11 1~11t++++r7 T 17 1111111111111 112 1122111111111
*159)59* 1 || m“mm"m“mal|||||||||||||||||||||||| DESCRI PTI ON  * GD0002*
-Process for Pr m “\H hot ochrom ¢ Cured Product 5 Technical Field The
present invention [gjates to a process for producing a cured product
superi or chground Artl 10 Photochrom smis a phenonenon
whi ch has—Tcone to draw attention in the |ast several years, and is such a
reversible r m“\ﬂmﬂm\\ a-certain conpound qui ckly changes its col or

when irradi at amm“\ travi ol et - PHERCRIFTAGN i ght such as sunlight or a
light emtted fromg@wsercury |lanp and, when 15 the light irradiation is

st opped and the. conpound is placed in a dark room returns the original
col or. ConpoundBrbeesagforpRubduobhtdensafaPbotathedmphoteredohtreduvehpounds,
and photochrom ¢ conmpounds havi ng various structures have heretofore been

synt hesi zed. These conventional 20 photochromi c conpounds, however, have a
problemis timdcHrhisyal afFepdor durability in photochrom sm There are known

novel photochrom ¢_conmpounds havi ng. i oved durability, —such .

spi r ooxazi ne- base?irhepﬁgfeﬁgﬂio’rﬁ%e gﬁéj?)é?ﬁetroe?r?gptcgrs%rg?gprrggsutc&ng npl y
as 25 oxazi ng caiFsaInshtedddt gsupetei st gt sty oatism .conmpounds
(hereinafter referred to sinply as ful gi m de conpound), chronene-based
phot ochrom ¢ conmpounds (hereinaf ter referred to sinply as chronene
conpound) andggddiegtdleea ASee U. S.  Patent Nos. 4,882,438, 4,960, 678,

5, 130, 058 and 5, 106, 998; 30 and Japanese Kokai (Laid-Qpen) Patent
ApplicatiBn Nos. HRbadysenismohy oy phenokeney hish Pagggomente, Gnaw
Japanese Kokajt{dff f5PieNthEalfitt speEhEaid s, MRa £ 386892 revetfsamased

conmbi nation use of a conpound having an epoxy group(s) as a conponent for
further inprodartior tIse ducesitaing cempPpung; delekhpsiirnpges its color

when irradiated with an ultraviolet-containing light such
as sunlight or a 1light emitted from a mercury lamp and, when

15 the light irradiation is stopped and the compound is placed
in a dark room, returns the original color. Compounds having-
photochromism are called photochromic compounds, and
photochromic compounds having various structures have
heretofore been synthesized. These conventional

20 photochromic compounds, however, have a problem in that they
are poor durability in photochromism.

There are known novel photochromic compounds having
improved durability, such as spirooxazine-based '
photochromic compounds (hereinafter referred to simply as

25 oxazine compound), fulgimide-based photochromic compounds
(hereinafter referred to simply as fulgimide compound),
chromene-based photochromic compounds (hereinafter referred
to simply as chromene compound) and the like. [See U.S.
Patent Nos. 4,882,438, 4,960,678, 5,130,058 and 5,106,998;

30 and Japanese Kokai (Laid-Open) Patent Application Nos.
62-288830, 2-28154, 3-11074 and 3-133988].

Also in Japanese Kokai (Laid-Open) Patent Application
No. 5-306392 is proposed combination use of a compound having
an epoxy group(s) as a component for further improving the

35 durability of fulgide compound.



2 . Japanese Kokai (Laid-Open) Patent Application No. Z~187784 discloses a
process for producing a photochromic Gresin, in which a highly reactive
-Rol yfunctional (neth)acrylate nononer is used and the concentration of 5
polymerization initiator is specified, in order to prevent the degradation
of an oxazi ne conpound caused by polynerad zation initiator when the oxazine
tonpound is mxed wth and dissolved in a radically polynerizabl e nononer

(hereinafter referred to sinply as nononer) and curing is 10 conducted in
the presence of a Jananase AKakah (Iid-Aran) PeiedbdArRRligrtisedo.

phot ochr om c W&;‘ﬁ%%?s— I | .ahi 1 them

t he oxazi né”ll(:orrpoun | Sﬁg\ﬁ'&%ﬁégg %g%gl%%%efvﬁ ?k@gg%%rﬁgﬁ?hﬁgﬁi y i
under goes phatestigyr ddatwhoich andiglely stdgativad gl yWomdtiensl 15 irradi ati on
wi th sunlight, or | ight_simlar £ sho a I ctionin
initial col or(-moﬁaet\;1 gl aocplg}r]ilgat;ee ﬁoorirabrlrnraten’.%:2EL $ gins??% egrbcdg,%:heex rﬁsqrbﬁesnt{ar%g}eﬁl#den ,

per for manse ipolynEnizatries Sirdncdatddodsyepecifiieddein tard&asitoy ppevdmte a

cured product by a nmethod conprising mxing and dj ssol vi t he above 20
phot ochr omi ¢ t&ﬁn{?&ﬁﬁ?%%{‘ rfﬁrug&%ro’%rﬁ%%ﬁg’é?ﬁi’é}ﬂd# fa"iﬁé} tting to

pol ymeri zat i gyblfydertiid thihbr hareiiddbirewhen efies badzliaeStoMpyuns i mixed
knead- m xi ng nmet hod)_  and use the cured _product in varjous applications, it
i s necessary WidH@Rd ghisspisisstelds & FradrSHidt RP d'&f’ccfm‘?lh whi ch

the 25 char aqirydesitd £ f¥ ORI Ad 9% Pt d AN & O xR r0RRAUrady ilke
exhibited fully. For exanple, a cured product obtained by knead-m xi ng

di et hyl eh@ glsAisiuafieshiny e RIRENSHE (A (3P UBEFL 28T A i Pehr oni ¢
conpound, Wwhi-ch i sphid ) ok dLlsReh iSorfe B GIARSIHRCE d fEhpdiaRisA SHRP! em i n

that the photochromc conpound is degraded by the action of radical seed

in curing afxasddsajuaraversithe durabikidaict ARgadathemuc&hei axarzdne

col or-devel o fﬁ&?qﬁ{ rgrq{}f(ﬁ, It e S dis 117, JgRaese Kokai

(Lai d- Open) & at e({n'fi App |cnata|]son . b62- 1871784(‘d I SC osllryng a maeifhod
undergoes photodegradation, and when subjected to continuous

15 irradiation with sunlight or a light similar thereto, shows

a small reduction in initial color-developing performance
and hence, exhibits excellent performance in light
resistance. However, in order to easily produce a cured
product by a method comprising mixing and dissolving the above

20 photochromic compound and a monomer and subsequently
subjecting to polymerization for curing (hereinafter
réferred to simply as a knead-mixing method) and use the cured
product in various applications, it is necessary to develop
a process for producing a cured product, in which the

25 characteristic properties of the above oxazine compound can
be exhibited fully.

For example, a cured product obtained by knead-mixing
diethylene glycol bisallylcarbonate with the above-
mentioned photochromic compound, which is widely used as a

30 spectacle lens, has a problem in that the photochromic
compound is degraded by the action of radical seed in curing
and consequently, the cured product has a reduced initial
color-developing performance.

In the process disclosed in Japanese Kokai (Laid-Open)

35 Patent Application Né. 62-187784 disclosing a method



3 . conprising curing a polyfunctlonal (meth)acryl ate nonomer and an

oxazi ne COI'T'pOUI’]d at a p0| yI'TEI’I zation initiator

-the literature by the knead- m xing nmethod, a cured product capabl e of
exh|b|t|ng 5 sufficient photochromc perfornance can be obtai ned when a
fully purified polyf unctional (meth) aclylate nonomer is used. Wen
pol yfunctional (meth)acrylate nonomer generally available in the mark
and an oxazi ne conpound are m xed, however, the resultlng solution is

strikingly cmo@mSm ClU-‘J\MGerfrl ped véEsngtionals (mgithd agsy

rocess descrl I not on
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As descrlbed above, a photochromic cured product
produced according to the knead-mixing method, using an
oxazine compound and all insufficiently purified commercial
polyfunctional (meth)acrylate monomer has not exhibited

satisfactory performance.

Disclosure of the Invention

The present invention provides a process for producing
a cured product having an excellent photochromic performance
from an oxazine compound and a polyfunctional (meth)acrylate
monomer available in the market, which is not purified in
advance, by the simple knead-mixing method.

The present inventors made an extensi&e study on
preparation of a cured product by the knead-mixing method
from an oxazine compound and a commercially available
polyfunctional (meth)acrylate monomer which is used directly
without subjecting to troublesome purification and on
production of photochromic cured product of excellent
photochromic performance, typified by a spectacle lens. As
a result, the present inventors found that in production of

a photochromic cured product from a composition containing

concentration specified in

a
et

or.
e
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canpound, when the conposition is allowed to further contain a conpound
havi ng at | east one epoxy group in the nolecule, incorporation of the
-Qxazi ne conpound into the 5 pol yfunctional (meth)acrylate nononmer causes no
striking <coloring and the resulting photochrom c cured product is al nost
free frominitial coloring and superior i4n initial col or-devel oping
‘performance and durability in photochromi sm The present invention has been
acconplished 10 based on the above finding. That is, the present invention
rel ates to a @medesfuraionslodurs Hy acpna et MAnaMe T @NeH 39 GHRARLDS

pol yneri zi ng St MY :a PoLy. ' I lL.at.e
Tonomer o BSATHCERET Whel O RolpleLE Aol 8 TP PE o Contd
initiator, weecempound benpogi &t ckedst aneoepdxyt groéup tirertheomodegud e,

conmpound havi,ng, at_ | east on oxy, ! ' | ecul The

pol yfuncti onénqioﬁﬁ%agis:lroyl} acfefeet%loér(\oon%ﬁﬁgeedg%rﬁﬁﬁﬁl&gosen ®invention is

such pol y$ ungiolyrfaindtnisdriglacime &1 Jeac 30 atms onaraneay aldussse nan st kisrk et

that is difficult to i nd&lstri al | urify bc}/t di.stil.l atiorréqueca%se thesy have
S ca

a high boil S He afd dhf rﬁ?%“%’é&%% O Hhfe Sureq fFoduct 1

pol yneri zat i eimdan ey efdicad i il fdodatdioy land dupeiriloat ian iptikiial
nmonomer is hereinafter referred to simply 25 o )

pol yfuncti on&c’(lr?é?'rﬂeé’c?rlﬁpa’ﬁﬁ .pﬁ%ﬁwﬁ%lm%%qwlt% met h) acryl at es
contain a tr R yBHHEmim | Mkl b &Se st Ghvert ildi0EEs dRidry adcompTilshed

mat eri al gol yal cohol or from esterification, polynerization initiator and

the |ikel@ndbasgePmihsahoke dofsbdit: is nixed with and dissol ved in such

30 a pol yfuncti onagh{¢meish) acé Wraddent haveRtYbhi Pkl S04 31ttic08 fidscesd FdH NY
coloring. Wien this colored solution is cured, the resulting cured product
has stri ki ng PEsIdNaing ahehatoahmpms quredinneducio/ter REEISHHZIRI @

per f or mance. - ’F@’éfs" : ; XY FPRRHG i oh Ad A&k thP) 441§ 12y e

col ored sol uti o ar%aflSOS t entalqj{‘h'snl{san'?frreES(;(_f)‘L t he c_oll ori ng( I's lgr adual 'y reduced
t hough 5 thecasmieny reedholarhndwieispirepiaadnaveongamgbhantheé e can

15 polymerization initiator, wherein the composition is allowed
to further contain a compound having at least one epoxy group
in the molecule. .
The polyfunctional (meth)acrylate monomer used in the
present invention is such polyfunctional (meth)acrylate
20 monomers available in the market that is difficult to
industrially purify by distillation because they have a high
bdiling point at ordinary pressures and hence, cause
polymerization when subjected to purification by
distillation [this monomer is hereinafter referred to simply
25 aspolyfuhctional(meth)acrylate]. General polyfunctional
(meth)acrylates contain a trace amount of impurities such
as those derived from raw material polyalcohol or from
esterification, polymerization initiator and the like and,
when an oxazine dompound is mixed with and dissolved in such
30 a polyfunctional (meth)acrylate, the resulting solution has
striking coloring. When this colored solution is cured, the
resulting cured product has striking coloring and is reduced
in initial color-developing performance.- However, when an
epoxy compound is added to the above colored solution and

35 then is stirred, the coloring is gradually reduced though

A\



be. obtained a cured product free of coloring and havi ng good

col or-devel opi ng performance. It is presuned that the trace anount of
-iimpurities contained in the polyfunctional 5 (nmeth)acrylate exerts an
action on the coloring in solution state and degradation during curing of
t he oxazine conpound, based on a fact tHat when an oxazine conpound is
'mxed with and dissolved in a distillation-purified nonofunctional
(neth)acryl ate nononer (e.g. nethyl nmethacrylate or benzyl .10 net hacryl ate)
havi ng a strudtestsing mec ltsﬁ‘a%/hef-efﬁﬁllﬁ WRERCOYRal WREEERY dRSF AU or a

sufficiently putfifthedq! &’lﬁf‘é‘&ltﬂ%ct( FekR) §€ 1001318 NP AR aviNg I JECUr S

no striking coloring in the solution and that the resulting cure pr oduct
exhi bits suf fécientdeéveloping manfammanae -1 tpks Maemmesd thatt e traesm

pufitlcat’on defod ﬁfgﬁhﬂg&@iﬁeye&m%@% A1 Plupdpiad] es s not.

sufficient, res cured produ as coloring "and sufficient
initial 6ol oimeatevrcopy hat @ exfartmancacthonmn Fheachilevang el s alydugn

coloring in the sol utjgn st N . C Ther.ef o
phot ochrom ¢ %ﬁ%% aﬁ’rdogﬁgFalgé%%ég uced %ak%%qggpo {/c?\ Snéf?%%\g%%(o rrrré)t%"?]éic’r yl ate
in the absenam<dd an ep@ayt thapowtnen drhexmzdniet gompotithd psimExend twidrial
(meth)acrylate _need to be of a high. purjty. In the presen roducton
process and i HEFFRPETG O ‘gﬁgg*fga{éb?\;?)b%?JH Jhe(gﬂn?ﬁgﬁ%rgmfjﬁ%n% ove
conponents, ik th factyl oanasitoiier Y. aemeitked methayrylaes . oHbenayl, when
the oxazine conpound. and t | yfunctional ( acr%}aﬁgiare m xed

[

dth t
first, th8 rRQFRIGHYL3FE! i%evﬁlg% %o'fB’F’i‘ﬂE;u’é?ldsnf ahxe2 tMound in a
col ored st at g4 SyfuRbt Lot &1 banstagyasiss ey orhe suffiereet Df pudiifgdd or

I mpurities such as oxggen or the like contained in the solution. It is

preferable, RuFEIRFEIORBLf(PREN WRGTYIRLYIMGAIPRE i ORET] MREFIER S ate  and

the epoxy conpord; $4tbiciraRly ¥n 2RE 181 @ffahden@xaidIesGRERAGRFhidEET €t 0.
Thereby, the striking coloring of the 35 oxazi ne conpound in the

conposi ti on @Erdrechrexhbits suffheieonpt yinheiabrRrotofFIREF y| ate used in
the presggt performance. Further, when'purification is not completely
performed and removal of impurities is not sufficient, the
resulting cured product has coloring and sufficient initial
color-developing performance can not be achieved even though
coloring in the solution state is not caused. Therefore, when
20 - a photochromic cured product is produced from a
polyfunctional (meth)acrylate in the absence of an ‘epoxy
compound, the quality of the polyfunctional (meth)acrylate
need to be of a high purity.
IH1thepresentproductionérocessandJulthepreparation
25 of a composition byimixing the above components, individual
componenté may be mixed in any order. However, when the
oxazine compound and the polyfunctional (meth)acrylate are
mixed first, the resulting solution has coloring and the
oxazine compound in a colored state is liable to be degraded
30 by the influence of a light or'impurities such as oxygen or
the like contained in the solution. It is preferable,
therefore, to first mix the polyfunctional (meth)acrylate
and the epoxy compound sufficiently and then add the oxazine
compound thereto. Thereby, the striking coloring of the

35 oxazine compound in the composition can be prevented.



I nvention contains, as inpurities, chem cal substances capable of allow ng
an oxazi ne conpound to have coloring. It includes a polyfunctional
-(meth)acrylate generally 5 available in the market, which is a known

pol yfunctional (meth)acrylate not sufficiently purified. Typical exanples
of the polyfunctional (neth)acrylate inckudes nononers represented by the
follow ng general formula (1): RL = 0-f RO-) ( 1) CH2 ~=CH2 10 wherein
Rl is a hydrogen atomor a methyl group, R2 is an al kylene group having 2
to 4 carbon atons, ThedpalySunghipnadgbmetf)dcxyldliy useddnottbesprepertent ed

by the fo'lom”ﬂgengigﬂl%eﬁégeﬁEJ F%)lm§ﬁgwt9§gHcheﬁlgﬁ9 LuBstRRRES- (CR3

) d( OCH2HCH 2 2 erein RL'I'S a hydrogen atom or
met hyl group; cBBab3de affi allhplwéng gnoopaeine peopylrdetgyriape @ngrldgand e

20 are each a |nte er. of O_t 0 Qr._e | - 2 CHCH20)
b- , - (R3O el ?5&% )’*‘dP° F%Uhfvéwg:ﬂﬂégaﬁE‘th)aFr&F F‘s‘eﬁggfﬁgm bond:
R4 is an & kylaeaelgbmup1ha\tmgmarket10wnachons at erwnrpalglfunptn.eplae.sent ed
bythefollovvlng romul a THI S SHEET _HAS BIEIJZ:N REPA D 7 - CH2
th?acrylate not su flClen Y puri
Typical examples of the polyfunctional (meth)acrylate
includes monomers represented by the following general

formula (1):

1
CH2=iiO—(RZO-)a—@é=CH2 (1)

10

wherein R' is a hydrogen atom or a methyl group, R? is
an alkylene group having 2 to 4 carbon atoms, and a is
an integer of 1 to 10,

15 monomers represented by the following formula (2):
L b
CH, HCH O+—fR3O+—R¢—{OR3T—%OCH HCHi%;——

Oig=CH2 CH, EE

(2)

wherein R! is a hydrogen atom or a methyl group; R’ is

an ethylene group or a propylene group; b, ¢, d and e

20 are each an integer of 0 to 10; when b, ¢, 4 or e is
0, -(CHzcl:HCHZO)b-, -(R%0)c-, -(OR%)g- or -(OCH2$HCH2)e—
OH OH

is a single bond; R* is an alkylene group having 3 to 10 carbon

atoms or a group represented by the following formula



H2 -~ H

... 3RS R \ H3 or RH3 Rs (in which R5, R6, R7 and R8

may be the sanme or different 5 and are each a hydrogen atom or a hal ogen

-at em ot her

formula (3):
hydrogen atomor a nmethyl group; R3 is I@ an et hyl ene gré

than fluorine), and nononers represented by trq}nggﬁmgqmm
jcH2 1 ~ 9 =0-f R30OPCH2 CR) h (3 4 erl@EF‘LA’EkS‘ %EEN

group; f is an integer of 0 to 10; gis O or 1; when f or gis 0, -(R3Of-

or - (CH2) 9- is a single bond; his an integer of 0 - 2; RO is a .
hydrogen atom a hydroxy oup or an al kyl ene oup such as nethyl,
ethyl or the like). 15 Sfec dxanpl es oﬂt;p%_ﬁb{yfunc i onal (meth)acry-
| at es represented‘ﬁ?cﬁl ormul as ( (2) lyTiIct ude

et hyl ene gl ycol di(neth)a 'therne a\ymmﬁ di ( acryl ate,

. triethyl ene glycol dl((neth)acrylate tetraethylene

ycol

di (nmeth)acryl ate, polyethylene glycol 20 di (neth)acrylate, propylene
glycol. di(nmeth)acrylate, dipropylene glycol di(neth)acrylate,

tripropylene glycol .di(meth)pErylate,
di (met h)acryl at e, polypropylen col
gl ycol dl(neth)acrylate xangdi
gl ycol dl(neth)acrylate acry e oy
nethacryloonxyethoxyphenyI)pro
2,2' -bi s(4-nethacryl oyl oxy R yethoxy

trapropgfene glycol

acryl ate, pol ybutyl ene

'(nek acrylate 25 neopentyl

ryl conpound of 2,2'-bis(4 8
r nethacrylate conpound of

yl) piBpane, acrylate or

nethacryl ate compoppg of 222" xbi 3¢ AdRHPagLY QY ey BLRROYRiERNL daK ppane,
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and are each a hydrogen atom 6r a halogen atom other
than fluorine), and
monomers represented by the following formula (3):

1

{CHZ:iEO_—( R30)tCH, )g—}kc —R%), (3)
4-h

N
wherein R! is a hydrogen atom or a methyl group; R3? is
an ethylene group or a propylene group; £ is an integer
of 0 to 10; g is 0 or 1; when £ or g is 0, -(R%0)¢- or
-(CHz)4- is a single bond; h is an integer of 0 - 2; R’
is a hydrogen atom, a hydrexymethyl group or an alkylene
group such as methyl, ethyl or the like).

Specific examples of the polyfunctional (meth)acry-
lates represented by the general formulas (1), (2) and (3)
include ethylene glycol di(meth)acrylate, diethylene glycol
dikmeth)acrylate, triethylene glycol di((meth)acrylate,
tetraethylene glycol di(meth)acrylate, polyethylene glycol
di(meth)acrylate, propylene glycol di(meth)acrylate,
dipropylene glycol di(meth)acrylate, tripropylene glycol
di(meth)acrylate, tetrapropylene glycol di(meth)acrylate,
polypropylene glycol di(meth)acrylate, polybutylene glycol
di(meth)acrylate, 1,6-hexanediol di(meth)acrylate,
neopentyl glycol di(meth)acrylate, acrylate or methacrylate

compound of 2,2'-bis(4-



5 actylate or nethacyl ate conmpound of 2,2'-bis(4-

nmet hacr yl oyl oxypol ypr opoxyphenyl ) propane, acrylate or nethacrylate
-conmpound of 2, 2'-Dbis[(3,5-di bronp-4- nethacryl oyl oxyet hoxy) propane,
acrylate or nethacrylate conpound of addition product of hydrogenated

‘bi sphenol A with 10 ethyl ene oxide or propyl ene oxide,

dinmethyloltricycl odecane di(nmeth)acrylate, dinethyloltricycl odecane

pol yet hoxydi (nmeth) acrylate, trineth Iolfropane tri(nethgacrylate,

pent aer yt hri t¢theeralaplaxdeEppryrhenyl ) RECRIREG. ROENERLDfO%t hyl ene gl ycol

or pol yethyl ene_gl yco 5 and gl ycidyl,  (mpth)a | at.e e I on product
of propylene m%?@% Y ?%ﬁof9$P§B§§eﬂg 6!ggb?l%ﬁ%xﬁ$EQﬁ%§#£?§%éﬁ§acryIate,
a_reaCtlonl”§6ﬂ§étﬂ6xﬁbﬁéh§¥bpfﬁﬁéﬂé?%k&b@bQe&ﬂﬂmédﬂhbk9matgﬁbh§5uﬂﬂ
of Bl'yoi dyl (9t} ALT9YE( 6-RPERACDY KR SFORF phOBUReBTL IBTRgRRat od |
of glycidyl (%®th)acr - BYyehat ed
bi sphenol sA Wit h, £5by| §Peme PXLEG1 REe PESRYSERE OKigle2 ' Theseq pol yfuncti onal
(meth)acryl ates tan be used singly or in conbination of two or nore. In
the pr ez ent di meemaconloy hexyipatyprepexyrheny hEpeepane oraeeyY hake yPht e
conmpound an he: ¢ ds haus |l east one
epoxy group iﬁ?ﬁ%%é£§%§ggﬁggmgﬁgﬁgiﬁgf%é? r§¥£??§a5to 5§&g§g§y conpound) to
Fe “used in thetpaesghoylo¥pathony) pnepanewnacoypatsmdoT dne beagBelatei t hout
Imtation. |

epichIorohydr%%ﬁgééggﬁé%ﬁéﬁiEfﬁégﬁggyfkgggé&gggggéggg?hiﬁgﬁ%%ﬁ%gﬁﬁﬁrgmch as
nono-, dilo orethiyidyerdxtideabeqhaipyrenshertiec diymrthylo Ifrmigqrciordedanag
cpi chl or oy ardh(BRER FAFERLGTrL SUTH L BOun b perbaiecdle 6 or 1 orepht nal i c
aci d. Typi cal p&ppeyhéeRyROUNESh fasrkatde, r epimsting boll fyyopduee f ol | owi ng
O e o Tkt bk ety o hE N B el .
n-val ent reaction product of ethylene glycol or polyethylene glycol
15 and glycidyl (meth)acrylate, a reaction product of propylehe
glycol or polypropylene glycol and glycidyl (meth)acrylate,
a reaction product of lecidyl (meth)acrylate and addition
product of bisphenol Awith ethylene oxide or propylene oxide,
and a reaction product of glycidyl (meth)acrylate with
20 addition product of hydrogenated bisphenol A with ethylene
oxide or propylene oxide. These polyfunctional
(meth)acrylates can be used singly or in combination of two
or more. In the present invention, (meth)acrylate is a
generic for methacrylate compound and acrylate compound.
25 As the compound having at least one epoxy group in the
molecule (hereinafter referred to as epoxy compound) fo be
used in the present invention, any known compound can be used
without limitation. It includes, for example, reaction
products between epichlorohydrin.and alcoholic hydroxyl
30 group-containing compound such as mono-, di- or tri-hydric
alcohol or phenolic hydroxyl group-containing.compound such
as phenol or hydroquinone, and reaction products between
epichlorohydrin and carboxylic acid such as benzoic acid or

terephthalic acid. Typical epoxy compounds can be



5 phenolic hydroxyl

group-cont ai ni ng conpound, or a residue of an n-val ent
carboxylic acid; RlL is a hydrogen atomor a nethyl group; and n is an

-inter of 1 to 4. The epoxy conmpound of the present invention preferably
has further at |east one unsaturated double bond group in 10 the nol ecul e.
By using such a conpound having an unsat #ated double bond group and an

‘epoxy group and pol ynerizing a

and a photochrom c conpound tozggoduce a phot ochrom c cured product,

conmpound havinfpPrgse iheths

one epoxy group in the nolegule igipolyRerized to forma polymer matrix to
fix the conpounds and in ¢ nseqygncg, even though such a conpound is

in a large

resin obtained. 20 Exanples\o

Haniaw s bdtgisud 45 and at |

anount, it d

i

conposition containing the above conpound

t he
east

used

uthe properties of the photochromc
sat lir at ed doubl e bond group includes

a vinyl group, an allyl groop, an égﬁil ﬁ? group and a nethacryl oyl group.

An acryl oyl
product of good

oM C propertres.

group aﬁ}gﬁlg%ﬁahfg %gyid?g B%“Qx%ﬁ&ﬁ&%&%%f@oﬁ&l?@&@id} ured

e epoxy conpound havi ng

no unsat urat ed douteuparchtainipg ¢cémpeurnd e arerdsiched abrpoundsialEnt he

b | formula jn which njs 1 or 2 and A s, is 1,
aroup of 5 Lo 20 daH i hSch ‘wy Sl Rl Pt o O,

group(s), a group repidsebifesn ny- valentCBarveyl {¢ mcid ;WRt dis KRhiysirmgen
al kyl ene group of 2 to 4 carbo tons, and q% is an iq%ﬁgg{_(g 1,t020), a

cycl oal kyl group ATHVtPF 2 I HOHR LR A e

hydroxyl group(s),rre HpoxiyhesrbodhaUPE WheC pravgnbeimedist i énitpaed b lay
hydr oxyl group (s), or a benzoyl group which Qgﬁépe ubi}iagted wi t.h

carboxyl —grdiF (JrthenEWnRATt i e UnGR I8k °¢¥b§1?p GR% LR ar bon
atons whigh nay. he1s¢held.t Biask Md Runhy Bonpdure! RERiAY, aR Uns@iteliated |
represented by -R-(ORm (inh which Ris an al kyl ene grogévof_z_to 4 carbon

atoms, and mdaubike iPRRGITHP 120G anHPORY IR aRA

carbon atoms cymﬁg%]sf@i/on containing the above compound and a photochromic

15

20

25

30

compound to produce a photochromic cured product, the
compound having at least one unsaturated double bond group
and at least one epoxy grodp in the molecule is polymerized
to form a polymer matrix to fix the compounds and in
consequence, even though such a compound is used in a large
amount, it does not impair the properties of the photochromic
resin obtained.

Examples of the unsaturated double bond group includes
a vinyl group, an allyl group, an acryloyl group and a
methacryloyl group. An acryloyl group or a methacryloyl
group is preferred to obtain a cured product of good
photochromic properties.

As the epoxy compound having no unsaturated double bond
group, there are mentioned compounds of the above general
formula in which n is 1 or 2 and A is, when n is 1, an alkyl
group of 2 to 20 carbon atoms which may be substituted with
a hydroxyl group(s), a group represented by -R-(OR),-OH (in
which R is an alkylene group of 2 to 4 carbon atoms, and m
is an integer of 1 to 20), a cycloalkyl group of 6 to 7 carbon

atoms which may be substituted with a hydroxyl group(s), a

al kyl

u%&%'ha

a

S I to 7



be substituted with a hydroxyl group(s), a phenylene group which may be
substituted with a hydroxyl group(s), a phthaloyl, 10 isophthal oyl or
-t.erepht hal oyl group which may be substituted w th a hydroxyl group(s), or
a group represented by the following formula: H3 H3 As the epoxy
conpound havi ng at | east one unsaturated1®85 double bond group, there can be
‘ment i oned conpounds represented by the follow ng general fornula (5) which
are typical conpounds preferably used in the present invention:. 12 CH2=
0--f RI100f . RIAIDORP] g2 o) winheh aiary 1 suhdt Rtpted eidhchhydinpgvdgreer 0l or a
met hyl 20 group; ,R10 and . r.diftfarec ch an
al kyl ene grou?)roq bfr}zooyzl. gg&%‘ggﬁ%ﬁgﬁs&'gﬁi%%%%tlggteguﬁg%magu?ce%{t\%}?ﬁfa
hydr oxyl grougtsup(s); samt ehen ndm 2sart edkipyenhegfaip ofi 2go 3Pedrbdds  H3
25 and mand n_are each 0 or .1. | n the abave.fornul group
repr esent ed ,%'90'?&0‘%6361%1 lf%a%&%ﬁqrﬁsltél&‘%f%nﬁ? ﬁ?f‘l é%ne?%lr‘%%)g,l a%%%‘é/ﬁ?g%?e g‘?oup,
11 pr opyI5en](caggbﬂpprebﬁéséﬁﬂedgbyupR-(ORDT;H hydre mh igrto (R iandan tadtkeletdy| ene
group. Speci

i ¢ exanpl es, of the epoxy, conpoun ref er ab) usablg jn_the
present i nven?F%‘ﬁpagg gst?oﬂl 89&5‘.’8% é&%’ﬁf}l " f“?t%se %’br‘rﬂ%ﬁ%‘eﬂa?/ifnig,t? n the
ol eculhel, at 2d|)¢a5e|i c£3ft€l| ﬁmmd | Qf]@lﬂrdﬁ# off 06 Uts at gaabed deoikewlhbon mawup
are et hylene glyco | yci et her, propyl.ene gl ycol |.yci dyl ether
gl ycerol pol y@?y%‘i"ﬂ?glg‘ﬂh% ,W’d?tbl%/@éfp O’Qg’r]oﬁﬁﬁgy&gylagl?l%%rr“,’f%?bqlf%‘i'p
pol ygl yci dyl @ Dk maluby lsub@ taltntiedhi € B@fydrl@fx@nyér&h;?/pé fyb gteiloyl,
pol yet hyl ene gl ycol “diglycidyl ether, polypropylene glycol diglycidyl
ether, ~AfopehsgphhgterlhgtesrahthalpEl JrouR Kokehdifiope substitutéd

with a hydroxyl group(s), or a group represented by the

following formula:

IE@
Hj
As the epoxy compound having at least one unsaturated
15 double bond group, there can be mentioned compounds

represented by the following general formula (5) which are

typical compounds preferably used in the present invention:
12

1
CH2=iIO—(R1°O-)n-;(-R110-);—CH2 —/CH2 (5)

wherein R! and R'? are each a hydrogen atom or a methyl
20 . group:; R'® and R'! may be the same or different and are
each an alkylene group of 1 to 4 carbon atoms which may
be substituted with a hydroxyl group(s), or a group

represented by the following formula

. Hj
H,
25 and m and n are each 0 or 1.

In the above formula, the alkylene group represented

by R can'be exemplified by methylene group, ethylene group,



di.gl yci dyl ether, adduct of propyl ene oxide to bisphenol A or hydrogenated
bi sphenol A, diglycidyl terephthal ate, 15 spiroglycol diglycidyl ether and
-hydr oqui none di glycidyl ether. Exanples of the conpound having, in the

nol ecul e, at | east one epoxy group and at | east one unsaturated double
‘bond group are acrylate or nethacryl ate &dnpounds such as 20 gl yci dyl
‘acrylate, glycidyl nethacrylate, a-nethylglycidyl acrylate,

Q net hyl gl yci dyl net hacryl ate, bi sphenol A- nonogl yci dyl ether

net hacr yl at e, PZPPY}§RE dIT D b IRYTY1eRe HIEQYR atfer imethylene group and

3-(glycidyl-2- M}Q- s hyfs@xypropyl  nethacrylate,
3-(gl ycidyl o>2<ty- -ﬁoprop%}f%%) -18625 hydr oxypr opyl acryl ate,

3- (gl yci dyl oxy- 2- Spetfkiprexynpkes -f htke cgerdAMERUNd Rrefarpbhe | i ke.
[n the composilion, ofy Uig REASEOL: | WAL 42 A1 §fs Lhe epoxy
| y

conpound used Cannot be Sp I ed genera ecause It varies depending
upon the anount ofExdmplepuwf tiks cipeunt diawihd.n ithdhsompfigsstliconat

(meth)acryl ate. en a general_ pal ngLi [ 15 t r ket
i s used, userGIST RS ffycgr?poglgnghi%ngénlqg%ﬁélfg%@i&%ﬁ%g goydl{v\%i § tdpor
nore per 100 gxd tetlbylevee giiyodl tdbyebdyr ednamerpmepylengpglessol he
coloring of the cured product obtained. 12 - Cenerall even, if_u 30
parts by wei gqgtycb]f‘{%]n %Hb‘?(’i/ LoRpoLh ?%fw%%]ecg?fae%ber%d plr%ld‘(u%%)r%f

suf fici ent stgengityc @yl betlodt Al setbitol t hel pebecidy lare tpaxy wmorgpbund

havi ng no_ unsat urated doubl e bong oup, E{owever, 1 t.1s . used in.an 5_L
amount ofOpr 3 6¥FEHIYL 2L DheNY. g§y\fgfi§ t SCRET e BRSFRYRGESPe FIYEH part s
by wei ght, pegidBfcf@F1 Se e i 961y eFobBe ) 0f BycdD ndiFTy diedyalisetieno, | ar ge

an anount of such conpound prevent curing of a cured product. The
above- nent i orRePRGBTEL phoeet dE9brcidyl Hather cohpbi ¥y an epoxy

group(s) and/9fqAfcHipRldbrdLd additd %fb?&@lpgneae(siid@aﬂatﬂﬁspﬁerg@yimg
rise to radica pol yneri zati on, and includes al]l _ of the polyfunctional

(et h) acryl atex hydregengtednpbiperel bt dighombdel tRiRrhthalate,
15 spiroglycol diglycidyl ether and hydroquinone diglycidyl
ether. _
Examples of the compound having, in the molecule, at
least one epoxy group and at least one unsaturated double
bond group are acrylate or methacrylate compounds such as
20 glycidyl acrylate, glycidyl methacrylate, B8 -methylglycidyl
acrylate, B-methylglycidyl methacrylate, bisphenol A-
monoglycidyl ether methacrylate, 4-glycidyloxybutyl
methacrylate, 3-(glycidyl-2-oxyethoxy)-2-hydroxypropyl
methacrylate, 3-(glycidyloxy-1l-isopropyloxy)-2-
25 hydroxypropyl acrylate, 3-(glycidyloxy-2-
hydroxypropyloxy)-2-hydroxypropyl acrylate and the like.
In the composition of the present invention, the amount
of the epoxy compound used'cannot be specified generally
. because it varies depending upon the amount of the impurities
30 contained in the polyfunctional (meth)acrylate. When a
general polyfunctional (meth)acrylate in the market is used,_
use of the epoxy compound in an amount of 1 part by weight
or more per 100 parts by weight of the whole monomer can

suppress the coloring of the cured product obtained. -



as necessary (described later). The same applies 15 hereinafter. The
oxazi ne conpound used in the present invention can be any known conpound
-havi ng a spirooxazi ne skel eton and having photochrom c properties. It

preferably a
20 formula (6): R15 Ro Y (6) X R13 Inlthe above general fornula (6),

, R14 and R15 nmay be the sane or different and are each an al kyl

cycl oal kyl
al-kyl eneoxyal Genexpblyp, @melal kﬁxwatdaofiﬁﬂp@?mwy areigh k b i Rl kyl
an arWQ&QOUIQd A ble aclﬁ] Qr&ﬁped p%d%@fl S Vs S 21 e strength

group,

alkylenethloéf
R14 ansaRbe nshy:atmgdt heIn tth maaeroﬁga,n apoxR1gompeund v 1S Dy

gr oup,

besi des t he dﬂBﬁ%

is

spi rooxazi ne conpound represented by the foll ow ng general

group, a cycloaral kyl group, an al koxy group, an 25

an acyl oxy group or an amno

each have a subst tue ‘i%juﬁ‘}%a%%ﬁrge ?g‘gétlﬁ#w&&éls) ipcinggeélﬂglélrge)

tT0 group, cyano

gr OUE, heter aﬂﬁh’@ﬁm'@ @pﬁéfaﬂdblya bk pﬁhesgbpwplgMprmmmmg;‘a\bl@l
a substituted or unsubstituted hival ent omatic.5 h ar bo

substituted of %éuBngFu‘Pfédmdrgt}é i eRET &ﬁéa‘??ﬁ%ﬁ &y é ?‘% ogltf'r}%eq "&loup The
group represegpd sy b@édlﬁs@téﬁbﬁérééﬂaﬁdaﬁbuﬂﬁ%ﬂ)shbh%@dpdmm@lpﬁdﬁvearmrmt iC
hydrocarbon group or a substituted or unsubstituted bivalent 10

unsat urated HeteiRgyefie gubed. PIPRUGtval ent aromatic hydrocarbon or
bi val ent unsat ur atfgle hgb & OCHEN t FoRE@UPho & Ghotsier f R f &xX P! €he bi val ent

groups derived froma benzene ring or froma fused ring of 2 or 3 benzene
The bisemeewnds having an epoxy group(s) and/or an unsaturated

rings.

15

20

25

30

double bond group(s), capable of giving rise to radical
polymerization, and includes all of the polyfunctional
(meth)acrylate, the epoxy compound and other monomer added
as necessary (described later). The same applies '

hereinafter.
The oxazine compound used in the present invention can

be any known compound having a spirooxazine skeleton and
having photochromic properties. It is preferably a
spirooxazine compound represented by the following general

formula (6):

RlS R14

In the above generai formula (6), RY*, R' and R'® may
be the same or different and are each an alkyl group, a
cycloalkyl group, a cycloaralkyl group, an alkoxy group, an
alkyleneoxyalkyl group, an alkoxycarbonyl group, an

" alkoxycarbonylalkyl group, an aryl group, an aralkyl group,

an aryloxy group, an alkylenethioalkyl group. an acyl group,
an acyloxy group or an amino group, R'* and R'® may together
form a ring, and R*?, R' and R'° may each have a substituent(s).
The substituent(s) includes (include), besides the

above-mentioned groups, halogen atom, nitro group, cyano

R13

. group, a

IS



unsat urated heterocyclic ring includes, for exanple, 15 bival ent groups
derived froma 5- to 7-nenbered ring containing 1 or 2 oxygen, nitrogen or
-qul fur atonms as the ring-formng aton(s) , or froma fused ring of the
above 5- to 7-menbered ring and a benzene ring. Specific exanples of the

bi val ent aromati c hydrocarbon 20 group aBe groups of 6 to 14 carbon atons
‘derived from benzene ring, naphthal ene ring, phenanthrene ring, anthracene
ring. or the like. Specific exanples of the bival ent unsaturated

het erocycl i ¢ gpaup, hetagrocpsldd droup Brdriun bikes d&e @&F@uDdf rom furan
ring, benzofuranlﬂéﬁhlgyridine ring, quinoline 25 ring, isoquinoline ring,
pyrrole ringFﬁQﬁ?ﬂ) %'r?%g, t hi ophene ring, benzothi ophene ring or the

| i ke. The substituents can be selected fromthe sane groups as nentioned
above with respect to R13, Rl4an¢’ R15.1 In particular, an oxazine
conpound substituted with a gYoupIr epresented by TH S SHEET HAS BEEN 14
REPLACED -NR16R17 wherein Rl R17 are each an al kyl group, an al koxy
group, an allyl group or the like, each of which nay be substituted; and
R16 and R17 nay deshwseceutad 6¥chngedstbtwidéd whcdleritheardmatoecm a

ni trogen-contai ning heterocyclic ring, 1s preferable fro he .st andpoi nt of
hi gh densPty hfdrecarkey JroydcE& ﬁPg?ﬁlFﬂgegl‘ﬁrt F’é?u}i’)ﬁgfg]ﬂﬁ?grﬁ]cvaq‘é)nt
performance. oGkt €e&XREPLEScPE1LHEghN@E | Narheo fraupd reprefstimidd/ byl 0
usable in the present invention are as follows. (1)

6' - Fl uoro-1'-net hyl - 8"-net ho - nor phol i nodi spi r o-
(cyclohexane-1,3'-(3kbindole-a H), 3"- (3H) napht ho(3, 2a) (1, 4) oxazi ne)
(2) 1'-Methoxycarbonyl net hyl - zhoxy-G"-(4 15 -

met hyl pi per azi no) di spi ro(cycl/6h&Xane-1, 3' - (3H)i ndol e- 2" -

(1'H,3"-(3H) naphtho(3, 2-a) (1, 4)oxazine) (3) 5" -Fluoro-1'-nethyl-6"-

pi peri di nodi sis ra(syts bhtubed- or 3ungBbfthtiated sbivalent aromatic

hydrocarbon group or a substituted or unsubstituted bivalent

10 unsaturated heterocyclic group. The bivalent aromatic

—Hydrocarbon or bivalent unsaturated heterocyclic group
includes, for example, bivalent groups derived from a benzene
ring or from a fused ring of 2 or 3 benzene rings. Thebivalent
unsaturated heterocyclic ring includes, for example,

15 bivalent groups derived from a 5- to 7-membered ring
containing 1 or 2 oxygen, nitrogen or sulfur atoms as the
ring-forming atom(s), or from a fused ring of the above 5-
to 7-membered ring and a benzene ring.

Specific examples of the bivalent aromatic hydrocarbon

20 group are groups of 6 to 14 carbon atoms derived from benzene
ring; naphthalene ring, phenanthrene ring, anthracene ring
or the like. Specific examples of the bivalent unsaturated
heterocyclic group are groups of 4 to 9 carbon atoms derived
from furan ring, benzofuran ring, pyridine ring, quinoline

25 ring, isoquinoline ring, pyrrole ring, thiophene ring, . —
thiophene ring, benzothiophene ring or the like.‘r;;é

e

substituentscanbeselectedfromthesamegroupsaSnmntioned
dbove with respect to R, R' and 3%., In particular, an

oxazine compound substituted with a group represented by



(L"H,, 3"-(3H) naphtho(3, 2-a)(1, 4)oxazine) 20 (4)
1' - Met hyl - 8" - net hoxydi spi ro(cycl ohexane-1, 3' -

-(3H)indol e-2'-(1"H), 3"-(3H) napht ho( 2, 3-a) (1, 4) oxazine) (5) :
6' - Fl uoro-1', 7' - di met hyl - 6" - mor phol i nodi spi ro( cycl o- THIS SHEET HAS BEEN
hexane-1, 3' - (3H)i ndol e-2' - (1' H), 3"- (3H) napght ho(3, 2- a) (1, 4) ¢xazi nREPLASEDG)

6' -Fluoro-1',5' -di net hyl - 6" - nor phol i nodi spi ro(cycl o-
hexane-1, 3' - (3FD|ndoIe 2'-(1'H),3"-(3 %phtho(s 2- a)(1, 4)oxa2|ne) (7)
6' - Fl uoro-1'-isobutyl-6"- norpholi nodiRsrR ro(cycl ohexane-1, 3'-(3H)i ndol e-2' -

30 (1'FD:3"'(3FDnQﬁQ%H9ﬁ$I§- %é&éﬁwoééé'gggh(éﬁ alkyl group, an alkoxy

6' - Fl uoro-5' - net hy -Tso
nmor phoI i nodi spi ro(gn;mhp»heaaarmlllyB gx@H) iamdihe 2ike, each of which may

él :;? Uor o( gH) Rgfﬂt hO%Bb %é%él;%t X%%& € and R’ may be bonded and cyclized

mor phol i nedi spi r o(wiyth oémcanetﬂeﬁ td %bmcblr&&ogﬁﬂ-&cﬁiﬁhm BEEN 15

REPLACED 1 3"-(3 ho 3,2a)(1, 4)oxazi ne 10
1 , 3,3 Tg'm;?hw té%%‘zhi %')pl(ro(%Bl—l)lndol)eE )

(1 H), 3"- (ﬁﬁﬁﬁﬁﬁﬁéﬁ@&ﬁe2ff0ﬁjxﬁacﬁiﬂhd§61nﬁJdﬁ high density of its
3 , 3" -Dinmethyl-1'-isobutyl -dis |ro((3

ol e-2' .
(1 H), 3" (SFDq‘%‘fﬂl]ECPRﬁ@ czo]aglgll )%ﬂ_ 516?]1 oztoc%romlc performance.
1',3", 3" -Tri met hyl gl sf 1 & (> 1P lo@- Bhe(bxhide -compound, preferably
(3FDnaphtho(3 2-a)(1,4)oxazine) In the present invention, by containing
t he epoxy9 COFW#IWI c%ﬁ?r‘é%‘i'%l%fhve%%}%l?@e @S tHRL B ne compound 10

does not occury) the Spapesiii e SpIss T SRlIORSkE-0d Ok d¥p ISt nddiEs Pk e d
product has i rrpr oved initial color-devel oping perfornmance. Ther ef ore, the
amount of t hel epaohexarepbuht- (3BLndRke be' dek dhhithed from a wi de range.

However , Wne g};]ﬁaw{:;oia Pf @Wéﬁané:prrpound is too small, no
co

sufficient 157 or - devel opi'ng performance is obtained, while the
amount i s tod 2 arke;Me bizoxxear benybrgthintt & susslhastifreds| of# - resul ti ng in

sharp reggctl h§ipf%é¥%éiﬁg)éqs§¢¥gfé§gfgﬂékane 1,3'"-(3H)indole-2"'-
(1'H),3"-(3H)naphtho(3,2-a)(1,4)oxazine)
(3) 5'-Fluoro-1'-methyl-6"-
piperidinodispiro(cyclohexane-1,3'-(3H)indole-2'-
(1'H),3"-(3H)naphtho(3,2-a)(1,4)oxazine)

20 (4) 1'-Methyl-8"-methoxydispiro(cyclohexane-1,3'-
(3H)indole-2'-(1'H),3"-(3H)naphtho(2,3-a)(1,4)oxazine)
(5) 6'-Fluoro-1',7'-dimethyl-6"-morpholinodispiro(cyclo-
hexane-1,3'-(3H)indole-2'-(1'H),3"-(3H)naphtho(3,2-
a)(l,4)oxazine)

25 (6) 6'-Fluoro-1',5'-dimethyl-6"-morpholinodispiro(cyclo-
hexane-1,3'-(3H)indole-2'-(1'H),3"-(3H)naphtho(3, 2-
a)(1l,4)oxazine)

(7) 6'-Fluoro-1'-isobutyl-6"-
morpholinodispiro(cyclohexane-1,3'-(3H)indole-2"-

30 (1'H),3"-(3H)naphtho(3,2-a)(1l,4)oxazine)

(8) 6'-Fluoro-5'-methyl-1'-isobutyl-6"-
morpholinodispiro(cyclohexane-1,3'-(3H)indole-2"-
(1'H),3"-(3H)naphtho(3,2a)(1,4)oxazine)

(9) 6'-Fluoro-5'-methyl-1'-neopentyl-6"-

35 morpholinodispiro(cyclohexane-1,3'-(3H)indole-2"-



pr.dperties. Hence, the oxazine conmpound is used in an amount of preferably
0.001 to 10 parts by weight, nore preferably 20 0.01 to 5 parts by weight,.

-particularly preferably 0.01 to 1 part by weight, per 100 pa@kL t '
of the whole nononer. In the present invention, by using ot 13}@ ?)ME H% BEEN-
of photochronic conpounds, i.e. a chromens conpound and a filgid Horind

in conbi nation with the oxazi ne conpound, 25 there can be obtained a
photochrom ¢ cured product of higher degree of conpleteness suited for the
i nt ended appl () od" - (Fdrnapbipd €3, 22) (5, khowadzineal oxazi ne conpounds

minly devel opgp pl ugr |y ey Ilng{h%f%-- V\Qngﬁepfr{diﬁodﬂ e 319) 130 Fe -

phot ochromi ¢ ptoduct al ne esent ention
obt ai ni ng a speethtik, 3'éﬂ(33lil)axvaplytlaoh@u2f@)(bmmxaﬁllmhy or brown, a

d
cuperi br i AFEDRPI 03 PR ERIPLE O Be Pty £las £ B0 Of smi S, £EL groand
corrpoung ggdl(aa'fm)glim dEH)nam'lohmmmHm)(h;-M booeazxmel:orrpound The chronene
o atur o a G cBIPEENS: R S Do D) SRR Bl g hgeaed 10

ful gimde co ndaﬂ%’l%pp @1_@) e, a;pd;yaazﬁmén larly to the oxazine conpound,
but show w der absorption for visible (lél%;ht t han t he Ova{ ne co ound.

Accordingly, it isIBotlepPEeseRb LRYSRHLAN ddpeFORRHRINGERG e

ful gi de conpuitbARdd iaFRERRRpeRIRAUAT. cd INF ErsFaR i aﬁahahbwdt@ﬁﬂxﬂ@om
conpounds described in, for exanple, U S. Patent Nos. 4,882, 438,

4h960 ﬁ?go 5,dF0S 0BY. BTG, S48 SRAPPRA tdPReFhOTRIedNeRdLPLREHIg and
phot ochrom ¢ e b
b§19t h&safw? SELERLE YnaS efnpAQvd o mftpéieS@ﬁofrw@@él%slﬁ%n e

represented |'owm ng general fornmula (7): R1I8 Y , X (
wherein the geuformpresentBenstat tHEl FIPWRE (6 HiEa0xdzine compound

used can be determined from a wide range. However, when the
amount of the oxazine compound is too small, no sufficient

15 initial color-developing performance is obtained, while the

amount is too large, the oxazine compound causes cohesion,
resulting in sharp reduction in durability of photochromic
properties. Hence, the oxazine compound is used in an amount
of preferably 0.001 to 10 parts by weight, more preferably
20 0.01 to 5 parts by weight, particularly preferably 0.01 to
1 part by weight, per 100 parts by weight of the who'le monomer.
In the present invention, by using other two types of
photochromic compounds, i.e. a chromene compound and a
fulgide compound in combination with the oxazine compound,
25 there can be obtained a photochromic cured product of higher
degree of completeness suited for the intended application.
For example, it is known that oxazine compounds mainly develop
a blue-line color, but when it is intended to use a
photochromic cured product obtained by the present invention
30 for obtaining a spectacle lens having a neutral color of gray
or brown, a cured product capable of developing a neutral
gray or brown color and superior in durability can be produced
by combination use of a chromene compound and a fulgimide
compound with the oxazine compound. The chromene compound

35 is a cbmpound mainly developing a yellow color and is needed



15 is a substituted or unsubstituted bivalent aromatic hydrocarbon group
or a substituted or unsubstituted bivalent unsaturated heterocyclic group;
-R18 is an al kyl group, an aryl group, a cyclopropyl group which may be
substituted, or a nonoval ent heterocyclic group; the 20 group represented
by the followwng formula: \C/ Z 1is a noesbornylidene group or an
‘"adamantyl i dene group; and X is an oxygen atom a group represented by >N
R19 , a group represented by >N-Al -Bl1- (A2) k- (B2) R-R20 , a 25 group
represent ed byo pto&in#l aonerntgadupoleprigs @ombdngyion wikh/A8-fHre @©od-oxhi ch

R19 is a hydro at o an_ al ky ryl oup: N Kyl
group, a naprﬁrgcg&rb‘?o plglor?l%e n%op%%%l %W&g%rpgl%;bl%l%éogz%ﬁ%gl%n&l tom a
cyano group tf therddaximy ooppodid, A tastiowv®idey dies dripd isemEob vdus idilfef er ent
and are each an al kyl e roup, an _al kyljdene grqu a cycl oal kyl. group
or an al kyl &&%F%QR%%PXBEBB&COMQ%‘% ngﬁﬁ?ﬁgf‘ga%uﬁt hg%olagr%d' may
be the sage afo ditladneatdedse Al leach asgtine@bovepratghiedcdypdured famid owi ng
group: -0-,- -,-00-,-0 0-,- NH_ or -NH - Io.ﬁnglk an%g are each

i ndependent | CRFJrene GemRoRng, Sheie capdhe GHLAARLY $8¢d bnewd Gofiboungs;, o
general formiasdribed Nen bi Fedt edtkars DEPLY £S. hysitacanomn. or BER J438 esent ed
by the following fornmula: Y 15 includes, for I bi val ent groups

derived from% 98 Ehe 3i 3P 0?58 r ot L0 L3R q“?‘iigt e"%triﬁr's benzene ri ngs.

The bival ent unsats&ateed 1@eHREEE blotbOrbifiLt Wdhpounds sexeapleusdaal ent
groups derived froma 5- to 7-nenbered ring 20 containing 1 or 2 oxygen,

ni trogenl@r sin ftine BEBAENESIAVRNLIOMGANOPRITRPEASARIO P the HRldoMidl ring
of the above 5Eneral formula (7):

R18
I\i
X 7
,)°
. Z
wherein the group represented by the following formula

Y

15 is a substituted or unsubstituted bivalent aromatic
hydrocarbon group or a substituted or unsubstituted
bivalent unsaturated heterocyclic group: R'® is an alkyl
group, an aryl group, a cyclopropyl group which may be
substituted, or a monovalént heterocyclié group; the

20 group represented by the following formula:
N/
<:C:>
Z
is a norbornylidene group or an adamantylidene group;
and X is an oxygen atom, a group represented by >N-

R!®, a group represented by >N-A;-Bi-(A;)x-(B;):-R*, a
25 group represented by >N-A;-A4 or a group represented by



ta 7inmenbered ring and a benzene ring. Specific exanples of the bival ent
aromati ¢ hydrocarbon group are groups of 6 to 14 carbon atons derived from
«-henzene 25 ring, naphthal ene ring, phenanthrene ring, anthracene ring or
the like. Specific exanples of the bival ent unsaturated heterocyclic group
are groups of 4 to 9 carbon atons derived7 fromfuran ring, benzofuran
ring, pyridine ring, quinoline ring, isoquinoline ring, pyrrole ring,

t hi ophene ring, 30 thiophene ring, benzothiophene ring or the like. The

bi val ent aromatic Hyekodal Ham ghibclp ROT ibi & Alydmogensatem aeddaikyl group

het erocyclic group. m _ %\?ég érnog}bb;skbd ggrgn( glkyimoﬁ’bgtﬁ%%ggﬁ§§)gg&d are)

not particularly s can e exerrg y ha en” atons ‘such
as chlorine, bronidea naptthglankylhgrdukeR*alkya plmgen etom,td oyar bon

atons such 5 as nethyl group, ethyl grou nd,th i ke; of 1
to 4 carbon atons %%‘F\pa%r n%t%?(ﬁlgg?%lﬂpp ok %Irl%u% étnnagJ l%[c%é:k% ck)sLeé?‘?ear yl
groups of 56 to 10 gArdDPfetent sndhars ¢denyin alioplend oyydumr camp, Xyl yl
group and the |ike;_al koxyaryl ‘géou s of 7 i&) f;4 carbon atons (aryl groups
of 6 to 10 carbon ab<HIEAEN@SFOURhsT | FYT P YT WHRBHrdp of 1 to 4
carbon atoms); a@ﬂ@{%?@%améﬁ%wpl&o@dAWﬁ@ gaphthyllngirbapgeBer al
formula (7), the alk group, aryl group _and heterocyclic

roup
represent ed by R1GRAB:0BABRSSHE! $&Re AFydifEeTsht PIFFE Sgcﬁegtq]?ﬂﬂ% with
respect to the abox}’é’pﬂés’éﬁ'@é&i$&'em§1féﬂﬂodlﬂ§é Ugheodh Kyl groups of 1 to 4

carbon atons, aryl groups of 6 to 10 carbon atons, and nonoval ent groups
each derived froma 5- to {f-ne redyring cgntainyng 1 or 2 ygen,
nitrogen or sul fur a:t(s[_ns_ _the i ngaAporm g8n~at or Eh_ of' - na fused
ring of tthe above 5- Yo'’7-Trefrbered’ ring ‘an 20 a benzene ring. The al kyl

group and aryl grospgkeRh@Senhed daciifdaebendextily @ofi 1 WadenagRrdaisy ng
group, can be exenplified by the same groups as nentioned with respect to
R18. The al kyl ene thgbupherpketen® edby-sAP)1A2 and A3 when X is a nitrogen

25 containing group, [fePEEREFEP! Yol LUP7 P! thd bfvEBEREaREREBIC

hydrocarbon group represented by the following formula:

15
includes, for example, bivalent groups derived from a

benzene ring or from a fused ring of 2 or 3 benzene rings.
The bivalent unsaturated heterocyclic ring includes, for
example, bivalent groups derived froma 5- to 7-membered ring
20 containing 1 or 2 oxygen, nitrogen or sulfur atoms as the
ring-forming atom(s), or from a fused ring of the above 5-
to 7-membered ring and a benzene ring.
Specific examples of the bivalent aromatic hydrocarbon
group are groups of 6 to 14 carbon atoms derived from benzene
25 ring, naphthalene ring, phenanthrene ring, anthracene ring
or the like. Specific examples of the bivalent unsaturated
heterocyclic group are groups of 4 to 9 carbon atoms derived
from furan ring, benzofuran ring, pyridine ring, quinoline
ring, isoquinoline ring, pyrrole ring, thiophene ring,
30 thiophene ring, benzothiophene ring or the like. The

bivalent aromatic hydrocarbon group or bivalent unsaturated



suchsas net hyl ene group, ethylene group, propylene group, trinethylene
group, tetranethylene group or the like; the alkylidene group is
-preferably a group of 2 to 4 carbon atons such as ethylidene group,
propylidene group, isopropylidene 30 group or the like; the cycloal kyl ene
group is preferably a cyclohexylene groag; and the al kyl cycl oal kan-di vyl
group is preferably a dinethylcycl ohexan-diyl group. The al kyl group
represented by R20 is the sane as nentioned with respect to R18; and the
napht hyl al ky herenpcyslpe efeoubl yay havepa ofuldtiseni(gy. cdhson at ons such

as napht hyl net hyl ou 19 . n y r I Is

ful gi de- basgosé}%%’fgéﬁ?@%{ %?closngcl%%tﬁgg]?%E%/Ae{&sﬁ%gﬂyb§ggﬁg&ggﬁg%?& 1t}’(;%rnrml a
(7), t herg | g&;epreefeﬁmfﬁfiéalh bwi7§lmﬂt_0@‘ert Iaetﬁdusr abchiay ¢mlghigtechmomidng., etc.
a conpoun . of . the [ . | i R18_ J I r r

cycl opropyl gr®tp}eXh tgtél-%"%?‘h av%y\cﬁgﬁolug%ao%aagga{aEé%ngo%g&n%fs'%ﬁ 0 4
carbon at gns,ad i tHyRlgadupgr etthyaf gtotp @nd arheod ikat; oatkoxy agroups of

| k b | al kyl i ni
ot oup of 5t ot F % GO CARoREORAS D T AAkACTo S5PERy BERIR] e iRt
atons) , the EHOUR KPR ngedupBYot fee thol b avditspr at@msasuth/ as phermsylan

adamant yl i dene group, and the group_represented_by the, follow ng fornmula:
Y1 15 is a $R@Pochelyt growd. whYLhl ngyope %%%s¥¢%3¥%kﬁvw%f?%ﬁ§%5§i

group of 6 to?ﬂguﬁér&m 850 cQrbdh atERYYainY]l greupsobf & tbold&dasdipn
atons (an aryl group of 6 to 10 carbon atonms_ substituted with an al koxy

group of 19 t caomaransh subedyituted WaERi MoK YadgPBaPder toet FAIHA™
thi ophene i ng. ohp, Clih PENG- GAFP ORI SYELED! Yand Cayddb [ o esent
i nvention can be represented by the follomnng general formula (8):

In the general formula (7), the alkyl group, aryl group

and heterocyclic group represented by R!® can be exemplified

by the same groups as mentioned with respect to the above

15 substituents, and include alkyl groups of 1 to 4 carbon atoms,
aryl groups 6f 6 to 10 carbon atoms, and mbnovalent groups
each derived from a 5- to 7-membered ring containing 1 or
2 oxygen, nitrogen or sulfur atoms as the ring-forming atom(s),
or from a fused ring of the above 5- to 7-membered ring and

20 a benzene ring.

The alkyl group and aryl group represented by R!'° when
X is a nitrogen-containing group, can be exemplified by the
same groups as mentioned with respect to R'®*. The alkylene
group represented by A;, A; and A; when X is a nitrogen-

25 containing group, is preferably a group of 1 to 4 carbon atoms
such as methylene group, ethylene group, propylene group,
trimethylene group, tetramethylene group or the like; the
~alkylidene group is preferably a group of 2 to 4 carbon atoms
such as ethylidene groub, propylidene group, isopropylidene

30 group or the like; the cycloalkylene group is preferably a
cyclohexylene group; and the alkylcycloalkan-diyl group is
preferably a dimethylcyclohexan-diyl group. The alkyl group
represented by R?° is the same as mentioned with respect to
R'®; and the naphthylalkyl group is preferably a group of 11

35 to 14 carbon atoms such as naphthylmethyl group,



R22 ¢+ R23/ 24 (8 Y I | RRS 25 wherein R2, R23, R24 and R25 may be
the sanme or different and are each a hydrogen atom an al kyl group, an
-aryl 20 group, a substituted am no group or a saturated heterocyclic
group and R24 and R25 may forma ring together; and the group represented
by the followng formula: Y 5 is a sub3®ituted or unsubstituted bival ent
‘aromatic hydrocarbon group or a substituted or unsubstituted bival ent
unsat urated heterocyclic group. 10 In the general formula (8), the alkyl
group and ar ylaphrhorbe thpl cgeonp byt 2lik®3, R24 and R25 can be the sanme

al kyl  groups andgﬁ%ﬁﬁl‘?{ﬁgpﬁi@'@%& | n%%ﬁ%ﬂﬁ%pg&dgerelg@éwr al

formula (7); the am no gro udes am no groups in which at
| east one of ddretdrydvpgere gemsrak Agrmlsst(1ut ddese s Rreflesredvedni oned

al kyl group(s)., or yl 0 ; r i il udes
nonoval ent gr‘)ojtﬁ)"é iéc?%&?#%%ﬁ%%@" gpﬁict%oaééﬁ%en{r}rber'e Ct)ré‘ic'n'gca %rc?mb}ldrﬁg, as
a ring-fopm nge atloen £drmuld (7} rbgewhickxyRfEnisoansalkyl growp, osuah as
pyrrolidine rin i m dazol idine rin .pi peridine_ri ' j i ng,
nor phol i ne ri FPYPRY Igirl?élp'l)ﬁltshgw'géaé‘rna %%1?;1%“ 2% an?%gf{r?%x%%ﬁ ch
R24 and R25 d@rimdoogethebonnatodes @ micrduaIil dgeoapgodup, t@a 4 carbon
bi cycl o] 3. 3. 1] 9- nonyl i dene group,. etc 5 ]n_the ral .formula (.8 t he
bi val ent ar orfbt9®s %BPO?:%]F%’&HC‘SJFBW%?EIBY i/eﬂré)r?tp 8?\2%&% 3t%%lrr$:%? earto%“yscl ic
group represgdtadyiddeat chlekPIgfRipdAl to 4 carbon atoms and an

10 alkylene group of 1 to 4 carbon atoms), the group represented

by the following formula:
N/
<:C.>
Z
is an adamantylidene group, and the group represented by the

following formula:

15
is a heterocyclic group which may be substituted with an aryl

group of 6 to 10 carbon atoms or an alkoxyaryl group of 7
to 14 carbon atoms (an aryl group of 6 to 10 carbon atoms
substituted with an alkoxy group of 1 to 4 carbon atoms),

20 particularly a group derived from a thiophene ring.
The chromene compounds suitably used in the present

invention can be represented by the following general formula

(8):

25
wherein R??, R?*, R?** and R?® may be the same or different

and are each a hydrogen atom, an alkyl group, an aryl



Y. can, be exenplified by the same groups as nentioned with 30 respect to
the general formula (7). These groups nmay each 21 have a substituent(s).
- The substituent(s) is (are) not particularly restricted and can be
exenplified by hal ogen atons such as chlorine, brom ne, iodine and the

i ke; alkyl groups of 1 to 20 carbon at@®s such as nmethyl group, ethyl 5
‘group and the like; al koxy groups of 1 to 20 carbon atons such as net hoxy
group, ethoxy group and the like; aryl groups of 6 to 10 carbon atons such
as phenyl group, t@r9¥pgraupubskitytedranpnangrere ¢Fka;sakirdtedoup; nitro
group; and cyano géegpoc%&% 58PS FENLHANRS GRP B DRSS |
phot ochrom ¢ conpounds, particularTy suitable is a conpound of g€neral
formula (8) in whithg®ReRenndamd3the egranh repyeseneed hYMheRAPLIOWLIRPS nay
be the sane or dif%§£ﬁn aand are each an alkyl group of 1 to 4 carbon
atons, or may toge r Torma 15 bicycl o[ 3.3.1]9-nonylidene group or a

nor bornyl i dene group; and the gro represented by the followng formula Y
is a group derived froma naphthalene ring which may be substituted with
an al kyl group(s) of 1 to 20 ¥arbqn atons 20 or an al koxy group(s) of 1 to
20 carbon atons. -Specific exa of the ful gide conpound and chronene
conpound, 3whi ch. can be suitably used in the present invention, are as

foll ows. Ful gide conpounds: 25 (1) N cyanonethyl -6, 7-di hydro- 4- net hyl - 2-
phenylspiro(5,6-benzo%b thio henedicarboxginido-?,Z- , .

tricycl o[ 3. 3. 1. 1] dt®a e%ub§§$tuted or unsubstituted bivalent aromatic

N-cyanonet hyl - 6, 7- gy &¥8EQrBoh PgFBaPOSY PAESY bt ftuted or unsubstituted
nethylsplro(5,6-ben;o[b]th|ophenedlcarboxgln1do-7,2 30
tricyclo[3.3.1.1] deteatsnt ynsptyrabadt Rgteroey et 1§ d9%R9P net hyl spi ro( 5, 6-

benzo[ b] 4 gi ophenedi;atROXYbHEFRT 7ForntlaCYE} O the alkyl group and aryl

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

groups and aryl groups as mentioned with respect to the
general formula (7): the substituted amino group includes
amino groups in which at least one of the hydrogen atoms is
15 substituted with the above-mentioned alkyl group(s) or aryl
group(s):; the saturated heterocyclic group includes
monovalent groups each derived from a 5- to 6-membered ring
containing, as a ring-forming atom, 1 or 2 nitrogen, oxygen
or sulfur atoms, such as pyrrolidine ring, imidazolidine ring,
20 piperidine ring, piperazine ring, morpholine ring or the
like. |
In the general formula (8), the ring which R** and R?*
form together includes a norbornylidene group, a
bicyclo[3.3.1]9-nonylidene group, etc.
25 In the general formula (8), the bivalent aromatic
| hydrocarbon group or bivalent unsaturated heterocyclic group

represented by the following formula:

can be exemplified by the same groups as mentioned with

30 respect to the general formula (7). These groups may each



THI S¢ 22 SHEET HAS REPLACED BEEN [3.3.1.1]decane) (4)

6, 7- di hydr o- N- net hoxycar bonyl net hyl - 4- net hyl - 2- phenyl spi ro(5, 6- benzo[ b]
- t,hi ophenedi car boxyi m do-7,2-. tricyclo[3.3.1.1]decane) 5 (5)

6-, 7- di hydr o- 4- net hyl - 2- (p- net hyl phenyl ) - N-

i t ronet hyl spi ro(5, 6- benzo[ b] t hi ophenedi ear boxy| m do-

7,2-tricyclo[3.3.1. 1] decane) (6)

N—cyanonethyl 6, 7- di hydr o- 4- cycl opr opyl - 3- et hyl -

spi ro(5, 6- benlzar{rda]ahsophénwena(bbxyl'ﬂhajcﬁub%ltmnttr(lsdyél%[(@@ )1 ndtdecane)

(7) N-cyanoneth
benzo[ b] t hi op?]% %ﬁ?%g? ﬁén&éél%ygé IE(?E%A? st%? e%ée?néaﬂl elceadne rloo enne
conpounds: 15atdms Sqndm[armbhdbmane 2bpomiRed] biendia]ehpoldr bhenb:}k¢ 2)alkyl

7 ot hoxyspi SETBPEYEE of 30 1] FAREVE. §Lpns FIPR paR A thEFlaroupy eyl

7' - met hoxsspi gedapr andnene- 2ike [alk@mng¢d¢pﬂwmfm&mﬂo 2D qd&xnbon atoms

2, 2-di met hyl - 7- oct b
chromene of 1 SYGRcS EERBAN AT LEEAoRH THes ARGECEF e 4FPY S T 10

parts by weighte s efercdrnod dlbntsosiacnaats bljtemlg@tomr 0y paytaup by
wei ght of the whole nononer. In_this range, the best hot ochr om ¢

per for mance c¥Yilpd FARGBE. the, Like: ‘htgroh‘*Pen‘HB’ﬁo Eﬁ ﬁjpué’ddf‘{‘ S t he
pol yfuncti onal ggpt h) acryl ate, other known unsaturated nononers can be
added, as requi red to obtain a cured product. Exanples of other nononer
SU|tanyl@sed are Qﬁn§h9néppﬁﬂam3891?ﬂé@h§%€?®?%?é%a%%%hp%%tﬂ%?59mlc

(meth)acrylatg,n, SGMEF (ﬂifﬁ%@ﬁigff%esuPﬂéﬂie(f?tioéBMQﬂﬁﬁéfoffﬁgﬁgﬂhd

(meth)acryl ate, enzy acryl
formula (8) in which R and R are each a hydrogen atom; R**

and R?®® may be the same or different and are each an alkyl
group of 1 to 4 carbon atoms, or may together form a

15 bicyclo[3.3.1]19-nonylidene group or a norbornylidene group;
and the group represented by the following formula

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

20 or an alkoxy group(s) of 1 to 20 carbon atoms.

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

Fulgide compounds:

25 (1) N-cyanomethyl-6,7-dihydro-4-methyl-2-
phenylspiro(S,6-benzo[b]thiophenedicarboxyimido-7,2—
tricyclo[3.3.1.1]decane) ' '

(2) N-cyanomethyl—6,7-dihydro-2-(p-methoxyphenyl)-4-
methylspiro(S,6¥benzo[b]thiophenedicarboxyimido-7,2-

30 tricyclo[3.3.1.1]decane)

(3) N-cyanomethyl-6,7-dihydro-4-methylspiro(5,6-

benzo[b]thiophenedicarboxyimido-7,2-tricyclo—



(neth)acrylate, tribronophenyl (neth)acrylate, 2- hydroxyethyl

(met h)acryl ate, phenoxyethyl (neth)acrylate, 35 phenoxypol yet hyl ene gl ycol

- (meth)acryl ate, 23 al koxypol yet hyl ene gl ycol (neth)acryl atre

~al koxypol ypropyl ene glycol (meth)acrylate and the |ike; anuﬁﬁggn;”
;conpounds such as styrene, chlorostyreneg2a -nethylstyrene di ngy
vi nyl napht hal ene, 5 isopropenyl napht hal ene, bronostyrene, drw

and the like. These nononers can be used in the conposition of

present invenit3oh. ki hbdgcane)n conbi nation of two or nore. The anopunt of

ot her nononer e L: tern i _tl igation of the

resul ting cur%ﬁfdgﬁgd@%gﬁ%%§ §SH§8ﬁg§g§$g$?§?g?% t% 8%h§%rt bg wei ght and,

58 V|eméoftfkphém%FspiEs(gtanbenméLbhEhie§m¢m¢d¢p¢whmxximiﬁwt7résin, 0.5to
parts by wej ght ' ts wei ght of the whol e nononer. The

pplynerizatidHF% ?+§f%r} geg?éﬁc?ﬂ )present invention is not particularly

Ilnlth aBdha(%ﬁ?mmﬂiégmﬁﬂyﬁnnimathpn-En(p%mkthI@neﬂmlhst. Typi ca

exanpl es thereof are djacyl roxj des su as _.benzoyl _peroxide

p-chlprobenzdy}tfﬁﬁ%&Pﬂt?pﬁﬁegﬁogfﬁﬁﬁ?ﬁipﬁgPl?%Eﬁ%®§¥é% ?PO% %@Ed%éetyl

peroxi de and 1 he-t#keycpe[ 9xy.esl pdscaneh as t-butyl

per oxy- 2- et hyl hexanoate, t-but eroxgneodec noate,. c

yl 20 I

per oxyneodecatfolt¥; CYBRRGFRY hab ok yBLRY¥S5e 2 an¥C ?EF??%%fygﬁ?EQY%bnates
such as dii sQp{epys, ehex¥8i 63t RO8phEne8icsEboRpinldo pr] PXydi car bonate and
the |ike; and azo conpounds such as _azobi sisobutyronitrile and the |iKke.
Zﬁ ThelaﬁﬁuntttﬁcY%bgB%L§nér1i§??éﬁe?nitiator used varies depending upon
the polynerizad | qp_cPadbhé LRY1EEPY 04 elyathes - ki 8spLbpy i spate(5Used and
t he conpositigajg$ ﬁgnoners gsegP andygannot %egi%ec?¥iedpgengrally.
However, the wenzabbbtthigphenedicgehexdinydo-00d-to 10 parts by weight,
preferably 30t9¥%%c18[§.§?it§98¥c$ﬁé$ht1- per 100 parts by wei ght of the

L .

whol e nononer . ofynerization process for obtaining a cured
Chromene compounds:

15 (1) spirol[norbornane-2,2'-[2H]benzo[h]chromene]
(2) spiro[bicyclo[3.3.1]lnonane-9,2'-[2H]benzo[h]chromene]
(3) 7'-methoxyspiro[bicyclo[3.3.1]nonane-9,2"'-
[2H]benzo[hlchromene]
(4) 7'-methoxyspirp[norbornane-z,2'-[2H]benzo[f]chromene]
20 (5) 2,2-dimethyl-7—o¢toxy[2H]benzo[h]chromene

In the present invention, the chromene or fulgide
compound is used in the fange of generally 0.001 to 10 parts
by weight, preferably 0.01 to 1 part by weight per 100 parts
by weight of the whole monomer. In this range, the best

25 photochromic performance can be achieved.

In the present invention, in addition to the
polyfunctional (meth)acrylate, other known unsaturated
monomers can be added, as required, to obtain a cured product.
Examples of other'monomer suitably used are monofunctional

30 (meth)acrylates such as methyl (meth)acrylate, ethyl
(meth)acrylate, butyl (meth)acrylate, isobornyl
(meth)acrylate, benzyl (meth)acrylate, phenyl
(meth)acrylate, tribromophenyl (meth)acrylate, 2-
hydroxyethyl (meth)acrylate, phenoxyethyl (meth)acrylate,

35 phenoxypolyethylene glycol (meth)acrylate,



pr.oduct fromthe polynerizable conposition of the present invention is not

particularly limted, and a known radi cal 24 polynerization process can be
- ysed. The polynerization can be initiated by the use of a variety of

radi cal polynerization initiators such as peroxi des, azo conpounds or the
ilike, or by irradiation of ultraviolet gsght, a -ray, 13-ray, T-ray 5 or
the like, or by the conbination use of the above two neans. As the typical
pol ymeri zation process, cast polynerization can be enployed; that is, the
phot ochr omi ¢ aldnpogidliyethgflendegiyaskenims th)@aunydateont ai ni ng a radi cal

pol ymeri zati g initiat ' I [t | 2 Kk
L T e g

spacer, ou

pol yrmeri zat i gixdifatihe va@ROsbpeandensuehers shgreasyl thhgropvyyere,ig taken
out. O the polynerization conditions, the polynerization tenperature, in
particul ar, eRYYIFYTANG hiRehn iy 1lnap S+es of the photochronic

cur ed proguctiédbﬂ?pé}wﬁ{mnﬂ@;é enpesms st i didivamhMadreferde pardli ng
upon the kind and “anount of initiator used and the kinds of nmononers used
and cannot Bdedde.i eThgsperanegersiayde used; in gdie CaMRPSsiidmePted to

conduct so- 9aérleegr{eaeﬁ&%Jdéfgufidaﬁfve;gpgg%@n A OF t%eflﬁgn@re :

pol yneri zation 1 nrtiate ively | ow tenperature,
t enper at ur e iThe powsasedt qiitetuamonpmgrdusep@an he doipmeknesh dgpending

pol ymerizati g{rbqnc %@e”gpgiic%%ﬂ%fdt@é _I%srﬁilg:h.ntgegﬁféatﬂ@dug@,e but is

pol yneri zat i I me 0 varies dependi ng upon-various factors simlarly
to the 250polgarerrakbly @n 5t &oped gtarts byheweddbteand i insvpewfef rtdhe heat

determ ne, in_advance, an.opti yer | ' I .nee {
conditions, TGS B etfq'leer argrjelrge Qtlf%{gat%geoq%don ioﬁlgéiegérmg tsoe'Isergl(:?)ed?oso as
to conpl ete towrtpobymeeight iper gonepartty by we2ght of0theurtwlgqonoemers
polyneri zation, it _is of. course possible to adqusecfisinnq:%ees qrégenvﬁari ous

0

stabilizers and adtt® iRESYEIH el Ohot it et Wi ng agent, ultraviol et

absorber, ul tirpxMmt fdn B¢ aldt | gt i @ntardy daini teablaord reg Krrdwrbi t or

antlstatag polymerization initiator may be used. Typical examples
thereof are diacyl peroxides such as benzoyl peroxide,
p-chlorobenzoyl peroxide, decanoyl peroxide, lauroyl
peroxide, acetyl peroxide and the like; peroxy esters such
as t-butyl peroxy-2-ethylhexanoate, t-butyl —

20 peroxyneodecanoate, cumyl peroxyneodecanoate, t-butyl
peroxybenzoate and the like; percarbonates such as
diisopropyl peroxydicarbonate, di-sec-butyl
peroxydicarbonate and the like; and azo compounds such as
azobisisobutyronitrile and the like.

25 The amount of the polymerization initiator used varies
depending upon the polymerization conditions employed, the
kinds of initiator used and the composition of monomers used,
and cannot be specified generally. However, the suitable
amount is generally 0.001 to 10 parts by weight, preferably

30 0.01 to 5 parts by weight, per 100 parts by weight of the
whole monomer. '

The polymerization process for obtaining a cured
product from the polymerizable composition of the present

invention is not particularly limited, and a known radical



agent, fluorescent dye, dye, pignent, odorant or the like. 25 1In the

phot ochrom ¢ conposition of the present invention, addition of the
=yltraviolet stabilizer is preferred because the durability of the

phot ochrom.c conpound used in the conposition can be further inproved 5
=thereby. Particularly, a ful gi de conpound4shows | arge inprovenent in
durability by the presence of an ultraviolet stabilizer and hence, in the
case where a mxture of the aforesaid oxazine conpound, fulgide conpound
and chr omene palymeriza tson pahcesddicanobe dfseth ulheaRe bYRer5Zabi PR 48N 10

T om changi ng BeTT ePees I TR D Varar ot Fraae. Ryt giounds

from changi ng" W _ travio zer, ‘thére can be
preferably uteti tatonsienssh asi perbkghesstabd |dampoundshiomdthedl Prencir
light stabilizer, a sul fur-based antioxidant and a 15 phogphorous acid
ester conpourkl ireradianien piHudtsavdles légﬁFner'&?gm@ér?thff -ray
stabl | 1zeg hayl 92 B0 HLHy AR Bombli bl htad & oeNEndTahiRfid] wo HitargroUNt
of the ul fravioler stabllizef used I's not particularly restricted, but a
pref erabl e anmirthe $y2dagdnpedlymerdzation Breaess. wask RfHYmeFigaian v

0.02 to 1 t ' ' . d
o infr ardh Sncaniyed? (il £8 | S RB el Rl RDNEL

When an i nf rat 'S’ used in the presen
obt ai ned a phgteghreserct cimesnt powdoct taaving aatadintal pedtyssrics tsintbut

al so infrared, 25 absorptivity.. There_can S ' r

absorber, a potyHER ?5@‘%&%%&}“3%%%%%ﬁ%{gﬁgﬁné?g%&%%ﬁi isket
corrpoung,lloan @]Egﬁaggdn ;t;m mrxﬂomﬁdpmdearﬁ.ralamieammngoﬂunnade td airrgoni um
conmpound is preferre ecause it s a high, pol ecular. absorptivit.y.
coefficient aMyt EAYIRSGHZET 10 RE{LPe ?%SJath‘?M anm Eg?pﬁeesélr%be/ulnl}g of

the infrared Qerigsegkés puaeferably 0.0001 to 1 part by weight, nore

preferably 0.001 to 0.01 part by weight, per 100 parts by weight of the
whol e mononer. ThePHhed Pe bHEr +17 r%%‘tE}Hthﬁﬂsa'i netf a%c}/ zatqon

temperature, in particular, exerts an influence on the

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

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

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

30 In the polymerization, it is of course possible fo add,
as necessary, various stabilizers and additives such as
mold-releasing agent, ultraviolet absorber, ultraviolet
stabilizer, antioxidant, coloring inhibitor, antistatic

agent, fluorescent dye, dye, pigment, odorant or the like.



35 be subjected to the followi ng treatnents, depending upon the 26
application. That is, to the cured product can be applied processing and
secondary treatments such as dyeing by the use of a dye such as dispersed
dye or the like; a treatment by a silane coupling agent or a hard-coat
,agent contai ni ng, 5 as the main conponen25 a sol of silicon, zirconium
antinony, alumnum tin, tungsten or the like; an anti-reflection
treatment by formation of a thin filmof a netal oxide (e.g. S, TiQ2 or
ZrQ2) by vapor dephsith@rghcatp@tm¢rsi<at¢@npquéaimemf hec angsaptof a thin

filmof an organi Ct:pé’rlyn;édltf@n%cfl?v\;“ t%} v a m)st llpzréaﬁcqsss can

produce a phdﬁ Htom ¢ cured pro ree of initial
col ori ng and ;mgmrmd becawse i @he odhoab iy opf @%mﬁmmd

durability of hot o hro C, erties. The prese Jige it
15 possi bl e tFPHY n‘%h’o‘?o@ﬁ ocfﬁr%p%suir% rgrcg uc co\rﬁ}% ni ng an oxazi ne
conpoynd,smhlgﬁbﬁéb tlpynﬁmﬁﬁmanﬂy r esifulydsdel eompouadplsbbwshilamge Iens or
the like, by the s Ie kne thd. 20 Exanples T res

i nvention is JH@P%? ?%‘E lékapﬁlagééltgp i ecglrle?eﬂﬁe\r;g%/ @épvm
However, the ¥ Aseiizer Wedindrcd s IWttliestddetvitbrded d hﬁ'secd:'oeir’qﬂ ehe The
conpounds used in the follow ng Exa les are as 25 foll.ows. nEPunds
havi ng at |e@ﬁow%@<§a©¥%quwﬂnﬁ%%ﬂ cogprung \Andy %—” ene

met hacryl ate Gy &hy&lﬁylu@&ayléa&lm of Sanmaihed ) dsliaty | s whomt haor v at e
30 MGA: [ 3- rreth glycid acryl ate BPMAVA: bi sphenol A—rmno% yC|o‘I3yI et her
e

net hacrylate seesms tp ayanahlaxmeﬁfwtwébﬁaewﬁa% R ppleveloped
3- (gl yci dyl - 203y et Ay arfadYEF S YR &Y 1 ng 'RL 1ACE Ml € 27

As the ultraviolet stabilizer, there can be preferably
used a hindered amine light stabilizer, a hindered phenol
light stabilizer, a sulfur-based antioxidant and a

15 phosphorous acid ester compound. Particularly preferred is
a hindered amine light stabilizer having a hindered amine
structure in the molecule.

The amount of the ultraviolet stabilizer used is not
particularly restricted, but a preferable amount is

20 generally 0.01 to 5 parts by weight, preferably 0.02 to 1
part by weight, per 100 parts by weight of the whole monomer.

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

25 absorptivity. There can be used, as the infrared absorber,
a polymethine compound, a diimmonium compound, a cyanine
compound,ananthraquinonecompoundandanaluminumcompound.
A diimmonium compound is preferred because it has a high
molecular absorptivity coefficient and can show an effect

30 in a small amount

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

The photochromic cured product obtained as above can

35 be subjected to the following treatments, depending upon the



G.HPA: 3- (gl ycidyl oxy-I-isopropyl oxy)-2 hydroxypropyl acryl ate EGGE:

ethyl ene glycol glycidyl ether PGGE: propylene glycol glycidyl ether 5
= FDGE: diglycidyl terephthal ate HDGE: hydroqui none diglycidyl ether BGE

butyl glycidyl ether HDGE: 1, 6-hexanedi ol diglycidyl ether- [Polyfunctional
(meth)acrylates] 10 3G triethylene glycdb dinethacrylate [NK Ester 3G
‘(trade nane), a product of Shin-Nakamura Chemi cal Co., Ltd.] 4G

tetraethyl ene glycol dinethacrylate (a mononer. nixture of polyethylene
gl ycol havi n@efmlicgbiemn Thatadsr.a§e) thel esred rEeAMEhcH)iRfe apRdiiRd [ NK

Ester 4G (tr . 0, 1 0 ' Gy 3PG
tripropyl enea%e()yéc;ég%?%f|1 %ﬁ%c%%%gﬁﬁE%%G%%ﬁﬁeqﬁfﬁgﬁ bzg_ tp;ériloelduc'ltD

of Shi n- Nakamsge ofhaniyel sugb ©».didparjed@ge oot therbidye ere tgleadgient

di et hacryl at.e (a _noroner r | splp[ll ' four (on
an average) %I(aegggian& 889%?%5%?%{& (%?aﬁﬁlégf%gﬁ%f ;ﬂré/ 4 ;eréia?L e:L nE\b;tj'rne), a
produgt ?B Shigh+ Nakwaniui @offpodlearti,calsodoof slifld.conBPz 2EMdnium, antimony,
2, 2" - bi s(4-nethacryl oyl oxypo] yet hoxyphenyl ) -. gropane .
m xture havi r’f"gl‘{“.”f}/‘{%ﬂ tHx' a%%?%@%?lyrﬁff eéh%fl%$y?a2nne%$%gé%%%ﬁls 8 [ Li ght
ESRt (I\a/‘ra\ Bg— gEMbﬁé%ﬂeSrn%ng formapiedust afthlf Kybeicsha whealostid®.(e.lg.d. ]
-MAD 2,2'-bis - di br ono- 4- net hacryl oyl oxy-_et hoxy) - propane, .
met hacryl at e §4¢ 2ghiTifst 8F BRO2 MPY Y er%cjg,/ltal%;oo%%té}b‘ff%ﬁ)@r% ha
Chem cal  Co.prddihdnt S cFddEhdd% BEENin28i RERVMAGED organic polymer;
10 and so forth.
The present process can produce a photochromic cufed
product which is almost free of initial coloring and superior
in initial color-developing performance and durability of

photochromic properties. The present invention has made it

15 possible to produce a photochromic cured product containing

an oxazine compound, which is a thermosetting resin usable
as a photochromic lens or the like, by the simple knead-

" mixing method.

20 Examples
The present invention is hereinafter explained
specifically by way of Examples. However, the present
invention is not restricted to these Examples.
The compouﬁds used in the following Examples are as
25 follows.
[Compounds having at least one epoxy group in the molecule]
GMA: glycidyl methacrylate
GA: glycidyl acrylate
MGMA: B -methylglycidyl dimethacrylate

30 MGA: B -methylglycidyl acrylate
BPMGMA: bisphenol A-monoglycidyl ether methacrylate
GBMA: 4-glycidyloxybutyl methacrylate
- GEHPMA: 3-(glycidyl-2-oxyethoxy)-2-hydroxypropyl

methacrylate



TECDMA; triethylene glycol dinmethacrylate [TEGDMA (trade nane), a product
of Mtsubishi Gas Chemcal Co., Ltd.] 3EG triethylene glycol

=di methacrylate [Light Ester 3EG 5 (trade nane),

a product of Kyoeisha

Chem cal Co., Ltd.] PRO631: 2,2'-bis(4nethacryl oyl oxypol yet hoxyphenyl) -
propane nethacrylate [PRO- 631 (trade name)y, a product of Sartoner Co.,
‘Ltd.] 10 [Q her nononers] MMVA: nethyl nmethacrylate Ms: a-nethyl styrene
MSD: a-net hyl styrene dimer BzMA: benzyl methacrylate 15 HEMA:

2- hydr oxyet hyl netGEEPYt a3 e( glroidyledy pbt i$eprepvleXyY (1@t h) acryl at es]

P1-3G triethylene -gl ycq%d}l%%}aog(%l'aaéﬁl. Ester 3G (trade nanme), a

product of Shi n-Nakanura

washed twi ce each with a 1IN

aqueous 20 hydr ochE@GE ¢ athyllené uglpool aglpsdpy edheght) aqueous sodi um

carbonate solutio

te G . 20. f t hyl ene gl ycol
di met hacryl ate mhn%ﬁEEMBgr??¥£ﬂn?r%%¥c% eI ¥Y %@%f %é£§olune when 500 25 g
of triethgl ene gl yEntE di dgbpct gy nt eefeéphBsarate 3G (trade name), a product

of Shi n- Nak Cch . Ltd. h | .
ot alum na [ SpriaoRa prE aapithbf TERPERIE edigron & columm TiTTed

6'-fluoro-1'-net hy}kcﬁ" B@t DXY1$C1aPL PEBhéno-
di spiro(cycl ohexane-1 Fglndole 2
1%

(1'H), 3"-(3H) naphtfh%%% 2%1)?
1" - ”Ethoxycarﬁﬂﬁf}f@ﬁ@fioﬁal”?&@9%Ya§ryiétes

a¥anadiak)digbycidyl ether

nethylplpera2|no)dlsplro(cyclohexane 1, 3 THIS SHEET HAS BEEN REPLACED
3G: triethylene glycol d1methacrylate [NK Ester 3G

(trade name), a product of Shin-Nakamura Chemical

Co., Ltd.]

4G: tetraethylene glycol dimethacrylate (a monomer.

mixture of polyethylene glycol having four (on an

15 average) molés of ethylene oxide chains [NK Ester

4G (trade name), a product of Shin-Nakamura

Chemical Co., Ltd.]

3PG: tripropylene glycol dimethacrylate [NK Ester 3PG

(trade name), a product of Shin-Nakamura Chemical

20 Co., Ltd.]

4PG: tetrapropylene glycol dimethacrylate (a monomé:

mixture of polypropylene glycol having four (on an

average) moles of propylene oxide chains [NK Ester

4PG (trade name), a product of Shin-Nakamura

25 Chemical Co., Ltd.]

! BP-2EM: 2,2'-bis(4-methacryloyloxypolyethoxyphenyl) -

propane methacrylate (a mixture having 2.2 (on

an average) moles of ethylene oxide chains)

[Light Ester BP-2EM (trade name), a product of

30 Kyoeisha Chemical Co., Ltd.]

BR-MA: 2,2'-bis[(3,5-dibromo-4-methacryloyloxy-

ethoxy)-propane methacrylate [Light Ester BR-

MA (trade name), a product of Kyoeisha Chemical

Co., Ltd.]



29 (8H)indole-2"-(1'H, 3"-(3H) napht ho(3, 2a) (1, 4) oxazine) SP3:
5'-fluoro-1"-nethyl-6"-piperidinodi spiro(cycl o-

= hexane-1,3'-(3H)indole-2'-(1'H), 3"-(3H) naphtho 5 (3,2-a)(1,
1'-npthyl-8"-nethoxydispiro(cyclohexane-lPB'- a ) HISSSHEET HAS BEEN
(3H)indol e-2' - (1' H), 3"- (3H) napht ho( 2, 3- apel, 4) oxazine) SP. REPLAGED

"6'-fluoro-1', 7' -di net hyl - 6"-nor phol i nodi spiro 10
(cyclohexane 1,3 -(3H)indole-2"-(1"H), 3"- (3H)napht ho(3, 2- a){ %oxa2|ne)
SP6: 6'-fluoro-1' BEGﬂMkethyieBthﬁnphleﬁgbl@¥W¢EhacrYlate

(cycl ohexane-1, 3" -(3H)i nd3t ?/ia?dbe m)rp?HoI | r?(:%'d)u%p%tfhﬁ(l?t’s%ﬂ)s(tﬁ HLxazine)

15 SP7: 6'-f|uoro-1'-isob I Spi ro-
(cycl ohexane- 1, 3' - (3H) i ndolCheiiic@l' dHp,. 3"Lt@3m)naphtho(3 2-a) (1, 4) oxazi ne)

SP8: 6'-fluoro-5'- gﬁéhéJ AN bUtéi§c %Rh%@gh?ggaate[LightEster3EG

di spiro(cycl ohexan

(3H) napht Bo(3, 2a) (1, 4)@t§ad@emm§99 a product of Kyoeisha Chemical Co.,
6'-fluoro-5' -methyl-1' -neopentyl 6" - nor phol i no-
dlsplro(cyclohexane-l (ékblndole 2' -

(} F? 3"- (3FDnaphtﬁﬁé363§)(i:ﬂ)oﬂﬂg(4&9tﬁﬁﬁi&loyloxypolyethoxyphenyl)-
1',3,3 -trinethyl-6"-piperidinodispiro

((3H)indol e-2'-(1' H), 3"- (3Eor@§e|%6€§hécay%i?a)[P*%&'a(’z%]né)tréﬁfl‘?ame)' a
3 , 3" -dimethyl - 1' -i sobut y| dio3Ridt0 63 Idairtdmle®- Co., Ltd.]

-(1'H), 3"-(3H) napht ho(3, 2-a) (1, 4) oxazi ne) SP12:
1' 3", 3" 10r i nE@blyer dneppPmersdH) i ndol e- 2' 30

(Nch) 3 - 30 napht NelR. Zngtel1 Aha¥RaLRglack Ul gl de compounds] Fi:
yanonet hyl - 6, 7- ydro-4-net hyl - 2- phenyl spiro
(5,6-benzo[b]thiopMsaedlumnhqﬂwkmt@me7 2-tricyclo [3.3.1.1]-decane) 30
~ MSD: a -methylstyrene dimer
BzMA: benzyl methacrylate
15 HEMA: 2-hydroxyethyl methacrylate
[Purified polyfunctional (meth)acrylates]
P1-3G: triethylene -glycol dimethacrylate [NK Ester 3G
(trade name), a product of Shin-Nakamura Chemical
Co., Ltd.] washed twice each with a 1N aqueous
20 hydrochloric acid solution, a 10% (by'weight)
aqueous sodium carbonate solution and pure
water.
P2-3G: 20 g of triethylene glycol dimethacrylate which
was first fractioned out of the colume when 500
25 g of triethylene glycol dimethacrylate [NK Ester
3G (trade name), a product of Shin-Nakamura
Chemical Co., Ltd.] was passed through a column
filled with alumina.
[Spirooxazine Compounds]

30 SP1: 6'-fluoro-l';methyl-B“—methoxy—6“-morpholinoe
dispiro(cyclohexane-1,3'-(3H)indole-2"-
(l'H),3“-(3H)naphtho(3,2a)(1,4)oxazine)

SP2: 1'-methoxycarbonylmethyl-8"-methoxy-6"-(4-

methylpiperazino)dispiro(cyclohexane-l,3'—



F2: - cyanonet hyl - 6, 7- di hydr o- 2- ( p- met hoxypheny! ) - 4

met hyl spi ro(5, 6- benzo[ b] t hi ophenedi car boxyi m do- 7;2-tricyc|cf&ﬂ§SHEETHASBEHV

1. 1] decane) F3: N-cyanonet hyl -6, 7-di hydr o- 4- net hyl spi ro(5, 6- |5 REPLACED

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

conpounds] C : spiro[ norbornane-2,2'-[ 2HEBenzo[ h] chronene] C2:
“spiro[ bi cycl o] 3. 3. 1] nonane-9, 2' -[ 2H] benzo[ h] 10 chronene] C3:

7' - met hoxyspi r o[ bi cycl o[ 3. 3. 1] nonane- 9, 2' - [2F$benzo h}chronene] Exanmple 1
15 Various epoxy compdHndsdade-gonédeHs .BPolyHiRaphshal3.eadf{h)y4eryl ates
and ot her nononer s] sggg?ihg)Table 1 were each stirred at roomtenperature
for 2 hours. To the resulting solution were added 0.04 part by wei ght of an
oxazi ne conpoundSP3P55' 6E1abmord- FmeThydi hbt hypesidRgodispiro(cyclo-

mor phol i nodi spi ro(cycl ohexane-1,3" z{3H) | 812} 7., "_

(1'H), 3" - ( 3H) napht ho( ?59%?(§{%)0§%g?%%??§§ng 1 e By (R BRRP 5Pt - but v
per oxy- 2-gt hyl hexano&Be2aa)d1r,ddogakzinggl yneri zation initiator, and the

m xture was stirre yfficiently. The mi xture solution i hj ch, t he
oxazi ne 25 conpo%%g‘mis'ﬂ?§§3EV d'ﬂﬁgﬁgfﬁééthﬁogﬁ%ﬁ%@h?ﬁg%%T%r5 The
m xture sol ution was pedyeAdbmneo2a-(olH)cons({sHyhaphbyoa2gBass(1lshpet and a

gasket conposed of an ethyl ene-vinyl acetate copolyner, and cast
pol ymeri zati on was con®®@¥E@e)In the polynerization, an air oven was

enpl oyed. Tenpergpyt egnag13dfrel evayedagnaduah -y tnorpBOLi hoa o pver 18
hours and was kept at 90C for 2 hours. After the conpletion,of
pol yneri ¥@tion, the mbfdchaberarenlodt -68H) HBAGLE-dvehl afd-3ari owed to

cool . Then, a cured pyeflyfhpWefol8kena9yl,8fokheing) ass nold. 31 Each

phot ochrom ¢ cured product(?hlckness: g obt ai ned above was neasured for

phot ochrom ¢ proggﬁgi@é-fluoro-l‘,S'-dimet yl-6"-morpholinodispiro
(cyclohexane-1,3'-(3H)indole-2'-(1'H),3"-
(3H)naphtho(3,2-a)(1,4)oxazine)

15 SP7: 6'-fluoro-1'-isobutyl-6"-morpholinodispiro-
(cyclohexane-1,3'-(3H)indole-2'-(1'H),3"-
(3H)naphtho(3,2-a)(1,4)oxazine)

SP8: 6'-fluoro-5'-methyl-1'-isobutyl-6"-morpholino-
dispiro(cyclohexane-1,3'-(3H)indole-2'-(1'H),3"-

20 (3H)naphtho(3,2a)(1,4)oxazine)

SP9: 6'-fluoro-5'-methyl-1'-neopentyl-6"-morpholino-
dispiro(cyclohexane-1,3'-(3H)indole-2"'-
(1'H),3"-(3H)naphtho(3,2a)(1,4)oxazine)

SP10: 1',3',3'-trimethyl-6"-piperidinodispiro

25 ((3H)indole-2'-(1'H),3"-(3H)naphtho(3,2-a)(1,4)
oxazine)

SP11: 3',3'-dimethyl-1'-isobutyl-dispiro((3H)indole-

2'-(1'H),3"-(3H)naphtho(3,2-a)(1,4)oxazine)

SP12: 1',3',3'-trimethyl-dispiro((3H)indole-2"-

30 (1'H),3"-3H)naphtho(3,2-a)(1,4)oxazine)

[Fulgide compouhds]
Fl: N-cyanomethyl—6,7—dihydro—4-méthyl-2-phenylspiro
(5,6-benzo[blthiophenedicarboxyimido-7,2-tricyclo

[3.3.1.1]-decane)



by the follow ng nmethods, and the results are shown in Table 1. 5 (1)
Density of devel oped. col or The thus-obtained cured product(thickness: 2
mm was irradiated with a beamenmtted froma xenon |anp [L-2480 (300 W
SHL- 100, a product of Hamamatsu Photonics Co., Ltd.] through Aero Mass
Filter (a product of Corning Co., Ltd.) 30 at 20 C 1C wth beam
“intensities of 2.4 mMNcnR (at 365 nn) and 24 :WcnR (at 245 nn) on the
surface of the cured product for 30 seconds or 120 seconds ive rise
to color devel dpzrenli-cFaromefh¥l ¢ 807 odilipdyo- ZfiwfmeqhQ%&PQﬁﬂﬁigTﬁed and

used as the density ﬁétgﬁxgbggg 508|8EP98ﬁ5T€ ﬁ8§ 8&99&£Box§§miﬁoth'5

case, E (30 or 120) sorbance o ronlc conpound at its
maxi mum absor ption mﬂv&ktngbyclmmen3thelddﬁpouﬂﬂ was irradiated for 30

seconds or 120 s under 1 h bove. tio ksg_to color
devel opnent ; hﬁg ”§0§Y?gogﬁt§g§53b25§§ﬁ§$9%h% @ t%ﬁ%éﬁffb c%npound 20
before irgadi ati on abehhe[b3fRivenehedgtArbdkeimndd al 2-tensycyoof

devel oped color and initial evelo ?d color before a life test was
conduct ed, were expré&ssddlby ?eceﬂg Initial coloring Expressed by E (0)

whi ch was ne %ﬁfﬁkéﬁ&kﬁod§5hﬁﬂgwe 25 conditions. Incidentally, in the
bl ue region of visible lig col oring anégeneral %Lge clear y recogni zed
by naked eyes vfkh $hbrﬁb§6FbaﬁEén§X3e%ds[ jbenag %Eﬁm??? Fati gue

durability was n@g;ugﬁgrgqggc cx8nansf agrenshero, 30- (ZUiBSAZO ] a product
of Suga Shi kenki . Fatigue durability was expressed by a ratio
of the ab8orbance ofchﬁemepﬁdducts after irradiation at its nmaxi mnum

absorption wavel g gtgzgﬂgﬂhgggsgyggﬁﬁgégg 6i5.¥eienbhsndigtgd-with a 32

xenon fadeoneter our en a lowed to develop a color by the
met hod nentioned in {BH]beovelbirhromengd absorbance of the cured products
before irradiation. In Table 1, the values of A200/A, ( $ ) of the T200
corresponds to

Example 1

15 Various epoxy compounds and monomers [polyfunctional
(meth)acrylates and other monomers] shown in Table 1 were
each stirred at room temperature for 2 hours. To the
resulting sblution were added 0.04 part by weight of an
oxazine compound [SP5: 5'-fluoro-1',7'-dimethyl-6“-

20 morpholinodispiro(cyclohexane-1,3'-(3H)indole-2'-
(1'H),3“—(3H)naphtho(3,2-a)(1,4)oxazine)] and 1 part by
weight of t-butyl peroxy-2-ethylhexanoate as a radical
polymerization initiator, and the mixture was stirred
sufficiently. The mixture solution in which the oxazine

25 compound was dissolved had almost no change in color. The
mixture solution was poured into amold constituted by a glass
sheet and a gasket composed of an ethylene-vinyl acetate
copolymer, and cast polymerization was conducted. In the
polymerization, an air oven was employed. Temperature was

" 30 elevated gradually from 30°C to 90°C over 18 hours and was
kept at 90°C for 2 hours. After the completion of
polymerization, the mold was taken out of the air oven and
allowed to cool. Then, a cured product was taken out of the

glass mold.
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10

15

20

25

30

through Aero Mass Filter (a product of Corning Co., Ltd.)
at 20 °C +1°C with beam intensities of 2.4 mW/cm® (at 365

nm) and 24 :W/cm2 (at 245 nm) on the surface of the cured product

for 30 seconds or 120 seconds, to give rise to color

development. Then,[ € (300r 120) - € (0)] was determined and
used as the density of developed color of the cured product.
In this case, € (30 or 120) is an absorbance of the

photochromic compound at its maximum absorption wavelength
when the compound was irradiated for 30 seconds or 120 seconds

under the above conditions to give rise to color deVelopment;

and € (0) is an absorbance of the photochromic compound
before irradiation at the same wavelength. The initial
dehsitycﬁfdevelopedcolorandinitialdevelopedcolorbefore
a life test was conducted, were expressed by T,.
(2)'Initial coloring

Expressed by € (0) which was measured under the above
conditions. Incidentally, in the blue region of visible
light, coloring can generally be clearly recognized by naked
eyes when the absorbance exceeds 0.1.

(3) Durability '

Fatigue durability was measured with a xenon fadeometer
(FA-25AX-HC, a product of Suga Shikenki Co., Ltd.). Fatigue
durability was expressed by a ratio of the absorbance of the
products after irradiation at its maximum absorption

wavelength when the cured products were irradiated with a
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that there were used the monomers and epoxy compound shown

in No. 4 of Table 1 and the oxazine compound used in Example

5 1 was changed to an oxazine compound shown in Table 2. The

results are shown in Table 2.
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Example 3
The same operation as in Example 1 was conducted except
that there were used the monomers and epoxy compound shown
in No. 4 of Table 1 and the photochromic compound used in
5 Example 1 was changed to an oxazine compound, a fulgimide
compound and a chromene compound all shown in Table 3. The

results are shown in Table 3.
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Example 4
The same operation as in Example_l was conducted except
that there were used the monomers and epoxy compound shown
in No. 5 of Table 1 and the photochromic compound used in
5 Example 1 was changed to an oxazine compound, a fulgimide
compound and a chromene compound all shown in Table 4. The

results are shown in Table 4.
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Example 5
The same operation as in Example 1 was conducted except

that there were used the monomers and epoxy compound shown
in No. 6 of Table 1 and the photochromic compound used in
5 Exampie 1 was changed to an oxazine compound, a fulgihide
compound and a chromene compound all shown in Table 5. The

results are shown in Table 5.
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occurred as a result of the mixing of an oxazine compound
and a polyfunctional (meth)acrylate(s). The results are

shown in Table 6.
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Val OUU rl NMd LOko Nco mz 44 Conparative Exanple 2 The sane

= procedure as in Exanple 1 was repeated using 0.04 part by weight of an
oxazi ne conpound shown in Table 7, except that a purified polyfunctional
_(meth)acrylate was 5 used and there was 4ged no epoxy conpound havi ng at

“l east one epoxy group in the nolecule. In the conposition No. 1 shown in
Table 1, the m xi ng of an oxazi ne conmpound and a purified polyfunctional
(et h) acryl atGoniedrantol wo | Examgle b2it  its cured product had col oring. The .

(oobl 3 are Shoun i il ltcurh 83 1f Bidpoll't, faelsedth® g S U ©
wOODbcd 0.04 part by weight of an oxazine compound shown in Table
' 7, except that a purified polyfunctional (meth)acrylate was
5 used and there was used no epoxy compound haVing at least
one epoxy dgroup in the molecule. In the composition No. 1
shown in Table 1, the mixing of an oxazine compound and a
purified polyfunctional (meth)acrylate had no coloring, but
its cured product had coloring. The results are shown in

10 Table 7.
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HE%@ OV) UW Or-I Nz It 46 dains 1. A process for producing a
phot ochromi ¢ cured product by polynerizing a conposition containing a

= pol yfunctional 5 (nmeth)acrylate nononmer, a photochrom c spirooxazi ne com
pound and a polynerization initiator, wherein the conposition is allowed to
.further contain a conpound having at |ed$t one epoxy group in the

“mol ecul e. 2. A process according to Claim1, wherein the 10 pol yfuncti onal
(meth)acryl ate nononer is at |east one nononer selected fromthe group
consi sting of nononers represented byClRdémsol | owing fornmula (1): 1 1 CH2=
0--(R 2 01-=CH2 (1) 15 wherein Rl is a hydrogen atomor a nethyl group, R2
is an al kylene group having 2 to 4 carbon atons, and a is an integer of 1
to 10, nononers reprmserdes Hyr tpeodwd iy aneHaroal ron(id) .cursd Frodnica3H CHCH

~b f d R30R4- d (QCH HCH 2 2 2. 2. QOC= = ) A
whereinm ) B ST K S nfedi Sy dorlre Y I G Ryl Bendl

or a propygl enanepioigcrilate momomer, arphebothmomicntspiroatafine dGm-when
b, ¢, dor eis

) ‘E%f’ -'(CHZQE%EZO bE' -.Aiggg(:' - (LOR 3. dE or -
(OCH2CHOH2) ROWY 3PS5 | ROLYIe R IZ At Hah ©on WESTEhe ™} oup having 3
to composition is allowed to further contain a compound having

at least one epoxy group in the molecule.
2. A process according to Claim 1, wherein the

10 polyfunctional (meth)acrylate monomer is at least one
monomer selected from the group consisting of monomers

represented by the following formula (1):

1 1
CHfiEO—( RZO');'@(ILCHZ (1)

15 wherein R! is a hydrogen atom or a methyl group, R? is
an alkylene group having 2 to 4 carbon atoms, and a is
an integer of 1 to 10,

monomers represented by the following formula (2):
by by
CH, HCH20+3{R30+3R4—{OR3t;%OCH2 HCHif;——

1 _ 1
OC(§,=CH2 CH2=EC
11) | - lg (2)
20 wherein R! is a hydrogen atom or a methyl group; R? is

an ethylene group or a propylene group; b, ¢, d and e

are each an integer of 0 to 10; when b, ¢, 4 or e is

0. -(cnzclHCHZO)b-. ~(R%0)c-, -(OR%)a- or - (OCH;CHCH; ) o~
OH : OH
25 is a single bond; R* is an alkylene group having 3 to

10 carbon atoms or a group represented by the following

formula



1Q carbon atons or a group represented by the following formula TH S SHEET
HAS BEEN 47 REPLACED H3 -CH2 2 H3 R5 R7 \ H3 or ~~-~ RiH3 ~~-CR 8 5
= ibn which R5, R6, R7 and R8 may be the sane or different angd-are each a

hydrogen atom or a hal ogen atom other than fluorine, and npmdI8e8HEET HAS BEEN
_represented by the following formula (3)47 1 1 g 9 1CH= 0{f R QH}EQBQDQ

""CER )h (3) 4-h 10 wherein R1 is a hydrogen atom or a net hyt—group—RS—TS
an ethylene group or a propylene group; f is an integer of 0to 10; gis O
or 1; when g is 0, - (CH2) ga\ a single 15 bon h i n_in eger of 0to
2; R9 I's a hydrogen atQm ymet hyl group or\an)al k € group
i ncludi ng nethyl and“et] Alprocess accoydi ng't , wWherein
t he conpound having at le roup i e eck is a conpound
20 represented by the follomnng formula (4): A OCH2 ~ 3)(4) n wherein A
I's a residue of an n-val ent al coholic hydroxyl group-containing conpound,
a residue of an n-val ent phenollc hydroxyl group-containing conpound, or a

5 in which R®, R®, R’ and R® may be the same or different

and are each a hydrogen atom or a halogen atom other
than fluorine,

and monomers represented by the following formula (3):

1

. {cnziio—(Woaf—ecHﬁ;]rC—(Rg)h (3)
4-h

10 - J

wherein R' is a hydrogen atom or a methyl group: R® is
an ethylene group or a propylene group: f is an integer
of 0 to 10; g is 0 or 1; when g is 0, -(CHz)4- is a single
15 bond; h is an integer of 0 to 2; R’ is a hydrogen atom,
a hydroxymethyl group or an alkylene group including
methyl and ethyl.
3. .A process according to Claim 1, wherein the compound
having at least one epoxy group in the molecule is a compound

20 represented by the following formula (4):

1
n

wherein A is a residue of an n-valent alcoholic hydroxyl
group-containing compound, a residue of an n-valent

phenolic hydroxyl group-containing compound, or a



48 -« residue of an n-valent carboxylic acid; RL is a hydrogen atomor a
metthyl group; and nis an integer of 1 to 4). 4. A process according to

;: ®aim1l, wherein the conpound having at |east one epoxy group in the

nol ecule is a conpound 5 represented by the followng fornmula (5): 12 CH
2= 0--f R100 R110 CH2 ~H2 (5) O wherein4® and Rl12 are each a hydrogen
*atomor a nethyl group; R10 and R11 may be the sane or different and are
each an al kyl ene group of 1 to 4 carbon atoms which may 10 be substituted
with a hydroxyl groepidhe of an groapbent QEIdOXTLLE @Vl@hé? % ROWAECIBR Ul a

H3 'H3 and m and tgﬁleofaai%ec&h(}rl éroﬁ Aaﬂﬁ%?.%Saﬁcfﬁ’féiéé‘E € 1C|t6I nl,

wherei n t he photoc rom c spIro xaz ne conpound is a Tonpound
represented b¥.theA pnbbessngctordmha GG)ClEdE Ri4wheare¢sh the xcempoundler ei n

R13, Rl14 d d 1
a cycloalﬁgl 5%8&89 a@ycﬁggréﬁ%ﬁf gro efﬁéﬁﬂﬁ Egégugégg%?P%ﬁ$5¥hngrOUp

al kyl eneoxyal kyprgsenpedabyaltkexfoailbatypy foomplaak5)al koxycar bonyl al kyl
group, an aryl group, an %ralkyl group, an aryloxy group, an
al kyl enet hi oal kyl group, R'an acyl group, an acyl Yy group or an am no

WL DA i b el R

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

represented by the following formula
H;
oy
and m and n are each 0 or 1.
5. A process according to Claim 1, wherein the photochromic
15 spirooxazine compound is a compound represented by the

following formula (6):

RlS Rl4

N/C/)’\
|

\__X

‘wherein R?, R and R*® may be the same or different and
are each an alkyl group, a cycloalkyl group, a
20 cycloaralkyl group, an alkoxy group, an
alkyleneoxyalkyl group, an alkoxycarbonyl group, an
alkoxycarbonylalkyl group, an aryl group, an aralkyl
" group, an aryloxy group, an alkylenethioalkyl group,
an acyl group, an acyloxy group or an amino group;lR14

13

25 and R'® may together form a ring; R'?, R' and R'® may each



the«ollowng fornula X and Y are each independently a substituted or
unsubstituted 5 aromatic hydrocarbon group or a substituted or

- wnsubstituted unsaturated heterocyclic group. 6. A process according to
Claim 1, wherein the polyfunctional (neth)acrylate nononmer and the
conpound having at | east one epoxy groupg9 n the nolecule are m xed 10
sfirst, then the photochrom c spirooxazi ne conpound is added thereto, and
thereafter the polynerization is conducted. 7. A process according to
Claim 1, wherein thave@pubstidnentystheandditeapastipnsceeprosen eddier

selected fromthe @nggblf8@§ﬁ§t%gghgiannnofunctronal (meth)acryl ates and
aromatic 15 vi nyl “conpounds.

are each independently a substituted or unsubstituted
5 aromatic hydrocarbon group or a substituted or
unsubstituted unsaturated heterocyclic group.
6. A process according to Claim 1, wherein' the
polyfunctional (meth)acrylate monomer and the compound
having at least one epoxy group in the molecule are mixed
10 first, then the photochromic spirooxazine compound is added
thereto, and thereafter the polymerization is conducted.
7. A process according to Claim 1, wherein the composition
further contains at least one monomer selected from the group
consisting of monofunctional (meth)acrylates and aromatic

15 wvinyl compounds.



