; st uvmeSe%qmmnmm\HMT FOR ADDI TI ON POLYMERI ZATI ON AND PROCESS FOR
PRODUCI NG AN YMER BACKGROUND OF THE I NVENTION 5 Field of the

I nventi on The praggph« i nvention relates to a catal yst for el ON

pol ynmeri zation, and a process for producing an addition p % t he
catal yst. Description of the Related Art 10 In the field of sli Mte
catal ysts, there have been already a | ot of reports regardingﬁﬁmpro ss for
produci ng an addition polymer such as an olefin polynmer using a transition
met al compound such as a netal |l ocene conpl ex. For exanple, JP58019309A
reports a progPRRvEP'PON ABPEIrTONBOLYMERZ PP ONNDIPROBESES FORPRADURIRES
conpl ex and al um noxane. Regarding a process for producing an addition

pol ymer using a transition netal ANORpDUITIORaPOE®MRRN- et al | ocene, there
have been done w de researches on fromthe early transition netal to the

| ate transition netal, however, in general, there are 20 a |ot of studies
regardi ng conbi nati ons of |igands as descri bed above in the range of G oups
11l to VI metals and G oupsBRFKGROENR RF g|THE WEANVENTRONe are few research
regar di n% application to a_catal yst addition polynerization of Goup VII

met al s. ig e ning a plurality of pyrazoles 25 have
Very | ong been stughgd Bt g Ehden't 193 1 3085 % 3 B5LELy SORLP Rl TR P

polymerization, and a process for producing an addition polymer

with the catalyst.

Description of the Related Art

10 In the field of single-site catalysts, there have been
already a lot of reports regarding a process for producing an
addition polymer such as an olefin polymer using a transition
metal compound such as a metallocene complex. For example,
JP58019309A reports a process for producing an olefin polymer

15 using a metallocene complex and aluminoxane.

Regardingaprocess forproducinganadditionpolymerusing
a transition metal compound called non-metallocene, there have
been done wide researches on from the early transition metal
to the late transition metal, however, in general, there are

20 a lot of studies regarding combinations of ligands as described
above in the range of Groups III to VI metals and Groups VIII
to X metals, while there are few research regarding application
to a catalyst addition polymerization of Group VII metals.

Oligopyrazole ligands combining a plurality of pyrazoles

25 have very long been studied as a metal ligand, and as a metal

complex of Group VII, there is a report of a

{bis[hydrotris(pyrazolyl)borate]manganese} complex by S.



{bi s[ hydrotris(pyrazol yl)borat e] manganese} conplex by S. 2 Trofi nmenko,

ef at. , J. Am Chem Soc. , 88, 1842 ( 1966) ( and also thereafter,

Mor o-oka, et al. ( J. Am Chem Soc. , 113, 7757 (1991) have progressed
studies mainly in the field of biological inorganic chemstry such as
findings of the ability of a 5 nono-nuclear

ol i go(pyrazol yl ) bor at e-manganese conpl ex as an oxygen carrier, and the |ike
, however, there is no study regarding application to a catalytic reaction.
Sangyo Kagaku G jutsu Kenkyu Kai hatsu (Industrial Scientific Technol ogy

Research andyDeyShaRENtds, ki1 9. My DOKUSOLEI. KgBei 1 Z415KG) SOBRl aFubut su

Synposi um (Or1 gi nal rformance Material Creafi'on Technol ogy

Synmposi um), pheReRREe) , Mbrol-Pkd Oetdd .., Heam idiRsm agoexamule P57 (1991)

pol ynmeri zati on of ethylene and propyl ene using Mi(acac)3 and M-sal en

conpl ex. Thi haket pragressddssitaddest hatindycahalkhet fpeddan€dbhyloginglt he 15
conpl ex shows no polynerization activity on propyl ene, but that propyl ene

i s pol yneri zéooppgasdppohemigtaoy sughessufiindingsughi the abdliityyotffhareof is
extrenely low. Therefore, the above-nentioned M conpounds have little

pol ymeri zat i BRNQcPPGLERToP 1498 PYSRZPNYABPEREBIBARIABRSLs CRRR12¥ ASr BRer

could not provide a stereoregular .cx -qlefin polyner.. SUWARY OF THE .
NVENT! ON UG S8R BR T 1 FORGRe ket REYSHRE 1 FUSEP dsai SFROETASET 389 o
provide a cataly§kakQbn24d G 24 +BL¥TR" FedkieBnhavi ng high
Sangyo Kagaku Gijutsu Kenkyu Kaihatsu (Industrial
Scientific Technology Research and Development)}, third
10 DokusotekiKoseino Zairyo Sosei GijutsuSymposium (Original High
Performance Material Creation Technology Symposium), preprints,
Pr. 125t0 126, describes anexample of polymerization of ethylene
and propylene using Mn(acac); and Mn-salen complex. This
literature discloses that a catalyst prepared by using the
15 complex shows no polymerization activity on propylene, but that
propylene is polymerized by supporting on magnesium it though
the activity thereof is extremely low.
Therefore, the above-mentioned Mn compounds have little
polymerizationactivityof addition polymerizable monomers, and

20 further, could not provide a stereoregular @ -olefin polymer.

SUMMARY OF THE INVENTION
Under such conditions, an object of the present invention
is to provide a catalyst for addition polymerization havinghigh
25 activity, and an efficient producing process of an addition
polymer with the catalyst.

Another object of the present invention is to provide a



25 activity, and an efficient producing process of an addition polyner with
the catal yst. Anot her object of the present invention is to provide a 3
produci ng process of a stereoregular a -olefin polyner with the catal yst.

O her objects and advantages of the present invention will be apparent from
the follow ng description. 5 Nanely, the @Present invention relates to a
catal yst for addition polynerization obtained by a process conprising
contacting a transition nmetal conpound(A) represented by the foll ow ng
general formula [ 1] or [ 2 ] with an al um num conpound ( B ) descri bed

bel ow and/ or P¥ogisicdA dcerpeessl (f) adimteqrmtWain - GleRin RY lyMerZwhthl thén M

10 ~-m 4
catalyst.

Other objects and advantages of the present invention will
be apparent from the following description.

5 Namely, the present invention relates to a catalyst for
addition polymerization obtained by a process comprising
contacting a transition metal compound(A) represented by the
followinggeneral formula[l] or [2] with an aluminum compound(B)

described below and/or a boron compound(C) described below:

R2

i [1]
N

10 L



Rz R~ RRZNNkKk1X9~-m[27 ~-mX9 ZNNR-~Rs R k1( in the general
formulae [ 1] and ( 2 ] , Mrepresents a transition netal atomof Goup 7
;. Xs represent each independently a hydrogen aton) hal ogen atom al kyl
group, aral kyl group , substituted silyl 5 group, al koxy group, aralkyl oxy
group, aryloxy group, acyloxy group, acyl ,roup, di-substituted am no
group, substituted pyrazolyl group, isocyanate group, thiocyanate group,
nitrosyl group, azide group, cyano group, hydroxyl group, perhalide ion,
nitrate ion, hexa-hal ogenated phosphorus ion or 10 tetra-substituted boron

ion; L represents a neutral |igand connected with Mvia a lone pair or n
el ectron; n rEpresgnts 5 an integgr of 0 to 7 so selected that the
compound is neutr@l; g repfesents\arn integer of 0 to 6 so selected that the

conmpound is neutrfal; mrepresents warld integer of 0 to 5; RL to R3 represent
each independentfy .a hydrpgen atom (hal ogen atom al kyl group, 5 aralkyl
group, aryl dgrou sijlfyl group and all of R1 to R3 may be the
sanme or diffgreng; rloup of R4z+1-Z1-, R4Z-Z2- or

I
/

z N—N
\ Tg

T

(~|J)h [2]

M—Ln

|

X

g

\
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(in the general formulae [1] and [2], M represents a transition

metal atomof Group 7; Xs represent each independently a hydrogen
atom, halogenatom, alkylgroup, aralkyl group, substitutedsilyl
5 group, alkoxy group, aralkyloxy group, aryloxy group, acyloxy
group, acyl group, di-substituted amino group, substituted
pyrazolyl group, isocyanate group, thiocyanate group, nitrosyl
group, azide group, cyano group, hydroxyl group, perhalide ion,
nitrate ion, hexa-halogenated phosphorus ion or
10 tetra-substituted boron ion; L represents a neutral ligand

connected with M via a lone pair or 7T electron; n represents



R4 -Z3-0 10 (wherein, Z1 represents an atom of Goups 13 to 15; ZZ
represents an atomof Goups i3 to i5 and Z3 represents an atom of G oup
15; R4 in each case represents a hydrogen atom hal ogen atom al kyl
group, ar al kyl group, substitutedsilyl group, al koxy group, aral kyl oxy group,
aryl oxy group, di-substituted am no groupépr 15 substituted pyrazolyl

group. ) ; k represents an integer of 1 td 3 and the sumof k and z is 3 ;
J in the general forrmula [ 2 ] is a bridging group connecting two Ms; and h
represents an integer of 1 to 3 show ng the nunber of bridging connecting

) (B):; i f
ol oi ng (BEP 0BT of i I, 80 Rdb S TR T sn 6o REh Shn el § Mttt

formul a E aA||ge?r?%§g%éE§rY;ilni_to%_ flskrm?;égfs@%f&@e thHE! Hhe égrrr#cnﬂxd

general for b, 25 . l'itnear al um noxanes having a

structure of jsheeutBaPeRSFdrd Uil anE3 dtedtl 6£03td 5;0 R} t8RE3epresent

(wherein, each of El1, E2 and E3 represents a hydrocarbon group, and all of

Els , all of afth andepéndehtEgsa mevireecnhatsathdloghri haoant alk¥l regsent s
a hydrogen atom or hal ogen atom all of Zs nmay be 5 the sane or different.
a represedt s axalkyllegreai,sbyiyilggbeapS8r bubshitstadssiahyl ngeger add 2l
nore, and c represents an integer of 1 or nore.), and

of R* to R’ may be the same or different; Z represents a group

of

R%,.;-2'-, R%Y%;-2%- or

3
RY~2°—

| '
0

10 (wherein, 2! represents an atom of Groups 13 to 15; 72 represents

an atom of Groups i3 to 15 and 73 represents an atom of Group
15; R* in each case represents a hydrogen atom, halogen atom,
alkylgroup, aralkyl group, substitutedsilyl group, alkoxygroup,
aralkyloxy group, aryloxy group, di-substituted amino group or
15 substituted pyrazolyl group.): k represents an integer of 1 to
3 and the sum of k and z is 3; J in the general formula [2] is
a bridging group connecting two Ms; and h represents an integer
of 1 to 3 showing the number of bridging connecting two M's.),
(B): one or more aluminum compounds selected from the
20 following (Bl) to (B3),
(Bl): organcaluminum compounds of the general formula
E'aAlZ3.a,
(B2): cyclic aluminoxanes having a structure of the

general formula {-Al(E?)-0-}p,

25 (B3): linear aluminoxanes having a structure of the



C) : one or nore boron conmpounds selected fromthe followng (Cl) to
(C3), 10 ( C1 ) : boron conmpounds) of the general formula BQZQZ®@B ~ ( C2 )
. boron conpounds of the general fornmula G+( $QLQRBA ) -' (C3): boron
conpounds of the general formula ( L-H) + ( $Q Q@B ) (wherein, B
represents a boron atomof tri-valent stage, QL to 15 4 represent a
hal ogen at om hydrocarbon group, hal ogenated hydrocarbon group, substituted
silyl group, al koxy group or di-substituted am no group, and they may be
the sane or different . G+ represents an inorganic or organic cation, L

represents ageaetrhdl rbewudabase-aaps® \loH) a1Eepresents a 20 Br~nsted
acid.). Further, the present invention relates to a process for producing

an additi on gehgmedin,wsach €OEiBeanfiohy repiraiseg tana dvidocarpml Wrenipzabl e
nmononmer with said catalyst. The present invention will be described further
in detail 25abdladvk oBRIEFakX TAIpNa Dk dFFR\WMNGEbe thersame ordidifierentssul t
of X-ray structure analysis of a single crystal of the conpound obtained in
Ref er ence Ex&nﬁPEri.seFFg.alefhafgt@%PF kalogenatan y@ldr efahfInNaY Peof a

S SnLe 613 alhel be AOABRUL, OOt SL R L1 Bl f et Exanpl s &, BERALED
<3, b represents an integer of 2 or more, and ¢ represents an
integer of 1 or more.), and

(C): one or more boron compounds selected from the following
(Cl) to (C3),
10 (Cl): boron compounds of the general formula BQ'Q%Q?,

(C2) : boron compounds of the general formula G'(BQ*Q*Q°Q*) ",

(C3): boron compounds of the general formula
(L-H)"(BQ'Q*Q%Q%)",

(wherein, B represents a boron atom of tri-valent state, Q' to
15 Q! represent a halogen atom, hydrocarbon group, halogenated
hydrocarbon group, substituted silyl group, alkoxy group or
di-substitutedamino group, and theymaybe the same ordifferent.
G' represents an inorganic or organic cation, L represents a
neutral Lewis base, and (L-H)' represents a
20 Br¢nsted acid.).

Further, the present invention relates to a process for
producing an addition polymer, which comprises polymerizing an
addition polymerizable monomer with said catalyst.

The present invention will be described further in detail

25 below.

BRIEF EXPLANATION OF DRAWINGS



10 Min a transition nmet~l |l conmpound of the above-nentioned general formula
[-1] or [ 2] represents a transition netal atomof Goup 7 of the
Periodi c Table of Elements (1UPAC I norgani c Chem stry Nomencl ature,
revision 1989), and preferably a nmanganese atom technetium atom or rheni um
atom particularly 15 preferably a nanganese atom X s in the

above- nentioned general fornula [1] or [2]7 represent each independently
ahydrogen atom hal ogen atom) al kyl group, aral kyl group, substituted
silyl group) alkoxy group, aralkyloxy group, aryloxy group, acyloxy group,
acyl group, 20 di-substituted am no group, substituted pyrazolx roup,

i socyanat e group, t ity dn@hews eupesuitos§l XgrapsaErasugeoapalegancograup,
hydr oxyl group, perhalide _ion, nitrate ion, hexa-hal pgenated hos hor usi on
ort et r a- substS A BHGRY & thedcampoppdxoRtaipefelinRess FRt@nt .
25 The hal ogen atom as X includes a fluorine atom chlorine aton1 brom ne
atom and i odi'ne atom are Iisted and a chlorine atomis preferable. , 8

The alkyl group as F)S.g[orezf% %sﬂi‘is ? §Yl:a§[)999§c?ﬁ¥|a“Qnél%&goof’aébo“

atons , and exenpl es thereo |nc

group, isgprapylgd %sﬂhlb‘fbtfylthgr edRpoRRE- QHEXL.ngHOHH Ré?éfe@é‘éﬁ‘.x&ﬁﬁ’i@

n- pentyl group, !% neopentyl group, anyl group, n-hexyl group, n-octyl

group, n-decyd. group, n-dodecyl group, n-pentadeyl group, n-eicosyl group,
cycl opentyl group, cycl ohexyl group,adamantly group and the like, nore
preferably, amethyl group, ethyl group, isopropyl group) tert-butyl group,
cycl ohexyl group and adamantly group. 10 Any of these _al kyl groups may be
substituted with a hal EEAIEESM BESGRERTEON| (QF | FlEat SHVENBLON ne at om
brom ne atom, jodine atomor the |ike. Exanples of the al kyl group having 1

to 20 carbonQﬁlﬂﬂ?%ﬁﬁkﬁ%?Qn@RF%&t?P@P?EH%gen atom incl ude a fluoromnethy

group, difl uoronet fluoro hy| -y Qup chl.oronet h p,
dlchloro%éthyl grou r&?1€ﬁ?%?%h%?ﬂﬁTegroﬁ% ronone% tP ?b?XF meX{lgneg

di br omomet hy |l dHONP) ddrRrAg! Bw 91 %régg&}@@x&aars%aon%geger@{ml
group, triio o t hyl group, quoroe group, difluoroethyl group,

trifluoroethyds @raup bebfatﬁgms@ﬁwic Uaple pEnEakheateet hyba201 86 Bydnic
chl oroet hyl group, dichloroethyl group, trichloroethyl group,

t et rachl or oetChemigtoup , Ngpesn atdt wrest et igiaupl 989 proetdyprefenphly a
di br onoet hyl group, trlbronDethg grou tetrabronoet hyl group
pent abr onpet FANGARRRL AFEOT.| HEEBPLEPYM @F@%ﬁ”fEbﬁpﬂﬁﬁkGBQWyIPQFBM%UlarlY

perf'uorﬁge“takeékrégiy a manganese atom.

X’'s in the above-mentioned general formula [1] or [2]
represent each independentlyahydrogenatom, halogenatom, alkyl
group, aralkyl group, substituted silyl group, alkoxy groub,
aralkyloxy group, aryloxy group, acyloxy group, acyl group,

20 di-substituted amino group, substituted pyrazolyl group,
isocyanate group, thiocyanate group, nitrosyl group, azide group,
cyano group, hydroxyl group, perhalide ion, nitrate ion,
hexa-halogenated phosphorus ionor tetra~substitutedboronion,
and all of X's may be the same or different.

25 The halogen atom as X includes a fluorine atom, chlorine
atom, bromine atom and iodine atom are listed, and a chlorine

atom is preferable.



25 perfluorohexyl group, perfluorooctyl group, perfluorododecyl group,
per fl uor opent adecyl group, perfluoroeicosyl group, perchloropropyl group,
per chl orobutyl group, perchloropentyl 9 group, perchl orohexyl group,
per chl oroocutyl group, perchlorododecyl group, perchloropentadecyl group,
per chl or oei cosyl group, perbronopropyl gr gup, per br onobut yl group,

per bronmopentyl group, perbronohexyl group,” 5 perbronooctyl

gr oup, per bronododecyl group, per bronopent adecyl group, perbronoei cosyl
group, perbronocycl opentyl group, perbronocycl ohexyl

, b d | heyl ] f.th I
gLouD, P b TR Ry B b, e 005ReE iy % BB

be partially substitut oXy~grou

et hoxy groupngé ;4§ 1t pﬁ 2ol &ErvorfBtahY! X4 & SY¢RePe0R imqm@’%g{eﬁﬁi 107

the like , or an aralkyloxy group such as a benzyloxy group or t e .
The aral kyl g&aug,aétxymrgfeﬁ%blﬂ-pf@ymaﬁrcﬂf@,l ki ofif sP4AIS diddp1g n’ bludya0

carbon atons , and exanpl es thereof include a benzyl group,
(2- net hyl phegybhpet bgk-puayp, gitdupet hgrphéoylylmetroyp , 1h-peatgyll group,
(4- et hyl phenyl ) net hyl group, (2, 3-dinethyl phenyl) et hyl group,
(2, 4- di nEd hy nphperptydeghpupgr emyl @20o8pdi methiexydhgmpupnenhpictyloggoup,
, 6-di met hyl phenyl ) met hyl group, (3, 4-dinmethyl phenyl)methyl group,
, 5- di met hy PpRERYIL) BEPHPI Bréedecyd J2oup 4-k 1ReREIMIAThIHAVReDINALcosydp,

(2
(3,5 _ _
S ERBBAHATRA B30 bl N BT 78
25 (2’3’4’5-E%Qi?ﬁgfmgggﬁg%k£mg%my,é%gyﬂylgroup,ethylgroup,isopropyl
group, tert-butyl group, cyclohexyl group and adamantly group.
10 Any of these alkyl groups may be substituted with a halogen
atom such as a fluorine atom, chlorine atom, bromine atom, iodine
atom or the like. Examples of the alkyl group having 1 to 20
carbon atoms substituted with a halogen atom include a
fluoromethyl group, difluoromethyl group, trifluoromethyl
15 group, chloromethyl group, dichloromethyl group,
trichloromethyl group, bromomethyl group, dibromomethyl group,
tribromomethyl group, iodomethyl group, diiodomethyl group,
triiodomethyl group, fluoroethyl group, difluoroethyl group,
trifluoroethylgroup, tetrafluorocethyl group, pentafluoroethyl
20 group, chloroethyl group, dichloroethyl group, trichloroethyl
group, tetrachloroethyl group, pentachloroethyl group,
bromoethyl group, dibromoethyl group, tribromoethyl group,
tetrabromoethyl group, pentabromoethyl group, perfluoropropyl
group, perfluorobutyl group, perfluoropentyl group,
25 perfluorohexyl group, perfluorooctyl group, perfluorododecyl
group, perfluoropentadecyl group, perfluoroeicosyl group,

perchloropropyl group, perchlorobutyl group, perchloropentyl



(2, 3,4, 6-tetranet hyl phenyl ) net hyl group, (2,3,5,6-tetranet hyl phenyl) net hyl
group, 10 (pent anet hyl phenyl ) nmet hyl group, (ethyl phenyl)nethyl group,
(n-propyl phenyl ) net hyl group, (isopropyl phenyl)nethyl group,

(n-butyl phenyl ) met hyl group, (sec-butyl phenyl)nmethyl group,

(tert-butyl phenyl)net hyl group, (n- pentylpgenyl)nethyl group, 5
(neopent yl phenyl ) met hyl group, (n-hexyl phenyl)nethyl group,

(n-octyl phenyl ) met hyl group, (n-decyl phenyl)nethyl group,
(n-tetradecyl phenyl ) net hyl group, naphthyl net hyl group, anthracenyl nethyl
group and th i,ke, [ f b f these

ar al kyl grougrBHE nggg???aﬁ% Suggﬁpgut§§§¥h%%E83%g %geﬁQ§P m such as a
fluorine at ogbrehhe&ba%dabgm gRbap, Npe2tATbropdhaaskym g&—ohbe like, an
al koxy group such as a OXxy group , ethoxy group of the ITke , an

aryl oxy groupegdbho@dedcbBgn0yyodbQupe@brbhopkokgl atoan ,apaiiyrbmepudiaup
such as a benzyloxy 15 group and or like. The aryl group as X preferably
i ncl udes ar ygrgnpupgelrhromgpéntyl2@roapbopezbaomohexiyd grampl,es t her eof

i nclude a phenyl group ) 2-tolyl group, 3-tolyl group, 4-tolyl group,
2,3-xylyldgr pgpbrgm@owb{}lgnyumppeqblsowwe@rbgysoup eexprpmopesgdecyl
3,4-xylyl 20 group, 3, yl. group 3, 4-trimet hyl phenyl group,
2,3,5-trinet HFPBRenPPrQFBH‘Belf%Yé SFPHEt hPepRERPOCYCIgpentyl group,

2,4, 6-

2,3,4

2,3,5

t
, ,tg”tgf  RhaBRgt F?X%?’%%P‘a'iﬁf%@{agﬁgféﬁaﬁa%w?}sﬁg%ﬁupgqrb%he Like.

, 3, tetranethy epnyl p. it ey
group, n-propyl pheh?/lp gr¥0ltjg,£8€s%%) ﬁ ﬁe‘%l gfoup, n‘%ut;/%pheny group,

sec-butyl pheﬂrﬂth@léﬁ“@lkbﬁ% %lmﬂs ar @b.IEhoﬂyp?ﬁéub PherwdxPrftbup orll
neopent yl phenyl group, n-hexyl phenyl group, n-octyl phenyl group,

n- decyl pb@nykthegr bike , ranl @dgdpxyhenylip gFudlp asnatheralee Wrplupnpk the like,
group, napht hyl group, ant hracenyl group and the |ike, and preferable is a
phenyl grouporAay afalkgiexyrgroyp ;ipsh sy abbepayipaly| greupser tthed ikie.h a
hal ogen atom such as a fluorine atom chlorine atom brom ne atom iodine

atom or the like, ﬁeaf{‘%k]yi’brgﬁ’ﬁps%# %eﬁeﬁﬁ?%ﬁwm aE?HGX%f HBARF or

the like , h t I

sl kyl oxy gPadIngLod SRsReS t3ky” APErBaNR bp S HheHentnel §fg o Berlkys

substituted @'ﬂ&ﬁlp,gr(gqﬂle%ﬁﬂh%gﬂq%t%ﬂ lgwouq{ ,O"tpjo-methylphenyl)methyl
15 group, (4-methylphenyl)methyl group,

(2,3-dimethylphenyl)methyl group, (2,4-dimethylphenyl)methyl
group, (2,5-dimethylphenyl)methyl group,
(2,6-dimethylphenyl)methyl group, (3,4-dimethylphenyl)methyl
group, (3,5-dimethylphenyl)methyl group,

20 (2,3,4-trimethylphenyl)methyl group,
(2,3,5-trimethylphenyl)methyl group,
(2,3,6-trimethylphenyl)methyl group,
(3,4,5-trimethylphenyl)methyl group,
(2,4,6-trimethylphenyl)methyl group,

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

(2,3,5,6-tetramethylphenyl)methyl group,



substituted with a hydrocarbon group, and exanples of the hydrocarbon group
I ncl ude al kyl groups having 1 to 10 carbon atons such as a nethyl group,

et hyl group, n-propyl group, 15 isopropyl group, n-butyl group, sec-butyl
group, tert-butyl group,isobutyl group, n-pentyl group, n-hexyl

gr oup, cycl ohexyl group and the like , aryL groups such as a phenyl group
and the |ike, and other groups. Exanples 9 the substituted silyl group
having 1 to 20 20 carbon atons include nono-substituted silyl groups having
1 to 20 carbon atons such as a nethylsilyl group, ethylsilyl group,

D oon at e SR i S il et R g o 2°
di phenyl si |yl ' 2 i - ' ' i 3
Lo o0 s bon P by eryl ety 1Zarblpy St PEpRinyl ) HEHPE BN
tri-n-propyl gid-YPutg1@mRnvilineI®RF 10K Y | ( @Rty 1pherdyl ettty Igddud,

group, tri-sec-butylsilyl group, tri-tert-butylsilyl group,

tri-isobutyl Jitett -Guiyd.phetiyil-)matyldgneddy k aF pghtglehpnyll)nethpergnduy | vl
group, tri-n-hexylsilyl group, tricyclohexylsilyl group, 5 triphenylsilyl
group anddt he nedpentatlphenarid mertdfydr aixicain,s (e -threixysiphdnsill e tgyydugroup,
tert-butyldinmethylsilyl group or triphenylsilyl group. Any of these silyl
groups nay béqu&n¥w%m¢mk@m% a(maf/ecsvgr hararh Jaiadthyds grduruor i ne

ato chlorine ataq rom ne
M (n-teé?aé%cylphenyl)methyl group, nhaphthylmethyl group,

anthracenylmethyl group and the 1like, and preferable is a benzyl
group.

10 Any of these aralkyl groups may be partially substituted
withahalogenatomsuchasafluorineatom, chlorineatom, bromine
atom, iodine atom or the like, an alkoxy group such as a methoxy
group, ethoxy group or the like, an aryloxy group such as a phenoxy
group or the like, or an aralkyloxy group such as a benzyloxy

15 group and or 1like.

The aryl group as X preferably includes aryl groups having
6 to 20 carbon atoms, and examples thereof include a phenyl group,
2-tolyl group, 3-tolyl group, 4-tolyl group, 2,3-xylyl group,
2,4-xylyl group, 2,5-xylyl group, 2,6-xylyl group, 3,4-xylyl

20 group, 3,5-xylyl group, 2,3,4-trimethylphenyl group,
2,3,5-trimethylphenyl group, 2,3,6-trimethylphenyl group,
2,4,6-trimethylphenyl group, 3,4,5~trimethylphenyl group,
2,3,4,5-tetramethylphenyl group, 2,3,4,6-tetramethylphenyl
group, 2,3,5,6-tetramethylphenyl group, pentamethylphenyl

25 group, ethylphenyl group, n-propylphenyl group,
isopropylphenyl group, n-butylphenyl group, sec-butylphenyl

group, tert-butylphenyl group, n-pentylphenyl group,



10 atom iodine atomor the like, an al koxy group such as a nethoxy group,
et hoxy group or the like, an aryloxy group such as a phenoxy group or the

| i ke, or a~n aral kyl oxy group such as a benzyl oxy group or the like.
Exanpl es of the al koxy group as X include a nethoxy group, 15 ethoxy

g¥ oup, n- propoxy group, i sopropoxy group, n-jyut oxy group, sec-butoxy group,

t - but oxy group, n-pentoxy group, neopentoxy group, n-hexoxy group) n-octoxy
group, n-dodesocy group) n-pentadesoxy group , n-icosoxy group and the |ike
, and preferabl e are nmethoxy group, ethoxy group and t-butoxy group. 20 Any

of ‘these al kaypgh oyBSnERY1DGrpaD! | ALhdxg UBRLEYY! Solib! NnabatapReAyeM Such

as a fluorine a om chlorine"atom brom he atom Ffodi he atomor thel

an al koxy grg@ueuplich-ascR1pRERPXYgEHEHP. neﬂbﬁé&ngﬁéﬁymrgfbﬁphl ke, an
aryl oxy group such as a phenoxy group or the I|i or an aral kyl oxy group

and or |ike.n2beExadpteiphénybegraupl, kndphthyl gupups ax ihraosthy lagbewmz ghaxy
group, (2-nmethyphenyl) nethoxy group, (3-nethyphenyl)nethoxy group,

(4- met hyphenthe ndikexyagdoppeferaBle2is- di phehylpbeaypb) net hoxy group,

(2, 4-di net hyl phenyl ) met hoxy group, (2,5-di nethyl phenyl ) met hoxy group,

(2, 6- di et hyl pheny*}¥FeEhbR§SQaETE, IBOYRS Bay| %pﬁmtla AYI SURS bkt ed wish

(23,5 (ri mee IR DIy R KD 4 0 1085 L3602 o phnsh A oir RBSPSHPoup.
10 (2.4,5-tripp ahy'@%ﬁe LODONIEOHR, 4By 4B MERY o HELRRRY

(2,3,4,5-tetg f‘B’ﬁ%hY-:Jt BP%&Q[Q&P; an aryloxy group such as a phenoxy
(2,3, 4, 6-tettanet hyl pheny )nethoxy group, 15

(2, 3,5, 6-t et gasephyt phrenyl ket beX¥ngapabky{ oR{t gAEEH Y4 demd Janbehexy oxy
group, (et hyl phenyl ) net hoxyl group, (n-propyl phenyl)nmethoxyl group,

(i soprophl phgnglapnerhtke gikep, (n- but yl.phenyl ) net hoxy

group, (sec-butyl phenyl ) met hoxy group, (tert- butylghenyl)nethoxy

group, ( n- hexyphenyThee$wostituted silyl group as X inclides a silyl group

substituted with a hydrocarbon group, and examples of the
hydrocarbon group include alkyl groups having 1 to 10 carbon
atoms such as a methyl group, ethyl group, n-propyl group,

15 isopropyl group, n-butyl group, sec-butyl group, tert-butyl
group, isobutyl group, n~pentyl group, n-hexyl group, cyclohexyl
group and the like, aryl groups such as a phenyl group and the
like, and other groups.

Examples of the substituted silyl group having 1 to 20

20 carbon atoms include mono-substituted silyl groups having 1 to
20 carbon atoms such as a methylsilyl group, ethylsilyl group,
phenylsilyl group and the like, di-substituted silyl groups
having 2 to 20 carbon atoms such as a dimethylsilyl group,
diethylsilyl group, diphenylsilyl group and the 1like,

25 tri-substituted silyl groups having 3 to 20 carbon atoms such
as a trimethylsilyl group, triethylsilyl group,

tri-n-propylsilyl group, triisopropylsilyl group,



20 group, (n-octyl phenyl)nethoxy group, (n-decyl phenyl)nmethoxy group,
(n-tetradecyl phenyl ) met hoxy group, naphthyl net hoxy group,

ant hracenyl met hoxy group and the like, and preferable is a benzyl oxy group.
Any of these aral kyl oxy groups may be partially substituted 25 with

ahal ogen atom such as a fluorine atom chjprine atom bromi ne atom iodine
atomor the like, an al koxy group such as a nethoxy group, ethoxy group or
the like , an aryloxy group such as a phenoxy 14 group or the like, or an
aral kyl oxy group or the like. Exanples of the aryloxy group as X include

aryl oxy groupgibavbidy®sti2y204e8hBoNtakogBcSHERyASiayRhERa¥Y,9r oup,

2- met hyl phenoxy group, 3-nethyl phenoxy group, 4-nethyl phenoxy 5 group,

2, 3-di net hyl pberexsytgbatipls2l¢idgreuby| phenexybateleil®l5gtongt, hyl phenoxy
group, 2, 6-di net hyl phenoxy group, 3, 4-di net hyl phenoxy group,

3, 5-di met hyl pbetekytylodpmeRh§léidyilmgrhypphtmaxn-peotglsilyl group,
2,3,5-trimethyl phenoxy group, 2,3,6-trinethyl phenoxy group,

2,4, 5-trinet B¥ipRehexylgiady ,gxoup,4Fsipwp#9hnyyéﬁéﬂa&yggp@@p,

3,4,5-triet hyl phenoxy group, 2, 3,4,5-tetranethyl phenox roup, .
2. 3,4, 6- (ot r AFAPROPEREAGYS GFOUD, apU3the cLi¥eh ¢ Bt hyl PHLRPY s, 15 2
ent anet hyl phenox ou et hyl phenax rQUR,...N-pPtopyl.phenaox roup,
Psopropyl%hgESQQeéPgEE}ﬁyﬁugﬁﬁﬁﬁén3§§¥§g&%g??égggbpg%ﬁﬁgﬁo§§% §Fgup,
tert-butyl phepexy.a-L9uR1 Q-?ggﬁ phenoxy group, n-octyl phenoxy group,
y groug, n-?ét ade

n- decyl phenox _ yl phenoxy group, napht hoxy group,
ant hracenoxy groupaagdo¥hentskesiByL. gritpdimdP @i pRIVH QM v SRS iRt e

partially substituted 20 with a hal ogen atom such as a fluorine atom
chl ori ne at owi thratma hegert atpomisadhres afbooeinkhe dn kehl i me kosy , Prewinzuch
as a net hoxy group, ethoxy group or the like, an aryloxy group such as a
phenoxy 10 atom, iodine atom or the like, an alkoxy group such as a methoxy
group, ethoxy group or the 1ike, an aryloxy group such as a phenoxy
group or the like, or an aralkyloxy group such as a benzyloxy
group or the like.
Examples of the alkoxy group as X include a methoxy group,

15 ethoxygroup, n-propoxy group, isopropoxy group, n-butoxy group,
sec-butoxy group, t-butoxy group, n-pentoxy group, neopentoxy
group, n-hexoxy group, n-octoxy group, n-dodesocy group,
n-pentadesoxygroup, n-icosoxygroup andthe like, andpreferable
are methoxy group, ethoxy group and t-butoxy group.

20 Any of these alkoxy groups may be partially substituted
withahalogenatomsuchasafluorineatom, chlorineatom, bromine
atom, iodine atom or the like, an alkoxy group such as a methoxy
group, ethoxy group or the like, an aryloxy group such as a phenoxy
group or the like, or an aralkyloxy group and or like.

25 Examples of the aralkyloxy group as X include a benzyloxy
group, (2-methyphenyl)methoxy group, (3-methyphenyl)methoxy

group, (4-methyphenyl)methoxy group,



group or the like, or an aral kyl oxy group or the |Iike. Exanples of the
acyl oxy group as X include an acetoxy group , 25 ethyl carbonyl oxy group,
n- propyl car bonyl oxy group, isopropyl carbonyl oxy group, n-butyl carbonyl oxy

group, sec-butyl carbonyl oxyl group, isobutylcarbonyl oxy group, 15
tert-butyl carbonyl oxy group, trifluoroacetpxy group, benzoyl oxy group and
the Ii ke. Exanples of the acyl group as nclude a fornyl group, acetyl

group, propionyl group, butylyl group, isobutylyl group, 5 valeryl group,
i soval eryl group, cycl ohexanecarbonyl group, benzoyl group and the |iKke.

The di -substitute Qu S iS.an_amno group substituted with two
hydr ocar bon é%oépglggkgglga §é§m8¥hPﬁ¥ ﬁ§8P8Carbon group here include

al kyl grOUpS(EaX'agmétﬁngﬁeﬁgi?ﬁgtﬁgxgtﬂgg uch as a nethyl group, ethyl
group, n-propyl group, propyl group; group, sec-butyl group,

tert-butyl ggoup. ﬂiﬁéﬁhyhpﬂéﬁym)ﬂeﬁﬁaky|gﬂbﬁﬂp n-hexyl group, cycl ohexyl
group and the l|ike, aryl groups such as a phenyl group and the |ike, and
ot her groups(2F8agpheshglphbaydi)methskit gkedpam no 15 group having 1 to 10
carbon atons include a dinethylam no group, diethylam no group,

di - n- progyl akBnd-divaphydphsoplopethokyoggeupp, di - n-butyl am no group,

di -sec-butyl am no grou di-tert-butylam no group, di-isobutylam no group,
tert- butyI|séBrép?ﬂﬂﬁt261§FGGﬁl)G?IHDHKXQFQHPno group, 20 di-n-octyl anino

roup, di- cyl am no m no group, bistrinethylsilylamno
groug, bi s- tgﬁt%bﬁf§Fan§gH§P§ §F§W¥HE°§Voﬁg°Hﬁg the like, a%d prgferable
are a di net hyla o.,4qr I Exampl es of the
substituted %9(§;§|§?1§§§Hgﬂghg§§aﬁ% % x¥58E°B razoIgF group,

S-methyl pyr azgl ¥l 60k 2uhe thyABLBKRYRAEALKY graup, S-ethylpyrazolyl group.
3-n-propyl pyrazol'yl group, -~ 3-1sopropyl pyrazolyl "group, 3-n-butylpyrazolyl

group, 106 325eG5btryheyheiphihydnmeRhoky §ebuby! pyrazolyl group,

3-tert-butyl pyrazolyl group, 3-phenyl pyrazolyl group, 3-p-tolylpyrazolyl

group, 3-cumfRpyr, &ztryimeghyiphedylt) mefthoayogeblyl,) pyrazol yl group,
(3,4,5-trimethylphenyl)methoxy group,
(2,3,4,5-tetramethylphenyl)methoxy group,
(2,3,4,6-tetramethylphenyl)methoxy group,

15 (2,3,5,6-tetramethylphenyl)methoxy group,
(pentamethylphenyl)methoxy group, (ethylphenyl)methoxyl group,
(n-propylphenyl)methoxyl group, (isopropylphenyl)methoxy
group, (n-butylphenyl)methoxy group, (sec-butylphenyl)methoxy
group, (tert-butylphenyl)methoxy group, (n-hexyphenyl)methoxy

20 group, (n-octylphenyl)methoxy group, (n-decylphenyl)methoxy
group, (n-tetradecylphenyl)methoxy group, naphthylmethoxy
group, anthracenylmethoxy group and the like, and preferable
is a benzyloxy group.

Anyof these aralkyloxygroupsmaybepartiallysubstituted

25 withahalogenatomsuchasafluorineatom, chlorine atom, bromine
atom, iodine atom or the like, an alkoxy group such as a methoxy

group, ethoxy group or the 1like, an aryloxy group such as a phenoxy



5 3-(pent afl uoroet hyl ) pyrazol yl group, 3-cycl ohexyl pyrazolyl group,

3- adamant yl pyrazol yl group) 4-chloropyrazolyl group, 4-bronopyrazolyl
group, 4-iodopyrazolyl group, 3,5-dinethylpyrazolyl group,

3, 5-di et hyl pyrazol yl group, 3,5-di-n-propyl pyrazolyl group,

3, 5-di i sopropyl pyrazolyl 10 group, 3,5-digy>-butylpyrazolyl group,

3, 5-di -sec-butyl pyrazolyl group, 3, 5- dIISO utyl pyrazol yl group,
3,5-di-tert-butyl pyrazolyl group, 3,5-diphenyl pyrazolyl group,

5- et hyl - 3-i sopropyl pyrazol yl group, 3-tert-butyl-5-nethyl pyrazolyl group,

15 5-nethyl - 3-BAgNBLP¥hEZ LKL , 952URN Qrﬁk?ibx? BrBQFYBEyrtﬁéml)[kegr oup,
3-cunyl - 5- nethyl pyrazol yl group, 3-adanantyl-5-nethylpyrazolyl group)

i m dazolyl group, Examphgkics dﬁé(ﬁzﬁlcﬁfi@&ouﬁ-a§0¢)ﬁ.ﬁ§1hﬂ€1§hﬁmﬂ9 goaps,
7-tert-butylimdazolyl group and the Ii 20 Further, the group as X

i ncl udes an haodpgnét eogROuparbbnoastomgasath gsoapphenpbayylgrgupyp, azi de
group, cyano group, and hydroxyl group. X may al so be a free anion, and the
above- nent i oAenelhhydpbAngryrgrauLy axweghwéphanexmwl 4gm¢|blyﬁwxea>oix§t as
correspondi ng 25 ani ons, respectively. For exa F-, Cl-, Br-

acetate idn, 95P8BN of et 2liBAtNYIBReYPER AEOYRN 2 :.%d&mqnwfmw group.

L Pent YL Onats 9% R R SR ONTE 80 o BORSRLULERRN St crak 1 1 e
are ment oned. yAdghELAYALRNGgS LaBE! 2] 30RerRyASHRALIAE By 1 7l e

i on, hexa-ha 1 on ‘'fetra-su |tute oron’‘ion are

listed. As t be3par thahie¥8y2phen expTrkes, §1Q4 i t A phendsk LD
hexa- hal ogenat ed phosphorgsplonox%SPrexgnp l'e, "PF6- l|s nen?hbnedyiégot%e

tetra-substi tyBed-heimethglphkabxgxatpup, BRRA4S5 -akdmBithylphenloxst @dou,s i n
t he above-nentioned general fornmula [1] or [2] 10 representeach

i ndependkht | 2,4, balttogme thydphahoxly group,. aBaltk pli- tgrimehylliplvenoxy group,
group, ar al kyl oxy group, hydr oxyl group perhalide ion, nitrate ion,
hexa- haIogenabéd4pﬁo§9ﬁ6ﬁm§thaﬂp ﬁmﬁﬁwgﬁ@ﬂmsﬁlﬁuﬁe& -Fertaaneshy linhenesy

preferal v, Saeha,IoReIEnLLY o iahoncn 2oy elir oun hah ALY
group, ethylphenoxy group, n-propylphenoxy group,
isopropylphenoxygroup, n-butylphenoxygroup, sec-butylphenoxy
15 group, tert-butylphenoxy group, n-hexylphenoxy group,
n-octylphenoxy group, n-decylphenoxy group,
n-tetradecylphenoxy group, naphthoxy group, anthracenoxy group
and the like, etc.
Any of these aryloxy groups may be partially substituted
20 withahalogenatomsuchasafluorineatom, chlorine atom, bromine
atom, iodine atom or the like, an alkoxy group such as a methoxy
group, ethoxy group or the 1ike, an aryloxy group such as a phenoxy
group or the like, or an aralkyloxy group or the like.
Examples of the acyloxy group as X include an acetoxy group,
25 ethylcarbonyloxy group, n-propylcarbonyloxy group,
isopropylcarbonyloxy group, n-butylcarbonyloxy group,

sec-butylcarbonyloxyl group, isobutylcarbonyloxy group,



or tetra-substituted boron ion, particularly preferably, each independently
a hal ogen atom al kyl group, nitrate ion or tetra-substituted boron ion. In
t he above-nentioned general forrmulae [1] and [2], n 20 and g are the nunber
of X's and represent an integer of O to 7 and O to 6, respectively, so

sel ected that the conpound is neutral. Infihe above- nenti oned general
formulae [1] and [2], L represents a neut+l | i gand connected with Mvia a
| one pair 25 or ~ electron. The neutral |igand connected with Mvia a | one
pair is a neutral |igand connected with Mvia a coordi nate bond, and 18

exanpl es thereof inc¢clude ethers such as diethyl ether, tetrahydrofuran and
dinethoxyeth&ﬁgF'gﬁgﬁgga §8HY&§x?rFEPH?PaﬁFﬁgﬁuoroacetoxy grolp,

N,NN,N-te t hyl.enedi am,ne, ri di nessuch
aspyridine,ZPE?g?kg¥k§| %Pﬁgi%gagkggq&gﬁgrine, 5 pyrazol e, substituted
pyrazol es such as RxERPIULPYE G &cyt RN BY RZOAE1ude BB FJD,
3-et hyl pyrazol e) 3-n-propyl pyrazol e,” 3-1sopropyl pyrazol e,
3-n-but yl pyr azetgl graas; bubpliphyazdcup Sou syl Wryipazos6butylyl group,
3-tert-butyl pyrazol e, 3-phenyl pyrazole, 3-p-tolylpyrazole, 10
3- cunyl pyd azokder§i( griotipuaisoraieryjy ganpape, cyclohexanecarbonyl group,
3- (pent af | uor oet hyl ) pyr ~azol e, 3-cycl ohexyl pyrazol e, 3-adamantyl pyrazol e,
' - chl or opyr ®e0lzey 14 gmoyipo gyda £blee 1 ikei.odopyr azol e, 3, 5-di net hyl pyrazol e,
, 5-di et hyl pyrazol e, 3,5-di-n-propyl pyrazole, 3,5-diisopropyl pyrazole, 15
di - n- but yl pyr a'z"BPe,‘113,55‘306|’t-1§86§9ut39‘FLB§’r g9¥6re, as & 4si 88b APy 9XLHPe,

5-

- di - - hut y| le. .3, 2-di ph I I '
rethyl 51 SbPSRY LB I5R. TS RFRSRBYOPacaTarR: pd srampies of the
met

Cungrlé?hgt ¢ 8@%%?&%%fbuéh@?k@ﬂdfﬁ&€éfkyiﬁi%%ﬁgﬁ%ving111)10carbon

10 atoms such as a methyl group, ethyl group, n-propyl group,

4
3
3,
3,
5
5
3

isopropyl group, n-butyl group, sec-butyl group, tert-butyl
group, isobutyl group, n-pentyl group, n-hexyl group, cyclohexyl
group and the like, aryl groups such as a phenyl group and the
like, and other groups. Examples of the di-substituted amino

15 group having 1 to 10 carbon atoms include a dimethylamino group,
diethylamino group, di-n-propylamino group, diisopropylamino
group, di-n-butylamino group, di-sec-butylamino group,
di-tert-butylamino group, di-isobutylamino group,
tert-butylisopropylamino group, di-n-hexylamino group,

20 di-n-octylamino group, di-n-decylamino group, diphenylamino
group, bistrimethylsilylamino group,
bis-tert-butyldimethylsilylamino group and the like, and
preferable are a dimethylamino group and diethylamino group.

Examples of the substituted pyrazolyl group as X include

25 a pyrazolyl group, 3-methylpyrazolyl group, 4-methylpyrazolyl

group, 3-ethylpyrazolyl group, 3-n-propylpyrazolyl group,

3-isopropylpyrazolyl group, 3-n-butylpyrazolyl group,



20 3-adamantyl - 5- et hyl pyrazol e, i m dazole, 7-nethylim dazole,
7-1isopropylimdazole and 7-tert-butylimdazol e, phosphines such as
trimet hyl phosphi ne, triethyl phosphine, triphenyl phoshpi ne,

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

1, 2- bi s(di et hyl phosphi no) et hane, 25 1, 2-hj s(di et hyl phosphi no) et hane,

1, 2- bi s(di phenyl phosphi no) et hane and 1, 3-1i s(di phenyl phosphi no) pr opane,
nitriles such as 19 acetonitrile and benzonitrile, or endo-on type

ni trogen nnlecule and carbon nonoxi de, and preferabl e are tetrahydrofuran,

Lo E} (Ng e FErR bR R e xi”‘é%gapé’y%%%%Qﬁarﬁé,ﬂﬁ%%?gﬁ?ﬁ”¥%{3ﬁ§§2“' s

1, 2-

aceton (11| e ot CaoRon RbEaReRgs grdupl, TaTbRERPILDRRSBIVIOUELERATE |1y a
it electron 3sp190§¥p§y£5951§1gggguﬁongegﬁﬂglﬂyggzgﬁylag?ﬁﬁyIt|pIe bondi ng

orbital , and exanples thereof Include ol efins"such as e ene ) propyl ene
and the |ike3-dtenesusiehe 8Bybypadacoryl 2gdotipxadi ene and

1, 4- di phenyl but adi ene, ket onessuch as acetone and benzophenone, side-on type
ni t r ogen ol 2e(bentafituoheethkd) prndzpilglegablhip, 13-ayelohekiyhpyaadodirénes,
nore preferable are ethylene, butadiene, 2,4-hexadi ene and

1, 4- di pheny| 8Ee8BI eAeadaRanhELRKEFECKEAt P5ABE. g4nehAPTPBYRAFALYL1PTaNE [ 2] ,

m
4-bromopyrazolyl group, 4-iodopyrazolyl group,

3,5-dimethylpyrazolyl group, 3,5-diethylpyrazolyl group,
3,5-di-n-propylpyrazolyl group, 3,5-diisopropylpyrazolyl

10 group, 3,5-di-n-butylpyrazolyl group,
3,5-di-sec-butylpyrazolyl group, 3,5-diisobutylpyrazolyl
group, 3,5-di-tert-butylpyrazolyl group,
3,5-diphenylpyrazolyl group, 5-methyl-3-isopropylpyrazolyl
group, 3-tert-butyl-5-methylpyrazolyl group,

15 5-methyl-3-phenylpyrazolyl group,
5-methyl-3-p-tolylpyrazolyl group, 3-cumyl-5-methylpyrazolyl
group, 3-adamantyl-5-methylpyrazolyl group, imidazolyl group,
7-methylimidazolyl group, 7-isopropylimidazolyl group,
7-tert-butylimidazolyl group and the like.

20 Further, the group as X includes an isocyanate group,
thioisocyanate group, nitrosyl group, azide group, cyano group,
and hydroxyl group.

Xmay also be a free anion, and the above-mentioned halogen
atom, acyloxy group and hydroxyl groupmay exist as corresponding

25 anions, respectively. For example, F, C1 , Br , I , acetate
ion, propionate ion, n-butylonate ion, isobutylonate ion,

n-pentylonate ion, sec-pentylonate ion, isopentylonate ion,



represents the nunber of neutral ligands L and is an integer of 0 to 5. m
i.s preferably O to 3, further preferably 0 or 1. 20 In the above-nenti oned
general forrmulae [ 1] and [ 2 ] , RlL, RZ and R3 represent a hydrogen atom
hal ogen atom al kyl group, aral kyl group, aryl group or substituted silyl
group, and all of R-, RZ and R3 nay be tRhe sane or different. The hal ogen
atom al kyl group, aral kyl group, aryl group and substituted silyl 25 group
herein referred to are the sane as described already as X. In the
above-nentioned general fornulae [1] and [2], Rl, RZ and R3 represent

preferably, eaeh-posepesnensd |dorm, RtdrfaGRFoacdt axledMonf,! Benizoatat 88h, oOH
chlorine atom brom ne atom nethyl group, ethyl group,isopropyl

group, tert - bldyd tireolipkeyate mentiogrediip, Addamaohhy 1gr, cap, tHefree gnbop,
phenyl group or 4-tolyl group, further preferably, each independently

ahydr ogen atarpertaildrdendoB ,anbhrataliom ndexaoialagendteg phpsphospsopyh
group, tert-butyl group, cyclohexgl group, adamantly group or phenyl_group,
parti cul ar | YR dredTrispbsdddintiadiBpERBeHID pre hi:ateden A8 dhe BeFoRahédat om
met hyl g

r.oup) i sapropyl oup ert.- but royp or amant | y oup. 10_.In
the abovd- neheR orfd Béﬁ@giﬁ'f%%% a8 T&%{J‘aﬁ eT'fz] ,Asz%?‘&gﬁ%%ﬁ?giag RaEpdof
R4~+1-Z1-, = L2~ Eg -Z ( in, - epr . at om G oups 13
to 15 of th?%%%%%%’f‘%él abfé} o&%’ﬁéi% e%‘ht g'% %&tel;s)orn%s%e'nt gsagggt om of
Groups 13 torderfistber Peatodi SodéR! Lol ESE EJ:&H%B&,S BpRN o B Capa! o
an atom of Group 15 of the Periodic Table of the Elenents . R4 in each case
represents aliyee@gen tom hal ogen atom al kyl group, aral kyl
group, substitutedsilyl group, al koxy group, aral kyl oxy 20 group, aryl oxy
group, di-substitufes i tive galoeye emestbeted uyenlepyt afotyhlgr bup. or Hege,
the atom of G oup 13 includes a boron atom alum num atom and the |ike, the

at om of 1& oupenuesert aach iadepensiendlym halegenatamomldwl greup i asalkyd t he

atom of the C}ogﬁ 1? i ncl udes 25 a nitrogen atom phosphorus atom and_t he
li ke. 71 repgﬁg 1@ koxygroup, aralkyloxy group, hydroxyl group, perhalide

ion, nitrate ion, hexa-halogenated phosphorus ion or
tetra-substituted boron ion, further preferably, each
independently a halogen atom, alkyl group, alkoxy group,

15 aralkyloxy group, nitrate ion, hexa-halogenated phosphorus ion
or tetra-substituted boron ion, particularly preferably, each
independently a halogen atom, alkyl group, nitrate ion or
tetra-substituted boron ion.

In the above-mentioned general formulae [l] and [2], n

20 and g are the number of X's and represent an integer of 0 to
7 and 0 to 6, respectively, so selected that the compound is
neutral.

In the above-mentioned general formulae [1l] and [2], L
represents a neutral ligand connected with M via a lone pair

25 or W electron.

The neutral ligand connected with M via a lone pair is

a neutral ligand connected with M via a coordinate bond, and



21 preferably an atomof the Goup 13 or 14) further preferably a boron
atom or carbon atom Zz represents preferably a boron atom or phosphorus
atom further preferably a phosphorus atom Z3 represents preferably a
nitrogen atom or phosphorus atom 5 further preferably a phosphorus atom
Fhe hal ogen atom al kyl group, aral kyl grgpup, substituted silyl group,

di -substituted am no group and substituted pyrazolyl group represented by
R' are the sane as described already as X. The above-nentioned R4
represents preferably a 10 hydrogen atom hal ogen atorrf, al kyl group,

aral kyl grouexaﬁ§§§§i &ﬂg%%k'yr%c%agpegbr% Y sBLAYR AL :%xﬁﬁmup,ary' oXy

group or substit pyrazo group, er prefera rogén atom

hal ogen at om eglrianly ado2uRan? halik wh m@kfdRyetHaskE!,{ Widded lilchdauPp,
di -substituted am no group or 15 substituted pyrazolyl group,particularly

preferably athjetbgeamine NgNkN' ,or ottt ramaltkyll edhglenedismisie t ut ed

pyrazolyl group . In the above-nentioned general fornmula [1] or [2], k

represents apyriddges sifchlas py¥idane .t -limefhklmywi dinesagd quimeddesent s

preferablg 2 or 3, further preferably 3. 20 In the above-nenti oned general
]

fornula [A] ®¥IRZPlez mupsiéddntedypyrazedief sughods S-methyRpyrpzodegnd

anong t he roups Qf R4-C_or
g m %-me%hylpyrazole, 5-methylpyrazole, 3-ethylpyrazole,

3-n-propylpyrazole, 3-isopropylpyrazole, 3-n-butylpyrazole,
3-sec-butylpyrazole, 3-isobutylpyrazole,
3-tert-butylpyrazole, 3-phenylpyrazole, 3-p-tolylpyrazole,

10 3-cumylpyrazole, 3-(triflucromethyl)pyrazole,
3-(pentafluorocethyl)pyrazole, 3-cyclohexylpyrazole,
3-adamantylpyrazole, 4-chloropyrazole, 4-bromopyrazole,
4-iodopyrazole, 3,5-dimethylpyrazole, 3,5-diethylpyrazole,
3,5-di-n-propylpyrazole, 3,5-diisopropylpyrazole,

15 3,5-di-n-butylpyrazole, 3,5-di-sec-butylpyrazole,
3,5-diisobutylpyrazole, 3,5-di-tert-butylpyrazole,
3,5-diphenylpyrazole, 5-methyl-3-isopropylpyraozole,
3-tert-butyl-5-methylpyrazole, 5-methyl-3-phenylpyrazole,
5-methyl-3-p-tolylpyrazole, 3-cumyl-5-methylpyrazole,

20 3-adamantyl-5-methylpyrazole, imidazole, 7-methylimidazole,
7-isopropylimidazole and 7-tert-butylimidazole, phosphines
such as trimethylphosphine, triethylphosphine,
triphenylphoshpine, dimethylphenylphosphine,
methyldiphenylphosphine, 1,2-bis(dimethylphosphino)ethane,

25 1,2-bis(diethylphosphino)ethane,
1l,2-bis(diphenylphosphino)ethane and

1l,3-bis(diphenylphosphino)propane, nitriles such as



22 are preferable, and k in these cases is 3 and R4 represents particularly
preferably a hydrogen atom al kyl group, aral kyl group or substituted
pyrazolyl group. 5 In the above-nentioned general formula [ 2 ) ( Jis a
bridgi ng group connecting two M s . Exanples of the bridging group herein
rreferred to include a hydroxyl group, oxyggn atom nolecul ar oxygen

nol ecul e, peroxo group, nolecular nitrogen nol ecul e, azide, disulfide,

car bon nonoxi de, al koxy group, aral kyloxy 10 group , aryloxy group , acyl
group , acyloxy group and the like . Bonding forms with these Ms

gflerfﬂv: rv:v%d~%%%t'éﬁ§%|\“:ﬂ§tl§rﬂﬂd‘lgeﬁ£o§nf‘§r19é| 8¥%ndo-oh MpdhMM M Aoidculd -

and carbon monoxide, and preferable are tetrahydrofuran,
N,N,N',N'-tetramethylethylenediamine, pyridine,
dimethylphenylphosphine, 1,2-bis(dimethylphosphino)ethane,
5 1,2-bis(diethylphosphino)ethane,
1,2-bis(diphenylphosphino)ethane,
1,3-bis(diphenylphosphino)propane, acetonitrile and carbon
monoxide.
The neutral ligand connected with M via a T electron is
10 aneutral ligand connectedwithMviaamultiple bonding orbital,
and examples thereof include olefins such as ethylene, propylene
and the like, dienes such as butadiene, 2,4-hexadiene and
1l,4-diphenylbutadiene, ketones such as acetone and benzophenone,
side-on type nitrogen molecule, and the like, and preferable
15 areolefins and dienes, more preferable are ethylene, butadiene,
2,4-hexadiene and 1,4-diphenylbutadiene.
In the above-mentioned general formulae [1l] and [2], m
represents the number of neutral ligands L and is an integer
of 0 to 5. m is preferably 0 to 3, further preferably 0 or 1.
20 In the above-mentioned general formulae [1] and [2], R?,
R? and R® represent a hydrogen atom, halogen atom, alkyl group,
aralkyl group, aryl group or substituted silyl group, and all
of R*, R* and R® may be the same or different. The halogen atom,
alkyl group, aralkyl group, aryl group and substituted silyl
25 group herein referred to are the same as described already as
X. In the above-mentioned general formulae [1] and [2], R!,

R? and R® represent preferably, each independently a hydrogen



I 11 10/ MNN,MS , MIl /INMMMOR MCR MO, Il M j -R/MW
(wherein, Rrepresents an al kyl group, aral kyl group or aryl group. ) and
the like. J represents preferably a hydroxyl group, oxygen atom nol ecul ar
oxygen nol ecul e, peroxo group, al koxy 5 group, aryloxy group, acyl oxy
group, azide group or carbon nonoxi de, fugéher preferably a hydroxyl group,
oxygen atom peroxo group, al koxy group, yl oxy group or acyloxo group. In
t he above-nentioned general forrmula [ 2 ] , h is a nunber representing the
nunber of cross-1linking connecting two Ms, and 10 represents an integer of

1 to 3. The cross-1linking group I s a hydroxyl group, and exanpl es of
bondi ng f or nBtRfent HueLine giom,deh i PELRSIAtEH nRr $BERE atopy methyl group,

ethyl group, isopropyl group, tert-butyl group, cyclohexyl group

adamantly group, benzyl group, phenyl group or 4-tolyl group,
further preferably, each independently ahydrogenatom, fluorine

5 atom, chlorine atom, methyl group, isopropyl group, tert-butyl
group, cyclohexyl group, adamantly group or phenyl group,
particularly preferably, each independently a hydrogen atom,
chlorine atom, methyl group, isopropyl group, tert-butyl group
or adamantly group.

10 In the above-mentioned general formulae [1] and [2], %

represents a group of

R*,.1-2'-, R%-2%°- or

R*,—z%—
O
(wherein, Z! represents an atom of Groups 13 to 15 of the Periodic
15 Table of the Elements, %’ represents an atom of Groups 13 to
15 of the Periodic Table of the Elements, and Zaxepresents an
atom of Group 15 of the Periodic Table of the Elements. R! in
each case represents a hydrogen tom, halogen atom, alkyl group,
aralkyl group, substitutedsilyl group, alkoxy group, aralkyloxy
20 group, aryloxy group, di-substituted amino group or substituted
pyrazolyl group.);
Here, the atom of Group 13 includes a boron atom, aluminum
atom and the like, the atom of Group 14 includes a carbon atom,
silicon atom and the like, and the atom of the Group 15 includes

25 a nitrogen atom, phosphorus atom and the like. 2! represents



MHO\OH MIn the above-nentioned general fornmula [1], it is preferable
that Kk Xi + m+ n S 6, and in the general fornmula [2], it is preferable
that g + h + kK Xi + mS 6. 5 Specific exanples of the conpound of the
above-nentioned general formula [1] include

chl oro[ hydrotri s(1-pyrazol yl) bor at e] mnanganese,

chl oro[ hydrotri s(3-nethyl-1" pyrazolyI)bdlbte]nanganese

chl oro[ hydrotri s(4-nethyl -1-pyrazol yl ) bor at e] nranganese, 10

chl oro[ hydrotri s(3-ethyl -1-pyrazol yl ) bor at e] manganese,

chl oro[ hydrotri s(3-n-propyl -1-pyrazol yl ) bor at e] manganese,
chIoro[hydroPF?EGBaPéBp?Bp@FQE %@r%ﬁﬁﬂ%ﬂ?%ﬁwkﬁ(ﬂﬁﬂéﬁgaﬁ@§gﬁer preferably
chl or o[ hydrotr.i s(3-n-butyl razo )borat ese

chi or of hydr ot P& S yPagﬁﬁpr?Jz ) YEor ShET AERDS iekefenaply a boron
chloro[hydrot 1S(3-i u zQ bor at e

chl or of hydro’il ?rg(%rp p%lér %B‘?}lr aéz% 9)1{38 f}f %ﬁara%?hosphorus atom.
chl oro[ hydrogsis{ Qﬂgﬂ{

chloro[hydrotrls( p-tolyl™- 1 pyraz&yE%qbor5%%?ﬁanganesefh08phorus atom,

chl or of hyglr ok fif-8h8rCHPKE=+aBY{220bKbEPAGRLS] BRBAANESE, 20
chl oro{hydrotris[3-(trifluoronethyl)-1-pyrazolyl]borate}mn ganese)

chl or o{ hydr ot ri s[ 3rheerlaidernabenhWlkyllgpytpz analkydr gt @ppegdseiented
chl oro[ hydrotris (3-cycl ohexyl -1-pyrazol yl)borat e] manganese,

chl or o[ hydr osilgl3gadupantiitstbpgyisntegd pmingt greapgandseub2iituted
chloro[ hydrotris(4-chloro-1-pyrazolyl)borate] manganese, 25
chIoro[hydroPYF@EQlﬁloﬁﬁogppyﬁafGF?PFBGrQﬂéﬁnaﬁ@%n%%% same as described

e RN s ot
hi h L
L et i o

Ch'OFO[hydro&ﬁb§€§t§t€@§%¥¥ﬂﬁw up; BYk8% @Hdﬁﬂ”é%éﬂﬂ@ﬂﬂ%ﬁéréﬁp aryloxy
chl oro[ hydrotris(3,5-di-n-butyl-1-pyrazolyl )borate] nmanganése,

chl or o[ hydr ogtbap3ob- dubsedthtev pyraypvazal ywroupQ Boarahelnpredesadly a
chl oro[ hydrotri s(3,5-diisobutyl-1-pyrazol yl)borate] nranganes e,

chl or o[ hydr ohyfls08e8- ditomer halBoggh- atpyr.azdkyll) ororugt, e pradyyie geoup,
chloro[ hydrotris(3, 5-di_phenyl -1 -pyrazol yl)borate] manganese, 15
chIoro[hydro§PP§%SIH§FﬁyFléyﬂsgﬁPﬁpyld} ﬁV%&%&FVFFSoP@P@PnﬁrOUP or

15 substitutedpyrazolyl group, particularlypreferably ahydrogen
atom, alkyl group, aralkyl group or substituted pyrazolyl group.
In the above-mentioned general formula [1] or [2], k
represents an integer'of 1 to 3, and the sum of k and z is 3.
k represents preferably 2 or 3, further preferably 3.
20 In the above-mentioned general formula [1] or [2]1, Z
represents preferably a group of
R%,, —2'—

., and among them, groups of

R{—C—

|

or



nganese, chloro[hydrotris(3-tert-butyl-5-nmethyl-1-pyrazolyl)borate]m
anganese, chloro[ hydrotris(5-mnethyl-3-phenyl -1-pyrazol yl)borate] manga 20
nese, chloro[hydrotris(5-methyl-3-p-tolyl-1-pyrazolyl)borate] nrang anese,
chl oro[ hydrotri s(3-cunyl - 5-net hyl - 1- pyrazol yl ) bor at e] mangan ese, 25

chl or o[ hydrotri s(3-adamant yl - 5- et hyl - 1- pyr azol yl ) bor at e] nra nganese,
chloro[hydrotris(l-inidazolyI)borate]nandé%ese,

chl oro[ hydrotri s(7-nmethyl-1-im dazol yl ) bor at e] manganese, 26

chl oro[ hydrotri s(7-isopropyl-1-imdazol yl) bor at e] nanganese,

chl oro[ hydrotris(7-teft-butyl-1-im dazolyl)borate] manganese and the |ike,
and transition netal fconpounds such as conpounds in which nmanganese 5 in
t hese conpounds Ré.c@ynged to technetium or rhenium conpounds in which
chlorine in these conpounds is changed to fluorine, brom ne,iodoine,
nethyl,benzyl,nethox;for phenoxy, conpounds in which hydrogen in these
conpounds is changed to nethyl , ethyl , n-propyl,isopropyl, n-butyl,

T A i, I A B S 5L
3-n- propyl DYb%{-@l}éhlj_a%}b?gP%?Qi‘ BY ag%:y%:rog%r;[ 8?%”“ i/]E fg{d Rn aralkyl

3-sec- butyl pyrazoly utylp

3- phenyl pyr agebyp. o2 aurbgltxlcnxbazgwla)zol§13 T, pyrazol yl)
3-(trifluoronethyl)pyrazolyl) 3- (pentafluoroethyl)pyrazolyl

3-cycl ohekxyl pyr azoliylthe3absagamns yt Dyhiéd geylerad-fdimi DY P @ZQ| 4 a bridging
4- bronopyrazol yl, 4-iodopyrazolyl, 3,5-dinethylpyrazolyl,

3, 5-di et hyl pyﬂf@ml ganneg;Blng twodt capyl Bxampdeglqf Bhé-uhu@prg)gybwmdlyi
20 3, 5-di-n-butyl pyrazolyl, 3,5-di-sec-butyl pyrazolyl,

3, 5-di i sobut yreﬁﬁrafél ¥P, 180?5“9? 2 RYdFREY] pEWC&tR)J ;nxygsensﬂaﬁq@hemym@m yl,
5- net hyl - 3- |so yl raz 3 tert-butyl-5-nethyl pyrazoly

5- net hyl - 3- pﬁé‘ 5yf“§ ﬁEPm 9§°Bara“‘9c}r3§| \EII&H‘PQ% molecule,

3-cunyl -5-ne yr 5 th r.azol I

7- nethyllnld%%§P§I Fégﬁpéﬁy%aﬁ% azg'?)¥1 X§dge ert ugypﬂﬁ<j 36§H&

conpoundsy i ngWduph ALY RbRy! §réiSSecyl group, acyloxy group and the like.
Bonding forms with these M's exemplified for understanding are

as follows:



27 conpounds is changed to alum nate. Specific exanples of the conpound of
t.he above-nenti oned general formula [1] include al so

chl or o[ di hydr obi s( 1- pyrazol yl ) bor at e] manganese, 5

chl or o[ di hydr obi s(3- et hyl - 1- pyrazol yl ) bor at e] manganese,

chl or o[ di hydr obi s(4- et hyl - 1- pyrazol yl ) bor at e] ranganese,
chloro[dihydrobis(3-ethy|-1-pyrazo|y|)boﬁ%ﬁe]nanganese,

chl or o[ di hydr obi s(3-n-propyl - 1- pyrazol yl ) bor at €] manganese,

chl or o[ di hydr obi s(3-i sopropyl - 1- pyrazol yl ) bor at e] ranganese, 10

chl or o[ di hydr bis(3-n-buty|-l-H%razolyl)boraéﬁ] mangapese,
chloro[dihydW@Qis(3-seM butyl - 1¥qyrazolyl) b te] man ese,

chl or o[ di hydr obt 3-isoBﬁEyl-1-py(§zahyl)borate nganese,

chl oro[ di hydr ofi s(3-tert” utyl-17©yrazonL)bora“e]nangan?sep

chl or o[ v(3- pfényl - 1- pyMazol yl ) bdr at e] manganese, 115

chl or o[ di hydr obi s(3-p-tolyl-1-pyrazolyl)borate nganesg,

chl or o[ di hydr obi s(3-cunyl - 1- pyrazol yl ) bor at e]jwanganes#

chl oro{ di hydrobi s[3-(trifluoronethyl)-1-pyrazolyl]borate}nma nganese,
chl oro{ di hydr obi s[ 3- (pent af | uoroet byl ) - 1- pyrgzol yl ] bqrat e} m 20 anganese,
chl or o[ di hyd is(3-cyclo yl-1-p lyl)b te] m nese,

chl or o[ di hydro fﬁgghpdanantyN-1-pyré§§fyl)borats]nanganese;o

chl or o[ di hydr opt s(4-chl oro- 1{pyrazol yli) bor at e] mpnganes€,

chl or o di hydmbi s( 4- br ono- 1- yyr azol yl Yor at e] na ganeé@, 25
chloro[dihydrobis(4-iodo-17pyrazolyl)d r at e] ngriganese,

chl or o[ di hydr obi s( 3, 5-di mdM hyl - 1- pyrazgl yl ) bbt at e] manganese,
chloro[dihydrobis(3,5-diethyl-1-pymgi6lyl)borate]nanganese) 28

chl or o[ di hydr obi s(3, 5-di - n-propyl - 1- pyrazol yl ) bor at e] rangan ese,
chloro[dihydr@bis(3,5- | i sopopyl - }- pyr.azol yl ) bor at e] mangan ese, 5
chl or o[ di hydr Qis(3,5- NU tyl - -pyrazolyI)borate]nangane se,

chl or o[ di hydr obis® 3, 5- di -gec-butyl -1 razol yl ) bor at e] ranga nese,
chl or o[ di hydr.obf s(3,.5-di i jobut yI - 1- pyr aZgllp bor at e] mangane 10 se,
chloro[dihydrMbis(3,5-di- rt-butyl-%yﬁ?razolyl)borate]nang anese,

M M

(wherein, R represents an alkyl group, aralkyl group or aryl
group.) and the 1like. J represents preferably a hydroxyl group,
oxygen atom, molecular oxygen molecule, peroxo group, alkoxy
5 group, aryloxy group, acyloxy group, azide group or carbon
monoxide, further preferably a hydroxyl group, oxygen atom,
peroxo group, alkoxy group, aryloxy group or acyloxo group.
In the above-mentioned general formula [2], h is a number
representing the number of cross-linking connecting two Ms, and
10 represents an integer of 1 to 3. The cross-1linking group Q is
"

ahydroxyl group, and examples of bonding forms whenh is 2 include

the following form.



chl or o[ di hydr obi s(3, 5-di phenyl - 1- pyrazol yl ) bor at e] manganese,

¢hl or o[ di hydr obi s(5-net hyl - 3-i sopropyl - 1- pyrazol yl ) borat e] m 15 anganese,
chl oro[ di hydrobi s(3-tert-butyl-5-methyl-1-pyrazolyl)borate] nanganese,
chl or o[ di hydr obi s(5- et hyl - 3- phenyl - 1- pyrazol yl ) bor at e] mang anese, 20
chloro[dihydrobis(5-nethy|-3-p-to|y|-1-p&hazolyl)borate]nan ganese,

chl or o[ di hydr obi s(3-cunyl -5-net hyl - 1- pyr &Zol yl ) bor at e] manga nese,

chl or o[ di hydr obi s(3- adamant yl - 5- net hyl - 1- pyrazol yl ) borat e] m 25 anganese,
chl or o[ di hydr obi s(1-i m dazol yl ) bor at e] nanganese,
chloro[dihydrobis(?-wpthyl-l-inidazolyl)borate]nanganese,

chl or o[ di hydr obi s(7 |stropyI-1-inidazolyI)borate]nanganese, 29

chl or o di hydr obig7-t erggpput yl - 1-i mi dazol yl') bor at e] manganes a and the |ike,
and transition meta| g¢dnpounds such as conpounds in which manganese in

t hese conpounds is d{fanged to technetium or rhenium conpounds in which
chloro in these conpounds is 5 changed to fluoro, brono, iodo, nethyl,

s chahged (o et T CO rgho A8 S e PERARTE ) [ | (CFE OO0

| sobutyl t erbe bt ybe pheLe 1BxLOLY AT nCaYl) 2RRd1RONRBUGER AL kbR DAY At €

in these conpounds 1s changed to 10 al um nate. Specific exanples o

conpound of the, abpvesnppéiepgdigectrat! gf praukaxi<ly £ uitles.include
dichloro[tris(1l-pyrazolyl)nmethane] mnanganese,

di chl or o[t ri s( 3- mesphetifiieesammlds) ofttissepmpogadese thkbabove-mentioned
dichloro[tris(4-nmethyl-1-pyrazolyl)nethane] manganese,

di chl oro[ t ri g¢Berahyformpypakdl yinabudane] manganese,

dichloro[tris(3-n-propyl-1-pyrazol yl)net hane] nranganese,
G Chl or of t 11 Ghbore by aLoFbkir arBheb L) RaRLTRINGAABSESe

oot ool ot o B Pt DA 2B b T K BREATBIGR3 R Onangancse,

ool 1 S oS PR AL T L BRp B8R 1manganese.

G ) or o 1| DAY BLAE b bL pgEhasIy B0t jpanencse.

di chl oro[tri shBoeouydtopyiazalylprephane] prrgabagd,)borate Imanganese,
chlorol[hydrotris(3-isopropyl-1l-pyrazolyl)borate]manganese,
chloro[hydrotris(3-n-butyl-1l-pyrazolyl)borate]manganese,
chloro[hydrotris(3-sec~butyl-1l-pyrazolyl)borate]manganese,

15 chloro[hydrotris(3-isobutyl-1l-pyrazolyl)borate]lmanganese,
chloro[hydrotris(3-tert-butyl-l-pyrazolyl)borate]lmanganese,
chloro[hydrotris(3-phenyl-l-pyrazolyl)borate]manganese,
chloro[hydrotris(3-p-tolyl-1l-pyrazolyl)borate]manganese,
chloro[hydrotris(3-cumyl-l-pyrazolyl)borate]lmanganese,

20 chloro{hydrotris[3-(trifluoromethyl)-1-pyrazolyll]lborate}man
ganese, chloro{hydrotris[3-(pentafluoroethyl)
-1-pyrazolyl]borate}manganese, chloro[hydrotris
(3-cyclohexyl-1l-pyrazolyl)borate]manganese,
chloro[hydrotris(3-adamantyl-l-pyrazolyl)borate]manganese,

25 chloro[hydrotris(4-chloro-1l-pyrazolyl)borate]manganese,



dichloro{tris[3-(trifluoronethyl)-1-pyrazolyl]nmethane} manga nese, 30
di chloro{lris[3-(pentafluoroethyl)-1-pyrazol yl ] net hane}mang anese,

di chloro[tris(3-cycl ohexyl -1-pyrazol yl ) met hane] nanganese,
dichloro[tris(3-adamantyl -1-pyrazol yl ) net hane] nranganese, 5
dichloro[tris(4-chloro-1-pyrazolyl) et harng] manganese,
dichloro[tris(4-brono-1-pyrazolyl)mnmethane] manganese,

di chloro[tris(4-iodo-1-pyrazolyl)methane] manganese,
dichloro[tris(3,5-dinmethyl-1-pyrazolyl)nmethane] nanganese,

d!Ch|0r0[tr!&hio@o@h?ﬂhbkrls?ltB%@hﬁLEHBPBQEQh?EWQQEQQQJm&ﬁganese,
dichloro[tris(3,5-di-n-propyl-1-pyrazol yl') met hane] manganese,

di chl oro[ tri sh3predhydaptopgl(41ipibazebyirhretiianepranginaaganese,
dichloro[tris(3,5-di-n-butyl-1-pyrazolyl)nmethane] nanganese,

di chl or o[ t ri sh3osodhydzotisdsyB- 5-gimerbi}i-inpyiraselyanames edmanganese,
dichloro[tris 3,5-diisobutyl-1-gyrazo|yl)nethane]nanagnese,

di chl or o[ t ri §hdosodhydzgptrigd g S1daethyd - PHERRRAFLIRAGREE IsBanganese,

di chl i , 5-di | -1- | yI th ,

d:ghlgig% ;:§%§958?h§35n¥F§865g53 81¥6§g§?333ﬁ}gg?%%ﬁi%ﬁﬁng 20 anese,
di chl tri - - l.-5-net hyl - 1- | vl th ,
Gl chlor ot 11 BbEa B Rt T Y L Dy e e oo 58

di chloro[ tri gh3o%8l hr%tﬁi%QPY51313%65%3k¥hlqebg%%%bﬁ%ﬁgﬁgrﬁ%ggmgngane

dichloro[tris(3-cunmyl-5-nethyl-1-pyrazol yl')net hahe] mnanganes
di chl or o[ t ri se3- edaseel ikaroretilay i3-, s~ai-azeutlmet byrakeayd )doeste ]
dichloro[tris(1-imdazolyl)nethane] manganese,
di chl or o[ t ri sm@ahgamelsyl, - thilorod hyldylotmeisiidnsl-dirgacedatyl-1-pyrazolyl)
dichloro[tris(7-isopropyl-1-imdazolyl)nmethane] mnanganese,
dichloro{@ri§P¥ﬁ¢éﬂmﬂbaﬁypsfwinidazolyIJnEthane]nanganese and the |ike, and
transition netal cingpunds_sxch as Qongpunds i n which manganese in these

) Stri °

conpounds i s SCHERGAYAT OtEd RSt Pulfid OPREAT arh PESRFSdNdS PR i | ERNERIGS ne
in these CO”%R“%%&OE%[hydrotris(B,5-di—tert-butyl-1-pyrazolyl)

boratelmanganese, chloro[hydrotris(3,5-diphenyl-1
-pyrazolyl)borate]manganese,

15 chloro[hydrotris(5-methyl-3-isopropyl-l-pyrazolyl)borate]ma
nganese,
chloro[hydrotris(3-tert-butyl-5-methyl-l-pyrazolyl)borate]lm
anganese,
chloro[hydrotris(5-methyl-3-phenyl-1l-pyrazolyl)borate]manga

20 nese,
chloro[hydrotris(5-methyl-3-p-tolyl-l-pyrazolyl)borate]lmang
anese,
chloro[hydrotris(3-cumyl-5-methyl-1l-pyrazolyl)borate]mangan
ese,

25 chloro[hydrotris(3-adamantyl-5-methyl-1l-pyrazolyl)boratelma
nganese, chlorol[hydrotris(l-imidazolyl)borate]manganese,

chlorol[hydrotris(7-methyl-1-imidazolyl)borate]lmanganese,



10 changed to fluorine, brom ne, iodine, nmethyl, benzyl, nethoxy or
phenoxy, conpounds in which tris in these conpounds is changed to bis or
tetrakis, and compounds in which nmethane in these conpounds is changed to
silane, nethylsilane, ethylsilane, tent-butylsilane, phenylsilane, germane,
et hyl ger mane, 15 et hyl ger mane, tert-butg&gern&ne, phenyl ger mane, ami ne,
phosphi ne or phosphite. Specific exanple f the conpound of the
above-nentioned general fornula [1] furthernore include
dichloro[1,1,1-tris(1l-pyrazolyl)ethane] manganese,

20
e ol b L YU 5 BB mansancse,
o 7] & bbbt spereato by Do Bt Borycor

dichloro[ 1,1, n- propy pyrazo ganese,

di chl oro[ 1, Iminkahs63- h&APLARYh1keDyRagol yi) et hane] 25 manganese,
dichloro[1,1,1-tris(3-n-butyl-1-pyrazol yl) ethane] nanganese,

di chl oro[ 1, 1ttahsit(dnaectdlicyhpdupdsanndty baddifp@linds 32 winhgRmanganese
dichloro[1,1,1-tris(3-isobutyl-1-pyrazolyl) ethane] manganese,

di chl or o[d, 1ib-tthress( Gempoundsitiglchiangadtoltgcheeldne]omnyenituse cofipounds
dichloro[ 1,1, 1-tris(3-phenyl -1-pyrazol yl) et hane] manganese,

dichloro[ 1, 1ip- whigbscgl% pe-in pihese | genraunde i imngad to fluorine,

di chl 1,1, 1-tri 3- | -1- | vI th ,

G Chl or oF 1* TbEoRLng: Sqdaene BREREE e R E BT I PRERESY mSRERALSES 10
di chl 1,1,.1-trd - f.l t [ )-1- | t,h ,

G il ool 1 1L BrPERER L PhES Wb o' A2 BLXb LR We BATR 4IRS

di chl oro[ 1, 1@&5@@3-@%@&59{% - ﬁ:gﬁ%?i?'é@&-%dmej 1898806¢%, or®-butyl,

dichloro[ 1,1, 1-tris(4-chl’oro-"1-pyr azol yl') et hane] nenganese;,

di chl oroi@, 1phehkis( -Ro2¥-, 1 cimiyazopyinaelhgne] mareangdeyrazolyl,
dichloro[1,1,1-tris(4-iodo-1-pyrazolyl)ethane] manganese)

di chl or o[ 1, 1 Atmethy(ldyradiotgtlhy 3-Ethyl pyalayio)lgtihane nrprgpyd pFazelyl,

dichloro[1,1,1-tris(3,5-diethyl-1-pyrazol yl)ethane] nanganes_ e,

di chl or o[ 1, 13tisopFERY3pYirazodydpy 3-n-patydeyyazelydne] mang anese, 25

diehlborol 1. 1. 3ty nT vyl a5 L o el mang anese,
3-tert-butylpyrazolyl, 3-phenylpyrazolyl, 3-p-tolylpyrazolyl,

15 3-cumylpyrazolyl, 3-(trifluoromethyl)pyrazolyl,
3-(pentafluoroethyl)pyrazolyl, 3-cyclohexylpyrazolyl,
3-adamantylpyrazolyl, 4-chloropyrazolyl, 4-bromopyrazolyl,
4-iodopyrazolyl, 3,5-dimethylpyrazolyl, 3,5-diethylpyrazolyl,
3,5-di-n-propylpyrazolyl, 3,5-diisopropylpyrazolyl,

20 3,5-di-n-butylpyrazolyl, 3,5-di-sec-butylpyrazolyl,
3,5-diisobutylpyrazolyl, 3,5-di-tert-butylpyrazolyl,
3,5-diphenylpyrazolyl, 5-methyl-3-isopropylpyrazolyl,
3-tert-butyl-5-methylpyrazolyl, 5-methyl-3-phenylpyrazolyl,
5-methyl-3-para-tolylpyrazolyl, 3-cumyl-5-methylpyrazolyl,

25 3-adamantyl-5-methylpyrazolyl, imidazolyl,
7-methylimidazolyl, 7-isopropylimidazolyl or

7-tert-butylimidazolyl, and compounds in which borate in these



di chloro ri s(3,5-di-n-butyl-1-pyrazolyl)ethane]manga 33 nese,

n °hﬁ§% g%;g aggeg %8I¥ ahiRyggzol yl) et hane] m anganese,

dichloro res pyrazol'yl) et hane] man ganese, 20

di chloro tri §F§ ﬁ@ﬁgzé% i 1%%Ehmhe boRpRad ¥E)@idaBevbrRarIened

di chl oro ,1-tris(l-1m )ethane]nanganese

dichloro[ 1, généthi(foﬁmhmal{11!mhdaaabyhlgbhane]nanganese,
dichloro[1,1,1-tris(7-isopropyl-1-im dazolyl)ethane] mangane 25 se,

di chl oro[ 1, 1chibrogfiihydrbbhui §}p¥rappdg2zobprateianapaaegan ese and t he

| i ke, and transition nmetal conpounds such as conpounds 34 in which
manganesé i nchheze [déhydunbdsi(3-wrahydd 1t BYresnAyil bersit e manigameseonpounds
in which chlorine in these conpounds i s_changed_to fluorine , bromne ,

i odi ne , netH9P°r°$€H?Yﬂr°bﬁ§Kﬁo%?taylpﬂeﬁﬁ%9z°ég%ﬂgﬁﬁé§e]Wa%ﬁﬁéﬁsﬁwls in

these compouritdore (BRENDERSEs \BraRane oavaREo v Barane Imatenkas”
2- et hy! but agg, 371l AY0U3NR 105 gr%gglgglt Y8813 poSaREl et A 5 O

t he conpound 0 nment'i one
chloro[dihydrobis(3-isopropyl-l-pyrazolyl)borate]lmanganese,

[1,1,1-t
dichloro[1,1,1-tris(3,5-di-sec-butyl-1-pyrazol yl)ethane] man ganese,
dichloro[1,1,1-tris(3,5-diisobutyl-1-pyrazolyl)ethane] manga 5 nese,
dichloro[1,1,1-tris(3,5-di-tert-butyl-1-pyrazolyl)ethane] ma nganese,
dichloro[1,1,1-tris(3,5-diphenyl-1-pyraz ,yl)ethane]nangane se, 10
dichloro[ 1,1, 1-tris(5-nmethyl-3-isopropyl-1-pyrazol yl)ethane ] manganese,
dichloro[1,1,1-tris(3-tert-butyl-5-nmethyl-1-pyrazolyl)ethan a] manganese,
dichloro[ 1,1, 1-tris(5-nmethyl-3-phenyl -1-pyrazolyl)ethane] ma 15 nganese,
dichloro[ 1,1, %

[1, 1,

[1,1, 1-

[1,1, 1-

1,1

10 chlorol[dihydrobis(3-n-butyl-l-pyrazolyl)borate] manganese,
chloro[dihydrobis(3-sec-butyl-1-pyrazolyl) borate]manganese,
chloro[dihydrobis(3-isobutyl-1l-pyrazolyl)borate]manganese,
chloro{dihydrobis(3-tert-butyl-l1-pyrazolyl)borate]manganese,
chloro[v(3-phenyl-l-pyrazolyl)boratelmanganese,

15 chloro[dihydrobis(3-p-tolyl-l-pyrazolyl)borate]manganese,
chloro[dihydrobis(3-cumyl-1l-pyrazolyl)boratelmanganese,
chloro{dihydrobis[3-(trifluoromethyl)-1-pyrazolyl]boratel}ma
nganese,
chloro{dihydrobis[3-(pentafluoroethyl)-1l-pyrazolyllborate}m

20 anganese,
chloro[dihydrobis(3-cyclohexyl-1l-pyrazolyl)borate]manganese,
chloro[dihydrobis(3-adamantyl-l-pyrazolyl)borate]manganese,
chloro[dihydrobis(4-chloro-1l-pyrazolyl)borate ]manganese,
chloro[dihydrobis(4-bromo-1l-pyrazolyl)borate]lmanganese,

25 chloro[dihydrobis(4-iodo-1l-pyrazolyl)boratelmanganese,
chloro[dihydrobis(3,5-dimethyl-1-pyrazolyl)borate]manganese,

chloro[dihydrobis(3,5-diethyl-1l-pyrazolyl)borate]manganese,



10 [tris(21-pyrazolyl)nethane] ('1, 3-butadi ene) manganese,

[tri
[tri
[tri
[tri
[tri
[tri
[tri
[tri
[tri
[tri
[tri
[tri
{tri
{tri
[tri
[tri
[tri
[tri
[tri
[tri
[tri
[tri
[tri
[tri
(tri
[tri

s(3-nmet hyl - 1- pyrazol yl ) net hane] (1, 3- but adi ene) nanganese,

s(4- et hyl - 1- pyrazol yl ) net hane] ~( 1, 3- but adi ene) nanganese,
s(3-ethyl -1-pyrazol yl ) met hane] (1, 3- but adi ene) nanganese,
S(3-n-propyl - 1-pyrazol yl ) net hane] (1, 3;: but adi ene) mangane 15 se,
s(3-isopropyl -1-pyrazol yl) net hane] (1,“3= but adi ene) nrangan ese,
s(3-n-butyl - 1-pyrazol yl ) met hane] (1, 3- but adi ene) nanganes e, 20
s(3-sec-butyl - 1- pyrazol yl ) met hane] (1, 3- but adi ene) nangan ese,
s(3-isobutyl-1- azol yl. t hane] (1, 3-but adi ene) na se

23 tor EBtppPt B BGARoB b e REhar P8 )t s RYERep A Bos 8 Rdugnoan
s(3-phean-1-pyrazoIyI)nethane](l,S-butadiene)nanganese,
s(3-p-to nyl-pyrazonI)nethane](l,B-butadiene)nanganes 35 e,

s(3- cunybniop¥azfuirbeakhanel Gii3obebadienebyRagangigborate Imangan
s[3-(trifluoronethyl)-1-pyrazolyl]nethane}mnganese,

s[ 3- (pentatl,uor oet hyl ) - 1- pyrazol yl ] met hane} manganese, 5

s(3-cycl ohexyl - 1- pyrazol yl ) met hane] (1, 3- but adi enej manga nese,

s( 3- ddanehilpicol dphydzobyils) 3 bhdie - bulyiutlagyseepigigdorese I mangane
s(4-chl oro-1-pyrazol yl ) net hane] (1, 3- but adi ene) nanganese, 10

s(4- brongel- pyrazol yl ) met hane] (1, 3- but adi ene) nanganese,

s(4-iodo-1-pyrazol vyl t.hanel ( 1,.3- but adi ene).nanganese,

2(3. 5ol FBRRYP AL By R Pt At SBCT BBt SABIREp oA Jd DREat e Imanga
s(3,5-di%%ggl-1-pyrazo|yl)nethane](1,3-butadiene)nangan 15 ese,

s(3, 5-di = n-propyl - 1- pyrazol yl ) net hane] (1, 3- but adi ene) ma nganese,

s(3, 5-di icﬁae&erm'ihya&wo%ﬁ'334')5)-@&&%%% , %‘-%?OQ%))%EE@%%Q%%

s(3,5-di-n-butyl-1-pyrazolyl) met hane] ( ,§-b ené) man ganese,

s(3, P9 di sgec-butyl -1-pyrazol yl ) met hane] (1, 3- but adi ene) m anganese,

s(3, 5-diisobutyl-1-pyrazol yl ) met hane] (1, 3- but adi ene) man 25 ganese,
chloro[dihydrobis(3,5-di-tert-butyl-1l-pyrazolyl)borate]mang
anese,
chloro[dihydrobis(3,5~diphenyl~1-pyrazolyl)borate]lmanganese,
chloro[dihydrobis(5-methyl-3-isopropyl-1-pyrazolyl)boratelm

15 anganese,
chloro[dihydrobis(3-tert-butyl-5-methyl-1-pyrazolyl)borate]
manganese,
chloro[dihydrobis(5-methyl-3-phenyl-l-pyrazolyl)borate]mang
anese,

20 chloro[dihydrobis(5-methyl-3-p-tolyl-1-pyrazolyl)borate]lman
ganese,
chloro[dihydrobis(3-cumyl-5-methyl-1l-pyrazolyl)borate]manga
nese,
chloro[dihydrobis(3-adamantyl-5-methyl-1l-pyrazolyl)boratelm

25 anganese, chloro[dihydrobis(l-imidazolyl)borate]manganese,
chloro[dihydrobis(7-methyl-1-imidazolyl)borate]lmanganese,

chloro[dihydrobis(7-isopropyl-l-imidazolyl)boratelmanganese,



[tris(3,5-di-tert-butyl-1-pyrazolyl)nethane] (1, 3-butadi ene) manganese, 36
[tris(3,5-di phenyl -1-pyrazolyl)nethane] (1, 3- but adi ene) ranga nese,
[tris(5-methyl-3-isopropyl-1-pyrazolyl)nmethane] (1, 3-but adi e ne) manganese, 5
[tris(3-tert-butyl-5-nmethyl-1-pyrazolyl)nethane] (1, 3-butadi ene)nanganese,
(tris(5-nethy|-3-pheny|-1-pyrazo|yI)nethﬁgﬁ](l,S-butadiene) manganese,
[tris(5-nmethyl-3-p-tolyl-1-pyrazolyl)nmet e] (1, 3- but adi ene 10 ) manganese,
[tris(3-cunyl-5-nmethyl-1-pyrazolyl)net hane] (1, 3- but adi ene) m anganese,
(tris(3-adamantyl - 5- net hyl - 1- pyrazol yl ) net hane] (1, 3- but adi e ne) manganese,

15 [tris(21-injdazol Lg th nn% 1, 3- g& gi ne) nangan
[tris(?-nethgbiYFPﬁﬁa YargPys Thsds ChLYRGE L iRe A RiTd Rerate Inanganes
[tris(7-isoppopyd thel Hdazgh '%H%-Hhﬁf!f‘d 3ahW d&m'a 0eR 4£e6mpolnas
[pris(?-tert-bupy!-?-lnldézoFy met hane %,%-but |ené?%ang anesepang t he
l'i ke, and transyihiemn iRiqHn EARAUKESs & WompunadReueen §&d WY ¢BchRReganmse
I n these conpounds is changed to technetiumor rhenium conpounds in which
1, 3-butadi ene rhehhame cofipoundsi sahahgetl th2po#ohenpt atlesrecompounds is
orl, 4-di phenyl but adi ene, 25 conpounds in which tris in these conpounds is
changed t® t ehaaged toafiduovepobmdmoi niedochmethydnebenzylesaetbopyunds is
changed to silane, nethylsilane, ethylsilane, tert-butylsilane,
phenoxy, compounds in which hydrogen in these compounds is
changed to methyl, ethyl, n-propyl, isopropyl., n-butyl,
sec-butyl, isobutyl, tert-butyl, phenyl, p-tolyl, or cumyl, and
compounds in which borate in these compounds is changed to

10 aluminate.

Specific examples of the compound of the above-mentioned
general formula [1] further include
dichloro[tris(1l-pyrazolyl)methane ]manganese,
dichloro[tris(3-methyl-1l-pyrazolyl)methane]manganese,

15 dichloro[tris(4-methyl-1l-pyrazolyl)methane]manganese,
dichloro[tris(3-ethyl-l-pyrazolyl)methane]manganese,
dichloro[tris(3-n-propyl-1-pyrazolyl)methane Jmanganese,
dichlorol[tris(3-isopropyl-1l-pyrazolyl)methanelmanganese,
dichloro[tris(3-n-butyl-l-pyrazolyl)methane]manganese,

20 dichloro[tris(3-sec-butyl-l-pyrazolyl)methane]lmanganese,
dichloro[tris(3-isobutyl-1l-pyrazolyl)methane lmanganese,
dichloro[tris(3-tert-butyl-1-pyrazolyl)methane]manganese,
dichloro[tris(3-phenyl-l-pyrazolyl)methane ]lmanganese,
dichloro[tris(3-p-tolyl-l-pyrazolyl)methane]manganese,

25 dichlorol[tris(3-cumyl-1-pyrazolyl)methane]manganese,

dichloro{tris[3-(trifluoromethyl)-1l-pyrazolyllmethane}manga

nese,



37 phenyl sil ane, germane, nethyl germane, ethyl germane, tert-butyl germane,
phenyl ger mane, am ne, phosphi ne or phosphite. Specific exanples of the
conmpound of the above-nentioned 5 general fornula [2] include di(~C

2- 0x0) bi s{[ hydrotri s(1-pyrazol yl) borat e] mnanganese}, di(,u
z-oxo)bis{[hydrotris(3-nethy|-1-pyrazo|yl%@orate]nanganese}) di ( ,u

z- oxo0) bi s{[ hydrotri s(4-nethyl -1-pyrazol yl ybor at e] manganese}, 10 di ( a
2-oxo)bis{[hydrotris(3-ethy|-1-pyrazo|yI)borate]nanganese}, di ( ~C
2-oxo)bis{[hydrotris(3-n-propy| 1- pyrazol yl ) bor at e] manganes a}, di( ~. 15

2- 0x0) bi s{[ trl s 3% or,a
2-0x0) bis{[h gF%%PF§?§IHE§ 3$%ft%fﬁéiol t%bhsaeeF nganes 3“%%h§ﬁ%ﬁﬁéﬁg
2-oxo)bis{[hgg%g%r|s(3 sec- butyI pyrazolyl)borate]nangane 20 se}, di(~c
2-0x0) bi s{[ hydrotris(3-isobutyl-1-pyrazol yl)borate] nanganes a}, di( |~
z- 0x0) bi s{ [ hydicetbire(3rtier(B3—yicnlohbxmr-azeiptaAaral t)aidmmmm@anéiae(l ~ 25
Z- 0x0) bi s{[ hydrotri s(3-phenyl -1-pyrazol yl ) bor at e] nanganese}, di ~.
Z- 0x0) bi s{]| hyﬂd.mmdr@([}x';ist(dl—)aldahamyuyaz-aj-)ply):{mzroalye])mwtgmm]manganese

5 dichloro[tris(4-chloro-1l-pyrazolyl)methanelmanganese,

dichloro[tris(4-bromo-1l-pyrazolyl)methane lmanganese,
dichloro[tris(4-iodo-1-pyrazolyl)methane]manganese,
dichloro[tris(3,5-dimethyl-1-pyrazolyl)methane ]manganese,
dichloro[tris(3,5-diethyl-1-pyrazolyl)methane ]manganese,

10 dichloro[tris(3,5-di-n-propyl-l-pyrazolyl)methane]manganese,
dichlorol[tris(3,5~-diisopropyl-l-pyrazolyl)methane ]manganese,
dichloro[tris(3,5-di-n-butyl-1l-pyrazolyl)methane manganese,
dichloro[tris(3,5-di-sec-butyl-1l-pyrazolyl)methane ]manganes
€,

15 dichloroltris(3,5-diisobutyl-l-pyrazolyl)methane]manganese,
dichloro[tris(3,5-di-tert-butyl-1l-pyrazolyl)methane lmangane
se,
dichloroltris(3,5-diphenyl-1l-pyrazolyl)methane Jmanganese,
dichloro[tris(5-methyl-3-isopropyl-1l-pyrazolyl)methane]mang

20 anese,
dichlorol[tris(3-tert-butyl-5-methyl-1l-pyrazolyl)methane]man
ganese,
dichloro[tris(5-methyl-3-phenyl-l-pyrazolyl)methane ]mangane
se,

25 dichloro[tris(5-methyl-3-p-tolyl-1l-pyrazolyl)methane]lmangan
ese,

dichloro[tris(3-cumyl-5-methyl-1l-pyrazolyl)methane]lmanganes



38 }, di( I~ z-ox0)bis{[hydrotris(3-cunyl-1-pyrazolyl)borate]mnganese}, di
('~ z-oxo ) bis ~{hydrotris[3-(trifluoronethyl)-1-pyrazolyl]borate}mngane
5set , di ( ,~ 2-0x0 ) bis
({hydrotris[3-(pentafluoroethyl)-1-pyrazolyl]borate}mangan ese~ , di ( ,u
2-oxo)bis{[hydrotris(3-cyc|ohexyl-l-pyra%ﬁlyI)borate]nangan ese}, di(,u 10
2- 0x0) bi s{[ hydrotri s(3-adamantyl - 1- pyrazolyl ) borat e] nangane se } ( di ( ~-t
Z- 0x0) bi s{[ hydrotri s(4-chl oro-1-pyrazol yl)bora'te] manganese}, di ( /~,

Z- ox0) bi s{[ hydrotri s(4-brono-1-pyrazolyl)borate] manganese}, 15 di ( a

2- 0x0) bi s{[ hydrotri s(4-iodo-1-pyrazol yl)borate] manganese}, di ( a

2- 0x0) bi s{[ hydrotris(3,5-di net hyl - 1- pyrazol yl ) bor at e] mangan ese}) di(,u 20
2- 0x0) bi S{[Mﬂéﬂiété%&ﬁs (3 chdrhadt Py L 820é Vhy DOI 2 PLAROLRDPmE Chandihang

2- 0xo0) bi s{[ hydrotris(3,5-di-n-propyl -1-pyrazol yl )borate] man ganese}, di( ~c
2- 0x0) bi s{[ hanest | i 8{Shbedo [ sps Opyimidpys byd) méthanal eangan@se ganese},
di (u 2-oxo)bi s{[hydrotris(3,5-di-n-butyl-1-pyrazolyl)borate] mang anese},
di ( ~L 39 QiokbybdEfrhyll7 onethyB; b- thidazobyl ymethaye hrangahbseat e] na

nganese}, di (|~ 2-oxo)bis{[hydrotris(3,5-diisobutyl-1-pyrazolyl)borate]mn
a%ese},}dﬁ(,éichloro[ risiL-%sopropy -l-imidazolyY)metﬁgne]maxggnese, ] J

dichloro(tris(7-tert-butyl-1l-imidazolyl)methane |manganese

and the like, and transition metal compounds such as compounds
in which manganese in these compounds is changed to technetium
or rhenium, compounds in which chlorine in these compounds is

10 changed to fluorine, bromine, iodine, methyl, benzyl, methoxy
or phenoxy, compounds inwhich tris in these compounds is changed
to bis or tetrakis, and compounds in which methane in these
compounds is changed to silane, methylsilane, ethylsilane,
tert-butylsilane, phenylsilane, germane, methylgermane,

15 ethylgermane, tert-butylgermane, phenylgermane, amine,
phosphine or phosphite.

Specific examples of the compound of the above-mentioned
general formula [1l] furthermore include
dichloro[l,1,1-tris(1l-pyrazolyl)ethane]lmanganese,

20 dichloro[l,1,1-tris(3-methyl-1l-pyrazolyl)ethane]manganese,
dichloro[l,1,1-tris(4-methyl-l-pyrazolyl)ethanelmanganese,
dichloro[l,1,1-tris(3-ethyl-1-pyrazolyl)ethane]lmanganese,
dichloroll,1,1-tris(3-n-propyl-1l-pyrazolyl)ethane]manganese,
dichloro[l,1,l-tris(3-isopropyl-1l-pyrazolyl)ethane]

25 manganese, dichloro[l,1,1-tris(3-n-butyl-1l-pyrazolyl)
ethane Imanganese,

dichloro[l,1,1-tris(3-sec-butyl-1l-pyrazolyl)ethane]



5 2-oxo0)bi s{[hydrotris(3,5-di-tert-butyl-1-pyrazolyl)borate] manganese},

di (,~ Z-oxo)bis{[hydrotris(3,5-di phenyl -1-pyrazol yl)borate] nangan ese},

di (,u 2-o0x0)bis{[hydrotris(5-methyl-3-isopropyl-1-pyrazolyl)borat 10

a] manganese}, di(~.

z-o0x0) bi s{[ hydrotris(3-tert-butyl-5-nethyl; 1-pyrazolyl)bora to] manganese},
di (,u . Z-oxo)bis{[hydrotris(5-nethyl-3-pifenyl - 1- pyrazol yl ) borate] m
anganese}, di(u 15

2- 0x0) bi s{[ hydrotri s(5-nmethyl-3-p-tolyl-1-pyrazolyl)borate] nmanganese},

di (,u 2-oxo)hpis{[hydrotris(3-cunmyl-5-nmethyl-1- azol.yl.) borate nganese},
Gl (4 2- oxo) BREBPRSEPo: P ToRi B st o Tttt n ot SRS B 00

a] manganese} L{x - L.S{[ hydrotris(1-im dazol yl)borat e] manganese},

di (I.c Z-oxo?BﬂEFFE? P§§$%§%7-nethyl-l-inidazolyl)borate]nanganese }, di(

, U 2-0x0) bi sgfiBrdbebli1Sq71LsREPBY ket tiBudgaaly 3l glieRGAR e Mal

di (~c 2-oxo)bis{[hydrotris(?-te?t-butyl-1-?nida?gﬁe])bgrate]nanga ngggf and
transition meeal conmpounds such as compounds in which 40 di (~.c2-0x0) in
t hese conpounds is changed to di(,c.c2-hydroxy), di( a 2-nmethoxy) , di( ,u
2-i sopropbxyfichdogo[id, 2+ letrilsBypbepyl - ldpyrazol¥-ljedhane Ijnangdinese,,~
Z-acetyl ) ( di ~. 2-acetate ) , di é‘;~ 2-benzoate ) , ( ~. 2-peroxo )
( ~t Z-disul fiigblprell; 1al2tgiisde-p- tod YdodpdyFa@s oLy llgitéirned Agagase sien

t hese conpounds.i s changed to . technetiymor rheniu npoynds i n which
ydro © n T SECEORBBLTAL s teREGeEOs Lt Ry A 2B e thaBedREng et opy!
n-butyl, seczbutyl., i.sobutyl, .tert-butyl - t.ol I

pyrazol yl, 39&€b§$F8§§a§oﬁyk?12ﬁ§e6%§ é&?&?@ﬁ%&%y%a 3zé¥%?ﬁ%§gﬁé&%ﬁﬁane
3-n-propyipy@ﬁéggﬁhesg-isopropylpyrazolyl, 3-n-butyl pyrazol yl,

3-sec-butyl pyraz 3-i sobutyl pyrazolyl, 3-tert-butyl pyrazolyl,

3- phenyl pyr agakyh ora3{n-, 1qQhykp¥isaze! (Yen tAf WSB! -M-pyrazolyl Imethan

3-(trifluoronethyl)pyrazolyl, 3-(pentafluoroethyl)pyrazolyl)

e}manganese,
dichloro(1l,1,1-tris(3-cyclohexyl-1l-pyrazolyl)ethane ]Jmangane
se,
dichloro{l,1,1-tris(3-adamantyl-1l-pyrazolyl)ethane]manganes

15 e,
dichloro[l,1,1-tris(4-chloro-1-pyrazolyl)ethanelmanganese,
dichloro[l,1,1-tris(4-bromo-1l-pyrazolyl)ethane]manganese,
dichloro[l,1,1-tris(4-i0do-1-pyrazolyl)ethane lmanganese,
dichlorofl,1,1-tris(3,5-dimethyl-1-pyrazolyl)ethane lmangane

20 se,
dichloro[l,1,1-tris(3,5-diethyl-1-pyrazolyl)ethane]manganes
e,
dichloro[l,1,1-tris(3,5~-di-n-propyl-1-pyrazolyl)ethane]lmang
anese,

25 dichloro[l,1,1-tris(3,5-diisopropyl-l-pyrazolyl)ethane]lmang
anese,

dichloro[1l,1,1-tris(3,5-di-n-butyl-1l-pyrazolyl)ethane Jmanga



15 3-cycl ohexyl pyrazol yl, 3-adamantyl pyrazolyl, 4-chloropyrazolyl,

4- br onopyr azol yl, 4-iodopyrazol yl, 3,5-dinethyl pyrazolyl,

3, 5-di et hyl pyrazol yl, 3,5-di-n-propyl pyrazol yl, 3,5-diisopropyl pyrazol yl,
3, 5-di -n-butyl pyrazol yl, 3,5-di-sec-butyl pyrazolyl, 20

3, 5-dii sobutyl pyrazolyl, 3,5-di-tert-butylpyrazolyl, 3,5-diphenylpyrazolyl,
5-net hyl - 3-i sopropyl pyrazol yl, 3-tert-butyl-5-nethyl pyrazolyl,

5- et hyl - 3- phenyl pyrazol yl, 5-nethyl -3-para-tolyl pyrazolyl,

3-cunyl - 5- et hyl pyrazol yl , 3-adamantyl - 5- net hyl pyrazol yl, imdazolyl, 25
7-nethy|inidﬁ§ggyl, 7-isopropylimdazolyl or 7-tert-butylimdazolyl) and
conpounds in I'ch borate in these conpounds is changed to al unmi nate. 41

Speci fic exaamhaiogsruh@,§OﬂE@g@§,@td&hgeebgu%yﬁent'g&%Qoq 9eihahefdha
[2] include di (!~ z-oxo0)bis{[dihydrobis(1-pyrazolyl)borate]nmanganese},

di (~C 2- oxo) anékdi, hydr obi s(3- et hyl - 1- pyrazol yl ) bor at e] manganese 5 }, di (
~.C 2-0x0) bi s{[ di hydrobi s(4-net hyl - 1- pyrazol yl ) bor at e] manganese }, di( ,u

z- 0x0) bi s{[ ddhgtdiobps(31lethiris{pBybaddligbphdyatal pymgzodyd])etiiane ]manga

2- 0x0) bi s{[ di hydr obi s(3-n-propyl - 1- pyrazol yl ) bor at e] mangane se}, di( a

2- 0x0) bi s{[ dhrRgérobi s(3-i sopropyl -1-pyrazol yl ) bor at e] mangan ese}, di (I~

Z- 0x0) bi s{[ di_hydr obi s(3-n-butyl -1-pyrazol yl ) bor at e] mranganes 15 ag, di( ~t

2-oxo)bis{[dﬁﬁ?H#BEPi%SJséﬁxﬁﬁﬁﬁpJ?f69F§f6¢7PFE&P&@@PWE@&&ﬁyéééF,a@@@?@

2- 0x0) bi s{[ di_ hydrobi s(3-i sobutyl -1-pyrazol yl)borate] mangane se}, di( ~. 20
z-oxo)bis{[dPﬁéBFSSVs(S-tert-butyl-l-pyrazolyI)borate]nanga nese}, di( ~c

2 oxoybi o{ [ Ay AL SBPL (3 B T B by DB o, Ree angansy g dienghne,
z- oxo) bi s{[ dglydr obi s(3-cunyl - 1- pyrazol yl ) bor at ] renganese}, di ( |~ 2-o0xo
) brs 10 dichloro[l,1,1-tris(5-methyl-3-isopropyl-l-pyrazolyl)ethane
lmanganese,
dichloro[1l,1,1-tris(3-tert-butyl-5-methyl-l-pyrazolyl)ethan
e ]lmanganese,
dichloro[l,1,1-tris(5-methyl-3-phenyl-1-pyrazolyl)ethane]lma

15 nganese,
dichloro[l,1,1-tris(5-methyl-3-p-tolyl-1l-pyrazolyl)ethanelm
anganese,
dichloro[1l,1,1-tris(3-cumyl-5-methyl-1-pyrazolyl)ethane]man
ganese,

20 dichloro[l,1,l-tris(3-adamantyl-5-methyl-l-pyrazolyl)ethane
]manganese,
dichloro[l,1,1-tris(l-imidazolyl)ethane]manganese,
dichloro[l,1,1-tris(7-methyl-1-imidazolyl)ethanelmanganese,
dichloro[1l,1,1-tris(7-isopropyl-l-imidazolyl)ethane lmangane

25 se,
dichloro[l,1,1l-tris(7~tert-butyl-1-imidazolyl)ethane]mangan

eseand the like, andtransitionmetal compounds such as compounds



42 ~{di hydrobi s[3-(trifluoronethyl)-1-pyrazolyl]borate}mngan ese) , di
2-0x0 ) bis ~{di hydrobis[3-(pentafluoroethyl)-1-pyrazolyl]borate}nmnga

( a

nese~ , di ab

z-oxo)bis{[élhydrobis(B cycl ohexyl - 1- pyrazol yl ) bor at e] manga nese}, di(u

2- 0x0) bi s{[ di hydrobi s(3-adanmantyl - 1- pyrazgl yl ) bor at e] mangan ese}, di (I~

2- 0x0) bi s{[ di hydr obi s(4-chl oro- pyrazolygﬁborate]nanganese 10 }, di( ,u "
2- 0x0) bi s{[ di hydr obi s(4- brono-1- pyrazolyI)borate]nanganese} di ( ~.
2-oxo)bis{[d|hydrob|s(4 i odo- 1- pyrazolyl)borate]nanganese} di ,u 15
Z- 0x0) bi s{[ di obi s di net h raz bar at a_nese

7 oxo)bi St1d lﬁiaﬁ Sht gt e iyt Lhesb CotIndR ia & ﬁt%sfee}éh g
Z- 0x0) bi s d| 3,8 opyl I | ) bora €.

G S et Ry ol BB B n G %%@Jﬁ%?% pefpesad -

nganese}, di (dha%rg@@)c'al 1h6EMNET A ihe; dioainut ¥bthyRY M B&R Yy ) wtﬁi&lwﬁn

ganese}, di(u 2

2- 0x0) bi s{| dIdryﬁm@mﬁf3c5n@bus1qcs-ﬂuwl.mﬁmrsaz@khle)sb%@ﬁ;e&m@@g@rtﬂ@}ged
di (, u 2-o0xo0)bi s{[di hydrobis(3,5-diisobutyl-1-pyrazolyl)borate]man 43
ganese}, @i (,ho redrakiiss{ pddhgompdiusds, n dihilcdr ethangl id- pyese ctompdoidd e]
manganese}, di (~

Z- 0x0) bi s{[ di

iy diheniae@®, 1B digsrang - bysanezoligomyrenss| meanfane
2-methylbutane, 3-methylbutane or 2,2-dimethylpropane.

Specific examples of the compound of the above-mentioned

general formula [1] include

10 [tris(1l-pyrazolyl)methane](l,3-butadiene )manganese,
[tris(3-methyl-1l-pyrazolyl)methane] (1, 3-butadiene)manganese,
[tris(4-methyl—l-pyrazolyl)methane](1,3-butadiene)manganese,
[tris(3-ethyl-1-pyrazolyl)methane](1l,3-butadiene)manganese,
[tris(3-n-propyl-1l-pyrazolyl)methane](1l,3-butadiene)mangane

15 se,
[tris(3-isopropyl-l-pyrazolyl)methane](1l,3-butadiene)mangan
ese,
[tris(3-n-butyl-1l-pyrazolyl)methane](1l,3-butadiene)manganes
e,

20 [tris(3-sec-butyl-l-pyrazolyl)methane](1l,3-butadiene)mangan
ese,
[tris(3-isobutyl-1l-pyrazolyl)methane](1l,3~butadiene)mangane
se,
[tris(3-tert-butyl-1l-pyrazolyl)methane](1l,3-butadiene)manga

25 nese,

[tris(3-phenyl-l-pyrazolyl)methane](1,3-butadiene)manganese,

[tris(3-p-tolyl-l-pyrazolyl)methane](1l,3-butadiene)manganes



5 nese}, di( ~. Z-oxo)bis{[dihydrobis(5-nethyl-3-isopropyl-1-pyrazol yl)bora
t o] manganese}, di( ,cl.

2- 0x0) bi s{[di hydrobi s(3-tert-butyl-5-methyl-1-pyrazolyl)bor ate]nanganese},
di (~.c 10 Z-oxo) bi s{[di hydr obi s(5-net hyl - 3- phenyl - 1- pyrazol yl ) bor at e]
manganese}, di(u

2- 0x0) bi s{[ di hydr obi s(5-net hyl - 3-para-tol § - 1- pyrazd yl ) bor at e] nanganese},
di (, u 2-o0xo0)bi s{[di hydrobi s(3-cunyl -5-net hyl - 1- pyrazol yl ) borate] m 15
anganese}, di(~.c

z- ox0) ba. s{[ di hydr obi s(3- adamant yl - 5- net hyl - 1- pyrazol yl ) bora t o] nranganese},
di (,u z-oxo)ki.s{[di hydrobi s(1-i m dazol yl) bor at e] manganese}, di (u

2- 0x0) bi s{[ di hydr obi s(7-met hyl - 1-i m dazol yl ) bor at e] manganes 20 a}, di(,u

Z- 0x0) bi s{[ dil kFdsdBi- sumyilsdpPyF@zolyilined )(BoBatatagiga enanagangisey
z-oxo)bis{[dithr bis&?itert-butyl-l-inidazolyl)borate]nan anese } , and
transition métZrsddm EH§§“§68W659Y38ﬁﬁd@ﬁﬁ?GQ+XMﬁWﬂ¥QE?Qﬁaﬁqgﬁﬂfﬁﬁxo) in

t hese conpounds. .i s.changed to di c2-hydroxy), .di W32 et hox di (
3  conr opoky tF1 S ABRRER S RS b i M E R 01 Tnp el TS e '
2-acetyl ( rqi-4 _2a R I . - oat_ 3 - 0X0
)y (- 5)2 di[sﬁrl%i(?e%)ﬁoa?’th%s&& 3 Eg’:ré(g%lg’,l )g‘%rrpho%d%ggzll 3 %n‘ﬁ)t(?ﬁh(r?é‘% g"r?g‘ S in

these conpoupdsel, s changed to technetiumor rhenium conpounds in which
hydro in these conmpounds is changed to nmethyl, ethyl, n-propyl, isopropyl,

5 n-butyl, sdariist(Bl-adamanitiyyl-) -pyriazipdipnl ) mefihamd 1, ( Ip@-dutadilen®) Ehgdn
and conpounds obtai ned by changi ng borate in these conpounds by al um nate.
Speci fi c examsleas of the conpound of the above-nentioned general formula
[2] further include di%i

~ 10
2- 0x0) bi s{ chil&Fdsidi-shlogprdr avnazedldmethangdidsé - Putiqdigne Jmanganese,

10 [tris(4-bromo-1—pyrazolyl)ﬁethane](l,3-butadiene)manganese,
[tris(4-iodo-1-pyrazolyl)methane](1l,3-butadiene)manganese,
[tris(3,S-dimethyl-l-pyrazolyl)methane](1,3-butadiene)mangé
nese,
[tris(3,5-diethyl-1-pyrazolyl)methane] (1, 3-butadiene)mangan

15 ese,
[tris(3,5-di-n-propyl-1l-pyrazolyl)methane](1l,3-butadiene)ma
nganese,
[tris(3,5—diis§propyl-1-pyrazolyl)methane](1,3-butadiene)ma
nganese,

20 [tris(3,5-di-n-butyl-l-pyrazolyl)methane](l,3-butadiene)man
ganese,
[tris(3,5-di-sec-butyl-1l-pyrazolyl)methane](1l,3-butadiene)m
anganese,
[tris(3,5-diisobutyl-l-pyrazolyl)methane](1l,3-butadiene)man

25 ganese,
[tris(3,5-di-tert-butyl-1l-pyrazolyl)methane](1,3-butadiene)

manganese,



z-oxo) bi s{chloro[tris(3-nethyl-1-pyrazolyl)nethane] manganes a}, di( ~.
2-0xo0) bi s{chloro[tris(4-methyl-1-pyrazolyl)nethane] manganes a}, di( ~. 15
2-o0xo0) bi s{chloro[tris(3-ethyl-1-pyrazolyl)nethane] manganese }, di( ~C
z-oxo) bi s{chloro[tris(3-n-propyl-1-pyrazolyl)nethane] mangan ese} , di( ~c
z-oxo) bi s{chloro[tris(3-isopropyl-1-pyrazeg yl) nmet hane] manga 20 nese}, di(u
2-0ox0) bi s{chloro[tris(3-n-butyl-1-pyrazol yl)net hane] mnangane se}, di (I~

Z- oxo0) bi s{chloro[tris(3-sec-butyl-1-pyrazolyl)methane] manga nese}, di(u 25
z-oxo) bi s{chloro[tris(3-isobutyl-1-pyrazolyl)nethane] mangan ese}, di (u

2- 0x0) bi s{ chlergk r3i,3(-aﬁ.&)ﬁ%ﬁfyliutligp%'f_&%ﬁ%(%\)élt}x%tehqqgh?%%&adi%%e%?\%‘f‘%i}a’(

di (u z-oxo)bis{chloro[tris(3-phen yirazol yl') met'hane] manganes aj}, | ~
2- 0x0) bi s{chhere[,tri s(3-p-tolyl-1-pyrazol yl)net hane] mangane 5 se} , di( ~.
2-0xo0) bi s{chloro[tris(3-cunyl-1-pyrazolyl)net hane] manganese }, di( ~c

2- 0x0) bi s{ chl[ &ard§t(5i-medhitil-i3-lisaparopyly 1) pIrrazodxdl )weltirinkd (e Brbugaddee} ,
di (~c¢ 10 z-oxo0)bis{chloro{tris[3-(pentafluoroethyl)-1-pyrazolyl]neth
ane} nanganes@g)m@nganese,

z-oxo) bi s{chl oro[tris(3-cyclohexyl -1-pyrazol yl)nethane] mang anese}, di(u
2- 0X0) bi s%chl[GFéF’t(@i@F@ta Wﬂrﬁ-mf-tbyﬁaiom)aﬁ@tlﬁléﬂmll(é Redstaddi (u
z- oxo0) bi s{chl orq[tris(4-chloro-1-pyrazolyl)nethane] manganes a}, di( a
2-oxo)bis{chFBF3 98C&56romo- 1- pyr azol yl ) met hane] nanganese }, di( ,u 20

Z- ox0) bi s{ chl e qlt sl Hetnl 9% - brayAZ 3 P13 MEISRESS! 3 - butadiene)
manganese,
[tris(5-methyl-3-p-tolyl-1-pyrazolyl)methane](1l,3-butadiene

10 )manganese, .
[tris(3-cumyl-5-methyl-1l-pyrazolyl)methane](1l,3-butadiene)m
anganese,
[tris(3-adamantyl-5-methyl-1l-pyrazolyl)methane](1l,3-butadie
ne )manganese,

15 [tris(1l-imidazolyl)methane](1l,3-butadiene)manganese,
[tris(7-methyl-1-imidazolyl)methane](1l,3-butadiene)manganes
e,
[tris(7-isopropyl-l-imidazolyl)methane] (1, 3-butadiene)manga
nese,

20 [tris(7-tert-butyl-l-imidazolyl)methane](1l,3-butadiene)mang
anese and the like, and transition metal compounds such as
compounds in which manganese in these compounds is changed to
technetiumor rhenium, compounds inwhich 1, 3-butadiene in these
compounds is changed to 2,4-heptadieneor 1, 4-diphenylbutadiene,

25 compounds inwhichtris inthese compounds is changed to tetrakis,
and compounds in which methane in these compounds is changed

to silane, methylsilane, ethylsilane, tert-butylsilane,



di ( ~. z-oxo)bis{chloro[tris(3,5-dinethyl-1-pyrazolyl)nethane] nang anese},
di (u 2-oxo)bis{chloro[tris(3,5-diethyl-1-pyrazol yl)nethane] mnanga 25 nese},
di (,u Z-oxo)bis{chloro[tris(3,5-di-n-propyl-1-pyrazolyl)nethane] m
anganese}, di (!~ 46

Z-oxo) bi s{chloro[tris(3,5-diisopropyl-1-pyrazolyl)nethane] manganese}, di(~
z-oxo) bis{chloro[tris(3,5-di-n-butyl-1-p '%zolyl)nethane]na nganese}, di(u
5 z-oxo)bis{chloro[tris(3,5-di-sec-butyl-1-pyrazol yl)nmethane] nanganese},

di (~ 2-oxo)bis{chloro[tris(3,5-diisobutyl-1-pyrazolyl)nethane] ma nganese},

di (~ Z- oxo)bls{chloro[trls 3,5-di-tart-butyl-1- pyrazolxl)nethane 10
] manganese}, P p0¥1511ane ermane, methylgermane, ethylgermane

Z- bi h 3, 5-di ph | yl th di (~
2 oxo) bi of chFBFB PREEESeRRERSY - BheEEIPEEPACE! ﬁggﬁ?ﬁ% Hi8Reprangancse).
di (~ 15 z- oxg ? Bég?goro[trls(S tart-butyl-5-nethyl - pyrazolyl)net

hane] manganeSe

2- 0x0) bi s{chl oro[ t ébé&§fﬂ€tél¥dm§ré¥‘%@>’{hé d@e{p%elldyb% r@{é‘ﬁ'ﬂ%v]enﬁi@ﬂ%ﬁ%%@ﬂ
di (~ 2-o0xo0)bis{chloro[tris(5-methyl-3-p-tolyl-1-pyrazolyl)nethan 20

a] mnganese} gefletal formula [2] include di(u«
Z- oxo) bi s{chloro[tris(3-cunyl-5-nethyl-1-pyrazol yl)nmet hane] manganese},
di (~ Z-oxo)bfs@xﬂﬂbmsﬂthY@t@tnﬁﬁﬁhﬂDYfaﬁehrlhW¢rat@ymangayé$eﬁthdi(u
a?e]nanganes? (u 25
2- 0x0) bi s{ch tﬁ%ﬂiﬂ%{ ihy@F ety bs (3 ymethvhe] nBygarnety} )bargtelmanganese},
z-oxo)bis{chhgrg}trls(7 met hyl - 1-i m dazol yl ) met hane] mangane se}, di(~c 47
2-oxo)bis{[hydrotris(4—methyl-l-pyrazolyl)borate]manganese},
10 di(u
2-oxo)bis{[hydrotris(3-ethyl-l-pyrazolyl)borate]manganese},
di(u
“_oxo)bis{[hydrotris(3-n-propyl-1-pyrazolyl)boratelmanganes
e}, di(u
15 2-oxo)bis{[hydrotris(3-isopropyl-1l-pyrazolyl)borate]mangane
se}, di(u
2-oxo)bis{[hydrotris(3-n-butyl-1—pyrazolyl)borate]manganese
}, di(u
2—oxo)bis{[hydrotris(3—sec-butyl-l-pyrazolyl)borate]mangane
20 se}, di(u
2_oxo0)bis{[hydrotris(3-isobutyl-1-pyrazolyl)borate]lmanganes
e}, di(u
>_oxo)bis{[hydrotris(3-tert-butyl-1-pyrazolyl)boratelmangan
ese}, di(u
25 ?-oxo)bis{[hydrotris(3-phenyl-1l-pyrazolyl)borate]manganese},
ai(u

’_oxo)bis{[hydrotris(3-p-tolyl-1l-pyrazolyl)borate]manganese



2-o0xo0) bi s{chloro[tris(7-isopropyl-1-imdazolyl)nethane] mang anese}, di (I~
Z-oxo) bi s{chloro[tris(7-tert-butyl-1-im dazol yl) net hane] mnan ganese}, and
transition nmetal conpounds such as conpounds in 5 which di ( !~ 2-0x0 ) in
t hese conpounds is changed to di ( |~ z-hydroxy ) , di ( ,u Z-nmethoxy) , di
( ,u Z-isopropoxy) , di ( ,u 2-tert-butylgxy) , di ( ,u 2-phenoxy ) , di (
,u 2-acetyl ) , di ( ,~ Z-acetate ) , di ,U 2-benzoate ) , ( a 2-peroxo )
, ( ~C 2-disulfide ) or ( ,u 2-azide ) , compounds in which manganese in

t hese conpounds is changed to 10 technetium or rhenium conpounds in which
chlorine in ﬁhﬁge %pnpoundsischanged

tof luorine, b é odine nmet hyl , benzyl, nethoxy or phenoxy, conpounds in

which tris in {here COMMARRTS-i (£ chaﬁ%ﬁ* %51 vi 5fg%§]t fﬁé@§§@pounds

i n whi ch net hane |n t ese conpou ds I 0 ‘si |l ane ane

et hyl si | ane, gt ené*-Idoylosid ane, phenyl sil ane, germane,
net hyl ger mane, et hyl ger mane, t ert - but yl ger mane, phenyl ger mane, am ne,

phosphi ne or phiogdioteis Spectfifl wxedme sy Df - 1 heycarpbyhtbofatéPnangane
above-nentioned general formula [2] furthernore include di(,c.1.2-0x0)bis

20 {di chlforof&)] 1, 141 ¢ Lé¢ oxpybasol yl ) et hane] manganese}, di(~.c

Z- oxo) bi s{dichloro[1,1,1-tris(3-nethyl-1- pyrazolyI)ethane1n1anganese , di
( ~ z- oxo)b|E{Qﬂ@ﬁ@%ﬁ%ﬁh3j£E§Q¢¢§%UP¥ﬁ§¥@N1hfby9$§%¥%1¥k berel el BARGRRS )
di (I~ 25 2-0x0) |s{g ?hloro[l 1,1-tris(3-ethyl-1-pyrazolyl)ethane] ma
nganese } , &F®

2- OXO)bls{d'@h|0rP£ s&[ﬁy&f&éé 5P3FE§EW$héx§Yrf28§¥£28ipfp§ora g]mangan

] manganese}, |
2- OXO)bIS{dI%Q%gFOhl (ke 1- tris(3-isopropyl-1-pyrazolyl)ethan a] manganese},
di (~ 2-oxo) bis{di‘chloro[1,1,1-tris(3-n-butyl-1-pyrazolyl)ethane] 5

manganesy) , aj-¢§:|€|o)b:Ls{[hydrotrls(B -adamantyl-1-pyrazolyl)borate]mangane
2-0xo0) bi s{dichloro[1,1,1-tris(3-sec-butyl-1-pyrazolyl)ethan a] nanganese})
di (~ 2- oxo)bbeﬁdidhKoro[l,1,1-tris(3-isobutyl-1-pyrazo|y|)ethane

] manganese}, _di (u 10

2- oxo)b|s{dlch@b@bPlSﬂ[hYﬂ¥0§¥35(ér@hb9¥9f11P$¥@é§b¥%9?@¥ﬁ§eh@?nﬁﬁgaﬁe%e}
di (u 2-oxo)bis{dichloro[1,1, 1-tris(3-phenyl-1-pyrazol yl)ethane] m anganese},
di (u z- oxo)bﬂé%dfchloro[l 1,1-tris(3-para-tolyl-1-pyrazolyl )etha 15

ne] manganese}

2-0x0)bis{dich?%?gﬁi?ﬁgay???gf§§&uﬁ9¥9T95§F%¥5?§?}g%hgﬂﬁ?ﬁ%]ﬂaﬁﬂ%g%??}di(~

15 adi(u
2_oxo)bis{[hydrotris(4-iodo-1l-pyrazolyl)borate]manganese},
di(u
2_oxo)bis{[hydrotris(3,5-dimethyl-1-pyrazolyl)borate]lmangan
ese}, di(u

20 2%-oxo)bis{[hydrotris(3,5-diethyl-1-pyrazolyl)boratelmangane
se}, di(u
2_oxo)bis{[hydrotris(3,5-di-n-propyl-1l-pyrazolyl)boratelman
ganese}, di(u
2_oxo)bis{[hydrotris(3,5-diisopropyl-1l-pyrazolyl)boratelman

25 ganese}, di(u
2_oxo)bis{[hydrotris(3,5-di-n-butyl-1l-pyrazolyl)borate]mang

anese}, di(u



Z-oxo) bi s{chloro{tris[3-(trifluoronethyl)-1-pyrazolyl]ethan a}nmanganese},
di (~ 20 Z-oxo)bis{chlorof{tris[3-(pentafluoroethyl)-1-pyrazolyl]etha

ne} manganese}, di (-~

2-0xo0) bi s{dichloro[1,1,1-tris(3-cycl ohexyl -1-pyrazol yl)etha ne] nanganese},
di (u z-oxo)bis{dichloro[1,1, 1-tris(3-adamngmtyl -1-pyrazol yl)ethan 25

a]l manganese}, di(u
2-oxo)bis{dichloro[l,1,1-tris(4-ch|oro-l-pyrazolyI)ethane]n1anganese}, di (~
49 2-o0xo0)bis{dichloro[1,1,1-tris(4-brono-1-pyrazolyl)ethane] ma nganese},
di (~ 2- oxo) bFsé#b gbi of pﬁﬁdﬁe&riéw(é a9dged- BME?ZOIL%jr@hb@!ﬂ?l'marﬁ@@?ﬁla}
di (u 5 2-oxo0)bis{dichloro[1,1,1-tris(3,5-dinmethyl-1-pyrazolyl)etha

ne] manganesehgadiege}, di( u

2- oxo)bls{dlchloro[l 1,1-tris(3,5-diethyl-1-pyrazol yl)ethan a] manganese},
di (u 2- oxo)busquothi@fbpzdzotrisKS(s 8itlsobupydpypy¥rpgrdyd)pbyratedmang

t hane] manganese}, di (~

2- OXO)bIS{dl@ﬁp§Pd[ld}(thrIS(3 5-di i sopropyl -1-pyrazol yl ) e

t hane] mangangse

2" oxo) bi Sl di arpkb SPLS LI HYEFPEFASEI - ALpheyE-RupytakoPyFRapLyl)borateln
hane] mangane 1

2-oxo)bis{di%§%oro %}I %J#rIS(B 5-di -sec-butyl -1-pyrazol yl)

et hane] mangane

2- ooy bi o(ar cnp Re P I TR P LFS 3,7 SLRnenY 11 S PV 3aP Aporate Inangan
hane] manganes@k,} ,digiy «

2- oxo)bls{dlchloro[l 1,1-tris(3,5-di-tert-butyl-1-pyrazolyl 20
)ethane]nangénexe)bid((hydrotrls(5 -methyl-3-isopropyl-1l-pyrazolyl)borat
Z-oxo) bis{dichloro[ 1,1, 1-tris(3,5-di phenyl-1- pyrazolyl)etha ne] manganese},
di (~c 2-b o)@ﬂ@@mgﬁme§ﬁd[ldﬂ(ﬂltrls(5 met hyl - 3-i sopropyl - 1- pyrazo
IyI)ethane]nan S g

2- 0x0) bi s{di chP¥ P&SUEY FP§E§-St(ér‘F%Gf?P-tg-lrrérﬁ‘ﬁth;Y-l'9f8¥raz0l¥1)b°ra
onI)ethane] anese

2- 0x0) bi s{di c ré’[gfr%slec&trl sJ'((Su met hyl - 3- phenyl - 1- pyrazol yl

2_oxo)bis{[hydrotris(5-methyl-3-phenyl-1l-pyrazolyl)borate]lm
anganese}, di(u

15 2%-oxo)bis{[hydrotris(5-methyl-3-p-tolyl-l-pyrazolyl)borate]
manganese}, di( u
2-oxo)bis{[hydrotris(3-cumyl-5-methyl—1-pyrazolyl)borate]ma
nganese}, d4i(u
2_oxo)bis{[hydrotris(3-adamantyl-5-methyl-1-pyrazolyl)borat

20 elmanganese}, di(u
2-oxo)bis{[hydrotris(1-imidazolyl)borate]manganese}, dai(u
2-oxo)bis{[hydrotris(7--methyl—1—imidazolyl)borate]manganese
}, dai(u
2-oxo)bis{[hydrotris(7-isopropyl—l-imidazolyl)borate]mangan

25 ese}, di(u
2—oxo)bis{[hydrotris(7—tert-butyl-l-imidazolyl)borate]manga

nese} and transition metal compounds such as compounds in which



50 ) et hane] manganese}, di (~C

2-oxo) bi s{dichloro[ 1,1, 1-tris(5-nethyl-3-para-tolyl-1-pyraz

ol yl ) et hane] manganese}, di(, ~

z-oxo) bi s{dichloro[ 1,1, 1-tris(3-cunyl-5-nethyl-1-pyrazolyl) 5

et hane] manganese}, di(u

2-0xo0) bi s{dichloro[ 1,1, 1-tris(3-adamantyl4®- net hyl - 1- pyrazo

| yl ) et hane] manganese}, di(,u

2-o0xo0) bi s{dichloro[1,1,1-tris(1-im dazol yl)ethane] manganese }, di( ~t 10
2-o0xo0) bi s{dichloro[1,1,1-tris(7-nmethyl-1-im dazol yl)ethane] nanganese},
di (u z- ox0) bidd{(di tHix b[ily Lheser ioofipougdsr dsy changedd 2ol Yetydroxy) ,
ne] manganese}, di(, ~ . 5 . . )

2- 0x0) bi s{ di @AI(dt oimethox¥}i I Kerispprgpoxy) mi 8t 4 yibeathrbrgyloxy),

, angt it l dsgueh ds 4.1 i ch
G Uz oxo) T RSP RRRBUh <t 6 eRARBEILY o FL A PeeRabfh ot A i ( - 1
2RO b o G A ) g
2-benzoatg ) compoinds RAM f¥Pch mafgdieds Arsth is@_ec))mﬁbuﬁﬁg( ié’%lﬁ%r#ﬂ%% G or

conpounds i n whirch manganese i n these conpounds is changed to t

rheni um conpeghe titmMyrC HeiQin N & dnlp JuMRIEE 1G0 AW hydr & hangek ded

fluorine, brom ne, iodine, nmethyl, benzyl, nethoxy or phenoxy, conpounds in
which tris i ronpesmdsonEowhdnidesl dramgacthytlg lithydr, tretpmkpyl, airsbpommydunds
25 in which ethane in these conpounds is changed to propane, butane,

i sobut ene, pantoartyl.2-sest-dtivit.ades oLyt hyeit-dvd wir, Dhenitivettmtiqgipane.
51 Further, there can be exenplified conpounds _obtai ned by coordinating to

the transiti GHMYEt-alPYGREIdHes S ~MedHRYTARDHY Ir-h dimerhhr kP 7 1 I
ds,abqve- ti d ted by th f I 1 d[ 2
o meut 101 1Y AR AR 1 Gnf B PBY LBYARRPLY e ek CRARAY HYTAAA GE -
ther, tet iret hpxyet | ‘ h triethyl am ne,
NN N oty A R A e BBl B hire,
2, 6-di met hyl pyrii LHiife AR FHE JIGH NEs - 134241181 s d gt ed pyrazol es-such as

3-net hyl pyrazol'e, 10 4-rnet hyl pyrazol e, 5-nethyl pyrazol'e, 3-ethylpyrazol e,

3-n- propy| pyragptenylbyreuiony] BHEA0 By 1@ rradnliyl p)3 anokelpyrazolyl,
3-sec-b'utyl pyrazol e, 3-isobutyl pyrazole, 3-tert-butyl pyrazol e,
3- phenyl pyr azol (& riFnaxsng hylazy s z@-xuma pipentd Bluoroethyl ) pyrazolyl,

3-(trifluoronethyl)pyrazole, 15 3-(pentafl uoroethyl)pyrazole,
3-cyc|ohé§y|ﬁwqﬁR£Q§e¥¥%Rﬁﬁﬁﬁﬂ%M%nﬂ%ﬁﬂﬂ%ﬂaQFXRHXﬁ Brol e,

3 51l n pr oG A B | AR L S R by ol )

3’5_di_Sec‘t“§>gf3@ﬁg¥ﬂfﬁpyrazolyl, 3,5-diethylpyrazolyl,
3,5—di-n-probylpyrazolyl, 3,5-diisopropylpyrazolyl,
3,5~-di-n-butylpyrazolyl, 3,5-di-sec-butylpyrazolyl,

20 3,5-diisobutylpyrazolyl, 3,5-di-tert-butylpyrazolyl,
3,5-diphenylpyrazolyl, 5-methyl-3-isopropylpyrazolyl,
3-tert-butyl-5-methylpyrazolyl, 5-methyl-3-phenylpyrazolyl,
5-methyl-3-para-tolylpyrazolyl, 3-cumyl-5-methylpyrazolyl,
3-adamantyl-5-methylpyrazolyl, imidazolyl,

25 7-methylimidazolyl, 7-isopropylimidazolyl or
7-tert-butylimidazolyl, and compounds in which borate in these

compounds is changed to aluminate.



20 3,5-diisobutyl pyrazole, 3,5-di-tert-butyl pyrazole, 3,5-diphenylpyrazole,
5-net hyl - 3-i sopropyl pyraozol e, 3-tert-butyl-5-nethyl pyrazol e,

5- et hyl - 3- phenyl pyrazol e, 5-nethyl - 3-p-tolyl pyrazol e,
3-cunyl - 5- net hyl pyrazol e, 3-adamantyl - 5- et hyl pyrazol e, i m dazol e,
7-met hyl i m dazole, 25 7-isopropylimdazole and 7-tert-butylim dazol e,
phosphi nes such as trinethyl phosphi ne, trd4lethyl phosphine

tri phenyl phoshpi ne, di et hyl phenyl phosphi ne, 52 net hyl di phenyl phosphi ne,
1, 2- bi s(di met hyl phosphi no) et hane, 1, 2-bi s(di et hyl phosphi no) et hane,

1, 2- bi s(di phenyl phosphi no) et hane and 1, 3-bi s(di phenyl phosphi no) pr opane,
nitriles such as 5Speelbhf tadamp laf] ofebixe giompoumd ehddeAberygementioged

nol ecul e; carbon nonoxi de; ol efins such as ethyl ene, propylene and the
like: di enes9eneRaasioumadRehd] 30%1HE%a81&ke and 1, 4- di phenyl but adi ene:

ket h, I d [ ; i de- t it

ol ecur e, 10 19 e 1y CBRr TRk e recelrf e eF S Par it o othtd my
b d al {0, j i On. t L]

compounds. ar e SraUEG AL ORE] 2 HELRYLIE By skild 1 BOEALL PRafBALaey
Soc. , Vol. §9, gp((3904-3905 (1967). 15 The catalyst for addition

pol yneri zation of the present invention is obtained by contacting the

above- nent i oheskd yBIS{ [ d Dy dES 1B € CAPRetily W 1 hpyhez b0y 1 pwbngt € Hhangdheset he
following (C). ( B) one or nore al um num conpounds sel ected fromthe
foll ow ng 20}(Bdi(two (B3), (Bl) organoal um num conpounds of the general
formula ElaAl Z3 _a, (B2) cyclic alum noxanes having a structure of the

gener al fornu+@xq)b¥§{%dEHY§r°QiS}%:eQBY{BB)PYrﬁéalYéDDﬁ?ﬁéﬁéﬁéggﬁaeﬁﬂ@:a
structure of the general formula E3{ -Al1 ( E3 ) -O }~AlE32 , (wherein,
each of E1, B3(dhd E3 represents a hydrocarbon group, 53 and all of Els ,

hydr ogen i om B0 T B EaTaYeoEa b 360 *BEBRE} - Sty RRTRAnY BoFARRTRRRRANE,

represents asggnba&(igtisfying O<a s 3, b represents an integer of 2 or
more , and ¢ represents an 5 integer of 1 or nore.). ( C) one or nore

boron conpoubdsx&fbest pdihy@rvbis (80okkeprogyfCl) pyRak63yl )borate Imangan

ese}, di(u
2_oxo)bis{[dihydrobis(3-n-butyl-1l-pyrazolyl)borate]lmanganes

15 e}, di(u
2_oxo)bis{[dihydrobis(3-sec-butyl-1l-pyrazolyl)borate]lmangan
ese}, di(u
2_oxo)bis{[dihydrobis(3-isobutyl-1-pyrazolyl)borate]mangane
se}, di(u

20 ?%-oxo0)bis{[dihydrobis(3-tert-butyl-1-pyrazolyl)borate]manga
nese}, di(u
2_oxo)bis{[dihydrobis(3-phenyl-1l-pyrazolyl)borate]manganese
}, dai(u
2_oxo)bis{[dihydrobis(3-p-tolyl-1l-pyrazolyl)boratelmanganes

25 e}, di(u
2_oxo)bis{[dihydrobis(3-cumyl-1l-pyrazolyl)borate]lmanganese},

di( 1 %-oxo)bis



(Cl) boron conpounds of the general fornula $QLQRE@~ ( C2 ) boron conpounds
Qf the general fornmula G+ ( $QLQREA ) - ~ 10 (C3) boron conpounds ~of the
general formula ( L -H) + ( $QLQ2BA ) - ~ (wherein, B represents a boron
atomof tri-valent state, @ to Q4 represent a hal ogen atom hydrocarbon
group, hal ogenated hydrocarbon group, substituted silyl group, al koxy group
or 15 di-substituted ami no group , and tH& nmay be the sane or different

G+ represents an inorganic or organic cation, L represents a neutral Lew s
base, and (L-H)+ represents a Br~nsted acid.). The catalyst for addition
pol ynerization wll be described further in detail below 20 (B) Al um num
conpound As t Hetidivdnahis Confgeudfd yamomediey oy - rirer a4 Gk ke n

sel ect ed fron1t£e apove-nmentioned (Bl) to (B3) are used. As the hydrocarbon
group represefted B EL - RYSE3, 25 hydrocarbon groups having 1 to 8

carbon atons . preferably,, an al kyl. .group, i.s [ erab

Specific exaﬂﬁd&ﬁiﬁééﬁﬁfié%ﬁﬁﬁé%%ﬁ%qﬂﬁQ%ﬁﬁkéhﬁﬁfRyé%?§ii¥fgo%é%%ﬁ&?%%%era
formul a EIaA%égep iq££¢ge trial kyl al umi nuns such as trimethyl al um num
triethylalumnum tripropylal um num triisobutylalum num trihexylal um num

and the |5 ke3_ gl daivd of o Fara e J&%Mﬁﬁ%@fﬁéﬂymm&mﬁwe, 5

di et hyl al um num chl ori de, “di propyl al um num ¢ di i sobut yl al um num

chl ori de, dihexghal agimum chloride and the |ike; al kyl al um num di chl ori des
such as net hyl al um num di chl ori de, ethyl al um num di chl oride, propylal um num
di chl ori de, f-swbu)lyisd Lidmydrahiohl Dradmyamexl+ bt pyrazed 10) bibcat @tmargamd
the like , and dialkylalum num hydrides such as di nmethyal um num hydri de,

di et hyl al uni aagthy8ilde, di propyl al um num hydri de, diisobutyl al um num

hydri de, di hexyl al um num hydride and the like. Preferable are

trialkyl al um§' )DLt lgdb?%g’é?%’o# €4T@Q%r??fé?¥&?%‘?§$fﬁ%%%{e]“‘anganese
triisob;gxlabuninﬁgz Specific exanples of E2 and E3 in the cyclic

al um no e 32?1 ving a structure of the general formula {-AI(E2)-O}b

and t he linea_rci @gﬁf@@?gﬁ%ub@fém;f— FaEb 1Y ) Bbrhbe) HERGAARL e }

formula E3{ -A z include alkyl groups such as a met hyf
group, ethyl gagrqeup, n-propyl group, isopropyl group, n-butyl group ,

i sobutyl group , n-pentyl group , neopentyl group and the like. b
represents ah-oxépois{ biliRydrobbs 4- hodo €1 rpprasehyd)borahe tmangahese b
nore. Preferably, E2 and E3 represent a nethyl group or isobutyl group, b
is 2to 40, 8ad% is 1 to 40.

15 2-oxo)bis{[dihydrobis(3,5-dimethyl-1-pyrazolyl)borate]manga
nese}, di(u
2_oxo)bis{[dihydrobis(3,5-diethyl-1-pyrazolyl)borate]mangan
ese}, di(u '
2_oxo)bis{[dihydrobis(3,5-di-n-propyl-1l-pyrazolyl)borate]lma

20 nganese}, di(u
Z_oxo)bis{[dihydrobis(3,5-diisopropyl-l-pyrazolyl)borate]lma
nganese}, di(u
2_oxo)bis{[dihydrobis(3,5-di-n-butyl-1-pyrazolyl)borate]man
ganese}, di(u

25 2-oxo)bis{[dihydrobis(3,5-di-sec-butyl-1l-pyrazolyl)boratelm
anganese}, di(u

2_oxo)bis{[dihydrobis(3,5-diisobutyl-1l-pyrazolyl)borate]man



25 The above-nenti oned al um noxane i s produced by various nethods. The
method is not particularly restricted, and the al um noxane may

advant ageously be produced according to known 55 net hods. For exanple, it
i s produced by contacting a solution prepared by dissolving a

trial kylalum num (e. g., trinethylaluninu%gin asui tabl e

organi csol vent (e. g., benzene, aliphatic hydrocarbon) with water. Further, a
method is 5 exenplified in which an al um noxane is produced by contacting a
trialkylalumnum(e. g., trinethylalumnun) with a nmetal salt containing
crystal water sl er sulfate hydrate). It is considered that the

al um noxane HP%%gng g§?25ch nmethods is usually a mxture of a cyclic

al umi noxane angx@)iJiE'FPﬁiﬂgdﬂ)Hﬂf'Q),@D&:é;(:g}tt@ﬁ@?lCQUBQi(:%%?f?%zg)Srgﬁg?n

conmpound (C), one or nore boron conpoun selected from (C3)
above- nent i opgdganesegedail(n.t he boron conpound (Cl) of the general fornula
BQ QzQs, 15 B represents a trivalent boron atom and QL to B represent a
hal ogen at om?hygo pbhs bpdiydnpbhal 3gsnalphehylir bepybanogyhiporatbgmahgthed
silyl group, al koxy group or di-substituted am no group, and they may be
the same or aiefskedredi(L QL to Q preferably represent a hal ogen atom a
hydrocar bon group having_l to 20 20 carbon atons) a hal ogenat ed hidrocarbon
group havi ng 1°%8)bdsEhfhBRARPBAE (5 -Beshpdr PrbFeBTOPY Y lgP¥ER2ZRAYLAGOX At o
20 car bon at%nﬁ . _an al k xydaioup having 1 to 20 carbon atons , or an amn no
group havi ng *& fGn8enesEdon Bildhs, and O to Q3 nore preferably represent a

nal ogenat cd hyaFaiarBoReSRBaRORER A ¥R byb 91 R R TT e o ARI§1) Bo

hal ogenat ed hy avi ng carbona
preferably, QkdimaRyan¥edserti@.fluorinated hydrocarbon group having 1 to

20 carbon atons

10 2-oxo)bis{[dihydrobis(5-methyl-3—phenyl-l-pyrazolyl)borate]
manganese}, di(u
’.oxo0)bis{[dihydrobis(5-methyl-3-para-tolyl-1-pyrazolyl)bor
ate]lmanganese}, di(u
’_oxo)bis{[dihydrobis(3-cumyl-5-methyl-1-pyrazolyl)boratelm

15 anganese}, di(u
2-oxo)bis{[dihydrobis(3—adamantyl-5-methyl—l-pyrazolyl)bora
te]manganese}, di(u
2-oxo)bis{[dihydrobis(1-imidazolyl)borate]manganese}, ai( u
2—oxo)bis{[dihydrobis(7-methyl-1—imidazolyl)borate]manganes

20 e}, di(u
2_oxo)bis{[dihydrobis(7-isopropyl-1-imidazolyl)borate]manga
nese}, di(u
2—oxo)bis{[dihydrobis(7—tert—butyl-1-imidazolyl)borate]mang
anese}, and transitionmetal compounds such as compounds inwhich

25 di(M4%-oxo) in these compounds is changed to di( #2%-hydroxy),
di( 4%-methoxy), di( & ?*-isopropoxy), di(4?*-tert-butyloxy),

di( 4 %-phenoxy), di(i?-acetyl), di(u2-acetate), di(u



56 containing at |east one fluorine atom and particularly preferably, QL
to Q represent a fluorinated aryl group having 6 to 20 carbon atons
containing at |east fluorine atom Specific exanples of the conpound (Cl)
include 5 tris(pentafluorophenyl)borane,
tris(2,3,5, 6-tetrafl uorophenyl)borane,

tris(2,3,4,5-tetrafl uorophenyl)borane, trd4(3,4,5-trifluorophenyl)borane,
tris(2,3,4-trifluorophenyl)borane, 10 phenyl bi s(pent af | uorophenyl ) bor ane
and the like, and tris(pentafluorophenyl)borane is nost preferable. In the
bor on conpound (C2) of the general fornula GH(BQ QX a) - G& represents an
i nor gani ¢ or *obemndate ht i b, Berepoesemus -adl it Il dent dnnkWua@mndeand Ql to
A are as defined 15 for to @B in the above-nentioned (Cl). Specific
exanpl es of ERBPPHBA§aiR Whigh Glanganars daetheser eoBRARDAS rbd idhfnged to

al kyl -substituted ferroceniumration, silver ration an% the |ike, and

specific exa FB?eGFuWhQroF SHFEmraFP&ROBPan&PuH@lth vgEeny e &hsEsi um
o P s o RSB BRI, B SRS S
B e S LS9 smr. ot
or cumyl, and compounds obtained by changing borate in these
compounds by aluminate.
Specific examples of the compound of the above-mentioned
general formula [2] further include di( u
10 2-oxo)bis{chloro[tris(l-pyrazolyl)methane]manganese}, ai(u
2-oxo)bis{chloro[tris(3-methy1-l-pyrazolyl)methane]manganes
e}, di(u
2-oxo)bis{chloro[tris(4-methyl—l-pyrazolyl)methane]manganes
e}, di(u
15 %-oxo)bis{chloro[tris(3-ethyl-1-pyrazolyl)methane Jmanganese
}, di(u
2—oxo)bis{chloro[tris(3-n-propyl—l-pyrazolyl)methane]mangan
ese}, di(u
2.oxo0)bis{chloro[tris(3-isopropyl-1-pyrazolyl)methane]manga
20 nese}, di(u
2-oxo)bis{chloro[tris(3-—n-butyl-1-pyrazolyl)methane]mangane
se}, di(u
2-oxo)bis{chloro[tris(3-sec-butyl—l—pyrazolyl)methane]manga
nese}, di(u
25 2-oxo)bis{chloro[tris(3-isobutyl-1-pyrazolyl)methane]mangan
ese}, di(u

’_oxo)bis{chloro[tris(3-tert-butyl-1l-pyrazolyl)methane]mang



tetrakis(2,3,4,5-tetrafl uorophenyl)borate, 25
fetrakis(3,4,5-trifluorophenyl)borate,
tetrakis(2,3,4-trifluorophenyl)borate, phenyltris(pentafl uorophenyl)borate,
57 tetrakis(3,5-bistrifluoronethyl phenyl)borate and the |ike. Specific
conbi nati ons thereof include ferroceniumtetrakis(pentafluorophenyl)borate,
1,1' -di net hyl ferroceni um tetraki s(pentaf ygor ophenyl ) borate, silver 5

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

tri pheyl car beni unt et r aki s(pent af | uor ophenyl ) bor at e,

tri phenyl carbeni unt etraki s(3, 5-bi strifluoronethyl phenyl)bor ate and the

| i ke, and t mineley, @rdbeni unt et raki s(pent af | uor ophenyl ) borate is nost 10
preferable. In the boron conpound (C3) of the general formula

(L-H) +( gQ (Pcega)bislchéprefents (3-phehyal 1-pyrazbdyd ) medh@berangapessent s
a Br~nsted acid, B represents a trivalent boron atom and QL to 4 are as
defined for e, d3-(@ in the above-nentioned 15 (cl). Specific exanpl es of

the Br~nsted acid (L-F%+ in the conpound of the general fornmula ( L-H) + (
$QLQR@BY ) -orAdPigéchloroltris(3-p-tolyl-1-pyrazolyl)methane Jmangane

5 se}, di(u
2-oxo)bis{chloro[tris(3-cumyl-1-pyrazolyl)methane]manganese
Y. oai(u
2_oxo)bis{chloro{tris[3-(trifluoromethyl)-1-pyrazolyl]imetha
nel}manganese}, di(u

10 2%-oxo)bis{chloro{tris[3-(pehtafluoroethyl)-1-pyrazolyllmeth
ane}manganese}, di(u
2—oxo)bis{chloro[tris(3-cyclohexyl-1-pyrazolyl)methane]maﬁg
anese}, di(u
2_oxo)bis{chloro[tris(3-adamantyl-1-pyrazolyl)methane]manga

15 nese}, di(u
2_oxo)bis{chloro[tris(4-chloro-1l-pyrazolyl)methane]manganes
e}, di(u
2_oxo)bis{chloro[tris(4-bromo-1l-pyrazolyl)methane Imanganese
Y, di(u

20 2-oxo)bis{chloro[tris(4-iodo-1-pyrazolyl)methane]manganese},
dai(u
?_oxo)bis{chloro[tris(3,5-dimethyl-1-pyrazolyl)methane]mang
anese}, di(u
2_oxo)bis{chloro[tris(3,5-diethyl-1-pyrazolyl)methane]manga

25 nese}, di(u
2_oxo)bis{chloro[tris(3,5-di-n-propyl-1-pyrazolyl)methane]m

anganesel}, di(u



trial kyl -substituted ammoni uns, N, N-di al kyl aniliniuns, dial kyl anmoni uns,
_triaryl phosphoniuns and the |like, and as 20 ( BQLQ2@B4 ) - , the sane
noi eti es as described above are listed . Specific conbinations thereof
i nclude triethyl ammoni unt et raki s( pent af | uor ophenyl ) bor at e,
Ltripropyl anmmoni umtetraki s(pentaf | uorophenyl)borate,

tri (n-butyl)ammoni unt etraki s(pent afl uor offenyl ) borate, 25
tri(n-butyl)ammniuntetrakis (3,5-bistrifluoronethyl phenyl)borate)

N, N-di met hyl ani | i ni unt et r aki s( pent af | uor ophenyl ) bor at e, 58

N, N-di et hyl gni I'i ni um tetrakis(pentafluorophenyl)borat e,

N, N- 2, 4, 6- penexeabhgl ghilloreil iFied Baki- §dpsrPaPrPydrdpRemAZLly I gedhane Im
N, N-di methyl aniliniuntetrakis (3,5-bistrifluoronethyl phenyl)borate, 5
di i sopr opyl ARAANGFR bt rEK§ 4 ( pent af | uor ophenyl ) bor at e

di cvel oh i i £ henyl
e TN A R SOy cronst mesnane o

tri(methylp | sgﬁpﬂhuntetrakis(pentafluorophenyl)bora te, 10
tri (di met hyl phenyl)phosphorri untetraki s(pentafl uorophenyl)bo rate and the

li ke aresli FLego)de (@ lorReiralsqhl,& -ia3 -seic-Mrutsti1)-PPFaHdIR] )methane ]

t et raki s(pent af | uoroph~enyl ) borate, or

N, N- di et hyIneandanegse} etdpkits( pent af | uor ophenyl ) borate. Contact in
produci ng a stereoregular a-olefin 15 pol ynerization catalyst by allow ng

t he above- mentoixendd. st{cddsino [drr irsdt3al5 -ddrisobrid yilo lomytraczo Iy 1t imet hamedataal yst
for activation may be conducted by any neans form ng a catal yst by
contacting tEanesmbi tdbh4metal conpound with the co-catal yst for

activation, and there are adagpt.ed.a nethqd in ich a 20 transition netal
conmpound and 'é”‘(‘:’c?-béﬁt{éﬁvﬁr"ﬂ Jfgtai ato 3: ehte b\sﬁk{é’@] FudNF & q%li’ts"e)&" ape
sol vent 1@r n ' b e they are mxed for mutual contact, and a
met hod ﬂ@ wh éﬁ%%$¢é%%§1t€% hnetal conpound and a co-catal yst for

activation a.g:eARAA@NodAt NG5 'tp\gfé%rﬂlleﬂiﬁ"r&ﬁ@%ﬁd)ﬂéﬁharﬂéltﬁdng

contact thereof. 25 As the co-catalyst r activation, a plurality of
conpounds neyndee Fondi 0gd and used, however, it is needless to say that a
part of which may be previously m xed and used, or they may be separately
2_oxo)bis{chloro[tris(5-methyl-3-isopropyl-1l-pyrazolyl)meth
ane ]Jmanganese}, di( 4
15 2%-oxo)bis{chlorol[tris(3-tert-butyl-5-methyl-1l-pyrazolyl)met
hane ]lmanganese}, di( u
2_oxo)bis{chloro[tris(5-methyl-3-phenyl-1-pyrazolyl)methane
Imanganese}, di( 4 '
2_oxo)bis{chloro[tris(5-methyl-3-p-tolyl-1l-pyrazolyl)methan
20 elmanganese}, di(u
2_oxo)bis{chloro[tris(3-cumyl-5-methyl-1-pyrazolyl)methanel
manganesel}, di(u
2_oxo)bis{chloro[tris(3-adamantyl-5-methyl-1-pyrazolyl)meth
ane lmanganese}, di( U
25 2-oxo)bis{chloro[tris(l-imidazolyl)methane]lmanganese}, di( U
2_oxo)bis{chloro[tris(7-methyl-1-imidazolyl)methanelmangane

se}, di(u



59 fed into a polynerization vessel and used. It is desirable to use
conponents so that the nolar ratio of [ the alum num conpound ( B ) in
terms of AL atom] / [ transition netal conpound (A) in terns of transition
netal aton] is from5 0.1 to 10000, preferably from5 to 2000, and the
mol ar ratio of boron conmpound (C)/ [ transition nmetal conpound (A) in terns
of transition netal aton] is fromO0.01 tAd00, preferably from0.5 to 10.
The concentrations of conponents when they are used in 10 the formof a
solution, or suspension or slurry in a solvent are appropriately sel ected
depending on,the ability of an apparatus for_feeding conponentsinto a

pol ymeri zat i one¥@leistchlemol trisg beﬁ%@@;?QYheér%@bgéZ?hz%)mﬁbhane]mang
concentration_of éhe transition nmetal conpound (A) in terns of transition
metal at om 187f§edsudt(y* from 0.001 to 200 mmol /L, nore preferably from

concent rat i on oF°1 ke LYRAAERI ERERERTReNsChREY Pf > heoaPaElE) mitsnaiEamen

usually fro Y0 0 : r e t | /L,
further pre?ggg%%g}o.ﬁggotg%g%ik%%ﬁ?fgtggq%ﬁﬁ t %@%dﬁgggf%gfﬁgﬁﬁﬁgl{ﬂeff
boron conpougdich@i( & 3- s Rhh\tHd st dnPddnd 91 8 AN to AT -BRRIR:EDI Y
from0.01 to 250 nnéI/L, fu?ther preferably from0O . 05 toﬁggg m%%/faé

[ Pol yneri zat dan)u 1-methoxyr)eseht ( it Avesbppopory addaf { mf -pelntrbn tydoxys ,25
produced by pol ynerizing an addition polynerizabl e nononer with the

catal yst for didd tHdvensotynerdizbr i onceby hi nediby ‘cavedatieny dhid 1
above-nmentioged transition netal conpound,(A) with a 60 cq-catalyst for
activation. WhkaREeatel: al st PEBCFAed (B HIHEeFidR) t9e ¢ Hand3rifsh. net al

d (A with the al uni d (. B,) i d as the catalyst f
adarcion pol SHERPRAREoR: PHECRBIARANS b REsS FOTEPARAROAAT IR At or

I near 5}@' U[Eie%gﬁ‘%ggfél ?% %rﬁx'e?xiﬁ%ngr 3:20 , o¥1nld§eq.na§vh(' c% .)ch'l n%t ']_ [ é:&estehe

pr ef erabl e enbodi e Ca catal ysts obtai néd by con

transition MbfhotRdRAWhided tBE 1A THAUBLAMIR NI 4 Bhe 2RE thYe , BRI
conpound ( C) are |listed, and the above-nentioned ( Bl ) is easily used as

(B) in this aeitoxiOorfsherttshy ) edmpolup@e in 28 ch THIGTEL tis€ske idbnigtrinds
present invention includes preferably olefins up to 20 carbon atonms such as
nonool ef i ns Havchgngefot@ tsirdxortediraks sandndi obmponsdhaim ngh iktlo 2@ddranen.
Two or nore nononers can al so be usedsi nmul taneously. Exanples of the

monool ef i ns A%t ¢hegec SopPeuRdsSns s fhaRgedettioy Isddanes Methy Lsidadslef i ns

(herelnaiéerbt%%&%&T%%éf)fgitqﬁaﬁffgfxzﬂg,S%&gnylsilane, germane,

methylgermane, ethylgermane, tert-butylgermane, phenylgermane,
amine, phosphine or phosphite.
Specific examples of the compound of the above-mentioned

general formula [2] furthermore include di( 4 %-oxo)bis

20 {dichloro[l,1l,l-tris(l-pyrazolyl)ethane]manganese}, di(u
2_oxo)bis{dichloro[1l,1,1-tris(3-methyl-1-pyrazolyl)ethanelm
anganese}, di(u
2-oxo)bis{dichloro[l,l,1-tris(4-methyl-1-pyrazolyl)ethane]m
anganese}, di(u

25 2-oxo)bis{dichloro[l,1,1-tris(3-ethyl-1-pyrazolyl)ethane]ma
nganese}, di(u

’.oxo)bis{dichloro[1l,1,1-tris(3-n-propyl-1l-pyrazolyl)ethane



as propyl ene, 1-butene, 1-pentene, 1-hexane, 1-heptene, 1l-octane, 1-nonene,
1-decene, 3-nethyl-1-butene, 3-nethyl-1-pentene 4-nethyl-1-pentene
5-met hyl - 1- hexene and the |ike, styrenes such as styrene, p-nethylstyrene,
20 p-tert-butyl styrene andthe |ike, vinyl cycl ohexane andthe |ike, but the
scope of the invention is not limted toé&ﬂen1 Exanpl es of the diolefin

i ncl ude non-conjugated di enes such as 1, 5-hexadi ene, 1, 4-hexadi ene,

1, 4- pent adi ene, 1, 7-octadi ene, 1, 8-nonadi ene, 1,9-decadi ene,

4- et hyl -1, 4- hexadi ene, 25 5-nethyl -1, 4- hexadi ene, 7-nethyl -1, 6-oct adi ene,
5-et hyl i denes2-norborn ned.gicyclopentadiene, 5-vi nyl - 2- nor bor nene,
5-nethy|-2-n$T389ﬁ8ﬁ8? hotb Pnadiene, 61 5-net hyl ene- 2- nor bor nene,

1, 5-cycl ooct adi . 5 réﬁgggga e@gﬁggy_ §E§Fgﬁ : i

di enessuch asq%ﬁgﬁﬁﬁggﬁ}ene, |§€%%§gé, 1 -ﬁ%xa |eﬁ€?l€, -%%?% |%&€fhan

1, 3-cycl ooct adihgngandsd3icyakphexadi ene; and the |ike. 5 Wen

copol yneri zation using ethylene is carried out, specific exanples of

pref erabl e cbnitepiohd déh erwies s, 1 hict Lsle3 at fiyh ene- baply paopyy Ehethahdéy| ene
and 1-butene, ethylene and 1-hexene, et hyl ene andl - oct ene, et hyl ene

andst yr erie, embppanesadd dikyl cycl ohexane and the |ike, but should not be
limted 10 thereto. The present invention is preferably applied to
production o 'Q%Rﬁ#%ﬁ&ﬁ%ﬂ%#o%ﬁh&J%n%‘%ﬁhﬁb%‘%&CUP%FY%'ﬁaﬂYﬁ@zle%)?ﬁh%%rbon

atonms havi ng ? golﬁgthg eng,?gﬁstalline structure , and to production of
st er eor equl af 'PBBPYABPS® I paftitéul arly isotactic polymers of an cx -olefin

o, 80 AT ool U5, SRS SRR Loy enbie

invention is é?so sui n'Tsot ac CX-0

pol ynmeri zati QRapghakkal, aR{particularly suitable as an isotactic
stereoregul ar propyl ené polynerization catal yst. The method of producing a

st er eor egyl af-exo Pbes { dieRiyre[1 0, EOttpe( presehibutyenl i pPrasosyvi)ebhe as
a nmet hod of producing an isotactic stereoregular a-olefin polyner, and
parti cul arl ynedimhagheese}a dét{fiod of producing an isotactic stereoregular
propyl ene po%yner. Specific exanples of the isotactic stereoregular 25
propyl ene pofl ypxe)phe{ déehborebbpbl ynkrisf 3 pPhpyyint PYEAASHY LOPENGRRIB Oof
propyl ene with cononqQners ,such as ethyl ene and/or (x-olefin having 4 to 12
carbon at oms 2P§286S8doufit (bt 62

2_oxo)bis{dichloro[l,1,1-tris(3-para-tolyl-1-pyrazolyl)etha

15 nelmanganese}, di(u
2_oxo)bis{dichloro[1l,1,1-tris(3~cumyl-1l-pyrazolyl)ethane]ma
nganese}, di(u
2_oxo)bis{chloro{tris[3-(trifluoromethyl)-1-pyrazolyl]ethan
e}manganese}, 4i( 4

20 2-oxo)bis{chloro{tris[3-(pentafluoroethyl)-1-pyrazolylletha
nel}manganese}, di( U
2_oxo)bis{dichloro[l,1,1-tris(3-cyclohexyl-1l-pyrazolyl)etha
ne]lmanganese}, di( u
2_oxo)bis{dichloro[1l,1,1l-tris(3-adamantyl-1-pyrazolyl)ethan

25 e]lmanganesel}, di(u
2_oxo)bis{dichloro[l,1,1-tris(4-chloro-l-pyrazolyl)ethane]lm

anganese}, di(u



deteriorating crystallinity; and bl ock copol yners obtai ned by
hono- pol yneri zi ng propyl ene or copol yneri zi ng propyl ene with ethyl ene
and/or an a -olefin having 4 to 12 carbon atons ( this is called "pre-stage
pol ymeri zation" ), then, polynerizing an 5 a -olefin having 3 to 12 carbon
atons with ethylene(preferably, propylene with ethylene and/or an a -olefin
having 4 to 12 carbon atons) in one-staged4®r nulti-stages(this iscalled
"post-stage polynerization" ). As the anmount not deteriorating
crystallinity in a random copol yner varies depending on the kind 10 of a
cononormer, tge anount may be properly determned. In the case of, for
exanpl e, et hyreke)bhe{dichidoref 1rdpdatirng (dnbromdeli-vaaazodyld elrpamed man
the copolyner is usually 10 w% or less and in the case of cx -olefins
except propyP@f@esgdn (putene or the like, the anount of repeating
units derived fromthe _ a -olefin_in the copqlyner is usually 30 wt % or

| ess, preferabPﬁogélﬁgg§8%§P§§§?!1Pﬁ'Fﬁésg#é}ggggg%BgFﬁﬁQiW§AF¥BﬁnﬁdWaPhe
bl ock copoly e lya;ggdﬁﬁrization anount of , for exanple, ethylene is
usual ly 10 boGT dss,~preferably 3 wt% or |ess, further preferably 0.5
w % or | egs, 2a i &3kl gnqa ok _ Qletn. i I 15
Wt % or Iegs, p?g?ngﬁggh%§§3F3?3fqrésg?ﬁgza'?n%?ﬁ%Qngt}3?3332%19§qgt5%
pol yrmeri zat i gia ddiryeidae1er it gon anount of ethylene is usually 20 to 80
w% preferably 30 to 50 wt % As the conbi nati on of propylene with other
mononers 25 censgbi)busi dgchloapdilyirl - tedstiidn&t-ddes hyfl -Ar-pgyazod yi)elthan

et hyl ene, propyl ene with butene-|, propyl ene with hexene-1, and the |like are
exenplified, edmangsngsekerfti(Aventi on shoul d not 63 be linmted thereto.
As the neasure of isotactic stereoregularity, isotactic neso-triadfraction
and i sotacti ¢ “R¥ESPBEAAIFIARECILdn Lats thded 3 Préii-SoPFopyd -dePyrazodyl) e

fraction Rerein referred tojs 5 a fraction of nmeso-triad units in
isotacti&BsegﬁgﬂgggqﬂQQHﬁﬁﬁjﬁéi%C%d from propyl ene (hereinafter, referred
to as "propyle Lt 3k b RYSt gl_Li ol=y s l.e N, i N
other word, a P?&gpﬁ%éG%thPgﬁﬁﬁéﬁéau%F?E‘gxFsPﬁ%%*%?gﬁﬂgpéeﬁ§ggﬁﬁxque

meso-triad URiHahd MdRfhrddsdEs@pondi ng of successive three 10 propyl ene
units, neasured bya nethod published in A Zanbelli, et al.

Macr onol ecul €spx8,) ba8T dichd o) 1,, Inartinyls (138 &sdriet -y tydi-1g pi3@ 21 ) Bre
isotactic nmeso-triad fraction is soneti nes abbreviated as [mm]. The
theoretical d@elnandanegel mdi(4 1.00. 15 The process for producing an
a-olefin golgner of the present invention is preferably applied to a
process f8r pr&QdPA§{&dchderadtli.d -drdrdsdSy S-Sl -ec-Hudmln ly@vFazo yavi ng
[mM] of nore than O .50, nore pre bly 0.70 or nore, further preferably
0.80 or nore.® nﬁﬁyqqgﬂ%ﬁﬁ?g'H%ggﬁpentad fraction is a fraction of

2-oxo)bis{dichloro[l,1,l-tris(3,5-diisobutyl-l-pyrazolyl)et
hane lmanganese}, di(u
’.oxo)bis{dichloro[1l,1,1-tris(3,5-di-tert-butyl-1-pyrazolyl

20 )ethanelmanganese}, di(u«
2-oxo)bis{dichloro[l,l,1-tris(3,5—diphenyl—1—pyrazolyl)etha
ne]lmanganese}, di( i
2-oxo)bis{dichloro[l,l,l-tris(5-methyl—3-isopropyl-1-pyrazo
lyl)ethanelmanganese}, di(u

25 2-oxo)bis{dichloro[l,1,l-tris(3—tert-butyl—5-methyl-l—pyraz
olyl)ethanelmanganese}, 4di( 4

2-oxo)bis{dichloro[l,1,1-tris(5-methyl—3-phenyl-l—pyrazolyl



meso-pentad units in isotactic sequences of propylene units in a
crystalline pol ypropyl ene nol ecul e chain, in other words ) a fraction of
propyl ene units existing at the center of successive five propylene units
of nmeso-bonding in a crystalline 25 polypropyl ene nol ecul e chain, neasured
By a met hod published in A Zanbelli, et al. , Macronol ecul es ) 6) 925 (
1973 ) , nanely, neasured by using 13C-NM® However, the assignment of an
NVR 64 absorption peak is effected based on thronolecules, 8, 687 (1975)
introduced for the triad fraction. The isotactic neso-pentad fraction is
sonetinmes abbreviated as [m”mmm] . The theoretical upper limt of [mmm] is
1.00. 5 The ﬁﬁﬁ@@§§}mﬁnQﬁﬂﬁﬁﬁﬁduﬂkﬂ#(x ol efin polymer of the present

i nvention is,pref bl lied to a QCcess roduci ng. an i.sQtactic
stereoregulafpgxogﬁ {ﬁlﬁgﬁ ElhévﬂngrﬁﬁzﬁﬁTeGFYE.%598Fa%6PéY ligrgyraz
preferably O. ﬁghéfﬂﬂgﬁ‘ h$ﬂ§%%ﬁr dot ly 0.75 or nore. 10 The

polynerlzatlon particularly limted, and there

can be appl'edox5951§¥aqgh§or§?thnﬁ EQEFWS%%??%&Q@-ﬂ@tﬁ&ﬂtﬁ¥pyrazolyl)

pol yneri zation using, as a solvent, an a

hydr ocar bgn( & thadnd |aidgaidsyIe, hs@((a@e, hept ane, octane), an aromatic

hydr ocar bon(e. g. benzene, toluene), or 15 hal ogenated hydrocarbon(e. g.
met hyl ene di Ghbaoi)té){ dbhehl ool Lnar, il zathiern 3i-adamantydf-isethethyarer-pyrazo
gas- phase pol ynerization in a gaseous nonomer, or the |like, and any of
cont i nuous pdivinetihane langandsalch-ddi(se pol yneri zation is possible. The
pol yneri zatign tenBerature can be usually from 20 50C to 200C , and
particularly pP§Pé aslgichderoidely & - tode (1-inddarelyd) ¢ibanedmpaganese

pressured i s usu fromnormal pressure to 60 kg/cnmeG The pol ynerization
time is apprdbrl y determ ned generally depending on the kind of the

i nt ended jgol vy irQN ;2RP - a 5to
20 hours 0 Fur RS qutérﬁ?‘é’é‘%{?’%‘?. e e R IO
obtai ned, a Ghai fail$gent such as hydrogen or the like can al so be
added. 65 EXA LES The foll ow ng Exanpl e and Conparative Exanple

il lustrate tHeorodbasy diehdotriofn ,flynt-hed si(r7 -debdropy 1but- ithd dacio llyilyetthiahe 5
scope of the invention. Properties of polynmers in Exanpl es were neasured by
t he ne lmanganese}, di(u
2-oxo)bis{dichloro[l,1,1-tris(7-tert-butyl-l—imidazolyl)eth
15 ane]lmanganese}, and transitionmetal compounds such as compounds
in which di(#%-oxo) in these compounds is changed to di( u
’_hydroxy), di(4*-methoxy), di( i?*-isopropoxy), di(u
Z_tert-butyloxy), di(4%-phenoxy), di(u2-acetyl), di(u
_acetate), di( /t%*-benzoate), (L%-peroxo), (4?-disulfide) or
20 (u#%-azide), compounds in which manganese in these compounds
is changed to technetium or rhenium, compounds in which chlorine
in these compounds is changed to fluorine, bromine, iodine,
methyl, benzyl, methoxy or phenoxy, compounds in which tris in
these compounds is changed to bis or tetrakis, and compounds
25 inwhich ethane in these compounds is changed to propane, butane,

isobutene, pentane, 2-methylbutane, 3-methylbutane or

2,2-dimethylpropane.



foll ow ng nethods. (1)Flow rate (FR) was determ ned by neasuring at 190C
accoroding to ASTM D1238. 10 ( 2 ) Content of repeating unit~derived froma
-olefin in copolymer It was determ ned fromcharacteristic absorptions of
et hylene and the a-olefin nmeasured with an infrared spectroneter (I R-80
manuf actured by N ppon Bunko, Co,. Ltd.), and was shown as the nunber of
short chain branches per 1000 15 carbon(8tB). (3) Melting point (unit: ~C)
Using a differential scanning cal orineter(Sei ko SSC-5200 manuf actured by
Sei ko Instrument Inc.), the neasurenent was carried out under the follow ng
conditions: 20 Heating: 40 to 150C(10 ~C/mn.), kept for 5 m nutes,
Cool i ng: 150 to Fyxiwig fhere crapbef exenbdlif hfleSOMRAUBHES cPRRER 1IN DY o

ht and Ml ecul ar wei ght distribution(

ﬁﬁ}:% E? Cﬁ#‘r@sﬁg{ﬁ@%%' 3o el poEal émad}%ﬁr})e?%eapﬁﬁfhﬁstmm
] L 11 T 150 i
o "o MR B SbELLES St sEhve e Y onld P REF-YBbRERN by

the general formulae [1] and [2] a neutral ligand selected from,

5 for example, ethers such as diethyl ether, tetrahydrofuran and
dimethoxyethane, amines such as triethylamine,
N,N,N',N'-tetramethylethylenediamine, pyridines such as
pyridine, 2,6-dimethylpyridine and quinoline, pyrazole,
substituted pyrazoles such as 3-methylpyrazole,

10 4-methylpyrazole, 5-methylpyrazole, 3-ethylpyrazole,
3-n-propylpyrazole, 3-isopropylpyrazole, 3-n-butylpyrazole,
3-sec-butylpyrazole, 3-isobutylpyrazole,
3-tert-butylpyrazole, 3-phenylpyrazole, 3-p-tolylpyrazole,
3-cumylpyrazole, 3-(trifluoromethyl)pyrazole,

15 3-(pentafluoroethyl)pyrazole, 3-cyclohexylpyrazole,
3-adamantylpyrazole, 4-chloropyrazole, 4-bromopyrazole,
4-iodopyrazole, 3,5-dimethylpyrazole, 3,5-diethylpyrazole,
3,5-di-n-propylpyrazole, 3,5-diisopropylpyrazole,
3,5-di-n-butylpyrazole, 3,5-di~sec-butylpyrazole,

20 3,5-diisobutylpyrazole, 3,5-di-tert-butylpyrazole,
3,5-diphenylpyrazole, 5-methyl-3-isopropylpyraozole,
3-tert-butyl-5-methylpyrazole, 5-methyl-3-phenylpyrazole,
5-methyl~3-p-tolylpyrazole, 3-cumyl-5-methylpyrazole,
3-adamantyl-5-methylpyrazole, imidazole, 7-methylimidazole,

25 7-isopropylimidazole and 7-tert-butylimidazole, phosphines
such as trimethylphosphine, triethylphosphine,

triphenylphoshpine, dimethylphenylphosphine,



66 Measuring tenperature: 140C Sol vent: orthodi chl orobenzene Sanpl e
concentration: 5 ng/5 nL (5) Mass spectronetry 5 Apparatus: Mass
spectroneter JMS-700 nmanufactured by JEOL LTD.) Data processor: Ms-MP8220D
Accel eration voltage: 8 kV Opposite Electrode: 0 kV 10 Emitter . Carbon '
Scanni ng speed: 10 seconds (6) Stereoregularity The stereoregularity of a
pol ymer was determ ned by nmeasuring with 83C NVR spectronmeter AS250
manuf actured by Bruker Limted, 15 under the follow ng conditions and
calculating froman area rati o of peaks of nethyl groups: Sol vent:
o- di chl orobenzene/ deut er at ed benzene=4/1(by vol une) Concentration: 10
mg/ 0.6 m 20m&chpidmpbeRydpbbephifi8ynih@sbsséfiimethylphosphino)ethane,
chl oro(3,5-diiso ropyl-l-p{razol 1)
1l,2-bis{(diethylphosphino)ethane,
1,2-bis(diphenylphosphino)ethane and
1,3-bis(diphenylphosphino)propane, nitriles such as

5 acetonitrile and benzonitrile; endo-on type nitrogen molecule;
carbon monoxide; olefins such as ethylene, propylene and the
like; dienes such as butadiene, 2,4-hexadiene and
1,4-diphenylbutadiene; ketones such as acetone and
acetophenone; and side-on type nitrogen molecule.

10 Inthe present invention, these transitionmetal compounds
may be used alone or in combination of two or more.

Suchtransitionmetalcompoundsareproduced,forexample,
by a method described in J. Am. Chem. Soc., Vol. 89, p. 3904-3905
(1967).

15 The catalyst for addition polymerization of the present
invention is obtained by contacting the above-mentioned
transition meta compound with the following (B) and/or the
following (C).

(B) one or more aluminum compounds selected from the following

20 (Bl) to (B3),

(Bl) organoaluminum compounds of the general formula
E'aAlZ;.a,

(B2) cyclic aluminoxanes having a structure of the
general formula {-Al(E?)-0-},,

25 (B3) linear aluminoxanes having a structure of the

general formula E*{-Al1(E®)-0-3}.AlE’;,

(wherein, each of E!, E? and E® represents a hydrocarbon group,



[ hydrotris(3,5-diisopropyl-1-pyrazol yl)borate] manganese) 35 ml of nethyl ene
di chl oride solution containing 0.51 25 g of

hydrotri s(3, 5-diisopropyl -1-pyrazolyl)borate |ligand and 0.76 g of

3, 5-di i sopropyl - 1-pyrazol was added into 10 ml of a nethanol solution
containing 0.21 g of manganese dichl oride 67 tetrahydrate, and the

m xture was stirred at roomtenperature f® 2 hours. After conpletion of
the reaction, the solvents were distilled off under reduced pressure, and
the residue was dissolved in 45 m of nethylene dichloride, and filtrated.

Thus 5 obtained powder was re-crystallized fromacetonitrile, to obtain
0.38 g (yi el @ndrabd ofE shallief B canpaddrHE smabedhs ganarr diHiftarantar y

anal ysi s) cal cul ati on value:%%§1.06~),H 8.61~) h$15.82~), as#red

v?l ue: ¢ 6|0. 8§~)T,etP|(-'l8.s_QQIF, ) 1’2‘?@)“ Fa_itf?é" fl’ésﬁf\‘/tOS nyato: &yl uFﬁIm%ﬁat?%/_srihs
a single grystal is_s in Fig. 1. S specito A :

Fol Fovi ng. ot 0% GANE P3r AAEReFEnte SCroRreranes of MMt THbietting B T

conpound, parghal Lyr@@b{%%ﬁw i%tweglzeky% &2 bzt Holl Brepfeds hit Vo

15 Reference Exanple esis of chloro[ hydrotris(3-tert-butyl-
i sopropyl 51- pHtazgly lofar delmmnrganese] 20 nl of nethyl ene dichloride

sol ution containing 1.07
(C) one ormore boron compounds selected fromthe following
(Cl1) to (C3),
(Cl) boron compounds of the general formula BQ'Q?*Q°®,
(C2) boron compounds of the general formula G'(BQ'Q*Q%Q*)",
10 (C3) boron compounds ©of the general formula
(L-H)"(BQ'Q*Q%Q*)",
(wherein, B represents a boron atom of tri-valent state, Q' to
Q' represent a halogen atom, hydrocarbon group, halogenated
hydrocarbon group, substituted silyl group, alkoxy group or
15 di-substitutedaminogroup, andtheymaybe the same or different.
G' represents an inorganic or organic cation, L represents a
neutral Lewis base, and (L-H)' represents a Br¢nsted acid.).
The catalyst foradditionpolymerizationwill be described
further in detail below.
20 (B) Aluminum compound
As the aluminum compound (B), one or more aluminum
compounds selected from the above-mentioned (Bl1) to (B3) are
used.
As the hydrocarbon group represented by E', E? and E?,
25 hydrocarbon groups having 1 to 8 carbon atoms are preferably,
and an alkyl group is more preferable.

Specific examples of the organoaluminum compound (Bl) of



g of hydrotris(3-tert-butyl-5-isopropyl-1-pyrazolyl) borate 20 |igand was
added into 15 m of a nethanol solution containing 68 0.47 g of
manganese di chloride tetrahydrate, and the m xture was stirred at room
tenperature for 3 hours . After conpletion of the reaction, the solvents
were distilled off under reduced pressure, and the residue was dissolved in
40 M of methylene 5 dichloride, and filt?hted. The resulted solid was
re-crystallized froman acetonitril e/ nethylene dichloride mxed sol vent
to obtain O . 63 g (yield: 54%) of the title conpound of a white crystal.
(Elenmentary anal ysi s)cal cul ation, value: C(60.26%, H(8.77%, 10 N(14.059%,
measur ed val fbecgenesdiyfonmplas FopAliy4 dngdude tRéalk¥LALUPLNRMESuCh as

structural analysis of .a single crystal is shown in . Fig. 2. (Mss

spect romet ry¥ eﬁhgé?l?WénP%Pl5ﬁH%} IHQH%WH%T“f5?Hﬁé§9i§ﬁﬁﬂ9§??hcturm
formula 15 of__the titl d, rtiall revi_ati a azolyl ring.
I V-N ~N—N~.~tﬁlésﬁhpépﬁﬁﬁ%%gggﬁ?eﬁ%ghgk %b éﬂ@?fgyﬁ?ﬁ%gggagﬁ%k, g °
hydrotri s(3-tsart = B r n I 2.0l )l j

5520 m of Car ARt EEiP RO SRR o MR IPRIRIREP HidA,
hydr ot ri s§ 3- 3 lelthgu fadl im3a niu© RIhQRH idkr, P\ idzdpyi Da 1etiahen |driasid des added

into 10 mM of a nethanol sol ution containing

diisobutylaluminum chloride, dihexylaluminum chloride and the
like; alkylaluminum dichlorides such as methylaluminum
dichloride, ethylaluminum dichloride, propylaluminum
dichloride, isobutylaluminum dichloride, hexylaluminum

10 dichloride and the like, and dialkylaluminum hydrides such as
dimethyaluminum hydride, diethylaluminum hydride,
dipropylaluminum hydride, diisobutylaluminum hydride,
dihexylaluminum hydride and the like.

Preferable are trialkylaluminums, more preferable is
15 triethylaluminum or triisobutylaluminum.
Specific examples of E® and E® in the cyclic aluminoxane

(B2) having a structure of the general formula {-A1(E?)-0-}p
and the linear aluminoxanes (B3) havinga structure of the general
formulaE3{-A1(E®)-0-3}:AlE?, include alkyl groups such as amethyl

20 group, ethyl group, n-propyl group, isopropyl group, n-butyl
group, isobutyl group, n-pentyl group, neopentyl group and the
like. b represents an integer of 2 or more, and c represents
an integer of 1 or more. Preferably, E® and E® represent a methyl
group or isobutyl group, b is 2 to 40, and c is 1 to 40.

25 The above-mentioned aluminoxane is produced by various
methods. The method is not particularly restricted, and the

aluminoxane may advantageously be produced according to known



0.47 g of manganese nitrate hexahydrate, and the m xture was 5 stirred at
roomtenperature for 2 hours . After conpletion of the reaction, the
solvents were distilled off under reduced pressure, and the residue was

di ssolved in 45 m of nethylene dichloride, and filtrated. The resulted
powder was re-crystallized froman acetonitril e/ methylene dichloride 10

m xed solvent ) to obtain O . 31.g (yield515~ ) of the title conpound of a
light pink crystal. IR(KBr, cm1l), 2967(CH), 2931(CH), 2870(CH),
2592(B-H), 1523 ( antisymetrical NO3 ) , 1647 , 1363 , 1271 ( symretri cal
NO3 ) , 1170, 1061, 1049, 1019(NO), 796, 750, 644. 15 (Mass spectronetry)
M+ . 624 Thehelthodsng Bor wextammle oituls prsidecest bycconbaebingla sofl utlion
title conmpound, partially abbreviating a pyrazolyl ri ngz. | NN~ /O HB ~
Mh / N=O \ - NetepargdrbieAdfE6 10t RApRe tripdydndymdngm (e.g.
dichloro[tris(3,5-dinethyl-1-pyrazolyl). nethane ] anese ~ 0.. 5CHzC 2 )
10" %of et Ry LR DY SREBAPHET I & SRLHARORCEORT G T SRS (g - g - benzere
tris(3,5-di hyl - 1- py | vl ape.ligand_was into a

met hanol solng f%ha%éﬁt é’%?r?é%gsh% lého%%%ﬁganggggﬁlgﬁhl%rﬁnéghgh %

tetrahydrat e and1hRe @ XhUniei YR %S b b oank02s! ﬁfé‘@@é%ﬁ Wy Joﬁtau%r#&gllg S-

After conpletion of the reaction, the solvents were distilléed o
reduced presguffiaf¢ladN@ninum (e.g., trimethylaluminum) with a metal salt

I

containing crystal water (e.g., copper sulfate hydrate).
It is considered that the aluminoxane prepared by such
methods is usually amixture of a cyclic aluminoxane and a linear
10 aluminoxane.
(C) Boron compound
As the boron compound (C), one or more boron compounds
selected from (Cl), (C2) and (C3) above-mentioned are used.
In the boron compound (Cl) of the general formula BQ'Q%Q?,
15 B represents a trivalent boron atom, and Q' to @° represent a
halogen atom, hydrocarbon group, halogenated hydrocarbon group,
substituted silyl group, alkoxy group or di-substituted amino
group, and they may be the same or different. Q'to Q? preferably
represent a halogen atom, a hydrocarbon group having 1 to 20
20 carbon atoms, a halogenated hydrocarbon group having 1 to 20
carbon atoms, a substituted silyl group having 1 to 20 carbon
atoms, an alkoxy group having 1 to 20 carbon atoms, or an amino
group having 1 to 20 carbon atoms, and Q' to Q° more preferably
represent a halogen atom, a hydrocarbon group having 1 to 20
25 carbon atoms or a halogenated hydrocarbon group having 1 to 20
carbon atoms. Further preferably, Q' to Q! represent a

fluorinated hydrocarbon group having 1 to 20 carbon atoms



10 residue was dissolved in 45 mM of nethylene dichloride, and filtrated.
Thus obtai ned powder was re-crystallized froman acetonitril e/ methylene
di chl ori de m xed solvent, to obtain 0.127 g (yield: 27% of the title
compound of a white crystal. (El enmentary anal ysis)cal cul ation

value: C(41. 719%, H(5.03%, 15 N(18.24%, neasured value: C(41.84%,
H(5.16%, N(17.61%. N-NHGCG~NN\lvigg G ~C NN O.5 CHC12 The
following structural fornmula is the structural fornula of the title
conpound, partially abbreviating a pyrazolyl ring. 20 Exanple 1 ~1 An
aut ocl ave having an inner volune of 0.4 L was dried under vacuum and

purged withcehgainibbeat 2@AsH ok FQudeAReWas off)akgdd phlitrieilarasd t he
aut ocl ave was heated to 60C . After the heating, ethylene was fed while the

et hyl ene pr psefierabdys QtjtesQédrapresdhtvBaflantdinfhted ahpl systupnheasing
stabilized, 1.0 mol (nol nunber in terns of Al atom hereinafter, the sane
meani ng) of 6mdhyils @drbgina lafemsoxend adaiag @itudeasdolfiluioni neMatesa
manuf act ured by Tohso-Akzo Ltd. , hereinafter) referred to sinply as
"MMAO') was char gEBeFhELS fxanplesqeénthg, compound {Clpplnglude

chl oro(3

5-di i.sgpropyl.-1-pyrazol yl
[hydrot r?s( ?%ﬁg'F?%%F&Hﬁ&¥f%%§§§2§9ﬁéfﬁbrate]nanganese synt hesi zed in the
bove- [ f I : I [ [
above nentlQ&g%(gg3g%g%QQe§§%gau%1{ﬁ¥@%Pﬁ5§§g¥ﬁ) en, polynerization was

carried out mnutes while co e ‘tenperature at 60C. 15 As

a result of {RQlsyIER, 23t Aot AT 1P PR YI0YRInaNas produced at a rate of
1. 0 X 104 g per hour per nol of a nmanganese atom Exanple 2 An autocl ave

havi ng an i radss (\8ql4yse tafi fl.ubdoph@hyd))ibedaz@ ,under vacuum and purged with
argon, then, 200 m of toluene was charged therein, and the autoclave was
heat ed to 6@@is (&f3er -thrd flamriophengtllyomamenas fed whil e the et hyl ene
pressure is adjusted at 0.6 MPa, and after the systemwas stabilized, 1.0

nmol  of 101 i iphepthpis (pent@dhlnes apenydd horans nds e dudi | \@nd
tris(pentafluorophenyl)borane is most preferable.

In the boron compound (C2) of the general formula
G*(BQ'Q%Q%0%) ", G* represents an inorganic or organic cation, B
represents a trivalent boron atom, and Q' to Q* are as defined

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

Specific examples of the inorganic cation G' include a
ferrocenium cation, alkyl-substituted ferrocenium cation,
silver cation and the like, and specific examples of the organic
cation G' include a triphenylcarbenium cation and the like. G*

20 represents preferably a carbenium cation, and particularly
preferably a triphenylcarbeniumcation. Examples of (BQ'Q*Q%0Q*)
" include tetrakis(pentafluorophenyl)borate,
tetrakis(2,3,5,6-tetrafluoropheny)borate,
tetrakis(2,3,4,5-tetrafluorophenyl)borate,

25 tetrakis(3,4,5-trifluorophenyl)borate,
tetrakis(2,3,4-trifluorophenyl)borate,

phenyltris(pentafluorophenyl)borate,



25 20.0 ,u nol of chloro(3,5-diisopropyl-1-pyrazolyl)
Jhydrotris(3,5-diisopropyl-1-pyrazolyl)borate] nanganese synthesized in the
above-nmenti oned Reference Exanple 1 was added. 72 Then, polynerization
was carried out for 60 mnutes while controlling the tenperature at 60C. As
.a result of polynerization, an ethylene polynmer having a nelting point of
135.9C was produced at a rate of 2.2X1055B g per hour per nol of a
manganese atom Exanple 3 An autoclave having an inner volune of 0.4 L was
dri ed under vacuum and purged with argon, then, 200 m of toluene was
charged therein) and the autoclave was heated to 60C. After 10 the heating,
et hyl ene wa$etedkilsi(Be 5t-bd sérifllagy opedbyipdeny ladjorsated amd Xhe NRxe.and
after the systemwas stabilized, 1.0 nmol of triisqbutylal um num was
charged therein. SeBsdfdencrpbingtgong fpergef include ferrocenium

hi hydrotris(3-tert-butyl -5i | -1- Iyl J.bor at :

Cynt hosi e T e 1Bt g B OEd THEF B & - NG YA FE AR CPhen,
I i zat i ' ' il trolli th

Cempor at ur ¢ - a0as (ARt A ropMen Ul B RS UV 2 elhyl ene. pol yrer

havi ng a5 meltleitRakiei(Plena i3 repneasy bRFsted at a rate of 9.2X105 20 g per
hour per nol of a nmanganese atom Exanple 4

tripheylcarbeniumtetrakis(pentafluorophenyl)borate,

triphenylcarbeniumtetrakis(3,5-bistrifluoromethylphenyl)bor

ate and the like, and

triphenylcarbeniumtetrakis(pentafluorophenyl)borate is most
10 preferable.

In the boron compound (C3) of the general formula
(L-H)*(BQ'Q?0°0*) ", L represents a neutral Lewis base and (L-H)"
represents a Br¢nsted acid, B represents a trivalent boron atom,
and Q' to Q* are as defined for Q' to Q® in the above-mentioned

15 (C1).

Specific examples of the Br¢nsted acid (L-H)' in the
compound of the general formula (L-H)'(BQ'Q2Q°Q*)” include
trialkyl-substituted ammoniums, N,N-dialkylaniliniums,
dialkylammoniums, triarylphosphoniums and the like, and as

20 (BQ'0%0%0*')”, the same moieties as described above are listed.

Specific combinations thereof include
triethylammoniumtetrakis(pentafluorophenyl)borate,
tripropylammonium tetrakis(pentafluorophenyl)borate,
tri(n-butyl)ammoniumtetrakis(pentafluorophenyl)borate,

25 tri(n-butyl)ammoniumtetrakis
(3,5-bistrifluoromethylphenyl)borate,

N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate,



An aut ocl ave having an inner volunme of 0.4 L was dried under vacuum and
.purged with argon, then, 10g of 1-butene as an (x-olefin and 180 m of

toluene as a solvent were charged 25 therein,

to 60C .

-adjusted at 2.0 MPa, and after the systemwas stabilized, 0.25 nmmol of

triisobutylal umi num was charged therein.5&8ubsequently, 1.0 a nol of

chl oro[ hydrotris(3-tert-butyl-5i sopropyl -1-pyrazol yl) bor at e] nanganese,

subsequently 3.0 a nol of triphenyl carbeniuntetraki s(pentafl uorophenyl)
borate 5 was added. Then, polynerization was carried out for 60 m nutes
whi | e cont r Bl- Ni-dg etthy leadpanatny seiragds(pastafluogophenydobpratiezat i on, an
et hyl ene- 1- hexene copol yner havigg a SCB of 3.6, FR of 6.1 g/10 mn. and a

mel ting poi M Nof - $26-pebtafgdhyd
10 per nol

and t he autocl ave was heat ed
After the heating, ethylene was fed while the ethyl ene pressur

eis
73

and

ddddiamtgtrakd sdpentag Luorerhgnydy beour

f t . I An .aut ocl havi [
vol e of 038t s \IABE TABP T ARIUE SBAARAG: god wi th ar gon, then. 30 m

of 1-hexene
charged 15

(38 53810t 39 B0 ARd R L ghotaluene as a sof vent were

rein, aut o Ve eated to 60C . After the

heatin9,5€tBMH%B%rW%%lEﬁQoWHhh%e&&%kﬁ% ?hﬁ@%fﬂh%%% Rriyd )3diratleed at 1.

MPa, and after t

e Systemwas stabilize 0. 25 mol of “triisobut’yl al uni

was char ged dikgicgiohexahmoaientietraki@ (pént@¥ludfirophenyl )borate,
chl oro[ hydrotris(3-tert-butyl-5 20 isopropyl-1-pyrazol yl)borat e] manganese,
and subsequémtiphefiydphosphoofiumtetrakis(pentafluorophenyl)borate,

tri phenyl car beni unt et r aki s( pent af | uor ophenyl ) bor ate was added. Then)

pol ymer i zat itéd (Hed hydiphieay 10 phopshogd umtekradk LgH Pea tedimagiaphepnihdora
tenperature at 60C. As a result of polynerization, an ethyl ene-1-hexene

copol yner

at a rai@ Oftr%.('di(r)ne%(:h%H%h%n%ﬁr) prﬁ%usrph%%riurrm:letorfak%. srr%ne%%%%ﬁ%o%o%rﬁenyl%%o

15

20

25

rate and the like are listed, and most preferable is
tri(n-butyl)ammonium tetrakis(pentafluorophényl)borate, or
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate.
Contact in producing a stereoregular ¢ -olefin
polymerization catalyst by allowing the above-mentioned
transition metal compound to contact with a co-catalyst for
activation may be conducted by any means forming a catalyst by
contacting the transition metal compound with the co-catalyst
for activation, and there are adopted a method in which a
transition metal compound and a co-catalyst for activation are
previously diluted by a solvent or not diluted, before they are
mixed for mutual contact, and a method in which a transition
metal compound and a co-catalyst for activation are separately
fed into a polymerization vessel for mutual contact thereof.
As the co-catalyst for activation, a plurality of compounds may
be combined and used, however, it is needless to say that a part

of whichmaybepreviouslymixedandused, or theymaybe separately

0
num

25

h&ﬁ'ng a SCB of 23.7 and a nelting point of 109.5C was produced



Exanpl e 6 An autocl ave having an inner volunme of 0.4 L was dried under
vacuum and purged wth argon, then, 200 ml of toluene was charged therein,
and the autoclave was heated to 60C . After 5 the heating, ethylene was fed
while the ethylene pressure is adjusted at 2.0 MPa, and after the system
was stabilized, 1.0 mml of trllsobutylalunlnun1mas charged therein.
Subsequently, 20. 0 ,unmol of hydrotris (99

3-tert-butyl -5i sopropyl -1- pyrazol yl ) bor at e] manganese nitrate synthesized in
10 the above-nenti oned Reference Exanple 3 was added. Then, polynerization
was carried out for 60 minutes while controlling the tenperature at 60C .

As a result T§Q g& i Ymﬂ¥l%§$%&qnﬂﬂﬁﬁ9ﬁxﬂ%éaQ &thving a mel ting point

L
f 135. d t f 7.0X104 15 h | of. .
TRnganese atom  Didmof AoF AR 5847 SRRGMEREE PR b o peroﬂ?ror‘)%nﬁo nas

d d d .
C:(I gl e]l‘ml ﬁra\r%fggg] M%%&g \glutglg gﬁg%] ven?ﬁ\%e?% c %?Oéﬁgo ere| n and
the aut ocl ayg 4aS Jepbifd 8A§0§n te%ﬂ@rof he eatdiRG m@ttaxl §PEmYess echihi | e

the ethyl ene pressure is adjusted at 2. MPa, and after the system was

stabi | i zgd, oL.10&ommlooof, pieireehauvilyl @kufm BURbLWAS0Ohaag@dthdafi®ldr ratio
Subsequently, 10.0 ~c mol  of hydrotris(3-tert-butyl-5 25

i sopropyl - 1-gfybarohytgrnpsard (€ g hnesm sii ttirad me taddc emhewnd )l yn2ferms)

~.~ nmol of triphenyl carbeniuntetraki s(pentaf |uorophenyl)borate was 75
added. Then ofpsrpmsiitign netasxatem) ilsdfoom ¢ o011 6® FOAUt rsefprably from
controlling the tenperature at 60C. As a result of polynerization, an
ethylene-l-Hb%bﬂé’éébolyner havi ng a SCB of 11. 1, FRof 3 . 0 g/ 10 mn .
and a nelti ng 5 p nt of 1 roduced at

2 f 6 . 0
per hour per ne cﬁ&ﬁ&é‘%&?&“g{‘& SP}BPgegtﬁnwgﬁ%gtﬁﬁgeaﬁﬁv?%%&(a#5 )

i nner vahu S <dh nd u i r en,
30 M o blnﬁce&ger% Al}rbloaf\é\%ang%h?glogﬁ %Eaﬁgggggbmeﬂ £ E?ﬁgﬁg‘ ié}s? § SO ven‘?
were char gediddeiiffirbpridtd Re Al Y Qs d ey esh tthSUb 11 Ay es£ LA
heating, ethylene was fed while the ethylene pressure is adjusted at 1. O
MPa, and af tappdreet sy sberfiasiimg abnporentsAnto apoll yolke riziationutaaet o) num
was charged therein. Subsequently, 1.0 a 15 nol of hydrotris(3-tert-butyl-5

i sopropyl - 1-gng aizol 34 )denena] nrdpsiaable tthat, thedcondaexaitioy &f Othel
of triphenyl carbeni untetrakis (pentafluorophenyl) borate was added. Then,
pol yneri zat i GrrRwist ke F‘Pé&lo‘ERmEQ#n%dArh R ttermmPE L et olan Agtedeatom

copol ymdP hat RGUaIaEerEem £ AR A aRR G P ot R eSS Sone) cibEed
at a rate oftd 100 mfo194., 9682t nBRUSrOLE r IBLy Of réin YIRS S 02fiBL /L, the
concentration of the organcaluminum compound (B) in terms of
Al atom is usually from 0.01 to 5000 mmol/L, more preferably
from 0.1 to 2500 mmol/L, further preferably 0.1 to 2000 mmol/L,
20 and the concentration of the boron compound (C) is usually from
0.001 to 500 mmol/L, more preferably from 0.01 to 250 mmol/L,
further preferably from 0.05 to 100 mmol/L.
[Polymerization]
In the present invention, a addition polymer can be
25 produced by polymerizing an addition polymerizable monomer with
the catalyst for addition polymerization obtained by contacting

the above-mentioned transition metal compound (A) with a



25 Exanple 9 An autoclave having an inner volune of 0.4 L was dried under
vacuum and purged with argon, then, 200 m of toluene 76 was charged
therein, and the autoclave was heated to 60cC . After the heating, ethylene
was fed while the ethylene pressure is adjusted at 2.0 MPa) and after the
system was stabilized, 1.0 mmol of triis%ButyIaIuninun1mas charged therein.
Subsequently, 5 10 . 0 ,u, nol of
dichloro[tris(3,5-dinmethyl-1-pyrazolyl)nmethane] nanganese synt hesi zed in the
above-nmenti oned Reference Exanple 4 was added. Further, 20.0,u nol of

triphenyl car p'%gg rakis_ ( ophenyl), bo wgé ?99 n
pol yneri zat i"goﬁ ({JI\B.S ]%%)s'gaéror]f e%)"e%‘?g#%&B% %u %% éﬁ?l con ro%f?%%-h[?%e
tenperature @éntﬁ&“tinf%h% EféHéit%n%ﬁ’dF%é‘%h%’ (ﬂ? WY 't BREa PEh YR
having a nelting point of 134.9C was produced at a rate of 3.7X104 g per

hour per nolcdipRud@(BRAeSEs&d eBthbcaXRIPL € £0 B IAULACHAVPnEBYE HELEH,
i nner volune of 0.4 L was dried under vacuum and purged with argon, then,

10g of 1-butthe asowerment bdned ayglc1B0 alumindéxaneneB2ay andpdyehinasr e
charged therein ) and the autoclave was heated to 60C . After the heating,
20 et hyl €ne avaeminexane (B30 He prajecablprsssias (B .adpasttéempref eraPe and
after the systemwas stabilized, 1.0 mol of triisobutylal um num was

char ged t her@MRPAiigREs) @dnth catplysle, egtadysts obtained by contact the

di chllor o( tris(3, 5; df st hyl - 1-pyrazol vl et hanelqanganese, 25 a8d ) ang

subsequent |y

| phenycerBRp g ol 3knTc Lgcomhalyl Vi ehe s it sgliar ey

pol ymeri zati on was carr m nut’'es whi

tenperature g4 ggg;%fsugeaeéyl(Bpfi@oiﬂfgréggéion, an et hyl ene- 1- hexene
copolynmer having a SCBof 9. 4, Mvof 5. 4 X104, MMM of 1. 79 , and

a melting point ofTHe ladili® Mfs g loaiersith atil el modlomed! uBed Xh04he peesbAdr
per nol of a manganese at om
invention includes preferably olefins up to 20 carbon atoms such
as monoolefins having 2 to 20 carbon atoms and diolefins having
4to20carbon. Twoormoremonomers canalsobeusedsimultaneously.
Examples of the monoolefins 2 to 20 carbon atoms include ethylene

15 and ¢ -monoolefins(hereinafter, referred to as ¢ -olefins) such
as propylene, l-butene, l-pentene, l-hexane, l-heptene,
l-octane, l-nonene, l-decene, 3-methyl-l-butene,
3-methyl-1-pentene 4-methyl-l-pentene 5-methyl-l-hexene and
the like, styrenes such as styrene, p-methylstyrene,

20 p-tert-butylstyreneandthelike, vinylcyclohexane andthe like,
but the scope of the invention is not limited to them. Examples
of the diolefin include non-conjugated dienes such as
1,5-hexadiene, 1,4-hexadiene, 1,4-pentadiene, 1,7-octadiene,
1,8-nonadiene, 1,9-decadiene, 4-methyl-1,4-hexadiene,

25 5-methyl-1,4-hexadiene, 7-methyl-1,6-octadiene,
5-ethylidene-2-norbornene, dicyclopentadiene,

5-vinyl-2-norbornene, 5-methyl-2-norbornene, norbornadiene,



Exampl e 11 An autocl ave having an inner volune of 0.4 L was dried under
.vacuum and purged with argon, then, 10g of 1-butene as an cx-olefin and
180 m of toluene as a solvent were charged 10 therein, and the autoclave
wa s heated to 60C . After the heating, ethylene was fed while the ethylene
-pressure is adjusted at 2. 0 MPa, and after the systemwas stabilized, 1.0
mmol of triisobutylal um numwas charged éherein. Subsequently, 20.0 nol of
dichloro[tris(3,5-dinmethyl 15 -1-pyrazolyl)nethane] ranganese, and
subsequent |y 40. O-cnol of

tri phenyl car beni unt et r aki s(pent af | uor ophenyl ) borate was added. Then,

pol yneri zat Somerhyleaeri2edogborngnes0 lndngyed ongitladiemet.r ol | i ng t he
tenperature at 60C. As a _result of polynerization, an ethyl ene-1-utene 20
copol ymer havigngngdomeshyiepghexghydpengphfhaleng : 1¢gon jugafemhdsenes sggh and

I ti ' f.99.9.C . d d at te.of 1. 104 h
Tol of & naAGareoe PR A SBRaIBEPES R Tl LERAE AR g CEEEENSol urre of
0. 1 L suffici d-drj i d wth
i trogen,  Ren oY ohgeRraitegl T Bl % ol aFS R, CHRCRe PP

Ll i sobus vl al U Ao Aot d lh Wik ing duiiheto 0 cafkicq e, 78 of
pyl- yl

chloro[ hydrotris(3-tert-butyl-5-1sopro 1- pyrazo borat a] manganese

sylnt hfesi zed sipe diFa Bdeaifp T@S birqiesk dle{wr€aembEnatRba ok weRoRdEsdnAMEL0 | ~
e ethylene and propylene, ethylene and l-butene, ethylene and

l-hexene, ethylene and 1-octene, ethylene and styrene, ethylene
and vinylcyclohexane and the like, but should not be limited

10 thereto. The present invention is preferably applied to
production of copolymers of ethylene and an (& -olefin having
3to20carbonatomshavingapolyethylenecrystallinestructure,
and to production of stereoregular polymers, particﬁlarly
isotactic polymers of an ¢ -o0lefin having 3 to 20 carbon atoms.

15 The polymerization catalyst of the present invention
is also suitable as an isotactic stereoregular ¢ -olefin
polymerization catalyst, and particularly suitable as an
isotactic stereoregular propylene polymerization catalyst.
The method of producing a stereoregular & -olefin polymer of

20 the present invention is suitable as a method of producing an
isotactic stereoregular ¢ -olefin polymer, and particularly
suitable as a method of producing an isotactic stereoregular
propylene polymer.

Specific examples of the isotactic stereoregular

25 propylene polymer include a homopolymer of propylene; random

copolymers of propylene with comonomers such as ethylene and/or

@ -olefin having 4 to 12 carbon atoms in an amount not



5 triphenyl carbeni unftetrakis(pentafl uorophenyl)borate] was added.
Subsequently, 40 g of propylene was charged, then, polynerization was
conducted for 60 m nutes while controlling the tenperature at 60C . As a
result of polynerization, an isotactic stereoregular 10 propyl ene pol yner
having a ineso-triad fraction [mm] of 0.905 and a pentad fraction [nmmm of
0. 819 was produced at a rate of 4.0X104 g2per hour per nmol of a nmanganese
atom According to the present invention as described in detail 15 above, a
catal yst for addition polynerization using a transition netal conmpound of

G oup 7, and a process for producing addition polyners such as olefin

pol yners wi detelrdogattdingscrystadlpndtideand blpgkCeppbymera ebtaiysd Hyr
addi ti on polynerization obtained by a 5 process conprising contacting a
transiti on ReMR-POPEFIGLRE BFOPHE SRS PEVFIRL HEMRF hT 1R BRARY Fane d?lgt[l’Q]

R eTRo AL Sl deCr e DERN PN 13 B9ERB atoms (s
is called “pre-stage polymerization’ ), then, polymerizing an
5 & -olefin having 3 to 12 carbon atoms with ethylene(preferably,
propylene with ethylene and/or an ¢ -olefin having 4 to 12 carbon
atoms) in one-stage ormulti-stages (this is called “post-stage
polymerization" ). As the amount not deteriorating
crystallinity in a random copolymer varies depending on the kind
10 of a comonomer, the amount may be properly determined. 1In the
case of, for example, ethylene the amount of repeating units
derived from ethylene in the copolymer is usually 10 wt% or less,
and in the case of @ -olefins except propylene such as l-butene
or the like, the amount of repeating units derived from the ¢«
15 -olefin in the copolymer is usually 30 wt% or less, preferably
10 wt% or less. In the pre-stage polymerization for the block
copolymer, the polymerization amount of, for example, ethylene
is usually 10 wt% or less, 'preferably 3 wt% or less, further
preferably 0.5 wt% or less, and the polymerization amount of
20 an @ -olefin is usually 15 wt% or less, preferably 10 wt% or
less, and in the post-stage polymerization, the polymerization
amount of ethylene is usually 20 to 80 wt%, preferably 30 to
50 wt#.
As the combination of propylene with other monomers
25 constituting a copolymer, combinations of propylene with
ethylene, propylene with butene-1, propylene with hexene-1, and

the like are exemplified, but the present invention should not



/I Xn M10 ~-m t R R~ RBRZNNKkK 119 M~r, J M Xg Z-t--NNR- ~ Rs R2 k
. LmC2~ Lm (wherein, Mrepresents a transition netal atomof Goup 7 of
the Periodic Table of the Elenents; X s represent each independently a
hydrogen atom hal ogen atom al kyl group , aral kyl 5 group,

substitutedsilyl group, al koxy group, aral kyl oxy group, aryloxy group,

acyl oxy group, aryl group, di-substitutedédam no group, substituted
pyrazol yl group, isocyanate group, thiocyanate group, nitrosyl group, azide
group, cyano group, hydroxyl group, perhalide ion, nitrate ion)
hexa- hal ogenat ed 10 phosphorus ion or tetra-substituted boron ion; L
represents abeedtimialtedi ghedetonnected with Mvia a lone pair or i~ electron

’ As the measure of isotactic stereoregularity, isotactic
meso-triad fractionandisotacticmeso-pentad fractionareused.

The isotactic meso-triad fraction herein referred to is

5 a fraction of meso-triad units in isotactic sequences of units
derived from propylene (hereinafter, referred to as "propylene

unit”) in a crystalline polypropylene molecule chain, in other

word, a fraction of propylene units existing at the center of

meso-triad units formed by meso-bonding of successive three

10 propylene units, measured by a method published in A. Zambelli,
etal., Macromoleculés, 8, 687 (1975), namely, measured by using
13C-NMR. The isotactic meso-triad fraction is sometimes
abbreviated as [mm]. The theoretical upper limit of [mm] is
1.00.

15 The process for producing an ¢ -olefin polymer of the
present invention is preferably applied to a process for
producing an isotactic stereoregular & -olefin polymer having
[mm] of more than 0.50, more preferably 0.70 or moré, further
preferably 0.80 or more.

20 The isotactic meso-pentad fraction is a fraction of
meso-pentad units in isotactic sequences of propylene units in
a crystalline polypropylene molecule chain, in other words, a
fraction of propylene units existing at the center of successive
five propylene units of meso-bonding in a crystalline

25 polypropylene molecule chain, measured by a method published
in A. Zambelli, et al., Macromolecules, 6, 925 (1973), namely,

measured by using '’C-NMR. However, the assignment of an NMR



81 n represents an integer of 0 to 7 so selected that the conpound is
neutral; g represents an integer of 0 to 6 so selected that the conpound is
neutral; mrepresents and integer of 0 to 5; RL to R3 represent each

i ndependently a hydrogen atom hal ogen 5 atom al kyl group, aral kyl group,
aryl group or substituted silyl group and all of RL to R3 nmay be the sane
or different; Z represents a group of R4A¥--Z7Z1-, R4x-Zz- Or 10 (wherein, Z1
represents an atomof G oups 13 to 15 of the Periodi ¢ Table of the

El ements; ZZ represents an atomof Goups 13 to 15 of the Periodic Table of
the Elenents and Z3 represents an _atom of Goup 15 of the Periodic Tabl e of
t he El ement sabgRarphiencheaksésr effestnfsbaspddeagdacarBmlertilegensat 68y

| kyl : | k , Sub dsi | yl I
ar oup, ar a Ky b330 bEEFaRyFoky 2iPothe SFLeBoLFREALen ari ib bTOHUtie
b ' i h
sumof k andigB¢sBEREAy SERYEdy Jo EREF3fR aBP-s 01 808N 2 iy G, "
connecting typp.Msiiagq QPngrggﬁQEsogn[hﬁgﬁgeiso& .$oto 20 3 shomnng the

nunber of bridging connecting two ne or nore alum num

conpoundss sel ect edTﬁéOﬁrbaesfsotb@vaPﬂedﬁBihgt an( Bo1d Ml poT @m0l INEHUIM

conpounds of the general formula aAl Z3 _a, 25 (B2): cycllc al um noxanes
havi ng a strpeeseatofinivbatiof2igeperdbrhblyuhppliedl to Bz proc@ss) ox( B3):

| i near al um noxanes having a structure of the general fornula E3{ -A ( E3
) -O }-~Al E3produehsgeam,isaictvic BrerEpraguley epekebin ool ymair daxingn
group, 5 and all of Els , all of Ezs and all of E3s may be the sane or
different . EMPERdeEM 23 My MOFFenMAFEnPERIAERABYEN? a3 O rRT MArenf £ATtheF be
t he sane or dlfferegﬁ s ggpresents a nunber satisfying O<a S3, b
represents aR*PAEEFRIMYo PnBP&€ and ¢ represents an |nteger of 1 or

more.), gnd 10 ( C?.%Eﬁ P C)(%E%j)m eooﬁrj@%?ﬂoﬁ%rﬂ%ggﬂg}xfﬁ n%q_l ﬁg yrl%r

follomnng (C1) to conpoun

BA W ( C231)mitkaroBneo¥per¥adeadl peha PSQ&%Ha|fBQr@%h%pQ€ (s%@%@n@BCﬂ ) -
, (C3): boron conpounds of the general fornula 15 L-H) ( BQLQZ@BA ) -

) polymerization or slurry polymerization using, as a solvent,
analiphatichydrocarbon (e.g. butane, pentane, hexane, heptane,
octane), an aromatic hydrocarbon(e.g. benzene, toluene), or

15 halogenated hydrocarbon(e.g. methylene dichloride), bulk
polymerizationinaliquefied monomer, gas-phase polymerization
in a gaseous monomer, or the like, and any of continuous
polymerization and batch-wisé polymerizatidn is possible.

The polymerization temperature can be usually from —

20 50T to 200C, and particularly preferably from —20C to 100C,
and the polymerization pressured is usually fromnormal pressure
to 60 kg/cm?’G. The polymerization time is appropriately
determined generally depending on the kind of the intended
polymer and the reaction apparatus, and can be from 1 minute

25 to 20 hours. Further, for controlling the molecular weight of
polymer to be obtained, a chain transfer agent such as hydrogen

or the like can also be added.



(wherei n,

B represents a boron atomof tri-valent state,

.a hal ogen atom hydrocarbon group, hal ogenated hydrocarbon group,
substituted silyl group, alkoxy group or di-substituted am no group, and

they may be the sanme or different.

acid.). 2. The catalyst for addition pol $ferizati on according to Claim1,
wherein Mis a nenber selected fromthe group consisting of a manganese
atom technetiumatom and rheniumatom 25 3. The catal yst for addition

pol ynmeri zation according to Claim?2, wherein Mis a manganese atom 4. The
catal yst for addition polynerization according to

to 3, wherein Z is a group represented by ~R -Cor R~-B (wherein, R4 in
t hese cases represents a hydrogen ato PE¥FE 5 group, aral kyl group or
substituted pyraz

pol ymer whi ch coi jS%zlr ngggﬁb%ﬁ Eggqr@qlﬁeggﬁﬁs&.%#{%ﬂg%ﬁ %g gffﬁéé%l?t? P

W ot vtool . ot ;
T){‘g”ir 10 ‘éﬁhé %%ee%%tnacl ¥behl o @h&kﬁ@rp{?ﬁ%’c{%fﬂ 't Ao ?1%36 QS@H‘? tife 1 B

process according to cla Wherein the a ion

pol yneri gabl gedpideriies alvdP@sdn One nononer sel ected fromthe group
consisting of ethylene and Cx -olefins having 3 to 20 carbon atons.

10

15

20

25

Properties of polymers in Examples were measured by the
following methods.
(1)Flow rate (FR) was determined by measuring at 190C
accoroding to ASTM D1238.
(2) Content of repeatingunitderived from @ -olefin in copolymer
It was determined from characferistic absorptions of
ethylene and the @ -olefin measured with an infrared
spectrometer(IR-80 manufactured by Nippoﬁ Bunko, Co,. Ltd.),
and was shown as the number of short chain branches per 1000
carbon(SCB).
(3) Melting point (unit: C)
Usingadifferential scanning calorimeter(Seiko SSC-5200
manufactured by Seiko Instrument Inc.), the measurement was
carried out under the following conditions:
Heating: 40 to 150C (10 C/min.), kept for 5 minutes,
Cooling: 150 to 10C(5C/min.), kept for 10 minutes,
Measurement: 10 to 160C(5C/min.)
(4) Molecular weight and Molecular weight distribution( Mw/Mn)
It was measured by GPC (gel permeation chromatography)
method under the following conditions.
Type: 150 CV type (Millipore Waters)

Column: TSK-GEL GMH-HT 7.5mm¢ X600 mmX2 columns

QL to 4 represent

20 G+ represents an inorganic or organic
-cation, L represents a neutral Lewi s base, and (L-H)+ represents a Br~nsted

83 any one of Cains 1



7 . The process according to claim6 , wherein the addition 15

pol yneri zabl e nononer is a conbination of ethylene wwth an a -ol efins
having 3 to 20 carbon atonms. 8 . The process according to claim5, wherein
the Cx -olefin is propylene. 9 . The process according to Claim5 , wherein
the addition 20 polyner is a stereoregular a -olefin polynmer having an
isotactic neso-triad fraction [mm of nogg than 0.50. 84 10. The process
according to claim9, wherein the stereoregular a-olefin polyner is a

st ereoregul ar propyl ene pol ymer.

. A, e. ASHSe. A& Ay. AL! . A9nS. AL. A, ny, . A&y?. AS. ASR. A&f e. AH. Af e. A9. A. ASy. A&?. A5S
y. A95e. AR A&Y. A9e Maa s S ALempaflaturd! ,14A8C. AOH?. AGSYR. A&, . A9n?. AL. A"l . A&
I'Se. An. A&, . ALHfy. A9! . AH. A9n. A9n. AL. A. A. A&5. A, . AL. A'n. AL A ALH A9H. A. A9. A A A
S. Al ?. A A AL[ . A&n.SeIARM Ao AhadisMbrahehzere A AL. A9. AY. A A& A9. Ay. A@BX:
-% +45 +C

(#. #.>>| | >| | ><| >>-Sampdje><crneeg) e tiqnss | 5 mg/ 5l >>8x x 8888 <<<<<<<| | | <ppx| ><
|><<<|<||x|ﬁéﬁéx<<<>><88<xxxxx?0>8?0>>0~>p0~>p0p0xOxo|0|0<00?0?0111????????
207222222222 MR SPESITOMPIIRE X x 888787<<<<<???x XX 8888<<<<AUcf gs5odvwL

J2upkt o\ W o] coh saheak L 68l bl e ot e halsabedl.sa g9 s oo
LTD.)
Data processor: MS-MP8220D
Acceleration voltage:8 kV
Opposite Electrode: 0 kV
10 Emitter : Carbon !
Scanning speed: 10 seconds
(6) Stereoregularity
The stereoregularityof a polymer was determined by measuring
with *C-NMR spectrometer AS250 manufactured by Bruker Limited,
15 under the followingconditions andcalculating fromanarearatio
of peaks of methyl groups:
Solvent: o-dichlorobenzene/deuterated benzene=4/1(by
volume)
Concentration: 10 mg/0.6 ml
20
Reference Example 1
(Synthesis of chloro(3,5-diisopropyl-l-pyrazolyl)
[hydrotris(3,5~diisopropyl-1l-pyrazolyl)borate]lmanganese)
35 ml of methylene dichloride solution containing 0.51
25 g of hydrotris(3,5-diisopropyl-1l-pyrazolyl)borate ligand and
0.76 g of 3,5-diisopropyl-l-pyrazol was added into 10 ml of a

methanol solution containing 0.21 g of manganese dichloride
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15 Reference Example 2
[Synthesis of chloro[hydrotris(3-tert-butyl-5-
isopropyl-l-pyrazolyl)borate ]manganese]
20 ml of methylene dichloride solution containing 1.07
g of hydrotris(3-tert-butyl-5-isopropyl-l-pyrazolyl) borate

20 ligand was added into 15 ml of a methanol solution containing
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Reference Example 3
[Synthesis of hydrotris(3-tert-butyl-5-

isopropyl-1l-pyrazolyl)borate]manganese nitrate]
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g of hydrotris(3-tert-butyl-5-isopropyl-l-pyrazolyl) borate
ligand was added into 10 ml of a methanol solution containing
0.47 g of manganese nitrate hexahydrate, and the mixture was
5 stirred at room temperature for 2 hours. After completion of
the reaction, the solvents were distilled off under reduced
pressure, and the residue was dissolved in 45 ml of methylene
dichloride, and filtrated. The resulted powder was
re-crystallized from an acetonitrile/methylene dichloride
10 mixedsolvent, toobtain0.31.g (yield: 15%) of the title compound
of a light pink crystal.
IR(KBr, cm'), 2967(C-H), 2931(C-H), 2870(C-H), 2592(B-H),
1523 (antisymmetrical NO3), 1647, 1363, 1271 (symmetrical NO;),
1170, 1061, 1049, 1019(NO), 796, 750, 644.
15 (Mass spectrometry) M" : 624
The following structural formulais the structural formula

of the title compound, partially abbreviating a pyrazolyl ring.
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Reference Example 4
(Synthesis of dichloro[tris(3,5~-dimethyl-1l-pyrazolyl)
methane Jmanganese * 0.5CH,Ci,)
10 ml of methylene dichloride solution containing 0.303
5 g of tris(3,5-dimethyl-l-pyrazolyl)methane ligand was added
into 10 ml of amethanol solution containing 0.230 g of manganese
dichloride tetrahydrate, and the mixture was stirred at room
temperature for 3 hours. After completion of the reaction, the
solvents were distilled off under reduced pressure, and the
10 residue was dissolved in 45 ml of methylene dichloride, and
filtrated. Thus obtained powder was re-crystallized from an
acetonitrile/methyiene dichloride mixed solvent, to obtain
0.127 g (yield: 27%) of the title compound of a white crystal.
(Elementaryanalysis) calculationvalue: C(41.71%),H(5.03%),

15 N(18.24%), measured value: C(41.84%), H(5.16%), N(17.61%).
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The followingstructural formulais the structural formula

of the title compound, partially abbreviating a pyrazolyl ring.

20 Example 1
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under vacuum, and purged with argon, then, 200 ml of toluene
was charged therein, and the autoclave was heated to 60°C. After
the heating, ethylene was fed while the ethylene pressure is
5 adjusted at 2.0 MPa, and after the system was stabilized, 1.0
mmol(mol number in terms of Al atom, hereinafter, the same
meaning) of methyisobutylaluminoxane as a toluene solution
(MMAO3A manufactured by Tohso-Akzo Ltd., hereinafter, referred
to simply as "MMAO") was charged therein. Subsequently, 10.0

10 #mol of chloro(3,5-diisopropyl-1-pyrazolyl)
[hydrotris(3,5-diisopropyl-1l-pyrazolyl)borate]lmanganese
synthesizedintheabove—mentionedReferenceExémplelwasadded.
Then, polymerization was carried out for 60 minutes while
controlling the temperature at 60C.

15 As a result of polymerization, an ethylene polymer was
produced at a rate of 1.0X 10* g per hour per mol of a manganese
atom.

Example 2
An autoclave having an inner volume of 0.4 L was dried

20 under vacuum, and purged with argon, then, 200 ml of toluene
was charged therein, and the autoclave was heated to 60C. After
the heating, ethylene was fed while the ethylene pressure is
adjusted at 0.6 MPa, and after the system was stabilized, 1.0
mmol of triisobutylaluminum was charged therein. Subsequently,

25 20.0 umol of chloro(3,5-diisopropyl-1l-pyrazolyl)
[hydrotris(3,5~-diisopropyl-1l-pyrazolyl)borate]manganese

synthesizedin theabove-mentioned Reference Example 1 was added.
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An autoclave having an inner volume of 0.4 L was dried
under vacuum, and purged with argon, then, 200 ml of toluene
was charged therein, and the autoclave was heated to 60°C. After

10 the heating, ethylene was fed while the ethylene pressure is
adjusted at 2.0 MPa, and after the system was stabilized, 1.0
mmoi of triisobutylaluminum was charged therein. Subsequently,
10.0 #mol of chloro[hydrotris(3-tert-butyl-5-
isopropyl-l-pyrazolyl)borate]manganese synthesized in the

15 above-mentioned Reference Example 2 was added. Then,
polymerization was carried out for 60 minutes while controlling
the temperature at 60C.

As a result of polymerization, an ethylene polymer having
a melting point of 135.5C was produced at a rate of 9.2X10°

20 g per hour per mol of a manganese atom.
Example 4

An autoclave having an inner volume of 0.4 L was dried
under vacuum, and purged with argon, then, 10g of l1-butene as
an ¢ -olefin and 180 ml of toluene as a solvent were charged

25 therein, and the autoclave was heated to 60°C. After the heating,
ethylene was fed while the ethylene pressure is adjusted at 2.0

MPa, and after the system was stabilized, 0.25 mmol of
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while controlling the temperature at 60C.

As a result of polymerization, an ethylene-l-hexene
copolymer having a SCB of 3.6, FRof 6.1 g/10 min. and a melting
point of 120.1C was produced at a rate of 1.6X10’ g per hour

10 per mol of a manganese atom.

Example 5

An autoclave having an inner volume of 0.4 L was dried
under vacuum, and purged with argon, then, 30 ml of 1l-hexene
as an (@ -olefin and 170 ml of toluene as a solvent were charged

15 therein, and the autoclave was heated to 60°C. After the heating,
ethylene was fed while the ethylene pressure is adjusted at 1.0
MPa, and after the system was stabilized, 0.25 mmol of
triisobutylaluminum was charged therein. Subsequently, 1.0 i
mol of chlorol[hydrotris(3-tert-butyl-5-

20 isopropyl-l-pyrazolyl)borate]manganese, and subsequently 6.0
tmol of triphenylcarbeniumtetrakis(pentafluorophenyl) borate
was added. Then, polymerization was carried out for 60 minutes
while controlling the temperature at 60T.

As a result of polymerization, an ethylene-l-hexene

25 copolymer having a SCB of 23.7 and a melting point of 109.5C
wasproducedatarateof2.0X105gperhourpermolofanmnganese

atom.
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9(#10%)J& @djusted at 2.0 MPa, and after the system was stabilized, 1.0
mmol of triisobutylaluminum was charged therein. Subsequently,
20.0 Umol of hydrotris(3-tert-butyl-5-
isopropyl-1l-pyrazolyl)borate]manganesenitrate synthesizedin
10 the above-mentioned Reference Example 3 was added. Then,
polymerization was carried out for 60 minutes while controlling
the temperature at 60T.
As a result of polymerization, an ethylene polymer having
a melting point of 135.5C was produced at a rate of 7.0X10*
15 g per hour per mol of a manganese atom.
Example 7
An autoclave having an inner volume of 0.4 L was dried
under vacuum, and purged with argon, then, 10g of l-butene as
an ¢-olefin and 180 ml of toluene as a solvent were charged
20 therein, and the autoclave was heated to 60°C. After the heating,
ethylene was fed while the ethylene pressure is adjusted at 2.0
MPa, and after the system was stabilized, 1.00 mmol of
triisobutylaluminum was charged therein. Subsequently, 10.0 U
mol of hydrotris(3-tert-butyl-5-
25 isopropyl-l-pyrazolyl)boratelmanganese nitrate, and
subsequently 20.04mol of

triphenylcarbeniumtetrakis(pentafluorophenyl)borate was
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25 Example 9
An autoclave having an inner volume of 0.4 L was dried

under vacuum, and purged with argon, then, 200 ml of toluene
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ethylene was fed while the ethylene pressure is adjusted at 2.0
MPa, and after the system was stabilized, 1.0 mmol of
triisobutylaluminum was charged therein. Subsequently, 20.0 «
mol of dichlorol[tris(3,5-dimethyl
15 -1-pyrazolyl)methanelmanganese, and subsequently 40.0 4 mol of
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was
added. Then, polymerization was carried out for 60 minutes while
controlling the temperature at 60C.
As a result of polymerization, an ethylene-l-utene
20 copolymer having a SCB of 23.0, Mw of 5.5 X10*, Mw/Mn of 1.88,
and a melting point of 99.9 C was produced at a rate of 1.6
X10* g per hour per mol of a manganese atom.
Example 12
An autoclave having a content volume of 0.1 L sufficiently
25 heated and dried was dried under vacuum, purged with nitrogen,
then, 1.25 ml (1.25 mmol) of a 1 mol/L toluene solution of

triisobutylaluminum was poured into this, further, 10.0 tmol
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According to the present invention as described in detail
15 above, acatalyst for addition polymerizationusinga transition
metal compound of Group 7, and a process for producing addition

polymers such as oclefinpolymers with the catalyst, are provided.
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(wherein, M represents a transition metal atom of Group 7 of
the Periodic Table of the Elements: X's represent each
independentlyahydrogenatom, halogenatom, alkyl group, aralkyl
5 group, substituted silyl group, alkoxy group, aralkyloxy group,
aryloxy group, acyloxy group, acyl group, di-substituted amino
group, substituted pyrazolyl group, isocyanate group,
thiocyanate group, nitrosyl group, azide group, cyano group,
hydroxyl group, perhalide ion, nitrate ion, hexa-halogenated
10 phosphorus ion or tetra-substituted boron ion; L represents a

neutral ligand connected with M via a lone pair or T electron;
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(wherein, 2zt represents an atom of Groups 13 to 15 of the Periodic
Table of the Elements; %2 represents an atom of Groups 13 to
15 of the Periodic Table of the Elements and 2z° represents an
atom of Group 15 of the Periodic Table of the Elements; R® in
each case represents a hydrogen atom, halogen atom, alkyl group,
aralkyl group, substitutedsilyl group, alkoxygroup, aralkyloxy
group, aryloxy group, di-substituted amino group or substituted
pyrazolyl group.); k represents an integer of 1 to 3 and the
sum of k and z is 3; J in the general formula [2] is a bridging
group connecting two M's; and h represents an integer of 1 to
3 showing the number of bridging connecting two M's.),
(B): one or more aluminum compounds selected from the

following (Bl) to (B3),

(Bl): organoaluminum compounds of the general formula
E'aAlZs.a,

(B2): cyclic aluminoxanes having a structure of the
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10 (C): one or more boron compounds selected from the following
(Cl) to (C3),
(Cl1): boron compounds of the general formula BQ'Q2%Q°,
(C2) : boron compounds of the general formula G*(BQ'Q*QQ*) ",
(C3): boron compounds of the general formula
15 (L-H)"(BQ'Q’Q%Q%)",
(wherein, B represents a boron atom of tri-valent state, Q! to
Q! represent a halogen atom, hydrocarbon group, halogenated
hydrocarboh group, substituted silyl group, alkoxy group or
di-substitutedamino group, and theymaybe the same or different.
20 G' represents an inorganic or organic cation, L represents a
neutral Lewis base, and (L-H)' represents a Br¢nsted acid.).
2. The catalyst for addition polymerization according to
Claim1l, whereinM is a member selected from the group consisting
of a manganese atom, technetium atom and rhenium atom.
25 3. The catalyst for addition polymerization according to

Claim 2, wherein M is a manganese atom.

4. The catalyst for addition polymerization according to
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any one of Claims 1 to 3, wherein Z is a group represented by

R*—C—

or

R*—B—

(wherein, R* in these cases represents a hydrogen atom, alkyl
5 group, aralkyl group or substituted pyrazolyl group.).

5. A process for producing an addition polymer which
comprises polymerizing an addition polymerizable monomer with
the catalyst for addition polymerization of any one of claims
1 to 4.

10 6. The process according to claim 5, wherein the addition
polymerizable monomer is at least one monomer selected from the
group consisting of ethylene and & -olefins having 3 to 20 carbon
atoms.

7. The process according toclaim 6, wherein the addition

15 polymerizable monomer is a combination of ethylene with an @
-olefins having 3 to 20 carbon atoms.

8. The process according toclaim5, wherein the ¢ -olefin
is propylene.

9. The process according to Claim 5, wherein the addition

20 polymer is a stereoregular ¢ -olefin polymer having an isotactic

meso-triad fraction [mm] of more than 0.50.
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10. The process according to claim 9, wherein the

stereoregular (¢ -olefin polymer is a stereoregular propylene

polymer.



