1 Description PHOTOCHROM C CURABLE COWPCSI TION 5 Technical Field The
present invention relates to a photochromi c curable conposition which can
be advant ageously used to nanufacture a photochrom ¢ cured product having
an excellent photochrom c function. 10 Background of the Art

Photochrom smis a reversible function that a certain conpound changes
its color when it is irradi ated by Imgdnigitioror |i ght including
ultraviolet radiation such as light from15 a nmercury lanp and returns to
its original color when it is placed in the dark by stopping the

irradiation, and used fopyo¥ariRUMTEPBURERLEOREMPEYEgAlde conpounds,
spi rooxazi ne conpounds and chronene conpounds have been found as

phot ochrom ¢ conpounds havi ng this photochrom sm Since 20 optical goods

havi ng ppot echr,omi c properties can be obtained from conplexes of these
conpound aﬁ%ﬁ&%ﬁﬁQ%xgaéiéarge nunber of studies on conpl exes of

phot ochrom ¢ conpawedprafsnthAWweHSlonae ] t@ds SR IghotfAEHRMIOM sm i s
applied in the field of 25 eyeglass |enses. A photochrom c eyegl ass | ens

conpri si ng cunsidteo cmpg %l tiompotnidh scauikkladeitreePwrtvowsd vitere it
is irradiat | i i ' ul t ' i ati | ik l.ight to
serve as a S“%r?g ffsds%engr@]é}gé%o %%gﬁgfg?%ﬁé}%%@%ﬁg’?gq één %5‘%.%% P:ati on
to serve as pMotwdhirmarie FHurddaiapar ent eyegl ass | ens. Demand for this kind
of lenses is growi ng nowadays. Plastic photochrom c eyegl ass | enses are
particul8rly preferred fromthe viewoints of |ightweight and safety. To

provi de pho%g&ﬁ%ggﬁﬁgpQgpqﬁh;?gﬁ%o these plastic | enses, the 2 above

phot ochrom ¢ co i'S gene y conpounded. As neans of conpoundi ng
t he photochrom c Ehutowitontilsar ésaa erevenmitblae fahbodonnt Wbt Gh celreasmr f ace
of a lens h%voimr;])%urlll% changes its color when it is irradiated by sunlight
or light including ultraviolet radiation such as light from
15 a mercury lamp and returns to its original color when it is
placed in the dark by stopping the irradiation, and used for
various applications. Fulgimide compounds, spirooxazine
compounds and chromene compounds have been found as
photochromic compounds having this photochromism. Since
20 optical goods having photochromic properties can be obtained
from complexes of these compounds and plastics, a large
number of studies on complexes of photochromic compounds are
now under way.
For example, photochrcomism is applied in the field of
25 eyeglass lenses. A photochromic eyeglass lens comprising
a photochromic compound is quickly colored outdoors where
it is irradiated by light including ultraviolet radiation
like sunlight to serve as a sunglass lens and faded indoors
where there is no irradiation to serve as an ordinary
30 transparent eyeglass lens. Demand for this kind of lenses
is growing nowadays.
Plastic photochromic eyeglass lenses are particularly
preferred from the viewpoints of lightweight and safety. To

provide photochromic properties to these plastic lenses, the



phot ochrom c properties is inbibed with a photochromc 5 conmpound (to be
referred to as "inbibition nethod" hereinafter) and a nethod in which a
phot ochrom ¢ conmpound is dissolved in a nononmer and the nonomer is

pol ynmeri zed to obtain a photochromc leRs directly (to be referred to as
“casting nethod" hereinafter) . Various proposals are nmade 10 for the
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of the | nvendricwh EhendtHddwWmaovipiraipertia exs.uaﬂ'aecé asifli 4 eXeri®rhdViase no
phot ochrom ¢ _conpaounds, and pl astjic optical goods havi n phot ochyom ¢

properties NPLAGFHRERH G PEIRE otk hrgedteed c"blfﬁn"é) Cf?‘?ﬁ‘ﬁlfq’fbl"\h ewpoi nt
of 8 PhobOCIARSuldNGld BL Addedldh 4 SVULIOUREHON: CO) GFAlnop (1o be
referred to as™initial coloration erel na ter at a visible range

bef ore ul t tenreilrstf Hemghtands aa}npthed 1(1Iw1)1@hha ghhategrteenifc conipanatd on

(to be referre col or tical her ei nafter) when

Ui £ravi of et 19 Gt rdEsp e THIdT 2Thihe PeRGRREA Y ITNTEE 15 then
the applicatdan i9f Mg RImild Ans I rEQPREd P Hé"eretﬂéif‘réﬁqecrb Bs
conpound returns to i'ts original state (to be referred to as "fading

speed" her ei }f@fsttelﬂ)g metihgd” h'eghldaifabtrl i- tyV®rl@1h$§3r@@$@l$)lae:€f macls on,

(V1) °36°ht Fhenainear Hopanenics MU Pasaea bt 990 £h Uh e aigve
t echnol ogi exd.n ﬂmml@gﬁ)u«msﬁl@rs&)) lﬁl@rm@s&h@r@q&emtw@m@m astic
| ens conprising a chronene ound which is hardly deconposed by |ight

and rarely s'5e'e°é353a?2rred‘lﬂ:9cﬁ/dﬁ3? 4 it QN0 TR/ 0% 14ty even when 3
sunlight or %HH contl nuously applied thereto.
For exanpl e"Jd 0az?oved 2‘%(& gqu 3 tl onséssand panphl ets concerning the

t echnol ogy of the casting nethod introduced above di scl ose photochron c
curabl e conp05|t|ons 5 co r|S|n a polynerlzable nononer havi ng an

acry| oyl>gr BIFcigs OWIVGTEWPX to be referred to as

“(meth)acrylate The follow1ng properties are required for these

photochromic compounds and plastic optical goods having
photochromic properties and containing these photochromic
compounds from the viewpoint of a photochromic function: (I)
20 a low degree of coloration (to be referred to as “initial
coloration” hereinafter) at a visible range before
ultraviolet light is applied, (II) a high degree of
coloration (to be referred to as “color optical density”
hereinafter) when ultraviolet light is applied, (III) a fast
25 speed from the time when the application of ultraviolet light
is stopped to the time when a compound returns to its original
state (to be referred to as “fading speed” hereinafter), (IV)
high durability of this reversible function, (V) high storage
stability, (VI) highmoldability of an optical good and (VII)
30 high mechanical strength of an optical good.
With the above technologies in the background, there
is proposed a photochromic plastic lens comprising a chromene
compound which is hardly decomposed by light and rarely sees

a reduction in its color development ability even when



pononer” or "di (nmeth)acrylate nononer" having two (nmeth)acryl groups), an
epoxy conpound and a chronene conpound. Photochrom c cured products
(photochrom c 10 plastic |enses) having excellent durability can be
obtained fromthese photochrom c curabl® conpositions. However, a

di scol orati on phenonenon that the above photochrom c cured products

det eri or at e sunltilghtsenddght simblar ty inkhidlens s ¢drt insous hewnpailded

dual Iy tinged with_ 15 red which js the devel Lor, 1] ow i
Pnact 1 val ed TEERES-(yEPFORFABY Lok EnBER P cRLBaDIPY L CPBAgSt BP% | ong

time may ocgamphikesetenterhekethe FeeMnblbgyTBEO¥ERERL st {EgPRGALLY t he
cured products shown in Exanples of the abové™ six publications and

panphl et s af@tyeducegr abeve idi sz0 afisspbpbeahroniamhnahl exeospPeit iions
mechani cal pr It ( | 1.e t __Therefore, there . i-s.still room
for i rrp?ov%r?&%? .lts\}\%@naaFE %‘%ﬁ %ékcg:ﬁ?g]r?el%n egc,ﬁ%gﬁﬁﬁ al”% A< c?‘ Olynl g'sfouP

conmbi nat i on o Bt haerpdbyIesiaab! @ JTBBOAEE 6r BBAWD ias theetabaveyiatiod, it
i s understood that the above discoloration 25 problem especially a red
di scol or at i SFNEREFONEFoN ddMedd) R crydpdsr SonpRetwvhinad ind e phot ochroni c

opti cal goo h [ RPOSes y od
photochronig%e%ﬁﬁgf¥gﬁ gg?ugﬁgd ?&hegégﬁﬁﬁﬁyg%%ﬁgtégggéiﬁgﬂg%%% ow cost
30 and have cempelunent nelodencicadmbe optedabrepdopest (psoaschptmtiochr om ¢

opti cal _goods. As one of the means of _manufactuyi t he photochrom ¢
opticallgoo@ agtl f%m#%% ARG 6% 14 eRgs UB?BHEgFVdﬁagéF%BHta&EFﬁg a

di et hyl ene ghygokpisga e oA euriiBYRe JoRbsi®d chs 10 as commonly
called "CR- 39" hereinafter) manufacturing tool which is used as a

gener al - pur pose nHbwevelr,far dégeglazstibanpbenangnoan thasvitie aboweed

pr oduct havi%%ta @gfractive inde§]°fsl'53' I,f _the photochrqom.c optical

goods can b&B & 59598d58§8db?r8 uﬁé tﬁF CRARIPEE dF S & CT%3Yeir costs

can be redug@dbﬂhe?eéﬁrae,leh@e feet for thlysaparfagian iy irge@ wishhi gh
p

even in the field of photochromc plastic Ienses. To manufacture the
CR- 39 cl? ed rgdovnteh isg pfe dgveloped color or yellow in an inactivated

state (yellowing) when these lenses are stored for a long
time may occur. Therefore, there is room for improvement.
Especially the cured products shown in Examples of the above
six publications and pamphlets are not improved in

20 discoloration and not excellent in mechanical properties
(tensile strength). Therefore, there is still room for
improvement. When a specific chromene compound is used in
combination with the polymerizable monomers shown in the
above method, it is understood that the above discoloration

25 problem, especially a red discoloration phenomenon markedly
appears.

Meanwhile, to use photochromic optical goods for
various purposes, they must not only show a good photochromic
function but also can be manufactured easily at a low cost

30 and have excellent mechanical or optical properties as
photochromic optical goods.

As one of the means of manufacturing the photochromic
optical goods at a low cost, there is a mass-production method

using a diethylene glycol bisallyl carbonate (may be referred



manuf acturing tool, a casting nethod using a glass nold may 10 be used as
the nmethod of manufacturing a CR-39 cured product, and a photochromc
curabl e conposition fromwhich a cured product having a refractive index
af 1.50, the sane refractive index as that of the CR- 39 cured product, can
be manufactured is required for the manufacture of a |lens having 15 the
sanme di opt ertaMddh ddmameahe ol Ted THeR - Dt dretdingofitod o hamn £a pt@sings
enunerated in the ove i mhi bition nethod have a problafégmhat t he

nanufacturgﬁgvélpwbéggsl%@és BOTPTER R BRRET I TS Aot AF RYPHIAE i ¢
base mat eri aleed HRIdRMrpkvaqANg! OGHEQ T LoGOIP M AP YR RA e

manuf acturing tool can be Shared by nmanufacturing the asti c base
mat eri al havimdexa ofef¥ dli vefi rdex phbtdchFomitch opthealRge@dmmafradiair i ng

tool. The above six publications d. pamphl etsc al,so gro 0s t hat cured
oroduct RaviMers: RRTIRTS B PRURY 1is) Megus Act 34 g PoRY o TReR T S5t
conbi nati on @fn pel yaRGEEAD! ETHOROIGFS, HHANVBKEH, £&F NEe 4 naeRIHaR - ithd ar ge

amount of a special acrylate-based material having an epoxy group and a
met hacr yl oyltafrlodg hitghepwensin sbenffigrld ap Phpdaahrama plast lofl eftsesage

o1 aduct - havi T Tl Lo TE ey AR d Te AT - it i

product having a [ow co acry ral, it is

unsat i sf act aghufadimingdftodihohochs OihE el tisdhgaadgl fes meshamiasal
strength (tensile strength) of the material due to balance with the
amount &P AforFed FLPEPeERR CIBRBHEACt FREPEIDHFR 3PN e PTARES  room

for i Mprovengy o GHuBULe durds) ALARIRA" o IFPOrPLARN o Risdd on
to provide a photdchrom c curabl e conposition Ich can provide a

phot ochr om emhedt pgreodingg shanenpaxiosd |iemted ghdt dothy drhe gamerti es for
along tinme a hi gh mechanical . sire h ensile strength) and from
ahi ot he pRSTAHS LA Epr BB G BB EnEREEt MRt o S st
The i nvent ongaRif ddiiReEs8Nteddiivei £8P Y Ran0RduelLed of Bt BaSs WSl es
to solve the above probl ens. a result, 10 they have found that a

phot ochitbni dheursaisiee domies tWidh iecrsame mold.

Therefore, the photochromic plastics enumerated in the
above imbibition method have a problem that the manufacturing
process becomes complicated because the obtained plastic
base material is imbibed with a photochromic compound though

20 the manufacturing tool can be shared by manufacturing the
plastic base material having a refractive index of 1.50 with
the CR-39 manufécturing tool.

The above six publications and pamphlets alsoc propose
that a cured product having a refractive index of 1.50 can

25 Dbe obtained from a combination of polymerizable monomers.
However, since it contains a large amount of a special
acrylate-based material having an epoxy group and a
methacryloyl group, there is room for improvement in terms
of storage stability as described above. Further, although

30 there is a cured product having a low content of the
acrylate-based material, it is unsatisfactory in terms of
photochromic properties and the mechanical strength (tensile
strength) of the material due to balance with the amount of

another polymerizable monomer. Therefore, there is also



gan provide a cured product solving the above problens can be obtained by
specifying the ratio of a radically polynerizable nononmer having an epoxy
group and the ratio of a radically polynerizabl e nononer having a
specific 15 structure to the total of alk the polynerizable nononmers. The
present invention has been acconplished based on this finding. They have
al so found trwam tfroer abwpreowomsiti fution s especially effective for a

speci fic photochrgm c conmpqound ,and further th phot ochraoni c curabl e
oSt £1 o it Ch SO AGAY bt 2 ATLPBRREE SRR EET G AareRE b
index and now i JOS Yo Sc Al ABES EYmpEdd oA Sen PER LA S

know edge. The "present invention has thus been acconplished. That is, the
present i nvamawidd @ phitmadutowig ccursd qrediet doposd téxeetbemt i si ng:

[A] Not Less.than.0.1 part and . l.ess_than 5.0 Earts bﬁ nqis of a.adically
pol ymer i ZablBE HSHEHT HaPrRg AT 165089 Yrially FePFedBntitE DS S owi ng
formula (1) :stferdgth (tBAsileCstkefigth) R3(A & riddCOah CHR Ged B Hl tochHomd&:

wherein R and R2 are each independently a hydrogen atom or nethyl group,

R3 and R4 ar@inas PHIH e tRdhtly manylags 3 UpLPAVEPYEL to 4 carbon
atonms whi ch may b%h%‘(*)?ﬁ%}l%?g 8¢ ﬁ?’e ﬁr@%%&?é}fﬁv%?ﬂgn Hvd Qiucteqd

represented by the owng formula, an a are each a nunber
of 0 to 20 amtamsiaxesagdieal te;sddh® the-asbdveigidhblleils 1. Astd rEeultpart s
by mass _of a polgfunctional radi cal | y. pol yneri zahl e nononer , represent ed

by the £811 dHSRaYeEaAnng Ebgt 2 Phef pIhEePEr [mpS e eMeoeipippwhigh / ¢

RS d can provide a cured product solving the above problems can
be obtained by specifying the ratio of a radically
polymerizable monomer having an epoxy group and the ratio
of a radically polymerizable monomer having a specific

15 structure to the total of all the polymerizable monomers.
The present invention has been accomplished based on this
finding. They have also found that the above constitution
is especially effective for a specific photochromic compound
and further that a photochromic curable composition which

20 provides a cured product having a low refractive index and
now used most commonly is obtained by making use of this
knowledge. The present invention has thus been
accomplished.

That is, the present invention is a photochromic

25 curable composition comprising:

[A] Not less than 0.1 part and less than 5.0 parts by
mass of a radically polymerizable monomer having an epoxy

group represented by the following formula (1):

R? R?
— ] 3 4 |
Hzc—C—ﬁ—O R30—HRYO—-CH,C—CH, (1)
a b N
o 0

30 wherein R' and R? are each independently a hydrogen atom or
methyl group, R’ and R' are each independently an alkylene

group having 1 to 4 carbon atoms which may be substituted



wherein R5 and R6 are each independently a hydrogen atomor 10 al kyl
group having 1 to 2 carbon atons, R is a trivalent to hexaval ent organic
group having 1 to 10 carbon atons, "c" is a nunber of 0 to 3 as an
average value, and "d" is an integer ofe3 to 6; [C] 1.0 to 30.0 parts by
mass of at |east one 15 di (meth) acrylate nononer selected fromthe group
consi sting I aahgdieeyl) geoypat ern@muprrelemmm@dnbythmefdldldwjm'gwg

Formil & (4) SN RO B CREL NG 07y A RoRGBEE RAyPrboet M Afhcr y

equi val ent qfydialg el agslddan 600: R8 RO H2C=C~, - 4R 0-O0R 1-O-~-C=CH2 (3)
20 0 e fO wherei n R8 and RO are each i ndependently a hydrogen atom or

met hyl group, R10 and eachHyj pendently a |linear or branched

al kyl ene group havi ng car bpn at and "e" and "f" are each an

i nteger includi ng 0= . } shen R8 and RO are both
nmet hyl groups, (e+f) i¥ essg‘L't ha ¥/ 1 ess than 15 as an average

value, when R8 is a 7 W /l gr s a hydrogen atom (e+f) is
not less than 5 and less than 1 an average val ue, and when R8 and RO

are bot hghydr ogenF@ﬂ %13,0 Ef%”lé :gigaq:ttsl %anFa@%”o% aa”‘i:c!l%néﬂ%alﬁ as an

aver age value
H2C=C- C O] CHGPI@=1A-yp 6 THBEHDE a b Te Crotidhe(dyeptds€nfei b ywhbke dial 1RWA ngnd R13
are each ind endenté a hydrogen atom or methyl group, R 4 and R15 are
each indepe ydrogen atom or net hyl group, "A" is a divalent
organi ¢ group haV|ng 10 1 to 20 carbon appns, and "g" and "h" are each an
i nteger of not |ess/than W th the §- |so t hat \when R12 and R13 are

c

both nmet hyl groupsgy7 and |l ess than as an
aver age val ue, wh H]ZQ Qi‘kz S a hydrége)n atom
(g+h) is not less thgn 5 an ess than d

wherein R® and R® are each independently a hydrogen atom or
10 alkyl group having 1 to 2 carbon atoms, R’ is a trivalent
to hexavalent organic group having 1 to 10 carbon atoms, “c¢”
is a number of 0 to 3 as an average value, and “*d” is an integer
of 3 to 6;
(C] 1.0 to 30.0 parts by mass of at least one
15 di(meth)acrylate monomer selected from the group consisting
of a di(meth)acrylate monomer represented by the following
formula (3), di(meth)acrylate monomer represented by the
following formula (4) and urethane di (meth)acrylate monomer
having a (meth)acryl equivalent of not less than 600:
N .
HoC=C~C-0~R"0-OH{R' 1—09;9—0=CH2 (3)
20 O © O

wherein R® and R’ are each independently a hydrogen atom or

1 and R'! are each independently a linear or

methyl group, R
branched alkylene group having 2 to 4 carbon atoms, and “e”
and “f” are each an integer including “0”, with the proviso
25 that when R® and R’ are both methyl groups, (e+f) is not less

than 7 and less than 15 as an average value, when R® is a



15 15 as an average val ue, and when R12 and R13 are both hydrogen atons,
(g+h) is not less than 3 and less than 15 as an average value; [D] nore
than 50.0 parts and not nore than 97.9 parts by mass of a (nmeth)acrylate
nononer except the above 20 conponents [A] to [C] and/or a

thi o(nmeth)acryl ate nononer (the total anount of the conmponents [Al, [B],
[C] and [D] meitshmmgrpam ary R‘?a9;§)a Mdrps]eno.at@m t(e+10 paimtb)lMS of

a photochro 100_parts b of th ot a Bof

the 25 pon gngggngﬂ%ﬁ%“ %g‘stasl\/B 2Yor? r‘f ity At f"tﬁ h on I'n
the present Rgnélﬂétbdﬁh Pﬁ%o@@ﬁté?@&hﬁ)m Ce-£ 3k Bot COPOTHAON £RANdsLs [ Al
a radically polynerizable nononmer 30 having an epoxy group represented by
t he above fdhan dY BS FBjaveyRde/ Mikig.onal radically polynerizabl e
nononer .represented by the above fornula (2), [C] at |east one 8 di
(meth) actryl ate nononer selected fromthe group consisting of

di (neth)acryl ate nonerstepresented by the bove ﬁqnmulas (3) and (4)

and an urethane (neth |acr nDno avi neth)acryk
equi val ent dfl> EiC+€s-sO -50 QH@C?H@ =Cldponer éx)cept t he
above conponents | [C] and/ a thio(met h)ah: | at e nononer, and [ E]

a photochromc co ound Cbnponent [Al 10 A descrrption is flrst gi ven of
t he conponenthdrAin R'‘AaandiR'’ areaeachl lindepeyndenitdgblke hydrooen mnmwm an

epox rou nted by _the rfoll ow ng for 2C= GO
B Scre FRE T Ser B SR S ST e b RICERE oA Sar

i ndependent |t g &2 rﬁé’@lﬁ?geﬁ‘&fppm‘ﬂ"’ {@té‘}d'lv@i%kil% oF3ald ¥ BaRAHY
i ndependent|y an al kyl ene group haV|ng to 4 carbon atons mhlch may be

substitufed by Zwmecx)b,ongrams ;orngr 0g eagr €¥éntead lppchhan fisitlegsimg

formila, and of aI"lOt rfLess th%trne 1eaCh th r]:lﬁnebeprroc%}clsoo ttl'PatZQﬂhaesn aﬁllerg]qg i-ll@l ues.)

are both methyl groups, (g+h) is not less than 7 and less
than 15 as an average value, when R'? is a methyl group and
R is a hydrogen atom, (g+h) is not less than 5 and less than
15 15 as an average value, and when R'? and R'® are both hydrogen
atoms, (g+h) is not less than 3 and less than 15 as an average
value;
[D] more than 50.0 parts and not more than 97.9 parts
by mass of a (meth)acrylate monomer except the above
20 components [A] to [C] and/or a thio(meth)acrylate monomer
(the total amount of the components [A]l, [B]l, [C] and [D]
is 100 parts by mass); and
[E] 0.001 to 10 parts by mass of a photochromic compound
based on 100 parts by mass of the total of all the

25 polymerizable monomers.

Best Mode for Carrying Out the Invention
In the present invention, the photochromic curable
composition comprises [A] a radically polymerizable monomer
30 having an epoxy group represented by the above formula (1),
[B] a polyfunctional radically polymerizable monomer

represented by the above formula (2), [C] at least one



CH3 - --a | - 20 CH3 Exanpl es of the al kyl ene group represented by R3 and
R4 i ncl ude nethyl ene group, ethylene group, propylene group, butylene
group, trinethylene group and tetranethyl ene group. The conpound
represented by the above fornmula (1) nmaysbe 25 obtained as a m xture of
nol ecul es having different nolecular weights. Therefore, "a" and "b" are
expressed aslla(mltagacr\yalalt@emoﬁmmapls;sleﬁt&dlérommbergrmq:plcemmsednlgy t he

above fornula | ude gl.ycid nmet hacr Iate |y |donx nethyl
met hacryl at &F 5&3}'\?5%3‘7‘105 Qg’t °¥]r?€1er’r’a?c egﬂ 3}33’

net hacryl at @ormf1@lsy €3 ﬂ&haxybpbﬁb éf?h?fé%h&hét& m&ﬂwﬁ&w}r@@e glbYl@)ﬁller
gl ycidyl nethacrylate having an average nDIecuIar wei ght™ of

pol yet hyl endagiipgok qmychdybrwétH&@ﬂwhéegth@¢|ngtaﬁesav@ha@eG@@Led@ﬂar

vt age Tol aclPEPIERHEEEE MRS B CRRO I RO G By Lo

met hacryl at qchaahago&na P AgR tH) laReyl 13t evticBitimed!, GG [iisehenol

A-monogl yci dyl 10 et her-nmet hacryl ate,

3-(glycidyl &PF@K@@%F)CE“EVWﬁ@iypropyl nmet hacryl ate, glycidyl acryl ate,
gl yci dyl oxynmet hyl acrylate, 2-glycidyl oxyethyl acrylate,

3-gl yci dyl oxypropyl acrylate, 4-glycidyloxybutyl acrylate, polyethylene
gl ycol glyctﬂmbohén&cﬂﬁﬂate havi ng an aver age nDIecuIar wei ght of 406,

pol yet hyl ene glycol _glycid acrylate having an_avera nnlecular wei ght
of 538, i/ﬁbolyethyl :@HH¥‘§?9§| Stéﬁ%@?ﬁ?gtﬁﬁhFﬂ aﬁeﬁgeﬁﬂge Réfecul ar

wei ght of 1G22, Rj Al reomsheme Ratyd %%eclsp aenyl ate
20 and 3- (gly0|% xy 2- é%oxypfgby 0X ﬁroiyprggﬁr ac fgate}'5 out
of these, gtﬁpm&ﬁbnﬁgﬁh@qryh&téoll@MymgdﬁhmxmdetHyD nethacrylate,
2- gl yci dyl oxyet hyl nethacrylate 3- gl yci dyl ox propyl met hacryl ate and
glycidyl acrylate are eferre d; gl ygi dyIR thacryl ate

HzC—C—ﬁ—O ;-( CHZC CH2 (1)

(In the above formula, R' and R’ are each independently a
15 hydrogen atom or methyl group, R’ and R* are each independently
an alkylene group having 1 to 4 carbon atoms which may be
substituted by a hydroxy group, or group represented by the
following formula, and “a” and “b” are each a number of ©

to 20 as average values.)

otve
I
CHj

Examples of the alkylene group represented by R®> and

20

R* include methylene group, ethylene group, propylene group,
butylene group, trimethylene group and tetramethylene group.
The compound represented by the above formula (1) may be
25 obtained as amixture of molecules having different molecular

7

weights. Therefore, “a” and “"b” are expressed as average
values.
Examples of the compcund represented by the above

formula (1) include glycidyl methacrylate,



25 is particularly preferred. Conponent [B] A description is subsequently
given of the conponent [B], that is, a polyfunctional radically

pol ynmeri zabl e 30 nononer represented by the following formula (2). O R7
CH2O0- {-CH2CH O C-CCH2 (2) R6 CR5 d 19 (In the above fornula, R5 and
R6 are each independently a hydrogen atomor al kyl group having 1 to 2

carbon at ongyl A dyloxamiathndl et Har dyedeenss| entg loygiady osgyetipyhaving 1 to
10 carbon atons, c.is a nunber of O to 3 as an average value, 5 and d is
an integer GEERAFYH ALY 18 YISV FPOMAARY | Methrer¥latqrivalent to
hexaval ent qr |G EIUHRNAV NGk HaR bqsh BF TRy BED organi c
group contai n-gﬂs) a Cg}r oug de:yi vecf]tf ronﬁ%'gaf)%'y%% 69 or “or gani%f%cr%p

cont ai ni ng @lywdrdydambthagrylptieavanina a0 afermegieonal ecylaf Beightl®for an
ur et hane_bond. havi a. functiagnality . of 3 to 15. Specific exanples of the
pol yf unc?i oﬁ&ﬁ'_r é’(ﬂqgﬁtlrﬁyle&ﬂ ﬁaﬂ%@ww&r&e%ﬁ@ _eed'lab‘ir{?%ea%bove
formul a (2) awiliaefe GiRilRe126V aRRAR0WH 5 1B eGhd N tide drid refyd pl propane
15 trimethacryl ate, trinmethylol propane triacrylate, 'tetranethyl ol methane
t ri met hacr ylgdtvs idwleneshechylakachdiairg tan aveyrgeenoiecvidactwgdoithstthane

t et th |at t t hyl ol h t |.at tri nethyl ol
Lt et hyl ene Mgco POt VPrOERARTS 4 2oo20 1Y E haf Byt B Spatats FRntine e "o
gl ycol tri acryraiges modiddulaet gliefher eFame at,ebhiapbehadr W-abtiogn§cidyl

di trimet hyl ol propane tetraacrylate. These pol yfunctional polynerizable
nonorner 30 maetherrded hasyddbiehat i on of not less than two. 25 R7 in these

e o o o Y ST ARG A2 q AR el e
preferably tgliyedtdwll aoyydeares  dlyiotelyiaceyyenttsy If rammytleec ey ewpoi nt of
effect. 2-glycidyloxyethyl acrylate, 3-glycidyloxypropyl acrylate,
4-glycidyloxybutyl acrylate, polyethylene glycol glycidyl
15 acrylate having an average molecular weight of 406,
polyethylene glycol glycidyl acrylate having an average
molecular weight of 538, polyethylene glycol glycidyl
acrylate having an average molecular weight of 1022,
3-(glycidyloxy-1-isopropyloxy) -2-hydroxypropyl acrylate
20 and 3-(glycidyloxy-2-hydroxypropyloxy) -2-hydroxypropyl
acrylate. o0Out of these, glycidyl methacrylate,
glycidyloxymethyl methacrylate, 2-glycidyloxyethyl
methacrylate, 3-glycidyloxypropyl methacrylate and
glycidyl acrylate are preferred, and glycidyl methacrylate

25 1is particularly preferred.

Component [B]

A description is subsequently given of the component
[B], that is, a polyfunctional radically polymerizable

30 monomer represented by the following formula (2).

R” CHZO%CHZCH—O}IC!—?:CHz (2)

RS CR5 d



30 Conponent [C] The di (nmeth)acryl ate nonomer as the conmponent [C] is a
di (nmet h)acryl ate nononer having a structure represented by the follow ng
formula (3). 11 RB RO H2CCOp4R 0-0 R>>-CGo-C=CH2 (3) e f (In the
above formula, R8 and RO are each indepandently a hydrogen atom or nethyl
group, R10 and Rl11 are each independently a Iinear or branched al kyl ene
group havi ng( I &Heo abwar formileans R°andd’ 8 and &4¢hairdepehdantipt ager
including "Q", with the proviso that when R8 and R9_are both nethyl,

gr oups, (e+fl’)yqrs°§?6’c AteBS OF nARKYL (HEP YR SV INH 11 5043 C%-'ﬁbaveﬁ”'a@'ésvaﬁ ue,

wh R8 t I
en IS g Jre *E)i‘lv%rl%l% 210 1R ahvs 130y & Slg.c g&% R@ =S %wess

than 5 and | ess than 15 as an average 10 v ,
bot h hydr ogeardtcanetofrs+f  iis anoumbessof h@.I"tCS ek Iaesstvterxaﬂgel&adyean

aver age val ue The di | th) acryl te noner represented by the above
fornul a %3) ainég Gerdt &1 ﬁ("g%tgﬁl) ™ &r Xture of nolecules having

di fferent nolecul ag \&ﬂbgab%veTli%&ﬁhQ%e 2)e" rands"§" tribaigREegENting the
nunber of al kyl ene oxide units in the above formula (3) are expressed as

t he aver age hexavedensf angiams c girouipe havding i kioudé. cae*boaxnat'oms &uehnot

| h 0 -and_ | h | \Wh ! " h
navper o A a3 tane Sh R G 5/ S aTR dativeg Frob’s selvgl o
di fferent tme%I@farﬁHer%ﬂ@ @orde iWiidss Aty drereairth grhigh Hfiking a

di (et h%acryl ate nononer |s represented by the above fornmula, to further

i npr ovel@he fragitigngddéy &F 3ok@ df (e PhOrEhae® dnd Jurting and
provi de a nggﬁﬁﬂﬁﬁﬁﬁj. fe@s dpldability, it is preferred fromthe

vi ewpoi nts of |I|ty and heat resistance of a cured product
that when RS andS_Bacatfécbebclampéblsybfgrthepppl@éth):tslbnalld riael i@l 1y ess

than 7 and | ess than as an average val ue, s a nethyl group
and R9 is aaﬁ«%m ai’ﬂ@n{“"(‘@m?}’ EﬁgﬁﬁﬁenBEdn]BY tﬂ?‘%é"bﬂi’zﬁ IOTId 4 ég% t han
(1;?)3 2E03Y§fr%g%ncg§hlﬁe a8Rdn8aqubeR158u 884 R 1R PPihebXYnBARR RLARS.

15 trimethacrylate, trimethylolpropane triacrylate,
tetramethylolmethane trimethacrylate,
tetramethylolmethane triacrylate, tetramethylolmethane
tetramethacrylate, tetramethylolmethane tetraacrylate,
trimethylolpropane triethylene glycol trimethacrylate,

20 trimethylolpropane triethylene glycol triacrylate,
ditrimethylolpropane tetramethacrylate and
ditrimethylolpropane tetraacrylate. These polyfunctional
polymerizable monomers may be used in combination of not less
than two.

25 R’ in these polyfunctional polymerizable monomers is
preferably a trivalent hydrocarbon group from the viewpoint
of fading speed, particularly preferably trimethylolpropane

trimethacrylate from the viewpoint of effect.

30 Component [C]

The di(meth)acrylate monomer as the component [C] is
a di (meth)acrylate monomer having a structure represented

by the following formula (3).



Less than 3 and |l ess than 12 as an average value. Preferred exanples of
the al kyl ene group represented 12 by R10 and R11 i ncl ude al kyl ene groups
having 1 to 4 carbon atonms such as ethyl ene group, n-propylene group,
l-sopropyl ene group and tetranethyl ene gnqup. Qut of these, it is preferred
fromthe viewpoint of 5 obtaining a cured product having excellent col or
optical density and quﬁng speed out of photochroqa% properties that R8

in the above formyla.(3) shoul d;be.a hydrogen tom (acryl oyl up) and
from the vi ewpoi mHQ@‘I' G?vi@g{‘lﬁpt@ ' 'Rel‘ %’ﬁmér‘cé%/hzom c(gi gpert i es
that the nunber of the rec rring 10 urgts of tlfqaal kyl ene group

represented by R10 and R1I~shoul d tge not Less tHian 3 and less than 12.
The di (et Hnadhy abeoveodfermulas &noahér Rcomppreath [ Qidependenbhyner

havi ng a st re represent ed the folloumng -fonmula (4 15 R12 R14
RS Ria rpoiaRdgte SE R Sheatn e e, KL ha 8] e85 /En o fhe apove
fornmul a, Rl3ndk¢eRbZnaneg aathneadepersieitided a INerarge yraduPnhar ittt byl

group, R14 and R15 are each independently a hydrogen atom or nethyl

group, "RA" it® 4 FOIPOPaBESMSor ga C &gr e?mﬁiyhévi g el e3¢ D@ di¥®¥edt oms, and
"g" and "h"_ar wah i . le h , oM f raviso
t hat when Rﬁ‘%&ﬁéﬁ%% gré ‘g%?ﬁe{n%{%#%lrsguggék(g&%% liaaéma%]lgtﬁ %é‘%sg%s%gln 7
and | ess t haethylagranpayefagé) vas ust \Meers Rhan 7samdnbddwyltigiroqs asd R13
is a hydrogen atom (g+h) is not 25 less than 5 and | ess than 15 as an

aver age val G& 2VERASHER IR VEER RRES AMEthynIRGWP GGkhRat 8/ RYEELARD s not

lless than 3apd Les8) Iancto188s A hAY S 8A8 Mdd'®@han s 44 ArgvaRQYE
formula (4) is a divalent organic group having 1 to 20 carbon atoirs.

Pref er rk@dl evadpeesanfl when BO adidy & exre drqgienihy dyragen iatomsde (@HEy| éme
Ponyl ene. FGEpLgReRTRERS. GPSLAS BUSEAT dred by o Eragen et 'such
The di (meth)acrylate monomer represented by the above
formula (3) is generally obtained as a mixture of molecules
having different molecular weights. Therefore, “e” and “f”
15 representing the number of alkylene oxide units in the above
| formula (3) are expressed as the average numbers of units
of the whole mixture. “e” and “f” are not less than 0 and
less than 15 as average values. When “f” is “0”, the number
of alkylene oxide units is only one and when “f” is not “0”,
20 different types of alkylene oxide units are repeated.
When the di(meth)acrylate monomer is represented by
the above formula, to further improve the fading speed as
one of the photochromic properties and provide a good result
to lens moldability, it is preferred from the viewpoints of
25 the moldability and heat resistance of a cured product that
when R® and R’ are both methyl groups, (e+f) should be not
less than 7 and less than 12 as an average value, when R®
is a methyl group and R’ is a hydrogen atom, (e+f) should
be not less than 5 and less than 12 as an average value, and
30 when R®? and R® are both hydrogen atoms, (e+f) should be not
less than 3 and less than 12 as an average value.

Preferred examples of the alkylene group represented



13 as chlorine atom fluorine atomor brom ne atomor an al kyl group
having 1 to 4 carbon atons, and non-substituted phenylene groups; and
groups represented by the following formula: 5 groups represented by the
fol lowing formula: -H2C i CH2 and groups l2epresented by the follow ng
formula: ( ZZ%I{RQS n % /111 J/Jog B X B Cl0 wherein R22 and R23 are
each i ndepeRdeRi] 2¢h Fa kmcjd%%pﬁllﬁél\ﬁrl‘ﬁg WY b@é’r% latténd, carbeni ne

atomor bro s ea h n integer of 0O
to 4, the rg:t%g rtesglr%glsente %8/} tn% g?.(r) ow%ng%g)sq ai’s arﬁenzene ring or
cycl ohexane isiopgoppleh wrempt hedr |t@gnae@teqem$d grnoughe foll owi ng fornul a
is a benzene ringutx i_S ﬁegrougt ¢ rese ted a fthe follomﬁwgofornula 14

-0-' -S - -S()- @fCﬁ Cpr@ erge rom, int of
- (CHB) (§6H§>)ot‘arm%n QU Ul ?ﬁ%'ah%@ '?l\évtl*ih% feQJdeQ‘Me'?& deeri‘ Fpt kANd when

the ring represented by the followng formilais 5 a cycl ohexane ring, X
is a group dep:sestemmll ﬂa,dmg)smed @it of- Phidt oclof GriBY 2 rTipee ivirgso thd t

oo esent e b L hee AbaNE Lo 2 6 oh S d B hahBde R LIS CEY,
expressed a@r@ﬁ@ﬂaﬁﬁd from the viewpoint of improving moldability and
photochromic properties that the number of the recurring
10 units of the alkylene group represented by R*® and R'! should
be not less than 3 and less than 12.
The di (meth)acrylate monomer as another component [C]
is a monomer having a structure represented by the following
formula (4).
15
F212 F§14 F§15 F213
HzC=<':—c—-o{—c':HCHZO}—A—O{CHzc';Ho)—q—c'FCHz (4)
0 g "o

{In the above formula, R'? and R' are each independently a
hydrogen atom or methyl group, R and R'® are each
independently a hydrogen atom or methyl group, “A” is a
20 divalent organic group having 1 to 20 carbon atoms, and “g”
and “h” are each an integer of not less than 1, with the proviso
that when R' and R'? are both methyl groups, {(g+h) is not
less than 7 and less than 15 as an average value, when RY
is a methyl group and R is a hydrogen atom, (g+h) is not
25 less than 5 and less than 15 as an average value, and when
R*? and R are both hydrogen atoms, {(g+h) is not less than
3 and less than 15 as an average value.)
“A” in the above formula (4) is a divalent organic group
having 1 to 20 carbon atoms. Preferred examples of the
30 divalent organic group include alkylene groups such as
ethylene group, propylene group, butylene group and nonylene

group; phenylene groups substituted by a halogen group such



values. "g" and "h" are each an integer of not less than 1. Wth the
provi so that when R12 and R13 are both nethyl groups, (g+h) is not |ess
than 7 and |l ess than 15 as an average 15 value, when R12 is a nmethyl group
and R13 is a hydrogen atom (g+h) is nqi3 less than 5 and | ess than 15 as
an average value, and when R12 and R13 are both hydrogen atons, (g+h) is
not |ess th&ncﬁlamdnbessomhamlddrbmeamanenageomahaeatEmeﬁenabbﬂkylwhen
R12 and R13 are both nethyl grou S§E§9+ is not less 2Q than 7 and | ess
than 12 as &tPelRydndludo S @y NG P S des i s a

hydr ogen at ( I gh 5 h ge
val ue, and %ﬁ?ﬁ'R%%kégg %%é gﬁg'bgpﬁﬁﬁya?gggﬁgg?gﬁg%@kéfe?%fgqﬁﬁﬁﬁpgss
than 3 and Ifegmul®: than 12 as an average value. This is preferred from
the viewpoints of the noldability and heat resistance of a cured

product. It is partic ferred that R12 and R13 in the 5 above
formula (4) shoul groups (nethacryl oyl group) because a
cured product havin ptical density and fading speed in

phot ochrom c properthies i ned and that (g+h) should be not |ess
than 7 abd | ess than fromtThe vjewpoint of inproving photochrom c 10
properties. Further, the di (nmeth) acrylate nononer as still another
conponent [ Groupsamregreishaitediby( meleh)f cddiowidige faam@ey: having a
(neth)acryl equi val ent | ess than 600. The term "(neth)acryl

equi valent” is a val ue ividing the 15 nol ecul ar wei ght of the
nononer by the f (fmeth) acryl groups. The urethane
dl(neth)acrylateznono as the conponent [C] in the present
invention is a bifuncti urethane di (meth) acryl ate nononer having an
acryl equiva of not less th 0 yret hane structures in the
20 nol ecul e? n%hgrﬁﬁﬁgrrFPﬁFFeP§F nygpﬁ %P &a i%al ent is not
particularly limted but psgeferably 5,000, when ach|S|t|on ease and
handl i ng ease are taken ¢Qtd account am re preferably 1,000 when the
heat resistance and nDIdeiP1ty of ap 1to lorom ¢ cured product are taken

B X B

10 wherein R** and R** are each independently an alkyl group
having 1 to 4 carbon atoms, chlorine atom or bromine atom,
“*n” and “0” are each independently an integer of 0 to 4, the
ring represented by the following formula is a benzene ring

or cyclohexane ring,

i5
when the ring represented by the following formula is a

benzene ring,

X is a group represented by the following formula,



25 into account. Qut of these, an urethane di(nmeth)acrylate nononer which
sati sfies the above requirenents and has no aromatic ring in the

nol ecul ar structure is preferred fromthe viewpoint of the |ight

resi stance of the obtained cured 30 product, and an urethane di (neth)
acryl ate nmononmer which does not yellowis particularly preferred. Mre
specifically, it is uret hane di (net crylate nomer hayving.a

mol ecul ar W@ﬁ&ﬁ?'or—%?EUDTT6§@§2bUU oDt M v Te tﬁﬁb,ﬁéigﬁﬁfaglene

di i socyanat e, isophorone diisocyanate, |ydine isocyanate, 16 H ’
2,2, 4-hexanet hyl ene diisocyanate, dineric acid diisocyanate,

i sopr opy! i dematsrts)oyet ghexyt—Cobdg Y fagHs )i cycl ohexyl net hane

di i socyanate, norbornene diisocyanate or nethylcycl ohexane diisocyanate
wi th a pol yal kyl ene gl ycol 5 havi a_recyrri.ng.unit_such as ethyl ene

oxi de, propyiefte S*&Fd qgrﬁ%%é%%f%?ﬁ&ﬁ@ %%%ié%ﬁﬁﬁrﬁf%?ﬁ ‘4 carbon atons,
or a known diol such as polyester diol exenplified by polycaprolactone
di ol , pol ycarbonate o ol/or pol ybutadiene diol to obtain an urethane

pol ynmer and f redcting it 10 with 2-hydroxy (neth)acrylate. A

description Syequetly given of the effect of the di(nmeth)acrylate
nononmer as ponent(Q[ C] and exenpl ary conpounds thereof. The di
(meth) acryl > represented by the above 15 formulas (3) and (4)
and t he uret hargdi {h)acryl ate nonomer are preferably nononers having

such flexibility that \when only the, di(neth)acrylate nononer is
polynmerized at a polygrization rate of not Iess than 90 g, the obtained
cured product has a Rockwell hardness of not nore than 40. The 20
conponent [ @nd shencameomrdény teprespnoednpycaher fdélewdpgngorandaf adi ng
speeds out of phqotochrom c ,properties. In the present invention, the di
(et h) d%ryPaFgcﬁﬁﬁGﬁEPe &s™Ehe conponent [C] nust be bifunctional. Wen a
cured produc xi ng the sane conposition as that of the present 25

i nvention is/obtai Red by using a simlar nonofunctional (neth)acrylate
mononer, thé pH8tochrom c col or devel opi ng

X is a group represented by

O , S—, “‘13?12'— —“-(303f13)2‘“—

The compound represented by the above formula (4) is
10 obtained as amixture of molecules having different molecular

I

weights. Therefeore, “g” and “h"” are expressed as average
values. “g” and “h” are each an integer of not less than
1. With the proviso that when R*? and R are both methyl
groups, (g+h) is not less than 7 and less than 15 as an average
15 +value, when R'? is a methyl group and R*® is a hydrogen atom,
(g+h) is not less than 5 and less than 15 as an average value,
and when R*? and R*’ are both hydrogen atoms, (g+h) is not
less than 3 and less than 15 as an average value. Preferably,
when R* and R are both methyl groups, (g+h) is not less
20 than 7 and less than 12 as an average value, when RY is a
methyl group and R* is a hydrogen atom, (g+h) is not less

than 5 and less than 12 as an average value, and when R*? and

R' are both hydrogen atoms, (g+h) is not less than 3 and less



and fading abilities of the cured product are the sane as those of the
present invention. However, when a nonofunctional (neth)acrylate nononer
is used, the 30 polynerization rate tends to drop as conpared with ot her
conponents, and the nonofunctional (nethygacrylate nononer is apt to
remain as an unpol yneri zed conponent. Therefore, when noldability is

eval uat ed, thanud@olapgman azseragepordnie. cThissia phemewradnftbmttheportion
in contact wi,th a.glass_17 nolgagﬁ g _cure roduct .may be ' %orn of f" at
the tinme of IEWPRIEES of Fheumed & ¥ asttéfﬁééséﬁntcﬁeo \# E4T5Foduct
di sadvant ageRudhit . For the above reasons, the conponent [C] wused in the
present invéntion nust be a bifunctional 5 dl(neth)acrylate JTononer .
Exanpl es of the dEcneshpactybaﬂér&wn@weﬁer@pdeghntea and R abnvehEornuIa

3) wh f th de pol yeth
Gwet hachy T abetecESuigfa 1Y hofytdihd BEEN e A S RS ThAL ER oo o
10 pol yt et rw@yl Reafiskcal ciireet Raeidictt %a(xﬂng HigH coldr dppvidyd an
average nol ecul ar wei ght of 736, polypropylene glycol dinethacrylate (e =
7, f =0) halmsgta'namﬂerfagléngrrép@@@ an BEogechaoregs premerdtigs dife gl ycoI
diacrylate (g3 3y Log Ol b36) By BYPAIE BN AU AT SNl 1280

e =4, ="0) ha

pol yet hyl ené g yco |acry Vi ng an aver age ecular

wei ght of 3@&anpabky&tdoyl ehe ghﬁ@@bi@kaﬁﬁyﬁm@&o®&ng’p%pﬂbdhﬁ@huhﬁVIng an
aver age nol ecul ar wei ght of 522, polyethylene glycol nethacrylate
acryl atk0 (ePXOpertigesq) having an average nol ecul ar meight of 536, and

pol yet hyl ene 20 apd,paL¥praRybethehysakydherd ﬂﬁﬁ%ﬁ %1I1§hogﬂ¥kng an

average nol ecul ar wel g Exanpl es o acrylate
nonomnmer repcempnhent byl uheammumﬂiﬁmmndiémeﬂm)aothdEeeKhmmyhahedlng
cyclohexanedl | at.e

Y BT el it NEEED S5yl Cotn SR Ene ) FikopaRe Ehap (00. (Bpe term
2, 2- bi s[ 4- aor(ﬁb@ﬁﬁbgyh%qﬁp\h@mﬁ&@rltyoanfahge asbbaméh b%raﬁv1d1ng the

2, 2-bi s[ 4- acryloxypolyethoxykphenyl)propane (g +

15 molecular weight of the monomer by the number‘of (meth)acryl
groups. The urethane di(meth)acrylate monomer used as the
component [C] in the present invention is a bifunctional
urethane di (meth)acrylate monomer having an acryl equivalent
of not less than 600 and two urethane structures in the

20 molecule. The upper limit value of the (meth)acryl
equivalent is not particularly limited but preferably 5,000
when acquisition ease and handling ease are taken into
account and more preferably 1,000 when the heat resistance
and moldability of a photochromic cured product are taken

25 into account.

Out of these, an urethane di(meth)acrylate monomer
which satisfies the above requirements and has no aromatic
ring in the molecular structure is preferred from the
viewpoint of the light resistance of the obtained cured

30 product, and an urethane di (meth)acrylate monomer which does
not yellow is particularly preferred. More specifically,
it is an urethane di (meth)acrylate monomer having a molecular
weight of 1,300 to 10,000 obtained by reacting hexamethylene

diisocyanate, isophorone diisocyanate, lydine isocyanate,



Exanpl es of the urethane di(nmeth)acrylate nononer 30 having a (neth)
acryl equivalent of not |less than 600 include the U 108A, U 200PA,

UA-511, U 412A, UA-4100, UA-4200, UA-4400, UA-2235PE, UA-160TM UA-6100,
UA- 6200, U108, UA-4000 and UA-512 of $Mi n- Nakanura Chem cal Co., Ltd.
and the UX-2201, UX3204, Ux4101, 6101, 7101 and 8101 of N ppon 18 Kayaku
Co., Ltd. |2,2héd -hexamethydeaet idid scayanedst, dhieediiq reetid acryl ate

nononer sel ect.ed from.the .group cqnsi stin of _the. di t.h) acryl ate
oot T epridEREYaTRY end SR ey A SR Sy T (R at e
nononer repuasei ety lmae abkeyaifisodyanatd) aBdobRpcnectiaBBcyanate
di (et h)acryl ate nonofer havi ngéa (meth) acryl equival ent_ of not |ess

]E han I600 i?)s Oﬁfslbs%ih t %Yh%k?}l(lmmg A posyanss ey h amww??, gilyeodbove
| i t L
T 243 il RBLAL a6 8 ARROMS" o ey L 10 e

formul a he U

(et h) acryl osddievakehiéxahe flay1éRs Sotithd A NWMYE be 4 eAttbéh MEMy ,coef a
plurality of conpounds.. Conmponent [D] 15 A description is subsequently
given of thé@ &&@¥en&icl EBEh @faPIlyesterndimla&xammle fiskbRH except the

above CO”D%%ggfﬁfégP‘;&a%oﬂlg azB4/ géo?%éﬂﬂéﬁﬂé‘)&%l}’ At ?oﬂ?ﬂ%‘é&ie}'{@e

phot ochr omi conposi tion e present Tnventfon conprises a
known (net hdiadr ybabktabnoaeruxkfiane ol ey reom tfhe tdlsov eecaotiagents [ A],

[B] and,[C] and/or a thio(neth)acrylate nononer, in addition to the above
radi cal p&ﬂ%ﬂ‘e?i'?ﬂﬁ@%ﬁ%ﬁﬁ]}’, aF'I?] and [C]. Exanples of the

conponent [D] inchugdesepiyesbariol hadiudioxPRr W & ¢y lrelenss
nodi fied 25 di pentaerythritol hexaacrylate, tetrafunctional polyester
ol i gomer s h&wengidmeshe egirylane gienomer2 as00 heo compoherEBIT] @ndDai cel UCB

wei ght of 6560615 Ve LBO A S0 8P oal cel Uk oo, Ltd. . ete.). o
hexaf unctional pofriestiefmeth)ald gaEIembavnggs & dpeasan wdd Woitgtd abbvés, 000
to 55,000 EB1830 of Daicel UCB Co., Ltd., etc.), tetrafunctional
15 ormulas {3) and (4} and the urethane di(meth)acrylate
monomer are preferably monomers having such flexibility that
when only the di (meth)acrylate monomer is polymerized at a
polymerization rate of not less than 90 %, the obtained cured
product has a Rockwell hardness of not more than 40. The
20 component {C] is a component for improving color developing
and fading speeds out of photochromic properties.

In the present invention, the di (meth)acrylate monomer
as the component [C] must be bifunctional. When a cured
product having the same composition as that of the present

25 1invention is obtained by using a similar monofunctional
(meth)acrylate monomer, the photochromic color developing
and fading abilities of the cured product are the same as
those of the present invention. However, when a
monofunctional (meth)acrylate monomer is used, the

30 polymerization rate tends to drop as compared with other
components, and the monofunctional (meth)acrylate monomer
is apt to remain as an unpolymerized component. Therefore,
when moldability is evaluated, the unpolymerized component

causes a phenomenon that a portion in contact with a glass



pol yester oligonmers having a nol ecul ar wei ght of 10,000 (GX8488B of
Dai -1 chi Kogyo Seiyaku Co., Ltd., etc.), 2-hydroxy nethacryl ate,

2- hydroxy acryl ate, diethylene 19 glycol dinethacrylate, triethylene
glycol dinmethacrylate, tetraethylene ghycol dinethacrylate, pentaethylene
gl ycol dinethacrylate, tripropylene glycol dinethacrylate,

t et r apr opyl @eddg§acuntidiprodeety mayebe péorap by reéthstgneca] release,

di met hacryl at e i.met hacryl a onprising a_mxture f _pol ypropyl ene

Gl ool “and 51 vEPRyEEnEhs! b ERTERLERAS: Bio this chirsd R PAE i ts and
pol ypr opyl eagshavantwaebesldyr.i NBottiHeSaboeé Mdaerm syl yaelcdhigeglemd dyl

met hacryl ate, bi sphenol A dinethacrylate, 10

)

2, 2- bi s(4- nEERAcA SHroRYEERBLy pR¥ANLLPROPFMSE, e a bifunctional

2, 2-bi s(3, 5xzdi -4 C xyet hoxyphenyl ) propane,

1, 4-buty enggﬁgégﬁgaﬁﬁggﬁg%r@%ggéggi,9-nony|ene gl ycol di nethacryl ate,
neopent yl ene gl ycekatipbeshaf tHeatdd,(meth)acrylate monomer represented

bi s(2- met hacryl oyl oxyet h Ithioethgl)suLfide, 15 .
bi s( met hacr Yoy FEx #8PKE Foumiilge,(2) bWBAgE: PREVESLFEL RR) SBPMEde,

1, 2- bi t [ ] , ' | yeth ,
L 2 o BRI B ey, 313l ik enberyribal g e

bi s(2-acryl eyPoxfethglt havéehpyhnsaiveirdge molecular weight of 536,

1, 2- bi s( et hacryl oyl oxyet hyl t hi oet hyl t.hi 0) et hane,

T 5 b1 Shor PRSYFSF PRV REBEL RYVERLoflelERBeEYIate (e = 15, £ - 0)

1, 2- bi s( met Ragh nEo¥hoxY¥esaBEORYI ERLOAEOREQRNL) Sl f73EE, polypropylene

1, 2-bi s(acryl oyl oxyi sopropyl t hi oi sopropyl )sul fide, 25 stearyl

met hacryl at glyFadr gimgshhgtryyhaee (enet Ayl faer P) ahavingt Apl axyeryigst e, butyl

ccry LS, O heATEN Bkeonl U Moo AL SE L Geas! dipBRfgERY o 0

and unsatura acl ds elrc

compounds af 3acfeyki 0) aba¢ting ARt heekybecmatedusdehwas ghet BYl 238,
met hacryl ate, _benzyl methacryl ate, phenyl nethacrylate and 2-hydroxyethyl
met hacriyt at BOLYREN¥ILBE LoiFsuddachY Latfi(Gatfyl § & Uchavirg@m aneragerylic

acid such ag WethyLbhi0;qReryt aldh, Rengddlieracrylate andcbenavk (e

t hi onet hacryl ate,
= 9, £ = 0) having an average molecular weight of 522,

polyethylene glycol methacrylate acrylate (e = 9, £ = 0)
having an average molecular weight of 536, and polyethylene

20 and polypropylene glycol diacrylate (e + £ = 4) having an
average molecular weight of 330.

Examples of the di (meth)acrylate monomer represented
by the above formula (4) include ethoxylated
cyclohexanedimethanol acrylate (g + h = 4),

25 2,2-bis[4-methacryloxy-polyethoxylphenyl)propane (g + h =
10), 2,2-bis{4-acryloxy-diethoxy] phenyl)propane (g + h = 4)
and 2,2-bis[4-acryloxy polyethoxylphenyl)propane (g + h =
10).

Examples of the urethane di (meth)acrylate monomer

30 having a (meth)acryl equivalent of not less than 600 include
the U-108A, U-200PA, UA-511, U-412A, UA-4100, UA-4200,
UA-4400, UA-2235PE, UA-160TM, UA-6100, UA-6200, U-108,
UA-4000 and UA-512 of Shin-Nakamura Chemical Co., Ltd. and
the UX-2201, UX3204, UX4101, 6101, 7101 and 8101 of Nippon



or polyfunctional urethane (nmeth)acrylates having a 20 (neth)acryl

equi val ent of not |less than 100 and |l ess than 600, especially polyval ent

uret hane (nmeth)acrylates having a (neth)acryl equivalent of not |ess than
100 and less than 600, such as urethanasadi (neth)acrylate. 5 The above

pol yval ent urethane (nmeth) acrylates include polyfunctional urethane

(nmet h) acryl Feeyakon@loer,s ialsi ng a  (neth)acryl equival ent of not |ess than

100 and | ess thanI Ggg and not .l ess than two ureth%ne structures in the
mol ecul e.  Qut of Ph&d€ PSS dRYESAST uPst HERE S W¥h) acryl ate 10

nononer whi @ (AREH)@c3haRld fichbREri Se 1418 DI Bhe o) doRsiatdndoes
not yellowis preferred fromthe viewpoint of the |ight resistance of a

cured resi ncivshe siid@etingaanylatee moRsIMeEry rEnrefEn ek thartdq rhaye
acryl at e no [0S r tj;on ] [ | he [ iLn t hyl ene
i S0y anat a2ty (B r SHE 6P BneEhGHES) 8BL MARMCY (EBOERENE A7 TR

2, 2, 4- hexanabyleefordil s ocypraide thei wes tiftane idl (nitseryaiaitts monomer

i sopropyl i denebi s-4-cycl ohexyl_isocyanate, _dicycl ohexyl net hane

di i socyanat 8aVAGGhdr Wt G0 gaHAVa LeBE Ry £§2F SHBMAROHE S ¥6€¢anat e
with a | ow galecul I HQ&&I

pol yal kyl eng?lgl &g&ﬁ{etﬁg\?ﬁ‘a&?tregﬁﬁﬁr%g unrt esugﬁ)é?s béfﬁ%%?\afo&ﬁ de,
propyl ene dort@lar (hexainet dy(wathpacdelabe imndhdwrdéprasbohedtlyrsher

pol yester diol ex lified by polycaprolactone diol, polycarbonate diol or
Dol ybut Wi eREONEOLOTBI 1A Ko BHE BEHa e oidme ) i Wheie BaBRmes
pent aer yt hr inhaQh ngehhYhEPR) a8HYE Baqu LM ERE ab¥Cobssls BaRranpnRdy 8k,

1, 4-butanediol, ~1,5-pentanediol, 1, 6-hexanediol, 1,9-nonanediol,

1, 8- nonanedieakch aeopeanuye gify @olpludiadtiyl exfe agimpesinds .di pr opyl ene gl ycol
1, 4- cycl ohexanedi ol , 30 1, 4-cycl ohexanedi nmet hanol, gl ycerin,
trimet hyl ol propane or pentaerythritol to obtain an urethane prepol yner
and further compaglentg (D Wi th 2-hydroxy (nmeth)acrylate, or a reaction

m xture obtarned by directly reacting the above diisocyanate wth
2- hydr ok8 (et h) aBr§eacEiPFionsigrshRqgfet P given of the component

(D], that is, a (meth)acrylate monomer except the above

components [A] to [C] and/or a thio{(meth)acrylate monomer.
The photochromic curable composition of the present
invention comprises a known {meth)acrylate monomer different
20 from the above components [A], [B] and [C] and/or a
thio(meth)acrylate monomer, in addition to the above
radically polymerizable monomers ([A], [B] and [C].
Examples of the component ([D] include polyester
oligomer hexaacrylate, caprolactone modified
25 dipentaerythritol hexaacrylate, tetrafuncticnal polyester
oligomers having a molecular weight of 2,500 to 3,500 (EB8O
of Daicel UCB Co., Ltd., etc.), tetrafunctional poclyester
oligomers having a molecular weight of 6,000 to 8,000 (EB450
of Daicel UCB Co., Ltd., etc.), hexafunctional polyester
30 oligomers having a molecular weight of 45,000 to 55,000
(EB1830 of Daicel UCB Co., Ltd., etc.), tetrafunctional
polyester oligomers having a molecular weight of 10,000
(GX8488B of Dai-Ichi Kogyo Seiyaku Co., Ltd., etc.),
2-hydroxy methacrylate, 2-hydroxy acrylate, diethylene



(meth)acryl ate nononer having a nol ecul ar weight of preferably not I|ess
t han 400 and | ess than 2,500, nmore preferably not |ess than 400 and |ess
than 1, 300. The nunber of functional groups of the (nmeth)acrylate is
preferably 2 5 to 15. Wen the nunber ofidunctional groups is |large, the
obt ai ned photochrom c cured product nmay becone brittle. Therefore, an

uret hane di (@Btdylaciiylealaorynetsy, hadierhy erfdigdiicolaldigieetperiydate,
preferred. Wien the urethane (nmeth)acrylate nononmer is bifunctional, its

(et h) acryl Cet@asi%iansnglive ol laesiar rydatieos PAAS YT eRfd 91969 han

600 b f Sololly I

Speci f:agag)s(% rrfe’%sﬂaaorjfl%ét:lhe ureﬂﬁgr?gﬂ(j’%eé%?@@ ﬂrmno&rrdeﬁ%an Udgrge
polyfunctlomatﬁ&pﬁdpumanaxgﬂynohmﬂxmdthﬁcrgﬁﬁte/1gantapnnpqunmups)

U- 6HA I | f 101 t

(ol sl B g B Aatacs v Atk dimeriabulate SEmebRd tngiainmnser ght
of 2, 300, 1 fﬁglﬁiﬂ%lléfé)lgq%ola%d)Iﬂd{t}féﬁm@né}& 1ol ecul ar

melght of 482) (ol ecul ar wei ght of 1,7200) an U 122P (ol ecul ar
wei ght of 1 (p@a)ye(tdfylsrnthaMrr@czam@moalts@nd Rolyprepidl 638l 858

(ol ecul ar wei ght of 454 The. above conponents
[D] may be JHEY LR GHE 3¢ u%ut(?c}rfble%}’tyloer? %OJI Oljbﬂjgﬁ?r J(ﬁfb‘l of the above
conmponent s [rdlthat l(afﬂét N AEpHeA ﬁﬁlmryl%meesent ed by the
following forrmula (6) partlcul arly preferabl y used to obtain a

| owr ef F@ct i2vé - bilr-ﬁdéx"]zﬂifélta&?h’r XA L REARAS refracti ve i ndex

of 1.49 to 1. q@éﬁ%? GHGRHC=CH2 (6) 30
(I'n the aboéééfornu dgrgﬁgh%ﬁgzéQTM%%éaé?é?‘ pené%ﬁ%i égpydrogen at om
or nethyl grawpanend 1,1 bany lene gdyecdachi rethdartydgetre of1 rm{ndrgs]sert&an 0,

with the proviso_that when R0 | 22 and R21 are both neth %rou;%s (1+n)
is not |ess3sel2daRGERREEYIBRSN HEQRERTY LSBT &Y QR démehRarTid

met hyl groupj g (2-methacryloyloxyethylthioethyl)sulfide,

15 bis(methacryloyloxyethyl)sulfide,
bis(acryloyloxyethyl)sulfide,
1,2-bis (methacryloyloxyethylthio)ethane,
1,2-bis(acryloyloxyethyl)ethane,
bis({2-methacryloyloxyethylthioethyl)sulfide,

20 Dbis(2-acryloyloxyethylthicethyl)sulfide,
1,2-bis(methacryloyloxyethylthicethylthic)ethane,
1,2-bis(acryloyloxyethylthioethylthio)ethane,
1,2-bis(methacryloyloxyisopropylthioisopropyl)sulfide,
1,2-bis(acryloyloxyisopropylthicisopropyl)sulfide,

25 stearyl methacrylate, lauryl methacrylate, methyl acrylate,
ethyl acrylate, butyl acrylate, octyl acrylate, lauryl
acrylate, acrylic acid, methacrylic acid and unsaturated
carboxylic acids such as maleic anhydride; ester compounds
of acrylic acid or methacrylic acid such as methyl

30 methacrylate, benzyl methacrylate, phenyl methacrylate and
2-hydroxyethyl methacrylate; and ester compounds of
thiocacrylic acid or thiomethacrylic acid such as methylthio
acrylate, benzylthio acrylate and benzyl thiomethacrylate,

or polyfunctional urethane (meth)acrylates having a



and R21 is a hydrogen atom (l+nm) is not less than 2 and less than 5 as
an average val ue, and when R20 and R21 are both 5 hydrogen atons, (l+m is
not less than 2 and less than 3 as an average val ue.) The

di (net h)acryl ate nononer represented by2the above formula (6) is
generally obtained as a m xture of nolecules having different nolecul ar
wei ghts. Thémetbracryl" egndvamentOofir sobxpeesstanslaveandeleakbutban

Exanpl es of e di(nmeth)yacryl.ate nononer tepresen by -t he ove formul a
() T net udcShPe engEts | PE e T ars Presinties (RER) 85SVaRESS Daving

di met hacryl at emé#d) ad£§1 aRnoPy e diy ek UesBtteers Vit and-aeketnaphen
the 15 di (nmeth)acryl ate nononer represented by the above formula (6) is

used, the nbfBersush earvsAtheBAsdanBcRPIRGEEA2EEoNs becone too large in
the resig structupg, a%‘?fee%léﬂgléﬁ'&e%n@ﬁ%%%‘%g%ﬁﬁ%&eSTQEETIJSEe’ a
n | I ip Ag y m Xi Ag" a

phot ochrom ¢ conpositio roves resin str m

phot ochr oni po29¢fanapbshail onreohaaeniingthhacapdueepabybneeli ba&ling at hane
(meth)acrylate having.a (neth)acryl equivalent of not less _than 100 and
| ess than 60BeFE) BFEVEr REH1VALCRBRhoPReRObpi BRI LR3RDLL AGL #BH, 1€8SobhaRn a

phot ochr om [ [ '@Q@é . 1.57,
a bifunctioﬁg %%ﬁg?ﬂ§g%$%%%ﬁ%ﬂﬁgﬂkﬁ%%€$%%§%§gﬁfg by ?%5%$§%?%§?%%8fornula
(5) is prefenabby tibedeasatpelyfuonpomnenal| DfetRifieRIBeBh$aRryglak2C - C- O O
f CHCHZO , Y O+CH2CHQ §2C=CH2 % 5 é .(In the ﬁggve forgﬂla, R16 and R17
are eact? i nUBPERBEMTYFLIED 1] ar8Peh L SITo R D et h PP 1§FYGAT FABIGHUT RO are
each - i ndepgpdeably mothWH10G8N i@ g‘e(freﬂi@dhﬂroglr eHR, viBRpELAEPoY the any
one of the groups 23 0 ". S ,-S(O®)- , -C(O-, -CH2- ,-"CCHH

-C(CHB) 2- - CLgkB) xeniBlaneel of "a snged regio .caMaranspecefecadlynotheéess

Erfﬂ)l’ Wt 8514 PEnRE PYHSP AN InEER) 208, Rie AR AR I8 Dol BI QYPS.
mixture obtained by reacting hexamethylene diisocyanate,

15 isophorone diisocyanate, lysine isocyanate,
2,2,4-hexamethylene diisocyanate, dimeric acid
diisocyanate, isopropylidenebis-4-cyclohexyl isocyanate,
dicyclohexylmethane diisocyanate, norbornene diisocyanate
or methylcyclohexane diisocyanate with a low molecular

20 weight polyfunctional polycl such as a polyalkylene glycol
having a recurring unit such as ethylene oxide, propylene
oxide or hexamethylene oxide having 2 to 4 carbon atoms or
polyester diol exemplified by polycaprolactone diol,
polycarbonate diol or polybutadiene diol, or a known low

25 molecular weight diol such as pentaerythritol, ethylene
glycol, propylene glycol, 1,3-propanediol, 1,4-butanediol,
1,5-pentanediol, 1,6-hexanediol, 1,9-nonanediol,
1,8-nonanediol, neopentyl glycol, diethylene glycol,
dipropylene glycol, 1,4-cyclochexanediol,

30 1,4-cyclohexanedimethanol, glycerin, trimethylolpropane or
pentaerythritol to obtain an urethane prepolymer and further
reacting it with 2-hydroxy (meth)acrylate, or a reaction
mixture obtained by directly reacting the above diisocyanate

with 2-hydroxy (meth)acrylate. It is an urethane



is not less than 2 and less than 7 as an average value, when 5 R16 is a
nmet hyl group and R1l7 is a hydrogen atom (j+k) is not less than 2 and

| ess than 5 as an average val ue, and when R16 and Rl7 are both hydrogen
atons, (j+k) is not less than 2 and legs than 3 as an average val ue.) The
bi functional (neth)acrylate nononer represented by the 10 above formula
(5) is gener(addt;h Gt etk amrsomémthmeir(g‘ a med el lesr heedgige dbf f er ent
nolecular we Therefore éj and "k" re expressed as avera

val ues. rd"fb]t r4ec£0erﬁ htélaefbo%/'esoq'orw e(5)

i ncl ude b' S@Mra&ﬂ‘%} HBEhPé:sié/ltﬁbﬁ 4d®and 1ess than 1,300. The number
2, 2- bi s(4- mét hacr yl oyl oxyet hoxyphenyl ) pr opane,

2, 2- bi s( 3, 5-afi Frumed-ionedt Het@nplso9fot(191et hwt,&p)rmwtat@r'xmmf@;@bm (4
“met hacryl oyl o dip ox and sphenol A . 2,2
brs (e Yetiaaty DGRBS BRI P sttt Y b L3G, e
val ue of (] trdined @h&da}efc@rlaiolduquxfddtm& htay By rttlsl@ifle
mechani cal strength and noldability. Ratio of each conponent to the total

of pol yrrer i Zigreorhorfst St pne rﬁﬂ et ) A1 el aich gasrane s SRV NG He
present ‘ﬁ%t%x?art yc_lY Psd' de\h% y”%h' ﬁa%% E?%%ﬁ%%eha‘“ ng an

epoxy group  onalf zab nmononer, [ (]
at | east one(n(ermi)ra)c&qutelteé mmr1§ejm:ﬂﬁlddaﬂrn t:fte; gtrmtul)caofis}rbti ng of
a di (nmeth)acrylate nmongner 30 represented by the above fornula

di (et h}&cr ;ﬂ%’tlé’a]ﬁﬂ*oﬁférptg% bee’lehy é’tf’tb}e?ﬁet]&%\?é)q éflﬁul%s%@haéhéoé’n
th 24 h) | ent
urethane 24y, i, {JetiR)g }ﬁfrf@[caﬁ © ﬁg{fﬁ{ alga/”tﬂgbl‘ﬁax{lr@l Otrfé:g“ @l en

of not Iess than 600, | at e nonone
(et h) t hi oad=ydgst.e Spaoncéncdexampﬂ)ed alffiotke Asethanehe(mertht) acrqrﬂaeach

conponent, the content of . the_c onent [Al. 5 j.s no than )
and | ess t hAWTETE Hdmcs Wie P&&é’%np’]tcﬁ < it I'i@f (e né’r?tl ?"I§] ‘s 1 0

to 15.0 par ey 4"BgSet 1RL1 P EN) ot-ha marpeaemar[ﬂlgﬁt bf Q040,30.0
parts by mass, and the content of t'he conponent [D] is nore than 50.0

parts 3hd fotf UmsTtd anigan IrwHar i P lemthe awgido R &if8, 6
functional groups), U-15HA (molecular weight of 2,300, 15

functional groups), and bifunctional U-2PPA (molecular
weight of 482), UA-122P (molecular weight of 1,100) and
U-122P (molecular weight of 1,100) (of Shin-Nakamura
20 Chemical Co., Ltd.) and EB4858 (molecular weight of 454) (of
Daicel UCB Co., Ltd.).
The above components [D] may be used alone or in
combination of two or more.
Out of the above components [D], a di(meth)acrylate
25 monomer represented by the following formula (6) is
particularly preferably used to obtain a low-refractive
index photochromic cured product having a refractive index

of 1.49%9 to 1.51.

R CHj CH3 R?
H,C=C—C —O(—CHCHZO-H—CHZCHO)—ﬁ C=CH,  (6)
0 ™0
30 (In the above formula, R?® and R?*! are each independently a

hydrogen atom or methyl group, and “1” and “m” are each an

integer of not less than 0, with the proviso that when R*°



40 the conponents [A], [B], [C] and [D] is 100 parts by mass. In the
present invention, the content of the conponent [A] is preferably 0.1 to
3 parts by mass based on the same standard as above in order to prevent
#he red discoloration along the passag&2f tine and yellowing in an
inactivated 15 state of the obtained photochrom c cured product. The
content of @FE RongdseRPthBetBy braf@indl y(13rw 6 rotoleastishamy rasks,

particul arl reterablby_ 5.0 t y ﬁ?§§ z2bas t

standard fréir%%tshté%\?lie\%p%?n%% ‘%fg]f%%ggﬁfe% "0 |r$prglvs?%g te ag’i ngpspeed
of the obtaiamedRphatos HyatieyedD atwmed (praduts raotd lelses tkRahamizal 1stsisengt h
of the material when the total ampunt of all the,polyneri,zabl e nononers

is 100 par {198y Smdss ANTRY G 13% t RETofsdhdnt €] ks 3prFePerabl y3. 0
to 20.0 par th@'dl}#g@gfgtgﬂér,t 'T(wlln?fiy tefl%r&blt}han52o?ﬁ8 1esQ HMA S By mass

based on the~sa ndard from 25 the viewpoints of the effect of
i mproving tlha badinagespeaddie.of the obtai ned photochrom ¢ cured product and

the heat resistance of the_ material. The conponent. [[D] .i.s mxed in an
arount -t hat TOR GLdBeERACNA RS, SIS S AR S ROh e SHORE (8] [
and [D becem@aunul@0 (BRr{is Jdhd@SSly 3Dtlal e aBr £kt iy I melechles
obt ai ned photochrom ¢ cured product exhibits an excellent effect when the

above rati dagfinghdifbapentmasleylay peiahtg.C) Therefpirsti el antkenim“when
the refractive index _of i h r Qi ured product obtained fromthe
{€ [SF% e%ﬁ%eé%ed g%t%V%E%égég@#Qé%

conponen S usted, ere scol oration along the passage of
time and yel | ow ngxafpaes bhathd \Gt @kt )aierolfa tid moplaaieac hepireeeatiead
product can_be prevented, and a photochrom ¢ cured product having

excel | ent  pHofBENRBAYR HrOPpLIdi &) dME INdsh S EREM) AT YIALENPPRORRESS heat
e B e S Pl D S LA i Sl
conposi ti on tef rafperopydeaet glycedt idimethraefrgrlaltley, Fubeheont ehtnothehe di
(ot ) gL' G Ianarel renr cocnted L0 Lhe cbgye Lo Lo (O kia,
content of t§ is used, the numbers of carbon atoms and hydrogen atoms
become too large in the resin structure, whereby the resin
may become brittle. Therefore, a photochromic composition
which improves resin strength by mixing a photochromic
20 composition containing the above polyfunctional urethane
(meth)acrylate having a (meth)acryl equivalent of not less
than 100 and less than 600 is preferred.
As another optimal combination, to obtain a
photochromic cured product having a refractive index of 1.52
25 to 1.57, a bifunctional (meth)acrylate monomer represented
by the following formula (5) is preferably used as the

component [D].

R16 R'8 R19 R
| | ) [
HzC=c—9—o{CHCHZO}—Q—YOO—GCHZCHO}—E—C—CW (5)
0 J kO

(In the above formula, R'® and R'” are each independently a
30 hydrogen atem or methyl group, R'® and R*® are each
independently a hydrogen atom or methyl group, the group Y

is any one of the groups



pol yfunctional urethane (neth) acrylate having a (nmeth) acryl equival ent
of not less than 100 and | ess than 600 is preferably 5 to 75 % by nass,
nore preferably 25 to 70 % by mass based 15 on 100 % by mass of the total
of the components [D] , and the di(netixacryl ate nononer as the conponent
[C] is preferably a di (nmeth) acrylate nononer represented by the above
formula (3)._ Qut of the di (ngt crylate oners_represent ez by ~the
above fornula ¥6),’ tr%ropﬂ%ﬁtﬁgﬁﬁy_col diggsﬂacryl at@Q‘ZO am_cb C ,
tetrapropyl ene glycol dinmethacrylate are particularly prefer bd. kbut of

t he pol yfuncti o ur et hane ( | ates having a (neth)acryl

equi val ent oT_Hgaﬁﬁé 5 than E&%@ﬁ&%§35fﬁﬁh’600, a bi functiona

uret hane (neth)acrylate nononer having a (nmeth)acryl ate equi val ent 25 of
not | ess than 200.a l ess 1 0_LS; i r r.ef Further,
out of the %ﬁeSh) gg(riylejgt ealtrfbg%g%e%r gn }Ig%%%és%n %E%Cylgﬁ% g %ggl‘fovﬁr}:u a
(3), pol yet Heepeoglyed hatdiviehhCrandre’ eeoh et h)l dewipg, anj«djer age
nol ecul ar  wei ght of 536, polytetranethylene glycol dinethacrylate (e 30 =
14, f = 0) HevPRG dRSEVERYS ADCetBPEr LR ghBSofN7E6ETaFR| Vit Sy Whiea

gl ycol dknethacyyl at = f = avi; g g ecul j ght
of 536, %ol;gth%%e%eﬁaﬁg%glgr%?%c?@%a?e % g %&d?%%% %ﬁg§+ngggﬁﬁag§#age
nol ecul ar weigghflesef tR2&8,2 pokyke by |tdren §l gs@n divacagleatel(e, mrd when 0)

havi ng 26 Neave e nol ecul ar i ght of 308 and .pol yet hyl ene gl ycol
diacryl ate ( " a}% :aﬁ?e%%(?]i“rﬁy‘iﬁg%%raatg%“%l ﬂ&arl%\é}%hﬁesé are
particul arl y piRf erdfd.« AP P E e ikl £ uLonposi tion having this
constitution is preferred in terns 5 of photochrom c properties and

mechani cal Stheehdifincrdondiluémetheareyiacei venpneexreprésemye iy dghecol

di nret hacryl ate _or tetraethyl.ene gl ycaol .dinpethacrylate which is a di

(et h) géryl Oé’enoftr?cﬁ%ﬁal%a |)nglsn%é{'1eersasldlt fr?r}?léﬁedflaésssa FHEHES e?ﬁyl ene
gl ycol chai plasdies neatinld Rl Afdteri®ndiechil dis ek iaght e qeepeFere,[ D .
In this case, 40 to 63 % by nass of the di(nmeth)acrylate nononer

represent ed By’ R afovars GHRANESD) ARG WE Hhighss of the
pol yfunctional urethang oo %t REAC R Vet ed nTRIANAL e SHEMAl €Nt of

not | ess
formula (5) include bisphenol A dimethacrylate,

15 2,2-bis(4-methacryloyloxyethoxyphenyl)propane,
2,2-bis(3,5-dibromo-4-methacryloyloxyethoxyphenyl)
propane, 2,2-bis(4-methacryloyloxydipropoxyphenyl)propane
and bisphenol A diacrylate.
2,2-bis(4-methacryloyloxyethoxyphenyl)propane in which the

20 average value of (j+k) is 2.6 is preferably used from the

viewpoints of mechanical strength and moldability.

Ratio of each component to the total of polymerizable

monomers

25 The polymerizable monomers used in the present
invention are [A] a radically polymerizable monomer having
an epoxy group, [B] a polyfunctional radically polymerizable
monomer, [C] at least one (meth)acrylate monomer selected
from the group consisting of a di(meth)acrylate monomer

30 represented by the above formula (3), a di(meth)acrylate

monomer represented by the above formula (4) and an urethane



than 100 and | ess than 600 and O to 35 % by mass of the above 15 di (neth)
acryl ate nononer having not less than 3 and less than 5 ethylene glycol
chains as the recurring unit may be used. To obtain a photochrom c cured
product having a refractive index of 1.5 to 1.57 fromthe photochromc
curabl e conposition of the present invention, preferably, 20 the content
of the di ( metihmaeh)laiey Iayeonenoneprieseived byetheaaboveedwival ént Df i S
not | ess than 25 % by nass based_. on 100 % hy nass of the total of all the

conponents PO 1e&fd ChaRe®AP ¢ ndtR) Bt A atMe fsHar L e MR MHHANHICY O] i s
a di (meth) %Crgﬁlea&ﬂ CTPRAIERL TR GRERE: B A ARP U MR 2ol Hhie M1

of the di(neth)acrylate no represente y the above tormula (5),

2, 2- bi s(4- meltaer ydfoydamly etdmpoyysingny ther apertentawiinghen compemage vidlue of
(j+k) of _2.6 is particularly preferred. t of th | (et h)acryl ate
monomer s> r e;}rsegé’ﬁt &Esﬁykgﬁg 8b6v@aré0al?%%‘?ﬁ% than eszdcg&ﬁrﬁ 4%‘% Syl oxy
pol yet hoxy] piaanybhpeapaie the dbmpdiint 3B3- Ps 8l 4 86 WXparts by mass,

di et hoxy] phenyl ] propane (g+h = and 2, 2-bi s[ 4-acryl oxy-
pol yet hoxy] engePhpenpatfe thgtrepamyntarl€] phs tl.cutardgy. 0 parterbethaskhe

phot ochrom ¢ rtie d hanical 27 engt h_of ochrom c
cured produ@tn%(;gﬁgi ﬁ%%é?ﬁgnqﬁg‘e %ﬁ%?%%ﬁ?%nfé:f 6&?@8?‘% Elgwgr(}’gcf‘tchﬁrﬁg’vi ng
this constitd et a@tebehbtr bhep paptovied. m#Ss! herHeetotefl bhirvuemegnent

[D], triethylene glycol 5 dinet hacr){l ate or tetraethyl ene glycol
di net hat?yl &he wermpenend sy (Al . (A8l n) 18t rgndt P hokd 0 RaxTR BYoMaséss t han

b L B B SALCRRBLAS, e LBRCLSELLE ) Uk e
control agerali is perefieehlgbbylatidedl partdeophetos irased arogpesisbimen  of
e D esent, L nent o Lo oLder L L ose the mol dat) Ly ol AIe, on on
control agent Joaclyde é:ta@!s%.lg% SChige ahgdodeavliBGCap! an, iaabRliylelyrene
and a-nethyl styrene 15 dinér. In the presént invention, a-nethylstyrene
di mer ot5 state of the obtained photochromic cured product. The
content of the component [B] is preferably 3.0 to 10.0 parts
by mass, particularly preferably 5.0 to 7.0 parts by mass
based on the same standard from the viewpoints of the effect
of improving the fading speed of the obtained photochromic
20 cured product and the mechanical strength of the material
when the total amount of all the polymerizable monomers is
100 parts by mass. The content of the component [C] is
preferably 3.0 to 20.0 parts by mass, particularly preferably
5.0 to 15.0 parts by mass based on the same standard from
25 the viewpoints of the effect of improving the fading speed
of the obtained photochromic cured product and the heat
resistance of the material. The component [D] is mixed in
an amount that ensures that the total amount of the components
[A], [B], [C] and [D] becomes 100 parts by mass.
30 In the present invention, the obtained photochromic
cured product exhibits an excellent effect when the above
ratio of the components [A], [B] and [C] is satisfied. Even

when the refractive index of the photochromic cured product

obtained from the component [D] is adjusted, the red



a conbi nation of a-nethylstyrene and a-nethylstyrene dinmer is
particularly preferred and the anmount thereof is preferably 1 to 10 parts
by mass based on 100 parts by mass of the total of the pol ynerizable
aononers of the present 20 invention. Garponent [E] A description is
subsequently given of the photochrom c conpound as the conponent [E]. 25
The phot ochridic® leardund al enysele | pa @vagemMi inkahndepsll ewinhdain desi r ed
phot ochrom ¢ properties are obtained.. The content of the conponent [E] is

preferably GIGEEGTFS SPArEsObytHesRhPESer Ih' d 0o TRA BF WP HaRbOSt he
toral of T he,. cahanite oMY bAaDLENTBRORTS S d£BEBANERNS F My chBlonikGk: and

30 [D]). The photochrom c curable conposition®of the present 1nvention is
parti cul ar | photeficdrainiy geepert irpmn @rat thirgh snegilaasitdacl |ssnerngtla aabt i ng
process._Since . .a cur.erle product . of tqq:em.pho ochrom c curable conposition is
used as a plgalti FEISIENGS &0 P8 PR % se, the content of the

photochrom c 28 ¢@npewadni & BRLE RhHLRIDINre0Rkddhct PRRIIHPY Mass,
nore preferably 0. 001 to 1 part by nass based on 100 parts by nass of

the total ofrefraciioree ipolephnmt Zatfi% torofdr Srom ddpahatathindmishows a
phot ochrom ¢_functi on _nay. . 5 as_th h chrom c conmpoun

Phot ochr om Eu&ﬂg%gguﬁgglpoé&%ﬁoéls o:‘flsjl%gﬁedzjr@os%%ugég?ngﬁfjgﬁeRggggﬁﬁg’&ﬁ’ds and
Spi rooxazi neheonrpaueds arechMeldi Kioyw) Dy Teye heorded iﬁééiﬂaseserﬁreels@gt

i nvention. Known ful gide conpounds and chronmene conpounds di scl osed by

USP 4, 882, 438e apve, Heomela, ()pss1prefesabbys2 ake BSPY U 0B TH8™OAR be
advant ageou |r£flé§%%.1y g%rng%u(rﬁs 9;1%\@{ %a@écﬁ%ﬁ%ﬁﬁ%ﬁth%f nygntors of the

present invéntion as‘conpounds havi'ng exce otochromc properties,
such as conmpolydanditdcnadedrdyhdfe An0M)-akid/Adte hdPiAg200he@B)l Ry 1IP- A
2001- 011067, JP-A_2001-011066, JP-A 15 200Q-347346, JP-A 2000-344762, JP-A
2000- 344761?%—"&16’?60%{ 39% 65 S §PAR LRSI AFAt NP IROBDBT 25634P LY P- A
2000- 2299765 ¢B- 752908 2298/ 5 molle- gr%%@a%%%%,té%d\% 2P Qrazz9Bbdea P- A

2000-229972,” JP- A 2000- 219687, JP

15 on 100 % by mass of the total of the components [D], and the
di (meth)acrylate mcnomer as the component [C] is preferably
a di (meth)acrylate monomer represented by the above formula
(3). oOut of the di{meth)acrylate monomers represented by
the above formula (6), tripropylene glycol dimethacrylate

20 and tetrapropylene glycol dimethacrylate are particularly
preferred. Out of the polyfunctional urethane
(meth)acrylates having a (meth)acryl equivalent of not less
than 100 and less than 600, a bifunctional urethane
(meth)acrylate monomer having a (meth)acrylate eguivalent

25 of not less than 200 and less than 600 is particularly
preferred. Further, out of the di(meth)acrylate monomers
represented by the above formula (3), polyethylene glycol
dimethacrylate (e = 9, £ = 0) having an average molecular
weight of 536, polytetramethylene glycol dimethacrylate (e

30 = 14, £ = 0) having an average molecular weight of 736,
polypropylene glycol dimethacrylate (e = 7, £ = 0) having
an average molecular weight of 536, polyethylene glycol
diacrylate (e = 3, £ = 0) having an average molecular weight

of 258, polyethylene glycol diacrylate (e = 4, £ = 0) having



2000- 219686, JP-A 2000-219685, JP-A 11-322739, JP-A 20 11-286484, JP-A
11-279171, JP-A 10-298176, JP-A 09-218301, JP-A 09-124645, JP-A

08- 295690, JP-A 08-176139 and JP-A 08-157467 can al so be advant ageously
used. Qut of these, photochrom c conpourgés di sclosed by W001l/60811, USP
4,913,544 and USP 5, 623,005 can be 25 advantageously used. Qut of these
phot ochr oni @rncéanpragesmolehndasnee bake dophnl & crd pcd vedipytents sdacdde
particularléljr advqrta ?ou§ly' sgqﬁpg%guse thqg have hi gher phot ochromic
properties dufadil 'attfgt fian ot fiet PhOEIEM R Cohpdudts Sl 2% &1 ect of
i mprovi ng cejfok2ephireapadensil ¥rapdofafe ifed0 IR LMHHHbNEIE cRiRalaehr oni ¢
properties by the present invention is greater than that of other

phot ochr oni €oMP@FIdudeds hawinghbhisoeenst 1 tnesenchy e R d hReTdehr oni ¢
conpounds, I ; - 1 he fol 1.ng f.or (7) can be
advant ag%%?&ﬁ%?&%’%&%?é%@%%ée | g%lo cr)llreg%ﬂlagﬁl Jao %Iger@:t%i ned

phot ochrom ¢ cur edopradduct ahet keftraee ik isidexgge riiethgrlend 1G4« \ 8105

8106 101 \ 1I_\ T%gc) a_. O (7) Kk"1l03lc (R102|)l]b' 5 {In the above faqrnula,
R101 is a cydfMethecryd@ds et fetdratentlengPhycgl simehacig 2259 wid cBar bon

RI0ARI05 and G B D S SR Rl o8 wrin T 8o,
cycl oal kyl ghemps efkypiyngrglpcoarehkyhs gaouhe aredikodnd Qirgrtouay aey|
et o ochil s BGPoRp FERIRIEEARAT Gfdn® SRGEPLS Safher ot B Sy BRded by
the nitrogeprak@@ dGY(@eh)WcQWatd WohdHedUeidl G AIRMe Hal aganoal kyl
group or hal ogenoal koxy group, R105 and R106 may be bonded together to
formula (6), 25 to 37 % by mass of the polyfuncticnal urethane
(meth)acrylate having a (meth)acryl equivalent of not less
than 100 and less than 600 and 0 to 35 % by mass of the above
15 di(meth}acrylate monomer having not less than 3 and less than
5 ethylene glycol chains as the recurring unit may be used.

To obtain a photochromic cured product having a
refractive index of 1.52 to 1.57 from the photochromic
curable composition of the present invention, preferably,

20 the content of the di(meth)acrylate monomer represented by
the above formula (5) is not less than 25 % by mass based
on 100 % by mass of the total of all the components [D], and
the di (meth)acrylate monomer as the component [C] is a
di (meth)acrylate monomer represented by the above formula

25 (4). oOut of the di(meth)acrylate monomers represented by
the above formula (5),
2,2-bis{4-methacryloyloxyethoxyphenyl)propane having an
average value of (j+k) of 2.6 is particularly preferred. Out
of the di (meth)acrylate monomers represented by the above

30 formula (4), 2,2-bis[4-methacryloxy-
polyethoxy] phenyl]l propane (g+h = 10}, 2,2-bis[4-acryloxy:
diethoxy]phenyl] propane (g+h = 4) and 2,2-bis[4-acryloxy:
polyethoxy] phenyl]propane (g+h = 10) are particularly

preferred. The photochromic properties and mechanical



15 forma ring, "a ", "b" ", "c"' and "d'" represent the nunbers of
substituents of R11 R12R103 and Rl 14 respectively, "a'" and "b"' are
each an integer of 0 to 5, and "c'" and "d'" are each an integer of 0 to
4, with the proviso that when "a"', 'b'27, "¢' " and "d" " are each not
|l ess than 2, R1011 s 20 R12' s R103' s and R104' s may be the same or

di fferent.) stufraife9fc aoPhaEgehremisnevare eretitlo RtaeRIImom Hdd ng 2
to 10 carbo LU YU S 1B, ' het : e jo L,

obt ai ns therbelﬁ ect g(/)%ﬁl'lfé!r]eventblcl(négtcgjgg)Oa‘;ci'lh.'gccgf glraz?{ll nt %nglltotr@ltslt(g%g M n
conbi nat i on cadrt the uthemradingatdwedol yneri zabl e nononers used in the
present invention. Therefore, the cyclic amino group i s preferably 30 a
pyrrolidinyl groups pf§erfaFnyf {h?nﬁ%%ﬁoqﬁﬂﬁﬂﬁﬂh'n5 Leng, glgel
acyclic am AR r } i Hot¥lel i ; re
than 6 a?kylraﬁgg bon fﬁoﬁféga%%au%a}ﬂ%ﬂ%%?g?gb?gﬁ N, Néd]?yn}a%ﬁg{rﬁdr%
group or N, N=daethimeth ey ptriponRinezr R181R: 0wtR165s drithiRBOSnArlessach

i ndependent |y a hydroxyl gro | kyl .group,. cycloal kyl group, alkox
oroupe o alii o GeEierd! Rofoof: pifhrsh ot e tning i v 3
group havi ngisd aldkHaAiRURHY @& fita Gk, idigler ocyclic group 10 having a
nitrogen atomas a hetero atom and bonded by the nitrogen atom cyano

group, nitro groufuridiedged &NOwR PRAYIGEHFAtEN GonkFadr agdrdgedrfoal koxy

group as.,de i V. T l_.qr 1S P VA \/ roup
havi ng f&S %%{eoft%%gésg%ﬁf daetdo%g%. acll-}’}fgefper}%rtcebgﬁlefxoznr%pc{ gc‘fso J)faobslt%tej%a}f %/Al( Ag}%%up

i ncl ude et e s@mMUpnvehbybngi®wrdetr pooRyhr GFd the mSDVALBRYL t vOs D the

n- butyl group, sec-butyl group and tert-buty oup. The c¥cloalkyl group

|
i s pref er abBROHPAIURM L G oL keGP oS iitol ofp- gg‘ﬁﬁ‘ﬁ%ﬁoﬁé bee
| f : ; | 3 : but yl
exanpi es o peﬁg[rrﬁxl&ﬂatﬁﬂl %ﬁ%dlﬂad@ﬁ Cﬁfﬁ'!l%f@ﬂlcgf W c1f Y4d obuty

group, cycl group, hex group, cycl oheptyl group and
cycl ooctyl gr-agdeciameaidaptargr aHmd thyirstfyereatd yarah cedmettyy petogpe@vi ng 1
to 5 carbon atons. Preferred exanples of the al koxy group ,
15 dimer. In the present invention, a-methylstyrene dimer or

a combination of a-methylstyrene and a-methylstyrene dimer

is particularly preferred and the amount thereof is

preferably 1 to 10 parts by mass based on 100 parts by mass

of the total of the polymerizable monomers of the present

20 invention.

Component [E]

A description is subsequently given of the

photochromic compound as the component [E].

25 The photochromic compound is used in an amount that
ensures that desired photochromic properties are obtained.
The content of the component [E] is preferably 0.001 to 10
parts by mass based on 100 parts by mass of the total of the
above polymerizable monomers (components [A], [Bl, [C] and

30 [D]). The photochromic curable composition of the present
invention is particularly preferably used to manufacture a
plastic lens by a casting process. Since a cured product
of the photochromic curable composition is used as a plastic

lens directly in this case, the content of the photochromic



25 include nmethoxy group, ethoxy group, n-propoxy group, iSOpropoxy group,
n- but oxy group, sec-butoxy group and tert-butoxy group. The aral kyl group
is preferably an aral kyl group having 7 to 11 carbon atons. Preferred
exanpl es of the aral kyl group 30 includg benzyl group, phenylethyl group,
phenyl propyl group and phenyl butyl group. The aral koxy group is
preferably ammcamikpiy agoeepprbferaply 00000 cardbpuriom: mA=f emoae
exanpl es of the aral kox roup incluyde phenoxy group and naphthoxy group.
51 The aryPTEESERNY BréPgr%Fbllypéﬁtam()W&ﬁscbﬁﬁﬁgd@hrll%np@%ﬁdo%ﬁkﬂsﬁg 6 10

10 carbon a r Vi 12 carbon

at ons whi chbgg‘rirlﬁ%a t?{t%g[atdflgrgjf%rr egzmﬂo taee %?%%I%oup i ncl ude
phenyl group, 5 napbbnpbugdowipich Ehewd agphupochnoyhcgiummt1@wnnayiURyI
group, yr|dyI rou enzot hi en Ia:é)enz fura roup and
BensopyrS o R Brobhe BRCEEURT ot & armiing oo s HAHCAT G sy COTBeLnast i ng
at | east 0@%c&y@%pg%ﬂg%HE“dﬂhﬁdﬁh&E3”cH¥dMHhéMddhﬁ%ﬁﬂ&ﬁ“dﬂdﬁ”“ 10 such
as the above al kyl group, al koxy group, aral kyl group or aral koxy group

may al so be spaeb@:@talylmsempomnésamtwetllh soowni and grequpehavedgirmthel kyl

O oup, oyl BECRETS oty S y Aot G abHe ERaREEHS, pes cgREne’

substi t ut ed cemipdRngds0 dl Jd1d=ede bietunt aigse ,areyp,.usretd)deomigns grum,
phenyl am no group, dinethyl am no group, dlethylanlno group and

di pheny}@m ﬁo 1300958 el ﬁ@tpeﬁoéjpélrl%egrc‘@ﬂb hga ROy ANLAGRPAIF 14t ofed a
hetero atom and b%mﬁ%flﬂgg p;%wtli} fﬁ'sﬁ:%‘?r@%%daﬁogr’%hléxgme%%o%fs the th%0
Pl e nor

het er ocyclic grou rou i no

pyrrolidinybrg@@m@1mw¢mmamnmsqnmpmun&bhavhmmmxnﬁrmammpgbobphabdlc
i ndol i nyl npl es. of the halogen atomare fluorine_a

chlorine at Bﬁ]"%&r&ﬁﬂeﬁe LSS ECTBANRES 2GR 1988 ArRY JrFa'IpoaQHE)aFLI;\Lglﬂéroup i's
obtai ned by ;pubsbhbytbRge7at hpagt@ie- dyose9e RO PoRh -he oV epahky!

group with a

15 2000-347346, JP-A 2000-344762, JP-A 2000-344761, JP-A
2000-327676, JP-A 2000-327675, JP-A 2000-256347, JP-A
2000-2299%76, JP-A 2000-229575, JP-A 2000-229%74, JP-A
2000-229973, JP-A 2000-2295972, JP-A 2000-219687, JP-A
2000-219686, JP-A 2000-219685, JP-A 11-322739, JP-A

20 11-286484, JP-A 11-279171, JP-A 10-298176, JP-A 09-218301,
JP-A 09-124645, JP-A 08-295690, JP-A 08-176139% and JP-A
08-157467 can also be advantageously used.

Out of these, photochromic compounds disclosed by

W001/60811, USP 4,913,544 and USP 5,623,005 can be

25 advantageously used. Out of these photochromic compounds,
chromene-based photochromic compounds can be particularly
advantageously used because they have higher photochromic
properties durability than other photochromic compounds and
the effect of improving color optical density and fading

30 speed which are photochromic properties by the present
invention is greater than that of other photochromic
compounds .

Further, out of these chromene-based photochromic

compounds, compounds represented by the following formula



fluorine atom chlorine atomor bromne atom Qut of these, a

hal ogenoal kyl group obtained by substituting the hydrogen atomwth a
fluorine atomis preferred. Preferred exanples 30 of the hal ogenoal kyl
group include fluoromethyl group, difl upgonethyl group and
trifluoronmethyl group. The hal ogenoal koxy group is obtained by

substi t uti ng(7 )atahels tadvam taypdougdry ased dcdiee aheveedldmoolgnaitpon th  a
fluorine ato hl or.i ne, atom_or brom ne atom _Qut of these, 32  a

hal ogenoal ké%rg/ S HP e h APRP LG [JYTRE (P derFPaitdmsith a
fluorine atpd, s,y eferfpeh Preferred exanples of the hal ogenoal koxy
group i nclude fluoronethoxy group, difluoronethoxy group and
trifluoromethq group. 5 Thqqﬂﬂmg formed by bondi ng together R105 and
R106 is prdRerahyyw AT aN phatic hydrocarbon ring having 4 to 10 carbon
atoms which forma yrng. pwther o6 aromatic hydrocarbon ring such as
benzene, napht hal ene\or nA al ene nmay be cQndensed with the aliphatic
hydr ocarbon ring. The~%8 tic drocapbn  ng may have an al kyl
group or al koxy group havigg o5 ay boh at (?-ﬁm substituent. The
rings shown bel ow are part y preferked. I e )ﬁ'ngs shown Dbel ow,
the carbon atom (spiro car bR havitig twe~bonds at the | st
position corresponds to e R jon~gfdn of a 15 5-nenbered rﬂgésto whi ch
R105 and R16 areﬁmlﬂed_._lQX "r"t, "D"' ) "c"' and "d"" represent the
numbers of  substiRt udsit sUof R D1, RIRZRMQ3 and R104, respectively, "a"'
and "b |" are each an integgf of 0 tp 5,_&_@ 102y and 'W 20 are each an
integer of 0 to 4, with the proviso that ﬁ? gﬁ", "b*", "c'" and "d""
are each not less than 2, RC s, 81027 R1D3, s and R104, s may be the

sane or different. t of_these chygnene compqunds, chronmene conpounds 33
r epr esent ed {tﬂ}" Fh@ %?Y%vﬁcfﬁjmgtar'ugt ur 5f &F GY&sCREY parg r“amoa’%nt

preferred. HGAH}YL P having 2 to 10 carbon atoms which may contain

a hetero atom except nitrogen, R!??, RrR'?*, R!'%*, R' and R'®*

are each independently a hydroxyl group, alkyl group,
cycloalkyl group, alkoxy group, aralkyl group, aralkoxy
10 group, aryl group, substituted amino group having an alkyl
group or aryl group, heterocyclic group having a nitrogen
atom as a hetero atom and bonded by the nitrogen atom, cyano
group, hitro group, halogen atom, halogenoalkyl group or
halogenoalkoxy group, R'®® and R'°® may be bonded together to
15 forma ring, “a’”, “b’”, “c¢’” and “d’'"” represent the numbers
of substituents of R'%', R'%?, R!® and R'*™, respectively, “a’"”
and “b’” are each an integer of 0 to 5, and “c¢’” and “d’”
are each an integer of 0 to 4, with the proviso that when
“a’”, “b’”, “c¢’” and “d’” are each not less than 2, R!%'s,
20 R'™'g, R'®'g and R'™'s may be the same or different.}

The cyclic or acyclic monovalent amino group (R'°!)
having 2 to 10 carbon atoms which may contain a hetero atom
except nitrogen obtains the effect of preventing red
discoloration when it is used in combination with the

25 radically polymerizable monomers used in the present

invention. Therefore, the cyclic aminoc group is preferably



[, CHN3 01 11/ 1 OV Further, since the obtained photochrom c cured
product 5 rarely yellows at the tinme of storage when a conpound

represented by the following forrmula (8) is conbined with the conmpound
r-epresented by the above formula (7), thgy conpound represented by the
followwng formula (8) is preferably used in conbination. (8114). ) 11

(R107 (8) (8p¥2¥cl@8inyl/ gFRAMORPEGES.i dimyIRgyEup (nBi:ﬂaEaBllﬁG)gﬂroﬁia {In
t he above fornula, Rlo' Rice R113 and R114 are each. independently a
hydroxyl gr A EKyACHFbip, 2BIRP 0FF RYP 1@rBﬁ%feE@Rbeag@bﬁkaéﬁﬁFR9l

group, aral k(%xg rj_%pj_ n
al kyl group r1&?&%%%§93é%%Bmﬂ%e?g?%gﬁgﬁkgigroup aggﬁg |€$%%g%r€¥on1as
a hetero atmme fanch by deoN -byindehyl amige ngadwm or yHNW-dietbylamino group

hal ogen atom hal ogenoal kyl group or hal ogenoal koxy group, R109 Ruo Rill
and R112°ar %3 i ndependent |y a hydrogen atom hydroxyl group, alkyl

group, cycloal kyl groumionl kory| groumg 3406 oAl kol e SR pei dbikiory Qroup,
aryl group, substituted am no ‘group having an al kyl group or aryl” group,

hﬁt erocycl i chytoexyl Ismbﬂl@g alkyl 19@‘@@1@,acxbﬂiasllﬁy?@r@l@,aabkoamamw by
t he nltrogen ano ro. ntro grou al ogen at on .

hal ogenoal k %ﬁlbﬁp uﬁal%@%ﬂ%%’f&&?fu&r oﬁf) llﬂf(?él anﬁ“%ﬁg]wgﬂlaw R112,
and R109 andgiRup hawindeawanded §ogeb ke atpl ig@icip ,ahet8gocgBdid grsu@n

oxygen atom_single bond, group represented by the fol | ow ng formula (9):
CRL15R116 (9)avimg is NHr Ry e Tk i & TRUeramt | shdhkondeh by the

i ndependent |,y; ¢ 2 AvAr AASH, ALOMo YASGY n B PH Py ALY ng 8Y8n §¥Ghoa! ky!
halogenocalkyl group or halogenocalkoxy group as described
above.

The alkyl group is preferably an alkyl group having
15 1 to 9 carbon atoms. Preferred examples of the alkyl group
include methyl group, ethyl group, n-propyl group, isopropyl
group, n-butyl group, sec-butyl group and tert-butyl group.
The cycloalkyl group is preferably an alkyl group
having 3 to 12 carbon atoms. Preferred examples of the alkyl
20 group include cyclopropyl group, cyclobutyl group,
cyclopentyl group, cyclohexyl group, cycloheptyl group and
cyclooctyl group.
The alkoxy group is preferably an alkoxy group having
1 to 5 carbon atoms. Preferred examples of the alkoxy group
25 include methoxy group, ethoxy group, n-propoxy group,
isopropoxy group, n-butoxy group, sec-butoxy group and
tert-butoxy group.
The aralkyl group is preferably an aralkyl group having
7 to 11 carbon atoms. Preferred examples of the aralkyl group
30 include benzyl group, phenylethyl group, phenylpropyl group
and phenylbutyl group.
The aralkoxy group is preferably an aralkoxy group
having 6 to 10 carbon atoms. Preferred examples of the

aralkoxy group include phenoxy group and naphthoxy group.



group, al koxyl group, aral kyl group, aral koxy group, aryl group,
substituted am no group having an al kyl group or aryl group, heterocyclic
group having a nitrogen atomas a hetero 15 atom and bonded by the

ni trogen atom cyano group, nitro group,3! hal ogen aton1 halogenoalkyl

group or hal ogenoal kox roup, and R115 and R116 onded toget her
to forma ring.) ¥¥ nggBPe’s%rﬁ”@?jf%@ali’]l'ié afrbla! g‘ﬁ’ progaE R

NR117 (10) 2Q-ckph htahﬁn@b@veof 26 el Ao ofletlonts G %n&&% %fe%rol@p%ﬁqw'
group, al kyl group, cycloal kyl group, al koxy group, aral kyl group,

ar al koxy gr @apeuyr hawingréoum )42 'adrbon fatoms' grhi'ch "fprm airingand ") ™'
represent the re;unberqs of s bstl Uﬁ ts oflR107 Rl 0e 0%109R110C£5111R112R113
and R114, 2B FEEFE& \‘?é‘la&?‘P en3ryl growp dncliide, eyl greupy 5
"g "' and "Rap h%lhﬁylegﬁbu?n tHiteRgAr gobuf, tﬂn%llv\g%u'pl pyrﬁé‘ﬂlnyl' : o%ﬁpe each
an integer of to 4 the proviso t hat "t "h
"i? " and "pyrigyd SxeMmobengoshiemad ZromRos, bsnmmsrrasylcmr@@mmd s
CR111R 12, R S 30 may be the sanme or different.} The
chronene co%&%%%'rrels&lgiggﬂt éé'%ofthe formula (8) is preferably mxed with
the chronene conpausdbkepEasedt £8ybygBoup tdlet foad® Yo subsa ititing 487, Rla

8113 and R114 are each i ndep endentl¥ a hydroxyl grougISQ al kél group

cycl oal kyl gf8&s, CBPKBXYT SRRt Of aF ke ag}fryc;uﬁroblpa‘r’k W §H ﬁﬁltélleﬂt
group, bs t n u a -1

het er oc?/é(’:jl i E:Shté:‘rﬁoﬁg Eﬁgv?%g{rg %“?}’2?3 o%lgés&?? r‘crﬁr o] :%t g%k @ed by

the nitroger atrehkoyarp ooy @lisoo by gue £ drabdge ssdm haI ogenoal kyl
group or hal ogenog| kox ro nd R19 R11 and R1 e each

i ndependently a h?k‘?oﬁéﬁg g{')ht ayﬂ?‘ﬂﬂ?I95@”@%&“%‘5}&@%3’31@”8&F’Jal kyl
group, al koxyh19526Rp @éa;hkafer%pyrhn A1 RN i QMU lp'ﬂ‘r Wk ad%k99Bmino
substituted am nd group aving an al kyl group or "aryl group, heterocycl iC

group havi ggoapni @rydamismcogresipa dretddad YAaorhnen gussirded EFamphes oift r ogen
atom _cyano ACOWDe LR O e Y0080 s ATac heB AU Io 0P O
ethylamino group, phenylamino group, dimethylamino group,
diethylamino group and diphenylamino group.
The heterocyclic group has a nitrogen atom as a hetero
atom and is bonded by the nitrogen atom. Examples of the
20 heterocyclic group include morpholino group, piperidino
group, pyrrolidinyl group, piperazino group,
N-methylpiperazino group and indolinyl group.
Examples of the halogen atom are fluorine atom,
chlorine atom, bromine atom and iodine atom.
25 The halogenoalkyl group is obtained by substituting
at least one hydrogen atom of the above alkyl group with a
fluorine atom, chlorine atom or bromine atom. Out of these,
a halogencalkyl group obtained by substituting the hydrogen
atom with a fluorine atom is preferred. Preferred examples
30 of the halogenoalkyl group include fluoromethyl group,
difluoromethyl group and trifluoromethyl group.
The halogenoalkoxy group is obtained by substituting
at least one hydrogen atom of the above alkoxy group with

a fluorine atom, chlorine atom or bromine atom. Out of these,



exanpl es of these groups are the sane substituents as those enunerated
for R102, 8103, R 9 R15 and R16 of the chromene conpound represented by
the formula (7). Preferred exanples of the rings forned by bonding 20
toget her R109 and R' 8111 and R112, and3R19 and Rill are the sane
substituents as those enunerated for RL105 and R16 of the chronene
conmpound r epriskegerPdlkere groupudbt died By sybanibipges tdteohydspaghe bond

xanpl o6 of SROTEH-58 & PR Ret A BRI ot o O oTe RevbRes
substi t uent gfaghehdge cgeusalabey Hebul 2nkildde FaudrbmedMdx$1 QA ovip,t he
chronmene conpaund represented by the above fornmula (7). Preferre

exanpl es of difhduprREethrmyd I5PUBoAAAN§ riddeioremetdpRy JX¥PURL16 are t he
sane substituents nse rat,e far d,REO f otdve .chr onmene
corrpoungrz'sr epr esen'trg% Egﬂghgs%{tg@vg&f g?ﬁﬁﬁé&( 55%%11}?&& %ng grreél’?s

exanpl es of preéesubili tinenll iphaRit7 hyidroiche baho e no hemliag( 20t can® t he
sane substituents as those, enunerated for Rl12, R13 R104 R c5 and R106 of

the chr onen823BON:aHPBENYNAEDr E9ER 8d TRt heFABBYRT f oRAURRCTEY 1CCuUt of

t hese, the i r.at i rred
chr omene. conbatoie SR AT B RS BRI FEon e PEhT R paphY nll Ehe
phot ochr om magobpoconidéided wieh dive reanighatuinp duyaic cogprbesentiag .by Thae
above f_ormul iﬁ’é)a exhljlb(%its an% excel lent effect e ﬁn when it is. used

2l one. Wher BLOPBAtERAYILPTArRI O ARSRALS ChPOERY FEHREIEEEEY ¢ he
above 10 fogpdlip KB)in® 1t BE FbreBBAC EOMPAULNE Sapdesadd byrHeheiagave
formula (7) "'may be adjusted according to desired color at the tine of

col or devel shpwntbelte e pagiid codapaynBarefepredent B the rhiagshshewnor nul a
(8) is geneﬁ%h%%,uéﬁg ¢d¥bon atom (spiro carbon atom) having two bonds

at the lowest position corresponds to the carbon atom of a

15 5-membered ring to which R'®®* and R'®® are bonded.

“a’”, “b’'”, “c’'” and “d’” represent the numbers of
substituents of R!%!, R'%?, R'®® and R'®*, respectively, “a’”
and “b’"” are each an integer of 0 to 5, and “c¢’'” and “d’”
20 are each an integer of 0 to 4, with the proviso that when
“a’”, “b’"”, “c¢'” and “d’” are each not less than 2, R'’g,
R'%?7g, R'®’s and R'™’'s may be the same or different.

Out of these chromene compounds, chromene compounds



an anount of O to 300 parts by mass based on 100 parts by 15 nmass of the
chronene conpound represented by the above fornmula (7). When the chronene
conmpound represented by the above fornmula (8) is used, it nust be used in
an amount of preferably 10 to 300 parts3dy mass, nore preferably 25 to
200 parts by mass based on 100 parts by nmass of the chronene 20 conpound

r epr esent ed ugprafRendasy oY ditaul D IIpwing srtoaicturabbiesm s eaexcel | ent
phot ochr om per-ti e phot ochrom ¢ conmpounds may be used
accordi ng t%’a%(r{m;&{sleafﬁ% p%yefses{fteksc{'t he chronene conpounds represented by

t he above formul as and (8) according to purp o Phot ochrom ¢ curabl e
conposition and ot h&r coypounding 5 agents The photoclHeni ¢ curabl e
conposition g ixed with

rel ease ageant, wi &l et absorbent,

infrared absyrbe aviolet_staljlizer, t¢Hzol or ati pn
inhibitor, a 2 gscent  dyey prygnent  and arorr,g

chem cal, in addi P pol yneri zabits

phot ochrom ¢ conpg 5 ravi ol et stabili IS

used, the durabx e pht ochrom ¢ conpound

i nproved advant §

. 1k ultraviolet stabili
hi ndered am ne i i Z2ler, hindered phend or
sul fur - based anti oxi dant . erred exanples of J et
stabilizer include bis(1,272,6,6-pentanethyl-4-pijp bacate, the 20
Adecastab LA-52, LA-57, LA-62, LA-63, LA-67, LA-70M&A-82 ~and LA-87 of

ADEKA CORPCRATION,. 2, 6-di-t-but g.e 4- et hyl - phenol , _
2, 6- et hyl enebi s( oXy&thgrentinre 3o @taipd Photpghremicneured product

1350, 136F PR0Y yed T e T, PR p e P e i s, %

Chem cal s. Hepramemttedbyt deulfirldvwinet foztmallial i(Ber iiss coab ipad wddhar | y

l[imted but preferably 0.001 to 10 parts by nmss,_ nore preferably 0.01 to
1I part byun§§’§ compou)éld represented %y tshe )a/abovses formuli3 (7). thg

compound represented by the following formula (8) is

preferably used in combination.

(8)

10

107
Ro

{In the above formula, , R'™®, R'™ and R'™ are each
independently a hydroxyl group, alkyl group, cycloalkyl
group, alkoxy group, aralkyl group, aralkoxy group, aryl
group, substituted amino group having an alkyl group or aryl

15 group, heterocyclic group having a nitrogen atom as a hetero
atom and bonded by the nitrogen atom, cyano group, nitro group,
halogen atom, halogenoalkyl group or halogenoalkoxy group,
R'%?, R*?, R'* and R** are each independently a hydrogen atom,

hydroxyl group, alkyl group, cycloalkyl group, alkoxyl group,



based on 100 parts by mass of the above curable conposition. 30
Particularly when a hindered amine |light stabilizer is used and the
anount thereof is too large, the effect of inproving durability differs
hy each conpound and a color shift may w»gcur after deterioration.
Therefore, the amount of the hindered amne |light stabilizer is
preferably OGalalkyB@ramps, aBd8lkody eraigf,caabl yriouw 20bsbk sutedcdmins e
preferably 2 to 15 nols based_on 1 nol of the above Ehotochronic

conpound. PRS2 RAHIG 2RPeK Y3 SERLP OF XY iUl BFFRECRYERSE SHRIP 5
Pol e i 23t oyl 4 o4 O« J0ign RALATRAd 21O 1 diach [ q SR Nl 5T o

product from hot ochrom ¢ curabl e conposition of the prese
i nvention | saitotogpen tatohart¢yand ngredp, anttao kgoeunp, rbalecgénpatgmeri zati on

net hod y he enployed. 10 Polynerization injtiating nea is use Qf a
o cal SOl BTSN DRV (TR O AP Snoh Pk S B b dind
application @gf! Wrdqd | ghdr RFFadh@ R B nlBY beRbbAdedl t¥gétier ©6 R9kR Of

them As a typical exanple of the polynerization nethod, cast
pol yreri zat irring whikdh Xhel phan oFy@ri cation cus bibg ke cloppdsi growpof t he

present invention nt aini. n i pol lzagjon initiator is
injected i nt'o eesélg%%cg 2 e?nmge%éfrg?‘ggﬁ%ef%%g@{%n?a ast oner gasket or
spacer, oxidized in an air furnace and taken out is enployed. Typi cal
exanples of the polgttbgdd6i on i r(l 8] )1t or include diacyl peroxides 20 such

as benzoyl peroxi de,p- chl orobenzoyl peroxi de, decanoyl peroxide, |auroyl

per oxi degand, geety, Q&1 HemPE] Opp1s 3L LIBI6 UL, 3% oy independently
umyl per oxy

t - but yl per oxy-2- et hyl’hexanat'e, = t-butyl peroxy neodecanate, ny
neodecanat e ariydtoder ya toem oxXyydemnzwht groywes catlbphagesups ucty @aso2bkyl

di i sopropyl peroxy dicarbopate and di -sec- butyl perox di car bonate; and azo
conpounds. sUBHPES  SHEHRS] SHERHEr G T o SO rHOPO S e RS o EY L
initiators, g@th AGRIRRNNRRE BASRE HUMPUALS nFUER Akyl group or aryl
1- phenyl - 2- hydr oxy- 2- met hyl pr opan-1-one,” 30 1- hydroxycyclohexyl phenyl

ket one and dEqup.i depeanepyeideygyorp hairiong a2nherhgepradpanaks- afwetero

15 atomand bonded by the nitrogen atom, cyano group, nitro group,
halogen atom, halogenoalkyl group or halogencalkoxy group,
and R**® and R''® may be bonded together to form a ring.)

or group represented by the following formula (10) :

NR17  (10)

20  (in the above formula, R'*” is a hydrogen atom, hydroxyl group,
alkyl group, cycloalkyl group, alkoxy group, aralkyl group,
aralkoxy group or aryl group.),

“e’, “r, “g'”, “*h'”, “i’” and “j’” represent the numbers
of substituents of R'%7, R'®®, Cr!'?’R!!?, cRr!''R!!?, R'*? and R,

25 respectively, “e’” and “f’'” are each an integexr of 0 to 5,
“g’” and “h'” are each an integer of 0 to 2, and “i’” and
“j’” are each an integer of 0 to 4, with the proviso that
when “e’”, “f'”, “g’”, “*h’”, “i"” and “j’” are each not less
than 2, R07¢ s, Rloér s, CRLO9RL10r s, CRL11R11zs s, R'3’ 5 and R’ g

30 may be the same or different.)}

The chromene compound represented by the formula (8) is

preferably mixed with the chromene compound represented by



A-di carbonyl - based conpounds such as 1, 2-di phenyl et hanedi one and

nmet hyl phenyl gl ycoxyl ate; and acyl phosphi ne oxi de-based conpounds such as
39 2, 6-di net hyl benzoyl di phenyl phosphi ne oxi de,

2,4, 6-trinmet hyl benzoyl di phenyl phosphi ne 3xi de,

2,4, 6- trlnethylbenzoyldlphenyl hosphi nic acid nmethyl ester,

2, 6- di chl or &ben28AVE 8 hi ne oxi de and 5

2. 6-di met hoxybenzgydwdlﬁﬂ@“ﬂlmgﬁﬁfﬂm‘e apEidle ﬁinae ShaBR! T4 SR

initiators. These pol'yrerlzation™ "I ni frators & use

combi nat i on gefoupoadky g Loup A SYREIGHINGH Y @&bupatamoxplgrcam,r a&ram@l

phot opol yneri zation initiator nay be_used in caonbination. Wen a 10
phot opol yrrergr?a‘ﬁ’i oA TRAKOMAT EOHB - uéévl %rckmwﬁulrﬁﬂwﬁ@cmﬂiw &&GeIFer at or

such as t gﬁqpi at
I nventi o% 3&1 e agg\%ﬁﬁl]{bﬂ%ﬁg% |)gln ni tﬂ]at%% sC1 séelec P%Igagount of
the 15 pol ymamingt |a0|mutmctg|ea:t artams g af dedlelry @LEH and bongid Hybyrherass,

nore preferahl 0 01 to parts by nmass based on 100 arts by mass of the
total of al BYHE QHQ%ME%SP ﬂéﬁ Pehroni ¢

curabl e Com%%@e%aqfkylt @%oﬂb%@“hawg‘éﬂéélm@x&h@ré@;ﬁ})%?d yies, qate of the
20 polynerlzatlon condi'ti ons, "has an influence upon t properties of the

obt ai ned ph& vcandi’'c? eumee daphdduiﬂpendantda' shirgdregpr rattom e hydrdixyilon

Il rath? afae et oY o ¥ PR IREBTE Fakn dfordh SR Rirarty.
25 general , gg@ugal thlkb&E)e{;QQupma’ff?Ilgﬁémlﬁn subbtitiuded R@liHEGhaapl on is

started at a relatively |ow tenperature, etmmmauuelsrmsmiQOWy
and the corrﬂi'é‘éflﬂgoﬁnl @Wleﬁroatp HThiagy k Sxsaiat died egto el ih goup

pol yer i zat kg ity Praheiiad: SRCa ! O Al yReLleal Lon HofBed EiLkhe

according 3 ari ous tors 't ke € tenperature, 'S pre
det er mi ne thﬁt&pgemumﬂdmnadyanmwgmmm;o:ﬁhﬂsegmmuyt|hﬂthgeﬂtaﬂdm$weferred
o select cpnditions hat ensure tha the  Rolyrerization completes in 2
to 24
examples of these groups are the same substituents as those
enumerated for RY?, R!®?, R'™, R!®® and R!°® of the chromene
compound represented by the formula (7).
Preferred examples of the rings formed by bonding
20 together R'® and rR''®, R and R'?, and R'®® and R''! are the
same substituents as those enumerated for R'°® and R'® of the
chromene compound represented by the formula (7).
X’ is an oxygen atom, single bond or group represented
by the above formula (9) or (10). Preferred examples of R'®
25 and R'™ in the above formula (9) are the same substituents
as those enumerated for R'??, R'®*, RrR'™, R'*® and R'® of the
chromene compound represented by the above formula (7).
Preferred examples of the ring formed by bonding together
R'® and R'® are the same substituents as those enumerated
30 for R'® and R'°® of the chromene compound represented by the
above formula (7).
Further, preferred examples of the substituent of R’
in the above formula (10) are the same substituents as those

enumerated for R'%?, R!'°*, R!", R!®® and R'®® of the chromene



40 Characteristic properties and post-treatnent of photochrom c cured
product The photochroni c cured product obtained by polynerizing the

phot ochrom ¢ curabl e conposition of the 5 present invention by the above
met hod can be formed into a photochrom c3¢l astic | ens which exhibits
excell ent storage stability, nechanical strength and photochrom c
properties. cdmpauret ,repnee gdutat inonile calbvede pfoadueia ob?hi ned by t he above

appl i cat on pur posBt et hese; HRe FoLiSelg e oonnd? ik dntir pred
secondary trRAHEA QUEYBRS $hd ftrreM tdhPorfife StsHp&ends di spersion dye, or
a hard coating ageqt conprising a silane coupling agent and silicon,

zi rconi um ant|, alumnum tin or tungsten_sgl as the main conponent,
15 or anti-refl by, e deposi of athin fi
liliﬂ' ii!l&'(§%g23 or _Wlii , gggrhg by

met al oxi de such
the formation of 5
treatment. 2 : ] owi ng exanpl ¢ : 0V i ' he pur pose
of further q i pr esent i nvent Are Ohno way to be

taken as |lim nds used in tk\ i gRaypl es are given
25 below. (polynerizable AONMEer s: conponen q ] GVA: gl yci dyl
nmet hacryl ate EOGVA: 2-gl ycj dyl oxyet hyl net hacryl @ - gl yci dyl

acryl ate Conponent [B] TMR®CHstri net hyl ol propane t thacrylate D TIVP;

ditrinmethyl ol propane tetranethacrylate A-TMMI: tetranethyl ol methane
tetraacrylate 41 Cbnponent [C 9G polyethylene glycol diacrylate

In the above photochromic compound [E], the chromene
compound represented by the above formula (7) exhibits an
excellent effect even when it is used alone. Therefore, the
ratio of the chromene compound represented by the above

10 formula (8) to the chromene compound represented by the above
formula (7) may be adjusted according to desired color at
the time of color development. The chromene compound
represented by the above formula (8) is generally used in
an amount of 0 to 300 parts by mass based on 100 parts by

15 mass of the chromene compound represented by the above
formula (7). When the chromene compound represented by the
above formula (8) is used, it must be used in an amount of
preferably 10 to 300 parts by mass, more preferably 25 to
200 parts by mass based on 100 parts by mass of the chromene

20 compound represented by the above formula (7) in order to
obtain more excellent photochrcomic properties. Any other

photochromic compounds may be used according to purpose,



et hyl ene glycol chains of 9, average nol ecul ar wei ght of 536) A200:
tetraethyl ene glycol diacrylate 5 A400: polyethylene glycol diacrylate
(average chain length of ethylene glycol chains of 9, average nol ecul ar
wei ght of 508) APQ&200: tripropyl ene glyxdbl diacrylate APG00:

pol ypropyl ene glycol diacrylate (average chain 10 length of propyl ene
gl ycol chai iesifdes therdjeonqie GIRROURES glrﬁpmsmtegdgtm% above

N g T R

2, 2-bi s[ 4- (met hacr yl oxypol yet hoxy) phenyl ] propane (average chain | ength of
et hyl ene glycol chains, of 10, _ average no] ecul ar wei ght of 804) UA4200:
“UA- 4200'  ofPhghiaeheomis qinahlg GQupesition and [pther: ¢oMROURAERGane
(neth)aceyl aj g {acryl equivalent of 20 750) UA4400: ' UA-4400' of

Shi n- Nakanu 1 cal Co., Ltd., Dbifunctional urethane (neth)acrylate
(acryl equival ent Tife phHet)ochTidoicetchnay 1t ecbmpyod ichien e itiet aredent

diacrylate 25 (average chain |ength of ethylene glycal, chains of _4)
APTVG | poy RNy (G 1 JREST LAkt AR o i TEe TS AR,
tetranet hyl epgyidlined Shdd s of r@) G aremt [ B t3Gvildlied! Rysa ity .col
di methacrylate 30 4G tetraethyl ene glycol dinmethacrylate 3PG

tripropyl endrfinamsd dibsathentyl atldrap@latetstahobliene aptyoptidant,

di nret hacryl ate WHA: ~U-4HA. of Shin-Nakamura Cherg.cal Co., .Ltd.,

Letraf UhEL i GACA A AT ARRL REERT AR PSP B g N VAR O5p fe.

nol ecul ar wejigidertf HfP)aRitkl (e okl sirf-{detthiast Woxorad haxardhenyl ]
propane (average chain length of ethylene glycol chains of 2.6, average
nD|ecu|ar\ngﬂﬁmqﬁ1zﬁqge monomers and photochromic compound.

When an ultraviolet stabilizer out of these is used,

the durability of the photochromic compound can be further
15 improved advantageously. The ultraviclet stabilizer is
preferably a hindered amine light stabilizer, hindered
phenol antioxidant or sulfur-based antioxidant. Preferred
examples of the ultraviolet stabilizer include
bis(1,2,2,6,6-pentamethyl-4-piperidyl)sebacate, the
20 Adecastab LA-52, LA-57, LA-62, LA-63, LA-67, LA-77, LA-82
and LA-87 of ADEKA CORPORATION,
2,6-di-t-butyl-4-methyl-phenol,
2,6-ethylenebis (oxyethylene)bis[3- (5-t-butyl-4-hydroxy-m
-tolyl)propionate] , IRGANOX 1010, 1035, 1075, 1098, 1135,
25 1141, 1222, 1330, 1425, 1520, 259, 3114, 3790, 5057 and 565
of Ciba Specialty Chemicals. The amount of the ultraviolet
stabilizer is not particularly limited but preferably 0.001
to 10 parts by mass, more preferably 0.01 to 1 part by mass
based on 100 parts by mass of the above curable composition.
30 Particularly when a hindered amine light stabilizer is used
and the amount thereof is tooc large, the effect of improving
durability differs by each compound and a color shift may
occur after deterioration. Therefore, the amount of the

hindered amine light stabilizer is preferably 0.5 to 30 mols,



5 354G bi s(2-nethacryl oyl oxyet hyl t hi oet hyl )sul fide 3S2G
bi s(2- met hacryl oyl t hi oet hyl )sul fide U2PPA: ' U 2PPA" of Shi n- Nakanura

Chem cal Co., Ltd., bifunctional urethane nethacrylate (acryl equival ent
of 240, nolecul ar weight of 482) 10 ULlz&P: ' U 122P" of Shin- Nakanura
Chem cal Co., Ltd., bifunctional urethane nethacrylate (acryl equival ent

of 550, noewe @rre\ﬁ@irgamlyofl 10100) mEBd 858ac Iramef e b ue B iyl D! del 15CB

Co., Ltd., bifun t|o ret han t hacryl at acryl equival ent of 227)
75 (ot her  nORRoPAsRp b ST NE TRt RIS SRty  ane

di mrer AMePEQE 454): nethyl et her pol yethyl ene glycol acrylate having an
average nol ecul ar wei ght of 454 20 NbPEG. nethyl et her polyethylene gl ycol
acryl at e haBhegoohr QT £y e (Rxaduat e38- YWIENS dheskvand hy|
met hacr yl at d|t|v { 25 HALS

bis(1, 2,72, 6; L %'%'l%ltléﬁb | ) sebacate (nolecul ar wei ght of 508)
Dye VioletD Vviolree gye yiderdcatiane mebhadefior Vbvadnibg amauiteart ured by
M t subi shi Chemi cal Cbrporatlon) 30 Initiator ND: t- butylperoxy
neodecanat e PFOARGE FHAD the mhgho qayom%ﬁﬂﬂﬂﬁﬁhﬁﬁwﬁPmﬂP aprortdid on) 0:

b 3 o AT WSO Fogt i benanat 1 (dked pnar rbicla,

N~ OCH3 radlcal polymerization method may be employed.

10 Polymerization initiating means is use of a radical
polymerization initiator such as a peroxide or azoc compound,
application of ultraviolet radiation, a-ray, B-ray or y-ray,
or both of them. As a typical example of the polymerization
method, cast polymerization in which the photochromic

15 curable composition of the present invention containing a
radical polymerization initiator is injected into the space
between molds held by an elastomer gasket or spacer, oxidized
inanair furnace and taken out is employed. Typical examples
of the polymerization initiator include diacyl peroxides

20 such as benzoyl peroxide, p-chlorobenzoyl peroxide, decanoyl
peroxide, lauroyl peroxide and acetyl peroxide; peroxy
esters such as t-butylperoxy-2-ethylhexanate,
t-butylperoxy neodecanate, cumylperoxy neodecanate and
t-butylperoxy benzoate; percarbonates such as

25 diisopropylperoxy dicarbonate and di-sec-butylperoxy
dicarbonate; and azo compounds such as
azobisisobutyronitrile as thermopolymerization initiators,
and acetophenone-based compounds such as
l1-phenyl-2-hydroxy-2-methylpropan-1-one,

30 1-hydroxycyclohexylphenyl ketone and
1- {(4-isopropylphenyl) -2-hydroxy-2-methylpropan-1-one;
a-dicarbonyl-based compounds such as
1,2-diphenylethanedione and methylphenyl glycoxylate; and

acylphosphine oxide-based compounds such as



PC3 Nomi 0 PC4 Noml OCH3 44 PC5\ 1 / CCH3 \' I \ FOF OCH3 PC6 \ |
F Nof Cod PC7T CH3 | ~1 O\l /I OCH3 PC8 CH3 { 3 _ C 3Hs 45
Exanple 1 0.04 part by mass of PCl, 0.1 part by mass of HALS, and 1 part
by mass of Perbutyl ND and 0.1 part by rss of Perocta 0 as

pol ynerization initiators were added to and 5 fully m xed with 100 parts

by nmass of pol6yddmetd lbanamnslipharonghnasphying axisdgt by mass of
gLVZES%'[gf?h%%%ﬂ€¥f%éﬂﬂy1bé%égyf&iéﬁEﬂ§¥5hé§pﬂ?§Q_Jéﬂde? parts by mass
2,4,6-trimethylbenzoyldiphenylphosphinic acid methyl ester,
2,6-dichlorcbenzoyldiphenylphosphine oxide and
5 2,6-dimethoxybenzoyldiphenylphosphine oxide as
photopolymerization initiators. These polymerization
initiators may be used alone or in combination of two or more.
A thermopolymerization initiator and a photopolymerization
initiator may be used in combination. When a
10 photopolymerization initiator is used, a known
polymerization accelerator such as a tertiary amine may be
used in combination.
In the present invention, when the above
polymerization initiator is used, the amount of the
15 polymerization initiator is preferably 0.001 to 10 parts by
mass, more preferably 0.01 to 5 parts by mass based on 100
parts by mass of the total of all the polymerizable monomers.
To polymerize the photochromic curable composition of
the present invention, the temperature, out of the
20 polymerization conditions, has an influence upon the
properties of the obtained photochromic cured product.
Since this temperature condition which is influenced by the
type and amount of the radical polymerization initiator and
the types of the monomers cannot be limited completely, in
25 general, so-called “tapered polymerization” in which
polymerization is started at a relatively low temperature,
the temperature is raised slowly and the composition is cured
at a high temperature at the end of polymerization is
preferred. Since the polymerization time differs according
30 to various factors like the temperature, it is preferred to
determine the optimum time according to these conditions.
It is preferred to select conditions that ensure that the

polymerization completes in 2 to 24 hours.

/



32 parts by mass of 4G [D], 49 parts by mass of BPE10O, 9 parts by nass
of aMs5 and 2 parts by nass of MSD (this 10 conposition is shown in Table
1). This mxed solution was injected into a casting nold conposed of a

gl ass sheet and a gasket made of an et d ene-vinyl acetate copol yner, and
substantially all the anmount of the above nononer conposition was

pol yneri zed dhanshte pic i mrend uni e Pandrpdstat txeatvmenti Sofarri ed out in

an air furnage b r adual raising the tenperature from30 to 90C over
18 hours an Jaielee 'Omléaé o Sture at 90C for 2 hours. After the
end of pol yneri zatieophdthe i et rad e qriudbimindakan out from the
gl ass nol d. 20 The obtai ned photochrom c cured product (thickness of 2

M) was usedPAYMELFI%E Hif RRGERGTHI G T ab ke HRMRRS Wyl ot ntkfsi ty
th i . 4 f, q
54 Wonpoat BHRSUnE ARRRotE by she®alREE Thefhod el i5e ML ® Lty L0 01

Phot oni cs Kgkotidutmghi @ plastder deasswhi ch esxitedtd setaas ety sCamaigegy
Inc.) at 20C 1C for 120 seconds to develop a color so,as to negsure its

phot ochr oni & Y e DECRABL GROTCIRH L SPARRA E PERT ONET PTEPATTAES by
the foll owing et hodrand ShRMBHOR oEMblM: o cutdalb:MadBIBASGR kAN
wavel engt h (%rax): maxi num absorption wavel ength™after col or devel opnent
obt ai ned by thehabspecte Dipbdtcamebersyh jattzed dicebhe fal Towiharelatment

phot odet ect or. MCPD100 of Ohtsuka Electronics Co.,.Ltd., The nmaxi gqum
bsor pt tHon ASFHEEHGE HR i AR e A4T dOPaIoofs TPaEndSri e GPP Gitor
devel opment .13 ddtidd &b @ 58 10 oABScond @by Araiter i QlicAtas €y ingaxi mum
absorption mavelength when the photochromc cured product is not

i rradi at ed. WAlkdnat @ee 5 dnaedbspgriton dye . Brcalbasd end tddg gent
confirnmed vi |1V s e n 0) .S . I t 0. 04,
great col or é%“%nrllcsalgl gm’ggg%bgngﬁﬁyﬁféggf% err%% a&ﬁséﬁil&%&%) %z%lcglr;ﬁgl&'i cal
density {e(k2@)imoms(,Oa}umihihenancer hiaigwam abiaidaneend b tponafiter 120

seconds of irradiation ) ) o )
15 or anti-reflection processing by the deposition of a thin

film of a metal oxide such as Si0O,, TiO,, or Zr0,, or
anti-reflection processing by the formation of an organic

polymer thin cocating film, or antistatic treatment.

20 Examples
The following examples are provided for the purpose
of further illustrating the present invention but are in no
way to be taken as limiting.
The compounds used in the following examples are given
25 Dbelow.
(polymerizable monomers: component)
component [A]
GMA: glycidyl methacrylate
EOGMA: 2-glycidyloxyethyl methacrylate
30 GA: glycidyl acrylate
Component [B]
TMPT: trimethylolpropane trimethacrylate
D-TMP: ditrimethylolpropane tetramethacrylate
A-TMMT: tetramethylolmethane tetraacrylate



10 at the above maxi num absor pti on wavel ength and the above absorbance
e(0). It can be said that as this value becones |arger, photochromnc
properties beconme nore excellent. The color which was devel oped out doors
was evaluated visually. 4) Fading speediftl/2(sec.)]: tinme el apsed until
the 15 absorbance at the above maxi mum wavel ength of the sanple drops to
1/ 2 of {e(lZopmponsf®) [Clwhen irradiation is continued for 120 seconds and
t hen stopped., It can_be._sai d that the ti becones shorter,

bhot oohr o 255 BRLVEF BYLBBE SHEY S Al astadten i aVag8F Bp b iAIgFR 6F
{(A200/ AO) ¥thidknel@eyénl | wing oflef eslerabe Ab QM QRig8stoMBSGar ri ed
out to evaluate the durability of col or devel oped by exposure. That is,

the deteri 862&80i:ofedrasidhydisng sy osd! Piacrydans e) was pronoted for 200

hours by.th 5 her Tes 5. 1nstruments , Ltd.
Ther eaf t‘rér , it4 i\éé -céﬁg%c’%‘éﬁrﬂégﬁ %géﬁyﬁﬁ%ﬁg‘a\%%u%\éef iis E;hea K n:}e}}&?& t he
test, and tb€ eehglefptglatol dgisiny ofAQ) Heépage tiigl d@slaAinG il gl or

opti cal densitx (A200) after the test were neasured to calcul ate
{(A200/ A0) 5%8100} as the residual rate (% which is an index for the 30

durability d I l.or t res) | rate Dbecones higher,
t he durabiI?{133(71’5|(E)}?'t‘ric\é:@L g@%ﬁ%%@ﬁ g%ﬁgﬁlbgggﬁgéhgﬁ?bher. Further, the
char act er i saPG4p0appuiliyes-oply liehe lgdyeolndtiaxrall aver e asrealagat edhdior t he

folloqug iéens. The 47 obhtained results are %homn in Table 7. 6& Lens
st or agelt St abFPALY PL( PECBYAENGN I4¥ CPhe CRRABSOPE Aon2¥&pBYEr BPLARM 1 aThe
above phot oghr gkC cursa®)product was stored in a thermo-hygrostat at 60C
and 90 % for one week 5 as a storage stability pronotion test to neasure
its change ARG70Re podwpsiopydenex gdyged. diackyrlatiee (dyer@gensiaimet hod,

th t f _th b 0 d 1 nt he L*a*b* I
D e LRl BB OE LR 48PS g UL Bl bRy er
i ndicative @Etiygkl ownges)was expressed as Ab* 10 = b* (after 1 week) - b*

(initial) As * rises, the photochrom c cured product becones nore
yel l ow.13t B®E500: 2,2-bis[4-(methacryloxy-polyethoxy)phenyl]propane

(average chain length of ethylene glycol chains of 10,
average molecular weight of 804)
UA4200: ‘UA-4200" of Shin-Nakamura Chemical Co., Ltd.,
bifunctional urethane (meth)acrylate (acryl equivalent of
20 750)
UA4400: ‘UA-4400' of sShin-Nakamura Chemical Co., Ltd.,
bifunctional urethane (meth)acrylate (acryl equivalent of
750)
ACHD: ethoxylated cyclohexanedimethanol diacrylate
25 (average chain length of ethylene glycol chains of 4)
APTMG: polytetramethylene glycol diacrylate (average chain
length of tetramethylene glyccel chains of 9)
Component [D]
3G: triethylene glycol dimethacrylate
30 4G: tetraethylene glycol dimethacrylate
3PG: tripropylene glycol dimethacrylate
4PG: tetrapropylene glycol dimethacrylate
U4HA: ‘U-4HA’ of Shin-Nakamura Chemical Co., Ltd.,

tetrafunctional urethane (meth)acrylate (acryl equivalent



understood that when Ab* is not |less than 0.5, the photochrom c cured
product becones apparently yellow It is assuned that this test
corresponds to 1 year of actual 15 storage. 7) Lens storage stability 2
(redness at the time of color devel opnm&®) Aa*: The above phot ochromc

cured product was stored in a therno-hygrostat at 60C and 90 % for one
week as a $foldde Fodisiaulay megeit oif t58%) to neasure its change 20 at

the tine of l.ar., devel t. f Sur nt thod, the
spect r um of B% %é%gﬁo?éag%%%ﬂ)l _m%@&a?@égb%@?o%ﬁﬁ@é{ e
speci fi cati qaveysigemdiased 1ehgthS df) €928/ dARgdiheHigigeof2 a8,

i ndi cative of yell owess was expressed as Aa* = a* (after 1 week) - a*
(initial) .aKe€raAge modE@Sulas med Ftotdcdhi ¢ cured product becones nore

red. It 45 sugder 51004 WA WS A ooy b HERR AN syl £ POt ochr o ¢

cured product becones apparently I's assune Is test
corresponds 38aGL paar( 2emegtiacaty Istydrtdgeetd)y 1)-sscddflieleRockwel | har dness (HL)

. After the _above cured 30 praoduct s kept in a rqomat 25C for one day,
s L-scal 6 U2RBBvel 2REAInSs -NEXATEG ARG RStiwdiiS frar dness

neter (type bi@‘Bh'c%)i ool lA!f?éﬁirl]a:@ me tha@ryatEesd +-£1 eHUGRAnREKIF b oA

di sk-1i ke sanple having a thickness of "2 nmm and ‘a difaneter of 5 cm was
f ormed fronmoect8aromediohéd cdudd@)pr oduct, two hol es having a di aneter of

2 mm e drilled, ,di sk-li.ke | e _at . positi.ons 4 rom the

per i ph\gf@ oglfhk’sa#;;llégg)n { e_si’&r?éhﬁsal%ugé tq#%"ﬂicfr}e_{&sé’r" gwtp_‘{‘he sanpl e as
the center poifiihetlibeaaoirethahdmettatir§hte (dsyhaYuR¥ad cdicaseten, of 1.6
nmwere inserted into the two respective holes and fixed to the upper and

| ower chuckBiodecudageiwsigditt &t drn 1MW) e they penetrated the sanple to
carry out %ﬁtét%%@d:cﬁ?hﬁ%c@hrgdsﬁeﬂaf%ef’If@ﬂchg. i%tgts t 8 PRASHE Bnhat Ne

tensile stre e samnple. en € tensi reng was “eval uat ed
with typi cauréBhddeumedhherydpeg desrylerses valenwmofl&2kgf . Wen it was

| ess than 12 kgf, the sanple had a problemw th strength as an eyegl ass
lens. 4D) OPEREH MEROMELt CONPOTKESMt i cal distortion of the

MS: o-methylstyrene
MSD: a-methylstyrene dimer
AMePEG (454) : methyl ether polyethylene glycol acrylate
having an average molecular weight of 454

20 MePEG: methyl ether polyethylene glycol acrylate having an
average molecular weight of 468
HEMA: hydroxymethyl methacrylate
Additives
Stabilizer

25 HALS: bis(1,2,2,6,6-pentamethyl-4-piperidyl) sebacate
(molecular weight of 508)
Dye
VioletD: violet dye (trade name: Diaresin Vioclet D,
manufactured by Mitsubishi Chemical Corporation)

30 Initiator
ND: t-butylperoxy neodecanate (trade name: Perbutyl ND,
manufactured by NOF Corporation)

0: 1,1,3,3-tetramethylbutyl peroxy-2-ethylhexanate (trade



.ol ded cured product was observed under an orthogonal N cole. 15 0
indicates that there is no optical distortion and Xindicates that there
is an optical distortion. 11) Refractive index: The refractive index was
measured at 20C with the refractoneter 48f Atago Co., Ltd.

Br ononapht hal ene or net hyl ene i odi de was used as a contact 20 sol ution to
measur e t he nagleradengs tiandbx n@cnwsfaz;tmr@d b AR €prperaioind Conpar at i ve
Exanples 1 2??10%2 '[lh roce(ijrﬁJ Ezﬁanpl e 1 was repeated except that the
phot ochr om |ons S ables 1, 2, 3, 4, 255 and 6 were
used to prodpgq phot ochrom c cured products and eval uate them The results

are shown in Tables-Z, 8, 9, 10 and 11. 49 ,Jro Nmr i Hi 1 i HHHH
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5 fully mixed with 100 parts by mass of polymerizable monomers

zga&com
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QT =

consisting of 1 part by mass of glycidyl methacrylate [A],
8 parts by mass of TMPT [B], 5 parts by mass of A200 [C],
32 parts by mass of 4G [D], 49 parts by mass of BPE100, 9
parts by mass of aMS and 2 parts by mass of MSD (this

10 composition is shown in Table 1). This mixed solution was
injected into a casting mold composed of a glass sheet and
a gasket made of an ethylene-vinyl acetate copolymer, and
substantially all the amount of the above monomer composition
was polymerized by cast polymerization. Polymerization was

15 carried out in an air furnace by gradually raising the
temperature from 30 to 90°C over 18 hours and maintaining
the temperature at 90°C for 2 hours. After the end of
polymerization, the obtained cured product was taken out from
the glass mold.

20 The obtained photochromic cured product (thickness of
2 mm) was used as a sample and irradiated with a beam having
an intensity on the surface of the polymer of 2.4 mW/cm? at
a wavelength of 365 nm and 24 uW/cm? at 245 nm from the L-2480
(300W) SHL-100 xenon lamp of Hamamatsu Photonics K.K. through

25 an aeromass filter (manufactured by Corning Inc.) at 20°C
*+ 1°C for 120 seconds to develop a color so as to measure
its photochromic properties. The photochromic properties
were evaluated by the following methods and shown in Table
7.

30 1) Maximum absorption wavelength (Amax): maximum
absorption wavelength after color development obtained by
the spectrophotometer (instantaneous multi-channel
photodetector MCPD1000) of Ohtsuka Electronics Co., Ltd.

The maximum absorption wavelength is connected with color
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aaaa Pgr\clavd\tllvc\tl:v J\.NS not irradiated. When the absorbance g(0) is 0.02,
5 coloration can be confirmed visually and when the absorbance
€(0) is not less than 0.04, great coloration can be apparently
confirmed visually.
3) Color optical density {€(120) - €(0)}: difference
between absorbance {£(120) } after 120 seconds of irradiation

10 at the above maximum absorption wavelength and the above
absorbance £€(0). It can be said that as this value becomes
larger, photochromic properties become more excellent. The
color which was developed outdoors was evaluated visually.
4) Fading speed [tl/2(sec.)]: time elapsed until the

15 absorbance at the above maximum wavelength of the sample
drops to 1/2 of {€(120) - £(0) } when irradiation is continued
for 120 seconds and then stopped. It can be said that as
the time becomes shorter, photochromic properties become
more excellent.

20 5) Durability (%) = {(A200/A0) x 100}: The following
deterioration promotion test was carried out to evaluate the
durability of color developed by exposure. That is, the
deterioration of the obtained polymer (sample) was promoted
for 200 hours by the X25 xenon weather meter of Suga Test

25 Instruments Co., Ltd. Thereafter, the color optical density
was evaluated before and after the test, and the color optical
density (AO0) before the test and the color optical density
(A200) after the test were measured to calculate {{(A200/A0)
x 100} as the residual rate (%) which is an index for the

30 durability of the developed color. As the residual rate
becomes higher, the durability of the developed color becomes
higher.

Further, the characteristic properties of the base

material were evaluated for the following items. The
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aaa aaaaaa asaaexposure) Ab* The above photochromic cured product was
stored in a thermo-hygrostat at 60°C and 90 % for one week
5 as a storage stability promotion test to measure its change
at the time of non-exposure. As for the measurement method,
the spectrum of the above £(0) was changed into the L*a*b+*
color specification system based on JIS (JISZ8729), and the
change of b* indicative of yellowness was expressed as Ab*
10 = b* (after 1 week) - b* (initial). As Ab* rises, the
photochromic cured product becomes more yellow. It is
understood that when Ab* is not less than 0.5, the
photochromic cured product becomes apparently yellow. It
is assumed that this test corresponds to 1 year of actual
15 storage.
7) Lens storage stability 2 (redness at the time of color
development) Aa*: The above photochromic cured product was
stored in a thermo-hygrostat at 60°C and 90 % for one week
as a storage stability promotion test to measure its change
20 at the time of color development. As for the measurement
method, the spectrum of the above €(120) was changed into
the L*a*b* color specification systembased on JIS (JISZ8729),
and the change of a* indicative of yellowness was expressed
as Aa* = a* (after 1 week) - a* (initial). As Aa* rises,
25 the photochromic cured product becomes more red. It is
understood that when Aa* is not less than 1, the photochromic
cured product becomes apparently red. It is assumed that
this test corresponds to 1 year of actual storage.
8) L-scale Rockwell hardness (HL): After the above cured
30 product was kept in a room at 25°C for one day, its L-scale
Rockwell hardness was measured with the Rockwell hardness
meter (type: AR-10) of Akashi Co., Ltd.
9) Tensile strength (kgf): A disk-like sample having a

thickness of 2 mm and a diameter of 5 cm was formed from the



HA rdlorl O Hto Hto HWH Fww1l0tO W-- tDIDfa JJ w FC FC -

~C ~4 mua Cflaua [7134 ua |IdEDP. asasasas ' M MNMc McN McN

HHHHH wwut |IdEEFHH A4 04 04 04 13, 04 P4 04" P4 AU to
wwtopg4) wFEFEs-448 aaaHa aEFFHF F WH
HDOMOHN zNNMMM53 0,0vA~r2"r2 21 NCDO Rar

tototo
HHA41lii

r,

O Q0 20 H-optrined pured Rradack, otwp holes having a diameter of 2 mm

10

15

20

25

were drilled in the disk-like sample at positions 4 mm from
the periphery of the sample on the same line as the diameter
of the sample as the center points thereof, stainless steel
rods having a diameter of 1.6 mm were inserted into the two
respective holes and fixed to the upper and lower chucks of
a tensile tester while they penetrated the sample to carry
out a tensile test at a speed of 5 mm/min so as to measure
the tensile strength of the sample. When the tensile
strength was evaluated with typical CR-39 used for eyeglass
lenses, it was 18 kgf. When it was less than 12 kgf, the
sample had a problem with strength as an eyeglass lens.
10) Optical distortion: The optical distortion of the
molded cured product was observed under an orthogonal Nicole.
O indicates that there is no optical distortion and
Xindicates that there is an optical distortion.

11) Refractive index: The refractive index was measured
at 20°C with the refractometer of Atago Co., Ltd.
Bromonaphthalene or methylene iodide was used as a contact

solution to measure the refractive index at a D-ray.

Examples 2 to 40 and Comparative Examples 1 to 12

The procedure of Example 1 was repeated except that
the photochromic compositions shown in Tables 1, 2, 3, 4,
5 and 6 were used to produce photochromic cured products and
evaluate them. The results are shown in Tables 7, 8, 9, 10

and 11.

O
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photochromic curable composition of the present invention
is excellent in not only photochromic properties but also
5 mechanical and optical properties. Therefore, the cured
product obtained by polymerizing the photochromic curable
composition of the present invention is useful as an organic
glass having photochromic properties and can be
advantageously used for applications such as photochromic
10 plastic lenses. The obtained cured product, for example,

photochromic plastic lens has excellent long-term storage

stability and is very useful.



wvti o rd rd44 a0~i -- mU;J NUvvalbQrabaNr~rr, r, oN
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~Dr OmN 2ri ri rdOH x 67 Effect of the Invention The cured
+product obtai ned by polynerizing the pls®ochrom c curable conposition of
the present invention is excellent in not only photochrom c properties
but also 5 nechani cal and optical properiM@s. Therefore, the cured

product obtained by polynerizing the photochrom c curable conposition of
the present invention is useful as an organic glass having photochromc

properties and cap Beokevaibadeodsiriblsedohposarilont ad siw?} as
phot ochrom ¢ 10 plastic | enses. The obtai ned cured product, for exanple,
phot ochromi ¢ pl astlird RekRsless el -dnPargngndet apstohay s - SRS Y and

conpri 51 Ba: "EAF B 3 Sagteadavo PPty HeR L 2aE e rE R HSY IR oy s
of a radi cakirypupolrppresesites Ny foddiowd man fepmgla glQup represent ed by
thefolhwwngformﬂa.(y:

R R2

=/ 3 4 l
HzC—C—'ﬁ—O R*0—HR*O—-CH,.C—CH, (1)
0 a b 0
wherein R' and R? are each independently a hydrogen atom or
methyl group, R’ and R* are each independently an alkylene
10 group having 1 to 4 carbon atoms which may be substituted
by a hydroxyl group, or group represented by the following
formula, and “"a” and “b” are each a number of 0 to 20 as an

average value;

i
< > ! < >
CHs

15 [B] 1.0 to 15.0 parts by mass of a polyfunctional
radically polymerizable monomer represented by the following

formula (2):

R" CHZO—€CHZCH—OH:I—C::(:H2 (2)
RS ||a5 ‘
wherein R® and R® are each independently a hydrogen atom or
20 alkyl group having 1 to 2 carbon atoms, R’ is a trivalent
to hexavalent organic group having 1 to 10 carbon atoms, “c¢”
is a number of 0 to 3 as an average value, and "d” is an integer
of 3 to 6;
[C] 1.0 to 30.0 parts by mass of at least one
25 di(meth)acrylate monomer selected from the group consisting

of a di(meth)acrylate monomer represented by the following



HCC CGO-R30.)- RAO-CHZC-CH2 ( 1) IO " Ilia ~~\ b 0 wherein Rl and
'R2 are each independently a hydrogen atomor nethyl group, R3 and R4 are
each independently an al kylene 10 group having 1 to 4 carbon atons which
Jray be substituted by a hydroxyl group, ©§ group represented by the
followng formula, and "a" and "b" are each a nunmber of 0 to 20 as an
aver age val uorilBa (3 )CH3dilbm¢ ) dcﬁyl@té.&n@ncplaefSré)yrHESBteﬁ By the

pol yfuncti on radi cal | ol i zabl e nmononer resented by the
Pol Towi ng. reaprpacnorodnlld ki et saipes o (erteierpy 125< wenomes ¢
wherein RS Q@vﬂ@gaée(rﬁ@ﬁ?) éé‘E&ePeé%? bd Yerie NYET09€M &L 9M Rin 8?061' Kyl

group having 1 to 2 carbon atons Is a trivalent to hexaval ent organic
group having 1 to 10 ca n atoms, "c" is a nunber 8f 0 to 3 as an

macs of at |east oHgG: "S Crior Rg@ca/’f 31&@%@&%@%8 flombhe. ar olp

consisting of a di(net h) yI ate nonoger repregnted by the foll owing 69
formula (3), di(neth) acryl nononer represented by the follow ng
fornul a P4) mm@tmaﬁ@ddll( mr—a@hyuaﬁiépnﬁdéﬁéﬂy Ay dgogen mmmyl

Egé\c/ﬂl Sntz ?[\%ﬂ%él f%sofi‘l my(}e?&% anE%RSHégggelggg Sl(é ??djénjt ye%r hydrogen

atom or netdydndtedEmlIRmndrBipahaveaghz iﬁtdapea@‘bbhl ytémb| noed &
branched al kyl ene group having 2 to 4 carhon atons, and "e" and "f" are
each an int &t \Eicpae Rchea! inteIehdnsadiag "0, with the proviso

that when R® and R’ are both methyl groups, (e+f) is not less
10 than 7 and less than 15 as an average value, when R® is a
methyl group and R’ is a hydrogen atom, (e+f) is not less
than 5 and less than 15 as an average value, and when R® and
R®° are both hydrogen atoms, (e+f) is not less than 3 and less
than 15 as an average value,
15
R12 R14 R15 R13
HyC=C—G-0--CHCH,01-A-O4CH,CHO}-C—C=CH,  (4)
0 9 "o

wherein R'® and R are each independently a hydrogen atom
or methyl group, R' and R'® are each independently a hydrogen
atom or methyl group, “A” is a divalent organic group having
20 1 to 20 carbon atoms, and “g” and “h” are each an integer
of not less than 1, with the proviso that when R'? and R
are both methyl groups, (g+h) is not less than 7 and less
than 15 as an average value, when R'? is a methyl group and
R* is a hydrogen atom, (g+h) is not less than 5 and less than
25 15 as an average value, and when R'? and R are both hydrogen
atoms, (g+h) is not less than 3 and less than 15 as an average
value;
[D] more than 50.0 parts and not more than 97.9 parts
by mass of a (meth) acrylate monomer except the above

30 components [A] to [C] and/or a thio(meth)acrylate monomer



_that when R8 and R9 are both nmethyl groups, (e+f) is not less 10 than 7
and | ess than 15 as an average value, when R8 is a nethyl group and RO is
a hydrogen atom (e+f) is not less than 5 and | ess than 15 as an average
-val ue, and when R8 and R9 are both hydf7égen atons, (e+f) is not | ess than
3 and less than 15 as an average value, 15 R12 R14 R15

H2C=C- C- Of CliER0FoRad. pepRaHOPE CEhecrpmponent sq (3] ho [Wherépih grd 4RY R13
are each in a,.hy n m or methyl group, Rl14 and R15 are
each |ndepeg entﬁ Ekﬁs bg Q%gngo%bgr met hyl group, "A" |s a di val ent
organi c group hawmg 02(])031 to mpaatbmy AL oawf antho tg:"craam compeurdch an
integer of not less_than 1, with the prOVISO t hat when_R12 and R13 are

bot h met hyl P§F8dpsn Ag¥nparssnby W@§§ Phakhe SRFAesE aldafhes as an

averagefyalpglgmgg nBl2el S0 oggggyl group and RI1] is a hydrogen atom
(g+h) is no SS an 5 and |l ess than 25 15 as an average val ue, and when

R12 and R13 are both hydrogen atons, (g+h) is not |less than 3 and |ess
than 15 as an ave ge v % nor e han 50.0 rts an ot nore than
6770 raris by vebRESondforBtanit, CRkdnl AofonsrS b Lbht aRREratngn ey

conponents EfLiin0y [ Ghe3@4nOEh@ MRt [ BE Iyt £i KD BOMRE L ¥ Dact{yIgr L0t al

amount of the conponents [A], [B], [C] and [D] is 100 parts by nass); and
[E] 0. 001 moanepareprbyenagé 154 §hph6@ééhwgﬁgcf@®‘mplé@nd6)based on 100

parts mass of the total of all the 5 polynerizable nononers. 2. The
phot ochrom ¢ curabl e conposition according to claiml1, wherein the
conponent [D] comnp20 ns a ( h)acrylate oner rquétented by the

(oo ng, g (r?% Hz@é):'%@%m}—ﬁ C=CH,  (6)

wherein R20 and R*! are each independently a hydrogen atom
or methyl group, and “1” and “"m” are each an integer of not
less than 0, with the proviso that when R?*° and R*' are both
15 methyl groups, (l+m) is not less than 2 and less than 7 as
an average value, when R?® is a methyl group and R* is a
hydrogen atom, (l+m) is not less than 2 and less than 5 as
an average value, and when R*° and R*! are both hydrogen atoms,

(1+m) is not less than 2 and less than 3 as an average value.

20
3. The photochromic curable composition according to
claim 2, wherein the component [D] contains a polyfunctional
urethane (meth)acrylate having a (meth)acryl equivalent of
not less than 100 and less than 600.

25

4. The photochromic curable composition according to
claim 1, wherein the component [D] contains a bifunctional
(meth) acrylate monomer represented by the following formula
(5) :

R16 R1B R19 R17

i |
H20=<':—c—o-€c[:HCHzo}—©‘v~©—o—GCHZCHo)—g-FCHz (5)
3 j kO

30



_O( mO wherein R20 and R21 are each independently a hydrogen atom or

nmet hyl group, and "1" and "nf are each an integer of not |ess than O,
with the proviso that when R20 and R21 are both 15 nethyl groups, (l+m is
-not less than 2 and less than 7 as an auerage value, when R20 is a nethyl
group and R21 is a hydrogen atom (I+m is not less than 2 and | ess than
5 as an avehegeivaR(e,amthR WneneIﬁacandnﬁemeadenbbyhah;zudvgeanaacn:m
(I+m is not_|es an 2 ang.d ess Jiban 3 as.an average v 20 3. The
phot ochr oni €%l élﬁYg gcrocfﬂpdsﬁt i Sﬂaa‘%co‘}’iﬁ §§°Fo™ ‘F%‘F?f‘?‘%ﬂtaﬁ& BYATPRED
conponent [ Bk c@m0Bk-ainBshgl pekaiy NCt hé ngtkoupinetangyf TBHethC'thbabQoh@‘él ng a

(met h) acryl

equi val ent of not Iess than 100 and l'ess than 600. 25 4. The

phot ochr om Q_@Lr_abl e_som;om td accor di th');) Cl-aL@t%? _wher e}
a

conponent [D] TContains a bifu onal’

acryl nohone reggant ed

by the follow ng for rruI a (5) Rls 718 019 S17 H2C=C-C- Q[ CH
- C=d ~) 1 wherein R16 and R17 are each
i ndependent |y % en ,atom m}(hﬁlﬂ roup, RLB and R19 are each

i ndependently a hydr ogen atomor nethyl group, the gr oup Yis any one of

O+CH2CHO~~

the groups ,
- C(CHB) ( CoHB)

né; 5 Ang "dS(]-z.O’Zére ‘%91 ari St egdrbriht oF t@lﬂss YR&R 1,

re each an I nt eger

with the pthmpsmvim tivladrwiRdip Paﬁanﬁlfi”amee frotthn methyl gg:ramms, (ﬂj+k')'k) is

not |ess than verage val ue met hyl
roup and REP FOE AL SRR N 2028 95 P AL T RSP ASE IR V2 4id PBEE L han
5 as an averdygval meatmdgﬁwp HhREE7and Rlkyar8gbat Acbmdr eger) aggns,
(j+k) is not less than and lI'ess than 3 as an average value. S. The

phot ochr oni BoEut&®$ éﬂwrré’o@n@ﬂ@ﬁ%ébéndﬁ RS BH awgrage value, and when

10

15

20

R*® and R are both hydrogen atoms, {(j+k) is not less than

2 and less than 3 as an average value.

5. The photochromic curable composition according to any
one of claims 1 to 4, wherein the photochromic compound [E]
contains [El] a chromene compound represented by the

following formula (7):

(7)

101
R

wherein is a cyclic or acyclic monovalent amino group
having 2 to 10 carbon atoms which may contain a hetero atom
except nitrogen, R'?, R'®, R'™, R!% and R'°® are each

independently a hydroxyl group, alkyl group, cycloalkyl

group, alkoxy group, aralkyl group, aralkoxy group, aryl



.one of clains 1 to 4, wherein the photochrom c conpound [E] 15 contains
[EI] a chronmene conpound represented by the following formula (7):
(R104)d \ 8105 8106 i (Rlol)a (7) (Rlo3)~, (R102)b" wherein R' is a
.cyclic or acyclic nonoval ent ami no group’2 having 2 to 10 carbon atons
which may contain a hetero atom 20 except nitrogen, R2 R03 R4 R 5 and
R106 are ead¥oUmdépbradititedaanipe GEAURyhaypnIadk A lkilodsoupyer Gy |
group, al ko u olg . . r I
Jubst ] ¢ ut od Ty HesBEBREYn 18" StBop MUY SLOHRacRaton2e A0 el

group havi ngtomatddgerdeat byntds ai bedeen ataimgnepiano karadgd hitt8erruup,0gen
atom cyano _group, nitro group, hal ogen at om hal_ogenoal kyl group or

hal ogenoal k&¥} AU F OB REBSCIRACRI 6B InBYOBR Do M PIBRAHRXY FH¥¥n a

ring, "ag " pildang pMChayaAdpided £8§é€ﬁ§£’ttc§ ?srmtarﬁ}%g,ofasu,bswfqents
of RID1 , R102 R103 and”"R104, respectively, "a"" and "b"' are each an
i nteger of O'd’d Bndand’ " crépmeskeritd'theanembecls afi suwhegbruents of ®'F, with

the proviso _that when "a"'e "b"", "¢"" and "d"', 10 are ,each not | ess than
2, RIO" s, Bl02 R REBR'S ad@sRACE Ty 3¢ AR e Geirdt &, o,

The phot ochriefidyeaUAdher §05TPQsid N “ageer 44Ng LPe &4 &h b i hf&t Bt he
phot ochrom ¢ conpound | further 15 contains [E2] a chronene ‘conpound
repr esent ed Ooot he Wit [t ngovoeputhat sYher Rat4)] "bf ) Rab7)anqd 8§P’ "R113 (

)1 O (CRIOIRELOLY 1 ( RLPS) Pss (ﬁg&%%l%@m,s-,xﬁmz, s, R'®’s and R'%'s may

be the same or different.

6. The photochromic curable composition according to
claim 5, wherein the photochromic compound [E] further
15 contains [E2] a chromene compound represented by the

following formula (8):

(8)

R!%®, R!® and R'™ are each independently a

wherein R'%7,

20 hydroxyl group, alkyl group, cycloalkyl group, alkoxy group,
aralkyl group, aralkoxy group, aryl group, substituted amino
group having an alkyl group or aryl group, heterocyclic group
having a nitrogen atom as a hetero atom and bonded by the

nitrogen atom, cyano group, nitro group, halogen atom,

109 110 111
R, R R

r

25 halogenoalkyl group or halogenoalkoxy group,
and R''? are each independently a hydrogen atom, hydroxyl

group, alkyl group, cycloalkyl group, alkoxy group, aralkyl



Wherein R107 R108, R113 and R114 are each independently a 20 hydroxyl
‘group, al kyl group, cycloal kyl group, al koxy group, aralkyl group,

ar al koxy group, aryl group, substituted am no group having an al kyl group
.or aryl group, heterocyclic group havingga nitrogen atomas a hetero atom
and bonded by the nitrogen atom cyano group, nitro group, hal ogen atom

25 hal ogenoaj:k;up,gramﬂkuxyh@lmgl@noahrymxgrgupupsulsﬁﬂQt&ealérﬂlncargi:cRﬂ{iZ are
each indepe dentl a h en atom hydroxyl ou al k roup,

cycl oal kyl o%éﬁ“@fo@bou%r%lf k%’FY%Bgr%Wg phg%t‘? %ﬁ%gﬁr%gﬁuipar yl
group, SUbStHa{\HErﬁf émf&&jéwrat&@vagﬂga q{é@ﬂﬁylaﬁr@%@rbcﬁ{d’dd HPUhe
heterocyclic group having a nitrogen atomas a hetero atom and ‘bonded by

the nit rogmtatmnoq'mm gFYAIR gReUR grbupe dedwgenhatoegenbatom,

hal ogenoal k ou | ogenoal kax rou R109 and R1 lell do R112,
and Rloggand-‘ék]%ﬁ rﬁ%@%ﬁéhf l%d'gd ?ogﬁﬁh‘%‘r cpa]f%?’ﬁf HR ng,jR S ‘an
oxygen at omgr!$t ngide RN danar RYP arﬁ&mlé’saﬁtyeﬁebbohaédf@b@@t\h@g E@rm&na (9):
CR115R116 ( 9 ) 10 wherein R115 and R116 are each independently a hydrogen

atom  hydr @(Wlfg:‘o@”ld aft'kyls ATORKY TSI | BTy | Sngsa)l@ b‘alll‘ﬁ:oxg'r@hibup,
aral kyl grouyp, ‘%%/ k%é%% fcgl}'lovg{r%’pfoﬁh{pf %)t ed am no group having
or ary gr h

an al kyl grou erocyclic group aving a nitrogen atom
as a hetero atom and bonded by the 15 nitrogen atom cyano group, nitro
group, hal ogen at omR1h5RAIJénoal k)(l gg) oup or hal ogenoal koxy group, and
R115 and R116 nay be bonded together to forma ring, or group represented

by the fgl | Qudig f;pRmA Qn(ilﬁ")“ aREL K 1921e§@ W@ﬁfcﬁyna?{c?rééeﬁ dbf ogen

atom hydroxyl group, alkyl group, cycloal gr oup, oXy~ group,
aral kyl gr ouprdr@qell k;mgapgra)lipybgraupl @Llcpalkyel lgrouts,"alkégy drodh' ",
“i"" and "j" ]%yesent t he n%i of subsiituents o% 1‘I_‘?:LO7 Rd'o%i
CRI0ORI10 CREFIMND SEPTR - ef Wgrﬁgpre%laé FroERy suRstitphed@ning o
each an int uppha@ihe &n al8yl @slp Maﬁf}el%%@ﬁpanhéﬂéﬁﬁ cBf c Qi
"i"" and "'%are each an integer of to 4, "e' @ff QI P2
"h'", having a nitrogen atom as a hetero atom and bonded by the
15 nitrogen atom, cyano group, nitro group, halogen atom,
halogenoalkyl group or halogenoalkoxy group, and R**® and R"®
may be bonded together to form a ring,

or group represented by the following formula (10):

NR117 (10)

20 wherein R’

is a hydrogen atom, hydroxyl group, alkyl
group, cycloalkyl group, alkoxy group, aralkyl group,
aralkoxy group or aryl group,
“er, “WEr, 2“g’'”, “h'”, “i’"” and “j’"” represent the numbers
of substituents of R, R!%®, CR!’R''®, CR'™WR'?, R and R'™,

25 respectively, “e’” and “f’” are each an integer of 0 to 5,
“g’"” and “h’” are each an integer of 0 to 2, “i’” and “j’”
are each an integer of 0 to 4, when “e’”, “f’'"”, “g’”, “*h’'",
“i’" and “j’"” are eachnot less than 2, R'*"' s, R'"®’s, CR'*’R''"’ s,
CR™R!!?’g5, R’ s and R''*'s may be the same or different.

30

7. The photochromic curable composition according to

claim 6, wherein the photochromic compound [E] contains 100



oo """ and "j' " are each not less than 2, R1071 s, R108r s, CR109R110, S,
CRi Il R112's, R113" S and R114' s may be the sane or different. 30 7. The
phot ochrom ¢ curabl e conposition according to claim®6, wherein the

+phot ochrom ¢ conpound [E] contains 100 74 parts by mass of the chronene
conpound [El] represented by the above fornmula(7)and 10 to 300 parts by
mass of thepantendyemassnpdubiae [@Erjomens exainatndyElle repaes drdadiy ( 8) .

the above formula (7) and 10 to 300 parts by mass of the chromene

compound [E2] represented by the above formula (8).





