-1- ' PHOTOCURABLE COMPQCSI TI ON

FI ELD OF THE’INVENTICN ' The present invention relates to a
cyanoacryl ate conposition having photocurability. Possible applications of
the conposition include |ithography, potting, nolding, coating, adhesives,
sealing materials, and various resist materials. _

BAGKGROUND OF THE | NVENTI ON - [err]-Cyanoacryl at e adhesi ves are
é&ten5|vely utilized as

PHOTOCURABLE COMPOSITION

FIELD OF THE INVENTION
The present invention relates to a cyanoacrylate
composition having photocurability. Possible applications of
the composition include lithography, potting, molding,
coating, adhesives, sealing materials, and various resist
materials.

BACKGROUND OF THE INVENTION

a-Cyanoacrylate adhesives are extensively utilized as
cold-setting single-liquid type instantaneous adhesives for
metals, plastics, rubbers, woods, etc., because they rapidly
polymerize and cure by the action of a minute amount of the
adsorption water present on adherend surfaces to extremely
tenaciously bond the adherends to each other in a short time
period., | |

However, the a-cyanoacrylate adhesives have a
drawback that the ¢uring is very slow when the gap between
adherends is wide, when the adhesive applied has overflown
from the bonding part; or when the adhesive applied is not
sandwiched between a pair of adherends as in coating.

In general, a cyanoacrylate adhesive with which a
large gap is filléd or which has overflown from a bonding
part is cured by using a primer or a curing accelerator.
However, not only this technique is troublesome, but also the

basic compound used as the main component of the primer or
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col d-setting single-liquid type instantaneous adhesives for netals,
plastics, rubbers, woods, etc., because they rapidly polymerize and cure
by the action of a minute anount of the adsorption water present on
adherend surfaces to extrenely tenaciously bond the adherends to each
other in a short tinme period. However, the [err]-cyanoacryl ate

h&8s¥ves have a drawback that the curing is very slow when the gap
éﬁgtween adherends is wi de, when the adhesive applied has overflown from

the bond! nogathe icullSFald AINIY SAP LS sl egBoati ghed, bet veen 2

pai r of adhere as In coatln I’ genera

bondi ng. parioroE BEs ‘L“y"’*’d%.-%gﬂé iR a0 TEofHERL 0T ' Lovever.
not only this techmyiie iiS tHeted %Sﬁgﬁlrgukoﬁl§Oc§Qﬁoacrylate adhesive
which can be easily cured without impairing the excellent
features of the instantaneous adhesive, i.e., cold-setting
and single-liquid type.

To eliminate the problem described above,
cyanoacrylate adhesive compositions having photocurability
have been proposed. For example, a cyanoacrylate adhesive
composition éontaining a radical-generating
photopolymerization initiator is disclosed in JP-A-62-57475.
(The term "JP-A" as used herein means an "unexamined
published Japanese patent application.")

JP-A-6-299122 discloses an adhesive composition
containing an aromatic azide compound as a photoinitiator for
anionic polymerization.

W093/10483 discloses a technique in which an
inorganic chromium complex is used as a photoinitiator for
anionic polymerization.

Further, a technique of using Pt(acac), as a
photoinitiator for anionic polymerization is feported in
Maéramolecules; 28 (4) 1328 (1995).

' These proposed compositions, however, have problems
such as the following. 1In order for the compositions to
cure, a relatively long light irradiation time of from 1 to 2

minutes is necessary. In the case of radical polymerization,
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basi ¢ conpound used as the main conponent of the priner or

-2- curing accel erator and the odor of the solvent contained t herein
are undesirable for the working environment. There is hence a
desire for a cyanoacryl ate adhesive which can be easily cured w thout

i mpairing the excellent features of the instantaneous adhesive, i.e.,
cokd;setting and single-liquid type. To elimnate the problem
esCri bed above, cyanoacryl ate adhesive conpositions having

" phot ocur abi L1y, DAYE PSSR RIOROS S 't AP iy gRrCURR02GEY hat g fpesi ve
the adhesive surface suffers curing failure or remains tacky.
Moreover, the compositions foam upon light irradiation, or
have poor storage stability.

On the other hand, many proposals have been made on
photocurable compositions containing a metallocene compound
as a photoinitiator. Metallocene compounds are generally
used as a photoinitiator for radical polymerization or
cationic polymerization. For example, JP-A-6-35189 discloses
a photopolymerizable mixture containing a photoinitiator
comprising (A) a photoreducible dye, (B) a radiation-
decomposable trihalomethyl compound, and (C) a metallocene
compound and a recording material produced from the mixture.

JP-A-5-117311 discloses.a photopolymerization
initiator comprising a complex obtained by the interactioﬁ of
(A) a charge-transfer complex comprising a
biscyclopentadienyliron déerivative and a quinoid compound
with (B) at least one salt selected from the group consisting
of tetrafluoroboric acid salts, hexafluorophosphoric acid
salts, and hexafluoroantimonic acid salts.

JP-A-4-221958 discloses a photopolymerizable mixture
containing a metallocene compound as a photoreaction
initiator and a recording material produced from the mixture.

JP~A-2-127404 disclqses a photopolymerizable mixture
containing a photoinitiator comprising (A) a photo-reducible

dye, (B) a radiation-decomposable trihalomethyl compound, and

This; Sheet Has Been Replaced

i




conposi tion containing a radical-generating photopolymerization initiator
I's disclosed in JP-A-62-57475. (The term"JP-A" as used herein neans an

"unexam ned published Japanese patent application.™) _

JP- A- 6- 299122 di scl oses an adhesive conposition containing an aromatic

azi de conpound as a photoinitiator for anionic polynerization. _

W08/ 10483 di scloses a technique in which an inorganic chrom um conplex is
ed as a photoinitiator for anionic polynerization. f Further, a

techni que of using Pt(acac)[err] as a photoinitiator for anionic

pol yrre?i zatidn i%%?%rmni% compensdopBEduResecogding naveriabgmeduced

These proposged caonpositions, however, have problens such as the foll ow ng.

In order for=%9% it to

JP-A-4-73763 discloses a photocurable
electrodeposition coating composition containing a titanocene
compound as an initiator.

Further, a technique of photocuring a vinyl monomer
by means of ferrocene alone or a combination thereof with
carbon tetrachloride is reported in J. Macromol. Sci.-Chen.,
A28 (5&6), 557 7(1991).

However, the techniques shown above are based on a
polymerization mechanism ih which a radical or cationic
polymerization reaction proceeds, an& are unrelated -to the
technique for photopolymerizing and curing an a-cyanoacrylate
mainly by anionic polymerization, in particular to the
technique of the present invention.

SUMMARY OF THE INVENTION

An object of the pfesent invention is to provide a
photocurable composition having excellent photocurability to
overcome the above-described problems in the prior art.

The present inventors have found that the above
object is achieved with the following embodiments:

(1) a photocurabie composition comprising:

(A) an o-cyanoacrylate and
(B) a metallocene compound comprising a transition
metal of Group VIII of the periodic table and aromatic

electron system ligands;
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cure, arelatively long light irradiation time of from1l to 2 mnutes is
necessary. In the case of radical polynerization, the curing
reaction is inhibited by oxygen and, as a result, the adhesive surface
suffers curing failure or remains tacky. Moreover, the conpositions foam
upon light irradiation, or have poor storage stability. On the
ot her, hand, many proposals have been nade on photocurabl e conpositions
fﬁontaining a nmetall ocene conpound as a photoinitiator. Metallocene

conpounds are gener?bhy the photocurable composition according to the
embodiment (1), further comprising (C) a cleavage-type
photoinitiator;

(3) the photocurable composition according to the
embodiment (1) or (2), wherein in the metallocene compound
(B) comprising a transition metal of Group VIII of the
periodic table and aromatic electron system ligands, the
aromatic electron system ligands each is a m-arene, indenyl,
or n-cyclopentadienyl;

(4) the photocurable composition according to any
one of the embodlments (1) to (3), wherein the metallocene
compound (B) comprlslng a transition metal of Group VIII of
the periodic table and aromatic electron system ligands is

represented by the following formula (I):

a
of e .

2

(wherein M represents a transition metal of Group VIII of the
periodic table; R represents a halogen atom, a hydrocarbon
group having 1 to 20 carbon atoms, a halogenated hydrocarbon
group having 1 to 20 carbon atoms; or a silicon atom-
containing, oxygen atom-containing, sulfur atom-containing,

or phosphorus atom-containing group having 1 to 20 carbon
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used as a photoinitiator for radical polynerization or cationic

pol yneri zati on. For exanple, JP-A-6-35189 discloses a photopol ynerizable

m xture containing a photoinitiator conprising (A a photoreducible dye,

(B) a radiation- deconposable trihalonethyl conpound, and (C) a

nmet al | ocene conpound and a recording material produced fromthe m xture.

JPwﬁ?5-117311 di scl oses a photopol ynerization initiator conprising a
/gonp ex obtained by the interaction of (A) a charge-transfer conpl ex
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phot or eacti on
n-cyclopentadienyl) may be the same or different);

(5) the photocurable composition according to any
one of the embodiments (1) to (4), wherein in the metallocene
.compound (B) comprising a transition metal of Group VIII of
the periodic table and aromatic electron system ligands, the
transition metal of Group VIII of the periodic table
comprises iron, osmium, ruthenium, cobalt, or nickel; and

(6) the photocurable composition according to the
embodiment (5), wherein in the metallocene compound (B)
comprising a transition metal of Group VIII of the periodic
table and aromatic electron system ligands, the transition
metal of Group VIII of the periodic table comprises iron;
osmium, or ruthenium.

The photocurable composition of the present invention
can be rapidly cured by light irradiation even when the gap
between a pair of adherendg is wide, when the composition
applied has overflown from the bonding part, or when the

- composition applied is not sandwiched between a pair of
adherends as in coating. Since the curing reaction proceeds
by anionic polymerization, not only the composition does not
suffer the surface curing inhibition by oxygen which is
observed in radical polymerization, but also even that part

of the composition to which light cannot reach due to the
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initiator and a recording material produced fromthe m xture.
JP- A-2-127404 di scl oses a photopol yneri zable m xture containing a
photoi nitiator conprising (A a photo-reducible dye, (B) a
radi ati on- deconposabl e tri hal omet hyl conpound, and
-4 - (C a netall ocene conpound and a recording material produced from
th I Xt ure. JP-A-4-73763 di scl oses a phot ocurabl e
| eCtrodeposition coating conposition containing a titanocene conpound as

an InItIatorsxhape of the substrate cures by the anionic polymerization

initiated by light irradiation. Further, since the
metallocene compound has a light absorption wavelength region
extending beyond 500 nmm to the longer-wavelength side, the
composition can be cured with a light in a wider wavelength
region, i.e., even with ultraviolet and/or visible light.

DETAILED DESCRIPTION OF THE INVENTION

This invention is explained below in detail.
1. a-Cyanoacrylate (A):

Although the a-cyanoacrylate (A) contained as an
essential component in the composition of the.present
invention is not particularly limited, it is represented by
general formula (II):

H,C=C(CN)-COOR (II)
(In the formula, R is an ester residue such as, e.g., an
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, or aryl
group. Although the ester residue is not particularly
limited in the number of its carbon atoms, it generally has
from 1 to 8 carbon atoms. The ester residue may be a
substituted hydrocarbon group such as an alkoxyalkyl or
trialkylsilylalkyl group.)

Examples of the cyanoacrylate include‘alkyl and
cycloalkyl a—éyanoacrylates such as methyl a-cyanoacrylate,
ethyl a-cyanoacrylate, propyl d—cyanoacrylate, butyl o-
cyanoacrylate, and cyclohexyl a-cyanoacrylate; alkenyl and

cycloalkenyl a-cyanoacrylates such as allyl a-cyanoacrylate,
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Further, a technique of photocuring a vinyl nononer by neans of ferrocene
al one or a conbination thereof with carbon tetrachloride is reported in J.
Macronmol . Sci.-Chem, A28 (5&6), 557 '(1991). However, the

t echni ques shown above are based on a polynerization nechanismin which a
radical or cationic polynerization reaction proceeds, and are unrelated to
th echni que for photopol ynerizing and curing an [err]-cyanoacryl ate
gainty by anionic polynerization, in particular to the technique of the

4 toi ' R E . A
Dby ect of |t rBetRELYL a-cyancacrylate, BRN.CXichelthyl WEbpaidhcrylate: N
havi | i1 - ' bl
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aryl a-cyanoacrylates such as phenyl a-cyanoacrylate and

tolyl a-cyanoacrylate; heterocatom-containing a-cyanoacrylates
such as methoxyethyl a-cyanoacrylate, ethoxyethyl a-
cyanoacrylate, and furfuryl a-cyanoacrylate; and silicon-
containing a-cyanocacrylates such as trimethylsilylmethyl a-
cyanoacrylate, trimethylsilylethyl a-cyanocacrylate,
trimethylsilylpropyl a-cyanocacrylate, and
dimethylvinylsilylmethyl a-cyanoacrylate.

2. Metallocene compound (B) comprising transition metal of
Group VIII of the periodic table and aromatic electron system
ligands:

The metallocene compound (B) comprising a transition
metal of Group VIII of the periodic table and aromatic
electron system ligands, which is another essential component
of the composition of the present invention, is not
particularly limited in its aromatic electron system ligands.
Desirable examples of the ligands include n-arenes, indenyl,
and n-cyclopentadienyl. Preferred of these is n-
cyclopentadienyl.

Examples of substituents which may be bonded to each
ligand include halogen atoms, hydrocarbon groups having 1 to
20 carbon atoms, halogenated hydrocarbon groubs having 1 to
20 carbon atoms, and silidon atom-containing, oxygen atom-

containing, sulfur atom-containing, and phosphorus atom-
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object is achieved wth the follow ng enbodi ments: (1) a

phot ocur abl e conposi ti on conpri sing: (A) an [err]-cyanoacryl ate
and (B) a netall ocene conpound conprising a transition netal of
Goup VIIl of the periodic table and aromatic electron systemligands;

-5 - (2) the photocurable conposition according to the

enggginent (1), further conmprising (C) a cleavage-type photoinitiator;

ifﬁ

containing groups having 1 to 20 carbon atoms. Each ligand
may have the same or different substituents, and the
substituents may be crosslinked to each other.

Preferred examples of the metallocene compound
comprising a transition metal of Group VIII of the periodic
table and aromatic electron system ligands are represented by

the following structural formula (I):

1
')~

(In the formula, M represents a transition metal of Group
VIII of the periodic table. R represents a halogen atom,‘a
hydrocarbon group having 1 to 20 carbon atoms, a halogenated
hydrocarbon group having 1 to 20 carbon atoms, or a silicon
atom-containing, oxygen atom-containing, sulfur atom-
containing, or phosphorﬁs atom~-containing group having 1 to
20 carbon atoms, provided that the R’s may be the same or
different and may be crosslinked to each other. Symbol a
represents an integer of from 0 to 5.) i

In formula (1), the groups [R,-Cpl] (Cp represents n-
cyclopentadienyl) may be the same or different.

Specific examples of the metallocene compound

comprising a transition metal of Group VIII of the periodic

[T - S



(3) the pho
wherein in
Goup VIII
aromatic el
[err]-cyclo
to y one

t ocurabl e conposition according to the enbodinment (1) or (2)
the netal | ocene conpound (B) conprising a transition netal o

of the periodic table and aromatic el ectron system i gands,
ectron systemligands each is a [err]-arene, indenyl, or
pent adi enyl ; (4) the photocurable conposition accord

of the enbodinents (1) to (3), wherein the netall ocene

onpound (B) conprising a transition netal of Goup VIII of the periodi

"B Gl SSLRAR1 BV BABBLLACDYSeLA 116RES THERY bl 1o

tabl e and a
formula (1)

in which the transition metal is iron, osmocene, in which the
transition metal is osmium, ruthenocene in which the
transition metal is ruthenium, cobaltocene, in which the
transition metal is cobalt, and nickelocene, in which the
transition metal is nickel. Among these, ferrocene, osmosene
and ruthenécene, and derivatives thereof are preferred..

Examples of ferrocene compounds in which the aromatic
electron system ligands are substituted with at least one
substituent are shown below and in Examples. In the present
invention, metallocene compounds having the structures formed
by replacing the iron in these ferrocene compounds with
another transition metal of Group VIII of the periodic table,
e.g., osmium, ruthenium, cobalt or nickel can also be used.
The more substituents the metallocene compounds for use ih
the present invention have, the better photocurability they
tend to have. |

(i) Examples of compounds having one or more halogen
atom substituents include 4-acetyl-l’-bromo-1,2-
diethylferrocene, 1’'-bromo-1,2,3-triethylferrocene, l-acetyl-
1’-bromo-2, 3-diethylferrocene, 1,1’-dibromo-3-(dibromoboryl)-
ferrocene, 1,1’-dibromo-3,3'-bis(dibromoboryl)ferrocene, 1-
bromo-1’-methylferrocene, l-bromo-1’-(methoxymethyl)-
ferrocene, l-bromo-1’-(4-methylbenzoyl)ferrocene, l-iodo-1‘-
(phenylethyl)ferrocene, l1l-~iodo-1'-{4-methoxyphenyl)ferrocene,

1-(4-chlorophenyl)-1’-iodoferrocene, l-iodo-1'-
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(wherein Mrepresents a transition netal of Goup VIII of the periodic
table; R represents a hal ogen atom a hydrocarbon group having 1 to 20
carbon atons, a hal ogenated hydrocarbon group having 1 to 20 carbon atons,
or a silicon atom containing, oxygen atom containing, sulfur

atom contai ning, or phosphorus atomcontaining group having 1 to 20 carbon
RERLACEMENT SHEET atons, provided that the Rs may be the sane or
;ﬂifferent and nay be crosslinked to each other; synbol a represents an

phenylferrocene, 1,3-dichloro-2,4,5-tris(methylthioc)-
ferrocene, 1,2,4-trichloro-3,5-bis{methylthio)ferrocene,
1,2,3,4-tetrachloro-5-(methylthio)ferrocene, l-iodo-1‘-(3~
methoxy-3-oxo-1-propyl }ferrocene, 1,1’-dibromoferrocenium, 2-
acetyl-1’-bromo-1,3-diethylferrocene, 1’-bromo-1,2,4-
triethylferrocene,ll-acetyl—lf—bromo-z,4-diethylfer;pcgne,
~1’-bromo-1,3-diethylferrocene, 1'-bromo-1,2-diethylferrocene,
.l-acetyl-l'-bromo-3~ethy1férrocene, l-acetyl-1’-bromo-2-
ethylferrocene, 1,1’-dichloroferrocenium, decachloro-
ferrocenium, 1-(3-hydroxy-3-methyl-1-butynyl)-1+%-
iodoferrocene, l-chloro-1’-ethynylferrocene, l-bromo-1'-
ethynylferrocene, (acetylcyclopentadienyl)(bromocyclo-
‘pentadienyl)iron, (bromocyclopentadienyl)(iodocyclopenta-
dienyl)iron, 1-bromo-1’-phenylferrocene, l-bromo-1‘-
(triphenylmethyl)ferrocene, l-bromo-l’-((l-oxooctadecyl)oiy)-
ferrocene, l-iodo-1’-{(l-oxooctadecyl)oxy)ferrocene, l-bromo-
l'-cuprioferrocene,.l—bromo—l'-pentylferrocene, 1-bromo-1‘-
(2-methylpropyl)ferrocene, l-chloro-1’-(3-oxo-3-phenyl-1-
propenyl }ferrocene, l-bromo-1’-formylferrocene, l-chloro-1’-
formylferrocene, 1l-bromo-1’-(3-oxo-3-phenyl-1l-propenyl)-
ferrocene, 1-bromo-1’-{2-methyl-1,3-dioxolan-2-yl)ferrocene,
1-bromo-1’-( {4-methylphenyl jmethyl)ferrocene, l-bromo-1‘-((3-
methylphenyl )methyl)ferrocene, l-bromo-1’-((2-methylphenyl)-
methyl)ferrocene, 1l-(diphenylphosphino)-1’-iodoferrocene, 1-
((3-formylphenyl)ethynyl)-1’-iodoferrocene, 1-((2-
formylphenyl)ethynyl)-1’-iodoferrocene, 1;1’-dichloro-2-
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integer of fromO to 5; and the groups [Rlerr]-Cp] (Cp represents

[err]-cycl opentadi enyl) nmay be the sane or different); (5) the

phot ocur abl e conmposition according to any one of the enbodinents (1) to

(4), wherein in the netall ocene conpound (B) conprising a transition netal

-of Goup VIII of the periodic table and aromatic electron systemligands,

theSatransition netal of Goup VIII of the periodic table conprises iron,
m um ruthenium cobalt, or nickel; and (6) the photocurable

conposi tion [ A Lrept - (5) -gﬁgg ' t-alil.0cene

conmpound (qugggﬁgf??Fﬁgygh??éﬁg??ﬂ%h E%tg? % dﬁ% \%f?é%§§¥?%§%§£ﬁﬁ;ﬁ o

table and aflomioﬁ:oe-ﬁec-ghéﬁyitékﬁﬂbéhé?nﬂs( (4 DEotipihdn P e tHR}A}1 JQf1 /G oup
r

VIIl of the periodic table conprises iron, ~osmum ‘or rutheni"um

The phot ocuriskdofeceopenel,i 08 (ehptPeeBh¢APD -1 WEsddPfrrocene, decabromo-
ferrocene, formylnonaiodoferrocene, ethylnonaiodoferrocene,
nonaiodomethylferrocene, nonabromoformylferrocene,
acetylnonaiodoferrocene, 1-(ethoxycarbonyl)-1‘-iodoferrocene,
1-bromo-1’-(ethoxycarbonyl)ferrocene, l-chloro-1'-
(ethoxycarbonyl )ferrocene, decaiodoferrocene, l-benzoyl-1'-
bromoferrocene, 1l-benzoyl-1’-chloroferrocene,
1,1,2,2',3,3’,4,4"-octachloro-5,5'-diiodoferrocene, 1-iodo-
1’ -methylferrocene, and decachloroferrocene.

(ii) Examples of compounds having one Or more
hydrocarbon group substituents having 1 to 20 carbon atoms
include 1,1’-dimethylferrocene, 1,1’-di-n-butylferrocene,
bis(pentamethylcyclopentadienyl)iron, 1,1’-diethylferrocene,
1,1’-dipropylferrocene, 1,1'—di—n-pentylferrocene, 1,1'-di-n-
hexylferrocene, 1,1’,2-trimethylferrocene, 1,1/ ,2-triethyl-
ferrocene, 1,1’,2-tripropylferrocene, 1,1',2-tri-n-butyl-
ferrocene, 1,1’,2-tri-n-pentylferrocene, 1,1’,2-tri-n-
hexylferrocene, 1,1',3-trimethylferrocene, 1,1',3~-triethyl-
ferrocene, 1,1',;3-tripropylferrocene, 1,1’,3-tri-n-butyl-
ferrocene, 1,1'3~-tri-n-pentylferrocene, 1,1’,3-tri-n-hexyl-
ferrqcene, 1,1',2,2'-tetramethylferrocene, 1,1',2,2'-
tetraethylferrocene, 1,17,2,2'-tetrapropylferrocene,
1,1,2,2'-tetra-n-butylferrocene, 1,1’,2,2’-tetra-n-pentyl-

ferrocene, 1,1’',2,2’'~tetra-n-hexylferrocene, 1,1/,2,3’-
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can be rapidly cured by light irradiation even when the gap between a pair
of adherends is wi de, when the conposition applied has overflown fromthe
bondi ng part, or when the conposition applied is not sandw ched between a
pair of adherends as in coating. Since the curing reaction proceeds by
ani oni ¢ polynerization, not only the conposition does not suffer the
surfgee curing inhibition by oxygen which is observed in radical

| yneri zation, but also even that part of the conposition to which |ight

cannot reachet¥@mbehiNerrocene, 1,17,2,3’-tetraethylferrocene [

shape of the substrate cures by the anionic pgiynengatlon !
1,17,2,3'-tetrapropylferrocene, 1,1’,2,3’-tetra-n-butyl-
ferrocene, 1,1’,2,3’-tetra-n-pentylferrocene, 1,1’,2,3'-
tetra-n-hexylferrocene, 1,1/,3,3'-tetramethylferrocene,
1,1’,3,3’~tetraethylferrocene, 1,1’,3,3"-tetrapropyl-
ferrocene, 1,1',3,3’-tetra-n-butylferrocene, 1,1,3,3’'-tetra-
n-pentylferrocene, 1,17,3,3’-tetra-n-hexylferrocene,
1,1’,2,3-tetramethylferrocene, 1;1',2,3-tetraethylferrocene,
1,17,2,3-tetrapropylferrocene, 1,1’,2,3-tetra-n-
butylferrocene, 1,1’,2,3-tetra-n-pentylferrocene, 1,17,2,3-
tetra-n-hexylferrocene, 1,1’,2,4-tetramethylferrocene,
1,1’,2,4-tetraethylferrocene, 1,17,2,4-tetrapropylferrocene,
1,1’,2,4-tetra-n-butylferrocene, 1,1’ ,2,4-tetra-n-pentyl-
ferrocene, 1,1',2,4-tetra-n-hexylferrocene, 1,17,2,2/,3-
pentamethylferrocene, 1,1’,2,2’,3-pentaethylferrocene,
i,17,2,2*,3-pentapropylferrocene, 1,17,2,2',3-penta-n-
butylferrocene, 1,1’,2,2’,3-penta-n-pentylferrocene,
1,1,2,2',3-penta-n-hexylferrocene, 1,17,2,2,4-pentamethyl-
ferrocene, 1,1',2,2’,4-pentaethylferrocene, 1,17,2,27,4-
pentapropylferrocene, 1,17,2,2’,4-penta-n-butylferrocene,
1,1',2,2',4-penta-n-pentylferrocene, 1,17,2,2’,4-penta-n-
hexylferrocene, 1,1’,2,3,3'-pentamethylferrocéne,
1,17,2,3,3’-pentaethylferrocene, 1,17,2,3,3"-pentapropyl-
ferrocene, 1,1’,2,3,3'-penta-n-butylferrocene, 1,17,2,3,37-
penta-n-pentylferrocene, 1,1’,2,3,3’-penta-n-hexylferrocene,

1,17,2,3',4-pentamethylferrocene, 1,17,2,3",4-pentaethyl-
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initiated by light irradiation. Further, since the met al | ocene conpound
has a |ight absorption wavel ength region ext endi ng beyond 500 nmto the
| onger -wavel engt h side, the conposition can be cured with a light in a

wi der wavel ength region, i.e., even with ultraviolet and/or visible
l'i ght. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thi s
I nyeption is explained belowin detail. 1. [err]-Cyanoacrylate (A):

| tMough the [err]-cyanoacrylate (A) contained as an essential conmponent

0 the ComOBLLBNY, 9 RIS NaRLB B D8kaRE! 11 251y, LTt

2O OO - o bl 8 A B0 SR Bk e
1,1’,2,3’ ,4-penta-n-hexylferrocene, 1,1’,2,3,4-pentamethyl-
ferrocene, 1,1’,2,3,4-pentaethylferrocene, 1,17,2,3,4-
pentapropylferrocene, 1,1’,2,3,4~-penta-n~butylferrocene,
1,1',2,3,4-penta-n-pentylferrécene, 1,17,2,3,4-penta-n-
hexylferrocene, 1;1',2,3,4,5-hexamethylferrocene,
1,17,2,3,4,5-hexaethylferrocene, 1,1’,2,3,4,5-hexapropyl-
ferrocene, 1,1',2,3,4,5-hexa-n-butylferrocene, 1,1’,2,3,4,5~
hexa-n-pentylferrocene, 1,1’,2,3,4,5-hexa-n-hexylferrocene,
1,17,2,2',3,4~-hexamethylferrocene, 1,1’,2,2',3,4-hexaethyl-
ferrocene, 1,1’,2,2',3,4-hexapropylferrocene, i,l',2,2',3,4-
hexa-n-butylferrocene, 1,1’,2,2';3,4-hexa-n-pentylferrocene,
1,1/,2,2’,3,4-hexa-n-hexylferrocene, 1,1’,2,3,3",4-
hexamethylferrocene, 1,1’,2,3,3',4—hexaethylferrocene,
1,1,2,3,3’,4-hexapropylferrocene, 1,1',2,3,3',4-hexa-n-
butylferrocene, 1,1',2{3,3',4-hexa—n-pentylferrocene,
1,17,2,3,3',4-hexa-n-hexylferrocene, 1,1’,2,2',3,3"'~-
hexamethylferrocene, 1,17,2,2,3,3'-hexaethylferrocene,
i,1,2,2',3,3'-hexapropylferrocene, 1,1/,2,2’,3,3'-hexa-n-
butylferrocene, 1,1’,2,2',3,3’-hexa-n-pentylferrocene,
i,17,2,27,3,3’-hexa-n-hexylferrocene, 1,1’,2,27,3",4~
hexamethylferrocene, 1,1',2,2’,3';4—hexaethylferrocene,
1,1,2,2*,3’,4-hexapropylferrocene, 1,1’,2,27,3’,4-hexa~n-
butylferrocene, 1,1',2,2’,3',4-hexa-n-pentylferrocene,

1,1*,2,2’,37,4~-hexa-n-hexylferrocene, 1,17,2,2',4,4'-
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group. Although the ester residue is not particularly limted in the
nunber of its carbon atons, it generally has from1l to 8 carbon atons. The
ester residue nay be a substituted hydrocarbon group such as an

al koxyal kyl or trialkylsilylalkyl group.) Exanpl es of the
cyanoacryl ate include al kyl and cycloal kyl [err]-cyanoacryl ates such as
met.hyl [err]-cyanoacrylate, ethyl [err]-cyanoacrylate, propyl

fier -cyanoacrylate butyl [err]- cyanoacrylate, and cycl ohexyl
[

P o ano Al iy Pt en] 1, 9009 KDY -hEREEERYPPORES YRR o5 Such as

al lyl a-cyanoa
1,17,2,2’,4,4'-hexapropylferrocene, 1,1’,2,2’,4,4’~-hexa-n-

butylferrocene, 1,1’,2,2’,4,4'-hexa-n-pentylferrocene,
1,1’,2,2',4,4'-hexa-n~-hexylferrocene, 1,1’,2,27,3,4,5-
heptamethylferrocene, 1,1’,2,27,3,4,5~heptaethylferrocene,
1,1+,2,2’,3,4,5-heptapropylferrocene, 1,1/,2,2’,3,4,5-hepta-
n-butylferrocene, 1,1',2,2',3,4,5-hepta-n-pentylferrécene,
1,1',2,2',3,4,5-hepta-n-hexylferrocene, 1,1/,2,3,3’,4,5-
heptamethylferrocene, 1,1’,2,3,3',4,5-heptaethylferrocene,
1,1,2,3,3",4,5-heptapropylferrocene, 1,1',2,3,3',4,5-hepta-
n-butylferrocene, 1,17,2,3,3',4,5-hepta-n-pentylferrocene,
1,17,2,3,3’,4,5-hepta-n-hexylferrocene, 1,1',2,27,3,3",4-
heptamethylferrocene, 1,1',2,2',3,3',4—heptaethylferrocene,.
1,1*,2,2*,3,3';4-heptapropylferrocene, 1,1',2,2',3,3',4-
hepta-n-butylferrocene, 1,1',2,2',3,3’,4-hepta—n—pentyl-'
ferrocene, 1,1°,2,2’,3,3’ ,4-hepta-n-hexylferrocene,
1,¥,2,3,3',4,4'-heptamethylferrocene, 1,1’,2,3,3',4,4’'~
heptaethylferrocene, 1,1',2,3,3’,4,4'—hept£propylferrocene,
1,1',2,3,3",4,4'-hepta-n-butylferrocene, 1,1',2,3,3’,4,4'~
hepta-n-pentylferrocene, 1,;1',2,3,3,4,4’'-hepta-n~-hexyl-
ferrocene, 1,1’,2;2',3,3',4,5-octomethylferrocene,
1,1,2,2*,3,37,4,5-octoethylferrocene, 1,1/,2,2',3,3",4,5-
octopropylferrocene, 1,1¢,2,2',3,3',4,5-octo-n-butyl-
ferrocene, 1,1',2,2,3,3’,4,5-octo-n-pentylferrocene,
1,2,2,2',3,3’,4,5-octo-n~-hexylferrocene, 1,1',2,2',3,4,4’,5-

octomethylferrocene, 1,1’,2,2’,3,4,4’,5-octoethylferrocene,
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met hal lyl [err]-cyanoacrylate, and cycl ohexenyl [err]-cyanoacryl ate;
al kynyl a-cyanoacryl ates such as propargyl [err]-cyanoacrylate; aryl
[err]-cyanoacryl ates such as phenyl [err]-cyanoacrylate and tolyl

a-cyanoacryl ate; heteroatomcontaining [err]-cyanoacrylates such as

nethoxyethyl [err]-cyanoacryl ate, ethoxyethyl [err]- cyanoacrylate, and
furfuryl [err]-cyanoacrylate; and silicon- containing [err]-cyanoacryl ates

gés as trinethylsilylnethyl [err]- cyanoacrylate trimethyl silylethyl
[err]

di et hSYS‘Pﬁ?fJ At 'a%'g'eﬁyﬁ ptersSoppe ot Foline!eonibhah (%)

CIEL A e U O

conprising Ekéffﬂﬁ%ﬂé,°ﬁ,l’,2,2 +3,4,4',5-octo-n-hexylferrocene,
1,17,2,2',3,37,4,4’ ,5-nonamethylferrocene,
1,1',2,27,3,37,4,4" ,5-nonaethylferrocene,
i1,1,2,27,3,3",4,4’ ,5-octopropylferrocene,
1,1,2,2’,3,3",4,4',5-octo-n~-butylferrocene,
1,1;,2,2',3,3’,4,4’,5—octo-n-pentylferrocene,
1,1,2,2',3,3',4,4',5-octo-n-hexylferrocene,
bis(pentaethylcyclopentadienyl)iron, bis(pentapropylcyclo-
pentadienyl)iron, bis(penta-n-butylcyclopentadienyl)irqn,
bis(penta-n-pentylcyclopentadienyl)iron, bis(penta-n-
hexylcyclopentadienyl)iron, 1,1’-dimethyl-2-ethylferrocene,
1,1"-dimethyl-3-ethylferrocene, 1,1’-di-n-butyl-3-
methylferrocene, 1,1’-di-n-butyl-3-ethylferrocene, 1,1'-'
dimethyl-3,3’-diethylferrocene, 1,1’'2-trimethyl-3-
ethylferrocene, 1,1’-ditriphenylmethylferrocene, l-methyl-1'-
triphenylmethylferrocene, and l-n-butyl-1’-triphenylmethyl-
ferrocene. .

(iii) Examples of compounds having one or more

halogenated hydrocarbon group ;ubétituents having 1 to 20
carbon atoms include l-methyl-1’-(chloromethyl)ferrocene, 1-
chloro-1'-~(chloromethyl )ferrocene, l-methyl-1’-{bromomethyl)-
ferrocene, l-methyl-1l’-(iodomethyl)ferrocene, 1,1’-
di(chloromethyl)fefrocene, 1,1’ ,2-tri(chloromethyl)ferrocene,

1,17,2,2’-tetra(chloromethyl)ferrocene, bis(péntachloro-

This Sheet Has Been Replaced - 16 -

L

I"I THIS SHEET HAS BEEN
REPLACED




metal of Group VIII of the periodic table and aromatic electron system
| i gands, which is another essential conponent of the conposition of the
present invention, is not particularly l[imted in its aromatic electron
system |igands. Desirable exanples of the |igands include [err]-arenes,

I ndenyl, and [err]-cyclopentadienyl. Preferred of these is [err]-
cyalopent adi enyl . Exanpl es of substituents which may be bonded to
#ach |igand include hal ogen atons, hydrocarbon groups having 1 to 20

o Do o O AR 5535000, SEOHEBHENS iy PRy L O

at om cont aiqyidid,1 }3¥bnRNISRBLhYI -3% Ot richloromethyl) ferrocene, l-ethyl-
1’~(trichloromethyl)ferrocene, l-methyl-1'-(tribromomethyl)-
ferrocene, l-methyl-1’-(triiodomethyl)ferrocene, l-chloro-1’-
(trichloromethyl)ferrocene, l-bromo-1’-(trichloromethyl)-
ferrocene, - 1-bromo-1’-(tribromomethyl )ferrocene, 1,1'-
di(trichloromethyl)ferrocene, 1,1’'-di(tribromemethyl)-
ferrocene, 1,1’-di(trichloromethyl)-2-chloroferrocene, 1l-
acetyl-1’~(trichloromethyl)ferrocene, 1,1’-diacetyl-2-
(trichloromethyl)ferrocene, 1,1’-diacetyl-3-(trichloro-
methyl)ferrocene, l-formyl-1’-(((chloromethyl)oxy)methyl)-
ferrocene, l-acetyl-l’-(({(chloromethyl)oxy)methyl)ferrocene,
l-formyl-1’-(((trichloromethyl)oxy)methyl)ferrocene, and 1-
acetyl-1’-(({(trichloromethyl)oxy)methyl)ferrocene.

(iv) Examples of compounds having one or more silicon
atom-containing group substituents having 1 to 20 carbon
atoms include l-formyl-1'-({{trimethylsilyl)oxy)methyl)-
ferrocene; 1-(((6-(((1,1-dimethylethyl)dimethylsilyl)-
oxy)hexyl)oxy)methyl)-1’-formylferrocene, l-acetyl-1'~
({ (trimethylsilyl)oxy)methyl)ferrocene, 1-(((6-(((1,1-
dimethylethyl)dimeth&lsilyl)oxy)hexyl)oxy)methyl)—1'-acetyl-
ferrocene, 1,1'-di(((trimethylsilyl)dxy)methyl)ferrocene,
1,1’-di(((6-(({(1,1-dimethylethyl)dimethylsilyl)oxy)hexyl)-~
oxy)methyl )ferrocene, 1,1’-di(((triméthylsilyl)oxy)methyl)-2-
acetylferrocene, 1,1'-di(((6-(((1,1—dimethylethyl)-
dimethylsilyl)oxy)hexg})oxy)methyl)-2-acetylferrocene, 1,1°-
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contai ning groups having 1 to 20 carbon atons. Each |igand may
have the sanme or different substituents, and substituents nmay be
crosslinked to each ot her. Preferred exanpl es of the

nmet al | ocene conpound conprising a transition netal of Goup VIII of
the periodic tabl e and aromatic el ectron systemligands are -
repgesent ed by the followi ng structural fornmula (1): [err]

¥

di(((trimethylsilyl)oxy)methyl)-2-formylferrocene, 1,1'-
di(((6-(((1,1-dimethylethyl)dimethylsilyl)oxy)hexyl)-
oxy)methyl)-2-formylferrocene, l-methyl-1l’-(((trimethyl-
silyl)oxy)methyl)ferrocene, 1-(((6—(((l,l-dimethylethyl)-
dimethylsilyl)oxy)hexyl)oxy)methyl)~-1‘-methylferrocene, 1-
ethyl-1’-(((trimethylsilyl)oxy)methyl)ferrocene, 1-(({(6-
(((1,1-dimethylethyl)dimethylsilyl)oxy)hexyl)oxy)methyl)-1'-
ethylferrocene, 1,1’-di(((trimethylsilyl)oxy)methyl)-2-
nethylferrocene, 1,1'-di(((6-(({1,1,-dimethylethyl)-
dimethylsilyl)oxy)hexyl)oxy)methyl)-2—methylferrocene, 1-
methyl-1’'-(trimethylsilylmethyl)ferrocene, l-methyl-1‘-
(trimethylsilylethyl)ferrocene, l-methyl-1'-(trimethyl-
silylpropyl )ferrocene, 1,1’-di(trimethylsilylmethyl)-
ferrocene, 1,1’-di(trimethylsilylethyl)ferrocene, 1,1'-
di(dimethylsilylmethyl)ferrocene, 1-acetyl-1'-(trimethyl—'
silylmethyl)ferrocene, 1,1'-diacetyl-2-(trimethyl-
silylmethyl)ferrocene, and 1,1’-diacetyl-3~(trimethyl-
silylmethyl )ferrocene.

(v) Examples of compounds having one or more oxygen
atom-containing group substituents having 1 te 20 carbon
atoms include 1,1’-di(acetylcyclopentadienyl)iron, 1,1°-
dibenzoylferrocene, 1,1’-bis(l-oxotetradecyl)ferrocene, 1-(3-
ethoxy-1-methyl-3-oxo-1-propenyl)-1‘-(1-oxo-3-phenyl-2-
propenyl)ferrocene, 1-benzoyl-1‘-(3-ethoxy-l-methyl-3-oxo-1-
propenyl)ferrocene, l-(3-ethoxy-l-methyl-3-oxo-l-propenyl)-
1'-(phenylacetyl)ferrocene, 1,1';bis(2-furanylcarbonyl)-

- 18 -
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(In the fornmula, Mrepresents a transition netal of Goup - VI of

the periodic table. R represents a hal ogen atom a hydr ocar bon
group having 1 to 20 carbon atons, a hal ogenat ed hydr ocar bon group
having 1 to 20 carbon atons, or a silicon at om cont ai ni ng, oxygen
atom cont ai ni ng, sul fur atom cont ai ni ng, or phosphorus

at ofgzecont ai ni ng group having 1 to 20 carbon atons, provided that
vhe R s may be the sane or different and nay be crosslinked to each

?tnhlfe o ad?%laf‘%%e“e rolu[}gi'?f’fﬁ?t"segﬁ}'i?te efere FheEroeerer (13- |
cyc Openta-'%#Pﬁ%ﬁéﬂﬁ&ﬂgcgﬁeﬁgﬁggﬁfggrghéﬁgrePﬁe%%gngyl%?clgg%ﬁﬁﬁéugﬁyﬂﬁetal

exanpl es of
of Group VIl(pRipildi1R§id1ePenitadienyl)iron, (pivaloylcyclopentadienyl)-

(propylcyclopentadienyl)iron, 1-(9-carboxy-l-oxononyl)-1‘,3-
dimethylferrocene, 1-({9-carboxy-l-oxononyl)-1‘,2-dimethyl-
ferrocene, 1-(10-ethoxy-1,10-dioxodecyl)-1’,3-dimethyl-

~ ferrocene, 1-(l0-ethoxy-1,10-dioxodecyl)-1’,2-dimethyl-
ferrocene, 1-(6-methoxy-1,6-dioxohexyl)-1‘-(l-oxooctadecyl)-
ferrocene, 1,1'-bis(l-oxononyl)ferrocene, 1-(l-methyl-3-oxo-
1-butenyl)-1’-(phenylacetyl)ferrocene, 1-{3-carboxy-1-
oxopropyl)-1’-(1l-oxoundecyl)ferrocene, 1-(3-cérboxy-1-
oxopropyl)-1’-(1-oxononyl)ferrocene, 1-(4-ethoxy-1,4-
dioxobutyl)-1’-(1l-oxoundecyl)ferrocene, 1-(4-ethoxy-1,4-
dioxobutyl)-1‘~(1l-oxononyl)ferrocene, 1,1’-bis(6-carboxy-1-
oxohexyl )ferrocene, 1-(5-carboxy-l-oxopentenyl)-1‘-(3-
carboxy-1l-oxopropyl )ferrocene, i,l'—bis(?—methoxy-l,?-
dioxoheptyl)ferrocene, 1-(4-methoxy-1,4-dioxobutyl)-1/-(6-
methoxy-1,6~-dioxohexyl)ferrocene, bis(o-carboxybenzoyl-
cyclopentadienyl)iron, (cinnamoylcyclopentadienyl) (neopentyl-
‘cyclopentadienyl)iron, 1,1’-bis(3,5,5-trimethyl-l-oxohexyl)-
ferrocene, 1,1’-bis(l-oxchexadecyl)ferrocene, (neopentyl-
cyclopentadienyl})(3,5,5~trimethylhexanoylcyclépentadienyl)-
iron, (neopentylcyclopentadienyl) (pivaloylcyclopentadienyl)-
iron, ((4-carboxybutyryl)cyclopentadienyl)((3-carboxy-
propynoyl)cyclopentadienyl)iron, 1,1/-bis(4-carboxy-1-

oxobutyl)ferrocene, (isobutylcyclopentadienyl)(pivaloyl-
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-10 - tabl e and aromatic el ectron systemligands include ferrocene, in
which the transition nmetal is iron, osnbcene, in which the transition
metal is osmum ruthenocene in which the transition nmetal is ruthenium

cobal t ocene,
whi ch t he

2

f or ned

in which the transition netal is cobalt, and ni ckel ocene, in

transition netal is nickel. Anong these, ferrocene, osnbsene
ang.yut henocene, and derivatives thereof are preferred. Exanpl es
#f Terrocene conpounds in which the aromatic electron systemligands are

bsti d w bst.i ' | es.
T the. pr osch S PRVRTT i ket o dc e LR e ER R L ur co”

(neopentylcyclopentadienyl)iron, 1l-(5-carboxypentyl)-1’'-(1-
oxooctadecyl )ferrocene, 1-(S5-carboxy-l-oxopentyl)-1’-
octadecylferrocene, 1l-(S5-carboxy-l-oxopentyl)-1‘-(1-
oxooctadecyl ) ferxrocene, ((3-carbogypropionyl)cyclopenta-
dienyl) ( (3-carboxypropyl)cyclopentadienyl)iron, (benzyl-
cyclopentadienyl)(pivaloylcyclopentadienyl)iron, 1-(9-
carboxy-l-oxononyl)-1/,2,2’,3,3’,4,4’,5-octamethylferrocene,
1-(10-ethoxy-1,10-dioxodecyl)-1+,2,2",3,3',4,4' ,5-octamethyl-
ferrocene, (neopentylcyclopentadienyl)(phenylacetyl-
cyclopentadienyl)iron, (phenethylcyclopentadienyl)(pivaloyl-
cyclopentadienyl)iron, 1,1'-bis(5-methoxy—1,Sfdioxopentyl)—
ferrocene, 1—benzoyl-1'-(1-oxohexadecyljferroéene, l-acetyl-
1’-(l-oxohexadecyl)ferrocene, 1,1’-bis(l-oxooctadecyl}-
ferrocene, 1-acetyl—1'—(1-cyclohexen-1-ylacetyl)ferrocené, 1-
acetyl-1‘-(1l-cycloocten-l-ylacetyl)ferrocene, 1-formyl-
1¢,2,2*,3,3*,4,4" ,5-octamethyl-5'-(2,4,6-trimethylbenzoyl)-
ferrocene,; 1l-benzoyl-1’-formyl-2,2’,3,3',4,4',5,5'-
octamethylferrocene, benzoylnonamethylferrocene, 1-(3,3-
dimethyl-1-oxobutyl)-1-oxobutyl)-1’-(l-oxo-4-phenylbutyl)-
ferrocene, 1-(l-oxo-5-(4-(1l-oxo-3-phenyl-2-propynyl)phenyl)-
pentyl)—l'—(1—oxq—3-phenyl-2-propynyl)ferrocene, 1-(1l-oxo-4-~
(4~-(1-oxo-3-phenyl-2-propynyl)phenyl)butyl)-1’-(1l-oxo-3-
phenyl-2-propynyl)ferrocene, 1—(l—oxo-3—phenyi—2-propynyl)—
phenyl)propyl)-1’-(1l-oxo-3-phenyl-2-propynyl)ferrocene, 1-(1-
0x0-3-(4-(1l-oxo-3-phenyl-2-propenyl )phenyl)propyl)-1‘-(l-oxo-
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by replacing the iron in these ferrocene conpounds with another transition
metal of Goup VIII of the periodic table, e.g., osmum ruthenium cobalt
or nickel can also be used. The nore substituents the netall ocene
conpounds for use in the present invention have, the better

photocurability they tend to have. (i) Exanples of conpounds
g one or nore hal ogen atonlsubstituents I ncl ude
vﬂ acetyl -brono- 1, 2- diethylferrocene -brono-1, 2,3-triethyl ferrocene,

?e?fﬁéé'ne $-areit %rpord e f'sér%%%&%ﬁb&rﬁypgp ORRgySHopprp e Y-

1 bromo- 11 (R ;olyw]% BREYe ) TSR OERNT. 1Y bhrnr REBETTT 1417 hene,

}: ggg_ i: - &&-P}-*B%{Siﬂ}le-@ﬂﬁfo?{n%%%rro%éﬁé;cEL?EQBQSDSLbhéhiiBQR{ﬁf ocene,
1’~(l-oxo-3-phenyl-2-propenyl)ferrocene, 1-(l-oxo-4-
phenylbutyl)-1‘-(1-oxo-3-phenyl-2-propenyl)ferrocene, 1-(1-
oxo-3-phenyl-2-propenyl)-2-propenyl}-1’'-(1~0x0-3~
pﬁenylpropyl)ferrocene, l-benzoyl-1'-formylferrocene, 1-
benzoyi-l’-(3-oxo~3-phenyl-l-propenyl)ferrocene, 1,1'-bis(1-
oxo-2-pentenyl )ferrocene, l-benzoyl-1l'’-(1l-hydroxy-3-(1-
hydroxycyclohexyl)-1l-phenyl-2-propynyl)ferrocene, 1,1’'-bis(3-
carboxy-1-oxopropyl)ferrocene, 1,1’-bis(4-methoxy-1,4-
dioxobutyl)ferrocene, l-acetyl-1’-(1,3-dioxobutyl)-3,3’-
dimethylferrocene, 1,1'-bis{l-oxopentyl)ferrocene, ({(3-
carboxypropionyl)ethylcyclopentadienyl) (ethylcyclo-
pentadienyl)iron, 1,1'-bis(4-(2-methylbutyl)benzoyl})-
ferrocene, 1,1'-bis(l-oxoundecyl)ferrocene, 1-(4-
hydroxyphenyl)-1‘-(1l-oxo-3-phenyl-2-propenyl)ferrocene, 1-
acetyl-1’-(3-(3-methoxyphenyl)-1l-oxo-2-propenyl)ferrocene, 1-
acetyl-1’-({3-(4-methylphenyl)-1-oxo-2-propenyl)ferrocene, 1l-
acetyl-1l’-(3-(4-methoxyphenyl)~1l-oxo-2-propenyl)ferrocene, i—
(3-methyl-1-oxo-2-butenyl)-1’-(phenylacetyl)ferrocene, 1-
(4,4-dimethyl-1-oxo-2-pentenyl)-1’-(phenylacetyl)ferrocene,
l-acetyl-1’-(4,4-dimethyl-1-oxo-2-pentenyl )ferrocene, 1-
acetyl-1’-(3-methyl-l-oxo-2-butenyl)ferrocene, l-acetyl-1’-
(1-oxo-2-~-butenyl)ferrocene, 1~acety1—1'-(2-methyl—1-ox§—2—

propenyl )ferrocene, 1-(3,3-dimethyl-l-oxobutyl)-1’-(l-oxo~3-
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phenyl ferrocene, 1,3-dichloro-2,4,5-tris(nmethylthio)- ferrocene, 1,
2,4-trichloro-3,5-bi s(nethylthio)ferrocene,
1,2,3,4-tetrachloro-5-(nmethylthio)ferrocene, 1-iodo-1'-(3-

met hoxy- 3- oxo- 1- propyl )ferrocene, 1,1 -di bronoferrocenium 2-

acetyl -bronD-1,3-diethylferrocene, 1'-bronmp-1,2,4- triethylferrocene,
Qﬁ;tyl - brono- 2, 4-di et hyl f err ocene, 1'-bronD-1,3-diethylferrocene,
’ r ono- 1 2- dlethylferrocene 1-acetyl -1'-brono- 3-et hyl ferrocene,
" 1-acetyl - P en -%-pro Xy&?%égggggne, f-(&j-rg I%Ffffrgzpocb%ﬂn)" ldec(alchl oro-

oxo-3~-phenyl-2-propenyl)ferrocene, 1l-(l-oxobutyl}-1’-(l-oxo~
3-phenyl-2-propenyl)ferrocene, 1,1’~bis((4-methylphenyl)-
acetyl)ferrocene, 1,1’-bis(3-(4-methylphenyl)-l-oxo-2-
propenyl )ferrocene, 1,1'-bis(3~(2-furanyl)-l-oxo-2-propenyl)-
ferrocene, 1,1’-bis(hydroxyacetyl)ferrocene,'1—(6—(4-
methoxyphenyl)-6-oxohexyl)~-1’,3-bis(1l-oxo~-3-phenyl-2-
propenyl )ferrocene, 1-(10-(4-methoxyphenyl)-10-oxodecyl)-
1’,2-bis(1l-oxo-3-phenyl-2-propenyl)ferrocene, 1-(5-(4-
methoxyphenyl)-5-oxopentyl)}-1‘,3~bis(l-oxo-3-phenyl-2-
propenyl)ferrocene, 1-(9-(4-methoxyphenyl)-9-oxononyl)-1',62~
bis(1l-oxo-3-phenyl-2-propenyl)ferrocene, 1-(8-(4-
methoxyphenyl )-8-oxooctyl)-1’-(1l-oxo-3-phenyl-2-propenyl)-
ferrocene, 1,1’-bis(10-ethoxy-1,10-dioxodecyl)ferrocene,
1,1’~-bis(9-ethoxy-1,9-dioxononyl)ferrocene, 1,1’-bis(8-
ethoxy—l,8-dioxooctyl)ferrocene,'1,1'—bis(7—e£hoxy—l,7—
dioxoheptyl)ferrocene, 1,1’-bis(5-ethoxy-1,5-dioxopentyl)-
ferrocene, 1-(1,10-dioxo-10-phenyldecyl)}-1’-(1l-oxo~3-phenyl-
2-propenyl)ferrocene, 1-(1,9-dioxo-9-phenylnonyl)-1’-(l-oxo-
3-phenyl~-2-propenyl )ferrocene, 1-(1,8-dioxo-8-phenyloctyl)-
1'-{1-oxo-3~phenyl-2-propenyl )ferrocene, 1-(1,7-dioxo-7-
phenylheptyl)-1’-(1-oxo-3-phenyl-2-propenyl)ferrocene, 1-
methyl-1’~(4-methylbenzoyl)ferrocene, 1-(2-methoxy-2-
oxoethyl)-1‘-(4-methylbenzoyl)ferrocene, l-benzoyl-1',3-
bis(phenylmethyl)ferrocene, l-benzoyl-1’,2-bis(phenylmethyl)-

ferrocene, l-benzoyl-1l’-(1l-hydroxy-1l-phenylethyl)ferrocene,
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ferrocenium 1-(3-hydroxy-3-nethyl-1-butynyl)-1'- iodoferrocene,
1-chloro-1"-ethynyl ferrocene, 1l-brono-1'- ethynylferrocene,

(acetyl cycl opent adi enyl ) (bronocycl o- pentadi enyl)iron,

(bronmocycl opent adi enyl ) (i odocycl openta- dienyl)iron,

1- brono-1' - phenyl ferrocene, 1-brono-1'- (triphenyl nethyl)ferrocene,

1- bgeno-1' - ((1- oxooct adecyl ) oxy)- ferrocene,

ii i odo-1"-((1- oxooctadecyl)oxy)ferrocene, 1-bromo- 1'-cuprioferrocene,

“1-brono-1' - gegtyi,iggi gﬁ nﬁ,rp}ierw ey 'nc;ﬂﬁki&yl@tf%@'égmél,)&QBEH%‘SQ?hl'-#

1-chl oro-1' 0XO0-

1-bromo-1' - k ﬂatﬁgiégeﬁ&er ﬁ%rope ﬂ:ﬁ"ene f19nMLi g 30e8RBoxy-1-0x0-2-~

1- brono-1' - ( 3- 0x0- ferrocene
1-bromo- 1' - p2opBhPY ) = d-re thPKA Fbcend ) l1eWR%§1€1 7, 2-bis (1-ox0-3-
1-brono-1'- ne hylphenyl nethyl)ferrocene 1-bronmo-1"-((3-
net hyl phenybhéﬁynyiz;;ﬁﬁdsnsm)enpfeﬁrﬁu@m I~ ((6l-FretBORY-DhH 6RM pxohexyl ) -1 -
met hyl ) ferrocene, 1-(di phenyl phosphino)-1'-iodoferrocene, 1-

{ { 2-oxocyclopentyl)carbonyl)ferrocene, 1,1’-bis{6~-ethoxy-1,6-

dioxohexyl)ferrocene, 1-(6-ethoxy-1,6-dioxohexyl)-2~((2-
oxocyclopentyl)carbonyl)ferrocene, 1,1’-bis(4-
methoxybenzoyl)ferrocene, 1,1’-bis(l-oxooctyl)ferrocene, 1-
carboxy-1’-(1,2-dioxopropyl)ferrocene, 1l-(methoxycarbonyl)-
1’-({phenylacetyl)ferrocene, 1-carboxy—l'-(1—0xo-3-phenyl—2-
propenyl)ferrocene, l-carboxy-1'-{oxophenylacetyl)ferrocene,
1-(methoxycarbonyl)-1‘-(l-oxo-3-phenyl-2-propenyl )ferrocene,
1—(3—methylphenyl)-1'-(1-oxo-3—phenyl—2-propényl)ferrocene,
1-(4-methylphenyl)-1’-(1-oxo-3-phenyl-2-propenyl)ferrocene,
1-(l-oxo-3-phenyl-2-propenyl)-1’-phenylferrocene, 1-(3,5-'
dimethylphenyl)-1’-(1-oxo-3-phenyl-2-propenyl)ferrocene, 1-.
(3,4-dimethylphenyl)-l'-(1-0xo—3—phenyl—z-propenyl)ferrocene,
1-(4—methoxyphenyl)—1'—(l-oxo-3-phepyl-2-propenyl)ferrocene,
1-(4-(ethoxycarbonyl )phenyl-1’-(1-oxo-3-phenyl-2~propenyl)-
ferrocene; 1-(3-ethylphenyl)-1’-(l-oxo-3-phenyl)-2-propenyl)-
ferrocene, 1-(4-ethylphenyl)-1’~(l-oxo~3-phenyl-2-propenyl)-
ferrocene, 1-benzoyl-1‘-(methoxymethyl)ferrocene, 1,1’-bis(3-
ethoxy-1,3-dioxopropyl)ferrocene, 1-(3,3-dimethyl-1-
oxobutyl)-1’,3~-dimethylferrocene, 1-(3,3-dimethyl-1-
oxobutyl)-1’,2-dimethylferrocene, l-acetyl-1’-(2-methyl-1-

oxo-3-phenyl-2-propenyl)ferrocene, l-acetyl-1l’-(l-oxo-5-
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(3-fornyl phenyl)ethynyl)-1'-iodof errocene, 1-((2-

or nyl phenyl ) et hynyl )-1'-i odof errocene, 1,1' -dichloro-2-

2 (trichlorosilyl)ferrocene, (1'2-dichloroferrocenyl)lithium
1-chl oro-1' - phenyl ferrocene, 1-((4-fornylphenyl)ethynyl)-1'-

(
f

| odof errocene, 1-(capryoethynyl)-1'-iodoferrocene, decabrono- ferrocene,
fo | nonai odof errocene, ethyl nonai odof errocene, nonai odonet hyl f err ocene,
- onabronnfornylferrocene acet yl nonai odof errocene,

et o ARG Pecegcanpy 1, 1:-bis (orophonylacety)
ferrocene, 1,1’-bis(phenylacetyl)ferrocene, 1-(3-
acetylphenyl)-1’~(1-oxo-3-phenyl-2-propenyl)ferrocene, 1,1’'-
bis(cyclohexylcarbonyl)ferrocene, 1,1’-bis(l-oxohexyl)-
ferrocene, 1,1’-bis(3-methyl-l-oxobutyl)ferrocene, 1-(1,1-
dimethylethyl)-1’-(2,2-dimethyl-1-oxopropyl)ferrocene, 1-
(1,l-dimethylethyl)-l’—(2-methyl-l—oxopropyl)ferrocene, 1-
acetyl-1’-(1l-oxo-3-phenyl-2-propynyl)ferrocene, 1,1’'-bis(2,2-
dimethyl-1-oxopropyl)ferrocene,-l-acetyl-1'-(1-oxobutyl)-
ferrocene, l-acetyl-1’-(phenylacetyl)-2-{phenylmethyl)-
ferrocene, 1-benzoyl—1'-(phenylacetyl)ferroceﬁe, 1-(1-
oxobutyl)-1’-(phenylacetyl)ferrocene, l-benzyl-1'-(1-
oxobutyl)ferrocene, 1-(l-oxopropyl)-1'-(phenylacetyl)-
ferrocene, 1-acetyl-1'-(phenyl&cetyl)ferrocene, l-benzoyl-1'-
(1-oxopropyl )ferrocene, 1—acetyl-3-ethyl—l'-(phenylacetyl}—
ferrocene, l-acetyl-1’-(phenylacetyl)-3-(phenylmethyl)-
ferrocene, 1-(3-ethoxy-1-methyl-3-oxo-l-propenyl)-1’-(l-oxo-
2-butenyl)ferrocene, 1-(3-ethoxy-l-methyl-3-oxo-l-propenyl)-
1’-(1-oxooctadecyl)ferrocene, 1-(3-ethoxy-l-methyl-3-oxo-1-
propenyl)~-1’-(1-oxopropyl)ferrocene, l-acetyl-l’-(3-ethoxy-1-
methyl-3-oxo~1l-propenyl)ferrocene, 1;1’/-bis({(5-((4-
methoxyphenoxy)carbonyl )phenoxy)pentyl )oxy)carbonyl)-
ferrocene, 1,1'-bis((3-(4-((4-methoxyphenoxy)carbonyl)-
phenoxy )propoxy )carbonyl)}ferrocene, 1,1’'-bis((2-(4-((4-
methoxyphenoxy)carbonyl)phenoxy)ethoxy)carbonyl)ferrocene,
1,1"-bis((heptadecyloxy)carbonyl)ferrocene, 1,1'-

-
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(et hoxycar bonyl ) ferrocene, decai odoferrocene, 1-benzoyl -

br onof errocene, 1-benzoyl-1'-chl oroferrocene,
1,1',2,2',3,3 ,4,4" -octachloro-5,5' -di i odof errocene, 1-iodo-
1'-net hyl ferrocene, and decachl or of errocene. (ii1) Exanples of
conpounds havi ng one or nore hydrocarbon group substituents having 1 to 20
carfagn atonms include 1,1'-dinethylferrocene, 1,1 -di-n-butylferrocene,

?ﬁ s(pentanethylcyclopentadlenyl)lron 1,1 -diethylferrocene,

1,1 d'pr0p$E§?Q{9C§”§;618 2 ; R at <£99%P@ 1b i3ﬂ®en9 opentaoxa-

hexyl f err ocene, nefhy1ferroce 2-'tri'ethyl -  ferrocene,

1,1", 2-tri pegpYbpentageten- ﬂsﬂylfbﬁggcdkﬂaﬁ |ferﬂ8@éhﬁpeﬂecarboxy-l’

1,1 ,2-tri-n-pentyl ferrocene, 1,71 tri-n- hexylferrocene

1,1, 3-tri m¢{phkhglnetenty)dadbordy) yiitbene ,f ar,noceie,( (4-( (4-

1,1' 3-tripropylferrocene, 1,1',3-tri-n-butyl- ferrocene

1,1'3 tr|-nhpnyigkyyph@nenp)cdrﬁdnj%xphenbﬂywqdrbonyl)ferrocene, 1,17~
bis((4~-((4-(pentyloxy)phenoxy)carbonyl )phenoxy)carbonyl)-
ferrocene, 1,1’-bis((4-((4-butoxyphenoxy)carbonyl)phenoxy)-
carbonyl)ferrocene, l,l;-bis((4-((4-ethoxyphenoxy)carbonyl)-
phenoxy)carbonyl )ferrocene, 1,1'—bis((4—((4-(péntyloxy)-
benzoyl Joxy)phenoxy)carbonyl)ferrocene, 1,1'-bis(4~((4-
(butoxybenzoyl)oxy)phenoxy)carbonyl)ferrocene; 1,1'-bis((4-
( (4-propoxybenzoyl Joxy)phenoxy)carbonyl )ferrocene, 1,1'-
bis( (4-((4-ethoxybenzoyl )oxy)phenoxy)carbonyl)ferrocene,
1,1’-bis((4-((4-methoxybenzoyl )oxy)phenoxy)carbonyl)-
ferrocene, 1-(({(1,1’'-biphenyl)-4-yloxy)carbonyl)-1’-hexyl-
ferrocene, l-butyl-1’-((4-((4-(pentyloxy)benzoyl)oxy)-
phenoxy)carbonyl)ferrodene, l-butyl-l’—((4-heXyloxy)phenoxy)-
carbonyl )ferrocene, l-butyl—l'—((4-heptylphenoxy)carbonyl)—
ferrocene, 1,1’-bis((4-formylphenoxy)carbonyl)ferrocene,
1,1’-bis(((3~formylphenyl )methoxy)carbonylferrocene, 1,1'~

- bis((4-((4-(hexyloxy)benzoyl)oxy)phenoxy)carbonyl )ferrocene,
1,1'-bis((4~-(phenylmethoxy)phenoxy)carbonylferrocene, 1-((4-
(decyloxy)phenoxy)carbonyl)-1‘-( (4-hydroxyphenoxy)carbonyl)-
ferrocene; 1,1’-bis((4-(decyloxy)phenoxy)carbonyl)ferrocene,
1,1’ -bis((4-heptyloxy)phenoxy)carbonyl)ferrocene, 1,1’-

bis((4-(1,1-dimethylethyl )phenoxy)carbonylferrocene, 1,1'-

bis (methoxycarbonyl)-2,2’-bis(methoxymethyl)ferrocene, 1,1'-
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ferrocene, 1,1',2,2'-tetranethylferrocene,

1,1
1,1
1,1
1,1

,2,2"' -tetrapropyl ferrocene, 1,1
,2,2' -tetra-n-pentyl- ferrocene,
, 2,3 -

, 2,3 -tetraethylferrocene, 1,1

1, x;pz 3'-tetra-n-butyl- ferrocene,

1I
* 1 1'
1, 1'

2,3 - tetra-n-hexylferrocene,

'35 B GROGRRR,) -, 3 B ém%@h&ﬁ?ﬁ@?ﬂ&l)féﬁf&@&%‘,&l, 1o

1,1,

1,1',2,2" -

tetraet hyl ferrocene,

,2,2' -tetra-n-butyl ferrocene,
1,1',2,2' -tetra-n-hexyl ferrocene,

-13-

tetramet hyl f errocene,

,2,3" -tetrapropyl ferrocene,

1,1',2,3 -tetra-n-pentyl ferrocene,

3,3 -tetranet hyl ferrocene,

bis(ethoxycarbonyl)- 2,3'-bls(methoxymethyl)ferrocene, 1,17~

bis(ethoxycarbonyl)-2,2’-bis(methoxymethyl)ferrocene, 1-

(ethoxycarbonyl)-1',

2-bis (methoxymethyl)ferrocene, 1,1~

bis(((1,4-dihydro-1,4-dioxy-2-naphthalenyl)oxy)carbonyl)-

ferrocene, 1,1’-bis(((4’-(heptyloxy)(1,1’~biphenyl)-4-

yl)oxy)carbonyl)ferrocene, 1,1’-bis(((4’-(hexyloxy)(1,1’-

biphenyl)-4-yl)oxy)carbonyl)ferrocene, 1,1'-bis((4'-~

(pentyloxy)(1l,1’-biphenyl)-4-yl)oxy)carbonyl)ferrocene, 1,1'-

bis(((4’-butoxy(1l,1’-biphenyl)-4-yl)oxy)carbonyl)ferrocene,

(methoxycarbonyl)nonamethylferrocene, 1,1’-(methoxycarbonyl)-

2,27,3,3’,4,4’,5,5"-octamethylferrocene, 1l-(2-acetyl-3-

oxobutyl}~1’-(methoxycarbonyl)ferrocene, 1l-(methoxycarbonyl)-

1/~ (phenoxymethyl)ferrocene, 1,1’-bis((1,1-dimethylethoxy)-

carbonyl)ferrocene, 1,1’-bis(({3-hydroxymethyl)phenyl)-

methoxy)carbonyl )ferrocene, 1,1’-bis(((5~(hydroxymethyl)-2-

furanyl )methoxy)carbonyl)ferrocene, 1,1‘-bis((4-hydroxy-

phenoxy)carbonyl )ferrocene, l-acetyl-1’-(propoxycarbonyl)-

ferrocene, l-acetyl-1’-(ethoxycarbonyl)ferrocene, decakis-

(methoxycarbonyl )ferrocene, 1,1’-bis((2-propenyloxy)-

carbonyl)ferrocene, 1,1’-bis((phenylmethoxy)carbonyl)-

ferrocene, 1l-(ethoxycarbonyl)-1’-ethylferrocene, 1-

(ethoxycarbonyl)-1’-methoxyferrocene, 1l-(ethoxycarbonyl)-1’-

phenylferrocene, l-acetyl-1’-(4-(ethoxycarbonyl)phenyl)-

ferrocene, 1,1’-bis((oxiranylmethoxy)carbonyl)ferrocene, 1-

(hydroxymethyl)-1’-(methoxycarbonyl)ferrocene, 1-

I
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n-pentyl ferrocene, 1,1', 3,3 -tetra-n-hexylferrocene,

1,1',2,3-tetranmethyl ferrocene, 1,1',2,3-tetraethyl ferrocene,

1,1',2,3-tetrapropyl ferrocene, 1,1',2,3-tetra-n- butylferrocene,

1,1',2,3-tetra-n-pentylferrocene, 1,1',2,3- tetra-n-hexylferrocene,
1,1',2,4-tetranethyl ferrocene, 1,1',2,4-tetraethylferrocene,

1, Lp2,4-tetrapropyl ferrocene, 1,1',2,4-tetra-n-butylferrocene,
ﬁﬁ,l',2,4-tetra n-pentyl- ferrocene, 1,1',2,4-tetra-n-hexylferrocene,
“1,1',2,2", P nt get pcene,

1,1',2,2", p}?é% Wrﬁ%ceﬂ?%éxelxgl%e% % ei (p%lt?l%# errocene,

1,1',2,2", Nty Q@g 2'”3 h@k wrbenLegene,

1,1',2,2',4- pgﬁég%e 'Efl _3’ 4§}{ rro]cle]nez 14 ?))[ei%t aet Ey??érroceg (i

11,22 43-m&€ﬁ'§ﬁf3éﬂ%ér€é Olcelenfjoﬁn 12~1?' 24 @e@t'annv;bufsylsf'e”ocene

1,1',2,2',4-penta-n pentylferrocene :F penta-n-.

octamethylferrocene, l'—formyl 1, 2 3 4-tetramethyl -5~
(4,7,10,13-tetraoxatetradec-1-yl)ferrocene, l-acetyl-1'-(2-
ethoxy-2-oxoethyl )ferrocene, l-formyl-1’-{{((6~hydroxyhexyl)-
oxy)methyl )ferrocene, 1,1’-diacetyl~3,3'~bis(1,1-
dimethylethyl)ferrocené, 1’-formyl-1,2,3,4,5-pentamethyl-
ferrocene, 1-(l-methyl-3-oxo-l-butenyl)-1‘-(l-oxopropyl)-
ferrocene, l-acetyl-1l’-(l-methyl-3-oxo-l-~butenyl)ferrocene,
1'-formyl-1,2-dimethylferrocene, 1l-formyl-
1’,2,2',3,37,4,4',5-octamethylferrocene, (acetylcyclo-
pentadienyl) (neopentylcyclopentadienyl)iron, l-acetyl-1'-
ethynylferrocene, (benzoylcyclopentadienyl) (neopentyl-
cyclopentadienyl)iron; acetylnonamethylferrocene, 1-formyi-
1’ - (hydroxyphenylmethyl)-2,2’,3,3’,4,4’,5,5’ -octamethyl~
ferrocene, 1-formyl-1’-(l-hydroxyethyl)-2,2',3,3,4,47,5,5'-
octamethylferrocene, l-formyl-3-(hydroxymethyl)-
1',2,2';3’,4,4',5,5'-octamethylferrocene, (acetylcyclo-
pentadienyl) (hydroxycyclopentadienyl)iron, 1'-acetyl-
1,2,3,4,5-pentaphenylferrocene, 1,1'-diacetyl-3;3’-dimethyl-
ferrocene, (acetylcyclopentadienyl)((2-carboxyvinyl}-
cyclopentadienyl)iron, (acetylcyclopentadienyl)((2-carboxy-
ethyl)cyclopentadienyl)iron, formylnonamethylferrocene, 1,1'-~
diformyl-2,27,3,37,4,4',5,5"-octamethylferrocene, l-formyl-

1’ - (hydroxymethyl)ferrocene, l-acetyl-1‘-(1-(acetyloxy}-
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hexyl ferrocene, 1,1',2,3,3" -pentanethyl ferrocene,

1,1',2,3,3 -pentaethylferrocene, 1,1',2,3,3 -pentapropyl- ferrocene,
1,1',2,3,3 -penta-n-butylferrocene, 1,1',2,3,3 - penta-n-pentylferrocene,
1,1',2,3,3 -penta-n-hexyl ferrocene, 1,1',2,3",4-pentanethylferrocene,
1,1', 2,3, 4-pent aet hyl - -14-
fertﬁbene 1,1',2,3,4-pentapropyl ferrocene, 1,1',2,3", 4-

xébnta n- butylferrocene 1,1',2,3 ,4-penta-n-pentyl ferrocene,

3T R ReasbARE 0SSy 2 e BRLRER 1
oxooctyl)ferrocene, l-acetyl-l', 3-bis (phenylmethyl )ferrocene,
l-acetyl-1',2-bis(phenylmethyl)ferrocene, l-acetyl-1’-(1-
hydroxy-1-phenylethyl)ferrocene, 1,1’-diacetyl-2-methyl-
ferrocene, 1,1'—diacetfl-3-methylferrocene, 1-formyl-2-(4-
methoxyphenyl )ferrocene, 1-(3-ethylphenyl)-1’'-formyl-
ferrocene, 1-(4-ethylphenyl)-1’-formylferrocene, 1-(3,5-
dimethylphenyl)-1’-formylferrocene, 1;(4—(ethoxycarbonyl)-
phenyl)-1’-formylferrocene, 1-(3,4-dimethylphenyl}-1’-formyl-
ferrocene, l-formyl-1’-(4-methoxyphenyl)ferrocene, 1l-formyl-
1’~(4-methylphenyl)ferrocene, l1-formyl-1‘-(3-methylphenyl)-
ferrocene, l-acetyl-1’-(4-(acetyloxy)phenyl)ferrocene; 1-
formyl-1’-phenylferrocene, l-acetyl-1’~(4-methoxyphenyl)-
ferrocene; l-acetyl-1’-(3,4-dimethylphenyl)ferrocene, 1-
acetyl-1‘-(3,5-dimethylphenyl)ferrocene; l-acetyl-1’-(4-
methylphenyl)ferrocene, l-acetyl-l1’-phenylferrocene, 1-
acetyl-1’-(3-methylphenyl)ferrocene, l-acetyl-l’-(2-benzoyl-
3-oxo-1l-butenyl)ferrocene, l-acetyl-1’-(3-oxo-5-phenyli-1,4-~
pentadienyl )ferrocene, l-acetyl-1’-(2-acetyl-5-oxo-5-phenyl-
1,3-pentadienyl )ferrocene, l-acetyl-1l'-(5-oxo-5-phenyl-1,3-
pentadienyl)ferrocene, l-acetyl-1’-(1l-hydroxyethyl)ferrocene,
l-acetyl-1’-(l-methoxy-3-phenyl-2-propenyl)ferrocene, 1-
acetyl-1’,3-bis(l-methylethyl)ferrocene, 1’-acetyl-1,2-
dimethylferrocene, 1’-acetyl-1,3-dimethylferrocene, l-acetyl-
1’,3-bis(1,1-dimethylethyl)ferrocene, l-acetyl-1’-(3-methoxy-

3-phenyl-l-propenyl)ferrocene, l-acetyl-1’,2-bis(1,1-
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pent apropyl ferrocene, 1,1', 2,3, 4-penta-n-butylferrocene,

1,1',2,3,4-penta-n-pentyl ferrocene, 1,1',2,3,4-penta-n- hexylferrocene,

1,1',2,3,4, 5-hexanethylferrocene, 1,1',2,3,4,5-hexaethylferrocene,

1,1', 2, 3,4,5-hexapropyl - ferrocene, 1,1',2,3,4,5-hexa-n-butylferrocene,

1,1',2,3,4,5- hexa-n-pentylferrocene, 1,1', 2,3, 4, 5-hexa-n-hexyl ferrocene,

1, Bp2,2',3,4-hexanet hyl ferrocene, 1,1',2,2',3,4-hexaethyl- ferrocene,
si,1", 2,2, 3, 4-hexapropyl ferrocene, 1,1',2,2',3,4- hexa-n-butylferrocene,

“1,1',2,2", "#ﬁ%ﬁ' ene,_ 1or 25.33% [SYEE -P@mﬁLf rocene,
1,1'1, 2, 3, 1] - hgggﬁgpﬁ%#%gk%ggéng,ai%E}}Z?Sf%'?ﬁéggxaet ferf%%éne,
1,1, 2,3, 3' e iR, ORI §3Cene 0 _di dtngi BeBrodehle a1 Nace Bt Y1 £ sf30ceNE,
1,1',2,3,3, 4-hexa-n-pentylterrocene,

1,1, 2, 3, 3oxbtitya)Fchenrch®] " 9CaBBty1-1" - 2322cat #l pheRKpratiuddms f acene,
1,1',2,2',3,3 -héxaet hyl ferrocene,
acetyl-1’-(4-acetylphenyl)ferrocene, l-acetyl-l’-methoxy-
ferrocene, l-acetyl-1‘-(tributylstannyl)ferrocene, and 1-
formyl-1’-(tributylstannyl)ferrocene.

(vi) Examples of compounds having one or more sulfur-
containing group substituents having 1 to 20 carbon atoms
include l-butyl-l'-(4-merca§to-1-oxobutyl)ferrocenium, 1,1~
bis(4-mercapto-l-oxobutyl)ferrocene, 1-(4-mercapto-l-
oxobutyl)-1’-(1-oxobutyl)ferrocene, l-butyl-1’-(4-mercapto-l1l-
oxobutyl )ferrocene, 1-(2-phenylethyl)-1’-(2-thienylcarbonyl)-
ferrocene, l-ethyl-3-(l-hydroxyethyl)-1’-(2-thienylcarbonyl)-
ferrocene; 1-(phenylacetyl)-1’-(2-thienylcarbonyl)ferrocene,
l-benzoyl-1‘-(2-thienylcarbonyl)ferrocene, 1-(1-oxopropyl)-
17-(2-thienylcarbonyl)ferrocene, 1,1’-bis((2~((2-((1,3~-
dithiol-2-ylidene)-1,3-dithiol-4-yl)thio)ethoxy)carbonyl)-
ferrocene, 1-(methoxycarbonyl)-1’-((phenylthio)methyl)-
ferrocene, 1,1’'-~bis((2-(3-thienyl)ethoxy)carbonyl)ferrocene,
1,1’-bis(((5~(hydroxymethyl)-2-thienyl )methoxy)carbonyl)-
ferrocene, 1-(methoxycarbonyl)-1’-(methoxysulfonyl)ferrocene,
l-acetyl-1'~(5-acetyl-3-phenyl-2-thienyl)ferrocene,
cyclopentadienyl((l—formyl—z—(2-thienyl)vinyl)-
cyclopentadienyl)iron, l1-formyl-l’'-sulfoferrocene, l-acetyl-
1’-{methoxysulfonyl)ferrocene, and l-acetyl-1l’-

sulfoferrocene.

-
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, 3, 3" -hexapropyl ferrocene, 1,1',2,2',3,3 -hexa-n- butylferrocene,

1,1',2,2,3,3 -hexa-n-pentyl ferrocene,

1,1',2,2
1,1',2,2
1,1',2,2
1,1,2,2
1, 12, 2

ﬁ,l‘,z,z'

, 3, 3' - hexa- n-hexyl ferrocene, 1,1',2,2',3 ,4- hexanethylferrocene,
, 3", 4-hexaethyl ferrocene, 1,1,2,2',3",4-hexapropylferrocene,

, 3", 4-hexa-n- butyl ferrocene,

, 3", 4-hexa- n-pentyl ferrocene,

, 3", 4-hexa-n-hexyl ferrocene, 1,1',2,2",4,4" - - 15 -

hexamet hyl f errocengyjib Exafe és404'bB%ﬁagh§¥e§£giﬁﬁcgﬂg1or more

1,1',2,2

, 4, 4" -hexapropyl ferrocene, 1,

exa- n-
phosphorus~containing group substituents having 1 to 20

carbon atoms include 1,1’-bis(diphenylphosphino)ferrocene, 1-
acetyl-1‘-( (diphenylphosphino)acetyl)ferrocene, 1,1’-
bis((diphenylphosphino)acetyl)ferrocene, 1-
(diphenylphosphino)-1’-formylferrocene, l-acetyl-1’-
(diphenylphosphino)ferrocene, and l-acetyl-1'-
(diphenylphosphinyl)ferrocene.

(viii) Examples of compounds having substituents
crosslinked to each other include 1,1’-diacetyl-2,3’-(1,3-
propanediyl ) ferrocene, i,2-diacetyl—1,4'-(1,4-butanediyl)-
ferrocene, 1,1’'-bis(methoxycarbonyl)-2,2’'-
(oxybis(methylene))ferrocene, 1,1’-bis(ethoxycarbonyl)-2,2'-
(oxybis(methylene))ferrocene, l-benzoyl-1l’-(3-oxo-3-phenyl-1-
propenyl)-3,3’~(1,3-propanediyl)ferrocene, 1-(phenylacetyI)-
1’,3-(1,3-propanediyl)ferrocene, 1-((4-methoxyphenyl)acetyl)-
1’,3-(1,5-pentanediyl)ferrocene; 1-((4-methoxyphenyl)acetyl)-

1r,3-(1,3~-propanediyl)ferrocene, 1,1'-(1,5-pentanediyl)-3-

(phenylacetyl)ferrocene, 1-formyl-1’,3-(1,5-pentanediyl)-
ferrocene, 1,1’-diacetyl-3,3’'-(1,5-pentanediyl)ferrocene, 1-
benzoyl-1‘,2-(1,3-cyclopentanediyl)ferrocene, 1’,2-(1,4-
butanediyl)-1-formyl-2',3-(1,3-propanediyl)ferrocene; 1,1’-
diacetyl-2’,3-(1,5-pentanediyl)ferrocene, 1l-(l-oxo-2-
propenyl})-1’,3-(1,3-propanediyl)ferrocene, 1-
(methoxycarbonyl)-1‘,2-(1,3-propanediyl)ferrocene, l-acetyl-

1’~(l-oxo-3-phenyl-2-propenyl)-2’,3-(1,3-propanediyl)-

I ——
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butyl ferrocene, 1,1',2,2',4,4" -hexa-n-pentyl ferrocene,
1,1',2,2',4,4" -hexa-n-hexyl ferrocene, 1,1',2,2', 3,4, 5-

hept anet hyl ferrocene, 1,1',2,2', 3,4, 5-hept aet hyl ferrocene,
1,1',2,2',3,4,5-heptapropyl ferrocene, 1,1',2,2',3,4,5-hept a-
n-butyl ferrocene, 1,1',2,2",3,4,5-hepta-n-pentylferrocene,
1,8,42,2',3,4,5-hepta-n-hexyl ferrocene, 1,1',2,3,3",4,5-

ept anet hyl ferrocene, 1,1',2,3,3',4,5-heptaethyl ferrocene,

'111I1213I141 " |f y 1I 2 3I, y .
n-butylferr3%g%§g£%g%9a%?§%%&a%ﬁgsRéé?g?ﬁ?ﬁﬁ%f%ygég?gggégélYl)ferrocene:
1,1',2,3,3 4,56 -n~h Wi ' ' C A e )
nept et hy! {61 oconse 1273 51 1y A58 enedbys feCrpdodagl 1,1 ~diacetyl

1,1',2,2", 3,3 34 Nenl apramedienn 1'1292_g3adetff1-2,3"~(1,4~
hepta-n-butylfer#oden%@ 1?% }g?ﬁggg?gpfé?ﬁeéfé-ngg%n?y 1=2,37-(1

A e e e e A
propanediyl)ferrocene, 1l-formyl-17,3-(1,3-propanediyl}-
ferrocene, l-formyl-1’,2-(1,3-propanediyl)ferrocene, 1’'~
acetyl-l-(l-oxo-2-propenyl)-2,3'~(1,5-pentanediyl)ferrocene,
l-acetyl-1l’-(1l-oxo-2-propenyl)-3,3/-(1,5-pentanediyl)-
ferrocene, 1l-benzoyl-1‘-{(3-oxo-3-phenyl-l-propenyl)-3,3'-~
(1,5-pentanediyl)ferrocene, l-benzoyl-1l’-formyl-3,3’~-(1,5-
pentanediyl)ferrocene, 1l-benzoyl-1'-formyl-3,3’-(1,3-
propanediyl)ferrocene, 1,1’-bis(methoxycarbonyl)-2,2’:3,3’-
bis(1l,3-propanediyl)ferrocene, 1,1’-bis(methoxycarbonyl)-
2,2':4,4'-bis(1,3-propanediyl)ferrocene, 1,1’-
bis(methoxycarbonyl)—2,4’:2’,4—bis(1,3—propanediyl)ferrocéne,
1-({methoxycarbonyl)-1,2:3',4-bis(1,3-propanediyl)ferrocene,
1,4-bis(methoxycarbonyl)-1’,2:2’,3-bis(1,3-propanediyl)-
ferrocene; 1-(methoxycarbonyl)-1',2:2’,3~-bis(1,3~
propanediyl)ferrocene, 1’,2-(1,4-butanediyl)}-1-(4-methoxy-
1,4-dioxobutyl)-2’,3-(1-oxo-1,3-propanediyl)feérrocene, 1,1’-
bis(methoxycarbonyl)-2,3/-(1,3~-propanediyl)ferrocene, 1,1'-
bis(methoxycarbonyl)-3,3’~(1,3-propanediyl )ferrocene, 1-
{methoxycarbonyl}-1’,3-(1,3-propanediyl)ferrocene, 1,1’-
bis(methoxycarbonyl)-2,2’~(1,3-propanediyl)ferrocene, 1-
formyl-1*,2-(1,5~pentanediyl)ferrocene, l-acetyl-1’'-(l-oxo-3-
phenyl~2-propenyl)-3,3/-(1,5-pentanediyl)ferrocene, 1,1'~
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hept aet hyl ferrocene, 1,1',2,3,3",4,4'-heptapropyl ferrocene,

1,1',2,3,3 ,4,4' -hepta-n-butyl ferrocene, 1,1',2,3,3" ,4,4"-

hept a- n- pentyl ferrocene, 1,1',2,3,3",4,4"-hepta-n-hexyl -

ferrocene, 1,1',2,2',3,3 ,4,5-octonethyl ferrocene,

1,1',2,2',3,3 ,4,5-octoethyl ferrocene, 1,1',2,2',3,3,4,5- :

ocﬁgpropylferrocene 1,1',2,2'3,3 ,4,5-0cto-n-butyl - ferrocene,
,2,2',,3,3 ,4,5-octo-n- pentylferrocene

A1
’écggnétﬁ;lggg}oé%ne Epfﬁugﬁéybu§frggggﬁacéée 3 ﬁgégégeélyl)—

1,1,2,2°, 3, fEoné§ﬂ5¥(ﬁufHEHy&Qﬁ“QQQQQ,4lbls(aeﬁtaﬁeél§l)§errocene, 1-
acetyl-1‘,2-(1,3-cyclopentanediyl)ferrocene, 1,1’-diacetyl-
3,3'-(1,5-pentanediyl ) ferrocene, 1,2-diacetyl-1‘,4-(1,3-
pfopanediyl)ferrocene, 1l,1’-diacetyl-3,3’'-(1,3~propanediyl)-
ferrocene, 1,1’'-diacetyl-2,2'-{(1,3~-propanediyl)ferrocene,
l,4-diacetyl-1',2~(1,3-propanediyl)ferrocene, 1l-(l-oxo-3-
phenyl-2-propenyl)-1,2’-(1,3-propanediyl)ferrocene, 1,1'-
bis(1l-oxo-3-phenyl-2-propenyl)-3,3’-(1,3~propanediyl)-
ferrocene, 1,1'—bis(1;oxo-3-phenyl-2—propenyl)—2,3'-(1,3-
propanediyl )ferrocene, 1l-(l-oxo-3~phenyl-2-propenyl)-1’,3-
(1,3-propanediyl)ferrocene, l-acetyl-1’-(l-oxo-3-phenyl-2-
propenyl)-B,3;-(1,3-propanediyl)ferrocene, l-acetyl-1'~(1-
oxo-3-phenyl-2-propenyl)-2,2'-(1,3-propanediyl)ferrocene, 1-
acetyl-1’-(l-oxo-3-phenyl-2-propenyl)-2,3'-(1,3~- '
propanediyl)ferrocene, 1,1’-diacetyl-3,3’-{1,3-
propanediyl)ferrocene, 1,1’-diacetyl-2,2'-(1,3-
propanediyl)ferrocene, 1,1’-diacetyl-2,3’-(1,3-propanediyl)-
ferrocene, l-acetyl-1’,2-(1,3-propanediyl)ferrocene, 1-
benzoyl-1’,3-(1,3-propanediyl)ferrocene, l-benzoyl-1',2-(1,3-
propanediyl)ferrocene, 1l-(l-oxopropyl)-1‘,3-(1,3-
propanediyl)ferrocene, 1-(l-oxopropyl)-1’,2-(1,3-
propanediyl)ferrocene, l-acetyl-1‘,3-(1,3-propanediyl)-
ferrocene, l-acetyl-1',3-(4-oxo-1,4-butanediyl)ferrocene, 1-
acetyl-1’,2~(4-oxo-1,4-butanediyl)ferrocene, l-acetyl-1’,2-

(1-oxo~-1,4-butanediyl )ferrocene, l-acetyl-l1’,3-(5-oxo-1,5-
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octo-n-butylferrocene, 1,1',2,2,3,4,4" ,5-octo-n-pentyl- ferrocene,
1,1',2,2',3,4,4",5-octo-n-hexyl ferrocene,
1,1',2,2',3,3,4,4",5-nonanet hyl f errocene,
1,1',2,2',3,3 ,4,4",5-nonaet hyl ferrocene,
1,1',2,2',3,3 ,4,4",5-octopropyl ferrocene,

1IN2,2', 3 3',4,4" ,5-0cto-n-butyl ferrocene,

,1',2,2", 3 3',4,4" ,5-octo-n-pentyl ferrocene,

1,22, 3pahtdnddipr P pedprddingy _ )

bls(pentaetﬁy?cycld%en i eny r0n%ﬁ%9§?bentapropyﬁiyc| -pentanediyl)

pent adi enyl fefpcene S (Deidetyt DUt v qyLl o ?ﬂgﬁgydhbHQQQ)ferrocene, 1
i'S

bi s( pent a- n- pentylcyclopentadlenyl)lron

hexylcyclop&céaﬂlenyJ34(IubdeIL34§ﬂB§dﬁ€d1%dgt beenesentacetyl-1", 2~
1,1 -di nethyl -3-ethyl ferrocene, 1,1'-di-n-butyl-3- nethylferrocene

1,1 -di-n- bu3y¢xd%rﬂ3ﬁpﬂdpanuﬁﬂy1)fbﬁkoceﬂ@ mat-aylety131- Jicet hybker1 pgene,

L= trlrgigggnedlyl)ferrocene, l-acetyl-1’,2:3",4-bis(1,3-
propanediyl)ferrocene, 1l-acetyl-1’,3-(1,5-pentanediyl}-
ferrocene, l1-acetyl-1’,2-(1,5-pentanediyl)ferrocene, 1-
acetyl-l’,3-(1,4—butanediyl)ferrocene, l-acetyl-1/,2-(1,4-
butanediyl)ferrocene, l-formyl-1’,3-(1,3-propanediyl)-
ferrocene, 1-formyl-1‘,2-(1,3-propanediyl)ferrocene, 1-(4-
methoxy-1,4-dioxobutyl)-1’,2-(1, 3-propanediyl )ferrocene, 1-
(4—methoxy—1,4-dioxobutyl)-1',3-(1,3—propanediyl)ferrocene,
1-(3-carboxy-1-oxopropyl)-1’,2-(1,3-propanediyl)ferrocene, 1-
(3-carboxy-1-oxopropyl)-1‘,3-(1,3-propanediyl)ferrocene, 1-
iodo-1’,2:37,4-bis(1,3-propanediyl)ferrocene, l-iodo-1‘,3-
(1,5-pentanediyl)ferrocene, 1,1‘-dibromo-2,2’¢3,3":5,5/-
tris(1,3-propanediyl)ferrocene, 1,1’-dichloro-2,2'-~
(diphenylsilylene)ferrocene, 1,1’-dichloro-2,2'-
(dichlorosilylene)ferrocene, 1,1'-diiodo-2,3"~-(1,3-
propanediyl)ferrocene, 1,1’-dibromo-2,3’-(1,3-propanediyl)-
ferrocene, 1,1’-diiodo-3,3'-(1,3-propanediyl)ferrocene, 1,17~
dibromo-3,3'—(1,3—propanediyl)ferrocéne, l-iodo-1/,3-(1,3-
propanediyl)ferrocene, 1-bromo-1’,3~(1,3-propanediyl)-
ferrocene, 1,17~diiodo-2,2’-(1,3-propanediyl)ferrocene, 1,1'-
dibromo-2,2’'~-(1,3-propanediyl)ferrocene, l-iodo-1',2-(1,3-

propanediyl)fexrrocene, 1-bromo-1’,2-(1,3-propanediyl)-
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ethylferrocene, 1,1 -ditriphenyl nethylferrocene, 1-nethyl-

tri phenyl net hyl ferrocene, and 1-n-butyl-1'-triphenyl nethyl- ferrocene.

(1i1) Exanples of conpounds having one or nore hal ogenated hydrocarbon

group substituents having 1 to 20 carbon atons include

1-nmethyl-1'"-(chloromethyl)ferrocene, 1- chloro-1"-(chloronethyl)ferrocene,

1-tgt hyl -1' - (brononet hyl )- ferrocene, 1-nethyl-1'-(iodonethyl)ferrocene,
éﬁ 1'- di(chloronethyl)ferrocene, 1,1',2-tri(chloronethyl)ferrocene,

Li.2.2 - RSl AR 87,3618 5 - 8B28LBRBRGLO1 , 5-
pentanediyl )ferrocene, 1l-bromo-1‘,3-(1,5-dioxo-3-phenyl-1,5-
pentanediyl)ferrocene, and l-bromo-1‘,3-(3-carboxy-1,5~dioxo-
1,5-pentanediyl)ferrocene.

3. Cleavage-type photoinitiator (C)

The cleavage-type photoinitiator (accelerator) (C)
for use in the present invéntion is not particularly limited.
Examples of the cleavage-type photoinitiator are given in
Examples and below. Namely, examples thereof include (i)
acetophenone photoinitiators such as 4-
phenoxydichloroacetophenone, 4-t-butyldichloroacetophenone,
4-t-butyltrichloroacetophenone, diethoxyacetophenone, 2-
hydroxy-2-methyl-1-phenylpropan-l-one, 1-(4-isopropylphenyl)-
2-hydroxy-2-methylpropan-1-one, 1-{4-dodecylphenyl)-2-
hydroxy-2-methylpropan-l-one, 4-(2-hydroxyethoxy)phenyl (Z-
hydroxy-2-propyl) ketone, l-hydroxycyclohexyl phenyl ketone,
and 2-methyl-1-(4-(methylthio)phenyl}-2-morpholinopropane-1;
(ii) benzoin photoinitiators such as benzoin, benzoin methyl
ether, bénzoin ethyl ether, benzoin isopropyl ether, benzoin
isobutyl ether, and benzoin methyl ketal; and (iii) other
photoinitiators including a-acyloxime esters, acylphosphine
oxides, methylphenyl glyoxylate, 3,37,4,4’-tetra(t-butyl
peroxycarbonyl )benzophenone, and 2,2'-azobis(2-
methylbutyronitrile).

In the case where the cleavage-type photoinitiator

used is a peroxide, heating can also be used to cure the

This Sheet Has Been Replaced - 34 -

[ , T

REPLACED




met hyl cycl opent adi enyl )iron, bis pentabrononethzyl cycl openta dienyl)iron,

1-methyl-1"-(trichloronethyl)ferrocene, 1-ethyl- '

1'-(trichloronethyl)ferrocene, 1-nethyl-1"-( tribrononethyl)- ferrocene,

1-nmethyl-1"-(triiodonethyl)ferrocene, 1-chloro-1'-

(trichloromethyl)ferrocene, 1-bronmp-1'-(trichloronethyl)- ferrocene,

1-kgono-1' - (tribrononmethyl )ferrocene, 1,1'- di(trichloronethyl)ferrocene,
A, 1"-di (tribrononethyl)- ferrocene,

1,1 -di i chl mt.hyl ) - 2- f -
;cétyl[SFEQﬁFPﬁﬁﬁgﬁ%ﬁéP%yayg OL%@%&T% g%g_ﬁﬁgcg}§?Y§ge—type

(171 O TS BAReP sl 0L ACEY b hAT 68" collbbiaLE dspen

Lpoetol 3 o (SROTS, MADROTE D) bLAEEERSamoun, o e

acetyl - 1' - ((dHdH i :QRRIN YY) %) BBhRYELECEEOEEHRE with which the
composition is irradiated.

The photocurable composition of the present invention
is prepared by mixing and stirring the m—cyanoaérylate (A),
the metallocene compound (B) comprising a transition metal of
Group VIII of the periodic table and aromatic eleétron system
ligands, and the cleavage-type photoinitiator (C) to
completely dissolve the components (B) and (C) in the
component (A). In the case where heating and'stirring are
required to dissolve the component (C), heating and stirring
are conducted at a temperature such that the component (A) is
not degraded in quality or decomposed (generally up to about
60°C). The component (B) is dissolved in a similar manner as
in the component (C). In general, the component (B) can be
dissolved in the component (A) so that it is necessary to
heat and stir the component (B).

During and after adding the component (B) and (C),
especially the component (C), to the component (A), the
reaction system must be maintained to be shaded.

The component (C) is added to the component (B) in
limited amounts while stirring, so as not to add all the
component (C) at a time.

The above components each may be a single compound or
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(iv) Exanples of conmpounds having one or nore silicon atomcontaining
group substituents having 1 to 20 carbon atons include
1-fornmyl-1"-(((trinmethylsilyl)oxy)nmethyl)- ferrocene,
1-(((6-(((1, 1-di nethyl et hyl)di nethyl silyl)-
oxy) hexyl )oxy) met hyl )-1'-fornyl ferrocene, 1-acetyl -

((&wi met hyl silyl)oxy)nmethyl)ferrocene, 1-(((6-((¢1,1-

i met hyl et hyl ) di met hyl si | yl ) oxy) hexyl)oxy)methyl)-1'-acetyl- ferrocene,

11 i (6% PErR, Rk BT RBRREN ) 0xy) neny )

AL 10 ot 45 W i RO i

di met hyl Si | ¥hr@X¥) 4481y CAUpERAINY ) orf 1BGREY | I £ I Ypoheht (B), is 10

REPLACEMVENT SHEET
to 100,000 ppm by weight, preferably 30 to 50,000 ppm by
weight, more preferably 50 to 10,000 ppm based on the weight
of the component (A).

The additibn amount of the component (C), which
varies widely depending on kinds and addition amount of the
component (B) and kinds of the component (C), is 100 to
20,000 ppm by weight, preferably 300 to 15,000 ppm by weight,
more preferably 500 to 10,000 ppm based on the weight of the
component (A).

The addition amount of the component (B) can be
reduced by adding the component (C) to the component ().

In the case where the respective components are a
mixture comprising two or more ingredients, the total amount
of the ingredients of each component is the above addition
amount.

The composition may further contain one or more of
the following ingredients as long as the effect of the
present invention is nét impaired.

(1) anionic-polymerization inhibitors

(2) radical-polymerization inhibitors

(3) thickening agents

(4) specific additives such as curing accelerators,

plasticizers, tougheners, and heat stabilizers

-
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- 18 - di (((trinmethylsilyl)oxy)nmethyl)-2-fornylferrocene, 1,1'-
di (((6-(((1,1-di methylethyl)di nethylsilyl)oxy)hexyl)-

oxy)met hyl)-2-fornyl ferrocene, 1-nmethyl-1'"-(((trinmethyl-
silyl)oxy)nmethyl)ferrocene, 1-(((6-(((21,1-dinethylethyl)-
dinethylsiIyI)oxy)hexyl)oxy)nethyl)-l'-nethylferrocene, 1-

et -(((trimethylsilyl)oxy)nethyl)ferrocene, 1-(((6-

«i(( 1 d|nethylethyl)dlnethyIS|IyI)oxy)hexyI)oxy)nethyI) 1 -

it?ylgfzz?g??g féf%“ﬁgﬁé(ﬁ%%ggﬁép§$éﬁ£yl)Qég)nEthyl) 2- methylferrocene,

d'”Ethyls'|y')Oxy)hﬁx¥5ﬁ95¥iﬂf&f?ﬁérf%éﬁﬁ$ﬂ@5ﬁﬁédﬂ&”§hcﬁlas an acrylic

met hyl (trimethylsilylmethyl)Terrocene nmet hyl - 1" -
(trimethyl sielsyket,hgbhf Ber g6g6e. td- tRé yhotdocutdbr@tdohposition of the

silyl propyl)ferrocene, 1,1'-di(trinethylsilylnmethyl)-
present 1nvent10n Even if a radical-polymerizable compound
is added, the photocurable composition of the present
invention can be rapidly cured owing to the cleavage-type
photoinitiator.

An anionic-polymerization inhibitor may be added in
order to enhance the storage stability of the composition.
Known examples thereof include sulfur dioxide, sulfur

" trioxide, nitrogen oxide, hydrogen fluoride, and p-
toluenesulfonic acid. The anionic-polymerization inhibitor
may be added in an amount of 0.1 to 10,000 ppm by weight
based on the weight of the component (A).

Examples of radical-polymerization inhibitors include
gquinone, hydrogquinone, t-butylcatechol, and p-methoxyphenol.
The radical-polymerization inhibitor may be added in an
amount of 0.1 to 10,000 ppm by weight based on the weight of
the component (A). |

A thickening agents may be added in order to heighten
the viscosity of the composition. Examples thereof include
polymethacrylates (including poly(methyl methacrylate)),
methacrylate copolymers, acrylic rubbers, cellulose
derivatives, poly(vinyl acetate), and poly(a-cyanoacrylate)s.

Many kinds of polymeric additives may be added

usually for toughening. Examples thereof include acrylic
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ferrocene, 1,1'-di(trinethylsilylethyl)ferrocene, 1,1'-
di (di methylsilylnmethyl)ferrocene, 1l-acetyl-1"-(trinethyl-

silylnmethyl)ferrocene, 1,1 -diacetyl-2-(trinethyl- silylnmethyl)ferrocene,

and 1,1" -diacetyl-3-(trinethyl- silylnmethyl)ferrocene. (v)
Exanpl es of conpounds having one or nore oxygen atomcontaining group
“su Ituents having 1 to 20 carbon atons include
&, 1" -di (acetyl cycl opent adi enyl )iron, 1, 1' di benzoyl f errocene,

1,1 -bis(1-oxotetradecyl)ferrocene, 1-(

et hoxy- 1- methhAStReEs 1 Asrygenityrile. mpeizmsrp%ﬁﬂmzers'

propenyl ) fer ocene 1 benzoyl 1'-(3-ethox

propenyl)fENg r@vh& % ﬁgpﬁyﬁxélﬁﬁo%i¥£?5pen 759 substances

1'-(pheny|a%§1 féﬂwé %s %hlckbligé Lgéggglca6gﬁg¥lgddltlves known to

artisans may be used in the present invention.

The curing of the photocurable composition of the
present invention includes two kinds of curing, i.e., curing
by anionic polymerization caused by a minute amount of the
adsorption water present on adherend surface and curing by
anionic photopolymerization caused by light irradiation using
a metallocene compound.

The method for curing the photocurable composition of
the present invention using light irradiation comprises
coating an adherends with the photocurable composition and
irradiating the composition with electron beam, ultraviolet
light, visible light or near infrared light using a high '
pressure mercury lamp, a halogen lamp, a xenon lamp or
sunlight. Effective wavelength of the irradiated light
varies with kinds of the metallocene compound and cleavage-
type photoinitiator. Ultraviolet light and visible light are
preferred.

The photocurable composition of the present invention
may be appiied to various known uses as well as, in
particular, to sealing of electronic parts, to furnishing a
reel seat or fishing-line guides on a fishing rod, to fixing
wires such as a coil, to filling'for use in dental remedy,

and to bonding or decorating an artificial nail.
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-19- ferrocene, 1,1 -Dbis(3-nethyl benzoyl)ferrocene, 1-(1, 3-

di oxopentyl)-1"-net hyl ferrocene, (neopentylcycl opentadi enyl) -

(propi onyl cycl opent adi enyl )i ron, (pival oyl cycl opent adi enyl) -

(propyl cycl opent adi enyl )i ron, 1-(9-carboxy--1-oxononyl)-1", 3-

di et hyl ferrocene, 1-(9-carboxy-1-oxononyl)-1',2-dinethyl- ferrocene,
1- &1- et hoxy-1, 10-di oxodecyl )-1', 3-di nethyl - ferrocene,

<l- (10-et hoxy-1, 10-di oxodecyl )-1', 2-di methyl - ferrocene,

1-(6-met hoxy- 1, 6- di gy Oé‘%?i{éf‘er% Q,ﬁveg%‘i%g} 3939Ybb exb2hiAEE Be1dw by P! S

(1- oxononyl)ferrocene

1-b I :
o e SR MR b ghpten, . e

oxopropyl ) - ['errocene

oxopropyl ) - 1in4§n@2ﬁﬂ%&fc?rr{d%cw1cojns(tﬁ1‘éﬁhﬁéybéiﬁg limited to these

Examples.,

For the evaluation of photocurability, a 4-kW high-
pressure mercury lamp (manufactured by Oak Manufacturing Co.,
Ltd.) was used as an ultraviolet irradiator to irradiate each
sample from a distance of 15 cm. The values of integrated
quantity of light shown in the Examples and Comparative
Examples were found values obtained with integrating
actinometer UV-350 (manufactured by Oak Manufacturing Co.,
Ltd.).

The results of a photocurability test shown in the
Examples and Comparative Examples are given in terms of the
integral of the quantity of light needed for complete
photocuring; an irradiation operation in which the integrated
quantity of light was regulated to 1,000 mJ/cm? was repeated
until complete photocuring.

In the Examples and Comparative Examples, Three Bond
1741 (ethyl &—cyanoacrylate adhesive; hereinafter abbreviated
as TB1741) was used as an a-cyanoacrylate unless otherwise
indicated.

The cleavage-type (hereinafter referred to as P1
type) photoinitiators used in the Examples and Comparative
Examples were an acylphosphine oxide (hereinafter abbreviated

as APO), Irgacure 184 (l-hydroxycyclohexyl phenyl ketone

- 39 -
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di oxobutyl)-1"-(1-oxoundecyl)ferrocene, 1-(4-ethoxy-1, 4-

di oxobutyl)-1'-(1-oxononyl)ferrocene, 1,1 -bis(6-carboxy-1-
oxohexyl ) ferrocene, 1-(5-carboxy-1-oxopentenyl)-1'-(3-

car boxy- 1- oxopropyl )ferrocene, 1,1 -bis(7-nmethoxy-1, 7-

di oxoheptyl)ferrocene, 1-(4-nmethoxy-1, 4-dioxobutyl)-1'-(6-

4

1,1 -

oxy- 1, 6-di oxohexyl ) ferrocene, bis(o-carboxybenzoyl -
opent adi enyl )i ron, (cinnanDyIcyclopentadienyl)(neopentyl-

cycl opent adjenyk )L op )11?% 5ok 2P 104 T BAIGaRU0RBYY bianafr ocene,

bi s(1- oxo exa ecy

cene

cyclopentad .Qﬁ%ﬁp ly) -

(neopent yl cgfﬁ%%%i a]gel enyl %ﬁ%vaq oy cy?ﬁ}opent mh?dll&ay) Vlb{&a 33
((4-carboxy Hdﬁ?

propynoyl)cgg %%%i %%.éﬂ@?i?égy 1,1"-bis(4-car g&ysféufgfngngffg%rocene,
(lSObUtY'Cyebﬁpéﬂyﬁﬂlﬁwmﬁ)(3v3mﬁ4%d”-tetra(t-

butylperoxycarbonyl )benzophenone manufactured. by Nippon 0il &
Fats Co., Ltd.), and V-59 (2,2’-azobis(2~methylbutyronitrile)
manufactured by Wako Pure Chemical Industries, Ltd.).

EXAMPLES 1 TO 11

In Examples 1 to 5, ferrocene (hereinafter referred
to as Cp,Fe) as a metallocene compound alone was added to
TB1741 in predetermined amounts to obtain photocurable
cyancacrylate compositions.

In Examples 6 to 11, Cp,Fe as a metallocene compound
and various Pl type photoinitiators were added to TB1741 in
predetermined amounts to obtain photocurable cyanoacrylaté
compositions.

COMPARATIVE EXAMPLES 1 TO 13

In Comparative Example 1, TB1741 alone was irradiated
with light to ascertain as to whether a cured resin was not
obtained.

In Comparative Examples 2 to 7, various Pl type
photoinitiators alone were added to TB1741 in predetermined
amounts to obtain cyanocacrylate compositions.

In Comparative Examples B to 10, various hydrogen-~
abstracting (hereinafter referred to as P2 type)

photoinitiators alone were added to TB1741 in predetermined
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- 20 - cycl opent adi enyl )iron, (isobutyrylcyclopentadienyl)-
(neopent yl cycl opent adi enyl )iron, 1-(5-carboxypentyl)-1'-(1-
oxooct adecyl )ferrocene, 1-(5-carboxy-1-oxopentyl)-1'- oct adecyl f errocene,
1- (5-carboxy- 1- oxopentyl)-1"-(1- oxooct adecyl ) f errocene,
((3-carboxypropi onyl ) cycl opent a-
digayl ) ((3-carboxypropyl)cycl opent adi enyl )i ron, (benzyl -

cycl opent adi enyl ) ( pi val oyl cycl opent adi enyl )iron, 1-(9-

(001 hsBuRge)ed e efonch e O GRIMIIECES  ooene
(neopentyl cycl opent g4li €ontba £PEERY | BEBiples 11 to 13, Cp,Fe and various
P2 type photoinitiators were added to TB1741 in predetermined
amounts to obtain cyanoacrylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed

for curing. The results of Examples 1 to 11 and Comparative

Examples 1 to 13 are shown in Table 1.
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cycl opent ad
cycl opent ad
1- benzoyl -1
- (1- oxohe
1 acetyl-r
yl-l' (
‘41 2',3,3
1- benzoyl-l
benzoyl nona
di net hyl - 1-
1- (1- oxo- 5-
pentyl)-1'-
(4-(1-o0ox0-3
phenyl - 2- pr
phenyl ) prop

i enyl )iron, (phenethylcycl opentadienyl)(pival oyl -
lenyl)iron, 1,1 -bis(5-nethoxy-1,5-di oxopentyl)- ferrocene,
'-(1- oxohexadecyl )ferrocene, 1-acetyl-
xadecyl )ferrocene, 1,1 -bis(1-oxooctadecyl)- ferrocene,
-(1-cycl ohexen-1-yl acetyl )ferrocene, 1-
1-cycl oocten-1-yl acetyl)ferrocene, 1-fornyl-
",4,4" ,5-octamethyl -5"-(2,4,6-trinethyl benzoyl) - ferrocene,
‘-fornyl-2,2",3,3,4,4",5 5 a1 pctanmet hyl ferrocene,
net hyl ferrocene, 1- (3 3-
xobuty} ) 1~ OxphiL ¥l d. T - (- iR jor P NYLRYLY bhi | hELLOSENS:
4-(1- oko- 3- pheny propyny KRienyl )- (nJ/en?)
0X0- 3F pnenyl-z-oropynyl)rerrbcene, l B
Hr&\'nln\ﬂ 2 _nNnroanvinvg Y nhan\l] \ hllfJLTJ (A 1 nv)\o%mn 20,000
—FII_I'DII]I — \J‘FI]II] vuc] == A~ AN > o J
B/ )f errocene, "1 (1 oxo 34pheny|-<-prdpmhm#) 15,000
lgd,-sl' - [(1- ox0- 3- phenyl - 2- propynyl ) f enr ocgN@e gk~ (- 12,000
Ex. 4 — — 30,000 ppm 5,000
Ex. 5 - -— 50,000 ppm 2,000
Ex. 6 APO 1,000 ppm 5,000 ppm 1,000
Ex. 7 Irgacure 184 10,000 ppm 5,000 ppm 2,000
Ex. 8 Irgacure 651, 10,000 ppum 5,000 ppm 9,000
Pl type
Ex. 9 Vicurs 55 5,000.ppm 1,000 ppm 7,000
Ex. 10 BTTB 5,000 ppm 1,000 ppu 3,000
Ex. 11 v-59 5,000 ppm 1,000 ppm 6,000
COmPu
Bx. 1 _—— — —— 20,000<
Comp.
Ex. 2 APO 1,000 ppm -— 20,000<
Comp.
Ex. 3 Irgacure 184 10,000 ppm ——- 20,000<
Comp.
Ex. & Ixgacuxe 651 10,000 ppm ——— 20,000<
Pl type
Comp.
Ex. 5 Vicure 55 5,000 ppm - 20,000<
Comp.
Ex. 6 BTTB 5,000 ppm — 20,000<
Comp.
Ex. 7 v-59 5,000 ppm ——— 20,000<
Comp.
Ex. 8 benzophenone 5,000 ppm — 20,000<
Comp. .
Ex. 9 benzanthrone 1,000 ppm e 20,000<
Comp.
Ex. 19 phenanthrenequinone 1,000 ppm -—— 20,000<
P2 type
Comp.
Ex. 11 benzophenone 5,000 ppm 5,000 ppm 15,000
Comp.
Ex. 12 benzanthrone 1,000 ppm 5,000 ppm 20,000<
Comp.
Ex. 13 phenanthrenequinone 1,000 ppm 5,000 ppm 16,000

* 20,000< 4n photocurability evaluation means that the sample remained uncured after
irradiation in an fntegrated quantity of light of 20,000 wl/cm?.

—
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0X0- 3- (4- (1- oxo- 3- phenyl - 2- pr openyl ) phenyl ) propyl )-1' - ( 1- oxo-
3- phenyl - 2- propynyl ) ferrocene, 1-(1-o0xo-3-phenyl propyl)-
(1- oxo- 3- phenyl - 2- propynyl ) ferrocene, 1-(phenylacetyl)-1"-(1-
oxo-3-pheny|-2-propyny|)ferrocene, 1- (1- oxo- 5- phenyl pentyl) -
- (1- oxo- 3- phenyl - 2- propenyl )ferrocene, 1-(1-oxo-4-
phegylbutyl) 1' - (1- oxo- 3- phenyl - 2- propenyl ) ferrocene, 1-(1-
HX0- 3- phenyl - 2- propenyl ) - 2- propenyl )-1' - (1- oxo- 3- phenyl propyl ) ferrocene,
1- benzoyl 1'-fornyl ferrocene, 1- E
benzoyl -1' - ( 3- oxo- 3- phenyl - 1- propeﬁ%@%g%§§1%%agg—%9 -bis(1-
0X0- 2- pentenyl )fe”oﬁ‘?rﬁ’xaﬂpf@ﬁzﬁltol 14(1e'1:¥1(}rﬁ)é¥'r%c(e}1e (hereinafter

referred to as (EtCp)CpFe) as a metallocene compound alone
was added to TB1741 in predetermined amounts to obtain
photocurable cyanoacrylate compositions.

In Examples 15 to 20, (EtCp)CpFe as a metallocene
compound and various Pl type photoinitiators were added to
TB1741 in predetermined amounts to obtain photocurable
cyanoacrylate cdmpositions.

COMPARATIVE EXAMPLES 14 TO 16

-In Comparative Examples 14 to 16, (EtCp)CpFe and
various P2 type photoinitiators were added to TB1741 in
predetermined amounts to obtain cyanoacrylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene tréy
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed
for curing. The results of Examples 12 to 20 and Comparative

Examples 14 to 16 are shown in Table 2.

\
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hydr oxycycl ohexyl ) - 1- phenyl - 2- propynyl )ferrocene, 1,1'-Dbis(3-

car boxy- 1- oxopropyl )ferrocene, 1,1'-Dbis(4-nethoxy-1, 4-

di oxobutyl )ferrocene, 1-acetyl-1'-(1, 3-di oxobutyl)-3,3"-

di mret hyl ferrocene, 1,1'-bis(1-oxopentyl)ferrocene, ((3-

car boxypr opi onyl ) et hyl cycl opent adi enyl ) (et hyl cycl o- pentadi enyl)iron,
%, K xbi s(4-(2-met hyl butyl)benzoyl)- ferrocene,

&, 1" - bi s(1- oxoundecyl )ferrocene, 1-(4-

hydr oxyphenyl ) - 1- (1- oxo- 3- phenyl - 2- pr opggyl,) f errocene, 1-
acetyl -1'-(3-(3-net hoxyphenyl) - 1- oxo- 2-propenyl )ferrocene, 1-

acet yl ) 1, ) ( ) -thyl p %X:o Lt E‘LO(IJ:XO- - pId?iQf%!rl] y err (Rn?ognrt]:eof Photocurabllity
acetyl-1"-( -(4-n€thoxyphenyi - I-0x0- 2-hddRenyl Y f erQeRe, - (mijen?)
(3-met hyl - XQ - Z-[outenyl )= I =(phenytacetyt)yfer ocene, "1- 500
(4, 4- di met " e—2—penLen9L}-4L.4phen¥Iém£4+¢4ieﬁL5cﬂﬁe, 1000
1l-acetyl-1'[t ¥4 13- di net hyl - 1--6x0- 2- pent eny+) f er r pcene,000lppm 6,000
acetyl -1' - (|Bedygf hYl - 1- 0x0- 2-but enyl ) ferrocene, 1-acglyd sd' - 5,000

Ex. 15 APO ‘ 1,000 ppum 5,000 ppm 1,000

Ex. 16 Irgacura 184 ~ 10,000 ppm 5,000 ppm 2,000

Ex. 17 Ixgacure 651 10,000 ppm 5,000 ppm ’ 2,000

Pl type

Ex. 18 Vicuzre 55 5,000 ppm - 1,000 ppm 3,000

Ex. 19 BTTB 5,000 ppm 1,000 ppm 2,000

Ex, 20 v-59 5,000.ppn 1,000 pph 3,000

Comp.

Ex. 14 benzophenone 5,000 ppm 5,000 ppm 6,000

Comp. P2 type )

Ex. 15 ) benzanthrone 1,000 ppm 5,000 ppm 7,000

Comp .

Ex. 16 phenanthrenequinone 1,000 ppm 5,000 ppm 16,000

EXAMPLES 21 TO 26

In Comparative Example 21 to 22, n-butylferrocene
(hereinafter referred to as (BuCp)CpFe) as a metallocene
compound alone was added to TB1741 in a-predetermined amount
to obtain a photocurable cyanoacrylate composition. |

In Examples 23 to 26, (BuCp)CpFe as a metallocene
compound and various Pl type photoinitiators were added to
TB1741 ih predetermined amounts to obtain photocurable
cyanocacrylate compositions.

COMPARATIVE EXAMPLES 17 TO 19

In Comparative Examples 17 to 19, (BuCp)CpFe as a
metallocene compound and various P2 type photoinitiators were
added to TB1741 in predetermined amounts to obtain

cyanoacrylate compositions.
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(1- oxo-2-butenyl)ferrocene, 1l-acetyl-1'-(2-nethyl-1-oxo-2-
propenyl ) ferrocene, 1-(3, 3-dinethyl-1-oxobutyl)-1"-(1-o0xo-3-

REPLACEMENT SHEET : -22-

phenyl - 2- propenyl )ferrocene, 1- (3-nethyl-1-oxobutyl)-1"-(1-

oxo0- 3- phenyl - 2- propenyl )ferrocene, 1-(1-oxobutyl)-1'-(1-oxo-
3-gyenyl - 2- propenyl ) ferrocene, 1,1'-bis((4-nethyl phenyl)-
«$acetyl)ferrocene, 1, 1' - bi s(3-(4-nethyl phenyl)-1-o0ox0-2- propenyl)ferrocene,
1,1"-bi s(3-(2-furafyd) ﬂoﬁBﬁhf&H¥I¥¥§“ﬂﬁ eacﬁeonﬁﬁgecomPOSLtlons was

1, 1' - bi s(hydroxyacet yI%ferrocene 1-(6

met hoxyphegyh ) udtéx abeXylacing 3t i dfl w%@'lléhe.ﬂ)’h polyethylene tray

with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed
for curing. The results of Examples 21 to 26 and Comparative

Examples 17 to 19 are shown in Table 3.

Table 3
Photoinitiator Addition Amount of Photocurability
Amount (BuCp)CpFe (mdfem2)
Ex. 21 — S 5,000 ppm 5,000
Ex. 22 — — 10,000 ppu 4,000
Ex. 23 APO 1,000 ppm 5,000 ppm 1,000
Ex. 24 TIrgacure 184 10,000 ppm 5,000 ppm 2,000
Pi type
Ex. 25 Ixgacure 651 10,000 ppm 5,000 ppm 4,000
Ex. 26 Vicure 55 5,000 ppm 1,000 ppm 3,000
Comp.
Ex. 17 benzophenone 5,000 ppm 5,000 ppm 6,000
Comp.,
Ex. 18 P2 type benzanthrone 1,000 ppm 5,600 ppm 12,000
Comp.
Ex. 19 phenanthrenequinone 1,000 ppm 5,000 ppm 10,000

EXAMPLES 27 TO 31

In Example 27, tert-amylferrocene (hereinafter
referred to as (AmCp)CpFe) as a metallocene compound alone
was added to TB1741 in a predetermined amount.to obtain a
photocurable cyanoacrylate composition.

In Examples 28 to 31, (AmCp)CpFe as a metallocene
compound and various Pl type photoinitiators were added to
TB1741 in predetermined amounts to obtain photocurable
cyanoacrylate compositions.
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propenyl ) ferrocene, 1-(10-(4-nethoxyphenyl)-10-oxodecyl)-

1', 2-bi s(Il-oxo-3-phenyl - 2-propenyl ) ferrocene, 1-(5-(4-

nmet hoxyphenyl ) - 5- oxopentyl )-1', 3- bi s(1- oxo- 3- phenyl -2- propenyl)ferrocene,

1- (9- (4- met hoxyphenyl ) - 9- oxononyl )- 1", 2-

bi s( 1- oxo- 3- phenyl - 2- propenyl )ferrocene, 1-(8-(4-

negypxyphenyl) 8- oxooctyl)-1'-(1-oxo-3-phenyl-2-propenyl)- ferrocene, 1,1
& bi's(10- et hoxy-1, 10- dloxodecyl)ferrocene

1, 1" -bis(9-ethoxy-1, 9-di ox 14 bins
et hoxy- 1, 8- di oxooctyl ) ferr EOF Lﬁ 209" 22

di h ) f 5 1
ol oX0hePty| ) o 1 0CoRe cophraliokOphirualzh ehosapohity cpferdgcene,
(1,9-di om@aﬂfb%aﬂ@%adﬁouha Qﬁdo’éﬁrloﬁspb§”¥g pé- Bﬁ@?@ﬂﬁi%i&féf&%e 1-

, 8- di oxo- 8- phenyl octyl)-- 1'-(1-o0xo-3-phenyl propenyl ) ferrocene,
(1, 7-di oided theamil7aptiv prbdetbraXfed- BRA6HMLs2tEr 6BEAYA) f errocene, 1-

1-

(1

1-
cyanoacrylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed

for curing. The results of Examples 27 to 31 and Comparative

Examples 20 to 22 are shown in Table 4.

Table 4
Photoinitiator Addition Amount of Photocurability
Amount {AmCp)CpFe (mJ/cn?)
Ex. 27 -— —— 5,000 ppm 7,000
Ex. 28 AP0 1,000 ppm 5,000 ppm 1,000
Ex. 29 Irgacure 184 10,000 ppm 5,000 ppm 3,000
Pl type
Ex. 3¢ Irgacure 651 10,000 ppm 5,000 ppm 4,000
Ex. 31 Viecure 55 5,000 ppm 1,000 ppum 5,000
Comp .
Ex. 20 benzophenone 5,000 ppm 5,000 ppm 7,000
Comp. ’
Bx. 21 P2 type benzanthrone 1,000 ppm 5,000 ppm 11,000
Comp
Ex. 22 phenanthrenequinone 1,000 ppm 5,000 pph 8,000

EXAMPLES 32 TO 37

In Example 32 to 33, benzoylferrocene (hereinafter
referred to as (BzoCp)CpFe) as a metallocene compound alone
was added to TB1741 in a predetermined amount to obtain a

photocurable cyanoacrylate coﬁposition.
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met hyl - 1' - (4- et hyl benzoyl )ferrocene, 1-(2-nethoxy-2-
oxoet hyl)-1'-(4-nmet hyl benzoyl )ferrocene, 1-benzoyl-1', 3-
bi s(phenyl net hyl )ferrocene, 1-benzoyl-1', 2-bis(phenylnethyl)- ferrocene,
1- benzoyl - 1' - (1- hydr oxy- 1- phenyl et hyl ) f err ocene,
-23 - 1,1'-bis(1, 1" -bi phenyl -4-yl carbonyl )ferrocene, 1-benzoyl-1'-
~( ks et hyl cycl opropyl )ferrocene, 1,1'-bis(3-carboxy-1-oxo-2-
Zpropenyl)-2-nethyl ferrocene, 1-nethyl-1', 2-bis(1-oxo-3-
phenyl - 2- propenyl ) ferr - (G- pet hgxy- o exyl)-
Q5‘%&%ﬂ§?F%r3q 59 iégé?é?@ﬁg?hégy%lﬁ%ﬁallocene

((2-oxocycl opentyl ) car bony rocene, i,
di oxohexyl ) T&IAQGENE antt (ArBliX Y1l tGpd! PreRexKliLidtbks  were added to
TB1741 in predetermined amounts to obtain photocurable

cyanoacrylate compositions.

COMPARATIVE EXAMPLES 23 TO 25

In Comparative Examples 23 to 25, (BzoCp)CpFe as a
metallocéne compound and various P2 type photoinitiators were
added to TB1741 in predetermined amounts to obtain
cyanocacrylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed
for curing. The results of Examples 32 to 37 and Comparative

Examples 23 to 25 are shown in Table 5.

Table 5
Photolnltiator Addition Amount of Photocurability
Amount (BzoCp)CpFe (mJ/cn?)
Ex. 32 - — 5,000 ppm 15,000
Ex. 33 . — — 10,000 ppm 12,000
Ex. 34 APO 1,000 ppm 5,000 ppm 9,000
Ex. 35 Irgacure 184 16,000 ppa 5,000 ppm 9,000
Pl type
Ex. 36 Irgacure 651 10,000 ppm 5,000 ppm 10,000
Ex. 37 Vicure 55 5,000 ppm 1,000 ppm 6,000
Comp.
Ex. 23 benzophenone 5,000 ppm 5,000 ppm 18,000
Comp.
Ex. 2 P2 type benzanthrone 1,000 ppm 5,000 -ppm 16,000
Comp. ’
Ex. 25 phenanthrenequinone 1,000 ppm 5,000 ppm 17,000
This Sheet Has Been Replaced
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oxocycl opentyl ) carbonyl )ferrocene, 1,1'-bis (4- met hoxybenzoyl ) f errocene,

1,1 -bis(1l-oxooctyl)ferrocene, 1- carboxy-1'-(1, 2-di oxopropyl ) ferrocene,
1- (et hoxycar bonyl ) - 1' - (phenyl acetyl ) ferrocene,
1- car boxy-1'-(1-oxo- 3-phenyl - 2- propenyl ) ferrocene,

1- car boxy-1' - (oxophenyl acetyl)ferrocene,
d-Gget hoxycar bonyl ) -1' - (1- oxo- 3- phenyl - 2- propenyl ) f errocene,
&1- (3- et hyl phenyl ) -1'-(1- oxo- 3- phenyl - 2- propenyl ) f errocene,

1- (4- net hyl phenyl )-1' - (1-o0x0-3-p 1% P h&ferrocene

1- (1- oxo- 3- phenyl - 2 propenyl) 1' - 1-(3, 5-

di net hyl phenyl )-1' - Ylg €y herei

(3, 4- dlnethylphenyl) 1 fﬁ%xgﬁg pﬁ% P%%%B¥gg%%§F8%§§r geﬁglnafter

L- (4- et hoxyeheridd 6 -ddl - Qfiret ), BePeORRRYINLEEHAC EBfipopnd al
(4- (ethoxycarbonyl)pheny 1' 6% Ooxo- 3 ghghyl 2- propenyl) - oggrr%c%%%

(i pemsast Tomapnd bt obiaoesiai <
photocurable cyanoacrylate composition.

In Examples 39 to 42, (CyheCp)CpFe as a metallocene
compound and various Pl type photoinitiators were added to
TB1741 in predetermined amounts to obtain photocurable
cyanoacrylate compositions.

COMPARATIVE EXAMPLES 26 TO 28

In Comparative Examples 26 to 28, (CyheCp)CpFe as a
metallocene compound and various P2 type photoinitiators were
added to TB1741 in predetermined amounts to obtain
cyanoacfylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polfethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated gquantity of light needed
for curing. The results of Examples 38 to 42 and Comparative

Examples 26 to 28 are shown in Table 6.
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ferrocene, 1-benzoyl-1'-(methoxynethyl)ferrocene, 1,1 -bis(3-
et hoxy- 1, 3-di oxopropyl )ferrocene, 1-(3,3-dinethyl-1-
oxobutyl)-1"', 3-di net hyl ferrocene, 1-(3,3-dinethyl-1-
oxobutyl)-1',2-di methyl ferrocene, 1l-acetyl-1'-(2-nethyl-1-
oxo0- 3- phenyl - 2- propenyl )ferrocene, 1-acetyl-1'-(1-o0xo0-5-
u-xéﬂ- phenyl - 2, 4- pent adi enyl )ferrocene, 1,1'-bis(oxophenyl acetyl)-
oferrocene, 1,1 -bis(phenylacetyl)ferrocene, 1-(3-
acetyl phenyl ) -1'-(1-oxo- 3-phenyl - 2- propesylg f errocene, 1,1'-
bi s(cycl ohexyl carbonyl )ferrocene, 1,1'-bis(1-oxohexyl)-

Photoinitiator Addition Amount: &f Photocurability

Amount (CyheCp)CpFea (nJ}em?)

Ex. 38 -—— _— 5,000 ppm 9,000

Ex. 39 AP0 1,000 ppm 5,000 ppm 2,000

Ex. 40 Irgacure 184 10,000 ppm 5,000 ppm 4,000

Pl type ’

Ex. 41 Irgacurs 651 10,000 ppm 5,000 ppum 4,000

Ex. 42 Vicure 55 5,000 ppm 1,000 ppm 8,000

Comp. oo B

Ex. 26 benzophenone 5,000 ppm 5,000 ppm ;10,000

Comp. +

Ex. 27 P2 type | benzanthrone 1,000 ppm 5,000 ppm 11,000

Comp. T

Ex. 28 phenanthrenequinone 1,000 ppm 5,000 ppum i1,000

EXAMPLES 43 TO 47

In Example 43, cyclopentenylferrocene (hereinafter
referred to as (CypeCp)CpFe) as a metallocene compound alone
was added to TB1741 in a predetermined amount to obtain a
photocurable cyanoacrylate composition. '

In Examples 44 to 47, (CypeCp)CpFe as a metallocene
compound and various Pl type photoinitiators were added to
TB1741 in predetermined amounts to obtain photocurable
cyanoacrylate compositions.

COMPARATIVE EXAMPLES 29 TO 31

In Comparative Examples 29 to 31, (CypeCp)CpFe as a
metallocene compound and various P2 type photoinitiators were
added to TB1741 in predetermined amounts to obtain
cyanoacrylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene tray

with an inner diameter of 30 mm and irradiating the sample

-

| This Sheet Has Beent Replaced 4o

AT




ferrocene, 1,1'-bis(3-nethyl-1-oxobutyl)ferrocene, 1-(1,1-
di net hylethyl)-1'-(2, 2-di net hyl - 1- oxopropyl )ferrocene, 1-
(1, 1-di nethyl ethyl)-1"-(2-methyl - 1: oxopropyl )ferrocene, 1-
acetyl -1'-(1-oxo- 3-phenyl - 2-propynyl )ferrocene, 1,1 -bis(2,2-
di et hyl - 1- oxopropyl )ferrocene, 1l-acetyl-1'-(1l-oxobutyl)- ferrocene,
$- &Ptyl - 1' - (phenyl acetyl ) - 2- (phenyl methyl )-  ferrocene,
-benzoyl -1' - (phenyl acetyl )ferrocene, 1-(1-
oxobut yl') - 1wiRhenyhBCes Y d SEFECERE . i e fRFYdd Tpudnlti Ly Sleaggne.
1- (1- oxopropyl)-1' e5"( phenyl acetyl) - fJér?E oceneé,d ]qua(r;tltlp)gplh)g})t Tlekted
1-acetyl - 1' fophenylaget yihé erOCEEE. o -HaOMs 43 td U704 eRyphiatigeene,
1-acetyl -3-ethyl-1"-(phenyl acetyl)- ferrocene,
1-acetyl - 1' Exghphys a2t b ) 3 B-4 pheshdwietity |Dabld er,r ocene, :
1- (3- et hoxy-1- et hyl - 3- oxo- 1- propenyl )-1'-(1-oxo- 2-but.enyl)ferrocene,
1- (3- et hoxy- 1- et hyl - 3- oxo- 1- pr openyl ) -Isbld'7- ( 1- oxooct adecyl ) f err ocene,

1- ( 3- et hoxy yb—23—oxg-1 _
Photoinitiator 4&ddition Amount of Photocurability
Amount (CypeCp)CpFe (mdfem?)

" Ex. 43 —~—— ——— 5,000 ppm 13,000
Ex. 44 AP0 1,000 ppm 5,000 ppu 3,000
Ex. 45 Irgacure 184 10,000 ppm 5,000 ppm 4,000

Pl type

Ex. 46 Irgacure 651 10,000 ppm 5,000 ppm 5,000
Ex. 47 Vicure 55 5,000 pp: 1,000 ppm 11,000
Comp.
Bx. 2 benzophenone 5,000 ppm 5,000 ppm 14,000
Comp.
Ex. 30 P2 type | benzanthrone 1,000 ppm 5,000 ppm 13,000
Comp. .
Ex. 3 phenanthrenequinocne 1,000 ppm 5,000 ppm 13,000

EXAMPLES 48 TO 53

In Example 48 to 49; ferrocenecarboxyaldehyde
(hereinafter referred to as (CaAle)CpFe) as a metallocéné
compound alone was added to TB1741 in a predetermined amount
to obtain a photocurable cyanoacrylate composition.

In Examples 50 to 53, (CaAlCp)CpFe as a metallocene
compound and various Pl type photoinitiators were added to
TB1741 in predetermined amounts to obtain photocurable
cyanoacrylate compositions.

COMPARATIVE EXAMPLES 32 TO 34

In Comparative Examples 32 to 34, (CaAlCp)CpFe as a
metallocene compound and various P2 type photoinitiators were
added to TB1741 in predetermined amounts to obtain

cyanoacrylate compositions.
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propenyl )-1'-1'-oxopropyl)ferrocene, 1l-acetyl-1"-(3-ethoxy-1-

nmet hyl - 3- oxo- 1- propenyl )ferrocene, 1,1'-bis(((5-((4-

met hoxyphenoxy) car bonyl ) phenoxy) pent yl ) oxy) carbonyl )- ferrocene,

1,1 -bis((3-(4-((4-nmet hoxyphenoxy) car bonyl) -

phenoxy) pr opoxy) car bonyl )ferrocene, 1,1 -bis((2-(4-((4-

.M hoxyphenoxy) car bonyl ) phenoxy) et hoxy) car bonyl ) f errocene,
41, T -bi s((heptadecyl oxy) carbonyl)ferrocene, 1,1'-

- 25 - bis(((2, 3, 3 .ahydr.o- , Lel 3- -

SHet, B AR S ghot o2, Bng cdRBEREELSAS s

cycl opent adecyn- 15- _ car y

((phenyl”EtQN%QﬁEEéH”BQ)JﬁiiﬂﬁFQEQ %Tla'ghﬁﬁﬁé'&ﬁ4é polyethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed

for curing. The results of Examples 48 to 53 and Comparative

Examples 32 to 34 are shown in Table 8.

Table 8
Photoinitiator Addition Amount of Photocurability
Amount: {CaA1Cp)CpFe (nJfcm?)
BEx. 48 — - 5,000 ppm 12,000
Ex. 49 -~ —— 10,000 ppm 11,000
Ex. 50 APD 1,000 ppm 5,000 ppm 7,000
Ex. 51 Irgacure 184 10,000 ppm 5,000 ppm 8,000
Pl type
Ex. 52 Irgacure 651 10,000 ppm 5,000 ppm 10,000
Ex. 53 Vicure 55 5,000 ppm 1,000 ppm 8,000
Comp. .
Ex. 32 | tenzophenone 5,000 ppm 5,000 ppm 14,000
Gomp« N
Ex. 33 P2 type benzanthrone 1,000 ppm 5,000 ppn 15,000
Comp. '
Ex. 34 phenanthrenequinone 1,000 ppm 5,000 ppm 13,000

EXAMPLES 54 TO 71

In Example 54 to 71, various metallocene compounds
each alone was added to TB1741 in a predetermined amount to
obtain a photocurable cyanocacrylate composition.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed
for curing. The results of Examples 54 to 71 are shown in

Table 9.
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hexyl oxy) phenoxy) car bonyl ) phenoxy) car bonyl ) ferrocene, 1,1'-

bi s((4-((4-(pentyl oxy)phenoxy) carbonyl ) phenoxy) carbonyl)- ferrocene,

1,1 -bis((4-((4-butoxyphenoxy)carbonyl)phenoxy)- carbonyl)ferrocene,

1,1 -bis((4-((4-ethoxyphenoxy)carbonyl)- phenoxy)carbonyl)ferrocene,

1,1 -bis((4-((4-(pentyloxy)- Dbenzoyl)oxy)phenoxy)carbonyl)ferrocene,

1,8 bis(4-((4- (butoxybenzoyl)oxy)phenoxy)carbonyl)ferrocene,

H -bis((4- ((4-propoxybenzoyl)oxy)phenoxy)carbonyl)ferrocene, 1,1'-
bIS((4 ((4- ethoxybenzoyl)oxy)phenoxy)%ghggngl)ferrocene

1,1 -bis((4-((4- nethoxybenzoyl)oxy)phenvxcharbonyl) ferrocene, 1-(((1,1

-1bIbEP slnyl) ((4- ((4- p?ﬁbi‘.bﬂiﬂi’.b&ﬂéﬁ)" )oxxadltmﬁnox /)mwﬁwmwabfﬂ&rtgce'f :

1-butyl - 1" 4( (4- hexylfoxy) phenoxy) -  car bonghghetr ocepe (mJ/cm?)

1-bpty!- Aé -neL nenoxy)car bony{fy=_ ferrocene, 0

1, 1' - bi s((4-¥%r 034 plenoXHFERIEBRS| ) f ¢r r Sodd, ppm 12,00
Ex. 55 (MeCp),Fe 500 ppm 5,000
Ex. 56 {MeCp),Fe 1,000 ppm 4,000 i
Ex. 57 (MeCp),Fe 3,000 ppm . 1,000
Ex. 58 (BzoCp),Fe 500 ppm 1,000
Ex. 59 (AcCp),Fe 100 ppm 13,000
Ex. 60 (AcCp),Fe 300 ppm 5,000
Ex. 61 (AcCp),Fe 500 ppm 2,000

|l Ex. 62 (AcCp),Fe 1,000 ppm 1,000
Ex. 63 (MesCp),Fe 50 ppm 3,000
Ex. 64 (Me;Cp).Fe 100 ppm 1,000
Ex. 65 (MesCp),Fe : 100 ppm 8,000
Ex. 66 (MesCp),Fe 300 ppm 4,000
Ex. 67 (MesCp),Fe 500 ppm . 2,000
Ex. 68 (MesCp),Fe 1,000 ppm 1,000
Ex. 69 Cp,Ru 50 ppnm 3,000
Ex. 70 Cp.Ru 100 ppm ., 2,000
Ex., 71 - CpyRu 300 ppm 1,000
Remarks ¢

(AcCp)CpFe: acetylferrocene

(MeCp),Fet 1,1’-dimethylferrocene

(BzoCp),Fe: 1,1’~dibenzoylferrocene

(AcCp),Fe: di(acetylcyclopentadienyl)iron
(MesCp),Fe: bis(pentamethylcyclopentadienyl}iron
(MesCp),0s: bis(pentamethylcyclopentadienyl)osmium
Cp,Ru bis(cyclopentadienyl )ruthenium

I —
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1,1 -bis(((3-fornyl phenyl) met hoxy) car bonyl f errocene, 1,1'-

bi s((4-((4-(hexyl oxy) benzoyl ) oxy) phenoxy) car bonyl ) f err ocene,

1, 1' - bi s((4- (phenyl met hoxy) phenoxy) car bonyl f errocene, 1-((4-

(decyl oxy) phenoxy) car bonyl ) -1' - (( 4- hydr oxyphenoxy) car bonyl )- ferrocene,
1, 1' - bi s((4-(decyl oxy) phenoxy) car bonyl ) f errocene,

1,01,- bi s((4-heptyl oxy) phenoxy) car bonyl )ferrocene, 1,1'-

dbﬁ%%(4 (1, 1-di net hyl et hyl ) phenoxy) car bonyl ferrocene, 1,1'-

bi s( met hoxycar bonyl ) -2, 2' - bi s( et Wl f racene, 1,1 -
- 26 - bi s( met hoxycar bonyl ) - 2, 3= yI)ferrocene 1,1 -
In Examples 72 to 76, Cp,Fe as a metallocene compound
and APO as a Pl type photoinitiator was added to TB1741 in
predetermined amounts to obtain photocurable cyanocacrylate

compositions.

COMPARATIVE EXAMPLES 35 TO 37

In Examples 35 to 37, Cp,Fe as a metallocene compound
and various P2 type photoinitiators were added to TB1741 in
predetermined amounts to obtain-cyanoacrylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample‘in a polyethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed
for curing. The results of Examples 72 to 76 and Comparative

Examples 35 to 37 are shown in Table 10.

Table 10
Amount of APO Amount of Cp,Fe Photocurablllty
(mJ/cn?)
Ex. 72 1,000 ppm 500 ppm ' 10,000
Ex. 73 1,000 ppm 1,000 ppm 8,000
Ex. 74 2,000 ppm 100 ppm : 3,000
Ex. 75 2,000 ppm 500 ppm 1,000
Ex. 76 3,000 ppm 500 ppm 1,000
Comp. _
jj| Ex. 35 1,000 ppm - 20,000<
Comp .
Ex. 36 2,000 ppm - 20,000<
Comp .
EX. 37 3,000 Epm _——— . 20'000<
S —
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bi s(et hoxycarbonyl)-2,3 -bi s(net hoxynet hyl)ferrocene, 1,1'-

bi s(et hoxycar bonyl) -2, 2' - bi s( et hoxynet hyl )ferrocene, 1-

(et hoxycar bonyl )-1', 2- bi s(met hoxynet hyl ) ferrocene, 1,1'-

bi s(((1, 4-di hydro-1, 4-di oxy- 2- napht hal enyl ) oxy) carbonyl )- ferrocene,
1,1 -bis(((4'-(heptyloxy)(1,1'-biphenyl)-4- yl)oxy)carbonyl)ferrocene,
1,1 -bis(((4'-(hexyloxy) (1,1 - biphenyl)-4-yl)oxy)carbonyl)ferrocene,
gﬂffﬁ-bis((4'- (pentyl oxy) (1, 1" -bi phenyl ) -4-yl)oxy)carbonyl)ferrocene,

1,1'- bis(((4" -butoxy(1,1' -biphe 4 Ing carbonyl ) ferrocene,
(nethoxycarbonyl)nonanethylferroczﬁééLigﬁL?fﬁﬁﬁhg%ycarbonyl)-
2,2",3,3,4,4,5,5 -0C gfgﬁr%%pggu 1?%§g$§§%¥|é§'a m?yqllocene

ogobutyl)-l'-(nethoxycar ony ferrope _ xycar bony

Lo boner R BB TGE 0 o X 1S4 BSPTHSUES Meze aaded vo

met hoxy) car besy} 41 & Qfifstelmined Riounten¥er 8X¥ABhNYhotdeurable
cyanoacrylate compositions. -

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed

for curing. The results obtained are shown in Table 11.

Table 11
Amount of APO Amount of Photocurability
(EtCp)CpFe (mJ/cm?)
Ex. 77 1,000 ppm 500 ppm 3,000
Ex. 78 1,000 ppm 1,000 ppm 1,000
Ex. 79 2,000 ppm 50 ppm 1,000
Ex. 80 2,000 ppm 100 ppm 1,000
Ex. 81 3,000 ppm 500 ppm 1,000

EXAMPLES 82 to 86 !

In Examples 82 to 86, (BuCp)CpFe as a metallocene
compound and APO as a Pl type photoinitiator were added to
TB1741 in predetermined amounts to obtain photocurable
cyanoacrylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene tray

with an inner diameter of 30 mm and irradiating the sample

e
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f uranyl ) met hoxy) car bonyl ) f errocene,
phenoxy) car bonyl ) f errocene,

1,1 -

phenyl ferroc‘gﬂaly_ﬁ@gﬁt% n?ea uAi,e(q.)t

bi s((oxiran

1,1 - bi s((4-hydroxy-

1l-acetyl-1"-(propoxycarbonyl)- ferrocene,

1-acetyl -1'-(ethoxycarbonyl)ferrocene, decakis-

(et hoxycar bonyl )ferrocene, 1,1'-bis((2-propenyloxy)- carbonyl)ferrocene,
1, 1' bi s( (phenyl met hoxy) car bonyl )- ferrocene,

1-{et hoxycarbonyl)-1'-ethyl ferrocene, 1-

& ethoxycar bonyl ) -1' - met hoxyf errocene, 1-(ethoxycarbonyl)-1'-

ﬁ%& g@%@%@>&ﬁ§ﬁ¥h¥y okeiiaﬁgnﬁeeded

oxy) car bon erfoc

hyd t th f
(REﬁLL(é)é?\//EENThfSIJI)-I}E Eél_uri(ﬂﬁa OGP AN ToitadneRCard- s?o‘én% in Table 12.

Table 12
Amount of APO Amount of Photocurability
(BuCp)CpFe (mJI/cm?)
Ex. B2 1,000 ppm 500 ppm 3,000
Ex. 83 1,000 ppm 1,000 ppm 2,000
Ex. 84 2,000 ppm 100 ppm 1,000
Ex. 85 2,000 ppm 500 ppm 1,000
[ EX. 86 3,000 _ppm 500 ppm 1,000

EXAMPLES 87 TO 91

In Examples 87 to 91, (AmCp)CpFe as a metallocene
compound and APO as a Pl type photoinitiator were added to
TB1741 in predetermined amounts to obtain photocurable
cyanoacrylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed

for curing. The results obtained are shown in Table 13.

Table 13
Amount of APO Amount of Photocurablllty
(AnCp )CpFe (mJ/cm?)
Ex. 87 1,000 ppm 500 ppm 4,000
Ex. 88 1,000 ppm 1,000 ppm 2,000
Ex. 89 2,000 ppm 100 ppm 1,000
Ex. 90 2,000 ppm 500 ppm 1,000
Ex. 91 3,000 ppm 500 ppm 1,000
T - 55 -
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(et hoxycar bonyl )-1", 2-di phenyl ferrocene, 1-(nethoxy-

carbonyl)-1', 3-di phenyl ferrocene, 1,1'-bis(nethoxycarbonyl)-

3-nmethyl ferrocene, 1,2-difornyl-1',2",3,3,4,4",5 /5" -

oct anet hyl ferrocene, 1'-fornyl-1,2,3,4-tetranmet hyl -

(4,7,10,13-tetraoxatetradec-1-yl)ferrocene, 1l-acetyl-1"-(2-

etthgxy- 2- oxoet hyl ) ferrocene, 1-fornyl-1'-(((6-hydroxyhexyl)-
Foxy) et hyl )ferrocene, 1,1 -diacetyl-3,3" -bis(1,1-

di met hyl et hyl ) f errocene, ll_forGé?ﬂé?§¥£g§§§¥ﬂfgﬁanthyl ferrocene,
1- (1- net hyl - 3- oxo- 1- but enyl ) - 1 errocene,

1-acety|-1'-(1-UEt?ﬁ|F% @?geé Qﬂtgﬂgobég[ B%5E5)cpFe as a metallocene

1'-forny|-1 2-di me cené
1',2,2 Shnd® 200! ABRF Ryl he ﬁo%gp? Pﬁ@f@ X €ystor Jyere added to
pentadlenyl eopenty cycl opent adi en -acetyl -

ethynyl f er rgpeng, ioD@reéeraiaranhAdLARY! L6NEBEETLY hotocurable
cycl opent adi enyl )iron, acetyl nonanethylferrocene, 1-Tfornyl-

cyanoacrylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed

for curing. The results obtained are shown in Table 14.

Table 14
Amount of APO Amount of Photocurablllty
(BzoCp )CpFe (mJ/cm?)
Ex. 92 2,000 ppm 1,000 ppm 4,000
Ex. 93 3,000 ppm 1,000 ppm 1,000

EXAMPLES 94 TO 96

In Examples 94 TO 96, (CyheCp)CpFe as a metallocene
compound and APO as a Pl type photoinitiator were added to
TB1741 in predetermined amounts to obtain photocurable
cyanoacrylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polfethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated'quantity of light needed

for curing. The results obtained are shown in Table 15.
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1' - (hydr oxyphenyl methyl )-2,2',3,3",4,4",5,5" -oct anet hyl -
oct anet hyl f err ocene,

1-fornyl-1"-(1-hydroxyethyl)-2,2',3,3 ,4,4",5 5" -

1-fornyl - 3- (hydr oxymet hyl ) -
pent adi enyl ) (hydr oxycycl opent adi enyl
1,1 -di acetyl -3, 3" -di net hyl -
cycl opent adi enyl )i ron,

(acetyl cycl o-

1, 2, 3, 4, 5- pent aphenyl f errocene,
(agetyl cycl opent adi enyl ) ((2- car boxyvi nyl) -
& acetyl cycl opent adi enyl ) ((2- car boxy-

1,1 -

f errocene,

1',2,2",3,4,4",5, 5 -octanet hyl ferrocene,
i ron,

1'-acetyl -

et hyl ) cycl opent adi enyl )i ron,

f errocene,

f or nyl nonanet hyl f errocene,
difornyl-2,2',3,3',4,4',5,5'-octaneth%ﬁgégr%gene, 1-fornyl -
1' - (hydr oxy ; : 55
Amount of APO Amount of Photocurability
(CyheCp)CpFe (mJ/cm?)

Ex. 94 2,000 ppm 500 ppm 1,000

Ex. 95 2,000 ppm 1,000 ppm 1,000

Ex. 96 3,000 ppm 500 ppm 1,000

EXAMPLES 97 AND 98

In Examples 97 and 98, (CypeCp)CpFe as a metallocene
compound and APO as a Pl type photoinitiator were added to
TB1741 in predetermined amounts to obtain photocurable
cyanoacrylate compositions.

The photocurability of each of the coﬁpositions was
evaluated by plading 1l g of a sample in a polyethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light neéded

for curing. The results obtained are shown in Table 16.

Table 16
Amount of APO Amount of Photocurability
(CypeCp)CpFe (mJ /cm?)
I Ex. 97 2,000 ppm 1,000 ppm 2,000
llEx‘ 98 3,000 ppm 500 ppm 1,000

EXAMPLES 99 TO 101

In Examples 99 to 101, (CaAlCp)CpFe as a metallocene
compound and APO as a Pl type photoinitiator were added to
TB1741 in predetermined amounts to obtain photocurable

Ccyanocacrylate compositions.
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- 28 - et hynyl )ferrocene, 1-acetyl-1'-(8-(4-nethoxyphenyl)- 8-
oxooctyl)ferrocene, 1l-acetyl-1', 3-bis(phenyl nethyl)ferrocene,
1-acetyl -1', 2-bi s(phenyl net hyl )ferrocene, 1l-acetyl-1'-(1-
hydr oxy- 1- phenyl et hyl )ferrocene, 1,1'-diacetyl-2-nethyl- ferrocene,
1,1 -diacetyl-3-nethyl ferrocene, 1-fornyl-2-(4- nethoxyphenyl)ferrocene,
1-y( 3- et hyl phenyl )-1"-fornyl- ferrocene,

&1- (4- et hyl phenyl )-1'-fornyl ferrocene, 1-(3,5-

di met hyl phenyl )-1' - f . 1- (4= (et bonyl ) .-

phonyl) - 1< for byl + oS CERRELEEEBT1 Y (9 LA QR W Memind tiopg, o, e
1-f -1 - h L 1- | .

T Car et nyPUALSRIERRBROBINEARG! 106 T0F 4 50T, i 3 potsthviens Sxay,
Loyl L i SO MR B8 900 ok 14 AidMethy R e
1-acetyl - 1' w§3nt1dgnet EM'H@&QMJ:%f@ﬁéOfﬁ@&;[ré-ted quantity of light needed

for curing. The results obtained are shown in Table 17.

~Table 17
Amount of APO Amount of Photocurability
(CaAlCp)CpFe (mJ/cm?)
Ex. 99 2,000 ppm 1,000 ppm 4,000
Ex. 100 3,000 ppm 500 ppm 4,000
Ex. 101 3,000 ppm 1,000 ppm 1,000

EXAMPLES 102 TO 112

In Examples 102 to 109, 1,1’-di-n-butylferrocene,
bis(pentamethylcyclopentadienyl)ruthenium, and
bis(cyclopentadienyl)osmium (hereinafter referred to as
(BuCp),Fe, (Mes,Cp),Ru, and Cp,0s, respectively} as metallocene
compounds alone we?e added to TB1741 in respective
predetermined amounts to obtain photocurable cyanocacrylate
compositions.

In Examples 110 to 112, (BuCp),Fe, (MesCp),Ru, and
Cp,0s as metallocene compounds and APO as a Pl type
photoinitiator were added to TB1741 in predetermined amounts
to obtain photocurable cyanocacrylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene tray

with an inner diameter of 30 mm and irradiating the sample
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acetyl -1'-(3, 5-di net hyl phenyl )ferrocene, 1-acetyl-1'-(4-

nmet hyl phenyl )ferrocene, 1l-acetyl-1'-phenylferrocene, 1-
acetyl-1'"-(3-nmet hyl phenyl )ferrocene, 1-acetyl-1'-(2-benzoyl -
3-oxo0- 1-but enyl ) ferrocene, 1-acetyl-1'-(3-0x0-5-phenyl-1, 4-
pent adi enyl )ferrocene, 1l-acetyl-1'-(2-acetyl-5-0xo0-5-phenyl -
1,3-;pent adi enyl )ferrocene, 1l-acetyl-1'-(5-0x0-5-phenyl-1, 3-
épéﬁfadienyl)ferrocene, 1-acetyl-1'-(1-hydroxyethyl)ferrocene,

1-acetyl - 1" - (:domeit.naxy - 3- -2-propenyl )ferno . J- \
acetyl-1', 3- ﬁ%ﬁl@&hﬁ%e?%%%%#gr Fglgelrlnlg,t&?}?g%%t§§g§?32§y %IilE rr]éjf%lgl? f%efe?%ecqene,
1' -acetyl - 1,&54di i | eipp@c %a : - :

T30 a1 O Rt nysy eBu1tetbBidined pr. shaun ip Table 16.

3- phenyl - 1- propenyl ) ferrocene, 1-acetyl zabie 13- bi s(1, 1-

Matallocene Addition Addition Photocurability

Compound Amount Amount of APOQ (wJen?)
Ex. 102 . {BuCp)yFe : 500 ppm - 5,000
Ex. 103 (BuCp)sFe 1,000 ppm - ' 2,000
Ex. 104 (MesCp)oRu 3,000 ppm ——— 8,000
Ex. 105 zMQSCp)zku 5,000 ppm --= §,000
Ex. 106 Cpo0s 100 ppm - 13,000
Ex. 107 Cp0s 300 ppm - 10,000
Ex. 108 Cpo0s 500 ppm — ; 5,000
Ex. 109 Cpy0s 1,000 ppm -—— 3,000
Ex. 110 {BuCp)} yFe 500 ppm 2,000 ppm 1,000
Ex. 111 {Mes5Cp) oRu 3,000 ppm 2,000 ppm 2,000
Ex. 112 Cpq0s 500 ppm 2,000 ppm 1,000

EXAMPLES 113 TO 117 AND COMPARATIVE EXAMPLE 38

(AcCp),Fe was added to TB1741 in predetermined
amounts to obtain photocurable cyanoacrylate compositions.
In a storage stability test, 20 g of each sample was placed
in a light-shielded polyethylene container, stored at 70°C
for 1 week, and then examined for viscosity and
photocurability. Photocurability was evaluated by placing 1
g of a sample in a polyethylene tray with an inner diameter
of 30 mm and irradiating the sample with light to measure the
integrated quantity of light needed for curing. Viscosity
was measured at room temperature with a Brookfield viscometer
(manufactured by Tokyo Keiki Co., Ltd.) fitted with an

adapter. The results obtained are shown in Table 19.
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-29 - di met hyl ethyl )ferrocene, 1l-acetyl-1', 2-bis(1-nethylethyl)-

ferrocene, l-acetyl-1'",62-diethylferrocene, 1-acetyl-1'-(3-

oxobutyl)ferrocene, 1l-acetyl-1'-(3-acetyl phenyl)ferrocene, 1-

acetyl-l'-(4-acety|phenyl)ferrocene, 1l-acetyl -1'-nmet hoxy- ferrocene,

1- acetyl -(tributyl stannyl)ferrocene, and 1-

farnyl -1 (tr|butylstannyl)ferrocene (vi) Exanpl es of conpounds
ﬂhQang one or nore sulfur- containing group substituents having 1 to 20

carbon atons include 1-butyl-1'-(4-nmeygaRs o- 1-oxobutyl)ferrocenium 1,1'-

bi s( 4- mer capt o- 1- oxobutyl ) ferrocene, 1-(4- nercapto-l-

oxobut yl) (Ilox‘butnyTernocene *?thjk %qu t.0- Ex. 117
oxobutyl)ferrocene, 1-(2- pherxf@&h t |ery carbqny]
Amount of (AcCp)qFe 0 ppm 100 ppm 300 ppm 500 ppm 1,000 ppm | 1,500 ppm
Blank Viscosity (mPa-s) 1.90 2.00 2.10 2.00 1.90 1.95
Photocurability - 13,000 5,000 2,000 1,000 1,000
70°C x 1W  Viscosity (mPa-s) 1,95 2.05 2.10 2.15 2.60 4.35
Photocurability - 14,000 6,000 2,000 1,000 1,000
|
—_—

Photocurability is shown in terms of the integrated quantity of light (mJfem2) needed for complete
photocuring.

EXAMPLES 118 TO 121
To TB1741 were added (AéCp)zFe in an amount of 1,000

ppm and either a radical-polymerization inhibitor
(hydroquinone) or an anionic-polymerization inhibitor (p-
toluenesulfonic acid) in predetermined amounts. The
~compositions obtained were evaluated for photocurability in
the same manner as in Examples 1 to 39 to ascertain that the
photocuring reaction proceeded by anionic polymerization.

The results obtained are shown in Table 20.

Table 20
Example No. 62 118 119 120 121
(AcCp),Fe 1,000 | 1,000 {1,000 1,000 (1,000
Hydroquinone —_— 1,000 1{ 3,000 - -
p-Toluenesulfonic acid - ——— —— 1,000 (3,000
Photocurability 1,000 1,000 1,000 X X
(mJ/cm?)

The humerals in the table indicate addition amounts (ppm)
based on TB1741. :
x: The sample remained uncured even after light

1r7ad1atlon in an integrated quantity of light of 10,000
nJ / cr?
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ferrocene, 1-ethyl-3-(1-hydroxyethyl)-1'"-(2-thienylcarbonyl)- ferrocene,
1- (phenyl acetyl)-1'-(2-thienyl carbonyl)ferrocene,
1- benzoyl -1' - (2-t hi enyl carbonyl ) ferrocene, 1-(1-oxopropyl)-
-(2-thieny|carbonyl)ferrocene, 1,1 -bis((2-((2-((1, 3-
dithiol-2-ylidene)-1,3-dithiol-4-yl)thio)ethoxy)carbonyl)- ferrocene,
1 (met hoxycar bonyl ) - 1' ((phenylthio)nethyl)- ferrocene,
%“ bi s((2-(3- th|enyI)ethoxy)carbonyl)ferrocene
1 1' -bi s(((5-(hydroxymet hyl) - 2- I 0 2§onyl) ferrocene,
1-(nethoxycarbony|) 1' - (et hoxy

1-acety|-1'-(5-acet I_en ferrocen
cycl opent adi enyl ((1* # %Eﬁéﬁxkf FH?S%y*f%F%?F)S% $Etpgpenta§?%%3?f¥%%§s
L-formy - 1 1 AULLOhEFEQE ClBbr do AFELY a5 oA | i WAy IY) ! rocene, and
1-acetyl-1"- "su errocene
cyanoacrylate (hereinafter abbreviated as EECA)} as a-
cyanocacrylates in an amount of 1,000 ppm. The compositions
were evaluated'for photocurability in the same manner as in

Examples 1 to 39. The results obtained are shown in Table

21.
Table 21
Example No. 62 122 123
a~Cyanoacrylate TB1741 MCA EECA
Photocurability 1,000 1,000 1,000
(mJ/cm?) :

Photocurability is shown in terms of the integrated
quantity of light (mJ/cm?) needed for complete photocuring.

EXAMPLES 124 AND 125

In Examples 124 and 125, Cp,Fe as a metallocene
compound and APO as a P1 type photoinitiator were added in
amounts of 500 ppm and 2,000 ppm, respectively, to each of
methyl a-~cyanocacrylate (hereinafter abbreviated as MCA) and
ethoxyethyl oa~cyanoacrylate (hereinafter aﬁbreviated as EECA)
as a-cyanoacrylates to obtain photocurable cyanoacrylate
compositions. The photocurability of each of the
compositions was evaluated by placing 1 g of a sample in a
polyethylene tray with an inner diameter of 30 mm and
irradiating the sample with light to measure the integrated

_
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- 30 - (vii) Exanpl es of conpounds having one or nore

phosphor us-contai ni ng group substituents having 1 to 20 carbon atons

i nclude 1,1'-bis(di phenyl phosphi no)ferrocene, 1-

acetyl-1"-((di phenyl phosphi no)acetyl)ferrocene, 1,1'-

bi s( (di phenyl phosphi no) acetyl )ferrocene, 1-

(dihphenyl phosphino)-1'-fornyl ferrocene, 1l-acetyl-1'-

£ di phenyl phosphi no)ferrocene, and 1-acetyl-1'-

(di phenyl ph | fggr Lds i) EX I o] havi ng
Qeit iy T NOGRRE needed ﬁgf Céiih)y 1?§B_g§sﬁit§|$§?§fg%ﬁ;3_

substituents™ crosslinkedto each ot I nclude Iacet
propanedi yl )44 réedeRAe inl marlieadgt yl -1, 4' - (1, 4-butanediyl)-
Table 22
a-Cyanoacrylate Photocurability (mJ/cm?)
Ex. 75 TB1741 1,000
Ex. 124 MCA 1,000
Ex. 125 EECA 1,000

The composition of the present invention, i.e., the
photocur;ble composition comprising an a~cyanoacrylate and a
metallocene compound or the coméosition thereof further
comprising a cleavage-type photoinitiator, can be rapidly
cured by light irradiation even when the gap between a pair
of adherends is wide, when the composition applied has
overflown from the bonding part, or when the composition
applied is not sandwiched between a pair of adherends as in
coating. Since the curing reaction proceeds by anionic
polymerization; not only the composition does not suffer the
cufing inhibition by oxygen which is observed in radical
polymerization, but also even that part of thé composition to
which light cannot reach due to the shape of the substrate
cures by the anionic polymerization initiated by light
irradiation. Further, since the metallocene compound has a
light absorption wavelength region extending beyond 500 nm to
the longer-wavelength side, the composition can be cured with
a light in a wider wavelength region, i.e., even with

ultraviolet and/or visible light.
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ferrocene, 1,1'-bis(nmethoxycarbonyl)-2,2"- (oxybis(nethylene))ferrocene,
1,1 -bis(ethoxycarbonyl)-2,2"- (oxybis(nethylene))ferrocene,

1- benzoyl -1' - ( 3- oxo- 3- phenyl -1- propenyl)-3, 3" -(1, 3- propanedi yl ) ferrocene,
1- (phenyl acetyl)- 1',3-(1, 3-propanedi yl)ferrocene,

1- ((4- met hoxyphenyl )acetyl)- 1',3-(1, 5-pentanediyl)ferrocene,

1-((4-met hoxyphenyl)acetyl)- 1',3-(1, 3-propanediyl)ferrocene,

A, I (1, 5-pentanediyl)-3- (phenylacetyl)ferrocene,

1-fornyl-1"3-(1, 5-pentanediyl)- . ferrocgeng, .

11 G acetyl 3.9 (B ShgbukaaibEPhoERbLhRE, cqmPrising a cleavage-type

benzoyl -1, 2. :E6§H%¥ﬁéﬁggﬂz%Q%g%ﬁg%g%ég?éf??éyﬁétgéﬁéaq¥%fqomposition.

but anedi yl ) <I-Torny r ocene,

diacetyl-2'T%@&%ngggﬁgghggg&%%?gé%?iggs’a %f&'ﬁ@fﬁf&ocene compound

propenyl)-1' opane ocene,

(e L0she 50 Tt ok OSBRcEhY! DL paentent B chdrensea 1y
appropriately selecting a kind of the cleavage-type
photoinitiator to be used. Furthermore, the effective
wavelength of the light necessary to cure the composition is
controlled in this case.

Since the addition of a -cleavage~type photoinitiator
reduces the addition amount of the metallocene compound,
which is relatively expensive component of the composition of
the present invention, the use of the cleavage-type
photoinitiator decreases the total cost of the adhesive
composition of the present invention. Metallocene compounds,
when dissolved in an a-cyanoacrylate, sometimes color the
solution of the composition; even so, reducing the amount of
the metallocene compound is effective in maintaining the
colorlessness and transparency of the composition.

Moreover, in the composition further comprising a
cleavage-type photoinitiator, since the cleavage-type
photoinitiator functions as an initiator for anionic
polymerization, even when the composition contains a radical-
polymerizable compound such as an acrylic compound, it can be
rapidly cured due to the cleavage type photoinitiatox
contained therein. In the case where the cleavage-type

photoinitiator used is a peroxide, heating can also be used
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- 31- ferrocene, 1-acetyl-1', 3-(3-phenyl-1,5-pentanediyl)ferrocene,

1,1 -diacetyl-2,3 -(1, 4-butanediyl)ferrocene, 1,1 -diacetyl-

3,3 -(1,4-butanediyl)ferrocene, 1,1 -diacetyl-2,3"-(1, 4-

but anedi yl ) ferrocene, 1-(nethoxycarbonyl)-1',3-(1, 3-
propanedi yl )ferrocene, 1-fornyl-1',3-(1, 3-propanediyl)- ferrocene,
1-for.nyl -1',2-(1, 3-propanediyl)ferrocene, 1'-

4ce yI-1-(1 0X0- 2- propenyl )-2, 3" -(1, 5-pentanedi yl ) f errocene,

1- acetyl 0X0- 2-pro 1, 5- pent anedi yl f errocene,

1- benzgyl gug;otge E gp;&tbpgpeg@q)tp he wase wﬁgge the cleavage type

photoinitiator used is an azo compound; the composition can
be foamed by regulating the addition amount of the
photoinitiator or the quantity of light with which the
composition is irradiated.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.

Replaced
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(1, 5-pentanediyl)ferrocene, 1-benzoyl-1'-fornyl-3,3 -(1, 5-
pent anedi yl ) ferrocene, 1-benzoyl-1'-fornyl-3,3 -(1, 3-
propanedi yl )ferrocene, 1,1'-bis (methoxycarbonyl)-2,2":3,3"-
bi s(1, 3-propanedi yl )ferrocene, 1,1 -bis (nmethoxycarbonyl)-

2,2':4,4'-bis(1,3-propanediyI)ferrocene, 1,1 -

' t hoxycarbonyl)-2,4":2",4-bis(1, 3-propanedi yl ) ferrocene,
(nethoxycarbonyl) 1',2:3, 4 bis(l 3- propanedi yl ) f errocene,

,4 bi s( met 1' , 3-bis(1, 3-propanediyl)- ferrocene,
(nethoxycgﬁgéﬁaﬁ?%§$'gﬁ? T§ bIS(l 3- propanediyl)ferrocene,

, 2- (1, 4- but anedi yl,) o ..

4-di oxobut yl )-2', 3¢ g?°§“5¥8b%n%€ﬁ@?§*?*QQxﬁﬂﬂﬁr%E¥P9’

S

b.sEn”".;EESXEZFBS%I?Ai %n %1%% BERatd 4 rocene, i:l'
e oy o123, § R SRR, Motk o ransision
metal of Group VIII of the periodic table and aromatic
electron system ligands.

2. The photocurable composition as claimed in claim
1, further comprising (C) a cleavage-type photoinitiator.

3. The photocurable composition as claimed in claim
1, wherein each of the aromatic electron system ligands in
the metallocene compound (B) is a m-arene, indenyl, or -
cyclopentadienyl.

4. The photocurable composition as claimed in claim
1, wherein the metallocene compound (B) comprising a
transition metal of Group VIII of the periodic table and
aromatic electron system ligands is represented by the

following formula (I):

i (< ).

(wherein M represents a transition metal of Group VIII of the
periodic table; R represents a halogen atom, a hydrocarbon

group having 1 to 20 carbon atoms, a halogenated hydrocarbon
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fornyl-1',2-(1, 5-pentanediyl)ferrocene, 1l-acetyl-1'-(1-o0xo0-3-

phenyl - 2- propenyl ) -3, 3' - (1, 5-pentanedi yl )ferrocene, 1,1'-

-32 - bi s( 1- oxo- 3- phenyl - 2- propenyl )-3, 3,-(1, 5-pentanedi yl )- ferrocene,
1-fornyl-1',2: 3',4-bis(pentanediyl)ferrocene, 1-
acetyl-1'",2-(1, 3-cycl opentanedi yl )ferrocene, 1,1 -diacetyl-

3, 8.5(1, 5-pentanediyl )ferrocene, 1,2-diacetyl-1',4-(1, 3-
4ropanedi yl )ferrocene, 1,1 -diacetyl-3,3 -(1, 3-propanediyl)- ferrocene,

I 2 di acet yi 508 Kty P ARPORE kel 5aRg. 7, 2. Sibigon-atom
containing, oxygen-atom contalnlng, sulfur-atom containing,
or phosphorus-atom containing group having 1 to 20 carbon
atoms, provided that the R’s may be the same or different and
may be crosslinked to each other; éymbol a represents an
integer of from 0 to 5; and the groups [R,-Cp] (Cp represents
n-cyclopentadienyl) may be the same or different).

5. The photocurable composition as claimed in claim
1, wherein the transition metal-of Group VIII of the periodic
table in the metallocene compound (B) comprises iron, osmium,
ruthenium, cobalt or nickel.

6. The photocurable composition as claimed in claim
5, wherein the transition metal of Group VIII of the periodic
table in the metallocene compound (B) comprises iron, osmium

or ruthenium.
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phenyl - 2- propenyl )-1, 2" - (1, 3- propanedi yl )ferrocene, 1,1'-

bi s( 1- oxo- 3- phenyl - 2- propenyl ) -3, 3" - (1, 3-propanedi yl )- ferrocene,

1, 1' - bi s(1- oxo- 3- phenyl - 2- propenyl )-2,3"-(1, 3- propanediyl)ferrocene,

1- (1- oxo- 3- phenyl - 2-propenyl )-1",3- (1, 3-propanedi yl)ferrocene,
1l-acetyl-1'-(1-oxo-3-phenyl-2- propenyl)-3,3 -(1, 3-propanedi yl )ferrocene,
l.acetyl-1"-(1- oxo-3-phenyl-2-propenyl)-2,2'-(1, 3-propanedi yl)ferrocene,
#1- " acetyl -1'-(1-oxo- 3- phenyl - 2- propenyl )-2,3" - (1, 3-

propanedi yl )ferrocene, 1,1 -di 1 nedi yl ) ferrocene,
1,1 -di acetyl -2,2 - (1,3 pr v Browik piscrBEORR

1,1'-diacety| 2,3 - Y, I N .
1. acetyl J172-(1 3 prl%pane%%rdr%“ eonécel%ld}f:%prlslng (A) an o

benzoyl - yéﬁoéci?{r%’@é‘e&hd” {BETd %@Elﬂ]rc;c&%‘%ﬁ cun® dohp¥ising a
propanedlyl) errocene, 1-(1-oxopropyl)-1',3-(1,3-" propanedi yI)ferrocene
1- (1- oxopr opyhhsitién(deBal of Group VIII of the periodic table and

aromatic electrqn system ligands selected from m-~arenes,
indenyl, f-cyclopentadienyl. The photocurable composition
may further comprise (C) a cleavage-type photoinitiator. The
photocurability of the photocurable composition can be
greatly improved by incorporating a cleavage type
photoinitiator into the composition. Since the cleavage-type
photoinitiator functions as an initiator for anionic
polymerization, even when the composition contains a radical-
polymerizable compound such as an acrylic compound, it can be
rapidly cured due to the cleavage type photoinitiator
contained therein. In the case where the cleavage-type
photoinitiator used is a peroxide, heating can also be used
to cure the composition. In the case where the cleavage type
photoinitiator used is an azo compound, the composition can
be foamed by regulating the addition amount of the
photoinitiator or the quantity of light with which the
composition is irradiated.

//
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o A6 10891 -
propanedl%l)ferrocene, 1-acetyl-1', 3-(1, 3-propanedi yl ) -,
1-acetyl -1, 3-(4-o0xo0-1, 4-but anedi yl )ferrocene, 1-
acetyl-1',2-(4-oxo0-1, 4-but anedi yl ) ferrocene, 1l-acetyl -1
(1-oxo-1, 4-but anediyl )ferrocene, 1l-acetyl-1', 3-(5-o0x0-1
- 33 -. ., pentanediyl)ferrocene, 1l-acetw -11'- 2-(5-o0xo0-1,
ferwocene, l-acetyl-1', 3-(3-o0x0-1, 3-propanediyl)ferroce

CEMENT SHEET
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"deetyl-1', 3-(1-oxo-1, 3-propanedi yl )ferrocene, 1-acetyl -
(3- oxo- 1, 3- propanedi yf ) ferrocene, 1-acetyl-1', 2-(1-oxo-

e
L5

propanedi yl ) ferrocene,

l-acetyl-1",3-(1, 5-pentanediyl)-

1-acetyPHQTQQUEhﬁﬂEbE@NEQSﬁTIQNWDpénediyI)ferrocene,

FIELD OF THE INVENTION

The present invention relates to a cyanoacrylate
composition having photocurability. Possible applications of
the composition include lithography, potting, molding,
coating, adhesives, sealing materials, and various resist
materials.

BACKGROUND OF THE INVENTION

a-Cyanoacrylate adhesives are extensively utilized as
cold-setting single-liquid type instantaneous adhesives for
metals, plastics, rubbers, woods, etc., because they rapidly
polymerize and cure by the action of a minute amount of the
adsorption water present on adherend surfaces to extremely
tenaciously bond the adherends to each other in a short time
period. |

However, the a~cyanoacfylate adhesives have a
drawback that the curing is very slow when the gap between

adherends is wide, when the adhesive applied has overflown

‘from the bonding part, or when the adhesive applied is not

sandwiched between a pair of adherends as in coating.

In general, a cyanoacrylate adhesive with which a
large gap is filléd or which ﬁés overflown from a bonding
part is cured by using a primer or a curing accelerator.
However, not only this technique is troublesome, but also the

basic compound used as the main component of the primer or
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ferrocene, 1-acetyl-1',62-(1,5-pentanediyl)ferrocene, 1- REPLACEMENT SHFET
acetyl-1',3-(1, 4-butanediyl)ferrocene, 1-acetyl-1',62-(1, 4-
but anedi yl ) ferrocene, 1-fornyl-1', 3-(1, 3-propanediyl)- eﬁﬁﬂﬁSQ@EMFSHEET
1-fornyl-1'",2-(1, 3-propanedi yl )ferrocene, 1-(4-
met hoxy- 1, 4- di oxobutyl )-1",2-(1, 3- propanegliyl )ferrocene, |1 e 1996
(4- nerhoxy- 1, 4- di oxobutyl )-1', 3-(1, 3- propanedi yl ) ferrocene,| 3CDEC
3&(3-carboxy-1-oxopropyl)-1',2-(1,3-propanediyI)ferrocenq,!}:
(3-carboxy-1-oxopropyl)-1',3-(1, 3-propanedi yl )ferrocene, }1- .
iodo-l',2:3'Fﬂrﬁms(§Fseéﬁup§ngdayﬂ)th¢rmdmwmqfJmhekalVeﬂﬁ;ggﬂzalned#---
(1, 5-pentanediyl)ferrocene, 1, 61'-dibromo-2,2":3,3":5,5"-
tris(1, 3-profeEeiip prer npdentrable for cthewerking environment.

di phenyl silyl ene)feryocene, 1,1'-dichloro-2,2'- .
Edighlo¥osiIerne)fe?LSE@né? h$a¢ecﬁi4§ﬁiggzioq;g:9yanpﬁ6§aﬂé§pyaﬁh@snﬁeene,
er.rocene,

11 i oo #R35h e BRoBRRALEY fed ef iR fRpatring the excellent

features of the instantaneous adhesive, i.e., cold-setting

and single-liquid type.

To eliminate the problem described above,
cyanoacrylate adhesive compositions having photocurability
have been proposed. For example, a cyanoacrylate adhesive
composition containing a radical-generating
photopolymerization initiator is disclosed in JP-A-62-57475,

- (The term "JP-A" as used hefein means an "unexamined
published Japanese patent application.")

JP-A-6-299122 discloses an adhesive composition
containing an aromatic azide compound as a photoinitiator for
anionic polymerization.

W093/10483 discloses a technique in which an
inorganic chromium complex is used as a photoinitiator for
anionic polymerization.

Further, a technique of using Pt(acac), as a
photoinitiator for anionic polymerization is feported in
Macromolecules, 28 (4) 1328 (1995).

These proposed composifioqs, however, .have problems
such as the following. 1In order for the compositions to
cure, a relatively long light irradiation time of from 1 to 2

minutes is necessary. In the case of radical polymerization,
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di brono- 3, 3' - (1, 3-propanedi yl )ferrocene, 1-iodo-1', 3-(1, 3-
propanedi yl ) ferrocene, 1-brono-1', 3-(1, 3-propanediyl)- ferrocene,
1,1 -diiodo-2,2"-(1, 3-propanedi yl )ferrocene, 1,1'- _
di brono-2, 2' - (1, 3- propanedi yl ) ferrocene, 1-i0d0-1',2-(1,3ﬂEPUKEMENTSHEEY
propanedi yl ) ferrocene, 1-brono-1', 2-(1,.3gpropanediyl)- 1

N ferrocene, 1l-chloro-1', 3-(1, 5-di oxo-3-phenyl-15 = 1996
‘Rent anedi yl ) ferrocene, 1-brono-1', 3-(1, 5-di oxo-3-phenyl -{, _30DEC
pent anedi yl )ferrocene, and 1-brono-1', 3-(3-carboxy-1, 5-d| oko-

1, 5- pent anedihd )fuvimgceeaction is inhibited by oxygen and, as a result,

REPLACEMENT SHEET

the adhesive surface suffers curing failure or remains tacky.
Moreover, the compositions foam upon light irradiation, or
have poor storage stability.

On the other hand, many proposals have been made on
photocurable compositions containing a metallocene compound
as a photoinitiator. Metallocene compounds are generally
used as a photoinitiator for radical polymerization or
cationic polymerization. For example, JP-A~6-35189 discloses
a photopolymerizable mixture containing a photoinitiator
comprising (A) a photoreducible dye, (B) a radiation-
decomposable trihalomethyl compound, and (C) a metallocene
compound and a recording materiél produced from the mixture.

JP-A-5-117311 discloses'a photopolymerization

initiator comprising a complex obtained by the interaction of

‘(A) a charge-transfer complex comprising a

biscyclopentadienyliron derivative and a quinoid compound
with (B) at least one salt selected from the group consisting
of tetrafluoroboric acid salts, hexafluorophosphoric acid
salts, and hexafluoroantimonic acid salts.

JP-A-4-221958 discloses a photopolymerizable mixture
containing a metallocene compound as a photoreaction
initiator and a recording matéfial produced from the mixture.

JP-A-2-127404 discloses a photopolymerizable mixture
containing a photoinitiator comprising (A) a photo-reducible

dye, (B) a radiation-decomposable trihalomethyl compound, and
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3. Cl eavage-type photoinitiator (C) The CIeavage-typeREPLACEMENT.SHEET

photoinitiator (accelerator) (C for use in the present invention is not
particularly limted. Exanples of the cleavage-type photoi i
given in Exanples and bel ow. Nanely, exanples thereof incl

4- txput yl di chl or oacet ophenone, 4-t-butyltrichl oroacet ophenan
“Wizet hoxyacet ophenone, 2- hydroxy- 2- net hyl - 1- phenyl pr opan- 1-
1- (4-isopropyl phenyl)- 2-hydroxy-2-net hyl propan- 1- one,

1'(4'd0decy|P@ﬁnd|ﬁeéhll&&@ﬁé”@bﬁ%dﬂﬁhhEhﬂfQp%6c$raﬂﬁg materigl produced .
4- ( 2- hydr oxyet hoxy) phenyl (2- hydroxy-2-propyl) ketdne,

1- hydr oxycycfohe xyhe plieshr&et one, and
2-met hyl - 1- (4- (et hyl t hi o) phenyl ) - 2- nor phol i nopr opane-1; (ii) benzoin
phot oi ni ti ators suchIB=A-BBi3168 disclosesmat phibtoethablebenzoi n et hyl
.ether, benzoin isopropyl ether, benzoin
' electrodeposition coating composition containing a titanocene
compound as an initiator.

Further, a technique of photocuring a vinyl monomer
by means of ferrocene alone or a combination thereof with

. carbon tetrachloride is reported in J. Macromol. Sci.-Chem.,
A28 (5&6), 557 (1991).

However, the techniques shown above are based on a
polymerization mechanism in which a radical or cationic
polymerization reaction proceeds, and are unrelated -to the
technique for photopolymerizing and curing an a-cyanoacrylate
mainly by anionic polymerization, in particular to the
technique of the present invention.

SUMMARY OF THE INVENTION

An object of the pfesent invention is to provide a

photocurable composition having excellent photocurability to
_overcome the above-described problems in the prior art.

The present inventors have found that the above
object is achieved with the following embodiments:

(1) a photocurable composition comprising:

(A) an a—cyanoacrylaie and
(B) a metallocene compound comprising a transition

metal of Group VIII of the periodic table and aromatic

electron system ligands;
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| sobutyl ether, and benzoin nmethyl ketal; and (iii) other photo%ak%iators
I ncluding [err]-acyl oxinme esters, acyl phosphine oxides, nethyl phenyl
gl yoxylate, 3,3 ,4,4" -tetra(t-butyl peroxycarbonyl)benzo

2,2' -azobis(2- nethylbutyronitrile). In the cas _
cl eavage-type photoinitiator wused is a gecoxide, heatingic al'so be use
toure the - 35- c ogk;@ggﬁ@?&n

“Sslie case where the cl eavage-type photoinitiator used is ah {azd compound,

t he conposition can

(2) the photocurable composition accord*ggﬂfgﬂﬁﬂgﬂﬂ
embodiment (1), further comprising (C) a cleavagé-type
photoinitiator;

(3) the photocurable composition according to the
embodiment (1) or (2), wherein in the metallocene compound
(B) comprising a transition metal of Group VIII of the
periodic table and aromatic electron system ligands, the
aromatic electron system ligands each is a n-arene, indenyl,
or n-cyclopentadienyl;

(4) the photocurable composition according to any
one of the embodiments (1) to (3), wherein the metallocene
‘"compound (B) comprising a transition metal 6f Group VIII of
the periodic table and aromatic electron system ligands is

represented by the following formula (I):

e

(wherein M represents a transition metal of Group VIII of the
periodic table; R represents a halogen atom, a hydrocarbon
group having 1 to 20 carbon atéms, a2 halogenated hydrocarbon
group having 1 to 20 carbon atoms; or a silicon atom-
containing, oxygen atom-containing, sulfur atom-containing,

or phosphorus atom-containing group having 1 to 20 carbon
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be foanmed by regul ating the addition anount of the photoinitiaggLAQﬁmﬁmanHEET
guantity of light with which the conposition is irradiated.
phot ocur abl e conposition of the present invention is p
and stirring the [err]-cyanoacrylate (A), the netalloc
conprising a transition netal of Goup ¥ Ll of the per
aror®tic el ectron system |igands, and the cleavage-typ
%o conpletely dissolve the components (B) and (C) in tHhe

In the case where heati required to idi

fﬁzt’°?ﬁ2tcg%’zi"f§?t‘;i§“§ﬁ‘i¥ %*S'ii“ﬂr% ;Eﬁ“‘f‘? S ifmﬁecﬁﬁiﬁngmﬁg (generarty
up to about M&B[BF T3S ' 5 ey §YTOBE,BGTPRTSSERRPI12F nanner
as in the compoNeRtof Qrod b 42 and 1he JHBARE (B F AP Gepresents

) n-cyclopentadienyl) may be the same or different);

(S) the photocurable composition according to any
one of the embodiments (1} to (4), wherein in the metallocene
compound (B) comprising a transition metal of Group VIII of
the periodic table and aromatic electron system ligands, tﬁe
transition metal of Group VIII of the periodié table
comprises iron, osmium, ruthenium, cobalt, or nickel; and

(6) the photoburable composition according to the
embodiment (5),; wherein in the metallocene compound (B)
comprising a transition metal of Group VIII of the periodic
table and aromatic electron system ligands, the transition
metal of Group VIII of the periodic table comprises iron,

‘osmium, or ruthenium.

The photocurable composition of the present invention
can be rapidly cured by light irradiation even when the gap
between a pair of adherendg is wide, when the composition
applied has overflown from the bonding part, or when the

. composition applied is not sandwiched between a pair of
adherends as in coating. Since the curing reaction proceeds
by anionic polymerization, n6£ only the composition does not
suffer the surface curing inhibition by oxygen which is
observed in radical polymerization, but also‘even that part

of the composition to which light cannot reach due. to the

c‘__’—a—-—-‘iﬂ——\v—-?

e —————
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di ssol ved |n t he conponent (A) so that it is necessary to heaﬁEgL% stir
t he conponent (B). During and after adding the conponent (B) and

(C), especially the conponent (C), to the conponent (A),

system nust be maintai ned to be shaded. The co

to the conponent (B) in Ilimted anobunts shile stirring,

aII\Lhe conponent (C) at a tine. The above co
i ngl e conmpound or

REPLACEMENT SHEET
REPLACEMENT shigper of the substrate cures by the afifonic pdl

t he

re

CEVENTI sﬁmg d

initiated by light irradiation. Further, since the~

metallocene compound has a light absorption wavelength region

extending beyond 500 nm to the longer-wavelength side, the

composition can be cured with a light in a wider wavelength

region, i.e., even with ultraviolet and/or visible light.

DETAILED DESCRIPTION OF THE INVENTION

This invention is explained below in detail.

1. a~Cyanoacrylate (A):

Although the a-cyanoacrylate (A} contained as an

essential component in the composition of the'present

invention is not particularly limited, it is represented by

general formula (II):

H,C=C(CN)-COOR (1I)

(In the formula, R is an ester residue such as, e.g., an

alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, or aryl

group. Although the ester residue is not particularly

limited in the number of its carbon atoms, it generally has

from 1 to 8 carbon atoms. The ester residue may be a

substituted hydrocarbon group such as an alkoxyalkyl or

trialkylsilylalkyl group.)

Examples of the cyanocacrylate include'alkyl and

cycloalkyl a-cyanoacrylates suéh as methyl a-cyanoacrylate,

ethyl a-cyanoacrylate, propyl c-cyanoacrylate, butyl o-

cyanoacrylate, and cyclohexyl a-cyancacrylate; alkenyl and

cycloalkenyl a-cyanoacrylates such as allyl a-cyanoacrylate,
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a mxture of two or nore conpounds. The addition anDunBE%¥NQEM§NT SHEET
conponent (B), which varies w dely depending on kinds of t
(B), is 10 to 100,000 ppm by weight, preferably 30 to 50,0
meight nore preferably 50 to 10,000 ppm based on the wei ght t he
ngegent (A). The additi on amougt- of the conponenti ( )5(mbEﬁh@96
vari w dely dependi ng on ki nds and additi on anount of the jcébnponent (B
ki nds of the conponent (©, is 100 to 20,000 ppm by wei
300 to 15, oooegﬁ 9§ g nore preferably 500 to 10, 000 pn1based
the wei ght offetRall¥d p Xﬂvoimlater and cyrloheKanydn omed| p&e;

conponent (B).can reduce addl the conponent, (C) to the conponent
(A 1Ry cosBEEnaRErE A TR Bl e RFRARE e A ETaRERGTY1at0]

aryl o~cyanoacrylates such as phenyl a-cyanoacrylate and

tolyl a-cyanoacrylate; heteroatom-containing a-cyanocacrylates
such as methoxyethyl a-cyanoacrylate, ethoxyethyl o-
cyanoacrylate, and furfuryl a-cyanoacrylate; and silicon-
containing a—cyanoacrylatés such as trimethylsilylmethyl o-
cyanoacrylate, trimethylsilylethyl a-cyanoacrylate,
trimethylsilylpropyl a-cyanoacrylate, and
dimethylvinylsilylmethyl a-cyanoacrylate.

2. Metallocene compound (B) comprising transition metal of
Group VIII of the periodic table and aromatic electron system
ligands:

The metallocene compound (B) comprising a transition
metal of Group VIII of the periodic table and aromatic
electron system ligands, which is another essential component
of the composition of the present invention, is not
particularly limited in its aromatic electron system ligands.
Desirable examples of the ligands include w-arenes, indenyl,
and n-cyclopentadienyl. Preferred of these is n-
cyclopentadienyl.

Examples of substituents which may be bénded to each
"ligand include halogen atoms,.hydrocarbon groups having 1 to
20 carbon atoms, halogenated hydrocarbon groups having 1 to
20 carbon atoms, and silicon atom-containing, oxygen atom-

containing, sulfur atom-containing, and phosphorus atom-
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m xture conprising two or nore ingredients, the total anmount

I ngredi ents of each conponent is the above addition anobunt. The

conposition nmay further contain one or more of the follow ng ingredients

as long as the effect of the present invention is not i npai wwgﬁq”'iw \

ani oni c- pol yneri zation inhibitors (2).radical -pol ynerizat (ﬁ&ﬁLAﬁE itlorg™ |

(3nJbhickening agents (4) specific additives such as curi erators,:
“lasticizers, tougheners, and heat stabilizers - 3{3Q€u'ﬁ@‘ '

containing groups having 1 to 20 carbon atoms. Ea _ligand— " |

may have the same or different substituents, andxthe»wwwﬂ—“““’”'
substituents may be crosslinked to each other.

Preferred examples of the metallocene compound
comprising a transition metal of'Group VIII of the periodic
table and aromatic electron system ligands are represented by

the following structural formula (I):

i

| (1)
) | w

(In the formula, M represents a transition metal of Group
.VIII of the periodic table. R represents a halogen atom, a
hydrocarbon'group having 1 to 20 carbon atoms, a halogenated
hydrocarbon groub having 1 to 20 carbon atoms, or a silicon
atom-containing, oxygen atom-containing, sulfur atom-
containing, or phosphorus atom-containing group having 1 to
20 carbon atoms, provided that the R’s may be the same or
different and may be crosslinked to each other. Symbol a
represents an integer of from 0 to 5.) i

In formula (1), the giéups {R,-Cp] (Cp represents -
cyclopentadienyl) may be the same or different.

Specific examples of the metallocene compound

comprising a transition metal of Group VIII of the periodic
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-37 - (5) perfumes, dyes, pigments, etc. . Aradi ca|-§§f’§“n%§"i“’%sém

conpound such as an acrylic ester, can be added to the photocurable
conposition-of the present invention. Even if a radical-polynerizable
conpound is added, the photocurable conposition of the present invention
can be rapidly cured owing to the cl eavage-type photoiniti
“AnNaji oni c- pol yneri zation inhibitor may be added in orde{ gmie
“Ss¢orage stability of the conposition. Known exanples thete (
sul fur dioxide, sulfur trioxide, nitrogen oxide, hydroge

t ol uenesul f obaklecand aymmatiioelectaopmeyistem ddgantisbinofudes

an anount of 0.1 to 10,000 ppm by wei ght based on the weiight {
conponent (An which the transition metal is iron, osmocene, in which the

transition metal is osmium, ruthenocene in which the
transition metal is ruthenium, cobaltocene, in which the
transition metal is cobalt, and nickelocene, in which the
transition metal is nickel. Among these, ferrocene, osmosene
and ruthenocene, and derivatives thereof are preferred.
Examples of ferrocene compounds in which the aromatic
electron system ligands are substituted with at least one
substituent are shown below and in Examples. In the present
invention, me£allocene compounds having the structures formed
by replacing the iron in these ferrocene compounds with
another transition metal of Group VIII of the periodic table,
e.g., osmium, ruthenium, éobalt or nickel can also be used.
The more substituents the metallocene compounds for use in
the present invention have, the better photocurability they
tend to have.
(i) Examples of compounds having one or more halogen
"atom substituents include 4-acetyl-1’-bromo-1,2-~
diethylferrocene, 1’~bromo-1,2,3-triethylferrocene, l-acetyl-
1’-bromo-2,3-diethylferrocene, 1,1’-dibromo-3-(dibromoboryl)-
ferrocene, 1,1'-dibromo-3,3’-bis(dibromoboryl)ferrocene, 1-
bromo-1‘-methylferrocene, l-ﬂfomo—l'-(methoxymethyl)-
ferrocene, l-bromo-1’-(4-methylbenzoyl)ferrocene, 1l-iodo-1‘-
(phenylethyl)ferrocene, 1-iodo-1’-{4-methoxyphenyl)ferrocene,

1-(4-chlorophenyl)-1'-iodoferrocene, l-iodo-1’-
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Exanpl es of radical -polynerization inhibitors include quinone,

hydr oqui none, t-butyl catechol, and p-nethoxyphenol. The
radi cal - pol yneri zation inhibitor may be added in an anpuntREBEAGEMENT oSHEET
10, 000 ppm by wei ght based on the wei ght of the conponent A A

thi ckeni ng agents may be added in order {¢ heighten the V|scgggéggoﬁgéhe

comMpasi tion. Exanpl es thereof include polynethacrylates |(iinc
ic_rubber S

“®ol y(met hyt nethacrylate)), nethacrylate copol yners, acr
cellulose derivatives, poly(vinyl acetate), and poly(a-c anoacrylate)s
Many ki nds cﬁhqnjhﬁarnanen&dlﬂu@eﬁlmhyohe addeﬂ tnis@héyhy fren g

Exanpl es thereof include acrylic
REPLACEMENT f3#E@®ene, 1,2,4-trichloro-3,5-bis(methylthio)ferrocene,

1,2,3,4-tetrachloro-5-(methylthio)ferrocene, l-iodo-1’-(3-
methoxy—3-oxo-1-piopyl)ferrocene, 1,1’-dibromoferrocenium, 2-
acetyl-1’'-~bromo-1,3-diethylferrocene, 1'-bromo-1,2,4~
triethylferrocene, l-acetyl-l’-bromo-2,4-diethylferrocene,

' 1’-bromo-1,3-diethylferrocene, 1‘-~bromo-1,2-diethylferrocene,
l-acety1-1'-bromo-3-ethylferrocene, l-acetyl-1‘-bromo-2-
ethylferrocene, 1,1’'-dichloroferrocenium, decachloro-
ferrocenium, 1-(3-hydroxy-3-methyl-l-butynyl)}-1‘-

. iodoferrocene, l-chloro-1'-ethynylferrocene, l-bromo-1‘-
ethynylferrocene, (acetylcyclopentadienyl)(bromocyclo~
‘'pentadienyl)iron, (bromocyclopentadienyl)(iodocyclopenta-
dienyl)iron, l-bromo-1’-phenylferrocene, l-bromo-1’-
(triphenylmethyl )ferrocene, l-bromo-1’-~((l-oxooctadecyl)oxy)-
ferrocene, l-iodo-1'-{(l-oxooctadecyl)oxy)ferrocene, l-bromo-
1'-cuprioferrocene,.l-bromo-l'-pentylferrocene, l1-bromo-1/-
(2-methylpropyl )ferrocene, l-chloro-1'-(3-oxo-3-phenyl-1-
propenyl )ferrocene, 1l-bromo-1‘-formylferrocene, l-chloro-1’-
formylferrocene, l-bromo-1’-(3-oxo-3-phenyl-l-propenyl)-
ferrocene, 1-bromo-1‘-(2-methyl-1,3-dioxolan-2-yl)ferrocene,
.l-bromo-l’-((4-methylphenyl)methyl)ferrocene, l-bromo-1’~((3-
methylphenyl)methyl)ferrocene,-1-bromo-1'—((Zimethylphenyl)-
methyl)ferrocene, l1l-(diphenylphosphino)-1’-iodoferrocene, 1-
( (3-formylphenyl)ethynyl)-1’-iodoferrocene, 1-((2-
formylphenyl )ethynyl)-1’-iodoferrocene, 1,;1'-dichloro-2-
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- 38- el astoners, acrylonitrile copol yner el astoners,

fluoroel astoners, and a fine silica filler. These substances func
al so as thickening agents. Qther additives known to artf gﬂeSWﬁgd
in the present invention. The curing of the pho

conposition of the present invention.ifigludes two kinds: cunaé£‘@96 \
curNuAg by ani onic polynerization caused by a mnute annun \

“tadsorption water present on adherend surface and curing by ;;4££u$;mwﬂ_i
phot opol yneri zati on caused light irradiation using ocene
conpound. (trlchlqwnsxkxl&génrﬂce@@n|Ng bﬁedpnhigcgfabr@ce@nébéit

the present invention u5|ngllé; |rrad|at|on conpri
' 1~-chloro-1’-phénylferrocene, 1-((4- formylphenyl)ethynyl) -1'-

iodoferrocene, l-(capryoethynyl)-1‘-iodoferrocene, decabromo-

' ferrocene, formylnonaiodoferrocene, ethylnonaiodoferrocene,
nonaiodomethylferrocene, nonabromoformylferrocene,
acetylnonaiodoferrocene, 1-(ethoxycarbonyl}-1‘-iodoferrocene,
l-bromo-1’-{ethoxycarbonyl)ferrocene, l-chloro-1’-
(ethoxycarbonyl)ferrocene, decaiodoferrocene, l-benzoyl-1'-
bromoferrocene, l-benzoyl-1'-chloroferrocene,
1,1,2,2’,3,3’,4,4'-octachloro~5,5’~-diiodoferrocene, l-iodo-
1’-methylferrocene, and decachloroferrocene.

(ii) Examples of compounds having one or more
hydrocarbon group substituents having 1 to 20 carbon atoms
include 1,1’-dimethylferrocene, 1,1'-di-n-butylferrocene,

" bis(pentamethylcyclopentadienyl)iron, 1,1’-diethylferrocene,
1,1’'-dipropylferrocene, 1,1'-di-n-pentylferrocene, 1,1’-di-n-
hexylferrocene, 1,1’,2-trimethylferrocene, 1,1’,2-triethyl-
ferrocene, 1,1’,2-tripropylferrocene, 1,1’,2-tri-n-butyl-
ferrocene, 1,1’,2-tri-n-pentylferrocene, 1,1’,2-tri-n-
hexylferrocene, 1,1’,3-trimethylferrocgne, 1,17,3-triethyl-
ferrocene, 1,1’,3-tripropylferrocene, 1,1’,3-tri-n-butyl-
ferrocene, 1,1’3-tri-n-pentylferrocene, 1,1’,3-tri-n-hexyl-
ferrocene, 1,1',2,2'-tetrame££y1ferrocene, i,1,2,2¢~
tetraethylferrocene, 1,1’,2,2’'-tetrapropylferrocene,
i,1',2,2'-tetra-n-butylferrocene, 1,17,2,2’'-tetra-n-pentyl-

.ferrocene, 1,1',2,2'~-tetra-n-hexylferrocene, 1,1’,2,3'-
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coating an adherends with the photocurable conposition and irradiating the
conposition with electron beam ultraviolet [light, visibl |
infrared light using a high pressure nmercury lanp, a h qg@mﬁ$amaﬂ°%ﬁ n

| anp or sunlight. Effective wavelength of the irradiate r1es
wi th kinds of the netall ocene conpound.agfg cl eavage- typel phok QidN §goat ar .
U tsaviolet Iight and visible light are preferred. QQET%Ei?i§?§~J

“B9Hot ocur abl e composition of the present invention may b

vari ous known uses as well as, in particular, to sealing of electronic
parts, to futetsameghylfeseocena: brlftizhd mtetineethyldesr s g T od,
to fixing wires such as a coil, to filling for use in dental renedy, and
to bondi ng oRrdéedrdf rhetEAPEPPYIferEPCERS 1,1 ,2,3' ~tetra-n-butyl-

ferrocene, 1,1',2,3'~tetra-n-pentylferrocene, 1,1°,2,3"'-

tetra-n-hexylferrocene, 1,1’,3,3’-tetramethylferrocene,
1,1’,3,3’~tetraethylferrocene, 1,1’,3,3'-tetrapropyl-
ferrocene, 1,1',3,3'-tetra-n-butylferrocene, 1,1,3,3'-tetra-
. n-pentylferrocene, 1,1,3,3’'-tetra-n-hexylferrocene,
1,1’ ,2,3-tetramethylferrocene, 1;1',2,3-tetraethylferrocene,
1,1/,2,3-tetrapropylferrocene, 1,1’,2,3-tetra-n-
butylferrocene, 1,1’,2,3-tetra-n-pentylferrocene, 1,1’,2,3-
tetra-n-hexylferrocene, 1,1’,2,4-tetramethylferrocene,
1,1’;2,4-tetraethylferrocene, 1,1’,2,4-tetrapropylferrocene,
1,1',2,4-tetra-n-butylferrocene, 1,1’,2,4-tetra-n-pentyl-
ferrocene, 1,1’,2,4-tetra-n-hexylferrocene, 1,1,2,27,3-
pentamethylferrocene, 1,1’,2,2’,3-pentaethylferrocene,
i,1,2,2',3-pentapropylferrocene, 1,1',2,27,3-penta-n-
butylferrocene, 1,1',2,2’,3-penta-n-pentylferrocene,
1,1’,2,2',3-penta-n-hexylferrocene, 1,1’,2,2’,4-pentamethyl-
ferrocene, 1,1',2,2’,4-pentaethylferrocene, 1,1’,2,2’,4-
pentapropylferrocene, 1,1’,2,2’,4-penta-n-butylferrocene,
1,1’,2,2',4-penta-n-pentylferrocene, 1,1/,2,2’,4-penta-n-
hexylferrocene, 1,1,2,3,3’'-pentamethylferrocéne,
1,1',2,3,3’-pentaethylferrocéﬂe, 1,17,2,3,3'-pentapropyl-
ferrocene, 1,1’,2,3,3’-penta-n-butylferrocene, 1,1’,2,3,3'-
penta-n-pentylferrocene, 1,1’,2,3,3’-penta-n-hexylferrocene,

,1,2,3’,4-pentamethylferrocene, 1,1’,2,3’,4~-pentaethyl-

Ay
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reference to Exanpl es and Conparative Exanples, but the invention sShou.ge—
not be construed as being limted to these Exanples. REFIQICEMBNT SHEET
eval uati on of photocurability, a 4-kWhigh- pressure nercurly
(rmanuf actured by OCak Manufacturing Co., 14td.) was used as an {ul trayiql

; o YkE B
arative

I rriggh ator .to irradiate each sanple froma distance of 15 c¢cm T
“gf{ integrated quantity of light shown in the Exanples and

Exanpl es were found val ues obtained with integrating
ferrocene, 1,1’,2,3’,4-pentapropylferrocene, 1,1’,2,3! 4= """

penta-n-butylferrocene, 1,1’,2,3’,4-penta-n-pentylferrocene,
1,1’,2,3'’,4-penta-n-hexylferrocene, 1,1’,2,3,4-pentamethyl-
ferrocene, 1,1’,2,3,4-pentaethylferrocene, 1,1’,2,3,4-
pentapropylferrocene, 1,1’,2,3,4-penta-n-butylferrocene,
1,1',2,3,4-penta-n-pentylferrbcene, 1,17,2,3,4-penta-n-
hexylferrocene, 1;1’,2,3,4,5-hexamethylferrocene,
1,1',2,3,4,5-hexaethylferrocene, 1,1’,2,3,4,5-hexapropyl-
ferrocene, 1,1’,2,3,4,5-hexa-n-butylferrocene, 1,17,2,3,4,5-
hexa-n-pentylferrocene, 1,1',2,3,4,5-hexa~-n-hexylferrocene,
'1,1',2,2',3,4-hexamethYlferrocene, 1,1’,2,2',3,4-hexaethyl-
ferrocene, 1,1’,2,2’,3,4-hexapropylferrocene, 1,1,2,2’,3,4~
hexa-n-butylferrocene, 1,1’,2,2’,;3,4-hexa-n-pentylferrocene,
1,17,2,2’,3,4~-hexa-n-hexylferrocene, 1,1’,2,3,3’,4-
hexamethylferrocene, 1,1’,2,3,3’,4-hexaethylferrocene,
1,1,2,3,3’,4-hexapropylferrocene, 1,1’,2,3,3’,4-hexa-n-
butylferrocene, 1,1',2{3,3',4-hexa-n—penty1ferrocene,
1,1’,2,3,3',4-héxa-n-hexylferrocene, 1,1,2,27,3,3"-
hexamethylferrocene, 1,1/,2,2’,3,3’-hexaethylferrocene,
1,17;2,2’,3,3’~hexapropylferrocene, 1,1’,2,2',3,3’-hexa-n-
butylferrocene, 1,1',2,2',3,3’-hexa-n—pentylfer:ocene,
1,1,2,27,3,3’-hexa-n-hexylferrocene, 1,1’,2,2’,3',4-
hexamethylferrocene, 1,1',2,2;;3';4-hexaethylferrocene,
1,1’,2,2',3’ ,4-hexapropylferrocene, 1,1’,2,2',3’,4-hexa-n-
butylferrocene, 1,1’,2,2’,3’,4-hexa-n-pentylferrocene,

1,1',2,2’,3’,4-hexa-n-hexy1ferrocene; 1,17,2,2,4,4'~
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aéfinoneter UV- 350 (manufactured by OGak Manufacturing Co., LtHEBLACEMENT SHEET

The results of a photocurability test shown in the Exanpl and. .. .. . -

Caonparative Exanples are given in terns of the integral %EMGE?@EW%HEM of
) b

| i ght needed for conplete photocuring; an irradiation ope
the integrated uantity of light was ¢ lated to 1, 000 /c err S
g q y g eosl m££ﬁ£.@@% |
Da rylate adhesile;

repgated wuntil conpl ete photocuring. In the Ex
“Cgnpar ative Exanples, Three Bond 1741 (ethyl [err]-cyan

herei nafter abbreviated as TB1741) was used as an [err]icyanoacryl ate

unl ess ot her iesamethyl farsecene, 1,1’ rzmﬂanﬂ«%nnﬁﬁ?ﬂ?ﬁ&?liEéEQE&&E&ep—-—~J
referred to as_P1_ Ly pr otoinitiators used in the Exanples an

Conpar at i ve E}anﬁk%s &ef ARIAEIEEHF ARENR e &el(h@wglnéﬂﬁerhéﬁﬁréviated

butylferrocene, 1,17,2,2’,4,4'-hexa-n-pentylferrocene,

1,1,2,27,4,4'-hexa-n-hexylferrocene, 1,1’,2,2',3,4,5-
heptamethylferrocene, 1,1/,2,2’,3,4,5-heptaethylferrocene,
1,1,2,2*,3,4,5-heptapropylferrocene, 1,1*,2,2’,3,4,5-hepta-
n-butylferrocene, 1,1',2,2’,3,4,5-hepta-n-pentylferrocene,
1,x,2,2',3,4,5-hepta-n-hexylferrocene, 1,1’,2,3,3',4,5-
heptamethylferrocene, 1,1,2,3,3',4,5-heptaethylferrocene,
1,1,2,3,3',4,5-heptapropylferrocene, 1,1’,2,3,3’,4,5-hepta-
n-butylferrocene, 1,17,2,3,3’,4,5-hepta-n-pentylferrocene,
1,t,2,3,3’,4,5-hepta-n-hexylferrocene, 1,1’,2,2',3,3’,4-
heptamethylferrocene, 1,1’,2,2’,3,3’,4-heptaethylferrocene,
1,1,2,2’,3,3',;4-heptapropylferrocene, 1,17,2,2’,3,37,4-
~hepta-n-butylferrocene, 1,1,2,2',3,3',4-hepta-n-pentyl-
ferrocene, 1,17,2,2’,3,3’,4-hepta-n-hexylferrocene,
1,1/,2,3,3’,4,4'-heptamethylferrocene, 1,1°,2,3,3’,4,4’'~
heptaethylferrocene, 1,1',2,3,3',4,4'-heptﬁpropylferrocene,
i,1,2,3,3’,4,4'-hepta-n-butylferrocene, 1,1’,2,3,3%,4,4'-
hepta-n-pentylferrocene, 1,1/,2,3,3',4,4'-hepta-n-hexyl-
ferrocene, 1,1’,2;2’,3,3’ ,4,5-octomethylferrocene,
1,2,2,2’,3,3’,4,5-octoethylferrocene, 1,1’,2,2’,3,3’,4,5-
octopropylferrocene, 1,1',2,2}}3,3',4,5-octo-n-butyl-
ferrocene, 1,1’,2,2’,3,37,4,5-octo-n-pentylferrocene,
1,1,2,2*,3,3’,4,5-octo-n-hexylferrocene, 1,1°,2,2,3,4,4’,5-

‘octomethylferrocene, 1,1’,2,2’,3,4,4',5-octoethylferrocene,



- ‘ REPLACEMENT SHEET
as APO, Irgacure 184 (1-hydroxycycl ohexyl phenyl ketone

- 40- manuf actured by G ba-Geigy Ltd.), Irgacure 651 (benzyl
ket al manufactured by Ci ba-CGeigy Ltd.), Vicure 55 (nethyl ph
manuf actured by Stauffer Chemi cal Conpany), BTTB (3,3 ,4,4 ,.
but yl per oxycar bonyl ) benzophenone manufacigired by N ppon G| Fats CO. ,.on:
Lt &)y, and V-59 (2,2'-azobis(2-nethylbutyronitrile) nanufacﬂuredsﬁwaﬁﬁﬂ% C

“Rdre Chemical Industries, Ltd.). EXAMPLES 1 TO 11 .-

In Exanples 1 to 5, ferrocene (hereinafter referred
P 1,1',2,2',%,4,4',S-gctopropylferrocene, 1’1"2'2"3'4CELL2:~w~f” e

di net h

octo-n-butylferrocene, 1,1’',2,2’,3,4,4’,5-octo-n-pentyl-
ferrocene, 1,1’,2,2’,3,4,4’ ,5-octo-n-hexylferrocene,
1,1,2,2',3,3’,4,4',5-nonamethylferrocene,
i,17,2,2',3,3’,4,4’ ,5-nonaethylferrocene,
i,1,2,2',3,3",4,4’,5-octopropylferrocene,
-1,1",2,2',3,3',4,4',5-octo-n-butylferrocene,
1,14,2,27,3,3',4,4’,5-octo-n-pentylferrocene,
1,1,2,27,3,3',4,4’,5-octo-n-hexylferrocene,
bis(pentaethylcyclopentadienyl)iron, bis(pentapropylcyclo-
pentadienyl)iron, bis(penta-n-butylcyclopentadienyl)iron,
bis(penta-n-pentylcyclopentadienyl)iron, bis(penta-n-
hexylcyclopentadienyl)iron, 1,1’-dimethyl-2-ethylferrocene,
1,1’~-dimethyl-3-ethylferrocene, 1,1’-di-n-butyl-3-
methylferrocene, 1,1’-di-n-butyl-3-ethylferrocene, 1,1'-
dimethyl-3,3’~diethylferrocene, 1,1’2-trimethyl-3-
ethylferrocene, 1,1’-ditriphenylmethylferrocene, l-methyl—l'?
.triphenylmethylferrocene, and l-n-butyl-1’-triphenylmethyl-
ferrocene.

(iii) Examples of compounds having one or more
halogenated hydrocarbon group ;ubétituents having 1 to 20
carbon atoms include l-methyl-1’-(chloromethyl)ferrocene, 1-
chloro-l'-(chloromethyl)ferroééne, l-methyl-1’-(bromomethyl)-
ferrocene, l-methyl-1’-(iodomethyl)ferrocene, 1,1’-
di(chloromethyl)fefrocene, 1,17,2-tri(chloromethyl)ferrocene,

1,1’,2,2’~tetra(chloromethyl }ferrocene, bis(pentachloro-



% : SHEET
to as Cp2Fe) as a netal |l ocene conpound al one was added to TB@%QHAQ%MENT

predeterm ned anounts to obtain photocurable cyanoacryl ate bt
In Exanples 6 to 11, Cp[err]Fe as a netal |l ocene conpqu @PL gienargHias Pl
type photoinitiators were added to TB1741 in predeter

obt ai n phot ocurabl e cyanoacryl ate conpogytions.

CONRARATI VE EXAMPLES 1 TO 13 | n Conparative 1

alone was irradiated wth light to ascertain as to a esgin
was not obtained. ILn Conparative Exangles 2ito 7, various Plitype
phot oi ni t | amM@thydicyiedopentagddgpyl) sramy 72is ( penkalre c

obtai 1 SyanoRCYLaLe COMOSEERIRS1 + (ertcnlobn PR ALY A S L0
1’~(trichloromethyl)ferrocene, l-methyl-1’-(tribromomethyl)-
ferrocene, l-methyl-1’-(triiodomethyl)ferrocene, l-chloro-~1’-
(trichloromethyl)ferrocene, l-bromo-1’-(trichloromethyl)-
ferrocene, ‘- 1-bromo-1’-(tribromomethyl)ferrocene, 1,1’-
di (trichloromethyl)ferrocene, 1,1’-di(tribromomethyl}-
ferrocene, 1,1’-di(trichloromethyl)-2-chloroferrocene, 1-
acetyl-1l’-(trichloromethyl)ferrocene, 1,1’-diacetyl-2-
(trichloromethyl)ferrocene, 1,1’~diacetyl-3-(trichloro-
'methyl)ferrocene, l1-formyl-1’~(((chloromethyl )oxy)methyl)-
ferrocene, l-acetyl-l’-(((chloromethyl)oxy)methyl)ferrocene,
l1-formyl-1'-(((trichloromethyl)oxy)methyl)ferrocene, and 1-
acetyl-1'~(((trichloromethyl Joxy)methyl)ferrocene.

(iv) Examples of compounds having one or more silicon
atom-containing group substituents having 1 to 20 carbon
atoms include l-formyl-1l’-(((trimethylsilyl)oxy)methyl)-
ferrocene, 1-(({(6-(((1,1-dimethylethyl)dimethylsilyl)-
oxy )hexyl Joxy)methyl)-1’'-formylferrocene, l-acetyl-1l’-
(((trimethylsilyl)oxy)methyl)ferrocene, 1-(((6-(((1,1-
dimethylethyl)dimethflsilyl)oxy)hexyl)oxy)methyl)-l'-acetyl-
‘ferrocene, 1,1'-di(((trimethylsilyl)dxy)methyl)ferrocene,
1,17-di{((6-(((1l,1-dimethylethyl)dimethylsilyl jyoxy)hexyl)-
oxy)methyl)ferrocene, 1,1’-di(((trimethylsilyl)oxy)methyl)-2-
acetylferrocene, 1,1’-di(((6-(((1,1-dimethylethyl)-

dimethylsilyl )oxy)hexyl)oxy)methyl)-2-acetylferrocene, 1,1'-



aﬁgtracging.(hereinafter referred to as P2 type) photoinitieﬁ%ﬁ%@CgMgNg SHEET

were added to TB1741 in predeterm ned -41
-, anounts to obtain cyanoacryl ate conpositions.

Exanples 11 to 13, Cp[err]Fe and various P2 type phot
added to TB1741 in predeterm ned anountiy t-0 obtain cyangacryl ate
conyosi ti ons. The photocurability of each of tHe |capDBEE 1B
feyal uated by placing 1 g of a sanple in a polyethyleneitriay wth an.i

“dianeter of 30 nmand irradiating the sanple
di(((trimethylsilyl)oxy)methyl)-2-formylferr

;

ner
di{{(6-({((1,1-dimethylethyl)dimethylsilyl)oxy)hexyl)-

. oxy)methyl)-2~formylferrocene, l-methyl-1’-(({trimethyl-
silyl)oxy)methyl)ferrocene, 1-(((6-(((l,l-dimethylethyl)-
dimethylsilyl)oxy)hexyl)oxy)methyl)-1‘-methylferrocene, 1-
ethyl-1’-(((trimethylsilyl)oxy)methyl)ferrocene, 1-(((6-
(((1,1-dimethylethyl)dimethylsilyl)oxy)hexyl)oxy)methyl)-1'-
ethylferrocene, 1,1'-di(((trimethylsilyl)oxy)methyi)-2-
methylferrocene, 1,1'~di(((6-((f1,1,-dimethylethyl)-
dimethylsilyl)oxy)hexyl)oxy)methyl)-2-methylferrocene, 1-
methyl-1’-(trimethylsilylmethyl)ferrocene, l-methyl-1’-
(trimethylsilylethyl)ferrocene, l-methyl-1'-(trimethyl-
silylpropyl)ferrocene, 1,1’—di(trimethylsilylmethyl)-
ferrocene, 1,1’-di(trimethylsilylethyl)ferrocene, 1,1’'-
di(dimethylsilylmethyl)ferrocene, l-acetyl-1‘-(trimethyl-
silylmethyl)ferrocene, 1,1'-diacetyl-2-{trimethyl-
silylmethyl)ferrocene, and 1,1’-diacetyl-3-(trimethyl-
silylmethyl)ferrocene.

(v) Examples of compounds having one or more oxygen
atom-containing group substituents having 1 te 20 carbon
atoms include 1,1’-di(acetylcyclopentadienyl)iron, 1,1’-
dibenzoylferrocene, 1,1’'-bis(l-oxotetradecyl)ferrocene, 1-(3-
ethoxy-l-methyl-B-oxo-l-propeﬂfl)-1'-(l-oxo—3-phenyl-2-
propenyl)ferrocene, l-benzoyl-1‘-(3-ethoxy-l-methyl-3-oxo-1-
propenyl)ferrocene, 1-(3-ethoxy-l-methyl-3-oxo-l-propenyl)-
i'—(phenylacetyl)ferrocene, 1,1’-bis(2~-furanylcarbonyl)-



. . : HEET
with light to nmeasure the integrated quantity of |ight needBﬁPL$Q§M%§ES%g.

The results of Exanples 1 to 11 and Conparative Exanples 1 to 13 are shown

in Table 1. ,
REPLACEMENT SHEET REPLACEMENT SHEET
REPLACEMENT SHEET - 19 - =h2T
Talle 1 Phot oi niti at or Addi
tAgount of Cpl[err]Fe Phot ocurability %léb%r& 199
~ Anount (ml/ cnerr]) X fonc]
.- ferxocene,-1,1’-bis(3-methylbenzayi] fesmmocene,| 1-(128-000 Ex.
2 --- --- 5000
15, 000 dioxopentyl)-1‘-methylferrocene, (neopentylcyclopenta:c)ligﬁgrl[),E”l

(propionylcyclopentadienyl)iron, (pivaloylcyclopentadienyl)-
(propylcyclopentadienyl)iron, 1-(9-carboxy-l-oxononyl)-1',3-
dimethylferrocene, 1-(9-carboxy-l-oxononyl)-1’,2-dimethyl-
_ferrocene, 1-{10-ethoxy-1,10-dioxodecyl)~1’,3~-dimethyl-
ferrocene, 1-(10-ethoxy-1,10-dioxodecyl)-1’,2-dimethyl-~
ferrocene, l-(6-methoxy-1,6-dioxohexyl)-1’~(l-oxooctadecyl)-
ferrocene, 1,;'-bis(l-oxononyl)ferrocene, 1-(1-methyl-3-oxo-
l1-butenyl)~1’-(phenylacetyl )ferrocene, 1-(3-carboxy-1-
oxopropyl)-l'-(1-oxoundecyl)ferrocene, 1-(3-carboxy-1-
oxopropyl)-1‘-(1-oxononyl)ferrocene, 1-(4-ethoxy-1,4-
dioxobutyl)-1’-(l-oxoundecyl)ferrocene, 1-(4-ethoxy-1,4~-
dioxobutyl)-1’-(l-oxononyl)ferrocene, 1,1’-bis(6-carboxy-1-
oxchexyl )ferrocene, 1-(5-carboxy-l-oxopentenyl)-1’-(3-
carboxy-l1l-oxopropyl)ferrocene, 1,1’-bis(7-methoxy-1,7-
dioxoheptyl)ferrocene, 1-(4-methoxy-1,4-dioxobutyl)-1’'-(6-
ﬁethoxyal,s-dioxohexyl)ferrocene, bis (o-carboxybenzoyl-
cyclopentadienyl)iron, (cinnamoylcyclopentadienyl)(neopentyl-
‘cyclopentadienyl)iron, 1,1’-bis(3,5,5-trimethyl-1-oxohexyl)-
ferrocene; 1,1’-bis({l-oxohexadecyl)ferrocene, (neopentyl-
cyclopentadienyl)(3,5,5-trimethylhexanoylcyclépentadienyl)-
iron, (neopentylcyclopentadieﬂfl)(pivaloylcyclopentadienyl)-
iron, ((4-carboxybutyryl)cyclopentadienyl)((3-carboxy-
propynoyl )cyclopentadienyl)iron, 1,1’-bis(4-carboxy-1-

oxobutyl)ferrocene, (isobutylcyclopentadienyl)(pivaloyl-



o
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REPLAGENE)Y SHEET

Ex. 3

ppm 12, 000 Ex. 4 ---

30; 000 m 5, 000 Ex. 5 - = -

. PP 50, 000 ppm 2000 Ex. 6 REPLACEMENT SH&IE

1, 000 ppm ° 5,000 ppm - 20 1,000 Ex. 7

1 rg&eihre 184 10, 000 ppm 5,000 ppm 5(}@?@(}9% |
% 8 | rgacure 651 10, 000 ppm , 000 ppm ;

9, 000 Ex. 9 Vi cure 55 5,000 ppm 17000

ppm cyclogeqﬁgﬁ;enn@@x:g@, (lsobutyrylcycgnpentadlenyl)-

5, 000 ppm 3, 000 Ex. 11

V- 59 (ne°PentY1°Y5=1mnﬁ}ﬂﬁﬁlenyl)lron. 1i-0Bocaphexypentyl)-1'-6( 1500

Conp. ---

20?800< (ﬁﬁﬁ?ctaqggykgferrocene, 1- (5-c;pboxy- -oxopentyl)- 1'-1 000 ppm

--- )T acure 184

10, 000 ppm octadéé}f%g}rocengonﬁ (5- carboxy?b-ﬁﬁﬁggnty%%nb

I rgacure 65%xooctadecyiQf@QQoBQHb, ((3-carboxyproplonyl)cyclopent20 000<

dienyl) ( (3-carboxypropyl )cyclopentadienyl)iron, (benzyl-
cyclopentadienyl)(pivaloylcyclopentadienyl)iron, 1-(9-
carboxy-l1-oxononyl)-1‘,2,2’,3,3’,4,4',5-octamethylferrocene,

1-(10—ethoxy-l,10-dioxodecyl)-1*,2,2',3,3',4,4’,5-octamethyl-

-ferrocene, (neopentylcyclopentadienyl)(phenylacetyl-

cyclopentadienyl)iron,'(phenethylcyclopentadienyl)(pivaloyl-
cyclopentadienyl)iron, 1,1’-bis(5-methoxy-1,5-dioxopentyl)-
ferrocene, l—benzoyl-l'-(l-oxohexadecyl)ferroéene, l-acetyl-
1’-(1-oxchexadecyl)ferrocene, 1,1’-bis(l-oxooctadecyl)-
ferrocene, l-acetyl-1’-(1l-cyclohexen-l-ylacetyl)ferrocene, 1-
acetyl-1‘-(1-cycloocten-1-ylacetyl)ferrocene, 1-formyl-
1',2,2',3,3',4,4',5-octamethyl-5’-(2,4,6-trimethylbenzoyl)-
ferrocene, i-benzoyl-1‘’-formyl-2,2/,3,3’,4,4’,5,5'-
octamethylferrocene, benzoylnonamethylferrocene, 1-(3,3-

dimethyl-l-oxobutyl)-l-oxobutyl)-l'-(1-oxo—4—phenylbutyl)—

ferrocene, 1-(1-0xo-5-(4-(1-oxo-3-pheny1-2-propynyl)phenyl)-

pentyl)-l’-(1—oxq—3-phenyl-2-propynyl)ferrocene, 1-(l-oxo-4-
(4-(l-oxo-3-phenyl-2-propynyl5§heny1)butyl)-1'-(1-oxo-3-
phenyl-2-propynyl ) ferrocene, 1-(l—oxo—3-phenyi-2-propynyl)-
phenyl)propyl)-1'-(1—oxo-3-phenyl-z-propynyl)ferrocene, 1-(1-
oxo-3-(4-(l-oxo-3-phenyl-2-propenyl)phenyl)propyl)-l'-(l—oxo-



Pi'type Comp. Ex. 5 Vicure 55 RERLAGEYENT, SHEET

20,000<  Comp.  Ex. 6 EET
5,000 ppm : --- 20, 000<

V-59 5, 000 ppm ---

Conp. Ex. 8 benzophenope 5,

20,000< 0, 000< Conp. EX.” 9 benzant hr ofle
4000 ppm --- 20, 000< Co :
“phenant hr enequi_none 1, 000 ppm --- % |

Conp r-pignyl~2=propynyl)ferrocene, lpthz@%Ped -'000 ppm

5,006 ppm 15, 00 Conp. Ex. 12 benzant hr gne
1, 000 ppm . (1-°x°'3’§59@0f8'&p'mr°wnyl)ferr26?990<1-(P}E%‘Fﬁbl.ace’ié%1 -(1-

D0, 000< | n P OF AR & PEGRYANL) ShrRRSRES hir (STt )
uncur ed aft ef, _( 1A AThUy12 22 rbBLAYS EEH-GHBRE ] 11 Pf-dholhy- of 20. 000
phenylbutyl)-1’-(1-oxo-3-phenyl-2-propenyl)ferrocene, 1-(1-
oxo-3-phenyl-2-propenyl)-2-propenyl)fl'-(1-oxo-3-
phenylpropyl)ferrocene, l-benzoyl-1l’-formylferrocene, 1-
benzoyi-l’-(3-oxo~3-phenyl-1-propeny1)ferrocene, 1,1’-bis(1-
oxo-2-pentenyl)ferrocene, l-benzoyl-l’-(l-hydroxy-3-(1-
hydroxycyclohexyl )~1-phenyl-2-propynyl )ferrocene, 1,1’-bis(3-
carboxy—l-oxopropyl)ferrocene, 1,1’'-bis(4-methoxy-1,4-
dioxobutyl)ferrocene, l-acetyl-1’-(1,3~-dioxobutyl)-3,3'-
dimethylferrocene, 1,1'-bis(1l-oxopentyl)ferrocene, ((3-
'carboxypropionyl)ethylcyclopentadienyl)(ethylcyclo-
pentadienyl)iron, 1,1’-bis(4-(2-methylbutyl)benzoyl)-
ferrocene, 1,1’-bis(l-oxoundecyl)ferrocene, 1-(4-
hydroxyphenyl)-1'’-(1l-oxo-3-phenyl-2-propenyl)ferrocene, 1-
acetyl-1'-(3-(3-methoxyphenyl)-1-oxo-2-propenyl)ferrocene, 1-
acetyl-1’-(3-(4-methylphenyl)-1l-oxo-2-propenyl)ferrocene, 1l-
acetyl-1'-(3-(4-methoxyphenyl)-1-oxo-2-propenyl )ferrocene, 1-
(3-methyl-1-oxo-2-butenyl)-1’~(phenylacetyl)ferrocene, 1-
(4,4-dimethyl-l-oxo~-2-pentenyl)-1'-(phenylacetyl)ferrocene,
1-acety1-1'-(4,4-dimethyl-1-o¥6—2-péntenyl)ferrocene, 1-
acetyl-1l’-(3-methyl-l-oxo-2-butenyl)ferrocene, l-acetyl-1‘-
‘(1-oxo-2-butenyl)ferrocene, 1—acetyl-1’-(2-methyl—1-ox§-2-

propenyl)ferrocene, 1-(3,3-dimethyl-l-oxobutyl)-1’-(l-ox0-3-



S REPLACEMENT SHEET
- 43 - EXAMPLES 12 TO 20 | n Exanpl es 12 to

14, ethylferrocene (hereinafter referred to as (EtCp)CpFe) as a

nmet al | ocene conpound al one was added to TB1741 in pred ngqﬁqs to
obtain photocurabl e cyanoacryl ate conpositions. #T%UEQﬁﬁhﬁ to

20, (EtCp)CpFe as a netall ocene conpourgh and vari ous [ ype
photgi nitiators were added to TB1741 in predeterni ned anbud® DES Bbaiin

j@ﬂotocurable cyanoacryl ate conpositions.

phenyl-2-propenyl )ferrocene, 1-(3-methyl-l-oxobutyl)-1'-(1- |

oxo-3-phenyl-2-propenyl)}ferrocene, 1-(l-oxobutyl)-1’-(l-oxo-
3-phenyl-2-propenyl )ferrocene, 1,1’'-bis((4-methylphenyl)-
acetyl)ferrocene, 1,1’-bis(3-(4-methylphenyl)-1-oxo-2-
propenyl)ferrocene, 1,1’-bis(3-(2-furanyl)-l-oxo-2-propenyl)-
" ferrocene, 1,1'—bis(hydroxyacetyl)ferrocene,'1—(6-(4-
methoxyphenyl )-6-oxohexyl)-1’,3-bis(1l-oxo-3-phenyl-2-
propenyl )ferrocene, 1-(10-(4-methoxyphenyl)-10-oxodecyl)-
1’ ,2-bis(1l~oxo-3-phenyl-2-propenyl)ferrocene, 1-(5-(4-
methoxyphenyl )-5-oxopentyl)}-17,3-bis(1-oxo-3-phenyl-2-
propenyl )ferrocene, 1-(9-(4-methoxyphenyl)-9-oxononyl)-1’,2-
bis{1-oxo-3-phenyl-2-propenyl )ferrocene, 1-(8-(4-
methoxyphenyl )-8-oxooctyl)-1’~(1-oxo-3-phenyl-2-propenyl)-
ferrocene, 1,1’-bis(10-ethoxy-1,10-dioxodecyl)ferrocene,
1,1'~bis(9~ethoxy-1,9-dioxononyl)ferrocene, 1,1’'-bis(8~
ethoxy-1,8-dioxooctyl)ferrocene, 1,1'-bis(7—e£hoxy—l,7—
-dioxoheptyl)ferrocene, 1,1’-bis(5-ethoxy-1,5-dioxopentyl})-
ferrocene, 1-(1,10-dioxo-10-phenyldecyl)-1’-(1l-oxo~-3-phenyl-
2-propenyl)ferrocene, 1-(1,9-dioxo-9-phenylnonyl)-1‘-{l-oxo-
3-phenyl-2-propenyl }ferrocene, 1-(1,8-dioxo-8-phenyloctyl)-
1/-(1-oxo-3~-phenyl-2-propenyl)ferrocene, 1-(1,7-dioxo-7-
phenylheptyl)-1’~(1l-oxo-3-phenyl-2-propenyl)ferrocene, 1-
methyl-l'-(4-methylbenzoyl)fefiocene, 1-(2-methoxy-2-
oxoethyl)-1’-(4-methylbenzoyl)ferrocene, l-benzoyl-1',3-
bis(phenylmethyl)ferrocene, 1l-benzoyl-1’,2-bis(phenylmethyl)-

' ferrocene, l-benzoyl-1'-(1l-hydroxy-1-phenylethyl)ferrocene,



. REPLAGERMENY ST
COVPARATI VE EXAMPLES 14 TO 16 In Conparative Exanples 14 to 16,

(EtCp) CpFe and various P2 type photoinitiators were added t
predet ermi’ned anmobunts to obtain cyanoacryl ate conposi EMEN{SHEE%h

photocurability of each of the conpositions was evaliu g
of a sanple in a polyethylene tray w.thsan inner di t er g

i reafi ating the sanple wth light to measure the intgg aaéhﬁé tit f
ﬁLJght needed for curing. The results of Exanples 12 to0}20 an atli ve

“Exanpl es 14 to 16 are shown in Table 2.
1,1-bis(1,1’'-biphenyl-4-ylcarbonyl)ferroc

ne, 1=
(1-methylcyclopropyl)ferrocene, 1,1'-bis(3-carboxy-1-oxo-2-
propenyl)-2-methylferrocene, 1-methyl-1’,2-bis(l-oxo-3-
phenyl-2-propenyl )ferrocene, 1-(6-methoxy-1,6-dioxchexyl)~-1'-
( (2-oxocyclopentyl )carbonyl)ferrocene, 1,1’-bis(6-ethoxy-1,6-
dioxohexyl )ferrocene, l-(6-ethoxy-1,6-dioxohexyl)-2-((2-
oxocyclopentyl)carbonyl Yferrocene, 1,1'~bis{4-
methoxybenzoyl )ferrocene, 1,17-bis({l-oxooctyl)ferrocene, 1-

* carboxy-1’-(1,2-dioxopropyl )ferrocene, l-(methoxycarbonyl)-
1’-(phenylacetyl)ferrocene, l—carboxy-l’-(l-oxo-3-phenyl—2-
propenyl )ferrocene, l-carboxy-1'-(oxophenylacetyl)ferrocene,
1-(methoxycarbonyl)-1‘-(1l-oxo-3-phenyl-2~propenyl)ferrocene,
1—(3-methylphenyl)-l'-(1-oxo-3-phenyl-2-propény1)ferrocene,
1-(4-methylphenyl)-1’~(1l-oxo-3-phenyl-2-propenyl)ferrocene,
1-(l-oxo-3-phenyl-2-propenyl)-1’-phenylferrocene, 1-(3,5-
dimethylphenyl)-1’~(1l-oxo-3-phenyl-2-propenyl)ferrocene, 1-
(3,4-dimethylphenyl)-1'-(1-oxo-3-phenyl-2-propenyl)ferrocene,
1—(4-methoxyphenyl)-1'—(l-oxo-3-phepy1-2-propenyl)ferrocene,
1-(4-(ethoxycarbonyl)phenyl-1’~(l-oxo~3-phenyl-2-propenyl)-

. ferrocene,; 1-(3-ethylphenyl)-1’~(1-oxo-3-phenyl)-2-propenyl)-
ferrocene, 1-(4-ethylphenyl)-1’-{(1l-oxo-3-phenyl-2-propenyl)-
ferrocene, l-benzoyl-1’-(methoxymethyl)ferrocene, 1,1'-bis(3-
ethoxy-l,3-dioxopropyl)ferrocéhe,‘1-(3,3-dimethyl—1-
oxobutyl)-1’,3-dimethylferrocene, 1-(3,3-dimethyl-1-
oxobutyl)-1',2-dimethylferrocene, l-acetyl-1’-(2-methyl-1-

oxo-3-phenyl-2-propenyl ) ferrocene, l-acetyl-1‘-(l-oxo-5-



- REPLACEMENT SHEET

. ¢

- 44 - Table 2
Phot oi niti ator Addi tion Amount of Phot ocurabi | ity
Anmount -+ (Et Cp) CpFe (mi/cnferr]) EX. SCMENT SHEET - -
1, 000 ppm 8,000 Ex. 13 REPLAGE
5, 000 ppm 6, 000 Ex. 14 - 24 -~ - ---
1080D0 ppm 5, 000 Ex. 15 APO 1,@0@%@%

35/ 000 ppm 1, 000 Ex. 16 | rgacure 184 10,000 p

" 5,000 m 000 Ex,, 17 | rgacure, 651 , 000 m
31000 ppm - Phenyl-Z dpentadienyl) terrocengy chy & sbis (oxophenyibicetyd [ |
1, 000 ppm 3,000 - BIT , 000 ppm 1, 000
ppm o kRFroceng, z‘gxl 'Jbgis(PheOYééceIY?)fermc%{‘%oo?bg T 1,000 ppm

5,000 oMy Bonaifin) -1 oi3-pYRLSBRBHFAS 2 -propens ) SRSliie, 427 % 000
éhgggnﬁﬁpqene%ius? %C&%eﬂﬁ&f%@ﬁrﬁﬁﬂl ) férgggﬁﬁegggfpl -bE¥( 1%%,(%}6%"1’1 )=
EXQE/F I§ Ffs erzgof-ég'fa}rlle%e(nhee'r &'l ta Irs I’trs 'g?‘ glre ?‘ gt—lf[ ‘C-’)S:égﬁf(i%gl)cge&%érg%, 212‘ 4317 ocene
dimethylethyl)-1'-(2,2-dimethyl-1~oxopropyl)ferrocene, 1-
(1,1-dimethylethyl)-1’-(2-methyl-l-oxopropyl)ferrocene, 1-
acetyl-l’-(l-oxo-3-phenyl-2-propynyl)ferrocene, 1,1’'-bis(2,2-
dimethyl-l-oxopropyl)ferrocene, -1-acetyl-1’-(l-oxobutyl)-
ferrocene, l-acetyl-l1l’-(phenylacetyl)-2-(phenylmethyl)-
ferrocene, l-benzoyl-1’-(phenylacetyl)ferrocene, 1-(1-
_oxobutyl)-1’-(phenylacetyl)ferrocene, l-benzyl-1'-(1-
oxobutyl)ferrocene, 1-(l-oxopropyl)-1‘-(phenylacetyl)-
ferrocene, l-acetyl-1’-(phenylacetyl)ferrocene, l-benzoyl-1'-
(1-oxopropyl)ferrocene, l-acetyl-3-ethyl-1’-(phenylacetyl)-
ferrocene, l-acetyl-1’-(phenylacetyl)-3-(phenylmethyl)-
ferrocene, 1-(3-ethoxy-l-methyl-3-oxo-l-propenyl)-1‘-(l-oxo-
2-butenyl )}ferrocene, 1-(3-ethoxy-l-methyl-3-oxo-l-propenyl)-
1’-(l-oxooctadecyl )ferrocene, 1-(3-ethoxy-l-methyl-3-oxo-1-
propenyl)-1’-(l-oxopropyl )ferrocene, l-acetyl-1’-(3-ethoxy-1-
methyl-3-oxo-1-propenyl)ferrocene, 1;1'-bis(((5-((4-
methoxyphenoxy)carbonyl)phenoxy)pentyl)oxy)carbényl)-
ferrocene, 1,1'-bis((3-(4-((4;hethoxyphenoxy)carbonyl)-
.phenoxy)propoxy)carbonyl)ferrocene, 1,1’-bis((2-(4-((4~
methoxyppenoxy)carbonyl)phenoxy)ethoxy)carbonyl)ferrocene,

1,1'-bis{(heptadecyloxy)carbonyl)ferrocene, 1,1'~-



mooun . | EPLACEMENT SHEET
conpound al one was added to TB1741 in a predeterm ned anmount to obtain a
phot ocur abl e cyanoacryl ate conposition. I n Exanples.23. 1026
(BuCp) CpFe as a netal l ocene conpound and various Pl typepphQEeiipiT iSHEBY 9
were added to TB1741 in predeterm ned anmounts to obtai st-oett-abte ]
cyanoacryl ate conpositions. - 25 - COMPARATI YE 17§ TIO
19N/ In Conparative Exanples 17 to 19, (BuCp)C;FéE§g¥§g%E6
Nt al | ocene conpound and various P2 type photoinitiatorg Were_ _added

“TB1741 in predeterm ned ampbunts to obtain cyanoacryl & e conpositions.
RELACENVENT e (2,3,5,6,8,9,11,12-0octahydro-1,4,7,10,13+ben

cyclopentadecyn~-15-yl)oxy)carbonylferrocene, l-carboxy-1'-~
( (phenylmethoxy)carbonyl)ferrocene, 1,1'-bis((4-((4-

. hexyloxy)phenoxy)carbonyl )phenoxy)carbonyl)ferrocene, 1,1'-
bis((4-((4-(pentyloxy)phenoxy)carbonyl )phenoxy)carbonyl)-
ferrocene, 1,1’-bis((4-((4-butoxyphenoxy)carbonyl)phenoxy)-
carbonyl)ferrocene, 1,1;-bis((4-((4-ethoxyphenoxy)carbonyl)-
phenoxy)carbonyl )ferrocene, 1,1’'-bis((4-((4-(pentyloxy)-
benzoyl)oxy)phenoxy)carbonyl)ferrocene, 1,1'-bis(4-((4~-
(butoxybenzoyl )oxy)phenoxy)carbonyl )ferrocene, 1,1‘-bis( (4~
( {(4-propoxybenzoyl )oxy)phenoxy)carbonyl)ferrocene, 1,1'-
bis( (4-((4-ethoxybenzoyl )oxy)phenoxy)carbonyl)ferrocene,
1,1/-bis((4-((4-methoxybenzoyl )oxy)phenoxy)carbonyl)-
ferrocehe, 1-(((1,1’'~biphenyl)-4-yloxy)carbonyl})-1’-hexyl-
ferrocene, 1l-butyl-1’-((4-((4-(pentyloxy)benzoyl)oxy)-~

‘phenoxy)carbonyl)ferrodene, l1-butyl-1‘-((4-hexyloxy)phenoxy)-
carbonyl )ferrocene, l-butyl-l'—((4-heptylphenoxy)carbony1)-
ferrocene, 1,1’'-bis((4-formylphenoxy)carbonyl )ferrocene,
1,1’-bis(((3-formylphenyl )methoxy)carbonylferrocene, 1,1’-

- bis{(4~-((4~(hexyloxy)benzoyl yoxy)phenoxy)carbonyl)ferrocene,
1,1‘-bis((4-(phenylmethoxy)phenoxy)carbonylferrocene, 1-((4-
(decyloxy)phenoxy)carbonyl)-1*~( (4-hydroxyphenoxy)carbonyl)-
ferrocene; l,l’-bis((4-(decylbky)phenoxy)carbonyl)ferrocene,
1,1'-bis((4-heptyloxy)phenoxy)carbonyl)ferrocene, 1,1’'-
bis((4-(1,1~-dimethylethyl)phenoxy)carbonylferrocene, 1,1’-

bis(methoxycarbonyl)-2,2’-bis(methoxymethyl)ferrocene, 1,1’'-



an

evaluated by placing 1 g of a sanple in a pol yet hyl ene te

di.anet er of

GU\CEMENT SHerd
The photocurablllty of each of the conp05|t|g%

fe T er
30 mMmand irradiating the sanple wth |ight ﬁéPH%EM§N§§¥ﬁEP

integrated quantity of |light needed for curing. The requlfts of Exanplep R1

to 26 and Conparative Exanples 17 to 1%gre shown in Tebl e Bn DEC 1996

Tahklie 3
{Byot ocur abi |
Tmi/cnierr])
Ex. 22

APO

10, 000 ppm
10, 000 ppm
1, 000 ppm
6, 000

Photoinitiator Addition Anount
|ty Anmount uuCp)Cch

bls(methoxycarbonyll-z 3'-b151gmﬁbexyﬂﬁFhY;)geﬁfegggeggiéiggg*‘
00 ppm, 5 000, 184
Bl%é% Qﬁﬁig) o) éj-blsﬁ t%ﬁgymg%hyggferroc gga ol =651

m

B (R sarbenil) &2 -l (perborriabhs T Eenset888r LB 000 ppm

(ethoxycarbonyl)-1‘,2-bis(methoxymethyl)ferrocene, 1,1~

bis(((1,4-dihydro-1,4-dioxy-2-naphthalenyl )joxy)carbonyl)-
ferrocene, 1,1’-bis(((4’-(heptyloxy)(1l,1’-biphenyl)-4-
yl)oxy)carbonyl)ferrocene, 1,1’'-bis(((4’'-(hexyloxy)(1,1'-

' biphenyl )-4-yl)oxy)carbonyl)ferrocene, 1,1'~bis((4’'-

(pentyloxy){1l,1’-biphenyl)-4-yl)oxy)carbonyl )ferrocene, 1,1/~
bis(((4'-butoxy(l,1’-biphenyl)-4-yl)oxy)carbonyl)ferrocene,
(methoxycarbonyl )nonamethylferrocene, 1,1’ -(methoxycarbonyl)-
2,2',3,37,4,4’,5,5'-octamethylferrocene, 1l-(2-acetyl-3-
oxobutyl)-1’-(methoxycarbonyl)ferrocene, 1l-(methoxycarbonyl)-
1’~(phenoxymethyl)ferrocene, 1,1’-bis((1,1-dimethylethoxy)-
carbonyl )ferrocene, 1,1’'-bis(((3-hydroxymethyl)phenyl}-
methoxy)carbonyl)ferrocene, 1,1’-bis(((5-(hydroxymethyl )}-2-
furanyl )methoxy)carbonyl)ferrocene, 1,1’'-bis((4-hydroxy-

phenoxy)carbonyl )ferrocene, l-acetyl-1’-(propoxycarbonyl)-

- ferrocene, l-acetyl-1’-(ethoxycarbonyl)ferrocene, decakis-

(methoxycarbonyl)ferrocene, 1,1’-bis((2-propenyloxy)-
carbonyl)ferrocene, 1,1’-bis((phenylmethoxy)carbonyl)-
ferrocene, l-(ethoxycarbonyl)-1’-ethylferrocene, 1-
(ethoxycarbonyl)-1’-methoxyféfrocene, 1-(ethoxycarbonyl)-1'-
phenyiferrocene, l-acetyl-1’-(4-(ethoxycarbonyl )phenyl)-
ferrocene, 1,1’-bis((oxiranylmethoxy)carbonyl)ferrocene, 1-

(hydroxymethyl)-1’-(methoxycarbonyl)ferrocene, 1-



Cbﬁp. Ex. 18 P2 type benzant hrone 1, 000 ppm 5, 000 ppm PEPLBGEMENE SHEET

Ex. 19 phenant hr enequi one 1,000 ppm 5,000 ppm 10,000
EXAMPLES 27 TO 31 I n Exanpl e 27, tert-anylferrocene—rereinart
referred to as (AnCp) CpFe) as a netal | ocene conpound al one ﬁggUgﬁg@g%ﬁgﬁET

TB1741 in a predeterm ned anount to obfagp a photocurable jcyianoacryl ate
corpsi tion. In Exanples 28 to 31, (AnCp)CpFe as net alg PEEes
Q&@npound and various Pl type photoinitiators were added to kTBl 41 in

predeterm ned anounts to obtain photocurable cyanoacryl atelc OSTTTONS.
(methoxycarbonyl})-1’,2-diphenylferrocene, 1-(methoxy-

carbonyl)-l},3-diphenylferrocene, 1,1'-bis(methoxycarbonyl)-
3-methylferrocene, 1,2-diformyl-1’,2’,3,3',4,4",5,5'~
octamethylferrocene, 1’-formyl-1,2,3,4-tetramethyl-5-
(4,7,10,13-tetraoxatetradec-1-yl)ferrocene, l-acetyl-1'-(2-
ethoxy-2-oxoethyl)ferrocene, 1-formyl-1’~({(6-hydroxyhexyl)-
oxy)methyl )ferrocene, 1,1’-diacetyl-3,3’-bis(1,1-
dimethylethyl)ferrocene, 1'-formyl-1,2,3,4,5-pentamethyl-
ferrocene, 1-(l-methyl-3-oxo-l-butenyl)-1’-(l-oxopropyl)-
ferrocene, l-acetyl-1’-(l-methyl-3-oxo-l-butenyl)ferrocene,
. 1'-formyl-l,2-diméthylferrocene, 1-formyl-
1’,2,27,3,3’,4,4',5-octamethylferrocene, (acetylcyclo-
pentadienyl)(neopentylcyclopentadienyl)iron, l-acetyl-1'-
ethynylferrocene, (benzoylcyclopentadienyl)(neopentyl-
cyclopentadienyl)iron; acetylnonamethylferrocene, l-formyl-
1’ -(hydroxyphenylmethyl}-2,2’,3,3",4,47,5,5"'~octamethyl-
ferrocene, l-formyl-1’-(1l-hydroxyethyl)-2,2',3,3’,4,4',5,5'-
octamethylferrocene, l-formyl-3-(hydroxymethyl)-
1’,2,2';3',4,4',5,5'-octamethylferrocene, (acetylcyclo-
pentadienyl ) (hydroxycyclopentadienyl)iron, 1‘-acetyl-
1,2,3,4,5-pentaphenylferrocene, 1,1’-diacetyl-3;3’'-dimethyl~
_ferrocene, (acetylcyclopentadienyl)((2-carboxyvinyl)-
cyclopentadienyl)iron, (acetficyclopentadienyl)((2—carboxy—
ethyl)cyclopentadienyl)iron, formylnonamethylferrocene, 1,1’-
diformyl-2,2',3,3/,4,4’,5,5'-octamethylferrocene, l-formyl-

1’-(hydroxymethyl)ferrocene, l-acetyl-1’-(1-(acetyloxy)-



o REPLACEMENT SHEET
- 46 - COVPARATI VE EXAMPLES 20 TO 22 .
Conpar ative Exanples 20 to 22, (AnCp)CpFe as a netal | oceneyppoagredd Stk
various P2 type photoinitiators were added to TB1741 in , '
anounts to obtain cyanoacryl ate conpositions.
of each of the conpositions was evaluatgd by placing 1 gjo
polygt hyl ene tray wth an inner dianeter of 30 mmand ir '
tsdmple with light to measure the integrated quantity of
“curing. The results of Exanples 27 to 31 and Conparative
are shown i nethynyljferrocene, l-acetyl-1‘-(8-(4-methrxyphenyl)-8-

lii ght needed for
oxooctyl )ferrocene, 1-acetyl-1’,3-bis(phenylmethyl)ferrocene,
l-acetyl-1’,2-bis(phenylmethyl)ferrocene, l-acetyl-1'-(1-
hydroxy-l-phenylethyl)ferrocene, 1,1’~-diacetyl-2-methyl-
ferrocene, 1,1’-diacetyl-3-methylferrocene, l-formyl-2-(4-
methoxyphenyl ) ferrocene, 1-(3-ethylphenyl)-1l'-formyl-
ferrocene, l-{4-ethylphenyl)-1’-formylferrocene, 1-(3,5-
dimethylphenyl)~1’-formylferrocene, 1-(4-(ethoxycarbonyl)-
phenyl)-1’~formylferrocene, 1-(3,4-dimethylphenyl)-1’'-formyl-
ferrocene, l-formyl-1’-(4-methoxyphenyl)ferrocene, l-formyl-
1’-(4-methylphenyl)ferrocene, 1-formyl-1‘-(3-methylphenyl)-
ferrocene, l-acetyl-1’-(4-({acetyloxy)phenyl)ferrocene, 1l-
formyl-1’-phenylferrocene, l-acetyl-1l’-(4-methoxyphenyl)-

. ferrocene,; l-acetyl-1’-(3,4-dimethylphenyl)ferrocene, 1-
acetyl~1’-(3,5~-dimethylphenyl)ferrocene; l-acetyl-1l’-(4-
methylphenyl)ferrocene, l-acetyl-1l’-phenylferrocene, 1-
acetyl-1’~(3-methylphenyl)ferrocene, l-acetyl-1’-(2-benzoyl-
3-oxo-l-butenyl )ferrocene, l-acetyl-1’-(3-oxo-5-phenyl-1,4-
pentadienyl)ferrocene, l-acetyl-1'-(2-acetyl-5-oxo-5-phenyl-~
1,3-pentadienyl )ferrocene, l-acetyl-1‘-(5-oxo-5-phenyl-1,3-
pentadienyl)ferrocene, l-acetyl-1'-(l-hydroxyethyl)ferrocene,
l-acetyl-1l’-(l-methoxy-3-phenyl-2-propenyl)ferrocene, 1-
acetyl-l',3-bis(l-methyiethyijferrocene, 1’-acetyl-1,2-
dimethylferrocene, 1’-acetyl-1,3-dimethylferrocene, l-acetyl-
1/,3-bis(1,1~dimethylethyl)ferrocene, l-acetyl-1’-(3-methoxy-

3-phenyl-l-propenyl )ferrocene, l-acetyl-1’,2-bis(1l,1-



> . REPLACEMENT SHEET
Photoinitiator Addition Amount of Photocurability

Anmount (AnCp) CpFe (ml/cnferr]) Ex. 27 REPLAGCEMENT SHEETQ]
5,000 ppm 7,000 Ex. 28 APO 1,000 ppm i5

1,000 Ex. 29 | rgacure 184 10,000 ppm 5,000 ppm 3]0 0.§ﬁ C ﬁp
type Ex. 30 | rgacure 651 10,000 ppm- 5,000 ppm 4, '1@? é%

Vi ayre 55 5, 000 ppm 1,000 ppm 5,000 Conp. Ex. 2C

Ybénzophenone 5,000 ppm 5 OOO ppn1 7,000 Conp. Ex 2% P2 type o

benzant hrone 1, 000 ER pm 11,000 = Canp
phenanthrené&ﬂ?ﬁbﬂée Yl)§96r96ﬂ¥95 beacekyd - ¥¥(ﬁﬁpls(l"methylethyl)‘
EXAMPLES 32 TO 3 l e, 32 to 33, benzoylferro
(here|nafteﬁerFQFGPPedlfBCﬁEY%B%o 7Q¥ﬁ¥9Y%£?¥¥9ﬁQQﬂd JeARE gngouﬁé ~al one

was added to TB174 redet rm ned, a 0 hotocurable
Cyanoacryla9§° Bﬁgig%g;sﬂgene, -acetyl- {nl{g acet;iﬁﬁenfa) errocene, 1l-

REPLACENENT SH§EI 1’-{4-acetylphenyl)ferrocene, l-acetyl-l1’-methoxy-
ferrocene, l-acetyl-1’-(tributylstannyl)ferrocene, and 1-
formyl-1’-(tributylstannyl)ferrocene.

(vi) Examples of compounds having one or more sulfur-
containing group substituents having 1 to 20 carbon atoms
include l—butyl-l'-(4-merca§to-1-oxobutyl)ferrocenium, i,1’-
bis(4-mercapto-l-oxobutyl)ferrocene, 1l-(4-mercapto-1-
oxobutyl)-1’-(1l-oxobutyl)ferrocene, l-butyl-1’-(4-mercapto-1-
oxobutyl)ferrocene, 1-(2-phenylethyl)-1’-(2-thienylcarbonyl)~
ferrocene, l-ethyl-3-(l-hydroxyethyl)-1’-{(2-thienylcarbonyl}-
ferrocene; 1-(phenylacetyl)-1‘-(2-thienylcarbonyl)ferrocene,
l1-benzoyl-1’~(2-thienylcarbonyl)ferrocene, 1-(l-oxopropyl)-
17-(2-thienylcarbonyl)ferrocene, 1,1’-bis((2-((2-((1,3-
dithiol-2-ylidene)-1,3-dithiol-4-yl)thio)ethoxy)carbonyl)-
.ferrocene, 1-{methoxycarbonyl)-1'-( (phenylthio)methyl)-
ferrocene, 1,1'-bis((2~(3~thienyl)ethoxy)carbonyl)ferrocene,
1,1’-bis({((5-(hydroxymethyl)-2-thienyl )methoxy)carbonyl)-
ferrocene, 1l-(methoxycarbonyl)-1’-{methoxysulfonyl)ferrocene,
l-acetyl-1'~(5-acetyl-3-phenyl-2-thienyl)ferrocene,
cyclopentadienyl((l-formyl-z-ii-thienyl)vinyl)-
cyclopentadienyl)iron, l-formyl-1‘-sulfoferrocene, l-acetyl-
1’-(methoxysulfonyl)ferrocene, and l-acetyl-1'-

sulfoferrocene.



s . REPLACEMENT onEk!

In Exanples 34 to 37, (BzoCp)CpFe as a netall ocene conpound_and. ' ]

type photoinitiators were added to TB1741 in predeterm ned AngaABEMENT SHEET x

obt ai n phot ocurabl e cyanoacryl ate conpositions. —

COVPARATI VE EXAMPLES 23 TO 25 I n Conparative Exanpl ¢s 2%}@(& 1996
i

(BzoCp) CpFe as a netall ocene conpound- 3w wvarious P2 type photo ors
werg.- added to TB1741 in predeterm ned anounts to obtain cyan

e e e

Segnposi tions. The photocurability of each of the conpositions was
’ I | aci f le i I h
eval uated by p ac‘”%v%i% %xa%piggpo% Egmgoﬁgdgeﬁa igggo&éE%% more

phosphorus-containing group substituents having 1 to 20
carbon atoms include 1,1’-bis(diphenylphosphino)ferrocene, 1-
acetyl-1'~({diphenylphosphino)acetyl)ferrocene, 1,1’~

bis( (diphenylphosphino)acetyl)ferrocene, 1-
(diphenylphosphino)-1'-formylferrocene, l-acetyl-1'-
(diphenylphosphino)ferrocene, and l-acetyl-1'-
(diphenylphosphinyl )ferrocene.

(viii) Examples of compounds having substituents

' crosslinked to each other include 1,1’-diacetyl-2,3"-(1,3-
propanediyl)ferrocene, 1,2-diacetyl-1,4’-(1,4-butanediyl)-
ferrocene, 1,1’-bis(methoxycarbonyl)-2,2’-

(oxybis (methylene) )ferrocene, 1,1’-bis(ethoxycarbonyl)-2,2’'-
(oxybis (methylene))ferrocene, l-benzoyl-1’-(3-oxo-3-phenyl-1-
propenyl)-3,3’~(1,3-propanediyl)ferrocene, l1-(phenylacetyl)-
1’,3-(1,3-propanediyl)ferrocene, 1l-((4-methoxyphenyl)acetyl)-
1’,3-(1,5-pentanediyl)ferrocene, 1l-({4-methoxyphenyl)acetyl)-
1',3-(1,3—propanediyl)ferrocene, 1,1'-(1,5-pentanediyl)~3-
(phenylacetyl)ferrocene, l-formyl-1’,3-(1,5-pentanediyl)-
ferrocene, 1,1’-diacetyl-3,3'-(1,5-pentanediyl)ferrocene, 1-
‘benzoyl-1’,2-(1,3-cyclopentanediyl)ferrocene, 1’,2-(1,4-
butanediyl)-l-formyl-2’,3-(1,3-propanediyl)ferrocene, 1,1'-
diacetyl-Z',3—(l,5-pentanedifi)ferrocene, 1-(l-oxo-2-
propenyl}-1’,3-(1,3-propanediyl)ferrocene, 1-
(methbxycarbonyl)-l',2-(1,3—propanediyl)ferrocene, l-acetyl-~

1l’-(l~oxo-3-phenyl-2-propenyl)-2’,3~(1,3-propanediyl)-



e PLAGEMENT SHEET
with an inner dianeter of 30 mmand irradiating the sanple__w mﬁ Lght.tQ

measure the integrated quantity of |ight needed for curirgggmgggmg§ﬂu§§gpf[

Exanpl es 32 to 37 and Conparative Exanples 23 to 25 are ghowh-—#

Table 5 Photoinitiator Addition Anount} gf

Phot ocurabi l ity Anpunt (BzoCp) CpFe 31 {ml/cnjerr]) EY. 325”950'@96---i

-- & 5,000 ppm 15, 000 Ex. 33 - - - |
g%é 000 ppm 12,000 Ex. 34 APO : 1,000 ppm 5,000 ppm |

9,000 Ex. 35 I rgacure 184 10,000 ppm_ 5,000 ppm Q..000 §

P1 type Exfeggocene, 1r§§2€¥%-%5ﬂ3 (-BenHmh  S-Pestanediyl) fergogsne  ex.

anzophenggigig Bcﬁﬁﬁf 9 g p8g1 Thﬁtéxgé}ﬁiﬁfe i %53E§Cq24dlﬁfeﬁys3

phonant hr endedl bnes BTanps P PAetradtity i BRags Y123 ~(114-
butanediyl)ferrocene, 1-(methoxycarbonyl)-l',3-(1,3—
propanediyl)ferrocene, l-formyl-1’,3-(1,3-propanediyl)-
ferrocene, l-formyl-1‘,2-(1,3-propanediyl)ferrocene, 1'-
acetyl-1-(1l-oxo-2-propenyl)-2,3’-(1,5-pentanediyl)ferrocene,
l-acetyl-1’~(1l-oxo-2-propenyl)-3,3’-(1,5-pentanediyl)-
ferrocene, l-benzoyl~-l’-(3-oxo-3-phenyl-l-propenyl}-3,3'-
(1,5-pentanediyl)ferrocene, l1-benzoyl-l‘-formyl-3,3'-(1,5-
pentanediyl)ferrocene,.1-benzoyl-1'-formy1-3,3'-(1,3-
propanediyl)ferrocene, 1,1’-bis(methoxycarbonyl)-2,27:3,3'~
bis(1,3-propanediyl)ferrocene, 1,1’-bis(methoxycarbonyl)-
2,2':4,4’-bis(1,3-propanediyl)ferrocene, 1,1'-
bis(methoxycarbonyl)-2,4’:2’,4-bis(1,3-propanediyl)ferrocene,
1-(methoxycarbon¥1)-l',2:3',4-bis(1,3:propanediyl)ferrocene,
1,4-bis(methoxycarbonyl)-1*,2:2’,3-bis(1,3-propanediyl)-
ferrocene; 1-(methoxycarbonyl)-1’;2:2’,3-bis(1,3-
propanediyl )ferrocene, 1’,2-(1,4-butanediyl)-1-(4-methoxy-
1,4-dioxobutyl)-2’,3-(1-oxo-1;3-propanediyl)férrocene, 1,1'-
bis(methoxycarbonyl)-2,3’-(1,3-propanediyl)ferrocene, 1,1'-
bis(methoxycarbonyl}-3,3’~(1,3-propanediyl jferrocene, 1-
(methoxycarbonyl)-l',3-(1,3-p¥6panediyl)ferrocene, 1,17~
bis(methoxycarbonyl}-2,2'~(1,3-propanediyl)ferrocene, 1-
.formyl-l',2-(1,5-pentanediyl)ferrocene, l-acetyl-1l’'-(l-0ox0-3-

phenyl-2-propenyl)-3,3‘-(1,5-pentanediyl )ferrocene, 1,1'-



. - REPLACEMENT SHEET
REPLACEMENT SHEET

REPLACEVENT SHEET -48 - fn,ﬁCEMENT SHEET
EXAMPLES 38 TO 42 I n Exanpl e 38, cycl ohexenyl ferrio 8

(hereinafter referred to as (CyheCp) CpFe) as a netal | ocene conpound al on
was added to TB1741 in a predeterni ned @munt to obtain a | phof 6cREGHFE

A1%4

cy&gpacryl ate conposition. In Exanples 39 to 42, heCp) CpFe_asia
tall ocene conpound and various Pl type phot0|n|t|ators welr'eé added to
“TB1741 in predeterm ned anmounts to obtaln hot ocurabl e cyhnoacrylate
conposi t i onbis (1l-oxo-3-phenyl-amrogeny IW1A1§1P?HNQQE§lyl)‘ I'n
Conmpar ati ve Exanpl es 26 to 28 heCp Fe as a
P ferrggene, formyl- £cy )(E£1s(pentanedlyl)ferrocene, i~

acetyl-1’,2-(1,3-cyclopentanediyl)ferrocene, 1,1’-diacetyl-~
3,3’-(1,5-pentanediyl }ferrocene, 1,2-diacetyl-1’,4-(1,3-
.propanediyl)ferrocene, 1,1'-diacetyl-3,3’-(1,3-propanediyl)-
ferrocene, 1,1’'-diacetyl-2,2'-(1,3-propanediyl)ferrocene,
1,4-diacetyl-1’,2~(1,3-propanediyl)ferrocene, 1l-(l-oxo-3-
phenyl-2-propenyl)-1,2/-(1,3-propanediyl )ferrocene, 1,1’'-
bis(1l-oxo-3~phenyl-2-propenyl)-3,3/-(1,3~-propanediyl)-
ferrocene, 1,1'-bis(1;oxo-3-phenyl-2-propenyl)-2,3'-(1,3-
propanediyl)ferrocene, 1l-(l-oxo-3-phenyl-2-propenyl)-1‘,3-
(1,3-propanediyl)ferrocene, l-acetyl-1’-(l-oxo-3-phenyl-2-
propenyl)-3,3’-(1,3-propanediyl)ferrocene, l-acetyl-l'-(1-
oxo-3-phenyl-2-propenyl})-2,2/-(1,3-propanediyl)ferrocene, 1l-
acetyl-1l’-(l-oxo-3-phenyl-2-propenyl)-2,3'-(1,3-
propanediyl)ferrocene, 1,1’~diacetyl-3,3'-(1,3-
‘propanediyl)ferrocene, 1,1'-diacetyl-2,2'-(1,3-
propanediyl)ferrocene, 1,1’'-diacetyl-2,3'-(1,3-propanediyl)-
ferrocene, l-acetyl-l’;2-(1,3-propanediyl)ferrocene, 1l-
benzoyl-1’,3-(1,3-propanediyl )ferrocene, 1-benzoyl-1',2-(1,3-
propanediyl)ferrocene, 1-(l-oxopropyl)-1’,3-(1,3-
propanediyl)ferrocene, 1-(l-oxopropyl)-1’,2-(1,3-
propanediyl)ferrocene, 1—acet§i-1',3-(1,3—propanediyl)—
ferrocene, l-acetyl-1’,3-(4-oxo-1,4-butanediyl)ferxrocene, 1-
acetyl-1’,2-(4-oxo-1,4-butanediyl)ferrocene, l-acetyl-1‘,2-

(1-oxo-1,4-butanediyl)ferrocene, l-acetyl-1’,3-(5-oxo-1,5-
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nmet al | ocene conpound and various P2 type photoinitiators were added to

TB1741 in predeterm ned anounts to obtain cyanoacryl ate conpositions.
‘The photocurability of each of the conpositions was eval YA ETeY 1
g of a sanple in a polyethylene tray wth an inner dianete d$£3%€&ﬁ$§ggr
irradiating the sanple with light to resswe the integrated quantity of
|i & needed for curing. The results of Exanples 38 to 42 andi CHHERAMRE v
<Efanpl es 26 to 28 are shown in Table 6.

-49 -

pentanediyl)ferrocene, l-acetyl-1’,2-(5-oxo-1,5+pentanediyl)-

ferrocene, l-acetyl-1’,3-(3-oxo-1,3-propanediyl)ferrocene, 1-
acetyl-1’,3~(1l-oxo-1,3-propanediyl)ferrocene, l-acgtyl-l',z-
(3-oxo-1,3~propanediyl)ferrocene, l-acetyl-1’,2-(1l-oxo-1,3-
propanediyl )ferrocene, 1-acetyl-1‘,2:3’,4-bis(1,3-
propanediyl )ferrocene, l-acetyl-l',3-(1,5-pentanediyl)-
ferrocene, l-acetyl-1’,2-(1,5-pentanediyl)ferrocene, 1-

acetyl-l',3-(1,4-butanediy1)ferrocene, l-acetyl-17,2-(1,4-

'butanediyl)ferrocene, l1-formyl-1',3-(1,3-propanediyl}-

ferrocene, l1-formyl-1’,2-(1,3-propanediyl)ferrocene, 1l-(4-
methoxy-1,4-dioxobutyl}-1’,2-(1,3-propanediyl)ferrocene, 1-
(4-methoxy-1, 4-dioxobutyl)-1‘,3-(1,3-propanediyl)ferrocene,
1-(3-carboxy-l-oxopropyl)-1',2-(1,3-propanediyl)ferrocene, 1-
(3-carboxy-l-oxopropyl)-1‘,3-(1,3-propanediyl)ferrocene, 1-
iodo-17,2:3’,4-bis(1,3-propanediyl)ferrocene, l-iodo-1’,3-
(1,5-pentanediyl)fefrocene, 1,1’-dibromo-2,2°¢3,37:5,5"~
tris(1,3-propanediyl)ferrocene, 1,1'-dichloro-2,2’-
(diphenylsilylene)ferrocene, 1,1’-dichloro-2,2’-

(dichlorosilylene)ferrocene, 1,1’-diiodo-2,3"-(1,3-

‘propanediyl )ferrocene, 1,1'-dibromo-2,3’-(1,3-propanediyl)-

ferrocene, 1,;1’-diiodo-3,3’'-(1,3-propanediyl)ferrocene, 1,1’
dibromo-B,3'-(1,3-propanediyl)ferrocéne, l-iodo-1‘,3-(1,3-
propanediyl )ferrocene, l—brom§;1’,3-(1,3-propanediyl)-
ferrocene, 1,1’-diiodo-2,2’-(1,3-propanediyl)ferxocene, 1,1’-
dibromo-2,2’-(1,3-propanediyl)ferrocene, l-iodo-1',2-(1,3~

propanediyl)ferrocene, l-bromo-1‘,2-(1,3~propanediyl)-
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Table 6 Photoinitiator Addition Anount of PthgLACEME

curability

Amount (CyheCp) CpFe (mJ/cnferr]) Ex. 38 --- ---

5.000 ppm 9,000 Ex. 39 APO 1,000 ppm 5,000 ppm

2,000 Ex. 40 | rgacure 184 10,000 ppm 5,000 ppm ““%&FT%gEF?'

Ex. 41 | rgacure 651 10,000 ppm-54€00 ppm 4, 000 MEW vedbile

55¢z 5,000 ppm 1, 000 ppm 8,000 Conmp. Ex. 26 enzophenone
54000 ppm 5,000 ppm 10,000 Comp. Ex. 27 P2 type enzamt DEENEos

1,000 ppm 5,000 ppm 11,000 Conp, Ex. 28 phenant hf enequi none

1,000 ppm $esxocssmr irchdero-1’,3~(1,5-dioxo-3~pherydniot Fs~23~TO-47

(Oypoch) OpFBPREEhEA L R FoREnE o b GIFOMAT bhoo- hieS ZHREDT B B 75—
D A 1 S0l RRA' DHESRD 1 FYAPACLALL S BRI S
1,5-pentanediyl)ferrocene.
3. Cleavage-type photoinitiator (C)

The cleavage-type photoinitiator (accelerator) (C)
for use in the present inﬁéntion is not particularly limited.
Examples of the cleavage-type photoinitiator are given in
Examples and below. Namely, examples thereof include (i)
acetophenone photoinitiators such as 4-
phenoxydichloroacetophenone, 4-t-butyldichloroacetophenone,
-4-t-butyltrichloroacetophenone, diethoxyacetophenone, 2-
hydroxy-2-methyl-l-phenylpropan-~l-one, 1l-(4-~isopropylphenyl)-
2-hydroxy-2-methylpropan-l-one, 1-({4-dodecylphenyl)-2-
hydroxy-2-methylpropan-l-one, 4-(2-hydroxyethoxy)phenyl (2-
hydroxy-2-propyl) ketone, l-hydroxycyclohexyl phenyl ketone,
and 2-methyl-1~(4-(methylthio)phenyl )-2-morpholinopropane-1;
(ii) benzoin photoinitiators such as benzoin, benzoin methyl
ether, benzoin ethyi ether, benzoin isopropyl ether, benzoin
isobutyl ether, and benzoin methyl ketal; and (iii) other
photoinitiators including a-acyloxime esters, acylphosphine
oxides, methylphenyl glyoxylate, 3,3’,4,4'-tetra(t-butyl
peroxycarbonyl )benzophenone, and 2,2'-azobis(2-
methylbutyronitrile).

In the case where the cleavage-type photoinitiator

used is a peroxide, heating can also be used to cure the
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conpound and various Pl type photoinitiators were added to TB1741 in

predeterm ned anounts to obtain photocurable cyanoacrylate
COVPARATI VE EXAMPLES 29 TO 31 I n Conparative Examp

P8 E N SHEET

(CypeCp) CpFe as a netall ocene conpound and various P2 typelp
were added to TB1741 in predeterm ned-aggunts to obtain cya

not ol niti at or

nogop PET! 1996

bosi ti ons was

con%é%itions The photocurability of each of the com

<yal uat ed by placing 1 g of a sanple in a pol yethyl ene tray
di ameter of 30 mmand irradiating the sanple ]

met-hr—arr T Ier

composition. 1In the case where the cleavage-type
photoinitiator used is an azo compound, the composi
be foamed by regulating the addition amount of the
‘photoinitiator or the quantity of light with which
composition is irradiated.

The photocurable composition of the present
is prepared by mixing and stirring the a-cyanocacryl
the metallocene compound (B) comprising a transitio
Group VIII of the periodic table and aromatic elect
ligands, and the cleavage-type photoinitiator (C) t

completely dissolve the components (B) and (C) in t

tion can

the

invention
ate (A1),

n metal of
ron system
o

he

component (A). In the case where heating and stirring are

required to dissolve the component (C), heating and

stirring

are conducted at a temperature such that the component (A) is

not degraded in quality or decomposed (generally up to about

60°C). The component (B) is dissolved in a similar
in- the component (C). In general, the component (B
dissolved in the component (A) so that it is necess

heat and stir the component (B).

manner as
) can be

ary to

During and after adding the component (B) and (C),

especially the component (C), to the component (A},

reaction system must be maintained to be shaded.
The component (C) is Added to the component

limited amounts while stirring, so as not to add al

component (C) at a time.

the

(B) in

1l the

The above components each may be a single compound or
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- 50- with light to neasure the integrated quantity of |ig nee

curing. The results of Exanples 43 to 47 and Conparative Bx®fp|lATVENTISHET
are shown in Table 7. Tabl e 7

Photoinitiator Addition Amunt of Photocurability 26 DEC 1996
Anmount (CypeCp)CpFe (ml/cnferr]) Ex3e43 Voo MR

5, 08¢’ ppm 13,000 Ex. 44 APO 1,000 ppm 5,{00Q..ppm 3..00
£X. 45 | rgacure 184 10,000 ppm 5,000 ppm 4,000 EXx.; 46

gr888u;§n?5%ﬁF%gﬁg%%%EBFEﬁgbg%pm%ggL9°g§383§§FX' 4 benzophé;;h; JE,OOO ppm
5000 oo |1 000 oy Bl Rt e etzanlly oy B,000 POm
Beanpl e 48 (3 45° PRSI ASEIPRIRTLPRLKIHE 6F thecampilent. (2), s o

to 100,000 ppm by weight, preferably 30 to 50,000 ppm by

weight, more preferably 50 to 10,000 ppm based on the weight

of the component (a).

The addition amount of the component (C), which
‘varies widely depending on kinds and addition amount of the
component (B) and kinds of the component (C), is 100 to
20,000 ppm by weight, preferably 300 to 15,000 ppm by weight,
more preferably 500 to 10,000 ppm based on the weight of the
component (A}).

The addition amount of the component (B) can be
reduced by adding the component (C) to the component (A).

In the case where the respective components are a
mixture comprising two or more ingredients, the total amount
of the ingredients of each component is the above addition
amount.

The composition may further contain one or more of
the following ingredients as long as the effect of the
present invention is nét impaired.

(1) anionic-polymerization inhibitors

(2) radical-polymerization inhibitors

(3) thickening agents

(4) specific additives such as curing accelerators,

plasticizers, tougheners, and heat stabilizers



was added to TB1741 in a predeterm ned anmount to obtain af{phg
cyanoacryl ate conposition. I n Exanpl es 50 to 53,
net al | ocene conpound and various Pl type photoinitiators
TBI 741 in predeterm ned anmounts to obtai gyphot ocurable cya
conpesi tions. COVPARATI VE EXAMPLES 32 TO 34 R
g@éhparative Exanpl es 32 to 34, (CaAl Cp)CpFe as a netall ocehe Conpound and

various P2 type photoinitiators were added to TB1741 in prédet ernipeg-———"
anounts to olfPdi ReréyBASaciyea: cotgments i i e,

A radical-polymerizable compound such as an acrylic

ester, can be added to the photocurable composition of the
present invention. Even if a radical-polymerizable compound
is added, the photocurable composition of the present
invention can be rapidly cured owing to the cleavage-type
photoinitiator.

An anionic-polymerization inhibitor may be added in
order to enhapce the storage stability of the composition.
Known examples thereof include sulfur dioxide, sulfur

* trioxide, nitrogen oxide, hydrogen fluoride, and p-
toluenesulfonic acid. The anionic-polymerization inhibitor
may be added in an amount of 0.1 to 10,000 ppm by weight
based on the weight of the component (A).

Examples of radical-polymerization inhibitors include
quinone, hydroguinone, t-butylcatechol, and p-methoxyphenol.
The radical-polymerization inhibitor may be added in an
amount of 0.1 to 10,000 ppm by weight based on the weight of
the component (A).

A thickening agents may be added in order to heighten
the viscosity of the composition. Examples thereof include

. polymethacrylates (including poly(methyl methacrylate}),
methacrylate copolymers, acrfiic rubbers, cellulose
derivatives, poly(vinyl acetate), and poly(a-cyanoacrylate)s.

Many kinds of polymeric additives may be added

usually for toughening. Examples thereof include acrylic
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phot ocurability of each of the conpositions was eval uated by placing 1lg

of-a sanple in a polyethylene tray wth an inner dia SO —mr-and

irradiating the sanple with light to measure the inte;rgéﬂﬁcé aﬁkﬁﬁ§55f

light needed for curing. The results of 3gxanples 48 t¢ $3 and Conpardtijve
Exampl es 32 to 34 are shown in Table 8. !\QEC'ggé

chbIe 8 Photoi nitiator Addition ATDU

Photocurablllty Anmount (CaAl Cp) CpFe (ml/cnferr])| Ex: 48

5,000 ppm el&sthilerdX.ackSrlonitrile cogolymer elastoméers, 10, 000 ppm

11,000 Ex. 50 APO ppm 5, 000 ppm 7, 000 EX.

51 Irtﬁumm@ehékkomﬁréuﬂthNm fine5s00@capMiller. 8, PR@seEsubSPances

| rgacure 651 10,000 p 5,000 ppm 10,000 Ex. 53

Vicure 55 ' fumcigon o as] tiGCkeping agen®80 Othpr additives known to

artisans may be used in the present invention.

The curing of the photocurable composition of the
present invention includes two kinds of curing, i.e., curing
by anionic polymerization caused by a minute amount of the
adsorption water present on adherend surface and curing by
anionic photopolymerization caused by light irradiation using
a metallocene compound.

The method for.curing the photocurable composition of
the present invention using light irradiation comprises
coating an adherends with the photocurable composition and

. irradiating the composition with electron beam, ultraviolet
light, visible light or near infrared light using a high
pressure mercury lamp, a halogen lamp, a xenon lamp or
sunlight. Effective wavelength of the irradiated light
varies with kinds of the metallocene compound and cleavage-
type photoinitiator. Ultraviolet light and visible light are
preferred.

The photocurable composition of the present invention
may be applied to various known uses as well as, in
particular, to sealing of elecﬁronic parts, to furnishing a
reel seat or fishing-line guides on a fishing rod, to fixing

-wires such as a coil, to filling for use in dental remedy,

and to bonding or decorating an artificial nail.



P2'type

benzophenone 5,000 ppm 5,000 ppm 14, 00 ég#HACEMEN §HEET

benzant hrone 1,000 ppm 5,000 ppm 15, 000 Cbnp Ex. 34
phenant hr enequi none 1, 000 ppm 5,000 ppm 15, 000

EXAMPLES 54 TO 71 In Exanple 54 to-71, various M

a photocurabl e cyanoacryl ate conposition.

each al one was added to TB1Z4B9i » a predeter

<p$40t ocurability of each of the conpositions was eval uatgd b)25 %Iﬁgt“i ng 1

rradi at | ng the sanpHE BFSIPHE GHIvAT AR atd e xmiagn
I rradi ating e sa S
| i ght needed or _curi The yesults of Exanples 54 t
Tabl e 9. {Q E i f

reference es and Comparative Examples;

Xamp
invention should not be construed as being limited to these
Examples.

For the evaluation of photocurability, a 4-kW high-
_pressure mercury lamp (manufactured by Oak Manufacturing Co.,
Ltd.) was used as an ultraviolet irradiator to irradiate each
sample from a distance of 15 cm. The values of integrated
quantity of light shown in the Examples and Comparative
Examples were found values obtained with integrating
actinometer UV-350 (manufactured by Oak Manufacturing Co.,
Ltd.).

The results of a photocurability test shown in the
Examples and Comparative Examples are given in terms of the
integral of the quantity of light needed for complete
photocuring; an irradiation operation in which the integrated
quantity of light was regulated to 1,000 mJ/cm? was repeated
.until complete photocuring.

In the Examples and Comparative Examples, Three Bond
1741 (ethyl &-cyanoacrylate adhesive; hereinafter abbreviated
as TB1741) was used as an a-cyanoacrylate unless otherwise
indicated.

The cleavage-type (he&éinafter referred to as Pl
type) photoinitiators used in the Examples and Comparative
Examples were an acylphosphine oxide (hereinafter abbreviated

as APO), Irgacure 184 (l-hydrdxycyclohexyl phenyl ketone
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Addi tion Phot ocurability Anmount 7 X.

54. ( AcCp) CpFe 5,000 ppm 12, 000 EX. ELACEW“? SHEET

(MeCp)[err]Fe 500 ppm 5,000 Ex. 56 Cp) 2Fe

1, 000 ppm 4,000 Ex. 57 - 4oVeCp)[err]Fe 8Cﬁ9§@0@9@n1

1, 0&@ Ex. 58 (BzoCp)[err]Fe 500 ppm 1,000 Ex. 59
cCp)[err] Fe 100 ppm 13,000 Ex. 60 CAcCpriertTFe

300 ppm 5,000 Ex. 61 (AcCp)[err] Fe 500 ppm
2,000 Ex. @pnufactqugng(gquESeigY LtdOO,pﬁugacure 65 € Ex. 63

3,000 Ex. 64
E%&%Z:{%gﬁg%err 1 ketal mgyyfggﬁpred by CibaiGg@gyEktd65, Vicure 55

(Melorr] o) 16 r%'wiphenﬂ o139eYiBte manufacturgiighy Shautser Chemical

(

(l\/e[err]QO)[qr,ﬁ . _ 2,000 Ex. 68

(Me[ err] Cp) [<§ }s BTTBl,(éog me tetra(t- 1 gog
butylperoxycarbonyl)benzophenone manufactured by Nippon 0il &
Fats Co., Ltd.), and V-59 (2,2’-azobis(2-methylbutyronitrile)
manufactured by Wako Pure Chemical Industries, Ltd.).

EXAMPLES 1 TO 11

In Examples 1 to 5, ferrocene (hereinafter referred
'to as Cp,Fe) as a metallocene compound alone was added to
TB1741 in predetermined amounts to obtain photocurable
cyanoacrylate compositions.

In Examples 6 to 11, Cp,Fe as a metallocene compound
and various Pl type photoinitiators were added to TB1741 in
predetermined amounts to obtain photocurable cyanoacrylate
compositions.

COMPARATIVE EXAMPLES 1 TO 13

In Comparative Example 1, TB1741 alone was irradiated
with light to ascertain as to whether a cured resin was not
obtained.

In Comparative Examples 2 to 7, various Pl type
photoinitiators alone were added to TB1741 in predetermined
amounts to obtain cyanoacrylate compositions.

In Comparative Examples 8 to 10, various hydrogen-
abstracting (hereinafter referred to as P2 type)

photoinitiators alone were added to TB1741 in predetermined



Ex 69 ' Cp[err]Ru 50 ppm 3,000 Ex. 7%EPLACEMENT SHEET
Cp[err]Ru 100 ppm 2,000 Ex. 71 Cp[err]Ru

300 ppm 1, 000 Remar ks (AcCp) CpFe: af T Bl
(MeCp)[err]Fe: 1,1 -dinethylferrocene (BzoCp) 2Fe: ééﬂu&ﬁﬁmﬁ\ﬁegﬁ

1, 1' -di benzoyl ferrocene (AcCp) [ er r41Fe:

di (GLetyl cycl opent adi enyl )iron

(Me[err]Cp)[err]Fe:

¥ s( pent anet hyI cycl opent adi enyl )i ron

(Me[err]Cp)[er
osm

20 DEC 196
05

[S—

3i s( pent anet %q}p?ent%enyl

bi s(cycl operﬁ noacrylate con?gggﬂloquxé -53.
EXAMPLES 72 TO 76 I.n ,Exanmpl es

conpound and APO as™ %&%lgﬁ EfﬁﬁlPiFﬁt 3}7%3 gjl[ dé%zEFe %% rret aI | ocen

P2 type photoinitiators were added to TB1741 in predetermlned

|
|
i
|
e

amounts to obtain cyanoacrylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed
for curing.

The results of Examples 1 to 11 and Comparative

Examples 1 to 13 are shown in Table 1.



pfédete}nined anounts to obtain photocurable cyanoacryl ate éﬁﬁ%@@ﬁMﬁ§xssHEET
COVPARATI VE EXAMPLES 35 TO 37

nmet al | ocene conpound

TB1741 in

C;jradlatlng the sanple

“t1 ght needed

In Exanples 35 to 3
and various P2 type photoinitiators
predet ermi ned anmounts to obtain cyanoacrylate cb
The photocurability of each of the conpasgiti ons was
g @ a sanple in a polyethylene tray w th an inner diamet
with light to measure the integrat
for curing. The results of I;x?rrpl es 72 to 76

Exanpl es 35 to 37 are shown in Table 10 feble l

I by pl
eva u:ﬁ %QE agi

ed quantltv of

PoVSE R B o Ve
TIT T OTTO™

and Conparative
I

10 RO OTt . oOr O ADOt - or - Cpzr & 1ot OCUT ¢ et y
Pho:olnitiator Mditi.on Anount of sz?e Photocutabi.li.ty
(mJ/cr‘r{err]) Amount - (adfem?)

Ex. 1 - - 1,000 ppm 20,000

Ex. 2 - - 5,000 ppm 15,000

Ex. 3 — —-— 10,000 ppm 12,000

Ex. 4 — — 30,000 ppm 5,000

Ex. 5 —— - 50,000 ppm 2,000

Ex. 6 APO 1,000 ppum 5,000 ppm 1,000

Ex. 7 Irgacure 184 10,000 ppm 5,000 ppm 2,000

Ex. 8 Irgacure 651 10,000 ppm 5,000 ppm 9,000
Pl type

Ex. 9 Vicure 55 3,000..ppm 1,000 ppm 7,000

Ex. 10 BTTB 5,000 ppm 1,000 ppm 3,000

Ex. 11 v-59 5,000 ppm 1,000 ppm 6,000

Comp.

Ex. 1 —— — — 20,000<

Comp.

Ex. 2 APO 1,000 ppm ——— 20,000<

Comp.

Ex. 3 Irgacure 184 10,000 ppn - 20,000<

Comp.

Ex. 4 Irgacure 651 10,000 ppm ——- 20,000<
Pl type

Comp.

Ex. 5 Vicure 55 5,000 ppm ——— 20,000<

Comp .

Ex. 6 BTTB 5,000 ppm - 20,000<

Comp.

Ex. 7 ¥-59 5,000 ppm - 20,000<

Comp.

Ex. & behzophenone 5,000 ppm ——— 20,000<

Comp.

Ex. ¢ benzanthrone 1,000 ppm — 20,000<

Comp.

Ex, 10 phenanthrenequinona 1,000 ppm - 20,000<
P2 type

Comp.

Ex. 11 benzophenone 5,000 ppm 5,000 ppm 15,000

Comp.

Ex., 12 benzanthrone 1,000 ppm 5,000 ppm 20,000<

Comp .

Ex. 13 phenanthrenequinone 1,000 ppm 5,000 ppm 16,000

* 20,000< in photocurability evaluation means that the sample :emined uncured after

iz:adintion in an integrated quantity of light of 20,000 nl/cm2,

L..Cplerr]lFe as a
@@tﬁ%ﬁﬂﬁ QHEET -

1
t

1:
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Ex. 72 .1,000 ppm 500 ppm 10, 000 Ex. 000 ppm
1, 000 ppm 8,000 Ex. 74 2,000 ppm 100 ppm
3,000 Ex. 75 2,000 ppm 500 ppm 1,000 Ex. 76
3,000 ppm 500 ppm 1,000 Conp. Ex. 35 3--0-—pp
20, 000< Conp. Ex. 36- g3 2,000 ppm REPLA(‘FWNT SHEC:
20000< Conp. Ex. 37 3,000 ppm 30,7000%
oA - EXAMPLES 77 TO 81 I n I t O
81, (EtCp)CpFe as a netallocene co EB ound and APQ as a Pl tiy e??ﬁ!ﬁﬁ:%%%
photoi nitiator were added to EXAMPLES 12 TO 20
In Examples 12 to 14, ethylferrocéne (heteinafter

referred to as (EtCp)CpFe) as a metallocene compound alone
was added to TB1741 in predetermined amounts to obtain
photocurable cyanoacrylate compositions.

In Examples 15 to 20, (EtCp)CpFe as a metallocene

compound and various Pl type photoinitiators were added to

TB1741 in predetermined amounts to obtain photocurable

cyanoacrylate qompositions.
COMPARATIVE EXAMPLES 14 TO 16

In Comparative Examples 14 to 16, (EtCp)CpFe and
various P2 type photoinitiators were added to TB1741 in
predetermined amounts to obtain cyanocacrylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated gquantity of light needed
for curing. The results of Examples 12 to 20 and Comparative

Examples 14 to 16 are shown in Table 2.
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conposi tions. The photocurability of each of the conpositions was

eval uated by placing 1 g of.a sanple in a polyethylene tr
dianmeter of 30 mmand irradiating the sanple wth |ight

I ntegrated quantity of |ight needed far4qucing. The result

show in Table 11.

Tabl e 11

ORFRIAGEMENE

7ed arg |

3.0 DEYTR99E  Pf!

APO Amount  of Phot ocurabi l ity \ z
(Et Cp) CpFe (md/cmerr]) Ex. 77 1, 000 ppm 500--ppm |
3,000 Ex. 78 1,000 ppm 1, 00028584 1,000 Ex. 79 1
2,000 ppm | oansi o000 ey 100
ppm Bt Photoct;rabilﬂ_tyoo
EXAVPLES 82 Eia il
met al | ocene i ni tiicsd o

Ex. 13 - -— 5,000 ppm 6,000

Ex. 14 — ——- 10,000 ppm 5,000

Ex. 15 APO 1,000 ppm 5,000 ppum 1,000

Ex. 16 Irgacure 184 10,000 ppm 5,000 ppm 2,000

Ex. 17 | Irgacure 651 10,000 ppm 5,000 ppm 2,000
P1 type

Ex. 18 Vicure 55 5,000 ppm "~ 1,000 ppm 3,000

Ex. 19 BTTB 5,000 ppm 1,000 ppm 2,000

Ex. 20 V-59 5,000.ppm 1,000 pph 3,000

Ccmp.

Ex. 14 benzophenone 5,000 ppm 5,000 ppm 6,000

Comp. P2 type

Ex. 15 ] benzanthrone 1,000 ppn 5,000 ppm 7,000

Comp

Ex. 16 phenanthrenequinone 1,000 ppm 5,000 ppm 16,000

EXAMPLES 21 TO 26

In Comparative Example 21 to 22, n-butylferrocene

(hereinafter referred to as (BuCp)CpFe) as a metallocene

compound &lone was added to TB1741 in a.predetermined amount

to obtain a photocurable cyanocacrylate composition.

In Examples 23 to 26,

(BuCp)CpFe as a metallocene

compound and various Pl type photoinitiators were added to

TB1741 in predetermined amounts to obtain photocurable

cyanoacrylate compositions.

COMPARATIVE EXAMPLES 17 TO 19

In Comparative Examples 17 to 19, (BuCp)CpFe as a

metallocene compound and various P2 type photoinitiators were

added to TB1741 in predetermined amounts to obtain

cyanoacrylate compositions.
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TB1741 in predeterm ned anmounts to obtain photocurable cyan£§§$¢PEwE
conposi tions. The photocurability of each of the conpositions was

dianeter of 30 mMmmand irradiating the sanple

- 55 - with light to neasure the iHegated quantit
foketuring. The results obtained are shown in Table 12.
Fable 12 AnDunt of APO Amount  of Phpt
“(BuCp) CpFe

%he photocurablllty of each of the c
evaluated by placing 1 g of a sample in a pol ne tray
with an inner diameter of 30 mm and irradiating the sample

" with light to measure the integrated quantity of light needed
for curing. The results of Examples 21 to 26 and Comparative

Examples 17 to 19 are shown in Table 3.

Table 3
Photoinitiator Addition Amount of Photocurabilicy
Amount (BuCp) CpFe (] cn?)
Ex. 21 -— . 5,000 ppm 5,000
Ex. 22 -—- — 10,000 ppm 4,000
Ex. 23 APO _ 1,000 ppm 5,000 ppm 1,000
Ex. 24 Irgacure 184 10,000 ppm 5,000 ppu 2,000
Pl type
Ex. 25 Izgacure 651 10,000 ppm 5,000 ppm 4,000
Ex. 26 Vicure 55 5,000 ppm 1,000 ppm 3,000
Comp.
Ex. 17 benzophenone 5,000 ppm - 5,000 ppm 6,000
Comp.
Ex. 18 P2 type benzanthrone 1,000 ppm 5,000 ppm 12,000
Comp
Ex. 19 phenanthrenequinone 1,000 ppm 5,000 ppm 10,000

EXAMPLES 27 TO 31

In Example 27, tert-amylferrocene (hereinafter
treferred to as {AmCp)CpFe) as a metallocene compound alone
was added to TB1741 in a predetermined amount.to obtain a
photocurable cyanoacrylate composition.

In Examples 28 to 31, (AmCp)CpFe as a metallocene
compound and various Pl type.photoinitiators were added to
TB1741 in predetermined amounts to obtain photocurable

cyanoacrylate compositions.



E>'<.d 82 ' 1, 000 ppm 500 ppm 3, 000 Ex. 8§EPLAC?LM8{§8 Sp[?)ErET

1, 000 ppm 2,000 Ex. 84 2,000 ppm

1,000 Ex. 85 2,000 ppm 500 ppm 1) OREPLACEMENBGHEET
3,000 ppm 500 ppm 1, 000 EXANVPLES
87 TO 91 In Exanples 87 to 91, {ACp) CpFe as a

AR mes

comasitlions
B L4-ORS:

conpeund and APO as a Pl type photoinitiator were added
4ﬁ{edeternined anounts to obtain photocurable cyanoacryl g
The photocurability of each_of the compositions was evaluated by placingil
g of a sanple in a pol yet hy&ZARARATIVE \§ PLES 20 i
irradiating the sanple, with Ijght_to asyre.th
AR G

Iigrt needed for i ?ﬁpﬁiﬁ;* Ji%aMBI RS, e&°a§@h2tg&hgbﬁg$gg$§t%gy °
T 13 Q A kL
(inCS)CpFe metalloc%&%f%ﬁTébyq aqgthﬁggﬂg ég}ﬁggep8@?%595&%?8?%6%yg%ﬁ$

4,000 added to TB1741 in predetermined amounts to obtain

L 220 £ - L giala a - y v,

cyanoacrylate compositions.

The photocurability of each of the compositions was
-evaluated by placing 1 g of a sample in a polyethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed
for curing. The results of Examples 27 to 31 and Comparative

Examples 20 to 22 are shown in Table 4.

Table 4
Photoinitiator Addition Amount of Photocurability
Amount (AmCp)CpFe (mJ/cm?)
Ex. 27 ——— — 5,000 ppm 7,000
Ex. 28 APO 1,000 ppu 3,000 pp 1,000
Ex. 29 Irgacure 184 10,000 ppm 5,000 ppm 3,000
Pl type
Ex. 30 Irgacure 651 10,000 ppm 5,000 ppx 4,000
Ex. 31 Vicure 55 5,000 ppm 1,000 ppm 5,000
Comp.
Ex. 20 benzophenone 5,000 ppm 5,000 ppm 7,000
Corip. -
Ex., 21 P2 type benzanthrone 1,000 ppm 5,000 ppm 11,000
Comp.
Ex. 22 phenanthrenequinone 1,000 ppm 5,000 pph 8,000

EXAMPLES 32 TO 37
In Example 32 to 33, benzoylferrocene (hereinafter
referred to as (BzoCp)CpFe) as.a metallocene compound alone
was added to TB1741 in a predetermined amount to obtain a

photocurable cyanoacrylate coﬁposition.



Ex. 88

100 ppm 1,000 Ex. 90 2,000 ppm 500
1, 000 Ex. 91 3,000 ppm 500 ppm 1,
- 56 - EXAMPLES 92 AND 93

and 93, (BzoCp)CpFe as a netal |l ocene cogpound and APO ag

phoigi nitiator were added to
Cghbtocurable cyanoacryl ate conpositions.

each of the compositions was evaluated by placing
pol yet hyl ene tray

TB1741 in predeterm ned and

In Examples 34 to 37, (BzoCp)CpFe as a

ppm

. 1, 000 ppm 1, 000 ppm 2,000 Ex. 89 REPE},\%%ME%rﬁHEET

1 g of

: HEET
@PLACE]\XHENT S T
Pl t e
unt s% f‘d.{’g%ﬂ%%m

The pHotiocurability

a sanple in a

compound and various Pl type photoinitiators were added to

TB1741 in predetermined amounts to obtain photocurable

cyanoacrylate compositions.

COMPARATIVE EXAMPLES 23 TO 25

In Comparative Examples 23 to 25, (BzoCp)CpFe as a

metallocene compound and various P2 type photoinitiators were

added to TB1741 in predetermined amounts to obtain

‘cyanoacrylate compositions.

The photocurability of each of the compositions was

evaluated by placing l'g of a sample in a polyethylene tray

with an inner diameter of 30 mm and irradiating the sample

with light to measure the integrated quantity of light needed

for curing.

Examples 23 to 25 are shown in Table 5.

The results of Examples 32 to 37 and Comparative

Table 5
Photoinitiator Addition Amount of Photocurability

Amount {BzoCp)CpPe (wI/ca?) |

Ex. 32 ——— - 5,000 ppm 15,000

Ex. 33 —— -—— 10,000 ppm 12,000

Ex. 34 APO 1,000 ppm 5,000 ppm 9,000

Ex. 35 Irgacure 184 10,000 ppm 5,000 ppm 9,000

Pt type

Ex. 36 Irgacure 651 10,000 ppm 5,000 ppm 10,000

Ex. 37 Vicure 55 5,000 ppu 1,000 ppm 6,000

Cump- )

Ex. 23 benzophenone 5,000 ppm 5,000 ppm 18,000

Comp. -

Ex. 24 P2 type benzanthrone 1,000 ppm 5,000 ppm 16,000

Comp.

Ex. 25 phenanthrenequinone 1,000 ppm 5,000 ppm 17,000

1

metallocene
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with an inner dianeter of 30 mmand irradiating the sanple w Ight to

2

nmeasure the integrated quantity of |ight needed for curing—¥Fhe—restui-ts

obt ai ned are shown in Table 14. REBLACEMENT SHEET

Anmount of APO Amount of Phot ocurability

(BzoCp) CpFe (mi/cnferr]) Ex. 92 48 -2,000 ppm 1, ;

4,088 Ex. 93 3,000 ppm 1, 000 ppm 1,0 SYDELMI i
MPLES 94 TO 96 In Exanples 94 TO 96, (CyheCp)Cp aS- ;

Tret al | ocene conpound and APO as a Pl type photoinitiator re added to i

TB1741 in predetermn ned anounts t@&&ﬁﬁé@ﬁ.ﬁgaﬂﬁcﬁéable cyahoacrytare

conposi tions. The Rhotocurability of _each of the conpositions was

eval uated by placi nd™ EF38P1le S&mpreclahaxppyiterypesret (hgrepatten inner
e ot o FEdHRAI 4d L eRE hBFT AR’ & meta1ot8RE EonfBERd" S10ns
was added to TB1741 in a predetermined amount to obtain a
photocurable cyanoacrylate composition.
Ip Examples 39 to 42, (CyheCp)CpFe as a metallocene
compound and various Pl type photoinitiators were added to
TB1741 in predetermined amounts to obtain photocurable

cyanoacrylate compositions.

COMPARATIVE EXAMPLES 26 TO 28

In Comparative Examples 26 to 28, (CyheCp)CpFe as a
metallocene compound and various P2 type photoinitiators were
added to TB1741 in predetermined amounts to obtain
'cyanoacfylate compositions. A

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polfethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed
for curing. The results of Examples 38 to 42 and Comparative

Examples 26 to 28 are shown in Table 6.
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for curing. The results obtained are shown in Table 15.

- 57 - o Tabl e 15 Aﬁﬁﬂ%b?ﬁéﬂ@@ﬁéf}]

Anmpunt of Phot ocurability (CyheCp) CpFe )
Ex. 94 2,000 ppm 500 ppm 1,000 Ex. 2,000 ppm
1,000 ppm 1,000 Ex. 96  3,0@ ppm 500 PO DEC 1996
1, 0Rg EXAMPLES 97 AND 98 | p Exanpl es 97 jand
98, (CypeCp) CpFe as a netall ocene conpound and APO as a| PTType
photoinitiator were added to
Table 6
Photoinitiator Addition Amount of Phot:ocurnbility
Amount {CyheCp)CpFe (mJ/cm?)
Ex. 38 - -— 5,000 ppm 9,000
Ex. 39 APO 1,000 ppo 5,000 ppm 2,000
Ex. 40 Irgacure 184 10,000 ppm 5,000 ppm 4,000
Pl type :
Ex. 41 Irgacure 651 10,000 ppm 5,000 ppu 4,000
Ex, 42 Yicure 55 5,000 ppm 1,000 ppm 8,000
cmpc .
Ex. 26 benzophanone 5,000 ppm 5,000 ppm 10,000
Comp.
Ex. 27 P2 type benzanthrone 1,000 ppm 5,000 ppm 11,000
Comp.
Ex. 28 . phenanthrenequinone 1,000 ppm 5,000 ppm 11,000

EXAMPLES 43 TO 47

In Example 43,.cyclopentenylferrocene (hereinafter
referred to as (CypeCp)CpFe) as a metallocene compound alone
was added to TB1741 in a predetermined amount to obtain a
photocurable cyanoacrylate composition.

In Examples 44 to 47, (CypeCp)CpFe as a metallocene
compound and various Pl type photoinitiators were added to
"TB1741 in predetermined amounts to obtain photocurable
cyanoacrylate compositions.

COMPARATIVE EXAMPLES 29 TO 31

In Comparative Examples 29 to 31, (CypeCp)CpFe as a
metallocene compound and various P2 type photoinitiators were
added to TB1741 in predetermined amounts to obtain
cyanoacrylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene tray

with an inner diameter of 30 mm and irradiating the sample
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TBi741_in predeterm ned anounts to obtain photocurable
conposi tions. The photocurability of each of the |cBEPSEMENhSHERS
eval uated by placing 1 g of a sanple in a polyethyl ene tray—wtTHan 1 nner

dianeter of 30 mmand irradiating the sanple wth light jtad 1gﬂ§
sqggfggged

I ntegrated quantity of l|ight needed forsguring. The result ar ¢
show? i n Table 16. Table 16 ANBLHE—O
c%PO Amount of Phot ocurability (CypeCp) CpFe mi/cnferr]) EX. ‘
7

2,000 ppm 1, 000 ppm 2,000 Ex. 9 30600
500 ppm é&%h Lighyp to meéghre the integraﬁggwggegtggyTef1é¥§hgpg;edeﬁn

Ex I 99 101,, ( CaAl F tall d d _APO P1
Cype phot of rETF APGLAET o TP Lor@fy Fromp geodd: EPn o8 d RPETRhLve
obtain phOtOfkgﬁﬁié% 29 to 31 are shown in Table 7.

Table 7
Photoinitiator Addition Amount of Photocurablility
Amount (CypeCp) CpFe {mJ/em?)
Ex. 43 —- — 5,000 ppm 13,000
Ex. 44 APO 1,000 ppm 5,000 ppm 3,000
Ex. 45 Irgacure 184 10,000 ppm 5,000 ppm 1 4,000
Pl type
Ex. 46 Irgacure 651 10,000 ppm 5,000 ppm 5,000
| Ex. 47 Vicure 55 5,000 ppm 1,000 ppm 11,000
Comp.
Ex. 29 benzophenone 5,000 ppm 5,000 ppm 14,000
Comp- :
Ex, 30 P2 typs | benzanthrone 1,000 ppm 5,000 ppm 13,000
Comp .« .
Ex. 31 phenanthrenequinone 1,000 ppm 5,000 ppm 13,000

EXAMPLES 48 TO 53

In Example 48 to 49; ferrocenecarboxyaldehyde
(hereinafter referred to as (CaAlCp)CpFe) as a metallocene
compound alone was added to TB1741 in a predetermined amount
to obtain a photocurable cyanoacrylate composition.

In Examples 50 to 53, (CaAlCp)CpFe as a metallocene
compound and various Pl type photoinitiators were added to
-TB1741 in predetermined amounts to obtain photocurable
cyanoacrylate compositions.

COMPARATIVE EXAMPLES 32 TO 34

In Comparative Exampléé 32 to 34, (CaAlCp)CpFe as a
metallocene compound and various P2 type photoinitiators were
added to TB1741 in predetermined amounts to obtain

cyanoacrylate compositions.
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cyénoacrylate conposi tions.
The photocurability of each of the conpostions was eval uptREPLAGENENTC BHEETL

g of a sanple in a polyethylene tray wth an inner dianelep—of~30 i an

irradiating the sanple with light to nmeasure the integrajefl g | f
| ight needed for curing. The results obgai ned are shown [n T&bﬁ@ggﬁgg
ok . |

Tabkg 17 Amount of APO Anount of Phof
Ck@aAle)CpFe (mi/cmferr]) Ex. 99 2,000 ppm 1,000 ppm
'41 0 AW Wal

00 Ex.‘100 %hgoghgggéurabiliténgérgggh of the cé#pdgitions was
evaluated by placing 1 g of a sample in a polyethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed

for curing. The results of Examples 48 to 53 and Comparative

Examples 32 to 34 are shown in Table 8.

Iable 8
]-r Photoinitiator Addition Amount of Photocurability
Amount (CaALCp)CpFa (nF/ca?)
Ex. 48 ——— ——— 5,000 ppm 12,000
Ex. 49 — -— 10,000 ppm 11,000
Ex, 50 APO . 1,000 ppm 5,000 ppm 7,000
Ex. 51 Irgacure 184 10,000 ppu 5,000 ppm 8,000
Pl type
Ex. 52 Irgacure 651 10,000 ppm 5,000 ppm 10,000
Ex. 53 Vicure 55 5,000 ppm 1,000 ppm 8,000
Comp.
Ex. 32 benzophenone 5,000 ppm 5,000 ppm 14,000
Comp.
Ex. 33 P2 type benzanthrone 1,000 ppm 5,000 ppm 15,000
Comp. '
Ex. 3 phenanthrenequinone 1,000 ppm 5,000 ppm 13,000

EXAMPLES 54 TO 71

In Example 54 to 71, various metallocene compounds
each alone was added to TB1741 in a predetermined amount to
obtain a photocurable cyanoacrylate composition.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene tray
with an inner diameter of 30 ﬁm and irradiating the sample
with light to measure the integrated quantity of light needed
for curing. The results of Examples 54 to 71 are shown in

Table 9:
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Ex. 101

EXAMPLES 102 TO 112
1,1 -di-n-butyl ferrocene, bis(pentanethylcycl opentadie
bi s(cycl opent adi enyl ) osm um (hereinafter referred to as
(Me[err]Cp)[err]Ru, and Cp[err] Cs, respegkively) as netjaljl ogenpgp oungs
al kg’ were added to TB1741 in respective predeterm ne nounts to

%ﬁot ocur abl e cyanoacryl ate conpositions. In a
B

uCp)[err]Fe, (Me[err]Cp)[err]Ru, and Oe[err]@ as tal | ocene conpounds

and APO as a P1 type photoinitiator

amounts to
phot ocur abi |
of a sanple

REPLACEMENT SHEET

3,000 ppm 1, 000 ppm 1, 000

In Exanples 102 to 109,

VIEPLAC RN TU R
BuCp) | err]F

obt

ed to TB1741 in prede ed

acrvlate conpositions The
[ oot | et WAL LD |
Ex. 54 (AcCp)CpFe 5,000 ppm 12,000
Ex. 55 (MeCp),Fe 500 ppm 5,000
Ex. 56 (MeCp),Fe 1,000 ppm 4,000
LW Ex. 57 {MeCp),Fe 3,000 ppm . 1,000
Ex. 58 (BzoCp),Fe 500 ppm 1,000
Ex. 59 (AcCp),Fe 100 ppm . 13,000
Ex. 60 (AcCp),Fe . 300 ppm 5,000
Ex. 61 (AcCp),Fe 500 ppm 2,000
Ex. 62 (AcCp),Fe . 1,000 ppm 1,000
Ex. 63 (MesCp),Fe 50 ppm 3,000
Ex. 64 (MesCp ),Fe 100 ppm 1,000
Ex. 65 (MesCp),Fe 100 ppm 8,000
Ex. 66 (MesCp),Fe 300 ppm 4,000
Ex. 67 {Me,Cp),Fe 500 ppm . 2,000
1 Ex. 68 (MesCp),Fe 1,000 ppm 1,000
Ex. 69 Cp,Ru 50 ppm 3,000
Ex. 70 Cp;Ru 100 ppm . 2,000
ILEX. 71 Cp,Ru 300 ppm 1,000
Remarks:

(AcCp)CpFe: acetylferrocene

(MeCp),Fe: 1,1’-dimethylferrocene

(BzoCp),Fe: 1,1’'-dibenzoylferrocene

(AcCp),Fe: di(acetylcyclopentadienyl)iron
(Me;Cp),Fe: bis(pentamethylcyclopentadienyl)iron
(MesCp),0s: bis(pentamethylcyclopentadienyl)osmium

Cp,Ru¢ bis(cyclopentadienyl)ruthenium
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mﬁih an inher dianeter of 30 mMmand irradiating the sanple

-59 - with light to neasure the integrated quantity of |ight needed

for curing. The results obtained are shown in Table 18.

Tabl e 18 Met al | ocene  Addition Addi tion | RAGMEELSHEETy
Conmpound Anmount Amount of APO (micnierr]) Ex. 102

(BUCp) [err] Fe 500 ppm --- 5,000 Ex. 103 (BopiCened Fe
éy?OOO ppm --- 2,000 Ex. 104 (Me[err] Cp)|[erir]jRu 3,000 ppm
--- 8,000 Ex. 105 (Me[err]Cp)[err]Ru 5, 000 jppm S
6,000 Ex. 106 Cp[err] Cs EXAMRRES A _TO_76 - 13,000 Ex. 107
Cp[err] Cs 300 p££1 --- 10,000 Ex. 108 Cplerr[Cs

500 ppm . In Examplgs) 72 to 76, Cp,Fe as a metallocene compound

and APO as a Pl type photoinitiator was added to TB1741 in
predetermined amounts to obtain photocurable cyanoacrylate
compositions.

COMPARATIVE EXAMPLES 35 TQO 37

In Examples 35 to 37, Cp,Fe as a metallocene compound
‘and various P2 type photoinitiators were added to TB1741 in
predetermined amounts to obtain-cyanoacrylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1'g of a sample in a polyethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed
for curing. The results of Examples 72 to 76 and Comparative

Examples 35 to 37 are shown in Table 10.

Table 10
Amount of APO Amount of Cp,Fe |Photocurability

(mJ/cm?)
Ex. 72 1,000 ppm 500 ppm ' 10,000
Ex. 73 1,000 ppm 1,000 ppm 8,000
Ex. 74 2,000 ppm 100 ppm - 3,000
Ex. 75 2,000 ppm 500 ppm - 1,000
Ex. 76 3,000 ppm 500 ppm 1,000
Comp. _ '
Ex. 35 1,000 ppm -— 20,000<
Comp.
Ex. 36 2,000 ppm -—- 20,000<
Comp.
Ex. 37 3,000 ppm —_— _ 20,000<




Ex;‘109 Cp[err] Cs 1, 000 ppm ---

(BuCp)[err]Fa 500 ppm 2,000 ppm 1,000 Ex.
(Me[err]Cp)[err]Ru 3,000 ppm 2,000 ppm 2,0
Cerr]Cs 500 ppm 2,000 ppm 1, 000

117 AND COWMPARATI VE EXAMPLE 38 - 6AcCp)[err] Fe m@

i n @edet ernmined amunts to obtain photocurabl e cyandadryl ate
Jydnpositiohs. In a storage stability test, 20 g of eac
in a light-shielded pol yethyl ene container, stored at
and then exam ned for viscosity a y. Photocurability was

eval uated by placing_1 of a s le in a yet hyl ene tra with an inner
di aneter of 30 nm af Fr:’?? ft%@]sar(ﬁp P\/]ACHE%I A§he 8 ﬁé&?ﬁﬁéet hg

integrated q need f.or curi \i.scosi t sured at
room t enpera #ﬁ’ﬁé&\t‘}&%@ha%d W%W& %/Yfeé'& B #8k¥8 Kei ki

Co., Ltd.) ffﬁi?glmiﬁhpfghetermlned amounts to obtain photocurable

cyanoacrylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene'tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed

for curing. The results obtained are shown in Table 11.

Table 11
Amount of APO Amount of Photocurablllty
(EtCp)CpFe (mJ/cm?) h
Ex. 77 1,000 ppm 500 ppm 3,000
Ex. 78 1,000 ppm 1,000 ppm 1,000
Ex. 79 2,000 ppm 50 ppm 1,000
Ex. 80 2,000 ppm 100 ppm 1,000
| Ex. 81 3,0ogggggr 500 ppm 1,000

EXAMPLES 82 to 86
In Examples 82 to 86, (BuCp)CpFe as a metallocene
compound and APO as a Pl type photoinitiator were added to
TB1741 in predetermined amounts to obtain photocurable
.cyanoacrylate compositions.
The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene tray

with an inner diameter of 30 mm and irradiating the sample
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adapter. The results obtained are shown in Table 19.

REPLAGEMENT SHEET

-60 - Tabl e 19
Ex: 113 Ex. 114 Ex. 115 Ex. 116 Ex. 117
Amount of (AcCp)[err]Fe O ppm 100 ppm 300 ppm 500 pp
ppm Blank Viscosity (nPa.s) 1.90 2.86 -2.10 2.00
Photsturabi ity 13,000 5,000 2,000 1,000 1,000
scosity (mPa.s) 1.95 2.05 2.10 2.15 2.60 4.35

hot ocur abi | i t -, ,14,000 6,000 2,000 1,000 1,000 Photocurabi l ity
i s showni|1W%§&n§¥9hﬁw§9 measyre: sheginkeprated qugntltﬁﬁ?%n%éﬁﬂ??ﬁﬁgﬁﬁﬁﬁ

[ REPLACEMENT SHEET

m {71,000 ppm 1, 50¢

1. Bo 25 1096 | |
7 [gﬁiFggk 1w

for conpl ete phot oguri ng.
P fd% cur&ng. gThe results obtained are shown in Table 12.
Table 12
Amount of APO Amount of Photocurability

(BuCp)CpFe (mJ/cm?)

Ex. 82 1,000 ppm 500 ppm 3,000

Ex. 83 1,000 ppm 1,000 ppm 2,000

Ex. 84 2,000 ppm 100 ppm 1,000

Ex. 85 2,000 ppm 500 ppm 1,000

Ex. 86 3,000 ppm 500 ppm 1,000

EXAMPLES 87 TO 91
In Examples 87 to 91, (AmCp)CpFe as a

metallocene

compound and APO as a Pl type photoinitiator were added to

TB1741 in predetermined amounts to obtain photocurable

.cyanoacrylate compositions.

The photocurability of each of the compositions was

evaluated by placing 1 g of a sample in a polyethylene tray

with an inner diameter of 30 mm and irradiating the sample

with light to measure the integrated quantity

for curing.

of light needed

The results obtained are shown in Table 13.

Table 13
Amount of APO Amount of Photocurability
(AmCp )CpFe (mJ / cm?)
Ex. 87 - 1,000 ppm -.500 ppm 4,000
Ex. 88 1,000 ppm 1,000 ppm 2,000
l Ex. 89 2,000 ppm 100 ppm 1,000
I,Ex. 90 2,000 ppm 500 ppm 1,000
Ex. 91 3,000 ppm 500 ppm 1,000




EXAMPLES 118 TO 121 To TB1741 were added (AcCp) 2Fe |gF%§QEgﬁ%ﬂh§HEET
of 1,000 ppm and either a radical-polynerization inhibitor
(hydroqui none) or an ani oni c-pol yneri zation i nhibitor = oL weras fioni ¢
acid) in predeterm ned anmounts. The conpositions obta ﬁé@gﬂﬁf L.uat ed
for photocurability in the same manner s .i n Exanpl ¢s to 39 to

asc@gt ai n that the phot ocuring reaction proceeded b ni@wyggs‘@ﬁé
¢l yneri zati on. The results obtai ned are shown in Tgblie 20.
abl e 20 Exanpl e No. 62 118 1119
(AcCp) 2Fe 1,000 1,000 1, Odﬂgﬂﬂiﬂﬁﬂ__léﬁﬂa__ dro
--- 1,000 3,000 --- --- Tol uenesul f oni ¢ acrd““'?¥7"“gu%--
--- 1,000 3,000 In Exapples 92 a’-!}i(iu&-’y: (BzoCp)§ipFe] as50@ metgddoceng
X
g%%%%n erﬁh)APo as a Pl type phot01n1t1ator were added to

TB1741 in predetermined amounts to obtain photocurable
cyanoacrylate compositions.
The photocurability of each of the compositions was
.evaluated by placing 1 g of a sample in a polyethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed
for curing. The results obtained are shown iﬁ Table 14.

Table 14

Amount of APO Amount of Photocurability
(BzoCp )CpFe (mJ/cm?)
Ex. 92 2,000 ppm 1,000 ppm 4,000
Ex. 93 3,000 ppm 1,000 ppm 1,000

EXAMPLES 94 TO 96

In Examples 94 TO 96, (CyheCp)CpFe as a metallocene
compound and APO as a Pl type photoinitiator were added to
.TBl741 in predetermined amounts to obtain photocurable
cyanoacrylate compositions.

The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polfethylene tray
with an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed

for curing. The results obtained are shown in Table 15.
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added to each of nethyl
and\et hoxyet hyl
cyanoacrylates in an anmount of 1,000 ppm The c

gquantity of

[err] -

light irradi

light of 10,000 ml/cnferr].
EXAMPLES 122 AND 123 Ac ga
a-cyanoacryl ate sfherei nafter abb e@ﬂggéﬁﬁgg

cyanoacryl ate (hereinafter abbreviated

[£rr]-
%ﬁ%luated for photocurability in the same nmanner as in
The results obtained are shown in Tabl®able 15

(

Osi ti ons

Amount of APO Amount of Photocurability
(CyheCp)CpFe (mJ/cm?)
Ex. 94 2,000 ppm 500 ppm 1,000
Ex. 95 2,000 ppm 1,000 ppm 1,000
Ex. 96 3,000 ppm 500 ppm 1,000

EXAMPLES 97 AND 98
In Examples 97 and 98, (CypeCp)CpFe as a metallocene

compound and APO as a Pl type photoinitiator were added to

‘TB1741 in predetermined amounts to obtain photocurable

cyanoacrylate compositions.
The photocurability of each of the compositions was
evaluated by placing 1 g of a sample in a polyethylene tray

with an inner diameter of 30 mm and irradiating the sample

wer e !

9.

with light to measure the integrated quantity of light needed

for curing. The results obtained are shown in Table 16.

Table 16
Amount of APO Amount of Photocurability
(CypeCp)CpFe (mJ /cm?)
Ex. 97 2,000 ppm 1,000 ppm 2,000
LEx. 98 3,000 ppm 500 ppm 1,000 I

EXAMPLES 99 TO 101

In Examples 99 to 101, (CaAlCp)CpFe as a metallocene
compound and APO as a Pl type photoinitiator were added to
TB1741 in predetermined amounts to obtain photocurable

cyanoacrylate compositions.
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122 123 [err]-Cyanoacryl ate TB1741 {
EECA Phot ocur abi [ i ty 1, 000 1, 000 REGBACEMENT SHEET
(mi/cnferr]) Phot ocurability is shown in terns of thie integrated
quantity of light (mJ/cnferr]) needed forggcanpl ete phot ri B® DEC 1996
EXARBLES 124 AND 125 | n Exanpl es 124 and 125, [flerr]Fe as a
tall ocene conpound and APO as a Pl type photoinitiatar '
mounts of 500 ppm and 2,000 ppm respectively, to eachlof mnethyl

[err]-cyanoacryl at e Therphatocerabbbityiof ezhcts MCAhea mbmpesiGIPHEN RS ™

Tabl e 21 Exanpl e No. RE?LACEME@E SHEET

[err]-cyanoacryl ate (hereinafter abbreviated as EECA) as
[ err] - cyancaéVgiluassdt Byoplaringhbt @ cof ad| samyke dac ray |palyethyrhens tirays.
The phot ocur%ljg.itl_‘i ty of each of the

an inner diameter of 30 mm and irradiating the sample
with light to measure the integrated quantity of light needed

for curing. The results obtained are shown in Table 17.

Table 17
Amount of APO Amount of Photocurability
(CaAlCp)CpFe (mJ/cm?)
Ex. 99 2,000 ppm 1,000 ppm 4,000
Ex. 100 3,000 ppm 500 ppm 4,000
Ex. 101 3,000 _;_)Tpm 1,000 ppm 1,000

EXAMPLES 102 TO 112

In Examples 102 to 109, 1,1’-di-n-butylferrocene,

" bis(pentamethylcyclopentadi enyl)ruthenium, and

bis(cyclopentadienyl)osmium (hereinafter referred to as
(BuCp),Fe, (MesCp),Ru, and Cp,0s, respectively) as metallocene
compounds alone were added to TB1741 in respective
predetermined amounts to obtain photocurable cyanoacrylate
compositions.

In Examples 110 to 112, (BuCp),Fe, (MesCp),Ru, and
Cp,Os as metallocene compounds and APO as a Pl type
photoinitiator were added to TB1741 in predetermined amounts
to obtain photocurable cyanodcrylate compositions.

The photocurability of each of the compositions was

'evaluated by placing 1 g of a sample in a polyethylene tray

with an inner diameter of 30 mm and irradiating the sample
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to-measure the integrated

quantity of light needed for curing. The results obtai nb@&?@gg{;@m\/\@ﬁﬁ ]

Tabl e 22. Tahl &g22 .

[ er'a- Cyanoacryl at e Phot ocurability (mJ/cnferr]) Ex %5 e epme
B1741 1,000 Ex. 124 MCA 30 DFe 1 :
, 000 Ex. 125 EECA 1, 000 —lhe... [

conposi t i on wifth He ghvte dentmeiasueet the, integratéd quantity bt light needed

™

for curing. The results obtained are shown in Table 18.

Table 18
Metallocene Addition Addition Photocurability

Compound Amount Amount of APO (nJ/ca?)
Ex. 102 . (BuCp)sFe 500 ppm — 5,000
Ex. 103 (BuCp) Fe 1,000 ppu == 2,000
Ex. 104 {Mes5Cp) zRu 3,000 ppm -—- 8,000
Ex. 105 (Me5Cp) gRu 5,000 ppm --- 6,000
Ex. 106 Cp20e 100 ppa - 13,000
Ex. 107 Cpy0s 300- ppm - 10,000
Ex. 108 Cpy0s 500 ppm -— , 5,000
Ex. 109 Cpy0s 1,000 pps - 3,000
Ex. 110 (BuCp)Fe ' 500 ppm 2,000 ppu 1,000
Ex. 111 (Me5Cp)oRu 3,000 ppm 2,000 ppm 2,000
Ex. 112 Cpz0s 500 ppm 2,000 ppm 1,000

EXAMPLES 113 TO 117 AND COMPARATIVE EXAMPLE 38

(AcCp),Fe was added to TB1741 in predetermined
amounts to obtain photocurable cyanocacrylate compositions.
In a storage stability test, 20 g of each sample was placed
in a light-shielded polyethylene container, stored at 70°C
for 1 week, and then examined for viscosity and
photocurability. Photocurability was evaluated by placing 1
g of a sample in a polyethylene tray with an inner diameter
of 30 mm and irradiating the sample with light to measure the
integrated quantity of light needed for curing. Viscosity
was measured at room temperature with a Brookfield viscometer
(manufactured by Tokyo Keiki Co., Ltd.) fitted with an

adapter. The results obtained are shown in Table 19.



pﬁotocurable conposition conprising an [err].-cyanoacryl ate aﬁgy%ACEMENT SHEET
net al | ocene conpound or the conposition thereof further conprising a
cl-eavage-type photoinitiator, can be rapidly cured by |dgght—i af '
even when the gap between a pair of adherends is w de, \/\;‘}@ﬁqd@ﬁ% DAE%? 3
conposi tion applied has overflown fromgde bonding part} {or when the \

cof@@sition applied is not sandwi ched between a pair of dhgreepes 99861 1
é;bating Since the curing reaction proceeds by anionic ol ynerization,
0

nl'y the conposition does not suffer the curing inhibitjo i ¢h
is observed in radical polynerizatioffbth also even that part of the
conposi ti Fre=shape_or t e sapsthat e
cures by ffhe anionic polyner zméi on Enilig| qtteditby | Br.glht | Br-riddi gtixohl’
Fur.t her , . Il oce L Ex- S8 ndaind ght absor p_t_l ed—wavel ewgt h
regi on exl siad: oy s®ey:®nd 500 pMOotsem | 100 ppm | 300 ppm | 500 ppm [ 1,000 ppm | 1,500 ppm
Blank Viscosity (mPa-s) 1.90 2.00 2.10 2,00 1.90 1.95
Photocurability - 13,000 5,000 2,000 1,000 1,000
70°C x 19 Viscosity (mPa-s) 1.95 2.05 2.10 2.15 2.60 4.35
Photocurability - 14,000 6,000 2,000 1,000 1,000
Photocurability is shown in tamé of the integrated quantity of lig'ht {uJfcn?) need;d for complete
photocuring.

EXAMPLES 118 TO 121

To TB1741 were added (AéCp)zFe in an amount of 1,000
ppm and either a radical-polymerization inhibitor
(hydroquinone) or an anionic-polymerization inhibitor (p-
toluenesulfonic acid) in predetermined amounts. The
compositions obtained were evaluated for photocurability in
the same manner as in Examples 1 to 39 to ascertain that the
photocuring reaction proceeded by anionic polymerization.

The results obtained are shown in Table 20.

Table 20
Example No. 62 118 119 120 121
(AcCp),Fe 1,000 | 1,000 | 1,000} 1,000 | 1,000
Hydroquinone --- |1,000 ] 3,000 - -—
p-Toluenesulfonic acid - -—— —— 1,000} 3,000
Photocurablllty 1,000 (1,000 1,000 «x X
(mJ/cm?)

The numerals in the table 1ndlcate addltlon amounts (ppm)
based on TB1741.

x: The sample remained uncured even after light
lI?&dlatlon in an integrated guantity of light of 10,000
mJ/cm?.
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(&ieavage type photoinitiator to be used. Furthernore, theieffective

vel ength of the Iight necessary to cure the conp03|t|o
EXAMPLES 122 AND 123

in

(AcCp),Fe was added to each of methyl «-cyanoacrylate
(hereinafter abbreviated as MCA) and ethoxyethyl a-
cyanoacrylate (hereinafter abbreviated as EECA) as a-
cyanocacrylates in an amount of 1,000 ppm. The compositions
were evaluated for photocurability iﬁ the same manner as in

Examples 1 to 39. The results obtained are shown in Table

21.
Table 21
Example No. _ 62 122 , 123
a-Cyanoacrylate TB1741 MCA EECA
Photocurability 1,000 1,000 1,000
(mJ/cm?) .

Photocurability is shown in terms of the integrated

quantity of light (mJ/cm?) needed for complete photocuring.
EXAMPLES 124 AND 125
In Examples 124 and 125, Cp,Fe as a metallocene

compound and APO as a Pl type photoinitiator were added in
amounts of 500 ppm and 2,000 ppm, respectively, to each of
methyl a-cyanoacrylate (hereinafter abbreviated as MCA) and
ethoxyethyl a-cyanoacrylate (hereinafter abbreviated as EECA)
as a~cyanoacrylates to obtain photocurable cyanoacrylate
compositions. The photocurability of each of the
compositions was evaluated by placing 1 g of a sample in a
.polyethylene tray with an inner diameter of 30 mm and

irradiating the sample with light to measure the integrated
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photoinitiator reduces the addition amunt of the netall oée S :
which is relatively expensive conponent of the conpositionjo gﬁﬁﬁ@ﬁﬁyﬂ §R$T
reases the total

i nvention, the use of the cleavage-type photoinitiator de
cost of the adhesive conposition of thegpresent inventionj MVet’DIDERS |
compounds, when dissolved in an [err]-cyanoacrylate, sonefifres color the!

| ution of the conposition; even so, reducing the anmount of —The
fret al | ocene conpound i ffective in maintainhing the colqtl n _—
transparencqugthEYcB §§g¥?oﬁﬁed9d for cywpimghyeThe (F 19@%%
further conprisi a ¢leavage-type photoinitiator, since the cleavage-type
photoinitiatﬁFef%ﬂE??ohg ggggﬁ #iitiator Eor gnionic polynerization, even
when the conposition contains a radica able 2

a-Cyanoacrylate Photocurability (mJ/cm?)
Ex. 75 TB1741 1,000
Ex. 124 MCA 1,000
Ex. 125 EECA 1,000

The composition of the present invention, i.e., the
photocurable composition comprising an a-cyanoacrylate and a
metallocene compound or the com;osition thereof further
comprising a cleavage-type photoinitiator, can be rapidly
cured by light irradiation even when the gap between a pair
of adherends is wide, when the composition applied has
overflown from the bonding part, or when the composition
applied is not sandwiched between a pair of adherends as in
coating. Since the curing reaction proceeds by anionic

. polymerization, not only the composition does not suffer the
curing inhibition by oxygen which is observed in radical
polymerization, but also even that part of thé composition to
which light cannot reach due to the shape of the substrate
cures by the anionic polymerization initiated by light
irradiation. Further, since the metallocene compound has a
light absorption wavelength region extending beyond 500 nm to
the longer-wavelength side, the composition can be cured with
a light in a wider wavelength region, i.e., even with

ultraviolet and/or visible light.
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pol ymeri zabl e conpound such as an acrylic conmpound, it can be rapidly
cured due to the cl eavage type photoinitiator contained therel
case where .the cl eavage-type photoinitiator used is a [
can al so be used
conposition. In the case where the cleayage type photioiinitia

an \gzo conpound, the conposition can be foanmed by reguf a i BP

gdli
i zn

agount of the photoinitiator or the quantity of I|ight h whi !
Zonposition is irradiated. .
In the composition further comprisiAg”gﬂglsavag§:E§5;

photoinitiator, curing speed of a photocurable composition
comprising an a-cyanoacrylate and a metallocene compound
under light irradiation can be significantly increased by
appropriately selecting a kind of the cleavage-type
photoinitiator to be used. Furthermore, the effective
wavelength of the light necessary to cure the composition is
controlled in this case.

Since the addition of a -cleavage-type photoinitiator
reduces the addition amount of the metallocene compound,
which is relatively ekpensive component of the composition of
the present invention, the use of the cleavage-type
photoinitiator decreases the total cost of the adhesive
composition of the present invention. Metallocene compounds,
when dissolved in an a-cyanoacrylate, sometimes color the
solution of the composition; even so, reducing the amount of
the metallocene compound is effective in maintaining the
colorlessness and transparency of the composition.

Moreover, in the composition further comprising a
cleavage-type photoinitiator, since the cleavage-type
photoinitiator functions as an iﬁitiator for anionic
polymerization, even when the composition contains a radical-
polymerizable compound such gé an acrylic compound, it can be
rapidly cured due to the cleavage type photoinitiator
contained therein. In the case where the cleavage-type

photoinitiator used is a peroxide, heating can also be used
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to cure the composition. In the case where the cleavage type

photoinitiator used is an azo compound, the composition can

be foamed by regulating the addition amount of the

photoinitiator or the quantity of light with which the

composition is irradiated.

While the invention has been described in detail and

Qith reference to specific embodiments thereof, it will be

apparent to one skilled in the art that wvarious changes and

modifications can be made therein without departing from the

spirit and scope thereof.
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metal of G oup V1II of the periodic table and aromatic electron system..-
| i gands. . .__The photocurabl e conposition as cla ngg%ﬁgamgﬁ{mkkﬁ

further conpl} ![F,Uﬂ,ﬂumvage type photoinitiator. e
laimed in claim 1, whereinieach of é$§9%

phot ocur abl e

aromatic el ectron systen1llgands I n theggetallocene conpOLnd36§§

[ ergd- arene, indenyl, or [err]- cycl opentadienyl. 4. The

Cgﬁotocurable conposition as claimed in claim 1, whereinlithe netallocene
onpound (B) conprising a transition netal of Goup VIIIi_of. .the-pertoettc

table and SWHNBRtIIS CLAIMBIODIISsystem |igands is represented by the

followng fornmula (1):
1. A photocurable composition comprising:

(A) an a-cyanoacrylate and
(B) a metallocene compound comprising a transition
metal of Group VIII of the periodic table and aromatic
.electron system ligands.
2. The photocurable composition as claimed in claim
1, further comprising (C) a cleavage-type photoinitiator.
3. The photocurable composition as claimed in claim
1, wherein each of the aromatic electron system ligands in
the metallocene compouhd (B) is a n-arene, indenyl, or g-
cyclopentadienyl.
4. The photocurable composition as claimed in claim
1, wherein the metallocene compound (B) comprising a
transition metal of Group VIII of the periodic table and
aromatic electron system ligands is represented by the

"following formula (I):

i I
2 .

(wherein M represents a transition metal of Group VIII of the
periodic table; R represents a halogen atom, a hydrocarbon

group having 1 to 20 carbon atoms, a halogenated hydrocarbon
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2 (wherein Mrepresents a transition metal of Goup VI REPLAGEMENT SHEET
periodi c tabler—Rrepresents-a hal ogen atom a hydrocarbon group having 1

o NS o0 5 o o111 GRS

oxygen-atonﬁcohtainﬁng§ sul fur-atom contggning, or phps orus-atom
con&di ni ng group having 1 to 20 carbon 20 DEC 1996

y

group having 1 to 20 carbon atoms, or a silxcon—atom
con-atom

containing, oxygen-atom containing, sulfur-atom containing,
or phosphorus-atom containing group having 1 to 20 carbon
atoms, provided that the R‘s may be the same or different and
may be crosslinked to each other; #ymbol a represents an
integer of from 0 to 5; and the groups [R,-Cp] (Cp represents
fn-cyclopentadienyl) may be the same or different).

5. The photocurable composition as claimed in claim

. 1, wherein the transition metal-of Group VIII of the periodic

table in the metallocene compound (B) comprises iron, osmium,
ruthenium, cobalt or nickel.

6. The photocurable composition as claimed in claim
5, wherein the transition metal of Group VIII of the periodic
table in the metallocene compound (B) comprises iron, osmium

or ruthenium.
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5, wherein the transition netal of (}oup VIII of t he-peri-odi-e

met al | ocene conpound (&3

or ruthenlum

A photocurable composition comprising (A) an a-
cyanoacrylate and (B) a metallocene compound comprising a
transition metal of Group VIII of the periodic table and
aromatic electron system ligands selected from n-arenes,
indenyl, f-cyclopentadienyl. The photocurable composition
may further comprise (C) a cleavage-type photoinitiator. The
photocurability of the photocurable composition can be
greatly improved by incorporating a cleavage type
photoinitiator into the composition. Since the cleavage-type
photoinitiator functibns as an initiator for anionic
polymerization, even when the composition contains a radical-
polymerizable compound such as an acrylic compound, it can be
rapidly cured due to the cleavage type photoinitiator
contained therein. In the case where the cleavage-type
photoinitiator used is a peroxide, heating can also be used
to cure the composition. In the case where the cleavage type
photoinitiator used is an azo compound, the composition can
be foamed by regulating the addition amount of the
photoinitiator or the quantity of light with which the

composition is irradiated.



