1 Descripti on PHOTOCHROM C CURABLE COVMPCOSI TION 5 Technical Field

The present invention relates to a photochrom c curable conposition
whi ch can be advant ageously used to manufacture a photochrom c cured
prdduct having an excel |l ent photochromic ¥unction. 10 Background of
the Art Phot ochrom smis a reversible function that a certain
compound changes its color when it P§SFFLRAFSRed by sunlight or I|ight
including ultraviolet radiation such as light from 15 a nercury | anp
and returns to its original color when it is placed in the dark by

st oppi ng the irradi ati on, PBABOCERGME G rCURNE LG SOMRPISITIONoONS .
Ful gi m de conpounds, spirooxazi ne conpounds and chromene conpounds
have been found as photochrom ¢ conpounds havi ng this photochrom sm
Si nce 20 @pt imsthrgionds Fislidig phot ochrom ¢ properties can be obtai ned

from conpl exes of these cogggunds and plas%%cs, a | arge nunber of
studi es on conpl exdECoPLFRENEC ARYRPEIEBNPBLAERS FR RFN/IITIRLE  For

exanpl e, phot QeI TBrigs ARAIdEdHIR N Benf be! dafhinlageyes] #SssdEness.
A phot ochromi ¢ eyegl ass "l ens conprising a photochrontc conpound is
qui ckl y col omanudiratagiesa wiwtedhrang ci eyreil preduply Havimg ancixgdilignt
ultraviol et radiat] N l.ight to serve as a sunglass | ens and
f aded indoorsﬁ%}tzordgwér%%l@%%é‘oﬁ'radi ation to serve as an ordinary
30 transparent eyeglass |lens. Demand for this kind of |lenses is

growi ng nowadays. | asti_c photochrom c eyegl ass | enses are
particul arly ‘}?ﬁﬁ%ﬂ“@&i ﬂ‘{rﬁ%lenér&i ewpoi nts of |ightweight and safety.
To provide phot ochbaBtecBEBREEH £ of Pel88SEHDE 33 ilPNERSE d t&%frtgin

above phot ochrom c corrgound is generally cgnp_our]ded.l_As means of
conpoundi ng tisdpshedoehabaee idenpelay whaneit &§ drkadiatadriey sonlight
whi ch the surf : i t d erti S

bt bed wi th % BRI bcRICRELAE LT aatiaPle LI BUEAPLS B crom
"i nbi bitlbn rethbodiriel anpafridretardsatoeitodriginhilchohophdteachtodsc

dis di lved i d th i | ' t
bt o n 8 phofJoRFehTY T SaRR, SEALPERLASHER SrgPPid s as i Hsth §OT
met hod" her evAgfibek) appalicadsopkoposa fimiidR REpolddsr sbifcoxazine

i mbi bition method (US Patent No. 5739243, US Patent No. 5973093 and
N5/ 10790) afP"PRENEEs ARy CREPRSRS (9PTRCURdD TN hgre/ imsusy as

W01/ 005854, 92414, 03 ?ﬁ@fg) HA83488nishe 51

Di scl osure of¥¥%ékﬁhv§n#ign Bgﬁ §9$%E§Q%I OMAﬁ% propertﬁgéparglnce
requi r ed2f or opitdselgends haying momelindsigprerest 1es ophileabbgebddsd
havi ng phot ochr.om rties,.and_contai ni t hes at ochr onyi_c
conpounds fr%rlﬁo 889%%%%%?%0‘{:%%9%%?‘8@% %&r%gcarfcgr??t%)so SR P 26788 ow
degree of cohombderorf Etradiesr el eompdekesast photbiAkondt araigands are
hereinafter) at a visible range before ultraviolet light is applied,
(I'1) a high HQ&rBEdSF ¥8Yoration (to be referred to as "col or opti cal
density” hereinaftgp) sigro1d t pRvEeLBEohigntid SppaRketn dHd lpkeadf 88t
25 speed fromthe tine when the application of uUl'traviolet light is
st opped &% t k¥Fegilpeswhensgscop@hntachingmis eyegilgssr Lghaatrospuieifgo
be referred to ; ' S . rej t Gl hi (R f
this reversi |Bﬁﬁﬁﬁéﬁgéﬁgc(€§ﬁﬁ?%%§§F%r dé’é@éﬁ?ﬂ?géﬁ ngggggg whd&
hi ghnol dabi | ityat anradiated gpobightd iRdlEdinG bilghavtobani eadiation
strength of 30 optinI ﬁood. Wth the above techpal ogies in the
background, tHhE&PeSHR ol bd§b5e5vﬁh6?6bﬁP8ﬁﬁésﬁl%%??é”F%ﬁ§d€9nﬁ?¢%?ﬁ%
a chronene coERRHNEn¥BECRsT Aohafahy: etms ad Rt |0k %&@ih%&?'y

sees a reduction in its color development ability even when
sunl i ght39r rtirgheparenfaeyeslasslliegn. | Bevandi fnwudiis Xapld efl lenses

t hereto. For ,ex | . the ve six publications and panphl ets
concer ni ng t hé ?ggﬁﬁ%?oﬁ?w§$g¥%é casting nethod introduced above

di scl ose phot ochr opi gs€1il¢ PR RBFPAS bld S DB LOENELSIFHE Particularly
preferred from the viewpoints of 1lightweight and safety. To

provide photochromic properties to these plastic lenses, the



10tplastic | enses) having excellent durability can be obtained from
t hese photochrom c curabl e conpositions. However, a

di scol orati on phenonenon that the above pgot ochrom c cured products
deferiorate in the storage stability of a“lens, that is, they are

gradually tin i i(_@%ﬂ' t d I cql I 1 qw
in an inacti v%?g‘élgms@g?%é?élg ic,)%]vi ng ne&]nqlshg\égle%%;g 58 ?‘éc’gbg%gd 19A05r
a long tinme megamscef .coieraidinegy thiee photecheomi & ocomppind enetidre are
Especially the cured praducts shown in Exampl es of the above six

Dubl 1 cat| ons EAGIFEIES dib HICH hieo P IPRe28 FdPe L6 8: HEY oPe R
not excel | entphdt SEERGHH € Prdfangldd €% (hAvebewitheRdbAbtochromic
Therefore, there is still roomfor inprovenent. Wen a specific

chronene donpérmrPryrd usedl ben nefifsinest iton asi (AMbRbipdPRMBetRadl e
nmononers sho I s 0 t bty l ers e Qv

di scol orati o%%é%%ég% %Z‘éfggc?g??‘i’/a a1¢ 2"’(:11—&33clil S (ré:L(ﬁ5 %?g?l&gﬁénﬁ%enco%@]r%ﬁld
mar kedl y appebs slissolved ihamwiromert andsehe hatrmutero s cpopimend zed ads

for various purposes, the st ,not only,show a goo hot ochr om ¢
funct 1o but SPGELIE gh B CASRICISA R ea S BSFFEthY S0P it CRCHF i 2o
have excel | entcdBchianinethod” BELEEALFRELPES tUa8S g PPEHOSRIOM fe made
opti cal goods. As one of the neans of nmanufacturing the

phot ochr d#i ¢ &5t itdal igbblit den aatdipd dUE, Pakeite Nos 5738843 pridd Reticort
met hod in di InS@l a n f
Tt as comuty s SYUEN ol YifPs 20730y pnlRERE B E L ImORSE | BB EE,

is used as a A2 ,pROSESEITETdr, i AOOLIN06$EY| a8801 AnsRS1ANd can

provi de a cur t havj refractiye index of 1.50. If the
phot ochrom ¢ “ggﬁofc[%%%é&@éﬁlc2&2&94?0@3%5-8;1’ oduced by using this
manuf acturing tool, their costs can be reduced. Therefore, the need

for this manufacturing tool is high even in the field of photochromc
pl astic Rénsd¥-scResvgrucde tliee IDNEDERCBY cured product using its

manuf act uri ng tool I } I ;

used as the net hod’I‘g)1 gn%%t&?gg?g?%ggﬂgyggggégﬁr eai plrnfgé)lal uc@a{%%éa%e
phot ochr oni ¢ Ewtaisthe ogdiep eompoonder sndwhil et dc copeticdl ahwds Haning a
refractive i f . e _r active. in as that of .the.
R 50 cur od TETeEroRdY BEoReliiSe ShATEMTIIN Sits MhsBerkOic
manuf act ur e aforpoueris fiesm theldiédneo Hrire fdi ehictbohtrbhi thfuseriomo(d)
Therefore, the photochrom c plastics enunerated in the above , . |
mbi bi 11 GR ek HOW HEJESS BEoBPORTEPAPRL Hed o HHTRthd b RScodsitial

becomes conpldnakad iberausetA8rebL-fi Aeds Pl 8sihfe DASE dBISd @ 1S
i mbi bed with a photochrom c conpound though 20 the nmenhufacturing tool
can be shar edipyrayimiescldshhigichapplaedi c (bhbea nutdh idagnewiofy a

refractive i 1.5 i - 39 f j 00| et
The above si %gé#ftééﬁ gﬁ\g %%d%gﬁp ét%ggggo‘a%é%%%rs%%h%{l éieélusrlé:(y
product havi hgreineffitact i wken ndéxavioleb xert 25 dyeplaledyi WEDIS reofimat

conbi nat Lon of pal ynerizabl e noponer,s. _Hoywever, since it contains

'ar ge amBint SFESH SHERFAE GHTS FACE- DR BHPIAeer 12 ot} PGP Moy oie
group and a Mgt SesHpye@Yb EHOURme WiRireal donfiRRmd AEth s even@Nbrifinal
terms of storage stability as described above. Further, although 30

there is a c@tedepleRibetrakaryrf holafy" Eadirasreed heerring fiaxrbaddH)

material, it s ucpﬁaé}j-f is m '
and the rrechgrlfi%gla st r%n%‘gﬁﬁgﬁs%i %%%%%lg%oﬁﬁﬁggf{’ﬁ’e ‘ﬁ’éﬂ{e’r a%%ﬁ%g?o
bal ance wi t h stthidibynt () Ahghherldaddiyinyi ¢ hbheopminuaie ool UL E)
there is_also, room for | nprovengnt. Consequently, it is an
obj ect ofgt hgllﬁgeg‘éﬁg]aflﬁ{?@h[rgf)ﬁe{l%t]ﬁr‘Bf-/i%_%%%M c curable
conposi tion which Qagn ek idRxe RRehashbgiks LAt Raritdebuhayi Plere
excel l ent 5 photochronmic properties fora™longtinme and hirgh nmechani cal
strengt h (tedsidropgathgpiotasdiriondm st e henplompeisdnga chrewene
compound which is hardly decomposed by light and rarely sees

a reduction in its color development ability even when



RLR2 1 / H2C=C1-0-(R30 R40- YCH2Q\--/CH2( 1 ) 00 30 wherein R1L and R2
are each independently a hydrogen atomor nmethyl group, R2 and R4 are
each independently an al kyl ene group having 1 to 4 carbon atons which
may be substituted 6 by a hydroxyl grou@ or group represented by

the follow ng f | a nd."a", and "b" are .each, a nunber of _0 to_20

as an averages’\lfg:{’{%‘,t bﬁﬁéphf.%”'ﬂ 5t §%t§yl%ﬁ§’§tb¥m8“‘51y applied

pol yfunct i onajndragical b&srpekaglé,za@h@ AENUTRY 1 oF %ﬁ%@ﬁﬁ%@ e
cld( 2 FI R6R5

followng formula (2): 1,27-(CH20-(CH2CH0)-9g-C= _
wher ei n 128 RANHE efife concrIMAngpthéeherinal ogyirof drheatanatdmdl teghiod)

havi ; ; ' i val I .
or gani o gr oup A el A8y HITELoRE pile@lidhi Bhrah SRR Y o
as an avebageconginissingnd pal'yney izabile agromef i an[£Grildyt ardip0

parts by nass_of | east one 15 di th)acryl ate nonqnmer sel ected
fromthe grodf B‘Sgbﬁgﬂ’ia}’gfgrﬁ"@ gﬁ%ﬁ% dw):erafﬁ%e% Fr‘Brﬁﬁrgr(“}eé as&uiage
by the fol | owdbricarmeha “a3)(melhf ABFP] AEE VhGhEnEPN OB 5 ALRNRsent ed by
the following fornula (4) and urethane di (nmeth)acryl ate Tonomner

havi ng a (et Wedrcryduoraupal . ofnnepPoxyseompeund Gnd F9 ¢RounEne- 04

0.0) ERLL0" O Grla S oot oBaNIerel.n f A0S Te5o Rty onc

| ndependent |y rogen ‘at om or up, are~éach
i ndependent | pladtiimehenses prravdnedeat &Yyl ente dpreid 1iay 6gndbd ebdained
carbon atons,_and _"e" and "f"

are,each an integer jncluding "0", with
the proviso ZBFhiSRfeR %OQHHO‘F@Ca?‘ér%&% ?@'&?ﬁﬁltg‘rcﬁ}ﬁys, (e+f) is
not less than 7 angolgser| handiscabordt BUEFEhoMRint tHeN the bbode 7
photochromic cured products deteriorate in the storage
stability of a lens, that is, they are gradually tinged with
15 red which is the developed 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 methed

using a diethylene glycol bisallyl carbonate (maybe referred



methyl group and RO is a hydrogen atom (e+f) is not |ess than 5 and
| ess than 15 as an average val ue, and when Rs and RO are both

hydr ogen atons, (e+f) is not less than 3 and | ess than 15 as an
average value, S FR 12s04R15R13 4 1N

H2C=C- C- O CHCH20) - - A- 0- (CH2CHO) - G- C=CH2 h 0g0 wherein R' and R' are
each i ndependéft B§ SORFERbYerabledn WWRA hlenginaft k21 haandaBtaraneg

or gani ¢ of oup hau B ok Y B AR AT B Bl e tial B Spsglase
each an integéeneésnand |ees privaridé, awttited Terqna $aviRagt a AEPr &t ive

and R' are both.net hyl _groups +h) is not less than 7 and_| ess than
15 as an averéﬂge??a?ﬁe} % (t?"S ghﬁﬁPﬁPFoﬂﬁﬁuﬁpﬁhﬁah'gq@d% can be

hydrogen & onwaég§+Hrodscé&@iby ﬁ§§n§@{155m§ﬁgféﬁ§§rilq§rlo& ]r;ghéiait%stiss

aver age val ue, and when R12 and121' are both rogen atd
not |ess than“@nAfiredisedhanTherefionm shernaged aimehifDlamofac tihaing

50.0 parts an : 97 r s of a, th)acryl ate
m)norrgr excep?oc'?ﬁtéS%%Eggﬂé%n%%%gﬁFEsla[(%/Pg%éffﬁrﬁrﬂ g&aﬁ ic Lenses.
t hi o( net h) acr J¢ atenubaomere (ﬁlh;el; CroGal c&m‘augbraﬁubhex[xﬁé]ﬂﬂgoggﬁts [i%
Bl], [C and [D] is 100, parts mass),; an , : to
E)a]rts[ bl/ nassrL%’%u%aW]d&]FBRﬁcy%&?ﬁd%ﬁ@ pasbadons i apgi ess o aay
of the talml 10§ ugeld d51e R2mOMBE Rl & JRAATES & B MDIE fdlauce,

Carrying Qut the Invention In the present” I nventi on,
phot ochr oni ¢ ¥t} dIRRteehssMicofuEahpei ceBPeAl t ton atifamiwhich a cured

ol yneri zabl I i Y. p_tepresent.ed by the
bove formil & T o aThr, RS ERe SR 1A e LS O e
mononer repr esdinast e tihdeaboy eHadr o1l thé )R- JChuakdl IBPASALGNE ca® Bk
th I | ected f th ro consi sting of di
(meth) aoryl M IRRETERS To FPubenedaty Chndeabaas thae el Ao.52 handng
(4) and as ureichanaemedidicpeel) wadehyt b esaRMOOAEIg having a (neth) acryl
equi val ent of not | ess than 600, [D 5 a (nmeth) acryl ate nononer

except the above cERFERERTS. [the RRptaghromioplast its ehumekptadrid ahe
Ay ) v

description is first given o e comnpon
pol yr aer i zabb&oggssnmdechaesngoupl tpaikgd dreasu se pries etttad e thastic

fol I ow ng fOﬁ)@élea\née‘ériaﬂs%ib%zﬁ%%h%gﬁb%%ﬁggﬁ cH 200 p]E)L?nd 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 also propose
that a cured product having a refractive index of 1.50 can
25 be 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



0 ® (In the above formula, RlL and R2 are each independently a 15
hydrogen atom or nmethyl group, R3 and R4 are each independently an

al kyl ene group having 1 to 4 carbon atons which may be substituted by
a hydroxy group, or group represented by $he followi ng fornula, and
"a" and "b" are each a, nunber of 0 to 20 as average values . ) CH3
20CH3 EXSAB| EQF ok "R¥RVEReBt ene group represented by R3 and R4

include nethyl ene gfHbqfidBhenet Qrsoé!ﬁycih?'éb%ygf%eggzggeenp%ﬁ@ on

group, trinethylene group andtetranet ne group e compoun
represent ed byo tpeowlds e frirahdchroni areprables cobpashedoaswhioh xtam e

of nol ecul es ecul ar. _wei Therefore

"b" are expreé?g dﬂges a\ﬁer?%tgéegh\fac] s cured Pr%?&ﬁﬁ BEV P9 ﬁéb%})ﬂ’ﬁ%’ﬁnd
repr esent &d bp!hcbﬁmcla&nme: Mbﬁah:aléi)fcbmfal ueRg o Med dyld FRghatdoHaadi®al
9 glycidyl oxyne nmet hacryl at e, | yci dyl oxyet hyl nethacryl ate,
3-gl yci dyl oxyp ‘?%%%htk?réttﬁﬁlé‘rl Fa?"erellﬂ%”yé‘ ndyF ) mikl@h Bhae mhatadwemic
pol yet hyl ene gly&o! Jgﬂauatdsdam;ml%mkat:%u?@a' 28 gnigyeLgge nol ecul ar
wei ght of 5 406, polyethylene gl'ycol gl'ycidyl nethacryl afe having an

average nol ecul ar Wieghnventess, oﬁochyapmm igigostion have conducted

gl yci dyl nmet hagr.y. h E! cuI ar ht
pol ypr opyl engﬁ{ éyrgéoﬁ < %{é?g ? ﬁ Xg% Rgﬁlﬁf@%eréaea result,
mol ecul arloweng'kﬁy hévé@ﬂ),unﬂl ‘ﬂﬂleaqiho‘tdmﬁ@gim&hdﬂdbl]é)comp051tlon which
et her - net hacrell ate, 3- yci d oxyet hoxi) 2- hydr oxypr opyl

¥

met hacryl at e,“&t ?EPH)} aﬁ‘r%”é%% P@%tdﬂoé REt FYP aReys eRré’blemS can

2- gl yci dyl oxysd mﬂt%qrm@da » speeh¥oh dyl exyp Y,
4- gl yci dyl oxybutyl acryl a ,Ségo ygt ﬁ§ gng 595%/%8&5 %l/?l%%/:[ 61]51 acryl ate

havi ng an avédg® Eamopemght havingemn pmpgrt grtaarpe agidy tbke ratio
EEIRR e e

pol yet hyl ene ycol gl yci avi ng an av
wei ght oﬁSlO&,ru@t@gleyd:odyhexyeﬂ.al soprapy | they ol iedtixayneopphomers .

Sy k.o BBt SR oL B0H RS Bl
met hacry! at e flzxdg @Mﬁx}ylal%t haﬁhw ah t’ixeglawv@' baﬁxeaeﬁﬁhon
nmet hacryl ate .and g yC| d acrylate are preferred, and glycid

met hacryl at e i55§Re¢kat EGﬁﬁ?F?lﬁ?eﬂ@rié@ec@éﬁﬁGcﬂ*@ﬁoquW Compound
descri ption 'a%dS‘EQ%HHE” hxtg y@‘gb ﬁﬁzﬁn LOMAMHE com OL% %fg LR
riza ed by

a pol yfuncti onal radlca y po 30 TohoTer Pesent
the fol | 8\ n@rbundalsaa(@recm prigiugt] havhtagabolm mﬁndca,lﬁladdxl%nd

are each ind n h en atom.or_al ro havi ng

car bon atoms?l% Yngs a ?Fvé&gﬁ n h%x%%?’é}ﬁ&/&ﬁmﬁnﬁ 5 R vF%‘QjSl
to 10 car bonkabaledge.i STe W&Eﬁd’ntOflrﬁ}eh(tl%na&aéntEMQrBQ@nVa| ue,

and d is anlnte%er of 3to 6.) In the above formula (2), R7

is a trival eACCPBPAERESEL ent organic group having 1 to 10 carbon
atonms such as an ofgani £ Jraup ﬁfHHe%iﬁ“l@Er t9QUR sdgr glﬁS‘E EL o 2c

pol yol , or organic group contal ning a rocarbon gr aV|ng a 10
functi ond® i t gushbdet gomposttien mepmﬂalrmnd havi ng a functl onal i ty

of 3 to 15. [, fi X | e f _the fun Qn radlcal

pol yneri zabl e rronohgf%fdetprlceég%nﬁﬁgn fﬁ’gr&bggg ¥%‘T’%ﬁﬁ%§ %) OV\B?EES

be advant ageoaskyofisedradidalde, tpdllmtdmlz@lbméomanemer having an epoxy
group represented by the following formula (1}:

ch—c—ﬁ ‘(R%}(R“O%—CHZC T CH2 (1)

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



15-trimethacrylate, trinethyl ol propane triacryl ate,

tetramet hyl ol net hane trinethacryl ate, tetranethyl ol net hane
triacrylate, tetranethyl ol nethane tetranethacryl ate,

t et ranmet hyl ol met hane tetraacrylate, trinme¢hyl ol propane triethyl ene

gl ycol trinethacr O trinmethylol propane triethyl ene glycol
triacrylate, d¥t%i inﬁ%&' Br6HEne® %—F&t’-’lﬁ’dﬁeﬂe&t’:@ Ry the following

di trimet hyl ol ppepane, tid aqer xhat%" E1RS @kl Xfﬁ'\ﬂ%%Pr@f 0 to 20 as an
pol ymeri zabl e nononers may be used in conbination not |ess than
two. 25R7 in avRsRgpdHusmcti onal pol ymeri zabl e nonomers is
preferably a trival ent hydrocarbﬁg; oup fromthe viewpoint of fading
speed, particul arl ypref e/~ ﬁh propane trinethacrylate from
t he vi ewpoi nt of effect Oanponb The di (neth)acryl ate
nononmer as the conponeny ' ) e nononer having a
structure represented b - #a (3). 11 RgR
H2C=C- 9- 04R10- 0-) 4R11- 03- Q@ C=CH2( fg U (In the above fornula, R8
and RO are each independently a hydrogen atom or nethyl group, Rl and
R11 are ea&ch |ndepdﬁdeﬁtmyt@ ﬂﬁn@apaétsbbﬁnnh%@ @fk@lmm&yipnnqldnah ng

Yov, i th e RERATY pRlnefie Al nknoflf rBHRsBR el ) Fhg i

(e+f) is not fesmiltzhafz)7 and Iess than 15 as an average val ue, vvhen
R8 is anethyl group and RO is a hydrogenftom (e+f) is not less than

5 and |l ess than 15 as,an aver age 10 valu and wheg R8 and R9 are
bot h hydrogen atons,_{e+f) not | ess n 3 and less than 15 as an
average val ue.) R” ' Ib_ Cé-t—@mmqe represefi2gd by

t he above formula (3)\is genaral obt Ias an‘? ture of nol ecul es
havi ng di fferent nol edul ar wei ghtg6 Theref of ‘e"/ard "f" 15
representing the nunber of al kylene oxide units in the above formul a
(3) are expreém@mst hmda\ﬁérag@ santbdnsepbndant3yod Hydradel atom or
m Xt ure. " are.not than O and | ess than 15 as ave

val ues. Wen aﬂTchl grOGP, htaﬁénﬁurslrb’é?’ gfc%ﬂﬂl’(?}? HEGi db i tastFévﬁﬁﬁgt
one and when td hekgvabént B@rga?d cditbep ety itgpest Of cabk¥beR & txsdes ¢~
units are repeated. When t he di (rret h) acryl at e nononer is
represent ed By 3 RETBESRE PdrqriIas ap@EvarageeYal wpr ond Tde ipan Agtegesd
as one of theghotgchron ¢ properties and provide a good result to
lens noldability, it is preferred fromthe viewpoints of 25 the

nol dability and hed€] r tsP stanze- ofpartcaurad mereedwdt athdteastteong28 and

than 12 38 anidderadetifiast Hanmiiote e diel oo i hmicR0 6 E 8
hydrogen at omf &edf Jmetioldcriatonohesert Aatrdsaitkd e85 theaol 2o@sngn
aver age val ue, and RO are both hydrogen atons, (e+f)

shoul d be notfor@ggat Eaﬁ%déme%%@%qzﬂ%w FRELEFENEOSY the
Preferred exrfesnhsalﬁ& ﬁéﬁnﬂwwﬁcﬂmehaﬁ@rﬁswﬁﬂ aé&lme%ﬁ&{#er

1211 incl ude_al kyl ene grou avi ng to 4 carbon atons “such
et hyl ene gro@ﬁﬂﬁgpﬁo;ﬂ}!eéhgagrﬁhpeqm-‘s‘cm'lre;‘WIcefnewg?r dgssarrdan 600
tetramet hyl ene group. g of these, it is preferre romthe
vi ewpoi nt of 5 obtainingra cured product havin Ient col or

optical density an¢y M W m ert i €8 X hat

P.8 in the above fori%la ( shaul d ydro eﬁ. ((f;om( cryl oyl

group) amgl fromthe viewpoCht of inpro¥ing nol ddBility and

phot ochrom cypepBEhtRESNENAL éﬂéeeﬁk‘ﬁbfﬁd efdént g tom

t he al kyl ene group represent ed y R 11 sﬁg dlygeoﬁ eés o

than 3 and | methyhagraup, R*® and R are each independently a linear or
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



The di (neth) acrylate nonomer as anot her conponent [C] is a nononer
having a structure represented by the followng fornula (4) . 15
FO2R14R15R13 91 H2C=c- G- O CHCH20) - A-0-(CH2CHO)--C=C H2 Ilh ,-,1 o (In
t he above formula, -12 x and P.' 3are each?independently a hydrogen

atom or net hyl oup, R14 an 15 are_egch i ndependently a, hydrogen
Stom or et hyieBPehRrmate S £B53sqn, HARPSE AT gloth) MR Y Sk
20 carbon at opBan andndd] ed8Hadh 18" 8568€ At dgal 988he Of am@twHeBS & thap
1, with the proviso that when R12 and R 23 are both nethyl groups,

(g+h) is not Red¥ethrih hvdneoresateman (B3fasiamcdy dpage-han deandherss
R12 is a net hy%ax?rfypa%!;% %%fa%ea‘)ﬁql%ogen atom (g+h) is not 25

| ess than 5 an ess t as “an average val ue, and when 1112 and
R 13 are Both hydrogen atons, (g+h) is not less than 3 and | ess than
15 as an average vagﬂe. ) "A" in the abgve for %a (4) is a
di val ent organic j? p havRﬂﬁ 1 to 20 carbon ons. erred

exanpl es of t djve %}é i L i ﬁg %_Jg groupg
such as et hylﬂﬁg%ogp?é E!}?g%gj%%u ) gﬂ Iﬁ {dl oup aﬁla non$| e)ne
group; phenyl ene grops substituted by a hal ogen gdup such 13 as

chlorine ato igie 18r om I hayi n
1to 4 car bonru%%%ér#g? ﬁ;ndéﬁ]&g% su%g%i%%d%%%\éﬁ%%lglr %&ﬁr%%ng%\éﬁgg
represent ed byr tmeehizdldomipgRi‘oandIrd?’ aore egebupsiepepdeneniea Hydricaen
follow ng fornula: nd groups represented by the follown )

Formil a: O Fi1B5heE s R0 HrBHB: n RoS A R e OE e i e ry
an al kyl 1gr oup thavion@akbbd 4t6AEH0ANat OFB, arkd | &t NG AP0 D AHRR
atom "n" and "o" are each independently an integer of 0 to 4, thé

ring represetfed®y ke tHanow nyitbr fhkaprevispetbanahemy'érand R™
Ao TR p et Bhelan gkt ol S5 ed i, Wil o W 1o
follow ng forthdral5 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], [B], [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 monomex
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



14. -0-, -S -5(02)-, C(0)- -CH2- , CCCHH (C(CH3)2(CH3)(CBH5)- or a
group represented by the follow ng fornul a: and when the ring
represented by the followwng formula is 5 a cycl ohexane ring, <B> X
isa group represent ed by CH2- C(CH3) 2 TheB conpound represented by the
above formul a ( bt ai ned as a Txture of nol ecul es havi,n

different mol%t € BRBPREH s Locfedyfygom frhe,gEouR izg

average val uesg 39( é’dlﬂ 13kt %ﬁB é?f | PEYBEeRE @ Oby | dhane 1.
Wth the proviso tk:nat V\hedral:yRI 2 and m3 gre %ot hene?hylyg%%ps (g+h)

is not |ess tﬁ@mnuzlaaawéﬁl énd t‘h)aﬁn@amgrehhmdageems) aaruéatamonez

5 and ooy ¢ MM (etn) 8cdylY EERIGHI RO e (SET1dds MHan 3D, 19,

5 and | ess than as an avera are
hydr ogen &t ons,(méghhicirglade do&sﬁndmakcapanﬂzé mvbhaﬁmﬁ&eﬁtgn[m to
aver age val ue Preferably, en R12 and_RI3 are both neth groups,
(g+h) is not (Fs& C’Lrhé‘ntﬁlﬁﬁHeF&?Ct’:ﬁéﬁtﬁzm%OW'avaé?‘%lggg Na ue,

when R12 is gpHEMdRHrdieUR-ABBuRE3 is a hydrogen atom (g+h) is not
less than 5 and I ess than 12"as an average val ue, and when R12 and

RI 3 are both hydrogen atons, (g+h) is not |less than 3 and |less 15
than 12 as an.gverage ue This is preferred fromthe viewpoi nts of
t he nol dabi | i esistance of a cured product. It is
particul aply pref eArcembdﬁmqitanlarﬁirBthimmbé thakompohaenauiz] ( dhat

shoul d be both net nmet hacr onI rou because a cured
o oduct - havi g e LIb BELVRE T AEnEt £ P ER G e s GRGRY Group
phot ochrom ¢ reiRReehtes by gﬁgagagﬂo@pggtf@ﬁm(g;hol)shoul d be not |ess

than 7 and | ess
HQC—c—ﬁ-—o-(RaO-)-(R“Oa'CH C—-CH2 (1)

(In the above formula, R' and R? are each independently a
15 hydrogen atom ox methyl group, R? andR*® 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 0

to 20 as average values.)

g
)
20 CHj
Examples of the alkylene group represented by R’ and
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
weights. Therefore, “a” and “b” are expressed as average
values.
Examples of the compound represented by the above

formula (1) include glycidyl methacrylate,



than 12 fromthe viewpoint of inproving photochrom c 10 properties.
Further, the di (meth) acrylate nononer as still another conponent
[C] is an urethane di (nmeth) acrylate nononer having a (nmeth) acryl
equi val ent of not less than GOO . The term "™ (nmeth) acryl equivalent”
is a value obtained by dividing the 15 nol ecul ar wei ght of the
nonomer by t h&lKGHBELCEYMe Ry h)nefdradr ywediens .2 -Feyaidgilbaye tiy1( met h)

o % B funct | earraHEs R ekond WSREREFigbeng an acry
equi val ent of 4netytedplodgniBaD rertthalory lurel, hare yethythyee 1y8oihe 20
nol ecul e. The eébéii mt valye of the (meth) acryl equivalent is not
particul arly ?fﬁﬁ B\ﬁtﬁ"ﬁﬁ:@’iﬁﬁﬁl@a@, GIWABRT 3gq Tdiaqudrreds tgbndb £
handl i ng eases@s e Lﬁﬁkﬁtﬂﬂéhé‘%l‘l%@l REEhSE2DL Y d ROQ;

g‘l A%, €
the heat resistance and nol dability o gcphgﬁochromc cured pro%%c%1
are taken 25 FRPIR dRARcular weightupfof3Bhepelyahhul enbagkydbl

(nmeth) acryl r I i,sf.l.es the_above requirenents, and
has no aronaf#%yrl E}g | ﬁtpEEE%?g%d}%%n& PUcTT 9% &FEﬁFEd"’?’r%ﬁ’?%
vi ewpoi nt of 102/ pgllyprepydeascelpiol kel yahildineet BHELY130e HOAUES an
and an uret hane di %rretlhg 3crryl ate nongner which does not yellow’s
particul arly PrErets &8 GYsBELPPFCaF| §64 1 tPsphanak Amemegdiyeidyl
(meth) aawyl adthe®aemadidviaig,a nol ecul ar wei ght of 1,300 to 10, 000
obt ai ned by reacting hexanet hyl ene diisocyanate, isophorone
di i socyanat e, 1 {gdivifa dydoey grreshoxy s - 2 Rydrpeypnen hy | metchacrylate,
di i socyanat e,41q) I1C Q:QJC, A gl s .
i sopropyl i dengelﬂ}icrsﬁxlc?cl hg%?l' ?%‘?5‘3&3?%”%‘%‘&&%%% hane
di i socyanat e,2 -dnyleddySoeyeithyd ayandiat egr 3 gLy @Y TORRSXSREL acrylate,
di i socyanat e4vyi h adgglogcakk I ﬁne%]%léﬁ:ol 5 having a recurring unit
such as et hyl®efe ¥§RPde°%g Béy et e ROhsHRA glyceli géyRadvhg
2 to 4 casborncatQEke Bavanknewnaelsigs Usd &su ot X»?e%'?ggft f}jfoh;os,

1ol or

exenplified by E,ol )A(b:,apr ol actone diol, polycarbonate
pol ybut adi en®@°d¥srthydesst dincah shy¥erdnkt deryiate dmying emeavesage ng

it 10 with 2 d (Rt cLy! ) it.1.0n. 4 ubsequent |y

gi ven of theng%if Ee:g%mgf E;th%ghgi %%e?%?ac%ﬁi e }n%l%en&l@so ﬁe}%&%’gnent

[C] and exgrrﬂl%iﬂ%@rrb@tlhdg ?lheaﬂe&l)tfagérgmbﬁca\(m h@enﬁ(ﬁtﬁb{ﬂ aomﬁnonrers

represented hQy 15, formul as a 4) and the _urethane

di (neth) acr y?at(giﬂﬁg%g%g re Jp?%‘?%?@ﬁ##%‘%o’r%’f}sr%rﬁé’yéuéﬁ‘r}’late

flexibilz2ey that 3wm§myomqiy1<bia3e~zﬁKm&ﬁﬁ&ﬁdﬂﬂt&y}u@o@erbéyprﬁgyl
ot

pol yneri zed at a}golyrrerl zation rate of not |ess than 90

obt ai ned cur B ¥iBHtict Whs A RECERel BlNSidNdsBeshagsylabee t han 40.
The 20 conpogedtififl ol et IePImRnan I dTPQ\ ; opi ng
and fadi ng sgejgd:sL gu?k%? phot ochrorrCl:l]c &egggrzﬁﬂés&l&%g&yg?}éﬁﬁhe

present invefietBacryketei 3Imakyiddopyarenyinoethaasylheecanponent

[C] nust be Qi i e r oduct. havin he sane
conposi ti on g%{ﬂ?ﬂg%i %I?I'lt%lea prgggnﬁ]%zggfﬁ%cghﬁ%g ¥cbg¥ ,%@Wm%
a sin| a5 nohsef pactionkir (yresdgfzamedat e nononer, the photochronic
col or developing and fading abilities of the cured product are the
sane as those of the present invention. However, when a

monof unct i ongbmbdléy) agslyl at e nononer is used, the 30 polynerization
rate tends to drop as conpared with other conponents, and the

nonof uncti onal ( net BESERiPALennbs Frrse@eapilyt givemadh tse aromponent

unpol yneri ze onponent re, .when.noldability is eval uated,
t he unpol yme??];’ed corrrr;&ogn’eH]‘ig(’:c)gL gggcglﬁﬁgﬁoﬁ@aéﬁahhﬁtpﬁf%‘?ﬂﬁpjr%
contact 34 t mengues sregresmitédobya ther €dpredua sByheiat i, of f* at
the tine of release, or reduces the heat_resistance of the cured
product di sadvantagequsly. For the aboveoreasons, t he conponent [(
used in the present_fnventign nust be ;Idifunction | 5

RYCH,0 CHZCI)H—O C—C=CH, (2)

R CRS d



10- pol ytetranet hyl ene gl ycol dinethacrylate (e = 14, f = 0) having an
aver age nol ecul ar wei ght of 736, polypropyl ene glycol dinethacrylate

(e =7, f =0) having an average nol ecul ar wei ght of 536,

pot yet hyl ene gl ycol diacrylate (e = 3, f18 0) having an average

nmol ecul ar meizht of 258, 15 polyethygene glycol diacrylate (e = 4, f

= 0) havi ng aflRvEraEPHs Ml aneRghandfR3@8e selcyetindepsadghydyl a

di acrylate ( = Vi .ol I wei ght _of 522,
pol yet hyl eneehg’( %/l?:%qénn&t%crg?l I %pgygrcbrr%\ﬁg gg?égg gctu? azr:cﬁfbﬁgv?ﬁamﬁh%z
aver age nol ecid ax tuelivgilteraf tB36exandlpnt yetrdyhbtneg@fumthving 1 to 10
pol ypropyl ene_ql.ycol__diacrylate (e + f = 4) having an average

nol ecul ar V\BI“Q%B/CB} afsms t g5 EREs o O me ai%ﬂﬁrh)aé"cer’iﬂ% yalue,
nonomer repr esented Purd Harabeveofosmibag(#) include ethoxyl ated

cycl ohexanedi net hanol acryl ate ;g + h = 4%, 25'

2, 2- bi s[ 4- met hacr yE&x FhgoRrPevRox9Fphuday (3 br dpaiée @gtrinalept to

2, 2- bi s[ 4- acryl.oxy-di gt e r (g & = nd

2, 2-bi s[4-ac r%% oxy.]%!gl%y%?ﬁ%g?p%%é?)%%gﬁ%eg(%o Emn %b%&m“gs S&Ch
t he uret hane al éneddgaaciryyadep momieEhidg daviong dexiwidfacmnyd polyol,
equi val ent of _not | ess than 600 inc¢lude the U 108A, U 200PA, UA-511,
U 412A, UA- 4190 CHIATA506FCHR. 9862 1BANS 23 5pdr e uleen (X QY Rng 2
UA- 6200, 16+ 108indgAc#HdAQ tandrUA- 8421 9f o Shik- @ YRR A} P =

Ltd. and the UX-2201, _UX3204, UX4101, 6101, 7101 and 8101 of Ni ppon
18 Kayaku Co.functgonality ofn3thke pFesent invention, at |east one

di (nmeth)acryl ate : ge r I Stin f e
di Emet hg acrgl ate %Eggrh?e%%%@éﬁ?%ﬁyéﬁﬁ%@%q%é%%uIrgdggffﬁyhe
?Ih (et P)h ac lpgla’nefﬁgab&elrm?nqmes empméhsteptteldebgbtﬂveha‘m:rm :fawr(n@_)Laalr(ld) t
e uret hane _di, crylate nono avi_n ,acr equi val en
of not |ess t“ﬁ"&%%g%‘)’ %5 %g‘é‘?}r}taﬁ%@ﬁ Wﬁﬁa%%@eg%ﬁé}qsﬁéylogpmpane
representsd hyimdehabeyeater wfﬂmééﬁﬂ?mﬁbaﬂmmac%fwt@,e nmonomner

represented by the 10 above formula (4) and the urethéane
di (et h) acr y[F&EE€REEBRPLRATIARE 2L Y HER HharrAateyui val ent of not | ess

t han 600 Wﬁyt&%,t%ﬁ@tﬁy'ﬂ)ﬁng{iﬁaﬂé ﬁﬁgﬁia’é&, ch%t%%%%'ﬁg/ﬁ%lmg%[ﬂ%ﬁ%em

[D] 15A description i's subsequently en of the conponent
that is, a (rethprechhrarglavaontet exeeidty idimetiiore cetperentydakeQ to

C] and/or a [ | at e 1D r. The_.phot ochrqm_c
E:u]r abl e corrpgtg?kn ?gﬁ%eiﬁﬁé‘gﬁ} s%ﬁeq-iqﬁaﬁﬂq cﬁ?‘ycc(ﬂ’}‘pltirslﬁ.‘g% ACREWATErret h)
acryl at ezooneremedhii ol propafe f tore tihel el va yeepereatsyilAke,[ B and
[C] and/or a thi o&rre%hia ryl ate nononer, hi.n addition to the above
radical |y pofyirEtMehBYtotphionne fojranehasiylage and Exanpl es of
the CO”ponenHiE:Q]im!aEHirl‘prP@ﬂ)é/@ét@étf%ld&?l%rl ﬁeehx.eX@ﬂ&%g'tgéfyfunctional

caprol actone nodified 25 di pentaerythrit aacry ,

t et raf unct i oRelyperijesbie menogemsrmahheivapdinwliogbinart iwei ghnotfless
2,500 to 3,5QQ.(BBQ of Daicel UCB Co., Ltd., etc.), tetrafunctional
pol yester ol igonmers having a nol ecul ar wei ght of 6,000 to 8, 000
(EB450 of5 Dai cel UWCBiGothektdpolefimdtidieiafpulgireetabbpel fesdeerStis

ol i goners having a | ecul ar i ght of 45,000 to 55, 000 (EB1830 of
Dai cel UGB CBF ?gﬁfag?Y& 3?}}@?’%@9 Q?Ytﬂraqa&mn FEPYR iram sflﬁgﬂﬁmomt
having a nol @@Lﬁaaﬁdgeéﬁ@édpba%Q,iQQQaéﬁﬁﬁ%&%r%fbl%ﬁrixﬁ@éh}mgmopane

Sei yaku Co., Ltd., etc.i, 2- hydroxy nethacryl ate, 2-hydroxy acryl at e,
di et hyl ene tgimethacrylate 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).



glycol dimethacrylate, triethylene glycol dinethacrylate,
tetraet hyl ene gl ycol dinethacrylate, pentaethylene glycol

di net hacryl ate, tripropyl ene glycol dinethacrylate, tetrapropyl ene
gl ycol dinethacryl ate, pentapropylene 5 §tycol dinmethacryl ate,

di et hacryl ate conprising,a m xture of polypropylenegglycol and
pol yet hyl ene gl ycol (pol gthylene has two recurrin nits and

pol ypropyl ene has t hyl c€ i sgl yl
nmet hacryl ate, bi sphpeq/(f‘l?%:lr (f? @f’ihl 69&#&—%@ 3((3 5]

2, 2- bi s(4- met hacryl oyI oxyet@oxyphenyl ) Br opane,

22b|s(35d 4IRS | oxy p y r

1, 4- butyl enegqf%o d| nmet hacr%wu?g % ?ﬁr%)r%é gﬁ% é%cﬂ gﬂagﬁendently 2
di et hacryl atlardrrm@epemtpheoe gbyhg[L grmrpham’r”yhaﬂeRn are each

bi 2-nmet h | |th t I fid
b (et Pace T REEERIYL A L PERAY e BrbnCRe gl Bkt ene arqug daving 2

1, 2- bls(”BthQQfﬂl@ﬂﬂﬁﬁhehﬂbhbh'Qﬁ&théﬂeand “f“ are each an integer

1, 2-bi s(acryl oyl oxyet hi/ ) et hane, . .
bi s( 2- met hacrlylcdvﬁéklﬁe ﬁyit‘fﬂ'ﬁ‘efcll?ﬁl provisedharowhen R® and R are both

bi s(2-acrylo t oe e
1, 2- hi s(met hﬁcry oygﬁég‘g%hyﬁ %3@%??#% 2t1ENe and less than 15 as

1, 2-hi s(acr ylaanya*oacgmgdnylaﬂ.heoe&feﬂ R“m.s)aaﬁéltalﬁgel group and R? is a hydrogen
1, 2- bi s( et hacr oxyi.so | t hi_gi so sul f.i de

1, 2- bi s(acryl c')xy EQ; gP?ﬁ/ 5§ p%@f’@ﬁb‘%?ﬁé:h%is as an average
st earyl meb haeayhat, eantiawligh et Baaryd ate, b8Eh W dasden alt@mset R¥k ) is
acrylate, butyl acrylate, octyl acrylate, |auryl acrylate, acrylic
aci d, met hacPPri deg8i Bband3 upddt teas deharmrYodd ia avieradeuvRlas.)

mal ei ¢ anhydri de; &g@g Lyl i d
such as nethyl 30 %Et ﬁcglcry at %qgll%fgfﬁgn%té{g% %EQS%B%E%W che! Zodbe
met hacryl at e femgu2ah{3ly dey gehyirabidy hatoradrede asaadniestare oﬁnmohadlsl@é
thioacrylic acid or orrethac li¢c_acid ch a | t hi, at.e,
benzyl t hi o agﬁyllggedjap B PP %ﬁl gﬁﬁt"ﬁ St e§h8Feg§F§f urfet F‘Bﬁ t
ur et hanerg netrbpaesyhaiag day nlfbar X0 a(Ret Bhacyildequlval enthef aede
| ess than 10Q and_| ess than 600, especially polyval ent urethane

(et h) acr yl af 85™HAGi hd) ATFeBLERISAI @fuitis BNETagenBEmbeES PhHarilD

and |l ess thage6Pfe wh6Te agithgidanedi fiRivyacind 3k 1@!@%?}39\/@ and
pol yval ent urethane (neth)acryl ates include pol yf unctl onal urethane

(et h) acryl allesgoiaeds Aavdveranq Walnpacr WhesUitval 2nt0 of thetnumws:

t han 100 and e {]gg n Ie h hape .structur.es

in the nol ecd éﬁ& %?%g%egngg%)os % |o%a%ug{é‘§ﬁaﬁ€’ 1% hotH Y !

(et h) aczy! atidaff@rennon}apes\/rmf:mmam axdde s itisn@rien repeagetecul ar

structure and does _not %l}'f ld:?'WiS referred fromthe V|e oint of the
c I @8

light resistance ofbBeP Y atFeRPPPREF| §5 FRRresented by

pol yfuncti ongheUsBbhaneothigtd) wrﬂiﬁ%ﬂ@ﬁﬁﬁbe' 8ha ELALhd Ofpda il e
obt ai ned by reacti Eg hexamet hyl ene diisocyanate, 15 isophorone

di i socyanat eOnfyaf elB%Wfaﬁ@‘chPQOEeﬁékﬁﬁ@tqﬂlpéﬁﬁl@P|as§@9dn‘%ﬁséllt
dineric acidediigec jhane@'lﬁta%u 11%2'029193/1@ g?@f@ﬁ - £V %@%X¥Leb§8fﬂégac§§

dlcyclohexylnet I 1 socyanat nor bor nene "di 1'socyanat e
met hyl cyZ3 ohEhanmlﬂa}:sdag,t@nand Ineea th mshmtzatmleecﬁlaamui@dmprgﬁﬂct that

pol yfuncti ona 30 ¢h_as ol I | ene gly Vi
recurring unf %‘ ‘5&% aé’ésgt h‘ﬁ%rﬁo@k%& 3%7859?"% g?”’gg 2dufd be not
hexanet hyl engegxi gigahayi f6n 21 4 A 16A1 QN aat aﬁsaeéragbyeﬁlﬁé dRén R®
exenplified by polycaprol actone diql, polycarbonate"diol

pol ybut adi enésdaoretiyl gxeunuiid R 2888 hlf@r%enveﬂﬁm d(foif)smi‘mvalsi

pent aeryt hriggl I e |-, coI nedl al

1, 4- but anedi %‘8 n%tegr@péen gﬁlgdél%% igéghex aéf]éﬁgﬁg and

1, 8- nonatedi whenrﬁoaaatg? adleybokh Hy@fdsg/ézerm;cg{sxcqlaﬁfqh @n@@yaeme not
less than 3 and less than 12 as an average value.

Preferred examples of the alkylene group represented



25- nononer represented by the following formula (6) is particularly
preferably used to obtain a lowrefractive i ndex photochrom c cured
product having a refractive index of 1.49 to 1.51. R20CH3CH3R21
H2C=C-C-0(-CHCH20 )( C-12HO0)--9- & CHZ(6)120 nD 30(I n the above

formula, R2 1€ en_at mor net hyl
group, and "1 angja’ﬁ%ﬁ E‘Rar Zlcﬁg%iclg&iee%%c 95101%8 g‘éy%gt:ﬁ rtt%‘/P
t he proviso tdiadmavmrciRas %ltgﬂ@nBZ?_efr@hp bﬁt-br maﬁe% (| +m is
not |less than, 2 and |l.ess than 7 as an avera en is a

met hyl group HRPYPYehe, FPyro§as éﬁBﬁﬁmFngfieﬂé #6PUPess than 2 and
| ess than 5 as an aygr %@et}&élsléedﬁ‘ngs"‘ﬁfé‘f%r?d; t%feevq t»gmint of

hydrogen atons, (l+m is not 'ess than 2 an an 3
average val ueﬂi)taﬂh'é-nﬂ (mﬁ)eeicwbduetnhmmg enpe]a]semt ecbbqrtcb;ﬂ:aim]ve

formula (6) i y in ur, mol ecul es _havin

di fferent rmldgeg% %3; g%at%%%'l‘ﬁé & g}-f’th rﬁf“l’fop’é?%e%&b?%%géa
as average vzﬂ“we'sthe above ﬁnatsaﬂa3$3pfsﬂdﬂﬂddbé E&iﬂ‘ﬂﬂ@e&‘i at 6m MRk by 1
represent ed b ve formula (6) include di(nmeth)acrylate
NDNOMErs suc By iab‘(F)i g??‘&n@‘%W-@W%F%s?ﬁa%‘?@%’%‘f@%ﬁ@ldabllltY and

tetrapropyl e@ﬁl&b\éﬁ%ﬁﬂb”’%&@ﬁ@%ﬂé&%hgﬂr%ﬁ'@r uﬁ\f/ﬂﬁ"or meﬁrﬁé(r cuzring

di (net h)acrylate nononer frepresented

used, th&o nuﬂﬁ@éﬁ@ of the bdkydeossgrowp Mr@gentaﬂdmgs e eoreR ’oshbalge
|nthe resin t eby econe brittle.

Ther ef or e, abp %t%%c ?%rsh \gﬁg‘{&ngo%%’@. o%g i Tproves resin strength
by m xi ng a phot ocmherﬂr(nﬂé]:mmﬂi@/alanﬂeomoﬁaﬂéﬁla@ @oth@r&ﬂﬂ%@nent [C]
pol yfunctional urethane (net h%acr | at e having a (neth)acry

equi val ent of Sd{MIREEEL HAKL HuFE’ﬁgetWe@@tﬁg éﬁ‘f@r fedlowing
As anot her ogbhtahacqabination, to obtain a photochrom c cured
product having a refractive |ndex of 1.52 25 to 1.57, a bifunctional
(et h) actYl ate nononer represented by the foll ow ng for mul a (5) is
preferably used he co nent [D] R16R18 HRC=C- C Ory ECHCH20 O
R1191: 117 +C|-|2016%é 2 (5) 0 th@ above rmul a, R16 and

R17 are eachHyGgeglem-CHCH), ? I-qu:cm pup, (RLp
and R19 are each i ndépen ntIy droge atom a group, the
group Y is any one t he groups

(In the above formula, R12 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 R?
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



-0-- --S§(02)- , C(0)-, -CH2- ,CC HHCCH3)2 79g CH 3)( C6H5 and "j"
and "k" are each an integer of not less than 1, with the proviso that
when R16 and R17 are both nmethyl groups, (j+k) is not less than 2 and
| ess than 7 as an average value, when 5 R36 is a nmethyl group and R17
i s a hydrogen_ at J*tk) is not less than 2 and |less than 5 as an
aver age val ue"’,‘séﬁ'@ REBMank! YA e &EHB AT MARW G a5CBhBY 4 Adkyls
not. | ess t hang g thd oissy e 3 28-BBnAUEBRAES ¥AkUSoN-sybstlifutea

bi functi onal {rmeth)acrylate nmonomer represenfe y the 10 above
fornul a (5) iBhegenkeans [grovpsai pod gyoupsi kepreseited e uiles fddiowing

different nolegcylar, weights. Therefore, "j" and "k" are expressed as
aver age val ues. " Exanpl es of the conpound represented by the
above formula (5) includeg_bisphenol A dinethacrylate, 15

2, 2- bi s(4- et hacryl_oy phenyl ) propane,

2, 2-bi s(3,5-dibr ONMD-"%. oxyet hoxyphenyl ) propane,

2, 2- bi s(4- nmet hacryl oyl oxyd phenyl ) propane and bi sphenol A
di acryl at e 2,2- bi s(4-wg gyl oxyet hoxyphenyl ) propane i n which
the 20 avérage value of (j+k) is 2.8 is preferably used fromthe

Component {0 TREHECAPLEPSRLEInEY: bl B FORUNG SomSee

pol ymeri zabl e nononers uged | C Jaresent invention are [A] a
radically pol%i ﬁbl e/ non ing an epoxy group, [B] a

pol yfunctional rlda@rca rizabl e nonomer, [C] at |east one

(met h)acryl ate nononer skl ected fromthe group consisting of a

di (et h) acryl ate nononer 30 represent’ed by the above fornmula (3), a
di (et h) acr ylaade gvoHpserepeprestad eby biyhe heoblwwiand drarmula:4) and an
urethane 24 di(nmeth)acrylate nononmer having a (neth)acryl

equi val ent of not less t 00, and [DJ ZS(EJmet h) acryl at e nononer
and/or a (neth)thioacryl a noner descY|bed, above. As for the ratio
of each conponent, the nt of the cenapopent [Al 5 is not |ess
than 0.1 part and | ess .0 parts Jy ma the content of the
conponent [B] is 1- X5y sontent of the
conponent [C] is 1.0 to, 30.0/parts by Y=

conponent [D] is nore t 0.0 parts are—rOt nore than 97.9 parts by
mass. Theat ot 3l upgt 1Q21 c n , oL C LS
100 partg0 bywnlaegggﬂlg t%fgdprg“es%ﬁ:te %%n?ggﬁpgﬁhgngg%t %%t é%@?hé%uﬁ
conponent haviiagpl ef @ rialdagbonl atom8, palilsrine ress baskbdoniing hat sm)re
standard as abgve in, grder to lﬁ)r.event t.he éed discol oration al gng the

passage of tife AN el oG TRACH ARGFPERIERET Y 2% infegies 0§ 4, the
obt ai ned phot-aglr féhEe Satiash RROEHE L foliRiGRNESRuCE 1He seRReRaNtihS]
is preferably 3.0 to 10.0 parts by mass, particularly preferably 5.
to 7.0 partsOByChasshesaed g he sane standard fromthe viewpoints
of the effect of i *+1g the fading speed of the obtained

phot ochrom ¢ 20 cured product and the nechanical strength of the
materi al when the (ot apount of all the polynerizable nononers is
100 parts by nmass. Yhe cgntent of the conponent [C is preferably 3
.0 to 20'® parts by ‘mass, particularly preferably 5.0 to 15.0 parts
by mass basedhen the sing sépreksdntdd @y 2hd Folloawpal Fbemalat he a
effect of inproving the fading speed of the obtained photochromc
cured producPeBABRENEIRat resistance of the material. The conponent
[D] is mxed in an greunf that ensures that the total anount of the
conponents [A], [B]/ [C] \and [ D] becones 100 parts by mass. 30In the
present invention,{thg obpai ned photochrom c cured product exhibits
an excel |l ent effect\ when/t he above ratio of the conponents [A], [B]
and [C is satisfied—EYen when the refractive index of the

phot ochroni cxcysed grogctepRifinad foPH e QMR Eokli1hS




To. obtain a photochrom c¢ cured product having a refractive index of
1.49 to 1.51 fromthe photochrom c curable conposition of the present
i nvention, preferably, the content of the di (neth)acryl ate nononer
represented by 10 the above formula (6) L4 preferably 25 to 95 t by
mass, nore preferably 30 to 75 % by mass, the content of the

pol yfunctl onal_gret haneg late ha —a (metdacryl | ~c— e —
equi val ent of A%t Iess than 10 %ﬁﬁﬁk | ess F“@ﬁ 600 |é§§?eferab§%

75 % by mass, nore preferably 25 to 70 % by nass based 15 on 0
mass of the tatah he_conpon d_t he dl(neth)acrylate
nononer as the co(§Hﬁg%t ['C] ?§$§#£ﬁ§5r$ya di {met h) acryl at e nononer
represented by the above fornula (3). Qut of the di(neth)acrylate
nononer s representgaduly rdpeeabavedt Byntha £6) lowingramthense: gl ycol

di mret hacryl ate 20 and tetrapropyl ene glycol dinethacrylate are
particularly preferred, Out of the polyfunctional urethane

(met h)acryl at es (met h)acryl equival ent of not |ess than 100
and less tha unctional urethane (neth)acryl ate nononer
havi ng a (net Aauivalent 25 of not less than 200 and | ess
than 600 is referred. Further, out of the

di (et h)acrylat A ReyY's represented by the above fornula (3),

pol yet hyl ene gl ycol at hacrylate (e . 9, f . 0) having an average
nol ecul ar melght of 536,4po0l ytetranet hyl ene gl ycol dinethacrylate (e
30 = 14, f 0) having 5% aver age nol ecul ar wei ght of 736,
polypropylen r f a
nol ecul ar V\e%é%t %glf% thgge%gﬁge%%ﬁ%isnée&g c%/(?:bosf tél ea%ro g’%"‘éﬂg @Br@ﬁf% gg
0) havi ng5an cawyicdgberxsneculiag. wei ght of 258, polyethylene gl ycol
diacrylate (e =4—~f . 0) having 26 an average nDIecuIar wei ght of
308 and pol ye hylen- glycol diacrylate (e =9, f 0) having an
average nol egul g8 wej ght of 522 are particularly preferred A

phot ochrom ¢ ¥urabl £ conposition having this constitution is
preferred in te~s’5 of photochrom c properties and nmechani cal

strength. X is goggghgsge%ggséﬁgé@egyve i ndex, triethylene glycol
di mret hacryl ate or tetraéthyl ene egcoI dlnethacrylate whi ch |s a di

Sy acryIaLe_gzalner?aﬁﬁ 3*%han ; |§§q§2 d as t he

et hyl ene gl ycol e reéurrln nit,my be

conponent [D]. In this case, 40 to 63 ck by mass of the

di (nmeth)acryl ate n‘ﬁhenmmpcemcexe@n:eéeh}zeﬂhbyattiweal:fcmemfbam(lﬁ}a (2p i@
37 92- mass _of the o functiona e.(nme te havj

' (ot by B PREROREHIAR A TK DR 0L ephfed BOVAng q LK G A o
to 35 % by mgesghtst herrabayvrkd g ( mﬂh) hacéi‘leaéﬂpf@é@@@raé‘%é‘ﬁaé@t
less than 3 and | ess than 5 ethyl ene glycol chains as the recurring

unit maybe u¥adues- “g" madbpity| Arge gRSNoakr dntegetir e Ip@’edlﬁﬁs hevd g
a refractiveqi ndex. iy e %&HSB Rhak’ %‘ehhﬁulf’%l%?o%% e;[etharfl

conposition of the prese I nvention, prefera e con en
t he di (et h) geeybat e gﬂﬁomernortebem ehand’ bydtllessabbae 1Bcasmana ¢dages

not | ess.than 5 Pc $S base 100 % b ss. of the total of
all the t %rrp?)’ﬁeﬁ?s ‘fﬁ rﬁgn&s ﬁemegﬂy;jetgl"ffélé’r ?i{g{% rﬂn%&réygﬁgg?ﬂeatom
conponent [ C](gh-h) d glhoteldyaehyhal anGOIENEE haapreseedviyaheyahaye

formula 25 (4). Qut of,the di(meth)acrylate nononers represented by
the above foRRfl whes)R “>andnRe( 2rRebRS r?V@?PSQ?e@h@R%phBJTW)) pks

havi ng an av%gg%h\é@{ y%n@cléés}”ﬂaaﬁflﬁag 'r?a@@fé%&'djaﬁﬁ y péoove Jééﬁlgly':

Qut of the di(nme %acry at e nononers represented by t
formul a (4) wRed- B spndnﬁi%amxwtOXh mebhyetgnmyﬁaheng+ﬂprxgmﬁ&t(xhes"

10), 2, 2- 4- h henyl )
205" bi S8 noFIRBrg S 1t T Han g F] S oRusEa s AR s oyer K2 1s a
particul ar| ym@ﬁsrffrgﬂ;p TR BOLOCH ORide-BEAPEELIES (16 MBS hat calss

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

puif)

U

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



Cofmponent [ E] A description is subsequently given of the

phot ochrom ¢ conmpound as the conponent [E]. 25The photochrom c
conpound is used in an anount that ensures that desired photochromc
properties are obtained. The content of the conponent [E] is
preferably 0.001 to 10 parts by mass_based on 100 parts by mass of

the total of Rk do @ 8 PWErrggolVelinonBts® (‘omysfarned Arom Bhe
[G and 30 [ Rh)ewpbis,tRh8EAAY QB AaEYE 2B HBQE':%éé%t‘Hnéé‘Sfpé el

invention is particularly preferably used to manufacture a plastic
| ens by a cagfmasypgir.ocess. Since a cured product of the photochronic

curabl e conpositionR.ig_u astic.lens.directly in. thi;s.ca

t he content of the&bthgfo%%rgg%égﬁaggy ﬂ%%%ﬁqu:ﬁédpr%‘?%rgbl §DOE€61
to 2 parts byabraesformibaprgf ehabld b B6dh e thyagiolys Maeshbasedo9n
100 parts by nass of the total of .the above polynerizabl e nononers.

conpound whi ¥ BHYWSELFRE Gc RHERACPFRBE F ofAERS el \rRlpraeriteal
phot ochr oni ¢ LRBIYNenaPRALIRK Qﬂbsdpfﬂpgy&@écmﬁéapn@&ﬁ%s is

conpounds, chronmené conmpounds~and spi rooXazi ne conpo are we
known and maylteimeddand thatptedentshomlénbieonot Knesw thdrgiddend less

4 960, 675, UPEHID 1. 13010 LHS, RiSHERTEE 168 o QP e oS

used. 10 propepededs newl y di scovered by the inventors of the
present invention as conpounds hg{élftgg excel | ent photochronic

properties, such afutEbhpbulds &t I e e r #845175 1 agopen

2001- 031670, 1@l " i : .
P A 2000. 3570 , e ee ?43“7155%%?%]12‘8‘%%@2%%gg’g??%ﬁg%ﬂféyﬁ%mg

2000- 327675, #P-(Mepb)CTBE3aquIVR FeROCUE 2R90 7655 AR H00-. 229835t JFa A
2000- 219686, JRTREBO00L ST SRR VYR 111375 44419 ik = B hhY sEddsl Peyeh
11-2791715 JRoAetO12984 ght) BEA DO ndhBAEE, by Phd AGmHSAGAS (mdPhPacryl

08- 295690, JP-A 08-176139 an JP—A,(88- 157467 ﬁ;n al so be
advant ageousPy°4Bgd. ‘7€ urEtf’éﬁi’te gt (PREREACHRLR R MIBHATE R JFFGuRasthe

di scl osed by -WAE&HEAB1TC] USR hd igr&dh@NthvkdtIRmd 1623 §4Fusdk 1BRaZ25

advant ageousl y used. Qut of these photochroni c conpounds, .
chr onene- bas8¥ephanschr Gatd) eerydaheinananasehyeiRg anlagyRl equivalent

advant ageoushy ysed,becarsgntdgy iy et %tl’%n%%t %%%%g}leggr gge"thiees

durability than other photochrom c conpo thé e
i mprovi n2p cotmoileopl ecalTidengirter drcitadaige3bfsphed (mbthhaarel

O O B PS e S hahrea Pl PR SR LR % BERLELRI AL, 05
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 anurethane di (meth)acrylate monomer having a molecular

weight of 1,300 to 10,000 obtained by reacting hexamethylene

diisocyanate, isophorone diisocyanate, lydine isocyanate,



Further, out of these chronene-based photochrom ¢ conmpounds,
conmpounds represented by the following formula 29 (7) can be
advant ageousl y used because the red discol oration of the obtained
phot ochrom ¢ cured product at the tine ofiéstorage is rare. 5 (In
t he above fornula, len is a cyclic or acyclic nonoval ent am no group
having 2 to 19 ¢t nraneihy e iidgpcysheten dineréroaaidm except

nitrogen, Rl é@él;‘% 4,-% .are i endently .a
hydr oxyl grog%)l;l al kylna{g%;%upl, ych'gﬁﬁg?‘gg%%u% 82?1281%%98?0%1%?"%%%%&
group, aral ko¥dcyilgrgupmehanegdddpocgabst & Werbarhdaie gidgpdiaviane
an al kyl gr oup oL f}r%l: %%o%% hetder.OCﬁcI iC gr QUEl having_a nitrogen
atom as a het@r B°EFSHTARGCBOTRAG By SPREANR B H3&% 2PBAYatlyheng @dysol
nitro grosep, hatiogen aeemrriaboganeabikyh £ reri! alﬂi»gg.
group, R105 and,l'«:;?%grra be l1o:on ed toget her t%ﬁ%ﬁ%&ﬁ%g, " &l:ene

b, "c'" arfkrdp ory pramerhytene piiter baving ibso gueatisomfatRiGl,, or
Rini R103 and;, RHM4m BeHeeh kel nofve P4 ch. an.integer
of 0to 5, and "c'" and " % ! al‘ra)eé g%xegﬁ@?n?g%]érg% %ﬁ}%&eﬁ%th t he
provi so t hat peHacapadlactine, diel; rmigcdadbonate @ash swpollebatbhaand,
R's, 20 Ran, nd “vS may be.the sage or different.) . The
cyclic or ac?goﬁc%ﬁoﬁ%%f%nﬁn é’rﬁeﬁ:&aﬁﬁoﬂﬁ%’ét‘—)‘m&aﬁﬁ?@@ t&attingr bbn
atons which reghcerhgirogyhemeth) atppl£xeept nitrogen obtains the
effect of preventing red discoloration when it is used in conbination
with the 25 radi cafl 9ePoriRteley dif sURsSREHERELYsEHvVem afhdher efatt of

i nvention. Tt&%'éefi‘ir(ﬁlethb]ﬁc9¥§!ii:é rﬁ‘&meﬂr&é’pcmé Ul AR y[c(,f’o a
pyrrolidinyl groug, pi peri di nyl group or norphol1nd group, n&nphe
pr

acycl i c am n@Xgmpdpriscpmppenadd| yharehal kyl am no group havi ng not
nore than 6 al kyl rticul arly preferabl
fﬂéQSQm%E&?%pagg?h§ﬁ§WPWg£§%ﬁgﬁﬁfenégdlnrtheabove

N, N- di net hyl am no group or
R102, RIU3, ROOAN1&E053Anand® (4 préndatte idepemede il he NP¥ErPANLe

group, al kyl grou cycl oalkyl group, al kQxy group,_ aralkyl group,
ar al koxy gr ﬁ‘%{‘%&}@%%ﬁ%&%ﬁ%ﬁb{ MEGPBET §M3Yd NG Suph e légrta’l 1At

group or arylhehosily et daqiekhf agtQuR: d Mndiihdld 13 Bbtlgﬁlg‘ﬂz olR a5
a hetero atom and bonded by the nitrogen atom cyano~ group, nitro
group, hal ogBRLEPSHT Z&hbi oy &asal &f nogr krgs dhahad ®fenvizé obxyigedupimsi
descri bed ab I QNP ferably _an al kyl _group_ hayjng
15 1 to 9 ca?%gﬁug??ﬁ% rlggéerrec} }%ﬁ%ﬂ%& ?)’ff Pﬁ’g gPﬁél tgf’”ﬁugorn Rfde
met hyl g?%ugpomfmnw@lpﬁsm mw@%ohe@mﬂ@r dingpofarvdje Cgﬁﬁﬂﬂie\fhlbiltf(ﬂilg
group, sec- oup and tert - roup. . e cycl oal ky
group is pr e%}é%{a%%é”é{% WA gorlguﬁ%i\%‘loﬁé’cg‘gf’@lfszaP%ﬁl%?oms.
Preferred exanpl estothe fpreslent! idfergf i) tREldReens heRYIRY L nfritRy
cycl obut yl groutg},ﬁc clo enttyl C%roup, cycl ohexyl group, Cycl oheptyl
group and cyF ook #O"@?‘g'lﬁﬁ"_ [C] musthdeaprEupcEionpli s et e abingdan
al koxy  gr ouPp RGN nhiicd -8" Bafle Xifos fiCPLECOn X ATP! 05, of Lile

al koxy group 25 include et hoxy group,” ethoxy group, n-propoxy group,
i soprop@®y grRNRNt IRt xPtgriowd byeusbugorysimblpr anond e hidoxy

71 ehr bon at u- m Ak hohiefe®. B Phefciy ity B veoning

benzyl groupandheniiet mdilgtdes, ofineny! gnoey | pos@up: and N Rkt ¥k

group. 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



The aral koxy group is preferably an aral koxy group having 6 to 10
carbon atons. Preferred exanpl es of the aral koxy group include
phenoxy group and napht hoxy group. 31 The aryl group is
preferably an aromatic hydrocarbon grouplhaving 6 to 10 carbon atons
or aromatic het]g%og clic roup having 4.to 12 carbon_atons which form
a ring. Prefdf9&° %a%eecgpﬁ? Pﬂ*émﬁ'ﬁ’a?e gF8tP ofidcI AdERBHdmA o redgass.
napht hyl growy rddtiwRd taeouBatl Ye¥ksOAAE, oPYFKO! bivda Gﬁf&{ﬁ]\q@yrl dyl
group, benzothienyl group, benzofuranyl group and benzopyrroli nyl
group. A substisagvéq PU§hup Bex Ehaabdne sessens uthecenporest [Ghe
hydr ogen ato t:he 1 . SUbst | t_ 10, such .as t.he
above al kyl glrﬁdp,l al@‘%ﬁ%’%%ﬂ%, m%%glligﬁﬂg'?%%%t%% 3 é%u&g? %}p may
al so be pEef eriderhisedylate mondiersubstituted am no group having an

al kyl gro or ar ro i r ef er abl n al kyl am no group,
di a?/ky?amyﬁo gr ou%%ﬂx%"?:ﬂgﬁ;%%&ogb?ﬁ?gﬁﬁﬁ?wgq%@%%ﬁ %EPﬁﬁ‘Eﬁé'ée@f

15 the substigiuted aBoRe §HLHR1ANES N0en IEN Nyl &d MG DD arRf/ay| am no
group, phenylam no group, dinethylam no group, diethylam no group and

di phenyl anmi n&egRdgpment inclygde preiveidugiena gjiyeed Hameshacrydgea (e
atom as a heteyo at gnmpangd. i onde it at. | es of
the 20 heter oc;?él ?c gpguga?%%gu%g %D%%%%?ﬁ?\%eg({r@%%? w&%grtl g’:%ﬁggér'oup,
pyrrolidieyl pglytptrpnpehpiene gliyepl dinmetHadmilpeeaziene groug and)

i ndol i nyl gr e half&en atom are fluorine

up.. Exanpl es of t
atom chlori 2‘8 épgn?nb?gﬁf‘%gearf'%ﬁ‘?% T ot ¥ dm 385 TRelypropylene

hal ogenoal kyy1ge8updifie kst yegk Oy (Subst | tutd Y Havk$@SknORgeRYdROgEN
atom of the above alkyl group with a fluorine atom chlorine atom or
bronmi ne at onMOdFuUsRT tREFt £ThAB6gcPRbYXEAY kpnsu g lybrdi Addchylate (e

substituting_the hydr i t i i efer .
Preferred exarrgfeg 3098?9?ﬂ%£fa%g%1%aﬁfc‘{<e§Frro&%(;%&g%%%f%gg&f Pgoéggét hyl
group, di%| uppowethylexye giycahditaddtlzdieotethly,l £ grduhaving an dherage
hal ogenoal kox [0 i.s ohtai ned by supstituting at | east one

hydr ogen at O%X%gcltl#‘gra%eol taPEOQQ/Bgr% %}fﬁeﬁlef BEXFPﬁeSé?Swlate (e
chlorine atom oy bremnehfring Ditaveirddeesplecdlaz hakgaensal koxy
group obtained_ by substituti n%et he hydrogen atomwith a fluorine atom

i's preferredPObYeElyieRe bymieafhaoty Inkicogenvarkexyegrodp £nel dle

f 1 uor omet hoxy 49 ' d ficf |
group. 5The ?I?néﬂ (%né’g&%}%@%ﬁﬁ%ﬁﬁ%ﬁa_gg? EEPE%gngﬁdH%%%ﬁﬁs@a%lene

pref eradily aandl pephHmprephatrocdivoed dingrideiag(d +of 19 Larkeonisd @rs
which forma_J]j F [,_.an_ar ti drocarbon ring such as
Ak NS ar el e 3

benzene, nap ne Or  ndp ‘condensed with the

al i phati c hydr ocarbampligzgof Thiee i @ldmhaldry 1By erasachon Fdpitd8ited
have an al kyl gr.oup .or al kox roue havi n% 1 to 5 carbon atons as a
substi t uent . PXhERS i%\‘ﬁé"""ﬁsh%?/‘i’i‘E W art@chupe ethaxyiapedferred. In the

rings shown @f&mheﬁ%&mmﬁ:ﬁp%ﬁnh&a ¢grop atgm having two

bonds at the 1owest position corresponds to the carbon atomof a 15
5- menber2éd r2 ng-ios hingt ey 1oy - Rb0gehhexpbpideryl ) pr'apdne "l ™+ H'e "

and "d'" repyesent .t he _nunbers.of substituents of Rl11, R102, 13
R~ and R "1 {bsged g%éﬁé,a‘;ﬁylc”éﬁ l%“h%@éw%ﬁr.omefgoﬁ ho= fg

5 and "c'" amd 2',d2Jbﬂ@{f@@&yﬁpolgégggﬁyp@h&ﬂq;ﬂmp@iﬂéﬁ ida n
, "C an

provi so that en "a'", are each not |ess than 2,

"en's, R102 ¥ ,"RIn"s and Ri"'s may be the sanme or different.
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



Qut of these chronene compounds, chronmene conmpounds 33 represented
by the followi ng structural formulas are particularly preferred. Ow
Further, since the obtained photochrom c cured product 5 rarely
yellows at the tinme of storage when a coAfound represented by the
fol |l ow ng for%‘%ﬂé% is_copbined with the conpound represented by

t he above for Ot ‘conpound represented by the foll ow ng

formula (8) is prefmy aley preadntn 1608RLABRI OB leasd Idhd he above
formula, RLl7, R108, Ran and R114 are each I ndependently a hydroxyl

group, al kyl & Gegshlamaatienogesep, sedidcshed frousheagnbiy lcapsdgting

ar al koxy gro | 2.9 §H:S,§ i.tu 1.n hayi.n n al.kyl
group or aryrkpflsé‘é%/odulp{ ﬂe?earo y%]lt%c}"g)ggﬁ%}hg\e/g%%ggn% %{r%ge%‘%t S
a hetero &tonfiamdilzonded the dhémathyDgerl siomonoyenrePreigentRid b the
group, hal ogeg ato hal og rSoaI Kyl %roup or hal ogenoal koxy group,

a

R3n8, R3. 10, ‘?.?aﬁau 19 )5 PBdetlE YLsFOsosIehi TSt R) 364y MNGRET
34 aral kyl gngipings ) HrQPeqd@! ¥4 1&h0WR, nSt RS LA 361 10 ,8LaUP

havi ng an al kyl group or aryl "group, heterocyclic group having a
ni trogen atoriles . (Wstdy) @caydmtanaopomgedrepresented riygarheatadmvecyano

Dol openoal kot Hiila 110680 &L AR 23, A0RN0M S MR Rnred by khs,
may be bandedidoyvgefbemula (Or and theqreahdnX di a?ah)cslmagéﬂrhtﬁ fBhomer
Qrnu

singl e bond, ,grqup represented by the follow.n a (9)_:

m | 5FO16( 9) V(Jirﬂ% th'“%%lﬁecﬂ@r AV VARERE GRd19%1 1658 BhRRGP 0 may be
i ndependent | vaznhydkeg@nrat 8M aNyduexyi t 8" O Reombditladr oup,

cycl oal kyl group, al koxyl group, aral kyl™ group, "aral koxy group, aryl

group, substituted am no group having an al kyl group or aryl group,

het er ocycl i C@ﬁng%eﬂ%"ilﬁg a nitrogen atomas a hetero 15 atom and

bonded by th om cyano group, nitro group, hal ogen atom
hal ogenoadskyl group destralpysmoadlsk sxpsguaapt Langh Wl bfanteRtdhpoaynbe

bonded together to,.forma ring. or oup represented b he

fol | owi ng foﬂﬁﬁlfagl‘fg) 18, nﬁl?ﬁﬁlzl)‘haﬁri?{%‘bg(’?q{??@% fd‘&?@%’&&%ﬁ@&?"ﬁnz
i's a hydrogerofipefenfd{AX o JQURANdRbkYA HiR et aled1k¥e S6Q8Rer .
al koxy group, aral kzl gﬁoup, aral koxymg{oup or aryl group . , "e'
n,omforr ongt v, rRherphetochreps qurakle, cogpre ithennafbehe present

shbstituénts-gﬁ,’ 1 Bh S morGRERS ”ﬁa:lﬂ;le],:lﬁ]) “SCH'B:“Eél ;
respectively,l "g'i'?&zliﬁé "fg " ar%igaigc an |nt]ag:§§£%§ 0 ,élfgér%lrl]%
"h'" are2@achirem theegbovefcamponentanth]'i ' [B] amdl "[C1" amrig oraah an

integer of O ith the_proviso that. whep e ", "“f' ", "q ", "h'
", "i'" and ;ng?f&?)é\hg% yﬁ% eﬂ&%’i"‘i‘%%n vk alé%i‘l'%‘,onRitﬁ’th?, angQSRno,

s, CR11218112adicaRl{3posymaadi RIdYe woréhdtay [26 ,t MB]Sama qr) .
different.) The chronene compqund represented by the forrmula (8) is
preferably mxed VFXHRHRS (B dritth S THARGHT] [P plBséHeedppyyester

oligomer hexaacrylate, caprolactone modified

25 dipentaerythritol hexaacrylate, tetrafunctional polyester
oligomers having a molecular weight of 2,500 to 3,500 (EBSO
of Daicel UCB Co., Ltd., etc.), tetrafunctional polyester
cligomers 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



35 the above formula (7). R107, R108, R113 and R114 are each

i ndependently a hydroxyl group, alkyl group, cycloal kyl group, al koxy
group, aral kyl group, aral koxy group, aryl group, substituted am no
gr-oup 5 having an al kyl group or aryl grddp, heterocyclic group
havi ng a nitrogen atom as a hetero atom and bonded by the nitrogen

atom cyano ¢ 1 flinerhacsyd atkal 65éathydapensl cHingih ter,
hal ogenoal ko QU0 Ak Rh'

i ndependent | ;y%%ydro}@en atlaj&%w%ﬁg%‘?ﬁ‘g%?g%g%%%ﬁ% gr t(;lalflpe, glyeol
cycl oal kyIb tg_rcbumt t ‘C(]Iladdoqa@d tegr (tlrpﬁra;_pyﬂbmb g:iga}:l dﬂ.mékh)a(grylalnm, aryl
group, substi ed ami no gro vi.n a roup_or_ar roup,
heterocyclic ‘E;#%ERPW agﬁ&?P@ggﬁgﬁ?g‘ﬁF§¥¥§t%etBg?)t%?l{) $onded
by the ni &r ogpryed O@imeyanergrore, dindthdnadtd1abigeisahem nikture
hal ogenoal kylcﬁ?r oup or hal ogenoal koxy grou Preferred exanpl es of

t hese groups @ PINPERTE NGHFLYEGENBEB a§°§ﬁ@§€¥éﬁ%ﬂﬂb¥%@1for

Rns, R104, Rns El@é',‘ 0 rL.epr
formula (7). E?ée}l%'err &eg{(eahgge%?g?ﬂgrgﬁ gs for ﬁg@ %@%Iﬁ%%e%%as
t oget her R1IOG“wnddRiurriRid ndhd) Rlé2hyaade Rjlyeol ®iddlvrieithe sane

substituents as .thos nunerated for RL" a Rl "of the chronene
conpound r eprEEEREY HBF S h 1?8%%?3 {-\751;.meggacr¥<fa1i'_es, an oxygen atom

single beod of, DY 4-GRRGeR 28y DYx{/BEhaRO¥EeAPI 48, or (10).
Preferred exanpl es of R115 25 and Rl%A,G in ?%e aﬁo{/@é&%r mula (9) are

the same sub&id ¥ @ &sdikgsrcehuherheeryieylrivethoxmihernyigs, R105
and R1" of t HTERE 4C e owve d .

(7). Pref errgﬁr xampl gs' 40?@%@%1?%59{:%%ng%ﬁgglg%%#gl ntgé)'t \(glg'eg'; E{edrm}&%fg
and R116 are glhmddademsbhatiyleis s nespehdyé cerugktratedid@thacriRlatand
RI" of the chr.onene ound represented. by, _t ahove, formula (7).
Furt her, pre%é‘rsr( J"@%&%ﬁf Ogiogﬁﬁégﬁ%ggf?%‘éwhﬁoﬁ%%'i n the above
fornmul a (50) warnicht@asapRoglbsiyetHeDl Sudsiddpse enunerated for R102,
R103, R104, R105 and R1" of the_chronene 36 conpound represented by

f .
the above folf (@cEyloyloxyetpyi) gpliide, the fol | owi ng conpounds
are enuner at gd »a%,5 | f onpounds. S
1%3(Fnte‘tﬁﬂl:§§*h¥yp6§y?%fﬂ%lﬁ£6 P#C :@Er Olfné:

In the above photochronm ¢ conpoun mene conpound
represent ed By 2t-bds{pov¥lpplaxyatliy})ekbamess an excel l ent effect

even when it .. S 1.0..0fcthe chronmene
conpound repP&%é%t_ggtgég?ﬁéogggﬁéw}%é%?%@@)sﬁoﬁt € chronene
conpound20 epidsdRt-ad rpfoyhexpdokel flof vet lay 1 /Sulnhiddie adj ust ed
according to _desired color at the ti of col or devel opnent. The
chromene conpodndifdPrESRRTYE °15£°’ﬂﬁ"é{§%]o'§)é19%trmtéu(cé)etih§n§ener ally
used in an amDunb;afialri2cFP8xparhpl BY: SEESy DAy ahaH0 parts by 15
mass of the chronene coipound Tepresented by the above fornula (7).
When the chr én@nbl@dﬂﬁébﬁ@ﬁb@%@mmpmx{@m@p@mﬁuBezlefs)iei, S

used, it nust Be [ t arts b

L T e tdfa.490a s b

mass, nore pré ePa%ﬁgcégl?glg%gP%éﬁfép%{/ﬂn%s asoé> lg%u d%arts by

mass of 2he cheargienétthamyieied Iapreseetbdchylahe, ateohy lf @cnylatd /)

in order to 02 atL n_nor xcel |l e hot.ochrom ¢ _properties. Any ot her

phot ochr oni ¢ & bﬂ%oﬁﬁﬁé’fﬁgﬁ' @%u%nto&a%%%iﬂ?'ngoq Wééé,%e’ latiry
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
thicacrylic acid or thiomethacrylic acid such as methylthio
acrylate, benzylthio acrylate and benzyl thiomethacrylate,

or polyfunctional urethane (meth)acrylates having a



3% besides the chronene conpounds represented by the above fornul as
(7) and (8) according to purpose. Phot ochrom ¢ curabl e
conposition and ot her conpounding 5 agents The phot ochrom c
curabl e conposition of the present invenE?on may be optionally nixed
with stabilizers and additives_such as a rel ease agent, ultraviolet

absorbent, i nflEEGEHSoPREAVALERErahi RPRtI&tRHNAL 00 and deisgakhan
10 colorati org don,héET{gIIee!ialﬁ?tgéﬂﬁdlfé&eﬁketﬁéﬁé’r ta ’at%\éehgving
pi gment and aroma chemical, “in"addition to the above pol'ynerizable
mononer s and pHoebbhronyt edHpwmbeht of not Mmen thanul 09 aridlletss than
stabilizer ouyt,.of se.l t jlity .of the photochromc
conpound can%tt?g’f Eﬁl{aﬁergslérgrﬁrgg%ee%fgg%}gféa%%%%as %/ The ul travi ol et
stabilizeB is pref®@hakibowe hbbges behtamiree hanghtmetlghidiyzierte hi ndenad
phenol anti oxi dant or ,sul ﬁur-b sed antioxidant. Preferred exanpl es of
the ul travi oP YEPQSFF‘PE@ Pﬁ%&ﬁ%‘ée meth)acrylate monomers having a

bi s(1,2,2,6, GuRen) aeeiNydadtphpeat dyf hRRPaAGRLE £ HaRe 149 éﬂacgé%g an
LA-52, LA-57, LA-62, LA-63, LA-67, LA-77, LA-82 and LA-87 of A
CORPORATI ON, 620@&ndl net gt ambwayraiihems! structures in the molecule.

2, 6-et hyl enehi.s(Qxy eng) bj -(5-1-butyl-4-hydroxy-m 25

-tolyl) propi gggt g? g%‘%NO?( Q%ﬁ%%m%%ﬁg%t% acrylate
1141, 12229 1386nd#a5, w52t h2s %o Sidret 37 90n50aY tAg B WfarGebucture
Speci alty Chem.cals. The a nt of the ultraviolet stabilizer is not
par ti cul ar [y SPAnPes MRk YRt 45| Protoried oam she ¥ I8YPRASS, Ofphe
preferably 010dntordsPatdndty draaScRREQIr&8 100 MRk SpbY i FRES) 0F, tihee
above curabl e conposition. 30 Particularly when a hindered amne

| i ght st abi | PRéYInBchier hygethananmaih) sigydeteimpnaney b gereadivion
effect of i npEQy] 1 lEt I ; ngd . Qr
hi 1 mmy oonurtarPesbbERhed My e i b SRl R TR 0 TRE PR
hi nder edlsanm neophghtnstdbidomemate prigfsamabligcdyantoe30 nols, 38
nore preferapl 0 20 I mugh nore preferably.,2 to,15 nols based
on 1 nol of h%’%b%%a‘%ﬁ%%ﬂeorfﬁclsc?&%ﬁ&' dlmeéﬁSt 8€ffomi ¢ cured
product , itSdﬂﬁ.@@é?@ﬁwéﬁ%s!@ﬁbi&irla.faéne@i@:Oh)L&gbhéﬁék?m i Bbtahefe,
The pol ynerization net hod for obtaining a cure roduct fromthe
phot ochr omi c9ttYabPReEskiRidianc flidFornenpres cherbavRRe gh fspqianate
particul arl yol-i g fiegh @b kavy iadicsah el ¥iehi za1 LN ggégggagay
be enpl oyed. 10 Polyn€rization initiating nmeans is use ollp a radi cal
pol yner i2dat i veight tHalfunnidionad popeebxdwdh @is azpotyapovhehe glycol
application ravj.o 1 adi at.i.on -ray srayory-ray, or hath
of them As lgg‘{%/jlj]p%& c%llleeéxu?r]rﬁn% E)l?’ t'Ltt hguﬁgl ?%e??%g}?%% ?%Jt Propyi-ene
pol yneri zat i oxi den ovhihelkaima¢ hphehe chik bidé chahbi repiakbbes cOAPOSH td tmedlor
the present invention ﬁ,ont ai ning .a.radical polynerization initiator

i s injected PAYCYHE Fif6 Y RelycByrakrerare Reel gasket

or spacer, O¥bfydDthdriata Aidl i patobardatiakenaoyt, i Sr eaPLONed - 1ow
Typi cal exanples of the polynerization initiator include diacyl

ger oxi d|@§ 20MeLRGH R b’@iﬁé&ﬂ diedorrgs, aE-Eﬁnbﬁ@b}éﬁhb?ﬂaoberMﬂh@ne

ecanoyl per , e and_ xi.de; per .

esters such %@b’u%?#&%o??%ﬂéﬂyl ﬁéxaﬁ%gé%{h??a%?yllﬁgr cl)j%f/t ahtliol,

neodecanat e, 1 ciiparpemedialgodeéahattanaddol ; but §+ penaxgdbehzoat €;
bonat h 5 _dii di bonat d

i sec- but yi pe PR on SEEP AR Lo g0V Bhpot HEELre daveol.,

azo?i sihsobutd/{)m;;dﬂiéré @s_gémr,nmﬁ@uépe%héﬁaﬁ@&iém tiators, and

acet ophenone- based conpounds such as . _

1- pheny BO2- hydf vse lnhesampdimes ianpl o resl y&r in, hiydi oty bo tpecpapheny |

ketone and 1-(4-] I -2-h XY 2- et hyl propan-1 = Qne;

a-di carbo nyk%ngtsée%%g%?ﬁg‘ggg’% ﬁggs‘?yrg,{lg?g}l%ﬂg%ﬁ AN i%fh%%&ﬁﬁher

met hyl phenylreglotcioey liat &itand -agyl-phes phé 0R) QxivEathesask cOnmaiitdon

mixture cbtained by directly reacting the above diisocyanate

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



394 2, 6-di net hyl benzoyl di phenyl phosphi ne oxi de,
2,4,6-trinmethyl benzoyl di phenyl phosphi ne oxi de, 2,4,

6-tri met hyl benzoyl di phenyl phosphi ni c acid nethyl ester,

2, B-di chl or obenzoyl di phenyl phosphi ne oxi d& and 5

2,6-dinethoxyRengﬁ | di eF¥I hqﬁghi e oxi de as photopol yneri zation
initiators. Th&S %8? PFZ AP i G VAT & MR esel ladewedobteosr in
conbi nation oprrerablyvhSt PeddSiiERP 0T dldORnbll bl 3hR1 ARde3
phot opol yneri zation initiator may be used in conbi nation. &n"a 10
phot opol yrer | PEEf8RaPhY okt bes$ £haoet 0 aninkews pbhpneriomt | The number

accelerator s ; [ 1.pe_Jmy be.used i.n,conbination. In
t he present iﬁggﬁ%ﬁéﬁ%ﬁ%«g@%gﬁ o(lr@fmiaffﬁlgﬁei APt PEE oFraRly 2
used, the Sanotatl®f tihenlEhpohymest 2@l ifumdtiichiadt olfsPi&f BIARL Y the
0.001 to 10 p rts.q% qﬂis (g?re,preferably 0.01 to 5 parts by mass
based on 100 PRAFIYHY RRLCTITPHE Ese sFoSLFt: mRYpbegamei babtele.
noNONer s. Therd o) V4¥e vk Hdl ' Lf]

of the present invention, the peﬁ%@?ggﬁggsﬁggkgégE%ﬁ@ggﬁﬁggpﬁééiﬁé”b
pol yneri zat i oF*RGHRRF orErounss ign birefeysade uftem tttee prrothariees of

t he obt ai ned .G .C oduct.. -Since this te rat.ure
condition mhiQﬂg?g%?%gﬁﬁgﬁ%ggggvg%hggt%%553 glgﬂﬁkhtlEémfﬁéiﬁtﬂﬁ¥%ﬂ
IpoI yma&i 8t i l(ﬂqliifvatlieattogseptdafélm]ﬂlﬁpﬁstO.'ﬁé%éthﬁﬁ“@@@?ﬁl&?@.@ﬁtt% 600
imted co ete i, 5 general_, .so-called "tapere olyneri zation"
in which pglp ﬁ?ecra}% i’%r? ieﬁﬁcgr Péd1aPraVPé9aW%£I§/l%va%¥wta&aﬂ ds
[he temperal Uerde rBpeedrseokimsIus (e HARANIHAN | et 4 yaL:2
hi gh tenmperature at the_end of polynerization is preferred. 'hce the
pol yneri zat i IPTAMeE dNCiEde RedépfunRallicmal dJvAHA ol eaatlans weillghtt be

tenperature, ddg i rm T tigumti acgor di ng
to these concﬁ%si'o%sﬂ]ﬁﬁ%%hr g’%gggég’@)% Bglto(iggﬁg%ﬁ ‘6‘?1@%9& éﬁ%are
t hat thelpol ¥néuinzstiooalcomphpses Un6RPA o(ifldwul=r wehQht of 818, 6
Char acteristi rties and, post-trea nt qf hot ochrom ¢ cured
product | Tenc3Bhey EReRER) £ 0l il SengRtopE 2,300, 15
polynerizingfhhetﬁbﬁh@cgreﬂbg)Quaﬁ@|Eﬁfﬁﬁﬁ%&ﬂﬂdlﬂbiﬁPﬁhhQm%l%%%iﬁgl

i nvention by the above neshod can be forned into a photochrom c

plastic | ensYifbh 8knfBRls BRckPPRnimekeswpr seddht ©f lndehanacdl

strength anduphebechnenbeups p@éi%ﬁ@- £ 1,10 FWE&Q%@%@%%%%ﬁmHEa

phot ochrom ¢ cured product obtal ned 6@ the above

subj ect €80 t oChpairal| G n§ter ¢ vk B4 868 atnumieulgr eeiiyht apphbaat (&N
pur pose. Thag 5§eliﬁcﬁa80be Eygjected to processing or secondary
treatment such as dyrng Wi th a d&e such as a dispersion dye, or a
hard coating agentThentided ngoipBidnaize [OQUphyNBad8Bs aNEnsi bi-COR.
zirconium antimny,.aluninum tin or tungsten sol as the nain
conponent , 1§°BE?E%F?9?e? ett? ¥ fiPEessi ng by the deposition of a
thin filmof a metke o dheuaityas cShddnedt82(nf! £/ 82(mdh acrylate
anti-refl ection processing by the formation of an organic pé?yﬁ@r

t hi n coald ngmPRPAEY o¥erFeseRtRd dr rtdwt dedllow2ogELanmphea (6) is The

followi ng e r oVi t r e.of further ,
il us\tMr atg i n)g(]"at %f%]#%slglrf ﬁ%/fe%%lﬁj 61&?,- %agé Bﬁ%ﬁainmﬁyy?ﬂ'ﬁﬁf’f%“&%hv%s
liniting. Théndexphottshsedd prurbd prbdut Mgvaxahl €61 74 € Ord 8mad%

bel ow. (pol yogrjzabl e mers: conponent) conmponent DU GVA: gl yci dyl
rnsthacrylate{'}}3 i.f& £o P

VIR N
H20=c-g|:—o{—c HCHZO%CHZCHO)—9~C=CH2 (6)
O ‘ MO
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?



EQEGVA: 2-gl yci dyl oxyet hyl nethacrylate 30 GA: glycidyl acrylate
Conmponent [B] TMPT: trinethyl ol propane trinethacrylate D TMP:

di trinmet hyl ol propane tetranethacrylate A-TMMI: tetranethyl ol met hane
tetraacrylate 41 Conponent [C] 9G pol yé&zhyl ene glycol diacrylate
(average chain th of hyl ene. gl ycol chains of 9, average

nol ecul ar wei %‘% f %%%)boz%o%?tg&r%%?w erid G yEdI 1ok @S gbén52 and
A400: pol yet hyéeaectgly cohsdhacsiyd aige (ARIAIGHeRaR™ &%ngtrne vl gro
ethyl ene glycol chains of 9, average nol ecul ar wei ght of 508 APC08"
tripropyl ene Y&l i achydzrsemnptono: (bony propptehesglthaa 2 and less

di acryl ate ( | f. pLopy boycol. chains of .7,
aver age nol e?ﬁl?%mﬁﬁdtm#éfgég%%& "a%gl i’/’gggpgloe%gdg%yc&re Poth
di acryl at & ( dvehwmugerc kdioms|, efdth) of s proapykeeset ghy PlandhakBs ©had 2 as

aver age nol ecul ar_wei ght qf 898) 15 BPES500:
2, 2-bi g[ 4- ( nealrha?c"regﬁac?%y.vﬁ‘& et'hoxy) phenyl ] propane (average chain

| ength of et mHeens @lattnlackaibRe Rbndleraye Oty | of
804)  UA4200: ' UA-4200' %ot “hi n- Nakamir a gﬁ];g%,g?leé%o}s?aﬁ%\%me

bi functi onal Lf*8ttHand 6} nis [generpldyeobhe iyed expiavai sturefoRaipderules
UA4400: ' UA- 4400, 0k ; SBi.p: i ¢ - waltd . bifungtional ,
nﬁsfilggé?eﬁ@ c%lgle%ga’i&Fg;)SéShléEaf"B ! ugg ﬁr%] SP}

ur et hane (neth)acryl at acryl "equival en Tt h
cycl ohexafedianst lexpalesdedc rpl averdge(wmtuage chain | ength of ethyl ene

gl ycol chains of 4)_APTM3 |yt et.r.anmet hyl ene_gl ycol diacryl ate
(average chain | en)&‘f(ﬁmgﬁ/gf‘e%)% %ﬁ@ﬁ@%?%ﬁig‘&%d’?q{?“&ﬁr SPPEsApBhedt
[D 3G trietlyytaaeaigbys Hordulel (8¢r Yhal €38 U @e thiBlHA8h A e RS ShY%ES!
di ret hacryl ate 3PG tripropyl ene glycol dinethacrylate 4PG

t et r apr opyl ef&<g REotrdPEEPRACRS| atEcel Hiimethagyyladfe Shich- Nakanur a
Chem cal Co

equi val ent . Eze g:f%pﬁg?&éngt&g@%ﬁggf%}gﬁﬁ%@@%@%p@%%@t eWﬁgﬁr Hle
2, 2- bi s[¥5 (mdiHaer ) sgyplabs yhoiemst | prmpesenteal @yaghec hbbuel eoghlil of
S e 9LV 58), SR e BypBLet 308 el EEM AL €28 o o
bi s(2- met hacbgkoykt booelande dul thderesin 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 R18 R19 R‘]T
! | | [
HoC=C—C—0 CHCH@)——@—Y—@—O—@CHQCHO}— —C=CH, (5)
o t j kg

(In the above formula, R' and R'7 are each independently a
30 hydrogen atom or methyl group, R and R are each
independently a hydrogen atom or methyl group, the group Y

is any one of the groups
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an average nolecg gfl_ght of 0 . _net hyl et her

pol yet hyl ene gl ycg? eyl at e haﬁﬁcé\ﬁ'ﬁ?\('&IE age pol ecul ar wei ght of
468 HEMA: hydroxynet hyl nethacrylate Additives Stabilizer 25 HALS:

bi s(1, 2, 2, 6, Capentidmantylk 4-mpiepenttysn sehaepireof Mbeadsy tWehoh! wafth
508) Dye Vi ol etD. vioglet dye étraqg name;, Diaresin Violet D,

manuf act ur ed B} Bl’-’f’é’&ﬁpsfrﬁa tCHBRRARI 206k Boraks BRTh 3wk gaeYPS NDH +k)

t - but yl per oxy: e tendd r A byt £d
NO? Cor por at |loé]n$m. Q%g% 3, E:gﬁ tzgtgrﬁgmat hyltgﬁlthyrl %éeragggvggggﬁaf#el@(ané{%%n

(trade 4% nakfe: iPer ooethyl greail aotdiRd by alxl(ﬂ?ctimrgm'r atiam) (j+k) is
Phot ochrom ¢ &M%‘é@dtﬂﬂ ngzlui f%zs tﬁgﬁ 5 as an avPe%6age value, and when

R'® and R' are both hydrogen atoms, (j+k) is not less than
2 and less than 3 as an average value.)
The bifunctional (meth)acrylate monomer represented by the

10 above formula (5) is generally obtained as a mixture of
molecules having different molecular weights. Therefore,
“j” and “k” are expressed as average values.

Examples of the compound represented by the above
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

MONomeYr s
25 The polymerizable monomers used in the present
invention are [A] a radically polymerizable monomer having
an epoxy group, [Bl 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
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absor bance {?Fliﬁ?r3¥f%$ '%rfo%)ég&BﬂdéP%?ai? H%Pg’ﬁﬁlﬁﬁdaﬁ’h?\ﬁ%c%’b%‘véc
mexi num 2@soeptre@npreietengid #HEl fddihaaiows aksehBRAC8ESthd) matdti LN
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becone nore WREB| FBattotmk afeat @A 2kl vie ralamegdgabledoononens is

evaluated visggl bYrts 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
(Al, [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
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i cnbecs o TRERRD SR o A AR o
represented by the above formula (3), polyethylene glycol
dimethacrylate (e = 9, £ = 0) having an average moleculaxr
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 melecular weight of 536, polyethylene glycol
diacrylate (e = 3, £ = 0) having an average molecular weight

of 258, polyethylene glycol diacrylate (e = 4, £ = 0) having
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(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). Out 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]propane (g+h = 10), 2,2-bis[4-acryloxy*
diethoxy]phenyl]l propane (g+h = 4) and 2,2-bis[4-acryloxy:
pclyethoxy] phenyl]l propane (g+h = 10) are particularly

preferred. The photochromic properties and mechanical
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slrength of a photochromic cured product obtained from the
photochromic curable composition having this constitution
can be further improved.

As the rest of the component [D], triethylene glycol
dimethacrylate or tetraethylene glycol dimethacrylate which
is a di(meth)acrylate monomer having not less than 3 and less
than 5 ethylene glycol chains as the recurring unit may be
used to adjust the refractive index.

Further, a known polymerization control agent is
preferably added to the photochromic composition of the
present invention in order to improve the moldability of the
photochromic curable composition. Examples of the known
polymerization control agent include thiols such as
t-dodecylmercaptan, o-methylstyrene and c-methylstyrene
dimer. In the present invention, o-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

invention.

Component [E]

A description is subsequently given of the
photochromic compound as the component [E].

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 [Al, [B], [C] and
[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



MS (9) MBD (2 ) (Z) GASIA 1(6)SW M (9) MD (2) (t0-0) TDd
(170*0) TDd (T70'0) TDdi PC1 (0.04) (TIO 0) TGd PCL (0.04) (tO 0) TDd
( T.OO) tpd (tO'0) TCcT (parts by mass) BPE100 (49) 40 (32)
BPE100 (49) 4 30) (62)ST, (0) O0Tada €82)017 (0) OOTaclti (S) 017
(6V) OOEada BPE100 (34)

10

15

20

25

30

compound is more preferably 0.001 to 2 parts by mass, more
preferably 0.001 to 1 part by mass based on 100 parts by mass
of the total of the above polymerizable monomers.

A compound which shows a photochromic function may be
used as the photochromic compound. Photochromic compounds
such as fulgide compounds, chromene compounds and
spirooxazine compounds are well known and may be used in the
present invention. Known fulgide compounds and chromene
compounds disclosed by USP 4,882,438, USP 4,960,678, UPS
5,130,058 and USP 5,106,398 can be advantageously used.

Compounds newly discovered by the inventors of the
present invention as compounds having excellent photochromic
properties, such as compounds disclosed by JP-A 2001-114775,
JP-A 2001-031670, JP~-A 2001-011067, JP-A 2001-011066, JP-A
2000-347346, JP-A 2000-344762, JP-A 2000-344761, JP-A
2000-327676, JP-A 2000~327675, JP-A 2000-256347, JP-A
2000-229576, JP-A 2000-229975, JP-A 2000-229974, JP-A
2000-2295973, JP-A 2000-229972, JP-A 2000-219687, JP-A
2000-219686, JP-A 2000-219685, JP-A 11-322739, JP-A
11-286484, JP-A 11-279171, JP-A 10-298176, JP-A 09-218301,
JP-A 089-124645, 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
WO01/60811, USP 4,913,544 and USP 5,623,005 can be
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
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
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7) c¢an be advantageously used because the red discoloration

of the obtained photochromic cured product at the time of

storage is rare.

(7)

{In the above formula, R'® is a cyclic or acyelic monovalent

amino group having 2 to 10 carbon atoms which may contain

RlDB, R104 RIOS RlUG

and

!

a hetero atom except nitrogen, 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 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'® and R*°® may be bonded together to
form a ring, “a’”, “b’”, “¢’” 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!%’gs,
R'%7s, R''s and R'™’'s may be the same or different.}
The ¢yclic 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
radically polymerizable monomers used in the present

invention. Therefore, the cyclic amino group is preferably
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a pyrrolidinyl group, piperidinyl group or morpholino group,
and the acyclic amino group is preferably a dialkylamino
group having not more than 6 alkyl carbon atoms, particularly
preferably N,N-dimethylamino group or N,N-diethylamino

group.

3
R102 RlU R104 R105

and R'® are each independently a

! L !

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,
halogenoalkyl group or halogenoalkoxy group as described
above.

The alkyl group is preferably an alkyl group having
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
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
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
7to 1l carbonatoms. Preferred examples of the aralkyl group
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.
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The aryl group is preferably an aromatic hydrocarbon
group having 6 to 10 carbon atoms or aromatic heterocyclic
group having 4 to 12 carbon atoms which form a ring.
Preferred examples of the aryl group include phenyl group,

5 naphthyl group, thienyl group, furyl group, pyrrolinyl group,
pyridyl group, benzothienyl group, benzofuranyl group and
benzopyrrolinyl group.

A substituted aryl group obtained by substituting at
least one hydrogen atom of the aryl group with a substituent

10 such as the above alkyl group, alkoxy group, aralkyl group
or aralkoxy group may also be preferably used.

The substituted amino group having an alkyl group or
aryl group is preferably an alkylamino group, dialkylamino
group, arylamino group or diarylamino group. Examples of

15 the substituted amino group include methylamino group,
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 indelinyl 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 halogenoalkyl 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,
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atom with a fluorine atom is preferred. Preferred examples

of the halogenoalkoxy group include fluoromethoxy group,
difluoromethoxy group and trifluoromethoxy group.

5 The ring formed by bonding together R*®® and R°¢ is
preferably an aliphatic hydrocarbon ring having 4 to 10
carbon atoms which form a ring. Further, an aromatic
hydrocarbon ring such as benzene, naphthalene or naphthalene
may be condensed with the aliphatic hydrocarbon ring. The

10 aliphatic hydrocarbon ring may have an alkyl group or alkoxy
group having 1 to 5 carbon atoms as a substituent. The rings
shown below are particularly preferred. In the rings shown
below, the carbon atom (spiro carbon atom) having two bonds
at the lowest position corresponds to the carbon atom of a

15 S5-membered ring to which R'® and R'°® are bonded.

0 GO

“a’”, “b’”, “e'” 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 “4'”
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¥*¥'s5, R¥™’s and R*™’s may be the same or different.

Out of these chromene compounds, chromene compounds
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represented by the following structural formulas are

particularly preferred.

Further, since the obtained photochromic cured product
5 rarely yellows at the time of storage when a compound
represented by the following formula (8) is combined with
the compound represented by the above formula (7), the
compound represented by the following formula (8) is

preferably used in combination.

(8)

10
{In the above formula, R, Rr*®, 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,
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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,
5 halogenoalkyl group or halogencalkoxy group, R*®® and RS,
R and R™?, and R'® and R may be bonded together to form
a ring, and X’ is an oxygen atom, single bond, group

represented by the following formula (9):

CR115R116 (9)

10 (in the above formula, R'*® and R'® are each independently
a hydrogen atom, hydroxyl group, alkyl group, cycloalkyl
group, alkoxyl 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

15 atomand bonded by the 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):

NR!17  (10)

20 (in the above formula, R’

is a hydrogen atom, hydroxyl group,
alkyl group, cycloalkyl group, alkoxy group, aralky)l group,

aralkoxy group or aryl group.),
\\el II’ \\ff ”, \\gr !I’ \\hl’ !l” \\il ” and \\j rn represent the numbers

of substituents of R'®, R!%®, CR!®®R?, CrR!R??, 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, and “i’” and

“j’" are each an integer of 0 to 4, with the provisc that

when “e’”, “f£'%, “g’”, “h’”, “i’” and “j’” are each not less

than 2: RlU'?pS' RIDB'S, CRIOSRIIO'S, CR111R112'S, R113:S and R114;S
30 may be the same or different.)

The chromene compound represented by the formula (8) is

preferably mixed with the chromene compound represented by
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the above formula (7).

R'7, 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 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 halogenocalkoxy group, and R°?, RY?®,
R''! and R'*? are each independently a hydrogen atom, hydroxyl
group. alkyl group, cycloalkyl group, alkoxyl 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,
halogencalkyl group or halogenoalkoxy group. Preferred
examples of these groups are the same substituents as those
enumerated for R'%?, R'®3, R'™ R and R'%® of the chromene
compound represented by the formula (7).

Preferred examples of the rings formed by bonding
together R' and r''?, R*' and R'2?, 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!®
and R*® in the above formula (8) are the same substituents
as those enumerated for R'2, Rr*, r'%, 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
for R'® and R'°® of the chromene compound represented by the
above formula (7).

Further, preferred examples of the substituent of R'Y’
in the above formula (10) are the same substituents as those

enumerated for R, R, R!™, R!% and R of the chromene
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compound represented by the above formula (7).
Out of these, the following compounds are enumerated

as particularly preferred chromene compounds.

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 coler development. The chromene compeound
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 photochromic properties. Any other

pPhotochromic compounds may be used according to purpose,
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besides the chromene compounds represented by the above

formulas (7} and (8) according to purpose.

Photochromic curable composition and other compounding

agents

The photochromic curable composition of the present

invention may be optionally mixed with stabilizers and
additives such as a release agent, ultraviolet absorbent,
infrared absorbent, ultraviolet stabilizer, antioxidant,
colorationinhibitor,antistaticagent,fluorescentdye,dye,
pigment and aroma chemical, in addition to the above
polymerizable monomers and photochromic compound.

When an ultraviolet stabilizer out of these is used,
the durability of the photochromic compound ¢an be further
improved advantageously. The ultraviolet 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
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,
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.
Particularly when a hindered amine light stabilizer is used
and the amount thereof is toco 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,
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mols based on 1 mol of the above photochromic compound.

Photochromic cured product, its manufacturing method and

5 polymerization initiator

The polymerization method for obtaining a cured
product from the photochromic curable composition of the
present invention is not particularly limited, and a known
radical polymerization method may be employed.

10 Polymerization initiating means is use of a radical
polymerization initiator such as a peroxide or azo compound,
application of ultraviclet radiation, a-ray, f-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
in an air 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 benzcoate; 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
1-phenyl-2-hydroxy-2-methylpropan-1l-one,

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

acylphosphine oxide-based compounds such as
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2,6-dimethylbenzoyldiphenylphosphine oxide,
2,4,6-trimethylbenzoyldiphenylphosphine oxide,
2,4,6—trimethylbenzoyldiphenylphosphinicacidnmthylester,
2,6-dichlorobenzoyldiphenylphosphine oxide and
2,6-dimethoxybenzoyldiphenylphosphine oxide as
rhotopolymerization 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
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
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
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
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
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.
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Characteristic properties and post-treatment of

photochromic cured product

The photochromic cured product obtained by
polymerizing the photochromic curable composition of the
5 present invention by the above method can be formed into a
photochromic plastic lens which exhibits excellent storage
stability, mechanical strength and photochromic properties.
Further, the photochromic cured product cbtained by
the above method can be subjected to the following treatment
10 according to its application purpose. That is, it can be
subjected to processing or secondary treatment such as dying
with a dye such as a dispersion dye, or a hard coating agent
comprising a silane coupling agent and silicon, zirconium,
antimony, aluminum, tin or tungsten sol as the main component,
15 or anti-reflection processing by the deposition of a thin
film of a metal oxide such as Si0,, TiO,, or Zr0,;, or
anti-reflection processing by the formation of an organic

polymer thin coating 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
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Component [C]
9G: polyethylene glycol diacxrylate (average chain length of
ethylene glycol chains of 9, average molecular weight of 536)
A200: tetraethylene glycol diacrylate

5 A400: polyethylene glycol diacrylate (average chain length
of ethylene glycol chains of 9, average molecular weight of
508)
APG200: tripropylene glycol diacrylate
APG400: polypropylene glycol diacrylate (average chain

10 length of propylene glycol chains of 7, average molecular
weight of 536)

APG700: polypropylene glycol diacrylate (average chain
length of propylene glycol chains of 12, average molecular
weight of 808)

15 BPE500: 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 Shin-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 glycol 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
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of 149, molecular weight of 596)

BPEL00: 2,2-bis[4- (methacryloxyethoxy)phenyl] propane
(average chain length of ethylene glycol chains of 2.6,
average molecular weight of 478)

384G: bis{2-methacryloyloxyethylthicethyl)sulfide

382G: bis(2-methacryloylthicethyl)sulfide

U2PPA: ‘U-2PPA’ of Shin-Nakamura Chemical Co., Ltd.,
bifunctional urethane methacrylate (acryl equivalent of 240,
molecular weight of 482)

Ul22P: ‘U-122P' of Shin-Nakamura Chemical Co., Ltd.,
bifunctional urethane methacrylate {(acryl equivalent of 550,
molecular weight of 1,100)

EB4858: manufactured by Daicel UCEB Co., Ltd., bifunctional
urethane methacrylate (acryl equivalent of 227)

(other moncomer components)

MS: a-methylstyrene

MSD: a-methylstyrene dimer

AMePEG (454) : methyl ether polyethylene glycol acrylate
having an average molecular weight of 454

MePEG: methyl ethexr polyethylene glycol acrylate having an
average molecular weight of 468

HEMA: hydroxymethyl methacrylate

Additives

Stabilizer

HALS: bis(1,2,2,6,6-pentamethyl-4-piperidyl)sebacate
{molecular weight of 508)

Dye

VioletD: violet dye (trade name: Diaresin Violet D,
manufactured by Mitsubishi Chemical Corporation)
Initiatoer

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

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

0.04 part by mass of PCI1, 0.1 part by mass of HALS,
and 1 part by mass of Pérbutyl ND and 0.1 part by mass of
Perocta O as polymerization initiators were added to and
fully mixed with 100 parts by mass of polymerizable monomers
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
composition is shown in Table 1). This mixed soluticn was
injected into a casting mold composed of a glass sheet and
a gasket made of an ethylene-vinyl acetate copolymer, and
substantiallyalltheamountoftheabovemonomercomposition
was polymerized by cast polymerization. Polymerization was
carried out in an air furnace by gradually raising the
temperature from 30 to 90°C over 18 hours and maintaining
the temperature at 30°C for 2 hours. After the end of
polymerization, the obtained cured product was taken out from
the glass mold.

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 pW/cm® at 245 nm from the L-2480
(300W) SHL-100 xenon lamp of Hamamatsu Photonics K. K. through
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.
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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colo evelopment.
2) Initial coloration (Abs.): absorbance g(0) at the
maximum absorption wavelength when the photochromic cured
product is not irradiated. When the absorbance £(0) is 0.02 '
coloration can be confirmed visual ly and when the absorbance
£(0) is not less than 0.04, great coloration can be apparently
confirmed visually.
3) Color optical density {e£(120) - £(0)}: difference
between absorbance {£(120)} after 120 seconds of irradiation
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
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. Tt can be said that as
the time becomes shorter, photochromic properties become
more excellent.
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
Instruments Co., Ltd. Thereafter, the color optical density
wasevaluatedbeforeandafterthetest,andthecoloroptical
density (A0) before the test and the color optical density
(A200) aftexr the test were measured to calculate { (8200/n0)
x 100} as the residual rate (%) which is an index for the
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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obtained results are shown in Table 7.

6) Lens storage stability 1 (coloration at the time of
non-exposure) Ab*: 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
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 (JIS28729), and the
change of b* indicative of yellowness was expressed as Ab*
= 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
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
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 Aat* rises,
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
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
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obtained cured product, two holes having a diameter of 2 mm

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 ¢f 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, &,
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.
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non- exposur e)
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Blue 70 83 0.7 3 58Qﬂﬂ!Qnﬁ%dlp%%dﬁbﬂeoﬂéa§geg'gyébé??%%@{éing the
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photochromic curable composition of the present invention
is excellent in not only photochromic properties but also
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
blastic lenses. The obtained cured product, for example,
photochromic plastic lens has excellent long-term storage

stability and is very useful.




C5 586nm0.05 1.38 Blue 45 77 0.1 C _ 6 580nm 0.05 0.55 Blue 210 90
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0.04 0.71 Gay 125 90 1.1 453nm 0.02 0.56 108 70 9 Gay 0.5 574nm
0.02 0.74 113 92 10 464nm 0.005 0.5 13 85 Gray 574nm 0. 02 0.71 110
95 0.2 464nm 0.02 0.55 66 58 _ 11 Gray 0.1 574nm 0.02 0.73 62 65
464nm 0. 02 0.47 59 59 12 0.1 574nm 0.02 0.61 Gray 56 67 66 Ln LA

Claims:
1. A photochromic 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):

(1)
R R?
HC=C—C—0—tR'0—¢ RO CH,C—CH,
\/
0 0

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 by a hydroxyl group, or grouprepresented by
the formula

CH;

|

C

CH;

and “a” and “b” are each a number of 0 to 20 as an
average value;

[B] 1.0 to 15.0 parts by mass of a polyfunctional radically
polymerizable monomer represented by the following
formula (2):

(2
0

|

Y CH;O—-&CH;CH—O-}C—C—(I?=CH2
I

RS R’

S,
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wherein R® and R® are each independently a hydrogen atom
or alkyl. group having 1 to 2 carbon atoms, R” is a
trivalent to hexavalent organic group having 1 fo 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 di(meth)
acrylate monomer selected from the group consisting of
a di(meth)acrylate monomer represented by the follow-
ing formula (3), di(meth)acrylate monomer represented
by the following formula (4) and urethane di{meth)acry-
late monomer having a {meth)acryl equivalent of not
less than 600:

(3)

RS . R9

HC=C—C—0—R"—03,—R!—097~C—C=CH;

0 O

wherein R® and R® are each independently a hydrogen atom
or methyl group, R'® and R" are each independently a
linear or branched alkylene group having 2 to 4 carbon
atoms, and “e” and *“f”” are each an integer including “0”,
with the proviso 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 methyl group and R” is a
hydrogen atom, (e+7) is not less than 5 and less than 15
as an average value, and when R® and R® are both hydro-
gen atoms, (e+f) is not less than 3 and less than 15 as an
average value,




4cr Ln co cc 67 Effect of the Invention The cured product
obt ai ned by pol yneri zing the photochrom c curable conposition of the
present invention is excellent in not only photochrom c properties

but al so 5 nmechani cal and optical properties. Therefore, the cured
product obtained by polynerizing the photochrom c curabl e conposition

of the present invention is useful as an organic glass having
phot ochroni c properties and can be advantageously used for (4)

applications such as phot ochrorﬂm 10 plastic lenses. The obtained
cured product, for exapple, phgtochromc pl astil | ens S excel |l ent

| ong-t er m st or age HBCabrH - HCSL -u Hf[I 8 (alum., 1. A
phot ochroni ¢ curabl e congpsition c%qrg-&r_%ﬁsi QS@ %&]HOHELC: s tHan 0.1
part and |ess than 5.0 pats by nass of -a radically c%?O' ynerizabl e
mononer having an epoxy group represented by the follTow ng fornul a
(1): (1) R2 Il H2C=c-C 0--(-1210) a ( R40 -57-CH2C - 0-12 o0 wherein
R' and re are eacﬁ?‘hﬂﬂﬂpﬁﬁdeﬂd R}? arbygelpant @ﬁd@t@;aﬂﬁ %ﬂgroup, e
and R4 are each i nde@gﬂﬁ%}tﬂl&%ﬁgo dﬁélfgne rRup, havi nd g 4 carbon
atons which may be s Eﬁmt Lht gﬁ % y ro%{? gr%‘i?p%fw”r}n ‘?m
represented by the f 4 WYSHeeenatonpy methyhgrovga s adiaer of 0 to
20 as an average val {ROfENIa g@Updavingl fe20 sarbn BRSs, Ahd &g
pol yfinictional radi and ™ ped yiobrirzidhdder BER0 s&éﬁaﬁ{ gﬁgﬁbﬁﬁet he
fol I'owing formula (2)5g t%hat@il H’gfbe'?ﬂ & it a
i ndependent |y a hydr Zﬂ .a O%F KPS Tyr Gt PREVIEHY] grens, car bon
atoms, R7 is ja trivelénts j(élmli anddessathian 1granen dvorgg 1 to 10
carbon atons, "c" i sValuporherRbTis @ neth @supan@Rre? AYRLYE, and "d"
- - . - D
i's an integer of 3 ta&ofi, (g+h) is not less than 5 and less than 15 as an
average value, and when R** and R'® are both hydro gen
atowss, (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
components [A]. to [C] and/or a thio(meth)acrylate
monomer, wherein the total amount of the components
[A], [B], [C] and [D] is 100 parts by mass; and
[E] 0.001 to 10 parts by mass of a photochromic compound
base.sd on 100 parts by mass of the total of all the poly-
merizable monomers.
%. The photgchromjc curable composition according to
claim 1, wherein the component [D] contains a (meth)acry-
late monomer represented by the following formula (6):




[C] 1.0 to 30.0 parts by mass of at |east one di(nmeth) acrylate
nononer selected fromthe group consisting of a di(neth)acrylate
nononmer represented by the followng formula (3), di (netb)aerylate
nmononer represented by the follow ng -farnmula (4) and urethane

di (net h)acryl ate nmononer having a (neth)acryl equival ent of not |ess
than 600: (3) RsSR9 (R11 017.-C-C=-C112 jIl 00 wherein R8 and RO are
each independently a hydrogen atom or nethyl group, R and ®' are
each independently a |gmear or hfanched al k ne group,having 2 to 4
carbon atons, and "e" End " arF3each an intéger including "0", wth
t he proviso that A-428 oth I oué&h +f) is not
. less than 7 and |2€§ t anC?%Qg?%gﬁﬁgggrdb 2 ggﬁ@, &ﬁé “If%gis a

met hyl group and RO is a gydrogen atom. (e+f) is hot less than 5 and
| ess than 15 as an averagé val ue, and when R8 and ®9 are both
hydrogen atons, (e+f) is not less than 3 and less than 15 as an
average value, 70 -Rﬁgﬁl4 21 .

H2C=C- G- 0- (- d i 0428&1%‘6- S -%%%ﬁ%féﬁé&‘hﬂﬂd%a@emm@i Inssegem 1 e and
R13 are each i ndepen®f@ht by maethybgommn aadott’ amdnémiyAregeaeiipan V and R15

.are each i ndependentipyeozr BY dbdegnhat QMR s oI s a
di val ent organic group having 1 to 20 ca{lgg%hg%/!)bﬁg!ﬁ;{g}&uﬂgz and

ar e gﬁghlsnair nt eger ehgﬁﬁg atebsthtrhethy ro‘ﬁb&ﬂ%—hﬁ?liﬂﬁ&‘ﬂésﬁsglﬁélgégn‘é‘hlegsS
than 15 as an aver aggﬁvgugﬁlm‘eniﬁggp 155 dgﬁlﬁegﬂ%ﬂﬁﬁsé{ﬁﬁ@%ﬁ? 3is a
hydr ogen atom (g+h) Srand R e g8 ahidrpgsnateny dsB)inaet less thanan

average val ue, and whéndiessdhah Ri8aneeege FalpduateneaRifand (g+h) is

not Iess than 3 and RéSgrelaihidroasn ABnaY ALADGs N W& re than
50.0 parts and not LS lld %Y%géé;s;aﬁgf%is%aﬁa/%Srtilgfel?#ﬁﬁgcr yl ate

nonomer except the,abgve .Co . _
t hi o( net h) acryl at e:? riiotoclenue Furahde tepmaposiio e carding éo
conponents [A], EBim 2Cvharan (i compb@enp by gobtaIRRE Spolpfshcl El 0. 001

%
to 10 parts by ng arts b
mess of the Lot aﬁ?l}"ﬁﬁeﬁ@?c{hﬁéﬁfﬁﬁegﬁﬁ@ A PRRnEen Jadiyd Par s B
phot ochroni ¢ cur SBY & 8%&@%‘1%0 ; @}dofea‘f HE% 6% ai m 1, wherein the
conponent [D] conti ea}ﬂm@cﬂmmIcmlmnnmmiticepaewdi1@,dtdoy t he
fol | owi ng fonm ackafij:1, wieréie)thB20npoa ontaing a biﬁmcﬁonﬁl

e
H2C=C- C- 0- t CHCH2 &:2%% ' R2 :
i ndependen% ly a ﬁ]%%lil 4 en a oncﬂlg)rn%eﬁk/#e gaé}fjﬂ%golﬂi\m%ng ' mi are

each an integer B *less than O, with the proviso that when R2 and
R2' are both nethyl groups, (l+nm) is not less than 2 and | ess than 7
as an average value, when R2 is a nethyl group and R2' is a hydrogep
atom (l+n) is not I¥%ss thaE’SZ and-ess t han=5nas an afférage \Siiséil—ue,
and when It" andg ape. hydyogen,_at ons +m)_Jg.opat_Leds than
2 and less than 3 as a:ﬁ ac\%r}ka%{“e (/ 1;(_t(hé)%%rom'% curg}gl e
conposition according Po claim 2, erein the conponent [ D]Ocontains
a pol yfunctional urethane (neth)acrylate having a (neth)acryl

equi val ent of not | ess than 100 and | ess than 600.

n hn




4. The phot ochrom c curabl e conposition according to claim1, wherein
t he conponent [D] contains a bifinctional (neth)acrylate nononer
represented by the followng formula (5): fI6Bi |l S E2C=C-1-00101-120 O
R19R17 0-eCH2CHO e--C- C=-CH2 (5) 72 72 wherein R6 and R7 are
each independently a hydrogen atomor nethyl group, RI' and 1V9 are
each independently a hydrogen atom or nethyl group, the group Y is
any one of the groups S, -8(02)-, -C(0)-, -CH2-, -C =C 1111
-C(CH3),-, -C(CH3)(CBHB)-, and "j" and "k" are each an integer of not
less than 1, with tfkRHPRISC t .when  R16, and .R 7 are both net hyl
groups, (j+k) is not essR_t hcajna %ilaﬁ]:fj\@ﬁ‘égsﬁlq‘rgbf@“lgg’ ARYERECEge val ue,
when R 6 is a methyl “GHBUY "AREYREIOUDs ke “Hyngr Bgeareacanin inflppmd- i s not
less than 2 and | essdehdyadiydsogen averaasenal oy aﬂﬁog/}?}ﬁ ;6 and R17
%ﬁjg an egs

are both hydrogen at g% onélotiie & t less th ’ han 3 as
an average val ue. S@The pﬁ%ﬁﬁ@ﬁlggm c curabl e conposition according

to any one of clains 1, 2, 3, and 4, wherein the photochromc

conpound [E] containg [El]ga chr 1€ COo nd r esented by the
following formula (7): ° (7§ ’whes(r@gﬂ R'_IEE@ ?:(:Tzl%ir{r@r acyclic
nonoval ent am no group having 2 to 10 carbon atons which may contain
a hetero atom except nitrogen, R102 , R 3. R4, R105 and R106 are each

i ndependently a hydrexyg=groeup, al kyl group, cycloal kyl group, alkoxy
group, aral kyl group, afallkoxy group, aryl group, substituted anino
group having an al kyl group or aryl group, heterocyclic group having
a nitrogen atomas a hetero atom and bonded by the nitrogen atom

cyano group, nitro gr iy Ral oge ogenoal kyl group or
hal ogenoal koxy group, 5%_%3%1nd _Rﬁ:(ehgircmgﬁh‘dn&@d ﬂo@@lﬂﬂb’r’ ateo form a
ring, "a", "b", "c" € aﬂdmeg@p@@ﬁd?ssttﬂmndwﬁﬁr H1eqrofib thaSt i tuents
of R101, R102, R103wvdrnsh R Uand R%bgfét[bdlfﬁhﬁetlll&iigr&ﬁ) 82#) %Fﬁaq}each an
integer of 0 to 5, mg\;\%£12§lgc?]esgg1m%rf %%C aiiel e s g to 4,
with the proviso that n , N G510 ayREpgedalug, headh “not | ess
than 2, RinBs, Ri 02, §2aRethyl granprod R glamlyydregélﬁlﬁtoﬁgrqﬁ-l\gﬁsﬂﬂtf ferent.
Ielsﬁs than 2 13711(21 less than 5 as an avera ge value, and when
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 com position according to any
one of claims 1, 2, 3, and 4, wherein the photochromic com-

pound [E] contains [E1] a chromene conpound represented
by the following formula (7):




74 6. The photochrom c curable conposition according to claimb5,
wherein the photochrom ¢ conpound [E] further contains [E2] a
chronmene Conpound represented by the followng fornmula (8): (8)
wherein RI', Rios, Rn and Fe' are eactsindependently a hydroxyl
group, al kyl group, cycloal k-yl group, al koxy group, aral k-yl group,
ar al koxy group, aryl group, substituted am no group having an al kyl
group or aryl group, heterocyclic group having a nitrogen atomas a
het ero at om and bonded by the nitrogen atom cyano group, nitro
group, hal ogen atom hal ogenoal k-yl group or hal ogenoal koxy group,
V', and R112. are each independently a hydrogen atom hydroxyl

group, al kyl group, cycloal kyl group, al koxy group, aralk-¥\F) group,
ar al koxy group, aryl group, substitytsed am no group havi ng an al kyl
group or aryl group, (Ri& e dTYcN ¢ dgfoup having a nitrogen atomas a
het ero at om and bonded by./the n ooegy&;onl cyano group, nitro
group, hal ogen at om hal oggnoal gr oup or hal ogenoal koxy group, R "
and Riand R'2, 12, and R091 may be bond@d _together to form
a ring, and X' is an oxygen atom _$ hgle 8gnd, [Group]represented by
the following formula (9): 75 C it 116(9) |whergrn®@¥ 15 and R116
are each i ndependently a hydroge hydriexyRagreup, al kyl group,
cycl oal kyl group, al koxy group,~a~yd ) greqp, aral koxy group, aryl
group, substituted aningRgfqu-lhavi g antal kyl group or aryl group,
het er ocycl i ¢ group having 3€ninroge atom as~a hetero at om and bonded
by the nitrogen atom cyano groypznitro[groupgj hal ogen atom

hal ogenoal kyl group or hal ogenoal koxy grqup, FTHR¥#E and RH6 may be
bonded together to forma ring, or group wgpresented by the follow ng
formula (10): NR117(10) wherein RH is a hydrogen atom hydroxyl
group, al kyl group, cycloal kyl group, al koxy group, aral kyl group,

i repr esent

the nunbers of EL@?{@F'@E@E a%é;ﬁpfm’ea%gldmﬁbmé;eigd ﬁjgen R B and
n114, tcrespectivel groupdiavay 2%@106&?06% nga,%qiﬁ er of .0 to 5, "g"
and "h" are each an f 0 1.0 2, an &OBHAEKA an | nt eger
of 0 to 4, when " 3{ lléit‘e#cfasﬁg%c}epﬁIM%QE%H:RI'PQ aRé}BeBcl j/,_rR)]tO:’ beds than g
Ri7's,cRi 09Ri | o >a} 1 aig4ac Iﬂdqﬁmﬂeﬁgykhﬁwﬁ@gyl -~ fﬁg{ ‘ent.
10 to 300 parts by gpasiol iReragn, ik ﬁ%&%@ gty eher el n
t he above fornulaiggiiﬁéggiggeﬂyTﬁgggﬂ YHstiogepaminob ss of the
chronene conpound:'f B 40 '%E@ﬁup@rBmd@@aq@&@%ﬁo@ﬂﬂﬁ%ﬁ§g§7)-

havm_g an1trogen atom as a hetero atom and bonded by

the nitrogen aton), cyano group, nitro group, halogen

atom, halo%glsloa]kyl group or halogenoalkoxy gI'OTIp

‘I}m fnf IE . may be bonded together to form a rincr,

2", “b™, “c” and “d" represent the numbers of syl

stituents of R, R'%, R19% gpq R104) respectively, “a™

and sGbl”'are eaCh an illteger OfO 1o 5, and “Ch: alld ud:uare
fasfl an ,IHTEger of Oto 4, with the proviso that when “a"™
bmzf, ¢"and“d” are each not less than 2, R 101, R10%g
R™s and R'** s may be the same or different. ’
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6. The photochromic curable composition according to
claim 5, wherein the photochromic compound [E] further
contains [E2] achromene compound represented by the fol-
lowing formula (8):

! | ®

/
(RJ lip! lzc)h, -

wherein R'%7, R*%®, R!*? and R*** are each independently
a hydroxyl group, alkyl group, cycloalkyl group, alkoxy
group, aralkyl group, aralkoxy group, aryl group, sub-
stituted 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, halogenoalkyl group
or halogenoalkoxy group, R1%, R*1° R1M and R112 ape
each independently a hydrogen atom, 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, halogenoalkyl group or halo genoalkoxy
group, R'® and R'°, R!*! and RM2, and R1%? apd R
may be bonded together to form a ring, and X' is an
OXygen atom, single bond, group represented by the
following formula (9):
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CRI IJ‘RI 16 ) (9)

wherein R**3 and R!*® are each independently a hydrogen
atom, hydroxyl group, alkyl group, cycloalkyl group,
alkoxy group, aralkyl group, aratkoxy group, aryl group,
substituted amino group having an alkyl group or aryl
aroup, heterocyelic 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, and R'** and R*® may be
bonded together to form a ring, or group represented by
the following formula (10):

NR!V7 (10)

wherein R**7 is a hydrogen atom, hydroxyl group, alkyl
group, cycloalkyl group, alkoxy group, aralkyl group,
aralkoxy group or aryl group, “e'”, *“f™, “‘g™, “1"”, and “j*’
represent the numbers of substituents of R'®7, R'%¥,
CRIOQRIIO: CRll lRl 12: Rl 13 and Rl 14’ respectively, Hal®?

1?7

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 0to 4, when “e®™, “f™, “g™, “h™, “i*” and *j™ are each
not less than 2, R'”s, R!%s5, CR!®R!C g
CRMRM>s, R1%°5, R1*s, may be the same or differ-

" ent. _

7. The photochromic curable composition according to
claim 6, wherein 10 to 300 parts by mass of the chromene
compound [E2] represented by the above formula (8) is
present based on 100 parts by mass of the chromene com-
pound [E1] represented by the above formula (7).



