DESCRI PTI ON Process for Production of Photochrom c Cured Product

5 _Technical Field - The present invention relates to a process f or
produci ng a phot ochrom c cured product having excell ent photochromc
property, which is a cured product prepared by phot opol yneri zati on. 10
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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 co_mpoun_d quickly changes its color
15 when irradiated with an ultraviolet-containing light such
as sunlight or a light emitted from a mercury lamp and, when
the light irradiation is stopped and the éompound is placed
in a dark room, returns the original color. Compounds having
photbchromism are called photochromic compounds, and
20 photochromic compounds having various structures have
heretofore been synthesized. In their structures, however,
there is found no particular common skeletal structure.
Cured products showing photochromism are obtained by,
for example,' a process which comprises coating the
25 above-mentioned photochromic compound on the surface of a
| pre-molded polymer, or a process which comprises dissolving
the photochromic compound in a radical-polymerizable monomer
and then subjecting the resulting solution to polymerization
to cure. : o
30 As a process for polymerizing a -radical-polymerizable
monomer, there are generally known a thermal polymerization
process and a photopolymerization process. When the
photopolymerization process is used in obtalning a cured
product having photochromic property, however, sufficient
35 polymerization of a radical-polymerizable monomer can not



30 ~ As a process for polynerizing a radical-polynerizable nonomner,
there are generally known a thermal polynerization process and a

phot opol yneri zati on process. Wen the phot opolyneri zati on process is
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however, sufficient 35 polynerization of azradical polynerizable nononer
can not be engcted-fron1the

reasons t hat th?epﬁﬁPBEﬁFGrﬁ:’E@EH&)EﬁBS°nS Rk §Pﬁe8h?ﬁ°?HE° FyFRFPOURM o

conposi ti on absgbhtadfed inUktheapodiberhizablenNe6Rp681 Y168 ab88reseanage of
a pol ymerization initiator and that the color devel opnent of 5 the

phot ochroni ¢ coRpbERY1IRYet: ddBhtypecegsary, £98i bheopleavage@€rd the

transmttance o oh&ﬁ@&izﬁ%&bﬂeiniﬁiﬁﬁbﬂ'éﬁhtﬂhat thbhéoibﬂdde@ﬁléﬁﬁeﬂfQéfnt
i nventors, in the case of enploying *a photopol yneri zation process,

durability i pkBeophesechromic’ spmprunghbYoikeekf cb¥okbahhdirsadiatieabl v
reduced when thﬁiﬁﬁeﬁ%hEhBCF¥QH%ﬁiEEQﬁE%”EE'fidﬂt%peﬁﬁfggéghfgﬁ%?fhinﬁoéa”Er

of i nsufficient degree of polynerization
st andpoi nts, i ntbetatwdyiPy thecpvesentiinventans.elinpthricase oficenployting

pol yner.i zation pr ?Eégéﬁyﬁn&rj_zatﬂgﬂ%%?%,n;qﬁﬁggﬁglﬁr if aéﬁ&{b&{r&nism

radi cal - pol yneriz noNno.Ter | zath on process,
however , r eqfii the photdchionixaicompoundeisfremarkatlyhreducaddwhensthe |

oSt 3 BnbBBARGE Kohbofe! 38 BHRBS-EACHES matry woRpHEE ot "

whi ch al |l ows toipsuffdiri.mmnzodpgt'paseoifzpbﬂ.ymeraziatyohn a short tinme by

photopol yrer | 2at on e, oy 00 £20:BEAGUES 8, CUE o BLAALSY ' pRSESSBhsc

cured product, the thermal polymerization process is in
general use for polymerization of a rad:LCal-polymerizable

15 monomer. The thermal polymerization process, however,
requires a polymerization time of several hours and is still
not satisfactory in productivity of the cured 'products.

Under the above background, the present invention aims

at providing a process which allows to perform a

20 polymerization easily in'a short time By photopolymerization
and can produce a cured product of excellent photochromic
property.

Disclosure 6f the Invention
25 : In view of the above problem, the present inventors
made an extensive study. As a result, the present inventors
found that molding can be madé easily in a short time ahd
a cﬁred product can show excellent photchromism by using,
~in combination, a specific photopolymerization initiator and
30 an active energy ray having a specified emission spectrum.
The present invention has been accomplished based on this
finding.
- That is, the present invention provides a process for
producing a photochromic cured product, which comprises
35 subjecting a photopolymerizable composition comprising



Di sclosure of the Invention 25 In view of the above problem the

present inventors made an extensive study. As a.result, the present
i fvent ors found that nolding can be nade easily in a short time and
a cured product can show excel | ent photchrom sm by using, in

combi nation, a specific photopolynerization3initiator and 30 an active
energy ray having a le S| ectrum Ihe present invention
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initiator haV| ngpt he ~main absorption in an ultraviolet region and a

nol ar fon coefficient at- 400 nmof 150 lit. / (ml cm or nore,
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group, a rret%acryl ate group, a vin
exarrpl es of thepreseddl ppocess ﬁparbmoﬁm@ﬂcen of a photochromic cured

product, there can be used any monomer having a radical-
polymerizable group without restriction. The radical-
polymerizable group is preferably selected from an acrylate
15 group, a methacrjrlate group, a vinyl group and the like.
Typlical examples of the radical-polymerizable monomer
preferably usable in the present invehtion include compounds
represented by the following general formula (1) , (2) or (3):
A diacrylate or dimethacrylate compound represented by
20 the following formula (1)

1 1
CH2=EE0—tA)'n—OEI=CHZ (1)

[wherein two R's may be the same or different and are each
a hydrogen atom or a methyl group; one or more A(s) may be
the same or different and are each a substituted or

25 unsubstituted alkylene group, a substituted or unsubstituted
oxyalkylene group or a group represented by the following
formula:

—t (LHCHZO)k—C —é—f OCH,CH

(inwhich R? is a'hyc_lrogen atomor amethyl group; X is a halogen
30 atom; k is an integer of 0 to 5; and a indicates the number



preferably usable in the present invention include conpounds

represented by the follow ng general fornmula (1), (2) or (3): A
ditacryl ate or dinmethacryl ate conpound represented by 20 the foll ow ng
formula (1) [err] [lvvhereintwo Rlerr]s may be the
sane or different and are each a hydrogen atom or a nethyl group; one

or nore A(s) mapfbhalogehhatemseasrsubdfrrwaritsamhdrie aaciintegapsoftotes or
25 unsubsti tut Ege}l Ky ened%roup g subst lft fg'd % unsubstituted
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and n is an integer of 1 tg320]; An epoxyedr oup- cont ai ni ng acryl ate
or nethacryl ate corrpouid represented by the flollow ng fornula (2)

CH,= io—-(R“O');n-('R%')rCHZ —5H, (2).

(wherein R® and R® may be the same or different and are each
a hydrogen atom or a methyl group; R* and R® may be the same
or different and are each a substituted or unsubstituted
alkylene group or a group represented by the following

O_E@_

and m and n are each 0 or 1); and

10 - forinu'la:

A vinylbenzyl compound represented by the following

formula (3)
7 p8 ' ' 9 10
H=CH, CH,=CH

/ _J—CH —GXI[CHZCHZXZ(CHZCHZX:*) j ],%r—cnz (3)

15
(wherein R’, R®, R® and R!° may be the same or different and

are each a halogen atom; X!, %2 and X® are each an oxygen atom
or a sulfur atom; j, k and m are each 0 or 1 with a proviso
that when k=0, j=0; when m=0, k=j=0; and when j=k=m=1, all
20 of X%, X® and X° are not sulfur atoms simultaneously).
Specific examples of the radical-polymerizable monomer
preferably usable in the present invention are as follows.
The diacrylate or dimethacrylate compounds include, for
example, diethylene glycol dimethacryalte, triethylene
25 glycol dimethacrylate, tetraethylene glycol dimethacrylate,
butanediol dimethacrylate, hexamethylene dimethacrylate,
bisphenol A dimethacrylate, 2,2-bis(4-
methacryloyloxyethoxy-3,5-dibromophenyl )propane, 2,2~



[err]® (wherein Rerr] and R err] may be the same or different and are

each a hydrogen atomor a nethyl group; R err] and R err] may be the
same or different and are each a substituted or unsubstituted

al kyl ene group or a group represented by th% following 10 fornmula:

[err] : and mand n are each 0 or A vinyl benzyl conpound
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or a sulfur at Ofﬁbthack‘yabgrlmlteie&hbx?pﬁénﬂ!lptbﬁaﬁe pravds», 2-bis 4t when
k=0, j=0; when n=0Q, k all 20 of Xerr], x[err] and
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I nvention are as foll ows di acryl ate or_di nethacryl ate
conpounds i ncl ugempPpyRpds ineluge é°rd¢§?ml%n§1@°}@3ll acrElater Glivqidyl

but anedi ol i mePRLEROrYEate, (e Ralyelad, HE IRl BY e phenol A
di met hacryl at e, m8tByhgdféidyl methacrylate and b:l.sphenol A monoglycidyl
met hacr yl oyl oxye%p}oxy 3,tgacyga%m)phenyl ) propane, 2, 2- |
10 The vinylbenzyl compounds include, for example,
bis-4-~-vinylbenzyl ether, bis-4-vinylbenzyl sulfide, 1,2-
(p-vinylbenzyloxy)ethane, 1,2-(p-vinylbenzylthio)ethane
and bis-(p-vinylbenzyloxyethyl) sulfide.

In addition, as the radical-polymerizable monomer,

15 there can also be used an unsaturated carboxylic acid, an
acrylic or methacrylic acid ester, a fumaric acid ester and
an aromatic vinyl compound. The unsaturated carboxylic acid
includes, for example, acrylic acid, methacrylic acid,
maleic anhydride, fumaric acid and acrylic acid. The

20 methacrylic acid ester includes, for example, methyl
acrylate, methyl methacrylate, benzyl methacrylate, phenyl
methacrylate, tribromophenyl methacrylate, 2-hydroxyethyl
methacrylate, trifluoromethyl .methacrylate and urethane
acrylate. The fumaric acid ester includes, for example,

25 'monomethyl fumarate, diethyl furmarate and diphenyl fumarate.
The aromatic vinyl compound includes, for example, styrene,
chlorostyrene, ¢-methylstyrene, vinylnaphthalene,
isopropenylnaphthalene, bromostyrene and _divinylbenzene.
These radical-polymerizable monomers may be used singly or

30 1in admixture of two or more.

Of the above radical-polymerizable monomers, use of a
radical-polymerizable mixture of a diacrylate or
dimethacrylate compound represented by the general formula
(1) with an epoxy group-containing acrylate or methacrylate

35 compound repreéented by thé general formula (2) is preferred
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radi cal - pol ymerb@gbre fenefRibitssphotoéhromismdi Cairth@iny,muhembde m xture
of a dlacragateuELraviolet polymerization initiator having the main ab-
sorption in an ultraviolet region but having a molar
extinction coefficient at 400 nm of less than 150
lit./(mol'cm) is used, cleavage of the photopolymerization
initiator hardly takes place by irradiation with an active
20 energy ray having, as the main absorption, an emission
spectrum of 400 nm or more (described later)and hence, it
is difficult to obtain a cured product in a short time. 1In
other words, generally, since a photochromic compound
absorbs an ultraviolet light ranging from 380 to 400 nm
25 thereby to deveiops a color, the photochromic compound
absorbs an active energy ray which is necessary for the
cleavage of photopolymerization initiator, making the
cleavage dlifficult to occﬁr and making the completion of
polymerization in a short time impossible. Irradiationwith
30 an active energy ray for long time for completion of
polymerization results in deterioration of photochromic
compound.
Ultraviolet polymérization initiators are roughly
classified into a direct photo-fragmentation type and a

35 bimolecular hydrogen transfer type. An ultraviolet



di met hacryl at e conpound represented by the general fornula (1) with an
epoxy group-containing acrylate or nethacrylate 35 conpound represented by
the general fornula (2) is preferred

6 in view of physical properties, such .ﬁs durability in
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initiator, meking thPhere is no particular restriction as to the preferable
15  ultraviolet polymerization initiators, but typical examples
thereof include compounds represented by the following
formula (4), (5) or (6).
@ ~-Aminoalkylphenone based compounds represented by the

following formula (4):

|
Hy gpi1
_/=\_E / 4
W
| THe
20 | CH;

(wherein a plurality of Rl's may be the same or different and
are each a methyl group or an ethyl gfoup) .

Acylphosphine oxide based compounds represented by the
following formula (5):

(R1%),

M) @

25 | R13



cleavage difficult to occur and naeki ng the conpl etion of pol ymeri zati on

in ashorttine inpossible. Irradiation with 30 an active energy ray for

|l ong time for conpletion of pol ymeri zation results in deterioration of
phot ochrom c conpound. Utraviglet polynerization initiators
are roughly classified into a direct photo-fragnentation type and a 35
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acyl phosphi ne oxi de 10 bas(&i1 U ravi ol et pol }R& Dgation initiators and

bi sacyl - phosphi ne oxi de sed%lgrfi ol etf polynmeri zation initiators
i

are preferably enpl oyed becgusenth 3/ CPrrl ess and t ransparent
cured product. Th&re i ¢y TR A+ 2. est(fGxtion as to the
preferable 15 wultraviol et rizagion iN at ors, but typical exanples
t her eof include compounds represent echiw the foll ow ng formula (4), (5)

or (6). [err] - Ami noal kyl phenone basgd compounds represented by the
fol | owi ng for mjmhgz;y:_ln a plurality of R™"s may be the same or different and

are each a methyl group, a methoxy group or a chlorine atom;
f is 2 or 3; and R!® is a 2,4,4-trimethylpentyl group).
10 Below mentioned are specific examples of the preferably
used ultraviolet polymerization initiator having the main
absorption in an ultraviolet region and a molar extinction
coefficient at 400 nm of 150 lit./(mol°cm) or more.

¢ -Aminoalkylphenone based photopolymerization initiators
15 (1) 2-Benzyl-2-dimethylamino-1-(4-morpholinophenyl) -
' butanone-1
Acvlphosphine oxide based photopolymerization initiators:
(1) 2,6-Dimethylbenzoyldiphenylphosphine oxide
(2) 2,4,6-Trimethylbenzoyldiphenylphosphine oxide
20 (3) 2,6-Dichlorobenzoyldiphenylphosphine oxide
(4) 2,6-Dimethoxybenzoyldiphenylphosphine oxide
Bisacylphosphine oxide based photopolymerization initiators
(1) Bis(2,6-~dimethoxybenzoyl)-2,4,4-
trimethylpentylphosphine oxide
25 (2) Bis(2,6-Dimethylbenzoyl)-2,4,4-
trimethylpentylphosphine oxide
(3) Bis(2,4,6-trimethylbenzoyl)-2,4,4~
trimethylpentylphosphine oxide
(4) Bis(2,6-dichlorobenzoyl)-2,4,4-
30 trimethylpentylphosphine oxide

These ultraviolet polymerization initiators can be used
singly or in combination of two or more.



[err]” 20 (wherein a plurality of Rerr]s may be the sanme or

di fferent and are each a nethyl group or an ethyl group).

Acyl phosphi ne oxi de based conpounds represented by the foll ow ng
formula (5): [err] 9

(5) 25 8 (wherein a plurality

of Rlerr]s may be thﬁeéqnbm‘rt oiff tire erlitraviolet porymerizathen hiylitgrahgr, a
G oup o s mot BB a8b8Bng weBn e pRhati BEF pE It .
represented by the kinflobEornbyiéibonyl andbthe [}einid and composition of
radical-polymerizable monomer(s) and cannot be specified
5 generally. It isgenerally, however, 0.01 to 1 part by weight,
preferably 0.05 to 1 part by weight, per 100 parts by weight
of the radical-polymerizable monomer. When the amount is
more than 1 part by weight, the resulting polymer is inferior
in uniformity of the inside and tint. When the amount is less
10 than 0.01 part by weight, the resulting polymer can not have
no sufficient hardness.

Further, it is possible to use a thermal polymerization
in'itiator in addition to the ultraviolet polymerization
initiator. The thermal polymerization initiator used may be

15 any known thermal polymerization initiator. It includes
diacyl peroxides such as benzoyl peroxide, lauroyl peroxide
and the like; peroxy esters such as t-butyl
peroxyneodecanoate and the like; percarbonates such as
diisopropyl peroxydicarbonate and the like; azo compounds

20 such as azobisisobutyronitrile and the like; and so forth.

The photochromic compound contained in the photo-
polymerizable composition of the present invention may be
any known photochromic compound as long as it has an
absorption in a visible light region. The absorption in the

25 visible light regiomn is specificallY shown below.
Photochromic compounds showing absorption property in a
range of around 400 to 480 nm develop a yellow to orange color;
photochromic compounds showing absorption property in a
range of around 480 to 550 nm develop a red to purple color;

30 - and photochromic compounds showing absorption property in
a range of around 550 to 600 nm develop a purple to blue color.
These photochromic compounds may be used singly but, when
used in combihation of two or more, can develop a neutral
color such as gray, brown, amber or the like.

35 The photochromic compound preferably usec_l in the



(wheréin a plurality of Rlerr]s may be the sane or different and are
each a methyl group, a nethoxy group or a chlorine atom f is 2 or 3;
and Rlerr] is a 2,4,4-trinethylpentyl group). 10 Bel ow nenti oned are
specific exanples of the preferably usgg ul traviol et polynerization
initiator having the main - absorption in an ultraviolet region and a
mol ar exti ncti opresentoéhvention is 40lechedffnGd ¢hromgne|compoundspr e.
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2 4. 6. Tr1 et hy| BAIAITI S ARG, AR 1 trehsrlic;property can be used

2, 6- Di chl or hemzbyhdupheeytpbotpbhine Spedicfic exaljples thereof are as

2, 6- D net hoxybe 2£¥Idiphenylphosphine oxi de Bi sacyl phosphi ne oxi de
based photopolyﬁ% 9%fton initiators (1)

Bi s(2, 6- di met hoghbeméns ! tompdudds tri met hyl pentyl phosphi ne oxide 25 (2)

Bi s(2, 6-Di met hy[ b 11:2, 4, 4- tri et hyl pent yi phosphi i d 3
5324 6,111 Mot )| BokrByPhenyi-T-octoxyl PRUMATOLHIGHARRR no oxi de

(4) Bis(2,6-dichhyr wiag{&&{, 33 301 i Y, PenioH )RR T ) HYonithe )
These ultraviol et po Xnerlza ion initiators can be used singly or iIn
conbi nati od%f (3 SPirefmorbornane-2,2'-~(2H)benzo(h)chromene) 9

The amount of t?g)LHﬁﬁjM@ﬁﬂéﬂygﬂj ARSI n@he -9, 2used differs
dependi ng upon the conditions of polyneérization,

(2H)benzo(h)chromene)
(5) 7'-Methoxyspiro(norbornane-2,2'-(2H)benzo(h)chromene)
(6) 2,2-Dimethyl-7-~octoxy(2H)benzo(f)chromene

15 The fulgide compounds may be any known compounds having
a fulgide skeleton and a photochromic property. Specific
examples thereof are as follows.
Fulgide ound | :
(1) N-Methyl-6,7-dihydro-4-methylspiro(5,6-benzo[blthio

20 phenedicarboxyimido-~7,2-tricyclo[3.3.1.1]decane
(2) N-Cyanomethyl-6,7-dihydro-4-methyl-2-phenylspiro(5,6-
benzo[blthiophenedicarboxyimido-~7,2-tricyclo
[3.3.1.1]decane
(3) N-Cyanomethyl-6,7-dihydro-4-methyl-2(p-~

25 methoxyphenyl)splro(5,6-benzolblthio
phenedicarboxyimido-7,2-tricycle[3.3.1.1]decane
(4) N-Cyanomethyl-6,7-dihydro-4-methylspiro(5,6-
benzolblthiophenedicarboxyimido-7,2~tricyclo
[3.3.1.1])decane

30 (5) N-Cyanomethyl-6,7-dihydro-4-cyclopropyl-spiro(5,6-

| benzo[b]thiophenedicarboxyimido-7,2-
tricyclo[3.3.1.1]decane
(6) 6,7-Dihydro-N-methoxycarbonylmethyl-4-methyl-2-
phenylspiro(5,6-benzo[blthiophenedicarboxyimido-7,2-

35 tricyclol[3.3.1.1]decane



the kind of initiator, and the kind and conposition of

radi cal - pol yneri zabl e nononer (s) and cannot be specified 5 generally. It
i s generally, however, 0.01 to 1 part by weight, preferably 0.05 to 1
part by weight, per 100 parts by wei ght 1of t he radi cal - pol yneri zabl e
mononer. \Wen the anount is nmore than 1]part by wei ght, the resulting
polymer is inferior As the %pﬁ&@bﬁh&ln@fcbﬂpohﬁ&hdeaﬁ?dkﬁbﬁﬁ-c&ﬁﬁﬁuhbé
anount is less 10 .than 0.01 part q; mei%Pt, the resulting golyner can_ not
have no suf F-&Qtaf%ﬁ'jd'rfb‘g’éa.zn? skeleteg, apd @ PhotpehpgRicPEORST K 2
thermal pol yner caat b@rused withidut! PestPisftlbhl 0sgeilfie ékkfn?!teg' Bhereof

pol ynmeri zati on initiator. The thermal polynerization init{iator used nmay
be 15 any knowAT€h&En&iold®M™emerization initiator. It includes di acyl
per oxi des sugh Sﬁ%&@@é@é%ﬂ%ﬂ?&ﬁbﬁﬁaﬂbaurOyl per oxi de and the |ike;
peroxy esters such as t-buly peroxyneodecanoate and the |ike;

percar bonat es s§dn 4s3.3-Trimeshydpypipef trjalea? b3nk3d 2 zmkl t helnaphthazo
conpounds 20 sygh,3§eazobi si sobutyronitrile and the like; and so forth.
The phot ochrom ¢ conpound contained in the photo- pol ymeri zabl e

conmposi tion of (B4 pr.8sSnTrimeshyilos 'mpipbridinoaapikabindphetdchronic

"~ conpound as | onga,as _i.ty {ha lon in a visible light region. The
absorption in tﬁg'%5a]Jﬁ§?ﬂ®%pPF8ﬁ?§%ggB%n is specifically shown bel ow

Phot ochr om X0 cofpJubdF leioawi-1J ~-methyit-B8Ormpthpryt 6" -morpholinadispbtoar ound

400 to 480 nm devel a LI qw,t,0 | gk, phet ochrom ¢ conpounds
show ng absorptﬁgﬁcgggﬁg%$§ ﬁn3a (Sh%agﬁaggo? aﬁ%&ﬁ&' 80 to 550 nm devel op
a red to purpl e(cH)aaphtho(3nad-pH¢lodhbgezdnednpounds showi ng absorption

property in rang around 550 t 630 pm devel op_a rple to blue
col or. Theséiahgt6 ; c@ﬁ%ﬁBﬁﬂﬁgghﬁ 'Be'ﬂggﬁ°§¥ﬁﬁlyPgﬁt, when
used in conbi namethydbipe®a2ind)despied (d§etbhexanseu| sak color such as

O o e Sh) Shgbl8-2 <2 85 , 37 cam] hSpRERDOS 2 o) €1 SgPOU
oxazine)
(5) 1'-(2-Dioxazine-2-yl)ethyl)-6"-morpholinodispiro
(cyclohexane-1,3'-(3H)indole-2"'~-(2'H),3"~
(3H)naphtho(3,2~a)(1,4)oxazine)

20 (6) 5-Fluoro-1'-methyl-6"-piperidinodispiro(cyclohexane-
1,3'-(3H)indole-2'-(2'H),3"-(3H)naphtho(3,2-a)(1,4)
okazine)

(7) 8"-Methoxydispiro(cyclohexane-1,3'-(3H)indole-2"-
(2'H),3"-(3H)naphtho(2,3-a)(1,4)oxazine) .

25 The amount of the photochromic compound used can be
appropriately determined depending upon the desired density
of developed color, but is generally 0.001 to 1.0 part by
welght, preferably 0.01 to 0.5 part by weight, per 100 parts
by weight of the radical-poiymerizable monomer. When the

30 amount of the photochromic compound used is less than 0.001
part by weight, no sufficient density of developed color can
be obtained and, moreover, the resulting cured product has
low durability in photochromism. When the amount exceeds 1.0
part by weight, the polymerization is difficult to complete

35 1in a short time and hence, such an amount is not preferable.



10 * present invention is selected fromchronmene conpounds, ful gi de

or ful gimde conpounds and spirooxazi ne conpounds. As the chronene
cohpounds, any known conpounds havi ng a chronene skel eton and a

phot ochromi ¢ property can be used 5 wtho restriction. Specific exanples
t hereof are as fol |l ows. Chr onene conpounds (1)

2, 2- Di phenyl - 7- oct ox¥héHpheotppOlymbrimabte comp@3ition of the present
Spi ro( bi cycl o[ 3, 3, 114‘%2{%%%?}35?85%%5?1?%20 )schromanel__)ic‘us s(:a%:ilizers and

Spl ro( nor bor nanénge
- Met hoxyspi r oadtydkres3sdch] aenanﬁonZreleasiﬁQ I-&abem p (&) chilbravegplet

5) 7' -Meth _' ' b H b h
(2 - 0i ot hyl - 7 BEEGRPOEK) BB DYEFRTAPURERBEABLIILST. TR FHFLPELAEBEpCRnds

may be any @OMogeﬁmﬁgnﬂﬁnmywﬁ an aatfigtdtde @%@rh_et aN£ BHEr8s88AL QBPs O C
property. Specificg exanpl es thereof are as foll ows. Ful gi de

conpounds () deneBhPRIBeRLYi APJPEORARE! A therbtke 6. benzo[ b] t hi o 20

phenedi car boxyi m do- fpg- Hgtisry %bﬁﬁ:%e:guéeé]iﬁ'@ﬁﬁéfi)hotogoa)ymerization of the
N- Cyanonet hyl - 6, 7- di h¥dro | - 2- phenyl spiro(5,

benzo[ b] t hi opheREéPé& b@&ﬁ#ﬁ’eﬁl '?'aY he payclight sopycg cepaldecafiemitting

N- Cyanonet hyl B TR Vi Tgal é 26Pna2%s th 1 .
met hoxyphenyl )sp|Kro(5 6- bxelngo b e Png# s the main spectrum, an emission

phenedi car bdkyi apgetyum-of |4ch:mu\[ granare] decanad light paving, as the main

N- t hyl 4
be%z/g{]g]n?hl gphenéaggg&ﬂggyl %E}E%h@p?r&%—%g?gm li?%‘.: 3??[911?decane é& gtt%)
ll;l-entFg]nﬂ] hg I hgs@uﬂcb@obg-&gﬂcﬂm&)ﬁybms [ﬁan)QSmﬁpJée, ametal halide 1amp,)
z [ - - |
o BSUEIAESIAR AR foPoyey toi, L6 Sh ededhd 6680ty 1akf)

6, 7- D hydr o- N- net _

phenyl spi ro(5, 6ahentbrbhighepheasdreamboruryi tlamp, 2a $&rmicidal lamp, a

tricyclof 3'13‘5 1. :1: gce)ﬁafaemp, a tungsten lamp or the like. When a lamp capable
of emitting both a visible light and an ultraviolet light,
such as metal halide lamp, high-pressure mercury lamp or the
like is used, the active energy ray in ultraviolet region
must be screened or reduced by the use of an ultra-

20 violet-eliminating filter or the like.

In general, photochromic compounds absorb an ultra-
violet 1light of 380 to 400 nm and develop a color and
conséquently, the photochromic compound after color
development absorbs an active energy ray necessary for

25 cleavage of photopolmerization initiator, making the
.cleavage difficult and making the completion of
polymerization in' a short time impossible. Long-time
irrédiation with active energy ray for completion of
polymerization results in deterioration of the photochromic

30 cdmpound. When the light source used emits a light
accompanied by an ultraviolet light, the color development
of photochromic compound can be suppressed by screening or
reducing an active energy ray of ultraviolet region through
an ultraviolet-eliminating filter or the like; thus, even

35 a light source emitting a light containing an ultraviolet



As thé spirooxazi ne conpounds, any known conpounds havi ng a

spi rooxazi ne skel eton and a photochrom c proper ty can be used w t hout
restriction. Specific exanples thereof are as follows. 5 Spirooxazine
conmpounds (1) 1,3,3-Trinethyl-spiro(indale-2,3-[3,2-a][1,4]naphtho
oxazi ne (2) 1,3,3-Trinethyl-6"-piperidino-spiro(indole-2, 3-

[3,2-a][1,4] naphegfbonazanebeoused) In actual curing operation, complete

6- Fl uoro- 1' - gﬂ_?‘g é¥ gp?gfh;lﬂ bk“&ﬂbf‘?& than 400 nm is not

(cycl ohexane- 1,

(3H) Eapht ho( 3, 2ne¢eésaryﬁaudrme actifé) eﬂérgytmlyx?ﬁbmaylpmtwy ddntain

- met hoxy-6"- (4- erazi i ro cl ohexane-1,31- 15

(3H) ndol - 2 E(ﬁnl%‘,’%’“{? ?ﬁfﬁ%&&h’r‘ﬂ%@? ot Ferigyet {bprter (Byn 400

( (|2 hDi oxazs Qegﬁa yas eldmgl hs&hmgmés'; nefh themMain spectrum, an emission
cycl ohexane-

( 3H) napht ho( 3, 28 H?%%Hi’:?' gzﬁﬂé) o°r('85’res P dribks cafg-h@ltfiough the

- IOI peri di nodi Spph@(:ﬁbﬁﬁi:@hi&aaém ound used develops a color weakly and
-(3H)indole-2'-(2 3"-(3H) napht ho(3, 2-a) (1, 4) oxazi ne% (7)

8" NEt hoxydi spi RBEeFEs Eﬂ% ‘thezactipp pRRYEY ray of ultraviolet region,
(2" H), 3"- (3H) napREhaeeidedehdrdyOrag 8£) 468 nm or mbfe BN Er&ishie

phot ochrom ¢ conmpound used can Dbe appropriately deternm ned dependi ng
upon the dédi reﬁubé'ﬁénticallYa@Idmsﬂ&&&l%t@ﬁlwg@@§h§ﬂ%ﬂ%ﬁﬂ@@lﬁ to

par 81 "l P YEAERLELE SR, anufTptda g ot 1
polymerization to cure

The irradiation time varies depending upon the
wavelength and intensity of light source used and the shape

15 and constituents of cured product obtained; therefore, it
is desired to be determined beforehand by preliminary test
or the like.

| in photopolymerization, at least the surface of the mold
to which a light is applied, must be transparent, and the

20 surface is generally made of a material such as glass or the
like. In particular, a material capable of transmitting an
ultraviolet light easily, such as quartz or the like is
preferably employed, while the material is not particularly
restricted as long as it is transparent.. In the molding,'

25 polymerization may be conducted while an external pressure
is applied.

The production process of the present invention can be
conducted by a known cast polymerization. Typically, it can
be conducted by pouring a photopolymerizable composition in

30 a mold held by an elastomer gasket or a spacer, irradiating
the composition with the above-mentioned active energy ray
to cure the composition, and taking the cured product out
of the mold.

‘The photodhromic cured product obtained as above can

35 Dbe subjected to the following treatments, depending upon the



30 amount of the photochrom ¢ conmpound used is [ess than 0.001 part by

wei ght, no sufficient density of devel oped color can be obtai ned and,
nor eover, the resulting cured product has | ow durability in
phot ochromi sm When the anobunt exceeds 1.0 part by weight, the

pol ynmerization is difficult to conplete 35771 n a short time and hence, such
an anount is noapplé#tatabhe. That is, to the cured product can be applieéd
The phot opol yrreri zabl e.conposi tion Qf the present i nventi on can

Cont ain, 8. necBEGAPFSIBE, RBRs*eranirFYcrEeatients SRR (15 AYSIRG, g the

nol d-rel easi ng agandf andye tfion ALidisperdRsaybeor the ULikéeyidltteatment
stabilizer, an antioxidant, a 5 <coloring inhibitor, an antistatic agent,

a fluorescent dy¥ a silangcoupling,agant om ahsrdncost a9entqentaining,

The light squrcgsyafiimhin! g OhYeBY bémpbABn L of §€11conP AXBYnium,
i nvention may be any |ight_source capable of emttin an active energy
ray having, as BRELNAPK.sBEERLDEM. ahiBpi bangntan oxpkhe rlkker amoamkd or
nore, i.e. a "ﬂQhQéﬂBH’tféaéxR&nﬁf formatRBh! 6518 tmpﬁ&hua‘f% ndd P! e
i ght region. The |1 ght source can be selected from for exanple, a .
metal halide | applde (eagmefiOm Hiksore2rek by Vaper depasjitiniesAr an

15 “xevon' | aimp, 23T ARHEt BT tntf by 2Bl bt AT eITRNE AT odilfe ©

emtting bdtth apolymbrebyi ghating: aandl seafiootikt |ight, such as net al
hal i de | anp, hi gh-pr reur [ | used, the active
energy ray in uItrav?céjég%&%e igﬁ ¥héaﬁggos§& %f&;%r%ré%%#%rﬁ educed by the use

of an ultra- 20photopelymérizationgpf thiecinwventien| ithere can be praduced
general , photochrom t ht, of . 380 to

400 nm and devei”Bpaas Cg#) r %ﬂ%sa %%%%%%gg%ﬂ'g‘:?{ ?’ia’?eflh%r%‘a‘g%gcﬁjo ciscoﬁ‘Fp%%nd
after color fdemaleipridration b pitotethrembn eogpouad , whiech alevdlops
15 a color of high density and which has a sufficient hardness.
The cured product, when irradiated with an ultraviolet-

- containing light such as sunlight, light from mercury lamp
or the like, changes froma colorless state to a colored state;
the change 1s reversible; and the photochromic performance

20 is excellent. Therefore, the cured product is useful as an
organic lens having photochromism, and can be suitably used,

for example, in applications such as photochromic lens.

Examples
25 . The present invention is hereinafter described by way
of Examples, but is not intended to be restricted to these
E:iamples. In the Examples, "part"™ refers to "part by
weight".
The following radical-polymerizable monomers were used
30 in the Examples.
Ml: 2,2-Bis(4-methacryloyloxyethoxyphenylpropane
M2: 2,2-Bis(4-methacryloyloxydiethoxyphenylpropane
M3: 2,2-Bis(4-methacryloyloxypentaethoxyphenyl-
propane
35 M4: Bisphenol A monoglycidyl ether methacrylate



25 cl eavage of photopol merization initiator, making the cl eavage
difficult and making the conpl etion of pol yneri zation in a short tine
i npossi ble. Long-tine irradiation wi'th active energy ray for

conpl eti on of pol ymeri zati on resultsilléknerioration of the

phot ochromi ¢ ‘30 conpound. When the |ight "Source used emts a |ight
acconpani ed by an ul Mpavirmiethiilenhe, glieototitmetRaetrpphatat of

phot ochromi ¢ conpoung cap _be _s essed.b creen| or reduci ng an
active energy ray ofﬂﬁrt&53F8P§£9ﬁgﬁﬁo91¥ﬁ93u8ﬁmekﬂgﬁﬁylate
ultraviolet-elimnatMrg Hekbmetbylehe Qimerhabuglatsgen 35 a light source
emtting a |light contginigg ig iltraviolet

13 regi on can beMiseGLYPAd¥d: meichagrytgt8perati on, conplete

el i mnation »f spect g ot HghebkgethPaNméPHaBristao0t necessary and the
active energy ray used mm contain an active energy ray of

part|
ul traviol et region (§H8FtéPtPH&n%EGBaCSYﬁﬁfeas long as the ray has, as the
mai N spectrum an eny33i.0fsoboraRiChbvgate400 Nnmor nore. In this case,
al t hough t he phot ochrom ¢ co?gounggﬁsed devel ops a col or weakly and
absorbs partly the aMirRvePentagyythylshol| trigreytate cigvamethylene- active

~energy ray of 4991$gFgangmgeugggphhgnﬁgEBO% epubstantially and can give
e 0

rise to cl eavage o ul travi ol et nmerization initiator, naking
possi bl e sW¥@icient The folyawingaphotochromie. compounds wWerkeiusadi ati on

time varies dependinglgpgnzgﬁggPﬁP m@yggg?g%ggggygégéﬁgfj%ﬁEgmeﬁéght source

used and the shape 1 and~con ent al ned;

therefore, it i sCdesBpadofbibycdel ar &i h¢vohaher 2h2ahd( 2H) perzo th har y

t est or the_l] I n phot opol yneri zation, at |east the surface

of the nold ckggﬁﬁPgﬁ'a light is applied, nust be transparent, and the
The following fulgide compounds were used.

15 Fl: N-Methyl-6,7-dihydro-4-methylspiro(5,6-
benzo[b]-thiophenedicarboxyimido-7,2-tricyclo(3.3.1.1]
decane

F2: NFCyanomethyl—G.7-dihydro—4-methyl-2-
phenylspiro-(5,6-benzo[b]thiophenedicarboxyimido-7, 2~

20 tricyclo-[3.3.1.1]decane. ' .

The following spirooxazine compounds were used.

Sl: 1,3,3-Trimethyl-spiro(indole-2,3-[3,2-alll,4]-
naphthooxazine . _

S2: 1,3,3-Trimethyl-6'-piperidino-spiro(indole-2,3-

25 [3,2-a]ll[l,4]1naphthooxazine '

The following photopolymerization initiators were used.
The figure in the parenthesis|[] refers to a molar extinction
coefficient [1lit./(mol cm)] at 400 nm.

Il: CGI-1700 [trade name, a product of Ciba-Geigy

30 (Japan) Limited], which is a 1:3 mixture of bis(2,6-
dimethoxybenzoyl)-2,4,4-trimethylpentylphosphine oxide
[550] and 2-hydroxy-2-methyl-1l-phenyl-propane-l1l-one [10 or
less] _

I2: 2,4,6-Trimethylbenzoyldiphenylphosphine oxide

35 [250]



20 surface is generally made of a material such as glass or the i ke.
In particular, a material capable of transmtting an ultraviolet Iight
easily, such as quartz or the like is preferably enpl oyed, while the
material is not particularly restricted, @as long as it is transparent..
In the nolding, 25 polynerization may be conducted while an external
pressure i s appl iI=at. 2~Benzyl-2Hddmethglamino-pr¢éess of the present

i nvention can be onduct ed a _known ca | yneri zation. Typically,
it can be cHIRFRR °g|t?‘ W&W&gwax[eo oﬁ?rq@ﬁi zabl e conposition in 30
a nold held by an el asf:0Mtigavenizoyl Formater [10r bgdiassng t he

conposition with the above-nentioned active energy ray to cure the
conposition, an he cured product out of the nol d. The

photochron1C5cured ProRd pEr tab o QGQ-%&siQom%tﬁa&r§§o?20§#aiéEhéﬂybﬁeh?ﬁ

followi ng treatnents, dependi ng upon _t
14 appl i cat iRHEPaneyt 10sparhs 9fe %HF@GYﬁrWG%P% A Ameynt shown

processing and i@PQ‘&@ﬁreV 1t b@2ah NERS foShiEdn S dﬁﬁﬁidﬁdbé)t BRown iHSPaBiea1dye
' e or the i1 Ke; a treatnent a silane coupling

such as dispers
agent or a hardi&%taf’ag’éﬂﬂu@orﬁ%‘m @ Tablgs 1t p€ #aPh%@EﬁéH@ﬁFizété-@P
cormponent of - Si ljiyGQMy s iyt Cs?vaanin TapAR i1 e gh&me&ahﬂ?nmkﬁags;q@m r

the like; an anti - reflection treatnent ormati on o

a met al 1@xu cre U i ngsindpdurle wasOpourpdoAnkpChemplil gonstptuted by a

deposi tion, Mo\ ¥ n f
an or ganl ¢ 10 pgiass s@%é{éo%at Iénéaﬁfcgg[d&:!ﬂ)% ctf’%ﬂfgtl'ﬁﬁe(?{s 6{'ri 1 atf:%. Qt%e
production proceepdiymer. prBG@I@/Wem:IzJatadﬁatﬁd W&Ghlm\légmtofﬂ;om taemetchn

be produced  idd sl (oA AR Bl 94 BUAGNGL WESgh® ol o

from deterloratlon 0 c conpou
ultraviolet -eliminating filter capable of screening an

15 active energy ray of 380 nm by 99%, 390 nm by 98%, 400 nm
by 50% and 410 nm by 15%, which was placed between the metal
halide lamp and the mold, in order to apply an active energy
ray of subs'tantially 400 nm or more. After the completion
of polymerization, the resulting polymer was taken out of

20 the glass mold.

[Curability] : _

The curability of the obtained cured product
(thickness: 2 mm) was examined by comparing the hardness of
the polymer with that of a polynier obtained by the

25 photopolymerization under the same conditions except that
no photohcromic compound was added. The curability of the
former polymer was rated according to the following standard.

(O): About the same hardness (100 to 90%) as that of
the polymer obtained from a'polymer containing no

30 photochromic compound.

(A): 90 to 50% of the hardness of the polymer obtained
using no photochromic compound.

(X): 50% or less of the hardness of the polymer obtained
using no photochromic compound.

35 [Color developability]



15 a-color of high density and which has a sufficient hardness. The

cured product, when irradiated wi-th an ultraviolet- containing |ight
such as sunlight, light frommnercury |anp or the like, changes froma
colorless state to a colored state; thel.,change is reversible; and the
phot ochromi c performance 20 is excellent. “'Therefore, the cured product is
use](‘j ul as ?n organ'echmasl aavemgpabmmiarom?]m mdah esd ltzmmé:ahba/s
used, or exa i.n applicationg such as photqchr ens.

Beampl o5 25 SvaRatpRtad IB LA 5RA LEFeddetPAIEt g besm

of Exanples, bmeh.ttéﬂtfr@h@ﬁéﬂohol&ﬁpr[Q:S-tEMSU egobcmt Be3 100, EEFredest | n
the Exanples, "part" refers to " 5%/% "The fol | ow ng

radi cal - poI ynerPfaﬁ‘P’éa‘ﬂBﬁﬁﬁe?}éom%c% -Sé'tq r] tthéoEQHnﬁ?Eg Mass Filtexy.
2, 2-Bi s(4- t 0419

5 5B o haS A HECUREERAT] DPRAC) e 0% 184 0 boam denstey
2, 2- Bi s(4- met hashyty | podyirey SUTFACGEPBENY | 4 mW/cnidr (PsE@mISfor 30 dékconds

?iSSphenoI A m)no%l1 g#%éetbélwomcﬁélf'ﬁ%&%ﬁ%&@s to give xjse to color

Tetraet hyl ene ghéﬁéhoﬂtnﬁﬁfthaofﬂé ad¥sorbance oi’%he"@éﬁ&?éhﬂ)@]}ﬁner at its
di net hacryl ate cidyl nethacrylate

2- Hydr oxyet hyl WE%‘FIQEF‘yPHF@rPthn wavgdengihbt ¥pe %?JH‘&%F?‘FaIP%SGd on itspp1:
| sobornyl aqy y| ge8portion (%Mo tRRNEBEG¥bAREE MR tdY BIbY! &&Pelopment of

hexanet hyl ene-
a polymer which was obtained by pouring, into the same mold,
the s_ame .mixture except that 1.0 part of a thermal
polymerization initiator (t-butyl peroxydecanoate) was used
in -place of the above photopolymerization initiator, placing
15 the mold in an air oven, elevating the temperature gradually
£from 30°C to 90°C over 18 hours, and keeping the temperature
of 90°C for 2 hours. The color developability of the obtained
polymer was rated according to the following standard.
(O): The proportion of absorbance is larger than 80%.
20 (A): The proportion of absorbaﬁce is 80 to 50%.
( X): The proportion of absorbance is smaller than 50%.
Further, the polymer was placed under a sunlight for
10 minutes and examined its developed color visually. The

results are shown in Table 1.



di i soCyanat e urethane prepolyner. 10 The foll ow ng photochromc

conpounds were used. d: 2,2-Diphenyl -7-octoxy(2H) benzo(f)chronene
C2: Spiro(bicyclo[3.3.1] nonane-9, 2'-(2H) benzo(h) - chronene) .

The follow ng ful gide conpounds were used. 15 . FL:

N- Met hyl - 6, 7- di hydr o- 4- met hyl spiro(5,6- ;g

benzo[ b] -t hi ophenedi car boxyi m do-7, 2-tri cycl 0[3.3.1.1] decane

F2: N Cyanonet hyI 6, 7- di hydr o- 4- net hyl -
phenyl spi ro-(5 - benzo[ b] t hi ophenedi car boxy| m do-7, 2- 20
tricyclo-[3.3.1. 1] decane. The fol |l ow ng spirooxazine corrpounds

wer e used. < oL _,trrzﬂﬁ-s ro{Tngoter2; 3 [3,2-a][1, 4] -
napht hooxazi ne ) §: I'gi h E-G - pijper d| no- spi ro(i ndol e- 2, 3-
25 [3,2-a][1,4]na@tmoga2| e o) %T foJIcwi'ngq,p otopolymarlzatlon
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nol ar extinction gg;oﬁ‘ ' it} (mpl.cm] at $#00 |nm I 1:
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is a 1:3 mxture of Wrs F '
di met hoxybenzoyl )-p, & 4 nt il phesphj ne |oxi de [ 550] and
2- hydr oxy-2- nmet hyl t 1:5phe - 1-{one { L10f or | egls] | 2:
2,4, 6-Tri nmet hyl bengo d@K o 0 e| 35| '[ 258]
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Exanpfe 1 5 90 Parts of 2, 2-bis(4-nethacryl oyl oxydi et hoxyphenyl

propane, 10 parts of glycidyl nmethacrylate, an anmount shown in Table 1
of "a phot ochrom ¢ conmpound(s) shown in Table 1, and an anount shown in
Table 1 of a photopol yneri zation initigtor shown in Table 1 were

sufficiently mxed. The 10 resulting m xtdre was poured into a nold
constituted by Bxamplgl @ss sheet and a gasket conposed of an ethyl ene-vinyl
acetate copol yrrer The nold was irradiated with a |I%ht froma netal

halide |anp (out put : Theagie Brocedurs was FeRAYGHes gCeRt that the kinds

ul traviol et -el i ggngid bﬁoftbbh%mﬁépé&hﬁo@ﬁdé @nﬂeﬁhé&'aﬁlcﬂ-p%l IHHY Y
ray of 380 nm by 99% 390 nm by 98% 400 by 50% and "410 nm by 15%
whi ch was pl ace@iopemeEenusad #Bt Examplehhl W%elgkﬂﬁgﬁﬂ;l t fhemzegulits ameer
to apply an sactéﬂgwﬁnfﬁg?iable pay of substantially 400 nmor nore. After

t he conpl etion yneri zation, the resulting polynmer was taken out
of 20 the glass nold. [Curablllty] The curability of the

obt ai ned cured product (thickness: 2 mm) was exam ned by conparing the
har dness of the polynmer with that of a polynmer obtained by the 25

phot opol yneri zati on under the same condi ti ons except that no

phot ohcrom ¢ conpound was added. The curability of the former polyner
was rated according to the follow ng standard. ([err]): About the
sane hardness (100 to 90% as that of t he pol yner obtained froma

pol ymer contai ni.ng no 30 photochrom ¢ conpound. (A): 90 to 50%
of the hardness of the polyner obtained usi ng no phot ochrom ¢ conpound.
([err]): 50%or |ess of the hardness of the polymnmer obtained usi ng no
phot ochrom ¢ conmpound. 35 [ Col or devel opability]



17 B The col or devel opability of the obtained pol yner was

evaluated as follows. The polyner was irradiated wwth a beam emtted
froma xenon Ianp [ L-2480 (300 W SHL-100, a product of Hamamat su
Photonics Co., Ltd.] through Aero Mass Filter 5 (a product of Corning
Co., Ltd.) at 20[err]1[err]C at a beam depgity on the polynmer surface
of 2.4 mMVWcnferr] (365 nm for 30 seconds and 24 nWcnferr] (245 nm
for 30 seconds to give rise to color devel opnent. The absorbance of the
colored polyner at its maxi mum absor pti on wavel engt h -was eval uat ed
based on its 10 proportion (9@ to-the absorbance after color devel opnent of
a pol ynmer whi ch was—o by _pouring. into the sape nolg. the sane
m xture except thaiel.( part f a thenmal pol ynefizati¢gn initiafor
(t-butyl_peroxydecagoatd? was Esed @rlpl e of th§ abo\
phot opol yneri zat i ond nijt# at or pIaC|nCé¥5 thesnol d i pgan ailm oven,
el evating the tererggtu graj@ally fro t55,0[err]:mto 9(f’err]C er 18
hours, and keepi ng|® Re |t enper ht ure of 90[err]C for 2 hours. The col or
devel opabi lity of {hg, dbtainefl pollymer s rated|accordging to the
foll ow ng standard| % ([err]): The proportioh of alsorbanceg is
| arger than 80% 2 o ([Brr]): The proportion of absonbance is| 80 to
50% ([efr®) :[Qhe p(@portioﬂcpf abgor bance|s s er than 50%
Furt her, the'polynprg ds pl acpd under ja sunlfight for 19 m nut es] and
examned its develf@gd color yisuallyy] The resulfs arejshown in Tabl e
1. 188 18 [efr]
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19 Exanple 2 The sane procedure was conducted except that the
ki nds of the photochrom ¢ conmpounds and the radical - pol yneri zabl e
nononers used in Exanple 1 were changed. Thze:L results are 5 shown in Table
2. : 20

ggmpa;ativg Example 1
The same procedure was conducted in the same manher as
in Example 1 except that methylbenzoyl formate was used as
the photopolymerization initiator. The results are shown in
5 Table 1. |
Comparative Example 2
The same procedure was conducted in the same manner as
in Example 1 except that methylbenzoyl formate was used as
the photopolymerization initiator and no ultraviolet-
10 eliminating filter was used. The results are shown in Table
1. | |
Co rative Exam 3
The same procedure was conducted in the same manner as
in Example 1 except that no ultraviolet-eliminating filter
15 was used. The results are shown in Table 1.’



[err] ™ | 21 Conparative Exanple 1

The same procedure was conducted in the same nanner as in Exanple 1
except that nethyl benzoyl formate was used as t he_phot opol yneri zati on
initiator. The results are shown in 5 Table 1. :Conpar ative Exanple 2

The sane procedure was conducted in the san®® manner as i

except that nethyl benzoyl formate was usegh 2fms t he mmummmﬂmuﬁmon
initiator and no ultraviolet- 10 elimnating filter was uSed- "Thé results
are shown in Table 1. Conpar ative Exanple 3 - The sane

D ey herseple 8 SIS 8 photelhe BT LErba B Epllct
Tabl e 1. . which compgises subjecting a phodqp‘qigmerizable composition
5 containing _

(A) a radical-polymerizable monomer,

(B) an ultraviolet polymerization initiator having the
main absorpt:l.on. in an ultraviolet régidn and a molar
extinction coefficient at 400 nmof 150 1it./(mol*cm) or more,

10 and

(C) a photochromic compound,
to an 1rradiafion with an active energy ray having, as the
main spectrum, an emission spectrum of 400 nm or more, to
cure the composition.

15 2. A process according to Claim 1, wherein the radi-
cal-polymerizable monomer (A) is at least one compound
selected from the group consisting of

diacrylate or dimethacryiate compounds represented by
the following formula (1):

1 1
CH2=EE0—(A1,,—OE£=CH2 (1)

20
[wherein two R's may be the same or different and are each
a hydrogen atom or a methyl group:; one or more A(s) may be
the same or different and are each a substituted or
unsubstituted alkylene group, a substituted or unsubstituted

25 oxyalkylene group or a group represented by the following

formula:
2° xa ' Xa 2
bionore{O~voont
—{ CHCH,O)x \ / (f \ /—(OCHZCH')T

CH,
(in which R? is a hydrogen atom or a methyl group; X is a halogen

atom; k is an integer of 0 to 5; and a indicates the number
30 of halogen atoms as substituents and is an integer of 0 to



(A) a radical-polynerizabl e mononer, (B) an ultravi oI \\)\\\!
pol ymerization initiator having the mai n absorption in “W

region and a nol ar extinction coefficie at 400 nnof 1 L/ (*hol
cm ornore, 10 430dand n is anCinteRaM g@h&o%czg?trpound - to an
irradiation with an active energy ray having, mai n. spectrum an

emi ssi on spectrum of eROFYnSreupPreoatadping acgydatacoronpthacryhates 2. A
process accordi | n a able
nmononmer (A) is gtgmpgggfﬁo?g%’gg\#%g&% b&h‘i’:g% g%g'law%ngak?ﬁ%group consi sting
of di acryl ate or t hacryl at e conpound®RSr epresent ed by the
following formula (1): [lerr] 20, erelntvvo err may be the sanme
or different and are eGHIa d?');dd% hyl g)oup; one or
nore A(s) may be the sa or dlfferent and ar ach a substituted or
unsubstituted al kyl ene grou a substituted or unsubstituted 25 oxyal kyl ene
group of a f OURyLEREERCR! Whd XS sy it 'tRY Béme or qiePdr@nt hBA'hro each
(inwhich Rlerr] is a hydrogen atom'or a nethyl group; Xis a halogen
atom k is an iAtBydrogenpatem®pr aqmeahyadgsavns R'hand Rhmeysbe thersamgen

atoms as substi ppeqh§radnts afid LPLe@abn0h QubStituted or unsubstituted
alkylene group or a group represented by the following

O+C-

and m and n are each 0 or 1);: and

formula:

10

vinylbenzyl compounds represented by the following

formula (3):

7 p8 ' ' 9 10
H=CH2 ’ . CH2= H

/ o —CHZ—(xl [ CH,CH,X?( CH,CH,X>) ]%;CHZ (3)

15 (wherein R’7, R%®, R® and R'° may be the same or different and
are each a halogen atom; X', X and X* are each an oxygen atom
or a sulfur ai:om: j. kand m are. each 0 or lwith a proviso
that when k=0, j=0; when m=0, k=]=0; and when j=k=m=1, all
of X', X* and X® are not sulfur atoms simultaneously).

20 3. A process according to Claim 1, wherein the ultraviolet
polymerization initlator (B) is at least one compound
selected from the group consisting of

compounds represented by the following formula (4):

1. A process for producing a photochronic cured product, W
conpri ses subjecting a photopol yneri zabl e conposition i'ng



23 “4); and nis an integer of 1 to 20]; epoxy group-contai ni ng
acrylate or nethacrylate . conmpounds represented by the follow ng forrrul a
(2): [err] 5 (wherein Rerr] and R err] may be the

are each . a hydrogén atomor a nethyl groyp; Rerr] and r

t he sane or different and are each a substituted or Mimmm ‘“\
al kyl ene group or a group represented by S

and mand n are each 0 or 1); and

,nylbenzyl'conpounds

represented by the follow ng - fornul a ; [err]

9.10 15 (wherein Rerr], Rerr], and Rg_err] may be the sane or
different and are each a | oge xfer R X[err] and X[ err] are
each an oxygen atom or ' and m{(#&)e each O or 1 with a

provi so t hat when k=0, | wh K J:
of Xerr], Xerr] and X3 are not sul fur

and when j=k=n¥1, all
ﬁ‘ul t aneousl y).

(wherein a plurality of R'!'s may be the same or different and
are each a methyl group or an ethyl group):
compounds represented by the following formula (5):

(Rlz)e

OG-

(wherein a plurality of Rns may be the same or different and
are each a methyl group, a methoxy group or a chlorine atom;
e is 2 or 3; and R'® is a phenyl group or a methoxy group);
and

10 compounds represented by the following formula (6):

' (R“)f (R“)f

(ML

(wherein a plurality of R'‘s may be the same or different and
are each a methyl group, a methoxy group or a chlorine atom;
f is 2 or 3; and R' is a 2,4,4-trimethylpentyl group).
15 4. A process according to Claim 1, wherein the ultraviolet
polymerization initiator (B) is used in an amount of 0.01
to 1 part by weight per 100 parts by weight of the
radical-polymerizable monomer (A). _
5. A process according to Claim 1, wherein the photochromic
20 compound (C) is selected from the group censisting of chromene
compounds, fulgide compounds, fulgimide compounds and

spirooxazine compounds.



20 3> A process according to Caim1l, wherein the ultraviol et

pol ynmeri zation initiator (B) is at |east one conpound sel
group consi sting of conmpounds represented by the fol mumwlﬂﬂmm”"l
(4): . ' 24 dgeerr] * L oM os ox
(4) : H3 %v\,herein a plurality of ﬁRl[lerr S

may be the sanebor JAREPERSS asgording o ciapmd nEherein thePhetaghrenic
group); enk bynt | Qi reyl . ark €h 4]
2P nerei n SORPSRMR I BRI tn' BROLAL' OF 990021 EY; £, 8 pazk ooy

are each a met hyelghduperal @ mangs §vowpiaht o ither radicabrpolymexizableor

3; and R err] iﬁoﬁoﬂ%ﬁ‘n IA)qroup or a nethoxy group); and 10
conmpounds represente bi’ t'he following fornula (6): _
5 7 A process according to Claim 1, wherein the irradiation
with an active energy ray is conducted through a filter
capable of eliminating an ultraviolet light having a

wavelength of shorter than 400 nm.



[err¥ (wherein a plurality of Rlerr]s may be the same or different and

are each a nmethyl group, a nethoxy group or a chlorine atom f is 2 or
3; and Rlerr] is a 2,4,4-trinethylpentyl group). 15 4. A process
according to Claim1l, wherein the ultravi glgt pol ymeri zation initiator
(B) is used in an armunt of 0.01 to 1 part by weight per 100 parts by
wei ght of the - radical-polynerizable nononmer (A). 5. A process :
according to Caim1, wherein the photochgggrga@p conpound (C) is selected
fromthe group consisting of chronene conpounds, ful gi de corrpounds,

ful gi m de conpounds and Spi rooxazi ne conpounds.

25 6. A process T} e oapre |

conmpound (C) is use aﬁﬁgéﬁbﬁﬁg'hﬁ Q@ég éﬁfﬁp%%li% ﬁlgﬁ by B‘}*’%@t:i%httper 100

. parts by wes gha phottopolytierdizapdiey composiitdon cnnﬁamingA) 5 7. A
Bhergy ray i's condudPlad RPBagHISbpFpeRe-Rbl8 hBhoRBe. | 1T 0L E
ul traviol et -1ight hgBi)ngnaltravdwodledngbhymérikhatien inidriatger having the
main absorption in an ultraviolet region and a molar
extinction coefficient at 400 nmof 150 1it./(mol-cm) or more,
10 and | '
(C) a photochromic compound,
to an irradiation wii:h an active energy ray having, as the
mé.in spectrum, an emission spectrum of 400 nm of more, to
cure the composition, whereby the polymerization can be
15  performed easily in a short time and a cured prqduct having

an excellent photochromic property can be obtained.



