1 DESCRI PTI ON CHROVENE COVPOUND 5 Technical Field The present
“invention relates to a novel chronene conpound and its use.
Background of the Art 10Photochrom smis 1he reversible function of a
certain conpound that it changes its color swiftly upon exposure to
light including ultraviolet |ight sDEECBIPEUAN ght or |ight froma
mercury lanmp and returns to its original color when it is put in the
dark by stopping its exposure to light. A 15 conpound having this
property is called "photochrom ccrropenrdéogpdunped as a material for
phot ochrom c plastic |enses. For the photochrom ¢ conpound
used for this purpose, the follow ng properties are required: (lI) the
degree ofg 20pgalgLaLhop;at gavisible I'ight range before ultraviol et
light is applied (initial coloration) should be low, (Il) the degree
of col oration uponTegppsasentoiulentvonl eelhight tOt @ heveeéf ehredehe
as "color optical dgnsityﬂ hereinafter) should be high, (Ill) the
speed from t K&"FPHE mﬁgﬁ the gﬁsrication 25 of ultraviolet light is
started to the tinme when the col or optical density reaches saturation
shoul d be high (to be also referred to as ' high col or devel opnent
sensi tivit y"ERekerAERtePf, “PPVRTENe speed from the stoppage of the
appl i catjigon of ul tpayi gletohi ghtts 4 @rlhe %%Ms%ﬁ&@%ﬁ%mw@&am
returns to its original state (to be re?erreé to as "fading speed
her ei naf t er ) cehpaiddbehai git, chengelseitepeat odwvabit iyt ypof eRpbssure to
reversi bl e functjon ould be high, -and- .(Vl) the sol ubil,i in a.
nononer COH‘D%JS'%T%I on as” l%éjt%tr?gtq’éﬁlaq% &ﬁgﬁgesbﬁﬁta&ﬁﬁl&}ii@ oﬁﬁoﬁﬁ%ht
shoul d be hi gho®os thetcu?y | Tanglisspersithidnd ¥ o Atsherhgshamaterbal when
use becones high when it is cured. . To neet the above _
requi r ement st al RIEF V& F8€y ABFRpRYt HetRRHIE dohpolnaidiufake BégRt. A
synt hesijzed. - & C i Bap heyl a I :
A i e e P T e L T
of researchesohpwendéeandudecdris e threonehe tonpohwihciionse phastic
above photocféﬁg;% conpound in a photochrom c plastic |lens, the
foll owi ng nmanufacturing 10 nmet hods are known: one in which a pol yner
filmcontaining a photdehpbititotamedundotipeperds edednfbor fh s thersbse
IS sandmﬁchquge€m§§n | enses to manufacture a,ghotoghronic pl astic
“hi TR SO PHOY oRhPBRT L 2BnpbtntcFelafSpel SedtPR gegree of

| ens, one in

pol yner baabl € IORIESN 3Hda thiad ihe 178ReMBL nd® Hex @ ¥TBLE%d1RBY Bight
predeterm ned technique to obtain a photochromc plastic lens, one in
whi ch a phot b2 hRipd te@onpolintk] scelgsatr ved) | ahotbd kexahpie, $IL)cbhe

il to i ! . et . ' o9
For 10 tor 60Maee Sif shibrASTct ploh o tdfol BubeBlidylr, PsgRE Teo
cur abl e nat éve akfearebtad Asa* phlatobtdrhad ddrasttie” hepsinafieetn sticla

t he above pal r filmis formed o he suyrface of a lens and t he .
surface is %%EEQPWI ‘Eﬁ@ E_ﬁ?a%?%e i 5&16( 5186t %{Pﬁ?a?lb%(ﬂ%ﬁﬁ]@n
pl asti cabenssf ama @i d Nt Wi i ta 1603k ARt +E8MPIhS| i%e@ the color

phot ochrom ¢ curabl e conposition 25 containing a photochromc
conpound andPRE et ferisiin) eeaerRtnsa turE tiernsfhpiyd kef bighd tobaslso

"coating a i ni an o) ' ! | paf IS
appl i edgt og?ﬁ%af%(gcgég%a }P{;‘%& és;u %ﬂ%?ggg%% e%gr{l%ig%\{%?{ﬁ)’a

phot ochr om chegptastatteens. (BOOuthef spded above et hodspedige of the
manuf act urin hot ochrom c plastic lens, one in which a coating
agent cont aiag?ﬁgf%%%?o%ﬁ‘b]rﬁ%a‘éb%%ﬁnﬁ“ﬂt appl &8 T hehelrfhge of
a | ens spbstéghgoaidl e 1@chdy: Phit OROH MBId Zadi b | & &Ll AU red to

because the nost use is made of the characteristic
as “fading speed” hereinafter) should be high, (V) the repeat

durability of this reversible function should be high, and
(VI) the solubility in a monomer composition as a host

material of the photochromic compound should be high so that



3 properties of the |l ens substrate and excel |l ent photochrom c

“ properties are obtained. However, when the inventors of the
present invention prepared various coatimng agents conprising a

phot ochrom ¢ 5 conpound and cured the obtained coating filns by

phot opol yner izatdbspetrheyl  oundin rde, hohbught ¢heal nin ivde bekomaki hhgh
of a coatingwﬁgeng cgntaini g a certain photochrom c conpound is
little, the p o?ocEroﬁiguggﬁpound deteriorates by light during

phot opol yneri zati ono hbet 10heoabbtg el Aayedek| ow, wand {HrtBey bES
phot ochromi c properties deteriorate after that. Particularly chronmene
conpounds mpgﬂt%%%bcaC&}@PPBWiéohaVe( kagnpevpehesiegdt o é’snﬂﬁeﬁl ow

conpounds’ h i ; d r
but have t he  TorTour ng e Sl b PYEREFLRE R he B AR Ly Bl RRg
coating fil ne¢nshedvbyyvappl vihgagiocodati hgghgent demtai numbea offir onene
conpound represented hy. the fol |l ow forpula (A) (refer to

N008) 045405) TS SPT6uR= 8] PEVE R BpURdReP Ry AL PR AREC0E: EPTBPHPEs | n
durability though T¢susaithal aleeterghéodchsordbi tbhBound in a

Furt her, although a coati ng filmfornmed by apEI ying a coating agent
cont ai ni ng aPRAFBFRREMEEnBoaREIFepPREentlE B9LlLREiNG MeREgCEBEADA

(B) (refher tgeVh03L082840)00A1 ehyfo 20n QURELHCRCSSLIRLLT 211§ LKA | Olhng
and does not yellow after phot opo?ymarl zation, 1ts color optica
density is |eawhpdothsohadi agnsperd dsspevshidghniEormher fthersin is
devel oped CO'% ‘qu k?é%anlgetwand f’Lt iSs dgsi red géha;é its_ab O{_jgt' on .,
wavel ength sHoUT 4 Ba e Chort ~T6°TRe Pt "aRYAYY PFSV\FCBE(B HE* CMEEH3
Al t hough a cpaténgcfiénsf opnedihywnpphyiknghat66RtbRYcag6RboGAAL @kNi N
a chronmene conpound represented by the followng fornula (C has a

hi gh col or opPtFREFSHRNST 1Y BAtY BBl 7RRIE? JLeeBt P peern ths nopeney

col orathaen i $s npskeder Vhen %%p@%?@@é@@%rﬁiﬂéeﬁs%ééhﬁﬁgﬁei§o obtain a

manuf actured by using this ronene conpound, the transmttance of
t he phot ochrppieophagnic pPeastbef beesexposuie vhioht aaphotethtoght

becones | ow. D) u vent i [t I.s,an_objec f
t he present (i:n\féeﬁl?%nifog%sréo%ﬁﬁ%&af%hr%Er%n%x%m 1%Unal\1/\h‘|:%ﬁec%h bgo
hi ghl y di spetsededmaiae 1% pehyfacezabtie yrenened cand 651 capabletof2o00°c
preventing the yellow ng of a curable conposition containing the
chr omene conpound E?eﬁoaﬁéﬁlqﬁs P EF@os‘g]foae%dﬁjlfé‘rFsleénC%ﬁ%?%?f Yy

such aszul traviohal1d aghaddom and Qe oV dine Sttt oduct. having
excel I ent photochrom c properties such as 20 weak initial coloration,
a hi gh col oro%ptircahigénshe phawe ogvaeti almfkslifinymaseed. the surfaqe
| s anot her Oc\%%c Ak 108 HULEENELAVeDtLan. 10; RLQY de gk?forlrnear]:%rial
conposi tion ich conprises the above chrofene conpound O THE
present i nventigstaind andideycictommine nel a8 conpmmnd 801 asd ordexeldp a
col or which cannot be devel oBed only by the_chragnene coiw%)ound of  the

present i nvemdiod 29Nt CPRDTLSLPY|] PRRGOREE OBBCetEr oF 1§ e hQsEdrion

I nventi ep t Qxd¥ireha @%M%@i&%&%&@%iéi}ﬁ&ﬁ%ﬂiéﬁw
the 5 chronene conpound of the present invention or the ‘above
chronene corfdxison &z heel $ieply photioedt om opl ¢eal iy ceyrent

containing a photochromic compound” hereinafter) is applied
to the surface of a lens substrate and cured to obtain a
photochromic plastic lens.

30 Out of the above methods of manufacturing a
photochromic plastic lens, one in which a coating agent
containing a photochromic compound is applied to the surface
of a lens substrate and cured by photopolymerization is

excellent because the most use is made of the characteristic



o~

O her objects and advantages of the present invention will becone

" apparent fromthe follow ng description. 10 According to the present
invention, firstly, the above objects and; advantages of the present
invention are attained by a chromene conmpound represented by the

foll owi ng foprubartikrs ¢REHe lenBistBstbanberel RxdelarettR3naE6cBR6R1C
independentl an al kyl group having 1 to 9 carbon atons, cycl oal kyl
group havi ngb3 OPSrEQeéagﬁﬁnOQFBﬁEe%perfIuoroalkoxy group having 1 to
6 carbon atons, arﬁb%%begrOWHeﬁaWHémhﬂ@éﬁ%dEE(5¥’Q%% @Eggﬁntaiﬁb5§§¥on
group having 7 to 11 carbon atoms, aryl group having 6 to 10 carbon
20 at ons, arQF@E?rgﬂoMEthVSngoétﬂﬁglegeatboﬁompums109 al kbeyoghoapic
having 110 h rovi o _that Rl _and cannot be
al koxy gF%ups géﬁﬁa %Eﬁgggrcargg% § o%&ng Fﬁg%§g fﬁﬁﬁ@; and R4
are each |ndppeﬂdpnnymealbyd&ogentﬁbgnfohmdr@hﬁh 2% heouprhal kykcial
group having 1_to 9 carbgon atons, cycloal kyl grqoup having 3 to 12

car bon atonscoéPE8§§°6rBEpah§9Fﬁ§n$ ?EeétCSPﬁgﬁl&ﬂﬁﬁsa SPEFRY T group
having 7 to 3d,68ERPBNALOASMp&hAE KOXY 1OUD haw BHof okBkbnE R PORbound
atons, aryl group havi ng % to 10 carbon ‘atoms or aryloxy gro
haV|ng 6 to @tganb@ﬁtaﬁohﬁ light dndirg phoR@pahamRtlmaylba boheed

h |k di
Ro ar o 84ch T AREbARIBHL Ly A ng P00y oF lip  “ALRYT GFEUB HEVFRECE Fo o

car bon atonSproyekDaékyﬁegéﬁmprha&|agtartahéz Camimmlﬁmuﬂﬁlyaéhﬂwmene

group having 1 to 6 _carbon atons, aralk r oup haV|ng 7 to 11 carbon
at ons, ar al KoXFPGrBDP W&%&ﬁgéef"?%oﬁfl & SOHvE, (BAY P§r 6BHSHESR NP

6 to 10 carbgh "3 dBnBEYh QXY HIRUR JFEN s Be 1 10F GARAR AL OFBr 61,
cyano group, nitro group, hal ogen atom hal ogenoal kyl group having 1
to 6 carbon @m@n%tberhﬁvég@ﬁ@alR@RyhgveuphhaﬁthOW1ng ﬁroa&bmﬁ atons
and m a n are e dent | of rdin

t he preggnt |nven?$%%69g&§%%al3% bea g%%% oﬁ Hﬁﬁqan& dvgﬁWg

of the presem@plyyngtaoooatEngta@enedcbytalnhngnanehcomans|bbﬁpound

conprising a _chronene ound represented b he above fornula (1
angpa chrgneﬁ%pf%ﬁ%%ﬁﬁﬁqﬁgvga% @ﬂ?£%¥b?gaﬁe %Hi {%PtﬁgﬁﬁﬁEhFBHIgnzof
0.1 or less ﬁ@@s!@@5@@§Prﬁé19@w§nﬂf@érl%ﬁoﬂbﬁéﬁyMQkﬁkaﬁbéﬁrHhaon 20
spectrumat 380 to 430 nm ronene conposition conprising

a chromene d@ﬁﬁ%ﬁh@rﬁ%ﬁ$ﬂglQﬁrébééﬁﬁahéhoﬂﬂb1@63ﬂﬁéﬁﬁ@dhﬁ@h@§ﬁt©@n@ﬁi
or less,and {he pbsorption end of its ultraviolet absorption spectrum
at 380 to 430 nmis preferably a chromene conposition 25 conprising a
chr onene conpounoliepresented by the followng formula (2) . R11

OCHs

(A)

Further, although a coating film formed by applying

a coating agent containing a chromene compound represented

by the following formula (B) (refer to WO03/082849) rarely

25 experiences initial coloration and does not yellow after
photopolymerization, its color optical density is low and

its fading speed is too high. Further, its developed color

is orange, and it is desired that its absorption wavelength

should be made short to use it as a yellow compound.



%

7 having 1 to 9 carbon atons, al koxy group having 1 to 6 carbon
atons, aryl group having 6 to 10 carbon atons, am no group,

het erocyclic group having a nitrogen atomas a hetero atom and bonded
to a benzene ring by the nitrogen atom bonded to 5 the benzene ring,
or hal ogen atom ®xand p are each an integer of 0 to 2, with the
provi so that wh e _e@6Hz an integer of 1 to 2, R7 and RS,
two R7' s and two ? the sane or different; R8 is an al kyl
group havi ng atons, cycloal kyl 10 group having 3 to 12
carbon atons p having 1 & 6 carbon atons, aryl group
having 6 to ] 3 5, aryloxy group having 6 to 10 carbon
atons, am no group, hetsergcyclic group having a nitrogen atomas a
het ero atom and bonded t0o_a benzene ring by the nitrogen at om bonded
to the benzene 15 ring, 8FHhal ogen atom and g is an integer of 0 to
2; when g is 2, th ubst i t.uent s e bonded t oget.her to form
an al kyl enedi oxy gg%g%Bﬂggl %g&ié%lon fclar%oéaora ey ﬁfpg'ﬁ’c}nﬁlf gpPating
each a hydrogganat aonthydiagy ageanpmeakk von@iooud hayirRgehtle@ $ycampon
at ons, cyclogliil grou having 20 3 to 12 carbon atons, alkoxy_group
having 1 to 6°¢aPBoRTIat8rEULar {f) didtP Redth§ 8 Ao OP6 16arbeRnEL Sirsand
aryl oxy ofoup Hay&P8cE £041Qy cardhan ks i3 10%y,195A1A Ha lsnﬂafkéa.
7 carbon atons (the nunber o? carbon atons I ncludes the nunber o

car bonyl carBofnagorBotonbraukbeplastiar bensat snwaphifaheuaegl bxyusing

25 sh | f I b ,
31 Koxycar bony ™61 b RSyng CHBPand ¢ 5P R0 PATGE rrRBonIR0EP<of car bor

atons i ncl udpsothehnamiier pohiscacbbapk barbes akpesurtheonunbesvablet
carbon atons_of the al koxycarbonyl group shall include the nunber of
car bonyl car%bﬂhﬁtﬁﬁﬁ?m?sfiPWyl group, 30 carboxyl group, am no
group, heterocycl kg group having a nitrogen atomas a hetero atom and
bonded to a benz ri by theopphtrogen atom bonded to the benzene
ring, am de group,,~Rg m hal ogenoal kyl group having 1 to 6
carbon atons or ha kaxy group having 1 to 6 carbon atons; 8
R1 and Ru- bel"bof ogether to {©yma group represented by the
following foprmula (3): erein R12 is an alkyl group having 1 to 9
carbon atons, cycl oal group having 3 to 12 carbon atons, al koxy
group having 1 to 6 carbgnh atons, aral kyl group having 7 to 11 carbon
at ons, armal koxy group hawichg 7 to 11 carbon atons, aryl group having
6 to 10 carbon atons, aryloxy group having 6 to 10 carbon atons,

al koxycar bonyl group having 2 to 7 carbon atons, 10 carboxyl group,

am no group,ng@f&g&yﬁgﬁgegégr?%g§%£p§%a nitrogen atomas a hetero

atom and bonded to a y e nitrogen atom bonded to the
benzene ring, cyantt groum dia ogemiatidn drat ogenobbkerh t gsoups havdwigid
to 6 carbon atans_or halqggnoa kqgiﬁ roug ggvhna i tg,G car bon, at ons,
and r 15 is An TNTeGRT BT 3 an 457 BLEaEhSBERFEF 04BN
atom hydr oxydl @hodpzanl &yhogomed Haxi 18 dapbeCafbERRLAMBng the
cycloal kyl group having 3 to 12 carbon atons, al koxy group having 1
to 6 carbon &bV VyehSarRPL egfBUBCRATL R TOoRbaBnEaFhoRe atlonumane
20 hal ogeno &ﬁgg i ; a r
and R 4 naygg oﬁﬁgﬁqﬁgﬁgﬁﬁgggﬁé %%r%&%g%y H%?éﬁ%%ﬁ%ggé%ﬂf%$$%%§q€%¥
and R11 may $dechhontiedl togetdibet toaddainian gaodpef epresedied hycthed
follow ng farnula . (RL 5 4) 9 having 1 to 6 carbon atoys,
ar al kyl grod%F?é&Q%gﬂ%v{%gI%X%%}%%%gé?%%%?cgngRSXQIQP%ﬁElﬁ%v?ﬂﬁh7a?o
11 carbon atvses: @iyt i oetl v 1i6h 6 4 Gildh Cas Ron o1 Qiéﬂ&f%z&/ and
group having 6 to 10 carbon atons, al koxycarbonyl group having to 7
carbon at ons® Brae:beky| f b, sSk@e%o group, heterocyclic group
havi ng a nitrogen . ne.rj.n
by the nitrogen aﬁ%%?ggﬁ§§§“$§5§iecﬁgﬁggﬁgEF?%39%§§§%%a§?%SE$Eﬁ%‘Egen
a chromene composition which comprises the above chromene

compound of the present invention and another chromene



According to the present invention, thirdly, the above objects and
" advant ages of the present invention are attained by a photochromc
curabl e conposition conprising the above Thronmene conpound or
chromene conposition and pol yneri zabl e 15 nonormers. The
content of tHRemARBRE %ﬁr%mﬁhéd@ﬁﬁé@@na @@1@hﬂdwEﬁQCEaﬁpﬁsbﬁldﬁVﬁ$0ped
preferably O p d_@n 0 _parts.,b S
t he polynerlggg%ebgb%gﬁe?é%% e gg%@EBaﬁgtgghFo%lgggﬁFat g en%lon
conposi tion prefeerIyscsﬂiﬁlnsnatﬁ@rphbﬁepﬁlyfnehezpfegentnihvéh@ion
and/ or a thernopo Y. rization initiator According to the
present |nveHPﬁ§W’% féb??ﬁﬁ@?PTﬂ%E&rapﬁg‘EWBQ%SBB}%EF?WQ¥}Sln9the
advant ages obnhi-BReREESBRALOLAMEREI Recap@cabhA &%@egxlénptsgt QERr AT
material containing a polynmer 25 material and the above chronene
conpound or €hromeRe eompesition dsspeldedsi a pheotpohywevcrapédicall.
According to %gg present invention, in the fifth place, the above
obj ects and B vantages of the present invention are attained by a
phot ochroni ¢ opt i cather ashidctvhiseli 3@vantpgesest aEobysBEniLigednt ion
product cont aj, t he above chro ne conpound or, chronene

i Lhofe B

conposi tion Eﬂth@PB?ﬁent BorBlAgvWEsIt AESFraREAPT -
inventiagm in the §éé@£d9h§&ﬁ>th@§nﬁ§£¥ﬁ:Qﬁbﬁﬁkioﬁndfﬁﬂy a%ag§§aéﬁove
the present invention are attained by an optical product
conpri ses ancbpefEaland gdyabspagseot dvier pacabRh Inpritdnn afel attained
cont ai ning t 0 c
i Spr sed 1 HaF & e B oL Lo O A b BB BB e ey
formed by cufihg the above photochrom c curabl e conposition by
optical 5 radicalﬂﬁﬁlynerization. Best Mobde for Carrying Qut the
| nventi on Nchromene conpound of the present invention is
represented by the folNwwing formula (1). (R5)n\ (R6)n(l) 10R2
(groups 122 and R2) Ble formula (1), R2 and R2 are
each independently an™s dving 1 to 9 carbon atons,
cycl oal kyl group haV|no ' Rgatons perfluoroalkoxy 15

i ar al kyl gndpup having 7 to 11 carbon
0 11 carbon atons, aryl group having
pup having 6 to 10 carbon atons or
al koxy group having 1 to 6 c Rdtonms, with the proviso that Rl and
R2 cannot be alkoxy groups 20 fmving 1 to 6 carbon atons at the sane
tinme. npl es of tPe al kyl group having 1 to 9 carbon atons

i ncl ude lRet hwea%w Fth{ ag‘freo%ch@&w Gy anuasléﬁfloaypugrwmng
n- butyl gro ’ $ﬁ§y
group, heptyp13%§ﬁgggﬁ%hb%§§HBgr% pioggﬁgiﬁ%%9§£§¥ggﬁ%ycyc ?Q@ i
group haV|ngaGDm@,IQEE@l@@nO@lbmxyl@n®unehaymh9plopglchanbon atoms,

cycl obut yl ycIo e [oup, C 0 rou C ohept

group and cy%f%E%X A rhg§ﬁﬁg 7heo %ﬁéﬁ%& %h %e SN é)ggouP

per f 1 uor oal kigesy: g Oiuﬂofmllldag:bbrl atbmearden at@wp haehktdges o 10 carbon
trifluoromethoxy group, perfluoroethoxy grou59 per f 1 uor opr opoxy
I

group, Parf R EHULIHALGFOFF G Heerimd 6r SRex (| 8sylgRodpoms or "alkoxy

group having 1 to 6 carbon atoms, with the proviso that R*

at ons, ar al kox )
6 to 10 carbon at0'.,

and R? cannot be alkoxy groups having 1 to 6 carbon atoms

at the same time;

R’ and R® are each independently a hydrogen atom, hydroxyl
25 group, alkyl group having 1 to 9 carbon atoms, cycloalkyl

group having 3 to 12 carbon atoms, alkoxy group having 1 to

6 carbon atoms, aralkyl group having 7 to 11 carbon atoms,

aralkoxy group having 7 to 11 carbon atoms, aryl group having



&
#

5 Exanpl es of the aral kyl group having 7 to 11 carbon atons incl ude

* benzyl group, phenyl ethyl group, phenyl propyl group, phenyl butyl
group and napht hyl net hyl group. BExanpl es of the aral koxy group
having 7 to 11 carbon atons include benzyl oxy group and

napht hyl met hexye gro i Btamsl o afvibsyagybugrivupitm\d g 60t catBon
carbon atons Lgﬁgude phenyl group and napht hyl group. Substituted
aryl groups formed by substituting one or nore hydrogen atons of the
aryl group by'the mage rildnd RYmaybe byelied Kyde BheHRo 6Bk 2 Uk PULne
or aral koxy 3£OUB as descri bed, above and 15 aryl oxy group or al koxy
group whi ch SFPRPpRT RSV BBAIARKE HAPERF nmay al so be preferably
used. e f - e s] hgui n

at ons inéﬁud%Eﬁﬁgﬁ%xérgr%%gﬁgﬁg%%aphf%gggPS}%%%ggﬁgéﬁgrég %%%?ﬁegroup
al koxy grouph@dinagl ta @ eashrboatansnscPOléatknteymeihdreyw igrooGpro 12

et hoxy group - PI QROXY. gr i_SOPr.oPox r.oup,. n-hut ox rou
sec- but oxy g?%ﬁ%ggn Q@éﬁgg%$%¥§ﬁbﬁlu%?v¥&g§hg8§bc%§Ro%5%§1 0x€falkyl
groups as |igtedpabavendut tone ofcatdem aasisheaaagkony gxeapt hhoinghe
al koxy group. If both 121 and R2 are al koxy groups, en a 25

phot ochr oni c~@ o FHHEVTh 8C6MSri 8FHG PEPYReTFLHRY & FshdRefarhpg atoms,
chr omeng oCoMpEYNG:, ML HabY WIBH | t pt.i

density gf t he obt%?%edE%u?edngpgggﬁ?bbecgﬁéggFgaﬁéﬁg%FﬁgB?%E%ﬁdﬁféQO
speed beconesrewp, Fiaglvatirsativantiegaeniasioa il gheupriesenty ilnve 6t ¢arhon

rosi st ance Rt T Ghe pROr ek oh OBty ShTYFL D=V PRE BF Bupk Par AR T

each preferabhg mnaefient spa dacht ingegentpntTheanl eategardenati ag 4.
group is preferably a supstituent based on Hammett' s rule, such as
al koxy group, aral HUptO cyRF AT RSARgr BRYSIt 120 g KGFOREEYp BRe
per f 1 uongal kexyv&r ose c T84 kvdiv 415 OakPe 2NGE thige ab-KOXYN O QU fon are
particularly preferred because they are easily acquired |ndustr|any.
Speci fic pr et Bge@xarnpr eshopmene copeefiuenn favbudeingt aythypoepe
et hyl group . r r.h c ' [ f nd R 2
is a conbiné??%%gg%ggﬁ¥% E%#Hﬁ¥§%g1§%§a§ﬁg% g%%@“g%o H %gug%'éh omene
conbi nat i on ofmpmuad Kydvigioum abedcaiaalcey Hugr aopthéghothsoRBs@anst R4)1
10R3 and R4 are each i.ndependently a hydrogen atom hydroxyl group,
L kyl “group HaVeRs TG GRREBR O EE SR a8 KT Y DUbe AR 1
12 carbop at&hsctahkoxy FEOUPo haydngml to 6 carbon atons, aral kyl
group having 7 to 11 carbon atons, aral koxy group having 7 tol

carbon atons, arylThff Gipr IEIHRAGHP S ol aD capors o Grremstoxy
group havin - efer f

al kyl groupgx%néﬂ€é$égﬁkgﬁg§%%g%%ﬁ%??ngsogg% ggaf§§¥£é€%g%§§%$é?ig§f
group, aryl agrdepsaadddrhgd edgogpatipnaeedtdie isamel asathoset ethyermiieth

for 20 R and . the present invention, in a chronene |
compound whihE e apa] oI GheBrpLRTSBEY L ehrRIENE SoTRAR GGG
at om or 28! kyd@ier 95 0up & BhrBlehs EotyslingeAiyBitePBYIede Wdin M dp
form an al kyl enedi oxy group which will be déescribed 25 herei nbel ow.
(group forneePBEBonthhg together R and R3 or R2 and R4) R1
and R3 or 122 and R4 1 be bonded together to form an al kyl ene group
or al kyl enedi oxy rougs That is, RL and 30 R3 or R2 and R4 naybe
bonded t oget her g8 forga ri )| 40 t he carbon atons of a benzene
ring bonded to Ri d s 2 and R4—_L@ﬂﬁ chromene conpound whi ch
has a particularly e ¢ € 84 are bonded together to
forman al kyl ene gretsg al kykeénedioxy group. 13 The

al kyl ene group is an al kyl ene grou aving 1 to 8 carbon
atoms. That (RP) T7 f <axbon atoms of fhe formed ring

i ncl udi ng car bofh atqe#” bondef to_j:_a%d R3 or R2 and R6 is preferably
3 to 10. Further, an 5 aromaLic h d(ﬁhﬁgbon ring such as benzene or

In the above formula, R’ and R® are each an alkyl group



&

The al kyl enedi oxy group is preferably an al kyl enedi oxy group having 1
"to 8 carbon atons. That is, the nunmber of 10 carbon atons of the
formed ring including carbon atons bonded7to RL and R3 or R2 and R6
is preferably 3 to 10. Further, an aronatic hydrocarbon ring such as
benzene or né@ﬁ%hﬁljeﬁé’ PreSA HROTE 8 OEs ed L koxy rareumdlaving titny 6negrbon

have an al ky u r I t rhon atons as a
substi tuent. Lﬂi%gf ﬁlg%} g&@%#&f@%&ega‘éégﬁ%k&s&ﬁ% tQ"‘%(g,J és’l’kf}fnéﬁg %?%ﬂ%’
O al kyl enedhekyrgrpupicngtode hdeidold awmpgdmgton as a hetkbot H€om
present inventi ng 4\%? 121 . and R3 or R2 and R6 are bonded together
to forma ringe AR “hroREREBEnPORAR Y J-ad ifixpgen atom bonded to

phot opol yrer { Eatdeaik drRsi-shancs- and oakahs Phat echram & -dwabl bixt yne dber
ring is preferably an electron donafing group. The el ectron donating
group is prePEr@abty A. subshitherprpased ohatarhentosandl e, asechacls am

al kyl enedi ox . yLengdi gxy 0 I §72 r.ticul ag)
preferred be%%%%gé’?toﬁsﬂgggi %S/ gcqw rergar’i #Bdl?s?{}i gl E@d %‘d?ogpsglﬁa%n%e
R6) In the atiwesdmenutad{ijer&tand R6 are each independently a

hydr oxyl group, alkyl_group having 1 to 9 30 carbon atons, cycl oal kyl
group havin 3ltSoafzaégygogr%‘t”%ﬁ%ﬁ?%&xf%?oﬁﬁrﬁﬁﬁ AGCRS t F6C o et

atons, amal kytows i Nayingo 14 gafﬁoﬂ%@ﬁ@P%l%w?ﬁ@ KOXY ng" QU

having 7 to 11 carbon atoms, aryl group having 6 to I0 carbon afons,
aryl oxy groupCREPPREBND 20VeaF iR Bavisd cyanid grolopn afiomse roLpsy

ol e oal k=i 08N KVl o APURBAN oy | &l 425280, X A1 1

hal ogenoal k I ng car bon at ons. e
exanpl es of ¢hmuplHapimgr eupiteypgeaabkkyh e cume tad Xy ogr adg, banaé& o

group, aral ko roup, aryl graqup and aryl ox roup.are the same as
t hose enurreraa;%?f%f%?gﬁﬂuﬁ% lﬂg&i%%W% oﬁ‘e/‘?‘ﬁebq’fg‘ﬂ%eﬁfj dtiginkgrwene
fl uori nesat oMnghl OF i 1e1 4O a BEHAN f8d a0y agd i RdEgerabeMm to 2;

The hal ogenoal kyl glroujg i s obtained by Substituti ngmgne or nore
hydr ogen at ofReDIY the Abovke RN HHipl Bient s Iy i hre kawigd dastimy

el e 11 Uor RSE L aragd CRCar STer Ayl ar B b ORBrEL oA g1 Gl

i ncl ude fluoronethyl gr rouﬁ)L, bronmonet hyl™ gr oup,
di f | uor omet /' gndup}” dinehlesrainet fnptdrgrosup atdinhr drpatretsty lggnaup,alkyl

trifluoronethyl group, trjchloronethyl qgroup and trihranonet hyl \

group. Qut o?y?ﬁgs%af‘P ofge%% k%ﬂr%%bt?g:sor'?% ocfif%‘??eﬁ(ﬁy %‘iﬂ}ﬁ/ihtatﬁjipc%
wi th a Bbuori ne at esirdon Rt 6hel rBkoRF gi-etipath-exann! €5 0éath8n atoms,
hal ogenoal kyl group include fluoronmethyl group, difluoromethyl group

and trifluor RYPUgy Baping 6 to 10 coeethategenoakkéRyy s oRp itmving
obt ai ned by subsid LUbiRG 25,08€ L 1@{r}? %QFWI?@D%% o oL PERRAVSG s
ghl 0 |%e a tom

al koxy group by a fluorine atom om or bromne a
Speci fi ¢ exariesugberhefhahvgen et dox Y ngrlowes ndkeudenbéyor D retdioay 1

group, chl orgonet hox rou br ononet hox roup, dif romet hox
group, di chlcoarrjrrgj&rf ﬁ%&’&sgr‘g%%ﬁ i (B?ocr%?%nnﬁgﬁmﬁr%%g%e acyfoxg’/ group
trifluopenmetdrexyl gronipidd rihlmaset oK yoQresp, Bneh £5ddr Dr@pet hoxy

group. Qut of_ these, hal ogenoal koxy groups obtai ned by substitution
with a fluordietGhRay hiderairy BaVipdr 2 itul7aFrybpretbered! d@mpinest

of the hal oganealkexya ¥ BnAtkede fd HORRERt BOX4 +1biy1 carbon atoms,

the number of carbon atoms of the alkoxycarbonyl group shall
include the number of carbonyl carbon atoms), formyl group,
30 carboxyl group, amino group, heterocyclic group having a
nitrogen atom as a hetero atom and bonded to a benzene ring
by the nitrogen atom bonded to the benzene ring, amide group,
halogen atom, halogenoalkyl group having 1 to 6 carbon atoms

or halogenocalkoxy group having 1 to 6 carbon atoms;



group, difluoronmethoxy group and trifluoromethoxy group. (n and m In
t he above formula (1), n indicates the nunber of 5 substituents of R6
and is an integer of O to 4. mindicates 8he nunber of substituents
of R6 and is q? integer of 0 to 4. n |56£referably an integer of 0 to
1 and mis pfFef &4&bRy BRAYiRR bgerest todebhar Her 4958 LHErO Fepagsented
chromene compoundd §8a%hihPrRAUEAS and shows excel | ent phot ochrom ¢
10 properties.” (preferred chronene conpound) Particularly
me conpound in the present invention
ds. <1>

preferred exanples of the chr

include the f i

2, 2- bIS(4 net¢3lpnh\y¢ i hy@ridnapht ho[ 1, 2- h] benzo[ f] - chronene
oxyphenyl)-13, 14-

dihydronaphtho[l,Z-h aben o[ f]-hronene 20£§f

2- (3, 4-di net hyl phenyl ), 2- -nethylphenyl) 14-

di hydr onapht ho[ 1, 2- h] - benzo[f] - chromene <4>

2- (4- et hyl phenyl), 2- 3 nmet hy1- 4- net hoxyphenyl)

13, 14-di hydrwh&p'la:tlnoﬂ% 21=5h]arbeiﬂz]q{3flgmu@rtmr@>l to 9 carbon atoms,

2 (4 cycl hex h

clono e 2 O3 TELNLBNEL) ) einon agoms, atkony sroup
2 (4 CyC| ohexykphenykp, écéﬂ’bﬁﬁtatwﬁ@hﬁﬂﬁh.kyl group having 7 to 11 carbon
13, 14- di hydr onapht ho[ 1, 2- h] benzoéf] chronmene <7>
2- (3, 4- et hy RERBE AASBHERRY PrRUPILAELAGE bRk Cprbon atoms, aryl group
- 13, 14-di hydranapht BoL1, 2onLabeRzoktbuchr 0
2- (3, 4- nethylened?oxypheny & ?4 net %Ip gﬁﬂ?§§ g§§up having € to 10
13, 14- di hydr opapbtrfdn2, h]lkbmaﬁtbbntyﬂrmup he@4ng 2 to 7 carbon atoms,
2-(4-ne Iphen trifluoromet hoxyphenyl . .
-13, 14- ydronap%?ﬁ %fcﬁph]a@éﬁ?oﬁ?fughrgﬁ§%§%9¥6;lc group having a
2-(4- blphenyhitEOgéﬂnEth|&@Qﬂ%bkeriﬁatom.and.bonded.to a benzene ring
- 13, 14-di hydr ona htho[l 2- h] - benzor n-chronmene <11>

2-(3, 4- di ent RYI PHRRY Y 0IEP42 He RPSIEh 2Ll RERRERF1IBING. ¢viydr RABAE
ho[ 1, 2- h] - beaz 9bhknCh¥ GERR 15 0a 1ky 1 h
2- (3, 4- dlnethoxy%henyl) 2-(4- nethylpﬁ%ngf?ug ﬁ%?%?§y15014c31ﬁ$ r%%%%
tho[ 1, 2- N-beﬁZ‘o{lﬁ}-OgﬁleﬁéH@XY groupThavinhgutt trab €arhohagtofst hend r
above chrone n an t her ,preferred chronene conpounds are
gi ven bgngIES ggﬂggtﬁg%r Og 8 QS 37

R and R™ are each a hydrogen atom, hydroxyl group, alkyl

group having 1 to 9 carbon atoms, cycloalkyl group having
3 to 12 carbon atoms, alkoxy group having 1 to 6 carbon atoms,
halogenocalkyl group having 1 to 6 carbon atoms or

20 halogenocalkoxy group having 1 to 6 carbon atoms, and further
R** and R may be bonded together to form a cyclic structure;
further R' and R' may be bonded together to form a group
represented by the following formula (4):

(Rw)}%/ \

(4)

25 wherein R' is an alkyl group having 1 to 9 carbon atoms,

cycloalkyl group having 3 to 12 carbon atoms, alkoxy group



S

10CH3C H3 17 CH3CH3, CH3I CH3 The chronene conpound of the
" present invention has a relatively high color optical density due to
the existence 5 of the group R5 and the ggoup R6. At | east one of the
group R5 and the group R6 is preferably existent. A chronmene conpound
represent ed B§vinRe ¥ sPlogpigonayrAns €53 lkylmraurbbuihy hrefldr cedbon
(5 R4 R

I R4, RS d
as defined i %t?ﬂg’ a %%@{%g}?ﬁloa%z%l{'fﬁl%%ﬁgﬁlbg\%bp&% a° ?%)r,y%lgg%éﬁa

R6 are each haefrgabl yoanoeteeboanatdonali agyybaypgréopehbving 6 to 10
expl ai ned for the above

specifically an al kox ro or al kyl grou

oroup Ro- | hCRRBCHIRANT o PER o7 Sbay HErouh SosT TR &l RBHREESL AT
hydr ogen =t Oﬂhébﬂx?megﬂggﬁ? ERrpYl grbhd, HBLSreeresroRUS O VARRE A
where either one of nandmis 0) . Preferred exanpl es“of the .
chromene conpétirddeepresemed betlgyot htcrband Yorded £ B) hansegeveng

bel ow. C'_By the%t&%%%ﬂtétt.&ﬁ %)tcjn%dowf:o CA]{eO %%e%%r@fﬁjgm ,d)cyano group,
halogen atom, halogenocalkyl group having 1 to 6 carbon atoms
or halogenoalkoxy group having 1 to 6 carbon atoms, and 1

10 is an integer of ¢ to 3.

According to the present invention, thirdly, the above
objects and advantages of the present invention are attained
by a photochromic curable composition comprising the above
chromene compound or chromene composition and polymerizable

15 monomers.

The content of the above chromene compound or chromene
composition is preferably 0.001 to 10 parts by mass based
on 100 parts by mass of the polymerizable monomers. The above
photochromic curable composition preferably contains a

20 photopolymerization initiator and/or a
thermopolymerization initiator.

According to the present invention, in the fourth place,
the above objects and advantages of the present invention
are attained by a photochromic material containing a polymer

25 material and the above chromene compound or chromene
composition dispersed in the polymer material.

According to the present invention, in the fifth place,
the above objects and advantages of the present invention
are attained by a photochromic optical product which

30 comprises a polymer molded product containing the above
chromene compound or chromene composition dispersed therein.

According to the present invention, in the sixth place,
the above objects and advantages of the present invention

are attained by an optical product which comprises an optical
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The chronene conpound of the present invention is 19 existent as an
“achromatic or light yellow solid or viscous liquid at normnal
tenperature and normal pressure and can he confirmed by the foll ow ng
means (i) to (iii) (i) Peaks based on an aronatic proton and the

prot on of Samulkkzatcapprvaredtwbtbfa graolymk’s. 0 o cond appmrand hpeaksve

based on the _protons of an alkyl .group and an al kyl ene grou ear
o8 of ar ouf g ERE S o e iR S PonBRe Tl b ety ERBEELn.
resonance spectrunrThd iy @fljhe- dinemerep cOIPENPDy I $ AERS YetedTHE
10 nunber of protons of the bonded groups can _be known by conparing

t he spectral CPREBASFHT 8ROUF RiMet prelkan @ Caiadrdisyconpey itrhen by optical
conposi tign ggdggglcggﬁ peAadiAg sproduct can be determ ned by

el enental anal ysis. 15 ?ﬁii) A peak based on the carbon of an
aromati ¢ hydrocarbon group appears at S of around 110 to 160 ppm

peaks based gn_th arbons .of an_al kene, _and_an al kyne appear at 8 of
around 80 tog?ﬁ% §8§$ gﬂa Sgﬁﬁglﬁgsé&toﬁ%Fh5n¥§P56ﬁ§ of an al kyl
group and an al kyl ene ghedpeAppeanpd0atl 8fothar puaded® tAvVBALRRM is
(process of prodUC|ng?chronene cogﬁound) The process of producing the

chronene conpB8HRESEBpREsEHt EBChYCLREVEBEMEPEMUIR df)the present
invention is 25 not particularly limted, and the chronene conpound
may be obt ai ned b&RdH synt hesis process. A typical process which is
preferably enpl oyed iX\ gscri bed bel ow. The chronene conpound
represented by the ab an be produced by reacting a
napht hol derivative 30 the following fornula (6) with

a propargyl al cohol Lve 3 endted by the following formula
(7) in the prése | acPdlcatal yst : (dherein, R5, R6, mand n
are as defined i n<the~al la (1), R2 5 wherein R, R2, R3

and R4 are as defined in the'gpovwe formula (1). The napht ho
derivative represented by the bboVE for mul a (6) can be synthesized in
accordad®e with a reaction nmetRod described in research papers such

Lot 12(11) SA9EF B ER003. andTetr ahedr on 53 (48). 16575 16596,
1997. Speci fic reant it faisou atoanelgi Ven, el awa #lare each ’
independently an alkyl group having 1 to 9 carbon atoms,
cycloalkyl group having 3 to 12 carbon atoms, perfluoroalkoxy
15 group having 1 to 6 carbon atoms, aralkyl group having 7 to
11 carbon atoms, aralkoxy group having 7 to 11 carbon atoms,
aryl group having 6 to 10 carbon atoms, aryloxy group having
6 to 10 carbon atoms or alkoxy group having 1 to 6 carbon
atoms, with the proviso that R' and R? cannot be alkoxy groups
20 having 1 to 6 carbon atoms at the same time.

Examples of the alkyl group having 1 to 9 carbon atoms
include methyl group, ethyl group, n-propyl group, isopropyl
group, n-butyl group, sec-butyl group, tert-butyl group,
pentyl group, hexyl group, heptyl group and octyl group.

25 Examples of the cycloalkyl group having 3 to 12 carbon
atoms include cyclopropyl group, cyclobutyl group,
cyclopentyl group, cyclohexyl group, cycloheptyl group and
cyclooctyl group.



Specific conditions for the above reaction will be described
“.herei nbel ow. A bronophenyl acetic acid derivative (a) as a raw
material is changed into an acid chloridél(b) by a predeterm ned
nmet hod, and this acid chloride reacted with

b) is 5 .
3- net hyl - 3- oxet ane®fEtRrafd| °F nt}g%ep%’ffe%lé%%a%]@’é&]rg?a?% hgving 1 to 6

di chl or onet hageps R 9@6@{5niﬁ@lﬁééeErinLHb&B%ethS%}rSg§Bh I's caused to
act on the ester form(c) to forman orthoester form (dj, and a

Gignard reagenflieroehkonyt ivesper péof Modpprerprepgredpand t hen

ol conol for (57 iefoPELoRE GFoRl 2 ARy BB Bhet P B hr ot "t ne

hydrol ysiss of the Bsimriéen @b hkadia HopEoyBowe| v DigtD ©bt Bl Nc@rbon
carboxylic aci%Béf_) ) %g%seguent lg};-é pol yphosphoric acid is caused to
act on the cArPBRICT S GERRY LI $ QUR oA 18 1| 98REPy PhsRY 1 pecRyl
thereby makifgohs, RosshPlBut 1 0PEShH 4He ARPALROLmEEhYaki¥Ep .

r epr esent ed %got%epgl%ovg f%r%ul a (659 . The %ropgrggﬁﬁglyc%xﬁ§ﬁp
derivative represdifaitb s tdfe tiisowaafldionyl grErp bamibg ynohesiadon

for exanpl e, e ' erjvative.corr ondi to the
above 20 forar‘ru(?nég(%é%ﬂ?%a%&%}? %FXQC@E%J%n%ngorﬁ%glﬁﬁgygrﬂ%ﬁgggm PERFMEmM
acetylide. Ebheenp eac dfonhbed e ryridiey bampeauynd depneseabed Moms
t he above form.ia é6 and t he conpound represented by the above
formula (7) THTHE #@g@%c@%upaﬁngcpapéa Hy§EOHB - caf el Pt o tazgsl
fol l ows. Thafrdifps tEnRBEY QﬁbgﬁitQtQI'l%F&@éeoﬁ W eORPAURGEN! Stoms of

selected froma w de range, preferably 10 to 10:1 (nolarF ratio).
The aci d cat@§siryk grafrerkibl jhe aams el ¥ybrawuid urdwelaslkyl group,

benzenesul f anj i -t ol.ue i Ld_an i di ¢ _alum na.
The acid cata agls]%ﬂ. Sgruse% +Pn %ﬁ%ﬁ%&té:ro%%rae e‘rg%%%/f%?g 728749 %% ts
?y malss 1(52)5 edf}fjﬂn?[}ﬁheglr@lgal o:gfazlm%ogmmm_ gwhti;e@ls estnt gl b&efagi%@@;/ﬁ
ornmul a and t he. conmpoun reactive substrate) represented by the
above f or mul B EATE T BB 1307 taléw ‘?,rrr%big ‘f)%‘aecﬁer ably 0 to 22

200C, and the sol \Eﬁﬁnéi_l%sarbﬂﬁﬂﬁ isGarganifra MRRLH P 25 10 carbon
N- et hyl pyrrolidone, dinethyl formam de, tetrahydrofuran, benzene or

t ol uene. atoms inHai1GetRNGTY pIFHs | t o lekic t ITeumot

particularly 5 |i fLs f0L ¢ he I ; purified. wth
a silica gel colum gr%dl further by Pé{g]%]é{}%ﬁgﬁ%ég}altnlcgg%@C?ghgéﬁ%?lgﬁtﬁﬂsc
propert Rés afmchrasmrerss: fewmp apnmd)p , Thest loderio nensuie o paeinsb ety t dweoys esent
i nvention 10 dissaolves well in ener al - purpose argani ¢ sol vent such

as tol uene, ‘GO BBt FamRGRUrET "R e G PFO iR G und
represent ed te-t-heahay gricapmul /' Ghd RS cHs 3Rl Yelokd §REUBHAVE 1isted

sol vent, the obtained solution is alnost achronmatic and transparent
and has an SRBI9 ONC PREt BE hr P cUSF faghét BERVPhEXCEPL deve| @i ad koxy
color sw ftl n p exto 1 i r.adiatjon and
reversibly rgé:t urns tgg ?)t%gﬁlorRi g?%grﬂza?f;%eo%alt%}wsta#%}%ﬁ f%@b%/
bl ocki ng5of fohdtedhnghtic Sompestihé ochconenes togpsrinduanfi 2diel pmesemers
i nvention ve rarel y experiences initial golol{ tion and js 20

dn 5Yigh e

t ransparent FHbTgHITTL SOPBLIGN Lo IEGHEY Tt the

col or by m Xid1gx bpwithlanehbety BPteechbBihe neaNPHEY (R comes
conpound) different fromthe chronene conpound of the present

invention, &% fRftEhE FEraPatPeR Carame yEeatht ol ddsedyaaregeionsie
prepar ed phot ochr e G, £ QRAS|L ﬂﬁveﬁéfmt ey 00 £ Vﬁ%&%&;g@%@hnd

invention is to provide a photochromc conposition

exper i ehees hayiinigalhicdl griaticgml ySiende athierphoistchraomes aoahypoird of

t he present _invention .devel ops -.a.yellqow to orange color, it must be
conbi ned wi Pkl%ﬁ(?{hﬁé’rmlﬁ]n %@%rl&rh ‘compoffe &y@?@p%@ﬁ‘ﬁo‘?ﬁ%@
color. Any liews re@IROW éﬁbt%m%dﬁr@gddiﬂil ofhasetiB@tron

phot ochrom ¢ conpound to be conbined wth. anpl es of the
donating group is preferably a substituent based on Hammett’s

rule, such as alkoxy group, aralkoxy group, cycloalkyl group,



=

are the nost preferred when the reduction of initial coloration is
taken into consideration. 5That is, still another object of the
present invention is to provide a photod& om c conposition (may be

referred to as_ "chronene conposition”_hereinafter) conprising the
chromene conpotiid 8F tReprBSEAtUPRIRRKPEH GFa BnotHet sdidnsreup and
compound whi elhe! a1 gbyy QRAE 806551 1]tk Alx 10 ialiahald PP 8005yl fling
hi gh transparency. he term"initial (Pol oration”™ I's connecte
with two propgestilysaofiut.medchrdueinel ebhyourihe il ofprdfemries] enbtpdks
coloration d th chrom.sm and jindi cates the absqrbance of the
chromene corr%%utr%%eur?glérré%ﬁ‘ézuée%btos}&rcgutdg Ctuytir ARt er%amfﬁaﬁrﬁ]ﬂpatand

room t enper aimereoxhogrexanpl B, pyeesrtbe eomposition b Hieghd RAMs a
optical material ,such as a spectacle lens and this value is smaller,

the conposi t CORPPREGIAEs i Gfie P Li¥an F5 Q0N Rl GdMBFF PRI, aThe
ot her is col K N Jehgulst [ j e of 20

t he chromneggg‘%ggﬁ\ggﬁeghgg ta%ﬁec%gi g#%}lgalr%zl%%% %gk?ﬁe%r nal
portion (absorption end) of the ultraviolet absorption spectrum of

t he chronene (ég%ggnggrgggh ? the visible range, the chronene
conpound is tringed with yellTow under no exposure to ultraviolet

radi ati omo Since arplasdir' 2od ensH iingethanddh st lOWid-diin atom,
preferred, t?l grovi de a photochromc lens rarely ti n&ed with yell ow,
it is prefer &4 PRIL FRERbsEr-fYiloATENE HRVERE Wi HPavi 6B&PCRH SGOF 0N
spectrum of tbheishreyeng, Leaeh t LS|
range. 30 (angt her cg?oﬁeﬁgﬁggﬁggﬁﬁgytﬂo&&e@tggmi neg%\%ﬁltgﬁ) Qﬁk}slx? ngup
Preferably, hhwinact herc carbavrtwshpauadkyd dieowphbivhed Wt lhasrhon

b b d ] f.0.1 I dth b [
andof 1Te uf ePhdy o S URRR, SRR E siind Cker thealBnr a0 i S-ow

because i3 phavingse trarnspatency. atbasadsoibaheRy dgeou® having 6 to 10
t hernochrom sm and t he absorption end of the ultraviolet absorption
spect rum ar ec95P88s®hB%8ur ed by the methods described in the

foll owi ng exanpl espr&rdprd@vekonpBe8r8¥ OhebkOWp1COLOLpANE AEBLEXGT
excel | ent phot ochrom c properties, another chronené conpound
represent ed BYOvRe #6KPHYI AGOEBr nikalk?Z) DEoppef arabkyxysggoup, aryl

Cher mochy om hPar 0 b5 0 ToRe SR The 1 DALera | naP A 386 ottt

410 nm i20 paRtiaodd &’.y preferred to provide high transparency.
Further, as the fa]grién%&half ge%i od of the chronene conpound of _the,
present invention Car5ePEEEeTE Y842y 8 ifdE MEDE ForpRErdseni eh
matrix whichnyld hecdeseribed dbcderainaitiar Waeniynh fofdrSQLRT 2 Bdm
the time of fading in the case of m xture W th another chronene
compound i s PAkEHKY HERE cHRRTRlere i®nist RehHAbPHER ehPBnencbeAPdunth

to be conbi M th.al sg r 513; i.ng: hal f.per)od,of 25 t
120 secondsnﬁ \che above %{o f’rirleéra[pés&/o]ll r%éllﬂg%oai ‘{')lre el!?er ed Sé?(%%?(g
of the &hot heerehmloa®oe. conpound is a chromene conpound represented

by the following formula (2). (groups R7 and R8) 25In the above
formula (2), R7 and R8 are each an al kyl group having 1 to 9 carbon

at oms, al koxygas@y prbaMeAdb} ben8itqr DeYeLhOABR® afyd I Q4P rRaxhAIRS)
to 10 carbon atons,, am no, 5 .
R* and R® or R® and R® may be bonded together to form
an alkylene group or alkylenedioxy group. That is, R and
30 R’ or R? and R* may be bonded together to form a ring including
the carbon atoms of a benzene ring bonded to R' and R® or R?
and R*. In a chromene compound which has a particularly
excellent effect, R? and R' are bonded together to form an

alkylene group or alkylenedioxy group.



25 group, heterocyclic group having a nitrogen atomas a hetero atom
and bonded to a benzene ring by the nitrogen atom bonded to the
benzene ring, or halogen atom and o andlg are each an integer of 0O
to 2, with the proviso that when o and p are 5 each an integer of 1
to 2, R7 and R8, tWBSRFLK¥18RE OWEURSISsPEEFeBablNe agamdkyiene group
different. naving Prebesred-83anpl &fs of ifa alkyle @ QuRIViR91. 48,
9 carbon atons incClude nethyl group, ethyl group, n-propyl group,

i sopropyl gretpmsnofutpe §roupd sevgbdhylugiogpratbBonartombubphded to
group, pentylLaigr 3 hexyl: graup,. heptyl -gro and,_octyl group.
Preferred exgnﬁ?@gp%f(F%éia%§§xg'g%%u%¥ﬂ£%Fﬁ§E¥ ?otg iérbg%uﬁ. » anl
i ncl ude net haxypmgrouhydtdexybGi Qg BuphRO¥¥needklor SN RMhe may
group, n-butoxy group, sec -butoxy group 15 and tert-butoxy group.
Exanpl es of PReCERYFIEFIUL FAF KGR -t o &dfona st ke i vt Bddier Lpsisayp
group and naghtikogy Qb ud AR vAnY 1 QWP HBY HAYEods %EL:EBSEEtu?HQ.
the aryl group having a substituént 1s obtained by substituting a

| east one hydr ogenThae erkofl 2@ dikecagybugricupr bfeaaballar] aykplpnbavory

1 to 9 carbon_ato al koxy.grqup_having, 1 to 6_carbon atons,
aral koxy gr ogﬁoﬁg\r/rlﬁ%bfl]?gté E% gaggg Ot %ﬁg’,msam qﬁ]aaérbﬁp,tﬂﬁl Bygeher of
atom arid kytagbotipttae Bg tthé golietar DO 1ACAMR i0lg 84 ¥bos a3 m"B¥hA8d

6 to 10 carbon atons. 25The.,am no group may be_either one of primary

am no group, tand $8CoRAAY Faniind Byr dGpPaRbctrebivat yranitho §rstper. an
havi ng a subgiktyes N i : ] ' F '

al kyl group orba!ralgf’]&ghr%%ﬂ;)&%%%rg?ﬁggu%;%%p%%géggg?%ﬁ%{?ﬁ%th%tlgg‘g d1§y
am no group bseconderseAmandigr eipgor Thet¥amy 8y awiveo agr alpyl group

i ncl ud | k i h. hyl am d I
(el ude Lo g, 8 URS,PHE0,58 LI ELIG, 9L 0upe L VL AL,

di et hyl @i no gr ouppaat ytabha Dy s 13Ut bxasppbenyf alida18k0dpe P
di aryl am no grours fuch as dighen | am no _group. 26 Exampl es
of the het er GEyRIF¥IGRodpCRAVIRGUR ATELBgEntABoAPAS O 1REt E4BIEL om and
bonded to a benzene ring by the nitrogen atom bonded to the benzene
ring include ol i no gretp, | pi peridino_gsoup, pyroaqlidinyl group,
pi perazi no 5 group, N-nethyl pi perazi no group, and i‘hdol Myl group.
Further, the heterocycliq\g;ggp may have aqi}lkyl group| such as

met hyl group as-4a substit Uent? exanpl es™ef the het®rgcyclic group
havi ng a substituent include 2,6-dinethy|ﬁ3rphoVino group,

2, 6-di met hyl pi peridin roup 10 and 2,2,6,6-tetragethyl piperidino_ |
group. \Wen the pert ﬁélﬁléépstﬁntt RS, ohek ﬁquaﬁﬁrggrréﬁ% Pgoﬁﬁ@uﬁd

is taken into-&onsidder abbeRhe#0f holrima Eiﬁﬁp Andnpi pERELHLAL cﬂﬁnggs&_ﬁmd
are preferred. . Exanpl es of the hal ogen atomare fluorine
atom 150ch|#?% nel@l opiobeRed Yieent 6ot b Fodiseanteonandghogh RI)
RO is an al [ it c on. l,kyl _qgrou
having 3 to 1 O%@E%%@Sﬁ%a%a 1(lg]'otB/y’ g%l%u%lg%%hr%%rﬁé%%%% %YGa%%]beocgtron
atoms, aryl dpmaipli@grms. t Chtletachapnationat iagydvayp Of © Y- ¥Rt 6

to 10 carbon_ atans,. anm no group, heterocyclic oup having a nitrogen
atom as a het e?‘go%tfjorﬂf%fﬁta lg?ﬁl ©F o B "ze%er‘gi‘ﬁg THER| 35 s&RI et on)

by the ni tr@gﬁ{ypémmaﬁegir@@%t hey bRRZgNR HdRiG<PlghalPgen atom and
gis 25 an integer of O to 2. Preferably, RO has"an el ectron donating
group, $SpeciBaicaldylay ko xprefornehadveerige t bt 6leasdbohlat aneyinedno
group or hetgr Qiapl%oup having a nitrogen atomas a hetero atom
and bonded to a benzene ring by the nitrogen atom bonded to the
benzene ri ng{atougewe B- posi R°On fromthe 30 effect of positioning the
absorption end of the_ ultraviolet ahsorption.spectrymat a short
wavel engt h range. Tn'Ere aﬁ%veab%\%“@ar(y Lgr d’tfp;an@y&go%ﬁy?a@?oup,
al koxy  gr oupinddpen ol ARG Sed 0 HLGRT ROMNAL YR G WP 9
having 6 to 10 carbon atons, am no group, heterocyclic group "having
30 carbon atoms, cycloalkyl group having 3 to 12 carbon atoms,

alkoxy group having 1 to 6 carbon atoms, aralkyl group having



7

Further, when the positioning of the absorption end at a short

“wavel ength range is taken into consideration, it is preferred that R8
shoul d have an al koxy group, am no groupl@r heterocyclic group having
a nitrogen atomas a hetero atom 10 and bonded to a benzene ring
(basi ¢ skel ef’ohP by €RELHRtF R, ki ordarewn they renZene dilngarbon
specifically 0X g ) i ou r

di met hyl ami né‘%?“%up%(rﬁ %&Fﬁ%‘gﬁﬁ %ﬂ%ﬁl?p?%gg%vég% hea‘qﬁyqr%ﬁ’ﬁcé’vgrn%H
of the fadi npaspegds ks t@kenbontaraenstcgenatdmip,i hiksopsesas r rdlbbah
R8 15 shoul d_form an_al kyl enedi ox roup having 1 to 8 carbon atons

at the 8- anBtgmpog?@?@ﬁﬁPaigygnﬁéﬁgﬁuEﬁylﬁﬁtHyF@nédF&%F%ﬁwﬁﬁ&mﬁrGﬁi
the viewppi Nhadbgeasyiaesyi shbuenhbiemgt he tiondushhidhn ekt .
20(groups Rn and R11) Rn and RI™ are each a hydrogen at om
hydroxy group, al kjre§esupihaypmglest efothar boiyat ameupcyclvedbrykyl
group havi ng 1 (o] ns y _group i 1 to 6 _carho
atons, aryl 8?8&% hé\}gﬁé%afgh%o gé:?g%%a %ﬁglg’a?%?é&%x& g%ﬁufS aryri
having 6 to &@ouarieh atydnsy gephioxyrgridup shawi ag thdoe eredibened for
at ons, aIkongngﬁ$yl group having 2 to 7 carbon atons, fornyl group,
car boxyl groftip,“@nt o group, heterocyclic group having a nitrogen
atom as @ hetero akpamndsbendedet RaBohEAZEREM LPE BYubRenRi LEggeN

at om bonded to_the benzene 30 ring, am de group, hal ogen atom

hal ogenoal kyFhigPsiBehatPilg PrewisecaEbunaatoasdénehaltogenoal koxy
group having 1 to & al .k o]
having 1 to 9 car b%]&a%%%?g%ﬁ9§g§¥l g?%%%gﬁg%@?%?{‘%&gg %a%%%%tgﬁ%ﬁ%lg
aryl group haméngr @8r6 hpditOgear hopmat ofis thantbovegr alpyihetenpcyel he
group havi ng ? nitrogeE atonhgs a hetero atog1and bonded to_a benzene
ring by the hitPbysh ab8W bGRIBHIES FhHE™HERzBRE™M PHig2&RE -haPBYRht 4 om
are not mrtéﬁ@hﬁméy bEnm:hedhandgaheal R915gwBuPr 9HPI udeaF11BeSRethyl
enunerated for the groups R7 and R8 in the above fornula (2).

Exanpl es of FhHeUBycFBaPkyTreErBlpIhRavPngbBonemedhydr BEAUAL ons i ncl ude
cycl opropyl t OUR: ,

o oup. - cyel ohoot o oRGLaY S arBb e By EAFLREPRYL SEGHP: SYRLANRtny
the aryl oxy group. havi AjusrooeiBytagbonpat omschhokouethipéngxpugr aug

and napht hox roup. T ryloxy gr y_.have substituent, and
the aryl oxy brobEoReurhevE SRt DB TR uBE i E et Bt s
one or mre 3bthydeagsnsabeastatibherahiower Byl OXY LR rBYp R bk .

group having_1 to 9 carbon atons, al koxy group having 1 to 6 carbon

atons, aral kBRGLGFEED PARTRLES o5 4he hrbEACRPBHEY L aPEPKY| 1BFbUBe
having 7 to 4{,525R9PLai 0 ry; ' 10,,gar bon atons,
am no group or haIogenﬁat%%?unggég%?ggoﬁgg?gg gg%ﬁ%xgngroup havi ng 2
to 7 carbon wrbhdudpnenhedeyhcerowy. gr oup, propi onyl oxy group,

but yryl oxy group, Jj,sobutyryl ox roup, val eryl . gr .. hexanoyl ox
group, cycl ohexanofy %)%yalgo eﬁlﬁ%ﬁﬁ%ﬁ%gfgﬁpﬁﬁ Sgg%bgegﬁlgyb%ﬁ%%;ﬂi%gg
group may hasge aosUhsté thieditogands t difs henzeyd ayo?d griessy havdbig B a

substituent | s obtained by substituting one or nore hydrogen atons of
the benzoyl ox¥NeF b BYORN APk LBE oRpORaWT NgramiBe o2k@ibon at ons or

al koxy group havi nghd-10; 6 CaMPAR AL BB B3 ?x%aq\fko&l@ﬁ%:éoup include

al koxycar bonyl group having 2 to 7 30 carbon atons inc

met hoxycar bohidiogemeiphoxy horyerr bonybr gnetipexpr opoxy ¢ aphonyhe ghoxyp,

i sopropoxycarhbonyl gr b carbonyl gro ent yl oxycar bonyl
group, cycl opent 1d§§€gﬁ %ﬁ§%€%¥%ﬂﬁ?r% 1o@%§@%%£9%%¥%8ﬁ | 957 %p and
phenoxygar bafybr gietpthdhe henexyeal bony ol BhdxPeyrods, have a
substituent and the phenoxycarbonyl group having a substituent is

obt ai ned by ST ETH GhE BFOWor &1 hyHF HEEA R SH_OBY gHeumbovait of
phenoxycar bonyd s 91 aupr By i Bl Ky ﬂ&%ﬁg%%b@ﬂeé %ghguﬁéw&&%mﬁt@{

al koxy group having 1 to 6 carbon™ a am de group i s
a fluorine atom are preferred. Particularly preferred

examples of the halogenocalkoxy group include fluoromethoxy



F

(9) O wherein Wis a hetero ring having 5 to 6 carbon atons and
“.containing only nitrogen or nitrogen and oxygen. 15 Further,

N- phenyl am de and N, Nf - di phenyl am de haviag a phenyl group
substituting the nitrogen of an am de group are al so included. The
hetero ring ﬁﬁ@luPhedN,faﬂoﬁpwﬁéhWEmﬁ@um?nﬁaff@ié199b9tﬂ'&th@ﬁv, gapdp -
the hetero ring and the N, Nf-di phenyl am de having a substituent are
obt ai ned by 20 substituting one or nore hydrogen atons of a hetero
ring and N, Nfrdap@ienyl am de group by an al kyl group having 1 to 6
carbon atons, al ko]ﬁ roup,_ havi n%l 0 ? carbon atons or hal ogen
atom The hal ogeno k%?e g&%‘ﬁ © r?ﬁ‘;{al b 6 RalBohcatenstie pember of
obt ai ned by substitubhhg SNR0LNHDIL HYILegeRabens Qf 4t hepabOYfeates
al kyl group g%/' a fluorine atom chlorine at om or brom ne atom Qut of
t hese, hal ogeh®alwypelyrolipsulbsivi et ¢ |@fork nendt ém as ansegsri vfiehtto
are preferreg. Prefe I genaal k group_incl

f 1 uor onet hyl ggr 6{13,5 éggg???gjg?o%%t%ﬁé%ﬁ%%? gngoﬁfi CiuBHr %ﬁe@ﬁ/ erébdfy
group. an Thet dwd 0 gehoat koX begreaige ke 8htdihedbchashens atGiolisd
obtai ned by substitutin ne oQr re, hydrogen_atons of 30 the above
alkoxy groupiByS35F FUoPF ARUSEOrRRa HF BPYACSEBHBRL bPBAT AGBAPBAT
Exanpl eg oof pRsp&aE pgenoal koxy group include fluoronethoxy group,

chl or omet hoxy group, bronomet hoxy group, difluoronethoxy group,
di chl oronet hoxy group, 5 di brononet hoxy group, trifluoronethoxy

group, triChLI%%g }P@éyclgjggﬁglﬁgngo%&égﬁggnet hoxy group. CQut of

t hese, hal og al koxy groups havin rine atomas a substituent
are preferred. Prdartied bxahplesebirtdie dadmgbnoabk oxye gflotpnemel ude
f | uor onet hox rou 10 difl uor onet hpx roup and_trifl uoronet hoxy

gr oup. gor%?:)oﬁg‘%ejr%pt B TS Or bt OV cbPor TRFOe ERe oheheowing
conposi tiison ehkgbneds by conbi ni ng these conmpounds, yellow, red and

bl ue chronene conpounds should be used in conbination. 15Preferred

yel | ow t o r et Tompdbunes (4reetrrpoiierigl et esendtlay dyoraehabole, 2-h] -

formula (2) j0, whieh & %RQMR 1 areeach preferably a hydrogen atom
al kyl group avﬁg ]1 tor carbon atons, al koxy group having 1 to 6

car bon at onss2:ar¥dt (groephhbpheny 6 t2- (9ot onyphangl ) aty) bky group
having 2 20 7.carh at al kox rhonyl group having 2 to 7
car bon atom%%%%%%ﬁ%%%ggs@'ﬁ&?%?Yﬁ@b&b&%ﬁ"%l group, and RI11
i's prefepably:am elEctfDimad TS IBMM YD) OF OUD, m&F h{pldheiet) al Kyl 4 gr oup
or al koxycar bonyl to 6 carbon atons, particularly

group having 3 to
preferably @%Wﬂiﬁm[bf%ﬂﬂ‘%ﬁ@ﬁbﬂmw&%ar bonyl group,
pr opi onyl MEtAXYLAY L n 1 iy £ ANOMRLIVL IBAEOXY
hydr oxynet hyl gr ou{) or i.s}giropﬂ %’r ou{p’)@vﬁ%n e fné%ll{l%g%%he%rcliy})s t aken
into account-13,14-dilRgifengpleftey Bbl 3 lb Hysroyehl atlomymabkyl group
having 1 to 9. carbon at al kax 0 Vi t.,0o 6 carbon atons,
30 anino gr o<85p> g‘{r" %tcé?cgjtn%s/%?}%ﬁa?%‘tﬁ)h’g? E‘g"%enﬁ?fjrwja)t omas a
hetero atom ary bonted dowahienzene, 71H1g-Bnh 4d1Ef N dHhagRihat om bonded
to the benzene ring. When the positioning of the absorption end at a

short wavel effgt I 7 8hgey § oharePhsitn! lactoththe R ehasf by abl y
substituted by, am ad; K 1 A r yclic group
havi ng a nitrogen atlo ars a et}}aor%"a;?(r)ﬂn% %}%{%oﬁfd]gdcl{b]%ﬁlg&ni trogen
atom at t he &> posil.idometiRriefrerdiaskateamties, 2f (4 -heetghougphactlide

met hoxy group,, di met.hyl am no .gr.ou \d_.mar phol | no group. R7 or
RS is prefer%b%’?/lcge%rqé’ o%arpé’gﬁ%od&’ra%%]g%c%ﬁge at O“Eﬁ‘rﬁll gr oup
havi ng 3ot 0 &:car-b@n atmehanchead kb IHBHD havingnde 1@l haarbon
atons. When phot opol yneri zation resi stance, photochrom c durability

and fading speed ar® RERGPIRR Ao, ~Ran3eksh - GHEWIMR? and R8s
substituted 1 af mh-@ne%-rgg@o%éggm Bxanpligs; ofy o 88,4 iglHde

nmet hoxy group and net hyl
-13,14~dihydronaphtho[1,2-h] -benzo [f] ~chromene

<10> 2-(4-biphenyl),2- (4-methylphenyl)



Preferred exanples of the yellow to red conpounds include chronene
* .conpounds represented by the followng fornulas (in the fornulas, M
is a nethyl group and iPr is 15 a isopropyl group, the same shal
apply hereinafter). 32 Ove CO2MeCH2COH 5 A preferred blue
conpound is aiEpppesinydephesrthedlby-hhebahoues] ochubaehid) in which
at least one of R7 and R8 is an am ng gzgugior het er.ocyclic group

h

havi ng a ni t Fbiert atorf 5 S HE RPN oim PoHdea RRERY beng et R

by the 10 n'ﬁOﬁtﬁﬂdﬁlﬁ?&%@ﬁ&‘%ﬁéh&‘?ltE'ehPeBéﬁE.'S[ELDQhrBﬁéEéCW arly
preferably substituted at the 4 position when photopol ynerization

resi stance anddphot ochron c durablllty in particular are taken into
account. _Spe | c, exanpl es of grou i nclud yLani roup,
nDrphollno g?ou% an @%é%?% % ggog4 mekHypr EE % gg?% each
preferably a1hyﬁ4agemy@i@ﬁapﬁtkymlgzehp baxzoQf1L- tnreméﬁébon atons or
acyl oxyal kyl group having 1 to 6 carbon atons. Preferred exanpl es of
these groups 33 i Gt L gf SR ahe %%e?@?o%?%%%h?ﬁ%ﬂ@e@?oup
Wien the posidf9Riibs Und ke as @;rrrétfle%e%ﬂ@h%m@néheaﬁpaefaﬁag%ﬁé Nyiven
range is taken into account, R97is substituted by an al koxy group,

am no group leldeterocyclic group having 5 a nitrogen atomas a
hetero at om and i i

po&htlon Speci
group, nor phol Mo~g
when the inprov

_ okhe group
i ncl ude net hoxy
dlnethylanlno gro
speed 10 is 48
group form ng
exanpl es of the bl'ue cc
Further, RI and Rn in t

ke ~f adi ng
et hyl enedi oxy

' Preferred

£ above fornula (2) nﬁy be bghded together to




o

In this case, the above fornmula (2) is represented by the foll ow ng
formula (10). 5(R12) R12 is an al kyl group having 1 to 9
carbon atons, cycloal kyl group having 3 &8 12 carbon atons, al koxy
group having 1 to 6 carbon atons , aral kyl gro P having 7 to 11
carbon atons, arp -xy group havrng 7 to 11 qarb argl gr oup
10 having 6 to 10 b ‘ &3t bon
at ons, al koxycarb ; >
group, am no_g feteffocyCl i c group haweng xfen "at om as a
hetero atom ) [
to the benzene ,
group having 1 to 6 car®B
6 carbon atons.
as those enunerated for and R11 in the above for
integer of 0 to 3. Sped exanpl,es of R12 include
nmet hoxy group, propoxy group, dinethylam no group, norpholino group,
fluorine atom cyano group, trifluoronethyl group, methoxycarbonyl
group and car boxyT=yg . 35 R11 and-Ri4 are each a hydrogen
cw sCHal koxy

group, 15 hal oger genoal kyl
atons or halogenoalkoxy p having 1 to

otfFHhaving 1 t
5, halogenoalk
group havin

group having 1 to
carbon atons g

exanpl es of the groups’ ude net hyl group‘ JROLR, butyl
group, nethoxy group, ethRoxyogroup, butoxy group and hydPoxyl group.
10Further, R13 and R14 e bonded together to formPa~cyclic:-

structure. The cyclic structure fornmed by bondi ng together R13 and

R14 is preferably an aliphatic hydrocarbon ring having 4 to 10 carbon
atons form ng t héXing. Further an aromat i€ ™sydrocarbon ring such as
benzene or naph a' andensed 2
hydr ocar bon ri ng. iC ocarbon
group havi ng_4 rfyon~at oms of  al k
atons as a s

Vi ewpoi nt of ¥ In the rings i 20 the carbon
atom (spiro carbon atom"having two bonds at the west position
corresponds to a carboncafomof the five-nenbered rdiyjg to which R3
and R14 are bonded. 36° or al i phati c hydrocarbon rlng group haV|ng

4 to 10 carbon atonms formed by bonding together 1213 and 1214 fram

Further, Rn and
represented by th:
case, the abgye
formula (11)

CHj3

CHj

The chromene compound of the present invention has a
relatively high color optical density due to the existence
5 of the group R® and the group R®°. At least one of the group
R® and the group R® is preferably existent. A chromene
compound represented by the following formula (5) is

particularly preferred.



When Rn and 1211 are bonded together to forma substituent
*represented by the above fornmula (10) or (11), a chronene conpound
whi ch devel ops not only a blue color but 135 al so an internediate

col or such as gray or brown can be obtained (internediate col or
chronene conmpound has_two absorption maximunms at |east at around 450
nm and around 580 nm'at the time of devel oping color). \Wen the

i nternmedi ate col or mene conpound is used in conbination, the 20

phot ochrom ¢ conpos of the presgpt invention can nmake col or
uni form during colo vel opae d fading and can suppress the
shift of the devel opef 0 by the deterioration of

phot ochrom c pr gpe

0P
above fornul as w

col or chrorrer,% QLA
yd

npouggf represented by the
, a pref ed blue or internedi ate

pound i n which 127 and 129 are each
preferably a rogen atom @] kyl group having 1 to 6 carbon atons,

al koxy group having 1 to 6 carbo atons am no group 5 or

het erocyclic group having a r2rogen atom as a hetero atom and bonded
by the nitrogen atom and at |east one of F7_and 129 is preferably
substituted at theld-posiabere wiermphot dpol RierRzati onRiwabiR’i eye as
phot ochr oni cqdyalhl 14 X randshad! A, apeed 3r e LaKeR G e cormna (s),

consi derati on pecl exanples O se Jgroups 1nc
group, met hoRy aglldoRIGpare mkopmyegabmp, arb&ﬂ.@)cy:r@hompn@ﬂﬁn@r@‘rmﬂ@ i fére

group. er abl hydr ogen ato al kox oup havi.n

to 6 carbbn ﬁ?Sﬁ%flﬁgﬁﬁg aPoﬁ%kBFthFg Bc?EI?gkﬁﬁoﬁﬁoﬁﬁv?ﬁ@gélnEd for
ni trogen at oghasaBoRetprAROM aryl thrndedBYrbAguNht [H0ER 498! 8k of
and partlculagtgﬁﬁr%ferabl y substituted at the 7-position to p05|t|on

t he absorpti8n Ratmay dhora hMﬂRQgﬁmg@ﬁoﬁaﬁg@-tSQeébﬁV@ Examples (bf,
R9 i ncl ude X rph o] h e

p05|t|on|ngn§%gghéog 8??%nggn§ Q%EQ g %%gg%%ngﬁﬁ &gngeagﬁd th%
20 fading spéeéd aﬁ'leem:fed akampﬂﬂsmﬁamlder@ném,coa@oeﬂrﬂcfépﬁesented

donatin ro s_al kyl en di , _speci.fically nmethyl enedi oxy

gr oup igi%reggrgﬁ?ya ﬂ%@t%¥ﬁ?§ §¥h§r§ IEHE 7L Sggw%lons -Islcis
an electron absor bi ng 2§, group at the
bsorptlon endcggn be pos] tioned at a short

11- position because t
wavel engt h range and ‘s
exanpl es of R19 incl ude
met hoxycar bonyl 28 j.fAruor onet hyl
conmpounds repres above formul a
whi ch R15 is,apydcogeg-at om pref err ed.
preferred coﬁbound are chroneg
following formulas (in these f

CHa '

(identification of chromene compound)

The chromene compound of the present invention is



%

40 5To prepare a chronmene conposition which conprises the chronene
conpound of the present invention and chronene conpounds represented
by the above fornulas (2) and (10) or (11p, the mxing ratio of these
chronene conpounds nmay be suitably determ ned according to a desired
color. In thP¥isbephses amednmumt? qthd idirtoyedd coospdiddouf viheous

10 parts by Waee Rked HA 0 RArre By nibd WP RS Md el Tipoan e

polynerlzabIeonﬁmﬂmedsbyStBEedommbelsgemehnealhy tbnh (fhe)case Of a
coating thin In1(sucq%% a filmas thin 15 as about 100 pm,

amount of thé* hr ONET E’ﬁﬁ@ﬁdOBfaf’h%rW%%Je?\tplf‘?ﬁ%hﬁ% t|h§ ErQEOPoOf
5.0 parts by mass, the Al q§ Qh r aC ound
represented by the above fornﬁF%éf' A 8318989 QHH ?8 %yon%%m and
and the anount of ttﬁﬁa¥ﬁ¥@ﬁ§ﬁ@r@@nbbﬁn@r®@®m%seﬁﬁﬁdaﬂ%yﬂher@bpvand an
formula (10) or (11)_ .,5.0.01 to 5. y S based on 100 parts
by mass of the 5 coating 19 HrorFt ﬁBBFSFaPEoé naff]é‘rf?é’i%@rl 7561 &- 0 ppm
mononers whi ch provivwdert haecoabtog rfiid Iadmo meemictdlc eekbhants &hec€Ase
of a thick cured proquc%M%ﬁs %hlck as 1 mmor nore), .the anount of

the chromene conpound’o rede il ?QWﬁ9ﬁ|Q9$HQ¥Q§ 661mE8SPrsdparthe
by mass,iot he anpunt Iﬁlfmaé}eo(fhwaeaﬁscamw%o}&eraeg&%@%t 8dnP¥e thEown
above formula (2) is 0.001 to 0.5 part by mass chronene
conpound represente@YbVOW@éIéﬁévéhﬁoﬁﬁﬁpérélo}nbené11}85506 04 penks
0.5 part by nass based_qen.1Q0, parts by mass of the thick cured
product or the total F’the ol ymeri zabl e nononmers which provide the
thick cured {5iproddtie tomponttdbncot drhe korrricspencdner peoduee! can be
anot her phot ochr om onpaund except for the above photochromc
conmpounds nay be fu%@%@g%ﬁpfgd.y(ﬁ @mﬁp'@hr@ﬁéﬁgséﬁhpound) 20The

phot ochngni c(£onposin dp@@k\ﬁé!s@&i 688N 285 LbAC £ BHOABHRa £ QPN Af il die
present invention and the chromene conmpounds represented by the above
fornulas (2) and (1QFouP EPPragkons exetlieminghbt ®chr o € gumoperddles
in any nmedi um but a,di.spe f S

di spersed 25 or d|SS%F%EJ&?E%%(9£$§8$gkﬁg%%%ﬂéeggeg?ﬁeglgi¥9pré¥§¥¥%ﬁ
froma practical poiamtdaff \alxemznahdoptowd@qamcahﬂdepéaﬂbobagaﬂocm Ghe
properties in fact n lid matrix ol material) is
acceptable if the cﬁﬁgﬁgﬁ (¥g%B %grPHBEﬁFég éﬂgﬁﬁﬁﬂﬁﬁﬁﬁugﬁﬂﬂ$ar
uni fornby di spersedainst 8¢ RELYARS 150LEdghBLERX. The nethod of

di spersing the chronene conpound of the present invention in the
above polyner solid matrix (pol yner naterial) is not particularly
limted, andﬁggggggy HEYhS, & g)For exanpl e, one
in mhlch t he "above 42 ?ﬁgﬁnnppgg?fc resin aﬁ@y e chronene conpounds
are kneaded togetﬁ@EEWMdGeameyfaﬂ@duﬁﬂng1ﬂhe(hhﬂmmenetdumpouﬁd)the
resin (polyrrer rrrer;lsg eréed)pd e |n whi ch ﬁlge fhrorrene conpounds are
di ssol ved i n the abo 81 viver F2EBHE S hbnRY st e BT Ho I Y HETHZR 3
cat al ystsi s r&ﬁﬂgﬁxttﬁddl%tmqs Q'ltnlllﬁ@dsoliﬂﬂ| ©he t Gh POhHIEd Ao dlind e dle

or light so as to disperse the chromene conpounds into the resin
(pol ymer matdi3Eined &Y 8R¥ SN ThS Feosfdfre BhEYPORRARIRCTES W ioh

t he surface of gmggﬁl ngﬁldfecf fs!hr!ié&rdﬂ?éh "i?etlfbv? he chronene

conpounds to 10 disperse theémi'nto e resin (polynmer material) may
be enpl oyed. The ﬁﬁ@i@bh@m@ne<nmmmmmmireprahﬁnheddnpthsesbwhefah@mea

Chr onone. conaduiibrod I SRR O AT O Bt i e B 1o

above nBb ho&m%u@%ym‘ @hev @Fo1QWSv ikl FH-RASES (@Uewli®n &S p%gaa&b%t
phot ochrom c propert.i es.
alcohol derivative represented by the following formula (7)

in the presence of an acid catalyst:



- From the viewpoi nt of excellent photochrom c properties such as high
“color optical density, high fading speed and high durability, it is
preferred that a curable conposition shoulbod be prepared by m xing
toget her the 20 foll owi ng pol yneri zabl e nononmers and the chronene
conpounds representgdsny t he above formulas (1), (2) and (10) or
(11). Exanpl t he curabl e conposition are given below 1)
a curabl e conposition {0 Bs i is i
curabl e conposition i
havi ng an L scal e Rockw
honmopol yreri zation of 40 ess, B) a pol yfunctional polynerizable
nononmer having a f y of 3 o 6gore and an L scal e Rockwel

har dness of a pol ed by honopol ymeri zati on of 60 or nore 30
and C) the c(m @ )ids represented by the above fornulas (1),
(2) and (10) or™(®)-and eptionally D) a bifunctional polynerizable
nmonomer having an L scal e Rockwel | hardness of a polymer obtained by
honopol yneri zaéiretnpfRGORO! MRl n 48e2) s alSEH2dd 1€ @HROSbbeNF & mbes
used as a thick cured product This is a curable conposition
whi ch conprléééfA) a polynerizabl e nonomer having an L scal e Rockwel |
har dness of a pol yner obtalngd by honopol yneri zation of 40 or less, 5
B) a pol yfunctional pg RZabl e nononer having a functionality of 3
or nore and an<{ 4r'e Rgckwel | hardness of a pol ymer obtained by
honopol yneri zat i O nore, C) a bifunctional polynerizable
nononmer having a > 'askmell har dness of a pol yner obtai ned by
10 honopol ynp4@Zat i on of 60 ‘or §Z3nd D) the chronene conpounds

(2) and (10) or (11) and which
has an L scal e(R har dness of a cured product thereof of 65 or
@bl e nononmer having an L scal e Rockwel |l hardness

< hormopol yreri zation of 40 or |ess) The
pol yneri zabl e nononer "having an L scal e Rockwel | hardness of a

pol ymer obtarnedFﬁ& honopolynerlzatlon of 40 or less (to be sinply
referred to as "l ow hardness nononer"” 20 hereinafter) is not

particul @ | ywhéreird®',f Rt R’samd pd! yrerizabd & mendmee hBaxbhdge afbdmula
scal e Rockwel]. hardness of a honopol ynmer obt ai ned by
honopolynerr%%&lon of 40 or less, and any known polynerizable nononer
may be used. The t@{dnndpisase Miﬁ)/@divé‘af@@?é%nf@@lﬁﬁ

measured in 25 accordance with JI S-B7726, and whet her e honopo yner
of each nonofRFm™Maka j(&f |@§nt%sa@6%@shéﬁ@né§samﬂdiammwoaﬁ @e?@amzlqn
judged by c t e fi.call S
shown in thgﬁée%(l}:‘lic?rtg 8H'tc\/v% %iﬁ??ggg%g erp%]erglﬂﬁg? ST%E?%hgdgg ﬁé o
easi |y dlecked(hy) pdsymeriyisg oS0, rmingnsy. tMEcDth&ld’m a raged m(qduct

having a thigc S f and_keepi in C chanber for

to measure i]t‘bg]f']:%%'e%ﬁg?k ‘?Tﬁéﬁrﬁlgggr\ﬁntw ‘ﬁﬁ ck%?ﬁhé‘?%ﬂ%@ss;%y
neter. The cageh 1O dtcd ot el 108 47 Sgi-pun hge dpgss mononer has
excel | ent photochrom c properties such as high color optical 44
density and | hm%gﬁistng spe n TO furtherRamprove t he photoghronlc

properties, the¢h stale Roc dness o om1hardn£§ N& Me
is preferably ess.—Phe rlzaﬂ*e |s not-pa*tl n%ér
e o:g[%ﬁ%

limted 5 if it shomsopolynerlzabl i ¥y and

xy ar
preferably a groupayhlch shows raglcal pol ymer i ty Exanple%dgf
the radically polynerlzable grou |nclude netha onyI group,

acryl oyl group, WR group and allyl Qut of thes

met hacryl oyl group a onyI group 1 pamtlcularl ) erred.
o] ®mE ] "om—E

(f) (6)



The polyner to be measured for the above L scal e Rockwell hardness is
obt ai ned by cast polynerization under the condition that not |ess
than 90 npl196 (pol ynerization ratio of net | ess than 90 96),
preferably not | ess than 95 15 npl196 of the charged nononer is

pol yneri zed. When apeaﬂfraltgnﬁntyunsifablehenabeee wakehibaswie be

above L scal Rock har.d e val mer obt ai ned by
honnpolyner|§F ﬁg ﬁﬁﬁﬁﬁéﬁ’ he Bﬁ ???E%?Gﬁ”f%@?ﬁlVétlve
used, the obRaoneg @uréwidagghral.hﬁﬁcﬁagﬁaéde&htehehoaeaanbﬁlorlde (b)
properties 20 such as col or optical density and fadi ng speed.

A | ow har dneb¥ ﬁnﬁeﬁéﬁtér§éné§eme§90@00@ﬂdSSBASnﬁ?bé @@é@ra@etﬁ@)rgw

har dness gron r a I f.t pononer
Fepr esentad BoEeRel B Thar HE R skl fie LR EL G FRARERGeSr
/Im In the apgvedinenmhadlﬁnBOaudeEmanareOeabhaundeneeéee&Ifo&m (c) .
hydrogen ato and R19 are each |nde£endentl a

. |
hydr ogen atoﬂ%gﬁsggﬁ§¥ bgoﬁﬁuﬁﬁglﬁa ACE 0B BhF nBREEF ohRTMt AE) gFBupeT™

-A- s -CHnganBtﬂoe@fegrge@mSerepéﬁaeateélgﬁakaeréabéqw &erfehgula
(the group Xin the formulais -0-, -S

-CH=CH or -erghe§isr ﬁﬂﬁmnrehdlﬁ erepeaeﬁ anduhhegereanteﬁ wzth
satisfiay 12-L0Ealbes & 50c 300 on o1 LRECUNCELONA] and, POLYIINEYT Q02

pol ynmerizabl € nononers havi ng an 4
pol yner obtailagdis bye@bﬁ@p@iyhehydabchmonic6@cmd ﬁnrehrry out when

t he curable ition containi t he photochrom ¢ conmpound of the
present inveﬁ¥$§ﬂ g%ﬁﬁr?g gh?hﬁsg%ﬁvenl W ALFALLsRINBRYReFC4HGION Lo
bi f unct i onal cphginel ¥huneki0nala@od VTEri Z28hhb8eFREARRYS MMM &hdric

scal e 10 Rockwel | hardness of a pol yner obtai ned by
honopol yner i 3@t ¢ orf 6RUEE O mteorlt@l%érarréroewlé@ f61ids (fhiighahee bimsss

mononer 5t NeLgi paht &l o ke Aabt &) nefle fbedBLAANGL BASGxGE Ls%btam

basi c properties suc har ness an
mai nt ai ni ng elkeakpdirhoghdt orhabive réprpsepeeti e taecdbag: Colranla (

devel opi ng speed d f adi ng spee h thod of checkin the scal
Rockwel | hardness 1% tHe'R sag?gé%a %ﬁé_f theat%r’b"b‘:\’/éfel‘%? lg%y %e
nmononer . abovah;eomhyarrem ¥ abdi€ mmtﬁeﬁpée@ar£¢EUé@érhylél nh{-ed

if it shows polynerizability but preferably a re@g havi ng 20 radi cal

pol ymeri zabi F§R§E1Rch KRGS MERF JYIY VY r evkr e SRy tny E@oﬁbe @bﬁ??
group Oboa||ﬂ$rﬁﬁiéﬂﬁ7 YOIt £ 8f 5 these: SRINAGH vl %h gPsﬁBH ggrﬂléﬁaym

group are particul ar preferred Det ai I'i ng t he uncti onal
har dness nnn@ﬂ%tylEQErt is not particularly Ilnlted |f it is a

ol Yo 220l ORI bl SE5h Bl YR SRS 2 RSk T 1
by honopol ymelscbxzatﬂdnmw_fa 60) oanAT s cffhbcAmMA l@@@\ﬁ@sented by the above
formula (7) in the presence of an acid catalyst is carried
25 out as follows. That is, the reaction ratio of these two
compounds is selected from a wide range, preferably 1:10 to
10:1 (molar ratio).
The acid catalyst is preferably selected from sulfuric
acid, benzenesulfonic acid, p-toluenesulfonic acid and
30 acidic alumina. The acid catalyst is used in an amount of
preferably 0.1 to 10 parts by mass based on the total of the
compound represented by the above formula (6} and the
compound (reactive substrate) represented by the above

formula (7). The reaction temperature is preferably 0 to



7

pol yfuncti onal high hardness nonomer may be used. A 30 pol yfunctional
" -hi gh hardness nononer having 3 to 6 polymnerizable groups in the

nol ecul e is preferred because it is easiky acquired industrially. 46
The cured product obtained fromthe pol yfunctional high hardness
mononer has §Peafl yan@dpkbeedobusnt pfoperepestigchrasnhar dnessnanguch
heat resistapge r_Laproved - ph rQmi rgperties such as
col or develO%%Eﬁ?ﬂgggyiég?ﬁahggggééiggwg%§§ET005§3§ﬁ§%’the above

ef fect nore patkedy§roftirks, preheenedoirhablaepel.yfuncti onal
pol yneri zabl e nononer having an L scal e Rockwel| hardness of 80 to

130 shoul d be used MAMSERNER HREL THpRGNERS BTEOVGEets B VDT 585ar 1y
may be used asymipeqhi gbhag oduPr et onrsd SXAMP| &9 101 0f &

. ¥
t he hi gh hardness nononmer is a pol yfunctional high hardness nonomner
represented bdylite feol| opingnfendufurtRee hix RR2ryRtaClCzer2on/all 0
In the above fornmula, R2 is a hydrogen atom or nethyl group, the
group -Rn- is -CH2CH20-, -CH2CH(C113)0- or 15
- C(=0) CH2CH2 CHR&HREHRD: st R22prspart i e¥abenthiombaxavampstings gani ¢
residue, ais an integer of 0 to 3, and b_is an integer of 3 to 6.
G ving a detail ed He&cTFPPTHHE oFOPIEUBT f hctROnBFe AR HaveResen

monomer 1 o hegbkfynetianal 1 RY ¥ neLihzabl ?@ﬁ@%ro A&ae/!s%qv%@mts?ef';}'@s
Rockwel | hardness of a pol yner obtai ned by honopol yneri zation of 60
or nore i s nbtlpanei cthbetyfoimiqredatfrahydrafunsm -poWasr tkabtleromene

groups in th I l.e R I ne of _a,.
honmopol yner g%ﬁ%ﬁ%% %ﬁ%%po%@i’@?it%aet %b%ﬁ\(y%f %gg%gqanz?é, l%n%lsa%?/lVEd
known 25 bi f imcthenabopel yoerézabl ehavsboet nsdysbeutsed. is almosThe

hi gh hardness nononer has the effect of providing inppact resistance,
Lo the obt ai NEG-ETT B FrSdLEEPSRAE REF MO8 AF AGHROEECAFBRRI T GHOraT ¥

such as ifcadi agnspesd k@ meldekal ed -EaBReEwi FR19eMEbARP:PEFPOVIES
effect nore 30 markedly, it is preferred that a high hardness nonomner

havi ng an L Se¢al 9lieaeilErayieressrafiablion amd revealsd bBe usedrns 40

Aoy dnees SPIQIRLL U ot e 0V 01 ABR PP GRS LAE cne

above hi gh hardness™ nononer. eferre ness
nononer i s albgfunctdionas thegrhiamane seomponades f rder psentad hyvdritei on

following formula. RR3R2s H HZH2 H\ A nt:-c (): 0 RgS n C-CH2
H2C=C. C. 0C (VEe}Y prarely experiences initial coloration and 1s

20 transparent though it is a yellow compound, it is easy to
control color by mixing it with another photochromic compound
(chromene compound) different from the chromene compound of
the present invention, and initial coloration can be greatly
reduced even in the prepared photochromic composition.

25 Another object of the present invention is to provide
a photochromic composition which rarely experiences initial
coloration. Since the photochromic compound of the present
invention develops a yellow to orange colox, it must be
combined with another photochromic compound to develop

30 another color. Any known compound may be used in combination
as the photochromic compound to be combined with. Examples
of the photochromic compound to be combined with include
fulgide, fulgimide, spirooxazine and chromene. Out of these,

spirocoxazine and chromene compounds are preferred when



O 51n the above formula, R23 and R24 are each i ndependently a

“ hydrogen atom or nethyl group, R25 and R26 are each independently a
hydrogen atom or al kyl group having 1 to-% carbon atons, the group
-A- is -CHR24-CH2-0- or group 10 represented by the followi ng fornula
(the group - ¥hdtopdlymerSzatidhi-@aistaflte0dnd® photGdhromi@GaGdandiity
-C(CH2)2-), and mand n are each_an integer which satisfies (m+ n) =
2 to 7- 15( éFCabPECBoRPBRi ¥PRFIderation| n Bidstes sir duarenciosounds

when the cur € GRS | ' ' i T P P
preferred th%?let ﬁ% abovg ?’pgl\%fl%r negﬁoﬁo%%tééﬁﬁ%]{lhaerma%fovlé{%lgahl

har dness nonewéicsaghion d sbéakieved nttogetdneridexagrisur.e t hat the Vi ckers
har dness 20 of a cuyred | ayer_ .ghtain by .copol i zing the | ow ,
har dness %Dnomar a'r.‘q‘([}a He® hicght a?aﬁgggr%%‘ﬁ éﬁg&%&%%@: REFeg-1on
nmore, preferadkl yo3pRokglieon fBBEochabinieUambysprebar abby Bedrb@eftrld
kgf to achieve excellent photochrom c properties. To check the

Vi cker s har dit@s$§Sof COREMEHEe § MRPE L 19185 heyredmad-tigike qamaritsdmarade

of quadril at efalydiamen Paﬁﬁhn%fa tﬁa%cyrlfgesae%' 8 rie ft(ijo 6)air;§is Ressed

into the surface of a naterial, the s ace area
cal cul at ed f comonieacel epgludd minichf reheldi agoealidnioss dinixidant | eft

behi nd g&ger %1£%a iis e veg .@nd t%ﬁ ¥h%kers har dness can be
obt ai ned" 30 FFIMEE VAPUEPSHPACHET DY HFrdithg SPAES Yoad F (N) by
the 48 calcul atedThertaes aigatSaimiBloration” IBeceanpeskhi AAthokwo
obtai ni ng the above Vickers hardness value of the cured |ayer differs
accor di ng t oPEREEEFAES Of GiMe AR CPAPGEadanane aphdthase ispéritiad
5 unconditio N bt oS ef:ery: t he
amoUnt of the o oa e e N TG PSS ST 8 S esh 5o FEal Iy 40
to 80 nass% ahdorhangroofit tbe theohegk kemgpess modemens topb@ure 7o

% , [.E 1 : % based h I f th
ot h moroer &2 RAG et EOBRRRIAT 10 Etie ABPBRALE Ravi Ro: eEarP LR

phot ochr oni cwheapeh¢ i @S hasi A pueper Lhesn optical Watdig sor esentas
i nvention, when the curable conposition is used as a thick cured

product , theaaﬁB%%t?%%?Hﬁ?Hh€§§-Hﬁﬁﬁhﬁ?l%%d“%ﬁﬁméGGVb k§hc AEPEREEEON
mononer s ar epph¥ededhiqgst B@énéga%gﬁggfeaé babmthente 6@l £ ROkl ey

hardness of a cured product obtalned by copolyneri'zing the | ow

har dness nonéfefcantathenhvigdnhbhgnessravhohet salpecopesoBOspechoue, of

prefera 6 r arti I r rably. 70. 110. The t hod

of checg#ﬁg ?Hg EﬂgéﬁFggR%%ﬁéé#ﬁ&héﬁgﬁgég g etﬁési%ﬁgquagﬁro TS

t he sane as thamifiai phetabnveézbewrhadidnesadhoodénmehe ultravidhet

conposition for ob ainigg t he abo¥e L sggle Rockwel | hardness_val ue
0

of the cured®PE§EPLLPPT BPSCRELEr OF nREoCPREMEYBeSOBPOLRE KBAGHESS ChA

use and canngishBlspeshgd kS dCHdd IRRRdRa HeWeYaEedl B SRNGE Bl ow
it is preferred to set the anount of the | ow hardness mononer to 1 to

SO nmass% speRAeTdul PPeshEe3 wass9yioett hedhablen . ofSinee highastic
har dnes n S 9 - 2 ciLfli 70.10_98. mass%
based o%E?ﬁeggg%aFiﬁgéé)%?tﬁh%ggzéﬁ %%n%%gréL%%g%%§gf Fg Borairn=30 a
cured producphbawchgoekcddrentraphatochtgsd eriphopel 1ows iandshasd ferred
properties. gurthe i erred to, set the anount of  the

pol yf uncti onahi § éh%#ﬁ%ggg?%gngﬁgﬁogot@etBlﬁﬁaﬁé§§@5 spheerpPrearly 2
to 10 mass% gpdcthemaiDuMe ehrbhenki EunsbiRAahot not reach deep the
visible range.
30
(another chromene compound to be combined with)
Preferably, the another chromene compound to be

combined with has an absorbance due to thermochromism of 0.1

or less and the absorption end of its ultraviolet absorption



hi gh hardness nmononer to 80 to 99 mass, specifically 90 to 98 nmass%

" -based on the total mass of all the high hardness nononmers in order to
i nprove the hardness and heat resistancegaf a cured product.

Anot her polynerizable nononer (may also be referred to as "optional
nononer " her epaattam)a m&thtmpuhomahmﬁaﬁuE@:ﬁppkbeldeeabkensparency.

conposition [n limts that do not alr the effect of the present
i nvention in® ﬁﬁd?lf’?‘i’ﬁp?%c? ﬁglel & 'ﬁ]é‘? HechT ABhSRe? NArid'a RESRIrgR1on end

har dness nmongeefse dERMbES: fbddigy@ngt '&‘ifeot?ﬁlm&'ez@'ghﬁegnﬂgggﬁred
(to be also referred to as "optional nonomer” hereinafter) i1nclude
unsat ur at ed e¥r bbrympehadpddesachbagd a@ryhﬁcf@dﬂ@WlnﬁtHaampﬂe& acid
and nmal eic anhydri vlate.cQ ) such a

met hyl néfhacrylatgg enzi#g%Sggggﬁggkgﬁ%%'ég enf} ac@ﬁ%@?y féﬁﬁt
2- hydr oxyet hghohethaonytapeopéunheat eanormeundar@meheas:odlpehh)dl
fumarate and dighe%él f%gar%%g; hi oacryl ate and t hionethacryl ate
conpounds suERPAESHRERGICY Hi éP;98Wéngbgﬂ§9Pl?hF%héF&PéFéeﬁﬁélﬁéﬁ§?@
t hi onet hacr yk At 8ombYhAY ko ONMPEMAdSe SUCH @8- Sh¥KENCompdud! 19&93?19@”&@6
met hyl styrene, vinyl naphthal ene, a-nethyl styrene dinmer and
bronDstyreneabaﬁﬁbéﬂﬁ@rdpgl?ﬁeth@ﬁmpéhﬁﬁméﬁmn@il@naB aondsessand the
One or X o] iona rs_may. be. ad d t
anount g%ﬁlhéﬂ%gfﬁéﬁéﬁ %%ﬁo%grggé %?e#%@g yl§5p%% l%%%%r %é%rﬁgerzeg
parts by melghtprumtéepheghrabhyspatennye than 30 parts by weight

based on 100 parts_by weight of th otal of the | ow hardness nononer
and the high hardH@?glﬁﬁﬁoniﬁs h?&f%é&ﬁg ??lfSP%¥é?@r?€dt?ﬁa?h59mene

pol yner i zabl ecHpeeRR! 080 haVih Ads St | B34n 0160 EPYX Y&l 9L @@O;ye% d- Heyog
contained in an amount of 0.01 to 40 nmass% preferably O. o 30 nass
% based on t#eceBial infa applymer ped Lt rnabble %@h@hewsldetaim@@rlbed
the curahkle Io ve
senS|t|3?ty:%%ggﬁﬁ%%%gPsbggﬁ{gﬁg%ﬁlgh88¥%§q%o?%bh%6ﬂ§c %Eﬁh y. W%
this case, ttmspoblynermizathes nmrtdmndstavemgclatomeaastc@i@omm)xys Ot i
maybe contalned in_either one of above | ow hardness nononer and

the high hartAeRsCHBHbAET 2 Whi’h E@%ta?ﬂ%hﬁﬁoggr?@aﬂ?r%ﬁ%ﬂ?uﬁﬁ 58 bR 5

optional NMONESEEinEO N wEXAWl o Frd AT HNESS AONIELG Shald Fed OV of
har dness nononer 6 are used as at | east sone of the above | ow

har dness mondhef@ 140 ngRtor@e HboVRe rafRye ep@hymer solid|pathix.
present simnventi on, TR, h r
disclosgg by v001f% §%? may %éggﬁﬁgpg@ggﬁ?H%M% o%%qj%ﬁgﬁé?$£§ Ound
nononer havthgaachreasneOQQmpguu@:{ﬁgn¢sa¢m®dhndthé ﬁ@ll@gzngrﬁdﬁmnla
conposition),The curing nethod for obtaining a cured product from 15
t he photochrg%%c curabl e conposition of the present invention is not
particularly limted, angya known radical polynerization technique
may be enployed. To sta pol ymeri zation, use of a radical

pol ymeri zation i ngtidat or|Such 4s a pepexide or azo conpound, exposure
to ultraviolet 20 radatien, 4~%ay3 '-ray,|or -ray, or both of them
are enpl oyed. A typic i i g0i s cast

pol yneri zation in whi curabl e conmposition of the
present inventiony pol yneri zation initiator is

i njected mt@q he $pace pbet we pl ds hel d by an e{2)stomer 25 gasket
or spacer and:c F_a'ln ai1 ir fuyFmace and the cured product is taken
out. As typical exgarplLe t hg pol yiperization initiator,

t her nopol yneri zati on gnltlator. i NCTj ad I/pcyl peroxides such as
benzoyl peroxide, p-chlorobenzoyw peroxi de, decanoyl peroxi de,

| auroyl 30 peroxide and acetyl peroxide; peroxy esters such as

t - but yl per ox{gumshyi 'hexdn®ai e, t-butylperoxyneodecanate cunyl per oxy

d d h
0 sopr 88yl per oxy 0 CAFRGRAVE AACHT S o2l bUTy IR Sy it Bort &Lkt

group having 1 to 9 carbon atoms, alkoxy group having 1 to

6 carbon atoms, aryl group having 6 to 10 carbon atoms, amino



di one and net hyl phenyl gl yoxyl ate; and acyl phosphi ne oxi de-based

" eonpounds such as 2, 6-di net hyl benzoyl di phenyl phosphi ne oxi de,
2,4,6-trinethyl benzoyl 10 di phenyl phosphibge oxi de, mnethyl
2,4,6-trinethyl benzoyl diphenyl phosphi nate, 2, 6-dichl orobenzoyl

di phenyl phospghiong , opé eer aage 21 6otk hexybgnz eyt dighieaybrhos pghhBeero
oxi de. These Eolynerization initiators may be used alone or in

conbi nati on BFCRRFYPFNE tA 2 henrenfopoly et FRE1T B PFRR iSdoor banded
phot opol yner!téaEhanéﬁ'ﬂzéh@tPingﬁyop%iﬁﬁ%(ﬁ L GUTOINR 107 dwgeara each
phot opol ynerization initiator Ts used, a known pO|yﬁErIthl n

accel erat or suchnasgartef to &oy2anvieh mde brovsed thatowhénat izormd p28ra

the present inyentjon, when the. abov. rigzatjion initiator is_g,
used: 1o anbann PL BPEFaRRLPD b 0t BB BRR o B s A GO R 5

preferably Om8¥ be bhpashecbyprnasgrbasad on 100 parts by mass of the
total of the polynerizable nononers. 25Wen the fhotochronig curabl e
conposi tion of thePprEeEREd| vaRPidh PE Ebebellbyl yatpipehaving 1 to 9

t enperature ol kZat.i opdi.t.i.on i.0f | ue
Upont he. pr oper P as or e e bl nad het SehrBA ¢ Bated o Baut PrERYLe
thi s tenperagupercohdppropyilsgkafibuencbdthy theupypeed80banglagmonp, of
t he radiqpl 8L¥ggr%z§tignuinitia%oi and t he t¥ s _of the nononers,

it is not specttied tncendiPr oRalty: FhOgRnePar? s%¥%%Pre%ePF%g§$EﬁuP
type pol yner azdt besyli grphpch pol ymerization is started at a
relatively Iom1tegﬁerature then the tenperature is gradually raised,
and the conpositi oREEESrTed §HAWPLRS LHhildie PereatitePabahadehdtof 6
pol yreri zat i i I t i.nc rizati

o a1 or S abn0r el et o o e Ry T e S b A erBy L bt ey
opti num t i negreupr et ePRBOYOEL Y PilPedn Fpubersyrgarice, with-But tegegroup
conditi i d e I S erred to sel ect conditions under

whi ch po@ine$?§a¥?g§ ?%£%% g%@é'in 2 to 24 hours. When t he
cured product is aEcambliey dfayde, aBybainows hastingnsteehni gaebbh AbEd
t he above curabie 10 ,conposi tion qgntainin a thernopol yneri zation
initiator ant?o u%eéﬁﬁ¥gBOH§ﬁHPﬂ?& NGRS 9F81HPI s Ed Yy JERPB AL
to ultraviol give adisatisen taretheahgdc ko LHOAPILIRPALYIRE &aédwé‘tiﬁlent

enpl oyed. The heating tenperature nmaybe suitably determned in
consi der at i ohS oPPERENPRARY rEsh Bt HHe1NG ot reatibsenatlydieen tagom of

cur abl e ,conposit| e.pr t,.j4n [WeTa I o It be

heat od 20 70°70 T30 e oY oS eare B R ke el End ot e Pere PO e
adhesi on to dhleosylgsbuptieavitien pokyreri@atitonsi sitdlitd:edgedtphaving
exposure to ig uliravholet radi ati.on, any kpnown |ight source may be
used. Exanpl Oﬁ* FREPPRGH Oou PRE PHES S8pPBFSRI IR 858 kE L group
mercury | anphad g4 6Pf € IDUELrHBH Gitlckhd @H&ry&o@k&ﬁ;}?y?ﬁ%ﬁﬂiﬁc?@ MG Y AN
xenon | anp, carbon arc, sterilization |lanp, netal halide | anp and

el ectrol ess #&@PS- The time of exposure 25 using the light source

maybe syktably d ]k I - t ype , Lon.

mavelenth and sgﬁg%gbgﬁgf o%itﬂgggﬁigéEggéf%ﬁb?§§§$3%§%f%ﬁlFﬁiﬁ%ﬁ%ﬂ

and the fil rmndiskoesdanf daiienphptaghraaond cdryerry \ShemangehectHon ng

beamis used as_.the light squrce, the_photochrom c |ayer can be cured

30 without addiHy tﬁﬁ%@bpo&%ﬁe?VEéFP&nSPHFFFEPﬁ?? of"the aqinggirupr
1

t he curable_gpmmm%;igﬁb&ﬁ éfmaigﬁa t1M$DV¢&@ﬂ¥}f§ﬁ1é%éﬁ§%%§[BE the

itself as a photochrom c materi er it is cured by using the
above pol ynet#stigitedianigoogrone i(sepapdpel aripopyeder abt tardedas
a coati i al i r C opt.i cal .
substra?g,ng%%?%?éﬁ%ﬁﬁgnggggﬁggla%%?%?ﬁgﬁgsg%ﬁuéé %9@%5% ac §4ﬁ€ﬁ§?°
The optical gt iaid istndtanpard iqubas] yid iy ethans qeyube @udinovs

optical materjal such as a spectacle lens or 5 w ndow gl ass for
houses and ac{ftmﬁm FLLno grabp %dcfih@t%iewaewﬁ%, AFKEPBLIRP JURERN
such as phenylamino group; and diarylamino groups such as

diphenylamino group.



T

further heated to conpl ete polynerization. Wien the substrate is
“coated with the curable conposition, the 25 substrate is preferably
subjected to a pretreatnment which will bggdescribed hereinafter in
advance. |If necessary, a resin |layer for obtaining strong adhesion
may be formed betwegamphes! enst @athdther&oail i@ d@ies halheg ﬁshﬁltkégéﬁ
for inproving adhesion may be any resin |ayer such as an urethane 30
resin or epoRjOFedend BgEpro atom apgebpRAERNESsaobPenRENEoAEPAgbY ajhe
obt ai ned by I y i rticul.arl Lm :
but preferabﬁgkkggggi%% @ arégiggtgggébéﬁggﬁ%ﬁgﬁ#t3Hﬁ?g€%c%nghggan
optical densirpupndpépeelibént piroupchpemirelddialyill iginpuar, e pipérazino
obt ai ned even_t hough the.concentration of the phatachrom.c conmpound
s Tow o dEP BN REE P IR REs 62 4r3! RE cubaeriy JFapai A EHPh
initial yell owpeseri neheasesroienefoyeouphfat HaknNgssa Diy1 %&&@ﬁéheg
| ayer is preferablﬁ 10 to 100 5 um nore preferably 20 to 50 um

(ot her appl i 88t PERNRt AEEYPoRSCRr HERE 1EYRPGUNdESRNPhes ppEsiehe

| nvention) FhecbRskgatec Whel thsy%goaegﬁb%%m%% 9hchN@ePr esent 10
invention is used inh a ph tocﬁronlc | astic lens, if a photochromc
pl astic | ens2i §-danethyflopeghby iaongtdigul, By owidiicte tinyilidpeariidgo group
control rfor ce Ls_obtained,.the,|l ens .nanufacturing nethod is not
particuﬂgflyapga f§d§'E2§ﬁ§F3QESPY?RéPﬁ£%ﬁ&HOiHEPHEe oMeSF nt i ch a
pol ymer fil mpeenbamahsg 3% the ehnamepecbeapadad -af-chbBacptemeblind is
invention uniformy dispersed therein is sandw ched between [enses,
one in whi cht8henchRbRerenEoABGERECBI PREPBPESBAL IFAVRNERGPiReTidino
di spersed ingl-Bepahpye pakypeLjzzabl e nonomers and the pol ynerizabl e
nononers are polynerizgd by a predeterm ned technique, or 20 one in
whi ch t he chroneneExanpbendobdf thhehplesent atoneareonlusrinssaturd in
silicon il .exanple, and the resulting.sqglution is inpregnated
into thgjgur?%i§£%$eagpgﬁs %%OTéBet893806P50%0%6nFoa28mn1nutes so as
to cover the surface with the curabl e substance. 25Although the cured
product or o?tical terial obtained as descri bed above may be used
as a phot ocht@hPePoPt/i cal material as it is, it is preferably covered
with a hard coat ngerd an aﬁhszlsfg{)za;@ HR8IRt aNGe, of LN RphotQG omi ¢
optical material can be inproved by Covering 30 with the hard coat

mat eri al . cycloahky k vl dral dent3 vt d2i gbrivayp beows edaBsoxegianm
coat ma i a ard e C i sin silan auplin
agent o%ﬁg s%?vgﬁgé?§£%glc%ggée%%ﬁ%%has Fl§%8ﬁ?a%?¥%%%§h%9 gét?%&&ﬁp
or al um num akowde, aswlleyngtous trvdmend ©cbb0 aadban et shEoatiagentoup,
conpri sing ag or gani c go;;ner as the mai n _conponent may be used.
Further, protesstRgYahtc a9 ¥Ry S redt e STk Cdsafind hetero atom
anti -refl ect0d JorRRIdTEAla BEnaBhbSt Ahd G klaat BRA1 « PBY P& raaN{ &b put
by depositing a thin filmof a netal oxide such as Si02°, Ti Q2 or
Zr02 or fornmthgnarreiedic P peazens Ficdat prghflpreonabosi nghé g is
cured preduc o] Lt g resent nveniion,.

t he curgg su%?g%%kggﬂgaégg#gﬁ% g%?%?%gggggi %pﬁ?gaIlgg EFFg s OB e
hard coat ed swwipcedE: idfiterl lsoalkngy qodhehaanplg catd @nshrbon atomhe
chronmene conpound of therpgesent inéention can be used as a

phot ochr omi c*hHterd & ] ra W:BEOF%{H éco?r‘P‘il}éll'ﬂ%‘{lrigs a.s{}_(‘:ﬁragepe%’_é?lﬂiar’f’g

material s as; subsddd Wiksn f01a Ponvela hal hdgeRhehasensd iy e K@Lerd algan

copy materials, printing photosensitive materials, reéecording

mat eri al s f orteathHEed &p thilseHengiedeoséngi afvehant epval sidnritemats

and phot,gsensi i ri.al:s_for Q ggﬁy . T 0, om.c_ 20

nateriaF%con%##%gﬁg %Sg%%§ﬁéﬁg g%%ﬁ%%n d%“??%“%?§§e§§gi%gﬁﬁﬁﬁ%ﬁ%EE

may al so be aissdrgisiam opddicalmasnt i £l shevichwase paodorhtamdge. pl astic

| ens, optical filter terial, display material,_actinoneter or

ornanent. 25 Exanﬂﬁ&%ggove‘iu?ﬁ%9F6¥¥bwfﬁﬁl%§g%¥1égxﬁ$b PEBIXY S T B
aryl group having 6 to 10 carbon atoms, aryloxy group having

6 to 10 carbon atoms, amino group, heterocyclic group having



30 Exanple 1 4.9 g (20 mml) of the follow ng napht hol
“derivative and 5.2 g (22 mvol) of the follow ng propargyl alcohol
derivative were dissolved in 300 m of teokuene, and 0.05 g of

p-tol uenesul fonic acid was further added to the resulting 56

sol uti on andastitrregerattan & lauketerperiturand bond@dntowt esnzAtieerimg

reaction, the sol vent__was renove n he resulting salutio !
boritiod on Sy B AP eesa B e bt A 235%rnd Sreeen
powder produgstombar&hot GFBr&HBularly 1Asites khe ehemaakaknanakmsi s
values of this product, 90.30 %of C 6.06 96 of Hand 3.64_ % of Q

were cont ai nE@PARHCYONEErFRNAFnERERET 36650006 1 TTOWDH PR HN
and 3.48596 of.0,85vcakshathonsyal ues of C3514280. VWen t he
proton nucl ear magnetic resonance spectrum of the product was
nmeasured, a 10H pedkrtbazsed wrennlx kydehelignoup wbstlseembadrBtdén end
around 0.5 tgo_4.0 and 18H peak_ 15 based.on an_aronati roton and
the proton ofCah sﬁ%enga%g Snggglnr%:?gg of %m&ngpoc?ﬁsé.gﬁgﬁﬁﬁ?n' it
Further, wheps tdie fe¥earieheaRMBEOEL HhdRS aRaATEoSPeEIdUHN ahihB&roup
product was neasured, a peak based on the carbon of an aromatic ring
was seen at BF ¢ TETAHE LEL0IEBUR RGN DBl b Pk Spaseds chheRereatoh

of an alliéeneaﬂ‘@%ogﬁféa?j gb ébehzéh@um@%ta%i%g&cgf&ogg%yatgg%@ﬁége&

on the carbon of yl was seen at” 8 o to 60

It was confi&ped forgind he tEboenresel ting hatpadid licedllat mdthorguptowms
a conmpound represented by the follow ng structural, formula. CH3 5
Exanpl es 2 (5EAGTY 9TouB ARl B et NS S bW TR B RS 4oup. St
and 4 were syié lBegiczdd iioh .t heusaneryamnet tas ifpExeaptet bf YHerrddigg
obt ai ned products were analyzed by using the sane structure 10

i dent i fi catiRCHBarR G iBehp@LAgratied c div ilEnBdSERET ChehaheR e
COMPOUNdS I ek &SEARADYn HIKMAHA! 1 &:8F Bbas $heily hned aabb§§bén Feonts
and 4. The results of structural analysi's are shown in Table 5.
at the 8- and 9-positions, advantageously methylenedioxy
group from the viewpoint of easy acquisition from the

industrial field.

20 (groups R'® and R')

R' and R'Y are each a hydrogen atom, hydroxy group,
alkyl group having 1 to 9 carbon atoms, cycloalkyl group
having 3 to 12 carbon atoms, alkoxy group having 1 to 6 carbon
atoms, aryl group having 6 to 10 carbon atoms, aryloxy group

25 having 6 to 10 carbon atoms, acyloxy group having 1 to 7 carbon
atoms, alkoxycarbonyl group having 2 to 7 carbon atons,
formyl group, carboxyl group, amino group, heterocyclic
group having a nitrogen atom as a hetexro atom and bonded to
a benzene ring by the nitrogen atom bonded to the benzene

30 ring, amide group, halogen atom, halogenocalkyl group having
1 to 6 carbon atoms or halogenocalkoxy group having 1 to &
carbon atoms

Examples of the alkyl group having 1 to 9 carbon atoms,

alkoxy group having 1 to 6 carbon atoms, aryl group having
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6 to 10 carbon atoms, amino group, heterocyclic group having
a nitrogen atom as a hetero atom and bonded to a benzene ring
by the nitrogen atom bonded to the benzene ring and halogen
atom are not particularly limited and are the same groups
as those enumerated for the groups R’ and R® in the above
formula (2).

Examples of the cycloalkyl group having 3 to 12 carbon
atoms include cyclopropyl group, cyclobutyl group,
cyclopentyl group, cyclohexyl group, cycloheptyl group and
cyclooctyl group.

Examples of the aryloxy group having 6 to 10 carbon
atoms include phenoxy group and naphthoxy group. The aryloxy
group may have a substituent, and the aryloxy group having
a substituent is obtained by substituting one or more
hydrogen atoms of the above aryloxy group by an alkyl group
having 1 to 9 carbon atoms, alkoxy group having 1 to 6 carbon
atoms, aralkoxy group having 6 to 11 carbon atoms, aralkyl
group having 7 to 11 carbon atoms, aryl group having 6 to
10 carbon atoms, amino group or halogen atom.

Examples of the acyloxy group having 2 to 7 carbon atoms
include acetoxy group, propionyloxy group, butyryloxy group,
isobutyryloxy group, valeryloxy group, hexanoyloxy group,
cyclohexanoyloxy group and benzoyloxy group. The
benzoyloxy group may have a substituent, and the benzoyloxy
group having a substituent is obtained by substituting one
or more hydrogen atoms of the benzoyloxy group by an alkyl
group having 1 to 9 carbon atoms or alkoxy group having 1
Lo 6 carbon atoms.

Examples of the alkoxycarbonyl group having 2 to 7
carbon atoms include methoxycarbonyl group, ethoxycarbonyl
group, propoxycarbonyl group, isopropoxycarbonyl group,
butoxycarbonyl group, pentyloxycarbonyl group,
cyclopentyloxycarbonyl group, cyclohexyloxycarbonyl group

and phenoxycarbonyl group. The phenoxycarbonyl group may
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have a substituent and the phenoxycarbonyl group having a
substituent is obtained by substituting one or more hydrogen
atoms of the above phenoxycarbonyl group by an alkyl group
having 1 to 9 carbon atoms or alkoxy group having 1 to 6 carbon
atoms.

The amide group is preferably an amide group having
1 to 7 carbon atoms which are substituted for the nitrogen
of an amide group. Examples of the amide group include
N-methylamide, N’ ,N’-dimethylamide, N’ ,N’-diethylamide,
cyclopentylamide and cyclohexylamide. Or it may be a group

represented by the following formula (9):
__f%__vv
O

wherein W is a hetero ring having 5 to 6 carbon atoms and

©)

containing only nitrogen or nitrogen and oxygen.

Further, N-phenylamide and N,N’-diphenylamide having a
phenyl group substituting the nitrogen of an amide group are
also included. The hetero ring and the N,N’-diphenylamide
may have a substituent, and the hetero ring and the

N,N’ -diphenylamide having a substituent are obtained by
substituting one or more hydrogen atoms of a hetero ring and
N,N’ -diphenylamide group by an alkyl group having 1 to 6
carbon atoms, alkoxy group having 1 to 6 carbon atoms or
halogen atom.

The halogenoalkyl group having 1 to 6 carbon atoms is
obtained by substituting one or more hydrogen atoms of the
above alkyl group by a fluorine atom, chlorine atom or bromine
atom. oOut of these, halogenoalkyl groups having a fluorine
atom as a substituent are preferred. Preferred examples of
the halogenoalkyl group include f£luoromethyl group,
diflucromethyl group and trifluoromethyl group.

The halogenocalkoxy group having 1 to 6 carbon atoms

is obtained by substituting one or more hydrogen atoms of
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the above alkoxy group by a fluorine atom, chlorine atom or
bromine atom. Examples of the halogenoalkoxy group include
tluoromethoxy group, chloromethoxy group, bromomethoxy
group, difluoromethoxy group, dichloromethoxy group,
dibromomethoxy group, trifluoromethoxy group,
trichloromethoxy group and tribromomethoxy group. Out of
these, halogencalkoxy groups having a fiuorine atom as a
substituent are preferred. Preferred examples of the
halogenoalkoxy group include fluoromethoxy group,
difluoromethoxy group and trifluoromethoxy group.

To develop a gray or brown color from a chromene
composition obtained by combining these compounds, yellow,
red and blue chromene compounds should be used in
combination.

Preferred yellow to red compounds are compounds
represented by the above formula (2) in which R*® and R'! are
each preferably a hydrogen atom, alkyl group having 1 to 9
carbon atoms, alkoxy group having 1 to 6 carbon atoms, aryl
group having 6 to 10 carbon atoms, acyloxy group having 2
to 7 carbon atoms, or alkoxycarbonyl group having 2 to 7 carbon
atoms, cyanoalkyleneoxy group or hydroxyaikyl group, and R*
is preferably an electron withdrawing group, or branched
alkyl group or alkoxycarbonyl group having 3 to 6 carbon atoms,
particularly preferably methoxycarbonyl group,
cyclohexyloxycarbonyl group, propionylmethoxycarbonyl
group, cyanomethyleneoxy group, hydroxymethyl group or
isopropyl group when the fading speed is taken into account.

R’ is preferably a hydrogen atom, alkyl group having
1 to 9 carbon atoms, alkoxy group having 1 to 6 carbon atoms,
amino group or heterocyclic group having a nitrogen atom as
a hetero atom and bonded to a benzene ring by the nitrogen
atom bonded to the benzene ring. When the positioning of
the absorption end at a short wavelength range is taken into

account, R’ is preferably substituted by an alkoxy group,
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amino group or heterocyclic group having a nitrogen atom as
a hetero atom and bonded by the nitrogen atom at the 8-position.
Preferred examples of the group include methoxy group,
dimethylamino group and morpholino group.

R” or R® is preferably a group selected from hydrogen
atom, alkyl group having 1 to 9 carbon atoms and alkoxy group
having 1 to 6 carbon atoms. When photopolymerization
resistance, photochromic durability and fading speed are
taken into account, at least one of R’ and R® is substituted
at the 4-position. Examples of R’ and R°® include methoxy
group and methyl group.

Preferred examples of the yellow to red compounds
include chromene compounds represented by the following

formulas (in the formulas, Me is a methyl group and iPr is

a isopropyl group, the same shall apply hereinafter).
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A preferred blue compound is a compound represented
by the above formula (2) in which at least one of R’ and R®
ig an amino group or heterocyclic group having a nitrogen
atom as a hetero atom and bonded to a benzene ring by the
nitrogen atom bonded to the benzene ring, particularly
preferably substituted at the 4-position when
photopolymerization resistance and photochromic durability
in particular are taken into account. Specific examples of
the group include dimethylamino group, morpholino group and
piperidino group.

R and R™ are each preferably a hydrogen atom, alkyl
group having 1 to 9 carbon atoms or acyloxyalkyl group having

1 to 6 carbon atoms. Preferred examples of these groups
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inciude methyl group and acetyloxymethylene group.

When the positioning of the absorption end at a short
wavelength range is taken into account, R’ is substituted
by an alkoxy group, amino group or heterocyclic group having
a nitrogen atom as a hetero atom and bonded to a benzene ring
by the nitrogen atom bonded to the benzene ring at the
8-position. Specific examples of the group include methoxy
group, ethoxy group, morpholino group and dimethylamino
group. Further, when the improvement of the fading speed
is taken into account, R’ preferably has a methylenedioxy
group forming a ring structure at the 8- and 9-positions.

Preferred examples of the blue compound are given

below.

Further, R and R in the above formula (2) may be

bonded together to form a group represented by the following

formula (3).
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— (3)

In this case, the above formula (2) is represented by the

following formula (10).

R is an alkyl group having 1 to 9 carbon atoms,
cycloalkyl group having 3 to 12 carbon atoms, alkoxy group
having 1 to 6 carbon atoms, aralkyl group having 7 to 11 carbon
atoms, aralkoxy group having 7 to 11 carbon atoms, aryl group
having 6 to 10 carbon atoms, aryloxy group having 6 to 10
carbon atoms, alkoxycarbonyl group having 2 to 7 carbon atoms,
carboxyl group, amino group, heterocyclic group having a
nitrogen atom as a hetero atom and bonded to a benzene ring
by the nitrogen atom bonded to the benzene ring, cyano group,
halogen atom, halogenocalkyl group having 1 to 6 carbon atoms
or halogenocalkoxy group having 1 toc 6 carbon atoms.

Examples of R*® include the same substituents as those
enumerated for R' and R' in the above formula (2). r is an
integer of 0 to 3. Specific examples of R' include methyl
group, methoxy group, propoxy group, dimethylamino group,
morpholino group, fluorine atom, cyano group,
trifluoromethyl group, methoxycarbonyl group and carboxyl

group.
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RY and R' are each a hydrogen atom, hydroxyl group,
alkyl group having 1 to 9 carbon atoms, alkoxy group having
1 to 6 carbon atoms, halogencalkyl group having 1 to 6 carbon
atoms or halogenoalkoxy group having 1 to 6 carbon atoms.
Examples of the R and R* include the same substituents as
those enumerated for R*° and R in the above formula (2).
Preferred examples of the groups include methyl group, ethyl
group, butyl group, methoxy group, ethoxy group, butoxy group
and hydroxyl group.-

Further, R and R may be bonded together to form a
cyclic structure. The cyclic structure formed by bonding
together R*® and R is preferably an aliphatic hydrocarbon
ring having 4 to 10 carbon atoms forming the ring. Further,
an aromatic hydrocarbon ring such as benzene or naphthalene
may be condensed to the aliphatic hydrocarbon ring. The
aliphatic hydrocarbon ring may have an alkyl group having
1 to 5 carbon atoms or alkoxy group having 1 to 9 carbon atoms
as a substituent. The following rings are preferred from
the viewpoint of fading speed. In the rings shown below,
the carbon atom (spiro carbon atom) having two bonds at the
lowest position corresponds to a carbon atom of the

five-membered ring to which R™ and R™ are bonded.

OO0 GO

!

R and R are each preferably an alkyl group having

1 to 9 carbon atoms, alkoxy group having 1 to 6 carbon atoms
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or aliphatic hydrocarbon ring group having 4 to 10 carbon
atoms formed by bonding together R'® and R* from the viewpoint

of photochromic durability and fading speed.

(R™®)
Further, R' and R' may be bonded together to form a

group represented by the following formula (4).

(R™)~

(4)

In this case, the above formula (4) is represented by the

following formula (11).

(Rﬁﬂ|12 13

When R*® and R" are bonded together to form a
substituent represented by the above formula {10) or (11},
a chromene compound which develops not only a blue color but
also an intermediate color such as gray or brown can be
obtained (intermediate color chromene compound has two
absorption maximums at least at around 450 nm and around 580
nm at the time of developing color). When the intermediate
color chromene compound is used in combination, the
photochromic composition of the present invention can make
color uniform during color development and fading and can
suppress the shift of the developed color caused by the
deterioration of photochromic properties.

Out of the compounds represented by the above formulas
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(10) and (11), a preferred blue oxr intermediate color
chromene compound is a compound in which R’ and R® are each
preferably a hydrogen atom, alkyl group having 1 to 6 carbon
atoms, alkoxy group having 1 to 6 carbon atoms, amino group
or heterocyclic group having a nitrogen atom as a hetero atom
and bonded by the nitrogen atom, and at least one of R’ and
R® is preferably substituted at the 4-position when
photopolymerization durability, photochromic durability
and fading speed are taken into consideration. Specific
examples of these groups include methyl group, methoxy group,
isopropoxy group, butoxy group and morpholino group.

R’ is preferably a hydrogen atom, alkoxy group having
1 to 6 carbon atoms, amino group or heterocyclic group having
a nitrogen atom as a hetero atom and bonded by the nitrogen
atom, and particularly preferably substituted at the
7-position to position the absorption end at a short
wavelength range. Specific examples of R’ include methoxy
group and morpholino group. Further, when the positioning
of the absorption end at a short wavelength range and the
fading speed are both taken into consideration, an electron
donating group such as alkylenedioxy, specifically
methylenedioxy group is preferably substituted at the 6- and
7-positions.

R is preferably substituted by an electron absorbing
group at the 1ll-position because the absorption end can be
positioned at a short wavelength range and a high fading speed
can be obtained. Preferred examples of R'® include fluorine
atom, cyano group, carboxyl group, methoxycarbonyl group and
trifluoromethyl group.

Out of the compounds represented by the above formula
(11), a compound in which R'® is a hydrogen atom is preferred.

Examples of the preferred compound are chromene
compounds represented by the following formulas (in these

formulas, nBu is a normal butyl group).
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To prepare a chromene composition which comprises the
chromene compound of the present invention and chromene
compounds represented by the above formulas (2) and (10} or
(11), the mixing ratio of these chromene compounds may be
suitably determined according to a desired color. 1In this
case, the amount of the chromene compound of the present
invention or the chromene composition is preferably 0.001
to 10 parts by mass based on 100 parts by mass of the total
of the polymerizable monomers. Stated more specifically,
in the case of a ceoating thin film (such as a film as thin
as about 100 um), the amount of the chromene compound of the

present invention is 0.01 to 5.0 parts by mass, the amount
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of the chromene compound represented by the above formula
(2) is0.01to 5.0 parts bymass, and the amount of the chromene
compound represented by the above formula (10) or (11) is
0.01 to 5.0 parts by mass based on 100 parts by mass of the
coating £ilm or the total of the polymerizable monomers which
provide the coating film to control color. In the case of
a thick cured product (as thick as 1 mm or more), the amount
of the chromene compound of the present invention is 0.001
to 0.5 part by mass, the amount of the chromene compound
represented by the above formula (2) is 0.001 to 0.5 part
by mass, and the chromene compound represented by the above
formula (10) or (11) is 0.001 to 0.5 part by massg based on
100 parts by mass of the thick cured product or the total
of the polymerizable monomers which provide the thick cured
product to control color. For fine color control, another
rhotochromic compound except for the above photochromic

compounds may be further mixed.

{(use of chromene compound)

The photochromic composition which comprises the
chromene compound of the present invention and the chromene
compounds represented by the above formulas (2) and (10} or
(11) shows excellent photochromic properties in any medium
but a dispersion or solution of the composition dispersed
or dissolved in a polymer material is the most preferred from
apractical point of view and provides excellent photochromic
properties in fact.

Any polymer solid matxix (polymer material) is
acceptable if the chromene compound of the present invention
is uniformly dispersed in the polymer solid matrix. The
method of dispersing the chromene compound of the present
invention in the above polymer solid matrix (polymer
material) is not particularly limited, and commonly used

methods may be employed. For example, one in which the above
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thermoplastic resin and the chromene compounds are kneaded
together while they are molten to disperse them into the resin
(polymer material), one in which the chromene compounds are
dissolved in the above polymerizable monomers and a
polymerization catalyst is added to the resulting solution
to polymerize it by heat or light so as to disperse the
chromene compounds into the resin (polymer material), or one
in which the above thermoplastic resin or the surface of the
thermoplastic resin is dyed with the chromene compounds to
disperse them into the resin (polymer material) may be
employed. The photochromic composition which comprises the
above thermoplastic resin or thermosetting resin polymer
material and the chromene compound of the present invention
and is obtained by the above method can be used for various
purposes due to its excellent photochromic properties.

From the viewpoint of excellent photochromic
properties such as high color optical density, high fading
speed and high durability, it is preferred that a curable
composition should be prepared by mixing together the
following polymerizable monomers and the chromene compounds
represented by the above formulas (1), (2) and (10} or {11).

Examples of the curable composition are given below.
1) a curable composition to be used as a coating thin film

This is a curable composition which comprises A) a
polymerizable monomer having an L scale Rockwell hardness
of a poiymex obtained by homopolymerization of 40 or less,
B) a polyfunctional polymerizable monomer having a
functionality of 3 or more and an L scale Rockwell hardness
of a polymer obtained by homopolymerization of 60 or more
and C) the chromene compounds represented by the above
formulas (1), (2} and (10) or (11) and optionally D) a
bifunctional polymerizable monomer having an L scale
Rockwell hardness of a polymer obtained by

homopolymerization of 60 or more.
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2) a curable composition to be used as a thick cured product
This is a curable composition which comprises A) a

polymerizable monomer having an L scale Rockwell hardness
of a polymer obtained by homopolymerization of 40 or less,

5 B) a polyfunctional polymerizable monomer having a
functionality of 3 or more and an L scale Rockwell hardness
of a polymer obtained by homopolymerization of 60 or more,
C) a bifunctional polymerizable monomer having an L scale
Rockwell hardness of a polymer obtained by

10 homopolymerization of 60 or more and D) the chromene
compounds represented by the above formulas (1), (2) and (10)
or (11) and which has an L. scale Rockwell hardness of a cured

product thereof of 65 or more.

15 (polymerizable monomer having an I scale Rockwell hardness
of a polymer obtained by homopolymerization of 40 or less)
The polymerizable monomer having an L scale Rockwell
hardness of a polymer obtained by homopolymerization of 40
or less (to be simply referred to as “low hardness monomer”
20 hereinafter) is not particularly limited if it is a
polymerizable monomer having an L. scale Rockwell hardness
of a homopolymer obtained by homopolymerization of 40 or less,
and any known polymerizable monomer may be used. The term
"L scale Rockwell hardness” means hardness measured in
25 accordance with JIS-B7726, and whether the homopolymer of
each monomer satisfies the above hardness condition can be
easily judged by carrying out this measurement. Stated more
specifically, as shown in the examples which will be given
hereinafter, this can be easily checked by polymerizing a
30 monomer to obtain a cured product having a thickness of 2
mm and keeping it in a 25°C chamber for 1 day to measure its
L scale Rockwell harness with a Rockwell hardness meter. The
cured product obtained from this low hardness monomer has

excellent photochromic properties such as high color optical
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density and high fading speed. To further improve the
photochromic properties, the L scale Rockwell hardness of
the low hardness monomer is preferably 35 or less.

The polymerizable group is not particularly limited
if it shows polymerizability and may be an epoxy group but
preferably a group which shows radical polymerizability.
Examples of the radically polymerizable group include
methacryloyl group, acryloyl group, vinyl group and allyl
group. Out of these, methacryloyl group and acryloyl group
are particularly preferred.

The polymer to be measured for the above L scale
Rockwell hardness is obtained by cast polymerization under
the condition that not less than 90 mol% (polymerization
ratio of not less than 90 %), preferably not less than 95
mol% of the charged monomer is polymerized. When a radically
polymerizable monomer which has the above L scale Rockwell
hardness value of a polymer obtained by homopolymerizing the
monomer in the above polymerization ratio is used, the
obtained cured product has excellent photochromic properties
such as color optical density and fading speed.

A low hardness monomer disclosed by WO01/05854 may be
used as the low hardness monomer. A preferred example of
the low hardness monomer is represented by the following

formula.

186 17

| |
HZCZC—C—O‘%CMC -0 —c —c O—C—'C"""CHz
g R18 m n

In the above formula, R'® and R'” are each.independently
a hydrogen atom or methyl group, R'® and R are each
independently a hydrogen atom or alkyl group having 1 to 2
carbon atoms, the group -A- is —CHR”—CHQ—O— or dgroup
represented by the following formula (the group X in the
formula is -0-, -8-, -8(=0)3-, -C(=0}-0-, -CH,-, -CH=CH- or

-C(CH3)2-), and m and n are each an integer which satisfies
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(m + n) = 8 to 30.

(bifunctional and polyfunctional polymerizable monomers
having an L scale Rockwell hardness of a polymer obtained
by homopolymerization of 60 or more)

When the curable composition containing the
photochromic compound of the present invention comprises the
above low hardness monomer and bifunctional and
polyfunctional polymerizable monomers having an L scale
Rockwell hardness of a polymer obtained by
homopolymerization of 60 or more (to be referred to as “high
hardness monomers” hereinafter), the obtained cured product
has excellent basic properties such as hardness and heat
resistance while maintaining excellent photochromic
properties such as color developing speed and fading speed.
The method of checking the L scale Rockwell hardness is the
same as that for the above low hardness monomer.

The polymerizable group is not particularly limited
if it shows polymerizability but preferably a group having
radical polymerizability, such as methacryloyl group,
acryloyl group, vinyl group or allyl group. Out of these,
methacryloyl group and acryloyl group are particularly
preferred.

Detailing the polyfunctional high hardness monomer,
it is not particularly limited if it is a polymerizable
monomer having at least 3 polymerizable groups in the
molecule and an L scale Rockwell hardness of a homopolymer
obtained by homopolymerization of 60 or more, and any known
polyfunctional high hardness monomer may be used. A
polyfunctional high hardness monomer having 3 to 6
polymerizable groups in the molecule is preferred because

it is easily acquired industrially.
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photochromic properties such as color development and fading
sensitivity. To develop the above effect more markedly, it
is preferred that a polyfunctional polymerizable monomer
having an L scale Rockwell hardness of 80 to 130 should be
used. A low hardness monomer disclosed by WO01/05854 may
be used as the high hardness monomer. A preferred example
of the high hardness monomer is a polyfunctional high

hardness monomer represented by the following formula.

RZO
RQZ{'O%R?A}—C——(IDﬁCHz }
a g b

In the above formula, R*® is a hydrogen atom or methyl
group, the group -R*'- is -CH,CH,0-, -CH,CH(CH;)O- or
~C (=0) CHCH,CH,CH,CH,0-, R?® is a trivalent to hexavalent
organic residue, a is an integer of 0 to 3, and b is an integer
of 3 to 6.

Giving a detailed description of the bifunctional high
hardness monomer, the bifunctional polymerizable monomer
having an L scale Rockwell hardness of a polymer obtained
by homopolymerization of 60 or more is not particularly
limited 1f it has two polymerizable groups in the molecule
and an L scale Rockwell hardness of a homopolymer obtained
by homopolymerization of 60 or more, and any known
bifunctional polymerizable monomer may be used.

The high hardness monomer has the effect of providing
impact resistance to the obtained cured product and
maintaining photochromic properties such as fading speed in
a well-balanced manner. To develop the above effect more
markedly, it is preferred that a high hardness monomer having

an L scale Rockwell haxdness of 65 to 120 should be used.
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on the total mass of the both monomers in order to obtain
10 a cured product having excellent photochromic properties and

basic properties.

In the present invention, when the curable composition
is used as a thick cured product, the above low hardness
monomer and the above high hardness monomers are mixed

15 together to ensure that the L scale Rockwell hardness of a
cured product obtained by copolymerizing the low hardness
monomer and the high hardness monomers becomes 60 or more,
preferably 65 or more, particularly preferably 70 to 110.
The method of checking the L scale Rockwell hardness of the

20 cured product is the same as that for the above low hardness
monomer.

The composition for obtaining the above L scale
Rockwell hardness value of the cured layer differs according
to the types of the monomers in use and cannot be specified

25 unconditionally. However, in general, it is preferred to set
the amount of the low hardness monomer to 1 to 50 mass$,
specifically 2 to 30 mass% and the amount of the high hardness
monomers to 50 to 99 mass%, specifically 70 to 98 mass% based
on the total mass of the both monomers in oxder to obtain

30 a cured product having excellent photochromic properties and
basic properties.

FPurther, it is more preferred to set the amount of the
polyfunctional high hardness monomer to 1 to 20 mass¥,

specifically 2 to 10 mass% and the amount of the bifunctional
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high hardness monomer to 80 to 99 mass%, specifically 90 to
98 mass% based on the total mass of all the high hardness
monomers in order to improve the hardness and heat resistance
of a cured product.

Another polymerizable monomer (may also be referred
to as “optional monomer” hereinafter) may be optionally added
to the curable composition in limits that do not impair the
effect of the present invention in addition to the low
hardness monomer and the high hardness monomers.

Examples of the another polymerizable monomer (to be
also referred to as “optional monomer” hereinafter) include
unsaturated carboxylic acids such ag acrylic acid,
methacrylic acid and maleic anhydride; acrylate and
methacrylate compounds such as methyl methacrylate, benzyl
methacrylate, phenyl methacrylate and 2-hydroxyethyl
methacrylate; fumarate compounds such as diethyl fumarate
and diphenyl fumarate; thiocacrylate and thiomethacrylate
compounds such as methyl thiocacrylate, benzyl thiocacrylate
and benzyl thiomethacrylate; vinyl compounds such as styrene,
chlorostyrene, methyl styrene, vinyl naphthalene, o-methyl
styrene dimer and bromostyrene; and other polymerizable
monofunctional monomers.

Cne or a mixture of the above optional monomers may
be added, and the amount of the optional monomer is preferably
not more than 40 parts by weight, more preferably not more
than 30 parts by weight based on 100 parts by weight of the
total of the low hardness monomer and the high hardness
MONomETrs .

Further, it is preferred that a polymerizable monomer
having at least one epoxy group should be contained in an
amount of 0.01 to 40 mass%, preferably 0.1 to 30 mass% based
on the total of all the polymerizable monomers contained in
the curable composition to provide excellent color

development sensitivity and fading speed and high
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photochromic durability. In this case, the polymerizable
monomer having at least one epoxy group may be contained in
either one of the above low hardness monomer and the high
hardness monomer which meet the above requirement or as an
optional monomer. For example, a low hardness monomer 5 and
& low hardness monomer 6 are used as at least some of the
above low hardness monomers to meet the above requirement.
In the present invention, a polymerizable monomer
having an epoxy group disclosed by WO01/05854 may be used
as the above polymerizable monomer having at leagt one epoxy

group.

(method of curing curable composition)

The curing method for obtaining a cured product from
the photochromic curable composition of the present
invention is not particularly limited, and a known radical
polymerization technique may be employed. To start
polymerization, use of a radical polymerization initiator
such as a peroxide or azo compound, exposure to ultraviolet
radiation, a-ray, p-ray or y-ray, or both of them are employed.
A typical polymerization technique is cast polymerization
in which the photochromic curable composition of the present
invention containing a radical polymerization initiator is
injected into the space between molds held by an elastomer
gasket or spacer and cured in an air furnace and the cured
product is taken out. As typical exampleg of the
polymerization initiator, thermopolymerization initiators
include diacyl peroxides such as benzoyl peroxide,
p-chlorobenzoyl peroxide, decanoyl peroxide, lauroyl
peroxide and acetyl peroxide; peroxy esters such as
t-butylperoxy-2-ethyl hexanoate, t-butylperoxy neodecanate,
cumylperoxy neodecanate and t-butylperoxy benzoate;
percarbonates such as diisopropylperoxy dicarbonate and

di-sec-butylperoxy dicarbonate; and azo compounds such as
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azobisisobutyronitrile, and photopolymerization initiators
include acetophenone-based compounds such as
1-phenyl-2-hydroxy-2-methylpropan-1-one,
l-hydroxycyclohexylphenyl ketone and
1-(4-isopropylphenyl) -2-hydroxy-2-methylpropan-1l-one;
o-dicarbonyl-based compounds such as 1,2-diphenylethane
dione and methylphenyl glyoxylate; and acylphosphine
oxide-based compounds such as 2,6-dimethylbenzoyl
diphenylphosphine oxide, 2,4,6-trimethylbenzoyl
diphenylphosphine oxide, methyl 2,4,6-trimethylbenzoyl
diphenylphosphinate, 2,6-dichlorobenzoyl
diphenylphosphine oxide and 2, 6-dimethoxybenzoyl

diphenylphosphine oxide. These polymerization initiators

may be used alone or in combination of two or more. A

thermopolymerization initiator and a photopolymerization
initiator may be used in combination. When a
photeopolymerization initiator is used, a known
polymerization accelerator such as a tertiary amine may be
used in combination.

In the present invention, when the above
polymerization initiator is used, its amount is preferably
0.001 to 10 parts by mass, more preferably 0.0l to 5 parts
by mass based on 100 parts by mass of the total of the
polymerizable monomers.

When the photochromic curable composition of the
present invention is to be polymerized, the temperature out
of the polymerization conditions has an influence upon the
properties of the obtained photochromic cured product.
Since this temperature condition is influenced by the type
and amount of the radical pelymerization initiator and the
types of the monomers, it is not specified unconditionally.
In general, so-called “tapered type polymerization” in which
polymerization is started at a relatively low temperature,

then the temperature is gradually raised, and the composition
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is cured at a high temperature at the end of polymerization
is preferably carried out. Since the polymerization time
differs according to various factors like the temperature,
the optimum time is preferably determined in accordance with
these conditions in advance. It is preferred to select
conditions under which polymerization is completed in 2 to
24 hours.

When the cured product is a coating layer, a
polymerization technique in which the above curable
composition containing a thermopolymerization initiator
and/or a photopolymerization initiator is cured by exposure
to ultraviolet radiation and heated to complete
polymerization is employed. The heating temperature may be
suitably determined in congideration of the heat resistance
of a substrate. When the curable composition of the present
invention is used, it may be heated at 70 to 130°C for 1 to
3 hours to obtain sufficiently high adhesion to the
substrate,.

When polymerization is carried out by exposure to
ultraviolet radiation, any known light source may be used.
Examples of the light source include super high-pressure
mercury lamp, high-pressure mercury lamp, low-pressure
mercury lamp, xenon lamp, carbon arc, sterilization lamp,
metal halide lamp and electroless lamp. The time of exposure
using the light source may be suitably determined according
to the type, absorption wavelength and sensitivity of the
above photopolymerization initiator and the £ilm thickness
of the photochromic layer. When an electron beam is used
as the light source, the photochromic layer can be cured
without adding a photopolymerization initiator.

Although the curable composition of the present
invention can be used by itself as a photochromic material
after it is cured by using the above polymerization initiator,

it is particularly preferably used as a coating material for
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coating a substrate such as an optical substrate, preferably
an optical material such as a spectacle lens.

The optical material is not particularly limited and
may be a known optical material such as a spectacle lens or
window glass for houses and automobiles.

As the spectacle lens, there are known plastic
spectacle lenses made of (meth)acrylic resin, pelycarbonate
resin, allyl resin, thiourethane resin, urethane resin or
thiocepoxy resin as well as glass spectacle lenses. When the
curable composition of the present invention is used as a
coating material for spectacle lenses, it can be used for
any spectacle lenses without restriction. It is preferably
used as a coating material for plastic gpectacle lenses, more
preferably for spectacle lenses made of (meth)acrylic
resin-based polycarbonate resin, allyl resgin, thiourethane
resin, urethane resin or thiocepoxy resin.

When the curable composition of the present invention
is used as a coating material for optical materials such as
spectacle lenses, it is applied to an optical material by
spin coating, spray coating, dip coating or dip-spin coating
and then cured by exposure of light or by heating. More
preferably, after it is cured by exposure of light, it is
further heated to complete polymerization. When the
substrate is coated with the curable composition, the
substrate is preferably subjected to a pretreatment which
will be described hereinafter in advance. If necessary, a
resin layer for obtaining strong adhesion may be formed
between the lens and the coating layer. The resin layer for
improving adhesion may be any resin layer such as an urethane
resin or epoxy resin layer.

The thickness of the coating layer obtained by curing
by the above method is not particularly limited but
preferably relatively large because sufficiently high color

optical density and excellent photochromic durability are
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" Conparative Exanples 1 to 3 For conparison, photochromc
cured thin films (polynmer filns containigg a chronmene conpound

di spersed therein) were obtained |ikew se from conpounds represented

by the 5 fol bbvabgeboshath acKAIgH G doRdere fxam @ flihe pR6tochromic
following formula (B), K (Conparative Exanple 2) and the follow ng
formula (C) COBRPEREtFFel®anplaveder, &fd thse thigkaesesr pSt e Coating

properties of 3,he P@tladf@reoﬁtﬂl@alsgléitlo%%%s( ER%B@%E%%Q %I‘l%@é%%_s

| enses) were evaluated results are shown in
(B) OCH3 the thickness of the coating layer is preferably 10 to 100

5 um, more preferably 20 to 50 um.

(other application methods of chromene compound of the
present invention)
For instance, when the chromene compound of the present

10 invention is used in a photochromic plastic lens, if a
photochromic plastic lens is manufactured by a method by
which uniform light contreol performance is obtained, the lens
manufacturing method is not particularly limited. Examples
of the method include one in which a polymer film containing

15 the chromene compound of the present invention uniformly
dispersed therein is sandwiched between lenses, one in which
the chromene compound of the present invention is dispersed
in the above polymerizable monomers and the polymerizable
monomers are polymerized by a predetermined technique, ox

20 one in which the chromene compound of the present invention
is dissolved in silicone oil, for example, and the resulting
solution is impregnated into the surface of a lens at 150
to 200°C for 10 to 60 minutes so as to cover the surface with
the curable substance.

25 Although the cured product or optical material
obtained as described above may be used as a photochromic
optical material as it is, it is preferably covered with a
hard coat material. The scratch resistance of the
photochromic optical material can be improved by covering

30 with the hard coat material.

Any known hard coat material may be used as the hard
coat material, and a hard coat agent comprising a silane
coupling agent or a sol of a metal oxide such as silicon,

zirconium, antimony or aluminum oxide as the main component
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and a hard coat agent comprising an organic polymer as the
main component may be used.

Further, processing and a secondary treatment such as
an anti-reflection treatment or antistatic treatment may be
carried out by depositing a thin film of a metal oxide such
as 510z, Ti0; or Zr0, or forming an organic polymer thin coating
film on a single cured product of the curable composition
of the present invention, the cured surface as a coating
material for optical materials, or the hard coated surface

after coating.

(other applications)

The chromene compound of the present invention can be
used as a photochromic material in a wide range of fields,
such as recording materials as substitutes for silver halide
photosensitive materials, copy materials, printing
photosensitive materials, recoxding materials for cathode
ray tubes, photosensitive materials for lasers and
photosensitive materials for holography. The photochromic
material comprising the chromene compound of the present
invention may also be used as an optical article such as
photochromic plastic lens, optical filter material, display

material, actinometer or ornament.

Examples
The following examples are provided for the purpose
of further illustrating the present invention but are in no

way to be taken as limiting.

Example 1

4.9 g (20 mmol) of the following naphthol derivative
and 5.2 g (22 mmol) of the following propargyl alcohol
derivative were dissolved in 300 ml of toluene, and 0.05 g

of p-toluenesulfonic acid was further added to the resulting
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solution and stirred at a refliux temperature for 30 minutes.
After a reaction, the solvent was removed, and the resulting
solution was purified on silica gel by chromatography to

obtain 3.5 g of a white powder product.

CHj
X

‘O "
HO

CH;

As for the elemental analysis values of this product,
90.30 $ of C, 6.06 % of Hand 3.64 % of O were contained and
perfectly matched 90.52 % of C, 6.00 % of H and 3.48 % of
0 as calculation valueg of CaisH,gO.

When the proton nuclear magnetic resonance spectrum
of the product was measured, a 10H peak based on an alkylene
group was seen at o of around 0.5 to 4.0 ppm and 18H peak
based on an arcmatic proton and the proton of an alkene were
seen at & of around 5.0 to 9.0 ppm.

Further, when the ¥*C-nuclear magnetic resonance
spectrum of the product was measured, a peak based on the
carbon of an aromatic ring was seen at 8 of around 110 to
160 ppm, a peak based on the carbon of an alkene was seen
at 6 of around 80 to 140 ppm, and a peak based on the carbon

of an alkyl was seen at & of 20 to 60 ppm.



HNrn 70 In Conparative Exanple 1, though the color optica
" density and the fading half period were satisfactory, the yell ow
i ndex after curing by polynerization wassextrenely |arge and the
durability eval uated by nmeans of the X25 xenon 5 weat her neter of
Suga Shi kenki Co. ,Ittwks wesnEktmedef yohobhe| abCoapaeative Eranptie?,

t hough t he yeII dex after curing b | ymerizagi S and
the durabilit§® g%%?%éFKD Wy WS © ﬁmgﬁg3§§§p§gﬁgﬂtaﬁﬁpﬁgﬁenﬂ?Lio%ﬁng
Suga Shlkenk$t£@ctutéu fomagubagh, the color optical density was 10
low and the fading speed was high, which is not preferred for color
control. In Conpa ve Exanple 3, though the color optical density
was high and the : pder ate, initial coloration was

| arge. In contrast anples 17 to 32 in which the
chromene conpound enit i nvention was used, the yellow

i ndex after ferization was small, that is,

phot opol yner i stance was high, the durability eval uated by
means of the™X ( met er of Suga Shi kenki Co., Ltd. was
satisfactory, L. optical density was high. Thus, 20 they
had excel | ent phot ochrom c Jproperties. Since the chronene conpound of
the present invention has lgigh durability and an appropriate fading
hal f period, it is easy to use it for color control. 25 Exanple 33

A phot ochrom ¢ cured product was obtained fromthe chronene conpound
(Chronene c¢ Exanple 1 by a polynerization method
which w || gggagggé?b%dt%e inafter, and the photochrom c properties
of the obtained curtetbnsoduempd3ingy ehewal tat edbbys the saneafABt Hogdsre

as in Exanple 17. The cured product was fabricated as follows. 0.04
part by nassSHCReRIEI oRnelle oFRIBRIMEENNSY paf t S0 pExHERLS of -  When the
tetraethyle Moo AdRihac t t 4
nanufacturegﬁggiShlngﬁgkanuraﬁﬁggagﬁé%%égg]ﬂiqﬁuﬁMKzgépgéT%(é%ﬁgﬁﬁyre
mass of 12, Zld@tslifmcat(mmam @)‘éyétlh@)’@ﬁ)lpbﬁehyll}l waeptamf(rma@ie:hat
name: NK Est 0 anmur.a -Kagaku

Ltd.), 2 parts f@gré gor(%ﬁ@%g s rré%ﬁ%% %hb Str%lr?ornglry % mul??rs
name: Uni ox ﬁKEa.’uﬂ%, 1mmuf3aahdred bbb ﬁ&mﬂt}&lo@%trmmraMnalysn.s
(ol ecul ar mel ht) of 550 20 arts by mass of trinethyl ol propane
trlnethacryw%ﬁ THPG e Thalfi KPEster TMPT, manufactured by Shin
Nakamura Kagaku Co., Ltd.), 9 parts by mass of glycidyl nethacryl ate,
6 parts by mass of a-nmethylstyrene, 2 parts by mass of
a-nmet hyl styrene 10 diner and 1 part by mass of t-butyl peroxy 2-ethyl
hexanoate as a polynerization initiator were added and fully m xed
together for 2 hours or |onger, and the obtained photochrom c curable
conposition was inj ected into a casting nold conposed of a gl ass

pl ate and a gasket (dianmeter of 7.3 cm nade of 15 an et hyl ene-vinyl
acetate copolyner to carry out cast polynerization. The

pol ynmeri zation was carried out in an air furnace by heating at 33C
for 8 hours, from33 to 40C over 4 hours (tenperature elevation rate
of 1.75C/h), from40 to 55C over 4 hours (tenperature elevation rate
of 1.25C) 20 and from 55 to 90C over 2 hours (tenperature el evation
rate of 17.5C/ h). After the conposition was kept at 90C for 2 hours,
the tenperature was reduced to 80C over 1 hour (tenperature reduction
rate of 10C/ h). After the end of polynerization, the polyner was
removed fromthe casting 25 glass nold and heated at 110C in a
heating oven for 2 hours to obtain a cured product. The obtai ned
cured product (photochrom c cured product having a thickness of 2 mm
was eval uated by the same nethods as in Exanple 17 as descri bed
above. The absorbance due to thernochrom sm and the position 30 of
the absorption end of the ultraviol et absorption spectrum of the
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Table 2

Raw materials

No. Naphthol | Propargyl alcochol Product (

derivative derivative

Ex. Yield

37
OH

17

~3
o
T

19

w
@]
I

29

\O
Q
T

Ex.: Example
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Table 3
Raw materials .
X, 5 Yield
No. Naphthol Propargyl alcohol Product (%)
derivative derivative
o,
NSS4 >
H,CO H,aC CHy
CHs
C <
= ® U 26
on  HsC OCH;
CHs
12 29
13 31
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Table 4
Ex . Raw materials prod vield
No. Naphthol Propargyl alcohol roduct (%)
derivative derivative
14 O HO 35
on | T T
HiC OCF,
15 28
le 25
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Table &
Elemental analysis value (%)
x| - 'H-NMR
No. |Experimental value| Calculated wvalue (NMR)
s H O C H 0
565.0-9.0 18H
2 87.41 {5.99 ] 6.60 87.47|5.87 6.66 50.5-4.0 10H
65.0-9.0 17H
3 90.32 |6.27| 2.41 90.34 | 6.32 3.34 50.5-4.0 13H
55.0-9.0 17H
4 87.32 (6.17}| 6.51 87.42 |1 6.111 6.47 50.5-4.0 13H
65.0-9.0 18H
5 20.14 | 6.83 3.03 90.19 {6.81 | 3.00 50.5-4.0 18H
35.0-9.0 18H
6 87.49 {6.58! 5,82 87.56 |6.61| 5.83 50.5-4.0 18H
05.0-9.0 17H
7 82.22 |5.14112.64 |1 82.33|5.13112.53 50.5-4.0 9H
65.0-9.0 17H
8 84 .95 | 5.2%8| 9.76 85.0015.30)| 9.70 50.5-4.0 9H
85.0-9.0 23H
9 B8.51 {5.55| 5.94 88.532 |5.57| 5.90 50.5-4.0 7H
65.0-9.0 17H
10C 87.35 | 6.13 6.52 87.42 6.111| 6.47 50.5-4.0 13H
05.0-9.0 16H
11 87.41 | 6.28 6.31 87.3716.34 | 6.29 §0.5-4.0 16H
85.0-9.0 16H
12 82.15 |5.89|111.86 | 82.20|5.97|11.84 50.5-4.0 16H
85.0-9.0 17H
13 84.80 (5.24 g.26 84 .68 |5.92 9.40 50.5-4.0 13H
65.0-9.0 18H
14 78.62 14.73 5.99 78.64 14 .71 5.99 50.5-4.0 7H
65.0-92.0 23H
15 91.20 |5.77| 3.03 91.22|15.74 3.04 50.5-4.0 74
65.0-9.0 23H
16 88.55 | 5.74 5.71 88.46 |5.79| 5.75 50.5-4.0 9H
Ex.: Example
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Example 17
(evaluation of physical properties of photochromic cured
product formed by coating)

The chromene compound obtained in Example 1 was mixed
with a photopolymerization initiator and polymerizable
monomers, and the resulting mixture was applied to the
surface of a lens substrate and exposed to ultraviolet light
to observe the polymerization state of the coating film on
the surface of the lens substrate. A photochromic curable
composition comprising
2,2-bis (4-methacryloyloxypentaethoxyphenyl)propane,
polyethylene glycol diacrylate (average molecular weight of
532), trimethylolpropane trimethacrylate, polyester
oligomer hexaacrylate (EB-1830 of Daicel UCB Co., Ltd.) and
glycidyl methacrylate as polymerizable monomers in a weight
ratio of 50/10/10/10/10 part by mass was used. After 1 part
by mass of the chromene compound obtained in Example 1 was
added to and fully mixed with 90 parts by mass of a mixture
of these radically polymerizable monomers, 0.3 part by mass
of CGI1800 {a mixture of l-hydroxycyclohexylphenyl ketone
and bis (2, 6-dimethoxybenzoyl)-2,4,4-trimethyl-pentyl
phosphine oxide (weight ratio of 3:1)} as a
photopolymerization initiator, 5 parts by mass of
bis(1,2,2,6,6-pentamethyl-4-piperidyl) sebacate as a
stabilizer, 7 parts by mass of y-methacryloyloxypropyl
trimethoxysilane as a silane coupling agent and 3 parts by
mass of N-methyldiethanclamine were added to and fully mixed
with the resulting mixture to obtain a photochromic curable
composition.

About 2 g of the photochromic curable composition
obtained by the above method was applied to the surface of
a lens substrate (CR39: allyl resin plastic lens; refractive
index of 1.50) with the 1H-DX2 spin ccater of MIKASA Co.,

Ltd. The lens having a coated surface was exposed to light
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“Li7 75 Even the photochrom c cured products having a

t hi ckness of 2 mm obtai ned i n Exanpl es 3% to 48 had the sane
excel | ent photochrom c properties as the 6hotochronic cured product

obt ai ned by goati Rdmefhe aYakHat edyshng Hssag SGPEQERSE COMGUNG2 :n
Nos. 1 to 16) of Exanples 1 to 16 had a | ow absorbance due to

t her mochr onmi $ndErogon ame atrmedsorpt ifor éndiatit896to B89 tm chhtwag
e LS, Bt ok, BEGSE ATERS.UPIS MED L el P e
was obt ai nedcbattbewsanes mlieferagiln &xappleidd Ex&eplrdlale doflpound
parts by mass . of the chronene conpound obtained in Exanple 1 and 1.8
parts by Sasfispersed therein was manufactured) .
The following photochromic properties of the obtained

photochromic plastic lens were evaluated.

[1] maximum absoxrption wavelength (Amax) : This is the maximum

absorption wavelength after color development obtained by

10 means of the spectrophotometer (MCPD3000 instantaneous
multi-channel photodetector) of Otsuka Denshi Kogyo Co., Ltd.
The maximum absorption wavelength is connected with color
at the time of color development.

[2] color optical density (Ay) : difference between absorbance

15 {e(120)} after 120 seconds of exposure and absorbance g(0)
at the above maximum absorption wavelength. It can be said
that as this value becomes larger, photochromic properties
become better.

[3] fading half period [11/2(sec.}]: time required for the

20 reduction of the absorbance at the above maximum absorption
wavelength of the sample to 1/2 of {g(120) - £(0)} when
exposure is stopped after 120 seconds of exposure. As this
time becomes shorter, the fading speed becomes higher.

(4] initial coloration due to thermochromism {g(0)}:

25  absorbance under no exposure at the above maximum absorption
wavelength. For example, in an optical material such as a
spectacle lens, it can be said that as this value becomes
smaller, photochromic properties become better.

[5] yellow index (YI): To evaluate the yeliow index after

30 curing by polymerization, the color difference of the sample
cured by polymerization was measured by means of the color
difference meter (SM-4) of Suga Shikenki Co., Ltd. As the
YI value becomes smaller, the transparency of the product

(including a cured film) cured by polymerization becomes



15 of a chronene conmpound (D) shown bel ow were used. Wen |ight
“including ultraviolet light such as sunlight or light froma nercury
|l anp was applied to this photochromic legg, it devel oped a gray
color. The evaluation results of the photochrom c properties of the

phot ochr om chpbasti, o €As de 2 &N0Wh HBgTaR!&F fhe ev XM Ec8RpAund
photochrom c_plastic |l ens was obtained in the same 25 manner as in

Exanpl e 49 eREEpMeEhALWEXQ part by nass of the chromene conpound
bt ai ned i = f :
obtai ned i n EXAMRLE: duad tgagr%sogaggg%%o Tﬁg%oﬁa%g&gaaggggg%%mn

conpound (D) part chroneneé ¢o
bel ow wer e upedmoWhen teghtwismctardiumrad traaeivallek tlel gbllosuddvasopment

sunlight or Light.trom 76, a mercury |anp s applied to this |
hot oohr o O EREE LY R b T T CBPBE. LHhe 16y SEStToR oS P
of the photoeheosbeaphepesdife A (410 ROPLACN ABHIIAHY fekBBSoR! Ehe
shown in Table 9. S (E) Exanple 51 A photochronic plastic

| ens was obt &FAedSPANt HeaEhAE WaRABr cfsShgaERBRpPEek49Cexcebtdt hApr05Q

part by massy he poene i n i e . 0,
part by mass gg’lrtgﬁe %ﬁ?%ér‘rgene cbn%%%ﬁ%y%g%%?%% (Igﬁ )LEIE%WE%?gBJiB?SE}ﬁaf
part by massdefsthg wbovermtiegrene ocofmos rcthd Bf tamdtHe G gpat tobyeiBsse

of a chr ne, co und (F hown bel ow re used. When |ight
i ncl udi r}% EpgvFor et Clﬁcc ke aéﬁségys%fgﬁ%tt t@ﬁ&h?%% iofig color
mercury | anpopescapphéedi to 4his phet eehronic,) enswa @thed%@hgp_@ﬁsu?AF)

gray color. The evaluation results of the photochrom c properties o
t he phot ochr 6&f ctpkaRtde Gl efidusowin tien whdisthe ig. theRdpdegRpf 2golor

development durability. As the residual rate becomes higher,
color development durability becomes higher.

15 These results are shown in Table &.

Examples 18 to 32
Photochromic cured thin films (polymer films
containing the chromene compound dispersed therein) were
20 ocbtained in the same manner as in Example 17 except that the
compounds obtained in Examples 2 to 16 were used as the
chromene compound, and the characteristic properties of the
obtained optical substrates (photochromic plastic lenses)
were evaluated. The results are shown in Table 6. The
25 compound No. corresponds to Example No. in Table 6. The
chromene compounds of Examples 1 to 16 may be designated as

compound Nos. 1 to 16.
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Table 6

Fading half |~ -
period

11/2(sec)

41

33
68

55
49

31

59
71

42
62

58

68

Color optical

density

.69

.58
.84

.70
.68

.57

.72
.B8

.66
.73
.71

.84

Amax

(nm)

448

461
449

460
450

462

468
463

454
4473
455

445

Compound

No.

10
11

12

Ex.No.

17

18
i9

20
21

22

23
24

25
26
27

28

ive

useq.

Example




ao co %389
Initial

L

rate (Aso /A0 ) x10 O |

coloration (thernochromsnm (0)2 ZO 0 ZO0 EOO 300

960L sk.VL 965L 960L 96ZL1 Resi dual
" 960L WAL Yellowindex IA9.Z E E Z Yellgy index |IA VS |

aT7dwexyg : -xH

0L T2 TO"0 (033 02°0 9% ST ct
%05 §°¢ T0°C 8¢ 0L 0 0S¥ ST TE
%G9 g°c 1070 8% LGS0 9G¥ ¥T 0t
VL 0°¢ TO 0 09 68°0 9% €T 6¢
00TX (°¥/%¥) IX (0) 3 (Des) /T2 0y (wer)
- ON
(usTwoIYoowTeyy) TONTXF
EEl=bs , unodwo
mﬂHmMmEm o UOTIBIOTOD poraad A3rsusp Xewy ° >
[T A MOTTRX reTaTuT ITey butped | TeosTado I0TOD

(PenUTIUCD) g o1qel




Z0 b ZO 0 ZOO TO O Initial coloration (thernmochromsm ZO 0 TO™
"800 EO' 0 Fading half period | (DaS)z/ Tl BE ZV SV EV EV TS ZS SS

Fadi ng half period (095) /1i TS OV 68

Comparative Examples 1 to 3
For comparison, photochromic cured thin films (polymer
films containing a chromene compound dispersed therein) were
obtained likewise from compounds represented by the
5 following formula (A} (Comparative Example 1), the following
formula (B) {Comparative Example 2) and the following formula
(C} (Comparative Example 3), and the characterigtic
properties of the obtained optical substrates (photochromic
plastic lenses) were evaluated. The results are shown in

10 Table 7.

15
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Conpar ative Exanple No ri 80 Example 53 A phot ochrom c

pl astic |l ens (photochrom c cured product)gwas obtained in the sanme
manner as in Exanple 33 except that 0.02 part by mass of the chronene
conpound 5 obt ai neth i Colpanpt evd BRamPlO51 pathobyhnBEe eblarchponeae

compound (G _shown bel qw wer sed. Wien |ight including ultraviol et
Iigﬁt sucg é@egﬁhFYgﬂ?gth?igﬁglﬁgo%?%fn%?Eh?@ Yahp RS appriredyt othe

A L R T B ol
Tabl e 10. large and the durability evaluated by means of the X25 xenon
5 weather meter of Suga Shikenki Co., Ltd. was extremely low.
In Comparative Example 2, though the vellow index after
curing by polymerization was small and the durability
evaluated by means of the X25 xenon weather meter of Suga
Shikenki Co., Ltd. was high, the color optical density was
1¢ low and the fading speed was high, which is not preferred
for color contrel. In Comparative Example 3, though the
color optical density was high and the fading speed was
moderate, initial colorationwas large. Incontrast tothis,
in Examples 17 to 32 in which the chromene compound of the
15 present invention was used, the yellow index after curing
by polymerization was small, that is, photopolymerization
resistance was high, the durability evaluated by means of
the X25 xenon weather meter of Suga Shikenki Co., Ltd. was
satisfactory, and the color optical density was high. Thus,
20 they had excellent photochromic properties. Since the
chromene compound of the present invention has high
durability and an appropriate fading half period, it is easy

to use it for color control.

25 Example 33

A photochromic cured product was obtained from the
chromene compound (Chromene compound No. 1) of Example 1 by
a polymerization method which will be described hereinafter,
and the photochromic properties of the obtained cured product

30 were evaluated by the same methods as in Example 17.

The cured product was fabricatedas follows. 0.04 part
by mass of the chromene compound, 13 parts by mass of
tetraethylene glycol dimethacrylate (trade name: NK Ester
4G, manufactured by Shin Nakamura Kagaku Co., Ltd.), 48 parts



Exanpl e 54 A photochromi c plastic |ens (photochrom c cured 15
product) was obtained in the sane manner as in Exanple 53 except that
0.02 part by mass of the chronene conpourq obtained in Exanple 3,
0.03 part by mass of the chromene conpound obtained in Exanple 13 and

0.03 part bybpasasef ofhe,abbyve [ahreeene ce9TRRYRE HRy ) WRIS _%%% WhRnN
l'ight including 20 ultraviolet Iight such as sunlight or [ight froma

mercury | anp (hagdgpaned NoEEREE tidthr BANEfprasied Pemdiin Nakanura
devel oped a_Regupycebor . Life) eval 5;%'5%3}%%&Egsoel‘&g%gﬂg&gﬁ@rgng%%

properties are"shown in Table 1 arative _
conpari son, wopherpiheiomde (Hxasid vnamensUfphotiAond €, caned ajptochect hy

was obt ainned,.in, the sanme ner_ as, i n EXx | e 53 exce that 0.06

part by nEI’;SSN%thl% éﬂr()ngﬁ g cgﬁbﬁﬁ%?%)wes]‘r%ﬁ io%t éérqgar aPj pares
Exanpl e 2 andyOm&3s psf tc diynass diiprdigirabeve mehihermang tepevade( Sime :
were used. Wen_light including ultraviolet |ight such as sunlight or

light from akeF8hFy FHRE wasnEpArFEdStobYhiPEiphbieservam Kappkst Co -5
densi 1y Fadl 55 Ral 1 Bort o0 AoaarBanee’ O Ther e hy e o Ve1 ol S
(nm) PLO T1/@&sex)}f E(-et¥ylstyrene, 2 parts by mass of a-methylstyrene
10 dimer and 1 part by mass of t-butylperoxy 2-ethyl hexanoate
as a polymerization initiator were added and fully mixed
together for 2 hours or longer, and the obtained photochromic
curable composition was injected into a casting mold composed
of a glass plate and a gasket (diameter of 7.3 cm) made of

15 an ethylene-vinyl acetate copolymer to carry out cast
polymerization. The polymerization was carried out in an
air furnace by heating at 33°C for 8 hours, from 33 to 40°C
over 4 hours (temperature elevation rate of 1.75°C/h), from
40 to 55°C over 4 hours (temperature elevation rate of 1.25°C)
20 and from 55 to 90°C over 2 hours (temperature elevation rate
of 17.5°C/h). After the composition was kept at S0°C for
2 hours, the temperature was reduced to 80°C over 1 hour
(temperature reduction rate of 10°C/h). After the end of
polymerization, the polymer was removed from the casting
25 glass mold and heated at 110°C in a heating oven for 2 hours

to obtain a cured product. The obtained cured product
(photochromic cured product having a thickness of 2 mm) was
evaluated by the same methods as in Example 17 as described
above. The absorbance due to thermochromismand the position
30 of the absorption end of the ultraviolet absorption spectrum
of the cured product were measured by the following methods.
The results are shown in Table 8. Compound No. in Table 8
corresponds to Example No. In the above photochromic curable

composition, the monomer composition (refractive index of
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cured product of 1.55) excluding the chromene compound may
be simply referred to as “polymerization monomer (A)”.

In the present invention, the absorbance due to
thermochromism and the position of the absorption end of the
ultraviolet absorption spectrum were obtained by measuring
& photochromic cured product having a thickness of 2 mm
obtained by curing a photochromic curable composition
consisting of the above polymerization monomer (A) and a
chromene compound under the above polymerization conditions.
1. absorbance due to thermochromism

The cured product (thickness of 2 mm) obtained under
the above conditions is first caused to develop color at room
temperature as a sample so as to obtain its maximum absorption
wavelength. Then, the absorbance under no exposure at the
maximum absorption wavelength is measured at room
temperature and taken as “absorbance due to thermochromism”.
This absorbance is measured by means of the gspectrophotometer
of Otsuka Denshi Kogyo Co., Ltd. (MCPD3000 instantaneous
multi-channel photodetector). When the absorbance is 0.1
or less, a photochromic cured product which rarely
experiences initial coloration is obtained and when the
absorbance is 0.03 or less, a photochromic cured product
having transparency is obtained.

2. position of absorption end of ultraviolet absorption
spectrum

After the cured product (thickness of 2 mm) obtained
under the above conditions is kept in the dark for one day
ag a sample, its UV transmittance (T %) at 350 to 800 nm is
measured by means of an ultraviolet-visible
spectrophotometer (UV-2550 of Shimadzu Corporation) at room
temperature. A tangent line is drawn on the obtained
ultraviclet absorption curve to ensure that the

transmittance (T %) of the ultraviolet absorption curve

passes a point of 50 % so as to obtain an absorption wavelength
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at which the transmittance (T %) of the tangent becomes 0
as the absorption end (absorption end of the UV spectrum) .
When the absorption end is at 380 to 430 nm, a photochromic
cured product whose initial coloration is weak is obtained
and when the absorption end is at 380 to 410 nm, a photochromic

cured product having transparency is obtained.

Examples 34 to 48

Photochromic cured products were manufactured in the
same manner as in Example 33 except that the chromene compound
was changed as shown in Table 8. The results are shown in

Table 8. Compound No. in Table 8 corresponds to Example No.
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Even the photochromic cured products having a
thickness of 2 mm obtained in Examples 33 to 48 had the same
excellent photochromic properties as the photochromic cured
product obtained by coating. The evaluated chromenes
(chromene compound Nos. 1 to 16) of Examples 1 to 16 had a
low absorbance due to thermochromism of 0.01 and an
absorption end at 396 to 399 nm. It was thus found that they
were chromene compounds which rarely experienced initial

coloration.

Example 49

A photochromic plastic lens was obtained in the same
manner as in Example 17 except that 1.4 parts by mass of the
chromene compound obtained in Example 1 and 1.8 parts by mass
of a chromene compound (D) shown below were used. When light
including ultraviolet light such as sunlight or light from
a mercury lamp was applied to this photochromic lens, it
developed a gray color. The evaluation results of the
photochromic properties of the photochromic plastic lens are

shown in Table 9.

Example 50

A photochromic plastic lens was obtained in the same
manner as in Example 49 except that 1.0 part by mass of the
chromene compound obtained in Example 1, 0.9 parts by mass
of the above chromene compound (D} and 0.6 part by mass of
a chromene compound (E) shown below were used. When light

including ultraviolet light such as sunlight or light from
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a mercury lamp was applied to this photochromic lens, it
developed a brown color. The evaluation results of the

photochromic properties of the photochromic plastic lens are

shown in Table 9.

(E)

Example 51

A photochromic plastic lens was obtained in the same
manner as in Example 49 except that 0.2 part by mass of the
chromene compound obtained in Example 3, 0.4 part by mass
of the chromene compound obtained in Example 13, 1.0 part
by mass of the above chromene compound (D) and 1.0 part by
mass of a chromene compound (F) shown below were used. When
light including ultraviolet light such as sunlight or light
from a mercury lamp was applied to this photochromic lens,
it developed a gray color. The evaluation results of the

photochromic properties of the photochromic plastic lens are

shown in Table 9.

(F)

Example 52

A photochromic plastic lens was obtained in the same
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manner as in Example 49 except that 0.5 part by mass of the
chromene compound obtained in Example 3, 0.5 part by mass
of the chromene compound cbtained in Example 13 and 1.5 parts
by mass of the above chromene compound (F) were used. When
light including ultraviolet light such as sunlight or light
from a mercury lamp was applied to this photochromic lens,
it developed a brown color. The evaluation results of the
photochromic properties of the photochromic plastic lens are

shown in Table 9.

The photochromic lenses of Examples 49 to 52 rarely

experienced initial coloration and had high durability.

Comparative Example 4

For comparison, a photochromic plastic lens was
obtained in the same manner as in Example 33 except that 1.8
parts by mass of the chromene compound (A) shown in
Comparative Example 1 and 1.8 parts by mass of the above
chromene compound (D) were used. When light including
ultraviolet light such as sunlight or light from a mercury
lamp was applied to this photochromic lens, it developed a
gray color. However, when a durability test was carried out
by using the X25 xenon weather meter of Suga Shikenki Co.,

Ltd., its color changed to blue.

Comparative Example 5

For comparison, a photochromic plastic lens was
obtained in the same manner as in Example 33 except that 1.4
parts by mass of the chromene compound (C) shown in
Comparative Example 3 and 1.8 parts by mass of the above
chromene compound (D) were used. When light including
ultraviolet l1ight such as sunlight or light from a mercury
lamp was applied to this photochromic lens, it developed a

gray color. However, since its initial coloration before



t.ot--- co co 86 The photochrom ¢ cured products

“ conprising the conpound Nos. 17 to 34 had a | ow absorbance of 0.01 to
0.02 and an absorption end at 406 nmor | ess. Therefore, it was found
that the chronene conpounds rarely experi‘enced initial 5 coloration.
Furt her, the ffi.Ci hi: :al ' ; ' d
practi cal fa%?%gggggegﬁ%fq%%g%éeé%%dgggnggggkggﬁg'c ?%%%ﬁ%ﬁ%ggﬁ%und
Nos. 17 to 34isadvbatageduadypreferred chromene conpounds which can
provi de a phot ochrom c curabl e conposition rarely experiencing 10
initial coloration when m xed with the chronmene conpound of the
present invention. Exanples 55 to 75 The chronene conpounds (chronene
conpound Nos. 1 to 15 16) of Exanples 1 to 16 of the present
i nvention and the chronmene conpound Nos. 17 to 34 were m xed together
in ratios shown in Tables 12 and 13 to obtain photochrom c cured
products. The characteristic properties of the obtained photochromc
cured products were evaluated by the sane 20 nethods as in Exanple
33. The evaluation results are shown in Table 14. The photochrom c
cured products were obtained by using the nononmer conposition shown
in Exanple 33 as the pol ynerization nononer (A) and the sane
pol ynmeri zation nmethod as in Exanple 33. As the pol ynerization nononer
(B), 25 a nmononer conposition consisting of 45 parts by mass of
tripropyl ene glycol dinethacrylate, 30 parts by nass of urethane
acrylate (trade name: EB8402, manufactured by Daicel Sytec Co.,
Ltd.), 10 parts by mass of trinethylol propane trinmethacrylate, 10
parts by nass of 30 tetraethylene glycol dinmethacrylate, 3 parts by
mass of glycidyl nethacrylate and 2 parts by mass of a-nethyl styrene
di mrer was used. A photochrom c cured product was obtained by carrying
out polynerization in the sane nmanner as in Exanple 33 except that
t he nononer conposition was changed 87 and evaluated for its
characteristic properties in the sanme nanner as described above. In
the case of the polynerization nmononer (B) , the cured product had a
refractive index of 1.50. The results are shown in Table 14. 90
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Example 53
A photochromic plastic lens (photochromic cured

product) was obtained in the same manner as in Example 33
except that 0.02 part by mass of the chromene compound
obtained in Example 1 and 0.05 part by mass of a chromene
compound (G) shown below were used. When light including
ultraviolet light such as sunlight or light from a mercury
lamp was applied to this photochromic plastic lens, it
developed a gray color. The evaluation results of the

photochromic properties are shown in Table 10.

(G)

Example 54
A photochromic plastic lens {(photochromic cured

product) was obtained in the same manner as in Example 53
except that 0.02 part by mass of the chromene compound
cbtained in Example 3, 0.03 part by mass of the chromene
compound obtained in Example 13 and 0.03 part by mass of the
above chromene compound (G) were used. When light including
ultraviolet light such as sunlight or light from a mercury
lamp was applied to this photochromic plastic lens, it
developed a brown color. The evaluation results of the

photochromic properties are shown in Table 10.

Comparative Example 6
For comparison, a photochromic plastic lens
{(photochromic cured product) was obtained in the same manner

as in Example 53 except that 0.06 part by mass of the chromene
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compound (B) shown in Comparative Example 2 and 0.03 part
by mass of the above chromene compound (G) were used. When
light including ultraviolet l1ight such as sunlight or light

from a mercury lamp was applied to this photochromic plastic

lens, it developed a brown color.
Table 10
Amax chigzl Fi:;?g Absorbance Yellow
Ex. No. dgnsity period (thermochromism) | index
{nm) A, 11/2(sec) £(0) YT
448 0.79 57 0.02
53 3.8
584 0.986 65 0.02
456 0.95 63 0.02
54 3.1
585 0.72 65 0.01
Amax ocgigzl Figi?g Absorbance Yellow
C.Ex.No. dgnsity period {thermochromism) | index
(nm) A, 11/2(sec) £(0) ¥I
472 0.83 25 0.01
6 2.9
586 0.72 65 0.01

Ex.: Example
C.Ex.: Comparative Example

Since initial coloraticn

{absorbance) was little and

the fading half periods at two wavelengths were almost the
same in Example 53 and Example 54, when exposure was stopped,
they were excellent in terms of uniform color fading.
Meanwhile, though initial coloration (absorbance) was little
in Comparative Example 6 in which the comparative compound
(B) was used, the difference in fading half period was large
and therefore its color changed from brown to blue when
exposure was stopped. This ceolor nonuniformity at the time

of fading is not preferred for the photochromic plastic lens.

Reference Examples 1 to 18

When the chromene compound of the present invention
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is used in a photochromic cured product, the chromene
compound of the present invention may be used alone but to
obtain a desired color, it is preferred that it should be
used in combination with other photochromic compounds. As
a matter of course, to obtain a photochromic cured product
whose initial coloration is weak and having transparency,
compounds whose initial coloration is weak must be used.
In the reference exampleg, the initial colorations
(absorbances due to thermochromism, the absorption ends of
the ultraviolet absorption spectra) of the chromene
compounds represented by the following formulas 17 to 34 were
investigated in detail by the same methods as in Example 33.
The results are shown in Table 11. The maximum absorption
wavelengths, color optical densities and fading speeds of
the chromene compounds were evaluated as well. The results
are shown in Table 11 (in the formulas, Me is a methyl group

and iPr is an isopropyl group) .
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The photochromic cured products comprising the
compound Nos. 17 to 34 had a low absorbance of 0.01 to 0.02
and an absorption end at 406 nm or less. Therefore, it was
found that the chromene compounds rarely experienced initial
coloration. Further, they had sufficiently high color
optical density and a practical fading speed of 150 seconds
or less. The chromene compound Nos. 17 to 34 can be used
as preferred chromene compounds which can provide a
photochromic curable composition rarely experiencing
initial coloration when mixed with the chromene compound of

the present invention.

Examples. 55 to 75

The chromene compounds (chromene compound Nos. 1 to
16) of Examples 1 to 16 of the presgent invention and the
chromene compound Nos. 17 to 34 were mixed together in ratios
shown in Tables 12 and 13 to obtain photochromic cured
products. The characteristic properties of the obtained
photochromic cured products were evaluated by the same
methods as in Example 33. The evaluation results are shown
in Table 14. The photochromic cured products were obtained
by using the monomer composition shown in Example 33 as the
polymerization monomer (A) and the same polymerization
method as in Example 33. As the polymerization monomer (B),
a monomer composition consisting of 45 parts by mass of
tripropylene glycol dimethacrylate, 30 parts by mass of
urethane acrylate (trade name: EB8402, manufactured by
Daicel Sytec Co., Ltd.), 10 parts by mass of
trimethylolpropane trimethacrylate, 10 parts by mass of
tetraethylene glycol dimethacrylate, 3 parts by mass of
glycidyl methacrylate and 2 parts by mass of a-methylstyrene
dimer was used. A photochromic cured product was obtained
by carrying out polymerization in the same manner as in

Example 33 except that the monomer composition was changed
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and evaluated for its characteristic properties in the same
manner as described above. In the case of the polymerization
monomer (B), the cured product had a refractive index of 1.50.

The results are shown in Table 14,
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As shown in Table 14, the photochromic cured product
obtained by curing the chromene composition of the present
invention has a low absorbance due to thermochromism of 0.02
and very rarely experiences initial coloration with an
absorption end at 410 nm or less. The photochromic cured
product can be advantageously used as a photochromic plastic

lens.

Comparative Examples 7, 8, 2 and 10

The physical properties of photochromic cured products
(Comparative Examples 7 and 8) were evaluated by carrying
out the same operation as in Examples 55 and 56 except that
the chromene compounds of the present invention in Examples
55 and 56 were substituted by the above chromene compound
{C) . The compositions of the chromene compositions are shown
in Table 15, and the results of the photochromic properties
are shown in Table 16. Further, the physical properties of
photochromic cured products (Comparative Examples 9 and 10)
were evaluated in the same manner as in Comparative Examples
7 and 8 except that the chromene compound No. 19 in Comparative
Example was substituted by the following chromene compound
(H) . The results are shown in Tables 15 and 16. As
supplementary information, the initial coloration
characteristics of the chromene compound (C) and the chromene
compound (H) were evaluated in the same manner as in Example

33, and the results are shown in Table 17,
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31.9?39t 61.9 Ot 065 065 Conparative Exanple No. N CO CA 95 Table
*17 Conpound No. Absorbance (thernmochronism) E(0) Initial coloration

(absorption end)(nm (C 0.06 390 (H) 0. k%35 I n Conparative
Exanples 7 and 8, initial coloration due to the absorption end was
suppressed but absorbance due Table 17
Absorbance o .
Co??ound (thermochromism) Inltlal'coloratlon

o. £ (0) (absorption end) (nm)

(C) 0.06 390

(H) 0.1 435

In Comparative Examples 7 and 8, initial coloration
due to the absorption end was suppressed but absorbance due
5 to thermochromism was large. Therefore, the photochromic
cured products of these comparative examples were
unsatisfactory as photochromic plastic lenses. In
Comparative Examples 9 and 10, as absorbance due to
thermochromism and initial coloration due to the absorption
10 end were not suppressed, initial coloration was strong.
Therefore, these photochromic cured products were not

preferred as photochromic plastic lenses.

Effect of the Invention

15 The chromene compound of the present invention has at
least two substituents except for the hydrogen atom at a
specific position, whereby the obtained cured product does
not yellow and can have a practical fading speed and excellent
photochromic properties such as durability even when an

20 energy lay such as ultraviolet radiation is applied to a
photochromic curable composition comprising the chromene
compound and pelymerizable monomers.

Ag another effect, when a cured product is obtained

by curing the photochromic curable composition comprising

25 the chromene compound of the present invention and
polymerizable monomers by a method other than
photopolymerization, for example, heating, as the initial
coloration of the photochromic curable composition is little,

the cured product is transparent with high transmittance.



&,

5 to thernmochrom smwas | arge. Therefore, the photochrom c cured
“products of these conparative exanples were unsatisfactory as

phot ochromi c plastic | enses. In Conparatigge Exanples 9 and 10, as
absor bance due to thernochromismand initial coloration due to the
absor pti on l@&hend:herghdodclstppt € ssathod i 1drali scakerath an pras:+Sid 08ds
Therefore, these photaochrom c cured %%oducts were not preferred as

phot ochr omi cPBVA8EI @ PéhLeseners doy to ckpesmnhstviesn tirnheearpdraiad
conmpound of LhetpEeseRl ikrLeriher Nag &l Jea ﬁf&g {

except for tEe hydrogen atom at a s%@cific'p%%i%%%h?ﬂ' eﬁ%%SE%E%I
obt ai ned cur édapsudtitengeckenoeey dilioweaipheaa lhpoet doprawnd itdwl center
fadi ng speed .excel | ent photochram c_properties such.as durability
even mheﬁﬁanpgggéﬁérgﬁnlgﬁ %&c m&éeu’tngﬁgﬁgﬁrﬁgﬁeagFgﬁ%@? & &F
to a phot ocheertalterableveggpophhtianpeenpmnesbig (Whetehteneae portion

conpound and golgnerizable MONONErs. | ., As anot her effect, when a
cured producf s 35%3?%%6p59r%ﬁh@%@F%W%)pﬁgﬁﬁéHK&MQ?%%ﬁabFErtherf it
conposi tion egApLEsLAg g%ghhgrﬁﬂéﬁgﬁaﬁcﬁoaﬂggﬂg Of st RENRLESRBL use due
invention and pol ynerizabl'e nononers by”a method other than

phot opol yner kzatibhlef gyeldguaplbeathehti nhgmeastt Hetiemiibiralk ionl dyat i on

f th t ' ble.composition is little, th d_prqduct
S 11 anohor oAt OR RO Gn T ARGIPL AN oot e WA (568 JRBPoRRPBNALS o

conposi tion escadtdntnrepghasiiradignsyhaying ahdicbkarente pAoperties.
t hi ckness betﬁeen the peripheral portion and the center portion, as
the differentBeFRIPFEnshi*Et GHEE™BBEWESHPPRBA pef i pRerarepert i brveneion
the center 5-partk08a6an ;80 n e ; as
so-called "reverse pandatgﬁg%g%%ggﬁggﬁh??eggggﬁé? %EP?PgEEaﬁg§gggk
peri pheral pphetoahrodbesproPestéas. Further, it can retain high
transparency during its long-tinme use due to little yellowing at the
time of deterioration by 10 ultraviolet radiation and can be used for
|l ong tinme due to excellent repeat durability of its photochromc
properties. Therefore, the chronene conpound of the present invention
can be advantageously used in optical products having photochromc
properties. 97 CLAIMS 1. A chronene conpound represented by the
following fornmula (1): (R5)11 R4 R2 5 wherein 123 and R2 are each
i ndependently an al kyl group having 1 to 9 carbon atons, cycl oal kyl
group having 3 to 12 carbon atons, perfluoroal koxy group having 1 to
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10 atoms, aryloxy group having 6 to 10 carbon atons or al koxy group
having 1 to 6 carbon atons, with the proviso that R2 and R2 cannot be
al koxy groups having 1 to 6 carbon atonssat the sane tine; R3 and R4
are each i ndependently a hydrogen atom hydroxyl 15 group, al kyl
group having 1 to 9 carbon atons, cycl@a@K{ group having 3 to 12
carbon atons, al koxy ayvi o] rhon _atomns, . aral kyl group
having 7 to %1 car oﬁﬂggggge é?ggﬁé§§ 6?8%%S%§§F§g 7 Fgel%0§§ngﬁg
atons, aryl g@goeuplhavilhg 6 to 10 carbon atons or aryl oxy group having
6 to 10 carbon 20 ﬁgﬁ?s; R3 and R3 or R2 and R4 may be bonded
together to forma kyl ene group or al kyl enedi oxy group; R5 and
12.6 are each i ndependef®d.y a hydroxy group, alkyl group having 1 to
9 carbon atons, cyclo ngRB to 12 25 carbon at ons,

al koxy group having 1 5, aral kyl group having 7 to 11
carbon atons, aral koxy g é?ll carbon atons, aryl group
having 6 to &g cardo oXy group h@qing 6 to 10 carbon

at ons, cyano Q@Uc hal ogen ‘at om hal ogenoal kyl
group having 1 to

hal ogenoal koxy group having 1 to
6 carbon atons, and mand n a B4 i ndependently an integer of 0 to
4. 5 2. A chronene conposition conprising the chronene conpound
represented by the fornula (1) Rhd a chronene conmpound havi ng an

absor bande dékereinfierame &’ cisaneh derendanislaad aHey higgoupt honing
end of its ultraw ql b io to 430 nm .10 3..The
chronene. conbosi 1) Sf ESLorarhs oY Sr ST SharEint O P p e non
conpound havangman absbihancelkuryt grohpr machngnisabot Qatben hesss,
and the abso%ftignlend of %ts. ul traviol et absorgtion spectrum at
380 to 430 nht PS8’ AT SRNEX{5 B ofpbunt! r PR miedby THRLFGY oW PP
formula (2) h&HngR7E0 {2)cdMoherain Riyant-RS ﬁ_&%iﬁ%céﬂ 218l &¥pon
group having 1 to 9 carbon atons, al koxy group having to 6 carbon
atons, afyl YrowH: MBEY HFB I0PUD henfiguh Gattend 0 garhengebaps or alkoxy
het er ocycl i c . havi | Al.am e : 1
bonded to a.%%% eﬂ%gg%ﬁg %Qg%%%qﬁﬁ%ggggh atdnﬁ%gghgggtggﬁﬁég%;gggﬁeR
ring, or halogerRatemna: dl gllkoey eachimn hatiegerl dfo 6 taahomidtoms
t he proviso thq% when oﬁgnd p are each an integer of 1 to 2, R7 and
R , two R7'%% Ad THB°R8*™§’ naybe the sanme or different :

R® and R* are each independently a hydrogen atom, hydroxyl

15 group, alkyl group having 1 to 9 carbon atoms, cycloalkyl
group having 3 to 12 carbon atoms, alkoxy group having 1 to
6 carbon atoms, aralkyl group having 7 to 11 carbon atons,
aralkoxy group having 7 to 11 carbon atoms, aryl group having
& to 10 carbon atoms or aryloxy group having 6 to 10 carbon
20 atoms;
R' and R® or R® and R* may be bonded together to form an alkylene
group or alkylenedioxy group;
R® and R® are each independently a hydroxy group, alkyl group
having 1 to 9 carbon atoms, cycloalkyl group having 3 to 12
25 carbonatoms, alkoxy group having 1 to 6 carbon atoms, aralkyl
group having 7 to 11 carbon atoms, aralkoxy group having 7
to 11 carbon atoms, aryl group having 6 to 10 carbon atoms,

aryloxy group having 6 to 10 carbon atomsg, cyano group, nitro



25 R9 is an al kyl group having 1 to 9 carbon atons, cycl oal kyl group
“having 3 to 12 carbon atons, al koxy group having 1 to 6 carbon atons,
aryl group having 6 to 10 carbon atons, &8yl oxy group having 6 to 10
carbon atons, am no group, heterocyclic 99 group having a nitrogen
atom as a heB&PYPatlpwrd ¥R Bériedn2 bogeBeakbrié Iy bevihe Interogemnbon
at om bonded e he [ e : a i n_in r
of 0 to 2 wRGRd Fe Be PR ot S R r L 1A, 6 bandBlCF BBt REr
5 to form anaakkyl enddnoryegraupn hadepgnbeta 18 ear ot egfeanef Bl tand .
R11 are each a hydrogen atom hydroxy group, alkyl group having 1 to
9 carbon atons, cycloal kyl group having 3 to 12 carbon atons, al koxy

group havingzl to § eBrbrEnat 88EpodhYhiofl BBRpFALiRG B hkO kP omBHRON
atons, aryloxy group having 10 6 to 10 carbon atons, acyl oxy group

havi ng 2 to POBRPHBA HEBFESSACREXPYaitbenflrgudap Haviangl 2 carpmeacbon
atoms, f or MybofbauRa G240AYYhn WO LAILD % B QDS RIAGKEL LG groyp,
havi ng a nitrogen atom as etero atom and bonded to a benzéne ring
by the nitrogenledomridohdedbaotiiel dernenefring ulamagdd odreaugbsdbption
hal ogen aton& hai;ogenogl %I _gEr ogg having 1 to 6 carbon atons or

hal ogenoal ko%5=gFbtP RAivifid 1°t6°8 E¥rbon atoms; Rl and RL1 rmay be
bonded tiagether to forma group represented by the follow ng fornula
(3) : 20 wherein R12 is an alkyl group having 1 to 9 carbon atons,
cycl oal kyl gfeup h&WEsgirPReselgoRhrEshiancrsordiax Foge bapn Ravihgrain
to 6 carbon ghaien;8habkykofhBuRaNA% a7 hoablcRLRAL ALAME,

aral koxy group having 7 to 11 carbon at gm;, arny group having 6 to 10
car bon at onstharybokyogisupohdvihgréleesln@slvardiarogionm end of its
al koxycar bon roup. having 2 t.o 7 carpon ato car boxyl , group,
amino gr oup,x E?%V%)@g?%?ia?%?rﬁfpl%§P‘ﬁﬁgﬁuﬂi5&tr %8&%%3&%&%% Eppene
at om and shondedpbena bepzesenttagpbyrhbersiloRgas abemibanded.to the
benzene ring, cyano group, hal ogen atom hal ogenoal kyl group having 1
to 6 carbon atons 30 Oﬁ1ﬁa| ogenoal koxy group having 1 to 6 carbon
atonms, and r 1004 of 040 3; R13 and R24 are each a
hydrogen atom hi «

at ons, cycl oal kyl
having 1 to 6 carbon

carbon atons or ha
further R13 an

5 at ons, al koxy group
trbﬂ?&roup having 1 to 6

group having 1 to 6 carbon atons, and

d together to (grma cyclic structure
further Rl(@n)@' 1B be bgfided together to forma group

represented by the 11 ow ng|for m! 83) : 10 wherein R15 is an

al kyl group having 1 to 9 carhon atows,/pcycl oal kyl group having 3 to

12 carbon atons, al koxy grQup ftdving 1 to 6 carbon atons, aralkyl

group havi ngiirerein R crd& o e chartlkdxyl graowmp having 7 too? Karbon

carbon atons I Vi .6 t 0 carbon ato aryl oxy

group havi nga%@r{%’ 1%{%&5629%%0%%%%%;%&%b8%§ Oar%g‘g‘h%aﬁﬁﬁﬂ%@z

carbon at omshacadExyb L eupboarhnongl Gl nd GGy EL L 6rGEPUDi BaAMARG

a nitrog%n tomas a hetero atom and bonded to a benzene ring by the
at

nitroge PO Y 0" T BERPERAMFHET L FEAB rORPRdee Yaf dygrrene

atom hal ogennad kW GOUP: HaYEEN dedi® Bok@EROo A REBLOzene ring, or
hal ogenoal koxy group having 1 to 6 carbon atons, and 1 1s an 1 nteger

of 0 to 3. halogen pHovocH? Gtd krkhleadorposintiereconprd i@ t he t256
gPr g@gﬁdcgﬁ%%' %Aeaﬂn}%%]%%esﬁ hoe a(ilhc{ %)rreanree Ceoa Osaiu% ii% e%ferdoatj r£1 %o
2, R"and R?*, twoR"' s and two R*/ s may be the same or different;

25 R’ is an alkyl group having 1 to 9 carbon atoms, cycloalkyl

group having 3 to 12 carbon atoms, alkoxy group having 1 to

6 carbon atoms, aryl group having 6 £o 10 carbon atoms, aryloxy

group having 6 to 10 carbon atoms, amino group, heterocyclic



5. The photochrom c curabl e conposition according to claim4, wherein
"t'he content of the chronene conpound is 0.001 30 to 10 parts by nmass

based on 100 parts by nass of the 101 peleyneri zabl e nononers. 6.

The photochrom ¢ curable conposition according to claim4, wherein

t he content gfrouipeheliomenen Conppsi titom afs & béaend2aoem 3and HhrRE te

10 ts b b d 100 ts. f the polynerizabl e
ronbner o, 75 FREZBNG: Senitofe LEh BOTECBBIpGLPI DRTAREILG! oot Boargne
one of clai mpifgt0c6 WalCyehuBbel, P S&S o L0 HhRloRA Wrerd zation

initiator. 8, The photochrom c curable conposition according to any
one of clai m¥P&0t @ 7Swhi-chhEuPPREr SEBRBLEYEStS MRy kepbPyAedi zagkbher

initiators 1%, 9orfl RAOLPE i%&l%?&%@ﬁ (r:#éfp%rj%gsijthoa gPRLYRRL atoms;

mat erial and t he chromene tonpoun e chronene
conposi tion 8f° dlral M2 are3edtkperkpdrogethetpol yhedroryegiralip, 201101

A photochrom ¢ _optical. product which conprises a pol r nol ded ,
product cont &rni- ghtaﬁénghﬁoﬁgng &8 8HngEBPSCI ﬁyﬁifaigﬂ‘hgre}'}?oﬁ@ﬁéng
conposi tion gftsha daZbén a3 dHisspeleedytdeng Raviagll + A QARG toms,

product which conprises an optical substrate covered with a pol yner
film contai nPFRYLt FECERAEHERE Eohpoithg2sPosl arang . Gy gremenbaving

conposi ti®on gfe £haidyd,Q a%oﬁlg§ﬁgfl§|g# ?ﬁéﬁ%g}a\%&gl%ﬁ@%cgﬁtﬂc%?%ﬁqoms,

product according to claim 11, ymer mis a
cured by theadpbkyabrbadydatrpad haerngal iton? ek rblon phohecHcamyd group,

curabl e Corrpgglrfalog)qr}logr%mé,og%igg %lr%!ug? ﬁeﬁ:%r%’cyclic group having a

nitrogen atom as a hetero atom and bonded to a benzene ring

by the nitrogen atom bonded to the benzene ring, amide group,
15 halogen atom, halogenoalkyl group having 1 to 6 carbon atoms

or halogenoalkoxy group having 1 to 6 carbon atoms;

R*® and R™ may be bonded together to form a group represented

by the fellowing formula (3):

12 R13
(R )r/\/ \ 14
—= (3)

20 wherein RY is an alkyl group having 1 to 9 carbon atoms,
cycloalkyl group having 3 to 12 carbon atoms, alkoxy group
having 1 to 6 carbon atoms, aralkyl group having 7 to 11 carbon
atoms, aralkoxy group having 7 to 11 carbon atoms, aryl group
having 6 to 10 carbon atoms, aryloxy group having 6 to 10

25 carbon atoms, alkoxycarbonyl group having 2 to 7 carbon atoms,
carboxyl group, amino group, heterocyclic group having a
nitrogen atom as a hetero atom and bonded to a benzene ring
by the nitrogen atom bonded to the benzene ring, cyano group,
halogen atom, halogenoalkyl group having 1 to 6 carbon atoms

30 or halogencalkoxy group having 1 to 6 carbon atoms, and r
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is an integexr of 0 to 3;

R™ and R™ are each a hydrogen atom, hydroxyl group, alkyl
group having 1 to 9 carbon atoms, cycloalkyl group having
3 to 12 carbon atoms, alkoxy group having 1 to 6 carbon atoms,
halogenoalkyl group having 1 to 6 carbon atoms or
halogenoalkoxy group having 1 to 6 carbon atoms, and further
R'? and R may be bonded together to form a cyclic structure;
further R*° and R' may be bonded together to form a group

represented by the following formula (4):

RO
(4)

wherein R is an alkyl group having 1 to 9 carbon atoms,

cycloalkyl group having 3 to 12 carbon atoms, alkoxy group
having 1 to 6 carbon atoms, aralkyl group having 7 to 11 carbon
atoms, aralkoxy group having 7 to 11 carbon atoms, aryl group
having 6 to 10 carbon atoms, aryloxy group having 6 to 10
carbon atoms, alkoxycarbonyl group having 2 to 7 carbon atoms,
carboxyl group, amino group, heterocyclic group having a

nitrogen atom as a hetero atom and bonded to a benzene ring
by the nitrogen atom bonded to the benzene ring, ¢yano group,

halogen atom, halogenocalkyl group having 1 to 6 carbon atoms
or halogenoalkoxy group having 1 to é carbon atoms, and 1

is an integer of 0 to 3.

4. A photochromic curable composition comprising the
chromene compound of claim 1 or the chromene composition of

claim 2 or 3, and polymerizable monomers.

5. The photochromic curable composition according to
claim4, wherein the content of the chromene compound is 0.001

to 10 parts by mass based on 100 parts by mass of the
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polymerizable monomers.

6. The photochromic curable composition according to
claim 4, wherein the content of the chromene composition of
claim 2 or 3 is 0.001 to 10 parts by mass based on 100 parts

by mass of the polymerizable monomers.

7. The photochromic curable composition according to any
one of claims 4 to 6 which further comprises a

photopolymerization initiator.

8. The photochromic curable composition according to any
one of c¢laims 4 to 7 which further comprises a

thermopolymerization initiator.

9. A photochromic material comprising a polymer material
and the chromene compound of c¢laim 1 or the chromene

composition of ¢laim 2 or 3 dispersed in the polymer material.

10. A photochromic optical product which comprises a
polymer moided product containing the chromene compound of
claim 1 or the chromene composition of c¢laim 2 or 3 dispersed

therein.

11. An optical product which comprises an optical
substrate covered with a polymer film containing the chromene
compound of claim 1 or the chromene composition of claim 2

or 3 dispersed therein.

12. The optical product according to ¢laim 11, wherein the
pelymer £ilm is a film cured by the optical radical
polymerization of the photochromic curable composition of

any one of claims 4 to 8.



