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cat al yst conponent capabl e of providing a highly active catalyst 10
for ethylenically unsaturated nononer pgtgmerization when used in
conbination with a transit.ion netal conpound such as a netal |l ocene

conpound. The ¢AWRMNSPCOMPONENTS FORE EGHERENICALES! BNEATURRTES idNGMical | Y

unsat ur at ed nmononmer pol yneri zation which conprises said catal yst 15

conponent and apdrARSR 2 FIGIE! AYATRQVRAURORS EPRYRENRCALLY
compound and to a process for ethylenically unsat ur at ed nononer
pol yneri zati on wehogrRlipdr(HERIYATION, AND PROCESS FOR ETHYLENICALLY

5 ° UNSATURATED MONOMER POLYMERIZATION USING SAID CATALYST

EIELD OF THE INVENTION
The present invention relates to a catalyst
component capable of providing a highly active catalyst
10 for ethylenically unsaturated monomer polymerization
when used in combination with a transition metal
compound such as a metallocene compound. The invention
also relates to a catalyst for ethylenically unsaturated
monomer polymerization which comprises said catalyst
15 component and a transition metal compound such as a
metallocene compound and to a process for ethylénically

unsaturated monomer polymerization using said catalyst.

Kﬁ INVENTION
20 Titanium catalysts comprising a titanium compound
and an organcaluminum compound and vanadium catalysts
comprising a vanadium compound and an organoaluminum
compound have conventionally been known as catalysts for
producing (co)polymers of ethylenically unsaturated

25 nmonomers (sometimes referred to as "ethylenically



BACKGROUND OF THE | NVENTI ON 20 Ti tani um catal ysts conprising a

titani um conpound and an organoal um num conpound and vanadi um
catal ysts conprising a vanadi um conpound and an organoal um num.
conpound have conventionally been known as catal ysts for pr oduci ng

(co)polyners of ethylenically unsaturated 25 nononers (sonetinmes referred
to as "ethyl enicall . nsat urated mnoney (¢o)pol yners”

herei nafter), Sygﬁaigrated BBP?@FHyE%ﬂEP°{XW%ﬁﬁ£;§ﬁ¥ﬁﬁ§aéigés' such’ as

pol y- 4- net hyl - 1- pent ene, et hyl ene/ propyl epne copol r,

et hyl ene/ st yr en® ﬁﬁ%yﬁsnef P°EX§H°E¥L$?%n iéﬁé%ﬁﬁgﬁixﬁﬂfqﬁﬁpﬁblyner.

5 Ziegler catalysts conprising a_netal |l ocene conpound such as

zi rconocene ande5ﬁ“§f§§ﬁﬁﬁpﬁ ﬁ3ﬁ16899ﬁﬁmﬁﬁuﬁ%thylen?/ B SR SoPPLymes.

boron conpound such as tris(pentafl uorophenyl)borane have been known

as cat al ysta<k fHdnlensy/ pyepykenadbutere nteaP9Erer wi th high 10

activities. _° Furt her, catalysts conprising a nickel conmpound or
5 Ziegler catalysts comprising a metallocene compound

such as zirconocene and an organoaiuminum oxy-~compound
(aluminoxane) or a boron compound such as
tris(pentafluorophenyl)borane have been known as

T

catalysts capable of producing olefin polymers with high

¥

10 activities.

Further, catalysts comprising a nickel compound or
a palladium compound and a co-catalyst such as an
aluminoxane or an ionic compound have been proposed (J.
Am. Chem. Soc., 1995, 117, 6414-6415).

15 Because of their excellent mechanical properties,
ethylenically unsaturated monomer (co)polymers such as
polyolefins have been used in various fields such as for
molded products. In recent years, there have been
diverse demands for physical properties of the

20 ethylenically unsaturated monomer (co)polymers, so that
such polymers showing various properties have been
desired.

Under such circumstances as mentioned above, there
has been desired development of a novel co-catalyst

25 component exhibiting an excellent polymerization



a pal I adi um conpound and a co-catal yst such as an al um noxane or an

I oni ¢ conmpound have been proposed (J. Am Chem Soc., 1995, 117,
6414-6415). 15 Because of .their excell ent nechanical properties,
et hyl eni cal |y unsaturated nononer (co)p& ynmers such as pol yol ef i ns
have been used in various fields such as for nol ded products. In

recent years, tdwyicritay @ apable @fverdaudenigndehiyenpbakigal properties
of the 20 ethylenically unsaturated nononmer (co)polyners, so that

such pol ymers sisdtifratdtid eishoiedP qico) po10aresP8enexcel188€i I ed. _
Under such circunstances as nentioned above, there has been desired

devel opnent of m-dpsadidp- catal yst 25 conponent exhibiting an excellent
pol ymeri zati on 3 activity and

capabl e of producing ethylenically unsat ur at ed nononer (co)pol ynmers of
excellent §. properties. OBJECT OF THE INVENTION

The present invention has been made in view of the
prior art as described above. It is an object of the
invention to provide a novel catalyst component capable
of exhibiting a high ethylenically.unsaturated monomer

10 polymerization activity when used in combination with a
transition metal compound such as a metallocene
compound.

It is another object of the invention to provide a
highly active catalyst which comprises said catalyst

15 component and capable of producing polymers of high
molecular weight.

It is a further object of the invention to provide
a process for ethylgnically unsaturated monomer

polymerization using said catalyst.

20
F E JTON
The catalyst component for ethylenically
unsaturated monomer polymerization according to the
invention comprises a compound obtained by the reaction
25 of the following compounds. (i), (ii), (iii) and

optionally (iv) in any order:



5 OBJECT OF THE | NVENTI ON The present invention

has been nade in view of the prior art as described above. It is an
obj ect of the i.nvention to provide a novel catalyst conponent capable
of exhibiting a high ethylenically unsaturated nonomer 10 polynerization
activity when used in conbination wt Q‘ a transition netal conpound
such as a netal |l ocene conpound. It is another object of the
i nvention to provide a hi ghly active catal yst which conprises said
catalyst 15 conpda¢na compoaphidomprf spngdaahetrd ofy @nosipol3hp§h
nol ecul ar wei ght. It is a further object of the -invention to
provi de &her peeisdimtablgﬂ eni cal | y unsaturated nonener
pol ymeri zation using said catal yst. 20 . SUMVARY OF THE
| NVENTI ON (i1heacatmbyud cpairlentif neaeth;q emuhalﬂhp
unsat ur ated nononer pol ynmerization according to the . [ nventl on
conprises a Ceuompoudoiai nedbé\bdriied ¢ac tivonor 2borafof fhef Groum Ad
conmpounds (i), (ii), (iii) and optionally (iv) in any order:

5 metal; :

(1ii) a compound capable of rea.ctingﬁwith a
compound comprising a metal of Group 13 of the periodic
table to form an ionizing ionic cbn\p‘ound: and

(iv) at least one compound selected from. a

10 hydrocarbon compound, a halogenatéd hydrocarb.on
compound, a hydroxyhydrocarbon compound, a silanol
compound, a boronic acid compound, an organic carboxylic
acid compound, an organic sulfonic acid compound, a
hydroxylamine compound, a sulfonamide compound, a

15 ketoimide compound, an amide compound, an oxime
compound, an amine compound, an imide compound, a
diimine compound, an imine compound, a diketone
compound, and metallic salts thereof.

The catalyst component for ethylenically

20 unsaturated monomer polymerization according to another
aspect of the invention comprises a compound obtained by
the reaction of the following compounds (i), (ii) and
optionally (iv) in any order, and then further the

following compound (iii):



4 (i) a conpound conprising a netal of G oup 13 of t he
periodic table; (ii1) a conmpound capable of reacting with the
conmpound (i) to be bonded to two or nore of the Goup 13 5 netal;
(iii) a conmpound capable of reacting with a conmpound conprising a
metal of Goup 13 of the periodic - table to foarman ionizing ionic
conpound; and (iv) at Leas§ one conpound selected froma 10
hydr ocar bon conpound, a hal ogenat ed hydrocar bon conpound, a
hydr oxyhydr ocar bon (§dnpocempound inepreisented kyrgrrifipllowddgonic acid
conpound, an organi c carboxylic aci d conmpound, an organic sulfonic
aci d conpound foxmula: hydroxyl am ne conpound, a sul fonanmi de conpound, a 15
ket oi m de conpound, an ani de conpound, an oxi e : conpound, an am ne
conpound, an imide conp¥BiRFR3a di i m ne conpound, -an i m ne conmpound, a
di ket one conmpound, and netallic salts. thereof. -

wherein M is an atom of Group 13 ¢f the periodic table; -

§ R!, R? and R} may be the same or different and are each a
halegen atom, a hydrogen atom, a hyd;oxy grbup'o: an

organic group; and two groups of R, R2 aﬁé'ﬁé may be

¥

bonded to form a ring;
(ii) a compound capable of reacting with the
10 compound (i) to be bonded to two of moré M:-l
(1ii) a compound capable of reacting with a
compound comprising a metal of Group 13.o£ the periodié

table, preferably with the reaction product obtained by
reacting the compound (i), the compound (ii) and

15 optionally the compound (iv) in any order, to form an
icnizing ionic compound;

(iv) at least one compound selected from a
hydrocarbon compound, a halogenated hydrocarbon
compound, a hydroxyhydrocarbon compound, a silanol

20 compound, a boronic acid compound, an organic carboxylic
acid compound, an organic sulfonic acid compound, a
hydroxylamine compound, a sulfonamide compound, a
ketoimide compound, an amide compound, an oxime
compound, an amine compound, an imide compound, a

25 diimine compound, an imine compound, a diketone

compound, and metallic salts thereof.



The catal yst conponent for ethylenically 20 wunsaturated nononer

pol yneri zati on accordi ng to anot her aspect of the invention conprises
a conpound obtai ned by the reaction of the follow ng conpounds (i),
(ii) and optionally (iv) in any %rder and then further the

foll ow ng conpound (iii): (1) a conpound represented by
the foll ow ng forml a: MR1R2R3 wherein Mis an
atom of Group 13 ofThehecqumduwdl c(itlatiise; forsexapmpley andaRIuimymbe the sane
or different and are each a hal ogen atom a hydrogen atom a hydroxy
group or an conmmlm@wtﬁﬂ@x wreg fodpowdngREor®eland R3 may be
bonded to forma ring (i1) a conmpound capable of reacting with

the 10 conpound (RW&OB%)%nded to two or nore M (iii) a
conpound capabl e of reacting with a
wherein R® and RP may be the same or different and are
5 each a hydrocarbon group of 1 to 15 carbon ato_ms; X is a
halogen atom; and m, n and p are numbers satisfying the
conditions of OStL.B 0sn<3, 0<p<3 and m+n+p = 3.

The compound (ii) is, for example, at least one.

compound selected from the group consisting of H,0, HyS

10 and compounds represented by the following formulae:
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conpound conprising a nmetal of Goup 13 of the periodic tabl e,
preferably with the reaction product obtained by reacting the conpound
(i), the conpound (ii) and 15 optionally the conpound (iv) in any order,
to forman i oni zi ng ionic conpound;z (iv) at |east one
conpound sel ected froma hydrocar bon conmpound, a hal ogenat ed

hydr ocar bon conpound oxyhydr ocar bon, cognpound, a silanol 20
conpound, a bor¥ifreir R £N9r°§ﬁnof"§8’ﬁr caCEY%S??ﬂ-'}Eon grouRy:dY
conmpound, an organi ¢ sul fonic_acid_conpound, a hydr oxyl am ne
conpound, a sulrkRgeRrtedElFREarbon groum: & ﬁld-é-cé’éirrﬁeﬂﬁélnbﬂgam de
conpound, an oxi ne conpound, an ami ne conpound, an i m de _conpound, a

25 diim ne con§bewa: %ng¢¥W¢R$anﬁﬁﬁﬁﬁ}n¥ﬁgdEK@N@hea Cln‘¢@§ﬁ§bﬂh§9 and
netallic salts thereof. The

compound (i) i SOYPEP @Xaamp| eXygen-gankaining gr@Wo@ﬁdlﬁepréBW%@tby t he

followngforrmla - Rerr]mM1l(ORl err])nXp wherein R err] and
Rlerr] may S thedsesarbendgrowem valant halogenated hydrocarbon

group, a divalent silicon-containing group, a divalent
germanium-containing group, a divalent tin-containing
group, a 'divalent boron—qontainiﬁg group or, a single
bond; R® and R’ may be the same or different and are each
10 a hydrogen atom, a hydrocarbon group, a halog;nated
hydrocarbon group, a silicon-containing group, a
germanium—éontaining group, a tin-containing group or an
oxygen-containing group; each of R® and R7 may be bonded
to a carbon atom for constituting RS to form a ring; and
15 R® and R? may be the same or different and are each a
hydrogen atom, a hydrocarbon group or a halogenated
hydrocarbon group.
The compound (iii) is, for example, a compound
capable of forming an ionizing ionic compound having a
20 carbonium cation, an oxonium cation, an ammonium cation,
a phosphonium cation, a cycloheptyltrienyl cation or a
ferrocenium cation.
The compound {iv) is, for example, at least one

compound selected from compounds represented by the

25 following formulae:



5 each a hydrocarbon group of 1 to 15 carbon atons; X is a hal ogen

atom and m n and p are nunbers satisfying the condi tions of
Oferr]lmerr]3, O[Ferr]n[err]3, O[err]p[err]3 and mtn+p = 3. The
conmpound (ii) is, for exanple, at |east e. conmpound sel ected fromthe

group consisting of HRO, H2S 10 and conpounds represented by the
followi ng formul ae: [pami]|

0 ) S-OH 15
R10H,
R100H,
RloRuNﬂ,
5 R10COOH,
R10S03H,
R10R1ICNOH,
R10R1INOH,
RIOCONHRH,
10 R10SO,NHR1?,
R19COCH,COR!!, and
R10C (=NH) CH,COR!!
wherein R0 is a hydrocarbon group, a halogenated
hydrocarbon group, a silicon-containing group, a
15 germanium-containing group, a tin-containing group or a
boron-containing group; R! is a hydrogen atom, an alkoxy
group, or any of a hydrocarbon group, a halogenated
hydrocarbon group, a silicon-containing group, a
germanium-containing group, a tin-containing group and a
20 Dboron-containing group each of which is the same as or
different from R!?; and X is a halogen atom.
The other catalyst component for ethylenically
unsaturated monomer polymerization according to the

invention is represented by the following formula:

25



wherein R4 is a hydrogen atom a hydrocarbon group, a hal ogenat ed

hydr ocar bon group, a silicon-containing group, a gernmani unm cont ai ni ng
group, a tin-containing group or an oxygen-containing group; RS is a
divalent 5 hydrocarbon group, a divalgnt hal ogenat ed hydr ocar bon

group, a divalent silicon-containing gr8up, a dival ent

ger mani um cont ai ni ng group, a divalent tin-containing group, a

di val ent boron-containiﬁp grdpp OrQ a single bond; R6 and R7 nay be

t he sanme or differen@tguy¢4angwepciﬁ¥;ul(zajhxﬁyog@mlkﬁyyn a hydrocar bon
group, a hal ogenat ed hydr ocarbon group, a silicon-containing group, a
ger mani um cont ai ni ng group, a tin-containing group or an

oxygen-cont ai ni ng group; each of R6 and R7 may be bonded to a carbon
atom for consti | (NAlo 5 <k y: be_t he sane
or different an@y%#%g%g%&gﬁ%%rtg%eﬁ ag"o%} g§§§§?g%§r9%%f§ bér)o%‘% or a
hal ogenat ed

' hydr @car bon gy oup. TN mpQu iii). is, for
exanple, a conp%%?l% of ér%%\%a%{ eouﬁgft}*eopr%rr}é)dalﬁ :Egﬁli%' n§ ?gm&lé %%Fr%%%d
having a 5 of 0 or more; Y is a divalent bonding group, and when n

is 1 or more, plural Y may be the same or different; Z
is a group capable of being bonded to one or more M; m

L)

is an integer of not less than 1 and not more than n+l;

each Q may be the same or different and is a group

10 selected from the following groups:

R10—, R10Q-, RIORIIN-, RI0COO-, R10S0;3—,

R1050,~, R10CO-, RIORIICNO—-, RIORIINO-,

| I |
15 RI0CONR!1, RI0S0O,NR!1, R10C(=N)CHCOR!!,

R10COCH,CO—,

(wherein R0 is a hydrocarbon group, a halogenated
hydrocarbon group, a silicon-containing group, a

20 germanium-containing group, a tin-containing group or a
boron-containing group; and Rl! is a hydrogen atom, an
alkoxy group or any of a hydrocarbon group, a
halogenated hydrocarbon group, a silicon-containing
group, a germanium-containing group, a tin-containing

25 group and a boron-containing group each of which is the



20 carbonium cation, an oxonium cati on, an anmmpni um cati on, a

phosphoni um cation, a cycloheptyltrienyl cation or a ferroceni um

cati on. The conpound (iv) is, for exanple, at |east one

conpound selected from conpounds represented by the 25 follow ng fornul ae:
R10X, R1OH, R1OOH, 10 RIORLINH, 5 R10COO0H,
R10SO3H, R1OR11CNCH, RI0R11NOH, R10R11CONHR11

10 RLOGRNHREL or different from ﬁ?ﬂﬂqcoﬂﬁgoaléataaﬁ and k is a RI10C
(=NH) CH2COR11 wherein R10 is a hydrocarbon group, a hal ogenated

number satisfying the condition of k = jm/r and is a
valence of the cation A.

The divalent bonding group Y is a divalent bonding

5 group selected from the following divalent bonding

groups:
s~ CO0—  — o-
-0-, —S§— 4 R R .
' RN ) ’ ’
P~ ~~ coo- ~ o-
0o R®
RS S—N—
N— 0
s RS /]
~ R{—g5—N g5~ O
R’ o) NI
T
14 ’ O R9 r
H
,— C—N—O0— %
R Ré— C—
T~ C—=N—O— TR
10 H . .
0
§—0
o) R8 /|
¢—f—o— Ny S
57 " N N \\\?
R~ C—N—O— A §—0—
1 i N\ 1
0 R? RS R? o

wherein R4 is a hydrogen atom, a hydrocarbon group, a

halogenated hydrocarbon group, a silicon-containing
15 group, a germanium-containing group, a tin-containing

group or an oxygen-containing group; RS is a divalent

hydrocarbon group, a divalent halogenated hydrocarbon



hydrocarbon group, a silicon-containing group, a 15
ger mani um contai ni ng group, a tin-containing group or a

boron-contai ning group; R11 is a hydrogen atom an al koxy group,
or any of a hydrocarbon group, a hal ogenated _ hydrocarbon group, a
silicon-containing group, a 1lger mani um cont ai ni ng group, a _
tin-containing group and a 20 boron-containing group each of which

i's the sane agrélip, a divalentidf&H-do@iRL%y 32dug,' & aibahegen atom
The ot her catal yst conponent for ethylenically unsaturated-

ronorer polyrgé gkl @ SSsOAhitly \Grddls, a divalent kiHRRbRERihIpEoPr esent od

by the follow ng fornul a:

wher ei n each M-58y, be 41¢apave :6HJJJHE§¥hi%@P8&%u$nor a single ~ atom
of Goup 13 of the periodic table; n 1s an I nteger |

bond; R€ and‘Rj may be the same or different and are each

5 a hydrogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a silicon-containing group, a
germanium-containing group, a tin-containing group or an
oxygen-containing group; each R6 and R’7 may be bonded to
a carbon aﬁom for constituting R5 to form a ring; and RS

10 and R? may be the same or different and are e;ch a
hydrogen atom, a hydrocarbon group or a halogenated
hydrocarbon group.

The group Z capable of being bonded to one or more

M is a group selected from a halogen anion, a hydride, a

16 carbanion, an alcoholate, an arylalcoholate, an
alkylcarboxylate, an arylcarboxylate, a thiolate, a
carbothiolate, a dithiocarbonate, a trithiocarbonate, a
sulfonate, a sulfaméte and a phosphate.

The cation A is, for example, a cation selected

20 from the group consisting of a carbonium cation, an
oxonium cation, an ammonium cation, a phosphonium
cation, a cycloheptyltrienyl cation, a ferrocenium
‘cation and metallic cations of Groups 1 and 11 of the

periodic table, but not limited thereto.



5 of O or nore; Y is a divalent bonding group, and when n

is 1 or nore, plural Y may be the sane or different; Z S
a group capabl e of being bonded to one or nrore M m is an
i nteger of not less than 1 and not ng e than n+1; . each Q
may be the sane or different and is Egroup 10 selected from
the foll ow ng groups: R10-, R100, R1OR11N-, R10COO,
FlOSCB-, The catalyBt0$62- etBy0eRi caR1PRMERuratid Rididmer |

| 15 RlOCO\IRl_l, RlOSQZNRll, R10C( =N) CHCOR11,
R10COCH2CO-, polymerization accordingetei 8hl9nteneibideodptboss group, a

hal ogenat ed hydrocarbon group, a silicon-containing
group, a (A) a HompIRMAABIEUE ¢2RhaLRELBE HE6HD, s81létted Oftdh NI Ng
group or a bor on-contai ni ng group; and R11 is a hydrogen

atom an Groups 3 to 12 YHKYRe QEQEBGQE taw1ef a hydrocarbon group, a
halogenated hydr ocar bon group, a silicon-containing

group, a ger mani UmPnied HERErdlduRr iBeld @aﬁ& L3N onent and 25
group and a boron-containing group each of which is t

(C) an organic compound containing an element of
Group 13 of the periodic table.
r The catalyst for ethylenically unsaturated monomer
polymerization according to the invention may further
10 comprise a particulaee carrier (D) on which ohly the
component (A) is supported or the component (B) and/or
the component (C) is supported together with the
component (A).
The process for ethylenically unsaturated monomer
15 polymerization according to the invention comprises
polymerizing or copolymerizing an ethylenically
unsaturated monomer in the presence of the above-

described catalyst.

20 BRIEF DE IPTI F_THE DRAWIN
Fig. 1 an explanatory view showing steps of a
process for preparing a catalyst containing a catalyst
component for ethylenically unsaturated monomer

polymerization according to the present invention.

25



10 sane as or different fromR10); Ais a cation; and k is a nunber

satisfying the condition of k = jmr and is a val ence of the cation A

The dival ent bonding group Y is a divalent bonding 5 group selected from

the foll ow ng dival ent bondi ng g{gups: [err] 10
DETAILED DESCRIPTION OF THE INVENTION

The catalyst component for ethylenically
unsaturated monomer polymerization, the catalyst for
ethylenically unsaturated monomer polymerization and the -

5 process for ethylenically monomer polymerization
according to the invention are described in detail
hereinafter.

The catalyst component for ethylenically
unsaturated monomer polymerization according to the

10 invention comprises a compound obtained by thé reaction
of the following compounds (i), (ii), (iii) and
optionally (iv) in any order, preferably a compound
obtained by the reaction of the following compounds (i),
(ii) and optionally (iv) in any order, and then further

15 the f§llowing compound (iii):

(i) a compound comprising an atom of Group 13 of
the periodic table, preferably a compound represented by
the following formuié:

MR1R2R3

20 wherein M is an atom of Group 13 of the periodic table;
Rl, R? and R3 may be the same or different and are each a
halogen atom, a hydrogen atom, a hydroxy group or an
organic group; and two groups of R!, R? and R3 may be

bonded to form a ring;



wherein R4 is a hydrogen atom a hydrocarbon group, a

hal ogenat ed

hydr ocarbon group, a silicon-containing 15 group, a gernmani um contai ni ng
group, a tin-containing group or an oxygen-containi.ng group; RS is a
di val ent hydr ocar bon group, a dival ent hal ogenated hydrocarbon

group, a divalent silicon-containing p4oup, a dival ent
ger mani um cont ai ni ng group, a divalent tin-containing

group, a

di val ent boron-cont | " d R7 may be the
sanme or different a dﬂarq% eEaig%h °§P#’g"rqo°gfer¥ea t%ﬁ@ wﬁgg %gar bon group, a
hal ogenated — compgundctkbde gweobpndadstmmmmenpﬁgtlgecﬁmpum 13

ger mani um COﬂtﬁéﬂém group, a t+n-containi ng group Qor

an

oxygen- cont ai ni ng g ﬂ;{) each R6 nd R7. y be honded to
} PPt o

gt A=

for constituting R5

a carbon atom

4 FEATERS Wé&hb@ the same or

different &d compeand caomprisilmgdaogehahtoﬁnGmdwdﬁoo&r bhe gemlq:ﬂm a

hal ogenat ed.

10

15

20

25

30

table, preferably with the reaction product ébtained by
reacting the compound (i), the compound (ii) and

optionally the compound (iv) in any order. to form an
ionizing ionic compound;

(iv) at least one compound selected from a
hydrocarbon compound, a halogenated hydracarbon

compound, a hydroxyhydrocarbon compound, a silanol
compound, a boronic acid compound, an organic carboxylic
acid compound, an organic sulfonic acid compound, a
hydroxylamine compound, a sulfonamide com:c::ound, a
ketoimide compound, an amide compound, an oxXime
compound, an amine compound, an imide compound, a
diimine compound, an imine compound, & diketone
compound, and metallic salts thereof.

First of all, the constituents used for preparing
the catalyst component for ethylenically unsaturated

monomer polymerization according to-the invention are

described.
jodi ab
The compound (i) comprising a metal of Group 13 of
the periodie tale for use in the invention is preferably
a compound represented by the formula MRIRZR3,

In the compound (i) represented by the formula

MRIR2R?, M is an atom of Group



hydr ocar bon group. The group Z capabl e of being bonded to one or
nor e Mis a group selected froma hal ogen anion, a hydride, a 15

car bani on, -an al cohol ate, an aryl al cohol ate, an al kyl car boxyl ate, an
aryl carboxylate, a thiolate, a carbothiolate, a dithiocarbonate, a
trithi ocarbonate, a sul fonate, dSul famate and a phosphate.

The cation Ais, for exanple, a cation selected 20 fromthe group

consisting of44 Céﬁ@@f‘f.’t‘&f@%%&éﬁn al irﬁﬁg’?iﬁ%@f%ﬁ{ Fq éﬁ{&gﬁggg@. um

cation, a phosphonl um tron, a cyclohe F17e y

B e g
21y 2ot o co R e e RATHRYL B, R Yoo AR PR U e
Sgﬁ?gg?g ?;bﬁg%éﬁnii ﬁgggggEFglzoxrst,e & Cﬁ}?(grgéeonmatom, = %lipéo?:’cyt %r%)%pOfort he.

5 an organic group. Two groups of R!, R?2 and R3® may be
bonded to form a ring.

The halogen atom is fluorine, chlorine, bromine or
iodine. Above all, chlorine or brom?ne is preferable.

The organic group is, for example, a hydrocarbon

10 group, a halogenated hydrocarbon group, a hyd;ocarbon—
substituted silyl group, an alkoxy group or an aryloxy
group. Above all, a hydrocarbon group of 1 to 20 carbon
atoms, a silyl group substituted with a hydrocarbon of 1
to 20 carbon atoms, an alkoxy group of 1 to 20 carbon

16 atoms or an aryloxy group of 6 to 20 carbon atoms is
preferable.

Examples of the hydrocarbon groups of 1 to 20
carbon atoms include alkyl groups, cycloalkyl groups,
alkenyl groups, arylalkyl groups and aryl group.

20 Specifically, there can be mentioned alkyl groups, such
as methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl,
dodecyl and eicosyl; cycloalkyl groups, such as
cyclopentyl, cyclohexyl, norbornyl and adamantyl;
alkenyl groups, such as vinyl, propenyl and

25 cyclohexenyl; arylalkyl groups, such as benzyl,



5 (B) the above-described catal yst conmponent, and (© an
organi ¢ conpound contai ni ng an el enent of G oup 13 of the periodic

t abl e. The catal yst for ethylenically unsaturated nonomer .

pol yneri zation according to the invention may further 10 conprise a
particulate carrier (D) on which onl ¥6t he conponent (A) is supported
or the conponent (B) and/or the conmponent (C) is supported together

e oo RSB ) prenyipropy Tnd! 866 Sytaioe! Wlane 1Y
nsat ur at ed PR RS0 AbcERRIbKARLLE' CRLABCRYIMMEINES 1Y\ catal yst.
expl anat ory ST SRy Srapy bRenel B hepbeyL . no% cafal yst
ol ymer i 2ot 1 S ARASHRIYY FRE B asae PROGARIBRYL 25 o o oo o
5 Examples of the halogenated hydrocarbon groups
include the aforementioned hydrocarbon groups of 1 to 20
carbon atoms which are substituted with halogen atoms.
. _Examples of the silyl groups substituted with '
hydrocarbons of 1 to 20 carbon atoms include
10 monohydrocarbon-substituted silyls, such as m;thylsilyl
and phenylsilyl; dihydrocarbon-substituted silyls, such
as dimethylsilyl and diphenylsilyl; and trihydrocarbon-
substituted silyls, such as trimethylsilyl,
triethylsilyl, tripropylsilyl, tricyclohexylsilyl,
18 triphenylsilyl, dimethylphenylsilyl,
methyldiphenylsilyl; tritolylsilyl and trinaphthylsilyl.
Examples of the alkoxy groups of 1 to 20 carbon
atoms include methoiy, ethoxy, propoxy and butoxy.
Examples of the aryloxy groups of 6 to 20 carbon
20 atoms include phenoxy, methylphenoxy, dimethylphenoxy
and naphthoxy.
Preferred examples of the compounds represented by

MRIR2R3 include aluminum compounds represented by the

formula:

25 RaAl (ORP) X,



13 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
cat al yst conponent for ethylenically unsat ur at ed nononer

pol ynmeri zation, the catalyst for et hyl eni cal | y unsat urated nononer

pol ynmeri zation and the 5 process for ethylenically nonomer polynerization
according to the invention are descriq I n detail herei nafter.

The catal yst conponent for ethylenicalllfy unsat ur at ed nononer

pol yneri zation according to the 10 invention conprises a conpound
obt ai ned by t hwheraixi®h and RPomayhbef théosamg congiffeternt Jand idge (iii)
and optionally (iv) in any order, preferably a conpound obt ai ned

by the reacti osach & Heydoddawiborg qxmapwwiid (B9 .15 carbon atanmd,optional |y
(iv) in any order, and then further 15 the follow ng conpound (iii):

(i) a conpoundpeeferabiyngl ato af ararBorIatidmns];3 X0fis a halofenpatbadi angabl e,
preferably a conmpound represented by the follow ng formula:
MR1R2R3 ~ m, n and p are numbers satisfying the conditions of
5 0sm<3, 0<n<3, 05p<3 and m+n+p = 3.
More specifically, there can be mentioned:
(1) aluminum compounds represented by the formula:
R3,Al ( ORP) 3.
wherein R® and RP may be the same or different and are
10 each a hydrocarbon group of 1 to 15 carbon at;ms,
preferably 1 to 4 carbon atoms; and m is preferably a
number satisfying the condition of 1.5<5m<3;
(2) aluminum compounds represented by the formuia:
R A1X3.
15 wherein R2 is a hydrocarbon group of 1 to 15 carbon
atoms, preferably 1 to 4 carbon atoms; X is a halogen

atom; and m is a number satisfying the condition of

7’

0<m<3; and
(3) aluminum compounds represented by the formula:
20 R2,AL (ORP) X,
wherein R2 and RP may be the same or different and are
each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms; X is a halogen atom; and

m, n and p are numbers satisfying the conditions of

25 0<m<3, 0sn<3, 0<p<3 and m+n+p = 3.



20 wherein Mis an atomof Goup 13 of the periodic table; Rl1, R2
and R3 may be the sane or different and are each a hal ogen atom a

hydrogen atom a hydroxy group or an organi ¢ group; and two groups of
R1, R2 and R3 may be bonded to forma ring;

14 (ii1) a conpound capable of reacting with the conpound (i)
to be bonded to two or nore of the Gqg 13 met al s; (i) a

conpound capabl e of reacting with a 5 conpound conprising a nmetal of Group

13 of the periodic tabl e, . .prefear t he reaction rod ct
obt ai ned by r e 2T SRS HSmFSTP qﬁ% Vgt I’FE‘ R FP

optionally the,c fpound (iv) in any order, to forman |on|2|ng I oni c
conpound; “ 10 1ncludesi) at | east one conpound selected froma

hydr ocar bon conpound, ,a hal ogenat ed hydrocarbon ngound a

hydr oxyhydr ocar bon EBHPRTREKY 9359 gREiS . Suc}b@ﬁp&&'ﬁGt BSMBARENAC) d
conpound, an organic carboxyllc aci d conpound, an organic sulfonic
aci d conpound, tai-nsbutybrbxyinim mnd dijommecty tyladumdmymide compound, a
ket oi m de conpound, an am de conpound, an oxine conmpound, an anine

compound, & ini de tBipbuadched Chal&hﬂth%?lﬂmﬂﬂNmﬁd sa¢hi sne conpound, a
di ket one
triisopropylaluminum, triisobutylaluminum, tri-sec-

butylaluminum, tri-tert-butylaluminem, tri-2-
methylbutylaluminum, tri-3-methylbutylaleminum; tri-2-
methylpentylaluminum, tri-3-methylpentylaluminum, tri-4-
10 methylpentylaluminum, tri—2-methylhexylaluminﬁm, tri-3-
methylhexylaluminum and tri-2-ethylhexylaluminum;
tricycloalkylaluminums, such as
tricyclohexylaluminum;
triarylaluminums, such as triphenylaluminum and
15 tritolylaluminum;
trialkenylaluminums, such as triisoprenylaluminum;
alkylaluminum alkoxides, such as isobutylaluminum
methoxide, isobutyldiuminum ethoxide and
isobutylaluminum isopropoxide;
20 dialkylaluminum alkoxides, such as diethylaluminum
ethoxide and dibutylaluminum butoxide;
alkylaluminum sesquialkoxides, such as
ethylaluminum sesquiethoxide and butylaluminum

sesquibutoxide;



conpound, and netallic salts thereof. 20 . First of all, the
constituents used for preparing t he catal yst conponent for

et hyl eni cal | y unsat ur at ed
i nvention are

descri bed. (1) Conpound conprising a nmeta

G oup 13 of the 25 . periodic table The

conmpound (i) conprising a nmetal of G od® 13 of

use in the invention is preferably a conpound represented by the

formul a MRIR2R3.

30 MRIR2R3, Mis an aton1o
13, specifical |é&ré¥&%@ 1’1:‘1'&1 gablredBht eA0hYNREY sih?oab)o s |diK&he

particul arly preferabl
the same or dif{gr
hydr oxy group or

bonded to forma ri

brom ne or

5

10

15

20

y boron or ‘al um num and R3 may

chloride, dibutylaluminum chloride and diethylaluminum
bromide;

alkylaluminum ﬁesquihalides, such as ethylaluminum
sesquich}oride, butylaluminum sesquichloride and
ethylaluminum sesquibromide;

partially halogenated alkylaluminums, su;h as
alkylaluminum dihalides, e.g., ethylaluminum dichloride,
propylaluminum dichloride and butylaluminum dibromide;

partially alkoxylated and halogenated
alkylaluminums, such as ethylaluminum ethoxychloride,
butylaluminum butoxychloride and ethylaluminum
ethoxybromide;

aluminum trihalides, such as aluminum trichloride
and aluminum tribroﬁide;

halogenated-arylaluminum, such as
tris(pentafluorophenyl}aluminum; and

halogenated-alkylaluminum, such as
tris(trifluoromethyl)aluminum.

Further, preferable compounds of the formula

MRIR2R3 include:

nononer pol ynmeri zation according to the

of

the periodic tale for

part1a11§'&ﬂﬂﬁiy@gﬁgapQQkQHSIﬁﬁEﬁﬁﬁ§”E§glﬂ§ dhe fornul a

15
be

Ent and are each a hal ogen aton1 a hydrogen atom a
5 an organi c group. Two groups of Rl, R2 and R3 may be

"Wialkylaluninull 395" FAMS Sk YBEA DfeamERLR" ' NE:



i odi ne. Above all, chlorine or bromne is preferable. : The organic
group is, for exanple, a hydrocarbon 10 group, a halogenated hydr ocar bon
group, a hydrocarbon- substituted silyl group, an al koxy group or an

aryl oxy

group. Above all, a hydrocarbon group of 1 to 20 carbon
atons, a silyl

gr oup substltuted W t hg hydrocarbon of 1 to 20 carbon

atons, an al koxy group of 1 to 20 carbon 15 atons or an aryloxy group of
6 to 20 carbon ato abl e. Exanpl es of the
hydr ocar bon gr oupsr%?iﬂg?rbarﬁ?oaryﬁeﬁ?%bf%r?sg i ncl ude al kyl groups,

cycl oal kyl gro
20 Specifi cal

ﬁ?ls{a%&%e@%ﬁﬁﬁ%kﬁéxifﬁﬂgaﬁry Uroups. suen " ad oyl

o PO D 5o R BN, gy glOoCY] and o ool
cyel ohexenyl.: SFIPSERVE SR BR §§ BLR¥L| Propenyl and 2
16 5 Still further, ae preferable examples of the
compounds of formula MRIR2R3, there méy be mentioned BHj,
boronic acid, B(OH)3, AL{OH)j3 and the like.
The compounds (i) mentioned above can be used
singly or in combination of two or more kindé.
10
1i) Compo f react i e _co i
to_de o _two or more o Group 13
The compound (ii) capable of reacting with the
compounds (i) to be bonded to two oxr ﬁoré 6f the Group
15 13 metal is preferably a compound which can react with
two or more molecules of the compound MRIR2R? and
provide the resulting compound with a bridged structure
wherein the compound (ii) is boaded to twé or more M of
the compounds (i). Specifically, the compound (iij is
20 at least one compound selected from the group consisting
of H;0, H;S and compounds represented by the following
formulas:
o5 RANH, ’ Rs// COOH Rs,/ CH

™~ Ccoon ™~ om '



phenyet hyl and phenyl propyl; and aryl groups, such as phenyl, tolyl,

di met hyl phenyl, trinmethyl phenyl, et hyl phenyl, propyl phenyl, biphenyl,
napht hyl , met hyl napht hyl , anthryl and phenanthryl. 5 Exanpl es
of the hal ogenated hydrocarbon groups i ncl ude the aforenentioned

hydr ocar bon groups of 1 to 20 car P atons which are substituted with
hal ogen at ons. Exanpl es of t silyl groups substituted with
hydrocarbons of 1 to 20 carbon at'ons include 10

nonohydr ocar bon- substr& uted silyl g such as nethyIS|IyI and

phenyl sil yl; dih¥qLed&rﬂmn substltUted,sulyIs such dinethylsilyl
and dlphenyIS|Iyl ~and trlhydrB HT% substitu Ss+Ny+H such as
trimethylsilyl, N iBt hyl silyl trlpﬂépyIS|IyI y(ﬂ ycl ohexyl silyl, 15
triphenylsilyl, di metRyl phenylsily ? nethyldlmmeny silyl, .
tritolylsilyl and trlnaphthyIS|IyI Exanp s?of the al koxy
groups of 1 to 20 carbon . atons i nclude nethoxy, etgexw—propoxy and
but oxy. ' Exanpl es of the aryl oxy groups of 6 #o 2Q carbon 20

atons incl ude phenoxyH net hyl phenoxy, di net hyl phenoxy © R and napht hoxy.
Preferred exanples of

c8ﬁpounds rep?esenteg by

R4 —'C*'N

— g-—n—-ox , —~H ,
0
& —OH '
8 .
P ¥ g
RS/C N— OH HN NH \? :
™ ¢—nN-oH /'\/'\ §—on
0 R? R® R? o

5 wherein RY is a hydrogen atom, a hydrocarbon group, a
halogenated hydrocarbon group, a silicon-containing
group, a germanium-containing group, a tin-containing
group or an oxygen-containing group.

The hydrocarbon group is specifically a hydrocarbon

10 group of 1 to 20 carbon atoms, and examples thereof
include alkyl groups, such as methyl, ethyl, propyl,
butyl, hexyl, octyl, nonyl, dodecyl and eicosyl;
cycloalkyl groups, such as cyclopentyl, cyclohexyl,
norbornyl and adamantyl; alkenyl groups, such as vinyl,.

15 propenyl and cyclohexenyl; arylalkyl groups, such as
benzyl, phenylethyl and phenylpropyl; and aryl groups,

such as phenyl, tolyl, dimethylphenyl, trimethylphenyl,



MR1IR2R3 i ncl ude al um num conpounds represented by the formula: 25

Rl err]mAl (OR[ err])nXp 17

wherein R err] and Rlerr] may be the same or different and are each a
hydr ocarbon group of 1 to 15 carbon atons, preferably 1 to 4 carbon
atons; X is a hal ogen atom and n and p are nunbers satisfying the
conditions of 5 Of[err]nferr]3, O[er??ﬂ}yr]3 O[err]p[err]3 and mtn+p =
3. More specifically, ‘there can be nenti oned: (1)

al unmi num conpousttsy TtErasen trab gl phieny1Qr Biphenyl, naphthyR err] mAl
(ORerr])[err] wherein R err] and R err] may be the sane or different
and are 10 eafdclyInabioaarborartoyl endl phendhthaybon ghenaryl
preferably 1 to 4 carbon atons; and mis preferably a nunber
satisfying the gehnebd iy e Jsxﬁis&ﬁ.rdu‘déa Wi¥h one or more 6%) théUuabowe:
conpounds represented by .,the fornul a: Rlerr]mAl X[ err]

mentioned alkyl groups.

5 Examples of the halogenated hydrocarbon groups
include those wherein the above-mentioned hydrocarbon
groups of 1 to 20 carbon atoms are halogenated.

Examples of the silicon—containing groups include
alkylsilyl groups, such as trimethylsilyl, triethylsilyl

10 and dimethyltrifluoromethylsilyl; halogenated:alkylsilyl
groups; arylalkylsilyl groups, such as tribenzylsilyl,
dimethylphenylsilyl and trifluoromethyldiphenylsilyl;
halogenated arylalkylsilyl groups; arylsilyl groups,
such as triphenylsilyl and tripentafluorophenylsilyl;

15 halogenated arylsilyl groups; alkylsilyloxy groups, such
as trimethylsilyloxy, dimethylphenylsilyloxy and
triphenylsilyloxy; arylalkylsilyloxy groups; and
arylsilyloxy groups:

Examples of the germanium-containing groups include

20 those wherein silicon is replaced with germanium in the
above-exemplified silicon-containing groups.

Examples of the tin-containing groups include those
wherein silicon is replaced with tin in the above-

exemplified silicon-containing groups.



15 wherein Rerr] is a hydrocarbon group of 1 to 15 carbon

al um num conpounds represented by the fgipmula: 20

at ons,
preferably 1 to 4 carbon atons; X is a hal ogen atom and mis a

nunber satisfying the condition of O[err]lnmerr]3; and

R err] mAl

(3)

(ORerr])nXp wherein R err] and rr] may be the same or different

and are each a hydrocarbon group of 1 to 15 carbon atons,

preferably 1 to 4 cafrempiesnof xhesoxytiehogentainimg agxoups inghude and p

are nunbers satisfying the conditions of 25 O<nferr]3, O[err]n<3,
1

O[ err] p<3 and medkylalkoxy groups, arylalkoxy groups and

More specific exanples of the alunlnunlconpounds I ncl ude:
tri-n-al kyl al umakk@laryletl kst greupsl, asughnas methoxyy i echdxyr,y| al um num

and tri-n-octylalumnum 5 tri-branched chai n al kyl al um nuns,

as phenoxy, triphenylcarbinoxy and benzyloxy; and

5 halogenated alkylalkoxy groups, halogenated arylalkoxy

groups and halogenated alkylarylalkoxy groups, such as

the above-mentioned groups which are partically

halogenated.

Of the above groups, preferable are alkyl groups,

10 aryl groups, halogen-substituted alkyl groups.and

halogen-substituted aryl groups.

R5 is a divalent hydrocarbon group, a divalent

halogenated hydrocarbon group, a divalent silicon-

such

containing group, a divalent germanium-containing group,

16 a divalent tin-containing group, a divalent boron-

containing group or a single bond.

The preferable divalent hydrocarbon group is

specifically a divalent hydrocarbon group of 1 to 20

carbon atoms, and examples thereof include alkylene

20 groups, such as methylene, dimethylmethylene, 1,2-

ethylene, dimethyl-1,2-ethylene, 1,3-trimethylene,

1,4~

tetramethylene, 1,2-cyclohexylene and 1,4-cyclohexylene;

arylalkylene groups, such as diphenylmethylene and

diphenyl-1,2-ethylene; and arylene groups,

25 phenylene and naphthylene.

such as



triisopropylalumnum triisobutylalumnum tri-sec- but yl al um num

tri-tert-butylalumnum tri-2- nmet hyl but yl al um num ’
tri-3-nethylbutylalumnum tri-2- met hyl pent yl al um num

tri-3-nmethyl pentylalumnum tri-4- 10 nethyl pentylal um num
tri-2-methyl hexylal um num tri-3- 24et hyl hexyl al um num and
tri-2-ethyl hexyl al um num tricycloal kyl al umnuns, such as

11 yclohexy ol U lhngtes e, gl BRGHLBLTBRLBen b8, BrosaERoR i nure
Sobut vl al U naCUPS TR GBose SBOFTa SHentHP SERBRreL dpeee T
i et hy! ar um nurfvasSERERE Runs Be 1 5o, 201 GRERER BEORR g8S o S
Zlnl(;ylbﬁlt ;Imalnﬂm Wg}eaz{a@x Sgﬁﬁz{cgﬁt‘é%ﬂf:@i?rometh?igﬁ'e‘?" um num sesqui et hoxi de

5 Examples of the divalent silicon-containing groups
include alkylsilylene groups, arylsilylene groups and
alkylarylsilylene groups, such as silylene,
meéhylsilylene, dimethylsilylene, diethylsi%ylene,
diphenylsilylene and methylphenylsilylene;

10 alkyldisilylene groups, aryldisilylene group ;nd
alkylaryldisilylene groups, such as tetramethyl-1,2-
disilylene and tetraphenyl-1,2-disilylene; and
halogenated alkylsilylene groups, halogenated aryl
silylene groups, halogenated alkylarylsilylene groups,

15 halogenated alkyldisilylene groups, halogenated
aryldisilylene groups and halogenated
alkylaryldisilylene groups, such as the above-mentioned
groups which are paftially halogenated.

Examples of the divalent germanium-containing

20 groups include those wherein silicon is replaced with
germanium in the above-exemplified divalent silicon-
containing groups.

Examples of the divalent tin-containing groups

include those wherein silicon is replaced with tin in



19 . partial ly al koxyl ated al kyl al um nunms havi ng an aver age
conposition represented by Rerr]AI(OR err])[err] or the i ke; '
di al kyl al umi num hal i des, such as diethylalumnum 5 chloride,

di but yl al um num chl ori de and di et hyl al ?@ num br om de;

al kyl al um num sesqui hal i des, such as ethyl al um num sesqui chl ori de,
but yl al um num sesqui chl ori de and et hyl al um num sesqui brom de; 10

partial ly hal odéifa

e.g., ethylalum num dichloride, propyl al um num di chl ori de and

but yl al um num dH¥AYRE de;

al kyl al um nuns,

5

10

15

20

partially al koxyl ated and hal ogenat ed

e va-epneamliiifiess divadpngssilicontonea LAivAm di hal i des,

such as ethyl al um num et hoxychl oride, 15 butylal um num
but oxychl ori de and &tauplesriafurkhe diveilieskybpgendeontaining growpsinmi num
trihalides, such as alum numtrichloride and al um numtri brom de;

hal ogenat ed- ar ylegludewshosricif &he fprmudias CBRAL af KRDT dighén iy dalogairinem

group of 1 ﬁo 20 carbon atoms, a halogenated hydrocarbon
group of 1 to 20 carbon atoms or an oxygen-containing
group, such as those described for RY).

RS and R7 may be the same or different and are each
selected from a hydrogen atom, a hydrocarbon group, a
halogenated hydrocarbon group, a silicon—cont;ining
group, a germanium-containing group, a tin-containing
group and an oxygen-containing group. Examples of such
groups include those previously described for RY. R® may
be bonded to a carbon atom for constituting RS té form a
ring, and R7 may also be bonded to a carbon atom for
constituting R5 to form a ring. Of these, preferable is
an alkyl group.

R® and R? may be the same or different and are each
selected from a hydrogen atom, a hydrocarbon group and a
halogenated hydrocarbon group. Examples of such groups
include those previously described for R! to R3. Of
these, preferable is an alkyl group.

Of the aforementioned compounds (ii), particularly

preferable are Hz;0 and those of the above formulae

and



hal ogenat ed- al kyl al um num such as tris(trifluoronethyl)al um num

Furt her, preferable conpounds of the formul a MR1R2R3 i ncl ude:

20 hal ogenat ed- aryl boron, such as '
tris(pentafluorophenyl)boron; and hal ogenat ed- al kyl boron, such as
tris(trifluoromethyl)boron. 5 Stdé|l further, as preferable exanples
of the conpounds of formula MRLR2R3, there may be nenti oned BH3,

3 AR L T e, ORI, )

: n singly Nt arron of two or nore
S i (PYebAAE I C 0 Sl ol ol aoBBouad (1)
containing group or a halogen-containing group.
It is:presumed that the compounds (ii) react with
5 the compound; (i) to form, for example, the following

bridged structures in the resulting compounds.

~
H0 = _ M-0-m

~
~ " -~
HyS ~ _MO0MT_

4 ~ v
RNH, ~ _~ M-NR4-M__

COOH _ coo-u_
R® ~ R



conpounds (i) to be bonded to two or nore of the Goup 15 13 netal is
preferably a conpound which can react with two or nore nol ecul es of
t he conpound MR1IR2R3 and provide the resulting conpound with a bridged

structure

wherein the conpound

j) is bonded to two or

t he conmpounds (i).
conpound sel ected fromthe group consisting

Speci fically,

t he=Conmpound (ii) is

20 at

nore M of
| east one

of H2O, H2S and conpounds

represented by the foll ow ng " fornmulas: [err] 25
21 [err] O RS o R®
| | I -
RS (o] - 0
o] 0]
\ i \ i
S'—N-—H S—N-—
I |
0 R? o} R9
Py 9T
RS/C—N“H RS/ C--N__M: :
~c—-N-H ~c—n-u_
. | I |
0 R® 0 R?
~ —~
/M\ /M\
56§ &
VAVAN VA VAN
RB R9 RB R9
9 9
S—OH s—o—u_
/ ! /1
o] - RS o
0 0
1 i
\ §—oH N\ s—o—nu_
i
0 0
Examples of the compounds (ii) are given below:
5 Examples of the compounds represented by R4NH;
include PhNH;, EtNHj;, Ph3CNH;, Ph3SiNHj, Me3SiNH3,
Ph-0O-NH3, Et-0-NH3, Ph3C-O-NHz, Me3Si-O-NHjz,



5 wherein R4 is a hydrogen atom a hydrocarbon group, a hal ogenat ed

hydr ocar bon group, a silicon-containing group, a gernmani unm cont ai ni ng
group, a tin-containing group or an oxygen-containing group.

The hydrocarbon group is specifically a hydrocarbon 10 group of 1 to 20
carbon atons, and exanpl es thereof 28cl ude al kyl groups, such as

nmet hyl, ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl and

ei cosyl ; cycl oal kyl groups, ‘such as cycl op ntyI ycl ohexyl ,

nor bornyl and adanEptylF al kenylF, gr ggEps, such
cycl ohexenyl ; aryl ap&yl groups, as

phenyl propyl ; an@-¢ :
trimet hyl phenyl ,

15 propenyl and
nyl et hyl and
it C—O+3#4 hyl phenyl ,

Examples of the compounds represented by

__ COOH
RS ~
5 COOH  jnclude
F, ,COO— coo— . ,COO0—
"y | P
F Coo- COOH ]
\_/ <
F F CO0O—
i I N
—o0c” \coo— —~00CCH,CH,C00—

Examples of the compounds represented by

10
_—~ OH
RS
OH jnclude HOCH,CH,OH, PhySi(OH)2, MeySi (OH)j.

MeB (OH),, CH3(CH3)3B(0OH),;, PhB(OH),



22 et hyl phenyl, propyl phenyl, bi phenyl, naphthyl, met hyl napht hyl ,
ant hryl and phenanthryl. The aryl groups nmay be substituted with one
or nore of the above- menti oned al kyl groups. 5 . Exanpl es of the
hal ogenat ed hydr ocarbon groups d% cl ude those wherein the
above-nmenti oned hydrocarbon gr %s of 1 to 20 carbon atons are

hal ogenat ed. Exanpl es of the silicon-containing groups include

al kyl silyl groBps, ,8Hch asHO[i nefFhyl silylF tr|EthyIS|IyIOH10 and

di met hyl trifl uopes€t hyl sil yl )=h@l ogenat ed 2=k IS|IyI =/~ groups;
@ ; ; @Oﬁhenyl silyl and
trifluoronethyl enyl silyl; ~ hal ogengt-e{] aryIaI ilyl groups;

aryl al kyl si | g

arylsilyl group suchg W phenyl sgly

trlpentafluorophenyIS|IyI 15 halogenated aryIS|IyI groups; al kyl silyl oxy
groups, such as trlnethylsilyloxy, di et hyl phenyl si | yl oxy and

tri phenyl sil yl gxy; @ﬁg@ﬁlkyIS|lylox Oﬁroups and aryl silyl oxy groups.

Exanpl es of th
silicon is rep

fﬁifiif?j 20 those wherein

OH HO

F3C
/ OH / OH r
\ OH \ OH / OH
F3C :
¥
F F
F
F //OH
Si
F \\OH
F
F
F
Examples of the compounds represented by
RS
N—H
RS’/
N—-H

R7  include



above-exemplified silicon-containing groups. Exanpl es of the
tin-containing groups include those wherein silicon is replaced with
tinin the above- exenplified silicon-containing groups.

23 Exanpl es of the oxygen-cgataining groups incl ude

al kyl al koxy groups, aryl al koxy groups-and al kyl aryl al koxy groups, such
as net hoxy, ethoxy, phenoxy, triphenyl carbi noxy and benzyl oxy; and 5
hal ogenat ed al Byl al,NéM¢) Hr oups, (MgtHat ed aryl al kosy(Me)H groups and

hal ogenat ed al kj | al koxy gr gopy, such as above-nenti oned groups
N(Me)ﬁal en (Me)H
groups, aryl groups,

whi ch are park he above groups,

preferable are at+ a n-supstituted al kyl
groups and F hal &gen-substituted aryl groups. N(Me)Hps s a dival ent
hydr ocar bon group, a dival ent enat ed hydrocarbon group, a
divalent silicon- NH
L, S
N z H(Me) NCH,CH2N (Me ) H
A XX (Me) 2CHaN (Me)
H(Me)N N(Me)H &=
~

CyqH g N CsHg M % N N N
4fig— \\\ ——C4hg e

N—Me Me—N
. , .. N
/ﬁ;\\ /ﬁl\\ ‘/Sa\
Me Me Me Me : Ph Ph

Examples of the compounds represented by

0
I _H
R4—;5—N\
H
5 o) include PhSO;NH3, CF3SO2NHz, CH3SO2NH3,
F, F
F SO4,NH,
F F
Examples of the compounds represented by
0
1 H
RA~C-N__
10 H include PhCONH; and EtCONHj .

Examples of the compounds represented by



cont ai ni ng group, a dival ent germani umcontaining group, 15 a divalent

tin-containing group, a dival ent boron- containing group or a single
bond. - The preferabl e dival ent hydrocarbon group is

specifically a dival ent hydrocarbon gﬁoup of 1 to 20 carbon atons, and
exanpl es thereof include al kylene 2 groups, such as nethyl ene,

di net hyl net hyl ene, 1, 2- et hyl ene, dinethyl -1, 2-et hyl ene,

1, 3-trinethyl ene, ?”ZRS tetramet hyl ene, 1, 2-cycl ohexyl ene and
1,4-cyc|ohexylene's__ﬁ__ﬁrylalkylene groups, such as di phenyl net hyl ene and

di phenyl -1, 2-et ¥l gne; and aryl ene groups, such as 25 phenyl ene and

napht hyl ene. ,s o 24 Exanpl es of
t he divalent!h og@nat ed hydrocar bon groups include those wherein the
above-exenplifie i Jhxdrocarbon groups of 1 to 20 carbon atons are

hal ogenat ed, such gs ¢hl 6ronmet hylene. 5 Exanpl es of the dival ent

si | i con- cont ai ni ngOgr B3ps inciude CF3CH (SO2N(Me)H) 2, CF3CH(SO2NH),

SO,N(Me)H

/-
@- SO,N(Me)H

T

5 Examples of the compounds represented by

O R®
P 1

 — CTN—H CON (Me) H

M~ cn-x =
i I9 \ / CON(Me)H
0 R include

Examples of the compounds represented by

10
HN NH HN NH
11 11
RS R? jnclude Me Me
Examples of the compounds represented by
Ph OH
— = N— OH T
RS\ /OH
C==N-— OH ,C=N
15 H include Ph



i ncl ude al kyl silyl ene groups, arylsilylene groups and

al kyl aryl silyl ene groups, such as silylene, ‘ nmet hyl si.l yl ene,

di mret hyl sil yl ene, diethylsilylene,. di phenyl si |l yl ene” and

met hyl phenyl silyl ene; 10 al kyl disilylene groups, aryldisilylene group and
al kyl aryl di sil yl ene groups, such as t8pgranethyl-1, 2- di silyl ene and
tetraphenyl -1, 2-di sil yl ene; and halogenated aIkyIsinIene gr oups,

hal ogenat ed aryl yl sil.yl ene
groups, 15 hal ogena?'%%ié{% k&'le #gﬁgﬁe gr ou égz[ a ogen ted

aryl disilyl ene groups and halogenated ~al kyl aryl.di silyl ene groups, such
as the above-nenti oged groups which are partially hal ogenated.

Exanpl es of the dlvdlngtgernaniun}containing 20 groups include those
wherein silicon i ed with germani umin the above-exenplified
di val ent silicog 0 cont ai ni ng groups. Exanpl es of  the

di val ent tin-céi ai myng groups g@q&ude those wherein silicon is
replaced with tih\k '

"S—ox =
o include

The compounds (ii) mentioned above can be used

§ singly or in combination of two or more kiﬁés.

und capable of reacting with compound

13 of the periodic table ¢t

form i ing ionic ¢ 6und'
The compound (iii) captable of reacting with a

10 compound comprising a metal of Group 13 of the péirodic
table to form an 1onlzlng lonic compound includes, for
example, a compound capable of reactzng with the above=-
mentioned compound MRIRZR3? to form an ionizing ionic
compound; a compound capable of reacting with the

15 reaction product of the compound (i), the compound (ii)
and optionally the later-described compound (iv) in any
order of reaction to from an ionizing ionic compound;
and a compound capable of reacting with LiB(ésF5)4;
LiB(Ph)4, LiAL(CgFs)s4 or LiAl(Ph)4 to form an ionizing

20 ionic compound.

As preferred examples of the compounds capable of
reacting with a compound comprising a Group 13 metal to
form an ionizing ionic compound, there ¢an be mentioned
compoundscapable of forming ionizing ionic compounds

25 having any of a cation which can impart a proton and a
cation which does not impart a proton, such as a

carbonium cation, an oxonium cation, an ammonium cation,
a phosphonium



25 t he above-exenplified dival ent silicon-containing gr oups.
Exanpl es of the dival ent boron-containing groups I ncl ude those of the
formula -BR5'- (R5' is a-hydrocarbon 5 group of 1 to 20 carbon atons, a
hal ogenat ed hydr ocar bon group of to 20 carbon atons or an

oxygen- cont ai ni ng group, such as ose described for R4). R6
and R7 may be the sane or different and are each sel ected froma

hydr ogen at om cathgnr osacyohoheptpltrienyl datlizgerarckd fphrocenium group, a
si |l i con-contai ni ng group, a germani um containing group, a
tin-contai ni ngeationgroup and an, oxygen-contai ni ng group. Exanples of such
groups include those previously described for R4. R6 may be bonded to
a carbon atom for c8Spetifitahlly Rotheré ocam doe Mentriongd aildkyR/ mepldlico be
bonded to a carbon atom for constituting R5 to forma ring. O these,

preferable i s saltsagsuehksk gmethpllithium, allkEyametOl gy dadtisheushne or
different and are each . selected froma hydrogen atom a hydrocarbon

group and & 2@s hakthgsyatieHitmdr aeipheny Dehlirondtlitarpd es of such groups
i nclude those previously described for RL to R3. O

acetyltriphenylmethane, potassium triethylboron hydride,
bis (n~cyclopentadienyl)iron sulfate, N,N-
dimethylanilinium chloride and triethylammonium
chloride.
10 The compounds (iii) mentioned above can ge used
singly or in combination of two or more kinds.
Compound (iv)
The compound optionally used in the invention is a
compound which provides a substituent useful as a co-
18 catalyst to M derived from the compound (i), and is
specifically at least one compound selected from a
hydrocarbon compound, a halogenated hydrocarbon
compound, a hydrquﬂydrocarbon compound, a silanol
compound, a boronic acid compound, an organic carboxylic
20 acid compound, an organic sulfonic acid compound, a
hydroxylamine compound, a sulfonamide compound, a
ketoimide compound, an amide compound, an oxime
compound, an amine compound, an imide compound, a
diimine compound, an imine compound, a diketone

25 compound, and metallic salts thereof.



these, preferable is an al kyl group. O the aforenentioned
conpounds (ii), particularly preferable are H20 and those of the
above fornul ae _ 26 wherein R4 or R5 is an
al kyl group, an aromatic hydrocarbon g oup, a silicon-containing group, a
boron- containing group or a hal ogen-tontaini ng group. It is presuned
that the conpounds (ii) react with the conpounds (i) to form for exanple,

the following bridgsdmpleacofirtiei compeunds ulivngirnuiyst mbmpduads]
27 [err]

represented by the following formulas and metallic salts

thereof:
RI%X, |
5 R10H,
R100H,
RIOR1INH,
R10COOH, .
R10S04H,
10 R10RIICNOH,
R10RIINOH,
R10CONHR!1,
R10SO,NHR1L,
RI0COCH,COR1?, and
15 R19C (=NH) CH,COR11
wherein R® is a hydrocarbon group, a halogenated
hydrocarbon group, a silicon-containing group, a
germanium—containing; group, a tin-containing group or a
boron-containing group. Examples of such groups include
20 the hydrocarbon groups, the halogenated hydrocarbon
groups and the silicon-containing groups previously
exemplified with respect to R%.
Examples of the boron-containing groups include
compounds of the formula -BR1C'R10"- (R10* and R1%* may be

25 the same or different and are each the hydrocarbon group



Exanpl es of the conpounds (ii) are given bel ow Exanpl es of the
conpounds represented by RANH2 include PhNH2, Et NH2, Ph3CNH2, Ph3Si NH2,
Me3Si NH2, Ph- O NH2, Et-O NH2, Ph3C O NH2, Me3Si- O NH2,

35

of 1 to 20 carbon atoms, the halogenated hydrocarbon
group of 1 to 20 ca}rbon atoms or the oxygen-containing
group previously described for by R%; and R10' and R10"
nay be-bondeg to form a ring). |

5 Rll is a hydrogen atom, an alkoxy group, or any of a
hydrocarbon group, a halogenated hydrocarbon group, a
silicon-containing group, a germanium-containing group,
a tin-containing group and a boron-containing group each
of which is the same as or different from R10. Examples

10 of such groups include the alkoxy groups previously
described with respect to Rl to R3, and the hydrocarbon
groups, the halogenated hydrocarbon groups and the
silicon~containing groups previously described with
respect to RY{. Examples of the boron-containing groups

15 include the groups described with respect to RO,

R1® and R may be bonded to form a ring together
with a nitrogen atom or a carbon atom to which R!? and
R1l are bonded. This ring may have a double bond.
X is a halogen atom.
20 Examples of the compounds (iv) are given below:

Examples of the compounds represented by general

formula R19X include PhBr, MeI, Ph3SiCl, Me38iCl,



28 [err] Exanpl es of the conpounds represented by [err]

36

F
F

F
Me F, F F, F r ¥ ¢
M Br F Br 1 F-Q—st a1
F FF F
Me F F F F
¢ F

¥

F

Examples of the compounds represented by general

formula R1OH include

5
F F M Me
Ce¢Hg F H Me H
F F Me Me
Examples of the compounds represented by general
formula R00H include
PhOH, MeOH, CF3CH,0H, Ph;SiOH, Me3SiOH,
Et;BOH, PhyBOH
F, F F, F Me Me Me
F OH F CH,OH tBu OH Me OH
F F F F Me Me Me
4 F
F. F F F
EBU NS .
Me OH F‘Q——Si OH E B—OH C:>B—-oﬂ
F
F FF F
tBu F F
F F F
10 F

Examples of the compounds represented by general

formula RI1ORIINH include



Exanpl es of the conpounds represented by 10 [err] I ncl ude

HOCH2CH2OH, Ph2Si (OH) 2, Me2Si (OH) 2, MeB( OH) 2, CH3(CH2) 3B(CH) 2,
PhB( OH) 2 29 [err] o

37

F

F F F
PhN(Me)H F N(Me)H NH ONH
F F F F/2

. =
PhyNH F CH;N(Me)H ONH PhN (OEt)}H
S

Examples of the cbmpounds represénted by general

5 formula R1°C00H :anlude

PhCOOH F‘Q COOH F‘Q’ CH,COOH

tBu
CF3COOH Me CH,COOH

tBu

Examples of the compounds represented by general

formula R10803H inclide

10
7 P 7
Ph—“SI—'OH Fi3C— lS—" OH CF;CH;— |S“‘ OH
0 O 0O
F F ? F F (l)
F ?—- OH F CHz—SI—"OH
0 0]
F F F



Exanpl es of the conpounds represented by [err] [err] include
30 [err]

38

Examples of the ‘compounds represented by general

formula R19R1INOH include

F F
PhN (Me ) OH (Me) NOH F NOH
F F/2
5 Examples of the compound represented by general
formula R1O9R11CNOH include
F
E F Ph Ph
I N\ _
Ph
HC=N- OH
10 Examples of the compounds represented by general
formula R19CONHR!! include
F. F

Ph—CO—-NH-Ph

15 Examples of the componds represented by general
formula R10SO;NHR!! include Ph-SOO-NH-Ph and Ph-SOO-NH-

Me,



Exanpl es of the conpounds represented by 5 [err] I ncl ude

PhSO2NH2, CF3SO2NH2, CH3SO2NH2, [err] Exanpl es of the
conmpounds represented by 10 [err] i ncl ude PhCONH2 and
Et CONH2. Exanpl es of the cqﬁgounds represented by

31

Examples of the compounds represented by general

formula RI0COCH2COR!! include

8. 13
AN AN
Et Me Ph Ph
5
Examples of the compounds represented by general
formula RYOC(=NH)CH,COR!! include
NH O
[ I |
VA VAN
Et Me
10

Of the compounds (iv), preferable are those of the
above formulae wherein R0 is a substituted aromatic
hydrocarbon group or a fluorine-containing group, and
also wherein at least one of R0 and Rl is a substituted

15 aromatic hydrocarbon group or a fluorine-containing
group.

Examples of the above substituted aromatic
hydrocarbon groups include those having at least one
substituent selected from, for example, alkyl groups,

20 halogenated alkyl groups, alkoxy groups and halogen
atoms (particularly preferably fluorine).

Examples of the above fluorine-containing groups

include substituents having at least one fluorine atom.



[err] I ncl.ude CF3CH( SO2N( Me) H) 2, CF3CH(SO2NH), [err] . 5

Exanpl es of the conpounds represented by: [err] Exanpl es of
t he conpounds represented by [err] 10 Exanpl es of the conpounds
represented by [err] 15

40

Examples of metallic salts of the above compounds
include R1%Y, R10OY, RIORIINY, R10COOY, R19S0;Y, RIORliCNOY,
RICR1INOY, RIOCONR!lY and RI19SO,NR!1Y (R1® and R!! are each
the same as‘above, and Y is an alkali metal such as

5§ 1lithium, sodium or potassium). Alsoc available are
compounds containing alkaline earth metals in the form
of metallic salts, for example, (R9SO3)zBa (R!® is the
same as al;ove) ., specifically (CgFsS03)3Ba.

The compounds (iv) mentioned above can be used

10 singly or in combination of two or more kinds.

The catalyst component for ethylenically
unsaturated monomer polymerization according to the
invention can be prepared by the reaction of the
compounds (i), (ii) and (iii) or by the reaction of the

15 compounds (i), (ii), (iii) and (iv).

In the preparation of the catalyst component for
ethylenically unsaturated monomer polymerization, the
compound (i) can be.used in an amount of 1 to 5 mol,
preferably 2 to 3 mol, per mol of the compound (ii}, and

20 the compound (iii) can be used in an amount of 0.1 to 2
mol, preferably 0.5 to 1 mol, per mol of the compound
{i1}. The compound (iv) can be optionally used in an
amount of 1 to 6 mol, preferably 2 to 3 mol, per mol of

the compound (i).



32 Exanpl es of the conpounds represented by [err]

The conpounds (ii) nentioned above can be used 5 singly or in conbination
of two or nore Kkinds. (iii) Conmpound capable of reacting with
conpound conprising a nmetal of @ﬂoup 13 of the periodic table to
formionizing ionic conmpound The conpound (iii) captable of

reacting with a 1Qdn chyPHeset@ihivehifiod, "Bt als ObréFSrublles € ddee peirodic
table to forman ionizing ionic conpound includes, for exanple, a

conpound capaiie d¥mgad i (9 Wn! Ant BRoBREVEE aboufEAtHEDEser PO WK MIRZR3
to forman ionizing ionic conpound; a conpound capable of reacting with

the 15 reactiid dungsbifdd ofiihhe t@l@”ﬁ@h’@guﬁa) (iifg EH”&QU&%&M Jof  and
optionally the Iater-descrlbed conmpound (iv) in any der of reaction

to froman i GAIOD PR P HYd of theaegmﬁogﬁap yﬂd gﬁ@able of reacting
wi t h Li B(C6F5) 4, U&%M-UN(%%)(N Li Al (Phf4 to forman ionizing
20 ioni csconpotivhally the compound (iv) in an amount of about 2 or

3 mol per mol of the compound (i).

Examples of solvents employable in the reaction
include aliphatic hydrocarbons, , such as propane, butane,
pentane, hexane, heptane, ocfane, decane and dodecane;

10 alicyclic hydrocarbons, such as cyclopentane,:
cyclohexane and methylcyclopentane; aromatic
hydrocarbons, such as benzene, toluene and xylene;
halogenated hydrocarbons, such as ethylene chloride,
chlorobenzene, dichloromethane and chloroform; ether-

15 cqntaining aliphatic hydrocarbons and ether-containing
alicyclic hydrocarbons, such as diethyl ether and
tetrahydrofuran; and mixturés of these hydrocarbons.

For preparing the catalyst component for
ethylenically unsaturated monomer polymerization

20 according to the invention from at least one compound
(i), at least one compound (ii) and at least one
compound (iii), there can be employed, for example, a
process wherein the compound (i) is reacted with the
compound (ii) in a non-polar solvent such as toluene at

25 -10 to +10 °C, then stirring is conducted at room



As preferred exanpl es of the conpounds capabl e of reacting with a
conpound conprising a Goup 13 netal to forman ionizing ionic
conmpound, there can be nentioned conmpoundscapabl e of form ng ionizing
i oni ¢ compounds 25 having any of a4étion which can inpart a proton and a
cation which does not inpart a proton, such as a carboni um cation, an
oxoni um cat | NLUMAAbE Oeating 2 AMPHONUdKBound (1i) is

33 catig%?pgggégthgpggftr#eny %%.ion and a #%?%oceniun1 cation
Specifically re.c i i Aodict of thedldotpdunl as

et hyl 1 t hi u%dh%?kgfy%%épgl Fegh, e réacvion Biidicy hoxyl 1t hium

tri phenyl chl gf; ngs , tyktri phegy 8a0Enr8OLASSTEIMC ¢
triethylboroglﬂy rpggﬁe compﬁ?%?[gé??-ggcgoﬁgﬁéag?eny )?ron sulfaf%, N, N-
di met hyl ani | i_ni um,chl ori nd triethyl anmoni um chloride. 10

The conpound§x¥¥qi eﬁé%%?%%ﬁ%d above can be used singly or in

conbi natign of t or. nmore. ki : . n@%ngawm (iv)
The conpound opt?%ﬁéq%fﬁf e&xgﬁigﬁg ?ﬁv%% |lnat§°%§ of the co

on |
(i), the compound (ii) and the compound (iii) used for

preparing the catalyst component for ethylenically

unsaturated monomer polymerization are set forth in

Table 1.
10
Table 1
(i) (ii) (iii)

Triethylaluminum Water Triphenyl-
chloromethane

Triethylaluminum Hydrogen sulfide Triphenyl-
chloromethane

Triethylaluminum : Aniline Triphenyl-
chloromethane

Trioctylaluminum Water Triphenyl-
chloromethane

For preparing the catalyst component for
15 ethylenically unsaturated monomer polymerization

according to the invention from at least one compound



conpound whi ch provides a substituent useful as a co- 15

catalyst to M

derived fromthe conpound (i), and is specifically at |east one
conpound sel ected froma hydr ocgrpon conpound, a hal ogenat ed
hydr ocar bon conpound, a hydroxy rocarbon conmpound, a sil anol

conmpound, a boronic acid conpound, an organi c carboxylic

20 aci d conpound,

an organi ¢ sulipniat abeaktc oo wethpoiind (ii)hydtolghsnl onecoompountd a

sul f onam de conpound, a ket oi m de conpound, an am de conpound, an

oxi me Ccoiphynahnd adt dheast one @orgound i(dvie cthepeusdn Be di i m ne
conpound, an imne conpound, a 'diketone 25 conpound, and netallic salts

t her eof . employed, for example, a process34herein theExampbandof the
conmpounds (iv) include conpounds represented by the follow ng fornmnul as
and netallic $a)tgs reatbedapith the compddhdX (iifflQH adnon-polar

5 solvent such és toluene at -10 to +10 °C, then the

compound (iv) is added to react with the reaction

product of the compound (i) and the compound (ii) at

-100 to -50 °C, and the compound (iii) is further added

to perform reaction.

10 Also available is a process wherein the compound

(i) is reacted with the compound (iv) in a non-polar

solvent such as toluene at -100 to -50 °C, then the

compound (ii) is added to react with the reaction

product of the compound (i) and the compound (iv) at -10

T8 to +10 °C, and the compound (iii) is further added to

perform reaction.

Preferred examples of combinations of the compound

(i), the compound (i), the compound (iii) and the

compound (iv) used for preparing the catalyst component

20 for ethylenically unsaturated monomer polymerization are

set forth in Table 2.



R100H, R1IOR11NH, R10COCH, R10SG3H, 10

R1OR11CNCH, R1OR11NOH, R1OCONHR11, R10SO2NHR11
R10COCH2COR11, and 15 R10C (=NH) CH2COR11 - wherein R10 i-s a
hydr ocar bon group, a hal ogenat ed 44hydr ocar bon group, a
silicon-containing group, a ger mani um cont ai ni ng group, a
tin-containing group or a boroniéggéﬂinng group. Exanpl es of such
groups include 20 the hydrocarbon groups,” the hal ogenat ed hydrocarbon
groups and the silicon-containing groups previously exenplified with
respect to R Examptes—of—ttre—bhoror—contatrt-rg—g-otps—retdde
conpounds of the fpryrul a - BR10' RLO'- (R10' and, R10" may be 2?,the sane or
di fferent and-1n1?4;%ﬁ7~rhe—hyﬂ+ig%#4ﬁmi -0t (1ii) iv)
Aluminum ) Water Triphenyl- CgFsLi
trichloride chloromethane
Aluminum Water Triphenyl- CeFsLi
tribromide chloromethane
Ethylaluminum Water Triphenyl- CeFsLi
dichloride chloromethane
Triisobutyl- Water Triphenyl- C¢FsOH
aluminum chloromethane
Triisobutyl- Water Triphenyl- CeF5COOH
aluminum chloromethane

More specifically, in the preparation of the

5 catalyst component for ethylenically unsaturated monomer
polymerization according to the invention, when aluminum
tribromide as the csmpound (1), water as the compound
(ii), triphenylchloromethane as the compound (iii) and
lithium pentafluorobenzene as the compound (iv) are used

10 in molar ratios of: 2 mol of the compound (i) based on 1
mol of the compound (ii), 0.5 mol of the compound (iii)
based on 1 mol of the compound (i) and 3 mol of the
compound (iv) based on 1 mol of the compound (i), the

following reaction product is presumed to be obtained.



35 of 1 to 20 carbon atons, the hal ogenated hydrocarbon group of
1 to 20 carbon atons or the oxygen-containing group previously
described for by R4; and R10' and R10™ may be bonded to forma ring).
5 R11 is a hydrogen atom an #Xoxy group, or any of a

hydr ocar bon group, a hal ogenated hydrocarbon group, a

silicon-containing group, a gernani um containing group, a

tin-containi Ry qugc?fag_,,_aigogp(b §a| ni ng group each of which is the
same as or different from R10 anples 10 of such groups include the

al koxy groups reV|ousI described with respect to Rl to R3, and the
hydr ocar bon 22l (Cefisdapt, Hzone"h%ﬁ@géﬁét'éh“*ﬁ)ﬁﬁﬁ%ﬁ:)ar bon groups and the
silicon-containing groups previously described with respect to R4.
Exanpl es of B O, Ot 5 include the groups described
wth respectt(?EF%% Qﬂoﬂﬂm@gﬁgw 9(63&-19)%'%1@11 may be bonded to forma ring

t oget her with a nitrogen atomor a carbon atomto which R10 and

R11 are bonded. This ring nmay have a doubl e bond. X is a hal ogen

atom [ CgFs CgFs| —

SN / \ S e
/ \/ N\

L ceFs CeFs-

In another process wherein ethylaluminum dichloride
5 as the compound (i), water as the compound (ii),
triphenylchloromethane as the compound (iii) and lithium
pentafluorobenzene as the compound (iv) are used in
molar ratios of: 2 mol of the compound (i) based on 1
mol of the compound (ii), 0.5 mol of the compound (iii)
10 Dbased on 1 mol of the compound (i) and 4 mol of the
compound (iv) based on 2 mol of the compound (i), the

same reaction product as above is presumed to be

obtained.



20 Exanpl es of the conpounds (iv) are given bel ow

Exanpl es of the conpounds represented by general formul a R1OX i ncl ude
PhBr, Mel, Ph3Sid, Me3Si d, 36 [err]

Exanpl es of the conpounds representegs by general fornula RLOH include
[err] Exanpl es of the conpounds represented by general formul a

RIOOH includeg ,y01, « H0 — CloAl-0-AlCl,
Cl;Al-O-AlCl, + 4CgFsLi — (CgFs) 221—O—Al (CgFs) 2

{CgFg) 3A1-0-Al (CgFs)z2 + (CgHg)3CCl

[~ C¢Fs CeFs | —

., \/\/
| /\/\ |

| C¢Fs

{(CgHs)aCl*

Another catalyst component for ethylenically
unsaturated monomer polymerization according to the

S invention is a compound represented by the following

formula.

¢ @
((QM~Y—(M-Y—) sM—Q- (Z73) ] ) - ([A]*F),

10 In the above formula, each M may be the same or
different, and is an atom of Group 13 of the periodic
table, specifically boron, aluminum, gallium, indium or
the like, particularly preferably boron or aluminum.

n is an integer of 0 or more, preferably an integer

15 of 0 to 5. more preferably an integer of 0 to 3. A



PhOH, MeOH, CF3CH20H, Ph3Si OH, Me3Si OH, Et2BOH, Ph2BOH [err]
Exanpl es of the conpounds represented by general fornula R10R11NH i ncl ude
37 [err] . 47
compound of the above formula wherein n = 0 is one of
the most preferable embodiments.
Y is a divalent bonding group, and when n is 1 or
more, plural Y may be the same or different.
5 Examples bf the divalent bonding groups Y include

the following bonding groups.

o el - 5/ COO— 5/0—
o) ? S . RN R ~ R -
' ~ coo— ' o- '
O RS
x -
N— o AT
~ R¢—sS—N_ 5 0
N ~ R
7 i o
R* o) \\\ |
s—§~
1
’ , O R9 ' 4
H
_~ C—=N- 00— {
R® R¢—C—N
S C—N—O— ~
10 H . ,
o)
§— 0
0 RS /l
P N °
_—~C—N—0— . N N \O
Y~ c—n-o- A s—o—
i | /\/\ |
0 R® RS RS 0

In the above formulas, R4, R5, R6, R7, R® and R? have
the same meanings as those of R%, R5, R6, R7, R® and RY of
156 the aforesaid compound (ii).

More specific examples of such bonding groups are

given below:



Exanpl es of the conpounds represented by general 5 fornula RLOCOCH incl ude

[err] Exanpl es of the conpounds represented by general
formul a RLOSG3H i nclude [err] 10 38
Exanpl es of the compounds represent edd8y general fornul a RIORL1INCH

I nclude [err]
Examples of the-bonding groups represented by

"
R*N
™~ include

: ”~ s s
MeNZ , PiNC ,EN {,PhyCN _, PhySiN L
. — / /
Me;SiN , Ph-oN_, EtO-NC

PhyC-O-N Z_, Me3Si-O-N 2,

5
F F F F
~ ~
FQ N_ F«Q O—N___ F
F F F F
Examples of the bonding groups represented by
10
_— COO—
RS

~—
CO0— include

F.  COO— COo— COO—
F COo— + | "~
COOH ]
) N
F F coo—
7 | N
FNX

—00C COO— —O0CCH,CH,C00—



5 Exanpl es of the conpound represented by general formul a

R10R11CNCH i nclude [err] 10 Exanpl es of the conpounds
represented by general formul a RLOQCONHR11 i ncl ude [err] 15
Exanpl es of the conponds represent ed4t%/ gener al formul a RLOSO2NHR11
I ncl ude Ph- SOO- NH Ph and Ph- SOO- NH Me,

Examples of the bonding groups represented by

O Physi” — 0=
~ —OCH2CH,0—, 201 Me,Si
O— include ~o-, "2 ~o0-
MeB , CHj; (CHy)1E , P
o o PR
5
F OH HO F F F OH
F F F F F  F
F CH,;0H OH
K = ~
F CH,0H ) o
F F OH HO OH
F3C F F
on on
BL_ F B<
"
F3C F F ~on
F
F F
F
F OH

Examples of the bonding groups represented by



39 Exanpl es of the conpounds represented by general formul a

R10COCH2COR11 i nclude [err] 5 Exanpl es of the conpounds
represented by general formul a RLIOC(=NH) CH2COR11 i nclude [err] 10
O the conpounds (iv), preferable argQhose of the above formul ae
wherein R10 is a substituted aromatic hydr ocar bon group or a

fl uori ne-cont ai ni ng group, and . al so wherein at | east one of R10 and
R11 is a substituﬁgd 15 aromatic hydrocarbon group or a

fluori ne-contggn-i'ng group.

R’ include

. F, N(Me)‘—_ N(Me)— N(Me)—
§ g
F N(Me)— <__>—N(Me)-— J
\_/ e
F F N (Me)—
/
= e S —
. S/ | A% —{Me ) NCH;CH,N (Me ) —
—(Me)N . N(Me)— &
S
caarb i vk e vk e
AN AN 2N
Me Me Me" Me Ph Ph
5 Examples of the bonding groups represented by
5
—~
R"'-—lS—N\
o include

PhSO,N( , CF3S0,NC, CH3SO0N,

F F
FQ SOzN<
¥ F

10

"Examples of the bonding groups represented by



Exanpl es of the above substituted aromatic hydr ocar bon groups i ncl ude
t hose having at |east one substituent selected from for exanple,

al kyl groups, 20 hal ogenated alkylfgroups, al koxy groups and hal ogen
atons (particularly preferably fluoridk) Exanpl es of the above

fl uori ne-contai ni ng groups i nclude substituents having at |east one
fluorine atom © 40 Exanpl es
of netallic saltk of-the above co include R10Y, RI100Y,

R1OR11NY, R10 R10 ?% gl@h@ .t EtCONu{nUihEN R1OCONRL1Y and
R1I0SO2NR11Y ( R10 and are each t he sanme as above, and Y is an

al kali nmetal such as 5 [|ithium sodiumor potassiun). Also available are
conmpounds cont ai ni ng alkaline earth metals in the form of netallic
salts, for exanpl %gCBQZ a RlO |s t he sane as above),

speci fical Iy (C6F t % TARSUFEPTESPRtRENPYoned above can

be used 10 singly or in conbination of two or nore kinds.

O RS
| |
S—N—
l
\O
—N-" SON (Me) —
_ CF3C<: 2N (Me)
5 o R include H “SO;N(Me)—
SOsN{Me)—
e ~ SO2N—
SO2N(Me)— CF3C
\_7/ H > SO,N—

Examples of the bonding groups represented by

10
0 RS
|
05 C—N- CON (Me) —
~~ c—N- -
[ 1, \ / CON (Me) —
O R include .
Examples of the bonding groups represented by
AN /
Yy Yy
[ |
NN AN



The catal yst conponent for ethylenically unsat ur at ed nononer

pol yneri zati on according to the I nvention can be prepared by the
reaction of the conmpounds (i), (ii) and (iii) or by the reaction of
the 15 conpounds (i), (ii), (iii) amp (iv). In the preparation
of the catal yst conponent for et hyl eni cal | y unsaturated nononer
pol yneri zati on, nd can be used in an nt of 1 to5
nol | preferaggﬁm¥q: 'Eﬁﬁﬁ dﬁﬂﬁ gFoLRE Eﬁﬁﬁﬁﬁﬁaggai Y and 20 the
conmpound (iii) can be used in an anount of .1to 2 nol, preferably
0.5 to 1 nol, per | of the corrpoun(?h\ 1 ). The conpound (iv) can be
optionally used in N— o—anount of 1 0] 6 nol, preferably 2 to 3 nol, per
mol of t ge "conmpound (i ). O 41
In the present imMvensa,0+t is pref ere}b‘!l=N to use t he conpound (i) in
an anmount of about ¥ nol ‘per imilwefe Ph the conpound (ii), the conpound
(ii1) in an anount of ‘about 0.5 nol per nol of the conpound (i), and
5 Examples of the bonding groups represented by

O

|

S—0—

/' .
O "
O SO3— )
\l -/ ' -
o O
J , \_/"%%"

include

More preferable examples of Y’are -0- and those
10 bonding groups wherein R%? and R® are each an alkyl
group, an aromatic hydrocarbon group, a silicon-
containing group, a boron-containing group or a halogen-
containing group.
Z is a group capable of being bonded to one or more
15 M, and specifically:is a group selected from, for
example, halogen, hydrogen, alkyl groups of 1 to 20
carbon atoms, preferably 1 to 10 carbon atoms, such as
methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl and
dodecyl, alkoxy groups of 1 to 20 carbon atoms,
20 preferably 1 to 10 carbon atoms, such as methoxy,

ethoxy, propoxy and butoxy, an acetyl group, and a

sulfuric acid anion.



5 optionally the compound (iv) in an anmount of about 2 or 3 nol per
nol of the conpound (i). Exanpl es of solvents enployable in the
reaction i nclude aliphatic hydrocarbons, such as propane, butane,
pent ane, hexane, heptane, octane, deca%%eﬂmidodecane; 10 alicyclic
hydr ocar bons, such as cycl opent ane, cycl ohexane and

net hyl cycl opent ane; aromatic - hydrocarbons, such as benzene, toluene
and xyl ene; hal bgenat ethlgatreocH fons A soopoundediiyktbaeabhireri de,

chl orobenzene, dichl oronet hane and chloroform ether- 15 containing

al i phatic hydroﬁrammm]:ar winereimej= did @ne mof the malsicpeeiferaplieocar bons,
such as diethyl ether and tetrahydrofuran and m xtures of these
hydrocarbons. embodiment®r preparing the catal yst conponent for

et hyl eni cal |y unsaturated nmonomer polynerization 20 according to the

i nvention from at | easis Ofige COMRlSSNE Z, ard )an dhtegast ognaogonmpaynd (ii)

and at | east-one ~ compound (iii), .thgre can be enployed, for exanple,
_ progesstMée’ Bi and o€ afiges! Nthdrd Ind1s, | Ant RBteger ogofpoOUNd
(ii) in a non-polar solvent such as toluene at 25 0 to +10 [err]C t hen

stirring i s congycgedmdiel @P8terably an integer of 1 to 4.
Ea.ch_ Q may be the same or different, and is a group

selected from the folloﬁing groups:

10 R10~, R100-, RIORIIN-, RI0COO~, R10S0;—,

R1050,~, R10CO~, RIORIICNO-, RIORMNO-,

R1°C01!TR11 / R108021!IR11 . R10C (=ll\I) CHCOR1?,
ROCOCH,CO-,
15 wherein R10 and R! have the same meanings as those
of R0 and R!! of the aforesaid compound (iv).
Examples of the groups Q are given below:

Examples of the groups R19- include

13 F
Me F, F f .
Me r«Q—— si
F FF F
Me F F
F F
Me Me F

Q M

20 Me Me



42 tenperature or under heating, and the conpound (iii) is added

to react wth the reaction product of the conpound (i) and the
conmpound (ii) at a tenperature of 54[err]C to roomtenperature. 5
Preferred exanpl es of conblnatlons of 't he compound (i), the conpound
(ii1) and the conmpound (iii) used for preparing the catal yst conponent
for ethyl eni cal | yExamplessaifuchtedroupeneg Potmwuks i R¥0-oinadadset forth in
Table 1. 10 Table 1 (1)
(ii) : (iii) Tri et hyl al um num Wat er

Tri phenyl - PhO—, MeO—, CF3CH,0—, Ph3SiO—, Me3Sio—, chl or onet hane
Tri et hyl al um neEtBO-+Hy dFl@R- sul fi de Tri phenyl -

chl or onet hane Trletq¥lalun1nun1 An|I|ne Tri phenyl -

chl or onet hane F F

X 9o 1 J-crio- Qo. Mer_
F F F

5 Examples of the groups of formula RORIIN include
F F F. F
PhN (Me)— F N{(Me)— N— <::>N;

F F F ¥F/2

F, F
/

PhyN-— F CH,N (Me) — — PhN(OEt)—

\ )

F F

Examples of the groups of formula R9C00- include

10



Trioctyl al um num Wat er Tri phenyl -

chl or onet hane For preparing the catal yst conponent for 15
et hyl eni cal | y unsat urated nononer p%g/mari zation -according to the
invention fromat |east one conpoun 43
(i), at least one conpound (ii), at |east one conpound (ti1) and at

| east one conpound (iv), tH&gre,Ean be
wherein the conpound S reacted

non-polar 5 soIP@ﬁposud%( cefe &

il oyed, for exanple, a process
the conpound (ii) in a
Gerr]C, then the

conpound (iv) is added to rgach with the yeagtion product of the
conpound (i) and the conpolind (Fi) at F -100 to -50 [err]C, and the
conmpound (iii) is further added to performreaction. 10 Al so
avai l abl e is a process wherein thet®®¥npound (i) is reacted with the
compound (iv) in a non-polar sol vent such as toluene at -100 to -50
[err]C, then the CF3COO— 'Me CHCO0—

tBu

Examples of the groups of formula R10503- include

o 0 o
1 i 1
Ph—$—0— FsC—J— 06~  CF3CHz~ 8= O
o 0

0
F F
F 0 F °
F 8—0— F cnz-%—o—
o)
¥ ‘¢ ° F F

5
Examples of the groups of formula R1050;- include
9 ;
Ph—s— F3C—§—  CFiCHi— 5
(0] O 0]
F F
F o] F 0]
1 |
F ?-— F CHrsi-"
0 o
F [
10

Examples of the groups of formula R10CO- include

MeCO-, EtCO- and PhCO-.



conpound (ii) is added to react with the reaction product of the
conpound (i) and the conpound (iv) at -10 15 to +10 [err]C and the

conmpound (iii) is further added to perform reaction.

Preferred exanpl es of conbinations o?‘st he conpound (i), the conpound
(ii1), the conpound (iii) and the conpound (iv) used for preparing the
cat al yst conponentExazplelsopbfethyl groapk! gf upsanul &t RIPRIONOAEinclude

pol ymeri zation are set forth in Table 2.

44 Table 2 (1)

(i) (iii ‘i v) dﬁ Wat er

Tri phenyl - C6F5LI trichl orfi de chl or onet hane

)
don
L

. tribrom de-

chl or onet hane ter ri phenyl - C6F5Li

Al um num _ Plﬁﬁgég - %%Tzrﬁdg_hen

: F

5 Example of the groups of formula R1ORIICNO- include
F. F
Ph Ph\~
. \ C=N—0— <:>—NO-—
HC=N—O— <
Ph
HC=N—O—
10 Examples of the groups of formula RIO0CONR1! include
F F F F
|
F C—N F
| 0]
Ph—CO-N-Ph F F F F
15 Examples of the groups of formula R10S0O,NR11

I |
include Ph—SO,—N—Ph, Ph—SO,~N-Me.

20 Examples of the groups of formula R10COCH,CO-

include



di chl ori de chl or onet hane Triisobutyl - Wat er

Tri phenyl - _ C6F50H al um num chl or onet hane
Triisobutyl - Wat er Tri%gpnyl- C6F5COCH al um num
chl or onet hane More specidfically, in the preparation of the 5
catal yst conmponent for ethylenically unsaturated nononer

pol yneri zati on accorg ng ¢o the |ovenK)on wh&m aI0n1num tribromde as
t he conpound (i), watler t he co ri phenyl chl or oret hane
as the conmpound (||y)\@qd entaﬂl ¢C§nzene as the compound
(iv) are used 10Etin nolar rauaps 2 nmoPhof €he conpound (i) based on 1
mol of the conpound (ii¥2 0.5 nol o#bthe ponpoun§2(|||) based on 1 nol
of the compound (i) and 3 nol of the conpound (iv) based on 1 nol of

t he conpound (i), the . follow ng reaction product is presunmed to be

obt ai ned. - 45

. |
Examples of the groups of formula R10C(=N)CH;COR!!

5 include

\
N 0
.
S ANy AN
Et C Me

Hy

It is preferable that at least one of the groups Q

10 is a group of the above formulae wherein R10 is a
substituted aromatic hydrocarbon group or a fluorine-
containing group, and also wherein at least one of R0
and Rl is a substituted aromatic hydrocarbon group or a
fluorine-containing group.

15 Examples of the above substituted aromatic
hydrocarbon groups include those having at least one
substituent selected from, for example, alkyl groups,
halogenated alkyl groups, alkoxy groups and halogen
atoms (particularly preferably fluorine).

20 Some examples of the anion moieties represented by

the following formula:



Al Br3 + 3C6F5Li -> Al (C6F5)3 2Al (C6F5)3 + H20 -> (C6F5) 2Al - O Al (C6F5) 2
(C6F5) 2Al -O- Al (C6F5)2 + (C6H5)3CO [err] I n anot her
process wherein ethylalunmnumdichloride 5 as the conpound (i), water as
t he compound (ii), tri phenyl chl &®net hane as the conpound (iii) and
l'ithium pent af | uor obenzene as the compound (iv) are used in nol ar
ratios of: 2 nol of tRe c ounth(i) based on 1 nol of the conpound
(ii), 0.5 nmol of the ¢onpoynd (i|i) 10 based on 1 nol of the conpound (i)
and 4 mol of the [a.vcoopmuRd)(wyg, paggd)om-2 nol of the conpound (i), the
sanme reaction product as above is presuned to be obt ai ned.

in the catalyst component for ethylenically
5 unsaturated monomer polymerization according to the
invention represented by the aforesaid formula, are

given below.



46 EtAIC2 + RO -> C2A-CAd2 C2A-OA A2 + 4C6F5L1 ->

(CBF5) 2Al - O Al (C6F5) 2 (C6F5) 2Al - O Al (CBF5) 2 + (CBHS5) 3CCl [err]
Anot her catal yst conponent for ethylenically unsat ur at ed nononer
pol yneri zation according to the 5 invention is a conpound represented by
the foll ow ng formula. [err] 36 In the above fornula, each
M may be the sane or different, and is an atom of G oup 13 of the
peri odi c ) @ @
-Oct Ph CsF
NN NN NN °“/\/°°F’
NN NN NN A WAN
Ma

e

(CeFalHCO OCH

tBu
(CeF)H,CO \0/ \OCHz(%Fs) Me

By t8u

CO\B'O & 0-8’o> Ph(MeJN g N(Me)Ph  PhN S NPh,
o” \N/ \N/ ~o \N/ \N/ \N/ \N/
oL 7/ -
Co,e-o \o/ \0'8\23 Ph(Me)N/ NN NS

o N{Me)Ph PhoN o NPh,
Me Me
@

(CsFSJN\ / \, /N(CQF!J O / \ ) ':N\N /G\N/N®
(e \ 4 \N(Cer) . \ 4 N O No” \“:‘

M° Mo



tabl e, specifically boron,
particularly preferably bor
nore, preferably an integer
to 3. A '

formula wherein n = 0 is one of
t boRi ng grou

Yis a di
the sanme or diff nt OOh (G
i ncl ude t%%(fi Ad/

CFy a®

coQ
\/

ccod \o/ \

@
(CeF<)SO0
>u /c'\

Al

/

«Zfﬂsoa,\\b

O]
(CeFg)OC
\ /°‘\ /

«uamm{ o

0
Ph'g"‘o ae
& \/ N/
Al
2 /\
Ph‘i""'o
(o]

Q

ﬁCHﬂ:é*O o

6 \/ NS 6

W ng bondr ngq gr

OOOOF,

oosmgw(GfdGﬁSOO

CO(Cefs)

CO(CsFy)

/\°

al um num gal l'ium
on or al um num

15

0 47

nd mheh nis

A

00CCF, CsS00 OOSCH

/\/

OOS(CeFal (CsFCH SO0 O

O

o
n
o- SPh CeFs~S—0 ¢

& \/\N/

o

=O

S
0"3 CHzCFs

PO
~
/
\
A

(@)

(CeFalN-O

NN

(CoFg)N-O o

O—N(CzF:Jz Mo N-O

O—N(Cch~ MeN-O

[
O—"§'CH;CF3

/

©
// \
\/

ouhﬁ [err]

/
O oocen rc.racoo ° oocrc,m (CeFCH,CO00  ©

©
Q0
\’/pkﬁh/poa;ﬁ

cr'\ OOSCHACHFS -

W
o— §Cuf"5

Q 7’\/\

O—%"Ph CeFg-§—O 0—§-CeFs F:C-5—0

CeFaHaC'3—Q

CafsH2C- 5“0

O—NMe, PH{MaN=Q

O—NMo; Ph{Ma}N=~O

I ndi um or the |ike,
nis an integer of 0 or

of 0 to 5, nore preférably an integer of 0

conpound of the above

t he nost mbfaaMe enbodi nent s.

nDre @l uralY may be

lngpg@@uﬂﬁﬁy
\/\

OOQCCH,(CefFs)

e
hCHzSOO\/\ OQSCHh
\/\

s  PhCH;SO0 QOSCH,Ph

OOSPh

\/
/\/\

O 9 O
F3C-S— Cl
IR
Al
o /\
[11

(o] o o)

0
u o

Q o) o
IR NS
¢ /\/\ Q

O"S CH2CeF s

Qz

O

O—MnN(Me)Ph
N

e
/\
\/

O—N(Me}Ph



In the above fornulas,
t he sanme neani ngs as those of R4, R5 R6 R7,

10
have
the aforesaid conpound (ii).

bondi ng groups are gi ven bel ow
Exanpl es of the bondi ng groups represented by
MeN err], PhN err] EtN[err]; Ph3CNerr],

61

Ph3Si

+©
{CsFg2C=N-O
AN / \/ O—N=C(CeF3lz

/\/

(CeFQ2C=N=C No—n=ciceFas

PHHC=N=0, ©

\/\/ N=CHPh

O—N=CHPh

9 9 ke
—C(CeFy) PRC—N_

Al

N—g(CeFd —
o

Me O O Me
e Ei'SOOPh

\N/ \/

VRN e 2N

PhOOS-—ril |il—sooph
Me Me

|
Mo O

Me

J
(CoFg) 00S—N
\

Me

PhOOS—N c

Me
Q
MeC-CHy—0
i
\N/ /
/ N/ \

n M
MeC-CH,— O 0  O=CH,~CMe

Q
{CéFs)C~CH;—0

\ /

o]

#
O—'CHZ"'CMe

»” ©

Q
(CeFsIC~CH,—O

Gate

o
H3yCOCH,C—C=N

(1}
PhC-CH,—
o—-caz—cpn

N\

O /N

PhC-CHy— O

\
0"0‘11"@'1

\/G)

°
\
H;OOCHZC—0=N

o e

(':sz O
(CeF)C-CH,—N

CHe
HyCOCH,C—C==N © /

\/C‘\ N=C=~CH,COCH,
Csz/ \ / ,Csz

3000‘120 C =N N= C"'CH;OOCH;

@]
L]
(Cer)C-CHz-—N
Me

R4, R5, R6, R7,

[err]

=g Pre—n
O fn
e Yo
/N/ \/
(CeFs)00S—N \o/ N

/NN

R8 and RO

R8 and R9 of 15

More specific exarrpl es of such

48
i ncl ude
N err]

N—SOO0(CsFg)

N—S00(CeFs)
Me

\N /0_ CHz~C(CgFg

O
i
o} O—CHa~C(CeFs)

CaHg

2 /

\/ \ N=C—CHCOCH;
FeHs / \ A

CaHs
N=C—CH,COCH,

M
@ |e i
/ \ N—CHz C(Cng)
\ N—'CHZ‘C(COF:;)
Me



Me3SiNerr], Ph-O'N[errj,‘Et-'ON[err], 5 Ph3C-O Nerr],
Me3Si-O- N err], [err] Exanpl es of the bondi ng groups
represented by [err] 10 49 Exanpl es of the
bondi ng groups represented by - [err] include
- OCH2CH2O-, [err] [err] _ 62
F @ CeF c(? CeF (CeFelO 0'@ O(CeFg)
N\ \ / NSNS NN\
e / g / N/ N\ /
\ GFs W \ e N O(GFd
Ph Ph Ph
@ O (CeF9O G@ O(CeFo
->N/\/ A<\/ \N/ N/
N/ \ / N\
CeFs 4 \ (Cng)O/ N/ \O(Cch
l i
%F!' CeFs CeF's
G) e Cef {CoF 21O Gl@ O(CeF's)
AN l/ \N\ NP < ) \A< \ ~<
\ /
/ \l/ CeFs (Cer)O/ 'l*/ O(CeFs)
M@ Me Mo"
(-3 G)
Cl FgO F
F\N / Ny _F CaFa\N / N\, _CeFs (GFa >An‘/ N\~ ;‘u\ O(GeFel
F/é (:)\F CGFG/‘? (:)\CGFS (CeF0” Q . ? O(CeFo)
Q=—=C Cc==0 O==C C==0 O:CEC.::-O
016 X o @ O(CeFs)
./ \ - CFsa_ / \ CFs  CF A / \N/
/ﬁ‘! ’,“\ /'}' "“\ /i ‘\0
F~ 0 o °F GFs” O 9 TCeFs CF0” © z O(Gs"s)
— —— P ==C
0==0C____C==0 0=C___C==0 0 ~_
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[err] include [err]

5 Exanpl es of the
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bondi ng

Exanpl es of the bondi ng groups represented by

[err] include PhCON[err] , EtCON err] Exanpl e of the
groups represented by [err] 5 '
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Exanpl es of the bondi ng groups represented by [err]
Exanpl es of the bondi ng groups represented by
15 [err] i nclude [err]
Exanpl es of the bondi ng groups represented6éby [err]
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More preferable exanples of Y are -O and those

R4 and R5 are each an al kyl
silicon-
cont ai ni ng group.

10 bondi ng groups wherein
group, an aromatic hydrocarbon group, a

containing group, a boron-containing group or a hal ogen-

Zis a group capabl e of being bonded to one or

exanpl e,

nmre 15 M and specifigrall®@ is a group sel@ct eéBfro@ f

hal ogen, hydr og@dfis~al JH gﬁ&qﬁ 5 @Fs Cefrol 20O~ , preferably 1
to 10 carbon at ons,*Sychfas AN nethz,/ nxhy hexyl ,

octyl, nonyl anBes (&pﬁ/l atkoxSFgrou s (E Fbon atons, 20
preferably 1 to 10 c on atons, such as ethoxy, pr opoxy and
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53 j is a valence of Z. A conpound of the above formul a
wherein j=1 is one of the nost preferable enbodi nent s. mis
t he nunber of Z, and an integer of not less 5 than 1 and not nore than
n+l, preferably an integer of 1 %%%6, nore preferably an integer of 1
to 4. Each Q may be the sane”0r different, and is a group

sel ected fromthe foll ow ng groups: 10 R10-, R100, R1OR11N-, R10COO,
R10SC3-, R10SD- thelagigoye sUUGNOCFRIGNONES  a | |
| R1I0CONR11, R10S02NR11, R10C (=N) CHCOR11, R10COCH2CO-, 15
wherei n R10 apenRidflhavephénylageoupam-+Qyst alerdtese an n-ogtyRl @rang, R11 of
the af oresaid conmpound (iv). Exanpl es of the groups Q are given
bel ow. Ph &enopkssacphéfigl ggroyns, R Merclambtdsera methyl

group. ‘

5 A is a cation, specifically a cation selected from
the group consisting of a carbonium cation, an oxonium
cation, an ammonium cation, a phosphonium cation, a
cycloheptyltrienyl cation, a frerrocenium cation and
metallic cations of Groups 1 and 11 of the periodic

10 table, but not limited thereto.

Examples of the cations A include the following
cations.

[Li*], [Na*], [K*], [Ag*], [Li(Et;0)2*]. [Ph3C*],
(KBEta*], [NaAlH(OCH;CH20CH3)2*], [H30*], [Ph4P*],

15 (PhNMeyH*], [Et3NH*], [Me3NH*], [(n-Bu)3NH*], [MePh,NH*],

[szFe+] v
F— S +:— Q
BE*
P Ph
Ph
L ]
20 k is a valence of the cation A and is a number

satisfying the condition of k = jm/r.



20 54 Exanmpl es of the groups og formula RIOO
i ncl ude PhO-, MO, CF3CH2O-, Ph3SiO, Me3SiO, Et2BO, Ph2BO [err]
5 Exanpl es of the groups of fornmula RLORL1IN include [err]

69

Some examples of the catalyst components for
ethylenically unsaturated monomer polymerization
according to the invention represented by the aforesaid

formula are given below.



Exanpl es of the groups of f.ornula R10COO- i ncl ude 55
[err] Exanpl es of the groups of fornula R10SG3- include

[err] 70
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5 Exanpl es of the groups of fornula RLOSO2- include [err]
10 Exanpl es of the groups of formula RLOCO i nclude MeCO, EtCO and

PhCO- . 56 Exanpl es of the groups of formula
R1OR11ING i ncl ude PhN (Me)79 (M) 2NO- [err]

The catalyst coﬁponent for ethylenically
unsaturated monomer polymerization according to the
invention represented by the aforesaid formula can be
obtained by,* for example, reacting the compound (i) with

5 the compound (ii) and optionally the compound (iv) and
then further reacting the reaction product with the
compound (iii).
The catalyst component for ethylenically
unsaturated monomer polymerization according to the
10 invention is capable of providing a catalyst for
ethylenically unsaturated monomer polymerization
(ethylenically unsaturated monomer polymerization
catalyst), which exhibits an excellent polymerization
activity when used together with the later-described

15 transition metal compound or the like.

[o) izati alys
The catalyst for ethylenically unsaturated monomer

polymerization (ethylenically unsaturated monomer



5 Exanpl e of the groups of formula RIORL1ICNO include [err]

10 Exanpl es of the groups of fornmula RLOCONRL1 include [err]

15 Exanpl es of the groups of fornmula. RIOSO2NR11 | ' |

i ncl ude Ph-SQ2- N- Ph, Ph-SO2- N- Me. 720 Exanpl es of the groups of
formul a RLOCOCH2CO- I ncl ude

polymerization catalyst) according to the invention
comprises:
(A) a compound of a transition metal selected from
Groups 3_to 12 of the periodic téble,
5 (B) the aﬁove—described catalyst component, and

(C) an organic compound containing an element of

Group 13 of the periodic table.

r

m nd Vo itd et from
10 Groups 3 to 12

The compound (A) of a transition metal selected
from Groups 3 to 12 of the periodic table for use in the
invention may be a transition metal compound represented
by any of the following formulae (I) to (VIII).

15 First, the compound represented by the formula (I)
is described.

MILL, (1)

In the above formula, M! is a transition metal atom
of Group 4 of the periodic table, specifically

20 zirconium, titanium or hafnium, preferably zirconium.

x is a valence of the transition metal atom M! and
represents the number of ligands L! coordinated to the
transition metal atoms M!.

L' is a ligand coordinated to the transition metal

25 atom; at least one L! is a ligand having



57 [err] Exanpl es of the groups of fornula RLOC(=N)CH2COR11
5 include [err] It is preferable that at |east one of the
groups Q 10 is a group of the above fornmul ae wherein R10 is a _
substituted aromati c hydrocarbon gro@B or a fluorine- cont ai ni ng group,
and al so wherein at | east one of R10 and R11 is a substituted aromatic

e e pbgaAgiony IRSLOESR AL LA R e B gsaHALY T,
I e A AL L Ll
of 1 to 20 carbon atoms, a halogenated hydrocarbon group
of 1 to 20 carbon atoms, an oxygen-containing group, a
5 sulfur-containing group, a nitrogen-containing group, a
phosphorus-containing group, a silicon-containing group,
a halogen atom or a hydrogen atom.
. Examples of the ligands having cyclopentadienyl
skeleton include a cyclopentadienyl group; alkyl
10 substituted cyclopentadienyl groups, such as ;
methylcyclopentadienyl group, a dimethylcyclopentadienyl
group, a trimethylcyclopentadienyl group, a
tetramethylcyclopentadienyl group, a
pentamethylcyclopentadienyl group, an
15 ethylcyclopentadienyl group, a
methylethylcyclopentadienyl group, a
propylcyclopentadienyl group, a
methylpropylcyclopeﬂtadienyl group, a
butylcyclopentadienyl group, a
20 methylbutylcyclopentadienyl group and a
hexylcyclopentadienyl group; an indenyl group; a
4,5,6,7-tetrahydroindenyl group; and a fluorenyl group.
These groups may be substituted with optionally

halogenated hydrocarbon groups of 1 to 20 carbon atoms,



atons (particularly preferably fluorine). 20 Some exanpl es of the

ani on noi eties represented by the follow ng fornmula:

58 [err] in the catal yst co ent for ethylenically unsaturated
nmononer pol yneri zation according to e invention represented by the
aforesaid fornula, are given bel ow 59 [err]

oxygen-containing groups, sulfur-containing groups,
silicon-containing groups and halogen atoms.

wWhen the compound represented by the formula (I)
contains two or more ligands having cyclopentadienyl

5 skeleton, two of them nay be bonded through a divalent

bonding group such as an optionally substituted alkylene
group or an optionally'substituted silylene group. The
transition metal compound wherein two ligands having
cyclopentadienyl skeleton are bonded through the

10 divalent bonding group is, for example, the léter—
described transition metal compound represented by the
formula (II) or (IIa).

Examples of the ligands L! other than thelligands
having cyclopentadienyl skeleton are as follows.

15 Examples of the hydrocarbon groups of 1 to 20
carbon atoms include alkyl groups, cycloalkyl groups,
alkenyl groups, arylalkyl groups and aryl groups.
Specifically, there ‘can be mentioned alkyl groups, such
as methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl,

20 dodecyl and eicosyl; cycloalkyl groups, such as
cyclopentyl, cyclohexyl, norbornyl and adamantyl;
alkenyl groups, such as vinyl, propenyl and
cyclohexenyl; arylalkyl groups, such as benzyl,
phenylethyl and phenylpropyl; and aryl groups, such as

25 phenyl, tolyl, dimethylphenyl, trimethylphenyl,



60 [err]

10

15

20

61 [err] _ 62 [err] 63 [err]

75

ethylphenyl, propylphenyl, biphenyl, naphthyl,
methylnaphthyl, an;hryl and phenanthryl.

Examples of the halogenated hydrocarbon gréups of 1
to 20 carbon atoms include those wherein the above-
exemplified hydrocarbon groups of 1 to 20 carbon atoms
are substituted with halogens.

Examples of the oxygen-containing groups include a
hydroxyl group; alkoxy groups, such as @ethoxy, ethoxy,
propoxy and butoxy; aryloxy groups, such as phenoxy,
methylphenoxy, dimethylphenoxy and naphthoxy; : and
arylalkoxy groups, such as phenylmethoxy and
phenylethoxy.

Examples of the sulfur-containing groups include
substituents wherein oxygen is replaced with sulfur in
the above-exemplified oxygen-containing groups; and
further sulfonato groups, such as methylsulfonato,
trifluoromethanesulfonato, phenylsulfonato,
benzylsulfonato, p-toluenesulfonato,
trimethylbenzenesulfonato, triisobutylbenzenesulfonato,
p~-chlorobenzenesulfonato and
pentafluorobenzenesulfonato; and sulfinato groups, such
as methylsulfinato, phenylsulfinato, benzylsulfinato, p-
toluenesulfinato, trimethylbenzenesulfinato and

pentafluorobenzenesulfinato.



64 [err]
68

10

15

20

25

65 [err] '66 [err] 67 [err]

76

Examples of the nitrogen-containing groups include
amino group; alkylgmino groups, such as methylamino,
dimethylamino, diethylamino, dipropylamino, dibutylamino
and dicyclohexylamino; and arylamino groups and
alkylarylamind groups, such as phenylamino,
diphenylamino, ditolylamino, dinaphthylamino and.
methylphenylamino.

Exayples of the phosphorus-containing groups
include phosphino groups, such as dimethylphosphino and
diphenylphosphino.

Examples of the silicon-containing groups include
monohydrocarbon~substituted silyls, such as methylsilyl
and phenylsilyl; dihydrocarbon-substituted silyls, such
as dimethylsilyl and diphenylsilyl; trihygrocarbon—
substituted silyls, such as trimethylsilyl,
triethylsilyl, tripropylsilyl, tricyclohexylsilyl,
triphenylsilyl, dimethylphenylsilyl,
methyldiphenylsilyl, tritolylsilyl and trinaphthylsilyl;
silyl ethers of hydrocarbon-substituted silyls, such as
trimethylsilyl ether; silicon-substituted alkyl groups,
such as trimethylsilylmethyl; and silicon-substituted
aryl groups, such as trimethylsilylphenyl.

Examples of the halogen atoms include a fluorine

atom, a chlorine atom, a bromine atom and an iodine

atom.



In the above exanpl es, C6F5 denotes a pent af | uor ophenyl group, n-Cct

denotes an n-octyl group, Ph denotes a phenyl group, and Me denotes a
nmet hyl group. 5 Ais a cation, specifically a cation selected
from the group consisting of a #&rbonium cation, an oxoni um

cation, an ammoni um cation, a phosphonium cation, a cycl oheptyltrienyl

cation, a ferrocegy i : t L Cs | p and 11
of the periodic %lélﬂt ggﬁtee?g%%?gﬁo?fl Flgngt g%é;{;%;éfrfg%%%étﬂ 2 E:x%enpl es of

(Naperr) ) (Ape e apsed potbbing, ve, 8BFE Bhecitienity o,y )
 Priweord ot e A S B bR ST S
[ MePh2NH err]], RHR{@Q@{(@ ri], [err] (I')

5 In the a.ﬂove formula, M! is a transition metal atom
selected from Group 4 of the periodic table. Examples
thereof are those previously described, and preferable
is zirconium. r -

R12 is a group (ligand) having cyclopentadienyl
10 skeleton. |
R13, R4 and R!5 may be the same or different, and
are each a group (ligand) having cyclopentadienyl
skeleton, an optionally halogenated hydrocarbon group of
1 to 20 carbon atoms, an oxygen-containing group, a

16 sulfur-containing group, a nitrogen-containing group, a
phosphorus-containing group, a silicon-containing group,
a halogen atom or a hydrogen atom.

Of the transitiion metal compounds represented by
the formula (I'), preferably used in the invention are

20 compounds wherein at least one of R13, R4 and R15 is a
group (ligand) having cyclopentadienyl skeleton, e.g.,
compounds wherein R!? and R!3 are groups (ligands) having
cyclopentadienyl skeleton. When R!2 and R!3? are groups
(ligands) having cyclopentadienyl skeleton, R4 and R15

25 are each preferably a group having cyclopentadienyl



20 k is a valence of the cation A and is a nunber satisfying the
condition of k = jmr. 69 Some

exanpl es of the catal yst conponents for ethylenically unsaturated nononer
pol ymeri zation according to the invention represented by the aforesaid
formul a are given bel ow. 70 F&r]

71 The catal yst conponent for ethylenically unsat ur at ed
monomer  pol yngrd Zald PN A€ GakNGrblpt "E cyeloalkyl group, an alkenyl

group, an arylalkyl group, an aryl group, an alkoxy
group, an aryloxy group, a trialkylsilyl group, a
sulfonato group, a halogen atom or a hydrogen atom.

5 Examples of the transition metal compounds

represented by the formula (I) wherein M! is zirconium

include:
bis{cyclopentadienyl)zirconium monochloride
monohydride, bis(cyclopentadienyl)zirconium dichloride,

10 Dbis(cyclopentadienyl)zirconium dibromide,
bis (cyclopentadienyl)methylzirconium monochloride,
bis(cyclopentadienyl)zirconium phenoxymonochloride,
bis(methylcyclopentadienyl)zirconium dichloride,
bis (ethylcyclopentadienyl) zirconium dichlpride,

15 Dbis(propylcyclopentadienyl)zirconium dichloride,
bis (butylcyclopentadienyl) zirconium dichloride,
bis (hexylcyclopentadienyl) zirconium dichloride,
bis(octylcyclopentadﬁenyl)zirconium dichloride,
bis (indenyl)zirconium dichloride, bis(4,5,6,7-

20 tetrahydroindenyl)zirconium dichloride,
bis(indenyl)zirconium dibromide,
bis(cyclopentadienyl)zirconium dimethyl,
bis (cyclopentadienyl)zirconium methoxychloride,

bis(cyclopentadienyl) zirconium ethoxychloride,

25 Dbis(fluorenyl)zirconium dichloride,



I nvention represented by the aforesaid fornula can be obt ai ned by, for
exanpl e, reacting the conpound (i) with 5 the conpound (ii) and
optionally the conpound (iv) and then further reacting the reaction

product with the conmpound (iii) The catal yst conponent for

ethylenically unsat ur at ed nnnoﬁ%? pol ymeri zation according to the 10

invention is capable of providing a catalyst for ethylenically

unsat ur at ed #éﬁdﬁwﬂlp§ﬁyﬁéﬁiEGY1ghlrconi%mb#§dmﬁﬁhﬁn¢%ulﬁﬁﬂﬁQﬂkued mononer

pol ymeri zati on catal yst), which exhibits an excellent polynerization

activity whebisdewclopentadienyh) zhvconiwrbie tpripbeenasilignatalt on net al

conpound or the |ike. Pol yneri zati on cat al yst

The cat al yst bisr(cycilpbenitedliepylhgiracnienbie tonbflucromefthanmer i zat i on

(ethylenically unsaturated nononer 72
sulfonato), -

5 Dbis{methylcyclopentadienyl)zirconiumbis (txrifluoro-
methanesulfonato),

bis (ethylcyclopentadienyl) zirconiumbis (trifluoromethane-

sulfonato), v

T

bis (propylcyclopentadienyl) zirconiumbis (trifluoro-

10 methanesulfonato),
bis (butylcyclopentadienyl)zirconiumbis (trifluoro-
methanesulfonato),
bis (hexylcyclopentadienyl) zirconiumbis (trifluoro-
methanesulfonato),

15 Dbis(dimethylcyclopentadienyl)zirconiumbis(trifluoro-
methanesulfonato),
bis (methylethylcyclopentadienyl)zirconiumbis (trifluoro-
methanesulfonato), i

bis (methylpropylcyclopentadienyl) zirconiumbis (trifluoro-

20 methanesulfonato),
bis (methylbutylcyclopentadienyl)zirconiumbis (trifluoro-
methanesulfonato),
bis (dimethylcyclopentadienyl)zirconium dichloride,
bis (methylpropylcyclopentadienyl)zirconium dichloride,

25 Dbis(methylbutylcyclopentadienyl)zirconium dichloride,



pol ynmeri zation catal yst) according to the invention conpri ses:

(A) a conmpound of a transition netal selected from G oups 3 to 12 of
the periodic table, 5 (B) the above-described catal yst conmponent,
and (© an organic conpoung cont ai ning an el enent of G oup
13 of the periodic table. 0 (A) Conmpound of transition netal
selected from 10 ~ Goups 3to 12 The
conpound (A) hdfs (methynhiexiydeyodbpensalitenell) zircohivim ddchipsrixi¢,0 12 of the
periodic table for use in the i nvention may be a transition netal

compound r eprsEsefEtdylbutyleyciopeatatibenid) kdreogidnrdidkkofideto (VII1).
15 First, the conpound répresentéd by the fornula (1) S

descri bed. bls(t:1mdﬂH¥Etyqlopentad1enyl)21rcon1um(dichlor1de, In the
above formula, ML is a transition netal atom of Group 4 of the

periodic tablwis ﬁiasﬁafzﬁemiymycﬁ@peaitaaeahym zirESAL UM @1LchHBd i de)
preferably:zirconi um X is a valence of the transition netal
atom Ml agd bis (pémﬂwrcydlw&m‘aaﬁeﬁ&lb z92BERibAh @DERLbFRdEd tO the

bis (methylbenzylcyclopentadienyl)zirconium dichloride,

bis (ethylhexylcyclopentadienyl) zirconium dichloride,

bis (methylcyclohexylcyclopentadienyl) zirconium

dichloride, bis(cyclopentadienyl)ethylzirconium

10 monochloride, bis(cyclopentadienyl)cyclohexyliirconium
monochloride, bis(cyclopentadienyl)phenylzirconium
monochloride, bis(cyclopentadienyl)benzylzirconium
monochloride, bis(cyclopentadienyl)methylzirconium
monohydride, bis(cyclopentadienyl)diphenylzirconium,

15 Dbis(cyclopentadienyl)dibenzylzirconium,
bis (indenyl) zirconiumbis (p-toluenesulfonato),
bis (dimethylcyclopentadienyl)zirconium ethoxychloride,
bis(methylethylcycldpentadienyl)zirconium dichloride,
bis(propylcyclopentadienyl)zirconium dichloride,

20 Dbis(methylbutylcyclopentadienyl)zirconiumbis (methane-
sulfonato), and
bis(trimethylsilylcyclopentadienyl)zirconium dichloride.

In the above examples, the di-substituted
cycloﬁentadienyl rings include 1,2-substituted and 1,3-

25 substituted cyclopentadienyl rings. The tri-substituted



transition nmetal atons M. L1 is a ligand coordinated to the
transition netal 25 atom at least one L1 is a |ligand having

73 cycl opent adi enyl skel eton; and L1 other than the |igand havi ng
cycl opent adi enyl skeleton is a hydro§arbon gr oup of 1 to 20 carbon
atons, a hal ogenated hydrocarbon gro é of 1 to 20 carbon atons, an

oxygen-contai ning group, a 5 sulfur-containing group, a

ni t rogen- contgidliop@n®a@iRnyd ringsPRAEDEQE US; T PPL Sk OO S and
si | i con-contai ni ng group, a hal ogen atom or a hydrogen atom

Exanpl es Of_tlh,€2M-%%imi't%‘tie@gq?bibﬁéﬁﬁaéﬂéﬁ?ﬂrin s. Skgh&taryincl ude a
cycl opent adi enyl group; al kyl 0O substituted cycl opentadi enyl groups,

such as a  grd@s\Wueke lePeriopgilean BueyR, iActudet Dybfaes onedt ah enyl
group, a trinethylcycl opentadi enyl group, a

tetranet hyl cyel opent adlicendndt@Ht~adkyl gr8@psanet hyl cycl opent adi enyl
group, an 15 ethyl cycl opent adi enyl group, a
5 Also available are compounds wherein zirconium is
replaced with titanium or hafnium in the above-
exemplified zirconium compounds.
The transition metal compound wherein two ligands
having cyclopentadienyl skeleton are bonded through.a

10 divalent bonding group is, for example, a compound

represented by the following formula (II).

x1 x?
AN
6 M
Rl R18
Rr17 - R16  Rpif R19
1
Rl7 Y R19 (II)
15 In the above formula, Ml is a transition metal atom

of Group 4 of the periodic table, specifically
zirconium, titanium or hafnium, preferably zirconium.
R16, R17, R18 and R!? may be the same or different
and are each a hydrocarbon group of 1 to 20 carbon
20 atoms, a halogenated hydrocarbon group of 1 to 20 carbon
atoms, a silicon-containing group, an oxygen-containing

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



met hyl et hyl cycl opent adi enyl group, a propyl cycl opent adi enyl group, a

nmet hyl propyl cycl opent adi enyl group, a butyl cycl opent adi enyl group, a
20 met hyl butyl cycl opent adi enyl group and a hexyl cycl opent adi enyl
group; an indenyl group; a 4,5,@27-tetrahydroindenyl group; and a

fl uorenyl group. These groups may be substituted with optionally

hal ogenat ed hydrocarbon groups of 1 to 20 carbon atons

74 oxy g &t & MDAFPRCSHSs CoBLALRIng (ST aMRA; ng BydreEen atom or
silicon-containing groups and hal ogen at ons. n the conmpound

Whe
represent ed & hadoges ahom.(| PL the gsauesB&wW&'dr RS andi Bhd@ havi ng
cycl opentadi enyl 5 skeleton, two of them nay be bonded through a dival ent
bondi ng gr ouPaXie Phshe asivicendl pyospssmayubedbandgdehe form rpiRg or an
optionally substituted silylene group. The transition netal conpound

wherein two |tegeihen sty carbone ptionse toadhdeh thry| arenberdedondtr
t hrough the

5 the above formﬁla, R16, R17, R18 and R!%? are each present
at two positions, and they (e.g., R and R€¢) may be the
same or different. The groups R Qith the same suffix
may be a preferable comb%nation, respectively, when both
are bonded to each other to form a ring.

10 Examples of the hydrocarbon groups of 1 Eo 20
carbon atoms include the groups previously described
with respect to L! in the formula (I).

Examples of the rings formed by bonding the
hydrocarbon groups include condensed rings, such as a

15 Dbenzene ring, a'naphthalene ring, an acenaphthalene ring
and an indene ring; and these condensed rings may be
substituted, for example, with an alkyl group such as
methyl, ethyl, propji or butyl.

Examples of the halogenated hydrocarbon groups of 1

20 to 20 carbon atoms include those wherein the above-

exemplified hydrocarbon groups of 1 to 20 carbon atoms

are substituted with halogens.
Examples of the silicon-containing, the oxygen-
containing, the nitrogen-containing and the phosphorus-

25 containing groups include the same groups as previously



10 divalent bonding group is, for exanple, the later- descri bed

transition netal conpound represented by the formula (11) or (lla).
Exanpl es of the ligands L1 other than the |igands havi ng ,

cycl opent adi enyl skeleton are as fol .15 Exanpl es of the

hydr ocar bon groups of 1 to 20 carobon atons include al kyl groups,
cycl oal kyl groups, al kenyl groups, arylal kyl groups and aryl groups.

Speci fi cal | y,desmridbediwigch meapestedcalidyingkbepformuta (I), as nethyl,
ethyl, propyl, butyl, hexyl, octyl, nonyl, 20 dodecyl and eicosyl;
cycl oal kyl grxegpecEinglys . cyclopentyl, cyclohexyl, norbornyl and
adamant yl ; al kenyl groups, such as vinyl, propenyl and
cycl ohexenyl ; arylEkamples cufpthes umil farwomtlining groppenghelnge and
phenyl propyl; and aryl groups, such as 25 phenyl, tolyl, dinethylphenyl,
tri net hyl phenshibstituents, wherein oxygen is replaced wi%h sulferhyhphenyl,
propyl phenyl , bi phenyl, naphthyl,
5 the oxygen-containing groups previously exemplified.
Examples of the halogen atoms include a fluorine
atom, a chlorine atom, a bromine atom and an iodine
atom.
Of these, preferable are hydrocarbon groups of 1 to
10 20 carbon atoms. Particularly preferable are
hydrocarbon groups of 1 to 4 carbon atoms, i.e., methyl,
ethyl, propyl and butyl, a benzene ring formed by
bonding the hydrocarbon groups, and such a benzene ring
substituted with an alkyl group such as methyl, ethyl,
15 n-propyl, iso-propyl, n-butyl, iso-butyl or tert-butyl.
X1 and X2 may be the same or different, and are each
a hydrocarbon group of 1 to 20 carbon atoms, a
halogenated hydrocafbon group of 1 to 20 carbon atoms,
an oxygen-containing group, a sulfur-containing group, a
20 silicon-containing group, a hydrogen atom or a halogen
atom. Specifically, there can be mentioned those
previously described with respect to Ll in the formula
(1) .

Of these, preferable are halogen atoms, hydrocarbon

25 groups of 1 to 20 carbon atoms and sulfinato groups.



met hyl napht hyl , anthryl and phenant hryl . Exanpl es of the
hal ogenat ed hydrocarbon groups of 1 to 20 carbon atons include those
wherein the above- 5 exenplified hydrocarbon groups of 1 to 20 carbon
at ons are substituted with haloggns. Exanpl es of the
oxygen-cont ai ni ng groups include a hydr oxyl group; al koxy groups, such
as net hoxy, ethoxy, propoxy and butoxy; aryloxy groups, such as
phenoxy, 10 net iEH pisemodjvadentt hyfpoeadson anovp il Hoxse 2hd
aryl al koxy groups, such as phenyl net hoxy and phenyl et hoxy.
Exanpl es of tdarhan fatomsontaaidiivadegtobpdogavhted hydrocabbontgron® wher ein
oxygen is replaced with sulfur in 15 the above-exenplified
oxygen- cont aiof g ty Afhssarhoh atomsf,uat Advadehtosaflldcgnoopstatmig as
met hyl sul f onat o, trifluoronethanesul fonato, phenyl sul f onat o,
benzyl sul f onagmgum.- teoldisredsantf geamanium-contadatingl geowpnea udlivabent
triisobutyl benzenesul fonato, 20 p-chlorobenzenesul fonato and
pent af | uoPob erizeresnt £ ionkng ;grovwd s 1O, nalO-gr o8ps, ~S0eh -SO2- as-Ge-~,
met hyl sul fi nato, phenyl sul finato, benzylsulfinato, p-
t ol uenesul f i ne$mw~, t+NBF-hyHBERFY RS HP(ONARE? Jand -BR29- or -A1R20-
(each R2% may be the same or different and is a
hydrocarbon- group of 1 to 20 carbon atoms, a halogenated
hydrocarbon group of 1 to 20 carbon atoms, a hydrogen

10 atom or a halogen atom).
Examples of the divalent hydrocarbon groups of 1 to
20 carbon atoms include alkylene groups, such as
methylene, dimethylmethylene, 1,2-ethylene, dimethyl-
1,2-~ethylene, 1,3-trimethylene, 1,4-tetramethylene, 1,2-
15 cyclohexylene and 1,4-cycloheiy1ene; and arylalkylene
groups, such as diphenylmethylene and diphenyl-1,2-
ethylene.
Examples of thé divalent halogenated hydrocarbon
groups of 1 to 20 carbon atoms include those wherein the
20 above-exemplified hydrocarbon groups of 1 to 20 carbon
atoms are halogenated, such as chloromethylene.
Examples of the divalent silicon-containing groups
include a silylene group; alkylsilylene groups,
alkylarylsilylene groups and arylsilylene groups, such

25 as methylsilylene, dimethylsilylene, diethylsilylene,



pent af | uor obenzenesul fi nat o. 76
Exanpl es of the nitrogen-containing groups include am no group;

al kyl am no groups, such -as net hyl am np, di met hyl am no, di et hyl am no,
di propyl am no, di butyl am no andaglcycrohexylanlno and aryl am no
groups and 5 al kyl aryl am no groups, such as phenyl am no,

di phenyl am no, ditolyl am no, _di naphthylam no_and nmet hyl phenyl am no.
Exanpl es of @Hdrbﬂﬁgﬁhﬁﬁﬁ§308ﬁpéunﬁhélgpﬁepxl)SllYlﬁ%@ude phosphi no groups,
such as di net hyl phosphino and 10 di phen hosphi no. Exanpl es of
the silicon- M@%Wﬁ@ﬁéﬂ%d@emy Pﬁﬁﬁb’ silvtendon- substitut ed

silyls, such as nethylsilyl and phenyl silyl; dihydrocarbon-substituted
silyls, sucrlleheﬂxﬁﬁﬂkﬁiQQﬁﬁyd¥¢P‘& YﬂDEhéﬁ}B§BI?ﬁd @i{mydrocarbon- 15
substituted S|If' such as trinmethylsily triethylsilyl,
tripropylsilyh nqnhﬁnxﬂkﬁaﬂxianﬂ alkyldnsnéuaﬁyesgryups.
dinethylphényIS|If
5 alky aryldisilylene groups and aryldisilylene groups,
such as tetramethyl-1,2-disilylene and tetraphenyl-1,2-
disilylene,
Examples of the divalent germanium-containing
groups include those wherein silicon is replaced with

10 germanium in the above-exemplified divalent silicon—
containing groups.

Examples of the divalent tin-containing groups
include those wherein silicon is replaced with tin in
the above-exemplified divalent silicon-containing

15 groups.

Of these, particularly preferable are substituted
silylene groups, such as dimethylsilylene,
diphenylsilylene and methylphenylsilylene.

Further examples of R20 are the halogen atoms, the

20 hydrocarbon groups of 1 to 20 carbon atoms and the
halogenated hydrocarbon groups of 1 to 20 carbon atoms
previously described for Ll in the formula (I).

Examples of the transition metal compounds

represented by the formula (II) include:



met hyl di phenyl silyl, tritolylsilyl and trinaphthylsilyl; silyl ethers
of hydrocarbon-substituted silyls, such as 20 trinethylsilyl ether;
silicon-substituted al kyl groups, such as trinmethylsilylnmethyl; and
silicon-substituted aryl groupsggsuch as trimethylsilylphenyl.
Exanpl es of the hal ogen atons include a fluorine atom a chlorine
atom a bromne atom and an_ iodine 25 atom

77 Wheneth¥lereshis (dndenyl) dimethybrireeniuns ethylgne-
transition netal conpound is nmore specifically represented by the

fol | owi ng f of¥s(dndenyl) zirconium giohdorgden spphylene-

(r')y 5 In the above fornmula, ML is a transition netal atom

sel ected froRia{dndenydn zixeopiumbie dtribluorenagrhprresulfonateleof are

t hose previously described, and preferable IS zirconium R12
is a group (letrenarhiisddndporvdpairagniuybis {pethaneswhfonato),

5 ethylene—bis(iﬁdenyl)zirconiﬁmbis(p—toluenesulfonato),
ethylene-bis (indenyl) zirconiumbis (p-
chlorobenzenesulfonato), ethylene-bis(4,5,6,7-
rtetrah.ydroindenyl)zirconium dichloride,
isopropylidene (cyclopentadienyl) (fluorenyl) zirconium

10 dichloride,
isopropylidene (cyclopentadienyl) (methylcyclopentadienyl)
~zirconium dichloride, dimethysilylene-
bis (cyclopentadienyl)zirconium dichloride,
dimethylsilylene-bis (methylcyclopentadienyl) zirconium

15 dichloride, dimethylsilylene-
bis (dimethylcyclopentadienyl)zirconium dichloride,
dimethylsilylene-bis (trimethylcyclopentadienyl) zirconium
dichloride, dimethylsilylene-bis(indenyl)zirconium
dichloride, dimethylsilylene-

20 Dbis(indenyl)zirconiumbis (trifluoromethanesulfonato),
dimethylsilylene-bis(4,5,6,7-tetrahydroindenyl)zirconium
dichloride,
dimethylsilylene (cyclopentadienyl) (fluorenyl) zirconium
dichloride, diphenylsilylene-bis(indenyl)zirconium

25 dichloride, methylphenylsilylene-bis{indenyl)zirconium



R13, R14 and R15 may be the sanme or different, and are each a group
(I'i gand) havi ng cycl opent adi enyl skel eton, an optionally hal ogenated
hydr ocar bon group of 1 to 20 carbon atons, an oxygen-contai ni ng group,
a 15 sulfur-containing group, a ni gen-cont ai ni ng group, a

phosphor us-cont ai ni ng group, a silic0On-containing group, a hal ogen
atom or a hydrogen atom O the transition netal conpounds
represent ed Blichloridehe dagr-dilethylsilyleherbbby2uded-in the invention are
20 conpounds wherein at | east one of R13, Rl4 and R15 is a gr oup

(1igand) havitringthdhem lapentadistyldzdrconiym dichloridepovacs wherein
R12 and R13 are groups (ligands) having cycl opent adi enyl skel et on.
Wien R12 and dgetinelsilyilene-bis (2(4i.§Jands) havi ng cycl opent adi enyl
skel eton, R14 and R15 25 are each preferably a group having
cycl opent adi etyimethylcyclopentadienyl) zirconium dichl8ride, s&eteton, an
al kyl group, a cycloal kyl group, an al kenyl group, an aryl al kyl group,
an aryl gsoupdimecihykodiylene-bis (2-methyl-4-tert-
butylcyclopentadienyl) zirconium dichloride,
isopropylidene (cyclopentadienyl) (fluorenyl)zirconium
dichloride, dimethylsilylene(3-tert-
butylcyclopentadienyl) (indenyl) zirconium dichloride,
10 isopropylidene(4-methylcyclopentadienyl) (3-
methylindenyl)zirconium dichloride, isopropylidene(4-
tert-butylcyclopentadienyl) (3-methylindenyl) zirconium
dichloride, isopropylidene(4-tert-
butylcyclopentadienyl) (3-tert-butylindenyl)zirconium
15 dichloride, dimethylsilylene(4-
methylcyclopentadienyl) (3-methylindenyl) zirconium
dichloride, dimethylsilylene(4-tert-
butylcyclopentadienfl)(3-methylindenyl)zirconium
dichloride, dimethylsilylene(4-tert-
20 Dbutylcyclopentadienyl) (3-tert-butylindenyl)zirconium
dichloride, dimethylsilylene(3-tert-
butylcyclopentadienyl) (fluorenyl) zirconium dichloride,

and isopropylidene(3-tert-

butylcyclopentadienyl) (fluorenyl)zirconium dichloride.



group, an aryloxy group, a trialkylsilyl group, a sul fonat o group, a

hal ogen atom or a hydrogen atom 5 Exanpl es of the transition netal
conmpounds represented by the fornula (1) wherein ML is zirconium

i ncl ude: bi s(cycl opent adi enyl ) zi rchi um nmonochl ori de nmonohydri de,
bi s(cycl opent adi enyl ) zi rconi um di chl BFi de, 10

b
b
b
b
b
b
bi
bi
bi
di
bi
di
bi

s(cycl opent adi enyl ) zi rconi um di brom de,
s(cycl opent adi edlisonenvaillableorrencoppouhdsrwigerein zirconium is
s(cycl opent adi enyl ) zi rconi um phenoxynonochl ori de,
s( et hyl cy deplemtestiveroll tditendnmuordhafhbundin the above-
s(et hyl cycl opent adi enyl ) zi rconi um di chl ori de, 15
s(propy! cy cdeampitiddiesth doppioundisi.um di chl ori de,
s(butyl cycl opent adi enyl ) zi rconi um di chl ori de,
s( hexyl cycl opentGtrthean dxamplesniofmtiliec hransiieion metal compounds
s(octyl cycl opent adi enyl ) zi rconi um di chl ori de, bi s(i ndenyl ) zi rconi um
chlori df, hrefreserted by2Qhd doraingdr dIumdenpt]ladecopansitioh mstalk,
s(i ndenyl ) zi rconi um di br om de, bi s(cycl opent adi enyl ) zi rconi um
met hyl , compphidy atesssaartiesn Hy) thiec gollowinghdsymular (Te!) or
s(cycl opent adi enyl ) zi rconi um et hoxychl ori de,

(II").

R .. (IIY)

10
In the above formula, M! is a transition metal atom
of Group 4 of the periodic table, specifically titanium,
zirconium or hafnium, preferably zirconium.
Each R2! may be:the same or different and is a
15 hydrocarbon group of 1 to 6 carbon atoms. Examples of
such groups include aikyl groups, such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-
butyl, n-pentyl, neopentyl, n-hexyl and cyclohexyl; and
alkenyl groups, such as vinyl and propenyl.
20 Of these, preferable are alkyl groups wherein the

carbon atom bonded to the indenyl group is a primary



25 bis (fluorenyl) zirconiumdichloride,

79 bi s(cycl opent adi enyl ) zi r coni unbi s( net hanesul f onat o) ,

bi s(cycl opent adi enyl ) zi rconi unbi s(p-tol uenesul f onat o),
bis(cyclopentadienyl)zirconiunbis(t;ééluoronethane- sul fonato), 5

bi s(met hyl cycl opent adi enyl ) zi rconi u s(trifluoro- met hanesul f onat o) ,
bi s(et hyl cycl opent adi enyl ) zi rconi unbi s(trifl uoronet hane- sul f onat 0) ,
bi s( propyl cydarpent atioeny| Morecprefebablératé uallyl dfbupeetdfariestid fdonat o),
bi s(butyl cycl opent adi enyl ) zi r coni unbi s(trifl uoro- met hanesul f onat o) ,

bi s( hexyl cyclozpdinditens,) antcparuiibutarlyfbreferable aretnretinduldmhat o),
15 bi s(dinethyl cycl opent adi enyl ) zi rconi unbi s(trifl uoro-

met hanesul f oradhgyl,.
bi s( et hyl et hyl cycl opent adi enyl ) zi rconi unbi s(trifl uoro-
R22, R24, R2?5 and R26 may be the same or different,

5 and are each a.hydrogen atom, a halogen atom or the same
hydrocarbon group of 1 to 6 carbon atoms. Examples of
the hydrogcarbon groups include those described above
for R2L,

Each R23 may be the same or different, and is a

10 hydrogen atom or an aryl group of 6 to 16 carﬁon atoms.
Examples of the aryl groups include éhenyl, a-naphthyl,
B-naphthyl, anthryl, phenanthryl, pyrenyl, acenaphthyl,
phenalenyl, aceanthrylenyl, tetrahydronaphthyl, indanyl
and biphenylyl. Of these, preferable are phenyl,

15 naphthyl, anthryl and phenanthryl.

These aryl groups may be substituted with:

halogen atoms, such as fluorine, chlorine, bromine
and iodine;

hydrocarbon groups of 1 to 20 carbon atoms, such as

20 alkyl groups (e.g., methyl, ethyl, propyl, butyl, hexyl,
cyclohexyl, octyl, nonyl, dodecyl, eicosyl, norbornyl
and adamantyl}, alkenyl groubs (e.g., vinyl, propenyl
and cyclohexenyl), arylalkyl groups (e.g., benzyl,
phenyvlethyl and phenylpropyl), and aryl groups (e.g.,

25 phenyl, tolyl, dimethylphenyl, trimethylphenyl,



met hanesul f onat 0) ,

bi s( met hyl propyl cycl opent adi enyl ) zi rconi unbi s(trifluoro- 20

met hanesul f onat 0) , _
bis(nethylbutylcyclopentadienyl)zirc%g'unbis(trifluoro-

met hanesul f onat 0) , bi s(di net hyl 9clopentadienyl)zirconiun1dich|oride,
bis(nethylpropylcyclopentadienyl)zirconiun1dich|oride 25

bi s(met hyl but )é'tQ:X&E QBﬁS&iéhéf&I“ g} Sh Ry DY i gle, or ﬂ-naphthyl
80 bi s( et hyl hexyl c opentadleny1 zi'trconi um di chi ori

pi o(tr P%L?Ei?b%ﬁﬁ%%%%;%éﬁ*%f o e d%enzylphenyl'
R R
S TSR, oL B S, o
b (et iyl xrgzrgﬁér;éﬁﬁ%@m%ﬁ“ ) B L Crmec LR 0
triethylsilyl and triphenylsilyl.
X1 and X? may be the same or differeﬁt, and are
identical with X! and X2, 'respectively, in the formula
(IT). Of the aforesaid examples, preferable are halogen
10 atoms and hydrocarbon groups of 1 to 20 carboﬁ atoms.
Y! is identical with Y! in the formula (II). Of the
aforesaid examples, preferable are divalent silicon-
containing groups and divalent germanium-containing
groups; more preferable are divalent silicon-containing
15 groups; and particularly preferable are alkylsilylene,
alkylarylsilylene and arylsilylene.
Examples of the transition metal compounds
represented by the éormula (IIZ') include:
rac-dimethylsilylene-bis{1l- (2-methyl-4-
20 phenylindenyl)}zirconium dichloride, rac-
dimethylsilylene-bis{1l-(2-methyl-4- (0o~
naphthyl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1l-(2-methyl-4-(B-
naphthyl) indenyl) }zirconium dichloride, rac-

25 dimethylsilylene-bis{l-(2-methyl-4-(1-



10 nonochl oride, bis(cycl opentadienyl)cycl ohexyl zirconi um

nmonochl ori de, bi s(cycl opent adi enyl ) phenyl zi rconi um nonochl ori de,
bi s(cycl opent adi enyl ) benzyl zi r coni um monochl ori de, -
bi s(cycl opent adi enyl ) met hyl zi r coni ung1 nonohydri de,

bi s(cycl opent adi enyl ) di phenyl zi rconium .15

D1 5( | ndeny|) ZRREGHIAARSEN Y FAERBEMReAkEhloride, rac-

o AL R R .
E:igﬁéﬁﬁilgﬁ%%ﬁ@g%h@g%ﬁ@%@%@h%ﬁ%gkgghﬁgﬁﬂ%ﬁi%ﬁ@@%aﬁé%c- sul fonat o), and
FEIgReA DI TR A T

1,2-substituted and 1,3- 25 sqbstiputed,c%clopentadienyI rings. The
tri-substPt ut@khryl) indenyl) }zirconium dichloride, gqac-" cyc| opent adi enyl

rings include 1,2, 3-substituted and 1,2,4-substituted cycl opent adi enyl
rings. The Eﬂ¢$methylsilylene—bis{1-(2-methyi—4-(9—

phenanthryl)indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1~(2-methyl-4- (p- .
fluorophenyl)indenyl) }zirconium dichloride, rac-

10 dimethylsilylene-bis{l-(2-methyl-4-
(pentafluorophenyl) indenyl) }zirconium -dichloride, rac-
dimethylsilylene-bis{1- (2-methyl-4-(p-
chlorophenyl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{l-(2-methyl-4- (m-~

15 chlorophenyl)indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2-methyl-4-(o-
chlorophenyl) indenyl)}zirconium dichloride, rac-
dimethylsilylene-bis{1-(2-methyl-4-(o,p-
dichlorophenyl)phenylindenyl) }zirconium dichloride, rac-

20 dimethylsilylene-bis{l-(2-methyl-4-(p-
bromophenyl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-~-bis{1l- (2-methyl-4-(p-
tolyl)indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1l-(2-methyl-4- (m-

25 tolyl)indenyl)}zirconium dichloride, rac-



groups such as propyl and butyl include isoners such as n-, i-, sec-
and tert-al kyl groups. 5 Al so avail abl e are conpounds wherein
zirconiumis replaced with titaniumor hafniumin the above-
exenplified zirconi um conpounds. 92 The transition netal conpound
wherein two |igands havi ng cycl opent adi enyl skel eton are bonded

ropr esent ed HYRRERY LT DR TRE TRl AR SR e o T OIS,
(e, above, 10100l Madef) HOARALH AR, rogr O 000, O 1
Gifforont  ACBABRULSLWLARS- LN A BSOS Br oL 0 20 carbon 20
atons, a hal Ogﬂggﬁglgﬁgﬁﬁ?[f?& err%lrjf) }Ozfirlcér?iuzn? dci%rh %rxl:ide, rac-

5 dimethylsilylene-bis{l-(2-methyl-4-(p-
ethylphenyl)indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{l-(2-methyl-4-(p-i- -
propylphenyl)indenyl)}zirconium dichloride, rac-
dimethylsilylene-bis{1- (2~-methyl-4-(p-

10 benzylphenyl)indenyl)}zirconium dichloride, réc—
dimethylsilylene-bis{1l-(2-methyl-4-(p-
biphenyl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1l-(2-methyl-4-(m-
biphenyl) indenyl) }zirconium dichloride, rac-

15 dimethylsilylene-bis{l-(2-methyl-4-(p~
trimethylsilylphenyl)indenyl) }zirconium dichloride, rac-
dinmethylsilylene-bis{1l-(2-methyl~-4- (m-
trimethylsilylphenyl)indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1l-(2-phenyl-4-

20 phenylindenyl)}zirconium dichloride, rac-
diethylsilylene-bis{1l-(2-methyl-4-
phenylindenyl) }zirconium dichloride, rac-di-(i-
propyl)silylene-bis{(1-(2-methyl-4-
phenylindenyl) }zirconium dichloride, rac-di-(n-

25 Dbutyl)silylene-bis{l-(2-methyl-4-



atons, a silicon-containing group, an oxygen-containing group, a
sul fur-contai ning group, a nitrogen-contai ning

82 group; a phosphorus-containing group, a hydrogen atom or a

hal ogen atom O the groups R16, Rl7qqR18 and R19, a part of the

adj acent groups may be bonded to forma ring together with carbon
atons to which_they are bonded. In 5 the above formula, R16, R17, R18 and
R19 are each ﬁﬂndenyléﬁz%ﬁﬁ°§b§$t¢¥¢hﬂ°¥#ﬁ?ifﬁ%cie 9., RL16 and RL6)
may be the sane_or different. The groups R with the sane suffix

nmay be a pref5?&@Fé°@6#ﬁﬂﬁ&i¥éﬁnerbé%é&t(%émvﬂnﬂhéh'both are bonded to
each other to forma ring Exanpl es of the hydrocarbon groups of
1to 20 @@ﬁsaﬂla@@nylnhéugqen@um gichaberidevimast y descri bed with

respect to L1 in the formula Exanpl es of the rings fornmed by
bondi ng t he mEthWQ@h@@HﬂSGAY ﬁaﬁpblsﬁb+ﬁmﬂmwdndbﬂ®ed rings, such as a 15
benzene ring, napht hal ene- ri ng, an acenapht hal ene ring and an i ndene

ring; and 5heﬁﬁmﬁnﬁdéﬁbﬁwlﬁﬂngscnayumedlchlorlde, rac-

diphepylsilylene-bis{l—(2-methy1~4-
phenylindenyl) }zirconium dichloride, rac-di(p-
rtolyl)silylene-bis{1l-(2-methyl-4-
phenylindenyl) }zirconium dichloridé, rac-di (p-

10 chlorophenyl)silylene-bis{1-(2-methyl-4-
phenylindenyl) }zirconium dichloride, rac-methylene-
bis{1-(2-methyl-4-phenylindenyl) }zirconium dichloride,
rac-ethylene-bis{1-(2-methyl-4-phenylindenyl) }zirconium
dichloride, rac-dimethylgermylene-bis{1l-(2-methyl-4-

15 phenylindenyl) }zirconium dichloride, rac-
dimethylstannylene-bis{1-(2-methyl-4-
phenylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2-methyl-4-
phenylindenyl) }zirconium dibromide, rac-

20 dimethylsilylene-bis{1l-(2-methyl-4-
phenylindenyl) }zirconium dimethyl, rac-dimethylsilylene-
bis{1-(2-methyl-4-phenylindenyl) }zirconium
methylchloride, rac-dimethylsilylene-bis{1l-(2-methyl-4-
phenylindenyl) }zirconium chloride SO,Me, rac-

25 dimethylsilylene-bis{1l-(2-methyl-4-



substituted, for exanple, wth an al kyl group such as met hyl, ethyl,
propyl or butyl. Exanpl es of the hal ogenat ed hydrocarbon groups
of 1 20 to 20 carbon atons include those wherein the above-

exenplified hydrocarbon groups of 1 20 carbon atoms are o
substituted wth hal ogens. anpl es of the silicon-containing,

t he oxygen- pntai ning,. the nitrogen-containing and the phosphorus-
25 cont ai ni ?ﬁ¥i&ﬁé¢?&iiﬁk§qqﬂ9¥ﬂﬂn§ dee 2§0pMevi :raty _

83 described with respect to L1 in the formula (1), ~ respectively.
Exanpl es of tREeEY1sikokeng ikl iy @netrhvdciode subst i t uent swher ei n

oxygen is replaced with sulfur in 5 the oxygen-containing groups
previ ously exedphylindenyl) }zirconium @ickd.ostidene riag-ogen atons i ncl ude a

' lorin t a brom ne atom and an i odi ne
;ng{Ine dfﬁggﬁyfsg{&fgnef%f% {Q(Z-ethyl-4—(a-

5 naphthyl)inden&l)}zirconium dichloride, rac-
dimethylsilylene-bis{1-(2-ethyl-4-(p-
naphthyl)indenyl)}zifconium dichloride, rac-
dimethylsilylene-bis{1l-(2-ethyl-4~(2-methyl-1-
naphthyl) indenyl) }zirconium dichloride, rac-

10 dimethylsilylene-bis{1l-(2-ethyl-4-(5-
acenaphthyl)indenyl) }zirconium dichlﬁride, rac-
dimethylsilylene-bis{1-(2-ethyl-4-~(9-
anthryl)indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2-ethyl-4-(9-

15 phenanthryl)indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1l-(2-ethyl-4-(o-
methylphenyl)indenyl) }zirconium dichloride, rac-
dimethylsilylene—bié{l—(2-ethy1—4~(m-
methylphenyl) indenyl) }zirconium dichloride, rac-

20 dimethylsilylene-bis{1l-(2-ethyl-4-(p-
methylphenyl)indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1l-(2-ethyl-4-(2,3-
dimethylphenyl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2-ethyl-4-(2,4-

25 dimethylphenyl)indenyl) }zirconium dichloride, rac-



O these, preferable are hydrocarbon groups of 1 to 10 20 carbon atons.

Particularly preferable are hydr ocarbon groups of 1 to 4 carbon atons,
i.e., methyl, et hyl, propyl and butyl, a benzene ring forned by
bondi ng the hydrocarbon groups, and ggch a benzene ring substituted

with an al kyl group such as nethyl, ethyl, 15 n-propyl, iso-propyl,

e R s e S Sr S T o o o o,

e Rt 8 2000 B P ad”

silicon-contajnin roup,. a hydrogen _atom or .a hal ogen at om

Speci fi cal | y,dxmeal giﬁ%iﬂi?ﬂﬁ? Hséaédzrﬁ6§¥l‘4'(2'ﬁr Viously described with

respect to L1 in the formula ). O these, preferable are

hal ogen atQnﬁ?r#ﬂﬁﬁhﬁiﬁhﬁﬂ¥1325mk§%@3é§i6F°EiPE dichippddeat BHE- and

sul finato_groups. ) : 84 Ylis a

di val ent Bydré&deeHunl ilakeng-bis{d -A@-ethyl-4-(o-

chlorophenyl) indenyl) }zirconium dichloride, rac-

dimethylsilylene-bis{1l-(2-ethyl-4- (m-

chlorophenyl)indegyl)}zirconium dichloride, rac- .
dimethylsilylene-bis{l-(2~ethyl-4-(p-

10 chlorophenyl)indenyl) }zirconium dichloride, r;c—
dimethylsilylene-bis{1l-(2-ethyl-4-(2,3-
dichlorophenyl)indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{l-(2-ethyl-4-(2,6-
dichlorophenyl)indenyl) }zirconium dichloride, rac-

15 dimethylsilylene-bis{1l-(2-ethyl-4-(3,5-
dichlorophenyl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{l-(2-ethyl-4-(2-
bromophenyl)indenylf}zirconium dichloride, rac-
dimethylsilylene-bis{l—(2—ethyl—4—(3—

20 Dbromophenyl)indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{l-(2-ethyl-4-(4-
bromophenyl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1l-(2-ethyl-4-(4-
biphenylyl)indenyl) }zirconium dichloride, rac-

25 dimethylsilylene-bis{l-(2-ethyl-4-(4-



carbon atons, a dival ent hal ogenated hydrocarbon group of 1 to 20
carbon atons, a divalent silicon-containing group, a dival ent
germani um contai ning group, a divalent 5 tin-containing group, -0, -CO,
-S-, -SO,
or -Al R20-
hydrocarbon group of 1 to 20 carbon atons, a hal ogenat ed . . hydrocarbon
group of 1 totramehhiydeidydrBenyl hindenrpsl) }zigcandivm distariden zaom) .
Exanpl es of the dival ent hydrocarbon groups of 1 to 20 carbon at ons
i ncl ude al kyl imeghyisdlyigen-his{1- (2mtpromrle-4-di net hyl net hyl ene,

1, 2-et hyl ene, dinethyl - 1, 2-ethylene, 1,3-trinethylene,

1, 4- t et r anet hphepylindenyl) jzirgohbunxdiemowide 1, vawycl ohexyl ene; and
aryl al kyl ene roups, _such_as di phenyl net hyl ene and di phenyl -1, 2-

et hyl ene.
gr oups of

gr oups,

-S2-, -GCe-, -Sn-, - 0-, -P(RR20)-, -P(O (R20)-, -BR20-
(each R20 may be the me or different and is a

dimet%yéﬁa%yﬂggeobiﬁﬁé-&Zvarnm@p t4gt¥at ed hydrocar bon

1 to 20 carbon atons include those wherein the 20

above- exenpl i miaptthyd:) dodebyid ) §zdupeniim 1dich ér ixde barac- atons are

hal ogenat ed, such as _chl oronet hyl ene. Exanpl es of the dival ent
si | i con- cont aidimefhyileddylene-bisfdr§denapsepylete(Br oup; al kyl silyl ene

10

15

20

25

naphthyl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2-n-propyl-4-(2-methyl-1-
naphthyl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2-n-propyl-4-(5-
acenaphthyl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1l-(2-n-propyl-4-{9-
anthryl)indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1l-(2-n-propyl-4-(9-
phenanthryl)indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2~-i-propyl-4-
phenylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2-i-propyl-4- (c-
naphthyl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1l- (2-i-propyl-4-(B-
naphthyl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2-i~propyl-4- (8-methyl-9-
naphthyl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2~i-propyl-4-(5-

acenaphthyl) indenyl) }zirconium dichloride, rac-



al kyl aryl silylene groups and arylsilylene groups, such 25 as
nmet hyl silyl ene, dinethylsilylene, diethylsilylene,

85 - di(n-propyl)silylene, di(i-propyl)silylene,
di (cycl ohexyl)silyl ene, nethyl phenyl g7l yl ene, di phenyl silyl ene, -
di (p-tolyl)silylene and di (p- chl orophenyl silylene; alkyldisilylene

25 tor r amet hyH e hees B a1 g domenor T2t TG Syl ene,
Exampl o5 of, L el St S9N U CON Sl pg, groups | nclude nose
T S K T NN ST
oplaced U (LD eyt st AR 2SI h S SeYgLoL, gL con-containing
5 dimethylsilylehe-bis{l—(2-s—buty1-4—
phenylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1l-(2-s-butyl-4-(c-
. or naphthyl)indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2-s-butyl-4-(B-

10 naphthyl)indenyl)}zirconium dichloride, rac-
dimethylsilylene-bis{1l-(2-s-butyl-4-(2-methyl-1-
naphthyl)indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2~-s-butyl-4-(5-
acenaphthyl) indenyl) }zirconium dichloride, rac-

15 dimethylsilylene-bis{1l-(2-s-butyl-4-(9-
anthryl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1l-(2-s-butyl-4-(9-
phenanthryl)indenylf}zirconium dichloride, rac-
dimethylsilylene-bis{1l-(2-n-pentyl-4-

20 phenylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{l-(2-n-pentyl-4- (0-
naphthyl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1l-(2-n-butyl-4-
phenylindenyl) }zirconium dichloride, rac-

25 dimethylsilylene-bis{1-(2-n-butyl-4-(o-



O these, particularly preferable are substituted silyl ene groups,
such as di net hyl silyl ene, di phenyl sil yl ene and net hyl phenyl si | yl ene.
Furt her exanples of R20 are the hal ogen atons, the 20 hydrocarbon groups
of 1 to 20 carbon atonms and the 9®al ogenat ed hydrocarbon groups of 1
to 20 carbon atons previously described for L1 in the formula (1).

BANP] oS Of o REPHERPE] LASENPE} 1 LU B onior s deERigReN o0 bY the formila

et hyl ene- bi s(aﬂﬂeeuhéiﬁiéaézuﬂ&mt gﬂn-e&fwf-nfs (B-

bi s(i ndenyl ) zirconi umdichl oride, | ene-

S, chseE L | o r—fwe@%m&affé rac- M ene-ors

giﬂzlgﬂg B:zgpgﬂeny¥§§#; g%+§2§ %{g réﬁdg%f%ﬁggﬂfﬂFnatg)

S ECE RVt e RS
dimethylsilylene-bis{1-(2~-n-butyl-4-~(5-
acenaphthyl) indenyl) }zirconium dichloride; rac-
dimethylsilylene-bis{l—(2Tn-buty1—4-(9-
anthryl)indenyl) }zirconium dichloride, rac-

10 dimethylsilylene-bis{1l-(2-n-butyl-4-(9-
phenanthryl)indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2-i-butyl-4-
phenylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{l-(2-i-butyl-4- (o~

15 naphthyl)indenyl)}zirconium dichloride, rac-
dimethylsilylene-bis{1-(2-i-butyl-4- (8-
naphthyl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2-i-butyl-4-(2-methyl-1-
naphthyl) indenyl) }zirconium dichloride, rac-

20 dimethylsilylene-bis{l-(2-i-butyl-4-(5-
acenaphthyl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2-i-butyl-4-(9-
anthryl) indenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2-i-butyl-4-(9-

25 phenanthryl)indenyl) }zirconium dichloride, rac-



10 dichloride,

| sopropyl i dene(cycl opent adi enyl ) (net hyl cycl opent adi enyl ) -zirconi um
di chl oride, dinethysilylene- bi s(cycl opent adi enyl ) zi rconi um

di chl ori de, di met hyl si | yl ene- bi gfgret hyl cycl opent adi enyl ) zi rconi um 15
di chl ori de, dinethylsilylene- bi s(di met hyl cycl opent adi enyl ) zi r coni um

di chl ori de, . I et hylsi | yl.ene-bi g(trinethylcycl opentadi enyl)zirconi um
di chl ori de, &%‘?‘%X%%’eﬁfb@vﬁ’ss(ﬁlﬁd ﬁ?ﬁf’?ﬁf‘&%i‘éﬁm di chl ori de,
di mret hyl silyl ene- _ 20_ bis(jndenyl,) zi i,uni_s(trifluoronmethanesul f onat o),

di met hyl si | yl%ﬁﬁ%@%lr’s‘%qﬁ@!@,(}ﬁltréi i O3 f2i FEGRI um di chl ori de,

di met hyl si |yl L eyl ) f | )2 ' di chl ori de,
ai phenyl 51 11 ShEGELPRERLGHS AR ch (M Seaiaiugloiy ontortde
met hyl phenyl si | yl ene-bj s(i ndenyl) zi r coni wp

87 di chl oReRRthyhtinderyhl] ziqqanenm shighiogide, rac-
5 dimethylsilylene-bis{1-(2-n-hexyl-4-

phenylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{l-(2-n-hexyl-4- (0~
néphthyl)indényl)}zirconium dichloride, rac-
methylphenylsilylene-bis{1l-(2-ethyl-4-

10 phenylindenyl) }zirconium dichloride, rac-
methylphenylsilylene-bis{1l-(2-ethyl-4- (0-
naphthyl)indenyl) }zirconium dichloride, rac-
methylphenylsilylene-bis{1l-(2-ethyl-4-(9-
anthryl)indenyl) }zirconium dichloride, rac-

15 methylphenylsilylene-bis{1-(2-ethyl-4-(9-
phenanthryl) indenyl) }zirconium dichloride, rac-
diphenylsilylene-bis{1l-(2-ethyl-4-
phenylindenyl) }zirconium dichloride, rac-
diphenylsilylene-bis{l-(2-ethyl-4-(c-

20 naphthyl)indenyl) }zirconium dichloride, rac-
diphenylsilylene-bis{1l-(2-ethyl-4-(9-
anthryl)indenyl) }zirconium dichloride, rac-
diphenylsilylene-bis{l-(2-ethyl-4-(9-
phenanthryl) indenyl) }zirconium dichloride, rac-

25 diphenylsilylene-bis{l1-(2-ethyl-4-(4-



trimet hyl cycl opent adi enyl ) zi rconi um di chl ori de, rac- :

di net hyl silyl ene-bis(2,4,7- trimet hyl cycl opent adi enyl ) zi rconi um
dichloride, rac- 5 dinethylsilylene-bis(2-nmethyl-4-tert-

but yl cycl opent adi enyl ) zi r coni um di ch{Q0Qi de,

I sopropyl i dene(cycl opent adi enyl ) (fl uorenyl)zirconi um di chl ori de,

i chl of i de, " FOPHRENIYI dmoeodd X KRG R TR AONiA G o ey IR
ert - but vl oycP AR ad arobi 4 RhtRyR LRABRTEY et E0intim ctempmidin i e,
Iba?;clrg%: ngﬂt a i-Jg%tlt}gy(]'Seﬂee—ﬁi-sél}t-y(Fi-r?glelngI-ﬁlzi“rxc-:oni um 15 dichloride,
ety si 1] e ) ndIRbMhaNcl apentoh enyL ) (da Ly Lyl 2 oni um
T e B (Y -t B AR ki) 89128 Foon i um GERLE LS,
i et hy st |yl o oy elid B AT eABRRERLARECOT U (1 uor eyl ) 21 rconi um
dichlori de, lrJ.aphtEﬁ]ydl)i isno ernO y)l}izci(irrc]:(caagxiiizgneEi.tié:hloride, fac—ethylene-

bis{1-(2 -n—propyl—r4— (a-naphthyl) indenyl' ) }zirconium

dichloride, rac-dimethylgermyl-bis{l-(2-ethyl-4-

10 phenylindenyl)}zirconium dichloride, rac-dime:thylgermyl-

bis{1l-(2-ethyl-4-(0-naphthyl)indenyl) }zirconium

dichloride, and rac-dimethylgermyl-bis{1l-(2-n-propyl-4-

phenylindenyl) }zirconium dichloride.

Also available are compounds wherein zirconium is
16 replaced with titanium or hafnium in the above-
exemplified compounds.
Next, the transition metal compound represented by
the formula (II") is described.
x! x?2
R3® R? \M 1/ R32 R33

R3! R3!

34
20 R Y! R* .. (II)



but yl cycl opent adi enyl ) (fl uorenyl ) zi rconi um di chl ori de.

88 Al so avail abl e are conpounds wherein zirconiumis repl aced
with titaniumor hafniumin the above- exenplified conpounds. _

O her exanpl es of the transition netphqcorrpounds 5 represented by the
formula (11) include transition neta conpounds represented by the
follow ng formula In the

[1') or [ [err]. .10
above formula, M &3‘ §¥‘Fr Q'PQVFi'gﬂnﬁé}%{ ‘&{drﬁ a tragsigigppmetsd akem
periodic table, §%eci fically titanjum zi rconi um or__haf ni um,

preferably zi PEofFOHP 4 of the PELLAARG 1takle heSReRi igal 1y titamduant and

's a zirconium or hafnium, preferably zirconium.
R3! and R3? may be the same or different, and are
5 each a hydrocai‘bon group of 1 to 20 carbon atoms, a
halogenated hydrocarbon group of 1 to 20 carbon atoms, a
silicon-containing group, an oxygen-containing group, a
. sulfur-containing group, a nirtrogen—containing group, a
phosphorus-containing group, a hydrogen atom or a
10 halogen atom. Examples of R31 and R32 inciudei those
previously described with respect to Ll in the formula
(1).
R31 is preferably a hydrocarbon group of 1 to 20
carbon atoms, particularly preferably a hydrocarbon
156 group of 1 to 3 carbon atoms, i.e., methyl, ethyl or
propyl.
R32 is preferably a hydrogen atom or a hydrocarbon
group of 1 to 20 carbon atoms, particularly preferably a
hydrogen atom or a hydrocarbon group of 1 to 3 carbon
20 atoms, i.e., methyl, ethyl or propyl.
R33 and R34 may be the same or different, and are
each an alkyl group of 1 to 20 carbon atoms. Examples
of the alkyl groups include methyl, ethyl, n-propyl,

isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-



15 hydrocarbon group of 1 to 6 carbon atons. Exanpl es of such groups

I ncl ude al kyl groups, such as nethyl, ethyl, n- propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert- butyl, n-pentyl, neopentyl,
n- hexyl and cycl ohexyl; and al K@%/ groups, such as vinyl and
propenyl. 20 O these, preferable are al kyl groups wherein the

carbon al on boBde | pLISelBUEDA AR, ALY ool pEnL o pon
, d | | ys f I t hyl . .

L e

hyd h d f 1to 6

rdfogen atom o akog B i¥MBotery BLCEEELIRD gh0p o 1 10

carbon atons. Exanples o r oups hose

descri bed abOég?gp for R21. Each R23 nmay be the sane or

different, .an a 10 hydrogen atomor an aryl group of 6 to 16 carbon
at ons.

5 X! and X2 may be the same or different, and are
identical with X! and X2, respectively, in the formula
(1II).

Y! is identical with ¥! in the formula (II).
Examples of the transition metal compounds
10 represented by the formula (II") include:.
rac-dimethylsilylene-bis{1-(2,7-dimethyl-4-~
ethylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2,7-dimethyl-4-n-
propylindenyl) }zirconium dichloride, rac-

15 dimethylsilylene-bis{1-(2, 7-di'met.hyl-4-i—
propylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1~-(2,7-dimethyl-4-n-
butylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2, 7-dimethyl-4-sec-

20 butylindenyl)}zirconium dichloride, rac-
dimethylsilylene-bis{1-(2, 7-dimethyl-4-t-
butylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1~(2,7-dimethyl-4-n-
pentylindenyl) }zirconium dichloride, rac-

25 dimethylsilylene-bis{1-(2,7-dimethyl-4-n-



Exanpl es of the aryl groups include phenyl, a-naphthyl,
[err]-naphthyl, anthryl, phenanthryl, pyrenyl, acenaphthyl,

phenal enyl, aceant hryl enyl, tetrahydronaphthyl, indanyl and

bi phenylyl. O these, preferable ardQsenyl, 15 naphthyl, anthryl and
phenant hryl . These aryl groups may be substituted wth:

hal ogen ato lgg?#ga m and i odi ne;
hydrocarbonng?% S o carbon adﬂiorq?%thgg 20 al kyl groups

(e.g., nethylgay é@ﬂ'l #F%ge_g§g¢id(?ﬁ me¥ﬂ¥6 gcycl ohexyl, octyl, nonyl,

dodecyl, elcos Tor b ‘adanan al kenyl groups (e.g.,
bhonyl el hy! - agt° p%eaﬁprop&?ﬂ RS e T R AR
g{HﬁfBKLﬁSF”Y%%%%E*%§%g¥¥figgﬁ¢l S% (%eﬂwamethyFErr] naphthyl %0
oLy 0 04t BRSPS Wl L8R
dimethylsilylene-bis{1-(2,7-dimethyl-4-
phenylethylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2,7-dimethyl-4- i
phenyldichloromethylindenyl) }zirconium dichloride, rac-

10 dimethylsilylene-bis{1-(2,7-dimethyl-4-
chloromethylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2,7-dimethyl-4-
trimethylsilylmethylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2, 7-dimethyl-4-

16 trimethylsiloxymethylindenyl)}zirconium dichloride, rac-
diethylsilylene-bis{1-(2,7-dimethyl-4-i-
propylindenyl) }zirconium dichloride, rac-di(i-
propyl)silylene-bis{1-(2,7-dimethyl-4-i-
propylindenyl) }zirconium dichloride, rac-d4i(n-

20 Dbutyl)silylene-bis{1-(2,7-dimethyl-4-i-
propylindenyl) }zirconium dichloride, rac-
di(cyclohexyl)silylené—bis{l—(2,7—dimethyl-4-i—
propylindenyl) }zirconium dichloride, rac-
methylphenylsilylene-bis{1-(2,7-dimethyl-4-i-

25 propylindenyl)}zirconium dichloride, rac-



t etrahydronapht hyl , indanyl and bi phenylyl); and 5 or ganosi | yl

groups, such as trinmethylsilyl, triethylsilyl and triphenylsilyl.
X1 and X2 may be the sane or.different, and are identical with X1 and
X2, respectively, in the formula 4(II) O the aforesaid exanples,

preferable are hal ogen 10 atoms and hydrocarbon groups of 1 to 20 carbon

at ons.

af oresai d ex e PHﬁ%ﬁ
&Fﬁ} ni um cont ai ni n oups; nore preferable are dival ent
aﬁhﬁéﬁ} éé? 9§iﬁﬂbgﬁFg&8F&¢Fy pR€ferable are

ar | Iene and .arylsilylene. Exanpl es
4%!8%?% %M ipesbyded-6y the fornmula (I1")

and di val ent
silicon-cont
al kyl si |yl ene
of the transi

i ncl ude:

phenyl i ndeny | BY& Hasamr d’i@m%”rldl’é‘ ori

1l.is identical with Yl in the fornula (rry. o the
*ﬁi%M ~bigi{}z(2nt -<imeEBKL-4-t= contai ni ng groups

rac- dlnethyIS|Ierne blsgl (2-methyl-4- 20
rac-

dlnethyIS|Ierne bIS(l (2-nethyl - napht hyl )i ndenyl ) } zi rconi um

dlchlor|d§

1s i wvkangrkisg {ﬂ-e(r?e 7bidé{nfi=pzlnét-hy| -4-([err]-

naphthyl)lndenyl)}2|rcon|un1d|chlor|de rac- 25
di met hyl si | yIRFRRBL denyl higingonjum dichloride, rac-

10

15

20

25

diphenylsilylene-bis{1-(2, 7-dimethyl-4-

ethylindenyl) }zjrconium dichloride, rac-di (p-
tolyl)silylene-bis{1-(2,7-dimethyl-4-i-

propylindenyl) }zirconium dichloride, rac-di(p;
chlorophenyl)silylene-bis{1-(2,7-dimethyl-4-i-
propylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2-methyl-4-i-propyl-7-
ethylindenyl) }zirconium dibromide, rac-dimethylsilylene-
bis{1-(2,3,7-trimethyl-4-ethylindenyl) }zirconium
dichloride, rac-dimethylsilylene-bis{1-(2,3,7-trimethyl-
4-n-propylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2,3,7-trimethyl-4-i-
propylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2,3,7-trimethyl-4-n-
butylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2,3,7-trimethyl-4-sec-
butylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2,3,7-trimethyl-4-t-

butylindenyl) }zirconium dichloride, rac-



91 ant hryl )i ndenyl )} zirconiumdichloride, rac-

di net hyl si | yl ene-bi s{1-(2-net hyl - 4-( 2- ant hryl )i ndenyl )} zirconi um
di chl oride, rac- | di met hyl silyl ene-bis{1-(2-nmethyl-4-(9- 5

ant hryl )i ndenyl )} zirconi um di chl ori df5rac- di met hyl si | yl ene-bi s
{1-(2-met hyl -4-(9- phenant hryl )i ndenyl ) }zirconi um di chl ori de, rac-

di met hyl si | yl i s - sl henvl) i ndenyl : _
i chi of 1 de, " r SEReChELL LI SRE M (- B2, 3, T ep g Ay [ ndenyl) i reontum

EiFangt ﬁ;: sl Sﬁgﬁg)%ligﬁé%i)r%%%?&gi\%}g‘&’i&ﬂ&%ﬁr cffaﬁhyl )i ndenyl )} zi r coni um
di chl ori de, rﬁ"et?y}fg??géﬂ¥LﬁiéYigp%ffv7ﬁﬁkiﬁgﬂﬁ§f554ﬁ%(r“ 15

chl or ophenyl ) rnden onrum'drchloride, rac-

d!nethy!siIyIﬁggygkaééhQQ)g§£g¥bﬁfﬁ&qaichlorfggfnfggmwwd)indenyl)}zirconium
di chl ori de,, rac- :

5 dimethylsilylene-bis{1~(2,3,7-trimethyl-4-
cyclohexylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2,3,7-trimethyl-4-
methylcyclohexylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2,3,7-trimethyl-4-

10 trimethylsilylmethylindenyl) }zirconium dichloiide, rac-
dimethylsilylene-bis{1-(2,3,7-trimethyl-4-
trimethylsiloxymethylindenyl)}zirconium dichloride, rac-
dimethylsilylene-bis{1~(2,3,7-trimethyl-4-
phenylethylindenyl)}zirconiﬁm dichloride, rac-

15 dimethylsilylene-bis{1-(2,3,7-trimethyl-4-
phenyldichloromethylindenyl) }zirconium dichloride, rac-
dimethylsilylene-bis{1-(2,3,7-trimethyl-4-
chloromethylindenyl)}zirconium dichloride, rac-
diethylsilylene-bis{1-(2,3,7-trimethyl-4-i-~

20 propylindenyl)}zirconium dichloride, rac-di (i-
propyl)silylene-bis{1-(2,3,7-trimethyl-4-i-
propylindenyl) }zirconium dichloride, rac-di(n-
butyl)silylene-bis{1-(2,3,7-trimethyl-4-i-
propylindenyl) }zirconium dichloride, rac-

25 di(cyclohexyl)silylene-bis{1-(2,3,7-trimethyl-4-i-



di met hyl si |l yl ene-bi s{1-(2-net hyl -4- (o, p- .
dlchlorophenyl)phenyl|ndenyl)}2|rconlun1d|chlor|de rac- 20

di et hyl si | yl ene-bi s{1- (2- et hyl - 4- (p- bronDphenyI)lndenyl)}2|rcon|um
di chl ori de, rac- dinethylsilyléﬁ&ibis{l (2- met hyl - 4- (p-
tolyl)indenyl)}zirconiumdichloride, rac-

i ot yl 1 15 el P Rort ki RBor kY1 Hhageny! )} 2i roni um

di chl ori de, rac-

d|nethyIS|Iydﬁggh§1§ﬁéh§£§ @H ﬁ1%Q1b#§{i ?2 l#ﬁgﬁg% %l;lrconlum

di chl ori de, rac- ene-

g:ggtﬂglgrfgﬁg%é&%ﬁéﬁggag? fﬁ&#ﬂﬁH¥EGH%ﬂh8Ei§% enyl)lndenyl)}2|rcon|um

ngB;FLLgﬁylglruﬁykﬁgiégrquhUn1dlc orl Sél7£§rgﬁggﬁyl 4£8 - _ _
dimet hyl sl 1 0er 1 ddnd Fy Y Abdristid B cndBr58R02¥0R0CNY! )T ndenyl) }zi rconi um

di chl oride, rac
diphenylsilylene-bis{1-(2,3,7~-trimethyl-4-t-

butylindenyl) }zirconium dichloride, rac-
diphenylsilylene-bis{1-(2,3, 7-trimethyl-4-i-
propylindenyl) }zirconium dichloride, rac-

10 dipheﬁylsilylene-bis{l—(2,3,7—trimethyl—4—
ethylindenyl) }zirconium dichloride, rac-di(p-
tolyl)silylene-bis{1-(2,3,7-trimethyl-4-i-
propylindenyl)}zirconium dichloride, rac-di(p-
chlorophenyl)silylene-bis{1-(2,3,7-trimethyl-4-i-

15 propylindenyl)}zirconium dichloride, rac-
dimethylsilylene-bis{l-(2-methyl-4-i-propyl-7-
methylindenyl) }zirconium dimethyl, rac-dimethylsilylene-
bis{1l-(2-methyl-4-i-propyl-7-methylindenyl) }zirconium
methylchloride, rac-dimethylsilylene-bis{l-(2-methyl-4-

20 i-propyl-7-methylindenyl)}zirconium-
bis (methanesulfonato), rac-dimethylsilylene-bis{1-(2-
methyl-4-i-propyl-7-methylindenyl) }zirconium-bis (p-
phenylsulfinato), rac-dimethylsilylene-bis{1l-(2-methyl-
3-methyl-4-i-propyl-7-methylindenyl) }zirconium

25 dichloride, rac-dimethylsilylene-bis{1-(2-methyl-4,6-di-



di met hyl si | yl ene-bi s{1-(2-net hyl - 4- (p- bi phenyl )i ndenyl )} zirconi um
di chl oride, rac- di met hyl si | yl ene-bi s{1-( 2- nethyl 4-(m
b|phenyl)|ndenyl)}2|rconlun1d|chlor|de rac- 15 i

di met hyl si | yl ene-bi s{ 1- (2- net hyl - 4- Gy '
trlnethyIS|IyIphenyI)|ndenyl)}2|rconlun1d|chlor|de rac-

di met hyl si |l yl gne-bi s 2-
t thyl sil yt gRE Cé%‘?ﬁ’)’}%‘ﬁ%ﬁ%%%&ﬂﬁ&e rRgC-
drhgfhyrs?:yrigﬁ ﬂgiil'iﬁiéﬁﬁﬂ | -4- 20 phenyllndenyl) zirconium

di chl ori de qgle A 4(2?595’%1 :

phenyl i ndenyl pni,um di ch] oride, rac-di-

propyl)silylé%é€%¥£ ihﬁ?ﬁﬁchlum 1°q%9§%ﬂq'n6@ﬁyl)}2|rconlum

di chl ori de, f 25 butyl &ylene bi s{1- (2-met hyl - 4-

93 pheny 5}1; e o shenyl-dgd-propyl-7-

| ohexyl si |yl ene-bis{l1- nmet -4-

dicyclo éy me hylfhden§1)§21rconggm dichloride, rac-
dimethylsilylene-bis{1-(2-methylindenyl) }zirconium
dichloride, rac-ethylene-bis{1-(2,4,7-
trimethylindenyl) }zirconium dichloride,, and rac-
isopropylidene-bis{l-(2,4,7-trimethy1indeny1)}zirconium

10 dichloride.
Also available are compounds wherein zirconium is

replaced with titanium or hafnium in the above-
exemplified compounds.
The transition metal compound wherein two ligands
15 having a cyclopentadienyl skeleton are bonded to each
other through a divalent bonding group can, for example,

be represented by the following formula:



phenyl i ndenyl )} zi rconi um di chl ori de, rac-

nmet hyl phenyl sil yl ene-bi s{1-(2-nethyl-4- 5 phenylindenyl)}zirconium

di chl ori de, rac- di phenyl si | yl ene-bi s{1-(2- et hyl - 4-
phenylindenyl)}zirconi um di chl oride,qggc-di (p-

tolyl)silyl ene-bis{1-(2-nethyl-4- phenyl i ndenyl )} zi rconi um di chl ori de,
rac-di (p- 10 chlorophenyl)silylene-bis{1-(2-nethyl-4-

phenyl i ndenyl )} zi rconi um di chsori &, rac-nethyl ene-

bi s{1- (2- net hyl - 4- phenyl i nd i rconi.um di chl ori de,

rac- et hyl ene- bi s{1- ( 2- metglgl| Li Bdenyl)}zirconium di chl ori de,
rac-di net hyl ger nyl ene-bi s -4- 15 phenylindenyl)}zirconi um

di chl ori de, rac- i | ene- bi s{1-(2-net hyl - 4-

phenyl i ndenyl )} zi r coni um gdhchkeri de,*R%c-

di net hyl si | yl ene- bi s{1- (2 nefhyl - 4 ~ R? phenyl i ndenyl )} zirconium

di brom de, ‘rac- 20 di met hR'$i\l yl efg- bi s{1- (2- met hyl - 4-

phenyl i ndenyl )} zi rconi um di net h as- gi net hyl si |l yl ene-

bi s{1- (2- net hyl - 4- phenyl i ndenyl \} zi/r conT'um met hyl chl ori de,

rac-di met hyl silyl ene-bi s{1-g@- yl - 4- phenyl i ndenyl )} zi rconi um

chl ori de SO2Me, rac-

o R* (IIa)

In the above formula, M is a transition metal atom
selected from atoms of Groups 3 to 6 of the periodic

5 table.

Y2 is a carbon atom, silicon atom or germanium
atom.
Rl and R? may be the same or different, and are
each a hydrogen atom, a group of 1 to 40 carbon atoms, a
10 group OH, a halogen atom or a group NR15, (where R15 is a
halogen atom, an alﬁyl group of 1 to 10 carbon atoms or
an aryl group of 6 to 10 carbon atoms), or R! and R2 may
be bonded to form a ring together with the atom which
binds them. Examples of the above groups of 1 to 40
15  carbon atoms include an alkyl group of 1 to 10 carbon
atoms, an alkoxy group having 1 to 10 carbon atoms, an
aryl group of 6 to 10 carbon atoms, an aryloxy group

having 6 to 25 carbon atoms, an alkenyl group having 2



25 dinet hyl silyl ene-bi s{1-(2-nethyl -4-

94 phenyl i ndenyl )} zi rconi um chl ori de CS2Me, rac-
di et hyl si | yl ene-bi s{1-(2-et hyl - 4- phenyl i ndenyl )} zirconi um
di chl oride, rac- di mrethyl silyl enpgli s{1-(2-ethyl-4-(a- 5

napht hyl )i ndenyl )} zi rconi um di chl ori de, rac-

di met hyl silyl ene-RQis{1-(2-ethyl-4-(Jerr]- napht hyl )i ndenyl )} zi rconi um
di chl ori de, rad&® 1o %“%}‘ WP&‘FP‘y%n%mHPEYJ( 2%'?%@%!1(“2 r?ett}‘fg/l"i'-zol-
napht hyl )i ndenyl )} zi rconi um di chl oride, rac- 10 .
di met hyl si | yl e ptemse ery pnjarglalkenyl @rwnavingdertn A% r coni um
di chl oride, rac- di met hyl si | yl ene-bi s{1-(2-ethyl -4-(9-
ant hryl ) i ndeny ISR &KW -di chl ori de, rac-
di met hyl silyl ene-bis{1-(2-ethyl-4-(9- 15 phepanthryl)indenyl)}zirconium
di chl ori de, rac- R3, i tﬁg} Ry IRMhe RSi apd- R2-mavybe sthe-same or
nmet hyl phenyl )i ndenyl )} zirconi um di chl ori de, rac-

5 different, and are each a hydrogen atom, a halogen atom,

a group of 1 to 40 carbon atoms, -SiR153, -NR15;, or
-PR15; (where R15 may be the same or different, and are
each a halogen atom, an alkyl group of 1 to 10 carbon
atoms or an aryl group of 6 to 10 carbon atoms), or two

10 or more of adjacent groups R3, R4, RS, RS, R7; R8 and RY
may be bonded together with the atoms to which they are
bonded to form a ring preferably having 4 to 40,
particularly preferably 6 to 20, carbon atoms. Examples
of the above group of 1 to 40 carbon atoms include an

15 optionally halogenated alkyl group of 1 to 10 carbon
atoms, an optionally halogenated aryl group of 6 to 30
carbon atoms, an aryloxy group'of 2 to 20 carbon atoms,
an alkenyl group off2 to 12 carbon atoms, an arylalkyl
group of 7 to 40 carbon atoms, an alkylaryl group of 7

20 to 40 carbon atoms or an arylalkenyl group of 8 to 40
carbon atoms.

R0 is a hydrogen atom or a group of 1 to 40 carbon

atoms, or R0 may be bonded to at least one of R3, R%, R5
or R®. Examples of the above group of 1 to 40 carbon

25 atoms include an alkyl group of 1 to 20 carbon atoms, an



di met hyl silylene-bis {1-(2-ethyl-4-(m met hyl phenyl )i ndenyl )} zi rconi um
dichloride, rac- 20 dinethylsilylene-bis{l-(2-ethyl-4-(p-
met hyl phenyl )i ndenyl )} zi rconi um di chl ori de, rac- .
dinethylsiIyIene-bis{l-(2-ethy|-4-(¥ ﬁx
dinethylphenyl)indenyl)}zirconiun1dig or
di met hyl si | yl ene-bi s{1-(2-ethyl-4-(2, 4-
di met hyl phenyadkakte rgptoyry iafc dnitemldi chkbendatomsc-an aryl group of 6
95 di met hyl si |l yl ene-bi s{1-(2-ethyl-4-(2, 5- di met hyl phenyl ) indenyl)
} zirconium dkeROreakhon @toms, adi meyApikyi gybupneohi 8{ 1o (20 ecqylont- (2, 4, 6-
tri met hyl phenyl )i ndenyl )} zirconiumdichloride, rac- 5
di et hyl si | yl atpendi s -datfly lgebupoof 2 tochRorcepbenyafomdensh)} zi rconi um
di chloride, rac- di met hyl silyl ene-bi s{1-(2-ethyl-4-(m
chl or ophenyl ) argbalky} zgraogmiafnmditchlddr icdebonaatoms, an alkylaryl
di met hyl si I'yl ene-bi s{1-(2-et hyl -4-(p-

5 group of 7 to 40 carbon atoms or an arylalkenyl group of

i de, rac-
25

8 to 40 carbon atoms. These groups may be substituted,
for example, with -NR15;, -SiR153, -SR15 or -0SiR15;
(where R15 is a halogen atom, an alkyl group of 1 to 10
carbon atoms or an aryl group of 6 to 10 carbon atoms).

10 Rl and R!2 may be the same or different; and are
each a hydrogen atom or a group of 1 to 40 carbon atoms.
Examples of the above group of 1 to 40 carbon atoms
include an alkyl group of 1 to 20 carbon atoms, an
alkoky group of 1 to 10 carbon atoms, an aryl group of 6

15 to 20 carbon atoms, an alkenyl group of 2 to 12 carbon
atoms, an arylalkyl group of 7 to 40 carbon atoms, an
alkylaryl group of 7 to 40 carbon atoms or an

arylalkenyl group of 8 to 40 carbon atoms. These groups

may be substituted, for example, with -NR15;, -SiR15;,
20 -SR15 or -0SiR153; (where R15 is a halogen atom, an alkyl
group of 1 to 10 carbon atoms or an aryl group of 6 to
10 carbon atoms).
R13 and R4 may be the same or different, and are

each a hydrogen atom or a group of 1 to 40 carbon atoms.

25 Examples of the above group of 1 to 40 carbon atoms



10 chl orophenyl)indenyl)}zirconiumdichloride, rac-

di met hyl si | yl ene-bi s{1-(2-ethyl-4-(2, 3-

di chl orophenyl )i ndenyl )} zirconium di chl ori de, rac-

di met hyl si |l yl ene-bi s{1-(2-ethyl-4-(2, 6-

di chl orophenyl )i ndenyl )} zi rconi um di ghljori de, rac- 15

di met hyl si | yl ene-bi s{1-(2-ethyl-4-(3,5-

di chl orophenyl,) i 2|rc |un1d|c r

dlnethyIS|IyI qﬁ%@%f&% PZOQ X Lob?gnﬁﬁ’ﬁ%ﬂﬂ}l‘-}l?‘ﬁfﬂ%hy?r}}mrconlum
di chl oride, rac- di net S|Iyl ne-bj s 2- et 4-

br omophenyl ) i m}gﬁ%rﬂ% IJfﬁOFP'H éo ws. dn” r§'13_ group of 6

di met hyl si |yl ene- bIS{l (2-ethyl - 4 4- bronD hen en | ).} zi rconi um
i Chl o1 de, 6 20 Carkigr @A Pt BAESBYL(FFPIBLORyE. b (4 Cattdn

bi phenyl yl )i ndenyl )}zircani um dichl ori de, rac- 25

di met hyl si |yl &M @R @ekalylsgrgup of 7 to 40 carbon atoms, an

96 trimeth IS|IyIphenyl)-|ndenyl)}2|rconlun1d|chlor|de rac-
di met hyl si Pyl éﬁéﬂﬁrw L (gxquEhFpyll Lo 40 carbon atoms or an

arylalkenyl group of 8 to 40 carbon atoms. These groups
may be substituted, for example, with halogen atom,
-NR15;, -SiR153, -SRI15 or -OSiR153 (where R15 is a
halogen atom, an alkyl group of 1 to 10 carbon atoms or
10 an aryl group of 6 to 10 carbon atoms). |
When Y2 is a carbon atom, and R10, R13 and R4 are
each a methyl group, at least one of R3, R5, R®, R7 and
R% is not a hydrogen atom, and/or R® is a hydrogen atom.
Of the transition metal compounds represented by
15 the above formula (IIa), preferable are those wherein
M is a metal atom of Group 4 of the periodic table,
for example, titanium, zirconium or hafnium, preferably
zirconium,
Rl and R?2 are the same and are each an alkyl group
20 of 1 to 4 carbon atoms or a halogen atom (e.g. fluorine,
chlorine, bromine or iodine, preferably chlorine),
R3, R4, RS, rR6, R7, R® and R? may be the same or
different, and are each a hydrogen atom, an alkyl group
of 1 to 10 carbon atoms or an aryl group of 6 to 24

25 carbon atoms, or two or more of the adjacent groups R3,



phenyl i ndenyl )} zi rconi um di chl ori de, rac- _ _ _

di net hyl si |yl ene-bi s{1-(2-n-propyl-4-(a- 5 naphthyl)indenyl)}zirconium
di chl ori de, rac- di met hyl si |l yl ene-bi s{1-(2-n-propyl-4-([err]-

napht hyl )i ndenyl )} zi rconi um di chl ori de, rac-

di net hyl si | yl ene-bi s{ 1- (2- n- propyl! - 4- {32t hl yI -
naphthyl)indenyl)}zirconiun1dich|oride rac- 10

dinethylsilyle {1 @2- Rz pr 5-
acenaphthyl)in }eréon|U&?§| <f5® age Fggded together with the

d
i chil of | de. y'ri%f’t&“ss% DR, ek Bonded. 18 RSohyFad (of /€ 1is 0 U

phenant hryl )i ndenyl 2|rcon|un1d|chlor|de rac- _ _
di methylsilyle AYRS -propyl phenyl i ndenyl )} zirconi um

di chl oride, rac- i reth Iylene bi s{1-(2- |-propyl 4-(a-
napht hyl )i ndenyl )}zﬂ']c(grﬁﬁuﬁ éyéi’FPSFPdétW‘acan 2pyl group of 6 to 24

di et hyl si | ¥l ene- {1-(2-i-propyl err]
naphthgl)in eny¥ tgﬁq(ﬁﬁﬂqﬁan @WIB@#H& grgkp of 1 to 10 carbon atoms

diret s b e
di net hyl sil yl ene- b| S‘le (szal -c%rrobg%/ll aff__o( :13
R13 and R4 may be the same or different, and are
each a hydrogen atom or a hydrocarbon group of 1 to 10
10 carbon atoms (preferably an alkyl group of 1 to 4 or an
aryl group of 6 to 10 carbon atoms), and
at least one of R3, R5, R6, R7 and R? is not a
hydrogen atom, and/or R® is a hydrogen atom.
Particularly preferable are transition metal
15 compounds of formula (IIa) wherein
M is zirconium;
Rl and R? are the same, and are each a halogen
atom, preferably chlorine,
R3, R4, R5, R6, R7, R8 and R? may be the same or
20 different, and are each an alkyl group of 1 to 4 carbon
atoms (e.g. methyl, ethyl, propyl, isopropyl, butyl or
isobutyl) or an aryl group of 6 to 14 carbon atoms (e.qg.
phenyl or naphthyl), or R3 and R4, and/or RS and R are

bonded together with the atoms to which they are bonded



25 acenapht hyl )i ndenyl)}zirconiumdichl oride, rac-

97 di nmet hyl si |yl ene-bi s(1-(2-i-propyl-4-(9-
ant hryl )i ndenyl )} zirconiumdi chl oride, rac-
di met hyl si |l yl ene-bi s{1-(2-i-propyl-4-193 phenant hryl)

ndenyl)}zirconiumdichloride, rac- 5 dinethylsilylene-bis{1l-(2-s- butyI
phenyllndenyl)}

lonid
di et hyl si | yl ene- b|§?ﬁ%ggg'%€ o4 20 %ggbon atﬁgsht%§?§?ﬂ§%ﬁ§f3}2|rconlum
di chl d tyl-4- 10
n;ghtﬁ;:)?nden&???x?rconluﬁrgﬂlc%%bﬁ'ebgl§§%sggtat2& d (Lerrl-
di et hyl si |yl b 2- th
n:agﬁt hgl )S: néeﬁgﬁ)}lzféel&% l?m X%Pgﬁ é mt?ac}/
dinethylsilylene-bl 5_(2 S- t)%ﬁa ag%@ b acenaphthyl)lndenyl)}2|rcon|um

di chloride, rac- I s{1-(2-s-butyl-4-(9-
ac-

anthryl)lndgnyl)}2|r£ﬂp|un1dh§ 85539at£m, an alkyl group of 1 to 6

carbon atoms (particularly methyl) or an aryl group of 6
to 10 carbon atoms (particularly phenyl),

R11 and R12 are the same, and are each a hydrogen

T

atom, and

10 RI3 and R4 may be the same or different, and are each
methyl or phenyl.

Specific examples of the transition metal compounds
of formula (IXa) include:
{4- (n5-cyclopentadienyl) (n5~-4, 5~

15 tetrahydropentalene) }dichlorotitanium, {4-(n°-
cyclopentadienyl) (n°~-4,5-
tetrahydropentalene) }dichlorozirconium, {4-{n°-
cyclopentadienyl) (13-4, 5~
tetrahydropentalene) }dichlorohafnium, {4-(n5-

20 cyclopentadienyl)-4-methyl-(n°-4,5-
tetrahydropentalene) }dichlorozirconium, {4-{n>-
cyclopentadienyl)-4-ethyl-(n>-4,5-
tetrahydropentalene) }dichlorozirconium and {4-(1n°-
cyclopentadienyl) -4-phenyl-(n°-4,5-

25 tetrahydropentalene) }dichlorozirconium.



di met hyl si |l yl ene-bi s{1-(2-s-butyl-4-(9- phenant hryl )i ndenyl )} zi rconi um
di chl oride, rac- di met hyl si l yl ene-bi s{1-(2-n-pentyl-4- 20

phenyl i ndenyl )} zirconi um di chl oride, rac-

di met hyl sil yl ene-bi s{1-(2-n-pentyl -4-(A[lekr] -

napht hyl )i ndenyl )} zi rconi um di chl ori de, rac-

di net hyl si | yl - bi - {Ra N - : . Dh ' I ' '
O o) e S ot e b wensscrt UL Heppibcqtiaty
98 ht h ' ' ' dj i -
dimet hyl o1 [yl onclpi SOTP LA LEpHHER (Ll d Gpoyable as the

ht hyl )i nd ' j [£h ' -
i ot Pyl 51 1'y1 onctBfstFE0b HhERE héipdba B,

ht hyl )i nd I [ j di chl ori de, -
S?gethzlé:Pyﬁgxezéfg%l-zggglbhfyl?Li(g- e acenaphth¢ﬁfﬁ%denyl)}zirconium
dichloride, gac-  rodipetbuboL! ybenerdl Sbl3Q@on bt tdohohetal atom

ant hryl)indenyl)}zirconium oride, rac-
of Group 4 of the periodic table.

L2 is a derivative of a delocalized w-bond group

and imparts a constraint geometric shape to an active
site of the metal M2, '

10 - Each X3 may be the same or different, ané is a
hydrogen atom, a halogen atom, a hydrocarbon group
containing 20 or less carbon atoms, a silyl group
containing 20 or less silicon atoms, or a germyl group
containing 20 or less germanium atoms.

15 Of the compounds represented by the formula (III}),
a compound represented by the following formula (III')

is preferable.

Z——Y?
Cp—-M?
™ oo, (III°)

20
In the above formula, M? is a transition metal atom
of Group 4 of the periodic table, specifically

zirconium, titanium or hafnium, preferably zirconium.



10 di et hyl sil'yl ene-bi s{1-(2-n-butyl-4-(9-
phenant hryl )i ndenyl )} zi rconi um di chI oride, rac-

di met hyl si |l yl ene-bi s{1-(2-i-butyl - phenyl i ndenyl )} zi rconi um
di chloride, rac- dirrethylsilyl zs bi s{1-(2-i-butyl-4-(a- 15
napht hyl )i ndenyl )} zi rconi um di chl ori rac-

di net hyl si | yl ene- bi s{l (2-i-butyl-4-([err]-

napht hyl )i ndenyl ) Jcg ricomi mylcdloplehLuaddenyﬂ.agroup T-bonded to M? or a
di met hyl si |l yl ene-bi s{1-(2-i-butyl -4-(2-nethyl -

napht hyl ) i ndejagizaai ike0 HhePedechl ori de, rac- 20
di met hyl sil yl ene-bi s{1-(2-i-butyl-4-(5- acenapht hyl )i ndenyl ) }zi rconi um

dichloride, rac- gz is ¢ NBIgANSIcontannsBgSah- biybeRlaYoms-4 Ssul fur
ant hryl )i ndenyl )} zirconiumdichl oride, rac-

g: (r:rﬁlt 2?/: 3;' ylre;%&n bi 8 {ortotr latdt Wr- dml Jroml et @E@ﬂﬂnmwt)tﬂéenyl )} zi rconi um
di met hyl spl yl gaesddsd kdiAdleqReNekantble, -Si(R35;)-, —C(R352)—,
~Si(R35;)S1i(R35;) -, -C(R35,)C(R35,)~, -C(R3%)C(RI5;)C(R3S,) -,
-C(R35)=C(R35) -, -C(R35;)Si(R35;)- or Ge(R35;)-.
, Y2 is a ligand containing & nitrogen atom, a
phosphorus atom, an oxygen atom or a sulfur a;om, for
10 example, -N(R3€¢)-, -0-, -S- or -P(R3¢)-. |

Z and Y? may together form a condensed ring.

R35 is a hydrogen atom, or a group selected from
alkyl groups, aryl groups, silyl groups, halogenated
alkyl groups and halogenated aryl groups and mixtures

15 thereof. R36 is an alkyl group of 1 to 10 carbon atoms,
an aryl group of 6 to 10 carbon atoms or an aralkyl
group of 7 to 10 carbon atoms, or R3® may form together
with one or more ofaR35 a condensed ring containing up to
30 non-hydrogen atoms.

20 Examples of the transition metal compounds
represented by the formula (III) include:

(tert-butylamido) (tetramethyl-n°-cyclopentadienyl) -
1,2-ethanediylzirconium dichloride, (tert-

butylamido) (tetramethyl-n5-cyclopentadienyl)-1,2-

25 ethanediyltitanium dichloride,



phenyl i ndenyl )} zi rconi um di chl ori de, rac-

di net hyl si | yl ene-bi s{1-(2-neopentyl -4-(a- napht hyl )i ndenyl )} zi r coni um
dichloride, rac- 5 - dinethylsilylene-bis{1l-(2-n-hexyl-
phenyl|ndenyl)}2|rconlun1d|chlor|de11@?c-

di met hyl si | yl ene-bi s{1-(2-n-hexyl - 4-(a- napht hyl )i ndenyl )} zi r coni um
di chl oride, rac- nmet hyl phenyl si |l yl ene-bi s{1-(2-ethyl-4- 10
phenylindenylO@Gﬁhylnmidbxﬂtﬂﬁnaﬂéhhyqué—cyclopentadienyl)-1.2—

met hyl phenyl silyl ene-bi s{1-(2-ethyl-4- ([err]-

napht hyl ) i ndegyhaded DM ol e Bidhierices - _ _ _
nmet hyl phenyl si |l yl ene-bi s{1-(2-ethyl-4-(9- ant hryl )i ndenyl)}zirconi um

di chl ori de, r asethybamidd hitehemdtdily-nEreyblopéhtéadienpy) -1,4-9-
phenant hryl )i ndenyl ) }zirconi um di chl oride, rac-

di phenyl si | yl e -
di (F:)hl O%/I de, yrg??aﬂé&iﬁllégp%%%l%?gﬁglg{{ ?gfw&g?ﬁng(hé[egra?f%y%o

napht hyl ) isnd @d {480 &H, hh@kb@@ené%itanxum dichloride, (tert-
dlphenyIS|Ierne (2-ethyl - ant hryl )i ndenyl )} zirconi um

di chl ori de, rBﬁtylamldoﬂdﬂhéfﬁirB(iéﬂﬁ&ﬁhﬁi—h‘:’@z et hyl -4-(9-

cyclopentadienyl)silanetitanium dichloride, (tert-
butylamido)dimethyl (tetramethyl-n5-
cyclopentadienyl)silanezirconium dichloride,

10 (benzylamido)dimethyl (tetramethyl-n5-
cyclopentadienyl)silanetitanium dichloride, and
(phenylphosphido)dimethyl (tetramethyl-n5-
cyclopentadienyl)silanezirconium dibenzyl.

Next, the following formula (IV) represents a
15 compound of a transition metal of Groups 8 to 10 of the

periodic table.

(R41_)m___ }S4 R43 ’xs ( R42)n

7\
R44 R45 (IV)
20 In the above formula, M3 is a transition metal atom

of Groups 8 to 10 of the periodic table, preferably

nickel, palladium or platinum.



phenant hryl )i ndenyl ) }zirconiumdichloride, rac- 25

di phenyl si |l yl ene-bi s{1-(2-ethyl -4-(4- . 100
bi phenyl yl )i ndenyl )} zirconi um dichl ori de, rac-nethyl ene-

bi s{1- (2- et hyl - 4- phenyl i ndenyl) zirddhf um di chl ori de,

rac- net hyl ene- bi s{1-( 2- ethyl 4-([err]- naphthyl)indenyl)}zirconium
dichloride, rac-etgyl big{ ¢ %2 gyg ben Lﬁ@degga)éfgréégﬂlun
di chl ori de, rac- et erne % ? 2. ?F ¥

B?g?ahzg)kng?%%b}h%b?%gP?thdbﬁp%§#¥§%g1 3}Z|rcnghm ~dichloride,
g?ghﬁgfﬁgy' ?gg”ﬁ:nlgith & 2‘“1}1@"be the O aPé‘edP"dl%ﬁwr)t}z%ﬁogkgm
?gg{élgétﬁ;régré L?hgbfgggﬁtgx pggq%yﬁ}éggé$¥$¥?|9ﬁﬁﬁﬂﬂ) Z|r5’n|um
O SNLOTLO% of, i A BBCALPR M b LIRS A zz"n;zunéi_
branched alkyl groups of 1 to 20 carbon atoms, such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec~butyl, tert-butyl, pen}_:yl and hexyl; aryl groups of
6 to 20 carbon atoms, such as rphenyl and paphthyl; and
10 substituted aryl groups which have 1 to § sub:stituents
such as alkyl groups of 1 to 20 carbon atoms.
m and n may be the same or different, are each 1 or
2, and are numbers satisfying the valences of X4 and X5,

respectively.

15 R4 is

RS9 R55 RS5O R57

O e

wherein R3%9, R55, R5!, R52, R56 and R57 may be the same or
20 different, and are each a hydrogen atom or a hydrocarbon
group such as described above for R4! and R42,
Two or more groups, preferably adjacent groups, of
R41, R42, R50 (or RS5!, R52) and R55 (or R56, R57) may be

bonded to form a ring.



Next, the transition nmetal conpound represented by the formula (I1")

I s described. [err] 20 101

In the above forrmula, ML is a transition netal atom . of Goup 4.0of the
periodic table, specifically titaniunl zi rconi um or hafnium
preferably zirconium R31 a AQBZ may be the sane or different,

and are 5 each a hydrocarbon group of 1 to 20 carbon atons, a

hal ogenat ed hydr ocarif8nandoRfy okyibeothe sameovrsdbfiferent, and are

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

sul f ur - cont ai niearhyraodtydregen edgen- eohrdpgengagonupr a hydrocarbon

phosphor us-contai ni ng group, a hydrogen atomor a 10 hal ogen atom

Exanpl es of R3lgeeup K32 include those

The halogen atom is fluorine, chlorine, bromine or

5 iodine. |

Examples of the hydrocarbon groups include the
alkyl groups of 1 to 20 carbon atoms and the aryl groups
of 6 to 20 carbon atoms described above with respect to
R4 and R4?; and aralkyl groups of 7 to 20 carbon atoms,

10 such as benzyl. The aryl groups and the aralkyl groups
may be substituted with one or more substituents such as
alkyl groups of 1 to 20 carbon atoms.

R4 and R4S may be each a group represented by -OR4S,
-SR47, -N(R48), or -P(R%9),.

15 R4 to R%49 are each an alkyl group of 1 to 20 carbon
atoms or an aryl group of 6 to 20 carbon atoms such as
described above for R4l and R42; a cycloalkyl group of 6
to 20 carbon atoms such as cyclohexyl; an aralkyl group
of 7 to 20 carbon atoms such as benzyl; or an

20 organosilyl group such as methylsilyl, dimethylsilyl,
trimethylsilyl, ethylsilyl, diethylsilyl or
triethylsilyl. The aryl group and the aralkyl group may
be substituted with one or more substituents such as

alkyl groups of 1 to 20 carbon atoms. Both R4 or both

25 R% may be bonded to form a ring.



previously described with respect to L1 in the formula - ().

R31 is preferably a hydrocarbon group of 1 to 20 car bon at ons,
particularly preferably a hydrocarbon 15. group of 1 to 3 carbon atons,
i.e., nmethyl, ethyl or propyl . R32 is preferahly a hydrogen
atomor a hydrocarbon group of #t® 20 carbon atons, particularly
preferably a hydrogen atom or a hydrocarbon group of 1 to 3 carbon 20

atons, i.e., nethylpietdnd gas RILRY ded to forasad®qdnf34 may be the sane
or different, and are each an mq?ﬁ group of 1 to 20 carbon atons.

Exanpl es of thepal {sitangiey&ﬁ yd@oﬁ% ,re%zfaéendéd%%%he

i sopropyl, n-butyl, 1sobutyl, sec tyl,
102 I |
pent yk?rﬂ QQG'@WB J.En%f f%xr'raél?qﬁé @Wour%tﬁé%éwed P‘é{r gBFy a

dodecyl, eicosy nor bornyl a IS pre

secondary or t@5118&¥n§|k¥¥mula (IV'):

5
RSO R55
(R4l—-)—m—-)$4 xL_(_ R42)n
M3
R RY cee (IV')
wherein M3, X4, X5, R4l, R42, R44, R45, R5¢ and R55 are
identical with those in the aforesaid formula (IV).
10 Listed below are examples of the transition metal

compounds represented by the formula (IV") wherein iPr

denotes an isopropyl group.



group. 5 X1 and X2 may be the sane or different, and are

identical with X1 and X2, respectively, in the formla (rry.

Y1 is identical with Y1 in the fornmula (I1). Exanpl es of the
transition nmetal conpounds 10 represented by the formula (11") include:
rac-di net hyl sil yl ene-bi s{1-(2, 7-di net hyl - 4- et hyl i ndenyl )} zi rconi um
di chl oride, rac- di met hyl silyl eng2® s{1-(2, 7-di net hyl -

propyl i ndenyl)}zirconiumdichloride, rac- 15

di met hyl si |l yl ene-bi s{1-(2, 7-di met hyl -4-i - propyl i ndenyl )} zi rconi um
di chloride, rac- di met hyl si |l yl ene-bi s{1-(2, 7-di nmet hyl - 4- n-

butyl i ndenyl)}zirconiumdi chl oride, rac-

di met hyl si | yl ene- bis{l (2 7- dinethyl 4-sec-
di chloride, rac- iyl eng=Ri s{1-
butyl i ndenyl )} @ chI ory

di met hyl si | yl eng=.li {1 ( o - dlnethyl
dichloride, rac- 25 dlnetPETSllerne-

VAN
HsC CHs

iPr iPr

3 3 i 7\
HsC CH3 H:C CH:
HaC CHa
o——0 &=
‘Pd "Pd’
7\ HiC /7 N\ CHs
HaC CHa HsC CHs
iPr {Pr
N N
\Pd‘



103 hexyl i ndenyl )} zirconiumdi chl oride, rac-

di met hyl si | yl ene-bi s{1-(2, 7-di net hyl - 4- cycl ohexyl i ndenyl )} zi rconi um
di chl oride, rac- di ret hyl silyl ene-bi s{1-(2,7-dinethyl-4- 5

met hyl cycl ohexyl i ndenyl )} zirconi um di d@%oride, rac-

di met hyl si |l yl ene-bi s{1-(2, 7-di net hyl - 4- phenyl et hyl i ndenyl )} zi r coni um
di chl oride, rac- di met hyl si | yl ene-bi s{1-(2, 7-di net hyl - 4-

phenyl di chl or onet hyl i ndenyl )} zi rconi um dichloride, rac- 10

di met hyl si |l yl ene-bi s{1- (2, 7-di net hyl - 4- chl oronet hyl i ndenyl ) } zi r coni um
di chloride, rac- di et hyl si | yl ene- bi s{1- (2B#C di net hyl - 4- CH,

trimethyl silyl methylindeny i'rconi um di chl ori d¢, . rac-

di met hyl.silyl en@-B\s{1-(2/7-d thyI 15 4 \\

trimet hyl sil ox§et yrrmd8pyl )} 2 reo ichI —Tal.- N
hyl - 4=

di et hyl si | yl eneXBF5{ 1- ( 2,/ gi-fet hy! - BRpyl i ndeny|)} zi r co
di chl oride; rac-di(i- Y ‘QPyI)S|Ierne-b|s{ﬁ; 2, 7-di hyI-4-|c-H3
Br Br Br
1Pr ibp HsC CHa
\Pdo . \de
iPr /7 N\ iPr 7 N\
Br Br Br Br
HiC HiC CH: CHs iPr HaC CHs 1iPr
G~ =D
“Pd’ Pd
HaC 7\ CHs iPr 7 \_ 1iPr
Br Br : Br Br
HaC CHs
P’ Pd’
7\ H3C /7 N\ CHa
Br Br Br Br
iPpr 1Pp
N N
\Pdl



propyl i ndenyl )} zirconi um di chl ori de, rac-di (n- 20

butyl)silyl ene-bis{1l-(2, 7-di net hyl -4-i propylindenyl)}zirconi um

di chl ori de, r.ac- dl(cyclohexyl)5|lylene bi s{1-(2,7- dlnethyl-4 i -
propylindenyl)}zirconiumdichloride, 12e

met hyl phenyl si |l yl ene-bi s{1-(2, 7-di nethyl -4-i- 25 propyllndenyl)}2|rcon|um
di chl oride, rac- 104

met hyl phenyl si |l yl ene-bi s{1-(2, 7-di met hyl - 4-1 - butyllndenyl)é2|rcon|um
di chloride, rac- di phenyl si | yl ene- bi s{ 1- C7- di met hyl - 4-t -

butylindenyl)}zirconi umMorl de, rac- 5
7-

di phenyl silyl g neth» // \:ropyIMZEES§I)}Z|V '
dichloride, r :& pheny b| s{ & = thyI -y a

et hyl i ndenyl ) }¥Fconi um &_chkl ori de, .c-di(p

tolyl)silylene-bis{1-(2, ?P met hyl - 10 Qg Loylln‘sﬁQ }Z|ch;|um
di chloride; rac-di(p- c’ ¢ bfrophenyl)silyl-'--blséf Plne | -4-i -
iPr iPr HsC CHs
DD OO0
Pd "Pd’
iPr 7 N\ iPr VAR
Cl Cl C1 Cl
HsaC HsC - CHs CHs iPr HsC CH; iPr
N N N 'N-—-%Z;§>
‘\Pd" . . \Pd
HsC 7\ CH iPr /7 N\ iPr
Cl1 C1 Cl C1
HiC CHs
\Pdl ) \Pd’
VAN HiaC 7\ CHs;
Cl Cl Cl Cl
iPr iPr
\



propyl i ndenyl )} zirconiumdichloride, rac-

di met hyl si | yl ene-bi s{1-(2-net hyl -4-i-propyl -7- et hyl i ndenyl )} zirconi um
di brom de, rac-dinmethylsilylene- 15 .
bis{l-(2,3,7-trinethyl-4-ethyrindenyl)h;%;coniun1 di chl ori de,

rac-di met hyl silyl ene-bis{1-(2,3,7-trimethyl -

4-n-propylindenyl)}zirconiumdichloride, rac-

di net hyl silyl ene-bis{1-(2,3,7-trinethyl-4-i- propyl i ndenyl)}zirconi um
dichloride, rac- 20 dinethylsiIylene-bis{l-(gﬂ%:7vtrinethyl-4-n-
butyl i ndenyl )}zirconi um dichloride, rac- 3 CHs

di met hyl'si Iyl en (s{1-(2/3, Nrimet < 4-sec- . but yrrrdenyl ) }xirconi um
dichloride, ra | get hyl'§i | s{1- ,7-trh thi -4-1-
butyl i ndenyl )}z ni um di.chl gri de, . P '

105 di et hyl si | yl ene-bipd’1- (2, 3, 7-tri net hyT -¥- n- b4’

pentyl i ndenyl )} zirconi um gf-ctoride, rac- Hs _
di net hyl si | yl ene- bi s{ LH¢Q, 3, 7~Bpi net hyl - 4- n- hexylafidenyp) ) zi FBoni im
di chl oride, rac- v

iPr iPr HiC _ CH;
&b o0~
‘Pd‘ , “Pd“
iPr /7 \ iPr 7 N\
HaC Br HsC Br
H3C HiC CHa CHj; iPr HsC CHs iPr
N‘ N N N
§ "Pa” % § “pa” %
HaC 7 N\ CH; i 7 \ iPr
HaC Br HiC Br

iPpr iPr

iPr 7\ iPr



5 dinethylsilylene-bis{1-(2,3,7-trinethyl-4-

cycl ohexyl i ndenyl )} zirconium di chl ori de, rac-

di met hyl si |yl ene-bis{1-(2,3,7-trimethyl -4-

met hyl cycl ohexyl i ndenyl )} zi rconi um dijg ori de, rac-

di met hyl silyl ene-bis{1-(2,3,7-trimethyl-4- 10
trinmethylsilylnmethylindenyl)}zirconiumdichloride, rac-

di et hyl silyl ene-bis{1-(2,3,7-trinethyl-4- :
trinmet hyl sil oxynet hyl i ndenyl)}zirconi um di chl &ycde, rac- CHa
dinethylsiIerne-bis{l-éérzaggtrinethyl-4- :

phenyl et hyl i ngy )}zi r g4gni di chl grRde, r 15 / \
di et hyl si | yl .& o+-K2, 3, 7Nt 4- N N
pheny! di chl or ossehyl i ndehy! M4'zi rcon di chl racs_ .,
di met hyl si | yl ene-bi s{1- (2,08 7-tri met hyl - 4- Pd
chl or onet hyl i ndenyl )} zi r£oniwm di chl ori de, radiC 7 \ CHa
di et hyl silyl ene-bi s{18§€ 3, 7-Chimethyl -4-i- 20 prBgylinde®d1)}zirconi um
dichloride, rac-di(i- propyl )silylene-bis{1l-(2,3,7-trimethyl-4-i-
propyl i ndenyl )} zi‘r@oni um di chl ori rac-di (n- HsC CHs
butyl)silylene.big{1-(2, rimethyl-4-i- 3 prop%&fnﬂégyl)}zircon!um
di chloride, r 25 djfcyc I en 1-(2,f8, 7- |_nﬂ_®-| -
. . \Pdl ) —— .Pd.
iPr VAN iPr /7 N\
HsC Ci - HC Cl
HsC HsC CH; CHs iPr HsC ~ CHs iPr
Q— N N N N
Pd’ “Pd’
HaC CHj iPr
HiC C1 HaC Cl

HsC 7 N\ CHa
HiaC Cl HaC Cl

iPr iPr



106 . propylindenyl)}zirconiumdichloride, rac-

nmet hyl phenyl silyl ene-bis{1-(2,3,,7-trinethyl-4-i-

propyl i ndenyl ) }zirconiumdichloride, rac-

met hyl phenyl si |l yl ene-bi s{1-(2, 3, 7- tr|r¢2§yl 4-t- 5

but yl i ndenyl )} zirconium di chl oride, rac-

di phenyl silyl ene-bis{1-(2,3,7-trimethyl-4-t- butyl|ndenyl)}2|rcon|um
di chl ori de, rac- di phenyl si | yl ene- bIS{l (2,3,7-trinmethyl -

propyl i ndenyl )} zirconi um di chl ori de, rac- H c
di phenyl si |yl ene-bi s{1-(2,3, 7-trinethyl - 3

dichloride, r I (p- IyI)S| ene b
propyl i ndenyl ' dic c-di
chl or ophenyl) ene-birs{1-€2, 3, 74 t hy

et hyl i ndenyl )} zi*oni um

2 3,27TT§§Ethyl-
8, X

propyl|ndenyl)}2|rconlunrﬁlchlorlde rac- ‘Ni'
di met hyl si1yl ene-bi s{1-(2- ng{ hyl - - propyl - CH
met hyl i ndenyl )}zi rcor!t,mrn di nmmyl rac di et h?/ﬁ si | - 3
bi s{1-(2- net hyl - - propyl - 7- nethyllndenyl)}2|rcon|un1 n@thylchloride,
rac- dlnethyI5|thEne bIS{l (2- et b - 4- HsC
iPr
H3C C H:C _ CHa
HsC HiC CHs iPr HaC Hi1 iPr
N N
\Nil
HiC 7 N\
Hs€C . CHs
N1
7 N\
HsC CHs
iPr iPr
N N
Ni



20 i-propyl-7-nmethylindenyl)}zirconi um bi s( met hanesul f onat o),
rac-di net hyl sil yl ene-bi s{1-{(2-

met hyl - 4-i - propyl - 7- net hyl i ndenyl )} zi r coni um bi s( p- .phenyl sul fi nat o),
rac-di net hyl si |yl ene-bi s{l-(2-nethyl -126

3-nmet hyl -4-i-propyl - 7-nmet hyl i ndenyl )} zi rconium 25 dichloride,

rac-di net hyl sil yl ene-bi s{1-(2-nethyl -4, 6-di-

107 i -propylindenyl)}zirconiumdichloride, rac-
di met hyl si |l yl ene-bi s{1-(2-ethyl -4-i-propyl-7- C met hyl i ndenyl ¢gzi rconi um
di chl oride, rac- di et hyl si | yl ene-bi s{1- phenyl - 4-i -propyh-7- 5
nmet hyl i ndenyl ) Azr coni u T OR! ori de ac- ;
di net hyl si | yl gheNsi - 2- e ' )} zi N di
rac- et hyl ene- DNeséAl- (2, 4,57 - tri ylindgayl) } zi rconi um di chl e, and
rac- isopropylideneﬂhhs{l-(2,4,7-trineth \ ndenyl ) N4 rconi u
di chl ori de: Al gb - ayail able are conpdy®ds wheyei N\ zircoGHymi s
Br Br Br Br
iPr iPr HaC Cls
DN O30
‘Nl‘ . \“il
iPr 7 N\ iPr 7 N\
Br Br _ Br Br
HaC HiC CH: CHs iPr HsC CHs iPr
B _Q N _.@
"N Ni
HaC -~/ N\ CHa iPr 7\ iPr
Br Br Br Br
HiC CH;
NS Ni
7\ HsC 7\ CHs
Br Br Br Br
iPr iPr
N N
‘Ni‘

iPr /7 \ iPr



replaced with titaniumor hafniumin the above- exenplified conmpounds.
The transition netal conpound wherein two |ligands 15 having a

cycl opent adi enyl skel eton are -bonded to each ot her through a dival ent
bondi ng group can, for exanple, B2% epresented by the fol |l owi ng

formul a: 108 [err]

In the above formula, Mis a transition netal atom sel ected from atons

of Goups 3 to 6 of the periodic "
3

O— -0 QO
\Nio \‘Ni‘l

7 N\ c 7/ N\ CHs
c1 c1

H;
cl - ¢
iPr iPr HaC CHs
0 o030
| NL°, “ny”
iPr / \ 1Pr .7 N\
cl Ccl Cl cl
HaC HsCHCHz CHa iPr HsC ° CHs iPp
Q—- N N N N
AN "Ni° Ny
2 /7 N\ CH 1P
c1 cl ? T 01/ \01 e
HsC CHi
'Ni'\ Nt
HsC
Cl C1 ? c1/ \01 Cha
iPr iPr
N N
\Ni'



5 table. y2 is a carbon atom silicon atom or gernmani um

atom Rl and R2 may be the sane or different, and are each a
hydregen atom a group of 1 to 40 .car bon atons, a 10 group OH, a hal ogen
atomor a group NR[err] (where R15 is 128 haI ogen atom an al kyl group
of 1 to 10 carbon atons or an aryl group of 6 to 10 carbon atons), or
Rl and R2 may be bonded to forma ring together with the atom which
bi nds them Exanples of the above groups of 1 to 40 15 carbon atons
i nclude an al kyl group of 1 to 10 carbon Bi®ns, an al koxy gCHsip havi ng
1 to 10 carbon atons, an aryl group of 6 t¢g 10 car toms,\ an
aryl oxy group haV| 25 c m at o an al kggnyl roup ng 2
109 " to 1a om; / \‘& -3l g7t ar bon
atons or anarywsskenyl gr*oup haV| ng =0 40 —= carbom at,oms
HaC
HsC Br
iPr . iPp HsC CHa
Q-n u—@ O— ~” ‘%—@
\Nid . \Nil
iPr 7 N\ iPr VRN
HsC Br HaC Br
HaC HsC CHy CHa iPr HiC CHs 1
< é——N N~—% > < g——-—N N——-% >
\Nll \Nil
HiC /7 CH, iPr 7 N\ ifr
HaC Br HaC Br
Hs;C i i CHs
< >———N N—< > N N
"Nt . N %
VRN H,C 7\ CHs
H3C Br HaC Br
iPr iPr
N N
\Nil



R3, R4, R5, R6, R7, R8 and RO nmay be the sanme or 5 different, and are

each a hydrogen atom a hal ogen atom a group of 1 to 40 carbon atons,
-SiRerr], -NRerr], or - PR152 (where R15 may be the same or
different, and are each a hal ogen 3om an al kyl group of 1 to 10

car bon atons or an aryl group of % o 10 carbon atons), or two 10 or
nore of adjacent groups R3, R4, R5, R6, R7, R8 and RO may be bonded
together with the atons to which they are bonded to forma ring
preferably having 4 to 40, particularly preferably 6 to 20, carbon
atons. Exanpl es of the above group of 1 tg4) carbon atons |uggude an

car bon - ato an
carb at\Rns,

2 tON

15 optionally hal ogenated al kyl group of 1 to 10

optlonally halo ted ar oup of o 30
group of g ons, N keny
atons, an aryI .groupg of 7 0 cares

of 7 20 to 40 carbon atom& or an aryl al kenyl g\oup of ‘Hif o 40
car bon at ons. RLONs a hydrogen atonkgl a grgup™Nof 1 tGH4O0

car bon atons, or HREO nmayChbe bonded to at | east Hoe of €8, R4, RS

or R6. Exanples of the above group of 1 to 40 carbon 25 atons i ncl ude an
al kyl group of 1 t&Pr20 carbon at onsiPra H;C

—%3@—— -0

H: HaC : Cl

Q—“—@Q— S
O —@Q—(E?—Q

HsC Cl

iPr

iPr iPr



110 al koky group of 1 to 10 carbon atons, an aryl group of 6 to

20 carbon atons, an aryloxy group of 2 to 20 carbon atons, an al kenyl
group of 2 to 12 carbon atons, an aryl al kyl group of 7 to 40 carbon
atons, an alkylaryl 5 group of 7 to 40 carbon atonms or an aryl al kenyl
group of 8 to 40 carbon atons. These groups nmay be substituted,

for exanple, with -NRerr], -SiRerr],,oSR15 or -OSi R err] (where R15
is a halogen atom an al kyl group of 1306 10 carbon atons or an aryl
group of 6 to 10 carbon atons). 10 R11 and R12 may be the sane or
different, and are Also a%alilablgdaggele atpansit o metndfcompgaunds car bon
at ons. Exanpl es of the above group of 1 to 40 carbon atons

include an al klepHeéRnteld byt @nd0feahliDa f1VNF,add compowtd®kheifedyp of 1
to 10 carbon atonms, an aryl group of 6 15 to 20 carbon atons, an al kenyl

group of 2 to }2193di%h or nickes PBpRa¥ed! ¥¥th G5PAPIAIm Ad GO carbon
atons, an al kyl aryl group of 7 to 40 carbon atonms or an
aryl al kenyl gr Q- ekenp14¢ied" RBeRpalAgE. These groups

5 Other examples of the compounds represented by the

formula (IV) are given below wherein iPr denotes an

isopropyl group. r r



may be substituted, for exanple, with -NR[err], -SiRerr], 20 -SR15 or

-OSiR err] (where R15 is a hal ogen atom an al kyl group of 1 to 10
carbon atons or an aryl group of 6 to 10 carbon atons).

R13 and R14 nmay be the sanme or differehBl and are each a hydrogen

atomor a group of 1 to 40 carbon atonms. 25 Exanples of the above group
of 1 to 40 carbon atons I ncl ude an al kyl group of 1 to 20

carbon atons, an al koky group of 1 to 10 carbon atons, an aryl group
of 6 to 20 carbon atons, an al kenyl groygcof 2 to 12 carbogy,

atoms, an arylal kyjgsgroup of 7c#;0 40 carbon atprEycan -5  algryl &ryl group

of 7 to 40 c n atoys/or &ry | al ke groux),6f 8\tp 40 pe
atons. These N myum@ ute Npl e, Ni-th
at om - rl, -S\Rlerr], - r] or I Rlerr}, (where RIN

hal ogen atom an al kyl griup of 1 to 10 carbon\atons oPd 10 anjfaryl group

of 6 to 10 carbon atons). \ HsC 7 \ CHs;
HaC CHs HsC CHa
iPr ' o iPr . féaC CHEH
HaC 3 3 3
\ / \ / \ /
N N <: >— N 'N ——-< >
“pa” Pd’
iPr /7 N\ iPr /7 N\ !
HaC CHs HsC CHi
HsC HisC CHj CH; iPr HaC CHs {Pr
HaC CH, HsC CH;
\ / \ /
N N N‘ 'N
“pa” ‘pd’
HaC 7\ CHa iPr /7 N\ iPr
HaC CH3 HsC CHs

H3C CHa
HiC CHs; HaC CHa
\ /

HsC©  CHs HsC CHa



Wien Y2 is a carbon atom and R10, R13 and R14 are each a net hyl

group, at least one of R3, R5, R6, R7 and RO is not a hydrogen atom
and/or R8 is a hydrogen atom O the transition netal conpounds
represented by 15 the above fornulg3@lla), preferable are those wherein
Mis a netal atomof Goup 4 of the periodic table, for exanpl e,
titanium zirconiumor hafnium preferably zi rconi um R1
and R2 are the sane and are each an alkyl group 20 of 1 to 4 carbon atons
or a hal ogen atom (e.g. fluorine, chl ori Eg brom ne or iodi
preferably chlorine) R3, R4, R5, 3CR7, R8 and 3be the
sane or di 1 f er &€ reCBuch_a hydr ogen/at K
of 1 to 10 cartoms\ r ang of 24 ca or
two or nore o g/ ad] acgnt gyoups R . e
112 R4, RS—R6, R7,. iénd RO are-bonde get her ‘v\M'h t he at ons
to which they are bonded}. Korma ring of 4 tﬁa 0 / N\ H,
HsC CHs HsC CHa
ippﬂ c : CH Y\ Hzlé;C CHaCHz
3 3
\ / \/ ' : \ /
N N — @——- N N
Ni’ ' Ni
iPr 7 N\ iPr 7 \
HaC CH; HaC CHs
HaC HiaC CHa CH; iPr HsC CHs iPr
HsC CH3s HaC H CH;
Q \ / q \ \ 7/
NQ ON N\ ON
Ni . Ni
HiC 7\ CHs iPr VAN iPr
HiC CHs HiC CHs

VRN HaC 7 N\ CHa
HaC CHs H3C CHs
iPr iPr
HiaC CHs
\ /
N N
» L) N i rd



car bon atons, R10 is a hydrogen atom an aryl group of 6 to 24
5 carbon atons or an alkyl group of 1 to 10 carbon atons (preferably
an al kyl group of 1 to 4 carbon atons), Y2 is a carbon atom )
R13 and R14 may be the sane or diffﬁggnt, and are each a hydrogen atom
or a hydrocarbon group of 1 to 10 carbon atons (preferably an al kyl
group of 1 to 4 or an c.aryl group of 6 to 10 carbon atons), and
at | east one of R3lsrsavrédlaRkieadg ﬁgei§r¢Mﬁl%F°n metak refRPundsm  and/ or
R8 is a hydrogen atom Particularly preferable are transition
netal 15 comsbyesensed bynthe £praplanéf¥l nare compounds jvwhexeidbni um
Rl and R2 are the sane, and are each a hal ogen atom preferably
chl ori ne, palladiumpg orRpickel R, re@,laﬂsda\ni;tlmph@yim@ntqfre there or 20
different, and are each an al kyl group of 1 to 4 carbon atons (e.g.
met hyl , et hylaboyesrgxrenplddiiedp gompbunds . or i sobutyl) or an aryl group
of 6 to 14 carbon atons (e..qg. phenyl or naphthyl), or R3 and R4,
and/ or R55and R6 &ext, thebdiedddwingefhrmubat kVi heepresents athiamiddey are
bonded

compound of a transition metal of Groups 3 to 6 of the

periodic table.

T R'.'
/N\ 6
((Em)A)n\ /M‘xp
| (V)
Rll
10
In the above formula, M* is a transition metal atom
of Groups 3 to 6 of the periodic table, preferably a
transition metal atom of Group 4 of the periodic table
such as titanium, zirconium or hafnium.
15 R' and R" may be the same or different, and are

each a hydrogen atoﬁ, a hydrocarbon group, a halogenated
hydrocarbon group, an organosilyl group or a hydrocarbon
group substituted with a substituent containing at least
one element selected from nitrogen, oxygen, phosphorus,
20 sulfur and silicon.
Examples of the hydrocarbon groups include
straight-chain or branched alkyl groups of 1 to 20

carbon atoms, such as methyl, ethyl, n-propvyl,



113 to formaring 4 to 20 carbon atons, preferably a 6- menber ed
ring which may be substituted, R8 is a hydrogen atom

Y2 is a carbon atom 5 R10 is a hydrogen atom an al kyl group of 1

to 6 carbon atons (particularly ympghyl) or an aryl group of 6 to

10 carbon atons (particularly phenyl), R11 and R12 are the sane,

and are each a,hydroge atom, and 0 R13_.and R14 may_be the sane or
different, andl§¥8r8§¥ﬂ' n-buﬁ%fﬁy*sébuﬁﬁkﬂwﬁgc—butyl, tertshukyiiic exanpl es
of the transition netal copmpounds of formula (Ila) include:
{4-([err]-cycl BFBR¥Yadi ﬁ?Y??[%F?¥lﬂWQQCY%£Fnd octadecyl; aryl groups

t et rahydr opent al ene) }di¢chl orotitanium {4-([err]-
cycl opent adi enff) [gPr?54FB’-’b°n atomgy rSYGH rH Eheneh @pdnepbsbydiir coni um

t4-(ferr]- substituted aryl groups wherein these aryl groups are
5 substituted with 1 to 5 substituents such as alkyl
groups of 1 to 20 carbon atoms; cycloalkyl groups, such
as cyclopentyl, cyclohexyl, norbornyl and adamantyl;
alkenyl groups, such as vinyl, propenyl and
cyclohexenyl; and arylalkyl groups, such as benzyl,
10 phenylethyl and phenylpropyl. '

Examples of the halogenated hydrocarbon groups
include the above-exemplified hydrocarbon groups which
are substituted with halogens.

Examples of the organosilyl groups include

15 methylsilyl, dimethylsilyl, trimethylsilyl, ethylsilyl,
diethylsilyl, triethylsilyl and triphenylsilyl.

Examples of the hydrocarbon groups substituted with
a substituent conta{ning at least one element selected
from nitrogen, oxygen, phosphorus, sulfur and silicon

20 include the above-exemplified hydrocarbon groups which

are substituted, for example, with -COOCH;,
-N(CH3)C(0O)CH3, ~OC(O)CHi3, ~CN, -N(CzHs)2, -N(CH3)S(O2)CHj
or -P(CgHg)3.

m is an integer of 0 to 2.

25 n is an integer of 1 to 5.



cycl opent adi enyl) ([err]5-4,5- t et r ahydr opent al ene) } di chl or ohaf ni um
{4-([err]- 20 «cyclopentadienyl)-4-nethyl-([err]-4,5-

t et rahydr opent al ene) }di chl orozirconium {4- ([err]-

cycl opent adi enyl )-4-ethyl-([err] -4, :

t et rahydr opent al ene) } di chl orozi rconi um and {4-([err]-

G ooy 1888 aebhbE aonps £3 e LY URETLAM || 1o
present invention, a conpound represented by the foll ow ng fornul a
(111) is al séabisiopmecaticaliy a FP’anﬁF?‘F‘onan%W%cﬂ‘ﬁﬁ&mP(A)

L2M2X[ err] (rer) In the above fornmula, M2 is
a transiti on HEEISR GFOm. %PWS&paEOEf gheliperradrEoRalt e. L2
is a derivative of a delocalized [err]-bond group and inparts a

constrai nt g&hasahorushatem o safudéurvatom, asgermapivpeakeRgla 2. 10
Each X3 may be the sane or .different, and is a
selenium atom or a tin atom, preferably a carbon atom or

a silicon atom. When n is 2 or more, plural A may be

the same or different.

E is a substituent having at least one element
selected from carbon, hydrogen, oxygen, halogen,
10 nitrogen, sulfur, phosphorus, boron and silicen. When m<
is 2, two of E may be the same or different, and two of
E may be bonded to form a ring.
Examples of the bonding groups represented by
-((Eq)A)p~ capable of bonding the two nitrogen atoms are
15 given below.
-CHz~, -C(Me);-, -C(Ph)z-, -Si(Me)z-, -Si(Ph)a~-,
-8i(Me) (Ph)~, -CH,CHp-, -CH,Si(Me)s-, =-CHyCH;CHz-,
~CH2C (Me) 2CH,;-, -CH,C(Et),CHy-, ~CHoC(n-Pr),CHz-, -CHC{i-
Pr)aCHz-, -CHyC (n-Bu)aCHy-, -CHyC(i-Bu)z2CHz-, =-CHaC(s-
20 Bu)3;CH,-, -CHyC(c-Pen);CHy-, -CH,C (c-Hex),CHz-,
-CHzC (Ph) 2CHs~, -CHyC (Me) (Et)CH,-, -CH,C(Me) (i-Pr)CHz-,
~CH,C (Me) (i-Bu)CHz~, -CH,C(Me) (t-Bu)CHa-, -CHaC(Me) (i-
Pen)CHy-, -CH,C(Me) (Ph)CH;-, -CH,C(Et) (i-Pr)CHz-,
~CHzC (Et) (i-Bu)CH;-, ~CH3C(Et) (i-Pen)CHp;-, -CHC(i-Pr) (i-

25 Bu)CHz-, -CHC(i-Pr) (i-Pen)CHy-, -CH3Si (Me),CH;-,



hydrogen atom a hal ogen atom a hydrocarbon group contai ning 20 or

| ess carbon atons, a silyl group containing 20 or less silicon atons,
or a gernyl group containing 20 or |less gernmaniumatons. 15 O

t he conpounds represented by the f0|r§r$I a (I11), a conpound represent ed
by the following fornula (IlI" S preferable. [err] 20

In the above fornmula, M2 is a tranS|t|on nmetal atom of Group 4 of the
peri odi ¢ tabl-@&%pé%ﬂn%l-ll -CH,Si (nrBonCHar - t rCHafiBrorCHaf ni um
preferably zirconium 115 Cp

i s a cycl openCHdMeNGH2GH (4®) T errJH GIIEEHCHIPRY -or -81 (Me) 2Q8 (Medti-ve

t her eof .
-CH,CH,CHyCHy~, ~Si (Me) 2CH,CH281 (Me) 50—,

;OO



Zis a ligand containing an oxygen atom a sulfur
periodic tabl e,
-Si (R352) Si (R352) -

- O(Ra5) =E8RGs) - _
Y2 is a ligahd containing a nltrogen atom a
phosphor us aton1 an oxygen atomor a sulfur atom for

or an atomof Goup 14 of the 5
-Si(Rerr])-, -C(Rerr])-

- C(R352) C(R352) C(R352) -
Ge(Rerr])-

atom a boron atom
for exanple,
, -C(R352) C(R352) -
5)-, -C(Rerr])Si(Rerr])-

exanpl e,

-N(R36)-, -O, -S- or -P(R36)- and Y2 ;@éstoget her folfn a
condensed ri ng. oge o sele from
al kyl groups, ar roups@swm @I gr@ﬁand
hal ogenat ed aryl groups an xtures *t hér eof . ‘R36 is an alkyl ygroup
of 1 to 10 carbon atons, ryl gro of 6 to 10 carbon atons or an
ar al kyl gr oup of 7 to 10 on ato or formtoget her

with one or nore of onden ring C mmgt@@gg

non- hydr ogen at ons. «- es o transi

represented by the fornula (117) include: (tert- butylamdo)

(tetranethyl-[err]-cycl opentadi qpyl) -

dichloride, (tert-
butyl am do) (t et ranet h]-cycl '

Q

¢

O—Q
a

-~

2
o

Q) ©

Q0

rd
‘”'5@'

=

2P q-p
R e

H.C
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©
©
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o

O

tBJx 2- et hanedi yI zi rconi um
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©

©
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25 ethanediyltitaniumdichloride, 116
(met hyl am do) (tetranethyl-[err]-cyclopentadienyl) -1, 2-

et hanedi yl zi rconi um di chl ori de, (et hyl am do)
(tetranethyl-[err]-cyclopentadienyl?aal,Z- et hanedi yl titani um
dichloride, (ethylamdo)(tetranethyl-" 5

[err]-cycl opent adi enyl ) net hyl eneti tani um di chl oride, (tert-
but yl am do) di met F BéP@e‘t&@%’ﬁfét BfFMPies] -Me denotes a methyl group,

cycl opent adi enyl) sil anetitaniumdichloride, (tert- but yl am do)
di met hyl (tetta &y pthyl grogpe| @p@ﬁté@m@w )&% | BmRR¥loni um
dichloride, 10 (benzylam do)dinmethyl(tetramethyl-[err]-
cycl opent adi &FAURs ligFat idenotes anchsepreeyl sggoup, n-Bu denotes an
(phenyl phosphi do) di met hyl (tetranet hyl -[err] -
cycl opent adi @mputyll greoxp.cdmBunfdenptasyan isobutyl grewp, $+1BUfol | ow ng
formula (1V) represents a 15 conpound of a transition netal of Goups 8
to 10 of $he denotegserd mdic-kndhyile grpup: | t-Bu denotes a tert-butyl

group, i-Pen denotes an isopentyl group, c-Pen denotes a

cyclopentyl group, c¢-~Hex denotes a cyclohexyl group, and

Ph denotes a phenyl group. r

p is an integer of 0 to 4.

10 X¢ is a hydrogen atom, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms, a halogenated
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-
containing group, a sulfur-containing group or a
silicon-containing group. Examples of X6 include those

15 previously described with respect to L! in the formula
(I). When p is 2 or more, plural X® may be the same or
different.

Of these, preférable are halogen atoms, hydrocarbon
groups of 1 to 20 carbon atoms and sulfonato groups.

20 Listed below are examples of the transition metal

amide compounds represented by the formula (V), but not

limited to thereto.



20 In the above fornula, MB is a transition netal atom

of G oups
8 to 10 of the periodic table, preferably

ni ckel , pall adi um or

pl ati num . o 117 X4 and X5 may be,
the sanme or different, and are each 139 a nitrogen atom or a phosphorus
atom R4l and R42 may be the sane or different, and are each

a hydrogen atomor a hydrocarbon group. Exanples 5 of the hydrocarbon
groups include straight-chain or branched al kyl groups of 1 to 20
carbon atons, such as met hyl , ethyl, n-propyl, isopropyl, n-butyl,
i sobutyl, sec-butyl, tert-butyl, pentyl and hexyl; ar groups of
6 to 20 carbon ato such as phenyl and“haphthyl; and 1df:gubstituted
aryl groups which habe 1 t l5 substituerks

NS -~ Nl C

MesSi Ti . MesSi Ti Me2Si Ti
SN7 ol et i i1 SN e
1 |
tBu Me
SiMes
!
Hopst” qy”
2 3
SN Na
1
SiMe;
H tBu SiMes
i 1 i
oS e Qb
N~ >ci N~ Sci N N1
1 ) |
H tBu SiMes
@ tBu tBu
’ i i
N _Cl N .CL N QL
@ T4 (I i ( o)
N Sc1 N NcCL N Ncl
{ l
@ tBu tBu



such as al kyl groups of 1 to 20 carbon atons. mand n may be the

sane or different, are each 1 or 2, and are nunbers satisfying the
val ences of X4 and X5, respectively. 15 R43 is [err]
wherein R50, R55, R51, R52, R56 and1 7 may be the same or 20 different,
and are each a hydrogen atom or a hydrocarbon group such as descri bed
above for R41 and R42. Two or nore groups, preferably adjacent
groups, of R4l, R42, R50 (or "R51, R52) and R55 (or R56, R57) may be
bonded to forma ring. 118 R44
and R45 may be the sane or different _and are each a hydrogen atom a
hal ogen at om or &Bwydrocarbon p. SiMes
| . 1
CN\H/CI CN\T/CI CN\ ~Cl
% i f
K~ Sc1 . N7 Na N~ T]L\c1
{ i
tBu SiMes
t?u tBu tBu
| |
N, 1 MeSioy o (O)— 8. a1
HezSi\_ /‘1‘1\ 0\ /Ti\ ' /'1'1\
N b Mo, c1 © oo
tBu tBu tBu

tlBu @ ISiMez
mrx N o c1 ipr N\Ti, Cl wr}c N o c1
iPr 1:1’ NCl iPp N~ ¢l iPr N N
tBu giﬂea



The hal ogen atomis fluorine, chlorine, bromne or 5 iodine.

Exanpl es of the hydrocarbon groups include the al kyl groups of 1 to 20
carbon atons and the aryl groups of 6 to 20 carbon atons descri bed
above with respect to R41 and R42; and aral kyl groups of 7 to 20
carbon atons, 10 such as benzyl. The aryl groups and the aral kyl groups
may be substituted with one or nore ddbktituents such as al kyl groups
of 1 to 20 carbon atons. " R44 and R45 nay be each a group
represented by - OR46, -SR47, -N (R48 ) 2 or -P (R49 ) 2 15 R46
to R49 are each an al kyl group of 1 to 20 carbon atons or an aryl
group of 6 to 20 ¢mybon atons such as tBu described above Meor R41 and R42;
a cycl oal kyl groupg of 6 to 20 carbbn atons such cydl ohexyl ; an
aral kyl group NQf 7. Cb 20 carHesSiat Hns SUEP as b - Mo apr CR0
or ganosi | yl gr@ sudi as. nmet hyl sil@l, divgthylsilyl, }fl‘il thylsilyl,
ethylsilyl, di eswN<ily*car. t&i et hyt'sikgl. The oup t he
aral kyl group nay 1 be substi HegSdd~¥®i t h one or sublstituents such
as al kyl greBws of 1 to 20 carbonlatons. Both R48 or Mdth 25 R49
may be bonded to form-a ring. - tBu
tBu SiMe; @
Oy .a O ©
Ti : T1 /Tx\
@ N~ NcCl @ N cl @ X CL
i i .
tBu SiMe; @
Me
Q0
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) Ti
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Me
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119 R44 and R45 may be bonded to forma ring. The transition
net al conpound represented by the formula (1V) is preferably a conpound
represented by the following formula (IV): [err] 5
wherein M3, X4, X5, R4l, R42, R44, FMF R50 and R55 are identical with
those in the aforesaid fornula (1V). 1% Li sted bel ow are exanpl es of
the transition netal conpounds represented by the fornmula (I1V') wherein
i Pr denot es an Isophepgboyge oepamples, Me denotes a methyl group,
Et denotes an ethyl group, iPr denotes an isopropyl
group, and tBu denotes a tert-butyl group.
Also available in the invention are transition
5 metal amide compounds wherein titanium is-replaced with
zirconium or hafnium in the above compounds.
As the transition metal amide compound represented

by formula (V), preferably employed is a transition

metal amide compound wherein R' and R" are each a
10 substituted aryl group having 1 to 5 substituents such

as alkyl groups, which is represented by the following

formula (V').

7 N\
( (Em) A) n M4X6p
7 e (V)
R66 R70

RS R69
R68

15
In the above formula, M¢ is identical with M® in the
formula (V), preferably a transition metal atom of Group
4 of the periodic table such as titanium, zirconium or

hafnium, particularly preferably titanium.
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143

RSl to R7? may be the same or different, and are
each a hydrogen atom, a halogen atom, a hydrocarbon
group, a halogenated hydrocarbon group, an ordanosilyl
group , an alkoxy group, an aryloxy group, -COOR7I,
-N(R72)C(O)R73, ~OC(O)R74, -CN, -NR75, or -N(R76)S(0z)R"?
(Rl to R77 are each an alkyl group of 1 to 5 carbon
atoms), with the proviso that at least one of R6l to RS5
ris a group other than hydrogen and at least one of R66 to
R70 is a group other than hydrogen.

Examples of the halogen atoms include th:ose
described with respect to X6 in the formula (V).
Examples of the hydrocarbon groups, the halogenated
hydrocarbon groups and the organosilyl groups include
those described with respect to R' and R" in the formula
(V).

Examples of the alkoxy groups include methoxy,
ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy and
tert-butoxy. '

Examples of the aryloxy groups include phenoxy,

2, 6-dimethylphenoxy and 2,4, 6-trimethylphenoxy.

Examples of the groups represented by -COOR7!,
-N(R72)C(O)R73, -OC(O)R74, -CN, -NR75; or -N(R76)S(02)R77
(Rl to R77 are each an alkyl group of 1 to 5 carbon
atoms) include -COOCH;, ~N(CH3)C(O)CH3, -OC(O)CH3, -CN,

~N(CzHs) 2 and -N(CH3)S(0;)CHs.
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144

Two or more groups, preferably adjacent groups, of
the groups Rf! to RE5 may be bonded to form a ring such
as an aromatic ring or an aliphatic ring together with
the carbon atoms to which they are bonded. Two or more
groups, preferébly adjacent groups, of the groups R66 to
R70 may also be bonded to form a ring such as an aromatic

ring or an aliphatic ring together with the carbon atoms

to which they are bonded.

m is an integer of 0 to 2.

n is an integer of 1 to 5.

A is identical with A in the formula (V),
preferably a carbon atom or a silicon atom. When n is 2
or more, plural A may be the same or different.

E is identical with E in the formula (V),
preferably a substituent containing at least one element
selected from carbon, hydrogen, nitrogen and silicon.
When m is 2, two E may be the same or different and may
be bonded to form a’ring.

Examples of the bonding groups represented by
- ((En)A)n~ capable of bonding the two nitrogen atoms
include those previously mentioned.

p is an integer of 0 to 4.

X% is a hydrogen atom, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms, a halogenated

hydrocarbon group of 1 to 20 carbon atoms, an oxygen-



129 [err] 130 Al so avail able as the
transition netal conpounds represented by the fornula (I1V') are conpounds
wherein palladiumor nickel is replaced with platinumin the

above-exenplified conmpounds. aLh exanpl es of the conpounds
represented by the formula (1V) angéﬁven bel ow wherein i Pr denotes an
| sopropyl group. 131 [err]

containing group, a sulfur-containing group or a
silicon-containing group. Examples of X6 include those
previously described with respect to L! in the formula
(1). .
5 Of these,.preferable are halogen atoms, hydrocarbon
groups of 1 to 20 carbon atoms and sulfinato groups.
When p is 2 or more, plural X® may be the same or

different.

L3
r

Listed below are examples of the transition metal
10 amide compounds represented by the formula (Vh), but not

limited to thereto.
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the transition netal
conmpounds wherein
above- exenplified conpounds.
represents an am de
periodic table.
Mi is a transition netal
preferably a

Me Me

AN CL

Me2Si Ti
Me Me .
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Me

MeaSi Ti
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conpounds
pal | adi um or nickel is replaced with platinumin the
é\lext, the followng formula (V)
conpound of ‘atransition netal
[err]
atom

t sition nmetal at of Group 4 of
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Al so avail abl e as

represented by the formula (1V) are

10

of Goups 3 to 6 of
In the above formnul a,

" of Goups 3to 6 of the periodic table,
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such as titanium zirconiumor hafnium 15 R and R' may be the sane

or different, and are each a hydrogen atom a hydrocarbon group, a

hal ogenat ed hydr ocar bon group, an organosilyl group or a hydrocarbon
group substituted with a substituent containing at |east one el enent

sel ected fromnitrogen, oxygen, pho3giforus, 20 sulfur and silicon.

Exanpl es of the hydrocarbon groups include strai ght-chain or branched
al kyl groups of 1 to 20 carbon atons, such as nmethyl, ethyl, n-propyl,
134 i sopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl,

hexyl, octyl, decyl and octadecyl; aryl groupge of 6 to 20 carbon

atons, such as phenyl and naphthyl ye subsgttituted aryl ghouMe wherein
these aryl gro are 5 sub uted with ,5 substi t s such as
al kyl gro fMé to 20 on atons; CYef oal kyl grouPg; “Mech

cycl opentyl, cyclNo\hexllcl norborgy! angx ade; ~Cl M\T ~Cl
‘ 71 1 @: i
@: T @ N~ el N~ Nal N Na

7N _
N Yo Cl Me
:t: i: " Me j: f Me
Me
Me Me

as



al kenyl groups, such as vinyl, propenyl and cycl ohexenyl ; and
aryl al kyl groups, such as benzyl, 10 phenylethyl and phenyl propyl.

Exanpl es of the hal ogenat ed hydrocarbon groups i ncl ude the
above-exenplified hydrocarbon groups whi ch are substituted with
hal ogens. Exanpl es of thelé48ganosilyl groups include 15
met hyl silyl, dimethylsilyl, trlnethyIS|IyI ethylsilyl, di et hyl silyl,
triethylsilyl and triphenylsilyl Exanpl es of the hydr ocar bon
groups substituted with a substituent containing at |east one el enent
sel ected from ni trogen, 8R¥®gen, phosphoMes, sulfur and silicon 20
I ncl ude the ab exenplifie drocarbon g ps which are
substltuted anple W t COOCHS, N (CH3) C (:) CH3, -OC (O
CH3, -CN, N (CH3 S (C%& Mer - P(C6P%T2.nBu m
is an inte ‘STtwgl Noy @:Nbe%ey(af @f n/Cl
135 N’ \c1 N Nel N7 Nel N Nel

©/nPr‘ @ HE\©/ Me @nBu

nPr Me
sBu

Et/©\E“ J.PI‘,@\ Me \@Me
O rCE O S O oS Qs
N Ncl N~ \c1 N7 \01 N’ \ c1
@ Et@ Et lk@ Me /@/“3
. ipp

sBu

tBu tBu

@Lssu o, O oL,
Ti @: T4

N NG N7 Na N7 “cl

o™ @r = @ @’ *

tBu tBu

nlOct
1&’@‘ Et lpr’@ iPpr sBu’@‘ Et @
. 1
N’ \01 N’ \c1 N’ \01 N~ Q1
iPr-\©/ Et iPr< t , iPr sBu« t ~ Et @

nQct



Ais an atomof Goups 13 to 16 of the periodic table, specifically a
boron atom a carbon atom a nitrogen atom an oxygen atom a silicon
atom a phosphorus atom a sulfur atom a germaniumatom a 5
seleniumatomor a tin atom preferalggy a carbon atom or a silicon
atom Wien n is 2 or nore, plural A may be the sane or different.

E is a substituent having at | east one el enent sel ected from carbon,
hydrogen, oxygen, halogen, 10 nitrogen, sulfur, phosphorus, boron and
silicon. Wen is 2, two o may be the sane or different and two

of E may Db d to for Exanpl es bondi ng
groups represent ¢d - ( A) n- caf bondi ng ttrogen
atons are 15 giyen C(I\/E)Z |(|\/E)2
- Si (Ph) 2-, ‘s I\/B)Ql
@Z T1- CH2 Ti Pr)ZCHZ-
pTs- 20 135;2 N7 Ne1

- CH2C( Me) 2 NGH
Sh2C( Ph 2CHZ
Qorecre) @@!.‘

- CH2Q( n- Bu) 2CH2- |
- CH2C( c- Pen) 2CH2
- CH2C( Me) ( Et)
@ | OMe SiMes
& b
NS .Cl N\ _Cl NG Cl NG Q2
@(N/Tl\m @EN/Tl\m @(N:h-:m N:ﬁ:m
- o
@ - OMe . SiMe;
0

A0 © o, O
1 Cl

N’ \c1 N’ \c1

@0 © of o

0 -

) ©

© cw@ Q. O,
O >x, O >n @< O,
N~ Nc1 N~ \c1

o g &
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Pen) CH2-, - CH2C( Me) (Ph) CH2-, - CH2C(Et) (i - Pr) CH2-,
- CH2C(Et) (i - Bu) CH2-, - CH2C(Et) (i - Pen) CH2-, -CH2C(i-Pr)(i- 25 Bu)CH2-,

- CH2C(i - Pr) (i-Pen)CH2-, -CH2Si (Me) 2CH2-., 136
-CH2Si (Et) 2CH2-, -CH2Si (n-Bu) 2CH2IS CH2Si (Ph) 2CH2-, :
- CH( M) CH2CH( Me) -, - CH( Ph) CHZCH( Ph) - QLSI (M) 20Si (Me) 2-, - CH2CH2CH2CHZ-,
-Si (Me) 2CH2CH2SI (Me) 2-, [err] 137 [err]
138 In the above exanples, Me denotes a nethyl group,
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Et denotes an ethyl group, n-Pr denotes an n-propyl group, i-Pr
denotes an isopropyl group, n-Bu denotes an n- butyl group, i-Bu
denotes an isobutyl group, s-Bu 5 denotes a sec-butyl group, t-Bu denotes
a tert-butyl group, i-Pen deigﬁes an isopentyl group, c-Pen denotes a
cycl opentyl group, c-Hex denotes ycl ohexyl group, and Ph denotes a
phenyl group. pis an integer of 0 to 4. 10 X6 is a
hydrogen atom a hal ogen atom a hydr ocarbon group of 1 to 20 carbon
atons, a hal ogenat ed hydr ocarbon group of 1 to 20 carbon atons, an
oxygen- contai.ning group, a sulfur-containing group or a

silicon-cont ai ni group. Exanpl es 6 i ncI ude those previ ously
describedvvl (‘Bgeto Lllnii,p (). is 2 or nore,
plural X6 may be he "Sape or 3{ gge
pref erabl e Bgﬁfgﬁorrs, ‘bq,n/ grou car bon

enal & gro

atons and s 20

ﬁ ¢]S- bel ow of the |
transition am de co uns r ent ed byth fo a (Vv), but
Mifeal - He TBR §Bh :{

not limt ereto.
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142 In the above exanples, Me denotes a nethyl group, Et
denotes an ethyl group, iPr _denotes an.isopropyl group, and tBu denotes

a tert-butyl group.

Al so a)l/%izl able in the invention are transition
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5 netal am de conpounds wherein titaniumis replaced with zi rconi um

or hafniumin the above conpounds. As the transition netal am de
conmpound represent ed by formula (V), preferably enployed is a
transition nmetal am de conpound wherein R and R' are each a 10
substituted aryl group having 1 to BS3ubstituents such as al kyl
groups, which is represented by the follow ng formula (V). [err]
15 In the above fornmula, M4 is identical with Md in the

formula (V), preferably a transition netal atom of G oup 4 of the
peri odic table such as tltanlun1 Z|rcon|un1or haf nium particularly

preferably tltanlum
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143 R61 to R70 may be the sane or different, and are each a
hydr ogen atom a hal ogen atom a hydrocarbon group, a hal ogenat ed
hydr ocar bon group, an organosilyl group , an al koxy group, an aryl oxy
group, -COOR71, 5 -NR72)C(O R73, O R74, -CN, -NR752 or -'N (R76)
S(R) R77 (R71 to R77 are each1§ al kyl group of 1 to 5 carbon
atons), with the proviso that at |east one of R61 to R65 IS a group
ot her than hydrogen and at | east one of R66 to R70 is a group other

t han hydrogen. 5 Exanpl e t he halogen atons include those
descri bed wit t to X6 for Exa--l t he

hydr ocar bon gro p~(:]he hal o ted carbon gr ogiPs

and R

organosi l yl qgrodp (Efuka : those de ed with resps ;

in the forrrc T’E!.é:? 5/1 } d‘f\t h.e'@lk Qups- tncl ude

met hoxy, ho p¥ ORI y toxy |sobuﬂdxy and
C‘riEx q 9 1{ de \h@hoxy
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20 2, 6-di net hyl phenoxy and 2, 4, 6-tri nmet hyl phenoxy. Exanpl es of

the groups represented by - COOR71, -N(R72) C(O R73, -0OC(O R74, -CN,
-NR752 or -N(R76) S(02) R77 (R71 to R77 are each an al kyl group of 1 to
5 carbon atons) incl ude -COOCH?SS-N(CI—B)C(O)CI—B, -OC(O CH3, -CN, 25 -
-N(C2H5) 2 and - N(CH3) S( O2) CH3. 144
Two or nore groups, preferably adjacent groups, of the groups R61 to
R65 nmay be bonded to forma ring such as an aromatic ring or an
aliphatic ring together with t he carbon atons to which they are
bonded. Two or nore 5 groups, pOeferably adjacent groups, of the groups
R66 to R70 may al so be bondedl to forma ring such as an aromatic
ring or an ali phé&bl\feri ng t%@t kyﬁ-\/ﬁah t he carbon atons to which they
are bonded. mis an Niteger of 0 to 2. 10 n is an integer
of 1 to 5. @ Ais id Neal withA@heforrrula(V),
NS Cl He Me '
: 1o CN\'Ti’Cl NS, CL S a
N7 el N Ngp C Pre C 1]
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preferably a carbon atomor a silicon atom Wwen nis 2 or nore,
plural A may be the sane or different. Eis identical with E in
the formula (v), 15 preferably a substituent containing at |east one

el enent sel ected from carbon, hydrogen, nitrogen and silicon.

Wen mis 2, two E may be the same or different and may be bonded to
forma ring. Exanpl es of 1§3 bondi ng groups represented by 20
-((Em A) n- capable of bonding thetwo nitrogen atons i ncl ude those
previously nentioned. pis an integer of 0 to 4. X6

is a hydrogen atom a hal ogen atom a hydr ocarbon group of 1 to 20
carbon atons, a hal ogenated 25 hydrocarbon group of 1 to 20 carbon atons,
an oxygen- 145 cont ai ni ng group, a
sul fur-contai ni ng p or a sili -cont ai ni ng grou Exanpl es of X6
i ncl ude those He,@vﬂ@usl y plesci;irb 'tiI}.Pr espect to L {:&? formul a
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5 O these, preferable are hal ogen atons, hydrocarbon groups of

1 to 20 carbon atons and sul finato groups. When p is 2 or nore,
plural X6 may be the sane or different. Li sted bel ow are
exanpl es of the transition netal 10 am de conpounds represented by the
formula (V'), but not limted to thereto. 146 [err]
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In the above examples, Me denotes a methyl group,
Et denotes an ethyl group, iPr denotes an isopropyl
group, nPr denotes an n-propyl group, nBu denotes an n-
butyl group, sBu denotes a sec-butyl group, tBu denotes

5 a tert—butyl.group, and nOct denotes an n;octyl group.

Also available in the invention are transition
metal amide compounds wherein titanium is replaced with
zirconium or hafnium in the above compounds.

r

Next, the transition metal compound represented by

10 the formula (VI) is described.

(VI)

wherein N---M generally denotes a coordinate bond
15 Dbetween both atoms, but in the present invention, the
atoms may be or may not be coordinated.
In the above formula (VI), M is a transition metal
atom of Groups 3 to 11 of the periodic table (Group 3
includes lanthanoid), preferably a metal atom of Groups
20 3 to 9 (Group 3 includes lanthanoid), more preferably a
metal atom of Groups 3 to 5 and 9, particularly

preferably a metal atom of Group 4 or 5. Examples of
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159 In the above exanples, Me denotes a nethyl group, Et
denotes an ethyl group, iPr denotes_an isopropyl group, nPr denotes an
n- propyl group, nBu denotes an n- 1 Qutyl group, sBu denotes a sec:butyl
group, tBu denotes 5 a tert-butyl group, and nCct denotes an n-octyl
group. such metal atoms include scandium, titanium, zirconium,
hafnium, wvanadium, niobium, tantalum, cobalt, rhodium,
yttrium, chromium, molybdenum, tungsten, manganese,
rhenium, iron and ruthenium. Of these, preferable are
5 scandium, titanium, zirconium, hafnium, vénadium,
niobium, tantalum, cobalt and rhodium; more preferable
are titanium, zirconium, hafnium, cobalt, rhodium,
vanad}um, niobium and tantalum; and particularly
preferable are titanium, zirconium and hafnium.
10 m is an integer of 1 to 6, preferably an integer of
1 to 3.
R! to R® may be the same or different, and are eacﬁ
a hydrogen atom, a halogen atom, a hydrocarbon group, a
heterocyclic compound residue, an oxygen-containing
15 group, a nitrogen-containing group, a boron-containing
group, a sulfur-containing group, a phosphorus-
containing group, a silicon-containing gréup, a
germanium-containing group or a tin-containing group,
and two or more of them may be bonded to form a ring.
20 Examples of the halogen atoms include fluorine,
chlorine, bromine and iodine.
Examples of the hydrocarbon groups include:

straight-chain or branched alkyl groups of 1 to 30

carbon atoms, preferably 1 to 20 carbon atoms, such as



Al so available in the invention are transition metal am de conpounds
wherein titaniumis replaced with zirconiumor hafniumin the above

conpounds. Next, the transition netal conpound represented by 10
the formula (VI) is described. [er wherein N---M
general ly denotes a coordi nate bond 5 between both atonms, but in the
present invention, the atons may_ be or may not be coordi nat ed.

I n the above mMesh¥l-a etivl, M‘P§°EYF-P ahsPprepyhetatbutyl, #sRWIeE oups 3 to
11 of the periodic table (G oup i ncl udes | ant hanoid), preferably a
metal atom ofse{gﬂwlrzGieSt{‘MYé-GliGpPSntnél@ﬂ@snﬂaﬁs!’ﬂahm d), nore
preferably a metal atom of Groups 3 to 5 and 9, particularly
preferably a met alst@ad@hér-chedipor brapchedaapkerybfgroups of 2 to

30 carbon atoms, preferably 2 to 20 carbon atoms, such
5 as vinyl, allyi and isopropenyl;
straight-chain or branched alkynyl groups of 2 to
30 carbon atoms, preférably 2 to 20 carbon atoms, such
as ethynyl and propargyl;
cyclic saturated hydrocarbon groups of 3 to 30
10 carbon atoms, preferably 3 to 20 carbon atoms, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
adamantyl;
cyclic unsaturated hydrocarbon groups of 5 to 30
carbon atoms, such as cyclopentadienyl, indenyl and
15 fluorenyl;
aryl groups of 6 to 30 carbon atoms, preferably 6
to 20 carbon atdms,‘such as éﬁenyl, naphthyl, biphenyl,
terphenyl, phenanthryl and anthracenyl; ahd |
alkyl-substituted aryl groups, such as tolyl, iso-
20 propylphenyl, t-butylphenyl, dimethylphenyl and di-t-
butylphenyl. |
The above hydrocarbon groups may be substituted
with halogen atoms, and examples thereof include
halogenated hydrocarbon groups of 1 to 30 carbon atoms,

25 preferably 1 to 20 carbon atoms, such as



160 such netal atoms include scandium titanium zirconium

haf ni um vanadi um ni obium tantalum cobalt, rhodium yttrium

chrom um nol ybdenum tungsten, nanganese, rhenium iron and
ruthenium O these, preferable are % scandi um titanium zirconium
haf ni um vanadi um ni obi um t ant! %n1 cobalt and rhodium nore

pref erabl e are titanium zirconium hafnium cobalt, rhodium

vanadi um ni obtusfandromethylmpemch flardropheanly and chjoebphaby?, aaee
titanium zirconiumand hafnium 10 mis an integer of 1 to 6,
preferably an abtegavablable. 1 to 3. Rl to R6 may be the sane or
different, and are each a hydrogen atom a hal ogen atom a hydrocarbon

group, a het er thgchbove ohpdtdcarias difoups nayy gdisoC @t ai ning 15
group, a nitrogen-containing group, a boron-containing group, a

sul fur - cont ai NgNbsel eupedawptil SetiRet Shydrocarstil &jrtiug 0P exdmples
silicon-containing group, a ger mani um cont ai ni ng group or a

H 2-cont ai g NJ the@eBEf includ8daiyp-HibPitutdd QIR Leueadako form a
v benzyl and cumyl.

Further, the above hydrocarbon groups may have
heterocyclic compound residues; oxygen-containing
groups, such as alkoxy gréups, aryloxy groups, ester

10 groups, ether groups, acyl groups, carboxyl groups,
carbonato groups, hydroxyl groups, peroxy groups and
carboxylic anhydride groups; nitrogen-containing group;,
such as amino groups, imino groups, amide groups, imide
groups, hydrazino groups, hydrazono groups, nitro

1§ groups, nitroso groups, cyano groups, isocyano groups,
cyanate ester groups, amidino groups, diazo groups and
ammonium salts derived from amino groups; boron-
containing groups, such as boranediyl groﬁps,
boranetriyl groups and diboranyl groups; sulfur-

20 containing groups, such as mercapto groups, thiocester
groups, dithioester groups, alkylthio groups, arylthio
groups, thioacyl groups, thiocether groups, thiocyanate
ester groups, isothiocyanate ester groups, sulfonester
groups, suifonamido groups, thiocarboxyl groups,

25 dithiocarboxyl groups, sulfo groups, sulfonyl groups,



20 Exanpl es of the hal ogen atons include fluorine, chl ori ne,

brom ne and i odi ne. Exanpl es of the hydrocarbon groups include:
straight-chain or branched al kyl groups of 1 to 30 car bon at ons,
preferably 1 to 20 carbon atons, sud®3s

161 met hyl , ethyl, n-propyl, isopropyl, n-butyl, isobutyl,

sec-butyl, teﬁﬁlﬁ&ﬁ&i gfﬁﬁﬁﬁﬂgdd éﬁﬂiéﬁyl ups; phospho%ﬁéalght chain or
branched aIkenyI groups of 2 to c§¥gbn atons, preferably 2 to 20

carbon at ons, céh€dining agroigy, .sudiH s Phds QEBOB%Bﬁbs phosgooryl

straight - chaln or branched al kynyl groups of 2 carbon atons,
preferably 2 &po s RorAll @roups, %5d%bmgﬁ5lg§gquropargyl
cyclic saturated ydrocar on groups of §>to 30 10 carbon atons,

preferably 3 &9120062659¢ B O gritils a%emanﬁﬁ‘rﬁ-'c%ﬁrt‘&mﬁll gCYELaBuL !

cycl opentyl, cycl ohexyl and adamant rc unsgturated
hydrocar b@n g58UPsn Séortd thidly groups.

Of the above groups, preferable are straight-chain
or branched alkyl groups of 1 to 30 carbon atoms,
preférably 1 to 20 carbop atoms, such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, fe;t—

10 butyl, neopentyl and n-hexyl; aryl groups of 6 to 30
carbon atoms, preferably 6 to 20 carbon atoms, such as
phenyl, naphthyl, biphenyl, terphenyl, phenanthryl and-
anthracenyl; and substituted aryl groups which are
substituted with 1 to 5 substituents such as halogen

16 atoms, alkyl or alkoxy groups of 1 to 30 carbon atoms,
preferably 1 to 20 carbon atoms, and aryl or aryloxy
groups-of.G to 30 carbon atom, preferably 6 to 20 carbon
atoms.

Examples of the oxygen-containing groups, the

20 nitrogen-containing groups, the boron-containing groups,
the sulfur-containing groups and the phosphorus-
containing groups as R! to R® include those previously
exemplified, respectively.

Exampies of the heterocyclic compound residues

25 include those derived from nitrogen-containing compounds



carbon atons, such as cycl opentadi enyl, indenyl and 15 fluorenyl;

aryl groups of 6 to 30 carbon atons, preferably 6 to 20 carbon atons,
such as phenyl ; napht hyl, biphenyl, t erphenyl, phenant hryl and
ant hracenyl ; and al kyl -sUb4tituted aryl groups, such as tolyl,

i so- 20 propyl phenyl, t-butyl phenyl, dinethylphenyl and di-t-
butyl phenyl . h Bie,aboye Qﬂg[o§§£§ﬂ?d au 4 sypptituted
wi t h hal ogen s;tconsa:S gr%rexanp gg %ihereo I nc uglé péu{@%a#(%enat ed

hydr ocar bon . Q : 810 p rabl QP carbon
a%/oms, such g{sﬁmr@' byl coRtaenifg an@ogﬁds %\%éf? 4 trifluoronethyl,
pentafluoropQﬁg&hra QR S ey ' I val | aby . The
above hydrocarbon'g%&ﬁi@ may gﬁgéhﬁg Esmpogﬂggt??ﬁ?e%éwf$i§§%$ﬁﬁ'

hydr ocar bon  GyRs,r i PHUBRY BRteRockBEEECkohBELHES Bhikn Sabsti tuted al kyl

groups such as
5 substituted with substituents such as alkyl or alkoxy

groups of 1 to 30 carbon atoms, preferably 1 to 20
carbon atoms.
The silicon-containing group is, for example, a
silyl group, a siloxy group, a hydrocarbon-substituted '
10 silyl group or a hydrocarbon-substituted siloxy group.
Examples of the hydrocarbon-substituted silyl groups
include methylsilyl, dimethylsilyl, trimethylsilyl,
ethylsilyl, diethylsilyl, triethylsilyl,
diphenylmethylsilyl, triphenylsilyl,
15 dimethylphenylsilyl, dimethyl-t-butylsilyl and
dimethyl (pentafluorophenyl)silyl. Of these, preferable
are méthylsilyl; dimethylsilyl, trimethflsilyl,
ethylsilyl, diethylsilyl, triethylsilyl,
dimethylphenylsilyl and triphenylsilyl. Particularly
20 preferable are trimethylsilyl, triethylsilyl,
triphenylsilyl and dimethylphenylsilyl. An example of
the hydrocarbon-substituted siloxy group is
trimethylsiloxy.
Exampies of the germanium-containing groups or the

25 tin-containing groups include those wherein silicon is



benzyl and cunyl. Further, the above hydrocarbon groups may have
het erocycl i ¢ conpound resi dues; oxygen-contai ni ng groups, such as
al koxy groups, aryloxy groups, ester 10 groups, ether groups, acyl
groups, carboxyl groups, carbonat o groups, hydroxyl groups, peroxy
groups and car boxylic anhydride qqups; ni t rogen-contai ni ng groups,
such as am no groups, imno groups, an de groups, imde gr oups,
hydrazi no groups, hydrazono groups, nitro 15 groups, nitroso groups, cyano
groups, isocyand€gr8ags, with geymaniun cx drinrigugdie #havienexgrpdpsiedi azo
groups and amoni um sal ts_derived fromam no groups; boron-
cont ai ni ng gr ouf$l1ls@RhCEBtALAEAG FYPURE oups, boranetriyl groups and
di boranyl groups; sulfur- 20 containing groups, such as nercapto groups,
t hi oest er gr oupThedabavemmertioped pxanples 9ff RlgtouBs, axe yhaxte o
groups, thioacyl groups,,thioether groups, thiocyanate ester groups,
i sot hi ocyanat e specifircalpy, describediloelow. groups, sul fonam do groups,
t hi ocar boxyl groups, 25 dithiocarboxyl groups, sulfo groups, sulfonyl
groups, 5 Of the preferred oxygen-containing groups as Rl to
Ré, preferred alkoxy groups include methoxy, ethoxy, n-
propoxy, isopropoxy, n-butoxy, isobutoxy and tert-
butox&; preferred arylox§ groups include phenoxy, 2,6-
dimethylphenoxy and 2,4, 6-trimethylphenoxy; preferred
10 acyl groups include formyl, acetyl, benzoyl, p-
chlorobenzoyl and p-methoxybenzoyl; and preferred ester
groups include acetyloxy, benzoyloxy, methoxycarbonyl,
phenoxycarbonyl and p-chlorophenoxycarbonyl.
Of the preferred nitrogen-containing groups as R?
156 to RS, preferred amino groups include dimethylamino,
ethylmethylamino and diphenylamino; preferred amido
groups include acetamido, N-methylacetamido and N-
methylbenzamido; preferred imido groups include
acetimido and benzimido; and preferred imino groups
20 include methylimino, ethylimino, propylimino, butylimino
and phenylimino.
Of the preferred sulfur-containing groups as Rl to
RS, preferred alkylthio groups include methylthio and
ethylthio;.preferred arylthio groups include phenylthio,

25 methylphenylthio and naphthylthio; preferred thiocester



163 sul finyl groups and sul fenyl groups; phosphorus- cont ai ni ng
groups, such as phosphi do groups, phosphoryl groups, thiophosphoryl
groups, phosphato groups; silicon-contai ning groups;
germani um contai ning groups; 5 or tjip-containing groups. O the
above groups, preferable are straighfl@@ain or branched al kyl groups
of 1 to 30 carbon atons, preferably 1 to 20 carbon atons, such as

met hyl , ethyl, groupsnipededé . acSOPIERYG, Bedddwlthiicsobutyl, sec-butyl,

tert- 10 butyl, neopentyl and n-hexyl; aryl groups of 6 to 30 car bon
atons, preferafkyhglthid0acboigl ald Bhesihidscarbonyilieplefeapat hyl ,

bi phenyl, terphenyl, phenanthryl and ant hracenyl; and substituted aryl

groups which ag@lfonestebsgrobupedintidad hactyilifddatyts such as hal ogen
15 atons, alkyl or al koxy groups of 1 to 30 carbon atons, prefe

1 to 20 carbon
atom preferab
oxygen-contsi n
bor on- cont ai ni

10

15

20

25

ly 0 20 carb ~at ons. - Exanples of the
09 FOnAHESo P8upd 0inflbdQ3SHePIE A flniHAURS. the

ng groups,
methylsulfonamido and N-methyl-p-toluenesulfonamido.

RS preferably is a substituent other than hydrogen,
more épécifically, a halogen atom, a hydrocarbon group,
a heterocyclic compound residue, an oxygen-containing
group, a nitrogen-containing group, a boron-containing
group, a sulfur-containing group, a phosphorus-
cdntaining group, a silicon-containing group, a
germanium-containing group or a tin-containing group.

Preferred examples of the hydrocarbon groups RS
include straight-chain or branched alkyl groups of 1 to
30 carbon atoms, preferably 1 to 20 carbon atoms, such
as methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, tert-butyl, neopentyi and n-hexyl;
cyclic saturated hydrocarbon groups of 3 to 30 carbon
atoms, preferably 3 to 20 carbon atoms, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
adamantyl; aryl groups of 6 to 30 carbon atoms,
preferably 6 to 20 carbon atoms, such as phenyl,
naphthyl, Biphenylyl and triphenylyl; arylalkyl groups

of 7 to 30 carbon atoms, preferably 7 to 20 carbon

rably

R19TEu128M286Y hnd" pHEXY I Fonatd¥ WP fferlrizeqd0 car bon
on



t he sul fur-containing groups and the phosphorus- cont ai ni ng groups as

Rl to R6 include those previously exenplified, respectively. .
Exanpl es of the heterocyclic conpound residues 25 include those derived
from ni trogen-contai ni ng conpounds 167 _ 164
such as pyrrole, pyridine, pyrimdine, quinoline and triazine;

oxygen- cont ai Qi §fs C 0L, qg§liﬁﬁndﬂ:ﬁ%H¥S$F%%ggFﬁg gpﬁ§?95 gyéfur-containing

conmpounds such as thiophene; er €rocyclic conpounds
o oups of 1 1500 b b ot R el S AR bR
oroup. & nycr SLarerOf BT Spehly SR “prdterspry) 1Vbo02guR & SO
hy 0Car bon SUIELLAU e | BH1GHEENRA aricr SRS B3t 88 30 carbon

i et hy! Sigv1 bl MbRukSkAly 1 to 29 Btk oS! AT bY aryiony

triethylsi

groups of 6 to 30 carbon atom, preferably 6 to 20 carbon
atoms, halogens, cyano group, nitro group and hydroxyl
grouﬁ. _
Preferred examples of the hydrocarbon-substituted
10 silyl groups RS include methylsilyl, dimethylsilyl,
trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl,
diphenylmethylsilyl, triphenylsilyl, .
dimethylphenylsilyl, dimethyl-t-butylsilyl and
dimethyl (pentafluorophenyl)silyl. Particularly
15 preferable are trimethylsilyl, triethylsilyl,
diphenylmethylsilyl, triphenylsilyl,
dimethylphen&lsilyl, dimethyl-t-butylsilyl and
dimethyl (pentafluorophenyl)silyl.
In the present invention, R® is particularly
20 preferably selected from branched alkyl groups of 3 to
30 carbon atoms, preferably 3 to 20 carbon atoms, such
as isopropyl, isobutyl, sec-butyl, tert-butyl and
neopentyl, these alkyl groups substituted with aryl
groups of é to 30 carbon atoms, preferably 6 to 20

25 carbon atoms, such as cumyl, and cyclic saturated



di phenyl nethyl silyl, triphenylsilyl, 15 dinmethyl phenylsilyl,

di met hyl -t-butylsilyl and di nmet hyl ( pent af | uorophenyl )silyl. O these,
pr ef erabl e are nmethylsilyl, dinmethylsilyl, trinmethylsilyl,

ethylsilyl, diethylsilyl, triethylsilyl di met hyl phenyl silyl and
triphenylsilyl. Particularly 20 préﬁﬁiable are trimethylsilyl,

triethylsilyl, triphenylsilyl and di nmet hyl phenylsilyl. An exanpl e of

t he hydrocar boRg§HbeAFbéY egrSUPPIIE B QWP 3I0S carbon EtbABY hpkeELLXN1y 3
Exanpl es of the germani um containing groups or the 25 tin-containing

groups includegbhpgecyhvs®i desih) i 6ifth il adamantyl, cyclopropyl,

165 replaced with germaniumor tin in the above-exenplitied
si |i con- cont ai gi8YcBHeYPS - cyclopentyl HIRI aBRMRHERMI;0B6d g¥apphegiof RL to
R6 are nore & speci icaI)(y dpescrllrbed bellow. 5 O the gief erred

oxygen- cont ai ni;pg,g50YPSe 880 Rlo t@arbon atoms, preferably 6 to 20

5 carbon atoms, such as phenyl,'naphthyl, fluorenyl,
anthranyl and phenanthryl, and hydrocarbon-substituted
silyl groups.

or Two or more groups, preferably adjacent groups, of
the groups R! to RS may be bonded to form an alicyclic
10 ring, an aromatic ring or a heterocyclic ring containing
a hetero atom such as a nitrogen atom. These rings may
have substituents. .

When m is 2 or more, two groups of R! to RS may be
bonded, with the proviso that two R! are not bonded each

15 other. Further, when m is 2 or more, each R!, each R?,
each R3, each R%, each R5 or each R® may be the same or
different, respectively.

n is a number satisfying the valence of M,
specifically an integer of 0 to 5, preferably an integer

20 of 1 to 4, more preferably an integer of 1 to 3.

X is a hydrogen atom, a halogen atom, a hydrocarbon
group, an oxygen-containing group, a sulfur-containing
group, a nitrogen-containing group, a boron-containing
group, an éluminum—containing group, a phosphorus-

25 containing group, a halogen-containing group, a



R6, preferred al koxy groups include nethoxy, ethoxy, n- pr opoxy,

| sopropoxy, n-butoxy, isobutoxy and tert- but oxy; preferred aryl oxy
groups i nclude phenoxy, 2, 6- di et hyl phenoxy and -
2,4,6-trinethyl phenoxy; preferred 10 acyl groups include fornyl, acetyl,
benzoyl, p- chl orobenzoyl and p-ygghoxybenzoyl; and preferred ester
groups include acetyl oxy, benzoyl oxy, nethoxycarbonyl, phenoxycar bonyl
and p-chl orophgnoxycarhonyl . O the preferred nitrt -cont ai ni ng
roups s R1 BBESKRRETR compound resiBud.o i BRI R AR A no.

et hyl met hyl am no_and di phenyl am no. preferred am dg .. gro .1 ncl ude
acetam do, N mEERYPacE: ARFABIARE fentaining GRS Fum G SPERAEPEHY: m do

groups i ncl ude acetim do,angd bepzin do; an referred imno groups 20
i ncl ude net hyl PFPHE eﬁhﬁpiﬁiﬁﬁ, pr%ﬁ?Tg%ﬁﬁdF“b |43ﬂ FG™€ O and
phenyl i m no. O the preferred sulfur-containing groups as Rl to

R6, preferred Qﬁﬁ;??ﬁpﬁ°groups I ncl ude nethylthio and et hyl t hi o;

preferred arylthio groups include phenglthio, 25, nethyuphen | thio and
napht hyl t hi®; pref eF*<8¥PLRF 8t Ehe hal luorine,

gen atoms include
chlorine, bromine and iodine.

Examples of the hydrocarbon groups include those
prévibusly exemplified with respect to Rl.to RS.
Specifically, there can be mentioned alkyl groups, such

10 as methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl,
dodecyl and eicosyl; cycloalkyl groups of 3 to 30 carbon
atoms, such as cyclopentyl, cyclohexyl, norbornyl and
adamantyl; alkenyl groups, such as vinyl, propenyl and

~ cyclohexenyl; arylalkyl groups, such as benzyl,

15 phenylethyl and phenylpropyl; and aryl groups., such as
phenyl, tolyl, dimethylphenyl, trimethylphenyl,
ethylphenyl, propylphenyl, biphenyl, naphthyl,
methylnaphthyl, anthryl and phenanthryl, but not limited
thereto. The hydrocarbon groups include halogenated

20 hydrocarbons, specifically, hydrocarbon groups of 1 to
20 carbon atoms, each of which is substituted with at
least one halogen atom.

Of these, preferable are hydrocarbon groups of 1 to

20 carbon atoms.



166 groups include acetylthio, benzoylthio, met hyl t hi ocar bonyl

and phenyl t hi ocarbonyl; preferred sul fonester groups include

met hyl sul f onat o, . et hyl sul fonato and phenyl sul fonato; and preferred 5
sul fonani do groups include phenyl sul f ppgm do, N net hyl sul f onani do and
N- net hyl - p-t ol uenesul f onam do. R6 preferably is a substituent

ot her than hydrogen, nore specifically,_a hal ogen aton1 a drocarbon
group, a heterotESPé‘IR]@Sc&?p(‘}g‘ﬁdhﬁéﬁrFﬂGEClaﬁ eopReRR Frasidh er%

group, a nitrogen- contalnlng group, a boron-containin q

sul f ur - cont ai ni WFFRFhosRISYHERELY exemplifigd i %‘g’??ﬁ&ﬁcra to R
silicon- contalnlngﬁgroup a ger mani um contai ni ng group or a
tin-containing % Preferred exanpl es of the hydrocarbon
groups R6 15 |nclude strai ght-chain or branched al kyl groups of 1 to
30 carbon atoms, prcERRIss Ph &hgooaqgsgncapéﬁsméqcaroups ckuday| |
ethyl, n-propyl, isopropyl, n-buty i sobutyl, sec-butyl, tert butyl
neopentyl afd ntMQﬁgdPreVlouS%WCﬁﬁ@m@éﬂﬁﬁgﬂevlﬁydrgéﬁﬁgént@r%ﬁu&? -3 to 30

car bon
Specifically, there can be mentioned a hydroxyl group;

alkoxy groups, such as methoxy, ethoxy, propoxy and
. bu,_t:ox'y; aryloxy groups, such as phenoxy, methylphenoxy,
dimethylphenoxy and naphthoxy; and arylalkoxy groups,
10 such as phenylmethoxy and phenylethoxy; acetoxy group;
and carbonyl group, but not limited thereto.

Examples of the sulfur-containing groups include
those previously exemplified with respect to R! to RS.
Specifically, there can be mentioned sulfonato groups,

15 such as methylsulfonato, trifluoromethanesulfonato,
phenylsulfonato, benzylsulfonato, pjtoluenesulfonato,
trimethylbenzenesulfonato, triisobutylbenzenesulfonato,
p-chlorobenzenesulfonato and
pentafluorobenzenesulfonato; sulfinato groups, such as

20 methylsulfinato, phenylsulfinato, benzylsulfinato, p-
toluenesulfinato, trimethylbenzenesulfinato and
pentafluorobenzenesulfinato; alkylthio groups; and
arylthio groups, but not limited thereto.

Examples of the nitrogen-containing groups include

25 those previously exemplified with respect to R! to RS.



20 atons, preferably 3 to 20 carbon atons, such as cycl opropyl,

cycl obutyl, cyclopentyl, cycl ohexyl and adamantyl ; aryl groups of 6
to 30 carbon atons, preferably 6 to 20 carbon atons, such as phenyl,
napht hyl , bi phenylyl and triphenylyl; arylalkyl groups 25 of 7 to 30
carbon atons, preferably 7 to 20 car 1

167 atons, such as benzyl; and these groups which are substituted
with substit UeBFéciBQEai&yéﬂ Kﬂér@rc&{\ KOX Ynent i orHP RS affind EQO&B ;carbon
atons, preferab 1to 20 carbon atons, hal ogenated al groups of 1
to 30 carbon 51k§'18ﬂ§nop§;§6§15§b| duydh L HLEAFRER R, Om&w&aﬁ&ner yl oxy
groups of 6 to 30 carbon atom preferably 6 to 20 car on at ons,

hal ogens,  cyang;gtayRamithb! 0dghbP ﬂ%drcﬁ?ﬁﬂ

Preferred exanples of the ﬁydrocar 'stituted 10 S|Iyl groups R6

I T T
$ groups, such as phenylamino, diphenylamino,
ditolylamino, dinaphthylamino and methylphenylamino, but
not limited thereto.

Examples of the boron-containing groups include BRy
(R is, for example, a hydrogen atom, an alkyl gfoup, an

10 aryl group which may have a substituent and a halogen
atom) .

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

15 tricyclohexylphosphine; triarylphosphine groups, such as
triphenylphosphine and tritolylphosphine; phosphite
groups (ihcluding phosphido groups), such as
methylphosphite, ethylphosphite and phenyiphosphite;
phosphonic acid group; and phosphinic acid group, but

20 not limited thereto.

Examples of the silicon-containing groups include
those as previously exemplified with respect to R! to RS.
Specifically, there can be mentioned hydrocarbon-
substituted silyl groups, such as phenylsilyl,

25 diphenylsilyl, trimethylsilyl, triethylsilyl,



di met hyl phenyl silyl, dinmethyl-t-butylsilyl and

di met hyl ( pent af | uor ophenyl ) si |l yl. Particularly 15 preferable are
trinmethylsilyl, triethylsilyl, di phenyl net hyl silyl, triphenylsilyl,
di met hyl phenyl silyl, dinethyl-t- butyl1s}éyl and
di et hyl (pent af | uor ophenyl ) sil yl. In the present invention, R6 is
particularly 20 preferably selected frombranched al kyl groups of 3 to

30 carbon at oneriprepelsblyl 3 tha G lodreyl sdflyds, tsaphenylsiligli sopropyl,

I sobutyl, sec-butyl, tert-butyl and neopentyl, these al kyl groups
substitut ed wthéthylYdiphenylpidiyls ofrifhdlylsdlydr bad srdmaphphelsihply 6 to
20 25 carbon atons, such as cunyl, and cyclic saturated

168 hy dr ohpd bota givenssuled t i utedd @ idarlb@thatromeroupsefl snahl gs 3 to
20 carbon atom such as adamantyl, cycl opropyl,. cycl obutyl,

cycl opentyl angrimetBpbxylyl astthet ;s & idrion-substituweedohlRyl ogBuss) bon
atons, preferably 6 to 20 .
S5 such as trimethylsilylmethyl; and silicon-substituted
aryl groups, such as trimethylphenyl.
Examples of the germanium-containing groups include
. those'préviously exemplified with respect to R! to RS.
Specifically, there can be mentioned groups wherein
10 silicon is replaced with tin in the above-exemplified
silicon-containing groups.

Examples of the halogen-containing groups include
fluorine-containing groups, such as PFg and BRy;
chlorine-containing groups, such as Cl0; and SbClg; and

15 iodine-containing groups, such as I04, but not limited
thereto.
| Examples of the aluminum-containing groups include
AlOg (R is, for example, a hydrogen atom, an alkyl
group, an aryl group which may have a substituent or a
20 halogen atom), but not limited thereto.

When n is 2 or more, plural X may be the same or
different, and plural X may be bonded to form a ring.

Examples of the transition metal compounds
represented by the formula (VI) are given below, but not

25 limited thereto.



5 ~carbon atons, such as phenyl, naphthyl, fluorenyl, ant hranyl and
phenant hryl, and hydrocar bon-substituted silyl groups. Two
or nore groups, preferably adjacent groups, of the groups RL to R6 may
be bonded to forman alicyclic 10 rijy, an aromatic ring or a

het erocyclic ring containing a ﬂéﬂgro atom such as a nitrogen atom
These rings may have substituents. Wen mis 2 or nore, two
groups of Rl to R6 Faythe followigruexkampilias,t Me ijsr avitsanshatiotwoeBdlar e not
bonded each 15 other. Further, when mis 2 or nore, each Rl, each R2,
each R3, each &Yomeaspe®Rbficakhc SRE Iy, MH (TIIX)samd (GV), Zr(drtferent,
respectively. nis a nunber satisfying the valence of M
specifically aBrilivegeHfOIVD, tO(E) pnéd Griablma (an ,i Todgan , 26 (1af)]l to 4,
nore preferably an integer of 1 to 3. X is a hydrogen atom a
hal ogen at om Bhi{g@) ocRhYDOI) or RigtDIp, kart motgdrinmdeeidaithiergtgl OUPF a

sul fur-containi ng group, a nitrogen-containing group, a

bor on-cont & ni ehese, prgfengblanis|TidIVin G )NICY HF(@W).. a phosphor us-
25 contai ning group, a hal ogen-containing group, a

X is halogen such as Cl or Br, or an alkyl group
such as methyl, but not limited thereto. When plural X
are pfesent, they may be the same or different.
n is defined by the valence of the metal M. For
10 example, in the case where two monoanions are bonded to
thé metal M, if the valence of M is 2 then n=o; if the
valance of M is 3 then n=1; if the valence of M is 4
then n=2; and if the valence of M is S5 then n=3. Thus,
for example, if the metal is Ti(IV) then n=2; if the
15 metal is Zr(IV) then n=2; and if the metal is Hf(IV)

then n=2.



169 het er ocycl i ¢ conpound residue, a silicon-containing group, a

ger mani um cont ai ni ng group or a tin-containing group. Wien n is 2,
plural X nay be the sane or different. 5 Exanpl es of the hal ogen
atons include fluorine, chl orine, brom ne and i odine. .

Exanpl es of the hydrocarbon groups include those previ ously
exenplified with respect to RL to Rp74 Specifically, there can be

menti oned al kyl groups, such 10 “as nethyl, ethyl, propyl, butyl, hexyl,
octyl, nonyl, dodecyl and eicosyl; cycloal kyl groups of 3 to 30 carbon

ycl ohexyl, norbornyl and adamantyl ;

prop y and \eyclohe ; arylalkyl ’
£heny| and pu ,/Ipropyl d aryl groups,

' -thylpheny

such as phen tolyl, p nethylp nyl , tr|
et hyl phenyl , pro@ipdexyl, BFpiauw! et hyl ant hryl
and phenant hryl, jpot | i{.m t €1

d ‘ < 0 z

\ ) nPr

atons, such as cygl
al kenyl groups,
groups, such as e

opentyl,




thereto. The hydrocarbon groups include hal ogenated 20 hydrocarbons,

specifically, hydrocarbon groups of 1 to 20 carbon atons, each of
which is substituted with at | east one hal ogen at om O
t hese, preferable are hydrocarbon groups of 1 to "~ 20 carbon atons.
170 Exanpl es of the heterocyclic conpound residues I ncl ude
t hose previously exenplified with régpect to Rl to R6.

Exanpl es of the oxygen-containing groups include 5 those previously
exenplified with respect to RL to R6. Specifically, there can be
menti oned a hydroxyl group; al koxy groups, such as net hoxy, ethoxy,
pr opoxy and but oxy; ar phenoxy, pget hyl phenoxy,

di et hyl pheno nd naphth
phenyl nmet hoxy d phenylet

not limted th }{d&
i ncl ude X0

ps, 1 ch as
and c nyl group, but
fur-cont i ng groups



those previously exenplified wth respect to RL to R6. Speci fically,
there can be nentioned sul fonato groups, 15 such as nethyl sul f onat o,

trifluoronethanesul f onat o, phenyl sul f onat o, benzyl sul f onat o,
p-t ol uenesul f onat o, trimet hyl Berg@enesul f onat o,
triisobutyl benzenesul f onat o, p- chlorobenzenesulfonato and

pent af | uor obenzenesul f onat 0; sulflnato groups, such as

met hyl sul finato, pQenylsul figato, ~benzyl sul finatQ,

t ol uenesul fi nato enesu rifato an

pent af | uor obenzekheg#l f i ,.‘kylth roups [

but not limted th . e ni trogepscontaining

groups i ncl ude
171 Speci fi
al kyl am no gro
di propyl am no,
al kyl aryl am no

P& hyl ani no
aryl am no or



5 groups, such as phenyl am no, di phenylam no, di t ol yl am no,

di napht hyl am no and net hyl phenyl am no, but = . not linmted thereto.
Exanpl es of the boron-containing groups include BR4 (Ris, for

exanpl e, a hydrogen .atom an al kyl group, an 10 aryl group which nay have
a substituent and a hal ogen aton . Exanpl es of the
phosphor us- cont ai ni ng groups | pgude tri al kyl phosphi ne, groups, such as
trimet hyl phosphi ne, tributyl phosphine and 15 tricyclohexyl phosphine;
triaryl phosphi ne groups, such as tri phenyl phosphi ne and

tritolyl phosphi ne; phosphite groups (including phosphido groups), such
as nmet hyl 3 R

phosphoni ¢ aci imted
t her et 0.

those as previg
Speci fically,
groups, such
triethylsilyl




172 | tripropylsilyl, tricyclohexylsilyl, triphenylsilyl,
nmet hyl di phenylsilyl, tritolylsilyl and trinaphthylsilyl;

hydr ocar bon-substituted silyl ether groups, such as trimethylsilyl
ether; silicon-substituted al kyl groups, 5 such as trinmethylsilylnethyl;
and silicon-substituted aryl groups, such as trinethyl phenyl.

Exanpl es of the gernmani um cont ai ni nd 78 oups i ncl ude t hose previously
exenplified with respect to RL to"R6. Specifically, there can be

menti oned groups wherein 10 silicon is replaced with tin in the
above-exenplified si | i con-cont aijni ng groups. Exanpl es of the
hal ogen- cont ai ni roups g i groups, such as
PF6 and BR4; | ori ne i ni ) land Sbd 6; and
15 iodine-contail ng groupy’ > i m e t her et o.

Exanpl es of the By CORDRI N ‘ ' (Ris, for
exanpl e, a hydrdgen om f VW@ﬂ ” '
2 , _ ) 0l2

tBu t8u
18 u C@
TNMAN -
of ] 2
tBu Bu

T
1

O

; Z i:/ T
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group, an aryl group which may have a substituent or a 20 hal ogen atonm,

but not limted thereto. . Wien nis 2 or nore, plural X may be the
same or different, and plural X may be bonded to forma ring.

Exanpl es of the transition nmetal conpounds represented by the formul a
(M) are given below, but not 25 I|imted thereto.

173 In the foll owing exanh¥8s, Mis a transition netal atom
specifically Sc(ll1), Ti(lll), Ti¢lV), zZr(lil), Zr(1V), H(IV), V(IV),
No(V), Ta(V), Co(ll), Co(llIl), Rh(l1), R(Il1l) or Rh(IV), but not
limted thereto. OF 5 these, preferable is Ti(l1V), Zr(IV) or H (I1V).

X is halogen such as d or Br, or an al kyl group such as nethyl, but

not limted ther V\hen phYr4aN X CN are present, the may be the sane
or different. efl ned the wal ejfice M For
exanple, in the secNhere 70 nonogni qns are he net al

i f the val ence of MX&"Z thg\n=o; i he
5(“ :
tBu )

u



val ance of Mis 3 then n=1; if the valence of Mis 4 then n=2; and if

the valence of Mis 5 then n=3. Thus, for exanple, if the netal is
Ti(lV) then n=2; if the. 15 nmetal is Zr(I1V) then n=2; and if the netal is
Hf (1V) t hen n=2. 174 [err] : 175 [err] 176
[err]

180

Ph
QEt Ph
7~ “OH Ph/Y\OMe PN/\)%H
- Xn = ) ..







182 [err] 183 [err] 184 [err]

181 [err]
185 [err]

182



186 [err] 187 [err] 188 [err] 189 [err]
[err] '

183

' /ﬂ/ 2 k/\m
IN\XH Q:2 )
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Ph P h it

190



191 [err] 192 [err] 193 More specific
exanpl es of the transition netal conpounds are given below J[err]
194 [err]

184




195 [err] 196 [err] 197

In the above exanples, Me denotes a nethyl group, Et denotes an et hyl
group, i Pr denotes an isopropyl group, tBu denotes a tert-butyl group,
and Ph denotes a phenyl group. 5 Next, the transition netal

conpound represented by t he for?uga (VIl) is described. [err]




10 In the above fornmula, Mis a transition netal atom of G oups.

3 to 11 of the periodic table. Rl to RIO may be the sane or
different, and are each a hydrogen atom a hal ogen atom a hydrocarbon
group, a het er ocycl i ¢ conpound resi due, an oxygen-containing 15
group, a nitrogen-containing grcuuxkébboron-containing group, a

sul fur-containing group, a phosphor contai ning group, a
silicon-containing group, a - germani um contai ning group or a
tin-containing group, and two or nore of them may be bonded to forma
ring. 20 n is a nunber satisfying the val ence of M Xis a
hydr ogen atom a hal ogen atom a hydrocarbon group, an

oxygen-cont ai ni ng group, a sulfur-containing
198 :




group, a nitrogen-containing group, a boron-containing group, an
al um num cont ai ni ng group, a phosphorus- contai ning group, a

hal ogen- cont ai ni ng group, a lé cyclic compound residue, a
silicon-containing 5 group, a ger i um containing group or a

tin-containing group. Wien nis 2 or nore, plural X may be the sane or
different, and may be bonded to forma ring. Y is a dival ent
bondi ng group containing at | east one el ement selected fromthe group
consi sting o : xygen, sulf carbon, nitrogen, phosphorus, silicon,
sel enium ti/n T bdy on. When o 0 t he

hydr ocar bonf g .a ondi ngf gROUR nore carbon

at ons. i ef er aff | ’ ' at 15 |east

one of R6 &
hydr ocar bonigriQ
oxygen- conté\n|*g gfQup, a
bor on- cont ai ni ng group, a
phosphor us-contai ning group, 20 a silicon-containing group, a

ger mani um cent ai ni ng group or a tin-containing group. As
M Rl to the for a_(V

M,




can be enployed those exenplified-with respect to M RL to R5 and X
in the formula (VI), respectively. Exanples 25 of Y are described |ater.

199 The transition netal conpound represented by the formul a
(M'1) preferably is a transition netal conpound represented by the
following formula (VIl-a). [err] 1 5 In the above formula,
Mis a transition netal atom of éﬁoups 3 to 11, preferably of Goup 4
or 5, nore preferably of Goup 4, in the prioridc table, for 10
exanple, titanium zirconiumor hafnium particularly titani um

Rl to R1I0O may be the sane or different, and are each




a hydrdgen atom a hal ogen atom a hydrocarbon group, a .
hydrocar bon-substituted silyl group, an al koxy group, an 15 aryloxy group,

an ester group, an am do group, an an no - group, a sulfonam do group, a
nitrile group or a nitro group. Two or nore groups, preferably

adj acent groups, of Rl to R10 mpggbe bonded to forma ring. n
is a nunber satisfying the valence. of M wusually 20 an integer of 0 to 4,
preferably an integer of 1 to 4, nore preferably an integer of 1 to 3.
200 X is a hydrogen atom a hal ogen atom a hydrocarbon

group of 1 to 20 carbon atons, a hal ogenated hydrocarbon group of 1 to

20 carbon atons oX -cont ai ni ng group, a sulfur-containing group

or a silicon-co} nin group., en NS 2 or moes, pluyFsl X nmay be
the same or refit, and eb dto for rin Y
is a dival ent bondid® gmup contain] ng, at Jeast OYfe el ehgnt sel ect ed
( rXi ngyof Efz;g; Xn
8 g S

e Y LD
2. 2.2 oo

\

tBu




oxygen, sul fur, carbon, nitrogen, phosphorus, silicon, 10 selenium tin
and boron. When Y is a hydrocarbon group, t he hydrocarbon group is a
bondi ng group conprising 3 or nore carbon atons. Such a
bondi ng group has a structure whed8Gh the main chain is constituted of
preferably 3 or nore atons, 15 nore preferably 4 or nore atons,
particularly preferably 4 to 10 atons. The bondi ng group may have a
substi tuent. It is preferable that in the formula (VIl-a), at

| east one of R6 and R10, particularly each of them is a 20 halogen atom
a hydrocarbon group, a hydrocarbon- substituted silyl group, an al koxy
group, an arylo } 1 do group, an am no
group, a a nitro group.

Exanpl es of X fan .25 include those
described with respect Mxa
201 in the f




preferably a hal ogen atom a hydrocarbon group of 1 to 20 carbon atons

or a sulfonato group. Wien nis 2 or nore, the ring forned by bondi ng
two or nore of X may be 5 an aromatic ring or an alicyclic ring. )
Exanpl es of the dival ent bonding groups Y include chal cogen at ons,
such as -O, -S- and -Se-; nitrogen- or . phosphor us-cont ai ni ng groups,
such as -NH, -N(CH3)-, -PH _and -PBAH3) -; silicon-containing groups,
such as 10 -SiH2- and -Si (CH3)2-; tin-containing groups, such as

-SnH2- and -Sn(CH3) 2-; and boron-contai ning groups, such as -BH,
-B(CH3)- and -BF-. Exanples of the hydrocarbon groups incl ude
saturated hydrocarbon groups of 3 to 20 carbon atons, such as
-(CH2)4-, -(CH2)5-, and -(CH2)6-; 15 <cyclic saturated hydrocarbon groups,
such as cycyefexyl i dewe and cycl ohexyl ene; these saturated

hydr ocar bon gr ogaf g ly substityted wit __hydrgcar bon

and brom ne, aphd h
phosphorus, sili
unsat ur at ed

benzene, napht



het er ocycl i ¢ conpounds having 3 to 20 carbon atons and

202 containing hetero atons (e.g., pyridine, quinoline, t hi ophene and
furan). Li sted bel ow are exanples of the transition neta

conpounds represented by the fornula (Vlligzbut not 5 limted thereto.

203 [err] 204 [err]




205 In the above exanples, Me denotes a nethyl group, Ph
denotes a phenyl group, and tBu denotes a tert-butyl group.

In the present invention, transition nmetal 5 conpounds wherein titanium
is replaced with a netal otherttmibéitaniunl such as zirconi um or
haf ni um in t he above conpounds ar | so enpl oyabl e. The
transition netal conpounds represented by the formulae (VI) and (V1)
can be prepared mﬁthoMPerenééificlékadéIééEﬂﬂ<Hhefﬂ?iﬂéﬁ%ﬁo&aﬂ g, Prepared
by, for exanple, the foll ow ng process. Frist pl ace,
the ligand for ceesPPUDdsngrehgiven bdYansiti on metal conpound accordlng to
the i nvention can be obtained by reacting a salicyl al dehyde conpound
with 15 a primary am ne conpound of the formul-a RI-NH2 (Rl has t he
same neaning as defined for RL in the fornula (V) and (M1)), e.g.,
an aniline conpound or an' al kyl am ne conpound. In nore detail, the
both starting materials " are dissolved in a solvent, for exanple, any
of those :




20 comonly used for such reactions, preferably an al cohol sol vent s,

such as net hanol or ethanol or hydrocarbon sol vents, such as tol uene.
The resulting solution is stirred for about 1 to 48 hours at room
tenperature to reflux tenperature to obtain the corresponding |igand
in 25 a high yield. 194 206 In the
synthesis of the ligand conpound, catalysts, for exanple, acid
catal ysts, such as formc acid, acetic acid or toluenesul fonic acid
may be used. In order to proceed the reaction, it is also possible to
use 5 anhydrating agents, such as nol ecul ar sieves, magnesi um
sul fate or sodiumsulfate, or to perform dehydration by the D en and
Stark met ho n the next place, the |igand obtai ned above can be
reacted wth conmpoundfcontai ning the transition netal 10 M to
synt hesi ze tfhg. correspdngdi ng transjtion netal conmpound. nor e
detail, the esultlngl and is @ ©
Be- TiC1 -
};gch ),ncx, o){ 2 o7,
MeO

SiECy

© @ © >

N-o3 -2 " Negic1 2 TYirel,
2 STicCl, Szrcl, ~TiCla o
o 2
i~ "~

N-.2
z STiCly
0
2

Ph

Ph

N N N-- Zane Szrcl
Fope e £ £ S
Q A 2
2
SiPhzMe ’

SiPhyMe



di ssolved in a solvent, and if necessary, is contacted with a base to
prepare a phenoxide salt, followed by mxing with a netallic conpound
such as a netallic 15 halide or a netallic alkylate at a | ow tenperature,
and stirring for about 1 to 48 hours at -78 [err]C to room
tenperature or under reflux. Any solvents commonly used I n such
reactions are enpl oyable, and preferable are pol ar sol vents such as
ethers, e.g., tetrahydrofuran 20 (1 g), and hydrocarbon sol vents such as
t ol uene. Preferred exanpl es of the bases used for preparing the
phenoxi de salt include, but not limted to, netallic salts such as
lithiumsalts (e.g., n-butyllithium and sodiumsalts (e.g., sodium
hydri de), and organi c bases 25 such as triethylamne and pyridine.

207 pendi ng on e properties of the compound, the step of
preparing a p\ Oi de sal ¢ be omtted and - the ligand can be
directly react | F ' .




conpound to synthesize the corresponding transition 5 netal conpound.

It is possible to replace the netal atomMin the synt hesi zed

transition nmetal conpound w th anot her -transition netal in a .
conventi onal manner. Further, any one of RL to R6 which is hydrogen can
be substituted wth 10 a substituent other than hydrogen at any synthesis
st eps. Next, the transition | conmpound represented by t he
formula (MI1) is described. [err] 15 In the above
formula, Mis a transition nmetal atom of Goups 8 to 11, preferably of
Goup 8 or 9, of the periordic table, such as iron, ruthenium osnm um
20 cobalt, rhodiumor iridium particularly preferably iron or cobalt.

Y 99
}m, &( }m, 5;02::&1, &;}mz
@ - G

_ ph\|
N‘~ N‘-. - N* -
- TiCl, / czecl, [ °Ticl, £ S2rCl, ¢
o (] o)
2 2 2
Cl1l
©\ c1 szHu Tcsﬂu

N-.> N-.
= Jzrcl, (¢ Sric,
o 0
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208 Rl to R4 may be the sane or different, and are each a
hydr ogen atom a hal ogen atom a hydrocarbon group, a hal ogenat ed
hydr ocar bon group, a heterocyclic conpound resi due, an
oxygen-cont ai ni ng group, a nitrogen-1§§ cont ai ni ng group, a
bor on- cont ai ni ng group, a sul fur- cont ai ni ng group, a
phosphorus-contai ni ng group, a silicon-containing groug, a
gernaniun}containih@ﬂgéhﬁuﬁbove amplesn- Mendgnateg grvaphyl group,
Exanpl es of the hal ogen atons include fluorine, 10 chlorine, bromne and
i odi ne. Et deneks’ & drthe arpitoc 4PFoAegrsepsannisapeobylt not
limted to, straight-chain or branched al kyl groups of 1 to 20 carbon
atoms, such asgwedby|tBetrdgnotes @ digrt-butyl greppbepghd Ehpdenotes smbutyl ,
sec- butyl, tert-butfl, 15 pentyl and hexyl; aryl groups of 6 to 20 carbon
at ons, suehergl pgeey, napht hyl and anthryl; and substituted aryl
groups which are substituted with 1 to 5 substituents such as al kyl
groups of Hto 20 cekbn the trmsis;iany aekallk gompoonds repuebensed by
cycl opentyl,

the formula (VII) is described.

o RL /7N g
R3 N., 7
[ \MI
7\
R o *n'o RS
... (VII)
RS RS RlO R9
10 In the above formula, M is a transition metal atom

of Groups 3 to 11 of the periodic table.
R! to R0 may be the same or different, and are each
a hydrogen atom, a halogen atom, a hydrocarbon group, a
heterocyclic compound residue, an oxygen-containing
15 group, a nitrogen-containing group, a boron—contaiﬁing
group, a sulfur-containing group., a phosphorus-
containing group, a silicon-containing group, a
germanium-containing group or a tin-containing group.
and two or more of them may be bonded to form a ring.
20 n is a number satisfying the valence of M.
X is a hydrogen atom, a halogen atom, a hydrocarbon

group, an oxygen-containing group, a sulfur-containing



20 " cycl ohexyl, norbornyl and adamantyl; al kenyl groups, such as

vi nyl, propenyl and cycl ohexenyl; and aryl al kyl groups, such as
benzyl, phenyl ethyl and phenyl propyl . Exanpl es of the

hal ogenat ed hydr ocarbon groups 1igg! ude groups wherein the
above-exenplified hydrocarbon 209
groups are substituted wth hal ogens,, but not limted t hereto.
Exanpl es of t 8RR erdHEHET T I |grqae. 2 %HFPP6§EH§€bﬂ%%9ning

het er ocycl i ¢ conpounds, o en- 5 containing heterogycljc conpounds and
sulfur-contain?ggup' anh%f TR & dgh ,°q§ﬂ:angﬁoﬁphPFBE‘thereto.
Exanpl es of the oxygen-containing groups, the , . nitrogen-containing
groups, the boFBﬁg%gﬁ%’égn?ﬁ@‘%'r qugialogen-qoptadRimg 9XeNPai Ri ng groups and
t he phosphorus- 10 confaining groups jncludemthose previously described
with respect tBeRETPEYRELT COMPOYRA ASiqua,) a silicopsGertpdBARI put not
limted thereto. -

group, a germanium-containing group or a tin-containing

group. When n is 2 or more, plural X may be the same or
different, and may be bonded to form a ring.
Y is a divalent bonding group containing at least
one element selected from the group consisting of
10 oxygen, sulfur, carbon, nitrogen, phosphorus, silicon,
selenium, tin and boron. When Y is a hydrocarbon.group,
the hydrocarbon group is a bonding group comprising 3 ;r
more carbon atoms.
It is preferable that in the formula (VII), at
15 1least one of R® and R0, particularly each of them, is a
halogen atom, a hydrocarbon group, a heterocyclic
compound residue, an oxygen-containing group, a
nitrogen-containing group, a boron-containing group, a
sulfur-containing group, a phosphorus-containing group,
20 a silicon-containing group, a germanium-containing group
or a tin-containing group.
As M, R! to R0 and X in the formula (VII), there
can be employed those exemplified with respect to M, R!

to R5> and X in the formula (VI), respecti?ely. Examples

25 of Y are described later.



Exanpl es of the silicon-containing groups include
hydr ocar bon-substituted silyl groups, silyl ether groups 15 of the

hydr ocar-bon-substituted silyls, silicon- substituted al kyl - groups and
silicon-substituted aryl groups, g t not limted to thereto.
Exanpl es of the germani um contai ni ng & ups i ncl ude

hydrocar bon-substituted gernmyl groups, gernyl ether 20 groups of the

hydr ocar bon- subst i t (thed tgemsiltdion metalgepmpoind: rebresented hay ke gr oups
and ger mani um substituted aryl groups, but not limted thereto.
Exanpl es of thefdimuleonValilli pyreferapdyi sl adetransitibydnetal boowsubsl i t ut ed
stannyl groups, stannyl ether 25 groups of the hydrocarbon-substituted
stannyl s, tin- represented by the following formula2]0Il-a). substituted

al kyl groups and tin-substituted aryl groups, but not limted thereto.
O the oxygen-contai ni ng. groups, preferred exanpl es of the al koxy

groups i nclude nethoxy, e&hoxern\pr%%pxy 5 isopropoxy, n-butoxy,

i sobutoxy and tert- but
/x\
5 ... (VII-a)

In the above formula, M is a transition metal atom
of Groups 3 to 11, preferably of Group 4 or 5, more
preferably of Group 4, in the prioridc table, for

10 example, titanium, zirconium or hafnium, particularly
titanium.

Rl to R0 may be the same or different, and are each
a hydrogen atom, a halogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an alkoxy group, an

15 aryloxy group, an ester group, an amido group, an amino
group, a sulfonamido group, a nitrile group or a nitro
group. Two or more groups, preferably adjacent groups,
of R! to R!Y may be bonded to form a ring.

n is a number satisfying the valence of M, usually

20 an integer of 0 to 4, preferably an integer of 1 to 4,

more preferably an integer of 1 to 3.



preferred exanpl es of the aryloxy groups include phenoxy,

2, 6-di met hyl phenoxy and 2, 4, 6-tri met hyl phenoxy; preferred exanpl es of.

t he acyl groups include fornyl, acetyl, benzoyl, p-chlorobenzoyl and

p- met hoxybenzoyl; 10 and preferremigﬁénples of the ester groups include

acet yl oxy, benzoyl oxy, nethoxycarbonyl; phenoxycar bonyl and

p- chl or ophenoxycar bonyl . O the nitrogen-containing groups,

preferred exanpl ésof hHéregfRcEeBup hakoarte afiomst ey hydicesarbos

et hyl net hyl am no and di phenyl am no; preferred exanpl es of the am do

groups i ncl udegxesparifdsd, tR- Abt agrhertatoms. a halggermatest hydregzakodo;

preferred exanples of the imdo groups include acetimdo and

benzi m do; andggosberfed to 20eganbrsabdms hean mxNTer-wepsainingde

methylimno, 20 ethylimno, propylimno, butylimno and phenyli m no.

O the sul fur - gaeupi.nBngudfotpsonpaihing earewpangt s silicorpfcontaialingl t hi o

groups include nethylthio and " ethylthio; preferred exanples of the

aryl thio gr®upgroup. Mhehudeighngttiove, nelimabHemdy he. thed same or

napht hylthio; 25 preferred exanples of the thioester groups include
different, and may be bonded to form a ring.

Y is a divalent bonding group coﬁtaining at least
one element selected frem the group consisting of
oxygen, suifur, carbon, nitrogen, phosphorus, silicon,

10 selenium, tin and boron. When Y is a hydrocarbon group,
the hydrocarbon group is a bonding group comprising 3 or
more carbon atoms. .

Such a bonding group has a structure wherein the

main_chain is constituted of preferably 3‘or more atoms,

15 more preferably 4 or more atoms, particularly preferably
4 to 10 atoms. The bonding group may have a
substituent.

It is preferable that in the formula (VII-a), at
least one of R® and R!9, particularly each of them, is a

20 halogen atom, a hydrocarbon group, a hydrocarbon-
substituted silyl group, an alkoxy group, an aryloxy
group, an ester group., an amido group, an amino group, a
sulfonamido group, a nitrile group or a nitro group.

Exampies of X and R! to R0 in the formula (VII-a)

25 include those described with respect to X and R! to R0



211 acetyl thio, benzoylthio, methylthiocarbonyl and
phenyl t hi ocar bonyl ; preferred exanples of the sul f onester groups
i ncl ude net hyl sul f onat o, et hyl sul.f onat o and phenyl sul f onat o; and
preferred 5 exanples of the sul fonggido groups include

phenyl sul f onam do, N-nethyl sul fonam do and N-net hyl - p-
t ol uenesul fonam

and R3 and ) Fé“?‘rafsplﬁ‘éu]t?o (égé:)t' rfaﬁpﬁcﬁrvﬁggnsﬁicl?|9@rt3a%uﬁa}R%é€2?| 54
i tFogen at om e%gﬁ%ﬁ%fy JhiRen en Bvarospoho gEeEP (Pho Ty have a

substituent. s a nunber t| sfyl ng the val ence, of
specifically a%olﬂ?’é}@%? %‘fm?s tF & Sb’rlgfl%é\aéﬁl gH i nt EYER nlﬁs %M”i to 5,
nore preferably an integer of_1 to 3 . S a h drpgen atgm a
hal ogen at om é°ﬁ?dr€‘& erpipg formsg g-Uph?F‘danotQ’G E’ﬁrHBﬁ gﬂ%,m%yobe
hal ogenat ed. hydr ocar bon +, group of .1 to_20 carbon atons, an.

oxygen- contiai nPﬁgar°matb?o’Eﬂdlg % A% FLiyRldcn F489gr oup or a
silicon-containing ) _ .-
Examples of the divalent bonding groups 1_{ include

chalcogen atoms, such as -0-, -S- and -Se-; nitrogen- or
phosphoyus-containing gr9ups, such as -NH-, —N(Cﬁg)-,
-PH~ and -P(CH3)~; silicon-containing groups, such as

10 -SiH;- and -Si(CH3)3-; tin-containing groups, such as
-SnHy;- and -Sn(CH;3);-; and boron-containing groups, such
as ~-BH-, -B(CHj)- and ~-BF-. Examples of the hydrocarbéﬁ
groups include saturated hydrocarbon groups of 3 to 20
carbon atoms, such as -(CHj)4~, -(CHz)s- and -{CHy) ¢~

15 c¢yclic saturated hydrocarbon groups, such as
cyclohexylidene and cyclohexylene; these saturated
hydrocarbon groups which are partially substituted with
hydrocarbon groups of 1 to 10 carbon atoms, halogens
such as fluorine, chlorine and bromine, and hetero atoms

20 such as oxygen, sulfur, nitrogen, phosphorus, silicon,
selenium, tin and boron; residues of cyclic unsaturated
hydrocarbon compounds having 6 to 20 carbon atoms (e.g.,
benzene, naphthalene and anthracene); and residues of

heterocyclic compounds having 3 to 20 carbon atoms and



20 group. Exanples of X include those previously described wth
respect to L in the formula (1). Wwen nis 2 or nore, plural groups

i ndi cated by X may be the same or di fferent. )
212 ‘O these, preferable is a halogen atom a hydr ocar bon group
of 1 to 20 carbon atons or a sulfinap@2 group . Y is an atom of
G oup 15 or 16 of the periodic 5 table, specifically a nitrogen atom a
phosphorus atom . _.an arseni c atom ,an antinopy, atom an _oxygen atom a
sul fur atom £L¥HEHHA RO 2P L R uFr at%b‘x Bfe QUINQLIHE. preferably
a nitrogen atom, an oxyge tomor a sul fur atom 10 In the

pr esent invent"il'b‘r?,p %’(.gl%ﬁ%%ngué' ound represented by the fornmula (VIII)

is preferably a transition netal i mpe coppound represented by the
fol | owing formul a (L\;que_ )b_elpgr P.]re examples of the tra.rQs:LtJ.on meta%.

compounds represented by the formula (VII), but not

5 1limited thereto.



15 In the above fornmula, Mis a transition netal atom of
G oups 8 to 11 of - the periodic table, preferably a transition netal
atomof Goup 8 or 9, such as iron,. 20 ruthenium osnmum cobalt, rhodium
or iridium particularly preferably iron or cobalt.

213 R7 to RLO may be the sane or different, and are each a
hydrogen atom a hal ogen atom a hydr&@3arbon group, a hal ogenat ed
hydr ocar bon group, a heterocyclic conpound resi due, an

oxygen-contai ning group, a nitrogen- 5 containing group, a

bor on- cont ai ni ng group, a sul fur- cont ai ni ng group, a

phosphorus-containing group, a
m () fh
i cﬁ‘&% di? Ao

() () ('L_b

D D CQ;H:
Q mQ - %



silicon-containing group, a germani um contai ni ng group or a

tin-containing group. Exanples of R7 to R10 I ncl ude those descri bed
above with respect to RLto R4 in 10 the forrmula (VII1), respectively.
R11 is a hal ogen atom a hydrocarbonzgppup, a hal ogenat ed hydr ocar bon
group, a heterocyclic conpound resi due, an oxygen-containing group, a
nitrogen- contai ning group, a boron-containing group, a sulfur- 15
cont ai ni ng group, a phosphorus-containing group, a si |l i con-contai ni ng
group, a germani um containing group or a tin-containing group.
Exanpl es of RI11 imﬂqix% t hose degegy bed above with respect to Rl to R4
in the for

). 20 and R9, R8 and , R8 and R11
and R9 and R10 y Ci Nbe bonded t© fi\qréat™an aromatic rj an alicyclic
y ' toraz

ring, or ETCBLOCYMN C ring ¢ . a hetero sug¢h as a
nitrogen atom | f 0mor a oxygﬁg atiom Thes e S may have a
substituent. /ﬂ\vjl o \T/L\ 214 A

tBut Bu

t8ut Bu”
{Hz\ [ H2
'/(9\1‘;.\‘
Clz Ph Ph C

P Ph
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R12 to R16 nmay be the sane or different, and are each a hydrogen atom

a hal ogen atom a hydrocarbon group, a hal ogenat ed hydrocarbon group,
a heterocyclic conmpound resi due, an oxygen-containing group, a 5
ni t rogen-contai ning group, a boron-@@8J ai ni ng group, a .

sul fur-containing group, a phosphorus-containing group, a

I t ,
Fi n- cont ai i ﬁ'g”'ngﬁ%rﬂ@ S G Bergdted' & Retiet e ucscr bed
b h R4 10 the f VI | ly.
A east one oF ake0 et bl Brrstip-oehey CBaReotes ol taFEOREEH om  Tuo

or nore group r8f R12 to R16 nay be bonded to forma ring. Preferably,
t he adjacent ro may be bonded to forman alicyclic ring, an
aromatic r|ng het erocyclic ri.,n contalnl a het ro atom

such as a nltrogen gt%ﬁ? ﬁ?ﬁﬁﬁpq %f 2 getal  gypstituent.

nis a nurer satisfying the., v Ience speci.fically an integer of
1 to 8, prefef3BPy"a ﬁ &#?ﬁﬁﬁn aQﬁwﬁ_%%)q§P¥ﬁ5%§ §%e?aﬁ?§aén i nt eger of

S voses b s ,  aog ofen 1y g or
the above compounds are also employable.

The transitioq metal compounds represented by the
formulae (VI) and (VII) can be prepared without specific

10 1limitation, and they can be prepared by, for example,
the following process.

In the first place, the ligand for constituting tﬂe
transition metal compound according to the invention can
be obtained by reacting a salicylaldehyde compound with

16 a primary amine compound of the formula R1-NH, (R! has
the same meaning as defined for R! in the formula (VI)
and (VII)), e.g., an aniiine compound or an alkylamine'f
compound. In more detail, the both starting materials
are dissolved in a solvent, for example, any of those

20 commonly used for such reactions, preferably an alcohol
solvents, such as methanol or ethanol or hydrocarbon
solvents, such as toluene. The resulting solution is
stirred for about 1 to 48 hours at room temperature to

reflux temperature to obtain the corresponding ligand in

25 a high vield.



group of 1 to 20 carbon atons, an oxygen-contai ni ng group, a

sul fur-containing group or a silicon-containing -25 group. Wwen nis 2 or
nore, plural X nay be the sane or 215

different. Exanples of X include the Eﬁﬁf,atons and groups those
previ ously descri bed. YIis a omof Goup 15 or 16 of the
peri odic table, specifically a nitrogen atom a phosphorus atom 5

an arsenic atom an @ntthenyyetldsisroOxigen gl campoundsuttalyées) a
sel eniumatom a telluriumatomor the i ke, preferably a nitrogen

atom an oxygenfatoak&kpie, acidUudtHlyEtHN such as fokfithacpdpesadétic
I nvention, the imne conpound 10 represented by the fornmula (VIII) is

nore preferabl yagid or todichés@IfsRicladid ey WEised.r epheseaeededy the
following formula (VIII-b). [err] _
proceed the reaction, it is also possible to use
5 anhydratin§ agents, such as molecular sieves, magnesium
sulfate or sodium sulfate, or to perform dehydration by
the Dien and Stark method.
; In the next place, the ligand obtained above can be
reacted with a combound containing the_transition metal
10 M, to synthesize the corresponding transition metal
compound. In more detail, the resulting ligand is
diésolved in a solvent, and if necessary, is contacted
with a base to prepare a phenoxide salt, followed by
mixing with a metallic compound such as a metallic
15 halide or a metallic alkylate at a low temperature, and
stirring for gbout 1 to 48 hours at -78 °C to room
temperature or under réflux. ‘Any solvents commonly used:;
in such reactions are employable, and preferable are :
polar solvents such as ethers, e.g., tetrahydrofuran
20 (THF), and hydrocarbon solvents such as toluene.
Preferred examples of the bases used for preparing the
phenoxide salt include, but not limited to, metallic
salts such as lithium salts (e.g., n-butyllithium) and

sodium salﬁs (e.g., sodium hydride), and organic bases

25 such as triethylamine and pyridine.



15 In the above fornmula, Mis a transition netal atom of

G oups 8 to 11 of the periodic table, preferably a transition netal
atomof Goup 8 or 9, such as iron, rut henium osmum cobalt, rhodi um
or iridium 20 particularly preferably iron or cobalt. R17 to
R20 may be the same or different, an@Q¥e each a hydrogen atom a

hal ogen atom a hydrocarbon 216

group. @ hal ogenal e gk 0GR B Yot IZLCLICKEL! ompoundorpgUn

resi due, an oxygen-<¢ arning group, i trogen-con arni hg d?oup, a
0T On, COnL L 11 8l W Bpring % i SN 0B, o8 eq e
ger mani um cont ghai §9,819%an be @rdbtiy AUNAWILILRPReEXRIL S Of RI7
compound to synthesize the corresponding transition
5 metal compound.

It is possible to replace the metal atom M in the
synthesized transition metal compound with another
transition metal in a conventional manner. Further, any
one of R! to Rf which is hydrogen can be substituted with

10 a substituent other than hydrogen at any synthesis
steps.

Next, the transition metal compound represented by

the formula (VIII)} is described.

R3 R4

o Ak

S/N\\ ‘I‘N\ 6
15 S N ... (VIII)
Zn

In the above formula, M is a transition metal atom
of Groups 8 to 11, preferably of Group 8 or 9, of the
periordic table, such as iron, ruthenium, osmium,

20 cobalt, rhodium or iridium, particularly preferably iron

or cobalt.



I ncl ude those previously described with respect to R1L to R4 in the

formula (VIII). R17 and R19, R18 and R20, and R19 and R20 nmay be
10 bonded to.-forman aromatic ring, an alicyclic ring, or a

het erocyclic ring containing a hetero atom such as a nitrogen atom a-
sul fur atom or an oxygen atom These 208 rings-may further have a

substi tuent. R21 to R30 may be the sane or different, and are 15

each a hydrogen ato hal,ogen at o a_hydrocay, rqu a

hal ogenat ed hydr ocar lo%‘)g?%u ,yagﬁe&é?o% Fi¥ _aél%ne&ﬁﬁ;du%ﬁ%r gg?dﬁ@f’han

bo on- cont ai ni b BYEUEeR atom, & nalRses, e ng BYoapcakbos grouw, a
phosphor us- cont ai ni n ro 20 si licon-containin oup, a

ger mani um cont a%f‘?%gﬁgﬁfg%ydrwa(ﬁ%%‘ S MPsnfar i ﬁ§°§¥gi}b" compound 5

| east one of R21 tqiR25 Ls a group other .than a hydrogen atom and at
| east one of RZBEFLRBO ?%~%Fé%?ﬁﬁf°ntaln539h§F°Pﬁanaanﬁgﬁ?gg%ﬁ atom Two or

nore groups of R21 to ,25 R25 nay be bonded t,o.forma ring, afg two or
nor e groupss. contalining group, boron-containing group, sulfur-

containing group, a phosphorus-containing group, a
silicon-containing group, a germanium-containing group
or a tin-containing group. '

Examples of the halogen atoﬁs include fluorine,

10 chlorine, bromine and iodine.

Examples of the hydrocarbon groups include, but not
limited to, straight-chain or branched alkyl groups of-l
to 20 carbon atoms, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,

15 pentyl and hexyl; aryl groups of 6 to 20 carbon atoms,
such as phenyl, naphthyl and anthryl; and substituted
aryl groups which are substituted with 1 to 5
substituents such as alkyl groups of 1 to 20 carbon
atoms; cycloalkyl groups, such as cyclopentyl,

20 cyclohexyl, norbornyl and adamantyl; alkenyl groups,
such as vinyl, propenyl and cyclohexenyl; and arylalkyl
groups, such as benzyl, phenylethyl and phenylpropyl.

Examples of the halogenated hydrocarbon groups

include groups wherein the above-exemplified hydrocarbon



217 of R26 to R30 nmay be bonded to forma ring. Preferably, t he
adj acent groups nay be bonded to forman alicyclic: ring, an aronatic
ring or a heterocyclic ring containing a hetero atom such as a -
nitrogen atom These rings my 5 furk?ﬁﬁahave a substituent. n
IS a nunber satisfying the val ence of specifically an integer of 1
to 8, preferably an integer of 1 to 5, nore preferably an integer of 1
to 3. Xgreups hyxe cgdrs tttorheda widho el ogeos, bubydobchimibred 10
group of 1 to 20 carbon atons, a hal ogenated hydrocarbon group of 1 to
20 carbon at ons, thepa&ygen-contai ni ng group, a sul fur-containing group
or a silicon-containing group. Wien nis 2 or nore, plural X nmay be

t he sane or di f f cEramipléx ampltdse dfetéronylalde chopeupdsvinatuge 15
descri bed. Y is an atomof Goup 15 or 16 of the periodic

tabl e, specifical hytaogehrogettahiinn e tysEmsphdrits catopounds, oRpganseni
atom an antinony atom an oxygen atom a sul fur atom a sel enium
atom a tellud unceheaininghiket&focyeldar qumgicamly and sulfagesoataiming

oxygen atomor a
heterocyclic compounds, but not limited thereto.
Examples of the oxygen-containing groups, the
nitroéen-pontaining groups, the boron-containing groups,
the sulfur-containing groups and the phosphorus-

10 containing groups includem those éreviously described
with respect to R! to Ré in the formula (VI),
respectively, but not limited thereto.

Examples of the silicon-containing groups include
hydrocarbon-substituted silyl groups, silyl ether groups

15 of the hydrocarbon-substituted silyls, silicon-
substituted alkyl groups and silicon-substituted aryl
groups, but not limited to thereto.

Examples of the germanium-containing groups include
hydrocarbon-substituted germyl groups, germyl ether

20 groups of the hydrocarbon-substituted germyls,
germanium-substituted alkyl groups and germanium-
substituted aryl groups, but not limited thereto.

Examples of the tin-containing groups include

hydrocarbon-substituted stannyl groups, stannyl ether

25 groups of the hydrocarbon-substituted stannyls, tin-



sul fur atom Li sted bel ow are exanples of the transition netal

i m ne conmpounds represented by the formulas (MVII1), (VIll-a) and
(VIT1-b), but not limted thereto. 218 [err] 219 [err]
220 [err] 221 [err] 210

substituted alkyl groups and tin-substituted aryl
groups, but not limited thereto.

Of the oxygen-containing groups, preferred examples
of the alkoxy groups include methoxy, ethoxy, n-propoxy,

5§ isopropoxy, ﬁ—butoxy, isobutoxy and tert-butoxy;
preferred examples of the aryloxy groups include
phenoxy, 2,6-dimethylphenoxy and 2,4, 6-trimethylphenoxy;
prefefred examples of the acyl groups include formyl,
acetyl, benzoyl, p-chlorobenzoyl and p-methoxybenzoyl;

10 and preferred examples of the ester groups include
acetyloxy, benzoyloxy, methoxycarbonyl, phenoxycarbonyl
and p-chlorophenoxycarbonyl. ‘

Of the nitrogen-containing groups, preferred
example of the amino groups include dimethylamino,

16 ethylmethylamino and diphenylamino; preferred examples
of the amido groups include acetamido, N-methylacetamido
and N-methylbenzamido; preferred examples of fhe imido
groups include acetimido and benzimido; and preferred
examples of the imino groups include methylimino,

20 ethylimino, propylimino, butylimino and phenylimino.

Of the sulfur-containing groups, preferred examples
of the alkylthio groups include methylthio and
ethylthio; preferred examples of the arylthio groups
include phénylthio, methylphenylthio and naphthylthio;

25 preferred examples of the thioester groups include



222 [err]

10

15

20

223 [err] 224 [err] 225 [err]

211

acetylthio, benzoylthio, methylthiocarbonyl and
phenylthiocarbonyl; preferred examples of the
sulfonester groups include methylsulfonato,
ethylsulfonato and phenylsulfonato; and preferred
examples of'the sulfonamido groups include
phenylsulfonamido, N-methylsulfonamido and N-methyl-p-
toluenesulfonamido.

R! and RS, R? and RS, R! and R3, R? and R¢, and R3 and
RY may be bonded to form an aromatic riﬁg, an alicyclic
ring, or a heterocyclic ring containing a hetero atom
such as a nitrogen atom, a sulfur atom or an oxygen
atom. These rings may have a substituent.

n is a number satisfying the valence of M,
specifically an integer of 1.to 8, preferably an integer
of 1 to 5, more preférably an integer of 1 to 3.

X is a hydrogen atom, a halogen atom, a hydrocarbon
group of 1 to 20 carbon atoms; a halogenated hydrocarbon
group of 1 to 20 carbon atoms, an oxygen-containing
group, a sulfur-containing group or a silicon-containing
group. Examples of X include those previously described
with respect to L in the formula (I). When n is 2 or

more, plural groups indicated by X may be the same or

different.



226 [err] 227 [err] 228 [err] :
229 In the above exanples, Me denotes a nethyl group, Et

denotes an ethyl group, nPr denotes an n-propyl . group, iPr denotes an
| sopropyl group, sBu denotes a
212

6f these, préferable is a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms or a sulfinato
group.

Y is‘ap atom of Group 15 or 16 of the periodic

5 table, specifically a nitrogen atom, a phosphorus atom,
an arsenic atom, an antimony atom, an oxygen atom, a
sulfur atom, a selenium atom, a tellurium atom or the

like, preferably a nitrogen atom, an oxygen atom or a

r

sulfur atom.
10 In the present invention, the imine compound
represented by the formula (VIII) is preferably a

transition metal imine compound represented by the

following formula {(VIII-a).

R9 Rlo
R’ R®
R12 Y
R13 N\\ ”IN\Rll
15 . % .. (VIII-a)
n
R14 R

In the above formula, M is a transition metal atom
of Groups 8 to 11 of the periodic table, preferably a
transition metal atom of Group 8 or 9, such as iron,
20 ruthenium, osmium, cobalt, rhodium or iridium,

particularly preferably iron or cobalt.



sec- butyl group, tBu denotes a tert-butyl group, nCc 5 denotes an n-octyl

group, and Ph denotes a phenyl group. In the present invention,
conmpounds wherein iron is replaced with cobalt in the above transition
nmet al conpounds can be al so exenghiF i ed. The transition

met al compounds nentioned above can 10 be used singly or in conbination of
two or nore kinds

ln t.he resent I nv nti urth ransi tion
7 10

nmet al conpoundereprgseﬁ?ae}G 1%?/ fe 5819 & ?ild‘fff Fae®a e % Sh

enpl oyable in ad on &0 t.he tra si;tion taI co unds

formulae (1) td™ ( n atom, %?%9%? om, a °§§{b?%rqﬁ°up’ a

halogenated hydrocarbon group, a heterocyclic compound
residue, an oxygen-containing group, a nitrogen-

5§ containing group, a boron-containing group, a sulfur-
containing group, a phosphorus-containing group, a
silicon-containing group, a germanium-containing group
or a fin—gontaining group. Examples of R7 to R10
include those described above with respect to R! to R% in

10 the formula (VIII), respectively.

Rll is a halogen atom, a hydrocarbon group, a
halogenated hydrocarbon group, a heterocyclic compound‘
residue, an oxygen-containing group, a nitrogen-
containing group, a boron-containing group, a sulfur-

15 containing group, a phosphorus—containinglgroup, a
silicon~containing group, a germanium-containing group
or a tin-containing group. Examples of Rl include
those described above with respect to R! to R? in the
formula (VIII).

20 R7 and R?, R® and R19, R® and R!l, and R% and R19 may
be bonded to form an aromatic ring, an alicyclic ring,
or a heterocylic ring containing a hetero atom such as a
nitrogen atom, a sulfur atom or an oxygen atom. These

rings may have a substituent.



232 [err] . 233 (G Oganic

conpound contai ning el enent of Goup 13 of t he
periodic table The organi ¢ conpound (C) -containing an el ement of
Goup 13 of the periodic table for @l#in the invention 5- is specifically
an organoal um num conpound r epresent ed by the follow ng fornul a:

Rierr] Al (ORb) nHpR® to leﬂﬁé{i%%%]an%”@r%%?laf@ﬁ&bgn%gr gane or

different and are each a ocar bon group o to' 1 on atons,

10 preferabl ¥aéhhé{dﬁ§&@5§’&§‘d:96&k',p é)fhl?r]%’[? rs4aq:%;“t30§ g yFﬁ‘gb?ﬁe coi s a

hal ogen atom and m n, p and q are n a ndi tions

g( a0<”[ err] 3, gPbgp’ | Qﬁai’.gij&{é&&f?h%&[oet{?rr]h%%?’ group, %nﬂe%93g§gli_'c3'
npl es of such ‘organoal um num corfpounds | nclFude:
compound residue, an oxygen-containing group, a
5 nitrogen-contéining group, a boron-containing group, a
sulfur-containing group, a phosphorus-containing group,
a silicon-containing group, a gemanium-conﬁaining group
or a .tin—containing group. Exampiegof R12 and R16
include those Qescribed above with respect to R1 to R4 in
10 the formula (VIII), respectively.

At least one of R12 to R is a group other than a
hydrogen atom. Two or more groups of R12 to R16 may be
bonded to form a ring. Preferably, the adjacent groups
may be bonded to form an alicyclic ring, an aromatic

15 ring or a heterocyclic ring containing a hetero atom
such as a nitrogen atom. These rings may further have a
substituent.

n is a number satisfying the valence of M,
specifically an integer of 1 to 8, preferably an integer

20 of 1 to 5, more preferably an integer of 1 to 3.

X is a hydrogen atom, a halogen atom, a hydrocarbon
group of 1 to 20 carbon atoms, a halogenated hydrocarbon
group of 1 to 20 carbon atoms, an oiygen-—cont:aining
group, a sﬁlfur—containing group or a silicon-containing

25 group. When n is 2 or more, plural X may be the same or



15 (1) organoal um num conpounds represented by the f or mul a:

Rerr]Al (OR[err])f[err] wherein R err] and Rlerr] may be the sane or
different and are each a hydrocarbon group of 1 to 15 carbon atons,
20 preferably a hydrocarbon- group ofpigto 4 carbon atons; and mis
preferably a nunber satisfying the condition of 1.5[err]nerr]3;

2 | um d ted, by th f | a: 5

(R[)er(r)]r %??(FZV Erﬂ%@e%%n ‘?””Eiafngﬁ?égsc?? }% in?:/ludc(ea the ﬂneorartr:uonﬁhgpéi n Rlerr]
i's a hydrocarbon group.of 1 to 15 carbgn .. atons, preferably a

hydr ocar bon gr &% Fhose,prevagHsly desewiledx s a hal ogen atom and m
Is preferably a nunber, sati sfyingthe condition_ of 0<nx3; _5 (3)

or ganoal uni num conpdurds afefteTeRfeBrayPt he or 16¢ef rhe periodic

table, specifically a nitrogen atom, a phosphorus atom,

5 an arsenic ai:om. an antimony atom, an oxygen atom, a
sulfur atom, a selenium atom, a tellurium atom or the
like, preferably a nitrogen atom, an oxygen atom or a
sulfur atom.

In the p;:esent invention, the imine compound
10 represented by the formula (VIII) is mére preferably a

transition metal imine compound represented by the

following formula (VIII-b).

R19 RZO
R17 R18
R26 Y R21
r27 N, N R22
v ... (VIII-b)
r28 R3C 7" pas R?3
R29 R24

15
In the above formula, M is a transition metal atom
of Groups 8 to 11 of the periodic table, preferably a
transition metal atom of Group 8 or 9, such as iron,
ruthenium, osmium, cobalt, rhodium or iridium,
20 particularly preferably iron or cobalt.
RY7 to R20 may be the same or different, and are

each a hydrogen atom, a halogen atom, a hydrocarbon



Rlerr]AlH err] wherein R err] is a hydrocarbon group of 1 to 15 carbon
atons, preferably a hydrocarbon group of 1 to 4 carbon 10 atons; and mis
preferably a nunmber satisfying the condition.-of 2[err]nk3; and

(4) organoal um num conpounds represenped by the formul a:

Rlerr]Al (ORlerr])nXg 15 wherein Rerr] and R[err] may be the sane or

different and are ch a hy roc r bon of 15 car bqQn at ons,
preferably a h§H$%%hrﬁoHagpgﬁBaSF 9c Eﬁ?ﬁﬁ;a eterocyclig hal ogen

atom and m n and q are nynbers satlsf ngo t he conditions of
O<nferr]3, Of el FRRANPEESLFYES éﬁd°ﬁ¥ﬂéﬁ ntaining group.\i# ¢ specific
exanpl es of the organoal um num, onpounds i ncl ude;

tri-n- aIkyIaJLuﬁ%ﬁHﬁSeQﬂﬁﬂFtéén#PBegﬁyPaPuﬁ1h%ﬁ?%ﬂﬁpntalnlng group, a

tri-n-butylal um num tri-branched chain al kyl al um nuns, such as
25 triisopropydl iR eantainingo sropPal anPhofPhe¥isseeataining group,

5§ a silicon—containing group, a germanium-containing group
or a tin-containing group. Examples of R17 to R20
include those previously described with respect to R! to
R4 in the formula (VIII). ,_ |

R17 and R19, R!% and R20, and R1% and R2?% may be
10 bonded to form an aromatic ring, an alicyclic ring, or a
heterocyclic ring containing a hetero atom such as a
nitrogen atom, a sulfur atom or an oxygen atom. These
rings may further have a substituent.
R2! to R3% may be the same or different, and are
15 each a hydrogen atom, a halogen atom, a hydrocarbon
group, a halogenated hydrocarbon group, a heterocyclic
compound residue, an oxygen-containing group, a
nitrogen-containing group, a boron-containing gfoup, a
sulfur-containing group, a phosphorus-containing group,
20 a silicon-containing group, a germanium-containing group
or a tin-containing group
At least one of R2! to R25 is a group other than a
hydrogen atom, and at least one of R26 to R3? is a group

other than a hydrogen atom. Two or more groups of RZ! to

25 R25 may be bonded to form a ring, and two or more groups



235 butylalum num tri-tert-butylalumnum.tri-2-

nmet hyl butyl al um num tri-3-nethyl butyl al um num tri-2-

met hyl pentyl al um num tri-3-nethyl pentylal um num tri-4-

met hyl pentyl al um num tri-2-methyl hexyl al um num tri-3- 5

met hyl hexyl al umi num and tri - 2-et hyl hexyl al um num

tricycloal kyl al um nuns, such as A%q cycl ohexyl al um num
triarylal um nuns, such as triphenyl al um num and tritolylalumnum 10

di al kyl al umi nugg hyzir irdeg3o B bondedj't'os‘EBWhaEEHb”U”bP¥§éfQEI
trial kenyl al um nuns, such as ‘triisoprenylal um num kyla1un1num

al koxi des, sucphasab$abehy! P YWRy be H@Id%@('t@efo‘rﬁp%t&h% g1 M
ethoxi de and 15 | sobutyl a un1nun1|sopropOX|de di al kyl al um num

al koxi des, sucbjgg, dastm%@ée{em or £}¥%)§>§:é§ﬁ sugﬁuggbaheamyﬂg

but oxi de; al kyl alun1nun1sesqu

ethylal umi num geqgebebhaubesad AUty A WBdUlNatth. STHALELPYEAELIRay
5 further have a substituent.
n is a number satisfying the valence of M,
specifically an integer of 1 to 8, preferabiy an integer
of 1 to S, more preferably an integer of 1 to 3.
X is a hydrogen atom, a halogen atom, a hydrocaébon
10 group of 1 to 20 carbon atoms, a halogenated hydrocarbon
group of 1 to 20 carbon atoms, an oxygen-containing
group, a sulfur-containing group or a silicon-containing
group. When n is 2 or more, plural X may be the same or
different. Examples of X include those previously
16 described.
Y is an atom of Group 15 or 16 of the periodic
table, specifically a nitrogen atom, a phpsphorus atom,
an arsenic atom, an antimony atom, an oxygen atom, a
sulfur atom, a selenium atom, a tellurium atom or the
20 like, preferably a nitrogen atom, an oxygen atom or a
sulfur atom.
Listed below are examples of the transition metal
imine compounds represented by the formulas (VIII),

(VIII-a) and (VIII-b), but not limited thereto.



partially al koxyl ated al kyl al um nuns havi ng an aver age conposition
represented by Rerr]Al (ORlerr])0.5 or the i ke;

236 di al kyl al um num hal i des, such as di et hyl al um num

chl oride, dibutylalum num chl ori de23® di et hyl al um num brom de;

al kyl al um num sesqui hal i des, such as- ethyl alum num 5 sesquichloride,
butyl al um num sesqui chl oride and_ et hyl al um num sesqui br om de;
partially hal ogenated al kyl al um nunms, such as al kyl al um num di hal i des
(e.g., ethylal um num dichl ori de, propyl al um num di chl ori de and

but yl al um num di brom de); 10 di al kyl al um num hydri des, such as

di et hyl al um num hydri de and di butyl al um num hydri de;

partially hydrogenated al kyl al um nuns, such as al kyl al um num

di hydrides (e.g., ethylal um di hydri de, propyl&l um num di hydri de) ;
and MeMe . N maMe A
Me N N.jf(.n-1:j>i“

" 1 Me Me g7 ‘Br Ma

s MY e

(F:OOaS)/ }som) Bl e R
rMe A A e e L A oy
O QA0
iRr Béﬁa\k e e s’ﬁkﬁ "



15 partially al koxyl ated and hal ogenat ed al kyl al um nuns, such as
et hyl al um num et hoxychl ori de, but yl al um num but oxychl ori de and

et hyl al um num’ et hoxybr om de. Al so enpl oyable is a conpound
anal ogous to the 20 above-nentiondd9organoal uni num conpound, for exanpl e,
an or ganoal um num conpound wherein two or nore al um num

conpounds are bonded through a nitrogen atom Specifically, there can
be nentioned a conpound of the formul a (C2H5) 2Al N( C2H5) Al ( C2HS) 2.

237 Further, isoprenylalum numrepresented by the formul a
(1-C4H9) xAl y( C5H10) 2 Leayal so enpl oyabl e as the - _~0rgani c conpound (C).

Al t hough the cat,alpsst Af Or hyl eni cal | y unsat ur
pol yneri zat i ong-get Myt eNi ¢ Me FY
catal yst) a N{QFLM ) a0 Nolsl

and (C), the Me of °\a ¥

(B)

Ma Lo=N

NN N
"‘Mi(ln Meyie N
N - FQ‘-‘N Ma N.‘- - F':"N
Me o o Me o’ o

Mo &” Br Me (FsCOsS)  (SO4CFY



catalyst may further conprise a particulate carrier (D) on which only
t he conponent (A) is supported or the 10 conponent (B) and/or the

conmponent (C) is supported together with the conmponent (A). .
The particulate carrier (D) enploygppg in the i nvention is an
I norgani ¢ or organic conpound in the formof a granular or fine

particle solid having a 15 particle dianmeter of usually 10 to 300 [err]m
preferably 20 00 [err]m The inorganic carrier is preferably a

por ous oxXi es t hereof inc%uge a 2. A1203, MG,
Zr2, Tio», MR o ThQ2, ang Me thereof, such as
Si 2- MgO, Si O2¥H|, 203, SFe) O2- . Si O2- M0 Y-vacG; .S and
Si O2- Ti - MyO. Ehes® Meferable ar emog?r,gesu ont ai ni ng at | east
one of Si2 and Al 23 as a mai n conponent. The i norganic
oxi des may contain snmall ‘amounts of carbonate, sulfate, nitrate and
oxi de conponent smﬁw\(“m-‘ m\’O\{m."‘ 238
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as Na2CC3, K2CO3, CaCO3, MyCO3, Na2SO»4, Al 2 (SO4)3, BaSH4,

My(NCB) 2, Al (NCB)3, Na20, K20 and Li 20

t he partlculate carrier (D)

preparation process,
desirably

preferably 100 to 700 n2/g,

cnferr]/g. The inorga carrier

at atemmnﬂumad“lo o M0 1(m0[eH]C

Anot her exanpl ar I C e carrier
|n

5

KNGS,

Al t hough properties of
vary depending on the type or the

the carri@2lpreeferably used in the invention

is used, if

has a specific surface area of 50 to 1,000 n2/g,
and has a pore vol une of 0.3

Jecessary,
‘ wblyh150 to 700 [err]C.

to 2.5
after cal ci ned

the formof a nu ar. parti sol'T S Nafparticle
di aneter of 10 tueSOQ(’ ] m Exanplyés of sgeh gani ¢ monpounds
i nclude 15 (co)polyners produced mainly froma-olefins of 2 to 14
carbon atonms such as | ene, propyl ene, 1-buteng-and
4- met hyl - 1- pent ( mers produced )
vi nyl cycl ohex 5t yden nef : at ur at ed
nmononmer 20 p mer i 2 1on o yst of thel ventﬁq@’co ses (A
t he conmpound of tra&afsitdion Metal selected fro o@ps 3 to 12, (B)
t he conpound obt ai ned by the reaction of
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t he compounds (i),
(iii) and (iv),
el enent of Group 13, and

(D) the particulate carrier.

?héention. 5

optionally,
process for preparing the ethylenica
pol yneri zation catal yst of the
can be carried out by, for

t he use of the
are arbitrarily sel ected.
(B) and the
an arbitrary orde
previ ously
t he conponent (C) ar'e add
arbitrary order.

co L (

Me Ma
uhpﬁ l S Ph e
Ma c;ib Me

NS
------- Me
Me c’r\u Me

C

(it) and (iii) or the reaction of the
(C the organic 25

Fig. 1 shows

: (A,
e p
&

o

t ¥e polynerizahioétﬁi§ Eact o

’ Me c;Fﬁ; jf

Me Ma
..,Q_,g,_F A
Me g7 Me

conpounds

conpound cont ai ni ng an

239

steps of a

unsat ur at ed nononer

. The pol yneri zation

exanpl e, the follow ng processes, though

conmponents and the order of addition of the conponents
(1) The congone

Parge added to t

ataly,

contig;'i ng’(,j‘t{t;é) c@onent

t he conponent

ri zation reactor
ai ned by

nt (B),. and

r in an



(3) A catal yst conponent obtained by previously . contacting the
conponent (A) with the conmponent (C), and t he conponent (B) are added
to the polynerization - reactor in an arbitrary order.. 20 (4) A
catal yst component "in which the conponent (A) is supported on the
particul ate carrier (D), the gggponent (B) and the conponent (C) are
added to the pol ynmeri zation_reactor in an arbitrary order.

(5) A catal yst conponent in which the conponent (A) 25 and the conponent
(B) are supported on the particul ate

240 carrier (D), and the conponent (C) are added to the
pol yneri zation reactor in an arbitrary order. (6) A catal yst
conmponent in which the conponent (A) and thg_conponent (C) are
supported on the pgr i I};Z“. 5> carrier (D, ghd fhg conponent (B) are
added to the ol At i react or i Jf4R & aky order.
(7) A catal ysiMe Ir-'af' Mehe tee oo

M g a ke Me o g Me




(A,

particul ate carrier

(D)

An et hyl eni cally unsaturated nonomner
whi ch the conponent (A) and the conponent

solid catal yst conponent
(B) are
process for ethylenical
to the invention, an
or copolynerlzed

[ in
pol ymeri zati on catalxﬁi)gtgkhggtain a pol yner.
I nvention, the p

phase pol yneri z
pol ymeri zati on

I ncl ude, for exanple,

the conponent (B) and the conponent (C) are
10 polynerization reactor.

is added to the
.may be
in

y unsaturated

supported on the

prepol ynerized onto the

supported on the parti @d%te carrier (D).
nononer
et hyl eni cal | y unsaturated nononer

15 In the
pol ymeri zation according
is polynerized

e presence of the above-descri bed

carrj ed

ca
G '“"i §ol ution p
i;?& pha polynerlz

hydr ocar bon nedi a enployable in the I|qU|d 25

a hati c
Yé}\(“‘ 5

20

In the present

Q. anry of liquid

Nspensi on
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241 hydr ocar bons, such as propane, butane, pentane, hexane,

hept ane, octane, decane and kerosine; alicyclic hydr ocar bons, such as
cycl opentane, cycl ohexane and - nethyl cycl opentane; aronatic

hydr ocar bons, such as 5 benzene, tol uene and xyl ene; hal ogenat ed

hydr ocar bons, such as ethylemi&ﬁﬂorlde chl orobenzene and

di chl oronet hane; and m xtures thereof. The et hyl enically unsaturated
mononer, per se, used for the pol ymeri zati on can al so be used as a
medium 10 In the (co)polynerization of the ethylenically

unsat urated nononer using the polynerization catalyst, t he conponent

(A) can be used in an a
preferably 10[err
volume. 15

t of usually 10[err] to 10[err] nol,
ell] npl, based on 1 er of the reaction
ondent/<4B) can be ch xan anount t hat

the nolar ratio o¥<the np 1 ent (B) to the
transition metal at*m GMA)CH n Mehe n%ﬂﬂﬂ&) is usually
0.01 to 10, 000, . preferably 0.05 to 2, 000. mp¥hent (C) can be
used 20 in such an anmobunt that the nolar ratio of the conponent (O

to the transition netaL atom (M in the conponent
Me

"“c [ Ma “‘c o] Me

Ma M,\ &kue Me 1 Fh
Me
a o] Me Me Q/F " ¥4
= o
- O
Me (- N._;F.:..N—-Q—m .‘F‘(‘ Me
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(A ((OQ/(M) is usually 1 to 50,000, preferably 1 to 20, 000.
The tenperature for the polynerization of an 25 ethylenically unsaturated

nmononer using the 242

pol ymeri zation catal yst can be in the range of usually -50 to 200
[err]C preferably O to 170 [e?zb The pol ymeri zati on pressure can be
in the range of usually spheric pressure to 100 kg/cnR, preferably
5 atnospheric pressure to 50 kg/cnferr]. The polynerization reaction
can be carried out by any of batchw se, sem - cont i nuous and
continuous processes. It is also possi bl e to conduct polynerization in
two or nore stages under different ons. 10 The

nol ecul ar wei ght of the resulting (co)pol Byl enically
OW 33 y gen to be present

unsat urat ed nono Cakese adj usted N
inth |jﬁﬁﬁ!?£t2%ﬁ{ t b th I t
In e po X o Ar,i;:>eac ion s ™ y)@q&ylmp e polynerization
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t enper at ur e. 15

for which the polynerization catalyst of the invention

Exanpl es of the ethylenically unsaturated nononers
is utilized

i ncl ude: 1-ol efins, such as ethylene, propylene, 1-butene,

1- pentene, 3-nethyl-1-butene, 1-hexene, 4-nethyl-1- 20 pentene,

3-net hyl - 1- pent ene, 1-octene, l-decéﬁg? 1- dodecene, 1-tetradecene,

1- hexadecene, 1-octadecene and N 1- ei cosene; aryl
group-substituted ethylenically unsaturated nononers, such as styrene

and [err]-nethyl styrene; 243
unsaturated fatty acids, such as acrylic acid, met hacrylic acid,
fumaric acid, nmaleic an ride, itaconic acid, _itaconic anhydrlde and
bi cyclo(2,2,1)-5-¢c1t Me jhe rlac2 3-di car boxyl¢|cuac 5M¢c: unsat ur at ed

car boxylic este su 7} acry, Acr te, n-propyl
acrylate, isopr Mgtc‘t’ﬂl n- but W& -@ ,ﬁqi‘ ryl at e,
tel’t- c . P
a
a’ o a’ﬁ\:
M%([.}Ym { m\(@\(m"
No. M N N
C> < Ma, < >—N\‘ Yo ,N—-; >
F a a - F re F
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N
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butyl acrylate, 2-ethyl hexyl acrylate, nethyl nmet hacryl ate, ethyl
net hacryl ate, n-propyl nethacrylate, 10 isopropyl nethacrylate,. n-butyl

met hacryl ate and i sobutyl nethacryl ate; di enes;

trienes; and tetraenes. Exanpl es of the resulting
(co) pol yners of ethylenically turated nononers incl-ude

pol yet hyl ene, pol ypropyl ene, pol ybutene, pol ypentene, pol yhexene,

pol y- 4- net hyl - 1- pent ene, et hyl ene/ propyl ene copol yner, et hyl ene/ but ene
copol ynmer, ethyl ene/ pentene copol yner, 20 ethyl ene/ hexene copol yner,

et hyl ene/ 4- net hyl - 1- pent ene, copol yner, ethyl ene/ octene copol yner,

et hyl ene/ pr opyl ene/ but ene ter pol yner, et hyl ene/ but ene/ hexene

t er pol ymer, et hyl en ut ene/ octene terpolyne propyl ene/ but ene 25

copol ynmer, propyl ene/ copol yrmer, propyl




244 copol yner, propyl ene/ octene copol yner, ethyl ene/styrene

copol yner, propyl ene/styrene copol yner, et hyl ene/ pr opyl ene/ styrene
t er pol ymer, ethylene/octene/stzégne terpol yner, ethylene/a- 5

ol efin/ di ene terpol ymer (exanples o i enes: but adi ene, i soprene,
1, 4- hexadi ene, dicycl opent adi ene, 5- et hyl i dene- 2- nor bor nene,

7-met hyl - 1, 6- oct adirenthle. above ekAMp2as, [BerHeRbedd N thd@RA %;%Q&J yner
(exampl es of trienes: chain or cyclic trienes such as 6, 10-di met hyl -

10 1,5, 9- undecaierictes aid eeh§1dgrBhPY | nhrdaéndeestdn 0\ ropyl  and
ethylene/[err]-olefin/tetraene terpolynmer (exanples of tetraenes:

6,10,14-trirngﬂbdp;Lihr9fﬂéth%@téﬁeiébbESB?l group, sBu denotes
5,9,13-trinethyl-1,4,8,12-tetradecatriene). Exanples of f%e

[err]-ol ef i nssef-Huher1t ?W”Q'B% kagbYes Qregi%%yﬂ_%zaﬁ%ﬁq@—gen&

pent ene, n-hexene and decene. THE

I NVENTI ONs  denctes al'®-@R311Y grotpTPAR&NEKT Qéngﬁgé’ l%(gbl?%k\}éﬂnt roup.

unsat urat ed nononer polymnerization according to t on-l's

capabl e of provi diTyy thdigsbrdClint@ntion, E8hBbYSEs MeflilY G LAld Y
unsat ur at ed nononer .
replaced with cobalt in the above transition metal
compoimds can be also exemplified.
The transition metal compounds mentioned above can
10 be used singly or in combination of two or more kinds.
In the present invention, further, transition metal
compounds represented by the following formulae are also

employable in addition to the transition metal compounds

of the formulae (I) to (VIII).



pol yneri zati on when used in conbination with a ~transition netal
conpound such as a netall ocene conmpound.

245 ' The catal yst and the process for ethylenically

unsat urat ed nononer polymnerization according to the “invention exhibit
hi gh polymerization activities and ca3Q produce (co)pol yners of
ethylenically unsaturated 5 nononers having excellent properties.

EXAMPLE The present invention is further described with

reference to the follow ng exanples, but it should be 10 construed that
the invention is in no way limted to t hose exanpl es. In the

present invention, Si C scosity ([&r]) is measured in
ﬁéﬁe&d: %ﬁl LN o

decahydronaphthale n{:f%:135 03H3«£{57 élg% erpressed indl/g.
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15 Example 1 Preparati on of solution A of catal yst. conponent
To 70 M of a dehydrated toluene solution of 7.41 g (30.0 nmmol ) of
br onopent af | uor obenzene in a flask 20 thoroughly purged with nitrogen, 19
m of a hexane solution of 30. 6 nmol of n-BuLi was added at -78
[err] C, and the m xture was stig3®fd at -78 [err]C for 4 hours. To
the m xture, 300 ml of a dehydrated tol uene sol ution of ' 2.67 g (10.0
mml) of aluminumtribrom de was added. 25 After natural tenperature
rise, the mxture was stirred 246

at roomtenperature for 12 hours. The resulting slurry was filtered
through a glass filter to obtain a filtrate. Then, a hydrous nitrogen
obt ai ned by addi ng 0. 09 of distilled water to dry nitrogen was
bubbled 5 through hehAfiItM@ e wth stirfing atﬁmes r]C. Thereafter,
stirring was perforged, oomt enper at ur or 3 3 and then at 60
[err]C for anot hdiB4—=Nourd.. Th nglélting e\B(,:S

TiCl,

3 , 2

nBu-O\ /O-—nBu

nBu—~q O—nBu’
Ti
AN
nBu—0O O—nBy

s\
nBu—O ©O-—-nBu




solution was cooled to -40 [err]C, and thereto was dropw se added 40
m of a dehydrated toluene solution of 1.39 g 10 (5.0 mmol) of

tri phenyl chl oronethane. After the dropwi se addition, the m xture was
stirred at room tenperature for 12 hours to prepare a solution A of a
catal yst component. 15 Exanple 2 232 Preparation of solution B of
cat al yst conponent In a_flask thoroughly purged with nitrogen, a
hydrous nitrogen obtained by adding 0.045 nml of distilled water to dry
nitrogen was bubbled through 20 20 m of a dehydrated tol uene solution of
5 mol of triisobutylalumnumwth stirring at O [err]C. Thereafter,
stirring was per fi at room tenpera for 3 rs. The resul ting
sol ution was cool e ﬂ\. err]C, and thréJ ’\ s dropwi se added 10 ni
of a dehydrated tol ue @ solution of 1. 4 (10.0 nmol ) of
pent af | uor ophenol . ) o)

SN \__¢l

S /Ti\ /Ti\
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247 After the dropwi se addition, the mxture was stirred at room
tenperature for 12 hours and then at 60 [err]C for 2 hours. The
resulting solution was cooled to O [err]C, and thereto was dropw se
added 10 mM of a dehydrated toluene gmgzsolution of 0.69 g (2.5 mml) of
tri phenyl chl or onet hane. After the dropw se addition, the m xture was
stirred at roomte -erature f 12 hour s t prepare a solutron B of

a catal yst conpemé R SR P25 RUBE=30RGt i On C

of catal yst conponent In a flask_thorqughly purged wi th nitrogen,
a hydr ous nitrogen obt ai ned %@Q{Eﬁﬁ#&9¥¥4ﬁéﬁkﬁ of distilled water
to dry nitrogen was bubbled through 20 15 ml of a dehydrated tol uene
solution of 5 mvl %he organi¢|cemeeyndl (Fi MentEinding any edgmgptooferr] C.
Thereafter, stirring was perfornmed at roomtenperature for 3 hours.
The resul ti ng Sobupi d3 mgstheomeum@l@ tabkq Comnge licy #he invenyion
dropw se added 10 ml of a dehydrated toluene 20 solution of 2.12 g (10.0
mol ) of pent afisuspebéfitoatly an oxgampalamigrun eempaynd sepaeédented, t he

m xt ure was

by the following formula:

R3,Al (ORP) ;HoXq
wherein R2 and R® may be the same or differeht and are
each a hydrocarbon group of 1 to 15 carbon atoms,

10 preferably a hydrocarbon group of 1 to 4 carbon atoms; X
is a halogen atom; and m, n, p and q are numbers
satisfying the conditions of 0<m<3, 0sn<3, 0<p<3, 0=g<3 |
and m+n+p+g = 3.

Examples of such organoaluminum compounds include:

15 (1) organoaluminum compounds represented by the
formula:

R2,A1 (ORP) 3 p
wherein R®2 and RP may be the same or different and are
each a hydrocarbon group of 1 to 15 carbon atoms,

20 preferably a hydrocarbon group of 1 to 4 carbon atoms;
and m is preferably a number satisfying the condition of
1.5Sm<3;

(2) organcaluminum compounds represented by the
formula:

25 R, A1X3m



stirred at roomtenperature for 12 hours and then further stirred at
60 [err]C for 5 hours. The resulting solution was cooled to O[err]C,
and thereto was dropwi se 25 .added 10 nml of a dehydrated tol uene sol ution

of 0.69 g 234 248 (2.5 mmol) of .
tri phenyl chl oronet hane. After the dropwi se addition, the m xture was

stirred at room . tenmperature for 12 hours to _prepare a solution C of a
catal yst conpoffagreinsR? is achyggpeaybon group ofrbpe? ot FRdS0l uti on D
of catal yst congonent In a flask thoroughly Rur ged with nitrogen,
30 n of atemsy PreERrabhly | twdrscarbon sroupseigl(Bos4ngdronio of
2,3,4,5,6-pentafl uoroanjline was dropw se added slowy to 40 m of a
dehydr at ed o- xgFeRe: sH| 4% | drhakogen atom:mamd 8f isr preferabli aumvmpen
stirring at room | _tenperature. After the dropw se addition, the mxture
was stirred fofaBEshving .thelcronditian oft 0k8&3[ferr] C. The

5 (3) organoaluminum compounds represented by the

formula:
RepAlH3
wherein R2 is a. hydrocarbon group of 1 to 15 carbon
atoms, preferably a hydrocarbon group of 1 to 4 carbon |
10 atoms; and m is preferably a number satisfying the
condition of 2<m<3; and
{(4) organocaluminum compounds represented by the
formula:
R3,A1 (ORP) ;X
15 wherein R2 and R® may be the same or different and are
each a hydrocarbon group of 1 to 15 carbon atoms,
preferably a hydrocarbon group of 1 to 4 carbon atoms; X
is a halogen atom; and m, n and g are numbers satisfying
the conditions of 0<m<3, 0<n<3, 0<g<3 and m+n+g = 3.
20 More specific examples of the organocaluminum
compounds include:
tri-n-alkylaluminums, such as triethylaluminum and
tri-n-butylaluminum;
tri—bfanched chain alkylaluminums, such as

25 triisopropylaluminum, triisobutylaluminum, tri-sec-



15 solvent was renoved fromthe resulting solution, and then 50 m of
dehydr at ed tol uene was added. The resulting solution was cooled to O
[err]C, and thereto was dropwi se added 70 ml of a dehydrated tol uene
sol ution of 12.52 g (68 mmol ) of pentafluorophenol. After the 20
dropwi se addition, the mxture was stirred at room tenperature for 12

hours and then at 60 [err]C for 2 hoqé§g The resulting solution was
cooled to O [err]C, and thereto s dropwi se added 50 m of a

dehydrat ed tol uene . solution of 2.37 g (8.5 nmol ) of
tri phenyl chl or dnigdamings, Atrdrtent-—lw Luminmt i -2he ni xture was

stirred at 249 roomtenperature
for 12 hours t aegstepdubyd adaminimn Draf3-methylluwl adumicuwpofarit2-
Exanple 5 5 Preparati on of solution E of catal yst conponent
In a flask thomeiguripenivdedupingmai trbgénmethylpentylaluminum, tri-4-
methylpentyialuminum, tri-2-methylhexylaluminum, tri-3-
5 methylhexylaluminum and tri-2-ethylhexylaluminum;
tricycloalkylaluminums, such as
tricyclohexylaluminum;
friarylaluminums, such as triphenylaluminum and
tritolylaluminum; '
10 dialkylaluminum hydrides, such as
diisobutylaluminum hydride;
trialkenylaluminums, such as triisoprenylaluminum;
alkylaluminum alkoxides, such as isobutylaluminum
methoxide, isobutylaluminum ethoxide and
15 isobutylaluminum isopropoxide;
dialkylaluminum alkoxides, such as diethylaluminum
ethoxide and dibutylaluminum butoxide;
alkylaluminum sesquialkoxides, such as
ethylaluminum sesquiethoxide and butylaluminum
20 sesquibutoxide;
partially alkoxylated alkylaluminums having an

average composition represented by R2; sAl (ORP)y s or the

like;



hydr ous nitrogen obtai ned by adding 0.045 m of distilled water to dry
nitrogen was bubbl ed through 20 m of a dehydrated tol uene sol ution of
5 mol of tri-n- 10 octylalumnumwth stirring.at O [err]C. Thereafter,
stirring was perforned at roomtenperature for 5 hours. The resulting
solution was cooled to O [err]C, and reto was dropw se added 10 nf
of a dehydrated tol uene solution of 0.69 g (2.5 mmol) of
triphenyl chl oronethane. 15 After the dropwi se additi.on, the m xture was
stirred at r osH& %ﬁﬂ%ﬁ%ﬂﬂ%ﬂ@ﬂTBﬁlléeﬁ@uﬁﬁcboaﬁréﬁﬁ#¥¥¥ﬁ 9N E of

a catal yst conponent. nple 6 Et hyl ene

pol ymeri zat i orchloride, dlbﬁ?%i@@ﬂ@lﬁﬂmgFH&?raG?o@P@v@l?Fkykﬁkﬁﬂﬁpqﬂurged

W th nitrogen, 400 m of toluene was introduced. Then, et hyl ene
was passediﬂwﬁﬁﬁﬂ#éﬁe systemat a rate of 100 1/ hr, and the system

was mai ntained at 75 [erv]C for 10 25 minutes. To the systen1 0. 28 mmol
of alkylaluminum sesquihalides, such as ethylaluminum

5 . sesquichloride, butylaluminum sesquichloride and
ethylaluminum sesquibromide;
partially halogenated alkylaluminums, such as
alkyialuminum dihalideé.(e.g., ethylaluminum dichloride,
propylaluminum dichloride and butylaluminum dibromide) ;
10 dialkylaluminum hydrides, such as diethylaluminum
hydride and dibutylaluminum hydride;
partially hydrogenated alkylaluminums, such as
alkylaluminum dihydrides (e.g., ethylaluminum dihydride,
propylaluminum dihydride); and
15 partially alkoxylated and halogenated
alkylaluminums, such as ethylaluminum ethoxychloride,
butylaluminum butoxychloride and ethylaluminum
ethoxybromide.
Also employable is a compound analogous to the
20 above-mentioned organocaluminum compound, for example, an
organoaluminum compound wherein two or more aluminum
compounds are bonded through a nitrogen atom.

Specifically, there can be mentioned a compound of the

formula (CyHs)3ALN(CoHg)AL (CoHs) ;.



250 triisobutylal um numwas added, then 0.0008 nmol of rac-

di nmet hyl si | yl ene-bi s(2-net hyl - 4- phenyl i ndenyl ) zi r coni um di chl ori de was
added, and finally the solution A of a catal yst conmponent was added in
an anount of 0.0032 mmol 5 in ternms of Al atom to initiate

pol ynmeri zation. To the system zﬁgfnhylene gas was continuously fed
at a rate of 100 I/hr to performTpol ynerization at 75 [err]C for 6

m nutes at atnospheric pressure. Thereafter, a snall _anmount of

net hanol was added tBU¥EReF nateoprrny e uigiuprepresested briethel yner
solution was added to a , | arge excess of nethanol to precipitate a

pol yner, f SPrEWed bi-Gdbdubdw(Gethag) nisselper ErRlPYRbLe 37 ke As a
result, 8.00 g of a polynmer was obtained. The pol ymeri zation activity
was 100 kg- PE/ nesgagifeceppeun@ntC) 415 the obtai ned pol ynmer had an
intrinsic viscosity ([erk]) of 6.10 dl/g. Exampl e 7

Et hyl ene pol yreri zat Adshopgh the ca&talysthL£qolghhmlierdicaddywassaburavedout

in the sane

5 monomer polymerization (ethylenically unsaturated
monomer polymerization catalyst) according to the
invention comprises the components (A), (B) and (C), the
catal&st may.fﬁfther compriée a éérticulate carrier (D)
on which only the component (A) is supported or the

10 component (B) and/or the component (C) is supported
together with the component (a).

The particulate carrier (b) employable in the
invention is an inorganic of organic compound in the
form of a granular or fine particle solid having a

15 particle diameter of usually 10 to 300 pm, preferably 20
to 200 pm. The inorganic carrier is preferably a porous
oxide, and examples thereof include Si0O,, Al,0;, MgO,
ZrO,, TiO,;, B;03, CaO, Zn0O, BaO, ThO;, and mixtures
thereof, such as Si0;-MgQ, Si03-Al;03, Si0,-TiO;, SiO;-

20 V305, Si0;-Cry03 and Si0,-TiO,-MgO. Of these, preferable
are oxides containing at least one of Si0O; and Al;0; as a
main component.

The inorganic oxides may contain small amounts of

carbonate, sulfate, nitrate and oxide components, such



manner as in Exanple 6, except that the solution B of a cat al yst

conponent prepared in Exanple 2 was used in pl ace of the solution A of
a catal yst conponent.. As a result, 1.44 g of a polyner was obtai ned.
The 25 polynerization activity was 1 ﬁg PE/nnDI-Zr[err]hr and the

251 obt ai ned pol yner had an intri viscosity ([err]) of 3.50

dl/g. Exanple 8 5 Et hyl ene pol yneri zation

Et hyl ene pol yneragenwamo3w/axzc@grlcadzaautmgooi,henra@@m@, Al, (SORPREIBESO4,N
Exanpl e 6, except that the solution D of a cat al yst conponent prepared

in Exanpl e 4 waskrdgedig nan,, a1l (NoPynt najo 0.¥6 am@Libo. terns of Al atom
in place of 10 adding the solution A of a catal yst conponent in an

amount of 0.0032 ml ai PhbEEEpApdt AALBE AheA pastiulate caPrPfr(8f 2
pol ymer was obtai ned. The pol ynmeri zati on
vary depending on the type or the preparation process,

5 the carrier preferably used in the invention desirably
has a specific surface area of 50 to 1,000 m2/g,
preferably 100 to 700 m2/g, and has a pore volume of 0.3
to 2.5 cmd/g. Thelihorganic carrier is used, if
necessary, after calcined at a teméerature of 100 to

10 1,000 °C, preferably 150 to 700 °C.

Another example of the particulate carrier is an
organic compound in the form of a granular or fine
particle solid having a particle diameter of 10 to 300
pm. Examples of such organic compounds include

156 (co)polymers produced mainly from ¢-olefins of 2 to 14
carbon atoms such as ethylene, propylene, l-butene and
4-methyl-l-pentene and (co)polymers produced mainly from
vinylcyclohexane or styrene.

The ethylenically unsaturated monomer

20 polymerization catalyst of the invention comprises (A)
the compound of a transition metal selected from Groups
3 to 12, (B) the compound obtained by the reaction of
the compounds (i), (ii) and (iii) or the reaction of the
compounds (i), (ii), (iii) and (iv), (C) the organic

25 compound containing an element of Group 13, and



activity was 6.25 kg-PE/mol -Zr[err] hr, and the obtained pol ymer had

an intrinsic viscosity ([err]) of 3.48 dl/g. 15 Exanple 9

Et hyl ene pol yneri zati on To a 500-m gl ass autocl ave thoroughly
purged with ni trogen, 400 m of 289 uene was introduced. Then, 20

et hyl ene was passed through the systemat a rate of 100 | /hr, and the
system was nai nt ai ned 75, 1.err] C for .10 m.putes. o the,system

0 28 ol of OBt ’%"i‘ﬁ%buﬂﬂw eﬁ*{?mpﬁlfr%l\ﬁé‘%a&&dgafrgﬁ’éh Fifod FH |

et hyl ene-bi s(i ndenyl ) zircaoni um di ¢hl o S a d n 25 nally the
solution A of as%%%/%l ?/fsta c%rercoeﬁesnféz)\ﬁag r%%ﬁl\ggng @ﬁ% etﬁ&femcal 3}

252 in an amount_of 0.0032 mml .in terns.of AL, ,ato t initiate
pol yreri zat i on. 3 Wéa% t'%?ﬂomé: &Wﬁé‘%&&on catﬁgggtoﬂfim%usl y fed at
a rate of 100 | /hr to.gerform
invention.
5 The polymerization can be carried out by, for
example, the following processes, though the use of the
components and the order of addition of the components

are arbitrarily selected.

(1) The component (A), the component (B} and the

10 component (C) are added to the polymerization reactor in
an arbitrary order.

(2) A catalyst component obtained by previously
contactiné the component (A) with the component (B), and
the component (C) are added to the polymerization

15 reactor in an arbitrary order.

(3) A catalyst component obtained by previously
contacting the component (A) with the componen£ (C), and
the component (B) are added to the polymerization
reactor in an arbitrary order.

20 (4) A catalyst component in which the component (A)
is supported on the particulate carrier (D), the
component (B) and the component (C} are added to the
polymerization reactor in an arbitrary order.

(5) A.catalyst component in which the component (A)

25 and the component (B) are supported on the particulate



pol ynmeri zation at 75 [err]C for 6 mnutes at atnospheric 5 pressure.
Thereafter, a small anount. of net hanol was added to term nate the
pol ynmeri zati on. The pol yner solution was added to a | arge excess. of
nmet hanol to precipitate a polyner, followed by vacuumdrying at 80
[err]C for 12 hours. As a result, 5. 8Qggof a polynmer was 10 obtai ned.
The pol ynerization activity was 72.5 kg- PE/ mmol -Zr[err] hr, and the
obt ai ned pol yner haq an,iptrinsic Vi Scosi § err of 1.8.dl/g.

Exanpl e 18 {5 called (D). and the GePupRRent v r?%ﬁﬁi%ﬁhed to the °

Et hyl ene pol ynerization was carried ouf in the sane manner as in
Exanpl e 9, excePCl¥RerizREiSB| GeachoB Bf ap arbitzany whdefonponent prepar ed
in Exanpl e 2 was used in | ace of the so]ution A qof a catalyst

conponent and the 265)p6I9%§FE¥§FiSﬂmﬁ??@PQWEP\HF#QQiqn?:E?WPPH&F&sz)As a

result, 1.44 g of a polymer was obtained. The pol ymeri zation activity
was 10. 8 kg- PE/ MRS L2€ SPRPRRenEndC) are syppepted iy the waitisndage
intrinsic viscosity ([err]) of 1.43 dl/g. 25

§ carrier (D), and the component (B) are added to the

polymerization reactor in an arbitrary order.

(7) A catalyst component in which the component
(A),'the component (B) and the compénent (C) are
supported on the particulate carrier (D) is added to the

10 polymerization reactor.

An ethylenically unsaturated monomer may be
prepolymerized onto the solid catalyst component in
which the component (A) and the component (B) are
supported on the particulate carrier (D).

15 In the process for ethylenically unsaturated
monomer polymerization according to the invention, an
ethylenically unsaturated monomer is polymerized or
copolymerized in the presence of the above-described
polymerization catalyst, to obatain a polymer.

20 In the present invention, the polymerization can be
carried out in any of liquid phase polymerization such
as solution polymerization or suspension polymerization
and gas phase polymerization.

Inert.hydrocarbon media employable in the liquid

25 phase polymerization include, for example, aliphatic



253 Exampl e 11 Et hyl ene pol yneri zation

Et hyl ene pol yneri zation was carried out in the sane manner as in
Exanpl e 10, except that the solution Cof a 5 catalyst component prepared
in Exanple 3 was used in pl ace of the solution B of a catalyst
conponent. As a result, 0.80 g oR4d4 pol yner was obtai ned. The

pol yneri zation activity was 6.0 kg-PE/nnDI-Zr[err]hr and t he obtai ned

pol yrer. had an yrisiiond S SR ol EPbbbheO butlind; Hesldde, porang EXaTP €

yl'ené p zatron

gl ass autoclavq“%ngﬁgyg pr5%§{gﬁgdgh%hana5kggb%iﬁge”al %9 1§cof toluene was

I ntroduced ene was passe rought systemat a rate

o 100 1o | hiya ARG SY ShER 435 dRNLRLREH Pl bkt 'Ba 20
methylcyclopentane; aromatic hydrocarbons, such as

5 benzene, toluene and xylene; halogenated hydrocarbons,
such as ethylene chloride, chlorobenzene and
dichloromethane; and mixtures thereof. The
ethfienically unsaturated moriomer, per se, used for the
polymerization can also be used as a medium.r

10 In the (co)polymerization of the ethylenically
unsaturated monomer using the polymerization catalyst,
the component (&) can be used in an amount of usually
10-12 to 1072 mol, preferably 10-19 to 10-2 mol, based on 1
liter of the reaction volume.

15 The component (B) can be used in such an amount
that the molar ratio of the Group 13 atom (Ms) in the
component (B) to the transition metal atom (Ma) in the
component (A) (Ms/Ma) is usually 0.01 to 10,000,
preferably 0.05 to 2,000. The component (C) can be used

20 in such an amount that the molar ratio of the component
(C) to the transition metal atom (M) in the component
(A) ((C)/(M)) is usually 1 to 50,000, preferably 1 to
20,000. l

The témperature for the polymerization of an

25 ethylenically unsaturated monomer using the



triisobutylal um numwas added, then 0.0008 mmol of rac- 20

di nmet hyl si | yl ene-bi s(2- net hyl - 4- phenyl i ndenyl ) zi r coni um di chl ori de
was added, and finally the solution A of a cat al yst conmponent was
added in an anount of 0.0032 mol internms of Al atom to initiate

pol ymeri zation. To the sSystem a2f2opyl ene gas was continuously fed
at arate 25 of 100 | /hr to perform polynerization at 50 [err]C for 30

254 m nut eg, YRR eaeai?gwaanﬂaérfﬁf tRE  réngdald usuall@m)unt
of net hanol was ad ed to termnate pol ymeri zation. The pol ymer

solution was addsgh t; 200 °c,! @gg@eggg,g?soogongt;bap@l tfhPr eci pi tat e a
polynmer, 5 followed by vacuunldrylng a [err]C for 12 hours.

result, 2.40 g e o | z@at ivity
was 6. 00 kg- PP/%%Dﬁyggierrfﬁﬁpirgggaka eaﬂeﬁgb%glﬁgg % e &?3%595f¥§

intrinsic V'SCCEaé@béﬂﬂaﬁda pYessure £00908! kg7cmd? preferably

. 5 atmospheric pressure to 50 kg/cm?. The polymerization
reaction can be carried out by any of batchwise, semi-
continuous and continuous processes. It is also
possibie to conduct polymerization in two or-more stages
under differeﬁt reaction conditions.

10 The molecular weight of the resulting (co)polymer
of the ethylenically unsaturated monomer can be adjusted
by allowing hydrogen to be present in the.polymerization
reaction system or by varying the polymerization
temperature.

15 Examples of thé ethylenically unsaturated monomers
for which ﬁhe polymerization catalyst of the invention
is utilized include:

l1-olefins, such as ethylene, propylene, l-butene,
l-pentene, 3-methyl-l-butene, 1l-hexene, 4-methyl-1-

20 pentene, 3-methyl-l-pentene, l-octene, l-decene, 1-
dodecene, l-tetradecene, l-hexadecene, l-octadecene and

l1-eicosene;

aryl group-substituted ethylenically unsaturated

monomers, such as styrene and O-methylstyrene;



Exanpl e 13 . Propyl ene pol yneri zation

Propyl ene pol ynerization was carried out in the sane nmanner as in
Exanpl e 12, except that rac- 15

di met hyl si |yl ene-bi s(2- net hyl - 4- phenglsiandenyl ) zi r coni um di chl ori de was
repl aced with ethyl ene- bi s(i ndenyl)zirconiumdichloride. As a result,
0.24 ¢ of a polyner was obtained. The polynerization actjvity was

0. 60 kg- PP/ mol - Zr -uiisatatr@tiese folty Acddsel §HER ARLACDOLER a5kGi nsi ¢
viscosity ([err]) of 0.45 dl/g. . . Exanpl e_14 .

Et hyl ene/ propyl‘%%ﬁdl%/r?é:rﬁdgatfi“&?rlc acid, malglq aphydridgass aut ocl ave
thoroughly purged with 25 nitrogen, 400 m of toluene was introduced.
Then, a itaconic acid, itaconic anhydridggand blqygbg(%é%,kﬁ—ﬁﬂ;hy|ene

(40 1/ hr) and propylene (60 I|/hr) was passed through the system and
t he system washeptene-2,3-dicarboxylic acid;

5 unsaturated carboxylic esters, such as methyl
acrylate, ethyl acrylate, n-propyl acrylate, isoptopyl
acrylate, n-butyl acrylate, isobutyl acrylate, tert-

} butfi acrylate, é—ethyihexfi acryiate, methyl
methacrylate, ethyl methacrylate, n-propyl methacrylate,

10 isopropyl methacrylate, n-butyl methacrylate and
isobutyl methacrylate;

dienes;
trienes; and
tetraenes.

15 Examples of the resulting (co)polymers of
ethylenically unsaturated monomers include polyethylene,
polypropylene, polybutene, polypentene, polyhexene,
poly-4-methyl-1-pentene, ethylene/propylene copolymer,
ethylene/butene copolymer, ethylene/pentene copolymer,

20 ethylene/hexene copolymer, ethylene/4-methyl-l-pentene,
copolymer, ethylene/octene copolymer,
ethylene/propylene/butene terpolymer,
ethylene/butene/hexene terpolymer,
ethylene/butene/octene terpolymer, propylene/butene

25 copolymer, propylene/pentene copolymer, propylene/hexene



mai ntai ned at 50 [err]C for 20 mnutes. To the system O0.28 mol of
triisobutylal um num was added, then 0.0008 mmol 5 of

rac-di met hyl si |l yl ene- bi s(2-net hyl - 4- phenyl i ndenyl ) zi rconi um -

di chl ori de was added, and finally the solution A of a catalyst
conponent was added I n an anount 0.0032 mmol in terns of Al atom
to initiate polynerization. To the system a m xed gas of 10

ethylene (40 I/ hr) and propylene (60 |/hr) was continuously fed to

per f or m pol ymefPRALYBAT at PEOPY ken¢(oqtane copdymemuesdiydengy Ab¥pRBeI C
pressure. Thereafter, a small anount of nethanol was added to

term nate the copoli@pyneProRylene/stErens wamoldan. on was washed with a
15 hydrochloric acid aqueous solution and concentrated to precipitate

a pol ymer, fol eShwdepg/phenviene{sepene t3xrpolymgsrr] C for 12 hours. As a
result, 2.80 g of a polyner was obtai ned. The polynerization activity
was 7.00 kg- ethYpSRedRrLeans!shyTene | terrelinehe BEkeR& %ol yner had an
20 intrinsic viscosity ([err]) of 0.67 dl/g and a density of 0. 864
g/ cnB. 5 ofefdp/diebe terpolymer (exampXes\ydfnitiegssndbutadiene,

copol yneri zati on

isoprene, 1,4-hexadiene, dicyclopentadiene, 5-
ethylidene—é-norbornene. 7-methyl-1, 6-octadiene),
ethylene/o-olefin/triene terpolymer (examples of
trienes: chain or cyclic trienes such as 6,10—dimethy1-'

10 1,5,9-undecatriene and 5, 9-dimethyl-1,4,8-decatriene),
and ethylene/a-olefin/tetraene terpolymer (examples of
tetraenes: 6,10,14-trimethy1—1,5,9,13—pen£adecatriene,
5,9,13-trimethyl-1,4,8,12-tetradecatriene). Examples of

the a-olefins of the terpolymers include propylene, n-

15 butene, pentene, n-hexene and decene.

EFFECT QF THE INVENTION
The catalyst component for ethylenically
unsaturated monomer polymerization according to the
20 invention is capable of providing a highly active
catalyst for ethylenically unsaturated monomer
polymerization when used in combination with a

transition metal compound such as a metallocene

compound .



256 To a 500-m gl ass autocl ave thoroughly purged with

nitrogen, 380 m of toluene, and then 20 m of 1-octene wer e

i ntroduced. Then, ethylene was passed thraough the systemat a rate of
100 I/ hr, and the system was 5 nmainR4i5ned at 50 [err]C for 20 m nutes.

To the system 0. 28 of triisobutylal um num was added, then 0.0008

r[m!e)lnyl [ ndenyl ;?rgl)%%yéﬁi%sftp%ﬂmg?%agggggg gor eth¥l (I: t¥|e sol ution
A of a catalyst,compananiy Vﬁﬁ} %ol&r%eﬁ’%a@#%ﬂ%l%&r@%n& 993@hé”m' in

ternms of Al atom to I at e "porynmeri za e-system an

e o ST A, 400: 44k g L
i S

hydr ochl ori & mongmers qéjg:{)ﬁjgs es}%etit on %r%dop%%ré(i%gtrat ed to precipitate a

EXAMPLE
Th% present invention %s further described with
reference to the followiﬁg examples, but it should be
10 construed that the'invention is in no way limited to
those examples.
In the present invention, the intrinsic viscosity
(1) is measured in decahydronaphthalene (decalin) at 135
°C and expressed in dl/g.
15
Example 1
Preparation of solution A of catalyst component
To 70 ml of a dehydrated toluene solution of 7.41 g
(30.0 mmol) of bromopentafluorobenzene in a flask
20 thoroughly purged with nitrogen, 19 ml of a hexane
solution of 30. 6 mmol of n-BuLi was added at -78 °C,
and the mixture was stirred at -78 °C for 4 hours. To
the mixture, 300 ml of a dehydrated toluene solution of
2.67 g (10.0 mmol) of aluminum tribromide was added.

25 After natural temperature rise, the mixture was stirred



pol ymer, followed by vacuum drying at 130 [err]C for 12 hours. As a
result, 0.36 g of a polyner was obtained. 20 The polynerization activity

was 0. 90 kg-pol ynmer/ mol - Zr[err]hr, and the obtained polyner had an
intrinsic viscosity ([err]) of £489 dl/g and a density of 0.858
g/cnerr]. Exanple 16 25 Et hyl ene

pol yneri zati on . 257 ] Tg a 500-n
gl ass aut ocl avétt KePBubBIRepakyEe fP¥nl2 hoyrsy oJdie ey lEings SEYEE¥ne was
i ntroduced. Then, ... ethylene was passed through the systemat a rate of
100 |/ hr, 48§ tfﬁét§§§éeﬁ¥%§gha?n$3a¢$ﬁécﬁla¥t% teaiteipe 10 5
mnutes. To the _system 0.0625 nnol of . triisobutylal um num was added,
then 0.0025 nmfiil§fratge Then; op| BYfrguN nitxegsn okhlmsinadidy, adddngi nal |y
t he solution A of a catalyst conponent was added in an anmount of
0.005 mmol in Oelf mdf of d&ﬁ@)hil?@ ngﬁrat-@ dry nitrogen was bubbled

5 thréugh the filtrate with stirring at 0 °C. Thereafter,
stirring was performed at room temperature for 3 hours
and then at 60 °C for another 3 hours. The resulting
goluﬁion was cooled to -40 °C, and thereto was dropwise
added 40 ml of a dehydrated toluene solution of 1.39 g

10 (5.0 mmol) of triphenylchloromethane. After the
dropwise addition, the mixture was stirred at room
temperature for 12 hours to prepare a solﬁtion A of a

catalyst component.

15 Example 2
Preparation of solution B of catalyst component
In a flask thoroughly purged with nitrogen, a
hydrous nitrogen obtained by adding 0.045 ml of
distilled water to dry nitrogen was bubbled through 20
20 ml of a dehydrated toluene solution of 5 mmol of
triisobutylaluminum with stirring at 0 °C. Thereafter,
stirring was performed at room temperature for 3 hours.
The resulting solution was cooled to 0 °C, and thereto
was dropwiée added 10 ml of a dehydrated toluene

25 solution of 1.84 g (10.0 mmol) of pentafluorophenol.



10 polynerization. To the system an ethyl ene gas was conti nuously

fed at a rate of 100 |/hr to perform pol yneri zation at 25 [err]C for
15 m nutes at atnospheric pressure. Thereafter, a snmall anount of

met hanol was added to term nate ga$ pol yneri zati on. The polynmer 15
solution was added to a | arge excess met hanol to precipitate a

pol ynmer, followed by vacuum dryi ng at 80 [err]C for 12 hours. As a
result, 0.20 g xfter e/ dropmdse” additlhbal, nede mbetpoé ywes i stedroed et i vity
was 0.32 kg- PE/ mmol -Zr[err]hr. [err] 20 . Exampl e 17

258 room temperdtiund v 1@ yhommsz aindothen at 60 °C for 2

hours. The resulting solution was cooled to 0 °C, and

thereto was dropwise added 10 ml of a dehydrated toluene
5 solution of'0.69 g (2.5 mmol) of triphenylchloromethane.

After the dropwise addition, the mixture was stirred at

room temperature for 12 hours to prepare a solution B of

v a catalyst component.

10 Example 3
Preparation of solution C of catalyst component
In a flask thoroughly purged with nitrogen, a
hydrous nitrogen obtained by adding 0.045 ml of
distilled watef to dry nitrogen was bubbled through 20
15 ml of a dehydrated toluene solution of 5 mmol of
triisobutylaluminum with stirring at 0 °C. Thereafter,
stirring was performed at room temperature for 3 hours.
The resulting solution was cooled to 0 °C, and thereto
was dropwise added 10 ml of a dehydrated toluene
20 solution of 2.12 g (10.0 mmol) of pentafluorobenzoic
acid. After the dropwise addition, the mixture was
stirred at room temperature for 12 hours and then
further stirred at 60 °C for 5 hours. The resulting
solution wés cooled to- -0 °C, and thereto was dropwise

25 added 10 ml of a dehydrated toluene solution of 0.69 g



To a 500-m gl ass autoclave thoroughly purged with nitrogen, 250 m of
t ol uene was introduced. Then, et hyl ene was passed through the system
at arate of 100 5 |I|/hr, and the systemwas maintained at 25 [err]C for

10 m nutes. To the system 0.833 ngpl of triisobutylal um num was
added, then 0.0105 nmol of 2,2'- 24 '

t hi obi s(4- et hyl - 6-t-butyl phenoxy)titani um-dichloride was added, and

finally the sol (2 ®moXf o catiphesivlchloreneprarat WRSt@ddgse i n an anount
of 0.021 mmol in terns of Al atom to initiate polynerization. To the

system andeohyi S aiBT MRS il mikeugkywhedstirfedad€ ¥donl 00
| /hr to perform polynerization.at 25 [err]C for 60 m nutes at

at nospheri c pr esanpérathies efdr e muiEido piFepakeot sdbutidhh@net avas added
to term nate the polynerization. The pol ymer sol ution was added to a

| arge excess of caBiipse©l compondrit .precipitate a polynmer, followed by vacuum
dryi ng at 80 [err]C for 12 hours. As a result, 4.50 g of a polyner

was obtai ned, The polynerization activity was 0.43 kg- 20

PE/ mrol -Zr[err] hr. The results in Exanples 6 to 17 are set forth

in Tabl e Bxample 4
aration o i catal Mpon
Tn a flask thoroughly purged with nitrégen, 30 ml
of a dehydrated o-xylene solution of 1.56 g (8.5 mmol)
10 of 2,3,4,5,6-pentafluorcaniline was dropwise added
slowly to 40 ml of a dehydrated o-xylene solution of 17
mmol of triethylaluminum with stirring at  room
temperature. After the dropwise addition, the mixture
was stirred for 35 hours under héating at 130 °C. The
15 solvent was removed from the resulting solution, and
then 50 ml of dehydrated toluene was added. The
resulting solution was cooled to 0 °C, and thereto was
dropwise added 70 ml of a dehydrated toluene solution of
12.52 g (68 mmol) of pentafluorophenol. After the
20 Qdropwise addition, the mixture was stirred at room
temperature for 12 hours and then at 60 °C for 2 hours.
The resulting solution was cooled to 0 °C, and thereto
was dropwise added 50 ml of a dehydrated toluene
solution of 2.37 g (8.5 mmol) of triphenylchloromethane.

25 After the dropwise addition, the mixture was stirred at



259 Tabl e 3 Transition

net al Sol ution of Or ganoal um num conponent
catal yst conmponent conpound Type Zr Type
Al Type . Al concentration

concentration concentration 249 (rmmol ) (rmmol )
(rmol ) Ex. 6 (1) 0. 0008 (A 0. 0032 TI BA

0. 280 EX. foom Yemperatldr8088r 12 howds to pre;QnQQ%Z solutidhBB of

0. 280 Ex. 8 (1) 0. 0008 (D) 0. 0160 TI BA

0. 280 Ex. @ catdlyst coRpofest. (A 0. 0032 TI BA

0. 280 Ex. 10 (2) 0. 0008 (B) 0. 0032 TI BA

0. 280 Ex.11 (2) 0. 0008 (O 0. 0032 TI BA

0. 280 Ex. 12 (1) 0. 0008 (A 0. 0032 TI BA

0. 280 Ex. 1¥xanfpdle 5, 0.0008 (A 0. 0032 TI BA

0. 280 Ex.14 (1) . 0.0008 (A 0. 0032 TI BA

0. 280 Eg. 15 (?};gp_arat@gﬁogﬁ solutidVE of cat@®i1Q9a32 comggn@h%A

0. 280 Ex.16 (3 0. 0025 A 0. 0050 A

8-gg§5 Ex. 17 ) a flaskptﬂ$95ughly ﬁ@%ged witﬁLﬁgnggen all BA

hydrous nitrogen ob;ained by adding 0.045 ml of
distilled water to dry nitrogen was bubbled through 20
ml of a dehydrated toluene solution of 5 mmol of tri-n-
10 octylaluminum with stirring at 0 °C. Thereafter,
stirring was performed at room temperature for 5 hours.
The resulting solution was cooled to 0 °C, and thereto
was dropwise added 10 ml of a dehydrated toluene
solution of 0.69 g (2.5 mmol) of triphenylchloromethane.
15 After the dropwise addition, the mixture was stirred at
room temperature for 12 hours to prepare a solution E of

a catalyst component.

Example 6
20 Ethvlene polymerization
To a 500-ml glass autoclave thoroughly purged with
nitrogen, 400 ml of toluene was introduced. Then,
ethylene was passed through the system at a rate of 100
l1/hr, and the system was maintained at 75 °C for 10

25 minutes. To the system, 0.28 mmol of



TIBA: triisobutylal um num (1) rac-Me2Si (2- Me-4-Ph-1nd)22rd 2 5 (2)

Et (I nd)2z2rd 2 (3) [err] (4)[err]

260 ) Tabl e 3 (Continued) Tenper at ure
Tinme Yield Activity ([err]) (mn) (9)

(kg/ mmol - (dl/g) 250zn[err]hr) Ex. 6 75

6 8.00 100. 00 6.10 Ex. 7 75 6 1.44 18. 00
3.50 Ex. 8 triig5but¥1alux§imim $¥a90added b-dien 0.0003 ol oEXral-

75 6 5.80 2.50 1.80 Ex. 10 75 10 1.44
10. 8 1. 43 gimekhyldilylendobis (2-metiyl -4 (bhylinderiA ) zirconiumd

Ex. 12 50 gb y2.40 6.OdéQY -Q%.Gar Ex. 13 50

8067 0.24 %iChloride WadOadde&X-dAd finaPly the solMtion 4 8¢ a 7 00

catalyst component was added in an amount of 0.0032 mmol

5 in terms of‘Al atom, to initiate polymerization. To the
system, an ethylene gas was continuously fed at a rate
of 100 1l/hr to perfqrm polymerization at 75 °C for 6

. minutes at atmospheric pressure. Thereafter, a small
amount of methanol was added to terminate the

10 polymerization. The polymer solution was added to a
large excess of methanol to precipitate a polymer,
followed by vacuum drying at 80 °C for 12'h§urs. As a~
result, 8.00 g of a polymer was obtained. The
polymerization activity was 100 kg-PE/mmol-Zr-hr, and

15 the obtained polymer had an intrinsic viscosity (1) of

6.10 dl/g.
Example 7
Ethvlene polymerization
20 Ethylene polymerization was carried out in the same

manner as in Example 6, except that the solution B of a
catalyst component prepared in Example 2 was used in
place of the solution A of a catalyst component. As a
result, 1.44 g of a polymer was obtained. The

25 polymerization activity was 18 kg-PE/mmol-Zr-hr, and the



Ex. 15 50. 30 0. 36 0. 90 0. 89 Ex. 16 25

15 0. 20 0. 32 - Ex. 17 25 " 60 4.50 0.43

- In Table 3, the terns "Zr concentration" and "Al )
concentration” represent the concentration of the 5 conpound in terns of
Zr atomand Al atom respectively. ) 261
Exanpl e 18 Preparati on of sg§Jtion F of catal yst conponent
In a flask thoroughly purged with nitrogen, 30 n of a dehydrated
0- xyl ene sol ut i it Hindd 5o lgmiekd Had @l intrinefic2visdobitypen) adf wWrsmni | i ne
was dropw se added slowy to 20 m of a dehydrated o-xylene sol ution
of 20 Mol gpfq di et hyl al um num chloride with stirring at room
tenperature. After the dropw se addition, the mxture was stirred for

40 hours under heating at 125 [err]C. The 10 solvent was renoved fromthe
resul ting solution, and

Example 8

Al

5 Ethvlene polymerjzation
Ethylene polymerization was carried out in the same
nanner as 1n Example 6, except that the solution D of a
catalyst component prepared in Example 4 was added in anr
amount of 0.016 mmol in terxrms of Al atom in élace of
10 adding the solution A of a'catalyst component in an
amount of 0.0032 mmol in terms of Al atom. As a result,

0.50 g of a polymer was obtained. The poiymerization
activity was 6.25 kg-PE/mmol-Zr-hr, and the obtained
polymer had an intrinsic viscosity (1) of 3.48 dl/g.

15
Example 9

Ethvlene polymerization
To a 500-ml glass autoclave thoroughly purged with
nitrogen, 400 ml of toluene was introduced. fhen,

20 ethylene was passed through the system at a rate of 100
1/hr, and the system was maintained at 75 °C for 10
minutes. To the system, 0.28 mmol of
triisobutylaluminum was added, then 0.0008 mmol of
ethylene-bis(indenyl)zirconium dichloride was added, and

25 finally the solution A of a catalyst component was added



then 50 M of hexane was added and stirred. The

sol ution portion was

renoved by decantation, and to the I nsol ubl e portion was added 100 mi
of dehydrated tol uene to obtain a toluene solution (solution f-1). 15
Separately, in a flask thoroughly purged with nitrogen, 2.95 nm of an
n- hexane sol ution of 4.69 mmol of n-BuLi was added to 20 ml of a
dehydr at ed tol uene solution of O M (4.56 mmol) of

pent af | uor obenzene with stirringat -78 [err]C, and the m xture was

stirred at 20

From the sol uti p anlamount|ofudi0G¥2 muzd hmpltexms of Altakem. 0¥ Al at om

was di spensed,

added sl ow y toiphtiate polymerizationi uffcokhe siys$em: r prgetyleme [gag ] C.

-78 [err]C for 7 hours to obtain a solution (solution f-2).

and t he whol e anount of the solution f-2 was dropw se

After 25 natural tenperature rise, the mxture was stirred at
262 room t wapecanbinuewsly Xfed ats a Mede eful00ng /brukpyprertorm

filtered through a glass filter to obtain a filtrate

10

15

20

25

polymerization at 75 °C for 6 minutes at atmospheric
pressure. Thereafter, a small amount of methanol was
added to terminate the polymerization. The polymer
solution was added to a largerexcess of methanol to
precibitate a polymer, followed by vacuum drying at 80
°c for 12 houég. As a result, 5.80 g of a polymer was

obtained. The polymerization activity was 72.5 kg-

PE/mmol-Zxr-hr, and the obtained polymer had an intrinsic

viscosity (n) of 1.8 dl/g.

Example 10

Ethylene polymerization
Ethylene polymerization was carried out in the same
manner as in Example 9, except that the solution B of a
catalyst component prepared in Example 2 was used in
place of the solution A of a catalyst component and the
polymerization time was varied to 10 minutes. As a
result, 1.44 g of a polymer was obtained. The

polymerization activity was 10.8 kg-PE/mmol-Zr-hr, and
the obtained polymer had an intrinsic viscosity (n) of

1.43 dl/g.

(solution f-3).



Fromthe solution f-3, an aliquot of 0.852 mmol in 5 terns of Al atom was

di spensed into a flask thoroughly purged with nitrogen. Then, 10 m of
a dehydrat ed tol uene solution of 0.24 g (0.86 nmol) of '

tri phenyl chl oromet hane was dropw se2&led to the di spensed sol ution
with stirring at -78 [err]C. After 10 natural tenperature rise, the

m xt ure was stirref a[ roomtenperature for 12 hours to prepare a
solution F of tal yst conponent. Exanple 19 15

Preparation of solution G of cathal yst copponent . . . In a flask

t horoughly purged with nit rogmﬂ)ﬂe—u—%%mml) of

di phenyl si | anedi ol and_50 m of dehydrated t.ol uene yere stirred at

room t enper at ur e. Ethylens ool ynerizaton yas Fard ieds out, Apcthet e rri ng,
followed 20 by dropw se adding slowy 30 ml of a_dehydrated tol uene

sol ution of 9mannaFppsoingExamgle v st dhate the solukiog, Ct A &ropwi se
addition and natural tenperature rise, the mxture was stirred at
room t enpdr at gesailyst]gomponentgp¥eparet tire ExamPle Rowas Y§66r 1Reating at

100 [err]C. The 25 solvent was renoved fromthe resul-ting solution, and
place of the solution B of a cqtalyst component. As a

result, 0.80 g of a polymer was obtained. The
poly@erization.activitj was 6.0 kg-PE/mmol-Zr-hr, and
the obtained polymer had an intrinsic viscosity (n) of !

10 1.58 dl/g.

Example 12

Propvlene polymerization
To a 500-ml glass autoclave thoroughly purged with
15 nitrogen, 400 ml of toluene was introduced. Then,
propylene was passed through ;he system at a rate of 100
1/hr, and the system was maintained at 50 °C for.20
minutes. To the system, 0.28 mmol of
triisobutylaluminum was added, then 0.0008 mmol of rac-
20 dimethylsilylene-bis(2-methyl-4-phenylindenyl)zirconium
dichloride was added, and finally the solution A of a
catalyst component was added in an amount.of 0.0032 mmol
in terms of Al atom, to initiate polymerization. To the
system, a propylene gas was continuously fed at a rate

25 of 100 1/hr to perform polymerization at 50 °C for 30



263 then 50 mM of hexane was added and stirred. The sol ution
portion was renoved by decantation, and to the I nsol ubl e portion was
added 100 m of dehydrated tol uene to obtain a toluene solution

(solution g-1). 5 Separatelyngé:a.flask t hor oughly purged with
nitrogen, 11.50 m (18.50 nmol) of an h-hexane sol ution of n-BulLi was
added to 20 m of a dehydrated tol uene solution of 2.30 nl (18.50
mmol ) of pent ammeeseﬁ‘zea‘émosphemq Prassureyy Fherpafitery] & smadlt he

m xture was stirred at -78 [err]C for 7 hours to obtain a solution
(sol ution g-2)amount of me¢hén@blwnsdmi§ai S emipatee theded slowly to the
solution g-1 with stirring at -78 [err]C. After natural t enperat ure
rise, the m xtpedymerisetiond afTheedymer sodnpuiran wes fedded2thoars. The
resulting slurry was 15 filtered through a glass filter to obtain a
filtrate léz:gbuebccnsg- @f. methanol to mewirsitatie &f relyweydr at ed

t ol uene sol ution of
5 followed by vacuum drying at 80 °C for 12 hours. As a
result, 2.40 g of a polymer was obtained. The
polymerization activity was 6.00 kg-PP/mmol-Zr-hr, and
the obtained polymer had an intrinsic viscosity (n) of

3.60 dl/g.
10
Example 13
Propylene polymerization
Propylene polymerization was carried out in the
same manner as in Example 12, except that rac-

15 dimethylsilylene-bis(2-methyl-4-phenylindenyl)zirconium
dichloride was replaced with ethylene-
bis(indenyl)zircoﬁium dichloride. As a result, 0.24 g
of a polymer was obtained. The polymerization activity

was 0.60 kg-PP/mmol-Zr-hr, and the obtained polymer had

20 an intrinsic viscosity (n) of 0.45 dl/g.

Example 14
Ethvlene/propvlene copolymerization
To a SOO—ml glass autoclave thoroughly purged with

25 nitrogen, 400 ml of toluene was introduced. Then, a



1.28 g (4.60 mmol ) of triphenyl chl oronet hane was dropwi se added to the
solution g-3 with stirring at -78 20 [err]C. After natural tenperature
rise, the mxture was stirred at roomtenperature for 12 hours to

prepare a solution G of a catal yst conponent. Exanple 20 25
Et hyl ene pol yneri zati on 264 To

a 500-m gl ass autocl ave thoroughly p&?ﬁ%d'mﬁth nitrogen, 400 m of

t ol uene was introduced. Then, *  ethylene was passed through the system
at a rate of 100ixed gé¢hef ethildre siAd dnihaas amd propyddnat (66 Jdar) C for
10 5 mnutes. To the system 0.28 mmol of triisobutylal um num was
added, then 0.0088 pastedfthrough the system, and the system was

di et hyl si | yl ene- bi s(2- net hyl - 4- phenyl i ndenyl ) zi rconi um di chl ori de was
addl ed, and fi nmafiptaheedoatit 5O’ ffr 20 minut®sal y¥o thepspshemywal.28ded
in an amount of 0.0032 nppl 10 in terns of Al atom to initiate
pol yneri zati on. mmdd bletriisobutylaluminum was added, then.0.0008 mmol
5 of rac-dimethylsilylene-bis(2-methyl-4-
phenylindenyl)zirconium dichloride was added, and
finally the solution A of'a catalyst component was added
in an amount of 0.0032 mmol in ;erms of Al atom, tor
initiate polymerization. To the system, a mixed gas of '
10 ethylene (40 1l/hr) and propylene (60 1l/hr) was
continuously fed to perform polymerization at 50 °C for
30 minutes at atmospheric pressure. Thereafter, a smail
amount of methanol was added to terminate the
polymerization. The polymer solution was washed with a
15 hydrochloric acid aqueous solution and concentrated to
precipitate a polymer, followed by-vacuum drying at 130
°C for 12 hours. As a result, 2.80 g of a polymer was
obtained. The polymerization activity was 7.00 kg-
polymer/mmol-Zr-hr, and the obtained polymer had an

20 intrinsic viscosity (n) of 0.67 dl/g and a density of

0.864 g/cm3.

Example 15

Ethvlene/ogctene copolvmerization



system an_ethylene gas was continuously fed at a rate of 100 1/hr to
perform pol ynerization at 75 [err]C for 6 m nut es at at nospheric
pressure. Thereafter, a small anount of nethanol was added to
termnate the 15 polynerization. The polyner solution was added to a

| arge excess of nethanol to precipita&%6a pol yner, foll owed by vacuum
drying at 80 [err]C for 12 hours. As a result, 5.90 g of a polyner

was obtained. The mo a 9OHVRE'dZAd Uh@did Xntadubdl d with
kg- PE/ mmol - Zr[err] hr, %nd 20 %he obté?%%élpolyneru adzgﬁufﬁfriﬁ%ic

viscosity ([erpityr8hen, 380mP3fl¢{Suene, ana BHEP® 23 of 1§ggtene

Et hyl ene pol ynmeri zation . . .
Ethyl ene pol yngeirzathePodBSeqar Ifigeh OWcifh &l wid™assed TRPBGEGHAENE"

Exanpl e 20, except that ethyl ene-

system at a rate of 100 1l/hr, and the system was

5 maintained at 50 5C for 20 minutes. To tﬁe system, 0.28
mmol of triisobutylaluminum was added, then 0.0008 mmol
of rac-dimethylsilylene-bis(2-methyl-4-
phenflindényl)zirconium dichloride was added, and
finally tke solution A of a catalyst component was added

10 in an amount of 0.0032 mmol in terms of Al atom, to
initiate polymerization. To the system, an ethylene gas
was continuously fed at a rate of 100 1l/hr to perform -
polymerization at 50 °C for 30 minutes at atmospheric
pressure. Thereafter, a small amount of me;hanol was

15 added to terminate the polymerization.

The polymer solution was washed with a hydrochloric

acid aqueous solution and concentrated to precipitate a
polymer, followed by vacuum drying at 130 °C for 12
hours. As a result, 0.36 g of a polymer was obtained.

20 The polymerization activity was 0.90 kg-polymer/mmol-

Zr-hr, and the obtained polymer had an intrinsic

viscosity (n) of 0.89 dl/g and a density of 0.858 g/cm3.

Example 16

25 Ethvlene polymerization



bi s(i ndenyl ) zirconiumdichloride was used in place of

rac-di net hyl sil yl ene-bi s(2-nethyl-4- 5 phenylindenyl)zirconium
dichloride. As aresult, 7.20 g of a polymer was obtained. The

pol yneri zation activity was 90. 00 kg- PE/ mol - Zr [
obt ai ned pol ynmer had an intrinskﬁﬁyiscosity ([er
10 Exanple 22 yl ene pol yneri
Et hyl ene pol yneri zation was carried out in the sane

err]lhr, and the
r]) of 1.75 dl/g.
zation

manner as in

Exanpl e 20, except Tbar $0@-mblglasm é@tufclave thoranghlyt pougpdmehthwas
used in place of the solution F 15 of -a catal yst conponent. As a result,
4.57 g of a nitpogemer25fsmbbofi telhenEhavazoliptaoiduateidon abenvity was

57. 13 kg-PE/ nmol -Zr[err]hr, and the obtai ned pol yner

had an intrinsic

viscosity ([erethydéné. ¥dsdbdgsed tifoudixarhd esy2tem at a rate of 100
Et hyl ene pol yneri zation . Et hyl ene pol yneri zation was carried out
in the sane 1/hrpuandr the systemnpas Rdintxiwgd dthas echfbengdo

bi s(i ndenyl) zi rconi um di chl ori de was used in place of
5 minutes. To the system, 0.0625 mmol of

triisobutylaluminum was added, then 0.0025 mmol of the

following Ni catalyst was added, and finally the

solution A of a catalyst component was added in an

amount of 0.005 mmol in terms of Al atom, to initiate

10 polymerization. To the system, an ethylene gas was

continuously fed at a rate of 100 1l/hr to perform

polymerization at 25 °C for 15 minutes at atmospheric

pressure. Thereafter, a small amount of methanol was

added to terminate the polymerization.

15 solution was added to a large excess of

The polymer

methanol to

precipitate a polymer, followed by vacuum drying at 80

°C for 12 hours. BAs a result, 0.20 g of a polymer was

obtained. The polymerization activity was 0.32 kg-

PE/mmol-Zr-hr.

20

iPr iPr

Example 17



25 rac-dinethylsilyl ene-bis(2-nmethyl-

266 phenyl|ndenyl)2|rconlunldlchlorlde and the solution G of a
catal yst conponent was used in place of the solution F of a catal yst
conponent. As a result, 10.64 g of a pol ymer was obtai ned. The

pol yneri zation activity was 5 133.00 kg-PE/mol -Zr[err]hr, and the
obt ai ned pol yner had an |ntr|ns@§8usc03|ty ([err]) of 1.48 dl/g.
Exanpl e 24 "Et hyl ene pol ynerization 10 To a

500-m gl ass autoclave thor ouglﬁ,_;h:ﬁ@hgeg oMABrizatidhtrogen, 250 m of

t ol uene was introduced. Then ené was passed through the system
at a rate of 100 / - ]C for
10 . o &/ 80 rf?fdg%ﬂgsss&{ﬁ:tqeﬂfaf%s f@%‘r{aﬁlghﬁgbapi‘?gﬁ wECh

m nut es. TO the syste IS um num was

added, then 0. R?ErQBBJ'L Oisélml of AR Pl HUPLEIRE. es@ﬂ&ﬁd by the

follow ng fornu

ethylene was passed through the system at a rate of 100
"5  1/hr, and the system was maintained at 25 °C for 10
minutes. To the systém, 0.833 mmol of
triisobutylaluminum was added, then 0.0105 mmol of 2,2'-
thioﬁié(4-methjl—6—t—butylphenoxy)titanium dichloride
was added, and finally the solution A of a catalyst
10 component was added in an amount of 0.021 mmol in terms

of Al atom, to initiate polymerization. To the system,

an ethylene gas was continuocusly fed at a rate of 100
1/hr to perform polymerization at 25 °C for 60 minutes
at atmospheric pressure. Thereafter, a small amount of
15 methanol was added to terminate the polymerization. The
polymer solution was added to a large excess of methanol
to precipitate a polymer, followed by vacuum drying at
80 °C for 12 hours. As a result, 4.50 g of a polymer
was obtained. The polymerization activity was 0.43 kg-

20 PE/mmol-Zr-hr.

The results in Examples 6 to 17 are set forth in

Table 3.



was added, and finally the solution G of a catalyst conponent was
added in an anmount of 0.012 mml in terns of Al atom to initiate

pol ynmeri zation. To the system 20 an ethyl ene gas was conti.nuously fed at
a rate of 100 | /hr to perform polynerization at 25 [err]C for 5

m nut es at at nospheric pressup89 Thereafter, a snmall anount of.

met hanol was added to term nate the pol ynmerization. The pol ymer

sol ution was added to a | arge excess fgbﬂgppanol 25 to precipitate a

pol ymer, followed by vacuum dryi ng at _ 267
80 [err]C for 12 hours. As aresult, 2.10 g of a pol yner was obt ai ned.

The pol yneri WW&& O "‘U.Soluti E;DI prret—TAt "L.:r‘ At an&}m{hf‘
gbt ai ned poljyner had an.dAbELAST € ca\&%s& cf@ﬁg]) 0 g@tﬁ:@fj’g. [;rr]
Type | « Zr Type Al Type Al :
concentration concentration . concentration
{mmo1l) {(mmol) {mmol)
Ex. 6| (1) 0.0008 (a) 0.0032 TIBA 0.280
Ex. 7] (1) 0.0008 (B) 0.0032 TIBA 0.280
Ex. 8] (1) 0.0008 . (D) 0.0160 TIBA 0.280
IEx. of (2 0.0008 () 0.0032 | TIBA| _ 0.280
Ex.10]| (2) 0.0008 {B) _0.0032 TIBA 0.280
Ex.11| (2) 0.0008 () 0.0032 TIBA 0.280
Ex.12{ (1) 0.0008 (a) 0.0032 TIBA 0.280
Ex.13! (2) 0.0008 () | 0.0032 TIBA 0.280
Ex.14| (1) 0.0008 (a) 0.0032 TIBA 0.280
Ex.15] (1) 0.0008 (2) 0.0032 TIBA 0.280
Ex.16| (3) 0.0025 (a) 0.0050 TIBA 0.0625
Ex.17| (4) 0.0105 (a) 0.0210 TIBA 0.833

TIBA: triisobutylaluminum
(1) rac-Me3Si(2-Me-4-Ph-Ind};ZrCls
5 (2) Et(Ind),2rCl,

(3) (4)

M tBu
iPr iPr Ccl
/\ LSy
Ti
~
N X o a1

r Br 1FT Me tBu



Exanpl e 25 Et hyl ene pol yneri-zation 10 Et hyl ene

pol yneri zation was carried out in the sane manner as in Exanpl e 24,
except that a titani um conpound _represented by the follow ng fornul a
was used in place of the zirconium conpound represented by the above
formula. As a result, 0.40 g of a polﬁner was obtained. 15 The
pol yneri zation activity was 0.48 kg-P | -Ti[err]hr, and the
obt ai ned pol ynmer had an intrinsic viscosity ([err]) of 6.32 dl/g.
[err] Table 368contipnu&dpnpl e 26
Et hyl ene pol yneri zati on Et hyl gqne pol yneri zation was carried out in
the sane 5 manner as in Exanple 24, except that a zirconium
Temperature | Time Yield | Activity 141))]
(min) (g) (kg/mmol -~ (d1/g)
N Zn-hr)

Ex. 6 75 6 8.00 | 100.00 6.10

Ex. 7 75 6 1.44 18.00 3.50

Ex. 8 75 6 0.50 6.25 3.48

Ex. 8] - 7S 6 5.80 72.50 1.80

Ex.10 75 10 1.44 10.8 1.43

Ex.11 75 10 0.80 6.00 1.58

Ex.12 50 30 2.40 6.00 3.60

Ex.13 50 30 0.24 0.60 0.45

Ex.14 50 30 2.80 7.00 0.67

Ex.15 50 30 0.36 0.90 0.89

Ex.16 25 15 0.20 0.32 ~

Ex.17 25 60 4.50 0.43 .-

In Table 3, the terms "Zr concentration" and "Al
concentration® represent the concentration of the

5 compound in terms of Zr atom and Al atom, respectively.



compound represented by the follow ng fornula was used in place of the

zi rconi um conpound represented by the ‘above fornmula. As a result,
2.15 g of a polymer was obt ai ned. The pol yneri zation activity was 5. 16
kg- 10 PE/mol -Zr[err]hr, and the obtained polynmer had an intrinsic
viscosity ([err]) of 1.17 dl/g. [err] 15 Exanple 27

Et hyl ene pol yneri zati on Et hypére pol yneri zati on was carri ed.out
in the sane manner as in Exanple 24, except that a titani um conpound
represented by the Ié(¥g ng formula was used in place 20 of the _

zi rconi um conpo gpresent ed by the above formula. As a result, 0.15

Do P ool T L er ey Ex2bE8rion of 'RE1B0L ! SR 0 ALY donbotfie 10
In a;flask thoroughly purged with nitrogen, 30 ml
of a dehydrated o-xylene soluﬁion of 1.83 g (10.0 mmol)

5 of 2,3;4,5,6—pentafluoroaniline was dropwise added

slowly to 20 ml of a dehydrated o-xylene solution of 20
mmol of diethylaluminum chloride with stirring at room
temp;rature. After the dfbpwise addition, the mixture
was stirred for 40 hours under heating at 125 °C. The'

10 solvent was removed from the resulting solution, and
then 50 ml of hexane was added and stirred. The
solution portion was removed by decantation, and to the
insoluble portion was added 100 ml of dehydrated toluene
to obtain a toluene solution (solution f-1).

15 Separately, in a flask Ehoroughly purged with
nitrogen, 2.95 ml of an n-hexane solution of 4.69 mmol
of n-Buli was added to 20 ml of a dehydrated toluene
solution of 0.57 ml (4.56 mmol) of pentafluorobenzene
with stirring at -78 °C, and the mixture was stirred at

20 -78 °C for 7 hours to obtain a solution (solution £-2).

From the solution f-1, an aliquot of 2.28 mmol in
terms of Al atom was dispensed, and the whole amount of
the solution f-2 was dropwise added slowly to the

dispensed solution with stirring at -78 °C. After

25 natural temperature rise, the mixture was stirred at



269 and the obtained polymer had an intrinsic viscosity ([err]) of
6.31 dl/g. [err] 5 Exanpl e 28
Et hyl ene pol yneri zati on . To a 500-m gl ass autocl ave thoroughly
purged with nitrogen, 250 m of ?gé#ene was introduced. Then, 10
et hyl ene was passed through the systemal a rate of 100 | /hr, and the
systemwas maintained at 25 [err]C for 10 m nutes. To the system
0.100 mvl of room tempgbatyreal fod nidn heursadd&he meswlEiogs shupkyowaan
i ron conpound rﬁgresented by the follow ng formula was

iltered through a glass filter to obtain a filtrate

(solution £-3).
From. the solution f-3, an aliquot of 0.852 mmol in
5 terms of Al'atom was dispensed into a flask thoroughly
purged with nitrogen. Then, 10 ml of a dehydrated |
toluene solution of 0.24 g (0.86 mmol) of
tripﬁénylchloromethane was dropwise added to the
digpensed solution with stirring at -78 °C. After

10 natural temperature rise, the mixture was stirred at

room temperature for 12 hours to prepare a solution F of

-

a catalyst component.

Example 19
15 Preparation of solution G of catalyst éomponent
In a flask thoroughly purged with nitrogen, 1.00 g
(4.62 mmol} of diphenylsilanediol and 50 ml of
dehydrated toluene were stirred at room temperature.
The mixture was cooled to -78 °C with stirring, followed
20 by dropwise adding slowly 30 ml of a dehydrated toluene
solution of 9.24 mmol of diethylaluminum chloride.
After the dropwise addition and natural temperature
rise, the mixture was stirred at room temperature for 12
hours and then for 6 hours under heating at 100 °C. The

25 solvent was removed from the resulting solution, and



15 added, and finally the solution G of a catal yst . conponent. was

added in an anmount of 0.010 mml in terns of Al atom to initiate

pol ynmeri zation. To the system an et hyl ene gas was continuously fed at
a rate of 100 1/hr to perform po gﬁrlzatlon at 25 [err]C for .5
mnutes at 20 atnospheric pressure. ereafter, a small anount of

nmet hanol was added to term nate the pol yneri zation. K The

270 pol yner tRen (2 ¢ Jit \RE hedee f“@saaldéfe&ea@?cégér’é?dnet%ol to
pr eci pltate a pol rrer, foll omed by vacuum drying [err C for 12
hour s. a r esBPTUCEOY P HFom Yo fr?ﬁpved %@eﬁﬁ{‘ﬁ?ﬁbﬂn T‘Héd

pol ymeri zat lon activity was 10.80 kg- nmol hr, and the

_Fe
obt ai ned pol yneingaiullepertipn was adﬁegcégpt Vl(Pérﬁgﬂ‘Y atedtolyene [err]

to obtain‘a toluene solution (solution g-1}.

5 Separately, in a flask thoroughly purgéd with
nitrogen, 11.50 ml (18.50 mmol) of an n-hexane solution
of n-Buli was added to 20 ml of a dehydrated toluene
solufion of 2.30 ml (18.50 mmol) of pentaflupfobenzene
with stirring at -78 °C, and tﬁe mixture was stirred at

10 -78 °C for 7 hours to obtain a solution (solution g-2}.
The solution g-2 was dropwise added slowly to the
solution g-1 with stirring at -78 °C. After natural
temperature rise, the mixture was stirred at room
temperature for 12 hours. The resulting slurry was
16 filtered through a glass filter to obtain a filtrate
(solution g-3).
Then, 30 ml of a dehydrated toluene solution of
1.28 g (4.60 mmol) of triphenylchloromethane was
dropwise added to the solution g-3 with stirring at -78
20 °C. After natural temperature rise, the mixture was
stirred at room temperature for 12 hours to prepare a

solution G of a catalyst component.

Example 20

25 Ethylene polymerization




10 The results in Exanples 20 to 28 are set forth in Tabl e 4.

271 Tabl e 4 Transi tion netal

Sol uti on of Or ganoal um num conponent cat al yst
conponent - conpound Ty 64 Concentration Type Al
Type Al ? concentration
concentration é@% %&

0. 0008 F T % i glﬂtFBAauWCl@V%@mmuS}llY (Pzarge with 0008
F 0. 0032 TI BA 280 _Ex.22 (1) 0. 0008 G

0. 0032 T| gritrogery AH9 “\%x°£3t°%2)°—ne was Bnbmuced '@en' 0. 0032
TI BA 0.280 Ex.24 (5) TI BA
0.250 Ex.25 (%ahylene Warp@gssed threugh the eye*;{‘zm at aﬂaéz@ of 1G9 250
Ex.26 (7) 0. 005 G 0.012 TI BA 0.250 Ex.27
(8) 0. 0051/hr and; the systemwas maintpgned at @52% for 10

5 minutes. To the system, 0.28 mmol of
triisobutylaluminum was added, then 0.0008 mmol of rac-
dimethylsilylene-bis(2-methyl-4-phenylindenyl)zirconium

' diéhioride.was added, and finally the solution F of a

éatalyst component was added in an amount of 0.0032 mmol

10 in terms of Al atom, to initiate polymerization. To the
system, an ethylene gas was continuously fed at a rate
of 100 1l/hr to perform polymerization at 75 °C for 6
minutes at atmospheric pressure. Thereafter, a small
amount of methanol was added to terminate the

15 polymerization. The polymer solution was. added to a
large excess of methanol to precipitate a polymer,
followed by vacuum drying at 80 °C for 12 hours. As a
result, 5.90 g of a polymer was obtained. The
polymerization activity was 73.75 kg-PE/mmol-Zr-hr, and

20 the obtained polymer had an intrinsic viscosity (mn} of

5.63 dl/g.

Example 21

Ethvlene polymerization



Ex.28 (9) 0. 005 G 0. 010 Tl BA 0.100 TIBA:
triisobutylalumnum (1) rac-Me2Si (2-Me-4-Ph-Ind) 2Zrd 2 (2) Et (Ind) :
2Zrd 2 (5) [err] (6)[err] (7)[err] (8)

[err] _ (9)[err] ' 272
Tabl e 4 (Continued) Tenperature Tine Yield Activity Intrnsic
([err]© (min) (g) (kg/ ol - viséddity

metal [err]hr) ([err])(dl/g) Ex.20 75 6 5.90 73.75

5.63 Ex. 21 75 Ethyleﬁ% oljﬁé%izati%%-@gs carriéa5oﬁﬁ-§@ the same

6 4.57 57.13 f> 10. 64  133.00
1.48 Ex. 24 ﬂénner as 1ﬁ5ExamﬁlelQO, exéeB@ that e9h§5e53-25 25

5 0. 40 0. 48 6. 32 EX. 26 2.15 5.16

1.17 Ex. 27 855(1ndenylﬂé&rcoﬂlu%5dlchﬂ@rl&e waSqueallﬁkpfﬁce of 25
5 0. 45 10. 80 . 3.01
rac-dimethylsilylene-bis(2-methyl-4-
5 phenylindenyl)zirconium dichloride. As a result, 7.20 ¢

of a polymer was obtained. The polymerization activity

was 90.00 kg-PE/mmol-Zr-hr, and the obtained polymer had

an intrinsic viscosity (1) of 1.75 dl/g.-

10 Example 22
Ethylene polymerization
Ethylene polymerization was carried out in the same
manner as in Example 20, except that the soiution G of a
catalyst component was used in place of the solution F
15 of a catalyst component. As a result, 4.57 g of a
polymer was obtained. The polymerization activity was

57.13 kg-PE/mmol-Zr-hr, and the obtained polymer had an

intrinsic viscosity (1) of 6.91 dl/g.

20 Example 23

Ethvlene polymerization
Ethylene polymerization was carried out in the same
manner as in Example 20, except that ethylene-
bis(indenyl)zirconium dichloride was used in place of

25 rac-dimethylsilylene-bis(2-methyl-4-



In Table 4, the term "concentration” represents the concentration of the
correspondi ng conpound in terns of the netal atom

273 What is clained is: 1. A catalyst. component for
ethylenically - unsat urat ed nononer,_ pol yneri zation, conprising a
conmpound obt ai ned by the reaction of t followng 5 compounds (i), (ii),
(iii) and optionally (iv) in any order: (i) a conpound

conpri sing a nmepakngl ifienpl 13i ffonium divhIfidyliatid ablesolution G ofii) a
conpound capabl e of reacting with the 10 conpound (i) to be bonded to two

or nore of the & edpaldst compBhéaht was used in (glade dfc@mpogslueapabke of
reacting with a conmpound conprising a nmetal of Goup 13 of the
peri odic t 3lfl & tathdiyBtasoneehentld XL ¥ TIWNA0.82dg of a

polymer was obtained. The polymerization activity was

5§ 133.00 kg-PE/mmol-Zr-hr, and the obtained polymer had an

intrinsic viscosity (1) of 1.48 dl/g.

Example 24 .
Ethvlene polvmerization
10 To a 500-ml glass autoclave thoroughly purged with

nitrogen, 250 ml of toluene was introduced. Then,
ethylene was passed through the system at a rate of 100
1/hr, and the system was maintained at 25 °C for 10
minutes. To the system, 0.25 mmol of

15 triisobutylaluminum was added; then 0.005 mmol of a
zirconium compound represented by the following formula
was added, and finally the solution G of a catalyst
component was added in an amount of 0.012 mmol in terms
of Al atom, to initiate polymerization. To the system,

20 an ethylene gas was continuously fed at a rate of 100
l1/hr to perform polymerization at 25 °C for 5 minutes at
atmospheric pressure. Thereafter, a small amount of
methanol was added to terminate the polymerization. The

polymer solution was added to a large excess of methanol

25 to precipitate a polymer, followed by vacuum drying at



15 (iv) at least one conpound selected froma hydr ocar bon
conpound, a hal ogenat ed hydrocarbon conpound, a hydroxyhydrocar bon
conmpound, a sil anol conmpound, a boronic acid conpound, an organic
car boxylic acid conmpound, an organic sulfonic aci'd conpound, a 20
hydr oxyl am ne conpound, a sul fonam de gggpound, a ket oi m de. conpound,
an am de conpound, an oxi ne conpound, an am ne conpound, an im de

conmpound, a i qund; ap_i m he_ conpo, a dj ket one

coggound, and ntﬁéh*#ﬂ?gga ?gggﬁgfeofgs 35res“£E' #UE% g_°£ a polymer

274 2. t.al yst onent for ethylenjcall nsat ur at ed

monomer pol yner i wat E%(?ﬁ‘?al%lgrf‘;ri gli%%pgiymenéﬁﬁiﬁ%nﬁcﬁbw&%e“@%ysh% Kgsacti on
of the follow n unds _(J )., (ii) and_optjonall iv) jn any order

5 and then furtRef %ﬁ‘%‘ﬁ-‘m 58 alflﬁfiig‘?iymer Had a‘%,il)n%lﬂéﬁ%ﬁound

represented by t$§%éé§ié§M(ﬂ% of 0.15 dl/g.

5
Example 25
Ethvlene polymerization
10 Ethylene polymerization was carried out in the same

manner as in Example 24, except that a titanium compound
repreéented by the following formula was used in place
of the zirconium compound represented by the above
formula. As a result, 0.40 g of a polymer was obtained.

15 The polymerization activity was 0.48 kg-PE/mmol-Ti-hr,

and the obtained polymer had an intrinsic viscosity (n)

of 6.32 dl/g.




f or mul a: MR1IR2R3 wherein Mis an atomof G oup 13 of
the periodic table; 10 Rl, R2 and R3 may be the sane or different and are

each a hal ogen atom _a hydrogen atom a hydroxy group or an .

organi c group; and two groups of RI, and R3 may be bonded to forma
ring; (i1) a conpound cap of reacting wwth the 15 conpound
(i) to be bonded to two or nore M (iii) a conmpound capabl e of
reacting with the reaction product obtained by reacting the conpound
(i), t he conpound éii) and optionally the conpound (iv) with each
ot her in any rman ionizing ionic 20 conpound; (1v)
at | east one conpound selected froma hydrocarbon conpound, a

hal ogenat ed hydr ocar bon c&pyuene p X emcar bon conpound, a

si | anol conpound, a boronic acid conpound an organi c carboxylic 25
aci d conmpound, an oEghyiensupdébymerizEtd aomasucdrried out in the same

S manner as in'Example 24, except that a zircénium
compound represented by the following formula was used
in plgce of the zirconium compound represented by the
above formula. As a fesult. 2.15 g of a polymer was .
obtained. The polymerization activity was 5.16 kg-

10 PE/mmol-Zr-hr, and the obtained polymer had an intrinsic

viscosity (1) of 1.17 dl/g.

16 Example 27
Ethylene polymerization
Ethylene polymerization was carried out in the same
manner as in Example 24, except that a titanium compound
represented by the following formula was used in place
20 of the zirconium compound represented by the above
formula. As a result, 0.15 g of a polymer was obtained.

The polymerization activity was 0.18 kg-PE/mmol-Ti-hr,



hydr oxyl am ne conpound, a sul fonam de conpound, a ket oi m de conpound,
an am de conpound, an oxi ne conpound, an ami ne conpound, an imnide
conmpound, a di i mi ne conmpound, an i m ne conpound, a di ketone 5
conpound, and netallic salts thereof. 3. The catal yst
conponent as clainmed in claiml 6592, wherein the conpound (i) is an
al um num conpound represented by the follow ng formula:

Rierr] Al (OR] er rdnd ¥he obta%%aebal%aerhaanQnRiﬁeﬂngﬁy \bﬁsécrsqt r‘(&por
different and are each a hydrocarbon group of 1 to 15 carbon atons; X
is a hal o m n and p are nunbers satisfying the
condi ti ons of 8f§rr]%%ewr , O[err]n[err]3, O[err]p[err]3 and mtn+p =

15 . The catalyst conponent as clainmed in any one of
claims 1 to 3, wherein the conmpoundy(ii) is at |east one conpound

selected fromthe group ¢onsisti H20, H2S and conpounds
represented by the followfng fqzﬁﬁja :

[err]

sricl,

Ph Ph

ample 2

Ethvlene polymerization .
To a 500-ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was introduced. Then,

10 ethylene was passed through the system at a rate of 100
l/hr, and the system was maintained at 25 °C for 10
minutes. To the system, 0.100 mmol of
triisobutylaluminum was added, then 0.005 mmol of an
iron compound represented by the following formula was

15 added, and finally the solution G of a catalyst
component was added in an amount of 0.010 mmol in terms
of Al atom, to initiate polymerization. To the system,
an ethylene gas was continuously fed at a rate of 100
l/hr to perform polymerization at 25 °C for S minutes at

20 atmospheric pressure. Thereafter, a small amount of

methanol was added to terminate the polymerization. The



20 276 [err] 5
wherein R4 is a hydrogen atom a hydrocarbon group, a hal ogenat ed
hydr ocar bon group, a silicon-containing group, a gernmani um contai ni ng
group, a tin-containing 270

polymer solution was added to a large excess of methanol
to precipitate a polymer, followed by vacuum drying at
80 °C for 12 hours. As a result, 0.45 g of a polymer

was obtained. The polymerization activity was 10.80 kg-

5 PE/mmol-Fe-hr, and the obtained polymer had an intrinsic

viscosity () of 3.01 dl/g.

AN
cl <

10 The results in Examples 20 to 28 are set forth in

Table 4.



group or.an oxygen-containing group; R5 is a divalent ~ hydrocar bon
group, a divalent hal ogenated hydrocarbon 10 group, a divalent

silicon-containing group, a divalent ger mani um cont ai ni ng group, a
di val ent tin-containing group, %gql val ent boron-contai ning group or a
single bond; R6 and R7 may be t same or different and are each
a hydrogen atom a hydrocarbon group, a halogenated 15 hydrocarbon group,
a silicon-containing group, a > gerwablend cont ai ni ng group, a
tin-containing group or an oxygen-cont ai ni ng group; each of R6 and R7
may be bonded 277 to_a car bon atom
for constitutj ng R} tOrdnsihien metaf, and SolutRéh afid r
different and| are dach a°°mp°ne‘h‘3/drog=n°@9é¥ﬁt &omee'e rbon rosepnsy a
hal ogenat ed hytek o% fé\oﬂn GOt nt
as claimed in|any qn&® "Gfm’é‘g’{nl fYP% %oné/\@rﬁmhm mpound-(i i) fis
a ! (minol) : (mmol)

Ex.20] (1) 0.0008 F 0.0032 TIBA 0.280

Ex.21] (2) 0.0008 F 0.0032 TIBA 0.280

Ex.22} (1) 0.0008 G 0.0032 TIBA 0.280

Ex.23| (2) 0.0008 G 0.0032 TIBA 0.280

Ex.24| (S) 0.005 G 0.012 TIBA 0.250

Ex.25] (6) 0.005 G 0.012 TIBA 0.250

| Ex.26] (7) 0.005 G 0.012 TIBA 0.250

Ex.27] (8) 0.005 G 0.012 TIBA 0.250

Ex.28| (9) 0.005 G 0.010 TIBA 0.100

TIBA: triisobutylaluminum
(1) rac-MejSi(2-Me-4-Ph-Ind),2rCls
5 (2) Et(Ind)lZ2rCl,

(5) (6) (7)

(8) (9)

Ph




conmpound capabl e of form ng an ionizing ionic conpound havi ng a
carboni um cation, an oxoniumcation, an 10 ammonium cation, a phosphoni um

cation, a cycl oheptyltrienyl cation or a ferrocenium cation.
6. The catal yst conponént as cl ai rre%-;zz any one of claims 1 to 5,
wherein the conmpound (iv) is at |east 5 one conmpound sel ected from
conpounds represented by the follow ng fornulae: R10X R10H ,
RLOOH, 20 RLIORL1NH, Tablepdgdtoptinued) R10SCBH,
R1OR11CNCH, R1IOR11NOH, 25 R1OCONHR11,
Temperature | Time | Yield | Activity Intrnsic
{°c) (min) {g) (kg/mmol- | viscosity
metal-hr) | () (dl/g)
Ex.20 75 6 5.90 73.75 5.63
Ex.21 75 - 6 7.20 90.00 1.75
Ex.22 75 6 4.57 57.13 6.91
Ex.23 75 6 10.64 | 133.00 1.48
Ex.24 25 s 2.10 5.04 0.15
Ex.25 25 5 0.40 0.48 6.32
| Ex.26 25 10 2.15 5.16 1.17
Ex.27 25 10 0.15 0.18 6.31
Ex.28 25 5 0.45 10.80 3.01

In Table 4, the term "concentration" represents the
concentration of the corresponding compound in terms of

5 the metal atom.



278 RLIOSO2NHR11, RLOCOCH2COR11, and R1OC (=NH)

CH2COR11 wherein R10 is a hydrocarbon group, a halogenated 5--

hydr ocar bon group, a silicon-containing group, a ger mani um cont ai ni ng
group, a tin-containing group or a bor on-'cont ai ni

hydrogen atom an al koxy group or -f?y of a hydrocgmmnnmm il‘

hal ogenat ed hydr ocar bon group, a.% I con-contai ni ng group, #»a s

ger mani um cont ai_ni ng, group, a t|n contai ning group and a

bor on- cont ai ni PR fp Fedmegs 1%Rich is the sane as or di fferent from
R10; and X is a hal ogen atom . A catal st conponent for
ethylenically 15 atG?éﬁ@élﬁﬁﬁoﬁ@mp?nﬁqﬁnﬁq enpeahdy¥ r epr esent ed by
the following fornmula: [efr] 20 wherein each M may be the same or

different and iénsaturated moncpercpelymesization SORPBHEingadle; n is an
I nt eger . . .
d compound obtgined,by the reactién of the follpwing

5 compounds (i), (ii). (1i1) and optienally (iv) in any
order:
(1) a compound comprising a metal of Group 13 of
the periodié table; ’
(ii) a compound capable of reacting with the
10 compound (i) to be bonded to two or more of tie Group 13

metal;

(iii) a compound capable of reacting with a
compound comprising a metal of Group 13 of the periodic
table to form an ionizing ionic compound; and

15 (iv) at least one compound selected from a
hydrocarbon compound, a halogenated hydrocarbon
compound, a hydroxyhydrocarbon compound, & silanol
compound, a boronic acid compound, an organic carboxylic
acid compound, an organic sulfonic acid compound, a |

20  Thydroxylamine compound, a sulfonamide compound, a
ketoimide compound, an amide compound, an oxime
compound, an amine compound, an imide compound, a
diimine compound, an imine compound, a diketone

compound, and metallic salts thereof.

25



of O or nore; Y is a divalent bonding group, and when n Is 1 or nore,
plural Y may be the sane or different; IS a group capabl e of being

Prgpge?h;(r)] (r)]_r:i or more M m 25 is an |nt eger of not L‘mm mﬂu&wgmay e

t he sane or dlfferent and is a group 274 selected fromthe ¥ ol owi ng
groups: R10-, R100, RIOR11N-, R10COO-, R10S@3-, 5 R10SX2-, R10CO,
RIORL1ICNO-, RIORLING, RLOCONRL1

RLOSCPNRL1, RLOC( = N)CHcoﬁlfatalysEREB%E%’%EO“I‘YRHW&Y@ n RIO is a
hydrocar bon gr%at@lﬁ% %%%%&Qr Bolmgi({i%) £ bon Oruzgsrzgt?pa '

silicon-containing gro cont ai f

tin-containing r C d Rll1is a

hydr ogen at om cQJnE qua tg%f/legro peg? ggég%?égg%gdagcarog@howgwgup, a
compounds (d), (ii) and optionally (iv) in any order,

5 and then further the following compound (iii):

(i) a compound represented by the following

formula:
MRIR2R3
wherein M is an atom of Group 13 of the periodic table;
10 R!, R? and R3 may be the same or different and are each a
halogen atom, a hydrogen atom, a hydroxy group or an
organic group; and two groups of R!, R? and R3? may be
bonded to form a ring;
(ii) a compound capable of reacting with the
15 compound (i) to be bonded to two or more M;

(iii) a compound capable of reacting with the
reaction product obtained by reacting the compound (i),
the compound (ii) and optionally the compound (iv) with
each other in any order to form an ionizing ionic

20 compound;

(iv) at least one compound selected from a
hydrocarbon compound, a halogenated hydrocarbon
compound, a hydroxyhydrocarbon compound, a silanol
compound, a boronic acid compound, an organic carboxylic

25 acid compound, an organic sulfonic acid compound, a



hal ogenat ed hydrocarbon group, a silicon-containing group, a

ger mani um cont ai ni ng group, a tin-containing

bor on-cont ai ni ng group each of which is the smaﬁﬂm MI l&nt from

R10); Ais a cation; and k is a 20 nunber sati sf n of k

jmr and is a val ence of the cati%ﬁgf : The cat al yst
e

conponent as clained in claim?7, in the dlvalent bondi ng group Y
is a divalent 25 bonding group selected fromthe foll ow ng dival ent

bondi ng groups: hydroxylamine compound, a sulfonam28€ {empdund, a

ketoimide compound, an amide compound, an oxime
compound, an amine compound, an imide compound, a
diimine compound, an imine compound, a diketone

5 compound, and metallic salts thereof.

3. The catalyst component as claimed in claim 1

or 2, wherein the compound (is is an aluminum compound

represented by the following formula:

10 R2,Al (ORP) X,
wherein R? and RP may be the same or different and are _
each a hydrocarbon group of 1 to 15 carbon atoms; X is a
halogen atom; and m, n and p are numbers satisfying the

conditions of 0<<3, 0sn<3, 0<p<3 and m+n+p = 3.

15

4. The catalyst component as claimed in any one
of claims 1 to 3, wherein the compound {(ii) is at least
one compound selected from the group comnsisting of H;0,

HzS and compounds represented by the following formulae:

20

) _~ COOH ,— OH
R4NH, RS R
, \ COOH ’ \ OH ’



5 wherein R4 is a hydrogen atom a hydrocarbon group, a hal ogenat ed
hydr ocar bon group, a silicon-containing group, a gernmani unm cont ai ni ng

group, a tin-containing group or an oxygen-contai nic] a
divalent 10 hydrocarbon group, a dival ent hal ogenat "mﬁﬂﬂm’mm ,”m
group, a divalent silicon-containing ggeup, a dival ent LS o

ger mani um cont ai ni ng group, a divalent tin-containing group, a
di val ent boron-contaigi ng group or a single bond; R6 and R7 may be the
same or different an&

_aLe each 1 aggrogen atom aghygpocarbon group, a
hal ogenat ed RS gdrocar bon gaau ,_g,\lHl con-cont ai ni rég__%r_o_ﬁp, a

N—H | i
R7 ] ° ’ Rs/o ’
o)
|
‘ > S—N—H
1
o R°
H o)
_~ C=N-—OH i _—H
R*~C—N
\E-N—OH , ~H ,
o)
‘ ' é OH
8
cl? ! 0 Rs/(l)
—N-— OH
nd HN NH \?
™ c—N-oOH AA S —OH
i
0O R® RS R® o]

5 wherein RY is a hydrogen atom, a hydrocarbon group, a
halogenated hydrocarbon group, a silicon-containing
group, a germanium-containing group, a tin-containing
group or an oxygen-containing group; R° is a divalent
hydrocarbon group, a divalent;pggggenated hydrocarbon

10 group, a divalent silicoﬂ-éontaining group, 'a divalent
germanium-containing group, a divalent tin-containing
group, a divalent boron-containing group or a single
bond; R® and R7 may be the same or different and are each
a hydrogen atom, a hydrocarbon group, a halogenated

15 hydrocarbon group, a silicon-containing group, a
germanium-containing group, a tin-containing group or an

oxygen-containing group; each of R and R? may be bonded



281 ger mani um cont ai ni ng group, a tin-containin

oxygen-cont ai ni ng group; each of R6 and R7 may m\mM%‘m‘“ “g a carbon
atom for constituting R5 to forma ring; and snmay be the sane
or different and are each a 5 hydrogen atom a* hydrocar bon group or a

hal ogenat ed hydr ocar bon group. 9. The catal yst conponent
as clainmed in claim?7 or 8, wherein the group Z capable of being bonded

to one 10 or ey & Mdrbch &rt%pfagl @%@&Eﬁ@ﬁ& ﬁalw%ﬁmla%m@ and
hydri de, a carbanion, an al coholate, an aryl alcohol ate,

al kyl carboxyl atgs, 23 R8Yh&{ XM tSamed &xl"dllfffte%en% and a%beaéhoaat e, a

di t hi ocar bonate a trithiocar bonate a sul fonate, a sulfamate and a
phosphate. 15 pygr tohl)- alRgacabakksh §PORONSRta a8afifidmdbd n any one
of clains 7 to 9Y v%geernelan t he ca ion }Sé agcga?on aha &%ect ed fromthe

armoni um cat | oty oG RERST. caff‘é'n,"”a cycl oheptyl trienyi cation, a
ferroceni umgcation and netallic cations of Goups 1 and
5. The catalyst component as claimed in any one
of claims 1 to 4, wherein the compound (lll) is a
compound capable of forming an ionizing ionic compound
having a carbonium cation, an oxonium cation, an

10 ammonium cation, a phosphonium cation, a

cycloheptyltrienyl cation or a ferrocenium cation.

6. The catalyst component as claimed in any one
of claims 1 to 5, wherein the compound (iv) is at least
15 —one compound selected from compounds represented by the
following formulae:
R10Y,
R10H,
R100H,
20 RIOR1INH,
R1CCOOH,
R1050;H,
R10RIICNOH,
R10R1INOH,

25 R10CONHR1!,



11 of the periodic table.

11. A catalyst for ethylenically

unsaturated 25 nononer polynerization, conprising: (A a
compound of a transition netal selected from Goups 3 to 12 of the
periodic table, 282 (B) the

(© an organic conpound containing an el enent of (
periodic table. ®R19S0,NHR}, 12 The catal yst as clained in"laimnm

catal yst conmponent as clainmed in ar%7§ne of CIIE,IMWMHM,]H '}d

he
1,

wherein t he conponent (A) is a transition nmetal conpound
represented by anr!eqeCHCORRE, fald owi ng fornmulas (1) to (virlr): 10
MLL1x (n) wherein ML is a transition netal

atom of Group 4 ofRR1edE=NH)CH,COR1L

10

15

20

25

wherein R10.is a hydrocarbon group, a halogenated
hydrocarbon g.roup, a silicon—containing group, a
germanium-containing group, a tin-containing group or a
boron-containing group; R1! is a hydrogen atom, an alkoxy
gx'rou:; or any of a hydrocarbon gfoup, a. halogenated -
hydrocarbon group, a silicon-containing group, a
germanium-containing group, a tin-containing group and a
boron-containing group each of which is the same as or

different from R10; and X is a halogen atom.

7. A catalyst component for ethylenically

unsaturated monomer polymerization, being represented by

the following formula:

° 9 9
{ (Q-M—Y— (M—Y—) ;M—Q- (27T n] ) - ([B)*F)

wherein each M may be the same or different and is an

atom of Group 13 of the periodic table; n is an integer
of 0 or more; Y is a divalent bonding group, and when n
is 1 or more, plural Y may be the same or different; Z
is a group capable of being bonded to one or more M; m

is an integer of not less than 1 and not more than n+l;



periodic table; x is a nunber satisfying the val ence of the transition
nmetal atom ML; L1 is a |igand coordinated to the transition netal
atom at least one L1 is a 15 ligand having cycl opent adi enyl skel eton;

ﬁ;gregcgrggn gromtohgfI agﬁgdzga\égpgoﬁyglt gfrg,nt gdlhgln)cl)lg “mﬁ m'l““?“m(“ “Lar bon

group of 1 to 20 carbon atons, an oxygen- cont at ning tgr dup® a’
sul fur-containing group, a nitrogen- mcont ai ning group, a
phosphor us-cont ai ni ng group, a l'i con-containing group, a hal ogen

cyol opent ad eny e”aepema%?”%a%aém“%’%”q b s
t hrough an opti sti t | ene roup or an optionally
Subst Ptuted oi | SPLREYgRoRFon he S INuIY qipigd:

R10—, R100-, RIORIIN-, R10COO-, R10S0;—,

5§ R1050,—, R10CO-, RIORICNO-, RIORIINO-,

| | |
RIOCONR11, R10SO,NR!1, R10C(=N)CHCOR11,

R10COCH,CO—,
10

(wherein R0 is a hydrocarbon group, a halogenated
hydrocarbon group, a silicon-containing group, a
germanium-containing group, a tin-containing group or a
boron-containing group; and Rl is a hydrogen atom, an

15 alkoxy group or any of a hydrocarbon group, a
halogenated hydrocarbon group, a silicon-containing
group, a germanium-containing group, a tin-containing
group and a boron-containing group each of which is the
same as or different from R10); A is a cation; and k is a

20 number satisfying the condition of k = jm/r and is a

valence of the cation A.

8. The catalyst component as claimed in claim 7,
wherein the divalent bonding group Y is a divalent
25 bonding group selected from the following divalent

bonding groups:



wherein ML is a transition netal atomof Goup 4 of the 5 periodic table;
R16, R17, R18 and R19 may be the sane or differenym%e each a

hydr ocarbon group of 1 to 20 carbon atons, a halo gwwm/lmﬂgn
; n-
g

group of 1 to 20 carbon atons, a silicon-containing gk
cont ai ni ng group, a sulfur-containing gg8up, a nitrogen- 10 coht &i ni
group, a phosphorus-containing group, a hydr ogen atom or a hal ogen
atom a part of the adjacent - groups of R16, R17, R18 and R19 nay be
bonded to form a ringtogey}er wi thr & %on at gus- Oo which they are
bonded; X1 and )Qoﬁa'y—b%_theR Hoe oerH\f%r?\_t anB’are 15 each a
hydr ocarbon group of 1 to 20 carbon atons, 0 hal og?e‘nat ed hydrocarbon
group of 1 to 20 carbon atons, an oxygen-containi gg group, a
sul fur-containing groug, a silicon-containingj ré}up, a hydrogen atom
or a hal ogen atofy__and Y1 is @ divalent hydrogariwpor group of 1 to 20
20 carbon atons,s & dlval ent hal ogdnat ed-hydr oc dn group of 1 to 20
carbon atons, a B val gLt sili C(ﬁ'f-'ccﬂ‘rrai.jlng RS

7 ! o

R 0 NI

i
¢ ’ o R9 ’
H
_~ C—N— 0— ¢
- R Ri—C—N
™~ Cc—N—-O- ~
H 4 1
0
I
S—o—
o RS |
é -0 N/ ﬁ//o
g 7N N N K
'~ c—n-o- A §—o0—
i VA VAN i
0 R? R® R® o

wherein R? is a hydrogen atom, a hydrocarbon group, a
halogenated hydrocarbon group, a silicon-containing
group, a germanium-containing gfoup, a tin-containing
group or an oxygen-containing group; R5 is a divalent

10 hydrocarbon group, a divalent halogenated.hydrocarbon
group, a divalent silicon-containing group, a divalent
germanium-containing group, a divalent tin-containing
group, a divalent boron-containing group or a single
bond; R® and R7 may be the same or different and are each

16 a hydrogen atom, a hydrocarbon group, a halogenated

hydrocarbon group, a silicon-containing group, a



group, a dival ent germani um contai ning group, a dival ent
284 tin-containing group, -O, -

-Sn-, -NR20-, -P(RR0)-, -P(O) (R0)-, -BiR’ZOS-or- gmﬂmmi “I M|“|R20 Y

be the sane or different and is a hydr ocar bon groeap of # tso 20 car
atons, a hal ogenated 5 hydrocarbon g{oup of 1 to 20 carbon atons, a
hydr ogen atom or a hal ogen at on® L2M2X32

(rer) wherein M2 is a transition nmetal atom of Group 4 of the

periodi c tabl egekhansun-defitabiinge grloup, dal etateaethiraing grot® oboar group
and inparts a constraint geonetric shape to an-active site of the

netal M2; and exyeX3conyabmimdieyroup; sach of RS firel ®itmapdbé dandedir ogen
atom a hal ogen atom a hydrocarbon group containing 20 or |ess carbon

atonms, a silyl @ eueacbbhabBbmotdd dundtitatshli ROrto Formaeorbngprand ger nyl
group contai ning 20 or Ie§s ger mani um at ons;
R® and R? may be the same or different and aré ¢ach a
5 hydrogen atom, a hydrocarbon group or a halogenated

hydrocarbon group.

9. The catalyst component as_claihed,in claim 7
or 8, wherein the group % capable of being bonded to one
10 or more M is a group seclected from a halogen anion, a
hydride, a carbanion, an alccholate, an arylalccholate,
an alkylcarboxylate, an arylcarboxylate, a thiblate, a
carbothiolate, a dithiocarbonate, a trithiocarbonate, a
sulfonate, a sulfamate and a phosphate.

18

10. The catalyst component as claimed in any one
of claims 7 to 9, wherein the cation A is a cation
selected from the group consisting of a carbonium
cation, an oxonium cation, an ammonium cation, 2

20 phosphonium cation, a cycloheptyltrienyl cation, a
ferrocenium cation and metallic cations of Groups 1 and

11 of the periodic table.

11. A catalyst for ethylenically unsaturated
25 monomer polymerization, comprising:
(A) a compound of a transition metal selected from

Groups 3 to 12 of the periodic table,



[err] 20 wherein MBis a transition netal atomof Goups 8 to 10

of the periodic table; X4 and X5 may be the sane or ' tggand are
each a nitrogen atomor a phosphorus at om R41\\“‘“\ MHlﬁhe same
|* C £ s

or different and are *each a
hydrogen at om or a hydrocarbon group; @8ad n may be the sane or
different, are each 1 or 2, and are nunbers satisfying the val ences of
X4 and X5, reSpe?55V65¥;c£%§&§§E[égﬁéoﬁént as claimed in any one of

claims 1 to 10, and

(C) an organic compound containing an element of

Group 13 of the periodic table.

5
12. The catalyst as claimed in claim 11, wherein
the component (A) is a transition metal compound
reprééénted by any one.of the following forﬁulas (I) to
(VIII):
10 ML, (1)

wherein M! is a transition metal atom of Group 4 of the
periodic table; x is a number satisfying the valence of
the transition metal atom M}; Ll is a ligand coordinated
to the transition metal atom; at least one L! is a

15 1ligand having cyclopentadienyl skeleton; L! other than
the ligand having cyclopentadienyl skeleton is a
hydrocarbon group of 1 to 20 carbon atoms, a halogenated
hydrocarbon group of 1 to 20 carbon atoms! an oxygen-
containing group, a sulfur-containing group, a nitrogen-

20 containing group, a phosphorus-containing group, a
silicon-containing group, a halogen atom or a hydrogen
atom; and when two or more ligands having
cyclopentadienyl skeleton are present, two of them may
be bonded through an optionally substituted alkylene

25 group or an optionally substituted silylene group;



(R50, R55, R51, R52, R56 and R57 may be the sane or different and are
each a hydrogen atomor the sane 10 hydrocarbon group as defined for R41

and R42); two or nore groups, preferably adjacent groups, of R4l, R42,
R50 (or R51, R52) and R55 (or R56, R57) nay be bonded to forma
ring; R44 and R45 may be the sane or dlgéé rent and are each a hydrogen
atom a hal ogen atom a hydrocarbon 1 group - OR46, SWIUMMHHMHHI
-P(R49)2 (R46 to R49 are each- an al kyl group of 1 to
an aryl group of 6 to 20 carbon atons, a cycl oal kyl gr oup of
20 carbon atons, an aral kyl grogp of ™2o 20 car bon atons or an
organosilyl group, R48 and R49 miy e’bonded 20 to forma ring, and R49
and R49 may be bonded to forg¥ea ri ng),Rﬁnd R44 and R45 may be bonded
to forma ring; / 286[err]

RY (I1)

wherein M! is a transition metal atom of Group 4 of the
5 periodic table; RS, 1;17, R18 and 'Rl9 may bé the same or
different and are each a hydrocarbon group of 1 to 20
carbon atoms, a halogenated hydrocarbon group of 1 to 20
carbon atoms, a silicon-containing group, an oxygen-
containing group, a sulfur-containing group, a nitrogen-
10 containing group, a pl_msphorus—containing group, a
hydrogen atom or a halogen atom; a part of the adjacent
groups of R16, R17, R18 and R!Y may be bonded to form a
ring together with carbon atoms to which they are
bonded; X! and X2 may be the same or different and are
15 each a hydrocarbon group of 1 to 20 carbon atoms, a
halogenated hydrocarbon group of 1 to 20 carbon atoms,
an oxygen-containing group, a sulfur-containing group, a
silicon-containing group, a hydrogen atom or a halogen
atom; and Y! is a divalent hydrocarbon group of 1 to 20
20 carbon atoms, a divalent halogenated hydrocarbon group
of 1 to 20 carbon atoms, a divalent silicon-containing

group, a divalent germanium-containing group, a divalent



wherein Md is a transition netal atomof Goups 3 to 6 of the periodic
table; R and R' nay be the sane or 5 different and are each a hydrogen

atom a hydrocarbon group, a hal ogenated hydro 'B

organosilyl - group or a hydrocarbon group subst m\ mlmnwﬁmm‘“
substituent containing at |east one e?%mpnt selected* ¢ frohritrogen,
oxygen, phosphorus, sulfur and silico m 10 is an integer of 0 to 2; n
is an integer of 1 to 5, Ais - an atom of Goups 13 to 16 of the
periodic table, t imrcontaingnen group, 2 - nofe;- . ptral ~BOmay-$&t-heGeane or
different; E is a substituent having at |east one el enent sel ected
from car bon, hyeSrogemNR#Ry genP (R egerP (O15R2%)i-t,r of®A%- sart f-tALR?Bhosphor us,
boron and sillcon and when mis 2, two E may be the sanme or different
and may be( ol RPOt mafobm aheiagmepofsdiaﬁfémmgm&)fisoao 4; and

X6 is a hydrogen atom a hal ogen atom a hydrocarbon group of 1 to 20
carbon atons, dhdtocEriadredioup edardbae 220 cagbonpatbms, t a B8l ogetoredit ons,

an oxygen-contai ni ng
5 hydrocarbon group of 1 to 20 carbon atoms, a hydrogen
atom or a halogen atom);

' 12M2X3, {(III1)

wherein M2 is a transition metal atom of Group 4 of the

periodic table; L2 is a derivative of a delocalized -
10 bond group and imparts a constraint geometric shape to
an active site of the metal M2; and each X3 may be the
same or different and is a hydrogen atom, a halogen
atom, a hydrocarbon group containing 20 or less carbon
atoms, a silyl group containing 20 or less silicon

15 atoms, or a germyl group containing 20 or less germanium

atoms;

(IV)

20 wherein M? is a transition metal atom of Groups 8 to 10
of the periodic table; X4 and X° may be the same or
different and are each a nitrogen atom or a phosphorus

atom; R4l and R%2 may be the same or different and are



group, a sulfur-containing group or a silicon-containing
287 group, and when p is 2 or nore, plural X6 may be the sane or
different; [err] 5 wherein Mis a transition netal atom of

G oups 3 to 11 of the periodic table; mis an int m\tho
R6 may be the sane or different and are each a hydro ﬂiﬂi\\“‘ H““
hal ogen atom a hydrocarbon group, a 10 heterocycll canpountd resi‘due,

oxygen- cont ai ni ng group, a nrtrogeéhgont ai ning group, a
bor on- cont ai ni ng

each a hydrogen atom or a hydrocarbon group; m and n may
be the same or different, are each 1 or 2, and are
numbers satisfying the valences of X% and XS,

respectively; R%#3 is

RS 0 RS 5 RSO R5 5

I S S = S

(RS0, RS5, R51, R52, R56 and R57 may be the same or '
different and are each a hydrogen atom or the same

10 hydrocarbon group as defined for R4l and R%2); two or
more groups, preferably adjacent groups, of R4l, R42, RSO
(or R31, R52) and R55 (or R56, R57) may be bonded to form a
ring; R4 and R% may be the same or different and are
each a hydrogen atom, a halogen atom, a hydrocarbon

156 group, -OR%, -SR47, -N(R%8); or -P(R%9); (R46 to R%9 are
each an alkyl group of 1 to 20 carbon atoms, an aryl
group of 6 to 20 carbon atoms, a cycloalkyl group of 6
to 20 carbon atoms, an aralkyl group of 7. to 20 carbon
atoms or an organosilyl group, R4%8 and R4° may be bonded

20 to form a ring, and R4% and R%® may be bonded't:o form a

ring); and R4 and R45 may be bonded to form a ring;



group, a sulfur-containing group, a phosphorus- cont ai ni ng group, a

silicon-containing group, a ger mani um cont ai ni ng group or a
tin-containing group, 15 two or nore of them may be bonded to forma
ring, and when mis 2 or nore, two groups of RL to R6 may be

bonded, with the proviso that two Rl are not ‘bonded E“r&“ﬁr; n
is a number satisfying the val ence of 5N and X 't]ml“““lujmﬁ m a
hal ogen atom a hydrocarbon 20 group, an oxygen-cont al ncngtgr'oup,

sul fur-contai ni ng group, a nitrogen-containing group, a

bor on- cont ai ni ng group, an &'umi num contai ni ng group, a phosphorus-
288 . contai ning group, a hal ogen-containing group, a het erocyclic

conmpound resi due, a siquq&;&g@ afhkqg group, a gernmani um contai ni ng
group or a tin-containing gRoup, afd when n is 2 or nore, plural groups
X my be 5 the same or differentNand may be bonded(¥d forma ring; [err]

RII

wherein M4 is a transition metal atom of Groups 3 to 6
of the periodic table; R' and R" may be the same or
5 different and are each a hydrogén atom, a_hyérocarbon
group, a halogenated hydrocarbon group, an organosilyl
group or a hydrocarbon group substituted with a
substituent containing at least one element selected
from nitrogen, oxygen, phosphorus, sulfur and silicon; m
10 is an integer of 0 to 2; n is an integer of 1 to S; A is
an atom of Groups 13 to 16 of the periodic table, and
when n is 2 or more, plural A may be the same or
different; E is a substituent having at least one
element selected from carbon, hydrogen, oxygen, halogen,
15 nitrogen, sulfur, phosphorus, boron and silicon, and
when m is 2, two E may be the same or different and may
be bonded to form a ring; p is an integer of 0 to 4; and
X% is a hydrogen atom, a halogen atom, a hydrocarbon
group of 1 to 20 carbon atoms, a halogenated hydrocarbon
20 group of 1 to 20 carbon atoms, an oxygen-containing

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



wherein Mis a transition netal atomof Goups 3 to 11 10 of the periodic

table; RL to R10 nay be the sane or different an ogen
atom  a hal ogen atom a hydrocarbon group, a het um&g#ﬂﬁi Hg % d
resi due, an oxygen-cont ai ni'ng group, a nitrogen- I M , a

bor on-cont ai ni ng group, a sulfur-containing group, a 15

phosphor us-contai ni ng group, a silicon-containing group, a
ger mani um contai ni ng group or a trn-cdhgaining group, and two or nore
of them may be bonded to forma ring; n I s a nunber satisfying the

val ence of M Xgirsup, h#HA0gREN p isad 08 mordl QURIAl A® mayhydr erar bon
group, an oxygen- 20 containing group, a sulfur-containing group, a
ni t rogen- gafbabil BEFfEEPEREL; a boron-contai ning group, an al um num
cont ai ni ng group, a phosphorus-containing group, a

wherein M is a transition metal atom of Groups 3 to 11
of the periodic table; m is an integer of 1 to 3; R! to
Ré may be the same or different and are each a hydrogen
atom, a halogen atom, a hydrocarbon group, a

10 heterocyclic compound residue, an oxygen-containing
group, a nitrogen-containing group, a boron-containing
group, a sulfur-containing group, a phosphorus-
containing group, a silicon-containing group, a
germanium~-containing group or a tin-containing group,

15 two or more of them may be bonded to form a ring, and
when m is 2 or more, two groups of R! to Ré may be
bonded, with the proviso that two R! are not bonded to
each other; n is a number satisfying the valence of M;
and X is a hydrogen atom, a halogen atom, a hydrocarbon

20 group, an oxygen-containing group, a sulfur-containing
group, a nitrogen—containing group, a boron-containing

group, an aluminum-containing group, a phosphorus-



289 hal ogen- cont ai ni ng group, a heterocyclic conpound residue, a
silicon-containing group, a gernmani um containin%

or a
tin-containing group, and when n is 2 or nore, pl JMQE’”WMJ be
the same or 5 different and may be bonded to forma f11td,", /W

di val ent bondi ng group containing at |east one el enent sel ected from

the group consisting of oxygen, sulfur, 288 carbon, nitrogen, phosphorus,
silicon, selenium tin and beron, and when Y is a hydrocarbon group,

the 10 hydrocar 10 | ongli U SRS r nor e
car bon atons; [er?]gﬂtgﬂ%u;2g ér@u%sngv\%%n Mi1s adtl?{a?nng’irt%iu A Retal atom of

Groups 8 to 11 heg%&o%?ﬁit/ﬁ@%&%&uﬁ&bf&ihcgﬂedt% R 1;1?7:]36ng%o§1@_§iﬁ§ﬂ8 or

different and are e rogen atom a gen a

group, a germanium-containing group or a tin-containing

group, and when n is 2 or more, plural groups X may be

5 the same or different and may be bonded to form a ring;

R3 AN P R7
T - ‘M ’ ¥
R4 0/ xn\ R8 :
... {(VII)
) 6

wherein M is a transition metal atom of Groups 3 to 11

10 of the periodic table; R! to R0 may be the same or
different and are each a hydrogen atom, a halogen atom,
a hydrocarbon group, a heterocyclic compound residue, an
oxygen-containing group, a nitrogen-containing group, a
boron-containing group, a sulfur-containing group, a

15 phosphorus-containing group, a silicon-containing group.
a germanium-containing group or a tin-containing group,
and two or more of them may be bonded to form a ring; n
is a number satisfying the valence of M; X is a hydrogen
atom, a halogen atom, a hydrocarbon group, an oxygen-

20 containing group, a sulfur-containing group, a nitrogen-
containing group, a boron-containing group, an aluminum-

containing group, a phosphorus-containing group, a



a hal ogenat ed hydrocarbon group, a hydrocarbon group, a het er ocyclic
compound residue, an oxygen-containing 20 group, a nitrogen-containing

group, a boron-containing group, a sulfur-contal
phosphor us- - containing group, a silicon-containi mﬂ/%@’iﬁw’
290 ger mani um contai ning group or a tin-containimng gr '1 and
R6 may be the same or different and a28%ach a hal ogen aton1 a*

hal ogenat ed hydrocarbon group, a - hydrocarbon group, a heterocyclic

compound resi dhife) Afn SoBERF R 201 AUy 6K EORERAAN 21 N 10

group, a boron cont al ni'ng ur-co talnlng roup,

phosphor us- Contfégi&@bgréngilfk ldéﬂ@&fﬁqghaﬁgbﬂgégEogermanﬁfmand R5, R2

ger mani um cont al ni Ng gr oup I n-conta

and R6, R1 and %%n f@% ‘J Qﬂ:@? %ﬁtayal ﬁfgﬁpboagﬁd %g% rma
ring; n is a nunber f val ence o r T2 nY n atom-.
a hal ogen atom. is 2 09 !Qgpéocghproarl %rr%%so 1 to 20 %ar bon atom;

5 different and may be bonded to form a ring; and Y is a
divalent bonding group containing at least one element
selected from the group consisting of oxygen, sulfur,
carbon, nitrogen, phosphorus, silicon, selenium, tin and
boron, and when Y is a hydrocarbon group, the

10 hydrocarbon group is a bonding group comprising 3 or

more carbon atoms;

Ve ... (VIII)

15 wherein M is a transition metal atom of Groups 8 to 11
of the periodic table; R! to R* may be the same or
different and are each a hydrogen atom, a halogen atom,
a halogenated hydrocarbon group, a hydrocarbon group, a
heterocyclic compound residue, an oxygen-containing

20 group, a nitrogen-containing group, a boron-containing
group, a sulfur-containing group, a phosphorus-

containing group, a silicon-~containing group, a



hal ogenat ed hydrocarbon group of 1 to 20 carbon atons,

oxygen-containing group, a sulfur-containing group
silicon-containing group, and when n is 2 or nore, ﬂ'ul 'ﬂb’l ﬂ y be the

same or different; and Y is an atom of Group erlodlc
tabl e. 13. The cat al yst g g)l ainmed in claim110 or 11,

wherein the conmponent (C) is an organo P m num conpound.

The catalyst as clainmed in claim1l, further conprising (D) a
particul ate car idesmagiunhicontedhinghgroup orcanpimenon{adinisg syppw i &F or
the conponent (B) and/or 291 t he

conponent (C) i srsuRfomardbeogbehsamei oh dhfferenorpuhente (e¥ch a
15. A process forethylenically unsaturated 5 nononer polynerization,
conpri sing pol yr&liageny atjom, a halogenated hydrocarbon group, a
hydrocarboh.group, a heterocyclic compound residue, an
5 oxygen-containing group, a nitrogen-containing group, a
boron-containing group, a sulfur-containing group, a
phosphorus-containing group, a silicon—containing group,
a gefﬁanium—contAining group or é'tin—bontaining groﬁp;
R! and R?®, R? and R6, R! and R3, R? and R4, and R?® and R¢
10 may be bonded to form a ring; n is a number satisfying
the valence of M; X is a hydrogen atom, a halogen atom,
a hydrocarbon group of 1 to 20 carbon atoms, a
halogenated hydrocarbon group of 1 to 20 carbon atoms,
an oxygen-containing group, a sulfur-containing group or
15 a silicon-containing group, and when n is 2 or more,
plural X may be the same or different; and Y is an atom

of Group 15 or 16 of the periodic table.

13. The catalyst as claimed in claim 10 or 11,

20 wherein the component (C) is an organocaluminum compound.

14. The catalyst as claimed in claim 11, further
comprising (D) a particulate carrier on which only the

component (A) is supported or the component (B) and/or



copol yneri zing an ethylenically unsaturated nononer in t he presence of
the catal yst as clained in any one of - clains 11 to 14.

Y D
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the component (C) is supported together with the
component (A).
15. ‘ A process for ethylenically unsaturated
5 monomer polymerizati_on, comprising polymerizing or
copolymerizing an ethylenically unsaturated monomer in
the presence of the catalyst as claimed in any one of

claims 11 to 14.
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CATALYST COMPONENT FOR ETHYLENICALLY UNSATURATED MONOMER
POLYMERIZATION, CATALYST FOR ETHYLENICALLY UNSATURATED
MONOMER POLYMERIZATION, AND PROCESS FOR ETHYLENICALLY
UNSATURATED MONOMER POLYMERIZATION USING SAID CATALYST

ABSTRACT

The invention relates to a catalyst component which
can provide; in combination with a transition metal
compound, a catalyst for ethylenically unsaturated
monomer polymerization, a catalyst comprising the
catalyst component and a transition metal compound, and
a process for ethylenically unsaturated monomer
polyﬁerization-using the catalyst. The catélyst
component comprises a compound obéained by the reaction
of, in any order, (i) a compound comprising a metal of
Group 13 of the periodic table; (ii) a compound capable
of reacting with the compound (i) to be bonded to two or
more of the Group 13 metal; (iii) a compound capable of
reacting the compound (i); and optionally (iv) a

hydrocarbon compound or the like.

FIGURE 1
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