;tRSTUVMXYZ[\]A_‘abcdefghe3e8r5ppq|yd|#6Trb 1 TRANSI TI ON METAL COVPLEXES,

LI GANDS, CATALYSTS FOR OLEFI N POLYMERI ZATI ON, AND PROCESS FOR PRODUCTI ON OF
OLEFI N POLYMERS 5 Technical Field The present invention relates to
transition netal conplexes, |igands, catalysts for olefin polynerization,
and process for production of olefin pohymers. 10 Background Art Many
production net hods of olefin polynmers by using netall ocene conpl exes have
al ready been reported. For exanple, JP-A 58-19309 disclosed a nmethod of
produci ng ol efin polynmers using a netall ocene conpl ex and al um noxane. 15
However, sughngsfetdedueirALWhbebLekeki nipckymer, i ZATRONSTS EaRr CaMEFINt
catalytically by using bis(cyclopentadienyl) zirconiumdichloride and

met hyl al unmi noxa&yHad A RIEDIAM ofrddiesd ovomobrstber Lowi ghtoDEFT e
obtained ol efin polymer. To resolve the 20 problem JP-A 9-87313 di scl osed
pol ymeri zation using dinmethylsilyl (d&tsaes hyl cycl opentadi enyl
)(3-tert-butyl-5- nethyl-2-phenoxy) titaniumdichloride. In such

pol ymeri zation, the catalytic activity is high, but there is still a need
for further inprovenent in the nolecular 25 weights of polyners to be

obt ai ped. 2 Di sglgs%ég of the Invention In consideration of the
above?nent T oRBAL R obf efit® the present invention ainms to provide transition
metal 5 conplexes with excellent catalytic activity_and.capabl.e .of
provi di ng pol yneRg Rf?ﬁeﬂFgHHHBPE&GPaFe&E%Gﬁt%oaﬁ&%gsﬁg 55%§Eb br oduci ng
ol efin polynmers using them |In order to acconplish the above-nentioned
aims, the 9@@§éﬁ¥eﬁnvéh96P§ShaHaﬁ§&§SFﬁv§§Figﬁ@#&ﬁspéﬁﬁﬂ%ﬁﬁﬁ%'%ﬂ¥’lo net a
conpl exes and catal ysts for olefin polynerization, and finally found
transiti onangt akocerpl resphadiagirngadds ledipr PSIWGSE Scycl opent adi ene ri ng
havi ng a heteroatom as a substituent and which ring is connected with a
substituted benzene ring via a coval ent bond group, thereby the present 15
i nventi on was acconplished. That is, the invention provides as follows: 1.
a traositipackgktalindofApkex represented by the formula (1) z 05 2 1 X Jn ~X~
R~ (1) RER3 RR ~M- 20 wherein Mis a Goup 4 transition netal; 3 Ais
a Goup 16 el engahy Brbsuat&aumelsoelsementclafiins parl vmemsgdry ofsimaor 1; RI,
R2, R3 and R4 are the sane or different and each 5 i ndependently denotes a
substit uentes8h eetedef LomMplB&Gr OUReCeNSicsidyn@eai thupdrolddw ipgroups (1)
and (I1): group (l) consisting of hydrogen, substituted or unsubstituted
Cl-20 al kygxaﬁﬂ%ﬁubg@i—hutf)@d1@rso@naq@,$1iot§goeda G2 AroA prsuhstinqit ed or
unsubstituted C7-20 aral kyl, and silyl substituted with substituted or
unsubstitu o] - rQcay. a r d )e@nsd:stdiy Hfuddnoxane.
substituteéﬁgggﬁn§§%§¥%fﬁtggq%%ifO%gﬁiﬁﬁﬁééiubstituted or unsubstituted
C6- 20 aryl ox substituted. ar ubst i hut (s I XYa+ Shik V1 &XY
subs?ﬁtute O%Fyﬁ%éu%gkﬁt%tgltgggﬁnszbsgﬁfﬁfe e%%QE Eﬁ?ﬁ%%%ﬁ%%on, 20 am no

substituted with substituted. ar i Tt C1- 20 hydrocarbon, phosphino
subst i t ut e§2wrt-fds T tﬁ%ﬁ%;¥%ﬁxﬁﬁgﬂ%gi4%hnd Cl1- 20 hydrocarbon, and thio

substituted with substituted ar. unsubstitut.ed Cl-. 25 hydr ocar bon, 4
provi ded tHé?(§§Cﬁ8§§Pt5ﬁé%ﬁ§%%ﬁlﬁ%ﬁnﬁ%¥zﬁﬁ#ﬁ%ﬁ%%ﬁ%fég%stituent group

selected fromthe graoup (I1); R5 R6, R Re, and Rl e t sanme or

di fferent ARENFAEATIHASFSREenAR @eﬁ&%%&%;’%ﬁ nJhoa"f or&%aine,c%{]agﬂbsti t ut ed
or unsubstituted Cl-20 al kyl, substituted or unsubstituted Cl-%g al koxy,
subst i t ut e#edahinedbdtia HEEIORDPIGHAT RUBEIT ut et ore s (bstiTut ed 06- 20

aryl oxy, substituted or unsubstituted C7-20 aral ky], . )
20 problem, JP-A 9-87313 disclosed polymerization using

dimethylsilyl(tetramethylcyclopentadienyl)(3—tert-butyl—5—
methyl-2-phenoxy) titanium dichloride. TIn such
polymerization, the catalytic activity is high, but there
is still a need for further improvement in the molecular

25 weights of polymers to be obtained.



¥ L]
10 substituted or unsubstituted c7-20 aral kyl oxy, silyl substituted with
substituted or unsubstituted Cl-20 hydrocarbon, or am no substituted with
substituted or unsubstituted Cl-20 hydrocarbon; and 15 Xland X2 are the
same or different and each independently denotes hydrogen, hal ogen,
substituted or unsubstituted Cl-20 al kyl,, substituted or unsubstituted
Cl- 20 al koxy, substituted or unsubstituted C6-20 aryl, 20 substituted or
unsubstituted C6-20 aryl oxy, substituted or unsubstituted C7-20 aral kyl,
substituted or unsubstituted C7-20 aral kyl oxy, or am no substituted with
substituted or unsubstituted Cl1-20 hydrocarbon; or 25 two adj acent
substituents of Rl, R2, R3 and R4, and two 5 adj acent substituents of

R5, R6, R D'B@iOggrgnng%hgainQ%n%%%% optionally bonded to forma ring; 2.
a process of producing a transition netal conplex represented by the

f I 1) whi
oprosent ot by Che POPRIELSEaT Fl Beora R AL R RRRAETe o

R, Rz, and Q.ar f ove, and Rl11l is
a substi tuP£858P§u%QHSSFEPEt S&hﬁRth oé)arob R rteeft?%s%(rj&addtﬂl%%s%stl tuted silyl
group, and the_10 posi.tions of th bIe bonds an, the CY$ e ring
are opti onaPTBLEEESa wl’nti?t GEESIHS G%I A0S A’ tah ag)sag;% hen
reacting with a transition nmetal conpound r resented the formJIa (3):

%o kX2 n BIRULRLRG P8 IURERE il and 30 00 S48 et (1red Hto XL, X2, X3 and
X4 are the sane or different and_each |ndependently denot es hydr ogen,

hal ogen, sBBSEREat 84 SrodisdBst Cleied ELLTeAKHSINg Bsist i t ut ed or
unsubstituted Cl-20 al koxy, substituted or unsubstituted C6-20 ary
substituted or @Gnsebsleirt Goedcocemzd igty Ithey abamestmiaritien st atﬂﬁ%‘hbsit}?? ut ed
C7-20 aral kyl, 5 substituted or unsubstituted C7-20 aral kyl oxy, or am no
substi t ut eprwsehtsulus"entt@u:ed hed masishsnvasttdd ati-cae erWO@
substituted cycl opent adi ene represented by the above- nentioned fornula
(2); 100 4. matplocesslekepr acucicad asiyedts thtre d leyfi ro pemit ik ks et esent ed
by the above-nentioned formula (2) which conprises reacting substituted
cycl opent adheneinapnesented by anhd tiemmurer (15 )c ondl 632 RPav ndR-1 tdarids
wherein R, Rz, R3 and RO are as defined above, with a base and then

reacting %bmpeleqtt@oeneyrc%@em@tdq@n@ ey frormd@  B)etErRR oB-a6 R ~A~Ro
~6) Rei ~~R~0 wherein X5 is halogen and A, B, R5, R6, R7, Re8, R9, R and

7/ Rll are %%b@%fﬁtﬂ%%ta%%ewhéctﬁmﬂd tiuf ad i anentad %nesﬁmﬂs@mm by
t he above nentioned fornmula (4): R~z / ~ ~4> s 5 wherein R12 is hydrogen,

subst i1 Ut eloon ymsubst) LLed, CLa aliklonl Gulst ] lulobior uRSupstdut e

C6-20 a a catalyst for olefin polymerization conprising a transition

et aI15corrpI ex represent e%%ﬁ){ﬁk{l%s?% gye-mentioned formula (1) in conbination

wi ththe folTow ng corpoun wherein (A) is any one of or a m xture

ft th the faqll
grga\rltuc))alotrjm mrJrenegg’r‘?ﬁo&%d% ?\e\{se nc;chrtgounrrc:Osvjf or rru% %“f’% i%‘Z) (3 a) (A2):

cyclic al um noxane havi.n ruct e 15 re resen h | a
{- A1( E2) - OT}ba1 RISy rm%a\i]'m hra‘?ﬁlh%?rﬁ_e }lltéf egrelglégésjent ed by
t he forrrule}ll)EB{ Al1(E3)-0-} Al(E3)z,

R3
R* R2
R® 2
X
RGlB R1 /M£x1 ) n
R’ A (1)
RE R10
Rg

20 wherein M is a Group 4 transition metal;



wherein E1 to E3 are the sane or different and each i ndependently denotes a
Cl- 8 hydrocarbon group, Z is the 20 sane or different and each denotes
hydrogen or halogen, a is an integer of 1, 2 or 3, b is an integer of 2 or
nore, and c is an integer of 1 or nore; 8 7. a catalyst of olefin

pol ynmeri zation conprising the transition netal conplex represented by the
above-nentioned fornmula (1) in conbination with the foll ow ng conpounds (A)
and (B), wherein (A) is any one of or a mxture of two or 5 three of the
foll owi ng conpounds (Al) to (A3): (Al): an organoal um num conpound
representegd by htherbgpmubazEkabdht(Z) (3-a), (A2): cyclic alum noxane having
the structure represented by the formula {-A1(E2)-0-}b, 10 (A3): |inear

al um noxang bgvgngrgbg shrdetueatepresented by the formula

E3{-Al (E3)-0O}~A1(E3)2, wherein E1 to E3 are the sane or different and each
i ndependent | y.dgpot g6-.8.158 Bydrogarbon group, Z is the same or different
and each denotes hydrogen or halogen, a 15 is an integer of 1, 2 or 3, bis

an integer,of 2 o%;ngﬁgiRaqgrg % eaga¢giﬁge§%?Fe}eHE ORHCeadRd (B) is any

one of or a’‘m'xture of two or three o ow ng conpounds (Bl) to
(B3):.(B1):; bor qn npqund. repr.esent he, f.arml 2): a
boron5conpﬁﬁaﬁp?3§?3§g3t§8n8§e§h8 %8Eﬁ§ﬁ§%§£%sgﬁﬂgfg%ﬁﬁf%Qng%S?§§%%$§n
conmpound represented b e fo la (L-H)' (B @3 -.+-25 wherein Bis a
bor on aton?gﬂséSPFpgaPén%E9aF8ag§w§P§t8?%E&SCHS§ f%&%ﬁ]éré the sanme or
different and each is a hal ogen atom _a Cl1-20 hydrocarbon group, a Cil-20
hal ogenat ed hdeBEéPbéﬁ)gFBH%}S§l§Hb§Fituted silyl group having 1 to 20
carbon atons, a Cl-20 al koxy group or a disubstituted am no group 5 having
2-20 carbon at oR¥AT@#8L-H is a Bronsted acid; and 8. a process of
produci ng an ol efin polynmer which conprises polynerizing olefin in the
presence of thesghsaliystefloprobapihspatyred Fatdoodl&¥ldescribed in the
above 6 or 7. 10 Mobde for Carrying Qut the Invention Hereinafter, the
presédt inventienbaklitubeddescrinbadsitn tadesi ICs-zoWAEKL1F espect to transition
metal conpl exes represented 15 by the formula (1), the transition netal

at om denot ed byshbbsiauGedupr4uhsabsittitoremietCal .oatomlkglt henperi odic tabl e
(I'UPAC I norgani c Chem cal Nomenclature revised in 1989) and it is, for
exanpl e, a titapiUplatansstataitedonitm aubmtdrt va cdafor umsatorhiand g3t ef er abl y
a titaniumatom 20 The el enent denoted by Ais a Goup 16 elenent in the
periodi c tabl,e pdkrddatisonf 0in@xanpl e, an oxygen atom a sulfur atomor a
sel enium atom and preferably an oxygen atom The el enent denoted by Bis a
G oup 14 el ement bipt he125cpekiadiiggt @l e and it is, for exanple, a carbon
atom a 10 silicon atomor a germanium atom and preferably a silicon
ato n denot es (W frer.ab he hal ogen at om
deng%gd by R1, ﬁg?SE%FE%%? %%,gﬁgpb%%?%%tgg?cﬁéﬁ E%Fé§¥1énd X2 include a
fluorine atom g,ghlorine aLom,a, from.ng af o and.-gnoLedine atom and a

chlorine atomis preferably éxenplitied. A suldsti tuént for the substituted

Cl-zo al kyl den%%ggFEFg%gggﬁgﬁuﬁgu5 tﬁ%U%éﬁﬁ%bﬁﬁtgéa¥%Yﬁgq 2 includes 10

hal ogen at ons. es of "the substi ed or “ansuabstituted al kyl

i nclude, for exanple, nethyl, .ethyl, n- _propyl,..isopropyl. n- h

sec-but yl , tert?ngygP?yn§B§ﬁF§%Ftﬁ@bﬁgﬁFyﬁdggﬁﬁﬁéﬁéiéﬁifwﬁﬁéﬁggquﬁﬁ%ctyI
n- nonyl, n-decyl, n-dodecxl, n-tridecyl, tetradecyl, pentadecyl, hexadecyl,
15 hept ade€ytzs BEiEeRYPO nonadecyl, n-eicosyl, fl uoromethyl,

di fl uoronet hyl, trifluoronethyl, chloronethyl, dichloronetﬁyld

tri cRPor omet hyl 2MpPEnEREERYEUtECh MEFomSt AT L {55t SHo Bt HHAS B4 dddifkt hyl |

di i odonet hyl, triiodonethyl, fluoroethyl, difluoroethyl, trifluoroethyl, 20
t et raf | uor BetzhyltydpeasapPior oet hyl , chl oroet hyl, dichl oroethyl,

trichl oroethyl, tetrachl oroethyl, pentachl oroethyl, bronoethyl,

di br onoet hyl , t phbsphbethyub sttétrdiscongdtthydub gderitsisrbivet hyl |

per fl uoropropyl, perfluorobutyl, perfluoropentyl, perfluorohexyl, 25

per f | uor oochygubspértited addodebytiroperbbuoer epent adecyl , 11

per fl uoroei cosyl, perchloropropyl, perchlorobutyl, perchloropentyl,

per chl or ohexyl , tpebchudsedeiyed parthlsarndadecydd qerohddropent Bk oyi-,

per chl or oei cosyl, perbronopropyl, perbronobutyl, perbronopentyl, 5

per bpgmohexylnypesddamoct yl , per bronododecyl, perbronopent adecyl and

per br onoei cosyl and the preferable exanples are nethyl, ethyl, isopropyl,
tert-butyl and amyl. A substituent for the substituted C7-20 aral kyl
denoted by R1, R2, R3, R9, R5, R6, R7, Re, RO, Rl, X1 and X2 includes, 10
for exanple, halogen atons. Specific exanples of the substituted or
unsubstituted C7-20 aral kyl include benzyl, (2-nethylphenyl)nethyl, (3-
met hyl phenyl ) net hyl , (4-met hyl phenyl ) net hyl, (2, 3- dinethyl phenyl)nethyl,




RL R2 RBRAR5 R R7T R8, RO, Rl, X1 and X2 includes, for exanple, halogen
atons. Specific exanples of the substituted or unsubstituted C6-20 aryl

i ncl ude phenyl, 2-tolyl, 3-tolyl, 9-tolyl, 2,3 xylyl, 2,4-xylyl, 2,5-xylyl,
2,6-xylyl, 3,4-xylyl, 3,5- xylyl, 2,3,4-trinethyl phenyl,

2,3,5-trinethyl phenyl, 2,3,6- trinethylphenyl, 2,4,6-trinethyl phenyl,
3,4,5- trinmethyl phenyl, 2,3,4,5-tetranethyl phenyl, 2, 3,4, 6-

t et ramet hyl phenyl, 2, 3,5, 6-tetranet hyl phenyl, pentanethyl phenyl,

et hyl phenyl , n-propyl phenyl, isopropyl phenyl, n-butyl phenyl,

sec- but yl ppesyldetiethatbutylpherybnenogentyl phemd ameafedtybphenyl ,

n- hexyl phenyl, n-octyl phenyl, n-decyl phenyl, n-dodecyl phenyl, n-
tetradecyl phgayk rubaphyhyhpardiaethuageny ward driveiprefmr,abl e exanple is
phenyl. Al of these aryl groups may be substituted with hal ogen such as

f1uorine, ghl ard ngy, bLoMi e 1o i:0di dee 2R ThensUBS! ik wkedeni! ¥hadensked by

L/

Rl, R2, R3, R4, 'R5, 'R®, e, RO and RL is a silyl group
substitute i it I it uted aydr ocarbon. Herein, the
hydrocarbognﬁ%égﬂgggﬁég-?%ﬁgnglHggg%%%?'ne%hf%% éthyl, n- propyl,

c- but t-

i sopropyl, _n:butyl e I e twl, i yl, n-pentyl, n-hexyl,
cyclo%exyl?uﬁ§ﬁéﬁy§ﬁa ﬁFOEP§F?S%}%8%§% §ﬁﬁ°n$ggg%r, and aryl such as
phenyl . Specjfic, exanples of the.substituted silyl having 1 to 20 carbon

at ons incIﬁﬂéshﬁﬁﬁpggggfiPﬂ?@hngﬁyleﬁa&?ﬁ@ ii%8xﬁo carbon atons such as
met hyl silyl, ethylsilyl and phenylsilyl; di-substituted silyl substituted
with Cl- ZOSHPEFb%HFBSnoﬁr 886§b§ﬁgﬁu§§ddfjﬁ€t0hﬁ¥iryl, di et hyl silyl and

di phenylsilyl; and tri- substituted silyl substituted with Cl-zo

hydr ocar boRUBF blips tedcRras NERPRELRCSI (Fis;z0t AFELAFY s | yI |
tri-n-propylsilyl, triisopropylsilyl, tri-n-butylsilyl, tri-sec-butylsilyl,
tri-tert-bevpbsiktytedt pir- pash ﬁyﬂ§mﬁﬁﬁ,Chemtabaxywéinethylsilyl,
tri-n-pentylsilyl, tri-n-hexylsilyl, tricyclohexylsilyl and triphenylsilyl,
and the prefiesabletedanpl essabstiiftiurechyhsil gralkglexiut yl di net hyl silyl and
triphenylsilyl. The hydrocarbon groups constituting these substituted silyl
groups naysbéyilinsubstituted griobhpsubstdéstrided atrewdstortuted Ba-zo
substituted with hal ogen such as fluorine, chlorine, brom ne or iodine. A
substi t uenhyfieschheosybsti t uted or unsubstituted Cl- 20 al koxy denoted by
Rl, R2, R3, R4, R5, R6, R7, R8, RO, R10 25 X1 and X2 includes, for exanple,
hal ogen at giBnoSpaBEELEEutedldiexamploes iefutidie cxuhsidubsteict redirsupst i t ut ed
Cl- 20 al koxy i ncl ude nethoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,

sec- but oxypylhebtakbaxy and- pentyl oxy, neopentyl oxy, n- hexyl oxy,

n- oct yl oxy, “n-nonyl oxy, n-decyl oxy, n-dodecyl oxy, 5 n-undecyl oxy,

n- doggcyl 0% Yand rx:dedg)él dfid adecy] OXVre: DOt ALeCY! RXYpaRgXALegY! OXy,
hept adecyl oxy, octadecyl oxy, nonadecyl oxy and n-ei cosyl oxy, and the

preferabledgéggggeﬁgaéégg§£hgéxggghhoxy and tert-butoxy. Al of these

al koxy groups may i'tuted wi th hal ogen such as fluorine, 10
chlorine, bromn r_jodine. ubstit t f e substituted or

unsubst | 1 ubBASEF LubEd, PR KBS @f% %H%F€§%3¢°R%?kgg: R3, R4, R5, R6, R7, RS,
R9, R10, X1 and.X2 includes, for .exanp| hal ogen atons. Specific exanples
of the subEPg?gﬁEHtSQ ﬁﬁsHB§P%F&ﬁ§&g€ﬁlgb-%5a§%8F¥y|oxy i ncl ude benzyl oxy,
(2- met hyl phenyl ) nmet hoxy, (3- nethyl pheny] ) nmet hoxy, (4-nethyl phenyl) net hoxy,
(2,3- di mefRYEFRERYEIEEh IRy 1PEE T deTe(yopREXYF ) met hoxy, (2, 5-

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

di me€Ry| phERYF}ABHAERY 0T Ins1distdtfesh srydo) ARE¥REXY: 20

(2,3, 4-trinethyl phenyl)nmethoxy, (2,3,5- trinethyl phenyl)nethoxy,
(2,3,6-triﬁﬁbﬁyﬁﬁhéﬁﬁlPﬁbﬂ*%ﬁ@%SQ¥EwEQ§-ﬂhiweﬁﬁ?ﬁﬁﬁémyl)nethoxy, (2,4, 6-

tri nmet hyl phenyl ) met hoxy, (3,4, 5-trinmethyl phenyl) net hoxy,

(2, 3, 4, 5-t etbamethykepghemy Wnseibisdxyu el 374062128 kydramettiy| phenyl ) met hoxy,
(2, 3,5, 6- 15 t et ranet hyl phenyl ) net hoxy, (pentanethyl phenyl) net hoxy,
(et hyl phengh)inet okt itntedo pyltbh enydsmethed/ o iwopriopyd phey | et hoxy,
(n-butyl phenyl ) met hoxy, (sec- butyl phenyl) net hoxy,

(tert-but yhpheayb)ymenhhoxy, (n- hexyl phenyl) met hoxy, (n-octyl phenyl)nethoxy,
(n- decyl phenyl ) net hoxy, napht hyl met hoxy and ant hracenyl net hoxy, and the
pref esabl e t@yangpha den thetndtdtierANd off fhegé, ardldod ;dy gmeupsiaray be
substituted with hal ogen such as fluorine, bromne, chlorine or iodine. A
substituent for the substituted C6-20 aryl oxy denoted by Rl, R2, R3, R4,
R5, R6, R7, R8, R9, R10, X1 and X2 includes, for exanple, hal ogen atons.
Speci fic exanpl es of the unsubstituted C6-20 aryl oxy include phenoxy,

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




18 octyl phosphi no, di-n-decyl phosphi no, di phenyl phosphi no,

bi strimethyl silyl phosphino and bis-tert- butyl di methylsilyl phosphi no and

the preferably exanpl es are di nethyl phosphi no, diethyl phosphi no and

di phenyl phosphi no. 5 Hydrocarbon groups for the thio substituted with C1-20

hydrocar bon denoted by Rl, R2, R3 and R® include C1-20 al kyl such as

nmet hyl, ethyl, n-propyl, isopropyl, n-butyl, sec- butyl, tert-butyl,

i sobutyl, n-pentyl, n-hexyl and cycl ohexyl and aryl such as phenyl, and

t hese groups may be 10 bonded with one another to formrings) or thiophene.

Speci fic exagpkeatokupdehttBhessulisR’f uREd Ri,t B° CIR20amy dR Ocarlpobei ncl ude

nmet hyl thio, ethylthio, n-propylthio, isopropylthio, n-butylthio,

sec-butyl t Bigp Bgtioﬁaw t BbAdeds@butrylrithiao r imghexyl t hi o, n-octyl thio,

n-decyl thio and 15 phenylthio. At |least one of Rl, R2, R3 and R4 is

substituted o It ut z LKeXVn sSWhshi dded Hompisuypsti tuted Co6-

20 aryloxy?'sébg??¥§§gdggrEgﬁgﬁgggﬁﬁgtgd C7-20 aralkyloxyﬁggilyloxy

substitute ' ti.tu bstiyt Cl-, ; , amno
oL lepHRS! bl ULEd 96 HOUDSH)! WALl rAQdy dicararhen

substitute stitut unsubsti t ut hydr ocar bon, phosphi no

substituted with substituted or unsubstituyt - 0 Pridhio
Subst Pt ut e RrEh BhBR: P e BB R e B D b e o g
adj acent substituents anong RlL, R2, R3 and R4, and 19 two adj acent
substituents among R6, R7, R8, R9 and RIg® may be each optionally bonded to

formring(s). As aring formed by bond of two adjacent substituents of RI,
R2, R3 and R4, for exanple, saturg%ed oiunsaﬁmrat ed 5 hydrocarbon rings

and heterocycles such as a furan rJ ng; i ophene ring and a pyrrole ring
can be exenplified. An exanple ofR{he & sition nmetal conplex represented
by the formula (1) in which adj B R4 are bonded to forma

t hi ophene ring is, for exanple, tidh 10 netal conpl ex represented
by the following fornula (7): > Aq_whefdin M A B, Rl, R, R5,
R6, R7, R8, R9, R10, X1, X2 and n deRined for the formula (1), R13
and R19 are independently a subst il selected fromthe group (1) and 15
the bond noiety represented byRY1=- =~ - is a partial structure
represented by the fornula (7a): 20 R13 R14 11 12 3 -Y =Y -Y - ( 7 a)
wherein Y1 and Yz are independently '™ carbon atomand Y3 is a sulfur atom
or by the formula (7b): R13 R14 -Y1- 2~3 (7b) 5 wherein Y1 is a sulfur atom
and Yz andy¥3rana nndepemdentty =#,carbor’ atmm RAp akanpt earaf R'fleateansition
nmetal conplex represented by the formula (1) in which adjacent RL and R2

and adj acept R3ranRdqRAnake eash ROhded 4 osfiws i eutbiophengsibsgitatadl0
transition metal conplex represented by the followng fornula (8): pl4 F

16 /' n wherei : ~ R7, , ERIATON 3w X , Ydnd YZhe Y3,
R13, R14, §k§r§%€?§8§|9§§“gn rnBaF§8§$%§§ﬁnedcéﬁ%gﬁhe%agﬁﬁgrnulas (1) and
(7), ;R15 apd_R re in e £ | tyent I ¥ t roup
() 155° RdsEtaoRs é’tfy%% ?%%r@’ép?\r/ ggélﬁltég?dby Rlscyslglﬁs%r?%él\(és}{_g FEngr oup
partial structure.represented by . or mul . : R16 ~s- Ys-+(8a) 5
wherei n Y4%&fd° %lgpéliﬁ&é%@néeﬁFﬁgﬁﬁﬁ%éﬁ%éﬁ”%&%%?aﬁ%ﬁiégﬁ%niféﬁ ?%rgatonl
or by the fornmula (8b): Rls Rls -Y4- .s= ~s(8h). wherein Y4 | fur atom
and Y5 and ?@ea?gdiﬁggﬁeﬁﬁgﬁFHQQaWﬁﬂquﬁ1E§érglFﬁfg¥?? %f}ééb %#%@d by
bond of two adj acent substituents anong R6, R7, R8, RO and R10, saturated
or unsaturéﬁ@éeﬁ?&Fﬁgapﬁbﬁnqlﬂ%ﬁ“ﬁ%ﬁcgﬂare substituted with substituted or
unsubstituted Cl1-20 hydrocarbon can be exenplified. Specific exanples

t hereof include a 15 cycl opropaneyBi ngf xa}cycl obutane ring, a cyclopentane
ring, a cyclohexane ring, a cycl ohe e _fM'ng(3)a cycl ooctane ring, a
benzene ring, a naphthal ene ring xtd" anxint hr acene ring. Specific exanples
of the transition nmetal conplex represented by the formula (1) include, for
exanplse, 2@hdirmemnhyl sinldy I 3epyrs gld dined -aqve nden- 1-yl ) (2
phenoxy)titani um di chl oride, dinmethylsilyl(3-[pyrrolidin-1-

yl ]-inden- ¥y 1x{3-wetamd 3Z- prentky) siatmanioomddifdeireritdgnd each

I”
[l

independently denotes hydrogen, halogen,

substituted or unsubstituted Ci_zp alkyl,




22 dimethylsilyl (3-[pyrrolidin-1-yl]-inden-1-y1)(3,5-dinethyl-

2- phenoxy)titaniumdichloride, dinmethylsilyl(3-[pyrrolidin-
1-yl]-inden-1-yl)(3-tert-butyl-2-phenoxy)titaniumdichloride,

di met hyl silyl (3-[pyrrolidin-1-yl]-inden-1- 5
yl)(3-tert-butyl-5-nmethyl -2-phenoxy)titagnium dichloride,
dinmethylsilyl (3-[pyrrolidin-1-yl]-inden-1-y1)(3,5-di-tert-

but yl - 2- phenoxy) titani um di chl ori de, dimethylsilyl(3-
[pyrrolidin-1-yl]-inden-1-y1)(5-nethyl-3-phenyl-2- phenoxy)titani um
di chl ori degudkaethyksi byl hﬁS[Jb)éltriQIuitéidnCZ{._-zo1@1koxy,
yl]-inden-1-yl)(3-tert-butyldinethylsilyl-5-nethyl-2- phenoxy)titanium
di chl ori degydispethykal byl (3shpyrhekitddncl- g 3z

yl']-inden-1-yl)(5-nmethyl-3-trinmethylsilyl- Kenoxy)tltanlunldlchlorlde
di met hyl si 1ERYEROLIALAspstituted © 1

yI]-inden-% F 3-tert- EutyS Snétﬁofy 65ﬁeﬁ6¥y??ltanlun115 di chl ori de,
di et hyl si ol.i di n

yI)(3-tertgé£%§ﬁ Q¥EE a3 ?g §Eg§y%g?tgnlunl hyoride

di et pyl si | rroI|d|n i nden

pheno y)ti?éh%gﬁ¥§¥gﬁlgr|5 Sua%%%FH§F§iF %gléygkg fn-%—

yl]-inden-1- (2 noxy) titan hl oride, 20

dlﬂEthy|SIFW¥Fé 5??6& é Tl§b]su%§%ﬁtft§f)€§ RS S P SRsh S3893% i t ani um
di chl ori de dlneth | silyl(2- [pyrrolldln 1-

yl ] -i nden- @Y9F?F§I OBrnEthyI 2- phenoxy) titani um dichl oride,

dimethyl silyl (2-[pyrrolidin-1-yl]-inden-1-yl)(3-tert- butyI

2- phenoxy) 8F taﬁb@wap@ﬁﬁopaf@éop@m@tﬂﬁﬁ% |rfp(r?5[e;§5}iﬁdo| YgitfLe Apove-
1-yl]-inden-1-yl)(3-tert-butyl -5-nethyl-2-phenoxy)titanium 23 dichloride,
di et hyl si rght20phper £okcivdita- 12yF] - i nden- 1-
yl)(3,5-di-tert-butyl-2-phenoxy)titaniumdichloride,

di met Byl si Byl a2pfpyesel Pdi prodyklingndelstifitEest mocynentadiene

phenyl - 2- phenoxy)titani um di chloride, dinmethylsilyl(2- 5

[ pyrrolidi nefhrygbbnicndebyliyik) @Botver-tmemitiyndidretchylugid yl2)5-which

met hyl - 2- phenoxy) titani um di chl ori de, dinethylsilyl(2-

[ pyrrolidi Bodpylkekndeactiyl) cobaetityltedt taviotetdeyl tsid iydne? -rqphermeadad t ani um
di chl oride, dinmethylsilyl(2- [pyrrolidin-l-

yl']-inden-&yykhe3tberti1autgl - 5- net hoxy- 2- phenoxy) titani um 10 di chl ori de,
dlnethyIS|IyI(2 [pyrrolldln 1- yl]-inden-1-

yl)(3-tert-butyl-5-chl oro- 2- phenox§gt|tanuun1dichloride,

di met hyl silyl (2-[pyrrolidin-1-yl] den- 2 y1) (3, 5-di anyl - 2-
phenoxy)titani um di chl oride, dinmethygEst{yl (3- [q?geridin-l-
yl]-inden-1-y1)(2- phenoxy)tltanlun1 orlde

di met hyl si | yl (3-[ pi peri di n- 1- yl R*-0x
di chl ori de, dlnethyI5|IyI(3 [plperldin 1-

Ui ety i FOPES-TPoer i 150 3 noek. 15 %?F@H‘? DRy Fith @ pase

2- phenoxy) ti t ani un1d|chlor|de i met h |SI| rid
1- yI]-|ndeﬁnf'§FFPSIF§FtlBﬁtVPt e tHyIE2t 6&%?? aﬁ%gﬁ{éléﬁlorlde
dlnethyIS|IyI(3 [plperldln 1-yl]-inden-1-
yl) (3, 5- di SPEMLBUtN +2- phenoxy) ti t ani um di chl ori de,
di met hyl si lyl (3-[ pi peridin-1- yI]-inden 1-yl) (5-nmnethyl -3-
phenyl - 2- phenoxy) ti t ani um di chl org gﬁnethylsilyl(S- 25
éw

R(B met hyl - 2- phenoxy)titani um

[ pi peridin-1-yl]-inden-1-yl)(3-t 6.1 | di met hyl silyl-5- 24
nmet hyl - 2- phenoxy)tltanlun1d|chlor|de dlnethylsinI(S-

[ pi peridin-1-yl]-inden-1- yI)(HQ
di chl oride, dinethylsilyl(3-[pipe
yl]-inden-1-yl)(3-tert-butyl-5-net
di met hyl si |yl (3-[ pi peridi n-1- yh§ Rﬁb(s-
tert-butyl-5-chloro-2-phenoxy)titani di chl ori de,

di met hyl silyl (3-[ pi peridin-1-yl]-indé&n-1-y1)(3,5-dianyl-2- phenoxy)titanium
di chl oride, dinethylsilyl(2- dinmethylam noinden-1-y1)(2-phenoxy)titanium

di chl ori dentQ cdinmethykshhybgandinat byl ayi mdj nden-™y BF ( 3rAptky| add
phenoxy)titani um di chl oride, dinethylsilyl(2-

di met hyl am noi nden-1-yl) (3, 5-di net hyl - 2- phenoxy) ti tani um di chl ori de,

di met hyl si |yl (2-di net hyl am noi nden-1-yl ) (3- tert-butyl-2-phenoxy)titanium
di chl oride, dinethylsilyl(2- 15

di met hyl am noi nden-1-yl)(3-tert-butyl-5-nmethyl-2- phenoxy)titani um

di chl oride, dinethylsilyl(2- dinmethylam noinden-1-y1)(3,5-di-tert-butyl-2-




5 2-phenoxy)titaniumdichloride, dimethylsilyl(3-

[ di hydroi soi ndolin-2-yl]-inden-1-y1)(3,5-di-tert-butyl-2- phenoxy)titani um
di chl ori de, dinethylsilyl(3-

[ di hydr oi soi ndol i n-2-yl]-inden-1-y1)(5-nethyl-3-phenyl -2- phenoxy)titani um
di chloride, dinmethylsilyl(3- 10 7

[ di hydroi soi ndolin-2-yl]-inden-1-yl)(3-tert-

but yl di net hyl si |l yl -5-net hyl - 2- phenoxy) titani um di chl ori de,

di met hyl si l yl (3-[di hydroi soi ndolin-2-yl]-inden-1-yl)(5-

met hyl - 3- t giimethylS Iad sidrphemparti t ani um di chl ori de,

dinethylsilyl(3 [ di hydroi soi ndolin-2-yl]-inden-1-yl)(3- 15

tert-butyls ggs?eﬂu%eeh%gembwt@alﬂé%dIr% Ir@ldeded by the above-
dlnethyIS|IyI di hydr oi soi ndol i n-2-yl]-inden-1-yl)(3-

tert-butyl X i.t ani um di chl ori de,
d|nethylS|?ypgggﬁ%?h§8?§?2§iﬁﬁgrin-2-y|]-inden-l-yl)(3,5-

di anyl - 2- phenoxy) titani um di chl oride, dinmethylsilyl(3- 20

di phenyl phosphi noi nden- 1-yl) (2- phenoxy) tR*ani um di chl ori de,

di met hyl si | yl (3-di phenyl phosphi noi nden- -yl ) ( 3- et hyl - 2- phenoxy)titanium
di chl oride, dinethylsilyl(3- diphenylp .roh|10|nden 1-y1) (3, 5-di net hyl -

phenoxy)titani um di chl oride, dinet
di phenyl phosphi noi nden-1-y1) (3-ter
di chl oride, dinethylsilyl(3- S
di phenyl phosphi noi nden-1-y1) (3-tert-butyl-5-nethyl-2- phenoxy)titanium

di chl oride, dinmethylsilyl(3-

di phehyl phebphendi Rieri-sl WWEn e disukstibisd -20 B pHembkyy Eed ani-am

di chl oride, dinethylsilyl(3-
d|phenylph@ibbﬂnorndehstly@ﬁEQF@EtM@EU®S¢H5W¢E£QIEﬁheﬁ§Y})t|tanlum

di chl ori de, dinethylsilyl(3- _
diphenylphésphinatadgatlfpt)©Reﬁémtpbd&ﬂaﬁﬂﬂﬂﬂhﬂﬂﬁd%ﬂpﬁislng a

met hyl - 2- phenoxy) titani um di chl oride, dinethylsilyl(3- 10

di phenyl phesphkaaibaenetayl LoholethHersantetichydysithd -aboyphemoxydanigdni um
di chl ori de, dinethylsilyl(3-

di phenyl phgsphiinai nden+d- b3 nteribrbutiyr THretiudXywZi-n g hengpaoyrtd t i um

di chl oride, dinmethylsilyl(3-

di phegyl phogphiRai n@den+ k- VR Inkekis But W nb~ahl @ &2-tWkb qhetipe tad ani um
di chl ori de, dinethylsilyl(3-

di phenyl ph h [ 1 di @yl - oxy)titaniumdichloride,
i ot hy1 81 T2 e st R vl caant a2

b] t hi ophen- 6- yl) pheno “HH% M d ted bv th
di et hyl si | yl (2 gﬁ% t%?lne)&%‘: nro%;}c ?ﬁfa[OZ 3- thrleopprhee“‘:’nenG-e 20 Y ©
yl) (3- neth& xxihgﬁanlun1d|chlor|de

di net hyl si QFFﬁ hyt!-cycl opent a[ 2, 3- b] t hi ophen- 6-

yl) (3, 5-di net hyl phen )t| ani.um_di chl.ori.de

di net hyl si 'yl (2, Zl\%é tﬂyﬁérlﬁwa RSR[5 ¢ l}eop Shenigeure

yl)(3-tert-butyl -2-phenoxy)t |tan| di c

di metlRy! si WP(C?S@H%% et U@ﬁeﬁt 2112{53’-0S bc')phen 6- 30
yl)(3-tert-butyl -5-nethyl - 2- phenoxy)tltanlun1d|chlor|d

di met hyl si |yl (2,138t diipsasy [RIdrGrentca 2Ny tHi ?nﬁﬁﬁ?%$ure
yl)(3,5-di-tert-butyl -2- phenox )tltanlun1d|chlor

di net hyl si Inpogzsgensedr byetthy wgedt & A B k1 dpﬁ%d EG) 25

yl') (5- net hyl - 3- phenyl - 2- phenoxy) ti t ani um di chl ori de,

di met hyl si kle@2,i4, 5-1t rtiorétsh cec yidleo pamea 2, Silbql'ifrﬁ@p’fhe#i’lfé each
yl)(3-tert-butyldinmethylsilyl-5-nmethyl-2-phenoxy)titaniumdichloride,

di net hyl si Qyldepohderttrilivmetemdtasy d dhenttaf@,@=arbon group, Z is the

b] t hi ophen-6-yl) (5-nethyl-3-trinethylsilyl-2- 10 phenoxy)titani um

di chbar i de sagdiemetrhyisiflode(rd, Arit taddaretdyloetes hydrogen or halogen, a

cycl openta[ 2, 3- b] t hi ophen- 6- yl)(3-tert-buty|-5-nethoxy-2- phenoxy) titani um
di chl ori de,lsdla@?tlh}w idwyld{2,4, 3 tgr met hylts an integer of 2 or more,

cycl openta[ 2, 3 b]thlophen 6- yl)(3 tert-butyl-5-chloro-2- phenoxy)titanium
di chl ori de 5 di metihy i |2y %ot ri Mt hydre A5

cycl opent a[ 2, 3-b] t hi ophen-6-y1) (3, 5-di anyl -2- phenoxy)titani um di chl ori de,
di met hyl silyl (2,5- dinethylcyclopenta[l,2-b:9,3-b"]dithiophen-7-yl)(2-
phenoxy)titani um di chl oride, dinethylsilyl(2,5-

di met hyl cycl openta[ 1, 2-b: 4, 3-b' ] di t hi ophen-7-y1) (3-net hyl - 20

2- phenoxy)titani umdi chloride, dinmethylsilyl(2,5-

di net hyl cycl openta[ 1, 2-b: 4, 3-b' ] di t hi ophen-7-yl) (3, 5-

- § phenoxy)titani um



S Such a transition netal conplex (1) nmay be produced by, for exanple,
reacting the substituted cycl openadi ene represented by the formula (2) with
a base and then with a transition netal conmpound represented by the fornula
(3). O the substituted or unsubstituted hydrocarbon group 10 denoted by
R11 the unsubstituted hydrocarbon groupg ncludes Cl-to al kyl such as

nmet hyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl and
decyl; Cz-to al kenyl such as vinyl, allyl, propenyl, 2-methyl-2-propenyl,
honoal | yl , pentenyl, hexenyl, heptenyl, octenyl, nonenyl and decenyl; 15
and C7-12 ar abk&btémggta&fbeuéflm %tmb&)tlzrattqr@yml Yometgls iand the
(2,4,6-trinmethyl phenyl)nmethyl. The substituted hydrocarbon group includes

al koxyal kytr§HgBteen”ﬁtelegﬁyeetntmlexorre@ete@wetdh%gyrf@rémboareiﬂdﬂﬂlr&red
hal ogen- substituted hydrocarbon groups, which hydrocarbon groups are the

above 20 nggt:rngmgd w;ﬁ%%&%@eﬂﬂr QAR IS IMROIDBATRI L (76)

2-chl or o- 2- propeny substituted silyl group includes

trimethylsily )HB Gri %Egyeﬁhl lef?% t_L aﬁyp?gl%ylo W 2 trr[f}gtls_&@[ %I%ylts"id Yo

tri-n-buty er tri-sec-b tri-tert-but

tri- but I rt- 34 di net hyl,: tylsilyl,

L1 eyl SFFy © ttﬁsyér%fﬁéwrg. C)?fnpgﬁzlcrjlrét%r:%thﬁsHy *mong such
bstit ts d d R11, t | | f d

Cerms of i gh yiBhii AUpPoARBEPOeR T e B ot FEFRr TR GO

represented by the formula (1) The hydrogen, hal ogen, substrtuted or
unsubst it ufegmulelE2erhi kY3 asubstit uted or unsubstituted C7-20 aral kyl,
substituted or unsubstituted C6-20 aryl, silyl substituted with substi t ut ed
or unsubst it ut edA€l: 20YRydFocarBdRo*E0SuBSMEG &diCorS TIWIBSES t ut ed C1- 20

al koxy, substituted or unsubstituted Cl-20 aral kyl oxy, substituted or
unsubst i t uredresentedr Pokpeane rai-laudstiltF2ed Canieno having 2 to 20 carbon
atons denoted by X3 or X4 include those exenplified as X1 and X2 in the
transDtion net allAdonplércreprésannedane tiay DR dhyeuls (UDCUrFhe base t hat
may be used for production of the conpound represented by the formula (1)
i ncl udes orgppeeeakkdl bymehal foampdunds,{ Pdr(ESXaifplleAldEGanol i t hi um
conpounds such as nethyl lithium ethyl lithium n-butyl 20 lithium
sec-butyl Lhthetim) ctietb- BGt ylrel ithli wamd icrhiddflarienat kyldsidadiacet yl i de,
l'ithiumacetylide, trinethylsilylnmethyl Tithium vinyl lithium phenyl

l'i thi um an@né&b%hdlehtth'yuBl‘enyﬁ%su%e@lagm@@itrcﬁfaﬂﬁﬁl kasaid,s menertaldy in a
range of 0.5 to 5 noles per 1 nole of the conpound (2). 35 Further, the

base may beahtéeerl A1 ¢QERERAL Al Wisldh AR rAFcRe HSRIRAH .o SUh dfe@nine
conpound i ncludes primary am ne conpounds such as mnet hyl am ne, ethyl am ne,

n- pygpyl a%”ﬁn %ﬁ%@@%&y'o%mlnez Rrbut Yl @s n Uefledi MAT & more,

n- octyI am ne, ecy am né, “aniline and eth y enedl am ne, secondary am ne

conpounds gggh a§8?55235¥lgg&n%f q'%&hﬁkﬁ%?”%%cf"” propylanlne

di - n- butylantne utyl'amne -n-ocC am ne, - n-decyl am ne,
pyrrolidin hexanet h Id|S|Iazane and di ph | am ne, tert y am ne 10
conpounds za&h Ts Y mBEhYIfafing, Irltlrxidc rr?&"Zan%r‘t’g’ thﬂr[edeprogi';y%tgém ne,
tri-n-butyl an ne, drrso yl ethyl ami ne, tri- n- octylanlne

tri-n-decyf& H@lnﬂrpﬁ V% HE%' q%l ﬁ%ﬂEthylaniline

N,N N, N -tetranethylethylenedlantne N- net roI| i ne_and

4- dlnethylanlnoﬁ§ﬁ|d|ﬁe OFRE &RQ?QH§QMﬁﬁHﬁ¢ ﬁ’a i 1 Ckhound i s

generally in a range of 10 noles or less, preferably 0.5 to 10 noles, nore
pr ef éPabl yB21£893 mol es per 1 nole of the base. The reaction is generally
carried out in an inert solvent. Such a sol vent |ncludes a rotic solvents,
for 20 exanpl e, (@PoraE Hopdr sommsemds slapsirsersirch kis Heh vk2 t ol uene,

al i phati c hydrocarbon sol vents such as hexane or heptane, ether sol vents
such as di &t hg0letpadp4)fetrahydrofuran or 1, 4-di oxane, am de sol vents such
as hexanet hyl phosphoric am de or dlnethylfornantde pol ar 25 sol vents such
as acetonitril e,(Bpnapiaohictrdn ecraeetrahesepr3trdiast thy et ofe;murdet hyl

i sobutyl ketone and cycl ohexanone, and hal ogenated sol vents such as

di chl or onetihame;’ (dpchborget hane, chl or obenzene or di chl orobenzene. These
sol vents may be used alone or as a mxture of two or nore 5 of themand the
used 2aMuNthicscd@Ner ald W igbAcANge Bt il 10 200/adrtts dylawighitapepf@rably 3
to 50 parts by weight per 1 part by weight of substituted cycl opentadi ene
represented by the formula (2). This reaction nmay be generally carried out
by addi ng 10 substituted cycl opent adi ene represented by the formula (2) and
the base to the solvent and then adding the transition nmetal cohpound
represented by the formula (3). A solid that may be precipitated after
addrng substrtuted cyclopentadrene represented by the formula (2) and the

o AP a1 a2 o o T L



conpound (5) and a base to a solvent and then adding the 38 conpound (6)
thereto. The reaction tenperature is generally in a range from-100C to the
boiling point of a solvent. In the case that an organic al kali netal
conpound is used as the base, it is preferably in a range of -80 to 5 40C
Such a base is not particularly limtedgnd includes organi c al kali netal
conpounds, for exanple, organolithium conpounds such as nethyl |ithium
ethyl lithium n-butyl lithium sec-butyl lithium tert-butyl [ithium
l'ithium 10 trinethylsilylacetylide, lithiumacetylide, trinethylsilylnethyl
lithium vipybs! btbi ¥R BRRRYL ! WtiftifdMeand sald Wadh ti umhArdidmartgan ¢
bases such as sodi um hydri de, potassium hydride, sodi um net hoxi de and

pot assi um butoxi t of -1 ' +¥eh Ppén 15 range
of 0.51to g %ﬁf%s %ﬁ@?aﬁ%fg %?Qgﬁé %oﬁ%gﬁnd (2 %ﬁﬁﬁgm?ggﬁtion m xture
cont ai ni ng co - us bt.ai-.ned used it 1S 1N a

sol ution f%%%??h gﬁgﬂﬁg§§%QFég %%1X$t§?ba§hﬁ§§xﬁ§fé}§§?Zﬁﬁ‘ﬁﬁﬁﬁﬁhs acidic
solution to_the m xture, arating the grganj 2 [ it. and
then removihg™the®s Fﬁén?fggx%i%¥?ﬁPa?Fo%.g ?gggkg%§§?dagpgﬁgtﬁgop acti on
m xture thus obtain is distilled under _reduced pressure, to .remve, the
sol vent, aHﬂyapgchggnCES QBne P50 ded to Tt HE Pelﬁﬁﬂé£%qﬁﬁﬁﬁj|(§nd
substances are filtered off and the result%n%lfiltrate i.s. 25 concentrated
under reduBed2pP&SsErE P6 BEPAPNIAY &5 GdE ™ BOWiSh s Uk &P 1HE next
step. The conpound (2) thus obtained may be further purified by

recryst al | PRayTeA1zdngt PLEddnoAn EhEuRE SEIRGRatdytashya I Wate i9%e.

Speci fic exanpl es of the substituted cycl opentadi ene 5 represented by the
fornul a (2plehéhubelyierieriapheas( gescribed in the above 6 or 7.

al I yl oxyphenyl ) (3-[pyrrolidin-1-yl]-1Hinden-1- yl)dinethylsilane,

(2-al Iyl oxy- 3-net hyl phenyl ) ( 3-

[ pyrrolidin-1-yl]-1H i nden-1-yl)di net hyl sil ane, (2-

al Il yboxy- 3, 5-di net hyl phenyl ) (3-[pyrrolidin-1-yl]-1Hinden- 10

1-yl)di nethyl silane, (2-allyloxy-3-tert-butyl phenyl)(3-

[ pyrrolidi Bodeykbrlbairpgengloyl) dheethylesitiane, (2-

al Iyl oxy-3-tert-butyl -5-nmethyl phenyl ) (3-[pyrrolidin-1-yl]-

1Hi nden- 1-yl ) dugethyhsitbane  ne2 palelsyeh@x ¥ nde@rtdiort efitl-l be described

but yl phenyl ) (3-[pyrrolidin-1-yl]-1Hinden-1- 15 yl)di nethyl sil ane,

(2-al 'yl oxyr5zaethyk- 3- phenyl phenyl ) ( 3-

[ pyrrolidin-1-yl]-1H i nden-1-yl)di nmethyl sil ane, (2-

al I 'yl oxy-5- met hyl + 3- t L yhsi oyl (35, MM Qhididirels represented
yI]-lH—inden-l-yh}gikékﬁgﬁgiang%a?%$g¥f§ﬁ%f&%%4§§ﬂéiéké% P

but yl di met hyl si Lyl-5- hyl,phenyl - vl J din-ok- ydd <

i nderhlgl-yl % ﬁ%{%?f)gfﬂﬁ?%e,”?z-Eﬁe)yf%f‘%%%?ﬁ‘. g‘{r?{/ﬁaéhea!rﬁﬁrﬁl%efgpﬁed by M
[pyrrolidin-1-yl]-1Hinden-1-yl.)di nethylsilane, (2- s

STy oxy- 32Fert ChGE! 15 rarh sy e A TSl rdl (i BEiqeic table

1Hi nden-1-yl ) dinet hyl sil.an G- al.l y] oxy-5-tert-hbutyl-3: .
chIorophen&%?%@g[69P¥8FP&Fn%Tﬁyﬁfﬁﬂiﬁqmﬁgéiﬁt%ﬁ?3ﬁ%€%%ﬁ§fﬁﬂsﬁ%%ﬁﬁaand
(2-allyl oxyphenyl) (2-[pyrraolidin-1-yl]- 40 1Hinden-1-yl)di net hyl sil ane,
(2-al |yl oxy+3ismetRYI SREMPLEC 2 Syr@di i % |3 -%qc’r{b“éﬁg ptomn Jr %

yl ) di met hyl si | ane, %Z-alIonxy-3,5-dinethylphenyl)(z-

[ pyrrolidi hafngp atpm gaeh Prafiordidet iy Itdiqadyeim @koms

al Iyl oxy-3-tert-butyl phenyl)(2-[pyrrolidin-1-yl]]-1Hinden- .

1-yl $8i net hyl si Chseelepealt] Wempyrest tar tA bt @ Boup 16 element in the

nmet hyl phenyl ) (2-[pyrrolidin-1-yl]]-1Hinden-1- yl)di nethylsil ane,

(2-al | yl oxpe3ibddic- tebtlebamnyg ghend,) (f»r example, an oxygen atom, a
[pyrrolidin-1-yl]]-1Hinden-1-yl)di nethylsilane, (2- 10

al | yl oxy- 5smetfhyl e3opheny laphreiyn)ii@: [qoor adrndiprefedddlikn oxygen

i nden-1-yl)di net hyl sil ane, (2-allyloxy-5-nethyl-3-

tri net hyl sikylphenyl ) (2-[pyrrolidin-1-yl]]-1Hinden-1- yl)di methyl sil ane,
(2-allyloxy-3-tert-butyl di met hyl silyl-5-

net hyl phenyl ) ( 2Thpy enehieditndknddda By inden-al-cddiy | ) diseddr si 1anehe

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

[pyrpal i di BalsWdlil- tEyirdendl- )id metdwyisidaies, (2-carbon atom, a

al Iyl oxy-3-tert-butyl-5-nmet hoxyphenyl) (2-[pyrrolidin-1-yl]-

1H i nden- 1-yl ) di net hyl sil ane, (6-allyloxy-5-tert-butyl-3-

chl orophenyl ) (2-[pyrrolidin-1-yl]]-1Hinden-1- 20 yl)di nmet hyl sil ane,
(2-allyl oxyphenyl) (3-[piperidin-1-yl]- 1H i nden-1-yl)di nethylsilane,
(2-al l yl oxy-3- net hyl phenyl) (3-[ pi peridin-1-yl]-1H i nden-1-

yl ) di met hyl si |l ane, (2-allyl oxy-3,5-dinethyl phenyl) (3-



5'5-teft-butyl-3-chlorophenyl)(4,5-dinethyl-z-
di met hyl am nocycl opent adi enyl ) di net hyl si | ane, (2-
al Iyl oxyphenyl) (3-[ pyrrolidin-1-yl]-2-methyl-1Hinden-1- yl)dinmethylsil ane,
(2-al |l yl oxy- 3- net hyl phenyl ) ( 3-
[pyrrolidin-1-yl]-2-nethyl-1Hinden-1-yjydi methyl sil ane,
10(2-al I yl oxy- 3, 5-di net hyl phenyl ) (3-[pyrrolidin-1-yl]-2-
nmet hyl - 1H i nden-1-yl ) di met hyl si | ane, (2-allyloxy-3-tert-
but yl phenyl ) (3-[pyrrolidin-1-yl]-2-methyl-1Hinden-1- 15yl)di methyl sil ane,
(2-all'yl ox¥43iteht ahblybrS5a germanium atom and preferably a silicon
nmet hyl phenyl ) (3-[ pyrrolidin-1-yl]-2-nethyl-1Hinden-1- yl)dinethylsilane,
(2-allyl oxyz3,5-di-tert-butyl phenyl) (3-
[pyrrolidin-1-yl]-2-nmethyl-1Hinden-1-yl)dinmethylsil ane,
(2-al l'yl oxy-5- npt byl ~3-phenyl;ipherd) GF [PWy ol i praftdrasiy 1.
nethyl-lkkindegﬁlaébfgfﬁe?ﬁyﬁgil nél (2-a||y|oxy-5}%%th;1- v
3-trinethylsily enyl -[ pyrrolidin- w2-mgehyhs 1K o5 e g7
20i nden- 1-y! ) di l%@?h@%‘%%&aﬁe%(’él ac‘hqlﬁr%&%}gé)- thr'[T-% PR B R R
but yl di met hyl sid yl_15- net hyl nyl (SE%gyrr | idi.n-1-yl]-2- -
met hy -1FLPnﬂé%Jlj§l)gﬁné%ﬁgﬂgiﬁQ%&P “al QF&ﬁﬁﬁi%éém’ a ?hlorlne_
?;?glv: 5[‘3% Lé&fé,&fé%&{;}—%ﬁ}%ﬁ et ey St sl dgne.
25met hoxyphenyl ) (3-[ pyrrolidin-1-yl]-2-nmethyl-1Hinden- 1- 49
yl) di net hyf8i Paﬁ%?rég-{aﬂ Ey SRy §-ltea]»-t -butyl - 3-
chIorophenyl)(S-[pyrroLidin-1}yl]-2-nethyI11H-inden-l- ﬁl)dinethylsilane,
(2-al | yl oxyphen FubswétHeRH Lo ithde FUPBRAYdigfethytos pildyd, denoted
(2-allyl oxy-3-net hyl phenyl)(2: 5 t hoxyl - 1H-i nden- 1-yl ) di net hyl si | ane,
(2-al | yl oxpy¥3R5, El%lfnéf’hleﬁheH?/:I )F(g?l’i’gt h8>L<yI é-_b]zl—l-fiqﬁde}ﬁl- nd )%?ﬁa@tcﬁﬂdﬁﬂ ane,
(2-allyl oxy-3-tert-butyl phenyl) (2-methoxyl -1H-inden-1- yl)dinethylsilane,
(2- allDyl oxa3eotent abboingl.- 5Specific examples of the substituted or
met hyl phenyl ) (2- met hoxyl - 1H-i nden- 1-yl ) di et hyl si | ane, (2- 10
al | yl oxy- 3uhsdbstéritledt wlphanyin(12dest Haxy lexHhp Idemel=hwl ;) di et hy 1151 | ane,
(2-al l yl oxy-5-net hyl - 3- phenyl phenyl ) ( 2-
net hoxyl - 1prbpgen- Lsprdipyat, hyl-siding, de2-addytoxyedet-butyl, n-pentyl,
met hyl - 3-tri net hyl si |yl phenyl ) (2- net hoxyl - 1Hi nden-1- yl)di net hyl si | ane,
(2-al |yl oxye3pbartAbuikdi, mei-mesial y It 5 n-octyl, n-nonyl, n-decyl,
nethylphenyl)F?-nethoxyI-lF#inden-l-yl)dinethylsiIane,_(2- _
a'|y|OXY'3n5aghé%?h9h%DXEEG%t@ﬁLh%@Hr&ﬁédﬁM#”béntadééylﬁﬂﬁbﬁédééyma
(2-allyloxy-3-tert-Dbutyl-5-
met hexyphe et hoxyl - lndenlidddimethyd sidape, £fis thyl,
aIIy?éxy-5B¥§%%%§gsgr-§¥gﬁ#EF§gﬁenyl (Zf%éfhoxyl-lkkinden- %ﬁfme Y
1-yl ) di net hylsilane, .¢2-al Lyl. | -

BYLf oSt y]l ﬁ%l%m %ﬁt))h(ﬁrf'et%hyllosrlcmethy]('Z-

[ di hydroi soi ndolin-2-yF[-1 en-1- ane,
al I yl oxy-3-nme |_phenyl ).( 3-[ di hydr.oi sqi,ndol i.n- 2- - .
i nden- 1-yl F&Fﬁ?@%ﬁﬁp@it%g&é, t(rzl_cﬁHOﬁo(SnﬁQ/c_kéy%_ bromé’r&gtﬁlﬁ, dlbromomethyl,
di et hyl phenyl) (3- [ di hydroi,soj ndal.i n-2-yl]-1Hinden-1- 25
yl ) di met hy|t§il}0§ @,OL‘F’}-hé’l |ry|1&2{9“%??%hé’rqtf- Bﬁ]ﬁﬁ%%%%r]?ﬁ(e?tr“z%domethyl'
[ di hydroi soi_ndolin-2-yl]-1Hinden-1-yl)dinethylsilane, (2-
aIIyIoxy-3f@@PFQSGPWﬂJSﬁﬁéﬂNﬂﬁﬂﬁﬁﬂﬂ%%E?ﬁ%ﬁ#ﬂé%?ﬁ%%;%dolin-
2-yl]-1Hinden-1-yl)dinethylsilane, (2-allyloxy-3,5-di-
tert 2But yI prESPDLEEIS Y oikss trddidarar 1 L Heh IRfe@r B Y 44 ) di met hyl si | ane,
(2-al l'yl oxy-5-net hyl - 3- phenyl phenyl ) ( 3-
[ di hydr oi sédilstidloineezhyll],- thHighderceyiyli eathisa sl arrstiopl,
al Iyl oxy-5-net hyl -3-trimethyl silyl phenyl)(3-
[ di hydr oi s@iendaldhi-cZodthyilb imcersetthyt D) di gt hyiest e, {pibromoethyl,
al |yl oxy-3-tert-butyl di net hyl silyl-5-nethyl phenyl) (3-
[ di hydr oi saiendalbiromatty-1lHparderb rend g tdiyiet hyd st lameopf@eyl,
al Iyl oxy- 3, 5-di anyl phenyl ) (3-[ di hydr oi soi ndol i n-2-yl]-1H
i nden- 1-yl pdirfatimcsdang, ded-fldotapenidyl erpe biitydrdhexyl,
met hoxyphenyl ) (3-[ di hydr oi soi ndol i n-2-yl]-1Hinden-1- yl)di nethylsilane,
(6- ablsyl oxyred-thefdrdditw) - 3perfluorododecyl, perfluoropentadecyl,
chl orophenyl ) (3-[ di hydroi soi ndolin-2-yl]-1Hinden-1- yl)di nethylsilane,
(1-al l yl oxynapht hal en-2-yl ) ( 3-
[ di hydroi soi ndolin-2-yl]-1H i nden-1-yl)di methyl sil ane, (2-
al I yl oxyphenyl ) ( 3- di phenyl phosphi no- 1Hi nden-1- yl)di net hyl si | ane,
(2-al l yl oxy- 3- net hyl phenyl ) ( 3-
di phenyl phosphi no- 1H i nden- 1-yl ) di net hyl si | ane, (2-



10 (2-allyl oxy-3-tert-butyldinmethylsilyl-5-mnmethyl phenyl) (5-

nmet hyl - 1- phenyl - 4- hydr ocycl opent a[ 3, 2- b] pyrrol -4- yl)di net hyl si | ane,
(2-al l yl oxy- 3, 5-di anyl phenyl ) ( 5- et hyl -

1- phenyl - 4- hydr ocycl opent a[ 3, 2- b] pyrrol - 4-yl ) di net hyl si | ane,
(2-allyloxy-3-tert-butyl -5-net hoxyphenyi) (5-nethyl -1- 15

phenyl - 4- hydr ocycl opent a[ 3, 2- b] pyrrol -4-yl)di net hyl si | ane,

(6-allyl oxy-5-tert-butyl-3-chl orophenyl) (5-nmet hyl - 1- phenyl -

4- hydr ocycl opent a[ 3, 2-b] pyrrol -4-yl)di met hyl si |l ane, and (1-

al | yl oxynapbthaheno24iyd ki3 npelyhlbrpemyly-14- perchlorobutyl,

hydr ocycl opent a[ 3, 2- b] pyrrol - 4-yl ) di net hyl si |l ane conpounds 20 obtai ned by
repl aci ng ptkyhoxyoptnthe, abevenmentnengd ,cerpebids sddtdy et hoxy,
benzyl oxy, ethoxy, trimethylsilyloxy, tert-butyldinethylsilyloxy or

met hoxymet BQ%Mhl69%95@@%10bb_@r‘&%@ol%)blp'e%ma@@d}g [dig@idnyisidanie-ofy1he above
ment i oned conpounds with 25 di et hyl si ['ane, di phenyl silane or

di met h ' , d Bl itRAad ' -al lyl henyl of
the above REnrTonGh CoNRoURAL a3 Fhénsl -5 AT yaronyl , 3 °
tr'neéhylSh%%é?%@ﬁb%%ggﬁy?Q?%%Bm%%c%&ﬁer%krbromodo%ﬁ

. cyl,
but yl di net yFoxyphenyl”; “aid “cycl opent a éhyl 5 conpounds

ted by the formila (2) in whi f | dh
et odi ¢t HBPEBIREF ERAR LY PENPETRE P aHei b an el A Coapaond e

ted b he f I incl ydes, f I ti [ ' h
ac 1 it ani UFFERPABRPOFI HE Vit e DEREBAES NCATIT0 TS (28 o de.

or titaniumtetraiodide, am datitnaiumsuch . a

tetraki s(di met h{l SHPRGFEPERN aRE & hlsb’?)&%ilstc%er?etcﬁy@aﬁirﬁ&i‘é’#t gRnaked
trichl oro(di nethyl.am no)titani umor tetrakis{diethylam np)titanium and
alkoxytitaﬁyuﬁgsd@ﬂ §§r1§ﬂte?%aﬁ§gpﬁ%po§§&i?én#ﬁﬁl %gt L bdGA R Eani um
di chl orodi i sopropoxytitnai umand trichl oroi sopropoxytitani um and conpuonds
obt ailfed bforepkatirag t heagidem étOoMFe above mentioned conmpounds with
zirconiumor hafnium and the preferable exanple is 20 titanium
tetrachl ori de. Fhecuféd ameuptlest ctthéher andisttiidntiest 41T coMpBURd FEpFdsent ed
by the formula (3) is generally in a range of 0.5 to 3 noles, preferably
0.7 to 1.5Chlesrpekyl imtkudé bebsyit ut @édmeyblyopbrnadi) ewéhydpr dSent ed by
the formula (2). 25 The substituted cycl opentadi ene represented by the 52
fornmul a (4pennylbaepiodneetylf,or iexatplyd pHanyleactimgl 2, 62, 3-

di met hyl - 5, 6-di hydr ocycl opent a[ 1, 2- b] t hi ophen-4-one with an al kyl netal or
an aryl netahccafpouadytiomeknailn alogahelinanthiiererdahydstatiing &ai 9 al cohol .
According to a procedure 5simlar to a well-known synthesis nmethod of
pyrreke anakQgous1eparRUNGS th1 ANz, @eine306,1, 1) e hy11,23¢3 pu- 4763) ,
2,5-dinethyl-5,6§d?hyd?ggycloé%ntg}i,z-b]thiopﬁ%n- - one égn be produced
from 5-net - [ I am @ge. For, Hhuad ey cl opent adi ene
representegxhﬁnggbﬂg%ggggﬁﬁﬁgﬁ(5“%'f%fﬁgigggﬁé, Vigchj47§§% d?ﬁcloses a

synthesi s g@%ﬁgqggﬁgg%égggggﬁﬁgggn Lomoynds, e i g, sul fur and

WO 01/ 5336 "0sé 'Synt hesi s ods “of  cyclopent adi ene

conpounds bstituted with nitr 1 Further, ) 01/ 53361 discl oses
cyclopentaggé é6c %ﬁgﬁﬁ%gﬂfgfh gﬁ%@ﬁ?@é”“ﬁﬁﬂz%i icon. For use in

pol ynmeri zation reaction, the transitjon tal .coml.ex represemnted by the
formula (1FTtRAGS 5:18&&8 4 drd e c(grfﬁdén_}e]il&etg}y@aﬁedq ﬁff)anrl%if 3?fo’n net al
conpl.ex, the conpound (A) and_the caonpound (B) e.added in optional

200r d&r to(5'?eﬁcpr&ﬁtgﬁﬂﬁ5%YUQQ%ﬂﬁéﬂWQﬁh%&'s%?3¥¢$i§%ition metal conpl ex
and the conpound (A) or said transition netal coq$lex, tﬂ§ co ound?§g) and
t he conpouf8tEBerry Ih&eeyit At lor eVA rotrs? 4P dritl 1S TREPR ¢ ™G HBALEY bh

m xture may be used in polynerization reaction. 25 53 [ Compound (A)] As
t he conpourigepApmeridy lperyd /andihsiled (aFhneisresermeivent (Bh, for
exanpl e, a well-known organoal um num conpound can be used. As the conpound
(A, a wel priopoimwhEnorlgaredalwin ndmcaorpratichesy Priedterabl yised and nore
preferred exanple is any one of or a mxture of two or three of the

fol | owi ng damydwhes 1Ak ttroy 1(,A3)s e (-Ad)t v larh orglanoat und nutteohpound
represented by the fornula Ela A1 (2) (3-a) ; 10 (A2): cyclic al um noxane
havi @ t he csittrUu@hens Ineptesant edhpertthel grosmgl and eAd E2) - 0-}b; (A3): i near
al um noxane having the structure represented by the formula

E3{-Al (E3)-0-}CAL(E3) 2; wherein E1 to E3 are the same or different and
each 15 independently denotes Cl-8 hydrocarbon, Z is the sane or different
and denot es hydrogen or hal ogen, a denotes 1, 2, or 3, b denotes an integer
of 2 or nore, and c denotes an integer of 1 or nore. Specific exanples of

t he organoal um num conpound (Al) 20 represented by the formula




contacting said solution with water. In addition, a production process
thereof by bringing trialkylalumnum (e. g. trinethylalumnum into contact
with a nmetal salt containing crystal water (e.g. copper sulfate hydrate) is
5 al so exenplified. [Conpound (B)] As the compound (B) that nay be enpl oyed
in the present invention, any one of or;a mxture of two or three 10 of
(B1) the boron conmpound represented by the fornula BQLQR@Q@3, (B2) the boron
conmpound represented by the formula Z' (BQLQR@XU)- or (B3) the boron
conpound represented by the formula (L-H) (BQLQR@BX)- can be exenplified.
In (B1) th‘?n@@?@ﬂt?@ﬁﬂ@ﬁ@d}fn%l@h%i?nt(@ldhlé}kytl drafimdea nka BAHX @B, B is

boron in trivalent valence staté and QL to i ndependently denote a

hal ogen at = ar hon legenat ed {21- 20 hydr ocar bon

group, a sggg ?F§%3§Q%?¥3P93F088 ﬁ%&?ﬁgﬁfé?ggZO carbon(atons, a Cl-20

al koxy gro I it ut 10 I i 20
SReais oot LLL Y RO RS, It B g

atonms, whic m one anot her.” Preferabl e

exanpl es o to e a_hal ggen _at.aom Cl- r naup and a
halogenate@héﬁpﬁﬁfégaggga?58ﬁp§ 0&5. §€§eﬁficpé§anp égﬁ%%p%%fejgﬁ%lude
tris(pentafl uoropheny|)borane, tris(2,.3,5,6- 25 tetrafl uorophenyl)borane,
rio(h 5, 4950 BRET b ARPRa bR Figranetogen Sud ARSI,
tris(3,4,5-trifluorophenyl)borane, tris(2,3,4-trifluorophenyl)borane and
phenyl bi s( BBAPALGor BERBAVF) BSr &RE118nd the preferabl e exanple is
tris(pentafluorophenyl)borane. 5 In (B2) the boron conpound represented by
the formul a Z' (BQtapesdEpentzioge kbtes RS tilforigshite-vr 26¥dafPROl&E &Y, B is
boron in trival ent .val ence state, _and QL to are the sane as those
denot ed byRGQL X0 @i R t &’ albveRienkiortd ®BL) X' Bd KspaEiMdESexanpl es
of the compound represented by the fornmula Z+(BQLQE@XA)-, the inorganic
cation Z' incl sdespaef ehpdogrinumteatsi.-on, an al kyl -substituted ferroceni um
can on and a silver cation; the organic cation Z' includes a
tri phényl nmet hyl spachdnr andmpREEQREBMMe- siubclitlides-elb or unsubstituted
tetraki s(pentafl uorophenyl )borate, tetrakis(2, 3,5, 6-
tetrafl uorophenytyborat eudéephakiys( 223:4151,t etrafllyluor dphenyll) bar, dt-e,
tetrakis(3,4,5- trifluorophenyl)borate, tetrakis(2, 2, 4-
trifluor Opﬁgmgh) bor at- e, 1phenyl, Bi-snent,af, werguhany |3, bonatiey 120 Bri-
tetrakis(3,5-bistrifluoromethyl phenyl)borate. Specific conbinations of them
i ncl ude fe&p@gﬁm Er,n3t,_Qutéfiﬂn%ﬁz?l%ﬂ%feln@ﬂr,o@h@rlfl-)tqqrﬂﬂi@iylphenyl_r 2,3,6-
1,1 -dinethyl ferroceniumtetraki S(pentafl uorophenyl)borate, silver
Letraki s(pept aLluongpReRY) ) bonale. i phendRy| 25,

|'uor ophenyl’) y

r [ 5=
tetraki s(penta orate and triphenylnet hyl 57

tetrakis(3,5-:hi i met,hyl phenyl r e red exanple is
trip%ényln%?ﬁyF%PgFFé%ggﬁﬁeEf§fﬁd%f%ﬁ%gﬁy Q%%Pg?gﬁhpﬁ %%S'Q%ﬁg bor on
conmpound represented.by the formula 5, (L-H + ) , Lis a neutra
Lew s base%gffgpf&ﬁyépaeﬁ?@ﬁs?égqgﬁfgFgééggﬁﬁﬁgﬁgﬁ%g%%ﬁvaIent val ence
state and to are_the.sa a hose denot ed by to @B in the
above-nentg%ﬁéamggpﬁﬁpgepﬁiy.g%ﬁi;é&ﬁqﬁk EX Ahsies Qﬁ%hX&!conpound
represented by 10 the fornula_ (L-H) (BQLQ2 ).~ ronst ed acid denoted
by (L-H' iAePGaey PFreayky| %@H&H%P&e@%an%%g‘tﬁﬂtﬁ ST KYTENT 1 i ni um

di al kyl ammoni um and tri aryl phosphoni um and exanpl es of. (BQLQ2BXYA)- are as
defi ned abbwéylspeavtli-c ncheBityaEheRy lof NHSRRAN HEIRIRN ¥ Y4 &WW‘?“ 15

t etraki s(pent af | uorophenyl ) borate, tripropyl ammoni um

t et r dRi s( penpatlvdehepiény Ndecatl®heryyil(-n oA BRI UM, 1

t et raki s(pent af | uorophenyl )borate, tri(n-butyl)amoni um

t et r aki s( 3t&tbiasteciyflbhenyiet mapditdmdl g atrechmgaenydl rdyt@i | i ni um
tetraki s(pentafl uorophenyl)borate, N, N 20 diethylanilinium

t et r aki s( perntdblradleplkenyiplieoriat @had . 2 M, 16-qfenttearst byt ahi §1 eipgn may

t et raki s(pent af | uorophenyl ) borate, N, N-di nethyl anilinium

t et r aki s( 3po- biudtsitii frhuteroratthy hehemydn) orat ess di Tsopiropy | @nimeni nen

tetraki s(pent af | uorophenyl ) borate, 25 di cycl ohexyl ammoni um

t et r aki s( pertafiheorephenyndor at e, 58 tri phenyl phosphoni um

t et raki s(pent af | uorophenyl )borate, tri (nethyl phenyl)phosphoni um

tetraki s(pent af InpQr aphenvld herats /nd ddd dddethydphedyl kphoshhaddi, upf p

t etraki s(pent afl uorophenyl )borate and the preferred exanples are
tri(n-butyl)ammoniumtetrakis(pentafl uorophenyl)borate and

N, N-di net hyl ani | i ni um tetraki s(pent afl uorophenyl )borate. Wth respect to

t he amount of each catalytic conponent 10 that may be used, it is desirable
to use each catalytic conponent so that the nolar ratio of the conpound
(A)/the transition netal conplex (1) is in a range of 0.1 to 10, 000,

~—~ . PN NN N o o Y " o



59 atons and two or nore kinds of nononers may be used sinultaneously. The

follow ng are exanpl es of such nononers, but the present invention is not

limted to these exenplified conpounds. Specific exanples of such olefin 5

i nclude, for exanple, ethylene, propylene, butene-1, pentene-1, hexene-1,

heptene-1, octene-l, nonene-1, decene- {3 5-nethyl-2-pentene-1,

vi nyl cycl ohexene, 2-norbornene, cycl ohexene and dicycl opentadi ene. Diolefin

conpounds nmay be conjugated di ne or non-conjugated di me of hydrocarbon 10

conpounds and specific exanples thereof include the non- conjugated dine

conpounds guchr@s g, Anhexadiene, ikl b ed\go s i b oAt adigne,

1, 7-oct adi ene, 1, 8-nonadi ene, 1,9-decadi ene, 4- met hyl -1, 4- hexadi ene,

5-met hyl - 1o4p spexadians, dnReblyhth@0ehadicengnorr et didane-ge 15

nor bor nene, di cycl opent adi ene, 5-vinyl-2-norbornene, 5-

met hyl - 2-n n i ene, h ex2- rn -
RYBEEBEDEon gflgghgg ot 11061 Neheneag- nderbor neRgy1, n

1, 5-cycl ooc I ene or e exahydr onapht hal ene, "and t he

conj ugat ed_di e, conpaunds . such as.1,3-hut adi , g 1, 'Qﬂfﬂ%9 ne,
20 H,g-octgﬁ?EX%{ EEQPE§EV§OCP5§P§H%’0%%fi%W% c’oﬁ%ﬁgéﬁgﬁaq”sééC|l 5
exanpLes of nononers constitutin copol r_include ethyl ene and
p)r(og%ene; “éPﬁQFgﬁe Bﬁgeﬁﬁbeﬁg&fgogﬁﬁyﬁéné%étﬁéxgﬁlé-olc;t%r'oﬁly_lneonneyland

but ene-1; and conbi nations of the above nti qned comhinati ons and 5-_25

et hyl i di en@29nBrB6FKene2PHulT¥He SHFEsERt B ﬂrioﬁR%? S SR IFH (¥ to

t he above-nentioned conpounds. In the present invention, aromatic yinyl

conpounds Ha§ SBBSQP§Bt@§eélé§1ahﬁﬁﬁ@ﬁeﬁ.t§p@&19%f§8&uﬁﬂ9ﬂ?(ﬁHQMﬁxﬁronatic

vinyl conpounds include styrene, o-nethylstyrene, 5m nethylstyrene,

m net hyl st ppepesupsdiifethgl styvenbavandetlhyios Al &b atiffiistsHehes

p-ethyl styrene, o- chlorostyrene, p-chlorostyrene, a-nethylstyrene and

di vi nyl benzehbylAingihodthyl spdlyymenidz atiemvy lisd 1ot siiedvtsdalfyred

10limted, and for exanple, may be solvent polynerization or slurry

pol yireri zasiibp) BnbwhiichtaHi phahi €.hydhpdarbenbsucbraspbusand, agent ane,

hexane, heptane or octane, aromatic hydrocarbon such as benzene or tol uene,

or hal ogenated:-hydsacgibonistdlylas 1at hyldend pthiechilariildd /i sndedrias a

15sol vent, or gas phase polynerization in a gaseous nonomer, which may be

ei ther sucggpsiYeupehyBenkzakiu@Bk ok udalchipel YTes,i rgtiroaarbbe groups

pol ymeri zation tenperature is generally in a range of -50C to 250C and in

order to predycgspekyRREsWsth y20hitgh osmplhaculian Weights.pidpis eyt cul arly

preferable in a range of -20C go 100C. The polynerization pressure is

preferably fe - pr Ure(8-d.ci ut L 110 MPa, (1 00

kg/ cnR (E.tgéggkg%epggﬁg??%él%3?eapg%§??sﬁ?§ﬁ"té%%éfggﬁ%ghg%d hkgﬁ pressure

pol yrperi zati.on 1 ..hi gher._an rn.hig i 1§3np1ines

prefgﬁable?kgnagEtG%QEEgﬁlE?gﬁ Féﬁpgféﬁﬁﬁqyxﬁ%%4%'gﬁﬁ%ﬁtgéure pol ymeri zati on

may be appliicable.to.the present inventiQn. Ln.gener he pol ynmeri zation
01 BT PSe ety Ve B i RoR oA NG ort Hind. e HY

time is ap y erm ned “degendi e typ e ai nmed

pol ymers and.reaction apparatus 5 and, it . .be generally in [ e of 1
mnute to Eélﬁgﬁﬁgheﬁh&?ﬁiygr E0ent-Lit \?@Hﬁ%}@’c@ attrl’%r% eefe%%en such
as hydrogen nmay _be added to contral the nol ecul ar i ght of a copolyner. 10
EXAMPLES TRESFBLFSWARG EXAMFEY LWty Lirl 1558t Sk Hi¥vettfon in
details, but they are not intended to Iimt the present jnvention. The

fol | owi ng &BBbPBeNILFaAY lar e THSe @YY OFARIEE PRV CONofigAting these
triisobutylal um num MVAO. Modified net hyl al um noxane (nethyl al um noxane
nodi £led b?uééﬁﬁﬁpéﬁdoﬁiﬂﬁﬂi§@@M@¢IEﬁuh¥WU#PﬁM®5Qﬁﬁﬁﬁ3ﬂd%ﬁﬁqﬁﬁﬂ%ﬁn

t et raki s(pent af | uorophenyl )borate CB: tri phenyl net hyl

t et r aki s( pénseilibedopbeny,) bor atey 2@ PEbIGItytad) wdid Traladrn gl eh S poi nt
of a polymer Mwx the nol ecul ar wei ght of a polyner Mwv Wh: the nol ecul ar

wei ght di stiubutinen chlarjolkeymeorc8Gle tdre imdiber. of net hyl branches per
1,000 carbon atons 25 of a polyner 62 (Exanple 1) Synthesis of

(2-allyl oxy- 3-t ar tsubgtyltusnretind phenyul(s3ituted or unsubstituted Ci-
[pyrrolidin-1-yl]-1Hinden-1-yl)dinethylsilane 5 A solution of

(2-al |yl oxy; 3ritiesty badyd c&d nef hyd, plény R} chkor adi, mef hyRrsj Irfe r°0. 82,9, 2. 49
nmmol) in toluene (4.1 nL) was added dropwi se to a solution of 3-(3-
[pyrepalidi gilsyh] x3AHdodensd, vEdtidhimm 0. 591 8ger. §2oRBDI ) spBcific
tetrahydrofuran (5.6 nL) at OC. The resulting reaction m xture was war ned
to roomtenperature and stirred for 18 hours. After the solvent was
distilled off under reduced pressure, hexane (20.0 nL) was added and the
m xture was filtered to renove insoluble substances. The filtrate was 15
distilled under reduced pressure to quantitatively obtain
(2-allyloxy-3-tert-butyl -5-net hyl phenyl ) (3-[pyrrolidin-1-

- . o, o o



m xture was warnmed to 90C and then stirred for 3 hours. 20 After insoluble
subst ances were renoved by filtration and 64 the solvent was distilled
of f, the residue was washed with hexane (1.3 nL) to obtain

di met hyl silyl (3-[ pyrrolidin-1-
yl]-inden-1-yl)(3-tert-butyl-5-nethyl-2;phenoxy)titaniumdichloride (0.66
g, 75.9% as a brown solid. 5 1H NMR (deuterated benzene, & ppm):
0.59(3H), 0.63(3H), 1.38-1.41(4H), 1.53(9H), 2.29(3H), 3.30-3.40(4H,
5.48(1H), 6.97-7.77(6H) Mass spectra (FD, mz): 521(M), 9S4, 403, 296,
205, 185, 184ridebExaphe pSenhasis ol udnil e o efd =kl 5-

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

bJ thi ophens ey | hdi RELRKLS | 3RGOLY Acselitcaly, Of didald il od @ity puy! - -
0 39 2

met hyl phenyl’) chl or odi net hyl si I ané (0. 80 Mol ) in toluene (2 n.) was
added dropwise SO .0 f , 4. 5- -
trinethyl-égﬁygpggggro%g%?apfg b Tt%i%EW&#A@%%UI%%%R%R%%&??%[é% g, 2.94
nmol ) in tetrahydrofuran Q._nmL) at -78C 65, The resul ti i.on

m xture wa eﬁé?ﬁéa’tS_nggﬁPéﬁﬁePapﬁ?ggéﬁ%ﬂs{1f%%ﬂﬁf% ’.%5#§ﬁ§é§¥§§fér t he
solvent was distilled off under reduce ressure, taql yuene. was added and the
i xtube wab-NEEVeETHo FanByEcIestune Sataes P4 THe S P e has
concentrat ed under reduced pressure to %Pantitativel obtak?

(2-al lyl OX{]':_eg:ctagfepyBequ,_@_exadecyloxy, eptadecyloxy, octadecyloxy,

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

b] t hi ophenenyFRgYarNy P& Anel comyNoR Y déemce it d BhaRl e sPmig)es
0.24(s, 3H), 0.35(s, 10 3H), 1.49(s, 9H), 1.86(s, 3H), 1.99(s, 3H, 2.20(s,
3H), 2.26(8re3Mprngx92( stheMy, and34est-2Htoxy 078 1 e(fmthgye alkoxy
5.49-5.55(m |1 H), 5.74-5.86(m 1H), 6.57(s, 1H), 7.16(s, 1H), 7.28(s, 1H)
Mass spect gac(iEk, makzbe 424EMikutd6l7 wil2d7 hadzigerp(3ictl 88 Igid7igie, 161, 128,
59, 44 (Exanple 4) Synthesis of dinethylsilyl(2,4,5-trinmethyl-6-

hydr a6ycl opahtaf2e3- birbhiiaghemn- 6opinE3-t ert - but yl - 5- met hyl - 20

2- phenoxy)titani um di chl ori de [ Conpl ex 2] 66 ;1 | [Conplex 2] A 1.58 M
sol ution of n-batghbkthituenitn fhexane (2t irdutedl 48 b saisc st ds; -
dropwi se to a solution of (2-allyl oxy-

3-tert-buty] -B-amshphemd ol 4p-1Y,i 1t hgP- 68 5Rr%, R®, R, R®, R°,

hydr ocycl opent a[ 2, 3- b] t hi ophen-6-yl)di nethylsilane (0.66 g, 1.55 mmol) and
Lriethyl amiie (0. 23q0x26; 981 48BL) 8zt BkiBec( 7x8185knatb of8C and stirred
for 10 mnutes and then at roomtenperature for 2 hours. A solution of

ti'tani um t eLEachlar et g 133 Bl dind OLUGHe i & qeis, 10 added

dropwi se to the reaction mxture at -78C and stirred at roomtenperature

o 5oL Sa BRSNS s SO A M AR o P el
gndr 1 duced SIERSULS, LR LSS 4R RS MRSI) 2 15 Lo OBt

hyd I ta[ 2, 3-b]thi ophen-6- 3-tert-hutyl-5-nethyl -
2" phonowy) BRPaLPaN BRCHIOFEABoET 072 1 6126)" He P o BGR o . (e TR

(deut erated benzene, 8(ppm): 0.45(s, 3H), 0.55(s, 2%_3 , 1.53(§3 %FD,
1.90(s, 3Hfimsthydehesyl) methpry, Jdy 6-dimegpulpdgry L )digthays (&5 9n)
7.18(s, 1H), 7.24(s, 1H) Mass spectra(El, mz): 500 (M), 484, 449, 433
(Exanpl e 5)iBetjlRbsny Lofetiosiv.y| (G slimstipriansl ) methoxy,
met hyl phenyl ) (2, 4, 5-tri et hyl - 6- hydr ocycl opent a[ 2, 3-
b] t he@phen- 85yl iditat meitsivilahe niy 13 mesihox vsol (i SorP of
(2-al lyl oxy-3-tert-buyl-5- 10 net hyl phenyl ) chl orodi et hyl sil ane (0.91 g,
2. 80 mmol ) tirnmeschyépdeh Liine thest vadded driopwi igee thy kst wtinertlodxy 2, 4, 5-
trimet hyl - 6- hydrocycl opent a[ 2, 3- b] t hi ophen-6-yl)lithium (0.50 g, 2.94 mmol)
i n tetrahydeofiybanr{2@ tit)l patenyA8 Qe tHue:yr,esid t4 Mg reacti on mi xture was
warnmed to room 15 tenperature and stirred for 5 hours. After the sol vent
was di stil kednefhyupten wieaiiced ur,essyre, 5-tal iverteh wish addehartdothe m xt ure
was filtered to renove insoluble substances. The filtrate was concentrated
under reduged 3puessike riaghtyaNigHat velat bl n(A,23 ., | ¢4 oxy-3-tert-butyl -5
20 met hyl phenyl) (2, 4, 5-tri nmet hyl - 6- hydr ocycl opent a[ 2, 3-

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



68 b]thi ophen-6-yl)diethylsilane. 1H NVR (deuterated benzene, 8(ppm):
0.81-1.08(mIOH), 1.49(s, 9H), 1.93(s, 3H), 1.99(s, 3H), 2.21(s, 3H,
2,27(s, 3H), 4,02(s, 1H), 4.33-4.40(m 2H), 5.05-5.11(m 1H), 5.55 5
5.58(m 1H), 5.73-5.89(m 1H), 6.56(s, 1H), 7.19(s, 1H), 7.28(s, 1H) WMass
spectra (El, mz): 452(M), 423, 367, 288, 204, 189, 175, 161, |47, 75, 57,
44 10 (Exanple 6) Synthesis of diethylsilTyl(2,4,5-trinethyl-6-

hydr ocycl opent a[ 2, 3- b] t hi ophen-6-y1) (3-tert-butyl-5-nethyl -

2- phenoxy)titaniumdichloride [Complex 3] ;I :I [Conplex 3] 15 AI.57 M

sol ution Ofte'ﬂi:QHlfelﬁM/ilFJlﬂie‘rﬁ'Fli)ﬂleQ%)@;@e, (@3 Mot 1B 1o HEMY D) dsh sielded dr opwi se
to a solution of (2-allyl oxy-

ry ooyl opER 41 2,3 BTV RLOBRer oY1 Y eeny ol ane (18, 2.30 mol) ang
i 1,0 . . i 0. -78C
;L%Etsjt iyr?(ranci9%8%%f8§%%gﬁgi&%§%ﬁ%ﬁ{§dl g(tn_rbéig ehrreﬁ1 rlgt :.II’ e %‘%’ 3955%%)u?ts. A
was added BPSHAPOET0 TR Fadet | o rh R eshE Pe Ol « FE At room

tenperature for hours. After the reaction mxtyre was concentrated and
filtered uEFﬁélﬁgﬁé?H s thergve ﬁ“ﬁ?&ﬁ)’ﬁﬁ& Yt hg'sol vent distilled
of f under reduced pressure. The residue was washed, wit entane tq obtain
di et hyl si | #P€2 1@hshyd) Rethprys- MESRdYdaFhsFehtad 2 %WF&B}{%%&%‘VF)} ‘
(3-tert-butyl -5-nehyl - 2-phenoxy)titaniumdichloride (0.13 g, 10.9% as an
orange sol 8d tHeNpReCgsabd catEdbefz drfe Py - 0.780 ©H3MEsBH) |
1.03-1.30(m 4H), 1.53(s, 9H), 1.97(s, 3H), 2.02(s, 3H), 2.24(s, 3H),
2.30(s, 3Hpra6k38esy BHPUPE. 1Q(s belubstizeted HthvEssl adrietFeIEI2S m 2) -
528 (M), 499, 477 (Exanple 7) Synthesis of
(2-al | yl ox¥iBetréne- bbiryimd Sere tchyloptiemy IO 2,dBline.
di met hyl cycl openta[ 1, 2-b: 4, 3-b' ] di t hi ophen-7- yl)di net hyl si | ane 70 A
sol uttivon of (2- al kybexy+3eher ttchuylheb-subs tstuhddirng acylloxgdidestcingddsi | ane
(0.71 g, 2.40 mmol) in toluene (4 nL) was added dropw se to a sol ution of
(2, 5- 5di meyhytcyet opent &°[ 1R2- RY, R'p' R¥j thi,optiép-Tylgnd ithiimmlG@lesd, g,
2.40 mmol) in tetrahydrofuran (10 nL) at -78C. The resulting reaction
m xture wagowaehBaohe,r aamdeipeidy.e apdstiird ethdnylds hofirshe After the
sol vent was distil Iped of f under reduced pressure, hexane was added and the
m xture wagpkibtered e eV riASAhUbIe 1HRS LANGRS:y ThE-hd i y B NESy,
concentrat ed under reduce presSure"to quantitativel'y obtain
(2-al |yl oxy-3- 13 l~5- ,m I : j et 1; 24 b: 4, 3-
% %ef;‘ﬁ ll)gaglﬁlétrr%étxﬁgl éfﬁ%ﬁéﬁ%@a@fl&&% %,@%MWP&%%@I 2 24 b:

b' ] dit hi ophen- H NVR(‘deut er at ed benzene, 8(ppm):

R e g g e R R R T T

2H), 7.18(s, ,1H., 7.3 i spectra (El, mz): _

466( M) | 26%;ﬁﬁ@%‘@%ﬁé@?“ﬁ?ﬁfyﬁ%‘@%&%&%‘%}é@frﬁ'h@sﬁ ¥ o

di met hyl si |yl (2, 5-di net hyl cycl gpental.1, 2-

b: 4,3-b'] dfctrﬁfrﬁﬁﬁ‘é’ﬂp)fl-eﬂo}x(ys- %e(r)j't'%o_d:t ffl@é%%t?mfl%y e tit ani um
dichloride [Conplex 4] [Conplex 4 5 A 1.56 Msolution of _n-butyllithiumin
hexane (1.561HEChY1PIsROHY| ¥ as dddetf ot & <vi%iion of
(2-allyloxy- 3-tert-butyl-5-nethyl phenyl) (2, 5-di net hyl %’gl og)ent a[ 1, 2-

b: 4, 3- b' ] ditERNEHEYATRPORN ek Hyl 551t e (o e o %y 96 mimot ) ° and
triethylamne (0.47 g, 4.68 mol) in toluene (5.0 nL) at -78C and stirred
for 20 mi ntessamed htvheheaoxvood tterfpdrdtareamnarh P Hvnexy A $odudi dn of
titaniumtetrachloride (0.27 g, 1.44 mmol) in toluene (1.5 nL) was added

dr opwi se t aetthremesdhatlipbre iz, u ke ratanc8E laite st v + exkfay 1 ploomex enper at ur e
for 5 hours. After the reaction mxture was concentrated and filtered using

hexane to mperpya phrseixhl d sythstlaiees;x it her-soltwelphavas:yi ssetted of f under
reduced pressure. The residue was washed with pentane to obtain

di met hyl si oyl phretiodgt, hyetclopantal{ehcdky, n-hexylphenoxy, n-

octylphenoxy, n-decylphenoxy, n-tetradecylphenoxy,

25 naphthoxy and anthracenoxy. Specific examples of the



72 b:4,3-b']dithiophen-7-yl) (3-tert-butyl-5nmethy-2- phenoxy)titanium
dichloride (35.9 ng, 6.8% as a brown solid. 1H NMR (deuterated benzene,
8(ppm): 0.61(s, 6H), 1.49(s, 5 9H), 2.05(s, 3H), 2.06(s, 3H), 2.24(s, 3H),
6.67(s, 2H), 7.21(s, 1H), 7.26(s, 1H) Mass spectra(El, mz): 524 (M), 491,
287, 205, 75, 57 (Exanple 9) 10 Synthesig of
(2-a|IyIoxy-3-tert-buty|-5-nethy|phenyl%?Z,S-

di met hyl cycl openta[ 1, 2-b: 9, 3-b' ] di t hi ophen-7- yl)diethylsilane At -78C,
n-butyllithium(1.56 M 1.69 nL, 2.64 mol) 15 was added dropwi se to a

sol ution okyuBsitaicaet @lg?yg}:Q}PéﬁgxaH&cZuQéﬁ, 3ok’ Ldihbiephene( Qroeg, 2. 92
nmmol) in tetrahydrofuran (10 nL) and the m xture was stirred at room

t enper at ur - . Afte eagat .an:m . 0Ql; to -78C, a
sol U1 on of 02050 e o SRS T G b Bty SRy oh aredh et hyl si | ane

73 (0'72 gha%bé%n”@%k% 14 Egh%%Q%eKB % B a%ﬂ%%dQ&Q@M”%%&*ﬁg?to' The
resul ting reaction mxture was warred to roorh tenperature and stirred for 2
hours. After the, solvent wa i.stilled.of f under r r re, uene
was added and S%PﬁeaW%?PuF %ﬁgé% FFFEP@‘r&éﬂfﬁnéyg%gﬁéggﬁﬁlggéﬁggﬁa% es.
The filtrate ancent r at ed. under red d _pressure .quantitati.vely

obt aih (2- |1\§§2§x§%3-?{ert§butf§/|f-%-' RESUERC 28 P9I G043NEH BlinD
nethylphenyl%(ZLS-dineth | cycl openta[ 1, 2-b: 4, 3- :

b' ] di t hi opRBRSFLFPFaretRHSitHan&YHF OErROR QRS -at 18 Bederd!® 8( ppn) ) :
0.74-0.92(m 6H), 0.92-1.07(m 4H), 1.52(s, 9H), 2.24(s, 6H), 2.25(s, 3H),
9. 32- 4. 40( Rydzrparkong@goupl) inglygles dprmexempPles. 48-8. sdkml BuFh as
5.68-5.80(m 1H), 6.75(s, 2H), 7.26(s, 1H), 7.34(s, 1H) 15 Mass spectra
(El, mz):ma0hyM ) eth89, P6Prop3d, AGRPIPPY1S7 I e SE)~Bifithesi s of
di et hyl silyl (2, 5-dinmethyl cycl opentall, 2-b:4,3- 20

b' ] di t hi ophemt7byty(3- terbulytly| n5peettinil,- 2-hstvardoxand iayamialm= lohl ord de

[ Conpl ex 5] 74 ,CI | [Conplex 5] A 1.56 Msolution of n-butyllithiumin
hexamé® (1.2aZgll, sbchOakbpR@n®.17Anaimahe swa sy radged o e sertded wigtlutéronh of
(2-allyloxy- 3-tert-butyl-5-nmethyl phenyl) (2, 5-di met hyl cycl openta[ 1, 2-

b: 4, 3-b' ] detbaphemo7 fydireéthlaylssi.l ane (0.61 g, 1.23 mmol) and
triethylamne (0.S6 g, 5.54 nmol) in toluene (7.0 nL) at -78C and stirred
for 10 mnutes and thensatsubeemtherperattlr &,f.0r hgdredtshoA Selcatides ,of
titaniumtetrachloride (0.35 g, 1.85 mmol) in toluene (3 nL.) was added
dropw se t@,thexLeaqkl 0B iMethiynendho, /3G At 18id il 8 d Bl-1-Qomdermerad ur e
for 5 hours. After the reaction m xture was concentrated and filtered using
hexane (0 peaRYE LASeL#ALS SUISTARERS G SOlMeNe A, i iehdd sd @f 1 under
reduced pressure. e residue was washed w t'h pentane to obtain

di et hyl sil yl (2, 5-di l.cycy. [ X, 2- _ : :
b:4,g¥b']d¥?%$ogﬁgkg$%§¥f(S%ﬁg%%®gﬁ yﬁﬁgpﬁgtﬁﬁ;FQkﬁﬁéﬁ%§§'%E?pr%?ﬁﬁno'

di chl ori de

B(ppm ) 10T TNGRORP G ET E SRRy A6 S Das, o1y
m2): 570 CWRNSBHTIT8 (B acd e E SN T 512 Wit hy! ami no- 4. 5.
dinEthylCy%L%gﬁga%g%%g{géﬁﬁiﬁg&%&&ﬁy%%ﬁgﬁgfff¥nﬁg£§§lidinyl,

piperidinyl, carbozolyl, dihydroindolyl and

20 dihydroisocindolyl, and the preferable examples are
dimethylamino, diethylamino, pyrrolydinyl and piperidinyl.
The silyloxy substituted with Ci_;p hydrocarbon denoted
by RY, R?, R?® and R? is silyloxy substituted with three

hydrocarbon groups. Herein, the hydrocarbon groups include,

25 for example, as described above, Ci-z¢ alkyl such as methyl,



met hyl phenyl ) di net hyl si |l ane Under nitrogen atnosphere, after a solution of
3,4- 10 di nmet hyl cycl opentenone (15.0 mmol) in toluene (10.0 nmL) was cool ed
to -78C, a solution of tetrakisdinmethylamnotitanium (7.8 nmmol) in
toluene(8.3 nL) was added dropwi se and the mi xture was stirred at room
tenperature. After disappearance of ketpne fromthe 15 reaction m xture was
confirnmed by gas chromat ography, the solvent was distilled off under
reduced pressure. Hexane (18.3 nlL) was added and a precipitated solid was
separated by filtration. The filtrate was concentrated to obtain 1-

di met hyl an:pay3, 4ndbﬁl"%g|§')l| ,CYGloppentadi eneutd133 We-asia 20t -bdthel i |
was added to Kexane (30.0 nmL) without being 76 purified and cooled to
-78C. A 1. 39,M89h Ut hopepft v, blﬁf-wexlylt hiemdyr 1hana ( Bhd 4mpl )swas added
dropwi se. The nixtlUre was warmed to room t enperat ure ‘and stirred for 4

h A f d W nd,
17 met byl 961 Bae3T): gL HERY SrEten Hé@etr?rﬁaf’. S Rty

flesh powder. .1H NVR t d chl 3

2. G1(sHy. 8-o8(oM | HGn( 1) 10 RSE SOeLraCEP T ST 925 7
lut Lo | Lbutyl -5 et hyl lchl |

(7.0 firol ) CPAOPDI ALAES, 121 CHEP " &&%prdﬁ%%ﬁé%t%yﬁessloy FR o 11

di net hyl 3,4-d | | di enyl.lith

ety o BRARCY 161 HEN Yand “0He FRAP NS S o S GU S at ur e

for 6 hours. After the solvent was distilled off under reduced pressure,
dehydr at ed L BéAEEREORAS Sadded Yand & tpreGydiiated et .y WS/ f i | tered of f. 20
The filtrate was concentrated to obtain the title conpound (2. 86 qi 1000)
as an oi | . dimeKiRlphenrdratled oren 2are meshyddirhen Ie(idrsl oy s9tSBH)

1.71(9H), 1.90(3H), 2.21(3H), 2.44(6H), 3.67(1H), 9.40 4.47(2H),
5.10-5.14(@E&£e5abielﬁﬁﬁm©l5$-5I60¢Iﬂﬁ@t®ym$tﬂyﬁﬁxﬁﬂ]}ﬂ, 7.24( 1H)

7.28(1H) 77 Mass spectra(El, nfz): 397 (M), 382, 340, 261, 136 (Exanple
12) $9nt heskspbEngilgetliylosiyl wind?2 tdiinsopyrogy ira-14/15x 15

di met hyl cycl opent adi enyl ) (3-tert-butyl-5-nethyl-2- phenoxy)titanium

di chl ori de [ ConphexpbbspGdmpl exibalt iAuleb WitdolQytiohydiromalmbionl 11t hi umin
hexane (8.0 mmol) was added dropwi se to a solution of (2-dinethylamno- 10
4, 5- di net hykeyekapent adj ery, )JK2aald W oxy-Bhéeshibut yhbStituted with

met hyl phenyl ) di met hyl silane (2.0 nmol) and triethylamne (16.0 mol) in
tol uene (1%y6 RLhratarF3a 3ndu Eﬁe MA@, Wash Ve Bt d0- B r0rg Rrper at ur e
and then stirred for 1 hour. reaction m xture was added dropwi se to a

sol ution Oﬁnéﬁuhbt% 2%”é1E§[a§HEHrhgemEthlnngkhy&n hobyepe1(10.1 n) at -
78C. The resulting réaction mxture was stifred room tenperature for 5

hour geto obLaLu g hed ol thon s The,sehventfihe soludian yas Lepl aced

W th pfeC|p|t téd soli filte The filtrate was 20
o obtai n CRECHITI & EaRs uﬁé'r&“%%“ﬁ%%& Yo Bagdle e iR
2. 10(31). 258 éﬁ?‘edé’%%é’é@) x50y 3Py 57@5&%4@2“”

e PR R il SN R R o A
"o ot abi | FEEd Y 406N tawéu Fridn cHist Jod 38 (i Sty e Rt 1deS vae.

pressurized to 0.60 MPa, and the pressure was stabiljzed. 15 Thereto MVAO
(5. 82t % AV} tTosok- AREGhEsT For £1Th)t (LG Jurpl P e 1he ek 2F (B0
nol) were added to carry out polynerization for 30 mn. As a result of

pol yner i zabphespha npolsyipsit iwas st oduded1in adamsastodf 10ciude106 g per 1
mol of titaniumand per an hour. 20 (Exanple 14) <Polynerization condition
B- 1> Pol ynedineahivdphwaphdara,i ed eduty ligh dshpedh igere diarmrarr ey Examgidlel 13,
except that a solution of triisobutylalumnum?25 in hexane (40 pL,1.0 M
Kant o Chenadalsopaopyilicthosparitho, di-n-butylthio, di-sec-butylphosphino,

di-tert-butylphosphino, di-iscbutyliphosphino, tert-

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



79 pent af | uor ophenyl borane (0.30 pnol) were used in place of MMAO As a

result of polynerization, a polynmer was produced in an anmount of 1.6 x 106g

per 1 nol of titaniumand per an hour. 5 (Exanple 15) <Pol yneri zation

condition C 1> Polynerization was carried out in the sane manner as Exanple

13, except that a solution of triisobutykalum num 10 in hexane (40 pl,

1.0M Kanto Chem cal Co., Ltd.) and dinethylanilinium

t et raki s(pent afl uorophenyl )borate (0.30 pnol) were used in place of MVAO

As a result of polynerization, a polyner was produced in an anount of 11.4

X 106 g pepbcityphodbnlinbanidumnad aphaspiduo, 18 pdemampieosiiino,

<Pol yner zation condition D 1> Polynerization was carried out in the sane

manner as E&@E@hﬁe%%ylg&q%agqb@@mﬁos%Inlat i Qfetdd i sobutyl al umi num 20 in

hexane (40 pl 1.0 M "Kanto Chemical Co., Ltd.) and triphenyl net hyl

tetraki s(pentohLunEeRYERYh) AREBLEHI B3 ArdRlle Wi dishth | bplMoR: 12 MO

As a result of polynerization, a polynmer was produced in an anount of 5.2 x

106 g per 1. i I a r r.. QQBQI i i on of
é#@%%%&&gég%ﬁ%lﬁg‘ %qegoz&%gfgggFrmz%nd(ﬁ%ﬁh ﬁﬂg%gﬁ¥ﬂd

Et hyl ene/ 1- e 17)"°< i 'on condi'tl on “A-2>"An ‘aut ocl ave
was charged with_ t.ol uen 5.0 nL d 1- 5 . hexen Q . I trogen
atnnsghere and FHSIP8ﬁ6§P§t8F8 s%gﬁééq%zﬁgf%néﬁéé%lqﬁgﬁggﬂﬁﬂbEhéﬁhrged

with ethylene unti| it was pressurized,to .60 a, and the pressure was

st abi | i zed?YFharar8omAB eSS %ﬁy%RAl,g?os%h-anﬂ(Q% EBFpOFSt f%éﬁ)? ?igﬁgrml)
and the Conplex 2 (0.10 _pnol) 10 were added to carr outkﬁggynerization for
30 min. AsSHCPeddl eghYpoel Pirewilz ati 6 OB lnolhAr&r i'nd THE ¥l & ar

wei ght ( = 739, 000, the nolecul ar weight distribution (MvV M) = 2.0, Tm
= 102. 8C ahutBEB o6 twhytyleddcodty lan amsiity lof T hesy L@y per 1 nol of
titanium and per an hour. 15 (Exanple 18) <Pol ynerization condition A-3>
Pol yneri zatvonohgs yéarndedradt siusht ke Saslyitanmerd 49 9Searf RIPEy Mask dept
that the polynerization tenperature was 20 70C. As a result of

pol yivér i zabbodedawpshywee kavithgrt e rfislrecwiag Wi gt M@pPherp22 000, the
nol ecul ar wei ght distribution (MM M) = 1.8, Tm= 98.7C and SCB = 7 was
produced i Bpapnidtaueikaok14@. @IX shh ghier shibredlitofted twaniturdand per an
hour. 25 81 (Exampl e 19) <Polymerization condition B-2> An autocl ave was
charged wi hhdtekuenen( 3nelnde ardhl- thid)exns (50 gln-ywdgryItittrogen

at nosphere and the tenperature was stabilized at 40C. It was then charged
wi th et hyl eagpuabih tht owas -presautized de@: - fG 1Mo and ther prEssu e, was
stabilized. Tﬁereto a solution of triisobutylalumnumin hexane (40 pm,
1.0 M KantgoEhemh¢ak 000 n-nletd1eh iReNtafd iananpheny lherane (i 3Gl ) and
the Conplex 2 (0.10 pnol) were added to carry out polynerization for 30
mn. 14s a bg%g&ﬁt f. jpol yneri zation, a polyner having the nol ecul ar wei ght
(Mny) = 904, ; the nolecular weight distribution (MM M) = 1.7 and Tm =
100. 2*C was prog%cggfgg Amunh o&:l.&yégggfgegség 5 £Qf Listg@ri, um and per

an hour. (Exanple P%Bynerlzafion’con I'tT on ol ymeri zati on was

ol ymor | 28l PORECERS AP At Ur e 1ia8  TOET  AS TG oF SR UFE 0P pal SRBF F0I S T

G st 1T but | 6 TR L i e | 05, Ul e S 0% Vi TGRSO 1 an

amount - of %i%y§o£g6s%b%%2t%t§% J?tﬁigé%gég?éﬁg%[¥¥ éng(g%ituted Ci-z0

20 hydrocarbon, amino substituted with substituted or

unsubstituted Ci_3; hydrocarbon, phosphine substituted with
substituted or unsubstituted Ci;-;¢ hydrocarbon or thio
substituted with substituted or unsubstituted Cji_ag

hydrocarkon.

25 Twe adjacent substituents among RY, R?, R* and R®, and



82 (Exanpl e 21) <Pol ymerization condition C 2> An autoclave was charged
with toluene (5.0 nL) and 1- 5 hexene (50 m)under nitrogen atnosphere and
the tenperature was stabilized at 40C. It was then charged with ethyl ene
until it was pressurized to 0.60 MPa, and the pressure was stabilized.
Thereto a solution of triisobutylalumnygin hexane (90 Wi, 1.0 M Kanto
Chem cal 10 Co., Ltd.), dinethylaniliniidmtetrakis(pentafluorophenyl)borate
(0.30 pnol) and the Conplex 2 (0.10 pnol)were added to carry out

pol yneri zation for 30 mn. As a result of polynerization, a polyner having
the mol ecukab WehHgRE MY 175 (11048, 00Qndfif RF2 DI egul a5 welygho digf rpdution
(MM M) = 2.7, Tm = 114.73C and SCB = 16 was produced in an amount of 129.5
x 106 g pe f. _tit;ani er Exanpl e 22) 20

<Pol ymeri z%tai%gggbg(r% P%il&?%ﬁ?ﬁ%glt%m%%a{%{g{rg (\Ansg)s' carried out in the same
manner as Exanpl,e 21, .except that the I 1.zati.0 g 70C.
As a result of %‘gl 3‘?n%ﬁr‘.L P?a’%?agrrﬂecgtbﬁlolrﬂ)yonrgag %ﬁdn%%%e&%qﬂﬁ%&v%%ﬁs(m =
648, 000, th | ecul ars wei ght, 25 distribution_ (Myv MWh), = 2.0, Tm. =,108. 4C
and SCB = fg %s K gg’; 505y gdtmgari ﬁxaﬁlp;ﬁ'ﬂuﬁfag&raif&%of Y823 WESE ol of
titanium and per an hour. (Exanpl eq%i)é) <Pal ynerization condition C 4>

Pol yrer i zaf'¥8m Ox®a<Pegr Fledsodd AahTe St Srarit™ &5 B 1 Fanpie A,
except that the polynerization tenperature was 130C and 4 ml of the

sol utiion &hiePPESEHELYCaRGR FuRYtY Heéx did v iy ¥R rigft t  of

pol ynmeri zation, a polymer having the nol ecular weight (My) = 250, 000, the
mol ecul ar wei gh®ndegempBet iodn thdvtvensd tAon mehad R RiEEeE enbed was
produced in an anount of 3.2 x 106 g per 1 nol of titanium and per an hour.
(Exanpl e 28y tPRel yoemudat i(3n dondittiain a-jzeemt it eokaRé was bhadgdd with
toluene (5.0 nm.) and 1- 20 hexene (50 m )under nitrogn atnosphere and the

t enper at ur eowdsrst abithiiogtheate 40Cg lits wesort ketanghlar,ged twiarsetind ene unti |
it was pressurized to 0.60 MPa, and the pressure was stabilized. Thereto a
sol uttbon ofiethili sohpl ykalremiragmntedhexanh s 4b IMgwihModtaritao Chem cal Co.,
Ltd.), triphenyl nethyl tetrakis(pentafluorophenyl)borate (0.30 nol) and the
25 Complex 2 (0.10 nol) were added to carry out 84 pol ynerization for 30
mn. As a result of polynerization, a pol yner having the nol ecul ar wei ght
(My) = 1,104,000, the nolecul ar yei8ht disiribution (MvV M) = 3.1, Tm=
118.8C and SCB = 14 was produged’t
of titanium and per an hour R -Er‘“arrp 2b) <Pol ynerization condition D 3>
Pol ynmeri zation was carried out i 3ame manner as 10 Exanpl e 24, except
that the polynerization tenperature M. As a result of polynerization,
a polymer having the nol ecul ar g :’g%g , 000, the nol ecul ar wei ght
distribution (Mv M) = 2.8, TmRE-2@7. & 23 was produced in an
amount of 77.4 x 106 g per 1 _pol off titaprkumyb and per an hour. (Exanple
26) <Pol yneri zation conditi o S 4>Rqlyfleri zation W8k carried out in the
sanme manner as 20 Exanple 24, ex hat the polynerization tenperature
was 130C and 4 ml of the solutio i ﬁﬁbutyl al um num i n hexane was used.
As a result of polynerizatioR “a pgfyneER havi ng the nol ecul ar weight (My =
282,000, the nol ecul ar wei ght di st H’c;:,buti on (MM M) = 3.1, Tm= 10l.5C and
SCB = 25 30 was produced in an anount of 56.6 x 106 g per 1 nol of 85
titani umand per an hour. (E>§arrpLe 257) <6P0I ymerjzatjon conditign A-5> 5

Pol yneri zavhenewas Meafyi & &it Riv the SameRnanfer s Brxanple X7, 2BfcBpt
that 60 nml of 1-hexene was charged and the Conplex 5 was  used. As a result
of pol yner ezat kended ipeldyfer had fpmmvdarolleculRlr aeilght’ @vs) = 744, 000,
the nol ecul ar wei ght distribution (MMWMW) = 2.1, Tm= 93.5C 10 and SCB = 14
was produceddepcaneamiynty alubbt idveni0Geg quaredl fmdm ofhe igamipn Bndap2gr an
hour. (Exanple 28) <Polynerization condition B—5>1 15 Pol yneri zati on was
carried out in the sane manner as Exanple 19, eRépt R'hat 60 m of 1-hexene
was charged and the Conplex 4 was used. As a result clf pol yneri zation, a

pol yner haying, the nol.ecul ar wei ght =_903,1900y2tlhe3mnl ecul ar. wei ght
di st:ﬁ%buti %he( W%hf“oi'e Y5 TERd n:te%g@ﬂc 20 was produced in an anmount of
1.7 x 106 g pefial el Rfure represented by the formula (7a):




titani um and per an hour. (Exanple 29) <Pol ynerization condition C5> 25
Pol ynmeri zation was carried out in the same manner as 86 Exanpl e 21,
except that 60 wL of 1-hexene was charged and the Conplex 4 was used. As a
result of polynerization, a polyner having the nol ecular weight (My =
988, 000, the nol ecul ar wei ght distribut%@n (MM M) = 2.1, Tm=112.4C 5 and
SCB = 32 was produced in an anmount of 113.2 x 106 g per 1 nol of titanium
and per an hour. (Exanple 30) <Polynerization condition C 6> 10

Pol ynmeri zation was carried out in the same manner as Exanple 23, except
that 40 ~L of RKihexghe was charged and the Conplex 4 was used. As a result
of pol yneri zatijon, |a pol ynmer having the nol ecul ar weight (Mvy = 272, 000,

t he nol ecul ar gﬁLgdk dL;gribution (MM M) = 2.1, Tm= 101.2C 15 and SCB =
30 was produced Tn 'an anount of726.7 x 106 g per 1 nol of titanium and per

an hour. (Exanpl.e 31)_<Polynerization condifio > 20 y i zati on was
carried ou%ﬁFnEﬁHeésaﬂ%d rnﬁﬁez%?$58ﬁ&é%955¥ %x%%%?oghﬁfgéogﬁﬁ gf %?hexene
was charged and _t he Conplex 4 used. a J,esult of polynerization, a
pol yner ha§iﬁB?FH§ ﬁﬁP@cuP&rtﬁgﬁgﬁiﬁfﬁﬂﬁﬁéldG%SGOO, t he nol ecul ar wei ght

di stribution (Mv 13:[§M9, Tm = 109.8C 25 and SCB = 18 was produced in an

anount of 41.3 x 1 g ‘per 87 1 nol of titanium and per an hour.
(Exanpl e 32) <Pqglynerizption condition D-6> 5 Pol ynerization was carri ed
out in the-samy’ éFﬂéguExanphg)ZG, except that 40 ~L of 1-hexene was
charged and the Conplex 4 was used. As a re;ult of . pol yneri zation, a

pol ymér hawvhaget.he Yioiecal anlfierghtopMand="255n000, aife HlKRINIBT LY ght
distribution (MMM) = 2.0, Tm=102.4C 10 and SCB = 24 was produced in an
amount of Z. @axbd@6agoper 1 nol of titanium and per an hour. The foll ow ng
tables 1 to 5 show the catal ytic conponents, polynerization conditions,
catal ytic activiahy ekamaie odfadthicon magsl ttisorofmeeaalnptare 113« trerdde st edhose
in Conparative Exanples 1 to 9 using

di net hyl si byl ¢het rameinwy augl apentradirenyd)erterr’- butlyR¥5and adjacent

met hyl - 2- phenoxy) titani um di chl oride [ Conplex 7]. [Conplex 7] 20 88

Tabl e 1: EghyigaerHIOMORO B ZEE d Obo EXarp| 2 CORpbENERt Y AERGZaki an

condi ti onActivity*331A-10. 6341B- 10. 3351C- 13. 4361D- 14. 0132A-19. 2142B-11. 6152
C-11304162D:15523 734 18.+6383B1A 43936402 RA0B 01 4 1Ré 1y 1ldw D424B- 11. 9434C
- 155. 0444D- 11 0. 2455A- 111. 3465B-13. 3475C- 137. 9485D- 15. 4496A-11. 3506B-12. 8516
C-15. 31 52 -0 %1 .(x106 gPE nol -cat/ hr) OCO+~ro NIl Nri OOU
NGN X X ?Qﬁg“&ﬁﬁ r(flfi~ WNNATro E

NNW DI ~d' ~Gd' d' 1 061~MJr | Nr -1 r | UNUo~t ~nconmuc7mpONCO-~. - | NM ~61M00100016101Cr -
IH "1 -i  ~~"~HCOO~ONNv- 10010~NR™r | NNw- i NNNc- i 3MO0O000000000000000000800000
000030TNr 1V' t ~d' 10NV' ~COVN~~~a' N NNI~NI0rL;E§ﬁhhnnrlrl *N

*a~C01M ~~' G | nl P10~I - ~NBt ~0 | §1F1§ ~Or
000000000~ (~C0 V~I ~v~I ~f ~vR Sy ~~
11MM ~ 'bl FCI FCl FCl FCl FC vy
UOOmAx X1 00, NNMW' ~y| 010(]) | OOUUNN~T ~
~~-1r1rl uW 7NNW 7~xaxW- WOU s~ RS"\U

RC—E
R?

f-1CVB1r 11 ~' rlr| UUNNSaSa+~+~U
, 0NRE~E1S~0000~ OJ- ~NMNMVNM nM-
FO~te~ri ~ 'O FCOO-UH
=YHO'f ~Wd' i 17f~I f1 1 ~Nro

ST °

M2,
Az~ X )

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

substituent selected from the group (I) and the bond moiety
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wherein Y? is a sulfur atom and Y® and Y°® are independently
a carbon atom.

10 As the ring formed by bond of two adjacent
substituents among R®, R’, R®), R® and R', saturated or
unsaturated hydrocarbon ring(s) which are substituted with
substituted or unsubstituted Ci;-;; hydrocarbon can ke
exemplified. Specific examples thereof include a

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

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

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

yl]-inden-1-yl) (3-methyl-2-phenoxy}titanium dichloride,
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HO 01O -1 C=10NMCr Li f 7N~r mD1OH~ O_' r 0701r or mM\NNno OO~-MD7 MQIJNQINO101~ bww~QOU
Fa Na ri OinedoheleilyIN3cloviyotigindvldsadercl th)d 3 %" N N Sa
~.!l~-Uws~+~roraaVuU~1rl WOO\ fa WNWU-Orl1Ox~ "~E., cu
93 ( Exanpl UG} -y rhkasiy) i tepkyin Bz lpmhstehy [dig Bt hiy t iophen- 2- yI |
2- propenoate ~ co2Et s 5 10 15 20 Under nltrogen at nosphere, a reactor was
| oaded wi t ip§@godddiiomitydrli-deded? 1t v, @18 tit])-arrhairydl @4 (130 ). A
solution of triethyl 2-phosphonopropionate (239 nL, 1.54 nol) in dry

THF( 160 nlphwasxzgddédadiopwiddiehlatrd dehe diewiﬂqusijd}a]n( <l patdl idire-hi xture
was stirred at roomtenperature for 1.5 hours, and successively, in an ice

bat hiloa sokut andeh-3-ret hpl-tkiraphens-12ticardioN\sl dadend 8L 29, 1.43 nol)
indry THF (430 m) was added dropw se thereto under ice bath cooling and

stirred atpheamkteRRekal wie dfieh 12 e, S .d AR BGHeNUS, 1Sg-Ul s eeb BaiH i
chl ori de soI uti on was added to the resul ti ng reaction mxture and the

m xture wagexthaehed Wit h sdhetihyl ef heri g bt jap-organi c | ayer. The
organic | ayer was washéd with a saturated brine and dried over nagnesium

o e PSS JRScaghy oty et ke foprer s pesceyte Lo
9, 97.0% ?i 1ﬂ% %—HQ91 %Qk%rt—butyl—5—methoxy Z2-phenoxy) titanium

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

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

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



(Exanpl e 93) Synthesis of nethyl 2-nethyl-3-[5-nethylthiophen-2-yl]-2-

94 propanoate /1 CO2Me Under nitrogen atnosphere, a reactor was | oaded with
et hyl (2Z)-2-nmethyl -3-[5-net hylthi ophen-2-yl]-2-propenoate 5 (20.0 g, 95.
mmol ) and dry nethanol (100 nli) and magnesium (7.0 g, 289.0 mmvl) was added
in small portions and gradual |y theretop3zThe m xture was stirred for 5
hours, acidified by addition of an aqueous 3N hydrochloric acid sol ution
and then extracted with ethyl acetate to obtain an 10 organic |ayer. The
organi c | ayer was washed with saturated brine and dried over anhydrous
magnesi um sukhated dEhe dselatentl swas, 1dizst [ig eh 1ofdi iridey] y-eduged-pressure to
obtain a dark red liquid. The quuid was purified by silica gel

chr omat ograg y3(’r5e>&atr1e;/eeiith}ﬂut§g ok/)191 tth 0t Qilﬂ:l'ﬂ-@rﬂﬁi@,y |
2- met hyl - rret hylthr ophen yl]- propanoate (11.2 g, 59.49% as a pale

yel l ow I'i q ' ?h Rl %Mi%@i i$,-9f—y den-1-yl) |5 methyl-3-
2- et hyl - H et %I t ﬁﬂo 2 yl]- 2l pr opanorlcr1 260rl acr% )C(OZH Un nitrogen

atnDspherepF%n ﬁa%t$¥hlOgﬂQQQgEQPFME%ﬂBﬁfgglde, dl%fthylSl%_l%

2- et hyl pr opanoat e 162.9 g,
0. 82 and _C a en re e_nt 391 nl) e d at room
t enpera ur épf‘/grmf &lTr rlea [ (])lnmr% x ure rr\/]\cfasbm{c}} J?ngﬁf%féﬂjif > f

addi ti on of an aqueous 6throch|or| |ds | ut | Iracted
with ethyl m&é@t@téﬂp OS] %%ﬁ“dﬂﬂérﬂclcc% errh rhﬁéry - was washed
wi th saturated brine and dried over anhydrous gr esr ums | fate Th

sol vent m§p§F§ﬂlllldé@ —of ¥ Wndédsreduded (Eré[sesttn 1 yfsfiy17s-

2- et hyl - 5net hylthr ophen-2-yl]-2-propanoi ¢ aci d I99 99, %‘_

pal e yeIIoW Mo x v Gidiasdmny léio ol%frerﬂmblrswla‘s?srmﬂw } 135 9)
in a mxed solvent of water (25 rr1_) and net hanol (100 mL) (Exanple 95)

Synt hesi s ofl 12 15dginmatin) -5, -6-edi thyahrtody ] diseriaf %‘Pftﬂﬁqﬁﬂp%?ﬁ@l‘éfﬁe Under
nitrogen atnosphere, a reactor was | oaded with pol yphosphoric acid (72.1 g)
and pRosphdigd lpertexi demetyl s20 W, (26~ By mrt )i ciers— ladidleld- g et b~ and
stirred at 140C for 1 hour. Then, a solution of

2- met hyl - 3y[15-(mettieyltt—himgﬂerﬁ—&kﬂdmx—dp@rﬁrm;@c)itjit(artsi.tﬁn gich3rit) in

1, 2-di chl oroet hane (75 nL) was added dropw se and stirred at 100C for 2
hour s. Q6 mEhe yiedatyilare -Mipxirtcd iwks -dddad timdeedl wal et 3 (35 dDamyly2wi t h
stirring and after 30 mnutes, extracted with chloroformto obtain an
organi c | aya renolzrwtqrteaﬁlua I@mrlmeawme@wglmﬂwpmmsmmmm

sodi um car bonat e solution and dried over anhydrous nagnesi um sul fate. The

sol vent was, '—%tn'ci' Ine.q_(g,flf ungdgfed8duaed N8es WK oedaj n a bl ack orI The
oil was purified by siliica gel chromatography (hexane/ethyl acetate 5/ 1)

Lo obal  GiRecHlyTRLNY- (3 Grdidmdrpyal-anent lde - Dl 1y pmﬁ@tﬁypn@-(w 6 g,

10 84.1% as ar bro (Exanpl e 96) Synt hesi s of
2,4, 5-ri ar%n] P A 08101 -
met hyl | itgﬁ)&%oﬁ{@dl efth?r%i raikla&%lzf%\a t%{%‘lto ﬁrl%ai cgﬁf%ud Y (31.8 nL,
33.1 mmol) sad ddr t quto
di hydrocycl cjIth dgsn (ﬁ r’Ye (js E%US(HO QMTH‘%( %Jgd?lorlde’
tetrahydrofuran 0 78C angd stirred at m t ratur 14
hour s. Aftéjrlmf&(ﬁ’i dr%)d‘f 4l B &&?&d&g%&t& e]d'ldaefﬁm %ﬁlung e soYutr on,
the m xture was extracted with ethyl acetate, he&a}\é\ig aturat d prrne
97 and the@‘@rqeé]d’w&lt@éﬁr%@tﬂfr]ﬁrel erhéﬂ%?@g‘r& R Tht ﬁ under
reduced pressure to obtain 2, , ,
tri medhyl - 4514 -tﬂm%mrlgcsgﬂdl@p-é‘rﬂrd{@%sbh% RFpHEAL 22 FTNYEOAY G EBBWYT The
obtained 2,4,5-trinethyl-4,56 5 trih drocycl genta[le]thro hen- 4- of was
di ssol ved idichloride, dlmethy131lyl [piperi inden-
yl) (3,5-di-tert-butyl-2-phenoxy)titanium dichloride,
dimethylsilyl (3-[piperidin-1-~yl]-inden-1-yl) (5-methyl-3-
phenyl-2-phenoxy)titanium dichloride, dimethylsilyl(3-

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



tetrahydrofuran (50 nL) and 3% hydrochloric acid (15 nL) was added at room
tenperature. The m xture was then stirred for 3 hours. The reaction m xture
was separated by addition of toluene and water. An organic |ayer was washed
10 with water and saturated brine and then dried over magnesi um sul f ate.
The sol vent was concentrated under reduggd pressure to quantitatively
obtain 2,9,5-trinmethyl- 6-hydrocycl opental 1, 2-b]thi ophene. 1H NWVR
(deuterated chloroform 8(ppm): 1.97(s, 3H), 1.98(s, 15 3H), 2.50(s, 3H),
3.16(s, 2H), 6.58(s, 1H) 13C NWR (deuterated chloroform 8(ppm): 12.23,
19. 64, | 6. 62rng0-83pnthbx94 +1130i%h di36.13%1d37.Ame AR 32 y1158- 31. Mass
spectra (El, nmz): 164(M), 149, 134, 115, 51, 39, 27 20 (Exanple 97)

Synt hesi s ¢higed1difethyh6+hydneayeiiopenialth,d-td-tdy iophane 4111 -2- 98
Under nitrogen atnosphere, |ithium alum num hydride (5.80 g, 66.0 nmol)
and dry di : (=N ded ,ang, ol it iy Dfveridin-1-

2, 5-di met h f“-g}éﬂ%)é‘-%g?‘rﬁ?g?g?;??lg\ggﬁt%élﬁ%?z?’%]thi %r%n-%%ne[%fz.o g, 132.2
mol) ind t ydr ofiur.an . S _ORWM rieto, A 4 nice
bath, The Mk CrEtag Thin oty an e con e o e oy S e,
an aqueous saturated amuonium,chlori de sal uti.on was adde the reaction
m Xt u?’e anglickﬂ\%%%&'(t Fi é%]teét yv%ﬁstl%y%t(%yl[%ggéetra dglntwgl ﬁqaﬁ%&ae%l olr gyaln)i gé:l ayer.
The organi ¢ | ayer s _washed wi.t h saturated br.ine and dri.ed over anhydrous
magnesi um iﬁF%égBﬁ\ﬁﬁé?ﬁ‘l &R 2NEL PN &G T Lfﬁ&g"rlorrel ited pressure to
obtain 2,5-dinethyl-4,5, 6-trihydrogcyclopenta[l1, 2- b]thi n:4-of. (22.5 g,
99% as a p&EESyEY éwlé’ill(%“fﬁ’épﬁgtlgil}r‘%‘é&“éﬁg-‘di 'ﬁmﬁég%eﬁlamﬂ‘f‘

tri hydrocycl opent a%l, 2-b] t hi ophen-4-of (22.2 g, 66.0 nmol) and tol uene (200
nL) were | BhEBAXYaKd Lpnigmydielidrrdfice &dme thordhyidiate (804 ng) and

mol ecul ar sieves 3A (10 g) were added. The m xture was then stirred at 95
to 100C f ofimeRbul amfhedndrardr wiad 2addied ooy ttHe ardast iBriodif® and it
was extracted with ethyl acetate to obtain an organic |ayer. The organic

| ayelOwas daskéedywistihyddPudamed hiyliame naria dni-dd- yavel3 -arsiydrlous magnesi um
sul fate. The solvent was distilled off under reduced pressure to obtain 25
a pal e yel pbanoily) £12a6d1mThie obillo nias , puinfetddy ey 1sill (2ca 99 gel col um
chromat ogr aphy (hexane) to obtain 2,5-di nethyl -

6- hydr ocychopenhgll im2nbli hlicophere ) ((B5.56-ddmetd3)] a5 pheanttixye tsitldrdi urd H NVR
(deuterated chloroform 8(ppm): 1.82(s, 3H), 2.27(s, 5 3H), 2.83(s, 2H),
6. 28(s, 1HNic8152(8e, 1H) mt3G MR 1(dqut-eriadach valinames iotdan-8(-pan) )3- 15. 80,

| 6. 75, 90,12, 117.69, 123.66, 137.67, 141,64, 145.80, 150.12 Propyl ene
Hormopol ymegkzat bar 1A 2CExamRxE ) 99k anRedny MBldaalid ok Conidddron 11 fAn-

aut ocl ave was charged wth toluene (5.0 nL) and 1- hexene (50 nL) under

ni tregen ayn F ; L natune Was, hidized,at-A4A0C. It was then
char ggd 15?:1\/5[\??%%2&%% gl%elhg%tni Iqrrie/tq)a/gs t%r essd'rr%i:)";ledEJ to 0.%0 MPa, and the

pressure ‘Sﬁflef’%%gi)l&.i%ﬁ%iu ht ri(;%%gg%%(?i?%é l\l@]]qﬂt(?j Al, Tosoh Akzo

Cor por at i an nol) were added to carry
out pol ynerization for 30 mn. . resul.t_.of _.pal M_rpa]r_i ation, a pol yner

havi ng thediﬁle%lyggmlgplvr\l&eélhtl ma‘ 3‘—‘%2%{31, &(fd:,tpt e m)lzécul ar wei ght
distribution (Mv M), = 1.5 and, Tm = 116. 6C was produced in an anount of 1.9
X 306 o pePhehian Ok At G e sy BEI R o 99) " 100

<Pol yneri zation_condition F-1> An autocl ave s charged with toluene (5.0
m) and 1- dimegbydgairsgngendnddr WTedden ot EPher & and the tenperature
was stabilized at 40C. It was then charged with ethylene until it was
pr esgAri ze@heHOFYS G PRI U ¢ itk QFriseeu e i s ) Z8d. Thereto a
solution of triisobutylalumnumin hexane (40m_, 1.0 M Kanto Chem cal Co.,
Ltd.), pentafietordphemplibsieamd (0.0 3G taid b udnd d e tdopt el 470, 10 nol)
were added to carry out polynerization for 30 min. As a result of
pol yrer i zatie6hy la 2pehemenrx wids: temddurc el dhil cani davoshitmesfh vl 9L v 05 g per 1
nmol of titanium and per an hour.

dimethylaminoinden-1-yl) (5-methyl-3-trimethylsilyl-2-

phenoxy)titanium dichloride, dimethylsilyl (2-

25 dimethylaminoinden-1-y1l) (3-tert-butyl-5-methoxy-2-



(Exanpl e 100) <Pol ymerization condition G 1> An autocl ave was charged with
toluene (5.0 nL) and 1- 20 hexene (50 wL) under nitrogen atnosphere and the
tenperature was stabilized at 40C. It was then charged with ethyl ene until
it was pressurized to 0.60 MPa, and the pressure was stabilized. Thereto a
solution of triisobutylalumnumin hexapg (40w, 1.0 M Kanto Chemi cal Co.,
Ltd.), dinetylaniliniumtetrakis(pentafl uorophenyl) borate (0.30 pnl) and
the Conplex 4 (0.10nol)were added to carry out polynerization for 30 mn.
As a result of 25 polynerization, a polynmer having the nol ecul ar wei ght

(MY 101pFeh8%ky90Q ¢ ahiemmelieeulari asgi ghitnedirstrrd douti @n- (MW M) = 1.7 and
Tm = 104.48 was produced in an amount of 16.9 x 106 g per 1 nol of titanium
and per anghgern 3 abErRARIR 1AL, 15Re W Zald on sodiddomp H 1> An

aut ocl ave was charged with toluéne (5.0 nL) and 1- hexene (50 m)under

ni trogen atpggﬁﬁgg?@i@gglimle LiSARYALY e es3hakidizedat 40C It was then

charged 10wt hyl ene until 1t was pressuri'zed to 0.60 MPa, and the

pressure hLized.. r et leut §. foAriy \Y/ i num in
Pexane. (200 bt R e o o 2 TR SR

tetraki s(pentatl uorophenyl ) borat, 0.3 I nd the 15 Conplex 4 (0.10
Nm)l)léwer egéﬁﬁgarﬁg%aw% ylﬁ&ﬁ?’(r}e(rdi’ at l(%%%”ﬁ1 (rjl 3% mn As a result of

pol ymeri zation, a_pol ynmer having the l.equl ar wei ght. ( = 527,000, the
mol ecul ar ePGhEYIPEE RS SReW%)l(%?W%EHw% was produced
in an anount of 16.1 x 106 per. 1 nol 20 of titaniumand per an hour.
Copol yrer i #afhéRTéfeRt ﬁiﬁLF‘@ﬁgW Sadvané «CetamR e Yo~ <Pol yneri zati on
condition I1-1> 25 After a flask was charged with toluene (1.0 L) under

102 ni t r og8AamgthydpRénecYsppeatadisny L)/ (He tdid R i X B anrih) were
bl own thereinto respectively and the tenperature was stabilized at 30C
Thereto a dokbipondsf, drimesbindtsyillailu, hndimetiesdarde (0.5 nL, 1.0 M Kanto 5
Chem cal Co., Ltd.), the Conplex 4 (0.5 nol) and di nethylanilinium

t et r aRi s( pdimathydrophenyic)lbereatte (i@ 1nol3), Sweliemcetddeldt2o0 carry out

pol yneri zation for 60 mn. As a result of polynerization, a polyner having
t he ol ecubaenweivght tGMA) = A9R, 1000 dand dilve it lecill velr ( Aved -ghitmeltthy 1-2-
distribution (Mv M) = 1.43 was produced in an anmount of 9.3 x 106 g per 1
mol of titanndAhandrpebcyit |ewnt ddbeal e 3La3rtPUuErH2zat i on was carri ed
out in the same manner as 15 Exanple 102, except that the Conplex 5 was
used. As aphesukt;)eh theliyedizaticanded RAMETRTy INaMVIvIg( 4, e- dit iy Br2 wei ght
(My) = 15,000 and the nol ecul ar weight distribution (Mv M) = 1.46 was

produced i B;aR+ATYRE ek oD thQ8 6 R8T (3L 8 £ -Qluly -anigiR - per  an
hour. 20 Copol yneri zation of Propyl ené/ 1-Butene (Exanple 109)

<Pol rizati.qn.. it -1>Af ter . .chhar £ uene (1.0
L) u?l[ er 2§Hr?|8trdr gggttg%l%gf)ﬁjelrceﬁogﬁgﬁl ednlz[%((%]\.l%%f/ln@ialn ';bnjtlj&llr{kb%}%ne 103

2.0 L/m . | th i ti el and 3 At
Stabi 11 e MBS e e o e B 2 1 pexane (0.5
m, 1.0 M t i | Co,., .Ltd., th l.ex 4 |
di et hyl anP %ﬁ?%%??c&@tai%u& Sé‘rﬁh;ﬂ%) “op ﬁglﬁn%qt)r%’ol?sétlé’ ]% %I ,gf: _%Jlréewle@aaded to
t | i.zat,i f 60 mn. |.t of | i.zation,
ol yirer - haBifiy CPHA SHOBCH I HR AL Sy S SEEII60 SARTHEL Tt ecul ar wei ght

distribution (MvV Vh) = 1.47 was produced in an anpunt  of %&2.0 x. 106 g per
1 mol of tPhERPEM &rdaFeMma s YU L {G8arfping o85S Pal Y iferT 2T o s carri ed
out in the sane manner as Exanple 104, except that the Conplex 5 was_used.
As a2f5 resime thy lasiywenicAsesrta i 30l yned~ TRt TP e it et St L e gint
(My) = 763,000 and the nol ecul ar weight distribution (MM Mh) = 1.45 was
produced i Aeahvamauphesio=q )5 ix ardeiy darh 1o nisle ofdima gy bt Hnb(pe?~ an hour .
20 Copol yneri zati on of Ethyl ene/ Styrene/ Nor bornene (Exanpl e 106)
<PA yrer i zatiimen hgdndi-tdiore theylamim captaled reeve: agkiserohlar eduatihhl t &t uene (100
n),

trimethylsilyl-2-phenoxy)titanium dichloride,

dimethylsilyl (4,5-dimethyl-2-

25 dimethylaminoccyclopentadienyl) (3-tert-butyl-5-methoxy-2-




styrene (200 mmol ) and nor bornene (200 mrol ) under nitrogen 25 at nosphere.
The autocl ave was then charged wth ethyl ene 104 until it was
pressurized to 0.4 MPa, and the tenperature was stabilized at 50C. Thereto
a solution of triisobutylalumnumin hexane (1.0 nmL, 1.0 M Kanto Chem cal
Co., Ltd.), the Conplex 4 (5.0 nol) and,gdinmethylanilinium

t et raki s(pent af | uorophenyl )borate (10.0 nol) were added to carry out

pol ymeri zation for 60 mn. As a result of polynerization, a polyner was
produced in an anount of 5.3 x 106 g per 1 nol of titanium and per an hour.
(Exanpl e 1@%&6&’9'&@%&1&% o1 QA1 Tde0N dn&t AN AUtaCcl AVE- s toharged with
tol uene (150 nL), styrene (300 mmol) and norbornene (300 mrol) under

ni trogen aﬁmﬂégh?gﬁgiﬁg‘%ggli%g%h@é%i%ﬂ)@t@ﬁr—@%ﬂiﬁl&ﬁhﬂ@f@ until it

was pressurize nd the ténperature was "stabilized at 50C.

Thereto a I Li0S |.al. 'ngﬁ%{ (As 55, M5 Kant o

Chem cal CEREHE%g%gfc?héhéo%g%léogl#?% m)elr%h@g‘)r%rlg’ilr#éﬂt’%yl arﬁﬁ]ﬁkﬁf um

tetraki s(pentafl|uorophenyl )borate (.15. ) were .added to carry out

polyneriza??%ﬁELX?aggnﬁFﬁ?&ﬂge & éﬁﬁﬁqaﬁ%§5?§ﬁ§Fﬁ%a??on, a pol yner was

produced in an ampunt of 5.0 .x 106 .9 per .1 nol _of. titanium and per an hour

Fi oh BormpePBElPEYand LG ASCEY S 1Behy et o 38 Chde oo 1105

<Pol ynerization condition L-1> An autocl ave was charged wi.th cycl ohexane

(185 nl) akd! I2RERERELEDESRO) ~Whddr RNERGFen R pHed GNP HHHE 1 enper at ur e

was stabilized at _180C. |t was then charged 5 with ethylene until_it was

pressuri zeditethydeinmd (3adevirelifdssdre Mas SedhinliiFeen fharlet 0 -

triisobutylal um num (0.30 nmol ), dinethylanilinium .

t et r aki s( peathiludrophenyly) bétand una dd oidlorigied hHaetdiplsdd B (D 50

nol )were added to carry out polynerization for 2 mn. As a result of 10

pol yneri zal pgnrodipohyierliadi-mg thiyd imolesciil-arl )Wel, Fhtd igtdh 1 -2+3, 500 and

t he nol ecul ar wei ght distribution (MM M) = 1.8 was produced in an anount

of 2105 x pBZgopel titmmlivaf diichapirdaieand iperthai sidurl. ( 3H5 phtrerdlald iowi Ing

Tabl e 6 shows the catal ytic conponents, polynerization conditions,

catal yti c @t{z-hgrhyeastean 13yl (Gs tefr tExarylles -H0& ricay]) Il tandi dnhose in

Conpar ative Exanple 10 using _

di net hyl si hykht gt aeet _Euh@x;ﬁwganty@dl3emgg)r(r%1tieﬁtn—qmyw %- 20

met hyl - 2- phenoxy) titani um di met hoxi de [ Conpl ex 8]. 106 [ Conpl ex 8] r O

WHE G O fhize hhyNi FgbinO1 Qa3 @3UsNta @ il N -G Mt =W a~n ro H

rtoNCIT~CN'hKrX~CNNNHNNCS~nDan.-r\\3HNrIr13hDOOO 000003nor ~n~~MVG QJNr 1COr

O NN *fl *5¥ILATrEINIT o2 e Eny BN - i<k 20H JRmorrBa

UcoN ,,-|?-Q?F,§?E EE—I,Ld~!lENNEIC-Ll§:~OO~+~ arow 1§|%SW%HM rTIN Wa-rillll_~

wll ~. -0aaags ~aa ~.0= E L&%@yqéx Nrdr 1f Tu7MNG1Q,_mOOUUN~N- NHI ~

Ho, m590. —r 8- %O%E,ﬂl’%gng,%gl r10~~~~rél‘u)b>?1d). JC>‘?v]{3lll' \%lé\;ﬁjy% 110Gl row0 mO

ro s~ HUQQQMNY.QithFaleNotide, dimethylsilyl (3-[pyrrolidin-1-
yl]-2-methylinden-1-yl) (5-methyl-3-phenyl-2-
phenoxy)titanium dichloride, dimethylsilyl (3-[pyrrolidin-1-
yl]-2-methylinden-1-yl) (3-tert-butyldimethylsilyl-5-methyl-

20 2-phenoxy)titanium dichloride, dimethylsilyl(3-[pyrrolidin-

1-yl1]-2-methylinden-1-y1) (5-methyl-3-trimethylsilyl-2-
phenoxy) titanium dichloride, dimethylsilyl{3~-[pyrrolidin-1-
yl]-2-methylinden-1-vy1) {3-tert-butyl-5-methoxy-2-
phenoxy)titanium dichleride, dimethylsilyl (3-[pyrrolidin-1-

25 yv1]-2-methylinden-1-y1) (3-tert-butyl-5-chloro-2-



'o0U" rorouUUl OO0OSa\ OWWiTr > Ox Erl N 108 (Exanple 112)
Synthesis of (2-allyloxy-3-tert-butyl-5-

met hyl phenyl ) (cycl openta[ 1, 2-b: 4, 3-b' ] di t hi ophen-7- yl)diethylsilane 5 To a
solution of cyclopenta[l, 2-b:4,3-b"]dithi ophene (0.50 g, 280 mmol )in
tetrahydrofuran (25 nL) was added dropw,se n-butyllithium(1.56 M 1.88 niL,
2.94 mol) at - 78C and stirred at roomtenperature for 4 hours. The 10

m xture was cooled to -78C and a solution of (2-allyl oxy-

3-tert-buyl - 5-net hyl phenyl ) chl or odi net hyl silane (0.83 g, 2.80 nmml) in
toluene (SpRbhoWRS radded ual GRWRIS LiRRY, el melHs, ISl it 0319{&536%1%&“ xture
was warnmed to roomtenperature and stirred for 2 hours. After the sol vent
was 15 di Sgulf]L@dm@ftkyq&ﬁ%nr-qd%%ct3erﬁ%%@liﬂﬂ%%stﬁ9§i%ﬁnd the

m xture was filtered”to renove’insol ubl e substances. The filtrate was

T o A B RSN Ut

oo RS PSR BB P g e

2.23(s, 3H), 4.33-4.3 2H), 4.49(s, 1H), 4.99-5.09(m 1H), 5.93-5.55(m
1H), 5 67%.‘%%@‘Tﬁﬁgg’?@ggﬁenﬁxﬁ’%&%%}%%1,0%71. 7] = 5.0 Hz, 2H),
7.20(s, 5 1H), 7.34(s, .1H). (Example |113) Synthesis of

di et hyl si | §LPet5Ydsidthyrcietdpeniaterytyys )33, >-dimethyl-2-
b']dithiophen-?-yl)(3-tert-bqt¥j-51nethyL-2- 10 phenoxy)titani um di chl oride
[ Conpl ex 9PLEEBHE) &% tepiam ddehloddideri Simerthy ity (4 matR ey Hdihe (3. 78
m., 5.9 nmmol) was added dropwi se to a solution of (2-allyloxy-

3-tert-but yrv53) BthgkphmEy) ey ohepentyd[tl tang:un 3lictgoride,

b' ] dithiophen-7-yl)diethylsilane (1.23 g, 2.6 nmmol) and triethylam ne (1.20
g, 11.9nol dimathgleedsl((25m@ thiokyanden7dC vand Sthianted utgrl -1%9-me thut les2-and
then at roomtenperature for 2 hours. A solution of titaniumtetrachloride
(0. 7509, 4pBenmmml) timanhdlmene chd ot inde), wese2th ydddad ldipva tSeoxatind®8C to t he
reaction m xture and the 110 m xture was stirred at roomtenperature for
5 hours. Theyneagt borirxirttreuas -Coptenionatad tand un |dietted risieng hexane to
renove insol ubl e substances. After the solvent was distilled off under
reduced prgsgdEgylthe ynesidue nwas ihdsashed 1w (hRamanes fh«abiain-
diethylsiIyI(cycFopenta[l,Z-

b: 4, 3-b"] di;i B ORGSR {anlibd i @hl oM, - JrifRidini A1 Rhenetdd 4 At den -
dichIorideb(?3§.2$ﬁg?a9.E0) as a reddish bro&%lsolﬁgi 1H NWVR 8§éuterated
benzene, 8¢ppm )5_ - (s , 16 - Ak, =

2.21(s, 3%&,9?@(%?% éu%%%@ﬁ?,@%%l%qé&gll%%ﬂeﬁ%ﬁa5 Hze,n]oz &7&%5%%1“ 1H),

72505 1y NS5 SReckiel By JTHO): (542 Ml 01, A%y @75 adusty o

Appl i cabi |1 i"gh nol ecl efi'n can “be pr w th high
catal ytic activi by . using a transition.netal. |.ex obtai ned accordi ng
Lo the prcbeRPorRYARLASE AcPhoeaoay e ot aHSnE. Ot 1 kel CLAING L. A
transition _neta onpl represent.ed by the fallow nq for a (1):: R REIn
(152" wher 61 S T Hamar Eiegh Il A e e e B
is a Goup_14 elenent; nis an . integer of Q or 1; Rl, R2, R3 and Rdare the
same or di £fBREREXAAEIEA8H 10 dirhdseridient 19 Mot es W is\dbst i t uent sel ect ed
fromthe groug consisting of the follow ng groups (g? and (I1): group (1)
consi st i ngM8ERRAEBgen TsuBtiidrdesd S tidsubsth kaircsd TRl Kyt L angim
substituted or unsubstituted C6-20 aryl, substituted or unsubstituted C7-20
aral R§l , addchilpylidsubstimedhed siilon (Sustihoreddan umsilost3 a1l 20

hydrocartion, and group (l1) consisting of 20 substituted or unsubstituted
Cl- 20 al koXybhenoxyl2 isabdtint giedt lor igesubsimatited 36123 -ar y| oxy,

[dihydroiscindelin-2-yl]-inden-1-y1l) (2-phenoxy) titanium
dichloride, dimethylsilyl (3-[dihydroisoindolin-2-yl]-inden-
1-v1) (3-methyl-2-phenoxy)titanium dichloride,

25 dimethylsilyl (3-[dihydroisoindeolin-2-yl]-inden-1-y1) (3, 5-



substituted or unsubstituted C7-20 aral kl oxy, silyloxy substituted with
substituted or unsubstituted Cl-20 hydrocarbon, 5 am no substituted with
substituted or unsubstituted Cl-20 hydrocarbon, phosphino substituted with
substituted or unsubstituted Cl-20 hydrocarbon, and thio substituted with
substituted or unsubtituted Cl- 10 20 hygdrocarbon, provided that at |east
one of R, R2, R3 and R4 is a substituent selected fromthe group (11); R5,
R6, R7,R8, RO and Rl are the sane or different and each i ndependently
denot es hydrogen, hal ogen, 15 substituted or unsubstituted Cl-20 al kyl,
substitut egi%tﬂg}iubs%ahb%%qx)@h%%i%ﬂnk@s)bhlwsié L W iegk 1y sisupst 34 ut ed
C6- 20 aral kyl, substituted or unsubstituted C6-20 aral kyl, substituted or
unsubst i t Ut[a@hgéar%qs%&%mli%z-_y%ﬁ S¥Rel-hutad o dnsubstd futed C7-20

ar al kyl oxy, si substituted wi'th substituted or unsubstituted Cl-20

hydrocarbthegéxggkggaaig%tBE%%ﬁ%EM&g1sa#&§é§ﬁ§%§# r(}uwubstituted C1- 20

hydr ocar bo are same or 'di eacg i ndependently

113 denot es .hydr.ogen, .hal ogen,, syhst.i t ut ed or, .unsubst.i tut.ed Gl- vyl
subst it ut ezdéﬁyﬁﬁgﬁﬁgﬁ@ﬁ’ﬁg&_ i _élnkd(;e?f, 'gulﬂs({?l;{uefretd bol%tyglngsubré%%h ed
C6-20_aryl, 5 substituyted . or unsuhstituted C6-20 aryl ox substituted or
unsubst i t uCeBNEPOBY ) ArEPIHUM SH6: 'Qth§j<ﬂlﬂﬁﬁﬁﬁﬁﬁ%%£ﬁé%‘c7-2o ar al kyl oxy,
or am no substituted with _substituted or unsubstituted Cl-2 rocar bon;
or 10 two A8jh¥dreisepsrrldentsydil RIdRy 11 amty R4 it i3 i Zcent
substituents of R5, R6, R7, R8, R9 and RLO may be each optionally bonded to
form a ri nghepoxyhéitpaasi déshderdideeoimet vdeoridingto claim1, 15
wherein one or two of Rl, R2, R3 and RO are substituted or unsubstituted
Cl- 20 al koxgllihydubdsictioded 1or 2uyddbsmidendd Y36- (Fomrii ks ~Eifist i t4n ed or
unsubstituted C7-20 aral kyl oxy, silyloxy substituted with substituted or
unsubst i t upbdnCky20 1268 nhydr ddahBom,idey o msdtistlistiutyald(3m t h substituted or
unsubstituted Cl-20 hydrocarbon, phosphino substituted with substituted or
unsubsti t ut adhGii+2Q s30 nhiydr oca-ydn - iorde25 1t-hilg @iistrnt-ut ed with substituted
or unsubstituted C1-20 114 hydrocarbon. 3. The transition netal conplex
accordi ng bateghdimethgn sd.1 yWheraict hgne 26ipHand 0f) tRlarRim RE @b RA ) e
amno 5 substituted wth substituted or unsubstituted Cl-20 hydrocarbon or
thi o subst it gted Wit h ygubstiigh tted cals darsast] tutad -Ghdhydroces-bon. 4.
The transition netal conplex according to claim1l or 2, 10 wherein one or
two of RI, Bey 38-@%11%%1:%@5%%'1%2& Hdihad oM rihns WstH M ek or

3
unsubsti tuted 81-20 hydrocarbon.” 5. The transition netal conpl ex according

to claim 1oohetnydas ?Lr(%i—r[d@%xg%és%%hr@%qi@—ﬁrﬁ]b%mlp—fﬂe(?'mOt her to

format |east on phene ri e transition netal conplex according
() “Tier of Kot ALt NSRRGSR IR i g are as |
el coted { oL YR 0¥ g (P2 VKA RE3 REF TRE Bord MGy rep: Eeont ed by
R4 - 1, 2EYSECPRE SHROT EHOVE AT RGN R HeRUSHAY. O 1-bon a om and V2
's 10 a Suh&%;t%;%galga(%X[%E%QB?ngéiéég?inJgng?kgnden—l—yl)(3,5-
diamyl-Z2-phenoxy)titanium dichloride, dimethylsilyl(3-

20 diphenylphosphinoinden-1-y1) {(2-phenoxy)titanium dichloride,
dimethylsilyl (3-diphenylphesphinoinden-1-yl) (3-methyl-2-
phenoxy)titanium dichloride, dimethylsilyl (3-
diphenylphosphinoinden-1-yl) (3, 5-dimethyl-2-
phenoxy) titanium dichloride, dimethylsilyl {3-

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



-Y1- 2= ~3- c~h~ wherein Y1 is a sulfur atomand Y2 and Y3 are

i ndependently a carbon atom 15 7. The transition netal conplex according
to claim1, 116 which is represented by the fornula (8): pl4 Ri 16 /n
wherein M A B, R5, R6, R7, R8, R9, R10, R13, X1, X2, Y1, Y2, Y3, R13,
R14, the dotted line and n are as defin?g for the 5 formulas (1) and (7);
R15 and R16 i ndependently denote a substituent selected fromthe group (I);
and the bond noiety represented by Rls Rls -Y4:!-Ys= ~=¥s 10 is a partial
structure represented by the fornula (8a): Rls Rls ~s-Ys- (8a) wherein Y4

and Y5 arephBABRONdeRLLY 1 GARAB ALY ditdthyd silyurs-atom and R17 denot es
a substituent selected fromthe group (1), or by the formula (8b): Rls Rls

15 -~-~s~ rei 4 it t-Ahamanloand X6 are
independen???kgngé%&éﬁpﬁ?@ﬁ?hgéxTﬁeﬁggéﬁgﬁ%#%n netgl cé%plex according to
any one of cl al .1 tQ 7, rei I Sys n.atem 9. The transition
net al conppg§n8§ g%é%ﬁang'gﬁg%&%éqo ’cﬁ%ﬁ%ﬁapﬁg? , erein Bis a silicon
atom 10 1Q. The transiti.on.nmetal .conmpl ccordi t ny, one of clainms 1
f0°0. wher BRIy PEOSRbLPRLAREE dr drsuset r et RS0 Ty - subst | tut ed
or unsubstituted C7-20 aral kyl, substituted or unsuhstituted C6-20 aryl, or
sinI5subsPPFHPéﬁ)ﬁFFﬁn§HB%@9F3986%§eﬂnﬂﬁﬂiﬁﬁ%%ﬁiiiiﬁi?o 15 hydr ocar bon
11. The transition nmetal conplex according to any one of clains 1 to 10,
wher ei n n PaPpenydppospifacipgssiti-ot ) nerdie ol Pt ding to any one of
claims 1 to 11, wherein Mis titanium 13. The transition netal conplex
accor di ng pPbeanyyoheétenigmaiddshlord dez, diFetdivilstliwl @thl orine atom 25
118 14. A process of producing a transition netal conplex according to
claim 1, whiphecyhphisedinedodeny lsuddt(3titeed dydiwpEmeddi el kebresent ed
by the formula (2): RBRa/ R RS RS \Bl R R ~P ~R~~ Rsi~~R~0 s 5 wherein
A is a Gonpth§lelepbrnpxB)its tanGuouplibhlelsment [diRktRA siRylaht- R are the
sanme or different and each independently denotes a substituent sel ected
fronmithe gaophetolshstiphdnofintee -flelylowisrgagitolps3(dyimschy(Id)Iyigrdup (1)
consi sting of 10 hydrogen, substituted or unsubstituted Cl-20 al kyl,
substitut edhehoRsubshint ued 166120 iatey| digdrstyiltditied @- unsubstituted C7-20
aral kyl, and silyl substituted with substituted or unsubstituted 15 Cl-20
hydr ocar bopy oa8d,ALAUR kb 16eBSI-SL i (G- tsubstiiuyes Gre trsupstd t ut ed

C1- 20 alkox;F, sgbgtitgted 3r unsubg?ituted CB-Z&ngyloxy, substituted or
unsubsti t uLad G420 1 RERLKW @X¥h1ori bl $indixy Siulstifuted with
substituteg OP ugiuésfﬁﬁute Cl-fglhydroéarbon, ansﬁoesubstituted W th
substituted: [ -29 _hydrog: %QQQJ he Q- Slhstituted

W th subst?%&%g 92??3% bgé?ﬁpg%gdqcfﬁgé%ﬁ$'rocé?ﬁeﬁ]qiﬁ%{?ﬁio substituted

w th substituted. or .unsubstituted Cl-20 2 qQcar pbon,_provided that at
Ieasggone B%eﬂfgygi}%ﬁglum dég%ﬁgré%e, &%%é@ﬁg1§¥ﬁ§i(§

and
diphenylphosphinoinden-1-yl} (3, 5-diamyl-2-phenoxy) titanium
dichloride, dimethylsilyl(2,4,5-trimethyl-cyclopentalZ, 3-
b]thiophen-6-yl) (2-phenoxy) titanium dichleride,
dimethylsilyl{2,4,5-trimethyl-cyclopental[2,3-b]thiophen-6-
20 yl) (3-methyl-2-phenoxy) titanium dichloride,

dimethylsilyl(2,4,5-trimethyl-cyclopenta{2,3-b]thiophen-6-
y1) (3,5-dimethyl-2-phenoxy)titanium dichloride,
dimethylsilyl(2,4,5-trimethyl-cyclopental2,3~b]thiophen-6-
yl) (3-tert-butyl-2-phenoxy) titanium dichleride,

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




10 substituent group selected fromthe group (11); R5, R6, R7, R8, R9 and
R10 are the sane or different and each independently denotes hydrogen,

hal ogen, substituted or unsubstituted Cl-20 al kyl, substituted or
unsubstituted Cl-20 al koxy, 15 substituted or unsubstituted C6-20 aryl,
substituted or unsubstituted C6-20 aryl gyy, substituted or unsubstituted
C7-20 aral kyl, substituted or unsubstituted C7-20 aral kyl oxy, silyl
substituted with substituted or unsubstituted Cl-20 20 hydrocarbon, or

am no substituted with substituted or unsubstituted Cl-20 hydrocarbon; or
two ad ace?tl)ﬁl?)b%telrttu%% lefB—%th - 2R3 HuHb:RY, + ianth 1m0 @diecen de,
substituents of R5, R6, R7, Re, and R10 may be 25 each optionally bonded
to forma BiRGtny 1 ka9 h, 41, % -2 SURSH WS 100, diSHBS H Ly @k dpyds,ocqr bon

group or a tri-sabstituted silyl group; and the positions of the double

bonds on t e, Gyclopent.adiene )G e 0k anala Y. b g it ure of

optional pdésitioéns; a ba reacting wth a transition netal

conmpound represented.b he formula.(3): X3~ =Xz~ n 4~ ~ Wherein M
is a Goupggmfaig‘ﬁgrstlilé’ﬁ (%ét%alf’;_tﬁlims?tg‘ﬁ) A eorpeorftao[z’é'rg(%]l\g}%&do F%)g&\i\@ X2, X3
and X9 are the_sane or different .and each .i ndependently denotes hydrogen,
hal ogen, s¥btPrirEERYdr SaRbFES i APOFCIN ¢ aﬁhﬁu,m SC{J]D%? F or
unsubstituted Cl-20 al koxy, substituted or unsubstitute -20 aryl, 15
subst i t ut ediBethindgbduiltgr dd Sod2medip oGy C ARG &%re%rq&r%%&}b%f{ﬁm ed
C7-20 aral k{l , Substituted or unsubstituted C7-20 aral kyl oxy,, or am no
subst i t ut ed 1wi(Bh teabsbutitled mert hydsugstli Tt hor 20 iyt oear bR vet 15,
Substituted cycl opentadi ene represented by the forrmula (2) described in
clai m 14. déchAopridees sliok thrddddiviag 2s b st truimeat heydet el ehk2, 3- 121
represented by the formula (2) described in claim14, which conprises
reacti ng sbhbshivphed-éygllogéntradiberie I-eprigsanteds by tthe fornula (5): R3 Rz
R4 ~ ~ R- ~ 5 wherein Rl, R2, R3 and R4 are the sane or different and each
i ndepéndenphyndenotes aaismbstiichlenti degl etitreck Hyrlon tshie( yrHufp- toitee Sy g of
the follow ng groups (1) and (I1): group (l) consisting of hydrogen, 10
substi t ut edyen ogesthgbi, BHgd HEbp2eraldayll,) SHrstdt-kied, 0F5 st st ¥+ 21 ed
C6-20 aryl, substituted or unsubstituted C7-20 aral kyl, and silyl

substit ut edhwhbh S ¥hshink whed ioh 1WIsulst idiwteach Gl 20, hydr Dca thoime Eigl 15
group (I1) consisting of substituted or unsubstituted Cl-20 al koxyl,

substi tut e@y%rlo&é‘%%%%s{tzi,tﬁ%@@h@@'p%%rﬁ—r@ﬂﬁ?()y13—56&564:}5%3?11—S)ICWIkSt@SEJ} tuted
C7-20 aral kyl oxy, silyloxy substituted with substituted or unsubstituted 20

Cl- 20 hydr ' t it W t, 1duted, org Unsubstd £k ed
C1- 20 hydrg)gl%&%% ,) tg%@g@ﬁ@&%&ﬁgﬂfﬁs% ute V\ﬁhﬁ;(ubsti tuted orw 122

unsuq%ti tmcg%lg%'e%%@%qr 0¢; rtl?"g%’ﬁh%%qéﬁ@’&gd&u%ﬁd%#ﬁ@_ﬂ th substituted or

unsubsti t ut hydr ocar pr ovi t'hat” at 1east one of Rl, R2, R3
and R4 is a 5 substi.tuent grqup .sel.ected,.fr t-he. gr 11); or two
adj acent sBE‘?ﬂOfWZrihlga&l ,dolﬁg“,loﬁ@d;erfddﬁ e?rE;HyY]bsellgbfr%’n%I |y bonded to form

a ring; and.the positions of the double bands .on the cycl t adi ene ring
are opti ongllm(‘?rthﬁgr)?yﬁéoé’eﬁ%[dﬂg—g?' 4cbypet'i ?ﬂéfltﬂb]scmk?%hg?/ 3iJ((‘;)IO\E/a\?th a base and
then reacting with a conpound represented by the for rruéag(G): 5 RR ~B~Xs
~R~i ~0 Wh&P&ENR>A)itd ta g guF 1Ed & et S u B bihl4P el enent: XS is a
hal ogen at om N
dimethylcyclopenta[l,2-b:4,3-b’ ]dithiophen-7-yl) (3-methyl-

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

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



15 R5, R6, R, Re, RO and Rl are the sane or different and each
i ndependent |y denot es hydrogen, hal ogen, substituted or unsubstituted Cl-20
al kyl, substituted or unsubstituted Cl-20 al koxy, substituted or
unsubstituted C6-20 aryl, 20 substituted or unsubstituted C6-20 aryl oxy,
substituted or unsubstituted C7-20 aralkyl, 123 substituted or
unsubstituted C7-20 aral kyl oxy, silyl substituted with substituted or
unsubstituted Cl1-20 hydrocarbon, or am no substituted with substituted or
unsubstituted Cl1-20 5 hydrocarbon; or two adjacent substituents of R5, R6,
R7, R8, RIpand1REQnERY e 20phi-onral) )t ihendesh (B dordRiaid,i ng; and R1l is a
substituted of unsubstituted hydrocarbon group or a tri-substituted silyl
group. 10 I Ut | i e , the fornmula (4):
(ay “ainer ei BT R e Sy dragén T e epar Cat o o cubet Tt ed CL-20 15 ai kyl
or @ subst L yhiedyob HagURS LY Yed (8-2Q A1yl Jh8p ArRAIAL YL d ars hef i

al” conmp

pol ymeri zat'i on~conprising d transition met X according to any one
of claims 1.t0.13.i.n conbi nati.aon- w,th the .follow ng co nd, (A.205_
wherein (A nglgﬁﬁdSﬁegépeg Y&S%ﬂkﬂdgéEbﬁﬁﬂﬁ§ﬂﬁ%%ﬁﬁ%ﬁ§%ﬁ%%qﬁs (ﬁ1%%&ng

conpounds (Al)..to.(A3): (CAl): an_organoal un nu onpound_ represented by the
129 f rnulg épékﬁﬁgPﬁ€§T§Y?a€A%fmgghﬂ'_ 7ﬂqﬁﬂiif {g}qﬂﬁﬁy 1P uct ure
represented by the fornula (-AL(E2)-0O}b, .(A3): linear alum_noxane, havi ng
o Struct i EhE0rERPes BREEHTEY STe G EH AR R YN (275 daer o n
El to E3 are_the sane or different and each independent|ly denotes a C1-8
hydr ocar boR' §Aétipiopheg -ty 1d dfe ter taitrtereimediy ledcdy Jaerdted hydrogen or
hal ogen, a is an integer of 1, 2 or 3, b is an integer of 2 or nore, 10 and
c is an inpBgepxgh titenimpr dichdorAdeat gliyrstthivdrsidivelf (Zy ol yneri zati on
conprising a transition netal conplex according to any one of clains 1 to
13 i n conbidnatiibmlwythople thdlll, éwind ,Sotpddutidd ilopheand -85l )( B)-natier et n (A
is any one of or a mxture of two or three of the follow ng conpounds (Al)
to (AB): (Airriarthy@addglluzi-pluenectypauincrriepr esendtled et he fornul a El aAl
(2) (3-a}, (A2): cyclic alum noxane having the structure 20 represented by
the fornul difreAh{E2) 101}, 5CA3 e thiyiedic lalpantaoXgee-tay,idrg t he structure
represented by the fornula E3(-A1(E3)-0-}cAl1(E3)2, wherein E1 to E3 are the
sanme or di bt enenhiapdepagh yindeperdentiy Wdemethrs mb:Gl-8- hydrocar bon group,
Zis the 25 sane or different and each denotes hydrogen or halogen, a 4
125 is an bLabeegy) e thnidm0gidni1k risiedn diM298/10f1 4 @f, gwre, and ¢ is an
integer of 1 or nore, and (B) is any one of or a m'xture of two or three of
the fol | owye t0 (B34 /BL):: (o] esent ed
by the forﬁg Sggggggggép%g%%ﬂlézb?féﬁ32§£§g%ﬁﬁﬁH pfggénte y fﬁipiornula
Z' (BQLQ2XB 1 _€B3): bar I e y..fhe formula 10
(L- ~(BC&éﬁéﬁ&n%-E%%ﬁgPe?n%BeﬁggggEgggﬁﬁg%bﬁﬁR%ﬁgnﬁf#%alent val ence state,
QL to &4 are_th an r.di.f f.eren nd each i.s al, 0 atom a Cl1-20
hydrocarboﬁl§?555?8n3§2130553&8&5&5?&5%%2%%%&%@%2?5%%58% a substituted
silyl group,havi 1 to 20 r ho 5 at Cl-zq .al koxy group or a
disubstitugezgéﬁggBPB?BGé_Hggﬂﬁg%ZhﬁﬁmﬁygziﬁhﬁQﬂﬁg3ﬁﬁﬁ?q%F Bronsted aci d.
20. A process_ of producing an _olefin polynmer which conprises pol rizing
olefin i n PRENIPESERee SBMUERY 126 1ok o Yt T TOIRIAHY (DGR oy 2
according to claim18 or 19. 21. The process of producing an ol efin polyner
accor di ng POPYFarAT20Y laHerehsnpeivy rdriafdtiotisih iQ%efdsy is carried 25 out
at the polynerization tenperature range of -50C to 126 250C and under a
pol yRer i zatiisatprésddred (Bromtiyd Aorhen pBrassurapard-alll M ] B0 NN/ N / N
/ N4 /N N=/ N NO/ NO
/ NO/ NFM' NF#Me @ ANRe L NG/LNEFNbveNokNa 071 N/aRc/UNF/ANRINR INaSR/ NF4/ NN NN N NF/ N/ N
F/ NF/ Nc/ NF/ NF/ NFM NF/ Nc
/ Nc/ NF/ Nc/ NE kst h ME bt N/ NIE/~ehM1NEG/pRe/ A G/dY dNic/pday i NG/ INa? INiey o NS INFANF N4/ N
/Nc/ NP/ NWN /Nc /NO/Nc /NNc /NO /N Nc/ NN NN N=/ N&/ Nt t/ Ng e/ N

v1l) (3,5-dimethyl-2-phenoxy) titanium dichloride,

dimethylsilyl (5-methyl-1-phenyl-cyclopental3,2-blpyrrol-4-

25 y1l} (3-tert-butyl-2-phenoxy)titanium dichloride,




e/ N | / N0/ N/ Nc/ NcO/ Now/ N N/ N/ NF/ N/ N/ Ne/ Ne] / Nj d: / NDF Ne/ NV Nej |/ Ne/ NF/ NF

/' Ncd/ NN'N=/N/NNNNN/N/N/NB$:45 C
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Ci-20 aryloxy and di-substituted amino having 2 tc 20 carbon

atoms denoted by X° or ¥X° include those exemplified as X'

and X? in the transition metal complex represented by the
15 formula (1).

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

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

25 compound (2) .
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preferably 1 to 3 moles per 1 mole of the base.
The reaction is generally carried out in an inert

solvent. Such a sclvent includes aprotic solvents, for
20 example, aromatic hydrocarbon sclvents such as benzene or

toluene, aliphatic hydrocarbon solvents such as hexane or

heptane, ether solvents such as diethyl ether,

tetrahydrofuran or 1,4-dioxane, amide solvents such as

hexamethylphosphoric amide or dimethylformamide, polar

25 solvents such as acetonitrile, propionitrile, acetone,
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25 shielded from light in terms of the yield of the transition
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wherein X° is halogen, and A&, B, R, R6, R7, R, R9,Rlo and
R are as defined above.
This step is generally carried out by adding the

compound (5) and a base to a solvent and then adding the
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15 range of 0.5 to 5 moles per 1 mole of the compound (2).

The reaction mixture containing the compound (Z2) thus
obtained may be used as it i1s in a solution form in the
next step or after adding water or an aquecus acidic
solution to the mixture, separating the organic layer,

20 drying it and then removing the solvent by distillation.
Preferably, after the reaction mixture thus obtained is
distilled under reduced pressure to remove the solvent, a
hydrocarbon solvent 1s added to the residue, insoluble
substances are filtered off and the resulting filtrate is

25 concentrated under reduced pressure to obtain a residue,
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210%@%0&f(él%ﬂqme%%y151lane, (2—allyloxy-5-methyl-3-phenylphenyl) (3-
[dihydroisoindolin-2-yl]-1H-inden-1-yl)dimethylsilane, (2-
allyloxy-5-methyl-3-trimethylsilylphenyl) (3-
[dihydroisoindolin-2-yl]-1H-inden-1-yl)dimethylsilane, (2-
allyloxy-3-tert-butyldimethylsilyl-5-methylphenyl) (3-

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

15 chlorophenyl) (3-[dihydreoisoindolin-2-yl]-1H-inden-1-
yl)dimethylsilane, (l-allyloxynaphthalen-2-yl) (3-
[dihydroiscindolin-2-yl]-1H-inden-1-yl)dimethylsilane, (2-
allyloxyphenyl) {(3-diphenylphosphino-1H-inden-1-
yl)dimethylsilane, (2-allyloxy-3-methylphenyl) (3-

20 diphenylphesphino-1H-inden-1-yl)dimethylsilane, (2-
allyloxy-3, 5-dimethylphenyl) (3-diphenylphosphino-1H-inden-
l1-yl)dimethylsilane, {2-allyloxy-3-tert-butylphenyl) (3-
diphenylphosphino-1H-inden-1-yl)dimethylsilane, (2-
allyloxy-3-tert-butyl-5-methylphenyl) (3-diphenylphosphino-

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

allyloxy-3-tert-butyldimethylsilyl-5-methylphenyl) (3-
diphenylphosphino-lH~inden-1-yl)dimethylsilane, (2-
allyloxy-3,5-diamylphenyl) (3-diphenylphosphinec-1H-inden-1-
yvl)dimethylsilane, (2-allyloxy-3-tert-butyl-5-

10 methoxyphenyl) (3-diphenylphosphino-1H-inden-1-
ylidimethylsilane, {(6-allyloxy-5-tert-butyl-3-
chlorophenyl) {3-diphenylphosphino-1H-inden-1-
ylydimethylsilane, (l-allyloxynaphthalen-2-y1l) (3-
diphenylphosphino-1H-inden-1-yl)dimethylsilane, (2-

15 allyloxyphenyl) (2,4, 5-trimethyl-6-hydrocyclopental[2, 3-
blthicphen-6-yl)dimethylsilane, (2-allyloxy-3-
methylphenyl) (2,4, 5-trimethyl-6-hydrocyclopental2, 3-
b]lthiophen-6-yl)dimethylsilane, (Z-allyloxy-3,5-
dimethylphenyl) (2,4, 5-trimethyl-6-hydrocyclopental2, 3-

20 b]thiophen-6-yl)dimethylsilane, (2-allyloxy-3-tert-
butylphenyl) (2,4, 5-trimethyl-6-hydrocyclopentalZ, 3=
b]thiophen-6-yl)dimethylsilane, (2-allyloxy-3-tert-butyl-5-
methylphenyl) (2,4,5-trimethyl-6-hydrocycleopental2, 3-
blthiophen-6-yl)dimethylsilane, (2-allyloxy-3,5-di-tert-

25 butylphenyl) {2,4,5-trimethyl-6-hydrocyclopental2, 3-
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5 hydrocyclopental[2,3-blthiophen-6-yl)dimethylsilane, {2-
allyloxy-3-tert-butyldimethylsilyl-5-methylphenyl) (2,4, 5-
trimethyl-6-hydrocyclopenta[2, 3-b]thiophen-6-
yl)dimethylsilane, (2-allyloxy-3,5-diamylphenyl) (2,4,5-
trimethyl-6-hydrocyclopental([2, 3-b]thiophen-6-

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

15 yl) (2,4,5-trimethyl-6-hydrocyclopental[2, 3-b]thicphen-6-
yl)dimethylsilane, {2-allyloxyphenyl) (2,5-dimethyl-6-
hydrocyclopenta[2, 3-b]thiophen-6-yl)dimethylsilane, (2-
allyloxy-3-methylphenyl) (2, 5-dimethyl-6-
hydrocyclopenta(2, 3-b]thiophen-6-yl)dimethylsilane, (2-

20 allyloxy-3,5-dimethylphenyl) (2, 5-dimethyl-6-
hydrocyclopental2, 3-b]lthiophen-6-yl)dimethylsilane, (2-
allyloxy~3-tert-butylphenyl) (2, 5-dimethyl-6-
hydrocyclopental[2,3-b]thiophen-6-yl)dimethylsilane, (2-
allyloxy-3-tert-butyl-5-methylphenyl) (2, 5-dimethyl-6-

25 hydrocyclopenta[2, 3-b]thiophen-6-yl)dimethylsilane, (2-
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5 allyloxy-5-methyl-3-trimethylsilylphenyl) (2, 5-dimethyl-6-
hydrocyclopenta[2,3-b]thiophen-6~-yl)dimethylsilane, (2-
allyloxy-3-tert-butyldimethylsilyl-5-methylphenyl) (2, 5-
dimethyl-6-hydrocyclopentaf2, 3-b]thiophen-6-
yl)dimethylsilane, (2-allyloxy-3,5-diamylphenyl) (2,5~

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

15 b]thiophen-6-yl)dimethylsilane, {(l1-allyloxynaphthalen-2-
yl) (2, 5-dimethyl-6-hydrocyclopental[2, 3-b]thiophen-6-
ylidimethylsilane, (2-allyloxyphenyl) (2,5-
dimethylcyclopental[l,2-b:4,3-b’ ]dithiophen~7-
ylydimethylsilane, (Z2-allyloxy-3-methylphenyl) (2,5-

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

25 yl)dimethylsilane, (Z2-allyloxy-3-tert-butyl-5-
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5 phenylphenyl)(2,5—d1methylcyclopenta[1,2—b:4,3—

b’ ]dithicophen-7-yl)dimethylsilane, (2-allyloxy->-methyl-3-
trimethylsilylphenyl) (2, 5-dimethylcyclopentall,2-b:4,3-
b’ ]dithiophen-7-yl}dimethylsilane, {(2-allyloxy-3-tert-
butyldimethylsilyl-5-methylphenyl) (2,5~

10 dimethylcyclopentall,2-b:4,3-b"]dithiophen-7-
yl)dimethylsilane, {(2-allyloxy-3,5-diamylphenyl) (2, 5-
dimethylcyclopenta[l,2-b:4,3-b" ]dithiophen-7-
yl)dimethylsilane, {2Z-allyloxy-3-tert-butyl-5-
methoxyphenyl) (2, 5-dimethylcyclopentall,2-b:4,3-

15 b’ ]dithiophen-7-yl)dimethylsilane, (6-allyloxy-5-tert-
butyl-3-chlorophenyl) (2, 5-dimethylcycleopentall, 2-b:4,3-
b’ ]dithiophen-7-yl)dimethylsilane, (l-allyloxynaphthalen-2-
yv1l) (2, 5-dimethylcyclopentall,Z2-b:4,3-b’ ]dithiophen-7-
yl)dimethylsilane, (2-allyloxyphenyl) (5-methyl-1-phenyl-4-

20 hydrocyclopental[3,2-b]pyrrol-4-yl)dimethylsilane, (2-
allyloxy-3-methylphenyl) (5~methyl-1-phenyl-4-
hydrocyclopental[3,2-blpyrrol-4-yl)dimethylsilane, (Z-
allyloxy~-3,5-dimethylphenyl) (5-methyl-1-phenyl-4-
hydrocyclopental[3,2-blpyrrol-4-yl)dimethylsilane, {(2-

25 allyloxy-3-tert-butylphenyl) (5-methyl-1-phenyl-4-
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hydrocyclopenta{3,2-blpyrrol-4-yl)dimethylsilane, (2-
allyloxy-5-methyl-3-phenylphenyl) (5-methyl-1-phenyl-4-
hydrocyclopental3,2-b]lpyrrol-4-yl)dimethylsilane, (2-
allyloxy-5-methyl-3-trimethylsilylphenyl) {5-methyl-1-
phenyl-4-hydrocyclopenta(3,2-b]pyrrol-4-yl)dimethylsilane,
(2-allyloxy-3-tert-butyldimethylsilyl-5-methylphenyl) (5-
methyl-1-phenyl-4-hydrocycleopental3,2-blpyrrol-4-
yl)dimethylsilane, {2-allyloxy-3,5-diamylphenyl) (5-methyl-
l-phenyl-4-hydrocyclopenta[3,2-blpyrrol-4-yl)dimethylsilane,
(2-allyloxy-3-tert-butyl-5-methoxyphenyl) (5-methyl-1-
phenyl-4-hydrocyclopenta[3, 2-b]lpyrrol-4-yl)dimethylsilane,
(6-allyloxy-5-tert-butyl-3-chlorophenyl) (5-methyl-1-phenyl-
4-hydrocyclopenta[3,2-blpyrrol-4-yl)dimethylsilane, and (1-
allyloxynaphthalen-2-yl) (5-methyl-1-phenyl-4-
hydrocyclopental3,2-b]lpyrrol-4-yl)dimethylsilane; compounds
obtained by replacing allyloxy of the above mentioned
compecunds with methoxy, benzyloxy, ethoxy,
trimethylsilyloxy, tert-butyldimethylsilyloxy or
methoxymethoxy; compounds obtained by replacing
dimethysilane of the above mentioned compounds with

diethylsilane, diphenylsilane or dimethoxysilane; compounds

21090t 0& () - 1dH, t T8 21090t 0& ()- 1
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Group 14 element in the periodic table other than silicon.

The transiticn metal compound represented by the
formula (3) includes, for example, titanium halides such as
titanium tetrachloride, titanium trichloride, titanium
10 tetrabromide, or titanium tetraiodide, amideotitnaium such

as tetrakis (dimethylamino) titanium,

dichlorecbis (dimethylamino) titanium,

trichlorc{dimethylamino)titanium or

tetrakis{diethylamino)titanium, and alkoxytitanium such as
15 tetraisopropoxytitanium, tetra-n-butoxytitanium,

dichlorodiisopropoxytitnaium and

trichloroisopropexytitanium and compucnds cbtained by

replacing titanium of the above menticned compounds with

zirconium or hafnium, and the preferable example is
20 titanium tetrachloride. The used amcount of the transition

metal compound represented by the formula (3) is generally

in a range of 0.5 to 3 moles, preferably 0.7 to 1.5 moles

per 1 mole of substituted cyclopentadiene represented by

the formula (2).

25 The substituted cyclopentadiene represented by the
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5 similar to a well-known synthesis method of pyrrole
analogous compounds (J. Am. Chem. Soc., 2001, vol. 123, p.
4763), 2,5-dimethyl-5,6é-dihydrocyclopentall,2-blthiophen-4-
one can be produced from 5-methyl-2-thiophenecarboxamide.

For the substituted cyclopentadiene represented by the

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

15 substituted with silicoen.

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

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

be used in polymerization reaction.

25
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5 organoaluminum compound is preferably used and more
preferred example is any one of or a mixture of two or
three of the following compounds (Al) to (A3).
| (Al): an organcaluminum compound represented by the
formula Elsy BAL{Z) (3-a)/

10 (A2): cyclic aluminoxane having the structure
represented by the formula {-Al(E2)-0-}yp?
(A3): linear aluminoxane having the structure
represented by the formula E3{-Al(E3)-0-1}:A1{E3) 2;
wherein E1 to E3 are the same or different and each
15 independently denotes Cj;-s hydroccarbon, Z is the same cor
different and denotes hydrogen or halocgen, a denotes 1, 2,
or 3, b denotes an integer of 2 or more, and ¢ denotes an
integer of 1 or more.
Specific examples of the organcaluminum compound (Al)
20 represented by the formula ElaAl(Z) 3-.y include, for
example, trialkylaluminum such as trimethylaluminum,
triethylaluminum, tripropylaluminum, triiscbutylaluminum or
trihexylaluminum; dialkylaluminum chloride such as
dimethylaluminum chloride, diethylaluminum chloride,

25 dipropylaluminum chloride, diiscbutylaluminum chloride or
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210%@%O&f )l%g%ge aqumlnum hydride, diethylaluminum hydride,
dipropylaluminum hydride, diisobutylaluminum hydride or
dihexylaluminum hydride. The preferable example is
trialkylaluminum and the more preferable examples are
triethylaluminum and triiscbutylaluminum.

10 In the cyclic aluminoxane (A2) represented by the
formula {-21(E2)-0-}, and the linear aluminoxane (A3)
represented by the formula E3{-Al(E3)-0-}.Al(E3})., specific
examples of E2 and E3 are alkyl groups such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, n-pentyl and

15 neopentyl, b denotes an integer of 2 or more and ¢ denotes
an integer of 1 or more. Preferably, E2 and E3 are methyl
or isocbutyl, b is an integer of 2 to 40 and ¢ is an integer
cf 1 to 40.

The above-mentioned aluminoxane is produced by a

20 variety of methods. Such methods are nct particularly
limited and the aluminoxane may be produced in a similar
manner to a known method in the art. For example, the
aluminoxane is produced by dissolving trialkylaluminum (e.g.
trimethylaluminum) in a suitable organic solvent (e.qg.

25 benzene, an aliphatic hydrocarbon, and the like} and then
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5 also exemplified.

[Compound (B)]
As the compound (B) that may be employed in the
present invention, any one of or a mixture of two or three
10 cf {Bl) the boron compound represented by the formula
BQ1D2Q3, (B2) the boron compound represented by the formula
27 (BQ1020304)" or (B3) the boron compound represented by
the formula (L-H)"(BRQO10Q20Q3Q4)  can be exemplified.
In {(Bl) the bocron compound represented by the formula
15 BQ1Q20¢3, B is boron in trivalent valence state and Q1 to Q3
independently denocte a halcgen atom, a C;.zp hydrocarbon
group, a halogenated Ci-p;y hydrocarbon group, a substituted
silyl group having 1 to 20 carbon atoms, a Ci-z¢ alkoxy
group or a di-substituted amino group having 2 to 20 carbon
20 atoms, which may be the same or different from one another.
Preferable examples of Q1 to @3 are a halogen atom, a Ci-zp
hydrocarbon group and a halogenated Ci_;9 hydrocarbon group.
Specific examples of (Bl) include
tris{pentafluorophenyl)borane, tris(2,3,5,6-

25 tetraflucrophenyl)borane, tris(2,3,4,5-
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5 In (B2) the boron compound represented by the formula
25 (BQ10Q203Q4) ", Z' denotes an inorganic or organic cation, B
is boron in trivalent valence state, and ¢l to Q4 are the
same as those dencted by Q1 to Q3 in the abcve-mentioned
{(Bl) .

10 In specific examples of the compound represented by
the feormula z¥(BQ1Q20Q30Q4) 7, the inorganic cation Z° includes
a ferrocenium cation, an alkyl-substituted ferrccenium
cation and a silver catiocn; the organic cation Z* includes
a triphenylmethyl cation; and (BQ1Q20304})  includes

15 tetrakis (pentafluorophenyl)borate, tetrakis(2,3,5,6-
tetrafluorophenyl)borate, tetrakis(2,3,4,5-
tetrafluorophenyl)borate, tetrakis(3,4,5-
trifluorophenyl)borate, tetrakis(2,2,4-
trifluorophenyl)borate, phenylbis{pentafluorophenyl)borate

20 and tetrakis{3,5-bistrifluoromethylphenyl)borate.

Specific combinations of them include ferrocenium
tetrakis (pentafluorophenyl)borate, 1,1’-dimethylferrocenium
tetrakis (pentafluorophenyl)borate, silver
tetrakis (pentafluorophenyl}borate, triphenylmethyl

25 tetrakis{pentaflucrophenyl)borate and triphenylmethyl
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5 (L-H)*(BQ1Q20304)", L is a neutral Lewis base, (L-H)' is a
Breonsted acid, B i1s boron in trivalent valence state and Q1
to 04 ars the same as theose dencted by Q1 to 03 in the
above-mentioned formula (B1l).

In specific examples of the compound represented by
10 the formula (L-H)"(BQ1Q2Q3¢4) ", a Brensted acid denoted by
(L-H) " includes trialkyl-substituted ammonium, N,N-
dialkylanilinium, dialkylammonium and triarylphosphonium
and examples of {BQLlQ2Q3Q4)  are as defined above,
Specific combinations of them include triethylammonium
15 tetrakis(pentafluorophenyl)borate, tripropylammonium
tetrakis (pentafluorophenyl)borate, tri(n-butyl)ammonium
tetrakis (pentafluorophenyl)borate, tri(n-butyl)ammonium
tetrakis (3, 5-bistrifluoromethylphenyl)borate, N,N-
dimethylanilinium tetrakis{pentafluorophenyl)}borate, N,N-
20 diethylanilinium tetrakis{pentafluorophenyl)borate, N,N-
2,4,6-pentamethylanilinium
tetrakis (pentafluorophenyl)borate, N,N-dimethylanilinium
tetrakis(3,5-bistrifluoromethylphenyl}borate,
diiscopropylammonium tetrakis(pentaflucrophenyl)borate,

25 dicyclohexylammonium tetrakis {pentaflucrophenyl)borate,
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tetrakis{pentafluorcphenyl)borate and the preferred
examples are tri(n-butyl)ammonium

tetrakis (pentafluorophenyl)borate and N,N-dimethylanilinium
tetrakis(pentafluorophenyl)borate.

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

B) /the transition metal complex (1) is in a range of 0.01
to 100, preferably 0.5 to 10.

With respect to the concentration of each catalytic
component in the case of using it in a solution form, it is
desirable that the transition metal complex represented by
the formula (1) is used in a range of 0.0001 to 5 mmecl/L,
preferably 0.001 to 1 mmel/L; the compounds {A) is used in
a range of 0.01 to 500 mmol/L, preferably 0.1 to 1C0 mmol/L
cn the basis of Al atom; and the compounds (B) is used in a
range of 0.0001 to 5 mmol/L, preferably 0.001 to 1 mmol/L.

Monomers employed for polymerization in the present

invention may be olefin or diclefin having 2 to 20 carbon
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pentene-1, hexene-1, heptene-1, octene-1, nonene-1, decene-
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1, 5-methyl-2-pentene-1, vinylcyclohexene, Z2-norbornene,
cyclohexene and dicyclopentadiene. Diolefin compounds may
be conjugated diene or non-conjugated diene cf hydrocarbon

10 compounds and specific examples thereof include the non-
conjugated diene compounds such as 1,5-hexadiene, 1,4-
hexadiene, 1,4-pentadiene, 1,7-octadiene, 1,8-nonadiene,
1, 9-decadiene, 4-methyl-1,4-hexadiene, 5-methyl-1,4-
hexadiene, 7-methyl-1,6-octadiene, 5-ethylidene-2-

15 norbornene, dicyclopentadiene, 5-vinyl-Z-norbornene, 5-
methyl-2-norbornene, ncrbornadiene, 5-methylene-2-
norbornene, 1,5-cyclooctadiene or 5, 8-
endomethylenehexahydronaphthalene, and the conjugated diene
compounds such as 1,3-butadiene, isoprene, 1,3-hexadiene,

20 1, 3-octadiene, 1,3-cyclooctadiene or 1,3-cyclohexadiene.
Specific examples cof monomers constituting a copolymer
include ethylene and propylene; ethylene and butene-1;
ethylene and hexene-1; propylene and butene-1l; and
combinations of the above menticned combinations and 5-

25 ethylidien-2-norbornene, but the present invention is not
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5 m-methylstyrene, p-methylstyrene, o,p-dimethylstyrene, o-
ethylstyrene, m-ethylstyrene, p-ethylstyrene, o-
chlorostyrene, p-chlorostyrene, a-methylstyrene and
divinylbenzene.
A method for polymerization is not specifically
10 limited, and for example, may be solvent polymerization or
slurry polymerization, in which aliphatic hydrccarbon such
as butane, pentane, hexane, heptane or octane, aromatic
hydrocarbon such as benzene or toluene, or halcgenated
hydrocarbon such as methylene dichloride is used as a
15 sclvent, or gas phase polymerizaticon in a gasecus moncmer,
which may be either successive polymerization or batch
pelymerizaticn.
The polymerization temperature is generally in a range
of -50°C to 250°C and in crder to produce polymers with
20 nigh molecular weights, it is particularly preferable in a
range of -20°C to 100°C. The polymerization pressure is
preferably from the normal pressure (e.g. about 0.1 MPa) to
10 MPa (100 kg/cm® G). From an industrial viewpoint, high
temperature and high pressure polymerization at 100°C or

25 higher and 10 MPa or higher is sometimes preferable, and
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polymerlzatlon time is appropriately determined depending
on the types of the aimed polymers and reaction apparatus
5 and it may be generally in a range of 1 minute to 20 hours.
In the present invention, a chain transfer agent such as

hydrogen may be added to control the molecular weight of a

copolymer.

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

25 of a polymer
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Synthesis of (2-allyloxy-3-tert-butyl-5-methylphenyl) (3-
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[pyrrolidin-l-yl]-1H-inden-1-yi)dimethylsilane

yo

\/\

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

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

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

'E-NMR (deuterated benzene, 8(ppm)}: 0.15-0.20(6H),
1.41(9H), 1.46-1.50(4H), 2.10(3H), 3.09-3.14(44d), 3.93(1H),

20 4.30(2H), 4.99-5.03(1H), 5.43(1H), 5.42~5.48(1H), 5.68-
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5 (Example 2)
Synthesis of dimethylsilyl (3-[pyrrolidin-l-yl]-inden-1-

vl) (3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride

[Complex 1]
Cl
N i
//SI / \C|
0 [Complex 1]
10 A 1.56 M solution of n-butyllithium in hexane (3.74 mL,

2.41 mmol) was added dropwise to a solution of (2-allyloxy-
3-tert-butyl-5-methylphenyl} (3-[pyrrolidin-1-yl]-1H-inden-
1-yl)ydimethylsilane (0.74 g, 1.66 mmol) and triethylamine
(1.05 g, 7.47 mmol) in toluene (7.4 mL) at -78°C and

15 stirred for 10 minutes and then at rcom temperature for 1
hour. A solution of titanium tetrachloride (0.47 g, 2.49
mmol) in toluene (3.0 mL) was added dropwise to the
reaction mixture at -78°C and the resulting reaction
mixture was warmed to 90°C and then stirred for 3 hours.

20 After insoluble substances were removed by filtration and
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yl]-inden-1-yl) (3-tert- butyl S5-methyl-2- phenoxy}tltanlum
dichloride (0.66 g, 75.9%) as a brown solid.

'H-NMR (deuterated benzene, &(ppm)): 0.59(3H), 0.63(3H),
1.38-1.41(4H), 1.53(9H), 2.29(3H), 3.30-3.40(4H), 5.48(1H},
6.97-7.77(6H)

Mass spectra (FD, m/z): 521 (M"), 454, 403, 296, 295, 185,

184

(Example 3)
Synthesis of (2-allyloxy-3-tert-butyl-5-
methylphenyl) (2,4, 5-trimethyl-6-hydrocyclopental2, 3-

blthiophen-6~yl)dimethylsilane

\ /

Si
\/\
O \

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

(0.50 g, 2.94 mmol) in tetrahydrofuran (20 mL} at -78°C.
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was distilled off under reduced pressure, toluene was added
and the mixture was filtered to remove inscluble substances.

5 The filtrate was concentrated under reduced pressure to
quantitatively obtain (Z2-allyloxy-3-tert-butyl-5-
methylphenyl) (2,4, 5-trimethyl-6-hydrocyclopental2, 3-
b]thiophen-6-yl)dimethylsilane.

'H-NMR (deuterated benzene, &(ppm)): 0.24(s, 3H), 0.35(s,

1C 3H), 1.49(s, 9H), 1.86(s, 3H), 1.99(s, 3H), 2.20(s, 3H),
2.26(s, 3H), 3.92(s, 1H), 4.34(s, 2H), 5.07-5.10(m, 1H},
5.49-5.55(m,1H), 5.74-5.86(m, 1H), ©€.57(s, 1H), 7.16(s, 1H),
7.28(s, 1H)
Mass spectra (EI, m/z): 424 (M%), 367, 327, 221, 203, 187,

15 174, 1lel, 128, 59, 44

{Example 4)
Synthesis of dimethylsilyl(2,4,5-trimethyl-6-
hydrocyclopental[2, 3-b]thiophen-¢6-yl) (3-tert-butyl-5-methyl-

20 2-phenoxy)titanium dichloride [Complex 2]
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[Complex 2]

A 1.58 M sclution of n-butyllithium in hexane (2.21 mL,

3.49 mmol) was added dropwise to a sclution of (2-allylozxy-
3-tert-butyl-5-methylphenyl) (2,4,5-trimethyl-6-

5 hydrocycleopenta[2, 3-b]thiophen-6-yl)dimethylsilane (0.66 g,
1.55 mmel) and triethylamine (0.71 g, 6.98 mmol} in toluene
(7.0 mL) at -78°C and stirred for 10 minutes and then at
room temperature for 2 hours. A solution of titanium
tetrachlcride (0.44 g, 2.33 mmcl) in toluene (4.5 mlL) was

10 added dropwise to the reaction mixture at -78°C and stirred
at room temperature for 5 hours. The reaction mixture was
concentrated and then filtered using hexane to remove
insoluble substances. After the solvent was distilled off
under reduced pressure, the residue was washed with pentane

15 to obtain dimethylsilyl (2,4,5-trimethyl-6-
hydrocyclopenta[2, 3-b] thiophen-6-yl) (3-tert-butyl-5-methyl-
2-phenoxy)titanium dichloride {(C.07 g, 9.2%) as an orange
solid.
1H-NMR (deuterated benzene, d{ppm)): 0.45{(s, 3H), 0.55(s

20 3H), 1.53(s, 9H), 1.90(s, 3H), 2.04(s, 3H), 2,24(s, 3H),
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(Example 5)

5 Synthesis of (2-allyloxy-3-tert-butyl-5-
methylphenyl) (2,4, 5-trimethyl-6-hydrocyclopental2, 3-
b]lthiophen-6-yl)diethylsilane

/
S
//“—Si
O\/\
X

A solution of (2-allyloxy-3-tert-buyl-5-

10 methylphenyl)chlorodiethylsilane (0.91 g, 2.80 mmol) in
toluene (2 mlL) was added dropwise to a solution of (2,4,5-
trimethyl-6-hydrocyclopenta[2, 3-b]lthiophen-6-y1l)lithium
(0.50 g, 2.94 mmol) in tetrahydrofuran (20 mL) at -78°C.
The resulting reaction mixture was warmed to room

15 temperature and stirred for 5 hours. After the solvent was
distilled off under reduced pressure, tcluene was added and
the mixture was filtered to remove insoluble substances.
The filtrate was concentrated under reduced pressure to
guantitatively obtain (2-allyloxy-3-tert-butyl-5-

20 methylphenyl) (2,4, 5-trimethyl-6-hydrocyclopental2, 3-
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5 5.58{m, 1H), 5.73-5.89(m, 1H), 6.56(s, 1iH), 7.19(s, 1H),

7.28 (s, 1H)

Mass spectra (EI, m/z): 452(M"), 423, 367, 288, 204, 189,

175, 161, 147, 75, 57, 44

10 (Example 6)
Synthesis of diethylsilyl(2,4,5-trimethyl-6-
hydrocyclopenta[2, 3-b]lthiophen-6-yl) (3-tert-butyl-5-methyl-

2-phenoxy)titanium dichlecride [Complex 3]

o VA"
0 [Complex 3]
15 A 1.57 M solution of n-butyllithium in hexane (3.30 mi,

5.18 mmol} was added dropwise to a solution of (2-allyloxy-
3-tert-butyl-5-methylphenyl) (2,4, 5-trimethyl-6-
hydrocyclopental[2, 3~-b]thiophen-6-yl)diethylsilane (1.04 g,

2.30 mmel) and triethylamine (1.05 g, 10.35 mmol) in



oy wxyz{|}~tX< 1 10%& ()-1 10%& ()-1 10%& ()-1 10%& ()-1 10%& ()-1

109&' ()-1 109 ()-1~tX< 1 109& ()-1 10% ()-1 10%&' ()-1 109%& ()-1 109%& ()-1
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titanium tetrachloride (0.66 g, 3.45 mmol) in toluene (6.9
mL) was added dropwise to the reaction mixture at -78°C and

5 stirred at room temperature for 5 hours. After the
reaction mixture was concentrated and filtered using hexane
to remove inscoluble substances, the solvent distilled off
under reduced pressure. The residue was washed with
pentane to obtain diethylsilyl(2,4,5-trimethyl-6-

10 hydrocyclopental[2, 3-b]thiophen-6~-yl) (3-tert-butyl-5-methyl-
2-phenoxy) titanium dichloride (0.13 g, 10.9%) as an orange
solid.

'H-NMR {deuterated benzene, &{ppm)): 0.80-1.03(m, 6H),
1.03-1.30(m, 4H), 1.53(s, 9H), 1.97(s, 3H}), 2.02(s, 3H),

15 2.24{(s, 3H), 2.30(s, 3H), 6.36(s, 1H), 7.19(s, 1lH), 7.26(s,
1H)

Mass spectra(EI, m/z): 528 (M"), 499, 477

(Example 7)
20 Synthesis of {(2-allyloxy-3-tert-butyl-5-methylphenyl) (2, 5-
dimethylcyclopental[l,2-b:4,3-k']dithiophen-7-

yl)dimethylsilane
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A solution of (Z2-allylexy-3-tert-buyl-5-
methylphenyl)chlorodimethylsilane (0.71 g, 2.40 mmol) in
teluene (4 ml) was added dropwise to a solution of (2, 5-
5 dimethylcyclopental[l,2-b:4,3-b’ ]dithiophen-7-yl)lithium
(0.51 g, 2.40 mmel) in tetrahydrofuran {10 mL) at -78°C.
The resulting reaction mixture was warmed to room
temperature and stirred for 5 hours. After the scolvent was
distilled off under reduced pressure, hexane was added and
10 the mixture was filtered to remove inscluble substances.
The filtrate was concentrated under reduced pressure to
quantitatively obtain (Z-allyloxy-3-tert-butyl-5-
methylphenyl) (2, 5-dimethylcyclopentall,2-k:4, 3-
b']dithicphen-7-yl)dimethylsilane.
15 'H-NMR (deuterated benzene, 8(ppm)}: 0.28(s 6H), 1.53(s,

9H), 2.21(s, 3H), 2.23(s, 6H), 4.30-4.35(m, 2H), 4.43(s,
1H), 4.99-5.03(m, 1H), 5.46-5.57(m, 1H), 5.63-5.79{(m, 1H),
6.75(s, 2H), 7.18(s, 1H), 7.32(s, 1H)

Mass spectra (EI, m/z): 466 (M"), 261, 233, 205, 73, 57

20
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phenoxy}titanium dichloride [Complex 4]
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o C] [Complex 4]

A 1.56 M solution cof n-butyllithium in hexane (1.50 mL,

2.34 mmol) was added dropwise to a solution of (Z2-allyloxy-
3-tert-butyl-5-methylphenyl) (2, 5-dimethylcyclopentall, 2-
b:4,3-b']dithiophen-7-yl)dimethylsilane (0.45 g, 0.926 mmol)

10 and triethylamine (0.47 g, 4.68 mmol) in toluene (5.0 mL)
at -78°C and stirred for 10 minutes and then at room
temperature for 2 hours. A soclution of titanium
tetrachloride (0.27 g, 1.44 mmecl) in tcluene (1.5 mL) was
added dropwise to the reaction mixture at -78°C and stirred

15 at room temperature for 5 hours. After the reaction
mixture was concentrated and filtered using hexane to
remove insoluble substances, the solvent was distilled off
under reduced pressure. The residue was washed with

pentane to obtain dimethylsilyl{2,5-dimethylcyclopentall, 2-
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solid.
H-NMR (deuterated benzene, &{ppm)): 0.61(s, 6H), 1.49(s,
5 9H), 2.05(s, 3H), 2.06(s, 3H), 2.24(s, 3H), 6.67(s, 2H),

7.21(s, 1H), 7.26(s, 1H)

Mass spectra(EI, m/z): 524 (M%), 491, 287, 205, 75, 57

(Example 9)
10 Synthesis of (2-allyloxy-3-tert-butyl-5-methylphenyl) (2,5-
dimethvylcyclopental[l,2-b:4,3-b']dithiophen-7-

yl)diethylsilane

S A\
Si S
//,_}
O\\//Q§§

At -78°C, n-butyllithium (1.56 M, 1.69 mL, 2.64 mmcl)
15 was added dropwise to a solution of 2,5-
dimethylcyclopentall,2-b:4,3-b’ ]dithicphen {(0.50 g, 2.42
mmol} in tetrahydrofuran (10 mL) and the mixture was
stirred at room temperature for 4 hours. After the
reaction mixture was cocled to -78°C, a soluticn of (2-

20 allyloxy-3-tert-buyl-5-methylphenyl)chlorodiethylsilane
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temperature and stirred fo; 2 hours. After the solvent was
distilled off under reduced pressure, toluene was added and
the mixture was filtered to remove insoluble substances.
The filtrate was concentrated under reduced pressure to
quantitatively obtain (2-allyloxy-3-tert-butyl-5-
methylphenyl) (2, 5-dimethylcyclopentall,2-b:4, 3-
b']dithicphen-7-yl)diethylsilane

'H-NMR (deuterated benzene, §(ppm)): 0.74-0.92(m, 6H),
0.92-1.07(m, 4H), 1.52(s, 9H), 2.24(s, 6H), 2.25(s, 3H),
4.32-4.40(m, 2H), 4.48(s, 1H), 4.98-5.07(m, 1H), 5.48-
5.58(m, 1H), 5.68-5.80{m, 1H), 6.75(s, 2H), 7.26(s, 1lH},
7.34(s, 1H)

Mass spectra (EI, m/z): 49%4(M"), 289, 261, 233, 205, 73,

57

(Example 10)
Synthesis of diethylsilyl (2, 5-dimethylcyclopental(l,2-b:4, 3~

b']dithiophen-7-yl} (3-tert-butyl-5-methyl-2-

phencxy}titanium dichloride [Complex 5]
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A 1.56 M solution of n-butyllithium in hexane (1.77 mL,
2.77 mmol) was added dropwise to a solution of (2-allyloxy-
3-tert-butyl-5-methylphenyl) (2, 5-dimethylcyclopentall, 2-

5 b:4,3-b"]dithiophen-7-yl)diethylsilane (0.61 g, 1.23 mmol)
and triethylamine (0.56 g, 5.54 mmecl) in toluene (7.0 mL)
at -78°C and stirred for 10 minutes and then at room
temperature for 2 hours. A solution of titanium
tetrachloride (0.35 g, 1.85 mmol) in toluene {3 mlL} was

10 added dropwise to the reaction mixture at -78°C and stirred
at room temperature for 5 hours. After the reaction
mixture was concentrated and filtered using hexane to
remove insoluble substances, the solvent was distilled off
under reduced pressure. The residue was washed with

15 pentane to obtain diethylsilyl(2,5-dimethylcyclopentall,Z2-
b:4,3-b']dithiophen-7-vyl) (3-tert-butyl-5-methyl-2-
phenoxy) titanium dichloride (71.0 mg, 10.1%} as a brown
solid.

H-NMR (deuterated benzene, S{ppr)}: 1.01-1.07{m, 6H),

20 1.14-1.28(m, 4H), 1.49(s, 9H), 2.04(s, 6H), 2.24(s, 3H),
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(Example 11)
5 Synthesis of (2-dimethylamino-4,5-

dimethylcyclopentadienyl) (2-allyloxy-3-tert-butyl-5-

methylphenyl)dimethylsilane

—

Ny’

0\/\

Under nitrogen atmocsphere, after a soluticn of 3,4-

10 dimethylcyclopentencne (15.0 mmol} in teoluene (10.0 mL) was
cocled to -78°C, a sclution of
tetrakisdimethylaminotitanium (7.8 mmol) in toluene (8.3 mL)
was added drecpwise and the mixture was stirred at room
temperature. After disappearance of ketone from the

15 reaction mixture was confirmed by gas chromatography, the
solvent was distilled off under reduced pressure. Hexane
(18.3 mL} was added and a precipitated solid was separated
by filtration. The filtrate was concentrated to obtain 1-
dimethylamino-3, 4-dimethylcyclopentadiene (2.23 g) as an

20 0il. The o0il was added to hexans (30.0 mL) without being
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hours. A formed sclid was separated by filtration and

5 dried to obtain l1-dimethylamino-3,4-
dimethylcyclopentadienyllithium (0.63 g, 29.6%) as flesh
powder.
H~-NMR (deuterated chloroform, &{ppm)): 1.86(3H), 1.90(3H),
2.41(6H), 2.66(2H), 4.9%94(1H)

10 Mass spectra(EI, m/z): 137 (M), 122, 77

A sclution of (2-allyloxy-3-tert-butyl-5-
methylphenyl)dimethylchlorosilane (7.0 mmcl) in toluene
(12.1 mL) was added dropwise to a solutiocn of 1-

15 dimethylamino-3, 4-dimethylcyclopentadienyllithium (7.0
mmol) in tetrahydrofuran (10.5 mL) and the mixture was
stirred at room temperature for 6 hours. After the solvent
was distilled off under reduced pressure, dehydrated
pentane was added and a precipitated solid was filtered off.

20 The filtrate was concentrated to obtain the title compound
{2.86 g, 100%) as an oil.

'H-NMR (deuterated benzene, &(ppm)): 0.36(3H), 0.59(3H),
1.71(¢(9H), 1.90(3H), 2.21(3H), 2.44(6H), 3.67(1H), 4.40-
4.47{2H), 5.10-5.14(1H), 5.27(1H), 5.54-5.60(1H), 5.79-

25 5.88(1H), 7.24(1H), 7.28(1H)
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(Example 12)

Synthesis of dimethylsilyl (2-dimethylaminc-4,5-
dimethylcyclopentadienyl) (3-tert-butyl-5-methyl-2-

phencxy) titanium dichloride [Complex 6]

/

_-N
\S' Ti::C‘
P / ¢
0O [Complex 6]

A 1.56 M soluticn of n-butyllithium in hexane (8.0
mmol) was added dropwise to a soluticn of (2-dimethylamino-
4,5-dimethylcyclopentadienyl) (2-allyloxy-3—-tert-butyl-5-
methylphenyl)dimethylsilane (2.0 mmol) and triethylamine
(16.0 mmol) in toluene (15.6 mL) at -78°C and the mixture
was warmed to room temperature and then stirred for 1 hour.
The reaction mixture was added dropwise to a solution of
titanium tetrachloride (6.0 mmol} in toluene (10.1 mL} at -
78°C. The resulting reaction mixture was stirred at room
temperature for 5 hours to obtain a red solution. The
solvent of the solution was replaced with hexane and a

precipitated solid was filtered off. The filtrate was

concentrated to obtain an oil, which was recrystallized
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Mass spectra(EI, m/z): 397 (M%), 382, 340, 261, 136

«Homopolymerization of Ethylene»
(Example 13)
10 <Polymerization condition A-1>
An autoclave was charged with toluene (5.0 mL) under
nitrogen atmosphere and the temperature was stabilized at
40°C. It was then charged with ethylene until it was
pressurized to 0.60 MPa, and the pressure was stabilized.
15 Theretsc MMAO (5.8 wt% Al, Tosoh-Akzo Corporation) (100
umol) and the Complex 2 (0.10 umol) were added to carry out
polymerization for 30 min. As a result of polymerization,
a polymer was produced in an amount of 9.2 x 106g per 1
mol of titanium and per an hour.
20
(Example 14)
<Polymerization condition B-1>
Polymerization was carried out in the same manner as
Example 13, except that a solution of triisobutylaluminum

25 in hexane (40 pL, 1.0 M, Kanto Chemical Co., Ltd.) and
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produced in an amount of 1.6 x 10° g per 1 mol of titanium

and per an hour.

5
(Example 15)
<Polymerization condition C-1>
Polymerization was carried out in the same manner as
Example 13, except that a sclution of triiscobutylaluminum
10 in hexane (40 pL, 1.0 M, Kanto Chemical Co., Ltd.) and
dimethylanilinium tetrakis(pentafluorophenyl)borate (0.30
umol} were used in place of MMAO. As a result of
polymerization, a polymer was produced in an amount of 11.4
X 106g per 1 mel of titanium and per an hour.
15
(Example 16)
<Polymerization condition D-1>
Polymerization was carried out in the same manner as
Example 13, except that a solution of triiscbutylaluminum
20 in hexane (40 pL, 1.0 M, Kanto Chemical Co., Ltd.) and

triphenylmethyl tetrakis(pentafluorophenyl)borate (0.30
pmcel) were used in place of MMAQO. As a result of
polymerization, a polymer was produced in an amount of 5.2
x 10° g per 1 mol of titanium and per an hour.

25
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<Polymerizaticn condition A-2>
An autoclave was charged with toluene (5.0 mL) and 1-
5 hexene (50 pL) under nitrogen atmosphere and the
temperature was stabilized at 40°C. It was then charged
with ethylene until it was pressurized to 0.60 MPa, and the
pressure was stabilized. Thereto MMAO (5.8 wt% Al, Tosoh-
Akzo Corporation) (100 pmol) and the Complex 2 (0.10 pmol)
10 were added to carry out polymerization for 30 min. As a
result of polymerization, a polymer having the molecular
weight (Mw) = 739,000, the molecular weight distributicn
(Mw/Mn) = 2.0, Tm = 102.8°C and SCB = 6 was produced in an

amount of 7.0 x 10° g per 1 mol of titanium and per an hour.

15
{Example 18)
<Polymerization condition A-3>
Polymerization was carried out in the same manner as
Example 17, except that the polymerization temperature was
20 70°C. As a result of polymerization, a polymer having the
molecular weight (Mw) = 222,000, the meolecular weight
distribution (Mw/Mn) = 1.8, Tm = 98.7°C and SCB = 7 was

produced in an amount of 40.9 x 10° g per 1 mol of titanium

and per an hour.

25



109& ()-1 109%& ()-1 10%& ()- 1<@DF_?< 10%

1098 ()-1 109%& ()-
)_

8

()-1 1 _
109 ()-1 10%& ()-1 109%& ()-1 10%&' ()-1 10%& ()-1 109%& ()-1FG Jj N2_?<
10%& ()-1 10%& ()-1),6G e oy JKLMNOPQ X< 1 10%& ()-1 10%& ()-1 10%& ()-1
10% ()-1 109& ()-1 10%&' ()-1 10% ()- LQRSTUWKE X< 1 109& ()-1 10%& ()-1
10% ()-1 109%& ()-1 10%&' ()-1 10% ()-1,109& ()-1XYZ[]~_ pT8 10% ()-1
109 ()-1 10%& ()-1 109 ()-1 10%& ()-1°10%& ()-1 109 ()- 1 abcj N2pT8
10%& ()-1 10%& ()-1),6GJ e oy cdefghijtX< 1 10%& ()-1 10%& ()-1 109 ()-1
10% ()-1 109& ()-1 10%&' ()-1 10% ()-1j kl mopqgt X< 1 109& ()-1 10%& ()-1
10%& ()-1 :I@%H%))l-el 111930/&' ()-1 10%& ()-1 109 ()-1grstuvwxt X< 1 10%& ()-1
1098 ()-1 1 y=1 T0%& ()-1 10%& ()-1 10%& ()-1 10%& ()-1xy{|jJ.tX<
109 ()-1 100%& ()-1) e oy |}~t X< 109% 109& ()-11 10%& ()-1 10%& ()-1
109 ()-1 %%&gy%%eézf%%“( )‘?O%]‘Jfo%}égst )B-l%/gx< 10% 10%&' ()-11 109& ()-1()
/R - /R, -
109 ()-1 10%& %% %utoclave was charged with toluene (5.0 mL) and 1-

hexene (50 uL) under nitrogen atmosphere and the

5 temperature was stabilized at 40°C. It was then charged
with ethylene until it was pressurized to 0.60 MPa, and the
pressure was stabilized. Thereto a solution of
triiscbutylaluminum in hexane (40 pL, 1.0 M, Kantc Chemical
Co., Ltd.), pentafluorophenylborane (0.30 pmol} and the

10 Complex 2 (0.10 pmcl) were added to carry out

polymerization for 30 min. As a result of polymerization,
a polymer having the molecular weight (Mw) = 904,000, the
molecular weight distribution (Mw/Mn) = 1.7 and Tm =
100.2°C was produced in an amount of 1.1 x 10° g per 1 mol

15 of titanium and per an hour.

(Example 20)
<Polymerization condition B-3>
Polymerization was carried out in the same manner as

20 Example 19, except that the polymerization temperature was

70°C. As a result of polymerization, a polymer having the

molecular weight (Mw) = 575,000, the molecular weight

distribution (Mw/Mn) = 1.7, Tm = 103.9°C and SCB = 24 was

produced in an amount of 2.1 x 10 g per 1 meol of titanium

25 and per an hour.
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<Polymerization condition C-2>
An autoclave was charged with toluene (5.0 mL) and 1-
5 hexene (50 pL) under nitrogen atmosphere and the

temperature was stabilized at 40°C. It was then charged

with ethylene until it was pressurized tc 0.60 MPa, and the
pressure was stabilized. Thereto a solution of
triisobutylaluminum in hexane (40 pL, 1.0 M, Kanto Chemical
10 Co., Ltd.), dimethylanilinium
tetrakis (pentaflucrophenyl)borate (0.30 pmol) and the
Complex 2 (0.10 pmol) were added to carry out
poclymerization for 30 min. As a result of polymerization,
a polymer having the molecular weight (Mw} = 1,048,000, the
15 molecular weight distribution (Mw/Mn) = 2.7, Tm = 114.3°C
and SCB = 16 was produced in an amount of 129.5 x 10° g per

1 mol of titanium and per an hour.

(Example 22)
20 <Polymerization condition C-3>
Folymerization was carried out in the same manner as
Example 21, except that the polymerization temperature was
70°C. As a result of polymerization, a polymer having the
nclecular weight (Mw) = 648,000, the molecular weight

25 distribution (Mw/Mn) = 2.0, Tm = 108.4°C and SCB = 18 was
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(Example 23)
5 <Poclymerization condition C-4>
Polymerization was carried out in the same manner as
Example 21, except that the polymerization temperature was
130°C and 4 pL of the solution of triisobutylaluminum in
hexane was used. BAs a result of polymerizaticon, a polymer
10 having the molecular weight (Mw) = 250,000, the molecular
welight distribution (Mw/Mn) = 2.2, Tm = 104.3°C and SCB =

24 was produced in an amount of 3.2 x 10° g per 1 mel of

titanium and per an hour.

15 (Example 24)

<Polymerization condition D-2>
An autoclave was charged with tcluene (5.0 mLX and 1-

hexene (50 pL) under nitrogen atmosphere and the
temperature was stabilized at 40°C. It was then charged

20 with ethylene until it was pressurized to 0.60 MPa, and the
pressure was stabilized. Thereto a solution of
triisobutylaluminum in hexane (40 pL, 1.0 M, Kanto Chemical
Co., Ltd.), triphenylmethyl
tetrakis(pentafluorophenyl)borate (0.30 pmol) and the

25 Complex 2 (0.10 pmol) were added to carry out
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molecular weight distribution (Mw/Mn) = 3.1, Tm = 118.8°C

and 3CB = 14 was produced in an amcunt of 56.6 x 10° g per

1 mol of titanium and per an hour.

(Example 25)

<Pgolymerization condition D-3>

Polymerization was carried out in the same manner as

Example 24, except that the polymerization temperature was

70°C.

As a result of polymerization, a polymer having the

molecular weight (Mw) = 767,000, the molecular weight

distribution (Mw/Mn) = 2.8, Tm = 107.3°C and SCB = 23 was

produced in an amount of 77.4 x 10° g per 1 mol of titanium

and per an hour.

(Example 26)

<Polymerizaticn condition D-4>

Polymerization was carried out in the same manner as

Example 24, except that the polymerization temperature was

130°C and 4 uL of the solution of triiscbutylaluminum in

hexane was used. As a result of polymerization, a polymer

having the molecular weight (Mw}) = 282,000, the molecular

weight distribution (Mw/Mn) = 3.1, Tm = 101.5°C and SCB =

30 was produced in an amount of 56.%6 x 10° g per 1 mol of
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Example 17, 'except that 60 plL of 1-hekene was charged and

the Complex 5 was used. As a result of polymerization, a

polymer having the molecular weight (Mw) = 744,000, the
molecular weight distribution (Mw/Mn) = 2.1, Tm = 93.5°C
10 and 5CB = 14 was produced in an amount of 14.4 x 10° g per

1 mol of titanium and per an hour.

(Example 28)
<Polymerization condition B-5>
15 Polymerization was carried out in the same manner as

Example 19, except that 60 pL of l-hexene was charged and

the Complex 4 was used. As a result of polymerization, a

polymer having the molecular weight (Mw) = 803,000, the
molecular weight distribution (Mw/Mn) = 1.5 and Tm = 89.1°C
20 was produced in an amount of 1.7 x 10° g per 1 mol of

titanium and per an hour.

(Example 29)
<Pelymerization condition C-5>

25h Polymerization was carried cut in the same manner as
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5 and SCB = 32 was produced in an amount of 113.2 x 10° g per

1 mol cof titanium and per an hour.

{(Example 30)
<Polymerization condition C-6>
10 Polymerization was carried out in the same manner as

Example 23, except that 40 puL of l-hexene was charged and

the Complex 4 was used. As a result of polymerization, a

polymer having the molecular weight {(Mw) = 272,000, the
molecular weight distribution (Mw/Mn) = 2.1, Tm = 101.z2°C
15 and SCB = 30 was produced in an amount of 26.7 x 10° g per

1 mol of titanium and per an hour.

(Example 31)
<Polymerization condition D-5>

20 Polymerization was carried cut in the same manner as
Example 24, except that 60 pL of l-hexene was charged and
the Complex 4 was used. As a result of pclymerization, a
polymer having the molecular weight (Mw) = 408,000, the
molecular weight distribution (Mw/Mn) = 1.9, Tm = 109.8°C

25 and SCB = 18 was produced in an amount of 41.3 x 108 g per
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b10%! & ()- 1*4EOYcmw  +<?W X<4 bl bl0%! & ()-1 b10%! & ()-1* bl0%! & ()-1
b10%! & ()-@%I 83'5))- 1 bl0%! & ()-1 bl0%! & ()- 1t X<4 bl b10%! & ()- 1
b10%! & () - %1 & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & ()-1pT84 h10%:! & ()-1 bl0%! & (-1 bl0%! & ()-1 bl0%! & ()-1
D101 & () P s S 03 1NE rea a0 & ()1

Ul &' ()-1*
b10A>f§'() 1 4E§§§fg%erization was carried cut in the same manner as

1
1

Example 26, except that 40 pL cof l-hexene was charged and
the Complex 4 was used. As a result of polymerization, a
polymer having the molecular weight (Mw)} = 255,000, the
molecular weight distribution (Mw/Mn) = 2.0, Tm = 102.4°C
10 and SCB = 24 was produced in an amount of 7.0 x 10° g per 1

mol cf titanium and per an hour.

The fcllowing tables 1 to 5 show the catalytic
compenents, polymerization conditions, catalytic activity
15 and reaction results of Examples 13 to 91 and those in
Comparative Examples 1 to 9 using
dimethylsilyl (tetramethylcyclopentadienyl) (3-tert-butyl-5-

methyl-Z-phencexy) titanium dichleride [Complex 7].

0 [Complex 7]

20



+<?W ?84 b10% b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1
b10%! & ()-1 bl0%! & ()-1_?84 b10% b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-

1
b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1_?84 b10% b10%! & ()-1 bl0%! & ()-1

b10%! & ()-1 b10%! & ()-1 b10%! & ()-1 b10%! & ()-1_?84 b10% b10%! & ()-1
b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1\%0%! & ()-1 b10%! & ()-1j N. 284
b10%! & ()-1 bl0%! & ()-1*4EOYcmw +<?W 384 b10% b10%! & ()-1 bl0%! & ()-1
b10%! & ()-1 b10%! & ()-1 b10%! & ()-1 b10%! & ()-1 2?84 b10% b10%! & ()-1
b10%! & ()-1 b10%! & ()-1 b10%! & ()-1 b10%! & ()-1 b10%! & ()-1_?84 b10%
b10%! & () ThphE0%:! &+l 1bRl el o1 Anddki0 &r( ) - 1 b10%! & () -1
b10%! & ()-1"% 284 h10% h10%! & ()-1 hl0%! & ()-1 h10%! & ()-1 h10%! & ()-1
b10%! & ()| Expmpde! [SC¢mp 1og) HfN. y8ai 1 0o &E¢Rd it banypic& iWi-ty*4FOYC mw
+<?Wk- 0358 28¥8 b10% b10%! & ()-1 b10%A&1()-1 bl0%!' & ()- 0.610%! & ()-1
b10%! & ()FT HO%T& ()11, =PCFHK 784 b1e%Ib10%! & ()-1 bl0%B& ()- 1
b10%! & () FT BEY% & ()1 T bI0%T & () -1 Blq%T & () - IKVNRUX] 6C34 ©10%
b10%! & () FT oot O T b109%t &=t o1 10

13 2 A-1 9.2

14 2 B-1 1.6

15 2 c-1 11.4

16 2 D-1 5.2

37 3 A-1 8.6

38 3 B-1 4.7

39 3 c-1 59.5

40 3 D-1 4.5

41 4 A-1 1.9

42 4 B-1 1.9

43 4 C-1 55.0

44 4 D-1 10.2

45 5 A-1 11.3

46 5 B-1 3.3

47 5 C~1 37.4

48 5 D-1 5.4

49 6 A-1 1.3

50 4 B-1 2.8

51 © Cc-1 5.3

52 9 D-1 5.0

*1 (x10° gPE/mol-cat/hr)
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-1 N 1?9 bhl0%! & %-1 h109%! &'()-1*4EOYCWN“ +K?2W|?<4 b10%
-1 bl@/ofmﬁj% T TE(F 14| DTG (T L t@o%&.‘é‘i’()-l
-1 7@ 410% blopsf & () {1|bLopst & () {1|bLops® &l () -1 [b10%! & () -1
-1 bIO¥&T4 rl)J. #$ 1CF hI0% Dol & )R o] IR &L b10%! & ()-1
1b1Qﬁ/@P‘<§£—fl_.°im.“T“’."f“?°‘?‘°":‘_f‘\f°°.‘\.“"3 o TS
2| o= o|~a|lci|m|m|o|e|a|lo|njo|n|v|e] & |cle|o
EOOOHDDMODOHOWH@OOD EHHH)
[_1v—||—||—1¢—||—||—||—|t—||—|v—|r“~i|—|t—||—| || E!\_'l_"
=} o ~
Emmmﬁmﬂmmﬁmwooowmmwgh&oh g
B KN R N A BV R Kas B Kot Eaa I EQVA RESE RS Bl Bl YoVl KN N[N~ Z oMoy o
= 5 2
0]
QO |O|o|C|o|lo|o|o|lojc|o|olc|OO OO oI |O Q4
QOO |C|C|O|O|O|OIC|OQ|CID OO |0 [t 3l ot J ¥ ol )
OO |(O|IC|C|C|O|O|O|OIC|C|OjO|O|o|Oo|o [en] Ran ) R an
gdddq?riciw?o?o?q;o&'m‘c?r:r-?m‘q?c?gu?r:m“ b
l|w|lo|o|Ww|wo|NI-|N|o|funo|lo]|o|d|d|O mM|u|oo
M| ~NDO N[N |0 || = M| 0
i =
o]
— — -l—)
* +* o
z"cr"—uxo s|M|o|dH|o|(mm]|o|a O]~ B'Hmm g
| # wlmfe| x| |ofo|qiv|e | |o|a|n IS ) Q
m o — -~ ol = {r~ o — -q -~ i
O s “ N s 1!
~ O 8] |6}
< | S <
o
m o
H oW o
B[ o =)
— = = -
+ i —
o o elololo|lo|lo|lolo|lo|ojelo|e|o|ole|ololm Slolalo
o |8 P~z ||| oo o= o] = PISE|0 -
- Q- ™ i — — — —Aj 0 — (]
= 5 P
g 0] Q m
- |F B o)
o o
& o o
£ | o o s&
>‘1-’—!,: -HC:
— 4’"‘0 s 5
T B a5 -";
SRt bt D e S Bt e St = =T S A A =
Ll -
UégomooaoooaomommaamoEgaoo 5
v |E o E g E
o |40 ¢ o
v | o o ,-: Q
oo B g o
o O @
| e % :3 %
— (i) )
~ — — [14] ~
g %‘—u.—uﬂmmmmmqu‘wmmm\o@w cEz.r-r-r- (I) L
) 5] 0 — H
— &) 5] ) )
- g
o S S
I o B @
[ > fu g
()] -~ @ o)l
- — = o 3
TS CE’-'mo.—awm‘ommw‘—imwwhmmOHg%hmm% a
@ ~loo|lo|N|N|Nja|o|o|Mm|e]|™m || |[OvV O @ o — O
a | @ 2 7 -
0 ol [
m [& — ]
[ * *




b10%! & ()- 1$&(* C< b10% b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1

b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1*+ .jN _C< bl0%! & ()-1

b10%! & ()- 1*4EOYcnw +<?W 02579: ?< b10% b10%! & ()-1 bl10%! & ()-1

b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1;=?BDFl _?< bl10%

b10%! & ()-1 b10%! & ()-1 b10%!& ()-1 B30%! & ()-1 b10%! & ()-1

b10%! & () - 11 LNQUXY_C< b10% b10%! & ()-1 bl10%! & ()-1 bl0%! & () 1

b10%! & ()-1 bl0%! & ()-1 bl0%! & ()- 1Y\ *a_C< b10% b10%! & ()-

b10%! & ()-1 b10%! & ()-1 bl10%! & ()-1 bl0%! & ()-1 bl0%! & ()- labcdj N2_C<
b10%! & ()-(,t@aa%g%@!gg)()- 1*4EOYcmw  +<?Wdefij kl npT8 b10%! & ()-1

b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & () st b10081 2 ()-1
b10%1 & ()~ 510061 &'Q%)( et%}%l%‘ﬁzg) %Hﬁ%ﬁuﬁ{{%&iﬂ%%&& héanbl ol & 8 1

b10%! & () -1 | %@H%(@% 1 b10%!' & ()-1 bl0%! & ()-1 bl0%! & ()-1{|~j J.t X<
b10%! & ()1 BT0% - 1*4EOYCw  +<?W X< b10% b10%! & ()-11 b10%! & ()- 1*

b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()- 1t X< b10%
b10%>!&:()-11 b10%>!§'()-1* bl?i%%%%é&;iéﬁ%E&?!&f()—1 b10%! & ()-1
b10%! & ()-1 bl0%! & ()-1pT8 CO,Et
5 Under nitrogen atmosphere, a reactor was loaded with
60% sodium hydride (87.1 g, 2.15 mol) and dry THE {130 mL).
A solution of triethyl 2-phosphonopropionate (239 mL, 1.54
mol) in dry THF (160 mL) was added dropwise into the reactor
in an ice bath. The mixture was stirred at room
10 temperature for 1.5 hours, and successively, in an ice bath,
a solution of L-methylthiophene-2-carboxyaldehyde (180.0 g,
1.43 mol) in dry THF (430 mlL) was added dropwise thereto
under ice bath cooling and stirred at room temperature for
5 hours. An agueous saturated ammonium chloride scolution
15 was added to the resulting reaction mixture and the mixture
was extracted with diethyl ether to obtain an organic layer.
The organic layer was washed with a saturated brine and
dried over magnesium sulfate anhydride. The solvent was
distilled off under reduced pressure to obtain ethyl (22)-
20 2-methyl-3-[5-methylthiophen-2-yl]-2-propencate (291.8 g,

97.0%) as a dark red liguid.

(Example 93)

Synthesis of methyl 2-methyl-3-[5-methylthiophen-2-y1]-2-




bl b10%! & ()-1 b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & ()-1 bl10%! & ()-1jJ. pT8 bl0%! & ()-1 bl0%! & ()- 1*4EOYcnw +<?W X<
b10% b10%! & ()-11 b10%! & ()-1* bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1
b10%! & ()-1 b10%! & ()-1t X< b10% b10%! & ()-11 b1l0%! & ()-1* bl0%! & ()-1
b10%! & ()-1 b10%! & ()-1 bl0%!& ()-1 BL0%! & ()- 1t X< b10% b10%! & ()- 11
b10%! & ()-1* bl0%! & ()-1 bl0%!& ()-1 bl0%!& ()-1 bl0%! & ()-1

b10%! & ()-1j J*t X< b10%! & ()-1 b10%! & ()- 1*4EOYcnw +<?W ?< b10%

b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & () pkoparkkd% b10%! & ()-1 bl0%! & ()-1 b10%! & ()-1 bl0%! & ()-1
b10%! & ()-1 bl0%! & ()-1_?< bl0% bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1
b10%! & ()-1 bl0%! & ()-1 bl0%! & /=1 ?< H10% bl0%! & ()-1 bl0%! & ()-1
b10%! & ()-1 b10%! & ()-1 b10%! &)\ bl0%e! & ()-1j N2_?< b10%! & ()-1
b10%! & () - 1*4EOYcnw +<?W X< A cOlRe! & () - 1% b1l0%! & ()-1
b10%! & ()-1 bl0%! & ()-1 bl0%! & (§- 1 b10%! & %) “1t X< bl b10%! & ()-1

b10%! & ()-1* bIg¥el & Derb 0% dPhere, a reactor was loaded with
ethyl (2Z)-2-methyl-3-[5-methylthiophen-2-yl]-2-propenoate
5 {(20.0 g, 95.1 mmol) and dry methanol (100 mL} and magnesium
{7.0 g, 289.0 mmol) was added in small portions and
gradually thereto. The mixture was stirred for 5 hours,
acidified by additicn of an agueous 3N hydrochloric acid
solution and then extracted with ethyl acetate to obtain an
10 organic layer. The organic layer was washed with saturated
brine and dried over anhydrous magnesium sulfate. The
solvent was distilled off under reduced pressure to obtain
a dark red liquid. The liguid was purified by silica gel
chromatography (hexane/ethyl acetate = 10/1) to obtain
15 methyl 2-methyl-3-{5-methylthiophen-2-yl]-2-propancate

(11.2 g, 59.4%) as a pale yellow liquid.

(Example 94)

Synthesis of 2-methyl-3-[5-methylthicphen-2-yl]-2-propanoic

S

Under nitrogen atmosphere, a reactor was lcaded with

20 acid

methyl 2-methyl-3-[5-methylthiophen-2-yl]-2-propanocate




b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1t X< bl bl0%! & ()-1 bl0%! & ()- 1*
b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1j N. t X<
b10%! & ()-1 bl0%! & ()- 1*4EOYcmw +<?W _?< b10% b10%! & ()-1 b10%! & ()-1
b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 "$_?< b10% b10%! & ()- 1
b10%! & ()-1 b10%! & ()-1 bl10%! & ()-1 ?%0%>l&r() 1 b10%! & ()-1$' *,.02_2<
b10% b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1
b10%! & () - 1259<_?< b10% b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & ()-1 bl0%! & ()-1 bl0%! & ()- 1<=ABj N2_?< b10%! & ()- 1

b10%! & () - L"eBEQYCIW o 455? WRRHIL MX s 11004 PIOYE, & (Yol RAPYEhE (hel
b10%! & ()-1 b10%1'& ()-1 bl0%! & ()-1 bl0%! & {)- 10QSVXY[ cC< b10%>|

D10%1 & () "I aconge: B0 bT0ssI B (T TItUb S 197 2 D1bte! & 1) 1
Big‘g: g 8 %a%% %ﬁ’% #eb%gla%ﬁ %é]%r%gﬁb%?ﬁb% %%{?E&f‘?%\)inorsj J. g

Eigg;:g Eg % b10%>| %&d%q%ﬁi%ﬁ%%(%ggaMEéhg%ggéTghgltﬁggggk rggted

5 with ethyl acetate to obtain an organic layer. The organic
layer was washed with saturated brine and dried cver
anhydrous magnesium sulfate. The sclvent was distilled off
under reduced pressure to obtain 2-methyl-3-[5-
methylthiophen-2-yl]-2-propancic acid (149.6 g, 99.0%) as a

10 pale vellow cil.
*Claisen reagent: a solution of potassium hydroxide (35 g)

in a mixed solvent of water (25 mL) and methanol (100 mL)

(Example 95)
15 Synthesis of 2,5-dimethyl-5, 6-dihydrocyclopentall, 2-

blthiophen-4-one

/A
S

Under nitrcgen atmosphere, a reactor was loaded with
polyphosphoric acid (72.1 g) and phosphorus pentoxide (72.1
20 g, 0.51 mcl) was added thereto and stirred at 140°C for 1
hour. Then, a sclution of 2-methyl-3-[5-methylthiophen-2-
yl]lpropanoic acid (43.0 g, 0.23 mel) in 1,2-dichloroethane

(75 mL) was added dropwise and stirred at 100°C for 2 hours.




b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1{|}~pT8 bl b1l0%! & ()-1 bl0%! & ()-1
b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1pT8 bl
b10%! & ()-1 b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & ()-1 b10%! & ()-1j J. pT8 b10%! & ()-1 bl0%! & ()- 1*4EOYcmw +<?W X<
b10% b10%! & () - 11 b10%! & ()-1* bLO%! &()-1 b10%!& ()-1 b1O%! & ()-1
b10%! & ()-1 b10%! & ()- 1t X< b10% b10% & ()-11 b10%! & ()-1* b10%! & ()-1
b10%! & ()-1 bl10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1pT8 bl bl0%! & ()- 1
b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1 bl10%! & ()-1 bl0%! & ()-1

D109 & () hied LR L0V ol el OO R ) e AROYofate.o <PUY 050 AP0

b10%! & ()-11 b10%! & ()-1* bl0%! & ()-1 bl0%I & ()-1 b10%%1 & (O)-1

b10%! & () 109! X HA0% baD % 1 (J+dit b10%! & ()-1
b10%! & )w% Eil%glr% (r%g T b10%1 & bj)lé)l{?blfi%%%l &;e’gé%gr%é%l&b%%w & ()-1

L0 () LA L LRI UL SR O
b10% & ()3 1L RAQKR S et arP SR & )5 e PAYES & dd 1 PALAEE S04 - 1
5 solution and dried over anhydrous magnesium sulfate. The
solvent was distilled off under reduced pressure to obtain
a black 0il. The o0il was purified by silica gel
chromatography (hexane/ethyl acetate = 5/1) to obtain 2,5-
dimethyl-5, 6-dihydrocyclopentall,Z2-b]thiophen-4~-one (32.6 g,
10 84.1%) as a reddish brown oil.

(Example 96)
Synthesis of 2,4,5-trimethyl-6-hydrocycleocpentall, 2-

blthiophene

/ \

15 S
A solution of methyllithium in diethyl ether (1.04 M,

Kanto Chemical Co., Ltd.) (31.8 mL, 33.1 mmcl) was added
dropwise to a solution of 2,5-dimethyl-5, 6-
dihydrocyclopentall, 2-b]lthicphen-4-one (5.00 g, 30.1 mmol)
20 in tetrahydrofuran (50 mL) at -78°C and stirred at rocm
temperature for 4 hours. After addition of an aqueous
saturated ammonium chloride sclution, the mixture was

extracted with ethyl acetate, washed with saturated brine



b10%! & ()-1 bl0%! & ()- 1t X< b10% b10%! & ()-11 b10%! & ()-1* b10%! & ()-1
b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1pT8 bl bl0%! & ()- 1
b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 blo%! & ()-1 bl0%! & ()-1

b10%! & ()-1j J. pT8 bl0%! & ()-1 bl0%! & ()- 1*4EOYcrw +<?W X< b10%

b10%! & ()-11 b10%! & ()-1* b10%! & ()-39b10%! & ()-1 b10%! & ()-1

b10%! & ()-1 bl0%! & ()- 1t X< b10% b10% & ()-11 b10%! & ()-1* b10%! & ()-1
b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1pT8 bl bl0%! & ()-1
b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 blo%! & ()-1 bl0%! & ()-1

b10%! & () whiN2BER: k0% &y L O] i (el AECHEE o QM s b1

b10%! & ()-1 b10%! & ()-1* bi0%! & ()-1 bl0% & ()-1 bl0%I & ()-1

b10%! & () I %! & 15 b1o%w! & ()-1
b10%! & )C% %%%%a%e% u}}d;élio% & be%%rl%l% ﬁt%ixn %fpb%O%l & ()-1

10961 & 8?% RE %109/@6.1@%%ﬁdféb#&f@%%ﬁ%ﬁif‘é%ﬁmmﬁﬁ?ﬁ 3
b10%1 & () - %.%0%?'%5@ 1 hO%&ihed 2,4, 5-trimethyl-¢, 5, 6-

5 trihydrocyclopental[l, 2-b]lthiophen-4-0l was dissolved in

tetrahydrofuran (50 mL) and 3% hydrochloric acid (15 mL)

was added at room temperature. The mixture was then
stirred for 3 hours. The reaction mixture was separated by

addition of toluene and water. An organic layer was washed

10 with water and saturated brine and then dried over
magnesium sulfate. The solvent was concentrated under
reduced pressure to quantitatively obtain 2,4, 5-trimethyl-
6b-hydrocyclopental[l,2-b]lthiophene.

'H-NMR (deuterated chloroform, &{ppm)): 1.%7(s, 3H), 1.98(s

15 3H), 2.50(s, 3H), 3.16{(s, 2H), 6.58(s, 1H)

Bec-NMR {(deuterated chlecreform, &(ppm)): 12.23, 14.64,
16.62, 40,83, 116.94, 130.81, 136.38, 137.95, 142.32,
153.31.

Mass spectra (EI, m/z): 164(M'), 149, 134, 115, 51, 39, 27

20

(Example 97)

Synthesis of 2,5-dimethyl-6-hydrocyclopentall,2-b]thiophene

s

S




b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1t X< bl bl0%! & ()-1
b10%! & ()-1* bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1
b10%! & ()-1 !"#$% X< bl b10%! & ()-1 bl0%! & ()-1* bl0%! & ()-1
b10%! & ()-1 bl10%! & ()-1 bl0%! & ()-1 bl0%! & ()- 1%+ j J*t X< b10%! & ()- 1
b10%! & () - 1*4EOYcnw +<?W/ 13579 ?< b1@§> b10%! & ()-1 bl10%! & ()-1
b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bI0%! & ()-19: =?ACE_?< b10%
b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1
b10%! & ()- 1EG KMOS_?< b10% b10%! & ()-1 b10%! & ()-1 bl10%! & ()-1

b10%! & () -1 b1t (Vith RAAYeH 8nd JpH MY _Prc l@9Pa DIOYRLA hYyddide
b10%! & ()-1 bl0% & ()-1 DL0%l & ()1 D109 & ()-1 bl0%! & () - 1VZ AjN._2<

b10%! & YCIRY 2V e 0%, ' fa-1
010061 & () B1o1 € )7 10 8 (121 BIooel &) 3 brOseT &l () - 11 npsuve_2<

D10%1 & () “LAE P2 %]c&@%fa%;@foﬁ"f/"’%l %;?s Wﬁ% é%/;&-b%?‘)?' f;"léﬁ/;&-() )
010 & (0 b AT o 25 ELORMOTELR () LRIOM & ) 15309 )3
5 in dry tetrahydrofuran (44 mlL) was added dropwise thereto
in an ice bath. The mixture was then stirred at room
temperature for 3 hours. Then, an aquecus saturated
ammonium chloride scolution was added to the reaction
mixture and it was extracted with ethyl acetate to obtain

10 an organic layer. The organic layer was washed with
saturated brine and dried over anhydrous magnesium sulfate.
The solvent was distilled off under reduced pressure to
ocbtain 2,5-dimethyl-4,5,6-trihydrocyclopentall, 2-
b]thiophen-4-0l1 (22.5 g, 99%) as a pale yellow oil.

15 The obtained 2,5-dimethyl-4,5,6-
trihydrocyclopental[l,2-blthiophen-4-0l1 (22.2 g, 66.0 mmol)
and toluene {200 mL) were locaded, and p-toluenesulfonic
acid monohydrate (804 mg) and molecular sieves 3A (10 g)
were added. The mixture was then stirred at 95 to 100°C

20 for 1 hour. Then, water was added to the reaction mixture
and it was extracted with ethyl acetate to obtain an
organic layer. The organic layer was washed with saturated
brine and dried over anhydrous magnesium sulfate. The
solvent was distilled off under reduced pressure to obtain

25 a pale yellow o0il (19.6 g). The oil was purified by silica



b10%! & () - 1*4EOYcnw +<?WP4 b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1

b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()- 1l P4 b10%! & ()-1

b10%! & ()-1 b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & ()-1gG4 b10%! b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()- 11
b10%! & ()-1 bl0%! & ()-1gG4 b10%! bl10% & ()-1 b10%! & ()-1 b10%!

b10%! & ()-1 bl0%! & ()-1 bl0%! & ()- 1j KZgG4 bl10%! & ()- 1

b10%! & ()- 1*4EOYcnw +<?W X< bl bl10%! & ()-1 bl10%! & ()-1* bl0%! & ()- 1
b10%! & ()-1 bl10%! & ()-1 bl0%! & () 1 b10%! & ()- 1t X< bl b10%! & ()

b10%! & 0
010501 & () 9Fix b1 OO B 4 Db () 1t “é%%};ﬁ&?%)% ool 1

D100t & ) R I e S LIRS PR 19 e 800 £
b10%! & ()-1.h10% ! & ()-1 bl0%! & ()-1 bl0%! & ()-1tX< bl b10%! & ()-

b10%! & () -SB 5001 & ()-1 bl0%! & ()-1 bl0%! & ()-1 b10%! & ()-1

b10%>|&'()11tX< b1l b10%>|&'%> 1 b10%>|&'() 1* b10%>|&3£? 1 b10%>|&'9) 1
b10%! & () - H-NMR (deuterated chloroform, S (ppm)) : s, 3H),

5 3H), 2.83{(s, 2H), 6&.28(s, 1H), ©€.52(s, 1H)
BCc-NMR (deuterated chloroform, &(ppm)): 15.80, 16.75,

40,12, 117.69, 123.e66, 137.67, 141,64, 145.80, 150.12

«Propylene Homopolymerization»
1C (Example 98)
<Polymerizaticn condition E-1>
An autoclave was charged with toluene (5.0 mlL) and 1-
hexene (50 ulL}) under nitrogen atmecsphere and the

temperature was stabilized at 40°C. It was then charged

15 with ethylene until it was pressurized to 0.60 MPa, and the
pressure was stabilized. Thereto MMAO (5.8% by weight of
Al, Tosoh Akzo Corporation) (100 pmol) and the Complex 4
(0.10 umel} were added to carry out polymerization for 30
min. As a result of peolymerization, a pelymer having the

20 molecular weight (Mw) = 248,000, the molecular weight
distribution {(Mw/Mn) = 1.5 and Tm = 116.6°C was produced in
an amount of 1.9 x 10° g per 1 mol of titanium and per an

hour.

25 (Example 99)



b10%! & ()-1 bl0%! & ()-1j J. t X< b10%! & ()-1 bl0%! & ()- 1*4EOYcmw +<?W X<
b10% b10%! & ()-11 b10%! & ()-1* bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1
b10%! & ()-1 bl0%! & ()- 1t X< b10% b10%! & ()-11 bl0%! & ()-1* bl0%! & ()-1
b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1pT8 bl bl0%! & ()-1
b10%! & ()-1 b10%! & ()-1 bl10%! & ()-1 P(%‘?%I & ()-1 bl0%! & ()-1

b10%! & ()-1j J. pT8 bl10%! & ()-1 bl0%! & () - 1*4EOYcnw +<?W t X< b10%
b10%! & ()-11 bl0%! & ()-1* bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & ()-1 bl0%! & ()-1t X< b10% b10%! & ()-11 b10%! & ()-1* bl0%! & () 1

b10%! & () - NLAAH 1& {0+ IOV & d) -A-p10%! & () -1 pT8 bl bl0%! & ()-
b10%! & ()-1 bL0%! & ()-1 bl0%! & ()-1 bl0%! & () 1 b10%! & ()-1

D10% 1091 & () 41 aﬁ%%ﬁ%%é T O SIbIETE (-1 BibosTd 11
o | ! o5 | 00 0 ' 0 ! *
D10%1 & () PP (N u&fé@;;?%%ogi’e%ﬁf%@éc?s&@‘%s@‘ré)ﬁ%»@4%”2‘3&1é£5é9 - <pT8
bl b10%>'&'() 1 b10%>'&'() 1 b10%! & ()-1 b10%>'&'()
perature was stabilized ‘at 40°C It was then charged

5 with ethylene until it was pressurized to 0.60 MPa, and the
pressure was stabilized. Thereto a sclution of
triisobutylaluminum in hexane (40 pL, 1.0 M, Kanto Chemical
Co., Ltd.}), pentafluorophenylbeorane (0.30 pmol) and the

Complex 4 (0.10 pmol) were added to carry out

10 polymerization for 30 min. As a result of polymerization,
a polymer was produced in an amcunt of 1.0 x 10° g per 1

mol of titanium and per an hour.

{Example 100)
15 <Polymerization condition G-1>
An autoclave was charged with toluene (5.0 ml} and I-
hexene (50 puL) under nitrogen atmosphere and the
temperature was stabilized at 40°C. It was then charged
with ethylene until it was pressurized to 0.60 MPa, and the
20 pressure was stabilized. Thereto a soluticn of
triisobutylaluminum in hexane (40 uL, 1.0 M, Kanto Chemical
Co., Ltd.), dimetylanilinium tetrakis(pentafluorophenyl)
borate (0.30 pmol) and the Complex 4 (0.10 pmol)were added
to carry out polymerization fcor 30 min. As a result of

25 polymerization, a polymer having the molecular weight (Mw)



b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1<=?@J. pT8 bl10%! & ()- 1

b10%! & () - 1*4EOYcmw +<?WGABCDEFG X< b10% b10%! & ()-11 b10%! & ()- 1*
b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()- 1GHI JKLM\ X<
b10% b10%! & ()-11 b10%! & ()-1* bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1
b10%! & ()-1 b10%! & ()- INOPQSTUVPTS b (5)%00/@! & ()-1 blo%! & ()-1

b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bI0%! & ()-1 bl0%! & ()-1VW jJ. pT8
b10%! & ()-1 bl0%! & ()-1*4EOYcmw +<?W  abcdeft X< b10% b10%! & () - 11
b10%! & ()-1* bl10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & () =1fsghi jolont Xh P HRPRIN%H &ddgrid P10 &ddsr* MA%?)! 8e(i
b10%! & ()-1 bi0%! & ()-1 bi0%! & ()- 1%1O%>| &0)- 1rm0pvvxysz bl
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b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1pT8 bl
b10%! & ()-1 b10%! & ()-1 bl10%!& ()-1 bl0%! & ()-1 b1l0%! & ()-1

5 (Example 101)
<Peclymerizaticn condition H-1>
An autoclave was charged with tcluene (5.0 mL) and 1-
hexene (50 pL) under nitrogen atmosphere and the

temperature was stabilized at 40°C. It was then charged

1¢C with ethylene until it was pressurized to 0.60 MPa, and the
pressure was stabilized. Thereto a scolution of
triisobutylaluminum in hexane (40 ul, 1.0 M, Kanteo Chemical
Co., Ltd.), triphenylmethyl
tetrakis (pentaflucrophenyl)borate (0.30 pmocl) and the

15 Complex 4 (0.10 pmol) were added to carry out
polymerization for 30 min. As a result of polymerization,
a polymer having the meclecular weight (Mw) = 527,000, the
molecular weight distribution (Mw/Mn) = 1.64 and Tm =
113.4°C was produced in an amount of 16.1 x 10° g per 1 mol

20 of titanium and per an hour.

«Copelymerization of Ethylene/l-Butene»
(Example 102)
<Pglymerizaticn condition I-1>

25 After a flask was charged with toluene (1.0 L) under



b10%! & ()-1 b10%! & ()-1j N. pT8 bl0%! & ()-1 bl0%! & ()- 1*4EOYcnw +<?W X<
bl bl10%! & ()-1 bl0%! & ()-1* bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1
b10%! & ()-1 bl0%! & ()- 1t X< bl bl0%! & ()-1 bl0%! & ()-1* bl0%! & ()-1
b10%! & ()-1 bl10%! & ()-1 bl0%! & ()-1 bl0%! & ()- 1pP4 bl0%! & () 1&
b10%! & ()-1 b10%! & ()-1 b10%! & ()-1 Hip%! & ()-1 bl0%! & ()-

b10%! & () - 12pP4* 4EOYcnw  +<?W b10%! &-J?Cf?l b10%! & () -1 ’?4*4EO
b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1
b10%! & () - 1_?4* 4EO b10%>l & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & (
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5 Chemical Co., Ltd.}, the Complex 4 (0.5 umol) and
dimethylanilinium tetrakis(pentafluorophenyl)borate (0.5
umol} were added to carry out polymerization for 60 min.
As a result of polymerization, a polymer having the
molecular weight {(Mw) = 292,000 and the molecular weight

10 distribution (Mw/Mn) = 1.43 was produced in an amount of

4.3 x 10° g per 1 mol cf titanium and per an hour.

{(Example 103)
Polymerization was carried out in the same manner as
15 Example 102, except that the Complex 5 was used. As a
result cof pelymerization, a polymer having the molecular
weight (Mw) = 15,000 and the molecular weight distribution
(Mw/Mn) = 1.46 was produced in an amount of 10.5 x 10° g
per 1 mol of titanium and per an hour.
20
«Cepolymerization of Propylene/l-Butene»
(Bxample 104)
<Polymerization condition J-1>
After a flask was charged with toluene (1.0 L) under

25 nitrogen atmosphere, propylene (8.0 L/min) and l-butene
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b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1)*-0jN. _?4
b10%! & ()-1 bl0%! & ()-1*4EOYcmw +<?WD358: >@ ?4 b10% b10%! & ()- 1
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b10%! & ()-1 bl10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()- lcdhij N2_?4
b10%! & ()-1 b10%! & ()-1*4EOYcmw +<?W j kI mopt X< bl b10%! & ()- 1
b10%! & () -1, D HRIS (errde B0 & HArdi DHO%A & ot Ly IPYh & £e 1
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5 dimethylanilinium tetrakis (pentafluocrophenyl)borate (0.5

pmol) were added to carry out polymerization for 60 min.

As a result of polymerization, a pclymer having the

molecular weight (Mw) = 297,000 and the molecular weight
distribution (Mw/Mn) = 1.47 was produced in an amount of
10 2.0 x 10° g per 1 mol of titanium and per an hour.

(Example 105)
Polymerization was carried out in the same manner as

Example 104, except that the Complex 5 was used. As a

15 result of polymerizaticn, a polymer having the molecular
weight (Mw) = 763,000 and the mclecular weight distribution
(Mw/Mn} = 1.45 was produced in an amount of 4.5 x 10° g per

1 mol of titanium and per an hour.

20 «Copolymerization of Ethylene/Styrene/Norbornene»
{Example 106)
<Polymerization condition K-1>
An autoclave was charged with toluene (1C0 mL),

styrene (200 mmol) and norbornene (200 mmol) under nitrogen

25 atmosphere. The autoclave was then charged with ethylene




b10%! & ()-1 b10%! & ()-1 bl0%!& ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & ()-1 b10%! & ()-1jJ.pT8 bl0%! & ()-1 bl0%! & ()-1*4EOYcnw +<?W X<
b10% b10%! & ()-11 b10%! & ()-1* bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1
b10%! & ()-1 b10%! & ()-1t X< b10% b10%! & ()-11 b1l0%! & ()-1* bl0%! & ()-1
b10%! & ()-1 b10%! & ()-1 b10%!& ()-1 pdp%! & ()-1pT8 bl blo%w! & ()-1
b10%! & ()-1 b10%! & ()-1 b10%!& ()-1 b10%! & ()-1 bl0%! & ()-1

b10%! & ()-1j J. pT8 b10%! & ()-1 b10%! & ()- 1*4EOYcnw +<?W X< b10%

b10%! & ()-11 bl0%! & ()-1* bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & () vhthh0%! &9 phtets P02 D1A9ed & (Npdl MHO%H& famddrd@de! & () -1
b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1pT8 bl bl0%! & ()- 1

b10%! & () vk PLA%R & {Qed PG E ()THe RIAYEL Ssd)adi HI0FS! & () -1
b109! & ()13, pT8 bI0%! & ()-1 b10%!I & () - 1* 4EOvCw  +<?W X< b10%

b10%! & () O 0 ﬁ& (9-d Bl (-1
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B10%1 & () 4 A0 £.)- 5 S0P18 )5 400w} & 4)5 1gT8: PLpiooe! & (-1
5 dimethylanilinium tetrakis(pentafluorophenyl)borate (10.0
umol) were added to carry out polymerization for 60 min.

As a result of polymerizaticn, a polymer was produced in an

amount of 5.3 x 10° g per 1 mol of titanium and per an hour.

10 (Example 107)
<Poclymerization condition K-2>
An autoclave was charged with toluene (150 mL),
styrene (300 mmol) and norbornene {300 mmol) under nitrocgen
atmosphere. The autoclave was then charged with ethylene
15 until it was pressurized to 0.4 MPa, and the temperature
was stabilized at 50°C. Thereto a solution of
triisobutylaluminum in hexane (1.> mL, 1.0 M, Kanto
Chemical Co., Ltd.), the Complex 5 (7.5 pmol) and
dimethylanilinium tetrakis (pentafluorophenyl)borate (15.0
20 umol) were added to carry out polymerization for 60 min.
As a result of polymerization, a polymer was produced in an

amount of 5.0 x 10° g per 1 mol of titanium and per an hour.

«High temperature and High pressure Polymerization»

25 (Example 108)




b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1
b10%! & ()-1j J. pT8 b10%! & ()-1 b10%! & ()- 1*4EOYcnw +<?W X< b10%
b10%! & ()-11 bl0%! & ()-1* bl0%! & ()-1 bl0%!& ()-1 bl0%! & ()-1
b10%! & ()-1 bl0%! & ()-1t X< b10% b10%! & ()-11 b10%! & ()-1* bl0%! & ()-1
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b10%! & ()-1 b10%! & ()-1 bl10%!& ()-1 b10%! & ()-1 bl0%! & ()-1
b10%! & ()-1 j N2pT8 b10%! & ()-1 bl0%! & ()-1*4EOYcnw +<?Wt X< bl
b10%! & ()-1 b10%! & ()-1* bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & () ~b1@fér i& Dickt &Miﬁl&%&i)- 1 b10%! & ()-1* bl0%!& ()-1
b10%! & ()-1 bI0%! & ()-1 bl0%! & ()-1 b10%!& ()-1 tX< bl b10%! & ()-1

b10%! & () - 1* blzx%‘y%'lﬁdc)la%éo%@'&ma(ﬁgléd BLO%! & &) sHe PAOLE £5 6 ) mi and
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5 with ethylene until it was pressurized to 2.50 MPa, and the
pressure was stabilized. Therete triisobutylaluminum (0.30
mmol), dimethylanilinium tetrakis (pentafluorophenyl)borate
(3.0 pumol}) and the Complex 5 (0.50 pumol) were added to
carry out polymerization for 2 min. As a result of

10 peolymerization, a polymer having the molecular weight (Mw)}
= 113,500 and the molecular weight distribution (Mw/Mn) =
1.8 was produced in an amount of 21.5 x 10’ g per 1 mol of

titanium and per an hour.

15 The fcllowing Table 6 shows the catalytic components,
polymerization conditions, catalytic activity, reaction
results of Examples 108 to 111 and those in Comparative
Example 10 using

dimethylsilyl (tetramethylcyclopentadienyl) {(3-tert-butyl-5-

20 methyl-2-phencoxy)titanium dimethoxide [Complex 8].




b10%! & ()-1 b10%! & ()-1* bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1
b10%! & ()-1 bl0%! & ()-189: =j N. t X< b10%! & ()-1 bl0%! & ()- 1* 4EOYcnw
+<?WE?CEG K_?< b10% b10%! & ()-1 b10%! & ()-1 bl10%! & ()-1 bl0%! & ()-1
b10%! & ()-1 b10%! & ()- IKMORUXZ_?< b10% b10%! & ()-1 b10%! & ()- 1
b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1 pdo%! & ()- 12\ *adgh_C< b10%
b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & ()- 1hjl n_C< b10% b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & ()-1 b10%! & ()-1 bl10%! & ()- 1nopgj N2_C< b10%! & ()- 10

b10%! & ()- 1*4EOYcnw +<?Wir st uvwxt X< p1 bl0%! & ()-1 bl0%! & ()- 1*

b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-£ bl0%! & ()-1 bl0%! & ()- 1xyz{|}~t X<
bl bl0%!& ()-1 bl0%!& ()-1* b109 -1 bl0%! & ()-1 bl0%! & ()- 1

b10%! & ()-1 b10%! & ()-1pT8 b10%AHK () -OMeL0%! & ()-1 bl0%! & ()-1

b10%! & ()-1 bl0%! & ()-1 bl%!- )-110109%! & ()-1j J. pT8 bl0%! & ()-1
b10%! & ()- 1*4EOYcmw  +<?W X<BL09 b;%%@@e()-ll b10%! & ()-1* b10%!& ()-1
b10%! & ()- 1 01 b10%] &'gk(p%felt >§§ b10% b10%! & ()-11
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b10%! & ()-1pT8 bl b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1
b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1jJ.pT8 bl0%! & ()-1
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b10%! & ()-1 b10%! & ()-1* bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & ()-1 b10%! & ()-1j J.tX< b10%! & ()-1 bl0%! & ()- 1*4EOYCnw +<?W X<
b10% b10%! & ()-11 b10%! & ()-1* bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1
b10%! & ()-1 b10%! & ()-1t X< b10% b10%! & ()-11 b1l0%! & ()-1* bl0%! & ()-1
b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1 hip%! & ()-1pT8 bl bl0%! & ()-1
b10%! & ()-1 b10%! & ()-1 bl10%!& ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & ()-1 jJ.pT8 bl0%! & ()-1 bl0%! & ()-1*4EOYcmw +<?Wt X< b10%
b10%! & ()-11 b10%! & ()-1* bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1

b109%! & () - % k9! & 1)) 1t X< b10% b10%! & ()-11 b10%! & ()-1* b10%! & ()-1
b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()- 1#$%&pT8 bl b10%! & ()-1

b10%! & ()-S%é%%@!s&#f) - b J%ll?%?i!(%)@ﬁ%%%@@@ 51 bl0%! & ()-1

b10%! & () - -1 J*pT8 bl0%! -1*4EOYcnw +<?W/357:< 78

010061 & () TSR HION B TO0 & ()1 brooe ket ) B0 & ()1
b10%! & ()-1 .bL0%! & (.),-1 bl0%! & ()- IKMORTW _?8 bl10%
f&)&%egaf%51lane

To a solution of cycleopentall,2-b:4,3-b’ldithiophene

(0.50 g, 28C mmol)_in tetrahydrofuran (25 mlL) was added
dropwise n-butyllithium (1.56 M, 1.88 mL, 2.94 mmol) at -
78°C and stirred at room temperature for 4 hours. The

10 mixture was coocled to -78°C and a solution of (2-allyloxy-
3-tert-buyl-5-methylphenyl)chlorodimethylsilane (0.83 g,
2.80 mmol) in toluene (5 mL) was added dropwise thereto.
The resulting reaction mixture was warmed to room
temperature and stirred for 2 hours. After the solvent was

15 distilled off under reduced pressure, toluene was added and
the mixture was filtered to remove insoluble substances.
The filtrate was concentrated under reduced pressure to
gquantitatively obtain (2-allyloxy-3-tert-butyl-5-
methylphenyl) (cyclopentall,2-b:4,3-b"]dithiophen-7-

20 vl)diethylsilane.




b10%! & ()-1 b10%! & ()-1 bl10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & ()-1\*ad_?8 b10% b10%!& ()-1 bl0%!& ()-1 bl0%! & ()-1

b10%! & ()-1 bl10%! & ()-1 bl0%! & ()- 1def gj N2_?8 b10%! & ()-1

b10%! & ()- 1*4EOYcnw +<?Wghi j kI mt X< bl bl10%! & ()-1 b10%! & ()- 1*

b10%! & ()-1 bl0%! & ()-1 b100/(>! & ()-1 ?&Q%! & ()-1 b10%! & () - 1nopgr st ut X<
bl b10%! & ()-1 b10%! & ()-1* bl0%! & ( b10%! & ()-1 bl0%! & () -

b10%! & ()-1 bl0%! & ()-luvwxyz{|tX< bl bl10%! & ()-1 bl0%! & ()- 1*

b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1|}j I*t X<

b10%! & () - Op 2W, 25,5109 %> ! 0%! & ()- 1
b10%! & 8 1%1 g%%%id%u L %t%% 6(3E<’1 J‘.’g’@g &/((%) %fQ'(i 95%1(%@]%1 ! & (§) 1

b10%! & () -1 fﬁ% 96! & 8 A %31 ?'3%}(% i %3193/@@ ,%% gﬂglo%h& ﬂ 14?< bl0%

b10%! & () -1 D10V & Vol & 100671 & 10061 &
b10%! & () -1 b b100/<>' & ()-1
b10%! &'8 b ](?4/8‘1')- szg%(Q%]%%‘?@?(fmﬁPbl%ﬁ? (f‘ag&% Lo ke
bl b10%! & 100! 7e b10%! 1 b10%!
b10%1 & () &) 310P el & () -y RQPeLE (173 blO%L& (o1 HAP¥e & () 1

5 1H), 7.34(s, 1H).

(Example 113)
Synthesis of diethylsilyl(2,5-dimethylcyclopentafl,2-b:4,3-
b’ ]dithiophen-7-yl) (3-tert-butyl-5-methyl-2-

10 phenoxy)titanium dichloride [Complex 9]

L
4 _cl
.

o) ~Cl [Complexz 9]

A 1.56 M solution of n-butyllithium in hexane (3.78 mL,
5.9 mmol) was added dropwise to a solution of (Z2-allyloxy-
3-tert-butyl-5-methylphenyl) (cyclopental[l,2-b:4,3-

15 b’ ]Jdithiophen-7-yl)diethylsilane (1.23 g, 2.6 mmol) and
triethylamine {(1.20 g, 11.9 mmel) in toluene (15.0 mL) at -
78°C and stirred for 10 minutes and then at room
temperature for 2 hours. A solution of titanium
tetrachloride (0.75 g, 4.0 mmol) in toluene (4.0 mL} was

20 added dropwise at -78°C to the reacticn mixture and the



b10%! & ()- 1t X< bl b10%! & ()-1 bl0%! & ()-1* bl0%! & ()-1 bl0%! & ()-1
b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1pT8 bl0%! & ()-1 bl0%! & ()-1

b10%! & ()-1 b10%! & ()-1 bl0%!& ()-1 bl0%! & ()-1 bl0%! & ()-1jJ.pT8
b10%! & ()-1 bl0%! & ()- 1*4EOYcmw +<?W X< b10% b10%! & ()-11 b10%! & ()- 1*
b10%! & ()-1 b10%! & ()-1 bl0%! & ()-1 ﬁf@%! & ()-1 b10%! & ()-1t X< h10%
b10%! & ()-11 bl10%! & ()-1* bl0%!& ()-1 bl0%!& ()-1 bl0%! & ()-1

b10%! & ()-1 bl10%! & ()-1pT8 bl b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1
b10%! & ()-1 bl10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1j N2pT8 b10%! & ()- 1

b10%! & () whiSAEQEC MM s st Vi@%ijbétbé&a{?'t?exﬁ sda BIPYPE& (3 - HouPéO%{r&e() 1
b10%! & ()-1 bl0%! & ()-1 bl0%! & ()- /1 & () - 1t X< bl b10%! & () -

()-
D091 & () -t B10%LE 4 Jpag S (s L DIORRL &) By
b10%! & ()-1pT18 ow&? ﬁem% 9?‘?8‘???1 %o%}%fl %J(%'Lt% % 09513 g freyane
b10%! & () I&.'( 0%>' pT (%
b10%! & () th RS, Sl bsl‘fbnél%%}%‘#%g()%ip%%&)é% ?i‘ﬁnﬁl‘ﬁ%l & ()-1
1 1 I 1
b10%! & ()d%é%‘T%Ed&(Qf]u é?ﬁgé%égeé'ggégghégf)the %ggldue was
5 washed with pentane to obtain diethylsilyl(cyclopentall,Z-
b:4,3-b"]dithiophen-7-yl) (3-tert-butyl-5-methyl-2-
phenoxy) titanium dichloride (137.5 mg, 9.6%) as a reddish
brown solid.
'H-NMR (deuterated benzene, &(ppm)): 0.81-1.03(m, 6H),
10 1.16-1.27(m, 4H), 1.46(s, 9H), 2.21(s, 3H), 6.80(d, J = 5.5
Hz, 2H), 6.91(d, J = 5.5 Hz, 2H), 7.22{(s, 1H), 7.25(s, 1H).

Mass spectra (EI, m/z): 542 (M%), 513, 491, 275

Industrial Applicability

15 High molecular weight polyolefin can be produced with
high catalytic activity by using a transition metal complex
obtained according to the present inventicn as a catalytic

component.



bl b10%! & ()-1 b10%! & ()-1* b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1
b10%! & ()-1 bl0%! & ()-1pT8 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1

b10%! & ()-1 bl0%! & ()-1 bl0%! & ()-1 bl0%! & ()-1j O pT8 H&L0% & () - 3(
b10%! & ()- 1*4EOYcnw +<?W)62JV|[:8 H& & 10% & ()- & 10% & ()- &10% & ()-
8&10% & ()- &10% & ()-3 &10% & ()-3VY[b ji 18 H& Es$*Cl0% & () -

S$*CL0% & ()- s$*CLO%W & ()- =s$*CL0% & ()- =s$*Cl0% & ()

s$* CLO%! k& ()-| obU4 ' 10%$& ()-<10! 10! 10! s$*CL0% & ()- 0s$*CLO% & () -
S$*CLO%&' ()- S$*CLO% & ()-|[:bU4  10%& ()- D LIOWX$X& ()- 10%$& ()-
\Vi11098& ()- VMLOYB& ()- 1098& ()- #XEhfwbU4 ! 1098& ()-} ! 1098& ()-
y1098&' ()- c2 10%& ()- cF( 10%& ()- clO%& ()-$%& (+vU4 ~ 10%88&' () -

D10%$& 10$10$ HYoh& A U4
V$10‘V$&(%) T 10%33& ngltjl%? /é‘”&?( %31 8&#] 10% Qeé) (éé)e@%%w%a%él Ly

V1096& & (). c$100/$& i1 109$8& 10988&
10%1;&'(9 fgo}&lﬁ\"#;}‘-g ‘ﬁ“q‘\%t 4 | 4 10%&'(%)-‘ c210‘V$(&')()- |0i!(12)%5&'()-
v.i 1098& () - L*clO%S&'()- CF(! 10988 () - vUin3 10%#=& ()- 109%#=& ()-

£ 109%#=8& () - Y10$10$10$ :10%3&'()- 8 RO-T [ vUs 10%#=8 ()- f
109%#=8& ()- yl0%#=& ()- s- 10%=#=&R\- e 096#=& ()- ¢
) %":&'()- | 10%#=& () -

10%#=& ()-Av-|[:vUA4 9$|\/|10%=# & ()-

1 1096#=8& ()- yl0%#=& ()- ! 109%B>& p2) 6 10%#=8&' () -
CA#10%#=& ()- 2i!10%#=& () RO10B A x(1 Goe#=8&" () -

@y 10%#=& () - UAKYZ] zY8  VI1Qoe#=&

10%#=8&' () - - 10=#=10=#=10= # . S r-A 1100 #=6(1) - 8

109%#=& ()-7r|[:2Y8  10%#=& ( 0%6#=& ()- #10%#=& ()- &L0%#=& ()-
| 10%#=& ()- yY10%#=& () - U LARYE A~ _OGMLO%#=&' ()- "10%#=& () -

(
i 109%#=& ()- c@O%#=& ()- 'R0%#=F ()-R 10%#=& ()-6bzY82Y8
610%#=& ()-- c4nl 10%#=& ()-- 2 189#=& ()-- 0j 10%#=& ()- -
V. 10%#=8& ()--!c&10% & ()-PD~vU4 sy10%& ()- 1098& ()-

DL0Y%& () - whzhsH0MH=#1 Gefbraup M0%Erd (DioBI09sER () - %¢ | [:vW4 | 10%
& ()- 1098& ()- !1098& ()- 10%& ()- 1098& ()- yyl09®& ()-:7?||[:vU4
C@IOWBE (1 1§ HOUR& D) -16 1LOPARE A ) - 1098&' ()- 1098& () -

Xc$1098& ()-Z]j|[:vU4  2i 10%& ()- FO 10%& ()- Y. 109%8& ()- p, 1098& ()-

i *10%& () B K Jaomugp) v ¥ ernkQIB& () - D1OY%& () - <10ggl0ggl0gg
SHyYY710%0& ()- yY710% & ()- 411098& ()-|[:vU4  yM 109%& ()- cO 109& ()-
@108 () n 1Q%BE (it HHIBE (0 or MLOYB& () - st [:vU4  p, 10%B& () -

L* F109%B& ()- F( 1098& ()- @10%& ( )- | 1096& () - @ 1096& ()-tV|[: -410%

Eﬁi\g‘f‘ggo&;g%%g’ Qi S0 e ;n%@ff Qb 21Ol ek -

210088 Xﬁ%%ia%%ﬁ(%n't[af%%&%f ot fé%bo%}é%%“ e SRR

" oioes bprsir it 1 Tlsiloq Sl () Aber Ao s100a ()-

1096& ()- DLOYB& () - <1% 10310$ ¢ 100 () - 610%5& ()-2Z|[:vU410 1098& () -
91098& ()- \&10%B&P) - 0@ St skl ()-  y&1098& ()-8g@|[: vU410

10968 ()- 10%& () - )10%&() |l10‘V$&() 10988 ()- 1109%& ()-@]|[: vu4l0
cO 10988& ()- cEYEUSL)y- \ &1098& () - VS10%B& ()- | 10%& () -

10988& ()-1i H [:vU410 410%& ()- 2i! 10%& (ﬁ 0109%& ()- .!10%& ()-

L 1096& ()- *910P@SOLtMARM BT S0 kAR gd G 9/2(3#2‘8{' ') - 10$10$10$

c: $1098& ()- SFLO0%& ()- 6 109B& ()-7r.|[:VvUAL0 : 109&(#Z& () -

&109RGHZ& () - 1GWREZEDed 09T Y1 tued 9@ 47l @100@(#2& ()-
f,al[:vW10 V$ 109Z(#Z& ()- 3"MOWZ(#Z& ()- , j!10%(#Z& ()- 10%(#Z& ()-
c$109%Z(#Z& () - BOSRB(HAZ&IHEG s [uneaukidt 1 BI0F (HZ& Eraléh0u @z’ () -
4*109%2( #2& ()- FO 10%&Z(#Z& ()- c(j!10%"Z& ()- c\&L0%Z(#Z& ()-Y%&' ()-ivUu410
y91098& ()- si! HIMB&' (JubstO%ME& d -wi t10%BW8 1) & IR #7A QR HTAOT Tt ed

F: #109&2(#2& ()-:t|[:vU410 1098& ()- 10%& ()- 10%& ()- 10%& ()
1098& () - C,1R%&¢bcblebbnyU4RA c( 10968 ()- F\ & 10%& ()- V$] 1098 ()-
P 1098& ()- 109B& ()- Cc#109B& ()-=x|[: VU410 41096& ()- 21096& ()- FO
10%8& ()- . 10%&diy S1010%k&i(9tring JOYBE () - 1f vUAL0 10%8& () -
D10% & ()-<10$10$10$ F: "1098& ()- Vv 81006 () 610%5& ()- M| [:vU410
10%8& () - " 109B& st i 1AURK Qr urI& (Puten 10 &aﬁ)kox;{;w%& ()-F[[:vU410
F(1109%8& ()- c@H#L0%E& ()- $1098& ()- y10/$8%

ccl09%& ()-R | [:vW410 6109%& ()- 4109%8& ()- 210%&() c|0)10°/$&() P,
1098& ()- *110%& ()- '()*./0vU410 ¢ 10%#=& ()- 10%#=& () -

10%#=& ()-10$10$10% c: #1098& ()- 8i!10%$& ()-0in|[:vU410 10%#=& ()-
"10%{"=& ()- "10%M =& ()- 10%#=& ()- \10%#=& ()

V10%#=& ()-DEF|[:vU410 $I 10%#=& ()- "!10%#=& ()- c|0 10%#=& ()- c@



109 & ()-+Dh 109 & ()-+Dh 109 & ()-+Dh 109 & () - +Dh

109 & ()-+()+, -./vZ>yX7Dh 109% Dh 109 & ()-+Dh 109 & ()-+Dh 109 & () - +Dh
109 & ()-+Dh 109 & ()-+5Wi| @ / 234579qQLyX7Dh 109 & ()-+Dh 109 & () - +Dh
109 & ()-+(5Wi| @ Dh 109% & ()-+Dh 109 & () - +9; =?CDFI - yX7Dh 109% & () - +5\W| @
Dh 109 & ()-+Dh 109 & ()-+Dh 109 & () - +Dh, 10% & () - +FGH JLMpTyX7Dh

1098 & ()-+5Wi| Dh 109 & ()-+Dh 109 & ()-+Dh 109 & ()-+hDh 109 & () -+Dh
1098 & ()-+Dh 1098 & () - +MNPRTWZj J*yXDh 1098 & () - +Dh 1098 & () - +Dh

109 & ()-+Dh 109 & ()-+Dh 10% & ()-+5Wi| @ 2\~ abmByXDh 109 & () - +Dh

109 & () - +Dh 10% &)+t @ D sl dleetPit 10% gﬁbxybcdefghbeDh Dh
10% & ()-+ 5Wi| @ Dh 10% & () -+Dh 109% & ()-+Dh 1098 & ()-+Dh

10% & () - +hj | X Dh
10% & () +Dh 10005 1)~ 100 &) FEaT Loy ) nL R 109 A (7 +Dh

T008 & () - +Dn %80%1% o b0 e 1l e D TR ) it ﬂ%ﬁ%‘wt Sy xon
109 & () - % LDh 1096 & ()-+Dh 10% & () - +Dh 10% & () - +Dh
109% & () - +§Wﬂ< Y3595 27 Py 45Dh 10% & () - +Dh 109% & () - +Dh 10% & () - +hDh

109 &I ()-+Dh 10% 1ng3) S-1I:1 st]i(%oétge‘ld( -Itr:nN )}gDshtlltOLf{céega (c?r unsu tl&cLQeJDh

Ci-20 hydrocarbon,
phosphino substituted with substituted or
unsubstituted Ci_;p hydrocarbon, and
thio substituted with substituted or unsubstituted Cq_
i0 20 hydrocarbon,
provided that at least one of R}, R?, R’ and R! is a
substituent selected from the group (II}:
R>, R® R’, R®, R and R'Y are the same or different and each
independently denctes hydrogen, halogen,
15 substituted or unsubstituted Ci_pp alkyl,
substituted or unsubstituted Ci-z¢ alkoxy,
substituted or unsubstituted Cs.z9 aryl,
substituted or unsubstituted Cs.z9 aryloxy,
substituted or unsubstituted Cy-pp aralkyl,
20 substituted or unsubstituted C;.oq aralkyloxy,
silyl substituted with substituted or unsubstituted Ci-zg
hydrocarbon, or
aminc substituted with substituted or unsubstituted Ci-zg
hydrocarbon;

25 ¥'and %% are the same or different and each independently



1098 & ()-+Dh 109 & ()-+Dh 109 & ()-+5Wi| @ r R2yXDh 10% & () - +Dh
109 & ()-+Dh 109 & ()-+5Wi| @ Dh 109 & ()-+Dh 1098 & () - +MLyXDh

109% & ()-+5\W| @ ' Dh 109 & ()-+Dh 10% & ()-+Dh 10% & () - +Dh

1098 & () -+t XyXDh 109 & ()-+5Wi| Dh 10% & () - +Dh 10% & ()-+hDh 10% & () -+ Dh
10% & ()-+Dh 10% & ()-+Dh 10% & () - +nR6y: 109 & ()-+Dh 109 & () - +Dh
10% & ()-+Dh 109 & ()-+Dh 10% & () - +5\Wi| @ R2yXDh 10% & ()-+5Wi| @ - Dh
109% & ()-+ Dh 109 & ()-+Dh 1098 & ()-+Dh 10% & () -+t XyXDh 109 & () - +5Dh
109 & ()-+Dh 109 & ()-+Dh 109 & ()-+Dh 109 & ()-+Dh 109 & () - +Dh

1098 & () - +adhyXDh HOM-&oorr, B 1L0PAr8’ () - +Dh 10% & () - +Dh 10% & () - +Dh
10% & ()-+5Wi| @ mOByXDh 10% & ()-+Dh 1098 & ()-+Dh 10% & ()-+5Wi| @ Dh

109 & () -+l &bl 4 Y% & dda t%h\_%l @ h ,10% & ()-+Dh 10% & () - +Dh
10% & ()-+Dh 109 & ()-+_?yXDh 10% & ()-+Dh 109 & () - +Dh 10% & () - +Dh

10% & ()~ +ON°TO0 £ (). 10n T &' (3 SVl 5 mEEy X/ 10% & ()-<Dn
1942 AR P AR g Ot
5 substituted or unsubstituted Cep9 aryloxy,
substituted or unsubstituted C;-20 aralkyl,
substituted or unsubstituted Cy-2p aralkyloxy, or
amino substituted with substituted or unsubstituted Ci_zg
hydrocarboen; or
10 two adjacent substituents of RY, R?, R® and R% and two
adjacent substituents of R®, R®, R’, R%, R®? and R' may be

each optionally bonded to form a ring.

2. The transition metal complex according to claim 1,
15 wherein one or two of R*, R*, R’ and R* are
substituted or unsubstituted Ci-zg alkoxyl,
substituted or unsubstituted Cg.zq aryvlexy,
substituted or unsubstituted Cy_z9 aralkyloxny,
silyloxy substituted with substituted or unsubstituted Ci-ng
20 hydrocarbon,
amino substituted with substituted or unsubstituted C;-z¢
hydrocarbon,
phosphino substituted with substituted or unsubstituted Ci-
2¢ hydrocarbon, ocr

25 thic substituted with substituted or unsubstituted Ci_sg




109 & ()-+ !"#9%&pTyXDh 109 & Dh 109 & ()-+Dh 109 & ()-+Dh 109 & () - +Dh
109 & ()-+Dh 109 & ()-+Dh 109 & ()-+& ()*+, vZ>yXDh 109 & () - +Dh
109% & ()-+Dh 109 & ()-+Dh 10% & ()-+Dh 10% & ()-+5Wi| @ , - ./ 123r V: yXDh
109 & ()-+Dh 109 & ()-+Dh 109 & ()-+5Wi| @ -Dh 109 & () - +Dh

109 & () - +345789; V6yXDh 10% & () - +5\Wi| @y 4 Dh 10% & () - +Dh 10% & () - +Dh
1098 & ()-+Dh 1098 & () -+; <=>?ABpTyXDh 10% & ()Dh 109% & ()-+Dh 109 & () -+Dh
109 & ()-+Dh 109 & ()-+Dh 109 & () - +Dh 109 & () - +BCDEFGHvZ>y XDh
109 & ()-+Dh 109 & ()-+Dh 109 & ()-+Dh 10% & ()-+Dh 10% & () - +5\| @

HI JKNOPT V: wX¥Bh o LQ%& ) - +Dh 1098 & ()-+Dh 10% & ()-+5Wi| @ - Dh 10% & () - +Dh
1098 & () - +PORUVWY VBy XDh 109 & ()-+5\Wi| @ ' Dh 109 & ()-+Dh 109 & () -+Dh
109 & ()-+Dh 109 & ()-+\~ bdhj _?yXDh 109 & ()-+Dh 109 & ()-+Dh 109 & () - +Dh
109 & ()-+Dh 109 & ()-+Dh 109 & () - +j kogsvxnN. yXDh 10% & () - +Dh

109 & ()-+Qh 10988 (). +Dh 1008 & () + % & ()~ X
L
109 & () -+| - yXDh 1098 & () -+5\Wi| @ :0h .20% & () +bh_10% &. () - +Dh 10% & () - +Dh
10% & () - +|5”?3}/éf5§“1|6’%e&' 8%3)»&#% 1085 & )-‘5‘%1;&10%%%%%}& 0% & ()- ‘oo
igfﬁ ng g : Igphfb]é ft‘%tgd_ -Is;\rq}:hlosébgét(l) fu+tvezcd>yo)§:Dhunls()u%sq1i t%?i%éc? él)_;0+Dh

hydrocarbon or thio substituted with substituted or

unsubstituted Ci-zp hydrocarbon.

4. The transition metal complex according to claim 1 or 2,
10 wherein one or two of R, R?, R and R are amino
substituted with substituted or unsubstituted Ci_zp

hydrocarboen.

5. The transition metal complex according to claim 1 or 2,
15 wherein R!, R?, R® and R? are bonded to cne another to form

at least one thiophene ring.

6. The transition metal complex according to claim 1,

which is represented by the formula (7):



109 & ()-+Dh 109 & ()-+Dh 109 & ()-+5Wi| @ rV: yXDh 109®h 109 & () - +Dh
109 & ()-+Dh 109 & ()-+5Wi| @ -Dh 109 & ()-+Dh 109 & () - +V6yXDh Dh

109% & ()-+5\W| @ ' Dh 109 & ()-+Dh 10% & ()-+Dh 10% & () - +Dh

109 & ()-+pTyXDh Dh 10% & ()Dh 109% & ()-+Dh 109% & ()-+Dh 109 & () -+Dh
109 & ()-+Dh 109 & ()-+Dh 1098 & () - +r V: Dh 109 & ()-+Dh 109 & () -+Dh
109 & ()-+Dh 109 & ()-+-Dh 109 & ()-+5\Wi| @ rV: yXDh Dh 109% & () - +Dh

109 & ()-+Dh 109 & ()-+5Wi| @ Dh 109 & () - +Dh 109 & () - +V6yXDh Dh

109 & ()-+5Wi| @ ' Dh 10% & () - +Dh 10% & () - +Dh 10% & () - +Dh

109 & () -+t XyXDh Dh 10% & () - +5Dh, ,10% & ()-+Dh 10% & ()-+Dh 10% & () - +Dh
109% & ()-+Dh 109 & ()-+Dh 10% &R)-+nR6yXDh Dh 10% & ()-+Dh 10% & () - +Dh
109 & ()-+Dh 10% & ()-+Dh 10% & (Y 35\] @, R2yXDh 10% & ()- +5\d| @ - Dh
10% & ()-+ Dh 10% & ()-+Dh 109 ¥5¢ % & ()-+pTyXDh 10% & () - +5Dh
109 & ()-+Dh 109 & ()-+Dh 1 &_‘\Q 0% & ()-+Dh 10% & () - +Dh

109 & () - +nN2yXDh 109 & () - +Dh N0 +Dh 10% & ()-+ Dh 10% & () - +Dh

10% & ()-+5Wi] @  gGyXDh 109 &g@ 10 R*Dh
2
R°—B M(X ),
7 X
R A (7)
R® R10

wherein M, A, B, RY, R%, ®r%, R% R’, R®), R?, R', X!, X* and n

are as defined for the formula (1):;

R'® and R'! independently denote a substituent selected from
5 the greoup (I); and

1 2_[_. 3 .
the bond moiety represented by —Y =YY is a

partial structure represented by the formula (7a):

R13 R14

wherein Y' and Y? are independently a carbon atom and Y is

10 a sulfur atom, or by the formula (7b):
R13 R14
el
—Y —Y"=Y"—— (7b)

wherein Y' is a sulfur atom and Y? and Y’ are independently

a carbon atomn.

15 7. The transition metal complex according to c¢laim 1,



109 & ()-+Dh 109 & ()-+Dh 109 & ()-+Dh 109 & ()-+Dh 10% & () - +nmQLy XDh

109 & ()-+Dh 10% & ()-+5Wi| @ Dh 10% & ()-+Dh 10% & () - +Dh

1098 & () -+ #9% +- _?yXDh 1Dh 109 & ()-+Dh 109 & ()-+Dh 109 & () - +Dh
10% & ()-+Dh 10% & () - +Dh 10%&-() +- .3579; nN. yXDh 109% & () - +Dh

1098 & ()-+Dh 10% & ()-+Dh 10% & ( 1008 & () - +5Wd| @ ; @BCEFGT(ByY XDh
10% & ()-+Dh 10% & () - +Dh 10%&'() +5wf] I Dh 109 & () - +Dh

109 & () - +GH NOPQV: yXDh 109 & ()-+5\W| @ Dh 10% & ()-+Dh 109 & () - +Dh

109 & ()-+Dh 109 & () - +QRSTUVW XyXDh 109 & () - +5Dh 109 & () - +Dh

109 & () - +BiL0%i& (eprdt B ) cthh ARSI 4) t

109 & ()-+WK\]~_“rV: yXDh 10% & ()-+Dh 10% & () - o Dh 109 & () - +- Dh

109 & ()-+-Dh 109 & () -+5Wd| @ " def hi j mByXDh 109% & () -+(Dh 10% & () - +(Dh
109 & () -+5W| @ Dh 109 & () - +DIR0% & () - +j kI par t VByXDh 10% & () - +5d| @
Dh 109 & ()-+Dh 109 & () - +Dh 100/5 ¥C) - +Dh_109 & () - +t uvwxz{ pTyXDh
10% & ()Dh 10% & ()-+Dh 10% & (¥-+Dh 109 ($¢) - +Dh 10% & ()-+Dh 10% & () - +Dh
10% & ()-+{| ~rV: yXDh 10% & R" ()<3h 109 & ()-+Dh 10% & () - +- Dh
109% & () - +5Wi| @ mQByXDh 109% & (¥ 0%'F~R6+(Dh 10% & () - +5Wi| @ Dh
10% & ()-+Dh 109 & () - +V6yXDh 10({45&' @ Dh 10% & ()-+Dh 10% & () - +Dh

10% & () +Dh \ sz)
A
R7 A X (8)
R® R10

wherein M, A, B, R®, R®, R’, R%, R%, RY, R}, X!, X% Y', Y%
Y?, R!®, R', the dotted line and n are as defined for the

5 formulas (1) and (7);
R'5 and R'® independently denote a substituent selected from
the group (I); and

the bond moiety represented by

R15 R16
VIV
10 is a partial structure represented by the formula (8a):
R15 R16
V=YY — (54

wherein Y? and Y° are independently a carbon atom, Y® is a
sulfur atom and R' denotes a substituent selected from the
group (I), or by the formula (8b):

R15 R16

15 —— Yy =ys— (8b)




109 & ()-+pTyXDh 109 & ()Dh 109 & ()-+Dh 109 & ()-+Dh 109 & () - +Dh
109 & ()-+Dh 1098 & ()-+Dh 1098 & ()-+rV: yXDh 109 & ()-+Dh 109 & () - +Dh
109 & ()-+Dh 109 & ()-+-Dh 109 & ()-+5Wi| @ mv yXDh 109 & () - +Dh
109 & ()-+Dh 109 & ()-+5Wi| @ Dh 10% & ()-+Dh 109 & () - +I - yXDh

109 & ()-+5Wi| @ Dh 10% & ()-+Dh 10% & {97 +Dh 10% & ()-+Dh” 109 & () - +t XyXDh
109 & ()-+5Wi| @h 109 & ()-+Dh 109 & ()-+9®h 109 & ()-+hDh 109 & () - +Dh
109 & ()-+Dh 1098 & () - +rV: yXDh 109®h 109 & () - +Dh 109 & () - +- Dh

109 & ()-+-Dh 109 & ()-+-Dh 109% & () - +5Wi| @ mByXDDh 109 & () - +( Dh
1098 & () - +(Be AAO% &°4( i staVWLu@Fulh a10¥ &nld YFDEnd0Y® & £ - viypERent 1y
10% & ()-+5Wi| @ Dh 10% & ()-+Dh 1098 & ()-+Dh 10% & () - +Dh

109 & () - +RT410%&, () - Dh 1098 & ()-+Dh 109 & ()-+Dh 109 & () - +Dh
10% & ()-+Dh 109 & ()-+Dh 10% & () - +vZ>yXDDh 109% & ()-+Dh 109 & () - +Dh
109 & ()-+Dh 109 & ()-+Dh 109 & ()-+5Wi] @ mByXDDh 109 & () - +Dh

109 & ()-+Dh 109 & ()-+5Wi| @ Dh 109 & ()-+Dh 109 & () -+l 6yXD5WI| @ +Dh

10 & () +BH 1008 st SOOI (50 & T AER

[0) ! - 0 !
10/6&5() +(C%l]fn08/é&t(3 7, wherein A is an oxygen atom.

9. The transition metal complex according to any one of

claims 1 to 8, wherein B is a silicon atom.

10 10. The transiticn metal complex according toc any one of
claims 1 to 9, wherein R'® is substituted or unsubstituted
Ci-20 alkyl, substituted or unsubstituted C;.2p aralkyl,
substituted or unsubstituted Cg-z¢ aryl, or silyl
substituted with substituted or unsubstituted Ci_zp

15 hydrcoccarbon.

11. The transition metal complex according to any one of

claims 1 to 10, wherein n is 1.

20 12. The transition metal complex according to any cne of

claims 1 to 11, wherein M is titanium.

13. The transition metal complex according to any one of

claims 1 to 12, wherein X is a chlorine atom.

25




j J*3Dh 109 & ()-+Dh 109 & ()-+Dh 10% & ()-+Dh 10% & ()-+Dh 10% & () - +5\M| @
mv 3Dh 10% & ()-+Dh 10% & ()-+Dh 10% & ()-+5Wi| @ Dh 109 & () - +Dh
109 & ()-+' & +. 1-3Dh 10% & ()-+5Wi| @ Dh 109% & () - +Dh 109 & () - +Dh

109 & ()-+Dh 1098 & () - +. 0246; <_C3Dh 109 & Dh 109 & ()-+Dh 109 & () - +Dh

10% & ()-+Dh 10% & ()-+Dh 10% & () - +Dh 1098 & () - +<=?@BCr V: 3Dh 10%Dh
109% & ()-+Dh 1098 & ()-+Dh 109 & ()-+Dh 10% & ()-+Dh 10% & () - +5\\| @

CHI JLMNMQ53DDh 1098 & ()-+(Dh 109 & ()-+(Dh 10% & ()-+5Wi| @ Dh 109% & () - +Dh
109 & () - +NOPTUVWK: 3DDh 109 & () - +5Wi| @ Dh 10% & () -+Dh 10% & () - +Dh

1098 & () - +0 10% & e @A 18R g 098 Srdns Dhi Q98L& ) - ¢Bhp 1638 & () - +Dh
10% & ()-+Dh 10% & () - +Dh 10%&() +Dh 109 & () -+"_"abcdvz>3DDh

10% & () O MRS et D SN (ool AOIE 4 +EBADIE: E1na bY@

df ghi v%;@? 10% ()~ 109% ()-Dh 10% & ()-+(5Wi| @ Dh 109 & () - +Dh

10% & () -+ ( U8 | 109&

| 109& () - | [dy[fl%%éﬂté%%ﬁ%%éﬁrﬁé&g%y@ OSA%OEL/%&%%%W&}P ()y. * CLOYR! 8
=Hyi * CLO%' ()- =yi *Cl0% ()-vU3 |s10%>=>& ()- 10%=& ()- 106106106

yi *CLO%& ()- yi*CLO%& ()- yi*CLO% ()-R3: yX|[:vU3 | CF($10%=& ()-
CF($10% ()- $10%=& ()-:g $10% ()-: 10%=& ()- s10%=& ()-3yX7 | 10%
& ()- yl0% & ()- V10% & ()- 10% R&
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wherein M is a Group 4 transition metal; n is an integer of
0 or 1; and
10 X', x?, ¥* and X! are the same or different and each
independently denctes hydrogen, halogen,
substituted or unsubstituted Ci_s; alkyl,
substituted or unsubstituted Ci-zg alkoxy,
substituted or unsubstituted Cgzp arvl,
15 substituted or unsubstituted Cs-2¢0 aryloxy,
substituted or unsubstituted Cy.zp aralkyl,
substituted or unsubstituted Cy.yp aralkyloxy, or
amino substituted with substituted or unsubstituted Ci_zg
hydrocarbon,
20
15. Substituted cyclopentadiene represented by the formula

(2) described in claim 14.

16. A process of producing substituted cyclopentadiene

S5FR
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represented by the formula (2) described in claim 14, which
comprises reacting substituted cyclopentadiene represented
by the formula (5):
R3 R?
®)
R* R’

wherein R!, R%*, R® and R? are the same or different and each
independently denotes a substituent selected from the group
consisting of the following groups (I) and (II):

group (I) ceonsisting of

hydrogen,

substituted or unsubstituted Ci_zp alkyl,

substituted or unsubstituted Cg-zp aryl,

substituted or unsubstituted C--2; aralkyl, and

silyl substituted with substituted or unsubstituted
Ci-z0 hydrocarbeon, and

group (II) consisting of

substituted or unsubstituted Ci_zp alkoxyl,

substituted or unsubstituted Cg2 aryloxy,

substituted or unsubstituted C;-; aralkyloxy,

silyloxy substituted with substituted or unsubstituted
Ci-20 hydrocarbon,

aminoc substituted with substituted or unsubstituted
Ci-20 hydrocarbon,

phosphino group substituted with substituted or

AN
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unsubstituted C;.3p hydrocarbon, and

thio substituted with substituted or unsubstituted C;-
20 hydrocarbcen,
provided that at least one of R*, R?, R’ and R* is a
substituent group selected from the group (II}; or
two adjacent substituents of R', R?’, R® and R® may be
optionally bonded to form a ring; and
the positions of the double bonds on the cyclopentadiene
ring are optional or may be a mixture of opticnal pesitions,
with a base and then reacting with a compound represented

by the formula (6):

wherein A is a Group 16 element; B is a Group 14 element;
X is a halogen atom;

R, R®, R’, R% R? and R'” are the same or different and each
independently denctes hydrogen, halogen,

substituted or unsubstituted Ci-zp alkyl,

substituted or unsubstituted Ci-z¢y alkoxy,

substituted or unsubstituted Cg-20 aryl,

substituted or unsubstituted Cgyp aryloxy,

substituted or unsubstituted C;_;p aralkyl,
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R is a substituted or unsubstituted hydrocarbon group or

a tri-substituted silyl group.

10

17. Substituted cyclopentadiene represented by the formula

(4):

R12
/B 4)
S

wherein R'? is hydrogen, a substituted or unsubstituted Ci-2o
15 alkyl or a substituted or unsubstituted Cep; aryl.

18. A catalyst for olefin polymerization comprising a

transition metal complex according to any one of claims 1

to 13 in combination with the following compound (&),
20 wherein (A) is any one of or a mixture of two or three of

the following compounds (A1} to {(A3):

(Al) : an organoaluminum compound represented by the
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formula E1,AL(Z) (3-a)«
(AZ2): cyclic aluminoxane having the structure

represented by the formula {-Al{(E2)-0-}y,

{A3}: linear aluminoxane having the structure
represented by the formula E3{-Al(E3)}-0-}:Al1(E3)2,
wherein E1 to E3 are the same or different and each
independently denotes a Ci-g hydrocarbon group, Z is the
same or different and each denotes hydrogen or halogen, a
is an integer of 1, 2 or 3, b is an integer of 2 or more,

and ¢ is an integer of 1 or more.

19. A catalyst for olefin polymerization comprising a
transition metal complex according to any one of claims 1
to 13 in combination with the following compounds (A) and
{(B), wherein (A) is any one of or a mixture of two or three
of the following compounds {Al) to (A3):

(Al): an organcaluminum compound represented by the
formula E1:Al(Z) (3-2),

(AZ2): cyclic aluminoxane having the structure
represented by the formula {-A1(EZ)-0-}v,

{A3}: linear aluminoxane having the structure
represented by the formula E3{-Al (E3)-0-},AL(E3)2,
wherein El1 to E3 are the same or different and each

independently denctes a C;-g hydrocarbon group, Z is the

same or different and each denotes hydrogen or halogen, a
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is an integer of 1, 2 or 3, b is an integer of 2 or more,
and ¢ is an integer of 1 or more, and
(B} is any one of or a mixture of two or three of the
following compounds (Bl1} to (B3):

(Bl1): a boron compound represented by the formula
BQ1Q20Q3,

{B2): a boron compound represented by the formula
Z7(BQ1Q20304) ",

(B3): a boron compound represented by the formula
(L-H) " (BQ1Q20304) 7,
wherein B is a boron atom in a trivalent valence state, Ql
to Q4 are the same or different and esach is a halogen atom,
a Cing hydrocarbon group, a Ci-zp halogenated hydrocarbon
group, a substituted silyl group having 1 to 20 carbon
atoms, a Ci-pp alkoxy group or a disubstituted amino group

having 2-20 carbon atoms, L-H is a Brensted acid.

20. A process of producing an olefin polymer which
comprises polymerizing clefin in the presence of the
catalyst for olefin polymerization according to claim 18 or

19.

21. The process of producing an olefin polymer according

to claim 20, wherein polymerization of olefin is carried

out at the polymerization temperature range of -50°C to
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250°C and under a polymerization pressure from the normal

pressure to 10 MPa.




