hyl phenyl ) di nethyl (2, 3,4, 5-tetrenethyl cyclo- .1

pent adi enyl ) sibzgwet Bokidbal THR|$Rhid¥asg pﬁ??@ss%x&lf—ﬁ%gra{“ 9i bpgansy)

I R S Bl f e A" 1
11, 17Hz), 7. (Fff%‘,aﬁﬁﬁ J é&fﬂ?ﬁ*ﬁf%ﬁ?&t%ﬁ?a’&é%§°¥E%§3%é§%§%§ﬁ§ﬁ|)? 3%? e)
382, 341, 2611%%£¥%Q§§23fé§$é§¥£¥?@1$ﬁé3§%§yﬂiEéﬁiﬁmoﬁich1oride (0.58

(2-allyloxy-3

phenyl ) di mgt hyl ( ramet hyl cycl opent adi enyl )- sil ane - 125 - To
a tet rahygrgof éhﬁv%ﬁﬁ%ﬁs {500 nml) of 2-

al Iyl oxy-1-br smsi&ts@- butyl -5-net hyl benzene (33.98 g) was added dropw se
at -78[err]C a 1. M hexane solution (76.92 m) of n-butyllithiumand the

resulting mxture Synthesis of dimethylsilyl(tetramethylcyclo-
pentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)titanium
dichloride
10 Into a toluene solution (8 ml) of (2-allyloxy-
3-tert-butyl-5-methylphenyl)dimethyl(2,3,4,5-tetramethyl-
cyclopentadienyl)silane (0.28 g) was added dropwise at
-78°C a 1.56 M hexane solution (0.70 ml) of n-butyl-
lithium, the resulting mixture was brought up to room
15 temperature over 2 hours and then stirred for 12 hours.
The mixture obtained was cooled to -78°C, and a
chlorobenzene solution (2 ml) of titanium tetrachloride
(0.080 ml) was added thereto. The resulting mixture was,
while being shielded from light, brought up to roém
20 temperature over 3 hours, then stirred for one hour,
further brought up to 90°C over one hour and stirred for
10 hours.
The reaction mixture was filtered and the
filtrate was stripped of the solvent to obtain a reddish
25 brown solid. The solid was recrystallized from a hexane-
toluene solvent mixture to obtain red needle-like
crysﬁals of dimethylsilyl(tetramethylcyclopentadienyl)(3-

tert-butyl-5-methyl-2-phenoxy)titanium dichloride (0.14



5 was stirred for one hour. The m xture obtai ned above was added dropw se,
whrt e e tenperature being maintained at -20[err]C or bel ow, over 30
mnutes into a hexane solution (200 m) at -78[err]C of

di chl orodi net hyl silane (100.0 g). Thereafter the 10 resulting m xture was
brought up to room tenperature over 2 hout3? then stirred for one hour, and
the solvent and the excess of dichlorodinmethylsilane were distilled off
under reduceddpr ¥$€dfe 42Mle ni xture obtai ned was dissolved in tetra- 15
hydrofuran (200 m ). _|nto the solution was added drop- w se at -78[err]C
over 30 mi nut &XaBPd& #7i on of tetramet hyl - cycl opentadi enyl I'ithi um prepared

(14767 o) and a 1. 56 M nones & (e SR L) CARPBRGD BRY

The resulting gy r m t enperature over 2 hour d
then stirred Fg%é%§%%§ﬁ§§§iéﬁiﬂgﬁﬂy%gfiéﬁg) o urs an

en t eaction m xture was m xed with an

agueous angoni um chl ori &g, $P!uitHh¥bHRARN BSThEIBR ETORGEPUSE | 2¥er and
an organi c |l ayer. The aqueous |ayer 25 was treated with hexane to extract

hexane sol ubl gs-dnferreefo-nmeti, 1diti deings S48 W j ora®hiddeddropwide at

‘above-nentioned organic |ayer were conbined to forman organic solution.
The organi c salagdma A% 0vas teskand hsolutid®6(37 shtnl htell mepetyd-sodi um
chl oride solution and then dried wi th anhydrous sodi um sul f at e.
lithium, and thereafter the resulting mixture was brought
up to room temperature over 2 hours.

10 The mixture obtained above was added dropwise
to a hexane solution (200 ml), at -78°C, of dimethyl-
dichlorosilane (19.36 g) over 10 minutes. Then the
resulting mixture was brought up to room temperature over
2 hours, then stirred for one hour, and the solvent and

15 the excess of dimethyldichlorosilane were distilled off
under reduced pressure.

The mixture obtained was dissolved in tetra-
hydrofuran (300 ml). Into the resulting solution was
added dropwise at -78°C a 2.0 M tetrahydrofuran solution

20 (15.0 ml) of cyclopentadienylsodium, the resulting
mixture was brought up to room temperature over 2 hours
and then stirred for 12 hours.

The reaction mixture was mixed with an aqueous
ammonium chloride solution, and separated into an agqueous

25 layer and an organic layer. The aqueous layer was
treated with hexane to extract hexane solubles therefrom

and the hexane solution obtained was combined with the

above-mentioned organic layer to obtain an organic



The drévg organi c solution was stripped of the solvent and the residue was
lica gel colum 5 chromatography (solvent: hexane) to obtain
y (2-allyloxy-3-tert-butyl-5-methyl phenyl)di et hyl (2, 3, 4, 5-

y si
colorless oi |
tetramet hyl cy
Synt hesi s of

pZ:nzl)di rreth)(%v ?15%5 teg}g)%r%sé:yclo en(%!gdv}%%%ﬁ?élan Into a g\nﬁ ture
added at room t enperatur a
. g%r %ﬁ‘# ﬁqtjl; és c”? e%ﬁy(ltl g%{re‘g{#% for one

é#%{ g e was added dropwi se at 60[err] C over
%HR()U Ion rd% contal ni ng

of magnesi um

benzene (0.103§®
hour. Into th
hours a tol ue
2-al |l yl oxy-1-
dlchlorodlnet
one hour.
distilled off
t et r ahydr of ur
-78[err]C |

tetrahydrofunsblnennyhaxnnéﬂixbrbbtaﬁnt@mlqméﬁ$qlthY0b©m¢hGP%n9a+|th|um

(3.71 g) over

10

15

20

25

cl opent adi enyl ) si | ane (24. 4ng yield 53% . Exanple 24
(2- aIIonxy 3-tert-butyl - R yr- 10

b 3-t
h;/IOgFI aneeszoé’b&%i)ecﬁadﬂgﬁé}ﬂc O PeIGENfa s Bs P SpedNdf the

stlveitl b hedidas prdsslird) aindli tlhé hyésidhé angs ver e

fromthe m xture obtained above under reduced pressure, then

Ardatitid By EBLEH gel dasilimn t dieromst ogeaplay d( dewé bdping
nto the resulting mxture was added at -78[err]C a

5 mnutes, the resulting m xture was 27
dlenyl)(z-methoxy-3 5-d1methylphenyl)dlmethylsllane (4.30

g, yield 33%).

Iy NMR (CDC1;) § 0.17 (s, 6H), 2.05 (s, 3H),

2.31 (s, 3H), 3.65-3.80 (m, 2H), 3.77 (s, 3H),

5.98-6.45 (m, 3H), 7.12 (d, 1H, J=3Hz), 7.22

(d, 1H, J=3Hz) |
Example 28

Synthesis of (3-tert-butyl-2-methoxy-5-methyl-
phenyl)cyclopentadienyl )diphenylsilane

To a tetrahydrofuran solution (200 ml) of 1-
bromo-3-tert-butyl-2-methoxy-5-methylbenzene (7.72 g) was
added dropwise at -78°C a 1.60 M hexane solution (37.5
ml) of n-butyllithium, and the resulting mixture.was
brought up to room temperature over 2 hours.

The mixture obtained above was added dropwise
over 15 minutes into a hexane solution (200 ml) at -78°C
of diphenyldichlorosilane (7.60 g). Then the resulting
mixture was brought up to room temperature over 2 hours,
further stirred for one hour, and the solvent was
distilled off under reduced pressure.

The mixture thus obtained was dissolved in

the resulting m xture was stirred for

6



brought up to roomtenperature over 2 hours and then stlrred for 15 hours.
The“reaction mixture was nmixed with water (100 M) and separated into an
aqueous |l ayer and an organic 5 |layer. The organic |ayer was stripped of
the solvent to obtain (2-allyloxy-3-tert-butyl-5-nethyl phenyl)di nethyl -
(tetrenethylcyclopentadlenyl)5|Iane as x palle-yellow oil (purity 45% (9.70
g, yield 39% . Exanple 25 Synt hesi s of
d|nethyIS|IyI(ﬁQﬁ#ﬂhﬂﬁ#ﬁﬁ%ﬁﬁﬂcﬂ3oo ml). Into the resulting solution

T A by o M EL 001 2 Lbisgar
'Eet ?amgt ﬁ;%/cycﬁ%%#tj%wg%&T?gnépﬁgy%%g%gﬁ %k%ﬁyf?ﬁd?mémﬂﬁg (0.70 m)
was added dfog&ﬁi 71%{;?:515 %I ﬁ%&ﬁ?%gémxgg Eéowﬁt hOBe %eﬁ&t{ﬂr:le Bler

n-butyllithiu hrest roug up to room

tenperaturg ov rh@uf@“ﬁﬁd apfled: Us £ Nered! E6ECHa T RouBshours. The

m xture thus obtal ned was cooled to -78[err]C and a chlorobenzene sol ution

(3 m) of titaniumtetrarhéhteaéeeoh Om2XEué)wiBsmasddddwiBhr ahoagiibeus
resulting m xture was brought up to roomtenperature over 3 hours while

bei ng shi el dedarfuficwi brh Gtk lotbde sblutionfandosep@bahedr intbeanaagueobsought
up to 120[err] C over one hour and stirred for 35 hours. The reaction
m xture was fildpsedandnantbeganicr bapenas Thei pgugous dayerowasnt to
obtain a reddish

treated with hexane to extract hexane solubles therefrom,

10 and the hexane solution obtained and the above-mentioned
organic iayer were combined to obtain an organic
solution. The organic solution was washed with saturated
aqueous sodium chloiide solution and then dried with
anhydrous sodium sulfate.

15 The dried organic solution was stripped of the |
solvent under reduced pressure, and the residue was
treated by silica gel column chromatography (devéloping
solvent: hexane) to obtain colorless oily (3-tert-butyl-
2-methoxy—5-me£hylphenyl)(cyglopentadienyl)diphenylsilane

20 (3.59 g, yield 28%).

s NMR (CDCl;) & 1.38 (s, 9H), 2.21 (s, 3H),

3.21 (s, 3H), 4.17 (d, 1H, J=6Hz), 4.60 (d, 1H,
| J=14Hz), 6.35-6.78 (m, 3H), 6.98 (4, 1H,

J=2Hz), 7.01 (d, 1H, J=2Hz), 7.20-7.68 (m, 10H)

25 Mass spectra (EI, m/e) 424, 359, 283, 183, 105
Example 29 '

Synthesis of (3-tert-butyl-2-methoxy-5-methyl-

phenyl )dimethyl (methylcyclopentadienyl)silane



- 128 lupromn solid. The solid was recrystallized froma hexane- tol uene
sorvent—m xture to obtain red needle-like crystals of

di met hyl silyl (tetranet hyl cycl opent adi enyl ) ( 3-
tert-butyl-5-nmethyl-2-phenoxy)titaniumdichloride (0.58 5 g, yield 50%.
Exanpge 26|${nthesis of dinet hyl silyl (tettdfethyl cycl o- o
pent adi eny 3-tert-butyl-5-methyl -2-phenoxy)titanjumdjchlorjde_ 10

Into a tol uene sol uti on%%tﬁﬁﬂ%}{@”%ﬁ%%igﬁ°luti°n (AOJ] m{) of 1-

3- -b -5- ' aé (ﬁ ; - -

ﬁyf:leg:)eng%)d/! eWWEP}‘Qt :%;%g%gl‘gygg Hnethis 41%?%@?%{124%[@??]]& ). 56 M
exane sol ution (0..,70 f.n-but.yl -, ddd hi w ' ]

Er ought Tﬁp tpwra(?or’?\df?d[ﬂgﬁ?%wd{]slﬁ ga%v'gréd; ktyouﬁrmssda% }i%ga#lés!tél%@dfé%; el\évas
ours. em I. i I § -7 ' . PPERE
solution (2 mﬁllic?fe' Sfﬁlgnir&’fnntm%%tr‘é@%%%%’( Oé.%g){ﬂ#)r was t?jt%l elzlﬁt: her et g.neThe
resulting g X%@H&%ﬁzgﬁ‘%hﬁ e 17 bns N Sitorh i N dvdiPt2 Rs@E@ht up to room

20 tenperature over then stirred for one hour, further brought up

to 90[err] C over one houwha il ithird Sbtiindd dWuw & . wadd cadded tdespwigé ur e
was filtered and the filtrate was stripped of the solvent to obtain a
reddi sh 25 br g#ersJ0 chinttes dritth e hexmie sdalut zed (2@0nml heafine- tol uene
solvent m xture to obtain red needle-like crystals of .
di met hyl si | yl @istethydidiydhchortagickereli (581) () of -78°C. Then the
tert-butyl-5-nethyl-2-phenoxy)titani umdichloride (0.14

resulting mixture was brought up to room temperature over

10 2 hours, further stirred for one hour,'and the solvent
and the excess of dichlorodimethylsilane were distilled
off under reduced pressure.

The mixture thus obtained was dissolved in
tetrahydrofuran (200 ml). Into the solution was added

15 dropwise at -78°C a methylcyclopentadienyllithium
solution prepared from a tetrahydrofuran solution (400
ml) of methylcyclopentadiene (7.21 g) and a 1.60 M hexane
solution (57.69 ml) of n-butyllithium. The resulting
mixture was brought up to room temperature over 2 hours

20 and then stirred for 12 hours.

The reaction mixture was mixed with an aqueous
ammonium chloride solution and separated into an aqueous
layer and an organic layer. The aqueous layer was
treated with hexane to extract hexane solubles therefrom,

25 and the hexane solution obtained was combined with the
above-mentioned organic layer to obtain an organic
solution. The organic solﬁtion ﬁas washed with saturated

aqueous sodium chloride solution and then dried with



- 129 : g, yield 42% . Exanple 27 Synthesis of

(Gyélo nt adi enyl ) ( 2- met hoxy- 3,-5- di net hyl phenyl ) di net hyl si |l ane 5

To a tetrahydrofuran solution (100 m) of 2- brono-4, 6-di net hyl ani sol e
(6.45 g) was added dropwi se at -78[err]C a_1.60 M hexane solution (37.5 m)
of n-butyl- lithium and thereafter t he=r &34l i ng m xture was brought up to

room tenperature over 2 hours. 10 The m xture obtai ned above was
added dr opwi s@nhydraus SR JFHAR¥®00 n), at -78[err]C of dimethyl -

di chl orosi | ane (19. 36 g@%’fﬁﬁ@&,?ﬁigﬁir%&@#@ﬁg{rﬁ“é -?%Pgax&grgh&/as

brought up to roomtenp en ITre one hour, and

t he sol vent and . 15 _ .t he. _exces ' .chl | Lskilled off
under reduced S;ﬁ]gseﬂﬁ e . Isecmcgd ﬁ&é&d&més)ﬂ%%ﬁénfeg\f&&e%éy e 0

e mxture al ne issolved In tetra-

hydrofuran (3 ! gef%éli e S Pum?| i +Eifa rgfﬂfd Q668YbHEngt
-78[err]C a 29%%%%3& r%%déic}f%ura solution 20 (15. ) o% : péng
cycl opent agi enyd SRH M hd$tnd PStb toEa th Xk d1Er VESs o DUGh 3upett-baegl -
tenperature over 2 hours and then stirred for 12 hours. The reaction

m xture was mMxaghtidty-B-msitieplishanyDyd ime thy b(methgbtytiopentad separated
I nto an aqueous 25 |ayer and an organic |layer. . The aqueous | ayer was
treated with hideangl yikade acl8 heXagp a9l abhistuherefr bgomers in 64%
yield.
Iy NMR (CDCl;) & 0.16-0.49 (6H;0.16:5;0.18:s;
10 0.48:5;0.49:8), 1.39-1.42 (9H;1.39:s;1.42:s),
2.04-2.08 (3H;2.04:s;2.08:s), 2.31-2.32
(3H;2.31:s;2.32:8), 2.97-3.05 (m, 1H), 3.61-
3.78 (3H;3.61:s;3.78:s), 5.98-6.73 (m, 3H),
6.82 (d, 1H, J=2Hz), 7.20 (d, 1H, J=2Hz)
15 Example 30
Synthesis of (tert-butylcyclopentadienyl)(3-t-
butyl-2-methoxy-5-methylphenyl)dimethylsilane
To a tetrahydrofuran solution (400 ml) of 1-
bromo-3-t-butyl-2-methoxy-5-methylbenzene (23.16 g)'was
20 added dropwise at -78°C a 1.60 M hexane solution (112.5
ml) of n-butyliithium and the resulting mixture was
brought up to room temperature over 2 hours.
.The mixture obtained above was added dropwise
into a hexane solution (200 ml) of dimethyldichlorosilane
25 (58.1 g) of -78°C over 30 minutes. Thereafter the
resulting mixture was brought up to room temperature over
2 hours, then stirred for one hour, and thereafter the

solvent and the excess of dichlorodimethylsilane were



aqgéthe hexane sol uti on obtai ned was conbi ned with the above-nenti oned
or gani ayer to obtain an organic - 130 - solution. The organic

sol uti on was washed with saturated aqueous sodi um chloride sol ution and
then dried with anhydrous sodi um sul f ate. The dried organic solution was
stripped of the 5 solvent under reduced b sSure, and the residue was

treated by silica colunn chromat 0 hy (devel opi ng sol vent hexane) to
obtain col or| 848 q-I Tediced pressure. g )

d | | 9
a'{&yﬁ(g@ajgcgax[v;rf)?jpg%w@%w*az'S' eyl gt 1
7.22 (d, 1H, g{)ﬁ?)f? %@@@11’5' it the ryfs}{% fq ‘Holdbiddlwds o),
(3-tert-butyl o 0|27 N Ven Cw':ﬁ&ﬁ{wéil&r%i&&merwfs' lane To

a tetrahydrofuran so |on (200 of 1-

br ono- 3-1 est - RN 1t ARG :{ﬁ&bé ﬂ.’lﬁl.t(n?- re@sfosiiesl dropwi se at
-78[err]C a 1.60 Mhéd?alne SO|ILEE'[IOI’1 (37.5 20 rﬂ)ﬁofﬁan-butyllithi um and the

resul ting m Xiddta-amsa do fusa sumncrmomamrmby as i reenv-douy hopeko- The
m xture obtai ned above was added dropw se over 15 mnutes into a hexane

fglsﬂf ![ ?Rg( 200 pentaatien[ (XY J0D of ) cirphenyl BCH drexanansolwtbongf 577680 t he
ml) of n-butyllithium. The resulting mixture was brought
up to room temperature over 2 hours and then stirred for

10 12 hours.

The reaction mixture was mixed with an aqueous
ammonium chloride solution and separated into an aqueous
layer and an organic layer. The aqueous layer was
treated with hexane to extract hexane solubles therefrom,

15 and the hexane solution obtained and the above-mentioned
organic layer were combined to obtain an organic
solution. The solution was washed with saturated aqueous
sodium chloride solution and then dried with anhydrous
sodium sulfate.

20 The dried organic solution was stripped of the
solvent under reduced pressure, and the residue was
treated by silica gel column chromatography (develéping
solvent: hexane) to obtain colorless oily (3-tert-butyl-
2-methoxy-5-methylphenyl )dimethyl (methylcyclopenta-

25 dienyl)silane (18.94 g) as a mixture of isomers in 59%
yield.

l§ NMR (CDC1l;) & 0.08-0.43 (6H;0.08:5;0.13:

s:0.42:5;0.43:s), 1.12-1.13 (9H;1.12:s8;1.13:8),



25 m xture was brought up to roomtenperature over 2 hours, further stirred
f or"one~hour, and the solvent was distilled off under reduced pressure. The
m xture thus obtai ned was di ssolved in - 131 - tetrahydrofuran (300 m).
Into the resulting solution was added dropwi se at -78[err]C a 2.0 M
tetrahydrofuran solution (15.0 m) of cycldSert adi enyl sodi um the resul ting
m xture was brought up to roomtenperature over

Tor i outs, e vonct SR TR RE Lol ah ot i
meaueous Lover vee (OGS E ST T UES BT BT
2293?:gnlaégrmgngdcar?Eﬁégfi%i?b¥é?g é%ﬁbrgghi%'soTuflgn? Th% {ggﬁpg

gég %ﬁﬁﬁ?ﬁ%@?gfg?§ﬁgogayn1ﬁbl9£2H§ sol ution and

then dried with anhydrou odi Thé dried organic

sol ution wgss§{5é§F§:§i the sol vent under reduced pressure, and the
resi due was treat y silica gel columm chromatography (devel opi ng

sol vent: hexane) to obtagyn€Reoisess pP3lietB-betylbaiyethoxy-5-
2- met hoxy- 5- met hyl phenyl ) (cycl opent adi enyl ) di phenyl silane 20 (3.59 g, yield
28% . [err]H MdtKyI$héryl) | LHeinded-B8yl ydifékhy2s2lafie, 3H), 3.21 (s,
3H), 4.17 (d, 1H, J=6Hz), 4.60 (d, 1
To a tetrahydrofuran solution (400 ml) of 1-
bromo-3-tert-butyl-2-methoxy-5-methylbenzene (23.16 g)

10 was added dropwise at -78°C a 1.60 M he#ane solution
(112.5 ml) of n-butyllithium, and the resulting mixture
was brought up to room temperature over 2 hours.

The mixture obtained above was added dropwise
into a hexane solution (200 ml) of dimethyldichlorosilane
15 (58.10 g) of -78°C over 30 minutes. Thereafter the
resulting mixture was brought up to room temperature over
2 hours, then stirred for one hour and thereafter the
solvent and the excess of dichlorodimethylsilane were
distilled off under reduced pressure.

20 The mixture thus obtained was dissolved in
tetrahydrofuran (200 ml). Into the resulting solution
was added dropwisé at -78°C over 15 hours an indenyl-
lithium solution prepared from a tetrahydrofuran solution
(400 ml) of indene (10.45 g) and a 1.60 M hexane solution

25 (57.69 ml) of n-butyllithium, the resulting mixture was
brought up to room temperature over 2 hours and then
stirred for 12 hours.

The reaction mixture was mixed with an aqueous



J=14Hz), *6.35-6.78 (m 3H), 6.98 (d, 1H, J=2Hz), 7.01 (d, 1H, J=2Hz),

7.20-7. (m 101) 25 Mass spectra (El, nle) 424, 359, 283, 183,
105 Exanple 29 Synthesis of (3-tert-butyl-2-nethoxy-5-nethyl -
phenyl ) di met hyl ( et hyl cycl opent adi enyl ) si | ane - 132 - To a

t etrahydrofuran solution (400 m) of 1-- 136 -
brono-3-tert-butyl - 2- net hoxy- 5- net hyl benzene (23. 16 %& was added dropw se
at -78[err]C ampmoydup chdaiidy) spidhiqn Bnd sgparated piatP | 2R RYREOURd t he

resulting mxture 5 s brought. up, to room.t enperature over 2 hours. The
m xture obt ai H@dfe&’o&fg\ﬁa‘é %&%‘H“Hﬁcﬂxﬁﬁ‘e g&‘/}é‘? FOWRt L2YPRt¥2% hexane

"esul ting. m xR ok B RS 2 PR S iadnd L Slup T “thépar iy (¢

further stirr %3145 ﬁhaeggfev{w%g dslcg.pﬁ.l{[%g %@#é’ﬁ% 2l e € ﬁﬁé-ﬁénti%gd

di chl orodi net h under reduced pressure.

m xture thys Q%t(?gd d 'o]gi/fés% \55}@8 dEEQIBELI AT &R 62§Enfk) . Into the

sol ution was a err]C a ,

net hyl cycl opendaditane | | e Mo Sgand ¢ Oso Di€DGY 6sad reasRed ol ehysaehrasad

solution (400 m) of nethylcyclopentadiene (7.21 g) and a 1. 60 M hexane

sol ution (57. Guddusfscaiiuh yehildriden sdhet Ioms vahd ntheh xdvied wasthr ought up

to roomtenperature over 2 hours 20 and then stirred for 12 hours.
anhydrous sodium sulfate.

The dried organic solution was stripped of the
10 solvent under reduced pressure, and the residue was
treated by silica gel column chromatography (developing
solvent: hexane) to obtain colorless oily (3-tert-butyl-
2-methoxy-5-methylphenyl)(1H-inden-1-yl)dimethylsilahe
(23.63 g) in 75% yield.
15 ly NMR (CDCl;) & 0.03 (s, 3H), 0.14 (s, 3H),
1.44 (s, 9H), 2.29 (s, 3H), 3.45 (d, 1H,
J=1Hz), 3.81 (s, 3H), 6.57 (dd, 1lH, J=2, 5Hz),
6.89 (dd, 1H, J=2, 5Hz), 7.03 (d, 1H, J=2Hz),
7.20 (d, 1H, J=2Hz), 7.04-7.50 (m, 4H) |
20 Example 32
Synthesis of (3-tert-butyl-2-methoxy-5-methyl-
phenyl) (9H-fluoren-9-yl)dimethylsilane
To a tetrahydrofuran solution (100 ml) of 1-
bromo-3-tert-butyl-2-methoxy-5-methylbenzene (7;72 g) was
25 added dropwise at -78°C a 1.60 M hexane solution (37.5
ml) of n-butyllithium, the resulting mixture was brought
up to room temperature over 2 hours and then stirred for

3 hours.



Qajlon m xture was m xed with an aqueous anmoni um chl ori de sol ution
rated into an aqueous |layer and an organic |ayer. The aqueous | ayer
mas treated Wi th hexane to extract hexane solubles therefrom 25 and the
hexane sol uti on obtai ned was conbi ned with the above-nenti oned organic
layer to obtain an organic sol ution. The &3@anic solution was washed with

i S U RSk A
s ;m;;?;srag A O' WA R A g
((jICeD?ZIyl[)eflri ;;m[e ?r 365 ?ér%@t U of isonere | n%%gfléf?’dtc err]H NWVR
0.49:8) 1’ 39%F 55?2&(‘%‘% 8“‘3‘3‘ I@f‘%fl%r%‘%}%ﬁ@o%&(?ﬁ RS 29%)‘%@%)80 ver
2.31-2.32 §3H32 h%qr%mzt%zﬁ)su?n%& FdP ddB ndir é’ncﬁlthé’réagftéé’ﬁ thél:s;

3.78:s), 5.98°6 6.82 (d, 1H, J=2Hz), 7.20 (d, 1H, J=2Hz) 15
Exanpl e 30 Sygidi9ent @nd itdid dideds ot it Bskedithetlylsilane were

but yl - 2- met hoxy- 5- net hyl phenyl ) di met hyl si |l ane To a tetrahydrofuran sol ution
(400 m) of ldistilled off under reduced pressure.

The resulting mixture was dissolved in tetra-

hydrofuran (150 ml). Into the solution was added drop-
10 wise at -78°C a solution of fluorenyllithium prepared

from a tetrahydrofuran solution (100 ml) of fluorene

(4.99 g) and a 1.60 M hexane solution (18.25 ml) of n-

butyllithium, the resulting mixture was brought up to

room temperature over 2 hours and then stirred for 12
15 hours.

Then the reaction mixture was mixed with an
aqueous ammonium chloride solution and separated into an
aqueous layer and an organic layer. The aqueous layer
was treated with hexane to extract hexane-solubles

20 therefrom. The hexane solution obtained and the above-
mentioned organic layer were combined to obtain an
organic'solution. The organic solution was washed with
saturated aqueous sodium chloride solution and dried with
anhydrous sodium sulfate.

25 The dried organic solution was stripped of the
solvent under reduced pressure, and the residue was
recrystallized from a tetrahydrofuran-hexane solvent

mixture to obtain colorless crystalls of (3-tert-butyle24



brono- 3-t-butyl - 2- net hoxy- 5- net hyl benzene (23.16 g) was 20 added dropw se

at -78ré?r]C a 1.60 M hexane solution (112.5 m) of n-butyllithiumand the
resulting m xture was brought up to roomtenperature over 2 hours. The

m xture obtai ned above was added dropw se into a hexane solution (200 m)

of di methyl di chl orosilane 25 (58.1 g) of 138[err]C over 30 minutes.

Thereafter the resulting mxture was brought up to roomtenperature over 2
h?u&s,hfhen sﬂﬁﬁhﬂ¥ﬂ7§’ﬂﬁi§¥ﬁﬂh§n¥ﬁﬂi%ﬂﬁ#ihﬂ?éﬁ'fﬁ%fggLW§ﬁEY ﬁﬁf?ﬂ% excess
o] i chl or odi net sil gne €. ;3 134 - distilled off under reduced
pressure. The (rﬁ'@%&) &B’t%é”v%]sd'di ssolved in tetra- hydrofuran (200 n).

Into the resulting SOluh.O&gﬁgBC%qu? grﬁPﬁiﬁfsatGHZS fygbf?%ﬁrgﬁgges a

solution of 5 tert-butylc entadf eny ufm préepare

t et rahydrof uran sol utio ‘(ﬁ%%??%‘gi’mt?'r 32 btg{v){ﬁ%ﬂ io4.p@n(§11(il_ihgﬁ?é(é,1990 9)

and a 1. 60 M hexane sol ution t hium sul ting

m xture wag brought up tQqronf tpmRes pt Uy 29V 21ouss2@aed. thenasyi sged
for 10 12 hours. The re c?ion'n1xtur§'mas nigiﬁ mﬁ?h an agﬁeous anmoni um

chloride solution and seg@wy gy, i NI82 apd poEepUS=8Ry¥Er and an organic |ayer.
The aqueous |ayer was treated wth hexane to extract hexane sol ubl es

therefrom 15 Examplde3hexane sol ution obtained and the above-nentioned
organi c | ayer were conbined to obtain an organic

Synthesis of (3-tert-butyl-2-methoxy-5-methyl-
phenyl) (9H-fluoren-9-yl)diphenylsilane

10 To a tetrahydrofuran solution (100 ml) of 1-
bromo-3-t-butyl-2-methoxy-5-methylbenzene (5.24 g) was
added dropwise at -78°C a 1.60 M hexane solution (25.0
ml) of n-butyllithium, the resulting mixture was brought
up to room temperature over 2 hours.

15 The mixture obtained above was added dropwise
into a hexane solution (100 ml) of diphenyldichlorosilane
(5.06 g) of -78°C over 10 minutes. Then the resulting
solution was brought up to room temperature over 2 hours,
then stirred for one hour, and the solvent was distilled

20 off under reduced pressure.

The mixture obtained was dissolved in tetra-
hydrofuran (150 ml). To the resulting solution was added
dropwise at -78°C a solution of fluorenyllithium prepared
from a tetrahydrofuran solution (100 ml) of fluorene

25 (3.32 g) and a 1.60 M hexane solution (12.5 ml) of n-
butyllithium, the resulting mixture was brought up to

room témperature over 2 hours, and then stirred for 12

hours.



solution. The solution was washed wi th saturated aqueous sodi um chl oride

tiom and then dried with anhydrous sodium sul fate. 20 The
dried organic solution was stripped of the solvent under reduced pressure,
and the residue was treated by silica gel columm chromatography (devel oping
sol vent: hexane) to obtain colorless oi Fy183-trert-butyl -

2- met hoxy- 5- net hyl phenyl d|nethyl(nethylcyclopenta- Le' silane (18.94
g) as a nixture of iso h@|¥PQE%%3REW%FtTEﬁrY??Pﬂﬁ??é&ﬁ}fgr? )a%“8°5 0.43

6H. 0. 08: s; 0. 13 42:s: 0. 1 12-1, OH; 1. 135 -
(1 33- 1. 368(9Hal““5?s;m§ml %*lssi%slg% %‘él‘kt%n(%gzé‘ilééﬁ é ‘Esi’%'i° 3n é}‘3'-'3“*8E‘°’(1|4;
2.97:s; 3.61:

(d, 1H J=2Hz)ta¥ ';a}fb‘%ea’él ’gé{ﬁﬂ’n‘és}%yg’? ?Qégf%qgg?x‘?? ggml%%ggm) 7.13
(400 ) of. )1(4{%#”%? Foy g o b apgT onécbfs’ BVbSEM! ShesEltin

oxy 5- et nzene {o

was added gropy$ hesi hd r&&@tﬂm@%ﬁwﬁé@eaﬁal ﬁhéOQbé*Jrézmén’&tbnéﬁ

n-butyl i thium an the resulting m xture was brought up to room
tenperature ovg¥ a?nif@tt[%eif hee Fé X¢&Hi61 06 at esboloi canesrgdied dropwi se

I nto a hexane s ution 00 m) of dinethyldichlorosilane
solution. The organic solution was washed with saturated
aqueous sodium chlbride solution and then dried with
anhydrous sodium sulfate.

10 The dried organic solution was stripped of the
solvent under reduced pressure, and the residue was
recrystallized from pentane to obtain colorless crystals
of (3-tert-butyl-2-methoxy-5-methylphenyl) (9H-fluoren-9-
yl)diphenylsilane (4.31 g, yield 40%).

15 Iy NMR (CDCl;) & 1.46 (s, 9H), 2.23 (s, 3H),
3.39 (s, 3H), 4.92 (s, 1H), 7.00 (dt, 2H, J=1,
7Hz), 7.10 (d, 1H, J=1Hz), 7.14 (d, 4H, J=8Hz),
.7.19 (d, 1H, J=1Hz), 7.21-7.30 (m, 1O0H), 7.52
(d, 2H, J=8Hz)

20 ' Mass spectra (EI, m/e) 524, 359, 282, 177, 165,
77

Example 34
Synthesis of (3-tert-butyl-2-methoxymethyloxy-
5-methylphenyl)dimethyl(2,3,4,5-tetramethylcyclopenta-
+ 25 dienyl)silane
To a tetrahydrofuran solution (300 ml) of 1-
bromo-3-t-butyl-methoxymethyloxy-5-methylbenzene (11.48

g) was added dropwise at -78°C a 1.60 M hexane solution



15 (58,10 g) of -78[err]C over 30 mnutes. Thereafter the resulting m xture
was”br ought up to roomtenperature over 2 hours, then stirred for one hour
and thereafter the solvent and the excess of dichlorodinethylsilane were

distilled off under reduced pressure. 20 The m xture thus
obtai ned was dissol ved in tetrahydrofuranl¢206 nl). Into the resulting
solution was added dropwi se at -78[err] C over 15 hours an_indepyl- |ithium-

s;)l ut idon pr epdi2Sct & M 5 aThpiaklbithiam s and | Hhe (mer kb ingmiktere (10. 45
g) and a 1.60 M hexane solution 25 (57.69 m) of n-butyllithium the
resul ting m x¥@% St<afh ]uﬁ‘qlb‘(‘roomterrperature over 2 hours and then

stirred for 12 hours. T reaction m.xture ' | -
136 - an}mni um _(I:_EI ori de lﬂlr’f)thmé%ao% %ﬁ%%@a}%%g&%%m %%%%%u@g#g‘gggeand an
organi c | ayer. e e . t it t h

sol ubl es ther &Y @mt%%f%ed%%%ﬁﬁ%{?p%ﬂa?%ﬁ%%t%%%iﬁeeés exane
above- ment %0”%‘411.56 .| Q?éli{né B u imef 4 PDhétiy PdiOhD8P6Eilane

solution. The organic solution was washed wth saturated aqueous sodi um

chloride sol utispn @ng e feed Widradhel otite ST shd fal etutbewdsi ed
organi c solution was ‘stripped of the 10 sol vent under reduced pressure, and

the residue wasrdugit Qg o Siddit et @Rperature cveonthgurshytidnvstbpred
sol vent: hexane) to obtain colorless oily (3-tert-butyl-
for one hour, and the solvent was distilled off under
reduced pressure.

10 The mixture thus obtained was dissolved in
tetrahydrofuran (200 ml). To the resulting solution was
added dropwise at -78°C a solution of tetramethylcyclo-
pentadienyllithium prepared from a tetrahydrofuran
solution (300 ml) of tetramethylcyclopentadiene (4.88 g)

15 and a 1.60 M hexane solution (25.0 ml) of n-butyllithium.
Thereafter the resulting mixture was brought up to room
temperature over 2 hours and then stirred for 12 hours.

The reaction mixture was mixed with an aqueous
ammonium chloride solution, and separated into an agqueous

20 layer and an organic layer. The aqueous layer was
treated with hexane to extract hexane solubles therefrom,
and the hexane solution obtained and the above-mentioned
organic layer were combined to obtain an organic
solution. The organic solution was washed with saturated

25 aqueous sodium chloride solution and then dried with
anhydrous sodium sulfate.

The dried organic solution was stripped of the

solvent under reduced pressure, and the residue was



2- et hoxy- 5- met hyl phenyl) (1H-i nden- 1-yl ) di net hyl sil ane (23.63 g) in 75%
yi &td. “t5 [err]H NVMR (CDCl [err]) [err] 0.03 (s, 3H), 0.14 (s,
3H), 1.44 (s, 9H), 2.29 (s, 3H), 3.45 (d, 1H J=IHz), 3.81 (s, 3H), 6.57
(dd, 1H, J=2, 5Hz), 6.89 (dd, 1H, J=2, 5Hz), 7.03 (d, 1H, J=2Hz), 7.20 (d,
| (1g J:ZHE), 7.04-7.50 (m 4H) 20 Exanpteld2 Synthesis of _
-tert-butyl -2-nmet hoxy-5-nethyl - phenyl ) (9Hfluoren-9-yl)djnethyl sil ane To
a tetrahydrof sxgated &y &i1das 98 QQ1Q@n chromatograpﬁ&)(&eve{gblng
brono- 3-tert-butyl -2- met hoxy-5-net hyl benzene (.7. 72 g), was, 25 _adde
dLopwi seI at - ?Q[I\éﬁeln]té SEae MR ’éblqﬂri#}?%siglrﬁ)(s%'f ?\r'b’&f’??ﬂ'f hi um
the resul ting,mxture was.brought £:Q Q0 ver and
then St rrec ey RepE ey s SRR A F 251 (5 JORER S0
ropwi se into ' ; ' ' | $i e (19.36
g) of - 78] errf%tglyeirﬂ?a%%%aggé%réga#at% ﬁgmr gﬁﬁ’?ﬁ%&%@f%% was
rought upgto room tenpegajmie (epei.P s20 Pyr s, tERY, silsyedsf oguyne hour
and thereafter the sol vent and(tpg égcegg of g?chlo?Bdin%?hgféi?azé wer e
distilled off under reducegh preeseitye, iThes r@spléung 2129 uge, ves) di 3seved

in tetra- hydrofuran (150 m). Into the solution was added drop- 10 w se at
-78[err]C a solution of (duameyyl4.istidd prapar®e2, 2Hz), 5.27 (ddd,
1H, J=2, 2, 9Hz), 5.53 (ddd, 1H, J=2, 2, 17Hz),
6.03 (ddddd, 1H, J=2, 2, 2, 9, 17Hz), 7.03 (4,
10 1H, J=2Hz), 7.17 (d, 1H, J=2Hz)
Example 35
Synthesis of (2-benzyloxy-3-tert-butyl-5-
methylphenyi)dimethyl(2,3,4,5-tetramethylcyclopenta-
dienyl)silane

15 To a tetrahydrofuran solution (300 ml) of 2-
benzyloxy-l-bromo-3-t-butyl-5-methylbenzene (29.30 g) was
added dropwise at -78°C a 1.56 M hexane solution (51.28
ml) of n-butyllithium, and the resulting mixture was
stirred for one hour.

20 The mixture obtained above was added dropwise
at a temperature not higher than -20°C over 30 minutes
into a solution of -78°C of dimethyldichlorosilane (100.0
g) dissolved in hexane solution (150 ml). Then the
resulting mixture was brought up to room temperature,

25 then stirred for one hou;, and the solvent and the excess
of dichlorodimethylsilane were distilled off under |
reduced pressure.

The mixture obtained was dissolved in tetra-



fronna.tetrahydrofuran solution (100 m) of fluorene (4.99 g) and a 1.60 M
hé?éne\§6lution (18.25 m) of n- butyllithium the resulting m xture was
brought up to roomtenperature over 2 hours and then stirred for 12 15
hours. Then the reaction mxture was nmxed with an aqueous ammoni um
- chloride solution and separated into an“a&é@oﬂs | ayer and an organic |ayer.
The aqueous | ayer s treate ith xane to extract hexane-sol ubles 20
]theref rom Tﬁﬁ’d%@%oﬁﬂ&dﬁ\ﬁ bbt aNe HIR If%ugﬁﬁ -SAEREHERERBr gani ¢
ayer were conbjne 0 _0obtain an nji c lutjion T ' i on was
washed with sft“t{éﬁf RLSULS oﬁ%ﬁ?ﬁl %grﬁﬁl%lé'gl ot i g%t]génilgs girl ]é'?s]?é\n!{’ﬁ
anhydr ous sodi f . . i e on was
LérHtSqLHJ. uln%é}lurné C&x&e&r‘ire&_ herdh' € dté){ﬂ%ﬂi/&réf%féh

stri pped of t FEsS51Ven pressure, and the residue was

recrystalli zecggllrﬁﬁ(g}t d@f}ﬂif %yr?@ﬁmggég?gﬁemg&yéﬁet pggbgab@

colorless crysta 3-tert-butyl-2- -
net hoxy- 5- get iyl Pheny) 9d Ui nsSrtich "ES Y2 SimBNeof 6n8Bugylin 57%
yield. [err]HNW (CDCl[err]) [err] 0.21 (s, 6H), 1.50 (s, 9H), 2.33 (s,
3H), 3.82 (s, 3hivi 40 fife AddulbifP mixture was brédghtHipJEtdHrpom7. 29
(d, 1H, J=2Hz), 7.12-7.38 (m 6H), 7.82 (d, 2H, J=8Hz) Exanple 33 Synthesis
of (3-tert-buthdmperetioxovere? Hlypurs and then stirred for 12 hours.

The reaction mixture was mixed with an aqueous
ammonium chloride solution, and separated into an aqueous
10 layer and an organic layer. The aqueous layer was
_treated with hexane to extract hexane solubles therefrom,
and the hexane solution obtained and the above-mentioned
organic layer were combined to obtain an organic
solution. The organic solution was washed with saturated
15 aqueous sodium chloride solution and then dried with
anhydrous sodium sulfate.

The dried organic solution was stripped of the
solvent under reduced pressure, and the residue was
treated by silica gel column chromatography (developing

20 solvent: hexane) to obtain colorless oily (2-benzyloxy-3-
tert-butyl-5-methylphenyl )dimethyl(2,3,4,5-tetramethyl-
cyclopentadienyl)silane (17.6 g, yield 51%).

1y NMR (CDC1;) & 0.01 (s, 6H), 1.33 (s, 9H),

1.52 (s, 6H), 1.67 (s, 6H), 2.24 (s, 3H), 3.32

25 (s, 1H), 4.94 (s, 2H), 6.99 (d, 1H, J=2Hz),

7.13 (d, 1H, J=2Hz), 7.21 (dd, 2H, J=7, 7Hz),

7.29 (dt, 1H, J=1, 7Hz), 7.40 (dd, 2H, J=1,

7Hz)



yI)(9F+quoren 9- yI)dlphenyI5|Iane 10 To a tetrahydrofuran
TTﬁlo (100 m) of 1- brono-3-t-butyl-2-nmethoxy-5-nethyl benzene (5.24 g)
mas added dropwi se at -78[err]C a 1.60 M hexane solution (25.0 m) of
n-butyllithium the resulting m xture was brought up to roomtenperature
over 2 hours. 15 The ni xt ur e dikdIined above was added dropw se
into a hexane solution (100 m) of dipheny I2|Ch|0r03|lane

f
-78[err] C over 10 n1nuté%asqhﬁﬁeFﬁﬁarégﬁbtW g)sépatiéﬁlma§gﬂv033%% §§5vo

roomtenperature over Qourg then stirred for one hour, and the sol vent
was distilled 20 off und®trr auced pressure. The m xture obtai ned was
dissolved in t tram hzgéofuran (150 mM). To the resulting solution was
added dropwi s sol ution of quorenyIIithiun1prepared froma

tetrahydrof uran solutlon§§&?geg1%u§£ F éggebﬁﬁgl mé%??ﬁsiﬂ 1%x 80 M

hexane solution (12.5 m |un] sul e was

brought Up 50 {OAILbEEPELELMEERGYBhe Xﬁ?ﬂiﬁetﬁ?ﬂééhgn455L-'i:é%§'afn@'th Jours.

- 139 - The reacti xture wa an” agueous ammoni um chlori de

solution and sgpaf gﬁtaaign?m)ggygﬁgs | ayer and an organic |ayer. The
aqueous | ayer was treated with hexane to extract hexane sol ubles therefrom

5 and the hexane sol uti on ¢éteahgdroftdrahesalattonenioondy ofgdritertayer

were conbined to obtain an organic
butyl-2-tert-butyldimethylsilyloxy-1l-bromo-5-methyl-
benzene (0.715 g) was cooled to -78°C, then a hexane

10 solution (1.28 ml) of n-butyllithium was added thereto,
and the resulting mixture was stirred for one hour. To
the mixture obtained was added (2,3,4 5-tetramethyl-
cyclopentadlenyl)dlmethyls1lyl chlorlde (0 429 g) and the
mixture was stlrred at room temperature for 10 hours.

15 _ The reaction mixture was mixed with an aqueous
ammonium chloride solution (10 ml) and separated into an
aqueous layer and an organic layer. The aqueous layer
was treated with ethyl acetate to extract ethyl acetate
solubles therefrom. The ethyl acetate solution obtained

20 and the abo#e-mentioned organic layer were combined to
obtain an organic solution. The orgénic solution was
'dried with anhydrous sodium sulfate, then strippéd of the
solvent, and the residue was treated by silica gel column
chromatography (developing solvent: hexane) to obtain

25 yellow oily (2-tert-butyl-dimethylsilyloxy-3-tert-butyl-
5-methylphenyl)dimethyl(2,3,4,5~-tetramethylcyclopenta-
dienyl)silane (0.30 g, yield 34%). |

lH NMR (CDCl,;) & 0.21 (s, 12H), 0.67 (s, 9H),



solutlggJ The organi c solution was washed with saturated aqueous sodi um
chiNor i solution and then dried with anhydrous sodiumsulfate. 10
The dried organic solution was stripped of the solvent under reduced
- pressure, and the residue was recrystallized from pentane to obtain
colorless crystals of (3-tert-butyl-2- netﬂéﬂy-S nethylphenyl)(9F+quoren 9-
yl ) di phenyl si | ane (4 31 g, yield 40% a %err])
[err] 1.46 (s, 9H), 2.23«38 91‘?3)891(%5 6% 51:1)922(%0 89, 5#)002(8
J=1, 7Hz), 7.10 (d, 1H J=| 4 = J=I Hz),
7.21-7.30 (m 10H), 7. 52(%'?’%h %&kzra& oﬂi)' L1128 (‘Zwag’é's e%ﬁ?& (B,
me) 524, 359, 282, 177 7 anpl Synt hesi s of

a0y (g 1B B

(3-tert-butyl - 2- nethoxy
5- met hyl phenyl ) di net hyl (lfa% %eéﬁé a{@}lhyﬁfé(flwgntggg 253§iéenyﬁsi !l?@? To

a tetrahydrofuran solution

brono- 3-t - gut yl - met hoxyngihyl pxy- Sy¢®t hyg benzene (11.48 g) was added
dr opwi se a? -78C a 1.60 hﬂﬂ%xane’so ution - 140 - (25.0 m) of

n-butyl |ithi uxanggie t4e resulting mxture was stirred for 1 hour. The
m xture obtained above was added dropwi se at a tenperature not higher than
-20[err] C over 30 minut e®ynthesis of (2-allyloxy-3-tert-butyl-5-methyl-

phenyl )dimethyl (cyclopentadienyl)silane
To a tetrahydrofuran solution (200 ml) of 2~
10 allyloxy-l-bromo-3-tert-butyl-5-methylbenzene (17.00 q)
was added dropwise at -78°C a 1.66 M hexane solution
(36.2 ml) of n-butyllithium, and the resulting mixture
was stirred for one hour.

The mixture obtained above was added dropwise

15 at a temperature lower than -20°C over 15 minutes into a
solution of -78°C of dimethyldichlorosilane (50.0 g)
dissolved in hexane (100 ml). Then the resulting mixture
was brought up to room temperature over 2 hours, then
stirred for one hour, and the solvent and the excess of

20 dichlorodimethylsilane were distilled off under-reduced
pressure.

The mixture obtained was dissolved in tetra-
hydrofuran (75 ml). To the solution was added dropwise
at -78°C a 2 M tetrahydrofuran solution (30 ml) of

25 cyclopentadienylsodium, the resulting mixture was brought
up to room temperature over 2 hours and further stirred
for 12 hours. |

The reaction mixture was mixed with an aqueous.



5,.1nto a hexane solution (200 m ) of dinethyldichlorosilane (5.16 g) of
-fkferr C. Thereafter the resulting m xture was brought up to room
tenperature over 2 hours, then stirred for one hour, and the sol vent was
distilled off under reduced pressure. 10 The m xture thus
obt ai ned was di ssolved in tetrahydrofuranl®306 m). To the resulting

sol ution was added dropwise at -78 era;C a qutioqggi fetramet hyl cycl o--
pent adi enyl | i E¥maRie shleride #olytd %Wﬁfoﬁ%ﬁ%ﬁf" R IBRARPTUD
tetramet hyl cycl o enta?iene 4'8819) 15 anq¥a 1. 60 Nlhgfane solution (25.0
m) of n-butyl4a%es ARG AL AEFILC YR i THR ARISNF WS ¥ ¥Tght up to

room temner at e el hAIP e 0 Deatdod llate ol se dHExLERGH! O

m xture was m eous armonr um chl or and sepaf at ed

into an aqueo L5 d & CbSve MERL YBRed
treated wi'th h%}(cg%eﬂ?)ﬁé& rac lggE(ane &s%xlfu tFée‘s tllf}gre rom and the heﬁane

sol ution ot aidierh At fd\feARayes NEGIb OIS ©F IHELLM SR o¥gaRiEONDI ned to
obtain an organic soluti'on. The organic sol ution was washed with saturated
25 aqueous SOHJIIAEIBIP! | (Fhé Wrgamic adeilition dvas dvashed ambylr satsusatedm
sulfate. The dried organic solution was stripped of the solvent under
reduced presswWquecusl sddiumesclilerids solutidd andrtbemdibiediwith gel

col um chr omat ogr aphy (devel opi ng sol vent: hexane) to obtain colorless oily
(3-tert-butyl -anhydrous sodium sulfate.

The dried organic solution was stripped of the

10 solvent under reduced pressure, and the residue was

treated by silica gel column chromatography (developing
solvent: hexane) to obtain colorless oily (2-allyloxy-3-
tert—butyl-5-methylphenyl)dimethyl(cyclopentadienyl)-
silane (7.3 g, yield 37%).

15 lH NMR (CDCl,) & 0.19 (s, 6H), 1.45 (s, 9H),
2.36 (s, 3H), 3.11 (s, 1H), 4.43 (dt, 2H, J=2,
5Hz), 5.31 (dq, 1H, J=2, 11Hz), 5.57 (dgq, 1H,
J=2, 17Hz), 6.07 (ddt, 1H, J=5, 11, 17Hz),
6.40-6.70 (m, 4H), 7.16 (d, 1H, J=2Hz), 7.22

20 (d, 1H, J=2Hz)

Mass spectra (EI, m/e) 326, 311, 285, 220, 41

Example 38 _

| Synthesis of dimethylsilyl(cyclopentadienyl)(3-
tert-butyl-5-methyl-2-phenoxy)titanium dichloride

25 To a toluene solution (15 ml) of (2-allyloxy-3-

tert-butyl-5-methylphenyl )dimethyl (cyclopentadienyl)-
silane (1.62 g) was added dropwise at -78°C a 1.66 M

hexane solution (2.99 ml) of n-butyllithium, the



2-meth \S/yrret hyl oxy- 5- net hyl phenyl ) di net hyl (2, 3,4,5-tetra-

nérﬁy cl opentadi enyl )silane (5.60 g) in 36%yield. 5 - [err]H
NVR (CDCl[err]) [err] 0.13 (s, GFD 1.39 (s, 9H), 1.69 (s, 6H), 1.78 (s,
6H), 2.29 (s, 3H), 3.43 (s, 1H), 4.40 (dd, 2H J=2, 2Hz), 5.27 (ddd, 1H,
J=2, 2, 9Hz), 5.53 (ddd, 1H, J=2, 2 17Hzﬂ 6603 (ddddd 1H, J=2, 2, 2, 9,

17Hz 7.03 (d
Synt?']es| S of((zzas(l}g]rw%magtq@ tw%%EF@ht? 17 dto&;k' tempergtur \lrgr35
met hyl phenyl)%gfﬂ'%s cﬁ’lﬁ%}ﬁ tetra %gy#g%cié)p&%gs dl.fﬂgll}lﬂ:{:ggg 15

To a tetrahyd

Penzyloxy-l-br édt%ggl g@ §0t gﬁglgﬁo wi se at
78[err]C a 1. %ﬁ exane so 51 i thium an t he

resulting m X i éEﬁi&E&a .54 T, xture

obt ai ned abovté‘j(’lv\);s‘yﬁ':?.'di's‘l'd"i dﬁggvxfés)ierat a terr%e gt%r% nﬁ%g %?gs;hgﬁdtgﬁan

-20[ err] C gvergii-didIUt 6fhéd NESs@l Soh¢ i mDRt@Fe ; AhE16] Bedhg shielded
di met hyl di chl orosilane (100.0 g) dissolved in hexane solution (150 m).

Then the resulftdig Niglit) ewa®sbbowglybtup ptd orocantémppeatuneeovéd 2hen
stirred for one hour, and the solvent and the excess of

di chl or odi net hdwats eamivﬂnmdstiri'éédfofflﬁnhleurseduced pressure. The
m xture obtai ned was dissolved in tetra- - 142 -
The reaction mixture was filtered, and the
filtrate was stripped of the solvent under reduced
10 pressure to obtain a reddish brown solid. The solid was
recfystallized from a hexane-toluene solvent mixture to
obtain red needle-like crystals of dimethylsilyl(cyclo-
pentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)titanium
dichloride (0.72 g, yield 36%).
15 Iy NMR (CgDg) 6 0.27 (s, 6H), 1.63 (s, 9H), 2.21
(s, 3H), 6.09 (t, 2H, J=2Hz), 6.65 (t, 2H,
J=2Hz), 7.08 (d, 1H, J=2Hz), 7.21 (4, 1H,
J=2Hz)
Example 39
20 Synthesis of (2-allyloxy-3-tert-butyl-5-methyl-
phenyl )dimethyl (tert-butylcyclopentadienyl)silane
To a tetrahydrofuran solution (200 ml) of 2-
allyloxy-l-bromo-3-t-butyl-5-methylbenzene (17.00 g) was
added dropwise at -78°C a 1.66 M hexane solution (36.2
25 ml) of n-butyllithium, and the resulting mixture was
stlrred for one hour.

The mlxture obtained above was added dropw1se

at a temperature not higher than -20°C over 15 minutes



hydrofuran (200 m). Into the resulting solution was added dropw se at
-78ferrtC a solution of tetramethylcyclo- pentadienyllithium prepared from
a tetrahydrofuran solution (500 m) of tetranethyl cycl opentadi ene (9.78 @)
5 and a 1.56 M hexane solution (51.28 m) of n-butyl- lithium The
resulting mxture was brought up to room éfperature over 2 hours and then

stirred for 12 hours. The reaction m xture was nmxed wth ap agueo
anmoni um chl ori® foISAIWHLOMRE sefirat qlm%t‘axﬁi{ﬁé ‘a§°§blaﬂsyé53aﬂd an

ic | . T L ith h
SoPch e SR PR B AT T il ebiba e
above- nenti oned orgqganic | ' ' ' ol uti on.
The organi ¢ s S, et e 5 o o e SR eg BPof" SAbRESE) 1 Dl
sol ution and | | 4 t i I h ' '
sol ution was 'tg{}‘%hpgéeédl%&% h%’fgo v%;\l?%aggﬁ#?dﬁ%le%lgjﬁeeggu%%?rgﬁ% tgﬁgégbc

residue wag ”e t&ﬂn%%xfidi&@l&@ésfﬂﬁ@%&ﬂéOdmé@ﬂlﬁéhhfﬂeﬁﬁbéﬂi ng 20

sol vent: hexan to ttain colorless oily (2-benzyl oxy- 3-
tert-butyl - 5- mdduded gweéssiures hyl (2, 3, 4, 5-tetramet hyl -

cycl opent adi enyl )silane (17.6 g, yield 51%. [err]H NVR (CDCl[err]) [err]
0.01 (s, 6H), 1.33 (s, 9he mi%tures,obthindd Wag§sdissplveéd2in(setBhl, 3. 32
25 (s, 1H), 4.94 (s, 2H), 6.99 (d, 1H, J=2Hz), 7.13 (d, 1H
J=2Hz), 7.21 (mrefgran7(75He}).7.DStddthe Isplution7was added dugpwiee
L TR at -78°C a solution of tert-butylcyclopentadienyllithium -

10 prepared from a tetrahydrofuran solution (250 ml) of 5-
isopropylidenecyclopenta-1,3-diene (6.37 g) and a 1.05 M
methyllithium-ether solution (57.2 ml), the resulting
mixture was brought up to room temperature over 2 hours,
and then stirred for 12 hours.

15 The reaction mixture was mixed with an aqueous
ammonium chloride solution and separated into an aqueous
layer and an organic layer. The aqueous layer was
treated with hexane to extract hexane solubles therefrom.
The hexane solution obtained and the above-mentioned

20 organic layer were combined to obtain an organic
solution. The organic solution was washed with saturated
aqueous sodium chloride solution and then dried with |
anhydrous sodium sulfaﬁe.

The dried brganic solution was stripped of the

25 solvent under reduced pressure, and the residue was
treated by silica gel column chromatography (developing

solvent: hexane) to obtain colorless oily (2-allyloxy-3-

tert-butyl-5-methylphenyl )dimethyl (tert-butylcyclopenta-



- 143 - Mass spectra (El, me) 432, 341, 311, 295, 255, 91, 57 Exanple 36
Sy%fhegré of (2-tert-butyldinethylsilyloxy-3- 5
tert-butyl-5-nethyl phenyl)di net hyl (2, 3, 4, 5-tetranet hyl -

cycl opent adi enyl )sil ane A tetrahydrofuran solution (10 m) of 3-tert-

butyl - 2-tert-butyl di net hyl silyl oxy-1- br ond48- met hyl - benzene (0.715 g) was

- cooled to -78[err]C, then a hexane 10 solution (1.28 g%% of n-butyllithium
~was added t heddenylafdlane (&8 iy ¥eddrPhh2813 meEtye? She hour. To
the m xture ohtai ned was added (2, 3, 4, 5-tetranet hyl -

cycl opent adi erhA8%%et hyl silyl chloride (0.429 g) and the mixture was
stirred at roomtenperatyr or houg s . he.heast LQNn

m xture was mixed wth a gg%eé&éﬁéﬁﬁnéi%h%?ﬁ?b??d 6%6?0%?6%'?1gﬁﬁF7 and
separated into an aqueo J i y .h LLoYS, er was
treated with ethyl acet ;tf'edf%se’eg(ﬁ%c%ﬁ'e%gﬁagé%%t %5 h%?gg'tfhg?e%?%m The

ethyl acetgte sol ution obfgedneds@Oomid, 4318 Doy STt 2 0Bed2 08gani ¢ | ayer
were conbined to obtain an organic sol ution. The organi ¢ solution was dried

wi th anhydrous sodi um s3I 2, 34 heyr S36iPpedB pi8LHe760 YRNS. 08EE; t he
.residue was treated by silica gel columm chromatography (devel oping

sol vent: hexane) to obta@d /T&bs) yet ! 2w-0i6y (m, 2H), 5.30-5.62 (m, 2H),
(2-tert-butyl-di nethylsilyl oxy-3-tert-butyl -

5- met hyl phenyl ) di net hyl (&, 0846 512 etm antH hy | €y20cpeh@ afmgi 3y} ) 2i LAnéd¢0. 30
g, yield 34%. [err]H NWR (CDCI[err]; gerr 0.21 §SQH12FD’ 0.67 (s, 9H

1H, J=2Hz), 3 (d, 1H, z)
10 Mass spectra (EI, m/e) 382, 325, 261, 203, 172,
41
Example 40

Synthesis of dimethylsilyl(3-tert-butylcyclo-
pentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)titanium
15 dichloride
To a toluene solution (15 ml) of (2-allyloxy-3-
tert-butyl-5-methylphenyl )dimethyl(tert-butylcyclopenta-
dienyl)silane (1.53 g) was added dropwise at -78°C a 1.66
M hexane solution (2.41 ml) of n-butyllithium, the
20 resulting mixture was brought up to room temperature over
2 hours and then stirred for 12 hours. The mixture
obtained was cooled to -78°C, and a toluene solution (5
ml) of titanium tetrachloride (0.440 mlj was added
thereto. The reaction mixture obtained, while being
25 shielded from light, was brought up to room temperature
over 2 hours and then stirred for 12 hours.
The reaction mixture was filtered, and the

filtrate was stripped of the solvent to obtain a reddish



- 144 - 1.38 (s, 9H), 1.85 (s, 6H), 2.10 (s, 6H), 2.28 (s, 3H), 3.32 (s,
1HTf 6. 91 (d, 1H, J=2Hz), 7.05 (d, 1H, J=2Hz) Mass spectra (El, nme) 456,
399, 326, 223, 178, 5 147, 133, 105, 57 Exanple 37 Synthesis of
(2-allyl oxy-3-tert-butyl-5-nethyl - phenyl{dinethyl(cyclopentadienyl)siIane
To a tetrahydrofuran solution (200 m) of 143 10

s b S B
?g?gqad ; g{)\lfjvit ?é::ﬂg:cenfﬁ? sé’]t"(ﬁ?gé F‘Ht’fﬁ"br? v r?‘?"rPa’rP éZT)](ﬂ1 eﬁ?}f%(,&ov}a P%St?n ﬁtlt es

i hexane (100uierisBet A et e PR s BRE b Sl efbRp g e
the excess of St e ds | (010 P ) 2 e ey T educed

pressure. ghgdgygﬁgfggﬂnajned was dissolved in tetra- hydrofuran (75 m).
To the solution"was added dropwi se at -78[err]C a 2 Mtetrahydrofuran

solution (30 n) of 25 dychepenicap|ery/|.E8 us, t31) J B0 i (X, BE) UrE. 38s
brought up to roomtenperature over 2 hours and further stirred
(s, 9H), 1.65 (s, 9H), 2.24 (s, 3H), 5.73 (dd,
1H, J=2, 3Hz), 6.79 (dd, 1H, J=2, 3Hz), 6.82
' (ad, 1H, J=2, 3Hz), 7.15 (d, 1H, J=2Hz), 7.25
10 (d, 1H, J=2Hz)
Example 41
Synthesis of (2-allyloxy-3-tert-butyl-5-
methylphenyl )dimethyl (methylcyclopentadienyl)silane
To a tetrahydrofuran solution (50 ml) of 2-

15 allyloxy-l-bromo-3-tert-5-methylbenzene (5.6 gj was added
dropwise at -78°C a 1.65 M hexane solution (12.5 ml) of
n-butyllithium, and the resulting mixture was stirred at
-78°C for 1.5 hours.

The mixture obtained above was added dropwise

20 into a hexane solution (25 ml) of dichlorodimethylsilane
(12.1 g) of -78°C over 3 minutes. The resulting mixture
was brought up to room temperature over 2 hours, then
stirred for 24 hours, and the solvent and dichlorodi-
methylsilane were distilled off under reduced pressure.

25 Tetrahydrofuran (50 ml) was added to the

| mixture obtained above, and further a tetrahydrofuran
solution (30 ml) of lithium methylcyclopentadienide (3.0

g) was added thereto at -78°C over one minute, the



for 12 hours. The reaction mxture was m xed with an aqueous - 145 -
amréni Um chl ori de sol ution and separated into an aqueous | ayer and an
organic layer. The aqueous |ayer was treated with hexane to extract hexane
sol ubl es therefrom and the hexane sol ution obtained and the
above-nentioned 5 organic |ayer were conbPAed to obtain an organic
solution. The organic solution was washed with saturated agueous sodi um

chl ori de sol ueswltdns pdxtHneFag OF PR £ FE M MRS RLUER O¥PT ed
organi ¢ solution wa trj pped of. the 10, solyent_under reduced pr , d
thg r:asi Zueuwlgshpﬁ’g%tz’d‘ T istiﬁ"a’e?dlcfoqsﬂni/n ?ﬁ’%ﬁ‘r’at ograpﬁy (dgvgfggirﬁg o
sol vent: hexane) to obtajn colorl.e ' - - . '
tert-butyl-5- me% hyl phenﬁkﬁedi%%%%ﬁﬁﬁ%%%%%ée%%d i”r%%ew?‘%‘?’é &',wyi el d
37% . 15 {333 r ,

9H)/? 2.36 (s, ™M) ,a"é{. %éﬂ(ag:awl% ,(l o, dat‘%uézﬁé ]leézl"élgHé’?d $lor d’g‘?C(lSH,

J=2, 11Hz) 5-1%%9.(1:‘1‘11 THé orttanild Hayed wiis (skkipgdt JESEhd lsolvéiit,
6.40-6. 70 ?nl 4H), 7.16 (d, 71H, J:ZQE), 7.22 20 (d, 1H, J=2Hz)
Mass spectra (dHd tHe)re¥itdus dbtaied 2dds tYHededphitiBta yhliesi gedf

di et hyl si l yl (cycl opent adi enyl ) (3- tert-butyl-5-nethyl-2-phenoxy)titani um
dichloride  column to obtain a pale yellow oil (2.5 g, purity 90%) of"
an isomer mixture of (2-allyloxy-3-tert-butyl-5-methyl-
phenyl)dimethyl (methylcyclopentadienyl)silane. The yield
10 of the intended product was 33%.
lH NMR (CgD;) § 0.08-0.09 (3H;0.08:s;0.09:s),
0.39-0.41 (3H;0.39:s;0.41:8), 1.32-1.51
(9H;1.32:s5;1.36:8;1.39:s;1.51:8), 1.96-2.03
(3H;1.96:5;1.99:5;2.03:8), 2.24-2.27
15 (3H;2.24:8;2.27:s), 2.90-3.68 (1H;2.90:s;
2.98:5;3.68:8), 4.17-4.50 (2H;4.17:m;4.33:s;
4.50:d, J=5Hz), 5.22 (d, 1H, J=10Hz), 5.48 (d,
1H, J=17Hz), 5.79-5.98 (m, 1H), 6.14 (d, 1H,
J=10Hz), 6.38 (d, 1H), 7.07-7.16 (m, 3H)
20 Mass spectra (EI, m/e) 340, 325, 298, 283,.245,
221, 205, 189, 159, 145, 120, 91, 75, 61, 41
Example'42
| Synthesis of dimethylsilyl(methylcyclopenta-
dienyl)(3-tert-butyl-s-methyl-2-phenoxy)titanium
25 dichloride '
To a hexane solution (10 ml) of (2-allyloxy-3-
tert-butyl-5-methylphenyl )dimethyl (methylcyclopenta-
dienyl)silane (0.75 g) was added dropwise at -78°C a 1.66



25, : To a toluene solution (15 m) of (2-allyloxy-3-
te?TCbGTVI-S-nEthyIphenyl)dinethyl(cyclopentadienyl)- silane (1.62 g) was
added dropwi se at -78[err]C a 1.66 M hexane solution (2.99 m) of
n-butyllithium the - 146 - resulting m xture was brought up to room
tenperature over 2 hours, and then stirred¥lr- 12 hours. The m xture
obt ai ned was cooled to -78[err]C, _and a toluene solution (5 m) of titanium
tetrachl ori de Mohemane| sokntiandéd -1 mipcpPEt B-Pudyd Lishipm. ngThext ur e,

whil e being shielded, fromlight, was, brought up.to roomtenperature over 2
hours and thorFRERLHRG (BLXESTRoHRE bFABOHELEP! bR FPRRUEERREZAFAEE. PIRT and

the filtrat tri th | duced,10 t

obtain a redd SMIFERALY PehTRELERPR R LPcRPHEEa)| TootRp Bt are’

h -t ol ' ' | g= ;i f
BTy o7 OBEH A8 TR EAGhA, B SuRl 5TBEY, Sok KRR IBKSEEA, 0 1
di chl ori de g 0. ' 3 3

err] 0. 27 % o Cnperdtise, *ettantan sorrachiorh8Rrel. f gy ol M 1L o
(t, 2H J=2Hz)reduPBihg mikture2f@s stizteldatllisc@¢=2b%) 2bxnchke *Ride

Synt hesis of (2-allyloXxy-3-tert-butyl-5-nethyl-
phenyl ) di net hybéirgt shiéydesickepnniaghenyl )silane To a tetrahydrofuran
solution (200 m) of 2-
The reaction mixture was filtered, and the
filtrate was stripped of the solvent to obtain a black
10 tar. The tar was treated with hexane (5 ml) to extract
hexane solubles therefrom. The hexane solution thus
obtained was stripped of the solvent to obtain a reddish
black tar (0.3 g, yield 33%) of dimethylsilyl(methyl-
cyclopentadienyl) (3-t-butyl-5-methyl-2-phenoxy)titanium
15 dichloride as an isomer mixture.
g NMR (CeDg) & 0.24-0.34 (6H;0.24:5;0.32:s;
0.33:s;0.34:s), 1.58-1.64 (9H;1.58:8;1.59:s;
1.62:8;1.69:8), 2.15-2.26 (6H;2.15:8;2.19:s;
2.21:s;2.24:s;2.26:8), 5.81 (s, 1H), 6.14 (t,
20 1H, J=2Hz), 6.46 (t, 1H, J=2Hz), 7.12 (d, 1H,
J=1Hz), 7.24 (d, 1H, J=1Hz)
Example 43
Synthesis of (2-allyloxy-3-tert-butyl-5-
methylphenyl) (indenyl Jdimethylsilane
25 To a tetrahydrofuran solution (150 ml) of 2-
allyloxy-1-bromo-3-teft-butyl-5-methylbenzene (18.9 g)
was added dropwise at -78°C a 1.65 M hexane solution

(40.4 ml) of n-butyllithium, and the resulting mixture



al | yl oxy-1-brono-3-t-butyl -5-nmethyl benzene (17.00 g) was added dropw se at
-78ferrtC a 1. 66 M hexane solution (36.2 25 m) of n-butyllithium and the
resulting m xture was stirred for one hour. The m xture obtained above was
added dropw se at a tenperature not higher than -20C over 15 m nutes -
147 - into a solution of -78[err]C of di-métS%/I-di chl orosilane (50.0 g)

di ssolved in hexane (100 m ). The resulting m xture was then brought up to
room t enper at Was ovekrvedont s-78Penfari 2rB@UESr one hour, and the sol vent

and the excess 5 of dinethyldichlorosjl|ape re distilledq_off under, reduced
pressure. The mixture obF ﬂ%ﬂxEBEed?§§6+9%§B?h°YﬁtW3§ ﬁaﬂ?SfﬁFQHW??S m).

: 2|tr - but yfg'ygf%%ﬁ%f%ﬁ%???fﬁﬁﬁﬁ“#ngﬁﬁﬂiﬁéﬁ r ?%%ﬁ?agg'eﬂﬁéﬁ%?fsrm n
1705 M met hy! S the R Do AP0, PRY; 167 c5vEk, BNl finfed CHARCrEBuTEaRb °0 °

brought upst o £L00+EReE hHEEgRY Chp2e80Lb8m BaflpbRERuTL! bURY hOhohEsfjours.

15 reaction m xture m Xxe an aqueous anmonl um

chloride sol ut{jen aggi $8E4" 868021 "heu#B , 24HAORe! B¥2Fentdand QigRANbLEO-AYET .
The aqueous | ayer was treated with hexane to extract hexane sol ubl es

therefrom Thediwxenglspiaheonepbt aiscildad bh€ ahdee- reducedepra8sairgani C
| ayer were conbined to obtain an organic
To the mixture obtained was added tetrahydro-
furan (150 ml), the resulting mixture was cooled to
10 -78°C, and a tetrahydrofuran solution (100 ml) of
indenyllithium (8.2 g) was added thereto over 3 minutes.
The resulting mixture was brought up to room temperature
over 2 hours and stirred for 5 hours.
The reaction mixture was mixed with water (100
15 ml) and separated into an aqueous layer and an organic
layer. The organic layer was stripped of thé solvent to
obtain an oil. The oil was treated with a silica gel
column to obtain a yellow oil (11.0 g, purity 94%) of an
isomer mixture of (2-allyloxy-3-tert-butyl-5-methyl-
20 phenyl)(indenyl)dimethylsilane. The yield of the
intended product was 43%.
lH NMR (CqDs) & 0.09 (s, 3H), 0.55 (s, 3H), 1.32-
1.41 (9H;1.32:s;1.41:s8), 2.28-2.29 (3H;2.28:s;
2.29:s), 3.40 (s, 1H), 4.03 (s, 1H), 4.15 (t,
25 1H, J=2Hz), 4.39 (dd, 2H, J=2.2Hz), 5.05-5.24
(1H, 5.05:8;5.08:s5;5.18:s5;5.24:d, J=9Hz), 5.51
(d, 1H, J=17Hz), 5.69-6.08 (m, 1H), 6.54 (dd,
1H, J=2.6Hz), 6.80-7.50 (m, 5H)



SO|UtI§QJ The organi ¢ sol uti'on was washed with saturated agqueous sodi um
ch\ﬁ?l solution and then dried with anhydrous sodium sul fate. The dried
organi c solution was stripped of the 25 solvent under reduced pressure, and
the residue was treated by silica gel colum chromatography (devel opi ng

'sol vent: hexane) to obtain colorless oiky]Gﬁiaﬁlyloxy 3-

tert-butyl-5-nmethyl phenyl)di nethyl (tert-butyl cycl gpen

di enyl )silane (6.58 g, yWa$s® SBeFtER LELy (R éﬁorséﬁﬁrszgper?ﬁﬁ'N@ﬁ5'

CDCl [err 0.17- 0. 2: 22-1. 23
EQH;1P22:£?1[§gr£) 5 %237, (365 igas 2556 iéﬁ: §§9' 8} Sl %& 2.36
(3H: 2. 34: s 2. 3§¥3$_ g 3.76 (I H;3.08:s: 3.76:8), 4.27-4. 60 (n] 2%0,
5.30-5.62 (m P%eo 6.12 (m 1H), 6.20-6.60 (m 3H), 7.17 (d, 1H,

J=2Hz 7.23 (d, 1H, J ; 2, 325,
261, 203 172( 41 Exanpl%gﬂsﬁgﬁﬁ?hgglglo?tg?iélﬁgﬁgiP %ghgégiﬁgﬁﬁelcyclo-
pent adi eny's)(?bﬁe%i ?%éthfl@%ﬁén@x?Wﬁﬂ@éiﬁ{ﬁnt ancHTbhqdi chl oride To a

t ol uene sol ution 2-al | yl oxy- 3-
“tert-butyl -5- nethylphenytadan@bhuéﬁéeébihuiahcggbomgwtaf JReayydokyna-

(1.53 g) was added dropwi se at -78[err]Ca 1l
tert-butyl-5-methylphenyl) (indenyl)dimethylsilane (2.2 g)
was added triethylamine (1.50 g) at room temperature.
The resulting mixture was cooled to -30°C, and a 1.66 M

10 hexane solution (4.8 ml) of n-butyllithium was added
dropwise thereto. The resulting mixture was brought up
to room temperature and stirred for 12 hours. To the
mixture obtained was added dropwise titanium tetra-
chloride (1.35 g) at room temperature, and the resulting

15 mixture was stirred at 95°C fo: 24 hours while being
shielded from light.

The reaction mixture was filtered, the solid
obtained was washed with toluene (15 ml), and the
filtrate was stripped of the solvent to obtain a reddish

20 biack oil (2.9 g). Pentane (10 ml) was added to the oil,
and the insoluble portion was dried ﬁnder reduced
pressure to obtain reddish brown powder of dimethylsilyl-
(indenyl) ( 3-tert-butyl-5-methyl-2-phenoxy)titanium
dichloride (0.25 g, yield 11%).

25 lH NMR (CgDg) & 0.45 (s, 3H), 0.50 (s, 3H), 1.44

(s, 9H), 2.27 (s, 3H), 6.69-6.75 (m, 2H), 6.78-

6.80 (1H; 6.79:d, J=1Hz;6.80:d, J=1Hz), 6.92-

6.98 (m, 1H), 7.15 (s, 1H), 7.23 (dd, 2H,



exane, solution (2.41 m) of n-butyllithium the 20 resulting. m xture was
bro ght up to roomtenperature over 2 hours and then stirred for 12 hours.
The m xture obtained was cooled to -78[err]C, and a tol uene solution (5 nm)
of titaniumtetrachloride (0.440 m ) was added thereto. The reaction
m xture obtai ned, while being 25 shiel ded ¥3%om |ight, was brought up to
roomtenperature over 2 hours and then stirred for_12 hours. The reaction
mxture was filtered, ardfFe#n®HE)rtfa?é E'S}Vrpﬁea iﬁzﬁhe solvent to
obtain a reddish - 149 - brown solid. The solid was recrystallized from
a hexane- tol ¥R ANt mixture to obtain dinethylsinI(S tert-

el of L der (0. 00 o yi el SVEGRSELS Yot N IR TYPLGXPLS ek tophyETRu T
o) 2 24 (5. @éﬁ?ﬂv@ﬁh&%ﬁﬂy botSptforgnbootydiettendl, Sio). (6. a2
(dd, 1H, Jg2, 3Hz), 5?&d L&k rdfrgde bfuZaﬁ5séQutlon (200 ml{dofll- J=2Hz)

Exanpl e 41 Synt hesi s of 2-al onxy 3-tert-butyl-5-
met hyl phenyl ) di /By Tok nrlbybﬁacboaenﬁaglesyhéﬁhyabeniena (2. eby gnotrasan

solution (50 m) of Z- 15 allyloxy-1-brono-3-tert-5-nethyl benzene (5.6 Q)
was added dr opaydded adrop@ise at6678Pbeaabe66oMuheranél8ofutdipnof36.2
ml) of n-butyllithium, and the resulting mixture was
stirred for 1 hour.

10 The mixture obtained above was added dropwise
at a temperature lower than -20°C over 15 minutes to a
solution of -78°C of dimethyldichlorosilane (50.0 g)
dissolved in hexane (100 ml). The resulting mixture was
brought up to room temperature over 2 hours, further

15 stirred for one hour, and the solvent and the excess of
dichlorodimethylsilane were distilled off under reduced
pressure.

The mixture obtained was dissolved in
tetrahydrofuran (75 ml). To the solution was added

20 dropwise at -78°C fluorenyllithium prepared from a tetra-
hydrofuran solution (250 ml) of fluorene (9.97 g) and a
1.66 M n-butyllithium-hexane solution (36.2 mi). The
resulting mixture was then brought up to rooﬁ temperature
over 2 hours and further stirred for 12 hours.

25 The reaction mixture was mixed with aqueous
ammonium chloride solution and separated into an aqueous
layer and an organic layer. The aqueous layer was

treated with hexane to extract hexane solubles therefrom,



n-putyllithium and the resulting m xture was stirred at -78[err]C for 1.5
hour's. e m xture obtained above was added dropw se 20 into a hexane
solution (25 m) of dichlorodinmethylsilane (12.1 g) of -78[err]C over 3
mnutes. The resulting m xture was brought up to roomtenperature over 2
hours, then stirred for 24 hours, and the 18 vent and dichl orodi -

met hyl silane were distilled off_under reduced pressure. 25 .

Tet r ahydr of ur &@nd s5the hexgne jgolutient phtained, andpthenahoygopentinged
further a tetrgg%grpfgtgn'solution &go m.) . of %ithium .

met hyl cycl operRESRRHE (tAYaT gweTesembined” tRePRFALY: aN78FERPER over one

212?: 2 hours aﬁa%l%%‘e’w; st ThecoFpse HFutTon kR dbpiRa, Py b B BRRRL ©
| 40 ' . .ganic 5
layer The or ieoTl asiRh tiFoLThe B0ERNGR Bl vREaTR, R0 BASHY O

obt ai ned W§5tééﬁ%gﬁb*%tgb&iéﬁlQﬁff9€é.C°|U”“ to obtain a pale yell ow oil
0

(2.5 g, purity an I somer m xture of

(2-allyl oxy-3-tert-butylpRe "®:¥H- organic solution was stripped of the
phenyl ) di met hyl (net hyl cycl opent adi enyl )sil ane. The yield 18 of the '

i ntended pr odugdlvest Sefidet eredifc@Rptébeuré D &nd] theerekiQueSwis09 (3H,
0.08:s;0.09:s), 0.39-0.41 (3H;0.39:5;0.41:s), 1.32-1.51 (9H;,1.32:5s;1.36:5s;
1.39:s;1.51: s)trda®éd 2bP3s{Bitd. §€1scdl8finscRréfatpgraphy- 2déveloping

solvent: hexane) to obtain colorless oily (2-allyloxy-3-
10 tert-butyl-5-methylphenyl)dimethyl(9H-fluoren-9-yl)silane
(12.04 g, yield 47%). _
'H NMR- (CDC1,) § 0.10 (s, 6H), 1.56 (s, 9H),
2.40 (s, 3H), 4.51 (s, 1H), 4.52 (dt, 2H, J=2,
4Hz), 5.37 (dq, 1H, J=2, 8Hz), 5.63 (dgq, 1H,
15 J=2, 17Hz), 6.14 (ddt, 1H, J=4, 8, 17Hz), 7.08
kd; 1H, J=2Hz), 7.23 (d, 1H, J=2Hz), 7.23 (dd,
2H, J=7, 8Hz), 7.39 (dd, 2H, J=7, 8Hz), 7.40
(d, 2H, J=THz), 7.92 (d, 2H, J=8Hz)
Example 46
20 Synthesis of 2-allyloxy-l-bromo-3,5-dimethyl-
benzene
To a solution of 0°C'of 2-bromo-4,6-dimethyl-
phenol (88.02 g) dissolved in acetonitrile (500 ml) was
added potassium hydroxide (30.0 g) and the resulting
25 mixture was stirred for 2 hours to obtain a blue
solution. Allyl bromide (100 g) was added dropwise at a
temperature not higher than 10°C to the blue solution,

the mixture was brought up to room temperature and then



15, (3H, 2.24:s;2.27:s), 2.90-3.68 (1H;2.90:s; 2.98:5s;3.68:5s),
4.}714f56 (2H;4.17: m4.33:s; 4.50:d, J=5Hz), 5.22 (d, 1H, J=10Hz), 5.48 (d,
1H, J=17Hz), 5.79-5.98 (m 1H), 6.14 (d, 1H, J=IOHz), 6.38 (d, 1H)
7.07-7.16 (m 3H 20 Mass spectra (EI, me) 340, 325, 298, 283,
245, 221, 205, 189, 159, 145, 120, 91, 7,156l,-41 Exanple 42 Synthesis of
di met hyl si Iyl (net hyl cycl opent a-

di enyl ) ( 3- t er t sbiryedsfast Ayhourghenoxy) titani um 25 dichl ori de To a hexane
solution (10 m) of (2-al]yloxy-3- . ] ]

tert-butyl - 5- met hyl phenyTH iﬁ§¥ﬁ§F?HeFH§FH§€IUﬁ@n?&xeﬂi?ﬁ?h)épl9&8396575 g)
was added dropw se at -7ﬁ£eruéc a i.gG - 151 - N%h xane solution (2.1
M) of n-butyl FRPARLHR SRLOFLSE BPRUTAPR: APY REDAFREGGNINER B PESROUS

t enperature ov h s_an A St d f 1 . h I Xture
obt ai ned were gé&éﬁ ?ﬁﬁu%ﬁegfégﬁgf)igkégfhe%?eagqp§§%?51ggﬁ%e§g ure,

titaniumtef rae@ha&é&emg?}#ﬂeﬂanewa éﬁﬁgﬁ&%nae hjku t&%l‘%%ieét the®dfom,

75[err] C for 24 hours e being shie roml1gh e reaction mXxture

was filtered, gnd the ﬁékhhéfgomﬁﬁiéhrbbﬁainé& hha ¢8kvaBbveamehtibhed
black 10 tar. The tar was treated with hexane (5 ml) to extract hexane

sol ubl es t her ebrganidhtapexawereokbombinetihtic obtainednwasgahnticpped of the
sol vent to obtain a reddish
solution. The organic solution was washed with saturated
aqueous sodium chloride solution and then dried with
10 anhydrous sodium sulfate.

The dried organic solution was stripped of the
solvent undér reduced pressure, and the residue was
treated by silica gel column chromatography (developing
solvent: hexane) to obtain colorless oily 2-allyloxy-1-

15 bromo-3,5~-dimethylbenzene (85.73 g, yield 81%).

lH NMR (CDC1;) § 2.24 (s, 3H), 2.27 (s, 3H),

4.40 (dt, 2H, J=1, 6Hz), 5.27 (dgq, 1lH, J=1,

10Hz), 5.43 (dq, 1H, J=2, 17Hz), 6.13 (ddt, 1H,

J=6, 10, 17Hz), 6.91 (dd, 1H, J=1, 1Hz), 7.19

20 | (ad, 1H; J=1, 1Hz)
Example 47

Synthesis of (2-allyloxy-3,5-dimethylphenyl)-
dimethyl(2,3,4,5-tetramethylcyclopentadienyl)silane

To a tetrahydrofuran solution (200 ml) of 2-

25 allyloxy-l-bromo-3,5-dimethylbenzene (24.10 g) was added
dropwise at -78°C a 1.66 M hexane solution (60.24 ml) of
n-butyllithium, and the mixture was stirred for 20

minutes.



bl ack r (0.3 g, yield 33%9 of dinethylsilyl(nethyl-

cy\fope adi enyl ) (3-t-butyl -5-net hyl - 2- phenoxy)titanium 15 dichloride as an_
i somer mxture. [err]HNVR (Cerr]Derr]) 6 0.24-0.34 (6H 0.24:s;0.32:s;
0.33:s5;0.34:s), 1.58-1.64 (9H,1.58:5s5;1.59:s; 1.62:s;1.69:s), 2.15-2.26 (6H
2.15:s5;2.19:s; 2.21:s;2.24:5s;2.26:8), 5-811.'(%-1H) 6.14 (t, 20

1H,~ J=2Hz), 6.46 (t, 1H J= ZFE 7 12b%d 1H, J=IHz), 7.24 (d,, 1H J=I Hz)
Exanpl e 43 Synt hesis of TbeaWFﬁtB%? 9 éFPeﬂuPPPV§ was added dropwise

T S B YbESEF oS bARE Banc-aore e S MARBLIAEA T o
h
ot A IR MRS )

hexane. ol uti o3LP8difeq '5f HL¥pHel(RBOTRETE, RIRKC BRI RI nil RS G
over 5 mny estﬂéﬁebf:@ﬁ&h%' ip %o Ebéhu'i:@mb@§al%%9htfu'ﬂl‘:hb9: ERQPriRIMR AL ur e

over 2 hours en stirfed for 24 hours, and the solvent and dichl oro-

di met hyl si | aneop@r Ro@st ahiednel bolvdat anduehe pxeesd’ of 83chilors-xture
obt ai ned was added tetrahydro- furan (150 m ), the resulting m xture was
cooled to 10 difiéehylEiland weiret dibydidedr aif fSanderoredhdediipressure.

The mixture obtained was dissolved in tetra-

" hydrofuran (200 ml). To the solution was added dropwise
10 at -78°C a solution of tetramethylcyclopentadienyllithium
prepared from a tetrahydrofuran solution (400 ml) of

tetramethylcyclopentadiene (12.22 g) and a 1.66 M hexane

solution (60.24 ml) of n-butyllithium, the resulting

mixture was brought up to room temperature over 2 hours
15 and then stirred for 12 hours.

The reaction mixture was mixed with an aqueous
ammonium chloride solution and separated into an aqueous
layer and an organic layer. The aqueous layer was
treated with hexane to extract hexane solubles therefrom,

20 and the hexane solution obtained and the above-mentioned
organic layer were combined to obtain an organic
solution. The organic solution was washed with saturated
aqueous sodium chloride soiution and then dried with
anhydrous sodium sulfate.

25 The dried organic solution was stripped of the
solvent under reduced pressure, and the residue was
treated by silica gel column chromatography (developing

solvent: hexane) to obtain colorless oily (2-allyloxy-



I ndenyl lithium (8.2 g) was added thereto over 3 mnutes. The resulting

i Xtur e-Nhas brought up to roomtenperature over 2 hours and stirred for 5

hours. The reaction m xture was mxed with water (100 15 m) and separated

into an aqueous |ayer and an organic |ayer. The organic |ayer was stri pped

of the solvent to obtain an oil. The oil-vidBtreated with a silica gel

colum to obtain a yellowoil (11.0 g uritg 94% of an isoner m xture of
y

(2-?LIy}O?K-373f$Tif?ﬁ§hYgPhﬁPﬁ}DdiE?fhgﬁéﬁyH GkﬁdEﬁ?F?HfEFYﬂ??fﬂFanej OTBS
I e (0] e 1nten r uc Was 0 err err err err .
_¥s, 3H), 0.55 pent ?gﬁféﬁéiﬁPﬁl(%gr%1&32¥£?}&EE%% * 2.28-2.29 (3H 2.28:s;
2.29:s). 3.40 (s, 1H), 4 , 415 (L. ,25 1H,J=2Hz) ,

4. 39 ?zjd, 2H, Siz.zm), ?ng&g(ﬁ]ﬁﬂ ssioé:bs;(§.'o§.H§;'5.1I§:°s;‘?!22?: v J:gaHz),
5.51 (d, 1H, J=17Hz), 5.69%§. 1Hy, 6. 1l 234=2.6H&}n 68077, 50
ey Tt Tes Phese 2288 PE (B 7 212778, (880120387185 300 354
205, 189, 159, 145, 1201(8}11ﬁ§g @1414}dE¥a§HbeJ4é,SBﬁE@?55§29f(d%, 1H,

di met hyl si 'yl (i ndenyl ) (3-tert- butyl -5- et hyl - 2- phenoxy) titaniu
dichloride To a tol uene éﬂhvtlﬂﬁz?§05011 @aquiﬁLlyEg yisﬂz), 6.12

tert-butyl-5-nmethyl phenyl) (1 ndenyl)dinethylsilane (2.2 g) was added
triethylamne (1.50 g) atddepniHgnpebatule. 17Hz), 6.94 (d, 1H, J=2Hz),

7.02 (d, 1lH, J=2Hz)

Mass spectra (EI, m/e) 340, 299, 219, 178, 41

10 Example 48

Synthesis of 2-allyloxy-l-bromo-3-tert-butyl-5-
methylbenzene |

To a solution at 0°C of 2-bromo-4-methyl-6-
tert-butylphenol (43.8 g) dissolved in acetonitrile (250

15 ml) was added potassium hydroxide (13.2 g), and the
mixture was stirred for 2 hours to obﬁain a blue
solution. Allyl bromide (65 g) was added dropwise at a
temperature not higher than 10°C to the blue solution,
the resulting mixture was brought up to foom temperature

20 and then stirred for 6 hours.

The reaction mixture was mixed with an aqueous
ammoniﬁm chloride solution and separated into an aqueous
layer and an organic layer. The aqueous layer was
.treated with hexane to extract hexane solubles therefrom,

25 and the hexane solution obtained and the above-mentioned
organic layer were combined to obtain an organic
solution. The organic solution was washed with saturated

aqueous sodium chloride solution and then dried with



The resulting m xture was cooled to -30[err]C, and a 1.66 M 10 hexane

sol tidh/(4.8 m) of n-butyllithiumwas added dropw se thereto. The
resulting m xture was brought up to roomtenperature and stirred for 12
hours. To the m xture obtained was added dropwi se titaniumtetra- chloride
(1.35 g) at roomtenperature, and the res#39mg 15 nmixture was stirred at
95[err] C for 24 hours while _being_shielded fromlight. The reaction m xture
was filtered, @nbydsppd 8pdiMmecgud&adtR®ashed with toluene (15 m), and the
filtrate was stripped of _the solyent to.,obtain.a reddish.2Q black qil (2.9
g). Pentane (10 nl) masTéﬂdQHlFG Prgapir, selyting Fﬁ§oFEEF§$ﬁ%HF$%ﬁ‘ g

dried d d d ' '
i ot hyl st y1 S FRaRh, Riag, spRugtil pRebRizky a3, MReb2URaaE, mas

di chl oride (O. i gl.d ¢ rr])
5 e B e e
(s, 1H), 7.%23 %?jéi,ééﬁ,‘ xne]” b oby 5 a0 A " (W) 31157 Exanmpl e
45 Synthesis obrémoaBLyepxybdtyitb-Rathyibenzene (46.07 g, yield 90%).
met hyl phenyl ) di met hyl (9H-f | uorene-9-yl )Sil ane 5 ?6 a
tetrahydrofuran sol utionly 2@¢r n{@DCL;)26 1.38 (s, 9H), 2.27 (s, 3H),
al I yl oxy- 1- brono- 3-t-butyl -5-nmet hyl benzene (17.00 g) was

4.57 (dt, 2H, J=2, 5Hz), 5.29 (dgq, lH, J=2,

11Hz), 5.49 (dgq, 1H, J=2, 17Hz), 6.13 (ddt, 1H,
10 J=5, 11, 17Hz), 7.07 (d, 1H, J=2Hz), 7.25 (d,
1H, J=2Hz)
.Example 49
Synthesis of 2-allyloxy-l-bromo-3-tert-butyl-5-
methylbenzene
15 To a mixture of 85% potassium hydroxide (76.61
| g) and methyl isobutyl ketone (1000 ml) was added at 10°C
over 2 hours 2-bromo-6-tert-butyl-4-methylphenol (230.98
g), and the resulting mixture was then stirred at 25°C
for one hour. To the resulting deep blue mixture was
20 added at 10°C allyl bromide (133.07 g), and the mixture
obtained was stirred at 25°C for 12 hours.
The reaciion mixture was mixed with water (500
ml) and separated into an aqueous layer and an organic
layer. The organic layer was washed with saturated
25 aqueous sodium chloride solution and driéd with anhydrous
sodium sulfate. The solvent was distilled off under
reduced pressure from the dried organic layer and the

residue was distilled to obtain a colorless oil of 2-



added dropwi se at -78[err]C a 1.66 M hexane solution (36.2 m) of

n-bﬁiyl ithium and the resulting mxture was stirred for 1 hour. 10

The m xture obtai ned above was added dropwi se at a tenperature |ower than
-20[err]C over 15 mnutes to a solution of -78[err]C of

di met hyl di chl orosi | ane (50.0 g) dissol ved &P exane (100 m ). The resulting
m xture was brought up to roomtenperature_over 2 hours, further 15

h
stirred for onel XY nhobFARosdrtert -RREYLna-pRtByibgpzene (245.25 g,

di chl or odi net hy] sj re distilled off under reduced pressure. The
m xture obtaiﬁ%ﬂeyéggﬁ?igolved in tetrahydrofuran (75 m). To the solution

was added 20 opywi se at.-78[errl e ELuarepyhhi ihi prepared froma tetra-
hydr of ur an soﬁ%?ﬁ%%“?z%ﬁl ) of %%LZ#eﬁe??QbB7&@§8§Ld a l.66 M
n-butyl lithi um hexane solgityyad mg) . e (es i n X LS € s then
brought up to room terrperﬁjature é)c\’jg?lz@ r%t}r':s%ar‘g'f 3ﬁ)ﬁe%°g7?(r(lré;'d rf 12

hours. 25 g The4[§¢CkH€D oh)t g9, WBHz, X6d 291 {AqRaYEQUF=27NONI UM
chl oride solution and separated I nto an aqueou$ |ayer and an organic | ayer.

The aqueous |ayer was tregheq,wsthghedgnpeltp §xr,acynRgxage 180/(dalss 1H,
t herefrom - 155 - and the hexane solution obtained and the
above-nentioned organi c Jager1der @7Ha)yhi ne07t ¢dobliHi, nJx2Ha)gami.@5s qldyt i on.
The organic solution was washed with saturated aqueous sodi um chl ori de
solution and then dried ®H{ hd=2Hz)

Mass spectra (EI, M/e) 282, 269, 241, 226, 203,

10 162, 147, 122, 91, 41
Example 50

'Synthesis of 2-allyloxy-l-bromo-3-tert-~-butyl-5-
methylbenzene |
To a mixture (30 ml) of 85% potassium hyﬂroxide

15 (1.82 g), tetra-n-butylammonium bromide (0.040 g) and
toluene were added dropwise at 50°C with stirring 2-
bromo-6-t-buty1-4-methylphenoll(6.08 g) and allyl bromide
(3.38 g). Then the fesulting mixture was stirred at 50°C
for 3 hours.

20 After being cooled to 25°C, the reaction
mixture was mixed with water and separated into an
aqueous layer and an organic layer. The organic layer
was washed with saturated aqueous sodium chloride
solution and then dried wiﬁh anhydrous sodium sulfate.

25 Gas chromatographic analysis using the internal standard
method revealed that 2-allyloxy-l-bromo-3-tert-butyl-~5-

methylbenzene had been formed in 93% yield based on the

2-bromo-6-t-butyl-4-methylphenol used.



5 anhyqipus sodium sul fate. The dried organic solution was stripped of the
soMent>~(nder reduced pressure, and the residue was treated by silica gel
col um chr omat ogr aphy (devel opi ng sol vent: hexane) to obtain colorless oily
(2-allyloxy-3- 10

tert-butyl -5-net hyl phenyl) di net hyl (9H f l;ud6dn-9-yl )sil ane (12.04 g, yield
47% . [err]H NWVR (CDCl[err]) 6 0.10 (s, 6H), 1.56 (s, 9H), 2.40 (s, 3H),

- 4.51 (s, 1H), BxaepXelt312H, J=2, 4Hz), 5.37 (dg, 1H, J=2, 8Hz), 5.63 (dq,
1H, 15 J=2, 17Hz), 6.14 (ddt, 1H, J=4, 8, 17Ft%, 7.08 (d, 1H
J=2Hz), 7.23 (d, 1H, J=28¥)thesis of2-ailylexy-brbromo-3stegy-botylsss,
8Hz), 7.40 (d, 2H, J=7Hz), 7.92 (d, 2H, J=8Hz) Exanple 46 20

Synthesi s of ZSFNSFHRERAERR ono- 3, 5- di met hyl - benzene To a sol ution of 0C

f 2-b -4, 6-di met hyl -_ph |_(88.02 [ | ved. | L ri 500
ﬁ1) ma%oggded poiggsiﬁn1%€d$g§+ﬁ uf%0959%?Q;§§8?% 1F%2%a§?%%9é§rh$§P8re was
stirre Ok 2 u t ' ' I ) 0
2dded dr opii sc9 h wid HeBBy S FadoRty?, RELHALOfs0 Yt Y ik CRUGEATAE p Bhcres
sol ution, the %lxﬁf&as-wgﬁeﬁm@lu@-ﬁ&naﬁﬁﬁsﬁafr@wtezﬁey,taﬁa the- 156

- stirred for ours. e reacttTon mxture was m xed wth™an aqueous
resulting mixture was stirred at 25°C for 1 hour. To the
deep blue solution thus obtained was added at 10°C allyl
bromide (8.47lgj, and the mixture was then stirred at

10 25°C for 12 hours. |
The reaction mixture was mixed with water and
separated into an aqueous layer and an organic layer.
The organic layer obtained was washed with saturated
aqueous sodium chloride solution and then dried with
15 anhydrous sodium sulfate. The dried organic layer was
stripped of the solvent under reduced pressure, and the
residue was distilled to obtain pale yellow oily 2-
allyloxy-l-bromo-Bftert-butyl-S-methoxybenzene (15.80 g,
yield 85%).
20 B.p. 115-117°C (0.8 mmHg)
l# NMR (CDC1;) & 1.38 (s, 9H), 3.76 (s, 3H),
4.55 (dt, 2H, J=2, 5Hz), 5.29 (dq, 1H, J=2,
11Hz), 5.48 (dgq, 1H, J=2, 17Hz), 6.13 (ddt, 1lH,
J=5, 9, 17H2), 6.86 (d, 1H, J=3Hz), 6.95 (d,
25 1H, J=3Hz)
Mass spectra (EI, m/e) 300, 257, 178, 138, 91,
44



anmoni ym.chl ori de sol ution and separated into an aqueous |ayer and an
organi c1Tayer. The aqueous |layer was 5 treated with hexane to extract
hexane sol ubles therefrom and the hexane sol ution obtai ned and the
above-nenti oned organic |ayer were conbined to obtain an organic sol ution.
The organic solution was washed with saturb@2d- aqueous sodi um chlori de
solution and then dried with 10 anhydrous sodium sulfate. The dried organic
sol ution was sEXaPB&8 88 the sol vent under reduced pressure, and the

éﬁfbé’ﬁg ; zﬁgxéﬁif‘t (o ob aPwnERpBipcet JArg LIVIFRY ek payi- 8 1
lerr] 2 24 (s DOpORREBERY a1 fgeRy1 sl oa 5 kee bk te v Rpar )
J=1, 10Hz), 5.¢€§§9g%§%ghgé=2, 17Hz), 6.13 (ddt, 1H, J=6, 10, 17Hz), 6.91

(dd, 1H, J=1 _ (dd, 1H, J=1, 1Hz) Exanple 47
Synthesis of (2-allyloxyrd, - feRBhBYsB1aRY bh- (30 ml) of 2-allyloxy-i-

di met hyl (2, 3, 4, 5-tetramet hyl cycl opent adi enyl )sil ane "To a tetrahydrofuran -
sol ution (200 Bi_:bm@f-32}:e2'5-ba|t Lgxmethbk?mn&eﬁedi(lse_tsisy epasnadddd 10 g)
was added dropwi se at -78[err]C a 1.66 M hexane solution (60.24 m). of
n-butyl [ i t hi umlrepdisbeati x78r¢ aad .8§6i M hexbne 20lutivneg18.07- ml5/ of
n-butyllithium, the resulting mixture was brought up to
-30°C and stirred for one hour. The mixture obtained was
10 cooled to -78°C, then dichlorodimethylsilane (4.26 g) was
added thereto, the resulting mixture was brought up to
25°C over 2 hours, and further stirred for 3 hours.
Thereafter, the solvent and the excess of dichlorodi-
methylsilane were distilled off under reduced pressure.
15 ' The mixture thus obtained was dissolved in
tetrahydrofuran (50 ml), the resulting solution was added
dropwise at -78°C to a tetrahydrofuran solution (100 ml)
of tetramethylcyclopentadienyllithium (3.84 g). The
resulting mixture was brought up to room temperature over
20 2 hours and then stirﬁed for 12 hours.

The reaction mixture was mixed with an'aqueOuS'
ammonium chloride solution and separated into an aqueous
layer and an organic layer. The aqueous layer was
treated with hexane to extract hexane solubles therefrom,

25 and the hexane solution obtained and the above-mentioned
organic layer were combined to obtain an organic

solution. The organic solution was washed with saturated

aqueous sodium chloride solution and then dried with



The 'y xt ure obt ai ned above was added dropwi se at a tenperature |ower than
-20TerrtC over 30 mnutes to a solution at -78[err] C of

di chl orodi net hyl sil ane (100.0 g) dissolved in hexane (100 m). The
resulting mxture was 5 then brought up to roomtenperature, further
stirred for one hour, and the solvent arml k% excess of dichl oro-

di net hyl silane were distilled off_under reduced pressure. The m xture
obt ai ned was d?%%ﬁﬁ?%ﬂsiﬁ°@éFWa5uH§GF8furan (200 mM). To the solution was
added dropwi se 10 at -78 sol uti

rrl,C.a tion of . .
tetragfthyicyclopentad:e FI#FﬁFGnPﬁF@B&Fe8°}P8ﬁPE ¥af ShraPERS: oF Hution
400 | 2
( ) 6o ShOTpEhEYLANELoRERhALCBRERArE] Hhatlel rballuld ARXOne

sol ution (60.2ﬁ° f e résulting mxture was brought up
Lo room temper alyageqvey 2189uhSql? 8BduhicBnibinktegraphyl§dadeooHie
reaction m xture was mxed wt n aqueous amoni um chlofide sol ution and
separ at ed igit Og8vaAteOHExhAKS" taNBbRALAI ¢alboeleaebi 1YNq 23auaglody®R Vas
treated with hexane to extract hexane sol ubles therefrom 20 and the hexane
sol ution obt ai pegtapdtiyhesahethoxyphenytddingthiyd (233614 , beite taameathyd < 0
obtain an organic solution. The organic solution was washed wi th saturated
aqueous sodi uncgblopentaddbnyilgsidadet [{&n 00r ged yiedd #42/)dr ous sodi um

sul fate. 25 The dried organic solution was stripped of the

sol vent under reduced pr &SR, (GPALHhE ModiddUs mbH tr dat3H (8 IH) ca gel

col um chr omat ogr aphy (devel opi ng sol vent: hexan%? to obtain colorless oily
(2-allyl oxy- 1.70 (s, 6H), 1.78 (s, 6H), 3.42 (s, 1H), 3.80

10 (s, 3H), 4.39 (dt, 2H, J=2, 2Hz), 5.27 (dq, 1lH,
J=2, 11Hz), 5.53 (dq, 1H, J=2, 17Hz), 6.03
(ddt, 1H, J=2, 11, 17Hz), 6.75 (d, 1H, J=3Hz),
6.93 (d, 1H, J=3Hz)
Mass spectra (EI, m/e) 399, 261, 236, 221, 162,
15 147, 175 |
Example 53
Synthesis of dimethylsilyl(tetramethylcyclo-
pentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)titanium
dichloride
20 To a hexane solution (1170 ml) of (3-tert-
butyl-2-allyloxy-5-methylphenyl)dimethyl(2,3,4,5-tetra-
methylcyclopentadienyl)silane (117.5 g, purity 85%) was
added dropwise at room temperature a 1.66 M hexane
solution (340 ml) of n-butyllithium, and the mixture was
25 stirred for 12 hours. The supernatant of the reaction
liquid was removed, and then toluene (1400 ml) and
titanium tetrachloride (61 g) were added at room

temperature to the remainder of the reaction liquid, and



- 158 1~§,5-dinethy|phenyl)dinethyl(2,3,4,5-tetranethy|cyclo-

pentadi enyl )silane (18.8 g, yield 569 . [err]H NVR (CDCl[err]) [err] 0.10
(s, 6H), 1.70 (s, 6H), 1.80 (s, 6H), 2.27 (s, 3H, 2.28 (s, 3H), 3.40 5

(s, 1H), 4.41 (dt, 2H, J=2, 5Hz), 5.28 (d%: 1H, J=2, 11Hz), 5.41 (dqg, 1H,
J=2, 17Hz), 6.12 (ddt, 1H, J=5, 11, 17HD) , 1694 (d, 1H J=2Hz), 7.02 (d,

1H, J=2Hz) Mass spectra (El, me) 340, 299, 219, 178 41 10 Exanple 48
Synthesis of 2the|yesuiting, igturecwasygtirred att ApPlekoand OTHORLSO| uti on

t OC of 2-b -4-nethyl -6: .tert-butyl |l (43.8 di | ved i
gceton?triIer?ggﬁlﬁggeﬁ¥9 ﬁﬁ%egaﬁgdgﬁépggggﬁﬁfgydrox?ée kig?zvg),lgnd t he

1 Xt ti d f bt a| b Lan. Allyl 1 d
(65 o) “whe_added aropu s2n9; LeBpkRol hikbude Lg, Shiveill, Fon/cndl 0T IF
solution, the resuhting FhihdaewieA RoeUBRE YBobOml EP 43 ag L2 nd

5 {20081k
then stirred for hour s. & reaction mxture was M xed W R an aqueous .

ammoni um chy or{gde 25HihGE 8BEa3RRAr @bee LBRBiABA2UHAAUTHhLA%S1vaRd as
organi c |l ayer. The aqueolUs |ayer was treated with hexane to extract hexane

sol ubl es theredjgepilPédastift 86 bbxanf aokeHueBhOBiacRedazNd TQuene
above-nenti oned organic |ayer were conbined to obtain an organic sol ution.

The organi ¢ so(2500mlyaandahégdnai (0150t mlyt edreqadded todithe thlqgrithe
solution and then dried with _
resulting mixture was heated to 65°C to form a solution,
which was then allowed to stand at -20°C for 24 hours.
10 The precipitate formed was collected by filtration,
washed with hexane (80 ml) and dried under reduced
pressure to obtain a red solid. The solid was recrystal-
lized from a solvent mixture of toluene (240 ml) and
hexane (720 ml) to obtain a red needle-like crystals of
15 dimethylsilyl(tetramethylcyclopentadienyl) (3-tert-butyl-
‘5-methyl-2-phenoxy)titanium dichloride (29.1 g, yield
22.6%).
Example 54
Synthesis of (3,5-di-tert-butyl-2-trimethyl-
20 siloxyphenyl)chlorodimethylsilane
To a solution at -70°C of l-bromo-3,5-di-tert-
butyl-2-trimethylsiloxybenzene (39.0 g) dissolved in
.tetrahydrofuran (100 ml) was added dropwise a 1.68 M
hexane solution (71.4 ml) of n-butyllithium( and the
25 mixture was stirred at -70°C for 2 hours.
The mixture obtained above was added dropwise
to a solution at -70°C of dichlorodimethylsilane (66.1

ml) dissolved in tetrahydrofuran (70 ml), and the



- 159 - anhydrous sodium sulfate. The dried organic solution was stripped
of “he 56l vent under reduced pressure, and the residue was treated by
silica gel colum chromat ography (devel oping 5 solvent: hexane) to obtain
colorless oily 2-allyloxy-1- brono-3-tert-butyl-5-nethyl benzene (46.07 g,
yield 90% . [err]H NVR (CDCl [err]) [err} 638~s, 9H), 2.27 (s, 3H), 4.57
(dt, 2H, J=2, 5Hz), 5.29 (dq, 1H, J=2, 11Hz), 5.49 (dq, 1H, J=2, 17Hz),
6.13 (ddt, 1Hresulting mixtupeswagibrauyght up bHe reom;tempeyagyre7oysr
1H, J=2Hz) Exanple 49 Synthesis of 2-allyloxy-1-brono-3-tert-butyl-5-

net hyl benzene 45hours. To a nixture of 85% potassi um hydroxi de (76.61

9 b?I;ED.”EE Cort-buyl .y'g- "ERe ToERorn (BhsteRe oras oRfEiRRSALEE HRRG it ure
was t hen st i (

mxture was 20 SHuRHE A b Ehe Eodfur Hhs £hehPEq A hORAECLTO HE) |
obtai ned was S%a [#3@&3&1; 2RCxhAt 4810BYLS - thBfeELaml | OfnET ¥bYEnPeFali xed

with water (500 and separated 1nto an aqueous [ayer and an organic
layer. The orgafi€il Py@T oPRSEVBHNEHe VhéRafid!l B6RhEHoRStRAHCEBEaSAEHUED

chloride solution and dried with anhydrous sodium sul fate. The sol vent was
distilled off ¢peein pale yellow (3,5-di-tert-butyl-2-trimethylsiloxy-
phenyl)chlorodimethylsilane (40.0 g, yield 99%).
!H NMR (CDCl;) & 0.34 (s, 9H), 0.60 (s, 6H),
10 1.28 (s, 9H), 1.41 (s, 9H), 7.25 (d, J=2.6Hz,
1H), 7.38 (d, J=2.6Hz, 1H)
Mass spectra (EI, m/e) 370, 355, 313, 247, 167
Example 55
Synthesis of (3,5-di-tert-butyl-2-trimethyl-
15 siloxyphenyl)cyclopentadienyldimethylsilane
To a tetrahydrofuran solution (100 ml) at -70°C
of cyclopentadienyllithium (2.20 g) was added dropwise a
tetrahydrofuran solution (50 ml) of (3,5-di-tert-butyl-2-
trimethylsiloxyphenyl)chlorodimethylsilane (9.83 g).

20 Thereafter the resulting mixture was brought up to room
temperature over 2 hours and then stirred at room temper-
ature for 12 hours.

The reaction mixture was stripped of the
solvent and the residue was treated with héxané to

25 extract hexane solubles therefrom. The hexane solution
obtained was stripped of the solvent to obtain pale
yellow (3,5-di-tert-butyl-2-trimethylsiloxyphenyl)-
cyclopentadienyldimethylsilane (10.43 g, yield 98%).



reduced pressure fromthe dried organic |ayer and the residue was distilled

toobtarh a colorless oil of 2- - 160 -
al 'yl oxy-1-bronp-3-tert-butyl-5-nethyl benzene (245.25 g, yield 91%.
Boi | i ng poi nt 74-75[err]C (0.08 nn#@) err]H NVR (CDCl [err]) 6 1.38

Ssé QZ%LEZ'ZY (s, 3H), 5 57 X&R - 2H, J=2, 5Hz), 5.29 (dg, 1H
(d 1 3ore) 725 (o, A iR, & %3@&«% . 03 dom S 2ua]
26, 203, 10 147 2 0 [
gS%IIyloxy 1- bLOHD 3-tert: gé F159Hié Hyaéeﬁfén§ﬁ$ ﬁ? 43#23%§S|§i9k%f
% pot assi um hydr oxi de éS igaf 9)24t§%ra2 5y 3 nlﬂﬁ n@%@ gp 040
c:mrPhnz§ g -3«

g) and tol uene were adde se"at ferr ir
brono- 6-t-butyl -4-nethyl g gnol (6.08 g) and allyl brom de (3 38 g). Then
the resulting mxture was stirred at 50[err]C for 3 hours. 20

After being cooled to 254g5K] QPeE:lﬂﬁar ¢agt, | a7ell woer, e 3883 F2egd 3iat,h 2w er
and separated into an aqueous layer and an organic Iayer The organlc Iayer

was washed with saturatedsagqueags sodi um chloride solution and then dried
wi t h anhydrous sodi um sul f ate.
Example 56

Synthesis of (3,5-di-tert-butyl-2-trimethyl-
siloxyphenyl)dimethyl (trimethylsilylcyclopentadienyl)-
10 silane | |
To a tetrahydrofuran solution (20 ml) at -70°C
of (trimethylsilylcyélopentadienyl)lithium (0.85 g) was
added dropwise a tetrahydrofuran solution (15 ml) of
(3,5-di-tert—butyl-2-trimethylsiloxyphenyl)chlorodi-
15 methylsilane (1.86 g). Thereafter the resulting mixture
- was brought up to room temperature over 2 hoﬁrs and then
stirred at room temperature for 12 hours.
The reaction mixture was stripped of the
solvent and the residue was treated with hexane to
20 extract hexane solubles therefrom. The hexane solution
was stripped of the solvent to obtain pale yellow oily
(3,5—di-tert-butyl-2-trimethylsiloxyphenyl)dimethyl-
(trimethylsilylcyclopentadienyl)silane (2.0 g, yield
84%). | |
25 lH NMR (CDCl,) § 0.11 (s, 9H), 0.30 (s, 9H),
0.37 (s, 6H), 1.31 (s, 9H), 1.33 (s, 9H), 6.45
(m, 1H), 7.25 (s, 1H), 7.28 (h, 2H), 7.37 (s,

1H), 7.41 (s, 1H)



25 Gas  chromat ographi c anal ysis using the internal standard nethod reveal ed
théf 2-al |l yl oxy-1-brono-3-tert-butyl-5- nethylbenzene had been forned in
93% yi el d based on the 2-brono-6-t-butyl-4-nmethyl phenol used. - 161 -
Exanpl e 51 Synthesis of 2-allyloxy-1-bronmp-3-tert-butyl-5- nethoxybenzene
To a mxture of 85% potassi um hydroxi de=(46%7-5 g) and nethyl isobutyl

ketone (30 m) was added at .10[err] C 2-bronp-6-te t-ég%)ﬂ- - XY. nol
(16.02 g), and the resubM@sfysAegtfd (s ﬁryi)er)rét?i(ﬂ 'er4r]]470f 'l'ﬁ #. To
t he deep bl ue solution thus tai s, .ad at 10[err]C allyl brom de
(8.47 g), and the MXtupgtﬁmg’aﬂe:}%&'\lAﬁ% g’t%dlo 25[err]C for 12 hours. The
reaction nixtgge foa E?xed with water and separated into an aqueous | ayer
and an organi ﬁQQ? . “The organic |ayer obtained was washed wi th saturated

aqueous sodi um chl ori de si’q{ﬁqlt%%% \;\Q/;a}csi éﬁ_q{éﬂ_gﬁ%ﬁjﬂ,ﬂét}?ﬂwﬁ ous sodi um

sul fate. The dried organrc tripped of the solvent under reduced

pressure, @ndhhe hasihdie aprlin |derbicy aksaiyisaiaeel | ow oi Iy 2-
aIIonxy-lgbrgﬁgﬁgﬁﬁ?t- utyI-S}ﬁ%tLoxybenzene 15.80 g, yield 85%. 20

B. p. 115-117[ err] Cofd).&8 nilitird et |46 09R ddiXi deing )of el+PrdmS83¢s,
9H), 3.76 (s, 3H), 4.55 (dt, 2H, J=2, 5Hz), 5.29 (dq, 1H, J=2,
tert-butyl-5-methyl-2-trimethylsiloxybenzene (24.18 g)
and tetrahydrofuran (180 ml) was added dropwise a 1.6 M
hexane solution (54.2 ml) of n-butyllithium over 30
10 minutes, and the resulting mixture was then kept at -40°C
for 3.75 hours.

The mixture obtained above was added dropwise
to a solution at -60°C consisting of dichlorodimethyl-
silane (49.5 g) and tetrahydrofuran (180 ml). The

15 resulting solution was brought up to room temperature
over 2 houfs, further stirred for 15 hours, and then the
solvent and the excess of dichlorodimethylsilane were
distilled off under reduced pressure. .

The mixture obtained above was treated with

20 hexane to extract hexane solubles therefrom. The hexane
solution obtained was stripped of the solvent under
reduced pressure to obtain.white powder of (3-tert-butyl-
S-methyl-2-trimethylsiloxyphenyl)chlorodimethylsilane
(24.7 g, yield 98%).

25 1y NMR (CDCl,) & 0.35 (s, 9H), 0.62 (s, 6H),

1.42 (s; 9H), 2.28 (s, 3H), 7.06 (s, 1H), 7.19

(s, 1H)

Mass spectra (EI, m/e) 328, 313, 271, 205, 167,



11%;?‘2, 5.48 (dg, 1H, J=2, 17Hz), 6.13 (ddt, 1H, J=5, 9, 17Hz), 6.86 (d, 1H,
J= )f‘6.95 (d, 25 1H, J=3Hz) Mass spectra (EI, me) 300, 257,
178, 138, 91, 44 - 162 - Exanple 52 Synthesis of

(2-allyl oxy-3-tert-butyl -5-

met hoxyphenyl ) di met hyl (2, 3, 4, 5-t et ranmet hyl 1€§ctopent a- di enyl)silane 5

To a hexane solution (90 m) of 2-allyl oxy-1-

br omo- 3-tert - but yl - 5- net BdxydSnzene (8.98 g) was added dropwi se at
-78[err]C a 1.66 M hexane solution (18.07 m ) of n-butyllithium the

resul ting mi xt Gre™RLe S%ought'up to -30[err]C and stirred for one hour. The

' bt ai ned 10 lLed t.0 -7 C. then . digchl i hyl si |
(426 g) vae added ¢ hor cESREPRE tho Oht (78 RS Ve IO Up (o
25 C I+ s t
sol[ \e/;H a(rjl\ée{ hgrg)%%ré%gl%?.q.g%%%?@&ﬁﬁl% ;ylrlgirt]rg'ne mﬁglﬁi@{aﬁﬁlﬁe&ﬁa{]—ﬁnder

reduced pregsuyg il The m xture thus obtained was dissolved in
t et rahydr of ur an Fg%igff,apﬁé resulting solution was added dropw se at

-78[err]C to a tetrahydr aiuadRctdahiyddd fukdh Boluw¥ion (20 ml) of (tri-
tetramet hyl cycl opentadi enyl lithium (3.84 g). The resulting m xture was

brought up to meekyleingnaiydlepantiadi@nyNQithiamnd (theiB sf) waarl ddied 2
hours. The reaction m xture was m xed wi th an aqueous
dropwise at -70°C a solution containing (3-tert-butyl-5-
methyl-2-trimethylsiloxyphenyl )chlorodimethylsilane (2.59
10 g) and tetrahydrofuran (15 ml), then the resulting
mixture was brbught up to room temperature over 2 hours
and further stirred for 12 hours.
The reaction mixture was stripped of the
solvent under reduced pressure, and the residue was
15 treated with hexane to extract hexane solubles therefrom.
The hexane solution obtained was stripped of the solvent
to obtain pale yellow oily (3-tert-butyl-5-methyl-2-
trimethylsiloxyphenyl)dimethyl (trimethylsilylcyclopenta-
dienyl)silane (2.9 g, yield 86%).
20 'H NMR (CDC1l;) & 0.14 (s, 9H), 0.25 (s, 9H),
6.34 (s, 6H), 1.28 (s, 9H), 1.42 (s, 3H), 6.45
(s, 1H), 7.23 (s, 1H), 7.25 (s, 2H), 7.34 (s,
1H), 7.39 (s, 1H) '
Mass spectra (CI, m/e) 430
25 Example 59 _
Synthesis of (3-tert-butyl—2—metho£y-5-methyl-
phenyl )dimethyl (cyclopentadienyl)silane

Into a solution consisting of (3-tert-butyl-2-



anmoni yum chl ori de sol ution and separated into an aqueous |ayer and an
organi c1ayer. The aqueous | ayer was treated wth hexane to extract hexane
sol ubles therefrom 25 and the hexane sol ution obtained and the

above-nenti oned organic |ayer were conbined to obtain an organic sol ution.
The organi c sol ution was washed wth satul@?ed aqueous sodi um chl ori de
solution and then dried with - 163 - an drous sodlunlsulfate The dried

organi ¢_sol ut Re¥heEy-Srmeybyd pheniid cdd; sldaned It Fre, and
e g 0 ) R 8 WAL
%5%20?2%%% en Fn?(%l:&ﬁéno*?l ;'&9 %1(]1%'&%4%%5 gsra] hyI })(eCIﬁﬁ er r]]I}g [err]

S , .
10 ml(‘%%rgﬁwa%%é’%(’g& 8k &E%m?}%(%q% TR ok T

5.53 (daq, % édzfusﬂ:ﬂan 103 ddde ﬂMm%é’n eirhturdZlor 6.0/ Shdukes 1H,
J=3Hz), 6.93 =3Hz) Mass spectra (EI, me) 399, 261, 236, 221, 162,

1 5111 (1 Btk S RO e suspenion, che
pent adi enyl ) ( 3oleentbuiay Setdtilidd 2fifhamier tredutdadnpiessure deand the
residue obtained was treated with hexane to extract
hexané solubles therefrom. The hexane solution obtained
10 was stripped of the solvent under reduced pressure to
obtain yellow oily (3-tert-butyl-2-methoxy-5-methyl-
phenyl)dimethyl(cyclopentadienyl)silane (5.07 g, yield
91%). | |
'H NMR (CDCl;) & 0.22 (s, 6H), 1.35 (s, 9H),
15 2.26 (s, 3H), 3.56 (s, 3H), 5.25 (s, 1H), 5.84
(br, 1H), 5.87 (br, 1H), 6.99 (br, 2H), 7.08
(s, 1H), 7.16 (s, 1H)
Mass spectra (EI, m/e) 300, 255, 205, 179, 161,
89
20 Example 60
Synthesis of'(3-tert-butyl-5-methyl-2-
trimethylsiloxyphenyl )dimethyl(cyclopentadienyl)silane
A solution consisting of (3-tert-butyl-5-
methyl-2-£rimethylsiloxyphenyl)chlorodimethylsilane (2.5
25 g) and tetrahydrofuran (10 ml) was added dropwise at
~-40°C into a solution consisting of cyclopentadienyl-
lithium (0.56 g) and tetrahydrofuran (20 ml). The

resulting mixture was brought up to room temperature over



20, . To a hexane solution (1170 m) of (3-tert-
bu%ﬁl-?*élIonxy-5-nEthyIphenyl)dinethyl(2,3,4,5-tetra-

met hyl cycl opent adi enyl )silane (117.5 g, purity 85% was added dropw se at
roomtenperature a 1.66 M hexane sol ution 9340 m) of n-butyllithium and
the mixture was 25 stirred for 12 hours.17@he supernatant of the reaction
| iquid was renoved, and then toluene (1400 M) and titaniumtetrachloride

(61 g) were addd@urs @awinfusthentianed e 7ami IRRRETAYER $Q5 10 on

. liquid, and - 164 - the resulting m xture was stirred at 95[err]C for 10
hours while b&WFSshi el ded from I'i ght. The reaction nmixture was filtered,

and the solid was washeg wi th tal.uene (500 The fi 5 the
washi ngs obt ai ned were iﬁﬁﬁékﬁﬁﬂiqﬁé}%§#12ﬁ1 %&ﬁ?éﬁ%§f§fé%%%ff to
obt ai n a reddi | ack t THHERE vk ah herd : wer e
added to the tsg’:i,‘}%tlﬁelﬁrnéigﬁ t% mxtéjre V\l/{a%s_éheat ed ton%%g[ err ép%% forma

sol uti on,  yhi Glyifed RARIAIHENAR (@ AN holifé 461 (NLed ihoHsErod0 The

precipitate formed was collected by filtration, washed with hexane (80 m)

and dried undehd HliGRE HERHIGh Icbadidd was e sDppel dheckol s6lvest
recrystal- lized froma solvent mxture of toluene (240 m) and hexane (720

m) to obtai nuhdead rerhiicat |ptessiunestied osfaid pale yellow oily (3-
di mret hyl silyl (tetranet hyl cycl opent adi enyl ) (3-tert-butyl -
5- met hyl - 2- phereaty-ku thyal S#meatihgrl 62 + el ijetth 1 g 1 gk yphierry] pdimethyl-
(cyclopentadiényl)silane (2.5 g, yield 92%).
10 Mass spectra (EI, m/e) 358, 284, 269, 213, 205,
147, 95, 73 |
Example 61
Synthesis of (3-tert-butyl-5-methyl-2-tri-
methylsiloxyphenyl )dimethyl(2,3,4,5-tetramethylcyclo-
15 pentadienyl)silane
| Into a solution consisting of 1-bromo-3-tert-
butyl-5-methyl-2-trimethylsiloxybenzene (1.54 g) and
tetrahydrofuran (15 ml) was added dropwise at -55°C over
10 minutes a 1.6 M hexane solution (3.15 ml) of n-butyl-
20 lithium. The resulting mixture was kept at -45°C for 45
minutes, then a solution consisting of chlorodimethyl-
(tetramethylcYcopentadienyl)silane (1.0 Q) and tetra-
hydrofuran (5 ml) was added dropwise thereinto, and the
reaction mixture was brought up to room temperature over
25 2 hours. The reaction mixture was stirred at room
temperature for 13 days and then stripped of the solvent
under reduced pressure.

The mixture thus obtained was treated with



Exanpl e 54 Synthesis of (3,5-di-tert-butyl-2-trinmethyl- 20

si?ﬁkyp enyl ) chl orodi net hyl silane To a solution at -70[err]C of
1-brono-3,5-di-tert- butyl-2-trinmethylsiloxybenzene (39.0 g) dissolved in
tetrahydrofuran (100 m) was added dropwi se a 1.68 M hexane solution (71.4
m) of n-butyllithium and the 25 mixturel¥ds ~stirred at -70[err]C for 2
hours. The m xture obtai ned above was added dropw se to a solution at
-70[err] C of diekang ot nexhyaatk | hexaneesalubleq therotgomn t TheahgaaBeUr an

(70 M), and the, - 165 - resulting m xtyre was brought to room
t enperat ure ov@Plotiem ebtaipe e%i?i%%lﬂVﬁ ube ﬁﬁgngt?gpﬁéﬁpSf°Yﬁ€négp$ent,

oD e oL oSl SRR e el od BRLRRLRAChRREE B, on
s obtained 12 PG 9oL 5 LSLLoKL (01 Sechpl L1 UKL aRLheA RIS 01
(5 ond pliyt fofitngiba,p, e, goreppatetiyltyctbbontadichys 8, 1 29
313, 247, 167 ggfgpée%§59§wgth9§g§do&3g DO-di-tert-butyl-2-trinmethyl- 15
si | oxyphenyl ) cycl open adlenyfdlnethyIS| ane
s NMR (CDC1;) & 0.01 (s, 6H), 0.42 (s, 9H),
1.50 (s, 9H), 2.01 (s, 6H), 2.10 (s, 6H), 2.33
(s, 3H), 3.59 (s, 1H), 7.11 (s, 1H), 7.23 (s,
10 1H) |
Example 62
Synthesis of (3-tert-butyl-2-methoxy-5-
methyphenyl)chlorodimethylsilane
To a solution consisting of tetrahydrofuran
15 (31.5 ml), hexane (139 ml) and 3-tert-butyl-l-bromo-2-
methoxy-5-methylbenzene (45 g) was added dropwise at
-40°C over 20 minutes a 1.6 M hexane solution (115 ml) of
n—butyllithiﬁm. The resulting mixture was kept at -40°C
for one hour, and then tetrahydrofuran (31.5 ml) was
20 added dropwise thereto.
The mixture obtained above was added dropwise
at -40°C into a.solution consisting of dichlorodimethyl-
silane (131 g) and hexane (306 ml). The resulting
mixture was brought up to room temperature over 2 hours
25 and further stirred for 12 hours.
The solvent and the excess of'dichlorodimethyl-
silane were distilled off under reduced pressure from the

reaction mixture, and the residue was treated with hexane



To, a tetrahydrofuran solution (100 m) at -70[err]C of
cycC opénfadienylIithiun1(2.20 g) was added dropw se a tetrahydrofuran
solution (50 m) of (3,5-di-tert-butyl-2-

trimet hyl sil oxyphenyl)chl orodi net hyl silane (9.83 g). 20 Thereafter the
" resulting mixture was brought up to room &é@perature over 2 hours and then
stirred at roomtenper- ature for 12 hours. The reaction m xture was

S O N e e AR eTrcaTey VX Woweife 10 25
e o R G ittt o
(10755 0. -y et e tior Sl R i PR SEMATIRNT o5
(s, 2H), 7.34 gﬁﬁfgﬁféﬁﬂx}%%fg%éﬁ(%fﬁﬁ’g, §&eié’%£§zzspectrgsiE%rDﬁing4
400, 385, §26, 311, 298JH2ﬁéR]%é%CE§7n§|6'§§ @yptbﬁ§LSIQ§2 (s, 9H),

(3,5-di-tert-butyl-2-trinethy

si | oxyphenyl) di net hyl (tra nes hyd sidw) cy3l ppeps pddeyyl7:200(s5i 1R 7022
tetrahydrofuran sol ution (20 %1? atj'-C7OCOfp§ij1 Wi (s¥ A

(trinmethylsilylcyclopent@sl exg))!lithium (0.85 g) was added dropw se a
tetrahydrofuran solution (15 m) of
Mass spectra (EI, m/e) 270, 255, 219, 189, 145,
128, 109, 93
10 Example 63
Synthesis of (3-tert-butyl-2-methoxy-5-methyl-
phenyl)dimethyl(2,3,4,5-tetramethylcyclopentadienyl)-
silanel
Into a solution consisting of (3-tert-butyl-2-

15 methoxy-5-methylphenyl)chlorodimethylsilane (5.24 g) and
tetrahydrofuran (50 ml) was added at -35°C tetramethyl-
cyclopentadienyllithium (2.73 g), the resulting mixture
was brought up to room temperature over 2 hours and
further stirred at room temperature for 10 hours.

20 The reaction mixture obtained was stripped of
the solvent under reduced pressure, and the. residue was
treated with hexane to extract hexane solubles therefrom.
The hexane solution obtained was stripped of the solvent
under reduced pressure to obtain yellow oily (3-tert-

25 butyl-2-methoxy-5-methylphenyl)dimethyl(2,3,4,5-tetra-
methylcyclopentadienyl)silane (6.69 g, yield 97%).

'H NMR (CgDg) & 0.31 (s, 6H), 1.49 (s, 9H), 1.81
(s, 6H), 1.89 (s, 6H), 2.22 (s, 3H), 3.60 (s,



(3k§;di-tert-butyl-2-trinethylsionyphenyl)chlorodi- 15 nethylsilane (1.86
g). Thefeafter the resulting mxture was brought up to roomtenperature
over 2 hours and then stirred at roomtenperature for 12 hours. The
reaction m xture was stripped of the solvent and the residue was treated
with hexane to 20 extract hexane sol ubtes78herefrom The hexane sol ution
was stripped of the solvent to obtain ello O”ﬁﬁ)

I

I
(3,5-di-tert-butyl-2-tri3rh-23 &8 a F)%/ri%{iet
(trimethylsilylcycl opentadi enyl)silan 2.0, 0, ).l 49 5 -
[err]H N?\//R (C)E/)CI )[/err]p) Mass %%r@s(%gq({) ,m/(f%(?g({', c59%',/()?03.%‘!7 %055' 6]F39’ 1.31
(s, 9H), 1.33 (s, 9H), ﬁéﬁ§ Q%L 1H), 7.25 (s, 1H), 7.28 (m 2H), 7.37 (s,
1H), 7.41 (s, 1H - I ss spectra (El, nle) 472, 457, 417, 397,

382, 369, 327 147 73 Exanpl e 57 Synthesis of
(3-tert-buty|Fggﬁg?ﬁyﬁgﬁ- 5 trinmethylsil oxyphenyl)chl orodinet hyl sil ane To

a mxture gt -60[err] C eRnxindditg ¥ dinithiPrsklyl (tetramethylcyclo-
tert-butyl$5-nethyl-2-trinethyféiloxybenzene (24.18 g) and f%trahydrofuran

(180 m) was Radddiednil 15G X drtb-BltypBiaettyll 4 DrpHdory it tariium
n-butyl l'ithiumover 3010 minutes, and the resulting mxture was then kept
at -40[err] C idarchlofideurs.

To a solution consisting of (3-tert-butyl-2-
methoxy-5-methyl-phenyl)dimethyl(2,3,4,5-tetramethyl-

10 cyclopentadienyl)silane (10.04 g), toluene (100 ml) and
triethylamine (6.30 g) was added dropwise at -70°C a 1.63
M hexane solution (19.0 ml) of n-butyllithium, thel
resulting mixture was then brought up to room tempeiature
.over 2 hours and further kept at room temperature for 12
15 hours.

Under nitrogen atmosphere at 0°C, the mixture
obtained above was added dropwise to the toluene solution
(50 mlj of titanium tetrachloride (4.82 g), the resulting
mixture was brought up to room temperature over 1 hour

20 and then heated under reflux for 10 hours.

The reaction mixture was filtered, and the
solvent was distilled off from the filtrate. The result-
ing residue was recrystallized from a toluene-hexane
solvent mixture to obtain columnar orange crystals of

25 dimethylsilyl(tetramethylcyclopentadienyl)(3-tert-butyl-
5-methyl-2-phenoxy)titanium dichloride having the
following structural formula (3.46 g, yield 27%).

Iy NMR (CDCl,) § 0.57 (s, 6H), 1.41 (s, 9H),



The m xture obtai ned above was added dropwi se to a solution at -60[err]C
coh§isffhg of dichlorodinmethyl- silane (49.5 g) and tetrahydrofuran (180
m). The 15 resulting solution was brought up to roomtenperature over. 2
hours, further stirred for 15 hours, and then the solvent and the excess of
di chl orodi et hyl sil ane were distilled off MiHer reduced pressure. The

m xture obtai ned above was treated with 20 hexane to extract hexane

sol ubl es therefrom The ReX&néssobH)iroR .38t §Bnc8Hlas 2388i (Fed 38) st e 15

sol vent under reduced pressure to obtain white powder of (3-tert-butyl-
5-nmet hyl - 2-tri met hyl si | ox§phdHyk) ZmL8r é&rmdHAyI silane (24.7 g, yield 98%.

25 H N CDCl : 35 9 62 6H), 1.42
(s, 9H), 2.28 Eg,”]sH),Ns?’ge‘?@{e(ri%rﬂ}c?ls;%sral(g,&1#«&%5?@;)251&%&?:%e)
328, 313, 271, 205, 167, 5 1@% 5093 33 §xange6§8 §%Etﬁ95ii3§f86
3't t'b t |_5_ th |_ _31.25' .29' 12 c2 r L ¥ . r [ r
gringghylgi%oxypﬂgnyr)dig§3?§h(hP?qu9¥lihbyb@ychg@egga-1%7dbqnyl)siIane To
i ' of ‘Ctrii- TeTe )

a tetrahydrofuran sol ution

met hyl si | yl cycl opent adi eyl kbaceFal kcd3 @/eWaasadded dropw se at
-70[err]C a solution conta%ning FS-te&t-Butglpg-
nmet hyl - 2-tri net hyl si | oxyphenyl ) chl or odj net hyl si |l ane (2.59

_Cl

—Si— //TL‘C|
0

Example 65

An autoclave with an inner volume of 3 £ fitted

with a stirrer was dried under reduced pressure and the

10 inner atmosphere was replaced with argon. Then 1 £ of
toluene as the solvent and 20 ml of hexene-l as the a-
olefin were placed in the autoclave, and the reactor was
brought up to 80°C. After the temperature rise, ethylene
was fed into the reactor while the ethylene pressure

15 being controlled at 12 kg/cm?. After the inside of the
system had become stable, 1.0 mmol of triisobutyl-
‘aluminum, then 2.0 umol of isopropylidene(cyclopenta-
dienyl) (3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)-
titanium dichloride synthesized in Example 18, and

20 succeedingly 6.0 umol of triphenylmethyl tetrakis-



10_g) @and tetrahydrofuran (15 m ), then the resulting m xture was brought
up to roomtenperature over 2 hours and further stirred for 12 hours. The
reaction m xture was stripped of the solvent under reduced pressure, and
the residue was 15 treated with hexane to extract hexane sol ubles '
therefrom The hexane sol ution obtai ned-wdd5stripped of the solvent to
obtain pale yellow oily (3-tert-hutyl-5-nethyl-2-

trlnethyIS|Io%¥HHEﬁﬁ% qﬁﬂX¥}b9ﬁﬂ¢ﬁd¥§¥%l%SQﬁ%ﬁﬁ%ﬁ%JYtﬁkﬁﬁﬁ?gl+%ﬁ@ (2.9
Sy 0,50 (s, 9 repcpens, Wiprmatlpiion o dlasted otk o B (o g7
Ecanpl o 50 & ARRGEE i ot Fig) m“?ﬁ%z?ﬁ%%% v 8052450 %
(3 cort buryl 2t PraF DDA ETe B Rebr Ot ety e
g?c?og)ent; wﬂ@g{g (%n uﬁ}&{éfi}gﬁ@% ﬁ#ﬂlﬂ?esuﬁéléngoﬁ ?(?uré md]eg?gbgh?%gr[]c
10 hour s Fr o s A PE b pine o, Haeeblot WelaREG: st 11 od
off under red%?é%ﬂ%ﬁ%%”ﬁh (ﬁ%v&ﬁf]of 2.1 and melting point of 94.2°C
was produced at a rate of 2.65 x 107 g per mol of titanium
per hour.
10 Example 66
An autoclave with an inner volume of 0.4 ¢
fitted with a ﬁtirrer was dried under reduced pressure
and the inner atmosphere was replaced with argon. Then,
198 ml of toluene as the solvent and 2 ml of hexene-1 as
15 the a-olefin were placed in the autoclave, and the
reactor was brought up to 60°C. After the temperature
rise, ethylene was fed into the reactor while the
ethylene pressure being controlled at 6 kg/cm?. After the
inside of the system had become stable, 0.25 mmol of
20 triisobutylaluminum, then 1.0 umol of isopropylidene-
(cyclopentadienyl)(3,5~-dimethyl-2-phenoxy)titanium
dichloride synthesized in Example 10, and succeedingly
3.0 pmol of triphenylmethyl tetrakis(pentafluorophenyl)-
borate were successively charged into the reactor.
25 Polymerization was carried out for 10 minutes while
controlling the temperature at 60°C.

As the result of polymerization, an ethylene-



resi due obt ai

ned was treated with hexane to extract hexane sol ubl es

t hérefrom The hexane solution obtained 10 was stripped of the sol vent
under reduced pressure to obtain yellow oily

(3-tert-butyl

- 2- met hoxy- 5- et hyl - phenyl ) di net hyl (cycl opent adi enyl )si | an

(5.07 g, yield 919 . [err]H NVR (CDO [err}766~0.22 (s, 6H), 1.35 (s, 9H)

15

300, 255, 205, 179, 161, 89 20 Exanple 60 Synthesis of

(3-tert-butyl mbleeubplk- Feight (Mw) of 120,000, molecular weight

trimet hyl si |l oxyphenyl) di net hyl (cycl opent adi enyl )si | ane A sol ution

consi sting of digtwébutiony|(Mw/Mn) of 11.3 and melting point of 110.6°C

met hyl - 2-tri met hyl si | oxyphenyl ) chl or odi
t et r ahydr of ur ¥as( produregds atadde@t@ Qfni

t hyl si | 2.5 25 d
n%e-@%t"si Fgr é’FE F'Htlo°§) §glréﬁf‘ii8ﬂ‘

consi sting_of cyclopentadienyl- lithium(0.56 g) and tetrahydrofuran (20
m). The r%suPFFh&°HFkture was brought up to roomtenperature over -
- 2 hours and furtger tirred at roomtenperature for 10 hours. The

reacti on m xt

ri pped of the solvent under reduced pressure, and

e

| 2.26 (s, 3H), 3.56 (s, 3H), 5.25 (s, 1H), 5.84 (br, 1H), 5.
" (br, 1H), 6. 99eer§n,e-2H):p|1_>D¢.lwe(rs ,h(asirm)n,gmnnuﬁc(% ,O(fiﬂ)‘l -Qassfr’%:ﬁecéfrgl(ﬁér? m e)8 !

170

the residue vas 5 treat g Wildhd YA Silth S "filed VS B4 o 4 her efrom

10

15

20

25

fitted with a stirrer was dried under reduced pressure,
and the inner atmosphere was replaced with argon. Then,
198 m1 of toluene as the solvent and 2 ml of hexene-1 as
the a-olefin were placed in the autoclave, and the
reactor was brought up to 60°C. After the temperature
rise, ethylene was fed into the reactor while the
ethylene pressure being controlled at 6 kg/cm@. After the
inside of the system had become stable, 0.25 mmol of
triisobutylaluminum, then 1.0 pmol of isopropylidene-
(cyclopentadienyl) ( 3-phenyl-2-phenoxy)titanium dichloride
synthesized in Example 12, and succeedingly 3.0 pmol of
triphenylmethyl tetrakis(pentafluorophenyl)borate were
successively charged into the reactor. Polymerization
was carried out for 10 minutes while controlling the
temperature at 60°C.

As the result of polymerization, an ethylene-
hexene-1 copolymer having an SCB of 18.7, [n,] of 0.62,
molecular weight (Mw) of 27,000, molecular weight

distribution (Mw/Mn) of 6.7 and melting point of 106.0°C

was produced at a rate of 8.82 x 10 g per mol of titanium



The hexane sol uti on obtained was stripped of the solvent under reduced
pr e sure’to obtain pale yellow oily (3-
tert-butyl-5-nmethyl-2-trinethylsiloxyphenyl)di et hyl -

(cycl opentadi enyl )silane (2.5 g, yield 92% . 10 Mass spectra
(El, me) 358, 284, 269, 213, 205, 147, 937773 Exanple 61 Synt hesis of
(3-tert-butyl-5-nethyl-2-tri-

net hyl si | oxypHee% | hem¥et hyl (2, 3, 4, 5-t et ramet hyl cycl o- 15

pent adi enyl ) si | ane intg a solution consisting of 1-bromp-3-tert-

but yI - 5- net hyl E52BR1ee88y| si | oxybenzene (1.54 g) and tetrahydrofuran (15

m) was added dropmﬁsezgﬁnigg $é%$5é$%§£?é§ﬁF%Hﬂégsvg%&mg g%hsxgn sol ution

(3.15 m) of n-butyl- _ Mg~ m Xture was Rep at
cdslerr] C For £ocpleeen %?gp,-réréel(eg;gogffaaSﬁﬁ&éegreglylgaaogegsgr?ns-ay'-

(tetramet hyl cycopen I eny ane and tetra- rof uran m) was

added dropw seyfidefRs Nt fneANSthB8phe2Et a8 PEPLHEEAVRSLRAT 8¥EBhH . UPThAR!,00M
tenperature over 25 2 hours. The reaction mxture was stifred at room

tenperature forgd3m¥ays RERahbe8sStheppoliventt Aadsal menbfundrenecduasd
pressure. The m xture thus obtained was treated with - 171 - hexane to

extract hexanethel abbbefiheweteopladbd brxsthe aatotilawmepbandneHewazeaakl owed
to stand at -40[err]C overnight and the white solid thus formed was dried
t o obtain pal etor was brought up to 60°C. After the temperature rise,
ethylene was fed into the reactor while the ethylene
10 pressure being controlled at 6 kg/cm?. After the inside
of the system had become stable, 0.25 mmol of triiso-
butylaluminum, then 1.0 umol of isopropylidene (3-tert-
butylcyclopentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)-
titanium dichloride synthesized in Example 14, and
15 succeedingly 3.0 pmol of triphenylmethyl tetrakis(penta-
fluorophenyl )borate were. successively charged into the
reactor. Polymerization was carried out for 10 minutes
while controlling the temperature at 60°C.

As the result of polymerization, an ethylene-

20 hexene-1 copolymer having an SCB of 32.0, [n,] of 1.34,

molecular weight (Mw) of 69,000, molecular weight distri-
bution (Mw/Mn) of 1.9 and melting point of 82.7°C was
.produced at a rate of 1.75 x 10’ g per mol of titanium per
hour.
25 Example 69
An autoclave with an inner volume of 0.4 £

fitted with a stirrer was dried under reduced pressure



yeUﬁow.oi ly (3-tert-butyl-5-nethyl-2-trinethylsiloxy- 5
phe ylfﬁfnethyl(2,3,4,5-tetranethy|cyclopentadienyl)- silane (0.97 g, vyield
48% . [err]H NVR (CDCl[err]) [err] 0.01 (s, 6H), 0.42 (s, 9H), 1.50 (s,
9H), 2.01 (s, 6H), 2.10 (s, 6H), 2.33 (s, 3H), 3.59 (s, 1H), 7.11 (s, 1H),
(7323 (s,blo s ) 1H) Exanpl e 62 Syh¥8esis of

-tert-butyl-2-nmet hoxy-5- nethyphenyl)chl orodi nethylsilane To a gol ution
consi sting of ang: Mﬁyd—%@ﬁﬁ zi’ﬁ“&fé%h(e\?é évarﬁ )?e&d'@&ﬁ‘ﬁggli% H9°Tand then,

3-tert-butyl-1-brono-2- t.hoxy-5- net hyl.b 45 d |
at o 40|[ F_r riC d\?gr :gg‘ﬁ: rﬁ%&?‘}g‘ﬁ"@mﬁ%gﬁg@g‘%ﬁﬁ i 1V%Smnf )éi%:}l SkapyL s
n-butyllithiu T | t.i %t - f

and then Letr?m‘?&r rfg’%o(llf%ig{nrﬁ%fgm;slv%d<§%eﬂ{%raé%)uvﬁiedﬁn'egger%%h&f%gur’
m xt ure obt ai Ve, . | -4 it j

consi sting of r}%gcﬁ%%r gﬁl\lgam?t Eyl!':l sﬁ{lg%a ??3?%‘) g{nigééh]}e%}%@e (S%é%{)ﬁtﬁﬂe
resul ting gi XtUre Was R tydd i N B Facticr amerle diairs 25 and

f_ur-t her stirre for_ 12 “hours. T_he sol vent and the excess of
di chl or odi net ythyigncaasnaralitsding asbriffolstbrat e2bides/ amless ifedr om t he

reaction mxture, and the residue was treated w th hexane - 172 - to

extract hexanaheolimdiek tdferidie systéne Hekdmecome stable, 0.25 mmol of
‘triisobutylaluminum, then 1.0 umol of dimethylsilyl-
(tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-2-

10 phenoxy)titanium dichloride synthesized in Example.64,
and succeedingly 3.0 umol of N,N-dimethylanilinium
tetrakis (pentafluorophenyl)borate as the toluene solution
thereof were successively charged into the reactor.
Polymerization was carried out for 2 minutes while

15 controlling the femperature at 180°C.

As the result of polymerization, an ethylene-

hexene-1 copolymer having an SCB of 33.6, [n;] of 1.03,

molecular weight (Mw) of 51,000, molecular weight

distribution (Mw/Mn) of 2.0 and melting point of 87.4°C
20 was produced at a rate of 3.36 X 10® g per mol of titanium

per 2 min.

Example 70

An autoclave with an inner volume of 3 £ fitted

with a stirrer was dried under reduced pressure and the
25 inner atmosphere was replaced with argon. Then, 1 £ of

hexane as. the solvent and 10 ml of hexene-l1 as the a-

olefin were placed in the autoclave, and the reactor was



solutiQﬂﬁobtained was stripped of the solvent to obtain pale yellow oily
(SSfbrt- ut yl - 2- met hoxy- 5- net hyl phenyl ) - chl or odi net hyl sil ane (41.9 g,
yield 84%. 5 1H NWVR (CDCl [err]) [err] 0.68 (s, 6H), 1.32 (s,
9H), 2.23 (s, 3H), 3.70 (s, 3H), 7.20 (s, 1H, 7.21 (s, 1H) Mass spectra
(El, me) 270, 255, 219, 189, 145, 128,-1839 93 10 Exanple 63 Synthesis of
(3-tert-butyl-2-nmethoxy-5-nmethyl - )

phleny! ) di met hjprenghts up g BARG hy IASEe D IR LAWRRFGLULS | TiRey fthyglene

sol ution consisti

f. (3-tert-butyl -2-
Erggh%xgl- 5- et I‘f?sg[}%ﬂlol ¢ 'ﬁ’z?di’??ﬁu ‘%‘Sﬂ%i‘f I £ (tg?elzfﬂ}yja?fbe tREFREVET of ur an
was added at - rir t.et - L | )i i )
- SRS s 46 NP BiSkeraialgin el (2,72

g), the resul enperature over hour s

and furt her Sté;yésrtgll g{aﬁ{egggmﬁigdeg; A mb DV St:r%@sobutyl- The

reaction mxtu was strippe t he sol vent under r'educed

pressure, gnd i iR, duhereso I5 e of tiks idex{ ép€lopsneas
sol ubl es therefrom The hexane sol uti on obtained was stripped of the

sol vent under JiRGiasd IRHSUBut ¥l ODimethybl 2 phendyy [ Sitatiium 25
butyl - 2- met hoxy- 5- net hyl phenyl ) di net hyl (2, 3, 4, 5-tetra-
met hyl cycl opertiashilonides i symehdSi £ gin VExAnbBY %) (1] prand sivfreedingly
(Cerr]Derr]) [err] 0.31 (s, 6H, 1.49 (s, 9H, 1.81 (s, 6H), 1.89 (s,
6H), 2.22 (s, BH puB600OR{ H,N-dimethylanilinium tetrakis(pentafluoro-
phenyl)borate were successively charged into the reactor.
10 Polymerization was carried out for 30 minutes while
controlling the temperature at 80°C.
As the result of polymerization, an ethylene-

hexene-1 copolymer having an SCB of 27.7, [n,] of 0.99,

molecular weight (Mw) of 46,000, molecular weight
15 distribution (Mw/Mn) of 1.7 and melting point of 93.4°C
was produced at a rate of 1.60 x 10’ g per mol of titanium
per hour.
Example 71
An autoclave with an inner volume of 3 £ fitted
20 with a stirrer was dried under reduced pressure and the
inner atmosphere was replaced with argon. Then, 1 £ of
hexane as the solvent and 20 ml of hexene-1 as the a-
" olefin were placed in the autoclave, and the reactor was
brought up to 80°C. After the temperature rise, ethylene
25 was fed into the reactor while the ethylene pressure
being controlled at 12 kg/cm@. After the inside of the

system had become stable, 0.5 mmol of triethylaluminum,



- 173 - 3H), 5.23 (s, 3H), 7.23 (br, 2H) Nhss.spectra (El', me) 356, 299,
23§f Zéﬁf 179, 161, 89 Exanple 64 5 Synt hesi s of

di met hyl silyl (tetranethyl cycl o-
pentaQ|enyl)(3-tert-buty|-5-nethy|-2-phenoxg)titaniunldichloride To a

sol ution consisting of (3-tert-butyl-2-= 180 -
nethoxy-5-npt2§#;phenyl)dinethxl(2,3,4,5-tetranet yl- 10 .. :
cglcl open'élgdlded Ps!zl-é?ném@ﬂo? lgiqprt"(HYt}éﬁ’@"(eld(?Yrﬁ orgFadien¥t) & ne (6. 30
g) was adde ro se gt -7 rr a.l.63 hexane.  sol.ut.ion 9.0 m) of
n-butyl 1t hi ufe %ng%'ﬂ#?’r}ﬁ&'t%r?&%ﬁ&ﬁ é%a&’o"d‘bﬁ‘{l"thplo‘%%ﬁerbom )

t enperat ure over haur s, and I t eTeTpspi=Tyes Ty r

hggr 3 OIUnde_r ﬁmtﬁgiﬁzgt%nﬁglpk%%%% (}{@Br’] %an{ he n‘%xt ur eﬁxt%&nceu(}n%%oc\% was
added dropwi s 50,06 1LRIMHENE KAl ;(éﬂ:ﬂ])ucﬁ:f HRfl B APt apdier i de
(4.82 g), the reg)t}}ltsrng m%trlure Wasl(l:?rﬂt ught up tooﬂroor%mt)}agrraperature over 1

hour 20 agd darated yndfirdef |ihtd Ahe Gduuiticr . ThEoTyaastifne 1ot ur e

was filtered, and the sol'vent vias distilled off fromthe filtrate. The

result- ing regsdearsBed Al for 1302 afl fitwss avtiidlelarsnthedhing othent
m xture to obtain columar orange crystals of 25

di met hyl si |yl (Hefipeaamiund atcleqrant adi enyl ) (3-tert-butyl -
S-met hyl - 2- phenoxy) ti tani um di chl oride having the follow ng structural
fornuLa (3.46 g, yield Z&gthd eredulthvi (EDYNer¥zatien s jam srhykengys)
1.41 (s, 9H),

hexene-1 copolymer having an SCB of 21.8, [n;] of 1.06,

10 molecular weight (Mw) of 52,000, molecular weight
distribution (Mw/Mn) of 1.8 and melting point of 99.5°C
was produced at a rate of 1.52 X 10’ g per mol of titanium
per hour.

Example 72

15 An autoclave with an inner volume_of 32 fitted
with a stirrer was dried under reduced pressure and the
inner atmosphere was replaced with argon. Then, 1 £ of
toluene as the solvent and 20 ml of hexene-l as the o-
olefin were piaced in the autoclave, and the reactor was

20 brought up to 80°C. After the temperature rise, ethylene
was fed into the reéctor while the ethylene pressure
being controlled at 12 kg/cm?. After the inside of the
system had become stable, 12.0 umol of triphenylmethyl
tetrakis(pentafluorophenyl)borate, then 0.5 mmol of

25 triisobutylaluminum, and thereafter 2.0 pumol of iso-
propylidene(cyclopentadienyl) (3-tert-butyl-5-methyl-2-

phenoxy)titanium dichloride synthesized in Example 1(1)



- 174 - 2.15 (s, 6H), 2.34 (s, 6H), 2.38 (s, 3H, 7.15 (s, 1H), 7.18 (s,
1H~TerT{C NMR (CDO [err]) [err] 1.25, 14.48, 16.28, 22.47, 31.25, 36.29,
120. 23, 130.62, 131.47, 133.86, 5 135. 50, 137.37, 140. 82,

142. 28, 167.74 Mass spectra (Cl, nmle) 458 [err] Exanple 65 An autocl ave
with an inner volume of 31 fitted with—al8dirrer was dried under reduced

ol e o Lo Srsoost e Gl (1] Ve

et bttt A A T

Pg_gpi)gggr}adzaé:&%ief{.]d'nmr?l o%ar.t.rl |é;c%'u'?5ll’9%un]f num If[phen Z.Q%rltfer?]ér‘r% of
A y(f&ﬁ%eﬁ Sv.lr JS/ gSQOW%t%:F']c;J[]:J.ng the temperature at 80°C.

dienyl) (3-tert- 2-Phenoxy) -~ titani um di chl ori de

synthesi zeq in Exanpl e Ig éﬁE’f@%uP@Q&@ﬁ%& orbzdeidn | | 4R| eOhylene-
tri phenyl methyl tetrakis- - 175 - (pentafl uorophenyl )borate were

ggccessi vely qhalgRil i spd Nnd L Adwing Roh YO@S | gAt 2908 pagnCRr bEed. ogt for

molecular weight (Mw) of 60,000, molecular weight
distribution (Mw/Mn) of 1.9 and melting point of 94.9°C
was produced at a rate of 2.27 x 10’ g per mol of titanium
10 per hour.
Example 73
An autoclave with an inner volume of 3 £ fitted
with a stirrer was dried under reduced pressure and the
inner atmosphere was replaced with argon. Then, 1 £ of
15 toluene as the solvent and 20 ml of hexene-l1l as the a-
olefin were placed in the autoclave, and the reactor was
brought up to 80°C. After the temperatufe rise, ethylene
was fed into the reactor while the ethylene pressure
being controlled at 12 kg/cm@. After the inside of the
20 system had become stable, 1.0 mmol of triisobutyl-
aluminum, then 2.0 umol of isopropylidene(cyclopenta-
dienyl) (3-tert-butyl-5-methyl-2-phenoxy)titanium
dichloride synthesized in Example 1(1) which had been
stored as a hexane solution under nitrogen at room
25 temperature for one month, and succeedingly 6.0 pmol of
.triphenylmethyl tetrakis(pentafluorophenyl)borate were

successively charged into the reactor. Polymerization



m oufes while controlling the tenperature at 80[err]C. As the result of
polynmerrzation, an ethylene- 5 hexene-1 copolyner having an SCB of 25.0,
[[err]] of 0.77, nolecular weight (My of 35,000, nolecular weight
distribution (Mv M) of 2.1 and melting point of 94.2[err]C was produced at
araté of 2.65 x 10[err] g per mol of tit&82um per hour. 10 Exanple 66 An
autoclave with an inner volunme_of 0.4 ) fitte jth a stirrer dried
under reduced WaSe SaFT-oh PYhET ‘%{’t%‘éﬁlé&éﬂvﬁscqréﬁ%ithn%yﬁear gon.
Then, 198 m qf toluene as t | vent and 2 m of hexene-1 as 15 the

a-ol efin were%;ﬂ"ﬁ’c?&? Ure it 2@%@1 ave, and the reactor was brought up to

- 60[err]C. After the t ' i
whi T the ot hyl eno. pr os ot atie s B & e ERle Eo Efon, U8 LRVIEASHTC,
o o o Y o ML T Sl ARGy favind B &la s $4187ORHLYISEUTLIYN Chen

%6Sc{gL;L?ggigqg#ifgngdinpth | - 2- phenoxy) '6aniu digchlorig ynt hesi zed
itgt %EPE'(S;?’HIJ orl.g@c%ﬁ- by(l?‘_'g 1 réjg%‘t 22‘?&5‘#@%%2&9? ko t,Ee
(r:gﬁﬂ glrl. i ﬁS t W‘ﬁ%‘bn‘%@h@r?{%t%ﬁmﬁo@ jl'b"’##né?es V\glf|2 3 .
an et hyl eng- %S’I e‘%@%%ﬁeé_?p%%o%gn%ﬁ%;%?ln%;e%l%éfmggowi%?{eﬂrr ]

of 1.67,

per hour.
Example 74

10 An autoclave with an inner volume of 3 £ fitted
with a stirrer was dried under reduced pressure and the
inner atmosphere was replaced with argon. Then, 1 £ of
toluene as the solvent and 20 ml of hexene-l as the a-
olefin were placed in the autoclave, and the reactor was

15 brought up to 80°C. After the temperature rise, ethylene
was fed into the reactor while the ethylene pressure
being controlled at 12 kg/cm?. After the inside of the
system had become stable, 1.0 mmol of triisobutyl-
aluminum, then 2.0 umol of isopropylidene(cyclopenta-

20 dienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium
dichloride synthesized in Example 1(1), and succeedingly
1.0 pmol of triphenylmethyl tetrakis(pentafluorophenyl)-
borate were successively charged into the reactor. Poly-
merization was carried out for 30 minutes while control-

25 1ling the temperature at 80°C.

As the result of polymerization, an ethylene-

hexene-1 copolymer having an SCB of 23.3, Im;] of 1.24,



nmo| ecul ar wei ght (Mw) of 120,000, nol ecul ar wei ght distribution (Mv M) of
11k3 and” nelting point of 110.6[err]C was produced at a rate of 2.65 x
10[err] g per nol of titanium5 per hour. Exanple 67 An autoclave with an
inner volunme of 0.4 | fitted with a stirrer was dried under reduced
pressure, and the inner atnosphere was repBdced with argon. Then, 10 198
m of toluene as the solvent and 2 m_of_ hexene-1 as t he é? olefin wer e
pl aced in t he makasailare weht h@‘f)eé?:fc(ﬁ7l\/%&°ior lart ’6‘1)‘% ®rr]c After

the tenperature rise, eth Iene was d [ eactor while_ t LRyl ene
pressure bei nGiEHitNG L t"’b‘?ét’?%ifl’Sn 9 PRtk F ?ﬁtj stem

had becone stable 0.25 of triiso e .. of
| sopropyli den&” ‘%ﬁéﬁ%&f e%ﬁ%f( ‘ﬁu% é&fyr?h%?x% ?ﬂé% & gzlrl(}-‘]r?'rﬂt}rl}nge
synt hesi zed |gﬁ ‘ﬁ 12, and succeedl ngly 3.0 [err]rml of tr| phenyl net hyl
tetraki s(pent uorop enyl)borate were 20 successively charged into the
reactor. Pgly td 055 was carried out for 10 m nutes while controlling
t he tenperature a 60[err]C. As the result of polynerization, an ethyl ene-
hexene-1 copol ymer havi ngh aussElafe kith 44 eiridér ofoDufid, o£53 £Of £etedr
wei ght (My) of 27,000, nolecular weight distribution (Mv M) of 6.7 and
mel ting point vafthlQp. sﬁ{ﬂ‘féﬁm drrdsticatdet reduted opr8sS@re dfflethg g per
nol of titanium -

inner atmosphere was replaced with argon. Then, 1 2 of

toluene as the solvent and 20 ml of hexene-1 as the a-

10 olefin were placed in the autoclave, and the reactor was
brought up to 40°C. After the temperature rise, ethylene
was fed into the reactor while the ethylene pressure
being controlled at 12 kg/cm?. After the inside of the
system had become stable, 1.0 mmol of triisobutyl-

15 aluminum, then 2.0 pmol of isbpropylidene(cyclopenta-
dienyl) (3-tert-butyl-5-methyl-2-phenoxy)titanium
dichloride synthesized in Example 1(1), and succeedingly
6.0 uymol of triphenylmethyl tetrakis(pentafiuorophenyl)-
borate were successively charged into the reactor. Poly-

20 merization was carried out for 10 minutes while control-
ling the temperature at 40°C.

As the result of polymerization, an ethylene;
hexene-1 copolymer having an SCB of 14.8, [n;] of 1.93,
molecular weight (Mw) of 110,000, molecular weight
25 distribution (Mw/Mn) of 2.1 and melting point of 103.8°C
was produced at a rate of 1.27 X 108 g per mol of'titanium

per hour.



pe(rpoqiy Exanpl e 68 An autoclave with an inner volume of 0.4 1 fitted with
a stirrer was dried under reduced pressure 5 and the inner atnobsphere was
repl aced with argon. Then, 198 ml of hexane as the solvent and 2 m of
hexene-1 as the [err]- olefin were pl aced in the autoclave, and the reac-
tor was brought up to 60[err]C. After the ?énperature rise, ethylene was
fed into the reactor while the ethylene 10 pressure belng controlled at 6
kg/ cnR. Aft erEXaPlensi®e of the systen1had becone stable 0.25 mmol of

triiso- butylalumnum then r].nol iSO p 33tpr
butyl cycl opent adi enyl )(SADt @r'{]t%ﬁi ‘Te ?W ‘g n‘)c()?(jy fan E Fitted

di chl ori de synt, SIZ qﬂqj r | of
triphenyl met h r{t et P ak ékpent a- uor ophe é?) %‘#{g%%& %%ﬁ%%e%é‘?vg‘go
charged into tig npptf’é’éé/%ézfé paha@wa{ra put i:wénlolrrznates

whi |l e controlllng the termperature at ©60[err]C. As e result of

pol yneri zaki O esihetdW 1@ -shrdipx elred 11@Q@I)|dfrﬂiie£l@fié-nﬂ &8 k8 af 32.0,
[[err]] of 1.34, nolecular weight (My of 69,000, nolecular weight distri-

bution (MW M)oiafiln Wersl pEAdedGimoiie aitdlaye; rigirogenrwascadded a
rate of 1.75 x 10[err] g per nol of titanium per hour. 25 Exanple 69 An
aut ocl ave w t thrdeimes twmlaneydfodenr! préssurel of t 0@ mnHg; candatheri ed
under reduced pressure
reactor was brought up to 80°C. After the temperature
rise, ethylene was fed into the reactor while the
10 ethylene pressure being controlled at 6 kg/cm@. After the
inside of the system had become stable, 1.0 mmol of tri-
isobutylaluminum, then 2.0 pmol of dimethylsilyl (tetra-
methylcyclopentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)-
titanium dichloride synthesized in Example 64, and
15 succeedingly 3.0 umol of N,N-dimethylanilinium tetrakis-
(pentafluorophenyl)borate were successively charged into
the reactor. Polymerization was carried out for 30
minutes while controlling the temperature at 80°C.

As the result of polymerization, an ethylene-

20 hexene-1 copolymer having an SCB of 27.2, [n,] of 1.69,

molecular weight (Mw) of 99,000, molecular weight
distribution (Mw/Mn) of 1.9 and melting point of 83.1°C
was produced at a rate of 1.50 X 10’ g per mol of titanium
per hour.
25 Example 77
An autoclave with an inner volume of 3 £ fitted

with a stirrer was dried under reduced pressure and the



- %7/ - and the inner atnosphere was replaced with argon. Then, 185 m of
cycC oheXane as the solvent and 15 nl of hexene- 1 as the a-olefin were

pl aced in the autoclave, and the reactor was brought up to 180[err]C After
the tenperature 5 rise, ethylene was fed into the reactor while the

et hyl ene pressure being controlled at 25 R§bcrm2. After the inside of the
system had becone stable, 0.25 mol of_ triisoputylal um nu thef &.0
[err]nol of diimmeryadmqogphere was replaced with ‘argon. Then, of

tet t hyl I t adi 1) (3-tert-butyl-5- | - 2- h titani
i chi or' do. sy MERene & MPLAT At AP Itk ok dientse o A i o
N, N- di net hyl anj,l ini t et ' b t t
Sol Ut on ¢ her SO T STt BRTOAEI T s GLAPERI] i fodin s | S14ER7 o1
I ed . Ut ' S £O1 &4 Nemfi@ NPEA&L t
\fgg[ gﬂ]ﬂce Agﬁ%efe%lgétu tﬂaéffglg&}niﬁéiﬁ on, %én) 6eft R%?%ne- ?'exen%-%ﬁgogol ymer

havi CB - cul i 000,
aving an § g]%ta%%p dd qgfdd?%/lﬁﬁlg)@o g EcUl Rt elé tdMipepatite

nol ecul ar wei I stribution of 2.0 and nelting point of
87.4[ err] C 20 pyafe PrétdiifRshatvwae MBéd Dits. e xrdd¢ €0t |wigi perthisl  of

titaniumper 2 min. Exanple 70 An autoclave wth an inner volume of 3t
fitted with aeiliylete waseskirs beiley cettostled essul2 kabfcmhe 2Etiemer
at nrosphere was replaced with argon. Then, 1 | of hexane as the sol vent and
10 m of hexerthel iaside Gf thefsysvem chad deecone stabbe: o€} 29 emmahdofhe
react or was
triisobutylaluminum, then 0.5 umol of
10 dimethylsilyl(tetramethylcyclopentadienyl)(3-tert-butyl-
5-methyl-2-phenoxy)titanium dichloride synthesized in
Example 64, and succeedingly 1.5 umol of N,N-dimethyl-
anilinium tetrakis(pentafluorophenyl)borate were succes-
sively charged into the reactor. Polymerization was
15 carried out for 30 minutes while controlling the
temperature at 80°C.
As the result of polymerization, an ethylene-

hexene-1 copolymer having an SCB of 26.8, [n;] of 2.22,

molecular weight (Mw) of 140,000, molecular weight

20 distribution (Mw/Mn) of 1.6 and melting point of 85.6°C
was produced at a rate of 2.00 x 10’ g per mol of titanium
per hour.

'~ Example 78

An autoclave with an inner volume of 3 & fitted
- 25 with a stirrer was dried under reduced pressure and the
inner atmosphere was replaced with argon. Then, 1 & of

hexane as the solvent and 20 ml of hexene-l1 as the «-



179 - l{e/ought up to 80[err]C. After the tenperature rise, ethylene was fed
i nt0 the’reactor while the et hyl ene pressure being controlled at 6 kg/cn®.
After the inside of the system had becone stable, 1.0 nmol of triisobutyl-
5 aluminum then 0.5 [err] ol of isopropylidene(cyclopenta-

di enyl ) (3-tert-butyl -5-net hyl - 2- phenoxy¥t +8@ni-um di chl.ori de synthesized in

Exanple 1(1), and succeedingly 3.0 [err]nDI of N, N-di | ani | i nj

Letr aki s( pent SAPESRoWEReRIASS: 40 thet & S v SRR SRS YRGS

{Ea(r:?olrS(ggnPo yrrerl zati O@W%‘fg’ﬁ?ﬁt“{ﬁ% ﬁ?ﬂéﬁeﬁ;ﬁﬁm' I(g %n rgl i ng
e tenperatu [ hyl -

hexene-1 copolg\é hawa%gb%&u S;& 3,_7 oq[d er Alﬂ %Ntl(\% c:ﬁngg yvvginght

(My) of 46, 00 %Oé‘c éﬂ %§ strlbutlont( / 39 of &‘thémalting

poi nt of 93.4] L8 Q'C&%%@n%?%&% auto t?;ec}fg ﬂea@ﬂ:d&: ng{ﬂé]uga per nol of

titani um per Fodr ave wth an 1 nner volune of 3

fitted 20 witly gﬁte'nrer refurl 'B@idﬁ]‘_c&inﬁﬂtl@ﬂﬁeﬁ?q{g?/cﬂﬁ?d t A tener

at nrosphere was réplaced with argon hen of hexane as the sol vent and

20 M of hexergrel iasildee dfertHe S}stfen I bgdareGtiablde U amyE, ofind
the reactor was brought up to 80[err]C. After the tenperature rise,

et hyl ene 25 wagifiedbutiyldlhaimaact drheril & tyneoletdfy | dimeetphyebsikyl bei ng

controlled at 12 kg/cnferr]. After the inside of the system had becone

stabl e, 0.5 nuetafamtethytligpcllapentadienyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium dichloride synthesized in Example 64,

10 and succeedingly 2.0 umol of N,N-dimethylanilinium
tetrakis(pentafluorophenyl)borate were successively
charged into the reactor. Polymerization was carried out
for 30 minutes while controlling the temperature at 80°C.

As the result of polymerization, an ethylene-

15 hexene-1 copolymer having an SCB of 24.7, I[n,] of 2.77,

molecular weight.(Mw) of 170,000, molecular weight
distribution (Mw/Mn) of 1.8 and melting point of 87.4°C
was produced at a rate of 3.60 x 10’ g per mol of titanium
per hour.

20 Example 79

An autoclave with an inner volume of 3 ¢ fitted

with a stirrer was dried under reduced pressure and the
inner atmosphere was replaced with argon. Then, 1 £ of
hexane as the solvent and 10 ml of hexene-l1l as the a-

25 olefin were placed in the autoclave, hydrogen was added
thereinto to a hydrogen pressure of 100 mmHg, and the

reactor was brought up to 80°C. After the temperature



- 180 - then 2.0 pnol of isopropylidene (cycl opentadienyl)(3-

ter -bGT?I-5-nethy|-2-phenoxy)titaniunldichloride synt hesi zed i n Exanpl e
1(1), and succeedingly 6.0 [err]nol of triphenyl nethyl

tetraki s(pent afl uorophenyl )borate were 5 successively charged into the
reactor. Polynerization was carried out =f 38730 minutes while controlling

the tenperature at 80[err]C As the result of polynerizaijon, an ethylene-
hexene-1 copolBifie Weng, was ad Jlinte ‘F[%r’??e}g x 1".510’61'e 1870l ecul ar

wei ght (Ma) of 52,000, nol ecul ar, wei ght distyj bution. (,Mv, Mp of, 1.8 and
rre: ti pg poi nt %S‘W‘Eﬁ REGBEIWR lb?’d'&gc‘é?f‘t&‘fogi?it%to L e ld"[tétrerﬁ 6%leper
mol of titani-umnpe our,.. Exanpl e 7 n au e .y Lh:an
i nner vol une olfnsé“{e 9 ttgbe YRR o al‘%?%?c?/\%% %‘F’?%l Ung'eé %%%c%ﬁn {[:)?Jégsure

and the inner 0] e k t .43k
SRR B 2RGS0 By deda gl 1k e0e, 2

t he sol vent and 20 err]- olefin were ced in the

aut ocl ave, san%éﬁﬁ%gﬁﬁiaﬁemﬂ&ﬂ gfgmeﬁe-wt DL eLméfhy AL ephéhexy ) -

tenperature rise, ene was fe o the reactor whil e the ethyl ene
pressure bei ng iGH ik | ErbiloR£d& b gihedi 26d imeExadple 64, tArdsystem had
become stable, 12.0 [err]nol of triphenyl methyl
t et r aki s( pent afuceahitenlyy ) Dod aimol tdfntHiphemplmethPb tetrakbsa{peéntan num
and thereafter 2.0 [err]mol of iso-
propyl i dene( cytlwpmpteheh)birste everdusytcss sively - chapgedokptei thi um
di chl ori de.synt-hesi zed in Exanple 1(1)

reactor. Polymerization was carried out for 30 minutes

10 while controlling the temperature at 80°C.

As the result of polymerization, an ethylene-

hexene-1 copolymer having an SCB of 25.2, [n,] of 1.80,

molecular weight (Mw) of 110,000, molecular weight
distribution (Mw/Mn) of 1.8 and melting point of 84.8°C
15 was produced at a rate of 4.00 X 10’ g per mol of titanium
per hour.
Example 80
An autoclave with an inner volume of 3 £ fitted
with a stirrer was dried under reduced pressure and the
20 inner atmosphere.was replaced with argon. Then, 1 £ of
hexane as the solvent and 20 ml of hexene-l as the -
olefin were placed in the autoclave, and the reactor was
brought up to 80°C. After the temperature rise, ethylene
was fed into the reactor while the ethylene pressure
25 being controlled at 12 kg/cm?. After the inside of the
system had become stable, 1.0 mmol of triisobutyl-

aluminum, then 2.0 pmol of dimethylsilyl(tetramethyl-



- Qg; - whi ch had been precontacted beforehand with 0.5 mml of
trilsoﬁﬁfylaluninun1for 2 m nutes were successively charged into the
reactor. Polynerization was carried out for 40 mnutes while controlling
the tenperature at 80[err]C 5 As the result of polynerization,
an ethyl ene- hexene-1 copol yner having anl®EB-of 25.8, [[err]] of 1.18,
nol ecul ar wei ght

(Mn) of 60, Q00,. nol ecuyl ar I ght _distyiQuti on (Mwv Mh) of
i e i R S S LB 8RN T
o B e ot ea;i"";"ffff“ﬁg e el s
?ﬁet gﬁt 22: \é\elgfuggg 9('! i %\%S'he%g'lr?e-% as l{llli)eh%[r%?ﬁqt .I e{‘fT n V\E}e]%es-pl aced in
omperatur o 1 ESRCREAURESEREy LitHity Shrd AR g e

pressure bei Ngneoeheitltd atpolmediGEtioN Wils dirdited Buwffdhe3@0 system

had becorme stable, 1.0 mmmol of “triisobutyl- alum num then 2.0 [err]nol of

i sopropyl i denff ewtlepahiide @orrttol(13rigerihed Wepdramity la®-g0R@oxy) ti t ani um
di chl ori de synthesized in Exanple 1(1) which had been stored as a hexane

sol ution under nitrogenast theomemlite nyfe st lymee1ficra oo maTt lethgnkene-
succeedingly 6.0 [err]nol of triphenyl nethyl

t et r aki s( pent akkencs{ihengolymet harvdmgy an SCB of 24.5, [n,] of 4.06

and melting point of 84.9°C was produced at a rate of
10 3.88 x 107 g per mol of titanium per hour.
Example 81
An autoclave with an inner volume of 3 £ fitted
with a stirrer was dried under reduced pressure and the
inner atmosphere was replaced with argon. Then, 1 £ of
15 toluene as the solvent and 20 ml of hexene-1 as the a-
olefin were placed in the autoclave, and the reactor was
brought up to 80°C. After the temperature rise, ethylene
was fed into the reactor while the ethylene pressure
being controlled at 12 kg/cm?. After the inside of the
20 system had become stable, 1.0 mmol of triethylaluminum,
then 2.0 pmol of dimethylsilyl(tetramethylcyclopenta-
dienyl) (3-tert-butyl-5-methyl-2-phenoxy)titanium
dichloride synthesized in Example 64, and succeedingly
6.0 pmol of triphenylmethyl tetrakis(pentafluorophenyl)-
25 Dborate were successively charged into the reactor.
Polymerization was carried out for 30 minutes while

controlling the temperature at 80°C.



sugces Ively charged into the reactor. Polynerization - 182 - was
carriedout for 30 mnutes while controlling the tenperature at 80[err]C
As the result of polynerization, an ethyl ene- hexene-1 copol yner having an
SCB of 24.8, [[err]] of 1.18, 5 nolecular weight (Mv) of 61,000, nolecular
wei ght distribution (Mv M) of 1.9 and nel8?ng point of 96.3[err]C was

produced at a rate of 3.51 x 10[err] er nol aqf titanium per. hour.
Exanpl e 74 10 ASAﬁh&uF@@P&&e%WFEP¥¥?%Hhﬁ§tHRﬂnuﬁ?<ﬁt¥§ieq?1ted

with a stirrer was dried under reduced pressure t he jnner_at her e
was repl aced WPERNGrdofoPPHYMer: havdng gm &S é’sfa?“%'e' @ol tﬂ?ﬁt °£d£3%;)m of
hexene-1 as the [err]- olefin were placed in the autoclave, and the reactor
was 15 broughndupelsisg] poipt. 0fABSe? *Charase Bradnqad at e ratihyfne was
fed into the reactor m@ile t he ethyl ene pressure being controlled at 12
kg/ cn2. After1t838 *ndi0degoperhiodyfchikaniBBcBRE BPY¥BIre, 1.0 mmol of
triisobutyl- alumnum_then 2.0 [err]nol of isopropylidene(cyclopenta- 20
dienyI)(3-5erFXBHP}P-§3nethyl-2-phenoxy)titaniun1dich|oride synt hesi zed in
Exampl e 1(1), and succeedi ngl QO Jerrlmyl aqf tr] Y. .

ﬁsﬂ )a%t\é)gglgtvé T th an Ynndd RIST émc;f] aj izn tfolff%eed

t et raki s(pent af | uor ophe succe55|vgﬁ§ charge

reactor. POl VTR 12 YO AR Ulad ol YreUd PRS- 25

. wi
ling the tenperature at 80
inner atmosphere was replaced with argon. Then, 1 £ of

toluene as the solvent and 20 ml of hexene-1 as the a-

10 olefin were placed in the autoclave, and the reactor was
brought up to 80°C. After the temperature rise, ethylene
was fed into the reactor while the ethylene pressure
being controlled at 12 kg/cm?. After the inside of the
system had become stable, 1.0 mmol of triisobutyl-

15 aluminum, then 1.0 umol of dimethylsilyl(tetramethyl-
cyclopentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)-
titanium dichloride synthesized in Example 64, and
succeedingly 6.0 umol of triphenylmethyl tetrakis(penta-
fluorophenyl )borate were successively charged into the

20 reactor. Polymerization was carried out for 30 minutes
while controlling the temperature at 80°C.

As the result of polymerization, an ethylene-

hexene-1 copolymer having an SCB of 27.2, [n1] of 4.27

and melting point of 84.1°C was produced at a rate of
25 8.70 x 10’ g per mol of titanium per hour.

Example 83

An autoclave with an inner volume of 0.4 £



As the result of polynerization, an ethyl ene- hexene-1 copol ynmer having an
Scé*bf\Zé.3,. [[err]] of 1.24, - 183 - nol ecul ar weight (Mvy of 67,000,

nol ecul ar wei ght distribution (Mv M) of 1.7 and nelting point of

96. 7[err] C was produced at a rate of 2.00 x 10[err] g per nol of titanium

per hour. 5 Exanple 75 An autoclave with &80imner volume of 31 fitted with

a stirrer was dried under reduced pressuye apd the inner atnosphere was
repl aced withHtFed witdh a2 siiggex d‘fatfeé“a%‘{]t ol C%é».cp D

h -1 as the a- .10 : ol ef | aced. i | -
mﬁéeﬁfﬁugﬁf ua%[ditml[ s 'a%w“%ﬁt S S, e e e s D b T oS
into the react [ t t ' I 1

kgl cnfer ] e RS R ELRC L Ll S R A T A
triisobutyl - ' ) : j | 4 I -
di enyl) (3t er o eu%’% r@%%ﬁ%&%ﬂ e HutSORifey i%’g&rsl?ﬁﬁgs?gggt i
Exanple 1(§), D crAintoghe Qi &id 1603 c Of AftdPefnes Medpérature

t et raki s(pent af | uorophenyl)- borate were successively charged into the

reactor. Polyri3e, @Hyldne® wadsfaRrints the fedctdr nillestidile control -
ling the tenperature at 40[err]C As the result of polynerization, an

et hyl ene- hexethyllerep Prnossutea\beinqrediralldd . 8t 6 [leg/fdh’.of Aftsd; the
nol ecul ar wei ght (Ma) of 110, 000, nol ecul ar wei ght
' inside of the system had become stable, 1.0 mmol of
methylalumoxane (PMAO, mfd. by Tosoh-Akzo Corp.), then
10 1.0 pumol of dimethylsilyl(tetramethylcyclopentadienyl) (3-
tert-butyl-5-methyl-2-phenoxy)titanium dichloride
‘synthesized in Example 64, and succeedingly 3.0 pmol of
triphenylmethyl tetrakis(pentafluorophenyl)borate were
successively charged into the reactor. Polymerization
15 was carried out for 10 minutes while controlling the
temperature at 60°C.

As the result of polymerization, an ethylene-

hexene-1 copolymer having an SCB of 28.3, [n,;] of 3.01

and melting point of 80.6°C was produced at a rate of
20 2.76 x 10’ g per mol of titanium per hour.
Example 84
An autoclave with an inner volume of 0.4 ¢
fitted with a stirrer was dried under reduced pressure
and the inner atmosphere was replaced with argon. Then,
25 198 ml of toluene as the solvent and 2 ml of hexene-1 as
the a-olefin were placed in the autoclave, and the

reactor was brought up to 60°C. After the temperature



25 di§éﬁibution (Mv M) of 2.1 and nelting point of 103.8[err] C was
pr%ﬂhce at a rate of 1.27 x 10[err] g per nol of titanium per hour. -
184 - Exanple 76 An autoclave with an inner volune of 3t fitted with a
stirrer was dried under reduced pressure and the inner atnosphere was
replaced with argon. Then, 1 | of 5 hexan&9&s-the solvent and 10 nl of
hexene-1 as the [err][ olefin were placed in the autoclave, hydrogen was

~ added t herei nrdseo gthydesge vas datsy they neagton ke thector was
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pol yneri zation, an ethylene- 20 héxene-1 copol yner having an SCB of 27.2,

[[err]] of 1.&%cdudacigisy 0 ghiol MY ©fiHGdith f Nidrspheryl\rbaldne
distribution (Mv M) of 1.9 and nelting point of 83.1[err] C was produced at
a rate of 1.5@erel uryodssiveeky mamfed i whe reactor. Polymeriza-
tion was carried out for 10 minutes while controlling the
10 temperature at 60°C.

As the result of polymerization, an ethylene-

hexene-1 copolymer having an SCB of 25.4, [n,] of 4.45

and melting point of 85.2°C was produced at a rate of
6.48 x 10° g per mol of titanium per hour.

15 Examplé 85

An autoclave with an inner volume of 0.4 2

fitted with a stirrer was dried under reduced pfessure
and the inner atmosphere was replaced with argon. Then,
198 ml of hexane as the solvent and 2 ml of hexene-l as

20 the a-olefin were placed in the autoclave, and the
reactor was brought up to 60°C. After the temperature
rise, ethylene was fed into the reactor while the
ethylene pressure being controlled at 6 kg/cn@. After the
inside of the system had become stable, 1.0 mmol of

25 methylalumoxane (MMAO fype 3a, mfd. by Tosoh-Akzo Corp.,
toluene solutioh), then 1.0 pumol of dimethylsilyl(tetra-

methylcyclopentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)-



per hoyr. 25 Exanple 77 An autoclave with an inner volunme of 3 | fitted

wth a irrer was dried under reduced pressure and the - 185 - inner

at nrosphere was replaced with argon. Then, 1 | of hexane as the sol vent and
20 M of hexene-1 as the [err]- olefin were placed in the autocl ave, :
hydr ogen masbadded thereinto to a hydrogeh2@ressure of 200 mrHg, and the 5
reactor was brought, up to 80[err]C. After the tenperature rise, ethylene
was fed into ttidandas &1%q1%1491esm%%$r’é§g‘§?aé“%n@ cdfdol | gd at 12

glene, Ao Lhe i o oT, Lic oyl o e bCEaTE, L AP e SulFs [BkeL
riisobutyla .

di net hyl si | yl t t hyl K i - - .

et ! 1 4 e WG S s s

succeedi ngl y é%%dfﬂ?q'“ﬁq%ﬂyé*%%é%igﬂrugé G¥4id) Wit for 10 minutes

tetraki s(pent uor opheny orate were succes- sively charged into the

reactor. PglyRRiizatd Gt M) kBy Cld | shsutiad e 30 NEGUE £S whil e control ling
the tenperature at 80[err]C. As the result of polynerization, an ethyl ene-

hexene-1 copol ymer havi ng atheSGRedil 268, pdlwidlizatidn 22an etiegléne-wei ght
(Mny) of 140,000, nol ecul ar weight 20 distribution (Mv M) of 1.6 and

mel ting point Hxeifel Aidddlyisr Modnghrtsen ref 20172 M), X 4D[ (74,9 per
nol of titanium per hour.

molecular weight (Mw) of 100,000, molecular weight
distribution (Mw/Mn) of 2.5 and melting point of 93.8°C
10 was produced at a rate of 1.29 x 10’ g per mol of titanium
per hour.
Example 86
An autoclave with an inner volume of 0.4 ¢
fitted with a-stirrer was dried undér reduced pressure
15 and the inner atmosphere was replaced with argon. Then,
198 ml of hexane as the solvent and 2 ml of hexené-l as
the a-olefin were placed in the autoclave, and the
reactor was brought up to 60°C. After the temperature
rise, ethylene was fed into the reactor while the
20 ethylene pressure being controlled at 6 kg/cm?. After the
inside of the system had become stable, 1.0 mmol of
isobutylalumoxane (PBAO mfd. by Tosoh-Akzo Corp.), then
1.0 pmol of dimethylsilyl(tetramethylcyclopentadienyl) (3-
tert-butyl-5-methyl-2-phenoxy)titanium dichloride
25 synthesized in Example 64, and succeedingly 3.0 umol of
triphenylmethyl_tetfakis(pentafluorophenyl)borate were

successively charged into the reactor. Polymerization



Ex le 78 An autoclave with an inner volunme of 3 | fitted 25 with a
stifrer was dried under reduced pressure and the inner atnosphere was
replaced with argon. Then, 1 | of hexane as the solvent and 20 m of
hexene-1 as the [err]- - 186 - olefin were placed in the autocl ave,
hydr ogen was added thereinto to a hydrogeﬁgﬁrGSsure of 100 mmHg, and the

reactor was brought up, to 80[err]C, . Affer. the tenperat L se, . ethyl

Y/gskf /edn;nt oft r"ﬁ’a‘é‘tp’cﬁé)\é?ﬁ'l[' eé?iuej‘% r&'l'%??"eﬂew}b'}ggs{ig’é %‘g%‘i\%ﬁgoﬁﬁForl deat
g/cnR. After the inside of,ihe systemhad b table, 0.75 | of

Eriisobutzl_?l TR TR i‘?oé?e$'r]rr¥|s of dimethylsilyle e

t et ranet hyl cycl opent adi gay. - b -§%ﬂg sn PN ' '

di chl oride synthesi zed ré?%ﬁ%%ﬁf%giﬁ? ?%yb%n s%%%%gg?ﬁgl§ﬁgé%% %%?%hgr]of

N N-di et hyl addidin (EpaidathonbalhyoanPsenyLE D5 2be WRLE secaessl vely

charged into the reac ynerization was carried out for 30 m nutes
while controlling t fenperature 80fLerr]C. _As.the.result_o

pol yreri zaPi orﬁn‘gﬁ“%}em%r@‘?lﬂ% ‘ﬁ%%ﬁeflgc‘ﬁ%%@ﬁ%?uﬁﬁgi A5 &n* %ﬁ 8f 24.7,
[[err]] of 2.77, | r | aht Dy 5 ’@| cul ar wei ght

di stribution (:{W{r/ﬁ’f e@d % é’%gn%lbr%el %Nﬁdq%éfié’?ﬂ %09% . lg'r r] C was produced at
arate of 3.6 &£'g7 9 per mol of titaniumper hour. 20 Exanple 79 An
autoclave withan inner volume of 3 1| fitted

A toluene solution of methylalumoxane (PMAO,

mfd. by Tosoh-Akzo Corp.) was stripped of the solvent and
10 dried under reduced pressure. The dried solid mefhyl-
alumoxane was again dissolved in toluene.

An autoclave with an inner volume of 0.4 £
fitted with a stirrer was dried under reduced pressure
and.the inner atmosphere was replaced with argon. Then,

15 198 ml of toluene as the solvent and 2 ml of hexene-1l as
the a-olefin were placed in the autoclave, and the
reactor was brought up to 60°C. After the temperature
rise, ethylene was fed into the reactor while the
ethylene pressure being controlled at 6 kg/cm@. After the

20 inside of the system had become stable, 1.0 mmol of the
toluene solution of methylalumoxane obtained by treating,
drying and redissolving as described above, then 1.0 umol
of dimethylsilyl(tetramethylcyclopentadienyl)(3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride synthesized

25 in Example 64, and succeedingly 3.0 pmol of triphenyl-
methyl tetrakis(pentafluorophenyl)borate were succes-

sively charged into the reactor. Polymerization was



with a stirrer was dried under reduced pressure and the inner atnosphere
was reﬁTéced with argon. Then, 1 | of hexane as the solvent and 10 m of
hexene-1 as the [err]- 25 olefin were placed in the autoclave, hydrogen
was added thereinto to a hydrogen pressure of 100 nmHg, and the reactor was
brought up to 80[err]C. After the tenperadffe= - 187 - rise, ethylene was
fed into the reactor_ while the ethyl ene controlled at 6

. pressure be
kg/ cnR. After carFieskiow: dox nd %‘Eﬁ%é’ﬁ‘ﬁ&cﬁ@‘%‘f%’e’}g 1*Bf ol of tri-
I sobutyl al um num_then 0.5 Jool of dinethylsilyl(tetra- 5 -
net hyl cycl operﬁeé’meé?‘?&%-qtlere‘{d tfg'lt)yl - 5- et hyl - 2- phenoxy) - titani um
di chl ori de synthesi zed | ﬁﬁﬁgﬂ! ' 3. On [SEK of
triphenyl met hyl tetraki s(pen a—%%%ﬁ#d%ﬂg%y (ﬂéﬂé?%%?é succeé%?%g?y

harged into th tor. { 7ot - h Vel < 10
SHerSeD 110 S iR o A AT SIS UE | 9,811 (171 G 9250,

pol yneri zati on, an ethyl ene-, hexepne: ool ymer_havin SCB of 25. 2,
[[err]] of>1. &ad rﬁﬂ]é'c‘tﬂ%rp‘?/ﬁbl‘ﬂp(mg "ﬁ%, u ‘?e%aﬂl%lrr%?gﬂ?

di stribution ( Vh ;7 1.8 and | L pai.nt of 84 8[err]C 15 was _
produced at a i\%]e %floél. 60P?r161°§$ﬂf 3" ST 2)c()afr'. ?llotqfrfi um per hour .
Exanpl e 80 An _autaq ugv with an inner volune of 3| fitted with a stirrer
was dried undéF&uifte pressure and the 20 inner atnosphere was repl aced

with argon. Then, 11 ofa; autoclave with an inner volume of 0.4 2
fitted with a stirrer was dried under reduced pressure
10 and the inner atmosphere was replaced with argon. Then,
198 ml of toluene as the solvent and 2 ml of hexene-1 as
the a-olefin were placed in the autoclave, and the
reactor was brought up to 60°C. After the temperature
rise, ethylene was fed into the reactor while the
15 ethylene pressure being controlled at 6 kg/cm?. After the
inside of the system had become stable, 0;25_mmol of tri-
isobutylaluminum, then 1.0 pumol of dimethylsilyl(tetra-
methylcyclopentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)-
titanium dichloride synthesized in Example 64, and
20 succeedingly 3.0 umol of N,N-dimethylanilinium tetrakis-
.(pentafluorophenyl)borate were successively charged into
the reactor. Polymerization was carried out for 10
minutes while controlling the temperature at 60°C.

As the result of polymerization, an ethylene-

25 hexene-1 copolymer having an SCB of 31.4, [n,] of 4.17

and melting point of 83.0°C was produced at a rate of

3.56 x 107 g per mol of titanium per hour.



hexane as the solvent and 20 mM of hexene-1 as the [err]- olefin were

pl a ed Y the autocl ave, and the reactor was brought up to 80[err]C After
the tenperature rise, ethylene was fed into the reactor while the ethyl ene
pressure 25 being controlled at 12 kg/cnR2. After the inside of the system
had become stable, 1.0 nmol of triisobutyR35atrunmi num then 2.0 [err]nol of
dinmethylsilyl (tetranethyl - - 188 -

cycl opent adi erB#amele &% - but yl - 5- met hyl - 2- phenoxy) - titani um di chl oride

synt hesi zed in Exanpl e 64, and C dingly 6,0 | of ~tgiph I hyl
ﬁg;(r:?(lgirs- P( loent af | uoropk@hﬁ‘}%‘%s%‘éee\?%}rggs%}lc’glég gg{éf‘glﬂ%?ﬁgd&%tgn% tmralte d
. Polyngerization was carried o } Qut | | i
':1 he teml)er at uE%‘taﬁe‘%d[%q ]%. SHE TR "r’éjeés u‘{h?{?ﬁ %@%ymflé%%\?%%ﬁ?ggﬁyel?%yi gge-
exene-1 copo r V. b 4. f 6 | dpi [
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fitted with a stirrer was dried under reduced pressure and the inner

at mospher e Wast{&RLASRIE it e Bé OfTacddein €hé @htddlatve| uend thet he sol vent
and- 20 m of hexene-1 as the [err]- olefin were placed in the autoclave,

and the react afea@sobrwag brofgghd BP[ o r§a°C Af t Bftéhethenpempenaturese,
ethylene was fed into the reactor while the ethylene pressure being
control | ed at Aiség/etifyleéfie ewashfedninte thetheactor while the
ethylene pressure being controlled at 6 kg/cn@. After the
10 inside of the system had become stable, 0.25 mmol of
triisobutylaluminum, then 1.0 umol of dimethylsilyl-
(tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium dichloride synthesized in Example 64,
and succeedingly 3.0 pmol of N,N-dimethylanilinium
15 fetrakis(pentafluorophenyl)borate were successively
charged into the reactor. Polymerization was carried out

for 10 minutes while controlling the temperature at 60°C.

As the result of polymerization, an ethylene-
hexene-1 copolymer having an SCB of 29.0, [n;] of 3.64

20 and melting point of 80.9°C was produced at a rate of
3.18 x 107 g per mol of titanium per hour.
Example 90
A 2 £ glass separable flask fitted with a
reflux tube, three dropping funnels, thermometer and
25 monomer blow-in tube was thoroughly flushed with
nitrogen, and then 1 £ of hexane was placed therein. The

feed of ethylene gas and of propylene gas were started



20, s em had beconme stable, 1.0 mmmol of triethylalum num then 2.0

[er ] of dinmethylsilyl(tetranethylcycl openta-

di enyl ) (3-tert-butyl-5-nethyl - 2- phenoxy) titani um di chl ori de synthesized in
Exanpl e 64, and succeedingly 6.0 [err]mol of triphenyl nethyl

t et raki s(pent af | uor ophenyl )- 25 borate wed8bsaccessively charged into the

reactor. Polynerlzatlon was carried out for 30 m jle c rollin
thﬁ fenperﬁtuﬁéﬁﬂp |FHQ]Q§°W‘1n tuhe a9¥9t¢ﬁ3?6%€ § %!h I?ﬂ@ #zatlong
et hyl ene- hexene-1 co ner Vi ng of 25.8 e 111_ and -
nel ting point #ﬁﬁ/ﬂ ’#ﬁ?‘%‘r od’%b‘eﬁeca?h% et '1[’&1 u%)[érr 99 per
nol of titaniun1 _ V. | o] of
30 fitted w GPaF r}r ﬁ%’? zad‘&ne Ae% ‘E?%%%%%E%n ‘?%%ﬁ%ﬁQE

at nosphere was, #eql a&&ﬁlwﬂi " ﬁ@%oﬂt%n@fofOél‘x@“ﬁa"éktl@&dsﬁééﬁ”t and

20 M of hexgne 1 as e a- |n were placed in the autoclave, and the
reactor wag brgigy Oseﬁgiﬁe{ié&wféﬁ SFedpect BFOCGRESE P catelysthyl ene
was fed |nto t he reé%?%ﬁ while the ethylené&%?essu?% belﬁg cont?olled at 12
kg/cnferr]. AlddiipdrihtdSishee aiddé® sy stieen fitaslbetoo® shabdeoppifgnmol of
triisobutyl- 15 aI um num then 1.0 [err]nol of dinmethylsilyl(tetranethyl-
cycl opent adi erfinredtd i -the ydudcess hye -Qegdenoky) » 25 i mwol vof dkcht-ori de

synthesi zed in Exanpl e 64, and succeedingly 6.0 [err]mol of trlghenylnethyl
tetrakls(pentasobutylalumlnum (1 mmol/ml hexane solution), 0 mmol

of dimethylsilyl(tetramethylcyclopentadienyl) (3-tert-

10 butyl-5-methyl-2-phenoxy)titanium dichloride synthesized
in Example 1(1) dissolved in hexane, and finally 0.005
mmol of triphenylmethyl tetrakis(pentafluorophenyl)borate
dissolved in toluene, to initiate polymerization. After
the lapse of 30 minutes, 10 ml of ethanol was added to

15 stop polymerization. After the stop of polymerization,
the resulting hexane solution containing polymer was
concentrated under reduced pressure and then added into 1
£ of ethanol solvent, to precipitate the polymer. The
precipitated polymer was dried under reduced pressure at

20 80°C for twenty-four hours. Resultantly 5.6 g of polymer
was obtained. The analysis of the polymer showed that
the polymer contained 57.8% by weight of propylene units

and 42.2% by weight of ethylene units and had an
intrinsic viscosity [n,] of 5.64 di/g.
25 Example 91

Polymerization was carried out in the same

. manner as in the polymerization of ethylene and propylene



quorongnyl)borate wer e successively charged into the 20 reactor

Poryner zation was carried out for 30 mnutes while controlling the

~tenperature at 80[err]C. As the result of polynerization, an ethyl ene-
hexene-1 copol ymer having an SCB of 27.2, L%err]] of 4.27 and nelting point

of 84.1[err]C was produced at a rate of =2838.70 x 10[err] g per nol of

e I L W TS, 4
ol vent and 2 AREER BRI , e, St i ePuftad by E 1%
cutocl ave and e SerErGly s AT milD SRS U ol psupher
pressure bei n%h%?%ﬁﬁ%é‘{a%d tHe %}&]ﬁ/ﬂféﬁcdﬁéﬁné&"%g fd A5y Gheidier Syt em had

becone stabl e, of nmet'hyl"al unoxane (PMAO, nfd. by Tosoh- Akzo

Corp.), th?n ?&op&ﬂéﬂéﬂﬁﬂﬂﬂﬁ,(33.5%_by weight of ethylene units and
di mret hyl si Iyl (t ef’fanet hyl cycl opent adi enyl ) (' 3-

tert-butyl -5- mRties bir pReighty )df tENB wn i< rad ilted syt fresriestie n Exanpl e
64, and succeedingly 3.0 gmol of triphenyl nethyl

t et r aki s( pent afilge@sapienim )lbasfit %, 6verdl Agiccessi vely charged into the
reactor. Polynerization 15 was carried out for 10 m nutes while

controlling t gﬁﬁﬂgﬂggure at 60[err]C. As the result of polynerization
an et hyl ene- L

Polymerization was carried out in the same

10 manner as in the polymerization of ethylene and propylene
of Example 90 except'that butene-1 was fed at a rate of
0.06 £/min in place of propylene, and the amounts of
dimethylsilyl (tetramethylcyclopentadienyl) (3-tert-butyl-
S5-methyl-2-phenoxy)titanium dichloride and triphenyl-

15 methyl tetrakis(pentafluorophenyl)borate used were
changed to 0.0002 mmol and 0.001 mmol, respectively.
Resultantly, 1.7 g of polymer was obtained. The analysis
of the polymer showed that the polymer contained 9.3% by
weight of butene-llunits and 90.7% by weight of ethylene

20 units and had an intrinsic viscosity I[n,] of 5.99 dl/g.

Example 93
A stainless steel autoclave with an inner
volume of 2 £ fitted with an electromagnetic stirrer,
thermometer and catalyst addition apparatus was thorough-
25 ly flushed with nitrogen, and then 800 ml of toluene, 32
g of propylene, 16 mmol of ENB and 50 g of ethylene were

charged thereinto. Then the inner temperature was



hexene- 1 copol ymer having an SCB of 28.3, [[err]] of 3.01 and nelting point
of O.GTérr]C was produced at a rate of 20 2.76 x 10[err] g per nol of
titani um per hour. Exanple 84 An autoclave with an inner volune of 0.4 |
fitted wwth a stirrer was dried under reduced pressure and the inner

at nosphere was replaced with argon. Then,128 498 m of toluene as the
solvent and 2 m of hexene-1 as the [err]-olefin were placed in the

aut ocl ave, angomfaoldse: gt B by dfans o asp[esrtgrnalawarmyyater.
tenperature -.191 - rjise, ethylene was fed ir]to1 he reactor, while the

ethyl ene press@ckeka A9 H4EH | HEMPRGY L e iHARL of t he
system hagf bg%ﬁg’éﬁifw%?q'e&aﬁ%&%f ﬁﬁ%ll tHe Wdcal P Uad A 81 UPBatdels 1 fa

[ err] nol

met hyl cycl opent adi -tert- I dﬁ?hﬂﬁ - Qﬂg{#ggg-' ' b hm

di g:hl(or.i de isyﬁ ess:arzégf)-sl(sﬁvt é’rr‘fp‘*%%fﬁ%n succ%% I ngly 3?%“[%??%@ ~of
tris(pent uer, e b REL 'éﬁﬁaméﬂﬁﬁxﬁﬁh' &ht i or.
Pol yneri z?é t?o?@a/agtwgalr (ra{fgd g}%‘r 01%15‘(11 fn(sﬁnut es while co]ﬁcﬁ ol Iéi%é]te%g) 10

e Lopp Ry Lipngal oy s et e
of 85. 2[ err] Cewm:hsidiee d miExanpiliee fdifssilved trerigxangeramd| fbally
titanium per hour. 15 Exanple 85 An autoclave with an inner volune of 0.4
I 0.015 mmol of triphenylmethyl tetrakis(pentafluoro-
phenyl)borate, to initiate polymerization. At the point
10 of time when 1 hour had elapsed after the initiation of
polymerization, 10 ml of ethanol was added to stop the
polymerization. After the stop of polymerization,
unreacted monomers were purged and then a toluene
solution containing polymer dissolved therein was
15 recovered. The toluene solution was concentrated by
heaﬁing, and then about 1 £ of ethanol was added thereto
to precipitate the polymer. The precipitated polymer was
dried in a vacuum dryer for twenty-four hours to obtain
53.2 g of polymer. The analysis of the polymer showed
20 that the polymer had a compbsition of 30.8% by weight of
propylene units, 66.7% by weight of ethylene units and
2.5% by weight ¢f ENB units and had an intrinsic

viscosity [n,] of 5.98 dl/g.

Example 94
25 The same procedures as in the polymerization of
Example 93 were followed except that ENB was not used and

the amount of dimethylsilyl(tetramethylcyclopentadienjl)-



fitted with a stirrer was dried under reduced pressure and the inner
atﬁﬁ%pﬁéfe was replaced with argon. Then, 198 ml of hexane as the sol vent
and 2 mM of hexene-1 as 20 the [err]-olefin were placed in the autoclave,
and the reactor was brought up to 60[err]C. After the tenperature rise,
ethyl ene was fed into the reactor while +he@%thyl ene pressure being
controlled at 6 kg/cnR2. After the inside of the system had becone stabl e,

t1.Io mol or 2_5(3;rﬁ?ﬁ*yh'i-h}lli'rhfgxéHEGFMOZ]E'?EGHQAY)ﬁfFL angpmrddghlegidecyas.
ol uene solution), then 1, i met hyl i |yl -
npthy!cyclppenFBﬂPSﬁ?lFPBDthsggbggh:g-ﬁ§%ﬁ§F§ ;Eké%8§§$5rgf pojyger
Lerr]mol of o rVPRCRPERGPRGT { NPaRPELSEAPaoT: G SORNSE) FCLEd JeRs

10 m nut es. & whiPebeakBes ha8 o RhpbnsEloRBE 32 48 b RSB B O 1Y
of polymerigat p2Bpydlng! Hﬁh%%?anﬁe?% 83150 %Iigmr oFaWthy18ReSERi%s ¥hd’.

g[err]L of 1.Z ecul ar wei ght of ©100, 000, nol ecul ar wei ght
i stribution s d ' i 3. r 10 was produced
?@fg'\/g}llg[mt%l?sgg V%Eblb@.g?pﬂ:f{;q ofr 33.28[ /G pr odu

at arate of 1 err per no ani um per hour. Exanple 86 An
autocl ave wi th_an iEEe5§volune of 0.4 1| fitted with a stirrer was dried
e

under reduced EFE@E 5 and the inner atnosphere was replaced with argon.
Then, The same procedures as in the polymerization of

Example 94 were followed to polymerize ethylene and

10 butene-1 except that 120.0 g of butene-1 was used in
place of propylene, the amount of ethylene was changed to
59.0 g, the amount of triphenylmethyl tetrakis(penta-
fluorophenyl )borate was changed to.0.002 mmol and poly-
merization was stopped at the point of time when the

15 amount of ethylene absorbed had reached 3.0 g. As the
result, 3.45 g of polymer was obtained. The analysis of
the polymer showed that the polymer had a composition of

53.5% by weight of butene-1 units and 46.5% by weight of

ethylene units, and had an intrinsic viscosity [n,;] of

20 1.46 dl/g.
Example 96
The same procedures as in the polymerization of
Example 95 were followed to polymerize ethylene and
butene-1 except that the amounts of butene-~1, ethylene
25 and triphenYlmethyl tetrakis(pentafluorophenyl )borate
used were changed to 15.0 g, 43.0 g and 0.003 mmol,

respectively, and the polymerization temperature was



198 m of hexane as the solvent and 2 mi of hexene-1 as the [err]-olefin

praéed in the autoclave, and the reactor was brought up to 60[err]C.
ﬁﬁter the tenperature rise, ethylene was fed into the reactor while the 20
et hyl ene pressure being controlled at 6 kg/cnR2. After the inside of the
system had becone stable, 1.0 nmol of isoﬂuﬂykalunnxane (PBAO nfd. by
Tosoh- Akzo Corp.), then 1.0 [err]nol of

d|nethyIS|IyI(¢hamgm®thql&Qﬁﬂopeheaﬂlbnyt}yz 3.47 g of polymer was
tert-butyl-5-methyl-2-phenoxy)titaniumdichloride 25 synthesized in
Exanpl e 64, arebtaireddi n§hg analysis)ad| the P?iﬁﬁ%ﬁyﬁhﬁ?ﬁ?lthﬁt the

t et.-raki s(pent af | h )b t h ' h
eactor - Pol ynee pRFFoRed & Séé‘sgsx“ﬁééniéfciééb% oY grig rﬁahuivﬁgteaﬁ. e

controlllng t he tenper ture at. 60[err] C tion,
andethrlene- h&%e % g@ 9§EPYh %fﬁ Eﬁﬁg%égé bﬁl %err? ﬁ51 5
and nelting poi f /4. 1lerr] C wa od ced t ate of 3.67 x 10[err] g
per nol of i hﬂ&ﬁh?%%? b EFOLE§Xn3ﬂ 8?¥A3f ugiégsolutlon of
nethylalunnxane (PMAO, nfd. by Tosoh- Akzo Cbrp ) was stripped of the

solvent and 10E®amRYeudder reduced pressure. The dried solid nethyl-
al unoxane was again dissglved in toluene. An_autoc th an _inner v

. une
of 0.4 1 fitted with a st ?réﬁmﬁagraFFaBrﬁﬁdaﬁ %Bdgﬁﬁdpﬁ ¥§§Eﬁéa§ﬁ8ntﬁg

' nher. atnnsphe&gampfersglgggg %%EEO%%QOQXCZEEnthat the amounts of

ethylene and butene-1 used were changed to 56 g and 56 g,
10 respectively, 8 mmol of ENB was additionally used, and
the amounts of dimethylsilyl(tetramethylcyclopenta-
dienyl)(3-tert-butyl-5-methyl-2—phen0xy)titanium
dichloride, triphenylmethyl tetrakis(pentafluorophenyl)-
borate and triisobutylaluminum used were changed to 0.002
15 mmol, 0.0025 mmol and 1.00 mmol, respectively. Result-
antly, 10.65 g of polymer was obtained. The analysis of
the polymer showed that the polymer had a composition of
26.7% by weight of butene-1 units, 71.8% by weight of
ethylene units and 1.46% by weight of ENB units and had

20 an intrinsic viscosity [n,] of 2.08 dl/g.

Example 98
A 2 2 glass separable flask fitted with a
reflux tube, three dropping funnels, thermometer and
monomer blow-in tube was thoroughly flushed with
25 nitrogen, and then 1 £ of toluene was placed therein..
The feed of ethylene gas and of propylene gas were

started through the blow-in tube at a rate of 8 £/min and



15}#98.n1 of toluene as the solvent and 2 ml of hexene-1 as the

[e ]-éféfin were placed in the autoclave, and the reactor was brought up
to 60[err]C. After the tenperature rise, ethylene was fed into the reactor
whil e the ethylene pressure being controlled at 6 kg/cn2. After the 20

i nside of the system had become stable, <1.29Immol of the tol uene sol ution of

met hyl al unbxane obtained by treating, drving and redi ssolving as d i bed
abovg, then 1.3 %émiqnnyeﬁgectivelyg Whglegthe inner tempergture ggg;& ©

di nret hyl silyl (tet hyl t adj I -t - .

outy ¥ ?}gé %yffénéﬁgﬁt%ﬁ fléﬁ?ﬁﬂvﬁﬁ%ﬁ%%%éegﬁ%{t HERFSEGPaLh AckeknAre o4,
and. succeedi n ) tri - h -
tetrakis(gertg?¥ﬁ%¥05%§£r ng%gg%%aégggggé%%EQELs¥teF9ec é?ﬁ%dh?%tgeFﬂe
reactor. Po | | £~ 194 ' 0 ami i
controlling ¥Egﬁééﬁ%g$g¥n$%tgfag8%eé%?%fgﬁébgﬁgeyésé?%e%f g%?§%g§rﬁgiign,
an ethyl engy hﬁéf@eéédQEEQBYHﬁé-fﬁ&éﬁgfﬁamsgﬂboaréﬁpﬁng[Fﬁhﬁblsoin3tﬁé, 3)

and nelting point of 75.6[err]C was produced at a rate of 3.21 x 10[err] g

per mol of titanbgasoevehgrderbsanpl 058mdD a8t eeiagebutyhadaminamr (1ol une
of 0.4t fitted with a stirrer was dried under reduced pressure 10 and the

i nner at nosphexmoYAmlrkekanedsoiltbianyen0.00Remmol98£niisopropyiliédenes t he
solvent and 2 nl of hexene-1 as the [err]-olefin were placed in the
autocl ave, and(thelopentadienylh(dugertuputylebfwethyl-AFphenony)-
tenperature titanium dichloride synthesized in Example 1(1) dissolved
10 in hexane, and finally 0.010 mmol of triphenylmethyl
tetrakis (pentafluorophenyl )borate dissolved in toluene,
to initiate polymerization. After the lapse of 30
minutes, 10 ml of ethanol was added to stop polymeriza-
tion. After the stop of polymerization, the resulting
15 hexane solution containing polymer was concentrated under
reduced pressure and then added into 1 £ of ethanol
solvent to precipitate the polymer. The precipitated
polymer was dried under reduced pressure at 80°C for
twenty-four hours. Resultantly, 15.4 g of polymer was
20 obtained. The analysis of the polymer showed that the
polymer contained 49.0% by weight of propylene units and

51.0% by weight of ethylene units and had an intrinsic
viscosity [n,] of 0.50 dl/g.
Example 99

25 The same procedures as in thelpolymerization of

ethylene and propylene of Example 98 were followed except

that the feed rate of ethylene was changed to 7 £/min and



rise, Q;Eylene was fed into the reactor while the 15 ethylene pressure

be*ﬁg controlled at 6 kg/cnR2. After the inside of the system had becone

stable, 0.25 mmol of tri- isobutylalumnum then 1.0 [err]nol of

dinmethylsilyl (tetra-

~ met hyl cycl opent adi enyl ) (3-tert-butyl -5- met382 -2- phenoxy) - titani um

. dichloride synthesized in Exanple 64, gnd 20 ucceedingly 3.0 r.,r] nol - of
N, N- di met hyl anthahi 9f PEPPYAPRS tReht & W&Broﬁﬂén I?HBFagg Ré?@h&ﬁéégﬁﬁ'vely

charged into the reactor. Po| rizati s garried oyt far 10 nminutes

whi | e controlI?ﬁﬂ°Fﬁ8rP§ﬂﬁe?§¥gSewﬁﬁl8%?8&?] .eﬂgigﬁggﬂgéugfsog of

pol yneri zati on n_ et hyl ene; 25 exepe-.1 | r.ehayin f 4,

[[err]] of 4.1$°g¥8eﬁe%?ﬁn8b58FﬁFgéf 3590F§%??5¥%ngp§§ u g@@g?ggsﬁg?éi%f

3.56 x 10[err] e Lt apl, ko, u : £ @xgﬁﬁ? 189 AN

aut ocl ave mﬁthtgﬁgiﬁﬁgﬁbsg&ﬁkg %?hggzaﬁafp?tgg ﬁ?iﬁeéaétipre g’ggﬁed

under reduapd PLESSUT 69 .38dbY R GREN oft %ﬁg‘l@h@ Wag tkephacad 74yt lbyar gon.
Then, 5 198 nl of hexane as the Solvent and 2 nl of hexene-1 as the

[err]-olefin wgeegRtacedENB e taUbAEl A48, aaNdnthe nkeCkALCHRI th Ot up
to 60[err]C. After the tenperature rise, ethylene was fed into the reactor
whil e the ethygﬁn @geazyée being controlled at 6 kg/cnR. After the 10

i nsi de of the systém had Bécome stable, 0.25 mmol of triisobutylal uni num

EPgtnr e Lilr leg?%lﬁg%?g pgtnwl) ?Ial I yl - 5- et hyl - 2-

' The same procedures as in the polymerization of

10 ethylene and propylene of Example 98 were followed except
that butene-1 was fed at a rate of 0.11 £/min in place of
propylene. Resultantly, 4.2 g of polymer was obtained.
The analysis of the polymer showed that the polymer
contained 9.2% by weight of butene-1 units and 90.8% by

15 weight of ethylene units and had an intrinsic viscosity

[n,] of 1.70 dl/g.

Example 101
The same procedures as in the polymerization of
ethylene and butene-1 of;Example 100 were followed except
20 that the polymerization temperature was changed to 60°C
and the feed rate of butene-1 to 0.13 £/min. Resultant-
ly, 10.6 g of polymer was obtained. The analysis of the
polymer showed that the polymer contained 9.2% by weight

of butene-1 units and 90.8% by weight of ethylene units

25 and had an intrinsic viscosity [n,] of 1.11 dl/g.

Example 102

The same'procedures as in the polymerization of



ph noxx%;itaniun1dichloride synt hesi zed in Exanpl e 64, and succeedingly 3.0
[eSTjnD of N, N-dinethylanilinium.15 tetrakis(pentafluorophenyl)borate
wer e successively charged into the reactor. Polynerization was carried out
for 10 mnutes while controlling the tenperature at 60[err]C. As the result
of polynerization, an ethyl ene- hexene- 1~ c&bdlyner having an SCB of 29.0,
[[err]] of 3.64 20_and nelting poi nt of 80.9herr C was produced at a rate
of 3.18 x 10[ ePERY4eper apg| buteperinrémEFampPAsul00cwgrs £oddomed exgepts
separable flask, fitted with.a.refl ux tube, three dropping funnels,
Chormoneter anthab HEABRERTIALRRRUN, bas.aeet SRoRIRRE PR Had SpbusyL-
nitrogen, and then.1 [err] o e e s ,phaced .t herein.. The feed.of

et hyl ene gas aﬁgu@%ng%épy#gn%hgaégaggges#é t dgf gﬁl?&%‘-“?%r8§§ﬁﬁﬁ%§'

bl owin tube agna %ﬁgi§9§s8°E/%hgd§§?y§8Fé%b?geae?ﬁsgtEﬁ%l?P% e the

I nner tenperature berny controlle W an ext wat er bath

jacket and @ft gpneanhbamMm Ay 48haly WBeghenbeNbutbnkle Lhatk Bad BBV by
t horoughly saturated with respective gases, catalyst conponents were added

to the flask fwemghbeodr eghylenbunngts andt hadseacentirifsicdeisebsd 36 ol
of tri- isobutylalumnum (1 mml/mM hexane solution), 0.001 nmol of

di mrethyl silyl (t{qt] asegt byisgydlggent adi enyl ) (3-tert- 10 :
but yl - 5- et hyl - 2- phenoxy) titani um di chl ori de synthesized in Exanple 1(1)
di ssol ved in hexane, -and finally 0.005

INDUSTRIAL APPLICABiLITY
As set forth above, according to the present.

10 invention, there are provided a complex soluble in
saturated hydrocarbon solvents which has a ligand
comprising an aromatic ring having a hetero atom in the
substituent and a cyclopentadienyl ring linked with each
other through a covalent bonding group, and an olefin

15 polymerization catalyst containing the complex which has
a high activity at industrially efficient temperatures.
Furthermore, by using the catalyst, olefin polymers,
particularly linear low density polyethylene, ethylene-a-
olefin copolymer rubber and ethylene-a-olefin-non-

20 conjugated diene copolymer rubber, which have a high
molecular weight and narrow composition distribution can

be produced with good efficiency.



—_—
anL,oﬁkgriph hyl tetrakis(pentafluorophenyl)borate dissolved in
tolUene,” to i;ng I ”Hﬂfﬂ"ﬂation. After the | apse of 30 m nutes, 10 m
of ethanol was' L ! op polynerization. After the stop of

pol ynmeri zation, the resulting§ hexane sol uti on containing pol yner was
concentrated under reduced pressure and-t &84 added into 1 [err] of ethanol
solvent, to precipitate the polyner. Th?ﬁﬂhﬁﬁépitated pol ymer was dried
under reduced pressure at 20 80[err]C nty-four hours. Resultantly

‘5.6 g of pol yger was ob a&%gd%}_%&a%t%sﬂ %og‘{glté;g Mﬂéﬁlﬁwﬁg %A}/{e?t t he

pol ymer contaified 57. 8% propyle uni tsa ght of
et hyl ene unit a nintrinsic viscosity [[err]] of 5.64 dl/g. 25
Exanpl e 91 Po?f%@gﬁ?agﬁgn was carried out in the same manner as in the

pol yneri zati on of ethylene and propyl ene - 197 - of Exanple 90 except
that 8 mol of 5-ethylidene-2- norbornene (ENB) was further added.
Resultantly, 1.7 g of polymer was olbtained. The anal ysis of the pol yner
showed that the polymer contai :g,8§»7°¢ﬁ9 wei ght of 5 propylene units,
53. 5% by wei ght of ethyl ene uq@k: and \%?@6by wei ght of ENB units and had
an intrinsic viscosity [[ergd] of 5. 644 1’7 g.. Exanple 92 Pol ynerizati on was
carried out in the sane 10 I'n the polynerization of ethylene and

propyl ene o))

whérein M! is a transition metal atom of the group 4 of

5 the periodic table of elements, A is an atom of the group
16 of the periodic table of elements and B is an atom of
the group 14 of the periodic table of elements; cpl is a
group having a cyclopentadiene type anionic skeleton; and
x!', x2, rR!, R?, R}, R, R® and R® are each independently a

10 hydrogen atom, halogen atom, alkyl gfoup with tﬁe number
of carbon atoms of 1-20 optionally substituted with at
least one halogen atom, aralkyl group with the number of
carbon atoms of 7-20 optionally substituted with at least
one halogen atom, aryl group with the number of carbon

15 atoms of 6-20 optionally substituted with at least one
halogen atom, substituted silyl group with the number of
carbon atoms of 1-20 optionally substituted with at least
one halogen atom, alkoxy group with the number of carbon
atoms of 1-20 optionally substituted with at least one

20 halogen atom, aralkyloxy group with the number of carbon



-
of . Exangpl e 90 "'except that butene-1 was fed at a rate of 0.06 t/mn in place

3}‘ ng'[ ﬁEIy;In;’ (?Qt‘“‘ﬂﬁ]ﬂ“iﬂ““ﬂ\ﬁt adi enyl)(3-tert-butyl -

5- et hyl - 2- phenoxy) i t &ni im Yi chloride and tri phenyl - 15 met hyl
tetraki s(pent afl uorophenyl ) borate used vr/e|295ch'anged to 0.0002 nmmol and

0.001 mml, respectively. Resultant]y, 1.7 g.of I bt ai ned. Th
gﬂﬁleﬁzi i 01;]_ : O&dﬁ gfrj,/' 4 \)&RF_’t‘ifgﬁi:f%ejﬁ%‘i‘t%%n‘%lraﬁe%@g}%o@gg;gﬁ%i ght eof
_ -1 uni n . 1% wei of e ene n a
QEE (r)lzan{/g :I/\Altsi’&alﬁ%g’[ [??q’ﬁ‘ﬂy%’?y ) ?ﬁ?‘bpy %ﬁpﬁgegtgmhlgé afgglgggbs_ eel
v . - alectr e
stirrer, ther %Dt?eﬁfée%nsd- ca’%%n%]did.* t%%%%%g#%q ﬁglﬁﬂlas% h%%%ﬁ héh%S |y

flushed with m;#wbaﬁggh;&rhf%ﬁgtﬁuﬁéﬁ‘&ano?@r&uﬁfwfﬁﬂpﬂhéne, 16

mmol of ENB an ene were charged thereinto.” Then the inner

tenperat ur§ Wefumber & arkditd€oms bt 2690 £rptévidedeenat Okl AR?GXRE) nal
war mwat er jacket, and after the tenperature had becone stable, there were .

added from t hjicarfland RUdidy @ptdppa iy conbiid avistlt cesch wetlerleto 0. 50
mol of triisobutylalumnum 5 0.001 mml of

di met hyl si |l yl (foxtn sareting cycl opent adi enyl ) - _
(3-tert-butyl-5-nethyl-2-phenoxy)titani umdichloride synthesized in Exanpl e
1 di ssol ved i Rhexane, &Fhe ftyansitionmetabl corplexpaeagraipgyto claim

tetraki s(pentafl uoro- phenyl)borate, to initiate polynerization. At the
poi nt 1 wherein A in the formula (1) is an oxygen atom.

10 3. The transition metal complex according to claim
1 or 2 wherein R! in the formula (1) is an alkyl group
with the number of carbon atoms of 1-20 optionally
substituted with at least one halogen atom, aralkyl group
with the number of carbon atoms of 7-20 optionally

15 substituted with at least one halogen atom, aryl group
with the number of carbon atoms of 6-20 optionally
substituted with at least one halogen atom or substituted
silyl group with the number of carbon atoms of 1-20
optionélly substituted with at least one halogen atom.

20 4. The transition metal complex according to any
of claims 1-3 wherein X! and X? in the formula (1) is each
independently a halogen atom, alkyl group with the number
of carbon atoms of 1-20 optionally substituted with at
least one halogen atom, aralkyl group with the number of

25 carbon atoms of 7-20 optionally substituted with at least
one halogen atom, or aryl group with the number of carbon
atoms of 6-20 optionally substituted with at least one

halogen atom.



100f tiyre when 1 I after the initiation of polynerization,
10 M of ethanol vl/mu"c"@ilm(umﬁm the polynerization. After the stop of

pol ymeri zati on, unreacted monosrerss were purged and then a tol uene solution
cont ai ni ng pol ymer di ssolved therei.n was 15 recovered. The tol uene sol ution

was concentrated by heating, and then apot®61-1 of ethanol was added
thereto to pregcipitate th | yner.. _The pregipitated polynmer was dried in a
vacluum_ dryferteér tﬁent y-hf Eg?)%ﬁ%%rggoﬁopé?ﬁ&cﬁ'nlgStg‘egﬁ"%IW .“_'etﬂi‘\al_ f
analysis o 8 . e r _had a conposi,tion o

30. 8% by wei ghtm§? %E%?I%en\gﬁgni tsfc %émYE% B@g\%réﬁﬁpﬁs&snﬁrg)ﬁ}’lﬂﬂ % and

2. 5% by wei ghguBEtEbBtEAl £FcaBPARAdZ RN @oﬂ@gﬁn\ﬁ' %%%{etﬁ)é{{]t[gg rbll; tHe 5 98

dl /g. Exanple 94 25 The sa procedures a
pol yneri zati ofoemuEsagrhe 93 were foll owed except that ENB was not used and
t he amount of dinethylsilyl (tetranethylcyclopentadienyl)- - - 199 -

(3-tert-butyl-5-nethyl -2-phenoxy)titapi umdichloride was changed to 0.0005
mmol . Resultantly 40.6 g of poRygesr-SRa s0btai ned. The anal ysis of the

pol ynmer showed that the polyrr\e,\g5 d a %orrposition of 32.4% by weight of 5
propyl ene units and 67. 6% byswei ght of zethyl ene units and had an intrinsic
viscosity [[err]] O 5.21 d e 95 The sane procedures as in the
pol ynmeri zati on of - ()

5 wherein sz is a group having a cyc;opentadiene skeleton,.
R’ is a hydrocarbon group optionally substituted with at
least one halogen atom or a tri-substituted silyl group,
and A, B, R!, R?, R%, R%, RS and R¢ are respectively the
same as defined above, with a base, and then reacting the

10 resulting reaction product with a transition metal

compound represented by the formula (3)

3 1
X\MI/X

o2, (3)

wherein X3 and X* are each independently a hydrogen atom,
halogen atom, alkyl group with the number of carbon atoms
of 1-20 optionally substituted with at least one halogen

15 atom, aralkyl group -.with the number of carbon atoms of 7-
20 optionally substituted with at least one halogen atom,
aryl group with the number of carbon atoms of 6-20

optionally substituted with at least one halogen atom,



—_—

Exanpl ¢ 94 \Nererlmmﬂmi rize ethyl ene and 10 butene-1 except that
120.0 g of bute mg’“m"geace of propyl ene, the anpunt of ethyl ene
was changed to 59.0°¢g, tthe asmount of triphenyl methyl tetrakis(penta-

fl uor ophenyl ) borate was changed to 0.002 nmmol and poly- nerization was

stopped at the point- of tinme when the 15 Zoumt  of et hyl ene absor bed had

hed 3.0 th 11, .3.45 g of bt aj |
of e pol yrerRRGHERE ot LKL BEPYHFL FBGEASCORBBEFL P aE%?ggg 35685 e gnt

Tnerineie vi Shelri0 okt oRe By 58k By VLEA A b e DB AL 8880 41 o
as 0 ihe POl ik 281k OBy 0o GYIRLEN OBnuChiinbk! ¥CHaLBoROLYRE! 28 GLIYI ene

and but ene-1 exce t unts but ene-1 ene

triphenyl net hyg %E%iéﬁé§i§e§£6§£ﬁ€ﬁeééeﬁi£ﬁb&ﬁaléaHéegn&Bh8168éﬂgﬁﬂohp 15.0
g, 43.0 g and 0. ,_respectively, and the pol ynerization tenperature

-Was - 200 ar&ﬂ@ﬁ%ﬁyt?r%eﬁii:ﬁ: thestthbei| ¥ da#bofl atofs! yien-pas
obt ai ned. The anal ysis of the polyner showed that the polyner had a
conposi ti on odptPofdiby sebgbitateduwibth-AtubeastaoneSRalbgby aeomht of
ethylene units and had an 5 intrinsic viscosity [[err]] of 3.37 dl/g.
Exanpl e 97 Therpboxy pgoeepuwithathé nnuhbepob§nearkani shons of 1-20

optionally substituted with at least one halogen atom, or
di-substituted amino group with the number of carbon
10 atoms of 2-20, and M!, X! and X? are respectively the same
as defined above.
6. The process for producing the transition metal
complex according to claim 5 wherein the substituted
cyclopentadienyl compound represented by the formula (2)
15 is produced by any of the process [1]-[3] described
below:
[I] a process which comprises reacting a

halogenated aryl compound represented by the formula (9)

v R’
RY, AL
)
Rs R‘l
RZ

wherein Y* is a halogen atom, and A, R!, R?, R}, R*, and R’

20 are respectively the same as defined above, with an
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e\r/S were foll owed except that the anpbunts of ethyl ene and butene-1
use were

changeH m lHu g, 10 respectively, 8 mpl of ENB was
additionally use II'EL H Hﬂﬂjﬁms of di nethylsilyl (tetramethyl cycl opent a-

di enyl) (3-tert-butyl-5- 'met” hy - 2*phenoxy) titani um di chl ori de,
triphenyl met hyl tetraki s(pentafl uoropheny?? borate and triisobutyl al um num

used were changed to _0.0Q02 15 mmol 0025 mupl . and 1. 00, nmol

respectivel y. orgameal kadd yetad @E?]d" & 1'yanlelrl‘\‘/\/<’;1%"’Qfl‘ﬁsol’r"P'T%'d thep anal ysi's
of the polyner showed that the rrp03|t n_of 7% wei ght
of butene-1 ur’ﬁelaé:% Sy SRS °é{]‘+ﬁ% rﬁt%y%l}ﬁ%?ﬁ %?/'" |ght of

'SQBA”S'TSg?QSﬁdpﬁ?%@% ie'hsf%%e‘ﬂf P e iy, 0 ﬁrg'e’groﬁi?%'e

funnel s, thernmoneter and nonomer bl owin tube was thoroughly flushed with
25 nitrogen, and then 1 | ofgétol uene was placed therein. The feed of

et hyl ene gas and of propyl ene @S—_-’i\ﬁr start t hrough the blowin tube at
arate of 8 |/mn and - 2P~ 2 |I/mn, respectively. Wile the inner
tenperature being controlled at 30[err]C with an external water bath jacket
and after confirmng that the content of the flask had been thoroughly

saturated wt le'ree:adﬁct()p?elgaaegrougt hbying & wycdopdntadienyliddenesk from
t he dropping funnels in the succe55|ve order of 0.10 nmol of
triisobutybal wkelehonl, and R® and R® are respectively the same as

defined above, and then reacting the resulting reaction
product with water;
[II] a process which comprises reacting the
halogenated aryl compound represented by the formula (9)
10 with a dihalide compound represented by the formula (7)
‘RS _vl

\B' (7)
RS— |

wherein Y! and ¥? are each a halogen atom, B’ is an atom
of group 14 other than carbon atom, and R® and R® are

respectively the same as defined above, in the presence
of an organoalkali metal compound or metallic magnesium

15 to obtain a halide compound repreeented by the formula

(3)

6 1
57 B T
R
R A
)
R3 R!
Rz
—_—
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e

mgl / m_hexane 3” m | of isopropylidene- '
(cycl op\éﬁt adi enyll ” r'"l " |JHfb- met hyl - 2- phenoxy) - titaniumdichl oride
synt hesi zed in Exangl etl(& i | ved 10 in hexane, and finally 0.010 mol

of triphenyl net hyl tetrakis(pentafl uorophenyl)borate dissolved in toluene,
to initiate polymerization. After the | ap@®%f 30 minutes, 10 m of ethanol
was added to stop pol ymeriza-_{iog. ter, the stpp aof pol rization, the

resulting 15 L AutBon %GntqinﬁigIgblFﬁerRaaégcéﬁ€e§?F%§%d under

duced d then added into 1 L of ethanol solvent_ t i pi tat
Lhe pol yner - TRPITCEA YR LB, B p¥Prcns AP iped Ahne, PALEBENpFRRCHLBT!

80[err]C for t ty-{0 esul § apt 15 4 of I r,was, 20
thggpgd. The;?%gﬂé%iﬁééiéﬁﬁgsagétjﬁ%#ﬁsﬁgé%?liﬂgft%ﬂﬁfﬁgfyﬁgﬁa%oﬁ?élne?

.0% by weig o by wei g of ethylene units
and had an int I’el sel%r\glp%cos tgﬂ [%??Wlof_(gﬁo dl /g. Exanple 99 25

The sanme psocedures as in thq@ﬁgﬁynerizgg?on of ethyl ene and propyl ene of
Exanpl e 98 were foll owed except that the feed rate of ethylene was changed

to 7 I/mn andvhereirQ¥ 4id gl alfkalriomdrile dionl, ldnd Tp2ahd 4shaelfinkd
5-et hyl i dene- . 2-norbornene (ENB) was added. Resultantly, 6.6 g of polyner
was obt ai ned. abbwreynal ysis of the pol ynmer showed that the pol yner contained
39. 0% by wei ght of propylene 5 units, 59. 3% by wei ght of ethylene units and
1. 75% by [III] a process which comprises reacting the

halogenated aryl compound represented by the formula (9)

10 with a halide compound represented by the formula (8)

R® cp?
DSt
R |
v3
wherein Y3 is a halogen atom, and B’, Cp?, R® and R® are
respectively the same as defined above, in the presence
of an organocalkali metal compound or metallic magnesium.
7. ‘The process for producing the transition metal
15 complex according to claim 6 wherein the halogenated aryl
compound represented by the formula (9) is produced by

reacting a halogenated aryl compound represented by the

formula (10)

v

RY A
(10)

RS R'



wei, gh{_of ENB  uii nintrinsic viscosity [[err]] of 1.35 dl/g.
Exanpl e 100 Tiﬂﬂﬂumﬂﬂl ﬂﬁ’ as in the polynerization of 10 ethylene and"
propyl ene of "L OBy ol | owed except that butene-1 was fed at a

rate of 0.11 I/min in place of propylene., Resultantly, 4.2 g of polyner was
obtained The analysis of the polyner'sﬁ%ukd'that t he polyner cont ai ned

. 2% by wei ght of. bu 1 15 wei ght o | ene units
and %aé an | TREFRLR V|§db§# h? ggpruBf 1a HFFgegEkg Vet 1 5P sane

procedures [ Iz n_o of Exanpl e 100 -
were foll owe é@%% € L%ﬁgé'tﬁ go?yﬁggﬁgét 8§r§5%6§§§t§Pé m&é changed to
60[err] C and@égﬁ% ﬁ gete of butene-1 to 0.13.1/mn. Resultant- |y, 10.6 g
of polynmer was tai he The anal ysis of the polymer showed that the

pol ymer contained 9.2% by wpl gfit of bgjeme-1 units and 90.8% by wei ght of
ethylene units 25 -and had an intrinsic viscosity [[err]] of 1.11 dl/g.
Exanpl e 502 wherspneyprios efl Helogun idtdhamd| R asl defitled abowed3 -

et hyl ene and butene-1 of Exanple 100 were foll owed except that

trimet hyl al ubm ntine vpsesendei afpaabasel triisobutyl- alum num As the

result, 4.8 g of polynmer was obtained. The analysis of the polynmer showed
that the pol&ser A substituted cyclopentadienyl compound

represented by the formula (2).
9. A process for producing a substituted cyclo-

- 10 pentadienyl compound represented by the formula (2a)

RS cp?
R® T7
Rt A
(2a)
R® R!
RZ

wherein A, cp?, R!, R?, R3, R%, R% R® and R’ are
respectively the same as defined above, which comprises
reacting a halogenaﬁed aryl compound represented by the
formula (9) with an organoalkali metal salt or metallic
15 magnesium, then reacting the reaction product with a
cyclopentadienylidene compound represented by the formula
(4), and then reacting the resulting reaction product
with water.
10. The process for producing a substituted cyclo-

20 pentadienyl compound according to claim 9 wherein the
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Scont@ained 11. 4% ‘R;raﬁf_a?‘ﬁﬁfene-l units and 88. 6% by wei ght of
ethylene units aﬂ!ﬁ (ﬂlﬁ"’ﬂm jc viscosity [[err]] of 0.87 dl/g.

| NDUSTRI AL APPLI I " wﬂikrth above, according to the present 10
i nvention, there are provi'led a*conpl ex sol ubl e in saturated hydrocarbon
sol vents which has a |igand conprising-ard¥¥omatic ring having a hetero

atomin the substituent and a cycl opentadi enyl ring |inked with_each other
t hrough a covBdtpgenakednarylocpmpapadarepresented byl Fher foxmuda d&al yst

omper at ures Lo TRERABRObY pyoacrLpd: Aonalparpatedonerin comppars - o
ticularly Li I d ' I hyl , I d-, ol efi I
Pebber and o hSPERReRERCEPothS BBLYSIE THT, wiLh boBE1Te) rpr taae ™

whi ch h . - ah C o di buti
i C ave a gghg0§8%#§§5_g§g .gnagﬂeggﬁéggkgggggi?tbgge.lstr| ution can

be produced wth goo I Ci A transition

metal conpy exn?presentgd?.b.ascége Es&ng?ag{lé}ﬂ&ear bupaes el eythd-s 2

transition metal atomof the group 4 of 5 thé periodic table 0of elenents,
Ais an atom Qéni:Q&iéﬁ?l!pcéﬁp@ﬁn&“@eﬁ@éséﬁtédt BY enaf rek-mumat g28d B is an

atom of the group 14 of the periodic table of elenents; Cp[err] i's a

RE\ /’sz 7
B R
R? ¥ }\
(2b)
R R'
Rz

wherein A, B, Cp?, R!, R?, R}, R*, R%, RO and R’ are
respectively the same as defined above, which comprises
reacting a halide compound represented by the formula (5)
10 with a cyclopentadienyl metal salt represented by the
formula (6).
12. The process for producing a substituted
cyclopentadienyl compound according to claim 11 wherein
the halide compound represented by the formula (5) is
15 produced by reacting a halogenated aryl compound repre-
sented by the formula (9) with a dihalide compound
represented by the formula (7) in the presence of an
organoalkali metal compound or metallic magnesium.
13. The process for producing a substituted

20 cyclopentadienyl compound according to claim 12 wherein



ngup;naving a | type anionic skeleton; and Xerr], Xerr],
Rerr], R[err]Iﬂ @m[ Eﬁ' Rierr] and Rlerr] are each independently a
10 hydrogen ato i al kyl group with the nunber of carbon atons

of 1-20 optionally substituted with at | east one hal ogen atom aral kyl
group with the nunber of carbon atonms ©f2%220 optionally substituted with

I I I p W th th f b 15
of 620 opt | NGl Ry 1CARCALPE, BEYA PRUREUREL eRERE RO, By HAAn LRI | 1 o
iyl ht h:Lh tQ f 1 ti I bsiituted
wth ot | oask®3nsbnBradiies By SBanlod 8 haloakuatell rbl coelibd "
t f 1-2 | | it t ols s
ar alkyloxy o ShRoorHner oY, S, FOERUIl (10Y witiols WAL SR rResr

~optional ly spgsthbUEBgmanah (@.tlgI §4S kh@NPrdalendlN o3t @Mbadla),| OXy group with
t he nunber of carbon atons of 6-20 optionally substituted with at | east one

hal ogen & onp40r di - supspirbdessd EorNprodading ah sulbsti titde®e cyf1gmar bon
atons of 2-20, provided that Rerr], Rerr], Rerr], Rerr],Rerr] and
Rlerr] nay opéentadienytocbmpeuntd represenitiedr biyo ther Boamulag.(2b) The
transition metal conplex according to claim1l wherein Ain the formula (1)

i s an oxygenwhich co@prises reacting war hadiogenated: alrydomompouwnctor ding to
claim1l or 2 wherein Rerr] in the formula (1) is an al kyl group with the
nunber of cargpregesiedobylithe Sprmudal I(P)swidh auhaed idet icampdumsst one

hal ogen atom aral kyl group )
represented by the formula (8) in the presence of an

10 organoalkali metal compound or metallic magnesium.
15. The process for producing a substituted cyclo-
pentadienyl compound according to claim 14 wherein the
halogenated aryl compound represented by the formula (9)
is produced by reacting a halogenated aryl compound

15 represented by the formula (10) with a halide represented
by the formula (11) in the presence of a base.
16. A halide compound represented by the formula
(5).
17. A process for producing the halide compound

20 according to claim 16 which comprises reacting a
halogenated aryl compound represented by the formula (9)
with a dihalide compound represented by the formula (7)
in the presence of an organocalkali metal compound or
metallic magnesium.

25 18. The process according to claim 17 wherein the
halogenated aryl compound represented by the formula (9)
is produced by reacting a halogenated aryl compound

represented by the formula (10) with a halide repreSentéd
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wut\g t@/nunber of carbon atons of 7-20 optionally 15 substituted with at

| edSt ome hal oger“mum’m‘zum"‘ﬂ with the nunber of carbon atons of 6-20
optional |y substi'tym A i mmy one hal ogen atom or substituted silyl
group with the nunber” of cArbdn %atons of 1-20 optionally substituted with
at |least one hal ogen atom 20 4. - 288 transition nmetal conplex
according to any of clainms 1-3 wherein Xerr] andc;(éerr] in the formula (1)
i s each i ndepditidihe armbia ekl htighthe iBresanns of téh Bake nunber of carbon

atons of 1-20 gptionally substituted with at |east_ one hal ogen_ atom

aral kyl group }+th the fulfehonaist Ach CAMPRI TRRXRIAATAhAY \the
of aar bon at orfORIA J0 AR s A8 BLBATHY ABEBMeast one hal ogen
compl ex accordi%ia 1o cf 4 RERWIE I e ReE e MG HierE ©
32 15 8 oPouy TRt s s A REeiy L sl Gt 08 eat b M oup
optional |y subiidderten t ¢RI TPt e BY hd £FmPLES iért ed
silyl group, and A, B, Rerr], Rerr], Rerr], Rerr], Rerr] and err]
are respecti veiith e meanRiarepfesmitad die, the tfommils e 1 B delidwedtin eRfct | ng
the 10 resulting reaction product with a transition netal
is an alkenyl group, in the presence of a base.
21. An olefin polymerization catalyst which
10 comprises the transition metal complex according to any
of claims 1-4 and a compound (A) described below:
(A) any one of the following compounds (Al)-(A3) or
the mixture of two or three thereof,
(Al) an organcaluminum compound represented by the
15 formula E'ALzZ,,
(A2) a cyclic aluminoxane having the structure
represented by the formula {Af.(EZ)-O-}b
(A3) a linear aluminoxane having the structure
represented by the formula E3{A2(E3)-O-}CA2E32 |
20 wherein E!-E? are each a hydrocarbon group with the number
of carbon atoms of 1-8, and all E!, all E? and all E’ may |
be the same with or different from each other; Z is a
hydrogen atom or halogen atom, and all Z may be the same
with or different from each other; a is the number
25 specified by 0 < a <3, b is an integer of 2 or more, and
c is an integer of 1 or more.

22. An olefin polymerization catalyst which

comprises the transition metal complex according to any
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cogpouRd, represented by the formula (3) [err]- wherein X[err] and X[ err] are
each in ependent”uluui/lmnﬂﬂmﬁ m hal ogen atom al kyl group with the
nunber of carbonll§ Lipane g il U tionally substituted with at |east one

hal ogen 15 atom aral Kyl 'group with the nunber of carbon atonms of 7- 20
optionally substituted with at |east one Rll4gen atom aryl group with the
nunber of carbon atopms of 6-20 optionally substituted with at |east one

hal ogen atom ©f cbaims ipfsapdythe Eplipwingugompenndge (AdnBad ¢B)sar bon

“atons of 1-20 optionally_substituted with_at | east one hal ogen atom al koxy
group with the nunb&ggofaﬁgrﬁﬁﬁ 8%oﬂﬁeo%°ii°§6nSpFPUHSPP955 B r{A3ddo%i t h

atom of 120 a0 BisPRESLen.Fird SF Lol BHBRELEY one RE{{‘E’SEPI’; om
I i th - '
Substi Luted w th ol Eacth oSeaRhpERiReRuA SBRpBlnd. ERoPRBERERN by, thg o

with the nwbetophuta BORe%0 atons of 2-20, and Merr], Xerr] and Xerr]
are respectively the safe as?defined above. 6. The process for

produci ng the tran§A2)Onaﬁe?alieoﬁl){nﬁlnaﬁﬁﬁédhaﬁihg €hai BtPuvbgrei N the
substituted cycl opent adi enyl conmpound represented by the fornula (2) 15 is

produced by anwgptesantedongShélietﬁﬁldeskz(Eﬁ#deﬁénM [I] a process which
conprises reacting a
(A3) a linear aluminoxane having the structure
represented by the formula E*{af(E})-0-} ALE?
10 wherein E!-E? are each a hydrocarbon group with the number
‘of carbon atoms of 1-8, and all E!, all E? and all E3 may
be the same with or différent from each other; Z is a
hydrogen atom or hélogen atom and all Z may be the same
with or different from each other; a is the number
15 specified by 0 < a <3, b is an integer of 2 or more énd c
is an integer of 1 or more,
(B) any of the following compounds (Bl1)-(B3):
(Bl) a boron compound represented by the formula
BQ'Q%Q3,
20 (B2) a boron compound represented by the formula
z*(BQ'Q%Q%Q%) ",
(B3). a boron compound represented by the formula
(L-H)*(BQ!Q%0%") -,
wherein B is a boron atom of a tri-valent valence state;
25 0!-Q' are each a halogen atom, hydrocarbon group with the
number of carbon atoms of 1-20, halogenated hydrocarbon
group with the number of carbon atoms of 1-20, substi-

tuted silyl group with the number of carbon atoms of
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~ hal ogenat ed aryl tﬂmw ted by the formula (9) [err] wherein
Y[err] Is a hal og '"ﬂmﬂm REPLACENMENT SHEET - 207a -
wherein Ais an atdm bf % het gsoup 16 of the periodic table of elenents;
Rlerr] is an alkyl group with the nunber of carbon atons of 1-20 optionally
substituted with at |east one hal ogen ato@l3aral kyl group wi th the nunber

.of carbon ato of 7-20 optionally substituted with at | east one hal ogen
atom aryl i Qv tarﬁfcff@;)rﬁm B bhe mumber of ervbonrtemal P§

gr
bstituted wigt t | t hal 1 bstituted si | i th
f Ees n:Jml:J)erG, \cl)v:‘l IS aoral:)o e‘f\fﬁ@%ﬁl?@%gﬁﬁ%%a??é“é 3‘5@{‘}%’ t thjrt‘%dns#%r ag% Ioggs\tM
hal t | d |
hydr ogen_at om iingh Uidne BE E120 ALY RIS BETENL RS 4

~optional ly subgiffditeart Widh adadipastnePe hal ogen atom aral kyl group with
t he nunber of carbon atons of 7-20 optionally substituted with at |east one

hal ogen atgm gyl grouprhé tdLdn pebiflie R 248 SOt £1PsOf abcaPa PRy £oal | Y
substituted with at | east one hal ogen ‘atom substituted silyl group™wth

the nunber of cdarinorelateae2diwhePéhimpthe nedmpyosntdS{A§ uL£deiM éEhpl -1 east one
hal ogen atom al koxy group with the number of carbon atoms of REPLACEMENT
SHEET aluminum, triisobutylaluminum, or methylaluminoxane.

24. A process for producing olefin polymers which

comprises using the_blefin polymerization catalyét
10 according to any of the claims 21-23.

25. The process for producing olefin polymers

according to claim 24 wherein the olefin polymer is

ethylene-a-olefin copolymer.

26. The process for producing olefin polymer
15 according to claim 24 wherein the olefin polymer is

ethylene~a-olefin copolymer rubber.

27. The process for producing olefin polymers

according to claim 24 wherein the olefin polymer is

ethylene-a-olefin-nonconjugated diene copolymer rubber.



- 207b,- 1-20 optionally substituted with at .| east one hal ogen atom
arﬁfkyﬁb?y group with the nunber of carbon atons of 7-20 optionally
substituted with at | east one hal ogen atom aryloxy group with the nunber
- of carbon atoms of 6-20 optionally substituted with at |east one hal ogen
atom or di-substituted am no group with k& nunber of carbon atons of
2-20; and R err] is a hydrocarbon group optlonally substltuted wth at

| east one hal ogen atomor a trl-substl group” with an [.
Rr EPLACEMENT SHEET 14 C.1998 oa kal i net
metallic magnesi um the F&?@ﬁﬁﬂ'%é“er qﬁ’%dﬁ%‘frﬁ%’h eé%y the

'cyclopentadie lge q conpound represented by the fornul a (4) [err]
wherein Cp[er % ) 3 3up havi ng a cycl opent adi enyl i dene skel eton, and
wherein R err] and R err] are each independently a hydrogen atom al kyl
group with the nunber of carbon atoms of 1-20 optionally substituted with
at | east one hal ogen atom arp$kyl cgtoupxWi th the nunber of carbon atons of
7-20 optionally substituted w t}gat Tgist one hal ogen atom aryl group with
t he nunber of carbon atons ofR%120'op1i Xfal |y substituted with at |east one
hal ogen Rt A :

(1)

‘wherein M! is a transition metal atom of the group 4 of
5 the periodic table of elements, A is an atom of the group
16 of the periodic table of elements, and B is an atom of
the group 14 of the periodic table of elements; Cp' is a
group having a cyclopentadiene type anionic skeleton; and
x!, x2, rR!, R?, R3, R%, R’ and R® are each independ'ently a
10 hydrogen atom, halogen atom, alkyl group with the number
of carbon atoms of 1-20 optionally substituted with at
_ least one halogen atom, aralkyl group with the number of
carbon atoms of 7-20 optionally substituted with at least
one halogen atom, aryl group with the number of carbon
15 atoms of 6-20 optionally substituted with at least one
halogen atom, substituted silyl group with the number of
carbon atoms of 1-20 optionally substituted with at least
one halogen atom, alkoxy group with the number of carbon
atoms of 1-20 optionally substituted with at least one

20 halogen atom, aralkyloxy group with the number of carbon



at pm _substituted silyl group with the nunber of carbon atonms of 1-20
optionally substituted with at |east one hal ogen atom al koxy group wth

t he nunber of carbon carbon atonms of 1-20 optionally substituted with at

| east one hal ogen atom aral kyl oxy group with the nunber of carbon atons of
7-20 optionally substituted wth REPLACERENT- SHEET 14 DEC 1998 - 208a -

at | east one hal oge t aryl ox roup wi,th the nunber of carbon atons of
6- 20 optionaPF?m§uBgtif§HLHP%FPHa§9 sybstituted with atodeast one

di -substituted,ani no_group_w.th.the nunber qf . catbon atons qf 2-20,
br ovi ded t haperpEpRy 2t Pr 'setny; SHREE! i encld, Pulleiied S
optionally c ine w th,ga (?g . i.ng..;and _th reacting the
resul ting regé[:?#n%no\gr gd&?t 8%*;3%%\%1&?5 Fﬂl%grtgraogélggl \?7%1 ?%acsg:n%heges
reacting thephabgganatem, 2o dG08RBERd theRke apihed gRbul ik HHled (9) with
a di halide conpognd représented by the fornmula (7)g?éf&? dherg?% Y[err] and
Y[err] ars eaghbarhafogarbehOditols bf 20 2@t0HrolvideduRhdt ®Riher? then carbon
atom and Rlerr] and Rlerr] are respectively the sane as def I ned abdve, in
the presencerbf rhamdg®iomhirabptiehall1gospmbifleowitht ahkbhcotheiesoum to
obtain a halide conpound represented by the fornula (5) [err]

form a ring; a process for producing the same; an olefin

polymerization catalyst containing the transition metal

- complex; and a process for producing olefin polymers.



mﬁlmgwam'sme - 209 - wherein A B, Rerr], Rerr], Rerr], ReE]12739
Fﬁerr] Rlerr], Rerr] and Y[err] are respectlvely the sane as deflned

above, and t hen reacting the halide conpound with a cycl opentadi enyl net al

salt represented by the fornula (6) 5 M2Cp2 (6)

wherein M2 is an alkali netal atom and Cp2 is as defined above; [III] a
process which conprises reacting the hal ogenated aryl conpound represented'

by the fornmula (9) 10 with a halide conpound represented by the formula (8)
[err] wherein Y3 is a halogen aton1 and B, Cp[err] R[err] and R[err] are
respectivel the—same—as—defrmed—above—n—tihe—presence—of—amrorganoatkal | -
met al conpound or netallic magnesium 7. The process for producirg
the transitijon netal 15 conpl ex accordin b claim6 wherein the

hal ogenat ed jaryl conpound represented b e fornmula (9) is produced by
reacting a hal ogenated aryl conpound ref bnted by the fornula (10) [er
- 210 - whgrein Ais an atom of the grd 16 of the

-

]

OLEFIN %ﬁ@{f’a

----------- 1
1
i
1
- [}
a 1
o ]
Qo o .
5L .
w
e o5E -
sF SER i
sy =Igl &
o< -DH =
—- = A= 'S )
ot <Sa ob
= LW 83 Z=
i S5 e g o
< = - O LU
5 Z2 026 I = no
& S!u:i;c:ccgéaEgz_ 5 =
S| F 2290%z.5 a(z T2
| =— = TESXxcOS< O3 wl ~ xE
< =< o F< P "0 S o = =2 = 9
= | ' eT E_E58 S|=ZE=S| B IE
w5 22 9% F928 J|598| 3 =&
\ v | 503850 ES Iz = o
- S - (SoZ2| &
=y = g385=88%0 §|355| $29
Qle’ 5I0<N“c'<>§ = 5“:} Oog
e« 26 XxagdE 216 Z| 9ap
2 + w J=EL8 %TIPT = |8 35
2N E & . 58 ) 2353
. c F Ox
= o =
< iy 8 ©
e

FIG.1



930884 )-2
peri odlmf‘el enents and B is an.atomof the group 14 of the periodic

tabl e ofu" is a halogenatom R err] is an alkyl group with
t he nunb ,mrm !am% EJ of 1-20 optionally substituted with at |east one
alm

hal ogen atont ar up with the nugb%ul?é}tufégng& aﬁ@;t‘?‘e&émﬂeﬁ%gs

optii onal |y substltuted with at |east on ogen atom ar group wth the
nunber of carbon -atons of 6-20 optionally substituted with at | east one
hal.ogen atom or substituted silyl groupgw th the nunber of carbon atons of
1-20 optionally substituted with at | east one hal ogen atom and Rerr],

Rlerr], andsibpstiltuteri eddlyl Repnaddat ytlte hydiisse no fit carbah kgtomsoup with
t he nunber of carbon atom of 1-20 optionally substituted with at | east one
hal ogen at omf Ar-@Kk@ptgronad Iy tswbste tubresk rwioth ozt bbeasit opge chakogen
optionally substituted with at | east one hal ogen atom aryl group with the
numher of catesh ét%‘iﬁé‘ltbfg@%%hm |RurRRRE 19§ LEREPAR t AEERS| BAst-one

hal t hsti t d th th nb b

120 apt | ondll PRI crkatiftined oSt A HATDOPa BALORPRORSSBYoup
ith th f 1-20 I t t
\IMeast O%nug}%g&éﬁi aﬁgg;m a"g't%kyll ogytrber &“ﬁ%ﬁgﬁhégﬁé%%é& gg?ﬁ%nagﬁ ons of
7-20 Opt'onm'gJ oﬁ#ﬁﬁg}téﬁf&ﬂ&&f%&ﬁt%ﬁﬁ ; EMnaig naa%ﬂxy group

with the nu bon at ons 6-20 optiona ted wtfh at
| east one ha&@a‘ﬁky’ﬂmupfwﬂih S tridnbed S CQrsde URtdhs hof he-gonber of

carbon atons of 2-2

optz.onally substituted with at least one halogen atom, or
di-substituted amino group with the number of carbon

10 atoms of 2-20, and M!, X! and X? are respectively the same
as defined above.
6. The process for producir;g the transition metal
complex according to claim 5 wherein the substituted
cyclopentadienyl compound represented by the formula (2)

15.' is produced by any of the process [1]-[3] described
below:

[I] a précess which comprises reacting a -

halogenated aryl compound represented by the formula (9)

Yt R’
At ,!«
()
R R'
R2
wherein ¥* is a halogen atom, and | REPLACEMENT SHEET

14 DEC 1998




- 210a -—w-th a halide represented by the formula (11) Rerr]  Y[err]
(11) 5 wherein mwerr Is a halogen atomand R7 is as defined above, in the

prgsence lllﬂu j“(ﬂ“ Imetal cogpound or am ne corrpound ?
wherein A i's &n &t of of t*he ar oup 16 of | HOBR R PRettE 1 2 B as%rehﬁgs

is an atomof the group 14 of the periodic table of elenents Cp[err] is a
group having a cycl opentadi ene skeleton; Rerr] is an alkyl group with the
nunber of carbon atons of 1-20 optionally substituted with at |east one

hal ogen atom aral kyl group with the n%g? of carbon atons of 7-20
optionally substituted with at |east o é1ogen atom aryl group with the
nunber of carbon atons of 6-20 optionally substituted with at |east one

hal ogen atom or substituted silyl group with the nunber of carbon atons of
1-20 optionally substituted with at | east one halogen atom Rerr] , Rerr]
, and Rerr] are each independently a hydrogen atom alkyl group with the
nunber of carbon atons of 1- 20 optionally substituted with at |east one
hal ogen atom aral kyl group with the nunber of carbon atoms of 7-20
optionally substituted with at | east one hal ogen atom - 210b -~

wherein A is an atom of the group 16 of
the periodic table of elements; R’ is an alkyl group
with the number of carbon atoms of 1-20 optionally
substituted with at least one halogen atom, aralkyl
group with the number of carbon atoms of 7-20 optionally
substituted with at least one halogen atom, arYl group
with the number of carbon atoms of 6-20 optionally
substituted with at least one halogen atom, or .
substituted silyl group with the number of carbon atoms
of 1-20 optionally substitutedlwith at least one halqgen
atcm;'R?,.fﬁ, and R! are each independently a hydrogeni .
atom, alkyl group with the number of carbon atoms of 1-
20 optionally substituted with at least one halogen atom,
aralkyl group with the numbe? of carbon atoms of 7-20
optionally substituted with at least one halogen atom,
aryl group with the number of carbon atoms of 6-20
optionally substituted with at least one halogen atom,
substituted silyl group with the number of carbon atoms
of 1-20 cptionally substituted with at least one halogen

atom, alkoxy group with the number of carbon atoms of

REPLACEMENT SHEET

14 DEC 1998




aryl group-w-th-thenunber of carbon atons of 6-20 optionally substituted

with at | east one hal ogen atom substituted silyl group with the nunber of
carbon ato I ul t“ UMaI |y substituted with at | east one hal ogen atom
al koxy gro #er of carbon ato of ..1- 20 opti.qnal |
substituted with at |east one hal ogen atomng‘ét?%ﬁ'tl?ﬁ’égﬁegf J%pBﬁF%/WbFMggs
number of carbon atoms of 7-20 optionally substituted with at |east one

hal ogen atom aryloxy group with the nunber of carbon atons of 6-20
optionally substituted with at | east one hal ogen atom or di-substituted
am no group with the nunber of carbon atons of 2-20; R err] and R err] are
each independently a hydrogen atom al kyl group with the nunber of carbon
atons "of 1-20 optionally substituted w-t207%t -1 east one hal ogen at om

aral kyl group with the nunber of carbon atons of 7-20 optionally
substituted wi Lh28t opkdonaddy subsgdtudednwidhy @tgleas tione fiadagemer of
carbon atons of 6-20 ogti OE%” substituted with at | east one hal ogen atom

substituted si PyPmyr FEA LK STRYR UL B Tog BYbRToRE (S’Ia_ria-"fb ¥ nal | y

subst vt o0 v L shkeseh anc.ie e shameliony & T 0 ke O

opti onal 1y subSERSY aFPLeRy yRelly) Btk AU TR BF MR Hedhls SE L

the nunber of gapoRpHieMal1lly GuBlteRuiteERk/iEnS WS idastedndd HaRdgdeast one
atom, or di-substituted amino group with the number of
carbon atoms of 2-20; and R’ is a hydrocarbon group

optionally substituted with at least one halogen atom or

a tri-substitute_d silyl group” with an

REPLACEMENT ‘SHEET

14 DEC 1998




hal ogen a Lo Ltuted am no group with the nunber of carbon atons
of 2-20, BMNBMMUH] Rlerr], Rerr] , Rerr], Rerr] and R err]
may optio i h each other to forma ring; and Rerr] is a
hydrocarbon group optionally. substituted aiidimte sRaSL - P2EDEGEMABEN 1898M or
a tri- substituted silyl group". 9. A process for producing a

substituted cycl o- pentadi enyl conmpound.rggpgesented by the fornula (2a)
[err] REPLACEMENT SHEET Substitute sheet - 12 Decenber 1998 -210d-

wherein A CpbegahoaBkari] meRadr shltRper metallda maghesdivm, ReR] and
Rlerr] are defined at the formula (2) in claim8, respectively, the sane as
t hose / reaching tbhepresstionaprodygcs h@%@ﬁ&i%“%ﬁ)‘%%ﬂ
represented by the formula (9) with an organoal kal i tgd salt or netallic
magnesi um t hbdeneasempgunde rePxEsEsT sy Mu&h%ftqp‘é‘r% %hent adi enyl i dene
conpound represented by the formula (4), and then reacting the resulting
reaction product with water. _30. The process for producing a

substituted cycl o- pentadi enﬁ\co.n:p.o d according to claim9 wherein the
REPLACEMENT SHEET Rs/ IE% {45 '

wherein Cp3 is a group having a cyclopentadienylidene
skeletoh, and

%herein-RF and R® are each independently a
hydrogen atom, alkyl group with the number of carbon
atoms of 1-20 optionally-substituted with at least one
halogen atom, aralkyl group with the number of carbon
atoms of 7-20 optionally substituted with at least one
halogen atom, aryl group with the number of carbon atoms
of 6-20 optionally substituted with at least one halogen
atom, substituted silyl group with the number of carbon
atoms of 1-20 optionally substituted with at least oné:
halogen atom, alkoxy group with the number of carbon
carbon atoms of 1-20 optionally substituted with at
least one halogen atom, aralkyloxy group with the number

of carbon atoms of 7-20 optionally substituted with

REPLACEMENT SHEET

14 DEC 1998




- 211 -—haJ_agewjlmc_grrpound represented by the fornula (9) is
produced by reacting a genated aryl conpound represented by the fornul a
(10) wtf’ﬂ"’ﬁ”ﬂ“ﬂlmﬂjﬂmﬁnt ed by the forrmula (11) in the presence of a
base. 5 ! . ss for producing | | < bgnyl
conpound repfesént'&d y+the formula (2b) [e%tfé{\%ﬁ{eér éﬁ%&g\ ?g%gﬁr%% ?,gbg
Rlerr], Rerr], Rerr], Rerr], Rerr]. Rerr] and Rerr] are respectively
the sane as defined above, which conprises reacting a halide conpound
represented by the formula (5) 10 wth 208ayel opent adi enyl netal salt
represented by the fornula (6). 12. The process for producing a
substituted cyatopemsidioasy hadogesuadomecaryileFyt grou® with e aiurher

hal i dé conpound represented by the faorrmula (5).is 1 roduced .b retacti ng

a hal ogenat ed 8fyFagbrpoddmseffe $-20nPREIFPALAY £ Furted o

dihalid d db he f l, i.n_th f _

Gl G Comoung gt eoaad b Ul Sl ) e iR g o

f duci . sybgatit 0 t adi | ' ' | ai
15 wherein 0 gD the Huibel) of) CAORSH BRCRRY be" 21RO oA M) 1 1

formula (9) isgproglicad byl eaBting R hahoWRRAIRMIANY |caMERING fie ANt ed
by the fornula (fLO) with a halide represéntéd by the fornmula (11) in the
presence of a Bgher to form a ring, and then reacting the resulting reaction

product with water;

[II] a process which comprises reacting the
halogenated aryl compound represented by the formula (9)
with a dihalide compound represented by the formula (7)

RG /Yl
\B'

YZ

wherein ¥! and Y2 are each a halogen atom, B’ is an atom
of group 14 other than carbon atom, and R’ and R® are -

re;pecti*iely the same as defined above, in the presence
of an organocalkali metal compound or metallic magnesium

to obtain a halide compound represented by the formula

(5)
RS y!
P

;B' R7

Rr* R I

A

(S)
R? At
HZ
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5 14. A prlp

EnecPormens 1w oo AR

conpound represent I _
hal ogenat ed aryl cpnj erftdd by the formula *9)° with a halide
conpound fepresentg | {(8) i ngpst Ss?{:}; )

organoal kal i net al | cbapetHse wguaspraeial Yl 1 C rnatgneglt'f]unt;é .%? 0{2 Héfégr'bpefokge%é

gent afg enyl conpound according to claim
Ry pound represented by the formula (9) is

produced by reacting a halRegashcsl 85YAnCREBRAUBE thel gRbABENEEA LD ENHNE

formuta (10) with a halide represented by the formula (11) in the presence

of a base. 16.periodid tablelcof clpzmentics ei@sBniedanryatdre 651 theagebhp.

- 212a - wherein Ais an atom of the group 16 of the'periodic t abl e of

el ements; B ils! af athen péricdiqriabld o5t ebements; chr Hoh anthahod®rrr] is

an alkyl group with the nunber of carbon atons of 1-20 optionally

substituted watrmBi Redst dhelkilogaeum ot thrtha yiumhesr i 3rReR nunber .

o o & P R (3F L hZo, et oA TR s bEEnEed witn B e gRE PRe 0"
bstituted w . ' d_si i th

The nunber ot it den S86kn ONGAAIO AU s O BHESMARLE O] GXpRdhouD Ui

hal ogen atom d¥ s ]| of Rf<20]opeivhdd BF rdusseitaehdi Roenendenbhytacshydr ogen

atom al kyl group
halogen atom, aryl group with the number of carbon atoms

for producing a supstit

of 6-20 optiocnally substituted with at least one halogen
atom, or substituted silyl group with the number of
carbon atoms of 1-20 optiocnally substituted with at
least one halogén atom; and R?, R?}, and R afe each

independently a hydrogen atom, alkyl group with
the number of carbon atom of 1-20 optionally
‘substitited with at least one halogen atom, aralkyl

group with the number of carbon atoms of 7-20 optionallj
substituted with at least one halogen atom, ary% group
with ;he number of carbon atoms sf 6-20 optiénally
substituted with at least éne hélogen atom, substituted
silyl group with the number of carbon atoms of 1-20
optionally substituted with at leasﬁ one halogen atom,
alkoxy group with the number of carbon atoms of 1-20
optionally substituﬁed with at least one halogen atom,
aralkyloxy group with the number of carbon atoms of 7-20
option;lly substituted with at least one halogen atom,
aryloxy group Qith the number of carbon atoms of 6-20
optiona;ly substituted with at least éne halogen atom,
or di-substituted amino group with the number of carbon

atoms of 2-20, .



with the ons of 1-20 optionally substituted wth at
| east one hal ogen atom aral kyl group with the nunber of carbon atons of

7;120 o%lolrlllkmﬂmmlmuﬂm ¥Mth at | east ;)‘Ee haLogen atgm _aLyI glroup With
t he nunber! g of 6-20 optiona t\{bsst%;m%ifbute 1% ata eaﬂ_sgi%one
! B

~ hal ogen atom Substi"t ufed” REPLACEMENT SHEE eet 5ilyPeges

" the nunber of carbon atoms of 1-20 optionally substituted with at | east one
hal ogen atom al koxy group with the nunber of carbon atons of 1-20
optionally substituted with at | east ore2ttal egen atom aral kyl oxy group

wi th the nunber of carbon atonms of 7-20 optionally substituted with at

| east one hal ogen atom aryloxy group wWth.the 1 tons of
6-20 Optionally substituted with é’?ﬁl 82%‘?389% halﬁogggglenge(ér:n% S’hé’l

di -substitute ] g, Wi th the nunber of carbon atons of 2-20; R err]
and Rlerr] argfgggg §af"ntsgmli)l'gndently an al kyl group with the nunber of carbon
atons of 1-20 optionally subsiftgt ed W ¢higt |east one hal ogen atom

aral kyl group with the nunber of carbon atons of 7-20 optionally

substitut ed wiwhegeihex$tisna halogen atam andyR’ gioups vdefiined abower, of

carbon atons of 6-20 optionally substituted with at | east one hal ogen

at om subst i t utdu theypresemsewottan hegangabkal iohetadr bompoandmy amine Zompound.

optionally substituted with at | east one hal ogen atom_ al koxs/;u?roup W th
the number of 8arbon at ofs S¥Pstikyted cyclopentadienyl compduid

represented by the formula (2).

‘wherein A is an atom of the group 16 of the

periodic table of elements; B is an atom of the group 14
of the periodic table of elements; sz is a group having
a cyclopentadiene skeleton; R is an alkyl group with
the number of carbon atoms of 1-20 cptionally
substituted with at ;east one halogen atom, aralkyl
group with the number of carbon atoms of 7-20 optionally
substituted with at least one halogen atom, aryl Qroup |
with the number of_cﬁrbén atoms of 6-20 optionally -
substituted with at least one halogen atom, or
substituted silyl group with the number of carbon atoms
of 1-20 optionally substituted with at least one halogen
atom; R?,'R?,'and,Rﬁ are each independently a hydrogen
atom, alkyl group with the number of carbon atoms of 1-
20 optionally substituted with at least one halogen atom,
aralkyl group with the number of carbon atoms of 7-20

optionally substituted with at least one halogen atom,




optiohally substituted with at | east one hal ogen atom aral kyl oxy group

with th

ons of 7-20 optionally substituted with at

| east one E U@ yl oxy group with the nunber of carbon atons of
6- 20 opti{) ﬁ mimmwﬂgd with at |east (g]ﬁ at 0 1998
di - substi Wi th the nunber © srcig!rjgecg)n eét -{rgl[%:cqm%?rorrs of

2-20, provided that Rlerr], Rerr], Rerr], Rerr], Rerr] and Rerr] may

optionally conbine with each other to forma ring;, R err]

i s a hydrocarbon

group optionally substituted with at |e®§0bone hal ogen atomor a

tri-substitut%%ﬁié:%gog%g%EgPa fle Yhihbbr! 8£2c0808060+8h8TbE16-20 A

process for pr

| de conpound according to claim 16 which

conpri ses reac%?g%a%g%ggﬁggwéu%w wEBHPRYNHehSEr 888NhalogEnt Beahgr MUl &

(9) with a dih

represented by the formula (7) in the presence

of an organoal &ahktiehigkdCeinQuUNgroup i ghl themngnbarusf &8rbon atoise

process according to claim 17 wherein the hal ogenated aryl

conpound

represented byofhk-20r apktioplliys spbstitutiedywithcatnyeastabrbgehalogenr y|
conpound represent ed 2{ the formula (10) with a halide represented 213 -

by the fornul aatam) &

oWy provenvéthf the pugkRSaPEaFRTRepaptoms of 1-

20 optionally substituted with at least one halogen atom,

aralkyloxy group with the number of carbon atoms of 7-20

optionally substituted with at least one halogen atom,

aryloxy group with the number of carbon atoms of 6-20

optionally substituted with at least one halogen atom,

or di-substituted amino group with the number of carbon

atoms of 2-20; R® and R® are each independently a

hydrogen atom, alkyl group with the number of carbon

atoms of 1-20 optionally substituted with at léast one

halogen atom, aralkyl group with the number of carbon

atoms of 7-20 optionally substituted with at least one

halogen atom, aryi group with the number of carbon at&ms
of 6-20 optionally substituted with at least one halogen
atom, substituted sil&l group with the number of carbon
atoms of 1-20 optionally substituted with at least one
halogen atom, alkoxy group with the number of carbon

atoms of 1-20 optionally substituted with at least one
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corrpound—e{—&m—ne*cgm,nound* 19. A hal ogenated aryl conpound
representm or Ia (9) wherein R err] is an al kenyl group. 20.

A proces e hal ogenated aryl 5 conmpound according to claim

19 whi ch hal ted h
for rru:g (10) W|th a hal i degrgprgsg%tegg gy g‘fé ?gﬁ%ﬁ%%%?llfé) e?gﬂ;tgé;RTyegré]e

is an-al kenyl group, in the presence of a base. An ol efin

pol yneri zation catal yst which 10 conprises the tran5| tion nmetal conpl ex
according to-any of clains 1-4 and a co2plunrd (A) described bel ow. (A) any
one of the fohalwWgemh cargmourislidioXy\Yraup twicthn thermuber vwof oFarhese
thereof, (Al) an organoal um num conpound represented by the 15 formul a
E[err] Al Z[ er r ptiot® of H30 m@ma@mm%teﬁé”sﬁ (¥ uk@2$EpPRSent ed
by the formula {Al(-Eferr])-O}Jerr] (A3) a linear alum noxane h ving the
structure rep KO h AFVYNN S (A (ﬂ%r‘?‘fﬁl’ﬁ} Ef%F ]""20

<Y

wherein Eferr] - E err]_a ach_a ocarbon ro e
carbon atons &t J%né"zﬁl"%‘f’e‘?rf %ﬁ“bﬂ%‘r\gj‘t%‘ﬁd"“a#‘{'] %er% QQ E e t he
same with or different m eac Ayl © tpm._grtﬂgl ogen
atom and all q’flr%ﬁ/ He T { rg s%?re&w%"ﬂgtl@#%r ent&ls %iren e%ch other; ais the
nunber 25 speqpiph Wf%frﬁoxﬁeé&ln?’s &f@-z’@ i BtS@Ldedf tRaBIRIPIEE, @] C s
an integer .of 1 or nore. : An ol efin polymerization catal yst which
conprises the g¥,agSi hhﬁnRFthhﬁﬂ{ SPtDORAL Bg cotibiget withyeach other to

form a ring; and R’ is a hydrocarbon group optionally

substituted with at least one halogen atom or a tri-

substituted silyl group”.

9. - A process for producing a substituted cyclo-

pentadienyl compound represented by the formula (2a)

RS sz
5 H7
R? : ,}'\
(2a)
R? ]!
RZ
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- 214 - of—ctaims I-4 and the fol |l owi ng compounds (A) and (B): (A) any one

of the fo 1 “ (Al)-(A3) or the mixture of two or three

t her eof : mﬂﬂmmtm nm num conpound represented by the 5 formula
E[err] Al Z ma <yclic al um noxane haying.the structure repres

by the formula {A (E[err])-O}[err] (A3) a%‘i"?}%ﬁﬁ”ﬁﬁﬁﬁ?hbhén@e %fﬁ’ﬁbq%gd
structure represented by the fornula E[err]{Alerr](E[err])-O} A E[err] 10
wherein E[err]-Eferr] are each a hydrocarbon group with the nunber of
carbon atons of 1-8, and all Eerr], all E[err] and all Eferr] may be the
same with or different fromeach ot her;&; {ds_ a hydrogen atom or hal ogen
atomand all Z may be the sane with or. P erent _fromeach other; ais the
nunber. 15 spebekeda By C€p?,aRL3 R% RS, art, Meg8F amd 2Rbrazmre and ¢ is an
integer of 1 or nore, (B) any ofdefiwed at|thei fiormudap@)ndis (1Bin-§,B3): (Bl) a
bor on conpoundefFeprEd¥alsy Wie Sae @shtheseBY er r ] Q er {3 @t rgompplses (p2)

b d d by the, f I
G R R o, 1
a tri-val ent \‘L7§F5‘]r'1%§ fgr t ]é‘g'tg{a J’tq{og:rgr%"gﬁ%‘é?gr%" é?egt%‘ac 5?;‘[' h%?olggégg%%]-
hydrocarbon ghLayR oW, Rhdt Gl ctQind AP LA W T plodilet @l enegat ed

hydrocarbon group with the nunber of “carbon atoms of” 1-20, substi- tuted
silyl group weiklopenuadiringlideid dondiiiid fepresented by the formula

(4), and then reacting the resulting reaction product
with water.
10. The process for producing a substituted cyclo-

pentadienyl cbmpound according to claim 9 wherein the

REPLACEMENT SHEET

14 DEC 1998




- 215 - 1-20, alkoxy group with the nunber of carbon atoms of 1-20 or
sdB§TTT‘Ted—anTﬂﬁ—gfeup with the nunber of carbon atonms of 2-20, and

them th or different fromeach other. 5 23. The
oI efin HMMFBI.EWE atal yst according t ﬂ%fg Hedl'- 22 DNEISHEr 1588
compoun I- alum num triisobutylalumnum or

met hyl al um noxane. A process for producing ol efin polyners which

conpri ses using the oIefln polynerizat+oalaatalyst 10 according to any of
e e 202 oh S e Moo R L e PEL Y
S i A s MR
e anFePRe R ISE S Tl ) Sty WOy e spraichenal
di ené copol yBg' theb¥rmula (11) in the presence of a base.
5 14. A process for producing a substituted cyclo~
pentadienyl compound represented by the formula (2b)
which comprises reacting a halogepated aryl compound
represented by the formula (9) witﬁ a halide compound
represented by the formula (8) in the presence of an
10 orgaﬁoalkali metal compound or metallic magnesium.
15. The process for producing a substituted cyclo-
pentadienyl compound according to claim 14 wherein the
halogenated aryl compound represented by the formula (9)
is produced by re&eting 2 halogenated aryl compound
15 represented by the formula (10) with a halide represented
by the formula (11) in the presence of a base.

16. A halide compound represented by the formula

(5)-
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wherein A is an atom of the group 16 of the
periodic table of elements; B’ is an atom of the group
14 other than carbdn atom; R' is an alkyl group with the
number of carbon atoms of 1-20 optionally substituted
with at least one ﬁalogen atom, aralkyl grdup with the
number of carbon atoms of 7-20 optionally substituted
with at least oﬁe halogen atom, aryl group'wiﬁh the
number of carbon atoms éf 6-20 cptionaily substituted
with at least one halogen atoﬁ, or substitutéd silyl
group with the number of carbon atoms 1-20 optionally
substituted with at least one halogen atom; R?, R?, and
R! are each independently a hydrogen atom, alkyl group
with the number of carbon atoms of 1-20 optionally
substituted with at least one halogen atom, aralkyl
group with the number of carbon atoms of 7;20 optionally
substituted with at leasﬁ one halogen atom, aryl group
with the number of carbdn atoms of 6-20 optionally

substituted with at least one halogen atom, substituted

REPLACEMENT SHEET

14 DEC 1998




R A 0o

Substitute sheet - 12 December 1998

- 212b -
silyl group with the number of carbon atoms of 1-20

optionally substituted with at least one halogen atom,
alkoxy group with the number of carben atoms of 1-20
optionally substituted with at least one halogen atom,
aralkyloxy group with the number of carbon atoms.of 7-20
optionally substituted with at least one halogén atom,
aryloxy group with the number of carbon atoms of €-20
optionally substituted with at least one halogen atom,
or'di-substituted amino group with the number of carbon
atoms .of 2-20; R® and R® are each independently an alkyl
group with the number of carbon atoms of 1-20 optionally
substituted with at least one halogen atom, aralkyl
group with the number of carbon atoms of 7-20 optionally
substituted with at least one hélogen atom, aryl group
with the number of carbon atoms of 6-20 optionally .
substituted with at least one halogen atom, . substltuted
silyl group with the number of carbon atoms of 1-20
ocptionally substituted with at least one halogen atom,
alkoxy group with the number of carbon atoms of 1-20
optionally substituted with at least one halogen atom,
aralkyloxy group with the number of carbon atoms of 7-20
optionally substituted with at least one halogen atom, '
aryloxy group with the number of carbon atoms of 6-20
optionally substituted with at least one halogen atom,

or di-substituted amino group with the number of carbon
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atoms of 2-20, provided that R}, R?, Ra, R‘, R® and Rsrmn{

optionally combine with each other to form a ring; R’ is
a hydrocarbon group optionally substituted with at least
one halogen atom or a tri-substituted silyl group; and

Y is a halogen atom,

17. ' A process for producing the halide compound
according to claim 16 which comprises reacting a
halogenated aryl compound represented by the formula (9)
with a dihalide compound fepresented by the formula (7)
in the presence of an organocalkali metal compound or
metallic magnesium.

18. The process according to claim 17 wherein the
halogenated aryl compound represented by the formula (9)
is produced by reacting a halogenated aryl compound

represented by the formula (10) with a halide rep:eseﬁte§
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by the formula (11) in the presence of an organoalkali metal

compound or amine compound.

13. A halogenated aryl compound represented by the
formula (9) wherein R’ is an alkenyl group.
20. A process for producing the halogenated aryl
compound according to claim 19 which comprises reacting a
halogenated aryl compound represented by the formula (10)
with a halide represented by the formula (11) wherein R’
is an alkenyl group, in the presence of a base.
21. An olefin polymerization catalyst which
comprises the transition metal complex according to any
of claims 1-4 and a compound (A) described below:

(A) .any one of the following compounds (Al)-(A3) or
the mixture of two or three thereof, _

(Al) an organocaluminum compound represented by" the
formula E'ALZ,,

(A2) a cyclic aluminoxane having the structure

.represented by the formula (A (-Ez)-O-}b

(A3) a linear aluminoxane having the structure
represented by the fomulé. E3{A(E%)~0-}ALE},
wherein E!-E’ are each a hydrocarbon group with the number
of carbon atoms of 1-8, and all E!, all E? and all E? may
be the same with or different from each other; Z is a
hydi'ogen atom or halogen atom, and all Z may be the same
with or different from each other; a is the number
specified by 0 < a 23, b is an integer of 2 or more, and
c is an intéqe_r of 1 or more. |
22. An olefin polymerization catalyst which

comprises the transition metal complex according to any



