1 Title of the Invention A Photochrom c Curabl e Conposition
<Techni cal Fi el d>, 5[ 0001] The present invention relates to novel
chronmene conpounds and to the use of the chronmene conpounds.
<Background Art> [0002] 10Photochrom smis a reversible action of a
conpound whi ch qui ckly changes the color when it is irradiated with
|l ight containing ultraviolet rays, such as the sunlight or the |ight
of a mercury lanp, and resunes its initial color when it is no |onger
15irradiated with light and is placed in a dark place. The conpound
havi ng the above properties is called photochrom c conpound and is
used as a material of photochromc plastia |enses. [0003] 20The

phot ochrom ¢ conpound used for the above application nust satisfy
such properties that: (1) The conpound has a | ow col oring degree

(hereinafter refesred 40 3% ivkhakegolor) in a region of visible
| ight of before being irradiated with 25ultraviolet rays; (2) The

conpound exhi bits a high 86ﬁ3FFﬁ§hH@@%%émPﬁ$ﬂ€|ﬁ&ﬂP%?l%%F1ed col or
density) when it is irradiated with ultraviolet rays; (3) The
conpound enabl es<téehcidxr Fdensidty to 30i ncrease to a saturation at a
high rate, ise., has gdyigh col or-devel oping sensitivity after it is
irradiated wwth ultraviolet ra e conpound rft rns to the

initial state at a high PAEESP e?%Y?Eﬁ%%ﬁ 5%;%§Fﬁe °t §O%S f 9 HY Tt e)
35after it is nocbmpeierdd pngditat édewisd f thheyichirereng ¢anysc,>umé%) The
compound has a hkgdck@eiind agtesi stance in reversible action by
l'ight; and (6) The CQIBY qnd di sperses well in a host material 5that

is used or, concretehﬁg&the conpound di ssol ves _highly densely in a
mononer conplsition tHREOFEEEMESTt He hdtVeFgiLAraPCAEPRICEF ed.
[ 0004] Further, cé¢mprasidhedictegiuiekllyhdtartdes tOghobdohrente i aistic

|enfﬁ5 d?V?|Opfahffﬁﬁféﬂed'w@EhSNQQh@5c$Hﬂ&MBﬂN§ %F@§5v§§1@tcﬁﬁ§§ tone
In e State O evel 0Pl aor al .Col or
iR S8 Zhant S DL Mo d e p bl an

phot ochrom ¢ conpoun i St a very
matter of coursea"dF{FHIEF 1ts mWﬁé?\l £H l’*’@@“céFoiLStB‘hel‘é%ﬁﬁ'fbt be

real i zed bylthe isedifatzdswighelphiot ootd dre plecepounda daek golare .t one
is adjusted by nipd %ﬂp@@%ﬁhﬁéviﬂn@W@éﬁo\(JeOErBB@EQQQéOﬂé Ccg&ormpunds

t hat devel op dlfferent l,or n as ort ant
that the individu ?t hf%%l% Cogég ﬁére‘ﬁff% F%gggh %%%l%xce | ent

properties and, EﬁﬁﬁQﬁﬁ?omﬂﬁaPlﬁﬁ%lQWﬁﬁﬂﬁﬁﬁonpounds (nlxture) mei nt ai n
bal ance in the proper[tioes] 25[ 0006]

20 The photochromic compound used for the above
application must satisfy such properties that:
(1) The compound has a low coloring degree
{hereinafter referred to as initial ceolor}) in a region
of visible light of before being irradiated with

25 ultraviolet rays:
{2) The compound exhibits a high celoring degree
{(hereinaftfer called color density) when it is
irradiated with ultraviclet rays;
(3) The compound enables the color density to

30 increase to a saturation at a high rate, i.e., has a
high cclor-developing sensitivity after it is
irradiated with ultravieclet rays;
(4) The compound returns to the initial state at a
high rate (hereinafter referred to as fading rate)

a5 after it is no longer irradiated with ultraviolet



From the standpoint of adjusting the color tone, it is inportant to
use a photochrom ¢ conpound which by itself devel ops a yell ow col or
or a neutral tint. As the above conpound, prior art 1 discloses a
30chronene conpound [conpound (A)] represented by the follow ng
formula (A), and the prior art 2 discloses a chronene conpound

[ compound (B)] represented by the following formula (B). According to
these prior arts, photochromc plastic | enses having favorable '
35phot ochrom ¢ properties are obtained by using a 3 curable
conposition which is obtained by dissolving the above photochrom c
conpounds in a radically polynerizable nononer, and by nol ding (cast
pol yneri zi ng) g%y% curabl e conposition by being cured 5by the

t her nor adi cal yneri zation. [00071 OCH3 [00081 H3CO N(CH3)2
(B) 00 H3 30(C009TIPh&mRNEE bF SpPoddEng SCNE IPRGE SERLEHPE S ddX i ¢
| enses by the_mfmdrqxﬂhanautmmn Gy anplhayedndy the prior arts 1 and 2

(a o car! od ey MY MRHof 0 kpeadind ALNGY) ol fiod ! ARResqANA i ve
met hod of 35pro u0|ng hot ochrom c astlc I'enses i Nposi
however, & |i hinadt ¢ 15 kﬁ?&vgr&ﬁqlme F&iey FEMPLARCe d#ﬁﬁé’r%é’ress t hat

can be used fmngmHWmdana@IWam@rabhenpn@tocbm@msatﬁbmpehhmebedﬂMEHﬂ

5In recent yealsy h%tsttemalt@h@qs aleen ghyer to a coating nethod as a
met hod of produ0|nq8$%3500 rom c plastic I'enses wit hout the above
i r

limtation (see pr t 3). According to the coating nethod, a
coati ng agent conpriugithgra palyaerbzabldeamdedutabtetmeconposition

contai ni n® a PRALRHNN;E 'EBQliﬁdl'e%s%pr'e%@l%Btg h@ﬁt%lalrlf aggtof the
| ens materi al and the a ied coating is c
phot ochr on ¢ ST 75 23 R PEbiTPREaRE AnGEIehr SRRE. pPopaet §5e5% RE

| ens mat eri al deTiedopiiade coilbra f Zherabpeecoabiptigc®dadhésieon is
obt ai ned, thep@otSchirdmpll Bopbandn@iliimdkatiop €8 theekonsmpai-eanal .

[0011] [Prlorf% Eo¥] Q%Pa ma%§e}1gf course.
15 [0005]

When a desired color tone cannot be realized by
the use of a single photochromic compound, the color
tone is adjusted by mixing together a plurality of
photochromic compounds that develop different color

20 teoenes. In this case, it is important that the
individual compcunds that are mixed together have
excellent properties and, besides, that the whole
compounds (mixture) maintain balance in the ‘
properties.

25 [0006]

From the standpoint of adjusting the color tone,
it is important to use a photochromic compound which
by itself develops a yellow color or a neutral tint.
As the above compound, prior art 1 discloses a

30 chromene compound [compound (A)) represented by the
following formula (A), and the prior art 2 discloses a
chromene compound [compound (B)] represented by the
following formula {(B). According to these prior arts,
photochromic plastic lenses having favorable

35 photochromic properties are obtained by using a



[Prior art 2] Leaflet of International Laid-COpen 20WO00/ 15628

[Prior art 3] Leaflet of International Laid-COpen WO03/011967

<Di sclosure of the Invention> [0012] 25According to the coating

nmet hod, too, the developed color tone is adjusted in the same nmanner
as the in-mass nmethod, and it is inportant to use a photochronic
conpound whi ch devel ops a yellow color or a neutral tint by itself.
When t he above conpounds 30(A) and (B) are used for the coating

nmet hod, however, it was clarified that aszfavorabl e photochromc
coating | ayer cannot be obtained. [0013] It is, therefore, an object
of the present 35invention to provide a photochrom c conpound t hat

can 5 be used Jroarbltep cngjaggﬁgl Hf}fi%h"“ sh%%tt d?rbgpézgl?i]%'qulng

devel ops a yefTOM/co a neu by i%t
According to tHe r?r%%tpf}cﬁxfé?hﬁ%ﬁc Wq@%ﬁﬁb\ﬂ dfé’dilé:aclH{Yorrene
conpound repr q:sﬂrmmm/alﬂme nicoldrem n@rifcbmwlml(dill)q,g (cadrerein R, R2,

gfoﬁgg e 2{g§ik§ grou s 51 oxX TS ra’lt'y)6 u:z}):)seg'r gﬁﬁggikyl
groups or 5aryl J(F(?ﬁd%ﬂ%éﬁ‘et N .- east two of Rl to R4

are not hydrogen au@mmﬁ]and Rl and R2 or R3 and R4 may be 25bonded
together to forma ring, R5, R6, R7 and RB are, respectively,

hydr oxyl groups, alkyl 1 cycIoaIkyI groups, al koxy groups,

aral kyl groups, aral ko )XCHzan no groups,
substituted am no gro nitro groups, hal ogen

at ons, halgogenoal kyl gro koxy groups, mand n are,
respectively, integers X and y are,
respectively, integers 35[0015] 6 According to the
present invention, th provi ded a pt¥tochrom c curable

conpound. 5It is desired that t ot ochrom ¢ curabl e conposition
further caontains a photopol ymerizZgtion initiator. [0016] According to
the presém invention, there is 11% rther provided a photochronic
optical article haV|ng as a cons #ﬁent menber, a high nol ecul ar
formed body in mhlqg b@q chromene compound i s dispersed. According to
the present |nvent|on there is 15further provided an optical article
conprising an optical material and a high nolecular filmfornmed on at
| east one surface Oﬁ4ﬁﬂ? optical _material, the high

20
N{CH3)h

®
25

30 (00089]

The method of producing the photochromic plastic
lenses by the cast polymerization employed by the
prior arts 1 and 2 (also called “in-mass” method or
kneading method) is a representative method of

35 producing photochromic plastic lenses imposing,



nol ecul ar film having the above chronmene conpound di spersed therein.
In this optical article, it is 20desired that the high nolecular film
is obtained by curing the photochrom ¢ curabl e conposition containing
a phot opol yneri zation initiator by the photoradical polynerization.

[ 0017] 25Li ke the above conpounds (A) and (B), the chronene conpound
of the present invention represented by the above formula C) has a
basic structure in which a 6-nmenbered ring is condensed in a form of
shearing a carbon atomat the fifth posifion and a 30carbon atom at
the sixth position of the 2H benzo[ h] chronene skel eton. Unlike the
above conventional conpounds (A) and (B), however, the chronene
conpound of t nt_ i t h ant.i_cul ar. stituent bonded
to the 6-nenb2§)e \felstfig,a Qg\e{fﬁ a&)%%nb?)?]satehxce]ﬁ Inglét %eff %ﬁejl%ts that will be
described 7 Rot@eTGGEFR] S FAREPiteddide G Dife USSSy & oFuiodttiadinemy
The above- nentfisorechjird @hctrdch rbramnd p2 dpeath egeneral f ormul as
inclusive of the chiygagne conpound of the present invention, but fai
to di scl ose any concrete 5conpounds that correspond to the chronene
conpound g% the préferCemreNERER 't 8 LWAPERCPhE2EpEFE partvPBUItSr 2
substi t uent i ssdadrided nethercefasr @, meltdoch pdmpme dearipaupd odio chiremic

present I nventd1Qi}tli% ﬁe&%%%'w%%%%%%n@he[%%%%k l@%ﬁ%@t@oﬂhg%%%h?@Td%
coating | ayer ¢ n%SInI%%FaF%hOtoihr%%IC conpound |% formed on .t he
surface of ana5%ti al SEARY &9 the ghaF1BY PRENOGat BnG ORELRG,
there is a |i mgendn comerdmdumgt aop ctliyeepherbdkr emidc coorpdend t hat
di ssol ves o n thapoealiRe %%%&hinfﬂgléobhéhﬁcﬁr%HEEl%b%?bgﬁ@'@%

st .

density, therefore, the photochromnic coati ayer for in
2 T hi chnese ofPelgRde BanR She8uRd=Es" o HR. 185! rAyRaget Pedy the
liquid. In ordepliedcgoéting Layernrefl thefesa Enghageshrappki ed onto
the surface okoatgunpved 28zhape Swplradspabtachebmibbpebbakty to the

”H'“ta'“'“9.tH%n%th%%§§§1W‘t@g%Ee%EFSQUE?r5t¥ LB, LR taLckngss,
therefore, it i's advantagéeous to uti[rze the pﬁo ora LcaP

pol ymeri 2at i oROREISeRTf &t GPES1ReHI ghiheLki A§/ r APePr2BFODig} no

Though cl ari f leaifatibheohi the lene mArewghlthe study by the present
i nventors, homeveriowﬁg? it is attenpted to polynerize and cure the
phot oradi cal | y polﬁnetlzable conﬁosition contai ning the above
30conpound (A) or th&i8hodEtcohpBihd (Bf3bylfhe irradiation with

| ight, the conpoundPeask| grteattsenafibttbé photonatlicabl Laid-Open
pol ymeri 2@t i ofohhi/tsgber to inpair the polynerization and curing of
t he pol yneri zabl e noner apd, . besi des, updergoes the 35deco sition
by itself to greatEgrﬂgﬁrﬁﬁge3ihgeagfﬁho?gcﬁ?gﬁf%ab?ﬁﬁﬁft§?14E88e“
phenonmenon pr #90AdBLy26ens froma difference in the kind of the

pol ymeri zat i orphi Bl bati9e blRough ithvEAESoASt occur at the tine of the

t her nor adi cal pongEB%% tion. 5[0020] On the other hand, the
chronmene conpound _present invention has a basic structure in
common WEPh the abbeeordhigohedtienpedhtisg (Mgthed, (B)O itke, has a
erucpure in mthMOpea-GBMbEYEGinﬂs hgjcondensedthe 8amOf aAhet ash
shearing a carbgn.at t [ positLo on.atom at the
sixth positio%ggflﬁhggéabg%ggfﬁ]c%g%ngﬁeiékgTégg%gQF?%gauﬁgr i cul ar
substituent bBAECEBREBHCt 6ORRARUBD nkhbeledeyehgps a vellnwrepdps, oFhe
chronene conpaundubtal heinnvent ioselbexhivbét stisérakongl yonppunied
Stab!"tyo“h'kﬁ)eéﬂabkékngrgxﬁ§é eP&rp@9é988§99%§ REOREE L fSweVELY
sparingly reacts wih the optical and radical pofynerjzation ]
initiator eveh-whah ?%aréf%g?aab%fea HR VAT PP HRt PRt e HRE PP &S eRedt &R
the optical abdyeadtcgahot be obtained.

[0013]
It is, therefore, an object of the present
35 invention to provide a photochromic compound that can



20pol yneri zation initiator, and makes it possible to forma coating
havi ng favorabl e photochrom c properties. Further, even when cured by
t he thernoradi cal polynerization by being added to, for exanple, a
pol yrmeri zabl e nononer, the chronmene 25conpound of the present

i nvention exhibits superior recurring resistance in the photochromc
properties to that of when the above conmpounds (A) and (B) are used.

[ 0021] The chronene conpound of the present invention 30exhibits the
above excellent effect because of the reason that the above basic
structure (skeleton) hel ps exhibit the sane effects as those of the
conpounds (A) and (B) concerning the devel oped col or tone and

hot ochrom ¢ i 3
Eubstl tuent i EH edeflsoo '?% %%Sréetg%%’r r&(fr%ds ﬂ%%(())]%tt %%%f;dro‘ﬂlaerm and
ﬁwmmatM@%ﬁW%ﬁ@M%Mﬁ%@%%@%ﬁ%@ﬂ%%ﬁ|s
subject to be attadqked 4ijy a radical present on the 6-nmenbered ring.
As a result, the St?&‘o'r‘dtﬂﬁg' Scofmcrh‘éegalﬂésemr %%ntl'a%t 'tgver%t he

conmpounds (ﬁo and have "t wo ene groups on menber ed
ring and, % hedrdrd! %é\/éqr&ﬁ%’teatﬁqn}ﬁ%}lmgé%r%eﬂ“ﬁ
photopolynerlz%uhhmwungtﬁqmmmia anid ,i npair the photochron1c
properties. <Best Mdde for Carrying Qut the Invention> 10[ 0022]
The chronene conpound of the present invention is represented by the
following formula (1), [0028] B3lgn the above formula (1), R, R2,
R3 and R4 are, respectively, (i)hygogen atons, (ii) hydroxyl
groups, (gi) al kyl group. t , lgﬁlkyl groups, (v) al koxy
groups, (vi) aralkﬁ gEaups or (viii) aryl

of Rl t R4 are not

groups under a condition Tk 3

hydrogen atons. Here, Rl to R4 ng d age o d| :%rentngon1each
other. Further, R and R2 may be 5 ReT to form (i )a ring,
or R3 and R4 may be bonded tooE toQ@ofm (x) aring. 35If three or
nore of Rl to R4 are hydrogen 8 he stability decreases and
the effeét of the invention |SZf ( t he standpoi nt of
effect, it is desired that nd R2 areyng gen atons

si mul t aneously, and R2 and R4'"are not hyd ogen 5atons si mul t aneously
(i.e., no nethylene group (>CH2) is present on the 6-nmenbered ring to
which RI to R4 are bonded) and it is further desired that at |east
three of Rl to R4 ahernah R&dr@ben&aaodBR“[@ﬂ@A]réiﬁémMEweByno

particul ap |'”‘tath98r98eglaEBmEm aeBx ieq bhb% t9§kghk¥kogbgyp8-
General |l y, however, i i car bon at ni
preferred. Preferr&4C° Qéhﬁg ?uPﬁe a4 E?Fyggﬁﬂbp?nc?ﬁaé ﬁithyl
group, ethyl groupgrQUpsopyragkgup,grsgpsopylangu9¥0uPS under a
condition that at least two of R' to R® are not
hydrogen atoms, and R! and R? or R?® and R® may be
25 bonded together to form a ring,
R°, R® R’ and R® are, respectively, hydroxyl
groups, alkyl groups, cycloalkyl groups, alkoxy
groups, aralkyl groups, aralkoxy groups, aryl
groups, amino groups, substituted amino groups,
30 cyano groups, nitro groups, halogen atoms,
halogenoalkyl groups or halogenocalkoxy groups,
m and n are, respectively, integers of 0 to 4,
and
X and y are, respectively, integers of 0 to 5.
35 [0015)



15n- butyl group, sec-butyl group and tert-butyl group. [0025]
There is no particular Iimtation on-(iv) the cycloal kyl groups.
Ceneral ly, however, preferred exanples are cycl opropyl group,
cycl obutyl group, 20cycl opentyl group, cycl ohexyl group, cycl oheptyl
group or cyclooctyl group having 3 to 12 carbon atons. [0026] There
is no particular limtation on (v) the al koxy groups. Generally,
however, preferred exanpl es 25are net hoxy group, ethoxy group,
n- pr opoxy group, i Sopropoxy group, n-butgxy group, sec-butoxy group
or tert-butoxy group having 1 to 5 carbon atons. [0027] There is no
particular limtation on (vi) the 30aral kyl groups. Generally,
however, preferred examles, e togeaylng ¢ 1oLl caron atoms,
such as benzyl group, phenflethy gPoup, phenylpropyl’ group or
phenyl butyl grioFhqezey 3sther @hic asd eariG cuirak lie giorgeisdr iom
(vii) the 11 cmmalddexiynggrognl yoridrzalily rowaeer angr eher aedvexanpl es
are those havk&qoﬁg%gaﬁgg%%h @n atoms, such as phenoxy group or

9 .

napht hoxy group. ) ere’is no particular limitation on (viii)
the aryl groups. Préf éakeglrgoneliel, threpsotarhpenégefpkpPiled an
aromati ¢ hydr ecapeei tdrooud urahieng cont@ i nk0 ac phbabpal @M. rakadh on
aromati c het er@Gyglice, group having 4 to 12 carbon atonms that forma
ring. 10Concretely, there can be exenplified phenyl group, naphthyl
group, thienyl grodﬁplﬁﬁryl group, pyrrolinyl group, pyridyl group,
benzot hi enyl groupAckenzdhgr anylthgr pupseok bhemzopyonel thgkegisup.
There cangbe, hiwithaer prRRebetall phusednaoaybsbibtytged aryhcgeoup of
15whi ch t he one of two or nore hxdro%en at ons arE,sEbstitutgd by
al kyl groups, "VRERy GPoGpSCrarAlkGH gP83b§roraa 4PRoX9-GFBUBS whi ch
are the sane deorrkdsbodasdni bbdcabohe. ch@osehe20ampbhedriing (i x)
formed by R andpR2shended together or as the ring (x) formed by R3
and R4 bonded toget her dtherg cgg be refgrabl% Fsed ﬁ? aliphatic
hydrocarbon ring h&9FR§ A€o 20" Car BOR G 6nE Y RAL POt PRESY P Rg.
Furt her, 1Phe fua§heayPyevédrdeasedrhiichlaar2balenapinerhydnocanrbon
riBg such as bemrieae mataa@huhahang.EIbﬂ fblgctBYrhayem @8srmed on
substi tuent, u 0 a
at ons. Partic%?a?%éggrgpgrgggkgggngkegﬁéfggggg??ﬁégggg}g%bmgh%eﬁgﬁﬂin
the form of cPELRERgrsupsLpdhoNiBat tBOCcPEPIE §REDBSNAI ERMPBURENDer ed
carbon atons" dispeksed RheandnR2 anethandedttioget hetiolewW ib is
" 6- menberpgd C t Lo I e bopd h as
pgd carbon.a E%%lfﬂeﬁkﬁhlﬁgéggﬁlgé 21 ¢ bPRAEH: L 0RELNEY

spiro carbon atons).
curing t

a photopolymerization initiator by the photoradical

e photochromic curable composition containing

polymerization.
[0017]

25 Like the above compounds (A) and (B}, the
chromene compound of the present invention represented
by the above formula (1) has a basic structure in
which a 6-membered ring is condensed in a form of
shearing a carbon atom at the fifth position and a

30 carbon atom at the sixth position of the 2H-
benzo[h]chromene skeleton. Unlike the above
conventional compounds (A) and (B), however, the
chromene compound of the present invention has a
particular substituent bonded to the 6-membered ring,

35 and exhibits excellent effects that will be described



In the above formula (1), R6, R6, R7 and R8 which are the
substituents bonded to the ring are, 15respectively, hydroxyl groups,
al kyl* groups, cycl oal kyl groups, al koxy groups, aralkyl groups,

ar al koxy groups, aryl groups, am no groups, substituted am no
groups, cyano groups, nitro groups, hal ogen atons, hal ogenoal kyl
groups or hal ogenoal koxy 20groups. [0033] Here, the al kyl groups,
cycl oal kyl groups, al koxy groups, aral kyl groups, aral koxy groups and
aryl groups are the sane as those of Rl 40 R4 described 25above, and
preferred groups are also the sanme as those exenplified above. [0034]
Though there is no particular limtation on the substituted am no
group, preferr | es.include_ 30t hgse in ich an al .group or
an aryl grouplgge%é%ggg%tgoa%hftP58§%n§ oﬁf Eﬁ%haggvglEVEé#fg8e8E0up,
di al kyl ani no dh6ugloaeyrmaritaengdogpier arasylaanfo2gieaph generete
exanpl es incLw@emm&hhyﬁaﬁUn@iggoum,taéhyhaah@aeg&ampouﬁhﬁaylanbno
group, dinet ! i ylkam no_ g j 1Lno
T P e
can be exenpl FPMBRAVREEeFBEYCcFPETEFBAPE tA WAPCRNE GBeBBDSPRPRBAESOL
bonded to nitrtbgeprasent anechohdedtboghibirthe &boveaphet bcolyelic
ring, such asagRERRALhRCAr BURACAL PErhdLDPo 0L OUPLe PYAEOhLALNY
group, piperadi no group, N-nethyl pi peradino, group and 1 ndol 1 nyl
group. [0035) compPotnd OAstpRePREFBRENIRYBRT 1PRete BahOBR! eX@RBPIPFed
10f luorine atom chbotBhe atom brom ne atomor iodine atom [0036]

As the h@bogenoa|kwheSrQUBhoEBEﬁPoﬁﬁg @@a@fﬁ§¢4%§éfuk5$¥§¥hiﬁbinCh
one or two or HD?G F¥drogen 15at ons, of _t he k% rgggﬁgre
substituted bPIPFOGRFRE Gt BREPCLRF of F nEO B EAsCbr Hile A% ofk. #Anong
them the onespsiubsii matediadt hefguorlers atloystiae ecpreirg reethod,

Preferred exagpkes of hheihat ogenertkyho@houPri figd Usieo £ b Lior oES hyl
group, dlfluoronethx t

I oup.20an rifluoromethyl group.. [0037)
2 the hal ogohdTrRaYY ShahpafPRRrybs th RS BN nd B BE L) whi ch
one or th® orohbeénhydeBHEncheDHsCoioX hdems koxy Yrowpl are: substituted
by fluorine 2pabosBhrEhl OF LOLL Bh@NBa P& r DROSE NSe at OFed ANY them the

ones substitu i fluorj re,preferred. Particul arl
preferred exa%%?%}é%%gstﬁgf hg?%g%%%ﬁ}(okf%)r%%pgé ngl 'udglrlﬁ uco?%frle’%{%oxy
group, difl uoR®rthbXya gt dbtplénd 11 iTRF oFRtHONG HroukrYS0[DD38)e
I'n the above &ostiha £4¢nt napmlied antty dednoder fdee nufrhercuofed he

substitugpls HapfOsufl{ 2000 K8 it ahde oo anfl fa Al darpactd vel v,

integers of O to 4, prefera ,. I ntegers, of | d xand y are,
35respectiveI??l?%?%g%r%lB?o tOr B I Bt EY Rty , thsitidyeriee asa

therefore, it is advantageous to utilize the
photoradical polymerization which features a high
curing rate.

25 0019}

Though clarified for the first time through the
study by the present inventors, however, when it is
attempted to polymerize and cure the photoradically
polymerizable composition containing the above

30 compound (A} or the above compound (B) by the
irradiation with light, the compound easily reacts
with the photoradical polymerization initiator to
impair the polymerization and curing of the
polymerizable monomer and, besides, undergoes the

35 decomposition by itself to greatly decrease the



of Ot 02. When two R6 are bonding to adjacent carbon atons,
bonded two group R6 may form 1, 3-dioxolan ring or 1,4- 5 dioxane ring
and t-hese rings nmay have a substituent. a al kyl group as The
1,3-dioxolan ring is a ring as presented by the follow ng fornul a:
10 OVN. 0 [ Exanpl es 16, 19 and 20 are exanples of two
R6 15 formng a 1,3-dioxolan ring and in the Exanple 19,two nethyl

groups dioxolan ring. as
8

photochromic property. This phenomenon presumably
stems from a difference in the kind of the
polymerization initiator though it does not occur at
the time of the thermoradical polymerization.
5 [0020]
On the other hand, the chromene compound of the
present invention has a basic structure in common with
the above-mentioned compounds (A) and (B), i.e., has a
structure in which a 6-membered ring is condensed in a
10 form of shearing a carbon atom at the fifth position
and a carbon atom at the sixth position of the 2H-
benzo[h])chromene skeleton with a particular
substituent being bonded to the 6-membered ring.
Therefore, the chromene compound of the invention
15 exhibits strikingly improved stability while
exhibiting excellent photochromic properties, very
sparingly reacts with the optical and radical
polymerization initiator even when it is irradiated
with light in the presence of the optical and radical
20 polymerization initiator, and makes it possible to
form a coating having favorable photochromic
properties. Further, even when cured by the
thermoradical polymerization by being added to, for
example, a polymerizabkle monomer, the chromene
25 compound of the present invention exhibits superior
recurring resistance in the photochromic properties to
that of when the above compounds ({(A) and (B} are used.
[0021]
The chromene compound of the present invention
30 exhibits the above excellent effect because of the
reason that the above basic structure (skeleton) helps
exhibit the same effects as those of the compounds (A)
and (B} concerning the developed color tone and
photochromic properties and, besides, that since a
35 particular substituent is bonded to the 6-membered



a substituent are bonding to the 1,3- Further, the 1, 4-dioxane ring
is aring as 20 presented by the follow ng fornul a: /\ 00
\ / - 25 Exanples 22 and 24 are exanples of two R6 formng

1, 4-di oxane ring. 14

)
.

ring of the basic structure, there is only one or zero
methylene group {-CHp-) that is subject toc be attacked
by a radical present on the 6-membered ring. As a
result, the stability is markedly improved. That is,
5 the compounds (A) and (B) have two methylene groups on
the 6-membered ring and, therefore, have low
stability, react with the photopolymerization
initiater, and impair the photochromic properties.
<Best Mode for Carrying Out the Invention>
10 [0022]
The chromene compound cof the present invention is
represented by the following formula (1),

2
R R
15 R®
R%m
R
20
. (RBy
(R%)n
[0023]

25 In the above formula (1), R!, R?, R? and R?! are,

respectively, (i) hydrogen atoms, (ii) hydroxyl
groups, (iii) alkyl groups, {(iv}) cycloalkyl groups,
(v) alkoxy groups, (vi) aralkyl groups, {vii) aralkoxy
groups or (viii) aryl groups under a condition that at
30 least two of R!' to R! are not hydrogen atoms. Here, R!
to R' may be the same or different from each other.
Further, R! and R? may be bonded together to form (ix)
a ring, or R® and R* may be bonded together to form (x)
a ring.
35 I1f three or more of R' to R' are hydrogen atoms,



[ 0039] Descri bed bel ow are concrete exanples of the chronene
conpound that can be particularly preferably 5used in the present

i nvention. OCH3 15 25 350CH2CH20CH3 15 [ 0040] The
chromene conpounds of the present invention usually exist as solids
or viscous liquids which are colorless or faintly yell ow under norma
tenperature 5and normal pressure, and can be confirnmed by the
followng nmeans (I) to (I11). [0041] (1) Upon neasuring the proton
nucl ear nagnetic resonance spectra (1H N¥VR), there appear peaks near
6 105.0 to 9.0 ppm based on the aromatic proton and the proton of

al kene and peaks near 5 1.0 to 4.0 ppm based on the proton of alkyl
group and the yHeotsarumiifl iad K eIt agfe@UpndFiheherf fetheomiuber of

protons of thg dc%dorgrl[oslgi} Caora,t%q) '&%ﬁr n%‘}oﬁytﬁgﬂg%hgg gﬂ%'

15spectral |ntenS|t|es onposi i ons
cor r espondi ng SFGdlet & tcdif @@Sdéteéif ringéd Rby"]“fthiieR eldfe Mt TSRS,
[0043] 20(!1 1 )aldpars neasuriang cuisd. v} 3E@nau &’ eand nRbratd matesomanesn

spectra ('s3C Iy tgl%ﬁt%m%% 5/99(‘&5 basg@ aeth @eﬁér QQE gtg%ﬂf

aromati ¢ hydraqcar on roup near 110
carbon atons dff &¥<R @naﬁ@eaﬁ“ﬁﬁwyﬁ§eﬂe§ﬁ“5 80 WBlfHORppﬁ? %n&fe
peaks 25basedbamdelld ecarddn dtsofmrdabheandakkykdgtbap andlansal kiirene

group near 5 2@ 0 8Q anaré W]h droge&yomene conpounds of the
present invention %ﬁg 3 pr ef erably produced by, for exanple,
8 *de

reacting a 30 naph rivative represented by the follomnng
fornula (®) with aThesgargyhnoabeshokuderi vanivetiepreseht etb By t he

fol I owi ng forrmlian( 3re Nitihg RHRSANKE 104 80paci dceakakyYsy, however,
alkyl grcups with 1 to 9 carbon atoms are preferred.
Preferred examples of the alkyl group include methyl
group, ethyl group, n-propyl group, isopropyl group,
15 n~butyl group, sec-butyl group and tert-butyl group.

[0025]

There is no particular limitation on (iv) the
cycloalkyl groups. Generally, however, preferred
examples are cyclopropyl group, cyclobutyl group,

20 cyclopentyl group, cyclohexyl group, cycloheptyl group
or cyclooctyl group having 3 to 12 carbon atoms.

[(6026]

There i1s no particular limitation on (v) the
alkoxy groups. Generally, however, preferred examples

25 are methoxy group, ethoxy group, n-propoxy group,
isopropoxy group, n-butoxy group, sec-butoxy group or
tert-butoxy group having 1 to 5 carbon atoms.

(0027]

There is no particular limitation on (vi) the

30 aralkyl groups. Generally, however, preferred
examples are those having 7 to 11 carbon atoms, such
as benzyl group, phenylethyl group, phenylpropyl group
or phenylbutyl group.

[0028]

35 There is no particular limitation on (vii) the



wherein R7, 126" x and y are as defined in the above fornmula (1).

[ 0045] 25The propargyl al cohol derivative represented by the above
general fornula (3) can be synthesized by reacting a ketone
derivative of a corresponding structure with a netal acetyl ene
conpound such as lithium acetylide. 30[ 0046] When t he conpound
represented by the above formula (2) is reacted with the conmpound
represented by the above formula (3), it is desired to use the
conpound of the fornula (3) in an amount!f 0.5 to 2 35mol s and,
particularly, 0.8 to 1.5 nols per nol of the 17 conpound of the
formula (2). As the acid catalyst, there can be used sulfuric acid,
benzenesul f oniaxrAdiaky pricalpuenamerenile ,aticthe@e rac pdedkuiieda. The

t f j i t 0
amount of use eq{fan{-gheesafala% Ct?%o%'ey%tav'l?xéotﬁg £ 1@ %@QQ%nOfglgg{n%é Q2

parts by nmass per 'a to anount of arts by mass conmpound
of the fornul &5 PPAXFR 9 LS PFuRGPIEEREYi §XO¥Bbst rate) of the
formula (3). The rda@cé2%dn i s preferably conducted in the presence of
a solvent 5 AS the solof@nlis hCha ks cuagd 31 RORREOLANLE 109593k Ge

sol vent, such as hkne%&ylpy&;ofldogi, dénet yl OFHBWI e

t et r ahydr of ur &5 8TLENS -or HEEGERE L YThEOFENEE T on"FECLERRI P§
conduct ed at @xeopraddCeanédn preffatakl hydbpceebboxinguphbasdhgeft to

After the reaaly @rpdndesion@d ofr aduatkomatiigohatedoddtiom Lheupbt ai ned
crude product ,thr.oug the}§|| ining and further, as

. |%% geltcolung r ef
requi red, thr 83GHEhE FEcriysCAFPCPLaftoRS [(6847f °TReochtBRene conpound
of the pAésenCongerenteilon 2bgirssckhwedewekknpiaijigdnghahydr garie,
sol vent such asphehyanerouhl, orefianinog rbabr, akydnof yragp, VBeRrbheny)
chr onene conpo%nd of _the present Iﬂé%ﬂ%l nLLs glssolved in t?e aboxe
sol vent, the SECUPIoRYFHEYFZCEP Yy uBIPS, FRYhedFPYPa REPGPIEEEPAd
clear state. ZB5PHErserubedFoeylirpilisya Baevpabl 8hphet 6ahr BAT c
pherpﬁﬁnon quitekhyedeV plregierg ba yC aker Phenbbtitﬁtéﬂraﬁyat@Qowbtbf
sunl i ght j@r ult.rayi t ys..and _qui.c a s assymng its
initial églorkéégﬁsgggeo&%eﬁrl?gﬁtgksﬁgﬁﬁtHgggsggé[%gﬁﬁf éggther, t he
chronene conp&YREteftutRe preddkyli A¥EHPFona&kAKBI FECYPHT | aralkyl
phot ochrom c ptepest bes agv@Roxy arbugh whlienukae sbeki damat askxthbkgh
mol ecul ar forped bedw). ;fhgchi gh nol ecular solid matrix may be 35any
one provided it permts_the chronene conpound of 18 the present
i nvention to be hoﬁﬁaéﬂéously di spersed therein. Preferably, there
can be egénplifiedAa thermbphastiks fesmadahd & curek’bodyded a
radi cal |y pol ypgekzabkl 6-aad ¢HEaRL84CQUPOSLLERER SONRBI MDRAponded
Sradically poléner zabl Eolyfunchlonal nnnoger. 8049] . .
oti cal |y~ pref8PFE eEXaﬁﬁ EE G6fNt RE PhEFROPPLY: PEsTY e8P nathelahac
pol ynet hyl acr pydrecapobyerhphabrylinged pol yhecaybort hbenyl bhet form
pflyﬁthIHEFhaﬁéyFahga @QrFﬁby§Lygenein§ﬁh§9CB§L@@h&fhf@? POty VhAYI
al cohol , ,pol yacr m - hydr oxy met hacryl ate),
ol yai eyl SErBYaReC BYdRRsr s BaRohaE Lt el P ARE O Eh car 1y
pol ymeri zabl enrphyhahepeonal hesnbREnBAY cbaAYai nedl #nsehet hbveet, an
radi cally pol ymeyilzgbbapasd eurabkexgogpespt heingher€oC&nNchEbon
exenpl i fied tQ%o%Q['Oﬁﬁggigﬂﬂggfpdaré§gr28d(g;amples of the ring

are shown below in the form of cyclic groups {(divalent
30 cyclic groups with “6-membered carbon atoms” in which
R* and R® are bonded together or with “6-membered
carbon atoms” in which R’ and R are bonded together as
spiro carbon atoms}).
[0031]
35



(a) Polyvalent acrylic and pol yval ent nethacrylic ester conpounds
such as ethyl ene glycol diacrylate, 20diethyl ene glycol

di methacryl ate, triethylene glycol dinethacrylate, tetraethylene
gl ycol dinmethacrylate, ethylene glycol bisglycidyl nethacrylate,

bi sphenol A dinethacrylate, 2,2-bis(4-

met hacryl oyl oxyet hoxyphenyl ) propane, and 2, 2-bi s( 3, 5-

25di br ono- 4- et hacryl oyl oxyet hoxyphenyl ) propane; (b) Pol yval ent

al Iyl conpounds such as diallyl phthalatie diallyl terephthalate,
diallyl isophthalate, diallyl tartarate, diallyl epoxysuccinate,

diallyl fumarate, diallyl 30chl oroendoate, diallyl hexaphthal ate,
diallyl carbonate, ally' diglycol carbonate and

trimethyl ol propanetriallyl lic and
pol yval ent thi onet hg lic e
35bi s( et hacryl oyl et hang yI§ftt her
and 1,4- bis(nethac yl t hi ohe e~ ester
conpounds .and net haeT ¥ c esteér v acryl ate,
gl yci dyl gnethacrylate, p- met hyl gl yci dyt” nmethacryl ate, bi sphenol
A-nmonogl yci dyl ether nethacrylate, 4-glycidyl oxynethacrylate,
3-(glycidyl-2-oxyethoxy)-2-hydroxypropyl nethactyl aye,
3- (gl yci dyl oxy-1-i sgpropyl ox 2 hydroxypvapy / ,
3-gl yci dyl oxy-2- 10hydr ' oxy) - 2- hyd¢'oxy phepy | ate; and
(e) Divinyl benzene. 7 As ot her {c can be

pol yneri zabl'e ™8 eur abl e

cont ai neddi n the above C
conposition, 15there can-be~exenplified the foll @M ng conpounds (f)
to (j). (f) Unsaturated carboxylic acids suchas acrylic acid,

met hacrylic acid ah8%3Ahydrous maleic acid; (g) Acrylic and

met hacryl i c ester TonpbendsosachiomsuPdmel hyl RHcmpl, aRé, amet ®¥lwhich
met hacryl ate, ,bgnzyk QﬁEQ@?EMEﬂEE’bghﬁgﬁlthEH@Cf¥$ tgyoand

2-hydrox¥§thyl met hacryl at e &h EUHBFIC ester conpounds such as
di et hyl mar 4E8PSRELYF Henbyd Bl afEOUBS (i § 1 KAl 02EPYPF ¢ and
thionethacrylbgCésaékyéogpoupds_shkhxasgneuhylt@i@hkyylg;eups,
benzyl t hi oacr ykat goandqbengy! t Bprethagpy! a&ﬁin@“a?roups,(' ) Vinyl
conpounds such gstskﬁéeae c Iorostgrene nethﬁlgm%rene
vi nyl napht hal 8H8S LA HEERYFEEPP RECUP Frer SEBARAT by Hbs 151 BFR. IF 8BB4
The chronene bahpoandabbmehehptegencal hybnyionptevel lopbogeyerl bory
col or or2a neythapstint by itself, exhibits not only favorable
phot ochrom ¢ propei§h§§ 35but al so very high stability, and reacts
sparingly 20 with e bhotoradical pol ynmeri zation initiator even
when it is irradi atesew thelabhyl i arewes presekeal kifl theo ot oF Bige €al
pol ymeri zati ogrbpti abeslkyvegrofies, di spELSLH §rodde £ abl el
conposi tion tg?B ﬁ@'érQetEQUEERebX?pfﬁégéagfCﬁﬂ1RPE¥”§E%%9%589
therefore, theé ChFonene conPound 0 e present 1 nventron doés not
i npai r t he cuPPABC and HaRESLFELPOSEF BFRS t T DR BF D ENT UT TR pdRlythose
exhi biti ng fagpembl &f phdt aicbvem ¢ properties. Therefore, the chronene
conpound of the 10pggsgnt invention is very useful as a conponent for
Though there is no particular limitation on the
substituted amino group, preferred examples include
30 those in which an alkyl group or an aryl group is:
bonded to a nitrogen atom, such as alkylamino group,
dialkylamino group, arylamino group or diarylamino
group. Concrete examples include methylamino group,
ethylamino group, phenylamino group, dimethylamino

35 group, diethylamino group and diphenylamino group.



t he photochrom c coating agent that is used at the tinme of producing
a photochromc plastic lens by the coating nethod. Omng to its high
degree of stability, further, excellent recurring resistance is
150bt ai ned in the photochrom c properties when the chronene conpound
of the present invention is polynerized and cured being dispersed in
the curable conposition of the type that is cured by the

t hernoradi cal pol ynerization. Therefore, the chronmene 20conpound of
the present invention is highly useful g a material for producing
phot ochrom c plastic |lenses by the in-mass nethod. [0052b] Wen the
chronene conpound of the invention is 25used as a photoradically

pol yneri zabl e conp it| e t,0 hronlc coatl

agent at the tinme o ?ng rgéhg %% ?Bﬁ?gd %as rcd gésggﬁthe
coati ng netho&a&’q%sﬁﬁﬁﬂ?%&?lédtﬁéﬁﬁﬁﬁéwyﬁéﬁlﬁéﬁpéscéﬁpﬁbiﬁhohwphat
IS a starting smtsariitalenats tleadeldng coh1i8@pyeduatbast Beepbohaeshr om c

pl astic Iense%%$éeﬂgilﬂg ﬂﬁﬁﬁa”ﬁ%QQQOC&gﬁlgok nglégghe gonp05|t|ons

are prepared and use hé sanme manne e prior art
but usi ng %t he "OFPOREREC §F8End PéPeEA8iNAVERPHBN BY¥XHEOPRBEDBEhr oni c
conmpound conpagrentp., I[PRASFino2froup, NWhenhyllpipexaaphe, goup and
phot or adi cal | ¥ ¢j4r3h0) SRR sition is to be obtained, the chronene
conmpound of the pre% g nv ntion may be added in an anount of 0.01
to 20 parts by masd preferably, 0.1 to 10 5parts by mass, and
t he phot or adi cal pabyMBE|haﬂbganiatbmatbhenaycbm laeldeglemnl AHi adount
of 0.001;f0 1@19@&1%eb>§t%55cﬁmerlﬁéeg%ﬂbl Mroﬂlﬁ’% LPom PATLS ermass
per 100 parts b L TBsSs of the radically poflynerizable and curable
conposi tion t R&P™cont ai ns the above 10radical ly pol ynerizabl e

pol yfunctional nondA€B6]In order to adjust the color tone that

devel ops, the abOVﬁsCQfTﬁoﬁhleQné@l/kPE @k@@gedt}wef@ ehwtpehrom ¢
conpounds ot her pr esent |nv$nt|on

as b matter of 8883&51*9%5%8%25“ A R M A IR
exanpl es16f t R&oplordr &bkcalkpsl ghevpzareodpubatitated phafleanihe

used. Benzoi nataﬁBenéﬂllBﬂ"@hByht&hBebr BE@ﬁDh@bélic\(rhs et hefonBepgonenol ;

A h hl h
252- Py ovy- 2 e RES 1= RERS o Bhaneri. bhestre YZEGHT HUFRY | ket al

1- (4- IsopropyPEﬁéﬁyI?dZ h?é?éﬁ?r?dn@%ﬁ@?b?%p%ﬁeﬁh%n%alogenoalkyl
1.HydroxycyclghemplmhemuﬁkefmﬂeroﬁﬁehysO@f@@yjt@iﬂD%@E@ﬁﬁwﬁyl group
Bi s(2, 6- gb”EtQHéyP?g%9¥5r§ étﬁ Pﬁﬁé pent yl phosphi noxi de;

v J- phény

Bi s(2, 4, met h enzoy phi noxi de;
2,4, 6- Trlnethylben a?phenyl phosphanX|de and
352 Benzyl- 2- di net Ayl aihe noa 1o d<r ol pdroy | quoplenytiere 22arbtieanone- 1.

[ 0055] éx@ﬁuﬁi@fi@g egaggsmlmlat yhens i he, phot %&%%ﬁdrogen

COITpOSl tion is use S tochrom c coatin ent
oo e o RS e thr ME Dk OER ! §Rv TR (S Et et D L3 (F CHning,

03/ 0119675 VMehomhe chionine zohmeurwd lof o iree | aivemd | orAmengd othmmused,
too, thereforenet B8e§08WOSEL L QFedBYi B ODIb M 78k i dhCHAL dance with
the descrlptloge er%gg abp tPgﬁfg¥191%¥%¥Erred examples of the
halogenoalkoxy group include fluoromethoxy group,
difluoromethoxy group and trifluoromethoxy group.
30 [0038]
In the above formula (1), m, n, x and y denote
the numbers of the substituents R®, R®, R’ and RY,
wherein m and n are, respectively, integers of 0 to 4,
preferably, integers of 0 to 2 and x and y are,

35 respectively, integers of 0 to 5, preferably, integers



[ 0056) The thus prepared photochrom c coating agent can be used in a
customary manner. For exanple, the optical base nenber such as a | ens
material is 1l5suitably pretreated and is spin-coated with a coating
sol ution containing the chronmene conpound of the present invention
and is cured by the irradiation with light in a nitrogen atnosphere
to forma high nolecular film (photochromc layer) in which the
20chr onene conpound is dispersed on at | east one surface of the
optical material. As the pretreatnent 1Bar the optical material, there
has been known washing the surfaces with an organic solvent or with
an al kal i ne aqueous sol ution, corona treatnment and priner
25treatnent, which may be suitably sel ected dependi ng upon the kind
of the materiaPf @ntPhé-photochromc coating that is forned, a hard
coating or a reflection-preventing coating is further fornmed, as
required. 30[0057] i t d e
present inventijon, ghéﬂogg§h$oﬁ¥§3g?%g%?%9ﬁgggmggﬁﬂﬁgpﬁ?%%d%gda%om%'
met hod ot her t R&ASERe MR- AFESEPBL HERY o el chat i v bt nbta Fey 1.4-
exanpl e, the fdibsanagrimepghedd 8beaa béngapiayetave?2d alaylTheocup as
t hernopl astic pegi;Rsandykhe chronmene conpound of the present
i nvention are kneaded together in a nolten state, dispersed in a
resin, and are nol ded. (b) A polyrmer filmin which the
phot ochronmi ¢ mat eri Bhe5df 3t Aeoppearntinavent foning aAsnpyernevbstyby
di spersed is sapdwrghedwiRgarbensia:(c) A solution is prepared by
dissolvingothe chronmene conpound of the present invention in, for
exanple, a’silicone oil, the obtaimed solution and a plastic |ens
10are contacted with each other ﬁ? 15@ to 200C so that the chronene
conpound of the present inventio isperses and perneates into the
plastic lens matrix, and the surfaces thereof are coated with a
curable materi al (inbibiiion nethod%. 15[ 0058] Further, the
chronene conpound of*EHRLBFeLBnt!? ndRAtO2EANCHR™BLEE PA BYRi Be
range of appli €arindong &nladddipvnlan thegphntothr bhecEghapiec 1Benses.
For exanpl e, tRetRP1OgRABPSOAROLNE KN PEHECSrashyailAYS t20RBADLY 3
materials to sybstitute for a silver salt photosensitivé naterial, as
. 1oxXolan in - . . .
a copying mate Fare-as & %hotosen3|t|ve material for printing, as a
menory -material for CRTs, as a photosensitive material for |aser and
as a photosensitiverurtieetal cheori hol @isaehy . r 2Adui & her rihfeas

phot ochr ogjc ng}gégﬁ#egsgpgtﬁgegﬁg%ggﬁggnfgpﬁgygg of the present

invention can be utilized as a ens material, as an
optical filter material, as a di ay material, as an actinoneter and
as an ornanental material. 30Theg chrofgne conpound of the present
invention has a feature of devel qping’a yellow color or a neutral

tint by itself. Wen used for the phot ochromi c | enses, the

chronmene conmpound of the present invention may be used by itself or
may be used 35in cofbrmRtednZwi ad oty BEherXPiRIasi o oko RY forming
phot ochrom ¢ compedidsahe sbhain a desired color tone. As the

phot ochrom ¢ conpounds that can be used in conbination with the
chronmene conmpound of the present invention, there can be used known
phot ochrom ¢ 5conpounds such as napht hopyran conpound, chronene
conpounds ot her than the chronmene conpound of the present invention,
spi rooxazi ne conpound, spiropyran conpound and ful gi m de conpound.
Concretely, the foll ow ng photochrom c conpounds can be used. 10



25 <EXAMPLES> [ 0059] 10The invention will be described in further
detail by way of Exanples to which only, however, the invention is in
no way limted. [ 0060] (Exanple 1) 15 A naphthol derivative and
a propargyl al cohol derivative expressed by the follow ng fornmul as
wer e used. Naphthol derivative: 20 25 Pr opar gyl al cohol

derivative: 30 OCH3 26 [0061] 6.3 Gans (20 nmols) of the
napht hol derivative and 5.9 g (22 nnnlf% of the propargyl al cohol
derivative were dissolved in 300 mM of~“toluene to 5which was further
added 0.05 g of a p-toluenesulfonic acid, and the m xture was stirred
for 30 mnutes while being heated and refluxed. After the reaction,
the solvent was renoved and the reaction product was refined by
chromat ography on silica gel to obtain 3.5 10g of a white powdery
product. [0062] [003Pde product presuned to be CA0H3603 was

el enental |y analyzedsamdb@dl@@u@Me@rEocb@c&&tbObkﬂW@leEle&emﬁ&

anal ysis: C 85 ghlheHodipiiitg CnatoG30UCpkouliahadGy 85 Oailty

6.42% O: 8 509659063% Measur enent, of "proton nu nagnetlc
resonance spelfr8 ARAIFES BF 5 a0 fdi9ear 6 1.0 to 4.0 ppm
20based on al kyl ene group and ak of 18H near near 6 5.2 to 10.0
ppm based on an aronati d a proton of an al kene. [0064]
Further, neasurenent o ar magnetigCH3

10

15

20

25

30

35 OCH,CH,0CH;



25r esonance spectra indicated a peak near 6 110 to 160 ppm based on a
carbon atom of an aromatic ring, a peak near 6 80 to 140 ppm based on
a carbon atom of an al kene, and a peak at 6 20 to 60 ppm based on a
carbon atom of an al kyl. 30[0065] Fromthe above results, it was
confirmed that the isolated product was a conmpound represented by the
followi ng structural fornula. Structural fornula of the isol ated
product: 27 OCH3 10 [0066] (Exanples 2 to 24) Chr onene
conmpounds shown in Tables 1 to 6 were syt hesized in the sane nmanner
as in Exanple 1 by 15usi ng conpounds shown in Tables 1 to 6 as

napht hol derivatives and propargyl alcohol derivatives. The obtained
products were confipmeefor their structures relying on the sane

structure analysisT S %%at of ExanBIen%. Zgép the structural formnulas
shown in Tables 1 £8%6CPVEYFEHr SSBRPE P ReChet R§I PEFBERT 2BVEDT198
[ 0067] (Tabl e ubpagly Neist7)s, sediidNoorSvascagmaienibabdsPwbdubt aYeel d
(9 Napht holcoderriats we Paapadyl yaig¢elolnder normal temperature
5 and normal pressure, and can be confirmed by the
following means (I} to (III}).
[0041]

(I} Upon measuring the proton nuclear magnetic

resonance spectra ('H-NMR), there appear peaks near &

10 5.0 to 9.0 ppm based on the aromatic proton and the
proton of alkene and peaks near & 1.0 to 4.0 ppm based
on the proton of alkyl group and the proton of
alkylene group. Further, the number of protons of the
bonded groups can be learned by comparing their

15 spectral intensities.

[0042]
{II) The compositions of the corresponding products
can be determined by the elemental analysis.

(0043)

20 (III)Upon measuring the '’C-nuclear magnetic resonance
spectra (!C-NMR), there appear peaks based on the
carbon atom of an aromatic hydrocarbon group near &
110 to 160 ppm, peaks based on the carbon atoms of an
alkene and an alkyne near & 80 to 140 ppm, and peaks

25 based on the carbon atoms of an alkyl group and an
alkylene group near & 20 to 80 ppm.

[0044]
The chromene compounds of the present invention
can be preferably produced by, for example, reacting a

30 naphthol derivative represented by the following
formula (2) with a propargyl alcohol derivative
represented by the following formula (3) in the
presence of an acid catalyst.

35
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wherein R! tc R®, m and n are as defined in the
above formula (1),

wherein R’, R¥ x and y are as defined in the

above formula (1).

[0045}

The propargyl alcohol derivative represented by
the above general formula (3) can be synthesized by
reacting a ketone derivative of a corresponding
structure with a metal acetylene compound such as
lithium acetylide.

[0046]

When the compound represented by the above
formula (2) is reacted with the compound represented
by the above formula (3), it is desired to use the
compound of the formula (3) in an amount of 0.5 to 2

mols and, particularily, 0.8 to 1.5 mols per mol of the
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compound of the formula (2). As the acid catalyst,
there can be used sulfuric acid, benzenesulfonic acid,
p-toluenesulfonic acid or acid alumina. The amount of
use of the acid catalyst may be in a range of 0.1 to

5 10 parts by mass per a total amount of 100 parts by
mass of the compound of the formula (2) and the
compound (reaction substrate) of the formula (3). The
reaction is preferably conducted in the presence of a
solvent. As the solvent, there is used a nonprotonic

10 organic solvent, such as N-methylpyrrolidone,
dimethylformamide, tetrahydrofuran, benzene or
toluene. The reaction is usually conducted at 0 to
200°C and, preferably, by refluxing the solvent.

After the reaction, a desired product is isoclated

15 from the obtained crude product through the silica gel
column refining and further, as required, through the
recrystallization.

[0047]

The chromene compound of the present invention

20 dissolves well in a general organic solvent such as
toluene, chloroform or tetrahydrofuran. When the
chromene compound of the present invention is
dissolved in the above solvent, the solution thereof
is, usually, in nearly a colorless and clear state.

25 The solution exhibits a favorable photochromic
phenomenon quickly developing a color when it is
irradiated with sunlight or ultraviolet rays and
quickly and reversibly assuming its initial colorless
state when light is shut off.

30 [0048]

Further, the chromene compound of the present
invention exhibits similar photochromic properties
even in a high molecular solid matrix {(high molecular
formed body). The high molecular solid matrix may be

35 any one provided it permits the chromene compound of
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the present invention to be homogeneously dispersed
therein. Preferably, there can be exemplified a
thermoplastic resin and a cured body of a radically
polymerizable and curable composition containing a
radically polymerizable polyfuncticnal monomer.

[(0049)

Optically preferred examples of the thermoplastic
resin include polymethylacrylate, polyethylacrylate,
polymethylmethacrylate, polyethylmethacrylate,
polystyrene, polyacrylonitrile, pelyvinyl alcohol,
polyacrylamide, poly(Z2-hydroxyethyl methacrylate),
polydimethylsiloxane, and polycarbonate.

[0050]

As the radically polymerizable polyfunctional
monomer contained in the above radically polymerizable
and curable composition, there can be exemplified the
following compounds {a) to (e}.

(a) Polyvalent acrylic and polyvalent methacrylic
ester compounds such as ethylene glycol diacrylate,
diethylene glycel dimethacrylate, triethylene glycol
dimethacrylate, tetraethylene glycol dimethacrylate,
ethylene glycol bisglycidyl methacrylate, bisphenol A
dimethacrylate, 2,2-bis(d-
methacryloyloxyethoxyphenyl)propane, and 2,2-bis({3,5-
dibromo-4-methacryloyloxyethoxyphenyl)propane;

{(b) Polyvalent allyl compounds such as diallyl
phthalate, diallyl terephthalate, diallyl
isophthalate, diallyl tartarate, diallyl
epoxysuccinate, diallyl fumarate, diallyl
chloroendoate, diallyl hexaphthalate, diallyl
carbonate, allyl diglycol carbonate and
trimethylolpropanetriallyl carbonate;

{c) Polyvalent thicacrylic and polyvalent
thiomethacrylic ester compounds such as 1,2-
bis(methacryloylthio)ethane, bis(2-

0
HO
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acryloylthicethyl)ether, and 1,4-
bis(methacryloylthiomethyl)benzene;
(d) Acrylic ester compounds and methacrylic ester
compounds such as glycidyl acrylate, glycidyl

5 methacrylate, P-methylglycidyl methacrylate, bisphenol
A-moncglycidyl ether methacrylate, 4-glycidyloxy
methacrylate, 3-(glycidyl-2-oxyethoxy)-2-hydroxypropyl
methacrylate, 3-(glycidyloxy-l-isopropyloxy)-2-
hydroxypropyl acrylate, 3-glycidyloxy-2-

10 hydroxypropyloxy)-2-hydroxyprepyl acrylate; and
(e} Divinylbenzene.

[0051]

As other meonomers that can be contained in the
above radically polymerizable and curable composition,

15 there can be exemplified the following compounds (f)
to (3} .-

(f) Unsaturated carboxylic acids such as acrylic
acid, methacrylic acid and anhydrous maleic acid;
(g) Acrylic and methacrylic ester compounds such as

20 methyl acrylate, methyl methacrylate, benzyl
methacrylate, phenyl methacrylate, and 2-hydroxyethyl
methacrylate;

{h} Fumaric ester compounds such as diethyl fumarate
and diphenyl fumarate;

25 {i) Thiocacrylic and thiomethacrylic ester compounds
such as methylthicacrylate, benzylthicacrylate and
benzylthiomethacrylate; and
(i) Vinyl compounds such as styrene, chlorostyrene,
methylstyrene, vinylnaphthalene, a-methylstyrene dimer

30 and bromostyrene.

(0052a]

The chromene compound of the present invention
develops a yellow color or a neutral tint by itself,
exhibits not only favorable photochromic properties

35 but also very high stability, and reacts sparingly
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with the photoradical polymerization initiator even
when it is irradiated with light in the presence of
the photoradical polymerization initiator. Even when
dispersed in the curable composition that will be
5 cured by photoradical polymerization, therefore, the
chromene compound of the present invention does not
impair the curing and makes it possible to obtain a
cured body exhibiting favorable photochromic
properties. Therefore, the chromene compound of the
10 present invention is very useful as a component for
the photochromic coating agent that is used at the
time of producing a photochromic plastic lens by the
coating method. Owing to its high degree of
stability, further, excellent recurring resistance is
15 obtained in the photochromic properties when the
chromene compound of the present invention is
polymerized and cured being dispersed in the curable
composition of the type that is cured by the
thermoradical pelymerization. Therefore, the chromene
20 compound of the present invention is highly useful as
a material for producing photochromic plastic lenses
by the in-mass method.
[0052b}
When the chromene compound of the invention is
25 used as a photoradically polymerizable composition
that is used as a photochromic coating agent at the
time of producing the photochromic plastic lenses by
the coating method or is used as a thermopolymerizable
composition that is a starting material at the time of
3¢ producing the photochromic plastic lenses by the in-
mass method, the polymerizable compositions are
prepared and used in the same manner as those of the
prior art but using the chromene compound of the
invention as a photochromic compound component.
35 [0053]
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When, for example, a photoradically curable
composition is to be obtained, the chromene compound
of the present invention may be added in an amount of
0.01 to 20 parts by mass and, preferably, 0.1 to 10
parts by mass, and the photoradical polymerization
initiator may be added in an amount of 0.001 to 10
parts by mass and, preferably, 0.01 to 5 parts by mass
per 100 parts by mass of the radically polymerizable
and curable composition that contains the above
radically polymerizable polyfunctional monomer. In
order to adjust the color tone that develops, the
above composition may be blended with photochromic
conmpounds other than the chromene compound of the
present invention, as a matter of course.

[0054] ‘

Described below are preferred examples of the
photoradical polymerization initiator that can be
used.

Benzoin;

Benzoinmethyl ether,

Benzoinbutyl ether;

Benzopenol;

Acetophenone 4,4’-dichlorobenzophenone;

Diethoxyacetophenone;

2-Hydroxy-2-methyl-l-phenylpropane-l-one;

Benzylmethylketal;

1-(4-Isopropylphenyl)-2-hydroxy-2-methylpropane-~
1-one;

l-Hydroxycyclohexylphenylketone;

2-1sopropylthiooxanthone;

Bis (2, 6-dimethoxybenzoyl-2,4,4~trimethyl-
pentylphosphinoxide;

Bis (2,4, 6~-trimethylbenzoyl)-phenylphosphinoxide;

2,4, 6~Trimethylbenzoyldiphenyl-phosphinoxide; and

2-Benzyl-2-dimethylamino-1-(4-moxrpholincphenyl) -
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butancne-1.

(0055]

A preferred composition of when the photocurable
composition is used as a photochromic coating agent

5 has been described, for example, in a leaflet of
International Laid-Open No. 03/011967. When the
chromene compound of the invention is to be used, too,
therefore, the composition may be optimized in
accordance with the description of the above patent

10 document.

[00586])

The thus prepared photochromic coating agent can
be used in a customary manner. For example, the
optical base member such as a lens material is

15 suitably pretreated and is spin-coated with a coating
solution containing the chromene compound of the
present invention and is cured by the irradiation with
light in a nitrogen atmosphere to form a high
molecular film ({photochromic layer) in which the

20 chromene compound is dispersed on at least one surface
of the optical material. As the pretreatment for the
optical material, there has been known washing the
surfaces with an organic solvent or with an alkaline
agueocus sclution, corona treatment and primer

25 treatment, which may be suitably selected depending
upon the kind of the material. On the photochromic
coating that is formed, a hard coating or a
reflection-preventing coating is further formed, as
required.

30 [0057]

By using the chromene compound of the present
invention, a photochromic plastic lens can be produced
by a method other than the in-mass method or the
coating method. For example, the following methods

35 can be employed.
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(a} The thermoplastic resin and the chromene compound

of the present invention are kneaded together in a

molten state, dispersed in a resin, and are molded.

(b} A polymer film in which the photochromic material
5 of the present invention is homogeneously dispersed is

sandwiched in a lens.

(c} A solution is prepared by dissolving the chromene

compound of the present invention in, for example, a

silicone o©il, the obtained solution and a plastic lens

10 are contacted with each other at 150 to 200°C so that
the chromene compound of the present invention
disperses and permeates into the plastic lens matrix,
and the surfaces thereof are coated with a curable
material (imbibition method}.

15 [0058]

Further, the chromene compound of the present
invention can be used in a wide range of applications
in addition to the photochromic plastic lenses. For
example, the chromene compound can be used as various

20 memory materials to substitute for a silver salt
photosensitive material, as a copying material, as a
photosensitive material for printing, as a memory
-material for CRTs, as a photosensitive material for
laser and as a photosensitive material for holography.

25 Further, the photochromic material using the chromene
compound of the present invention can be utilized as a
photochromic lens material, as an optical filter
material, as a display material, as an actinometer and
as an ornamental material.

30 The chromene compound of the present invention
has a feature of developing a yellow color or a
neutral tint by itself. When used for the
photochromic lenses, the chromene compound of the
present invention may be used by itself or may be used

35 in combination with any other plurality of
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photochromic compounds to obtain a desired color tone.
As the photochromic compounds that can be used in
combination with the chromene compcocund of the present
invention, there can be used known photochromic

5 compounds such as naphthopyran compound, chromene
compounds other than the chromene compound of the
present invention, spirooxazine compound, spiropyran
compound and fulgimide compound. Concretely, the
following photochromic compounds can be used.

10
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<EXAMPLES>
[0059]

10 The invention will be described in further detail
by way of Examples to which only, however, the
invention is in no way limited.

[(0060]
(Example 1}
15 A naphthel derivative and a propargyl alcohol

derivative expressed by the following formulas were

used.
Naphthol derivative:

) O‘
be OH
25

Propargyl alcohol derivative:

OCH3
XN
30
HO
OCH,

35
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[0061]

6.3 Grams (20 mmols) of the naphthol derivative
and 5.9 g (22 mmols} of the propargyl alcchol
derivative were dissolved in 300 ml of toluene to
which was further added 0.05 g of a p-toluenesulfonic
acid, and the mixture was stirred for 30 minutes while
being heated and refluxed. After the reaction, the
solvent was removed and the reaction product was
refined by chromatography on silica gel to obtain 3.5
g of a white powdery product.

[0062]

The product presumed to be C4oH3¢03 was elementally
analyzed and calculated to be as follows:

Elemental analysis: C: 85.23%, H: 6.38%, O:
8.39%

Calculated: C: 85.08%, H: 6.42%, 0: 8.50%

{0063]

Measurement of proton nuclear magnetic resonance
spectra indicated a peak of 18H near & 1.0 to 4.0 ppm
based on alkylene group and a peak of 18H near near &
5.2 to 10.0 ppm based on an aromatic proton and a
proton of an alkene.

[0064]

Further, measurement of 3C-nuclear magnetic
resonance spectra indicated a peak near & 110 to 160
ppm based on a carbon atom of an aromatic ring, a peak
near ¢ 80 to 140 ppm based on a carbon atom of an
alkene, and a peak at & 20 to &0 ppm based on a carbon
atom of an alkyl.

[0065]

From the above results, it was confirmed that the
isolated product was a compound represented by the
following structural formula.

Structural formula of the isolated product:
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20 [0073] (Exanple 25) 25A radically polynerizabl e nononer
conposition was prepared according to the following recipe. Radically
pol ymeri zabl e nononer conposition: 2,2-Bis(4-

net hacryl oyl oxypent aet hoxyphenyl ) propane 3050 parts by nass

Pol yet hyl ene gl ycol diacrylate (average nol ecul ar wei ght, 532) 10
parts by mass Tri net hyl ol propane trinethacryl ate

10 parts by mass 35Pol yester oligonmer hewaacrylate (EB-1830 34
manuf actured by Dycel UCB Co.) 10 parts by mass G yci dyl

nmet hacryl atel0 parts by mass Chronene conpound of Exanple 11 part by
mass 5[ 0074] i i initi further,

OCHjy

10
[0066]
{Examples 2 to 24)
Chromene compounds shown in Tables 1 to 6 were
synthesized in the same manner as in Example 1 by
15 using compounds shown in Tables 1 to 6 as naphthol
derivatives and propargyl alcohol derivatives. The
obtained products were confirmed for their structures
relying on the same structure analysis as that of
Example 1.
20 In the structural formulas shown in Tables 1 to
6, Me represents the methyl group.

25

30

35



By using the above radically polynerizable nononer conposition and
t he photopol ynerization 15initiator, a photopol ynerizable and curable
conposition was prepared by honogeneously m xi ng the conponents
according to the foll ow ng reci pe. Recipe of photopol ynerizable and
curabl e conposition: Radically polynerizabl e nmononmer conposition 2091
parts by mass Photopol ynerization initiator0.5 parts by nass

Bis(1, 2, 2,6, 6-pentanet hyl-4-piperidyl)sebacate (stabilizer)5 parts
by mass y-Met hacryl oyl oxypropyltrinmetho®gsil ane (silane 25coupling
agent)7 parts by mass N net hyl di et hanol am ne3 parts by mass [ 0076]
Next, about 2 g of the above photopol ynerizabl e and curabl e
conp05|t|on was spifppeeat ed onto the 305urface of the lens

mat eri al (CR39 ggpﬂfa%gured by Sunlux Co.: ally' resin plastic |ens,
refractive ind 0) by u5|ng a spln coater, 1H DX2, manuf act ur ed
by M kasa Co. [Ihe do#lb mater gl of Wi g the syrface was coated
irradi ated mﬁ16§j gt M$mm Ei.wg*“ﬁ;a;w%&&@WU5pheréme”US'n9 aYgif

i an nllf oY onf 2 mnitaoac tn o
ATT -
halide |anp o 356 O—mN-erv—or13—mh +6—€
(o

coating to thereby obtaln photo,hronlcépjastl 3. [ 007A,
eval uate the ¢urefl stat he thin 5 Lgchré ¢ dqured Lisa|(film
t hi ckness of 40 pgjzof t tai ned ochr onilc "pljagt 1 ens,
surface of the %i m was r edt wi 1 hro@ cl ot h wett ed th_acet one, P

the lens matefial [was|irr ated W light byjusit rojectjor to
observe and efal upte fhe 18projecfed surface. I|f the curing is
favorabl @0 the sufface i's not I nvhded by acetone,_and the surfjace

exhi bits no rpuggefnes T ¥ of
fol | ows: A s fl has 1
15scratch, anfl 2he & hj heell suf fi ci er
surface is logally and fi.rek jed IS scf

C. The surfacg is|locjally raugged apd gatched.
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above- ment’i oned nethqg wer e eval upted for_theif
[ 0078] 25Further,|the objai ph N AT
eval uated for| thejr, pho ofri c
to (5) described belgw. T @sul |
30(1) Maxi nmun) abspr ptfi on el engf
wavel ength affer havijng ™
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devel oped col or was found by using a spectrophotoneter (instantaneous
mul ti - channel phot odetect or MCPD3000) manuf act ured by O suka
Denshi Kogyo Co. The naxi mum 35absorpti on wavelength is related to a
color tone at 36 the tinme of developing a color. [0080] (2) Initial
coloring degree [e(0)]: Absorbancy was neasured at the maxi mum
absorption 5 wavel ength in a state of not irradiated with [ight, and
was regarded to be the initial coloring degree. In an opti cal

material such as a spectacle lens, it ca9 be said that the lower this
val ue, the nore the photochrom c properties are excellent. 10[ 0081]
(3) Color density [e(120) - A difference was found between the
absor bancy [e(120)]0@ggqhe maxi mum absor pti on wavel ength after

i rradi at ed mntg F for 120 seconds and the above 15initi al

col oring degré égo%f and was regarded to be the col or denS|ty It

can be said t1aL e 9”6'§£n£$gg§e 5 ttre—Tore—the photochn M

properties aruméx el ent—t- O Fadi-Ag—hal f-tiotet [t 112 )7 (4,
(min.)]: Atipe_was Pwmwﬂﬁwwmwfﬁﬁﬁﬁgﬁﬂ%ﬂmlnf:Jm_saaﬂe tthe

maxi num velength decreasgd downf t o one-hal f y

[e(120) - e(0)] when fi t CWESTNO | opgersi # at ¢ ter
havi ng been 25i rriadi gt ed wilt B l'igpt fot 0 se iing
hal f-life. It] chn e saldl’lat the shoxter thi der??t hie

fading rate apd tlhe nore el | ent thg photochro

[ 0083] 30(5) [Degrlee qf deterioratfon (A0 - And
eval uat elthe lesilstance of rnlnr pvplnnpd hv

l'i ght, thefaIIoNng |on ac eb,@ra1'

with

conducted. That ils, t 35200
hours in an accellerat gt er,
X25, manuf actjuried By engi tly
was eval uat ed beflore (A0)
densm&y (AQOO i ng

bef ore tgg tgsting an
5were neasured, and t
to the follow ng [ford
resi stance of| thg de\
A200/ Ao 10Thq | ovier t
resi st ance of| tshg dey

deterioration mas fowrmd accgrdin
Iregarded to bg anoﬁndex of

Phot ochrom c [pl agtic as in
Exanpl e 26 but ugi ng S oltadned in ’5 as
chromene conpgounds, and me#é evalluated for the The
results were [as ghow 20 25 30
S O OMe
9 9 "o 24
25 O { O
OMe ~ -
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38 [0085] (Table 7) Ex. No. Corr pound No. Anount of photo
| Fitinatcrixotion (Darts by It. ) Cured state it max Co |lor density
Fading halt- 1 ite (nm r (120)-r (0) r 1,-1'2 (mn.) 251 0.5 A
442 578 0.75 0.92 0.8 26 2 0.5 A 482 594 0.86 0.90 1.3 27

30
[0069]
(Table 3)
Ex. |con- Startink material Yield
) ie
No. 531"' Naphtho! derivalive Proparsy! alcoho! Product
3 OMe
ye
10 | 10 H 12
OMe
10
OMe
Ve
1 1 HOD 17
OH
Me0 O
DMe
15 7o
= N\)
12 12 HD 30
Ohk
20 2 Igﬂ?
13 13 HO 28
Olle
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0.5
A4

4

5
A
6

A 458 580 1.23 0.78 1.6 28 4 0.5 A 440 582 0.80 0.85 1.2 29 5
444 588 0.73 0.81 1.1 30 6 0.5 A 462 590 0,84 1.02 1.4 31 7 0.5
586
31
[0070]
(Table 4)
Ex. c“""r'.d Starting material Yield
No. ;:‘:I Naphthol derivative Propargy| alcohol Product (2)
° \
5 O h
14 14 HO 16
10
15 15 25
15
16 16 21
20
17 17 20
I oH
OMe
25
30

35



0.

2 1.3 328 0.5 A446 588 0.78 0.89 1.4 33 9 0.5 A 464 594
8 1.4 34 10 0.5 A 458 582 0.94 0.60 1.2 35 11 0.5 A 440 576
68 1.5 36 12
32
[C071]
{Table 5)
Com- Starting naterial :
Ex. aun iel
5 No. :o. ‘ Naphtho! derjvat|ve Propargy! alcohol Product (%)
18 18 24
10
19 | 19 a
15
20 20 19
20
21 4 18
25
30

35




470 590 0.76 0.93 1.5 37 1S 0.5 A 450 588 0.98 0.83 1.7 38 14
5 0.5

0.5 A
0.5 A 486 608 1.33 0.83 2.0 39 1
0.5 A 462 590 1.03
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A 444 586 0.92 1.04 1.4 40 16

33
[0072]
{Table 6)
Com- . .
ﬁx. pzﬂ'nd Starting malerial Product Yield
0. | Wo. Naphtho!l derivative Prapareyi alcohol (X
Oie
e
22 22 HO 25
ONMe
23 23 16
24 24 20
[0073]

(Example 25)

A radically polymerizable monomer composition was

prepared according to the following recipe.
Radically polymerizable monomer composition:

2,2-Bis{4-
methacryloyloxypentaethoxyphenyl)propane

50 parts by mass
Polyethylene glycol diacrylate (average molecular
weight, 532) 10 parts by mass
Trimethylolpropane trimethacrylate

10 parts by mass
Polyester oligomer hexaacrylate (EB-1830




0.77 1.1 41 17 0.5 A 472 594 0.71 0.86 1,5 42 18 0.5
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5

454 588 0. 82
456 588 0.79

> >

0.8771.3 45 21 0.

+
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manufactured by Dycel UCB Co.)
10 parts by mass

Glycldyl methacrylate 10 parts by mass
Chromene compound of Example 1 1 part by mass
[06074]

As the photopolymerization initiator, further,
CGI1800 manufactured by Chiba Specialty Chemicals Co.
was provided. This photopolymerization initiator is a
mixture of l-hydroxycyclohexylphenyl ketone and a
bis {2, 6-dimethoxybenzoyl)-2,4,4~-trimethyl-
pentylphosphinoxide (weight ratio of 3:1).

(0075]

By using the above radically polymerizable
monomer composition and the photopolymerization
initiator, a photopolymerizable and curable
composition was prepared by homogenecusly mixing the
components according to the following recipe.

Recipe of photopolymerizable and curable composition:

Radically peclymerizable monomer composition

91 parts by mass

Photopolymerization initiator 0.5 parts by mass
Bis(1l,2,2,6,6~-pentamethyl-4-piperidyl) sebacate
(stabilizer) 5 parts by mass
y~Methacryloyloxypropyltrimethoxysilane (silane
coupling agent) 7 parts by mass
N-methyldiethanolamine 3 parts by mass
[0076]

Next, about 2 g of the above photopolymerizable
and curable composition was spin-cocated onto the
surface of the lens material (CR39 manufactured by
Sunlux Co.: allyl resin plastic lens, refractive index
= 1.50) by using a spin coater, 1H-DX2, manufactured
by Mikasa Co. The lens material of which the surface
was coated was irradiated with light in a nitrogen gas
atmosphere by using a metal halide lamp of an ocutput



A 472 594 0.73 0.84 1.7 46 22 0.5 A 458 584 1.09 0.81 1.2 47 23 0.5 A
438 555 0.78 0.95 0.9 48 24 0.5 A 470 592 0.80 0.89 1.3 39, [0086]
(Conpar ative Exanples 1 to 4) For conparison, a conpound A
represented by the following formula (A and a conpound B represented
by 5the followi ng formula (B) were provided. Compound A:

35

of 120 mW/cm® for 3 minutes to cure the coating to
thereby obtain a photochromic plastic lens.

{(0077] _

To evaluate the cured state of the thin

5 photochromic cured film (£film thickness of 40 um) of
the obtained photochromic plastic lens, the surface of
the film was rubbed with a cloth wetted with acetone,
and the lens material was irradiated with light by
using a projector to observe and evaluate the

10 projected surface. If the curing is favorable, the
surface is not invaded by acetone, and the surface
exhibits no ruggedness or scratch., The basis of
evaluation was as follows:

A: The surface is flat, has no ruggedness or

15 scratch, and the thin film has been sufficiently
cured. .

B: The surface is locally and finely rugged and

is scratched.

C: The surface is locally rugged and scratched.

20 D: The film is disscolving.

The photochromic plastic lenses produced
according to the above-mentioned method were evaluated
for their cured state to be A.

[(0078]

25 Further, the obtained photochromic plastic lenses
were evaluated for their photochromic properties
concerning the items (1) to (5) described below. The
results were as shown in Table 7.

[0079]

30 (1) Maximum absorption wavelength {(Amax):

A maximum absorption wavelength after having
developed color was found by using a spectrophotometer
(instantaneous multi-channel photodetector MCPD3000)
manufactured by Otsuka Denshi Kogyo Co. The maximum

35 absorption wavelength is related to a color tone at



10 15 (A) OCH3 Conpound B: 20 25 H3CO N(CH3)2 (B) OCH3 [0087]

It was attenpted to produce photochromi c plastic | enses (Conparative
Exangles 1 and 2) in the sane 30manner as in Exanple 25 but using the
above conpound A or the conmpound B instead of the chronene conpound
of Exanple 1. However, the filnms were not cured and coul d not be

eval uated like in Exanple 25. As shown in Table 8, further,

phot ochrom ¢ 35pl astic | enses were produced in the sanme manner as in

40 Conparative Exanple 1 or Conparative 3xanple 2 but using the
phot opol yneri zation initiator in an increased anount (Conparative
Exanples 3 and 4). In the case of Conparative Exanple 3 using the

conpound 5A, tthe filildd wWas dadte1698¢ ki ke1lbp Conparative Exanples 1
and 2, and could nﬂhog%]evaluated. In the case of Conparative Exanple
4 using the compou ,“on the other hand, the filmwas partly cured
but its phot odRrordnd tprdpertioes ngedegpeer [eTAeIresul ts of

10eval uati on were assehowWAckNwaabhea8urbQ088] thdahkeifhm Shsorpfion

Qompaund Ho. - ATRAL Gk nPRAt ¢ BREYIPLI 8L 0D LRI LRLYT LA PRT IS RY, M )

and was regarded to be the initial coloring degree.
In an optical material such as a spectacle lens, it
can be said that the lower this value, the more the
photochromic properties are excellent.
10 [0081]
(3) Color density [g{120} - =(0}]:
A difference was found between the absorbancy
(e(120)] at the maximum absorption wavelength after
irradiated with light for 120 seconds and the above
i5 initial coloring degree [€(0)], and was regarded to be
the color density. It can be said that the higher
this value, the more the photochromic properties are

excellent.
[0082]
20 (4) Fading half-life [ti; (min.}]:

A time was found until the absorbancy of the
sample at the maximum wavelength decreased down to
one-half the color density [£({120) - £(0)] when it was
no longer irradiated with light after having been

25 irradiated with light for 120 seconds, as a fading
half-life. It can be said that the shorter this time,
the larger the fading rate and the more excellent the
photochromic properties.

[0083]

30 {5) Degree of deterioration [(Ry -~ Aaqg)/Ag]:

To evaluate the resistance of color developed by
the irradiation with light, the following
deterioration acceleration testing was conducted.

That is, the obtained polymer (sample) was aged for

35 200 hours in an accelerated manner by using a xenon



color density Fading half-life (nm E (120)-E (0) t 1/2 (mn) 1 A
0.5 D(not cured ) could not be nmeasured 2 B 0.5 D(not cured ) could
not BWe neasured 3 A 2 D(not cured ) could not be neasured 4 B 2 C 496
590 0.05 0.06 could not be neasured 25[0089] (Exanple 49) Next, a
phot ochrom ¢ cured body obtained by the in-nmass nmethod was eval uat ed
as described below. First, a thernoradically polynerizable
30conposition was prepared according to the follow ng reci pe. Recipe
of the thernoradically polynerizable c®#position:

weather meter, X25, manufactured by Suga Shikenki Co.
Thereafter, the color density was evaluated before and
after the testing. The color density (A,) before the
testing and the color density (Azg) after the testing
5 were measured, and the degree of deterioration was
found according to the following formula and was
regarded to be an index of resistance of the developed
color,
Degree of deterioration = (Ay — Bag0) /&0
10 The lower the degree of deterioration, the higher
the resistance of the developed color.
(0084}
(Examples 26 to 48)
Photochromic plastic lenses were prepared in the
15 same manner as in Example 25 but using the compounds
obtained in Examples 2 to 25 as chromene compounds,
and were evaluated for their properties. The results
were as shown in Table 7.

20

25

30

35



Chr omene conpound of Exanple 1 350.04 parts by nass 41 Tetraethyl ene
gl ycol dinmethacrylate 13 parts by nass

2, 2- Bi s[ 4- (et hacryl oxyet hoxy) phenyl ] propane 48 parts by nass
5Pol yet hyl ene gl ycol nonoal |yl ether

2" parts by mass Trinethyl ol propane trinethacrylate 20 parts by nass
G ycidyl nethacrylate9 parts by mass 10t -Butyl peroxy 2-ethyl
hexanoate (polynerization initiator)l part by mass [0090] The
t hernoradi cally pol yneri zabl e conpositi 88 obtai ned above was poured
into a nold constituted by 15gl ass plates and a gasket of an

et hyl ene/vinyl acetate copolyner, and was cast-pol ynerized. The cast
polynerlzatloqow@$]conducted by holdlmgbqae7mnld in an air furnace

whil e gradual ly gtevatiig LM@ﬂbﬁﬁHﬁldlUlc |rur|§9§ﬁmrgwgfﬁf§mmmwjl8
hours, and the noﬁﬁ Wi Bouii0 Mgk RS 1A e aﬂuthenne#aiu#eégiug(““rﬂﬁei
hours. After thel pol yid%i z4PFDR "™ hd cired bofly wms [takemnoyat-Fmom
the glass mold ijn fhe;myldi Theg, obtained,curefl bedy |(2omm §higk) Was
used as agsanpl e_and s eValuated for |tsgphaid%hroni€%br( erties by
t he same 25nmet hgd a&s [hQ ome dgscri bed aRove. Th@2resupﬁ% wer g; as
shown in Tabl e 9—[0031] (kExanples 50 to0-12) hofbchroff ¢ured |
bodi es were obt di n&d 3y3the 30east polynBrizathéjln t h& samermmanper
as in Exanpl e 49-but psingjthe chromene COTTPO Mg, Ofta Eed (i -
Exanpl es 2 to 24, &@nd| wére|evaPtiated for*theif propdrtoes. |The
results were as [shgwn[in Table, 9. 42 Ex. No| GanpdundzNo. Avnax
Col or dedSity Fdding half-life Degrée of detefi dfftilon® (mn
452 0,84
30 8 05 - 590 1.0
446 0.81
3 7 05 A 586 0.92 1.3
446 0.78
32 8 05 A 588 0.80 1.4
454 0.84
15 33 9 o5 A sod 058 1.4
458 0.94
34 10 05 A 552 G.60 1.2
440 1.15
35 11 05 A 576 0.68 15
470 0.76
36 12 0.5 A 590 0.93 1.5
20 450 0.98
37 i3 05 A 588 0.83 1.7
486 1.33
38 14 05 A 508 0.83 2.0
444 0.92
39 15 05 A 586 1.04 1.4
452 1.03
40 16 05 A 530 0.77 1.1
25
472 0.71
H 17 G5 A 594 0.86 15
454 0.82
42 18 05 A 523 0.81 1.5
468 0.72
43 19 05 A 502 0.83 1.
3 0 44 20 0.5 A ;g: g;g 1.3
472 0.73
45 b4 0.5 A 504 0.84 1.7
458 1.09
46 22 0.5 A 584 0,81 1.2
438 0.78
47 23 05 A 566 0.95 09
470 0.80
35 48 24 V3] A 592 0.89 1.3




C(120)- ¢ (0) C 1,2 (mn.) (AD- Ax21001rAD 49 1 442 578 0.69 0.85 1.2
14% 50 2 482 594 0.79 0.83 1.5 14%51 3 458 580 1.15 0.72 1.8 16% 52
4 440°582 076 0.80 1.5 19%53 5 444 588 0.69 0.77

.
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. [0086]
(Comparative Examples 1 to 4)

For comparison, a compound A represented by the
following formula (A) and a compound B represented by
the following formula (B} were provided.

Compound A:

OCHs

[0087]

It was attempted to produce photochromic plastic
lenses (Comparative Examples 1 and 2) in the same
manner as in Example 25 but using the above compound A
or the compound B instead of the chromene compound of
Example 1. However, the films were not cured and
could not be evaluated like in Example 25.

As shown in Table 8, further, photochromic
plastic lenses were produced in the same manner as in



1.4 18% 54 6 462 590 0,80 0.98 1.7 15%55 7 446 586 0.76 0.87 1.6 17%
56 8 446 588 0.73 0.83 1.8 17%57 9 464 594 0.76 0.52 1.9 15%58 10

458 582 0.85 0.54 1.4

&

40

Comparative Example 1 or Comparative Example 2 but
using the photopolymerization initiator in an
increased amount (Comparative Examples 3 and 4). 1In
the case of Comparative Example 3 using the compound
5 A, the film was not cured like in Comparative Examples
1 and 2, and could not be evaluated. 1In the case of
Comparative Example 4 using the compound B, on the
other hand, the film was partly cured but its
photochromic properties were poor. The results of
10 evaluation were as shewn in Table 8.
[0088]

(Table 8)

15

20

25

30

35

Comp.
Ex.
No.

Anount of photo-

polyserization
initiator
(parts by wt.}

Cured

state

A max

color
density

Fadinz

half-life

(rm)

£ (120)-¢ (0}

z1,/2 (min)

0.5

D (not cured )

could not be measured

0.5

D {not cured )

could not be measured

2

D (ot cured )

could not be measured

C

495
590

0.05
0.06

could
not be
measured

(Example 49)
a photochromic cured body obtained by the

in-mass method was evaluated as described below.

a thermoradically polymerizable

composition was prepared according to the following

recipe.

Recipe of the thermoradically polymerizable

composition:

Chromene compound of Example 1

0.04 parts by mass



14% 59 11 440 576 1.04 0.61 1.7 19% 60 12 470 590 0.71 0.87 1.8 13%
61 13 450 588 0.92 0.78 2.1 16% 62 14 486 608 1.22 0.76 2.3 13% 63 15

444 586 0.85 0.96 1.6 15%

»

41

Tetraethylene glycol dimethacrylate

13 parts by mass

2,2-Bis[4- (methacryloXxyethoxy)phenyl]propane

48 parts by mass
5 Polyethylene glycol moncallyl ether

' 2 parts by mass
Trimethyleclpropane trimethacrylate

20 parts by mass

Glycidyl methacrylate 9 parts by mass

10 t-Butylperoxy 2-ethyl hexanocate (polymerization
initiator) 1 part by mass
[0090]

The thermoradically polymerizable composition
obtained above was poured into a mold constituted by
15 glass plates and a gasket of an ethylene/vinyl acetate
copolymer, and was cast-polymerized. The cast
polymerization was conducted by holding the mold in an
air furnace while gradually elevating the temperature
from 30°C up to 90°C over 18 hours, and the mold was
20 maintained at a temperature of 90°C for 2 hours.
After the polymerization, the cured body was taken out
from the glass mold in the mold. The obtained cured
body (2 mm thick) was used as a sample and was
evaluated for its photochromic properties by the same
25 method as the one described above. The results were
as shown in Table 9.
[0081]
(Examples 50 to 72)
Photochromic cured bodies were obtained by the
30 cast polymerization in the same manner as in Example
49 but using the chromene compcunds obtained in
Examples 2 to 24, and were evaluated for their
properties. The results were as shown in Table 9.

35



64 16 462 590 0.97 0.72 12 14% 65 17 472 594 0.66 0.80 1.8 15% 66 18
454 588 0.74 0.73 1.9 14% 67 19 468 592 0.65 0.75 1.3 17% 68 20 466
588 0.°71 0.78 1.6 14% 69

[y

42
[0092]
(Table 3) Ex. Conpound A max ggrllg;ty Ez?ii?fi fe ggfgﬁ?o?’it ion

b v {nm} c{120)- 240} | © 142 (min) (“D“ii?}f;!fw
5 o | m @ v [
50 2 292 b 15 14%
51 3 4o bk 1.8 16%
52 4 582 o 15 19%
10 53 5 oo 0oe 1.4 18%
54 6 ooz P 1.7 15%
55 7 aa oo 1.6 17%
56 8 ase s 18 17%
15 57 9 oot 0.1 19 15%
58 10 aos oo 14 14%
59 11 240 s 13 19%
60 12 e 0 1.8 13%
20 61 13 o bz 2.1 16%
62 14 ane 122 2.3 13%
63 | 15 | g 09 16 15%
64 16 462 0o 13 14%
” o | 0 | | sm | e | s
o [0 | & o | e |
67 19 ae 0.8 1.3 17%
30 68 20 500 079 1.6 14%
69 21 M5 2.9 20 14%
70 22 oo e 15 15%
R N
35 2 | | s | e | s 188




21 472 594 0.69 0.79 2.0 14% 70 22 458 584 1.02 0.76 1.5 15% 71 23

438 566 0.72 0.88. 1.1 20% 72 24 470 592 0.74 0.82 1.6 18%
(Conparative Exanples 5 and 6)

43 [0093]

For conparison, photochromc

cured bodi es were obtained by the cast polynerization in the sane
manner 5as in Exanple 49 but using the above conpound A or the
conpound B instead of using the chronene conpound of Exanple 1, and

were evaluated for their
[ 0094] 10( Tabl e 10)

Tabl e 10.
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The results were as shown in

properties.
43

[0093]

{Comparative Examples 5 and 6)
For comparison, photochromic cured bodies were
obtained by the cast polymerization in the same manner
as in Example 49 but using the above compound A or the
compound B instead of using the chromene compound of
Example 1, and were evaluated for their properties.

The results were as shown in Table 19.

[0094]
(Table 10)
Col Fad] D ]
E:“‘p " | Compound A max denstty half-1ife deteriorst fon
No. [N tm | s020-e @ | T1,/2 min) | RO-A200)7A0
5 A 520 0.79 8.3 32%
498 0.83 ,
6 B So8 078 41 20%
[0085]

The cured bodies obtained by the in-mass method
of Examples 49 to 72 have higher recurring resistances
in the photochromic properties than those of the cured
bodies obtained in Comparative Examples 5 and 6.
Further, the cured bodies obtained in Examples 49 to
72 have shorter fading half-lives (higher fading
than those of the cured bodies obtained in
and are superior in this

rates)
Comparative Examples 5 and 6,

regard, too.



COW - Ex. No . Conpound No. A nmax Color density Fading hall-life
Degree of deterioration (nm g (120)- e (0) t 2/2 (mn) (AC
A200)/ A0 x100 5 A 522 0.79 8.3 32% 6 B 498 596 0.85 0.78 4.1 29%

[ 0095] 20The cured bodi es obtai ned by4the in-nmass net hod of Exanpl es
49 to 72 have higher recurring resistances in the photochromc
properties than those of the cured bodi es obtained in Conparative
Exanpl es 5 and€8Mstyrt her, the cured bodi es obtained in Exanpl es 49
to 2572 have shorter fading half-lives (higher fading rates) than

t hose of 't REeTAR P BYHT #8TTBPRIHEY i n Conparative Exanples 5 and 6,
and are superjor in is . regard, tgQo. 30 Cainms: 1. A chronene
conpound, V\hi(@ﬁe"?ﬁ%éé}ﬁ%f‘i’"g‘gng(f%j“'?@)present ed by the follow ng fornula
(1)

wherein R and R2 are, respectively, hydrogen atoms, hydroxyl groups, alkyl groups, cycloalkyl groups, alkoxy
groups, aralkyl groups, aralkoxy groups or aryl groups;

R3 and R# are, respectively hydroxyl groups, alkyl groups, cycloalky! groups, alkoxy groups, aralkyl groups,
aralkoxy groups or aryl groups;

and R1 and R2, or R3 and R*, may be bonded together to form a ring,

R5,R8, R7 and R® are, respectively, hydroxyl groups, alkyl groups, cycloalky! groups, alkoxy groups, aralkyl
groups, aralkoxy groups, aryl groups, amino groups, substitufed amino groups, cyano groups, nitro groups,

halogen atoms, halogenoalkyl groups or halogenoalkoxy groups,
m and n are, respectively, integers of 0 fo 4, and

x and y are, respectively, integers of 0 to 5; or

(b) one of




wherein RL and R2 are, respectively, hydrogen atons, hydroxyl groups,
al kyl groups, cycloal kyl groups, al koxy groups, aral kyl groups,

ar al koxy groups or aryl groups; R3 and R4 are, respectively hydroxyl
groups, al kyl groups, cycloal kyl groups, al koxy groups, aralkyl
groups, aral koxy groups or aryl groups; and Rl and R2, or R3 and R4,
may be bonded together to forma ring, R5,R6, R7 and 1:28 are,
respectively, hydroxyl groups, alkyl groups, cycloal kyl groups,

al koxy groups, aral kyl groups, aral koxy groups, aryl groups, anno
groups, substituted am,no groups, cyano groups, nitro groups, hal ogen
at ons, hal ogenoal ky hgigﬁenoalkoxy groups, mand n are,
respectively, intdg d x and y are, respectively,
integers of 0 to 5; of 2. A chronene conpound accordi ng
to claim1, which hag't¥ieo -rnula: OCH3 3. A chronene conpound
according to clai m Lioshi as the formula: 4. A chronene conpound
as the formul a: OCH2CH20 CH3 46 5.
A process for produci'ng a chronene conpound according to any one of
claims 1 to 4, which conprises reacting a naphthol derivative of

formula (2) wherein RL to R6, mand n are as defined in claiml,
with a p5OE&%IQrQMéne@An%%@Lm&@ﬁgwa&m v,@rief haf Be mwum: (3) F-- (R7)x HQ(3) ,
7-(118) Y wherein 1?, R8, x and y are as defined in claim1l, in the

presence of an aC|d catal yst. A process according to claimb5, wherein
the acid catalyst is sulfuric acid, befiaenesul fonic acid,
p-tol uenesul fonic acid or acid gfuy A phghﬁphronic curabl e

iti i Si .the chronene

OGH,CH,OCH,



8. The photochrom c curable conposition according to claim?7 further
conprising a photopolynerization initiator. 9. An optical article
conprising an optical material and a high nolecular filmfornmed on at
| east one surface of the optical naterbal, the high nolecular film
havi ng a chronene conpound of claim 1 dispersed therein. 10. The
optical article according to claim9 wherein said high nolecular film

I s obtainable by curing the photochrom c curable conposition of claim
8 by photoradi cal polynerization. - - -

5. A process for producing a chromene compound according fo any one of claims 1 to 4, which comprises reacting a
naphthol derivative of formula (2)

Ry Rz
2 3
¢
| OH
e
(Rslﬂ/

wherein R? to RS, m and n are as defined in claim 1, with a propargyl alcohel derivative of formula (3)

wherein R7, R8, x and y are as defined in claim 1, in the presence of an acld catalyst.

A process according to claim 5, wherein the acid catalyst is sulfuric acid, benzenesulionic acid, p-toluenesulfonic
acid or acid alumina,

7. A photochromlc curable cornposmon comprising a poiymenzable monomer and the chromene compound of any
one of claims 1 o 4.

| 8. The photochromic curable composition according to claim 7 further comprising a photopolymerization initiator.

An optical arficle comprising an optical material and a high molecular film formed on at least one surfzce of the
optical material, the high molecular film having a chromene compound of claim 1 dispersed therein,

10. The optical article according to claim 9 wherein said high molecular film is obtainable by curing the photochromic
‘ curable composition of claim 8 by photoradical polymerization.



