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a dark room returns to the original color. Conpounds exhibiting
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No. 5- 306392 I s proposed conbi nation use of a conpound having an epoxy
“group(s) as a conponent for further inproving the 35 durability of ful gi de
compound. 2 These phot ochrom ¢ conpounds and the cured product obtai ned
by polynerizing and curing a photochrom cl curabl e conposition containing
sai d photochrom ¢ conmpound, generally show excellent durability in
photochromism 1In order to use 5 a photochromc cured product obtained by
pﬁlyneLizing a phot ochrom ¢ curabl e conposition containing such a

phot ochrom ¢ conmpound and a pol yneri z r(s), for various
applications, the photochromc curablgﬁggﬁggg??ﬁon

Photochromic Curable Composition

5
Technical Field
The present invenf.ion relates to a curable composition
which can be suitably used for production of a photochromic
cured product having excellent durability in photochromism.
10

Background Art
Photochromism is a phenomenon which has come to draw
attention in the last several years, and is such a reversible
reaction that a certain compound quickly changes its color
15 when irradiated with an ultraviolet-containing light such as
sunlight or a light emitted from a niercury lamp and, when the
light irradiation is stopped and the compound is placed in
a dark room, returns to the original color. Compounds'
exhibiting photochromism are called photochromic compounds,
20 and photochromic compounds having various structures have
heretofore been synthesized. These conventional
photochromic compounds, however, have a problem in that they
are poor durability in _photochromism.
There are known novel photochromic compounds having
25 improved durability, such as fulgide-based photochromic
compounds (hereinafter referred.to simply as fulgide
compound), chromene-based photochromic_compounds
" (hereinafter referred to simply as chromene compound) and the
like. [See U.S. Patent Nos. 4,882,438, 4,960,678, 5,130,058
30 and 5,106,998; and Japanese Kokai (Laid-Open) Patent
Application Nos. 2-28154, 3-11074 and 3-133988].
Also in Japanese Kokai (LaidFOpen) Patent Application
No. 5-306392 is proposed combination use of a compound having .
an epoxy group(s) as a component for further improving the

35 durability of fulgide compound.



must have good durability in photochrom smand excellent 10 noldability
and is eapable of affording a cured product superior in various properties.
I n’ the above-nentioned Japanese Kokai (Lai d- Open) Patent Application No.
5-306392 is proposed a photochromnic curabPe conposition containing a
conpound havi ng an epoxy 15 group, the above ment i oned photochron1c
conpound and, as a pol yneri zabl e nononer, al yet hyl ene

di (meth) acryl at e. Tﬁh?ﬁﬁnﬁﬁﬂﬁqﬁnﬁ?maﬂuﬁ9ﬂgﬂ r APGa Bhe 8%¥ d, pReduct 5

phot ochrom ¢ cyiach 1, Wi@&ﬁ hAA! cHH{RGi 4 | Ho i GEHUUM QS At
but has the follow ng pw#g?fs Tglat I S, thlgépho% ochrom ¢ cured product

has a hi gh wat @“Mﬂrﬁa’kqlbﬁoﬁhﬂin%\ﬂﬁ Saddpheteshionic 6AEPeRRd o gedeTalky
causes quality Q?:cwf]'.ﬁ.gntt' &‘@r&k‘!‘iﬁﬂtﬁ Q.nV‘BBS{:oéﬂf&ﬁi?éxhon 1#'8rhBr to use

consequence, its otochrom sm at t InitTal stage is
5 a photochromic cured product obtained by polymerizing a

photochromic curable composition containing such a
photochromic compound and a polymerizable monomer(s), for
various applications, the photochromic curable composition.
must have good durability in photochromism and excellent

10 moldability and is capable of affording a cured product
superior in various properties. _

In the above-mentioned Japanese_Kokai (Laid-Open)

Patent Application No. 5-306392 is proposed a photochromic
.curable composition containing a compound having an epoxy

15 group, the above-mentioned photochromic compound and, as a
polymerizable monomer, a polyethylene glycol |
di(meth)acrylate. This composition, when polymerized and
cured, gives a photochromic cured product having excellent
durability in photochromism, but has the following problems.

20 . That is, the photochromic cured product has a high water
absorption and, when stored over a long period of time, causes
quality change with time owing to water absorption and in
consequence, its photochromism at the initial stage is
instable. Moreover, since the composition has a high

25 shrinkage after polymerization, releasing from a mold is
liable to occur when such composition is cured in the mold,
resulting in that it gives a defective cured product having
a surface of poor appearance and a reduced yield in |
polymerization. |

30
Disclosure of the Invention

The present inventors have continued extensive studies

on a curable composition which is prepared by polymerizing
a mixture of the above-mentioned photochromic compound and

35 a polymerizable monomer(s) to produce a phdtochromic cured



i nstabl e. Moreover, since the conposition has a high 25 shrinkage after
pq!ynerm;atlpn, releasing froma nold is liable to occur when such

conposition is cured in the nold, resulting in that i't gives a defective
cured product having a surface of poor appearance and a reduced yield in
pol ymeri zation. 30 Disclosure of the Invention The present inventors hav
continued extensive studies on a curable conmposition which is prepared b
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composition having the following spécific composition is

superior not only in durability in photochromism but also in
moldability and that a cured product £rom the composition has
excellent physical properfies., The present invention has
been accomplished based on the above finding.

The present invention resides in a photochromic curable
composition comprising | '

a polymerizable monomer composed of 0.1 to 30 parts by
weight of (A) a compound having at least one epoxy group in
the molecule, | .

30 to 70 parts by weight of (B) a polypropylene glycol
di(meth)acrylate monomér represented by the following

general formula (I):
S R N
CH,= EO——( HCH,O0)z€CH, HO)TE =CH, ... (I)

(wherein R! is a hydrogen atom or a methyl group, and a and
b are each independently a number of 0 to 7 with a proviso
that (a+b) =2 to 7).

20 to 6'0_parts by weight of (C) a polyethylene glycol
di(meth)acrylate monomer represented by the following

general formula (II):

1 1 '
cnziio—(cnzcnzo ’?EE=CH2 ... (I1)

(wherein R! is a hydrogen atom or a methyl group, and c is
an integer of 2 to 9), and

0 to 35 parts by weight of (D) a (meth)acrylate
monomer and/or a styryl monomer,
the total of the components (A), (B), (C) and (D) being 100
parts by weight,

e

y
35



3 product typified by a photochromc lens. As a result, the present

I nyentors have found that a photochrom c curabl e conposition having the

fol 'owi ng specific conposition is superior not only in durability in

phot ochrom smbut also in 5. noldability &nd that a cured product fromthe
conposition has excellent physical properties. The present invention has
been acconplished based on the above finding. The present invention resides
in a photochrom®dcurabl e conposition conprising 10 a polynerizable

Toast one. epoxy grouy st d Ratebrecty cre Py ofed b S08oRRELE b E!
pol ypropyl ene gbfyctite dp¢hyhén bzalyletmomamererof efR Jesantecnéyhybetyoéhew ng
dimer, and - -
5 0.001 to 10 parts by weight, based on 100 parts by weight
-of the polymerizable monomer, of (F) a photochromic compound.
By c_:Ontaining a compound having at least one epoxy group
in the molecule as the component (A) (hereinafter referred
to as an epoxy compound) in the composition of the present
10 invention, the photochromic compound as the component (F),
particularly the fulgide compound, can have improved
durability in photochromism in a cured product obtained £rom
the composition of the invention. i
The epoxy'compound used as the component (A) in the
15 present composition can be any known compound without
limitation. It includes, for example, reaction products
between epichlorohydrin and alcoholic hydroxyllgroup-
containing compound such as mono-, di- or tri-valent alcohol
or phenolic hydroxyl group-containing compound such as phenol
20 or hydroquinone, and reaction products between
epichlorohydrin and carbokylic acid such as benzoic acid or
terephthalic acid. Typical epoxy compounds can be
represented by the following general formula (III).

. 1
A—(OCHZ%?HZ .. (II1)
n

25 (wherein A is a residue of an n-valent alcoholic hydroxyl
group-containing compound, a residue of an n-valent phenolic
hydroxyl group-containing compound, or a residue of an n-
valent carboxylic acid; R! is a hydrogen atom or a methyl
group: and n is an integer of 1 to 4).

30 The epoxy compound of the presenf invention preferably
has further at least one unsaturated double bond group in the

molecule. When such an epoxy compound having an unsaturated



15 general formula (1): [err] (wherein R err] is a hydrogen atom or a
methyl group, and a and b are each independently a nunmber of O to 7 with a
proviso that (a+b) = 2 to 7), 20 20 to 60 parts by weight of
(C a polyethylene glycol di(neth)acrylat® nononmer represented by the
follow ng general formula (I11): [err] (wherein RL is a hydrogen atomor a
met hyl group, and ¢ is 25 an integer of 2 to 9), and 0 to_35 parts by

wei ght of (D) dopkaenbepdygzeuP 8RENBR §RAXYr 9EOUPY1§| uiedoker PTPHUCERal

of the conponeggtbBhromBl cdfed predahet , R \@pdPP cBabbanbYis'Bol¥herized
' with a polymerizable monomer to form a polymer matrix to fix
the epoxy compound three-dimensionally and therefore, even
5 though the epoxy compound is used in a large amount. it does
| - not impair the properties of the photochromic cured product
obtained. ,
The unsaturated double bond group includes, for examp_l'e .
a vinyl group, an allyl group, an acryloyl group and a
10 methaci'yloyl group. An acryloyl group or a methacryloyl
group is preferred to obtain a cured product of good
photochromic property. |
As the epoxy compound having no unsaturated double bond
group, there are mentioned compounds of the above general
15 formula (IXII) wherein n is 1 or 2 and A is, when n is 1, an
alkyl 'group having 2 to 20 carbon atoms which may be
substituted with a hydroxyl group(s). a group represented by
-R-(OR)p-OH (in which R is an alkylene group having 2 to 4
carbon atoms, and m is an integer of 1 to 20), a cycloalkyl
20 group having 6 to 7 carbon atoms which may be substituted with
- a hydroxyl group(s). a phenyl group which may be substituted
with a hydroxyl group(s), or a benzoyl group which may be
substituted with a carboxyl group(s); and when n is 2, an
alkylene group having 2 to 20 carbon atoms which may be
25 substituted with a hydroxyl group(s), a group represented by
-R-(OR)p~- (in which R is an alkylene group having 2 to 4 carbon
atoms, and m is an integer of 1 to 20), a cycloalkylene group
having 6 to 7 carbon atoms which may be substitﬁted with a
hydroxyl group(s), a phenylene group which may be substituted
30 with a hydroxyl group(s), a phthaloyl, isophthaloyl or
terephthaloyl group which may be substituted with a hydroxyl

group(s), or a group represented by the following formula:



4 and 0.1 to 2 parts by weight, based on 100 parts by weight of the
pol.ynmeri-zabl e nononmer, of (E) an a-nethylstyrene diner, and 5 0. 001
to 10 parts by weight, based on 100 parts by wei ght of the pol ynerizable
mononer, of (F) a photochrom ¢ conpound. By containing a conpound havi ng at
| east one epoxy group in the nolecule as the conponent (A) (hereinafter
referred to as an epoxy conpound) in the conposition of the present 10

i nvention, the photochrom c conpg Hsh onponent (F), particularly the

ful gi de corrpound can have |rrp

Hj

As the epoxy compound having at least one unsaturated

double bond group, there can be mentioned compounds
represented by the following general formula (IV) which are
5 typical compounds preferably used in the present invention:

1 4 .
CH2=£E0—(R20-)#R30-);—CH2 —CH, ... (IV)

(wherein R' and R* are each a hydrogen atom or a methyl group;
R? and R® may be the same or different and are each an alkylene
group having 1 to 4 carbon atoms which may be substituted with
10 a hydroxyl group(s), or a group represented by the following

OO0~

and m and n are each 0 or 1).

formula

In the above formula, the alkylene group represented by

15 R? can be exemplified by methylene group, ethylene group,
propylene group, butylene group, trimethylene group and
tetramethylene group.

Specific examples of the epoxy compound preferably
usable in the present invention are as follows.

20 Examples of the compound having, in the molecule, at
least one epoxy group but no unsaturated double 'bond group
are ethylene glyeol glycidyl ether, propylene glycol glycidyl
ether, glycerol polyglycidyl ether, diglycerol polyglycidyl
ether, sorbitol polyglycidyl ether, butyl glycidyl ether,

25 phenyl glycidyl ether, polyethylene glycol diglycidyl ether,
polypropylene glycol diglycidyl ether, neopentyl glycol
diglycidyl ether, 1,6-hexanediol diglycidyl ether, addition



durability in photochromsmin a cured product obtained fromthe
conmposi ti on of the invention. The epoxy conpound used as the conmponent (A)
in the 15 present conposition can be any known conmpound wi t hout
limtation. It includes, for exanple, rea@tion products between

epi chl or ohydrin -and alcoholic hydr oxyl- group- contai ni ng conpound such as
nono-, di- or tri-valent alcohol or phenolic hydroxyl group-containing
conpound such zmrqﬂmibloﬁdoisphemﬂr dqmmdmdrma;t@akhi@@hpm@du@t il ween

i chl hyd hal
SE: gl '(I)';/gi )c/alrl %Jgég{np%i S ‘can Sglﬁﬂé'lgé:g%%%%%]%h %Eﬁlo%\;ﬁgﬁ'%eﬁelr gl
fornula (111). diglfcaiyl (eithariand hydrpquEsionee dd.fglan::l.ldy\]alee:hteral coholic
hydr oxyl group-cont 0 OBV Aripttind' 5a¥ind] 1n'2hE holdElde,C a

5 least one epoxy group and at least one unsaturated double bond
group are acrylate or methacrylate compounds such as
glycidyl acrylate, glycidyl methacrylate, B-methylglycidyl
acrylate, B-methylglycidyl methacrylate, bisphenoi A~
monoglycidyl ether methacrylate, 4-glycidyloxybutyl

10 methacrylate, 3-(glycidyl-2-oxyethoxy)-2-hydroxypropyl
methacrylate, 3-(glycidyloxy-1l-isopropyloxy)-2-
'hydroxypropyi acrylate, 3-(glycidyloxy-2-
hydroxypropyloxy) -2-hydroxypropyl acrylate and the like.

_ In the present composition, the proportion of the epoxy

15 compound used can be appropriately determined depending lipon
the application of the photochromic cured product, and can
be selected from a wide range because the epoxy compound can
exhibit its effect by‘use in a small amount. Generally, the

- effect .of the present invention can be achieved by use of the

20 epoxy compound in an amount of generally 0.1 to 30 parts by
weight, prefe:ably 0.1 to 10 parts by weight, per 100 parts
by weight of the whole polymerizable monomer. When an epoxy
compound having no unsaturated double bond group is used, it
is used in an amount of preferably 0.1 to 10 parts by weight,

25 more preferably 0.1 to 5 parts by weight, per 100 parts by
weight of the whole polymerizable monomer because use of too
large an amount of such an eboxy compound prevents the curing
of the cured product.

Incidentally, the abdve-mentioned polymerizable

30 monomer refers to a compound having an epoxy group(s) or/and
an unsaturated double bond(s), capable of causing radical
polymerization, and the whole polymerizable monomer refers
to the total amount of the components (A), (B), (C) and (D)

in the curable composition of the present invention.



hydr oxyl group-containi ng conpound, or a residue of an n- valent carboxylic
acid; RL is a hydrogen atomor a nmethyl group; and nis an integer of 1 to

4). ‘30 The epoxy conpound of the present invention preferably has
further at |east one unsaturated double b8&nhd group in the nol ecul e. \Wen
such an epoxy conpound having an unsaturat ed 5 doubl e bond group and an

epoxy group is used to produce a photochrom c cured product, the epoxy
conpound i s polTherefere withe £ poeihelstaenre rﬂimuaStbheocpmnomnynhE).

matrix to fix Lhe Gpaxyy @i&?&‘@sté‘f&ﬂﬁéﬁ%ﬁr&l 'ﬁéd?:{l%&téierefsorr%t even 5

t hough t he epoxy conpound TS used I arge anount
included in the polymerizable monomer. The same applies also

hereinafter.

5 By containing a polypropylene glycol di(meth)acrylate
monomer [the component (B)] represented by the general
formula (I) in the composition of the present invention, the
photochromic cured product obtained by polymerization of the
composition has a reduced water absorption and a reduced

10 shrinkage after polymerization. This meritorious effect is
presumed to be brought about by the side chain methyl groups
in the general formula (I). A compound of the general formula
(I) having methyl groups as the side_chains is used because
compounds having side chain groups having more carbon atoms

15 than that of methyl group are difficult to procure
commercially and are expensive. When the proportion of the'
component (B) used in the present composition is too large,
the photochromic compound as the component (F), particularly
the fulgimide compound, shows réduced durability in

20 photochromism in the cured product obtained from the

| composition, while when the proportion of the component (B)
is too small, the above-mentioned meritorious effect is
difficult to obtain. Therefore, the amount of the component
(B) is preferably 30 to 70 parts by weight, more preferably

25 40 to 65 parts by weight, per 100 parts by weight of the whole
polymerizable monomer. In the general formula (I}, (a+b)
refers to the length of the oXypropylene chain. When the
number of (a+b) is too large, the photochromic cured product
formed of the resulting composition has no sufficient heat

30 resistance and hence, when heated, causes dimensional
deformation, which is not preferable. When the number of
(a+b) is too small, the cured product has no sufficient impact
resistance. Accordingly, there is preferred a compound with

(a+b) number being 2 to 7, preferably 3 or 4. The component



o~

not inpair the properties of the photochrom c cured product obtained. The
unsat ur at ed doubl e bond group includes, for exanple, a vinyl group, an
allyl group, an acryloyl group and a 10 nethacryloyl group. An acryl oyl
group or a nethacryloyl group is preferre® to obtain a cured product of .
good photochrom c property. As the epoxy conpound havi ng no unsat urated
doubl e bond group, there are nentioned conpounds of the above_general 15
formula (111) whg? dised instheproseny campesifien aande a ginglrycompoupd

roup(s). a groverrops Sl TRAlSRL TG i Faene uhBa =y UL paY CAEK pe 2 e
group havi ng 2 mbxturerdbra pluxaliiydofh ¢cempounds egeh bavingoadifferent
SMYtCLoa' kyl 20 gronp (bl dhdwdeh S2ARE™ a1 S WENGAITRY, B $HBSpELLLSE
5 invention, " (mei_:h)acrylate monomer" refers to a generic name
for methacrylate compound and acrylate compound.

By containing a polyethylene glycol di(meth)acrylai:e_
monomer [the component (C)] represented by the general
formula (II) in the composition of the present invention, the

10 durability in photochromism of the photochromic compound as
the component (F) is not impaired even when the polypropylene
glycol di(meth)acrylate monomer [the component (B)] is
blended. When the proportion of the component (C) used in
the present composition is too small; the durability in

15 photochromism of the photochromic compound is declined, while
when the proportion is too large, the cured product obtained
by polymerization of the resulting composition has too high
a water absorption and too high a shrinkage after
polymerization. Therefore, the proportion of the component

20 (C) is preferably 20 to 60 parts by weight, more preferably
25 to 50 parts by we:i.ght, most preferably 40 to 50 parts by
weight, per 100 parts by weight of the whole polymerizable
monomer. In the general formula (II), c refers to the length
of oxyethylene chain. When the number of c is to_o large, the

25 photochromic cured product obtained from the resulting
composition has no sufficient heat resistance and hence, when
‘heated, causes dimensional deformation, which is not
preferable. When the number of ¢ is too small, the cured
product has no sufficient impact resistance. Therefore,

30 there is preferred a compound with the number of ¢ is 2 to
7, preferably 3 or 4. The component (C) used in the pres ent
composition can be a single compound with the number of ¢ being
a single number, but may also be a mixture of a plurality of
compounds each having a different ¢ number between 2 and 9.

35 In the present composition, in addition to the



a hydroxyl group(s), a phenyl group which may be substituted with a
hydroxyl.- group(s), or a benzoyl group which nay be substituted with a
carboxyl group(s); and when n is 2, an al kylene group having 2 to 20 carbon
atons which may be 25 substituted with al%ydroxyl group(s), a group
represented by -R- (CFQ[err] (in which Ris an al kylene group having 2 to
4 carbon atons, and mis an . inte o 20), a cycloal kyl ene grou

t
having 6 to 7 @W%‘Eﬁrﬁ%l &ﬁ?rﬂiﬂﬁé:)su%s!ﬂ tin)aeriilek eanpnemer and/or -

group(s), a pheyi8A%19neHBmeR! &dn BRaS4SiHd kbR dbeh
group(s), a phthal oyl |sopﬁthaloy?ﬁ%3 tgkiphtﬁgeoygoéggﬁm(mﬂl2% rmid%¥9

substituted wi t4PeR Hihe clatended Jagposs Qﬁgﬁhﬁuﬁqmﬂﬂﬁkiéﬂned Byefﬁgred

fol lowing formygimpies of these monomers include monofunctional
5 (meth)acrylate monomers such as methyl (meth)acrylate, ethyl
(meth)acrylate. butyl (meth)acrylate, isobornyl (meth)-
acrylate, benzyl (meth)acrYlate, phenyl (meth)acrylate,
tribromophenyl (meth)acrylate, 2-hydroxyethyl
(meth)acrylate, phenoxyethyl (meth)acrylate,

10 phenoxypolyethylene glycol (meth)acrylate,
alkoxypolyethylene glycol (meth)acrylate, alkoxypoly-
propylene glycol (meth)acrylate, trifluoromethyl
(meth)acrylate and the like; polyfunctional (meth)acrylate
monomers such as polybutylene glycol di(meth)acrylate,

15 1,6-hexanediol di(meth)acrylate, neopentyl glycol
di(meth)acrylate, acrylate or methacrylate compound of
2,2'-bis(4-methacryloyloxyethoxyphenyl)propane, acrylate
or methacrylate compound of 2,2'-bis(4-methacryloyloxy-
polyethoxyphenyl)propane, acrylate or methacrylate of

20 2,2'-bis(4-methacryloyloxypropoxyphenyl)propane, acrylate
or methacrylate compound of 2,2'-bis(4-methacryloyloxy"-
polypropoxyphenyl)propane, acrylate or methacrylate
compound of 2,2'-bis(3,5-dibromo-4-methacr-
vyloyloxyethoxy)propane, acrylate or methacrylate compound of

25 addition product of hydrogenated bisphenol A with ethylene
oxide or propylene oxide, dimethyloltricyclodecane
di({meth)acrylate, dimethyloltricyclodecane
polyethoxydi(meth)acrylate, trimethylolpropane
tri(meth)acrylate, pentaerythritol tetra(meth)acrylate, -

30 reaction product of ethylene glycol or polyethylene glycol
with glycidyl (meth)acrylate, reaction product of propylene
glycol or polypropylene glycol with glycidyl (meth)acrylate,
reaction prodﬁct of glycidyl (meth)acrylate with addition
product of bisphenol A with ethylene oxide or propylene oxide,



6 [err] As the epoxy conpound having at | east one unsaturated double bond
grQup, t-here can be nentioned. conpounds represented by the foll ow ng
general fornula (1V) which are 5 typical conpounds preferably used in the
present invention: [err] (wherein Rl and Yare each a hydrogen atomor a
met hyl group; Rlerr] and Rlerr] may be the sanme or different and are each

10 2 bydr oxyl TRASIRD Brdibty o i ne e med g R bate) Fodin ISt
and m and n ar Ut oF hyirogenaftedabosphéAbNUA avi th & tHyMERN @xbIdd! pr
represented by 15 R err] can be exenplified by_nethyl ene group, ethylene
gr oup, propylene oxide, and urethane acrylate; and styryl monomers.
such as styrene, chlorostyrene, o-methylstyrene, |
5 wvinylnaphthalene, isopropenylnaphthalene, brdmostyrene,
divinylbenzene and the like.

These (meth)acrylate monomers and/or styryl monomers
can be used singly or in admixture of two or. more. The
propo#tion thereof can be determined depending upon thé

10 application of the cured product obtained from the present
composition. However, the preferable proportion is
generally 0 to 35 parts by weight, preferably 0 to 25 parts
by weight, more preferably 0 to 15 parts by weight, per 100 -
parts by weight of the whole polymerizable monomer because

15 too large an amount impairs the effect intended by the present
invention. |

The o-methylstyrene dimer used as the component (E) in
the present composition is used as a polymerization modulater .
in .curing the composition of the invention. The chain

20 transfer action of the o -methylstyrene dimer inhibits abrupt
| and violent polymerization and curing and enables moderate
polymerization and curing, and consequently, the cured

product rarely has polymerization strain and a higher yield
in'p01ymerization is obtained. The proportion of the

25 component (E) used is preferably 0.1 to 2 parts by weight,
more preferably 0.5 to 1 part by weight, per 100 parts by weight
of the whole polymerizable monomer because, when the
proportion is too large, the'photochromic compound [the
component (F)] shows reduced durability in photochromism in

30 the cured product obtained from the resulting composition.

As the photochromic compound as the component (F) used
in the present composition, any compound showing photo-
chromism may be used without restriction. For example,

photochromic compounds such as fulgide compounds, chromene



-~

propyl ene group, butylene group, trinethylene grou and tetranethylene
group. Specific exanples of the epoxy conpound pr adedh t he
present invention are as follows. 20 Exanples nd havi ng,
in the nolecule, at |east one epoxy groupikut no un Ie bond
group are ethylene glycol glycidyl ether, propylene egcoI gl yci dyl ether,
gl ycerol polyglycidyl ether, diglycerol polyglycidyl et her, sorbitol

pol ygl yci dyl et Ioempohnﬂysl gb;moi;dzméleompdﬁndslaaldy&hgllyk'edgde wehkknown,
pol yet hyl ene ¢l |y, { I len l.ycol .di cidyl

et her, neopent y%%% §§8ged§1¢$§%ﬁﬂ§f1 'ﬁ:[f P%Yﬁ%}}:ﬂ%ﬁscﬁ& (#blq" | 8§¥sgf‘ﬁer ,

addi tion invention. As the fung.de compounds and chromene compounds,

there can be preferably used those compounds disclosed in,
5 for example, U.S. Patent Nos. 4,882,438, 4,960,678, 5,130,058
and 5,106,998. |
In the present composition, a fulgide compound can be
used preferably because fulgide compounds, as compared with
_ other photochromic compounds, are particularly high in
10 photochromism durability improvement intended by the present
invention. The fulgide compounds suitably used in the
present invention can be represented by the following general
formula (V):

Y J L X ...
ol

15 [wherein the group represented by the following formula

4

is a substituted or unsubstituted bivalent aromatic
hydrocarbon group or a substituted or unsubstituted bivalent
unsaturated heterocyclic group; R’ is an alkyl group, an aryl

20 group, or a monovalent heterocyclic group; the group
represented by the following formula:

()

is a norbornylidene group or an adamantylidene group; and X
is an oxygen atom, a group represented by >N-R®, a group
25 represented by >»N-A;-B;-(A;)-(B;)-R’, a group represented by

THIS SHEET HAS BEEN |
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z

7 product of bisphenol A or hydrogenated bisphenol A with propyl ene oxide,
di glyci dyl terephthal ate, spiroglycol diglycidyl ether and hydroqui none

di gl yci dyl ether. Exanples of the conpound having, in the nolecule, at 5

| east one epoxy group and at | east one undaturated doubl e bond group are
acrylate or nethacrylate conpounds such as gl yci dyI acryl ate gl yci dyl

net hacryl ate, [err] -nethylglycidyl acrylate, - et h yci dyl

met hacryl ate, bi>SRendk 9T m&@ﬁﬂne%ﬁfﬁ@r‘i ﬁ&blﬁyf& in Wthh R® is

4-gl yci dyl oxybu t DRgRY!
(gl yci dyI 2- oxytgzhgégoggﬁhyg§%xyﬁ?ply 1m§t ougr °Fa?n aryl group; A, A, and
3- (gl yci dyl oxy- Balrmpbeplghe)fsga)nezor ﬂ?-ﬁfexypthgd aa:erqdcat ap dlLkyjlens gyoupy- 2-

hydr oxypr opyl ox;é)n 21 I&ﬁ B o acrayl grtc‘iog'iﬂyigﬁe bjk.gupl grtgg pr esent

conposition, the pro
5 alkylcycloalkan- diyl group, B; and B; may be the same or

different and are each a group represented by the following

group:

S S S0 PSP NS

and m and n are each independently 0 or 1 with a proviso that
10 when m is 0, n is 0; R’ is an alkyl group, a naphthyl group
" or a naphthylalkyl group: A4. is a naphthyl group:; and R® is
a halogen atom, a cyano group or a nitro group)].
In the general formula (V), the bivalent aromatic
hydrocarbon group represented by the following formula:

15
includes, for example, bivalent groups derived from a

benzene ring or from a fused ring of 2 or 3 benzene rings.
The bivalent unsaturated heterocyclic ring includes, for
example, bivalent groups derived from a 5- to 7-membered ring

20 containing 1 to 2 oxygén, nitrogen or sulfur atoms as the
ring-forming atom(s), or from a fused ring of the above 5-
to 7-membered ring and a benzene ring. Specific examples of
the bivalent aromatic hydrocarbon group are groups of 6 to
14 carbon atoms derived from benzene ring, naphthalene ring,

25 phenanthrene ring, anthracene ring or the like. Specific
examples of the bivalent unsaturated heterocyclic group are
groups of 4 to 9 carbon atoms derived from furan ring,
benzofuran ring, pyridine ring, gquinoline ring, isoquinoline
ring, pyrrole ring, thiophene ring, thiophene ring,

30 Dbenzothiophene ring or the like.

The substituents for the above are not particularly



15 conmpound used can be appropriately determ ned dependi ng upon the
applicatiron of the photochrom c cured product, and can be selected froma
wi de’ range because the epoxy conpound can exhibit its effect by use in a
smal | amount. Generally, the effect of thd4present invention can be
achi eved by use of the 20 epoxy conpound in an anount of generally 0.1 to
30 parts by weight, preferably 0.1 to 10 parts by weight, per 100 parts by
wei ght of the wresdTietedeansasra henewerplified Hy é}ﬂgﬁ)ﬂeébmﬁdsm ng no
unsat urated dou g
preferably 0.1 ?gquqli]%rtgegmihé uﬁg&iré%tadr?;}:gég?jé er%gfgﬁDHiEEquS arts by
wei ght, per 100 4p<aarb0maMSJHtIbeas metM¢|gmm.ymhy2Mo@mndm Exélsause
use of too larg u C e g of
the cured pr odu%[l%ﬁg?gen % fhﬁ %\%%ﬁe% one%‘%%%&n@%‘%?égﬁeggshg'

5 ethoxy group and the like aryl groups of 6 to 10 carbon atoms

such as phenyl group, tolyl group, xylyl group and the like;

alkoxyaryl groups of 7 to 14 carbon atoms (aryl groups of 6

to 10 carbon atoms each substituted with an alkoxy group

having 1 to 4 carbon atoms); amino group; nitro group: and
10 cyano group. _

In the general formula (V), the alkyl group, aryl group
and heterocyclic group represented by R® include the
above-mentioned alkyl groups of 1 to 4 carbon atoms, the
above-mentioned aryl groups of 6 to 10 carbon atoms, and

15 monovalent groups each derived from a 5- to 7-membered ring
containing 1-2 oxygen, nitrogen or sulfur atoms as fhe
ring-forming atom(s), or from a fused ring of the above 5-
to 7-membered ring and a benzene ring.
| In the general formula (V), the alkyl group and aryl group
20 represented by R® are the same groups as mentioned with respect
to R®. . The alkylene group represented by A;, A, and A; is
preferably a group having 1 to 4 carbon atoms such as methylene
group, ethylene group, propylene group, trimethylene group,
tetramethylene group or the like:; the alkylidene group is
25 preferably a group having 2 to 4 carbon atoms such as
ethylidene group, propylidene group, isopropylidene group or
the like; the cycloalkylene group is preferably, for example,
a cyclohexylene group; and the alkylcycloalkan-diyl group is
preferably, for example, a dimethylcyclohexan-diyl group.
30 In the general forxmila (V). the alkyl group represented
by R’ is the same group as mentioned with respect to R®; and
the naphthylalkyl group is preferably a group having 11 to
14 carbon atoms such as naphthylmethyl group. naphthylethyl

group or the like.



30 nononer refers to a conpound having an epoxy group(s) or/and an
unsat ur ated doubl e bond(s), capable of causing radical polynerization, and
t he whol e pol yneri zabl e nononer refers to the total anmount of the
conmponents (A), (B), (C and (D) in the cWdfabl e conposition of the present
I nventi on. 8 Therefore, the a -nethylstyrene diner as the conponent (E),
whi ch functions as a polynerization nodulater, is not included in the

pol yrmeri zabl e nononef ﬂ%@ $fawidep componnds meprpsapted. by the gepgral

containing a polediing %) Jichedle d( PRERSREEY] i PR thieh auraPHa1ey
(B)] represented by the general
in photochromism, etc., a compound of general formula (V) in
which R® is an alkyl group; X is >N-R [R is a cyanoalkyl group
5 having 1 to 4 carbon atoms, a nitroalkyl group having 1 to
4 carbon atoms or an alkoxycarbonylalkyl group having 3 to
- 9 carbon atoms (containing an alkoxy group having 1 to 4 carbon
atoms and an alkylene group having 1 to 4 carbon atoms); the
group represented by the follow_ing formula:
-
10 ( Z
is an adamantylidene group; and the group represented by the
following formula:

Y

is a heterocyclic group which may be substituted with an aryl
15 group having 6 to 10 carbon atoms or an alkoxyaryl group having
7 to 14 carbon atoms (an aryl group having 6 to 10 carbon atoms
substituted with an alkoxy group having 1 to 4 carbon atoms),
particularly a group derived from a thiophene ring.
When a photochromic compound is used for a spectacle lens,
20 color such as gray, brown or the like is pi'eferably chosen.
Such a color is not achieved with a single photochromic
compound, and two or more photochromic compounds are used in
combination. The fulgide compounds generally develop an
orange to blue color, and accordingly, by blending a chromene
25 compound which develops a yellow to orange color, a neutral
color such as. gray, brown or the like can be obtained. Since
the fulgide compounds, however, are inferior in durability
in photochromism as' compared with chromene compounds, there
have been a problem that the fulgide compound change the
30 colors with the lapse of time and as a result, the color of



formula (1) in the conposition of the present invention, the photochromc
cured product obtained by polynerization of the conposition has a reduced
wat et absorption and a reduced 10 shrinkage after polynerization. This
meritorious effect is presuned to be broudist about by the side chain nethyl
groups in the general fornula (I). A conpound of the general fornula (I)
havi ng nmet hyl gro as the side chains is used because conpounds havi ng

si de chain grouﬁbf%éﬂﬁﬂg P oRdsGhramene COMPPHAA MhXtuse ghangesgwhith

are difficult t%iﬁfeoﬁgrﬁeiﬂm‘r%c?d@fd @'%@ 2hE SEOAK Sveltalod, hfiowever,

proportion of the conponent used I'n the present composition I's too
| arge, the phot ddier @ﬂna@g@owﬁogn&oaswihb time tamtbe |;L)ess|g@|ed| byl Ampyovieg

0L 0 oo 43k USSR oL ok ki e b ORACIA B okl
t he conponen® (B} close to that of chromene compound.
The chromene compbﬁnd suitably used in combination with
the fulgide compound to obtain a neutral color, can be
represented by the following general formula (VI):
_ o
\\//Rlo
v ) \I/Rll ... (VI)
R12
10 (wherein R®, R'°, R' and R'? may be the same or different and
are each a hydrogen atom, an alkyl group, an aryl group, a
- substituted amino group or a saturated heterocyclic group and
R and R!? may form a ring together; and the group represented

by the following formula:

15

| is a bivalent aromatic hydrocarbon group or a bivalent
unsaturated heterocyclic group).

In the general formula (VI), the alkyl group and aryl

group represented by R®, R'®, R!! and R*? can be the same alkyl

20 groups and aryl groups as mentioned With respect to the
general formula (V): the substituted amino group includes
amino groups in which at .least one of i:he hydrogen atoms is
substituted with the above-mentioned alkyl group(s) or aryl
group(s): the saturated heterocyclic group includes

25 monovalent groups each derived from a 5- to 6-membered ring
containing, as a ring-forming atom(s), 1 or 2 nitrogen, oxygen
or sulfur atoms, such as pyrrolidine ring, imidazolidine ring,
piperidine ring, piperazine ring, morpholine ring or the
like.



Is too small, the above-nentioned neritorious effect is difficult to
obtain. -Therefore, the anount of the conponent (B) is preferably 30 to 70
parts by weight, nore preferably 25 40 to 65 parts by weight, per 100
parts by wei ght of the whole polynerizabl eefononer. In the general formula
(I'), (atb) refers to the length of the oxypropyl ene chain. Wen the nunber
of (at+b) is too large, the photochrom c cured product formed of {he

resul ting conpositi ortthdhengenerplc EormubaalVih, theirdngnwhishdRhcaad Rihen
heat ed, causes 'ms&&@é f d&y, | | r bl ¢. When the
nunber of (atb) q?s t oo smatlﬁ;',e J(t'lffge]ia‘%:uérgqec? Wﬁ&é‘ﬁ’r\l&éﬁeﬁ% ?&?P Ci gnt I mpact
resistance. Accdrittyaal 3 ihek B2 inonylidanegroupomedend with (a+b) nunmber
being 2 to 7, pref eraﬂl Bf:h% fgrﬁ]iul;hevfppmegivalent aromatic hydrocarbon
5 group or bivalent unsaturated heterocyclic group represented

by the following formula:

are the same groups as mentioned with respect to the general
formula (V). The substituents of these groups are not

10 partichlarly restricted and can be exemplified by halogen
atoms such as chlorine, bromine, iodine and the like:; alkyl
groups of 1 to 20 carbon atoms such as methyl group, ethyl
group and the like; alkoxy groups of 1 to 20 carbon atoms such
as methoxy group, ethoxy group and' the like; aryl groups of

15" 6 to 10 carbon atoms such as phenyl group, tolyl group, xylyl
group and the like; amino group; nitro group; and cyano group.

Particularly suitable as the chromene compound is a

compound of general formula (VI) in which R’ and R!? are each
a hydrogen atom; R'! and R'? may be the same or different and

20 are each an alkyl group having 1 to 4 carbon atoms, or may
together form a bicyclo{3.3.1]9-nonylidene group or a
norbornylidene group; and the group represented by the

following formula

25 1is a group derived from a naphthalene ring which may be
substituted with an alkyl group(s) of 1 to 20 carbon atoms
or an alkoxy group(s) of 1 to 20 carbon atoms.

Specific examples of the fulgide compound and chromene
compound, which can be suitably used in the present invention,

30 are as follows.



9 (B) used in the present conposition can be a sin atb)
nunber “bei ng a single nunber, but may al so be a nlxture of a plurality of

conpounds each having a different (a+b) nunber bet Rﬂlmmd
Incidentally, in the present 5 invention,18(neth) refers
to a generic nane for nethacryl ate conpound and acryl By

contai ning a polyethylene glycol di(neth)acrylate nononer [the conponent
(O] represent edFuygifle gempoundsernula (I1) in the conposition of the

toi ti t f
P ommound et he. ChholcetfuofERRLLE (Y- AinPRRC CEIASERPN Pl b RISEAN(Y S C
gl ycol di(neth)abegta[b]hhmophen@dhearbapphnnﬂo{EQ3-|s bIended When t he
proportion of the.compppeqt (£ 1Y388ahd)

5 (2) N-cyanomethyl-6,7-dihydro-~2-(p-methoxyphenyl)-4-
methylspiro(5,6-benzo[b]thiophenedicarboxyimido-7,2-

tricyclol[3.3.1.1]decane)
(3) N-cyanomethyl-6,7-dihydro-4-methylspiro(5,6-
benzo[b]thiophenedicarboxyimido-7,2-tricyclo-

10 [3.3.1.1]decane)

(4) 6,7-dihydro-N-methoxycarbonylmethyl-4-methyl-2-
phenylspiro(5,6-benzo[b]thiophenedicarboxyimido-~7,2~
tricyclo[3.3.1.1]decane) '

(5) 6,7-dihydro-4-methyl-2-(p-methylphenyl)-N-

15 nitromethylspiro(5,6-benzo[b]thiophenedicarboxyimido-7,2-
tricyclo[3.3.1.1]decane)

(6) N-cyanomethyl-6,7-dihydro-4-cyclopropyl-3-methyl-
spiro(5,6-benzo[b]lthiophenedicarboxyimido-7, 2~
tricyclo[3.3.1.1]decane)

20 (7) N-cyanomethyl-6,7-dihydro-4-cyclopropyl-spiro(5,6-
benzoib]lthiophenedicarboxyimido-7,2-tricyclo[3.3.1.1])-
decane) '

Chromene compounds:
(1) spiro[norbornane—z,Z'-[Zﬁ]benzo[h]chromene]

25 (2) spiro[bicyclo[3.3.1]nonane-9,2'-[2H]benzo[f]chromene]
(3) 7'-methoxyspirolbicyclo[3.3.1]nonane-9,2'-
[2H]benzo[f]chromene] |
(4) 7'—methoxyspiro[norbornane-z,2‘-[2H]benzo[f}chromene]
(5) 2,2-dimethyl-7-octoxy[2H]benzo[h]chromene.

30 Besides the fulgide compound and the chromene compound,
there may be used a spirooxazine compound (hereinafter
abbreviated to an oxazine compound). The oxazine compound
may be any known compound having a spirooxazine skeleton and
showing a photochromic property. A spirooxazine compound

35 represented by the f;)llowing general formula (VII) can be used

| THIS SHBET HAS BEEN
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t he present conposition is too small, the durability in 15 photochrom sm
of the photochrom c conpound is declined, while when the proportion is too
| arge, the cured product obtained by polynerization of the resulting
conposition has too high a water absorpti d® and too high a shrinkage after
pol ynmeri zation. Therefore, the proportion of the conponent 20 (C) is
preferably 20 to 60 parts by weight, nore preferably 25 to 50 parts by
wei ght, nost pr &odt@a®ly .40 to 50 parts by weight, per 100 parts by wei ght
of the whol e pol yneri zabl e nonogg ish the general formula (I1), c refers
When the nunber of ¢ is too |arge, the
25 photochrom c cured produe

g i npEegNfrom the resulting conposition has
no sufficient heat resistan¥de a 4 n heamlgsuses di nensi onal
deformation, which is not pr® . : en the nd c is too smll,

t he cured

In the above general formula (VII), R, R and R may

be the same or different and are each an alkyl group, a
5 cycloalkyl group, a cycloaralkyl group, an alkoxy group, an

alkyleneoxyalkyl group, an alkoxycarbonyl group, an

alkoxycarbonylalkyl group, an aryl group, an aralkyl group,
an aryloxy group, an alkylenethioalkyl group., an acyl group,
an acyloxy group or an amino group, R'* and R!® may together
10 forma ring, and R*?, R!* and R?® may each have a substituent(s).
The substituent(s) includes (include), besides the above-
mentioned groups, halogen atom, nitro group, cyano group,

heterocyclic group, etc. The group represented by

Y

15 is a substituted or unsubstituted bivalent aromatic
hydrocarbon group or a substituted or unsubstituted bivalent

unsaturated heterocyclic group. The group represented by
I x

is a substituted or unsubstituted bivalent aromatic
20 hydrocarbon group or a substituted or unsubstituted bivalent
unsaturated heterocyclic group. Specific examples of these
groups are the same groups as those mentioned above with
respect to the generall.formula (V). The substituents can be
the same groups as mentioned above with respect to R!?, R
25 and R'®. 1In particular, a group represented by
_NR16R17



~

product has no suff|C|ent inpact resi sttance. Therefore, 30 there is
preferred a conpo r-of c.is 2to 7, preferably 3 or 4. The
conmponent (C) used " HFH t conposition can be a single conpound
with the nunber | e nunbe2Q but nmay also be a mixture of a
plurality of conpounds each haV|ng a different ¢ nunber between 2 and 9. 35
In the present conpositiq addi tion to the 10 components (A), (B)
and (C), a (net (’W%#‘?/ila rﬂﬂﬂ)ﬁeraaﬁcﬁﬁﬁh Ansalkyl gRARve ANCRRKPEY \GRAMDS
the conponent ( cRbap o Uhe! 1f1ch NIERAPBER AP e Db LR A PN

Preferred exanp es o these nononers I ncl uncti onal
and R'® and R'7 may be bonded and cyclized with each other to

form a nitrogen-containing heterocyclic ring) is preferable
5 from the standpoint of high density of its developed color
in the initial photochromic performance. ‘
Specific examples of the oxazine compound,
preferably usable in the present invention are as follows.
(1) 1'-Methoxycarbonylmethyl-8"-methoxy-6"-(4-
10 methylpiperazino)dispiro(cYclohexane-l,3'-(3H)indole—2'-
(1'H),3"5(3H)naphtho(3,2-a)(1,4)oxazine) |
(2) 6'-Fluoro-1',5'-dimethyl-6"-morpholinodispiro(cyclo-
hexane-1,3'-(3H)indole-2'-(1'H),3"-(3H)naphtho(3,2~
a)(1l,4)oxazine) |
15 (3) 6'-Fluoro-5'-methyl-1'-isobutyl-6"-morpholinodispiro-
(cYclohexane—l,B'-(3H)indole-2'-(l'H),3“-
(3H)naphtho(3,2a)(1,4)oxazine)
In the present inVention, even when the amount of the
photochromic compound [the component (F)] is small, the
20 durability in photochromism of the photochromic compound is
‘not impaired owing to the contribution of the epoxy compound
. [{the component (A)] and the polyethylene glycol
di(meth)acrylate monomer [the component (C)]. However, when
the amount of the photochromic compound is too large, the
25 compound causes condensation, resulting in large reduction
in the durability. Therefore, the photochromic compound is
used in an amount of preferably 0.001 to 10 parts by weight,
more preferably 0.01 to 5 parts by weight, particularly
preferably 0.01 to 1 part by weight, per 100 parts by weight
30 of the whole polymerizable monomer. In this range, the best
photochromic performance is obtailned.
In the photochromic curable composition of the present
invention, there can be further contained, if required,
various stabilizers and additives such as a mold-releasing

35 agent, ultraviolet absorber, infrared absorber, ultraviolet
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5 (nmeth)acrylate nmononers such as nethyl (neth)acryl ate, ethyl
(meth)acrylate, butyl (neth)acrylate, isobornyl (neth)- acrylate, benzyl
(meth) acryl ate, phenyl (meth)acrylate, tribronophenyl (neth)acryl ate,

2- hydroxyet hyl (neth)acryl ate, phenoxyethgl (nmeth)acrylate, 10
phenoxypol yet hyl ene gl ycol (neth)acryl ate, al koxypol yethyl ene gl ycol
(et h) acryl ate, al koxypoly- propyl ene glycol (neth)acrylate,
trifluoronethyl stabihizeryl ansigrddant, | ceiorpng yinmthiteml dnkistatigl ate

mononers such ag pekybpi xLenecghy i@le digolet B) 66Xt 2t daorht Lnfr PREADEHLO!
%(yf -g? tH) cg'%a e, acry

di (nmet h) acryl at €7 "nedpen ycol di C ate or
met hacryl at e conpouniindthe?2piotdechtemie tbmpogibyonofctie pypseny| Hnorerpaion ,

o e RARLABRCof TR A e R 26 M BHL s bocanse
5 the durability of the photochromic compound used in the
composition can be further improved thereby. Since a fulgide
compound shows particularly large improvement in the
durability when an ultraviolet stablilizer is added thereto,
use of an ultraviolet stabilizer in the present composition
10 containing a combination of a fulgide compound and a chromene
compound as described above can favorably prevent the change
with time, of the neutral color developed by these compounds.

As the ultraviolet stabilizer, there can be preferably

used a hindered amine light stabilizer, a hindered phenol
15 1light stabilizer, a sulfur-based antioxidant.

The amount of the ultraviolet stabilizer used is not
particularly restricted, but a preferable amount is generally
0.001 to 10 parts by weight, preferably 0.01 to 1 part by weight,
per 100 parts by weight of the whole polymerizable monomer.

20 When the fulgide compound and the chromene compound are
used in combination, the change with time of the mixed color
developed by these two photdchromic compounds can be
suppressed by addition of a phosphorous acid ester.
Therefore, combination use of an ultraviolet stabilizer and

25 a phosphorous acid ester in a system using both the fulgide
compound and the chromene compound is most preferable in the
present invention. The amount of the phosphorous acid ester

- used is preferably 0.001 to 10 parts by weight, more
preferably 0.01 to 1 part by weight, per 100 parts by weight

30 of the whole polymerizable monomer.

When an infrared absorber is used in the present
composition, there can be dbtained a photochromic cured
product having not only photochromism but also infrared
absorptivity. There can be used, as the infrared absorber,

35 a polymethine compound, a diimmonium compound, a cyanine



20 2,2'-bis(4-methacryl oyl oxypropoxyphenyl ) propane, acrylate or

met hacryt ate conpound of - 2, 2' - bi s(4- et hacryl oyl oxy -This Sheet Has Been Replaced
pol ypr opoxyphenyl ) propane, acrylate or nethacrylate co

2,2 -bis(3,5-di brono-4-nethacr- yl oyl oxyeRRoxy) propan

met hacryl ate conpound of 25 addition product of hydrogenate I sphenol A
wi th ethyl ene oxide or propyl ene oxide, dinethyloltricyclodecane

di (et h) acryl at @omnpnﬁﬂhyarbanth€9qué§e@am@rqmllp@tam(yma(lmm%wmn@end-
trimethyl ol propgn e [ r )ac e,
30 reaction pr%dé%% o% hﬁ;égﬁébabycoﬁ gké §€§h§€e%%§é f%rﬁgg @-i&f&é
gl yci dyl (net h) molgcuier aba@rpbthatxmmffdicipn@pqn@mngsyowlarmeffect in
pol ypr opyl ene gLy cidyl (meth) acrylate, reaction product of

gl yci dyl (neth)éc%&%lﬁzg&99h¥addlt|on product of bisphenol A with ethyl ene
oxi de or prdpyl ene ofhdeamount of the infrared absorber used is preferably

0.0001 to 1 part by weight, more preferably 0.001 to 0.01 part
by weight, per 100 parts by weight of the whole polymerizable
monomer. .

The polymerization process for obtaining a cured product

10 from the photochrOmic curable composition of the present

invéntidn is not particularly restricted, and a known radical .
polymerization process can be used. The polymerization can
be initiated by the use of a radical polymerization initia tor
such as peroxide, azo compound or the like, or by the

15 application of ultraviolet light, @¢-ray, P -ray, 7 -ray or
the like, or by the combination use of the above two means.
In a typical polymerization process, cast polymerization can
be employed; that is, the photochromic curable composition
of the present invention containing a radical polymerization
20 initiator is poured into a mold held by an elastomer gasket
or spacer, the mold is placed in an air furnace to give rise
to oxidation of the composition, and then the resulting
material is taken out.
The radical polymerization initiator is not partic-
25 ularly restricted and can be a known radical polymerization
initiator. Typical examples thereof are diacyl peroxides
such as benzoyl peroxide, p-chlorobenzoyl peroxide, decanoyl
peroxide, lauroyl peroxide, acetyl peroxide and the like;
peroxy esters such as t-butyl peroxy-2-ethylhexanocate, t-
30 butyl peroxyneodecanoate, cumyl peroxyneodecanoate, t-butyl
peroxybenzoate and the like; percarbonates such as
diisopropyl peroxydicarbonate, di-sec-butyl peroxy-
dicarbonate and the like; and azo compounds such as

azobisisobutyronitrile and the like.

THIS SHEET HAS BEEN
REPLACED
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reaction product of glycidyl (meth)acrylate with addition product of

hydr ogenat ed bi sphenol A with ethylene oxide or propyl ene oxide, and

uret hane acrylate; and styryl nononers such as styrene, chlorostyrene,

a- met hyl styrene, 5 vinyl napht hal ene, isopragenyl napht hal ene, bronostyrene,
di vi nyl benzene and the |ike. These (neth)acryl ate nononers and/or styryl
nononmers can be used singly or in adm xture of two or nore. The proportion

thereof can be det er Fheeamauptme theipriicak podymepiratirnoinbtiater ased
et o 4" SR AU RAERG ek ot Rl ERUEUR s iRl Sl
the kinds of initiator used and the composition of monomers

used, and cannot be specified generally. However, the
5 suitable amount is generally 0.001 to 10 parts by weight,
preferably 0.01 to 5 parts by weight-, per 100 parts by weight

of the whole polymerizable monomer.

Of the polymerization conditions, the polymerization

temperature, in particular, exerts an influence on the

10 properties of the photochromic cured product obtained. The
temperature condition varies depending upon the kind and
amount of initiator used and the kinds of monomers used, and
cannot be specified generally. However, it is generally
preferred to conduct so-called tapered type two-step

15 polymerization wherein polymerization is initiated at a -
relatively low temperature, the temperature is increased
gradually and, upon the completion of polyme_rization, curing
is conducted at a high temperature. The polymerization time
also varies depending upon various factors similarly to the-

20 polymerization temperature. Therefore, it is preferred to
determine, in advance, an optimum polymerization time to meet
the conditions, while it is preferable that the conditions
are selected so as to complete the polymerization generally
'in 2 to 40 hours. .

25 The photochromic cured product obtained as above can be
subjected to the following treatments, depending upon the
application. That is, to the cured product can be applied
processings and secondary treatments such as dyeing by the

~use of a dye such as disperse dye or the like; treatment by

30 a silane coupling agent or a hard-coat agent containing, as
the main component, a sol of silicon, zirconium, antimony,
aluminum, tin, tungsten or the like; an anti-reflection
treatment by formation of a thin film of a metal oxide (e.g.
$i0,, TiO, or Zr0O,) by vapor deposition, or an antistatic

35 treatment by coating of a thin film of an organic polymer;:



by weight, nore preferably 0 to 15 parts by weight, per 100 parts by weight
of the whol e polynerizabl e nonomer because 15 too |arge an anount inpairs
the 'effect intended by the present invention. The a-nethyl styrene di ner
used as the conponent (E) in the present 2énposition is used as a

pol ymeri zati on nodul ater in curing the conposition of the invention. The
chain 20 transfer action of the a -nethylstyrene dinmer inhibits abrupt and
vi ol ent pol ynerandt $onfantheuri ng and enabl es noderate pol yneri zation and

curing, and consequ y rﬂﬁHg r hﬁﬁ Hﬁ|% [ i on
strain and a hi ghereﬁélﬁu#agp%#é%g??za | OJIEInéI('f; @L%bal ed. iﬁr%géort I on of
the 25 conponeplhotéshuemilc icciqabdfeecabpgsition 2tharpredantwdnybntionris

preferabl y 0.5 LopdrPRE I oSV afiehn AP 30 ShblodtEh il af bek'81 4001

5 moldability and, when stored over a 1ong'period of time, can

retain its initial photochromism. Further, it is possible
to obtain the photochromic cured product superior in
transparency, surface hardness, solvent resiétance, heat
resistance, impact resistance, coatability and dyeability.

10 Therefore, the cured product obtained by polymerizing
the photochromic curable composition of the present invention
is useful as an organic glass having photochromism and can
be suitably used in applications such as photochromic lens
and the like. '

15

Examples

The present invention is hereinafter described
specifically by way of Examples. However, the present
invention is not restricted to these Examples.

20 In the following Examples, the following compounds were
used as the components (A) to (F) and the component (G)
(ultraviolet stabilizer).

(A) Epoxy compounds
GMA: Glycidyl methacrylate
25 MGA: (-methylglycidyl acrylate
BPMGMA: Bisphenol A monoglycidyl ether méthacrylate
EGGE: Ethylene glycol glycidyl ether
(B) Polypropylene glycol di(meth)acrylates
3PG: Tripropylene glycol dimethacrylate
30 4PG: Tetrapropylene glycol dimethacrylate (a monomer

mixture of polypropylene glycol dimethacrylate
having four (on an average) moles of oxypropoylene
chains
(C) Polyethylene glycol di(meth)acrylates



-

proportion is too |arge, the photochrom c conpound [the conponent (F) ]
shaws reduced durability in photochromsmin 30 the cured prgdygrde BRBaTRMaced
fromthe resulting conposition. As the photochroni ¢ conpound al

conponent (F) used in the present conposi2bon, any conpound shgmglmmlm I
chromi sm may be used wi'thout restriction. For exanple, photoch

conpounds such as ful gi de conpounds, chronene 12 conpounds, spirooxazi ne
conpounds and the |iRe:alziethylenewalyaell dhmethaemybate oni ¢ conpounds can

be used in the presepk.,i L | gi E§§H§g§ ne
conpounds, there canEEé g%g?éFQE %eﬁge%ffﬁége&%gﬁg%gn dlscﬁggg |4;
mixture of polyethylene glycol dimethacrylates,

having four (on an average) moles of oxyethylene
5 chains _ _
(D) (Meth)acrylate monomers and styryl monomers
' MMA: Methyl methacrylate |
MS: a-Methylstyrene .
BzMA: Benzyl_methacrylate'

10 HEMA: 2-Hydroxyethyl methacrylate

| (E) a-Methylstyrene dimer
(F) Photochromic compounds
[Fulgide compounds]
fl: N-Cyanomethyl-6,7-dihydro-4-methyl-2-phenylspiro(5,6-

15 ©benzo[b]lthiophenedicarboxiimido-7,2-tricyclo[3.3.1.1]
decane)
f2: N-Cyanomethyl-6,7-dihydro-2-(p-methoxyphenyl)-4-
methylspiro(5,6-~benzo[b]thiophenedicarboxiimido-7,2-
tricyclo[3.3.1.1]decane)

20 £3: N-Cyanomethyl-6,7-dihydro-4-methylspiro(5,6-
benzolb]lthiophenedicarboxiimido-7,2-tricyclo-
[3.3.1.1]decane)

[Chromene compounds] _
cl: Spiro(norbornane-Z,Z'-[2H]benzo[h]chromene)

25 c¢2: Spiro(bicyclo[3.3.1]nonane-9,2'-[2H]benzo[h]chromene)
c3: 7'-Methoxyspiro(bicyclo[3.3.l]nbnane-9,2'-'
[2H]benzo[h]lchromene)

[Spirocoxazine compound]
sl: 6'-Fluoro-1',5'-dimethyl-6"-morpholinodispiro(cyclo

30 hexane-1,3'-[3H]indole-2'-[1'H],3"-[3H]naphtho([3,2-

ajl[l,4]loxazine)

(G) Ultraviolet stabilizers _

LS-2626: Sanol LS-2626 (trade name, a product of Sankyo Co.,
Ltd.)

THIS SHEET HAS BEEN
" "REPLAGED




5 forexanple, U S. PatentNos. 4,882,438, 4,960,678, 5,130,058 and
5,106,998. In the present conp05|t|on a ful gi de conmpound can be used
preferably because ful gi de conpounds, as conpared wi th other photochromc
conpounds, are particularly high in 10 ph&6ochrom sm durability inprovenent
I ntended by the present invention. The ful gi de conpounds suitably used in
the present invention can be represented by the followi ng general formula
(V): [err] 15 [(Wi)eln the group represeﬂg ﬁzthe fol | owing fo€k@Hy)3
[err] is a substituted unsubsti t ut ed blval aromati c. -hygrssar bon group

or a substituted oHGmgub t CHY pg- fovd CRIETS 'T@ngoup,
R5 is an al kyl group, aryl

(CH;),C H;C CH, C(CH3)3

LA-63A: LA-63A (trade name, a product of Asahi Denka Kogyo
K.K.); a condensation product between 1,2,3,4-

5 butanetetracarboxylic acid, 1,2,2,6,6-pentamethyl-4-
piperidinol and 8, B, 8', B’'-tetramethyl-3,9-(2,4,8,10-
tetraoxaspiro[5.5]undecane)diethanol
HBP: HBP (trade'name, a product of Johoku Chemical Co., Ltd.):
hydrogenated bisphenol A phosphite polymer.

10 _
Examples 1-14 and Comparative Examples 1-3
| One part by weight of t-butyl peroxy-2-ethylhexanoate
as a radical polymerization initiator was added to each
curable compositioh comprising components (A) to (F) and
15 ultraviolet stabilizers as component (G), shown in Table 1,
followed by-sﬁfficient mixing. The resulting mixture was
poured into a mold consfituted.by a glass sheet and a gasket
composed of an ethylene-vinyl acetate copolymer, and cast
polymerization was conducted. In the polymerization, an air
20 oven was used; temperature inside of the oven was elevated
gradually over 18 hours from 30°C to 90°C, and 920°C was
maintained for 2 hours. After the completion of
polymerization, the mold was taken out of the air oven and
allowed to cool. Then, a cured product was taken out of the
25 glass mold.

Each photochromic cured product obtained above was
measured for photochromic property, physical properties and
vield in polymerization by the following methods, and the
results are shown in Table 2.

30 (1) Developed color and density of developed color

Each photochromic cured product obtained above

(thickness: 2 mm) was irradiated with a beam emitted from a



20 group, or a nonoval ent heterocyclic group; the group represented by the
fol.lowng formula: () is a norbornylidene group or an adamantyli dene group;
and X is an oxygen atom a group represented by >N-Rerr], a group 25
represented by >N-Alerr]-Blerr]-(Alerr])[2Fr]-(B[err])[err]-Rerr], a group
represented by 13 >N-A3-A4 or a group represented by >N-Alerr]-R err]
(in which Rerr] is a hydrogen atom an al kyl group or an aryl group;
Alerr], Alerr] Bgaonp3lamp ble-2480 s6IR0 ¢f) FHL-L06nt aangoduetecaf Hamamakstene

group, an alkyl i}fg:&gﬁnﬂég%. %f.gériﬂﬁginéé%ﬁgﬁ# %gt%% (?{Eﬁoduct Of Corning

al kyl cycl oal kan group; sane
Co., Ltd.) at 20°£1°C with beam intensities of 2.4 mW/cm? (at
365 nm) and 24 UW/cm? (at 245 nm) on the surface of the cured

5 product for 120 seconds, to give rise to color development.
The developed color was examined visually. Also, [ &€(120
sec.) - €(0 sec.)] was determined and used as the density

of developed color of the cured product. Incidentally, g
(120 sec.) is the absorbance of the photochromic cured product
10 at its maximum absorption wavelength when the cured product
was irradiated for 120 seconds under the above conditions to

give rise to color development; and € (0 sec.) is the
absorbance of the photochromic cured product before
irradiation at the same wavelength.
15 (2) Durability
Fatigue life was measured by the use of a Xxenon fadeometer
(FAC-25AX-HC, a product of Suga Shikenki K.K.). Fatigue life
was expressed by a time (T,,2) required for the absorbance at
the maximum absorption wavelength due to a photochromic
20 compound, of a cured product reaching 1/2 of the initial (T,)
absorbance. Herein, the absorbances at T, and T;,, are each
a value obtained by subtracting the absorbance of the cured
product before irradiation at the maximum absorption
wavelength.
25 (3) Light transmittance
Light transmittance was measured at 500 nm by the use
of a spectrophotometer (220A, a product of Hitachi, Ltd.).
(4) Surface hardness |
A L-scale value was measured on a cured product having
30 a thickness of 2 mm, by the use of a Rockwell hardness tester.
(5) Saturation water absorption
A disc-shaped cured product having a thickness of 2 mm
was immersed in a hot water of 50°C, and when the cured product



different and are each a group represented by the follow ng group: [err]
and mand n are each independently O or 1 with a proviso that 10 when mis
O, nis O0; Rerr] is an al kyl group, a naphthyl group or a naphthyl al kyl
group; A4 is a naphthyl group; and R err]2Bs a hal ogen atom a cyano group
or a nitro group)]. In the general formula (V), the bivalent aromatic

hydr ocar bon group represented by the follomﬁngﬁfornula [err] 15 incl udes,

for exanple, bibafehts frafEatlon varer shearpbhoRncthe wWelight inpreasesed
s for PSSRl pEBcaBRoubl B AR r s AN LY,
absorption of the cured product was calculated from the weight
increase.
5 (6) Change in developed color density by water absorption,
of cured product
The change in developed color density by water
absorption, of a photochromic cured product was measured by
the following method as the acceleration test under severe
10  conditions which are simulated the long-term storage of the
photochromic cured product. A cured product (thickness: 2
mm) right after completion of the polymerization was measured
for developed color density (initial) according to the method
(1) mentioned above. Then, the cured product was immersed in
15 a hot water of 50°C without exposing a light and, when reached
at its saturation water absorption, it was measured for
developed color density (after water absortion). The change
(%) in developed color density was calculated using the
following equation.
20 Change (%) = [developed color density (after water
absorption) - developed color density
(initial)]/[developed color density

(initial)] * 100
(7) Shrinkage after polymerization
25 Calculated from the specific gravity of a photochromic
curable composition and the specific gravity of a cured
product obtained from the composition.
(8) Yield in polymerization
There were prepared circular lenses of cured product
30 having a diameter of 70 mm, a central thickness of 2 mm and
a peripheral thickness of 10 mm. At this time, the yield was

rated according to the following criterion.
O: All of the 10 cured products caused no

polymerization releasing and had a good surface



>

20 containing 1 to 2 oxygen, nitrogen or sulfur atonms as the ring-fornng
aton(s),-or froma fused ring of the above 5- to 7-nenbered ring and a
benzene ring. Specific exanples of the bivalent aromatic hydrocarbon group
are groups of 6 to 14 carbon atons derive2dfrom benzene ring, naphthal ene
ring, 25 phenanthrene ring, anthracene ring or the like. Specific

exanpl es of the bivalent unsaturated heterocyclic group are groups of 4 to
9 carbon atons eeadifetonsom furan ring, benzofuran ring, pyridine ring,

g, 30" bengot hi opkéng EPng 8 ERB’ EPieSrencPeontePE ISRt oo ne above
are not particuélymeriization releasing.

X: Less than 5 of the 10 cured products caused no

5 polymerization releasing.'
(9) Falling ball test _

Steel balls each having a different weight were dropped
on the center of each of 10 lenses each having a central
thickness of 2 mm, £from a height of 127 cm, to allow each lens

10 to have damage or a crack(s). The weights of the steel balls
which caused damage or a crack(s), were averaged on the 10

lenses.
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15 nonoval ent groups each derived froma 5- . to 7-nmenbered ring containing
1- 2. oxygen, nitrogen or sulfur atons as the ring-formng aton(s), or froma
fused ring of the above 5--to 7-nenbered ring and a benzene ring. In the
general formula (V), the-alkyl group and aryl group 20 represented by R
are the sane groups as nentioned with respect to R err]. The al kyl ene group
represented by Alerr], Alerr] and A[err] Is preferably a group having 1 to

4 carbon atons such asnethylene group —ethylene group oronvl ene group,
trimethyl ene group, ei;anq;hyl ﬂqvgrﬁhg or & | {ke; t|he ql kyl i dene group
is 25 preferably a ¢grofp Having@75t g car beh at ons SLCE as|ethylidene
group, propylidene g;onpngiopr( xémyE?elgro ;?Q t he I“éq,,ihe _
cycl oal kyl ene group is Er@ r abllyg, e fed) gmanpl m &l cycl ghgxyl ¢ne group; and
t he al kyl cycl oal kan- dii YL @rdup ¥ ‘Drtfeadil v 90| exangl ¢, |a
' -dil vl nMmuugm (B m
di met hyl cycl ohexan-diiyl@addgpp. | <@I2<2 9<d
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30 In the general forrmula (V), the alkyl group represented by R7 is
the. sanme-group as nentioned with respect to R err]; and the naphthyl al kyl
group is preferably a group having 11 to 14 carbon atons such as

napht hyl met hyl group, naphthylethyl groyg or the |ike. 15 O the ful gide
conpounds represented by the general fornmula (V), there is preferred, in
view of the durability in photochrom sm etc., a conpound of general
formula (V) in which R[err] is an alkyl group; Xis >NNR[R is a cyanoal kyl

group 5 having 1 to f_carbon atong, [a hi {r dal]ky r¢ug having 1 to 4 carbon
atonms or an al koxyca §onyl al kyl grgup_, haVhNg |3 Ll Lo |«
. o~ O |t~ |00 [CO [N\O |~ |~ b~ fI~
-lv-lmf\
G
RO B~
' 8
v £ >y
3 % olojojolojolololojo]
—A g o= =)
Mo M =
> D
2 4 :
o ] i e [ [ et [t [ [t et et 8
HHES e e | [ | A [
- O i QO
2679 % 2
0N o N °
% +
Noog o~ ~
e™® & o
- 0 o
05 B BEEmibhn|n|olmiwle ||
Soudupg8H
§eougobg
£8°9882uw
Uo 0w ExwWOoE
g g
o 0O
o i
£ 2 ~ (o s (o o |- i o o |-
N ggg‘ o e e o e [y e e (e
© |mESw
3 |2Ee~
g P
A < e |n|njo |~ |m v |mlo
HYa alo oo o oo & jon &0
- - o
P
0 2]
- NN NN R NN T
o8P oo o oo o o (o [on [0 e
o d P~
HEEE B
o
~ >
& owlniowlo mlo|a|o}l o
E o |10 | [0 la o [w S o ln s
] NN NN N e e e e e
g H
B~ g
33 g
ol ololo|o|o o alo| ©
g 8d o,
amw o ra.x
ololof[olo|o|o]|ola|e|E™
- HHH-—IEEE-—&H-—I%,
2 R E A R R Er ol
& slslsis|zlz|(z|3|3l3|MM™
3 u alajalajalalala]alm
253 AR - LR - E-R - E-R - N P
- ololoiolalala|ale|e|, B
28 o fes o | el e | el e [l ) B
MO
(=]
- ANl |w|lnjo|~jojanls
= el o b o} ¢} o] o] ¢ o} o]
AR IE IR E AR AERERE,
B (M (A | & (e |




9 carbon atons (containing an al koxy group having 1 to 4 carbon atons and
an al kyl.ene group having 1 to 4 carbon atons); the group represented by the
foll owi ng fornula: 10 [err] is an adamantylidene
group; and the group represented by the fgllomﬁng formula: is a

het erocyclic group which may be substitutéd with an aryl 15 group having 6
to 10 carbon atons or an al koxyaryl group having 7 to 14 carbon atons (an

aryl group having to 10 carbon atons substituted with an al koxy group
having 1 to 4 carbom:atons) parti qullarj y|ajgrioup derived from a thiophene
ring. Wien a phot Odbj’ gni, ¢ conpouft gﬁwf%tfgrca spectacle lens, 20 color
such as gray, browyog li ke |'spriefer gbl chEsen. Such a color is not
achieved with a siné € Hho tochrohic donpound, jand two or nore phot ochromc
conpounds are used}in g '
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conbi-nati on. The ful gi de conpounds general |y devel op an orange to bl ue
color, .and accordingly, by blending a chronmene 25 conpound whi ch devel ops
a yellow to orange color, a neutral color such as gray, brown or the |ike
can be obtained. Since the ful gide conpoudds, however, are inferior in
durability in photochrom smas conpared with chronene conpounds, there have
been a problemthat the ful gi de conpound change the 30 colors wth the

| apse of tinme and as a result, the col or @aims 16 a ful gi de _
conpound- chr omene conpound nmi xture changes with tinme as well. According to
t he present invention, however, the change of color with tinme can be

| essened by inpdovi nd photochromic curable composition comprising

a polymerizable monomer composed of 0.1 to 30 parts by

5 weight of (A) a compound having at least one epoxy group in
the molecule,

30 to 70 parts by weight of (B) a polypropylene

glycol di(meth)acrylate monomer represented by the following

general formula (I):

Lo Erenoretcnmors-ok
CH,= Io—-( HCH,03+€CH, HO)F—E =CH, ...(I)

10
[wherein R! is a hydrogen atom or a methyl group, and a and
b are each independently a number of 0 to 7 with a proviso
that (a+b) = 2 to 71,
20 to 60 parts by weight of (C) a polyethylene glycol
15 di(meth)acrylate monomer represented by the following
geheral formula (IX):

1 ' 1
CHziio—fcnzcnzo )C—EI=CH2 ... (II)

(wherein R! is a hydrogen atom or a methyl group, and c¢ is
‘an integer of 2 to 9), and

20 0 to 35 parts by weight of (D) a (meth)acrylate
monomer and/or a styryl monomer,
the total of the components (A), (B), (C) and (D) being 100
parts by weight,
and .

25 0.1 to 2 parts by weight, based on 100 parts by weight
of the polymerizable monomer, of (E) an &-methylstyrene
dimer, and

0.001 to 10 parts by weight, based on 100 parts by weight

of the polymerizable monomer, of (F) a photochromic compound.

* [+ L M H] * e



t he phot ochrom smdurability of ful gide conmpound and bringing 5 it close to
that of ehronene conpound. The chromene conpound suitably used in
conbi nation with the ful gi de conpound to obtain a neutral color, can be
represented by the following general formdisa (VI): RO [err] 10 (wherein
Rlerr], Rerr], Rerr] and Rlerr] may be the sane or different and are each
a hydrogen atom an al kyl group, an aryl group, a substituted am no group
or a saturated Reter 8cguerablgraampagitiqreactordiing e Clajmyl f wheaxrein ke
together; and t [ e t f.al ] , L 5SS a
bi val ent aromat .%?“%9’ #%cggggﬁagg%ﬁ%e%%t% \?gloé:%‘t"bﬂgu{aoiﬂt?e "Ioaec;ulje 1s

a compound represented by the following formula (III):

1
n

5 (wherein A is a residue of an n-valent alcoholic hydroxyl
. group-containing compound, a residue of an n-valent phenolic
hydroxyl group-containing compound, or an n-valent
carboxylic acid residue; R! is a hydrogen atom or a methyl
group; and n is an integer of 1 to 4).

10 3. A curable composition Claim 1, wherein the compound
having at least one epoxy group in the molecule is a compound

represented by the following formula (IV):
1 4
CH2=tEO—(R20-)m—(-R3O-)n——CHz 7H2 ... (IV)

(wherein R! and R* are each a hydrogen atom or a methyl group:
15 R? and R’ may be the same or different and are each an alkylene
group having 1 to 4 carbon atoms which may be substituted with
a hydroxyl group(s), or a group represented by the following

OO

20 and m and n are each 0 or 1)..

formula

4. A curable composition according to Claim 1, wherein the
photochromic compound is a fulgide compound represented by
the following general formula (V):

* [+ L M S *



unsatur at ed het erocyclic group). In the general forrmula (Vl), the alkyl
group and aryl group represented by Rerr], Rerr], Rerr] and R err] can

be the sanme alkyl 20 groups and aryl groups as nentioned witi§Shee & n Reéplaced
the general fornmula (V); the substituted 36 no group include I! !I’ EM mm

in which at [east one of the hydrogen atons is substituted w
above- nenti oned al kyl group(s) or aryl _group(s); the saturate eterocyclic
group includes 25 nonoval ent groups Rachgderived froma 5- to 6-nenbered
ring containing, as a ring-formn 1 or 2 nitrogen, oxygen or

sul fur atons, such as pyrrolidi r azol idine ring, piperidine
ring, piperazine ring, norpholil¥e rﬂng r i ke.-

().

[wherein the group represented by the following formula

Y

is a substituted or unsubstituted bivalent aromatic

5 hydrocarbon group or a substituted or unsubstituted bivalent
unsaturated heter_ocyclic group; R® is an alkyl group, an aryl
group or a monovalent heterocyclic group:; the group
represented by the following formula:

»

10 is a norbornylidene group or an adamantylidene group; and X
is an oxygen atom, a group represented by >N-R®, a group
represented by >N-A1-B1-_(A2)-(Bz)-R7, a group represented by
SN-A;-A, Or a group represented by >N-A;-R® (R® is a hydrogen
atom, an alkyl group or an aryl group:; A;, A; and A; may be

15 the same or different and are each an alkylene group, an
alkylidene group, a c¢ycloalkylene group Or an
alkylcycloalkan-diyl group; B; and B; may be the same or
different and are each a group represented by the following

group:

P S S S A S

m and n are each independently 0 or 1 with a proviso that when
m is 0, n is 0); R’ is an alkyl group, a naphtyl group Or a
naphtylalkyl group; A, is a naphthyl group; and R® is a halogen

atom, a cyano group or a nitro group)].

THIS SHEET HAS BEEN | ”“l“c’ "IIIL, "IJI "lls' | ||||

REPLACED




- - - \

17 In the general formula (VI), the ring which Rlerr] and Rlerr] form

t oget her+includes a norbornylidene group, a bicyclo[3.3.1]9-nonylidene
group, etc. In the formula (VI), the bivalent aromatic hydrocarbon 5 group
or bival ent unsaturated heterocyclic group7represented by the foll ow ng
formula: 0% [err] are the same groups as nentioned with respect to the
general fornmula (V). The substituents of these groups are not 10
particularly re8tricReirzahie gomposdtdop acterding (el chaimat.owberedn the

chlorine, br Omngft?ﬁﬁ)egrgﬁ%@ng?rf}éfuﬁd S afLE¥omdi@ Ybng¥unh F8p#8sERtRA by

atons such as
the following formula (VI):

R9
R0
N
CY g oD
RlZ

5 (wherein R®, R*, R' and R’ may be the same or different and
are each 'a hydrogen atom, an alkyl group, an aryl group, a
substituted amino group or a saturated heterocyclic group and
R!! and R'? may form a ring together; and the group represented

by the following formula:

Y
10
is a substituted or unsubstituted bivalent aromatic
hydrocarbon group or a substituted or unsubstituted bivalent
unsaturated heterocyclic group).
6. A curable composition according to Claim 1, wherein the
15 photochromic compound is a spirooxazine compound represented
by the following formula (VII): |

R14 R15

Y |/\O_>’\ .. (VII)

\_X
R13

(wherein R'®, R and R?® may be the same or different and are

each an alkyl group, a cycloalkyl group, a cycloaralkyl group,
20 an alkoxy group, an alkyleneoxyalkyl group, an alkoxycarbonyl

group, an alkoxycarbonylalkyl group, an aryl group, an

aralkyl group, an aryloxy group, an alkylenethioalkyl group,

an acyl group, an acyloxy group or an amino group, R and

R!® may together form a ring, and R'?, R and R'® may each have
25 a substituent(s):; and the groups représented by the

To* [ L M s *




group and the |ike; al koxy groups of 1 to 20 carbon atons such as mnet hoxy
group, ethoxy group and the like; aryl groups of 15 6 to 10 carbon atons
such as phenyl group, tolyl group, xylyl group and the like; am no group;
nitro group; and cyano group. Particul arl3g suitable as the chronene
conmpound is a conpound of general forrmula (VI) in which Rerr] and R err]
are each a hydrogen atom Rerr] and R err] may be the sane or different
and 20 are eadivldowlng/|fgmod@ having 1 to 4 carbon atons, or may together
form a bicycl o[ 3.3.1] 9-nonyli dene group or a nojybornylidene group; and the
group represented by the fol t f or mul ] 25 is a group derived
from a napht hal ene ring which may;@eaﬁabsy' |ed with an al kyl group(s) of
1 to 20 carbon atons or an alAQxw group(s to 20 carbon atons.

are each independently a substituted or unsubstituted
bivalent aromatic hydrocarbon group or a substituted or

5 unsubstituted bivalent unsaturated heterocyclic group).
7. A curable composition according to Claim 1, wherein the
photochromic compound is a combination of a fulgide compound
represented by the formula (V), a chromene compound
represented by the formula (VI) and a spirooxazine compound

10 represented by the formula (VII).

* [+ L L} S *



Specgi fic exanpl es of the ful gi de conmpound and chronene conpound, which can
be.suitably used in the present invention, ;30 are as follows.

REPLACEVENT SHEET 18 Ful gi de conpounds: (1)

N- cyanonet hyl - 6, 7- di hydr o- 4- met hyl - 2- pheygl spiro(5, 6-

benzo[ b] t hi ophenedi car boxyi m do-7, 2- tricyclo[3.3.1.1]decane) 5 (2)

N- cyanonet hyl - 6, 7- di hydr o- 2- ( p- net hoxyphenyl ) - 4- '

met hyl spi ro(5, 6- benzo[ b] t hi ophenedi car boxyi m do-7, 2-

tricyclo[3.3.1.1] decane) ABSTRACT

A photochromic curable composition obtained by adding

5 (E) an c-methylstyrene dimer and (F) a photochromic compound
to polymerizable monomers comprising (A) a compound having
at least one epoxy group in the molecule, such as glycile
methacrylate or the like, (B) a polypropylene glycol
di(meth)acrylate_mohomer, (C) a polyethylene glycol

10 di(meth)acrylate monomer and (D) a (meth)acrylate monomer
and/or a styryl monomer. This composition is superior in
moldability when cured and gives a cured product of excellent
durability in photochromism.

iy



) N-cyanonet hyl - 6, 7-di hydr o- 4- net hyl spi ro(5, 6-

enzol[ b] t hi ophenedi car boxyi ni do-7, 2-tricyclo- 10 [3.3. 1. 1BbBdemisiciig 4)HEET
6, 7- di hydr o- N- net hoxycar bonyl net hyl - 4- net hyl - 2- 090087/7,'\
phenyl spiro(5, 6- benzo[ b] t hi ophenedi car boxy2 m do-7, 2-
tricyclo[3.3.1.1] decane) (5) 6, 7-di hydro-4-nethyl -2-(p-nethyl phﬁ;ﬁ)ﬁl )-N- 15
ni tromet hyl spi ro(5, 6-benzo[ b] t hi ophenedi car boxyi m do- 7, 2-
tricyclo[3.3.1 cb]mimm'&é §plrooxazine compounds and the like are well known,
N- cyanonet hyl -

spiro(5, 6- b_enza”éi] gh‘hydr H@&P%&FBngpﬁ?ﬁBo"}né y‘lf#rf BEPSESL 3715HS RRSFT 20
(7) N-cyanonet h)ﬂve@:t?i.dh hydisotYe Cﬂﬂlgl}ﬁd)ﬁyhpéﬂhds(dhcﬁchromene compounds,
benzo b thi opheneedrlec%ra%m%w rlrzlr(cjafera%ltyr Iu%\éﬁl g{mse conl\ oun S gfgclosed in,
5 for example, U.S. Patent Nos. 4,882,438, 4,960,678, 5,130,058
and 5,106,998.

In the present composition, a fulgide compound can be
used preferably because fulgide compounds, as compared with
other photochromic compounds, are particularly high in

10 photochromism durability improvement intended by the present
invention. The fulgide compounds suitably used in the
present invention can be represented by the foliéwing general

formula (V):

| REPLACEMENT SHEET|
| \J\’(x W) 28 MAYRE7 |
C

()¢ '

15 [wherein the group represented by the :Eollowing formula

Y

is a substituted or unsubstituted bivalent aromatic
hydrocarbon group or a substituted or unsubstituted bivalent
unsaturated heterodyclic group: R® is an alkyl group, an aryl

20 group, or a monovalent heterocyclic group; the group
represented. by_' the follow:':ng fomula:

()

is a norbornylidene group or an adamantylidene group: and X
is an oxygen atom, a group represented by >N-R®, a group
25 represented by >N-A1-Bl-_(Az%-(Bz%-R7. a group represented by




Chr;orrer.le conmpoundy: R LACEMENIT SH -L nane- 2, 2' - [ 2H benzo[ h] chronene] 25 (2)

spi ro[ bi cycl of 3. 3. 1]non ﬁ % [ RH} benzo[ h] chr onene] (3)

7' - met hoxyspi r of bi cycI20€3 A ﬁf‘lﬂ?)n hng- 9, 2' - [ 2H benzo [h] ch mEEME&f)SHEET
7' - met hoxyspi r o[ nqr Qor nane-2, 3' - [gkﬂbenqg[f]chronene] B

2, 2-di net hyl - 7- octoxy[ZFﬂbenzo[h chfonene. 30 Be5|des the ful gi de
conpound and the dhtonene_conmpaound Ithere may be used a spirooxazine

conmpound ( her ei Faflgddeaklompoutidsd t o an oxazi ne conpound). The oxazine

Shoui ng.a phot ool CYARSBRRAYL & -d5hiBdte AemBoHgouAaPISHY EBiEeat & by

the follow ng gbaﬁrzal[bﬁ&hmb&eh\éah):ae@axbemuaed7 2- |
tricyclo[3.3.1.1]decane)

5 (2) N-cyanomethyl-6,7-dihydro-2-(p-methoxyphenyl)-4-
methylspiro(5,6-benzo[b]thiophenedicarboxyimido-7,2-
tricyclo[3.3.1.1]decane)

(3) N-cyanomethyl-6,7-dihydro-4-methylspiro(5,6-
benzo[b]thiophenedicarboxyimido-7,2-tricyclo-

10 [3.3.1l.1]decane) _
(4) 6,7-dihydro-N-methoxycarbonylmethyl-4-methyl-2-
phenylspiro(5,6-benzo[b]thiophenedicarboxyimido-7,2-

tricyclof[3.3.1.1]decane) .
(5) 6,7-dihydro-4-methyl-2-(p-methylphenyl)-N-

15 nitromethylspiro(5,6-benzo[b]thiophenedicarboxyimido-7,2-
tricyclo[3.3.1.1]decane)

(6) N-cyanomethyl-6,7-dihydro-4-cyclopropyl-3-methyl-
spiro(s,6—benzo[b]thiophenedicarboxyimido-7,2-
tricyclo{3.3.1.1]decane)

20 (7) N-cyanomethyl-6,7-dihydro-4-cyclopropyl-spiro(5,6-
benzo{b]thiophenedicarboxyimido-7,2-tricyclo[3.3.1.1]-
decane)

Chromene compounds:
(1) spiro[norbornane-2,2'-[2H]benzo[h]lchromene]

25 (2) spiro[bicyclo[3.3.llnonane-9,2'-[2H]benzo[hlchromene]
(3) 7'-methoxyspiro[bicyclo{3.3.1]nonane-9,2'-
[2H]benzo[h lchromene]

(4) 7'-methoxyspiro[norbornane- 2.3'-[BH]benzo[f]chromene]
(5) 2,2—dimpthyl-7-octoxy(ZH]benzo[h]chromene.

30 Besides the fulgide compound and the chromene compound,
there may be used a spirooxazine compound (hereinafter
abbreviated to an oxazine compound). The oxazine compound
may be any known compound having a spirooxazine skeleton and
showing a photochromic property. A spirooxazine compound

35 represented by the following general formula (VII) can be used



19 suitably. [err] }n : rlal formula (VI1), Rerr], Rerr] and

Rlerr] may be the s or different]f gnd are each an al kyl group, a 5

cycl oal kyl group, ajc c?(ﬂaM\k}QS?gro p, an al koxy group, HEET

al kyl eneoxyal kyl gr an al koxycgr jonyl gopoup, an al koxﬁ@%gmwglin

group, an-aryl group, an aralKyT groygp, an aryl oxy group, an

al kyl enet hi oal kyl gedp~—an_acyl grodyp, an acyl oxy group or an am no group,

Rlerr] and R err{wheyelndge®md drer saahram@lkyldgRbep |an Rlkoxly godup,

Rlerr] may each have a substituent(s)..The substituent(s) include

(e iaey baci R ST ERous #E IS hairty o Rtk o8, WHEEh Py bR sHPERstyred;

cyano group, het&i@®*¢| asd ®Rupay Gie bohidedyaadpcyepiee@nith Mach other to
form a nitrogen-containing heterocyclic ring) is preferable

5 from the standpoint of high density of its developed color
in the initial photochromic performance. |
Specific examples of the oxazine compound,
preferably usable in the present invention are as follows.
(1) 1'-Methoxycarbonylmethyl-8"-methoxy-6"-(4- ' '

10 methylpiberazino ydispiro(cyclohexane-1,3'-(3H)indole-2"'- .
( 2H),3"-(3H)naphtho(3,2-a)(1,4)oxazine)

(2) 6'-Fluoro-1',5'-dimethyl-6"-morpholinodispiro(cyclo-
hexane-1,3'-(3H)indole-2'-( ZH),3"-(3H)naphtho(3, 2-
a)(1l,4)oxazine)

15 (3) 6'-Fluoro-5'-methyl-l1l'-isobutyl-6"-morpholinodispiro-
(cyclohexane-1,3'-(3H)indole-2'-( 2ZH),3"-
(3H)naphtho(3,2a)(1, 4)‘oxazine)

In the present invention, even when the amount of the
photochromic compound [the- component (F)] is small, the

20 durability in photochromism of the photochromic compound is
not impaired owing to the contribution of the epoxy compound
[the component (A)] and the polyethylene glycol
di(meth)acrylate monomer [the component (C)]. However, when
the amount of the photochromic compound is too large, the

25 compound dauses condensation, resulting in large reduction
in the durability. Therefore, the photochromic compound is
used in an amount of preferably 0.001 to 10 parts by weight,
more preferably 0.01 to 5 parts by weight, particularly
preferably 0.01 to 1 part by weight, per 100 parts by weight

30 of the whol"e polynierizable monomer. In this range, the best
photochromic performance is obtained. _

In the photochromic curable composition of the présent
invention, there can be further contained, if required,
various stabilizers and additives such as a mold-releasing

35 agent, ultraviolet absorber, infrared absorber, ultraviolet



[err] 15 is a sub;ﬁ‘PLAQﬁMENTl%qbutut ed bi val ent aromatl Qﬁégﬁ'
group or -a substitptpd or unsubstiftuted bival ent unsaturBEME %&rg
group. The group repfeddhtMAl 8397 s| 4 substituted or unsubstituted bival ent
aromatic 20 hydrogafbon group or ja [subst2guted or unsubstituted bival ent
unsaturated heterofyclic group. Spedific exanples of these groups are the
sane groups as thok W th respect to the general formula
(V). The subst |qqmmsn®annbmtmeaqug¢ copponndmsiit apadamiinayrecompound.
e L e gy efld f “cofuf °LE | prdfe PPl dbdtise UORUP a 1lazge

represent ed_by -
molecular absorptivity coefficient and can show an effect in

a small amount.

5 The amount of the infrared absorber used is preferably
0.0001 to 1 part by weight, more preferably 0.001 to 0.01 part
by weight, per 100 parts by weight of the whole polymerizable
monomer.

The polytneriiation process for obtaining a cured product
10 from the photochromic curable corqposition of the present
invention is not particularly restricted, and a known radical
polymerization process can be used. The polymerization can
be initiated by thé use of a radical polymerization initia tor
such as peroxide, azo compound or the like, or by the

15 application of ultraviolet light, ¢-ray, B8-ray, 7-ray or
the lik;-., or by the combination use of the above two means.
In a typical polymerization process, cast polymerization can
be employed; that is, the photochromic curable composition
of the present invention &:ontaining a radical polymerization
20 initiator is poured into a mold held by an elastomer gasket
' or spacer, thé mold is placed in an air fufnace to give rise
to polymerization of the composition -, and then the resulting
material is taken out.
The radical polymerization initiator is not partic-
25 ularly restricted and can be a known radical polymerization
initiator. Typical examples thereof are diacyl peroxides
such as benzoyl pefoxide, p-chlorobenzoyl peroxide, decanoyl
peroxide, lauroyl peroxide, acétyl peroxide and the like;
peroxy esters such as t-butyl peroxy-2-ethylhexanoate, t-
30 butyl peroxyneodecanoate, cumyl peroxyneodecanocate, t-butyl
peroxybenzoate and the like; percarbonates such as
diisopropyl peroxydicarbonate, di-sec-butyl peroxy-
dicarbonate and the like; and azo compounds such as
azobisisobutyronitrile and the like.



20, . REPLACEMENT SHEET (wherein Rlerr] and Rlerr] are each an

al kyl group, an al koxy group, an allyl group er the like, each of gﬂkﬁg may
be substituted; and R err] and R err] nay be bonded and BMHACEMENVA ach

other to forma nitrogen-containing hetergcyclic ring) is preferable 5 from
t he standpoint of high density of its dev@ﬁoped color in the initial
phot ochrom ¢ perfornmance. Specific exanples of the oxazi ne conpound,

pref erably usabl e inphgﬁygag%§§h8bgygi§%§g g%ﬁegﬁaég&ig%g. (1)

1' - Met hoxycar bonyl ne
met hyl pi per azi no) di spGr:ofeyehehydenelgliycoiHiindthacfylate (a monomer

IR T G N —
hexane-1, 3' - (3Hhagdage f3ur( bh. 3n- a¥Erageht Relds2ofapkyethgianene)
5 chains _
(D) (Meth)acrylate monomers and styryl monomers
MMA: Methyl methacrylate
MS: c-Methylstyrene _ i
BzMA: Benzyl methacrylate - REPLACEMENTSHEET

10 ~ HEMA: 2-Hydroxyethyl methacrylate
29 MAY 1897

(E) a-Methylstyrene dimer

'(F) Photochromic compounds

[Fulgide éompounds]
_ £1: N-Cyanomethyl-6,7-dihydro-4-methyl-2-phenylspiro(5,6-

15 benzo[b]lthiophenedicarboxiimido-7,2-tricyclo[3.3.1.1]
decane) '
£2: N-Cyanomethyl-6,7-dihydro-2-(p-methoxyphenyl)-4-
methylspiro(5,6-benzo[b]thiophenedicarboxiimido-7,2-
tricyclo[3.3.1.1]decane) .

20 f£3: N-Cyanomethyi-s,7-dihydro-4-methylspiro(5,6-

. benzo[b]lthiophenedicarboxiimido-7,2-tricyclo-
[3.3.1.1]decane)

[Chromene compounds]
. cl: Spiro(norbornane-Z,Z'-[ZH]benzo[h]chromene)'

25 c¢2: Spiro(bicyclo[3.3.1]lnonane-9,2'-[2H]benzo[h]lchromene)
¢3: 7'-Methoxyspiro(bicyclo[3.3.1]nonane-9,2'-
[2H]benzo[h]chromene)

[Spirocoxazine compound]
sl: 6'-Fluoro-1',5'-dimethyl-6"-morpholinodispiro(cyclo

30 hexane—1,3'-[3H]indole-2'-[2&H,3“—[3H]naphtho[3.2-

a][1,4]oxaziné)

(G) Ultraviolet stabilizers

L.S-2626: Sanol LS-2626 (trade name, a product of Sankyo Co.,
Ltd.)




15; (3) 6'-Fluoro-5 -nmethyl-1'-isobutyl-6"-norpholinodispiro-

- (cycl ohexane-1, 3' - (3H)i ndol e-2' - (;2H), 3"- (3H) napht ho( 3, ZaHEpl_AgEMEmZu‘],QHI n
the present invention, even when the amount of the photochrom ¢ conpound
[the conponent (F)] is small, the 20 duraﬁﬁllty i n phot ochrom sm of the

phot ochrom ¢ conpound is not inpaired owing to the contri butlon of the
epoxy conpound [the conponent (A)] and the pol yet hyl ene gl yE® -

di (et h) acryl at enononer [ t heconponent ( . gHowever, when th Al
phot ochromi ¢ conpound is too |arge, corrpound causes} cpndensat.i on,
resul ting |nlarge reduction in abTNty. Therefore, {he PISothA rﬂ’.ﬂ?\c
compound i s used in an anount off prdl abl y}§ 001-t@(Y0) parfs} by weight,
nore preferably 0.01 to 5 parts b particularly preferably 0.0Ito

1 part by weight, per 100 parts by

[wherein the group represented by the following formula

is a substituted or unsubstituted bivalent aromatic

5 hydrocarbon group or a substituted or unsubstituted bivaleﬁt '
unsaturated heterocyclic group: R® is an alkyl group, an aryl
group or a monovalent heterocyclic group:; the group
represented by the following formula:

\C/
(,) _

10 _:Ls a norbornylidene group or an adamantylidene group; and X
is an oxygen atom, a group represented by >N-R5,' a group
represented by >N-A1-Bl-(Az)"-(Bz2‘-R7 - & group represented by
>N-A3;-A, or a group represented by >N-A3;-R® (R® is a hydrogen
atom, an alkyl group or an aryl group: A;, A; and A; may be

15 the same or different and are each an alkylene group, an
alkylidene group, a cycloalkylene group or an
alkylcycloalkan-diyl group; B, and B; may be the same or

different and are each a group represented by the following
group:

A g e

m and n are each independently 0 or 1 with a proviso that when
m is 0, n is 0); R’ is an alkyl group, a naphtyl group or a
naphtylalkyl group; A, is a naphthyl group:; and Rlisa halogen
atom, a cyano group or a nitro group)l]. '

* [ L ] S *




30 of the whol e polynerizable nononer. In this range, the best photochromc
performance is obtained. In the photochrom c curable conposition of the
present invention, there can be further contained, if required, various
stabilizers and additives such as a nold-releasing 35 agent, ultraviolet
absorber,. infrared absorber, ultraviol et 21 stabilizer, antioxidant,
coloring inhibitor, antistatic agent, fluorescent dye, dye, pignment,

odorant and k€. 1 n the photochrom c conposition of th

i nventi on, g%gltfgﬁpof an ultraviolet stabilizer is preferregril ecagég 5 the
durability of the photochromc conpoundlused in the
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conposition can be further inproved thereby. Since a ful gide conpound shows
particularly large inprovenent in the durability when an ul traviol et
stabilizer is added thereto, use of an ultraviolet stabilizer in the
present conposition 10 containing a conbination of a ful gide conpound and
a chronmene conpound as descri bed above can favorably prevent the change
wWth tine, Qo -aeutral col or devel oped by these conpoundecT/#96/01385
ultraviolet stabilizer, there can be preferably used a hindered am ne |ight
stabilizer, a hindered phenol 15 |ightgstabilizer, a sulfur-based

antioxi dant. The anount of the ultraviolet stabilizer used is not
particularly restricted, but a preferable anount is generally 0.001 to 10

bt he whol & S AL A P MO0 NPT PiE BN Lo EIb IR oy e o
the chromenB#itddific dd-dicid,. BFLZ 7+ b 70 v JERBOTHEMK
WAL HD THL, REECENAHRYTHOLALBENS
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used in conbination, the change with tinme of the m xed col or devel oped by
t hese two phot ochrom ¢ conpounds can be suppressed by addition of a
phosphorous acid ester. Therefore, conbination use of an ultraviol et
stabilizer and 25 a phosphorous acid ester in a systemusing both the
ful gi de conpound and the chronmene conpound is nost preferable in the
present invention. The anmount of the phosphorous acid ester used is
preferably Qudékrta 10 parts by weight, nore preferably 0.ORCT/AP8/01388t by
wei ght, per 100 parts by weight 30 of the whole polynerizabl e nononer.
When an infrared absorber is used in thg-present conposition, there can be’
obt ai ned a photochrom ¢ cured product having not only photochrom sm but
al so infrared absorptivity. There can be used, as the infrared absorber, 35
a pol ynmet hi ne conpound, a dii moni um conpound, a cyani ne

1

R OHs CHs R
CHa=céc5so—{ CHCH20>;( CHchO}b-gC=CH2 ce (D)
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(C) FTR—BR (II) THREAZRVZFLYZY -0 (X
5 #) 77YyL—hEEE20~6 0EMH,

R R! )
. | ]
CH2=cgq——(CHZCH20)-C—gC=CH2 e e (1D
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22 conpound, an ant hraqui none conpound and an al um num conpound. A

di i mmoni um conpound is preferred because it has a | arge nol ecul ar
absorptivity coefficient and can show an effect in a snmall amunt. 5

The amount of the infrared absorber used is preferably 0.0001 to 1 part by
wei ght, nore preferably 0.001 to 0.01 part by weight, per 100 parts by

wei ght of the whol e polynerizabl e nononer. The pol yneri zati on process for
obt ai ni ng a“@Uﬁéﬂﬁproduct 10 fromthe photochromc curabIePEEHEﬁ@?FFon of
the present invention is not partlculaily restricted, and a known radi cal
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pol yneri zati on process can be used. The polynerization can be initiated by
the use of a radical polynerization initia tor such as peroxide, azo
conpound or the like, or by the 15 application of ultraviolet |ight,
[err]-ray, [err] -ray, [err]-ray or the like, or by the conbination use of
the above two neans. In a typical polynerization process, cast

pol yneri zati on can be enployed; that is, the photochrom c curable

conmposi ti onyo oglfiyePr €sent invention containing a radical ppa(,ﬁ%)umgi on 20
initiator is pourea into a nold held by an elastonmer gasket™ or spacer, the
nold is placed in an air furnace to giy%‘[ise to polynerization of the
conposition , and then the resulting nmaterial is taken out. The radi cal

pol ymeri zation initiator is not partic- 25 wularly restricted and can be a
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such as benzoyl peroxi de, p-chlorobenzoyl peroxide, decanoyl peroxide,

| aur oyl peroxide, acetyl peroxide and the |ike; peroxy esters such as
t-butyl peroxy-2-ethyl hexanoate, - t- 30 butyl peroxyneodecanoate, cunyl

per oxyneodecanoate, t-butyl peroxybenzoate and the |ike; percarbonates such
as diisopropyl peroxydi carbonate, di-sec-butyl peroxy- dicarbonate and the
|'i ke; and azo compounds such as azobi sisobutyronitrile and the 23
The anount oWO%@7§74di cal pol ymerization initiator used varf&Z %ﬁ’ 1R ng
upon the polymerization conditions enployed the kinds of initiator used
and the conposition of nononers 6"~
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used, and cannot be specified generally. However, the 5 suitable amount is
generally 0.001 to 10 parts by weight, preferably 0.01 to 5 parts by :
wei ght, per 100 parts by weight of the whol e polynerizable nononmer. O the
pol ymeri zati on conditions, the polynerization tenperature, in particular,
exerts an influence on the 10 properties of the photochrom c cured product
obt ai ned. The tenperature condition varies dependi ng upon the kind and
amount of i nwbbédmers used and the kinds of nononers used, angceapinisse
specified generally. However, it is generally preferred to conduct
so-cal l ed tapered type two-'step 15 palyqerization wherein polynerization
is initiated at a relatively |low tenperature, the tenperature is increased
gradual Iy and, upon the conpletion of polynerization, curing is conducted
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al so vari es dependi ng upon various factors simlarly to the 20

pol yneri zation tenperature. Therefore, it is preferred to determne, in
advance, an optinmum polynerization tinme to neet the conditions, while it is
preferable that the conditions are selected so as to conplete the

pol ymeri zation generally in 2 to 40 hours. 25 The phot ochrom c cured

product obt above can be subjected to the follow n S,
dependi ng u%@ggﬂﬁ%?application. That is, to the cured prodgzéiégﬁﬁﬁﬂg
appl i ed processings and secondary treatjrents such as dyeing by the use of a

dye such as disperse dye or the like; "t%Y€atnent by 30 a silane coupling
agent or a hard-coat agent containing, as the main conponent, a sol of
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Si@2, Ti® or Zr2) by vapor deposition, or an antistatic 35 treatnment by
~coating of a thin filmof an organic polyner; 24 and so forth. The
cured product obtained by polynerizing the photochron1c curabl e conp05|t|on
of the. present invention is superior not -only in durability in

phot ochrom sm but also in 5 noldability and, when stored over a |ong period
of tinme, can retain its initial photochronisn1 Further, it is possible to

obtai n the Modesdsron ¢ cured product superior in transparepeyypsssiissce
har dness, sol vent resistance, heat resistance, inpact resistance,
coatability and dyeability. ' -9
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10 Therefore, the cured product obtained by polynerizing the

phot ochrom ¢ curabl e conposition of the present invention is useful as an
organi ¢ gl ass havi ng photochrom sm and can be suitably used in applications
such as photochromic lens and the |ike. 15 Exanples The present invention

" 1is hereinafter described specifically by way of Exanpl es. However, the
present invepti @Ebf not restricted to these Exanples. 20 In the

fol |l owi ng Exgﬁﬁg , the follow ng conpounds were used as th@cgﬂﬁﬁﬁﬂgﬁts (A
to (F) and the conponent (G (ultraviolet stabilizer). (A Epoxy conpounds
GVA: Qycidyl nethacrylate - 10 -
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25 MAA: [err] -nethylglycidyl acrylate BPMGVA: Bi sphenol A

nmonogl yci dyl ether nmethacryl ate EGGE: Et hyl ene gl ycol glycidyl ether (B)
Pol ypr opyl ene gl ycol di(neth)acrylates 3PG Tripropyl ene glycol

di met hacryl ate 30 4PG Tetrapropyl ene glycol dinmethacrylate (a
monomer m xture of pol ypropyl ene glycol dinethacrylate having four (on an
average) nol es of oxypropoyl ene chains (C) Polyethylene glycol

di (et h) acr ww@b@srsys REPLACEMENT SHEET 25 PCT/IP96/01385
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3G Triethylene glycol dinethacrylate 4G Tetraet hyl ene gl ycol

di net hacryl ate (a nononmer m xture of polyethylene glycol dinethacryl ates,
havi ng four (on an average) nol es of oxyethylene 5 chains (D)

(Meth)acryl ate nmononers and styryl nononmers MVA: Met hyl nethacrylate MS:
[err]-Methyl styrene BzMA: Benzyl nethacrylate 10 HEMA: 2- Hydr oxyet hyl

et hacryl at e wéded7§44" 1 - Met hyl styrene di mer (F) Photochrom ¢ £ QRes6Ess
[ Ful gi de conpounds] f1:

N- Cyanonet hyl - 6, 7- di hydr o- 4- et hyI 2-phgpyl spiro(5,6- 15
benzo[ b] t hi ophenedi car boxi i m do-7, 2-tric¥cl o 3. 3. 1 1]
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decane) f2: N-Cyanonethyl -6, 7-di hydr o- 2- ( p- met hoxyphenyl ) - 4-

nmet hyl spi ro(5, 6-benzo[ b] t hi ophenedi car boxi i m do-7, 2-

tricyclo[3.3.1.1] decane) 20 f3:

N- Cyanonet hyl - 6, 7- di hydr o- 4- met hyl spi ro(5, 6-

benzo[ b] t hi ophenedi car boxi i m do-7, 2-tricyclo- [3.3.1.1] decane) [Chronene
conpounds] c1: Spiro(norbornane-2,2' -[2H] benzo[ h] chronene) 25 c2:

Spi ro( bi cyclwb3esdzsid nonane-9, 2 -[ 2H benzo[ h] chronene) c3.  peq 01385
7' - Met hoxyspi ro(bi cycl o[ 3. 3. 1] nonane-9, 2' - [2Fﬂbenzo[h]chroneng§m”

[ Spi r ooxazi ne conpound] s1: 6 - 19 _
-Fluoro-l',5'-dinethy|-6"-nnrpho|inodjspﬁ%o(cyclo 30
hexane-1, 3'-[3H i ndol e-2' -[ 2H], 3"-[ 3H] napht ho[ 3, 2-
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alj[1,4]oxazine) (G Utraviolet stabilizers LS-2626: Sanol LS-2626 (trade
name, a product of Sankyo Co., Ltd.) 26 [err] LA-63A: LA-63A (trade
nane, a product of Asahi Denka Kogyo K K.); a condensation product between
1,2,3,4- 5 butanetetracarboxylic acid, 1,2, 2,6, 6-pentanethyl-4-

pi peridinol and [err], [err], [err]', [err]'-tetranmethyl-3,9-(2,4,8, 10-

t et raoxaspi r QlgyeRligdgdecane) di et hanol HBP: HBP (trade nane, %&;ﬁ%gssof
AT _

Johoku Chem cal , Ltd.);
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hydr ogenat ed bi sphenol A phosphite polymer. 10 Exanples 1-14 and
Conpar ati ve Exanples 1-3 One part by weight of.t-butyl

per oxy- 2- et hyl hexanoate as a radical polynerization initiator was added to
each curabl e conposition conprising conponents (A) to (F) and 15
ultraviolet stabilizers as conponent (G, shown in Table 1, followed by
sufficient m xing. The resulting m xture was poured into a nold constituted
by a gl ass sMWRR633H4 a gasket conmposed of an ethyl ene-vinyl RCEIPSEE1ISS

copol ynmer, and cast polynerization was conducted. In the polynerization, an
air 20 oven was used; tenperature insith-of the oven was el evated
gradual ly over 18 hours from 30[err]C to 90[err]C, and 90[err] C was

mai ntai ned for 2 hours. After the conpletion of polynerization, the nold
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all owed to cool. Then, a cured product was taken out of the 25 glass nold.:
Each phot ochrom ¢ cured product obtai ned above was neasured for

phot ochrom ¢ property, physical properties and yield in polynerization by
the follow ng nethods, and the results are shown in Table 2. 30 (1)

Devel oped col or and density of devel oped col or Each photochrom c cured
product obt awwesbsadrave (thickness: 2 mm) was irradi ated Wt pegyipediisganm tt ed
froma 27 xenon lanmp [L-2480 (300 W SHL-100, a product of Hamamatsu
Photonics Co., Ltd] via Aero Mass Filteggca product of Corning
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Co., Ltd.) at 20[err]l[err]Cwith beamintensities of 2.4 nWcnferr] (at
365 nm) and 24 [err]Wcnferr](at 245 nm) on the surface of the cured 5
product for 120 seconds, to give rise to color devel opnent. The devel oped
color was exam ned visually. Also, [ [err] (120 sec.) - [err](0 sec.)] was
determ ned and used as the density of devel oped color of the cured product.
Incidentally, [err] (120 sec.) is the absorbance of the photochrom c cured
product 10 ¥O368357axi num absorption wavel ength when the curcmiPpéadsst was
irradiated for 120 seconds under the above conditions to give rise to color
devel opnment; and [err] (0 sec.) is the algarbance of the photochronmic cured
product before irradiation at the sanme wavel ength. 15 (2) Durability
Fatigue life was neasured by the use of a xenon fadeoneter (FAC 25AX-HC, a
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was expressed by a time (T[err]) required for the absorbance at the maxi num
absorption wavel ength due to a photochromc 20 conpound, of a cured
product reaching 1/2 of the initial (T[err]) absorbance. Herein, the
absorbances at T[err] and T[err] are each a val ue obtained by subtracting

t he absorbance of the cured product before irradiation at the maxi mum
absorption WOt h. 25 (3) Light transmttance Light traovmdsheagse was
measured at 500 nm by the use of a spectrophotoneter (220A, a product of
Hitachi, Ltd.). (4). Surface hardness -Ajg -scal e val ue was nmeasured on a
cured product having 30 a thickness of 2 mm by the use of a Rockwel |

har dness tester. (5) Saturation water absorption A disc-shaped cured

pr oduct hav-i/ng th'i gk&e;sygf 2 mm
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was imMmersed in a hot water of 50[err]C, and when the cured product 28
had its saturation water absorption, the weight increase of the cured
product was neasured. The saturation water absorption of the cured product
was cal cul ated fromthe weight increase. 5 (6) Change in devel oped col or
density by water absorption, of cured product The change in devel oped col or
density by r orption, of a photochrom c cured product was neasured
by the fol I,\(I)@nb%&n%gfhod as the acceleration test under seve®&TiB96/01385

condi tions which are sinulated the | ong-termstorage of the
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phot ochrom ¢ cured product. A cured product (thickness: 2 nm right after
conpl etion of the polynerization was neasured for devel oped col or density
(initial) according to the nethod (1) nentioned above. Then, the cured
product was imersed in 15 -a hot water of 50[err]C w thout exposing a

| i ght and, when reached at its saturation water absorption, it was neasured
for devel opewamizeszadensity (after water absortion). The chaayarisddrsssn
devel oped col or density was cal cul ated using the followi ng equation. 20
Change (% = [devel oped color density (apger water absorption) - devel oped
color density (initial)]/[devel oped color density (initial)] * 100 (7)

Shri nkage after polynerization 25 Cal cul ated fromthe specific
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curabl e conposition and the specific gravity of a cured product obtai ned
fromthe conposition. (8) Yield in polynerization There were prepared
circular lenses of cured product 30 having a dianmeter of 70 nm a central
t hi ckness of 2 nm and a peripheral thickness of 10 nrm At this tinme, the
yield was rated according to the following criterion. O Al of the 10
cured products caused no polynerization rel easing and had a good surface
29 conditionWQ¥3$4 5 t0 9 of the 10 cured products caused PGT/JP96/01385
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pol yneri zation releasing. X Less than 5 of the 10 cured products caused no
5 polynerization releasing. (9) Falling ball test Steel balls each having a
di fferent wei ght were dropped on the center of each of 10 | enses each
having a central thickness of 2 mm froma height of 127 cm to all ow each
|l ens 10 to have damage or a crack(s). The weights of the steel balls

whi ch causedWRM¥&¥4or a crack(s), were averaged on the 10 IRGTARE0138S 30
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34 dains 1.

A phot ochrom ¢ curabl e conposition conprising a

pol yneri zabl e nononer conposed of 0.1 to 30 parts by 5 weight of (A a

conmpound havi ng at | east one epoxy group in the nolecul e,
wei ght of (B) a pol ypropyl ene gl ycol

by the follomﬁgg general formula (l1): [err] 10 [wherein Rlerr] is a

hydr ogen at or¥
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. b are each independently a nunber of O to 7 with a proviso that (a+b) = 2

to 7], 20 to 60 parts by weight of (C) a polyethylene glycol 15

di (net h)acryl at e nononer represented by the followi ng general fornula (11):
[err] (wherein R err] is a hydrogen atomor a nethyl group, and c is an

I nteger of 2'to 9), and 20 0 to 35 parts by weight of (D) a

(meth)acryl a r and/or a styryl nononer, the total of nent s
(A, (B), C§"’eoa§£§‘19 ) being 100 parts by wei ght and 25 Pé’gﬁ’f&&gp

parts by WEI ght, based on 100 parts by WEé ght of the polynerizabl e monomer,
of (E) an a-nethyl styrene : :
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dinmer, and 0.001 to 10 parts by wei ght, based on 100 parts by wei ght of the
pol yneri zabl e nononer, of (F) a photochrom ¢ conpound. 35 2. A curabl e
conposition according to Claim1, wherein the conpound having at |east one
epoxy group in the nolecule is a conmpound represented by thé foll ow ng
formula (111): [err] 5 (wherein Ais a residue of an n-valent alcoholic
hydr oxyl gr O¥@9¢d3F4hi ni ng conpound, a residue of an n-val enPCPIRMCIHRISE

hydr oxyl group-containi ng conpound, or an n-val ent carboxylic acid residue;
Rlerr] is a hydrogen atomor a nethyl - 26 -
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group; and n is an integer of 1 to 4). 10 3. A curabl e conposition Caim
1, wherein the conmpound having at |east one epoxy group in the nolecule is
a conpound represented by the following formula (1V): [err] (wherein R err]
and R[err] are each a hydrogen atomor a nethyl group; 15 Rerr] and -
Rlerr] may be the sanme or different and are each an al kyl ene group having 1

to 4 carbon sf@sgsyEai ch may be substituted with a hydroxyl I a
group represented by the following formula 20 and mand n areeggéﬁ&gsor 1).

4. A curabl e conposition according togqqaim1l, wherein the photochromc
conpound is a ful gide conpound represent d by the foll ow ng general fornula
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36 [err] [wherein the group represented by the following fornula [err] is a
substituted or unsubstituted bivalent aromatic 5 hydrocarbon group or a
substituted or unsubstituted bival ent unsaturated heterocyclic group;

Rlerr] is an al kyl group, an aryl group or a nonoval ent heterocyclic group;
the group represented by the following fornula: [err] 10 is_a

nor bor nyl i deW@%BE&IH or an adamantyli dene group; and X is aﬁccg%@ﬁ”ﬁtom a
group represented by >N-R[err], a group represented by
>N-Alerr]-B[err]-(Alerr])[err]-(Blerr]y-2&=err], a group represented by
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>N-A3-A4 or a group represented by >N-Alerr]-Rerr] (Rerr] is a hydrogen
atom an al kyl group or an aryl group; Alerr], Alerr] and Alerr] may be 15
~the sane or different and are each an al kyl ene group, an al kyli dene group,
a cycl oal kyl ene group or an al kyl cycl oal kan-diyl group; B[err] and B[err]
may be the sane or different and are each a group represented by the
follow ng group: ferr] 20 mand n are each independently 0 or 1 with a

_ proviso t hat™ Mis 0, nis 0); Rerr] is an al kyl groupPCEIPsmEpnIss!
group or a naphtylal kyl group; A4 is a naphthyl group; and Rlerr] is a

hal ogen atom a cyano group or a nitre 28r-oup)].
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37 5. A curabl e conposition according to daim1l, wherein the

phot ochrom ¢ conpound is a chronene conpound reéepresented by the foll ow ng
formula (M): [err] 5 (wherein Rerr], Rerr], Rerr] and R err] may be
the sanme or different and are each a hydrogen atom an-al kyl group, an aryl
group, a substituted am no group or a saturated heterocyclic group and

Rl err] and RWO9378y forma ring together; and the group r cuoTaPestegs by
the following fornula: [err] 10 is a substituted or unsubstituted bival ent
aromati ¢ hydrocarbon group or a substitugged or unsubstituted bivalent
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unsat urated heterocyclic group). 6. A curabl e conposition according to
Claiml1l, wherein the 15 photochrom ¢ conpound is a spirooxazi ne conpound
represented by the following forrmula (VII): [err] (wherein Rerr], Rerr]
and Rlerr] may be the sane or different and are each an al kyl group, a

cycl oal kyl group, a cycloaral kyl group, 20 an al koxy group, an
alkyleneoxya up an al koxycarbonyl group, an al koxycar bonyl al kyl
group, an ary %Fg 6 an aral kyl group, an aryl oxy group, arPCI/JP96/01385

al kyl enet hi oal kyl group, an acyl group, an acyloxy group or an am no group,
R14 and Rl err] may together forma ring,3tard R err], Rerr] and R err] may
each have 25 a substituent(s); and the groups represented by the
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38 following fornmula [err] are each independently a substituted or
unsubstituted bival ent aromatic hydrocarbon group or a substituted or 5
unsubstituted bival ent unsaturated heterocyclic group). 7. - A curable
cofnposition according to Claim1, wherein the photochrom c conpound is a
conbi nation of a ful gide conpound represented by the fornula (V), a
chronene com%’ﬂﬁ@?ségresent ed by the formula (VI) and a spir poxae9soeEsss
conpound 10 represented by the forrrul a (V).
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